NURLEG/CR-5456
ANIL-91/6

Analysis of Flow Stratification
In the Surge Line of the
Comanche Peak Reactor

"‘ LS \
o Sun. Y. H. Shen, W. 1 Sha

Argonne National Laboratory

Prepared for
LS. Nuclear Regulatory Commission

71085160064 910430
PDR ADOCK QSH00L
[ <

4%
P DR

'y
DR



= P IS IR RS — W= e B
e e e e e ———

AVAILABILITY NOTICE
Aviilabity o Retorence Matenas Coed i WRC Pabboatons

Most documents clied in NRC putdcations will be avaliatie from one of the following sources
1 The NRC Public Docurment Rpom, 2120 L Street, NW, Lower Level. Washington, DC 20558

7 The Superintendent ¢ Doacunents, U § Government Printing Ofice. P O Box 37087 Washington
OC 200187082

] The National Technical iIMormation Service . Springfield. VA 22163

Afthough the beting that follows represents the majority of documents olted in NHC pubiivations. # Is not
menged 1¢ bk exhautlive

Reterenced documnments avallabile for inspection and copying for 8 tee from the NRC Public Dooument Reom
nclude NRC correspondence and internal NARC memoranda: WRC OHice of inspection and Entorcement
butietitg . crodiare . Information notices. Inspection and Investigation notices . Licensee Event Reports. ven:
oo reponts and cotrespondence . Commission par ye. and applcant and licenses docurments and corre:
spondence

The following documents in the NUREG serles are availabie for purchase from \he GPO Sales Program
formal NRC statt and contractor teports,. NAC-sponsored conference procesdings . ana NAC bookiets ang
brochures  Also svalisble are Reguiatory Guides NRC regulations in the Code of Feaers! Regulstions, and
Nuclear Kegulatory Commission issuances

Documents avaiiabile from the Nationa' Technical Information Service Inolude NUREG series reports and
lechnic i reports prepared by other federal agencios and reports prepared by the Atomic Energy Commig.
slon . forerunner agency 1o the Nuclear Reguiate 'y Commission

Documents svallable from public and special technical ibraries Incluoe all open Merature tems . such as
books . journal and periodical articles . and transactions  Feders! Register notices . tederal and state leg'sia-
ton . ang congressional reports can usually be obtained from these ibrares

Documents such as theses . dissertations foreign reports and translations . and non-NRC conference pro-
ceedings are svalable for purchase from the organization sponsoring the pubiication clited

Single copies of NRC draft reports are avaliable free . to the extent of supply. upon writien reguest 1o the
Oftice of Information Resources Management. Distribution Section, U § Nuclear Regulatory Commission
Washington. DC 20884

Coples of induslzy codes and standards used In & substantive manner In the NAC reguistory process are
maintained at the NAC Library . 7820 Norfolk Avenue, Bethesda, Marylang, ang are avaliable there tor reter-
ence use by the public  Codes and standards are usually copyrighted and may be purchased from the
originating o ganization or. it they are American National Standards . trom the American National Standards
Institre, 1450 Broadway New York, NY 10018

DISCLAIMER NOTICE

This repon was prepared as an acoount of work sponsored by an agency of the Lnited States Governmant.
Neither the Uinited States Government norany agency thereof, or any of their employees, makes any wananty,
expresed o implied, o assumes any legal lability of responsibilty for any third party's use, o the results of
such use, of any iInformanon, apRarsiue, product oF (rooeEs Aiscinsad in 1his repon, o represents that fis use
by such third pirty would not infringe privanely owned rights

T S ———




NURIGOR-5450
ANIL 916

Analysis of Flow Stratification
in the Surge Line of the
Comanche Peak Reactor

M ot Completed: i M|
i1 | td '\‘ ril 9

'

1 (3, N Y H She W. | b
Arpionne Nauonal | aboratory

WP South Cass Avenug

Argonne. o atid g

Prepared for

Division of Safety Programs

Office for Analysis and Evaluation of Operational Data
LS, Nuclear Regulatory Commission

