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A B S T R A C T 

An introduction to the critical heat flux (CHF) is pre­

sented. The mechanisms with the greatest promise for explaining CHF are 

described. The factors affecting the CHF such as flow parameters, geome­

try and miscellaneous effects are described in detail. A summary of the 

various empirical and theoretically-based CHF predicting methods applic­

able to non-aqueous fluids is presented. Also, a summary of the various 

CHF scaling techniques between different fluids is made. The three 

methods which appears to be the most promising for predicting CHF in non­

aqueous fluids are selected for further study: (i) Weisman & Pei's theor­

etically based model for predicting CHF at low qualities, (ii) Katto's 

latest empirical correlation for predicting CHF in various fluids at posi­

tive dryout qualities and (iii) non-dimensional CHF table created by non-

dimensionalizing Groeneveld's standard CHF table using Ahmad's & Katto's 

CHF scaling techniques. 

A comparison of predicted CHF values with experimental 

CHF values for water, carbon dioxide, nitrogen and different freon types 

is made. It has been found that the non-dimensional CHF table predicting 

method is the most accurate over a wide range of pressures, qualities and 

mass flows. 
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1. INTRODUCTION TO CRITICAL HEAT FLUX 

1.1 Introduction 

The boiling crisis' occurs when the heated surface can no 

longer sustain continuous liquid contact due to high heat flux. The boil­

ing crisis phenomenon is characterized by a sharp reduction of the local 

heat transfer coefficient which results from the replacement of liquid by 

vapour adjacent to the heat transfer surface. The value of the heat flux 

at which this phenomenon first occurs is known as the critical heat flux 

(CHF). The CHF condition manifests itself by an increase in surface tem­

perature caused by a stable vapour layer that blankets the heated surface, 

or by small surface temperature spikes caused by the appearance and disap­

pearance of dry patches. In severe cases, the temperature rise can be 

high enough to cause melting and rupture of the metal surface; this is 

known as the physical burnout. The condition of 'dryout' is extremely 

important in the design and performance of heat exchange equipment, such 

as steam generators and reboilers, in which evaporation occurs. 

Fig. 1.1 illustrates the various flow regimes encountered in a 

uniformly heated vertical tube fed with subcooled liquid at the inlet. 

The heat transfer regions encountered in the tube, as well as the wall and 

fluid temperature variations, are also shown. The transition between the 

"subcooled nucleate boiling region" (region B) and the "saturated nucleate 

boiling region" (region C and D) is defined by the thermodynamic quality 

(x(z) = 0) where x(z) is given by 

t Other terms used to refer to boiling crisis are: burnout, dryout, 

departure from nucleate boiling (DNB), CHF condition. 
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h(z) - h. 
x(z) % i- (1.1) 

As the quality increases in the saturated nucleate boiling 

region, the flow pattern changes from bubbly flow to slug flow and then to 

annular flow with entrainment. In the latter region, heat is carried away 

from the wall by forced convection in the film to the liquid film-vapour 

core interface, where evaporation and entrainment occur. At some critical 

values of quality, the complete evaporation of the liquid film occurs. 

This change in heat transfer mechanism is called 'dryout' and is accom­

panied by a rise in the wall temperature as shown in Fig. 1.1. The varia­

tion of heat transfer coefficient with length along the tube for the con­

ditions presented in Fig. 1.1 is shown in Fig. 1.2 (curve (i) solid line)-

At the dryout point, the heat transfer coefficient is suddenly reduced 

from a very high value in the forced convective region to a value close to 

the one expected by forced convection to saturated vapour. Fig. 1.2 also 

shows the heat transfer coefficient plotted against quality with increas­

ing heat flux as a parameter (curves (i) - (vii)). Curve (i) relates to 

the conditions shown in Fig. 1.1 for a relatively low heat flux being sup­

plied to the wall of the tube. Curve (ii) shows the influence of increas­

ing the heat flux. Subcooled boiling is initiated sooner, dryout occurs 

at lower mass quality. Curve (iii) shows the influence of a further 

increase in heat flux. An abrupt deterioration in the cooling process 

takes place in the saturated nucleate boiling region. This transition is 

called 'departure from nucleate boiling' (DNB). Any further increase in 

heat flux (curves (vi) and (vii)) causes the condition of DNB to occur in 
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the subcooled region. DNB is usually accompanied with rupture or melting 

of the heating surface.This is known as physical burnout. The term CHF 

will be used to cover the three processes: DNB(subcooled), DNB(saturated) 

and dryout. 

Fig. 1.3 illustrates the boiling curve in a temperature-con­

trolled system. The regions of the boiling curve are: AB - single-phase 

heat transfer, BC - nucleate boiling, CD - transition boiling or unstable 

film boiling and DE - a region of stable film boiling. The heat flux at 

point C is called the CHF and point D corresponds to the Leidenfrost 

point. 

Fig. 1.4 illustrates the pool boiling curve in a heat flux 

controlled system (i.e. when the heat flux is the independent variable and 

the surface temperature is the dependent one). The regions of the boiling 

curve are: AB - single phase heat transfer, BC - nucleate boiling, and DE 

- stable film boiling similar to a temperature-controlled system (Fig. 

1.3). When point C Is reached, any small increase in the heat flux causes 

the surface temperature to jump along the dotted line CF and stabilize at 

point F. "CF" is the temperature excursion occurring at the CHF point. 

If the heat flux is increased at point F, the surface temperature will 

increase in the direction of E (post-dryout region). However, if the heat 

flux is decreased at point F, the surface temperature does not return to 

the value at point C, but moves along the curve towards point D. It has 

been observed by Nukiyama (1960) that any small decrease in heat flux at 

point D causes the surface temperature to fall along the dotted line DG. 

The transition lines CF and DG can be passed only in the directions shown 

by the arrows in Fig. 1.4. 
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Fig. 1.5 illustrates the flow boiling curve in a heat flux-con­

trolled system using Freon-12 in a uniformly heated tube with vertical 

upflow. The temperature excursion, which Indicates dryout, was detected 

by a thermocouple located at the end of the heated channel (the location 

of dryout in uniformly heated tubes Is at the end of the heated length). 

When the heat flux is decreased from the stable film boiling region (Fig. 

1.5), Stevens et al. (1964) observed that the system follows the same jump 

and returns to nucleate boiling by way of the CHF point. 

1.2. CHF Mechanisms 

1.2.1 General 

The CHF mechanisms depend on flow regimes, which in turn are 

dependent on pressure, flow rate and quality. Fig. 1.6 shows the 

variation of CHF mechanism with quality, while Fig. 1.7 illustrates the 

various CHF mechanisms in forced convective flow. Three different 

mechanisms (two for DNB, one for dryout) give the greatest promise for 

explaining CHF. The three mechanisms are described as follows: 

1.2.2 DNB (Departure from Nucleate Boiling) Types of Dryout 

(i) Nucleation Induced 

At high subcooling and mass flux, heat is transferred effic­

ient! by nucleate boiling. Bubbles grow and collapse at the wall. 
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DNB occurs at very high surface heat flux. Collier (1972) and 

Tong (1972) suggested that dryout is caused by the spreading of a drypatch 

following microlayer evaporation under a bubble and the coalescence of 

adjacent bubbles Fig. 1.7(a). No experimental support of this mechanism 

and no quantitative predictions have been developed. However, Tong (1972) 

has shown that the CHF depends only on local conditions and is not 

affected by upstream conditions such as axial flux distribution or degree 

of subcooling. For water in heat flux controlled systems, this type of 

CHF could be accompanied by rupture and melting of the heated surface. 

(ii) Near-Wall Bubble Crowding and Vapour Blanketing 

In flows with moderate to low subcooling, the number of bubbles 

generated near the heated surface increases with increasing heat flux. A 

bubble boundary layer is often formed near the heated surface. At high 

heat flux, the bubble layer thickens (Tong & Hewitt (1972)) to the point 

where it inhibits heat transfer from the wall. This causes DNB with 

bubble coalescence and vapour blanketing Fig. 1.7(b). Experimental 

observations have confirmed the thickening of the bubbly layer at CHF 

(Tong & Hewitt (1972)). 

1.2.3 " "IF Mechanisms in Amuilar Flow Regime 

The annular dispersed flow regime occurs at high mass flux and 

high vt d fraction. The liquid flows as a film (W^p) covering the walls 

of the ube with entrained liquid droplets moving at a higher velocity in 

the va ur core (Fig. 1.7c). The mechanisms of mass transfer from or to 

the li dd film are: 



13 

- Evaporation (q/\) of liquid in the film; 

- Entrainment Ent of liquid droplets from the film to the vapour core; 

- Deposition Dep of entrained liquid droplets from the vapour core onto 

the liquid film. 

The variation of liquid film flow rate with distance is given by 

d W 
di Dep -Ent -5. (1.2) 

As CHF is approached, the film becomes very thin. It is 

assumed that the (dW^/dz) term is negligible, compared with the other 

terms in eq. (1.2). If the evaporation rate (q/\) exceeds the net deposi­

tion (Dep-Ent), the liquid film must breakdown, leading to dryout. The 

temperature rise in this case is moderate and physical burnout is not 

normally expected. The liquid film breakdown may also be caused by one of 

the following effects: 

i) Breakdown due to Thermal Capillarity Effects 

The heat transfer coefficient through the liquid film is non­

uniform due to the existence of surface waves (Fig. 1.7(d)). One might 

expect that the liquid-vapour interface will have a maximum temperature in 

the valley, leading to surface tension gradients. The liquid moves away 

from regions of low surface tension (corresponding to the valley in the 

film) to regions of high surface tension leading to dryout in the valley 

of the wave. 

ii) Film Disruption due to Nucleate Boiling within the Film 

Hewitt (1963) (as quoted by Groeneveld (1981)) has shown that 

in annular flow, nucleate boiling (i.e., the formation of bubbles at the 



14 

channel wall) and liquid film evaporation can occur simultaneously. 

Nucleate boiling bubbles can affect CHF in two ways. The first is, that 

bubbles can grow and rupture the liquid-vapor interface, leading to a dry 

spot that cannot be re-wetted in some cases due to the high drypatch 

temperature. The second is, the nucleate boiling bubbles leaving the 

liquid-vapor interface tend to produce a cloud of liquid droplets that add 

to those already entrained (Fig. 1.7(e)). Hewitt (1963) (as quoted by 

Tong and Hewitt (1972)) produced results confirming that the action of 

bubbles in triggering film breakdown is of relatively minor importance in 

the overall picture of CHF and that the indirect action of nucleate 

boiling bubbles in promoting entrainment of liquid droplets from the film 

can be significant. 

iii) Minimum Wetting Rate 

In adiabatic two-phase annular flow, if the liquid film flow 

rate falls below the "minimum wetting rate", film breakdown will occur. 

This film breakdown is basically a surface tension effect (Groeneveld 

(1981)). In diabatic systems, film breakdown may be caused by a combined 

effect of this and the thermocapillary effect described earlier. 

Macbeth (1968) presented experimental results showing the varia­

tion of wall film flow rate with heat flux and mass velocity (Fig. 1.8). 

It can be seen that the liquid film flow rate decreases steadily with 

increasing heat flux until it reaches zero or very close to zero at burnout. 

Therefore, it has been confirmed that in the annular flow regime, burnout 

occurs rhen the liquid film flow rate tends to zero under the effects of 

evapor ;ion, entrainment and deposition. At burnout, the liquid film 
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becomes so thin that it breaks up into rivulets which cause dry spots and 

consequently wall temperature excursion. 

1.2.4 Detection of CHF Location 

The simplest way of detecting the CHF location is by monitoring 

the channel-wall temperature using a thermocouple in the area where CHF is 

likely to occur. In uniformly heated channels, CHF usually occurs at the 

channel outlet. Fig. 1.9 shows four distinct types of CHF. The first, 

"fast-dryout", occurs when the temperature rise is very rapid (Fig. 

1.9.a). The wall temperature becomes dangerously high unless the channel 

power is quickly interrupted. Fast dryout is usually followed by physical 

burnout. The second, "stable dryout" (Fig. 1.9(b)) is accompanied by a 

moderate temperature excursion, and is usually followed by a film boiling 

regime. The third and fourth types of dryout are both "slow dryout". In 

the third, the temperature rise is accompanied by the temperature oscilla­

tions (Fig. 1.9c) and in the fourth (Fig. 1.9d) the temperature rise is 

gradual. Macbeth (1968) suggested that the temperature oscillations 

observed in the slow dryout process are due perhaps to the vapor-blanketed 

area alternatively contracting and enlarging. A thick wall has sufficient 

thermal inertia to damp out the effect and indicates smooth signals from 

the thermocouple. Macbeth (1968) also suggested that slow dryouts are 

usually associated with high quality CHF conditions, while fast dryouts 

are usually associated with subcooled or low-quality conditions. 
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1»3. Parametric Effects on CHF 

1.3.1 General 

The factors affecting the CHF can be divided into three 

categories: 

I) Flow parameters (pressure, mass flux, local quality and inlet 

enthalpy) 

ii) Geometry effects (cross sectional area, heated length) 

iii) Miscellaneous (gravity, heated surface properties, heat flux 

distribution, flow orientation, etc). 

The effects on CHF will be expressed, where possible, in terms 

of CHF vs. inlet subcooling and CHF vs. dryout quality. 

1.3.2 Effect of Inlet Subcooling and Exit Quality on CHF 

Fig. 1.10 shows the variation of CHF with inlet subcooling for 

fixed tube length and diameter. The CHF values are plotted against the 

inlet subcooling with mass flux as a parameter. It appears that the CHF 

increases linearly with inlet subcooling. This relationship is found in 

most cases; however, it is by no means universal. The same data as shown 

in Fig. 1.10 are plotted in Fig. 1.11 in terms of the exit condition. It 

is observed that the CHF decreases with increasing quality. This trend 

continues until 100% quality where the CHF is zero. 

1.3.3 Effect of Mass Flux 

Fig. 1.10 shows that an increase in mass flux causes an 

increase in CHF for a given inlet subcooling. Fig. 1.12 illustrates the 

effect of mass flux on CHF. Note that at low mass flux values the CHF is 
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almost directly proportional to the mass flux. The region over which this 

proportionality applies, is called the "low mass velocity region". In 

this region, the CHF is approximated by 

q = G'D(\ + AH )/4L (1.3) 
c in 

for a uniform axial heat flux distribution. This line corresponds to 

Xc = 1.0; it represents the physical upper limit of the CHF- At high 

mass flux, the CHF is slightly affected by mass velocity. Fig. L.ll shows 

that, in the subcooled region, the CHF increases with an increase in mass 

flux at constant dryout quality. In the saturated region, there is 

initially a cross-over while at higher dryout qualities the CHF decreases 

with an increase in mass flux. This cross-over can be explained by 

considering the CHF mechanisms: at low quality, the CHF is caused by 

bubble clouding or microlayer evaporation; an increase in mass flux will 

increase the removal rate of bubbles from the wall. This tends to delay 

dryout. At higher quality, the CHF is caused by liquid film depletion: 

an increase in flow velocity will result in a wavier liquid film and hence 

an increase in the entrainment rate which leads to an early liquid film 

depletion. 

1.3.4 Effect of Pressure 

Pressure has a strong effect on the CHF due to its effect on 

the thermodynamic properties of the fluid. Fig. 1.13 illustrates this 

effect: the maximum CHF value for water is reached between 4 and 7 MPa for 

a given mass flux and dryout quality. The same trend is also valid for 

pool boiling and can be predicted using Zuber's (1959) correlation 



22 

X u 

»f\ 
i • / 1 1 

* / \ 

/ 

/ 

HIGH VELOCITY REGION 

k LOW VELOCITY 

P, G, AH i n , L = 

REGION 

C 

FIGURE 1.12 VARIATION OF CHF WITH MASS FLUX, 
COLLIER (1972) 

z u 

=̂5 MPa Pcrit = 22 MPa 

FIGURE 1.13 EFFECT OF PRESSURE ON CHF, 
KUTATELADZE (1963) 



23 

q = C \ p1/2 [a-g(p -p )] 1 / 4 (1.4) 

At low pressures, Pg decreases with decreasing pressure 

resulting in a low CHF value. At high pressure (near the critical pres­

sure), the CHF approaches zero since a, \ and Pf~Pg all approach zero. 

1.3.5 Geometry Effects 

i) The Effect of Length on CHF 

Fig. 1.14 shows the variation of CHF with length and inlet 

subcooling for fixed mass velocity and tube diameter. It is observed that 

the CHF increases as the tube length decreases for constant inlet subcool­

ing. For long tubes (L > 1 m), the relationship between the CHF and inlet 

subcooling is linear. This linearity breaks down for short tubes. If the 

same set of data is replotted as CHF vs. outlet quality as shown in Fig. 

1.15, it is observed that the data points for different lengths all fall 

on the same curve. It Is concluded from this observation that the effect 

of tube length on the CHF for fixed exit quality is small. 

ii) The Effect of Diameter on CHF 

The effects of tube diameter on the relationships between the 

CHF and inlet subcooling and between the CHF and the exit quality for 

fixed values of mass flux, tube length and pressure are illustrated in 

Figs. 1.16 and 1.17, respectively. It is observed that the CHF increases 

as the tube diameter increases at constant inlet subcooling. The rela­

tionship between the CHF and inlet subcooling is linear for small tube 

diameters (D < 12.8x10" m), but for larger diameters a marked curvature 

is observed. 
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The same data are plotted as CHF vs. exit quality in Fig. 1.17- It is 

observed that the CHF decreases with increasing tube diameter for a given 

exit quality. 

1.3.6 Effect of Heat Flux Distribution 

The effect of axial _flux distribution (AFD) on the CHF has been 

studied by many researchers (e.g. Collier (1972), Tong (1972), Groeneveld 

(1981)). All these studies point out that AFD effect depends strongly on 

the CHF mechanisms. Fig. 1.18 illustrates the AFD or (flow memory 

effects) on the CHF. The effect is expressed as a flux shape factor, 

Fc> calculated for a set of hot-patch CHF data (Tong, 1972). These data 

were collected from a 0.686 m-long rectangular test section with a 0.0127 

or 0.038 m hot patch located at 0.0095 m from the exit. The hot patch 

peak to average heat flux ratio was 2:1. The AFD effect (or flux-shape 

correction factor) Fc, is defined as the ratio of CHF in a uniformly 

heated tube to the CHF in the same tube with a heat flux of a hot patch. 

Since the hot patch heat flux is about double that of the upstream heat 

flux, an Fc value of 0.5 indicates a perfect AFD effect, whereas an FQ 

value of 1.0 indicates a zero AFD effect. It is observed that the AFD 

effect is weak in the subcooled region and strong in the high quality 

region. Therefore it is concluded that the CHF in the subcooled region is 

strongly affected by the local heat flux and weakly by the AFD. Con­

versely, the CHF in the high quality region is affected strongly by AFD 

and weakly by the local heat flux at the dryout location. 
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FIGURE 1.18 FLUX SHAPE FACTOR, AS FUNCTION OF QUALITY 
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1.3.7 Other Effects 

i) Effect of channel orientation 

The effect of test section inclination on CHF can be signifi­

cant at low flow due to the buoyancy effects. Macbeth (1968) suggested 

that the CHF at low flow can be influenced significantly by the channel 

orientation due to the relative motion between vapor and liquid in the 

channel. Groeneveld (1981) suggested that the effect of channel orienta-

2-1 
tion on CHF is significant only for mass fluxes less than 3 000 kg m~ s 

Also, the CHF value was found to increase when the inclination angle (from 

the horizontal) was increased. By comparing CHF values during upflow and 

downflow a slightly reduced CHF value for downflow was found. 

ii) Effect of surface conditions and liquid purity 

Macbeth (1968) reported many CHF experiments with different 

surface materials, different finishes, degrees of aging and different 

fluids in various states of purity. He concluded that the above mentioned 

factors have no significant effects on CHF. However, Groeneveld (1981) 

reported opposing effects of surface roughness on CHF. In the subcooled 

region, the near-wall mixing is improved by roughening the surface leading 

to a higher CHF value. In the high quality region, the CHF decreases by 

roughening the wall. This is caused by (i) an increase in the entrainment 

rate due to a wavier liquid film, or (ii) a decrease in the film flow rate 

due to protrusions from the heated surface acting as liquid film trippers. 
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2. CHF Prediction Methods Applicable to Non-Aqueous Fluids 

2.1 General 

CHF prediction methods applicable to non-aqueous fluids can be 

divided into three groups: 

i) Fluid to fluid modeling of CHF: This is a technique that enables the 

CHF of a given system to be predicted using a modelling fluid rather than 

the working fluid (e.g. Barnett (1964), Stevens & Kirby (1964), Ahmad 

1973). 

ii) Empirical dimensionless correlations: These are empirically derived 

dimensionless correlations that predict the CHF in a system regardless of 

the fluid type (e.g. Katto (1983), Shah (1979), Kutateladze (1963)). 

iii) Theoretical Models: These are theoretical models based on the mech­

anism of CHF. They predict the CHF in a system within a dryout quality 

range regardless of the fluid type used (e.g. Weisman and Pei (1983), 

Whalley et al. (1973)). 

2.2 Fluid to Fluid Modeling of CHF 

2.2.1 General 

Fluid modeling is a technique that enables the thermal and 

hydraulic behaviour of a given system to be predicted using a modeling 

fluid rather than the working fluid. The working fluid can be replaced by 

a modeling fluid having a lower latent heat of vaporization. This reduces 

the operating pressure and the test section power considerably. For 

example, water at 7 MPa (Pf/pg = 20.6) can be replaced by Freon-12 at 

the same liquid to vapor density ratio which occurs at 1 MPa. Also, the 

latent heat of Freon-12 is approximately l/20th that of water. This 

allows a tremendous reduction in the dryout power, and therefore in the 
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cost. The fluids chosen for such modeling are usually members of the 

fluorocarbon family (Freons) because of their low latent heat and 

relatively safe use. Also, the physical properties of freons are well 

known because they have been used extensively as refrigerants. 

2.2.2 Barnett's Laws to Scale CHF in Flow Boiling 

The first systematic analysis to model water CHF behaviour with 

Freon was initiated in the United Kingdom by Barnett (1963). Barnett 

attempted to construct a model based on the laws of dimensional analysis 

by considering the parameters in a given set which would be compatible 

with the degrees of freedom available in an experiment. Barnett (1964) 

suggested fourteen possible sets of laws to scale CHF in flow boiling. 

The sets are listed in Table 2.1 with the assumed important physical 

properties and the scaling factors between water at 7 MPa, (1000 psia) and 

Freon-12 at 1 MPa, (155 psia). Barnett assumed that L/D, Pf/pg and 

AHin/\ have the same values in both systems. Barnett tested the 

fourteen sets of scaling laws and showed that scaling law 4 gave the best 

results. Scaling law 4 is given by 

1/2 „ „ 1/2 1/2 
V . F , L

 D C"f "f G 1- »f ^ i n , ., . , 

When each of the dimensionless parameters on the RHS of eq. 

(2.1) has the same value in both the Freon-12 and water systems, then the 

value of the dimensionless parameter on the LHS of equation (2.1) is the 

same in both systems. 
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TABLE 2.1: Possible Sets of Scaling Laws, Barnett (1964) 
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Scaling law 4 assumed that Cp, K and y are the important 

physical properties in addition to \, pf and Pg. Also, scaling law 4 

related the Freon 12 and water CHF data with less than ±5% error. The 

results of the comparison of water and water equivalent of Freon-12 CHF 

data for different length to diameter ratio are shown in Fig. 2.1. 

Barnett also advised that scaling law 4 may be improved by introducing 

another dimensionless term involving 8. 

2.2.3 Stevens and Kirby Freon-12 - Water Scaling Technique 

Stevens and Kirby (1964) developed a graphical correlation to 

scale CHF in uniformly heated round tubes. The correlation was developed 

for Freon-12 at (1. MPa, 155 psi) (abs) and water equivalent of (7 MPa, 

1000 psi) (abs), based upon equal liquid-to-vapor density ratios for both 

fluids. Stevens & Kirby plotted water and Freon-12 CHF data as dryout 

quality vs. a function of flow and geometry. They observed that the data 

fall on the same curve if the water function was multiplied by a constant 

factor. The scaling relation has the following form: 

[GD0.25 (D)0.59] = K[GD°-
2 5 (g-)0'59] (2.2) 

Freon-12 Water 

where K = 0.658. 

Fig. 2.2 shows a plot of thermodynamic quality vs. 

GD0,25 i ) 0 , 5 9 x 10~4 for Freon-12 data at a subcooling ratio (AH, A ) of 
in 

0.2. iso, Fig. 2.2 shows water data at the same subcooling ratio plotted 

as th lodynamic quality vs. K GD (-) * 10 , where K = 0.658. 

Steve & Kirby obtained similar results for zero subcooling ratio. 
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FIGURE 2 . 1 TEST OF SCALING LAWS H., BARNETT (1963) 
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WATER, Pi=1000 lb/ in2 (a b s) 

D=.22" TO .451", L=8.5" TO 79" (THIS DATA SHOWN •) 
G=.75 x 106 TO 3.0 x 106 lb/HR.FT2 

D=.504" TO 1.475", L=24" TO 78" 
G=0.5 x 106 TO 4.0 x 106 lb/HR.FT2 

D=.426", 1=34" TO 120" 
G=0.75 x 106 TO 3.0 x 106 lb/HR.FT2 

AHj = 0.20" 

T 
K = 0.658" 

l 

Csl 

< 

10 

.59 
X=K.G.D.1/4 l - \ " x 10"4 

15 

lb.in1/4 

hr.ft2 

20 

.2 CORRELATION OF WATER DATA SUPERIMPOSED UPON BEST CURVE FOR 
FREON-12 DATA. STEVENS & KIRBY (1964) 
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Therefore, according to Stevens and Kirby water CHF results at (7 MPa, 

1000 psi) (abs) can be obtained from Freon-12 ones at (1 MPa, 155 psi) 

(abs) if 

(p f/p g) w = (P f/P g) p r_ 1 2 

(-) = (-) VD'W vD^Fr-12 

AH., AH, 

\ W X Fr-12 

(K.GD
l/i(£,°-59)M - (CD

1 / 4(£) 0- 5 9) F r. 1 2 

where K = 0.658. 

Then: 

(̂ ) -(^) (2.3) 
\G W XG Fr-12 

Fig. 2.3 illustrates the comparison between Freon-12 CHF data 

at 1 MPa and the equivalent water data at 7 MPa calculated using Stevens 

and Kirby scaling technique. Also, Stevens and Kirby obtained similar 

results for a large range of diameter, length to diameter ratio and inlet 

subcooling ratio. For all the results compared by Stevens and Kirby, the 

accuracy of prediction falls within the range of uncertainty in the water 

CHF data. Eq. (2.2) implies that only geometric ratio can be scaled. 

However, in later work in complex geometries (19-rod clusters), Stevens et 

al. (1966) indicated that the best results were obtained with identical 

geometries for both fluids. 
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® WATER, P=1000 lb/in2, D=426", AHi=143 to 164 BTU./lb. 

+ FREON 12, P=lSSlb/in2(abs.), 0=33;", AH|=1U to 12.6 BTU/tb. 

DATA 

P 
D 
L 
D 

AH, 

X 

WATER 
1000 
.1*26 
80 
160 
338 
.22 
TO 
.252 

FREON 12 
155 
.334 
76.5 
152.8 
337 
.206 
TO 
.228 

SHADED AREAS SHOW REGION OF UNCERTAINTY \ 

L_= 338 AND 337 
D 

L. = 80 AND 76.5 
D 

D = 160 AND 152.3 

2 3 

MASS VELOCITY, G x10~6, l b /h r . f f 2 

FIGURE 2^3. COMPARISON BETWEEN CHF DATA FOR WATER AND WATER-
EQUIVALENT FREON-12 DATA. STEVENS & KIRBY (1964 ) . 
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2.2.4 Staub*s Modeling Correlation for Round Tubes 

Staub (1969) proposed a modification to the Stevens and Kirby 

graphical correlation. He replaced the tube length in the term 

(GD1/4(D/L)0-59) by the equilibrium boiling length (Lb) starting at 

zero equilibrium quality. Fig. 2.4 shows Freon-12 CHF data given by 

Stevens et al. (1965) plotted as X^. vs. GD1/4(D/L)0'59- Also, Fig. 

2.4 shows the same data and Freon-22 CHF data given by Staub (1969) plot­

ted as Xc vs. GD
1/4(D/Lb)°«

59, where Lb is the boiling length. 

Good agreement between the experimental Freon-12 data and the modified 

correlation of Staub is observed (error ±4%). Also, Staub demonstrated 

that the scaling factor (K = 0.658) used by Stevens & Kirby to convert the 

value of GD^/4(D/L)^*^9 from the water to the Freon correlation does 

not appreciably vary with pressure in the range tested (water equivalent: 

3.2 MPa - 10 MPa, (500 - 1400 psia)). 

2.2.5 Coffield Subcooled DNB Investigation of Freon-113 

Coffield (1969) extended the application of CHF modelling to 

subcooled liquid conditions. He tried two modeling techniques. The first 

one is based on dimensional analysis developed by Barnett (1964): it has 

the following form 

q y 1 / 2
 T D C f p J / 2 G Y

1 / 2 p. AHin Hc r _ e L Pf Pf _____ __. _ _ _ ) (2.4) 
, 1/2 " 7[ D' _ 1/2 ' 1/2 ' ' . ' U'* J 

X p£' *£ T Pf Pg * 

The results obtained from Barnett's method are shown in Figs. 2.5 for a 

water pressure of 7 MPa (1000 psia). The second is the empirical tech­

nique developed by Stevens & Kirby (1964) and is summarized in Section 
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FIGURE 2 - 4 CRITICAL DATA WITH FREONS AT VARIOUS INLET SUBCOOLING 
USING THE CORRELATION OF STEVENS & KIRBY (1954) AS 
WELL AS THE MODIFIED OF STAUB (1954). STAUB (1969). 
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FIGURE 2-5 CHF RESULTS OBTAINED FROM BARNETT'S METHOD FOR WATER 
PRESSURES OF 7 MPa (1000 P S I A ) . COEFFIELD (1969). 
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2.2.3. The scaling factors K (used in the Stevens & Kirby technique) were 

determined empirically in Figs. 2.6 to be 0.684, 0.690 and 0.715 for 

pf/pg values of 20.6, 11.8 and 7.2, respectively. The maximum 

discrepancy between the actual data and the scaled data is about 15% for 

both techniques. 

2.2.6 Dlx's Technique for Freon-Water Modeling of CHF in Bound Tubes 

Dix (1970) developed empirical Freon-water modeling relations 

for CHF in exactly matching round tube geomtries. His study was based on 

comparing Freon-114 CHF data with a water CHF correlation proposed by 

Biasi (1967). Dix found that mass flux scaling factors are a function of 

pressure (density ratio), length to diameter ratio, and mass velocity. 

His mass flux scaling factor for Freon-114 has the following form 

Q 

K = F r e o n = C_(1.0-0.09 6„ x 10_6)(1.04-0.05 £• x 10~2)(1.41-0.02 p./p ) 
GWater T W D f 8 

(2.5) 

where Op is the modeling constant that depends on the Freon type. 

Cf = 0.74 for Freon-114. The resulting rms error in critical heat flux 

prediction for all the Freon-114 data was found to be 4.2% (Dix (1970)). 

Also, Dix found mass flux scaling factors for other Freon 

types at 7 MPa. The range of the scaling factors K, the modeling constant 

C-, the number of points and the rms error are listed in table 2.2. 
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Table 2.2. Freon Modeling Constants and Critical Heat Flux Prediction 

Errors, Dix (1970) 

Freon 

F-114 

F-12 

F-22 

F-21 

2.2.7 Ahmad 

Modeling 
Constant 

CT 

0.740 

0.800 

0.807 

0.920 

K-Range 

0.54 - 0.87 

0.51 - 0.80 

0.65 - 0.72 

0.61 - 0.90 

Scaling Technique 

No. of 
Points 

424 

973 

11 

557 

rms 
Error 

4.2% 

6.3% 

3.6% 

8.5% 

Ahmad (1973) developed a technique based on dimensional analy­

sis to scale CHF between different fluids. The technique was tested for 

various freons, water, potassium and carbon dioxide over a wide range of 

pressure, mass flux and inlet subcooling, and in both the subcooled and 

high quality regions. Ahmad showed that the effects of buoyancy, liquid 

and vapor thermal conductivities, liquid and vapor Prandtl numbers and 

secondary properties (such as 8 and y) a r e negligible as far as modelling 

of CHF is concerned. Also, Ahmad combined the effect of Reynolds number, 
1 2 Weber-Reynolds number (|if/o Dpf) and liquid-vapor viscosity ratio in one 

term, thus creating a compensated distortion technique of the following 

form: 

q AH 

where 
2 ni 

C H F f̂ a Dp f 8 
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where ni and n2 were determined from experimental data to be 2/3 and -1/5, 

respectively. 

The effect of mass flux, inlet subcooling, pressure and geome­

try are incorporated in the four dimensionless parameters 4-CHF> 

AHin/X, Pf/Pg and L/D respectively. Therefore for two different 

systems if: 

^CHF^l = ^CHF^2 

(AH.n/X)1 = ( A H i n A ) 2 

(Pf/Pg)! - (Pf/Pg)2 

(L/D)i = (L/D)2 

(^) - (-) (2.8) 
XG l XG 

By rearranging the dimensionless parameters 4CHF becomes: 

-2- 2/3 -0.133 -0.2 

*CHF = [C—) * (-) * (-) ] (2-9) 
P f a ^f ^g 

where 
2 G D 

is the Weber number 
P L a 

GD GD 

— and — are the superficial liquid and vapor Reynolds number 

respectively. 

Since accurate surface tension values for many fluids are not 

available, Ahmad proposed an alternative mass flux scaling parameter 

W - [ ^ ' * ( — n f ) »(-) J < 2 - 1 0 > 
f S 



47 

Also, Ahmad indicated that eqs. (2.9) and (2.10) are comparable over a 

wide range of pressure. Ahmad recommended that for complex geometries the 

cross section of the two systems should be identical, but for circular 

geometries it is possible to model systems with slightly different 

diameters. 

According to Ahmad's model, if the non-dimensional parameters 

Pf/pg> AHin/\ and L/D are the same in two different systems then the 

relationships between qc/\G and (I'CHF should be identical. This is 

illustrated in Fig. 2.7 which shows a plot of CO2, Freon-12 and water CHF 

data in uniformly heated tubes. Similar plots for Freon-113 and potassium 

are shown in Figs. 2.8 and 2.9. 

2.3 Empirical Dimensionless Correlations 

2.3.1 General 

The empirical dimensionless correlations rely on experimental 

CHF data to optimize their constants. They are usually based on assump­

tions that oversimplify the complexity of the CHF phenomena. The correla­

tions are derived for predicting CHF in a system regardless of the fluid 

type. 

2.3.2 Kutateladze's Correlation for Predicting CHF in Pool Boiling 

Kutateladze (1963) described the hydrodynamics of the two-phase 

boundary layer by the momentum and continuity equations for the liquid and 

vapor phases. The equations were written based on the following 

assumptions: 
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0.3 I I I 1 1 L 
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MODELING PARAMETER i|/CHF 

FIGURE 2=7 COMPARISON OF WATER, C02 AND FREON-12 DATA (IN TUBES) 
AT WATER EQUIVALENT PRESSURE 1000 PSIA 
(pf/pg = 20). AHMAD (1973). 
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(Pf/P = 980). AHMAD (1973). 
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( P f / P g = 2 ) . AHMAD (1973 ) . 
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1. For heat fluxes near the CHF, the viscosity effects in both the liquid 

and vapor phases are negligible due to the highly turbulent state 

caused by intensive vaporization. 

2. The liquid velocity near the heated surface is considerably lower than 

the average vapor velocity due to wall resistance. 

3. The liquid and vapor phases are considered to be incompressible. 

4. The buoyancy term caused by the difference in the densities of the 

phases was introduced into the vapor momentum equation. 

From the obtained equations, Kutateladze formed a set of dimen­

sionless parameters. Then, by neglecting the liquid velocity, pressure 

drop and transient effects on the CHF in free convection, he derived the 

following equation: 

q co 
— = K l = c o n s t - (2.11) 

Wsv • % v V'fV 

where qco is the CHF at zero subcooling and Ki is called the stability 

number. Experimental data plotted in Fig. 2.10 indicates the constant 

value of Ki predicted by eq. (2.11) for various fluids. Zuber presented 

an analytical method for predicting K^ by making some additional assump­

tions. He showed that K̂  lies in the range: 

V -£— < TL <J— (2.12) 
128/3 1128 

Fig. 2.11 shows that Zuber's result agrees well with experimental data for 
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a number of fluids plotted as K̂  vs. Ar*. The equation of the solid 

line in Fig. 2.10 is given by Borishanskiy as: 

Ki - 0.13 + 4 Ar"0,4 . (2.13) 

It shows a slight increase in the value of K^ at small values of Ar. 

Also, Kutateladze introduced the effect of subcooling on CHF. He assumed 

that the CHF in subcooled liquid is composed of two portions. The first 

portion is the one given to the saturated liquid to reach CHF given by 

eq. (2.11) and the second is the one given to the subcooled liquid 

replacing the detached vapor bubbles from the heated surface to reach sat­

uration. Kutateladze showed that the amount of liquid circulated in the 

boundary region is a function of the liquid to vapor density and it can be 

correlated in the following manner: 

p 0.8 C AT 
qc = qcot1 + °-°65 (̂ P - ^ X H (2'14) 
CAT C° Pg X 

Kutateladze suggested a similar correlation for predicting CHF in forced 

convective boiling in round tubes. However, his correlation was not pre­

sented clearly and was not tested with any fluid. 

* The symbol Ar was not defined in Kutateladze's book. However, it is 

assumed to be Archimedes number, which represents the ratio of buoyancy to 

g x L3 * P Q 

viscous forces. (Ar = (p - Pn) ) where L is a characteristic 

length and p is the fluid density. 
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V'i2 tf I i <» i 6 U9tQ'i.l It f i 6 ita&U 18 it 3 « it 6 7 S9w\lt.67 4 A < V 5 4 r 

FIGURE 2 - 1 0 A PLOT OF k = r ( A r * ) FOR BOILING OF A LARGE VOLUME 
OF SATURATED LIQUID, ACCORDING TO V.M. BORISHANSKIY. 
THE EQUATION FOR THE SOLID LINE IS k = 0.13 + 
4 A r * " 0 - 4 . WATER: 0-KAZAKOVA (p = 1 - 205 A T M ) ; D -

-KUTATELADZE, BORISHANSKIY, SCHNEIDERMANN ( P = 1 - 30 
A T M ) . ETHANOL: 0-CICHELLI AND BONILLA (p = 1 - 60 
A T M ) ; ©-BORISHANSKIY, BOBROVICH (p = 33 - 53 A T M ) ; 
V-STYR-IKOVICH, POLYAKOV (p = 1 A T M ) . BENEZENE: 
©-CICHELLI AND BONILLA ( P = 1 - 40 A T M ) ; 
A-STYR1K0V1CH, POLYAKOV. HEPTANE: G> ~C ICHELLI AND 
BONILLA (p = 1 - 16 A T M ) ; X - STYRIKOVICH, POLYAKOV 
(p = 1 A T M ) . PENTANE: 0-CICHELLI AND BONILLA 
(P = 2 - 30 A T M ) . PROPANE: ® $ -CICHELLI AND BONILLA 
( P = 19 - 29 A T M ) . (KUTATELADZE (1963) 
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2.3.3 Zuber's Correlation for Predicting CHF in Pool Boiling 

In pool boiling, at the CHF point, pictures showed a regular 

spacing of "bubbles" or columns of liquid rising from the liquid-vapor 

interface of the vapor film (1959). Zuber (1959) assumed that at CHF, the 

volume flow rate of liquid towards the heating surface equals the volume 

flow rate of vapor away from the surface. Based on this assumption Zuber 

suggested the following correlation for predicting CHF in pool boiling in 

a saturated liquid: 

qc r*(Pf-P.)g 1M Pf 1/2 
___ _ 0.18[ * | ] x [ i-] , m/s (2.15) 
p X. p p,+ p 
g g f g 

where 0.18 is determined empirically -

2.3.4 Hauptmann's Correlation for Modeling CHF in Flow Boiling 

A correlation for modeling CHF in flow boiling was developed by 

Hauptmann (1983). The correlation employs only one variable fluid pro­

perty Uf and other system parameters and constant fluid properties. The 

correlation is based on the assumption that thermodynamic, hydrodynamic 

and geometrical similarities are required to achieve true fluid-to-fluid 

modeling. Hauptmann showed that the reduced critical heat flux q* is a 

function of the following parameters: 

qcr = q c
/ ( R T c P c / M ) I / 2 = a P r ( G D ^ f )

C ( L
B
/ D) d ( Z

C
) 6 ( 2 ' 1 6 ) 



56 

where Z is the critical compressibility factor (P V /RT ) and the con­

stants a, b, c, d and e are to be optimized using experimental CHF data. 

Hauptmann used carbon dioxide and water CHF data in round tubes to 

optimize the constants. Only data with LQ /D greater than 35 and exit 

quality in the range 5% - 75% were included. Hauptmann used the least 

squares fit and matrix inversion techniques to compute the constants 

listed in table 2.3. 

Table 2.3. Hauptmann's Correlation Constants for Single Tubes 

a 

0.0001505 

b 

-0.6138664 

c 

0.2172085 

d 

-0.4894932 

e 

0.361891 

Figs. 2.12(a) and (b) illustrate the comparison between the 

reduced heat fluxes predicted by Hauptmann's correlation and the measured 

ones for carbon dioxide and water data. The rms errors are 11.2% and 

12.7% for carbon dioxide and water, respectively. Fig. 2.12(c) illus­

trates the comparison between Freon-12 reduced heat fluxes predicted by 

Hauptmann's correlation (with constants determined from carbon dioxide and 

water data) and the experimental ones. The rms error in prediction is 

10.3%. 

2.3.5 Shah's Generalized Graphical Method for Predicting CHF in Uniformly 

Heated Vertical Tubes 

Shah (1979) presented a general correlation for calculating CHF 

in different fluids in vertical tubes during subcooled and saturated 

boiling. 



0.00 0.06 0.12 0.18 0.24 0.30 0.36 

REDUCED HEATFLUX, MEASURED (xlO-3) 

FIGURE 2*12 HAUPTMANN CORRELATION APPLIED TO CARBON DIOXIDE, WATER 
AND FREON-12 DATA (SINGLE TUBE). HAUPTMANN (1983). 
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Shah applied a trial-and-error method to select the following 

dimensionless groups which were used in his graphical correlation 

BO = -£• (Boiling number) 

K Pf g g 

Pe = Re-Pr = (£2__£) 
K f 

Pf gD 

P = P/P 
r c 

and Xin, Xc and Lc/D. 

Shah's correlation is shown in Fig. 2.13 - 2.15. The correla­

tion can be used in the following manner. 

1. If Y > 105 

Fig. 2.13 provides the value of Bo0, which is the boiling number at 

zero quality. If the experimental value of xc is known, the value 

of BO /BO can be obtained from Fig. 2.15 where Bo is the boiling num 
x o ° x ° 

ber at the critical vapor quality x. Then Box can now be calculated 

2. If Y < 105 

Fig. 2.14 directly yields the value of Bo for the given x^n and 

Lc/D. In this case, the value of xc is not needed. 

Shah's correlation was composed with experimental data from 

more than 30 sources including 11 different fluids. The mean deviation 

was found to be 15% with 90% of data within ±30%. The range of selected 

data was: 

Reduced pressure 

Mass flux 

Critical quality 

Inlet quality 

0.0012 - 0.94 

6 - 24, 300 kg/m2-s (2.18) 

-2.6 -»• 0.96 

-3.0 •*• positive values 
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2.3.6 Katto's Semi-Empirical Correlation 

Katto (1978; 1979(a),(b); 1980(a),(b),(c); 1982; 1983) proposed 

a generalized correlation for predicting CHF in various fluids in forced 

convection boiling in vertical uniformly heated round tubes. Katto 

applied dimensional analysis to generate dimensionless CHF correlations 

based on the assumption that the effects of viscous and gravitational 

forces on CHF are negligibly small in simple boiling systems. Katto's 

correlations are of the form 

q p op 

where qc0 is the CHF at zero inlet subcooling. 

Katto noticed that when &ft±n changes in an experiment, keeping the 

other parameters constant, the relationship between CHF and AH^n is fre­

quently linear as illustrated by type A in Fig. 2.16. Occasionally it has 

a curvature such as illustrated by type B or C in Fig. 2.16. The slope of 

the CHF vs. AH-j_n relationship depends on the conditions of CHF and geo­

metry. If the liquid at the entrance of the tube is subcooled and the 

linear relationship between the CHF and A % n holds (type A in Fig. 2.16) 

the CHF is given by 

qc = q c od + \AHin/X) (2.20) 

where K^ is a non-dimensional parameter independent of AHin/\. K^ 

depends only on the regimes described below. It can be determined from 

the gradient of the straight line A in Fig. 2.16. Therefore 
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FIGURE 2-16 RELATIONSHIP BETWEEN qc A N D AH i n 

L-, H-, AND HP-REGIME; TYPE B IN 
IN V L-REGIM£). KATTO (1979). 

(TYPE A FOUND IN 
N-REGIME, AND TYPE 
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q p ap AH 

GK p G2L D X 
g 

In order to analyze the zero subcooling data, the value of q /GX 

was divided into five different regimes designated as H, L, VL, N and HP-

In the "H" and "L" regimes (high and low mass velocity respec­

tively), Katto verified that an annular flow pattern exists at the tube out­

let and that the CHF in both regimes is caused by dryout of an annular 

liquid-film flowing over the tube wall. In the "L" regime the net deposi­

tion rate <J> (deposition rate - entrainment rate) was found to be negligible 

throughout the tube, and the CHF is termed "evaporation controlled", while 

in the "H" regime, due to high mass velocity there is high entrainment near 

the tube inlet then the liquid film is supplied by liquid from the core (net 

deposition) to balance the local evaporation rate, the CHF is termed "depo­

sition controlled". 

For the "VL" regime, which has very low mass velocities (inlet 

liquid velocity is less than 0.2 - 0.3 m/s), Katto suggested that there is a 

possibility that CHF is in part determined by pool boiling effects. In the 

"N" regime which is characterized by non-linear relationship between qc 

and AHin, Katto assumed that the CHF in the regime occurs at low exit 

quality and is of the DNB type. The "HP" regime replaces the "N" regime 

when the system pressure is extremely high. 

Recently Katto (1983) developed an improved version of his gener­

alized correlation applicable for positive exit qualities and L/d < 600. 

Also, Katto discarded the characteristic regimes mentioned above in his new 

correlation. In Katto's improved correlation, the equations of qco are 

written as follows: 
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Qn ffp 0.043 . 

GX G2L (L/D) 

q p 0.133 a p . 1/3 . 
g^ - .O . lOC- i ) ( - / ) = (2.23) 

Hf G L 1 + 0.0032(L/D) 

q p 0.133 ap£ 0.433 /T , _ , 0 . 2 7 
- £ ? _ = 0.098 (-&) ( - * ) ^ ( 2 . 2 4 ) 

P f GU 1 +0.0031 (L/D) 

q p 0.60 ap 0.173 . 
GT2- - °'0384 W * ("/) * ? Q 2 3 3 (2 -25) 
b * P f G2L 1 + 0 . 2 8 0 ( a p / G ^ r ' ^ V / D ) 

q p 0 .513 a p . 0.433 ,_ / T , ,0 .27 
2£2_= 0.234 ( / ) (-JL) ^ > (2.26) 

Pf G^L 1 + 0.0031 L/D 

where the d imens ion l e s s parameter C in eq . ( 2 .22 ) i s g iven by: 

C = 0.25 for L/D < 50, 

C = 0.25 + 0.0009 {(L/D)-50} for L/D = 50 - 150, (2.27) 

and 

C = 0.34 for L/D > 150 . 

\'T7f ,P2T ,0.043 ( 2 ' 2 8 ) 

4C(ap f /G L) 

K. = I . °'0lU + D / L (2 29^ 
\ 6 , , , 0 . 1 3 3 , / r 2 T , l / 3 U y ; 

(Pg /Pf ) (op f /G L) 

1.52((jp / G 2 L ) ° ' 2 8 3 + D/L 
K, = 1.12 • J---X — ( 2 . 3 0 ) 

k , ; , 0 . 6 0 . 2 T , 0 .173 (p / p ) (ap /G L) 

The prediction of CHF will be made by distinguishing two 

regimes. The first is: 
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For P /p, < 0.15 
g f 

When q (2.22) < q (2.23), q - q (2.22) 
co nco ' Mco Hco 

When qcQ(2.22) > q (2.23), then 

If q (2.23) < q (2.24), q = q (2.23) 
^CO ^CO " ^CO ^CQ 

If q (2.23) > q (2.24), q = q (2.24) 
CO nco ' Hco ^co 

When 1^(2.28) > ^(2.29), Kk = 1^(2.28) 

When 1^(2.28) < Kfc(2.29), Kk = 1^(2.29) 

For p /p > 0.15 

When q (2.22) < q (2.26), q - q (2.26) 
nco xo ' ^co ^co 

When q (2.22) > q (2.26), 
^co nco 

If q (2.26) > q (2.25), q = q (2.26) 
nco nco Mco xo s ' 

If q (2.26) < q (2.25), q = q (2.25) 
^co ^co Mco Mco 

When Kk(2.26) > Kk(2.29), Kk = Kk(2.28) 

When Kk(2.28) < \(2.29), 

If 1^(2.29) > Kk(2.30), K^ = Kk(2.29) 

If 1^(2.29) < Kk(2.30), Kk = Kk(2^30) 

A computer listing of Katto's correlation is presented in Appendix D. 

The accuracy of Katto's correlation was not reported in his 

papers. The comparisons between the CHF predicted using Katto's correla­

tion a >d the experimental results are only shown graphically with 

2 
(q" /G^) vs. (ap./G L) for different fluids in different regimes. Based nco f 

on the e graphs, it appears that the average rms error is less than 20% 

for a': regimes. 



67 

2.3.7 Ahmad's Correlation 

Ahmad (1973) developed a correlation for predicting CHF in 

non-aqueous fluids. His correlation"was based on the modeling technique 

developed by the same author in (1973) and summarized in Sec. 2.2.7. 

Ahmad incorporated the effect of complex geometries In his technique by 

using the heated equivalent diameter (D^e). The general CHF prediction 

given by eq. (2.6) was rewritten in the following form: 

GX = F ( W ^in'*' Pf/(V L /°' °he/D) (2'31) 

By introducing the dimensionless power number W"1" defined as 

4q L/G\ D 

W = — - (2.32) 
1 + AH, /X 

in 

Equation (2.31) was written in the following form: 

W+ = F((i.CHF, AH.nA, pf/pg, L/D, Dhe/D) (2.33) 

Ahmad proposed a functional form for the term W"*" in the following manner: 

W+ = 1 - exp(-y+) (2.34) 

where y+ = F((J>CH_, A H ^ A , pf/Pg, L/D, D^/D) 

Then he expressed y+ as a product of power functions, i.e. 

y+ = K <|£HF(1 + AHin/\)\pf/p - 1) C (L/D)d (D^/D) 6 (2.35) 

where K and a-e are empirical constants which can be optimized from 

experitc antal CHF data. 
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By using Freon-12 CHF data in round tubes, the constants were 

optimized. The resulting correlation has the following form: 

W+ = 1 - exp(-0.522/E+) 

E + = E/(l + A H A ) E / 2 (2.36) 

E = *C H F /a/D)3 / 5 

The correlation function is shown as the solid line in Fig. 

2.17. CHF data for water, Freon-22 and Freon-12 data are also plotted on 

the same graph. It is observed that the correlation developed from 

Freon-12 data is in good agreement with water and Freon-22 data. 

2.4 Groeneveld's Standard Table for Predicting CHF for Water in Vertical 

Tubes and Bundles 

Groeneveld (1982) & (1986) developed an accurate and simple 

technique to predict CHF in water over a wide range of conditions. 

Groeneveld's table look-up technique is based on the local condition 

assumption i.e. 

qc = F(X, G, P, D) (2.37) 

The CHF table is presented in table 2.4 for an upward flow in 

an 8x10" m I.D. round tube. The table was created using the.CHF data bank 

containing more than 10 000 tube water CHF data and known parametric 

trends in the regions where data are scarce or unavailable. (For details 

see Groeneveld (1982)). A comparison between Biasi (1967) correlation, 

Bowring (1972) correlation and the table method is illustrated in Fig. 

2.18. Due to its wide data base the CHF table predicted the most accurate 
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SYMBOL 

O 

A 

a 

A 

FLUID 

WATER 

I I 

FREON 22 

FREON 12 

D 
(in.) 

0.400 

0.393 

0.400 

0.431 

L/D 

200 TO 480 

100 TO 350 

152 

119 TO 167 

G x 106 

Ub/hr.FT2) 

1.0 TO 7.0 

0.3 TO 2.6 

0.4 TO 1.0 

0.4 TO 4.5 

AH/X 

0.04 TO 0.8C 

0.20 TO 0.65 

0.03 TO 0.29 

0.0 TO 0.24 

PREDICTION FROM EOUATION (2.38) 

E+ 

FIGURE 2-17 COMPARISON OF WATER, FREON-22 AND FREON-12 DATA (IN 
TUBES) WITH PREDICTION FROM AHMAD DIMENSIONLESS CORRE­
LATION BASED ON FREON-12 DATA, AT WATER EQUIVALENT 
PRESSURE 1000 L B / I N 2 ABS- (p£/Pg = 20). AHMAD (1973). 
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2 5 3 0 
2 5 0 3 
2 5 3 3 
7 * 3 9 
2 * 3 0 

3 4 0 
2 0 1 5 
2 b ' 0 
2 5 5 0 
2 5 0 3 
2 1 . 3 0 

un 
2 0 0 0 
7 1 3 0 

im 2 2 0 0 
2 2 0 0 

1.0 1 

itf? 
2 7 3 0 
2 7 0 o 
2 8 3 0 
2 6 1 0 
2 7 0 0 
2i.11 
2 23 0 
2 2 0 : 
2700 
??n <• 
2 ? J C 

i . * 6 
3 1 1 1 . 
4 1 1 0 
5 1 . 3 0 
* < « ) 0 
* 4 3 C 
* 4 ) U 
5 1 ) 0 
* n i o 
• . 8 )G 
1 .7CC 
4 * 9 0 
1 . 1 . H 
1. I ' D 

: i i 

;*' 
1 2 0 ' 
1 0 0 ' 
1 4 0 . 
7 l O j 
J J * 
4 1 3 * 
I S S T 

4 * 0 G 
6 1 0 ' 
5 4 0 ' 
* 3 o : 
S ' O . " 
5 0 0 , 

0 4 7 
1 4 0 0 
i e o : 
1 6 0 
2 4 0 " 
2 7 0 J 
2 2 0 3 
3 4 0 r 
3 6 0 G 
4 0 0 
4 1 0 3 
4 2 0 " 
4 C O ' 
5 0 3 . 

2 3 1 
1 4 8 ' 
t ° 0 . 
1 4 0 " 
2 1 5 J 
7 1 0 0 
2 1 1 8 
2 1 1 . C 
2 2 8 4 
2 i * r 
2 1 5 ' 
2 1 5 1 
2 1 5 C 
2 1 5 0 

2 7 4 
2 1 6 8 
2 * 0 . 
1 7 6 C 
2 6 0 1 
2 5 7 5 
2 1 . 3 C 
2 4 0 0 
2 4 5 6 
2 2 9 4 
2 ^ 9 4 
2 2 9 4 
2 2 9 4 
2 3 0 0 

3 2 1 
1 * 9 1 
2 5 5 : 
2 5 0 J 

2 4 5 ' 
2 4 0 1 -

2 1 5 i 
1 ° ' 6 
2 C 0 4 
1 8 0 ' 

\tt-
1 9 0 t 
2 0 3 -

.17 7 

£ c o > 
2 6 0 0 
2 * 0 ) 
2 7 0 0 
2 5 0 " 
2 6 9 . 
2 3 8 
1 8 0 ' 
1 8 3 ' 
1 8 0 U 
1 9 0 ' ' 
2 0 0 , 

4 7 9 
3 0 3 2 
3 9 0 
5 1 9 . 
5 1 0 
5 1 0 C 
5(.o: 
5 1 0 3 
4 8 0 
4 4 0 
4 2 1 
4 C O ' 
1 8 0 
3 6 3 , . 

- S 

7 4 0 
1 1 5 0 

6 5 0 
1 3 * 0 
2 ' 0 0 
1 3 0 0 
3 1 « 6 
3 ' l f c 
4 5 C 0 
5 ' 5 0 
5 ) 0 0 

440 i 
4 " 0 0 

9 0 " 
1 3 9 3 
1 4 ) 0 
1 6 3 0 
2 2 3 0 
?227 
2 , 0 G 
1 1 0 0 
3 4 3 0 

uu 
3 6 0 C 
3 1 0 0 
3 . 3 0 

2 1 9 
1 4 0 5 
1 ' 3 0 
1 3 5 0 
2 1 3 0 
2 3 0 0 
2 ; 6 6 
1 9 5 8 
2 1 1 9 
2 5 0 
2 C 5 0 
2 0 5 0 
2 " 5 0 
2 0 5 0 

2 5 7 
2 " 1 4 
7 6 0 0 
1 7 1 7 
2 5 0 0 
2 5 * 9 
2 3 3 7 
2 2 2 9 
2 1 0 } 
2 2 G 0 
2 2 0 0 
2 2 0 0 
2 : 3 0 
2 2 3 G 

3 0 0 
1 < = 5 0 
2 2 C " 
7 2 C 0 
2 4 0 0 
2 4 0 0 
2 " 0 0 

i e ? i 
1 t 4 9 
1 5 0 0 
1 5 0 0 
1 ' 0 9 
1 rCl 0 
1 6 C 3 

1 5 4 
1 2 6 3 
1 ^ 0 3 
2 * 0 0 
7 5 5 3 
2 6 5 C 
2 4 0 0 
7 1 3 3 
1 8 3 7 
1 S O G 
l c O 0 
1 5 0 0 
1 5 0 0 
1 6 C 0 

4 1 2 
2 8 0 1 
3 f 0 0 
4 7 0 0 
1 . 7 G 9 
4 8 1 C 
4 9 0 0 
4 8 4 5 
4 4 5 9 
3 1 5 4 
3 " 7 3 
3 4 C 1 
3 ' 0 
3 2 0 0 

)o 

7 5 1 
I 1 0 8 

6 2 , . 
1 JOO 
1 5 7 • 
T 4 6 S 
. ' 9 8 6 
1 4 C C 
4 ' 3 ° 
* L 0 C 
c 2 0 f 
*6ur 
T C O 
1 0 0 J 

8 8 7 
1 2 6 * 
1 J 7 2 
1 4 0 0 
1 7 C < : 
1 8 ^ 0 
' 9 0 3 
, ' 9 0 1 
U C O 

Mil 
7 8 0 : 
7 6 0 3 
2 2 0 G 

7 0 4 
1 3 2 6 
1 2 0 0 
1 3 2 5 
2 0 0 0 
1 8 0 0 
1 8 2 6 
1 8 0 0 
1 8 0 3 
1 8 0 0 
H O 3 
1 8 0 0 
1 8 0 0 
1 6 0 0 

2 « . 0 
1 8 6 0 
2 4 0 0 
1 3 0 1 
2 4 0 0 
2 5 3 0 
2 1 0 3 
2 1 0 0 
2 1 0 3 
2 1 0 0 
2 1 0 0 
2 1 0 0 
? i r o 
2 1 0 0 

2 8 0 
1 ' 7 3 
2 C 3 0 
1 7 C 0 
2 3 7 5 
7 4 0 C 
2 7 8 5 
1 C 0 G 
1 6 3 0 
1 3 3 0 

\m 
1 3 0 3 
1 3 3 0 

3 3 0 

nn 
1 9 0 J 
7 5 0 0 
2 6 0 1 
7 3 0 0 
1 * 1 3 
1 C 2 2 
1 3 0 G 
1 3 0 0 
1 1 0 0 
1 3 0 0 
1 3GO 

1 7 5 
2 6 6 9 
3 3 0 G 
4 4 0 9 
4 4 0 0 
4 6 6 1 
4 7 6 5 
4 1 9 3 
3 1 5 4 
3 3 0 1 
1 4 1 " 
7 8 0 0 
2 6 0 1 
2 3 0 0 

4 0 

* no 
8 7 3 
7 0C 

1 2 0 P 
1 "CO 
7 1 6 4 
7 8 8 7 
3 3 1 9 
1 8 2 3 
4 9 C 0 
5 0 1 7 
4 0 CO 
1C 0 0 
2 2 0 G 

6 8 9 
9 ( 4 
9 4 4 

1 3 2 5 
t 6 5 0 

1 8 (JO 
2 7 0 0 
1 " C 0 
1 5 C C 
1 2 5 0 
2 8 0 0 
2 3 0 0 
1 S 3 C 

1 7 5 
1 2 4 4 
1 " 8 5 
1 3 3 0 
1 8 1 0 
1 6 4 9 
1 7 6 7 
1 7 0 0 
1 7 3 0 
1 7 0 0 
1 7 0 0 
1 7 0 0 
1 7 3 0 
1 7 0 0 

2 0 5 
1 5 5 1 
1 2 1 2 
1 2 0 9 
2 0 9 1 
i « e » 
1 6 8 7 
1 8 0 0 
1 6 0 0 
1 6 3 0 
1 6 " 0 
1 6 0 0 
1 8 0 0 
1 6 0 0 

7 4 0 
I 8 6 0 

i lH3 
2 1 * 8 
2 2 C 0 
J i . 3 9 
1 3 0 0 
1 2 5 0 
1 7 0 0 
l.58S 
1 2 G C 
1 2 0 0 

2 ' 3 

2 ' 1 
1 2 0 0 1 6 5 0 
7 4 6 1 
2 5 0 0 
2 ' 2 9 
1 1 C 6 
1 1 3 8 
I 'OC 
1 2 0 U 
I 2 DC 
t 2 0 0 
1 7 9 0 

1 2 2 
2 D C 
3 0 u C 
4 J O t 
4 7 5 0 
4 5 0 C 
1 9 1 6 
2 9 1 4 
7 1 6 6 
1 2 7 6 
1 1 7 6 
1 » 5 G 
1 6 * C 
1 5 0 0 

0 

*r> 9 
7 5 6 
7 ? 7 

I 1 6 0 
1 7 f 4 
2 1 1 8 
7 1 9 4 
? 6 X 4 
3 7 6 6 
4 6 4 0 
3 5 0 0 
' 0 0 0 
<.'5r 0 
2 0 . : 

6 0 0 
7 9 3 
9 7 0 

1 3 , 4 
1 6 0 0 
1 1 Q 0 

1 r* a 
2 ICO 
2 8 f 0 
J ' . " . 
3 7 0 0 
7 6 0 3 
7 0 C 0 
1 6 G 3 

1 4 f. 
1 0 4 4 

9C " 
1 7 5 0 
1 * A 1 
1 5 C O 
1 6 C 3 
1 6 C 0 
1 5 C 0 
1 4 " 0 
1 4 C 9 
1 4 0 0 
1 4 0 0 
1 4 C 0 

1 7 1 
1 0 6 7 

9 0 ? 
1 2 0 0 
1 7 4 6 
1 3 7 1 
1 4 0 G 
1 5 0 0 
1 5 0 0 
1 6 0 0 
1 5 P O 
1 5 0 0 
1 5 C 0 
1 5 G 0 

2 3 3 
1 6 ' 5 
1 7 3 U 
1 6 C 0 
1 6 4 1 
1 7 3 • 
1 0 7 4 
1 O 0 1 

6 7 3 
1 0 3 0 m 
in iG 
l c o o 

7 3 6 

I J B ? 
1 * 8 9 
/ 4 " 4 
" 1 0 6 
1 4 1 9 

6 8 6 
7 7 2 
9 : 0 
9 0 0 
9 0 0 
9 0 C 
9 3 0 

7 6 6 
1 9 4 2 
2 6 C 0 
U2C 0 
3 9 1 4 
3 7 2 6 
2 7 9 7 
1 6 1 3 
1 3 0 7 
2 4 9 1 
I T 3 
1 1 5 0 
1 C 1 

9C u 

O'J 

4 5 9 
7 1 1 
7 C 0 

1 1 0 1 
1 4 4 « 
1 7 5 1 
1 1 " * 
; * i 4 
2 2 " 0 
2 9 1 0 
2 7 C 0 
2 3 0 0 
1 5 0 1 
1 2 0 0 

5 6 0 
6 0 0 
9 0 0 

1 2 p 0 
1 5 0 0 

1353 
2 7 0 9 
2 5 0 0 m 
2 S 3 0 
1 5 1 0 
1 0 C O 

1 1 7 
7 G O 
7 5 1 

1 2 1 9 
1 0 0 C 
1 1 0 9 
1 0 9 0 
1 0 C O 
1 0 C 0 
1 0 C 0 
1 C C 0 
1 0 0 0 
1 0 0 0 
1 0 3 0 

1 3 7 
6 1 7 
8 5 6 

1 1 7 0 
1 0 «•• 

9 4 5 
1 3 9 6 
1 2 0 9 
1 2 9 0 
1 2 C ? 
1 2 0 0 
1 2 0 0 
1 2 0 0 
1 2 0 Q 

1 6 0 
6 ° 6 

1 2 1 7 
1 5 0 9 
1 6 7 7 
1 2 4 0 

6 7 ( 
5 6 4 
4 * 0 
7 0 0 
7 0 0 
7 0 0 
7 3 0 
7 0 0 

1 8 « 
4 9 * 

1 * 0 0 
1 6 0 0 
1 1 7 6 

7 l ) 
4 6 4 
7 7 4 
2 * 3 
2 * 0 
2 * 0 
2 * 3 
2 5 0 

? ! < • 
l l ' i . 
1 4 1 0 
2 3 7 7 
2 2 0 2 
2 0 6 3 
1 1 ' 4 

8 6 7 
6 2 4 
6 o 9 

7 0 0 
b * C 
6 0 0 

. 7 0 

1 5 6 
S C O 
6 6 7 
• 6 3 
6 7 7 
6 6 2 
9 C 5 

1 1 0 0 
1 1 0 0 
1 1 Ou 
1 1 0 ' ) 
1 0 3 9 

9 0 C 
8GC 

' 7 7 
5 2 1 
8 9 3 

1 1 0 1 
1 4 3 0 

\b-
1 1 0 r 

1 1 0 3 

\lh 
1 0 3 " 

« C 9 
6 0 3 

6 7 
6 G G 
7 0 " 

1 1 1 . 2 
7CG 
8 0 C 
6 c : 
60c 
6 0 3 
6 C 0 
6 C 0 
6 G O 
6 0 0 
6 0 0 

1 C 3 
5 ° 2 
8 2 5 

1 1 4 3 
5 1 1 
4 G ; 
3 8 6 
7 0 3 
7 0 0 
7 0 . 
7 0 C 
7 0 0 
7 0 C 
7 U G 

1 5 6 
6 3 3 

1 0 9 C 
1 2 1 . 1 

7 4 4 
4 3 5 
3 9 5 
5 0 C 
5 0 0 
6 0 C 
5 0 3 
5 0 C 
* C . 
5 0 1 

9 7 

m 
1 4 6 0 
1 1 4 0 

6 4 5 
4 1 2 
2 0 9 
1 9 9 

58: 
7 0 1 
2 0 0 
2 0 C 

1 6 1 
6 7 5 

n n 
1 6 9 7 1 5 4 4 
1 0 9 5 

6 8 3 
5 7 5 
2 7 6 
7 5 C 
7 5 9 
7 6 u 
7 ' . 
7 5 0 

SO 

2 1 2 
3 6 6 
4 9 3 
' 3 7 
6 ? " 
6 3 3 
7GC 
6 . C 
6C C 
6 C 0 
6 : 0 
5 0 C 
5 . : 
4 3 0 

2 3 6 
4 3 3 
6 ! . 

