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|

ABSTRACT

This Quarterly progress report summarizes work done during
- the months of October-December 1980 in Argonne National Laboratory's
Applied Physics and Components Technology Divisions for the
Division of Reactor Safety Research of the U.S. Nuclear Regulatory
Commission. The work in the Applied Physics Division includes

i reports on reactor safety mo/eling and assessment by members of
the Reactor Safety Appraisals Section. Work on reactor core
thermal-hydraulics is performed in ANL's Components Technology
Division, emphasizing 3-dimensional code development for LMFBR1

| accidents under natural convection conditions. An executive '

i summary is provided including a statement of the findings and
recommendations of the report.
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EXECUTIVE SUMMARY

A report describing the physical modeling and numerical methodology,

currently incorporated in BIFLO was prepared and will be issued as an internal
report in the near future.

Problems arising f rom trying to use the COMMIX code for a 19 pin wire-
wrapped bundle in connection with BIFLO are being resolved in cooperation with
the code developers. 00MMIX is being used for analysis of THORS steady-state
experiments.

The effect of fuel creep on gas release from fuel grains when using the
NEFIG code was studied using modeling proposed by R. 0 stensen and adapted by
D. Worledge. It was found that the effect was noticeable for slow transients,
but ins ignifica nt for fast transients and is sensitive to the fuel hydrostatic
pressure.

In the development work of the COMMIX codes, all efforts this quarter
were devoted to the two phase COMMIX-2 code. The following three problems
were analyzed using COMMIX-2.

(i) Cerman Seven Pin Hexagonal Fuel Assembly, Analysis #2: This is the
analysis of the second flow rundown transient experiment in a test
section with seven electrically heated rods arranged in a hexagonal
array.-

(ii) Analysis of 31 Pin Fuel Assembly using Two-Fluid Model: This
'

analysis was carried out using the two-fluid model in COMMIX-2. The,

two-fluid model results are compared with the previously obtained
homogeneous model results.

(iii) THORS wire-wrapped 19 Pin Bundle 6A: This analysis was carried out
to determine the ef fects of wire wrap on fluid flow and heat t ra ns fe r.

Simultaneously, ef forts were also devoted to (1) preparing the user's
ma nual , (ii) reducing the computer storage requirements, (iii) developing
subroutines for mapping of the heat transfer flow regimes and, (iv) improving
the solution sequence.

In the area of BODYFIT code development, work has been initiated to incor-
porate the homogeneous two phase flow model in the code. Several modifications
were made in the area of input preparation and fluid properties for the purpose
of clarity and ef ficiency. The BODYFIT-lFE document is in its final stage of
being typed and corrected.

.
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I. REACTOR SAFETY MODELING AND ASSFSSMENT

(A2015) ,

A. BIFLO Benchmarking Activities (P. L. Garner)

Efforts were continued to use pre-release versions of the C0KMIX-2
computer code which is being developed in the Components Technology (CT)
Division at ANL. Several new code versions were tried, each version requiring
modification to the code access procedures, COMMON blocks, and input data. The
problems found while trying to execute the code for a 19 pin wire-wrapped
bundle are being resolved in close cooperation with the code developers in CT.

Several additional calculations of steady-state non-boiling tests performed
in THORS Bundle-6A (Ref. 1) in which only a single off-center rod was heated
have been performed using the COMMIX-1 computer coddl to continue the study of
coolant mixing and the Lnpact of the duct wall for this test geometry.

,

The program that plots the thermocouple data from the THORS Bundle-6A
transient tests 3 as a function of radial position and time for selected axial
levels has been modified to plot the data, optionally, as a function of radial
and axial position at selected times to aid in the interpretation of the
transient boiling tests. The various uncertainties in the experiment data are
being examined with respect to their impact on analysis of the transient tests ,

with the BIFLO and COMMIX-2 computer codes. Calculations of a transient
boiling test (Test 73E/Run 102A in THORS Bundle 6A) using BIFLO have continued
to address the proper modeling of thermal and hydraulic boundary conditions ',

for simulation of the test.

