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Abstract '

Local heat transfer coefficients have been obtained through measuring the
temperature distribution along the separating, reattaching, and redevelop-
ing regions of axisymmetric turbulent bourdary layers on the wall of cylinders
with constant heat flux. Measurements have been made with different con-
figuration of three cylinders and five ellipsoidal steps on the leading face.
The velocity of the turbulent flow was changed stepwise from 5 to 30 m/s.
The range of Reynolds number, based on either the step height or diameter
of convex curvature, is between 4,000 and 100, 000.

In addition, a surface-stream-line flow visualization technique was tried
to identify the reattachment loci, as well as the axisymmetry of the temper-
ature distribution. It was found that the points of maximum heat transfer
and reattachment are coincident within an uncertainty of ib.S inch.

As a common feature, the rate of heat transfer undergoes a drop within
a short length distance right after separation, followed by a rise leading to a
sharp maximum at the reattachment neighborhood.

The study demonstrates tﬁat- the maximum Nusselt pumber and heat

transfer rate increase with either decreasing cylinder radius, or increasing

e
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step diameter. The effect of step height is similar to that of the step diame-
ter.

An empirical equation, correlated as a function of Re}'n.olds number and
aspect ratio of cylinder-step diameters, is proposed for the maximum Nusselt
number.
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Chapter 1

Introduction

In many flows of practical interest, the study of the unavoidable phenomena
of separation, reattachment, and redevelopment of the boundary layer aris-
ing from backward-facing step geometries and the point of maximum heat
transfer demands research and investigation. The phenomena mentioned can
cause substantial variation in local heat transfer coefficients.

Such fiows are extensively found in the design of nuclear reactors, combus-
tion chambers of jet engines, re-entry space vehicles, micro-electronic boards,
and so on. =

Transverse curvature effects on boundary layer development are of impor-
tance in many situations encountered in engineering, especially in the heat

‘exchanger industry.



1.1 Some Theoretical Aspects of Fluid

Dynamics

1.1.1 Turbulent Boundary Layer along Circular Cylin-

ders

Appropriate to the present study, the following common features may be sum-
marized from the results of the experimental and analytical studies carried
out for the axial turbulent flow on convex curvatures by Lee and Kim (1993),
Kim et al. {1990). Sparrow ct al. (1963}, Yu (1958), and Eckert (1932). The
review is given for the cases when the ratio of the thickness of the developed
boundary layer to the radius of curvature becomnes as large as unity.

The flow field on a circular cylinder may be divided into two regions. The
region adjacent to the wall is purely laminar, while the region away ﬁom
the wall, i.c., the core, is purely turbulent. The thickness of the boundary
layer increascs with axial distance, steeply at first and then more smoothly
downstream. Therefore; the larger the local Reynolds number (Rez), the
thicker is the boundary layer. Substituting the radius of cylinder by the ra-
dius Reynolds number (Re,), it could be said that the smaller the Re,, the
greater is the curvature effect. In addition, for the flow along a cylinder, an
asymptotic nature of the boundary layer characteristics has been noticed. It
means that for a given Re,, as the ra.t.ig of the boundary layer thickness to
the radius of cylinder (é) decreases, any\cha.racteristic curve for the cylinder
approaches asymptotically to that of a flat plate. Since one of the review.éd.

papers dealt with compressible flow (Eckert, 1952), it is to mention that fiow
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Figure 1.1: Schematic of the Flow Configuration in the present study

compressibility enhances the effect of curvature in general except for the dis-
placement thickness where a slight decrease was found.

It has been seen that the boundary layer thickness and the displacement
thickness on a cylinder are less than that on a flat plate, while the momentum

thickness and the local and mean friction coefficients are higher.

1.1.2 Flow Species and Model Geometries in Backward-
Facing Step Flow Separation

The phenomenon of separation in backward-facing step flow happens when
2 steady fluid flow, attached to a solid surface, breaks away and produces a
region of separated flow close to the surface. The event may take place on 2
smooth surface and starts upon the point of an abrupt change in geometry of
the flow, i.e. at the blunt base. The separated boundary layer encompasses
a region called a “recirculation region” or “separation bubble”. The bubble
stretches from the edge of the step up to the point where it reattaches on the
solid surface. This point is known as the “reattachment point”. The recircu-

12
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lation region is mainly covered by reverse flow, in which the velocity reaches
up to about 40% of that in free stream (Suzuki et al., 1991). Thereafter the
redevelopment of the boundary layer begins at the reattachment point, and
attains a thickness of the order of magnitude of the radius of cylinder. The
fiow regions mentioned can be seen from Figure 1.1 .

In a general sense, the flow could be classified as either internal or exter-
nel flow, yet from the aspect of dimensionality, the flow is studied either as
2 two-dimensional or as an axisymmetric flow.

Moreover, from the view point of the boundary laver theory, a backward-
facing step flow is classified (Smith and Wood, 1985) among those for which
the boundary layer responds to an extremely severe perturbation. It is usu-
ally accompanied by a change in the flow species. Since in such a case the
boundary layer does not exhibit self-preservation, a boundary layer approach
to solution is impossible {ibid). The main cause of flow separation is known

to be the adverse pressure gradient in a viscous flow.

1.1.3 Physics of Heat Transfer in a Turbulent Bound-
ary Layer

_ The physical process of heat transfer in a separated flow could be partially

explained (Chang, 1970) by the following heat transfer mechanisms, namely:

1. Conduction between wall and fluid in the separated region

2. Conduction through the shear layer

4
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3. convection by exchange of fluid between the separated region and ex-

ternal flow

1.2 Background Study

The major stﬁéies on turbulent separation have been carried out by aircraft
aerodynamicists who applied boundarv layer theory either to external flow
over airfoils or to internal flow through diffusers.

For the present study, a review, insofar as possible, of the studies on
heat transfer affected by convex curvature or backward-facing step will be

presented.

1.2.1 Effect of Transverse Convex Curvature on Heat

Transfer

The effect of transverse convex curvature on convective heat transfer has
been identified, experimentally and analytically, by Lee, Kim, and Ma (Lee
and Kim, 1993; Kim et al., 1990), at a time when no explicit study of the
transverse curvature (TVC) effect on heat transfer had been done (ibid).
The experimental study was presented for a constant pressure, incompress-
ible flow along the heated test cylinders. The diameters of c¢ylinders (27,
1”, and 0.5”) were chosen so that the thickness of the developed boundary
layer remained in the order of magnitude of the cvlinder radius. To avoid
separation, the leading edge of the cylinders was streamlined with a conical

nose made of a plastic material, Derlin (Compare between “b™ and “¢” in
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Figure 5.1). The analytical study was followed, based on a2 mixing length
model, for the similar case.

They found that whereas transverse conceve curvature of the surfa.ce. has
little effect on the radial development of flow turbulence, the effect of trans-
verse conver curvature is significant.

However, the mentioned study (ibid) proposes that the transverse convex
curvature effect on heat transfer is significant as long as the thickness of the
boundary layer, in a viscous flow, stays in the order of magnitude of the
radius of the curvature.

In studying the effect of Transverse Convex Curvature on heat transfer,
it has been observed that the magnitude of the Stanton number decreases
with increasing values of the cylinder radius, and is always greater than that
for flow over a flat plate.

In their experimental work, the above mentioned researchers (Kim et al.,
1990) have taken into account the axial wall conduction heat transfer and
radiation as errors in the final values of heat transfer coefficients. They have
calculated, by using an energy balance equation, 2 maximum of 13% axial
wall conduction at the supposed reattachment point, X = 3 cm, and a maxi-
mum of 0.4% radiation heat loss to the walls of the wind tunnel. The energy
balance equation will be discussed further in Section 4.2, “Axial Conduction
Heat Transfer”.



1.2.2 Effect of a Backward-Facing Step

The results from the limited number of the related articles, which will be
discussed further, show similar.genera.l features for a variety of geometries,
in both external and internal flows.

The heat transfer coefficient undergoes a drop within a short length dis-

tance right after separation, followed by a rise leading to a sharp maximum
at the reattachment zone.
_Bowever, the point of maximum heat transfer (X,..-) does not necessarily
coincide with the reattachment point, X;, a fact which has been mistaken
by early researchers. The point is discussed in Section 1.2.3, “Distinction
Between ...” . In addition, the axial location of the reattachment point with
respect to the blunt base is of the order of magnitude of the cylinder/duct
diameter. Further, the formation and full redevelopment of the boundary
layer requires a much longer axial distance.

However, due to some numerical difference between the results of re-
searches on the two categories of external and internal flows, the revieu..-' is

pursued separately for each.

External Flow

There seems to be hardly any study done about the effect of a step change
on the external axisymmetric type of backward-facing step flow, as far as
the author is aware. Apart from a study done by Suzuki et al. (1991) in
seeking for the possibility of heat transfer enhancement in the recirculation

region of 2 backward-facing step, through insertion of another obstruction
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—a cylinder— near the top corner of the step, the rest, as it is reviewed
and referenced in the present study, have concentrated on st dying different
theoretical aspects of heat transfer and turbulent flow in the reattachment
zone of both external and internal flows.

Ota and Kon (1977, 1975, 1974) have conducted experiments on air flow
over 2 blunt-edge flat plate (two dimensional) and a longitudinal blunt-face
circular cylinder (Figure 5.1, C). The leading edge of a blunt-face stepless
cylinder which causes flow separation may be considered as a special case
of a step that has D = d and § = 0. They correlated the maximum heat
transfer coefficient and the Revnolds number by the method of least squares,
to obtain:

Ntgmer = 0.0804 R (1.1)

which happens at about z/d = 1.4 from the leading edge of the blunt cylinder.

Similarly, in the case of th;: flat plate:
Nttpee = 0.0782 Re%™° (1.2)

where both Re and Nu are based on half of the flat plate thickness.

Moreover, they assumed the coincidence of the reattachment point and
the point of maximum heat transfer in both cases, and thé independence of
their locus from the Reynolds number.

In numerical modeling of the Navier-Stokes equations with the k — ¢
turbulence model for air flow on 2 blunt circular cylinder (§ = d), Vaitekunas
et al. (1991) have demonstrated the dependency of the separation bubble’s
length on the level as well on the scale of turbulence of the free stream. For

the range 10° < R. < 10%, they found that the length of the separation
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bubble reaches an asymptotic value of 2bout 1.5 d when the intensity of free
stream turbulence is less than 1%.

A study of two dimensional backward-facing step flow by Tsou et al.
(1991) shows that the reattachment point lies at X, = 7.6 §, which is higher
than the value of X, = 6.6 S obtained by Vogel and Eaton (1985) and
moreover, through considering the difference existing between the result of
their experiment and those of others, they reasoned, by referring to other
sources, that the reattachment length increases with an increase in Reynolds

number(Reg).

Internal Flow

The review here is more aimed to highlight the difference between the results
of the studies conducted on internal and external flows with backward-facing
steps.

An early study, on water flow, with Reynolds and Prandt! numbers rang-
ing respectively from 10,000 to 130,000 and from 3 to 6, was done by Krall
and Sparrow (1966), to determine the effect of flow separation on the heat
transfer characteristics of a turbulent pipe flow. The degree of separation
was varied by employing orifices of various bore diameters. The point of
maximum heat transfer coefficient was found to occur at an axial distance of
1.25 to 2.50 pipe diameters from the onset of separation. The study presents
an equation of correlation for the peak Nusselt number with respect to the

orifice Reynolds number as:

Ntz e = .398 R ~ (1.3)
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The ~xperimental work by Zemanick and Dougal (1970), with air flow in
the regior beyond an abrupt expansion in 2 circular channel with varying

upstream-to-downstream diameter ratio, presents a correlation equation as:
Nuo mer = .20 Re3/? (1.4)

The result was later confirmed by Baughn et al. (1984).

1.2.3 Distinction Between the Points of Reattachment

and Maximum Heat Transfer

A detailed study of the mechanism of reattaching and redeveloping flow is
required for the augmentation of heat transfer in a turbulent backward-step
flow.

Until the 1970’s, it was assumed (e.g. Ota and Kon, 1970) that the point
of maximum heat transfer coefficient (X,..-) corresponded to the mean reat-
tachment point (X,); however, by the 1980’s. the thermal tuft and zero
skin friction extrapolation —through measurements done by the pulsed wall

tprobe— were being used (e.g. Vogel and Eaton, 1983) to visualize the distinc-
tion between them. Since the unsteady behavior of the point of reatta.chment.
(the point of zero skin friction) does not allow the direct measurement, an
extrapolation through the values of skin:' ﬁé;;ion measured within the separa-
tion boundary layer is used. The thennalt\uft determines the instantaneous
flow direction in 2 thin layer (0.0 to '0.4imm above the wall} of air near the
wall, and the function of the pulsed wall probe is to measure the instanta-

neous velocity very near the wall (less than 0.5mm) of an unsteady, reversiﬁg

10



flow using a heat tracer technique. Both devices (commercially available for
use on a flat surface) are adaptations of the hot wire anemometer designed
to function in a recirculating flow region (Eaton et al., 1982). |

Finally, Sparrow et al. (1987) were those who have distinguished the afore-
mentioned points, X,..- and X, from each other, and have shown by both
experimental and numerical methods their interrelation in different flow ge-
ometries. They found that the location of flow reattachment (X,), depending
on whether or not the separation bubble is long or short, occurs respectively
after or before the location of maximum Nusselt number.

Furthermore, Eaton and Johnston (1981), in an intensive literature re-
view on reattachment, have examined the results of nineteen experimental
works, done in subsonic backward-facing step flow. They found that the
reattachment length (X} under different conditions varies from 4.9 1o .2
times the step height. They listed five mejor influential parameters on the

reattachment length:

1. The effect of changing the state (laminar/turbulent) of the separating

boundary layer has been systematically studied. The results are shown

in Figure 5.2.

o

A systematic study is needed to determine the extent of the effect of

the initial boundary layer thickness on the reattachment length.

3. An examination of a few data available suggests that high levels of the
free stream turbulence decrease the reattachment length. Although the
magnitude of the effect of the freestream turbulence is likely dependent

on i) the initial conditions of tke free shear layer and ii) the spectrum
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of the freestream turbulence, further investigation into the effect of the

freesream turbulence on free-shear layers definitely is needed.

4. The streamwise pressure gradient is in part conirolled by the overall
system geometry. Its changing effect on the reattachment zone has not
been studied systematically, but 2 trend of increasing reattachment

length with increasing expansion ratio is apparent.

5. The aspect ratio of the flow apparatus can also have an effect on the
reattachment length. For internal flow it was found that the effect is
negligible for aspect ratios greater ten. For the aspect ratios less ten,
the reattachment length increases if the boundary laver at separation

is laminar and decreases if it is turbulent.

These are different from the effect of changing the apex angle of the step
(vertex angle of the nose piece) on the down-stream flow when the step
diameter at the separation edge is fixed. This effect has been discussed by
Ota and Kon (1979). They found that the maximum heat transfer rate is
independent of the nose shape, while the reattachment length increases with

the wedge angle.

1.2.4 A Conclusion to the Background Study

The phenomena of turbulent separation, reattachment, and redevelopment
are not vet well understood, as inferred from the reviewed papers.
The review shows that the quantitative description of the convective heat

transfer in separated regions of the backward-facing step flows is still a cum-
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bersome task which relies heavily on empirical data. The empirical equations
suggested by different authors for predicting heat transfer at the point of reat-
tachment are found to be at variance with each other in either internal or
external flow. Moreover, in their equations none of the mentioned researchers
considered the parameter of the diameter ratio, i.e. the diameter of the step
or orifice to that of the cylinder or channel. In the present study, the pa-
rameter of diameter ratio (D/d) implicitly introduces the effect of convex
curvature.

For internal flow only, the review shows that the axial length of the point
of maximum heat transfer is proportional to the ratio of downstream to
upstream diameters, i.e. Xpo- -f;’-. On the other hand, the location of
maximum heat transfer moves downstream as the ratio of downstream to
upstream diameter increases. In internal flow, this is accompanied with a
reduction of step size and pressure gradient. However, no study was found to
study the similar effect for the external flow, while for the case of the present
study, due to the lack of a pressure gradient, the effect is not so significant.

No effort has been made to study the effect of the geometry of the solid
wall on which the flow reattaches, e.g., the effect of change in concave (in-
ternal flow) or convex (external flow) curvature on heat transfer.

There is a low heat transfer rate in the recirculation region followed by a

steep rise to a maximum near the reattachment point.

13



1.3 Objective

The purpese of the present study is to investigate experimentally the heat
transfer characteristics of turbulent flows along uniformly heated cylindrical
tubes of varying diameters with different steps installed on the ieading face
(see Figure 1.1).

It is intended to study the effect of convex curvature on heat transfer rate,
by changing the diameters of cylinder and step. The objectiveis to determine
a correlation among the three parameters of the maximum heat transfer rate,
the varying diameters of both cylinder and step, and the Reynolds number.

The present study will calculate and examine the axial conduction rate
along the wall of cylinder.

It is also aimed, by means of a flow visualization technique, to verify the
distinction between the location of maximum heat transfer and that of the

reattachment point.
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Chapter 2

Experimental Apparatus and

Instruments

The facilities for the present study have previously been used by Kim et al.
(1990), and have briefly been described in their report.

2.1 Apparatus

Three circular test cylinders of different diameters are equipped with one of
the five varying ellipsoidal obstructions on their leading edge, to form the
main part of the experimental apparatus. Uniform heat flux is provided to
the cylinders by two AC transformers.

15



2.1.1 Wind Tunnel

The wind tunnel used in the study is a low speed, open circuit, suck down
arrangement of the Eiffel type, with an overall length of 9.5 m.

It is made of plywood, and consists of six separate sections: entrance,
contraction, test section, diffuser, flexible coupling, and a fan. The 1.53m x
2.44m entrance section has four screens, made of 1.4mm mesh siz-e.. All
screens are clamped together. The 2.14m long contraction section has a con-
‘traction ratio of 4.0 . The test section is 3.66m in length, with a rectangular
cross-section of 0.91m x 0.61m. The rectangular diffuser with about a 6.5°
angle is first converted to a regular octagon with 2 length of 2.29m, and then
changed into a sixteen sided polygon, for 2 length of 1.07m . The flexible
connection, made of about a 300mm wide rubber, is used to minimize the
vibration originating from the function of fan.

The Buffalo axial fan has a diameter of 1.45m, and the maximum capac-
ity of 25.5m%/s, at about 89mm water head. The fan motor has 2 full load
of 27.6 kw with a maximum r.p.m of 1170 and is controlled by an adjustable
speed magnetic drive.

The front side of tﬁe working section of the wind tunnel has been equipped
with a quick-release window which facilitates fast access to the test section,

while the test process is observed through its transparent plexiglas.

2.1.2 Test Assembly: the Cylinder and the Step

Three circular test cylinders and five semi-ellipsoidal obstructions, Tables 2.1

and 5.2, were used. The configurations of the test assembly, arranged for the
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three settings of experiment, is going to be explained in the present chapter.

Meanwhile Figure 2.1 details the cylinder-step assembly.

Step

The steps were machined in diameters of 2.0, 2.5, 3.0, 4.0, and 5.0 inches,
from a plastic material, Derlin. The semi-elliptical outline of the obstruction,
halved on its longer axis, has the general equation of :

T \a r o
-_— — ) — 9
The maximum blockage effect, arising from the frontal area of the largest

step at D =5 in., is calculated to be:

(13 x‘lo-z)'*’(a_rea. section of step? —25% (2.2)
0.91 x 0.61(area of tunnel at test section)

Therefore, no blockage correction has been done.

Test Cylinders

The test cylinders were available from the earlier experiments done by Kim
et al. (1990). The cylinders have been selected from commercially available
Atlas 304 seamless stainless steel tubing, in three sizes of 0.5, 1.0, and 2.0
inches. The thermal conductivity(k) and the thermal expansion of Atlas 304
are respectively given as 16.3W/m.°C, and 17.3 x 10~%em/em.°C for the
range of 0 to 100°C. After a set of trial experiments on the formerly used
test tubes, the areas of interest on the wall where the points of maximum
heat transfer lie were identified. Based on this knowledge, a new configu-

ration for the thermocouple wires was worked out (Table 2.2), with 2 more

17



elliztic equetion c
ch=/535=>+<y*/a1 75 sy .

T l\

S *A@:\e&‘t‘-&-&‘\%\-‘e\\eﬁ%i-—

Hs

%

\l
L Ted

3

] : — ST ——".a—“
iyt /S0ET =] I — \

|
I
|
L

=4

feus equaton
:,‘FJ:I..E plytr2sat il

L e o s "

ﬁ?_/i‘

. Po“er Terminal Bar(copper)

. Heating Tube (SS 304)

. Power Terminal Ring (copper)
. Insulating Sleeve

. Power Terminal Ring (copper)
. Power Terminal pole (¢copper) s L
. Voltage and T.C. Leads outlet -
. Step (Derlin} ' : =

«

o - N BN R

- Figure 2.1: Assembly details of the cylinder, step, and pSwet terminal bar in
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d,in. | do,mm | d&i,mm | L.mm

0.5 12.7 10.9 162
1.0 25.4 20.6 389
2.0 50.3 44.7 1016

Table 2.1: Measurements of the test cylinders

closely spaced probes in the neighborhood of the points of maximum heat
transfer and within the recirculation region. According to the new design,
up to twenty five pairs of Copper-Constantan thermocouples (T-type), with
a gauge size of 30, were installed along the inner wall periphery of the test

cylinders.

The test assemblies were positioned in the wind tunnel, with the line of -

the thermocouples upward, using two kinds of supporting fixtures; one rigid
and fixed for the downstream and the other free and adjustable at the up-
stream.

The rigid support is a modified steel “I” beam, having the weight reduced
by boring holes in the web.

For the upstream supporting fixture, the finest available commercial gui-
tar string, type PL007, made of plain steel with a diameter of 0.18mm was

used. One pair of guitar headsets, fixed on a bracket, is installed on both

corners of the outer roof of the wind tunnel to control the equilateral tension

in the string. Figure 2.2 shows the test assembly inside the wind tunnel.
The supporting string, passing around the neck of the test assembly, was

embedded in 2 very tiny groove existing between the cylinder and the step,
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d(in) | 0.5 1 | 2

probes | X(in.) | X(in.) | X(in.)
1 0.5 0.5 0.5
2 1 1
3 25 1.5 2
4 3 2 2.5
5 3.5 2.5
6 4 3
7 5 35 4.5
8 6 4 5
9 8 4.5 3.5
10 15 5 6
11 25 5.5 6.5
12 30 6 7
13 7 8
14 7.5 10
15 8 12
16 9 16
17 10 20
18 11 25
19 12 30
20 15 35
21 16 40
22 20
23 25
24 30
25 35

Table 2.2: The configuration of thermocoupie probes along the wall of thé
cylinders
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and attached to the rear face of the step, and was equally tightened, from,
both sides, to the roof of the wind tunnel.

The variation of Revnolds number, based on the diameter of the string,
for the range of free stream velocity in the experiments, i.e. I = 5 to 30m/s.
is calculated to be in the range 50 to 300. This range, according to the chart
of the Strouhal number (5,_-}-’-) versus the Reynolds number for flow past a
circular cylinder (Jones, 1968}, corresponds to a maximum vortex shedding

frequency of about 33,000 H=.

2.2 Instrumentation and Data Acquisition

The data acquisition system used in the study consists of a Hewlett-Packard
(HP) desk top computer with four other HP instruments: HP 3455A digital
Voltmeter, HP 3495A Scanner, HP 7245A Printer/Plotter, and HP 98035
Real Time Clock. Figure 2.3 details the set up of experiment and®instrumen-
tation. ‘

The svstem was set up to analyze the signals received from the measur-
ing instruments, and to cdcﬂate the required data via a computer program,

Program E.1, written in the BASIC language for the HP machine system.

2.2.1 Measurement of Velocity

The pressure signal from the pitot static-tube was measured with two MKS
Baraton pressure transducers, which have full scale pressure heads of 133.4pa

(1T orr), and 1.334kPa (10T orr) respectively with a resolution of not more
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than 0.1% at full scale. An alcohol-filled inclined micromanometer has been
used to obtain the calibration factor of each pressure trans ucer by means
of a plot of readings from the pressure transducer versus measured velocities
from manometer.

The pitot-static tube has been installed in alignment with the test cylin-
ders, axially slightly farther upstream of the step and vertically halfway be-
tween the roof of the wind tunnel (20cm below) and the test cylinder (24cm
above), which could be seen from Figure 2.2.

In addition, in the present wind tunnel, the fluctuation of velocity at

U = 36 m/s was measured (Maillet and Tjan, 1975) to be 7%.

2.2.2 Measurement of Temperatures

As it was explained before, the longitudinal temperature distributions on
the wall of cylinder were measured by installing thermocouple wires along
its inner wall periphery. The probes were chosen from #30 AWG, “T™ type
(copper-constantan) thermocouple wire which has a diameter of 0.0030 in. .

A terminal strip bar, installed outside the wind tunnel, facilitates the
transmission of the thermocouple voltage to the scanner through #20 AWG
copper wires (Figure 2.3). The thermocouple and copper wires were manu-
factured by Honeywell and were enamel-cotton insulated.

All pairs of thermocouple wires were soft soldered flush with the surface
of cylinder. Figure 2.4 shows the method used in installation of the ther-‘
mocouple wires. The thermocouple leads were then pulled threugh the inner

space between the copper power terminal bar and the heating tube (cylinder)--*
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to the outside. The outlet of the leads is shown in Figure 2.1 .

The spacing between the adjacent couples was smallest near the upstream
end of the cylinder, where the separation bubbles exist; the details are tab-
ulated in Table 2.2 .

Due to the high level of friction between the wires .. the time of pulling
them through the small inner space, which may cause damage or breakage,
the number of wires in each cylinder is very Limited. This did not allow a
more closely spaced installation of probes in the wall of cylinder.

The axisymmetry of the temperature distribution has been verified on the
formerly used test cylinders, by three pairs of probes radially affixed —120°
apart from each other— at the same axial station. The verification has been
confirmed, as will be discussed later, in the course of flow visualization, too.

The free stream temperature was measured by a pair of thermocouple
wires, selected from the same type used for wall temperature distribution.
The wire was installed on the stem of the pitot-tube located upstream of the
step. The wire was then pulled out of the roof of wind tunnel to the data
acquisition system.

The uncertainty of the temperature reading, for the working range of 20

to 40°C in the present study, is estimated at =0.8°C (Omega, 1985).

2.2.3 Heat Flux

The stainless steel wall of the test cylinder acts as a resistance heating ele-
ment. Because of the requirement for a high electric current, the powér to

the test cylinders was supplied via two “AC” transformers in series. The
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Figure 2.2: Schematic of the test assembly inside the test section of the wind

tunnel, held by a rigid support and guitar string

primary was fed by a manually controlled 0 to 240 Volt autotransformer.

The electric current used for calculation of the dissipated power, as is
shown on Figure 2.3, was measured by a loop current transformer, hooked
around the outlet of the second transformer, and 2 multirange ammeter.

In addition, the voltage drop between the first and last probes on the
test cylinder were measured by an extra pair of copper wires connected to
the first and last contacts on the terminal bar. The wires are sketched by
dashed-lines in figure 2.3 . The measured voltage drop (v) along with the

current reading (i) will be used for the heat ux (g = v1) calculation.
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Chapter 3

Experimental Procedure

The experiment has been performed for seven geometric cases, defined by
the three test cylinders with diameters of 0.5, 1, and 2 inches along with the
five steps of diameters 2, 2.5, 3, 4, and 5 inches. The set up is presented in
Table 5.2 . Each of the above seven cases was in turn executed at sixteen
velocities ranging from 5 to 30 m/s.

The output data is retyped into the mainframe computer (CMS) for fur-
ther processing using the “Fortran (Watfor?7)” compiler. The data and
calculated results are tabulated in Appendix A.

The alignment of the test assembly (cylinder-step), with respect to the

main air flow was checked using a surveying level and a 3-hole yaw tube.
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3.1 Commissioning of the Experimental

Apparatus

A program, listed in Appendix E, has been compiled which issues instruction
commands at each step to let the user proceed with the experiment. The
processing of the experimental data, typed by the user, leads to the comput-
ing of heat transfer parameters and axial temperature distributions.

At the initial step, the typed-in temperature(°C) and pressure (mm Hg)
of the lab, read respectively from a mercury-filled thermnometer and barom-
eter, are used by the data acquisition system to compute density (p) and
viscosity () of the air. The relation for perfect gas (p = P/RT) has been
applied to obtain p; ut was intecpolated from available tables of air properties.

In addition, a similar proé;am had earlier been used to calibrate the pres-
sure transducer against an alcohol-filled micromanometer, at different speeds

of the wind tunnel.

3.2 Measurement of Velocity

Before proceeding to the velocity measurement, the pressure taps of the pitot-

tube are connected to eit™er the low or the high pressure transducer, depend-
ing on whether the velocity is less or more than 15 m/s.

A zero reading adjustment of the pressure transducer in still air must be
performed before each turning-on of the wind tunnel, for which the instruc-

tion is issued by the data acquisition system. Up to one hour of idle running
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order 1 2 3 4 5 6 T 8
velocity(m/s) | 15(A) | 20 | 25 [30(A) | 12.5 | 10 | 7.5(A) 5_

order_ 9 10 —11— 12 13 | 14 15 -1?
velocity(m/s) | 30(B) | 27.5 | 22.5 | 17.5 |15(B) | 8.7 7.5(B) | 6

Table 3.1: Example of the velocity change order, case of d =27, $=1"
N.B.: (A) and (B) denote respectively the first and second trials in each of

the three velocity cases of 7.5, 15, and 30m/s

of the wind tunnel is required to attain a steady state at the desired velocity,
with an uncertainty of £0.3 m/s.

For each of the seven geometric cases (Table 5.2) of the study, a simi-
lar set of sixteen velocities, varying between 5 to 30m/s, have been tried:
the trials for U = 30, 15, and 7.5m/s were repeated in order to verify their

reproducibility.

3.3 Measurement of Wall Temperature
Distribution

A similar procedure to that which has been accomplished to achieve a steady
state upstream velocity was followed for the desired level of steady state
temperature on the surface of the cylinder, by adjusting the current from
the primary transformer. The transformer was regulated to maintain the
difference between the temperatures of free stream and surface below 20°C.

A fluctvation amount of £0.05°C was considered sufficient as a criterion for
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the steady state condition of temperature distribution. The fluctuation is
the difference between two consecutive temperature readings of each axial
point on the wall of cylinder.

The read-out current was entered in the data acquisition system, and the
“AC” voltage difference between the first and last probes was measured to
calculate the surface heat flux (g = v 7).

The recorded date and time on top of everv data table indicates that
each of the two repeated or successive Qe]ocity cases have not been executed
sequentially, in order to avoid a time lag in the steady state of temperature
gradient. It was noticed that whenever the velocity is changed slightly to
the next step, due to a time lag, an excessive period of time iIs required to
attain the steady state of temperature gradient. The problem is resolved if
a bigger velocity step change be selected in both increasing and decreasing
directions. As a sample, Table 3.1 shows the order of velocity change for the

caseof d=2", S=1"."

3.4 Flow Visualization

A new surface-streamline technique, proposed by Langston and Boyle (1982)
for a low-speed wind tunnel, was used to detect the point of reattachment.
The technique provides permanent traces of ink which show the direction and
shape of the surface streamlines of the flow. The technique has been chosen
from among different conventional options, such as tuft probes and oil-dye
mixtures painted on the surface, to get a recorded surface-flow direction and

surface-streamline pattern. However, the more sophisticated devices such as
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thermal tuft or pulsed wall probes, described in Subsection 1.2.3 “Distinc-
tion Between - - -7, are not commercially available for use on a curved surface.

Although the technique was extensively described and discussed by Langston
and Boyle (1982} who developed the method, the steps specific to the present
experiment, and the comments and observation resulted from the study, are
mentioned here and also in Chapter 5 “Results and Discussion”.

The test assembly was equipped with a strip of transparent film of 0.1 mmm
thickness and of adequate length to cover fully the cyvlinder from the leading
edge up to beyond the point of maximum heat transfer and to the inside of
the redeveloping boundary layer. The lateral edges of the film form an axial
flush-seam line on the bottom of cylinder.

The film strip was affixed to the surface of the cylinder by using double-
sided tape of 0.15 mm thickness. The film was fully grid-dotted by a black
color, permanent-ink, felt-tipped pen (Staedtler Lumocolor 615). The dots
were placed on the film 0.25 in. apart from each other in the vicinity of the
reattachment point and .5 in. for the rest.

In the next step, oil of wintergreen was applied and the quick-release win-
dow on the test section of the wind tunnel was replaced. The same steps,
which were explained in the former section under “Commissioning of the

Experimental Apparatus”, were repeated to attain the desired velocity.
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Chapter 4

Data Reduction

Using the outputs of the data acquisition system, containing information such
as the wall temperature distribution, magnitudes of flow and heat transfer
parameters, the data files were set up, in the mainframe computer system
(CMS), at the University of Ottawa. The files in turn were processed using
Fortran programs run by the Watfor77 compiler. Samples of files and pro-
grams are documented in Appendix E . 3
Moreover, the output tables have the necessary input commands in order
to be read by a word processor, Latex, and to generate a quality output of

the complete set of result tables, as are found in Appendix A.

4.1 Cylinder-Step Case Study

The data tables for all of the seven geometric cases were regrouped, based on
each of the three parameters d, D, and 5, as is evident from the Table 5.2 . .
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Each group was processed by a Fortran program. The outputs were used for
the case study on the effect of each parameter. The reguired graphs were

produced by using the graphics software Disspla.

4.2 Axial Conduction Heat Transfer Rate

To take account of all of the three modes of heat transfer in computing the
local heat transier coefficient (2}, Kim et al. (1990) have used the following

equation:
a -+ (R. )b

b= Z—Eie
t—T

— (P + Tt +T) (4.1)

Based on the assumption of one-dimensional axial heat conduction, the equa-
tion was obtained from an energy balance made on the element of the test

cvlinder as follows:

q- = q-mrcction + q‘mdueu’on + q‘rcdﬂ:!l'on (4.2)

¢g= h (T —1t)~ Lbj’,

It is needed to recall that the radiation term with respect to the range of

eo(tt — T%) (4.3)

temperature in the present study is negligible.

In addition, based on the assumption of a thin wall cylinder, the radial
heat conduction was ignored. Moreover, the term kb%’} presents the net
axial conduction.

To compute the axial conduction heat transfer rate on the wall of the
cylinder, and consequently the coefficient of heat transfer (k) for each of the
seven cases, a discretization approach }\35 applied. Equation 4.2 (Patankar,

-
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Figure 4.1: Scheme of the one dimensional non-equally spaced grid points

1980) is proposed as a model for the non-equally spaced configuration of
thermocouples in the present study. Figure 4.1 depicts the schematic of the
problem for the axial distribution of three neighbouring temperature nodes
on the wall of cylinder.

& T 2 Tg—-Tp Tp-Ty

& Gt e 6o, T @l ) (44)

To allow the start up of the numerical computation, the temperzture of the
free stream was initiated as the virtual first node, due to lack of a probe at the
corner of cylinder and step. Therefore, for the first node on the upstream
of cylinder, the computed value of th~ axial conduction rate (kbg), and
consequently, the calculated ma.gnitude:s-'"of the heat transfer parameters may
be considered illegitimate. Thus, the related blocks in the first row of the
Tables A.l to A.112 were left blank. '

4.3 Local Heat Transfer Parameters

The local heat transfer coefficient (k) is deduced from Equation 4.1 . The
surface heat flux is directly calculated by the data acquisition system: |

v

wd L

g= (4.5)

B :
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Moreover, the dimensionless parameters for the heat transfer rate were
defined as follows:

h

St = pCpU

(4.6)

N Usg = E (4.7)
kg

. hd
J\’ud = — (48)
kg
The uncertainty of each parameter, as is documented in Appendix C, was

calculated to be about 17%.

kbEE

q

Cond% = (4.9)

This relation is used to calculate the ratio of the axial conduction heat to
the total heat flux. Regarding the level of temperature variation, 20 °C, in
the present set of experiments, for the above-mentioned equations and other
calculations, the parameters Cp, k¢, and &, were assumed constant; thus, the
first two, C; and k;, have directly been extracted from the standard tables of
air, and the last was inquired from the merchant hof Atlas steel in Montreal,
Russel Drummond (514-747-9881). For all of the 300 series stainless steels
K = 17.3 2 . However, other parameters, like p.i-, pg, 2nd v, as is evident
from Appendix E (Proéram E.1), have been extrapolated from corresponding

standard tables at room temperature, using the data acquisition system.
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4.4 Correlation of Peak Heat Transfer Rafe

In quest of an optimum correlation for the peak heat transfer rate, a subrou-
tine for linear regression using the least squares method was created. Based
on the existing correlated equations in the literature, and calculating the re-
gression factor as a scale for evaluation, a trial and correction approach has
been attempted to obtain the best fit relation for Nus with respect to £ and
Res.

Furthermore, the correlation equations for each of the seven geometric
cases were listed at the top of each page in Tables A.113 to A.119, to facili-
tate comparing them to each other and to the overall equation as well. The

precision of exponents in the correlation equations was determined to be of

N A~ This index
of uncertaiaty (I} was suggested by Richardson (1962).

two significant numbers of figure, using I =

¥

2

3
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Chapter 5

Results and Discussion

The set of data and resuits of the present experiment are tabula.tefi in Ap-
pendix A. The set is divided into three groups, starting with 112 tables for all
of the 7 cylinder-step cases, each reproduced for 16 different velocity tables.
The second group summarizes the data and results for the point of the peak
heat transfer rate in seven case tables, and finally, Appendix A is terminated
with the records of observation from the separate set of experiments for fiow
visualization. ' )
Although a summarized survey of the studies of some other f&sea.rchers '
have been cited in Chapter 1, under the section “Background Study”, at- ‘
tempts towards comparing their diversified numerical results with those of the
presgnt study, due to difference in the geometry of fow or wall, led_ nowhere.
The flow geometries of the reviewed cases were found ﬁon-a.pplica.i)lé to the
present study. - Furthermore, no paper was found studying the effect of step

change on heat.transfer in an external flow.
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However, the lack of a theoretical solution of fluid flow within the sep-
aration region and in the reattachment point restricts the description and
interpretation of the heat transfer at the solid boundaries.

It is also known that the parameters which characterize the downstream
flow in the separation region are quite numerous. These parameters affect
the energy exchange between the solid boundary and flow, and have already

been specified in Section 1.2.3 .

5.1 General Features and Classification

For all of the seven step-cylinder geometry cases, a fairly good agreement

among the results has been noticed with respect to each other. Note that

the normalized magnitudes of the heat transfer paramcters 2= B e
St

and 7=— are equal to each other and to E’:: . Figure B.7 shows the results

for the three cylinders, each in seven velocity trials.

Generaily, as docurnented in Appendix B, all graphs of the heat transfer
versus a normalized length scale display features similar to all of the other
works that were discussed in the literature review of Chapter 1.

A short length, corner located region in numerical results of heat transfer
and fluid parameters was noticed by other researchers on external (Vogel
and Eaton, 1985) and internal flows (Baughn et al., 1984). The region is
characterized by having a decreasing heat transfer rate. The feature suggests
the presence of a counter-rotating eddy trapped in the corner, beneath the
larger and more active recirculating flow region. However, in the present

_study the number of thermal probes in the region is not sufficient to detect
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41 x 108 < Res < .11 x 108
.41 % 10% < Req < .99 x 10°

41 % 10° < Re sepcrasion region < -30 x 108

-20 X 107 < Re_-:-.rcdmlo?ing region < -20 x 109

Table 5.1: Variation of Reynolds numbers based on different Length Scales

this phenomenon.

Apart from the short, corner-located region of counter-rotating eddies, the
heat transfer rate undergoes « steep monotonic rise, and immediately after a
monotonic fall, then tends to“';'ds a constant magnitude. The “peak” of this
commonly observed rise and fall infers the point of mazimum heat transfer.
The point may approximately signify a2 boundary between the separation
boundary layer and the redeveloping one. -

The decrease of heat transfer rate:in the redeveloping boundary layer
indicates a reduction in diffusion of turbulent kinetic energy produced at’
the wall, and re-development of t’.he boundary layer may hypothetically be
assumed to be coincident\‘%'ith the fall in heat transfer. This smooths out at .
5 to 6 times 22 away from the X ...

For all experiments, the variation of Reynolds numbers, based on the

upstream velocity ranging between 5.4 to 30 m/s, is calculated in Table 5.1 .
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Case Study cyvlinder/step size

While S=1" | d=10.5".1", and 2"
While D=4"| d=0.5", 1", and 2"
Whiled=1" | D=2", 3", 4", and 5"

Table 5.2: Categories of Study based on Cylinder-Step Configuration

5.2 Effect of Each Single Geometric

Parameter

Combining the result tables, produced from all of the seven cylinder-step

configurations, leads to three cases with respect to involvement of the three -

different geometry parameters. The categorization, as is evident from the :

itemized list in Table 5.2, is set up based on varying one of the wall geometric
parameters, each time, while the others were kept unchanging. However, no
test bas been tried to examine the effect of change in the apex angle of the
nose of the obstruction on the downstream flow, which has been identified
by Ota and Kon (1979). This has already been discussed in Section 1.2.3

“Distinction between ---".

5.2.1 Effect of Transverse Convex Curvature

The plots of the Nusselt number(/Nus) versus the normalized axial length of
the cylinder(X/D and X/S), as shown in Figures B.1 and B.2, depict the
effect. of transverse convex curvature on heat transfer and the reattachment

length for the two cases of fixed step diameter (D = 4 in.) and fixed step
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height {§ =1 in.) 2t different velocities.

Effect of Transverse Convex Curvature on Heat Transfer

The present results are qualitatively in agreement with those of the previ-
ous experimental and theoretical studies on the transverse convex curvature
(TVC) effect (Lee et 2al., 1993; Kim et 2., 1920).

It is seen that the heat transfer rate at a given Reynolds number, and
for the cases of both fixed step height and fixed step diameter, decreases as
the diameter of the cylinder increases. The reason may be found in the fact
that a decrease in curvature is a tendency towards the flat plate, or in other
words, a transition from a case of axisymmetric geometry down to that of a
two dimensional. In such a geometry shift towards a {lat plate, at a given
distance from the wall, the bulk of the working flow exposed to the surface
area of the wall reduces as the radius of curvature increases. This may lead
to a reduction in heat removed by the flow from the wall. ‘-

While the trend of the results in terms of the effect of TVC on heat
transfer was féand similar to that of Kim et al. (1990), no attempt has been
made to compare the two results. Note that the streamlined-face circular
cylinder without step (case of Kim et al., 1990) merely develops 2 unique
boundary layer with a rather short length separation bubble which may be
. ignored. This implies a qualitatively different flow pattern on a stepless cylin-
der compared to the present study (I':igure 5.1). In addition, the caleulation
of the heat transfer pax;meters based on the step size (5) makes it impossible
to compare the present study with any stepless case, for both streamlined
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2) Cylinder with a step

,//——— /—-\/—-*

iv\_j]
b) Stepless, Streamlined-face cylinder ©) Stepless, blunt-face cylinder

Figure 5.1: Flow separation and boundary lavers in different cylinder-step

geometries

and blunt face cylinders.

The non-applicability of the step size as a heat transfer scale parameter
to the stepless circular cylinders —where S = 0— may encourage switching
from S to a fraction of ihe more un‘versal parameter D (the diameter of

step), such as %-. Note that in a steﬁless cylinder D =d.

Effect of Transverse Convex Curvature on Loci of Maximum Heat

Transfer (X;n.-) and Reattachment {X,)

No effect of transverse convex curvature on the reattachment Iéngth was
discovered. As will be discussed in Section 5.2 “Points of Reattachment ...”,
for the present study, the points of reattachment and maximum heat transfer
may be assumed coincident, within an uncertainty of 0.5 in. . According to
Figure B.2, at a constant upstream velocity where the step height is fixed
(5§ =1"), the length of the separation bubble increases when the diameters

of cylinder (d), and step (D) concurrently increase. To distinguish the role

] . a
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of each parameter from the o*her, Figure B.1 can be consulted too, where
the diameter of cylinder i‘s changing at a constant D. The point of maxirnum
heat transfer :c;ccurs at about 1.25 D from the step, in all cases. This graph
demonstrates that convex curvature has no effect the location of the point
of maximum heat transfer, at least for the present set of experiments. Note
that the change in step size ($) results from the change in d at constant step
diameter. Obviously a constant curvature at the edge of the step (constant
step diameter) implies on an unchanging state of the upstream separating

flow in all cases.

5.2.2 Effects of Height and Diameter of the Step

Varying the step height, in four sizes, in increments of 0.5¢n. has been used
for the case a of one inch diameter cylinder. Variation has been tried for
S =05 in. up to § = 2 in., and Figure B.3 is used to see how the heat
transfer rate is changing. The plot of (Nus) at the fixed step diameter
(D = 4in.) in Figure B.1 may also help to see how the change in step size
influences the heat transfer rate.

The tren _T}\b\qth cases of the step height change and the step diameter

change has been seen ic-be-alike, but different from that of convex curvature
change. An increase of either one unit step size (§) or two units step diameter
{D) has an equal effect on augmentation of the peak heat transfer rate and
overall heat transfer along the test cylinder.

=" In spite of a concurrent arithmetic equation of d = D — 25 among the

three geometric parameters, it is not clear in which of the three parameters
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the change has mere impact on heat transfer rate. Nevertheless, Figure B.2
depicts the case where D increases according to an arithmetic progression,
but d to a geometric one; the heat transfer changes in opposite to the trend
of increasing D and in favour of the variation in d, i.e., decreases with the

growth of d.

5.2.3 Effects of Aspect Ratio (D/d)

The plot of the Nugma- versus D/d in Figure B.4 reveals a linear inter-
relation.

However, there is a.mbiguit_vih extrapolation of the graphsto D/d <1 and
D/d = co. The case of a flow approaching a streamlined (with no separation)
or blunt face circular cylinder corresponds to D/d = 1, and separated flow
leaving the trailing edge of 2 circular blunt base corresponds to D/d = oo,

where no solid surface may be imagined on which flow reattaches.

5.3 Entrainment and Correlation of the

Effective Parameters

The plot of Nugmaer versus Kes in Figure B.5 displays a consistent power
correlation between the two parameters, as was the case in all of the articles
reviewed and referred in Chapter 1.

As a first attempt at finding 2 correlation, a linear regression for Nug mez
versus Reg and Nugm,- versus Res was computed for each of the seven cases.

For every case, the correlated pair of equations is listed atop each of the
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Tables A.113 to A.119 . The resulting equations are in a relative agreement
with each other, and with those of the literature (Krall and Sparrow, 1566;-
Ota and Kon, 1977, 1974). The power of Res varies between 0.61 and 0.69 .
For finding the power of Res, the results suggest trial and error in the vicinity
of 2/3.

To carry out the process, a subroutine for the least squares method was
compiled, which also computes the regression factor, f. The absolute value
of f from the worst to the best fit condition varies from 0 to 1.

A minute examination of different powers for Res, from +0.3 to 0.8,
and for d/D, from +0.1 to £0.4, was concurrently tried in order to settle on

the best fit regression. The process was terminated with:
,b\,".
=

Nugmar = 0.12 Re2% (%)-0-20 (5.1)

-

Th::"'c;rrespondence between each pair of the parameters is demonstrated in
Figure B.6 , by the plots of Nugm.. versus Reg, Nugpma:(d/ D)% versus
Res, and Nugpor(d/ D)% versus Re2®. In addition, the precision of expo-
nents in the correlation equation was justiﬁed to two significant numbers, as
was discussed in Section 4.4 “Correlation bf -

Regarding the behaviour discussed for the flow geometry in the limiting

cases of Dfd =1 and Dfd = cc, in Section 5.2.3 “Effects of Aspect Ratio”,

an upper and lower limit for D/d of a backward-facing step flow could be

predicted, where the correlation is no more valid.
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5.4 Flow Visualization

5.4.1 Application of the Technique

The application of the new technique of surface-streamline flow visualiza-
tion, a sample of which is shown in Figure B.8, was partially successful in
obt.a.iﬁing a qualitative Interpretation on the state of the fiow close to the
wall surface.

The execution of the experiment on an unheated wall, according to Ota
and Kon (1977), is not a matter . { concern, as they verified the similarity of
the flow characteristics under heated and unheated wall'onditions.

