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PRTHRUST and PRTHRUST-J1 ==— Computer Codes
%)

for Calculating Blowdewn Thrust Force

*
Noriyuki MIYAZAKI, Jutaro KOGO

Division of Reactor Safety, Tokai Research Establishment, JAERT
{Received Sepfémber 22, 1980)

This paper describes the outlines of PRTHRUST code and PRTHRUST-J1
code which is a modification of the former one. This paper alsc presents
some numerical examples in order to show the effectiveness of PRTHRUST-J1
cede.,

PRTHRUST code can calculate transient blowdewn thrust force and jet
impingement force resulting from a postulated pipe rupture. This code,
however, has the following limitations; (1) The region from break point to
first elbow must be modeled by one control volume. (2) Only the blowdown
thrust force at fhe firsﬁ elbow can be obtained. Then, PETHRUST code was so
modified as to model the system mofe:precisely'and analyze the pipe rupture
test performed in JAERI. This mddified code is named PRTHRUST-J1.

The two problems of the saturated steam blowdown and the jet test
performed in JAERI were solved by PRTHRUST-J1 code. The results of the former
analysis were compared with those of the simplified method by Moody. In the
latter apalysis, it was examined how the difference of modeling the system

influenped on the results.

Keywords : PRTHRUST Code, PRTHRUST-~J1 Code, Blowdown Thrust Force,

Jet Impingement Force, Pipe Rupture Test

#) This work was performed under contract between the Science and
Technology Agency of Japan and JAERT to demonstrate the'safety for
pipe rupture of the'primary coolant'circuits'ih nuclear power plants.

*) Nuclear Data Corporation.
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1. Introduction

Both jet tests and pipe whip tests are performed with the facilities
for the pipe rupture test(l) in JAERI. In the jet tests, the guillotine
break of a pipe is caused by breaking rupture disk attached to the end of
the pipe. The main measurement items of the jet tests are blowdown thrust
force and jet impingement force. The former is measured by the load cell
attached to the elbow of the pipe. The latter is measured by the target
installed in front of the discharging end of the pipe. PRTHRUST code(z),
which was developed by Nuclear Service Corporation, was introduced in JAERI
to evaluate the blowdown thrust force and jet impingement force obtained
from the jet tests, and the driving force of the pipe whipping. This code,
however, has the following limitations;

(1) The region from break point to first elbow must be modeled by one
-control volume.
(2) Only the blowdown thrust force at the first elbow can be obtained.

Then, the thrust force caused by propagation of pressure wave cannot

be calculated.

In the preliminary test performed in October through November, 1978,
the jet tests were implemented with a pneumatic stop valve as shown in
Fig.l. Discharging jet was controlled by the valve to which the discharg-
ing nozzle was connected. The blowdown thrust force was measured by the
load cell WU1lll. 1In calculating the blowdown thrust force of this system,
the stop valve and reducers which exist between the break point and first
elbow should be modeled. It is, however, difficult to do so in the
analysis with PRTHRUST code, because the region from the break point to
the first elbow must be modeled by one control volume.

PRTHRUST code was so modified as to analyze the jet tests including
the preliminary test. This modified code is named PRTHRUST-J1 code. In
PRTHRUST-J1 code, the region from the break point to the first elbow can
be divided into the plural numbers of control volume. Therefore,
PRTHRUST-J1 code may deal with the complicated system including valves and
reducers in the region from the break point to the first elbow.
PRTHRUST-J1 code may also calculate the blowdown thrust forces not only at
the first elbow but also at the other ones. Moreover, the ramp character-
istics of valve operation are newly included in this code. The accelera—
tion term of blowdown thrust force and the discharging ccefficient were

also made change in PRTHRUST-J1 code.

_1_
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In this report, Section 2 describes the outline of PRTHRUST code..
In Section 3, the outline of PRTHRUST-J1 code is presented in relation to
the modification of PRTHRUST code. The calculational examples of the
saturated steam blowdown and the jet test performed in JAERI are included
in Section 4 in order to show the effectiveness of PRTHRUST-J1 code. The
concluding remarks are described in Section 5, together with some future
problems. Moreover, the input format of PRTHRUST-J1 code are given in

APPENDIX.

o

Y
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2. Qutline of PRTHRUST Code

PRTHRUST code is a modification of RELAP-3 code(B)

, 8 loss of coolant
accident code. The modification consists of incorporating the blowdown
thrust force and jet impingement force equations into RELAP-3 code and
eliminating the thermal effect parts of reactor core and heat exchangers
from this code. These eliminated parts are thought to have little effect
on the blowdown thrust force and jet impingement force, because these

forces are important during a few seconds after a pipe breaks.

2.1 Modelling of PRTHRUST code

The modelling of PRTHRUST code is the same as RELAP-3 code, since
PRTHRUST code is based on RELAP-3 code. _ _

In PRTHRUST code, the fluid system is modeled as an assemblage of
control volumes interconnected by flow paths called junctions. Control
volumes are used to model such components as pressure vessels, steam
generators, heat exchangers and piping volumes. On the other hand, junc-
tions are used to interconnect contrel volumes and may include control
valves, check valves, fills, pumps and leaks. 200 control volumes and 250
junctions may be used to model the fluid system in PRTHRUST code, The
control volume including leak junction is called break volume. The break
volume geometory gives directly effects on the calculated results of blow-
down thrust force. Therefore, PRTHRUST code recommends the following

guideline in selecting break volume according to the break type.

(a) Circumferential Break

For the circumferential (guillotine) breaks, break volume should
extend from the break junction to the first elbow, as shown in Fig.2-1.
Fifty percent (50 %) of the break volume inertia (I./A) and zero percent
(0 %) of the frictional loss term (KJUN) should be applied to the break
junctien. KJUN of the break junction is calculated in the program from

the orifice equation.

{b) Longitudial and Crack Break

For the longitudial and crack breaks, the break volume should extend
two pipe diameters in each direction from the center of the break, as
shown in Fig.2-2, One hundred percent (100 %) of the break volume inertia

(L/A) and zero percent (0 %) of the friction loss term (KJUN) should be
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applied to the break junction. KJUN of the break junction is internally
generated in the program. For the small longitudial or crack breaks with
break area less than 25 % of the pipe area, the following break volume

inertia should be used

L_Dp (L)
A Ag
where DP = pipe diameter
Ap = break area .

2.2 Basic Equations

The basic equations are the equations of mass, energy and momentum
balance, and equation of blowdown thrust force.

Mass and energy balance in each control volume are given as fellows:

» Mass balance

dMi _ ].%] - (2)
dt i=1 ij

* Energy balance

dyy N
rale .Z wijhij _ (3)
j=1
in which
Mi = total mass in volume i \
wij = mass flow rate into volume i through junction j
U; = energy in volume i _ 8
hij = entﬁalpy of flowing fluid into volume i through
junction j
N = number of junctions in volume i

Heat input into volume i is neglected in eq.(3) because of short term

analysis.

