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Blowdown Force Analysis of Piping System under

LOCA Conditions Using BLOWDOWN Code
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The BLOWDOWN code was developed for the blowdown force analysis of
the piping system under the LOCA conditions, This is a post-processor
of the thermal-hydraulic analysis code RELAP4/MOD6. The results obtain-—
ed from the RELAP4/MOD6 code are converted into the Blowdown forces by
the BLOWDOWN code.

In the paper is described the outline of the BLOWDOWN -code.

Some numerical examples are also presented to show the effectiveness

and limitation of the code.

Keywords: BLOWDOWN Cede, Blowdown Force, Post Processor,
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1. Introduction

The loss—of-coolant accident, LOCA, must be taken into account in
designing nuclear power plants. This accident is assumed to be trigger-
ed by an instantaneous pipe rupture. The dynamic motion of the pipe
called pipe whip will be caused by the blowdown force acting on the
ruptured pipe, if an instantaneous pilpe rupture occurs. In LWR nuclear
power plants, pipe whip restraints are installed to limit the movement
of the whipping pipe and to protect such surrounding structures as the
piping and containment against pipe whipping. In designing the piping
of nuclear power plants, the pipe whip analysis of the pipe-restraint
system is implemented by using a finite element structural analysis
code, The time history of the blowdown force is required in such an
analysis.

The RELAP4/MOD6 code

hydraulic transients under the LOCA conditions. This code provides all

[1]

is widely used to analyze the thermal-

the quantities required for calculating the blowdown force.
The BLOWDOWN code, a post-processor of the RELAP4/MOD6 code, was develop-
ed for the blowdown force analysis of the piping system under the LOCA

sk
[21¢+) and the REPIPE code[B] have

conditions, The PRTHRUST-JIl code
been already developed for the calculation of the blowdown force.
The PRTHRUST-J1 code is based on the RELAP3 code for the thermal-
hydraulic analysis and uses the method proposed by Strong and Bahiere[a]
to calculate the blowdown force. On the other hand, the REPIPE code is
a post-processor of the RELAP4 code and uses the method propesed by
Moody[5] for the calculation of the blowdown force. The blowdown force
at a bend pipe is, however, not exactly dealt with in these codes.
Namely, the fluid force due to the momentum change at the bend pipe 1s
not taken into consideration. Therefore, the exact formulation is given
in the BLOWDOWN code to calculate the blowdown force at the bend pipe.
In order to show the effectiveness and limitation of the code,
several numerical analyses were performed by the BLOWDOWN code and

those results were compared with those of other analyses or the

experiments.

(%) The PRTHRUST-J1 code is a modified version of the PRTHRUST 1.0 code
developed by Quadrex Corporation
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2. Theoretical Background of the BLOWDOWN Code

The basic equation is the following Navier-Stokes equation,

D {g_‘: + (uegrad)u} = pg-grad(p) + u{V?u + grad(divw)}

- Agrad{divu) (1)

The following equation can be obtained by integrating eq.(l) over a
control volume V, together with using the equation of continuity and

the Gauss' divergence theorem.

.?_f ou dv +f ou(u-n)ds
at v S

= - pnds - ws + 9 pdv (2)
5 5 v

Now, let us consider a control volume as shown in Fig.l, where the
surface S is divided into three parts S, S5, and Ss3. Considering that
the product of the vectors U and N is zero on the surface 53 and the
shear force T is also zero on the surfaces S; and Sz, the right-hand

side of eq.(2) becomes as follows:

- phdsS - tds + § pdv
/S v

5
Sg S3 Sl 52

(3}

The fluid force acting on the pipe wall R is represented as follows:

R =f pn,dS, +f TdS; (4)
S, S,

Substituting egs.(2)(3) into eq.(4} and neglecting the term containing

g lead to the following equatiomn.

