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Benchmark Problem

(Sod’s shock tube)
Initial state
1.25 -~ Time: 0.3017 Calc Iated
0.5 — Exact
— 1 . Rarefaction i
/ o ff;&wave
P=1 P=0.1 £ : % Contact |
p=1 p=0.125 S| AN discontinuity
1=0 4=0 805 N y
- == Shock front
(k1) (Frik2) . "
Time step: At=1.0 x 103 _ .
0 E L |
Number of finite volumes: 200 -0.5 0 0.5
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Benchmark Problem

(Hydraulic hammer in two-phase flow)

Closed end 20m

© 375 E
Uniform air-water mixture % 2 \/’I 25m\§ 250m §/
o
Air-water a1 \ \/ \
Void fraction 10% o \ \ \
Velocity 0.1m/s s 0. \\\
0 ) 10 15
Distance (m)
Theoretical Calculated
Wave propagation velocity (m/s) 35.3 36.4
Pressure rise (kPa) 318 3.20
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X iel R A IK 22 0D FEAT 4

. 2200mm

™ Acryl pipe

Mesh size:4.16mm
Mesh number: 16,000

850mm .
Time step:1us
Sound speed in water:
1250m/s(observed
data)
Water pool
Boundary at
Closed end Low pressure steam slug : atmospheric pressure
200mm—>__ | 330mm O g40mm_ 1,
»_[27mm Steam|41.6mm !

Aya, |., et al., ASME/JSME Thermal Engineering Joint Conf. (1991)
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BT BEARSYT OBBRATEE

Steam slug Water slug

Oms $ 41.6mm

Photograph of experiment

10ms  Slug size: 264mm

| Ne——

10ms

Time 15ms 200mm
interval B .
:2ms

2ami 112mm

20ms

30ms
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Calculated Experimental

12 12
10 10
8 8 T
Pressure 6 ! 6
(MPa) “"‘IIL ! v . 9.1MPa
2 ll qrfl' E l:":‘ 2 Data are not
0 = R M e 0 available.
300 305 310 315 320
Time (ms) Time (ms)
Data from 5 pressure gauges near slug collapse

position,
Distance between pressure gauges: 0.1m
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Open space Free boundary

Pressure |
E'T vessel 1
=11 ‘ wall_ L | L L ] Atmospheric
.E;. : e /Pressure
oy \
=
LE ;
=1 _Center line
.-"f”‘
Pressure:
5.0MPa
Internal Y 2 Steady discharge Two-dimensional
energy . . i b =) rate (Marviken exp.) _/ calculation (case A)
1067k J/ka Discharge pine g ar Y- i S
L—*D.Eﬂ'l"""'E"’_G.Egm !- Dﬁm F'I % 3 F Two-dimensional
= caleulation (case B)
s 2} -
e One-dimensional
» calculation inlet
g 1 + Total pressure:5.0MPa
Enthalpy:1067kJ/kg
0 1 L 1
0 5 10 15 20
Time (ms)
30
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Open space
Pressure vessel [

Open space

Time
1ms
Discharge pipe
10ms
i
40ms
(a) Void fraction distribution (b) Pressure distribution
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Two-Phase Jet Experimental Facility of JAERI*

TR S Ry o~ o~ o~ HY -

I:)([JCIIIIIEIILdI bUllUIlIUIIb

Reactor type BWR | PWR
Water | Pressure (MPa) 6.8 15.5
Temperature 285 325
(€)
Pipe diameter, D (mm) 90-190
Distance to target, H/D 1,2,5,18
2 :
5 || Pressurizer
f
'\

_ Pressure vesse Target Plate

0
8 inch Sch. 000 5
1D =110¢

i;%f*

5.8
, i

e

*Isozakl T Mlyazono S Experlmental Study of Jet Discharge Test Results under
BWR/PWR Loss of Coolant Accident Conditions,” Nucl. Eng. Design, 96, pp.1-9 (1988) 32
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Calculated Pressure Distribution

w0 999E+006

.6 217E+004

Pressure(Pa Y
=~ag'7’?7@q .........................
DiSCharge plpe - T 524E+006

25

Moo 004
1

Pressure(Pa)

Target
plate

Radial distance, /D o-

Pressure: 6.86MPa
Temperature: 286°C
Pipe diameter.: 0.191m :
Target distance: 0.392m 1-2.5
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Pressure Distribution on the Target Plate

— Cal. — Exp. correlation

0.45

0.40 BWR condition

gig (Vessel pressure: about 6.8MPa)

0.25
0.20
0.15
0.10
0.05 J \
0.00 —

0.05

Cal. Cal—Cal. — Exp. correlation
=5ms 1=50ms t=500ms

N PWR condition
Vessel pressure: about 15.5MPa)

0.5

0.4

A ¢
. f\
o e —

-0.1

Ul LargeL

-7/ -5 -3 -1 1 3 5 7

Dimensionless radial distance

Dimensionless pressure Dimensionless pressu
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Free Jet Calculation Condition

In Actual Reactor Therma

2D(1m) Situaitens

10D(5m) Saturated steam
at atmospheric pressure

2D(1m)

Pipe E Z D(0.5m)
|n|et _$ ............................................................................ i .....