Junction flows are calculated from one-dimensional momentum equation:

1 g, dWj W | W
. @ ) = (Pi—Pi_,_l)'l'APp"'JJJVj pdz-J—lj—l— (4)

where
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8 = gravitational conversion constant

£ . . . .

n = junction inertia

wj = average flow rate from volume i to volume i+l

through junction j
(Pij-Pi+l) = thermodynamic pressure differential across the

fluid contained in the flow volume

APP = pump head
JIV pdz = gravitational head across fluid column
J
Kj = net friction coefficient including normal

friction losses

pj = fluid density at junction

The following Moody's two-phase choked flow model(a)

is used to cal-

culate a limiting (choked) mass flow:

wchoke = Achoke fn(Po’ ho) (5)
in which
W = maximum junction flow rate
choke
Achoke = minimum area in junction
fn = mass flux as a function of stagnation pressure P, and

enthalpy h,

The flow through the junction is chosen as the smaller of the inertial
flow calculated from eq.(4) and the choked flow given by eq.(5). Moody's
model also defines the static pressure existing at throat.

The blowdown thrust force caused by discharging fluid is calculated
based on the momentum equation applied to the break junction of the break

control volume., From Reference (4), p.18,

d pvdV p{veda)v
IF = F-F, = — Sﬁ —+ﬂ B (6)
P de c.v. B¢ c.s. Be

where

LF sum of external forces acting on fluid control volume

blowdown thrust force

]

]

pressure force

time

rt
L]
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o] = density
v = velocity
c,v. = fluid contrel volume
Vv = volume

= area
g. = gravitational constant
c.s. = fluid control surface

Transposing terms in eq.(6) results in the simplified equation,

F=F +F +F (7)
a m P
in which,
Fa = acceleration force (wave thrust)
dfff pvdV
= £ AL (8
dt c.v. 8¢ ' )
F, = momentum force =v[7- plveda)v (9)
c.s, gc
Fp = pressure force = A(Pe—-Pa) | {10)
P, = static exit {(throat)  pressure
P, = ambient pressure

Blowdown thrust force can be obtained by appling eq.(7) to the break
volume.
The wave thrust, Fa, is caused by the change in momentum with time

within the break volume and can be approximated by:

_ AMv)

Fo = At (g ) (11)
c
where
At = time increment
M = mass

The momentum force, F , represents momentum flow from the break

volume and can be approximated by

where v is the exit velocity from the leak junction determined from Moody's
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model or the momentum equaticn given in eq.(4).

The pressure force, F given by the eq.(10) has a positive value,

p’
when flow is choked at the leak junctiom. Otherwise, the pressure force
term is equal to zero because of the equality of P, and P,.

The jet impingement force, JF’ is given as follows:
J.=F_+F (13)
The pressure in the control volume, Pi’ is determined from the follow-
ing equation through an iterative process.

U Vs _ .
h, = T+ P, (=9 (14)
i Mi 1 Mi

in which

=2
]

i enthalpy

(Vi/Mi) = gpecific volume
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3. Outline of PRTHRUST-J1 code

PRTHRUST code was so changed as to analyze the pipe rupture test
performed in JAERI. In the modified code, PRTHRUST-J1,

(1) the blowdown thrust force at the arbitrary elbow in the pipe line
can be calculated and obtained in the form of plotterroutput,

(2) the blowdown thrust force at the first elbow can be obtained in
the three separate terms of acceleration force (wave thrust),
momentum force and pressure force, and each term camn be obtained
in the form of plotter output,

(3) the ramp characteristics of valve operation are so included to
the control valve (trip type: i6“’i10)(*) to analyze the preliminary
jet test using stop valve, and

(4) new options are added to the discharging coefficient and the

procedure for calculating wave thrust.

The detailed description of modification from PRTHRUST code to PRTHRUST-J1

code are given in this section.

3.1 Procedure for Calculating Blowdown Thrust Force

The procedure for calculating blowdown thrust force discussed in
Ref.(6) is presented here.

Now, considering a segment of contained fluid as shown in Fig.3, the
£1uid forces which may act upon the container enclosing a fluid are the

local pressures and shear forces as

f=jf pndSy +jj Td Sy (15)
Sy Sw

where
F = total unbalanced force acting on the pipe
Sy = wetted surface of container
T = local shear force
p = local static pressure
n = local surface normal unit vector

The momentum equation for the contreol volume shown in Fig.3 is given as

follows,

{x) Referred to APPENDIX

=Y
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;—ﬂf@dv +ﬂ E(pE-EI) ds +f[ ll3(;35-5) ds
t v 8¢ Sl 8¢ 1 1 S, g 2 2

[od
=_ﬂ; pndsw—fs Tdsw—ﬂs p n, dS) —ﬂ’s p,m, ds,
W W 1 2
pg K
-ff[ 2 4v (16)
v gc

in which

= gravitational acceleration

1]

= gravitational constant

(]

= control volume
= time

fluid density
= control surface
= local velocity

= local surface normal unit vector

& Bl eg]lvn T M < @m 0%
I

= unit vector orientation for gravitation

and subscripts 1 and 2 represent the values on the control surfaces 51 and
S, shown in Fig.3. The left hand side of eq.(l6) gives the moﬁentum
change rate. On the other hand, each term in the right hand side of
eq.(16) represents the pressure applied by wetted walls, shear force sup-
i plied by surface friction, pressure applied by adjoing fluid, and gravity
as the only body force, respectively., Using eq.(16) in eq.(13), the force

acting on the container due to fluid is given as follows.

B =ff pnds, +f[ Tdsy
Sy Sy

3 u = .4 5
- q oy Jffvpgc dv +[[Sl [p1 ny + 2 (pu n)l] d?l

oy 0ga —
+ffsz [y * 5 (ouem), 145, +fj:(r S Ew ) (17)

Next, by assuming that u and p are uniform with radius at any time

and axial position, a mass flow rate which is dependent only upon length
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2 and time t, is defined as
g(t,)m = q(t, %) = p(t,)ult,2)AR) (18)

where m is the unit vector along pipe axis and directs towards positive
flow. Then, ms*n is equal to 1 on the control surfaces S and Sj.
Substituting eq.(18) into eq.(17) and neglecting the gravity term in

eq.(17), the following equation is obtained.