After applying the oil and turning on the wind tunnel, the oil-ink solution
started to splash and to leave spontaneous and non-s:teady streaklines. The
streaklines became stabilized and identical with wall streamlines, after the
wind tunnel velocity was adjusted and reached the steady state. To show
that this was the case and that the transient flow at the wind tunnel start
up stage does not affect the steady state flow visualization picture, Langston
et al. {1979) used an ink injection method as a check. |

In any event, although the dots are not protuberances, but smooth to the
touch, they are dissolved in the sprayed oil on the wall surface. Due to fric-
tional forces, the air stream carries the oil with it, and the remaining streaky
deposit of the pigment gives information on the direction of flow. However, a
question arises as to the interpretation and reliability of these observations,
because the presence of the oil film affects the boundary conditions for the air
flow near the solid wall. Squire (1962) has developed an equation for the slow
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viscous motion of the oil flow pattern, according to which the velocities of
air and oil at the oil-air interface are equal to each other and are very small.
Therefore, the boundary conditions are not changed too much compared to
the situation if no oil were there.

Furthermore, the edges of the drafting film (0.1lmm thickness) do not
disturb the flow. The upstream edge was secured under the step and has
no contact with flow. The downstream edge is located well beyond the reat-
tachment area to avoid any change in flow within the reattaching boundary
layer.

For some cases of the flow, and in the course of advancing the experiment
and gaining experience, it was possible to spot the counter-rotating eddy
region on the upstream portion of the film. However, attempts to evaluate
the axisymmetry of the flow, through observing circumferentially uniform
streaklines, was not always possible for all of the grid dots, due to the fact
that the gravity force of the ink solution was larger than the shear force of
the air flow.

The problems encountered in the experiment are the low shear stress in
the low speed velocity cases, which makes difficult the mechanical interaction
between the oil-ink solution and the flow, the effect of gravity on the direc-
tion of the streaklines, the tedious work of applying sufficiently thick ink on
the film.

A slight physical change in the plasticity of the polyester film towards
brittleness was noticed, with kinking on the longitudinal edges, due proba-
bly to its reaction with the oil of wintergreen (Methyl salicylate). The change
sometimes caused splitting of the mat at the time of detaching it from the
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wall. To reduce breakage, the use of thin rubber bands, available in sta-
tionery stores, is recommended instead of double-sided adhesive tape.
Although the wind tunnel was kept running, it has often took a consid-
erable amount of time to let the oily streaklines on the film dry. installing 2
flexible glove on the wall of the test section, through which one can approach
the test assembly with an injector or sprayer, may facilitate the appropri-
ate application of less oil. The remedy will also reduce the deterioration of
plasticity in the polyvester, since the plastic mat would be exposed to a less

harmful solution, within a shorter time period.

5.4.2 Points of Reattachment (X;) and

Maximum Heat Transfer (X,..)

As stated previously, the test for the determination of the point of reattach-
ment (X,.) has been carried out separately, on an unheated wall cylinder at
room temperature, by using the flow visualization technique described. The
results have been tabulated in Appendix A, Table A.120 to A.126, along with
the values for Xpmez- R

For all cases of the experiment, within an uncertainty of 0.3 in., X, has
been found to be equal to X,,... Sparrow et al. (1987), however, in an
attempt to investigate the relation between the locations of reattachment
and maximum heat transfer points, have found that for: the case of flow
where X, = Xn.a-, the separation bubble has a medium length. They have
also categorized long and short length separation bubbles with respect.ivély
Xy > Xmez, and X, < Xroz.
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Figure 5.2: Dependence of the reattachment length on the state of the sepa-

ration boundary layer (Eatonr and Johnstonr, 1981)

In examining the results, as are presented in Tables A.120 to A.126, no
orderly relation was observed between the growth of either 5/d or D/d and
the change in X; or Xnez. For the same values of 5/d or D/d, but different
cylinder diameters (d), there are conflicting results in the values of X, or
Xmaz- In the other words, no correlation could be discovered, in the present
study, for X; or Xme: with respect to any parameters of wall geometry or
flow. Moreover, the other researchers, in their literature reviews (Eaton and
thnston, 1981; Fletcher et al., 1974), have explicitly mentioned the exis-
tence of this seeming inconsistency.

The variance in reattachment length is connected to many parameters,
mainly from the upstream flow field, yet to be formulated. Recall that Eaton
and Johnston (1981) have listed five principal independent system param-
eters: The state and the thickness of the boundary layer at the separation
edge, the free stream turbulence, the streamwise i)r&ssure gradient, and

the aspect ratio of the flow apparatus. :

48



Figure 3.2 depicts the :zattachment length as a function of the state of the
upstream separating flow. By using Figure 5.2, the nonorderly variations of
the present resultis may be referred to the change in the momentum thickness
Reynolds number of the separating Sow 2t the edge of the step, due to the
change in the step diameter.

In the present study, by increase of upstream velocity, within the range
of 7.5 to 30 m/s, and in all cases of the present experiment, the loci of X,
and Xno- mmove slightly upstream (their lengths become shorter), which is

opposite to the conclusion of Sparrow et al. (1987), who showed a direct

dependence of both points on Re when Re < 30,000, and their invariance

when Re < 30,000. The reason for this paradox may be found in the study
of Eaton and Johnston (1981}, according to which, as is shown in Figure 5.2,
the reattachment length X, grows steeply with an increase in the Reynolds
number of the laminar upstream flow, and then slightly decreases at the
shift into transition flow. The flow apparently becomes independent of the

Revnolds number when the separation boundary layer is fully turbulent.

5.5 Axial Conduction Heat Transfer

Although it was not aimed to study the results of computation for conduc-
tion heat transfer, a tentative analysis of some aspects, using the figures in
the last column of the Tables A.1 to A.120, will be tried.

The axial temperature gradient on the wall of cylinder implies the exis-
tence of axial heat conduction. The conduction is considered to be a source
of deviation from a pure convection; it also causes a non-uniform heat flux on

&
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the sarface of cylinder. However, there are questions arsixg from the effect
of nom-uniform heat fiux caused by non-uniform temperat 1 distribution or
axial eonduction on the wall of cylinder.

It may be presumed that axial conduction violates the wniformity of the
distributed heat flux on the wall of cylinder. In reviewing; the experimentai
results of nurnerous researches on heat transfer in separated fows, Richardson
(1963} examined the fependence of the heat transfer raterapon the Reynolds
number and other relevant factors, and found no signiicaat difference be-
tween the cases in which the surface under separated flow was isothermal
and those in which it was not. Furthermore, in an expexrmental study on
non-mothermally heated cylinder and weighing the result s against the pre-
dicted results for the isothermally heated cylinders, Eich hurn et al. (195S)
have presented a close agreement between the two cases.

Therefore, it may be concluded that the present stud~x does not lose its

generlity due to the non-uniformity of temperature distib>wtion or heat flux.

oy

d
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Chapter 6

Conclusion

— T e

Axisymmetric and incompressible separa.ted reattached, and redeveloped
turbulent flows were passed longltudmallv over different constantly heated
cvlmders equlpped with various ellipsoidal-nose backward steps. The heat
transfer rate was calculated through the axial temperature distribution on
the cylinder, measured by thermocouples. The axial conduction heat transfer
‘was numerically computed. A surface-streamline flow visualization t.echniqﬁe
was applied to detect the point of reattachment.

Based on the i)r&sent ekberimenta.l study, the following conciuding re-

marks may be drawn:

1. The backward-facing flow pattern on a solid wall is usually composed of
two qualitatively different boundary layers separated from each other

at the reattachment point:

1 The first, known as the “separation bubble” or “recirculation

region”, stretches from the edge of the step, where it breaks
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away, up to the point where it reattaches on the wall of the

cylinder.

ii The second one hereafter redevelops, and covers a relatively

longer length of the wall.

The convective heat transfer in the recirculating region grows steeply
to its maximum in the vicinity of the reattachment point, and then,

after a sharp fall, smooths down to 2 fully developed magnitude.

A st.rdng similarity was observed, in relation to the heat transfer pa-

rameters, amoag the different cases of the present study.

The effect of the transverse conver curvature on heat transfer for the

axial turbulent flow was verified.

i The study confirms that the Nusselt number increases as
the value of the cylinder diameter decreases, under any step-

cylinder diameter ratio.

it The transverse coavex curvature has no effect on the reat-

tachment length.

. In contrast with the transverse curvature effect, an increase in height or

diameter of the step enhances the heat transfer, yet it has been noticed
that the effect of diameter of the cylinder, i.e., convex curvature, is
more pronounced than that of the step, where the diameters of both

were increased.
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5. A growth in step diameter slightly elongates the reattachment length,

for the range of upstream velocity in the present experiment.

6. A surface-streamline flow visualization technique was used to locate the

point of reattachment.

i

it

1i1

iv

For the limited cases of the present study, designed for inves-
tigating the heat transfer characteristics, the results of the
flow visualization test are insufficient for finding a correlation
between the points of reattachment (X;) and maximum heat

transfer (Xm.-) with respect to S, D, and d.

For the set of present experiments X, and X,.. almost co-

incide, within an uncertainty of 0.5in..

Both points, nevertheless, move upstream, i.e., the length
of the separation bubble shrinks, as a result of an upstream

velocity increase from 7.5 to 30m/s.

As a conclusion, just as shown in Figure 5.2, and inasmuch
as refers to the literature review, the reattachment length is

dependent on the state of the separating boundary layer

7. A correlation among Nusmez, dfD, and Regs has been developed as

follows:

Ar:us.mn: = 0.12 Re3® (%)—0.2:;

~

(6.1)
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Appendix A

Tables of Data and Results

A.a Overall Data and Results for A1l of the
7 Cases
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A.a-i Data and Results for 0.5" cylinder in Different
Velocities; S =1"
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Case:.Stwa-30a Date and time of experiment: Oct.24,1992, 22:15

[Fo[X(em) [TCC)| b | St | Nus | Nug | condw]

1 | 1.27 | 363 T

2 | 254 | 36.1 | 140. | .391E-02 | .137E+03 | .683E<02 | 2.48
3 | 6.35 | 325 | 206.| .576E-02 | 201E+03 | .101E+03 | 2.20
4 | 7.62 | 323 | 2I5. | .60"7-02 | .210E+03 | .105E+03 | 3.35 | Xmac
5 | 8.8 | 327 | 202. | .565E-02 | .197TE+03 | .986E+02 | 2.08
6 | 10.16 | 33.6 | 180. | .565E-02 } .176E+03 | .881E+02 | 0.05
7 | 12.70 | 354 | 152.| .425E-02 | .148E+03 | .T42E+02 | 0.45
8 | 15.24 | :36.8 | 136. | .381E-02 | .133E+03 | .665E-+02 | 0.41
9 | 2032 | 38.5 | 121.| .338E-02 | .118E-+03 | .590E+02 | 0.14
10 | 38.10 | 40.6 | 105. | .295E-02 | .103E+03 | .515E+02 | 0.03
11 | 63.50 | 41.3 | 101. | .284E-02 | .991E+02 | 496E+02 | 0.01
12 | 76.20 | 414 | 107. | .283E-02 | .988E+02 | .494E+02 [ 0.00

Table A.1: .5 in. cylindér with S=1 in; U = 30.1(m/s), T = 23.6(°C).
g = 1T91(W/m?), i = 58.0(4)

Case:.5twa-30b Date and time of experiment: Qct.25,1992, 01:15
[No[X(em) [TCO) [ b | St | Nus | Nuz Joond%|

1 | 1.27 | 364 _

2 2.54 36.3 | 139. | .390E-02 | .136E+03 | .681E+02 | 2.51

3 6.35 32.7 | 206. | .5T6E-02 | .201E+03 | .101E+03 [ 2.15

4 7.62 32.4 | 216. | .603E-02 | .211E+03 | .105E+03 | 3.35 Xmaz

5 8.89 32.8 | 204. | .570E-02 | .199E+03 | .995E+02 | 2.31

6 10.16 | 33.7 | 181. | .50TE-02 | .177TE+03 | .884E+02 | 0.02

7 12.70 | 35.5 | 153. | 427E-02 | .14SE+03 | .T45E+02 | 047

8 15.24 | 36.9 { 136. | .382E-02 | .133E+03 | .666E+02 | 0.41
9 ] 2032 | 386 | 121.]| .338E-02 | .118E+03 | .590E+02 | 0.15
10 { 38.10 | 40.7 | 106. | .296E-02 | .203E+03 | .516E+02 | 0.03
11 | 63.50 | 415 | 101. | .283E-02 { .990E-+02 | .495E+02 | 0.01
12 | 76.20 [ 41.5 [ 101. | .283E-02 { .986E+02 | .493E+02 | 0.00

Table A.2: 5 in. cylinder with S=1 in.; U = 30.1(m/s), T = 23.8(°C),
¢ = 1792(W/m?), 1 = 58.0(A)



Case:.5twa-27.5 Date and time of experiment: Qct.24,1992, 23:55

No. | X(em} | T(°C) | h St Nug Nug | cond% |
—_—

1 1.27 35.1

2 2.54 35.0 | 126. | .389E-02 | .123E+03 | .615E+02 | 2.63
3 6.35 31.7 | 185, j .569E-02 | .180E+03 | .S01E+02 | 237
4 7.62 31.4 | 191. | .591E-02 | .187E+03 | .935E+02 | 3.07 | Xmar
5 8.89 31.7 | 184. | .568E-02 | .180E+03 | .S99E-+02 | 2.74
6 10.16 | 32.5 | 164. | .506E-02 | .160E+03 | .801E+02 | 0.07
7 1270 | 34.1 | 139. | 428E-02 | .136E+03 | .678E+02 | 0.46
8§ 15.24 | 354 | 124.| .383E-02 | .121E+03 | .606E-+02 | 0435
9 | 2032 | 37.1 | 110.| .339E-02 | .107E+03 | .536E-02 | 0.16
10 | 38.10 } 39.1 95. | .294E-02 | .932B+-02 | 466E+02 | 0.04
il | 63.50 | 39.9 | 91. | .282E-02 | .893E+02 | 446E+02 | 0.01
12 | 7620 | 39.9 | 91. | .281E-02 | .891E+02 | 445E+02 | 0.00

Table A.3: .5 in. eylinder with S=1 in; U = 273(m/s), T = 23.3(°C),
q = 1312(W/m?}, ¢ = 53.3(A)

Case:.5twa-25 Date and time of experiment: Qct.24,1992, 23:35
TCO ] b ] St | Nus | Nuz | cond%]
1 | 127 | 35. B
2 2.54 35.1 | 118. | .399E-02 | .115E+03 | 5T6E+02 | 3.11
3 6.35 31.7 1§ 174. | .589E-02 | .170E+03 | .850E+02 | 2.46
4 7.62 314 | 182.]..616E-02 | .178E+03 | .889E+02 | 3.5%9 | Amar
5 8.89 31.8 | 174. | .588E-02 [ .1TOE+03 | .848E4-02 | 2.83
] 10.16 | 326 | 154. | .522E-02 | .151E+4-03 | .753E+02 | 0.04
{

1270 | 342 | 130. | 441E-02 | .127E+03 | .637E+02 | 047
1524 | 35.6 | 116. | .394E-02 | .114E+03 | .569E+02 | 045
20.32 | 37.3 | 102. | .347E-02 | .100E+03 | .500E-+02 | 0.18
10 | 38.10 | 39.5 | 89. | .300E-02 | .866E+02 | 433E+02 | 0.04
11.]| 63.50 | 40.2  85. | .286E-02 | .82TE-+02 | .413E402 | 0.01
12 | 76.20 | 40.3 | 85. | .286E-02 | .826E+02 | 413E+02 | 0.00

wlm

Table A.4: .5 in. cylinder with S=1.in; U = 24.9(m/s), T = 23'3.(00),
g = 1436(W/m?), i = 52.0(A4) |
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P

Case:.5twa-22.5 Date and time of experiment: Oct.25,1992, 00:10

No. | X(em) | T(°C) St Nug Nug cond%
1 | 137 | 359 |
2 2.4 35.8 | 111. | 414E-02 | .108E+03 | .542E+02 | 3.39
3 6.35 32.2 | 165. | .6153E-02 | .161E+03 | .806E+02 | 2.63
4 7.62 31.9 | 173. | .644E-02 | .169E-+03 | .B43E+02 | 3.75 | Xme-
5 8.89 32.3 | 165. | .615E-02 | .161E+03 | .806E+02 | 3.05
6 10.16 33.1 | 146. | .546E-02 | .143E+03 | .T15E+02 | 0.12
i

12.70 | 34.9 | 123. | 459E-02 | .120E+03 | .602E+-02 | 0.48

8 1524 | 36.4 | 110. | .409E-02 | .107E+03 | .533E+02 | 0.4
9 2032 | 383 | 96. | .35TE-02 | .937E+02 | 468E+02 | 0.19
10 | 38.10 | 40.8 | 82. | .306E-02 | .S03E-+02 | .401E+02 | 0.05
11 | 6350 | 41.7 | 78. | .292E-02 | 764E+02 | .382E+02 | 0.02
12 | 76.20 | 41.7 | 78. | .291E-02 | .763E+02 | .381E+02 | 0.00

Table A.5: .5 in. cylinder with S=1 in; U = 22.6(m/s), T = 23.3(°C),
q = 1443(W/m?), i = 52.0(A)

Case:5twa-20 Date and time of experiment: QO=t.24,1992, 23:15
— h ' St [ Nus | Nug | cond% | :
1 | 137 | 348 T

2 2.54 34.8 | 101. | 426E-02 | 984E+02 | 492E+02 | 3.76

3 6.35 31.5 | 149. | .632E-02 | .146E--03 | .T30E+02 | 290 |-
4 7.62 31.3 | 155. | .657E-02 | .152E+03 | .738E+02 | 3.78 | Xmaz
5 889 31.6 | 149. | .630E-02 | .145E+03 | .727E+02 | 3.09

6 1016 | 323 | 133. | .563E-02 | .130E+03 | .650E+02 | 0.27

T 1270 | 339 | 112. | .476E-02 | .110E+03 | .549E+02 [ 0.46

5 1524 | 35.3 | 100. | 423E-02 | .976E+02 | .488E+02 | 0.49

9 | 2032 7.1 | 87. | 369E-02 1 .851E+02 | .426E4+02 | 0.21

10 | 38.10 | 39.6 | 74. | .314E-02 | .724E+02 | .362E+02 | 0.05

11 | 63.50 | 40.5 | 70. | .298E-02 | .68TE+02 | 344E+02 | 0.02

12 | 79620 | 40.5 | 70. | .298E.02 | .68TE-+02 | .343E+02 | 0.00

Table A.6: .5 in. cylinder with S=1 in; U = 19.9(m/s), T = 23.0(°C),
g = 1229(W/m?), i = 45.0(A)
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Case:.5twa-17.5 Date and time of experiment: O¢t.25.1992. 00:40

TCO) [ b | St | Nus | Nus cond%]

1 1.27 | 347 ]

2 2.54 34.8 | 93. | .448E-02 | .S10E+02 | .453E+02 | 4.91
3 | 635 | 315 | 139. | .670E-02 | .136E~-03 | .679E+02 | 3.02
4 7.62 | 31.2 | 145. | .698E-02 | .149E403 | .708E+02 | 3.79 | Nomee
5 | 889 | 314 | i41.| .6T8E-02 | .138E+03 | .685E+C2 | 3.64
6 | 10.16 | 32.2 | 126. | .605E-02 | .123E+03 | .614E+02 | 0.47
T | 123 33.8 | 106. | .508E-02 | .103E+03 | .516E+02 | 0.46
8§ | 1524 | 35.2 | 93. | 450E-02 | .S13E+02 | .457E+02 | 053
9 | 20.32 7.1 | 81. | .390E-02 | .T92E+02 | .396E+02 | 0.23
10 | 38.10 | 39.8 | 68. | .327E-02 | .664E-+02 | .332E+02 | 0.06
11 | 63.50 | 40.9 | 64. | .308E-02 | .625E+02 | .312E+02 | 0.03
12 | 76.20 | 40.9 | 64. | .308E-02 | .625E+02 | .312E+02 | 0.00

Table A.7: .5 ia. cylinder with S=1 in.: U/ = 17.5{m/s). T = 23.1{°C),
g = 1138(W/m?), : = 46.3(A)

Case:.5twa-152 Date and time of experiment: Oct 24,1992, 23:00

- X(em) [TCC)] h | St ]| WNus | Nue [cond% |

1 1.27 | 349 B o
2 | 254 | 351 | 80. | 451E-02 | .7S0E+02 | .390E+02 | 5.3C
3 | 635 | 31.8 | 118. | .6T0E-0Z | .116E+03 | .579E+02 | 2.57
4 | 7.62 | 31.3 | 127. [.T19E-02 | .124E+03 | .622E+02 | 4.35 | Nmee
5 | 889 | 314 |126. ] .T14E-02 | .123E+03 | .6ITE=02 | 4.27
6 | 10.16 | 31.9 | 115. | .649E-02 | .112E-+03 | .360E+02 | 1.20
7 | 1270 | 33.5 | 96. | .543E-02 | .939E+02 | .469E+02 | 0.31
8 | 1524 | 35.0 | 84. | 477E-02 | .824E+02 | .412E+02 | 0.58
9 | 2032 | 37.0 | 72. | .409E-02 | .707TE+02 | .354E+02 | 0.28
10 | 38.10 | 40.0 | 60. | .339E-02 | .587E-+02 | .293E+02 | 0.07
11 | 63.30 | 41.1 | 56. | .319E-02 | .551E+02 | .215E+02 | 0.03
12 | 76.20 | 41.1 | 56. | .319E-02 | .551E-+02 | .275E+-02 | 0.00

Table AS: .5 in. cylinder with S=1 in.; U = 14.9(m/s), T = 23.9(°C),
g = 1029(W/m?), i = 44.0(A)



Case:.5twa-15b Date and time of experiment: Q¢t.25,1992, 00:55

[No. [X(em) | TCCC) | B | St | Nus Nug | cond%
1 197 | 347 | 1 B
2 | 234 | 349 | S1. | 45SE-02 | 791E+02 | 396E+02 | 5.29
3 | 635 | 316 | 121. | .685E-02 | .118E+03 | .592E+02 | 2.83
4 | 7.62 | 312 | 129. | .T28E-02 | .126E+02 | .629E4+02 | 4.18 | Nomer
5 | 889 | 31.3 | 127. | .719E-02 | .124E+03 | .621E+02 | 4.10
6 | 10.16 | 319 | 115. | .651E-02 | .112E+03 | 562E+02 | 1.01
T | 12.70 | 334 | 97. | .548E-02 | .946E+02 | .473E+02 | 0.29
§ | 1524 | 319 | 85. | .451E-02 | .831E+02 | 416E+02 | 0.56
9 | 2032 | 369 | 73. | 413E-02 | .TI3E+02 | .35TE+02 | 0.27
10 | 38.10 | 396 | 60. | .342E-02 | 591C+02 | .295E+02 | 0.07
11 | 6330 | 41.0 | 57. | .320E-02 | .553E+02 | .276E+02 | 0.03
12 | 76.20 | 41.0 | 57. | .320E-02 | .553E+02 | 276E+02 | 0.00

Table A9: .5 in. cylinder with S=1 in.; U = 14.9m/s), T = 22.§(°C),
g = 1030(W/m?), i = 44.0(A)

Case:.5twa-12.5 " Date and time of experiment: O¢t.25,1992, 03:00
(No. [X(em) [TCC)[ h | St | Nus | Nus | cond% ]

1 1.27 334

2 2.54 337 | T1. | AT2E-02 | .690E+02 | .345E+02 | 6.67

3 6.35 30.8 | 105. | .T04E-02 | .103E4+-03 | 514E+02 | 2.54

4 7.62 30.3 | 114, .TS9E-02 | .111E4+03 | .555E+02 | 4.38

5 8.89 30.3 | 115. | .T6TE-02 | .112E+403 | .561E+02 | 5.08 | Xmmas
6 10.16 | 30.8 | 104. ) .69BE-02 | .102E+03 | .510E+02 | 1.53

G 12.70 | 322 | 88. | .585E-02 | .855E+4+02 | 428E402 | 0.27

8 15.24 33.5 7. | 514E-02 | .751E+02 | 375E+02 | 0.55

9 | 2032 | 355 | 65. | 437E-02 | .639E+02 j .319E+02 | (.31

10 | 38.10 | 38.4 | 53. | .357E-02 | .522E+402 | .261E402 | 0.09

11 | 6350 | 39.6 | 50. | .332E-02 | .485E+02 ; .242E4+02 | 0.04

12 | 76.20 | 39.6 | 50. | .333E-02 | 487E+402 | .243E+02 | 0.00

Table A.10: .5 in. cylinder with S=1 in.; U = 12.6(m/s), T = 22.5(°C),
q = $49(W/m?®), i = 40.0(A) ,
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Case:.5twa-10 Date and time of experiment: Qct 25,1992, 02:45

[No. [X(em) TT(°C)] h | St Nus | Nug | cond%
1 | 1.27 | 337
2 | 254 | 34.1 | 61. | .518E-02 | .601E+02 | .300E+02 | 7.65
3 | 635 .| 3L.1 | 92. |.7T71E-02 | .894E+02 | 447E+02 | 243
4 | 7.62 | 30.6 | 100. | .846E-02 | .982E+02 | .491E+02 | 5.38
5 | 8.89 | 305 | 101. ] .854E-02 | .090E+02 | 495E+02 | 5.60 | Xmec
6 | 10.16 | 31.0 | 92. | .778E-02 | .903E+02 | 451E+02 | 1.53
7 | 12.70 | 324 | 78. | .654E-02 | .T58E+02 | .379E+02 | 0.14
8 | 1524 | 33.8 | 68. | .5T2E-02 | .663E+02 | .332E+02 | 0.54
9 | 2032 | 359 | 57. | .481E-02 | .558E+02 | .279E+02 | 0.37
10 | 38.10 | 39.2 | 46. | .387E-02 | .449E+02 | .225E+02 | 0.11
11 | 63.50 | 40.6 | 42. | .358E-02 | .415E+02 | .207E+02 | 0.05
12 [ 7620 | 40.6 | 42. | .358E-02 | .415E+02 | .20SE+02 | 0.00

Table A.11: .5 in. cylinder with S=1 in; U = 10.0(m/s), T = 22.5(°C),
q = T69(W/m?), i = 358.0(A)

Czsei5twa- 8.7 Date and time of experiment: Oct.25,1992, 03:25

[No. [X(em) [TCC)[ b [ St | Nus | Nug- | cond% |
1 | 1.27 | 336
2 | 254 | 34.0 |55.|.532E-02 | .537E+02 | .268E+02 | 7.90

3 6.35 31.0 | 81. | .T8TE-02 | .794E+02 | .397E402 | 249

4 7.62 30.5 | 89. | .865E-02 | .BT3E+02 | 436E-+02 | 5.53

5 8.89 30.4 | 91.) .882E-02 | .B90E+02 | 445E+02 | 6.25 | Xmes
5

7

10.16 | 30.8 | 83. | .807E-02 | .814E+4+02 | 40TE+02 ] 2.20
12.70 | 32.2 | 70. | .680E-02 { .686E+02 | .343E+02 | 0.00
~i5.24 | 33.6 | 61. | .593E-02 | .598E+02 | .299E+02 | 0.61
20.32 | 35.8 | 52.[ .499E-02 | .504E+02 | .252E+02 | 0.39
10 | 38.10 | 39.3 | 41. | .398E-02 | 402E+02 | .201E+02 { 0.12
11 | 63.50 | 40.8 | 38.| .365E-02 | .369E+02 | .184E+02 | 0.06
12 | 76.20 | 40.8 | 38, | .365E-02 | .368E+02 | .184E4+02 | 0.00

Table A.12: .5 in. cylinder with S=1 in.; U = 8.7(m/s), T = 22.2(°C),
q = T03(W/m?), i = 36.0(A)




i

Case:.5twa-T.5a

Date and time of experiment: Oct 25,1992, 01:45

No. | X(em) | T°C) | h | St Nug cond%
1 1.27 33.6
2 2.54 34.0 | 48. | .540E-02 | 470E=-02 | 2353E+02 | 9.22
3 6.35 31.3 | 71.| .T98E-02 | 6H4E+02 | J4TE+02 | 2.22
4 T.62 30.7 | 79.| .889E-02 } .TT3E+02 | .386E+02 | 6.04
5 8.89 30.5 | 81. ] 914E-02 | .T95E+02 | .395E+02§ 7.00 Xmar
6 10.16 309 | 75. | .840E-02 | .TI1E+02 | I62E+02 | 256
T 12.70 32.1 | 64. | .T14E-02 | .621E+02 | .311E+402 | 0.24
8 15.24 33.4 | 55.| .623E-02 | .542E+02 | .2T1E+02 | 0.64
9 20.32 35.5 | 47. | .524E-02 | 456E+02 | 228E+02 1 0.42
10 | 38.10 39.1 7. | 413E-02 | .361E+02 | .180E402 | 0.14
11 | 6350 | 40.6 | 34. | .380E-02 | .331E+02 | .165E+02 } 0.07
12 | 76.20 40.6 | 34. | 380E-G2 | 331E+02 | .165E402 | 0.00

Table A.13: .5 in. cylinder with S=1 in; U =
g = 615(W/m?), i = 34.0(A)

Case:l.St.wa-T.sb

e —————r e ———————————— et —————————————————

[ No [X{em) [TCC) | h | St | Nus | Nue |cond% ]
—= SR A~ SN AL

7.3(m/s), T = 22.4(°C),

Date and time of experiment: Oct.25,1992, 04:00

1 1.27

2 2.54 334 | 49. | .549E-02 | 4B2E+02 | .241E+02 | 8.70
3 6.35 30.7 §j 73. | .B09E-02 | .T10E+02 | .355E+02 | 2.38
4 7.62 30.1 | 80. | .894E-02 | .784E+02 | .392E+02 | 5.77
5 8.89 30.0 | 82. | .917E-02 | .B04E+02 | .402E+02 | 6.59 | Xmar
6 | 10.16 | 30.3 | 76. | .B4TE-02 | .743E+02 | 372E+02 | 2.75
7 | 1270 | 31.6 | 64.| .TI6E-02 | .628E+02 | .314E+02 | 0.17
8 | 1524 | 329 | 56. | .624E-02 | .54TE+02 | .274E+02 | 0.61
9 | 2032 | 35.1 | 47. | 523E-02 | 459E+02 | .229E+02 | 0.43
10 | 38.10 | 38.6 | 37.| 414E-02 | .363E+02 | .181E+02 | 0.14
11 | 63.50 | 40.1 | 34.| .379E-02 | .333E+02 | .166E+02 |  0.07
12 | 76.20-f 40.1 | 34.| .379E-02 | .333E+02 | .166E402 | 0.00

Table A.14: .5 in. cylinder with S=1 in; U =
q = 615(W/m?), i = 34.0(4)

i

ft

7.5(m/s), T = 22.0(°C),



Case:.5twa-06 Date and time of experiment: Qct.25,1992, 03:40

No. | X(em) | T(°C) St | Nus | Nug | cond% |

1 1.27 33.3

2 2.54 33.8 | 42. ] .583E-0Z | 406E+02 | .203E+02 | 10.53
3 6.35 31.1 | 61. (| .858E-v2 | .587E+02 | 299E+02 | 217
4 7.62 30.5 ) 68.| .954E-02 | .664E+02 | .332E+02 | 6.04
5 B.89 30.3 | 71. | .992E-02 | .690E+02 | 345E+02 | 759 | Xme-
6 10.16 | 30.6 | 66. ] .921E-02 | .641E+02 | 320E+02 | 3.20
7 12.70 | 31.8 | 56. | .789E-02 | .549E+02 | .274E+02 | 0.34
8 15.24 | 33.1 | 49. | .687TE-02 | 4T8E-+02 | 239E+02 | 0.53
9 | 2032 | 353 | 41.| .5T2E-02 | .398E+02 | .199E+02 | 0.49
10 | 38.10 | 39.1 | 32.| 447E-02 | 311E+02 | .135E+02 | 0.17
11 ) 63.50 | 40.8 | 29. | 408E-02 | 284E+02 | .142E+02 | 0.09
12 | 76.20 j 40.8 | 29. ] .408E-02 | .284E+02 | .142E+02 | 0.00

Table A.15: 5 in. cylinder with S=1 in;; U = 6.0(m/s), T = 22.0(°C),
qg= 546( W/m'*'), 1= 32.0(.4.)

Case:.5twa-05 Date and time of experiment: Oct.25,1992, 02:15

[ No. | Xem) | TCC) | R [ St | Nus cond%
1.27 334

1 .

2 2.54 33.9 | 36. | .608E-02 | .353E+02 | .1T6E+02 | 11.38
3 6.35 31.4 | 53. | .B86E-02 | .514E+02 | .257E+02 | 1.50
4 7.62 30.7 | 60. {.101E-01 | .584E+02 | .292E+02 | 7.06
5 8.89 30.4 | 62. | .J05E-01 | 610E+02 | .305E4-02 | 8.29 | Xmar
6 10.16 | 30.6 | 59. { .987E-02 | .572E+02 | 286E+02 | 4.00
7 12.70 | 31.7 | 50. | .850E-02 | 493E-+02 | .246E+02 | 0.88
8 15.24 | 33.0 | 44. | .T39E-02 | 428E+02 | .214E+02 | 0.53
9 { 2032 | 35.2 | 36. | .614E-02 | 356E+02 | .178E+02 | 0.54
10 | 35.10 | 39.1 | 28. | 476E-02 | 276E+02 | .138E+02 | 0.20
11 | 63.50 | 40.8 | 26. | .433E-02 | 251E+02 | .123E402 | 0.11
12 | 76.20 | 40.7 | 26. | 435E-02 | 253E+02 | .126E+02 | 0.02

Table A.16: .5 in. cylinder with S=1 in; U = 5.0(m/s), T = 22.1(°C),
g = 4T(W/m?), i = 30.0(A)
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A.a-ii Data and Results for 0.5  cylinder in Different
Velocities; D =4"
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Case:.5twb-20a Date and time of experiment: Nov.2,1992, 24:00

l No. | X{em) | T(°C) | h | St | Nug Nug | cond%
127 N3
2.54 354 | 125 | 345E-02 | .214E+03 | 610E+02 | 4.40
6.35 33.3 | 155. | .428E-02 | .265E+03 | .757TE=-02 | 0.09
T.62 326 | 164. | .453E-02 | .281E+03 | .801E+02 | 0.38
8.89 318 | 179. | 494E-02 | .306E+03 | .873E+02 | 0.99
10.16 | 31.3 | 190. | .524E-02 | 325E+03 | .92TE+02 | 1.37
12,70 31.0 | 195. | .538E-02 | 333E+03 | 951E+02 | 147 | Xme=
15.24 | 321 | 173. | 4V9E-02 | 29TE+03 | .847E+02 | 0.17
2032 | 345 | 139. | 385E-02 | .239E403 | .681E+02 | 0.18
; 38.10 38.4 | 107. | .295E-02 | .183E-+03 | .522E+02 | 0.08
63.50 | 39.4 | 101. | 279E-02 | .IT3E+03 | .493E+02 | 0.01
12 | 76.20 394 | 101. | .279E-02 | .1T3E403 | 493E+02 | 0.00

Table A.1T: .5 in. cylinder with D=4 in.; U = 30.0(m/s), T = 21.7(°C).
q = 1785(W/m?), i = 558.0( 4)

sls|wle]| ~| o] o] ]|l

Case:.5twb-30b Date and time of experiment: Nov.3,1992, 02:30
[No. | Xtem) | TC) [ h | St | Nus | Nug | cond%

1 | 127 | 348 T
2 R 36.1 | 119. | .332E-02 | 204E+03 | .5382E+02 | 4.60

3 6.35 34.0 | 146. | 407E-02 | 250E+03 | .715E+02 | 0.16

4 7.62 33.4 | 152. | 424E-02 | .260E+03 | .743E+02 | 1.17

5 8.89 325 | 168. | 469E-02 | 288E+03 | .823E+02 | 1.26

6 10.16 319 | 179. | 498E-02 | .306E+03 | .8T4E+02 | 1.54

7 1290 31.6 | 183. | .509E-02 | 313E-+03 | .894E+02 | 148 | Xmex

15.24 | 32.7 | 164. | .456E-02 | .280E+-03 | .799E-+02 | 0.19
2032 | 35.3 | 132. | .369E-02 | .227E+03 | .646E+02 | 0.18
10 j 38.10 | 393 | 102. | .285E-02 | .ITSE+03 | .500E+02 | 0.07
11 | 6350 | 40.2 | 97. | .270E-02 | .166E+03 | 474E+02 | 0.01
12 | 76.20 | 40.3 | 97. | .270E-02 | .166E+03 | 473E4+02 | 0.00

Table A.18: .5 in. cylinder with D=4 in.; U = 30.0(m/s), T = 21.6(°C),
= 1810{W/m?), : = 58.0(A)

Q|




Case:.5twb-27.5 Date and time of experiment: Nov.3,1992, 01:43

[Fo. [ X(em) [ TCC)| b | St | Nus | Nug [cond%]

1 127 33.4

2 2.54 345 | 115. | J347E-Q2 | .197E+03 | S6IE+02 | 4.77
3 6.35 32.6 | 141.| 426E-02 | 241E+03 | .688E+02 | 0.17
4 7.62 319 | 150.] 454E-02 | 257E+03 | T3VE+02 | 037
3 8.89 31.2 | 165. | 498E-02 | 282E+03 | .805E+02 | 1.39
6 1016 | 30.6 | 174. | .525E-02 | 297E+03 | .848E+02 | 1.32
7 1270 | 30.4 | 180. | .543E-02 | 307E+03 | STTE+02 | 157 | Xmas
8 1524 | 31.3 | 161.1| 487E-02 | 276E+03 | .J87E+02 | 0.24
9 | 2032 | 33.6 | 130.| .392E-02 | 222E+03 | 63HE+02] 0.18
10 | 38.10 7.4 | 99. | .299E-G2 | .169E+03 | 4RE+02 | 0.07
11 | 6350 | 384 | 93. | 282E-02 | .159E+03 | 4S5SE+02 | 0.02
12 | 76.20 | 38.4 | 93. { .282E-02 | .159E+03 | 458E+02 | 0.00

Table A.19: .5 in. cylinder with D=4 in.; U = 2T4(m/s), T = 21.4(°C),
g = 1584(W/m?), ¢ = 54.7(A)

Case:.5twb-25 Date and time of experiment: Nov.3,1992, 02:10
No. ] X(cm) | TCC) | b | St Nus
1T 127 | 331

2 254 34.1 | 108. | .359E-02 | .185E+03 | .52TE+02 | 4.86
3 6.35 32.3 | 133. | 443E-02 | 228E+03 | .650E+02 | 0.03
4 762 31.7 | 140. | 46TE-02 | .240E+03 | .686E£+02 | 0.59
5 8.89 30.8 | 154. | .514E-02 | 264E+03 | .754E+02 | 141
6 10.16 | 30.4 | 163. | .542E-02 | .279E+03 | .79%E+02 | 1.4l
i

12.70 | 30.2 | 168. | .559E-02 | .288E+03 | .82IE+02 | 1.66 | Ama=
15.24 | 31.1 | 151. | .501E-02 | .258E+03 | .T36E+02 | 0.26
20.32 | 33.3 | 121.} 403E-02 | .207E-+03 | .592E2+02 | 0.19
10 | 38.10 7.2 | 92. | 304E-02 | .1STE+03 | 44TE+02 | 0.08
11 | 63.50 | 38.3 | 85. | .284E-02 | .146E+03 | .417TE+02 | 0.02
12 | 76.20 | 383 | 85. | .284E-02 | .146E+03 | .41TE+02 | 0.00

w0 o

Table A.20: .5 in. cylinder:with D=4 in; U = 24.9(m/s), T = 21.5(°C),
g = 1436(W/m?), 1 = 52.0(A)
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Case:.5twb-22.5 Date and time of experiment: Nov.3,1992, 01:30

TeC)| b | Nus Nua | cond%

1 1.27 33.3

2 2.54 34.5 | 103. | .376E-02 | .175E+03 | S01E+02 | 5.39
3 6.35 32.6 | 127. | 466E-02 | 21TE+03 | 620E+02 1 0.14
4 7.62 32.0 | 133.| 486E-02 | .227E+03 | .648E+02 | 0.95
9 8.89 31.2 | 145. ] .533E-02 | .249E+03 | .T11E4+02 | 1.01
§ 10.16 | 30.6 | 155. | .570E-02 | 266E+03 | .759E+02 | 1.60
7 1270 | 30.3 | 162. | 593E-02 | 2TTEH03 | .790E+02 | 1.78 | Xmee
8 1524 | 31.1 | 146. | 534E-02 | 249E+03 { .T12E+02 | 0.34
9 | 2032 | 335 | 117. | 427E-Q2 | .199E+03 | 569E+02 | 0.18
10 | 38.10 7.8 | 86. | .3I17E-02 | .148E+03 | 422E+02 ] 0.08
11 | 6350 | 39.1 | 80. | .293E-02 | .137E+03 | .391E+02 | 0.03
12 | 7620 | 39.1 | 80. | 293E-02 | .137E+03 | .391E+02 ] 0.00

Tabic A.21: .5 in. cylinder with D=4 in.; U = 22.6(m/s), T = 21.4(°C),
g = M423(W/m?), t = 52.0(A)

Case:.5twb-20 Date and time of experiment: Nov.3 1992, 00:55
o X [TCO] & | St | Nus | Nes | cond®]

1 1.27 33.5

2 2.54 4.7 93. | .386E-02 | .160E+03 | 453E+02 | 5.74

3 6.35 33.0 | 113. | 469E-02 | .194E403 | .553E+02 | 032

4 7.62 32.3 | 120. | .495E-02 | .205E+03 | .584E+02 | 0.82

5 8.89 31.5 | 132. | .546E-02 | 226E+03 | .644E-+02 | 1.33

6 | 10.16 | 30.9 | 140. ] .582E-02 | .240E-+03 | .686E+02 | 1.65

7 | 1270 | 30.5 | 147. | 610E-02 | 252E+03 | .T20E4+02 [ 1.95 | Xmar

1524 ¢ 31.3 | 133. | .553E-02 | .228E+03 | .652E+02 | 043
20.32 | 3.7 | 107. | 442E-02 | .183E+03 | S521E+02 | 0.20
10 { 38.10 | 38.3 | 78. | .325E-02 | .134E+03 | .383E+02 | 0.09
11 | 63.50 | 39.8 | 72. } .207E-02 | .123E+03 | .350E+02 | 0.03
12 | 76.20 | 39.9 | 7l. | .296E-02 | .122E+03 | .349E+02 | 0.01

Table A.22: .5 in. cylinder with D=4 in.; U = 20.0{m/s), T = 21.3(°C),
g = 1332(W/m?), ¢ = 50.0(A)
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Case:.5twb-17.5 Date and time of experiment: Nov.3,1992, 01:15
No. | X(em) | T(°C)

v
T | 127 | 333

2.54 34.8 | 86. | .405E-02 | .147E+03 | 420E+02 [ 7.00
6.35 33.3 | 104. | 490E-02 | .178E+03 | .508E+02 | 0.62
32,6 | 110. | 5I8E-02 | .189E+03 | .538E+02 | 1.01
8.89 31.7 | 122, | .5T6E-02 | .210E+03 | 598E+02 | 1.68
10.16 | 31.1 | 130. | .612E-02 | .223E+03 | 635E+02 | 1.74
1270 | 30.6 | 137. | .643E-02 | 234E+-33 | 66TE402 ) 2.03

B KA U B2 1S
-~}
[=4]
[ 2]

Xmaz

B 15.24 | 31.4 |} 124.| .585E-02 | .213E+03 | .607TE+02 | 0.49
9 20.32 | 33.8 | 100. | 470E-02 | .1IT1E=-03 | .488E+02 | 0.20
1 38.10 | 38.6 | 73. | .342E-02 | .124E+03 | .3553E+02 | 0.09
11 | 63.30 | 405 | 65. | .307TE-02 | .112E+03 | 319E+02 | 0.04
12 | 76.20 | 40.6 | 65. | .306E-02 | .111E+03 | 317VE+02 | 0.01

Table A.23: .5 in. cylinder with D=4 in,; U = 17.6(m/s), T = 21.2(°C),
q = 1259(W/m?), i = 48.7(A)

2

Case:.5twb-152 Date and time of experiment: Nov.3,1992, 00:30
o [ X [0 | B 1 St | Nes | Nue Jeoww]
1 | 1.27 | 324 T
2 254 33.9 74. | .413E-02 | .126E+03 | .361E+02 7.66
3 6.3 326 | 88. | .491E-02 | .150E+-03 | 429E+02 | 0.77
4 7.62 32.0 | 92. | .513E-02 | .15TE+03 | 448E+02 | 1.73
5 8.89 31.2 | 102. | .5T3E-02 | .17T5E+03 | 500E-+02 | 1.64
6 10.16 | 30.6 | 109. | .610E-02 | .18TE+03 | .532E+02 | 1.75
7 12.70 | 30.0 | 317. | .653E-02 | .200E+03 | .5TO0E+02 | 2.38 | Xmar
8 1524 | 30.6 | 108, | .603E-02 | .185E+03 | .527E+02 | 0.67
9 20.32 | 327 7. | 489E-02 | .150E+03 | .427E+02 | 0.19
10 | 38.10 | 37.3 | 63. | .353E-02 | .108E+03 | .308E+02 | 0.11
11 | 6350 | 39.2 | 56. | .316E-G2 | .966E-+02 | .276E+02 | 0.05
12 | 76.20 | 39.3 | 56. | .314E-02 | .959E+02 | .274E+02 | 0.01

Table A.24: .5 in. cylinder with D=4 in; U = 14.8(m/s), T = 21.0(°C),
g = 1028(W/m?), i = 44.0(A) ‘



Case:.5twb-15b Date and time of experiment: Nov.3,1992, 02:55
[No.[X(cm) [TCC)[ B | St | Nus | Nug | cond% |

1 1.27 3235

2 2.4 33.9 76. | 422E-02 1 .130E4+03 | 370E+02 | 7.37

3 6.35 32.6 90. | .502E-02 | .154E4-03 | .440E+02 | 0.89

4 7.62 32.0 95. | .528E-02 | .162E4-03 | 463E+02 | 1.64

5 8.89 31.2 | 106. | .593E-02 | .182E+03 | .520E-+02 | 1.73

6 10.16 | 30.5 ) 114. | .635E-02 | .195E-403 | .557E+02 | 1.89

7 12.70 30.0 | 122. | .680E-02 | .209E-+03 | .596E+02 | 234 | Xma-
8 15.24 30.5 | 113.| .627E-02 | .193E403 | .550E+02 | 0.71

9 20.32 | 32.7 | 90. | .503E-02 | .155E-+03 | .441E+02 | 0.20

10 | 38.10 373 64. | .339E-02 | .110E+03 | .315E+02 | 0.11

i1 | 63.50 39.3 57. | .319E-02 | .980E+02 | .280E+02 ! 0.05

12 { 76.20 39.4 57. | 31TE-02 | .974E+02 | 2T8E+02 { 0.01

Table A.25: .5 in. cylinder with D=4 in.; U = 15.0(m/s), T = 21.3(°C),
g = 1028(W/m?), 1 = 44.0(A)

Case:.5twb-12.5 Date and time of experiment: Nov.3,1992, 04:50
(No. [X(em) | TCC) | h | St | Nus | Nug [ cond% |

1 | 1.27 | 319 T

2 2.54 33.4 68. | .442E-02 | .116E+03 | .331E+02 | $.63

3 6.35 32.5 79. | S1TE-02 | .136E+03 | .38TE+02 { 141

4 7.62 31.8 83. | .543E-02 | .143E4-03 | 407E+02 | 2.07

5 8.89 31.0 94. | .614E-02 | .161E+03 | 460E+02 | 1.98

6 10.16 30.3 | 101. | .656E-02 | .172E+03 | 491E+02 | 1.95

7 12.70 29.7 1 109. | .709E-02 | .186E4+03 | .531E+02 | 268 | Xmas
8 15.24 30.2 | 101. | .656E-02 | .1T2E+03 | 491E+02 | 0.82