B. Calculation of Ef fect of Creep on Fission Gas Release in NEFIG (H. Hummel)

4R. 0 stensen incorporated in the FISGAS code a mechanism for fission gas
5bubble growth by power-law fuel creep. D. Worledge adapted this model for

inclusion in his version of the NEFIG model6 applied to the problem of fuel
fragmentation by rapid heating. In.this model a shell of solid fuel is
assumed to surround each fission gas bubble contained within the fuel grains
with 'he shell thickness determined by the volume of fuel per bubble. In

Ostensen's model this shell is cylindrical, while Worledge uses spherical
geometry. The fuel shell creeps under the effective differential stress across

,

; it, which depends on the excess of the bubble internal pressure over the
surf ace tension constraint and the exernal hydrodynamic pressure. The creep
rate is assumed to be equal to the stress raised to a specified power times a
temperature-dependent constant. Note that gas bubbles on grain boundaries and
edges are not considered here.

It was of interest to see whether or not creep effects could have a
significant effect on fission gas release. Insertion of Worledge's expression
for creep rate in our version of NEFIG shows that for transients with fuel
heating rate 100-200 K/sec there is a significant effect of creep on bubble

*

growth. This causes a large increase in fuel swelling and a somewhat smaller
but still significant decrease in gas release from the fuel grains because of
the larger bu'able size. Worledge does not consider the effect of hydrostatic
pressure in Ref. 5. DiMelfi7 has given the solution for the case of pressure

,
.
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applied to the exterior of the fuel sphere surrounding the bubble. This
solution shows that the effeet of the exterior 'ressure is to reduce the bubblep
excess pressure by the exterior pressure. (Note that ci as defined by DiMelfi

#
h

in his Eq. 12 should be 3y ). M M h dh h a mh w M &
o

account of hydrostatic pressure in the fuel, but setting this pressure
equal to the gas pressure in the pin void space should give a lowcr bound for
the ef fect of hydrostatic pressure. j

Ct hulations of the effect of fuel creep on fission gas release from fuel
grains and on intragranular swelling have been carried out for three power
transients, two of which correspond to a relatively slow TOP with fuel heating
rate in the range 100-200 K/sec and a more rapid one corresponding to LOF-TOP
conditions, with fuel heating rate reaching 5000-10,000 K/sec. One of the
slower transients is based on the HEDL FGR-39 test 8, while the other is based
on SAS3D calculations for unrestructured fuel in a lower power channel for the
104/sec TOP case of the WAC Comparative Studies.9 The more rapid transient
is one used previously in parametric studies of fission gas release, and is
denoted as " Curve 2" in ANL-75-67, p. 3,10 with VT = 10'' and C = 2.0 x 1020o

3atoms gas /cm . These time-temperature curves are shown in Table I. Also

TABLE I. Time - Temperature Dates in Transient
Fission Cas Release and Swelling Calculation -

FCR - 39 (NEDL) WAC TOP Curve 2
C = 1. 56 = 1020 atoms /cm3 C = 1. 3 3 = 1020 atons/cm3 C = 2.00 = 1020 atoms /cm3*

o o o
Da = 38.0 um D = 20.1 pm D = 16.6 pm

VT = 10' K/cm

'
Time, VT, Time. 97 Time.
Sec. TJ Kp Sec. Tf K/cm Sec. Tf
3.00 1652 1567 1.72 2082 5501 0.20 1830

4.00 1753 2128 3.49 2308 5744 0.40 1895

5.00 1905 3404 4.61 2467 5714 0.60 1998

6.00 2033 1482 5.66 2629 5584 0.70 2058

7.00 2197 4294 6.51 2763 5480 0.80 2133

8.00 2384 5145 7.41 2898 5178 0.90 2224

9.00 2567 5242 8.23 2980 4405 1.00 2333

10.00 2801 6267 1.05 2403

!!.00 2951 4156 1.10 2518

12.00 3000 4217 1.13 2623

1.16 2733

1.18 2973

1.19 3040

aCrain Diameter

; given are the temperature gradients and the grain diameter, D. Results are
j . given in Table II for the later parts of the transients. These results show
j that very large fuel swelling is prtdicted for the FGR-39 case at low hydro-

static pressure as the melting point is approached. There is an associated

'. considerable decrease in gas release because of the increased bubble size and

resultant lower bubble velocity. The swelling is greatly reduced if a hydro-
static pressure of 150 atms. is assumed. This pressure is in the range that
will typically cause failure for hot clad. The associated effect on gas
release is also considerably reduced.