1 o c c 
sec 
\\\ 
6 0 " 
5 5 0 

tH 
1.6 G 
4 5 0 
4 C 0 

5 8 
c 9 3 
6 5 0 
CCC 
1:0 
4 5 : 
4 5 C 
1 .50 
4 5 C 
* 5 C 
* 6 C 
* 5 C 
4 5 0 
• . 5 5 

6 6 
5 1 . 9 
8CC 
8 4 9 
2 1 7 
? 6 C 
2 6 1 
4 G 0 
4 3 0 
4GG 
4 0 G 
4 C 0 
4 3 C 
4 3 G 

9 1 
5 6 7 

W 
4 4 7 
2 7 * 
i n r 

J.'C 
3 0 0 
2 : C 
: ; c 
3co 
! J [ 

: a 
7 2 

tit 9 4 7 
6 6 2 
4 1 9 
4 1 0 
2 * G 
1 7 6 

2 J 0 
2 - C 
2 3 0 
2"G 

1 0 7 
6 1 4 

1 0 * 0 
1 1 3 9 

9 1 6 
0 C 9 
5 4 9 
3 7 b 
1 8 6 
1 5 0 
1 6 0 
1*C 
1*C 
1 5 C 

^ 
8 9 

I S O 
) 3 3 
4 3 7 
4 5 3 
- . 4 3 
4 ) 0 
1 : 0 

)C c 
3 J 3 
1 3 0 
3 , : 
3 : 3 

m 
4 * 3 
5 0 G 
* 0 0 

til 
3 5 9 
3 0 3 

III 
i : 3 
3C 0 
3 0 9 

2 9 
4 S 6 
3 1 5 
1 1 6 
1 5 0 
3 . 1 
I J C 
3 3 0 
3 3 3 
3 9 0 
3 0 C 
3 : 3 
3 ) 0 
3 G C 

3 4 

7-3? 
6 3 3 
2 ^ 0 
2 1 0 
2 0 0 
2 3 3 
2 0 0 
2 J 0 
' 3 0 
2 0 0 
2C 0 
7 0 3 

9 1 
*r 3 
6 6 5 
5T2 
4 1 4 
2 5 4 

2 3 3 
2C 0 
7 3 3 

r.-r 
3C 3 
2 0 0 

u 7 

4 7 "» 
?7"» 
6 4 7 
5 2 9 

in 2 0 0 
1 5 3 
1 * 0 
1 * 0 
1 * ) 
1 6 1 
1 6 5 

5 . 
4 " 6 
5 5 u 
7 0 2 
6 6 3 
4 3 7 
5 9 0 
2 5 0 
1 0 0 
I J J 
1 3 0 
1 0 0 
1 9 0 
1 0 0 

. ( 

0 

a 
j 

-0 
0 
3 
0 
0 
0 

0 

a 
n 

a 
0 
9 
3 
C 

0 

'< 
1 
3 

3 
0 

0 
3 
9 
0 
3 
C 
0 
3 
3 
0 
3 

0 

t 

G 
0 
G 
3 
0 
0 
0 

3 
G 
3 

0 

a 
3 
0 
0 
0 

I 
0 
3 
1 

0 
0 
0 

3 

3 J 

C 

3 
3 
j 
1 
3 
3 
3 
3 

0 
3 
3 
0 
3 
0 
3 
3 
3 
0 
3 
J 
3 
3 

http://1i.CC
http://3i.CC
http://2f.CC
http://2i.11
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T A B L E 2 . 4 : FINAL STANDARD T A U U OF CI If VALUES 

ru,su«t G "UAUn 

(kPa) ( ^ ' m 9 ) * - » i --10 -•*)» o*oo ' 0 i ' i 0 •*> *° •** •10 *° - i° -fco *;o -so -to 
1 5 3 0 
1 5 0 0 
1 * 0 3 
i « . * : 
1 5 3 8 
1 * 0 0 
1 * 0 0 

i5,i 
1 * 0 0 
1 5 0 * 
1 5 3 0 
1 1 9 0 
1 5 0 0 

2C0C 
'C ) 0 
23 30 
: c c o 
' : : » ? r : o 
» ' 10 
7 ' 3 0 
' : i o 

?Mo 
J e n 

Hi? 
: o c i 
3 0 3 0 
' : o c 
7C 30 
' 3 ) 0 

.-, ,* 
"f ' ! 
' , ID 
) - ) 0 
' . ) J 
1 * ",3 
' C ' J 

v ie 
4 5 ) 0 
. 6 . 9 
4 5 3 0 
• . 5 : : 
4 5 ) 1 
4 * 0 : 
4 - - 1 ) 
4 * 1 1 
. 5 * 3 
4 " J 
4 c :c 
. « : 3 
4 * j ) 
. * j ' 0 

' t ' ! 
73 ) c 

-C:1)0 
7-. : o 
7C 1 

* : : ) 
' i ' 5 
T - k * j 

- i - 3 

' .; ' ' 3 
' , .0 

: o o : ; 
i 3 : ' c 
• c : c 3 

: : : : ) • .: 0 : 9 
' - ' "0 
'::'' "o 
• - 0 3 3 
: . ; J 3 
i r r ' . 
: " i • i 
i 3 3 i : 
• : c c 
: ;:oa 
ncco 

. <c . „ : " ' 3 
• ' • " 3 3 

-.'..") I ' . ' O 
: * c : o 
" • . i J 

; * . :c 
: * . ' 3 
: ' . : 1 0 

•••,.) 
i s ; J O 

" : - o 
' 3 . . c 
' t i ro 
' I t 30 
: ; ( ; o 
'C i .3 ) 

>Y:ll 
" . 30 
' " • 0 

- ; : : j 

• M 
1 . * 3 

0 
* 0 

H3 565 
« 0 0 
7*= 9 

\m 20 0 3 
3 0 0 5 
4 0 0 } 
«co 1 
7 S O 0 

1 
* 3 

1 0 9 
TOO 
3 0 1 
* 0 3 
7 5 6 

1 0 0 0 
1 5 0 ) 

\m 4C 0 3 

7 6 $ 0 

9 
5 3 

1GC 
7 0 3 
I f " 
* 0 ) 
7 * 3 

1CS3 
1 * 0 0 
2 0 3 3 
_»:oo 
4 v 0 3 
« ; o i 
7 5 0 9 

0 
< 1 

1 0 
2 0 1 
i c o 

7 5 3 
1 : 3 9 
1 * 0 " 
7 0 0 1 
23 0 3 
40 0 0 
• G O : 
7 * 0 3 

9 
5 3 

1 " 1 
2 0 3 
3C ) 
* £ " 
7 * " 

T C : 
1 =9 3 
T O : 
7 ) 3 9 
v - ; r 
5 3 3 1 
" 0 ) 

0 
•=0 

1 03 
? G 3 
' 0 0 
* C " 
7«C 

19 0 1 
1 s o " 
? ; o o 

iS25 
" C C 
75 0 0 

0 
5 " 

1 0 0 
7 C 0 
3 0 3 
5C0 
7 * 1 

i c ; o 
1 * 0 1 
2 0 0 0 
. '0 0 9 
» : o " 
MU 

i 
« i 

1 C " 
2 C 1 
3 0 1 
50 1 

"•2 
] * o o 
? ) C 9 

\* " « i: M ( t C } 
7 * 0 1 

» * : * 5 7 6 1 

7 4 ) 1 
7 7 0 9 
8 3 0 3 

im 6 3 0 0 
7 5 7 9 
7 6 4 1 
8 5 0 0 
9 0 0 0 

4 5 « 1 
5 6 7 3 
6 3 0 1 
7 0 0 ) 
7 6 0 3 
6 ? o e 
8 * 0 0 
6 7 0 ? 
8 8 1 " 

4 3 0 7 
5101) 
5 5 0 0 

mi 7 7 0 0 
7 3 0 0 

?l83 
7 7 0 0 
6 7 2 0 
6 6 1 6 
7S0O 
t o o o 

4 1 1 0 

5 , 5 $ 
6 9 0 0 
7 3 * 0 
7 6 0 0 
8 0 0 0 
8 4 0 0 
1 4 0 0 

3 4 8 8 
4 9 7 ? 
5 4 0 3 

I'M 
6 7 0 3 
6 7 C 0 

6 7 8 3 
6 7 0 0 
6 7 0 0 
b ' O J 
6 9 0 3 
7 1 0 3 

3 6 6 9 
4 9 7 0 
5 H J 
6 ( 0 0 
7 7 0 0 

Vdl 
7 6 C 0 
7 8 0 3 

2 9 7 0 
4 4 9 1 
* C O J 

& 5 0 0 
6 4 o r 
6 1 0 0 
6 5 5 1 ' 
6 2 5 0 
6 3 0 C 
M O O 
6 1 3 0 
6 3 0 3 
6 3 0 0 

J 2 3 0 
4 7 0 6 
5 7 0 0 
6 7 0 3 
( . 0 J 0 

m 7 7 6 7 
7 1 4 4 

5 6 4 5 5 1 * ? 3 4 0 " 4 b l 4 3 0 3 6 9 13 7 ? 4 « 1 8 4 1 2 3 6 1 0 
J 5 9 6 3 * 1 ! 1 1 5 6 3 2 7 1 3 1 1 * 7 6 8 3 2 * h 7 2 1 ? 7 U 4 q ( 0 7 1 8 7 9 . 2 6 . 0 
4 b O C 4 5 0 1 4 3 ) 1 4 2 0 ' 4 ' ; - J 7 0 T J 3 0 C JOOO 1 4 5 9 1 3 0 3 1 1 3 1 5 4 ( 0 im tiVi im ?sv: hi\ ah m m m uh m; jis 8 
610O 1603 111) 130 5 to 41,49 4*C0 4297 315? 1659 997 608 0 
5990 5600 54)0 5?) 515G 510. 4551 7993 176? 1087 681 441 0 %in im ??r* n»i in\ sw nn m im ir< m m \ 
* * o o 5 7 0 ' 4 » o ; 4 i a I . K « 3 9 7 7 2 * 0 5 i 4 i i 1 0 0 0 n c c 4 ' G 2 3 3 0 
5 6 0 0 5 1 0 3 4 1 8 0 4 1 t ! 4 ? 0 0 J 7 0 9 2 11C 7 1 0 ' U C O 6 C . 43C 2 0 0 9 
1 * 0 0 5 0 0 ' 4 7 3 9 1 6 0 ' 3"CC 3 1 0 0 I 9 C C 1 6 t 1 1 0 1 0 6 0 0 4 3 9 79 0 9 
5 6 3 0 4 6 0 1 4 4 J 3 3 6 0 3 * 0 ' . 3 6 C L 17CG 1 5 : 9 IOO0 *ll 4 0 3 2 0 0 3 
5 5 3 3 4 7 0 0 4 1 0 C J 6 0 3 3 3 0 3 7 1 5 3 L 6 0 0 1 2 0 0 1 3 0 0 8 0 3 40 3 2 0 0 0 

6 4 ? 6 0 9 * 7 « 5 4 1 ^ 0 7 4 7 4 4 0 6 1 1 8 2 7 1 7 C 1 l l * 6 8 3 
3 6 3 6 3 7 * 2 3 5 1 4 3 M C 3 3 5 ? 3 1 1 6 7 6 C 1 7 7 1 0 1 1 9 3 9 4 1 5 2 7 4 3 4 3 
4 * 0 0 4 6 0 ? 4 6 3 0 4 5 0 C 4 3 C J 4 0 3 3 1 6 0 0 3 * C i 1 5 1 0 1 2 6 7 M i l 5 * 6 5 
6 * 0 0 6 3 0 0 6 1 ) 0 5 6 0 3 5 3 0 0 4 » 0 i . 4 4 C 0 4 0 C 3 2 1 5 1 2 0 2 3 1 3 1 1 6 2 4 0 
6 6 0 0 6 6 0 0 5 9 0 0 * ' 0 ' 5 * u 0 5 7 0 1 4 * . 0 4 t 6 l 4 3 t 3 7 7 4 9 1 5 3 C 8 6 9 C 

7 ( 1 0 0 6 * 6 l 4 ) 6 1 6 2 0 6 1 . 3 6 C ) 6 5 1 2 9 3 5 9 0 
777 
586 

92 

6 1 1 
3 7 * 3 
4 8 C 
b i O J 
6 9 7 ' 
* 4 7 9 
6 3 6 6 
6 3 8 . 
' . 2 0 ' 
6 1 7 5 
4 9 73 
4 6 2 * 
4 1 1 7 
3 6 0 . 

6 8 7 
3 2 4 7 
4 ) 0 
4 6 0 ' 
* ? 0 
4 5 9 ' 
4 4 ) 
- 3 6 * 
4 ' 1 ' 
4 ? 1 „ 
4 1 6 1 

5 7 5 
J 1 T 4 
4 60 J 
579G 
6 6 0 0 
6 3 7 2 
6 1 7 5 
5 7 5 5 
4 7 7 1 
4 1 7 4 
4 443 
3 9 1 5 
3 * 6 4 
3 s - 4 

6 4 4 

llti 
4 7 3 0 
4 7CO 
4 1 8 1 
4 JuO 
4 3 5 0 
4 6 1 
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results among the existing correlations over a wide range of conditions, 

Groeneveld (1986). The range of the table method is: 

pressure: 100 - 20 000 kPa 

Mass flux: 0 - 7500 kg/m2/s (2.38) 

Quality: -15 to 100% 

The predicted CHF using the standard CHF table may require the 

use of several correction factors as shown: 

C H Factual = C H F8 ( P> G' X ) , Kl' K2 <2'39> 

Where CHF8(P,G,X) represents the CHF obtained by interpolating in the 

table and K1-K2 are corrections factors listed in table 2.5; their deriva­

tion is discussed by Groeneveld (1982). 

Groeneveld's table look-up technique is not dimensionless. 

However, it will be shown in Chapter 4 that the table can be transformed 

to a dimensionless form that can be used in predicting CHF in non-aqueous 

fluids. 

2.5 Theoretical Models 

The theoretical models are usually based on a specific CHF 

mechanism. They may require a few empirical constants that can be opti­

mized from experimental CHF data. The models predict the CHF in a system 

within a range of conditions regardless of the fluid type. 

2.5.1 Whalley's Theoretical Model For Predicting CHF in Annular Flow 

Whalley et al. (1973) developed a theoretical model for predic­

ting CHF in forced convection boiling in vertical up-flow in round tubes. 
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Table 2.5. CHF Correction Factors 

Correction Factor Equation Comments 

Ki, Subchannel or Tube 
Cross Section Factor 

For 0.002 < D < 0.016: Ki = (0:008) 
1/3 

Includes the observed 
diameter effect on CHF. 

This effect is quality 
dependent and could be 
included by replacing 
the exponent 1/3 by 
(2-X)/4 (requires 
verification) 

K2, Heated Length Factor L/D £ 5 : K2 = expf
0- • e ] 

a evaluated from homogeneous model 

Inclusion of a correctly 
predicts the diminishing 
length effect at subcooled 
conditions. The length 
effect is particularly 
noticeable if L/D < 10 for 
subcooled burnout and 
L/D < 100 for two-phase 
dryout. 
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The heat flux was assumed to be uniform. The model predicts the CHF in 

the annular flow regime. In this regime, CHF occurs due to a reduction of 

liquid film flow on the channel wall to zero. The annular flow was arbi­

trarily assumed to start at 1% quality with 99% of the liquid entrained at 

this condition. This assumption does not represent the true situation 

near the start of annular flow, but Whalley found that the predicted CHF 

results were relatively insensitive to the assumed inlet condition. By 

writing a mass balance on the liquid film Whalley obtained 

ifti,«(Dep. Ew . ^co, (2.40) 

where Dep and Ent are the local rate of droplet deposition and entrainment 

per unit area of the tube wall, respectively, and qC0/X is the evapora­

tion rate of liquid per unit area of the tube wall. GLF is the mass 

flow of the liquid film (per unit of cross section area of the channel), z 

is the distance along the channel and D is the tube diameter. By intro­

ducing the deposition mass transfer coefficient Y^, Dep and Ent are 

written as follows: Dep = Î C and Ent = ]<„ Ceq where C is the drop­

let concentration in the gas core, and Ceq is the value of C for hydro-

dynamic equilibrium. "Hydrodynamic equilibrium" is approximated in a very 

long channel with adiabatic flow where the deposition rate becomes close 

to the entrainment rate. Empirical values of K^ were given by Whalley 

et al. for water, Freon-12 and liquid nitrogen as a function of surface 

tens-ion. The variation of YL^ with a is shown in Fig. 2.19. Based on 

the assumption of a homogeneous mixed condition of the gas core, C was 

given theoretically as a function of liquid and vapor densities, quality 

and the ratio of the liquid film flow rate to the total flow rate. Also, 
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Whalley et al. gave empirical values of Ceq as a function of \\_ 

m/a where x^ is the interfacial shear stress, m the film thickness, 

and a the surface tension. 

The parameter x^ and m can be calculated provided the 

film flow rate at a particular point along the channel is known and by 

using a combination of the following relationships: 

(1) the "triangular relationship" given by Hewitt (1961). This 

relates the liquid film flow, liquid film thickness and pressure 

drop such that any of these parameters can be calculated if the 

other two are known. 

(2) the "geometrical similarity" relationship which relates the 

thickness of the liquid film to the effective roughness presen­

ted by the film interface to the gas core. The final form of 

the relationship was given by Wallis (1970) who suggested that 

the interfacial friction factor (defined in terms of a homogen­

eous core, could be expressed as (1 + 360 m/d) times the fric­

tion factor for the gas core flowing in the absence of the 

liquid film. 

Using these relationships, equation (2.40) was integrated 

from the point of onset of annular flow (defined arbitrarily as 

above). The integration was continued along the uniformly heated tube 

until GLP became zero. This is the location where the CHF is 

assumed to take place. 
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If the tube length (L) calculated from the quality relation 
4qc<j 

(x = — Q T — ' 7) at G = 0 agrees with the real tube length, then the value 

of qco is regarded as the solution. Otherwise, the calculations must be 

performed iteratively until L predicted agrees with the tube length. For 

details see Whalley (1973). 

Encouraging agreement was obtained between the experimental 

data of Becker (1965) for water at 91 bars and Behar et al. (1973) for 

Freon-12 at 23.3 bars and Whalley's model. The comparisons are illustra­

ted in Figs. 2.20 and 2.21. The highest errors are found in the low qual­

ity range (5 - 20%) where the assumption of annular flow is not valid. 

2.5.2 Levy's Theoretical Model for Predicting CHF In Annular Flow 

Levy (November, 1980) developed a theoretical model for predic­

ting CHF in the annular flow regime. He based his model upon the Whalley 

et al. (1973) model with the following exceptions: 

1. Levy's model employs a semi-empirical adiabatic model for liquid 

film-flow and entrainment (Levy (August, 1980)). 

2. The annular flow is assumed to start at a vapor void fraction of 80%. 

3. It uses an integral form of the mass balance equation in terms of 

steam quality. 
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The model shows two distinct regions of CHF versus steam qual­

ity at the CHF location. At low steam qualities, the CHF is independent 

of heat flux distribution, and it is controlled by vaporization of the 

liquid film. At high steam qualities, the CHF depends upon the net depo­

sition into the liquid film, and the heat flux distribution. Levy's model 

was not tested with fluids other than water. 

2.5.3 Weisman & Pei Theoretical Model for Predicting CHF in Flow Boiling 

at Low Qualities 

Weisman & Pei (1983) developed a theoretical model to predict 

CHF for high velocity flow in tubes at low exit qualities. The model is 

based on the following assumptions: 

- The CHF in the subcooled and low quality region is caused by limited 

enthalpy transport between the bubbly layer adjacent to the wall and 

core. 

- Under subcooled and low quality conditions, CHF is a local phenomenon. 

- The CHF occurs when the volume fraction of vapor in the bubbly layer 

exceeds the critical void fraction. The critical void fraction is the 

void fraction obtained when an array of ellipsoidal bubbles can be 

maintained without significant contact between the bubbles, and was 

found to be 82%. 

- The volume fraction of vapor in the bubbly layer is determined by a 

balance between the outward flow of vapor and the inward flow of liquid 

at the bubbly-layer core interface. 
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Fig. 2.22 shows the bubbly layer at the CHF location ZCHF. 

The quality in the bubbly layer is assumed to be a constant at the average 

value, X2- A total mass balance on the bubbly layer control volume is 

written as follows: 

• • • 
m3 = Am2 + m^ (2.41) 

where Am2 is the difference between the axial flow in and out of the 

bubbly layer control volume. Also, there is a radial interchange between 

the bubbly layer and the core region. 1113 represents the total flow rate 

from core to bubbly layer and na* the total flow rate from bubbly layer to 

core. Writing a mass balance on the liquid in the bubbly layer and 

simplifying it leads to 

qc (hL"hLd) „ .,, 

G3T Ty^T a x2 " xi (2'42) 

where 

G3 = m3/(2it (r0-s) AL) 

s = bubbly layer thickness 

qc, the heat flux evaluated from eq. (2.42), becomes the CHF when X2 

corresponds to the critical void fraction. 

The critical void fraction was determined based on the assump­

tion that bubbles are approximately ellipsoidal with the ratio of major to 

minor ellipse axes being 3:1. The maximum void fraction was obtained when 

the bubbly layer was filled with such bubbles which were just touching, 
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BULK aow 

VAX, 
mi-Am, 

FIGURE 2.22 TWO-PHASE MASS TRANSFER AT CONTROL VOLUME SEGMENT 
LOCATED AT ZcHF- PEI (1981). 
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ac - 0.82. The corresponding value of X£c was computed based on the 

assumption that vapor slip was negligible. This assumption holds only at 

2—1 
high mass velocities (for water, G >_ 875 Kg m~ s ). To evaluate the mass 

flow between the core and the bubbly layer, a value of the turbulent 

interchange at the bubbly layer - core interface is required. The turbu­

lent intensity at the bubbly layer core interface was found to be: 

ib - 0.462 Re"
0'1 (K)0'6 (§£)0'6 [l + a £C!!ft) ] (2.43) 

8 

The values of both a and K were determined by an empirical fit 

of experimental CHF data, and Dp is the average bubble diameter. For 

details see Pei (1981). The bubble diameter was evaluated using Levy's 

(1966) model which balances buoyancy and drag forces against surface 

tension. At high velocities, buoyancy forces are negligible and 

8 p a D 
Dp = 0.015 ( -^ ) (2.44) 

f G2 

where f is a friction factor. Finally, 

V1^, q - XG(x2-Xl) V i^-^-) (2.45) 

where 

* = { ^ exp-[- ̂  (—) - j {—) erfc(- — ) } 
v v /2 v 

v': radial fluctuating velocity (m/s) 

cvi: standard deviation of v' 

vi i: radial velocity created by vapor generation (m/s) 

The calculation procedure may be summarized as follows: A 

value of q is assumed, then Levy's model is used to calculate Z and VL . 
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An iterative method to calculate Xav„ (which is calculated using Lahey's 

(1977) mechanistic subcooled-quality model) and hL at Z^p (the CHF 

location) is used. The values of î , and 4> are then calculated. Based 

on 0C2= 0.82 at ZQRY *1 and pi at ZQHF a r e calculated. The RHS of eq. 

(2.52) can now be calculated. If the assumed heat flux equals the value 

predicted by the RHS within a preassigned tolerance the CHF is equal to 

the RHS. Otherwise, another CHF value is assigned to the LHS of eq. 

(2.52) and the process is repeated. The flow chart illustrating the cal­

culations scheme is shown in Fig. 2.23. A computer listing of the model 

is presented in Appendix E. 

Weisman and Pei proposed a range of parameters for their model. 

The range of parameters for water is: 

Pressure: 2 - 20.5 MPa 

Mass flux: 972 - 13 600 kg m-2s-1 

Tube Length: 0.35 x 10"2 - 3.6 m (2.46) 

Tube diameter: 0.115 * 10-2 - 3.75 * 10-2 m 

aCHF .< 0.6 

Weisman & Pei evaluated the accuracy of their model by testing 

it with the W-3 (Tong (1967)) and the CISE (Bertolleti et al. (1964)) 

correlations. The upper half of table 2.6 compares the three correlations 

for data that belong to the W-3 correlation range. The lower half of 

table 2.6 compares the correlations for more than 1500 data points 

obtained with water in uniformly heated round tubes at low qualities. It 

Is seen that Weisman & Pei's model Is more accurate than the CISE or the 

W-3 correlations for the data based used. Fig. 2.24 shows a comparison 

between CHF values predicted by Weisman & Pei's model and experimental 
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FIGURE 2.23 PROGRAM FOR UNIFORM HEAT FLUX DNB PREDICTION 
PEI (1981) 

/WHITS 

A OUTPUT 

A2AD in 
P, G, (Ah ) DA, L, COFF1, C0FF2, 
COFF3 

c a l c u l a t e h 
Id-

calculate x at CHF location avg 

^2=0.82 at CKF location 

calculate^, x2 at CHF location 

calculate D , i, S & V at CHF location 
P 

calculate ^. & x at CHF location 

calculate -R,V*(x„-x, )h„ ^R " S> at CHF locat J l <- 1 I g ri ion 

NO 

STOP 

UTD 
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Table 2.6. Comparison of predictions and experimental data water in 

uniformly heated round tube, Weisman & Pei (1983) 

Number of * * 
Prediction data points u(R) a(R) 

W-3 correlation 

CISE correlation 

Weisman & Pei 

W-3 correlation 

CISE correlation 

Weisman & Pei 

CHF 

406 
(W-3 range) 

406 
(W-3 range) 

406 
(W-3 range) 

1516 

1516 

1516 

0.989 

1.012 

0.994 

1.131 

0.946 

0.9995 

0.059 

0.118 

0.065 

0.570 

0.178 

0.099 

predicted 
CHF . measured 

u(R): mean value of R 

a(R): standard deviation of R 
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ones in uniformly heated round tubes using water as a coolant. The test 

was done with 1500 data points; however, only one point out of each ten 

was randomly plotted in Fig. 2.24. Also, Weisman & Pei extended the 

application of their model to fluids other than water, without any change 

in the empirical constants. Fig. 2.25 illustrates the comparison of CHF 

values for several fluids and table 2.7 lists the statistical comparison. 

2.6 Discussion 

2.6.1 Scaling Techniques 

As for fluid to fluid modeling of CHF, there are two 

approaches: the Stevens & Kirby (1964) empirical approach and the dimen­

sional analysis initiated by Barnett (1963). Both approaches showed only 

limited success because they dealt with one fluid (Freon-12) at one pres­

sure. However, both approaches laid the ground work for more techniques 

that followed. 

Most of the scaling techniques mentioned earlier are simply an 

extension or a modification of the above mentioned approaches. The modi­

fication to the Stevens and Kirby's approach proposed by Staub lacks in 

generality since it applies only to two fluids (Freon-12 and Freon-22) 

within a narrow pressure range. The extension of Barnett's scaling law to 

subcooled liquid conditions was made by Coffield. Also, Coffield found 

that the scaling factor K (used in the Stevens & Kirby technique) varies 

with the pressure. Coffield's extension lacks in generality since it 

applies only to one fluid (Freon-113) with a limited pressure range. Dix 

suggested that the mass flux scaling factor varies with mass flux, length 

to diameter ratio, pressure and Freon type. However, his suggestion has a 
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Table 2.7. Comparison of uniformly heated round tube data for several 

fluids with predictions of Weisman & Pei (1983) 

Fluid 

Freon 11 

Freon 113 

Liquid N2 

Anhydrous ammonia 

All non-water data 

Water 

CHF 
predicted 

CHF 
measured 

Number of 
data points 

20 

40 

50 

7 

117 

1516 

* 

H(R) 

1.071 

1.054 

1.302 

1.168 

1.169 

0.9995 

* 

a(R) 

0.048 

0.094 

0.098 

0.285 

0.159 

0.099 

u(R): mean value of R 

a(R): standard deviation of R 
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II 

DNB' Weisman § Pei correlation (Btu/ft"-hr) 

qDNB' W e i s m a n $ Pei correlation (W/mz") 

FIGURE 2.21 "DNB, WEISMAN & PEI CORRELATION vs. EXPERIMENTAL DNB" 
FOR 150 RANDOMLY SELECTED UNIFORM HEAT FLUX LOW QUALITY 
WATER DNB DATA. WEISMAN & PEI (1983) 
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qDNB» Weisman $ Pei correlation (Btu/ft2-hr) 

qDNB' Weisman $ Pei correlation (W/m2) 

FIGURE 2.25 "DNB, WEISMAN & PEI'S CORRELATION vs. EXPERIMENTAL "DNB 
FOR UNIFORM HEAT FLUX LOW-QUALITY DNB DATA FOR WATER, 
FREON-11, FREON-113, LIQUID N2 AND AMONIA. 
(WEISMAN & PEI (1933) 
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limited range of application since it applies only to a limited number of 

Freon types and a narrow range of pressure. 

Hauptmann's technique requires additional fluid properties such 

as Pc, Tc and M. Also, the value of the equilibrium boiling length 

(Lg) is required to scale CHF. This presents a major disadvantage if 

only the inlet conditions are known. 

Ahmad's technique for modeling CHF in flow boiling was applied 

for a number of fluids (Freons, water, potassium and carbon dioxide). The 

technique was applied over a wide range of pressure, mass flux, and inlet 

subcooling in both subcooled and high quality regions. The difference 

between Ahmad's technique and Steven's and Kirby empirical approach is the 

mass flux scaling parameter: Ahmad's dimensionless groups used to scale 

the mass flux are independent of fluid type. 

2.6.2 Empirical Correlations 

Kutateladze and Zuber's correlations for predicting CHF in pool 

boiling are similar. Kutateladze's correlation for predicting CHF in 

forced convective boiling was not tested with any fluid. Hauptmann's cor­

relation lacks in generality, since it was applied only to three fluids 

within a limited range of geometry and exit quality. Also, in some cases, 

the value of the equilibrium boiling length (LB) is required to predict 

CHF. If the value of L3 is not known, the CHF can be calculated by 

using an iterative procedure. Hauptmann's correlation has incorrect para­

metric trends at low flows and high pressure. As the mass flux approaches 

zero, the CHF should approach its pool boiling value. Instead, 

Hauptmann's correlation (eq. (2.16)) predicts a zero CHF value. Also, as 
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the pressure approaches the critical pressure, the CHF value should approach 

zero. Instead, the CHF predicted by eq. (2.16) is a positive constant value 

at the critical pressure. Shah's correlation for predicting CHF is applic­

able over a wide range of conditions. However, In some cases, the value of 

dryout quality xc is required to predict the CHF using Shah's correlation. 

If the value of xc is not known, an iterative procedure should be used to 

calculate the CHF. Katto's correlation gave adequate CHF predictions when 

tested with more than 14 fluids. However, Katto's correlation is restricted 

to the positive dryout quality range. Katto's correlation has the correct 

parametric trends at low flows and high pressures. Eq. (1.3) indicates that 

in the "low mass velocity region", qco tends towards (GDX/4L). Katto 

(1983) indicates that at low mass flux eq. (2.22) should be used. The term 

a p 0.043 
(—-—) in eq. (2.22) approaches 1. The value of C is around 0.25. 
6 L D 

Therefore q tends towards (G'X* r—r), which is the same value predicted 
^co v 4 I' 

by (1.3). Also, as the pressure approaches the critical pressure, the CHF 

value tends towards zero. This is obtained from eqs. (2.22), (2.25) and 

(2.26). Ahmad's correlation was only tested with three fluids at one liquid 

to vapor density ratio. 

2.6.3 Theoretical Models 

Whalley's theoretical model for predicting CHF was tested with 

water and Freon-12. The model lacks in generality since empirical values 

of the deposition mass transfer K were not determined for other fluids. 

Also, the model is only applicable in the annular flow regime, which 

occurs at qualities above 10-15%. Weisman & Pei's model for predicting 

CHF in the subcooled and low quality region is restricted to high pressure 
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(above 2 MPa) and high mass flux (above 970 kg/m /s). Also, the model is 

more complex than any of the previously mentioned techniques. 

2.6.4 Discussion of Dimensionless Parameters 

Table 2.8 lists the dimensionless groups used by different 

authors for CHF modeling. The dimensionless groups used to scale pres­

sure, geometry, inlet subcooling and CHF are similar- The main difference 

between the various scaling techniques lies In the mass flux scaling para­

meter. Table 2.9 lists the mass flux scaling factors applicable to a 

specific Freon type and pressure. Ahmad's mass flux scaling parameters 

are applicable over a wide range of conditions and fluid types. The 

dimensionless term involving the mass flux in Katto's correlation requires 

two variable fluid properties; the surface tension and the liquid density. 

The dimensionless parameters used in Katto's correlation may be used to 

scale CHF results between various fluids. 

Katto (1978) compared the mass flux scaling factors F (G /G ) 
(j W r 

proposed by himself and Ahmad. The mass flux scaling factors proposed by 

Katto and Ahmad are respectively 

Gu (a p ) 1/2 

S (T/pf |.f) 1/3 ft^W 

Table 2.10 lists F proposed by Katto in the case of p./p = 20 (except 

for water-potassium where p./p = 590) with the empirical values of F 
r g G 
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Table 2.8. Dimensionless Groups used for CHF Modelling 

Author/Fluid 

Ahmad1 (1973) 

Ahmad2 (1973) 

Barnett (1964) 

* 
Stevens e t a l . 

Staub (1969)* 

Dix (1970)* 

Hauptmann (1983) 

Shah (1979) 

Katto (1983) 

Pressure 

P£ /Pg 

P f / P g 

Pf/Pg 

P f / P g 

P f/Pg 

Pf/Pg 

P/P 
c 

P/P 
c 

Pf/Pg 

Flow 

-2,, 2/3 m -0.133 m -0 .2 

^Pfa
; Vf V ; 

1/2 2/3 

V DPf
l/2J 

G T
l / 2 

o X / 2 
Pf 

l / / r. 0 ' 5 9 

K-GDl/4(?) 

K.GD1/4(5_) 
Lb 

K»G 

GD/|if 

Hf 1/8 

1.8 0.6 f
 Cp i ^ ! 

G D [
v 0.8 0.4JV J 

K Pf g g -

a p f 

G*L 

Geometry 

L/D 

L/D 

rv n I / 2 

D CpT p f 
L/D, \ 2 

L/D 

L/D 

L/D 

LB/D 

L/D 

L/D 

I n l e t 
Subcooling 

ffl. /x in 

* I n A 

min/k 

* i n A 

M, /X 
in 

m. /x 
xn 

m. /x 
in 

ffl. /x i n 

CHF 

q c 
XG 

q c 
XG 

1/2 
qc Y 

1 « 1 / 2 

X p L 

q c 
XG 

q c 
XG 

q c 
XG 

q c 

(RT P 2 /M) 1 / 2 

c c 

q c 
XG » x c r 

q c 
XG 

P V 
c c 

** Hauptmann also used Z which is the critical compressibility factor {-——J 
RT, 

in his modeling technique. 

: K value depends on fluid type K = 1 for water; for other fluids K is defined in table 2.9. 
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Table 2.9. The Scaling Factor K = GFreon/GwaCer. 

Author K 

Stevens et al. (1964) 0.658 
F-12 

Staub (1969) 0.658 

Coffield (1969) 0.684, 0.690 and 0.715 for p /p = 20.6, 11.8 and 

and 7.2 respectively 

Dix (1970) CT (1.0 - 0.09 Gy x 10
_6)(1.04 - 0.05 ^ * 10~2) 

(1.41 - 0.02 p /p ) 

C depends on the freon type - see table 2.2. 
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obtained by Stevens et al. (1970) for water-Freon-12, Staub (1969) for 

water-freon-22 and water-potassium, Coffield (1969) for water-Freon-113 

and Hauptmann (1983) for water-carbon dioxide. Table 2.10 also lists 

Ahmad's scaling factor for all the mentioned fluids. Note that Katto's 

scaling factor predicted a value lower than the empirical one for Freons. 

On the contrary, Ahmad's scaling factor given by eq. (2.56) predicted 

values much closer to the empirical ones for all fluids. Katto concluded 

that the viscosity of the fluid has a secondary effect on the occurrence 

of CHF. 

Table 2.11 lists the various dimensionless correlations derived 

to predict CHF. Their range of applicability and the number of fluids 

tested are also presented. Their dimensionless groups were listed in 

table 2.8. 
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Table 2.10. Comparison of the value of FQ at density ratio 

Pf/Pg = 20 except Pf/pg = 590 for water-potassium 

System W 

System F 

Ka t to 

Empi r i ca l 

Ahmad 

H20 

Freon-12 

1.28 

1.40 

1.38 

H20 

Freon-22 

1.34 

1.40 

1.38 

H20 

Freon-113 

1.21 

1.46 

1.34 

H2O 

CO 2 

1.19 

1.13 

1.2 

* The value for Pf/pg = 590 



Table 2*11. Dimensionless Correlations 
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Author Correlation Comment 

Kutateladze 
(1963) 

co-

"f." 

© 

Ki » 0.13 + 4 Ar-0-4 

K. = const. - Pool boiling correlation 

- tested with many fluids (Fig. 2.11) 

- subcooled and saturated bo-fling 

Zuber (1959) 

psX 

r* P f~ p g ) 8 1A Pf .1/2 
= 0.18[ 8 ] x [-_£ j , m/s - pool boiling correlation 

Pf+Pg 

Hauptmann 
(1983) 

Shah (1979) 

,-GD 
c L, d V 

(RT P 2 ^ 1 7 2 **(f) ^ <v 
c c 

Graphical correlation 

Katto (1983) Eqs. (2.24) to (2.32) 

- tested with CO 2, water Freon-12 

- use only one variable fluid 

property ^ 

- range: Lg/D > 35; 5% < X£ < 75% 

- shown Figs. 36-38 

Kg. - range 0.0012 < P < 0.94, 6 < G < 24,300 
r 2 

m s 

- 2.6 < Xc < 0.96, -3.0 < X < positive 

- tested with more than 11 different fluids 

- Range: only positive dryout quality 

- tested with more than 14 different fluids 
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3. Data Base 

3.1 Experimental CHF Data for Fluids other than Water 

The CHF data base used in this study was limited to data 

obtained in uniformly heated round tubes in heat flux controlled systems. 

A summary of experimental CHF data for non-aqueous fluids is listed in 

table 3.1. The data are listed along with the range of all parameters 

affecting the CHF. The actual experimental CHF data are presented in 

Appendix A. The helium CHF data given by Katto (1983) could not be used 

in this study. The physical properties could not be found at the given 

pressure which is near the critical pressure. Also, the potassium CHF 

data given by Hoffmann & Krakoviak (1964) could not be used due to lack of 

given information. This investigation used only the data listed in 

appendix A. Additional experimental CHF data for fluids other than water 

may be found in the literature. Their range of conditions is presented in 

table 3.2. 

3.2 Experimental Water CHF Data 

The experimental water CHF data were randomly selected from the 

AECL-CHF data bank. This data bank contains more than 10 000 CHF data 

points in round tubes obtained from different sources. The selection 

procedure was done in the following manner. 

1. An energy balance, relating inlet subcooling and critical quality was 

applied to each CHF point. The points that did not satisfy the energy 

balance within two percent were rejected. 

* The physical properties were obtained by using a heat transfer and fluid 

flow services (HTFS) subroutine. The subroutine is available on the CRNL 

computer system. 



Table 3 . 1 . 

Inference 

Summary of Experimental CHF Data for non-aqueous f l u i d s 

., f R a n g e s 
F1..1H T W ^ ° f 

l'luid Type 
D(m) L(m) G(kg/m7s) P(kPa) ZH (kJ/kg) 

Quality 
(%) 

CHF 
(kW/m2) 

Coffield 
(1969) 

Freon-113 40 1.02xlff ,-2 76.2 Iff ,-2 1292-5617 910-2186 11.6-1D4 -54+2.5 136-55 

Papellov 
(1966) 

Liquid 
Nitrogen 

49 1.28x10 -2 30.48 Iff -2 1442-2532 345-1655 12.8-66.7 -40+1 221-597 

Leung 
(1980) Freon-11 20 1.17xlff ,_2 2.74 1396-2802 1988-2897 19.14-57.2 8+1B 103-137 

Groeneveld 
(1969) 

Freon-12 268 0.78xl0-2 60.2 10_2-1.83 509-3264 1062-1089 0.23-28 -6.2->8.0 62.8-283 
1.61X10-2 

Katto Uquid 138 Iff 
(1983) Helium (I) 

.-3 25 l fH 10.47-107.6 199 3.646-»6.25 -16-»94 0.1176-2.15 
200 Iff-3 

Dix (1980) Freon-114 441 10-2-1.4lxlO-2 0.635 - 1.93 449-3944 841-1434 3.63-53.5 2-75 69.-252. 

Barnett & 
Wood (1965) 

Freon-21 504 0.67x10' _2 

1.61xlff ,-3 
0.53-3.3 470-2370 731-1380 5.35-70 -3-*96 85.-473 

Rotem & 
Hauptmann 
(1970) 

002 172 0.006 1.056 680.-5848 1923-5219 0.08-5219* 0.-74 236-573 

Hoffmann & 
Krakoviak 
(1964) 

Potassium 41 0.83x10" 1.12 122.4-287 10-87 189-^90 

* subcooling ratio AH£n/X 



Table 3 .2 . Summary of Available Experimental CHF Data for Fluids other than Water 

Reference Fluid Type 
No of 
Data 

R a n g e s 

D(m) L(m) G(kg/m2/s) P(kPa) ZH^kJ/kg) ^ t y
 ( k ^2 ) 

Marilo 
(1976) 

Pokhalov 
(1971) 

Alad'yev 
(1969) 

Keil in 
(1974) 

Katto 
(1983) 

Girratuno 
(1974) 

Povamin 
(1964) 

Lewis 
(1962) 

Lewis 
(1962) 

Ogata 
(1973) 

Gambill 
(1962) 

Freon-12 

Benzene 

Potassium 

Helium-1 

Freon-12 

Helium-1 

Ethyl 
alcohol 

Hydrogen 

Nitrogen 

Heliura-1 

Ethyl 

178 

39 

59 

230 

-

-

163 

44 

11 

-

16 

1.26x10 ,-2 

0.5xlO 
,-3 

0.4x10' ,-3 

0.6x10 
,-3 

-3 2x10 

0.01 

0.213x10" 

2x10"J 

3.5x10' ,-3 

,-2 
1.4xlff 

1.4x10-' 

0.109x10 

O.64XU0" 

_2 

1.22-4.88 1680-5410 1050-1520 0-35* 

0.08-0.16 

0.12-0.60 

0.1 

69-10,000 

38-270 

18-96 

153-4500 

15-41 

110-150 

0.02-1.68* 

19.14-57.2 
0.03-0.19* 

_ 

120-2100 1960-3440 0.4-40 

0.01-0.076 45-630 110-200 0. - 0.3 

0.04-0.21 0.49-50t 207-6200 0-210tt 

0.28-0.46 O.lt 345 0-3.3tt 

0.46 0.027t 345 1.6tt 

0.028-0.056 - 110-200 

0.183 5J-2.7t 138-610 86-147tt 

10-80 20-220 

0. 350-1100 

46-% 270-1400 

33-60 .1-10 

20-200 

1.63-7.55 

567-21,600 

19-66 

50-177 

-20-H00 0-6 

6500-
19,700 

* inlet subcooling ratio Afyn/X 
t velocity m/s 
t t °C 



Table 3.3. Summary of CHF Water Data 

No. of 
Technique 

Data D(ra) 

Weisman & 0.001-

Pei's model 68 0.0128 

Katto's 0.001-

correlation 219 0.0924 

Non-dimensional 236 0.001-

table 0.0924 

R a n g e s 

L(m) G(Kg/m2/s) P(KPa) 

0.04- 2900-

4.96 300.-13800 21000 

0.04- 103.-

4.966 13.-9500 18000 

0.04- 57.2- 758.-

4.966 14,500 17,000 

Quality CHF 
ZHln(KJ/Kg) % 

500-

0.-1000 -50.+35. 9000 

-1200. •* 379-

1600 -13.+100 1500 

-1280.+* -15. +100 128.-

2400 14500 

Negative inlet subcooling means that two phase flow exist at the tube inlet. 
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2. The ranges of quality, mass flux, and pressure and the number of 

intervals within each range were provided. 

3. The first point In the new CHF data bank was assigned to the 

corresponding intervals of quality, mass flux and pressure. 

4. To avoid selecting most of the points from one set of experimental 

results, a random number of points were skipped. The random number 

was equal to the integer absolute value of the quality times 100. 

5. Only one point belonging to one set of intervals of quality, mass flux 

and pressure was selected. 

6. If the end of the file containing the new CHF data bank was 

encountered, the file was rewound. 

The listing of the computer programs used in the selection 

procedure is presented in Appendix B. Three runs were made to select 

water CHF data for Weisman & Pei's model, Katto's correlation and the 

non-dimensional table. The summary of the water CHF data selected is 

listed in table 3.3 and the actual experimental water CHF data is 

presented in appendix C. 
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4. RESULTS 

4.1 General 

The CHF prediction methods which appear to be the most prom­

ising for non-aqueous fluids, are Weisman & Pei's model and Katto's cor­

relation. A new method, which uses a scaling technique in conjunction 

with a reliable method for predicting CHF in a single fluid (e.g. water) 

is developed. The CHF prediction methods were tested with different 

fluids such as carbon dioxide, nitrogen, freons and water- The results 

were plotted versus the various parameters that were known to influence 

CHF (such as dryout quality, length to diameter ratio etc.). 

4.2 Weisman & Pei's model 

4.2.1 General 

Weisman & Pei's model was tested with nitrogen, Freon-11, 

Freon-12, Freon-113 and water. A summary of the experimental CHF data for 

non-aqueous fluids and water is presented in Chapter 3. The results are 

presented in graphical form in Appendix G. A summary of average and rms 

errors for all the fluids tested is listed in Table 4.1. 

4.2.2 Parametric and Asymptotic Trends 

One can observe the following parametric and asymptotic trends 

from Weisman & Pei's model predictions. 

- An increase in error with increasing dryout quality. This is 

illustrated in Fig. 4.1 for Freon-113 and water. 

- A decrease in error with increasing mass flux. This is illustrated in 

Fig. 4.2 for water. 

- A decrease in error with increasing pressure. This is illustrated in 

Fig. 4.3 for Freon-113 and water. 
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Table 4.1. Summary of Average and RMS Errors for Weisman & Pei's Model 

Fluid 

Freon-12 

Freon-11 

Nitrogen 

Freon-113 

Water 

No. of 
Data 

20 

20 

49 

40 

68 

Rms Error % 

12.26 

25.28 

34.34 

13.47 

16.34 

Average 
Error % 

11.11 

25.90 

32.78 

10.12 

-7.09 
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- A decrease in error with increasing CHF. This is illustrated in Fig. 

4.4 for Freon-113, Freon-12 and water. 

4.2.3 Discussion 

Weisman & Pei's model is applicable in the bubbly flow regime, 

which corresponds roughly to void fractions less than 60% and qualities 

less than 20%. This is illustrated in Fig. 4.1 for the water case. At 

higher values of dryout quality and void fraction, the annular flow regime 

exists. In this region, the CHF is caused by liquid film depletion rather 

than near-wall bubble crowding and vapor blanketing. The model performed 

adequately at highly subcooled conditions: as low as -55% dryout quality. 

This is illustrated in Fig. 4.1 for Freon-113. This suggests that the 

model is also applicable to situations where CHF occurs before bubbles can 

detach from the wall. Weisman & Pei's model is applicable only at high 

mass fluxes; higher than 1000 kg/m /s for water. This is illustrated in 

Fig. 4.2. At low mass fluxes, vapor bubbles coalesce into slugs. This 

results in two effects: (i) Due to buoyancy forces, the slugs travel 

upward towards the top of the tube. This causes slip between liquid and 

vapor phases. The homogeneous model used to predict the vapor void frac­

tion from quality cannot be used in this case and (ii) the presence of 

slugs makes the assumption of bubbly flow near the wall invalid. Weisman 

& Pei's model is applicable at high pressures only; above 2 MPa for water-

This is illustrated in Fig. 4.3. At low pressures, there is considerably 

more slip between liquid and vapor phases. Therefore, the homogeneous 

model used to predict vapor void fraction from quality cannot be used. 

Also, for pressures lower than 2 MPa for water, the model has convergence 

problems. As the pressure approaches the critical pressure, the model 

gave better predictions. This is illustrated in Fig. 4.3. 
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In summary, the model performed adequately in predicting CHF in 

non-aqueous fluids without changing the empirical constants. The main 

limitations of the model are the ones suggested by Weisman & Pei. That 

is, the model is applicable at dryout qualities less than 20%. This is 

the region where CHF is caused by near-wall bubble crowding and vapor 

blanketing. Also, the model is limited to high mass fluxes and pressures; 

2 
higher than 1000 kg/m /s and 2 MPa, respectively, for water. That is, the 

model is limited to bubbly flow pattern in which negligible slip between 

liquid and vapor phase exists. 

4.3 Katto's Correlation 

4.3.1 General 

Katto's correlation was tested with Freon-114, Freon-21, Freon-

12, carbon dioxide and water. A summary of the experimental CHF data for 

non-aqueous fluids and water is presented in tables 3.1 and 3.3. The 

results are listed in appendix H. A summary of average and rms errors for 

all tested fluids is presented in table 4.2. 

4.3.2 Parametric and Assymptotic Trends 

One can observe the following parametric and asymptotic trends 

from Katto's correlation predictions. 

- A decrease in error with increasing dryout quality. This is shown in 

Fig. 4.5 for carbon dioxide, Freon-21, Freon-114 and water. 

- A decrease in error with increasing length to diameter ratio. This is 

shown in Fig. 4.6 for Freon-21, Freon-114, Freon-12 and water. 

- A decrease in error with increasing mass flux. This is shown in Fig. 

4.7, for water. 
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e 4.2. Summary of Average and RMS Errors for Katto's Correlati 

No. of Average 
Fluid Data Rms Error % Error % 

Carbon Dioxide 

Freon-12 

Freon-114 

Freon-21 

Water 

172 

268 

441 

504 

219 

14.65 

7.43 

13.29 

10.86 

37.30 

2.17 

2.1 

09.06 

-1 .1 

5.16 
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- A decrease in error with increasing boiling number (CHF/X/G). This is 

shown in Figs. 4.8. The figures are for carbon dioxide, Freon-21, 

Freon-12 and water. 

- A decrease in error with increasing inlet subcooling ratio. This is 

illustrated in Fig. 4.9 for water-

4.3.3 Discussion 

Katto's correlation is limited to the positive dryout quality 

range. This is illustrated in Fig. 4.5. The correlation performed best 

at dryout qualities higher than 40%. The largest errors were encountered 

in the lowest quality range (0-30%). Fig. 4.6 shows that the correlation 

performed best at high length to diameter ratio (L/D >̂  150). It performed 

relatively poorly at low length to diameter ratio (L/D < 100). Fig. 4.7 

shows that the correlation performed best at high mass fluxes (G > 2000 

kg/m /s for water). Finally, the correlation performed best at large 

values of inlet subcoolings ( A % n A > 0.4 for water). The worst perfor­

mance of the correlation was encountered with two-phase flow at the tube 

inlet. This is illustrated in Fig. 4.9. 

In summary, the correlation performed adequately in predicting 

CHF in non-aqueous fluids. The correlation is recommended for use in the 

high dryout quality range (above 20%), large values of length to diameter 

ratio (in excess of 50). The correlation is not recommended at low mass 

2 
fluxes; lower than 2 000 kg/m /s for water- Finally, the correlation is 

definitely not recommended for situations when two-phase flow is encoun­

tered at the tube inlet. 
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4.4 Non-Dimenional CHF Table 

4.4.1 General 

A summary of the dimensionless groups used for CHF modeling was 

presented in table 2.8. Some of the modelling techniques require differ­

ent empirical constants for each fluid type. Others use P/Pc which 

requires the knowledge of an additional fluid property (Pc). Barnett's 

scaling method put on additional restraint on the diameter. Only Ahmad's 

and Katto's modeling techniques are applicable for multiple fluids without 

any restrictions. Both techniques can be used in conjunction with a reli­

able method for predicting CHF in a single fluid (e.g. water). The 

resulting method can be used to predict CHF in any fluid. Groeneveld's 

standard table for predicting CHF in water is considered to be the most 

reliable. The dimensional table is presented in table 2.4. It covers a 

wider range than any other CHF prediction method for water. The dimen­

sional table is converted into dimensionless form by replacing P by 

CD 
p /p , CHF by CHF/(\G) and G by ? = —^—^-y for Katto's technique, by 

8 a ' pf* 

_2 n 2/3 -.133 -.2 
Y = (ZJL) x (ZlL) x (ZzL) for Ahmad's first scaling method and by 

a lpfa
J V f

; Vg 

GD • y l / 2 f̂ 2 / 3 Hf 1 / 8 

V = (—) x ( 7-7=—) x f—1 for Ahmad's second scaling method. 

\ V l
D pl/2

 J \> 

* Since identical geometries were used (identical L and D), the results 

GD0*5 ° Pf 
of using Y K = Q5 or — are the same. 

cr p, G L 
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Since the dimensional table was presented for an inside tube diameter of 

0.008 m and since the most accurate way to scale CHF was found to be for 

identical geometries (L and D identical). The same D = 0.008 m was used 

in calculating the dimensional mass fluxes <Ĵ , 4>y and <\>a. The non-

dimensional table is presented in table 4.3. Its application is described 

in appendix J. 

The non-dimensional table was tested with carbon dioxide, 

Freon-21, Freon-114, Freon-12, Freon-11, nitrogen, Freon-113 and water-

Three different tests were conducted for each fluid using ?K> ? a and 

¥y• The results for ? K and ?y are listed in appendix F. A summary 

of average and rms errors for all tested fluids is presented in tables 4.4 

and 4.5 for constant exit conditions and inlet conditions, respectively. 

Fig. 4.10 illustrates the errors based on constant exit and inlet 

conditions. 

4.4.2 Parametric and Asymptotic Trends 

One can observe the following parametric and asymptotic trends 

from the non-dimensional table using HK. 

- A decrease in error with increasing dryout quality- This is illustrated 

in Fig. 4.11 for carbon dioxide, Freon-21, Freon-114 and water. 

- A decrease in error with increasing inlet subcooling ratio. This is 

illustrated in Fig. 4.12 for carbon dioxide, Freon-21, Freon-114 and 

water. 

- A decrease in error with increasing YIC. This is illustrated in Fig. 

4.13 for carbon dioxide, Freon-21, Freon-12 and water. 
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t a t o* . 
19979. 
t 3 2 * 1 . 

7 9 . 1 . 
5(54. 
347*. 
; * * a . 
1117. 
11(5. 
aaa. 
M l , 
• I t . 

11111. 
l * » ) 4 . 
1095 1 . 

f t t a . 
55*2. 
• • i * . 
" 1 7 . 
2*77. 
1**» . 
I l i a . 
110 ' , 
1 1 1 . 
1 6 * . 

I H » » i 
t i a ' o . 
l O ' l 1 . 
»»»7. 
t»ia)t. 
ia5». 
1235. 
2271. 
11*2. 

»)». 
7»». 
aao. 
6 2 1 . 

1*1*5. 
I » t 2 ' . 

a ' l l . 
« 7 i a . 
* 7 2 « . 
2« 1». 
2272. 
119) . 
1022. 
#75. 
721. 
55* . 
112. 

laaao. 
2o«a». 
i o««a . 
5 1 2 1 . 
111* . 
I » I 2 . 
2 *0 * . 
1215. 
a a * . 
577. 
' 2 5 . 
* » a . 
121. 

* 116* . 
i a i * * . 

a » a i . 
*555. 
2 7 1 * . 
2 7 : * . 
21 ' » . 
133*. 

9 ) 1 . 
515. 
»)». 
566. 
S»5. 

**<232. 
203* * . 
1025 1. 
4 9 . 1 . 
* 2 « 1 . 
2171. 
2 * 5 1 . 
1412. 
1254. 

• ' 2 . 
*rn. 
557. 
l a a . 

50511. i 
( ' 3 2 1 . 
1142*. 
17*15. 

T»5l . 
•.9 4 ' . 
1124. 
2 *a* . 
l « n . 
12*2. 

* 3 1 . 
7*5. 
» « • , 

217*1. 
117 12. 
a* 17. 
• f * a . 
«6«7. 
i»«». 

! •»• . 2147. 
17l>5. 
12*9. 

*« . . 
a . 7 . 
5 « l . 

2*261. 
I » 3 ' 7 . 

•5 16. 
1 4 * 1 . 
* * * 1 . 

»)«». 27*4. 
2017. 
11*8. 

141. 
4 7* . 
• 1 1 . 
f a t . 

2*111. 
1*5 14. 

7721. 
•110. 
3 ! *2 . 
7362. 
1117. 
1 1 * 1 . 

• H . 

*»«. 5*«. 
< • ' « . 

• 1 * . 

J1 *» l . 
1 • 1 * 3. 
1173. 
•1916. 
10 S7. 
i*r*t. 
i f * « . 
12*». 
« ' l . 
7*4. 
577. 
!*»• 7 4 1 . 

21««o. 
l ' 9 » ) . 
1027. 
*k 11. 
2 '37 . 
2119. 
17 5*. 
941 . 
91?. 
442. 
J » . 
5 1 1 . 
34«. 

2 H 1 I . 
I « « « l . 

I ' l l . 
5 * ' * . 
1 * * 1 . 
2511. 
ia«. i . 
• n o . 
1061. 

7 » U 
5 1 1 . 
4 74. 
121. 

>.5?oi. 
2*9 17, 
1»3 56. 
11*11. 

i 9 < * . 
M 16. 
J . 77. 
2 ) 1 1 . 
I ' l l . 
1151. 
144. 
444. 
4 4* . 

15 341. 
1746. 
5 759. 

»»!.. 3111. 
1261, 
2176. 
162*. 
11C 7. 
1371. 

751. 
7*} . 
561. 

17)7) . 
13714. 
6J65. 
. . 9 3 . 
1)25. 
2576. 
2261. 
1647. 
17)6. 

13) . 
6 * 1 . 
9 )2 . 
13) . 

11317. 
11912. 
a n : . 
65*3. 
21t.2. 
119). 
1>*5. 
«)). 745. 
541. 
I l l , 
6*9. 
301. 

27511. 
15731. 
4)42. 
5394. 
3)05. 
21*1 . 
i i i ) . 
12 )1 . 

91.1. 
725. 
335. 
126. 
22* . 

»123.. 
l i l t * . 
7379. 
* . . 3 . 
254). 
1153. 
l i : : . 
1337. 

771. 
SSI.. 
. a t . 
33) . 
226. 

14346. 
i * > i : . 
7753. 
5 .43. 
1341. 
2 ) 7 1 . 
174*. 
116). 

)72 . 
591. 
. 3 5 . 
1*9. 
2 1 ) . 

*378; , 
>2>51. 
IOC 2. 
19 761. 
6 *51 . 
6151. 
421) . 
2151. 
U U . 
1371. 

137. 
6*6. 
631. 

14174. 
4103. 
56*4. 
* * y i . 
) i * a . 
2151. 
2 0 ( 1 . 
1*11. 
1146. 

«7t0. 
7*0 . 
7 r * . 
4 *4 . 

1(176. 
414* . 
•017. 
* * 4 1 . 
1211. 
2.4C6. 
2112. 
; 5 5 i . 
1121. 

• 04. 
• 7 6 . 
652. 
• 11 . 

16351. 
i : * » 4 . 
56 74. 
4974. 
2635. 
1*17. 
1343. 

401 . 
4 4 1 . 
* 5 * . 
1 * 1 . 
271 . 
112. 

324*1 . 
1*746. 
7347.. 
*4 12. 
7409. 
1" 71. 
1*»0. 

146. 
7.0. 
* 9 3 . 
170. 
246. 
t ° 7 . 

7'. 715. 
13212. 
66 04. 
K.04. 
26*7. 
1762. 
1321. 

9 M . 
461. 
640. 
119. 
26* . 
176. 

•1*76. 
1356). 

7246. 

*«**• 2916. 
1933. 
1 *51 . 

164. 
727. 

*•*. 143. 
7« t . 
146. 

1*0*7, 
21757. 
i * » a i . 
10*12. 
5149. 
* o * a . 
2444. 
14«4. 
1*16. 

• I t . 
6S1. 
536. 
14*. 

1 I 7 I 4 . 
• 769. 
5537. 
* * 1 0 . 
3101. 
2774. 
14*4. 
1260. 
117*. 
• 16. 
729. 
• 7 1 . 
512. 

15 S76. 
• 416. 
4611. 
* * 4 3 . 
1145. 
2!94. 
t«77. 
1*39. 
101) . 

774. 
562. 
59* . 
671. 

1*511. 
4 5 * 1 . 
4124. 
364 5. 
2272. 
1605. 
1141. 

79 7. 
5 4 1 . 
34*. 
245. 
716. 
157. 

21414. 
11971. 

6 70*. 
*315. 
2*47. 
169 3. 
1792. 

• 9 1 . 
( 0 1 . 
. 0 1 . 
30 1 . 
: * c . 
161. 

11°61. 
127*9. 
6114. 
*«14. 
2*5* . 
1636. 
1227. 

' 917. 
b l l . 
*04. 
30 ». 
2'. 5. 
16*. 

I 1 « l » . 
1254*. 

' • 2 4 . 
4521. 
2901. 
l 7 * » . 
1356. 

tO 7. 
6 0 ! . 
*06 . 
113. 
2*2. 
161. 

3 2 . 1 ' . 
20(63. 
11404. 
4272. 
5<6) . 
4704. 
2 '12. 
1755. 
1242. 

• **. 621 . 
4«7. 
J I a. 

11175. 
4*23, 
1122. 
12*4. 
1157. 
27 09. 
1<4|. 
115*. 
11*5. 

145. 
4 ' » . 
446. 
4*3. 

13*71. 
•5 36. 
»711. 
44* * . 
2716. 
2347. 
16(2. 
1131. 
*24. 
414. 
4 2t . 
512. 
H I . 

l * H ) . 
59 16. 
«a t * . 
1132. 
t o * * . 
1.2* . 
l i l t . 
717. 
5 3*. 
141. 
: i 7 . 
2 1 * . 
1*2. 

257(1 . 
11*54. 

6*71 . 
*161 . 
2*0* . 
14*1 . 
H 5 6 . 

' 7 1 . 
5 79. 
3 95. 
214. 
2 ) 1 . 
15*. 

14294. 
122(9. 

60 16. 
14)2. 
22t5. 
1447. 

191. 
624. 
4 45. 
146. 
210. 
2oa. 
i l l . 

174(1. 
111*1. 

4511. 
6154. 
2713. 
16 74. 
1101. 

775. 
S3) . 
355. 
2(6. 
213. 
1*7. 

11117. 
I l l ' 9 . 
11*12. 

14*1. 
s i t s . 
15 77. 
24 11. 
1656. 
t i l l . 

771. 
555. 
417. 
J 91 . 

10612. 
6*30. 
3101. 
1191. 
2949. 
2625. 
1573. 
1124. 
1130. 
747. 
5»7, 
461 . 
145. 

1 2 ( 1 * . 
• 1C7, 
155*. 
154*. 
267C. 
1 1 U . 
1421. 
U 7 t . 
• a s . 
6 1 * . 
672. 
154. 
111. 

1!*7<,. 
• 632. 
n o t . 
1256. 
1491. 
1293. 
472. 
642. 
* 9 9 . 
)26 . 
2 * * . 
151. 
140. 

205.9. 
124*6. 
*069. 
*907. 
2311. 
1*11. 
1113. 

757. 
510. 
15. . 
261. 
712. 
i * ; . 

l ) 9 3 t . 
12032. 
594t. 
3954. 
22*5. 
1351. 

932. 
63k. 
»25. 
293. 
212. 
174, 
lit. 

14**2. 
a . i t . 
6257. 
6141. 
2616. 
1616. 
1391. 

764, 
6 ) 6 . 
241. 
2 i e . 
19* . 
124. 

i o i 2 : . 
1)173. 
;2467. 
1**5. 
59*7 . 
3312. 
253.1. 
1949. 
1943. 

641. 
*a7. 
171. 
211. 

13 191. 
3'65. 
2441. 
2454. 
242*. 
11(2. 
1566. 
1124. 
1119. 

7 J I . 
55* . 
440. 
246. 

12*43. 
6 24*. 
4170. 
3245. 
1001. 
1141. 
1 111. 
I 1 U . 
• 76. 
46* . 
60* . 
774. 
W O . 

17766. 
54C6. 
196 ' . 
u t o . 
1117. 
1251. 

• 9 1 . 
642. 
466. 
110. 
213. 
116. 
12* . 

1962*. 
12022. 

1444. 
3951. 
245t. 
1 * * 1 . 
I 0 J 1 . 

79a. 
501 . 
444. 
2 1 * . 
291. 
116. 

19*01. 
10191. 
519J. 
3775. 
22C5. 
1259. 

l ' ,4. 
572. 
15*. 
2)6. 
177. 
1*2. 
101. 

132C*. 
(235. 
6055. 
4117. 
7567. 
1650. 
101) . 

541. 
361. 
2*2. 
112. 
1*5. 
101. 

27B27. 
17991. 
l ib 71. 
7712. 
• 764. 
3 2 * i . 
2.or. 
1*77. 
• 3 ) . 
512. 
627. 
121. 
212. 

4914. 
13)7. 
2 a 74. 
2121. 
2792. 
1764. 
1506. 
1191. 
1117. 
76*. 
504. 
147. 
177. 

11167. 
6416. 
31*5. 
2544. 
1617. 
114*. 
1391. 

124. 
• 31 . 
*4». 
315. 
13*. 
132. 

120*1. 
4*52. 
1310. 
10 24. 
1616. 
1131. 
019. 
544. 
.09 . 
271. 
294. 
164. 
104. 

I770O. 
11147. 

)009. 
1694. 
2 112. 
1295. 
471. 
6*r. 
*95. 
126. 
261. 
14*. 
144. 

176*1. 
4*17. 
* 0 1 l . 
3 716. 
2 265. 
1752, 

709. 

.'!. 117. 
79*. 
151. 
123. 

1 2 . 

10476. 
6711. 
4 60 2. 
4117. 
2514. 
1*15. 

772. 
110. 
115. 
210. 
167. 
126. 

9 * . 

25522. 
16)9 2. 
11929. 
7216. 
*'. 13. 
)164. 
2J14. 
t i l l . 

• 20. 
164. 
1>9. 
25*. 
102. 

7716, 
3322. 
26S1. 
2996. 
2096. 
17)4. 
1*79. 
1124. 
I t<5 . 
761. 
* * 1 . 
266. 
110. 

• 1*2. 
* 2 * l . 
2477. 
2 * 7 1 . 
1»4*. 
l O ' l . 
1213. 
• 44. 
716. 
*>7. 
315. 
237. 
101. 

11303. 
»424. 
2461. 
17*1 . 
1*41 . 
1O70. 

772. 
515. 
196. 
747. 
144. 
15*. 
111. 

1*1*3. 
569*. 
7746. 
1723. 
19)9. 
10*0. 
632. 
555. 
*16. 
277. 
201. 
166. 
M l . 

1755J. 
'O'O. 
1911. 
3794. 
• 076. 
*05. 
611. 
34 3. 
213. 
199. 
1*2. 
111. 

7 6 . 

4*07. 
5911. 
3416. 
14 7*. 
2*22. 
1**0. 
613. 
167. 
114. 
14* . 
1*4. 
116. 

7 1 . 

2 31*6. 
1*112. 
13690. 

70)7. 
* * ' t . 
260 7. 
1*57. 

7 1 * . 
• 9 1 . 
551 . 
230. 
166. 
aa. 

6641. 
4220. 
25*4. 
2614. 
214*. 
161*. 
U 2 3 . 
466. 

1977. 
*17. 
an. 
n t . 
i n . 

7126. 
4143. 
7)24. 
2 346. 
11*1. 
1011. 
10)1 . 

134. 
76*. 
474. 
2J2. 
110. 

4 6 . 

4*16. 
*994. 
2931. 
2211. 
1161. 

464. 
727. 
65k. 
111. 
212. 
154. 
127. 

t i . 

4467. 
« I 6 I . 
277*. 
2641. 
1271. 
• 61 . 
646. 
* * 2 . 
3 * 1 . 
211. 
171. 
114. 

4 2 . 

15116. 
5921. 
1775. 
2146. 
16*0. 
6*6* 
»72. 
212. 
216. 
157. 
111. 

4 k . 
6 1 . 

7117. 

*•**• 31*9. 
1112. 
2321. 

416. 
•10 . 
23) . 
2 ia . 
1*4. 
104. 
• 7. 
6 « . 

1424). 
12*11. 
II.4J2. 
6*91 . 
)702. 
1121. 

111. 
41) . 
414. 
215. 
143, 
• 1 . 
6 1 . 

621) . 
1101. 
265*. 
2131. 
1 1 ( 1 . 
7 7 ) . 
6 7 1 . 
669. 
6*2 . 
144. 
til. 
111. 

7 1 . 

5141. 

«•*». 2646. 
22*6. 
l i t * . 
• 44. 
«0t . 
7*4. 
• 76. 
174. 
22 5. 
145. 

6 9 . 

6160. 
1.12. 
2726. 
1514. 
414. 
606. 
654. 
413. 
227. 
151. 
1 1 * . 

4 1 . 
6 1 . 

5941. 
315(. 
2705. 
1671. 

• '« . 
061 . 
516. 
171. 
277. 
115. 
144. 
11 ) . 

7* . 

1656. 
5 76 3. 
1534. 
2639. 
117*. 
951. 
266. 
1*2. 
165. 
110. 

1 1 . 
6 6 . 
6 * . 

6106. 
*079 . 
1611, 
2511. 
33 )1 . 
4 6 ) . 
2 ) * . 

aa. 
6 1 . 
6 1 . 
1 9 . 
2 * . 
1 6 . 

19999. 
645*. 
6 ' i a . 
16*1 . 
2964. 

751. 
6 ) 1 . 
2C7. 
14* . 
114. 

• 7. 
6 1 . 

*•. 

6 6 ( 1 . 
2455. 
1411. 
1221. 

517. 
9 ) 9 . 
417. 
125. 
244. 
162. 
I I I . 
• 0. 
6 7 . 

46<2. 
1449. 
2 * 7 1 . 
2097. 

599. 
701. 
*94 . 
124. 
229. 
150. 
112. 
• 1 . 
I t . 

4*62. 
1190. 
2544. 
1(60. 

727. 
213. 
273. 
102. 
134. 

a t . 

• •• 5 5 . 
1 6 . 

5 * 7 * . 
3(19. 
2(36. 

711. 
479. 
231. 
326. 
216. 
112. 
t ea . 
• l . 
6 5 . 
4 1 . 

• 476. 
• 1*1 . 
7433. 
l l ' O . 

* 1 1 . 
2*4. 
<36. 
157. 
119. 

7 9 . 
5 5 . 
. 7 . 
3 1 . 

1917. 
1701. 
1512. 
1 *41 . 

629. 
266. 
130. 

6 * . 
» 1 . 
3 2 . 
2 6 . 
1 4 . 
1 4 . 

• 643. 
5524. 
4215. 
2557. 
1019. 

• 5 2 . 
116. 

9 1 . 
1 2 . 
4 1 . 
1 1 . 
2 9 . 
1 7 . 

7*21 , 
( 1 * 4 . 
117«. 
919. 
9 6 1 . 
* I 4 . 
266. 
177. 
i l l . 

• 9. 
5 5 . 

»». 2 * . 

367) . 
1055. 
22*6. 
1141. 
602. 
104. 
279. 
165. 
126. 

t i . 
9 1 . 
4 1 . 
2 6 . 

4 1 t l . 
2953, 
1117. 
409. 
609 . 
( 7 1 . 
2 3 * . 
146. 
102. 

4 9 . 
5 1 . 
6 1 . 
2 7 . 

517 7. 
3699. 
19 61 . 
642. 
211 . 
171 . 
I < 9 . 
1 2 1 . 

4 2 . 
4 2 . 
4 6 . 
1 7 . 
2 1 . 

6351. 
64 79. 
14>6. 

733. 
260. 
111. 
142. 

4 * . 
7 1 . 
4 7 . 
1 5 . 
2 1 . 
1 9 . 

4109. 
14*7. 
2246. 
1069. 
6 0 1 . 
215 . 
1 2 1 . 

4 7 . 
6 t . 
1 7 . 
2 6 . 
1 4 . 
1 3 . 

• 017. 
52 l a . 
(0 24. 
15 2 3. 
615. 
144. 
I t ' . 

6 2 . 
1 7 . 
( 4 . 
i a . 
i t . 
i t . 

n o t . 
1662. 
a n . 
666, 
l a o . 
236. 
141. 
• a . 
1 6 . 
6 6 . 
1 ) . 
2 7. 
1 1 . 

2199. 
2*22. 
1123. 
769. 
404. 
2 *0 . 
15 7. 

9 0 . 
6 7 . 
* 5 . 
1 * . 
2 7. 
1 0 . 

4252. 
1641. 

716. 
910. 
2 7 ) . 
1 (2 . 
116. 

t l . 
6 * . 
6 5 . 
1 * . 
2 7. 
1 * . 

*624. 
1737. 
1417. 

115. 
1*5. 
123. 

9 2 . 
6 2 . 
» 6 . 
1 1 . 
2 3. 
I I . 
1 2 . 

6719. 
(760. 
1160. 
651 . 
(60. 
111. 
a * . 
6 3 . 
* 7 . 
1 1 . 
2 * . 
1 9 . 
1 1 . 

6171. 
2771. 
156). 
• 56. 
1 *1 . 
2 * 1 . 

9 7. 

*•• I t . 
2 * . 
I t . 
1 5 . 
1 0 . 

6292. 
(712. 
17*4. 
11)1 . 
444. 
111. 
12* . 

1 3 . 
2 4 . 
1 7 . 
1 2 . 
1 1 . 

7 . 

1 . 
1 . 
t . 

• . 1 . 
9. 
1 . 

«. 1 . 
9 . 

• • 1 . 
t . 

1 . 

«. 
•. 0. 

«. 
• . 1 . 
1 . 
1 . 
1 . 

*• t . 
9 . 

». 
1 . 
0 . 
9 . 

«. 0 . 
1 . 
0 . 
1 . 
a . 
0 . 
0 . 
0 . 

t . 
t . 
a. 
0 . 
1 . 
0 . 
0 . 
1 . 
t . 
0 . 
0 . 
1 . 
t . 

0 . 
a. 
0 . 
e . 
0 . 
t . 

•• 0 . 
0 . 

•< 1 . 
t . 
t . 

1 . 
t . 
9 . 
1 . 
t . 
t . 
0 . 
0 . 
0 . 
0 . 
0 . 
t . 
1 . 

1 . 
0 . 
0 . 
1 . 

«. 1 . 
1 . 
1 . 
1 . 
1 . 
1 . 

•. 1 . 

http://29.fi


TTT 
• r a o i e 4 . 3 Non-Dimensional CHF Table ( con t i nued ) 

Q u a l i t y 

-.15 -.10 - .05 0.0 .05 .10 .15 .20 .25 .30 .40 .50 .60 .70 .80 .90 1.0 
5 9 * 5 3 . = 2 k k 7 . 6 0 4 1 ' . k i - 2 5 . 3fc Q 94. 1 4 1 2 ' . 1 4 5 1 2 . l l o ' j * . 3 2 0 ) * . 2 9 * * 4 . 2 6 ) 9 3 . 2 3 9 3 0 . 1 . 9 1 6 . 1 3 5 0 9 . 1 0 3 9 . * 3 8 1 . 0 . 
1 1 1 1 0 . 2 . 2 9 9 . ? " 4 4 . > 5 ' . , 9 . 2 2 6 4 1. 2 1 1 3 9 . 2 2 1 1 0 . 2 1 5 9 6 . 2 0 5 6 o . 1 3 0 2 6 . 1611 .9 . 1 5 * 2 6 . 7 * 5 6 . 6 6 9 * . 5 9 1 9 . 2 4 1 4 . 0 . 
1 9 2 5 * . 1 7 7 1 9 . 1 « ° 4 « . l a * 3 k . . r 9 * 0 . 1 = 4 2 6 . ' 4 6 5 * . 1 1 3 J 3 . 1 2 9 5 5 . U 5 * l . » 2 5 5 . 7 9 7 0 . = 6 7 9 . 5 3 C 1 . J 3 7 9 . 2 3 0 3 . 0 . 
1 2 4 1 3 . 1 2 1 6 4 . U * " . . 1 1 . k . . . . 7 9 9 . 1 0 2 4 * . 9 7 7 0 . 3 0 e * . 9 9 1 ) . 7 * * 1 . ^ 1 1 ) . 6 b . 4 . 5 1 * . . 3 6 J 7 . 2 2 9 b . I k k 6 . 0 . 