9 2032 | 324 81. | .528E-02 | .139E+03 | .395E+02 ! 0.20

10 | 38.10 37.1 57. | .374E-02 | 981E+02 | 280E+02 | 0.13

11 | 63.50 39.2 51. | .332E-02 | .8T1E<4-02 | .249E+402 | 0.05

12 | 76.20 39.4 51. | .330E-02 | .865E+02 | 247E+Q2 | 0.01

Table A.26: .5 in. cylinder with D=4 in; U = 12.7(m/s), T = 20.8(°C),
- g =938(W/m?), i = 42.0(4)



Case:.5twb-10 Date and time of experiment: Nov.3,1992, 04:00

[No. [X(em) [TCC)[ B | St | Nus | Nug | cond |

1 1.27 31.3

2 2.54 32.9 | 58. | 485E-02 | .992E+02 | .283E+02 | 10.19
3 6.35 32.0 | 69.] .575E-02 | .118E+03 | .335E+02 | 1.48
4 7.62 31.4 | 72. | .603E-02 | .123E+03 | 352E+02 | 1.96
5 | 889 | .30.7 | 80.|.672E-02 | .1I37E403 | .392E+02 | 1.52
6 10.16 | 30.1 | 86. | T19E-02 | .147TE+03 | 420E+02 | 1.96
7 12,70 § 294 | 94. | .785E-02 | .160E+03 | 458E+02 | 3.07 | Xomar
§ | 1524 | 29.8 | 87. | .T30E-02 | .149E+03 | 426E+02 | 0.98
9 | 2032 | 31.8 | 71.) .592E-02 | .121E+03 | .345E+02 | 0.19
10 | 38.10 | 36.6 | 49. | .413E-02 | .843E+02 | 241E+02 | 0.15
11 | 63.50 | 38.8 | 43.| 362E-02 | .740E+02 | 211E+02 | 0.07
12 | 76.20 | 39.0 | 43. | .358E-02 | .733E+02 | .209E+02 | 0.02

Table A.27: .5 in. cylinder with D=4 in.; U = 9.9(m/s), T = 20.8(°C),
g = TI8(W/m?), i = 38.3(A)

Case:.5twb-8.7 " Date and time of experiment: Nov.3,1992, 03:30

[(No. [X(em) [TCC) [ b [ St | Nus | Nug | cond% |

1 | .27 | 313

2 | 254 | 328 | 53.| .506E-02 | .S02E+02 | .258E+02 | 1057

3 | 635 | 321 | 61.!.589E-D2 | .105E+03 | .300E+02 | 1.17

4 | 7.62 | 316 |64.] .611E-02 | .109E+03 | .311E+02 | 2.83

5 | 8.89 | 30.8 | 72.| .687E-02 | .122E-+03 | .349E+02 | 1.42

6 | 10.16 | 30.2 | 77. | .740E-02 | .132E+03 | .377E+02 | 2.36

7 | 12.70 | 29.5 | 84. | .806E-02 | .144E+03 | 410E+02 | 3.16 | Xmar

1524 | 29.9 (| 79. | .758E-02 | .135E+03 | .386E-+02 § 1.15
20.32 | 31.8 | 64. | B619E-02 | .110E+03 | .315E+02 | 0.18
10 | 38.10 | 36.56 | 45. | 432E-02 | .770E4+02 | .220E+02 | 0.16
11 | 63.50 | 38.9 | 39.| 377E-02 | .672E+02 | .192E+02 1 0.08
12 | 76.20 | 39.1 | 39.) .374E-02 | .667E+02 | .190E+02 | 0.02

©O| o

Table A.28: .5 in. cylinder with D=4 in; U = 8.7(m/s), T = 20.7(°C),
g = T16(W/m?), i = 36.7(A) -



Case..5twb-T.5a Date and time of experiment: Nov.3,1992, 03:15

T(°C) | h St | Nus | Nug [ cond% |
1 1.27 | 31.0 | i
2 | 254 | 325 | 47. ) .531E-02 | .805E+02 | .230E+02 | 11.32
3 | 635 | 320 |54.} .612E-02 | .928E-+02 | .265E+02 | 2.29
4 7.62 | 315 |56.| .635E-02 | 963E+02 | .275E+02 | 3.27
5 | 8.89 | 30.7 |63.].T16E-02 | .109E+03 | .310E+02 | 1.50
6 | 10.16 | 30.1 |69.| .TT4E-02 | .117TE-+03 | .335E+02 | 2.59
7 ) 1270 | 294 | 75. | .845E-02 | .128E+03 | .366E402 | 3.44 | Xomee
8 | 1524 | 29.7 | 71.| .800E-02 | .121E+03 | .346E+02 | 1.32
9 | 2032 | 314 | 58. | .658E-02 | .99TE-+02 | .285E+02 | 0.16
10 | 38.10 | 36.1 | 40. | .457E-02 | .693E+02 | .198E+02 | 0.17
11 | 63.50 | 38.5 | 35.| .396E-02 | .600E+02 | .1TIE+02 | 0.09
12 | 76.20 | 38.6 | 35. | .393E-02 | .596E+02 | .170E+02 | 0.02

Table A.29: .5 in. cylinder with D=4 in; U = T4(m/s), T = 20.8(°C),
q = 621(W/m?), i = 34.3(A)

Case:.5twb-7.5b : Date and time of experiment: Nov.3,1992, 05:20 -

| No. ] X(cm) | T(°C) l : | St | Nus | Nug [cond% |

1 .27 | 307 | |

2 | 254 | 323 [45. | .530E-02 | .622E+02 | .235E+02 | 11.73
3 | 635 | 317 {56.| 617TE-02 | .956E+02 | .273E+02 | 2.19
4 | 762 | 312 | 58. | .642E-02 | .994E+02 | .264E+02 | 2.94
5 { 889 | 305 |65 |.118E-02 | .111E+03 | .318E+02 | 1.09
§ { 1010 | 29.9 | 71.) .TT9E-02 | .121E+03 | .345E402 | 2.76
T | 12.70 | 29.2 | 77. ] .84TE-02 | .131E+03 | 375E+02 | 3.22 | Xomee
8 | 15.24 | 294 {73.| .805E-02 | .125E+03 | .356E+02 | L41
9 | 2032 | 313 [59. | .655E-02 | .102E+03 | .200E+62 | 0.17
10 | 38.10 | 36.1 [4l.| 450E-02 | .697E+02 | .199E+02 | 0.18
11 | 63.50 | 38.5 | 35. [ .391E-02 | .606E+02 | .173E+02 | 0.09
12 | 7620 | 38.7 [ 35.[ .38TE-02 | .600E+02 | .171E+02 | 0.02

Table A.30: .5 in. cylinder with D=4 in; U = T.5(m/s), T = 20.7(°C),
q =631(W/m?), i = 34.4(A)



Case:.5twb- 06 Date and time of experiment: Nov.3.1992, 04:25

X(em) | TCC) | h St -{ Nus | Nug |cond% |

1 | 127 | 304

2 254 31.9 | 42. | .5T4E-02 | .T12E+02 | .203E+02 | 12.69
3 6.35 316 | 48. | .660E-02 | .81SE+02 | .233E+02 ] 2.93

4 7.62 31.1 | 50. | .684E-02 | .84SE+02 | .242E+02 | 3.88

) 5.89 30.3 | 56. | .TTSE-02 | 965E+02 | .2T5E+02 | 1.55

6 10.16 29.7 | 61. | .846E-02 | .105E+-03 | .299E+02 | 3.11

7] 1270 | 29.0 | 67.} .923E-02 | .114E4+03 | J326E+02 | 381 | Xmar
] 15.24 293 | 63. | .ST3E-02 | .10SE+03 | .309E+02 | 1.48

9 | 2032 | 310 |52 |.719E-02 | .891E+02 | .254E+02 | 0.14

10 | 3810 | 35.8 | 36. | 491E-02 | .609E+02 | .174E+02 | 0.20
11 |} 63.50 38.3 | 31. | .423E-02 | .524E+02 | .150E=-02 | 0.12

12 | 76.20 354 | 30. | 420E-02 | .521E+02 | .149E+02 | 0.02

Table A.31: .5 in. cylinder with D=4 in; U = 6.0(m/s), T = 20.5(°C),
g = 5344 (W/m*), 1 = 32.0(A)

Case:.5twb- 03 ' Date and time of experiment: Nov.3,1992, 04:45
fNo. [ X(em) [TCC) | h | St [ Nus | Nug [cond% |

1 1.27 304

2 2.54 326 | 37. | .60TE-02 | .628E+02 | .179E+02 | 13.95

3 6.3D 31.7 | 42. | .698E-02 | .T22E+02 | .206E402 | 3.31

4 7.62 31.2 | 44. | .724E-02 | .748E+02 | .213E402 | 3.97

5 8.89 30.5 | 49. { .815E-02 | .842E+02 | .240E+02 | 1.04

6 10.16 | 29.9 | 54. | .889E-02 | .919E+02 | 262E+402 | 3.28

7 1270 | 29.2 | 58. | .969E-02 | .100E+03 | .286E+02 | 4.01 | Xwmer
g 15.24 | 29.4 | 36. | .924E-02 | 955E+02 | .272E+-02 | 1.74

9 20.32 31.1 | 46. | .766E-02 | .T91E+02 | .226E+02 | 0.13

10 38.10 359 |32. | 52E-02 | .543E+02 | .155E+02 | 0.22

11 63.50 384 | 27.| 451E-02 | .466E+02 | .133E4+02 { 0.13

12 | 76.20 38.6 | 27. | .448E-02 | 463E+02 | .132E402 | 0.02

Table A.32: .5 in. cylinder with D=4 in.; U = 5.0(m/s). T = 20.5(°C},
g = 490(W/m?), i = 30.4(A4)
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A.a-1ii

Data and Results for 1” cylinder in Different
Velocities; S = 0.5"

ft

79 s



Case: ltwa-30a

Date and time of experiment: Oct.04,1992, 01:45

TCCCY| b | St Nus | Nug |cond® |
1 | 127 | 372 J
2 254 35.5 | 135. | -378E-02 | .658E402 | 132E+03 [ 3.80
3 381 33.6 | 199. | .539E-02 | .9T2E+02 | .194E+403 | 17.18
4 5.08 329 | 211.| .591E-02 | .103E403 | .206E+03 | 14.08 | Xmas
5 | 635 33.1 | 136. | .550E-02 | 956E+02 | .191E4+03 | 9.44
6 ©.62 34.1 | 163. | 456E-02 | .T94E+402 | .159E4-03 | 0.70
7 8.89 35.1 | 141.| .397E-02 | .691E+02 | .138E+03 | 3.38
8 10.16 35.8 | 137. | .385E-02 | .669E4-02 | 134E+03 | 0.14
9 11.43 36.6 | 123. | .346E-02 | .603E4-02 | .121E+03 | 3.80
10 12.70 7.1 121. | .340E-02 | .592E+02 | .118E+03 1.69
11 13.97 7.4 | 120. | .336E-02 | .584E+02 | .11TE+03 { 0.14
12 15.24 37.8 | 115. | .323E-02 | .561E402 | .112E+03 1.41
13 17.7 38.2 | 114.| .319E-02 | .556E+02 | .111E+03 | 0.66
14 | 19.05 38.5 | 110. ] .308E-02 | .536E+02 | .107E+03 [ 0.85
15 | 2032 38.7 | 108. | .303E-02 | 52TE+02 | .105E+03 | 0.99
16 | 2286 38.9 | 107. } .302E-02 | .525E+02 | .105E403 | 0.14
17 | 25.40 39.2 | 105. | .296E-02 | .514E+02 | .103E403 | 0.11
18 | 27.94 39.4 | 103. § .290E-02 | .S04E402 | .101E403 | 0.46
19 | 30.48 39.6 | 103. | .289E-02 | .503E4+02 | .101E+03 | 0.01
20 ] 35.56 39.8 | 102. | .286E-02 | .498E-+02 | .996E+02 | 0.39
21 | 38.10 | 40.0 | 99. | .278E-02 | .484E+02 | .967TE+02 | 0.77
22 | 40.64 40.1 99. | 279E-02 | .486E+02 | .972E+02 | 0.02
23 | 6350 | 408 85. | .267E-02 | .464E402 | .929E402 | 0.01
24 | 76.20 41.1 94. | .263E-02 | .457E+02 | 914E+02 1 0.01
25 | 8890 | 414 92. | .257E-02 | .448E+4-02 | .895E+402 | 0.05

Table A.33: 1 in. cylinder with S=.5 in.; U = 30.0(m/s), T = 24.4(°C),
g = 1559(W/m?), i = 170.0{4)
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Case: 1twa-30b

Date and time of experiment: Oct.04,1992, 03:15

I No. | X(em) | TCC) [ b | St I Nus | Nug [ cond% |

1 1.27 37.2

2 2.54 35.5 | 137. | 386E-02 | .670E+02 | .134E+03 | 3.11
3 3.81 33.5 | 201. | .565E-02 | .979E+02 | .196E+03 | 16.95
4 5.08 32.8 | 213. | .600E-02 | .104E+03 | .208E+03 | 14.41 | Xme-
5 6.35 33.1 | 197. | .534E-02 | .960E+02 | .192E+03 | 9.32
6 7.62 34.1 | 162. | .457E-02 | .T92E+02 | .158E+03 | 0.14
T §.89 35.1 | 142. § .401E-02 | .696E+02 | .139E+03 | 3.11
8 | 10.16 | 35.8 | 137. | .386E-02 | .669E+02 | .134E+03 | 0.14
9 1143 | 36.5 | 124. | .350E-02 | .606E+02 | .121E+03 | 3.67
10 § 12.90 | 37.0 | 122. | .344E-02 | .597E+02 | .119E+03 | 1.41
11 | 13.97 | 374 | 120.{ .338E-02 | .586E+02 | .11TE+03 | 0.28
12 | 15.24 | 37.8 | 115. | .325E-02 | 563E+02 | .113E+03 | 1.4°
13 | 17.78 | 38.2 | 114. | .322E-02 | .558E-+-02 | .112E+03 | 0.66
14 | 19.05 § 385 | 110.) .311E-02 | .538E+02 | .108E+03 | 0.85
15 | 20.32 | 38.7 | 108. | .305E-02 | .529E+02 | .106E+03 | 1.08
16 | 22.86 | 38.9 | 108. | .304E-02 | .528E+02 | .106E+03 | 0.18
17 | 2540 | 39.1 | 106. | .298E-02 | 51TE+02 | .103E+03 | 0.1
18 7.94 | 394 | 104. | 293E-02 | .507E+02 | .101E+03 | 0.39
19 | 3048 | 38.5 | 103. | .291E-02 | .505E+02 | .101E+03 | 0.00
20 | 35.56 | 39.7 | 102. | .288E-02 | .499E+02 | .998E+02 | 0.28
21 | 38.10 | 40.0. | 100. | .281E-02 | .48TE+02 | .9T3E+02 | 0.64
22 | 40.64 | 40.0 | 100. | .281E-02 | 488E+02 | 976E+02 | 0.01
23 | 6350 | 40.7 | 96. | 270E-02 | .469E+02 | .938E+02 | 0.01
24 | 7620 { 409 | 5. | .267E-02 | 463E+02 | .925E+02 | 0.02
25 | 8890 1 413 | 93. | .261E-02 | .452E+02 | .904E+02 | 0.05

Table A.34: 1 in. cylinder with $S=.5 in;; U = 20.9(m/s), T = 24.5(°C),
g = 1555(W/m?), i = 170.0(A)
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Case: 1twa-27.5

Date and time of experiment: Oct.04,1992, 01:30

[No [ X(am) [TCC) | B |_St | Nus | Nusg [condm]

1 1.27 36.7

2 2.54 35.2 | 125. | .381E-02 | .610E+02 | .122E+03 | 5.04
3 3.81 33.3 | 185. | .566E-02 | .906E-+02 | .181E+03 | 16.95
4 5.08 32.6 | 199. | .607E-02 | .972E-+02 | .194E+03 | 15.12 | Xpnar
5 6.35 32.8 | 186. | .567E-02 | .S0TE+02 | .181E+03 | 10.54
6 7.62 33.7 | 152. | .465E-02 | .745E402 | .149E+03 | 0.61
7 8.89 34.7 | 133. | .405E-02 | .649E+02 | .130E+03 | 3.36
8 10.16 | 35.4 | 128. | .392E-02 | .628E+-02 | .126E+03 | 0.15
9 11.43 | 36.2 | 115. | .352E.02 | .563E+02 | .113E+03 | 3.97
10 | 1270 | 36.7 | 113. | .346E-02 | .553E+02 | .111E+03 | 1.83
11 § 13.97 | 37.1 | 112.| .341E-02 | .546E+02 | .109E+03 | 0.15
12 | 15.24 | 374 | 107.| .327E-02 | .523E+02 | .105E+03 | 1.53
13 | 177 379 §106. | 323E-02 | .516E+02 | .103E+03 | 0.41
14 | 19.05 | 38.1 | 102.} .312E-02 | .500E+02 | .100E+03 | 0.92
15 | 2032 | 384 | 101. ) .308E-02 | .493E+02 | 986E+02 | 0.87
16 | 22.86 | 38.6 | 100. | .307E-02 | 491E+02 | 981E+02 | 0.23
17 | 25.40 | 38.9 | 98. | .299E-02 | .479E+02 | 958E+02 | 0.15
18 | 2794 | 39.1 | 96. | .294E-02 | 470E+02 | .939E+02 | 0.42
19 | 3048 | 39.3 | 96. | 292E-02 | .467E+02 | .935E+02 | 0.01
20 | 35.56 | 39.5 | 94. { .287E-02 | .460E+02 | .920E-+02 { 0.19
21 | 38.10 | 39.7| 92. | .281E-02 | 450E+02 | .901E+02 | 0.57
22 | 4064 | 39.8 | 92. | .282E-02 | 451E+02 | .902E+02 | 0.01
23 | 63.50 | 40.5 | 88. | .270E-02 | .432E+02 | .864E+02 | 0.01
24 | 76.20 | 40.7 | 87. | .266E-02 | .426E--02 | .851E402 | 0.02
25 | 88.90 | 41.1 | 85. | .260E-02 | .416E+02 | .833E+02 | 0.05

Table A35: 1 in. cylinder with S=5in; U =
g = 1438(W/m?), i = 163.0(A)

16(m/s), T = 24.2(°C),



Case: 1twa-25 Date and time of experiment: Oct.04,1992, 02:13

I No. I X{emn) | T(*C) | b | St | Nug | Nug | cond% |

1.27 37.1
2.54 394 | 117. | .397TE-02 | S5T1E+02 | .114E+03 | 4.93
3.81 33.5 | 178. | .605E-02 | .870E+-02 | .1T4E+03 | 19.41
5.08 32.7 | 189. | .640E-02 | .921E-+02 | .184E+03 | 16.23 | Xmes
6.35 33.0 | 174. | .581E-02 | .850E-+02 | .170E+03 | 10.66
7.62 33.9 | 143. | 487E-02 | .TO0E+02 | .140E+03 | 0.95
8.89 34.9 | 124. | .423E-02 | .608E-+02 | .122E+03 | 3.34
8 10.16 | 35.7 | 120. | .408E-02 | .58TE+02 | .117E+03 | 0.16
9 1143 | 36.5 | 107. | .364E-02 | .523E+02 | .105E+03 | 4.45
10 | 12.70 7.0 | 106. | .359E-02 | .516E+02 | .103E+03 | 1.75
11 | 13.97 7.4 | 104. | .354E-02 | .508E+02 | .102E4+03 | 0.16
12 | 15.24 7.9 | 100. | .339E-02 | .48TE+02 | .974E+02 | 1.54
13 | 17.7 38.4 | 98. | .332E-02 | .47BE+02 | .956E+02 | 0.27
14 | 19.05 | 38.6 | 95. | .322E-02 | .463E+02 | .926E+02 | 0.95
15 | 20.32 | 389 | 93. | .317E-02 | 455E+02 | .911E+02 | 1.06
16 | 22.86 | 39.1 | 93. | .315E-02 | .454E+02 | S0TE+02{ 0.16
17 | 2540 | 394 | 91. | .309E-02 | .444E+02 | .889E+02 | 0.04
18 | 27.94 | 39.6 | 89. [ .302E-02 | .434E+02 | .869E+02 | 0.56
19 | 3048 | 39.8 | 89. | .301E-02 | .423E+02 | .866E+02 | 0.03
20 | 3556 | 40.0 | 88. | .297E-02 | .428E+02 | .855E+02 | 0.27
21 | 38.10 § 40.2 | 86. | .291E-02 | .418E--02 | .836E+02 | 0.64
22 | 40.64 | 40.3 ! 86. | .291E-02 | .419E+02 | .§38E+02 | 0.01
23 | 63.50 | 40.9 | 83. | .281E-02 | .403E+02 | .80TE+02 | 0.01
24 | 76.20 | 41.1 | 82. | .277E-02 | .398E+-02 | .797E+02 | 0.01
25 | 88.90 | 41.4 | 80. | .272E-02 | .391E+02 | .782E+02 | 0.05

||| ]l

Table A.36: 1 in. cylinder with S=.5 in; U = 24.8(m/s), T = 24.2(°C),
g = 1381 (W/m?), i = 160.0(A)



Case: 1twa-22.5 Date and time of experiment: Oct.04,1992, 01:15

‘ No. ] X(em) | T(°C)| b I St | Nus | Nug | cond% |

1 36.2

2 254 34.8 | 105. j .395E-02 | .513E4-02 | .103E403 | 6.34
3 3.81 329 | 161. | .607E-02 | .T89E+02 | .I38E+03 | 19.39
4 5.08 32.1 | 173. | .652E-02 | .84TE+02 | .169E+03 | 17.22 | Xpmax
5 6.35 32.3 | 162.| .610E-02 | .792E-+02 | .158E-+03 | 11.96
6 7.62 33.2 | 133. | .501E-~02 | .651E+02 | .130E+03 | 1.27
7 8.89 34.1 | 116. | 437E-02 | .568E+02 | .114E+03 | 2.90
§ | 10.16 | 34.8 | 112.| .423E-02 | .549E+02 | .J10E4+03 | 0.91
9 | 1143 | 35.6 | 99. | 371E-02 | 481E+02 | .963E4+02 | 5.07
10 | 12.70 | 36.1 7. | J366E-02 | 476E+02 | .952E+02 | 1.99
11 | 1397 | 36.6 | 96. | .360E-02 | .468E+02 | .936E+02 | 0.36
12 ] 1524 | 369 | 92. | .344E-02 | 447E+02 | .895E+02 | 1.81
13 | 17.% 374 | 90. | 3J40E-02 | 441E+02 | .882E402 | 0.36
14 | 1906 | 37.7 7. | 328E-02 | .426E402 | .852E+02 | 1.09
15 | 20.32 7.9 | 86. | .324E-02 | 420E+02 | .840E+02 | 0.97
16 | 22.86 | 38.2 | 85. | .321E-02 | 417E+02 | .833E+02 | 0.05
17 | 2540 | 384 | 84. | .315E-02 | .409E-++02 } .B18E+02 | 0.00
18 | 2784 | 387 | 82. | .307E-02 | .399E+02 | .¥98E+02 | 0.59
19 | 3048 | 38.8 | 81. | -306E-02 | 397E+02 | .794E+02 | 0.11
20 | 3556 | 39.1 | 81. | .303E-02 | .393E+02 | .786E+02 | 0.32
21 | 38.10 | 39.3| 79. | .296E-02 | .384E~-02 | .768E+02 | 0.68
22 | 4064 | 39.3 | 79. | .297TE-02 | .385E+02 | .770E+02 | 0.01
23 | 63.50 | 39.9 | 76. | .285E-02 | .37T1IE+02 | .7T41E+02 | 0.01
24 | 7620 | 40.2 | 75. | .281E-02 | .365E+02 | .720E402 { 0.01
25 | 88.90 | 40.5 | 73. | .275E-02 | .358BE+02 | .T1GE+02 | 0.06

Table A.37: 1 in. cylinder with $=.5 in; U = 224(m/s), T = 24.0(°C),
g = 1212(W/m?), i = 150.0(A) .



Case: 1twa-20 Date and time of experiment: Qct.04,1992, 02:30

[No.[X(em) [TCC)[ b | St | Nus | Nue | cond% |

1 1.27 37.1

2 2.54 356 | 98. | 412E-02 | 4T8E+02 | .956E+02 | 7.60

3 3.81 33.6 | 155. | .651E-02 | .755E+02 | .151E+03 | 20.82

4 5.08 32.8 | 166. | .698E-02 | .BU9E+02 | .162E+03 | 1828 | Xme-
5 6.35 33.0 | 155. | .652E-02 | .756E+02 | .I51E+03 | 12.85

6 7.62 33.9 | 127. | .534E-02 | .619E+02 | .124E+03 | 1.81

7 8.89 34.9 | 109. | 460E-02 | .533E+02 | .107E+03 | 3.26

8 | 10.16 | 35.7 | 105. | .442E-02 | .513E+02 | .103E+03 | 0.18

9 | 11.43 | 366 | 94. | .395E-02 | .458E+02 | 916E+02 | 4.16

10 | 12.70 7.1 [ 81, | 383E-02 | 4H4E+02 | .889E+02 { 253

11 | 13.97 | 37.6 | 90. | .379E-02 | 440E-+02 | .879E+02 | 0.18

12 | 15.24 | 38.1 | 86. | .361E-02 | .419E+02 | .838E+02 | 1.69
13 | 17.78 | 38.7 | 83. | .351E-02 | .407E+02 | .815E+02 | 0.12
14 | 19.05 | 39.0 | 81. | .340E-02 | .395E+02 | .789E+02 | 1.27
15 | 20.32 | 39.2 | 80. | .336E-02 | .390E+02 | .780E+02 | 0.91
16 | 22.86 | 39.5 | 79. | .332E-02 | .386E+02 | .7iT1IE+02 | 0.00
17 | 25.40 | 39.8 | 77. | .326E-02 | .378E+02 | .755E+02 | 0.09
18 7.94 | 40.1 | 75. | .318E-02 | .369E+02 | .737TE+02 | 0.68

)

4
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19 | 30.48 | 403 | 75. | .317E-02 | .368E+02 | .736E+02 | 0.02
20 | 35.56 | 40.6 | 74. | 312E-02 | .362E4-02 | .725E+02 | 0.26
21 | 38.10 | 40.8 - | -305E-02 | 354E+-02 | .TOS8E+02 | 0.72
22 | 40.64 | 409 | 73. | .306E-02 | .355E+02 | .7T10E+02 | 0.01
23 | 63.50 | 415 | 70. | .294E-02 | .J4IE+02 | .682E402 | 0.03
L 24 | 76.20 | 41.7 | 69. | .291E-02 | .338E402 | .675E+02 | 0.01
- 25 | 88.90 [ 419 | 68. | .288E-02 | .334E+02 | .667TE4+02 | 0.04

Table A.38: 1 in. cylinder with 5=.5 in.; U = 20.0(m/s), T = 24.2(°C),
g = 1213(W/m?), i = 150.0( A)




Case: 1twa-17.5 Date and time of experiment: Oct.04,1992, 02:45

No. | X(em) | T(°C) | h St Nus | Nug |cond%l

1 1.27 37.0

2 2.54 35.5 | 87. | 421E-02 | A2TE+02 | .854E402 | 9.23
3 3.81 33.5 | 142. | .684E-02 | .694E+02 | .139E+03 | 22.07
4 5.08 32.7 | 153. | .73TE-02 | .T4TE4-02 | .149E+03 | 19.66 | Xmar
5 6.35 32.8 | 144. | .691E-02 | .T02E+02 | .140E+03 | 14.04
6 7.62 33.6 | 118. ! .568E-02 | .576E+02 | .115E4+03 | 2.61
7 3.89 34.6 { 101. | .488E-02 | 495E+02 | .990E+02 | 3.01
8 | 10,16 | 354 7. | 468E-02 | 475E+02 | .949E+02 | 0.20
9 11.43 | 36.2 | 86. | 4I6E-02 | 422E-+-02 | .B44E+02 | 4.41
10 | 12.70 | 36.8 | 84. | .404E-02 | 410E+402 | .819E+02 | 2.61
11 | 13.97 | 373 | 83. | .399E-02 | 405E+02 | .810E+02 | 0.20
12 | 15.24 7.8 | 79. | .379E-02 | .385E+02 | .7T0E+02 { 1.81
13 | 17.7 384 | 76. | .368E-02 | 373E+02 | .T4TE+02 | 0.20
14 | 19.05 | 38.7 | 74. [ .356E-02 | .361E+02 | .T22E402 | 1.40
15 | 2032 | 39.0 | 73. | .351E-02 | .356E+02 | .TI3E+02 | 1.07
16 | 22,86 | 39.3 | 72. | .348E-02 | .353E402 | .T05E+02 | 0.00
17 | 2540 | 39.6 | 71. | .340E-02 | .345E+02 | .690E+02 | 0.05
18 | 27v.94 | 39.9 | 69. | .331E-02 | .336E+02 | .6T2E+02 | 0.70
19 | 3048 | 40.1 | 69. | .330E-02 | .335E+02 | .670E+02 | 0.05
20 | 35.56 | 40.4 | 67. | .325E-02 | .330E4+02 | .659E+02 | 0.28
21 | 38.10 | 40.6-| 66. | .317E-02 | .322E+02 | .643E4+02 | 0.70
22 | 40.64 | 40.7 | 66. | .317TE-02 | .322E+02 | .644E+02 | 0.02
23 | 63.50 | 414 | 63. | .305E-02 | .309E+02 | .618E-+02 | 0.04
24 | 7620 | 41.5 | 63. | .303E~02 | .30TE+02 | .615E+02 | 0.01
25 | 88.90 | 41.7 | 62. | .300E-02 { .304E+-02 | .608E+02 | 0.03

Table A.39: 1 in. cylinder with $=.5 in.; U = 17.5(m/s), T = 24.1(°C),
g = 1095(W/m?), 1 = 143.0(A)



Case: Itwa-15a Date and time of experiment: Qct.04,1992, 00:30
No. | X{em) | TCC) | h St | Nus | Nug | cond% i
1 127 7.9
2 2.54 36.2 | 74. | .415E-02 | .361E+02 | .T22E+02 | 13.92
3 3.81 34.2 | 122, | .684E-02 | .595E+02 | .119E4-03 | 19.11
4 5.08 33.2 | 139. | .7T83E-02 | .681E+02 | .136E+03 | 22.43 | Xmmee
5 6.35 33.2 | 132. | .T42E-02 | H45E+02 | .129E+03 | 16.41
6 7.62 34.0 | 108. | .609E-02 | .530E+02 | .JO6E+03 | 3.95
T 3.89 35.1 | 93. | .320E-02 | 453E+02 | .805E+02 | 2.25
8 10.16 | 35.9 | 88. | 497E-02 | .432E+02 | .864E+02 | 0.83
9 1143 | 36.9 | 78. | 435E-02 | .37T9E+02 | .757E+02 | 4.78
10 | 12.70 7.6 | 75. | 420E-02 | .365E+02 | .T31E+02 | 3.12
11 | 13.97 | 382 | 74. | 415E-02 | .361E+02 | .T21E+02 | 0.42
12 | 1524 | 38.7 | 70. | .392E-02 | .341E+02 | .682E+02 | 2.28
13 1 17.7 39.4 | 68. | .381E-02 | .331E+02 | .663E+02 | 0.21
14 ) 1905 | 39.8 | 65. | .367E-02 | .319E+02 | .639E+02 | 1.66
15 { 2032 | 40.1 | 65. | .364E-02 | .31TE+02 | .634E+02 | 0.69
16 | 2286 | 40.6 | 63. | .355E-02 | .309E+02 | .6i8E+02 | 0.42
17 | 2540 | 409 i 62. | .348E-02 | .303E-+02 | .606E+02 | 0.16
18 | 27.94 | 41.3 | 60. | .339E-02 | .295E+02 | .580E+02 | 0.73
19 | 3048 | 415 | 60. | .337E-02 | .203E+02 | 58TE+02 | 0.0T
20 | 35.56 | 419 | 59. | .333E-02 | .290E4+02 | 5T9E-+02 | 0.73
21 | 38.10 | 423 7. | 319E-02 | .2T7TE+02 | 555E+02 | 1.40
22 | 4064 | 424 | 57. | .321E-02 | 279E+02 | .558E+02 | 0.05
23 | 6350 | 43.1 | 55. | .309E-02 | .268B-+02 | 537E+02 | 0.04
24 | 76.20 | 43.3 | 54. | .306E-02 | .266E+402 | .532E+02 | 0.02
25 | 8890 | 434 | 54. { .305E-02 | .265E+02 | .531E+02 { 0.01

Table A.40: 1 in. cylinder with S=.5 in.; U = 15.0(m/s), T = 23.9(°C),
g = 1058(W/m?), i = 140.0(A)
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Case: 1twa-13b Date and time of experiment: Oct.04,1992, 03:00

No. TCC)| h | St Nus Nug cond%
[[1 ] 127 | 316
2 2.54 363 73. | 408E-02 | .35TE+02 | .T14E+-02 | 14.30
3 381 343 | 121. | .67T6E-02 | .592E+402 | .11BE+03 | 19.68
4 5.08 33.3 | 137. | .T62E-02 | .668E+02 | .134E+03 | 21.96 | Xmac
5 6.35 33.4 130. | .T24E-02 | .634E+02 | .127E+03 | 1637
6 7.62 34.2 | 106. | 593E-02 | .519E+02 | .104E+03 | 3.73
7 8.89 352 91. | .S0TE-02 | .444E+02 | S88E+02{ 249
8 10.16 36.1 87. | AB4E-02 | 424E402 | B4TE+QG2 | 041
g 11.43 370 77. | 429E-02 | .3TSE+02 | .T51E402 | 4.35
10 12.70 37.8 74. | 412E-02 | .361E+02 | T22E402 3.11
11 13.97 383 73. | 407E-02 | .357E<+02 | .TI13E+02 041
12 15.24 389 69. | .386E-02 | .338E+02 | .677E+02 | 2.00
13 17.78 39.6 67. | 3T2E-02 | .325E+02 | .651E+02 0.76
14 19.05 40.0 65. | .361E-02 | .316E+02 | .631E+02 1.66
15 | 20.32 40.2 64. | .358E-02 | .314E+02 | .627E+02 | 0.69
16 22.86 40.7 63. | .351E-02 | .307E+02 | .614E-+02 0.26
17 25.40 41.0 62. | .344E-02 | .301E+02 | .602E+02 0.10
18 | 27.94 414 60. | .335E-02 | .293E+02 | .586E--02 0.73
19 | 3048 41.6 60. | .333E-02 | .292E+02 | .584E+02 | 0.03
20 | 35.56 42.0 59. | .327E-02 | .286E+02 | .572E+02 | 0.21
21 | 38.10 42.3- | 57. | .320E-02 § .280E+02 | .560E4+02 | 0.57
22 | 40.64 42.4 57. | J19E-02 | .279E+02 | .508E+02 | 0.06
23 | 63.50 432 55. | .305E-02 | .267E+-02 | .534E+02 [ 0.05
24 | 76.20 43.4 54. | .303E-02 | .2R5E402 | B30E4-02 | 0.01
25 | 88.90 43.5 54. | .301E-£2 | 264E+02 | .528E+02 | 0.02

Table A41: 1 in. cylinder with $=.5 in; U = 15.1(m/s), T = 23.8(°C),
q = 1060(W/m?), i = 140.0(4)~



Case: 1twa-12.5 * Date and time of experiment: Oct.04,1992, 04:00

No. | X(em) | T(°C) | kb St Nug Nug cond%
1 1.27 38.1
2 2.54 36.7 59. | .399E-02 | 287E+02 | .57T3E+02 | 16.87
3 3.81 34.6 j 103. | .699E-02 | .503E<+-02 | .101E+03 | 21.94
4 5.08 334 | 118. | .803E-02 | .5TSE-+02 | .116E+03 | 24.35
S 6.35 33.2 | 118. | .805E-02 | .579E+02 | .116E+03 | 21.84 | Xma-
6 7.62 33.9 96. | .649E-02 | 467E+02 | .933E+02 | 5.79
T 8.89 34.9 81. | .551E-02 | .396E+02 | .T93E+02 1.69
8 10.16 35.7 76. | .SI9E-02 | 373E+02 | .74TE+02 | 0.00
9 11.43 36.6 68. | 465E-02 | .334E+02 | .669E+02 | 3.86
10 | 12.70 373 65. | 445E-02 | .320E+02 | .639E+02 | 2.89
11 13.97 37.9 64. | 434E-02 | .312E+02 | .624E+02 | 0.96
12 | 15.24 38.5 61. | 413E-02 | 29TE+0Q2 | .3%4E+02 | 2.0
13 | 17.78 39.4 58. | .394E-02 | .283E+02 | .5366E+-02 1.04
14 | 19.05 39.7 96. § J3B1E-02 | .27T4E+02 | .348E+02 1.93
15 | 20.32 40.0 56. | 378E-02 | 27T1E+02 | .543E+02 1.12
16 | 22.86 405 3. | 3T1E-02 | .267E-+02 | .5333E+02 | 0.24
IT | 25.40 40.9 93. | .363E-02 | .261E+02 | .522E+02 | 0.06
18 | 27.94 41.3 52. | .351E-02 | .253E+02 | .505E+02 | 0.96
19 | 30.48 41.5 51. | .350E-02 | .251E+-02 | .503E+02 | 0.16
20 | 35.56 419 51. | .3JME-02 | 247E+02 | 495E+-02 | 0.32
21 | 38.10 42.1 49. | 335E-02 | .241E+02 | 482E+02 ] 0.84
22 | 40.64 ~23 49. | 335E-02 | .241E+02 | .482E+02 | 0.05
23 | 63.50 43.1 47. | 321E-02 | .231E402 | 461E+02 | 0.0T
24 | 76.20 43.1 47. | .320E-02 | .230E+02 | .460E+02 | 0.02
25 | 88.90 43.1 47. | 321E-G2 | .230E+02 | 461E+02 | 0.00

Table A.42: 1 in. cylinder with §=.5 in.; U = 12.4(m/s), T = 23.8(°C),
g = 911(W/m?), i = 130.0(A)

P



Case: 1twa-10

No. | X(em) [ T(°C) |

Date and time of experiment: Qct.04,1992, 04:45

;i St | Nus | Nua | cond% |
—

1 127 36.2

2 2.54 35.1 | 44. | 370E-02 | .21TE+02 | 434E+02 | 22.61
3 3.81 33.3 | 81. | .674E-02 | .395E+02 | .789E+02 | 18.56
4 5.08 32.0 | 101. | .846E-02 | .496E+02 | .991E+02 | 29.35
5 6.35 31.6 | 108. | .898E-02 | .526E+02 | .105E+03 | 31.04 | Xmer
6 7.62 322 | 82. | .683E-02 | .400E+02 | .800E+02 | 6.41
7 8.89 329 | 70. | .58TE-02 | .344E+02 | .687E+02 | 0.67
8 10.16 | 33.6 | 67. | .558E-02 | .327E-+02 | .653E+402 | 1.69
9 1143 | 34.4 | 58. | 485E-02 | .284E+02 | .568E402 | 4.72
10 | 1270 | 35.0 [ 56. | .463E-02 | .271E+02 | .543E+02 | 3.7l
11 | 13.97 | 35.5 | 55. | 460E-02 | .270E+02 | .539E--02 | 0.00
12 | 15.24 | 36.0 | 52. | .430E-02 | .252E+02 | .504E+02 | 2.59
13 | 17.78 | 36.8 | 49. | .410E-02 | .240E+02 | 480E+02 | 1.24
14 | 19.05 7.1 | 47. | .396E-02 | .232E+02 | 464E+02 | 2.02
15 | 20.32 7.4 7. | 389E-02 | .228E+02 | 456E+02 } 1.69
16 | 2286 | 37.8 | 46. | .383E-02 | .224E+02 | .449E+02 | 0.34
17 | 25.40 | 38.2 | 45. | .374E-02 | .219E+02 | 438E+02 | 0.17
18 7.94 | 385 | 43. | 362E-02 | .212E4+02 | 423E+402 | 1.18
19 | 30.48 | 38.8 | 43. | .360E-02 | .211E+02 | 422E4+02 | 0.14
20 | 35.56 | 39.1 | 42. | .353E-02 | .20TE+02 | 413E+02 | 0.25
21 | 38.10 | 394 | 41. | .344E-02 | .201E+02 | .403E+02 | 0.84
22 | 40.64 | 395 | 41. | .344E-02 | .201E+02 | 403E4-02 | 0.07
23 | 63.50 | 40.3 | 39. | .328E-02 { .192E+02 | .384E+02 | 0.09
24 | 76.20 | 40.3 | 39. | .326E-02 | .191E+4-02 | .382E+02 | 0.06
25 ) 88.90 | 40.2 | 39. { .329E-02 | .193E+02 | .385E+02 | 0.04

Table A.43: 1 in. cylinder with S=.5 in.; U = 10.1(m/s), T = 23.7(°C),

g = 651(W/m?), i = 110.0(A)
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Case: 1twa-8.7 Date and time of experiment: Oct.04,1992, 04:15

] No. i X(em) | T(°C) | k | St Nug | Nug l cond% |
387 | |1 11

127

1 .

2 2.54 37.8 139.| .377E-02 | .190E+02 j .381E+02 | 28.58
3 3.81 35.8 | 71i. | .686E-02 | .346E+02 | .693E+02 | 12.17
4

5

6

7

5.08 34.3 | 94. | .914E-02 | .461E+02 | .922E+02 | 30.84
6.35 33.9 | 96. § .927E-02 | .468E+02 | .935E+02 | 2745 | Xma-
7.62 344 | 79. | .T64E-02 | .385E+02 | .TTIE+02 | 1047
8.89 35.3 | 66. | .636E-02 | .321E-+02 | .642E+02 | 0.28
8 10.16 | 36.2 | 62. | .596E-02 | .301E+02 | .601E+02 | 0.57
9 11.43 7.1 | 55. | .535E-02 | .279E+02 | .540E+02 | 3.11
0 | 12,50 | 38.0 |52.| .504E-02 | .254E+02 | .5308E+02 | 3.40
1 | 1397 | 38.6 | 51.| .496E-02 | .250E+02 | .501E+02 | 0.28
12 | 15.24 | 39.3 | 48. | .465E-02 | .235E+02 | 469E+02 [ 2.36
13 | 17.78 | 40.4 | 45. | 436E-02 | .220E+02 | .440E+02 | 1.98
14 | 19.05 | 40.9 | 43. ! .420E-02 | .212E+02 | 424E+02 | 3.11
15 | 20.32 | 412 |[43. | .421E-02 | .212E+02 | 425E+02 | 0.94
16 | 22.86 | 41.8 | 42. | 409E-02 | 206E+02 | 413E+02 | 0.64
17 | 2540 | 423 | 41. | .399E-02 | .201E+02 | .403E+02 | 0.35
18 | 27.94 | 427 | 40. | .388E-02 | .196E+02 | .391E+02 | 0.92
19 | 3048 | 43.1 | 40. | .384E-02 | .194E+02 | .388E+02 | 0.24
20 | 35.56 | 43.6 | 39. | .376E-02 | .190E+02 | .379E+02 | 0.14
21 | 38.10 | 43.9 | 38. | .367E-02 | .185E+02 | .371E+02 | 0.71
22 | 40.64 | 44.1 | 38. | .366E-02 | .185E+02 | .369E+02 | 0.11
23 | 63.50 | 45.1 | 36. | .349E-02 | .176E+02 | .352E+02 | 0.10
24 | 76.20 | 45.2 | 36. | .347E-02 | .175E+02 | .351E+02 | 0.05
25 | 88.90 | 45.1 | 36.| .349E-02 | .176E+02 | .352E+02 | 0.03

Table A.44: 1 in. cylinder with S=.5 in.; U = 8.7(m/s) , T = 23.6(°C),
g = TI6(W/m?), i = 120.0(A)




Case: 1twa-7.5a

Date and time of experiment: Oct. 04,1992, 03:45

No. | X(em) | T(*C) | h St | Nus | Nug [ cond% |
1 ] 127 | 409 |
2 2.4 40.1 | 31. | .351E-02 | .153E-+02 | .305E+402 | 35.36
3 3.81 38.1 | 57.! .639E-02 | .278E+-02 | .556E+02 | 3.01
4 5.08 36.1 | 86. | .970E-02 | .422E4-02 | .843E+02 | 35.08
5 6.35 354 | 89.!.101E-01 | 437E+02 | .§T4E+02 | 32.34 | Xmazr
6 7.62 35.9 | 73.| .821E-02 | .357E+02 | .T14E+02 | 12.61
T 8.89 36.8 | 61. ] .68TE-02 | .299E4-02 | .597E+02 | 1.37
8 10.16 7-8 7. | B3TE-02 | .2TTE+02 | .554E+02 1.10
9 1143 389 | 5l1.| STIE-02 | .24B8E+02 | 49TE+02 | 2.74
10 | 1270 39.8 | 47. | .5333E-02 | .232E+402 | 464E+02 | 3.56
11 | 1397 | 40.6 7.1 .526E-02 | .229E+02 | 45TE+02 | 0.27
12 15.24 41.4 | 44. | 491E-02 | .214E402 | 427E+02 | 2.38
13 ] 175 42.8 | 41, | .457E-02 | .199E4-02 | .398E+02 | 2.38
14 | 19.05 | 43.3 | 39. | 438E-02 | .190E+02 | .381E+02 | 3.84
15 | 20.32 43.7 1 40. | 444E-02 | .193E4-02 | .386E+02 | 0.55
16 | 2286 | 44.4 | 38. | .427E-02 | .186E+402 { 37T1E+02 | 0.82
17 | 2540 45.1 | 37. | 41TE-02 | .1831E+02 | .363E+02 | 0.27
18 | 27. 4 45.6 | 36. | .402E-02 | .1T5E+02 | .349E+4+02 | 1.37
19 | 3048 | 46.0 | 36. | .399E-02 | .174E-02 | 34TE+02 | 0.27
20 | 35.56 | 46.7 | 35. | .389E-02 | .169E+02 | .339E-+02 | 0.05
21 | 38.10 7.0 | 34. | .3B1E-02 | .166E+02 | .332E+02 | 0.69
22 1 4064 | 47.2 | 34. | .380E-02 | .165E-+02 | .330E+02 | 0.12
23 | 6350 | 48.5 | 32. | .360E-02 | .156E+402 | .313E+02 | 0.13
24 | 7620 | 48.6 | 32.| .359E-02 | .156E+02 | .312E+02 | 0.08
o5 | 88.90 | 48.3 | 32. | .364E-02 | .158E+02 | .316E+02 | 0.07
Table A.45: 1 in. cylinder with $=.5 in.; U = 7.5(m/s) , T = 23.5(°C),

g = SOL(W/m2), i = 120.0(A4)
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Case: 1twa-7.5b

Date and time of experiment: Oct.04,1992, 05:30

| No. I X(cm) | T(°C) | h I St Nug Nug cond%
1 127 35.0
2 254 343 | 33. | 373E-02 | .162E+02 | .324E+02 | 31.77
3 3.81 329 | 62. | .698E-02 | .303E+02 | .60TE-+-02 | 10.59
4 5.08 31.6 | 87. | .9T3E-02 | 423E+02 | .846E+02 | 34.62
5 6.35 31.3 | 87. | .9T8E-02 | .425E+02 | .851E-+02 | 29.33 | Xmer
6 7.62 31.6 | 72. | B13E-02 | .354E+02 | .TO0TE+02 | 1222
T 8.89 32.3 | 60. | .678E-02 | .295E+02 | .589E+02 | 0.81
8 10.16 32.9 7. | .636E-02 | 2TTE+02 | .353E-+02 1.63
9 { 1143 | 33.6 | 50. | .562E-02 | .244FE+02 | "485E+02 | 3.67
10 12.70 3.3 | 47. | 532E-02 | 231E+02 | 463E+02 | 3.26
11 1 1397 | 348 | 46. | .520E-02 | .226E+32 | .452E+02 | 0.81
12 | 1524 35.3 | 44. | 493E-02 | .214E+02 | 429E+02 1.77
13 | 17.78 | 36.2 | 40. | .455E-02 | .198E+02 | .395E+02 | 2.58
14 | 19.05 | 36.6 | 39.| .439E-02 | .191E+02 | .382E+02 | 3.26
15 | 20.32 | 369 | 39.| .440E-02 | .192E+02 | .383E-+02 | 0.95
16 | 2286 37.4 | 38. | 425E-02 | .185E+02 | .370E+02 0.92
17 | 25.40 37.8 7. | 417E-02 | .181E+02 | .362E+02 0.20
18 | 27.94 38.1 | 36. | .401E-02 | .175E+02 | .349E+02 132
19 | 3048 384 | 36.| .399E-02 | .1T4E+02 | .347E+02 0.27
20 | 35.56 38.8 | 35. | .390E-02 | .169E+-02 | .339E+02 0.07
21 | 38.20 | 39.0 | 34.! .382E-02 | .166E+02 | .332E+02 | 0.51
22 | 40.64 39.2 | 34. | .37T9E-02 | .165E+02 | .330E+02 0.15
23 | 63.50 40.1 | 32. | .360E-02 | .156E+02 | .313E+02 0.13
24 | T6.20 40.1 | 32. | .359E-02 | .156E+02 | .312E--02 0.11
25 | 88.90 39.9 | 32. | .364E-02 | .158E+02 | .316E+02 0.09