"R = - %f pudv —f P N, dS, _f p N,ds,
v 5. Sy
fs

Now, let us apply eq.(5) to a straight pipe volume, a bend pipe velume

p U, (u,n,)ds,; —j p u,(u,en;)ds, (5)
SZ

1
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and a open end volume shown in Fig.Z.
(1) Straight pipe volume

Figure 2(a) shows a straight pipe volume, whose length and flow
area are & and A, respectively. Let us assume that 0 is constant in
the volume and that W and p are constant in a cross section and vary
linearly along the flow direction. Then, each term of eq.(5) is given
as follows:

3 j
~ == | puav
ot v

u +u

] L 3
- = 1‘ = — _— ..._l._.._._..,z-.
E {ap ] lu|del AL = {p 5 }

o . .
= - %— {plu; +u,) + o, +d,)} (6)
'_f PN, ds, _f pn,ds, = A(p, ~p,) . (7)
5, S,
-v}- ou, (U, *n,)ds, —,/. U, (U, n,)ds, = Ap(u,® -u,®) (8)
S S
1 2

Substituting eqs.(6), (7) and (8) into eq.(5) leads to the following

equation.

R = - %g‘. {E)(ul+u2) + p(ﬁl"rﬁz)}

b

+ A(Pl_pz) + Ap(ul2 -u22) (9)

(i) Bend pipe volume

A bend pipe volume is shown in Fig.2(b), in which A, r and ¥ denote
the flow area, the radius and angle of the bend pipe, respectively.
The local xy coordinate system is taken as shown in the figure.
Considering that p is constant in the volume, the first term of the

right-hand side of eq.(5) can be written as follows:

R, = - aif pudv = -[ (Pu + pl)dv
S AY v

L
= - Ar (pu + pa)ds (10)
_w )

in which a denotes the acceleration vector. The velocity U and
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acceleration @ at the bend pipe can be expressed in terms of the polar
coordinate and the orthogonal Cartesian coordinate as follows:

Polar coordinate

u_ 0

u = = . (11)
u8 r@
s ] [

d = = . (12)
g rf

Orthogonal Cartesian coordinate

u -8 sinb

u = = . ' {13)
u 8 cost
Y
a '—rézcose - risin® -

a=9 " p- . . (14)
ay -r8%3inf + rHcosh

5 and 9 can be written in terms of the velocities and accelerations at
the inlet and outlet of the bend pipe, assuming that they vary linearly

along the flow direction, as follows:

s 1 ,uptu {u, -u.,)

0= 22_ 1211;28} (15)
\

T 4. +4d (¢, -1.)

B = ;_{ 1 > 2 _ 12w 2’ 53 (16)

The following relations given in eqs.(11) and (12) are also used to

derive the above equations.

By substituting eqs.(13) and (14) into eq.(10) and using egs.(l5) and

— 4 —
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(16), each component of R; is calculated as

(R,)
Rl = x
®,)

5(u1-u2)(sinw-wcosw)

Ar
Y
+ 52 [(u v u)? sinw+wi2 (u, - u,)2 (2cosy + (Y2-2)siny]
é%B (dl-ﬁz)(sinw-wcosw)

2

. .. A .
- Arp(u, +u,)siny + 7§'(u1 -uzz)(81nw - Yeosy)

-~ Arp(u, +u,)sind )
an

The second term of the right-hand side of eq.(5) is given by

R, = ~ JZ pndS = -4pn (18)
1

Thus, the each component of R; can be expressed by

(R,) Ap, siny
R, = = ' (19)
(R2)y Ap, cosy

Similarly, the components of other terms of eq.(5) can be given as

follows:

(R,) Ap, siny

R, = *= (20)
(Ra)y -Ap, cosy
(R,) Apul2 siny

R, = - (21)

2

(Ru)y Apu, © cosy
(Rg) Apu22 siny

R, = L G (22)
(Rs)y —Apu22 cosy



JAERI-M 82-124

Finally, each component of the fluid force acting on the bend pipe is

expressed as follows:

RX
R =
R
y
[ _ %} 6(u1-u2)(sinw-wcosw) ]
+ %? [(u1'+uz)25inw-%12.(u1-u2)2(2wcosw+'(wz-Z)sinw)]
Y

- %B (uy - u,) (siny ~ Yeosy)

- Aré(ul-Puz)sinwi-éB (ulz-uzz)(sinw-wcosw)

¥
- Arp(dld-ﬁz)sinw-PA(pl-pz)cosw

+ Ap(ulz-uzz)cosw )

(23)

(i) Open end volume

Figure 2(c) shows a open end volume, Considering that V is equal

to zero for a open end volume, eg.(5) is simplified as
= _ - 2 -
R = -4 fo, =) +u (o, ), (24)