7 9 1 9 . ' k i t . 64 4 1 . 3 3 1 2 , 6 2 ' ) . 5 9 6 5 . 5 4 5 6 . 6 k ? , . . 5 l k 2 . * 7 8 l . - 6 2 9 . k k t l . 3 2 k l . 1 9 1 . . 1 0 2 5 . 6 2 5 . 0 . 
5 * 9 5 . . 9 1 6 . k 6 f ! . . 3 1 9 . k 0 k 5 . 5 6 3 4 . 17 0 2 . 3 5 6 6 . J 6 3 1 . J k 9 6 . 3 1 2 9 . 2 0 5 0 . 1 2 1 0 . ? k 5 . * 6 7 . 3 0 k . 0 . 
* l l k . 1 7 0 2 . 1 * * 5 . ) 2 1 ' i . 3 9 1 1 . 2 ( 7 5 . 2 1 5 * . 2 0 2 ( . 2 9 0 2 . 2 6 5 4 . 1 9 1 9 . 1 0 o 9 . 5 7 s . * 0 6 . 2 3 1 . 1 6 9 . 0 . 
2 7 k 2 . . 4 6 4 . 2 2 9 ~ . ' . 4 2 . . 0 9 5 , 1 9 1 7 . 1 9 0 9 . 1 9 C 7 . 1 7 0 3 . 1 5 7 * . 9 9 9 . 5 1 1 . 2 5 9 . 1 5 6 . 9 1 . 6 9 . 0 . 
2 0 5 7 . 1 « 5 1 . 1 7 2 1 . 1 5 9 . . . . k l k , 133 7. . ' ' 6 0 . U 5 k . 1 1 2 9 . 1 0 2 2 . 6 k * . 3 6 5 . 2 5 7 . 2 . 6 . 1 0 3 . 5 1 . 0 . 
1 2 9 0 . 1 1 5 2 . I l k 4 . l i k e . 9 6 0 . 6 7 k . 9 2 3 . 0 2 6 . 7 2 0 . 6 3 * . ] 9 k . 3 6 0 . 1 7 1 . 1 3 7 . 6 9 . 3 k . 0 . 

9 9 3 . 9 7 4 . ( 6 1 . 7 9 k . 7 2 0 . 6 * 3 . 4 3 6 . 4 9 1 . 4 9 9 . 3 4 9 . 2 * 4 . 2 3 1 . 1 2 9 . 1 0 2 . 5 1 . 2 6 . 0 . 
• 7 * . 7 ' 1 . 7 1 1 . o k l . 5 * 6 . * 9 * . * 6 2 . 3 7 0 . 1 6 0 . 2 6 7 . 1 7 6 . 1 5 * . 1 0 3 . 9 2 . k l . 2 1 . 0 . 
6 1 7 . 5 k « . * 1 7 , . 3 2 . 1 7 7 . 3 2 2 . 2 9 1 . 2 * 7 . 2 2 6 . 1 6 1 . 1 1 0 . 9 7 . 6 9 . 5 5 . 2 7 . I k . 0 . 

6 2 1 7 6 . 6 7 * 0 4 . 5 2 ' * * . k ) ) o 7 . k . 6 U . 3 4 7 * 1 . H I ' ? . 1 7 1 7 9 . 1 5 5 0 k . 1 3 9 2 6 . 2 1 * 6 9 . 2 9 7 0 k . 1 2 6 3 6 . 9 9 6 7 . 9 9 1 9 . 4 5 9 7 . 0 . 
I J J 6 5 . 3 0 9 " 1 . 2 7 5 0 4 . 7 7 5 1 3 . 2 3 4 4 3 . 2 5 * 2 1 . * k ! 6 1 . 2 1 9 J 2 . ^ 2 7 7 3 . 2 1 1 9 * . 1 1 0 4 5 . 1 9 5 ) 6 . 7 9 4 k . 6 9 1 6 . 6 3 0 7 . 2 9 4 5 . 0 . 
1 9 5 ) 6 , 1 9 2 ' 1 . 1 9 C 3 4 . 1 7 * * 1 . 1 * * 7 7 . 1 4 ' 9 2 . 1 5 6 9 9 . 1 * 9 2 4 . l * 0 3 k . 1 2 7 1 0 . 1 1 6 5 1 . 1 0 5 9 2 . 5 6 9 6 . 5 3 * 9 . 3 * 7 2 . 2 1 9 2 . 0 . 
1 3 * 1 6 . : 2 * 7 5 . l > 7 m . 1 2 1 3 1 . . 1 6 5 1 . 1 1 6 5 1 . 1 0 * 1 5 . 1 0 0 6 2 . 9 7 0 9 . 9 1 9 0 . 0 7 J 9 . 7 3 6 1 . ' 6 l k . 4 9 5 3 . 2 6 * 9 . 1 5 3 * . 0 . 

9 6 5 5 . 1 2 6 2 . 1 0 * * . - , „ . 6 9 9 1 . 6 = 9 1 . 6 5 6 7 . 6 1 1 7 . 5 9 * 0 . 5 * 9 0 . 6 0 3 1 . * 7 2 1 . 3 9 0 6 . 2 3 5 * . 1 3 * 9 . 9 2 3 . 0 . 
5 9 3 1 . « 4 4 9 . ' 3 4 7 . 5 0 9 4 . . 0 4 3 . 4 9 2 1 . * * 4 2 . * ) 7 S . * 3 0 7 . * 3 0 5 . 3 * 2 2 . 2 5 1 5 . 1 6 3 9 . 9 0 S . 6 7 k . 4 1 k . 0 . 
k 6 0 7 . 4 * * 9 . k i l l . . . 1 1 . 3 7 1 1 . 1 5 5 9 . 1 1 1 7 . 3 2 C < . 2 1 5 1 . 2 9 5 6 . 2 2 * 2 . 1*6* . 9 0 7 . 5 * 5 . 3 2 1 . 2 5 k . 0 . 
1 1 0 7 . 2 = 6 6 . 2 7 6 * . 2 5 > 2 . 2 k » k . 2 . 9 0 . 1 1 9 * . 1 7 6 5 . 1 7 ) 9 . 1 7 1 9 . U k k . 6 7 * . ) 6 9 . 2 k 9 . 1 1 2 . 1 0 6 . 0 . 
2 k ) 6 . 2 ' 5 1 . 21<65. : ) 3 * . 1 7 2 1 . 1 5 3 6 . 1 3 * 5 . 1 2 3 1 . 1 1 6 * . 1 ) 9 4 . 5 9 7 . ' 9 * . 1 2 7 . 1 1 1 . 1 0 6 . 7 9 . 0 . 
1 5 7 1 . 1 * 1 4 . 1 3 7 7 . ; 2 3 6 , . 0 9 * . 9 9 9 . 9 7 2 . 9 6 o . 9 3 ) . 7 9 6 . 4 6 9 . 2 9 2 . 2 1 2 . 1 7 7 . 7 1 . 5 3 . 0 . 
1 2 3 0 . 1 0 9 7 , 1 0 1 1 . I H , 7 9 1 , 7 2 9 . 6 ' 3 . 6 * 9 . 6 * 7 . 6 9 5 . 3 7 1 . 1 9 5 . 1 5 9 . 1 1 9 . 5 3 . * 0 . 0 . 
1 3 6 9 . 9 3 3 . 7 . 1 . 5 3 ) . 6 1 k . 5 9 ' . 5 5 1 . . 3 7 . * 7 7 . k * 6 . 2 5 * . 1*9 . 1 2 7 . 1 5 . 6 k . 5 3 . 0 . 

" 2 7 . 6 0 C 5 . 4 . . 3 1 . 3 9 9 . 3 6 7 . 3 * 6 . 1 1 6 . 3 9 5 . 1 4 9 . 1 2 0 . 1 0 6 . 1 2 . 7 9 . 5 6 . 4 2 . 6 . 

5 7 3 3 3 . 6 2 1 * 4 . S « O 4 0 . S*2'l. 4 6 0 5 * . * * = 7 1 . 4 1 4 3 * . 4 1 9 5 2 . * 0 0 7 7 . 3 7 * 5 6 . 3 2 9 9 1 . 3 0 3 * 2 . 2 5 1 * 9 . 9 9 3 5 . 4 3 6 0 . 3 6 0 2 . C . 
3 5 2 * 1 . 1 1 * 6 1 . ) C 6 ' = . ? ) 5 ; . 2 9 9 1 1 . 2 9 * 1 5 . 2 7 4 7 9 . t o 7 6 ) . 2 5 6 * 7 . 2 ) 9 7 5 . 2 1 7 * 5 . 1 9 5 l k . 1 6 7 2 7 . 6 9 1 9 . k 6 3 J . k 0 * 9 . 0 . 
2 2 J 1 2 . 2 ) 9 0 1 . 1 ° 5 1 - . 1 1 ) 3 ) . 1 9 5 1 * . 1 J 6 7 9 . 175 6 3 . 1 6 7 2 7 . 1 5 * 9 0 . 1 5 3 5 * . 1 1 3 9 1 . 1 1 1 5 1 . 9 7 6 6 . 5 7 2 9 . 39 7 3 . 2 J J 3 . 0 . 
1 6 7 2 7 . 1 3 7 3 7 , 1 3 6 4 * . 1 3 3 6 3 . 1 * 6 9 2 . l * ' l l . 1 1 5 6 7 . 1 2 9 5 * . 1 2 2 6 6 . 1 1 6 3 * . 1 . 2 2 2 . 7 9 6 7 . 7 6 0 6 . * 9 5 9 . 3 C 9 3 . 1 6 * 3 , C. 
1 3 7 3 5 . 1 3 1 7 0 . « - 1 4 . 3 3 2 5 . : 9 2 1 . 9 = 8 » . 7 5 0 9 . 7 2 2 5 . 6 1 1 * . 6 5 4 1 . 6 2 3 2 . 4 5 3 2 . - . 1 * 7 . 2 0 1 2 . 1 1 7 3 . 1 1 5 k . 0 . 

7 2 8 5 . 6 * 1 * . ' . 4 1 . 6 5 2 . = 1 7 1 . = 1 6 9 . 5 1 6 3 . * 7 * 9 . 4 5 9 1 . * 5 5 1 . * 1 0 3 . 2 7 0 * . 2 1 0 0 . 1 * 4 * . 5 5 2 . . 9 3 . 0 . 
5 * o * . k * 6 1 . k « 1 7 . . 2 0 1 . 3 9 1 « . 3 ' 0 7 . 1 4 2 k . 3 5 5 7 . 3 2 0 1 . 2 1 2 1 . 2 3 2 7 . 1 8 1 0 . 1 2 5 8 . 1 0 1 6 . 5 9 9 . 5 6 1 . 0 . 
3 6 * 3 . - • ) ' . 2 " 1 . 2 6 0 . . 5 0 9 . 2 k 3 k . 2 1 3 5 . 1 9 3 3 . 1 7 7 J . 1 6 6 7 . 1 2 b 9 . 9 k 6 . 6 6 k . 6 0 3 . 5 5 9 . * 7 k . 0 . 
2 7 6 0 . 2 5 1 3 . 2 ' 7 0 . 2 2 3 u . 2 9 4 1 . 1 4 4 * . 14 3 4 . 1 * 2 5 . 1 2 1 1 . 1 1 * 9 . 7 7 1 . 5 6 5 . 3 5 5 . 2 7 9 . 2 7 9 . 1 6 7 . 0 . 
1 9 3 9 . . • ' » . 1*12 . 1 3 6 1 . 1 3 9 1 . 1 1 1 3 . 1 3 1 * . 9 2 * . 9 2 6 . 5 6 6 . 3 6 1 . 3 9 2 . 2 1 1 . 1 9 5 . 1 9 6 . 1 1 2 . 0 . 
1 * 6 * . 1 2 5 * . 1 0 * 6 . 9 3 s . ( 0 2 . 7 6 k . 6 9 9 . 6 k 5 . 5 * o . 2 4 7 . 2 7 9 . 2 6 5 . 2 * k . 1 9 9 . 1 3 9 . 6 k . 0 . 
1 2 3 k . » ) I 1 . f i n . 6 7 1 . 5 4 4 . 5 7 6 . 5 2 2 . k 5 9 . 3 9 7 . 2 3 * . 2 1 2 . 2 1 2 . 1 9 5 . 1 5 1 . 1 1 2 . 6 ' . 0 . 

9 3 1 . 4 * n . 5 15 . .".1. 1*1 . 3 0 6 . 2 9 1 . 2 6 9 . 2 5 5 . . 6 6 . 1 6 0 . 1 6 9 . 1 3 4 . 1 1 2 . 9 9 . 5 2 . 0 . 

5 7 * 9 1 . 6 1 2 7 4 . = 9 T 4 6 . 4 5 2 6 7 . * 7 0 5 1 . 4 2 6 5 7 . 416 7 1 . 3 1 7 6 5 . 3 2 3 6 6 . 2 5 9 6 7 . l « k * 9 . 1 6 7 0 4 . 9 1 1 1 . k k * l . * 0 3 5 . 3 5 9 2 . 6 . 
1 5 3 1 6 . 3 3 * 2 1 . 1 1 6 3 4 . » 9 i * 7 . 2 ' 6 5 3 . 2 4 » 6 2 . 2 6 2 6 5 . 2 * * 7 * . 2 6 2 9 6 . 1 6 1 1 7 . 1 1 9 2 1 . 9 6 5 * . 6 9 6 9 . * 7 7 6 . k k 5 3 . 3 9 7 6 . 0 . 
2 3 1 7 1 . 2 . 7 ! . . 1 9 = 9 7 . 1 7 3 2 ! . 1 7 3 1 1 . I k 6 2 5 . I k 0 2 8 . 1 3 7 3 C . 1 2 5 3 6 . 1 1 1 * 1 . 9 5 . 1 . 9 3 5 7 . 7 * 6 2 . * 7 7 6 . * 2 3 S . 2 0 * 7 . 0 . 
1 0 1 1 7 . 1 5 1 2 2 . 1 2 » 1 * . 1 2 3 6 3 . 1 2 5 3 6 . 10 7 * 5 . 1 0 5 * 6 . 1 3 3 * 7 . 9 1 5 2 . 9 . 5 1 . 1 6 3 5 . 7 2 1 7 . 6 1 2 k . k « 5 7 . 32 2 3 . 2 0 0 7 . 0 . 

9 7 9 3 . 9 1 1 2 . * . * * . 3 . 3 3 . 7 0 * * . 6 * 9 5 . 6 3 1 1 . 5 3 7 2 . * 9 9 2 . * 5 9 4 . * 1 5 5 . 3 6 6 2 . 2 Q 9 3 . 2 4 1 5 . 2 0 1 9 . 1 3 1 7 . 0 . 
6 6 " ^ . 6 1 6 7 . . . 6 9 . 2 J . - * 5 2 . * 0 7 6 . 19 2 2 . 3 . 8 2 . 1 * 2 2 . ) ) * 3 . 2 1 2 2 . 2 1 7 2 . 2 0 7 1 . 1 9 3 1 . 1 2 9 3 . 76 9 . 0 . 
5 1 9 ) . 2 1 6 " . ) 7 2 7 . . 0 " . ' * 6 * . 2 9 6 5 . 2 7 5 9 . 7 5 1 3 . 2 5 9 7 . 2 5 9 9 . 2 2 2 7 . 1 8 1 0 . 1 5 2 5 . 1 5 . 3 . t ) 6 . 6 2 2 . 0 . 
3 5 * 2 . 2 k k l . Z c ' K . 2 2 . 3 . 2 1 9 9 . 2 1 5 2 . 1 4 2 9 . 1 7 9 5 . 1 6 2 5 . 1 5 9 1 . 1 2 6 5 . 1 0 6 0 . 7 8 6 . 6 8 2 . k 7 9 . 3 . 6 . 6 . 
1 9 . 2 . 1 9 ) 6 , 1 4 1 9 . . : . 1 6 1 2 . 1 = 6 2 . 1 * 1 3 . 1 2 5 3 . 1 1 6 6 . 1 1 . 0 . 9 2 * . . 1 6 . k 2 2 . 3 9 9 . 2 9 9 . 6 0 . 0 . 
1 3 3 9 . 1 2 2 L 1 0 * 6 . U l . - . 1 0 C 6 . 9 5 9 , t i g , 9 2 6 . ' * 6 . 6 2 * . 6 0 1 . 2 6 ) . 1 2 7 . 7 9 . 6 9 . k , . 0 . 
1 3 2 8 . 9 9 7 , « m . ' 9 3 . 7 2 k , t 7 2 . 4 3 k . j 7 k , * 9 5 . 3 6 5 . 2 5 k . 2 3 9 . 2 , k . 5 1 . k 6 . 3 0 . 0 . 
1 0 9 6 . 4 ' 4 . 7 7 9 . 5 9 7 . 5 * 1 . 5 1 0 . 6 9 0 . 4 3 0 . 3 5 5 . 2 7 0 . 2 0 3 . 1 9 1 . 1 7 3 . 1 5 ° . 1 3 1 . 1 0 7 . 0 . 

7 4 9 . 6 6 4 . 6 * 1 . 3 9 2 , 3 * 9 . 3 1 2 . 2 9 9 . 2 9 7 . 2 5 6 . 2 2 0 . 2 0 7 . 1 7 5 . 1 * 3 . 1 1 1 . 1 0 3 . 9 0 . 0 . 

7 2 0 5 6 . 6 9 2 3 1 . 4 ' 4 2 * . 5 3 2 1 5 . 5 - 2 0 9 . * * " 9 6 . k l ' l k . 3 9 3 8 3 . 3 * 2 * 3 . 2 6 1 1 * . 1 9 4 1 1 . 1 5 5 2 8 . 1 2 2 2 9 . 6 9 7 3 . 3 6 2 5 . 2 6 5 7 . 0 . 
1 3 5 2 0 . 1 5 9 6 1 . 3 2 2 1 7 . 1 3 5 5 3 . 2 = 2 2 2 . 2 7 2 3 0 . 2 5 1 0 1 . 2 , 5 7 3 . 2 1 2 5 2 . 1 5 1 1 9 . 1 1 9 5 k . 5 2 9 6 . 7 1 0 5 . S 9 7 7 . k * 3 5 . * 3 9 2 . 0 . 
2 1 5 9 * . 1 9 1 2 * . 1 4 2 4 * . 1 6 9 1 2 . 1 5 9 1 9 . 1 4 2 7 5 . 1 * 9 * 3 . 1 * 6 1 1 . 1 3 2 8 3 . 1 1 4 2 2 . 5 9 6 2 . 7 6 1 8 . 5 3 1 3 . 6 8 1 5 . 4 3 1 7 . 3 9 6 9 . 0 . 
1 5 * 9 7 . 1 ) 9 * 7 . 1 2 ' ° . * . 1 1 3 3 9 . . 1 0 4 9 . 1 0 ' 2 « . 1 1 * 0 5 . 9 7 k l . 9 0 7 7 . 9 4 5 5 . 7 7 * 6 . 5 9 2 2 . 5 6 ( 5 . k 2 3 7 . 3 3 6 7 . 2 7 3 6 . 0 . 

3 6 ) 0 . 9 4 ) * . 7 7 1 * . 7 3 3 D . 7 0 * 0 . 6 < 3 7 . 6-3*1. 6 9 6 2 . 5 7 0 2 . * 2 9 2 . ) 5 3 6 . ) 2 1 9 . 2 9 b 3 . 2 7 * 9 . 2 1 3 9 . I k 3 9 . 0 . 
6 6 k l . 6 1 9 9 . 5 * 9 1 . 5 3 * 7 . k 9 6 9 . 4 S 2 1 . k k 6 7 . 3 k 6 C . 3 2 6 9 . 2 9 4 7 . 2 5 1 * . 2 3 1 9 . 2 C 3 0 . 1 7 1 3 . 1 3 2 6 . 5 2 6 . 0 . 
5 . 1 k . 1 9 5 3 . ' 7 1 4 . 3 k . I. 2 3 9 7 . 2 9 3 1 . 2 7 6 9 . 2 3 7 * . 2 2 5 6 . 2 1 3 5 . 1 9 3 5 . 163)8. 1 6 9 0 . 5 5 0 . 6 7 0 . 5 3 1 . 0 . 
3 * 9 9 . 2 * 1 * . 2 1 - t i . 2 . 2 5 . 2 1 0 2 . 1 9 * = . 1 * 3 3 . 1 3 ) 6 . 1 * 1 9 . 1 3 3 5 . 1 1 0 9 . 6 9 1 . b 5 6 . 3 1 5 . 2 6 b . 1 7 7 . 0 . 
1 9 1 1 . 1 9 5 4 . 1 6 * 6 . . 3 * 2 . l k * k . 1 < 2 2 . 1 0 ' ) . 1 0 5 2 . 9 5 6 . 8 9 ) . 5 6 9 . 3 3 6 . 2 1 1 . 1 0 k . 5 8 . 3 4 . 0 . 
1 3 3 2 . 1 2 9 ' . 1 1 3 7 . 3 3 3 , 6 3 4 . 7 1 3 . 6 7 3 . o o l . 6 2 5 . k 9 2 . 2 * 1 . 1 0 3 . 5 8 . k 7 . 3 8 . 2 7 . 0 . 
l l ' k . 1 0 6 3 . 9 5 6 . 7 6 k . 6 2 0 . * 3 8 . 4 * 6 . k C 5 . 3 * 5 . 2 7 7 . 1 7 7 . 1 0 0 . * 2 . 3 9 . < 3 . 1 9 . 0 . 
I l k 2 . 1 0 1 9 . ' * * . 5 9 3 . k 7 q . - 7 9 . l i b . 3 2 3 . 1 0 5 . 2 3 5 . 1 3 1 . 9 0 . 5 3 . k O . 3 ) . 2 0 . 0 . 

9 3 6 . 7 * * . o i l . . . . . 3 6 9 . 2 9 1 . * 1 9 . 2 0 * . 1 1 5 . 1 7 3 . 1 5 1 . 6 2 . * * . 3 5 . 2 7 . 1 9 . 0 . 

6 9 3 ) 3 . 6 * 1 2 " . 6 - 6 1 1 . 6 3 5 . 0 . 5 - 9 ' S . k * 6 5 ' . 17 ,679. 3 3 3 * 5 . 2 7 4 k 6 . 2 2 . 0 1 . 1 9 1 1 3 . IkkQO. 1 0 6 1 1 . 6 9 2 1 . 6 0 6 3 . 6 0 1 9 . 0 . 
] * 8 5 k . 3 2 6 9 3 . 319 1 1 . 3 : 3 7 5 . 2 6 = 2 7 . 2 0 6 9 9 . 2 0 3 1 2 . . 9 9 7 4 . 1 6 7 1 3 . 1 3 6 9 4 . 1 3 0 0 6 . 1 2 5 7 k . 1 2 0 5 1 . 9 0 6 7 . 60 3 3 . 5 7 1 5 . 0 . 
I 4 3 k i . I T * 12 . 1 4 9 6 * . 1 3 3 * , . . 3 8 * 2 . 1 0 2 3 2 . 9 3 5 3 . 9 o l £ , 9 0 8 7 . 7 , 5 0 . 6 8 2 1 . 6 2 5 3 . = 8 7 * . 3 0 , 9 . * 4 5 1 . * 3 5 9 . 0 . 
1 2 6 ) 3 . 1 3 9 9 1 . 1 0 8 * 1 . 1 3 o 3 ) . 9 9 * 9 . 9 0 9 5 . 9 0 3 2 . 3 3 3 5 . 7 9 3 0 . 7 0 7 1 . 6 0 6 3 . 5 0 2 5 . * 2 9 3 . 3 5 1 k . 2 6 ) 0 . 2 1 3 2 . 0 . 

9 9 3 2 . ' 7 1 k . ' 7 4 1 . 6 3 3 3 . 5 6 0 9 . 5 e 8 1 . 5 1 9 3 . * * 5 1 . * 2 * 9 . 3 1 0 4 . * k 2 k . 2 6 0 3 . 2 0 7 6 . 1 5 5 7 . 1 1 1 * . 9 C 6 . C. 
5 1 1 0 . * " 6 6 . * S 1 2 . 3 s 7 3 . 3 5 3 7 , 3 « l 2 . 3 2 9 9 . ? 9 k l . 2 7 0 9 . 2 2 5 1 . 1 9 . 7 . 1 * 5 8 . 1 0 3 * . 6 8 7 . k k 8 . 3 0 k . 0 . 
3 * 1 . . 3 1 1 5 . " 2 1 . 33 = 3 . 2 7 9 * . 2 = 6 8 . 2 = 2 3 . 2 3 9 7 . 2 3 7 0 . 1 6 . 9 . 1 1 7 9 . 8 9 2 . 6 0 9 . * S 5 . k l 7 . 3 0 3 . 0 . 
2 * 5 5 . 2 3 2 ' . ' 2 * 4 . . 3 ' 3 . . 0 * 6 . 1 7 1 * . 1 5 . 3 . 1 3 1 2 . 1 0 6 3 . 9 * 4 . 6 3 1 . 3 k ) . 3 1 5 . „ 5 3 . 2 0 2 . 1 6 2 . 0 . 
2 2 1 6 . l U k . 1 6 1 3 . . 5 . 2 , 1 3 6 5 . 1 1 2 2 . 6 * 6 . 7 2 0 . 6 ' 3 . 5 1 0 . 2 1 4 . I k s . 1 3 7 . I l k . 8 7 . 6 3 . 0 . 
1 6 1 7 . 1 3 9 2 . l ' l ' . 3 . 2 . 9 2 1 . 6 k 7 . = 1 1 . * 6 * . * 5 6 . 3 6 1 . 2 1 9 . 7 0 . 5 b . 5 6 . 5 3 . 4 2 . 0 . 
. 3 4 5 . 1 1 6 3 . 9 4 5 . , 9 3 . 5 6 0 . *4 1. 1 4 6 . 3 0 3 . 2 9 6 . 2 2 * . 1*6 . 1 3 3 . 9 5 . 7 6 . 3 * . 3 0 . 0 . 
1 2 6 1 . 1 0 9 6 . P 1 9 . 3 1 3 . * ' ? . ' 9 2 . 2 9 8 . 2 9 5 . 2 5 4 . 2 3 * . 1 1 1 . 1 2 1 . 7b. 6 1 . 27. 2 k . 0 . 

9 1 3 . 7 9 * . ' 1 > . . » . . 3 7 ; . 29 9. 3 2 3 . 2 2 < . 2 1 2 . 1 9 2 . 1 6 7 . . 0 1 . 5 1 . * 3 . 1 7 . 1 6 . 0 . 

6 3 2 7 9 . 6 1 5 0 4 . " M l . 4 7 9 * 3 . 4 9 4 3 1 . k 2 5 3 7 . 1 1 9 2 1 . 3 5 5 8 " . 3 3 1 3 * . 3 0 3 6 1 . ct 27S. 1 5 8 * 0 . 1 3 6 6 7 . 9 6 6 2 . 6 9 6 6 . 6 0 * 9 . 0 . 
3 1 9 7 9 . 1 0 4 8 1 . 2 o ' 4 4 . 2 ) 1 9 3 . 2 3 9 0 4 . 2 1 9 1 7 . 1 9 1 2 8 . 1 7 3 3 2 . 1 6 1 3 6 . 1 6 0 4 9 . 1 5 0 7 3 . 1 3 0 3 0 . 1 1 6 8 6 . 7 6 9 1 . 5 7 5 9 . 5 k 7 9 . 0 . 
1 5 9 3 9 . 1 5 4 3 9 . l k O » l . 1 2 k 5 3 . ' 9 6 6 . 7 = 7 0 . ' 4 7 2 . 7 0 5 8 . 04 7 3 . 6 7 2 k . c k 7 5 . 5 9 7 7 . 5 6 0 k . k 2 1 3 . 3 2 5 9 . 3 2 3 9 . 0 . 
1 3 9 3 9 . 9 9 5 9 . • = 6 4 . 3 7 k 3 . 1 5 k k , 763 9 . 7 5 9 k . o b k l . 6 2 3 6 . 5 3 1 3 . k i l l . 3 5 9 b . 2 6 k l . 1 8 2 k . 1 2 2 9 . 1 2 5 9 . 0 . 

6 5 7 5 . 4 3 7 6 . 5 ( 7 0 . 6 7 8 2 . 4 3 M . 4 2 3 2 . 4 1 6 * . 1 ) 9 5 . 3 1 4 k . 2 3 5 7 . 2 1 1 7 . 1 5 4 6 . 9 2 6 . 5 7 6 . 6 2 0 . 3 * 5 . 0 . 
6 5 1 6 . 4 5 1 6 , 1 0 6 0 . 3 2 5 3 , 2 8 * k . 2 9 k l . 2 7 : 1 . 2 3 7 2 . 1 9 J 3 . I k 9 7 . 9 9 4 . . 1 1 . k l k . 2 9 5 . 2 6 6 . 2 3 0 . 0 . 
3 0 9 8 . 2 4 9 9 . 2 = 6 7 . 2 5 . 6 . 2 2 4 9 . 1 8 8 6 . 1 6 * 0 . 1 * 1 5 . 1 2 4 * . 1 0 3 3 . 6 2 1 . 3 1 0 . 2 k J . 2 2 k . 1 9 3 . 1 7 2 . 0 . 
2 1 ' 3 . 2 4 5 2 . 1 9 4 6 . 1 5 5 k . : 3 3 k . 1 1 0 1 . 9 3 4 . ' 5 2 . 5 9 3 . k 9 7 . 2 o 2 . 1 8 9 . 1 6 6 . . k i . 1 1 3 . 1 1 6 . 0 . 
1 4 1 2 . 1 7 9 1 . 1 5 k 6 . 1 2 0 6 . 1 0 4 1 . 4 0 ! . 7 1 7 . 4 3 1 . 1 6 2 . 1 4 6 . 2 4 1 . 2 9 2 . 2 6 6 . 1 1 2 . 1 0 0 . 8 6 . 0 . 
1 * 6 1 . . 7 ' 7 . 1 1 9 6 . 1 8 k . 7 4 * . 6 0 2 . * 6 k . 1 9 1 . 1 9 2 . 1 1 7 . 2 9 6 . 2 6 6 . 1 7 6 . 7 5 . o b . 5 7 . 0 . 
1 2 7 0 . 1 0 k 6 . 7 4 6 . 7 1 2 . 6 0 7 . 5 3 ' . ) 7 i . 3 J 9 , 3 9 6 , 2 7 * . 2 5 7 . 2 2 k , 1 7 k . 5 6 . = 0 . 6 3 . 1 . 
1 1 1 2 . 9 2 6 . 8171. 7 3 6 . 6 9 3 . * 6 6 . 6 1 9 . 3 9 6 . 3 6 9 . 2 9 9 . 2 5 7 . 1 9 9 . I k 9 . 1 * 1 . 4 0 . * 0 . 0 . 

7 6 9 . 7 9 * . 5 4 1 . 5 9 5 , 5 4 1 . 3 ' 5 . 3 1 9 . 3 3 2 . 2 7 4 . 2 * 4 . 222. 1*6 . 1 2 6 . 1 2 1 . 6 1 . 2 7 . 0 . 

1 4 2 3 3 . 3 7 2 1 2 . 3 * 1 1 1 . 1 5 3 k 9 . M l ' 2 . 2 7 * 7 * . . 5 7 5 * . 2 3 2 . 9 . 2 1 6 9 4 . 2 0 - 1 1 . 1 8 3 6 6 . 1 0 * 1 0 . 8 9 2 3 . b 7 2 b . 5 7 * 6 . * 9 3 5 . 0 . 
1 9 2 3 9 . 1 8 6 9 0 . 1 " 0 4 2 . l ' - 7 , . . 5 6 6 6 . 1 3 4 6 ' . 1 1 2 6 6 . 1 2 0 * 9 . 1 1 * 5 6 . 1 0 6 * 9 . 1 0 2 * 1 . 5 * 2 5 . * 6 1 b . 9 5 1 k . 6 2 1 9 . 6 7 * 3 . 0 . 

3 6 * 9 . 9 6 * 9 . 9 9 * 1 . 6 7 3 7 . 7 9 M . 6 9 2 9 . 66 3 3 . 5 1 1 b . 5 * 0 9 . 5 1 2 0 . * 4 2 5 . k ' 3 7 . k l 9 1 . k l . 2 . 3 5 k 9 . 3 k l k . 0 . 
6 6 ) 0 . 6 k ' 9 . 6 1 = 6 . 5 6 3 ) . 5 0 7 0 . 6 7 4 9 . 4 * 2 2 . 4 3 1 6 . 3 6 6 1 . I ' l f t . 3 0 1 k . 2 k 7 9 . 1 8 9 1 . 1 4 6 3 . 10 3 6 . 9 k 5 . 0 . 
1 9 7 3 . 1 4 6 3 . * * 2 * . 3 7 2 3 , ' 3 = 2 . 2 7 7 1 . 2 7 * 8 . 2 k k „ . 2 2 0 * . 1 8 * 3 . I k o ) . 1 8 0 . 7 1 3 . * 1 2 . 3 3 0 . J 3 1 . 0 . 
2 7 3 ) . 2 ' ) 3 . 2 2 5 1 . 2 1 7 3 . 2 0 * * . 2 0 1 7 . 1 * 0 1 . 1 * 3 3 . 1 0 7 0 . 1 0 * . 8 1 3 . 5 b ) . 3 = 6 . 2 * 4 . 2 2 5 . 2 2 1 . 0 . 
2 1 C 3 . 2 1 * 1 . 2 3 1 * . I 6 e 3 , 1 5 2 3 . l k ' c . l k k l . 1 0 7 1 . 8 6 2 . 9 k 5 . 5 3 1 . k 2 3 . 272. 1 0 6 . I b 9 . 1 6 6 . 0 . 
I k o O . I k 2 0 . 12 ' 9 . l . t ' . 1 1 2 7 . 1 1 2 * . 1 0 9 1 . 7 6 9 . 6 6 5 . 6 3 5 . * 6 * . 3 3 3 . 2 1 3 . 1 2 4 . 1 1 3 . 1 1 0 . 0 . 
1 3 1 6 . 1 1 9 0 . 1 0 1 * . 1 3 0 5 . 9 4 7 . 9 6 4 . 9 6 4 . 7 2*.. 6 3 1 . 5 7 * . 5 3 3 . * 2 9 . l b O . 9 3 . 6 * . 8 3 . 0 . 
1 3 6 0 . 9 5 4 . Q 1 S . 3 7 3 . 8 1 ' . 7 9 9 . 7 6 7 . 7 1 * . 6 3 7 . 5 5 5 . k 6 9 . 3 6 0 . 1 0 6 . 6 2 . 5 6 . 5 5 . 0 . 
1 3 5 6 . 1 4 1 k . = 7 2 . 3 2 3 . 0 4 7 . 6 * 6 . ' 6 0 . 6 * 1 . 5 9 b . 6 2 7 . * 1 6 . 2 ' k . 9 0 . 7 7 . ' 5 . 6 0 . 0 . 
: 0 k ) . 9 5 7 . 9 17. 3 3 0 . 4 9 2 . ' 9 k . 7 3 7 . 6 5 . . 5 7 1 . * 7 4 . 3 1 9 . 2iT. 9 1 . 9 6 . 4 * . 7 2 . 0 . 

7 3 6 . 4 6 4 . t = l . 6 3 1 , 6 2 1 . =6 3 . 5 * 3 . k 8 b . * 3 9 . 1 5 1 . 2 2 9 . l b l . 7 6 . 7 3 . ' 2 . 5 6 . 0 . 
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Table 4.4. RMS and Average Errors in CHF Based on Constant Exit 

Conditions Using Non-Dimensional Table and various 

non-dimensional mass fluxes 

•J* <t» *.. 
No. of 

Fluid 

Nitrogen 

Carbon Dioxide 

Freon-21 

Freon-12 

Freon-11 

Freon-114 

Freon-113 

Water 

data 

26 

172 

504 

268 

20 

441 

19 

212 

RMS(%) 

8.1 

39.9 

34.5 

17.76 

20.6 

21.1 

18.8 

182.9 

AVG(%) 

-3.5 

35.4 

12.6 

10.8 

17.1 

-8.5 

10.3 

12.9 

RMS(%) 

7.6 

31.9 

30. 

16.5 

27.3 

22. 

18.4 

182.9 

AVG(%) 

-0.4 

23.2 

7. 

9.2 

-25.6 

-14.5 

-14.2 

12.9 

RMS(%) 

9.5 

34.7 

42.5 

29.6 

17.3 

20.3 

13.5 

182.9 

AVG(%) 

2.7 

26.6 

23.3 

24.4 

-13.7 

0.3 

-2.7 

12.9 

yl/2 x .j 2/3 u. 1/8 

y = (2L) x f £.) x (J.) 
Y V f

J l D x p i V i 

•GD. 

„2„ 2/3 „„ -.133 „„ -.2 

Y . (9-2) x (£D) x (®) 
f f g 

7 * ^ GD0'5 

i, = or —--—=—-*-—-f-
k P2T 7T0'5 n 0 ' 5 

G L a p.. 
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Table 4.5. RMS and Average Errors in CHF Based on Constant Inlet 
Conditions Using Non-Dimensional Table and various 
non-dimensional mass fluxes 

Fluid 

Nitrogen 

Carbon Dioxide 

Freon-21 

Freon-12 

Freon-11 

Freon-114 

Freon-113 

Water 

No. of 

Data 

26 

172 

504 

268 

20 

441 

19 

212 

*+» 

RMS(%) 

6.5 

17.2 

12.3 

7.28 

9.5 

11.1 

10.6 

27.0 

Y 

AVG(%) 

-2.8 

15. 

3.4 

4.4 

6.8 

-4.4 

6. 

- .23 

RMS(Z) 

6.1 

13.8 

11.3 

6.8 

9.8 

11.7 

10.6 

27.0 

a 

AVG(Z) 

-0.3 

9.9 

1.3 

3.7 

-9.3 

-7.6 

-8.4 

- .23 

RMS(Z) 

7.7 

15. 

14.2 

12.5 

5.7 

10.5 

7.3 

27.0 

*K 

AVG(Z) 

2.2 

11.3 

7.4 

10.6 

-4.5 

0.1 

-1.6 

-.23 

Y 1 / 2 x u 2/3 n 1/8 
Y =ftx (_ 1) x (-1) 
Y *\i' *• D x p J V 

f i g 

„2_ 2/3 -.133 rn -.2 
T = (£_?_) x rGD) x r<®) 

a Kpca
J v a J V f f g 

„ ° Pf GD0'5 

™,_ = — — or k 2T "' 0.5 0.5 G L a p 



126 

PREDICTIONS USING CHF TABLE 

EXPERIMENTAL VALUE OF CHF 

CHF ,, AH. =Ct 
pred xn 

ERROR BASED ON CONSTANT 

EXIT CONDITIONS 

c.pred c,expt DRYOUT QUALITY 

* Energy balance is calculated from the following equation 

I T A H " 

4q v L in 
Y = _-i. X — — — — 

XG D X 

FIGURE /4 .10 ERRORS BASED ON CONSTANT EXIT AND INLET CONDITIONS 
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- A decrease in error with increasing B.O. This is illustrated in Fig. 

4.14 for carbon dioxide, Freon-21, Freon-12 and water. 

Also, one can observe the following parametric and assymptotic 

trends for the non-dimensional table using Yy. 

- A decrease in error with increasing dryout quality. This is illustrated 

in Fig. 4.15 for carbon dioxide and Freon-21. 

- A decrease in error with increasing inlet subcooling ratio. This is 

illustrated in Fig. 4.16 for carbon dioxide, Freon-114, Freon-11 and 

Freon-21. 

- An increase in error with increasing ¥y. This is illustrated in Fig. 

4.17 for carbon dioxide, Freon-11, Freon-21 and Freon-12. 

- A decrease in error with increasing B.O. This is illustrated in Fig. 

4.18 for Carbon dioxide, Freon-11, Freon-21 and Freon-12. 

4«4.3 Discussion 

Table "4.5 shows that the non-dimensional table RMS and average 

errors in CHF using the three dimensionless parameters are approximately 

equal. The dimensionless parameters Y^ and Ha are the only ones using 

surface tension. x?a was not selected due to the complexity of its 

expression. The non-dimensional table predictions using Y< and Yy 

were adequate in the negative dryout quality range. This is illustrated 

in Fig. 4.19 for nitrogen and Freon-113. The non-dimensional table 

predictions using ?K and ¥y are most accurate in the high dryout 

quality range (20 - 100%). This is illustrated in Fig. 4.11 for HK and 

Fig. 4.15 for ?Y•
 T^e non-dimensional table predictions using HK and 
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*Y were most accurate at large inlet subcoolings (inlet subcooling ratio 

greater than 0.2). This is illustrated in Fig. 4.12 for VK and and Fig. 

4.16 for ¥y. Also, the non-dimensional table gave adequate predictions 

when two-phase flow is encountered at the tube inlet. This is illustrated 

in Fig. 4.12 for water. The table is not recommended for use when the 

mass flux approaches zero. In this case the boiling number tends to 

infinity. Zuber's correlation is recommended in pool boiling situations. 

However, for mass fluxes between zero and the ones available in the table, 

interpolation between Zuber's and the non-dimensional table predictions is 

advised. 

In summary, the non-dimensional table predicted CHF adequately 

for non-aqueous fluids as well as water. The dryout quality range is -15% 

to 100%. In general, the parameter ¥K is recommended. However, if 

values of surface tension are unknown or suspect Yy is recommended. The 

non-dimensional table has a wide range of conditions, but it does not 

cover pool boiling conditions or dryout qualities less than -15%. 

4.5 Dryout Quality Range Covered by all Tested CHF Prediction Methods 

Figures 4.20 to 4.23 illustrate the dryout quality range 

covered with each fluid for Weisman & Pei's model, Katto's correlation and 

the non-dimensional CHF table using ¥< and ¥y respectively. It is 

observed that the water data have the largest errors. This is because the 

water data covered the widest range of parameters. 
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5. Conclusions 

- Weisman and Pei's model predicted CHF adequately for all tested fluids. 

The model is limited to high mass fluxes and pressures above 1000 

2 
kg/m /s and 2 MPa for water, respectively. Also the model is not 

applicable at dryout qualities higher than 20%. 

- Katto's correlation gave good CHF predictions for all tested fluids. 

The correlation is limited to positive dryout quality range. Also, the 

correlation is not recommended for short tube length; L/D less than 50 

or for mass fluxes lower than 2 000 Kg/m /s for water. Finally, the 

correlation is definitely not recommended for situations where two-phase 

flow is encountered at the tube inlet. 

- A non-dimensional table used for predicting convective boiling CHF for 

all fluids was created. The table was created by non-dimensionalizing 

Groeneveld's standard table for predicting CHF in water using modelling 

techniques such as Ahmad's and Katto's. The table covers a wide range 

of conditions: dryout quality (-15% - 100%), atmospheric to water 

equivalent critical pressure, single and two-phase inlet flows and water 

equivalent mass flux of 50 - 7500 kg/m /s. The table is limited to flow 

boiling situations and it is not applicable when dryout quality is less 

than -15%. 

- Finally, the non-dimensional table gave accurate CHF predictions for 

fluids other than water. The table covers the widest range of parame­

ters among existing CHF prediction techniques. 
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6. Recommendations 

Future work should be concentrated on expanding the non-dimensional 

CHF table to dryout qualities lower than -15%. Experimental CHF data 

in various fluids having dryout qualities less than -15% can be used 

for this purpose. These data can be non-dimensionalized into Ahmad's 

and Katto's dimensionless parameters. The obtained data can be added 

to the present non-dimensional table by statistically averaging the 

boiling number within each Pf/pg, Y and x intervals. A similar 

approach was followed in creating the dimensional CHF table 

(Groeneveld (1986)). 

The effect of diameter on CHF should be studied in detail. 

A correction factor for diameters smaller than 0.002 m should be 

provided. 
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7« Summary of Thesis Work 

An introduction to the CHF in temperature and heat-flux-controlled 

systems is presented. The mechanisms with the greatest promise for explain­

ing CHF are described. The factors affecting the CHF such as flow parame­

ters, geometry and miscellaneous effects are described in detail. 

A detailed literature survey of CHF predicting methods applicable 

to non-aqueous fluids was made. A summary of the various empirical and 

theoretically-based methods is presented. Also, a summary of the various 

CHF scaling techniques between different fluids is made. The two methods 

which appeared to be the most promising for predicting CHF in non-aqueous 

fluids were selected for further study: (1) Weisman & Pei's theoretically 

based model for predicting CHF at low qualities, and (ii) Katto's latest 

empirical correlation for predicting CHF in various fluids at positive 

dryout qualities. 

A detailed literature survey of experimental CHF data for fluids 

other than water was made. A summary of the available and selected data are 

presented. The experimental water CHF data were selected from the AECL-CHF 

data bank. 

A new method for predicting CHF in non-aqueous fluids is created 

by non-dimensionalizing Groeneveld's standard CHF table using Ahmad's & 

Katto's CHF scaling techniques. 

A comparison of predicted CHF values with experimental CHF values 

for water, carbon dioxide, nitrogen and different Freon types is made. It 

has been found that the non-dimensional CHF table predicting method is the 

most accurate over a wide range of pressures, qualities and mass flows. 
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A P P E N D I X A 

Non-Aqueous F l u i d s Exper imen ta l CHF Data 

F reon-113 - C o f f i e l d (1969) ; Liquid Ni t rogen - P a p p e l l (1966) ; 

F r e o n - 1 1 - Leung (1980) ; Freon-12 - Groeneveld (1969) ; 

Helium - Ka t to (1983) ; Freon-114 - Dix (1970) ; 

F reon-21 - B a r n e t t & Wood (1965) ; 

Carbon Dioxide - Rotem & Hauptmann (1970) ; and 
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FREON-113 CHF DATA, COFFIELD (1969) 
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LIQUID NITROGEN CHF DATA, PAPPELL (1966) 
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FREON-11 CHF DATA, LEUNG (1980) 
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1.C26 

1.1*33 

l.i»77 

1.539 

1.257 

1.251* 

1.1+63 

1 . c 26 

l-7<-5 

l.i*66 

l . i - ^ 

£•.23 

8.52 

12.1.2 

1 1 . 3 5 

1<*.6? 

15-5fc 

<u.36 

17 . CO 

1 6 . - 2 

21* .62 

?"*. 2$ 

11.99 

10.&2 

1 7 . 7 C 

17 . *7 

16 .51 

16.12 

lu-33 
13.26 

21 .**! 

330CO. 

33380 . 

36930 . 

37970 . 

1*31*70. 

i*10S5. 

1-CS12. 

43330 . 

37050 . 

33*75. 
1*26^5 • 

32=50. 

32920 . 

33199 . 

3271-0. 

350i-o -

3 5 7 6 3 . 

38060. 

37200 . 

- " 1 0 c , 

"S-^J-CJJJ, , 

33670 . 

U3061*. 

1.2332. 

i*526l. 

CJ.C99/4., 

H-52-T7. 

Hf.372. 

396i*7. 

335**. 
1-2320. 

3378S . 

3 - 2 7 6 . 

3 3 9 1 0 . 

> * . = . 
37206 . 

3221*3. 

1-0959. 

35670 . 

i*5017. 

0 . 1 5 

O.li* 

O . l i 

0 . 1 3 

0 .12 

0 .03 

0 -09 

0 . 0 8 

C . l -

0 . 1 5 

C . l l 

0 .15 

C I S 

C.17 

0-15 

0.1<* 

0 . 1 3 

C l i * 
1- . — 

C .12 
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FREON-12 CHF DATA, GROENEVELD ( 1 9 6 9 ) 
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TABLE I - FREON-L2 DRYOUT DATA 

I 

rNcHEs i 

7?.0C 

72.00 
72.00 
72.00 
72. 00 
72.00 
72,00 
72.00 
72.00 
72-00 
72*00 
72.00 
72.00 
72*00 
72*00 
72*00 
72*00 
72*00 
72*00 
72*00 
72*00 
72*00 
72-00 
72*00 1 
72*00 
72*00 
72*0 0 
72«O0 1 
72-00 1 
72*00 
72*00 ] 
fib.01 
65-01 
6S.01 
65.0) 
65.01 
65.01 
65.01 
65.01 
65.0) 
65.01 1 
65.01 1 
65.01 1 
65.01 1 
65.01 ] 
65.0 1 1 

G E-6 

? 
V h R FT 

,3A3 

.3*5 

. J»7 

. 399 

. ^ 0 

.490 

.^74 

.492 

.bOS 

.76R 

.76b 

.742 

.744 

.,7-,-

.942 

.914 
• 977 
.977 
.993 

1-512 
.506 

I »bl6 
[.b41 
[.53ft 
.556 

.940 

.^24 

.94 3 

.901 

.95? 

.984 

. 49<s 

.49-1 

. 4 iQ 

.49 t 

.500 

.997 

.9R7 

.996 

.984 

.004 

.9R7 
,9R7 
.9H1 
.4M1 
,-rMl 

X 

.73? 

.730 

.71* 

.679 

.647 
,63H 
.646 
.602 
.566 
.459 
.450 
.446 
.4?6 
-3R6 
-391 
.386 
• 340 
*33R 
• 2Mb 
• 270 
.246 
*20« 
*??" 
= 191 
• 14S 

• ??1 
•215 
• 19^. 
• 167 
. ] 2* 
.07 7 
. fSp? 
. f-.- S 
.59 0 
.571 
.548 
.361 

%347 
.325 
.30 0 
.279 
.207 
.177 
.127 
.100 
.07H 

c»r 

HTU/HR FT 

23360 

24240 
25290 
27130 
25703 
26900 
2R417 
303R4 
32177 
29694 
315R6 
34259 
3596 7 
38235 
3o q90 
3?397 
3S531 
3R245 
*0R38 
33919 
36693 
394 31 
40267 
42740 
45479 

363R2 
3667H 
4 0i77 
41*79 
*37 07 
47697 
2R656 
29476 
30967 

32147 
34AR4 
34280 
36452 
3Rfc57 
41334 
43932 
38436 
40«63 
4jg76 
46991 
51019 

INLFT SURC 

BTU/LH 

1.31 

2.79 
5.05 
R.9R 

.10 
2.1R 
5.20 
R.84 

12.04 
1*07 
3.33 
6.89 

9.23 
12*3o 

•91 
?.8>3 

6.03 
7.87 

12.04 
.46 

3.01 
6.16 
5.15 
fl.32 

11.71 
.64 

1.18 
3.46 
5.11 
R. 19 

11 -91 
1-39 
3.11 
5.56 

«.4S 
12.61 
1.2Q 
3.56 
5.9) 
9.17 

11.35 

.52 
2.RS 
6.5R 
R.9] 

11 .35 

P 

PSIA 

155.0 

155.7 
155.7 
157.0 
153.5 
153.5 
154.0 
155.0 

155.2 
154.2 
154,5 
155.5 
156.5 
154.8 

155.0 
155.5 
156.5 
153.5 
155.2 
156.0 
155.0 
156.0 
152*5 
156.5 
154.3 
156.5 
157.2 
154.5 
155.Q 
155.0 
15^. J 
155. c-
151-7 
153.2 

155.5 

155,5 
I 51.. 5 

154.2 
155.0 
155.5 
154.0 
155.5 
154.0 
156.2 
155.0 
155.5 
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TABLE I ( C o n t ' d . ) 

SUN 

46. 

47. 
*P. 
49. 
50. 
C'l . 
52. 
53. 
C 4 . 

*>•>. 

56. 
t 7. 
5P« 
59. 
6n* 
*3* 
64 . 
" 5 . 
t6 • 

67. 
6R . 

e9. 
7o . 
71 • 

'2* 
7 •> • 

' ». • 
""5. 
7h . 

7 7 -

7r . 
' 9 . 

1- r . 

"l ' 

-?' 
H -. . 
"4 . 

• 

*-*. 
e 7 

• *fl . 
• 
• 

^1 . 
' ? . 
i ^ . 

•> 

D 

INCHES 

• 431 

.•31 

.•31 

.•31 

.•31 

. 431 

.431 

.•31 

.•31 

.•31 

.431 
•*31 
•431 
•*31 
•431 
•431 
•431 
•431 
.431 
**31 
•*31 
•*31 
• 431 
•*31 
•431 
•431 
•031 
•031 
•031 
•-31 
•031 
• 43 i 

.43! 
•"31 
•031 
"•31 
.-31 
-431 
.03] 
.031 
.431 
.031 
.031 
.031 
.431 
.307 
.307 

1. 

INCHES ' 

66.61 
66.61 
66.61 
66.61 
66.61 
66.61 
r.6.61 
66.61 
H6.61 
66.61 
66.61 
66.61 
66*61 
66.61 
66.61 
33*37 
33*37 
33*37 
33*37 
33*37 
33*37 
33* J7 
.3*37 
13*37 
13*37 
^3*37 
'3* J7 
13*37 
33*37 
13.37 
5i-l8 
r- i • 1 R 

-;-i« 
<- > . 1 H 

51- ]8 
51 -18 
5 1 . 1 R 
51.1H 

Si.IB 
^l.IB 
51. 1R 
M . 1 R 
-> 1 . 1 H 

11 . ! fl 
-1.18 
'3.09 
4 1 Ii 9 

• 

(3 fc-6 

2 
LR/HH F T 

.417 

.418 
,40b 
.414 
.412 
.844 
.842 
.849 
.849 
.849 

1.657 
1 .657 
1.657 
1 .659 
1 .627 

•420 
•4 15 
.416 
.412 
.412 
• b46 
•84o 
.H33 
.847 
• 843 

1 .h6 0 
] .669 
1 *6r>n 
1 .665 
1 .^56 
.496 
. 497 
.497 
. 48q 
.488 
.993 
.995 
.995 
.993 
9H9 

* 1.978 
1.984 
1.9H4 

i . y « 7 
1.9R2 
.bb4 
.5^0 

X 

.711 

.695 

.706 

.682 

.659 

.414 

.395 

.3R1 

.360 
,340 
.246 

• 22c* 
• J96 

• 1^4 

•123 
• 550 
.541 
.514 

• 5o3 
.466 
• 290 
• 274 
.249 
•215 
, 1R2 
- 14b 
-107 
• 071 
• 055 
.0 1* 
.5*0 
• 5*2 
• 5 IfS 

.514 
•507 
= 3,M 
.298 
.27b 
.2^8 
.226 
.171 
.110 
.092 
,0f 6 
.04 1 
.603 
584 

• 

CHF 

RTU/HR FT' 

26280 
26935 
28570 

30380 
31462 
32165 
34263 
36735 
38991 
41635 
37206 
39412 
42198 
447R9 
4R072 
4j966 
440«8 
05106 
47485 
49661 
45953 
4R760 
525H6 
55R12 
59745 
46R42 
50400 
56530 
60270 
70010 
33467 
•4R22 
16817 
3R018 
39R51 
391R4 
01242 
43756 
46RR1 
50351 
41094 
43461 
4R153 
52R02 
52R30 
33282 
J51H8 

INLET SURC 

> 
BTU/LB 

.63 

2.M 
5.59 
8.68 

11.71 
1.31 
3.93 
6,21 
9,00 

11.97 
.63 

2.56 
5.2 0 

8.38 
11.67 
l O R 
3.72 
4.87 
8.64 

12.27 
1*24 
3.23 
6.14 
8.88 
12.10 

.87 
3.58 
6,74 
8.25 
12.14 

•81 
3*03 
6.33 
8.13 

11*48 
1 .48 
3.64 
6.15 
A.51 

11.97 
.66 

3.39 
6.55 
9.07 
11.41 
1.20 
3.75 

P 

PSIA 

155.2 
154,8 
154.5 

155,2 
154,8 
156 7 
156.7 
154,8 
155.2 
154,8 
155.2 
155.5 

155.Q 
155.5 
156.0 
156.7 
155.5 
155.5 
156.0 
156.0 
156.7 
156.? 
154.8 
156.2 
154.8 
156.2 
156.5 
156.5 
155.5 
154.0 
155. 7 
155.7 
155.7 
155.5 
155.0 
155.5 
156,0 
159,0 
155.0 
153,2 
155.5 
155.0 
155.5 
155.7 
153.5 
154,5 
154.fl 
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TABLE I ( C o n t ' d . ) 

RUN 

95. 
96. 
98. 
99. 
00. 
01. 
o?. 
03. 
o*. 
05. 
06. 
07. 
08. 
09. 
10. 
U. 
13. 
14. 
15, 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
24* 
25. 
26* 
28. 
29. 
30* 
31* 
33-
34. 
35* 
36. 
37.1 
37.2 
39. 
*o. 
«1. 
*3, . 
04. 
05. 
46. 
08. 

D 

INCHES 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 
,307 
,307 
,307 
.307 
.307 
.307 
.307 
.307 
.307 
•307 
.307 
-307 
.307 
-3o7 
• 307 
• 3o7 
-307 
.307 
.307 
.307 
.307 
.307 
.307 
,307 
.307 
.307 
.307 
,307 
.307 
.307 

L 

INCHES 

43.09 

43,09 
43.18 
43.18 
43,18 
43,18 
43,18 
43.18 
43.18 
43.18 
43.18 
43.18 
36.44 
36,44 
36.44 
36.44 
36.44 
36.44 
36,44 
36.44 
36,44 
36,44 
36.44 
36,44 
36.44 
36.44 

23*70 
23.70 
23*70 
23.70 
23*70 
23*70 
23*70 
23*67 
23*67 
23*67 
23*67 
23*67 
23.67 

47.34 
47.34 
47.34 
47.34 
47.34 
47.34 
47.34 
47.34 

G E-6 

2 
LB/HR FT 

.555 

.574 
1.183 

1.19ft 
1.194 
1.194 

1.196 
2.359 
2.356 
2.356 
2.36<) 
2.356 
.552 
.548 
.552 
.557 

1.097 
1.091 
1.099 
1.091 
1.092 
2.l7fi 
2.179 
2.182 
2.208 
2.208 

-393 
.408 
,399 
.815 

.790 

. 798 

.802 
1*575 
1.575 
1.575 
1.57b 
2.205 
1.577 
,394 
,403 

.408 

.777 

.790 
,79 2 

.799 
1.573 

X 

.571 

.528 

.335 
,324 
.297 
|274 

.230 
,179 
.140 

.120 
,083 
.054 
.571 
.564 
,541 
.496 
.323 
.310 
,288 
.257 
.234 
.165 
.140 
.098 

,065 
.046 
.615 
.577 
.548 
.326 
.324 
.284 
• 250 
• 180 
.152 
•107 
.085 
• 000 
.040 

.732 

.734 

.721 

.473 

.461 

.437 

.400 

.276 

CHF 

2 
BTU/HR FT 

36801 

39186 
39747 
41555 
45078 
45860 
52801 
*3480 
46081 
48333 
54644 
60396 
38032 
38708 
40474 
43881 
41964 
45109 
47730 
51344 
54062 
45536 
47744 
54020 
61028 
66790 

46U5 
49084 
50979 
49863 
51926 
56769 
6fl770 
51759 
54120 
59876 
65147 
89120 
76910 
27630 
30040 
31380 
34085 
35300 
37334 
40413 
39901 

INLET SU8C 

8TU/LB 

6,46 

9,88 
.81 

2.04 
5.20 
6,84 

12.51 

. 76 
3.46 
5.08 
8.48 

11.49 
1.91 
3.14 
5.65 
10,66 

.77 
2.96 
5,14 
8.47 
10,90 
1.04 
2,89 
6,49 

9.61 
11.89 
3.17 
6.03 

10*00 
1.37 

2*86 
6.64 
9.89 
.44 

2.42 
5.9fl 

0.21 
12.48 
12,86 

3.75 
6,36 
8.47 
1,48 
2.68 
5.50 
9.71 
.78 

P 

PSIA 

155.0 

155.5 
153,0 
154,2 
154,0 
154.8 
157.0 
157.2 
157.0 
154,7 
154,2 
154.8 
155.2 
155,2 
154,8 
154.8 
156,0 
156.7 
156,0 
153,0 
155.0 
155,7 
155.7 
155.2 
157,0 
156.2 

155.5 
154.5 
155.2 
155.5 
155.5 
155.2 
154.0 
155.0 
155.2 
155.7 
155.7 
154.0 
155,7 
154.8 
153.0 
153.0 
153.0 
154,0 
154.8 
157,0 
155.2 
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TABLE I (Cont'd.) 

RUN G E-6 

INCHES INCHES LB/HR FT" 

CHF INLET SURC 

? 
BTU/HR FT BTU/LB 

1 4 9 , 

1 5 0 . 
1 5 1 . 
1 5 2 . 
1 5 3 . 
1 5 4 . 
1 5 5 . 
1 5 6 . 
l 5 8 « 
1 5 9 . 
] 6 n * 
1 6 1 . 
1*2* 
1 6 3 . 
1 6 4 . 
1 6 5 . 
1 6 6 . 
1 6 7 -
1 6 8 . 
1 6 9 . 
1 7 0 . 
1 7 1 . 
1 7 3 . 
I ' * . 
1 7 5 . 
1 7 6 . 
1 7 7 . 
1 7 0 . 
1 7 9 . 
l s 0 -
, = 1 . 
1 8 2 . 
l s 3 . 
• « 4 . 

1 8 5 . 
1 ^ 6 . 
; 8R . 
1 « 9 . 
1 9 0 * 
1*51 -
1 9 2 . 
) 9 3 . 
1 9 4 . 
1 9 5 . 
196* 
1 9 7 . 
201 • 

.307 

.307 

.307 

.307 

.307 

.307 

.307 
-307 

• 307 
.307 
.307 
^307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 

• 3o7 
.3c7 
-307 
.307 
-3Q7 
-307 
.307 
-3C7 
-307 
.307 
.307 
.307 
-307 
-307 
-307 
• 307 
-3Q7 

.307 

47 
47 
47 
47 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
46 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 

53 
53 
53 
53 
53 
5 3 
53 
53 
5 3 
53 
53 
53 
53 
S3 

34 
34 
34 
34 
34 
34 
34 
34 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
98 
98 
98 
98 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
84 
R4 
R4 
R4 
81 
81 
81 
RI 
81 
81 
81 
81 
81 
«1 

71-31 

1 .573 
1 .575 
1 . 5 7 3 
l.bRR 

.b29 

. 5 3 6 

. 5 5 4 

. 5 6 4 
1*0«9 
1 .089 
1 .083 
1*089 
1«076 
2 - 1 7 6 
2 . 1 7 6 
2 . 1 7 6 
2 , 1 8 q 
2 . 1 7 6 

. 5 5 5 

. 5 0 2 

. b 5 5 

. 5 5 7 

. 1 8 0 

. 1 8 4 

. 181 

. 1 7 1 

. 171 
2 . 3 6 5 
2 . 3 6 2 
2*306 
2*359 
2.3R2 
• 543 
.534 
.555 
• 551 

1.089 
1.089 
1*092 
1.091 
I.O64 
2*170 
2*170 
2* l7o 
2* 1 70 
2.IB,, 
•410 

.263 

.229 

.203 
• 145 
.631 
.615 
.582 
•551 
• 379 
.354 
.340 
O 0 6 
• 291 
.206 
.169 
.141 
.093 
.076 
,642 
,640 
.608 
.594 
.378 
.370 
.344 
.320 
,2P6 
.214 
.189 
•161 
-110 
• 080 
.63R 
.645 
.600 
• 5«9 
.39b 
.388 
.355 
-346 
.326 
.223 
•?0O 
. 1 fcR 
• 1 1 1 
• 096 
.775 

42032 
45600 
47879 

52832 
31212 
32344 
34454 
36935 
377o9 
39974 
42804 
46407 

48302 
42456 
45243 
47616 
52787 
57642 
27931 
28666 
30310 
31853 
34208 
36038 
39984 
42578 
46212 
40693 
42790 
05329 
50296 
56421 
27973 
28742 
31002 
32615 
34097 
34923 
36687 
01378 
04915 
40477 

02720 
45197 
08509 
52619 
19930 

2.31 
5.52 
7.84 
12.71 
I.64 
3.28 
6.20 
9,89 
• 45 

3.10 
5.49 
9.25 
11.41 

.67 
3.47 
5.59 
9,59 
11.86 
1,46 
3.34 
6.38 
9,03 

l|86 
5.62 
8.55 
12,80 

.84 
2.82 

5*11 
9.31 
12*6o 
1.67 
2.88 
6.61 
9.75 
.55 

1*55 
4.39 
7.9R 
11.96 
1.12 
2.79 
5.54 
8.65 
11*75 
3.55 

PSIA 

154.8 
154.5 
154.5 
156.5 
154.8 
154.2 
155.0 
156.0 
154.2 
155.7 
154.2 
156.2 
154.5 
156.5 
156.2 
154,2 
158.5 
153.2 
154,5 
154,8 
154.8 
155.7 
155,7 
155,2 
153,3 
155,2 
155.2 
157.5 
157.2 
152.5 
153.5 
153.7 
153.7 
153.5 
155.0 
154.5 
155.5 
154,8 
154.5 
155.2 
152.0 
157.2 
154.5 
154.2 
156.0 
157.5 
156.5 
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TABLE I ( C o n t ' d . ) 

HUN 

202. 

203. 
205. 
?06. 
207. 
208. 
210* 
211 • 
212. 
213. 
214. 
215* 
216* 
217-
218. 
220* 
221 • 
222. 
223. 
220. 
225. 
226. 
227. 
228. 
229. 
?3n. 
231. 
232. 
233. 
234. 
235. 
236, 
?37. 
?^f*. 
239. 
200. 
201. 
202. 
243. 
245. 
?46. 
247. 
248. 
?49. 
250* 
251. 
?b2. 

D 

INCHES 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 

.307 
= 307 
-307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.307 
.633 
.633 
.633 
.633 
.633 
.633 
.633 
.633 
.633 
,633 
>33 
.633 
.633 
.633 
.633 
.633 
.633 
.633 
•633 
• 633 
.633 
.633 

L 

INCHES 

71.31 

71.31 
71.31 
71.31 
71,31 
71-31 
7o*56 
7o»56 
70.56 
70*56 
70*56 
6o«75 
6o»75 
60.75 
60.75 
60*81 
60.81 
60.81 
60.81 
60,81 
60.81 
60.81 
60.81 
60.81 
60.81 
72.00 
72.00 
72.00 
72.00 
72.00 
72.00 
72.00 
72,0(1 
72.00 
72.00 
72.00 
72.00 
72.00 
72.00 
61.99 
61.99 
61.99 
61.99 
61.99 
61.99 
61.99 
61.99 

G E-6 

2 
LB/HR FT 

.390 

.407 

.779 

.'4? 

.776 

.77o 
1.586 
1.586 
1.586 
1.586 
1.573 
• 564 
.544 
.566 
.564 

1 'l 9 4 

1.181 
1.181 
1.181 
1.168 
2.306 
2.3b9 
2.356 
2.36q 
2.359 
.453 
.453 
,452 
,450 
.453 
.909 
.901 
.909 
.907 
903 

1>24 
1 .809 
1.82c; 
1.808 
.413 
.017 
.410 
.405 
.416 
.82b 
.829 
• b3i 

X 

.790 

.752 

.530 

.534 

.502 

.473 
-310 
-314 
.294 
.277 
.239 
.645 
.648 
.6J5 
.605 
.3«2 
.374 
.359 
.319 
.311 
.237 
.216 
.173 
.132 
.090 
.552 
.538 
.522 
.510 
.498 
.313 
.295 
.264 
.238 
225 
.155 
.130 
.090 
.065 
.570 
.546 
,540 
.529 
.481 
-319 
.297 
.261 

CHF 

BTU/HR FT 

20360 

22020 
24710 
25310 
26R90 
29520 
32083 
33998 
37J82 
39197 
43421 
25857 
26590 
28278 
29718 
32116 
33686 
35798 
39214 
42704 
%879P 
40901 
44408 
46611 
51819 
31341 
32265 
33730 
35224 
38827 
36689 
38^27 
41554 
44322 
47199 
39120 
40910 
45586 
49585 
33514 
34752 
36425 
37880 
40945 
38137 
41479 
44390 

INLET SUBC 

BTU/LB 

5.96 

9.70 
.83 

3.02 
5.14 
9.73 
.87 

2.79 
5.70 

7.8o 
12.46 
1«62 
3.75 
6.44 
9.12 
.74 

2.45 
4.68 
8.01 
12.24 

.33 
2.07 
5,60 
8.45 
12.54 
l.7« 
3.47 
5.84 
8.05 
12.02 
1.5o 
3.55 
6.58 
9.46 
11.67 
I.03 
3.09 
6.59 
8.95 
.93 

3.36 
5.74 
R.13 
12.72 

.95 
3.55 
6.90 

P 

PSIA 

154.8 

153.8 
153.5 
158.0 
154.8 
154.8 
156,0 
155.7 
154,8 
156.2 
154.2 
156.2 
154.8 
155.2 
155.2 
156.2 
155.5 
156.0 
154.2 
155.7 
154.5 
154.5 
153.5 
153,2 
154.5 
155.4 
155.3 
154.7 
153.7 
153.0 
155.5 
154.7 
154.4 
155.7 
155.7 
158,1 
154.7 
156.5 
155.4 
153.0 
157,3 
155.5 
154.7 
156.5 
155.8 
153.0 
157.0 
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RUN CHF INLET SURC 9 

2 
BTU/HR FT BTU/LB PSIA 

? 5 3 , « 6 33 6 1 . 9 9 . 8 3 0 . 2 3 5 47020 9 . 6 1 1 5 8 . 9 
2lt' " 6 3 3 6 1 - 9 9 * 8 3 2 . ? 0 7 50650 1 2 , 7 2 155 7 
? l 5 ' . f e 3 3 6 1 . 9 9 1 .663 . 1 4 3 41400 2 . 0 7 157*0 
U J . • & 3 3 6 L 9 9 L * « 6 . 1 3 8 4^804 4 14 5 6 5 
?V* * 6 3 3 M - 9 9 l * 6 b 4 . 1 0 0 46620 5 62 53 0 
*\*- * fe33 6 1 . 9 9 ! . 6 5 * 062 52636 9*1.5 [U'l 
? 5 9 . . 6 3 3 6 1 . 9 9 1 , 6 5 ! . 0 4 0 5 6 8 4 4 11*34 154 8 
2 M * - 6 3 3 5 1 . 0 0 . 3 7 5 . 5 6 3 38496 2 * 7 l 154*6 

40200 5*35 154*1 
42772 8 . 3 6 1 5 2 . 8 
44509 1 2 . 1 5 1 5 7 , 0 

. . 41673 1 54 157 ? 
2 J 6 . . 6 3 3 5 1 . 0 0 . 7 5 4 , 2 8 5 44106 3*49 155*4 
?67 i l l ^y nn -rat,. -> . ,„ .. _ • _ * . * 

2 6 0 . 
2 6 1 . 
2 6 2 . 
2 6 3 . 
264 
2 6 5 . 

2 6 7 . 
26R. 

? 7 n . 
? 7 l . 
' 7 2 . 

D 

[NCHES 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 

.633 
-633 
.'•33 
.6 33 
-*33 
.633 
.633 
.633 
**33 
.633 
.633 
•633 
.633 
•633 
•633 

L 

INCHES 

61.99 
61.99 
61.99 
61.99 
61.99 
61.99 
61.99 
51.00 
51,00 
51.00 
51.00 
51.00 
51.00 
51.00 
51,00 
51.00 
51.00 
51 .00 
51 .00 
51.00 
51.00 
51 .00 
25.50 
25.50 
25.50 
25.50 
25.50 
25.50 
25.50 
25.50 
25.50 
25.50 
25-50 
25.50 
25*50 
•J5.50 
?5«50 
25 «50 
25*50 
?5«50 

TABLE I 

G E-6 

(Cont *d.) 

