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LMFBR

INTRCDUCTION

The objective of this program is to develop computer programs (COMMIX and
BODYFIT) which can be used for either single-phase or two-phase rhermal-
hydraulic analysis of reactor components under normal and off-normal operating
conditions, especially under natural circulation. The governing equations ol
conservation of mass, momentum, and energy are solved as a boundary value

problem in space and as an initial value problem in time.

COMMIX is a three-dimensional, transient, compressible flow computer code
for reactor thermal-hydraulic analysis. It is a componeint code and uses a
porous medium formulation to permit analysis of 4 reactor
component /multicomponent system, such as fuel assembly/assemblies, plenum,
piping system, ectc., or any combination of these components. The concept of
volume porosity, surface permeability, and distributed resistance and heat
source (or sink) is employed in the COMMIX code for quasi-continuum thermal-
hydraulic analysis. It provides a much greater range of applicability and an
improved accuracy than subchannel analysis. By setting volume porosity and
surface permeability equal to unity, and resistance equal to zero, the COMMIX
code can egually handl: continuum problems (reactor inlet or outlet plenum,
etcs)e

B. COMMIX-1A, COMMIX-1B, Single-Phase Code Development (F. F.
¢chi., H. M. Domanus, R. C., Schmitt, W. T. Sha, V. L. Shah, and

B.! Free Surface Boundary Option

As described in the last quarterly report, the insertion of the
free surface term in the continuity equation may transform it into a free-
surface equation. The same concept can be applied to the momentum equation.
The x-direction momentum equation can be written as

A(B r pu?) AlB r pvu] AlB r pwu|
X X y il B

B + —
Ax Az

B 1
Byt 8y

) + ;
Ax Ay A

By introducing a device called the Flexible Momentum Control Volume
(PMCV) approach shown in Fig. 1, the continuity-momentum-pressure cycle in the
modeling of free surface can be greatly simplified in the computation. An
example is shown in Fig. 2. The free surface locations are shown in the
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Fig. 1. Flexible Momentum Control Volume
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Fig. 2. Location of Free Surface in COMMIX Geometry



COMMIX geometry. By applying the FMCV approach, the computational configura-
tion can be reduced to a single-phase system with a pressure boundary as shown
in Fig. 3. The free surface pressures are defined. Pressure in the rells
without free surface are to be solved.

A self-correcting process has been developed, such that the final
resulting solution of the free-surface permeability vector _81‘ satisfies the
contraint

; € [0, 1] for all 1 = 1, «ess m.

This procedure has been implemented in the code. We are now testing this
procedure with several simple problems.

B.2 Automatic Time Step Control

To reduce the cpu time ir the computation, several approaches have
been proposed. In the previous monthly report, we mentioned the use of an
efficient solver, such as the Conjugate CGradient Method. The latest approach
is the use of automatic time step control to reduce the computational time.

Previously, there are two types of time step control in the COMMIX
code: a fixed time step as specified by the user, or the multiplier of courant
time. Because courant time is based on the transpert of convective flux, the
time step size generally varies in the first 10-20 time steps, then levels off
for the rest of the computation. Therefore, the advantage of using ¢ very
large time step near the steady state to save computational time 1is very
small. An alternative approach of automatic time step control has been
proposed and implemented in the COMMIX code, The algorithm of our automatic
time step control is listed in the following:

le Compute the maximum change for the sets of crucial variables, 1i.e,,
pressure and enthalpies.

n+l
i

DPMAX = MAX ((v
i\

= MAX i(n?*l - HT)/H.‘

= MAX(DPMAX, DHMAX)

According to the user input variables, EPSMIN and EPSMAX,

a. double the time step size if DELMAX < EPSMIN for 5 successive time
steps,

b. immediate’'y halve the time step size if DELMAX > EPSMAX.
The values of EPSMIN and EPSMAX have to be empirically determined by the

user, Based on our experience, the values of 0.50 for EPSMIN and 0.i0
for EPSMAX are recommended.
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Fig. 3. Resulting Configuration for Pressure Computation



Three problems were tested with the automatic time step option: an
isothermal duct flow, an isothermal tubulent pipe flow, and a thermal mixing
problem with volume-weighted skew-upwind differencing. Comparisons of no. of
time steps used and cpu time are listed below:

No. of Time Steps Used cpu Time
Test Problem Fixed At Automatic At Fixed At Automatic At

Isothermal duct flow 32 ‘ 7:59
Turbulent pipe flow 73
Thermal mixing

Although the savings of cpu time seems not very impressive
(approximately 5%), at least the results are encouraging (cpu time did reduce)
when the present automatic time step control is used. More extensive research
on this subject such as the values of EPSMIN and EPSMAX will continue.