Washington, DC 20858

NRO FIN D29









7a

10

11

12

13

11

15

16

17

18

20

21

22

23

L
=

25

26

27

28

29

31

Enlarged View of a Portion of Fig. 7 for 17 10 18 Wi 19
Surge Line Layout Used in COMMIX COE .......co..cummmmimmesmmsemissmmmismimmsims i €0
Typical Cross Section Of SUTEE LANE ......cmmmmumunsiirrsisi onisosmon o maisiens e s st heisgsisses i 21
TWPHIOAT EEIEIOW ..o sssssiastososfosian e sk enstoent s ews sty s 154510 HERA AR K AR VPSS 1141 22
Inlet Velocity Of SUFEe LUINC .ot imomsem st s i DDA -
Inlet Temperature of Surge LINe. ... PR SRS o s o 24
Velocity Profile at 10 min into Transient, Pipes L1 and B i apissin s o sgmanciuci IR
Velocity Profile at 10 min into Transient, Pipe L2 i 26
Velocity Profile at 10 min into Transient, PIPE L3 .o 87
Velocity Profile at 10 min into Transient, PIPe L3 .. s i 28
Veloclty Profile at 10 min into Transient, Pipe L3 .. v 89
Velocity Profile at 10 min into Transfent, Pipes L3 and L4 ...oommmmmnn. 30
Veloenty Profile at 10 min into Transient, PIPe LA ..ot 3 §
Velocity Prolile at 10 min into Transient. Pipe 14 ... ek isevinensstefires R iR 32
Temperature Distributions at 10 min into Transient, Pipes L1 and L2 .0 83
Temperature Distributions at 10 min into Transient, Pipe L2 . mmimmm 34
Temperature Distributions at 10 min into Transtent, Pipe L3 . ooimmmmn.. 38
Temperature Distributions at 10 min into Transient, Pipe L3 e 36
Temperature Distributions at 10 min into Transient, Plpe 13 .. . 37
Temperature Distributions at 10 min into Transient, Pipes L3 and LA oo as
Temperature Distributions at 10 min into Transient, Pipe LA . 39
Temperature Distributions at 10 min into Transient, Pipe L4 ......mmmmmmmmmn. 40
TN DU IS PRI W T omiiisstcdononoimminsansrmveltniotsis il bt s bisshine ol UAbEAIS A A3 carsh R 7 41
Temperature Profile at T2 ... w2
Temperature Profile at T3 ... e &3

vi










1 Of the COMMIX Code




Regulatory Commission) in January 1978, The advanced version, COMMIX- 1A% with more
capability and flexibility, was released in 1983, Developmental work continued to add
improved models and to expand applications to nonnuclear systems. The extended version,
COMMIX- 1B, was released in December 1985, The latest version is COMMIX-1C.5 which
wias released very recently (September 1980). Many additional improvements over
COMMIX- 1B have been incorporated into COMMIX-1C.

3.2 Equations Solved

Three-dimensional, time-dependent conservation equations of mass, momenturn, and
energy and transport equations of turbulence parameters, along with the equatiuy of state,
are solved as a boundary value groblem In space and an inftial value problem in time.

The solution provides detailed three-dimensional descriptions of
¢ velociy,
¢ temperature, and
¢ pressure,
along with ancillary information such as heat transfer and resistance correlattons. For casy

interpretation, the numerical results can be transformed into graphic foims (e g., vector
plots, isotherm plots, and video or film showing fluld maotion).

3.3 Unique Features

3.31 COMMIX Porous-Medium Formulation

COMMIX employs a new porous-medium formulation® based on local volume-averaging.
This formulation uses four parameters -volume porosity, directional surface porosity,
distributed resistance, and distributed heat source (sink)--to model the effects of internal
solid structures.  In the conventional porous-medium formulation, only three parameters
(volume porosity, distributed resistance. and distributed heat source) are used, The
addiion of a fourth parameter, directional surface porosity, 13 a new concept that greatly
facilitates modeling of velocity and temperature fields in anisotl ‘opic media and, in general,
improves resolution and accuracy,

3.3.2 Two Solution Algorithms

COMMIX has two solution algorithms for single-phase systems; Hoth algorithms are
provided as user aptions:

¢ A semi-implicit algorithm dertved from the Los Alamos ICE Technique.”-%
This algorithm is ideally sulted for analyzing fast transients, where one is
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where ¢ is a dependent variable and the subscript | stands for nei#hboring
pcints. This general form of the discretization equation lends itsell to various
solution schemes, e.g., SOR, Preconditioned Conjugate Gradient Method, and
direct mairix inversion,

¢ The solution has a decoupled-transient-simulation option that permits
solution of
~“mass-momentum equations only, or
~energy equation only, or
~coupled mass-momentum and energy equations,
atl any given time-step.

¢ The code has an option that allows use of either Cartesian or cylindrical
coordinates.

¢ COMMIX has bulli-in properties for liquid sodium and water, with an option
permitting use of simplified property correlations for any fuid.

¢ The code also contains:

-A generalized resistance model to permit specification of resistance due to
internal structures (fuel rods, wire wrap, baflles, grid spacers, et..).

~A generalized thermal structure formulation (o maodel thermal interaction
between structures (fuel rods, wire wrap, duct wall, baffles. ete) and
surrounding fluid,

¢ The heat source/sink and boundary conditions can be functions of time.