The blowdown force at an arbitrary location can be obtained from
eqs.(9), (23) and (24) by summing up the values pertinent to the volumes
concerned. Equations (9), (23) and (24) are given in terms of the
local coordinate system denoted by xyz. Therefore, the coordinate
transformation to a common global one denoted by XYZ is required to sum
up the blowdown forces. The global coordinate fluid ferce RG is related

with the local coordinate one RL as follows:

R, = TRy (25)
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in which T denotes the matrix for transformation from xyz to XYZ and

is given by

Ta, TB and TY

cosQ

sinc

vhere @, B and Yy denote

-sind
cosdl

0

0
cosy

siny

—siny

cOs

in eq.(26) are written as follows:

cosP
0

sinf

)

o

(26)
-sinB
0
cosf
{(27)

the angle between x and X axes, etc.
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3. Structure of the BLOWDOWN Code

Figure 3 shows the flow chart for the BLOWDOWN code. In the first
place, the thermal-hydraulic analysis is carried out by the RELAP4/MOD6
code to obtain the quantities required for calculating the blowdown

(%)

forces, which are written down in the tape , Unit FT1l, and are
preserved for the calculation of the blowdown forces. In the BLOWDOWN
code, the preceding results are read from the tape, Unit FT11, and these
are converted into the blowdown forces. The BLOWDOWN code comsists of
two parts. One is for calculating and editing the blowdown forces and
another is for pletting the results. The results are transferred from
the former part to the latter cne by meéns of the tape, Unit FT12,

This tape is alsc used as an output tape. In the following are shown

the formats of the input and output tapes of the BLOWDOWN codes.

(i) Input tape Unit: FT11
Record Description Number of words
1 NVOL, NJUN 2
2 TIME, PCR NVOL x 2 + NJUNC + 3

(p(1), T=1, NVOL)
(RHO(I), I=1, NVOL),

3 Repeat for each time
. step
NVéL = pumber of volumes
NJUN = number of junctions
TIME = time
PCR = pressure at the break end
P(I) = pressure

REO(I) = density
V(I) = velocity

(i) Output tape Unit: FT12
Record Description . MNumber of words
1 Time, NPOIN NPOINT x 3 + 2

((F(1,3), I=1,3),
J=1, NPOINT)

2 Repeat for each time step

NPOINT = number of output points

(%) Tape means magnetic tape, disk and MSS
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F(i,J) = blowdown force
i=1l : x—component
i=2 : y—component

i=3 : z-component
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4. Input Cards
4.1 Outline of input cards

The following six types of the input cards are required for the
BLOWDOWN code.
(1) TITLE cards

These cards give the title for printing and plotting the results.

(2) CONTROL cards

These cards define the basic data for running the program.

(3} VOLUME cards

These cards define the geometries of the volumes.

{4) EDIT cards

These cards define the data for editting the blowdown forces.

(5) PLOT cards

These cards define the data for plotting the blowdown forces.

(6} END card

This card indicates the end of the data.

Each card described above is recognized by the Heading card, which
is followed by the data. The characters which describe the type of the
card, TITLE, CONTROL, etc.,, must be written from the first colume in
the Heading card. The sequence of the TITLE card through the EDIT
cards is arbitrary, but the PLOT cards must be placed after the EDIT
cards. Figure 4 shows the input data of the BLOWDOWN code.

4.2 Formats of input cards

The format of each input card is shown in this section.
The signs I, F and A in parentheses indicate the integer variable, real
variable and character variable, respectively,

(1) TITLE cards

card ne, |columes | variable | entry
1 ] 1- 5 IHED (A) | Enter the five characters
I "TITLE"
- : (%1)
2 | 1-80 |TITLE (&) | Enter the title

(*1) This title is also used as the titles for printing
and plotting the results.