—F=%H A—g-;dV+[p;{ + Ugn) ]lﬁs ds
1

pATE .
S_HLE_

Using the relation m{men) 1 on the control surfaces Sl and SZ’ eq.(19)

becomes

’5’
&
+
=
+

h

+ [p + ——9———] An (20)

in which A denotes pipe area. For simplicity, we define an area weighted

average mass flow rate as
G =f (q/A)dz/ (1/A)dR - (21)
2 )

Then, the acceleration term in eq.(20) is transformed as

—%f]fv (ﬁ-)dv=§;ffA [cf2 ‘f‘ [fff Ac1V] Bt (22)

For convenience, a force equivalent area, FEA, is defined for the pipe

within V as

FEA=[[[.£dV/f Lag (23)
oy A g &

Considering that j(%fdg is equal to I(inertia), eq.(20) becomes as follows.

8
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_ 2
_F=é]-_---FEA-I¢aG J—_]
c

_ q
+ {p + pAzgc]z A2 5 (24

The FEA defined by eq.(23) is easily simplified for the following cases.

(i) wWhen there is no area change in the region along %, the expressions

for FEA and I are simplified to:

FEA = J]- di{( dg = %— = A (constant area) (25)
I £

_ 1 _ X
I—-LAdJL—A (26)

(i) Where A may be assumed constant over each of K subdivision of &,

the expression reduces to simply

FEA ﬂ?dv/y' lf ----- *If) I

= (2, + 2, + ——- +2K)/I (27)

(ii) In general, with A known as a specific function £(&), such as at a

reducer or wventuri,

FEA =.ﬁv QAY/IQ d% - 2//}2’ sl as (28)

Appling eq.(24) to the system model of Fig.4 yields

P

3G,
“F, = FEA, I, - —— 1 + [ p+ —3— 1 (A n)
i i7ig, 9t i pA2 ;oL i1
2 2
+ 1 p+——1 (An) (29)
PACg 1 .1
C 1+§ 1+-2-

Lo ; , . . , 1 :
in which i designates such a junction that 1 * o are the volume centers.
The pressure and momentum terms will cancel at the internal junctions by

incrementing i in the above equation. Therefore, the blowdown thrust force

at the first elbow is given by
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1 771 = q T
= - = I, — —— m, . .
RT § F. = IFEA . m, + [p + zgc]ex1t CAn)exlt (30)

where & means the summation from break junction to first elbow and ( )exit
i .

denotes the value at the break junction. The above equation is written in

the following form by using Junction Acceleration Pressure Difference,

DELA, ,

2
- oy 9 .
RT EFEAiDELAij@i + (AP + oAgc)exit n_ it (31)

in which DELA; is calculated in PRTHRUST code and given by
1
DELA, = — I, —— (32)
i g,

Therefore? the acceleration term FA, the momentum term FM and the pressure

term FP are respectively given by

RT = FA + FM + FP (33)

36, _

FA = E FEA ., Il > ar N
= EFEAiDELAiEi ' (34)

i
P -

M = (DAgC ™ oxit (35)
FP = (ApE)exit (36)

when flow is choked at the break junction, FP becomes

FP = Aexit (pe-pa) (37)

because the local static exit pressure p, is greater than the ambient
pressure p_,. Except at the first elbow, the blowdown thrust force is
equal to the wave thrust FA as follows

oG,

1.__
i3t ™

RT = FA ;FEAiI

1

ZFEAiDELAiE& (39)
i

bk,
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in which Z means the summation for‘the junctions in the straight pipe
section. *

In PRTHRUST-J1 code, eqs.(33) through (36) are used for calculating
blowdown thrust force at the first elbow, while eq.(39) is used for other
elbows. Therefore, the following Minor Edit Variables are added in
PRTHRUST-J1 code.

(i) FA : Acceleration term of thrust force (wave thrust)
(#i) FM : Momentum term of thrust force
(i) FP : Pressure term of thrust force
(%) RT : Thrust force = FA + FM + FP
(v) SE : Specific volume at the throat
(vi) PR : Pressure at the throat

Up to 36 variables abovementioned may be defined in PRTHRUST-J1 code.

The input format is given in APPENDIX. The variables FM, FP and RT are
defined only for the leak junction. The results of FA, FM, FP and RT can
be obtained in the form of plotter output. For some problems, unreasona-
ble oscillation appears in RT and FA, The Hanning's window method is used

in PRTHRUST-J1 to smooth the plotter output,

3.2 Introduction of Ramp Characteristics to Control Valves

The step—function type operation is assumed for the control valve
(trip type : +6 ~ +10) in PRTHRUST code. It is'impossible to analyze the
preliminary jet test with stop valve because this valve opens approxi-
mately linearly with time. Therefore, the ramp characteristics of valve
operation shown in Figs.5-1 and 5-2 were introduced in PRTHRUST-J1 code.
The following input data are required in order to introduce the ramp
characteristics to the control valve.

(1) Ke ¢ Friction ccefficient when a valve is fully open

(1) T, : Operation time of valve

(i) A, : Area of flow path when a valve is fully open
By using the above values, the friction coefficient K during valve opera-
tion is given by

(1) Opening operation : K = K¢ (%é)z (40)

(fi) Closing operation : K = K¢ {1 - (%r)z} (41)
In eqs. (40) and (41), A denotes the area of flow path during valve

operation.
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3.3 New Option for Calculating Wave Thrust

In PRTHRUST code, wave thrust FA is taken equal to zero when flow is
choked. However, this is thought to be unreasonable, because in the
choked flow a mass flow is not always constant with time and FA may have
some value other than zero. Therefore, the new option is added to
PRTHRUST-J1 code in order to calculate FA according to eq.(34) for the
choked flow.

3.4 Introduction of Discharging Coefficient for Each Junction

In PRTHRUST code, the mass flow discharged from the leak junction is
adjusted by multipling the discharging coefficient (or contraction coeffi-
cient), CNCO, into the cross-sectional area at the leak junction. The
physical meaning of this coefficient is that the flow area is less than
the cross-sectional area of piping at the break point. In spite of this
physical meaning, the discharging coefficient is so selected as to agree
with experimental data(7). Eqs.(34) through (36) also show that the
acceleration, momentum and pressure terms of blowdown thrust force are
directly affected by reducing thercrOSSasectional area at the break point.
Therefore, the new discharging éoefficient, DISCO, was introduced in
PRTHRUST-J1 in order to reduce the critical mass flow rate obtained from
Moody's model instead of reducing the cross—sectional area of the leak
junction. DISCO can be defined not only at the leak junction but also at
the other ones so as to analyze the preliminary jet tests where choking

will occur at the other location than the leak junction.
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4, Numerical Examples

Two numerical examples analyzed by PRTHRUST-J1 code are shown in this

section.

4.1 Analysis of Saturated Steam Blowdown

The first numerical example is the problem of saturated steam blow-
down from the piping system shown in Fig.6, the results of which are given
by Moody(S). The area and total length of piping are assumed to be 100 in?
and 160 ft. long, respectively. The piping is composed of.the three seg-
ments of straight piping, the lengths of which are 64 ft., 32 ft. and.