¢ The COMMIX code i1s structured to permit solution of one-, two-, or three-
dimensional calculations.

4 Flow Stratification in a Surge Line

A detailed three-dimensional and time-dependent analysis is performed using the
COMMIX-1C code for the surge line of the Comanche Peak reactor. Temperature distribu-
tions of both fluid and surge line wall are caleulated. The surge line layout of the reactor is
described, the experimental measurements provided by Westinghouse!! are presented, the
numerical model used in the COMMIX caleulation is outlined, and both initial and boundary
conditions based on the limited measurements used in the COMMIX code are {ullowed.
Finally, the detatled velocity profiles and temperature distributions of the surge line
obtained from the COMMIX code are presented and compared with the experimental
measurements.
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hot leg to the surge line) must be provided. Both initial and boundary conditions used in
the COMMIX calculation are described below

441

Initial Conditions

¢ Velocity distribution based on isothermal steady-state solution with inlet

442

velocity of 0.002 m/s at the inlet of the surge line (from hot leg to surge line),

The outside pipe-wall temperature distribution of all horizontal pipes (L2 and
L3) based on T2 and T3 readings and linearly interpreted and extrapolated
both axially (along the pipe length) and circumferentially. The outside pipe-
wall temperatures in L! and L4 are assumed to be uniformly distributed
according to T1 and T4 readings, respectively.  All fluid temperatures next to
the pipe wall of L2 and L3 are assumed to be the same and to be stratified.
Temperatures in L1 and L4 are assumed to be uniform at 152.6°F (see Fig. 6)
and 440°F (same as surge line wall temperature, Fig. 5), respectively, The
assumption of uniform fluid temperature in L1 and L4 is reasonable because
both T1 and T4 readings after we started the calculation appear to support
the assumption

Boundary Conditions

¢ Al Inlet of surge line (from hot leg to surge line):

“Inlet velocity based on water levei of pressurizer (Fig.7), as shown in Fig. 11.
Figure 11 is obtained in the following manner:

Because water Is an incompressible fluid, its level change in the pressurizer
is directly related to the water flow rate from the surge line to the
pressurizer, which in tum, is related to the flow rate from the hot leg to the
surge line. Thervlore, the instantaneous mean inlet water velocity vy, Is
evaluated from

Vv = -9‘911
L Ad( "

where H is the water level in the pressurizer (in percent) as shown in Fig. 7,
@ Is the volume of the water (in gallons) in each percent change of the pres-
surizer level, as shown in Table 1, A is the cross-sectional area of the surge
line pipe, and t is the time. It is seen [rom the above equation that the inlet
velocity is proportional to the slope of the water level change in the
pressurizer as a function of time., When the experimental data of Fig. 7 for
the water level (in percent) is enlarged by many times (see Fig. 7a), it can be
seen that the slope becomes positive from about 17 h 31 min and increases
to a maximum alfter about 17 h 36 min. Then the slope decreases, attains

P P P S ———————



COMMIX Results

Comparison of COMMIX Results with Measurements




Discussion and Conclusions




10

Thus, it is very diffiert to pregeneralize both the flow pattirn and the
temperature distribution i a stratified pipe.

s The calculated temperature at the top of the surge line (0° curve) is slightly
higher than the temperature at 60°, as shown in Fig. 35 approximately 10 min
into the transient. This is because the local velocity at 0° is higher than that
at the 60° location; thus, the corresponding heat transfer coellicient is
higher. As mentioned eariier, the pipe-wall conduction model used In the
COMMIX code is linited to one dimension (radial direction ouly, in this cisc),
therefore, the spread of the calculated temperatures between the 0° and 907
locations of T3 could be larger if the circumferential conduction of the pipe
wall 1s included. Furthermore, the validity of the assumption of no heat loss
through the surge Jine wall must be examined for [uture calculations.

Finally, It Is to be noted that the COMMIX code is a general-purpose, multdimensicnal
computer program that is not limited to flow stratification in a surge line. In fact, the
COMMIX cede can be applied to flow stratification problems in any reactor component,
including the high-pressure Injection system, steam generator fecdwater ring, ete., under
various reactor operating conditions. The code has also been used extensively for analyzing
natural circulation under scvere accident conditions. Recently, the Office of Nuclear
Reactor Regulatory in the U.S. Nuclear Regulatory Commission expressed some concern
about the thermal stripping problem. It is our belief that with some modification of the
COMMIX code, we will be in a posttion 1o ackle this problem.
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Fig. 14.

Pipe L2 (i = 10, 22)

Velocity profile at 10 min into transient. Pipe L2
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Fig. 30. Temperature profile at T2
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