X 

2 
LB/HR FT | 

.830 

.832 
1.663 
1.48^ 
1.654 
1.65A 

1.65i 
,37R 
*375 
.374 
.376 
.374 
.756 
.754 
.754 
.755 
.751 

l.bll 
1.505 
1.509 
1.508 
1.501 
.377 
.374 
.374 
.376 
.376 
.374 
,754 
.753 
.753 
. 753 
.753 

1 .508 
1*312 
1 .b04 
1.503 
1*503 
1*503 
1*503 

.235 

.207 

.143 

.138 
,100 
,062 
,040 
,566 
.563 
.543 
.523 
.487 
.302 
.285 
.26 0 
.232 
.210 
,144 
.121 
.081 
,056 
!027 
.407 
,39b 
.003 
.370 
.343 
.317 
,197 
.178 
. 148 
.117 
.092 
• 090 
. 0 4 6 

" * 0 1 '3 
•023 

-*054 
-«056 
-•062 

07250 6.24 156.6 
* = " • * 0 J J b U ° P . 7 5 5 . 2 3 2 50959 9 24 155 2 
2 ^ 9 , . 6 3 3 5 1 . 0 0 , 7 5 1 Pin * , - , , , , . " - F . . - , . * 53714 n . 7 6 1 5 5 . 6 

02835 1.38 1 5 7 , 2 
05474 3 . 2 3 156 .2 

''/-' «?33 5 1 . 0 0 1.509 . 0 8 1 51170 6 . 5 6 157 9 
2 7 1 . . 6 3 3 5 1 . 0 0 1 .508 , 0 5 6 56415 9*04 154*5 
? , * * - 6 3 3 5 1 . 0 0 1.501 . 0 2 7 61349 U*7<> 155*8 
7 S * - 6 3 3 2 5 . 5 0 . 3 7 7 . 4 0 7 53610 96 5 4 6 
5 **1 . ^ 3 3 2 5 . 5 0 , J 7 4 3 ^ b 4 q , 0 •., • 
1 7*2 'til ^ 5 - S ° - 3 ? 4 4 ° 3 5 5 5 1 ° 2 l l3 5 3 6 
III' 'til 2 5 - 5 0 *3 ?6 .370 58310 5 00 153 8 2 S« - 6 3 3 2 5 . 5 0 . 3 7 6 . 3 4 3 6 3 n 0 „ 5 ? 1 5 4 * 4 

III' \ \ \ f ' S ° -37* -317 6 ^1° H.58 53*8 
IT.' - l \ \ ! * . = 0 *750 , 1 9 7 54R50 1 1 3 156 8 
I I' - * 3 3 2 5 . 5 0 . 7 5 3 . 1 7 8 59480 3 15 154 7 

I:,'. ' t i l 1!'*° . 7 » •!*«! ^040 5.*96 l55.*6 
7147C 8.99 156,5 

--.- .,, ^ c - 78100 11.75 156.7 
' lm 'HI 25.50 1.508 .090 54940 1.03 156.0 

I , ' 'til '5*50 l*Jl2 ',u>b 59930 3.9i 156.9 
1 *' *633 'J5'50 1.504 -.018 73R80 8.9n 157-1 
l;l' 'til ?5*S0 l'b03 '*?-* 60240 5.64 155.6 
' * 'J33 25-50 1.503 -.054 84410 11.97 l55.6 
P. M *633 25-50 1*503 "*056 85080 12'11 157.1 
2 y«2 .633 ? 5 . 5 0 ,,503 „,nft/, a 4 4 3 0 1?t3,_ 5 
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M,hct i"K A /&2 

E<r. r 

M j 

J 

2 
3 
4 

3 

6 

"* 
8 
9 

10 

: : 

12 
i z 
. '• 

'. 5 

lo 
1"" 
Id 
19 

2c. 
2 i 

22 
2Z 
14 

~3 
.. c 

-7 

Z3 
Z ~* 
70 

J I 
7; 
77 

"-

--
J i 

7-
7 j 

7=J 

4 

;: 
47 

43 

--
*. •, 

*6 
4~ 
..o 

49 
50 
31 
32 

33 
34 
.tr rr 

36 

»-» 
•7J 

P 

np* 

; . 199 
0. 199 
0. 199 
0. 199 

?. 199 

J. 199 
0. 199 
C. 199 
0. 199 
0 . 1 99 

0. 1°9 
0. 199 
0. 1"? 
0. 199 

C . 199 

0. 19" 
0. 199 
0. 199 
0. 199 

0. 19-J 
'. i c ; 

0. 1 99 
0. 1=9 
0. 199 
0. 199 
<•>. 1-9 

•'.1 = 7 
J. 199 
0. 1"9 
0. 1 = 9 
0. 199 
O. 1*̂ 9 
'.it' 
0 1 r~3 

1. 1 ''Q 

. 1 '"' 

0.19"? 

• . 1 V 7 

1 C ^ 

U. 199 
1. IS 9 
. 199 

'..199 

' . r -
•... ! 9 9 

o. :v9 
0. 199 
0. '.99 

0. 199 
C. 199 
0. 199 
0. 199 

0. 199 
0. 199 
0. 199 

'J. 1 99 

0. 199 
0. 199 

d 

CtlTl 

1.0 

1.0 
1.0 
1.0 

l.*0 

1.0 
1 .0 
1.0 
1 .0 
1 . . 

1 .0 
I . ci 

1.0 
1.0 

1 . o 
1 . c 
1.0 
1 . t 

I . .• 

1 . c 
i . •: 

1. 0 
1. • 
1 . 0 
1 .0 
1. .-

i. o 
i . "i 

1.0 
i . **, 

I .'.' 
I . •.. 
i . 'i 

' • ' 

i. v 

i. 'j 
\. 'i 

: . • • • 

I .'., 

l . ij 
^ t -i 

i . i 

l. .1 

l .'• 

l. 

1 .0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 

1 . e 
1.0 
1.0 
1.0 

1 .0 
1 . C 7 

I /d 

23 
23 
23 

23 

25 
* -J 

25 
25 
». J 

->*? 

25 
• J 

25 

25 
2V< 
~itr 

25 
2-. 

IT, 
2~> 
* -» 
J .J 

23 
• * f f 

25 

2n 
- c-

.̂5 
o<i" 

25 

ZJ 

25 

.:. 
75 

2!T 
^̂  
' ? e r 

25 
1 

°5 
— _ • 

25 
25 

30 
30 
50 

30 
30 
30 
30 

30 
30 
30 
50 

50 
30 

'J 

kg 'm^% 

10.47 
10. 47 
10.47 
10. 47 
10.47 

17.46 
17.46 
17. 46 
17.46 
P . 4 6 

24.40 
24. 48 
24. 4B 
24.48 

35.02 
35.02 
35.02 
33.02 
33.0? 

32.97 
32.97 

52.97 
32.97 
32.97 
32.97 
52.97 

70.84 
70.34 
70.84 
70. 84 
70.84 

70. B4 
70.84 
70 P4 

82. cU 
02.01 
?2. 01 
B2.U1 
B2.01 

09.51 
B9.51 
89. 5 1 
B9.51 
39.51 
89.51 

10.32 
10.32 
10.32 

17.38 
17.3B 
17.39 
17.33 

24.47 
24.49 
24. 49 
24. 49 

33.23 
33.23 

dHi 

V J/kg 

5.3740 
3.32fcO 

1.77/0 
-0.0e.83 
-1.6920 

3.3740 

3.5400 
1.7170 

-0.1061 
-1.9190 

3.5360 
2.S220 
0.3317 

-2.2490 

5.5360 
3.7170 
1.BBBO 
0.0790 

-1. 73*70 

5.5900 
4.38130 
3.1520 
1.9600 
0.723G 

-0.47B1 
-1.5040 

5.5360 
4.a7E0 
3.37 40 
2. 09." i 

1 . 1 9°0 
0.3076 

-'.'. 6051 
- 1.5530 

6.00CO 
4 . 44, ni 

2.8770 
1.Z360 

-0.2 109 

5.3740 
4.i60O 

3.9490 
3.24 40 
1.1120 

-0.3049 

2.3900 

-0.6638 
-2.6390 

3.0300 
1.3B00 

-0.4120 
-2.2370 

3.84B0 
3.1960 
0.3800 

-1.6900 

5.B480 
4.0220 

Ci; 

LW/n-

1.161 > 
1.02 30 
0.92 7 9 

0.7982 
0.6062 

1.2600 
1 . 1 e.30 

o. 96fie 

0.8399 
0.67S1". 

1 . 426<> 

1.2140 
1.0160 
0.73 8 

1 .6620 
1 . 4t'2o 

1 . 3 1 G J 

1.1130 
0.«L-3!J 

2. i"3-10 
1.907 ' 
1 . " 1 4c> 

1.52'0 
1 . 76"') 
1 . 2 1 "* "' 
1 . Ur 4'1 

2.3 /•-(' 

2.4 4Bu 
2. ." •&.' 
2.09B.1 
l.Q" • 
1.7 1-u 
1 . *5"t" 0 
1 . 4211" 

3. 1 *:.'.-
2. 9l'_. 
2.6 770 
2 . 17 ., 
2. C V 7 j 

3.3210 
3.2430 
3.T2'0 

3.49BO 
3. 330i 1 

3.o720 

0.6545 
0.5133 
0.3888 

0.9419 
0.7307 
0.6192 
0.512B 

1.1310 
0.9436 
0.7718 

0.6167 

1.2320 
1.CQOO 

X.K 

0.30370 
0.5324.-' 

0.62700 
O.fcGO-'C 
0.67980 

0.16300 
0. 2"'ol0 
0. 3"*-9O0 
0.4 3300 
0.51370 

0.02538 
ci. 18020 
0.33790 
i'. 472o0 

-0.U6-92 
0.04356 
0.16390 
0.274 30 
0.37710 

-0.15480 
-0.U7O3B 
'"'.O0742 
0.08349 
0.16460 
0.24490 
0.31080 

- 0 . 1656 1 
-t. . 107^0 
-0.02e21 
0. C'76e6 
0.12460 
0.196 70 
0.23280 
0. 3 149-' 

-.'. 17C5C 
-0.07836 
0.03426 
0.13840 

<".. 24 490 

-0.14 720 
-0.09176 
-0.02093 
0.03875 
0 .230B ' 
0.34 830 

0.BB960 
0.92230 
0.BB760 

0.30310 
0.61330 
0.65980 
0.71610 

0.29980 
0.39910 
0.50640 

0.39320 

0.10100 
0.16630 

Qco 

kW/ir^ 

0.7748 

0.8418 

0.9&42 

1.0910 

1.2740 

1.6040 

2.1 = 1 1 

0.3348 

0.64t.0 

0.7310 

0.7838 

*' 

'. . 07 « ') 

:.o°4 -

0. 994,2 

1 .0970 

1 . 2 / T • 

:. 12:'.' 

.6=77' 

1.104C 

i.03w0 

1.0310 

1.0630 

http://-0.0e.83


NT, 

« 
i -

- • 

^ ^ 
c 

e 5 
t 

. "* 
i c 

* 
*" ~ 

« 
" 2 
77 

- 4 
-»«? 

; 
' 

" c 

•-
-. 

„ _ 

Z T 

" ^ 
c 3 
r ; 

3- . 

--

. 

, -
-
--
-

-

: 
-
-
• 

-
-
9 

. 
. • 2 

. ; 
_ 

: « 

• • 

c. • 

0 . 

' 
r 

--

v • 

J • 

" 
^ 

. 
** 

-

. 
-
-

' • 

-
r 

' 
r 

0 
i " 

' 
, 
_, 

3 

M F « 

; < ? * 

: ? 9 
1 9 9 
1 9 9 

4 9 C 

. 9 9 

. 9 ? 
1 9 9 
. 9 9 

« 
. " 
' . 9 9 

, ' . 9 9 
: 9*9 

. 1 9 9 

'. "" 
1*49 

. :9*= 

. 9 9 

. 9 9 
; 9 v 

. ;=•--» 

. . * 9 

. . - 9 

. . = 9 

. c — 

. . 9 9 
1 = 9 
. 9 9 

• c : v 

. : " 9 
. 9 9 

; C i 

- -. 
. 9 

.'*-

. . - < 

. . - " 
; Q 

- — 
. 9 . 

'. 9 -

* ~ 9 

. 7 -

. - = 

. ~ 

.-
. 9 9 

. 1^9 
1 ^ 9 

. . 9 9 

. l - f 9 

. 1 9 9 

. 1 9 9 
. 9 9 

, 1 9 9 
9 9 

a 

mm 

1 . 0 
l . C 
1 . 0 
1 . 0 

1 . 0 
. . 0 
1 . 0 
1 . 0 
1 . 0 
1 . 0 

1 . 0 

1 . 0 
1 . 0 
1 . 0 
1 . 0 

1 . 0 
1 . 0 
1 . 0 

1 . 0 
1 . 0 
1 . 0 
1 . 0 
1 . 1 

1 . V 

. . 0 

1 . 0 
I . c> 
1 . 0 

1 . 0 

1 . 0 
1 . 0 

...' 

: . J 

1 . ,-
: . '1 

1 . c 

: . 0 
1 . 

1 
1 . 1 

i . 0 

1 . t 
1 . c 
I (~ 

• . _, 

: . 0 

1 . J 

1 0 
1 . CJ 

1 . 0 
1 . 0 

1 . 0 
1 . 0 
1 . 0 
1 . 0 
1 . 0 
1 . 0 
1 . J 

1 /a 

5 0 
SO 

to 
T,C 

3 0 
3 0 
5C 
5 0 
5 0 
5 0 

5C 
3 0 
5 0 
5 0 
5 0 

3C 
3 0 
5 0 

4W 
- J ' 

3 0 
5 0 
3 0 
t „ . 

5-1 

sr> 

1 0 0 

l - "» 

1**>0 

A * -

1 "3 

i c J 
• 0 0 

I O C 

10c 
1c I 
. c 

1 l O 

1 C C 

v"~ 
; " 0 

1 c C 

1 ci "• 

. 0 ; 

• c . 
1 c'C 
; • * 

10c 

, __ 
1 i c 

1 c ' 

l c > 

K O 

: cc 
1 - 0 

K .1 
1c 1 

u c 
1 0 0 
1 Oo 

G 

k g / m * » 

3 5 . 1 5 
3 5 . 2 5 
3 5 . 2 5 
3 5 • *. J 

2 3 . U 
^ 3 . 1 1 
3 3 . 11 
5 3 . 11 
5 3 . 1 1 
5 3 . 1 1 

7 1 . 10 
7 1 . 1 0 
7 1 . 10 
7 1 , 10 
7 1 . 10 

6 9 . 7 0 
5 9 . 3 0 
8 9 . 3 0 

1 0 7 . 6 0 
1 0 7 . 6 0 
1 0 7 . 6 0 
1 --7 . fcO 
. c i " . 6 0 

1 0 7 . 6 0 
1 0 7 . t ' . 

1 0 . 5 6 
l o . 3 6 
: • . 3 6 
i n . 5 6 

1 " o 4 
1 7 . ; ,4 
1 7 . 6 4 

2 4 . 7 5 

2 4 . _"=i 
- 4 . 75 
2 4 . ^ 5 

. " 5 . 4 , 
7 5 . 4 4 
I t . 4 4 
: * . 44 
3.5. ••• 

3 3 . '- 1 
3 3 . 3 ! 
5 3 . 5 1 
3 3 . ? : 
5 3 ' I 
3 3 . 5 1 

7 1 . 2 1 
7 1 . 2 1 
- 1 . r \ 
• 7 1 . 2 1 
" • 1 . 2 1 

8 9 . 3 8 

9 9 . 3 9 
8 9 . 3 B 
c ' 9 . 3 8 
8 9 . - 8 
8 9 . 3 8 
3 9 . 3 3 

4 H t 

k J / k g 

2 . 2 1 8 0 
0 . 3 9 0 1 

- l . 3 6 - T 0 
- 3 . 1 1 4 0 

3 . 4 2 8 0 
4 . 2 0 5 0 
3 . 0 1 6 0 
1 . G 0 6 0 

0 . 5 0 1 5 
- 0 . 5 4 9 9 

3 . 4 2 6 0 
3 . 6 0 9 0 
1 . 8 1 3 0 

o.94e.-< 
0 . 0 2 2 6 

4 . 5 6 0 0 
3 . 1 0 6 0 
1 . 6 7 5 0 

5 . 8 4 8 0 
5 . 2 4 7 0 
4 . 6 0 6 0 
4 . 0 6 2 0 
3 . 4 6 9 0 

2 . 5 a " ' ? 
2 . 2 9 6 0 

3 . 4 2 8 0 
2 . 4 2 3 " 

- 0 . i 4 6 f -
- 3 . = 4 3 0 

6 . ? i O ' . ' 
3 . 2 9 4 0 

- 0 . 3 J O , 

6 . 2 49'. i 
' . 6 4 1 ~> 

' . 0 6 7 i ' 
1 . 3 0 7c 

5 . 5 4 8 1 
4 . 0 3 0 0 
: . . M I 
0 . 4 1 0*5 

- 1 . - 9> 

5 . 8 4 B ( i 
4 . t , 5 4 0 
3 . 4 3 6 " 
2 . 2 3 5 - 1 
1 . 0 4 1 0 

- 0 . 1 le>3 

4 . 'ZbCi 

3 . 6 5 5 0 
2 . 7 6 0 0 
1 . 9 6 1 " ) 
0 . 9 4 3 7 

5 . 9 4 9 0 
3 , 1 2 9 ' 1 
4 . 0 7 6 0 
3 . 7 0 3 c -
2 . 9 7 70 
2 . 2 9 6 0 
1 . 5 "C»t 

9 c 

kw/m2 

0 . 9 4 2 5 
0 . 3 1 2 0 
0 . 6 9 1 5 
0 . 5 4 f c 2 

1 . 6 7 8 - " 
1 . 5 6 10 
1 . 3 9 1 0 
1 . 2 8 2 0 
1 . 1 3 1 0 
0 . 9 4 7 8 

2 . 3 4 " c » 
2 . 0 5 9 c 
1 . 7 3 6 0 
1 . 5 6 2 0 
1 . 3 8 9 0 

2 . 6 2 - , 0 
2 . l ^ T O 
l . ° 2 70 

3 . 5 2 2 0 
3 . 4 3 9 0 
3 . 3 5 0 0 
3 . 2 6 9 0 
: . I B I O 

3 . 1 0 1 0 
7 . K171.1 

0 . 4 10O 
c . - , - 3 ' 3 
0 . 2 3 2 6 
1 . 1 7 c ' i 

(.'. Z <47 
d . 4 ' 9 4 

O 7 1 . 0 7 

0 . 6 7 c 9 
i i . 5^4-? 
0 . 4 " * 9 J 

( ' . 7 2 6 4 

. ' . t > 2 2 • . 
c . Z,z, 
'. & " a 

0 . 5 3 6 ^ 
" . 3 u i 1 

1 isnc 
1 . 0 1 5 i 1 

0 . 9 2 16 
. « 7 f 

(. .~"5* . 
0 . 6 ' 0 6 

1 . 4 6 9 0 
1 . - 0 7 0 
1 . 2 0 9 0 
1 . 1 ( ' 9 0 
0 . 9 6 6 2 

2 . 0 7 70 
2 . 0 1 7 0 
2 . ' 1 1 0 
1 . 9 . 3 ' > 
..CiTOi 

2 . (- '120 
2 . i l 4 t - > 

X«j»x 

0 . ^ V . 9 J 
• - • . 3 7 . ' 1 0 
0 . 4 i 8 1 . ) 

C . 3 4 9 8 0 

0 . 0 7 8 8 4 
C . 1 4 3 ' ' 0 
) . 1 9 6 6 0 
0 . 2 6 ' 2 0 
• ' . 3 2 3 0 0 
0 . 3 6 4 3 0 

J.10270 
' ) . 1 9 T 1 0 
O . 2 7 1 7 0 
0 . 7 0 4 9 0 
0 . 3 4 3 7 0 

' • - 1 1 7 1 A 

' . t 7 .770 
c 2 3 3 6 0 

. • ' 6 1 8 1 
C 1 0 1 7 0 
Li . 1 7 8 9 0 
' . . ! 7 8 0 0 
" . 2 1 6 2 0 
0 . 2 3 6 3 U 
" ' y 7 2 0 

0 1 )9400 
' . G 7 7 6 U 
1 V 0 7 9 7 1 

' . , r t . 4 0 

u 4 » - » 9 0 

• > . T . 3 O C 1 0 

'- . 6 2 9 9 0 

( ' . ' , 6 2 1 " 
1. 4 4 7 8 0 

0 . 5 7 4 9 0 
, f ' U O 

c i . 4 i 7 8 " 
\i. 4 7 7 9 0 

' . 4 7 S b U 
4 9 d 2 " 

1 5 " f . 2 ' i 

" . 2 4 ^ f o 
1 . 2 ^ 9 5 0 
' 7*- 3 6 0 

. J 3 i ? 0 
0 . * U 7 5 0 
u . 4 5 " 3 0 

0 . 3 2 . . 6 0 
O . 3 2 6 2 0 
. . 3 3 6 2 0 

0 . 3 P M 0 
0 . - " > ' 6 3 0 

0 •< : o u 
' . 3 4 4 9 0 
c . 4 3 3 7 0 
0 4 4 2 6 0 
J . 3 7 9 3 U 
r . " . 9 3 6 0 
.1 6 5 6 9 0 

q c o 

kW/n ,2 

1 . 0 4 1 0 

1 . 3 9 9 0 

1 . 4 9 J O 

0 . 76t>3 

0 . *' 7^ 

" . 3 * - . 6 

(.1. 4 9 7 8 

0 . 6 / 2 " ' 

0 . 8 4 7 3 

K 

1 . 3 0 6 0 

1 . 4 3 0 0 

1 . 8 3 8 0 

_ 

1 . U 1 n 

1 . 1 8 5 0 

1 . 1 3 9 0 

1 . 6 0 2 0 

1 . 3 0 2 0 

1 . 7^>O0 

/Lf 



170 

FREON-114 CHF DATA, DIX (1970) 



/ / / 

NEDO-13091 

APPENDIX A 

FREON-114 CRITICAL HEAT FLUX DATA FOR A ROUND TUBE 

SON I DENT DIAMETER LENGTH PRESSURE FL«*»E-6 SUBC««U CHF»E-4 EXIT 
U N ) (1N» <PSlA) <l-B/H«-FT2l <BTU/L8> «BTIVHR-FT2> QUAL, 

10173.6800 1 
10 1568002 
101568003 
lOis&aOOa 
(0 1368005 
10 1568C06 
10 1568007 
10 1568009 
101568009 
10136801C 

i - lsse^iI 
i -- I56e:i2 
101568C12 
10 15680 14 
1 3156801*; 
1 J1568016 
10 156601-' 
I 0 15*80 18 
1015680lO 
1 01568020 

101568021 
10 1568022 
101568023 
101568024 
1:1568025 
101568026 
1C1568027 
1G1566C28 
10.566029 
10156603-
1 J 1766 001 
101766 0C2 
10 1768003 
I 0 1 7 6 6 0 0 A 

101748002 
101768006 
1 0 t.768007 
\r :76eo:9 
io l-'taoo? 
: 0 .768-1 ~> 
i - i^taoii 
101768012 
1 0 17660 1 3 
io i"*6eoi« 
. -2168009 
ic^ise^io 
! -216S>- 1 1 
102166-.2 

1 0 2 1 6 6 0 1 3 
102168014 
i02ite0i5 
101968001 
101866002 
1Oie68J03 
1-1868--4 
. '- 1368-1-5 

1:18660c6 
I 018S80C7 

0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0,3930 
0.3930 
0,3930 
0.39 30 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.39 3° 
0.3930 
0.3930 
0.39 30 
C.39 30 
0.393O 
0.39 30 
0.3930 
2.3930 
T.3930 
0.3930 
0.39 30 
0.3930 
0.3930 
3.39 30 
C.393) 
0.3930 
0.3930 

0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0,3930 
0.3930 
0.3930 
0.3930 

39.7500 
39.7500 
39.75O0 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.75O0 
39,7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39,7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.75 00 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7500 
39.7S-0 
39.7500 
39.7500 
39.7500 
59.0600 
59.0600 
59.0600 
59.0600 
59.0600 
59.06 '0 
59.0600 

122.0000 
122.0000 
122.0000 
124.0000 
127.0000 
120.0000 
126.0000 
123.0000 
121.0000 
120,0000 
124,0000 
127.0000 
123.0000 
121.0000 
122.0000 
122.00OO 

12**0000 
124.0000 
124.0000 
124.0000 
122.0000 
122.0000 
123.0000 
127,0000 
127,0000 
I28.0O0O 
128,0000 
128.0000 
127.0000 
127.000O 
122.0000 
122,0000 
124.0000 
122.0O0O 
123,0000 
124.0000 
123.0000 
124,0000 
123.0000 
124.0000 
123.0000 
121.0000 
124,0000 
125.0000 
123.0000 
125.0000 
125.0000 
124.0000 
125.0000 
125.5000 
125.0000 
122.0000 
122.0000 
124,0000 
124.0000 
125.0000 
125.0000 
125.0000 

0.6537 
0.6145 
0.5342 
0.3864 
1.0533 
1.2270 
1 .3904 
0.3550 
1,5319 
1 .3*10 
1.1487 
0,9489 
0.7532 
0.5775 
0.3804 
1.4014 

1.3999 
1.2208 
1.0*44 
0.8761 
0.6996 
0.5232 
0.3241 
1.3586 
1.2188 
1.0402 
0.8700 
0.6969 
0.4882 
0.3474 
1.4096 
1.2380 
1.0601 
0.8844 
0,7045 
0.5196 
0.3467 
1.4158 
1.2263 
1.0601 
0.8803 
0.6962 
0.5232 
0.3495 
1.4673 
1.3101 
1.1219 
0.9297 
0.7532 
0.5534 
0.3694 
I.3787 
1.2174 
1 .04 16 
0.8727 
0,7004 
0.5232 
0.3488 

7.5880 
7.4130 
7.3470 
6.3640 
5.8220 
5,4020 
5.2650 
8.1630 
17.4870 
17,2000 
18.1660 
19.9230 
19.3540 
20.5080 
20.5900 
2.1590 
2.0470 
2.0640 
2.2510 
2.4280 
2.4860 
3.3240 
4.1020 
1,5160 
1 .6340 
1.5630 
2. 1230 
2.3190 
2.7170 
3.6020 
3.3660 
3.4540 
3.6050 
3.6470 
4.0290 
4.04 10 
5.1280 
3.6780 
3.6090 
3.8770 
3.7220 
3. BV70 
4.3590 
5.0930 
14.5280 
14.7840 
15.6890 
15,3500 
15.7150 
15.3220 
1 5 . 52 1 0 
2.4540 
2.6310 
2.6970 
2.8130 
3.2120 
3.7000 
4.4330 

0.3849 
0.3683 
0.3481 
0.4016 
0.3984 

0.39*8 
0.4036 
0.3002 
0.6911 
0.6428 
0.618* 
0,5794 

0.5378 
0,4776 
0.3964 
0.3564 

0.392S 
0.3-409 
0.3SO9 
0.3481 
0.3279 
0.3038 
0.2693 
0.3*97 
0.3*85 
0.3*93 
0.3*38 
0.3287 
0.2931 
0.27O1 
0.3743 
0.3731 
0.3695 
0.3679 
0.3S68 
0.3208 
0.2899 
0.3782 
0,3770 
0.3719 
0,3687 
0.3*77 
0.31*5 
0.2836 
0.5889 
0.5636 
0.5323 
0.5125 
0.4784 
0.419* 
0.3537 
0.30SI 
0.3068 
0.2977 
0.2788 
0.2591 
0.2322 
0.2106 

0.396* 
0.3696 
0.4178 
0.2639 
0.2098 
0.1660 
0.1*28 
0.97*0 
0*0129 
0.0*39 
0.0796 
0.1019 
0.2099 
0.2801 

0.4708 
0.1789 

0.1809 
0.2099 
0.29O7-
0.3OI7 
0.369* 
0.***3 
0.6917 
0.1978 
0.2210 
0.2681 
0.3091 
0.3738 
0.4801 
0.6198 
0.1619 
0.1920 
0.2316 
0.2900 
0.3630 
0.4627 
0.6333 
0.1970 
0.19*3 
0.2276 
0.2919 
0.3982 
0.4412 
0.61*9 
0.034 1 
0.0544 
0.0738 
0.1502 
0.2176 
0.3370 
0.5119 
0.2368 
0.2756 
0.3202 
0.3625 
0.42 16 
0.5092 
0.7062 

-12-
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SUN 10ENT DIAMETEB LENGTH PRESSURE FL«*»E-6 SUBC»«L CHF»E-4 EXIT 
(IN) (IN) (PSIA) (LB/HR-FT2) (BTU/LB) (BTU/HR-FT2) OUAL 

01868008 
01868009 
0 1866010 
0 1868011 
0 1868012 
01668013 
01666014 
01968015 
0 1868016 
0 1868017 
01868018 
0 1668019 
0 1868020 
01868021 
02168001 
02168002 
02168CJ03 
02168004 
02168005 
021680O6 
02168007 
02168008 
02168016 
02168017 
02168018 
02166019 
O216e02O 
C2168021 
02168022 
02366043 
02366044 
32363045 
02368046 
C2368047 
C2368049 
02368049 

02366050 
I2368C51 
-•2368 :=2 
0: J6b =0 
CZ368 "-«. 
02366-5= 
0236S056 
3246800 1 
024680G2 
02468003 
C24o8o04 
02468005 
-2466-06 
J2468007 
-2468:38 
-2466009 
024662.0 
02468011 
^2468012 
-2458013 
02468-14 
C2468015 
024680 16 
02468017 
02468018 
02468019 
02463020 
02466021 
02466022 
02468-23 
02463024 
02468025 
-2468026 
-2468027 
02468C28 
02269032 
02269J23 
C2269034 
02266035 
t2268036 
:j26eC37 
-226803S 

0.3930 
0,3930 
0,3930 
0.3930 
0.3930 
0,3930 
0,3930 
0.3930 
0.3930 
0,3930 
0.3930 
0.3930 
0,3930 
0.3930 
0.3930 
0,3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0.3930 
0,5090 
0.5090 
0.5090 
0,5090 
0,5090 
0.5090 
0.5090 

0.5090 
0,5090 
0,5090 
0.5090 
0.S090 
0,5090 
0.5090 
0,5090 
0,5090 
0,5090 
0,5090 
0.5090 
0.5090 
0.5090 
0,5090 
0.5090 
C.5090 
0.5090 
0.5090 
0,5090 
0.5090 
0,5090 
0.5090 
0.5090 
0.5090 
0,5 090 
0.5090 
0.5090 
0.5090 
0.5090 
0.5090 
0.5090 
0.5090 
0,5090 
0,5090 
0,5 09'J 
0.5090 
0,5090 
0.5090 
0.5090 
0.5090 
0.5090 

59. 
59. 
59. 
59. 
59. 
59, 
59. 
59, 
59, 
59 
59 
59. 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
59 
36 
36 
36 
36 
36 
36 
36 

36 
36 
36 
36. 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
50 
50 
50 
50 
50 
50 
50 

0600 
0600 
0600 
0600 
0600 1 
0600 
0600 
06O0 
0600 
0600 
0600 
0600 
0600 
0600 
0600 
0600 
.0600 
0600 
0600 
,0600 
0600 
,0600 
,5000 
,5000 
5000 
5000 
,5000 
5000 
5 OOO 
0000 
,0000 
,0000 
,0000 
,0000 
,0000 
,0000 

0000 
,0000 
,0000 
0000 
0000 

, oooo 
0000 
,0000 
,0000 

oooo 
,0000 
,0000 

oooo 
,0000 
,0000 
,0000 
,0000 

oooo 
,0000 

oooo 
,0000 
,0000 
,0000 
,0000 

oooo 
oooo 
oooo 
oooo 
,0000 
,0000 

oooo 
oooo 
oooo 
oooo 
oooo 
8900 

aaoo 
8800 
8800 
,8800 
8800 
.8600 

25.0000 
24.0000 
24,0000 
24.0000 
24,0000 
23.0000 
23.0000 
24.0000 
22.0000 
25.0000 
23.0000 
25.0000 
23.0000 
24.0000 
23.0000 
23.0000 
24.0000 
23.0000 
124,0000 
24,0000 
23.0000 
24,0000 
24.5000 
26.0000 
25.0000 
25.0000 
25.9000 
27.0000 
24.5000 
22.9000 
25.0000 
23.5000 
24.5000 
124,0000 
126.5000 
125.0000 

24.0000 
24.5000 
23.0000 
25,0000 
29.. OOOO 
24,OOOO 
23.500O 
23.0000 
24.0000 
25.0000 
25.0000 
24.0000 
23.0000 
23.0000 
24,0000 
25,0000 
23,0000 
24.0000 
24.0000 
25.0000 
24,0000 
24,0000 
25.0000 
24,0000 
25.0000 
24,0000 
24,0000 
24.0000 
24.0000 
25.0000 
24.0000 
29.0000 
26.0000 
25.0000 
24.0000 
25.0000 
25.0000 
25.0000 
25.0000 
25.0000 
25.0000 
24.0000 

1.3918 
1.2174 
1,0444 
0.8686 
0.7004 
0.5184 

0.3296 
1,4186 
1.2291 
1.0670 
0,8706 
0.6933 
0.5184 
0.3454 
2.8825 
1.9271 
1.3437 
1 . 14 32 

0.9599 
0.7718 
0,54 17 
0,3811 
1 .4975 
1.3094 
1 . 1329 
0.9366 
0.7450 
0.5623 
0,37*9 
0.3329 
0.5266 
0.7010 
1.0540 
0.8803 
1.2229 
1.3959 

1.3993 
1.2318 
1.0505 
0.7024 
0.7052 
0,5246 
0.3502 
1.4275 
1.2497 
1.0691 
0.8933 
0.7127 
0.5363 
0,3598 
0.3591 
0.5335 
0.7395 
0.8933 
1.0718 
1.2476 
1 .4262 
1.4453 
1.2703 
1.0931 
0,9098 
0.7251 
0.5431 
0.3653 
0.3625 
0.5431 
0.7319 
0.9153 
1.0910 
1.2682 
I .4474 
1,4646 
1.2867 
1.0993 
0.9201 
0.7333 
0.5307 
0.3660 

2 
2 
2 
2 
3 
3 
4 
3 
4 
3 
5 
5 
5 
6 

a 
19 
19 
19 
20 
19 
20 
20 
13 
13 
15 
15 
15 
13. 
15, 
5( 

3 
5, 
5. 
5 
5 
5 

5. 
94 
3. 
5, 
5, 
5, 
5, 
8, 
8. 
8. 

a. 
8< 
8. 

a. 
a, 
a. 
8, 

a. 
8, 
8. 

a, 
10. 

n. 
11. 
11. 

n. 
1 1 4 
10, 
11 
11, 
11 
11 
11, 
1 1, 
10. 
13, 
13. 
13. 
13. 
13, 
13, 
12, 

.2360 
,4130 
,3460 
,3890 
.6330 
,1160 
,3370 
,3980 
,7330 
> 1810 
,0460 
.4020 
• 394 0 
, 1450 
.9520 
• 3580 
,4600 
.7290 
• 0670 
• 9260 
• 4040 
• 524 0 
.7340 
,3350 
,8240 
8040 
6950 
824 0 
8040 
3050 
5390 
4390 
3060 
3940 
9330 
5570 

4230 
*9*0 
3310 
6190 
6190 
3390 
2880 
4950 
6*20 
4710 
8300 
1860 
4550 
8210 
7370 
3290 
4610 
4500 
9660 
5450 
6720 
9*50 
2360 
6400 
6*00 
3220 
4200 
8780 
3750 
1580 
6360 
8200 
3710 
2180 
9900 
3060 
344 0 
4340 
3060 
3060 
1260 
9*70 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0 
0, 

0, 
0. 
0. 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0. 
0. 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0, 

.3044 
,2999 
.29*0 
.27*9 
.2932 
.2290 
• 2090 
• 3297 
• 3260 
• 321* 
• 2989 
• 27*8 
.2419 
• 2196 
• 9176 
.5376 
• 498* 
• 4679 
.4403 
.4027 
• 3*68 
.2937 
.465* 
.4403 
4217 
3961 
3631 
3216 
2667 
3592 
3866 
4043 
4248 
4129 
4289 
4303 

4303 
4221 
4207 
4037 
•069 
3866 
3979 
5136 
4916 
4822 
4726 
4*26 
4 1 9 \ 
3838 
3811 
419* 
4*9* 
4699 
4822 
49*3 
5122 
5874 
5628 
5*23 
5286 
4877 
4949 
4002 
4030 
4467 
4918 
5239 
3396 
5560 
5874 
3191 
4978 
4 7*6 
4*89 
4199 
3818 
3306 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0, 
0, 
0, 
0, 
0, 
0, 
0, 
0 
0, 

0. 
0, 
0, 
0. 
0, 
0, 
0, 
0. 
0. 
0« 
0. 
0, 
0. 
0. 
0. 
0, 
0. 
0. 
0, 
0, 
0, 
0. 
0. 
0, 
0. 
0. 
0, 
0. 
0, 
0, 
0. 
0, 
0. 
0. 
0, 
0, 
0 
0 
0. 
0. 
0, 
0, 

.2417 

.2740 
• 3179 
.3629 
.3997 
.9179 
.7499 
• 1886 
.2462 
.2836 
• 3442 
• 4079 
• 4941 
.7092 
.0389 
,0350 
• 0979 
.1023 
• 1612 
• 2484 
.3946 
.9666 
.0649 
.1039 
,1491 
.2137 
.3068 
,4192 
,6010 
9177 
3420 
2439 
1368 
1762 
,0898 
,0710 

0734 
0942 
1342 
2407 
24 OO 
3471 
5290 
0386 
0997 
0963 
1378 
2103 
3098 
4777 
4770 
3124 
1993 
144 1 
0933 
0999 
0330 
0124 
0292 
0937 
1077 
1727 
2791 
4508 
4499 
2719 
1692 
0996 
0390 
0266 
01 10 
0194 
0477 
0860 
1389 
2148 
3278 
,3193 

-13-



/73 
NEDO-13091 

RUN 1DENT 

102268029 
102268030 
102268031 
102368001 
102368002 
102368004 
102368005 
102368006 
102368007 
102368008 
102368009 
102368010 
102366011 
1C2368012 
102368013 
102368014 
102368015 
102368016 
102368017 
1023680 18 
102368019 
U236802O 
102366021 
102368022 
102368023 
1:2368024 
102368025 
1C236S026 
102369027 
102368028 
102368029 
102366031 
1C2366032 
10236e033 
102368034 
'.02366035 
102368036 
102366037 
102368039 
102368039 
102363-40 
1023680a! 
102368042 
!025i>eCC4 
1025660-5 
1C2566006 
102566307 
1 -2«68:0S 
lC236eOC9 
1025680 10 
102566011 
1 02«66--"2 
i025&e0_'3 
102563074 
102St.aC75 
:-2;6ec^6 
'. 0256g--'7 
. J2568:"'8 
1-2568 079 
102S6S060 
'• 0256808 1 
•!C2-68'-82 
102568083 
102e6600l 
102866002 
102868003 
.02868004 
102866005 
1C2866006 
102e6eCC'7 
l°2S680O9 
102668009 
102968011 
102869012 
102868013 
1C2868014 
102568017 
102568018 

OIAWETER 
( IN) 

0,5090 
0.5090 
0,3090 
0,5090 
0.5090 
0.5090 
0.5090 
0.5 09O 
0.5090 
0.5090 
0.5090 
0.5090 
0.5090 
0.5090 
0.5090 
0,5090 
0.5090 
0.5090 
0.5090 
0.5090 
0.5090 
0.5090 
0.5090 
0.5090 
0.5090 
0,5090 
0,5090 
0,5090 
0.5090 
0.5090 
0,5 090 
0.5090 
C.5090 
C.5090 
0.5090 
0.5090 

0.5 090 
0.5090 
0.5090 
C.5090 
0.5090 
0,5090 
0.5 090 
0.5550 
0.5550 
0.5350 
0.5550 
0,5550 
0.5550 
C.5550 
0.5550 
0.5550 
C.5550 
0.5550 
0.5550 
0.5350 
0.5550 
0.5550 
0.5350 
0.5550 
0.5550 
0.5-50 
0.5550 
0.5550 
0.5550 
0.5550 
0.5550 
0.5550 
0.5550 
0.5550 
0.555O 
0.5530 
0.5550 
0.5550 
O.5550 
0.5550 
0,5550 
0.5550 

LENGTH PRESSURE 
( IN) 

76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76 ..OOOO 
76.0000 
76»0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.0000 
76.OOOO 
76.0000 
76.0000 
76.0000 
76.OOOO 
76.0000 
25.0000 
25.0000 
25.OOOO 
25.0000 
25.0000 
25.OOOO 
25.0000 
25.0000 
25.0000 
25.OOOO 
25.0000 
25.00O0 
25.0000 
25.0000 
25.0000 
25.0000 
25.0000 
25.0000 
25.0000 1 
25.0000 1 
2S.0OOO 1 
25.0000 1 
25.0000 
25.0000 1 
25.0000 
25.0000 1 
25.0000 
25.0000 
25.0000 
25.0000 
25.OOOO 
25.OOOO 
25.0000 
39.0000 
39.0000 

(PS|A) 

23.5000 
124.0000 
24.0000 
23,0000 
25,0000 
23,0000 
24,0000 
24.0000 
24.0000 
24,0000 
24,0000 
24,0000 
23.0000 
23.0000 
23,0000 
23.0000 
125,0000 
24.0000 
24.0000 
25.0000 
124.0000 
24.5000 
125.5000 
126.5000 
126.5000 
125.0000 
124.0000 
126.0000 
126.0000 
123.0000 
123.0000 
124.5000 
124.0000 
124.5000 
125.0000 
125.0000 

127.5000 
123.0000 
124.0000 
124.0000 
125.OOOO 
124.0000 
122.5000 
158.0000 
ise.0000 
159.0000 
157,0000 
156,0000 
58.0000 
56.OOOO 
58.0000 
55.0000 
56.0000 
57.0000 
54.5000 
57.0000 
55.5000 
56,0000 
56.5000 
56.000 0 
56.0000 
56.5000 
56.0000 
59.0000 
59.0000 
38.0000 
60.0000 
59.0000 
59.0000 
59.0000 
58.0000 
59.0000 
59.0000 
59.0000 
56.0000 
59,0000 
58,0000 
59,0000 

FL«*«E-6 
(L8/MR-FT2) 

1.4370 
1.2682 
1.0842 
1.4502 
1.2696 
0.9132 
0.7231 
0,5404 
0.3639 
0.3632 
0.5431 
0,724* 
0.9063 
1.0876 
1.2662 
1.4522 
1.4273 
1.2469 
1.0739 
0.8926 
0.7168 
0.3349 
0.3564 
0.3564 
0.5369 
0.7203 
0.8906 
1.0746 
1.2531 
1.4268 
1.4007 
1.0478 
0.8773 
0.7004 
0.5294 
0.3467 

1.4096 
1.2296 
1.0503 
0.8782 
0.7004 
0.5246 
0.3467 
0.3542 
0.6804 
0.5093 
0.3248 
0.3371 
0.5129 
0.6832 
0.B548 
1.1954 
1.0354 
0.8658 
0.6839 
0 . 5 1 36 
0.3373 
0.3440 
0.5099 
0.6825 
0.8342 
1.0341 
1.1968 
1.3678 
1.2002 
1.0402 
0.B576 
0.6839 
0.5136 
0.3426 
0.3426 
0.3157 
0.8638 
1.0334 
1.2002 
1.3678 
1.0279 
0.8603 

SU8C44L 
(BTU/LB) 

10 
1 1 
11 
11 
1 1 
1 1 
10 
1 1 
11 
10 
10 
10 
10 
10 
10 
11 
8 
8 
8 
8 

a 
a 
9 
6 

a 
a 
a 
a 
a 
7 
3 
5 
5 
5 
5 
5 

6 
5 
5 
5 
5 
5 
5 
11 
1 1 
10 
9 

a 
12 
12 
12 
7 
8 

a 
7 
7 
7 
7 
8 

a 
a 
7. 

a, 
4, 
4 4 

4, 
4, 
44 

4, 
4, 
4, 
4. 
4, 
4 . 

4. 
4 . 
12. 
12. 

,9120 
.2430 
.0620 
.5100 
.5700 
.3700 
.8000 
.0100 
.0100 
.9700 
.8700 
,8700 
.9600 
.9100 
.8300 
,0700 
,4630 
.2150 
.3980 
.4320 
• 8110 
.6770 
• 0650 
.6480 
.4530 
,4560 
• 2580 
• 4210 
.2600 
• 8960 
• 1380 
.2690 
.5530 
• 6840 
.9990 
.3510 

.3180 

.79*0 

.5270 

.9370 
• 6OO0 
.4210 
,3030 
. 1 100 
• I860 
• 7150 
• 7990 
• 9OO0 
,4 100 
,2200 
.2610 
.9010 
.4090 
,3400 
,7180 
,9500 
5530 
9310 
0870 
2260 
2970 
7800 
0710 
4810 
3010 
5000 
5870 
4090 
1380 
4970 
2000 
3130 
5900 
4530 
1620 
5770 
5730 
60*0 

CHF»E-4 
(BTU/HR-FT2) 

0.3739 
0.3669 
0.3307 
0.3798 
0.36*9 
0.3332 
0.30*8 
0.2698 
0.2368 
0.2362 
0.272* 
0.30*8 
0.3319 
0.3429 
0.3359 
0.3714 
0.3391 
0.3248 
0.3209 
0.3106 
0.2899 
0.2543 
0.2269 
0.2252 
0.2336 
0.2879 
0.3067 
0.3196 
0.3287 
0.3313 
0.3061 
0.3022 
0.2879 
0.26*6 
0.2426 
0.2213 

0.3106 
0.3080 
0.3028 
0.2963 
0.2639 
0.2388 
0,2292 
0.6061 
0.6079 
0.5701 
0.5250 
0.5322 
0.6152 
0.6332 
0.6330 
0.5466 
0.5484 
0.5520 
0.54*66 
0.5502 
0.5141 
0.5322 
0.3430 
0.3374 
0.5956 
0.5996 
0.3956 
0.4636 
0.4964 
0.4618 
0.4636 
0.4636 
0.4382 
0.4438 
0.4492 
0.4636 
0.4618 
0.4564 
0.45*6 
0.4600 
0.4913 
0.4984 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0, 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0, 
0, 
0, 
0. 
0, 
0. 
0. 
0. 
0< 
0« 
0. 
0. 
0, 
0. 
0. 
0. 
0. 
0. 
0, 
0. 
0, 
0, 
0. 

EXIT 

OUAL 

. 1007 

.1332 

.1890 

.0928 

.1237 

.2340 

.3206 

.4219 

.6242 

.6243 
,4277 
.3196 
.2440 
.1771 
.1327 
.0940 
.1289 
.1649 
.2118 
.2773 
.3438 
• 4423 
• 6499 
• 6593 
• 44*9 
• 3462 
.2799 
.2102 
.1666 
.1349 
.1770 
.2682 
,3147 
,3787 
,4799 
,7398 

.1944 

.2070 
• 2619 
.3279 
.383* 
.4878 
.7482 
• 0*01 
,1176 
,2262 
.4619 
.4679 
,2203 
,1073 
,0269 
,0080 
0272 
0792 
IS89 
2713 
473* 
4737 
2694 
1948 
0620 
0494 
0070 
0390 
0612 
0838 
1239 
1873 
2864 
4S20 
4691 
2802 
1210 
0841 
0638 
0396 
0208 
0883 

-14-



NEDO-13091 

BUN 10ENT OlAMETER LENGTH PRESSURE F L « » « € - « SUBC**L 0*4 r »€-4 EXIT 
' 1 * > ( I N ) (PSIA) ( L 8 / H B - F T 2 ) (8TU/LB) (BTU/H*»-FT2 > OUAL 

1 0 2 5 6 8 0 1 9 

1 0 2 5 6 8 0 2 0 

1 0 2 5 6 8 0 2 1 

1 0 2 5 6 8 0 2 2 

I C 2 5 6 8 0 2 3 

1 0 2 5 6 8 0 2 4 

1 C 2 3 6 8 0 2 5 

1 0 2 5 6 3 0 2 6 

1 0 2 5 6 8 0 5 7 

1 0 2 3 6 6 0 5 8 

1 0 2 5 6 8 0 5 9 

1 0 2 5 6 8 0 6 0 

I0256e06l 

1 0 2 5 6 8 0 6 2 

1 0 2 3 6 8 0 6 3 

I 0 2 5 6 9 0 & 4 

I 0 2 5 6 e 0 6 5 
1 0 2 3 6 8 0 6 6 

1 0 2 5 6 6 0 6 7 

1 0 2 3 6 3 0 6 8 

I 0 2 5 6 8 0 6 9 

1 0 2 5 6 8 0 7 0 

I 0 2 a 6 6 0 l 5 
1 0 2 8 6 e 0 l 6 

1 0 2 6 6 6 0 1 7 

1 0 2 8 6 8 0 1 8 

1 0 2 8 6 8 0 1 9 
1 0 2 8 6 8 0 2 0 

102966021 

1 0 2 8 6 8 0 2 2 

1 0 2 8 6 8 0 2 3 
1 0 2 8 6 9 0 2 4 

1 0 2 8 6 8 0 2 5 

1 0 2 8 6 8 0 2 6 

1 0 2 8 6 8 0 2 7 

.102868023 

1 0 2 3 6 8 0 3 0 

102568031 

1 0 2 3 6 6 0 3 2 
1 0 2 5 6 8 0 3 3 

1 0 2 5 6 8 0 3 * 

1 0 2 5 6 8 0 3 5 

102568036 

102966037 

102568038 

!02568029 

102568040 

10256804 1 

10256 6 0 4 3 

102568044 

'. C'2368045 

102568046 
102568047 

I 0 2 5 6 8 0 4 3 

1 0 2 5 6 8 0 4 9 

1 0 2 5 6 9 0 5 0 

1-2568051 

.02568O52 

1 0 2 3 6 8 0 5 3 
'.-12568034 

102568055 

102568056 

102868029 
102868030 

102868031 
1 0 2 8 6 8 0 3 2 

102868033 
132968034 

102866035 

10296e036 
102666037 

132868039 

1 0 2 8 6 9 0 3 9 

102866040 

1"2966041 

102666042 

10176601S 

101768016 

0 . 5 5 3 0 

0 . 3 3 5 ° 

0 . 5 3 5 0 

0 , 3 5 3 0 

0 . 5 5 5 0 

0 . 5 3 3 0 

0 , 5 3 3 0 

0 . 3 5 3 0 
0 . 5 3 5 0 

0 , 5 5 5 0 

0 , 5 5 5 0 

0 . 5 5 5 0 

0 . 5 5 5 0 

0 . 5 5 5 0 

0 . 5 S 5 0 

0 . 5 5 5 0 

0 . 5 3 5 0 
0 , 5 3 5 0 

0 . 5 9 5 0 

0 . 5 5 5 0 

0 . 3 3 3 0 

0 . 3 5 5 0 

0 . 5 5 5 0 

0 . 5 3 3 0 

0 . 5 3 5 0 

0 . 5 5 3 0 

0 , 5 5 5 0 

0 . 5 3 3 0 

0 . 3 5 5 0 

0 , 5 5 5 0 

0 . 5 5 5 0 

0 , 5 5 5 0 

0 . 5 3 5 0 

0 . 5 5 5 0 

0 . 5 5 5 0 

0 . 5 5 5 0 

0.5550 

0 . 5 9 5 0 

0 . 5 3 5 0 

0 . 5 5 5 0 

0 , 5 5 5 0 

0 . 5 3 5 0 

0 . 5 5 5 0 

0 . 5 5 5 0 

0 . S 5 5 0 
C . 5 5 5 0 

0 , 5 5 5 0 

0 . 5 5 5 0 

0 . 5 5 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 

0.555 0 

0.5550 

0.5550 

0 . 5 5 5 0 

0 . 5 5 5 0 
0.5550 

0.S550 

0 , 5 3 5 0 

0.5530 

0.355C 

0 . 3 5 5 0 

0.5530 

0 , 5 5 5 0 

0 . 5 5 5 0 
0 . 5 5 5 0 

0.5550 

0.555-' 
0.55 50 

0 . 5 5 5 0 

0.5Sfo 
0.5350 

0.5550 

0,5550 

C . 5 5 5 0 

0.5550 

0.093C 

0.3930 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . O O O O 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 
3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 , 0 0 0 0 

3 9 , O O O O 

3 9 , 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 
3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 . 0 0 0 0 

3 9 , 0 0 0 0 

3 9 . 0 0 0 0 

3 9 , 0 0 0 0 

3 9 . 0 0 0 0 

3 0 . O O O O 

5 0 . 0 0 0 0 

S O , O O O O 

S O . O O O O 

5 0 , 0 0 0 0 

3 0 , 0 0 0 0 

5 0 . 0 0 0 0 

5 0 , 0 0 0 0 

5 0 . 0 0 0 0 

5 0 . 0 0 0 0 

5 0 . 0 0 0 0 

5 0 . 0 0 0 0 

5 0 . 0 0 0 0 

5 0 . 0 0 0 0 
5 0 . 0 0 0 0 

5 0 , 0 0 0 0 

3 0 . 0 0 0 0 

3 0 . 0 0 0 0 

5 0 . 0 0 0 0 

5 0 . O O O O 

5 0 . 0 0 0 0 

5 0 . 0 0 0 0 

5 0 . 0 0 0 0 

5 0 . 0 0 0 0 

s o . o o o o 

5 0 . 0 0 0 0 

s o . o o o o 

5 0 . 0 0 0 0 

5 0 . 0 0 0 0 1 

5 0 . 0 0 0 0 1 

5 0 . 0 0 0 0 1 

5 0 . 0 0 0 0 1 

5 0 , 0 0 0 0 1 

5 0 . 0 0 0 0 1 

5 0 . 0 0 0 0 1 

5 0 . 0 0 0 0 1 

5 0 . 0 0 0 0 1 

5 0 . 0 0 0 0 1 

5 0 . 0 0 0 0 1 

5 0 . 0 0 0 0 1 

3 9 . 7 5 0 0 1 

3 9 . 7 9 0 0 1 

1 5 9 . 0 0 0 0 

1 3 9 . 0 0 0 0 

1 6 0 . 0 0 0 0 

1 6 0 . 0 0 0 0 

1 5 8 . 0 0 0 0 

1 5 6 . 0 0 0 0 

156.OOOO 

1 5 8 . 0 0 0 0 

1 5 7 . 0 0 0 0 

1 5 8 . 0 0 0 0 

1 3 9 . 0 0 0 0 

1 5 7 , 0 0 0 0 

1 3 9 , 0 0 0 0 

1 5 6 . 0 0 0 0 

1 6 0 , 0 0 0 0 

1 3 6 . 0 0 0 0 
1 5 6 . 0 0 0 0 

1 3 7 . 0 0 0 0 
1 5 6 . 5 0 0 0 

1 5 7 . 0 0 0 0 

1 3 4 , 0 0 0 0 

1 9 9 . 0 0 0 0 

1 5 8 . 0 0 0 0 

1 5 8 , 0 0 0 0 

1 5 8 . 0 0 0 0 

1 3 8 . 0 0 0 0 

1 9 8 . 0 0 0 0 

1 5 8 . 0 0 0 0 

1 3 8 . 0 0 0 0 

1 5 6 . 0 0 0 0 

1 3 7 . 0 0 0 0 

1 5 7 , 0 0 0 0 

1 3 8 . 0 0 0 0 

1 3 9 . 0 0 0 0 

1 3 8 . 0 0 0 0 

1 3 8 . O O O O 

198.OOOO 

157, O O O O 

157,OOOO 

1 5 8 , 0 0 0 0 

1 9 6 . 3 0 0 0 

1 5 6 . 3 0 0 0 

1 5 7 , 0 0 0 0 

1 5 7 . 0 0 0 0 

1 5 8 . 0 0 0 0 

1 5 7 . 5 0 0 0 

1 5 8 . 5 0 0 0 

1 5 9 , 0 0 0 0 

1 6 1 . 0 0 0 0 

6 0 . 0 0 0 0 

1 5 6 . 0 0 0 0 

159,0000 

5 5 , 0 0 0 0 

155.5000 

5 7 . 5 0 0 0 

5 0 . 0 0 0 0 

5 8 . 3 0 0 0 

5 7 . 0 0 0 0 

5 6 . 5 0 0 0 

5 7 . 5 0 0 0 

5 8 . 5 0 0 0 

5 7 . 0 0 0 0 

5 8 . 0 0 0 0 

5 6 . O O O O 

5 8 . 0 0 0 0 

5 9 . 0 0 0 0 

5 8 . 0 0 0 0 

5 6 . 0 0 0 0 

6 1 . 0 0 0 0 

6 0 . O O O O 

5 9 . 0 0 0 0 

5 7 . 0 0 0 0 

5 9 . 0 0 0 0 

5 9 . 0 0 0 0 

5 9 , 0 0 0 0 

5 9 . C O 0 0 

6 5 , 0 0 0 0 

6 5 . 0 O O 0 

0 . 6 8 3 9 

0.3163 

0 . 3 4 2 6 

0.3433 
0 . 5 1 3 0 

0.6829 

0.8583 

1,0430 

1.3347 

1.2009 
1.0272 

0.8533 

0.6873 

0 . 3 177 

0.34 06 
0.3474 

0.3163 

0,6829 

0.6569 

1,0396 
1.1892 

1.3678 

1.3726 

1.2023 

1 .0368 
0 . 8 6 1 0 

0.6880 

0.3)43 

0 . 3 4 2 6 

0.3426 

0.3136 

0.6893 

0 . 8 6 1 7 

1.0299 
1.2030 

1.3671 

1.2009 

1.0293 

0.8583 

0 . 6 8 3 9 
0.5129 

0.3378 

0.3378 
0.5184 

0.6839 

0.6562 
1.0341 

1.2133 

1.3712 

1.2105 
1.0313 

0.8548 

0.6819 
0.5163 
0 . 3 4 4 0 

0.3*67 

0.5157 
0 ,6604 

0.6748 

1.0279 

1.1988 

1 .3373 

1.3703 

1.2016 

1.0334 
0.8576 

0.6833 

0.3129 
0.3447 

0 . 3 4 4 7 

0.51*3 
0.6887 

0.6S62 

1.C347 

1.2030 

1.3671 
1.3712 

I.2002 

12 

12 
12 

12 

12 

12 

12 

11 

8 

8 
8 

8 

8 

7 

7 

a 

8 
8 

a 

8 

8 

a 
4 

* 
4 
4 

4 

4 

4 

4 

4 

4 

4 

3 
4 

3 

12 

12 

12 

12 

1 1 

11 
1 1 

1 1 

12 
12 

12 

12 

a 

8. 
7 

8 

7, 
7 

7. 

8, 
8, 

a, 
7, 

7, 

8, 
7. 

4, 

4, 

4, 
4. 

4, 

4. 

4. 

4 . 

4 . 

4 . 

4 . 

*. 
4 . 

4 . 

3 . 

3 . 

.3230 

.3600 

,4290 

.1060 

.2200 

.3400 

.0100 

.8420 
,0340 

.1920 

.3020 

• 1890 

.6740 

.3060 

.9860 

.0170 

.1390 

.3660 

.5260 

,2970 

,0360 

.1400 

.3900 

.4230 

.4900 

.4780 

.6930 

.2*20 

.6390 

,4990 

.2990 

, 1760 

,2440 

,7230 

,2710 

,9920 

,3940 

,4210 

,4360 

,2870 
.9030 

,6630 

.6070 

,7410 

,2090 

3640 

2 3 7 0 

,3330 

4 7 2 0 

,30O0 
8990 

3 9 2 0 

6*00 

7960 

8 3 7 0 

I960 

3 6 9 0 

3260 

9 6 0 0 

9 3 9 0 

0 7 6 0 

9*10 

990 0 

1810 

0 8 6 0 

• 3 6 0 

24*0 

• 9 9 0 

8*70 

7 9 6 0 

2 9 0 0 

5 1 9 0 

5 9 4 0 

2090 

6 8 2 0 

4 9 9 0 

0 8 1 0 

0 9 7 0 

0 .4880 

0 . 4 6 4 9 

0 . 4 1 4 0 

0 . 4 1 6 3 
0.4626 

0.4837 

0 . 4 8 8 0 

0.4948 

0 , 4 3 8 3 

0 , 4 337 

0 . 4 2 9 0 

0,4290 

0.4302 

0.4036 

0.3816 

0.3886 
0.4186 
0 . 4 337 

0.4*79 

0.43*8 
0.4394 

0,4*06 

0.3781 

0.3739 

0.3724 

0 . 3 7 4 7 

0.3739 

0.3990 

0.3388 

0.3369 

0.3990 

0,3689 

0 . 3 7 2 4 

0.3643 
0.3712 

0.3724 

0.4321 

0.4321 

0.4321 

0,4113 

0 . 3 8 3 3 

0.33*6 
0.3*01 

0.3969 

0.4167 

0.4312 

0.433O 

0.43*0 

0,3861 

0.3819 

0.3743 

0.3819 

0.3716 

0.3*46 
0.3094 

0.3179 
0.3994 

0.3729 

0.3899 

0.3770 

0.3T79 

0.3788 

0.33*6 

0.3292 

0.3263 
0.3328 

0.3269 

0.3112 

0.2886 

0 . 2 8 9 0 

0.3112 

0.3263 

0.3328 

0.3292 

0.3337 

0.3337 

0.3731 

0 . 3727 

0 . 1 8 0 7 

0 . 3 0 9 8 

0 . 9 1 7 6 

0 . 3 2 8 3 

0 . 3 1 2 0 

0 . 1 6 2 * 

0 . 0 9 4 7 

0.03S1 

0 . 0 2 4 9 

0.04*9 

0 . 0 7 7 7 

0 . 1 4 1 9 
0 . ( 1 4 0 

0 . 3 4 3 0 

0 . 5 7 4 7 

0 . 9 9 * 7 

0.34*9 
0.2221 

0.1*79 
0.0*27 

0 , 0 9 9 * 

0.0218 

0 . 0 7 9 9 

0 . 1 O 3 2 

0 . 1 3 9 2 
0 . 1 8 9 7 

0 . 2 9 4 0 

0 . 3 6 3 0 
0.9949 

0. 39.34 

0 . 3 6 1 7 

0 . 3 6 1 8 

0.1*92 

0.14*8 
0 . 1 0 9 4 

0 , 0 8 * 7 

0 . 0 1 3 7 

0 . O 6 4 7 

0.13*4 

0.2232 
0.33*8 

0.973O 
0.9896 

0.37*8 

0.2334 

0 . 1 3 0 * 

0.O679 

0.01*8 

0.0*03 

0.0733 

0.1231 
0. IBS* 

0 . 2 O 3 7 

0.3873 
0.3*78 

0.5949 
0.39*7 

0.2723 

0.1*99 

0.1263 

0.07*7 

0 . 0 9 0 3 

0 . 1 0 0 * 

0.13*3 

0 . 1 7 4 * 
0.2291 

0.3O9S 

0.4198 

0 . 6 0 9 9 

0 . 6 O O 9 

0.4202 

0.30O3 

0.2.25* 

0.17*1 

0.1279 

0.1031 

0 . 1 4 0 * 

0 . 1 7 7 7 
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N IOENT OIAMETEP LCNCTH PRESSURE FL4W*E-6 SUBC4*L CMF»E-« EXIT 
( I N ) ( ( N ) (PS IA ) ( L 8 / H R - F T 2 ) (BTU/LB) ( 8 T U / H R - F T 2 ) OUAL 

II 7680 17 

11'•680 18 
11768019 
)1768U20 
11766021 
J1768022 
J1768023 
31768024 

31768C25 
31768026 
3 1 7 6 e - 2 7 

31768028 
J 2 1 6 8 J 3 0 

32168021 
3 2 1 6 8 0 3 2 
; 2 1 6 6 0 3 3 
C2168034 
0 2 1 6 3 0 3 5 
02169O36 
02163O37 

0 2 1 6 S 0 3 8 
C2168029 
0 2 1 4 6 0 4 0 
02166C41 

: 2 1 6 8 0 2 ? 
C216e02« 
02168C25 
3 2 1 6 8 0 2 6 

0 2 1 6 3 0 2 -
: 2 1 6 8 0 4 2 

^ 2 1 6 9 0 4 3 
0 2 ! 6804.1, 
= 2 1 6 9 0 . « 

02168O46 
0 2 1 6 8 0 * 7 
3 2 1 6 8 0 4 8 

0 2 * 6 8 0 2 9 
0 2 4 6 8 0 3 0 

0 2 * 6 8 3 3 1 
3 2 * 6 8 C 3 2 
0 2 * 6 8 0 3 3 
B246SC34 
- 2 * 6 8 0 3 5 
C2«.66C36 
C2«65C27 

2<>63~38 
1 - 2 4 6 8 3 3 9 
, 3 2 * 6 8 3 4 0 
1 2 1 6 9 0 4 ! 
3 2 4 6 S 3 4 2 

' C 2 4 t e : 4 ; 
- 2 * 6 9 - 4 * 

l - 2 * 6 3 - « 5 
. L - ' . 6 9 - 4 6 
. - 2 > 6 9 c 4 -

l-<:46*5046 
1 - 2 * 6 6 3 4 5 

, : 2 « 6 S 0 5 C 
' 2 * 6 6 0 5 1 

: -2« fceC52 
1 : 2 * 6 8 0 5 2 
> - 2 « 6 8 3 5 4 
' - 2 4 6 6 : 5 5 
1 : 2 4 6 8 0 5 6 
i : 2 « 6 e 0 5 7 
1 3 2 * 6 8 0 5 8 
K 2 S 6 9 0 7 0 

3 2 9 6 6 0 7 1 
K 2 9 6 8 0 7 2 

2S6807-" 

- 2 6 6 3 7o 

r : 9 J . - c « 
1 : 2 S 6 8 - 9 J 
1 " 2 9 4 8 - 8 1 
1 3 2 3 6 8 - 8 2 

291,8 ^93 

. - 2 S 6 3 C 8 4 
- - 2 6 e . e « 

0 . 3 9 3 0 
0 . 3 9 3 0 
0 . 3 9 3 0 
0 . 3 9 3 0 
0 . 3 9 3 0 
0 , 3 9 3 0 
0 . 3 9 3 0 
0 . 3 9 3 0 
0 . 3 9 3 0 
0 . 3 9 3 0 

0 . 3 9 3 3 
0 , 3 9 3 0 
0 . 3 9 3 0 

0 . 3 9 3 0 
0 . 3 O 3 0 
0 . 3 9 3 0 
0 . 3 9 3 0 
0 . 3 9 3 -
3 . 3 9 3 -
0 . 3 9 3 0 

0 . 3 9 3 0 
0 , 3 9 3 0 
3 . 2 9 3 C 
3 . 3 9 3 0 

0 . 3 9 3 0 
0 . 3 9 3 0 
0 . 3 9 3 0 
0 . 3 9 3 0 

0 . 3 9 3 0 
0 , 3 9 3 0 
0 . 3 9 3 3 
3 , 3 9 3 0 
0 . 3 9 2 0 
0 . 3 9 3 0 
0 . 3 9 3 0 
3 , 3 9 3 3 

0 , 5 0 9 0 

0 . 5 0 9 0 
0 . 5 0 3 0 
3 . 5 : o 0 
0 . 5 0 - 0 
0 . 5 : - 3 
0 . 5 0 9 O 
0 . 5 3 9 0 
3 . 5 0 9 C 
0 . 5 C 9 0 
3 . 5 3 9 -
3 , 5 3 9 0 

3 . 5 3 9 C 

o.s:f-.o 
3 . s : 3 0 
0 , 5 3 C C 
0 . 3 C 9 0 
0 . £ 0 9 0 
0 , 5 0 9 3 
0 . 5 G - * -
~ . 5 . 9 3 
J . S O ? ' -
0 . 5 0 9 -
3 . 5 0 9 0 
0 . 5 0 9 0 
0 . 5 0 9 3 
0 . 5 0 9 0 
3 . 5 0 9 0 
0 . 5 0 9 0 
0 . 5 0 9 3 
3 . 5 5 5 0 
0 . 5 5 5 3 
0 . 5 5 5 0 

0 . 5 5 * 7 0 
0 . 5 5 5 J 
• 3 . 5 5 5 0 
: . 5 5 5 0 
0 . 5 5 5 0 
- . 5 5 5 0 
3 . 5 5 5 J 
3 . 5 5 5 3 
3 . 5 5 5 0 

3 9 . 7 5 0 0 
3 9 . 7 5 0 0 
3 9 . 7 5 0 0 
3 9 . 7 5 0 0 
3 9 . 7 5 0 0 
3 9 . 7 5 0 0 
3 9 . 7 5 0 0 
3 9 . 7 5 0 0 

3 9 . 7 5 0 0 
3 9 . - 5 0 0 
3 9 , 7 5 0 0 
3 9 . 7 5 0 0 
3 9 . 7 5 0 0 
3 9 . 7 5 0 0 
3 9 . 7 5 0 O 

3 9 . 7 5 0 0 
2 9 . 7 5 0 0 
3 9 . 7 5 0 0 
3 9 . 7 5 0 0 
3 9 . 7 5 0 0 
3 9 . 7 5 0 0 
3 9 , 7 5 0 0 
3 9 . 7 5 0 0 
3 9 . - 5 0 0 
5 9 . 3 0 0 0 
5 9 . 5 0 0 0 
5 9 . 5 0 0 0 
5 9 . 3 0 0 0 
5 9 . 5 0 0 0 
5 9 . 5 0 0 0 
5 9 . 5 3 0 0 
5 9 . 5 0 0 0 
5 9 . 5 0 3 0 
5 9 . 5 0 0 0 
5 9 . 5 0 0 0 
5 9 . 5 0 0 0 

3 6 . 0 0 0 0 
3 6 . O O O O 
3 4 . 0 0 0 0 
3 6 . 0 0 0 0 
3 6 . 0 0 0 0 
3 6 . O O O O 
3 6 . OOOO 
3 6 . 0 0 0 0 
3 6 . O C C O 
3 6 . 3 0 0 0 
3 6 . O O O O 
3 1 . - 0 C 0 

3 6 . 3 0 0 0 
3 6 . 0 0 0 0 
3 6 . - C O O 
3 6 , 0 0 0 0 
3 6 . J O O O 
2 6 . O O O O 
3 6 . - 0 0 0 
3 6 . JOOO 
. 6 . 3 : 0 0 
2 5 . O O O O 
3 6 . 0 0 0 0 
3 6 . 3 0 0 0 
3 5 . 0 0 0 0 
3 6 . 0 0 0 0 
3 6 . 0 0 0 0 
3 6 . 0 0 0 0 
3 6 . 0 0 0 0 
3 6 . 0 0 0 0 
2 5 . 0 0 0 0 I 
2 5 . 0 0 0 0 2 
2 5 . 0 0 0 0 2 
2 5 . 0 0 0 0 2 
2 5 . 0 0 0 0 2 
2 5 . 0 0 0 0 2 
2 5 . 0 0 0 0 2 
2 5 . 0 0 0 0 2 
2 3 . 0 0 0 0 2 
25.0CJOO 2 
2 5 . 0 0 0 0 2 
2 5 . 0 0 C ^ ; 

1 6 5 . 0 0 0 0 
1 6 6 . 0 0 0 0 
1 6 3 . 0 0 0 0 
1 6 5 . 0 0 0 0 
1 6 3 . 0 0 0 0 
1 6 3 . 0 0 0 0 
1 6 3 . 0 0 0 0 
1 6 3 . 0 0 0 0 
1 6 4 . 0 0 0 0 
1 6 ! . 0 0 0 0 
1 6 5 . 0 0 0 0 
1 6 3 . 0 0 0 0 
1 6 6 . 0 0 0 0 

1 6 5 . 0 0 0 0 
1 6 6 . 0 0 0 0 
1 6 5 , 0 0 0 0 
1 6 4 , 0 0 0 0 
1 6 7 . 5 0 0 0 
1 6 5 . 0 0 0 0 
1 6 6 , 0 0 0 0 
1 6 2 . 5 0 0 0 
1 6 5 . 0 0 0 0 
1 6 5 . 0 0 0 0 
1 6 6 . 0 0 0 0 
1 6 4 , 0 0 0 0 
1 6 6 . 0 0 0 0 
1 6 6 . 0 0 0 0 

6 6 . 0 0 0 0 
1 6 6 . 0 0 0 0 
1 6 6 . 0 0 0 0 
1 6 5 . 0 0 0 0 
1 6 5 . 0 0 0 0 
1 6 6 . 5 0 0 0 
1 6 5 . 5 0 0 0 
1 6 5 . 0 0 0 0 
1 6 3 . 0 0 0 0 

1 9 3 . O O O O 
1 9 4 . 0 0 0 0 
1 9 2 . 0 0 0 0 
1 9 4 . 0 0 0 0 
1 9 3 . 0 0 0 0 

9 3 . 0 0 0 0 
9 3 . 0 0 0 0 
9 3 . 0 0 0 0 
9 3 . 0 0 0 0 
9 5 . 0 0 0 0 
9 5 . 0 0 0 0 
9 5 . 0 0 0 0 

9 4 . 0 0 0 0 
9 6 . 0 0 0 0 
9 3 . C 7 0 0 0 
9 3 . 0 0 0 0 
9 1 . 0 0 0 0 
9 ? . O O O O 
9 1 , 0 0 0 0 
9 5 . 0 0 0 0 
9 5 . 0 0 0 0 
9 3 . 0 0 0 0 
9 3 . 0 0 0 0 
9 2 . 0 0 0 0 
9 2 . 0 0 0 0 
9 5 . 0 0 0 0 
9 0 . 0 0 0 0 
9 3 . 0 0 0 0 
9 6 . 0 0 0 0 
9 5 . 0 0 0 0 

• 0 7 . 5 0 0 0 
0 6 . 5 0 0 0 
0 5 . 5 0 0 0 
0 8 , 0 0 0 0 
0 4 . 0 0 O 0 
0 8 . 5 0 0 0 
0 6 . 0 0 0 0 
- 9 . 0 0 0 0 
C 6 . 0 0 0 0 
J 9 . 0 0 0 0 
c / 7 . 0 0 0 0 
J 6 . 0 0 0 C 

1 . 0 2 0 3 
0 . 8 3 2 1 
0 . 6 7 8 4 

0 . 3 0 8 1 
0 . 3 4 2 6 
1 . 3 4 8 3 
I . 1 7 8 9 
1 . 0 0 6 6 

0 . 8 * 6 6 
0 . 6 7 3 0 
0 . 5 0 8 1 

0 . 3 3 9 2 
1 . 1 1 6 5 
0 . 9 3 5 2 
0 . 7 4 7 7 
0 . 5 6 5 1 

0 . 3 7 2 6 
1 . 4 3 0 9 
1 . 2 5 7 2 
1 . 0 6 9 8 
0 . 8 7 3 4 

0 . 7 1 7 3 
0 . 5 3 5 6 
0 . 3 5 9 8 
0 . 9 3 1 8 
0 . 7 4 9 1 

0 . 5 6 * * 
0 . 3 3 6 * 
1 . 1 1 7 8 
0 . 3 3 7 0 
0 . 3 * 1 1 
0 . 7 2 2 3 
0 . 8 9 6 0 
1 . 0 7 1 8 

1 . 2 5 8 6 
1 . 4 2 6 1 

1 . 4 3 6 4 
1 . 0 7 8 0 

0 . 9 0 2 2 
0 . 7 1 9 6 
0 . 5 4 1 7 
0 . 5 4 1 7 
0 . 7 1 6 1 
0 . 8 9 9 5 
1 . 0 6 2 1 
I . 4 3 6 4 

1 . 3 8 2 2 

1 . 0 3 9 6 
0 . 8 6 7 2 
0 . 6 9 6 2 
0 . 5 2 0 5 
0 . 5 2 0 5 
0 . 6 9 1 4 

0 . 8 6 5 8 
1 . 0 3 6 1 
1 . 3 6 2 2 
I . 3 3 1 4 
1 . 0 0 0 4 
0 . 6 3 7 7 
0 . 6 7 0 1 
0 . 3 0 4 7 
0 . 5 0 4 0 
0 , 6 6 8 8 
0 . 8 3 3 6 
0 . 9 9 8 4 
1 . 3 2 5 9 
0 . 6 2 4 0 

0 . 6 3 7 8 
0 . 4 9 3 0 
0 . 4 9 4 4 

0 . 6 6 3 3 
0 . 8 2 6 7 
1 . 2 1 1 9 
1 . 0 3 6 1 
0 . 8 6 4 5 
0 . 6 9 2 1 
0 . 5 1 5 0 
3 . 5 1 1 5 

5 

5 

5 

6 

7 

3 

3 

3 

3 

3 
4 

3 

2 1 

2 1 

2 2 

2 2 

2 1 

1 4 

1 4 

1 4 

1 4 

1 4 

1 4 

1 4 

2 1 

2 2 

2 1 

2 1 

2 0 

1 4 

1 4 

1 4 

1 4 

1 4 

1 4 

1 4 , 

1 3 

1 6 

i a 
1 9 

2 0 

2 0 

1 9 , 

1 9 , 

1 6 

1 5 , 

1 1 . 