64 ft. long, respectively. The volume of pressure vessel is assumed to be
larger enough than that of piping. Imitially, saturated steam of 1000 psia
is contained in this system. . The area of break point increases with time
and fully opens after the time of 0.02 sec. This problem was analyzed by
both PRTHRUST code and PRTHRUST-J1 code and the results were compared with
each other. Fig.7 shows the volume divisions of sample problem. In the
volume division for PRTHRUST code, the region from the break point to the
first elbow was modeled by one volume and four volumes were taken to

divide the total system. In case of the analysis by PRTHRUST-J1 code, the
total system was approximated by 26 control volumes.

Figs.8-1 and 8-2 show the blowdown thrust force and jet impingement
force obtained by PRTHRUST code. The same results obtained by PRTHRUST-JI
code are given in Figs.9-1 and 9-2, Fig.9-3 through Fig.9-5 show the wave
thrust, momentum force and pressure force of F,, respectively. Furthermore,
Figs.9-6 and 9-7 show the wave thrusts of F, and F,, respectively. 1In
case of the analysis by PRTHRUST-J1, FA is not taken equal to zero for the
choked junction and the option of smoothing the output of plotter is also
used, Fairly large difference can be found between the results by PRTHRUST
code (Figs.8-1 and 8-2) and those by PRTHRUST-J1 code (Figs.9-1 and 9-2).

Next, the results by PRTHRUST-J1 code are compared with those of the

simplified method by Moody. The simplified method gives the summatiomn of
B,initial (= ™M, itial
+ FP, .., .), initial acceleration force, FA, . . ., and initial thrust
initial initial
force, RT. ... .,
initial

= 0,68 P A = 68000 b
o f

initial momentum force and pressure force, F

as follows.

F ,
B,initial
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Ay riap = 0:32 PA = 32000 b ]

RT, srial = B, initial T Tinirian - 100000 2bg
in which P and A denote initial pressure and break area, respectively.

This method also gives the time of emergence of wave thrust as follows,

assuming that the snoic velocity C, is 1600 fps in the saturated steam.

(1) Propagation toward Pressure Vessel Segment No. Containing Wave
0<t< %i = I%ga-= 0.04 sec 1
0.04 < t < L%zfz - 1280 = 0.06 sec 2
0.06 < t < L£+E2+L3 = fggg = 0.10 sec 3

{2) Propagation toward Break Point Segment No. Containing Wave
0.10< t< Iﬂ+ﬁi:2L3 = 22 - 0,14 sec 3
0.14<t< L1+2ii:+L3) - fﬁg; = 0.16 sec 2
0.16<t< Z(LJT::+L3) = £§33A= 0.20 sec 1

It takes about 0.29 sec to reach steady state by the Moody's estimation.

The thrust force at the steady state, RT , 1s alsoc given as follows.

steady

RT = 1.22 P_A = 122000 fbg

steady

From Figs.9-3, 9-6 and 9-7, PRTHRUST-J1 code provides good agreement with
the simplified method by Moody in the time of emergence of wave thrust.
Fairly good agreement is also found in the initial thrust force and wave
force between these two calculations. It can be seen from Figs.9-3 and
9-6 that the second peak of wave thrust is smaller than the first ome,
The reason is that wave damps when it enters pressure vessel through
piping.

The results without using the option of smoothing the output of
plotter are presented in Fig.10-1 through Fig.1l0-7 for the same problem as
shown in Fig.9-1 through Fig.9-7. Some oscillations are found in the wave
thrust after the time of 0.16 sec, as shown in Figs.10-1, 10-3, 10-6 and

10-7. These oscillation are thought to be not the physical phenomenon
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but the numerical one, because these were moderated when the smaller time
increments were used for calculation. Comparing Fig.10-1 through Fig.l1l0-7
with Fig.9-1 through Fig.9-7, the oscillations found in wave thrust are
eliminated and the effect of reflective wave propagating from pressure
vessel to break point is, therefore, clarified.

The results of the sample problem are shown in Fig.11l-1 through
Fig.11-7 for the case of which acceleration terms are taken equal to zero
for the choked junctions. In these figures, the plotter outputs are
smoothed by Hanning's windowing method. In this sample problem, flow is
choked at the junctions far from the leak junctiom. Therefore, the second
peaks of wave thrusts F, and F, are smaller than those of Figs.9-3 and 9-6
in which the acceleration terms are not taken equal to zero for the choked

junctions.

4.2 Analysis of Preliminary Jet Tests

In this section, the analytical results obtained by PRTHRUST-J1 are
(9)

shown for one of the preliminary jet tests, RUN NO.5314 These tests
were performed by using the test facilities shown in Fig.l. The main test
ﬁarameters for RUN NO.5314 are given in Table 1. In the preliminary jet
tests, discharging jet was controlled by the stop valve. Fig.12 shows the
variation of pressure measured by the pressure transducer attached to the
discharging nozzle PU112. From the sudden increase of pressure from the
time of 0.45 sec to 0.57 sec shown in Fig.l12, it is assumed for the analy-
sis by PRTHRUST-J1 that the stop valve starts to open at the time of
0.45 sec and opens fully at the time of 0.57 sec. Fig.1l3 shows the pipe
line layout. This pipe line is divided into 16 volumes as shown in Fig.l4.
The stop valve is located at the junction of 13.
The analyses were implemented for the following models.
(1) Model 1 : The leak junction was assumed to open linearly with time
and was fully open at the time of 0.12 sec (= 0.57 sec - 0.45 sec),
It was also assumed that, at the junction of 13 where the stop valve
was located, friction loss factor was given in order to consider
the pressure drop due to this valve. The stop valve used in the
preliminary tests was Y-pattern globe valve whose stem had inclination
of 50 degrees from flow path. The equivalent friction coefficient for

this type of valve was decided from Crane's Handbook(lo).
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{2) Model 2 : The ramp characteristics of the yalvewdescribed in the
secpion 3.2 were used for the stop valve and the leak junction was
assumed to open instanteneously at the time of 0 sec. Although
Model 2 is more real than Model 1, it remains uncertainty for
Model 2 how to aséume the initial condition for the volumes between
the leak junctioﬂ and the junction containing the stép valve.

Then, the following two model were considered.

(i) Model 2-1 : In these volumes, water of 20 °C was assumed to be
filled on the level of 5 mm, above which the air of 1.03 kg/cm’a
was assumed to be contained.

(i) Model 2-2 : Saturated steaﬁ of 100 °C was assumed to be

contained in these volumes.

It 1s reasonable to assume the two-phase state with certain quality as a
initial state of these volumes, because the stop valve was partially open
before the time of 0.45 sec, as shown in Fig.l2. However, it is impossible
to know this two phase state, precisely. The analytical results presented
in this section were obtained by using the option of calculating accelera-
tion terms for the choked junctions.