Table A.46: 1 in. cylinder with $=.5 in; U = 7.5(m/s) , T = 23.2(°C),
g = 539(W/m?), i = 100.0(A)
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Case: 1twa-06 Date and time of experiment: QOct.04,1992, 04:30

[No. [X(em) [TCC) T B [ St | Nus | Nug | cond% |
1.27 | 381 | B

254 | 372 | 25.| .334E-02 | .120E-+02 | .240E+02 | 36.72
3.81 | 35.4 | 45. | .606E-02 | .218E+02 | .436E+02 | 0.00
5.08 | 33.6 | 74. | .101E-01 | .363E-+02 | .T26E+02 | 42.03
6.35 | 32.8 | 79. | .108E-01 | .388E+02 | .T7SE+02 | 40.40 | Xomar
762 | 33.1 | 64. | .876E-02 | 315E-+02 | .630E+02 | 16.73 -
889 | 33.7 | 54. | .T35E-02 | 264E+02 | .520E+02 | 4.49
§ | 10.16 | 344 |50.| .678E-02 | 244E+02 | 48TE+02 | 3.26
9 | 1143 | 35.3 | 44. | .593E-02 | 213E+02 | 427E+02 | 2.86
10 | 12.70 | 36.0 | 41. ] .553E-02 | .199E+02 | .398E-+C2 [ 3.67
11 | 13.97 | 36.7 | 40. | .548E-02 | .197E+02 | .394E+02 | 0.41
12 | 15.24 | 37.4 | 37. | .505E-02 | .181E+02 | .363E+02 | 2.86
13 | 17.78 | 38.5 | 34. | .468E-02 | .168E+02 | .336E+02 | 2.58
14 | 19.05 | 39.0 445E-02 | .160E-+02 [ .320E+02 | 4.49
15 | 20.32 | 39.4 | 33. | .451E-02 | .162E+02 | .324E+02 | 0.82
16 | 22.86 | 40.1 | 32. | .430E-02 | .155E+02 | .309E+02 | 143
17 | 25.40 | 40.6 | 31. ] .421E-02 | .152E+02 | .303E-+02 | 0.31
18 | 27.94 | 41.1 | 30. | .404E-02 | .145E+02 | .290E+02 | 1.63
19 | 30.48 | 41.5 | 30. | .401E-02 | .144E+02 | .288E+02 | 0.37
20 | 35.56 | 42.1 | 29. | .390E-02 | .140E+02 | .280E+02 | 0.03
21 | 38.0 | 424 | 28. | -382E-02 | .137E+02 | .274E+02 | 0.61
22 | 40.64 | 42.6 | 28. | .379E-02 | .136E+02 | .272E+02 | . 0.20
23 | 63.50 | 43.8 | 26. | .357E-02 | .128E+02 | .257E+02 | 0.17
24 | 16.20 | 43.8 | 26. | .356E-02 | .128E+02 | .256E+02 | 0.2
25 | 88.90 | 43.3 | 27. | .366E-02 | .132E+02 | .263E+02 | ©.20

=J| || ] ]| tD]

g

Table A.47: 1 in. cylinder with S=.5 in; U = 6.2(m/s) , T = 23.3(°C),
g = 538(W/m?), i = 100.0(A)



Case: 1twa-05 Date and time of experiment: Qct.04,1992, 05:00

| No. | X(em) | T(°C) B ]| St l Nus | Nua [ cond% |
1 [ — 1 1T 1T 1

1.27 35.9
2 2.54 35.5 | 20. | .331E-02 | .S58E~+01 | .192E+02 | 44.19
3 3.81 34.1 | 33. | .562E-02 | .165E+02 | .326E+02 | 15.24
4 5.08 32.5 | 62. | .105E-01 | .305E+02 | .609E+02 | 35.05
5 6.35 31.6 | 77. | .120E-01 } .374E+02 | .T48E+02 | 49.27 | Xma-
6 7.62 31.6 | 62. | .104E-01 | .301E+02 | .603E-+02 | 20.83
7 8.89 32.1 | 52. | .879E-02 | .255E+02 | .510E+02 | 7.62
8 10.16 { 32.7 ] 47. | .800E-02 | .232E+02 | 464E+02 | 4.57
9 | 1143 { 334 | 41.[ .692E-02 | 201E+02 | 401E+02 | 3.05
10 | 12.70 | 34.0 | 39.| .652E-02 | .189E+02 | .378E+02 | 3.05
11 | 13.97 | 34.6 | 38. | .642E-02 | .186E+02 | .37T2E+02 | 0.51
12 | 15.24 | 35.2 | 36. | .598E-02 | .173E+02 | .347TE+02 | 152
13 | 177 36.2 | 32. | .534E-02 | .155E+02 | .310E+02 | 4.23
14 | 19.05 | 36.6 [ 31. [ .522E-02 | .151E4-02 | .302E+02 | 3.56
15 | 2032 7.0 | 31. | .521E-02 | .151E+02 | .302E+02 | 1.18
16 | 22.86 | 376 | 30. | .498E-02 | .144E+02 | .288E+02 | 1.52
17 | 2540 | 38.1 | 29.) .487E-02 | .141E+02 | .283E+02 | 0.25
18 | 27.94 | 38.6 | 28. ] .465E-02 | .135E+02 | .269E+02 | 1.90
19 | 30.48 | 38.9 | 27.] .463E-02 | .134E+02 | .268E+02 | 0.25
20 | 35.56 | 394 |26.] .446E-02 | .120E+02 | .259E+02 | 0.25
21 | 38.10 | 39.7 | 26. | .438E-02 | .127E+02 | .254E+02 | 0.51
22 | 40.64 | 39.9 | 26. | .433E-02 | .126E-+02 | .251E+02 | 0.28
23 | 63.50 | 40.9 | 24.| .409E-02 | .119BE+402 | .23TE+02 | 0.21
24 | 76.20 | 40.9 | 24. | .409E-02 | .119E+02 | .237E+02 | 0.25
25 | 88.90 | 40.4 | 25. | .424E-02 | .123E+02 | .246E+02 | 0.26

Table A.48: 1 in. cylinder with $=.5 in.; U = 5.0(m/s) , T = 23.2(°C),
g = 432(W/m?), i = 90.0(A)

ta
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A.a-iv

Data and Results for 1" cylinder in Different
Velocities; S=1"

L]



Case: 1twb-30a Date and time of experiment: Qct.10,1992, 16:45

l No. | X(em) [ TCC) | b | St | Nus | Tug | ~ond% | _

1 | 127 | 393 o
2 | 254 | 38.3 | 122. | .342E-02 | .120E+03 | .120E+03 | 0.76
3 | 381 | 37.3 | 124. | .346E-02 | .121E+03 | .121E+03 | 4.79
4 | 5.08 | 36.0 | 142. | .399E-02 | .139E+03 | .139E+03 | L.i3
5 | 635 | 34.6 | 174. | 487E-02 | .170E+03 | .170E+03 | 6.63
6 | 7.62 | 337 | 191. | .536E-02 | .187E+03 | .18TE+03 | .68
7 | 889 | 334 {195 | .545E-02 | .ISOE+03 | 190E+03 | 655 | Xome
8 | 10.16 | 33.7 | 190. | .532E-02 | .186E+03 | .186E+03 | 6.68
9 | 1143 | 34.5 | 166. | 464E-02 | .162E+03 | .162E+03 | 0.50
10 | 1270 | 35.3 | 152. | .426E-02 | .149E+03 | .149E+03 | 0.63
1} [ 13.97 | 36.1 | 144. | 403E-02 | .141E+03 | .141E+03 | 0.50
12 | 15.24 | 369 | 131. | .368E-02 | .128E+03 | .128E+03 | 2.31
13 | 17.78 | 37.9 | 124. | .347E-02 | .121E+03 | .121E+03 | 0.04
14 | 19.05 | 38.5 | 118. | .329E-02 | .115E+03 | .115E+03 | 1.64
15 | 20.32 [ 38.9 | 115. | .321E-02 | .112E+03 | .112E+03 | 143
16 | 22.86 | 39.3 | 113. | .316E-02 | .110E+03 | .110E+03 | 0.09
17 | 2540 [ 39.8 | 110. | .307E-02 | .107E+03 | .107E+03 | 0.5
18 [ 27.94 | 40.1 | 107. | .299E-02 | .104E+03 | .104E+03 | 057
19 | 3048 [ 40.3 [ 106. | .298E-02 | .104E+03 | .104E+03 | 0.03
20 | 35.56 | 40.7 | 104. | -292E-02 | .102E+03 | .102E+03 | 0.09
21 | 38.10 | 40.9 | 102. | .286E-02 | .998E+02 | .9985+02 | 0.54
22 | 40.64 | 40.9 | 102. | .286E-02 | .100E+03 | .100E+03 | 0.02
23 | 63.50 | 41.8 | 98. | .273E-02 | .953E+02 | .953E+02 | 0.01
24 | 76.20 | 42.1 | 96. | .268E-02 | 935E+02 | .935E+02 | 0.00
25 | 88.90 | 424 | 94. | .263E-02 | .O19E+02 | .919E+02 | 0.04

Table A.49: 1 in. cylinder with S=1 in; U = 30.1(m/s), T = 23.9(°C),
g = 1743(W/m?), i = 180.0(A)



Case: 1twb-30b Date and time of experiment: Oct.10,1992, 20:45

-y

[No.TX(m) [TCC)[ b | St | Nus | Nuz | cond% ]

1 1.27 39.7
2 2.54 39.1 | 111. | .313E-02 | .109E+03 | .109E+03 | 7.25
3 3.81 37.9 | 129. | .362E-02 | .126E+03 | .126E+03 | 1.25
4 5.08 36.6 | 143. | .401E-02 | .140E+-03 | .140E+03 | 1.13
5 6.35 35.3 | 173. | .486E-02 | .169E+03 | .169E+03 | 6.25
6 7.62 344 | 191. | .536E-02 | .18TE<+03 | .18TE+03 | 7.63
7 8.89 34.1 | 184. | 546E-02 | .190E+03 | .190E+03 | 6.50 | Xpas
8 10.16 | 34.4 | 190. | .535E-02 | .186E+03 | .186E+03 | 7.13
9 11.43 | 352 | 165. | .462E-02 | .161E+03 | .161E+03 { 0.25
10 | 12.70 | 36.0 | 151. | .424E-02 | .147E+03 | .147E+03 | 0.88
11 | 13.97 | 36.8 | 143.| .402E-G2 | .140E+03 | .140E+03 | 0.25
12 | 15.24 | 37.6 | 131.| .369E-02 | .128E+03 | .128E+03 | 2.08
13 | 177 38.7 | 124. | .348E-02 | .121E+03 | .121E+03 | 0.08
14 | 18.05 § 39.2 | 117.| .330E-02 | .115E+03 | .115E+03 | 1.75
15 | 2032 | 39.6 | 115. | .322E-02 | .112E+03 | .112E+03 | 1.38
16 | 22.86 | 40.0 | 113.| .317E-02 } .110E+03 | .110E+03 | 0.06
7} 2540 | 40.5 | 110.{ .308E-02 | .107E+03 | .107E+03 | 0.16
18 | 27.94 | 40.8 | 107. | .300E-02 | .104E+03 | .104E+03 | 0.62
18 | 30.48 | 41.0 | 196. | .298E-02 | .104E+03 | .104E+03 | 0.06
20 | 38.10 | 41.7 | 102. | .286E-02 | .996E+02 | .996E+02 | 0.21
21 | 40.64 | 41.8'| 102. | .286E-02 | .994E+02 | .994E+02 | 0.02
22 | 50.80 | 42.1 | 99. | .279E-02 | .971E+02 | .9T1E+02 | 0.01
23 | 63.50 | 42.7 | 96. | .2T1E-Q2 | .941E+02 | .941E+02 [ 0.02
24 | 76.20 | 43.1 | 94. | .264E-02 | .919E+02 | .919E+02 | 0.01
25 | 88.90 | 43.5 | 92. | .259E-02 | .901E+02 | .S01E+02 | 0.05

Table A.50: 1 in. cylinder with S=1 in; U = 30.0(m/s), T = 24.5(°C),
g = 1757(W/m?), i = 180.0(A)
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Case: 1twb-27.5 Date and time of experiment: Qct.10,1992, 19:00

No. | X(em) | T(°C) | B | St | Nus | Nug | cond% |

1 1.27 7.4

2 2.54 36.8 | 103. | .314E-02 | .101E+03 | .101E4+03 | 7.11
3 3.81 35.7 | 120. | .366E-02 | .117E+03 | .11TE+03 | 0.95
4 5.08 34.6 | 132. | 400E-02 | .129E4+03 | .129E+03 | 2.06
5 6.35 33.4 | 165. { .500E-02 | .161E+03 | .161E+03 | 7.75
6 7.62 32.6 | 180. | .548E-02 | .176E+03 | .176E+03 | 8.22
7 8.89 32.4 | 183. | .55TE-02 | .1TSE+03 | .179E4+03 | 6.96 | Xma=
8§ | 10.16 | 32.6 | 180. | .548E-02 | .176E-+03 | .176E+03 | 8.06
9 | 1143 | 333 | 153. | .465E-02 | .149E4-03 | .149E+03 | 0.47
10 | 12,70 | 34.0 | 142. | 430E-02 | .138E+03 | .138E+03 | 0.79
11 | 13.97 | 34.6 | 134. | 408E-02 | .131E+03 | .131E+03 | 0.16
12 | 1524 | 35.3 | 124, | 376E-02 | .121E+03 | .121E+03 | 1.79
13 | 17.78 | 36.3 | 115. | .351E-02 { .113E+03 | .113E4+03 | 0.53
14 | 1905 | 36.7 | 110. | .335E-02 | .108E403 | .108E+03 | 1.58
15 | 2032 7.0 1 108. | .328E-02 | .105E-+03 | .J05E+03 | 1.11
16 | 22.86 7.5 | 105. | .318E-02 | .103E+03 | .103E4-03 | 0.24
17 | 2540 | 37.9 | 102.| .310E-02 | .996E+02 | .996E+02 | (.28
18 | 2794 | 38.2 | 99. | .302E-02 | .970E+02 | 970E+02 | 0.55
19 | 30.48 | 384 | 98. | .299E-02 | .961E+02 | .961E+02 | 0.22
20 | 38.10 | 386 7. | 295E-02 | .949E+02 | .949E+02 | 0.06
21 | 40.64 | 386 7. | 295E-02 | .948E~4-02 | .948E+402 | 0.10
22 | 50.80 | 39.0 | 94. | .286E-02 | .S19E+02 | .919E+02 | 0.08
23 | 6350 | 39.1 | 94. | .285E-02 | 91TE4-02 | 917E4-02 | 0.14
24 | 76.20 | 40.1 | 88. | .267E-02 | .859E4+02 | .859E+02 | 0.11
25 | 88.90 | 40.3 | 86. { .263E-02 | .845E+02 | .B45E+02 | 0.04

Table A51: 1 in. cyhnder with S=1 in; U = 27_7(,7,_/5)’ T = 24_3(00),
g = 1389(W/m?), i = 160.0( A)
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Case: 1twb-25 Date and time of experiment: Oct.10,1992, 19:30

Mo [ X(em) [TCCY [ & | St | Nus | Nug | cond% |

1 1.27 38.5
2 254 37.9 | 95. | .321E-02 | .931E4-02 | .931E4-02 ] 8.03
3 3.81 36.8 | 111.] .374E-02 | .108E+03 | .108E+03 | 1.73
4 5.08 355 | 124. | .419E-02 | .121E4-03 | .12IE+03 | 0.79
5 6.35 34.3 | 151.; .510E-02 | .148E+03 | .148E+03 | 6.93
] 7.62 334 | 168. | .566E-02 | .164E+03 | .164E-+03 | 8.82
7 8.89 33.2 | 172. | .578E-02 | .168E+03 | .I168E4+03 [ 7.72 | Xinas
8 | 10.16 | 33.4 | 168.| .566E-02 | .164E+03 | .164E+03 | 8.19
9 | 1143 | 34.1 | 144. | .485E-02 | .141E+03 | .141E+03 | 0.32
10 | 12.70 | 34.9 | 132.| .444E-02 | .129E+03 | .129E+03 | 1.10
11 | 13.97 | 356 | 126.| .424E-02 | .123E+03 | .128E+03 | 0.79
12 | 15.24 | 36.3 | 115. ) .386E-02 | .112E+03 | .112E+03 | 2.20
13 | 17.78 | 374 | 107.| .361E-02 | .105E+03 | .105E+03 | 0.42
14 | 18.05 7.9 | 102. | .343E-02 | .993E+02 | .993E+02 | 1.88
15 | 20.32 | 38.2 | 100.| .335E-02 | .972E+02 | 972E+02 | 1.31
16 | 22.86 | 38.7 | 97. | .327E-02 | .949E+02 | .949E+02 | 0.24
17 | 25.40 | 39.1 | 94. | .318E-02 | .922E+02 | .922E4-02 | 0.24
18 | 27.94 | 39.5 | 92. | .309E-02 | .896E+02 | .896E+02 | 0.63
19 | 30.48 | 39.7 | 91. | .306E-02 | .889E-+02 | .889E+02 | 0.04
20 | 38.10 | 40.3 | 88. | .295E-02 | .855E+02 | .855E+02 | 0.24
21 | 40.64 | 404 | 87. | 204E-02 | .854E+02 } .854E+02 | 0.05
22 | 50.80 | 40.8 | 85. | .287E-02 | .832E+02 | .832E+02 | 0.02
23 | 63.50 | 41.1 | 83. | .281E-02 | .§14E+02 | .814E+02 | 0.00
24 | 76.20 | 41.5 | 82. | .275E-02 | .798E+02 | .798E+02 | 0.01
25 | 88.90 | 41.8 | 80. | .270E-02 } .T84E+02 | .784E+02 | 0.05

Table A.52: 1 in. cylinder with S=1 in.; U = 25.0(m/s), T = 24.4(°C),
g = 1395(W/m?), i = 160.0(A)
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Case: 1twb-22.5 Date and time of experiment: Qct.10,1992, 18:00

T(°C) | & St | Nus | Nug | cond% |

1 | 127 | 368 T
2 | 254 | 36.3 | 89. | .334E-02 | .869E+02 | .869E+02 | 8.55
3 | 3.81 | 35.3 | 103.| .387E-02 | .101E-+03 | .101E+03 | 2.55
4 | 5.08 | 34.2 | 116. | .4375-02 | .114E+03 | .114E+03 | 0.91
5 | 6.35 | 33.0 | 143.] .536E-02 | .139E+03 | .1395+03 | 7.64
6 | 7.62 | 322 | 157.| .591E-02 | .154E+03 | .154E+03 | 5.74
7 | .89 | 319 | 161. | .607E-02 | .158E+03 | .158E+03 | 8.01 | Xomoe
8 | 10.16 | 321 | 158. | .596E-02 | .155E+03 | .155E+03 | 8.01
9 | 11.43 | 327 | 138. | .520E-02 | .135E+03 | .135E+03 | 1.09
10 | 12.70 | 334 | 127. | .477E-02 | .124E+03 | .124E+03 | 0.18
11 | 13.97 | 34.0 | 120. | .452E-02 | .117E+03 | .117E+03 | 0.91
12 | 15.24 | 34.7 | 109. | .408E-02 | .106E+03 | .106E+03 | 2.43
13 | 17.78 | 35.7 | 102. | .383E-02 | .994E+02 | .994E+02 | 0.12
14 | 19.05 | 362 | 96. | .350E-02 | .933E+02 | .933E+02 | 2.37
15 | 2032 | 36.6 | 94. | .352E-02 | .O15E+02 | .915E+02 | 1.52
16 | 22.86 | 37.0 | OL | .344E-02 | .894E+02 | .894E+02 | 0.23
17 | 25.40 | 37.4 | 89. | .333E-02 | .866E+02 | .866E+02 | 0.27
18 | 27.94 | 37.8 | 86. | .323E-02 | .839E+02 | .839E+02 | 0.73
19 | 30.48 | 38.0 | 85. | .321E-02 | .835E+02 | .835E+02 | 0.14
20 | 35.56 | 38.5 | 82. | .308E-02 | .801E+02 | .801E+02 | 0.56
21 | 38.10 | 38.6 | 82. [ .309E-02 | .804E+02 | .804E+02 | 0.14
22 | 40.64 | 38.6 | 82. | .307E-02 | .798E+02 | .798E-+02 | 0.00
23 | 63.50 | 39.4 | 78. | .292E-02 | .758E+02 | .758E+02 | 0.02
24 | 76.20 | 39.7 | 76. | .28TE-02 | .T45E+02 | .745E+02 | 0.01
25 | 88.90 | 39.9 | 75. | .283E-02 | .736E+02 | .736E-+02 | 0.03

Table A.53: 1 in. cylinder with S=1 in; U = 224(m/s), T = 23.9(°C),
q = 1207(W/m?), i = 150.0(A)
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Case: 1twb-20 Date and time of experiment: Oct.10,1992, 19:45

b St Nus Nug | cond%
1 | 127 | 384 T

2 2.54 7.9 | 80. | .337E-02 | .TT8E+02 | .778E+402 | 9.91

3 3.81 36.9 | 92. | .391E-02 | .902E+02 | .902E+02 | 3.60

4 5.08 35.6 | 105. | .445E-02 | .103E+03 | .103E+03 | 1.08

5 6.35 343 | 130. | -549E-02 | .127E+03 | .127E+03 | 8.29

6 7.62 334 | 144. | .611E-02 | .141E+03 | .141E<403 | 10.45

7 8.89 33.2 | 147. | .620E-02 | .143E+03 | .143E403 | 8.83 | Xmar
8 10.16 | 33.4 | 143. | .605E-02 | .140E+03 | .140E+03 | 8.65

9 11.43 | 34.1 | 123.| .520E-02 | .120E+03 | .120E+03 | 0.54
10 | 12.70 | 34.8 | 113.| .480E-02 | .111E+03 [ .111E+03 | 0.36
11 | 13.97 | 355 | 107. | .455E-02 | .105E+03 | .105E+03 | 0.54
12 | 1524 | 363 | 98. | .416E-02 | .960E+02 | .960E+02 | 1.98
13 | 17.78 7.4 | 91. | .386E-02 | .890E+02 | .890E+02 | 0.54
14 | 19.05 | 38.0 | 86. | .365E-02 | .842E+02 | .842E+02 | 2.16
15 | 20.32 | 384 | 84. | .357E-02 | .825E+02 | .825E+02 | 1.38
16 | 22.86 | 39.0 | 82. [ .346E-02 | .T99E+02 | .799E+02 | 0.50
17 | 25.40 | 39.4 | 79. | .336E-02 | .T76E4+02 | .776E+02 | 0.23
18 | 27.94 | 39.9 | 77. | .325E-02 | .T50E+02 | .T50E+02 | 0.86
19 | 3048 | 40.1 | 76. | .323E-02 | .745E+02 | .745E+02 | 0.02
20 | 38.10 | 40.8 | 73. | .309E-02 | .T12E+02 | .T12E+02 | 0.25
21 | 40.64 | 40.9 | 73. | .307E-02 | .T09E+02 | .709E+02 | 0.02
22 | 50.80 | 414 | 71. | .299E-02 | .691E+02 | .691E+02 | 0.03
23 | 63.50 | 41.8 | 69. | .202E-02 | .674E+02 | .6T4E+02 | 0.03
24 | 76.20 | 42.0 | 68. | -288E-02 | .666E+02 | .666E+02 | 0.01
25 | 88.90 | 422 | 68. | .286E-02 | .660E+-02 | .660E+02 { 0.03

Table A.54: 1 in. cylinder with S=1 in; U = 19.9(m/s), T = 24.1(°C),
= 1219(W/m?), ¢ = 150.0(A)
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Case: 1twb-17.5 Date and time of experiment: Qct.10,1992, 17:30

- X(em) I T(°C) l h I St | Nug I Nug | cond% I

1 1.27 36.9

2 2.54 36.5 | 72. | 346E-02 | .T02E+02 | .702E+02 | 11.70
3 3.81 35.5 | 85. | .409E-02 | .831E+02 | .831E+02 | 3.34
4 5.08 344 | 95. | 459E-02 | .932E+02 | .932E+02 | 1.67
5 6.35 33.2 | 119. | .572E-02 | .116E+03 | .116E+03 | 8.78
6 7.62 32.4 | 131. | .633E-02 | .128E+03 | .128E+03 | 10.66
7 8.89 32.2 | 134. | .644E-02 | .131E+03 | .1318+03 | 9.19 | Xme-
8 | 10.16 | 32.3 | 131.| .629E-02 | .128E+03 | .128E+43 | 8.78
9 | 1143 | 32.9 | 115.] .552E-02 | .112E+03 | .112E+03 | i.88
10 | 12.70 | 33.6 | 105. | .505E-02 | .102E+03 { .102E+03 | 0.00
11 | 13.97 | 343 | 99. | 476E-02 | .966E+02 | .966E-+02 | 0.63
12 | 15.24 | 35.0 | 90. ! .434E-02 | .881E+02 | .881E+02 | 2.16
13 | 17.78 | 36.1 | 84. | 402E-02 | .816E+-02 | .816E+02 | 0.49
14 | 19.05 | 36.6 | 79. ! .378E-02 | .768E402 | .T68E+02 | 2.51
15 | 20.32 | 37.0 | 77. | .371E-02 | .753E+02 | .T53E+02 | 1.46
16 | 22.86 | 37.6 | 74. | .359E-02 | .728E+02 | .T28E+02 | 0.57
17 | 2540 | 38.1 | 72. | .348E-02 | .705E+02 | .705E+02 | 0.31
18 | 27.94 | 38.5 | 70. | .336E-02 | .682E+02 | .682E-+02 [ 0.84
19 | 3048 | 38.8 | 69. ] .332E-02 | .675E+02 | .675E+02 | 0.23
20 | 35.56 | 39.2 | 68. | .326E-02 | .661E+02 | .661E+02 | 0.26
21 | 38.10 | 394 | 66. | .317E-02 | .643E+02 | .643E+02 | 0.73
22 | 4064 | 39.6 | 66. | J17E-02 | .642E+02 | .642E+02 | 0.04
23 | 63.50 | 40.4 | 62. | .301E-02 | .610E+02 | .610E+02 | 0.04
24 | 76.20 { 40.6 | 62. | .297E-02 | .602E+02 | .602E+02 | 0.02
25 | 88.90 | 40.8 | 61. | .295E-02 | .598E+02 | .598E+02 | 0.02

Table A.55: 1 in. cylinder with S=1 in.; U = 17.5(m/s), T = 23.6(°C),
g = 1051(W/m?), i = 140.0(A)
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Case: 1twb-15a

Date and time of experiment: Oct.10,1992, 17:15

No. | X(em) | T(°C) | h St Nug Nug | cond% |
1 | 1.27 | 368 | I
2 2.4 36.4 63. | J351E-02 | .611E+02 | 611E+02 | 12.02
3 3.81 354 795. | 420E-02 | .T30E+02 | .730E+02 | 2.88
4 5.08 343 83. | 460E-02 | .809E+02 | .809E+02 | 2.16
5 6.35 33.1 | 103. | .580E-02 | .101E+-03 | .101E+03 | .65
6 7.62 323 | 116. ) .691E-02 | .113E+03 | .113E4+03 | 11.34
7 8.89 32.0 | 121. ] .6T7E-02 | .118E+03 | .118E4+03 | 11.54 | Xpmas
8 10.16 32.1 | 127. | 655E-02 | .114E+03 | .114E+03 | 9.61
9 11.43 32.6 | 102. | S5T4E~02 | .999E+02 | .999E+02 | 2.16

10 | 1270 333 94. | .528E-02 | .919E+02 | S19E+02 | 048
11 | 13.97 339 89. | 499E-02 | .868E+02 | .8368E+02 | 1.20
12 | 15.24 34.6 81. | 453E-02 | .788E-+02 | .7T88E+02 | 1.92
13 17.7 35.8 74. | 414E-02 ; .721E+02 | .T21E+02 | 0.96
14 | 19.05 36.3 70. | .391E-02 | .6T9E+02 | 6TOE+02 | 2.64
15 | 20.32 36.7 68. | .383E-02 | .66TE+02 { .667E-+02 | 1.44
16 | 22.86 T4 65. | .368E-02 | .640E+02 | .640E+02 | 0.84
17 | 2540 37.9 63. | .356E-02 | 620E+02 | .620E+02 | 0.42
18 | 27.94 383 61. | J44E-02 | .599E+02 | .599E+02 | 0.90
19 | 3048 | 38.6 61. | .340E-02 | .591E+02 | 591E+02 | 0.28
20 | 35.56 39.0 59. | 333E-02 | .578E+02 | .5T8E+02 | 0.24
21 | 38.10 | 39.3 | 58. | .323E-02 | .562E-+02 | .562E+02 | 0.84
22 | 4064 | 394 | 58. | .323E-02 | .562E+02 | .562E4+02 | 0.05
23 | 63.50 402 55. | .308E-02 | .535E-+02 | .535E+02 | 0.05
24 | 76.20 40.3 54. | .305E-02 | .531E+02 | .531E+02 | 0.04
25 | 88.90 | 40.3 | 35. | .306E-02 | .533E+02 | .533E402 | 0.01

Table A.56: 1 in. cylinder with S=1 in.; U
g = 914(W/m?), i = 130.0(A)
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Case: 1twb-15b Date and time of experiment: Q¢t.10,1992, 20:15

X(cm) | T(°C) | R St Nus | Nug

1 1.27 37.2

2 2.54 36.8 | 62. | .343E-02 | .604E+02 | .604E+02 | 12.45
3 3.81 35.9 | 73. | 406E-02 | .T16E+02 | .716E+02 | 3.59
4 5.08 34.9 | 81. | .449E-02 | .791E+02 | .T91E+02 | 2.87
5 6.35 33.7 | 102. | .563E-02 | .992E-+02 | 992E+02 | §.62
6 7.62 32.8 | 114. | .631E-02 | .111E+03 | .111E+03 | 11.49
7 8.89 325 | 119. | .657E-02 | .116E+03 | .116E+03 | 11.49 | Xmas
8 | 10.16 | 32.6 | 115. | .639E-02 | .113E+403 | .113E+03 | 10.06
9 | 11.43 | 33.2 | 100. | .557E-02 | .981E+02 | .881E+02 | 1.92
10 | 12.50 | 33.8 | 93. | .513E-02 | .904E+02 | .904E+02 | 0.24
11 | 13.97 | 34.4 | 88. | 48VE-02 | .859E+02 | .859E+02 | 1.44
12 | 15.24 | 35.1 | 80. | .443E-02 | .780E+02 | .780E+02 | 1.76
13 | 1778 | 363 | 73. | 403E-02 | .711E+02 | .7T11E+02 | 1.12
14 | 19.05 | 36.8 | 69. | .380E-02 | .671E+02 | .6T1E+02 | 2.87
15 | 2032 | 372 | 68. | .375E-02 | .661E+02 | .661E+02 | 1.36
16 | 22.86 | 379 | 65. | .360E-02 | .635E+02 | .635E+02 { 0.78
17 | 2540 | 384 | 63. | .350E-02 | .616E+02 | .616E+02 ] 0.24
18 7.94 | 38.8 | 61. | .336E-02 | .592E402 | .592E+02 | 1.14
19 | 3048 | 39.1 | 60. | .333E-02 | .588E+02 | .588E+02 | 0.08
20 | 38.10 | 39.8 7. | 317E-02 | .D60E+02 | .560E+02 | 0.28
2] | 40.64 | 40.0 | S7. | .315E-02 | .555E+02 | .555E+02 | 0.10
22 § 50.80 | 40.4 | 55. | .307E-02 | .541E-+02 | .541E+02 ! 0.03
23 | 63.50 { 40.8 | 54. [ .299E-02 | .527E+02 | .527E+02{ 0.06 | -
24 | 76.20 | 41.0 | 54. | .297E-02 | .523E+02 | .523E+02 | 0.03
25 | 88.90 | 41.0 | 54. | .297E-02 | .523E-+02 | .523E402 | 0.00

Table A5T: 1 in. cylinder with S=1 in; U = 152(m/s), T = 23.8(°C),
g = 917(W/m?), = 130.0(A4)

105



Case: 1twb-12.5

Date and time of experiment; Qct. 10,1992, 21:50

No. | X{em) | T(°C) | h | St | Nug l Nuy | cond% | T
1 | 127 | 355 |
2 254 355 54. | .362E-02 | .528E+02 | .528E+02 { 16.81
3 3.81 35.0 | 62. | 415E-02 | .606E-+02 | .606E+02 | 9.12
4 9.08 341 71. | AT3E-Q2 | .691E+02 | .691E+02 | 4.56
3 6.35 33.0 88. | .991E-02 | .863E+02 | .863E+02 | 7.12
6 7.62 32.2 | 101. } .673E-02 | .984E+02 | .984E+02 | 11.68
T 8.89 31.8 |} 106. | .T707E-02 | .103E+03 | .103E4+03 | 11.96 | Xmas
s 10.16 | 31.9 | 105. | .701E-02 | .102E+03 | .102E-+03 | 11.40
9 11.43 323 | 92. | .618E-02 | .904E-+02 | 904E4+02 | 3.42
10 12.70 329 85. | .565E-02 | .826E+02 | .826E+02 | 0.57
11 13.97 33.4 81. | .540E-G2 | .789E+02 | .T89E+02 | 1.99
12 15.24 3.1 73. | 4S0E-02 | .T15E+02 | .T15E402 142
13 | 17.78 3.2 66. | .441E-02 | .644E+02 | .644E+02 1.61
14 19.05 35.7 | 62. | 418E-02 | .610E+02 | .610E4+02 | 2.85
15 | 20.32 | 36.1 62. | 414E-02 | .604E-+02 | .604E-+02 | 0.76
16 | 22.86 36.7 58. | .390E-02 } .570E<+02 | .570E+02 1.28
17 | 2540 | 37.2 T. | J3T9E-02 | 553E402 | .553E402 | 0.43
18 | 27.94 377 55. | .365E-02 | .533E+02 | .533E+02 | 1.00
19 | 3048 | 38.0 | 54. | .360E-02 | .526E+02 | .526E4+02 1 (.30
20 | 38.10 38.6 | 51. | .J44E-02 | .503E+402 | .503E+02 | (.24
21 | 40.64 38.8" | 91. | .341E-02 | 4A98E+02 | 498E+02 | 0.13
22 | 50.80 | 39.2 | 50. | .332E-02 [ 4B5E+02 | 485E4+02 | 0.05
23 | 63.50 | 39.6 | 49. | .324E-02 } 47T4E+-02 | 4T4E+02 | 0.05
24 | 76.20 | 39.8 | 48. | .321E-02 | .468E+02 | 468E+02 § 0.06
25 | 88.90 39.7 48. | .321E-02 | 470E+02 | 470E402 ] 0.01

Table A.58: 1 in. cylinder with S=1 in.; U = 12.6(m/s), T = 23.7(°C),

g = TT1(W/m?), i = 120.0(A)
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Case: 1twb-10 Date and time of experiment: Oct.10,1992, 22:45

 No- | X(am) [TCC) [ B | St | Nus | Nug | cond%
9

1 1.27 35
2 2.54 35.7 | 45. | .376E-02 | 436E+02 | 436E+02 | 17.17
3 3.81 35.1 | 51. | .430E-02 | .499E+02 | 499E+02 | 10.10
4 5.08 .1 | 59. | 499E-02 | 5T8E+02 | .37BE+02 | 4.35
5 6.35 33.1 | 4. | .623E-02 | .T23E+02 | .723E4+02 | T4l
6 7.62 322 | 86. | .723E-02 | .839E+02 | .839E+02 | 13.47
7 8.89 31.8 | 91. | .763E-02 | .885E+02 | .885E+02 | 13.47
8 | 10.16 | 31.7 | 92.| .775E-02 | .899E+02 | .899E+02 | 1448 | Xnme-
9 | 1143 | 321 | 80. | .671E-02 | .378E+02 | .TT8E+Q2 | 3.7
10 | 1270 | 326 | 74. | .620E-02 | .TI18E+02 | .T19E+02 | 1.35
11 | 1397 | 33.1 | 71. | .599E-02 | .694E+02 | .694E+02 | 3.70
12 | 15.24 | 338 | 63. | .534E-02 | .620E+02 | .620E+02 | 1.23
13 | 17.78 | 349 7. | 4T9E-02 | .566E~-02 | .556E4+02 | 1.23
14 } 19.05 { 355 | 53. | 446E-02 j .518E+02 | .518E+02 | 3.70
15 | 2032 | 359 |53.| .443E-02 | .513E+02 | 513E+402 | 1.12
16 | 2286 | 366 | 49.| 416E-02 | 482E+02 | .482E+02, 1.51
T} 2540 | 37.2 | 48. | 403E-02 | 46TE+02 | 46TE+02 | 0.50
18 | 27.94 | 377 | 46. | .384E-02 | 446E+02 | .446E+02 | 1.51
19 | 3048 | 38.0 | 45. | .381E-02 | 441E+02 | .441E+02 | 0.29
20 | 38.10 | 38.8 | 43.] .362E-02 | .419E+02 | 419E+02 | 0.29
21 | 4064 | 389 Z. | 398E-02 | .415E+02 | 415E+02 | 0.20
22 | 5080 | 394 | 41. | .347E-02 | 403E+02 | .403E+02 | 0.08
23 | 63.50 | 39.8 | 40. [ .339E-02 | 393E+02 | .393E+02 | 0.09
24 | 7620 | 39.9 | 40. | .336E-02 | .390E+02 | .390E+02 | 0.09
25 | 88.90 | 39.8 | 40. | .340E-02 | .394E+02 } .394E+02 | 0.05

o 7 Table A5%: 1 in. cylinder with S=1 in; U = 10.0(m/s), T = 23.6(°C),
Yoo ' g= 652(W/m2), t = 110.0(A) :
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Case: Itwb- 8.7

Date and time of experiment: Qct.10,1992, 22:15

No. | X(em} | TCC) | b | St “Nus Nug | cond% |
1 | 127 | 365

2 | 254 | 366 |4l. | .390E-02 | .398E+02 | .308E+02 | 19.26
3 | 3.81 | 360 |45. | 432502 | 441E+02 | 441E+02 | 14.19
2 | 5.08 | 35.1 |53.|.512E-02 | .522E+02 | 522E+02 | 6.08
5 | 6.35 | 34.0 | 68. | .651E-02 | .654E+02 | .664E+02 | 7.77
6 | 7.62 | 33.1 | 78. | .746E-02 | .761E402 | .761E+02 | 12.84
T | 8.8% | 32.6 . | .801E-02 | .817E+02 | .SITE+02 | 14.53
8 | 10.16 | 325 | 85. | .B15E-02 | .832E+02 | .832E+02 | 1554 | Xunar
9 | 1143 | 329 | 74. | .T04E-02 | .718E+02 | .T18E+02 | 4.65
10 | 12.70 | 334 | 68. | .654E-02 | .668E+02 | .668E+02 | 2.03
11 | 13.97 | 339 | 65. | .627E-02 | .640E+02 | .640E+02 | 3.38
12 | 15.24 | 34.6 | 59. | .565E-02 | .577E+02 | .577E+02 | 0.79
13 | 1.6 | 35.9 | 53. | .504E-02 | .514E+02 | .514E+02 | 1.46
14 | 19.05 | 364 | 49. | .471E-02 | .480E+02 | 480E+02 | 3.72
15 | 20.32 | 36.8 | 49. | .469E.02 | .479E+02 | 479E+02 | 0.56
16 | 22.86 | 37.7 | 45. | .435E-02 | .444E402 | 444E+02 | 1.94
17 | 2540 | 38.3 | 44. | 423E-02 | 431E+02 | .431E+02 | 0.51
18 | 27.94 | 38.9 | 42. | .403E-02 | 411E+02 | 411E+02 | 1.52
19 | 3048 | 39.3 | 42. | .397E-02 | .405E-+02 | .405E+02 | 0.44
30 | 38.10 | 40.1 | 39. | .378E-02 | .386E+02 | .386E+02 | 0.28
21 | 40.64 | 40.3 | 39. | .373E-02 | .381E+02 | .381E+02 | 0.25
22 | 50.80 | 40.9 | 38. | .362E-02 | .369E+02 | .369E+02 | 0.09 -
23 | 63.50 | 41.3 | 37. | .353E-02 | .360E+02 | .360E+02 | 0.08
24 | 76.20 | 415 | 37. | -350E-02 | .357E+02 | .357E+02 | 0.12
25 | 88.90 | 41.3 | 37. | .354E-02 | .361E+02 | .361E+02 | 0.06

Table A.60: 1 in. cylinder with S=1
g = 650(W/m?), i = 110.0(A4)

in; U = 8.8(m/s) , T = 23.7(°C),

/



Case: 1twb-7.5a Date and time of experiment: Oct.10,1992, 21:30

| No. | X{em) | T(°C) | B | St | Nug | Nug | cond% !
TR =

1 1.27 .

2 2.54 34.9 | 35. | 389E-02 | .339E+02 | .339E+02 | 27.24

3 3.81 34.8 | 38. | 429E-02 | .3T3E+02 | 3TIE+02 | 20.74

4 5.08 34.2 | 46. | .514E-02 | 44TE+02 | 447E+02 | 10.57

5 6.35 33.3 159. | .665E-02 | ST9E+02 | .579E+02 | 5.69

6 7.62 325 |69.| .770E-02 | .670E+02 | .6T0E+02 | 12.61

7 8.89 32.0 | 73. | .824E-02 | .TITE+02 | .TITE-+02 | 14.23

8§ | 10.16 | 31.9 | 76. | .856E-02 | .T44E+02 | .T44E+02 | 17.08 | X,aax
9 | 1143 | 32.2 | 65. | .733E-02 | .638E+02 | .638E+02 | 4.07

10 | 1270 | 32.6 | 62. | .692E-02 | .602E+02 | .602E+02 | 2.85
11 | 13.97 | 33.1 {359. .662E-02 | .576E+02 | 576E+02 | 3.66
12 ] 15.24 | 33.7 | S3. | .594E-02 | SITE+02 | 51TE+02 | 1.35
13 | 17.98 | 34.7 | 48. | .540E-02 | .470E+02 | 470E+02 | 1.08
14 | 19.05 | 35.2 | 45. | .502E-02 | 437E+02 | 437E+02 | 4.07
15 | 2032 | 35.6 |45. | .511E-02 | .444E+02 | .444E+02 | 0.81
16 | 22.86 | 364 462E-02 | 402E+02 | 402E4+02 | 2.64
17 | 2540 | 37.0 453E-02 | 394E402 | .394E+02 | 0.41
18 7.94 | 375 430E-02 | .374E+02 | .374E+02 | 1.63
19 | 3048 | 37.8 424E-02 | .369E+02 | .369E+02 | (.54
20 | 38.10 | 38.6 404E-02 | .351E+02 | .351E+02 | 0.17
21 | 4064 | 38.8 39TE-02 | 345E+02 | .345E+02 | 0.45
22 | 50.80 | 393 J38TE-02 | .33TE+02 | .337E+02 | 0.05
23 | 63.50 | 39.7 STTE-02 | .328E+02 | .328E+02 | 0.11
24 | 7620 | 399 S73E-02 | 325E4-02 | .325E+02 | 0.13
25 | 8890 | 39.7 JTTE-02 | 328E+02 | .328E+02 | 0.06

L8888 88| 85] 2

Table A61: 1 in. cylinder withk §=1 in.; U = 7.5(m/s) , T = 23.6(°C),
g = 540(W/m?), : = 100.0(A)
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Case: 1twb-T.5b

Date and time of experiment: Oct.10,1992, 23:15

No. | X{em) | T{®C) | |k St Nug Nug cond%
1 127 3.1
2 2.54 35.1 ] 35. | J393E-02 | .346E-+-02 § .346E+02 | 21.46
3 3.81 3.7 | 39. | 437E-02 | 3853E402 | 385E+02 | 16.09
4 5.08 33.8 7. | SISE-02 | .454E+02 | 454E+02 | 825
5 6.35 32.8 | 62. | 68IE-02 | .602E+02 | .602E+02 { 9.49
6 7.62 32.0 | 70. | .TT8E-02 | .685E+02 | .685E+02 | 14.03
7 8.89 31.5 | 75. | .828E-02 { .T30E+02 | .T30E+02 | 14.86
8 10.16 314 175, | B3TE-02 | T3TE+02 | .7T3TE-402 | 14.44 | Xoex
9 11.43 31.6 | 69. | .760E-02 | .670E-+02 | .670E+02 [ 7.02
10 | 12.70 32.1 | 63.| .696E-02 | .614E+02 | .614E402 { 2.89
11 | 1397 | 325 | 61. | .6T3E-02 | .593E+02 | .593E+02 | 4.95
12 | 1524 33.1 | 54. | .596E-02 | .52TE+02 | .52TE+02 | 0.69
13| 177 34.3 | 48. | .531E-02 | .468E+02 | 468E+02 | 1.51
14 | 19.05 4.8 | 94. | 491E-02 | .433E+02 | 433E+02 | 4.54
15 | 2032 { 35.2 §44. | 493E-02 | 435E4+02 | .435E+02 | 0.69
16 | 2286 | 36.0 | 41. | .458E-02 | .403E+02 | 403E+02 | .86
I7 | 25.40 36.6 | 40. | .443E-02 | .391E+02 | .391E+02 ] 0.52
18 | 27.%4 37.1 | 38. ) 421E-02 § .371E+402 | 3T1IE+02 | 1.65
19 | 30.48 375 | 37, | 414E-02 | 365E+02 | .365E+402 | 0.55
20 | 38.10 383 | 35. | J392E-02 | .346E+02 | .346E+02 | 0.38
21 | 40.64 38.5 | 35. 1 .388E-02 | .342E+02 | .342E+02 | 0.28
22 | 50.80 | 39.1 | 34.| .375E-02 | .331E+02 | .331E4+02 | 0.12
23 | 63.50 394 | 33. | .366E-02 | .323E+402 | .323E+02 | 0.12
24 | 76.20 39.5 | 33. | .364E-02 | .320E+02 | .320E+02 | 0.14
25 | 88.90 39.3 | 33.| .370E-02 | .326E+02 ) .326E+02 | 0.10
Table A.62: 1 in. cylinder with S=1 in; U = 7.6(m/s) ,

q = 532(W/m?), i = 100.0(A)
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Case: 1twb-06 Date and time of experiment: Oct.10,1992, 23:00

[(No [X(em) [TCO) [ b | & [ Nus [ Nug [cond%]
1 [ 127 353 | | T ]

1 1.27 .