1 2 , 

1 3 

1 3 , 

1 3 . 

1 2 , 

1 2 , 

1 2 , 

1 2 . 

1 1 . 
7 , 

7 . 

a. 
7 , 

a. 
7 . 

7 . 

7 . 

7 . 

7 . 

1 1 . 
1 1 . 
1 1 . 
1 2 . 

1 1 . 
1 1 . 

7 . 

7 . 

7 . 

7 , 

7 . 

7 . 

. 5 0 7 0 

. 8 0 6 0 

. 6 3 8 0 

. 3 5 4 0 
, 3 4 2 0 
. 4 2 2 0 
. 3 3 0 0 
. 6 3 2 0 
• 9 2 2 0 
. 9 6 2 0 
. 7 6 * 0 

• 3 1 7 0 
. 9 0 7 0 
• 8 0 0 0 
. 0 7 6 0 
. 1 3 7 0 
. 0 6 1 0 
. 6 1 6 0 
• 4 2 8 0 
. 7 4 2 0 
• 0 1 0 0 
, 6 9 0 0 
• 4 8 9 0 
• 6 3 3 0 
. 6 4 8 0 
. 0 3 * 0 
. 7 * 0 0 
• 9 8 2 0 
, 7 6 8 0 
. 3 9 * 0 
. 3 1 3 0 
, 1 7 0 0 
, 3 9 1 0 
, 0 1 0 0 
, 3 * 1 0 
, 3 4 1 0 

0 1 2 0 
7 9 8 0 

, 8 8 4 0 
, 7 3 0 0 

1 6 0 0 
1 8 6 0 
7 0 7 0 
1 3 8 0 
7 9 9 0 
5 2 7 0 

, 5 8 9 0 
9 9 7 0 

0 6 4 0 
5 4 3 0 

2 1 5 0 
9 J 3 0 
4 5 3 0 
3 4 2 0 
0 9 9 0 
0 9 2 0 
2 7 1 0 
3 9 0 0 
0 6 3 0 
6 6 8 0 
1 9 1 0 
8 6 9 0 
9 6 3 0 
1 9 4 0 
6 8 4 0 
6 5 * 0 
7 4 0 0 
7 2 0 0 
9 3 0 0 
2 7 0 0 

1 8 0 0 
4 1 0 0 
1 9 4 0 
7 1 10 
4 9 4 0 
5 5 6 0 
3 2 6 0 
5 9 6 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 , 

0 . 

0 , 

0 , 

0 , 

0 . 

0 , 

0 . 

0 . 

. 3 9 7 6 

. 3 6 9 1 

. 3 * * 9 

. 3 1 1 7 

. 2 7 2 9 

. 3 9 0 9 

. 3 * 3 3 
• 3 4 8 1 
. 3 4 3 0 

. 3 2 3 6 

. 2 9 9 0 

. 2 9 3 8 

. 6 2 4 7 

. 3 6 6 3 

. 3 4 0 6 

. 4 7 8 8 
• 3 8 9 3 
. 3 7 3 8 
• 3 3 1 1 
. 4 9 7 8 
. 4 6 6 9 
, 4 4 0 9 

• 4 0 2 0 
. 3 3 3 0 
. 4 3 9 9 
. 4 0 0 4 
. 3 4 9 0 
. 2 6 4 7 
. 4 6 4 2 

. 2 2 3 6 

. 2 8 7 6 

. 3 3 0 7 
, 3 6 1 4 
. 3 7 7 6 
• 3 9 9 8 
, 4 2 6 0 

, 8 0 3 2 
, 6 6 6 6 
6 4 2 0 

. 5 9 2 8 
, 5 2 1 8 
3 2 4 3 

. 5 7 7 8 
, 6 3 ) 1 
6 6 8 0 
8 0 3 2 
5 9 5 6 
5 1 9 1 

4 9 1 8 
4 7 4 0 
4 2 8 9 

4 2 7 6 
4 6 4 4 
4 8 4 9 
5 0 2 7 
5 7 3 7 
4 3 5 8 
4 0 0 2 
4 1 1 2 

3 9 4 8 
3 7 2 9 
3 7 2 9 
3 9 4 8 
4 0 3 0 
4 0 8 4 
4 4 3 9 
5 6 6 3 
5 6 6 3 
5 6 1 0 
5 6 6 5 

5 6 2 8 
3 3 7 4 

4 9 7 9 
4 9 9 7 
4 9 4 3 

4 9 9 7 
4 8 5 3 
4 9 4 3 

0 . 2 0 6 6 
0 . 2 7 9 6 
0 . 3 3 4 9 
0 . 4 4 1 3 
0 . 5 8 7 9 

0 . 1 6 8 6 
0 . 2 0 2 7 
0 . 2 4 6 6 

0 . 2 9 7 3 
0 . 3 6 6 4 
0 . 4 4 - a o 

0 . 6 0 0 7 
0 . 0 1 1 3 
0 . 0 3 8 * 
0 . 1 6 6 4 

0 . 2 3 9 3 
0 . 5 0 1 9 
0 . 0 3 6 1 
0 . 0 9 9 9 
0 . 0 9 4 1 
0 . 1 7 6 9 
0 . 2 3 2 2 
0 . 3 7 7 0 
0 . 9 4 9 3 
0 . 1 6 0 4 
O t 2 4 l 9 
0 . 3 7 1 6 
0 . 9 4 6 9 
0 . 0 9 9 6 
0 . 9 3 6 9 
0 . 4 2 0 1 
0 . 3 2 1 * 
0 . 2 3 7 9 
0 . 1 7 2 1 
0 . 1 1 3 9 
0 . O 8 6 0 

0 . 0 2 0 7 
0 . 0 1 6 9 

0 . 0 3 1 9 
0 . 0 9 1 1 
0 . 1 8 1 6 
0 . 1 6 4 3 
0 . 0 7 9 9 
0 . 0 1 8 2 
0 . 0 1 7 0 
0 . 0 0 7 9 
0 . 0 1 5 3 
0 . 0 2 9 1 

0 . 0 7 6 3 
0 . 1 * 7 * 
0 . 2 3 8 7 
0 . 2 6 * 2 
0 . 1 6 7 1 
0 , 0 8 9 6 
0 , 0 4 1 3 
0 . 0 1 6 7 
0 . 0 3 1 2 
0 . 0 9 9 9 
0 . 1 4 9 2 
0 . 2 3 0 1 
0 . 3 2 9 1 
0 . 3 3 6 0 
0 . 2 2 2 6 
0 . 1 6 6 1 
0 . 1 0 0 2 
0 . 0 4 6 8 
0 . 0 1 7 1 
0 . 0 9 9 9 
0 . 2 2 9 2 
0 . 2 2 1 I 
0 . 1 0 7 6 
0 . 0 1 9 9 
0 . 0 0 3 3 
0 . 0 2 5 9 
0 . 0 7 3 8 
0 . 1 4 4 2 

0 . 2 5 4 3 
0 . 2 5 9 1 
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ICCNT 01AMETEQ LENGTH PRESSURE FL»w«E-6 SUBC**L CHF«E-4 EXIT 
U N ) (IN) (PSIA) (LB/HR-FT2) (BTU/LB) (BTU/HR-FT2) OUAL 

68086 
68087 
taose 
6 8 0 8 ° 
480 IP 
'6801° 
'6S32C 
66321 
'6e322 
68323 

68C2* 
66325 
68326 
68027 
6802e 
68329 
68C30 
6e35* 
68357 
6 e - 5 9 
6e35° 
6835C 
6e362 
6e062 
,6836* 
'68091 
I6e0o2 
168093 
,6e3 9 * 
,68006 
,68097 
*809P 
16809" 
e e i o o 
i e i o i 

,66132 
168009 
* e o i c 
16831 1 
1660 1 2 
'68313 
* e c i * 
I68C 1 5 
' 6eo i -
i6e:»* 
WBC*": 
16e0*6 
!6eC4-
"6P04P 
•1835 C 
1681-51 
16905? 
168353 
168132 
i6e;o* 
1651 Of 
169106 
168109 
16313c 
168110 
163111 
63112 
163113 
« 8 I 1 * 
'6600 1 
'68002 
,63002 
'6*00* 
'69005 
163000 
I680QB 

0 , 5 3 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 . 3 5 5 3 
0 . 5 5 5 0 
3 . 5 5 5 0 
0 . 3 5 5 0 
0 . 5 3 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 .5553 
3 .5553 
0 . 5 5 5 0 
0 .555T 
0 . 3 5 5 0 
0 .3553 
0 . 5 5 5 0 
3 . 5 5 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 . 5 5 3 0 
0 . 5 5 5 3 
0 . 3 5 5 0 
0 .5553 
3.555C 
3 .5550 
3 .5550 
3 . 5 5 3 0 
3 . 5 5 5 2 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 .5553 
3 .5550 
0 . 5 5 5 0 
0 .5533 
3 .5553 
3 .5553 
3 .555- ' 
0 . 5 5 5 : 
0 . 5 5 5 : 
3 .5553 
3.S55C 
3 . 5 5 5 3 
3 .5353 
3 .5553 

0 . 5 5 5 0 
0 .5553 
0 . 5 5 5 0 
0 . 5 5 5 0 
0 . 5 5 5 ^ 
0 . 5 3 5 0 
0 . 5 5 5 0 
0 . 5 5 5 0 
0.5S5C 
0 . 5 5 5 0 
0 . 5 5 5 3 
0.55SC 
0 . 5 5 5 0 
3 .555 - ' 
0 . 5 5 5 . 
0 »555c 

2 5 . 0 0 0 0 
2 5 . 0 0 0 0 
2 5 . 0 0 0 0 
2 3 . 0 0 0 0 
2 5 . 0 0 0 0 
2 5 . 0 0 0 0 
2 5 . 0 0 0 0 
2 5 . 0 0 0 0 
25.OOOO 
2 5 . 0 0 0 0 
2 5 . 0 0 0 0 
2 5 . 0 0 0 0 
2 5 . 0 0 0 0 
2 5 . 0 0 0 0 
2 5 . 0 0 0 0 
2 5 . 0 0 0 0 
2 5 . 0 0 0 0 
3 9 . 0 0 0 0 
09 .C00C 
3 9 . 0 0 0 0 
3 9 . 0 0 3 0 
2 9 . 0 0 0 C 
3 9 . 0 0 0 0 
3 9 . 0 0 0 0 
3 9 . 0 0 0 0 
3 9 . 0 0 0 0 
39.OOOO 
29.OOOO 
3 9 . 0 0 0 0 
29.OOOO 
3 9 . 0 0 0 C 
3 9 . 0 0 0 0 
2 9 . 0 0 0 0 
2 9 . 0 0 0 0 
3 9 . 0 0 0 0 
29.OOOO 
3 9 . 0 0 0 0 
3 9 . 0 0 0 0 
3 9 . 0 0 0 0 
3 9 . 0 0 0 0 
39.OOOO 
3 9 . 0 0 0 0 
39,OOOO 
39.OOOO 
5 3 . 0 0 0 0 
50.OOOO 
5 3.OOOO 
5 0 . 0 0 0 0 
50.OOOO 
5 C . 0 0 0 0 
5 0 . J 3 0 0 
= 0. . ' 0 - 0 
5 3 . 0 0 0 0 
50.COOO 
50.CCOO 
5 3 . - 0 0 0 
50.OOOC 
to.OOOO 
5 0 . 0 0 0 0 
5 0 . 0 0 0 0 
5 0 . 0 0 0 0 
5 0 . 0 0 0 0 
5 0 . 0 0 0 0 
5 0 . 0 0 0 0 
5 0 . 0 0 0 0 
5 0 . 0 0 0 0 
50.C0OO 
5 0 . 3 0 0 0 
50.OOOO 
5 3 . 0 0 0 0 
5 3 . 0 0 0 0 

2 0 8 . 0 0 0 0 
2 0 8 . 0 0 0 0 
2 0 7 , 0 0 0 0 
2 0 6 . 5 0 0 0 
2 0 8 . 0 0 0 0 
2 0 9 . 0 0 0 0 
2 0 7 . 0 0 0 0 
2 0 7 , 0 0 0 0 
2 0 9 . 0 0 0 0 
2 0 7 . 0 0 0 0 
2 0 8 . 0 0 0 0 
2 0 7 , 0 0 0 0 
2 0 6 , 0 0 0 0 
2 0 8 . 0 0 0 0 
2 0 9 , 0 0 0 0 
2 0 7 , 0 0 0 0 
2 0 7 . 0 0 0 0 
2 0 s . o o o o 
2 0 7 . 5 0 0 0 
2O6.50O0 
2 0 7 . 5 0 0 0 
2 0 7 . 0 0 0 0 
2 0 7 , 0 0 0 0 
2 0 5 . 0 0 0 0 
2 0 9 . 5 0 0 0 
2 0 6 . 0 0 0 0 
2 0 9 . 5 0 0 0 
2 0 8 . 0 0 0 0 
2 0 7 . 5 0 0 0 
2 0 7 . 5 0 0 0 
2O8.50O0 
2 0 7 . 5 0 0 0 
2 0 6 . 0 0 0 0 
2 0 8 . 0 0 0 0 
2 U 7 . 0 0 0 0 
2 0 9 . 5 0 0 0 
2 0 8 . 0 0 0 0 
2 0 8 . 0 0 0 0 
2 0 3 , 0 0 0 0 
2 0 8 , 0 0 0 0 
2 0 6 . 0 0 0 0 
2 0 9 . 0 3 0 0 
2 0 6 . 0 0 0 0 
2 0 9 . 0 0 0 0 
2 0 8 . 0 0 0 0 
2 0 9 . 0 0 0 0 
2 0 9 . 0 0 0 0 
? 1 0 . 0 0 0 0 
2 0 9 . 0 0 0 0 
2 0 8 . 0 0 0 0 
2 0 8 . 5 0 0 0 
2 0 e . 5 0 0 0 
2 0 9 . 0 0 0 0 
2 0 9 . 5 0 0 0 
2 0 7 . 5 0 0 0 
2 0 9 . 0 0 0 0 
2 0 7 . 5 0 0 0 
2 0 9 . 0 0 0 0 
2 0 7 . 0 0 0 0 
2 0 9 . 0 0 0 0 
2 0 9 . 0 0 0 0 
2 0 8 . 0 0 0 0 
2 U 8 . 0 0 0 0 
2 0 9 . 0 0 0 0 
2 U 9 . 0 0 0 0 
2 0 6 . 0 0 0 0 
2 1 0 . 0 0 0 0 
2 0 9 , 0 0 0 0 
2 0 9 , 0 0 0 0 
2 J 6 . 0 0 0 0 
2 0 8 . 0 0 0 0 

0 . 6 8 9 4 
0 . 8 6 3 8 
1 .0361 
1 . 2 0 7 1 
1 . 3 7 8 7 
1 .2091 
1 .0306 
0 . 8 6 1 0 
0 . 6 8 8 7 
0 . 5 1 8 4 
0 . 3 4 2 6 
1 . 3 7 8 7 
1 .3691 
1 . 2 1 * 0 
I . 0 3 2 7 
0 . 8 5 6 2 
0 . 6 6 0 5 
0 . 4 9 5 1 
0 . 9 8 9 4 
0 . 8 2 6 7 
0 . 6 5 9 8 
0 . 4 9 3 0 
0 . 6 6 4 7 
0 . 8 2 8 1 
0 . 9 9 1 3 
I . 3 8 1 5 
1 .2023 
1 . 0 3 2 7 
0 . 3 6 2 4 
0 . 5 1 9 8 
0 . 5 2 1 1 
0 . 6 9 3 5 
0 . 8 6 4 5 
1 . 0 3 4 7 
1 .2071 
I . 3 8 7 7 
1 .3753 
1 . 2 0 2 3 
1,0 366 
1 . 0 3 4 7 
0 . 8 6 2 4 
0 . 6 8 9 4 
0 . 5 2 0 5 
1 .3760 

7 . 4 3 7 0 
7 . 4 130 
7 . 4 6 5 0 
7 . 3 1 9 0 
4 . 1 7 6 0 
4 . 1 300 
3 . 8 1 3 0 
3 . 8 4 4 0 
4 . 1 0 6 0 
3 . 9 9 9 0 
4 . 0 8 1 0 
3 . 3 1 8 0 
1 .7890 
2 . 1 6 8 0 
2 . 0 7 3 0 
2 . 0 7 6 0 
2 . 0 0 8 0 

I 1 .5700 
11 .6500 
1 1 . 6 3 0 0 
11 .6500 
1 1 . 4 2 0 0 
1 1 . 7 2 0 0 
I 1 . 0700 

1 .3600 
7 . 2 4 4 0 
7 . 3 3 9 0 
7 . 6 2 0 0 
7 . 2 0 7 0 
7 . 2 0 7 0 
7 . 7 1 8 0 
7 . 5 0 3 0 
7 . 6 0 7 0 
7 . 3 7 6 0 
7 . 3 1 5 0 
7 . 7 9 7 0 
3 . 3 4 8 0 
4 . 1 1 3 0 
4 . 2 5 1 0 
4 . 1 4 8 0 
• . . 0100 
4 . 3 3 9 0 
4 . 1 4 1 0 
3 . 9 8 8 0 

1 .1439 1 1 . 4 7 0 0 
0 . 9 6 8 7 
0 . 8 2 2 6 
0 . 6 6 2 6 
0 . 4 9 0 3 
1 . I 5 2 e 
0 . 9 8 9 4 
0 . 6 2 4 0 

1 .9200 
1 . 5 5 0 0 
2 . 0 4 0 0 
1 .0700 
1 .7000 
1 . 6 1 0 0 
1 .9500 

0 . 6 6 0 5 1 2 . 2 4 0 0 
1 .3806 
1 .207e 
1 .0361 
0 . 8 5 9 7 
0 . 3 1 5 7 
0 . 5 1 7 0 
0 . 6 6 6 0 
0 . 6 5 6 2 
1 .0341 
1 .2064 
1 .3787 
1 .3794 
1 .2050 
1 . 0 3 4 7 
0 . 8 7 0 6 
0 . 6 8 9 4 
0 . 5 1 8 * 
1 . 3 7 6 7 

7 . 7 1 5 0 
7 . 6 0 3 0 
7 . 9 130 
7 . 5 0 1 0 
7 . 3 4 9 0 
7 . 2 s a o 
7 . 7 6 6 0 
7 . & 3 4 0 
7 . 3 4 6 0 
7 . 4 2 1 0 
7 . 6 4 7 0 
4 . 2 4 10 
3 . 9 3 6 0 
- , . 2 1 9 0 
4 , 4 9 9 0 
4 . 1 7 1 0 
• • . 2210 
3 . 6 4 4 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 , 
0 
0 , 
0 
0 
0 , 
0 , 
0 
0 
0 , 
0 
0 , 
0 
0 , 
0 , 
0 , 
0 . 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 , 
0 . 
0 , 
0 , 

, 4 8 8 9 
• 4961 
. 4 9 9 7 
. 4961 
. 4 1 6 7 
. 4 0 7 7 
• 40S9 
.4131 
• 4149 
. 4 1 6 7 
. 4 0 7 7 
• 4041 
. 3 6 8 0 
, 3716 
. 3716 
. 3 7 3 4 
, 3 6 6 2 
. 3 6 3 3 
. 4371 
.4406 
,4464 
. 4186 
. 4 4 7 3 
• 4383 
. 4 4 2 9 
. 3 9 2 0 
.3874 
.3886 
.3831 
• 3733 
, 3 7 4 7 
• 3897 
• 3828 
.3831 
• 3920 
,3978 
,3377 
,3365 
3365 

,3330 
3363 

,3377 
,3261 
3330 
3824 
3869 
384 3 
3779 
3491 
3B79 
3879 
3861 
3 8 * 3 
3401 
3401 
3392 
3362 
3238 
3256 
3 3 6 * 
3364 

,3364 
3419 
3428 
30 10 
2950 
2968 
2968 
2 9 4 | 
2823 
2977 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0 
0 
0 
0 
0 
0 
0 , 
0 , 
0 , 
0 , 
0 . 
0 . 
0 . 
0 , 
0 , 
0 , 
0 , 
0 , 
0 . 
0 , 
0 . 
0 , 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 . 
0 , 
0 . 
0 . 
0 . 
0 . 

• 1403 
. 0 7 7 3 
, 0 3 2 3 
, 0 0 2 3 
• 0339 
• 0913 
• 0864 
• 1269 
. 1 7 8 9 
• 2762 
• 4982 
. 0 3 8 9 
. 0 8 0 3 
. 0 8 8 4 
. 1 1 6 6 
• 1923 
• 2102 
• 2 4 ( 1 
. 0 2 0 2 
. 0 8 8 2 
. 1 8 8 9 
. 3 2 7 9 
• 1898 
. 0 9 9 9 
. 0 2 6 4 
.0192 
.0402 
. 0781 
, 1 4 0 9 
3429 
3 3 0 0 

,2186 
1277 

,0814 
,0478 
0069 
0806 
0991 
1286 
1293 
1836 
2494 
3953 
0744 
0152 
0977 
1398 
2296 
3839 
01 12 
0663 
1304 
2308 
0307 
067 1 
105* 
1760 
«033 
4066 
2 6 0 6 
1723 
1133 
0737 
0347 
0938 
1284 
1621 
2039 
2957 
4 063 
1042 

-17-
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IV) 

APPENDIX 2. I CONTINUED I (n) 

BURNOUT DATA FOR FREON 21 IN UNIFORMLY HEATEO ROUNO TUBES 

«UN. INLET INTERNAL HEATED MASS INLET 8URMCUT EXIT 
NU'RER PRESSURE OIAMETER LENGTH VELOCITY SUBCOOLING HEAT FLUX OUALFTY 

2 2 
P.S.I.A. INCHES INCHES LB/HR.FT. BTU/LB. BTU/HR.FT 

40.001 
40.002 
40.003 
40.004 
40.00*. 
«0.006 
40.00 7 
•.0.008 

40.009 
40.010 
40.011 
40.012 
40.013 
40.014 
*0.013 
40.016 
*0.017 

•.0.018 
40.019 
*0.020 
40.021 
40.022 
40.023 
••0.024 
40.025 

••0.026 
40.027 
••0.028 
SO.029 
*0.030 
*0.03l 

40.032 
40.033 

-0.034 
••0.035 
•.0.036 
••0.037 
*0.038 
••0.039 
40.0*0 
*0.04l 

40.0*2 
40.043 
*0. ?*4 
40.C45 
*0.046 
40.0*7 
•.0.0*8 
*0.0*9 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 

200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
2C0 
200 
200 
200 

0.424 
0,»24 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.42* 

0.42* 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

0.*2* 
0.42* 
0.424 
0.424 
0.424 
0.424 

0.42* 
0.42* 

0.42* 
0.424 
0.42* 
0.424 
0.42* 
0.424 
0.424 
3.42* 

0.424 
0.424 
0.424 
0.424 
0.424 
0.42* 
0.*2* 
0.424 

128.7 
128.7 
128.7 
128.7 
128.7 
128.7 
128.7 
128. 7 

128.7 
128.7 
128.7 
128.7 
128.7 
128. 7 
128.7 
128.7 
128.7 

128.7 
128.7 
128.7 
12B.7 
128.7 
128.7 
128.7 
128.7 

128.7 
128.7 
128.7 
128.7 
128.7 
128.7 

128.7 
128.7 

128.7 
128.7 
128.7 
128.7 
126. 7 
128. 7 
128.7 
128,7 

128. 7 
126.7 
128.7 
128.7 
128. 7 
128.7 
128.7 
128.7 

1740000 
17*0000 
1740000 
1740000 
17*0000 
1740000 
1740000 
1740000 

870000 
870000 
670000 
870000 
870000 
870000 
870000 
870000 
870000 

1*03000 
1403000 
140 3000 
1403000 
1*03000 
1403000 
1403000 
1403000 

701000 
701000 
701000 
701000 
701000 
701000 

701000 
701000 

435000 
435000 
435000 
435000 
435000 
435000 
435000 
433000 

351000 
351000 
351000 
351000 
351000 
351000 
331000 
351000 

23.50 
25.50 
18.80 
18.80 
11.50 
11.30 
4.00 
4.00 

23.00 
25.00 
23.00 
20.00 
20.00 
10.50 
10.30 
3.50 
3.50 

25.50 
25.50 
19.40 
19.40 
12.50 
12.50 
4.30 
4.30 

2 6.'O 
26.90 
10.50 
10.50 
5.00 
5.00 

16.90 
16.90 

29.40 
29.40 
20.80 
20.80 
12.30 
12.30 
4.70 
4.70 

27.00 
27.00 
18.50 
18.50 
9.70 
9.70 
4.30 
4.30 

58070 
38070 
53130 
53130 
47100 
••7100 
39S90 
39890 

40417 
4079T 
40730 
38250 
38230 
32320 
32320 
28350 
28550 

52970 
5M30 
48130 
48430 
42630 
•.2630 
36070 
36070 

39100 
38920 
30460 
30230 
27560 
27510 

33660 
33660 

30030 
30030 
27790 
27790 
25170 
25170 
23300 
23300 

21970 
2*i970 
240**0 
2*050 
21830 
21830 
20420 
20420 

0.20 
0.20 
0.24 
0.24 
0.28 
0.28 
0.31 
0.31 

0.41 
0.42 
0.42 
0.44 
0.44 
0.46 
0.46 
0.48 
0.48 

0.27 
0.27 
0.30 
0.30 
0.32 
0.32 
0.33 
0.33 

0.34 
0.33 
0.56 
0.35 
0.56 
0.36 

0.54 
0.34 

0.72 
0.72 
0.73 
0.73 
0.76 
0.76 
0.79 
0.79 

0.83 
0.83 
0.85 
0.85 
0.87 
0.87 
0.87 
0.87 

41.001 200 0.424 64.3 1740000 26.00 87810 0.06 
0.424 64.3 1740000 26.00 87810 0.06 
0.424 64.3 1740000 19.40 78230 0.10 
0.424 64.3 1740000 19.40 78230 0.10 
0.424 64.3 1740000 11.60 68380 0.16 
0.424 64.3 1740000 11.60 67330 0.16 
0.424 64.3 1740000 11.60 67740 0.16 
0.42* 44.2 1740000 5.00 59690 0.21 
0.424 64.3 1740000 3.00 59620 0.21 

41 
41 
41 
41 
*1, 
41, 
41 
41, 

41, 
41, 
41, 
*1, 
*1, 
*l, 
41, 
41, 

4>. 

.002 

.003 

.004 

.003 

.006 

.007 

.008 

.009 

,010 
,011 
.012 
,013 
,014 
,013 
,01k 
,017 

».-» 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

>Ok 

64.3 
64. 3 
64.3 
64. 3 
64.3 
64. 3 
64.3 
44.2 
64.3 

64. 3 
64.3 
64.3 
64.3 
64.3 
64.3 
64.3 
64. 3 

1740000 
1740000 
1740000 
1740000 
1740000 
1740000 
1740000 
1740000 
1740000 

1403000 
1403000 
1403000 
1403000 
1403000 
1403000 
1403000 
1403000 

26.00 
26.00 
19.40 
19,40 
11.60 
11.60 
11.60 
5.00 
3.00 

24.30 
24.30 
19.30 
19.30 
11.40 
11.40 
4.no 
4.00 

87810 
87810 
78230 
78230 
68380 
67330 
67740 
59690 
59620 

79550 
T9550 
73820 
73820 
64250 
64350 
55920 
53920 

0.424 64.3 1403000 24.30 79550 0.13 
0.424 64.3 1403000 24.30 T9550 0.13 
0.424 64.3 1403000 19.30 73820 0.17 
0.424 64.3 1403000 19.30 73820 0.17 
0.424 64.3 1403000 11.40 64250 0.22 
0.424 64.3 1403000 11.40 64350 0.22 
0.424 64,3 1403000 4.00 55920 0.27 
0.424 64.3 1403000 4.00 53920 0.27 

25.50 69070 0.30 
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APPENDIX 2. I CONTINUED 1 (HO 

BURNOUT DATA FOR FREON 21 IN UNIFQRPLY HEATED HOUNO TUBES 

RUN INLET 
NU'RER PRESSURE 

P . S . I . A . 

41.019 
41.020 
41.021 
41.022 
41.023 
41.024 

41.023 

41.026 
41.027 
41.028 
41.029 
41.030 
41.031 
41.032 
41.033 

41.034 
41.035 
41.036 
41.037 
41.038 
41.039 
41.040 
41.041 

41.042 
41.043 
4 1.044 
41.045 
41.046 
41.0*7 
* W 0 4 8 
*1.0*9 

200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
2C0 
?on 
200 

INTERNAL 
DIAMETER 

INCHES 

0.42* 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.*24 

0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

HEATED 
LENGTH 

INCHES 

64. 3 
64.3 
64.3 
64.3 
64.3 
64.3 
64.3 

64.3 
64.3 
64,3 
64.3 
64.3 
64. 3 

64.3 
64.3 

64.3 
64.3 
64. 3 
64.3 
64.3 
64.2 
64.3 
64.3 

64. 3 
64.3 
64. > 
64.3 
6*,3 
64. 3 
64.3 
64.3 

MASS INLET r 6URNCUT 
VELOCITY SUOCOQLING H6A1 FLUX 

2 2 
LB/HR.FT. BTU/LB. BTU/MH.FT 

670000 
870000 
670000 
870000 
870000 
670000 
870000 

701000 
701000 
701000 
7O10OO 
701000 
7OI0O0 
701000 
701000 

435000 
4 3 5000 
435000 
435000 
435000 
415000 
435000 
435000 

351000 
351000 
3M000 
351000 
351000 
351000 
351000 
351000 

23.50 
19.80 
19.80 
11.00 
11.00 
3.90 
3.90 

26.90 
26.90 
20.00 
20.00 
12.00 
17.00 
4.40 
4.40 

25.80 
25.80 
17.60 
17.60 
12.30 
12.30 
4.90 
4. 10 

80 
80 

16.70 
16.70 
24.60 
24.60 
7.10 
7.10 

69200 
63710 
63590 
36200 
56200 
49670 
49510 

66190 
66120 
607 30 
607)0 
54390 
54390 
48150 
48130 

52810 
32810 
48360 
48560 
45550 
45350 
41690 
41690 

40470 
406 70 
4^590 
43590 
47070 
47070 
4O000 
19630 

EXIT 
QUALITY 

0.30 
0.32 

• 0.32 
O.JT 
0.37 
0.40 
0.40 

0.40 
0.40 
0.43 
0.43 
0.46 
0.46 
0.49 
0.49 

0.63 
0.63 
0.66 
0.66 
0.67 
0.67 
0.70 
0.70 

0.80 
0.80 
0.77 
0.77 
0.75 
0.75 
0.82 
0.81 

42.001 
42.002 
42.003 
42.004 
42.005 
42.006 
42.007 
42.008 
42.009 

42.010 
42.011 
42.012 
42.013 
42.014 
42.015 
42.016 
42.017 

42.018 
42.019 
42.020 
42.021 
42.022 
42.023 
42.024 
42.025 

42.026 
42.027 
42.028 
42.079 
4 2.0 30 
42.031 
42.032 
42.033 

42.034 
42.035 
42.0^6 
42.037 
'2.0 3* 
*• i . ,: 11 

200 
200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
20O 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

200 
2-10 
200 
?no 
,'no 
700 

0.424 
0.42* 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

0.424 
0.424 
0.424 
0.424 
0.4 24 
0.424 
0.424 
0.4?4 

0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

0.424 
0.<-."4 
0.*24 
0.1,24 
0 . 4 2 4 

" »-> 

32. 1 
32.1 
32.1 
32.1 
32.1 
32. 1 
32.1 

32. 1 
12. 1 

32. 1 
32. 1 
32.1 
32. 1 
32. 1 
32. 1 
32. 1 
32. 1 

32. 1 
i2. 1 
32.1 
32. 1 
32.1 
32. I 
32. 1 
12,1 

32. 1 
32. 1 
32. 1 
32. 1 
32. I 
32. 1 
32.1 
32.1 

32. 1 
32.1 
32.1 
32. 1 

it . I 

1740000 
1740000 
1740000 
1740000 
1740000 
1740000 
1740000 
1740000 
1740000 

1403000 
1403000 
140)000 
1403000 
1403000 
1403000 
1403000 
1403000 

870000 
870000 
8 70000 
870000 
870000 
870000 
8 70000 
670000 

701000 
701000 
701000 
701000 
701000 
701000 
701000 
701000 

435000 
415000 
4 35000 
4 15000 
4 ",.7 00 
4 J •)(, JO 

25. 10 
21.10 
18.60 
18.60 
12.30 
12.30 
5.50 

3.50 
11.30 

24.90 
24.90 
18.en 
18.80 
10.40 
10.40 
4.00 
4.00 

27.00 
27.00 
19.70 
19.70 
11.90 
11.90 
6.3,0 
6.30 

3.20 
5.20 

11.10 
11.10 
18.60 
18.60 
24.90 
24.90 

26.10 
26.10 

lfl.50 
18.10 
I?. 10 

•».I0 

1101 to 
130160 
111330 
111230 
93830 
9)830 
77890 

77890 
91640 

116500 
116500 
104500 
104 500 
86290 
86290 
75640 
73640 

106100 
106100 
94 7 70 
94720 
81720 
81720 
75950 
71950 

73610 
73610 
8O360 
80360 
898 70 
89870 
97670 
97670 

84030 
84030 

78390 
78390 
73860 

738(0 

-0.03 
-0.03 
0.01 
0.01 
0.05 
0.01 
0.11 
0.11 
0.06 

0.00 
0.00 
0.05 
0.05 
0.11 
0,11 
0.16 
0.16 

0.13 
0.13 
0.1T 
0.17 
0.23 
0.23 
0.26 
0.26 

0.35 
0.35 
0.31 
0.31 
0.27 
0.27 
0.23 
0.23 

0.43 
0.43 
0.47 
0.47 
0.52 
0.32 >° 



/2t 

APPENOIX 2. I CONTINUED I (l«> 

BURNOUT OATA FOR FREON 21 IN UNIFORMLY HEATED ROUNO TUBES 

RUN INLET INTERNAL 
NUMBER PRESSURE DIAMETER 

P.S.I.A. INCHES 

HEATED MASS INLET BURNCUT 
LENGTH VELOCITY SUBCOOLING HEAT FLUX 

2 2 
INCHES LB/HR.FT. BTU/LB. BTU/HR.FT 

EXIT 
QUALITY 

42.040 
42.041 

42.042 
42.043 
42.044 

42.043 
42.046 
42.047 

200 
200 

200 
200 
200 
200 
200 
200 

0.424 

0.424 

0.*2* 
0.424 

0.*2* 
0.424 
0.424 
0.424 

32.1 
32.1 

32.1 
32.1 
32.1 

32.1 
32.1 
32.1 

433000 

433000 

331000 
331000 
331003 
331000 
331000 
351000 

3.90 
3.90 

6.00 
6.00 
23.60 
25.60 
18.40 
18.40 

68030 
68030 

63780 
63780 
78930 
78930 
74400 
T4400 

0.3T 
0.37 

0.6T 
0.6T 
0.36 
0.36 
0.69 
0.60 

43.001 
43.002 

43.003 
43.004 
43.003 
43.006 
43.007 
43.008 

43.009 

43.010 
43.011 
43.012 
43.013 
43.014 
43.015 
-3.316 
43.017 
43.018 
43.019 
*3.o:o 

106 
106 
106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 

0.424 
0,424 
0.424 
0.424 
0.424 

0.42* 
0.424 

0.424 

0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

32.6 
32.6 

32.6 
32. « 
32.6 
32.6 
32.6 
32.6 

32.6 
32.6 
32.6 
32.6 
32.6 
32.6 
32.6 
32.t 
32.6 
32.6 
32.4 
32. « 

1720000 
1720000 
1T20000 
1720000 
1720000 
1720000 
1720000 
1720000 

1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1360000 
1380000 

22.20 
22.20 
17.30 
17,30 
10.40 
10.40 
4.00 
4.00 

21.90 
21.90 
16.30 
16.30 
9.50 
9.50 
3.70 
3.70 

12.80 
12.80 
4.30 
4.30 

134980 
134980 
123220 
124200 
103900 
103360 
91580 
91580 

126320 
121690 
1 13200 
113200 
99470 
99470 
91890 
92530 

106890 
106890 
90880 
90 880 

0.02 
0.02 
0.03 
0.06 
0.09 
0.09 
0.14 
0.14 

0.07 
0.07 
0.10 
0.10 
0.13 
0.15 
0.19 

0.20 
0.13 
0.13 
0.18 
0.18 

43.021 
43.022 
43.323 
43.024 
43.025 
43.026 
43.027 
43.028 

43.029 

43.030 
43.031 
41.032 
43.033 
43.034 
43.035 
43.036 

43.037 
43.038 
43.039 

43.040 
43.041 
43.042 

43.043 
43.044 
-3.043 
43.046 
43.047 
43.048 

106 
106 
106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 

0.424 
0.424 

0.42* 
0.424 
0.424 

0.424 
0.424 
0.424 

0,424 
0.424 
0.424 
0.424 

0.424 
0.424 
0.424 

0.42* 

0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

32.6 
32.6 
32.6 
32.« 
32.6 

32.6 
32.6 
32. ( 

32.6 
32.6 
32.6 
32.« 
32.6 
32.6 
32.6 
32.6 

32.« 
32.6 
32.6 
32.6 
32.6 
32.6 

32.6 
32.6 
32.6 
32.6 
32.6 
32.6 

690000 

690000 
690000 
690000 
690000 

690000 
690000 
690000 

859000 

859000 
859000 
,859000 
859000 
839000 
859000 
859000 

430000 
430000 
4 30000 

430000 
430000 
430000 

343000 
343000 
345000 
345000 
345000 
345000 

22.90 
22.90 
17.10 
17.10 
9.30 
9.30 
3.70 
3.70 

22.80 
22.80 
16.60 
16.60 
8.20 
8.20 
4.10 
4.10 

21.90 
21.90 
14.40 
14.40 
3.60 
3,60 

3.70 
3."70 

13.20 
13,20 
22.10 
22.10 

104640 
101020 
98210 
98210 
89910 
89840 
84640 
84640 

1117,0 
111770 
102700 
102500 
90880 
90880 

83750 
85750 

93480 
91480 
88660 
89140 
80640 
80640 

74840 
74840 
81720 
B17?0 
87390 
87590 

0.27 
0.28 

0.31 
0.31 
0.36 
0.36 
0.39 
0.39 

0.20 
0.20 
0.2 3 
0.23 
0.26 
0.28 
0.31 
0.31 

0.36 
0.36 
0.37 
0.37 
0.63 
0.63 

0.73 
0,73 
0.69 
0.69 

0.63 
0.63 

44.001 
44.002 
44.003 
44,004 
44,003 
44,006 
44.007 
4 * . 4)„4> 

106 
106 
106 
106 
106 
IC» 
|«4 

106 

0.424 
0.424 
0.424 
0.424 
0.424 
0.42* 

0.42* 
0../4 

63. 
63. 
63. 
63. 
63. 
65. 
3. 

1T20000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 

21.90 
21.90 
17.30 
17.30 
10.10 
10.10 
5.30 
3.10 

9*360 
94010 
87750 
87750 
77950 
77950 
71740 
71 740 

0.14 
0.14 
0.16 
0.16 
0.21 
0.21 
0.23 
0.23 

6'A 
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APPENOIX 2. I CONTINUEO I (•) 

BURNOUT OATA FOR FREON 21 IN UNIFORMLY HEATEO ROUND TUBES 

RUN 
NUMBER 

44.009 

44.010 
44.011 
44.012 

44,013 
44,01* 
44,013 
44.016 

44.017 
44.018 
44.019 
44.020 
44.021 
44.022 
44.023 
44.024 

44.023 
44.026 
44.027 
44.026 
44.029 
44.030 
44.031 
44.032 

44.033 
44.034 
44.033 
44.036 
44.037 
44.038 
44.039 
44.040 

INLET 
PRESSURE 

P.S.I.A. 

106 
106 
106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 
106 
106 

INTERNAL 
OIAMETER 

INCHES 

0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

0.424 
0.424 
0.424 
0.424 
0.424 
0.424 
0.424 

0.424 

HEATFO MASS INLET ' BURNOUT 
LENGTH VCLOCITV SUBCOOLING HEAT FLUX 

2 2 
INCHES LB/HR.FT. BTU/LB. BTU/HR.FT 

63.1 

63.1 
63.1 
63.1 
63.1 
63.1 
63.1 

63.1 

63. 1 
63.1 
63.1 
63.1 
63.1 
63.1 
65. 1 
65.1 

65. 1 
63.1 
63.1 
65.1 
65.1 
65. 1 
65. 1 
65. 1 

65.1 
65. 1 
65.1 
65. 1 
65.1 
65.1 
65.1 
63.1 

1360000 
1380000 
1380000 
1380000 
1360000 
1380000 
1380000 

1360000 

B39000 
839000 
839000 
659000 
639000 
839000 
659000 
659000 

690000 
690000 
690000 
690000 
690000 
690000 
690000 
690000 

430000 
430000 
430000 
4 30000 
430000 
430000 
430000 
4 30000 

4.40 

4.40 
9.80 
9.80 

13.60 
13.60 
21,60 
21.60 

21.80 
21.80 
16.90 
16.90 
8.40 
8.40 
3.90 
3.80 

4.20 
4.20 

10.00 
10.00 
16.00 
16.00 
23.20 
23.20 

22.40 
22,40 
14.80 
14.80 
10.60 
10.80 
4.10 
4.30 

66410 
66410 
72310 
72400 

76810 
78810 
63340 
83340 

74050 
74030 
70090 
70090 
62480 
62480 
57920 
57920 

55410 
55410 
59690 
39690 
64 700 
64700 
70430 
70910 

53730 
55730 
31660 
51860 
49990 
49990 
46160 
46160 

EXIT 
DUALITY 

0.29 
0.29 
0.26 
0.26 
0.23 
0.23 
0.19 
0.19 

0.36 
0.36 
0.36 
0.38 
0.42 
0.42 
0.43 
0.43 

0.32 
0.32 
0.30 
0.30 
0.48 
0.48 
0.46 
0,46 

0.66 
0.66 
0.69 
0.69 
0.70 
0.70 
0.71 
0.71 

44.341 
44.042 
44.043 
44.044 
44.045 
44.046 
44.047 
44.048 

106 
106 
106 
106 
106 
10b 
106 
106 

0.424 
0.424 
0,42* 
0.424 
0.424 
0.424 
0.424 
0.424 

63. 1 
65.1 
63.1 

65.1 
65.1 
65. 1 
65. 1 
65. 1 

345000 
345000 
345000 
345000 
34 3000 
345000 
345000 
345000 

4.10 
4. 10 
9.60 
9.60 

11. 10 
15.10 
22.60 
22.60 

41460 
41460 
43270 
43270 
46220 
46220 
49390 
49390 

0.61 
0.81 
0.78 
0.78 
0.78 
0.78 
0.76 
0.76 

45.031 
45.032 
45.003 
45.034 
45.005 
45.006 
43.007 
43.008 

45.009 
43.010 
45.011 
45.012 
45.013 
45.014 
45.015 
45.016 

45.017 
45.016 
45.019 
45.020 

45.021 
45.022 
45.023 
45.024 

45.023 
*5.02» 
*•.. 027 
45,023 

106 
106 
106 
lot 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 
106 
106 

106 
106 
106 
10b 
106 
106 
106 
10* 

106 
• 36 

'•*6 

10(, 

0.424 
0.424 
0.424 
0.424 
0.*2* 
0.42* 
0.424 
0.424 

0.424 
0.424 
0.424 
0.424 
0.424 
0,424 
0.424 
0.424 

0.424 
0.424 
0,424 
0.424 

0.424 
0.424 
0.424 
0.424 

0.*7* 
0. •?* 

o.^* 
U.1.24 

130.3 
130. 3 
130.3 
130. 3 
130.3 
130.3 
130.3 
130.3 

130.3 
130.3 
130.3 
130.3 
130.3 
130.3 
130.3 
130.3 

130. 3 
130. 3 
130.3 
130.3 

130.3 
110.3 
130.3 
130.3 

130.3 
130.3 
130.3 
) 10- ' 

1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 

1360000 
1380000 
1380000 
1380000 
1380000 
1380000 
1360000 
1360000 

859000 
859000 
859000 
859000 
859000 
859000 
859000 
859000 

690000 
690000 
690000 
100 00 

22.40 
22.40 
17.70 
17.70 
9.80 
9. 80 
4.30 
4.30 

4.70 
4.70 
•5.90 
9.90 

11.60 

15.. 60 
21.40 
21.40 

23.10 
23.10 
16. TO 
16.70 

10.10 
10. 10 
3.80 
3.60 

4.50 
4.10 

10.30 
10.30 

61750 
61750 
56740 
56740 
47910 
478)0 
41360 
41360 

39090 
39090 
43650 
43650 
48600 
48600 
11380 
51380 

44000 
44000 
408)0 
40570 

36930 
36930 
33160 
3)160 

31160 
31160 
11980 
31980 

0.23 
0.23 
0.26 
0,26 
0.28 
0.28 
0.29 
0.29 

0.33 
0.35 
0.34 
0.34 
0.32 
0.32 
0.30 
0.30 

0.46 
0.46 
0.48 
0.48 
0.49 
0.49 

0.30 
0.50 

0.59 
0.39 

0.58 
0.58 

& 
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APPENDIX 2 . I CONTINUED I 
<n> 

BURNOUT DATA FOR FREON 21 IN UNIFORMLY HEATED ROUND TUBES 

RUN tNLET INTERNAL HEATfO MASS I N I F f BUPNnnT » • , 
NUMBER PRESSURE DIAMETER LENGTH VELOCITY S U B B I N G H E M T d t QUAL.TY 

P . S . I . A . INCHES INCHES L B / H R . F T . B T U / L B . B T U / M R . F l ' 

Vlll )l*'l 6 * ° 0 0 0 U-10 J»»» °-«» 
n'1,1 \\«'l 6 , 0 0 0 ° U ' 1 0 3*J'<> 0-5* 
° A* I ? ? - 3 "OOOO 21.80 38990 0.33 

0.33 

43.029 
45.030 
43.031 
45.032 

43.033 
45.034 
43.033 
43.036 
45.037 
43.038 
45.039 
43.040 

45.041 
45.042 
45.043 
45.044 
45.043 
45.046 
45.047 
45.04« 

106 
106 
106 
106 

106 
106 
106 
104 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 
106 
106 

46.001 
46.002 
46.003 
46.004 
46.005 
46.006 

200 
200 
200 
200 
200 
2C0 

46 

46 

46 

46 

46 

46 

46 

46 

46 

4i 

46 

* 6 , 

46, 

4 6 , 

46. 

46, 

4 6 , 
4 6 , 

*,*, , 
4 6 . 

* 6 . 

<t. 

46-

4 6 . 

••6. 
» 6 . 

.013 

.014 

.015 

.016 

.017 

.018 

.019 

.0<"0 

.021 

.022 

.023 

.•:24 

,025 
.026 
.027 
,028 
.029 
,030 
,031 
032 

033 
3 ) 4 

035 
0)6 
3)7 
0)8 

200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
2C0 
200 

200 
200 
2oo 
203 
200 
200 

41.001 
*'.002 
»*•. 00 3 

**.oc 

0.424 130.3 690000 21.60 33990 

0.424 1J0.3 430000 22.30 30340 0.74 
0.424 130.3 430000 22.30 30340 0.74 
0.424 130.3 430000 14.60 28360 0.77 
0.424 130.3 430000 14.60 28360 0.77 
0,424 130.3 430000 8.40 26470 0.76 
0.424 130.3 430000 8.40 76470 0.76 
0.424 130.3 430000 4.20 21190 0.76 
0.424 130.J 430000 4.20 23190 0.78 

0.424 . 130.3 345000 23.30 264)0 0.82 
0.424 130.3 345000 23.30 26430 0.62 
0.424 130.3 345000 16.60 23100 0.84 
0,424 130.3 345000 16.80 23100 0.84 
0.424 130.! 343000 11.50 233*0 0.64 
0.424 130.3 345000 11.50 23340 0.64 
0.424 130.3 345000 3.30 21650 0.66 
0.424 130.3 343000 3.30 21830 0.86 

0.264 83.5 1740000 26.10 61*30 0.24 
0.264 83.! 1740000 26.10 61430 0.24 
0.264 83.* 1740000 19.60 17370 0.30 
0.264 63.« 1740000 15.60 52370 0.30 
0.264 63.5 1740000 4.30 40360 0.33 
0.264 63.3 1740000 4.30 40380 0.33 

46.307 200 0.264 63.5 1403000 25.60 15310 0.32 
46.008 200 0.264 63.? 1403000 25.60 15310 0.37 

46.009 200 0.264 63.3 1403000 I*.00 41290 0.35 
46.010 200 0.26* 63.5 1403000 14.00 41200 0.33 
46.011 200 0.26* 83.5 1403000 4.40 36740 0.38 
46.012 200 0.264 63.1 1403000 4.»0 16740 0.38 

0.264 83.3 870000 28.10 41900 0.47 
0.264 83.5 870000 26.10 43900 0.47 
0.264 83.5 670000 13.20 11280 0.30 
0.264 83.3 870000 13.20 »12B0 0,50 
0.264 83.5 870000 4.30 29350 0.31 
0.264 83.3 870000 4.30 29350 0.31 

0.264 

0.264 

0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 

0.264 
0.264 
0.26* 
0.26* 
0.264 
0.264 

83.5 
83.! 
8 3 . ; 
63.: 
63.3 
63.3 

63.5 
63.5 

63,! 
63.5 
8 3 . : 
6 3 . : 

83.3 
8 3 . : 
8 3 . : 
83.3 
8 3 . : 
a s . : 

8 3 . ; 
83. 5 
83. 5 
6 ) . ; 
93.5 
33.5 

83.: 
83.: 
83.: 
83,5 
83.5 
83.: 
63.5 
83.5 

93.; 
83.: 
63.3 
63. ! 
83.: 
•3.: 

1740000 
1740000 
1740000 
1740000 
1740000 
1740000 

1403000 
1403000 

1403000 
1403000 
1403000 
1403000 

870000 
870000 
670000 
870000 
870000 
870000 

701000 
701000 
701000 
701000 
701000 
701000 

435000 
435000 
433000 
433000 
435000 
433000 
435000 
435000 

331000 
351000 
3H000 
351000 
351000 
331000 

26.10 
26,10 
11.60 
15.60 
4.30 
4.30 

25.60 
25.60 

I*.00 
14.00 
4.40 
4.*0 

26.10 
26.10 
13.20 
13.20 
4.30 
4.30 

26.10 
26.10 
12.70 
12.70 
6.20 
6.20 

7.90 
7.90 

27.10 
27.10 
17.00 
17.00 
17.00 
•17.00 

19.10 
19. 10 
2P.20 
26.20 
13.03 
13.00 

61*30 
61430 
12370 
52370 
40360 
40380 

15310 
15310 

41200 
41200 
36740 
14740 

41900 
43900 
11280 
»12B0 
29350 
29350 

36230 
182)0 
17050 
32050 
21180 
7"183 

25360 
2*360 
1O880 
)0880 
28340 
2B)*0 
283*0 
283*0 

.'1320 
24760 
26660 
:*>830 
21390 
7)190 

0.36 

0.26- 93.5 701000 26.10 182)0 0.56 
0.264 83.5 701000 12.70 17050 0.3.9 
0.264 33.: 701000 12.70 32050 0.59 

0.61 

0.2*4 93.5 701000 6.20 71183 0.61 

0.264 83.5 435000 7.90 25360 0.87 
0.87 
0.83 
0.83 
0.86 
0.86 
0.86 
0.86 

0.96 
0.92 
0.90 
0.90 
0.91 
0.91 

106 
106 
106 
106 
'. '•> 

0, 
3, 
•J. 

0. 
"), 

, 2 6 4 

,2t-4 

.,6 4 

94. 1 
94. 1 

•4. 1 
9*. 1 
"4. | 

1720000 
1720000 
1720000 
1720000 

- "1 

21.70 
21.70 
15.30 
15. 30 
•,. '? 

»4220 

(•4220 
15320 
•1570 
4i3'3 

0.30 

0.30 
0.32 
0.32 
n . 11, 
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APPENDIX 2. I CONTINUEO I ( T U ) 

BURNOUT DATA FOR FREON 21 IN UNIFORMLY HEATEO ROUND TUBES 

RUN INLET INTERNAL HEATEO MASS INLET BURNCUT EXIT 
NUMBER PRESSURE OIAMETER LENGTH VELOCITY SUBCOOLING .HE AT FLUX OUALITV 

2 2 
P.S.I.A. INCHES INCHES LB/HR.FT. BTU/LB. BTU/HR.FT 

47.007 
47.008 
47.009 
47.010 
47.011 
47.012 

47.013 
47.014 
47.013 
47.016 
47.017 
47.018 

47.019 

47.020 
47.021 
47.022 
47.023 
47.024 

47.023 
47.026 
47.027 
47.028 
47.029 

47.030 
47.031 

47.032 
47.033 
47.034 

106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 
1C6 
106 

106 
106 
106 

0.264 
0.264 
0.264 
0.264 

0.264 
0.264 

0.264 
0.264 
0.264 
0.264 
0.264 
0.264 

0.264 

0.264 
0.264 
0.264 
0.264 
0.264 

0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 

0.264 
0.264 
0.264 

84.1 
84.1 
64.1 
84. 1 
64.1 
84.1 

84.1 
64. 1 
64. 1 
84.1 
84. 1 
84.1 

84. 1 
84. 1 
84. 1 
84.1 

64.1 
84. 1 

84.1 
64.1 
84.1 
84.1 
64.1 
84.1 
84. 1 

84. 1 
64.1 
84. 1 

1380000 
1380000 
1360000 
1380000 
1360000 
1360000 

839000 
839000 
839000 
859000 
859000 
659000 

690000 
690000 
690000 
690000 
690000 
690000 

430000 
430000 
430000 
430000 
430000 
430000 
430000 

345000 
345000 

345000 

23.40 
23.40 
15.70 
15.70 
7.60 
7.60 

7.10 
7.10 

13.40 
13.40 
20.70 
20.70 

22.60 
22.60 
15.00 
15.00 
7.00 
7.00 

22.60 
22.60 
23.40 
16.20 
16.20 
8.70 
8.70 

22.50 
22.50 

16. 10 

39630 
39630 
52970 
32970 
45810 
43810 

38860 
3BB60 
42290 
42290 
46920 
46920 

42860 
428 60 
39120 
39120 
35910 
33950 

32840 
32620 
32940 
31270 
31460 
28810 
28810 

27390 
77390 
25599 

0.37 
-0.37 

0.36 
0.38 
0.40 
0.40 

0.38 
0.38 
0.57 
0.57 
0.57 
0.5T 

0.63 
0.63 
0.66 
0.66 
0.69 
0.69 

0.86 
0.66 
0,86 
0.68 
0.69 
0.89 
0.69 

0.91 
0.91 
0.90 

47.013 
47.036 
47.037 

106 
106 
106 

0.26* 
0.264 
0.26* 

84. 1 
84. 1 
84. 1 

345000 
345000 
345000 

16. 30 
9.30 
9.30 

21190 
24150 
24150 

0.90 
0.92 
0.92 

43.001 
43.002 
48.003 
48.004 
48.005 
46.006 
48.007 

48.338 
48.009 

48.010 
48.311 
46.012 

48.013 
48.014 
48.C15 
48.316 
48.017 
48.016 

48.019 

48.020 
48.321 
48.022 
48.023 
48.124 
48.025 
46.026 
48.027 
48.026 
48.029 

49.030 
46.031 
48.032 
48.033 
48.034 

.8.335 
48.016 

(«.!''' 

106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 
106 
1C6 
106 
106 
106 
106 
106 
106 
106 
106 

l<16, 

I,''. 

loo 

0.264 

0.26* 
0.264 
0.264 
0.264 
0.264 
0.2 64 
0.264 
0.264 
0.264 

0.264 
0.2(.-4 
0.264 
0.2t>4 
0.264 
0.2*4 

0.264 
0.264 

0.264 
0.244 
0.244 
0.264 
0.264 
0.264 
0.244 
0.2*4 
0.264 
0.264 
0.264 
0.2*4 
0.264 
0.264 
0.264 
0.264 

0.2»>* 
0.264 
J.2*4 

42.C 

42.C 
42.C 
42.C 
42.C 
42.C 
42.C 
42.C 
42.C 
42.C 
42.C 
42.C 
42.C 
42.0 
42. C 
42.C 
42.C 
42.C 

42.C 
42.C 
42.C 
42. C 

42.0 
42.C 
42.C 
42.0 

42.0 
42.0 
42. 0 
42.C 
42.C 
42.C 
42.C 
42.C 

42. a 
*2.C 
• -» r 

1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 

1720000 
1720000 
1720000 
1720000 
1720000 
1720000 

1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
13800C0 
13B000O 

1380000 
1380000 

859000 
859000 
819000 

23.10 
23.10 
15.00 
15.00 
7.10 
7.30 

14.60 
14.60 
22.60 
22.60 

18.90 
18. 90 
17.20 
17.20 
13.50 
13.50 
7.40 
7.40 

23.20 
2 3.2a 
16.40 
16.40 
6.50 
6.50 

22.40 
22.40 
18.90 
IB.90 
13.70 
13.70 
8. 10 
9. 10 

9. 10 
8.10 

21,90 
21.90 
14. 10 

107240 
107240 
96150 
9*110 
84770 
64770 
"4210 
94210 

104830 
104630 
100900 
100900 
97220 
97220 
93450 
91450 
84 7 70 
34 7 70 

99350 
9PH0 
90820 
90820 
79500 
79500 
96710 
9* T50 
91740 
91 740 
06600 
86600 
82290 
82290 

81680 
61880 

ei660 
61660 
73640 

0.19 
0.19 
0.24' 
0.24 
0.26 
0.28 
0.23 
0.23 
0.19 
0.19 

0.21 
0.2.1 
0.22 
0.22 
0.24 
0.24 

0.28 
0.28 

0.26 
0.26 
0.29 
0.29 
0.35 

0.31 
0.26 
0.26 
0.27 
0.27 
0.30 
0.30 
0.33 
0.35 
0.34 
0.34 

0.45 
0.43 
0.46 
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APPENOIX 2. t CONTINUEO I (Till) 

BURNOUT OATA FOR FREON 21 IN UNIFORMLY HEATED ROUNO TUBES 

RUN 
NUMBER 

46.038 
40.039 
48.040 
48.0*1 
48.042 
4S.043 
48.044 
46.043 
43.046 
46.047 
46.046 
48.049 
48.050 
43.031 

48.052 
46.053 
48.034 
48.053 
4B.0S6 
48.057 
48.058 
48.059 
48.060 
48.061 
48.062 
46.063 
48.064 
46.065 
48.066 

48.067 
46.068 
48.069 
48.070 
48.371 

48,072 

48.073 
48.074 
40.075 
40.076 
46.077 
48.076 
46.079 
43.080 

INLET 
PRESSURE 

P.S.I.A. 

106 
106 
104 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 

106 

106 
106 
106 
106 
106 
106 
106 
106 

INTERNAL 
DIAMETER 

INCHES 

0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.26* 
0.264 
0.264 
0.264 

0.264 
0.264 
0.2*4 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 

0.264 
0.264 
0.264 
0.264 
0.264 

0.264 

0.264 
0.264 
0.2*4 
0.264 
0,264 
0.264 
0.264 
0.264 

HEATED 
LENGTH 

INCHES 

42.0 
42.0 
42.0 
42.0 
42.0 
42.C 
42.0 
42.C 
42.C 
42.0 
42.0 
42.0 
42.0 
42.0 

42.0 
42.C 
42.0 
42.0 
42.0 
42.C 
42.0 
42.0 
42.0 
42.0 
42. C 
42.C 
42.0 
42.0 
42.0 

42.C 
42.C 
42.0 
42.0 
42.C 

42. C 

42.0 
42.0 
42,0 
42.0 
42.C 
42.C 
42.0 
42.0 

MASS 
VELOCITY < 

2 
LB/HR.FT. 

639000 
SS9000 
839000 
8S9000 
859000 
859000 
S59000 
859000 
859000 
659000 
839000 
869000 
839000 
859000 

690000 
690000 
690000 
690000 
690000 
690000 
690000 
690000 
690000 
690000 
690000 
690000 
690000 
690000 
690000 

430000 
430000 
430000 
430000 
430000 

430000 

343000 
345000 
345000 
345000 
345000 
345000 
345000 
345000 

INLET 
SUBCOOLING 

BTU/LB. 

14.30 
T.40 
7.40 

22. TO 
22. TO 
18.70 
18. TO 
14.60 
14.60 
7.20 
T.20 
7.10 
T. 10 
6.90 

21.30 
21.50 
16.20 
16.20 
9.20 
9.20 

24.10 
24.10 
20.30 
20.30 
15.30 
13.30 
9.00 
9.00 
8.70 

23.70 
23.70 
16.50 
16.50 
8.30 

8.30 

23.80 
23.80 
14.50 
14.50 
14.00 
7.60 
7.60 
7.30 

BURNOUT 
H E W FLUX 

2 
BTU/HR.FT 

73040 
63940 
63940 
84100 
84100 
60930 
80930 
78460 
78460 
70850 
70850 
71290 
71290 
70330 

73290 
74400 
67490 
6T490 
59910 
39910 
79790 
79790 
75920 
75920 
72390 
72210 
67870 
6T8T0 
6T390 

19410 
59410 
5*680 
36690 
54140 

34140 

51370 
31320 
50150 
30130 
50150 
47550 
47550 
47550 

EXIT 
0U41ITY 

0.46 
0.46 
0.46 
0.44 
0.46 
0.48 
0.48 
0.50 
0.50 
0.52 
0.52 
0.31 
0.33 
0.32 

0.33 
0.54 
0.53 
0.33 
0.53 
0.53 
0.37 
0.3T 
0.37 
O.S? 
0.60 
0.59 
0.62 
0.62 
0.62 

0.74 
0.74 
0.76 
0.78 
0.83 

0.83 

0.82 
0.82 
0.90 
0.90 
0.91 
0.93 
0.93 
0.93 

49.031 
49.002 
49.003 
*9.00* 
49.005 
49.006 

49.007 
49.008 
49.009 
49.010 
49.011 
49.012 
49.013 
49.014 
49.015 
49.016 

49.017 
49.018 
49.019 
49.020 
49.021 
49.022 

*4.023 
»9,02* 
49.025 
49.026 
4 » . ittl 

200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 

200 
200 
200 
}>C1 

i~?0 

0.264 
0.264 
0.264 
0.2*4 
0.264 
0.264 

0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 

0.264 
0.264 
0,264 
0.264 
0.264 
0.264 

0.264 
0.264 
0.264 
n.2*' 
0 

41.7 
41.7 
41.7 
41.7 
41.7 
41.1 

41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 

41.7 
41.7 
41.7 
41.7 
41.7 
41.7 

41.7 
41.7 
41.7 
41.7 
41.7 

351000 
351000 
351000 
351000 
351008 
351000 

435000 
435000 
435000 
435000 
433000 
435000 
435000 
433000 
435000 
435000 

701000 
701000 
701000 
701000 
701000 
701000 

870000 
670000 
870000 
870000 
670000 

28,90 
28. 90 
20.60 
20.60 
15.70 
15.70 

29.40 
29.40 
18.00 
16.00 
11.00 
11.00 
21.80 
21.80 
27.30 
27.30 

27.70 
27.70 
20.00 
20.00 
11.20 
11.00 

27.30 
27.30 
19.10 
19.10 
8.90 

51700 
51700 
48220 
48220 
46120 
46120 

60990 
60990 
55190 
55190 
48980 
48980 
54590 
54590 
58490 
58490 

71420 
71710 
66090 
66090 
59120 
58930 

73480 
75480 
69390 
69390 
61310 

0.84 
0.64 
0.87 
0.87 
0.89 
0.89 

0.T8 
0.T8 
0.82 
0.82 
0.79 
0.T9 
0.76 
0.76 
0.76 
0.76 

0.48 
0.49 
0.52 
0.52 
0.33 
0.S3 

0.36 
0.36 
0.41 
0.41 
0.47 

Yn 
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APPENOIX 2. I CONTINUED I (HO 

BURNOUT DATA FOR FREON 21 IN UNIFORMLY HEATEO ROUNO TUBES 

RUN INLET INTERNAL 
NUMBER PRESSURE OIAMETER 

HEATED MASS INLET BURNOUT EXIT 
LENGTH VELOCITY SUBCOOLING HEAT FLUX OUALITV 

2 2 
P.S.I.A. 

49.028 

49.029 
49.030 
49.031 
49.032 
49.033 
49,034 
49.035 
49.036 
49.037 

49.038 
49.039 
49,040 
49.041 
49.042 
49.043 
49.044 

200 

200 
200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 

INCHES 

0.264 

0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 

0.264 
0.264 
0.264 
0.264 
0.264 
t>.2*4 
0.264 

INCHES 

41.T 

41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 

41,7 
41.7 
41.7 
41.T 
41.7 
41. 7 
41.7 

LB/HR.FT. 

870000 

1403000 
1403000 
1403000 
1403000 
1403000 
1403000 
1403C00 
1403000 
1403000 

1740000 
1740000 
1740000 
1740000 
1740000 
1740COO 
1740000 

BTU/LB. 

