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- ABSTRACT -,

With the advent of nuclear reaétor power plants the ¥

M -

.development of a rigorous theoretical model for predicting

[ - . . . . '
‘the surge tank pressure transients @uring prescribed changes

-~

. .

in 1liquid level history has been a,subject of great interest.
- ’ /

Due to the coo}ant'expa&g&on and contraction in primary‘loop

of ‘a reactor, there are three did{&nct modes of surges,

namely, ‘pure! insprge, 'pﬁre! ocutsirge ‘and mﬂ!%iple surges

(a series of insufge and outsurges).. The purpose of this

project is tq construct a simple experimental apparatus and
to study the experimental aspect of multiplé surge tran-
sients, It concentrqtes'mainly in some the'measurement
techniguesin a laboratory size surge k and attempts are
made in experimental procedure for different modes of siéu-
lation of pressure transients.

Experimental data from numerous tests on the laboratory
size surge tank for both insuége and outsurge are included.
With available analytical models to simulate pressu{;
transient prediction, the results are exceedingly good anq
are in close agzggment with experimental data. One imporfant
parameter which has been discovered in this experiment is
the transient rate surge. For example, in the pure outsurge
case, a fast or slow transient rate has a considerable

~

difference in pressure drop for a given experimental run.
b

&
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Since no heat transfer is being assumed in~Fhe.derivnt{on of

outsurgé governing equation, a répid transient’ flow rate is .

.

required for gbod predic;ion of the pressure - drop. ﬁowéver,
in the ﬁure insurge case, a slow transient rate shoul& take
place to allow heat transfer to occur, For multipié surges,
in general a good  agreement has been obtained between pre-
dicted and experimental préssures. Some discrepancy at thé\\'
s;cond stage of the outsurge process does exist. This is due
to the fact that co;putational switches of governing équatioﬁs
which are émployed in the analyticai model do not allow thermo-
dynamic equilibridm.' In reality, this is not true.

Another type of multiple surges, outsﬁrge fiollowed by
insurge, ;hich involves more violent transition between
fast outsurge and slow insurge produces a consistent trend
in pressure prediction using the existing model. Modifi-
cation of governing equation is needed to accommodate fast
transient of this mode of multiple surge. Recommendaéion
for future improvement of surge tank apparatus which wil

facilitate verification of any changes in analytical models

is alsc included. R
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Chapter I

INTRODUCTION

1-1 General .

Any clg;ed iiquid system, subject to changes iﬂ tem-
perature and hence in colume, must be protected against
excessive pressure variations. The Canadian designed line
of power reactors named CANDU which use deuterium (heavy
water) as a moderator and natural (unenriched) uranium as
a fuel incorporate a pressurizer in the primay circulation
loop. This pressurizer is a vapor-filled chamber capable
of cushioning the volume transienfé. The lower portion of
the tank is filled with liquid acting as a reservoir to
excessive coolant wﬁ} e the upper portion ¢contains vapor.
Th; schematic diagram %ﬁéﬁ 1-1 shows( the primary and
secondary cooling circuits of a closed-cycle type nuclear
power plant usiﬁg pres;urized heavy water as the coolant.

Heavy water is heated in the réactor core and flows
through a steam generatqgi\where secondary steam is gener-
ated for the turbine system, the primary coolant returnsg to
the reactor vessel through a circulation pump. Fluctuation
of primary coolant temperature due to changes of turbine
load causes volume transients and pressure transient is

resulted. The pressurizer chamber has its additional

function of maintaining the coolant pressure within pres-

C
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cribed limits by means of heaters immersed in the liquid.

A pressurizer or surge tank in CANDU reactor power
generation plant plays a very important role both in design
and performance. Optimum dimension of such a pressurizer
will-not only cause a considerable saving in containment cost,
but it would also become an attractive proposition for naval
power plant. HManoceuvrability requirements for ships impose
stringent performance Erite;ia for the pressurizer in terms
of the pressure limits to be maintained upon load changes.

There are three modes of pressure transients that would
likely to oécur. These pressure transients are brought
about by volume changes in the primary cocolant - the 'pure'
inqurge,.'pure' outsurge and multiple surges of coolant

into or out of the pressurizen. During steady state oper-

LY R SN AV L VIR VA I

ation of the reactor plant the amount of energy supplied

by the reactor equals the amount of energy extracted from

the steam generator by the secondary system, 80 the total

3
b

energy content of the primary water and hence its volume
¢ remains- constant. A decrease of turbine load causes a
Ve
rise in average temperature of the primary cooling water
s
and consequently, an increase of its volume. Coolant
rushes into the surge tank and the pressure increases -

pure insurge. On the other hand an increase of turbine

load results a fall in average temperature of the primary

1.3



cooling water. );his brings about a decrease of its volume.
Coolant rushes out the surge tank and the pressur; decreases
- pure outsurge. | _ '
However, the occasion which may be expected from failure
of secondarf circuit pump arrives when there is a turbine
1oad excursion. The coolant surges into tﬁe pressurizer then
it is followed by coolant surges out. The cycling effect
can also be brought abeut in a ship prqpuls?on plant by a
sudden manoevre. In the exact opposite faéhion, the .
coolant surges out first and then it surges into the
pressurizer again. This is caused by an increase of turbine

1oad and next followed by a decrease of load. Pressure

rises and falls in accordance to decrease or increase of

LV IV VA DS N

load. This mode of pressure transient is called multiple

-
-
3
-

surge.
Since nuclear power plants are designed for steady
state operation of base load, this undesirable adverse

L
&
phenomena of multiple surges requires a clear understanding

of its mechanism involved and at the same time it is

necessary to predict pressure transient.



1=-2 The Scope and Motivatj:; of this Project

Accurate prediction of pressure transients in a surge
tank is very important to the safety of reactor operation.
In recent years liquid cooled nuclear power reactors
have placed particular emphasis on the need for an analy-
tical method of predicting pressure change. And:the
third mode of multiple durges presents another challenge

’ -
for accurate prediction.

Some of the available analytical models subh as Ref.
1, 2 & 3} have been tested with actual reactor loop data.
The resulte are exceedingly good and are in close agree-

ment with experimental data, Laboratory scale set-up

which is presented below has not been tried out at pressures

LS RFAVITR W I B

higher than 200 psi. The purpose is to simulate insurge

DR L

and outsurge experimentally., It is the intention of the

author to establish a small size tank with facility to

" measure pressure and water level as a mean to verify the \\‘

analytical models for pure insurge and pure outsurge. The

ACRNRE B~

scope of this project is to build the surge tank together
with full instrumentation to measure watqr level, pressure
and temperature information. These serve as inputs to the
analytical models. The predicted pressure is then compared

with experimental results in the designed pressure range.

In light of completion of this system set-up, initial

1.3 \\’_



test runs were performed. The third mode of multiple surge
(insurge followed by outsurge) which is the primary
function of this exercise was also simulated. Verification
of these experimental results with existing multiple surge
anal&ais and some modifications were performed,

This project ?onﬁengpdfzg maiﬁly in some of the measure-
ment techniques in ; laboratory size surgé tank and therefore
attempts were made in establishing éxperimental procedures for

different modes of simulation of pressure transients.

!

1.6
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1«3 Survey of the Literature

General

s

A number of theoretical models have been proposed for
predicting the pressure transients during insurgeland out -
surge (1)(2). Yet the impbrtant flashing phenomenon assc-
ciated with the outsurge and the condensation phenomenon
associated with the insurge is not adequately investigated.
The theoretical analysis and the experimental information
for the multiple suréés ig almost non-existent in the avail-

able literature.

Steam Compression

A .
When the vapor-liquid interface rises due to an insurge

of water into the pressurizer, the vapor phase is compressed.
The initially saturated steam becomes superheated. In the
beginning the content of the pressurizer is at the saturated
temperature corresponding to the saturated pressure., When the

vapor is being compressed due to insurge, heat transfer

from the vapor to the vessel wall starts. Vapor starts
condensing on the coocler boundaries of the wall and the
liquid. The vessel surface which covers with condensate will
necessarily follow the saturated temperature. Hence the tem-
perature of the outside boundary of the vapor volume must also
have the saturation temperature corresponding to the pressure

at any particular instant.