— 10 —
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(2) CONTROL cards
card no. | columes | variable entry
1 1- 7 THED {(A) | Enter the seven characters
"CONTROL"
2 1-10 | TSTART (F) | Time at the start of the blowdown
force calculation (sec)
11 -20 TEND (F) | Time at the end of the blowdown
force calculation (sec)
21 -30 (DT (F) | Time step increment (sec)
31 - 35 | KPR(1) (I) | Interval for printing the blowdown
force for volume
EQ.0: no printing
36 — 40 | KPR(2) (I} | Interval for printing the blowdown
force for edit point
EQ.0: no printing
(3) VOLUME cards
card no. | columes | variable entry
1 1- 6 THED (A) | Enter the six characters
"YOLUME"
%
2 1- 5 IVOL (I) | Volume number( L)
7 ITYPE (A} | Type of volume
EQ.S: straight pipe volume
EQ.R: bend pipe volume
EQ.%: open end volume
11~ 15 J1 (1) | Junction n%gbﬁr at one end of
the volume' 2
16 - 20 J2 {I) | Junction number at other end of
the volume
21-30 | A (F} | Flow area (m?)
31 -40 | ELR (F) | Pipe length for the straight pipe
volume and bend radius for the
bend pipe volume
41 =50 | PHI (¥) | tme-half of the angle for the
bend pipe volume (degree)
51 -60 | ALPHA (F) | o | Angles between the local
_ coordinate system and the global
61-70 | BETA (F)| 8 global coordinate system (degree)
71 -80 | cAMMA (F) | v

The VOLUME data are terminated when IVOL is equal to -1.

Figures 5(a) through 5(c) show the definitions of the notations used in

the straight pipe volume, bend pipe volume and open end volume,

respectively.
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(*1) The volume number of a containment volume must be given
for an open end volume.

{*#2) The junction number of an open end must be given for an

open end volume,

{4) EDIT cards

card no. | columes variable entry
1 1- 4 THED (A) | Enter the four characters
"EDIT"
2 1- 5 IPOINT {I) | Edit number

6 —-10 NVOLS (I)! Number of volumes to be
added (£ 50)

11 -15 | XxvoL(1l) (1)
16 - 20 | KvoL(2) (I)

. . .
. . .
.

.

70 -80 | KvonL(14) (1)
Volume number to be

(Next card) added
11 -15 KVOL(15) (I}
16 — 20 | KVOL(16) (I)

The EDIT data are terminated when IPOINT is equal to -1.

(5) PLOT cards

card no. | columes | wvariable entry

1 1- 4 THED (A) | Enter the four characters "PLOT"

6 -10 | KPRINT (I) | Interval for printing the results
' £Q.0: nc printing

11 - 30 STITLE (A) | Subtitle
%
31 - 40 TMIN (F) | Minimum value of abscissa (sec)( L)

41 - 50 TMAX (F) | Maximum value of abscissa (sec)(*l)
51 -60 | VMIN (F) | Minimum value of ordinate (KN)(*l)
61 -70 | vMAX  (F) | Maximum value of ordinate (KN)(*l)
2 1- 5 IPGINT (I) | Edit number defined in the EDIT
cards

7-10 | ICOMP (A) | Component of the blowdown force

for plotting

EQ.X: x—component of the blowdown
force (Fy)




JAERI-M g2-124

(5) PLOT cards (continued)

card no. | columes | variable entry
2 7-10 | IcoMP (A) | EQ.Y: y-component of the blowdown
force (Fy)
£G.2: z-component of the blowdown
force (Fy)
EQ.D: vFx? + Fy? + F?

The PLOT data are terminated when IPQINT is equal to -1l.

(*¥1) The ranges of abscissa and ordinate are determined automatically,

if these data are omitted.

4.3 Limitations of the BLOWDOWN ceode

The limitations of the BLOWDOWN code are given in the following.

Number of volumes = 200

Number of junctions £ 200

Number of output points £ 200

Number of volumes per one output point = 50
Number of output steps £ 1000

Number of plot points per one figure < 10
Number of components per one plot point £ 4
Number of plot lines per one figure £ 20

- 13 -
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5. Numerical Examples and Discussion
5.1 Saturated steam blowdown

The first numerical example is the problem of saturated steam
blowdown from the piping system shown in Fig.6, the results of which
were given by Moody.[6]
assumed to be 0.06452 m®(100 in®) and 48.77 m(l60 ft), respectively.

The flow area and length of the piping are

The piping is composed of three segments of the straight piping, the
lengths of which are 19.51 m(64 ft), 9.75 m(32 ft) and 19.51 m(é4 ft),
respectively. Compared with that of piping, the volume of a source
tank is large enough to keep its pressure constant during the blowdown.
The source tank and the piping contain saturated steam at 6.89 MPa
(1000 psia). As shown in Fig.6, the system was modeled with 21
junctions and 22 volumes.