8.90 

27.30 
25.50 
23.30 
17.70 
17.70 
17.20 
17.20 
6.90 
6.90 

29.30 
30.00 
30.00 
21.70 
21.70 
9.80 
9.80 

BTU/HR.FT 

60600 

69490 
87360 
67360 
79820 
79820 
80110 
80110 
67240 
67240 

98970 
101160 
101180 
68060 
88060 
72460 
72460 

0.46 

0.17 
0.18 
0.18 
0.24 
0.24 
0.25 
0.25 
0.31 
0.31 

0.09 
0.09 
0.09 
0.14 
0.14 
0.22 
0.22 

30.001 
50.002 
50.003 
50.004 
50.005 
50.006 
30.007 
50.008 
30.009 
50.010 
50.011 
50.012 
50.013 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.2*4 
0.264 
0.264 

20. t 
20.6 
20.9 
20.8 
20, e 
20.9 
20.8 
20.6 
20.9 
20.8 
20.6 
20.6 
20.8 

1740000 
1740000 
1740000 
1740000 
174O0OO 
1740000 
17*0000 
1740000 
1740000 
1740000 
1740000 
1740000 
1740000 

25.70 
25.70 
25.70 
25.70 
72.30 
22.30 
19.00 
19.00 
15.60 
15.60 
10.60 
10.60 
9.50 

143380 
143380 
134330 
134330 
133900 
133900 
12*090 
126070 
111690 
115890 
102390 
102390 
99630 

0.00 
0.00 
-0.02 
-0.02 
0.03 
0.03 
0.03 
0.05 
0.07 
0.07 
0.10 
0.10 
0.11 

50.014 

30.015 
50.016 
30.C17 
30.016 
50.019 
50.020 
50.021 
50.022 
50.023 
50.0:4 
50.025 
50.026 
50.027 
50.028 

50.029 
50.030 
50.031 
50.032 
50.033 
50.034 
50.035 
50.036 

10.037 
50.038 
50.039 
50.340 
50.041 
50.042 
50.0*3 
50.0*4 

50.345 
50.048 
50.049 
50.050 
50.051 

50.0«* 
.^j^OiU 

200 

200 
203 
200 
200 
200 
200 
230 
200 
200 
200 
200 
2r0 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 

/«>« 
jliia 

0.264 

0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 

0.264 
0.26* 
0.244 
0.2*4 
0.264 
0.2*4 
0.264 
0.264 

0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.2*4 

0.264 
0.264 
0.264 
0.264 
0.264 

'J. ̂ 64 

20.6 

20.6 
20." 
20.6 
20.6 
20.6 
70.6 
20. e 
20.8 

20.6 
20. e 
20. e 
20.0 
20. 6 
20.6 

20.8 
20.6 
20.8 

20.6 
20.6 
20.8 
20.8 
20.6 

20. 6 
20.6 
20.6 
20. e 
20. e 
20. a 
20.6 
20.6 

20.6 
20.6 
20.9 
20.6 
20. e 

20.6 
20. 1 

1740000 

1403000 
1403000 
1403000 
1403000 
1403000 
1403000 
1403000 
1403000 
1403000 
1403000 
1403000 
1403000 
1403000 
1403000 

87000U 
870000 
870000 
870000 
8 70000 
870000 
8 70000 
8 70000 

701000 
701000 
701000 
701000 
701000 
701000 
701000 
701000 

433000 
4)5000 
4 35000 
435000 
435000 

351000 
l'lCOO 

9.30 

2B.20 
28.20 
21.80 
25.80 
22.00 
22.00 
18.50 
18.50 
14. 10 
14. 10 
lO.flO 
10.80 
8. 10 
8. 10 

28.20 
28.20 
27.40 
22.40 
14.10 
14. 50 
e.40 
e.40 

29.00 
2 9.0*0 
21.10 
21.10 
15.93 
15.90 
7.00 
7.00 

27.40 
19.20 
14.10 
7.90 
7.90 

25. 30 
25. 10 

99630 

137260 
137260 
131110 
131110 
124360 
124360 
116430 
116430 
112090 
112390 
101950 
101950 
97160 
97160 

120240 
120240 
112790 
117000 
101120 
100460 
92120 
97120 

1 13230 
113230 
101750 
103750 
98020 
98400 
88160 
88160 

97410 
90820 
87210 
81440 
61440 

887C0 
88700 

0.11 

0.03 
0.03 
0.05 
0.05 
0.08 
0.08 
0.10 
0.10 
0.15 
0.15 
0.16 
0.16 
0.18 
0.18 

0.20 
0.20 
0.24 
0.24 
0.29 
0.29 
0.33 
0.33 

0.29 
0.29 
0.34 
0.34 
0.37 
0.37 
0.43 
0.43 

0.37 
0.61 
0.65 
0.67 
0.67 

0.72 
0.72 I c 
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APPENOIX 2. I CONTINUED I (X) 

BURNOUT OATA FOR FREON 21 IN UNIFORMLY HEATED ROUND TUBES 

RUN INLET INTERNAL HEATEO MASS INLET BURNCUT EXIT 
NUMBER PRESSURE OIAMETER LENGTH VELOCITY SUBCOOLING HE AT FLUX QUALITY 

2 2 
P.S.I.A. INCHES INCHES LB/HR.FT. BTU/LB. BTU/HR.FT 

50.054 

50.055 
50.056 
50.037 
50.038 
50.059 

30.060 

200 
200 
200 
200 
200 
200 
2.00 

0.264 
0.264 
0.264 

0.264 
0.264 
0.264 
0.264 

20.6 
20.6 
20.6 
20.6 
20.6 
20.( 
20.6 

331000 
351000 
331000 
331000 
331000 
351000 
351000 

21.20 
21.20 
14.30 
14.30 
14.30 
11.00 
11.00 

66370 
86370 
79660 
79660 
80010 
76810 
76810 

0.74 
0.74 
0.73 
0.7*5 
0.76 
0.76 

0.76 

51. 
51 

51 
51, 
31 
51 
51 
51 

51 
31 
51 
51 

51 
31 
51 
51 
51 
51 

51 
51 

51 
51 
51 

001 
002 
003 
004 
003 
006 
007 
006 

009 
010 

on 
.012 

.013 

.014 

015 
.016 
.017 
.018 
.019 
.020 

.021 

.022 

.023 

106 
106 
106 
106 
106 
106 
106 
106 

106 

106 
106 

106 

106 
106 
106 
106 
106 
106 
106 
106 

106 
106 

106 

0.264 
0.2*4 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 

0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.264 
0.2*4 

0.264 
0.264 
0.264 

21.0 
21.C 

21. C 
21.0 
21. C 
21. C 
21.C 
21.0 

21.0 

21.C 
21.C 

21. C 
21.C 
21.C 
21.0 

21. 0 
21. C 
21. C 
21. C 
21.C 

21.C 
21. C 
21. C 

1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 

1380000 
1380000 
1380000 
1380000 

1380000 
1380000 
1380000 

1380000 
1380000 
136OO00 
1380000 
1380000 

639000 
639C00 
819000 

23.50 
23.30 

19.20 
19.20 
13.70 
13.70 
7.60 
7.60 

23.10 
23.10 
19.60 

19.60 
14.20 
14.20 
5.50 
5.50 
5.50 
5.50 
7.90 
7.90 

22.80 
22.80 

19.00 

148860 
149430 
136910 
136910 
127720 
127720 
114250 
114940 

140330 
140330 
132540 
132540 

121280 
121280 
108480 

108480 
107910 
107910 
112190 
112190 

129300 
129300 
127720 

0.03 
0.03 
0.07 
0.07 
0.11 
0.11 
0.16 
0.16 

0.11 
0.11 
0.13 
0.13 
0.16 
0.16 
0.23 
0.23 
0.22 
0.22 
0.21 
0.21 

0.29 
0.29 
0.33 

51.024 

51.025 
51.026 

106 
106 
106 

0.264 
0.264 
0.2*4 

21.C 
21. C 
21.0 

859000 
859000 
859000 

19.00 
14.10 
14.10 

12*360 
123630 
123000 

0.32 
0.37 
0.36 

52.001 
52.002 
52.003 
52.004 
52.005 
*2.006 
12.307 
5/.C38 
5.'.C39 

52.010 
52.CH 
52.012 
52.013 
12.014 

52.015 
52.016 
52.017 

52.018 

52.019 

52.020 
52.021 

52.C22 
52.023 
52.024 

S2.C23 
52.026 

52.027 
52.028 
32.029 
52.030 
52.031 
38.032 
32.033 
5*.034 

200 
200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.433 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.631 

97.8 
97.8 
97. e 
97.8 

• 97. 6 
97. 6 
97. 6 
97. 6 
97. 8 

97. 6 
97.6 
97.6 
97.8 
97.6 
97.6 
97.8 
97.6 
97.6 

97. 8 
97. 6 

97.6 
97.8 
97. e 

97.8 
97.6 
97. 6 

97.6 
97.8 
97.6 
97.6 
97.6 

97.8 
97.6 
97.6 

870000 
870000 
870000 
870000 
870000 
670000 
670000 
870000 
870000 

701000 
701000 
701000 
701000 
701000 
701000 
701000 
701000 

701000 

435000 
435000 
435000 
435000 
435000 
435000 

435000 
435000 

351000 
351000 
351000 
331000 
351000 

351000 
351000 
351000 

26.50 
26.40 
26.40 
19.00 
19.00 
12.10 
12.10 
7.30 
7.30 

26.20 
26.20 
19.70 
19.70 
19.70 
11.90 
11.90 
6.50 
6.30 

25.80 
21.80 
21.00 

21.00 
13.30 
13.30 
5.80 
3.80 

26.20 
26.20 

20.30 
20.50 
11.90 
11.90 
5.20 
5.20 

61720 
61440 
61440 
1*140 
56010 
51350 
51350 
47840 
47580 

17350 
5T789 

52780 
• 53098 

51098 

48440 
48440 
44 540 
44540 

47740 
47960 
45740 
41870 
42620 
42730 
37790 
37790 

43560 
43560 
40880 
40990 
37180 
36960 
34110 
34000 

0.23 
0.23 
0.23 
0.27 
0.27 
0.32 
0.32 
0.33 
0.33 

0.33 
0.33 
0.35 
0.36 
0.3* 
0.41 
0.41 
0.43 
0.43 

0.55 
0.56 
0.30 

0.58 
0.60 

0.60 
0.63 
0.63 

0.6* 
0.66 
0.69 
0.63 
0.70 
0.70 
0.77 
0.72 (A 
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APPENDIX 2 . I CONTINUEO (XI) 

BURNOUT OATA FOR FREON 21 IN UNIFORMLY HEATED ROUND TUBES 

RUN INLET INTERNAL 
NUMBER PRESSURE OIAMETER 

P.S.I.A. INCHES 

HEATED MASS INLET, BURNOUT 
LENGTH VELOCITY SUBCOOLING HEAT FLUX 

2 2 
INCHES LB/HR.FT. BIU/IB. BTU/HR.FT 

EXIT 
QUALITY 

52.033 
52.036 
52.037 
52.038 
32.039 
32.040 
52.041 
52.042 

52.043 
52.044 
52.045 
52.046 
52.047 
52.048 
52.049 
52.050 

52.051 
52.052 
52.053 
52.054 
52.055 
52.056 
52.057 
52.058 

3 2.039 
52.060 
52.061 
12.062 
52.063 
52.064 
52.065 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

97.8 
97.8 
97.8 
97.8 
97.8 
97.6 
97.8 
97.8 

97.9 
97.8 
97.6 
97.6 
97.8 
97.6 
97.6 
97. 6 

97.8 
97.6 
97. e 
97.6 
97.8 
97.8 
97.6 
97.6 

97.8 
97.9 
97.9 
97.6 
97.6 
97. e 
97. 6 

839000 
8S9000 
839000 
959000 
839000 
859000 
859000 
8 59000 

690000 
6 90000 
690000 
690000 
690000 
690000 
690000 
690000 

4 30000 
4 30000 
430000 
430000 
430000 
430000 
430000 
430000 

345000 
345000 
345000 
345000 
341000 
345000 
345000 

23.60 
23.60 
19.10 
19.10 
12.70 
12.70 
6.60 
6.60 

23.10 
23.10 
18.10 
16.10 
12.90 
12.90 
5.10 
5.10 

23.50 
23.50 
16.90 
16.90 
12.40 
12.40 
7.30 
7.30 

17.80 
17.80 
21.60 
21.60 
7.00 
7.00 
7.00 

69340 
693*0 
63760 
65760 
60780 
60780 
35650 
55980 

64985 
64836 
613C0 
61300 
57240 
37240 
31427 
51576 

34258 
54258 
50780 
50780 
47845 
48155 
44213 
44339 

45390 
45390 
47530 
47530 
40040 
4062 7 
*0390 

0.33 
. 0.33 

0.37 
0.37 
0.41 
0.41 
0.44 
0.44 

0.46 
0.46 
0.48 
0.46 
0.50 
0.50 
0.54 
0.54 

0.72 
0.72 
0.74 
0.74 
0.74 
0.75 
0.74 
0.74 

0.84 
0.84 
0.84 
0.84 
0.85 
0.87 
0.66 

52.066 
52.067 
32.068 
52.069 
52.070 
52.071 
52.072 
52.073 

52.074 
52.075 
52.076 
52.077 
52.078 
52.079 
52.080 
52.081 
52.082 
52.083 

52.084 
52.085 
52.086 
52.087 
52.088 
52.089 
5 2.090 
52.091 
'2.092 
52.093 
52.094 
52.093 

52.096 
52.097 
32.098 
52.099 
52.100 
52.101 
52.102 
32. • « 
»2.104 

200 
200 
200 
200 
200 
200 
230 
200 

200 
200 
203 
200 
200 
200 
200 
200 
200 
200 

200 
200 
2C0 
200 
200 
200 
200 
200 
200 
200 
200 
200 

700 
200 
200 
200 
200 
200 
200 
200 
'00 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
3.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.6)3 
0.413 
0.4)3 

97.6 
97. 8 
97.8 
97.6 
97.8 
97. 6 
97. 6 
97.6 

97.6 
97.e 
97.6 
97. e 
97.6 
97. 8 
97.8 
97.6 
97.6 
97. 8 

97. 8 
97.6 
97.6 
97. 8 
97.8 
97.6 
97.e 
97.6 
97.8 
97.6 
97. 8 
97.8 

97.9 
97.e 
97.9 
97.6 
97.8 
97.6 
97.6 
97.e 
97.6 

1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 

13»0000 
13BO0OO 
1180000 
1380000 
1310000 
11H0000 
1390000 
1380000 
1380000 
1380000 

1740000 
1740000 
1740000 
1740000 
1740000 
1740000 
1740000 
1740000 
I 140000 
1740000 
1740000 
1740000 

1403000 
1403000 
140 3000 
140 3000 
1403000 
140 3000 
1403000 
1403000 
1403000 

22.00 
22.00 
17.50 
17.50 
11.70 
11.70 
6.60 
4.*0 

6.90 
6.90 
10.70 
10. 70 
14.10 
14.50 
22.50 
22.10 
18.60 
18.60 

25.60 
23.60 
23.30 
25.50. 
19.40 
19.40 
13.80 
13.80 
9.20 
9.20 
8.60 
8.60 

23.30 
23. 30 
20.30 
20.30 
14.80 
14.80 
14.80 
6.90 
8.90 

98397 
98397 
92230 
91390 
92410 
02550 
76110 
7*020 

71930 
71710 
71097 
75097 
79410 
79*10 
90920 
90920 
86450 
8*130 

88320 
88630 
69320 
88440 
76680 
76020 
65520 
65810 
59280 
59280 
58300 
58490 

79760 
80070 
72340 
72340 
64790 
64 790 
64920 
58490 
58490 

0.16 
0.16 
0.21 
0.20 
0.24 
0.24 
0.27 
0.27 

0.33 
0.33 
0.30 
0.30 
0.28 
0.28 
"0.24 
0.24 
0.26 
0.26 

0.08 
0.08 
0.08 
0.08 
0.10 
0.10 
0.12 
0.13 
0.16 
0.16 
0.16 
0.16 

0.13 
0.13 
0.13 
0.13 
0.18 
0.18 
0.18 
0.22 
0.22 fo 
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APPENDIX 2 . I CONTINUED I (*1U) 

BURNOUT DATA FOR FREON 2 1 I N UNIFORMLY HEATED ROUND TUBES 

RUN INLET 
NUMBER PRESSURE 

P.S.I.A. 

INTERNAL 
DIAMETER 

INCHES 

HEATEO MASS INLET BURNOUT 
LENGIH VELOCITY SUBCOOLING HEAT FLUX 

2 ' 2 
INCHES LB/HR.FT. BTU/LB. BTU/HR.FT 

E X I T 
O U A L I T Y 

33.070 
33.071 
33.072 

•3.073 
53.074 
33.075 
53.076 
33.077 

53.078 
33.079 
53.080 
33.061 
53.082 
53.083 
53.084 
53.095 
53.086 
53.087 

53.088 
53.069 
53.0<>0 
53.091 
53.092 
33.093 
53.09* 
53.095 

53.396 
53.097 
53.098 
53.099 
33.100 
53.101 

106 

106 
106 
106 
106 
106 
106 
106 

106 
106 
106 
106 
106 
106 
106 
106 
106 
106 

106 
106 
10* 
106 
106 
106 
106 
106 

106 
106 
10* 
106 
106 
106 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

123. C 
125. C 
125.0 
125.0 
125.C 
125. C 
125.C 
125.C 

123.C 
125.C 
125.C 
125.C 
125.C 
125.C 
125. C 
125. C 
125.3 
123.C 

123.C 
125. C 
125. C 

125.C 
125.C 
125.C 
125. C 
125. C 

125.C 
125.C 
125.C 
125. C 
125.C 
125.C 

351000 
351000 
351000 
331000 
381000 
331000 
331000 
331000 

1720000 
1720000 
1720000 

1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 

1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 
1380000 

17*0000 
1740000 
17*0003 

1740000 
17*0000 

1740000 

19.50 

18.30 
11.60 
11.60 
13.10 
13.10 
6.40 
6.40 

22.00 
22.00 
22.00 
18.00 
18.00 
12.10 
12. 10 
12. 10 
6. 30 
6.50 

22.30 
22.20 
17.60 
17.60 
12.10 
12.10 
6.60 
6.60 

27.80 
27.80 
27.80 
19.60 
19.60 
14.40 

32110 
32110 
29360 
29280 

0.62 

0.62 
0.63 
0.63 

30030 0.63 
30030 
27510 
27310 

87130 
86338 
66538 
61040 
81399 
75053 
74520 
74520 
67930 
68060 

81550 
60886 
7*140 
75858 
70170 
70170 
64380 
64450 

78200 
78200 
78140 
61700 
63700 
57200 

0.63 
0.64 
0.64 

0.21 
0.21 
0.21 
0.22 
0.22 
0.26 
0.26 
0.26 
0.29 
0.29 

0.28 
0.26 

0.30 
0.30 
0.32 
0.32 
0.35 
0.33 

0.09 
0.09 
0.09 

0.12 
0.12 
0.11 

53.102 
53.103 
53.104 
53.105 

S3.136 
53.137 

13.138 
53.139 
53. 110 
53.111 
53.112 
53.113 
53.114 
53. 115 
53. 114 

106 
106 
106 
106 

106 
106 
106 
106 
106 
106 
106 
106 
104 
106 
106 

0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
3.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

123.C 
125. C 
125. C 
125.C 

125.C 
125. C 
125.C 
123.C 
125.C 
125.C 
125.C 
125.C 
125.C 
125.C 
125.C 

1740000 
1740000 
1740000 
1740000 

1403000 
1403000 
1403000 
1403000 
1403000 
1-03000 
1403000 
1403000 
1403000 
140 3000 
1403000 

14.40 
7.90 
7.10 
7.90 

24.00 
24.00 
19.20 
19.20 
13.20 
13.20 
13.20 
7.30 
7. 10 
'1.00 
9.00 

59279 
54930 
15345 
55345 

67226 
67226 
62195 
62195 
57347 
57460 
57460 
52736 
52736 
11795 

51785 

0.14 
0.20 
0.20 
0.20 

0.16 
0.16 
0.18 

o.ie 
0.22 
0.22 
0.22 
0.26 
0.26 
0.25 
0.25 

54.031 
14.002 
54.033 
54.004 
54.005 
54.006 
54.007 
54.008 

54.009 

54.010 
54.011 
14.012 
54.013 
54.014 
54.015 
54.016 
54.017 

54.016 

54.019 

54.020 
54.021 
54-«?2 
•••.. 2 3 

200 
200 
200 
700 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

200 
2"0 
200 
3CI<\ 

Z^C 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.433 
0.43) 

0.633 
0.633 
0.433 
0.433 
0.433 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
1.633 

M 

48.5 
46.9 
48.9 
48.9 
48.9 
48.9 
48.9 
48.9 

*8.*, 
48.9 
48.9 
48.9 
48.9 
48.9 
48.9 
46.9 
48.9 
46.9 

*8. 9 
48.9 
48.5 
48.5 
48.9 

870000 
870000 
870000 
870000 
870000 
870000 
870000 
870000 

701000 
701000 
701000 

701000 
701000 
701000 
701000 
701000 
701000 
701000 

435000 

435000 
435000 
435000 
435000 

26.20 
!K.;O 
19.40 
19.40 
13.40 
13.40 
7.40 
7.40 

25.70 
25.79 
19.40 
19.40 

13.10 
13.10 
6.00 
6.00 
6.90 
6.90 

25.90 
25.90 
20.50 
20.50 
15.00 

96 7 90 
97310 
87430 
87430 
79030 
79030 
70786 
70786 

90090 
90090 
82660 
82390 

75290 
75540 
66470 
64470 
68090 
68570 

77400 

77250 
72560 
77940 
41640 

0.11 
0.11 
0.15 
0.15 
0.19 
0.19 
0.23 
0.23 

0.18 
0.18 
0.22 
0,22 
0.26 
0.27 

0.31 
0.31 
0.30 

0.31 

0.36 

0.38 
0.41 
0.41 
0.44 v» 
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APPENDIX I CONTINUEO t ( x i » ) 

BURNOUT DATA FOR FREON 21 IN UNIFORMLY HEATED ROUNO TUBES 

RUN INLET INTERNAL 
NUMBER PRESSURE OIAMETER 

P.S.I .A. INCHES 

HEATEO MASS INLET BURNCUT 
LENGTH VELOCITY SUBCOOLING HEAT FVUX 

2 2 
INCHES L B / H R . F T . BTU/LB. BTU/HR.FT 

EXIT 
QUALI 'Y 

54.02* 

54,023 
54.026 

54.027 

54.028 
54.029 
54.030 
34.031 
54.032 
54.033 
54.034 

54.035 
34.036 

34.037 
54.038 
54.039 
54.040 
54.041 

54.042 
54.043 
54.044 
34.043 
54.046 
54.047 
54.048 
54.349 
54.050 
54.051 
54.052 

54.053 
54.05* 

14.053 

200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 

0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 

48.9 
46.9 
46.5 

48.9 
48.9 
48.9 
46.1 
46.9 
48.9 
48.9 
48.9 
48.9 
48.9 

48.9 
48.9 

48.5 
48.9 
48.9 
*8. 5 
48.9 
48.9 
49.9 
48.9 
48.9 
48.9 
48. 9 
48.9 
48. 9 
48.9 

48.9 
49.9 
48.9 

435000 
435000 
433000 

331000 
331000 
351000 
331000 
351000 
331000 
331000 
351000 
351000 
331000 

839000 
859000 
B39000 
839000 
839000 
839000 
839000 
839000 
859000 
839000 
839000 
659000 
859000 
659000 
859000 
859000 

690000 
690000 
690000 

15.00 
7.80 
7.80 

25.40 
25.40 
25.40 
25.40 
20.00 
20.00 
13.90 
13.90 
6.60 
6.60 

23.60 
23.60 
18.60 
18.60 
12.20 
12.20 
3.60 
5.60 

23.40 
23.40 
16.50 
16.30 
12.30 
12.30 
4.20 
6.20 

22.20 
22.20 
22.20 

66660 

63070 
63070 

71720 
71720 
71850 
71850 
67900 
67900 
64256 
64540 
59310 
5<?370 

103080 
102710 
96430 
96360 
97240 
B7240 
79335 
79535 

103*70 
103470 
96430 
964)0 
B7970 
87970 
80580 
80640 

91640 
95640 
95480 

0.44 
0.49 
0.49 

0.30 

0.30 
0.50 
0.50 
0.32 
0.32 
0.36 
0.56 
0.60 
0.60 

0.16 
0.18 
0.21 
0.21 
0.23 
0.23 
0.30 
0.30 
0.18 
0.18 

0.21 
0.21 
0.25 
0.23 
0.30 
0.30 

0.27 
0.27 
0.27 

54,016 

54.057 
54.358 
54.059 
54.040 
54.061 
54.042 
54.063 

54.0*4 

14.065 
'4.046 
54...7 

54.0t8 
54.069 
54.070 
54.371 

54.072 
54.073 
54.074 
54.375 
54.076 
54.077 

54.378 
54.079 
54.080 
54.OBI 
54.062 

54.363 
54.364 
54.085 
54.086 
54.087 

54.086 
54.089 
54.090 

14.091 
54.092 
34,093 
34,3»* 
5-4, j'fj, 

200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 

2 00 
200 
200 
200 
200 
200 
200 
200 
200 
200 
230 

200 
200 
200 
200 
200 
200 
230 
200 

200 
200 
20P 
2-0 
200 

0.633 
0.633 
0.633 
0.433 
0.4)3 
0.433 
0.433 
0.433 

0.433 
0.633 
0.433 
0.433 
0.433 
0.433 
0.433 
0.633 

0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 

0.633 

0.633 
0.633 

«. »') 
^ 

« 8 . i 

*8.5 
48. 9 
48. 9 
48.9 
48.9 
40. 9 
48.9 

48.9 
48.9 
48. 9 
48. 9 
46.9 
48. 9 
*B. 5 
48.9 

48.9 
48.9 
48. 9 
49.9 
48.9 
48.9 
48. 9 
48.5 
*8.9 
46.9 
49.9 

48.9 
48. 5 
49. 9 
48. 9 
48. , 
48.9 
48. 9 
48.9 

48.9 
49.9 
1.9 

* 
4 • 

690000 
690000 
690000 
690000 
690000 
690000 
690000 
690000 

430000 
430000 
430000 
4 1 0 0 0 0 
430000 
430000 
430000 
430000 

345000 
343000 
345000 
345000 
3*5000 
343000 
3*5000 
345000 
345000 
345000 
3*3000 

1740000 
17*0000 
1740000 
1740000 
1740000 

1740000 
1740000 
1740000 

1403000 

1403000 
1403000 
1403000 
t-.0. in 

22.20 
17.80 
17.80 
13.10 
13.10 
12.90 
6.20 
6.20 

22.90 
22.90 
18.00 
18.00 
13.00 
13.80 
1.60 
5.50 

22.60 
22.60 
18.20 
18.20 
12.20 
12.20 
6.00 
6.00 
6 iOO 

22.50 
22.50 

22.10 
22.10 
18.30 
18.30 
13.60 

13.60 
8.10 
9.10 

5.10 
5.10 

10.30 
10.50 
16.70 

95480 
90916 
93147 
0(10)0 
810)0 
67207 
80901 
80900 

86126 
88126 
84176 
.14 3 76 

81340 
81500 
74240 
746d5 

87420 
82*20 
SO550 
805 50 
71910 
7*240 
70810 
71513 
71110 
81310 
83310 

125360 
123360 
I 11060 
111060 
95290 

952 90 
77205 
77000 

48870 

48818 
80486 

79630 
972 = 6 

0.27 
0.30 
0.30 
0.35 
0.35 
0.34 
0.40 
0.40 

0.53 
0.33 
0.36 
0.36 
0.39 
0.39 
0.63 
0.63 

0.67 
0.67 
0.71 
0.71 
0.73 
0.74 
0.76 
0.76 
0.76 
0.69 
0.69 

0.00 
0.00 
0.02 
0.02 
0.04 
0.04 
0.07 
0.07 

0.13 
0.13 
0.10 
0.09 
1.0c 
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APPENOIX 2. I CONTINUED I <» 

BURNOUT DATA FOR FREON 21 IN UNIFORMLY HEATED ROUND TUBES 

RUN INLET INTERNAL 
NUMBER PRESSURE OIAMETER 

P.S.I.A. INCHES 

HEATED MASS INLET BURNCUT EXIT 
LENGTH VELOCITY SUBCCOLING HEAT FLUX OUALITY 

2 2 
INCHES LB/HR.FT. BTU/LB. BTU/HR.FT 

54.096 
54.097 
54.098 

34.099 
34.100 
54.101 
34.102 
54.103 
54.104 
54.105 
54.106 
54.107 

34.108 
34.109 
34.110 
34.111 
54.112 
54.113 

200 
200 
200 

200 
200 
200 
200 
200 
200 
200 
200 
200 

200 
200 
200 
200 
200 
200 

0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

0.633 
0.633 
0.633 
0.633 
0.633 
0.633 

48.9 
48.5 
48.9 

48.9 
46.9 
48.9 
48.9 
48.9 
48.9 
48.9 
48.9 
48.9 

48.5 
48.9 
48.5 
48.9 
48.9 
4B.5 

1403000 
1403000 
1403000 

1720000 
1T20000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 
1720000 

13 30000 
1380000 
1380000 
1300000 
1380000 
1380000 

16.70 
21.40 
21.40 

4.90 
4.90 
6.20 
9.20 
12.40 
12.20 
12.20 
16.80 
16.80 

4.50 
4.30 
6.30 
8.30 
11.90 
15.40 

96030 
109796 
109796 

92406 
91708 
97620 
97256 

106310 
103370 
103370 
104640 
104946 

1,7514 
87514 
95030 
95030 
99690 

106310 

0.06 
* 0.04 

0.04 

0.15 
0.15 
0.12 
0.12 
0.09 
0.08 
O.OS 
0.03 
0.03 

0.20 
0.20 
0.17 
0.17 
0.14 
0.11 

\i 
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O N * f f N ? 0 ( ' C > l > N l f l O O > e D ' D O O J N ' l i ^ H O f f l ( C J ( T ' r t i » l ^ . f 
—. p ^ - H O O O - J 7 - r o r O O - - 0 - 4 0 0 r O — ~ i O O O O O —< O O O (Nl - * — — i O 

(Nl 
O 

O O O O O O O O O O O C O O O O O O O O O O O O O O O O O O O O O 

c o m r — ( N i i n » " ' £ c n i n . - « j 3 r * . » 4 c 7 , 7 j " r * - - ^ 4 — , •*- aa —> c 7 v t T c r ) 7 * c n s O a o r o r < j o o a D 3̂ 
4- . (N)4^rs)(Ni(N)(N)(Ni(N)rsjnj(NJ(Ni^4njojrMrcjrM(Nir\4^ >f 

O O O O O O O O C O O O O O O O O O O O O O O O O O O O O O O O O 

J- — —1 - . CM TJ* in n en (Ni —• 

i ^ i n o o o o - - - . 7 r c o c T o n ( ^ f ^ c 7 » r \ j L n o o r ' j 7 r j ? i . 4 o n o c * ' 0 ^ o - - i r 3 
? l J , ' 7 0 x O O O O O O O - M ( ^ J ^ ^ J ' ^ c 1 ^ 7 ^ ^ > 7 ^ 7 ^ r ^ l • c o ^ l ' M ' " c o l J ' 0 
> ? - f ^ 7 * * i n i n i n n i n i n n i n n i n n i n u ^ c n c n n c n c n c n i n i n 7 0 » o - 0 ' J D ^ ^ n -

lA 

in>T 7 1 ^ ^ ^ C > C 1 ' N ' 7 - ' M f i J ( f i O o e O £ 7 I l ( \ i S 
7t — o i r i ^ i ^ N N N r f C ' i f x / i j ' ^ i n v T ' o - i n ' ^ j -

n ( N i ( N i r o o D ^ * , * * - ^ r r ' i n c 7 > 

n T n c n c A o - c o — < > n o ^ 
TD 

<T3 

O O O 

| / ^ l / ^ ( ^ l • * ^ ^ ^ J ( , ^ 0 7 7 ( ^ r ^ l - J l ^ X f f l ' ^ r n l > ' 7 O ^ . 4 3 - - f ^ f ^ X • 7 J ) r ^ ' ' , 6 • — 
> T - ^ r * * > ^ r O ^ X c 7 « c O ' ^ ^ r o n i n r O ( B i A 7 T ^ ^ - O r o x C J N r - u 0 3 0 r - O O r - 4; —. 

rt(Njr\irorti*ooOart(NjrororOroo<ororororo-<^(4^r^ /^ 

i T , 0 r - C 0 C > O — N i ^ ^ U I ' J N C O O ^ Q — ( ^ r n > f i 4 ^ ^ N l » c 7 0 — N i r i ^ i f i ^ p . 
J / ^ j ' t ^ i f i i r ^ i n ^ i r i i f l i r i / . i f i j i j j j j j O ' O o J - O ' O S N N s N S N s 
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POTASSIUM CHF DATA, HOFFMANN & KRAKOVIAK (1964) 



Table 1. *>umnary of fteBulta on PotoaBlum Boiling (Continued) 

Pun Uo. 

!>rl< D A* 

2 j 
?U 
23 
26 
27 

28 
2 9 
30 
31 
32 

33 
35 
36 
37 
JB 

39 
uo 
Ul 

S e r i e s B** 

6 . 2 
6 . 3 
6.U 
6 . 5 

7 . 1 
7 . 2 
7 . 3 

t 4 . 4 , - . - . • . ^ - , . - • • 

10" S X 
I n l e t 

HSBB f low 

( l b / i j r f t a ) 

1.1.21 
1 .126 
1.1U3 
1 .226 
1 .782 

1 .578 
I.8UI4 
2 . 1 1 5 
1.U67 
1.1U7 

0 . 9 3 6 7 
2 . 0 6 
2 . 0 5 
1 . 5 * 
1 .27 

1 .20 
2 . 0 a 
1 .81 

0 . 3 7 
0 . 3 7 
0 . 2 1 
0 . 1 5 

0 . 2 9 
0 . 2 9 
0 . 2 8 

•fi •,*. 1 -•• ,—-rss^x: 

I n l e t F lu id 
Ttrnperntur-a 

CP) 

IU.1I4.I1 

l U l b . 9 
1UUB.6 
lit 1.2.6 
1U61.1 

IU60.7 
lu.C6.it 
1U79.0 
IU72.1 
IU65 .9 

1U6O.0* 
1UU7.U 
1U81.9 
1U63.7 
1U50.6 

1U62.U 
1UBU.1 
1U72.8 

1U01.5 
1UOU.3 
1 3 7 8 . 1 

, 1 3 6 1 . 2 

1373-0 
1365-5 
1 3 9 5 . 1 

Rxit F lu id 
Trape ra tur« 

Cr) 

139U.5 
1392 .0 
1U03.0 
iuoi.6 
1302 .3 

1386 .5 
1386 .7 
1 3 9 7 . 3 
1UO2.0 
1U02.6 

1U02.0* 
1U15-7 
1U01.9 
1393 .5 
1368 .0 

1395 .8 
1U05.3 
1391*.1* 

IU0U.7 
1 3 9 0 . 9 
135U.6 
1363 .6 

1369 .5 
13U8.7 
1365 .3 

Ex i t 
Qual i ty 

(v t *» vnpor) 

19. It 
2U.3 
31.7 
3 7 . 2 
35.U 

U0.5 
36 .8 
32.2 
U6.5 
58 .7 

73.*» 
1 7 . 1 
3U.2 
U5.5 
5 3 . 8 

5 7 . 5 
3U.2 
3 9 . 9 

3 2 . 5 
3U.3 
6 0 . 8 
8 1 . 3 

U8.9 
•*9.5 
5 1 . 2 

B o i l e r 
OP 

(vD 

3-9 
3 .6 
5-U 

u.e 
8 . 6 

7 . 8 
8 . 9 
9 - 6 
7 . 7 
6 . 7 

6 . 5 
3 - 7 
8 . 3 
6 . 9 
6 . 1 

h.9 
8 . 7 
7 .7 

1 . 9 
2 . 0 
1 . 8 
1 .6 

2 . 2 
2 . 5 
2 . 3 

Bent Tliix 
O/A ( f l u i d ) 

(Btu/ tar- f t") 

106 ,920 
107,7U0 
H'5,690 
11.6,200 
197 ,220 

201 ,600 
2 9 2 , 5 5 0 
2 9 0 , 0 2 0 
297 ,350 
296,U30 

SOU.qf-O 
17U.0O0 
31.3,200 
3U9.5O0 
3U5.100 

3U7 , ioo 
3U6.9O0 
357 ,000 

31 .890 
3 2 , 9 7 0 
3 3 , 0 6 0 
3 2 , 3 7 0 

37 ,630 
3 7 , 6 3 0 
3 7 , 9 7 0 

lleiit 

" e l e c t r i c 

" f l u i d 

1 .120 
1.O20 
I.0O0 
1.O06 
1 .117 

1 .092 
1 .085 
1 .097 
1 .095 
1 .0953 

I.O6U7 
1 .000 
1 .06 
1.0U 
1 .05 

1 .05 
1 .06 
1 .03 

1 .22 
1 . 1 8 
1 .18 
1 .21 

1 .18 
1 . 1 9 
1 . 1 8 

BalAnce 

q 
t h r u copprr 

" r i u l d 

0 . 8 5 8 0 
0 . 7 8 5 3 
O.979O 
1 . 0 6 9 1 
1 .0638 

1 .0821 
0 .963lt 
l.OOUIt 
1 . 0 2 0 1 
1 .0177 

O.92 
0 . 9 0 
0 . 9 8 
0.O8 

0 . 9 0 
0 . 9 9 
0 . 9 5 

ATB f t t 

(T - T ) 
1 V . l M t ' 

l't.31* 
1 2 . 5 0 
1 9 . 5 7 
1 6 . 3 5 
3 9 . 6 8 

3 5 . 7 5 
U0.72 
l t l . 1 2 
36."O 

^.n 

U5.2 
3 9 . 8 
U7.1 

5 5 . 5 
U3.U 
U l . l 

U . 9 
1 3 . 3 
1 5 . 7 
1 3 . 8 

2 2 . 7 
2 6 . 0 
2 2 . 1 

*Hlgh-flux bo i le r (O-325-ln.-ID). 
« 
hotlmatcd. 

*#Lov-flux boiler (0.87-ln.-ID). 

http://lu.C6.it


2 0 1 

A P P E N D I X B 

L i s t i n g of Computer Programs used to Se lec t Water CHF 

Data from CHF Data Bank 
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Computer Program used to Check Energy Balance. 

The Program reads in the conditions at the inlet and exit of the tube. 

Then, using a heat balance equation, the program calculates the quality at 

the exit of the tube. If the difference between the calculated and exper­

imental quality is less than 2% then the point is selected; otherwise it 

is discarded. 



2 03 

»;i1K«'1MMMHMr<MM*«HPPMMHf<MH«MH.1MMHMHi,4HMHhNH.,w^ 

PROGRAr CKFREJ.0 ? I . / 7 < , 0 P T ' 1 , R 0 U N 0 = A/ S / M/ O.-OS FTN 5.1»S6<t B 5 - . 6 - 1 C I S . <.7.l<, PAGE 
0 O * - L C N G / - 0 T . A R G = - : O H M 0 N / - F I X E D , C S 3 U S E R / - F I X E C . 0 B = - T 8 / - S B / - S L / - F B / - I Q / - P N O / - S T . P L = 5 00 0 
F T N S , L 0 = A / H / f i / s . 

1 PROGRAM CMFREAOC I N » U T , O U T P U T . T A P E Z ' O U T P U T . T A P E 5 . T A P E * . 
2 . TAPE6 ) 
} C 
t« C 3 = 3 3 " B - * * * * = = = = ;3-'3 = = = - = - 333 :iini3 3:3ic:3:ii';:):]i];]:;::::3:: 

6 C 
7 C THIS OROGPAM MILL READ I N CRITICAL HEAT FLUX 
J C EXPERIMENTAL DATA UHICH MAS OBTAINED FROM VARIOUS 
9 C REFERENCE? OVER THE PAST SEVERAL YEARS. 

19 C 
11 C 
12 C — 
13 C 
U C V A R I A B L E S 
15 r, CHF CRITICAL HEAT FLUX KN/M»«2 
16 C OHIN INLET SUBCOOLING KJ/KG 
17 C GHY METTEO OIAMETER M 
13 C G MASS FLUX KG/M»»2/S 
IS C HTL HEATED LENGTH H 
28 C I R E F N O P E F E P E N C E SOURCE 
21 C H U N PUN NUMBER - - - -
22 C P P R E S S U P E KPA 
23 C X 0UAL1TY 
2» C 
25 C 
Zi c — -
2? C 
2 ! C INPUT STBUCTUPE OF 01SC F ILE ( TAPES 1 
29 C 
30 C P E F E R c N C E CARO • C O N T A I N S CHARACTER DATA 
31 C OATA C A R O ( S ) - I F U N . O M Y , H T L , P . G . X , O H I N . C H F 
32 C - E O F MAO.KE*-
33 C R E F E R E N C E CARO 
3U C OATA CAP.O(S) 
35 C - E O F N A R K E R -
36 C ETC 
37 C N O T E f TMO C O N S E C U T I V E - E O F M A R K E R S - I N D I C A T E 
3» C ENC OF I N F O R M A T I O N 
39 C 

k \ C 3 = '=*33333334es = 3 = '*S3 = 'C3=3 = 3 33 333 3333 = 33 S l I S I I 33 = 3 3 3X13 33 = = S = 3=3333 

-2 C 
U3 INTEGER I P £ F N 0 ( 8 ) 
uw C01M3N/PP.OP/VF.VG, V L . H F G . H F . H G . H L . U F . U G . U L . 
»5 . AKF.AKG.AKL.CPF .CPG.CPL .SF .SG.SL , 
Ub . PHOF.RHOG.RHOL.PRF.PRG.PRL.PSAT.TSAT. 
U7 , VFG.UFG 

U9 c - - -
50 C I N I T I A L I Z F COUNTER 
5 i r — -
52 
53 N = 3 
5* I G O O : = O 
55 I3AO=0 
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PP.CCSAf CHFP£Afj 7 U / 7 0 0PT=1,R0UNQ= 4 / S / M/ D.-OS FTN S . i . 5 6 % 8 5 - G 6 - 1 1 10 . . . 7 .14 , PACE 

56 

,7 C 

54 C R£»0 IN CHF OATA FROM OISC 

6G 
6 1 2 1 C O N T I N U E 
62 C 

S3 C CHECK F T P - E O F MARKER- FL.4G HHlCM I S SET 8T F T N 5 

H, C - - - - - - - — - — — - « . . . . . — . . . . . _ . . . • - . -

65 4 * £ 0 F ( 5 ) 

66 

67 
68 "*E40 (5 ,ENP=9001 ( IREFNO< I ) . 1 = 1 .4 1 
69 H R I T £ < 2 , 2 0 0 > 
70 KRITE12.216) t I H £ F N O ( I) .1 = 1.8 ) 
71 WRITEC2.220) 
72 
73 3 1 C O N T I N U E 
7". R E 4 0 ( S , £ N 0 * 2 l > I R U N , O H Y . H T l , P . G , X , O H l N , C H F 
75 N = N » 1 
76 I F 1 N . G T . 10062) 6 0 TO 900 
77 4F=<3.1 '» l ' i /< . .>»0HV«"»2. 
76 4M»3. 1<.16»HTL'>CHY 
79 C4LL PROPER< P, 1.9 1 
60 XBAL* < (CHF**AM)/(G"AF l-ONl*>/HFG 
Bl I F < X 3 A L . L E . 1 . 0 > GO TO 20 
12 IBAO>IBAO»l 
83 GO TO 1" 
66 20 IF ( (XBAL.GT .X-a.O?) .AND. <XBAL.lT.X»0. 021) GO TO 30 
85 I3AD = IBAD*>1 
66 GO TO IP 
67 30 I G J O O * I G O O O » 1 
So WRITE! 6 1 IRUN.OMT.HTL.P.G.X.OHIN.CHF 
89 « P I T E ( 2 , 2 3 : ) IRUM.OHr .MTL .F .G .x .OHIN .CHF 
93 IP CONTINUF 

'91 GO TP 31 
92 <»00 CONTINUE 
93 
9% H R I T E I 2 . 2 1 1 ) N . I G O 0 0 . I 3 A O 
95 C — — 
96 C FORMAT STATEMENTS 
97 C - . - - -
96 200 FORMAT<1H1. / / ) 
99 210 F0RMAT(6A10> 

J00 220 F 0 R M A T I / . 3 X . » I P c l N * , 7 X , * 0 H t ' , 7 X . » H T L * . 6X . » P * . 9X . »G» . 94 . < 
101 . "»X. • O H I N * . 7 X , . C H F . , / > 
.0 2 2 30 F 0 R M A T C 1 X , A 7 , 2 « . , £ 9 . J . ' « X , F 5 . 3 . 3 X , F 6 . 0 ,3 X . F 7. i . ".X, F5 . 3 .<. X . 
133 , F 6 . 0 , l t X , F 7 . 1 > 
10*. 211 F3RMAT111X.X NUMBER OF RECORD PEAO » S . I U . / / . U X . 
10$ • t NUMBER OF GOOD RECORD = « . I 1 O . / / . 1 0 X . 
106 • t NUMBER OF BAD RECORO - * . H 9 > 
10 ' STOP 
106 £N0 



205 

Computer Program used to Selected Water CHF Data from CHF Data Bank 

Intervals of pressure, mass flux and quality are read in. The points 

satisfying the heat balance from the previous program are also read in. 

Only one point belonging to the same interval of pressure, mass flux and 

quality is selected. 



2 0(o 

rMMMM»H"MMMM^MM^M^M^MMKMKM(.KMMMl^»M^^FI'MNM«MMM^'^•'^MMMMMMMM»'KMHI•>^l'l•^'^»l'Pf'M^'t'^•^'•^'1MM^'MMMMMM 

PPPGRAH FB3G 7 - . / 7 I . 0 P T = 2 ROLNC = * - * V F^OIP FTN <..8»<»98 8 S - 0 5 - 2 9 0 8 . 5 9 . 3 7 PAGE 

I t 

15 

2 " 
1 " 

PSOGRA1 F S C G ( I N F U T , O U 1 P L T , T A P E 6 , T A P ' : . 2 » 0 l T F U T , T A P E ; = INFUT 
, T A P ? 1 0 » 

«"*E2/ M N T 1 , N I N T 2 . N I N T 3 , « V A L ( 3 . 1 1 ) 
» ) M K T 1 . M N T 2 . M N T 3 
1 . 3 
1 . 1 1 
» = 0 . 

COM1* 

ac I 
cc 2 
RVAL 
CCNT 
CCNT 
N ' S T 
KFNT 
N=NT 

K£A 
R r SO 
P C J 1 

CALL 
STOP 

ON/N 
Cf5 , 
3 1 = 

( i . . 
INUE 
INUE 
1 = 1 1 
2='. 1 
3 = S I 
C(5 , 
15 , • 
( 5 , * 

NT1»1 
NT2.1 
NT3*1 
• ) ( R V A L t l , J ) , J = 1 , N P N T 1 ) 
1 C i V A L ( 2 f J l . J : l . K P N T 2 ) 
1 ( S V A L I 2 . J ) , J = 1 , N P N T 3 I 
0 



2.0 7 
SU8PCUTINF: ERRSTR 7 W 7 I , CPT«2 R O I N D ' * - * / PfOMP FTN <.. 9 »<.<)*, 85 -05-29 0 8 . 5 9 . 3 7 PAGE 

SU9R0UTINE EBRSTR 
CCMMCN /NAME1/ ASHS(10 ,10 ,10 ) , A VGERR1 10 , 1 1 , 10 > , NO ATA ( 1 0 . 1 0 , 1 0) 
CCMMCN /NANE2/ M N T 1 . M S T 2 , N I N T 3 , R V A I ( 3 , 1 1 ) 
CCt*M0N/NAfE3/ SRUN ,DHY,HL.RP.G,XE,OHIN,CHF, IWRITE 

15 

10 
20 

30 

50 
60 

OC 10 I U.NIKTl 
IFC RP , L E . RVAL ( 1 , 1 * 1 ) I GO TO 20 
CCNTINUE 
CCNTINUE 
OC 30 J = i , M K T 2 
IFC G . I E . KVAL(2 ,J *1 ) > GO TO <.0 
CCNTINUE 
CCNTINUE 
OC 50 < = 1,MNT3 
I F ( XE . L E . KVAL(3,K»1) 1 GO TO EO 
CCNTINUE 
CCNTINUE 

20 

25 

313 

71 

N C 1 T A ( I , J , K ) = N 0 A T A ( I , J , K ) » 1 
I F t N O » T A ( I , J , < ) , G T . 1 ) GO TO 70 

WPTTEdO , • ) RP.OHY.HL.G,OHIN,CHF 
"RITE ( 2 , 3 0 ! ) RP.CHY.HL.G, CHIN, CHF 

F C R M » T ( * . X , F 1 3 . 3 , 2 X , F 1 0 . 6 , 2 X , F 1 1 . < i , 2 X , F 1 0 . 2 , S X , F 1 0 . 2 , 
« (X .F1K .2 , / ) 

I t i S I T c : IWRITEU 
CCNTINU t 
RETURN 
EKC 



10% 

SU6R0UTINP ° E 3 C 7 W 7 < . 0 P T = 2 <?OL'NC = * - » / PfOMF FTN <«.8*1.98 8 5 - 0 5 - 2 9 0 8 . 5 9 . 3 7 PAGE 

01 

«0x 

6C5 

i : 

i n 

51. 

33 

M 

*U 

S L 9 R 0 U T I N E REDO 
C O M C N / N A C E 1 / A R f S l l O , 1 0 . 1C) , A V G E R R ( 1 1 . 1 0 , 1 3 ) . N D A T A ( 1 5 . 1 3 , 1 0 ) 
CCMMCN / N A C E 2 / N I N T l , M N T 2 , M N T 3 ,RV AL (3 , 1 1 ) 
CCMMCN/NACE3 / NRLN , 3HY , 7 , R P , G , X c , 0 H I N , C H F , I WR H E 

DC 1 1 I 
OC 31 I 
OC *M I 
« 7 « 5 ( I l 
AVGECR( 
N C A T A I I 
CCNTINU 

ICCUNT=3 
!HRITE= 

NZ=* 
NHH = 0 

NLM9 
N?Z = 1 

W - I T E I 2 
FCRMAT( 

l I N L E T SU 
MSITE(2 
FCR1AT( 

I KJ /KG 
COt 'T INUE 

RE*CI (6 ) 
N7 = NZ» 

F C ' M A T ( 
* F 

I F t E C F I 
CCNTI 

! F ( N 
NUM9 
NLM3 
CONT 
I F C 1 
NWW= 
NZ = 1 

C«LL ER 
ICOL'NTs 
GC TC 1 

CCNT 
NZZ = 

IF( 
P E H l 
us IT 
FORM 
GC T 

CCKTIN'J 
MS IT 
F:RM 

I 
» R I T E ( 2 . 
F : t f A T ( 5 

9 - T L ' N 

1 = 1 , 1 0 
t - U . l O 
2 = 1 , 1 0 
, 1 2 , 1 3 ) = ) . 
U , I 2 , I ! ) = 0 . 
1. 12 . 1 3 ) = ? 
£ 

= D 

LENGTH MASS FLUX 

K G / M 2 / S 

, 6 111) 
/ / , 5 X , » PRESSURE OIAMETER 
ECCC' . ING CHF * , / ) 
, 6 C ! ) 
EX , » KP A M 

KH/M5 ' , / / > 

N f . L N , C H Y , Z , R ° , G , x e , O H I N , C H F 
1 
K , A 1 , 2 X , E 9 . 3 , ' . X , F 5 . 3 , 3 X , F 6 . 0 , 3 X , F 7 . 1 , 3 x , F e . 3 , 6 X , 
E . 3 . 2 X . F 7 . 1 ) 
€ > ) 3 3 , 1 , 8 
MIE 
2 . C -T . l ) GC To «<, 
= A O S ( X £ * 1 0 C ) »N7Z 
= 1 
2NLE 
L " E . N £ . N 7 ) GO 10 I T 
• H h . N Z 

;STR 
ICCLNT.l 
0 
]NLE 
NZ2*1 
t > Z Z . G T . l i | GO TO 20 

E < 2 , 7 3 > N?Z 
A M E X . i NP OF > TSPg 6 R E h l N t ' . U O ) 
C I P 
c 
E I 2 . 6 7 ) N 7 Z , N k k 
« T ( 5 X , » NE OF X CHF0T9K REAO = ' . 1 1 0 , 

5 X , * TOTAL N"! OF OT REAO = * , I 1 0 ) 
5 3 ) I C C U N T . I W O I T E 
J . / N L f P E 1 CF RECORC REAO ' , 1 1 0 , 
E x , X N L f » E R OF RECORD WRITTEN * , I 1 0 > 

S U 8 P f u T r » r E 9 P ; T « 
7 4 / 7 J, CPT=? ' O l M Q s . . . / 

fl-DUP f T N < , . a * < , c 4 
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A P P E N D I X C 

Exper imenta l Water CHF Data Se lec ted from CHF Data Bank f o r : 

- Weisman & P e i ' s model 

- K a t t o ' s C o r r e l a t i o n 

- The Non-Dimensional Table 
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WATER CHF DATA SELECTED FOR WEISMAN'S MODEL 



2(1 

P R B S S U p e 

<fA 

3 0 3 1 . 1*10 

300*) . 0 0 0 

500 0 , : P C 

7 9 3 1 . O O O 

1 3 3 0 1 . 0 0 0 

I Q O G O . Of a 

1 3 30 0;. 03 0 

1 3 0 0 1 . 3 0 0 

1 3 0 0 0 . o n o 

1 4 0 0 1 . o o o 

1 - . 0 3 0 . 0"C 

1 4 3 3 0 . 3 0 0 

1 4 C 0 1 . -iiQ 

1 4 3 G 0 . 3"0 

2 3 J Q 1 . OOO 

2 3 0 0 1 . 3 0 0 

2 3 0 0 1 . 3 0 0 

2 3 0 0 0 . 9 0 0 

7 t , 9 8 . OOC 

5 9 9 2 . 0 0 0 

9 9 3 1 . 0 0 0 

9 8 2 9 . 1*10 

1323** . 30 3 

2 1 6 8 . 3 0 0 

2 1 4 8 . 0 0 0 

6 8 9 5 . 0 0 0 

1 3 3 1 . 3 . 9 0 0 

5 1 7 1 . 3 0 0 

5 i 7 i . n o o 

63 9 5 . *] 0 0 

6 3 9 5 . 0 0 0 

1 3 3 4 3 . o n o 

PIAMETER 

M 

.•1 l f t0f l3 

. 0 1 0 0 0 3 

. O i n o n o 

. 0 1 0 0 0 3 

. 1 1 1 0 0 0 3 

. 1 1 0 0 1 3 

. 0 1 0 0 0 0 

. n i f o n o 

. 3 1 0 0 0 3 

. 0 1 0 0 0 0 

. 0 1 0 3 0 3 

. 0 1 0 0 0 0 

- 1 1 0 0 0 0 

. n n c - o 

. 0 1 0 3 0 0 

. 0 1 P 3 0 3 

. 0 1 0 0 0 3 

. c i o o o a 

. 0 0 7 3 0 3 

. 1 T 7 0 0 0 

. 1 1 7 0 0 0 

. 1 1 7 0 1 0 

. 0 0 7 0 0 0 

. 1 0 7 3 0 3 

. 0 0 7 0 0 0 

. 0 1 2 6 0 0 

. - ' 1 2 8 . 1 0 

. 0 1 2 8 1 0 

. 3 1 2 5 0 3 

. 3 0 6 2 2 3 

. 0 0 6 2 2 3 

. 3 0 6 2 2 3 

LENGTH 

M 

i . c n o o 

1 . 0 0 0 0 

1 . 0 0 0 0 

1 . o o o o 

l . o m o 

l . O O f O 

1 . 0 3 1 1 

1 . 0 0 0 0 

1 . o o o o 

1 . 0 0 0 0 

1 . 1 0 i Q 

1 . o o o o 

1 . 0 0 0 0 

l . o n n o 

1 . 0 0 0 0 

1 . 0 0 1 0 

1 . 0 0 0 0 

1 . 0 0 0 0 

. 9 8 00 

. 9 8 1 0 

.QP- 00 

. 9 8 0 0 

. 5 6 0 0 

. 5 6 0 0 

. 5 6 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . Q 3 0 Q 

. ^ 1 0 0 

. 9 1 0 0 

. 9 1 0 0 

MASS FLUX 

KG/M2/S 

7 1 9 . 0 0 

1 3 3 1 . 0 0 

2 3 1 1 . O C 

2 7 7 7 . 0 0 

3 1 8 . 0 0 

9 4 3 . 30 

1 P 1 9 . 0 0 

1 9 5 2 . 0 0 

2 5 * > 1 . 0 0 

9 8 0 . 0 0 

1 4 7 6 . 0 0 

2 5 6 1 . 30 

7 6 6 . 0 0 

4 1 2 . 00 

31-+. 00 

3 7 5 . 0 0 

2 9 9 . 0 0 

-.0 3 . 00 

3 1 1 . 3 . 00 

3 0 0 8 . 00 

2 8 8 5 . 00 

291<t . 00 

3 5 1 6 . 0 0 

2 8 8 6 . 0 0 

2 8 9 6 . 0 0 

2 7 1 2 . 3 0 

9 34 3 . 00 

9 4 7 8 . 00 

5 5 6 7 . 00 

7 4 7 2 . 0 0 

1 3 0 8 5 . 0 0 

7 5 6 6 . 0 0 

INLET SUBCOOLING 

KJ/KG 

90 5 . 0 J 

6 8 1 . 0 3 

8 9 8 . O C 

8 8 2 . 0 3 

9 7 4 . 0 3 

6 6 3 . C J 

9 0 5 . 0 0 

8 6 2 . 0 0 

8 2 2 . 0 0 

7 2 0 . 0 0 

7 3 6 . 0 0 

6 9 5 . 0 0 

7 7 6 . 0 0 

9 2 0 . 0 0 

1 3 9 0 . 0 0 

1 3 9 2 . 0 ' J 

1 3 8 - V . 0 0 

1 4 0 4 . 0 0 

3 1 4 . 0 M 

1 9 7 . 0 0 

2 2 9 . 0 3 

fatV.OO 

9 8 . 0 0 

8 2 . 0 0 

1 4 6 . 0 0 

3 9 2 . 0 0 

1 6 3 . 0 J 

8 1 . 0 3 

31+6 .0 . . 

1 1 3 . 0 0 

1 2 9 . O C 

2 7 1 . 0 3 

CHF 

KW/t-2 

2 7 5 3 . 0 0 

3 6 4 6 . 0 0 

4 5 9 2 . 0 0 

5<. 7 9 . 0 0 

1 4 9 9 . 0 0 

2 7 8 7 . 0 0 

3 8 6 2 . 0 0 

4 1 7 0 . 0 3 

4 7 1 2 . 0 0 

1 9 7 6 . 0 0 

2 6 4 8 . 0 2 

3 8 0 1 . 0 0 

1 8 3 3 . 0 0 

1 4 4 0 . 0 0 

1 1 9 1 . 0 0 

1 3 C 8 . 0 0 

1 1 4 0 . 0 0 

1 3 5 7 . 0 0 

3 1 3 7 . 0 3 

3 1 3 3 . 0 0 

2 5 1 1 . 3 0 

2 1 9 3 . 0 0 

2 4 5 6 . 0 0 

5 1 4 8 . 0 0 

5 2 7 9 . 0 0 

2 4 0 1 . 0 0 

3 5 2 7 . 0 0 

2 9 4 0 . 0 0 

3 4 1 3 . 0 0 

3 7 7 6 . 0 0 

4 3 2 2 . 0 0 

4 4 C 7 . 0 0 



2fZ_ 

1 0 4 4 6 . 3 0 0 

1 0 4 4 6 . OOO 

1 3 4 4 6 . 0C0 

5 9 9 8 . 0 0 0 

1 0 3 . 3 1 0 

1 3 3 . 3 0 0 

1 0 3 . 3 0 0 

1 3 3 . 3 0 0 

1 0 3 . 3 0 0 

2 1 3 7 . 0 0 0 

2137 , . 3 0 0 

2 1 3 - " . 0 0 0 

3 4 4 8 . 3 1 3 

3 5 6 1 . 3 0 0 

6 3 9 5 . 0 0 0 

S695 .OOO 

6 3 9 c . 0 0 0 

6 5 9 5 . 3 1 0 

63 9 5 . 3 3 3 

^ 5 9 5 . 0 0 0 

T S S 5 . ^ O 

13 3 4 3 . 0 0 0 

1 3 3 -, 3 . 3,3 0 

1 3 3 ^ . ?10 

1 3 3 4 3 . 3 0 3 

1 3 3 4 7 . 0 ° C 

1 3 7 9 1 . 0 0 0 

1 3 7 9 1 . 0 0 0 

1 3 7 9 0 . OOO 

1 3 7 9 1 . 00 3 

1 3 7 9 1 . 0 0 0 

1 3 7 9 1 . O O O 

1 3 7 9 1 . 0 0 0 

. 1 1 1 2 1 3 

. 0 1 1 2 1 3 

. 1 1 1 2 1 3 

. 0 1 1 2 1 0 

. 1 0 1 0 2 3 

. 0 0 1 0 2 3 

. 0 0 1 0 2 0 

. 1 - 1 1 0 2 3 

. 1 0 1 0 2 0 

. 0 0 1 1 4 0 

. 1 1 1 1 4 0 

. 0 1 1 1 4 3 

. 1 1 5 7 4 3 

.00**:740 

. 1 1 3 6 3 3 

. 1 1 3 6 3 3 

. 0 0 3 6 3 0 

. 0 1 0 3 0 3 

. 0 1 0 3 0 3 

. 0 1 2 8 0 3 

. 0 2 3 6 0 2 

. 0 1 0 3 0 0 

. 1 1 1 3 0 3 

- " 1 1 3 1 3 

. 0 1 0 3 0 3 

. 0 1 0 3 1 3 

. 0 0 1 9 1 0 

. 0 0 3 6 3 3 

. 1 0 3 6 3 3 

. 0 0 3 6 3 0 

. 0 0 3 6 3 0 

. 0 0 3 6 3 3 

. 1 0 4 5 7 0 

3 . 6 6 0 0 

2 . 5 6 0 0 

3 . 6 6 1 0 

1 . 7 9 0 0 

. 0 4 C 0 

. 0 4 0 0 

. 0 4 0 0 

. l4no 

. 0 4 0 0 

. 1 1 0 0 

. 1 1 0 0 

. 1 1 0 0 

. 6 2 0 0 

. 6 2 0 0 

. oeno 

. c e o i 

. 0 8 0 0 

. 7 6 T 0 

. 7 6 0 Q 

1 . 9 3 C 0 

• 6 H 0 

. ^ 6 0 0 

. 7 6 0 0 

• 7 6 n 0 

. 7 6 0 0 

. 7 6 30 

. 15 00 

. 0 6 1 0 

. 0 8 0 0 

. 0 8 0 0 

. 0 8 0 0 

. 0 8 0 0 

. 30 00 

7 8 2 4 . 00 

9 1 4 5 . 0 0 

7 8 2 4 . 0 0 

9 4 2 4 . 0 0 

6 9 8 . 0 0 

9 0 0 . 0 0 

1 7 7 6 . 0 0 

2 7 8 1 . 0 0 

5 6 4 1 . 00 

6 5 0 9 . 0 0 

8 5 4 3 . 0 0 

1 3 6 9 6 . 0 0 

5 2 4 8 . 0 0 

10 4 4 1 . 00 

1 3 1 5 . 0 0 

2 8 8 8 . 0 0 

6 1 5 6 . 00 

5 6 9 5 . 3 0 

8 9 7 7 . 0 0 

1 3 6 9 6 . 0 0 

1 9 1 2 . GO 

3 9 4 6 . 0 0 

5 5 4 6 . 0 0 

5 9 1 2 . 00 

9 2 7 5 . 0 0 

9 6 2 8 . 0 0 

3 € 3 4 . 0 0 

2 1 1 2 . 0 0 

2 7 1 2 . 00 

5 7 9 1 . 0 0 

7 6 3 4 . 0 0 

1 0 1 < t 3 . 00 

2 5 2 2 . 0 0 

1 5 5 . 0 0 

1 4 4 . 0 0 

9 7 . 0 0 

1 0 . 0 0 

3 1 9 . 0 3 

3 1 9 . 0 0 

3 1 9 . 0 3 

3 1 9 . 0 3 

3 1 9 . 0 0 

5 0 0 . 0 0 

2 6 3 . 0 0 

4 6 3 . 3 0 

8 0 3 . 0 3 

1 9 9 . 0 0 

5 7 6 . O o 

5 6 3 . J O 

3 5 6 . 3 0 

2 9 4 . 0 0 

1 7 6 . 0 0 

2 8 2 . 0 0 

4 9 1 . 0 1 

5 6 7 . 0 0 

3 3 7 . ( . 3 

4 5 4 . 0 0 

3 3 7 . 0 0 

4 5 4 . 0 0 

3 8 7 . OC 

4 3 7 . 0 0 

4 7 9 . 0 0 

5 8 . 0 0 

4 0 9 . 0 J 

4 0 1 . 0 0 

4 7 . 0 0 

2 4 9 2 . 0 0 

2 7 7 6 . 0 0 

2 5 2 4 . 0 0 

2 8 3 9 . 0 0 

4 4 8 0 . 0 0 

1 . 6 2 7 . 0 0 

5 8 9 9 . 0 0 

7 5 0 6 . 0 0 

1 4 7 0 0 . 0 0 

7 3 1 9 . 0 0 

5 6 3 6 . 0 0 

1 4 5 7 4 . 0 0 

8 5 8 1 . 0 0 

5 2 6 6 . 0 0 

7 9 6 1 . 0 0 

1 0 6 3 1 . 0 0 

1 3 2 3 1 . 0 0 

4 8 7 4 . 0 0 

1 . 6 3 7 . 0 0 

6 0 2 5 . 0 0 

4 8 2 7 . 0 0 

5 7 3 2 . 0 0 

5 0 6 9 . 3 0 

6 4 5 1 . 0 0 

7 2 2 4 . 0 0 

8 9 1 2 . 0 0 

4 4 1 6 . 0 0 

7 0 0 3 . 0 0 

6 5 9 3 . 0 0 

5 0 1 6 . O Q 

1 2 6 8 1 . 0 0 

1 2 7 1 3 . 0 0 

2 0 8 2 . 0 0 



e/3 

13790 .TOO 

1 3 7 9 1 . 0 0 0 

1 3 7 9 1 . 0 " 0 

1 5 5 1 4 . 0 1 C 

1 5 5 1 4 . 0 0 0 

15514.OOO 

1 7 2 3 8 . 0 0 0 

3 0 4 1 . 0 0 0 

12030.OOO 

1 4 0 G 1 . 000 

16001.OOO 

1 6 0 0 1 . 5 0 0 

1 6 0 0 0 . 0 0 0 

30 3 0 . 3 0 3 

16 3 0 1 . 0 0 0 

13001.OOO 

1 8 3 3 1 . O H 

2 30 C I . 00 0 

5 0 0 1 . 0 o 0 

7 3 3 1 . 0 3 0 

1 4 0 0 C . 3 0 0 

1 4 0 0 0 . 0 0 0 

2 7 2 . 0 0 0 

2 6 5 . 0 1 0 

3 7 4 . 133 

4 1 1 . 0 0 0 

4 3 8 . 0 0 0 

. 0 0 4 7 5 3 

. 0 0 4 7 5 0 

. 1 0 5 7 4 3 

. 1 1 1 9 1 3 

. 0 0 1 9 1 0 

. 0 1 1 9 1 3 

. 0 0 1 9 1 3 

. 0 0 9 9 * 3 

. o i cono 

. 1 1 0 0 0 0 

. 0 1 0 0 0 3 

. f 1 -i C .3 

. 0 1 0 0 0 0 

. 0 1 0 0 0 3 

. 0 1 0 0 0 3 

. 1 1 1 0 1 3 

. 1 1 1 0 1 3 

. 1 1 0 0 0 3 

. 1 1 0 0 0 3 

. 0 1 0 0 0 0 

. 0 1 0 0 0 3 

. 1 1 0 3 C 3 

. 0 0 6 6 0 3 

• 0 0 6 6 0 3 

. 116513 

. 3 0 6 1 1 3 

. 0 1 3 2 0 3 

. 3 2 0 0 

. 3 2 0 0 

. 6 2 0 0 

. 1 5 1 1 

. 1 5 0 0 

. 1 5 0 0 

. 1 5 0 0 

. 4 0 0 0 

1.00*10 

2.OOOO 

2 . 0 0 0 1 

2.OOOO 

2 . 0 0 0 0 

3.OOoo 

3 . 0 0 0 0 

3 . 0 0 0 0 

3 . 1 'J"1 

3 . OOOO 

4 . 9 6 6 0 

4 . « 6 6 0 

4 . 9 6 6 0 

4 . 9 6 6 0 

0.OOOO 

O.OOOO 

C O Q i Q 

0 . 0 0 0 0 

3 . 0 0 0 0 

5 7 9 0 . 0 0 

1052 3. 00 

1 0 5 6 3 . 00 

2 8 7 5 . 0 0 

2 9 2 9 . 0 0 

3 3 2 4 . 0 0 

218 3. 00 

1 2 3 4 . 0 0 

1 8 4 9 . 0 0 

5 7 0 8 . 0 0 

2 7 3 2 . 0 0 

3 5 6 6 . 0 0 

5 7 2 0 . 0 0 

6 3 5 7 . 30 

6 1 9 8 . 00 

6 8 4 9 . 0 0 

5 8 4 5 . 0 0 

6 1 0 2 . 00 

5 5 3 0 . 3 0 

5 9 9 6 . 0 0 

2 5 7 1 . 0 0 

6174.OC 

5 6 6 9 . 3 0 

5 4 5 5 . 9 0 

1 1 7 3 4 . 8 0 

1 0 2 4 1 . 3 0 

30 4 . 8 0 

2 0 4 . 0 3 

8 2 2 . 0 0 

3 4 3 . 0 0 

6 0 0 . 0 0 

45 9 . 0 0 

8 1 2 . 0 0 

8 2 4 . 0 0 

8 9 0 . 0 0 

8 9 4 . O u 

7 5 . 0 0 

8 9 . 0 0 

9 6 . 0 0 

9 3 . 0 0 

3 6 6 . ii j 

6 0 2 . 0 0 

6 1 0 . 0 2 

176.QC 

65 6 . 0 3 

4 5 7 . 0 c 

1 0 1 . 0 3 

1 2 3 . 0 0 

1 3 2 . 0 3 

2 4 2 . 0 0 

3 1 1 . 0 0 

2 2 6 . 0 0 

2 3 1 . 0 0 

2 3 3 . 0 0 

4 1 9 6 . 0 0 

1 2 9 0 2 . 0 0 

7 1 9 2 . 3 0 

5 3 9 4 . 0 0 

4 1 6 4 . 0 0 

6 5 6 2 . 0 0 

4 7 6 3 . 0 0 

6 8 4 2 . 0 0 

3 4 3 0 . 0 0 

1 9 4 9 . 0 0 

1 1 2 3 . 0 0 

1 3 9 7 . 0 0 

2 0 1 8 . 0 0 

3 7 9 5 . 0 3 

3 2 6 1 . 0 0 

3 4 6 3 . 0 0 

1 9 0 3 . 0 0 

2 9 1 6 . 0 0 

2 4 3 8 . C 3 

1 6 6 3 . 0 0 

5 6 5 . 0 0 

1 3 7 0 . 0 0 

6 5 2 4 . 0 0 

5 8 0 0 . 0 0 

1 0 0 1 5 . 0 0 

9 3 1 6 . 0 3 

2 6 9 2 . 0 3 
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WATER CHF DATA SELECTED FOR KATTO'S CORRELATION 



US' 

PRESSURE 

KPA 

S 0 C 1 . 0.10 

8 3 0 1 . 0 0 0 

S 0 0 0 . 0 O 0 

SOC1.00 3 

1 0 0 0 1 . 0 0 0 

11QJ1 .?0C 

1 3 3 0 1 . 000 

1 3 0 0 1 . 0 0 0 

L 3 C 1 . O C 3 

1 - . 3 0 1 . 000 

143 3 0 . : n : 

1 4 3 C 1 . 3 0 0 

14331.OOO 

1 4 3 0 1 . H O 

1 4 0 3 1 . 300 

14300.OPC 

14301.OOO 

1 4 3 S 3 . 3 0 3 

2 3 3 3 : . O r 0 

2 3 3 0 1 , OOO 

2 3 3 0 1 . 0 0 0 

6 8 9 1 . 0 0 0 

7 1 9 4 . 0 0 3 

7 4 9 8 . o c : 

6 9 9 2 . 0 0 0 

7342,OOO 

7 6 0 1 . 0*10 

6 9 9 2 . 000 

10331.OOC 

1 3 2 3*S. 0 0 0 

63 9 1 . 0 3C 

DIAMETER 

H 

. 111C13 

. 0 1 0 0 0 0 

. f l l f l 3 0 3 

. 0 1 0 0 0 3 

. 0 1 0 0 1 3 

. 1 1 1 3 1 0 

. 0 1 0 0 1 0 

. 1 1 0 0 1 3 

. 0 1 0 0 0 3 

. 0 1 0 0 1 0 

. 110003 

. 0 1 0 0 1 0 

. 0 1 0 0 0 3 

.1110.-13 

. 1 1 0 3 1 3 

. 1 1 0 0 1 0 

. 0 1 0 0 0 3 

. 0 1 0 0 0 3 

. •noo -13 

. 0 1 0 0 0 0 

. 0 1 0 3 1 3 

. 0 0 7 3 0 0 

. 3 0 7 0 0 0 

. 0 0 7 0 0 3 

. 0 0 7 0 1 3 

.11700Q 

. 1 1 7 OHO 

. 0 3 7 0 1 0 

, 1.17003 

. 0 3 7 0 0 3 

. 0 0 7 0 0 0 

LENGTH 

M 

1 . 0 0 0 0 

1 . o o o o 

1 . 0 0 0 c 

1 . o o o o 

l . O l i o 

1 . onr-o 

1 . o o o o 

1 . 0 0 0 0 

1 . 0 0 0 0 

1 . 0 0 0 0 

L O G GO 

1.OOOO 

1 . 0 0 0 0 

1 . 0 1 1 0 

1 . 0 0 0 0 

2 . 0 0 0 0 

2 . OOOO 

2 . l O I I 

1 .10*11 

1 . OOOO 

1 . 0 0 0 0 

. 9 8 0 0 

. 9 e o o 

. 9 8 00 

. 9 8 0 0 

, 9 P 1 0 

. 9 8 0 0 

. 9 8 0 0 

. 9 8 0 0 

. 9 8 0 0 

. 5 6 0 0 

MASS FLUX 

K 6 / M 2 / S 

7 9 9 . 0 0 

1 3 3 1 . 0 0 

2 0 1 1 . 3 0 

1 7 2 0 . 0 0 

3 1 8 . 0 0 

5 2 2 . 00 

9 4 3 . 0 0 

6 7 7 . 0 0 

9 9 0 . 0 0 

1 0 2 2 . 0 0 

1 5 1 3 . 0 0 

2 0 8 8 . 00 

7 6 6 . 0 0 

6 2 4 . 0 0 

4 1 2 . 0 0 

1 1 0 3 . 00 

8 3 6 . 0 0 

7 1 1 . 0 0 

3 1 4 . 00 

3 7 5 . 0 0 

2 9 9 . 0 0 

2 4 6 1 . 0 0 

2 4 6 9 . 0 0 

3 1 4 3 . 0 0 

3 0 0 8 . 0 0 

3 0 1 3 . 0 0 

2 9 8 3 . 0 0 

3 5 7 6 . 0 0 

2 2 9 5 . 0 0 

2 3 1 9 . 0 0 

2 2 3 3 . 0 0 

INLET SUBCOOLING 

K J / K G 

9 0 5 . 0 0 

8 8 1 . 0 0 

8 9 8 . 0 0 

9 1 1 . 0 0 

9 7 4 . 0 0 

1 0 7 8 . O o 

8 6 3 . 0 3 

8 9 4 . 0 0 

7 2 0 . 0 u 

7 3 5 . 0 0 

7 2 5 . 0 ^ 

6 6 8 . 0 0 

7 7 6 . 0 0 

8 6 0 . 0 0 

9 2 0 . 0 0 

1 0 8 5 . 0 j 

1 1 0 2 . 0 0 

1 1 5 1 . 0 0 

1390 .CO -

1 3 9 2 . 0 0 

1 3 8 4 . 0 J 

1 7 7 . 0 0 

1 6 . 0 0 

3 1 4 . 0 -

1 9 7 . 0 3 

1 5 9 . 0 0 

9 2 . 0 c , 

2 0 8 . 0 3 

9 . 0 : 