1.7



- wall, which is at a relatively low temperature. ' .

The conclusion'is that’ the vapor phase is ngnhomogeneous
duringlinsurge and is composed 6f inner, volume of the super-
heated vapor and a surrounding volume of fapor with a tempera- ,f"’
ture going to the.saturation temperature at the boundary of .
the vessel wall, The thickness of this 'Boundary Layer' is
similar to filmwise condensation on a vertical surface. The
film growth along the vessel wall is generally small, 1In
most of‘the cases, it is, th;refore, allowable to approximate
this nonhomogeneous vapor volume by a homogenecus one,

All the previous investigations agree at one point that
the isentropic model for the insurge is highly inappropriate

and the pressure predicted on the basis of this medel is

excessively high compared to those measured during experi-

PR L% VNS SN

ments. This discrepancy is related to the fact that an
additional amount of energy from the steam will be removed
due to the heat transfer from the vapor to the pressurizer

e
Nahavandi and Makkenchery (4) developed a theoreticak\

L R N Y )

modei based on the concepts of bubble rise and condensate \\‘7
droﬁ velocity; The pressurizer is divided into two con-
trolled volumes or so called stratified elements separated

by a water vapor interface, The bottom element contains

subcooled or boiling liquid and the top element contains

superheated or condensing vapor. Between these two

1.8
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" controlled volume, tﬁe authors formulate four kinds of
gtate which would likely be recognized during the operation
of a pressurizer. With appropriate assumptions the four
kinds of state that complete the description of pressurizer
insurge. and outsurge, the continuity and enerfy equations
were then applied. The resulting model so formulated is
used to predict pressure transient based on cértain eri-
teria that would help to recognize.the four states inside
the pressurizer.

Drucker and Tong (5) conducted & geries of experlments
on a‘low pressﬁre laboratory model of a surge tank and
trikd to obtain a mathematical correlation between the
level and pressure. They used a step by step time incre-
ment and conducted the energy balance at the end of each
time increment.  The heat flow from the vapor is calculated
from an empirical relation and heat sink constant for the
vessel walls and liquid, whieh was obtained experimentally.

Drucker and Gorwan (6) described an iterative proce-
dure for the pres‘Lre prediction which was similar to the one
aescribed by Drucker : d Tong (5), except that no empirical
constants were required. Good agreement between the experi-
mental and predicted values were obtained. Gorman and Gupta
(7) extended the work of Drucker and Gorman for higher

pressure ranges. Excellent agreement’:hs obtained between

~
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’

the experimental and analytical pressure predicégon.

'Vép den Honert (8) described the results of experiments
carried out on a 1 cubic meter waterjsteam pressurizer af
125 atm. and studied the effects of outsurge, insurge,
electrical heating, and use of a spray injection sysfem.

Kendall (9) used the continuity and energy approach
and studied the'surges of a surge tank in the éentilly
Reactor Power Plant. ’ '

Moeck {10) continued his work ana’;::hied both the
insurge and outsurge. However, the adiabatic model des~
eribed by him for the insurge leads to somewkhat high
preséu;f prediction.

Steam Expansion

rTAERLL

aswn b a4 L ow

In the event that the liquid surges out of the

=524

(Y

pressurizer, the vapor volume increases and expansion takes
place. The saturation temperature drops with the presgure,
but the phases remain in thermodynamic equilibrium. Con-
densation process, if present, stops and the evaporatiomn
of initially saturated liquid starts., Very little work
has been done on the pressure transients during outsurge.
Van den Honert (8) has described a complex model
involving the sub-cooling of the vapor. A relatively
simpler model has been utilized by Gorman (11) to predict

the pressure transients during an outsurge from an actual




reactor surge tank at the usual operating preasures and the
,known gurge rates., He has clearly demoﬁstrated the 1nade—'
quacy of the closed isentropic expansion model. | )//

Gorman and Gupta (7) have used the 'stepped open system!'
for the preésure prediction. The outsurge is considered to be
broken up into small increments of water level &rOp. The
system wﬁich consists of the initial tank conetent undergoes
a closed isentropic exﬁansion with the associated first
increment of the level drop. \

A pressyre prediction is obtained at the end of this
eiﬁansion; A new system consisting of the liquid and vapor in
the tank is next considered at the beginning of the second
jncrement. A closed isentropic expansion is again assumed
to obtain.a pressure prediction, This analytical procedure
;; repeated until the pressure associated with the entire
level history during outsurge is obtained. Good agreement
between the experimental and the analytically predicted values

!
is obtained.

Moeck (10) used the same energy and continuity equations
and obtained an expression relating the pressure and level
history. His work is mainly related to drum configuration
of Gentilly BIW-250. In his analysis he assuméd that water
flashing and steam condensation are assumed to be instantaneous.

L

1.11
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He also pointed out that wheﬁ the pressure in a large vessel
éontaining steam and water is disturbed, a reaction follows
& situat onrwhiéh iiea beéween the two extremes of (i)
infinit heht_transfer bftween the steam and watgr phases

.(thermod ¢ equilibrium), (ii) no heat transfer between

- -

the phases (tﬁermodynaﬁic non-equilibrium). Mathematical
eiﬁression based on either of these tw; extremes, the
preséure transient prﬁdictions were adequate to describe
thé dynamic behaviour of the two phases in a ®¥rum. Very
good agreement between the experimental and predicted

pressure history was observed.
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Chapter II

SIHULATION OF PRESSURE TRANSIENTngSING CSMF TECHNIQUE

2-1 General - * :
The - Continuous System Modeling Program (CSMP) is a

problem-oriented program Yackage specifically designeaﬁt:,)

facilitate simulation studies of continuous systems on

digital computer (12). [Because of its flexibility, power,

-*

L]
and relative ease of usé, CSMP has gained wide acceptance
as an important tool in the design of engineering systems
TN
whose dynamic behavior is governed by differential equations.

2-2 Pressure Prediction - Pure. Insurge

The governing equationlin pure insurge is based upon a
stgan drum (9, 10) (a generalised pressurizer). By con-
sidering a special case which yields a relationship between
the history of the liguid-level rise and the corresponding
vapor-pressure rise, the analysis is closely related to the
work done by Kendall et al (9) and Moeck (10).. The only
difference is that it is a broader in scope bécause it
includes the heat transfer between the syste+ and the wall.

The detailed discussion and derivation of the governing

equation are given in ¢y, '

Y

The governing equation in pure inéﬁrge for rate of change

of pressure is as follows:~

dVsus 4@

4P _ PKbL + PK (dhsus |9)(at) _______. Eqn.2.2.1.
R dt Vd - a - bl
2.1
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or written in computer varigble pame with consistent units

[4
PDOT

AM
M
, where

vd

L

AM/(VD-A-B*L)

PCON=M

. P*K*DRDH*DQDT*1.E-6

3)

total volume of the pressurizer (m

volume of the gemispheric portion of the
pressurizer (m”) '

cross-sectional volume of the pressurizer
per cm displacement (m?/em)

rate of water level change (cm/sec)

partial derivative of change of volume with

respect to change of enthalpy of superheated

steam for a constant pressure (c.c./joules) -
rate of heat transfarw(ioulea/aec)
isentropic expansion cqp}ficient (1.26)

gage pressure in the pressurizer (BAR)

water level measured from a fixed reference
point (ecm)

in Continuous System Modeling Programme the physical

dimension of the pressurizer is first specified in the

jnitial segment of the programme. They are converted into

[2ch

suitable units and are only evaluated once, Since this

computer package simulates the counter-part of an analog

computer, it contains integral and derivative atatements.

These statements are Y

_ INTGRL (I.C.,X) and Y = DERIV (I.C.,X)

P 2R Y e
[NTR

e

2
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respectively. Utilising thesé'powarful subroutines the

governing oqﬁation can thérdfore be evaluated with proper ’j)
input and initial conditions. .

In?utb to thi\\pimulation are level history of the

insurge, thermodynamic property of '%Ff; as a function of
pressure, ‘initial pressure of the pressurizer and initial .