Fig.15-1 through Fig.15-7 show the results for Model 1. The wave
thrust (Fig.l5-4) and pressure force (Fig.15-5) are found to increase
linearly with time as the stop valve becomes open and to reach constant
when this valve is fully open. The wave thrusts at the first and second
elbows (Figs.15-3 and 15-6), and pressure vessel (Fig.15~7) show more
complicated behaviors than the momentum and pressure forces. It can be
seen from these figures that the wave thrust appears at the time of 0 sec
for the first elbow, 0.08 sec for the second elbow and 0.1 sec for the
pressure vessel, respectively. The reason for time delay described above
is that the wave thrust is caused by the propagation of pressure wave.

The results for Model 2-1 and Model 2-2 are shown in Fig.l6-1 through
Fig.16-7 and Fig.l7-1 through Fig.17-7, respectively. Compared with the
results for Model 1, the following differences are found.

(i) The jet impingement force (Fig.15-2) and the pressure and momentum
terms of thrust force at the first elbow start to increase at the
time of O sec for Model 1, while time delay is found for Model 2.
These start to increase at the time of 0.03 sec for Model 2-1
(Figs.16-2, 16-4 and 16-5) and 0.0l sec for Model 2-2 (Figs.17-2,
17-4 and 17-5), respectively.
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(i) The wave thrusts at the second elbow and pressure vessel begin to
appear earlier for Model 2 (Figs.l6-6, 16-7, 17-6 and 17-7) than
for Model 1 (Figs.15-6 and 15-7).

The reasons for item (i) are as follows. For Model 2, in the earlier
stage of discharge, extremely small flow is caused, because low pressure
such as 1.03 kg/cmza is assumed for the volumes between the stop valve and
break point; and flow is choked at the inner junctions due to the flow
restriction by the stop valve. Therefore, in the earlier stage of dis-
charge, momentum force and pressure force have, respectively, very small
and zero values for Model 2. For Model 2, the choked junctions move from
the junction of 13 to leak junction with time. The time of 0.03 sec for
Model 2-1 and 0.01 sec for Model 2-2 means the time when a flow is choked
at the leak junction.

On the other hand, the reason fbr item (i) is as follows. For Model
1, decompression wave is generated at the bfeaking point, while at the
location of the stop valve for Model 2, Then, the pipe length effective
in wave propagation is shorter for Model 2 than for Model 1.

Next, Model 2-1 1is compared with Model 2-2. There is found to be
large difference in the wave thrust at the first elbow (Figs.16-3 and 17-3)
between these two model, which affects the thrust force at the same elbow
(Figs.16-1 and 17-1). However, the difference becomes small after the
time of 0.075 sec. This is because all fluid initially contained between
the stop valve and break point are discharged during this time and, after-
wards, the wave thrust is not affected by the difference of the initial
condition, It is also found that there are no differences in the wave
thrusts at the second elbow and pressure vessel.

Fig.18 shows the thrust force measured by the load cell WUIll for
RUN NO.5314, 1t can be seen from this figure that the thrust force has
maximum value of 2.2 ton and average value of 1.8 ton. The results by
PRTHRUST-J1 code provide larger value for any model than the experimental
one. Modification of critical mass flow by discharging coefficient would
be required in order that analytical results may agree well with experi-
mental ones. This type of modification was used for the blowdown analyses
by RELAP-3 code(7). The results are givern for Model 1 and Model 2-2 with
the discharging coefficient DISCO described in the sectiom 3.4. Fig.19-1
through Fig.19-7 and Fig.20-1 through Fig.20-7 show the results for Model 1

with DISCO of 0.8 and 0.6, respectively. The momentum terms of thrust
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force F, for these cases are smaller, compared with Fig.15-1 through
Fig.15-7 which are the results for DISCO = 1.0. This is because discharg-
ing rate of momentum is smaller due to multipling critical mass flow rate
by DISCO. Fig.21-1 through Fig.21-7 and Fig.22-1 through Fig.22-7 show
the results for Model 2 with DISCO of 0.8 and 0.6, respectively. The same

tendencies as model 1 can be seen for Model 2.

5. Concluding Remarks

The outlines of PRTHRUST bo&e and PRTHRUST-J1 code are described in
this paper. Two numerical examples are presented in order to show the
effectiveness of PRTHRUST-J1 code.

The numerical evaluation of blowdown thrust force obtained from
experiment can be performed by using PRTHRUST-J1 code. The driving force
of pipe whipping can Be also calculated by this code.

PRTHRUST-J1 code or PRTHRUST code is based on RELAP-3 code, so that
momentum flux term is omitted in momentum equation. This term has an
effect on the blowdown behavior, when the flow area changes abruptly at
such locations as reducers and junction of pressure vessel and piping(ll).
Therefore, momentum flux term should be introduced in PRTHRUST-J1 code.

The calculation scheme of blowdown thrust force described in the
section 3.1 can be easily introduced in the code for calculating subcooled
decompression analysis in PWR LOCA such as DEPCO—MULTI(IZ). The code for
calculating blowdown thrust force in subcooled water blowdown will be

required, since this type of experiment will be also performed in the pipe

rupture tests in JAERI.
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force F, for these cases are smaller, compared with Fig.15-1 through
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ing rate of momentum is smaller due to multipling critical mass flow rate
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APPENDIX PRTHRUST-J1 INPUT DATA

PRTHRUST-J1 input data are given in this appendix. Units for input

quantities are shown in parentheses ( ) for the English System and in [

for the Metric System.

Card Set (1) Title Card (one card)

FORMAT :

18A4, 2A4

At least one nonblank character must appear somewhere in columns

1-72. This title is also used as the force plot title,

Card Set (2) Problem Dimension Card (one card)

This card set establishes program control for reading data input.

FORMAT :

N1
N2

N3

N4

N5

N6

N7
N8

N9

N10

0
NEDT

NTC

NTR

NVOL

NBUB

NJUN
NPMPC

NCKV

NLK

1213,

9x, I3, 9%, 12, 11, 12, 2I4, 211

Number of minor edit variables desired. See Card
Set (3-1). (1 .< NEDI < 9)

Number of time step cards. See Card Set (4).

(1 < NTC < 20)

Number of trip control cards. See Card Set (5).
(1 < NTR < 20)

Number of control volume cards. See Card Set (6).
(1 < NVOL < 200)

Number of bubble parameter set cards. A set may be
used in several volumes. See Card Set (7).

(0 < NBUB < 5)

Number of junction or flow path cards.

Number of pump curves. A curve may be used for more
than one junction. See Card Sets (9) and (10).