5 6 . 0 0 

- 2 3 9 . 0 C 

CHF 

KW/H2 

2 7 5 3 . 0 0 

3 6 4 8 . 0 0 

4 5 9 2 . 0 0 

4 3 0 4 . 0 0 

1 4 9 9 . 0 3 

2 2 1 1 . 0 0 

2 7 e 7 . 0 0 

2 3 5 2 . 0 3 

1 9 7 6 . 0 0 

2 0 7 3 . 0 3 

2 6 8 2 . 0 3 

3 2 4 9 . 0 0 

1 8 3 3 . 3 0 

1 7 0 2 . 0 0 

1 4 4 3 . 0 0 

16 7 3 . 0 0 

1 4 6 5 . 0 0 

1 3 0 2 . 0 3 

1 1 9 1 . 0 0 

1 3 0 8 . 0 3 

1 1 4 0 . 0 0 

2 8 7 0 . 0 0 

2 4 2 7 . 0 0 

3 1 3 7 . 0 0 

3 1 3 3 . 0 0 

2 9 7 7 . 0 0 

2 2 5 1 . 0 0 

3 1 4 6 . 0 0 

1 9 3 7 . 0 0 

1 2 8 1 . 0 0 

2546 . 0 0 



2't» 

1 3 2 3 4 . 0 0 3 

1 3 2 3 4 . 3 0 0 

2 1 6 8 . 3 0 0 

2 1 4 8 . 3 0 0 

1 9 2 5 . 0 0 0 

2 5 3 3 . 0 0 0 

7 0 4 1 . 0 0 0 

6 9 7 2 . O O O 

6 9 7 2 , 0 0 0 

6 9 7 2 . 0 0 0 

6 9 3 6 . O O O 

7 0 2 8 . 0 0 0 

7 3 3 7 , 3 0 3 

6 9 7 7 . 0 0 0 

7 0 * 9 . OOO 

6 3 9 5 . 5 0 5 

6 6 9 5 . 3 0 0 

6 8 9 5 . 0 0 0 

; 2 7 4 . 3 1 3 

6 6 9 5 . 3 0 0 

6 8 9 5 . O O O 

1 3 3 4 3 . 000 

1 3 3 4 3 . 0 0 0 

1 3 3 4 3 . 3 0 0 

1 3 3 4 3 . O O O 

5 1 7 1 . O O O 

5 1 7 1 . 3 0 0 

5 1 7 1 . 0 1 Q 

5 1 7 1 . 0 0 0 

5 1 7 1 . 0 0 0 

6 3 9 5 . 0 0 0 

66 9 5 . 0 0 0 

10 3 4 3 . 0 0 0 

. OO-'OOO 

- 1 1 7 0 1 3 

. 0 0 7 0 0 0 

. 0 0 7 0 0 3 

.P07C03 

. 0 0 7 0 1 3 

. 0 0 5 9 8 0 

. 1 1 5 9 8 3 

. 0 Of983 

. 0 1 5 9 8 3 

, 0 0 c 9 8 0 

. 0 0 598 3 

. 1 1 5 9 8 0 

. 1 0 5 9 8 0 

. 1 1 5 9 8 3 

. 0 1 2 3 0 3 

. 0 1 2 3 1 0 

. 1 1 2 8 0 3 

.0128*53 

. 0 1 2 8 1 0 

. 1 1 2 8 1 3 

. 0 1 2 6 0 3 

. 0 1 2 8 0 3 

. 0 1 2 8 0 3 

. 0 1 2 8 0 3 

. 0 1 2 8 0 3 

. 0 1 2 8 0 3 

. 0 1 2 8 03 

- 1 1 2 8 0 3 

. 0 1 2 8 0 0 

. 0 1 2 8 0 3 

• 10* :220 

. 1 1 6 2 2 3 

. 5 6 10 

. 5 6 0 0 

. 5 6 0 0 

. 5 6 0 0 

. 5 6 0 0 

. 5 6 1 0 

4 . 8 0 0 0 

4 . 8 0 * 1 1 

4 . 8 0 0 0 

4 . 6 0 C 0 

4 . 6 0 0 0 

4 .eooo 

4 .enoo 

4 . 0 0 5 0 

3 . 2 0 3 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 C 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 1 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 O 0 

1 . 9 3 0 * 3 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

. 9 1 0 0 

. 9 1 0 0 

3 5 1 8 . 0 0 

3 5 1 0 . 0 0 

2 8 8 6 . 0 0 

2 8 8 6 . O Q 

2 8 9 6 . 1 0 

3 2 7 4 . 00 

1 1 1 3 . 0 0 

1 1 2 4 . 9 0 

1 1 2 4 . 9 0 

2 1 9 4 . 8 0 

2 2 0 2 . 8 0 

2 1 9 0 . 9 0 

2 9 7 9 . 1 0 

3 0 0 6 . O C 

2 1 9 - 3 . 8 0 

1 9 3 9 . 0 0 

1 9 5 3 . 30 

2 7 1 2 . 0 0 

1 8 9 8 . 0 0 

1 3 2 9 . 0 0 

1 4 7 8 . 3 0 

13"**Q. 00 

5 3 1 6 . 0 0 

9 3 4 3 , 0 0 

1 9 6 6 . 0 0 

1 3 7 1 . 00 

5 4 9 2 . 00 

5 4 2 4 . 0 0 

3 3 1 0 . 0 0 

9 4 7 8 . 0 0 

1 7 9 0 . 0 0 

3 0 8 5 . 0 0 

5 1 8 0 . 0 0 

9 8 . 0 0 

8 7 . 0 j 

8 2 . 0 0 

1 4 6 . 0 0 

1 6 7 , . OC 

1 3 6 . 0 0 

- 1 0 5 7 . 0 0 

- 8 7 3 . 0 0 

- 4 6 8 . 0 0 

- 1 2 1 1 . 0 0 

- 1 0 5 5 . 0 0 

7 2 . 0 0 

- 1 0 0 4 . 0 3 

- 9 8 6 . 0 0 

- 1 1 6 6 . 0 3 

2 8 8 . 0 0 

3 8 9 . 0 0 

39 2 . 0 0 

9 3 . 0 0 

3 9 5 . 0 3 

9 3 2 . 0 0 

1 8 5 . 0 0 

1 6 3 . 0 0 

1 6 3 . O G 

4 6 5 . 0 0 

6 3 . 0 3 

8 5 . 0 3 

2 0 7 . O u 

3 0 5 . 0 0 

8 1 . 0 0 

1 0 6 0 . 0 3 

1 2 9 . 0 0 

2 2 6 . 0 0 

2 4 5 6 . 0 0 

2 4 3 7 . 0 0 

5 1 4 8 . 0 0 

5 2 7 9 . 0 0 

5 3 5 6 . 0 0 

5 1 7 7 . 0 0 

1 2 5 . 6 0 

1 7 5 . 3 0 

2 7 1 . 1 0 

1 C 9 . 2 0 

1 4 1 . 0 0 

5 4 4 . 3 0 

1 6 6 . 7 0 

2 0 5 . 5 0 

1 5 0 . 6 0 

2 2 4 3 . 0 0 

2 4 2 6 . 0 3 

2 4 C 1 . C 3 

1 6 3 1 . 0 0 

2 1 7 4 . 0 0 

2 9 3 7 . 0 0 

1 4 0 4 . 0 0 

2 2 0 3 . 0 0 

3 5 2 7 . 0 0 

2 0 0 9 . 0 0 

1 9 7 5 . 0 0 

2 7 4 1 . 0 0 

2 8 4 5 . 0 0 

2 9 5 3 . 0 0 

2 9 4 0 . 0 0 

3 4 5 1 . 3 0 

4 3 2 2 . 0 0 

3 1 4 5 . 0 0 



Ill 

6 3 9 5 . 3 0 1 

58 9***. OOO 

1 3 •* 4 6 . OOO 

1 3 4 4 6 . O O O 

1 0 4 4 6 . 0 0 0 

6 9 9 8 . O O C 

1 3 7 9 0 . 0 0 0 

3 2 6 1 . 0 0 3 

6 3 9 5 . 0 « O 

3 2 7 4 . 3 0 0 

63 9 5 . 0 0 0 

1 0 3 . 3 0 0 

133*. 0 0 0 

1 3 3 . 030 

1 0 3 . OOO 

1 3 3 . 3 0 0 

1 3 3 . OOO 

103 .OOO 

1G3.OOO 

1 0 3 . 0 0 0 

1 0 3 . 0 0 0 

13 3 . 0 0 0 

103.OOO 

1 0 3 . 0 0 1 

6 9 1 . 0 3 0 

2 1 3 7 . 0C3 

2 1 3 ' ' . 0 1 3 

213 - " , 0 1 3 
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1 9 3 9 , ?10 

3 4 0 1 . 00 0 

1 0 1 . 0 "0 

1 0 0 . 0 0 0 

. 116113 

. 0 1 1 6 1 0 

. ' U 3 2 0 3 

. 1 1 3 2 0 0 

. 3 8 4 4 1 3 

. 113613 

. 39 2403 

. 1 0 4 0 1 0 

. 0 1 4 8 0 3 

: . o o o o 

0 . 0 0 0 0 

2 .COCO 

3.OOOO 

G . 0 0 0 0 

1 . 10.10 

3.OOOO 

. 3 9 6 0 

. 4 7 P 0 

222 

1 2 6 4 9 . 2 0 

9 9 1 6 . 3 0 

3 0 4 . 8 0 

1 2 1 9 . 20 

3 9 . 6 0 

3 1 1 9 . 3 0 

3 0 4 . 8 0 

1 6 4 4 . 5C 

2 3 9 2 . 0 0 

1 4 7 . 0 0 

1 0 0 . 0 0 

4 6 . 3 3 

1 1 6 . 0 0 

36 1 . 0 U 

2 2 0 . 0 3 

7 2 . 0 0 

3 1 7 . 0 j 

3 1 9 . 0 0 

7 4 2 2 . 0 0 

7 4 3 4 . 0 0 

1 5 5 6 . 0 3 

3 2 4 5 . 0 0 

4 7 9 0 . 0 0 

1 0 7 4 5 . 0 3 

5616 . 0 0 

5 2 3 6 . 0 3 

6 4 3 4 . 0 3 



223 

WATER CHF DATA SELECTED FOR THE NON-DIMENSIONAL CHF TABLE 



2 2*T 

e A S S U R E 

KPA 

3 3 0 1 . o r e 

3 3 3 1 . 0 0 0 

3 3 0 0 . 30(j 

3 0 0 1 . 0 0 0 

3 0 0 O . 0 0 0 

7 9 C 0 . 3 0 3 

1 3 3 0 1 , 0 0 0 

1 3 0 0 1 . O H 

13201.OOO 

1 0 3 0 0 . 0 3 0 

lOOGO.OiO 

1 4 0 0 0 . 0 0 3 

1 4 0 3 1 . 0 0 3 

1 4 0 0 0 . 0 1 3 

1 4 3 0 1 . 000 

1 4 0 3 0 . O o ? 

1 4 3 0 1 . 0 0 3 

1 4 0 0 1 . 0 0 0 

143 0 0 . 0 0 0 

143 3 1 . 0 0 0 

23031.OOO 

2 3 30 1 . : - -o 

2 3 3 0 0 . 3 0 0 

2 3 3 G ? . 0 0 C 

6 3 9 1 . 0 0 0 

7 1 9 4 . 0 0 0 

7 4 9 8 . 0 0 0 

6992.OOO 

7 6 0 1 . i n o 

1 0 0 3 1 . 0 0 0 

9 8 2 9 . 3 0 0 

1 3 2 3 4 . 0 0 0 

DIAMETER 

H 

. U - l - i O 

. 0 1 0 0 0 3 

. 0 1 0 0 0 3 

. 1 1 0 0 0 3 

. 0 1 0 0 0 3 

.1100OQ 

. 0 1 0 0 0 3 

- 11A013 

. 0 1 0 0 0 3 

. 1 1 0 0 0 0 

. 0 1 0 0 0 3 

. 0 1 0 3 1 0 

. 1 1 0 0 1 3 

. 1 1 1 0 1 0 

. 0 1 0 0 3 3 

. 111003 

. 0 1 0 0 0 0 

. 110003 

. i i ^ a o o 

. 1 1 0 0 1 0 

. 0 1 0 0 0 3 

. 0 1 0 C 3 

. 0 1 0 0 1 0 

. o i r o o 3 

. 0 3 7 0 0 3 

. 1 1 7 0 0 0 

. 1 1 7 0 1 3 

. 107013 

. 1 1 7 0 1 3 

. 0 0 7 0 0 3 

. 3 0 7 0 1 3 

. 0 1 7 0 0 3 

LENGTH 

M 

1 . 0 0 0 0 

1 . 0 0 0 0 

1 . 0 0 0 0 

1 . o o o o 

1 . 0 0 0 0 

l . e o o o 

1 . 0 0 1 0 

1 . 0 0 0 c 

1 . 0 0 0 0 

1 . 0 0 0 0 

1 . C 0 0 0 

1 . 0 0 0 0 

l . i o c o 

1 . 0 0 0 1 

1 . 0 0 0 0 

1 . 0 0 0 0 

1 . o o o o 

1 . 0 0 0 0 

1 . 0 0 0 0 

2 . 0 0 0 0 

1 . o o o o 

1 . o o o o 

1 . o o o o 

1 . o o o o 

. 9 8 0 0 

. 9 8 0 0 

.96*01 

. 9 8 0 0 

.9PC0 

. 9 8 0 0 

. 9 8 0 0 

. 9 8 0 0 

MASS FLUX 

KG/M2/S 

7 9 9 . 0 0 

1 3 3 1 . 00 

1 3 7 6 . 0 0 

2 0 1 1 . 0 0 

1 7 2 0 . 0 0 

2 7 7 7 . 0 0 

3 0 8 . 0 0 

5 2 2 . 00 

9 4 3 . 00 

1 9 5 2 . 0 0 

2 8 2 . 00 

9 6 1 . 0 0 

1 1 2 2 . 0 0 

1 4 7 8 . 0 0 

1 5 1 3 . 30 

2 3 8 8 . 0 0 

7 6 6 . 0 0 

6 2 4 . 0 0 

4 1 2 . 00 

1 5 1 6 . 0 0 

304.CO 

28 3. 00 

3 7 5 . 3 0 

40 3 .00 

2 4 8 1 . 00 

2 4 6 9 . 0 0 

3 34 3. 00 

3 0 0 8 . 3 0 

2 9 8 3 . 0 0 

2 2 9 5 . 0 0 

3 4 6 1 . 0 0 

2 3 1 9 . 0 0 

INLET SUBCOOLING 

KJ /KG 

9 0 5 . 0 0 

8 6 1 . 0 0 

9 3 4 . 0 0 

8 9 8 . 0 0 

9 1 1 . 0 3 

6 8 2 . 0 3 

9 7 4 . 0 3 

1 0 7 8 . 0 0 

6 6 3 . 0 0 

6 6 2 . 0 0 

9 0 8 . O C 

7 2 0 . 0 0 

7 3 5 . 0 0 

7 3 6 . 0 0 

7 2 5 . 0 0 

6 8 8 . 0 j 

7 7 6 . 0 0 

6 6 0 . 0 0 

9 2 0 . O J 

1 0 7 7 . 0 0 

139 0 . 0 1 

1 3 9 1 . 0 3 

1 3 9 2 . OJ 

140 4 . C J 

1 7 7 . 0 0 

1 6 . 0 3 

3 1 4 . 0 0 

1 9 7 . 0 0 

9 2 . 0 : 

9 . 0 c 

2 1 0 . 0 J 

5 6 . 0 0 

CHF 

KW/M2 

2 7 5 3 . 0 0 

3 6 4 8 . 0 0 

3 3 6 6 . 0 0 

4 5 9 2 . 0 0 

4 3 0 4 . 0 0 

5 4 7 9 . 0 0 

1 4 9 9 . 0 0 

2 2 1 1 . 0 0 

2 7 6 7 . 0 0 

4 1 7 0 . 0 0 

1 3 8 9 . 0 0 

1 9 7 6 . 0 0 

2 0 7 3 . 0 0 

2 6 4 3 . 0 0 

2 6 6 2 . 0 0 

3 2 4 9 . 0 0 

1 8 3 3 . 0 0 

1 7 0 2 . 0 3 

1 4 4 0 . 0 3 

2 1 1 3 . 0 0 

1 1 9 1 . 0 3 

1 1 3 3 . 0 0 

1 3 0 8 . 0 0 

1357 .CO 

2 3 7 0 . 0 0 

2 4 2 7 . 0 0 

3 1 3 7 . 0 0 

3 1 3 3 . 0 0 

2 2 5 1 . 3 0 

1 9 3 7 . 0 0 

2 5 7 6 . 0 0 

1 2 8 1 . 0 0 



Z25 

6 9 9 2 . 0 0 0 

6 8 9 1 . 0 0 3 

132 34 .Oon 

1 0 2 3 4 . 0 0 0 

2 1 6 6 . 0 0 0 

1 9 2 5 . 3 0 0 

2 5 3 3 . 3 0 0 

70 4 1 . 3 01 

6 9 7 2 . 0 0 0 

6 9 7 2 . 101 

6972.OOO 

6 9 8 6 . 3 0 0 

7 3 0 7 . 3 0 0 

7 3 0 7 . 0 0 0 

6977.OPO 

6 9 7 7 . 0 1 3 

6 3 9 5 . 300 

6395.OOO 

3274.OOO 

6 8 9 5 . 3 0 0 

63 9 5 . OP 3 

1 3 3 4 3 . 0 0 0 

1 3 3 H 3 . 300 

1 3 3 4 3 . OCO 

1 3 3 4 3 . 0 0 0 

1 3 3 * 3 . 3 0G 

5 1 7 1 . 0 0 0 

5 1 7 1 . 0 0 0 

5 1 7 1 . o n e 

69 9 5 . 0 0 0 

6895.OOO 

6 8 9 5 . OOO 

6 8 9 5 . 0 0 0 

. 0 0 7 0 0 0 

. 1 1 7 0 0 0 

. 1 1 7 3 1 3 

. 1 0 7 0 1 0 

.0(17003 

. 1 0 7 0 0 0 

. 0 0 7 0 0 0 

. 115983 

. l O ^ S O 

. 1 0 5 9 8 3 

. 0 0 5 9 8 3 

. 0 0 5 9 8 3 

. 0 1 5 9 8 3 

. 0 0 5 9 8 0 

. 1 1 5 9 8 3 

. 1 0 5 9 8 3 

. 1 1 2 8 0 3 

. 1 1 2 3 0 3 

. 1 1 2 8 5 3 

. 01 28 0 3 

. 1 1 2 8 0 3 

. 1 1 7 - 8 03 

. 0 1 2 8 0 3 

. '1123 OO 

. 0 1 2 8 0 3 

. 1 1 2 8 0 3 

. 0 1 26 0 3 

. 0 1 2 6 1 3 

. '112803 

. 3 1 2 8 0 3 

. ' J06223 

. 0 0 6 2 2 0 

. 0 1 2 6 0 0 

. 9 8 0 0 

. 5 6 1 0 

. 5 6 1 0 

. 5 6 0 0 

. 5 6 0 0 

. 5 6 0 0 

. 5 6 0 0 

4 . 8 0 0 0 

4 . 8 0 0 0 

4 . e o o o 

4 . 8 0 0 0 

4 . 8 0 0 0 

4 . 8 0 C 0 

4 . 6 0 0 0 

4 . 0 0 5 0 

4 . 1 0 5 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 .93O0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

1 . 9 3 0 0 

. 9 1 0 0 

. 9 1 0 0 

. 9 1 0 0 

3 2 1 5 . 0 0 

2 3 7 7 . 00 

2 8 9 1 . 0 0 

3 5 1 8 . 0 0 

2 8 8 6 . 0 0 

2 1 8 6 . 0 0 

3 2 7 4 . 0 0 

1 1 1 3 . *JO 

1 1 2 4 . 9 0 

1 1 1 7 . 0 0 

2 1 9 4 . 6 0 

2 2 1 0 . e o 

2 9 7 9 . 1 0 

2 9 7 9 . 1 0 

3 0 0 6 . 0 0 

3 1 1 6 . 0 0 

1 9 3 9 . 0 0 

2 7 1 2 . 0 0 

1 8 9 8 . 0 0 

1 3 2 9 . 00 

1 4 7 8 . 0 0 

1 3 7 0 . 00 

1 4 2 4 . 0 0 

5 3 1 6 . 00 

9 3 4 3 . 00 

1 9 8 0 . 00 

1 9 1 2 . 00 

5 4 9 2 . 0 0 

9 4 7 8 . 0 0 

1 7 9 0 . 0 0 

5 1 8 0 . 0 0 

1 3 1 8 5 . 0 0 

9 7 6 . 0 0 

2 7 . 0 0 

1 5 . 3 0 

5 0 . 0 0 

9 8 . 0 0 

8 2 . 0 0 

1 6 7 . 0 0 

1 3 6 . 0 3 

- 1 0 5 7 . 0 3 

- 8 7 3 . 0 0 

- 1 1 2 . 0 3 

- 1 2 1 1 . 0 0 

- 6 0 6 . 0 0 

- 1 0 0 4 . 0 0 

- 8 5 9 . 0 0 

- 9 8 6 . 0 3 

-693 .0 -3 

2 6 6 . 0 0 

3 9 2 . 0 . 

9 3 . 0 0 

3 9 5 . 0 0 

9 3 2 . O J 

1 8 5 . 0 0 

26 5 . 3 3 

1 6 0 . 0 0 

1 6 3 . 0 0 

33 2 . 0 0 

6 4 . 0 0 

6 5 . 0 0 

81.OC 

1 0 6 0 . 0 0 

104.OC 

1 2 9 . 0 3 

96.OG 

1 2 1 9 . 0 0 

3 2 0 0 . 0 3 

2 0 4 9 . 0 0 

2 4 5 6 . 0 0 

5 1 4 8 . 0 0 

3 3 5 6 . 0 0 

5 1 7 7 . 0 0 

1 2 5 . 6 0 

1 7 5 . 8 0 

3 4 6 . 4 3 

1 0 9 . 2 0 

2 7 6 . 1 0 

1 6 6 . 7 0 

1 8 9 . 7 0 

2 0 5 . 5 0 

2 6 7 . 5 0 

2 2 4 3 . 3 0 

2 4 3 1 . 0 0 

1 6 3 1 . 0 0 

2 1 7 4 . 0 0 

2 9 3 7 . 0 0 

1 4 0 4 . 0 3 

1 5 5 5 . 0 0 

2 2 0 6 . 0 0 

3 5 2 7 . 0 0 

1 7 7 3 . G3 

2 2 2 1 . 0 0 

2 7 4 1 . 0 0 

2 9 4 0 . 0 0 

3 4 5 1 . 0 0 

3 1 2 9 . 0 0 

4 3 2 2 . 0 0 

2 5 4 9 . 0 0 



2 2 k 

6 9 9 5 . 0 0 0 

1 3 4 4 6 . 0 0 0 

1 3 4 4 6 . O O C 

1 0 4 4 6 . 0 1 0 

1 3 7 9 1 . 0 3 0 

1 3 7 9 0 . 3 1 0 

3 2 7 4 . 0 0 0 

3 2 7 4 . 0 00 

6 3 9 5 . OOO 

6 9 0 2 . OOO 

103.OOO 

1 0 3 . no-) 

103.OOO 

10 3 . 00 3 

1 C 3 . 0 0 0 

1 0 3 . 0 0 0 

l t l . '.OC 

1C3. 000 

1 3 3 . 0 3 0 

13 3 . 0 0 3 

1 3 3 . 3 0 C 

2 1 3 7 . 3 0 3 

2 1 3 7 . 3 0 0 

2 1 3 7 . j-tiO 

2137. , n o 

2137*. 00 0 

2 1 3 7.OOO 

2 1 3 7 . 0 0 0 

1 7 5 8 . 0 0 0 

1724 .OCO 

3«,<.S. 00 3 

3 4 4 8 . 0 0 3 

3448 .OOO 

. 0 1 2 8 0 3 

. 1 1 1 2 1 3 

. 0 1 1 2 0 3 

. 1 1 1 2 0 3 

. 1 1 0 4 1 3 

. 1 1 0 4 0 3 

. 0 1 0 6 1 3 

. 0 1 0 6 0 3 

. 1 1 3 6 0 3 

. 1 1 0 6 0 3 

. 1 1 1 0 2 0 

. 1 1 1 3 2 0 

. 3 3 1 0 2 3 

. 1 0 1 3 2 3 

- 1 0 1 0 2 3 

. 0 0 1 3 2 3 

. 1 0 1 0 2 3 

. 1 1 1 3 2 3 

. 1 1 1 3 2 3 

- 1 0 1 0 2 3 

. 0 0 3 0 5 3 

. 1 0 1 1 4 3 

. 0 0 1 1 4 3 

. 1 0 1 1 4 3 

. 1 1 1 1 4 3 

. 0 0 1 1 4 3 

. 0 1 1 1 4 3 

. 0 3 1 1 4 3 

. 0 0 3 3 5 3 

. 1 1 3 2 5 3 

- 0 1 3 0 53 

. 0 1 3 0 5 3 

- 1 0 3 6 3 0 

. 9 1 0 0 

3 . 6 6 0 0 

3 . 6 6 0 0 

3 . 6 6 1 0 

1 . 7 5 00 

1 . 7 5 0 0 

. 38 00 

. 3 8 0 0 

. 3 6 0 0 

. 38 10 

- 0 4 0 1 

. 0 4 0 0 

. 0 4 0 0 

. C 4 0 C 

. 0 4 0 0 

. 0 4 0 0 

. 1 4 C C 

. 0 5 0 0 

. C 5 C 0 

. 0 5 0 0 

. 1 5 0 0 

. 1 1 0 0 

. 1 1 1 0 

. 1 1 0 0 

. 1 1 0 0 

. 1 1 0 0 

. H O C 

. 1 1 0 0 

. 1 5 0 0 

. 1 5 0 0 

. 1 5 0 0 

. 1 5 0 0 

. 0 8 0 0 

1 3 5 6 . G O 

7 3 2 4 . 00 

6 5 2 2 . 0 0 

6 7 9 4 . 0 0 

6 7 8 . 0 0 

9 4 9 . G O 

7 3 2 . 0 0 

7 1 9 . 3 0 

7 1 9 . 0 0 

7 3 2 . 00 

6 9 9 . 0 0 

9 0 1 . 0 0 

1 3 7 0 . 00 

1 7 7 6 . 0 0 

2 7 8 0 . 0 0 

3 7 5 6 . 0 0 

5 6 4 1 . 00 

3 9 9 . 0 0 

683 .GO 

1 3 3 6 . 00 

5 7 . 00 

3 7 1 5 . 3 0 

4 3 1 2 . 00 

5 1 8 1 . 0 0 

6 1 2 9 . 0 0 

6 5 1 9 . 0 0 

7 9 3 3 . 0 0 

1 3 6 9 6 . 00 

5 7 . 30 

1 4 6 . 1 0 

6 0 , 00 

2 5 8 . 0 0 

1 4 9 2 . 0 0 

5 0 2 . 0 J 

1 5 5 . O C 

3 0 . 0 0 

5 1 . 0 0 

3 7 . 0 0 

5 3 . 0 0 

6 9 1 . 0 0 

56 3 . 0 0 

9 1 2 . u J 

7 2 1 . 0 0 

3 1 9 . 0 0 

3 1 9 . O G 

3 1 9 . 0 0 

3 1 9 . 0 0 

3 1 9 . 0 0 

3 1 9 . 0 J 

3 1 9 . 0 0 

3 1 9 . 0 3 

3 1 9 . 3 0 

3 1 9 . 0 0 

3 1 6 . 3 G 

3 7 . 0 I 

4 0 5 . 0 0 

1 7 1 . O C 

7 . 0 0 

5 0 0 . O G 

2 4 1 . 0 0 

4 6 3 . 0 0 

7 7 8 . 0 0 

7 6 8 . O C 

1 1 9 . 0 0 

4 6 6 . 0 3 

4 6 7 . O G 

3 3 7 9 . 0 0 

2 4 9 2 . 0 0 

2 0 1 9 . 0 0 

2 2 8 4 . 0 0 

5 3 7 . 0 0 

6 7 2 . 0 0 

5 5 5 2 . 0 0 

4 4 4 8 . 0 0 

5 5 5 2 . 0 3 

4 8 5 8 . 0 0 

4 4 3 0 . C O 

4 8 2 7 . 0 0 

5 4 5 7 . 0 0 

5 6 9 9 . 0 0 

7 5 0 6 . 0 0 

9 7 1 6 . 0 0 

1 4 7 0 0 . 0 0 

2 9 6 1 . 0 3 

3 7 3 6 . 0 0 

4 8 5 3 , 0 0 

5 9 6 . 0 3 

6 0 6 8 . 0 0 

4 8 5 8 . 0 0 

7 3 1 9 . 0 0 

2 4 3 2 . 0 0 

7 3 1 9 . 0 0 

4 4 4 8 . 3 0 

1 4 5 7 4 . 0 0 

2 3 3 . 0 0 

1 5 9 0 . 0 0 

4 7 0 . 0 0 

2 2 3 0 . G O 

6 3 5 0 . 0 0 



2 2 7 

3 6 3 4 . 3 0 0 

3 7 1 6 . C o o 

3 6 5 9 . 0 0 0 

4 0 3 4 . 0 0 0 

3 8 9 6 . -1O0 

3 8 2 7 . 1 1 0 

3 3 9 6 . 0 0 0 

3 8 2 7 . 0 0 0 

1 9 3 1 . 0 0 0 

3 8 9 6 . C n 3 

33 6 1 . 00 3 

3-»48. 00 3 

3 9 3 0 . 300 

3 3 6 1 . 0 0 3 

3 3 = 1 . o n e 

5 1 3 2 . 0 3 0 

6 e 9 5 . O O O 

6395 ,OOO 

6 6 9 5 . 0O3 

6 9 9 5 . 0 0 0 

6 6 9 5 . 0 0 3 

7 2 3 5 . 0 0 0 

" * i : 2 . 0 0 c 

6 3 5 1 . 0 0 0 

6 8 9 5 . 0 0 0 

7Z*1. JOJ 

6 3 9 F . 0 0 0 

6 a 9 5 . J 0 0 

6 9 9 5 . 0 0 0 

56 5 5 . 0-13 

7 0 7 u . ,'.f 0 

6 3 9**'. 0 1 0 

59 95.OOO 

. 3 0 4 5 8 3 

.on<,583 

. 0 0 4 5 8 3 

. 0 0 4 5 8 0 

. 0 0 5 5 9 3 

. 0 0 5 5 9 0 

. 0 0 5 5 9 3 

. 0 0 5 5 9 3 

. 0 0 5 5 9 0 

. 0 1 5 5 9 3 

. 0 0 5 7 4 3 

. 1 1 1 3 1 3 

. 1 1 0 8 1 0 

. 0 1 0 8 03 

. 3 1 0 8 0 3 

. 0 0 5 5 9 3 

. 0 1 3 6 3 3 

. 0 1 3 6 3 3 

. 0 0 3 6 3 3 

. 0 0 3 6 3 3 

. 0 0 4 5 7 3 

. 0 0 4 5 6 3 

.C-15593 

. 1 0 5 5 9 3 

. 0 0 5 5 0 3 

.•1155=13 

. 0 1 0 3 0 0 

. O 1 1 3 0 3 

. 0 1 0 8 0 3 

. 0 1 3 3 0 3 

. 1 H 8 1 3 

. 0 1 2 4 0 3 

. 1 1 2 4 1 0 

. 2 3 0 0 

. 2 3 CO 

. 2 3 0 0 

. 2 3 1 0 

. 22O0 

. 4 3 0 0 

. 4 3 0 0 

. 6 6 0 0 

. 8 6 0 0 

1 . 7 3 O 0 

. £ • 2 0 0 

. 7 6 0 0 

. 4 3 0 0 

. 4 3 0 0 

. 8 6 1 0 

1 . 7 3 1 0 

. 0 6 0 1 

. 0 8 0 0 

. 0 8 0 0 

. o e c c 

. 2 4 0 0 

. 2 3 0 0 

. 4 3 0 Q 

. 8 6 0 0 

. 6 6 0 0 

1 . 7 3 0 0 

. 7 6 0 0 

. 7 9 f O 

. 6 6 0 0 

. 6 6 0 0 

. 8 6 0 0 

. 6 1 0 0 

• 61C0 

1 2 7 5 . 0 0 

1 2 7 5 . O O 

1 4 1 0 . 0 0 

2 6 3 1 . 0 0 

1 8 9 8 . 3 0 

1 9 3 9 . 0 0 

2 0 2 0 . 0 0 

1 0 1 7 . 0 0 

1 9 1 9 . 1 0 

2 1 3 4 . 0 0 

1 0 4 4 1 . 00 

7 5 5 3 . 0 0 

9 6 3 . 0 0 

4 0 6 8 . 0 0 

8 1 4 . G O 

3 7 0 2 . 00 

1 3 1 5 . 0 0 

2 8 3 8 . 0 0 

4 3 4 1 . 00 

6 1 5 6 . 0 0 

9 7 . 00 

1 1 6 6 . 0 0 

1 0 1 7 . 0 0 

9 4 9 . 0 0 

1 7 7 6 . 0 0 

3 3 6 5 . 0 0 

7 5 5 3 . 00 

1 0 1 5 6 . C 3 

6 7 6 . 00 

3 1 4 . 0 0 

8 8 1 . 00 

6 9 2 . 00 

1 6 6 8 . 0 0 

2 9 . 0 0 

2 7 . 0 ; 

5 5 6 . 0 0 

2 6 8 . 0 J 

7 4 . 0 0 

5 1 . 0 0 

3 5 5 . 3 3 

2 7 . 0 0 

4 8 . 0 0 

1 6 2 . ; J 

1 9 9 . 0 0 

7 8 . 0 3 

1 9 . O u 

2 5 7 . 0 0 

3 7 . 0 3 

2 5 . 0 3 

5 7 6 . O u 

5 6 0 . 0 . 

5 2 6 . 0 0 

3 5 6 . 0 J 

8 9 3 . 0 0 

16 . 0 0 

3 8 . C J 

3 5 6 . 0 0 

5 2 . 0 3 

1 5 6 . 0 0 

2 9 4 . 0 3 

2 9 8 . 0 0 

3 3 . 0 0 

3 2 . O u 

3 2 . C c 

27 ?.. 0 0 

5 6 2 . 3 , 

5 7 4 1 . 0 0 

5 7 4 1 . 0 0 

7 2 5 6 . 3 0 

6 5 3 0 . 0 0 

7 1 5 1 . 0 0 

4 9 3 4 . 0 0 

6 0 9 5 . 3 0 

2 3 6 6 . 0 0 

2 9 0 9 . 0 0 

1 8 3 9 . 0 3 

5 2 6 8 . 0 0 

4 6 5 3 . 0 0 

4 7 9 8 . 0 0 

5 4 6 9 . 0 0 

3 2 5 1 . G O 

1 9 2 H . O C 

7 9 8 1 . 0 0 

1 0 6 3 1 . 0 0 

1 1 2 6 2 . 0 0 

1 3 2 8 1 . 3 0 

9 5 7 . 0 0 

4 0 6 9 . 0 0 

3 3 2 5 . 0 0 

2 5 0 9 . 0 0 

2 3 5 5 . C 3 

2 0 2 0 . 0 0 

5 9 3 1 . 0 0 

7 4 4 5 . 0 3 

2 3 3 4 . 0 0 

2 4 0 3 . 0 0 

2 3 9 2 . 0 3 

3 5 3 3 . 0 0 

4 6 9 0 . 0 0 



2 2 ? 

6 8 9 5 . C O O 

6 8 9 5 . O O O 

68 95.OOO 

1 0 3 4 3 . 0 0 0 

1 0 9 9 8 . 0 1 3 

1 3 3 4 3 . O O O 

1 3 3 4 3 . 0 0 0 

1 3 7 9 0 . O C O 

1 3 7 9 0 . 0 0 0 

1 3 7 9 0 . 3 0 0 

1 3 7 9 1 . ? " 0 

1 5 5 1 4 . O O O 

1 5 5 1 4 . 0 0 0 

1 5 5 1 4 . IPO 

1 5 5 1 4 . 3 0 0 

1 7 2 3 8 . 3 0 0 

1 3 2 7 2 . 0 1 0 

3661 .OOO 

1 9 1 0 . : o p 

1 5 7 5 . OOO 

13 9 6 . :<*•: 

1 3 2 7 . 3 0 3 

1579 .OOO 

1145 .OCO 

1 1 5 8 . 0 1 0 

931 .OOO 

13 7 5 , OOJ 

15 3 1 . 0 00 

1 3 6 5 . O O O 

1 0 6 2 . O C O 

9 3 7 . 0 0 0 

6 5 5 . 3 1 9 

1 4 1 3 . 310 

. 0 2 3 6 0 3 

. 0 2 3 6 0 3 

. 9 2 3 6 0 3 

. 0 1 4 5 1 3 

. 1 1 Q 3 5 0 

. 1 H 3 0 3 

. 1 1 0 3 1 0 

. 3 0 3 6 3 3 

. 1 0 4 7 5 3 

. 1 0 4 7 5 3 

. 1 1 7 7 2 0 

. 1 0 1 9 1 0 

. 1 1 1 9 1 3 

. 0 0 1 9 1 3 

. 0 1 1 9 1 3 

. 0 1 1 9 1 0 

. 0 0 3 0 0 3 

. 0 0 3 9 4 0 

- 1 1 3 9 4 3 

. 1 0 3 9 4 0 

. o n 3 9 4 3 

. 0 0 3 9 4 0 

. 1 0 3 9 4 3 

. .J13943 

. 1 0 3 9 4 0 

. 0 0 3 9 4 3 

. y i 3 9 4 3 

. 1 0 3 9 4 0 

. 1 0 3 9 4 3 

. 0 0 3 9 4 0 

. 0 1 3 9 4 3 

. 1 1 3 9 4 3 

. 0 0 3 9 4 Q 

. 6 1 0 0 

. 6 1 0 0 

. 6 1 C 0 

. 2 4 0 0 

. 7 6 0 0 

. 7 6 1 0 

. 7 6 0 0 

. 0 8 0 0 

. 3 2 0 0 

. 3 2 0 0 

. 4 6 00 

. 15 00 

. 1 5 0 0 

. 1 5 0 0 

. 1 5 0 0 

. 1 5 0 0 

. 1 5 0 1 

1 . 0 4 0 0 

1 . 0 4 ^ 1 

1 . 0 4 0 0 

1 . C-4°0 

1 . 0 4 0 0 

1 . G 4 C 0 

1 . 3 4 O 0 

2 . 0 6 0 0 
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A P P E N D I X D 

Computer Program used to Predict CHF using Kat to 's Correlat ion 

The program reads in the conditions a t the i n l e t of the tube. Then, i t 

predicts the CHF using Katto's Correlat ion; equations (2.22) to (2 .32) . 
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1-7 C 
1»« 222 CONTINUE 
1*5 C 
i ; o i c c = e o * , C ( D ' H F G 
151 CC = 0CO*> ( W K " C H I M I > / H F G > 
152 C 
153 P ? I ( I ) = C C / C H F E » P ( I ) 
1 5 * XEX= ( I ) = * » C H F E X f ( I i / G ( I ) / H F C L O C I D - O H I M I I / H F G 
155 C 
1 5 - 9 « U ( I ) = ( P E I ( I ) - 1 . ) » ( P E I ( I ) - 1 . ) 
157 STCTAL= 'TCTAL.PEI( I ) 
l c « SA3Q = SAC0teAL( I ) . 
155 P = I N T * , t PRFS5URE CIAMETER LENGTH MASS FLUX 
160 « IN SUBCCOLING CHFEXP EXIT OLAUIY CHFPFEO/CHFEXP* 
161 C 
162 WRIT? (6, 1Q> P (!) ,CI I) ,L(!) ,G(I), CHIN 11 ). CHFEXP (I) , XEXP (I) , PE I (I) 
163 1) CCS>AT(3X,5F1*.3,F1*. 2 ,2fll.*/) 
lc* 9C1 CCuriNUE 
165 C PLCT RE5LLTS . 
166 r 
167 XL = 5.3 
1'! YL = 5.0 
1 Fc Y»IN = 0. * 
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A P P E N D I X E 

Computer Program used to Predict CHF using Weisman & Pei's Model 

The program reads in the conditions at the inlet of the tube. Then it 

assumes a CHF value. The program calculates the CHF based on the 

assumption that the CHF occurs when the vapor void fraction in the bubbly 

layer reaches 82%. If the assumed CHF value equals the predicted one 

within a preassigned tolerance, then, calculations stop. Otherwise a new 

CHF value is assumed and the process is repeated. 
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M»'MMMM»»>iMMMMHMMrlMHMMM)'M>')*t'NMI*MM»'Hh»'MMMMM»7HMMM»'MH)'l'MMMMMH>'HMrMHM^hhM)'MHPM('t'l'MI'H)<M(1MMH(1 

PROGRAM ON9LNF 7 < , / 7 * C P T = 2 , P 0 L N n = s / S / H/ C . - O S FTN 5 . 1 * 5 6 4 8 5 - 0 5 - 2 9 1 0 . 0 0 . 5 8 PAGE 
0 0 = - L O N G / - O T , i R G = - C O M H O ' l / - F I X E C . C S = U J E R / - F I X E O . C E = - T 9 / - S 9 / - S L / - E R / - I Q / - P M O / - S T , P L = 5 0 CO 
F T N 5 , C F T = 2 , L 0 = A / r / R / S . 

1 C 
2 c . . . . . . . . . . NCHENCLATU6E . . . . . . . . . . . . . . . . . . . . . . . . . . 
3 C 
* C e t U P € I » * 2 . 
5 C e « O A l l = 9ue9LE D IAMETER. 
6 T C C F F l .- C C F F I C I E N T OF THE TURBULENT I N T E N S I F Y . 
7 C CCFF2 = C C F F I C I E N T OF THE TURBULENT I N T E N S I T Y , 
8 C CCNOSC= L I Q L I O THERMAL C O N D U C T I V I T Y . 
9 C CLSC = LIOUIC HEAT CAPACITY. 

I t C CZ NET VELOCITIES TRANSFER FROH 9UL* TC EL9LY LAYER. 
11 C OA OIAHJTER OF THE TU9E. 
12 C C5NAVG= GLC9AL DENSITY. 
13 C OENAVL= IICLIC 0-NSITY. 
1* C DESFF = SATURATED LI1CIO CENSITY. 
15 C OENGF 05NFF-OENGG. 
16 C CEK6G = SATURATEC STEAM C E N S I T Y . 
17 C OeNMSE= L I Q L J C OENSITY AT CHF L C C A T I O N . 
18 C O E M = AvEfAGE CENSITY CF THE eULK FLOW. 
19 C C5N2 = AVERAGE CENSITY CF eUSBLY LAYER. 
2-! C FWHM F R I C T I O N FACTCR. 
21 C FhHO" F R I C T I C N fACTCR. 
22 C G H J S S V E L O C I T Y . 
23 C Hi*VG GLC9AL ENTHALPY. 
2* C H«VGG GLC9AL ENTHALFY. 
25 C HAVGL L I C L I C ENTHALFY. 
26 C HEATS HEAT GOES TO GENERATE BL'EBLES. 
27 C H!ATEX= EXPERIMENTAL C H F , 
2» C H5ATC CHF VALUE. 
29 C HFF SATL'RATEC L I O L I O ENTHALFY. 
J * C HFG LATENT HEAT FCR V A P O R I Z A T I O N . 
21 C HGG SATUSATEO S^EAM ENTHALPY. 
32 C HJN INLET ENTHALPY. 
23 C H«SE L I Q L I C ENTHALFY AT CHF LOCATION. 
2 * C H< LENGTH OF THE SEGMENT. 
35 C H I = AVERSGE ENTHALPY CF THE BULK F1.CW. 
26 C H1L L I C U I C ENTHALFY CF THE 5UL< FLOW. 
27 C HIQ SINCLE PHASE HEAT TRANSFER C O £ F F I C I c N T . 
28 C LSU CHF L C C A T I O N . 
25 C MASS FLCk R A T E . 
* 1 C => PRESSURE OF THE SYSTEM. 
. 1 C PC C R I T I C A L PRESSURE.-
-Z C PEI PREOICTEC CHF/EXPERIMENTAL CHF. 
*3 C = RNO PRANC1L NUMBER. 
-i. C R TLEE R A C I U S . 
u5 C oEFHC*= REYNOLDS NUMEER. 
-6 C "ESC RFYNCLOS NU^eER. 
*7 C S 3L83LY LAYER THICKNESS. 
*• C SA-jQ SlHMATICN OF 6AU. 
*5 (" STCTAL= SLMA TION OF FEI. 
5- C SL'T'J = LICUIC SURFACE TENSION. 
51 f SLTSC LICLIC StRFACE TENSION. 
52 C T£vGL IIQUIC T EM°ER ATU05. 
53 C TI TLR5LLENT INTENSITY. 
c* C T vSE LICLIC TEMPERATURE AT CHF LOCATION. 
55 C TSJTT SML=»TICN TEHPFRATUPE. 
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PROGRAM QN9UNF 7 4 / 7 * 0 P T = 2 , R 0 L N C = A/ S / ft C - O S FTN 5 . 1 * 5 6 * 85-0 5 -29 1 0 . 0 0 . 5 8 PAGE 

<t 
'7 
'1 
•8 
it 
'1 
H 
(3 
» * 
65 
S6 
(7 
f« 
'5 
7« 
U 
12 
73 
7* 
'5 
76 
77 
7! 

'9 
t" 

(I 
'! 
13 
li. 
15 
'! 
(7 
'! 
I? 
c. 
Dt 
•2 

V I S F S A = SATURATEC L I O L I O V I S C O S I T Y . 
V I S F S C = L I O U I C V I S C O S I T Y . 
V I S F F L I O I I O V I S C O S I T Y . 
V ISGG - STEAC V I S C O S I T Y . 
VISHOM= T » C - P H A S E MIX1IJRE V I S C O S I T Y . 
VCI0AG= GLCeAL V C I D F S A C T I O N . 
V C n i " AVERAGE VOID FRACTION OF eULK FLOW. 
V C I 0 2 AVEFAGE VOIO FRACTION OF eue<3LY L A Y E R . 
V I BLEeLE GENERATICN V E L C C I T Y . 
XAVG - GLCSAL Q U A L I T Y . 
XE1 ThERHCOYNAMIC E O U I L I B R I L ) ' Q U A L I T Y . 
X I = AvEfAGE CUALITY OF BULK. FLOW. 
X2 = AVERAGE QUALITY OF eUBBLY L A Y E R . 
Z A X I A L L O C A T I O N 
Z7 = A X I A L LCCATICr - . 

PROGRAM C N e L N F ( I N FUT , C LT0 U T , T APE 5 = IN PUT , T APE 6 =CUTF UT , P LOT ) 
»EAL LSU ,M 

SET ACRAYS D I M E N S I O N S . 

C I ' E N S I O N Z ( 2 3 1 0 ) , Z Z ( 2 0 1 9 ) ,DEN 1 ( 1 5 0 0 ) . C E N A V G ( 1 5 0 0 ) , C E N A V L ( 1 5 0 0 ) 
1 , X A V G ( l 5 0 > , V C I C A G ( 1 5 j : j > , H 1 ( 1 5 U 0 ) , H 1 L ( 1 5 00 ) , HA VCL ( I S O * 1 ) , L O O ( 5 0 ) 
1 , T ' V G L d ' 0 0 ) , H A V G G ( 1 5 3 C ) , HAVC ( 1 5 30 >» X F . Q U 5 0 3 > , SLSU (S3 ) , G S 1 ( 5 0 ) • 
l H H I N ( S 1 ) , P F ( ! 0 ) , G G ( 5 3 ) , O A A ( 5 0 ) , H E A T M K ( E a ) , P E I ( 5 0 ) , X E Q E X ( 1 5 0 0 > 
l . Y I N ( S O ) , e « U ( 5 0 ) , X V A R ( 5 0 l , I C 0 0 E ( 1 ) . I H T F S ( 1 ) , IPHASE d ) , P S H 50 ) 
1 , T E M P ( 2 ) , P R C F S ( 2 2 , 2 0 ) , W A T E S ( 2 ( , ) , RTEMP ( 2 , 1 1 , 2 1 ) .RPRESS ( 2 0 ) , X( 5 J ) 
l . N A H E S C I « , 2 0 ) . C P l 1 ( 1 5 0 0 1 .CONDI ( 1 5 0 0 ) . S U R T E N 1 d S O O ) , V I S F K 1 5 0 0 ) 
1 , H I N S I ( 5 0) . C H F S K 5 0 ) , O S I ( 5 0 ) . S L S I ( 5 t ) 

CCNMON/ SCALES / X M I N , X M A X , T I C X , F X S C A L , Y M I N , Y C A X , T I C Y , F Y 9 C A L 
C C M C N / FCRf-AT / X L , Y L , F T I U E ( 8 ) , F S L 9 T I T ( 8 ) , F X A X T I T ( 8 I , 

I F Y A X T I T ( S ) .NSTVARS.STVARS 

F L U I O CONSTANT . 

F L L l C C T = * 5 e = 5 1 . C 

I N I 1 I A L I Z E CCNSTANTS . 

NCC 
TE>» 
TFe 
IHT 
• AX 
N L F 
N T C 
:TE 

• LJ 
L U 
IFL 
VCT 
V O J 
HS = 

N = 2 
N l = 

KP = 1 
P ( l ) = 2 3 r . * 2 7 3 . 
P ( 2 ) = 2 0 G . * 2 7 3 . 
' S i l l =1 
HOT = l 
= 6 
LE = 8 
L= l 
NE = 6* 
CT = 25 
A G X = O 
CGH=0 . 
CGH=0 . 
3 . 3 1 
T - 0 . 0 31 
N - 0 . 9 59 
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PROGRAM ONetNF 7*»/T* 0PT=2,R0LN0= A/ S/ NV C - 0 5 FTN 5 . 1 * 5 6 * 8 5 - 0 5 - 2 9 1 0 . 0 0 . 5 8 PAGE 

13 
i* 
15 
If 
17 
18 
19 
It 
21 
22 
23 
2* 
25 
2( 
27 
28 
29 
30 
31 
32 

36 
J7 
26 
!c 

.0 
• 1 
*2 
*3 
i i * 

s, E 
. ( 
*» 
k» 

*9 
c . 

51 
52 

c£ 
c7 
ce 
C C 

'0 
c i 

'2 

<i . 

e5 
f t 

67 
58 

CIVIOC THE CHANNEL INTO SEGMENTS . 

Z ( 1 ) = 0 . 
00 1 1 = 1 ,N1 
2 « ! U ) * T ( I ) * H S 
CCNTINUE 
Z Z ( 1 ) = 1 . 5*»HS 
CO 2 1 = 1 . N l 
Z T H * 1 ) = 2 7 ( I > * H S 
COt-TINUE 

fEAO THF NUC5ER CF RLN5 

6E«0*,NP. NS 

REAO ThE SYSTEM PRESSURE (KPA),THE TUeE OIAMETER ( H ) , 
THE TUBE LENGTH (M),TH£ HASS FLUX (KG/S/SC-M) ,THE INLET 
ENTHALPY (KJ/KG) AND.CHF (KW/SQ-H) . 

CO 991 11=1, )RNS 
5 E 8 C . P P ( I I ) , G G ( I I ) , H H 1 N ( I I ) ,HEAT),M( I I ) 

CAA( I I 1 = 3 .505 
S L S U ( I D = 1 2 . 

a S I ( I l ) =OAA( I I ) * 2 . 5 * / 1 0 0 . 
S I S I 1 I I ) = 5 L S L I I I ) * 2 . 5 * / 1 0 0 . 
LCO( I I ) = SLSU ( I I ) / D A A ( I I ) 
P S K I I ) J ° P ( I I ) * e . 8 9 * 7 5 7 
GSK I I ) = G C ( I I ) * 1 3 6 1 . 6 f . 
H INS I ( I I ) = H H I M I I ) » 2 .3259 
C H F S l ( I I ) = H E A T * H ( I I ) * 2 . 1 5 a - 0 3 

951 CONTINUE 

" I N I T I A L I Z E VARIABLES . 

777 SU»=3. 
STCTAL = 0 . 
SAC0 = *). 
R3L3H = r . '"'"'CO 

: FEAC THEN PRINT TUOELLENT INTENSITY COEFFICIENTS . 

(£«:• .C*1FF1,CCFF2,C0FF3 
WRITEI6. 7771) COFF1 
*PIT€ ( 6 , 7772) COFF2 
MSITE(6, ,775) COFF3 

START THE CALCULATIONS . 

-.0 99599 11 = 1,SONS 

DFINT THE INPUT CATA IN S I UMTS . 

P = I N T * , » PRESS FLUXURE (KPA) , CIAMETER ( M l , LENGTH ( H) , MASS 
1 FLUX (MC/HR/JIJ-HI), INLET ENTHALPY ( K J / K G ) , CHF (MX/SQ -M) t 

f l T E (6 , £7 12) =>SI ( I I ) , C S 1 ( I I ) , S L S I ( I I ) , G S I ( I I ) , H I N S I ( 11) .CHFSI ( I I ) 
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PROGRAM 0 N 9 L N F 7 * / 7 * C P T = 2 , R 0 L N 0 = A / %t */ C - O S FTN 5 . 1 * 5 6 * 8 5 - 0 5 - 2 9 1 0 . 0 0 . 5 8 PAGE 

73 6 7 1 2 F O R M A T ( l X , » P R E S S = * , F l * ) . 2 , J X , « O I A M x . , F 1 0 . S . 3 X . » L E N G T H = * , F 1 0 . * , 
71 1 3 X , . ( » A S S F L U X * * , F 1 5 . * . 3 X , . I N ENTH »LP Y= • , F 1 2 . * , 3X , »CHF = • , F 1 2 . * ) 
72 
73 C 
I * P R E S S = P S I ( I I ) * » 1 3 1 3 . 
75 C CHANGE TC B R I T I S H U M T S . 

n c 
77 <**. 
7! 0A = 0 A A | I I ) / 1 2 . 
7? P = F P ( I I ) 
|i) C = G G ( I I ) • 1 0 0 0 0 3 0 . 
11 H E A T E X = H £ A T H H ( 3 I ) 
12 LSL = S L S U ( I I ) / 1 2 . 
(3 H = L S U » 1 . 0 2 
. , S R = 1 . 
,1 R = t A / 2 . 
if NJT = 1 . 3 1 * ; i 
l» V 0 1 0 F = 0 . t 
M P C = 3 2 0 6 . 2 
•9 P R A T I O = P / P C 
c« PI = 3 . 1*159 
t), ,J-G»OI»R..P 

«2 A G C C = * . 1 6 9 7 » 1 3 . * » 8 . 
(i 0A=2.»R 
c» P ! 1 = 1 . 3 9 E 5 * 2 
15 CON = 0 . 7 O 7 1 0 7 
<( C 
17 C C A L C U L A T E F = C P £ R T I E S AT S A T U R A T I O N . 
•a C 
.e C 
,! I C C O E d ) = 5 1 
11 I P H A S E d ) = 2 
'2 » O C E = l 
:J C 
H C A t L H P P C S U C C C E . N C O H P , I F H A S E , T E C P , P R E S S , M C O E , I H T F S . M A X H O T , 
•« I N L F . N T E L E , I T E L . N L I N E . L I N C T , P R O P S , H A T E S . R T E f P . R F R E S S . N A f E S C , 
16 U F L A G X ) 
•T C 
•! C P R I N T " , *WATE = " , WAT£S d ) , .PRE SS = • .RPRESS ( " . ) , »FLAG» » , I F L A G X 
t HC = ( P R O F S ( 6 , l ) * F R 0 P S ( 1 0 , l ) l / W A T E S « l l » F L L I C C T 
1 F R C P S ( 6 , 1 ) = F R C P S ( 6 , 1 ) / N A T E S ( 1 ) * F L U I O C T 

.1 FRCPS (10 , 1 ) = FRCP5 (10 , l ) / W A T E S d ) 

.2 P R C P S d . 1) = 0 . * J 6 2 3 * P R O P < ( 1 , 1 ) 
] F R C P S ( 5 , l ) = 0 . 0 E 2 3 * P R O P S ( 5 , l > 
1. F R C P S I 7 , 1) = C . 0 6 2 3 » P R O P S ( 7 , 1 ) 

.' P R C P S ( 2 , D = 2 . 3 9 E - 0 * » P R C P S ( 2 , 1 ) 
f P R I N T * , • « » • • « • « • » » . S I G M A T , F R O P S ( 3 , 1 I 

•7 F » C P S ( 3 , 1 ) = 2 H * * P R 0 P S ( 2 , 1 ) 
l( V I S G G = 2 * 1 * * F R C F S ( 8 , 1 ) 
19 PRCPS{«. , J) = 0 . 5 7 1 9 » P R Q F S ( * , 1 > 
<* P R C P S I 6 , 1 ) = * . 3 1 E - 0 * * P R C P S ( 6 . 1 ) 
il P ' C P S d O , 1 ) = * . 3 1 E - 0 * * P R O P S ( 1 0 , 1 ) 
(2 F R C P S ( 9 , l ) = P R O P S ( 6 , l ) * F R O P S ( l t . 1 ) 
3 Z 
« H F F = P 9 0 F S ( 6 , 1 1 

!5 0 E N F F = P FOFS ( 7 , 1 ) 
< HCG = e R O F S ( 5 , 1 1 
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P»OG°AM DN5UNF 7 * / 7 * 0 P T = 2 , R 0 L N C = A / S / (*/ 0 . - O S FTN 5 . 1 * 5 6 * 8 5 - 0 5 - 2 9 1 0 . 0 0 . 5 8 PAGE 

HFG = PRO 
\ ! S F S « = o 

T « A T T = ( 
T I N I I I 

fOC6*0 
I P H A S E d 
T E » P ( 1 > = 
CALL HPP 

1 N L F . N T E L 
U F L A G X ) 

P R C P S ( 5 , 
0ENGG=P 

CENGF=OE 
63 H I N = H F F -

H0UTEX=H 
• ECEXIII 
C F t = 1 . 0 
HO= 1 5 0 . 
? 3 = l . / O E 
E6 = * . / ( G 
E7=0ENGG 
E 8 = H F G / ( 
E 9 = * . / ( G 
E 1 1 = E 3 - 1 
512=OENG 
» 1 = H / H S * 
K l = J l - 0 . 
J A = L S L / H 

C P R I N T * , * 
C F P J N T * , . 
C 1 C 1 9 / H R / 
c K R : T E ( 6 , 

7 7 7 C F O R H A T d 
110 > ,»HAS 

RECORD L5NGTH 
7 7 7 1 F O ' » A T ( / 
7 7 7 2 F O « » A T ( l 

F O ' l A T d 
HE«T0R=6 
H ' ( T C L = 1 
*3F^EH=10 
H E ' T 0 = ( H 
2Zf = Z Z d 
H A V G ( 1 ) = 
CO 5 1 = 1 
HA, 5 ( 1 * 1 
' : 3 ^ T I N U E 
i- AVG5 d ) 
CO 5 1=1 
H A V C 5 ( I * 
r;>TIKU~ 

CO 75 1= 
T J C 5 L ( D 
HJC5L ( I ) 
C F N » V L ( I 
H K I ) = 0 . 
H 1 L ( I ) = ? 

7 7 7 = 

2 -

5 

F S d O . l ) 
« O F S ( 3 , l ) 

R T F C P ( 1 , 1 , 1 1 - 2 7 3 . 1 * 1 . 8 * 3 2 . 
) = T S A T T - H H I N ( 1 1 ) / P R O P S ( 2 . 1 ) 

) = 1 
R T £ H P d , l . l ) * 2 . 
C S ( I C C C E , N C O M F , I P H A S E , T E H F , P R E S S . M C O E , I H T F S . M A > H O T , 
E, I T E L . N L I N E . L I N C T , PROPS, N A T E S . R T E H P , R f R E S S . N A H E S C , 

1 ) = 0 . 3 6 2 3 * P P O P S ( 5 , 1 ) 
R O P S ( 5 , D 
NFF-CENGG 
H H I N ( I I ) 
E A T E X * * . * L S U / G / O A » H I N 
) = ( H C L T E X - H F F ) / H F G 

NGG 
• C » * H F G ) 
• H F G 
1 . / C E N G G - l . / O E N F F ) » ( O A / u . ) 
«OA) 
, / C E N F F 

G/CENFF 
1 . 0 01 
<95 
S * 1 . 0 0 1 

INPUT CATA TN e R I T I S H U N I T S . * 
PRESSURE ( P S I A ) , R A O I L S ( F T ) , LENGTH ( F T ) , HASS FLUX 

5 0 - F T ) , I N L E T ENTHALPY ( E T U / L 9 I • 
7 7 7 5 ) F . R . L S L . C H N 
X , * P 5 E S S = * , F 1 0 , 2 , 1 C X , * P A C I U S = » , F 1 0 . 3 , 1 0 X , * L E N G T H = * , F 1 0 . 8 , 
I F L U > = » . F 1 5 . 5 , 1 0 X , * I N L E T ENTH AL P Y = » , F 1 0 . 3 ) 

EXCE5CS 1 3 7 COLUMNS — MAY EXCEEC I / C C E V I C E 
/ / / , l X , * C C F F l = * , F l f l . 5 > 
X, * C C F F 7 = . , F 1 0 . * 7 ) 
X, * C C F F 3 = » , F 1 3 . 5 , / / ) 
C 3 0 0 3 0 . 
CO . 
C31". 
£ A T C L * H E A T O O ) / 2 . 
) / 2 . 
U N 

, J : 
) = H A V C ( ! ) * E 9 * ( H S / 6 . ) * ( H E A T 0 * H E A T 0 * * . , H E A T 0 ) 

= H I K * E 5 * ( 0 . 5 » H S / 6 . I * ( H E A T C * H £ A T O * * . » H E A T O ) 

. J l 
l ) = H A V G G ( I ) * £ 9 * ( H S / 6 . ) ' ( H E A T C * H £ A T C * i . . , H E A T O ) 

1 . . . 1 
= 1 . 
= 1 . 
) = * ) . 
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PROGRAM 0N9LNF 7-.Z7* CPT=2,RCLNC= A/ S/ (•/ C.-OS FTN 5 . 1 * 5 6 * 8 5 - 0 5 - 2 9 1 0 . 0 0 . 5 8 PAGE 

2J3 C E N l ( I ) = t . 
2»* CENAVG(I )=0. 
245 x E t ( I ) = 0 , 
286 X A V G ( I ) = 0 . 
2J7 VOJ-JAGd 1 = 3 . 
2 !8 75 CO'Y INUE 
2*9 J2 = 1 . 0 0 0 t 
25C D E t T A H r E e . ( H S / 6 . ) * ( 6 . * H E A T C I 
251 TAVGL(l) » T I M I I ) 
252 9 CF=HAVG(J2I-HFF 
2=3 IF iCF.GE.O ) GC TO 8 
25* IF (J2 .GE . . I I GC TO 8 
255 I P H A S E ( 1 I = 8 
256 xOCEsO 
257 T E M P ( l ) = ( T A V G L ( J 2 ) - 3 2 . ) / l . 8 * 2 7 3 . 
258 T E M P O S ' E H P ( 1 1 * 2 . 
255 CALL H P F O S ( I C C C E . N C O " P , I P H A « F , T F H P , PRESS, MOCE . I H T F S , MAXHOT. 
31/0 I N L F . N T E L E . I T E L , N L I N E , L I N C T , P R O P S . * A T E S , R T E K P , R P R E S S . N A H £ S C , 
J51 HFLAGX) 
312 CPL1(J2*1 ) =2. 39E-n**PRCPS(2 .1 ) 
3C3 T A V G L ( J 2 * D = C £ L T A H / C P L l ( J 2 d ) *TAVCL( J2) 
13* t E N A V G ( J 2 * l ) = ' ' . 0 6 2 3 * F R C P 5 d , l l 
315 C o m (J2 d ) = ] . 5 7 1 9 * P R O F S ( * , l ) 
3*16 VISFKJ2*l) = 2*i*.PROPS(3,l) 
3C7 C 
'06 C CALCLLATE SURFACE TENSION , 
335 C 
'10 *«C"JE = 2 
311 I F H A S E f l ) = 2 
312 C/LL HPFDJ(KCOE.NC0HF,IPHASE,TEHP,PRESS,MOCE.IHTFS.MAXHOT, 
113 INLF.NTELE.ITEL.NLINE.LINCT.PROPS.NATES.RTEHP.RFRESS.NAI'ESC, 
11* I IFLAGX) 
'15 SURTEN1 ( J 2 * l ) = P R C P S ( 1 1 , 1 ) * 2 . 2 / 3 2 . 1 7 
M« J 2 = J 2 * 1 . 3001 
U 7 GO TO 9 
!1P 8 J 3 = J 2 
115 CEFAVGd ) = CENAVG<2) 
323 C P L 1 ( 1 ) = C P L 1 ( 2 I 
321 C O ) D l ( l ) =CCNC1(2) 
122 SURTENK 1) = S I R T E N 1 ( 2 ) 
122 V I S F K I ) = V 1 « F 1 ( 2 ) 
32* J 5 = l . 0 0 3 1 
125 12 CPLSC = C P L 1 ( J 5 I 
326 CONOSC=CCNCl(JS) 
'27 SUTSC = SU ) T £ M ( J 5 ) 
' 28 7 ISFSC=V I S F K J 5 I 
125 FRNO=VISFSC*CPLSC/CONCSC 
'"J RESC=C*QA/VISFSC 
" 1 H1C = T . 0 2 J * ( R E S C * * 0 . 8 ) ' (PRNO*»0 . * I * C 0 N 0 S C / 9 A 
332 FWHL = 3 . 0 C 5 
'13 FKHR = 2.f) 
" « . "KH^= ( F k l n . .FHHR I / 2 . 
" 5 3 e 3 5 S 3 f = l , / S :=-T (FWHMI 
' 2 f »RH = - 2 . . <LCG1' , (RCLGH/ ( 2 . 7 * 0 A ) * 2 . 51 / (RESC*SCRT(FWHM) ) ) 
'"•7 C35C0F=SSH-RSh 
" • I F C Z C S C D f . C E . C O ) GO TC 3=55 
" - F W H - > = F H H f 
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GO TO 3 5 5 6 
3555 FWHL-FWHH 
3556 I F ( A 9 S ( 0 C S C C F ) . L T , 3 . I O C ) GOTO 3557 

FWHN=<FK».L*FHHR)/2. 
GO TO 3505 

7557 Yg=3.01* (SLTSC*AGCC*CENFF*CA/2.) **0.5/VISFSA 
IFJY9.LE.5.0) GO TO 3331 
IF(Y9.GT .5.0. AND.Y8.LE.30.0) GO TC 3332 
IF(Y9.GT.30.0) GO TO 3333 

1331 ZA*«=G»(FHHH/8.)**0.5 
AOel= (CPLSC*H6ATO/H10)-(HEATO»PRNC*Ye/ZAAA) 
«OF2 = HFF-MAVG(J5) 
AOFFsAOF 1-ACF2 
IF (AOFF .GE.C . ) GO TO 11 
I F ( J 5 . G E . J 1 ) GO TO 1 1 7 1 1 
GO TO 33 39 

3312 ZAAA=G»t fMHr>/8. ) » • * ) . 5 
xx> XX = 1 . *ORNO»( Y 9 / 5 . 0 - 1 . 0 ) 
AOF1=(CPLSC*HEATC/H10)-(5.3*HEATC*(PPNC*ALOG(XXXXX)) 

1 /ZtAA) 
AO'2 = HFF-HAVG(.5) 
<0FF=A0F1-ACF2 
IF (A0FF, C E . 0 . O GO TO 11 
! F « J 5 . G E . J 1 ) GC TO 1 1 7 1 1 
CO TO 3339 

3332 Z'AA = G* (FkHM/8. ) • * 0 . 5 
) l l « i = l . 3 *E .C*PRK) 

YYYYY=Y9/30.a 
AOFl=(C* , lSC*HE«TC/H10)-(5.0»HEATC*(PRNC»AL0G(X>XXX)*0.5*A«.OG 

1(YYYYY)) /2AAAI 
I0 '2=HFF-HAVG(J5) 
<OFF=ATJFl-ACF2 
IF(ACFF.CE.O.O) GO TO 11 
1FCJ5.GE . J l ) GO TO 1 1 7 1 1 

3-»35 „ 5 = J 5 * 1 . CJ' . l 
GO T 0 12 

11 J6=J5 
I F ( J 6 . G T . J A ) GC TO 1 1 M 1 
H1L(J6)=HAVG( J6) 
JF(H1L(J6) .CE.HFF) H1L (J6)=1*;C. 
CENAVL(Jt) =C£NAVG (J6) 
HAV5L ( J6 ) = HAVG( J6) 
IF(HAVGL (J6 ) .GE.HFF) H AVGL I J6) =HF F 
3ENGLH=0£N«VL (J6) 
C5r.5LK=0EN«VL(J6) 
XAV5( J6) = 0 . 
V 0 I 1 A G ( J 6 ) = 0 . 
»AVGH = XA \ G ( J £ ) 
) A V G M = X » \G ( V - 6 ) 
T3YGL1=T (VGL(J6> 
TAV5L2 = T«VGL( J6 I 
J7 = JS 

}9 R A T 1 = ( H A V G L ( J T ) - H 1 L ( J 6 ) ) / ( H F F - H 1 L ( J 6 I ) 
IF(RAT 1 . L T . 0 . 1 RATl = 3 . 
RAT2=e7 / (E7*CENAVL( j7 ) * (HFF-HAVGL(J7 ) l ) 
tRGAl=HEATC*RATi*RiT2 
I ' G A 2 = H 0 , E e * V 0 I C A G ( J 7 ) * ( T S A T T - T A V G L ( j 7 l ) 
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130 HA\GL1=< HAVGG(J7)-HGG'XAVGH)/(1.-XAVGH) 
IF'HAVGL l .CE.HFF) HAVGL1 = HFF 
C A T l = ( H A V G L 1 - H 1 L ( J 6 I ( / ( H F F - H 1 L ( J 6 ) ) 
I F ( C A T l . L T . O . ) CAT1 = 0 . 
CAT2=E7/(E7*CENGLH*(HFF-HAVGL1)) 
ARG91=HEATC*CATI*CAT 2 
APG92=H0«E!*VCIDGH*(TSATT-TAVGL1) 
J8=j7«i . :aoi 
HA\GL2=fHAVG( J ! ) -HGG*X A VGN ) / ( 1 . - > »VG N) 
IF(HAVGL Z.GE.HFF) HAVGL2 = HFF 
T ICEH 1 S fHAVGl .2 -HlL( J6) ) / (HFF-M1L( J6) ) 
I F I T I G E R 1 . L T . 0 . ) TIGER1=0. 
TIGER2=E?7/ (£7*CENGLW* (HFF-HAVGL2> ) 
• RGC1 = HEATC*TIGER1*TIGER2 
ARGC2=H0«E8*VCI0GW* (TSATT-TAVGL2 • 
>AVGN=E6 ' (HS/6 . ) * ( (ARGA1-ARGA2)* (ARGC1-ASGC2)** . * (ARG81-ARG82 

1 ) ) »XAVG« .7 ) 
>AvGH=(X*VC(J7)*XAVGN)/2. 
»AVG*=XAVGN 
HAVGL1=(HAVGG (J7)-HGG*»AVGH)/( l . -XAVGH) 
!F(HAVGL1.GE.HFF) HAVGL1=HFF 
)AVGL2=0HAVG(je) -HGG*XAVGHI/ ( l . ->«VGN) 
IF(HAVGL 2.GE.HFF) HAvGL2 = HFF 
• HIN=(OENGG/CENGLH>* ( l . -XAVGN) *XAVGN 
VOIOGN = X iVC-N/.WIN 
VO!CGH=(VCICAC(J7)*V0ICGH)/2 . 