.
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f TABLE II. Summary of Results for Ef fect of Creep on Fission Cas Release and Fuel Swelling

FCR - 39 WAC TOP Curve 2

d
PRESSa. Creep Time, FRELb SWELC RB .no PRESS. Creep Time, FREL SWEL RS,a PRESS, Creep Time, FREL SWEL RS,nm

Ata Sec. (%) Atm Se c. (%) Atm Sec. (%)

! 1.0 no 10.0 0.297 3.6 162 2.5 no 6.51 0.585 2.5 183 2. 5 no 1.13 0.155 2.8 33.5
11.0 0.452 4.1 324 '7.41 0.749 2. 0 306 1.16 0.200 . 3.1 44.3'

12.0 0.562 ' 4. 2 493 8.23 0.866 1.4 447 1.18 0.251 3. 4 61.0 J
1.19 0.279 3.6 68.6

; 1.0 yes 10.0 0.270 9. 4 ' 237 2.5 yes 6.51 0.566 4.1 220
!!.0 0.360 27.8 701 7.41 0.695 6.2 453 2.5 yes 1.13 0.154 3.1 34.8
12.0 0.408 51.2 1336 8.23 0.778 7. 8 776 1.16 0.196 4.3 50.3

1.18 0.240 9.4 '90.0

150 no 10.0 0.300 3. 5 159 150 no 6.51 0.591 2.3 178 1.19 0.255 12.6 !!2
11.0 0.458 3.9 316 7.41 0.759 1.8 296

i 12.0 0.569 3.9 477 8.23 0.876 1.1 430 150 no 1.13 0.155 2.8 33.4
''

l.16 0.200' 3. 0 44.0 I

6.51 0.577 3.3 204 1.18 0.257 3.4 - 60.51 50 yes 10.0 0.277 7.3 215 150 ys s
11.0 0.384 12.9 516 7.41 0.719 3.8 381 1.19 0.280 3.5 68.0
12.0 0.455 14.1 807 8.23 0.817 3.4 587

150 yes 1.13 0.155 3.0 34.5
1.16 0.197 4.1 49.2
1.18 0.243 7. 9 84.0

i 1.19 0.258 9. 8 102

.

aHydrostatic pressure
bFractional fission gas release from grains
clntragranular fuel swelling

dIntragranular fission gas bubble (141us

i

L
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The calculated swelling is considerably less for the WAC TOP case than
for FGR-39. This seemed puzzling at first because of the similar time-
temperature variation as the fuel melting point is approached. However, the*

grain size assumed in this case was considerably smaller, leading to a higher
gas release, and it was determined by parametric variation that this was the
main cause of the difference in swelling. Also, the relatively small differ-,

ences in temperature over the later parts of the two transients turned out to
have'a significant effect because of the rapid variation in essumed creep rate
with temperature near the melting point. This whole calculation is rather,

speculative because of the uncertainties involved, particularly in high temper-
ature creep data.4 The FD1 experiments showed fuel swelling in restructured
fuel where the fission gas content is small, and none in the unrestructured
fuelII, where NEFIG assumes swelling takes place.

For the Curve 2 case the calculated fuel swelling is significant even on
the short time scale assumed, because of the high fractional gas retention and
higher final temperature assumed in the calculation. However, the gas release
is not significantly affected by creep effects.

In summary, creep effects do appear to have a noticeable effect on fission
gas release for slower transients, and are probably worth taking into account
on a parametric basis. These effects are reduced when the hydrostatic pressure
present in the pin when failure conditions are approached is taken into account,
and become insignificant for very rapid transients.