(0 < NPMPC < 5)

Number of check valve type cards. A paramefer set
may be used for more than one junction. See Card
Set (11). (0 < NCKV < 5)

Number of normalized leak area vs. time curves.
May be used many times. See Card Set (12).

(0 < NLK < 5)
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N1l = NFLL = Number of fill system curves. May be used many times.
See Card Set (13). (0 < NFLL < 5) |
N12 = NRFE = Number of additional minor edit variables desired.
See card Set (3-2). (0 < NRFE < 36)
N13 = UNITS = 0 or blank, English Units will be used for input and
output.
= 1, Metric Units will be used for input and output.
N14 = IPLSM = Number of applications of smoothing plotter output.
(0 < IPLSM < 99)
N15 = IPLF = 0 or blank, plotter output will be obtained.

= 1, Plotter output will not be obtained.

N16 = TIDBG = Debugging print will be obtained, when IDBG is set
equal to 99.
N17 = NSTP1 = Number of time step at which debugging print starts.

N18 = NSTP2 = Number of time step at which debugging print stops.
N19 = ISWCA = 0
N20 = SWFLOW = 0 or blank, Acceleration term of thrust force is
taken equal to (0 for choked junctions.
= 1, Acceleration term of thrust force is calculated

from Eq.(34) for choked junctions.

Card Set (3-1) Minor Edit Variable Cards (one card)

This card set established variables to be printed.

FORMAT : 9(1X, A2, I3)

1-3 4-6 7-9 10-12 13-15 16-18
loxt | N1 | x2 | N2 | X3 | N3 | ———m———m-

X1, X2, X3, etc
N1, N2, N3, etc

Minor edit variable symbdl.

Number of volume or junction for which data

is to be printed.
Note : The leak force (LF) to be calculated and plotted must be
listed first, Maximum number of minor edits is nine and
parameters which can be selected from the list of variables

are as follows.
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Symbol of available minor edit variables

Symbol Variable (with reference to a specific control volume
number 1 < N1 < NVOL)

AP Average pressure
™ Total mass
TE ~ Total energy
AT ' Average temperature
AR Average density
AH Average enthalpy
AX Average quality
BM Bubble mass
ML Mixture level
VF Specific volume of fluid
VG Specific volume of gas
HF Specific enthalpy of fluid
HG Specific enthalpy of gas
TS Saturation temperature
PS Saturation pressure
WM Liquid mass
Symbol Variable (with referemnce to a specific junction number

1 < N1 < NJUN)

LF Blowdown thrust force at the first elbow
JW Junction flow

JH Jet impingement force

JX Junction quality

D .Total pressure differential

FD Pressure differential due to friction

ED Pressure differential due to elevation

PD Pressure differential due to pump

AD Pressure differential due to acceleration

Card Set (3-2) Additional Minor Edit Variable Cards

FORMAT:
First card 9(1X, A2, I3)

1-3 4-6 7-9 10-12 13-15 16-18
|x1|N1[x2|N2|x3\N3| __________
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Second card 9(I3, 13)

Jgs1 | JEL | Jgs2 | JE2 | JS3 | JE3 |-—-m———-

In the first card,

Additional minor edit variable symbol,.

X1, X2, X3, etc.

Number of junction which data is to be

N1, N2, N3, etc.
printed.

The following minor edit variables are added to PRTHRUST-J1 code.

Symbol Variable
FA Acceleration term of blowdown thrust force
™ Momentum term of blowdown thrust force
FP Pressure term of blowdown thrust force
RT FA + FM + FP
SE Specific volume at throat junctieon
PR Pressure at throat junction

On the other hand, the second card defines the start and end junctions

of the pipe segments where blowdown thrust force generate.
Js1, JS2, JS3, etc.
JE1, JE2, JE3, etc.

Number of start junction of pipe segment.

Number of end junction of pipe segment.

A pair of the first and second cards may define up to 9 additional
minor edit variables and up to 4 pairs may be set. If NRFE is equal to
zero on Card Set (2) of Problem Dimension Card, skip this card set.

Note : 1, The junction number, Ni, defined in the first card must be
contained in the junction numbers, JSi and JEi, defined in the
second card.

2. The minor edit variable LF which is originally contained in
PRTHRUST code is effective to calculate and plot the blowdown
thrust force for only one leak junction. If there are plural
leak junctions, the additiqnal minor edit variables must be
defined on this card set to calculate and plot the blowdown
thrust forces for these junctions. |

3. If RT is calculated and plotted, LF must be given on the
Card Set (3-1).

4., Sample input data are given as follows for the model shown in

Fig.A-1.
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.

Fi Fe Fo Fj3 Fy Fs F+

RT 5|RT 29|FA 8 |FA 14 |FA 17 |FA 23 |FA 24
1 5|29 34| 6 8| 9 14|15 1718 23|28 24

All remaining card set except for Card Set (5) use the following
FORMAT : 413, 6E10.6, 2a4
1-3 4-6 7-9 10-12 13-22 23 62 63-72 73
| N1 ) N2 | N3 | N4 | X1 | -—mmmmee- | x6 | 1 |

1f fewer than four integers are required, the remaining integer fields are
left blank. If more card are required to fill the tables, a similar format

is used:

1-3 4-6 7-9 10-12 13-22 23 62 63-72 73
| l | r | x7 | - | x12 | 1D

Card Set (4) Time Step Cards (NTIC cards)

This card set establishes the time steps used in the computation and
printing frequency.
N1 Number of time steps per minor edit.
(0 is interpreted as 1) Normally O.
N2 Number of minor edits per major edit.
(0 is interpreted as 50) Normally O.
X1  DELTM Time step size (seconds). (0 < DELTM)
X2 TLAST

End of current time step data (seconds}).

(TLAST; 4 < TLAST{)

Card Set (5) Trip Comntrol Cards (NTR cards)

This card set is used to set up actions based on specific parameter
values.
FORMAT : 4I3, 2E10.6, 6X, A4, 3E10.6
N1l IDTRP = Action to be taken (1 < IDTRP < 10)
1 = End of problem

2 = Open leaks
4 = Trip pumps
% =" Start fills

6 - 10 = Open (or close) valves, up to 5 valves may he defined
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and tripped by different trip controls,
N2 IDSIG = Signal being compared. (1 §_|IDSIG| < 9)

1 = Elapsed time  + = HIGH, - = LOW

4 = Pressure (Vol.N3) + = HIGH, - = LOW

5 = Mixture Level (Vol.N3) + = HIGH, - = LOW

6 = Liquid Level (Vol.N3) + = HIGH, - = LOW

7 = Water Temperature (Vol.N3) + = HIGH, - = LOW
9 = Flow Rate (JUNC.N3) + = HIGH, - = LOW

N3 IX1 = Volume index number: where trip pressure, mixture level,
liquid level, or water temperature is measured.
Or:

Junction index number where trip flow is measured.

