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Prediction of Two-Phase Jet Forces

The ultimate objective of the Sandia Labs Program on two-phase

jet loads is the development of an approximate engineering model to

characterire two-phase jets emanating from circumferential or

longitudinal breaks in a typical PWP piping system.

To accomplish this objective two concurrent paths will be

followed. The first is to develop a model analytically beginnino

with first principles and making the minimum number of approxi-

mations. The Foody ,7 model, currently used by FPC licensing ,6

will serve as a starting point for this development.

The second path is the use of large computer codes to produce

data on a wide variety of full scale PWP pipe breaks. These data

will form the structure of an engineering model which will supple-

ment and support the analytic expression and , in addition, prov id e

more specific and accurate predictions in certain cases. To

increase the reliability of these data, the codes will be verified

against existing two-phase jet load data from sma]] scale up to

approximately full scale.

Most of the work performed to date has focused on this second

task. Three computer codes have been employed to investigate

jet load experiments in detail. These are: P EA CON /PCD2-INFL III;

CSC - Sandia Labs (2); and TPAC-PlA - LASL(3) Experimental data.

used in this evalaution were obtained from two sources in the

*This work was supported by the United States Nuclear Peculatory
Commission.
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Federal Pepublic of Germany: PS-93 I4) - Fraftwerk Union, Frlangen;

and PS-50 (5 ) - Battelle-Frankf ur t, Frankfurt. Pased on comparisons

with data and code evaluation, the following conclusions have been

drawn:

PEACON/ MOD 2 - PEACON/PCr2 exhibited a high degree of

sensitivity to the evaporation rate multipler (Ae) and the
drag coefficient (F) used in the constitutive relations.

It had to be run as a containment code, reouiring time

dependent input boundary conditions which are generally not

experimentally aveilable, and it recuired the LAFL ecuation

of state (EOS) option (incompressible licuid and ideal oas

steam). These problems precluded its use in a detailed two-

phase jet parameter study. Powever , meny of these limitations

may be overcome in the FoD3 version to be released later

this year. At that time, PFACON will be re-evaluated.

CSC - CSO did a fairly good job of simulating e two-

phase jet under equilibrium conditions. Its multi-material

capability allowed the determination that the jet-air

interaction is probably small and could be ignored in

future work. It seems, however, that early time non-

eouilibrium phenomena may be im po r t an t in two-phase jet

modelling. This necessitates using a code with a non-

equilibrium capability.

TPAC-PI A - Of the codes evalua ted to date , TPAC-PI A

produced the best agreement with the jet da ta. TRAC-P1A

was employed in two distinct modes. A 1-D pipe representation
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for break flow and a vessel representation. The 1-D pipe

simulation consisted of an accumulator and pipe connected
to a break. Initially the pipe end eccumulator were set

to conditions matching those of the experiment being
simulated, while the break was maintained at amb ien t

conditions. Since TPAC-PIA does not heve a containment

component model, a unioue vessel model was developeC to

simulate fluid reservoir , piping , and containment. Tbe

vessel model used consisted of a vessel component which

had all internals removed and appropriate flow areas set

to zero to simulere the experimental blowdown oeoretry

and connecting pipes exiting to breaks to allow venting
of the blowdown fl uid . The calculation of steady-state

blowdown forces

2Fp= (P -Pg)A + pv Ap

and pipe reaction fo rce s , Fp= Pp+Fy,

L

= fpwhere F pvAdz

was possible with either model . Two-phase jet characteristics,

however , could only be obtained with the vessel model.

Comparisons of TPAC-PI A pipe models to Kraf twerk Union

and Battelle-Frankfurt data generally yield good agreement.

They also pointed out the need to accurately model friction

ef fects dur ina blowdown.
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Early attempts at using the vessel models failed

because of large pressure spikes and asymmetries which

appeared to be caused by water packing in downstream cells.

This problem was greatly reduced by a modification of the

time-step control logic. If AP/P for any cell exceeded
_

a maximum value (51) for any time step, that time step

was reduced by a factor of two, and if AP/P exceeded a smaller

value (3%) time step growth was inhibited. Pesults obtained

with vessel models using the modified time step logic are

generally in fairly good agreement with experimental data.

They also point out the need of using non-eoulibrium thermo-

dynamics during the initial transient portion of the blowdown.

Present work on two-phase jets includes per formino a

parametric study of typical PFP cold leg breaks (ZION)

using TPAC-PlA, modelling other tests and facilities with

TP7C-PIA and CSO (BDP, CANON, MAFVIFFN), ob ta in ing additional

exper imental data for model assessment, evaluating other

computer codes (FFIX, COMMIX-2, and PEACON/ MOD 3 when ava ilable) ,

and beginning the development of an approximate engineering

model.
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I. PURPOSE -- THE DEVELOPMENT OF AN IMPROVED

APPR0XIMATE ENGINEERING MODEL TO CHARACTERIZE

TWO-PHASE JETS EMANATING FROM CIRCUMFERENTIAL

OR LONGITUDINAL BREAKS IN A TYPICAL PWR PIPING

SYSTEM.
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MODEL DEVELOPMENT STRATEGY