N?l = 3 
7 1 3 N51=N91*1 

I F (HAVGl l .LE .HAVG(NBll) GO TO 712 
NP.J = 3 

d * N?2=N«2«1 
IF(HAVG 12.LE.HAVG(NB2)> GC TO 7 1 * 
TA \G l l= TAVGL (NED 
T<VGL2=TAVGL (N92) 
55NGLW=CENAVGINP2) 

0ENGLH=(CENAVL(J7)*0ENGLH)/2. 
CFtlAM = X «VC(Jf)/XAVGN 
IF (O c EXAH.GT.0 .99 .AMO.CFEXAM.LT.1 .01) GO TC 20C 
XAV5( J8) =XAVGN 
GO TO 10 0 

231 CENAVKJ!) =CENGL* 
<AVG( J8) =X«VGN 
HAVGL(J8 ) = HAVGL2 
TAVGL( J8) = TAVGL2 
\OIOAG(JI)=VCICGH 
CENGLH=OEN«VL (J8) 
QENGLH=OENAVL (J8) 
«AVGM = X»VG (J5) 
JAVGH=X» VG(J! ) 
TAVGL1=T AVCLIJ ' ) 
TAVGL2=TAVCL( J ! ) 
V0I0GH = VCICAG(J8) 
\OICGn = VC:CAG( J8I 

]F(VOIOAC(o8) . G E . 0 . 8 2 ) GO TO 11311 
IF I J 8 . C e . J l ) GO TO 22229 
J7=J7*1.CUC1 
GC T3 99 

http://IJ8.Ce.Jl
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* 5 * 
* 5 5 
* 5 t 
* 5 7 
* 5 8 
*«« 
*er 
*ei 
*62 
- 6 3 
* 6 * 
b£5 
*£6 
*67 
1.68 
*69 
*7C 
*71 
*72 
. 7 3 
* 7 . 
* 7 = 
..76 
u77 
u78 
* 7 = 
*•-
*n 
* » 2 
* » ' 
K « 
<• •= 
* ' 6 
t " 7 

* » = 
*5*1 
* e l 
-.-2 
- "-> 

"5e 
. -7 
* 5" 
. : c 
C * 7 

5*1 

536 
C -, 7 

<=:8 
5»5 
e 1 3 

7 1 5 

6 6 3 ! 

2 2 2 2 9 V O I 0 2 = 0 . 
(EN2=CEN 
X 2 = V O I 0 2 
HMSE= (HA 
I F ( H M S E . 

N ( 3 = 0 
N 9 7 = N ? 3 * 
I F I H M S E . 
TH<E = TAV 
IFNMSE=D 
V I S F F = V I 
SU1N=SUR 
FHHCML=0 
F H H C R = 2 
? E M = ( G * 
VISHOH=V 
REFHOH=G 
F H H 0 M = ( F 
S S H S = 1 . / 
R R H S = - 2 . 
C C t C 0 F = S 
I F ( 0 3 0 0 0 
FWHCMRsF 
GO T O 22 

2 2 2 2 5 FHHCML=F 
2 2 2 2 6 : F « A » S ( 0 

FWHCM=(F 
GC TO 66 

6 6 1 6 »AKG=(0E 
C E N A V G U 
P9CA11=3 
G R A » I C = 1 
I F ( G . L E . 
T " = C 3 F F 1 

1 ( 3 . 1 3 * 8 3 
EAG1=(HM 
I F ( ? A C 1 . 

E S G 2 = E 7 / 
H£AT^=HE 
VI=I--:ATB 
» = G/CENM 
: : G = T I » ( 
w n = v i / S ! 
I F ( H K , G E 
C7 = S I G * ( 
3 X a v G = E 6 
5 = 5 . 3 * 9 9 
E l = R * R / ( 
£ 2 = 2 . * ( R 
E * = ( o - S ) 
E 5 = R * C / ( 
" 1 - = ( R - S 
C r T N K j A ) 

1 - 0 E N 2 » E 2 
V C I 3 1 = ( 0 
» l = V O I C l 
' E t - 7 l = 0 E 

82 
CG'VO I C 2 * C E N F F * d . - V 0 : 0 2 ) 
• 0 E N G G / 0 E N 2 
V G ( J A ) - H G G * X A V G ( J A ) ) / < 1 . - X A V C U A > ) 
C T . H F F ) H H S E = H F F 

LE.HAVG 
CL ( N 8 2 ) 
ENAVG (N 
S F K N E 3 
T E N K N O 
. 0 0 5 
. 0 
C A / V I S F 
I S F F * £ X 
* 0 « / V I S 
NHCHL* C 

SORT (FH 
• A L C 5 1 3 
<HS-RRH 
F . C E . O . 
WHCH 
226 
kMC* 
C C C C F ) . 
KHCHL*F 
C5 
NGC/CEN 
A) =CENC 
. " 1 5 * ( ( 
. / I G / 2 " 
23 C 0 1 0 3 
M C * D « / 

• G R A T I C 
S E - H 1 K 
I T . 3 . > 
( £ 7 * C E N 
« T c * F a G 
/ F 7 
cc 

X* <G*E 3 
C 
. 1 7 . 5 ) 
F U * E » F 
« (HFATC 
C A U 
( O - S ) •< 
- S / 2 . I * 
/ ( ( 8 - S / 
( = - « ) • ( 
/ 2 , ) * S * 
=CENGC« 

( N 8 3 ) ) GO TO 7 1 5 

831 
) 
3) 

F) • » C C F F 2 
P ( 2 . 5«VC 1*3 A G ( J A ) / ( 1 . - 3 9 . * V O I 0 A G ( J A ) / E - , , >> 
HOH 
K H O M R I / 2 . 
HO") 
( R C U G H / ( 3 . 7 * D A ) * 2 . 5 1 / ( R E F H 0 M * « Q R T (FWHOM)) ) 
S 
I GO TO 2 2 2 2 5 

I T . 1 . 1 3 3 ) GC TO 6 6 3 6 
H H 0 H P 1 / 2 . 

N S E ) * ( 1 . - X A V G ( J A ) ) » X A V G ( J A I 
G/kANG 
8 . * S U T N » A G C C * O E N A v C ( J A I «OA/ 2 ) / ( FWHCH*G*G) ) • • * ) . 5 
C J J 0 0 . ) • • S . S 
. ) GRATIO=1.0 
V I S H O M I * * ( - 3 . 1 ) » ( E ? O A 1 1 / O A I ' * C O F F 2 * 
* C E N F F / | : E N G G * ( 1 . - ' ) . 1 3 * 8 3 * G R A T I 0 I ) 
J 6 > > / ( H F F - H 1 L U 6 ) ) 
EAG1 = 3 . 0 0 0 0 0 1 
M S E * ( H F F - H A V G L ( J A I ) ) 
1 

- W ) * X A V C ( J A » ) 

H H = 1 7 . 5 
( - 0 . 5 * k k * * 2 . ) - 0 . 5 •> , . ( •£RFC (MK*CCN) ) 
• F a G l » F A G 2 - H O » £ 8 * V C I O A G ( J A ) . ( TS A T T -T f l v G l (JA I ) ) 

R - S ) I 
S / ( ( P - S ) * ( R - S ) ) 
2 ) » S ) 
s - 5 / 2 . ) ' S ) 
HF& 
£ l / ( D E N C G / C C ' l H S F » > a v G ( j A ) * ( 1 . - O E N G G / C E N H S E ) ) 

€ N H S E - O E N l ( J A ) ) / ( C i N M S £ - C E N G G ) 
• 0 E N G G / 0 E N 1 ( J A ) 
• 1 ( « A ) * C Z * ( X 2 - X 1 ) * H F G * ( R - S ) / R 
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CFNEXsHtATE-TERMl 
I F ( 0 F K £ * .GT.3 . ) GC TO H i l l 

11711 HEATOL=H£ATO 
GO •'0 11 £11 

11311 HE<TOR=H£ATC 
11511 ]F(A9S(0FNFk) .LT.SOO' . ) GC TO 56 

HFaTo=(H<ATO«*HEATOL) / 2. 
I F I N J T . G E . 1 5 . ) GO TO 56 
NJT = N j T * 1 . 3 0 0 1 
X E C ( J A ) = ( * . * H E A T O * L S U ) / ( G * C A * H F G ) - ( ( H F F - H M / H F G ) 
GO TO 2* 

56 CONTINLE 
CFN£W = CF>Ek»" . 3 1 7 
HEaT3=HE ) T C * 3 . 3 1 7 
H£AT9=H£ AT5*C. 317 
T E - r i = T E R H l * C . 2 l 7 
HE«TEx=H £ATEX*0.317 

T KRTT5<6,55) JA,OFNEW,X(Q(JA) 
55 FO:XATdx , tJA = * , I 5 , l i . x , * O F N E W = * » F 1 5 . 8 . 1 0 X , » X F Q ( j A ) = t , F 1 5 . 8) 

r I " 1 T E I 6 , 5 7 ) H£AT0,HEATE,T£RM1 
5" FC7fAT(l x , *HEATO=* ,F15 .2 , lGX ,»HEA»e=» , F 1 5 . 2 , i n x , « T E R H l = * , 

1 * 1 5 . 2 ) 
C KR1TEI6, 59755) XAVG(ja) 
0C70C FOFHAT(1X,»XAVG(JA) = » , F 1 5 . 0 ) 
C. WRITEI6, 2772) HEiTEX 

3773 FOSHATdX, »HEATEX = . , F i ; . i ) 
FE! C I ) = H E A T O / H E A T E X 

.C 
N R i T E t e . i i s ) x E c e x d i ) . p e i t i i ) 

1 1 ! F0If<AT(2 >, ' ECLIL QUALITY = • , F l 3 . 5 ,5 X, *CHFPR EO/CHFEXP = » , F 1 2 . 6 ) 
e A L ( ! ! ) = I P E I ( J I ) - l . ) * ( F E I ( I I ) - l . ) 
3TCTAL=ST0TAL*F£I ( I I ) 
SAC0=SA0C*EAU(I I I 

r HRITS(6 , 5: 1.0) P E K I D . E A U d I ) .STCTAL.SADC 
6CT" FO = " . A T ( i > , , P E l ( I I I = » . F l 5 . 3 , 5 X , * 9 A L ( I I ) = » , F 1 5 . 3 , 5 X , * S T O T A L = * 

1 , F ! 5 . 3 , 5 X , . S A C C = * , F 1 5 . 3 ) 
FAN2=FAN2*e.23 
CEM( JA) =?EM I J A I * 6 . 2 3 
P * « V 5 = 3X«VG*6.23 
CEN«VG(JA)=CENAVG(JA)»6.23 

f ."TTE ( 6 , 55 )X1 ,X2 ,C£N1(JA) .FAN2.VCI01 
= • - C F M A T d x , . x l = » , F l 5 . 2 , 5 X , * X 2 = » , F l 5 . 2 , 5 x , * O E N K J A I = . , 

1 C 1 5 , 2 , » C A N 2 = » , F 1 5 . 2 , 5 X , » V C I 0 1 = * , F 1 5 , 2) 
5" f : = > (ATdx ,»CXAvG=* ,F l5 .2 ,5X , *0ENAVG(JA) = » , F 1 5 . 2 , 5 X , » S = * , 

1 T 1 J . 6 , / / / / ) 
S = S*2 .5 - . *12 

f » = ! T E ( 6 , 5 9 ) C>AVG,C£NAVG(JA),S 

- - : -j s r 3 >T : N U T 

C PLCT C E S U L T S . 
r 

»c=5.3 
T l . = 7 . " 
Y»! -J = 3 . * 
Y»a< = i . 6 
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A P P E N D I X F 

Computer Program used to Predict CHF using Non-Dimensional CHF Table 

The program reads in the non-dimensional parameters (e.g. /5Ĥ n/"\, 

pf/pg, "?, x etc.) of the CHF point. Then, it calculates the water 

equivalent dimensional parameters (P, G, X). The program calculates the 

CHF using the standard CHF table. Using an iterative technique it finds 

the intersection between the heat balance equation and the CHF table. 

This allows the error to be calculated assuming that only inlet conditions 

are known. 
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PROGRAM CHFFRED 7 * / 7 * OPT=0 ROLNC = * - * / TRACE PMCMP FTN * . 8 « * 9 8 8 5 - 0 5 - 2 9 1 1 . 0 7 . 5 0 PAGE 

1 FRCGRAM CHFPR£C(INPUT,CUTPUT,TAPE2=OUTPUT,TAPE5,TAPE7,PLOT) 

11 

23 

25 

35 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

c 
r 
c 
C 
C 

c 
C 
c 
c 
c 
c 
f 

c 
c 
c 
c 
c 

AVGERR 

AF 
AG 
AH 
CHF 
QHE 
OHIN 

THY 
G 
HLIN 

ICCR 

IN 
IPIN 
«3HIN 

N 
P°EO 
RERR 

RG 
RMS 
RD 
R< 
o 
TIN 
X 

AVERAG 
FLCk A 

ACCELE 

HEATEO 

CRITIC 

HEATEC 
INLET 

H E TT E 0 

MASS F 

HEATEC 
CCFREL 

NUMBES 

RLN NU 
INLET 

NUHBER 

PREOIC 
R£LATI 

RANGE 

RCC1 M 

RANGE 

RANGE 

PRESSL 
INLET 

QLALIT 

• VARIABLES •**• 

E RELATIVE FRROR 

REA 

RATION CUE TO GRAVITY 
AREA 

AL HEAT FLUX 
CIAMETER 

SU5COCLING 
DIAMETER 

LUX 
LENGTH 

A T I C N NUMBER 
OF OATA POINTS I N EACH * G R O U F * 

M8ER 
C O N O I T I C N P R E O I C T I C N SWITCH 

CF RECCROS REAO FROM TAPE 
TEC HEAT FLUX 
VE ERROR 
FCR MASS FLUX 
EAN SQUARE 
FCS PRESSURB 
FOR QUALITY 
RE 
TEMPERATURE 
Y 

M * * 2 
H / S * * 2 
H * * 2 
» H / H * * 2 
M 
KJ /KG 
H 
KG/M**2*>S 
H 

K H / M * » 2 

KPA 
CEG. C 

55 

C I ' E N S I O N R H S ( 6 , 8 . 9 ) , A V G E R R ( € , 8 , 9 ) . I N « 6 , 8 , 9 ) , R X « 7 ) , 
• F C ( 5 ) , R P ( l ' ; ) , R » P ( 1 0 ) , P E l d 0 3 0 ) , Z L O C ( 1 0 0 0 ) , Z 8 0 d 0 0 3 ) 
l . Z R F S G d O O ) , 2 P S I ( 1 0 " 0 ) , Z C H I N » ( 1 C 0 0 ) . Z X C 1 6 O 0 ) . X l l C O t t l . Y t l O O S ) 

REAL REFKC ( « ) , H L I N 
CCMMCN/ SCALES / XM I N , X M A X . T I C X , F X S C A L , Y M I N , Y H A X , T I C Y . F Y S C A L 
CCKMCN/ FCRMAT / X L , Y L , F T I T L E ( 8 1 , F 3 U 9 T I T ( 8 ) , F X A X T I T ( 8 ) , 

I F Y A X T I T ( S ) , N S T V A R S , S 1 V A R S ( 1 0 ) 
C C H M O N / G EO"/AG 

C O > M O N / P R O F / V F , V G , V L , H F G , H F , H G , H L , U F t ' J G , U L . 
, A K F , A K G , A K L , C P F , C P G , C P L , S F , S G , S L , 
, RHCF , R H C G , R H O L , P R F , P R G , P P L . P S A T , T S A T , 
, V F G . L F G 

C O ' t ' O N / C K / C K 1 . C K 2 . C K * 

* • CATA STATEMENTS • • 

OATA R X / - 1 . 3 , 0 . 1 , G . 1 , 3 . 2 , 0 . * , ( . 7 , 1 . 3 / 
CATA R P / C . G , 2 0 3 . C . 5 9 3 . C , 1 00 3 . 0 . 2 5 0 0 . C E O 0 0 . 0 , 8 C 0 C . 0 , 1 2 0 0 0 . 0 . 

1 6 0 0 0 . 0 , 2 2 0 0 - : . C / 
CAT 4 R G / C . 0 , 1 0 . 3 , 1 0 3 . 0 , * 0 0 . 1 , l O O n . 3 , 23 0 0 . S , 3 5 1 0 . C , 5 5 3 0 . 0 , 

* 1 3 0 0 3 . 0 / 
CATA R P P / C . l • C . 2 . 0 . 5 , 1 . 3 , 2 . 5 , 6 . 3 , 8 . 0 , 1 2 . C , 1 6 . 0 . 2 2 . P./ 

« • I N I T I A L I Z E VARIAELES * » 

AG = 9 . ! 1 
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PROGRAM C H F R 9 £ 0 7 * / 7 * 0PT=0 R O L N C = * - * / TRACE FHCMP FTN * . 8 * * 9 8 B^-O 5-25) 1 1 . 0 7 . 5 0 PAGE 2 

P I = 3 . 1 * 1 £ 9 
I C C R = 0 

NZ = 1 
SUM=0 . 
STOTA-L = C . 
SA0O= 0 . 
9AL = 0 . 

P E I 2 = 0 . 
9 A U 2 = 0 . 
S A D O 2 = 0 . 
STOT *L 2 = 1 . 
SUM2=0 . 

C 
C I F KCHINifJ THEN CNLY CONSTANT CUALITY P R E D I C T I O N S ARE MADE AN*) 
C TH£ SLMKARV TABLES ARE easED ON THESE R E S U L T S . OTHEOWISE BOTH 
C CONSTANT Q I A L I T Y ANC I N L E T C O N D I T I O N P R E C I C T I O N S ABE HAOE AND 
C THE SUMMAR , TAELES REPORT I N L E T C O N C I T I O N R E S U L T S . 
r 

K O H : N = 1 

C 
K = 0 
CALL P R E 5 F T ( R H S , * 3 2 , ' . ) 
C A I L P R E S E T ( « V G E R R , * 3 2 , 3 . I 
CALL P R E S E T ( I N , * 3 2 , n > 

C 
C 
C * • • I N P L T S E C T I O N • » • 
C 

WRITE ( 2 , *C 5) 
I.C5 F 0 R - A T 1 / e i X , /CONSTANT CUAL I T Y X , 6 x , < I N L E T C C N C I T I O N S ' / 

• 3 X , < I R L K , 7 X , < 0 H Y X , 7 X , i * H L l N < , 6 X , * P * , 9 X , < G < , 9 x t < X < , 
• 7 > , « C H I N x , 7 X , * C H F t t 2 C f x , » C H F P R E C * . 5 x , » E R R 0 R » l / > 

1? : = 2 3 ( 5 ) I P L N . H L I N . C H Y . X E . C H I N P . P S I . R F R G . E O 
I F I X 5 . L T . - . 1 5 ) GO TO 10 

I F ( E C F ( 5 ) ) <=0C,1 

1 CONTINUE 
0HF=3MY 
fF = ( P I / * , ) • C H Y » * 2 
AHrP I » H L I N » C U Y 

r 

P = 53 . 
9 0 5 C C N T : N U C 

P = P * 1 c . 

CALL F R O F E R ( P . O ) 
" f R G = 6HCF/RH0G 
r I F F = 4 ES(RFCG-PRFRG) 
I F ( C I F F . L T . . * ) CO TO 87 i , 
CC TO CC5 

8 7.. CONTINUE 
S I G = S 1GHA(TSAT) 

J h I > ( = C H I N t ' , H F G 
F2 = P * 1 . 0 2 
r A L L ° R 0 F E " ( P 2 , - ' ) 
= F^G2= RHCF/CHOG 
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P3=P»9.58 
CALL PKCPER ( P 3 . 0 ) 
RFRG3»(H0F/RH0G 
GAMA = A £ S ( ( R F R G 3 - R F R G 2 ) / ( P * 1 0 8 C . * 0 . C * ) ) 
CALL PRCFER(P.O) 

G=PSI* (UC/UF) • * 0 . 1 2 5 * ( 0 H E * R H O F * * 0 . 5 / G A K A * * 3 . 5 / U F ) * * 0 . 6 6 7 
t * ( L e / C H e > 

CHF= £0*G*HFG 
C 

C G*£T I N I T I A L F 6 E C I C T I 0 N (CONSTANT Q U A L I T Y ) 

C 
CALL PRE? CICT( X6 , G , P . C H Y . C n e . H L I N . C H I N , I C C R . P R E C O ) 

R E R R ^ s F R E C C / C H F - l . 
° E I 2 = R E R R C * 1 . 
8 A U 2 * ( P E I . - l . I * ( P E I 2 - 1 . > 
S T 0 T A L 2 = S T C T A L 2 * P 5 I 2 
S A C 0 2 = S A C 0 2 * 9 A L 2 

I F ( K 0 H I N , E C . O ) GO TO 1 3 
C 

C THRCk OUT SECCRCS KITH HEATEC LENGTH = 3 

C 
I F ( H L I N . E O . O . ) GO TO 10 
C 0 N S T = (0 H N * G * A F ) / A H 
5 L C = ( G » A F » | . F G ) / A H 
FREC=PRECO 

C 
C ITERATIVELY SEARCH FOR CONSTANT I N L E T CONDTION P R E D I C T I O N 
C 

CAIL SEARCH ( X E . G . P . D H Y , OH E . H L I N . C H I N . I C O R , P R K O , 
+ C H F . C C N S T . S L Q . I R U N ) 

I F « P R £ 0 , E Q . - l . ) GC TO 1C 
N 2 = N Z * 1 
ZLOC<N 2) =HLIN/CHY 
2 9 0 ( N Z ) = EC 
2RFRG*NZI=RFRG 
2 P S I ( N i ) = F S I 
2CHINR I N 2 ) = C H I N R 
2 X ( N Z ) =X£ 

9 0 P R E 0 = P R E C / ( / H F G 

R E R R = 9 C P R E C / B 0 - 1 . 
P E I (NZ ) = S E R R * 1 . 
F a u = ( D E I ( N Z ) - l . ) * ( P E I ( N Z ) - l . ) 
! T O T A L = S T C T A L * P E I ( N Z ) 
SAQO=SACC*eAU 

C F I K O kHICH RCkS THE CATA FITS H T H RESPECT TO 
C 3UAL1TY, OLTLET PRESSURE, ANC MASS FLUX SO THAT 
C THE CUTPUT TAELES CAN 95 FILLED I N . 

i ' :c 1-. ix = i , e 
1 - ! F < x E . L E , ' X ( I x » l ) ) GO TO 1 5 

1 5 CO 1 6 I G = l , e 

1 6 ! " ( 5 . L E . 6G ( I G * 1 ) ) GO TC 1 7 

-.7 : 0 18 IP = 1 , 5 

1 " I F ( P , L E . B D ( I 3 M ) ) GO Tc 2 " 
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1 SUBROUTINE PRECICT (X ,G,P .OHY.DHE.HLIN.OHIN. ICOR.0) 

c 
5 C SUBROUTINE PP.EOICT IS USED TO EVALUATE CRITICAL HEAT FLUX VALUES 

C JSING ONE OF THE FOLLOWING HcTHOOS. 
C 
C 0 . TABLE ACCESS (LINEAR INTERPOLATION) 
C 1 . TOHG-fS HIGH FLOW SUBCOOLtD ONB CORRELATION 

10 C 2 . ZUBEr*S CORRELATION 
C 3. BA3C0CK ANO WILCOX COMPANY,BAW-2 
C **. wACBlr'TH CORRELATION AS GIVEN BY ECCSA-1 
C 5 . RELAP**-MOO 7 CHF CORRELATION 
C 6 . HSU ANO BECKER CORRELATION 

15 C 7 . BIASI CORRELATION 
C S. BO WRING CORRELATION 
C 9 . 30WRIUG*S SLOWDOWN ORYOUT CORRELATION 
C 1 3 . cESKOV CORRELATION 
C 1 1 . 3ECKER«-S CORRELATION 

2a C 1 2 . VTI COPP.FLATION 

5P 

C 
C 

25 "iEAL INTERP3 
JC.I-ION/PP.OP/VF.VG, VL.HFG.HF.HG.HL.UF.UG.UL. 

AKF./.KG,AKL,CPF,CPG,CPL,SF,SG,SL , 
. RHOF.RHOG.RHOL.PFF.PR&.PRL.PSAT.TSAT. 
. VFG.HFG 

30 :0MM0N/TABLE/CHFEST(17, l i . . l5 ) 
COMMON/OK/ CKl,CK2,C<i* 
COMMON/ROWS/ PX(17) .PP<15) .PG(1(*) . I X . I & . I P 

• THE F3L-0WING DATA STATEMENTS ARE USED ONLY BY TABLE ACCESS 

DATA P X / - . 1 5 . - . 1 . - . 3 5 , Q . , . i 5 , . l , . 1 5 . . 2 . . 2 5 . . 3 . . * i . . 5 , 

25"f 



25 2 

SUBROUTINE PPEOICT 74 /7<* OPT=0 KO UNO =*-*•••/ TRACE PMOMP FTN 4 . . H 4 9 6 85 

bO 

65 

73 

71** 

50 

55 

90 

i:o 

i i a 

• . 6 , , 7 , , 8 . 
DATA P G / Q . . F O . , 1 0 

* 3 0 0 0 . , 4 0 0 

DATA 3 F / 1 0 C . , 1 5 G . 

+ 3 0 0 0 . . ( . S O 

J A T A 

DATA 

DATA 

DATA 

D A T A 

DATA 

DATA 

DATA 

DATA 

J A T A 

DATA 

DATA 

DATA 

DATA 

iATA 

DATA 

DATA 

9 , 1 . / 
. , 2 3 0. . 3 0 3 . . 5 0 0. , 7 5 0 . . 1 0 3 3 . . 1 5 0 0 . , 2 0 0 0 . . 
. . 5 0 0 0 . . 7 5 0 J . / 
2 3 0 . , 3 3 u . . < * 5 C . , 7 0 0 . . l 0 3 0 . . 1 5 * J 0 . . 2 0 0 C . , 
. , 7 3 0 0 . , 1 Q 0 0 0 . , 1 5 O C O . , 2 0 0 0 0 . / 

( C H F E S T d , 

( C H F E S T d , 

( C H F E S T d . 

( C H F E S T d , 

( C H F E S T d . 

( C H F E S T d . 

( C H F E S ' d . 

( C H F E S T d , 

( C H F E S T d , 

( C H F E S ' d , 

( C H F E S T d , 

( C H F E S T d . 

( C H F E S T d . 

( C H F E S T ( I , 

( C H F E S T d . 

( C H F E S T d . 

( C H F E S T d , 

1 , 

2 . 

3 , 

4 . 

5 , 

6 , 

7 . 

0 . 

9 , 

1 0 , 

1 1 , 

1 2 , 

1 3 , 

: * , 

l . 

2 . 

3 , 

1 ) 

1 ) 

1) 

1> 

1) 

1 ) 

1 ) 

1 ) 

1 ) 

1 ) 

1 ) 

1 ) 

1) 

1 ) 

2 ) 

? ) 

2 ) 

, 1 = 1 . 1 7 ) > 
9 8 0 . 
5 J Q . , 

, 1 = 1 , 1 7 ) i 
1 5 0 0 . 

7 5 6 . 
. 1 = 1 . 1 7 ) / 

2 w 0 it. 
7 2 7 . . 

, 1 = 1 , 1 7 ) i 
2 5 0 0 . 
1 1 6 0 . 

, 1 = 1 , 1 7 ) i 
3 0 0 0 . 
1 7 7 4 . 

, 1 = 1 . 1 7 ) > 
3 5 3 * . . 
2 3 1 8 . 

, 1 = 1 . 1 7 ) t 
<*700 . 
Z33<*, 

, 1 = 1 . 1 7 ) t 

4 4 0 0 . 
2 5 3 H . 

, 1 = 1 . 1 7 ) , 
< * 2 3 J . 

3 2 6 6 . 
, 1 = 1 . 1 7 ) > 

5 3 0 3 . 
4 O 4 J . 

, 1 = 1 , 1 7 ) > 
6 u u O . 
3 5 0 J . 

, 1 = 1 . 1 7 ) . 
6 5 0 0 . 
3 „ iG . 

, 1 = 1 . 1 7 ) 
7 b O C . 
2 5 0 0 . 

, 1 = 1 . 1 7 ) 4 
9 0 3 0 . 
2 3 3 0 . 

, 1 = 1 . 1 7 ) 4 
1 1 0 3 . 

D J 3 . 

, 1 = 1 . 1 7 ) 
l 7 J u . 

7 9 3 . 
, 1 = 1 . 1 7 ) i 

2 3 3 2 . 
9 2 3 . 

' 3 9 3 0 . . 
e c- o . . 
4 5 0 . . 

' < * o s o . . 
1 2 5 0 . . 

7 1 0 . , 
** ( • a o o . . 

1 4 5 0 . . 
7 0 U . . 

' 5 6 0 0 . . 
1 5 0 0 . . 
1 1 0 8 . , 

' 6 4 0 0 . . 
2 2 0 0 . , 
1 4 4 3 . . 

> 7 2 0 0 . . 
3 4 5 0 . . 
1 2 5 1 . , 

' 8 0 0 0 . . 
. 4 5 7 2 . . 

1 3 0 8 * . 
' ( " 8 0 0 . . 
, < * 2 C 0 . . 
. 1 5 1 4 . . 
f 9 6 C 0 . , 
. 4 6 0 0 . . 
. 2 2 0 0 . . 
' 1 0 0 0 0 . . 
. 5 2 6 0 . . 
. 2 9 0 0 . . 
' 1 0 5 0 0 . . 
. 5 9 9 2 . , 
. 2 7 0 0 . , 

a i o o o . . 
. 6 1 0 3 . . 
. 2 0 0 0 . , 
' 1 1 5 C 0 . , 
. 7 4 0 0 . . 
. 1 5 0 0 . . 
* * 1 2 0 * : 3 . . 
. 7 5 0 0 . . 
. 1 2 0 0 . . 
t 4 0 0 0 . . 
. 9 5 f » . . 
. 5 6 0 . . 
f 4 1 0 0 . , 
. 1 5 U 0 . . 
> 6 b 3 . . 
' 4 8 0 0 . . 
. 1 9 0 0 . . 
. 9 0 0 . . 

3 4 3 0 . . 
7 5 c . . 
3 5 6 . . 

3 5 0 3 . . 
1 2 0 3 . . 

5 0 6 . . 
4 2 G 0 . . 
1 0 0 0 . . 

6 6 7 . . 
4 9 0 0 . . 
1 4 0 0 . . 

8 6 3 . . 
5 6 0 3 . . 
2 1 C 0 . . 

8 2 7 . . 
6 3 0 0 . . 
3 3 5 0 . . 

6 6 2 . . 
7 0 0 0 . . 
< * 1 Q 5 . . 

9 0 5 . . 
7 6 0 0 . . 
3 5 5 2 . . 
l l O l i . . 
8 2 0 3 . . 
4 5 0 3 . . 
H Q j . . 
8 6 0 J . . 

5 1 u J . . 
1 1 0 j . . 
9 4 3 0 . . 
5 4 0 0 . . 
1 1 0 u . . 

1 0 0 0 3 . . 
5 3 Q 0 . . 
1 0 0 3 . . 

1 0 6 0 0 . . 
5 2 3 0 . . 

9 0 J . . 
1 1 0 0 0 . . 

5 0 0 J . . 
8 0 3 . . 

3 5 0 3 . . 
9 < * 7 . . 
3 7 7 . . 

3 6 0 0 . . 
1 * ) 0 0 . . 

5 2 1 . . 
4 2 0 0 . . 
I S O ' J . . 

8 9 0 . . 

2 0 < * 5 . , 
7 4 0 . , 
2 1 2 . . 

2 4 0 0 . . 
1 1 5 0 . , 

3 8 6 . . 
3 1 0 0 . . 

8 5 0 . . 
4 9 3 . , 

3 8 3 0 . , 
1 3 5 0 . . 

5 3 2 . . 
4 5 0 0 . . 
2 0 0 0 . . 

6 2 0 . , 
5 2 3 0 . . 
3 3 0 0 . . 

6 3 3 . . 
5 9 0 0 . . 
3 1 6 6 . . 

7 3 0 . . 
6 6 0 0 . . 
3 5 3 6 . , 

6 0 0 . , 
7 0 0 0 . , 
4 5 0 0 . . 

6 3 0 . . 
7 7 3 0 . . 
5 0 5 0 . . 

6 3 0 . . 
8 4 0 0 . , 
5 3 0 0 . . 

6 0 0 . . 
9 0 0 0 . . 
5 0 0 0 . . 

5 C 0 . , 
9 5 0 0 . . 
4 4 0 0 . . 

5 0 0 . . 
LOOCO.. 

4 Q G 0 . . 
4 0 0 . . 

2 < * 0 0 . , 
9 C 0 . , 
2 3 6 . . 

2 7 3 0 . . 
1 3 9 0 . . 

4 0 3 . . 
3 2 3 0 . . 
1 4 Q 0 . , 

6 6 0 . . 

1 2 0 0 . , 
7 3 3 . . 

8 9 . . 
1 7 0 0 . , 

n e e . . 
3 5 C , 

2 2 C Q . , 
8 2 0 . . 
3 3 0 . . 

2 60Ci. . 
1 3 0 0 . . 

4 0 7 . , 
3 Q C C . 
1 9 7 8 . , 

4 5 0 . . 
3 6 0 0 . . 
2 * 4 6 6 . . 

4 4 U . . 
5 5 C C 
2 9 8 6 . . 

(*Cu . . 
4 8 C G . . 
3 4 0 3 . . 

3 0 0 . . 
5 5 0 0 . . 
40C 3 . . 

3 0 0 . . 
5 9 0 u . . 
5 0 0 0 . . 

3 0 0 . . 
7 3 C G . . 
5 2 0 0 . . 

3 C 0 . . 
6 3 0 0 . . 
(.6 0 0 . . 

3 C i . , 
8 3 5 6 . . 
3 8 0 0 . , 

3 0 0 . . 
9 5 & C . 
30C Ci. . 

3 0 G . . 
1 3 5 3 . . 

8 6 7 . . 
1 1 1 . . 

1 9 0 0 . , 
1 2 6 5 . , 

3t»c • , 
2 4 C G . . 
1 0 7 2 . . 

4 5 J . . 

1 0 0 0 . , 
5 0 C , 

0 . / 
1 6 0 0 . , 

8 7 3 . . 
0 . / 

2 1 3 0 . , 
7 5 0 . , 

0 . / 
2 5 5 0 . , 
1 2 3 0 . . 

0 . / 
3 0 3 0 . . 
1 9 0 0 . • 

0 . / 
3 5 5 0 . . 
2 3 5 4 . , 

0 . / 
5 0 0 0 . , 
2 8 8 7 . . 

0 . / 
46JQ . . 
3 3 1 9 . , 

0 . / 
4 8 0 G . , 
3 8 2 3 . . 

0 . / 
5 4 0 C 
4 9 G C . . 

0 . / 
6 5 0 0 . , 
5 0 1 7 . , 

0 . / 
6 6 8 3 . , 
4 0 0 0 . , 

0 . / 
7 9 5 1 . . 
3 0 0 0 . . 

C . / 
9 2 0 C . . 
2 2 0 0 . . 

0 . / 
1 2 0 0 . , 

6 8 0 . . 
0 . / 

1 8 0 0 . • 
9 8 4 . , 

0 . / 
2 2 0 0 . , 

9 4 4 . , 
0 . / 
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115 

123 

12? 

u: 

135 

1<.0 

145 

153 

155 

16? 

165 

170 

DATA ( C H F E S T d , •*, 

DATA ( C H F E S T d . 5 , 

DATA ( C H F E S T d , fc, 

DATA ( C H F E S T d , 7 , 

DATA C H F E S T d , 8 . 

I* 

DATA ( C H F E S T d , 9 . 

DATA (CHFESTd,10, 

DATA (CHFESTd.11, 

DATA (CHFESTd,12, 

DATA (CHFESTd,13, 

DATA (CHFESTd, xk, 

I* 

DATA (CHFESTd, 1, 

Y 

DATA (CHFESTd, 2. 
Y 

Y 

DATA (CHFESTd, 3, 

DATA (CHFESTd. 4, 
r 

Y 

JATA (CHFFST(T. 5, 
Y 

Y 

DATA (CHFESTd, e>, 

Y 

DATA (CHFEST(I, 7, 
Y 

DATA (CHFESTd. 6, 

2) 

2) 

2) 

2) 

2) 

2) 

2) 

2) 

2) 

2) 

2) 

3) 

3) 

3) 

3) 

3) 

3) 

3) 

3) 

. 1 = 

, 1 = 

, 1 = 

, 1 = 

. 1 = 

, 1 = 

, 1 = 

, 1 = 

. 1 = 

, 1 = 

, 1 = 

. 1 = 

, 1 = 

, 1 = 

, 1 = 

, 1 = 

. 1 = 

, 1 = 

, 1 = 

' 1 , 1 7 ) / 
2 5 G 0 . . 
1 3 J 4 . , 

= 1 . 1 7 ) / 
3 3 3 3 . . 
1 6 3 0 . . 

=1 .17) / 
3 5 3 3 . . 
1 5 0 a . , 

=1 ,17 ) / 
i * u O Q . . 

170Q. . 
= 1 . 1 7 ) / 

1*400. . 
2 3 0 3 . . 

••1.17) / 
4 8 3 3 . . 
2 6 0 0 . . 

=1 .17 ) / 
U 5 2 9 . . 
3 4 3 3 . . 

=1 ,17 ) / 
5 ,100. . 
3 2 0 0 . . 

540 0 . , 
210 0 . . 
1 2 0 0 . , 
6 0 0 0 . . 
2 7 0 0 . , 
150 0 . , 
6 6 0 0 . . 
3 1 0 0 . , 
130 0 . , 
7 2 0 0 . . 
350 0 . , 
1 5 0 0 . , 
7 6 0 0 . . 
370 0 . . 
2 2 0 0 . . 
8 4 G C . 
3 8 0 0 . . 
2 5 0 0 . . 
9 0 0 ( 1 . . 
4 1 3 5 . , 
3 0 0 0 . . 
9 6 0 0 . . 
**60 0 . . 
2 5 1 ) 0 . . 

=1 .17 ) / 1 0 0 0 0 . . 
5003 . . 
263 3 . . 

4 7 0 3 . . 
2 0 0 0 . . 

=1 .17 ) / 1 0 5 0 0 . . 
6 5 3 0 . . 
2u0u • , 

= 1 . 1 7 ) / : 
8 b 3 u . . 
l o u u. , 

= 1 , 1 7 ) / 
2 6 2 . . 
1 4 6 . . 

= 1 . 1 7 ) / 
16<*1. , 
1 j ( * 4 . . 

=1 .17 ) / 
2 1 0 b . , 

930 . , 
= 1 , 1 7 ) / 

2 3 0 0 . . 
1 2 5 3 . . 

= 1 . 1 7 ) / 
2 4 0 u . , 
1 4 6 1 . . 

= 1 . 1 7 ) / 
2 5 0 0 . , 
1 5 0 u . . 

= 1 . 1 7 ) / 
2 6 5 0 . . 
1 6 f . 0 . . 

= 1 . 1 7 ) / 
260 0 . . 
1 6 0 3 . . 

5 7 0 0 . . 
1 5 0 0 . . 

L 1 0 0 0 . . 
6 5 0 0 . . 
1 0 0 0 . . 
4 8 2 0 . . 

2 4 8 . , 
1 1 7 . . 

4 9 5 5 . . 
1 5 6 2 . . 

7 0 0 . , 
5 0 0 0 . . 
2 0 0 0 . . 

7 5 1 . . 
5 2 1 0 . , 
2 1 5 0 . . 
1 2 0 0 . . 
5 4 0 0 . • 
2 2 0 0 . , 
1 0 0 0 . . 
5 6 0 0 . , 
2 2 5 0 . . 
1 1 0 0 . . 
5 8 0 0 . , 
2 3 5 0 . . 
I J O O . , 
6 0 0 0 . . 
2 3 5 0 . . 
1 0 G 0 . . 

4 8 0 0 . . 
1 6 0 0 . . 
1 1 0 9 . . 
5 4 0 1 . . 
24li 1. . 
1 4 0 0 . . 
600 3 . , 
2 7 0 u . . 
1 1 0 3 . . 
6 6 0 0 . . 
2 2 0 3 . . 
1 1 7 Q . . 
7 2 0 3 . . 
3 4 0 0 . . 
1 1 0 9 . . 
7 6 0 0 . . 
3 6 0 0 . . 
1 1 0 3 . . 
8 2 0 3 . . 
4 0 C 3 . . 
1 0 C 0 . . 
6 2 4 0 . . 
4 1 0 3 . . 
1 1 ) 0 3 . . 
6 6 3 6 . . 
4 2 0 0 . . 
1 0 0 0 . . 
9 9 0 0 . . 
4 0 0 0 . . 

90 3 . . 
10**0Q.. 

5 0 0 3 . . 
60 J . . 

3 7 0 0 . . 
2 3 3 . . 

8 7 . . 
4 0 0 0 . . 
1 4 6 3 . . 

6 0 3 . . 
4 1 0 3 . . 
1 9 0 0 . . 

7 0 3 . . 
4 3 0 0 . . 
1 4 0 0 . . 
1 1 4 2 . . 
4 4 5 3 . . 
2 1 5 3 . . 

7 0 0 . . 
4 6 5 3 . . 
2 1 0 . . . . 

8 0 3 . . 
4 8 5 0 . . 
2 1 1 a . . 

6 0 3 . . 
5 0 0 0 . . 
2 1 4 0 . . 

6 3 3 . . 

3 8 0 0 . , 
1 5 0 0 . . 
1 0 0 0 . . 
4 4 C G . . 
2 2 0 0 . . 

8 0 0 . . 
5 0 0 0 . . 
2 2 2 7 . . 

6 7 0 . , 
5 6 0 0 . , 
2 0 0 0 . . 

6 5 0 . . 
6 2 0 0 . . 
3 1 0 0 . . 

6 0 0 . , 
6 8 3 0 . , 
3 4 0 0 . , 

5 5 0 . . 
6 0 G 0 . , 
3 9 G 0 . , 

5 5 0 . , 
5 8 0 0 . . 
3 8 0 0 . . 

5 0 0 . . 
6 0 0 0 . . 
3 6 3 0 . . 

4 5 0 . . 
9 1 3 0 . . 
3 1 0 0 . , 

4 5 0 . . 
9 7 0 0 . . 
3 0 0 0 . . 

4 3 0 . . 
2 7 7 4 . , 

2 1 9 . . 
5 8 . . 

3 0 9 4 . , 
1 4 0 5 . , 

5 9 3 . , 
3 2 0 C . 
1 3 0 0 . . 

6 5 0 . , 
3 4 3 0 . . 
1 3 5 0 . . 

8 3 0 . . 
3 5 0 0 . • 
2 1 3 0 . , 

6 0 0 . . 
3 7 0 0 . , 
2 0 3 ) 3 . . 

4 5 0 . . 
39 0 0 . . 
2 0 6 6 . , 

4 5 0 . , 
4 0 0 0 . . 
1 9 5 6 . . 

4 5 0 . , 

2 7 0 0 . . 
1 4 0 0 . . 

5 0 C . 
3 0 0 0 . . 
1 7 C 0 . . 

5 0 0 . . 
3 7 0 G . . 
1 3 0 G . . 

4 5 C . 
4 3 G 0 . . 
1 9 0 0 . . 

4GG. . 
5 0 0 3 . . 
29 0 0 . . 

3 5 0 . . 
5 5 3 G . , 
3 1 G 0 . . 

3 0 0 . . 
5 5 0 0 . . 
3 7 0 Q . . 

3 G 0 . . 
5 6 0 0 . , 
3 3 0 C . 

3 0 C . . 
5 7 6 6 . , 
28GG. . 

3 G J . . 
8 9 C 1 . . 
2 6 C 0 . . 

3 0 G . . 
9 0 G Q . . 
2 2 0 G . . 

3 G C . 
1 4 5 0 . . 

2 0 4 . . 
2 9 . . 

2 3 1 3 . . 
1 3 2 6 . . 

4 6 6 . . 
2 6 ( 1 0 . . 
1 2 C G . . 

3 1 5 . . 
2 8 0 0 . . 
1 3 2 5 . . 

3 1 5 . . 
3 3 0 0 . . 
2 3 0 G . . 

3 5 0 . . 
3 1 5 G . , 
1 8 C 0 . , 

3 0 0 . . 
3 3 0 G . . 
1 8 2 6 . , 

31,1, . , 
3 4 0 C 
18GG. . 

3 o L . , 

3 6 0 0 . , 
1 3 2 5 . , 

0 . / 
3 0 0 Q . , 
1 6 5 Q . , 

0 . / 
3 6 0 0 . , 
1 6 6 6 . , 

0 . / 
4 1 5 0 . , 
1 8 0 0 . . 

0 . / 
4 7 0 0 . . 
2 7 0 0 . . 

0 . / 
5 2 0 0 . . 
3 0 0 0 . , 

0 . / 
4 9 6 8 . , 
3 5 C 0 . , 

0 . / 
5 4 0 0 . , 
32 5 0 . , 

e./ 
5 2 1 4 . . 
2 8 0 0 . . 

0 . / 
7 2 5 4 . . 
2 3 0 0 . , 

0 . / 
6 6 0 0 . * 
1 8 0 0 . , 

o./ 
2 7 7 . , 
1 7 5 . , 

0 . / 
1 7 9 4 . , 
1 2 4 4 . , 

0 . / 
2 3 0 0 . . 
1 0 8 5 . . 

0 . / 
2 5 0 0 . . 
1 3 0 0 . . 

0 . / 
2 7 0 0 . , 
1 8 1 0 . . 

0 . / 
2 9 0 0 . . 
1 6 4 9 . , 

0 . / 
3 0 0 0 . . 
1 7 6 7 . . 

0 . / 
3 0 3 0 . . 
1 7 0 0 . . 

0 . / 



SUBROLTINF. PREDICT 74/7*» OP **= 0 ROUND**-*/ TFACE PMOHP FTN 4.8*498 85-

665 

690 

DATA (CHFESTd.12.15) ,1 = 1.17) / 2500. 
* 2003.. 1800. 
+ 649.. 169. 
OATA (CHFESTd,13.15),1 = 1,17) / 3085. 

* 2350.. 2180. 
* 700.. 268. 
DATA (CHFESTd.14,15),1 = 1.17) / 3268. 

* 250G.. 2412. 
* 750.. 339. 

. 2 4 0 0 . . 

. 1 5 1 7 . . 
1 8 2 . . 

. 2 8 3 1 . . 

. 1 9 2 7 . . 

. 2 5 3 . . 
, 2 9 6 9 . . 
. 2 1 6 i « . . 
. 3 2 5 . . 

2 3 3 0 . . 
1 4 1 0 . . 

1 7 8 . , 
2 7 7 1 . . 
1 6 8 9 . . 

2 5 0 . . 
2 9 0 0 . . 
1 9 5 0 . . 

3 2 1 . . 

2 2 0 i . . 
1 2 4 6 . . 

1 4 3 . , 
2 5 6 1 . . 
1 4 G 5 . . 

2 1 4 . . 
2 3 0 0 . , 
1 5 5 7 . , 

2 5 0 . . 

210U. , 
9 8 3 . . 

0 . / 
2 3 7 3 . , 

9 4 0 . , 
0 . / 

2 7 5 8 . , 
1 0 1 6 . , 

0 . / 

695 
AL?H = 6LPHA( X 
SIG=SIGMA(TSAT) 

730 
JD TO (4CC0.4010,4520,4053.412L,4130,'•140,4160. 

Y 417C, 4230 ,'.250, (.260 , 42 7L) ICOR + 1 

705 

710 

THIS METHOD PP10ICTS CRITICAL HEAT FLUX USING 
A t TABLE APPFOACH METH00 t. THIS 3-0 TABLE 
13 INDEXED BY QUALITY (X). 1ASS FLUX (G>. * PRESSURE (P). 
THE ADTU6L PANGES THE TABLE ROWS COVER WITH RESPECT TO 
T-l£ INDHXING QUANTITILS ARE DEFINED 8Y THE ARRAYS RX, 
RP AND rG. LINEAR INTERPOLATION IS CAFRIEO OUT BETHFEN 
30IMTS IN THE TABLE. THE CHF PREDICTION IS MOOIFIEO 6Y 
THE DO SECTION FACTORS CK1. CK2. CK4. 

715 

720 

400c :F(X.LT.I.) GO TO 6 
X = l. 
Q = 0. 
RETUPf' 

6 ; < I = : < 2 = C K 4 = I . 

SEARCH FOP WHICH ROWS OF THE CHF TABLE THE OATA FITS 
w i n RESDEfT TO QUALITY, MASS FLUX, ANb PRESSURE. 

C 
r* 
c 

72* 11 
DC 11 Ix=i,i5 
: F ( X . L I . P X ( I X * D ) GO TQ 2i 

21 DO 33 IG=1.12 

3P :F(5.L:.PG(IG*D ) GO TO -*O 

73C 
50 

DC 5J IP=1,13 

:F(P.LI.PP(IP + D ) ",n TO 63 

735 

7c,fJ 

D^'i-ETER C l ^ P E C T I O N F A C T O R 
(=•0 IF(DHY.L£.0.016) GO To 70 

D<1=.7Q3 7 

GO TO qr 
70 IF(OHY.GF. 1.002) GO T 0 80 

D<1=1.5)J7(* 
GD TO 90 

AO CDNTINUF 
DK1=(. 308/OHE)*'. 3333 

Q54-



25 tj 

[jUBPnijTlNE PPEOIDT 7 4 / 7 4 OPT=D P.OUNO=*-»/ TPACE PMDMP FTN 4 . 6 * 4 9 8 85 

C 3UiJ0'_E COKt'ECTION FACTOR » • • :atT TO 1 FOH TUBE OATA • * • 
90 CONTINUE 

C I F ( DHE . M E . CHY ) 
C , CK2 = A l - I N K 0 . 6 . 0 . 6 * E X P ( - 0 . 5 • X » " 0 . 3 3 3 3 ) ) 

C HEAT EC LENGTH FACTOR 
A L P H = ALPHA( X ) 

0 * * » SET CM* TO 1 TEMPORARILY • • * 

r 
;< • * = EXP( OHY / HTL * £XP( 2 . • ALPH ) ) 

0 
C F X T R A 3 C A T I O M FOF PRESS'JPES OVER 20 MPA. 
C 

: F ( P . L E . 2 " , ' , , ' , 0 . ) GO TO l u -
CALL PPOPER ( 2 0 0 3 0 . , 0 . ) 
S I G = S I G ( « A ( T S A T ) 
A = S Q R T ( r - H O G ) » h F G * ( S I G » ( <HOF-P.HOG) ) * » * . 2 5 
CA.L P R n P F P ( P , o . ) 
S:G=SIGHA(TSAT) 
9=SQRTU.HOG)»HFG*(SIG*MRHOF-P.HOG> )*>* .25 

Q = I N T £ P P 3 ( X , G , 2 0 3 0 0 . ) » ( d / A ) 

RETURN 
100 CONTINUE 

3 = I N T E C P 3 ( X , G , F ) *CK1*CK2**:.K4 

RETURN 



7Uj7L. 0 P T = 1 F . > i U N J = * - * > / I H A O t l-MuMr- r l N 4 . J * 

SUBROUTINE PROPER(PRESS.TEMP) 

3U3R0UTINE PROPER IS USEO TO CALCULATE THE • 
THERMODYNAMIC ANC H*EAT TRANSPORT PROPERTIES • 
OF LIGHT W/>TER ANO STEAM FOR SUBCOOLED. » 
SATURATED, AND SUPERHEATED CONDITIONS. • 

• 
A VALUE OF PRESSURE <KCA) ANG A VALUE OF » 
TEiPERATURE (C) IN SI UNITS ARE PASSED INTO • 
THE SUSROUTINE PROPEP. * 
SINCE POLSAW REQUIRES BRITISH UNITS. THE • 
INPUT VALUrS MUST 9E CONVERTcO. ALL PROPER- *> 
TIES RETU&NEO FROK POLSAW ARE IN BRITISH • 
UNITS. THE PROPERTIES ARE CONVERTED TO SI » 
JNITS AND ARE PASSED TO OTHER PARTS OF THE » 
PROGRAM VIA COMMON "UOCK PROP. • 

- VARIA3W£ DEFINITION UNITS 

AKF THERMAL CONDUCTIVITY OF • 
SATURATED LIQUID. KW/M/C • 

AKG THERMAL CONDUCTIVITY OF • 
SATURATED VAPOUR. KW/M/C/ *> 

AKL THERMAL CONDUCTIVITY OF • 
SU3C00L OR SUPERHEAT HATER. KW/M/C • 

CPF SPECIFIC HEAT OF • 
SATURATED LIQUID. KJ/KG/C • 

CP3 SPECIFIC HEAT OF • 
SATURATED VAPOUR. KJ/KG/C * 

CPL SPECIFIC HEAT OF • 
SUBCOOL OR SUPERHEAT WATER KJ/KG/C » 

HF ENTHALPY OF SAT. LIO. KJ/KG • 
HG £NTHAL°Y OF SAT. VAF. KJ/KG • 
HL ENTHALPY OF SU3C00L • 

OP SUPCRHEAT WATER. KJ/KG • 
HF3 LATENT ENTHALPY KJ/KG • 
PPF PPANDT NUMBER NOM OIM. » 
PP3 PPANDT NUMBER NON OIM. • 
PP.. PPANDT NUMBER NON OIM, » 
RHOF OFNSITY OF SAT LlO. KG/M3 ** 
RH03 DENSITY OF SAT VAP. KG/M3 • 
KHO. OFNSITY OF SUaCOOL 

OP SUP^PHEAT WATER. KG/M3 * 
SP ENTROPY OF SAT. LIQ. KJ/KG/C • 
SG ENTROPY OF SAT. VAP- KJ/KG/C • 
SL ENTROPY OF SJtJCOOL • 

OP SUPERHEAT WATER. KJ/KG/C • 
UF OYNAHIC VISCOSITY OF •» 

SATURATEO LIQUID. • 
UG DYNAMIC VISCOSITY OF • 

S>SG 



ZS1 

7 4 / 7 1 - OPT=0 R O U N O = * - * / TPACE PMOMP FTN 4 . 8 * 4 9 8 

4 * 

• 

• 

• 

•» 
• 

^ 
• 

• 

m 

4> 

* 
4\ 

• 

* 
• 

•* 
* 

UL 

VG 

VL 

PWESS 

P 

TEMP 

T 

PSAT 
TSAT 

SATURATr.0 VAPOUR. 
DYNAMIC V ISCOSITY OF 
SUBCOOL OR SUPERHEAT 
S P E C I F I C VOLUME OF 
SATURATED L I Q U I D . 
S P E C I F I C VOLUME OF 
SATURATEO VAPOUR. 
S P E C I F I C VOLUME OF 
SUBCOCL OR SUPERHEAT 
PRESSURE PASSED INTO 
SUBROUTINE PROPER. 
PRESSURE USED SY 
SU3R0UTINE POLSAW. 

WATER. 

wATtR. 

TEMPERATURE PASSED INTO 
SUBROUTINE PROPER. 
TEMPERATURE USED BY 
SUBROUTINE PDLSAW. 
SATURATION PRESSURE. 
SATURATION TEMPERATURE. 

M3/KG * 

M3/KG • 

M3/KG • 

KPA * 

PSIA • 

C • 

F • 
KPA • 
C • 

60 

65 

70 

7C 

8a REAL K ,P , (13 ) 
; O M M O N / L 1 2 0 / K ( 1 4 8 > 
DOM. ION/PFOP/VF .VG, V L , H F G , H F . H G . H L . U F , U G . U L , 

A K F , A K G , A K L . C P F , C P G . C P L , S F . S G , S L . 
RHOF.RHGG,RH0L .PRF,PRG ,PRL .PSAT ,TSAT . 

&5 , VFG.UFG 

? PR£SS/< r7.8947"?7 
T = T E M P * 1 . 8 • 3 2 . 

9*3 
I F THE PPESSAMURE (PPESS) PASSED INTO PROPER 
EQUALS 0 . 0 THEN SATURATION P * G F E P T I E S AS A • 
FUNCTION OF TEMPERATURE HAVE BEEN REQUESTED. • 

-> I F THE PPESSURt I S NOT EQUAL TO C O THEN • 
95 * SATURATION PPOFEPTIES AS A FUNCTION OF • 

PR.3SURE APE CALCULATED. • 

I F ( P R E 3 S . F O . C I ) CALL POLSAri(G . 3 , T , K . R . 1) 
133 I F ( = R E S S .J IE . ( . 0 ) CALL POLSA W (P , 0 . 0 ,K ,R . 1) 

V- = : ( 1) " . 0 6 2 4 2 8 
JZ R ( 7 ) * . 0 6 2 4 2 8 
JF3 = VG - VF 

105 HFG ( R ( 8 ) - R ( 2 ) ) * 2 . 3 2 5 5 
HF = R ( 2 ) ** 2 . 3 2 5 5 
HG = R ( 8 ) • 2 . 3 2 5 5 
UF R ( 3 ) * 1 . 4 8 8 1 6 4 
JG R ( 9 ) * 1 . 4 8 8 1 6 4 

l i a UF3 = UF - UG 
A<r- . ?{u) - . 1 ) 0 1 7 3 1 7 3 5 
AKG - R ( 1 0 ) • . 0 3 1 7 3 0 7 3 5 
D = F P. ( 5 ) • 4 . 1 8 6 6 
DPG = R ( l l ) • 4 . 1 3 6 3 



2 5 8 
SUBPOLTINE Pf'OPER 74/7«- OPT=0 ROUND = * - » / TRACE PMOMP FTN 4 .8*49£ 

115 3F = o ( 6 ) - 4 . 1 8 6 8 
SG = R(12) * 4 . 1 8 6 8 
RHOF = 1 . 0 / P ( 1 ) • 16.0 18 
RHDG = 1 . 0 / R ( 7 ) * 16.018 
PRF = F.(5) * P ( 3 ) * 3600. / R ( 4 ) 

120 PRG = P . ( l l ) * R (9 ) * 3 6 C 3 . / R ( 1 0 ) 
IF(PRF.SS .EQ. CO) PSAT = R(13) * 6 . 8 9 4 7 5 7 
IFtPRESS .NE . 0 .0 ) TSAT = (R(13) - 3 2 . ) / 1.0 

125 - I F THE TEMPEPATUPE(TEMP) OR THE PPESSURE(PRESS) * 
PASSED INTO PROPER EOUALS O.U THEN ONLY THE • 
SATURATED VALUES HAVE BEEN RcQUESTtO. *> 

130 : F ( T E M P .nn. o.o . O R . PRESS . E Q . O .O) RETURN 

CALCULATE T H E SU8C0QLS0 WATER OP. SUPERHEATEO STEAM • 
PROPERTIES. • 

135 

CA.L POLSAW(P,T ,K,P,D 
VL = R ( l ) * . 0 6 2 4 2 3 
HL = rx<.2) * 2 . 3 2 5 5 

140 JL = R(3) * 1 .488164 
AK_ = » ( 4 ) » , 001730735 
; » . = ° ( 5 ) * 4 . 1 8 6 8 
SL - R (6 ) * 4 .18 68 
RHDL = l . n / P . ( l ) • 16.0 16-. 6 

145 P = . = -<*•> * P ( 3 ) * 3 6 0 0 . / R ( 4 ) 
PSAT = R(13) * 6 .894757 

RETURN 
E N D 



ia 

30* 

Q5? 
FUNCTION INTER3? 7 4 / 7 4 OPT=0 ROUNQ=+-*/ TFACE PMOMP FTN 4 . d * 4 9 6 

REAL FUNCTION IMTERP3(X.G,P) 

e * j ' — • » * • • • • • * * » • » - * » » • . • « * . • • • • • • • • , . » » . . j * . , * * • • • • « » • • 

r, 
C CARRIES OUT LINEAR INTERPOLATION BETWEEN POINTS 
C TN THE TABLE •CHFCST*. INTERPOLATION IS OONE WITH 
C PESPECT TO MASS FLL'X, QUALITY AND PRESSURE. 
C 
C*J 

REAL INTERP 
DO.iMON/TABLE/ CHFt ST (17.14,15) 
DOMMOS/ROWS/ PX(17),PP(15),PG(14),IX.IG.IP 

15 PARAM=(P-PP(IP))/(PP(IP*1)-PP(IP)) 

D : = I N T : R P ( C H F E S T ( I X . I G . I P ) , C H F E S T ( I X , I G . I F + D . P A R A M ) 
D 2 = I . N T E P . P ( C H F E S T I I X , I G * 1 . I P ) . C H F EST ( I X , I G + 1 , I P * D . P A R A M ) 
C3= I N T - : R P ( C H F E ST ( I X * 1 , I G , I P ) , C H F £ S T ( I X + 1 . I G , I P * 1 ) , P A R A M ) 

2 1 D 4 = I N T E R P ( C H F £ S T ( I X * 1 , I G * 1 , I P ) . C H F E S T D X * L . I G + 1 , 1 P * 1 ) . P A R A M ) 

? A R A M = ( G - P G < I G ) ) / ( P G ( I G * 1 ) - P G ( I G ) ) 

C5=INTERP(Cl.C2,PAfiAM) 
25 Dfa = lNTERP(C3,C4,PAPAf1) 

P A R A M = ( X - P X ( I X ) ) / ( P X ( I X + 1 ) - P X ( I X ) ) 

INT£RP3=INTEPP(CF.C6.PARAM) 

RETURN 
END 



Z0^ 

FUNCTION ALPHA 7 L / 7 « OPT=0 ROUNO=+- * / TRACE PMDMP FTN 4 . 8 * 4 9 

FUNCTION ALPHA< X ) 

C O M M O N / P H . O P / V F . V G , V L , H F G . H F , H G . H L . U F , U G . U L . 
, A K F , A K G , A K L , C P F , C P G , C P > - . S F , S G , S L , 

RHOF,RHOG,RHOL.PRF.PRG.PP.L ,PSAT,TSAT. 
. VFG,UFG 

IF ( X .LE. 0.0 ) ALPHA = J . U U C O O I 

I F ( X , G E . 1 . 0 ) ALPHA = 3 . 9 9 9 9 9 9 

I F ( X . G T . 0 . 0 ,ANO. X . L T . 1 . 0 ) 
ALPHA = X / ( X • f«.HOG / P.H0F • ( 1 . 3 - X ) ) 

END 

FUNCTION INT^R? 7 4 / 7 4 OPT=0 R O U N O = * - * / TRACE PMOMP FTN <• .8+496 

REAL FUNCTION INTEPP(A 1 . A 2 . ? ) 

C * - » . . . . . . . . . . . . . * . , « . 4 . * * 4 , . . . . . . . . . . . . . . . . . . . , 4 , 4 , 

c 
C L I J E 4 R INTERPOLATION HlTH PARAMETER 0 < = P < = 1 
C 
C ' = C PETUPNS A l 
C P = 1 RETURNS A2 
C 

: N r E R P = A l * ( A 2 - A l ) * P 

RETURN 
END 

PUNCTi rN SIGMA 7 4 / 7 » OPT=0 ROUNO = * - * > / TPACE PMDMP FTN 4 . 8 + 496 65 

- 'JNCTICN SIGMA (TEMP) 

C 
C THIS FUNCTION CALCULATES SURFACE TENSION AT A GI>/EN SATURATION 
C TE1PEPATUPE. 
C 
C 

DIMENSION A(5) 
DATA A / l . 1 6 0 9 368 0 7 E - 0 1 , 1 . 1 2 1 4 0 4 6 8 8 E - 0 3 , - 5 . 7 5 2 8 3 5 1 8 0 E - 0 6 . 

1.2*>62 7 4650 E-08 . - 1 . 1 4 9 7 1 9 2 9 0 6 - 1 1 / 

i = : . 3 3 
T D - 6 4 7 . 3 
T = T £ M P * 2 7 3 . 

3 I G M A = A ( D - ( T C - T ) ** 2 / ( 1 . 0 + J " ( T C - T ) ) 

DO 13 1 = 2 , 5 
i n S I - J M A S S I G M A + A d ) • (T r ; -T ) * * I 

;._••< - i - . - i r - M A / i a O O . 
"..IT'JRN 



Zio\ 

FUNCTION HORNER 7 4 / 7 4 CPT=3 ROUNO=*-»/ TRACE PMOMP FTN 4 , 8 * 4 9 8 

1 FUNCTION HORNEP( A,X,,N) 
C 
C EVALUATE A POLYNOMIAL P(X) OF DEGREE N USING HORNER*S RULE. 
C THIS SAVES TIME BY NESTING MULTIPLICATIONS INSTEAD OF F1NOING 

5 C P(X) ONE TERM AT A T I ' . E . 
C 
C A-JRAY OF POLYNOMIAL CO£FFICIENTS« 

DIMENSION A(10 ) 

1C HORNER=A(N+l) 
I = N 

5 -HORNER=HORHER*X*A(I) 
1 = 1 - 1 
I F ( I . G T . O ) GO TO 5 

15 RETURN 
IHZi 



Ha'L 

SEARCH 74/7<* OPT=C ROUNO = + - ' / TRACE PMDMP FTN 4 .8 + 49e 8 

SUBROUTINE SEAPCH(X.G,P,OHY.DHE.HLIN,OH IN.ICOR,PRE 0.CHF. 
* CONST.SLQ.IRUN) 

C 
C 
C ITERATIVE METHOD OF FINOING INIERSFCTION OF PREOICTEO ANO EXPERIMENT 
C LINES. BINARY SEARCH I S USED. VARIABLE NAMES OIFFERING ONLY I N THEIR 
C SUFFIXES + 1 * OP, * 2 * REPRESENT THE SAME QUANTITY ON OPPOSITE SIOES 
C OF THE INTERSECTION. 
C 
C FIRST. FIND INTERVAL X l , X 2 WHICH STRADDLES THE INTERSECTION. 
C 

:T:.R = 0 
X1=X 
01=CHF 
PRE01=FRE0 
I F ( P R E D 1 . G T . Q 1 ) GO TO 701 

700 Q2=Q1 
X2 = X1 
°RED2=PKt01 
X l = X 2 - . l 
Ql=Xl*SLQ+CONST 
DA.L PRCOICT(X i ,G ,P ,0HY,0HE,HLIN .OHlN, lC0R,PRcOl ) 
ITER=ITEP.+ 1 
IF( ITEP- .GE.FO) GO TO 7G5 
IFCPR-EDl .GT . i l ) GO TO 702 
GO TO 7C0 

701 CONTINUE 
X 2 = X 1 + , 1 
Q2=X2*SLQ*CONST 
DA_L PP.t0ICTCX2.G,P,0HY.DHl,HL I N , CHI N.ICOR, PRE 02) 
ITER = IT/EP+1 
IFCITER.GE.FO ) GO TO 705 
I F ( P R £ 0 2 . L T . Q 2 ) GO TO 7 i)Z 
X1 = X2 
Ql = Q2 
?REC1=PP£D2 
GO TO 701 

7CZ CONTINUE 
r 
C 3INARY SEARCH 
C 

7P3 XM£AN=(X l *X2 ) /2 . 
OMEAN= (Q l *02 ) / 2 . 
C A . L P R E P I C T ( X M E A N , G , P , O H Y . D H E . H L I N , O H I N . I C O R , P R £ 0 ) 
I F ( A 3 S ( ( P R E O / 0 * - C A N ) - L . ) . L T . G . 3 : 2 ) R E T U R N 
: T E R = I T E P * I 
I F ( I T L R . G E . 5 0 ) GO TO 705 
IF(PRED.GT.OMEAN) GO TO 704 

X2=XM£AN 
Q2=QMEAM 
GO TO 703 

704 CONTINUE 
X1=XMEAN 
Q1=QMEAH 
GO TO 703 

http://IFCPR-EDl.GT.il


2ioO 

SUBROUTINE Sfr'APCH 7«*/7<» CPT = 5 ROUND=*-•/ TRACE PMDMP FTN 4 . 8 * 4 9 8 

C GUARD AGAINST I N F I N I T E LOOPS ARISING FROM NON-CONVERGENT 
C CASES ( IE . LINES OON+T INTERSECT). RETURN PRED=-1 

60 C 
705 WRITE(£,710) I PUN,ITER 
710 FORMAT(LX.A6. « **** IGNORED. INLET CONDITIONS SOLUTION NON-*, 

• /CONVERGENT AFTER *.I3.* ITERATIONS*) 
PRED=-1. 

65 RETURN 
END 
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A P P E N D I X G 

Results from testing Weisman & Pei's model with experimental CHF data of 

Freon-113, Freon-11, Nitrogen, Freon-12 and Water 
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Results from testing non-dimensional CHF table with experimental CRF 

data for carbon dioxide, Freon-21, Freon-114, Freon-12, nitrogen. 
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A P P E N D I X J 

Application of Non-Dimensional CHF Table, Katto's correlation, 

Hauptman's correlation, Shah's correlation and Weisman & Pei's model. 

a P 
Psi = Y = — -

K G2L 
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B.O. x lo1* 

-0.1657 

A 

experimental B.O. 

heat balance 
equation (1) 

CHF predicted 

Non-Dimensional 
CHF table predictions 

quality (%) 

:IGURE J . l B . O . v s . QUALITY. APPLICATION OF NON-DIMENSIONAL CHF TABLE 
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Fluid: Freon-12 

P = 1071.5 kPa; D = 0.01608 m, L = 1.829 m; 

G = 2462 Kg/m2/s, AHin - 20.8 kJ/kg; 

Experimental CHF = 156.2 kW/m2; xc = 0.0643 

Physical and Thermodynamic properties were obtained from ASHRAE Handbook 

(1981): 

pf = 1234.5 kg/m
3; X = 125.5 kJ/kg; pg = 61.6 kg/m

3; 

\±f = 190 x io-6 kg/m/s; kf = 0.0625 W/m°c; 

tig = 1.385 x io"
6 kg/m/s; a = 6.54 x io-3 N/m 

Non-Dimensional Table 

AHin _ 20.8 n _,__
 Pf 1234.5 on n/ 

-T~ = 12575 = 0'1657; F "6l76-= 20'04 ' 

Mr = G D ° ' 5 2462 x 0.Q16080'5 

"K " a°'5p°f'
5 (6.54X10-3)0'5 x (1234.5)°-5 

if = 125^5x2462 = 5 ° 5 * ̂  *c = °-°6A3 

K: = E x p ( ^ i )
1 / 3 - E x p ( ^ f ) 1 / 3 - 0.79 

xv 
a = & xv + (1-x) V. 

g f 

= 0.0643 x Q.Q1624 

a 0.0643 x 0.01624 + (0.9357) x 0.00081 

K2 = Expf^- x Exp(2xa)) = 

-0.01608 
K2 = E * p ( ^ i f ^ x Exp(2)) = 1.067 
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By applying heat balance equation: 

x = 455 x BO - 0.1657 (1) 

Assume x = 10% 
c 

By interpolation 

BO = 488 + ..Sf^.'i^N x (HO - 98.15) = 437. xlO"6 (123.44-98.15) 

apply correction factor; BO = 437 x 10~6 x 0.79 x 1.067 

BO = 368 x IQ- 6 

from equation (1). xc = 10% then 

BO = 583.96 x IQ- 6 

Figure J.l illustrates the application of the non-dimensional CHF table. 
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Assume x = 5% By i n t e r p o l a t i o n 

B.O. = 620. + ( 4 7 9 " 6 2 0 ) — x ( n o - 98.75) = 555.6 x 10"6 

(123.4-98.75) 

apply correction factors; B.O. = 555.6 * i o - 6 x 0.79 x 1.067 

B.O. = 468.4 x IQ- 6 

from (1) at x = 5% = B.O. = 47.4 x I Q - 6 

by interpolation B.O. = 47.0 x 1Q~ 

CHF = 470 x IO - 6 x 125.5 x 2462 = 145.22 kW/m 2 

pred 

CHF = 145.22 kW/m 2 

pred 

Pre(* = 145.22 Q 929' 
CHF 156.2 °*y--y/ 

exp 

145.22 - 156.2 * ,nn _ 77 * Error = ., c, »
 x 100 = ~7/. 156.2 
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Summary of CHF P r e d i c t i o n us ing Non-Dimensional Table ( 1 ^ ) , 
K a t t o ' s c o r r e l a t i o n , Weisman & P e i ' s model, Shah's c o r r e l a t i o n and 
Hauptmann's c o r r e l a t i o n . 

Correlation/Model 
CHF 

pred 
CHF 

exp 
% Error 

Non-Dimensional CHF t a b l e us ing H 
K 

Weisman & P e i ' s model 

0.9297 

1.1246 

- 7.0 

12.46 

Shah's c o r r e l a t i o n 0.88348 -11.65 

Hauptmann's correlation 0.768 -23.17 

Katto's correlation 1.126 12.67 

% Error = 
CHF . - CHF 

V*lA zllzL x 100 
CHF 

exp 