. slope of the water level. DRDH is the variable name for
thermodynamic property of gg::l and the formulafion of
this property is presented in Section 2—5#’ Water level

history in the programme is called FUNCTION LE

FUNCTION LE = to, lo, t1,'11 tenee i, 1i, see.. otce
where i
to = time at start of insufge ;
1o = water level at start of insurge >
ti = time at ith-seconds after start of E
insurge
1{ = water level & ith seconds

Although the nature of this water level history is
written in discrete form, CSMP has incorporated such pro-
vision of function generator capability. This, therefore,
allows interpolation of water level antomatically when the
specific integration time increment calls for such evaluat-
‘ion. Therm o dynamic¢ property or DRDH is ;ritten in explicit
form for the range of pressure where insurge is about to

take place. The obtained coefticients of the polynom1al

2.3



are presented in laéer section of this-cﬁapter. Sin;e the
governing equation involvaé the-rate of . change of water
level this information is extractea by ﬁERIV stﬁtement via

FUNCTION LE with specified initial Bloﬁ;. |
| The rate of the heat-transfer.to the wall, SI-%—‘:i.s found
by taking the’ derlvative of Q using DERIV statement. The
heat content Q is computed ?y Q = At Cp p‘ SU dx_ _Eqn. 222,
whefe

At = area of the inside wall of the pressurizer tank

Cp = specific heat®@constant pressure for the material
- usged for the pressurizer

py = density of the material used for the pressurizer

U = temperature distribution in the wall
. ' ——

In order to obtain the temperature distributioﬁ U,

. .-
Fourier transient heat conduction equation .is required,

U _ 10

a_;l = o At _______ Eqn,2.2.3.

where x is the co-ordinate along the thickness of the wall
o = coefficient of thermal diffusivity x
%% partlal der1vat1V'of temperature change W.Tr. t. time
To Bolva this Fourier equation, initial and boundary
condltions are needed, These initial condltions are (i)
U(%i)'¢?/fTh;iinner surface of the pressurizer wall follows

the syturatibn temperature history at all time.
!

(i) U(x,0) =0
/

2.k
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At the on-set of the insurge, the pressurizer wall is

st uniform temperature and the ini%ial temperature is taken

as the reference value. .
: _dﬂ =0 '
(ili) dx | %t

This boundary condition assumes there is no- temperature
gradient at the outer surface of the pressurizer., This is to
say the insulation material behaves.ig-an idesl fashion.

This principle used for solvinglthis partéal differential
equation ias baéed on discretizing the independent variable x ,
and treating the othef independent variable t as & 'continuous'+

*
variable within the CSMP package. This will reduce the partial

differential into a set of ordinary differential equations. B

dUl _ oL U;—:‘2Ut+Um i

dt]. = Axt » Z

L :S

where )i
i = 1,2,0eeee0010, corresponding to 10 nodal peints

within the thickness of the pressurizer wall
4x = the jincrement thickness of variable x
ghen'the ;:ove mentioned initial and boundary conditions

are applied to this set of ordinary differential equations,

the'imaginary temperature U at nodal point 10 is eliminated.

Temperature Uo at nodal peint 1 becomes o at time o and is

egual to $ at other time. In the programme presented in App.

3y the variabile name is PHIM which in turn equal to the

difference between the saturation temperature corresponding

to the pressure at that time and initial saturation temperature.

2.5
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The INTGRL statement is then implemented to perform integration
at each nodal point, The temperature is summed over the thick-

ness of the wall by Simpson's rule to obtain numerical valuefof

1
jde.

+in here it means that the computer programme will
automatically simulates the T variable by specifying

the increment of time.

2.6
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2-3% Pressure Prediction =~ Pure Outsurge

The relationship between the liquid level history drop
in a surge tank and the corresponding vapor pressure drop
can be found from Moeck's work (10).

The governing equation in this case 15
dapP - 1 4L

= = - -=---- Eqn.2.3.l.
dt 1/b(F1a+VdF2?+F1L dt
where

F1 = {%sas%hsaw- %bsas] h 1 + " LI %!sas

T Baw p P sas saw 546 P

F = ghsas —-Xsas 1 - L . dv
2 — Ldp J h__— h v ap°2®

s8a85 58w sa8

or in computer variable name

DLDP (A* F

i)

» »
. VD FZ)/B + Fy L

DPDL = 1/DLDP

PDOUT= DPDL * LDOT
The procedure in programming this equation is similar ;

to pure insurge. In this outsurge case, there is no heat

transfer term involved, except formulation of thermodynamic
properties as a function of pressure. Most of these propert-

jes are linear functions within the range of the pressure drop.
Level history is then programmed as the input to the CSHP and

the derivative of water level is obtained by the DERIV statement.
A1l the thermodynamic properéies such as %%““, hsaw, VU .

sas

Veaw are formulated and presented in Section 2=5. -

2.8



"“.TQM.* )

where
Veas = specific volume of saturated steam cu.ft/lbm
v = gpecific volume of saturated water cu.ft/1b
saw m
hoge = specific enthalpy of saturated steam BTU/lbm
Ny = specific enthalpy of saturated water BTU/lbm

z
L
3
Y
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2.l Pressure Prediction - Multiple Surge (insurge followed
v by outsurge)

Insurge followed by outsurge can be easily visualised
by noticing the water level rises inside the surge tank,
and then drops abruptly after the maximum level has been
attained. Take an ideal situation of sinusoidal rise and

fall of water level as shown in Fig. 2-4-1, The first

half of the cycle of water level history the pressure rise

is exactly the same as pure insurge., It is therefore can
be described by pure insurge governing equation namely

Eqn. 2.2.1. During this process the vapor is superheated,
the water becomes subcooled and the wall takes on a non-
uniform temperature distribution., With the help of a T-3
diagram for the vapor in the surge tank (Fig. 2-4-2) its
trajectory 1-2 is shown by dotted line, Although the

exact path froﬁ state 1 to state 2 is yet to be determined,
the governing equation (Eqn. 2.2.1) gives the pressure

transient corresponding to water level excursion a-b.

During the subsequent outsurge part of the cycle vapor

and liguid try to attain thermodynamic equilibrium and it
can be shown thermodynamically that the vapor reaches the
saturation temperatu};jassociated with pressure before
liquid, and hence the process can be divided into three

stages:
{

2.0
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(1) outsurge of superheated vapo; and subcooled liquid,
region be, fig. 2-4-1 ; path 2-3, fig. 2-4~2
(2) outsurge of saturated vapor and subcooled liquid,
region cd, fig. 2-k-1 ;
(3) outsurge of saturated vapor and saturated liquid,
region de, fig. 2-4-1 ; path 3-1, fig. 242
The outsurge starts with the superheated vapor and
subcooled liquid. During the course of the first stage of
outsﬁrge they tend to reach the saturated condition. This
resembles the pure insurge phenomenon in the reverse di- -
rection and therefore Eqn. 2.2.7 can be uged to describe
the process with a slight modification in the heat trans-
fer term.
During the second stage, the temperature of subcooled
1iquid is very cloge to the saturation temperature and
hence it can be assumed that thermodynamic equilibrium
is attained at point e, thus eliminating the second stage )
completely. The rest of the process follows the pure '

outsurge case.

The governing equations are essentially the same for
pure insurge and outsurpge cases. In this situation a
switching criteria is involved as the pressure rises and
drops during the excursion of water level fluctuation.

The switching criteria is presented in a flow chart form

‘ 2.11
N
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(Fié. 2-4-3) and is realised by employing flags :agled
KEYIN & KEYOUT. They are complementary to each other and
can only have value of either zeroc or one. Water level
riges at the beginning of the cycle. Pressure will increase
due to the decrease of the volume and thus compresses the
vapor. With all the appropriate assumptions in force %ﬁq_
;;essure prediction equation is identical to pure insurge
case.

Equation is switched in by flag KEYIN = 1. As the water
hg;vel'reaches the top, or as the rate of change ALDOT

becomes a certain specified value, heat transfer term is

switched off (i.e. M = 0). Pressure prediction g SEhe. 8

negative change of water level will follow a trd
reduction. -Water level drops and it will eventually
reaches a state such that the temperature of vapor falls
below the initial starting temperature TEMPIN. This causes
the KEYIN = O and KEYOUT = 1. Outsurge governing equation
(Eqn. 2.3.f) is required for pressure prediction.