Three critical flow models were used in the thermal-hydraulic
analysis by the RELAP4/MOD6 code. These were the Moody model, the
homogeneous equilibrium model and the sonic model. Figures 7(a) through
7(c) show the blowdown forces obtained from the RELAP4/BLOWDOWN.

In these figures, the solid line and the broken like denote the results
of the detailed analysis using the method of characteristics and that
of the simplified analysis, both of which were obtained by Moody,
respectively. The results of the present analysis using the Moody
model and the homogeneous eguilibrium model indicate relatively good
agreement with that of the detailed analysis by Moody. On the other
hand, the present analysis using the sonic model gives the lower value
of F1 than the detailed analysis by Moody. This may be due to the
reason that the exit pressure is lower in the sonic model than in the

detailed analysis by Moody.

5.2 Edwards' pipe

Edwards[7]

performed a subcooled water blowdown test and measured
the pressures, void fraction and blowdown force. Figure 8§ shows the
analytical model which consists of 17 volumes and 16 junctions.

Initial pressure was 6.99 MPa (1000 psig). The uniform distribution of
the initial temperature of 241.6°C (467°F) was reported in the Fdwards'
paper. It was, however, pointed out that there was large difference of

the pressure between the test and the analysis using the temperature
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distribution reported by Edwards. Therefore, the distribution of the

(8]

initial temperature shown in Fig.8 was used in the present analysis,
The break area ratio was 87 percents.

Before calculating the blowdown force, the thermal-hydraulic
analysis was carried out using the RELAP4/MOD6 code. Figures 9(a) and
9(b) show the comparison of the pressure between the present analysis
and the Edwards' test. 1In the figures, HF-HEM indicates that the
Henry-Fauske model and the homogeneous equilibrium model were used as
the critical flow models in the subcooled region and the saturated
region, respectively, while HF-M indicates that the Henry-Fauske medel
and the Moody model were used as the critical flow models in the  sub-
cooled region and the saturated region, respectively. In the present
analysis, the discharge coefficient C, was taken as equal to 1.0.

The results of the present analysis cannot, however, simulate the rapid
decrease of pressure below saturated pressure and the gradual recovery
to saturated pressure, as shown in the result of GS7.

Figure 10 shows the comparison of the blowdown force between the
present analysis and the Edwards' test. The results obtained from the

present analyses using the HF-HEM model and the HF-M model agree quite

well with the Edwards' test data.

5.3 Hanson's pipe

(9]

Hanson inplemented the subcooled water blowdown tests under the
room temperature condition and cobtained the blowdown force, He also
carried out the analysis using the water hammer code.

Figure 11 shows the analytical model which consists of 17 volumes
and 16 junctions. The initial pressure of 15.09 MPa (2189 psia) and
the initial temperature of 100°C were used in the present analysis.
First of all, it was studied to what extent the RELAP4/MOD& code can
deal with the wave propagation phenomenon. Figure 12 shows the time
histories of the pressure at Vel.l, Vol.10 and Vol.13. Three types of
the critical flow model were employed in the RELAP4/MOD6 analysis.
These were the HF-HEM model, the HF-M model and the inertia model, IN.
The results obtained from the DEPCO-MULTI code[lo] are depicted in the
figure for compariscen. The DEPCO-MULTI code is able to deal with the
wave propagation phenomenon such as a water hammer exactly since this

code employs the method of characteristics. Compared with the
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DEPCO-MULTL code, the RELAP4/MOD6 code does not give sharp pressure
change.

Figure 13 shows the comparison of the blowdown force between the
present analysis and the Banson's test. Good agreement is not found
between the present analysis and the Hanson's test because the RELAP4/
MOD6 code cannot represent exactly the pressure change due to a water
harmmer.

The contribution of the wave thrust caused by the pressure propa-
gation to the total blowdown force is much larger in the high subcooled
water blowdown than ia the low subcooled water blowdown.

Therefore, such a thermal-hydraulic analysis code as DEPCO-MULTI should
be used in order to obtain the accurate blowdown force of high subcool-

ed water.

5.4 Pipe rupture test performed at the Jaban Atomic Energy Research

Institute

A pipe rupture test, RUN No.550%, was performed at the Japan Atcmic
Energy Research Tnstitute (= JAERI) to cbtain the blowdown force under
the PWR 1.OCA conditions. TFigure 14 shows the schematic figure of the
test. The 4-inch pipe was used as a test pipe. An instantaneous pipe
rupture was simulated by breaking the rupture disk attached to the end
of the test pipe. The blowdewn force was measured by the load cell
installed at the elbow adjacent to the break end. The lecations of the
pressure transducers and thermocouples are also shown in the figure.
Table ] shows the initial pressure, the initial temperature and the
break area ratic of the rupture disk.