2 2.54 35.2 | 28. | .395E-02 | .275E+02 | .275E+02 | 22.00

3 3.81 34.7 | 31. | 437E-02 | .304E+02 | .304E+02 | 17.40

4 5.08 33.8 | 36. ) .504E-02 | .351E+02 | .3531E+02 | 11.77

5 6.35 32.7 } 51. | .711E-02 | 495E+02 | 495E+02 | 11.77

6 7.62 31.9 | 58. | .821E-02 | .571E-+02 | .5T1IE+02 | 17.40

7 8.89 314 | 62. | .869E-02 | .604E+02 | .604E+02 | 16.89

8 | 10.16 | 31.2 | 65. | .915E-02 | .63TE+02 | .63TE+02 | 20.4T7 | Xrmee
9 1143 | 314 | 56. | .785E-02 | .546E-+02 | .546E+02 | 6.14

10 | 12.70 | 31.8 | 53. | .739E-02 | .514E-+-02 | .514E+02 | 4.09
11 | 13.97 | 322 | 352. | .T25E-02 | .504E+-02 | .504E+02 | 7.16
12 | 15.24 | 32.7 | 45. | .637TE-02 | .444E+02 | 444E+02 | 0.17
13 | 17.7 33.9 | 40. | .558E-02 | .388E+02 | .388E+02 | 1.88
14 | 18.05 | 344 |[37.| .517E-02 | .360E+02 | .360E+02 | 4.61
15 | 2032 | 34.8 | 37. | .516E-02 ) .359E+02 | .359E+02 | 1.19
16 | 22.86 | 35.6 | 34.| 481E-02 | .335E+02 | .335E+02 | 1.79

33

31

17 | 2540 | 362 462E-02 | .322E-+02 | .322E+02 | 0.77
18 | 2784 | 368 . | 437E-02 | 304E+02 | 304E+-02 | 2.05
19 | 3048 | 37.2 | 31. | 430E-02 | .208E+02 | .299E+02 | 0.65
20 | 38.20 | 38.1 [29.} .404E-02 | .281E+02 | .281E+02 | 0.53
21 | 40.64 | 38.3 | 28. | .399E-02 | .278E+02 | .278E+02 | 0.38
22 | 50.80 | 38.9 | 27.} .385E-02 | .268E+02 | .268E+02 | 0.20
23 | 63.50 | 39.3 | 27. | .376E-02 | .262E+02 | .262E-+02 | 0.1T
24 | 76.20 | 39.3 ] 27.| .377E-02 | .262E4-02 | .262E+02 | 0.29
25 | 88.90 | 39.9 | 26. | .361E-02 | .251E+02 | .251E+02 | 0.31

Table A.63: 1 in. cylinder with §=1 in.; U = 6.0(m/s) , T = 23.3(°C),
g = 429(W/m?), i = 90.0(A)
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Case: 1twb-05

Date and time of experiment: Oct.10,1992, 22:30

[No. [ X(em) | TCC) | b | St [ Nus | Nus | cond%

1 | 1.27 | 367 |

2 | 254 | 36.8 | 24. | .397E-02 | -235E-402 | .235E+02 | 27.27
3 | 381 | 36.3 | 27. | 444E-02 | .263E+02 | .263E+02 | 21.32
2 | 5.08 | 354 | 31. | .510E-02 | .302E402 | .302E+02 ! 15.87
5 | 635 | 34.3 | 46. | .156E-02 | 44TE+02 | 44TE+02 | 12.40
6 | 7.62 | 33.3 | 53. | .860E-02 | .514E+02 | .514E+02 | 17.85
7 | 8.89 | 327 |57, | .940E-02 | .556E+02 | .556E+02 | 19.83
8 | 10.16 | 32.5 | 58. | 955E-02 | .565E+02 | 565E+02 | 19.34 | Xmac
9 | 1143 | 327 | 51. | .845E-02 | .500E+02 | .500E+02 | 7.93
10 | 12.70 | 33.1 | 48. | .7T92E-02 | .468E+02 | .468E+02 | 4.96
11 | 1397 | 335 |4r. | .TTAE-02 | 458E+02 | AS8E+02 | 7.44
12 | 1524 | 34.1 | 4l. | .682E-02 | .403E+02 | .403E+02 | 0.33
13 | 17.78 | 354 | 36. | .GO1E-02 | .356E+02 | .356E+02 | 1.32
14 | 19.05 | 36.0 | 33. | .552E-02 | .327E+02 | .327E+02 | 4.96
15 | 20.32 | 36.4 | 34. | .555E-02 | .328E+02 | .328E+02 | 0.83
16 | 22.86 | 37.4 | 31. | .512E-02 | .303E+02 | .303E+02 | 2.23
17 | 2540 | 38.1 | 30. | .493E-02 | .292E+02 | .292E+02 | 0.87
18 | 27.94 | 38.8 | 28. | A66E-02 | .276E+02 | .2T6E+02 | 2.11
19 | 3048 | 39.2 | 28. | .A58E-02 | .271E+02 | .2T1E+02 | 0.70
20 | 38.10 | 40.4 | 26. | .428E-02 | .253E+02 | .253E-+02 | 0.54
21 | 40.64 | 40.7 | 25. | .421E-02 [ .249E+02 [ .248E+02 | 0.55
22 | 50.80 | 414 | 25. | .406E-02 | .240E+02 | .240E+02 | 0.21
23 | 6350 | 41.9 | 24. | .3%4E-02 | .233E+02 | .233E+02 | 0.22
24 | 76.20 | 41.9 | 24. | .393E-02 | .232E+02 | .232E+02 | 0.51
25 | 88.90 | 41.4 | 25. | .407E-02 | .241E+02 | 241E+02 | 0.28

Table A.64: 1 in. cylinder with S=1 in; U = 5.1(m/s) , T = 23.4(°C),

g = 443(W/m?), i = 90.0(A)
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A.a-v Data and Kesults for 1" cylinder in Different
Velocities; S=1.5, D=4"
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Case: 1twe-30a

Date and time of experiment: QOct.11,1992, 01:15

No. | X(em) | T(°C) | k St _Nus | Nug cond%
1 127 | 38.0 T

2 | 2.54 | 38.1 | 106. | .298E-02 | .155E-+03 | .103E+03 | 9.81
3 | 3.81 | 37.5 | 120. | .336E-02 [ .175E+03 | .11TE+03 | 2.45
4 | 5.08 | 36.7 | 126. | .353E-02 | .184E+03 | .123E+03 | 3.54
5 | 6.35 | 357 | 145.| .408E-02 [ .213E+03 | .142E+03 | 2.18
6 | 7.62 | 34.8 | 156. | .440E-02 | .229E+03 | .153E+03 | 1.64
7T | 8.89 | 34.1 | 170. | .480E-02 | .250E+03 | .167TE+03 | 2.86
8 | 10.16 | 33.5 | 185.| .520E-02 | .2T1E-+03 | .181E+03 | 5.32
9 | 11.43 | 33.4 | 185. | .521E-02 | .271E+03 | .181E+03 | 3.82 | Xmer
10 | 12.70 | 335 | 182. | .512E-02 | .26TE+03 | .17T8E+03 | 3.54
11 | 1397 | 33.9 | 174. | .489E-02 | .255E+03 | .1T0E+03 | 3.00
12 | 15.24 | 345 | 158. ] .445E-02 | .232E+03 | .154E+03 | 0.27
13 | 17.78 | 35.7 | 143. | .403E-02 | .210E+03 | .140E+03 | 0.64
14 | 19.05 | 36.3 | 132.] .371E-02 | .193E+03 | .129E+03 [ 1.91
15 | 2032 | 36.8 | 127. .358E-02 | .18TE+03 [ .124E+03 | 1.32
16 | 22.86 | 37.6 | 121. | .342E-02 | .178E+03 | .119E+03 | 0.44
17 | 2540 | 38.2 | 116. | .327E-02 | .170E+03 | .114E+03 | 0.37
18 | 27.94 | 387 | 112. | .315E-02 | .164E+03 | .109E+03 | 0.72
19 | 3048 | 38.9 | 110. | .310E-02 | .162E+03 | .108E+03 | 0.13
20 | 38.10 | 39.6 | 106. | .298E-02 | .155E+03 | .103E+03 | 0.21
21 | 40.64 | 39.6 | 106. | .297E-02 | .155E+03 | .103E+03 | 0.03
22 | 50.80 | 40.0 | 103. | .289E-02 | .151E+03 | .100E-+03 | 0.01
23 | 63.50 | 40.5 | 100. | .281E-02 | .146E+03 | .975E+02 | 0.01
24 | 76.20 | 409 | 98. | .274E-02 | .143E-+03 | .953E+02 | 0.01
25 | 88.90 | 41.1 | 96. | .270E-02 | .141E+03 | .93TE+02 | 0.04

Table A.65: 1 in. cylinder with S=1.5 in.; U = 30.2(m/s), T = 24.4(°C),
g = 1611(W/m?), i = 173.3(A)
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Case: 1twc-30b

Date and time of experiment: Oect 11,1992, 03:30

No. | X{em) | T°C) | h St Nug Nuy cond% _
1 | 127 | 383 | —
2 2.54 38.2 | 103. { .292E-02 | .151E+03 | .101E+03 | 8.45
3 3.81 7.5 | 117. | .331E-02 | .171E+403 | .114E++03 | 1.55
4 5.08 36.7 | 123. | .349E-02 | .181E+03 | .120E+03 | 2.54
3 6.35 35.7 | 141. | .398E-02 | .206E403 | .137E403 | 2.11
6 7.62 348 1 151. | 427E-02 | .221E+4-03 | .14TE+03 | 1.41
7 §.89 34.1 | 165. | .467E-02 | .241E+403 | .161E+03 | 2.82
8 10.16 | 33.5 | 178, | .504E-02 | .261E+03 | .17T4E+03 | 4.79
9 11.43 33.3 | 182. | .514E-02 | .266E+4-03 | .1TTE+03 | 4.51 | Xma-
10 | 12.70 33.4 | 178. | .504E-02 | .261E+03 | .17T4E+03 | 3.66
11 13.97 33.8 | 170. | .482E-02 | .250E+03 | .166E+03 | 3.24
12 1 1524 34.4 | 135. | .440E-02 | .228E+03 | .152E+03 | 0.09
13 | 17.78 35.6 | 139. | .393E-02 | .203E+03 | .136E+03 | 0.38
14 18.05 36.3 | 128. } .364E-02 | .188E+03 | .125E4+03 | 1.83
15 | 20.32 36.8 | 123. | .349E-02 | .180E+03 | .120E+03 | 1.74
16 | 22.86 7.5 | 119. ] .336E-02 { .1T4E+03 | .116E+03 | 0.28
17 § 25.40 38.1 | 113. | .321E-02 | .266E+03 | .111E+403 | 0.35
18 | 2794 | 386 | 109. | .309E-02 { .160E+03 | .106E-+03 | 0.85
19 | 30.48 | 38.8 | 108. | .306E-02 | .158E+03 | .105E+03 | 0.02
20 | 38.10 39.5 | 103. | .290E-02 | .150E+03 | .100E+03 | 0.26
21 | 40.64 39.6 | 102. | .290E-02 | .I50E+03 | 999E+02 | 0.02
22 | 50.80 | 40.0 | 100. | .282E-02 | .146E+03 | .972E+02 | 0.02
23 | 63.50 | 404 | 97. | .275E-02 | .142E+03 | .948E+02 | 0.02
24 | 76.20 40.7 96. | .271E-02 | .140E403 | 933E+02 | 0.01
25 | 88.90 41.0 94. | .265E-02 | .137E-+03 | .915E+02 | 0.05

Table A.66: 1 in. cylinder with S=1.5 in.; U = 30.0(m/s), T = 24.4(°C),

q = 1559(W/m?), i = 170.0(A)
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Case: 1twe-27.5

No. | X(em) | T(°C)

Date and time of experiment: Qct.11,1992, 02:30

h | St | Nus Nug | cond% |

1 | 1.27 | 375

2 254 | 374 97. | .298E-02 | .142E+4-03 | .950E+02 | 5.46

3 3.81 36.9 1 108, | .332E-02 | .139E+03 | .106E+03 | 2.55

4 5.08 36.1 | 114. | .350E-02 | .16TE+03 | .111E403 | 3.67

5 6.35 35.1 132. | .406E-02 | .194E+Q3 | .129E+03 2.39

6 7.62 343 143. | 438E-02 | .209E+03 | .139E+03 1.76

7 8.89 33.6 | 156. | 4TBE-02 | .228E+03 | .152E+03 | 2.87

3 10.16 33.0 | 171. | .524E-02 | .250E+03 | .16TE+03 | 6.06

9 11.43 32.9 171. | .525E-02 | .251E+03 | .16TE+03 4.31 Xemer
10 12.70 33.0 | 168. | .316E-02 | .246E+03 | .164E4+03 | 3.83
11 13.97 33.3 | 161. | .494E-02 | .236E+-03 | .15TE+03 | 3.51
12 | 15.24 33.9 146. | .447E-02 | .214E+03 | .142E4+03 | 0.27
13 | 17.78 35.0 | 132. ] 404E-02 | .193E+03 | .120E+03 | 0.69
14 | 19.05 35.6 | 121.| .372E-02 | .178E+03 | .118E+03 | 2.07
15 | 20.32 36.1 117. | .359E-02 | .1T1E403 | .114E+03 1.44

16 | 22.86 36.8 | 112. | .342E-02 | .163E+403 | .109E+03 | 0.40
17 | 25.40 7.4 106. | .326E-02 | .156E+4+03 | .104E+03 | 0.44
18 | 27.94 7.8 | 102. | .313E-02 | .150E+0Q3 | .998E4-02 | 0.84
19 | 30.48 38.1 101. | .309E-02 | .148E+03 | .985E+02 | 0.13
20 | 38.10 38.7 96. | .295E-02 | .141E+03 | .941E+02 | 0.25
21 | 4064 38.8 - | 96. | .295E-02 | .141E+-03 | .938E+02 | 0.03
22 | 50.80 39.2 93. | .286E-02 | .137E-+-03 | .912E+02 | 0.02
23 | 63.50 39.6 91. § .280E-02 | .134E+03 | .891E+02 | 0.01
24 | 76.20 39.8 90. | .275E-02 | .131E+03 | .875E402 | 0.01
25 | 88.90 40.0 88. | .271E-02 | .130E+03 | .864E402 | 0.03

Table A.67: 1 in. cylinder with S=1.5 in.; U = 27.7(m/s), T = 24.5(°C),

q = 1376(W/m?), i = 160.0(A)

s

1
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Case: 1twe-25

Date and time of experiment: Oct.11,1992, 01:30

X(em) | TCCC) | R St Nug Nug cond%
1 1.27 38.2
2 2.54 38.2 91. | .307E-02 | .133E+03 { .886E-+02 | 9.21
3 3.81 7.5 | 101. | .342E-02 | .148E-+03 | .988E+02 | 3.02
4 5.08 36.8 | 107. | .361E-02 | .156E+03 | .104E+03 | 3.81
5 6.35 35.8 123. | .416E-02 | .180E+03 | .120E+03 L75
6 7.62 349 | 134. | 452E-02 | .196E+03 | .131E+03 | 1.91
7 8.89 34.1 | 147. | A496E-02 | .215E+03 | .143E+03 | 3.49
8 10.16 33.5 | 159. | .539E-02 | .233E+03 | .I56E+03 | 5.88
9 11.43 333 | 161. | .545E-02 | .236E+03 | .157E+03 | 4.61 Xmaz
10 | 12.70 33.4 | 159. | S3ITE-02 | .232E403 | .155E+03 | 4.13
11 13.97 33.7 153. | .S17E-02 | .224E+03 | .149E+03 4.13
12 | 15.24 | 344 | 138. | .466E-02 | .202E+03 | .134E+03 | 0.16
13 | 17.78 Ja.5 | 124, | 420E-02 | .182E+4-03 | .I121E+03 | 0.69
14 19.05 36.2 | 114. | .385E-02 { .16TE+03 | .111E+03 | 2.22
15 | 20.32 36.7 | 110. | .372E-02 { .161E+03 | .207E+03 1.43
16 | 22.86 7.9 | 104. | .353E-02 | .153E+03 | .102E+03 | 0.52
17 | 2540 38.1 | 100. | .337E-02 | .146E+03 | .9T3E+02 | 0.44
18 | 27.94 38.7 96. | .323E-02 | .140E+03 | .933E-+02 | 0.87
19 | 3048 39.0 94. | .319E-02 | .138E+03 | .920E+02 | 0.13
20 | 38.10 39.7 90. § .303E-02 | .131E+03 | .876E+02 | 0.24
21 | 40.64 39.8 §9. | .302E-02 | .131E+03 | .871E402 | 0.03
22 | 50.80 40.2 7. | 294E-02 | .127E+03 | .849E+02 | 0.01
23 | 63.50 40.7 84. | .286E-02 | .124E4+03 | .825E+02 | 0.02
24 | 76.20 41.0 83. | .281E-02 | .121E-+03 | .810E+02 | 0.02
25 | 88.90 41.2 §2. | .277E-02 | .120E+03 | .800E+02 | 0.03

Table A.68: 1 in. cylinder with S=1.5 in; U = 25.1(m/s), T = 24.3(°C),
g = 1383(W/m?), : = 160.0(4)



Case: 1twc-22.5

Date and time of experiment: Oct.11,1992, 03:00

- X(em) | T(°C) | h | I t | cond% -

1 | 127 | 372

2 2.54 37.3 | 83. | .312E-02 | .122E+03 | .811E+02 [ 10.56

3 3.81 36.8 | 93. | .350E-02 | .136E+03 | .09E+02 | 3.64

4 9.08 36.1 | 98. | .368E-02 | .144E+03 | .95TE+02 | 4.19

5 6.35 35.2 | 112. | 423E-02 | .165E+03 | .110E+03 | 1.28

6 7.62 34.3 | 123. | 461E-02 | .180E+03 | .120E+03 | 1.64

T 8.89 33.5 | 136. | .510E-02 | .199E+03 | .133E-+03 | 3.83

] 10.16 | 33.0 | 148. | .556E-02 | .217E+03 | .145E+03 | 6.38

9 1143 | 32.8 | 149. | .560E-02 | .218E+-03 | .146E+03 | 4.55 | Xmmer
10 § 12.70 | 32.8 | 148. | .558E-02 | .217E+03 | .145E+03 | 4.55

11 | 13.97 33.1 | 144. | .540E-02 | 211E+03 } .140E+03 | 4.74

12 | 1524 | 33.6 | 129. | .486E-02 | .189E+03 | .126E+03 | 0.12

13 | 17.78 34.8 | 116. | .437E-02 | .170E+03 | .114E+03 | 0.85

14 | 19.05 35.4 | 106. | .399E-02 | .156E-+03 | .104E+03 | 2.37

15 | 2032 35.9 | 103. { .386E-02 | .150E+03 | .100E+03 | 1.40

16 | 22.86 36.7 7. | 364E-02 | .142E+03 | .94TE+02 | 0.64

17 | 2540 37.3 | 92. | .348E-02 | .135E+03 | .903E+02 | 0.41

18 | 2794 | 378 88. | .331E-02 | .129E+03 | .861E+02 | 1.09

19 | 3048 | 38.1 7. | J27E-02 | .128E+03 | .850E-+02 | 0.14

20 | 38.10 | 38.9 | 83. { .311E-02 | .121E+03 | .808E+02 | 0.27

21 | 40.64 | 39.0--] 82. | .309E-02 | .120E+03 | .803E+02 | 0.03

22 | 50.80 | 39.4 | 80. | .301E~02 | .117E+03 | .781E+02 | 0.02

23 | 63.50 | 39.8 | 78. | .293E-02 | .114E+03 | .762E+02 | 0.02

24 | 7620 | 40.0 | 77. | .288E-02 | .112E403 | .749E+02 | (.02

25 | 88.80 | 40.2 | 76. | .285E-02 | .111E+03 | .741E+02 [ 0.03

Table A.69: 1 in. cylinder with S=1.5 in; U = 22.6(m/s), T = 24.3(°C),

g = 1206(W/m?), i = 150.0(A)
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Case: 1twc-20

Date and time of experiment: Oct.11,1992, (2:00

No. [ X(em) [T(°C) | B St Nus
1 127 384

2 254 38.4 75. | .319E-02 | .110E+03 | .7T34E+02 | 11.27
3 3.3 7.9 84. | 399E-02 | .124E+03 | .825E+02 | 4.18
4 5.08 7.1 90, | .382E-02 | .132E4+03 | .87TSE+02 | 4.00
5 6.35 36.1 103. | 438E-02 | .151E+03 | .101E4-03 1.45
6 7.62 35.1 112. | 4T7E-02 { .165E+03 | .110E+03 1.82
T 8.89 34.3 124. | 527E-02 | .182E+03 | .121E+03 3.82
8 10.16 33.6 136. | .57T9E-02 { .200E-+03 | .133E+03 6.91
9 11.43 33.4 138. | .58TE-02 | .202E-+03 [ .135E+03 545 Xmar
10 12.70 334 137. | .581E-02 { .201E+03 | .134E+03 5.09
11 13.97 338 132, | .,559E-02 | .193E+03 | .129E+03 4.72
12 15.24 344 119. | .505E-02 | .174E+03 | .116E+03 0.24
13 17.9 35.6 106. | 452E-02 { .156E+03 | .104E-+03 0.61
14 19.05 36.3 98, | .418E-02 | .144E+03 | .961E+02 1.64
15 20.32 36.8 94. | .400E-02 { .138E+03 | .920E=+-02 1.45
16 2286 377 88. | .376E-02 { .130E-+-03 | .864E-+02 0.82
17 | 25.40 384 84. | 358E-02 | .124E+03 | .824E+02 | 0.41
18 27.94 39.1 80. | .341E-02 | .118E+-03 | .TR3E+02 1.14
19 | 3048 394 79. | .335E-02 | .116E-+03 | .7TT1E+02 | 0.23
20 38.10 40.3 79. | 318E-02 | .110E4+03 | .7T30E+02 0.30
21 40.64 40.4 74. | 315E-02 | .109E+03 | .T25E+02 0.4
22 | 50.80 409 72. | J06E-02 | .105E+03 | .T03E402 | 0.4
23 | 63.50 41.4 70. | 298E-02 | .103E+03 | .686E+02 | 0.04
Rl 76.20 416 69. | .285E-02 | .102E+03 | .678E+D2 0.02
25 | 88.90 417 69. | .293E-02 | .101E+03 | .6T3E+02 | 0.02

Table A.70: 1 in. cylinder with $=1.5 in.; U = 20.0(m/s), T = 24.2(°C),
g = 1209(W/m?), i = 150.0(A)
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Case: 1twc-17.5

Date and time of experiment: Oct.11,1992, 02:45

o | Xem [ TCO ] & | &t [ Nus | Nus ] condh

1 1.27 3.7

2 2.04 378 68. | .326E-02 | .996E+02 | .664E+02 | 11.47
3 3.81 373 75. | 362E-02 | .111E403 | .737E+02 | 5.21
4 5.08 36.6 81. | .388E-02 | .118E-+-03 | .78OE+02 | 4.17
5 6.35 35.6 92, | 441E-02 | .135E+03 | .898E+02 | 0.83
6 7.62 34.7 | 101. | 484E-02 | .148E+03 | .986E+02 | 2.08
T 8.89 339 | 111.} .533E-02 } .163E+03 | .109E+03 | 3.96
8 10.16 33.3 | 121. | .580E-02 | .1TTE-03 | .1I8E+03 | 6.04
9 11.43 33.0 | 127. | .608E-02 | .186E+4+03 | .124E+03 | 7.50 | Xmar
10 12.70 33.0 {122, | .584E-02 | .178E+03 | .119E+03 [ 3.54
11 13.97 33.3 | 122. | .588E-02 | .1T9E+03 | .120E4+03 | 6.67
12 | 15.24 33.8 | 109. | .525E-02 | .160E+03 | .10TE+03 | 0.76
13 | 17.78 34.9 98. | .469E-02 t .143E4-03 | .955E+02 | 0.90
14 | 19.05 35.6 89. | .428E-02 | .131E4+03 | .870E+02 | 2.50
13 | 20.32 36.1 86. | .414E-02 | .127E+03 | .843E-+02 1.18
16 | 22.86 37.0 81. | .387E-02 | .118E+03 | .78TE+02 | 0.94
17 | 25.40 37.7 77. | .369E-02 | .113E+03 | .751E402 0.36
18 7.94 384 73. | .349E-02 | .10TE+03 | .TI1IE402 | 1.25
19 | 3048 38.8 71. | .343E-02 | .105E+03 | .698E+402 | 0.29
20 | 38.10 39.6 67. | .324E-02 | .988E+02 | .659E+02 |} 0.34
21 | 40.64 39.8 | 67. | .321E-02 | 981E-+02 | .654E+02 | 0.07
22 | 50.80 40.3 65. | .311E-02 | .950E+4-02 | .633E+02 | 0.056
23 | 63.50 40.7 63. | .304E-02 | .927E4-02 | .618E+02 | 0.04
24 | 76.20 | 409 63. | .300E-02 | .916E-+02 | .611E+02 | 0.03
25 | 88.90 41.0 62. | .299E-02 | .912E+02 | .60BE+02 | 0.02

Table A.71: 1 in. cylinder with $=1.5 in,; U = 17.7(mfs), T = 24.1(°C),
g = 1054(W/m?), t = 140.0(A)
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Case: Itwe-15a

Date and time of experiment: Qct.11,1992, 00:45

| No. I X(cm) I T(°C) I b St Nug Nug | cond% |

1 127 349

2 2.54 32.7 | 60. | .341E-02 | .883E-+02 | 589E+02 | 19.99
3 3.81 35.7 | 68. | .387TE-02 | .100E+(03 | .66TE+02 | 9.63

4 5.08 393 | 73. | 415E-02 | .10TE+03 | .TI6E+02 | 6.50

5 6.35 34.5 82. | 462E-02 | .119E+03 | .796E+02 | 2.41

6 7.62 3.7 92. | SISE-02 | .134E+03 | .894E+02 | 1.44

7 8.89 33.0 1 101. | .5T3E-02 | .148E-+-03 | .989E+02 | 3.85

] 10.16 | 32.4 | 111. | .632E-02 | .163E+03 | .109E+03 | T7.22

9 1143 | 321 | 115. | .652E-02 | .169E+03 | .112E+03 | 6.98 | Xma-
10 | 12,70 | 32.1 | 113. | .640E-02 | .166E+03 | .110E+03 | 5.06
11 | 13.97 | 323 | 112.| .632E-02 | .163E+03 | .109E+03 | 6.26

12 | 15.24 32.8 | 101. | 57T1E-02 | .148E+03 | .985E+02 | 1.28
13 | 17.78 | 339 89. | .505E-02 | .131E+03 | .87TIE+02 | 0.32
14 | 1905 | 344 82. | 463E-02 | .120E+03 | .7T99E+02 | 2.89
15 | 20.32 34.9 §1. | 458E-02 | 118E+03 | .T90E+02 | 0.00
16 | 2286 | 35.8 | 74. | 419E-02 | .108E+03 | .7T23E+02 | 1.20
17 | 2540 | 365 -] 70. | .399E-02 | .103E+03 | .688E+02 | 0.54

18 | 2794 | 37.1 67. | .J78E-02 | .9T9E+-02 | .652E+02 | 1.20
19 | 3048 7.9 65. | .J70E-02 | .95TE~+02 | .638E+02 | 0.45
20 | 35.10 | 383 62. | .351E-02 | .908E+02 | .606E402 | 0.21
21 | 4064 | 385 6l. | .347E-02 | .897E-+02 | .598E+02 | 0.16
22 | 50.80 | 39.0 | 59. | .336E-02 | .870E+02 | .580E+02 | 0.04
23 | 63.50 | 39.4 | 58. | .326E-02 | .844E+02 | .563E+02 | 0.04
24 | 76.20 | 39.8 | 57. | .320E-02 | .828E+02 | .,552E+02 | 0.05
20 | 8890 | 39.9 | 56. | .318E-02 | .823E+02 | .549E+02 | 0.02

Table A.72: 1 in. cylinder with S=1.5 in.; U = 15.0(m/s), T = 23.6(°C),

q = 912(W/ra?), i = 130.0{A4)

Ial
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Case: ltwe-15b

Date and time of experiment: Oct.11,1892, (4:00

[No. | X(em) | T }.(cm) [ TC°C) CC)] b ] | Nug | cond%
1 375 | | ]
2 2.54 7.6 | 57. | .322E-02 | .839E+02 | .550E+02 | 14.43
3 | 3.81 | 37.2 | 66. | .369E-02 | .962E+02 | .641E+02 | 5.05
4 | 5.08 | 365 | 72. | .403E-02 | .105E+03 | .700E+02 | 144
5 | 6.35 | 35.8 | 74. | -418E-02 | .109E+03 | .T26E+02 | 3.61
6 | 7.62 | 35.0 | 83. | .469E-02 | .122E-+03 | .814E+02 | 0.24
7 | 8.89 | 34.1 | 94. | .531E-02 | .138E+03 | .922E+02 | 4.81
8 | 106 | 33.5 | 1C2. | .574E-02 | .149E-+03 | .99TE+02 | 6.01
9 | 1143 | 33.1 | 111.| .625E-02 | .163E+03 | .109E+03 | 10.58 | Noar
10 | 12.70 | 33.1 | 106. | .598E-02 | .156E+03 | .104E+03 | 6.25
11 | 13.97 | 334 | 102. | .574E-02 | .149E+03 | .996E+02 | 5.29
12 | 1524 | 339 | 91. | .513E-02 | .134E+03 | .890E+02 | 0.72
13 | 17.78 | 349 | 86. | .484E-02 | -126E+03 | .840E-+02 | 2.65
14 | 19.05 | 355 | 77. | .432E-02 | .113E+03 | .751E+02 | 2.89
15 | 20.32 | 36.0 | 74. | .418E-02 | .109E+03 | .7256+02 | 2.00
16 | 22.86 | 36.8 | 71. | .399E-02 | .104E+03 | .693E+02 | 0.12
7T | 2540 | 37.6 | 67. | .375E-02 | .O76E+02 | .651E+02 | 0.66
18 | 27.94 | 383 | 63. | .354E-02 | .922E+02 | 615E+02 | 1.62
19 | 3048 | 38.6 | 62. | .349E-02 | .910E+02 | .607TE+02 | 022
20 | 38.10 | 39.6 | 58. | .328E-02 | .854E+02 | .569E+02 | 0.32
21 | 40.64 | 39.8- | 58. | .324E-02 | .844E+02 | .562E+02 | 0.20
22 | 50.80 | 40.3 | 56. | .315E-02 | .819E+02 | .546E+02 | 0.05
23 | 63.50 | 40.8 | 54. | .306E-02 | .797E+02 | .531E+02 | 0.08
24 | 76.20 | 40.9 | 54. | .304E-02 | .792E+02 | .528E402 | 0.03
25 | 88.9C | 40.9 | 54. | .304E-02 | .791E-+02 | .528E+02 | 0.00

Table A.73: 1 in. cylinder with 8=1.5 in.; U = 15.1(m/s), T
g = N3(W/m?), i = 130.0(A)
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Case: 1twc-12.5

Date and time of experiment: Oct.11,1992, 05:15

! No. | X(cm) |T(°C) | | St | Nug [ Nug [ cond% | =

1 1.27 36.2

2 2.54 36.4 | 50. | .342E-02 | .T3TE+02 | .492E+02 | 16.26

3 3.81 36.1 |} 57. | .386E-02 | .832E+02 | .555E+02 | 7.7

4 5.08 35.6 | 61. | 414E-02 | .893E+02 | .596E+02 | 5.42

5 6.35 34.8 | 67. | .458E-02 | .989E-+02 | .659E<-02 | 2.00

6 7.62 34.0 | 75. | 511E-02 | .110E+03 | .735E+02 | 1.14

7 8.89 33.2 | 84. | ST2E-02 | .123E403 | .823E+02 | 4.56

8 | 10.16 | 32.6 | 93.| .629E-02 | .136E-+03 | .905E+02 | 7.42

9 1143 | 322 | 96. | .654E-02 | .141E+03 | .941E+02 | 7.13

10 | 1270 | 32.1 | 97. | .662E-02 | .143E+03 | .952E+02 | 6.85 | Xmas
11 | 13.97 | 32.2 | 97. | .660E-02 | .142E+03 | .949E+02 | 7.99

12 | 1524 | 32.6 | 88.| .600E-02 | .129E+03 | .863E+02 | 2.85

13 ) 17.78 | 33.7 | 77.| .524E-02 | .113E+03 | .753E+02 | 0.76

14 | 19.05 | 34.3 | 70. | 477E-02 | .103E+03 | .6865+02 | 2.85

15 | 2032 | 34.8 | 68. | .464E-02 | .100E+03 | .66TE+02 | 1.14

16 | 22.86 | 35.6 | 63. [ .431E-02 | .930E+02 | .620E+02 [ 1.07

17 | 2540 | 36.3 | 60.| .410E-02 | .885E+02 | .590E+-02 | 0.29

18 7.94 7.0 | 57. | .385E-02 | .830E+02 | .533E+02 | 1.57

19 | 3045 7.9 | 55. | .376E-02 | .812E+02 | 541E+02 | G.44

20 | 38.10 | 38.4 | 52.| .352E-02 | .758E+02 | .505E+02 | 045

21 | 40.64 | 38.6 | 51.| .348E-02 | .7S0E+02 | .500E+02 | 0.17

22 | 50.80  39.2 | 49. | .336E-02 | .724E+02 | .483E+02 | 0.09 .
23 | 63.50 | 39.6 | 48.| .327E-02 | .T05E+02 | .470E+02 | 0.07 _
24 | 76.20 | 39.8 | 48. | .324E-02 | .699E+02 | .466E+02 | 0.05

25 | 88.90 | 39.7 | 48.| .325E-02 | .700E-+02 | .467E+02 | 0.01

Table A.74: 1 in. cylinder with 5=1.5 in.; U = 12.4(m/s), T = 23.6(°C),
g = TTH(W/m?), : = 120.0(A)
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Case: 1twe-10

Date and time of experiment: Oct.11,1992, 05:30

No. [ X(em) | T(°C) | B | St Nus | Nug |cond9'e| _
1 | 127 | 361 T

2 | 254 | 364 |42. | .355E-02 | 611E+02 | .408E+02 | 18.54

3 | 3.81 | 36.1 |48. | 405E-02 | .697E+02 | .465E+02 | 9.10

4 | 5.08 | 356 |52.| 439E-02 | .156E+02 | 504E+02 | 533

5 | 6.35 | 349 |57.| 452E-02 | .820E+02 | .553E+02 | 2.70

6 | 7.62 | 341 |63.].532E-02 | 917E+02 | .611E+02 | 0.00

7 | 8.89 | 333 | 72 | .611E-02 | .105E+03 | .702E+02 | 6.07

§ | 10.16 | 327 | 75. | .665E-02 | .115E+03 | .763E+02 | §.09

g | 11.43 | 32.3 | 81. ] .689E-n2 | .119E+03 | .T91E+02 | 7.42

10 | 1270 | 32.2 | 83. | .T0BE-02 | .122E+03 | .813E+02 | 543 | Xwmas

11 | 13.97 | 323 | 82. | .702E-02 | .121E+03 | .806E+02 | 8.17

12 | 15.24 | 326 | 75. | .638E-02 | .130E+03 | .733E+02 | 3.03

13 | 17.78 | 33.6 | 66. | .566E-02 | .974E+02 | .650E+02 | 1.46 -~
14 | 19.05 | 342 | 61.| .515E-02 | .888E+02 | .592E+02 | 2.36

15 | 20.32 | 347 | 59. | .499E-02 | .860E+02 | .573E+02 | 1.01

16 | 22.86 | 35.6 | 54. | .461E-02 | .794E+02 | 5o9E+02 | 1.18

17 | 25.40 | 36.3 | 51. | .437E-02 | .753E+02 | .502E+02 | 042

18 | 27.94 | 37.0 | 48. | .408E-02 | .703E+02 | 469E+02 | L.i7

19 | 3048 | 375 | 47. | .399E-02 | 687E+02 | .458E+02 | 0.58

20 | 38.10 | 38.6 | 44. [ .371E-02 | .638E+02 | .426E+02 | 0.48 S
21 | 40.64 | 38.8 | 43.] .366E 52 | .630E+02 | .420E+02 | 0.27

22 | 50.80 | 394 | 4L. | .351E-02 | .605E+02 | .403E+02 | 0.13

23 | 63.50 | 39.9 | 40. | .342E-02 | .589E+02 | .392E+02 | 0.09

24 | 76.20 | 40.0 | 40. | .339E-02 | .583E+02 | .389E+02 | 0.09

95 | 88.90 | 39.9 | 40. | .341E-02 | .587E+02 | .392E+02 | 0.03

Table A.75: 1 in. cylinder with S=1.5 in.; U = 9.9(m/s), T = 23.7(°C),
g = 651{(W/m?), i = 110.0( A} ‘

18]
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Case: 1twce-8.7

Date and time of experiment: Oct.11,1992, 05:00

[No. [X(em) [TCC)[ b | St | Nus —Nud cond%

1 1.27 36.4

2 2.54 36.8 | 39. | .386E-02 | .577E-+02 | .385E+02 | 19.52
3 3.81 36.7 | 44. | 429E-02 | .642E+02 | .428E+02 | 11.30
4 5.08 36.2 | 47. | .461E-02 | .689E+02 | 459E+02 | 8.22
5 6.35 35.5 | 52. | .510E-02 | .762E+02 | .508E+02 | 4.11
6 7.62 34.7 | 58. | .571E-02 | .854E+02 | .570E+02 | 0.00
7 8.89 33.8 | 66. | .649E-02 | 9TIE+02 | .647E+02 | 5.14
8 10.16 | 33.2 | 73. | .T1TE-02 | .10TE+03 | .T15E+02 | 8.56
9 11.43 | 32.8 | 76. | .T43E-02 | .111E+03 | .T41E+02 | 7.53
10 | 12.70 | 32.6 | 80. [ .779E-02 | .117E+03 | .T77TE402 | 10.27 | Xmes
11 | 13.97 | 32.7 | 76. [ .T44E-02 | .111E+03 | .742E+02 | 6.51
12 | 15.24 | 33.0 | 72. | .T09E-02 | .106E+03 | .70TE+02 | 4.79
13 | 17.78 | 34.0 | 63.} .621E-02 | .929E-+02 | .619E+02 [ 1.60
14 | 19.05 | 34.6 [ 58. | .565E-02 | .845E-+02 | .564E+02 | 2.40
15 | 2032 | 35.1 | 56. | .551E-02 | .824E+02 | .549E-+02 | 0.46
16 | 22.86 | 36.0 | 51. | .504E-02 | .T54E+02 | .502E+-02 [ 1.28
17 | 2540 | 36.8 | 49. | 476E-02 | 713E+02 | .4T5E+02 | 0.51
18 | 27.94 | 37.6 | 45. | .445E-02 | .666E+02 | .444E+02 | 1.71
19 | 3048 | 38.1 | 44.| .433E-02 | 64TE+02 | 4S1E+02 | 0.68
20 | 38.10 | 39.3 | 4l.| .401E-02 | .600E+02 | .400E+02 | 0.47
21 | 40.64 | 39.6 | 40. | .394E-02 | .590E+02 | .393E+02 | 0.34
22 | 50.80 | 40.3 | 39. | .378E-02 | .566E+02 | .377E+02 | 0.15
23 | 63.50 | 40.8 | 37. | .36TE-02 { .549E+02 | .366E+02 | 0.11
24 | 76.20 | 41.0 | 37.| .363E-02 | .543E+02 | .362E+02 | 0.13
25 | 88.90 | 40.8 | 38. ] .368E-02 { .551E+02 | .367E+02 | 0.07

Table A.76: 1 in. cylinder with $=1.5 in.; U = 8.6(m/s) , T = 23.7(°C),
¢ = 641(W/m?), i = 110.0(A)
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Case: ltwe-7.52

Date and time of experiment: Oct.11,1992, 04:30

TCC) | b St Nus Nug | cond%
1 | 127 | 363 |
2 254 36.6 | 34. | .386E-02 | .504E+02 | .336E+02 | 18.97
3 3.81 36.4 | 38. | 427E-02 | .557E+02 | .371E4+02 | 11.70
4 5.08 35.9 | 40. | 453E-02 | .591E+02 | .394E+02 | 9.69
5 6.35 35.2 | 46. | S517E-02 | .675E+02 | 450E+02 | 2.83
6 7.62 345 | 51. | .368E-02 | .7T41E+02 | .494E+02 | 0.40
7 8.89 33.7 7. | .645E-02 | .841E+02 | .561E+02 | 4.84
8 10.16 | 33.0 | 64. | .T20E-02 | .939E+02 | .626E+02 | 9.28
9 1143 | 32.6 | 67. | .799E-02 | .985E+02 | .65TE+02 | 9.28
10 | 12.70 | 324 | 69.| .775E-02 | .101E+03 | .674E+02 | 9.69 | Nmer
11 | 1397 { 32.4 | 69.| .774E-02 | .101E-+03 | .674E+02 | 10.09
12 | 1524 | 32.7 |63.|.7T10E-02 | .926E+02 | .618E+02 | 4.30
13 | 17.78 | 33.6 | 56. | .634E-02 | .827E+02 | .551E+02 | 2.42
14 | 19.05 | 34.2 | 51. ) .575E-02 | .7S0E+02 | .500E+02 | 2.02
15 | 20.32 | 34.7 , 49. | .556E-02 | .725E+02 | .483E402 [ 0.81
16 | 22.86 | 35.6 | 45. | .5I10E-02 | .665E+02 | .444E+02 | 1.31

7 | 2540 | 36.4 | 43.} .483E-02 | .630E+02 | .420E+02 | 0.30

18 | 27.94 7.1 | 40. | .447E-02 | .583E+02 | .389E+02 | 2.12
19 | 30.48 | 37.7 | 39.| .436E-02 | .568E+02 | .3J79E+02 | 0.76
20 | 38.10 | 38.9 | 36. | .402E-02 | .524E+02 | .350E4-02 | 0.50
21 | 40.64 | 39.2- | 35. | .394E-02 | .514E+02 | .343E+02 | 047
22 | 50.80 | 39.9 | 34. | .378E-02 | 493E+02 | .328E+02 | 0.18
23 | 63.50 | 40.4 | 33. | .366E-02 | .478E+02 | .319E4+02 | 0.13
24 | 76.20 | 40.6 [ 32. | .362E-02 | .472E4-02 | .315E+02 | 0.19
25 | 88.90 | 40.3 | 33. | .369E-02 | .482E+02 | .321E+02 | 0.12

Table A.77: 1 in. cylinder with $=1.5 in; U = 7.5(m/s) , T = 23.8(°C),
g = 544(W/m?), i = 100.0(A)

126



Case: ltwe-7.5b Date and time of experiment: QOct.11,1992, 06:15

[(No | X(em) [TCCY| b | St | Nus | Nug | cond% |

1 127 | 354 |‘
2 254 | 35.9 | 34.]|.378E-02 | .493E+02 | .328E+02 | 21.56 |
3 | 381 | 358 | 37. | .421E-02 | .548E+402 | .366E+02 | 13.27
4 5.08 | 35.4 |40.| .454E-02 | .502E+02 | .395E+02 | 9.54
5 | 635 | 34.7 | 45. | .508E-02 | .663E+02 | .442E+02 | 4.15
6 | 7.62 | 34.0 | 50.|.561E-02 | .T31E+02 | .488E+02 | 1.24
T | 8.89 | 332 | 58 | .648E-02 | .846E+02 | .564E+02 | 5.80
8 | 10.16 | 32.6 | 64. | .T23E-02 | .943E+02 | .629E+02 | 10.37
9 | 1143 | 322 }65.|.735E-02 | .959E+02 | .639E+02 | 7.46
10 § 1270 | 32.0 }67. | .758E-02 | .989E+02 | .659E+02 | 8.29
11 | 13.97 | 32.0 | 68. | .764E-02 | .996E+02 | .664E+02 | 9.12 | Xwmas
12 | 1524 | 32.2 | 64. | .723E-02 | .943E+02 | .629E+02 | 5.94
13 | 177 33.1 | 57. | .635E-02 | .828E+02 | .552B+02 | 2.35
14 | 19.05 | 33.6 | 51.| .574E-02 | .TA9E+02 | .499E+02 | 2.49
15 | 20.32 | 34.1 | 50. [ .561E-02 | .732E+02 | .488E+02 | 0.28
16 | 22.86 | 35.06 | 46. | .511E-02 | .66TE+02 | .445E+02 | 1.45
17 | 2540 | 35.7 | 43. [ .485E-02 | .633E+02 | .422E+02 | 0.31
18 | 2794 | 36.5 | 40. | .450E-02 | .586E+02 | .391E+02 | 2.07
19 | 30.48 7.0 | 39. | .438E-02 | .571E+02 | .381E-+02 | 0.74
20 | 38.10 | 38.1 | 36.| .404E-02 | .527E+-02 | .351E+02 | 0.60
21 | 4064 | 38.4 | 35.| .397E-02 | .519E+02 | .346E+02 | 0.33
22 | 50.80 | 39.2 | 34. | .379E-02 | .494E+02 | .329E+02 | 0.22
23 | 63.50 | 39.6 | 33.{.368E-02 | .480E+02 | .320E+02 | 0.13
24 | 76.20 | 39.8 | 32.| .364E-02 | .475E+02 | .317E+02 | 0.18
25 | 88.90 | 39.5 | 33.|.372E-02 | .485E+02 | .323E+02 | 0.12

Table A.78: 1 in. cylinder with §=1.5 in.; U = 7.5(m/s) , T = 23.5(°C),
g = 530(W/m3), i = 100.0(A) ‘
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Case: 1twc-06

Date and time of experiment: Oct.11,199"‘66:00

1 1.27 35.5

2 2.54 35.8 | 28. | .406E-02 | .409E+02 { .273E+02 | 20.34
3 3.81 35.6 | 31. | .450E-02 | 454E+02 | 302E+02 | 12.71
4 5.08 35.2 | 32. | 464E-02 | 469E402 | .312E+02 | 12.71
5 6.35 34.6 | 37.| .537E-02 | .542E+02 | .361E4+02 | 4.58
6 7.62 33.9 | 41.] 596E-02 | .601E+02 | 401E402 | 1.02
7 8.89 33.1 7. | .685E-02 | B91E+02 | 461E+402 | 5.59
8 10.16 | 32.5 | 52. | .762E-02 | .769E+02 | .512E402 | 9.66
9 1143 | 32.0 | 55. ] .802E-02 | .809E+02 | .539E+02 [ 9.66
10 | 12.70 | 31.8 7. | B35E-02 | .842E+02 | .561E+02 | 10.68
11 | 13.97 | 317 |59. | .863E-02 | .870E+02 | .580E+02 | 13.73 | Xmas
12 | 15.24 | 31.9 | 54. | .784E-02 | .T91E+02 | .527E+02 | 6.10
13 | 17.78 | 32.7 | 48. | .696E-02 | .TO2E+02 | .468E+02 | 3.05
14 | 19.05 | 33.2 | 43. | .628E-02 | .634E+02 | .423E402 | 2.03
15 | 20.32 | 33.7 | 42. | .609E-02 | .615E+02 | .410E+02 | 0.68
16 | 22.86 | 34.5 | 39.| .559E-02 | .564E+02 | .376E+02 | 1.14
17 | 2540 | 35.3 | 36. | .528E-02 | .533E4+02 | .355E+02 | 0.13
18 7.94 | 36.1 | 33.| .485E-02 | 489E+02 j .326E+02 | 2.41
19 | 30.48 | 36.6 | 32.| 472E-02 | 476E+02 | .31TE+02 | 0.83
20} 38.10 7.9 | 30. | .429E-02 | .433E4-02 | .289E+02 | 0.76
21 | 40.64 | 38.3 | 29.| 421E-02 | .425E+02 | .283E+02 | 0.48
22 | 50.80 | 39.2 7. | 398E-02 | .401E+02 | .267E+02 | 0.32
23 | 63.50 | 39.7 | 26. ] .384E-02 | .388E+02 | .259E+02 | 0.22
24 | 76.20 | 39.8 | 26.| .382E-02 | .385E+02 | .2575+02 | 0.29
25 | 88.90 | 39.4 | 27. | .395E-02 | .398E+02 | .266E+02 | 0.23

Table A.79: 1 in. cvlinder with §=1.5 in.; U = 5.8(m/s) , T = 23.4(°C),

g = 432(W/m?), i = 90.0(A)
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Case: 1twc-05 Date and time of experiment: Oct.11,1992, 04:45