2
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Water Lavel
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Time
Fig.2-4-1 Sinusoidal Water Level History
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Fig.2-4-2 Multiplo surge trajecdory in T-S diagram for steom
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NO
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KEYIN=0.
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KEYOUT=0.

CONTINUE
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Fig. 2-4-3 Flow chart for switching creteria

in multiple surge
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2-5 Thermodynamic PropartiusJFormulation

-

To obtain all thermodynamic properties ag a function
' ‘ H

of pyessure Least Square CurveZfitting techniqué is employed.
This is a method which is geﬁerally used and it is believe&

to be suitable for the approxim&tion of all propeyties

encountered in the moﬂel. The range.of pressure which is

valid for these approximated functiops is confimed to the L~

) 2
following specifications in each -presentation. Thermody-

namic propegties .are presenfed in British Units unless

otherwise specified. Pressure at all times jis in BAR. °

-

d . . .
Presentation of DVG(&?) and VG(Y ) as a function of Pressyre

(188 p.s.i.m.)12.97BARCP<13.79BAR (200 PeBeila.)’

~,
VG = ag + aq*P .
g -
ag = 4.64061 ’
aq = =0.17059 v
DVG =

-0.17059 (Derivative of VG)

Approximate Error = + .082%

A

Presentation of DHG(%%Q and HG(hy) as a function of Pressure
(188 p.s.i.a.)12.97BARCP(13.79BAR (200 peB.i.a.)

1.09 (using the slope of the plot of HG VS P)

DHG =
or using Polynomial Function
p— * » -
DHG = bo + b1 P + b2 P 2
where . 4
b, = 0.22155604302
b1 = -0,32286957E01

2.15
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b. =0.12321145

2
3_".|
Presentation of DRDH (hh,)'as a function of Pressure
»

(195 ps.i.8.)13.45BARCP<14,83BAR (215 pos.ica.)  ~

o <t<taar 25°F
To find %‘ﬁ: as a function of pressure, specific

volume (U, ) versus enthalpy (hs) of steam at one particular
pressure is plotted over.a temperature starting at saturated
temperature up to 25°F of superheat. Similar plot of Vs vs
hB is the% repeated over the pressure range as specified
above in the same range of degrees of superheat. This
family of plot is shown in Fig.z-s-s; The slope of each
graph is the value of %\Er: at that particular pressure.

Function DRDH* is next curve-fitted by Least Square tech-

nique after slopes from Y and hs plot are evaluated.

40O ALISH IAINI]

[
<

f

T *Due to model requirement DRDH is given in cc/joules, this
ig done by multiplying a conversion fagtor of 2.68389E01
to the standard British Unit.
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Presentation of HFG(h¢s ) as a function of Pressure

(188 pes.i.n.)12.97BAR< P< 13.79BAR (200 p.s.i.a.)
HFG = Co + C1 * P

Co

It

0.92028?E03

c1 =0.555449E01

1

Approximate Error = + .007%

presentation of VF(v ) as a function of Pressure

(188 p.s.iia.) 12.97BAR< P < 13.79BAR (200 peB.i.a.)
VF = do + d, * P
do = 0.172335E-01
d; = 0.836843E-0k i
Approximate Error = % .005%

Presentation of DHF;&%%? as a function of Pressure é
(188 p.s.iga) 12.97BAR < P <13.79BAR (200 PeBeioa.) ;
DEF = 6.74 (using the slope of the plot of HF VS P) i
or using Polynomial Function 5
DHF = e+ ey *P + e, + 03 *p ** 3 ;
where
e = 0.23574630 EO3
o, = -0.30107910 EO02 ~
e, = 0.70606716 B
ey = 0.19700072 E-01
e SO
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Chapter III .

EXPERIMENTAL ASPECTS OF THE APPARATUS

Z-1 General Description and Design of the Apparatus

Schematic diagram of surge tanﬁbeikf*3-1-1 shows all the
important components that complete the apparatus. Two identi=-
cal stainless‘gteel tanks are of 5 gallons capacity. They are
rated to wi%hstand a maximum pressure of-;,OOO psia, The over-
all dimonsion is about 35 inches hjgh and 7 inches in diameter. -
Each cylinder weighs approximately 85 1bs. To facilitate ease
of mounting, the two cylinders are placed about L feet apart
.and are secured to a strong wooden frame, Their vertical pos-
itione are maintained by two additional horizontal members
which allow adequate space for insulation material.

411 the connecting pipings are of ¥ inch diameter 304
stainless steel tube of Q040" thickness. The choice of pipings
ars in accordance to ANSI Pressure Piping Code to withstand '
maximum operating pressure of 700 psia and temperature 600°F.

Straight pipe under internal pressure ip the above méh-
tioned Code suggests that minimum wall thickness should be

calculated as follows:-

PDo
s rem—————ee  + AR —— - - == Eqn.3.0.1.
tm SE + Py + Am qn.3.|
where tm = minimum required wall thickness inches

P - internal design pressure, psi gage

Do - outside diameter of pipe in inches




{

>

maximum allowable stress in meterial due to

SE =
internal pressure at the design temperature
Km - an gdditional thickness, in inches to provide
for mechanical strength
y - coefficient having values of 0.4 as given in

Table 104.1.,2, A in ANSI B31 Power Piping Code

In this ‘application, maximum allowable stress of 304 s.s.
tube is taken from table as 9.7 x 103 EPi at maximum operating
pressure of 600°F. With an additional thickmess of .010" to

N

provide for mechanical strength, the minTmum required wall
thickness comes to .028", Therefore tubes of % inch diameter
of 0.040 thickness are used in all the connecting pipings.

Other components such as valves and tube fittings are of
Swagelok design, SWAGELOK(E)Tube Fittings provide a leak-proof,
torque-free seal at all tubing connections. The seal consists
of two, front and back ferrules. They grasp tightly around
the tube regardless of wallithickness by ferrule inter-action
and since this inter-action moves along the tube axially
jnstead with & rotary motion - fres of torque that' might
otherwise impart onto- tubings, ferrules provide a leak=-proof
seal under pressure up to the burst of the tubing. Valves
and fittings are rated by manufacturer to a higher limit
than at present operating conditions. Through out the cold

water testing of the apparatus, they are found to be function-
i

ing satisfactorily up to a much higher pressure than design
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711.,3-1-1 The Surge Tank Apparatus

3ok

I11,.3=1-2 Water Level Measurement
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Constant water level tank is situated at the pressurizer

side, This is of a better arrangement than putting it on the

‘cold tank side. When the apparatus was first put together,
the differential transducer was placed on the cold tank,
Fig. 3}3—2.5how3 schematically the principle on which the
moasur&ment is based. An uninsulated reference leg outside
the cold tank iB filled with water. This leg is conneéted
to the cold-fank gas space through a small reservoir, thus
ensuring a constant reference Jjevel. The water level insidé
the tank serves a variable .leg, the preséure difference
between the two legs is measured by means of ; different}al

pressure tranaduce;\(Kayowa type PD200GA), The pressure dif-

ference detected by the transducer ig:=-

OP = H1p1 - H3p3 -Hp-~- (HZ-H)PNE
B, (p, "PZ;) + Ez(P3 -2} - E(p - pyo)
The expression for the water level

B _"aP+H(Q- L) HHA P Bag)

p-pa o TTT T Eqn. 3.1.2
But py =p3 |
Therefore E = OPHH{O P} __ .. Eqn.343.

P=pPwma
To obtain the level in the pressurizer (hot tank), the

water level in both tanks is allowed to seek its own level
initially. With the assumption that the two tanks are phy-

sically identical, a change in water level in one would

f,\;'# .

i o oraas
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resylt a change in the other, In this way tﬂ; ;ater level

in the pressurizer can be ‘recorded., This indirect method

of obéaining watar level inforﬁation is inherently intro-

duced erroneous result for a simple reason that the dia-

meter of the two tanks cannot possibly be exkctly-the same.