Figure 15 shows the analytical model composed of 15 volumes and
14 junctions. The heating-up line connected to the pressure vessel was
not considered in the present model because its volume was toc small
to have an effect on the short—term blowdown characteristics.

The thermal-hydraulic analysis was performed with the RELAPS /MODE
code using the HF-HEM model and the HF-M model. Figures 16{a) and
16 (b) show the comparison of the pressure between the present analysis
and the JAERI's test. The analytical results of both models are in good
agreement with those of the JAERI's test. The analysis is also able to
simulate the pressure oscillation due to the water hammer which appears

at the pressure transducers of PUL13 and PUL05.
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In the calculation of blowdown force, two models were employed to
represent the elbow adjacent to the break end. One was Bend Model, in
which a bend pipe volume was used to represent the elbow and the blow-
down force was calculated from eq.(23). The other was Straight Model,
in which a straight pipe volume was used to represent the elbow and
the blowdown force was calculated from eq.(9). Namely, the momentum
variation at the elbow is not taken into account in Straight Model.
The computer codes such as PRTHRUST-J1 and REPIPE uses the latter model,
which is less exact than the former one from a theoretical point of
view,

Figures 17{(a) and 17(b) show the comparison of the blowdown force
between the present analysis and the JAERI's test. These figures
indicate that the HF-HEM model gives better agreement with the JAERI's
test than the HF-M model. Compared the result of Bend Model with that
of Straight model, the former is larger than the latter by the amount
of the fluid force due to the momentum change at the elbow.

More quantitive discussion is given for the difference between the
results of Bend Model and Straight Model. Figure 18 gives the two
schematic models, in which Model I and Model II correspond to Straight
Model and Bend Model, respectively. In the Model I, the blowdown force
is assumed to be measured at the end of a straight pipe. 0n the cther
hand, the blowdown force is assumed to be measured at the bend plpe
adjacent to the break end in the Model II. The flow rate W, specific
welght Y, Pressure p, and flow area A, at the exit are assumed to be
the same in both models. Let us consider a steady state for
simplification. The total blowdown force of the Model I is the sum of

the pressure term and the momentum term &s follows:

W 2

e

FI = Ae (pe—po) + A Y & (28)
e'e

In the total blowdown force of the Model II, the fluid force caused by

the momentum change at the bend pipe must be added te eq,(28).

Thus, the total blowdown force of the Model IT is given by

W 2
F.=F

b . .
T T + W S1ng (G <S¢ €180 ) (29)
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in which o is the angle of the bend pipe as shown in the figure.
Egs.(28) and (29) indicate that FII is larger than F . Now, let us
consider a 90-degree elbow which has the same flow area as the exit and

is located mearly at the exit., Then, the following relations are

established.
A = Ab y we —T.- wb > Ye "_:' Yb (30)

Considering eqs.{(28), (29) and (30), the momentum term of F iy is
formally twice as much as that of F.. The difference between Straight
Model and Bend Model shown in Figs.17(a) and 17(b) can be explained by

the above discussion.
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6. Concluding Remarks

In this paper is described the outline of the BLOWDOWN code for
the calculation of the blowdown force, which is a pest—preocessor of
the RELAP4/MOD6 code. Some numerical examples are also presented to
show the effectiveness and limitation of the BLOWDOWN code. The follow-—
ing conclusions are obtained from the analyses.

{1) The acéurate blowdown force can be calculated from the BLOWDOWN
code, if the thermal-hydraulic analysis by the RELAP4/MCD6 code
gives good agreement with other calculations or experiments as to
pressures.

(2) The accurate pressures cannot be obtained from the RELAP4/MOD6
code, if the effect of the pressure wave is primarily important
as gshown in the results of the Hamson's pipe. In such a case,
the blewdown force should be calculated using the results
obtained from the thermal-hydraulic code based on the method of
characteristics.