I_No. | X{em) | TCC) | h [ S o i as | Nug | cond% |

1 1.27 36.0

2 2.54 36.4 | 26. | .439E-02 | .382E+-02 | .255E+02 | 22.23
3 3.81 364 | 28. ] 4T6E-02 | 414E+02 | .276E+02 | 15.66
4 5.08 36.1 | 29.| .485E-02 | 422E+02 | .281E+0Q2 | 16.17
5 6.35 35.5 | 34.| .ST2E-02 | 497E+02 | .332E+02 | 6.06
6 7.62 34.8 | 38. | .643E-02 | .3539E+02 | .373E+02 | 1.01
7 8.89 34.0 | 44. | .T43E-02 | .646E+02 | 431E+02 | 6.57
8 10.16 | 33.3 | 48. | .S10E-02 | .704E+02 | 469E+02 | 9.09
9 1143 | 329 | 51.1} .861E-02 | .749E+02 | 499E+02 | 10.61
10 | 12.70 | 32.6 | 53.} .889E-02 | .773E+02 | 515E+02 | 11.11
11 | 13.97 | 326 | 54.| .908E-02 | .789E+02 | .526E+02 | 13.13 | Xmez
12 | 15.24 | 32.8 | 49.| .826E-02 | .718E+02 | .47SE+02 { 5.56
13 | 17.78 | 33.6 | 44.| .750E-02 | .652E4-02 | 435E+02 | 3.87
14 | 19.05 | 34.1 | 40.1 .673E-02 | .586E4-02 { .390E+02 | 2.02
15 | 2032 | 34.6 | 39. | .655E.02 | .570E+02 | .380E+02 | 0.51
16 | 22,86 | 35.5 | 36.| .601E-02 ! 522E402 | .348E+02 | 1.26
17 | 25.40 | 36.3 | 34. | .569E-02 | 495E+02 | .330E+02 | 0.25
18 | 27.94 7.1 | 31. | .525E-02 | .456E+02 | .304E402 | 2.27
19 | 30.48 | 37.7 | 30.|..510E-02 | .443E+02 | .296E+02 | 0.84
20 | 38.10 | 39.1 | 28. | .464E-02 | .404E+02 | .269E+02 | 0.67
2] | 40.64 | 39.5 | 27. | .453E-02 | .394E+02 | .263E4+02 | 0.72
22 | 50.80 | 40.4 | 26.} .431E-02 | .375E+02 | .250E+4+02 | 0.28
23 | 63.50 | 411 | 25.} .415E-02 | 361E+02 | .241E4-02 | 0.26
24 |-76.20 | 41.2 | 24.| 412E-02 | .359E+02 | .239E+02 | 0.31
25 | 88.90 | 40.7 | 25. | .426E-02 | .371E+02 | .247E+02 | 0.25

~ Table A.80: 1 in. cylinder with 5=1.3 in; U = 5.0(m/s) , T = 23.5(°C),
g = 435(W/m?), i = 90.0(A4) '
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Case: 1twd-30a

[Fo. [ X@ TCC)| b [ & | Nus | Nug | cond% |

Date and time of experiment: Qct.17,1992, 23:00

1 | 127 | 367

2 | 2.54 71 | 98. | .276E-02 | .204E+03 | .961E+02 | 9.64

3 | 3.81 | 368 | 108. | .304E-02 | .225E+03 | .106E+03 | 2.69

2 | 508 | 363 | 112. | .313E-02 | .232E-+03 | .109E+03 | 3.26

5 | 635 | 355 | 124. | .346E-02 | .257E+03 | .121E+03 | 0.99

6 | 7.62 | 34.8 | 129. | .363E-02 | .269E+03 | .126E+03 | 0.14

7 | 880 | 342 | 137. | .384E-02 | .284E+03 | .134E-+03 | 0.14

8 | 10.16 | 33.5 | 148. | .414E-02 | .306E+03 | .144E+03 | 1.70

9 | 1143 | 33.0 | 153. | .430E-02 | .319E+03 [ .150E+03 | 0.57

10 | 12.70 | 32.5 | 164. | .459E-02 | .340E+03 | .160E+03 | 2.13

11 | 13.97 | 32.2 | 171. | .480E-02 | .356E+03 | .167E+03 | 2.98

12 | 15.24 | 32.0 | 172. | .483E-02 | .358E+03 | .168E+03 | 222 | Xmas
13 | 17.76 | 382.3 | 171. | 479E-02 | .355E-+03 | .167E+03 | 3.73

14 | 19.05 | 32.8 | 157. | .439E-02 | .325E+03 | .153E+03 | 0.14

15 | 20.32 | 33.3 | 148. | .415E-02 | .307E+03 | .145E+03 | 0.52

16 | 22.86 | 84.2 | 137. | .383E-02 | .284E+03 | .133E+03 [ 0.18

17 | 25.40 | 35.0 | 127. | -355E-02 | .263E-+03 | .124E~+03 | 0.32

18 | 27.94 | 35.8 | 118. | .332E-02 | .246E+03 | .116E+03 [ 1.03

10 | 30.48 | 36.3 | 115. | .322E-02 | .239E+03 | .1120+03 | 0.27

20 | 38.10 | 37.3 | 107: | .300E-02 | .223E+03 | .105E.7" | 0.35

21 | 40.64 | 374 | 107. | .299E-02 | .221E+403 | .104E+03 | 0.00

22 | 50.80 | 37.9 | 103. | .288E-02 | .214E+03 | .100E+03 | 0.04

23 | 63.50 | 38.3 | 100. | .281E-02 | .208E+03 | .980E+02 | 0.01

24 | 76.20 | 38.7 | 98. | .274E-02 | .203E+03 | .953E+02 | 0.03

55 | 58.90 | 38.0 | 96. | .270E-02 | .200E+03 | .940E+02 | 0.03

Table A.81: 1 in. cylinder with $=2 in; U = 20.8(m/s), T = 22.8(°C),
g = 1549(W/m?), i = 170.0(A) RN

R
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Case: Itwd-30b

[No. [ X{em) [TCC)| bk |

Date and time of experiment: Qct.18,1992, 02:30

St | Nug | Nug [ cond% |

1 1.27 38.7

2 2.54 38.1 96. | .26TE-02 | .200E+03 | .941E+02 | 8.70

3 3.81 38.7 | 105. | .260E-02 | .21TE+03 | .102E+03 | 290

4 5.08 38.2 | 108. | .300E-C2 | .225E+03 | .106E+03 | 3.03

5 6.35 37.4 | 119, | .329E-02 | .246E4-03 | .116E+03 | 0.76

6 7.62 36.6 | 124. | .345E-02 | .258E+-03 | .121E+03 } 0.13

7 8.89 35.9 | 131. | .365E-02 | .273E+03 | .128E+03 | 0.38

8 10.16 35.2 | 139. | .38TE-02 | .290E403 | .136E+03 | (.76

9 11.43 345 | 147. | 408E-02 | .305E+03 | .144E+403 | 0.76

10 | 12.70 33.9 | 157. | .436E-02 | .326E+03 | .154E+03 | 2.40

11 | 13.97 33.5 | 164. | .456E-02 | .341E+03 | .160E+03 | 3.28

12 | 15.24 33.4 | 165. 1 45TE-02 | .342E4+03 | .161E+03 | 2.19 | Xmex
13 | 17.78 | 33.6 | 164. | .454E-02 | .340E+03 | .160E+G3 | 3.78

14 | 19.05 | 34.2 | 150. | .416E-02 | .311E403 | .146E+03 | 0.00

15 | 20.32 34.8 | 142. | .394E-02 | .295E+03 | .139E4+03 | 0.63

16 | 22.86 35.8 | 132. | .367E-02 | .27T4E+03 | .129E+03 | 0.06

17 | 25.40 36.7 | 123. | .340E-02 | .255E4-03 | .120E+03 1 0.35

18 | 27.94 7.6 | 115. | 319E-02 | .239E+03 | .112E403 1.01

19 | 3048 | 38.1 | 112. | 310E-02 ; .232E+03 | .109E+03 | 0.23

20 | 38.10 39.3 | 104. | .288E-02 | .215E+03 | .101E+03 | 0.40

21 | 40.64 39.4-| 103. ) .287E-02 | .214E+03 | .101E<403 | 0.01 .
<2 | 50.80 | 40.0 | 100. | .277E-02 | .207E+03 | .974E-+02 | 0.04

23 | 63.50 405 97. | 270E-02 | .202E403 | .949E+02 | 0.02

24 | 76.20 40.8 96. | .265E-02 | .199E+-03 | .934E-+02 | 0.00

25 | 88.90 41.1 94. | 261E-02 | .195E+03 | .919E+02 ] 0.04 B

Table A.82: 1 in. cylinder with S=2 in.; U = 30.1(m/s), T-= 22.6(°C),
g = 1742(W/m?), ¢ = 180.0(A) ===

i
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Case: 1twd-27.5 Date and time of experiment: Oct.18,1992, 01:00

[Ne. ] X(cm) [T(°C) | b [ St — cond% |

1 1.27 374

2 2.54 37.7 | 92. | .279E-02 | .191E+03 | .898E+02 | 8.78
3 3.81 374 | 99. | .301E-02 | .206E+03 | .9T0E+02 | 3.26
4 5.08 36.9 | 102. | .310E-02 | .212E+03 | .99TE+(G2 | 3.97
5 6.35 36.1 | 113. | .344E-02 | .235E+03 | .111E+03 | 0.85
6 7.62 354 | 119. | .361E-02 | .247E+03 | .116E+-03 | 0.28
7 8.89 34.7 | 125. | .381E-02 | .261E403 | .123E+03 | 0.00
8 10.06 | 34.0 | 134. [ .408E-02 | .279E+03 | .131E+03 { 0.99
S | 1143 | 33.4 [ 143. [ .434E-02 | .29TE+03 | .140E+03 | 1.56
10 | 12.70 | 32.8 | 152. | .460E-02 | .315E+03 | .148E+03 | 2.55
11 | 13.97 | 32.5 | 158. | .478E-02 | .327E+03 | .154E+03 | 2.97
12 | 15.24 | 32.3 | 159. | .4B2E-02 | .330E+03 | .155E+03 | 2.27 | Xmer
13 | 17.78 | 32.5 | 1858. | .480E-~02 | .329E+93 | .155E+03 | 3.97
14 | 19.05 | 33.1 | 145. ] .440E-02 | .301E+03 | .142E+03 | 0.14
15 | 2032 | 33.6 | 137. | .415E-02 | .284E+03 | .134E+03 | 0.76
16 | 22.86 | 34.5 | 126. | .388E-02 | .266E+03 | .125E+03 | 0.11
17 | 25.40 | 354 | 118. | .359E-02 | .246E+03 { .116E+03 | 0.28
18 | 27.94 | 36.3 | 110. | .334E-02 | .229E+-03 | .108E+03 | 1.10
19 | 3048 | 36.8 | 107. | .325E-02 | .222E+03 | .104E+03 | 0.25
20 | 38.10 | 38.0 | 99. |.299E-02 | .205E+03 | .963E+02 | 0.41
21 | 40.64 | 38.2 | 98. | .297E-02 | .203E+03 | .857TE+02 | 0.03
22 | 50.80 | 38.8 | 94. | .286E-02 | .196E+03 | .921E+02 | 0.05
23 | 6350 | 39.2 | 92. | .278E-02 | .191E+03 | .897E+402 [ 0.03
24 | 76.20 | 39.5 | 90. | .274E-02 | .188E+03 | .882E+02 | 0.00
25 | 88.90 ; 38.8 | 89. | .270E-02 | .185E+03 | .868E+02 | 0.04

Table A.83: 1 in. cylinder with §=2 in.; U = 27.3(m/s), T = 22.3(°C),
g = 1550(W/m?), i = 170.0(4)
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Case: 1twd-25 Date and time of experiment: Oct.18,1992, 00:30

| No. l X({em) l TCC) I h [ St | Nus | Nug | cond% I

1 1.27 36.7
2 2.54 370 | 86. | .287E-02 | .17T8E+03 | .B3SE+02 | 9.26
3 3.81 36.7 | 93. | .311E-02 | .193E+03 | .908E+02 | 3.67
4 5.08 36.2 | 97 | .323E-02 | .201E+03 | .943E+02 | 3.51
5 6.39 354 | 107. ) .357E-02 | .222E403 | .104E+03 ] 1.12
6 7.62 34.8 | 111. | .371E-02 | .230E+03 | .108E4-03 | 0.32
7 8.89 34.1 | 118. | .394E-02 | .245E+403 | .1152+03 | 0.16
8 10.16 | 33.4 | 125.| .419E-02 | .260E+03 | .122E403 | 0.32
9 11.43 | 32.8 | 135. | .452E-02 | .281E+03 ; .132E+03 | 1.76
10 | 1270 | 32.2 | 144, | 481E-02 | .299E+03 | .141E+03 | 2.71
<t 11 | 1397 | 31.9 | 150. | .502E-02 | .312E+03 | .147E+03 | 3.19
12 | 15.24 | 31.7 | 152.| .509E-02 | .317E+03 | .149E+03 | 2.82 | Xmas
13 | 17.78 | 31.9 | 151. | .505E-02 | .314E+03 | .148E+03 | 3.99
14 | 19.05 | 324 | 139.| .465E-02 | .289E+03 | .136E+03 | 0.48
15 | 2032 | 329 | 131.| 437E-02 | .272E+-03 ; .128E+03 | 0.69
16 | 22.86 | 33.7 | 122.| .407E-02 | .253E+03 | .119E+03 | 0.16
17 | 25.40 | 34.6 | 112.} .375E-02 | .233E+03 | .110E+03 | 0.36
18 7.94 | 355 | 104. | .349E-02 | .21TE+03 | .102E+03 | 1.12
19 | 3048 | 35.0 | 101. | .338E-02 | .210E+03 | .987E+02 | 0.26
20 | 38.10 | 37.2 | 92. | 309E-02 | .192E+03 | .904E+02 { 0.44
21 | 4064 | 374 ] 92. | .306E-02 | .190E+03 | .896E402 | 0.06
22 | 50.80 | 38.0 | 88. | .2904E-02 | .183E+03 | .861E+02 | 0.06
23 | 63.50 | 38.4 | 86. | .287E-02 | .178E+03 | .838E+02 | 0.03
24 | 76.20 | 38.7 | 85. | .283E-02 | .176E+03 | .828E+02 | 0.00
25 | 88.90 | 38.9 | 84. j .280E-02 | .174E+03 | .818E+02 | 0.03

"Table A.84: 1 in. cylinder with $=2 in.; U = 25.0(m/s), T = 224(°C),
g = 1376(W/m?), i = 160.0(A) -
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Case: 1twd-22.5 Date and time of experiment: Oct.18,1992, 01:30

(No. [X(em) [TCO) [ & St
= L SN W

1.27 37.7
2 254 38.1 | 79. | .288E-02 | .163E+03 | .769E-+02 | 9.92
3 3.81 7.9 | 86. | 314E-02 | .178E+03 | .836E+02 | 3.32
4 5.08 7.4 | 87. | 320E-02 | .181E4+03 | .852E+02 | 4.64
5 6.35 36.7 | 97. | .356E-02 | .202E+03 | .849E+02 | 0.96
6 7.62 36.0 | 100. | .368E-02 ] .208E+03 | .980E+02 ! 0.80
7 8.89 35.2 | 107. | .392E-02 | .222E+03 | .105E+03 | 0.00
8 10.16 | 34.5 | 114. | 417E-02 | 236E+03 | .111E+03 | 0.16
9 1143 | 33.8 | 123. | 451E-02 | .255E+03 | .120E+03 | 1.76
10 | 1270 | 33.1 | 132.{ 483E-02 | 274E+03 | .129E403 | 3.04
11 | 13.97 | 32.7 | 138. | .505E-02 | .286E+03 | .135E+03 | 3.52
12 | 15.24 | 325 | 140. | .513E-02 | .291E+03 | .13TE+03 | 3.04 | Xmes
13 7.78 § 32.6 | 140. | .513E-02 | .290E+03 | .137E+03 | 4.43
14 | 19.05 | 33.1 | 128. | 471E-02 | .267E+03 | .125E+03 | 0.4§
15 | 20.32 | 33.7 | 121. | .444E-02 | .252E+03 | .118E+03 | 0.64
16 | 22.86 | 34.6 | 113. | 414E-02 | 235E+03 | .110E+03 | 0.24
17 | 2540 | 35.6 | 104. | .381E-02 | .216E+03 | .102E+03 | 0.24
18 | 27.94 | 36.5 | 96. | .353E-02 | .200E+4-03 | .940E+02 | 1.28
19 | 3048 | 37.1 | 93. | .342E-02 | .194E+03 | 911E+02 | 0.26
20 | 38.10 | 38.5 | 85. | .311E-02 | .176E+03 | .829E+02 | 0.48
21 | 40.64 | 38.7 | 84. | .308E-02 [ .175E+03 | .221E+02 | 0.07
22 | 50.80 | 39.5 | 80. | .294E-02 | .167TE+03 | .785FE402 | 0.09
23 | 63.50 | 39.9 | 78. | .287E-02 | .163E+4-03 | .766E+02 | 0.04
24 | 7620 | 40.1 | 78. | .284E-02 | .161E+03 | .758E+02 | 0.00
25 | 88.90 | 40.3 | 77. | 282E-02 | .160E+03 | .751E+02 | 0.03

Table A.85: 1 in. cylinder with S=2 in; U = 22.6(m/s), T = 22.4(°C),
q = 1373(W/m?), i = 160.0(A)
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Case: 1twd-20

MNo. | X(em) | £°C) | b | St |

Date and time of experiment: Oct.18,1992, 00:15

—

Nus ! Nug [cond%l

1 1.27 36.7

2 2.54 7.1 | T1. | -297TE-02 | .14TE<+03 | .692E+02 | 11.08
3 3.81 36.9 | 77. | .324E-02 | .160E+03 | .7T54E+02 | 4.36
4 5.08 36.5 | 80. | .335E-02 | .166E-+03 | .779E+02 | 4.18
5 6.35 35.8 | 88. | .369E-G2 | .182E+03 | .858E+02 | 0.73
6 7.62 35.2 | 91. | .380E-02 | .188E+03 | .885E+02 | 0.91
7 8.83 345 | 96. | 401E-02 | .199E+03 | .934E4+02 | 0.73
8 | 10.36 | 33.8 | 102. ] .429E-02 | .212E403 | .998E+02 | 0.00
g | 113 | 33.1 }111.| .467E-02 | .231E+03 | .109E4+03 | 2.18
10 | 12.70 | 325 | 119. | .499E-02 | .24TE+03 | .116E+03 | 3.27
11 | 13.97 | 321 | 124.] .522E-02 | .258E-+03 | .122E+403 | 3.82
12 | 1524 | 219 | 126. | .530E-02 | .262E+03 | .123E+03 | 3.27 | Xmax
13 | 17.7 32.0 | 126. | .530E-02 | .262E+03 | .123E+03 | 4.36
14 | 19.05 | 324 | 117.) 491E-02 | .243E+03 | .1:4E4+03 | 0.91
15 | 20.32 | 329 | 111. | .465E-02 | .230E+03 | .108E+03 | 0.24
16 | 22.86 | 338 | 103. | 431E-02 | .213E+03 { .100E+03 | 0.23
17 | 2540 | 34.7 | 95. | -397E-02 | .197E+03 | .925E+02 | 0.23
18 | 27.94 | 5.6 | 87. | .36TE-02 | .182E+03 | .854E402 | 1.32
19 | 3048 | 362 | 85. | .355E-02 | .176E+03 | .826E+02 | 0.32
20 | 3810 | 376 | 77. | .322E-02 | .160E+03 | .750E+02 | 0.50
21 | 40.64 7.9 | 76. | .319E-02 | .158E-+03 | .T41E402 | 0.11
22 | 50.80 | 38.6 | 72. | .304E-02 | .151E+03 | .708E+02 | 0.09
23 | 63.50 | 39.1 | 70. | .296E-02 | .146E+03 | .688E4-02 | 0.06
24 | 7620 | 323 | 70. | .-292E-02 | .145E+03 | .681E+402 | 0.01
25 | 8890 | 39.5 | 69. | .29CE-02 | .144E+03 | .675E4+02 | 0.03

Table A.86: 1 in. cylinder with 5=2 in.; U = 19.9(m/s), T = 22.0(°C),
g = 1209(W/m?), i = 150.0(A)
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Case: 1twd-17.5 Date and time of experiment: Oct.18,1992, 01:45

[No | X(am) [TCC)] b | St | Nus | Nuz JeondB]

1 1.27 36.4

2 2.54 36.8 | 64. | .303E-02 | .132E+03 | .620E+02 | 11.29
3 3.81 364 | 68. | .326E-02 | .142E+03 | .668E-+02 | 5.64
4 5.08 6.2 | 72. | .344E-02 | .150E+03 | .T03E+02 | 3.76
5 6.35 35.5 | 78. | .374E-02 | .163E+03 | .765E+02 | 0.00
6 7.62 34.9 | 81. | .388E-02 | .168E+03 | .794E+02 | 1.04
7 8.89 34.2 | 87. | .414E-02 | .180E+03 | .848E+02 [ 0.00
8 | 10.16 | 33.5 | 91. | .435E-02 | .189E+03 | .8S1E+02 | 0.84
9 1143 | 32.8 | 1r0. | 479E-02 | .208E+03 | .981E+02 L 2.30
10 | 1290 | 32.2 | 107. | .512E-02 | .223E+03 | .I05E+03 | 3.13
11 | 13.97 | 31.8 | 114. | .546E-02 | 223403 | .112E4+03 | 5.02
12 | 1524 | 31.5 | 116. | .554E-02 | .241E+03 | .113E4+03 | 4.04 | Xpe-
13 | 17.7 31.7 | 115. { .547E-02 | .238E+03 | .112E+03 | 4.32
14 | 19.05 | 32.1 §107.{ .510E-02 | .222E+03 | .104E+03 | 1.04
15 | 2032 | 32.5 | 101. | .483E-02 | .210E+03 | .989E+02 | 0.07
16 | 22.86 | 33.3 | 94. | .448E-02 | .195E+03 | 917E+02 | 0.26
17 | 2540 | 34.2 | 87. | .413E-02 | .180E+03 | .846E-+02 | 0.10
18 | 27.94 | 35.1 | 80. | .380E-02 | .166E+03 | .779E+0Z2 | 1.41
19 | 3048 | 35.7 | 77. | .367TE-02 | .160E+03 { .7T52E+02 | 0.35
20 | 3810 | 37.1 | 70. | .332E-02 | .144E+03 | .679E+02 [ 0.51
21 | 4064 | 374 | 68. | .327E-02 | .142E4-03 | .669E+02 | 0.16
22 | 50.80 | 38.2 | 65. |.311E-02 | .135E+03 | .636E+02 | 0.12
23 | 63.50 | 38.8 | 63. | .301E-02 | .131E+03 | .617E+02 | 0.07 -
24 | 76.20 | 38.9 | 63. | .299E-02 | .130E+03 | .611E+02 | 0.02
25 | 88.90 | 39.0 | 62. | .297E-02 | .129E+4-03 | .608E+02 | 0.01

Table A.87: 1 in. cylinder with S=2 in.; U = 17.5(m/s), T = 22.1(°C)
g = 10531 (W/m?), : = 14C.0( A)

3
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Case: 1twd-13a

Date and time of experiment: Oct.17,1992, 23:30

X(em) | TCC)| B | St Nus_ | Nug | cond% |
1| 127 | 353 |
2 | 254 | 357 | 5i. | .313E-02 | .118E+03 | .554E-+02 | 11.74
3 | 381 | 357 | 60. | .332E-02 | .125E+03 | .588E+02 | 6.60
2 | 508 | 354 | 62. | .342E-02 | .129E+03 | .605E+02 | 5.87
5 | 6.35 | 349 | 68. | .377E-02 | .J42E+03 | .666E+02 | 0.49
6 | 762 | 34.3 | 70. | .389E-02 | .146E+03 | .688E+02 | 1.71
T | 889 | 33.7 | 75. | .412E-02 | .155E+03 | .729E+02 | 0.95
8 | 10.16 | 33.0 | 79. | 435E-02 | .163E+03 | .769E+02 | 1.47
9 | 1143 | 32.3 | 88. | .483E-02 | .182E+03 | .855E+02 | 2.45
10 | 12.70 | 31.6 | 94. | .520E-02 | .196E+03 | .920E+02 | 3.67
11 | 1397 | 31.2 | 100. | .555E-02 | .209E+03 | .981E+02 | 5.14

 [T127]735.24 [ 309 [102. | 565E-02 [ .213E+03 | .100E+03 | 4.08
13 | 17.78 | 309 | 103. | .571E-02 | .215E+03 | .101E+03 | 4.73 | Nonar
14 | 18.05 | 31.1 | 98. | .541E-02 | .204E+03 | .958E+02 | 2.20
15 | 2032 | 315 | 93. | .512E-02 [ .193E+03 | .906E+02 | 0.41
16 | 22.86 | 32.3 | 86. | .475E-02 | .179E+03 | .840E+02 | 0.49
17 | 25.40 | 33.1 | 79. | .437TE-02 | .164E+03 | .773E+02 | 0.12
18 | 2794 | 33.9 | 73. | .402E-02 | .151E+03 | .TI1IE+02 | 1.35
19 | 3048 | 34.5 | 70. | .386E-02 | .145E+03 | .683E+02 | 0.44
50 | 38.10 | 359 | 63. | .348E-02 | .I31E+03 | .615E+02 | 0.54
91 | 4064 | 36.2 | 62. | .342E-02 | .120E+05 ! .605E+02 | 0.17
29 | 50.80 | 37.1 | 58. | .323E-02 | .121E+03 | 571R1G2 | 0.15
93 | 63.50 | 37.6 | 57. | .312E-02 | .117E+03 | .552E+02 | 0.08
24 | 76.20 | 37.9 | 56. | .308E-02 | .116E+03 | .545E+02 | 0.06
25 | 88.90 | 37.8 | 56. | .308E-02 | .116E+03 | .546E+02 | 0.00

Table A.88: 1 in. cylinder with $=2 in.; U = 15.0(m/s), T = 21.8(°C),

g = 898(W/m?), i = 130.0(4)
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Case: 1twd-15b Date and time of experiment: Qct.18,1992, 02:15

(No [X(cm) [TCC)[ B | St | Nus | Nug [comdB]

No.
1.27 7.1 u o

1
2 2.54 7.9 | 56. | .318E-02 | .11TE-+03 | .550E+02 | 13.78
3 3.81 38.0 | 60. | .338E-02 | .125E+03 | .586E+02 | 7.72
4 5.08 7.7 | 62. | .348E-02 | .128E+03 | .603E+-02 | 6.68
5 6.35 7.1 | 67. | .381E-02 | .140E+03 ) .659E+02 | 188
6 7.62 364 | 71. | 400E-02 | .147E+03 | 693E+02 | 1.46
7 8.89 356 | 76. | 427E-02 | .157E+03 | .740E+02 | 0.21
8 | 1016 | 34.9 | 80. | .451E-02 | .166E+03 | .780E+02 | 0.63
9 1143 | 34.1 | B7. | 491E-02 | .181E+03 | .850E+02 | 1.67
10 | 12.70 | 334 | 94. | .529E-02 | .195E+03 | .916E+02 | 3.13
11 | 13.97 | 32.8 | 100. | .563E-02 | .207E+03 | .975E+02 | 4.38
12 | 15.24 | 324 | 103. | .582E-02 | .214E+03 | .101E+03 | 4.25
13 | 17.78 | 32.3 | 105. | .594E-02 | .219E+03 | .103E+03 | 5.36 | Xmar
14 | 1805 | 32.6 | 99. | .557E-02 | .205E+03 | .964E+02 | 1.88
15 | 20.32 | 33.1 | 94. | .529E-02 | .195E+03 | .916E+4-02 | 0.56
16 | 22.86 | 34.0 | 87. | 489E-02 | .180E+03 | .846E+02 | 0.47
17 | 25.40 | 35.0 | 80. | .449E-02 | .165E+03 | .778E+02 | 0.00
18 | 2794 | 36.0 | 73. | 411E-02 | .151E4+03 | .TI12E+02 | 1.46
19 | 30.48 | 36.7 | 70. | .395E-02 | .146E+03 | .685E+02 | 0.42
20 | 38.10 | 384 | 63. | .355E-02 | .130E+03 | .614E+02 | 0.50
21 [ 40.64 | 38.8 | 62. | .348E-02 | .128E+03 | .602E+02 | 0.26
22 | 50.80 | 39.9 | 58. | .328E-02 | .121E4-03 | .568E+02 | 0.15
23 | 6350 | 40.5 | 56. | .31TE-02 | .117E-+03 | .548E+02 | 0.09
24 § 76.20 | 40.8 | 55. | .313E-02 | .115E+03 | .541E+02 | 0.05
25 | 88.90 | 40.8 | 55. | .313E-02 | .115E+03 | .541E+02 [ 0.00

Table A.89: 1 in. cylinder with $=2 in; U = 14.8(m/s), T = 21.8(°C),
g = 1052(W/m?), i = 140.0{ 4)
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Case: 1twd-12.5

Date and time of experiment: Oct. 15,1992, 04:00

[No. [ X(ecm) [ T(°C) | B | St Nus | Nug | cond% | I

1] 127 | 365 | |

2 2.54 37.2 49. | .326E-02 | .102E+03 | .480E+02 | 16.12
3 381 7.3 | 54. | 35TE-02 | .112E403 | .526E+02 | .50
4 5.08 37.0 | 56. | .369E-02 | .116E+03 | .543E+02 | 6.25
) 6.35 36.5 | 61. | .402E-02 | .126E+03 | .593E+02 | 1.20
6 7.62 35.9 | 62. | 414E-02 | .130E+03 | .610E+02 | 2.16
7 8.89 353 | 66. | .436E-02 | .137E+03 | .643E+02 | 1.68
8 10.16 | 34.5 | 69. | .460E-02 | .144E+03 | .678E+02 | 1.92
9 11.43 | 33.7 | 77. | .511E-02 | .160E4-03 | .753E+02 | 2.16
10 | 12.70 | 33.0 | 83. j .54YE-02 | .171E+03 | .806E+02 | 2.89
11 | 13.97 | 324 89. | .590E-02 | .185E4-03 | .868E+02 | 5.05
12 ] 1524 | 32.0 | 90. | .594E-02 | .186E+03 | .ST6E+02 | 2.00
13 | 17.78 | 31.5 | 106.] .704E.02 | .221E+03 | .104E-+03 | 14.67 | Xmas
14 | 19.05 321 81. | .536E-02 [ .168E+03 | .789E+02 | 6.98
15 | 20.32 | 325 | 85. } .563E-02 | .1T7E+03 | .830E+02 | 1.20
16 | 22.86 | 33.4 | 78. | .519E-02 | .163E+03 | .765E-+02 ;| 0.66
17 | 25.40 | 343 | 72. | 476E-02 | .149E+03 | .702E4+02 | 0.12
18§ | 27.94 35.3 | 66. | .434E-02 | .136E-+03 | .640E+02 | 1.50
19 | 3048 | 36.1 63. | 416E-02 | .130E+03 | .614E+02 | 047
20 | 38.10 7.9 | 56. | .370E-02 | .116E+03 | .546E+02 | 0.58
21 | 40.64 38.3 | 55. | .362E-02 | .114E+03 | .534E+02 | 0.28
22 | 50.80 | 39.4 | 51. j .340E-02 | .106E+03 | .501E+02 | 0.19
23 | 63.50 | 40.1 | 49. | .327E-02 | .102E+03 | .482E+02 | 0.12
24 | 7620 | 40.3 | 49. { .323E-02 | .101E+03 | 476E+02 | 0.05
25 | 88.90 | 40.4 | 49. | .323E-02 | .101E-+03 | .476E+02 | 0.00

Table A.90: 1 in. cylinder with $=2 in; U = 12.5(m/s), T =

g = 913(W/m?), 1 = 130.0(A4)
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Case: 1twd-10

Date and time of experiment: Qct.18,1992, 04:45

No. [ X(em) | T®*C) | h St Nus Nug cond%
1 | 1.27 | 360 _
2 2.54 36.8 | 42. | .349E-02 | .BT5E+02 | .412E402 | 17.33
3 3.81 36.9 | 46. | .37T8E-02 | .948E+02 | .446E+02 | 9.66
4 5.08 36.7 | 47. | .389E-02 | .9T6E-+02 | 459E+02 | S.24
5 6.35 362 | 52. | 434E-02 | .109E+-03 | .512E+02 | 1.14
6 7.62 35.7 | 53. | 442E-02 | .111E+03 | .521E+02 | 3.13
7 8.89 35.0 7. | 47T0E-02 | .118E403 | .554E+02 | 1.70
8 10.16 34.3 | 60. | 497E-02 | .125E+03 | .587TE<+02 1.42
3 1143 335 | 66. | .546E-02 | .137E<-03 | .644E-02 | 1.70
10 12.70 32.8 | 71. | .590E-02 | .148E--03 | .695E+02 | 3.41
11 13.97 323 | 77. | .635E-02 | .159E+03 | .749E<+02 | 5.58
12 | 15.24 3.3 | 79.{ .658E-02 | .165E+03 | .776E+02 | 5.59
13 7.78 31.7 | 81. ) .674E-02 | .169E--03 | .795E+02 | 6.34 Xmas
14 19.05 32.0 | 77. | .635E-02 | .159E+03 | .T48E<02 | 2.56
15 | 20.32 32.3 | 73. | .606E-02 | .152E+03 | .TI5E+02 | 1.14
16 | 22.86 33.1 | 68. | .563E-02 { .141E4-03 | .664E+02 | 0.99
17 | 2540 34.0 | 62. | 5I6E-02 | .129E+03 | .609E-+02 | 0.21
18 7.94 35.0 | 57. | ATOE-02 | .118E+03 | .554E+02 1.63
19 | 3048 35.8 | 54. [ .451E-02 | .113E4-03 | .532E+02 | 0.43
20 § 38.10 7.6 | 48. | .398E-02 | 99TE4+02 | 469E+02 | 0.67
21 | 40.64 38.0 | 47. | .388E-02 | .9T4E+02 | .458E+02 | 0.36
2 | 50.80 39.3 | 44. | .362E-02 | .908E+402 | .427E+02 | 0.23
23 | 63.50 40.0 | 42. | .347E-02 1 .8T0E+-02 | 409E-+02 | 0.15
24 | 76.20 40.3 | 41. | .342E-02 | .858E+02 | .404E+02 | 0.10
25 | 88.90 40.2 | 42. | .344E-02 | .863E+4-02 | .406E+02 | 0.02

Table A.91: 1 in. cylinder with S=2

g = TT3(W/m?), i = 120.0(4)
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Case: 1twd-8.7

Date and time of experiment: Oct.18,1992, 03:30

| No. [ X(em) | TCC) | b | St | Nus | Nug | cond% |

[ 1 [ 127 | 349
2 254 35.6 | 38. | .357E-02 | .T79E4-02 | 366E4+-02 | 19.13
3 3.81 35.8 | 41. | .388E-02 | .845E+02 | .398E+02 | 11.07
4 5.08 35.7 | 42. | .399E-02 | .BT0E+02 | 409E+02 | 9.40
5 6.35 35.2 | 46. | .440E-02 | .959E+02 | 451E4+02 | 3.02
6 7.62 34.7 | 48. | 458E-02 | .100E403 | 4T0E+02 | 2.68
7 §.89 34.1 | 51. | 485E-02 | .106E-+03 | 497E+02 | 1.68
8 10.16 | 33.5 | 53. | .507E-02 | .111E+03 | .520E+02 | 2.35
9 11.43 32.8 | 59. | .998E-02 | .122E4+03 | .5T2E+02 | 1.01
10 | 12.70 32.1 | 64. ] .613E-02 | .134E4-03 | .629E+02 | 4.36
11 | 13.97 31.6 | 69. | .659E-02 | .144E+03 | .676E+02 | 6.38
12 15.24 312 | 72. | 684E-02 @ .149E+03 | .T02E+02 | 6.49
13 7.78 311 | 72. | .688E-02 § .I50E+03 | .TO6E+02 | 559 | Xmer
14 | 19.05 31.2 | 69. ] .661E-02 | .144E+403 | .678E-+02 | 3.36
15 | 20.32 31.5 7. | .635E-02 | .139E+-03 | .652E-+02 | 2.13
16 | 22.86 32.3 | 61. | .583E-02 | .127E+03 | .599E+02 | 0.84
17T | 2540 33.1 | 57. | .539E-02 | .11TE+03 | .553E402-1 0.42
18 7.94 34.0 | 51. | .489E-02 | .107E+03 | .502E+02 | 1.76
19 | 3048 | 34.7 | 49.| 470E-02 | .102E+03 | .482E402 | 042
20 | 38.10 36.5 | 43. | 414E-02 | 902E+02 | .424E+02 | 0.59
21 | 40.64 359 | 42. | 402E-02 | .8TTE+02 | 412E+02 | 0.49
22 | 50.80 38.1 | 39. | .374E-02 | .8153E+02 | .383E+02 | 0.26
23 | 63.50 38.9 | 37. | .356E-02 | .T78E+02 | .366E+02 | 0.18
24 | 76.20 39.2 | 37. | .351E-02 | .766E+02 | .360E+02 | 0.14
25 | 88.90 39.1 | 37. | .354E-02 | .TT3E+02 | .363E+02 | 0.04
Table A.92: 1 in. cylinder with $=2 in.; U = 8.7(m/s) , T = 21.5(°C),

g = 634(W/m?), i = 110.0(A)
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Case: 1twd-7.52

Date and time of experiment: Qct.18,1992, 03:00

| No. | X(em) | TC) | h St Nus Nug cond% |

1 | 1.27 | 347 —
2 2.54 35.1 |} 33. | 372E-02 1 .6ME+02 | 326E+02 | 15.95

3 381 35.2 | 36. | 403E-02 | .752E+02 | .354E+02 | 8.59

4 2.08 35.0 | 36. | .403E-02 | .751E+02 | 353E+402 | 9.81

5 6.30 34.6 | 40. | 444E-02 | .828E+02 | .389E+02 | 3.68

6 7.62 34.1 | 42. | .466E-02 | .B68E+02 | .408E+02 | 2.86

T 8.89 33.5 | 44. | 492E-02 | .918E402 | .432E+02 | 2.05

8 10.16 32.9 | 47. | 519E-02 | 968E4-02 | .455E+02 | 2.04

9 11.43 32.2 | 51. | 568E-02 | .106E+03 | .498E+02 | 0.82

10 | 12.70 31.6 7. | .632E-02 | .118E+03 | .554E+4-02 | 5.31

11 13.97 31.1 | 61. | .685E-02 | .128E+03 | .601E+-02 | 8.18

12 | 15.24 30.7 | 62. | .695E-02 | .130E+03 | .609E+-02 | 6.00

13 | 17.78 30.5 | 64. | T16E-02 | .133E++03 | .628E+02 | 6.81 | Xmeas
14 | 19.05 30.7 | 2. | .689E-02 | .128E+4-03 | .604E+02 | 4.50

15 | 20.32 30.9 | 58. | .650E-02 | .121E+03 | .570E+02 | 1.50

16 | 22.86 31.6 | 59. | .60BE-02 § .113E+03 | .533E+02 | 1.33

17 | 25.40 32.3 | 50. | .561E-02 | .105E+03 | .492E+02 | 0.61

18 | 274 33.2 | 46. | .510E-02 | .951E+-02 | 447E+02 1.53

19 | 3048 33.8 | 44. | 487E-02 | .S08E+02 | .427E+02 | 0.56

20 | 38.10 35.5 | 38. | 427E-02 | .T9TE+02 | .3T3E+02 | 0.72

21 | 40.64 35.9 7. | 416E-02 | .775E+02 | .365E+02 | 0.48

22§ 50.80 7.1 | 34. | 384E-02 | T16E4+02 | .33TE+02 | 0.32

23 | 63.50 37.9 | 33. | .366E-02 | .682E+02 | .321E=+-02 | 0.20

24 | 76.20 38.3 | 32. | .359E-02 | .663E+02 | .315E+-02 | 0.22

25 | 88.90 38.0 | 33. | .365E-02 | .680E+02 | .320E+02 | 0.9

Table A.93: 1 in. cylinder with S=2 in; U = T.5(m/s) , T = 21.6(°C),
g = 537(W/m?), i = 100.0(A)
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Case: ltwd-7.5b

Date and time of experiment: Oct.18,1992, 05:00

_|!\o| X(em) | T(°C) | b I St | Nus | Nug | cond% |

1 | 127 | 36.0 |

2 | 254 | 36.8 | 34. | .384E-02 | .713E+02 | 335E+02 | 18.73
3 | 8.81 | 36.9 | 37. | .412E-02 | .765E+02 | .360E+02 | 11.58
4 | 5.08 | 36.8 | 38. | .423E-02 | .784E+02 | .369E+02 | 10.21
5 | 6.5 | 364 | 42. | .470E-02 | .812E+02 | .410E+02 | 3.06
6 | 7.62 | 35.8 | 43.| .485E-02 | .901E+02 | .424E+02 | 3.40
7 | 5.89 | 35.2 | 46. | .5I3E-02 | .952E+02 | 448E+02 | 2.38
8 | 10.16 | 34.5 | 46. | .537E-02 | .996E+02 | 465E+02 | 3.06
g | 1143 | 33.7 | 54. | .601E-02 | .112E+03 | 525E+02 | 2.04
10 | 12.70 | 33.0 | 59. | .657E-02 | .122E+03 | 573E+02 | 4.77
11 | 13.97 | 32.4 | 63. | .T01E-02 | .130E+03 | .612E+02 | 6.13
12 | 15.24 | 32.0 | 65. | .729E-02 | .135E+03 | .636E-+02 | 6.24
13 | 17.78 | 317 | 68. | -758E-02 | .141E+03 | .662E+02 | 7.60 | Xmax
14 | 19.05 | 31.9 | 64. | .TI4E-02 | .133E+03 | 624E+02 [ 341
15 | 20.32 | 32.2 | 6. | .682E-02 | .126E+03 [ .595E-+02 [ 1.48
16 | 22.86 | 32.9 | 5. | .639E-02 | .118E+03 | .557E+02 | 1.53
17 | 2540 | 33.9 | 52., .586E-02 | .109E+03 | 511E+02 | 051
18 | 27.94 | 34.8 | 47. | .531E-02 | .986E+02 | 464E+02 | 1.70
19 | 30.48 | 35.6 | 45. | .508E-02 | .943E+02 | .444E-+02 | 0.50
20 | 38.10 | 37.6 | 40. | .446E-02 | .827E+02 | .389E+02 | 0.70
21 | 40.64 | 36.0 | 39. | .434E-02 | .804E+02 | .378E+02 | 0.45
22 | 50.80 | 39.5 | 36. | .400E-02 | .742E+02 | .349E+02 | 0.31
23 | 63.50 | 40.4 | 34. | .380E-02 | .705E+02 | .332E+02 | 0.20
24 | 76.20 | 40.8 | 33. | .3T3E-02 | .692E+02 | .325E+02 | 0.19
95 | 88.90 | 40.6 | 34. | .378E-02 | .701E+02 | .330E+02 | 0.07

Table A.94: 1 in. cylinder with S=2

g = 645(W/m?), i = 110.0(4)

in; U = 74(m/s) , T = 21.5(°C),
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Case: 1twd-06 Date and time of experiment: Oct.18,1992, 04:30

(Mo [ X(cm) [TCC) | B | St | Nus | Nue ] cond%]

——

1 1.27 35.5

2 2.54 36.2 | 29. | 407E-02 | .612E+02 | .288E+02 | 18.48
3 3.81 36.4 | 31. | 430E-02 { .646E+02 | .304E+02 | 12.73
! 5.08 36.3 | 32. | 437E-02 | .658E+02 | .309E+02 | 11.9]
5 6.35 35.8 | 36. | 494E-02 | .7T43E+02 | .349E4+02 | 3.28
6 7.62 354 | 36. | .502E-02 | .756E+02 | .355E-+02 | 4.93
7 8.89 34.7 | 39. | .536E-02 | .80TE+02 | .380E+02 | 2.87
8 | 10.16 | 34.1 |4l.| .565E-02 | .850E+02 | .400E+02 | 2.87
9 1143 | 33.3 [ 46. | .629E-02 | 946E+02 | 445E+02 | 1.64
10 | 12.70 | 32.6 | 50. | 693E-02 | .104E+03 | .490E+02 | 5.34
11 | 13.97 | 32.0 | 54.(.750E-02 | .113E+03 | .531E+02 | 8.21
12 | 15.24 | 31.6 |56. | .772E-02 | .116E+03 | .546E+02 | 7.39
13 | 17.%7 314 7. | .TS1E-02 | .119E+03 | .560E402 | 7.66 | Xmac
14 | 19.05 | 31.6 | 54. | .T46E-02 | .112E+03 | .528E+02 | 3.28
15 | 20.32 | 31.8 |52.|.723E-02 | .109E+03 | .511E+02 | 2.46
16 | 22.86 | 32.5 |49.|.673E-02 | .101E+03 | .476E+02 | 1.64
17 | 2540 | 33.4 145. | .622E-02 | .935E+-02 | 440E+02 | 0.92
18 | 27.94 | 34.3 | 41. | .560E-02 | .843E-+02 | .39TE+02 | 1.95
19 | 3048 | 35.0 | 39. | .538E-02 | .809E+02 | .381E+02 | 0.51
20 | 38.10 | 36.9 | 34.| 471E-02 | .7T08E+02 | .333E+02 | 0.67
21 | 40.64 7.0 | 33. | .456E-02 | .686E-+02 | .323E+02 | 0.60
22 | 50.80 | 38.9 | 30.| .419E-02 | .631E-+02 | .297E+02 | 0.37
23 | 63.50 | 39.9 }29.| .39TE-02 | .59TE+02 | .281E+02 | 0.26
24 | 76.20 | 40.3 | 28. | .389E-02 | .584E+02 | .275E+02 | 0.30
25 | 88.90 | 40.0 | 29. | .398E-02 | .598E-+02 | .282E+02 | 0.15

Table A.95: 1 in. cylinder with S=2 in.; U = 6.0(m/s) , T = 21.4(°C),
g = 535(W/m?), { = 100.0(4) -

s
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Case: 1twd-05 Iatc and time of experiment: Oct.18,1992, 03:15

No. | X(em) | T°C) | b St Nus Nug Jeond% | .
1 | 127 | 341 1
2 | 254 | 336 |26, 439E-02 | .550E+02 | .259E+02 | 19.66
3 | 3.81 | 34.8 |28. | 4TIE-02 | .501E+02 | .276E+02 | 12.61
4 | 5.08 | 34.7 | 27. | .452E-02 | .567E+02 | .267E+02 | 16.64
5 | 635 | 34.3 | 33. | .554E-02 | .695E+02 | .327E+02 | LO1
6 | 7.62 | 339 |33.] .553E-02 | .693E+02 | .326E+02 | 4.54
7T | 8.89 | 33.4 | 36. | .592E-02 | .TA2E+02 | .349E+02 | 2.02
8 | 10.16 | 32.8 | 37. | .612E-02 | .767E<02 | .361E+02 | 3.53
9 | 11.43 | 32.2 | 41. | .6T5E-02 | .846E+02 | .398E+02 | 0.50
10 [ 12.70 | 31.6 | 46. | .755B-02 | .94TE+02 | .445E+02 | 6.05
11 | 13.97 | 31.1 | 50. | .836E-02 | .105E+03 | .493E+02 | 11.60
12 | 15.24 | 30.8 | 49. | .815E-02 | .102E+03 | .481E+02 | 5.71
13 | 17.78 | 30.6 | 51. | .851E-02 | .JOTE+03 | .502E+02 | 8.07 | Xmax
14 [ 19.05 | 30.7 [ 49.| .811E-02 | .102E+03 | .478E+02 | 4.54
15 { 20.32 | 31.0 | 47. | .T79E-02 | .976E+02 | .459E+02 | 2.86
16 | 22.86 | 31.6 | 43. | .718E-02 | .900E+02 | .424E+02 | 1.13
17 | 2540 | 32.3 | 40. | .668E-02 | .838E+02 | .394E+02 | 0.76
18 | 27.94 | 33.1 | 37. | .608E-02 | .762E+02 | .358E4+02 | 1.76
19 | 3048 | 33.7 | 35. | .585E-02 | .733E+02 | .345E+02 | 0.27
20 | 38.10 | 35.5 | 31. | .507E-02 | .636E+02 | .200E+02 | 0.92
21 | 40.64 | 36.0 | 30. | .493C°02 ] .619E+02 | 201E+02 | 0.57
22 [ 50.80 | 37.3 | 27. | .452E-02 | .567E+02 | .267E+02 | 0.42
23 | 63.50 | 35.3 | 26. | .428E-02 | .536E-+02 | .252E+02 | 0.28
24 | 76.20 | 38.7 | 25. | .417E-02 | .523E+02 | .246E+02 | 0.41
25 | 88.90 | 38.2 | 26.| .430E-02 | .540E-+02 | .254E+02 | 0.21