,

.
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II. THREE-DIMENSIONAL CODE DEVELOPMENT FOR
CORE THERMAL-HYDRA 7LIC ANALYSIS OF

LMFBR ACCIDENTS UNDER NATURAL CONVECTION CONDITIONS .
.

A2045

A. Introduction

The objective of this program is to develop computer programs (COMMIX and
BODYFIT) which can be used for either single phase or two phase the mal-
hydraulic analysis of reactor components under normal and off-normal operating
conditions. The governing equations of conservation of mass, momentum, and
energy are solved as a boundary value problem in space and an initial value
problem in time.

COMMIX is a three-dimensional, transient, compressible flow computer code
;

for reactor thermal-hydraulic analysis. It is a component code and uses a
porous medium forculation. The concept of volume porosity, surface permea-
bility, and distributed resistance and heat source (or sink) is employed in
the COMMIX code for quasi-continuum (or rod-bundle) thermal-hydraulic analy-
sis. It provides a greater range of applicability and an improved accuracy.
than subchannel analysis. By setting volume porosity and surface perneability
equal to unity, and resistance equal to zero, the COMMIX code can equally
handle continuum problems (reactor inlet or outlet plenum, etc. ).

.

! BODYFIT is a three-dimensional, transient, comprersible flow computer
code for reactor rod bundle thermal-hydraulic analysis. This is also a coa-

| ponent code, and it uses a boundary-fitted coordinate transformation. The -

complex rod bundle geometry is transformed into either rectangular or cylin-
'

drical coordinates with unifom mesh. Thus, the physical boundaries, inclu- ;

ding each rod, coincide with computational grids. This allows the Navier-
Stokes equations, together with the boundary conditions, to be represented
accurately in the finite-difference forculation. Thus, the region in the
innediate vicinity of solid surfaces, whicl- is generally dominant in deter-
mining the character of the flow, can be accurately resolved.

During this quarter all ef forts were devoted to the development of the
COMMIX-2 (3-D, two phase) computer code and the BODYFIT-1 code.i

.

B. COMMIX-2, Two-Phase Code Development ( H. M. Domanus, C. C. Miao, W. T.

Sha and V. L. Shah)

During this quarter, the following three problems were analyzed with
COMMIX-2.

1. Geman Seven-Pin Hexagonal Fuel Assenbly [12]

; The model seven pin bundle is shown in Fig. 1. The model consists

I of a 1.40 meter overall length which consists of a 0.20 meter entrance region,
followed by a 0.60 meter heated region, and a 0.60 meter exit region. The

*

seven electrically heated pins have an outside diameter of 0.006 meter ar.d are
arranged in a 0.0079 meter triangular pitch within a hexagonal duct as shown.'

|
The pins are heated .unifomly, both from pin-to pin and over the heated
length. The duct walls are 0.05 meter thick. The corresponding position of

' the thermocouple measurements are shown in Fig. 1.

;
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The simulation consists of first obt'aining a steady-state solution,
then imposing the specified velocity transient. The sodium coolant enters the
bundle uniformly at the bottom with a temperature of 562*C and a velocity of' *

2.97 meter /second. As the sedium coolant flows up the bundle, a total of
11.40 kW of heat is generated within the seven electric heaters.

The normalized flow transient is shown in Fig. 2. As the flow
decreases, the temperatures in the fuel assembly increase. The resulting ten-
perature transients compare favorably with the experimental data and previous
COMMIX-IA single phase calculations.13 lt is worth noting that the simulation
of the steady-state and transient up to the inception of boiling required much
less computer time than the previous COMMIX-1A simulation. This was due pri-
ma rily to the fully implicit formulations of COMMlX-2 which permitted a time
step size much larger than the Courant condition.