1. SUBJECT GROUNDWORK

2. CODE INSTALLATION -- BEACON / MOD 2, TRAC

3. CODE INVESTIGATION -- BEACON / MOD 2, TRAC, CSQ

ll . DEVELOP BASIC NODALIZATION

5. PERFORM PARAMETER STUDY

6. PERFORM CODE ASSESSMENT USING EXPERIMENTAL DATA OBTAINED

FROM THE OPEN LITERATURE AND FOREIGN SOURCES

7. DEVELOP AN APPROXIMATE ENGINEERING MODEL BASED ON

CALCULATIONS, EXPERIMENTAL DATA AND PHYSICAL ARGUMENTS
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COMPUTER CODES FOR TWO-PiiASE JETS

1. BEACON / MOD 2

CAPABILITIES

A. Tw0-PHASE Iwo-COMPONENT

B. UVUT

C. 1-D, 2D, 2D-AXISYMMETRIC

D. FINITE DIFFERENCE WITH EULERIAN MESH

E. INCOMPRESSIBLE FLUID EOS

2. CSQ

CAPABILITIES

A. MULTI-MATERIAL

B. TE

C. 2-D EULERIAN-LAGRANGIAN CODE

D. MODELLING BY EULERIAN MESH (PERPENDICULAR CELL

BOUNDARIES)

3. TRAC-P1A

CAPABILITIES

A. Two-PHASE

B. UVUT
'

C. 1-D IMPLICIT FINITE DIFFERENCE FOR PIPES AND
VALVES (NEWTON-RAPHSON)

D. 3-D IMPLICIT FINITE DIFFERENCE FOR VESSEL
(GAUSS-SEIDEL)

E. MODEL BY COMPONENT

|b02 329
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TABLE I

PRESSURE TEMPERATURE DIAMETER MASS FLOW MASS FLUX
FACILITY ( b) (*C) cM _Kc/sEc Ka/SEc/M2 COMMENTS

ZION 157.23 276.7 69.85 4606 12019 PWR COLD LEG,

KWU 30-100 234-311 1,2.5, 80 24108-1.E6 TAPERED N0ZZLE,
5,6.5 1.E6 ADIABATIC EXIT PIPE

BATTELLE- 140 300 10, 400 50929 PRESSURE VESSEL +mx mx
FRANKFURT (DOUBLE STEAM GENERATOR.

ENDED 1/64 SCALE BIBLIS,
BREAK) A PWR

HDR 88 220 35.0 1222 12701 400% FLOWmax nAx mx
SERIES 1

(STEAM) (ALL HEADERS ATTACHED)

SERIES 3 110 310 35 OR 1222 7683 OR 400% FLOWmx mx mx
45 (STEAM) 12701

2
E3

0:
o
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CSQ PIPE BLOWDOWN MODEL

OF KWU TEST 6

a
-

WATER AT \
200 96.2b, 308*C PIPE WALL=

cM
(SATURATED)

2.5 cm, :
"

u

AIR AT P = lb,
ROOM TEMPERATURE

SEPARAliC ! - 1.0 D

v

\R=0

IMPINGEMEtiT PLATE
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Radial Pressure At T .003 sec.

Separation = 1.0 D

P
R

P ' ' ' ' ' 'R=0 1. 0 ~'~ -

s 's v Expen. mental
.8 - \ -

\
\

6 -
-

\

\ CSQ
.4 -

s -

\
\

\
2 -

-

I 1 1 I I_

0. 0 1. 0 2. 0 3. 0 4. 0 5. 0

Distance ( cm ) From Plate Center
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T = 5 x 10' Sec
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TRAC-PIA AND KWU TEST COMPARIS0NS

I2ST PRESSURE (B) 8REAK FL0w (Kc/SEc) STEADY-STATE IMPINGEMENT LOAD (NT)
LXP LXP

'

MOODY MODEL
'

EXP IRAC MOODY MgASURED ORIFICE TRAC HOMpGENEOUS SE?ARATED

KECOIL ILOW LOW

NW 25

3 99.4 15.7 16.5 19.2 2520*** 5288 5080 6900 7300
5 52.4 12.2 10.2 18.0 2765 " * 3145 2590 3000 3200

NW 50

6 96.2 56.4 63.6 76.6 15428 19740 19070 23600 24900

58' 17400* 20000 " "
NW 65

3 98.7 75.4 106.9 129.6 26041 28233 32440 41000 42500

4 53.1 53.7 70.8 121.5 14518 16102 16600 19000 22000

*MODEL WITH FRICTION
N " RECOIL FORCE MEASURED WITH STRAIN GAUGE HAVING FULL SCALE = 50 KN (12%) FOR ALL TESTS
w EXCEPT NW 25 (FULL SCALE = 10 KN ( 2.5%)

M "*NW 25 RECOIL FORCES OBTAINED AT THE END OF THE BLOWDOWN

**"USING FUD = 0.81
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* TRAC CALCULATION
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- ----4RAC-P5A KWU MODEL
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