Table A.96: 1 in. cylinder with S=2 in.; U = 5.0(m/s) , T = 21.4(°C),
g = 436(W/m?), i = 90.0(A)
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A.a-vii Data and Results for 2 cylinder in Different °
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Case: 2twa-30a Date and time of experiment: Aug.22,1992, 15:45

[No. [ X(em) [ T(°C) [_b _ Nus | Nug | cond% |

1 1.27 36.9
2 2.54 34.7 | 104. | 290E-02 | .102E+03 | .203E+03 | 13.46
3 5.08 31.8 | 134. | .373E-02 | .131E+03 | .261E+03 | 10.63
4 6.35 31.0 | 141. | .392E-02 | .137E+03 | .275E+03 | 5.58
5 7.62 304 | 154. | .429E-02 | .150E+03 | .301E+03 | 6.82
6 | 1C.16 | 29.9 | 166. ) .463E-02 | .162E+03 | .324E+03 | 8.06 | Xmes
7 | 1143 | 30.1 | 150. | .418E-02 | .146E+03 | .293E+03 | 0.53
8 { 12.70 | 30.4 | 160. | .445E-02 | .156E+03 | .312E+03 | 10.63
9 | 13.97 | 31.0 | 124, | .346E-02 | .121E403 | .243E4+03 | 6.64
10 | 1524 | 314 | 128.} .357E-02 | .125E+03 | .250E+03 | 0.80
— 11 | 1651 | 31.8 | 114.| .319E-02 | .112E+03 | .223E403 | 5.58
12 | 17.78 | 32.0 | 121. | .337E-02 | .118E+03 | .236E+03 | 2.04
13 | 2032 | 32.7 | 108. | .305E-02 | .107E+03 | .213E4+03 | 1.17
14 | 2540 | 335 | 102.| .285E-02 | .998E+02 | .200E+03 | 0.35
_ 15 | 3048 | 34.0 | 97. | .271E-02 | .948E+02 | .190E+-03 | 0.32
: 16 | 40.64 | 346 | 93. | .259E-02 | .906E+02 | .181E+03 | 0.04
- 17 | 50.80 | 35.0 | 89. | .249E-02 } .873E+02 | .IT5E+03 | 0.01
18 | 63.50 | 35.6 | 86. | .239E-02 | .836E+02 | .16TE+03 | 0.09
19 | 76.20 | 35.7| 84. | .235E-02 | .825E+02 | .165E+03 | 0.06
20 | 88.90 | 35.7 | 85. | .237E-02 | .829E+02 | .166E4+03 | 0.00
21 | 101.60 | 35.6 | 85. | .238E-02 | .832E+02 | .166E+03 | 0.01

Table A.97: 2 in. cylinder with S=1 in.; U = 29.7(m/s), T = 22.8(°C),
g = 1090(W/m2), i = 333.3(4)
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Case: 2twa-20b Date and time of experiment: Sep.7,1992, 10:30

[No. [X(em) [TCCI] B | St Nug Nug | cond% |
(1 | 127 | 36.1 -

2| 254 | 34.0 | 109. | .304E-02 | .107E+03 | .213E+03 | 13.48
3 | 5.08 | 31.3 [ 141.].392E-02 | .137E+03 | -275E+03 | 10.80
4 | 635 | 305 | 141.] .393E-02 | .138E+03 | .276E+03 | 1.34
5 | 7.62 | 29.8 | 167. | .466E-02 | .164E+03 | -327E+03 | 9.11
6 | 10.16 | 294 |175. | 487E-02 | .ITIE+03 | .342E+03 | 7.50 | Xoes
7 | 1145 [ 29.6 | 159. | .443E-02 | .155E+03 | .311E+03 | 1.07
8 | 12.70 | 29.9 [166. [ 461E-02 | .162E+03 | .323E403 | 9.11
§ | 13.97 | 30.5 | 133.| .370E-02 | .130E+03 | .260E+03 | 5.00
10 | 15.24 | 30.9 | 133. | .370E-02 | .130E+03 | -260E+03 | 0.00
11 [ 16.51 | 313 | 123.] .344E-02 | .121E+03 | .241E+03 | 241
12 [ 17.78 | 31.6 [ 122.] .339E-02 | .119E-+03 | .238E+03 | 0.09
13 | 20.32 | 32.3 | 113.| .313E-02 | .110E+03 | .220E+03 | 1.16
14 | 2540 | 33.0 | 105. | .293E-02 | .103E-+03 | .206E+03 | 037
15 | 3048 | 33.5 | 100.] .279E-02 | .979E+02 | .196E+03 | 0.30
16 | 40.64 | 34.0 | 96. | .267E-02 | .O38E+02 | .188E+03 | 0.03
17 | 50.80 [ 34.5 | 92. | .257E-02 | .902E+02 | -.180E+03 | 0.01
18 | 63.50 [ 35.0 [ 88. | .246E-02 | .862E+02 | -172E+03 | 0.09
19 | 76.20 [ 35.2 | 87. | .242E-62 | .849E+02 | .170E+03 | 0.04
20 | 88.90 | 35.3 | S7. | .241E-02 | .845E+02 | .169E+03 | 0.02
21 | 101.60 | 35.2 | 87. | .242E-02 | .848E+02 | .170E+03 | 0.01

Table A.98: 2 in. cylinder with $=1 in; U = 30.0(m/s), T = 22.8(°C),
g = 1082(W/m?), i = 333.3(A)
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Case: 2twa-27.5

Date and time of experiment: Sep.7,1992, 11:00

[No.[X(@[TCOYV[ b [ St [ Nus | Nug [ecomdm|
1 | 127 | 36.7 — T —
2 | 254 | 34.6 [ 102 | .311E-02 | .100E+03 | .200E+03 | 12.11
3 | 5.08 | 31.8 | 133. | .404E-02 | .130E+03 | .260E+03 | 10.50
4 | 635 | 309 |134. 408E-02 | .131E+03 | .2635+03 | 1.34
5 | 7.62 | 30.1 [161.] .490E-02 | .I58E403 | 315E+03 | 9.97
6 | 1026 | 29.7 |169. | .513E-02 | .165E+03 | .330E+03 | 7.83 | Xpmer
T | 1143 | 29.9 | 154. | .469E-02 | .151E+03 | .302E+03 | 1.60
8 | 1270 | 30.2 | 160. | .486E-02 | .156E+03 | .313E+03 | 9.35
9 | 13.97 | 30.8 | 129 .392E-02 | .126E+03 | .252E+03 | 4.54
10 | 1524 | 31.2 | 128. | .388E-02 | .125E+03 | .249E+03 | 0.27
11 | 1651 | 31.7 | 119.] .363E-02 | .117E+03 | .233E+03 | 1.5¢
12 | 17.78 | 32.0 | 116. | .353E-02 | .114E+03 | .227E+03 | 0.44
13 | 20.32 | 32.7 [107.] .326E-02 | .105E+03 | .210E<03 | 1.25
14 | 2540 | 33.6 | 100. | .304E-02 | .977E+02 | .195E+03 | 0.40
15 | 3048 | 34.1 | 95. | .289E-02 | .928E+02 | .186E+03 | 0.33
16 | 4064 | 34.7 | 9). | .276E-02 | .887E+02 | .177E+03 | 0.03
17 | 50.80 | 33.2 | 8T. | .265E-02 | .852E+02 | .170E+03 | 0.02
18 | 63.50 | 35.8 | 83. | .253E-02 | .814E+02 | .163E+03 | 0.09
19 | 7620 | 36.0 | 82. | .249E-02 | .801E+02 | .160E+03 | 0.04
20 | 88.90 | 36.0 | 82. | 248E-02 | .797E+02 | .159E+03 | 0.02
21 | 101.60 | 36.0 | 82. | 248E-02 | .798E+02 | .160E+03 | 0.00

Table A.99: 2 in. cylinder with S=1 in; U = 27.5(m/s), T = 22.8(°C),
g = 1085(W/m?), i = 333.3(A)
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Case: 2twa-25 Date and time of experiment: Aug.22,1992, 15:00

No. [ X(an) [T(®C){ b | St | Nus | Nug |cond%|
1] Lo27 7.6 ] -
2 | 254 | 35.5 | 95. | .315E-02 | .929E+02 | .186E-+03 | 10.88
3 | 5.08 | 325 | 124. | .409E-02 | .121E+03 | .241E+03 | 9.82
4 | 635 | 315 |} 133.| .440E-02 | .130E+03 | .259E~-03 | 6.37
5 | 7.62 | 30.8 | 146. | .483E-02 | .142E+03 | .285E+03 | 7.07
6 | 10.16 | 30.2 | 161. | .534E-02 | .15TE+03 | 315E+03 | 9.02 | Xrmeo
7 | 1143 | 304 | 146. | 482E-02 | .142E+03 | .285E+03 | 1.06
8 | 1270 | 30.6 | 156. | .517E-02 | .153E+03 | .305E+03 | 11.67
9 | 1397 | 313 | 122. | 403E-02 | .119E+03 | .238E+03 | 557
10 | 1524 | 31.7 | 123.| .40TE-02 | .120E+03 | .240E+03 | 0.53
11 | 1651 | 32.2 | 110. | .364E-02 | .10TE+03 | .215E+03 | 5.31
12 | 17.78 | 325 | 115. | .380E-02 | .112E+03 | .224E+03 | 1.95
13 | 20.32 { 33.3 | 103. | .341E-02 | .100E-+03 | .201E+03 | 1.37
14 | 2540 | 34.2 | 95. | .316E-02 | .930E+02 | .186E+03 | 0.43
15 | 3048 | 34.9 | 90. | .298E-02 | .879E+02 | .176E+03 1 0.26
16 | 40.64 | 356 | 85. | .283E-02 | .833E+02 | .1676+03 | 0.07
17 | 50.80 | 36.1 | 82. | .2T1E-02 | .800E+02 { .160E+03 | 0.01
18 | 63.50 | 36.7 | 78. | .259E-02 | .764E+02 | .153E+03 | 0.10
19 | 76.20 7.0 [ 77. | .255E.02 | .752E+02 | .150E+03 | 0.05
20 | 8890 | 37.0 | 77. | .255E-02 | .751E+02 | .150E+03 | 0.01
21 | 101.60 | 37.0 | 77. | .255E-02 | .751E+02 | .150E-+03 | 0.00

Table A.100: 2 in. cylinder with S=1 in; U = 25.0(m/s), T = 22.8(°C),
g = 1092(W/m?), i = 333.3(A4)
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Case: 2twa-22.5

Date mnd time of experiment: Sep.7,1992, 11:45

|=NT] X(em) [ TCC) | &

[ St [ Nus_ | Nus_ ] cond%]

1 1.27 38.8
2 2.54 36.7 | 84. | 313E-02| .M19E+02 | .164E+03 | 10.02
3 5.08 33.6 | 107.| .398E-02} .I04E+03 | .208E+-03 | 9.49
4 6.35 32.5 | 110. | 409E-02] .0FE+03 | .214E+03 | 2.39
5 7.62 31.6 | 130. | .486E-02| .2TE+03 | .255E+-03 | 10.55
6 | 10.16 | 30.9 | 139.| .51TE-02| .B5E+03 | .2T1E+03 | 8.96 | Xmar
7 | 1143 | 31.1 | 128.| 477E-02| .25E+03 | .250E+03 | 2.66
8 | 12.70 | 314 | 135. | .502E-02{ .B1E+03 | .263E+03 | 11.18
9 | 13.97 | 3.1 | 107.| 4C0E-02{ .IOSE+03 | .210E+03 | 4.52
10 | 1524 | 32.6 | 107. | .398E-02§ .I04E+03 | .208E+03 | 0.00
11 | 16,51 | 33.1 | 100. | .373E-0?| .W8E+02 | .196E+03 | 1.33
12 | 17.78 | 33.6 | 96. | .360E-02| .M2E+02 | .188E+03 | 0.80
13 | 2032 | 34.4 | 89. | .332E-02| .&TOE+02 | .174E+03 | 1.42
14 | 2040 | 35.5 | 83. | .308E-02| .0OTE+02 | .161E+03 | 0.53
15 | 3048 | 36.2 | 78. | .292E-02| .1B6SE-++02 | .153E+03 | 0.42
16 | 4064 | 37.0 | 75. | .279E-02| .BOE+02 | .146E+03 | 0.06
17 | 50.80 | 37.5 | 72. | .268E-02f .02E+02 | .140E+03 | 0.01
18 | 63.50 | 35.2 | 69. | .256E-02} .47OE-+02 | .134E+03 | 0.11
19 | 76.20 | 38.5" | 67. | 251E-0?{ .59E+02 | .132E+403 | 0.04
20 | 88.90 | 38.7 | 67. | .249E-0?| .53E402 | .131E4+03 | 0.03
21 |101.60 [ 38.7 | 67. | .249E-02| .S3E-+02{ .131E+03 | 0.01

Table A.101: 2 in. cylinder with S=1 ir.; U = 22.4(m/s), T = 22.4(°C),
g = 1089(W/m?), : = 333.3(A)



Case: 2twa-20 Date and time of experiment: Aug.22,1992, 14:00
No.{X(em) | T(°C)| h | St | Nugs | Nug | cond%
1 1.27 39.0
2 2.4 37.1 79. | 323E-02 | .TT0E+02 | .I34E+03 | 5.74
3 5.08 34.1 | 101. | 415E-02 | SB8E+02 | .198E+03 | 7.50
4 6.35 33.0 | 110. | 450E-02 | .107E+03 | .214E+03 | 5.56
5 7.62 32.1 | 122, § 502E-02 | .120E+03 | .239E+03 | 7.85
6 10.16 | 31.2 | 138. | .566E-02 | .135E+03 | .270E+03 | 10.33 | Xmar
7 1143 | 31.3 | 126. | .,517E-02 | .123E.+03 | .246E+03 | 2.38
g 12.70 31.6 | 136. | .557TE-02 | .I33E+03 | .263E+03 | 13.24
9 13.97 | 32.3 | 106. | .434E-02 | .103E+03 | 20TE+03 | 4.77
10 | 15.24 | 328 | 105. | .433E-02 | .103E+03 | .206E+03 | 0.26
11 | 16.51 334 | 96. | .394E-02 | .939E+02 | .188E+03 | 3.71
12 | 17.7 33.8 | 97. | .398E-02 | .949E+02 | .190E+03 | 1.06
13 | 2032 | 34.8 | 87. | .358E-02 | .853E+02 | .171E+03 | 1.54
14 | 2540 | 36.0 | 80. | .329E-02 | .7T84E=-02 | .15TE+03 | 0.56
15 | 3048 | 36.9 | 75. | .309E-02 | .T37E+02 | .14TE+03 | 047
16 | 4064 | 37.8 | T1. | .292E-02 | .696E+02 | .139E+403 | 0.12
17 | 50.80 | 384 | 69. | .281E-02 | .6TOE-+02 | .124E+03 | 0.00
I8 | 63.50 | 39.2 | 65. | .268E-02 | .638E-+02 | .128E+03 | 0.12
19 | 76.20 | 39.5 | 64. | .263E-02 | .627E+02 | .125E+03 | 0.04
20 | 8890 | 39.6 | 64. | .261E-02 | .622E402 | .124E+03 | 0.03
21 | 101.60 | 38.7 | 64. | 261E-02 | .621E+02 | .124E+03 | 0.0}

Table A.102: 2 in. cylinder with S=1 in.; U = 20.2(m/s), T = 22.4(°C),
g = 1094(W/m?), i = 333.3(A)
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Case: 2twa-17.5 Date and time of experiment: Sep.7,1992,12:10 _

(Mo [X(em) [TCC) | B [ St | Nus | Nuz Jcondh]

1 1.27 40.2
2 254 38.2 | 70. | 33TE-02 | 68TE+02 | .13TE+03 | 6.84
3 5.08 34.8 | 89. | 429E-02 | .8T2E+02 | .1T4E+03 | §.10
4 6.35 33.6 | 94. | 450E-02 | .916E+02 | .183E+03 | 2.97
9 7.62 325 | 113. | 544E-02 | .J11E403 | 221E+03 | 12.69
6 10.16 | 31.7 | 119. | .573E-02 | .11TE+03 | .233E+03 | 9.99 | Xmar
7 | 11.43 | 31.9 | I11.| .535E-02 | .109E4+03 | .218E+03 | 4.32
8§ | 1250 | 32.2 | 116. | .559E-02 | .114E+03 | .227E+03 | 12.42
9 | 13.97 | 33.0 | 92. { .441E-02 | B9TE+02 | .IT9E+03 | 4.59
10 | 1524 | 33.6 | 91. | .437E-02 | .889E+02 | .1T8E+03 | 0.27
11 | 1651 | 34.2 | 86. | 413E-02 | .841E+02 | .168E+03 | 0.81
12 | 177 34.8 | 82. | .395E-02 j .804E+02 | .161E+03 | 0.81
13 | 2032 | 35.8 | 75. | .362E-02 | .T3TE402 | .14TE+0Q3 | 171
14 | 2540 7.2 | 70. | 334E-02 | .680E-+02 | .136E+03 | 0.67
15 | 3048 | 38.1 | 65. | .315E-02 | .641E+02 | .128E4+-03 | 0.53
16 | 40.64 | 39.0 | 62. | .299E-02 | .609E-+02 | .122E+03 | 0.11
17 | 50.80 | 39.7 | 60. | .289E-02 | .58TE+02 | .117E4+03 | 0.00
18 | 6350 | 40.5 | 57. | .276E-02 | .561E402 { .112E4+03 | (.13
19 | 76.20 | 409 ] 56. | .271E-02 | .551E+02 | .110E+03 | 0.04
20 | 88.90 | 41.1 | 56. | .268E-02 | .546E+02 | .109E+03 | 0.05
21 |101.60 { 41.1 | 56. | .268E-02 | .546E+02 | .109E+03 | 0.00

Table A.103: 2 in. cylinder with S=1 in;; U = 17.4(m/s), T = 21.8(°C),
g = 1073(W/m?), : = 330.0(A)
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Case: 2twa-152

Date and time of experiment: Aug.22,1892, 12:30

| No. l X(em) l TCC) | b | St | Nus Nug cond%
1 127 38.2
2 2.54 36.9 63. | 339E-02 | .612E+02 | .122E+03 | 0.55
3 5.08 34.2 80. | .433E-02 | .T82E+02 | .156E+03 | 4.49
‘4 6.35 33.1 90. | .48TE-02 | .880E+02 | .1T6E+03 | 6.24
5 7.62 322 | 103. | .559E-02 | .101E+03 { .202E+03 | 11.06
6 10.16 31.4 114. | 619E-02 | .112E4-03 { .223E+03 | 12.15 | Xma-
7 1143 315 | 103. | .595E-~02 | .100E+-03 | .200E+03 | 2.30
8 12.70 31.7 113. | .614E-02 | .111E+403 | .221E+03 | 15.76
9 13.97 324 86. | 46TE-02 | .842E+02 | .168E+403 | 5.25
10 15.24 329 7. | 4T0E~02 | .848E~+02 | .1T0E+03 | 0.66
11 16.51 33.5 79. | 427E-02 | .7T1E4+02 | .154E+03 | 3.61
12 | 17.78 339 80. | .431E-02 | .T77E+02 | .155E+03 | 1.20
13 | 20.322 34.9 71. | .384E-02 | .693E+02 | .139E+03 | 1.89
14 25.40 36.2 65. | .351E-02 | .634E+02 | .127E+03 | 0.74
15 | 3048 37.1 61. | .329E-02 } .593E+02 | .119E+03 | 0.64
16 | 40.64 38.1 57. | 310E-02 { .560E402 | .112E+03 | 0.17
17 | 50.80 38.7 55. | .299E-02 | .540E-+02 | .108E+03 | 0.00
18 | 63.50 394 53. | .286E-02 | .516E+02 | .103E+03 | 0.16
19 | 76.20 39.7 52. | 282E-0? | .508E+02 | .102E+03 | 0.05
20 | 88.90 398 52. | .280E-02 | .505E4+02 | .101E+03 | 0.03
21 | 101.60 | 36.8 52. | 279E-02 | .504E+402 | .101E+03 | 0.01

Table A.104: 2 in. cylinder with S=1
q = 882(W/m?), i = 300.0(A)

-

N
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in;; U = 15.3(m/s), T = 22.7(°C),



Case: 2twa-15b

Date and time of experiment: Sep.7,1992, 12:30

TCC)] B | St | Nus | Nug | cond% |

1 | 127 | 40.7 |

2 2.54 388 99. | 329E-02 | BITE+02 | .115E+03 | 5.34
3 5.08 393 | 77. | 428E-02 | .751E+402 | .150E+03 | 8.83
4 6.35 3.0 80. | .443E-02 | .777E+02 | .155E403 | 1.54
3 7.62 32.7 } 101. | .565E-02 | .991E4-02 | .198E+03 | 16.02
6 10.16 | 31.8 | 108. | .600E-02 | .105E+03 | .211E+03 | 1253 | Xmar
7 11.43 319 99. | .552E-02 | .968E-+02 | .194E+03 | 4.93
8 12.50 322 | 104. | .5381E-02 | .102E+03 | .204E+03 | 13.87
9 13.97 33.0 81. | 452E-02 | .793E+02 | .159E+03 | 4.93
10 | 15.24 | 33.6 81. | 453E-02 | .T94E+02 | .159E+03 { 0.31
11 | 1631 34.2 76. | 425E.02 | .T46E+02 | .149E-+03 | 0.92
12 | 1778 | 348 73. | 407E-02 | .TI3E+02 | .143E+03 | 0.82
13 | 2032 358 67. | 372E-02 | .652E+02 | .130E+03 | 1.82
14 | 2540 | 372 61. | .341E-02 | .598E+02 | .120E+03 | 0.87
15 | 30.48 382 58. | .321E-02 | .564E+02 | .113E+03 | 0.62
16 | 4064 | 39.1 59. | JO05E-02 | .535E+02 | .107E+03 | 0.13
17 | 50.80 39.8 53. | .2204E-02 | .515E+02 | .103E403 | 0.00
18 | 63.50 | 406 50. | 280E-02 | 492E+02 | .984E-+02 | 0.15
19 | 76.20 41.0 | 4°. | 276E-02 | 483E-.02 | .967E+02 | 0.05
20 | 8890 | 41.1 49. | 273E-02 | 47SE+02 | .958E+02 | 0.06
21 |} 10160 | 41.1 49. | 273E-02 | 480E4-02 | .959E+02 | 0.00

Table A.105: 2 in. cylinder with S=1 in.; U = 15.0(m/s), T = 22.0(°C),

g = %40(W/m?), i = 310.0(A)
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Case: 2twa-12.5

Date and time of experiment: Aug.22,1992, 17:30

No. | X(em) | T(°C) | h St Nus Nug
1 | 127 | 422 N

2 | 254 | 40.9 | 43. | .291E-02 | .423E+02 | .845E+02 | 12.05
3 | 5.8 74 | 66. | .447TE-02 | .648E+02 | .130E+03 | 6.67
4 | 6.35 | 359 | 71. | 476E-02 | .690E+02 | .1385+03 | 1.05
5 | 7.62 | 345 | 96. | .647E-02 | .938E+02 | .188E+03 | 20.48
6 [ 1016 | 334 | 102. | .690E-02 | .100E+03 | .200E-+03 | 14.63 | Xoac
7 | 11.43 | 334 | 94. | .636E-02 | .923E+02 | .185E+03 | 6.32
8 | 12.70 | 33.7 | 101. | .682E-02 | .980E+02 | .198E+03 | 16.85
9 | 13.97 | 344 | 76. | .512E-02 | .742E+02 | .148E+03 | 5.62
10 [ 15.24 | 350 | 77. | .518E-02 | .751E+02 | .I50B+03 | 0.70
11 | 1651 | 355 | 73. | .490E-02 | .T10E+02 | .142E+03 | 0.35
12 | 17.78 | 36.1 | 68. | -459E-02 | .665E+02 | .133E+03 | 117
13 | 20.32 | 37.2 | 62. | .417E-02 | .605E+02 | .121E+03 | 1.96
14 | 2540 | 387 | 56. | .378E-02 | .549E+02 | .110E+03 | 097
15 | 30.48 | 39.8 [ 52. | .353E-02 | 513E+02 | .103E+03 | 0.82
16 | 40.64 | 40.7 | 50. | .335E-02 | .485E+02 | .971E+02 | 0.8
17 | 50.80 | 414 | 48. | .323E-02 | .468E+02 | .936E+02 | 0.01
18 | 6350 | 422 | 46. | .308E-02 | .447E+02 | .893E+02 | 0.19
19 | 76.20 | 424 | 45. | .304B-02 | 441E+02 | .882E+102 | 0.03
20 | 88.90 | 42.6 | 45. | .301E-02 | .437E+02 | .8T3E+02 | 0.08
.21 1101.60 | 42.6 | 45. | .302E-02 | .438E+02 | .876E+02 | 0.02

Table A.106: 2 in. cylinder with S=1

g = 825(W/m?), i = 290.0(A)

in; U = 124{(m/s), T = 24.2(°C),



Case: 2twa-10

Date and time of experiment: Aug.22,1992, 15:20

[No. TX(em) [TCC)[ b | St | Nus | Nug | cond% |

1 1.27 42.6

2 2.54 41.2 | 41. | 344E-02 | .398E+02 | .T96E+02 | 5.63
3 5.08 7.9 | 59. | .467E-02 | .540E+02 | .108E+03 | 2.95
4 6.35 364 | 61. ) .518E-02 | .600E+02 § .I20E+03 | 1.21
5 7.62 34.9 | 86. | .725E-02 | .839E+02 | .168E+03 | 23.73
6 10.16 | 33.6 | 92. | .779E-02 | .502E+402 | .180E-+03 ! 17.29 | Xpmar
7 11143 | 336 | 84. | .707TE-02 | .B19E402 | .164E-+03 | 6.84
8 1270 | 33.9 |92} .776E-02 | .898E+02 | .180E+03 | 19.71
9 13.97 | 34.5 | 68. | .5T0E-02 | .659E+02 | .A32E+03 | 5.63
10 | 1524 | 35.1 | 68.| .575E-02 | .665E+02 | .133E+03 | 0.40
11 | 16,51 | 35.6 | 66. | .557E-02 | .645E-+02 | .129E+03 | 2.4l
12 | 17.78 | 36.3 | 60. | .506E-02 | .586E+02 { .11TE+03 | 1.74
13 | 20.32 | 374 §95. | 461E-02 | .534E+02 | .107E+03 | 1.98
14 | 2540 | 39.0 | 49.| A413E-02 | 478E+02 | .95TE+02 | 1.18
15 | 3048 | 40.2 [ 45. | .383E-02 | .444E+02 | .887E+02 | 1.01
16 | 40.64 | 41.3 | 43. | .361E-02 | .418E+02 | .835E+02 | 0.27
17 | 50.80 | 42.0 | 41. ] .347E-02 | .402E+02 | .805E+02 | 0.01
18 | 63.50 | 42.8 | 39. | .331E-02 { .383E+402 | .767E+02 | 0.23
19 | 76.20 | 43.1" | 39. | .327TE-02 | .378E+02 | .757E+02 { 0.04
20 | 8890 | 43.2 | 38. | .324E-02 | .375E4+02 | .749E402 | 0.09
21 §101.60 | 432 | 38.| .325E-02 | .376E+02 | .752E+02 | 0.02

Table A.107: 2 in. cylinder with S=1 in; U = 9.9(m/s), T = 24.5(°C),
g = T20(W/m?), i = 270.0(A)
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Case: 2twz-8.7

Date and time of experiment: Sep.7,1992, 14:30

[No. | X(em) [TCCC) | B | St | Nus Nug cond%
1 | 127 | 38.0

2 | 254 | 37.6 | 36.| .350E-02 | .356E+02 | .712E+-02 | 15.46
3 | 508 | 357 |47.|.452E-02 | .460E+02 | .921E+02 | 5.36
4 | 635 | 34.6 | 53.|.513E-02 | .522E+02 | .104E+03 | 2.37
5 | 762 | 334 | 73.[.703E-02 | .715E+02 | .143E+03 | 19.71
6 | 1016 | 32.3 | 81.|.779E-02 | .792E+02 | .158E+03 | 18.14 | Xmes
7 | 1143 | 32.3 | 72. | .694E-02 | .706E+02 | .141E+03 | 5.68
8§ | 1270 | 325 | 80.|.771E-02 | .785E-+02 | .157E+03 | 19.40
9 | 1397 | 33.0 | 62.| .59TE-02 | .608E+02 | .122E+03 | 1.89
10 | 15.24 | 336 | 60. | .578E-02 | .588E+02 | .118E+03 | 0.00
11 | 1651 | 34.1 | 58. | .552E-02 | .562E+02 | .112E+03 | 0.47
12 | 17.78 | 34.6 | 54. | .521E-02 | .530E-++02 | .106E+03 | 047
13 | 20.32 | 35.6 | 49. | 470E-02 | .478E+02 | .957E+02 | 1.97
14 | 25.40 7.2 | 44. | 421E-02 | .428E+02 | .856E+02 | 1.15
15 | 3048 | 38.4 |40. | .388E-02 | .394E+02 | .789E+02 | 1.19
16 | 40.64 | 39.5 | 38. | .363E-02 | .370E+02 | .T39E+02 | 0.39
17 | 50.80 | 40.1 | 37.| .352E-02 | .358E+02 | .T16E+02 | 0.03
18 | 6350 | 40.9 | 35. | .335E-02 | .340E+02 | .681E+02 | 0.26
19 | 7620 | 41.2 | 34.] .330E-02 | .336E+02 | .672E+02 | 0.03
20 | 88.90 | 414 | 34.].326E-02 | .332E+02 | .664E+02 | 0.09
21 | 101.60 | 41.4 | 34. | .326E-02 | .332E+02 | .664E+02 [ 0.00

Table A.108: 2 in. cylinder with S=1

q = 612(W/m?), i = 250.0(A)

V
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Case: 2twa-T.52

Date and time of experiment: Aug.22,1992, 19:30

| No. | X(am) [ T(°C) [ h | S =| Nus | Nug | cond% |

——

1 1.27 424 |

2 2.54 41.3 | 29. | .326E-02 | .286E+02 | .572E+02 | 11.12
3 5.08 38.4 | 39. | 434E-02 | .381E+02 | .762E+02 | 1.54
4 6.35 36.9 | 43. | 480E-02 | 421E+02 | .842E+402 | 2.57
5 7.62 35.4 | 65. | .725E-02 | .636E+02 | .12TE+03 | 29.44
6 | 1016 | 34.1 | 68.} .753E-02 | .661E+02 | .132E+03 | 18.14
7 | 1143 | 33.9 | 69. | .T70E-02 | .676E+02 | .135E+03 | 19.00 | Xmer
8 | 1270 | 34.1 | 65.| .727E-02 | .638E+02 | .128E+03 | 14.89
9 | 1397 | 34.6 | 53.| .596E-02 { .523E+02 | .105E+03 | 1.03
10 | 15.24 | 35.1 | 52. | .581E-02 | .510E+02 | .102E+03 | 1.03
11 | 16,51 | 35.6 | o5l. | .566E-02 | .497E+02 | .993E+02 | 3.08
12 | 17.7 36.2 | 47. | .518E-02 | .454E+02 { 909E+02 | 1.03
13 | 20.32 7.3 | 42. | 470E-02 | 412E+02 | .824E4+02 | 2.14
14 | 2540 | 38.8 | 38. | .420E-02 | .369E+02 | .737TE+02 | 1.38
15 | 3048 | 40.2 | 35. | .388E-02 | .340E+02 | .681E+02 | 1.33
16 | 40.64 | 414 | 33.{ .364E-02 | .319E+02 | .638E+02 | 0.41
17 | 50.80 | 42.1 | 31. | .351E-02 | .308E4+02 | .615E+02 | 0.03
18 | 63.50 | 42.9 | 30. | .334E-02 | .293E+02 | .587E+02 | 0.27
19 | 76.20 | 43.2 | 30. | .330E-02 | .289E+02 | .579E+02 | 0.08
20 | 88.90 | 43.4 | 29. | .327E-02 | .28TE4-02 | 574E4+02 | 0.12
21 | 101.60 | 43.3 | 30. | .329E-02 | .289E+02 | .577E+02 | - 0.04

Table A.109: 2 in. cylinder with S=1
g = 564(W/m?), i = 240.0(A)

ing U =
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Case: 2twa-7T.5b Date and time of experiment: Sep.7,1992, 14:45

[No. [ Xiem) [ TCC) ] B | St | Nus | Nus | cond%

1 1.27 38.9

2 2.54 38.2 | 31. | .349E-02 | 302E+02 | .604E+02 | 1544
3 5.08 36.0 | 41. | 460E-02 | .398E+02 | .795E+02 | 5.27
4 6.35 34.8 | 46. | .524E-02 | 453E+02 | .907E4-02 | 2.73
5 7.62 33.5 | 68. | .T68E-02 | .665E+02 | .133E+03 | 26.16
6 | 10.16 | 324 | 7l. | .799E-02 | .691E+02 | .138E403 | 16.35
T | 1143 | 323 | 72. | .809E-02 | .T00E+02 | .140E+03 | 16.35 | Xme=
8 | 1270 | 325 | 70.| .788E-02 | .682E+02 | .136E+03 | 15.80
9 | 1397 | 33.0 |57. | .638E-02 | .552E+02 | .110E+03 | 1.09
10 | 15.24 | 33.4 | 56. | .628E-02 | 544E-+02 | .109E4+03 | 2.18
11 | 16.51 | 33.9 | 53.§ .594E-02 | .514E+02 | .103E+03 | 1.64
12 | 17.98 | 34.5 | 49. | .550E-02 | .4T6E+02 | .952E-+02 | 1.09
13 | 20.32 | 355 | 44. | .499E-02 | .432E+402 | .864E+02 | 1.95
14 | 25.40 | 37.0 | 39. | .443E-02 | .384E402 | .767E+02 | 1.33
15 | 30.48 | 38.2 | 36. | .407E-02 | .352E+02 | .T05E+02 | 1.34
16 | 4064 | 39.4 | 34. | .380E-02 | .329E+02 | .658E+02 | 0.45
17 | 50.80 | 40.0 | 32. | .367E-02 | 317E+02 | .635E+02 | 0.01
18 { 63.30 | 40.9 | 31.| .34BE-02 | .301E+02 | .602E+02 | 0.29
19 | 76.20 | 41.2 | 30. { .343E-02 | .297E+02 | .593E+02 | 0.07
20 | 88.90 | 41.3 | 30. | .339E-02 | .204E+-02 | .587E+02 | 0.10
21 | 101.60 | 413 { 30. | .340E-02 | 294E+02 | .589E+02 | 0.01

Table A.110: 2 in. cylinder with S=1 in.; U = 7T4(m/s) , T = 23.7(°C),
g = 532(W/m?), { = 233.3(A)

161



Case: 2twa-06

No. | X(em) [T(°C) | b [ St |

Date and time of experiment: Sep.7,1992, 15:30

Nus Nug | cond%
1 127 7.8 |
2 2.4 37.1 | 25. | .342E-02 | .244E+02 | .488E+02 | 15.49
3 5.08 35.0 | 34. | .460E-02 | .328E+02 TE+02 | 4.50
4 6.35 33.9 | 37. | .509E-02 | 363E+02 | .T27E+02 | 5.25
5 7.62 326 | 99. | .813E-02 | .5B0E+02 | .116E+403 | 32.72
6 | 1016 | 315 | 62. | .845E-02 | .603E+02 | .121E+03 | 20.23
7 11.43 | 31.4 | 64. | .8T3E-02 | .623E+02 | .125E4+03 | 2L.73 | Xmas
8 1270 | 31.5 | 60. | .825E-02 | .589E+02 | .118E+03 | 17.23
9 13.97 31.9 | 48. | B661E-02 | 472E+02 | .943E4-02 1.50
10 | 15.24 | 32.3 | 49. | .667TE-02 | 476E+02 | .951E+402 | 3.75"
11 16.51 326 | 46. | .631E-02 | .450E+-02 | S01E+02 | 3.00
12 17.7 33.1 | 42.| .580E-02 | 414E+02 | .828E+02 | 0.50
13 | 2032 | 33.9 | 38.1 .522E-02 | .3T2E+02 | .T44E+02 | 2.06
14 25.40 35.3 | 34. | .461E-02 | .329E+02 | .65TE+02 1.45
15 30.48 36.4 | 31. | .420E-02 | .299E+02 | .599E+02 1.64
16 | 40.64 7.5 | 28. | .389E-02 | .2TSE+02 | .556E+02 | 0.56
17 § 50.80 | 38.2 | 27. | .3T4E-02 | .26TE+02 | .534E+02 | 0.05
18 | 63.50 | 38.9 | 26.} .355E-02 | .253E4+02 | .506E~-02 | 0.34
19 | 76,20 | 39.2 1 25. | .349E-02 | .:249E+02 | .498E+02 | 0.10
20 | 88.90 | 39.3 | 25. | .346E-02 | .247E+02 | 494E402 | 0.13
21 | 101.60 | 39.3 | 25. ] .348E-02 | .248E+02 | .496E+02 | 0.03

Table A.111: 2 in. cylinder with S=1 in.; U = 6.1(m/s) , T = 24.0(°C),
g = 387(W/m?), i = 200.0(A4)
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Case: 2twa-05

Date and time of experiment: Aug.22,1992, 21:00

No. | X(cm) | T(°C) | b | St | Nus | Nug | cond% |
1] 127 | 401 | ]
2 2.54 39.3 | 22. 1 .365E-02 | .214E-+02 | 42TE+02 | 16.70
3 5.08 36.9 | 29.| 491E-02 | .28TE+02 | .574E+02 | 5.90
4 6.35 35.6 | 35. | .582E-02 | J40E+02 | .681E+02 | 0.00
9 7.62 34.3 | 54. | 910E-02 | .332E+02 | .106E+03 | 38.08
6 10.16 33.2 ) 32,1 B6TE-02 | DOTE+U2 | .101E+03 | 1744
7 11.43 33.1 56. | .931E-02 | .544E+02 | .109E+03 | 23.58 | Xmasr
8 12.70 33.2 | 33. | .883E-02 | .517TE+02 | .103E+03 | 19.16
9 13.97 33.6 | 42. | .T04E-062 | .412E+02 | .823E+-02 0.74
10 15.24 34.0 | 42. | .696E-02 | 40TE+02 | .B14E+02 | 2.21
11 16.51 34.4 | 42. | T10E-02 | 415E+02 | 830E+02 | 8.84
12 17.7 34.9 | 36. | .601E-02 | .351E+02 | .TO3E+02 | 2.95
13 20.32 35.9 | 33. | .555E-02 | .325E+02 | .650E+02 | 2.15
14 | 25.40 37.5 | 30. | 493E-02 | .283E+02 | S5T6E+02 | 1.38
15 30.48 38.7 | 27. | 448E-02 | .262E-+02 | .524E4-02 1537
16 | 40.64 40.1 1 25. | 413E-02 | .241E-+02 | .483E+02 | 0.70
17 50.80 40.9 | 24. | .396E-02 | .232E+02 | .463E+02 0.06
18 | 63.50 41.8 § 221 .3T4E-02 | 218E+02 | 438E+02 | 041
19 | 76.20 42.1 | 22. | .368E-02 | 215E+02 { 430E+02 | 0.14
20 | 88.90 423 i 22. | .365E-02 | .213E+02 | 427E+02 { 0.17
21 | 10160 | 42.2 | 22. | .36TE-02 | .215E+02 | 430E+02 | 0.06
Table A.112: 2 in. cylinder with S=1 in.; U = 5.0(m/s) , T = 24.3(°C),

¢ = 393(W/m?), i = 200.0(4)
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A.b Data and Results at the Points of Max-
imum Heat Transfer, in Different Ve-
locities, and for each of the 7 Cases

(
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The correlated equations are: Nug mee = (0.14E + 00) R 635 +00

or: Nugmer = {0.11E + 00) ch.sss—a-co

Table A.113: .3in. cylinder with lin. step height: Results for the points of

maximum heat transfer rate

U(m/s) | Xmez | h | Res | Req ! St | Nus l— Nug | cond I
Wl 7.62 | 215. | .49E+05 | .25E+05 | .601E-02 | .210E+03 | .105E+03 3.3
30.1 7.62 | 216. 1 49E405 | .25E+05 | .603E-02 | .211E+-03 | .105E+03 3.3
273 7.62 | 191. | 45E+05 | .22E-+05 | .991E-02 | .187E4+03 | .935E+02 3.1
24.9 7.62 1182. 1 41E+05 | .20E+05 | .616E-02 | .178E+03 | .889E-+02 3.6
n6 7.62 | 173. | .37E+05 | .19E+05 | .644E-02 | .169E+03 | .843E+02 3.7
19.9 762 | 155. | .33E+05 | .16E+05 | .65TE-02 | .152E+403 | .758E4+02 3.5
17.5 7.62 | 145. | .29E405 | .14E+05 | .698E-02 | .142E+03 | .708E+02 38
14.9 7.62 | 127. 1 .24E+05 | .12E+05 | .T19E-02 | .124E4+03 | .622E+02 4.4
14.9 7.62 | 129. | .24E+05 | .12E4+05 | .T28E-02 | .126E4-03 | .629E+402 4.2
12.6 8.89 | 115. ] .21E<405 | .10E+05 | .76TE-02 | .112E4-03 | .561E+02 5.1
10.0 8.80 { 101. | .16E+05 | .82E+04 | .854E-02 | .990E+02 | .495E+02 5.6
8.7 8.80 | 91. | .14E-+05 | .T1E+04 | .882E-02 | .890E+02 | .445E-+02 6.3
7.5 §.80 | 81. | .12E+405 | .61E+04 | .914E-02 | .795E4-02 | .398E+(Q2 7.0
75 8.89 §2. | .12E+05 | .62E+04 | .917E-02 | .804E+02 | .402E+02 6.6
6.0 8.89 71. | .98E404 | .49E+04 | .992E-02 | .690E402 | .J45E+02 7.6
3.0 8.89 62. | .82E+04 | .41E+04 | .105E-01 | .610E+402 | .305E+02 83

/4
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The correlated equations are: Nug mer = (0.185 + 00) Rgg,-“E-!-OO
or: Nugmar = (0.12E + 00)Re S6E+00

Table A.114: .5in. cylinder with 4in. step diameter: Results for the points
of maximum heat transfer rate
[U(m/s) [ Xme= | B — Nus | Nug | cond ]
30.0 [ 12.70 [ 195. | .88E~+05 | .25E+05 | .538E-02 | .333E+03 | .951E+02 | 1.5
30.0 12.70 ; 183. | .87E+05 | .25E405 | .509E-02 | .313E+03 | .894E+02 15
274 12.70 | 180. | .80E+05 | 23E+05 | .543E-02 | .307E+03 | .8TTE+0? 1.6
24.9 12.70 | 168. | .TIE+05 | 21E+05 | .559E-02 | .288E+-03 | .821E+02 1.7
22,6 12.70 | 162. | .66E+05 | .19E+05 | .593E-02 | .277E+03 | .T90E+02 18
20.0 12.70 | 147. | .59E4.05 | .1TE+05 | .610E-02 | .252E+03 | .T20E+02 2.0
176 12.70 | 137. | .52E+05 | .15E+05 | .643E-02 | .234E+03 | .66TE+02 2.0
14.8 12.70 | 117. | .43E405 | .12E4+05 | .653E-02 | .200E+03 | .570E+02 24

15.0 12.70 | 122. | 43E+05 | .12E+05 | .680E-02 | .209E+03 | .596E+02 | 2.3
12.7 12.70 | 109. | .37E4+05 | .11E+05 | .T09E-02 | .186E+03 | .531E+02 | 2.7
9.9 12.70 | 94. | .29E+05 | .83E-+04 | .785E-02 | .160E+03 | .458E+02 | 3.1
8.7 12.70 | 84. | .25E405 | .72E+04 | .806E-02 | .144E+03 | 410E+02 | 3.2
74 12.70 | 75. | .21E+05 | .61E+04 | .845E-02 | .128E+03 | .366E+02 | 3.4
7.5 12.70 | 77. | .22E+405 | .63E+04 | .847E-02 | .131E+03 | .375E+02 | 3.2
6.0 12.70 | 67. | .18E+05 | Z50E+04 | .923E-02 | .114E+03 | .326E-+02 | 3.8
5.0 12.70 | 58. | .15E+05 | 42E+04 | .969E-02 | .100E+03 | .286E+02 | 4.0
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The correlated equations are: Nugmaz = (0.22E + 00)Re261£+00
or: Nugma= = (0.29E + 00) ch.swwo

Table A.113: 1in. cylinder with 2in. step diameter: Results for the points of

maximum heat transfer rate

U(m/s) | Xmar h Res Rey St | Nug Nuy cond
300 | 5.08 | 211. | .24E+05 | .49E+05 | .591E-02 .103E+03 | 206E4+03 | 14.
29.9 5.08 | 213. | .24E+05 | .49E+05 | .600E-02 | .104E<+-03 | 20SE+03 | 144
276 5.08 | 199. | .22E+05 | .45E+05 | .607E-02 | .97T2E+02 | .194E+03 ! 5
248 | 5.08 | 189. | .20E+05 | .40E+05 | .640E-02 | .921E+02 | .184E+03 | i6.2
224 5.08 | 173. | .18E+05 | .36E+05 | .652E-02 | .B4TE+02 | .i69E+03 | 172
20.0 5.08 | 166. | .16E+05 | .33E4-05 | .695E-02 | .809E+02 | .162E+03 | 18.3
17.5 5.08 | 153. | .J4E+05 | .29E+05 | .737E-02 | .747TE+02 | .149E+03 | 19.7
15.0 5.08 | 139. | .12E4+05 | .24E+05 | .783E-02 | .681E+02 | .136E+03 | 224
15.1 5.08 | 137. | .12E+05 | .25E+05 | .762E-02 | .668E+02 | .134E+03 | 220
12.4 6.35 | 118. | .J0E+05 | .20E+05 | .805E-02 | .579E+02 | .116E+03 | 21.9
10.1 6.35 | 108. | .82E-+04 | .16E+Q5 | .898E-02 | .526E+02 | .105E+03 [ 31.0
8.7 6.35 { 96. | .TIE+04 | .14E4+05 | .927E-02 | .468E+02 | .935E+02 T4
75 635 | 89. | .61E+04 | .12E405 | .101E-01 | 43TE+02 | 874E+02 | 32.3
75 6.35 | 87. | .61E+404 | .12E+05 | .9T8E-02 | .425E-+02 | .851E-+02 { 29.3
6.2 6.35 | 79. | .50E+04 | .10E-4-05 | .108E-01 | .388E+02 | .T75E-+02 | 404
5.0 6.35 | 77. | 41E+04 | .B1E-+04 | .129E-01 | .374E+02 493
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The correlated equations are: Nug e = (0.12E + 00) Reg.&u-:mo
or: Nugmaz = (0.12E + 00)Red 535+00

Table A.116: lin. cylinder with lin. step height: Results for the points of
mmmummw_nﬂ'su—_——*a
| U(m/s) ! Xemaz | h | Res I Req | | Nus | Nug I cond |
30.1 8.89 | 195. [ 49E+05 | .49E+05 .a-iaE-O‘.’ 190E+03 | 190E+03 6.6
30.0 8.89 | 194. | .49E+05 | .49E+05 | .546E-02 | .190E+03 | .190E-+03 6.5
7.7 8.89 | 183. | 45E+05 | .45E+05 | .55TE-02 | .1T9E+03 | .1T9E+03 7.0
25.0 8.89 | 172. | 41BE+05 | .41E405 { .578E-02 | .168E+03 | .168E+03 7.7
224 8.89 | 161. | 36E+05 | .36E+05 | .60TE-02 | .138E+03 | .158E+03 8.0
159 8.89 | 147. | .32E+05 | .32E-+05 | .620E-02 } .143E+03 | .143E+03 8.8
175 8.89 | 134. | 29E+05 | .29E+05 | .644E-02 | .131E+03 | .131E+03 9.2
15.0 8.89 | 121. | .24E+05 | .24E405 | .677E-02 | .118E+03 | .118E+03 | 115
15.2 8.89 | 119. | .25E+05 | .25E+05 | .657E-02 | .116E+03 | .116E+03 | 11.5
12.6 8.89 | 106. | .21E+05 | .21E+05 | .7T07TE-02 | .103E+03 | .103E+03 | 12.0
10.0 10.16 | 92. | .16E405 | .16E+05 | .T7T5E-02 | .899E--02 | .S99E+02 | 14.5
8.8 10.16 | 85. | .14E+05 | .14E+05 | .815E-02 | .832E+02 | .832E+02 | 155
) 10.16 | 76. | .12E+05 | .12E+05 | .856E-02 | .T44E4-02 | .744E402 | 1T.1
7.6 10.16 | 75. | .12E405 | .12E4-05 | .837E-02 | .737E+02 | .7T37TE+02 | 14.4
6.0 10.16 | 65. | .98E-+04 | 9BE+04 | 915E-02 | .63TE+02 | .63TE+02 | 205
5.1 10.16 | 58. | .83E+04 | .83E+04 | .955E-02 | .565E+02 | .565E-+02 | 19.3
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The correlated equations are: Nugmar = {0.11E + 00) ReQS9E+00
or: Nugme= = (0.10E + 00) Reg.sss-;-oo