B.3 Documentation of COMMIX-1B

In the process of documentation and release of COMMIX-1B, we have
started the following efforts

(i) cleaning of the code,

(ii) preparation of input and user instructions, and

(iii) rerunning the several sample problems to ensure no errors
have been introduced.

DEVELOPMENT OF COMMIX-2 (H. N, Chi, T. H. Chien, H. M. Domanus, C.
Miao, and W. T. Sha)

(:.

Cel New Momentum Flux Formulation

Motivated by the paper by Padilla and Rowe!, the momentum flux
formulation use¢d in COMMIX-2 was changed. The old and new formulations are
explained below.

Consider the steady one-dimensional momentum equation with zero
gravity and equal area given by

d dp ;
E;(-(Fu) + dx 0

F = pu = constant.

Equation 1 may be integrated between the points O and 2 as shown in
Fig. 4 as
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2 2
/ %’(Fu)dx+] L oxeF, w)-F >+ P
5 0

A dx 2 Yy 1 2" Pp=0 (2)

The brackets denote that donor celling is being applied based on
the sign of F.

The old formulation for the fluxes F, and F, defined at the edges
of the dotted momentum cell shown in Fig. 4 are Jiven by

1
F, -'-i(!'l +FO)

F, =3 (F, +F)
where

h Ty %N

o ke o ithe
and

F2 = 4’02> u, .

For u > 0, <up> = uy, up? = ugy; (oo> = pQ» ;> = p;, and <pz> = pge
Equation 2 then beconu, solving for -(P, - g

1
4P . =~ (- By = 3 (oguy +03u5) wy= 3 (pyu; +0qug) uy - (3

At steady state, Pgup ™ P U] = pauz = pu = constant, and therefore Equation 3
may be expressed as

- (2, - 2p) = Gw (u, "“)-(ou)(eg Ll-)

or

“(P -Po) ("“)2<';'El>';)"”.cc‘ (4)

Equation 4 shows that the acceleration pressure drcp does not occur where the
density change occurs., If p; is much less than either py or p;, then the
largest pressure drop does not occur between points 0 and 2, but is shifted a
full node further downstream.




COMMIX~-2 Nodalization Scheme
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Comparison of 0ld and New Momentum Flux Formulation




The modifications made in OCOMMIX-1A

are unchanged in their formulation.

For u > U, we cobtain

1
0,

Now the pressure drop occurs where the density changes.

A sample problem was run to test the new formulation. It is a one-
dimensional representation of a 19-pin electrically heated steady-state test
performed on the CFNa loop at Grenoble, France?. [he conditions of the
gimulations are

Inlet: Temperature = 400°C
Velocity = 0.413 m/s
Outlet: Pressure = l.4 x 10° Pa

The total power is 4.25 x 10" W. Twelv: nodes were used. The first node is
adiabatic and the middle six have a volumetric heat source of 4.17 x 10% W/m3,

The results are shown in Fig. 2 for the case of slip ratio = 1.0.
The upper pressure profile (denoted by circles) 1is computed with the
unmodified momentum flux. This pressure profile shows that the largest
pressure drop occurs between nodes 7 and 8, which is shifted downstream of
where the density changes the most (between nodes 6 and 7). The void
fraction, a_, changes from 0 to 0.94 and the density changes from 740 to 47
kg/m3. The lower pressure profi.e is computed using the new momentum flux
formulation. This time, the largest pressure drop occurs where the density
changes the most. Although Padilla and Rowe found their execution time
reduced by 50%, we found the opposite. The number of time steps needed to
converge the solution to a relative error of 107® {ncreased from 58 to B84,
Further investigations are undarway.
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C.2 German Seven-Pin Test 7-2/16

Calculation of the 7-2/16 Experiment of the KNS series run at KfK,
has been initiated with inlet boundary conditions for pressure (instead of
velocity). The input data has been changed accordingly. Some program
modifications necessary for dealing correctly with the new boundary conditions
have been made and a correct steady-state solution has been obtained. The
transient calculations are being carried out.

Cs3 Separated Phase Model

Debugging of the Separated Phases Model. This activity has been
continued. Difficulties were encountered at the beginning of boiling
inception due to the treatment of the compressibility terms 3p/3p = 1/c? for
the two phases separately. These difficulties have been overcome by
continuing the two terms in the Poisson equations for pressure.

So far all subroutines of the SPM model have been checked in these
cases: (a) single-phase, both 1D and 3D, up to boiling inception; (b) in the
two-phase flow, only ID. One second of problem time has been computed without
numerical problems.

However, the completion of the SPM model deserves a ser.es of model
implementations. A list has been prepared.

C.4 Documentation of COMMIX-2

A complete report about the physical modeling and the numerical
methods used in the program is now in preparation. Both the slip model and
the medel of separated phases are documented. The writing of the report has
been completed. It is now being typed.
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