N4 1X2 = If pressure or temperature differentials are used for
trip control (IDSIG = 4, -4, 7, or -7), this is the
number of the second volume, i.e., AP = P(IXl)-P(IXZ)'

X1 SETPT = The setpoint value of the wvariable at which the trip
occurs., SETPT Units are as follows:

IDSIG VALUE SETPT UNITS
1 Elapsed Time seconds
4 Pressure © (psia) [kg/cmz]
5 Mixture Level . (feet) [m]
6 Liquid Level - - - (feet) [m]
7 Water Temperature (°F) [°C}
9 Flow Rate (#b/sec.) [kg/sec.]

X2 DELAY = The delay time for initiating the action after reaching

the setpoint value.

The following data are added to the above ones, when the valve definded

by N1 has ramp characteristics of operation.

39 col, - 42 col, The four characters, RAMP, are written.

43 cel, - 52 col. Time of ramp operation. (sec.)

53 col. - 62 col. Flow area when valve is fully open. (ft?) [m?]

63 col, -72 col, = Friction coefficient when valve is fully open.
(2bg-sec?/bg-fti-1n?) | sec”_

cmém?

Card Set (6) Control Volume Data Cards (NVOL cards)

This card set defines volume geometry and initial conditions.

.._27_
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N1  IBUB = Bubble data index. If IBUB = 0, a homogeneous mixture

il

is assumed. If IBUB > 0, phase separation is calculated
based on bubble data input in card set (7).
(0 < IBUB < NRBUB)

X1 P = Pressure. (0.1 <P < 3206.2psi)
[0.007031 < P < 225.4 kg/cm®]

X2 TEMP = Temperature or quality of mixture. Quality must be
input as a negative number, such that O. §7|QUAL\ < 1.0
(32 < °F < 5600) [0. < °C < 3093.3]
(Quality : dimensionless).

X3 V= Volume (ft*)[m®]. (0. < V)

X4  ZVOL = Volume height from bottom to top.

X5 ZM = Mixture level from bottom of volume. (ft)[m].
(0. < ZM < ZVOL)
Liquid phase : ZM = 0. 1is interpreted as ZM = ZVOL.

Liquid phase : 0. < ZM < ZVOL implies an air head over

the liquid.
X6 ELEV = Elevation at bottom of the wvolume. (ft)[m].
Set {(7) Bubble Data Cards (NBUB cards)

Card

This card set is used to define the 2 phase separation model.
X1 ALPH
X2 VBUB

1]

Bubble gradient parameter (dimensionless). (0. < ALPH)

Bubble velocity (ft/sec.)[m/sec.]. (0 < VBUB)

Bubble data set number O is built into the program. This data set
defines ALPH = 0.0 and VBUB = 0.0. It is recommended that bubble
data set number O be used for piping while a bubble data set with
ALPH = 0.8 and VBUB = (3 ft/sec.)[0.914 m/sec.] be used for plenums
and tanks.

Set (8) Junction Data Cards (NJUN cards)

This card set defines flow network, location of pumps, valves, fills,

leaks and restrictions, pressure losses, fluid inertia, and initial

conditions.
N1 IWl = Volume index at junction inlet. (0 < IWl < NVOL)
N2 IW2 = Volume index at junction exit. (0 < IW2 < NVOL)
N3 IPUMP = (a) For IWL > 0 and IW2 > 0 : Pump index where

0 < IPUMP < NPMPC,
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For IPUMP = 0 the juriction is a normal junction,
(b) For IWl > O and IW2 < 0 : Leak index where
1 < IPUMP < NLK. |
(¢) For IWL > 0 and IW2 > 0 : Fill index where
1 < IPUMP < NFLL.
(d) IWl < 0 and IW2 < O defines a null junction and
is not normally used.
N4 IVALVE = Valve index where 0 < |[IVALVE| < NCKV or
6 < |IVALVE| < 10
{(a) IVALVE = 0 for no valve.
(b) 1 < IVALVE < NCKV defines a type 1 check valve with
the characteristics defined by IVALVE data.
(c) NCKV < IVALVE < - 1 defines a type 2 check valve
with the characteristics defined by IVALVE data.
(d) 6 < IVALVE < 10 defines an initially open valve

which closes under trip control.

(e) -10 < IVALVE < -6 sames as (d) above except
valve is initially -closed and opens under trip
control.

X1 WP = Initial flow (Zb/sec.){kg/sec.]. Positive flow is
defined as flow going from Volume IWl to Volume IWZ.

X2 AJUN = Minimum flow area (ft?)[m?]. Minimum flow area is
used for the choked flow calculation.
{a) For IWl > 0 and IW2 > 0, AJUN = 0.0 implies no
restriction.
{b) For IWl > 0 and IWZ < 0, AJUN =.O._O is interpreted

. as 1 for leakage.

(¢) For IWl < 0 and IW2 > 0, AJUN = 0.0 is interpreted
as 1 for filling.
(d) For IWl < 0 and IW2 < 0, AJUN is ignored.

X3 ZJUN = Junction elevation (ft)[m].

(a) For IW1l > O and IW2 > 0O, ZJUN mus £ lie betweeﬁ

bottom and top of both inlet and exit volumes,

(b) For IWl > O and IW2 < 0, ZJUN must be between

bottom and top of inlet volume,

(¢c) For IWl < 0 and IW2 > O, ZJUN must be between
- bottom and top of exit volume.

(d) For IWl < 0 and IWZ < 0, ZJUN is ignored.
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X4  INERTA = Junction effective L/A (ft7!)[m '}. (INERTA > 0.0)
X5 KJUN = Friction coefficient (lbf—Seczllbmffts—in%) { jsﬁ:a .
(0. < KJUN)
(a) IWl1 > 0 and IW2 > O
KJUN = 0, defines option where value will be
computed by the program from the pressure drop
data. Must give positive answer, otherwise job
will be terminated. It is recommended that KJUN
be input from hand calculation.
(b) IW1I < 0
KJUN is ingored.
(¢) IW2 < 0
If KJUN < 0, then KJUN is calculated internally
from the orifice equation,
KJUN = L 5 (English)
144 g, 2(AJUN)
1 ,
~ 10000 g, 2(AJUN)? [Metric]
X6 DISCO = Contraction coefficient defined at each junction
(dimensionless). (0. < DISCO). DISCC = 0 is interpreted
as DISCO = 1.0.
Set (9) Pump Coastdown Cards (one curve if NPMPC > 0}

must

This card set defines the pump coastdown characteristics and is a

if card set (10) is included in the input deck.

N1 NPUCD = Number of data points. If NPUCD > O, interpolation
only will be performed. If NPUCD < 0, extrapolation
as well as interpolatioﬁ will be performed.