This in turn gives an over-estimation of water level change

in the pressurizer depending on the fact that the pressuri-

zer is having a larger or smaller diameter than the cold

tank., Nevertheless, the main source of inaccuracy of this
method of measuring water level in the hot tank can be
attributed by the change of specific volume of water be-

tween the jot and the cold tank. A decrease of water level

in the cold tank results in a bulk of water ente;ing the hot
tank. Although this mass of water will quickly assume the tem-
peraturé.of main bulk of water in the hot tank because of mix-
.ing. Specific volume of the liquid in the hot and the cold

tank can be differed by as much as 15%. Thus the water level in
the/ hot tank es£imated by this indirect method cannot be too
reliable. However, this is later being modified to the existing
version as shown in Fig. 3-1-1. The expression for water level
namely Eqn. 3.71.3 remains essentially unchanged, except the density

now becomes g (density of superheated steam), Den-

Pr2 5U

sities ofp1 =f33 gtill remain a valid assumption, which

can be readily explained by the fact that conduction of

37
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heat through water without circulatio& is poor. The temper-
ature of water at the two input ports of the D.P. transducer
is essentially the same, And this has been experimentally
verified. Fig. 3-1-3 shows the thermal insulation for the
pressurizer consists of two types of material. The inner
most layer is asbestos cloth while the second layer is fibre
glass insulation. Asbestos cloth can stand up to temperature
of ﬁ,OOOOF without greatly affecting the value of coefficient
of conductivity while fibre glass would only be suitable if
the temperature is below 400°F. This arrangment does not
present tﬁo much difficulty in determining the thickness of
insulation. It is estimated that two layers of asbestos
.cloth wrapping of about ‘—36-"13_ required while 2winches of

fibre élass is adequatefor thermal insulation. Other parts
of the apparatus such as vaives, fittings and connecting

tubes are also insulated to reduce heat loss., The material

used is of commercial type of‘}iping insulation.
\
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3=2 Process Qperation

Before astart up of the experiment pressure transducer
amplifiers are adjusted to predetarmine gain and nulled to

prevent any therma) drift or offset during instrument warm-
up periéd. All the adjustment is verified agains; & high
precision digital voltmeter which is incorporated in the
data acquisition system. A block diagram of instrumentation
shows the general scheme of measurement Fig. 3-2-1. To
achieve the desired initial conditions the heater elements
are switched in via temperature con£roller.' The tempera-
ture cgﬁtroller derives its inmput from therﬁocouple probe
which is situated in the vicinity of the heater element

and is immersed in the 1iquid. The output of this unit
varies proportionally from 4~20 ma. depending of the tem~
perature difference between the set-point and the controll-
ing temperature. This signal is the input to the driver
ptage which supplied power proportiornally t& the heater

element. This arrangment of wiring the heater element is

essentially a closed loop negative feedback systems, This

error signal being the temperature difference between
spet-point and liquid provided corractive action to the
supply driver. In this way satisfactory: initial conditions
can ﬁe accomplished.

Water level measurement is done by means of a differ-

3.10
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ontial transducer situated at the hot tank. One port of
the transducer is subjected to a constant water level leg
while the water in the tank serves as avariable leg. Thus

.

by keeping track of the water”quel in the hot tank, water
insurge and outsurge of the ;;;ssurizer can be recorded.
In adopting this set-up, water in both tanks is first
£illed to the same level., Hereafter the valve which
connects between the hot and the cold tank is closed until
pressurizer reaches the starting state.

Nitrogen that i=s jntroduced through a regulated valve
from storage cylinder is applied to the cold tank to induce
transient flow. For insurge case regulator supply valve
is turned on thug achieving the sudden transient effect

to the pressurizer. For outsurge case reverse procedure

" takes place. Nitrdgen is vented out through metering .

1O A ISXIINAINIT]

valve., Pressure’' in the hot tank will force water out and

it is to be collected in the cold tank. At all times

F iy

pressure and water level readings are recorded.

The bulk temperature of the vapor above the water
level inside the pressurizer is also recorded via signal
conditioner unit onto one of the channels of the strip
chart recorder. The recorded temperature gives the degree
of superheat of the vapor and it contains the}valuable
information in the input for switching criteria in the case

-
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of multiple surge. ‘ . %

To simulate pure insurge the procedure of introducing

nitrogen is as followed:-

(1)

(2)

(3)

(&)

The water in the hot tank is broﬁght to init;al
specific condition by switching on the 3 K watts
heaters. Water level in the tank is maintained
at about half full by closing valve No.1 during
the start up of the hot tank.

As soon as initiai pressure is reached nitrogen
supply is introduced into the cold tank via
valve No.6 and No.3. The pressuse gage in the
¢old tank should show appr;ximat eading as

in the hot tank.

Valve No.1 is then slowly opened to allow the
water to seek equilibrium inside the two tanks
while at the same time the heaters should be
under the regulation of the temperature con-
troller. 1In this fashion the starting pressure
is maintained in the hot tank.

After equilibrium has been achieved, valve No.>
is closed while regulator valve No.6 is adjusted

to a bigger opening. At this stage, insurge

simulation is ready to start.

(5) To begin the insurge run, valve No.3 is quickly

W
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cracked open, This introduces nitrogen into the
cold tank via the regulating valve No.6. For
fast or slow insurge, the amount of nitrogen can be
controlled by the adjustment on the regulating
valve before the start of the run. Service valves
Nc:.z-..t 7 and 8 are remained close all the time
. while valve No.4 and 5 remain unoperative.
To simulate pure outsurge, steps (1), (2) and 63)
are repeated. This time metering valve No.5 is adjusted
to suitable size orifice, When ON-OFF valve No.l4 is
d
opened, outsurge begins by venting the nitrogen into the
atmosphere.
Multiple surge simulation is achieved by first openipg
valve No.3 followed by valve No.4, However, at no time the

F

two valves are opened simultaneously. /
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3=3 De-airing Procedure forr the Pressurizer

Initial start up of the pressurizer, de-airing proce-
dure is necessary to get rid of the ai; (and moisture) in
the‘space_abov; the water leve1>*4fais is achieved by
first bringing the water to boil. Steam is then allowed
tﬁ escape through valve No,7 which is used for introducing
water into the system. It is noticed that for best result
of de-airing, the valve should be opened and shut in success-
jon. This will allow the pressure to build up and subse-
quently release it. Upon opening of the valve the steam
under pressure will create a partial vacuum which helps
to suck out the air trapped inside the tank. Built-up
steam eventually displaces the air to a negligible amount.

A repetition of five or ;ix crackings of the valve will
be suffice while at all time the valve No.1 connecting the
two tanks remains close,

The other method which involves a connection of a'
vacuum pump to get rid of the air has also been experimenting
on. It is found that there 1s no significant improvement to
the degree of vacuum that one can achieve. For‘simplicity,

the former de-airing procedure is adopted throughout the

rest of the experiment.
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3\< Iastrumentation and Hoasuremenf Technique
(i) Data Acquisition System Sj
Input Scamner Unit HP 2901A easentially consists of =&
stepping switch, control ¢ircuits, output delay switching
circuits and front-panel pushbuthons. Thia scannef unit
performs the main function $o scan selected channels .one at
a time by actiom. of a stoppin itch. When the control
circuit receives an appropriate command, the stepping switch
advances one phannel position. The output delay switching
circuits remove Scanner input signals from output connectors
which are nsed to deliver information to the digit printer.
This output delay function is vital while the stepping switch
ia advancing so that inputs from different channels will not
’Gohcrossing each other. If front-panel pushbuttons for the

nev melected position has been self-latched, the control

circuit directs the output delay circuits to enable the /////

program contact closures at output conmector, to select the
proper output connector, and, after a delay, to connect the
input signal for that channel to that output conﬁector. In
this way the control circuite perform the major functions of
starting the scanner's stepping switch from "Home" to the
tirst preselected channels via front-panel pushbuttons and
of advancinéathe stepping switch from channel to channel.

Digital Recorder has a digital clock incorporated in the

3.16
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unit so that tho-ontpnt of different channels being iiﬂhned

;111 have th; time intornation and channel identification, '
The unit accepts up to 20 columns of L.line-~binary-coded

electrical inputs from one or two data sources and will

print at maximum rate of 20 lines per second. At the rate

of printing out, this is found to be adequate for this

present invéstigétion. *

Measurement resolution is mainly dictated by the auto
ranging features in the digital voltmeter unit. Transducer

outpgts will then have a geasuring accuracy of +.005 mv.