Table A.11T: lin. cylinder with 4in. step diameter: Results for the points of

maximum heat transfer rate - -
h Res I__R.cg_ | St | N us_|_N us | cond |
30.2 11.43 [ 185. | .T3E+05 | 49E+05 | .521E-02 | .271E+03 JA81E+03 | 3.8

30.0 11.43 | 182. | .73E+05 | .48E+05 | .514E-02 | .266E+03 | .1T7E+03 4.5
27 11.43 | 171. | .67E+05 | 45E+05 | .525E-02 | .251E+03 | .167E+03 4.3
25.1 11.43 | 161. | .61E+05 | 41E405 | .545E-02 | .236E+03 | .157E+03 4.6
228 11.43 | 149. | .55E+05 | .37TE+05 | .560E-02 | .218E+03 | .146E+03 4.6
20.0 1143 | 138. | .48E+05 | .32E+05 | .587E-02 | .202E+03 | .135E+G3 | 5.5
17.7 11.43 | 127. | .43E+05 | -29E-+05 | .609E-02 | .186E+03 | .124E+03 7.5
15.0 11.43 | 115. | .36E+05 | 24E+05 | .652E-02 | .169E+03 | .112E+03 | 7.0
15.1 11.43 | 111. | 37E+05 | .24E+05 | .625E-02 | .163E+03 | .109E+03 | 10.6
124 12,70 7. | 3CE+05 | .20E+05 | .662E-02 | .143E+03 | .952E+02 6.8
9.9 12.70 | 82. | .24E+05 | .16E4-05 | .708E-02 | .122E+03 | .813E-+02 8.4
8.6 12.70 | 80. | .21E+05 | .14E+05 | .779E-02 | .11TE+03 | .777E+02 | 10.3
7.5 12.70 | 69. | .18E+05 | .12E+05 | .775E-02 | .J01E+03 | .674E+02 9.7
7.5 13.97 | 68. | .18E+05 | .12E4-05 | .764E-02 | .996E+02 | .664E+02 9.1
5.8 13.97 | 58. | .14E405 | .94E+-04 | .863E-02 | .8T0E+02 | .580E+02 | 13.7
5.0 13.97 | 54. | .12E+05 | .81E+04 | .S08E-02 | .789E+02 | .526E+02 | 13.1
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The correlated equations are: Nugmas = (0.132 + 00) ch.s‘.'s.;.oo
or: Nugmar = (0.12E +00) ch.s‘.‘z-!-no

Tabie A.118: 1n. cylinder with 5in. step diameter: Results for the points of
maximnm heat transfer rate _ —
Uim/s) | Xmaz | B Res | Res | St | Nug | Nug cond

208 | 15.24 | 172. | .10E+06 | .49E+05 | .483E-02 | .358E+03 | .168E+03 | 2.2

30.1 15.24 | 165. | .11E<-06 | .50E+05 | 457E-02 | .342E+03 | .161E+03 | 2.2

273 15.24 | 159 | .97E+05 | .45E+05 | .482E-02 | .330E+03 | .155E+03 | 2.3

25.0 15.24 | 132. | .88E+05 | .41E<+05 | .509E-02 | .31TE+03 | .149E+-03 | 2.8

226 15.24 | 140. | .80E+05 | .38E+05 | .513E-02 | .291E+03 | .137E+03 | 3.0

19.9 15.24 | 126. | .Y0E+05 | .33E+05 | .530E-02 | .262E+03 | .123E+03 | 3.3

17.5 15.24 | 116. | .61E+05 | .29E+05 | .554E-02 | .241E+03 ! .113E4+03 | 4.0

15.0 17.78 | 103. | .53E+05 | .25E+05 | .571E-02 | .215E+03 | .101E+03 | 4.7

14.8 17.78 | 105. | .52E4+05 | .24E+05 { .594E-02 | .219E+03 | .103E+03 | 5.4

12.5 17.78 | 106. | 44E+05 | .21E+05 | .704E-02 | .221E+03 | .104E+03 | 14.7

10.0 17.78 | 81. | 35E+05 | .1TE+05 | .674E-02 | .169E+03 | .7T95E+02 | 6.3

8.7 17.7 -31E+05 | .14E+05 | .688E-02 | .150E+03 | .TOBE+02 | 5.6

72,
7.5 17.78 | 64. | .26E405 | .12E+05 | .716E-02 | .133E+03 | .628E+02 | 6.8
74 17.78 | 68. | .26E+05 | .12E+05 | .758E-02 | .141E+03 | .662E+02 | 7.6

6.0 17.78 | 57. | .21E405 | .10E+05 | .791E-02 | .119E+03 | 560E+02 | 7.7

5.0 17.78 | 51. | .18E+05 | .83E404 | .851E-02 | .107E+03 | .502E+02 | 8.1
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The correlated equations are: Nus mor = (0.19E + 00) Red 3E+00
or: Nugmer = (0.25E + 00)Red S2E+00

Table A.119: 2in. cylinder: Results for the points of maximum heat transfer

rate - -

| U(m/s) | Xm_]_h |  Res [ ]_St. T— _Nus _l_ _Nuy T cond I
29.7 [ 10.16 | 166. | 49E+05 .993+05 463E-02 | .162E+03 | .324E+03 | 5.1
30.0 | 10.16 [ 175. | 50E+05 | .99E+05 | 487E-02 | .IT1E+03 | 3425403 | 3.5
27.5 | 10.16 | 169. | .45E+05 [ .90E+05 | .513E-02 | .165E+03 | .330E+03 | 7.8
25.0 | 10.15 | 161. | 42E-+05 | .83E+05 | .534E-02 | .157E+03 | 315E+03 | 9.0
224 | 10.16 | 139. [ 37E+05 | .T4E+05 | .517E-02 | .135E+03 | .270E+03 | 9.0
20.2 | 10.16 | 138. | .34E+05 | .67E+05 | .566E-02 | .135E+03 | .270E+03 | 10.3
174 | 10.16 | 119. | .29E+05 | .57E+05 | .573E-02 | .117E+03 | .233E+03 | 10.0
15.3 | 10.16 | 114. | .25E+05 | .51E+05 | .619E-02 | .112E+03 | 2236403 | 12.2
15.0 | 10.16 | 108. | .25E+05 | .50E+05 | .600E-02 | .105E+03 | 211E+03 | 125
124 | 10.16 | 102. | 20E+05 | .41E-+05 | .600E-02 | .100E+03 | .200E<03 | 146 |
9.9 110.16 | 92. | .16E+05 | .33E+05 | .779E-02 | .902E+02 | .180E+03 | 173
8.7 | 10.16 | 81. | .14E+05 | .29E+05 | .779E-02 | .792E+02 | .158E+03 | 16.1
7.5 | 11.43 | 69. | .12E+05 | .25E+05 | .770E-02 | .676E+02 | .135E+03 | 15.0
7.4 | 1143 | 72. | .12E+05 | .24F+05 | .809E-02 | .T00E+02 | .140E+03 | 16.4
6.1 | 11.43 | 64. | .10E+05 | .20E+05 | .873E-02 | .623E+02 | .125E+03 | 217
5.0 | 11.43 | 56. | .82E+04 | .16E+05 | .931E-02 | .544E+02 | .109E+03 | 23.6
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A.c Tables of X,., X,.., and cond,..% for 7
cases, at U =7.5, 15, and 30 m/s
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Aspect Ratio: §/d=2, D/d=5

Ulm/s) | Xe(in.) Xma=(in) | Cond.ma=%
30 3.25-3.50) 3.0-35 3.3
15 3.25-350| 3.0-35 43
75 3.75—-4.00 | 3.5-4.0 7.0

Table A.120: d=.3", D=25", §=1"

Aspect Ratio: Dfd=8

Ulm/s) | X (in.) | Xmoz(in) | Cond.me=%
30 |500-525] 5.0—55 15
15 | 525-550]| 5.0-55 2.4
75 5530-5.75| 2.0-5.5 3.4
Table A.121: d=.5", D=4", §=175"

Aspect Ratio: §/d =05, Dfd=2
T(mls) | Xr(in) | Nmaz(in) | Condumec%
30 200~-225| 20-25 14.
15 225-250) 20-25 22,
79 250-275| 25-3.0 35.

Table A.122: d=1", D=2", §=0.5"

Aspect Ratio: S/d=1, D/d=3 ]
U(m/fs) | X.{in.) Xmez{in) | Cond. e %o
30 |3.75-4.00| 3.5-4.0 71
15 | 3.75-4.00 | 3.5—4.0 i1.
75 |4.25-450] 4.0—-45 17.

Table A.123: d=1", D=3", §=1"

Aspect Ratio: S/d = 1.5, D/d=4
Ulmfs) } X (in.) | Xmae(in) | Condma%
30 5.00-525| 45-5.0 5.3
15 5.25-5.50} 4.5-5.0 9.6
7.9 5.75-6.00§ 50-55 12,

Table A.124: d=1", D=4", §=15"
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Aspect Ratio: $/d=2, Djd=5 |
Ulm/s) | Xe(in) | Xmae(in) | Cond.mazS
30 | 650—6.75| 6.0—65 3.7
15 | 7.00-7.25] 7.0—75 5.9
7.5 | 7.25—-750| 7.0—7.5 9.8

Table A.125: d=1", D=35", §=2"

Aspect Ratio: S§/d =05, D/d=2

U(m/s)

X.(in.)

Xmaz(in)

Cond.me-%

30

4.00—-4.25

4.0—-4.5

11.

15

4.25-4.50

4.0—-4.5

16.

75

4.50 - 4.75

4.5-5.0

29.

Table A.126: d=2", D=4", §=1"
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Fized Step Diamseter
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. Figure B.1: Effect of transverse convex curvature on heat transfer for the
fixed D =4" | ‘
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Fixed Step Height
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Figure B.2: Effect of transverse convex curvature on heat transfer for the

fixed S=1"
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Appendix C
Error Analysis

We would like to estimate the random error for the calculated result of the
experiment, on the basis of uncertainty in the primary measurements of the
parameters. The experimental uncertainty is estimated by using a standard
method presented by Kline and McClintock (1953).
Having R as a furction of the independent variables z;, z3,++-, T, such
that:
R = R(z1,22,+--,25) (C.1)
the uncertainty of th; result, wg, through using uncertainties of each mea-

sured variable (w;, ws,---, wy) is obtained as follows:

_yOR . (OR R onye
wR = [(55"’1) + (axzwz) .+ --- (Ew") ] (C.2)

However, the entire analysis is performed for the test at upstream veloc-
- ity of 30 m/s on the 2 in. cylinder, and as well for the parameters of
q, ., 0, U, h, Re, St, and Nu. For the simplicity of calculation, the terms with
negligible uncertainty were dropped off.
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Heat Flux

The heat flux is obtained from : g= ﬁ
&2 oy, OO0 52 _—ye ”
Thus, ¢ = ‘33?__’(0.&%;’;_“0,) ) — 1085W /m*

By applying Equation C.2:

wy = [(25)° + (00052 )7 + (—-0001 =2 2 = 6.86, or 0.63% (C.3)

While the second term is negligible, the major uncertainty is contributed to

the ampere reading.

Temperature

The Section (T) in Omega manual (Omega, 1985) gives the uncertainty of
temperature, measured by thermocouple, £0.8°C, while the random error of

room temperature, by thermometer, may be given as +0.5°C .

Upstream Velocity

The velocity was measured using 2 pressure transducer with not more than
0.1% resolution at fall sgale,fi;rhich was connected to a voltmeter with 0.0001%
of uncertainty. "I‘hé”"féllox&'ing equation was fed into the data acquisition sys-
tem for conve::t/ipg the voltage signals received from the pressure transducer

=
into the velocity magnitudes:

U=, /29%5@/10 (C.4)

which gives U = 1/(2(9.807)1321(0.404)) /10 = 30.0 m/s.

1.19

The decisive cause of uncertainty is pe;r, which is calculated in the data
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acquisition system by the following equations:
Poem = pri4(9.807)(barometer reading) (C.5)

Poem = (13521)(9.807)(764.0%> fmm. Hg])/1000 = 101306.7%%63 P

P atm
R.troom

(C-6)

Pair =

3073663 +.0021 2~
Pair = %W'j = 1.191_00‘,1119/7713

Setting up the uncertainty function of Equation C.4, by taking its deriva-
tive and using Equation C.2 and considering the negligible uncertainty in

_ voltmeter reading wili lead to:

~.5(2g) 222 polt

Therefore, wy = 0.27 m/s, or wy = 0.9%

Reynolds Number

Primarily the random error for dynamic viscosity of air is calculated from a
correlated equation applied in the data acquisition system:

T T3/2
= 1. -5 TOO™M
r=146x10 T 110 (C.8)

Thus, » = 1.46 x 10~ ESTPZ _ (] 534 i 10-5)223s2x10~2
The uncertainty of v was calculated based on t,pom = 23.55%/°C and via
Equation C.2, which will in turn be used for the error analysis of Reg:

Res =53
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Res = 22000359 _ 4 16 x 10°

1.83x10—>

Again by Equation C.2:

.0254 . 30 . (30)(.0254) .,
(1.834 ST (1.834 105 0s) (1.834 x 10-5)'-“”")

= 900.9, or 0.2% (C.9)

wncs =

in which, from the former calculations, wy = .27, ws = 0005, and w, =
2.382 x 10~% has been used.

Heat Transfer Coefficient

Byhmc‘:'::—rzzs.]‘;-_.s{‘:.is:lm':

w . 1080 w ' -
whne = (557 _555) + Az _mpg) 1 = B2 or 1% (C10)

To calculate the random error for each of the temperature and heat flux,
the uncertainty values of .8 and 6.9 were plugged in the above mentioned
equation. However, the error arising from the temperature is very significant.

Stanton Number

The maximum Stanton number was calculated by:

— k. 8T — 164, — -
Stmar = ;2 1%855 = FomcssyEes = 4-97 X 10

And the error is analyzed by applying Equation C.2:

_ wh _ 164. Wy _ 164. wy /
wse = [( (1.19)(1006){30.0) Y+ (1.19)2(1006)(30.0) P (1.19)(1006)(30.0)2 YT
= 7.80 %107, or 17% (C.11)
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Nusselt Number

Similarly, the error analysis of equation Nugme= = % is followed:

Shp (B sy

wN’“S = [( k_f kf

Which will result in wyyg = [(LE2ZAN2 (Q661008N20/2 _ 97 7

(C.12)

or 17.3%

188 L ==

‘o
st

cr -

5



Appendix D
Technical Keywords

Geometry of External Body after-body, fore-body, booster-base, blunt-

base

Step Geometry backward-facing, rearward-facing, double, axisymmetric

obstruction,
Heat Transfer convection, Axial conduction,
Extremely Severe Perturbation

Flow Zones separating, reattaching, redeveloping Boundary Layer, recir-

culating
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Appendix E |

Computer Programs

E.1 Measurement of Wall Temperature and
Free Stream Velocity

Following is a prograrm created for a “HP” model of data acquisition system to

deliver the values of the air fiow parameters by using measuring instruments.

I *HEXP1"™ FOR 2": “HEXP2" FOR 1"; AND “HEXP3" FOR .5" CYLINDERS
' COMPONENTS OF SYSTEM ARE: Two Scanners 3435A with HP-IB=7@8, and 34%5A with

‘~1B8=708, Volimeter 3456A:; HP-IB=722, Computer 3835A

[ e 4

! PROGRAM (HEXP) TO MEASURE AND TO COMPUTE HEAT-ELOW PARAMETERS
| RE-EDITED IN SUMMER 1992
PRINT N NN AN RN IR R IR R R R RN R RN I B SRR ARI NSRBI LRERNRERER"
PRINT "WALL TEMPERATURE MEASUREMENT PROGRAM WITH C/C THERMOCOUPLE®
PRINT
PRINT "STEP1. INPUT EXPERIMENTAL CONDITIONS®
PRINT °“STEP2. FREE STREAM VELOGCITY SETTING® ~
PRINT “STEP3. HEATING START AND WAITING FOR STEADY STATE"
PRINT “STEP4. INPUT HEAT FLUX DATA AND PRINT OUT WALL TEMP."
PRINT “STEPS. HEAT TRANSFER COEFF. CALCULATION®
PRINT "STEPE. PRINT QUT AND STORING THE RESULT."

PRINT L g A P P A A Y Y Y Y Y Y Y TYITSSZIIITYTTIT YT RR Y TR Y Y Ay
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30
%0
a2
g
a9
58
39
e
30
.90
20

]

A

-y
S

32
NChed

52

/?/ 0

OPTION BASE 1

DIM Hx(40),Cpf 225 ,Tui20) X080 Nuat4D) Rexi 3@ ,Pr 42} Kn(3d),TFC30) Rax!
Ngt1i=1,27

Ap(2)=2.54

{p(31=5.238

Xpi2=6.35

Xpi8i=7.82

¥pig)=2.88 R
XgiTI=1Q.15 )
Xz(8)=11.43 ‘

X=(9)=12.7

Xpt19)=13.57

Xali1)=215.24

Xpi{12)=15.51

Xp(13¥=17.78

Xp( 14 )=20.32

Xpt1S)=25.4

Xp(316)=30.48

Xpl17)I=40.64

Xp(18)=50.8

Xpt19)=63.5 -
Xpt2@)=76.2 '
Xp(211=88.9

Xp(22)=1081.8

Volimater=722

Scannera7@9

Scanl=708

PRINT PASE

BEEP

PRINT LINCB? o

PRINT "NQW, STEP! BEGINS: PLEASE INPUT ROOM TEMP L, ATM{MMHG)"
INPUT “ROCM TEMP =" Rmiemg

BEEP

INPUT "ATMOSPHERIL PRESSURE(mmHB )" Atm_mmhg e
BEEP A

IF Bmiempd2Q THEM S22

IF Rmtemp>38 THEN S6Q@

Rha_hg=13545-2 . S«/Omtann-20)

8070 578 |

Rha_hg=13578-2.2«(Rmtemp~20}

8070 572

Rha _hg=1352"

PaitmaRho_hg+9.30655«Atm_mmhg/ 12300
Rha_air-Patm/287/(275.15+Rmiemg?
Yisco=!.4B+{27Z.15+Rmtamn "1 S/ {Rntamp+1 1Q+273. 15/ 1200202
BEEP o
PRINT "NOW, STEP3 BEGIN: PLEASE CONNECT Px & Pr OF TRANSDUCER”
PRINT "THEN STRIME ANY KEY AND PRESS CONTINLE"

INPUT AS

Calt=]

BESP

-
.~

=1.27

1
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20 FRINT “evvdssracas ZERD POINT READING evecversres”™
S8 INPUT "If vou need Zero Adjustment, Press:Y, else any key” .AS
8@ iIF AS="Y" THEN 750
7@ 5070 Sge
8@ | VOLTMETER 345%A
8@ ! QUTPUT Volimeter; FIR77T3HIAY”
P2 ' VOLTHETER 3458A
13 OUTPUT Volimateri FIRITIMRPEFLE"
20 | ERSO2EQIRREEd SHIFT FROM "HFT- TO °"LP7T- 2689 50 T0 1878, 1170 edaese
‘58 ' QUTFUT Scanner; 28"
:49  DUTPUT Scanner;*38°
50 Sum=@
60 FUR 1=t TO 10
370 TRIGEER Volimeter
i80 ENTER VoltmeteriR
199 Sum=Sum+R
1068 NEXT I
13 AvpsSum/10
128 FRINT " NOW, READING IS =";Avg:;~Uolt”
330 6070 550
340 INFUT ~CO YGU WANT TO STOP ZERC ADJUST, PRESS; YES: Y NO: ANY KEY® A%
1Td EEEP
50 IF AS="Y" THEN 580
372 S0T0 8350
380 BEEP
3398 BEEP
1828 t PRINT "NOW, STEP3 BEGIN: PLEASE CONNECT FITOT TUEE LEADS TO P. TRANS.®
1018 PRINT “IF YOU READY, TURN ON THE WIND TUNNEL AND WAIT UNTIL STEARDY STATE"
1820  Sum=@
1030 | QUTPUT Yeltimeter:"FIRYTIHIAI® .
1040 ' £2020Q2042QRMR SHIFT FROM "HPT™ TO “LPT" 8R&3d 60 TO 2320 & 3252 f2ER2E
1853 | QUTPUT Scanner;"23"
1852 CUTPUT Scanner: 3087
1879 OUTPUT Volimeteri"FIR1TIMOPGFLR"
1288 FOR I=1 TO 1@
189Q@ TRIGBER Ucltmeter
1192 ENTER VoltmeteriR
1118 Sum=Sum+ik
1120 NEXT 1
11230 Avpg=Sum/10
1149  FRINT "NOW REAGING IS="iAvgi“Uolt”
1158 | Vel=SQR(2+9,88665«ABStAvg )*Rho_hg/Rho_air)/100
1160 Vel=S50QR(2+5.830565+ABS{ Avg leRho_hg/Rho_ai1r /10
1178 Velf=Uel/Calf vt
11828 PRINT “"Velocity measured by pressure transducer is="iVelf;"m/sec*
" 1198 6070 1228
12@@ INPUT ™IF YDU WANT TO STOP FLOW VELOCITY ADJUSTMENT TYPE 'Y'® AS
1210 IF AS="Y" THEN 1240
122@ &0TOD 1020
1230  BEEP
1242 PRINT °*NOW, YOU HAVE FINISHED TO SET REF. VELOCITY |°
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12786 PRINT "NOW. STEP 4. BEGINS: PREPARING CONSTANT HEAT FLUX CONDITION®
1280 ! parameters of Curve Fitting

1290 1 Reference: 3-30 in catalog23@52a (8835A4), SYS. LIBRARY, VOL 1A
1500 ! Also: OMEGA Catalogue, Section T, Table &

131@ Co=_12086091

1320 C1=25727.94368

1338 (2=-767345.8295

13548  Lo=/BwsDOBI.EN

135¢ C4=-8247486583

1368 £5=5.97688E11

1378 CB=-2.6B8132E13

1350 C7=3.94078E14

1380 INFUT “INPUT AMPER" Amper

1400 OQUTPUT Scanner; C*

1418 QUTPUT Scani;"0@"

1420 ! OQUTPUT VUoltmeter; F4RTT3HIALT

1438 OQUTPUT Volimeter; "F4R4TIMEPOFLO"

1448 Sum=@d

1458 FOR I=1 TO 10

1466 TPIGGER Volimeler

1478 ENTER Voltmeter;R

14588  Sum=Sum+R

1480 NEXT 1

1589  Avg=Sum/10

1518 chl-S@A\.BI(LOGtﬁvg)+7.15)-314.052

1528 FRINT “COLD JUNCTION TEMP. OF SCANNER ! 1§ =*;Teil
1830 OUTPUT Scanls™~C*

1542 OUTPUT Scanner;-20°

1658  Sum=d

1550 FOR 1=1 TO 10

1578 TRIGGER Volimeter

1S6@ ENTER VolimeteriR

1828 Sum=Sum+R

1602 NEXT I

1812  Avg=Sum/10

162C TCJZ-SBAI.SI(LOB(ﬁvg)+7.1S)-314.352

162¢ PRINT "COLD JUNCTIGN TEMP. OF SCANNER 2 IS =“;Tcj2
1640 OUTPUT Yolimeter; FIR1TIMOPOFLO"

1650 OQUTPUT Scanner;™32°

16EQ  Sum=D

1670 FOR I=1 TO 10

1E50  TRIGGER Voltmeter

16S® EHNTER Voltmeter:R

1702  Sum=SumiR

1710 NEXT I .

1720 Avg=Sum/18 -

1739 U:bx-ﬂvg+lE—G¢t(4.1277@31E—E*Tc32+3.8539238E1)-chZ) ‘ -
1740 T:bx-{((((!C?!U:bx+CS)*U:bx+CS>iU:bx+C¢)0v:bx+C3}iU:bx+82)'Uzbi+C!)’U:bx+

r—
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7s06 PRINT ~IONE BCY TEMP. IS =":Tzbx

.7ED QUTEUT Scanner;”C”

(77e Index=1

1780 SUTPUT Scand USINS “IZ7;lIndex

1788  GUTPUT Volimeter;-FIRITINMOFRFLY"

1200  Sum=0

1818 FOR I=! TG 19

1820  TRIGGER Voltmeter

1220 ENTER Voltmeter:R

1840 Sum=Sum+R

185@ NEXT 1

186Q Avg=Sumn/10

1870 Vthi=Avg+IE-Be{ (4. 1277001E-2+Tzhx+3. £580238E1 }Tzbx)
1880 Tu(Index}-((((((C?ldthJ+CE)OUthj+CS)'Uthj+C4)'Uthj+c3)'9thj+02)*Uihj+Cl)'
Uthj+Co

185¢  Index=Indextl

1881 IF Index=3 THEN Index=4

1892 IF Index=11 THEN Index=12

1893 IF Iadex=13 THEN Index=14

190@  IF Index<16 THEN 60TO 1780

1918  OUTPUT Scani;"C"

1920  Index=28

+n38  QUTPUT Scannar USING “Z221°iIndex

1948 Sum=0

Wwsp | FaR 1=t T8 T

S50 TRIGBER Volimeter

g70 ENTER Voltmeter:R

580 Sum=Sum+R

93¢  NEXT 1
008 Avg=Sum/1@
2010 Uthj-hvg+lE-S'((4.127?0@1E—2*szx+3.868023&€1)'szx)
2029 Tu(Index-l)-((((((C?iUth+CEJ'UthJ+CS)*Uthj+C4)'Uthj+03)*Uthj+02)iUthj+Cl
YeUthi+Co

2030 ! Index=Index+1
5048 ! IF Index=17 THEN Index*Z8
20568 | IF Index<30 THEN 193¢

2080
2970
2080
2090
2102
2119
2120
2130
2142
2158
2169
2172
2180
2180
2299
2218

OUTPUT Scanner:"C”
PRINT “WALL-TEMP. SCANNING HAS FINISHED-®
PRINT L e Y Y Y Y T X L
PRINT
PRINT “UPSTREAM REFERENCE TEMP. IS ="3;Tw(27)
FRINT
FRINT "WALL TEMP. GISTRIBUTION:®
FCOR I=1 TO 15
PRINT “Twl("sI1:")=";Tuwtl}
NEXT 1
INPUT = IF YOU THINK Tw(I) ARE STEADY STATE, TYPE b AT £
IF YS<>*¥" THEN 1330

! QUTPUT Volimeter;“FIR7TOHIAL"

SUTPUT Volimeter:;“F2R1T4MBFRFLE"
OUTPUT Scanner;“3t*
Sum=D ;
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==a

=28
232
124D
put
252
27

252

382

S1d

zzZe

338
‘240
350
382
370
332
330
120

3192 !

420
430
449
450
469
470
480
4390
See
Sto
520
530
540

558
11
570
580
&0
Gi10
820
£3@
540
S50
560
370
580
5390
700
710

)
750
740
750
7Ed

FQR I=] TO G2

TRIGSER Volimeter

ENTER Uolimeter:R

Sun=5um+R

NEAT I

VET=Sum/ 59

PRINT "vJdfs=~ ydf

FRINT "Te3l,Te32, and Tshx ara(Cl:” Tcjl!,Tci2 Toox

SUTPUT Volimeter; "FIRTISHIAL" ‘
SEETLELEILOERD SHIFT FRON “HPT™ TO "LFT™ 23228 €9 TQ 7220 of2£222050229
QUTPUT Scanner;©29° -
QUTPUT Scanner;*3@°

Sum=0

FOR I=1 TGO 109

TRIGGER Volimeter

eNTER Volimeter;R

Sum=SumrR

NEXT I

Avg=Sum/ 19

VeleSOR(2+3.80865+*Avg*Rho_hg/Rho_air }/100
Vel=SQR(2+5_80E855+Avg*Rho_hg/Rho_air)}/10

UalfsUal/Calf

PRINT "NOW ,STEP 5 BEBINS ; PRINT QUT EXPERIMENT CONDITIONS®
INPUT “Cylinder Diameter{mm)=" Dia

INPUT "Over-step Diameter(mm}=" Siep_dia

INPUT “Cylinder Length(mm) Between First 3 last ncde =" Len
INPUT “"INPUT DATE & TIME®,Date$.BS

PRINT "DATE :* ,Dates,” TIME :".BS

INPUT "INPUT EXP. FILE NAME" ,CS

PRINT "EXP. FILE NAME IS =" .CS

PRINTER IS 7.6

PRINT LIN(1)

PRINT “nereasnatassn e et it ien e st ot et e e sttt ttesanettnntatianenerastqeuesuns

PRINT "WALL TEMPERATURE DISTRIBUTION MEASUREMENT BY C/C THERMDCOUPLES *
PRINT “DATE : "iDqte$,"TIME : ":BS

PRINT "EXP. FILE NAME IS =~ =i($s

PRINT "ot ectnenn sttt it t0s ittt tssnsncisssetscassotttsaasisttadorstentetases
PRINT “EXPERIMENTAL CONDITIONS:” '

PRINT * -"

PRINT *"ROOM TEMPERATURE (*C) =" ,Rmtemp

PRINT "“ATMOSPERIC PRESSURE (mmHp) =" Atm_mmhg

FLOAT 4

PRINT “DYNAMIC VISCOSITY OF AIR (Kg/m.s) =" Visco

PRINT "DENSITY OF AIR (Kg/m~3) =* Rho_air

FIXED 2

PRINT “CYLINDER DIAMETER (mm) =" Dia

PRINT “STEP DIAMETER (mm) =" Step_dia

PRINT “Cylincar Lengih(mm) Betueen First & last node =* Len-12.7

PRINT “UPSTREAM VELOCITY {(m/s) =" Velf .
Redi=UalfeRho_aireDia/1880/Visce

FRINT

FLORT 2

ERINT "REYNOLDS NUMBER BASED CH DIA.= " Redi

PRINT *
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788
ZEOB
2812
8¢
i330
lgag
2850
22EQ
z7e
2850
258
2932
23813
2828
2839

2549

i

2560
2972

2880 !

2392
Q00
010
020
3030
30849
3250
3060
3079

3080 |

5090
5100
3119
3120
3130
3140
3150
3160
3170
3182
3152

~
~

3209
3210
3220
5259
3240
3250
3260

327

32808
3290
3300
3310

&M TEMPERATURE ('C? =7 TwiZ7)

FRINT U= £
sna Box TEMPERATURE ('C) = Tzba

FRINY -

FIXED 2

FRINT "SUPFLY CURREMT (A) =7 Amoar

STAMDARD

PE;VT "UCLTAGE BIF
ictali=fimpersiidi/

Ff;:g =

FRINT

PRINY

FRINT -wALL TEMFERATURE DISTRISUTICH ;°

FRINT = SOSITION {:inch) TEMPERATURPZ "

FIXED 2

FOop I=! 7D 15

FRINT ° A(7;I:%0m “3¥pli), Twl(l)

NEXT I

FRINT “=-- -— -

S s

L
2.7%+1E-5.

mEaT FLUZY (Wed™23 =" Jtoial

PRINT e

QUTPUT Scanners <0

OQUTPUT Voltmeter; FARTTIHIAL®

CUTPUT Uolimeter; "FAR4T4MOPOFLG"

Sum=9

FOR I=! 70O 19

TRIGEER Voltmeter

ENTER Volimeter;R

Sum=Sum+R

NEXT I

Avg=Sum/ 12

Tcj=5041.5/¢{L0O6(Avg 1+7.15)-314.252

QUTPUT Voltmeter; "FIR7T3HIAL"

OUTPUT Voltmeter; "FIR1T4MEPQFLO"

QUTPUT Scanner;*32*

Sum=2

FOR I=1 TQ 19

TRIGEER Voltmeter

ENTER VoltmeteriR

Sum=Sum+R

NEXT I

Avg=Sum/ 190
chx=Avg+I1E-B«((4.12770@1E-2+Tc j+3.8680238E! )eTcy)
Tzbx=( (({ ¢ (CTeVzhx+CE )eVzbx+TS YeUzbx+C4 }oUzhx+C3 )+ VUzbx+C2 )eVzbx+C1 YeUzbx+

QUTPUY Scanneri"28°
Sum=@8

FOR I=1 TD 1@
TRIGEER Voltmeter
ENTER Velimeter;R ‘ :
SumsSumtR ‘
NEXT I
Avp=Sum/18
Uthj=Avg+1E-B+{ (4. 1277001E-2+Tzbx+3.5680238E1 )+ Tzbx)
Tenp-((((((C?'Uthj+CE)*Uthj+CS)OUthj+C4}*Uthj+c3)!UthJ+CZ)'UthJ+01)‘Uihj+C.
PRINT "MEASURED FREE STREAM TEHPER&TURE IS =";Temp
Sum=9
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320 ! B2E0RLL0EREER SHIFT FROM *HPT® TO "LPT" GHR2 END £CO50225080022220000
'33@ 1 QUTPUT Scanner;"23°

5340 OQUTPUT Scanner;“308°

S8 QUTPUT Usolimater;“FIRITIMOFGFLO"

388 FOR I=1 TQ 30

i37@  TRIGGER Voltmetler

1380  ENTER Uglimeter:R

»258 Sum=Sum+n

400 NEXT I

MI18  Avg=Sum/}

3420 1 Uel=°0R(-*9 SRBE5+A35({ Avyg i+*Rho_hg/Rho_air /100

34380 UYelaSGR(Z+9,.8@555+AES(Avg *Rho_hg/Rho_air)/1Q

A48 Velfs=yel/Calf

3450 PRINT "Velocity measurad by pressure transducer is=";Uelf;*m/sec”
3480 PRINT

3470 PRINT © -

3480 1 END

3492  FRINT

35Q@ FRINYER ig 15

35518  Tuw(1S5)=\elf

38280  Tw(iB)=Temp

3838  Xpl(13)=Ampe”

3540  Xpl1émfietal

3550 Xp{ 15 audrf

358@ CREATE Cs.8

570 ASSIEN 23 TO CS
3580 FCR I=1 7O B

3590 PRINT #3:xptI), Twtld
35019 NEXT I

361@ ASSIGN 35 TO CS
38280 FOR I=21 10 Index
363@ READ 25:;Xp(1),Twll?
3640 PRINT Xp(I},Tw(l)

3650 NEXT I
3660 Index=0
3678 Sum=0

3EBG PRINT "IF YOU UHNT TO MEASURE CONTINUE, KEY Y*

3882 INPUT YsS

3700 IF Y$="Y" THEN 10820

3718 PRINT “CCNGLATULATION 1| YOU HAVE &0T .MANY DﬁTﬂ. TURN OFF THE WIND TUNNEL
AND TAKE A REST.-"

3728 END

e
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E.2 “TW FORTRAN?”, the Main Data Pro-
cessor

The following program is set up in a way to process directly the output
tables of results by the Latex word processor. The executing program is
written for the Watfor77 compiler, run by CMS, in order to read the data
files. A sample of data file is documented in Section E.3 . The program then
creates the results in the format of input files for the Latex word processor.
The latter files afterward were run by the "Tex Exec” file; the outputs are
documented in Appendix A.

For each case-study in the present report, meanwhile, a similar program
was written to produce the required pack of results for graphing purpose.
The graphs were plotted, as are documented in APPENDIX B, using the

Disspla graphic software.
c __________________________________________ - U ———
c Created by Mossadeg S. NIAKI
¢ Final Edition: Feb.11, 1994
o m e e e et e e e e e e e e
C from "interfaced® "*TW* DATA"; makes "FORTRAN-LATEX® interfacial files
CHARACTER*73 LS2,Ls3, Ls4,.Ls5,Ls6,LS7,LS8,LSS,LS10, L11,L12,
+ L14,1L15,L16,L17,18,L19, TX1,TX2,T¥3,TX4, LEl,LEZ,LE3,
+ LES,LES,LE9,LE10,LE1l,LEZ2,LE13,LE14, D({20,30), HL
REAL KS,STMAX(18),NUMAX(18),NUDMAX(18),0Q(18),0(18),MU{18),RO(18},
+ TINF{18) ,RES(18) ,RED(18),XMAX (18} ,HMAX(18) ,ERMAX(18) ,CNDMAX(18),
+ P0OS(20,30),T(20,30),DTX(20,30),57(20,30),H{20,30),HX(20,30) ,KF,
+ STX(20,30),ER(20,30),NUS{20,30),NUD{20,30},COND(20,30) ,REX(20,30)

CC N:# OF NODE(.S®:12; 1":25; 2":21}; KS OF STEEL; KF OF AIR; M=16 VEL. CASE
PARAMETER (KS=16.3, KF=.026, E=2.7182818, M=16)
CC *S$":STEP | (Aa)1.27, (SA,1B,2°)2.54, (1C)3.81, (5B)4.45, (1D)5.40
CC *DO® & *DI®: [0.5%:1.27-1.09{; |1-:2.54-2.06]; |2":5.08-4.47],
PARAMETER (N=21, S5=.0254, D0=.0508, DI=.0447, DD=DO+2.*S)
CC Read from #1; writes "PROPERTIES: #4", "NORMALIZED:#3", "CRITICAL: #7
OPEN(UNIT=1,FILE="'2TW.DATA®, STATUS="0OLD")
c OPEN({UNIT=7,FILE="*2TW.RESULT', STATUS="NEW")
C-- B=THICKNESS (METER)
B={DO**2-DI**2) / (4&.*DO)
DO S I=1-H
s STMAX(I}=0
READ{1,1)LS2,1L83,L84,LS5,Ls6,L87,LS8,LS9,5820, L11,L12
1 FORMAT(11(/,1X,A72))
WRITE(4,2)LS2,L53,L54,L55,L86,L87,L88,LS89,LS10
2 TFORMAT(B8(1X,A72,/).1X,A72)
DO 100 XI=1.,M
READ(1.3)L14.L2S.L16.5L17,.L18,L18
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3 TFORMAT(6(/,1X,A72))
READ{1,4)U(I),Q(I).MU(I),RO(I)

4 FORMAT(4X,F4.1,11X,F7.2,17X,E8.3,/,7X.,F4.2,/)
RES{I)=RO(I)*U(I)*S/MU({I)

RED(X}=RO{I)*U(I}*DO/MU(I)
DO 10 J=1,N+1
10 READ(1,6)POS(I,J},T(I,J).D(X,J)
6 FORMAT(6X.F6.2,10X,F5.2,1%,A40)
READ(1,7)LE1l,LE2,LE3
7 FORMAT(2(1X,A70,/).1X,A70)
WRITE(3,8)
8 FORMAT(/.,1X,'*'X/S',3X,'X/D*',3X, 'X/DO"',1X, * {X-XM) /XM ,1X, 'ST/STM",
+ 1X, "NUS/NUM* ,1X, "NUD/NUM', 1X, 'CND/CNDM" , 3X, "REX")
WRITE(3,9)0(I),U(I).,U(X),U(I),U(I) . U(I),U(I),U(T),U(I),0(I),U(I)
WRITE(4,9)U(I),U(I),0(I),.U(I},U(I),U(I;,0(1),U(I),U{I),U{I).U(T)
9 FORMAT('%',11(°*@',F4.1,1X),/,'%*',72('-'))
WRITE(4,13)L14,L15,L16,L17,L18,L19, L11,L12
13 FORMAT(7(1X,A72,/),1X,A72)
TINF(I)=T(I,1)
C-- Creates virtual end point for the finite difference purpose
T(I, N+2)=T(I,N+1)
POS{X,N+2)=POS{I, N+1)+POS (I, N+1})-PCS(I,N)
DO 15 J=2,N+1
15 DTX(I,J-1)=({2.+*10000/(POS(I,JT+1)-POS(I,J-1))})*{({T(XI,J+1)~
+ T, TY}/(POS(I,T+1)~POS(I,J)))}-((T(X,3)-T{I.J-1)}/ +
(POS{I,J)~-POS(I.J-1)}1))}
DO 30 J=2,N+1
POS{I,J-1)=POS(I,J)
D{Z,J-1}=D(I,J)
30 T(I,J-1}=T{I.3)
DO 20 J=1,N
B{I,J)=ABS({(Q{I}+B*KS*DTX(I.J)}/{T(I,J}=-TINF(I)))
(I, JF)=Q{I)/(T{I,J)-TINF(I))
ST(I,J)= H(I,J)/(1006*U(I}*RO(I)}
STX(I,J¥= Q{I)/(1006*U(I)*RO(I)*(T(I,.J)-TINF(I}))
NUS(I,J)=S*H(I,J)}/KF
NUD(I.J)= DO*H{I,J) /XF
ER(I,J)=100.*ABS((H(I,J)-HX(I.J})/H(I,J))
COND({I,J)=100.*ABS(B*KS*DTX(I,J)/Q(I))
REX(I,J)=RO{I}*U(I)*POS(I,J)/MU(I}
IF {(J .GE. 3 .AND. ST(I,J) .GT. STMAX(I)) THEN
STMAX (I)=ST(I.,J)
NUMAX (I)=NUS(I,J}
NUDMAX {I)=NUD(I,J}
XMAX (I)=POS(I,J)
HMAX (I)=H(I,J)
ERMAX(I)=ER(I,J)
CNDMAX (I)=COND(I,J}
ENDIF
20 CONTINUE
WRITE(4.,16)POS(I.1),T({1,1),D(1,J)
16 FORMAT(* 1°',‘'&',F6.2,'&',F4.1,5('&'),Al17)

DO 25 J=2.N
WRITE(4,11}J,POS(I.J),T(I.J),H(I,J},ST(I,J),NUS(I,J).NUD(I.J),
* COND(I,J}.D{I.J)

11 FORMAT{(I2,'&',F6.2,'&',F4.1,'%',F4.0,3("'&*,EB.3),'&",F5.2,A17)
12 FORMAT(3(F5.2,1X),2X,F5.2,3X,F5.3,2(3X,F5.3),3X,F5.3,3X,E8.2)
25 WRITE(3,12)POS(I.J)/(5*100.),POS(I,J)/(100.*DD),POS(I,J)/(100.*DO),
+ {POS(I,JT)-XMAX(I)) /XMAX{I),ST(X,J) /STMAX(I) ,NUS(I,J) /NUMAX (I},
+ NUD(I,J) /NUDMAX {I),COND(X,J) /CNDMAX (I),REX(Z,J)}
WRITE(3,14)RES(I},RED(I)

14 FORMAT(SX, 'RES= *,E9.2,/,5X, 'RED= ',E9.2)
WRITE (4, 7)LE1,LE2,LE3
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100

CONTINUE
CALL REGS(RES,NUMAX,AS,BS,M)
CALL REGS (RED, NUDMAX,AD, BD, ¥)
CALL REGS(RED,STMAX,ASTS,BSTS, M)
CALL REGS(RES, STMAX,ASTD,BSTD, M)

Cc-- Reads end of data file literature, put them in *Critical nodes: #7°

401
402

403

404

405
406

READ(1,401)LES

FORMAT(/,1X,A72)

READ(1,402)TX1,TX2,HL

FORMAT (1X,A42,1X,A8,1X.A9)

READ(1,402)TX3,TX4,HL

READ(1,403)LES,LE9,LEL10,LELY,LE12,LE13,LEI4

FORMAT (6 (1X,A72,/),1X,A72)

WRITE(7,401}LES

WRITE(7,404)TX1,E**BS,TA2,AS

FORMAT(A42,1X,"(',E8.2,") ' ,AB,EB.2,"}$", "\\*)

WRITE(7,404)TX3,E**BD,TX4,AD

WRITE(7,403)LE8,LE9,LE10,LEL],LELI2,LE13, LEI4
Do 405 I=1.M

WRITE(7,406)0(I),XMAX(I) ,HMAX(I) ,RES(I),RED(I),STMAX(I) , NUMAX(X),

+ NUDMAX {I}.CNDMAX({XI),HL
FORHA‘I‘{P4.1.‘&'.FS.2.'&',F4-0.2('&'.37-21.3('&'.38-3).'&‘.F4.1.1x.A9)
WRITE(7,7)LE),LE2,LE3
STOP
END
ARERABARRR Regression of NUmax(I) VS. Re(I} SAERRRRARANE
SUBROUTINE REGS (RE, UNMAX,A.B.M) .
REAL RE (M}, UNMAX () RN
SX=0
SY=0
SXS=0
sYs=0
SXY=0

410

415

420

DO 410 I=1.M
SX=SX+ALOG(RE(I))
SY=SY+ALOG (UNMAX (X))
SXS=5XS+ (ALOG(RE(I}))*"2
SYS=SYS+ (ALOG (UNMAX (I)) ) **2
SXY=SXY+ (ALOG(RE (X)) ) * (ALOG {UNMAX({I))})
A= (SX*SY-M*SXY) / [5X*SX-M*5XS)
B={SXY*SX-SY*SXS) / {SX*SX-M*SXS)
XBAR=SX/ (M*N)
YBAR=SY/ (M*N}
DO 415 I=1,M
DO 415 J=1,N
SXBAR=SXBAR+ (ALOG{RE(I,J)}-XBAR)**2
SYRAR=SYBAR+ (ALOG (UNMAX(X,J} ) -YBAR) **2
SX=SORT (SXBAR/ ( (M*N}-1))
SY=SQRT (SYBAR/ { (M*N)-1))
DO 420 I=1,M
DO 420 J=1.N
2X={ALOG (RE(I.J) } -XBAR) /SX
Z¥=(ALOG (UNMAX (I, J) ) -YBAR) /SY
SZXY=SZXY+2X*ZY
R=SZXY/ ((M*N)-1)
RETURN
END
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E.3 Sample of a Data File

Following is the first page of 2 data file which was processed by the already

mentioned Program E.2, to create result tables in Appendix A.

%A set of commands for result file which is read by fortran pregram.

\setcounter {table}{0}

\begin {table}
\vspace {1lin}

\caption [\Bf A.a-i: Data and results for $0.5%{''}$ cylinder at different
velocities; $S=1"{"'}5]1{(}

\end {table}
\clearpage

\setcounter {table} {0}

$\setcounter {page
$\begin{tabular} {

\begin{table}

1)
lelelelclelele]|e) \hline \hline

¥No. &X (em) &T ($~{\circ}Cs) &haStasSNu_{S) $&$Nu_{d)$&\sconda\\\hline\hline
21GRRA0RCARAAARARRARGRAREAGARARALARARARAAARAARAGARRAAAGRAGARRRRRGE.

Case:.Stwa-30a \hfill Date and time of experiment: Oct.24,1992, 22:15 \\

\newline

\vspace{\£fill \caption{.5 in. cylinder with S=1 in.; $0=30.1(m/s)$,
$T=23.6{~{\cirel}C)$, $g=1792(W/m*{2})$, $i=58.0(A)S$}}

\centering

$5U=30.1(m/s)$., $qQ=1791.25{W/m~{2})$, $\mu=.183e-04 (Kg/m.s}$, and %$\rh

(Xg/m~{3}}$

$Nodes 3,11,13,16 at 5.08,25.40,50.80 76.20 with noises!!!
&Free Stream\\\hline

0.
1.27
2.5¢8
6.35
7.62
8.89
10.16
12.70
15.24
20.32
38.10
11 & 63.50
76.20
\end{tabular}
\end{table}
$\clearpa

VvoNnndWHO
R

[
N
R

ge
200EEAGEEEEREEAEGREAAF00020020000QRRRAARRRRACRANIRGRAGRODAGEREEME

R

23.65
36.30
36.15
32.54
32.27
32.71
33.59
35.38
36.76
38.47
40.65
41.30
41.37

& \\ \hline

PR R R DR

N
N

$X_{max}$\\\hline

\hline
\hline

\hline
\hline
\hline
\hline
\hline
\hline
\hline
\hline

an1

o=1.18