Discharge pipe

High temperature and high i

pressure water
/
Wall
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Calculated Pressure Contour in Free Je
(PWR condition) - 300
Pressure

(kPa)

62

Dimensionless radial distance, /D

Dimensionless axial distance, H/D ”
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Calculated Volumetric Velocity in Free J

w 274

Volumetric

(PWR condition)

7

1ty
(m/s)

veloce

SHPAMMARIM b

FERRagEaraa Py

K B
mrems s mre e el
w A ¢ m e |

R mn e

PR ARAARA A AR R R A4S A A

L e

R TR

(/4 “20UR)ISTP [RIPRT SSA[UOTSUAWI(]

cr

less axial distance, H/D

1Mens101

D
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[root@c0-1 KE]S mpirun -np 4 ./fflowHPC

WELCOME TO FrontFlow/red
Advance/FrontFlow/red Version 4.1
VERSION  =4.00

BUILD DATE = 2010-06-01-11:20:04
Year:2010 Mon :06 Date:07
Hour:0013 Min :05 Sec :48

MSG: License will expire in :2050.12.31 23:59:59
MSG: License will expire in :2050.12.31 23:59:59
WRG: Dummy license grabbed

N
MSG: success in grabbing the LICENSE
MSG: License will expire in :2050.12.31 23:59:59
MSG: License will expire in :2050.12.31 23:59:59
USE COMP_TABLE 1
—

number of chemical species in GAS: 1
1AIR  mi= 0.28970E-01 [kg/mol]
= 0.28699E+03 [J/(K kg)]
cp = 0.10061E+04 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
Formation enthalpy : 0.00000E+00 [J/kg]

Domain number H
transport model : constant
viscosity [Pa s] : 0.184E-04 (mu0)

Schmidt number : 1.000 (Sc) - -

Prandtl number : 0.714 (Pr) E I 4 7 b w EE ‘l A uJ :
viscosity :m =mu0 [u] J nJL 1 l
conductivit Cp*m/Pr (Cp:isopiestic specific heat) g—
diffusivity : D =m/(r*Sc) (r:mass density) ( % ﬁ{ﬁ )

### MSG: [nostop=0] : ICCG should stop at 1000 I—
### MSG: [amg=0] : ICCG for poisson solver is used
MSG: High Reynolds model , wall function (log-law)

MSG: result file will be output in form of .frontflow_**** - . s

USE COMP_TABLE 1 % E# ?I] 0) _=-I- g :lk ~
. ile wi i rrrk

MSG: result file will be output in form of .frontflow_’ 'y x n l

USE COMP_TABLE 1

MSG: result file will be output in form of frontflow_**** A Y N
USECOMP_TABLE 1 U V W . JE J# P . |:t jj T- N=| "I:I'
MSG: result file will be output in form of .frontflow_**** — 29) L4 x Vi L] ) A lm x

—
! I . g
| TIMESTEP : 1 SCALAR NOMOVE MPI: 4 openMP: 1 FLOWTYPE: 2 | . I
| TIME : 0.1000E402 TIME INTERVAL: 0.1000E+02 MAX.CV_COURANT: 0.4693E+03 ATVERTEX : 516 | )
! I Rt =
| VelocityField:U V. W P T K EPS COMP.1 | CO M P . t = /\3
I | . e ==}
| MONI: -4789E-01 0.1878E-01 0.0000E+00 0.9502E-02 0.3000E+03 0.1000E-04 0.1000E-04 0.1000E+01 |
| MIN : -2824E+01 -9485E-03 0.0000E+00 -1320E-02 0.3000E+03 0.1000E-04 0.1000E-04 0.1000E+01 |
| MAX : -4789E-01 0.2761E+01 0.0000E+00 0.3100E-01 0.3000E+03 0.1000E-04 0.1000E-04 0.1000E+01 | M O N I M I N M AX :E Hi 71N
! | n\\ N I— N H
| OUTER-TERNO.: 1 ALLCOMP | — N
| ! . —_ S
| CG/ICCG: | = .
JMR: 2 o o 203 0 1 1 0|
| RES : 0.1000E-09 0.1000E-09 0.1000E-09 0.8766€-08 0.0000E+00 0.1000E-09 0.1000E-09 0.0000E+00 | n
| ABS : 0.1000E-09 0.1000E-09 0.1000E-09 0.1000E-09 0.0000E+00 0.1000E-09 0.1000E-09 0.0000E+00 | ITE R :? I\ I J " X q= 0) }i
| | 7]
| OUTER-ITER ERROR : CNVERGENCE TOLERANCE : 0.2000E+00 |
| ERR : 0.4840E+15 0.8519E-04 0,0000E+00 0.9271E-09 0.0000E+00 0.8128E+00 0.4760E+00 0.0000E+00 | R ES *E x—'—uj. % ABS E R R %ﬁ *1. = %
| | =

L]

I Flh
MONITOR POINT (X, Y,Z) = ( 0.3750E-01, 0.1471E-01, 0.3025E+01) —

MONITOR: E=4—RNOHEH
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6. £ALIE

2B (A[tR1E) TlE—EHERE I7MI/IL % T
HIET7AINATHLET

UTOERIEI 7ML EANDERAFRETYT
Ensight , FIELDVIEW , VTK , AVS

T A—=3 BAT7AIATHLET,

Lk, SRHZO—EDORIBRIER 7/ ILAERENET
ENZERRIEVIMNITERMICAIRIEL 7 = A—2a vz ERLET
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A =

Q)EBE—AROERXLERR
HEX (B2, EP=RFH)HETYNBOABIZKSRE
iR, BRER, ENREKEOERETR

Q) EfEE=ZAROMIERRE

AR ERE, Godunov@ ks 2)iEIC KB IEMEE BB D R L
- GodunoviE D ZiRAKET ILA~DILE

FREE&E AGI(ZMEKE, BEERER)

(3)N. 1" fAiRa—F
ZRIRETILEVOFRENRAI—FDREEERRYY
FERL A IR EAEAT

*Fa—r)T7ILDOREE

\l
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