T(11) Floating Measurement and Guarding

In making floating measurement such as an,oufput‘frod
a bridge oifcuit. care should be tﬁken to eliminate common
mode Bource srror, Pressure traﬁadudbj utilising the strain
gage bridge arrangement is an example of floating measurement.
The output of the trénsducer is to be measured as accurately
as possible becaﬁse it is the pressure variation information
in voltage form,

Common mcde source er¥or arises from having the different
ghound 1t the measuring instrument and the ground at the source.
This situation may be caused by voltage drops in the ground
1ines or currents induced into them, An example of this
situation is grounded measurement Fig. 3-h4-ii(a). A new
gource, Ecm, the difference between' grounds is called the
neommon mode source”. This voltage source igg "common" to
_both the hiéh and the ground lines. Common mode current can

go either through Rb or through Ra and Z1. Since Z1 is

usually much larger than ﬁa,‘and since they are both in
parallel with Rb, most of the voltage acfoss Rb will also
appear across Z1. A1l of the common.modo voltage will be
dropped across Rb, 80 the instrument will respond to most of
it causing a change in reading - an error.

Measurements with differences between grounds, or common

mode voltage, are called floating measurements and are said

3,18 : '
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Fig.3-4-ii(a)

Groupded Measurement with a Common Mode Voltage

GUARDED DVM

Fig.3-4-ii{b)

Guard Connection for the Bridge Circuit
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{(iii) Thermocouple Connections

Thers are two common ways of connecting thermocouples.
The first method of connecting thermocouples is to make use
of an extra wire of a type of material (say metal B) forming
A reference‘j&gction with metal A. The thermocouple wires
are connected directly to the voltmeter as shown in sketch

(1). This method may be practical if the thermocouples and

the voltmeter are close to each other, .
REFERENCE JUNCTION
METAL A
| —° o —°
. MEASURING " weTAL A METAL B METAL B copper
~ JUNCTION » o MEASURING A}
\/ VOLTMETER | JUNCTION . "|VOLTMETER

- SKETCH (i)

REFERENCE JUNCTION !
Fig.3-3-iii : ‘

THERMOCOUPLE CONNECTIONs  SHeror ()

The second method is used in- this experiment. Reference
to sketch (ii), the voltmeter is some distance from measuring
junction and therefore copper axtéQder wires are used to

\\.
bridge the gap. The connections betwesn the copper wires

and the thermocouple wires from thermal junctions, These
junctions are held at a constant, uniform temperature and
together from the reference junction for the measurement.
The voltmeter responds to the temperatura'differenca between

the measurement and reference junction,

-
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(iv) Reference Junctions

A commonly used reference temperature is 32°F and most
thermocouple reference tables use this temperature-as a
reference point. This temperature is reproduced easily
(_,,j‘nd accurately with a crusgad jos bath (a mixture of ice
and distilled water)., Throughout this investigation ;nd ) ~y
actual experiment set-up, this simple means in obtaining
reference junction is used. A mixture of crushed ice and
water is kept inside a thermo-flask and thus it maintains
a reference point of 32°F for a long time. ’
Heaauremanf of temperature, however, with signal
conditioning device suéh as HONEYWELL ACCUDATA 106 Thermo-
couple Control and Suppression Unit provides one of the
most important features. Electrical compenmation for . @
changes in cold junction temperature, referen;ing the
thermocouple to 32°F (0°C). The unit has & stablised
reference point for use with various thermocouples.‘ It
uses a temperature sensitive resistor and a bias circuit
to provide electrical compensation for ambient changes in

cold junction temperature.

Thermocouple leadwires from the hot junction are
brought to a compensation block where & conversion to
copper occurs,. Block temperature variation affect the

coid junction, causing an erroneous output signal. A

~ 3.22
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changed resistance produces a voltage equal and opposite to

that generated at the reference .junction, thus cancelling

it and keeping the reference junction electrically at 0°C.
This tyﬁe of reference junction is called a self-

compensation reference. It does not require an ice bath

or constant temperature oven, but generates an appropriate ,'

corrective voltage to compensate for variation in the
reference junctjon temperature. The combined voltage
generated by the reference juﬁction and the self-compen-
saﬁing reference closely duplicates the voltage of an ice
point reference over an sambient temperature of approximately
32°F to 122°F.

Beside the above mentioned feature the unit provides
positive and negative d-c calibration for recorder. It
gives an accurate +imv or -1miésigna1 at +1%. This signal
is applied in series with the input signal, and is switched
in an out'of the circuit with a fronmt panel control.

The last but not the 1egst teature, the unit provides.
stepped and find d-c suppression of thermocouple input.
Thig facility is made available by suppression ¢ircuitry,
and thus permits expansion of temperature measurements to
provide a more accurate view of the area of interest. |

Suppression is provided by ngoarse” and "fine" (step

and continuous) mdjustments. Coarse (step) suppresaion

3.23
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. \
precise current is applied to ‘the compensation resistor.
This resistor changes with temperature variations creat-
ing a potential at the reference junction output which
returns the reference junction to an electrcal 0°C and
cancels the error aignai.

Reference to the simple schematic compensation éircuit
sketch, ambient temperature changes at the reference Junct-
jon are sensed by the compensation resistor e;closed in the
tempgrature blégk, RT1. In the diagram the reference Junct-
ion, measurément junction and the compensation resistance
are represented as e.m.f. sources. If the block tempera-
ture varies, a voltage is generated by the thermocouple
reference {(cold) junction, creating an erronéoua reading
at the control unit output. The compensation r?siatance
RT1, located in the same environment @8 the reference
junction and subjected to‘the same temperature variation,

changes resistance in direct proportion.to ambient tem-

perature variations, The bias voltage applied across this

1

———=n
! ! —o {+)
_—l-—{ | REFERENCE
MEASUREMENT | # R § 1 JUNCTION
JUNCTION 7
' OUTPUT

- BRIDGE l

—0 (-}

. r.'._......-_..

l
|
]
]

Fig. Fl-iv { &) COMPENSATION CIRCUIT SIMPLIFIED SCHEMATIC
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is adjustable in 10mv steps between +0 and +50mv for tem-
perature measurements, and ‘between =40 and +50mv for other
inputs. Fine suppression is controlled with a 22-turn
potenti meter, adjustable from O to 10mv, thus giving &7
full range of control between the step suppression settings,
and extending the total’rahge of suppression from -50 to
+60mv.

In this investigation of insurge runs accurate tem-
perature in terms of degrees of supefheat ig estimated of
the order of 50° at starting initial pressure of 200 p.s.i.g.
With this suppression feature, the input signal going to the
chart recorder is suppressed and therefore the whole span
of the chart is utilized for degrees of superheat recording.

This magnifies the temperature resolution of particular

3
F

area of interest, This temperature measurement clearly
indicates the magnitude of superheat of compressed steam.
The temperature history which is measured by this methed

is mainly used in the switching criteria in the analytical

model for multiple surge.
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! Chapter IV

4-4 Pure Insurge

Both experimental -and theoretical pressure transients
are plotted vs time for duration of 30 seconds and the
result is presented in Fig. 4-1-1, 4.1-2 and 4-1-3, These
gimulation runs are typical experimental value obt;inad
under the same initial condition of about 200 p.s.i.g.
Although the initial change of water level for each run is
different, the amount of water in the beginning of the
insurge is maintained approximately the same. The slope
of water level at the start of the test run is a variable
parameter for these simulation runs. Steeper is the initial
slope of water level signified higher transient flow Ffate.
The numerical value of the initial slope and starting
pressure for each run is presented as followed:-

RUN 22  ALDOT = DERIV (0.065, ALI)

PRESG = 203.87

RUN 23 ALDOT = DERIV (0.097, ALI)
PRESG = 197.34

RUN 24  ALDOT = DERIV (0.030, ALT)
PRESG = 198.67

Experimental data of water level and pressure are
recorded in digital form in mv with the corresponding time
information. Experimental readings are next changed to
the correct units by Conversion Program { App. 1 ). Im

essence the program incorporates all the conversion factors

of the pressuie transducer to convert mv into ped.i.g. for

L1



the pressure information while water level data is trans-
formed into inches of water via Eqn. 3.1.3, Sample of the

Conversion Programme print-out is included in App.2 .