(3) The fluid force due toc the momentum change at the bend pipe should
be taken into account in the hlowdown ferce analysis including

the bend pipe.
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6. Concluding Remarks

In this paper is described the outline of the BLOWDOWN code for
the calculation of the blowdown force, which is a post-processor of
the RELAF4/MOD6 code. Some numerical examples are also presented to
show the effectiveness and limitation of the BLOWDOWN ccde. The follow-
ing conclusions are obtained from the analyses.

(1) The accurate blowdown force can be calculated from the BLOWDOWN
code, if the thermal-hydraulic analysis by the RELAP4/MCD6 code
gives good agreement with other calculations or experiments as to
pressures.

(2) The accurate pressures cannot be obtained from the RELAP4/MOD6
code, if the effect ¢f the pressure wave is primarily important
as shown in the results of the Hanson's pipe. In such a case,
the bleowdown force should be calculated using the results
obtained from the thermal-hydraulic code based on the method of
characteristics.

{3) The fluid force due to the momentum change at the bend pipe should

be taken into account in the blowdown force analysis including

the bend pipe.
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Nomenclature

flow area

acceleration vector

unit vector orientation for gravitation
length of contrel volume

outward unit vector normal to surface §
pressure

blowdown force

boundary of control volume

time

flow velocity vector

control volume

flow rate

angle of bend pipe

fluid density

shear force vector at the boundary of fluid
coefficient of thermal conductivity
coefficient of viscosity

polar coordinate system

global coordinate system

local coordinate system

Subscripts and Other Symbols

0
b

e

(), ()

atomosphere
bend pipe
pipe exit

differentiation with respect to time €
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Table 1 Test Conditioms of Pipe Rupture Test at JAERI

RUN No. 5509
Pressure (MPa) 15.40
TU101 319.4
3 TU102 320.2
9 TU120 319.4
=
@ TU121 317.6
]
§ U122 | 316.7
=
TU125 315.8
Break Area Ratio 78.6 %
P | o
f P T
/ S2
~_ /
- fe——FP
L“ﬁl\.\ = ——-—-r 2
Sy f u T Uz
\; S3

.
i
g

Fig. 1 Flow and Force Elements for a Control Volume
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U= (,A\} —= U —= X
) S P,
P, 1 P2

(a)

(a) Straight Pipe Volume

y
U
P,
Pz
Uy
b\
—— X
- -7(1"
U1
P,
Pl
(®)
(b) Bend Pipe Velume
N 1 P
‘\\é’ll U P:
pf
P.
(©)

(c) Open End Volume

Fig. 2 Control Volumes Contained in the BLOWDOWN Code
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START

Input
mode| data
edit data

-—)(Loop for time step]

Yes

——»{ Loop for volume |

Caiculate’
u,p

}

Calculate
hiowdown force

!

Edit

Qutput
blowdowrt
force

Blowdown

Plot
blowdown.
force

Plotter

o
e09%poo0”

Fig. 3 Flowchart for the BLOWDOWN Code
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I

L__L

-3
&)
=
2
m

EDIT]

-

(End of VOLUME Cards)

PLOT

(End of EDIT Cards)

(End of PLOT Cards)

k
'
'

-1

F

(End of PLOT Cards)

ig. 4 Sequence of Input Cards
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J1 J2
u
1VoL —LN\ —>
L J A
r ELR i
J2 .
J2 J1
J1 u
&

ALPHA = 180
K ALPHA X

'}

J1
J2
J2 /u
$
ALPHA = -390 ALPHA = -1i35

Fig. 5 Definitions of Notations

(a) Straight Pipe Volume

J1
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J2

J2 u
i ALPHA J1
X
u
J1
J2
ALPHA = LS . GAMMA = 0 ALPHA = L5 . GAMMA = 180
0 32
u
J2 Ji
ALPHA = -135 . GAMMA = 0 ALPHA = -135 , GAMMA = 180

{b) Bend Pipe Volume
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VoL
J2 A
U
. < ALPHA
u
ALPHA = -45

{c) Open End Volume

728 .

u

<1

P —

ALPHA = 180

|

A
|

|

ALPHA = 180G
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Fig. 8 Volume Division and Initial Temperature Distribution of
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Model I

Fe We.¥e.Ae

V

Load Cell

Model I

Load Cell

Fig.18 Schematic Figures of Straight Pipe Model and Bend Pipe Model
Model T and Model IT correspond to Straight Pipe Model

and Bend Pipe Mcdel, respectively
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