(2 < |NPUCD| < 20)

X1 CAVCON = Cavitation constant (dimensionless)

X3 TIMEl = (sec)

X4 MULTIPLIER1 (dimensionless)

X5 TIME?Z

X6 MULTIPLIER2

X7 TIME3

X8 MULTIPLIER3

where TIME]l < TIME2 < TIME3 < —-—-———-——=
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Card Set (10) Pump Head Cards (NPMPC curyes)

This card set defines the pump operating characteristics and is

required if card set (9) is included.

Card

N1

N2

N3

X1

X2

X3

X4

X5

X6

where

NPUMP

IX

Iy

SPUMP
FPUMP

FLOW1
HEAD1
FLOW2
HEAD2

etc.

= Number of data points. 1If NPUMP positive, interpolation
only will be performed. If negative, extrapolation will
also be done. (2 < |NPUMP| < 20)

= Flow variable type.
IX < 0, (&b/sec.)[kg/sec.]
IX > 0, (gal/min)[liters/min]

= Head variable type.
IY < 0, (Rb/in%)[kg/cmz]
IY > 0, (ft)[m]

= Net positive suction head (ft)[m].

= Shutdown friction coefficient (Rbf—seczfﬂbm-ft3—in?)
[sec?/cm?m®].

= (&b/sec or gal/min)[kg/sec or liters/min].

= (4b/in? or ft)[kg/cm® or m]

FLOWl < FLOWZ2 < —wm———————

Set (11) Check Valve Cards (NCKV cards)

Card

This card set defines check valve operating characteristics.

X1
X2

X3

X4

PCV =
CVl =

cv2 =

Ccv3 =

Back pressure for closure (%b/in?) [kg/cm?].

Forward flow friction coefficient (Rbf-seczfgbm—ft3—in%)
[sec?/cm?m®].

Reverse flow friction coefficient, valve open
(Rbf-secz/ﬁbmﬂftaﬂin%)[sedzlcmzma].

Reverse flow friction coefficient, valve closed

(Rbf—seczllbm-fta—in%){secz/cm2m3].

Set (12) Leak Set Cards (NLK curves)

This card defines the break junction characteristics.

N1
N2

NAREA

= Number of data point. (2 < NAREA < 20)

ICHOKE = Leak type.

ICHOKE < 0, no liquid phase choking.
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ICHOKE > 0, liquid phase choking allowed.

X1 SINK = Sink pressure (b/in?) [kg/cm?].

X2 CONCO = 1,0

X3 TIME1L = (sec)

X4  AREAlL = (ft?, normalized and dimensionless if AJUN > 0)
[m?, normalized and dimensionless if AJUN > 0].

X5 TIMEZ

X6 AREA2

etc.

where TIMEl < TIME2 € —————=———-

Set (13) Fill Set Cards (NFLL curves)

Card

This card defines the fill' junction characteristics.

N1 NFILL Number of data points. If NFILL positive, only

interpolation will be performed. If negative,

extrapolation will also be done. (2 < NFILL 5_20)
N2 IX = Independent variable.

IX = 0, time.

IX > 0, pressure (Pyg) + Pgrav)-

IX < 0, differential pressure (onl + Pgrav - Pfill)'
N3 IY = Flow type.

Iy < 0, (Qb/sec/in%)[kg/sec/mz].

1Yy > 0, (gal/min/ftz)[liters/min/mz].

Pressure in fill reservoir, (psia)[kg/cmz].

X1 FILPRS
X2 TFILTEM

]

Temperature (°F > 32)[°C > 0] or quality in fill
reservoir. Quality must be input as a negative number
such that 0; f_]Qual| < 1.
X3 TIMEl or PRESSUREL = (sec or 2b/in?) [sec or kg/cm?].
X4 TFLOWL = (Ub/sec/ft? or gal/min/ftz)[kg/sec/m2 or liters/min/m?].
X5 FLOW2
etc.,

where TIME1l < TIMEZ2 < —-——=——————

or PRESSURE < PRESSUREZ < —————————=

Set (14) End Card (1 card, optional)

Column 1 through 72 blank. Omit this card if another problem follows.
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Table 1 Test Conditions for RUN No, 5314 of

Preliminary Jet Test

TEST MODE

BWR

BREAK LOCATION

Lower Nozzle

BREAK DIAMETER

66,9mm (3B, schl60)

PRESSURE IN

65Kg/cm’a

PRESSURE VESSEL
TEMERATURE IN

280°C
PRESSURE VESSEL
WATER LEVEL

4,8m
BEFORE DISCHARGE
WATER LEVEL

2.93m
AFTER DISCHARGE
DURATION OF

16sec
DISCHARGE
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L ‘
1st Elbow— }
| ?/Breok Volume Q
X
/‘r-’ \Breck Junction
Junction—]
>

Fig. 2-1 PRTHRUST Break Volume for Circumferential Breaks.

L
20p __ 20p /—Break Junction

1 -
,‘\ V/’/\

I
. ; Break Volume{ )

N/ Syt

e

-~ Junctions

Fig. 2-2 PRTHRUST Break Volume for Longitudinal and
Crack Breaks. '
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Fig. 3 Flow and Force Elements for a Segment of Contained

Fluid.
i-f,1,i+1,i+2 ----- + Junction
i -1/2,i+1/2 --—- : Volume Center
'
g
(XD | lﬂﬁ+p
| E > 1+2
o
e
Te—fm () |m
/4;——-——1 m; hﬂh+1
i-1 I u :
A A v i+
i
i-ir2 Ai+1/2

Fig. 4 PRTIHRUST-J1 Flow Path and State Control Volumes.
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00

§ TIME t
Delay Ramp
Time Time=Tr

Set Time

Fig. 5-1 Ramp Characteristic When Valve Opens,

g
<I
é 1. :
< |
O |
Ll [
N |

i
g .

0. -
§ TIME t
Delay Ramp
Time Time=Tr

Set Time

Fig. 5-2 Ramp Characteristic When Valve Closes.
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A =100 in?

L= 64 ft.

PQ"‘" 1000DS|G [

———— "

Fa
Lo 3218, Fz

.__.F_-J-—-—‘

JENNS— 4

L,=64 ft. Blowdown

Fy,Fa,Fs= Blowdown Thrust Force

Fig. 6 Sample Problem of Steam Blowdown.

! | 2 & ,
PRTHRUST Model
3

f,2,---- [ Voilume
®, 2, - . Junction 4 ]
® @
@000 00O
1 j2]3[a[s[e[7]s8[sTfo];
&)
g PRTHRUST - J1 Mode!
B
STize]19 [20]21]22[23]24]25]26)
©@ 9@ 636925 %

Fig. 7 Volume Divisions of Sample Problem,
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