-
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k-2 Pure Outsurge

Experimental and theoretical pressure transients are
plotted as shown in Fig. 4o2-1, 4~2-2 and 4-2-3. These
simulation runs are perf‘ed under star;ting p‘ressure of
about 200 p.s.i.g. The variable parameter is the inif?al
change-of water level. The variation in the slope o; thé
level at the start of thé test run is achieved by adjusting
the orifice of the metering valve. The numerical value of

the initial slope for each run is presented as followed:~

RUN 17  ALDOT
PPO

DERIV (-,201, AL) R
198,23

-

RUN 18 ALDOT
PPO

DERIV (-.105, AL)
200.19

i

RUN 19 ~ ALDOT
PPO

DERIV (-.052, AL)
193.77

nou

It was found from a geries of test runs with different
values of the initial slope that RUN 17, 18 and 19 yield
predietions in pressure transient of different magnitudes
of accuracies. At the start ef the simulation run,

sufficient time is allowed for equilibrium to take place.

Water level on chart recorder is again checked for constant

reading before simulation is initiated.
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4«3 Multiple Surge
| Results of multiple surge (insurge followed by outsurge)

are presented in Fig. k-3-1, h;s-a and 4-3-3, In the insurge

portion of the simulation, the duration is for 60 seconds,

Since the varfable of the change of initial water level for

pure insurge haing the range of values from 0.030 in/sec to

0,097 in/sec are already selected, the same order
\

slope is utilised in the insurge portion.

of initial

The numerical

value of the initial slope for each run is presented as
followed:=-
RUN 32  ALDOT = DERIV (0,10, ALI}
* PRESG = 195,08
RUN 33 ALDOT = DERIV (0.13, ALI)
PRESG = 195.19
qUn 3%  ALDOT = DERIV (0.Ob, ALI)
. PRESG = 197,30

Outsurge porticn
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L4 D#dguasion and Conclusion
Y

Results obtginad for pure insurge RUN No. 22, 23 and 24
show agreement batw?%P tﬁe experimental and predicted pressure
with different magnitudes of accuracy. A consistent trend,
however, shows that experimental pressure is higher than the
predicted pressure, The largest amount of error in prediction
is about 3 p.s.i. and it occurs on RYN No. 23. In térm of the ~

-

maximum deviation from the experimentaf result over the

pressure increase duriné the intervalhthe error estimation is

?bout 29%. The water level change for this run 1313.8 inches

for a duration of 30 seconds while for RUN No. 22 and RUN - J/
No. 24, they are 2.6 inches and 1.4 inches‘re;pectively.

Therefore it is a mhrkeﬁ possibility that greater water' level

change results in ~larger error in prediction for the same

period of duration. A close inspection of the ‘error estimation -~
(Fig.b-4-2)for these runs points to the fact that there is

a certain relationship between the water level change and

* the magnitude of accuracy in prediction.‘ The value of the

initial slope is smallest for RUN No. 24 (.030"/sec) while
. uat the same time it indicates the slowest transient 'flow ' v
rate. The accufacy for this run is almost 10%. RUN No. 22

has an initial Blops”value of .065"/sec and is the second

best while RUK No. 23 which has a value wf .097"/sec yields

a greater error estimation. In essence, therefore, the -
\‘ | - k -. .
S~ o, Th i : '
N p



alow insﬁrge transient flow rate which is a direct indication )
of a ;haller initial slbpe'of the water level will improve -on
the prediction result. The water level change’' for the same
duration if it is small, will have a Blow insurge transient
flow rate. .Consequently, the predfétion will be better.

In actuml experiment performed on insurge for a nuclear
reactor ioop,_the'model ér0posed‘by Moeck (10) was checked
against available data. The obseé;ed pressure rise for some
particular runs Lag higher than that was calculated by his
model which ignored heat ‘transfer. The agreement between
the predicted‘pressure and ogserved result was good.
However, in another gfoups of test runs, hi; model predicted- \
a hiéher pressure than the acttal observed result. This led
to the following dilemma: should heat transfer be included
to obtain a more accurate simulation of the majority of runs,
or should it be agnored in favour of better prediction of
occasional severe transient?

From the experiment results obtained for this project,

this notion of whether to include heat transfep or not is

also noticed. For some of the runs, the predicted pressure

is much higher than the experimental one and have a large

error percentage while in majority cases they are close %to
i ' '

experimental daia. The corrective action that comes into

A

.+ 1light ie to use a correction factor in the heat transfer term.
- H
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This gives a better overall prediction for the pressure.
This is presented in Fig.i4-4-1; RUN No. 22 and RUN No.23
are performed at a higher_&z&yaient flow rate than RUN No.2k
and the error estimations are/of the larger value than RUN
No. 24. With these two rung the above mentioned dilemma

can be partially resolved - at severe transient pressure
insurge which is dictated by fast transient flow rate,
correction factor less than one should be employed. This

is to say heat transfer term should not be ignored but on

a fracti;nal basis. At slow transient flow rate, correctio
factor equal to one }B used for the heat transfer term. n<;\\\
I£ igs the opinion of the write; that a co;rectioﬁ faﬁtor

for heat transfer term should be included for safety

reasons. Fast transient flow rate can be detected by the

valve of the initial slope of water level and any valve

greater than .940 in/sec is considered to be a fast transient
flow rate.

For PURE Outsurge results such as RUN No, 17, 18 and 19
have an opposite trend compared to insurge case,. The
predicted pressure is higher than actual experimental one. '
In RUN No. 17, the water level drops ;E a greater amount than ﬁ?
. other two runs. The prediction error'is emallest in this run.
At the same time the initial slope of the water level bedmg
the steepest gives a better result. Although the dilemma is

. »
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not valid in the outsurge case due to the governing equation
formulation, transient flow rate plays an important and
gimilar role in order to achieve good prediction, During the
actual test runs, this parameter is not monitored, Never-
theless, after several prelimary runs, it is soon found

that the influence of fast outsurge rate is indeed a
governing factor for good prediction uéing the proposed
model. This can be clea£1y noticed in the error estimation
plot. (Fig. 4-4-3)

The qgestion of why the situation arises when one needs
slow transient flow rate for good prediction in|pure insurge
and the opposite for pure outsurge? The answer is that for
slow insurge (i.e. slow transien£ flow rate) sufficient time
is. allowed for heat transfer to take place and equilibrium

is achieved during the whole excursion of the water level.

For the outsurge case, there is no heat transfer mechanism ‘

involved in the model formulation. Although the assumption
for the governing equation requires the process to be
adiabhatic, it turns out that non~equilibrium state occurred
in the fast transient flow rate overrides this assumption
in order to have good agreement in prediction. In other
words a non-eéuilibrium no heat transfer process models

the outsurge case better while a equilibrium with heat N .

o -—

transfer process fits into the pure insurge case.