As the temperatures rise, the saturation temperature is reached and
boiling starts. As the boiling continues and scre vapor is produced, the
vapor is convected downstream of the heated section, and a boiling region is
f o rmed. Fig. 3 shows the axial limits of the transient boiling region. While
the calculation shows the boiling region to be three-dimensional, the results

,

shown are a projecticn of the boiling region on the axial length of the test
section. This comparison with the experimental data is favorable. '

2. Analysis of 31-Pin Fuel Assembly using Two-Fluid Model:
,

This is the analysis of the boiling test (Tes t 20; Run #104) with
buedle 3C in the Liquid Metal Fast Breeder Reactor (LMFBR) Thermal-Hydraulic

*
Out of Reactor Safety (THORS) Facility. Bundle 3C has 19 pins in the center,
arranged in a hexagonal array and 12 pins in the surrounding annular region.
All pins are electrically heated to simulate fuel pins. The heating section
is 533 nm long and has a blockage plate at axial position Z = 381 mm. The
flow transient was presented in the last quarterly report.

Results have been obtained with COMMIX-2 using two-fluid model for
initial and final steady state conditions. Figures 4 and 5 show the compari-
son of axial temperature distribution and the spread of the boiling region
respectively for the final steady state condition. We can see that the !

COMMlX-2 predictions, cbtained with two-fluid model, are in .close agreement
with the measurements.

3. Analysis of THORS wire wraped 19-Pin Bundle 6A-

In order to determine the effect of wire-wrap, the analysis of the
i sodium test data 23, run #101 for THORS wire wrapped 19 pin bundle 6A, was

carried out. The initial steady state solution was obtained with COMMlX-2,
first without using the wire wrap model, and then with the wire wrap model.

'
Figu res 6 and 7 show the comparisons of the predicted axial and radial
temperature distributions with the experimental measurements. We can see that
the results obtained with the wire wrap model are in closer agreement with the
experimental measurements.-

i

,
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Other Development Work

(1) A significant amount of time and effort was spent this quarter ,

in cleaning up the code, in documentation, and in preparation
of a users canual. A preliminary version of the code documen-'

tation will be ready for release in the very near future.

(2) Several modifications were incorporated to reduce the computer
storage requirement. _ Initially, a 19 pin hexagonal fuel assem-
bly single phase problem with 24 axial levels and 2248 cells
required storage over 2000 K. With the modifications now
incorporated, the same problem requires ~1500 K of computer
storage. Efforts are being continued to further improve the
storage requirement.

(3) The subroutines for mapping the heat transfer flow regime and
for evaluation of the corresponding surface heat transfer
coefficients have been developed. The modifications required
in the code for incorporating these subroutines have been made.

(4) Two additional subroutines have been developed and incorporated
in the code to permit SOR solution , option for the solution of
e r.e rgy and continuity (fluid-volume fraction) equations. We

are now testing these subroutines.
>

| (5) Some effort and time was devoted to experimenting with
dif fe rent solution sequences. Further experimentation is
planned to determine an optimum. ;

C. Development of BOD ' FIT-lFE (B. C-J. Chen and W. T. Sha)

Some modifications and improvements were performed for BODYFIT-lFE during
this quarter. These changes were done mainly for the purpose of clarity and
efficiency. They are mostly in the area of input preparations and fluid
properties. These changes reflect the feedback from users at the

Massachusetts Institute of Technology. They are currently using the code to
perform some thermal-hydraulic analysis of square rod bundles in order to
compare with their experimental data. We have provided a great deal of user

,

support and consultation to them during this quarter. A preliminary version r
;

of the code is ready for release..

Incorporation of a homogeneous two phase flow model into the code was
also investigated during this quarter. It was estimated that two to three
ma n-mon ths of effort will be needed for the implementation of the model.
However, incorporation of this model will considerably extend the capability
of the code for rod bundle thermal-hyd raulic analysis. Currently , we are

l surveying various two phase physical models and heat transfer correlations in
the open literature.

The BODYFIT-IFE document is in its final stage of being typed and
*

corrected. It includes both the theory and the application of the technique
of boundary-fitted coordinate systems. A users manual is included as a part
of the report as well. The report should be printed during the next quarter.

|

|
1
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