A
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;nsufée followed by outsurge is a combined situation of
pure insurge and pure outsurge; Typical runs for this case
are RUN No. 32, 33 and 34, [For the first 60 sec., duration,
the insurge portion followed tﬁe same trend ag described in
the above pure'insurgg case, Close agreement is obtained
by virtue of the fact that the initial slope of water level
(i.e. transient flow rate) has to be small., RUN No. 34 has
the most gentle transient flow rate. Therefore, pressure
prediction for the insurge portion of multiple surge is
jidentical to experimental result in the.first 28 seconds.y’
It is in thaﬁhreSPecf slow insurge flow rate allows suf -
ficient time for heat trénsfer to take place through the
pressurizer wall. On the oth;; hand if the water level.
increases rapid;y,'the vapor voldme decreases. FPressure
will iﬁ tﬁrn rise in a faster pace. For the oufsurge
porfion aféer 60 seconds, there is a lot of discrepancy
. petween predicted and exper mental results. Although

faster‘éutsurge rate does help t6 diminish the error
estimation, it does not have the same kind of error

ﬁagnitude as in the 'Pure'! outsurge case. A closer look

-

at the model, one may suspect that the model itself does
‘not have the frovision to account for flashing phenomena
-}

during sudden release of pressure. The combined ‘effect of

great increase in volume and the poor mechanism in

4,19
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transferring heat from liquig into vapor is insufficient to
maintaiﬁ‘pressure drop. In actual experiment time has not
been’ allowed for éduilibriﬁm to take place. Consequently,
multiple surge results do not behave as ideally as one would
expect. |
In épite of this, the information of vapor temperature f/
which serves as a switching creteria betfeen governing
equations, may not be good enough for such purpose; A
close look at the source programme for multiple surge
FUNCTION TEMP is the temperature history for the vapor
1n51de the hot tank. The temperature rises as the insurge
takes place and at the same timg the watqp level increases.
At the end of‘60 seconds duration water level rises to a
maximum height and simulation is reverted to outsurge. The . g

temperature follows the trend of water level. It drops to

initial temperature in about 12 seconds. The switching

criteria which is gmployed in this project, ¢hooses the
outsurge governiug equation for the remainder of the . - ‘
simulation run. The switching is done abruptly and in the
physical 51tuat10n time has not. been allowed for equilibrium
to take Qlace. Referring to Pure Outsurge case, simulation )
taﬁés place only when e&;?iibriﬁﬁ has been achieved..

In earlier work by.Kulkarni, t13) multiple surge
simulatiﬁn by CSMP package temperature is b;ing evaluated

) . _ o . _ CS:“ .
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as soon as ;he water level r?aches the maximum height{”
' This is done by using PV = mR(p;T)T utilising Newton-Raphson -
jteration method. 1In this way every time values of pressuré
and specific volume are Kknown, temperature ﬂécan be established;
As outsﬁrge progresses, it reaches a state aé which temperéture
becomes saturation temperature of corrésponding pressure. The
_switch into outsurge governing equation is.thén implemented.

Such a multiple surge trajectory in T-S diagram is similar

to Fig. 5_h.2, This alternative way of switching did not
- A L

find f%p much success in this investigation with the available*ﬁa

experimental result.

N
<.: g

{



ERROR (%)
o

[y L } - -
b 30 [ <
25 , .
‘ 20 | 0—O RUN 22
.- .o D?—Cl RUN 23
15 - 0% o run24 -
' 2ol " " . -
0‘ ’ n ‘ . \e'._ ) = Q o,
g 5 . . - ..h. ;
- \ f('ER-ESTlMATE
A, - W oog o v - 3
i r e
-5 . UNDER-ESTIMATE p
. -10 l]l.ll' . ] . | : | ‘}\‘ .
-~ 0 5, 10 .18 o .25 30
o, -« TFIME. -(sec)’; _ )
e Fig. b-4-2.Plot of. error estimation for pure insurge e
] \F - . - -‘I
[ " R hl r
v 35 - ‘
30 ¢
h _
25
20 o
15 | & T 0—o0 RUNIT
« O—0O RUNIB
10 "t o—O RUNI9
"

O s

/e | OVER-ESTIMATE . I
O ﬁ; ~ T - : - 5
- : /
T D :
N * . : + - . - »
’ -10 L1 l - l L K I | l
0 5 o -« 15 . 20 25 30
H » TIME  {SEC) _ o ‘
b Fig. f=b—% Plo‘r\_ﬁ?f error g¢stimation for purg outsurge
22 L

.

-



s

9 be increased subatantlally.
/-

-~
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. ' - Chapter V

IHPROVEHENT AND RECOHMENDATION F TURE WORK

Improvements on overall peréhimance of the pressurzzer

can be acqomplished by adding more heaters to countere?

- S

presaura drop. The power ratlng for these heaters has to
-

-

Locatlon of hei;nrs-are also very important., It should

be located at’the bottom of the tank., This has the advantage

- of malntalnlng the whole ‘volume of water being saturated

~—

supply by the heating elements takes piace in a larger volume

[ “

durlng steady state, i.e. the energy is being available for ‘ e
counter-actjihg the presﬁure'fall during the first outsurge ‘
starting frbm'equi}ibrium. However, there are two disad- v
véptages in this 9rfangemen£ - loss of high-tpmﬁerature

water if insurge‘ﬁs to occur first - during outsurge energy

af water in comparison with heaters at higher position

separated by baffle plate, resulting in a slow temperdzure ”

'. ’ )
rise. . Although this feature does not yield benefit with
‘the present model of pressure prediction, it has the flex— f; -

. 1b111ty for future work to accommodate different analytical

e & i

model with heat source.

The size of the pressurizer and the calculation of heat

required to maintain constant pressure during outsurge become
1)

vital design parameters. Physical dimension of the pressurizer

~
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-~

is dictated by mdi;mum ipsurke volume and ontsurge volume,

-

The ratio of to%al‘preésurizer folume to volume of coolant

is.a function of the chéqge of pressurizer from its nominal

LTy

3

£ . ,
value, The choice of correct power rating of these heaters
is governed by the time allowed to restore~to nominal value

during pressure fluctuation. Optimum physical diﬁensioning

of pressurizer and satisfactory choice of heater power mean
cbnsideraple saving when such implementation takes place in

an actual reactor loop. Recommendation for future work in
- N .

this area is worthwhile,

In the new,propoaai of desién arrangement of heaters,
two groups of elements afe used, The okiginal bank of
heaters is employed to bri ﬁ the pressurizer to initial

testing condition, It al/o serves- the purpose of maintain-

ing equilibrium state.  The second group of heaters is

1

! [ .
situated at higher elevation inside the pressurizer and
is used to keep the pressure from falling too low. Baffle

plates and contajinment are also incorporated to improve the

overall performance of the pressurlzer. They are mainly to

achieve better mixing during ipsurge and for faster recovery

L3
~pressure. during outsurge with baffle plates and second
bank of heaters.
Transient Flow Rate 5hould be included and monitored

! : .
in the future improvement phase of this project. This

5.2
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.-
requires addfglonal purcﬁase bf a differentisl—transducer
and an amplifi lug-in unit. The arrangement is very
much similar to' the lgvel-geasureﬁent in the pressurizer,
g%cept this is located on the cold tank, Transient flow
rate is an important parameter whick would affect the

‘accuracy of the prediction of pressuje. For simple and

approximate calculation of transient flow rate tnq\followu

ing difference method can be used. \\
/

by = - Acw Hew(t)-Hew{t- t)
. v At
where .

»

How(t)

1]

the height of water in cold tank atA;ime

Hew(t-At)

the height of water in cold tank at tipe
earlier

—

Acw éross sectional ?rea'of)cold tank

t

t

Hew(t) and Hew(t-Nt) represent thé'level histery of the

water in cold tank. This information.is obtained by the
signal output P of the differential pressure transducer.

The technigue is similar to the measurement of the leyel

history in the pressurizer.

R e

Instrumentation for measurement of pressure, temperature,

water level and transient flow rate requires the new HFIB
3050 system. This provides not only all the data logging
capabilities but it will also control function to induce

differént‘patterns of insurge and outsurge, In this way,

fully automatic operating system is realised, This opeks

543 =~
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to numerous ways of simulation of test runs under different
initial conditions and such automatic control.system suggested.

in Fig. 5=2 presents a financial investment of thousands of
. dollars. ’ '
. | X

& With this new proposal of experimental set-up, multiplé
surge'pf other type é;ch as but;;;ge followed by insurge cemn
‘also be investigated. Additié;al igstallation of immersion
heaters and baffle partitions arrangement wil% help to prevent
drastic drop in prefsure during outsurge stage. At the begin-
ning of insﬁrge, puffer tank serves a useful purpose of?
minimising mixing/effect of cold water in the pressurizer.

¥

It is also velidved that water level history excursion will

- behave in a ?uch entle fashion.

Prelimary test runs on outsurge followed by insufge
simulation were per brmea. Prediction :0f pressure transieﬁt
wfs n sqfiéfacto . \Exifting governing equations did A Y
not yield close agreement with experimental r?sults. In
light of this new propoéal of process control and apparatus
modification, the writer believes that the laboratory size
surge tank ‘has the ﬁotential to accommodate future develop-

F -
ment of analytlcal models and would be able to verify these

T
mode é under ‘different operating condltlons. (
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