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SUMMARY

B0DYFIT-2PE1 is a three-dimensional steady-state/transient, single/two-

phase computer program for reactor rod bundle thermal hydraulic analysis. It

uses the coordinate transformation technique to transform the irregular phys-

ical boundaries to rectangular shapes in the transformed plane. In this way,

all the physical boundaries are coincident with the constant coordinate lines

and the boundary conditions can easily be represented without interpolations.

Therefore, there is no need for any empirical correlation in the case of

laminar flow. However, in the case of turbulence flow, modeling is required

due to the closure problem. This minimum empiricism makes BODYFIT-2P2 a

suitable tool for comparing various correlations. In this paper, we compare

the BIASI2 critical heat flux (CHF) correlation with the Columbia3 CHF

correlation by using both the homogeneous equilibrium twc-phase model with

algebraic slip1* and the drift flux model5 »6 in B0DYFIT-2PE. All calculations

were compared with the GE 3x3 CRF experiment.7 This comparison serves as a

qualification process for the CHF correlations in the fraraewojflt of BODYFIT-

In the BIASI correlation, nearly 5,000 data points were used to derive

the CHF correlation with the pressure between 2.7 atm and 140 atm, and the

mass flux between 10 g/cn^sec and 600 g/ciri2sec for round ducts and uniform
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heating. Although the correlation was derived for round ducts, it is commonly

used within the subchannel of rod bundles. Experience (including the present

comparison) has shown that the correlation is not too bad for rod bundle

applications.

In the Columbia correlation, 3,607 CKF data points from 65 test sections

simulating PWR and BWR fuel assemblies ware used. The pressure was between

13.6 atm and 166.67 atia, and the mass flux was between 27.125 g/cn^sec and

556.06 g/cn^sec. This correlation was based on the local (subchannel) fluid

conditions obtained with the COBRA-IIIC code.

In the present analysis, B0DYFIT-2PE was used to analyze the G.E. 3x3 rod

bundle CHF test. The first two-phase model option used in the analysis was

the homogeneous equilibrium model with algebraic slip. This model allows for

subcooled void formation utilizing a modified Bankoff-Jones drift correlation.

It uses heat transfer and vapor generation correlations which are continuous

over the full range of parameters without utilizing flow regime map. The

second two-phase model was a drift-flux model based on Zuber and Findlay. In

this model, the drift velocity is specifically dependent on the flow regime.

These two models and the two CHF correlations were used to analyze the G.E.

3x3 CHF test. Only a limited number of runs were used for comparison in order

to save computer cost. In the test, the rod bundle has the typical BWR rod-

wall and rod-rod clearances. All nine rods were uniformly heated with an

electric heater. Nine chrome1-alumel thermocouples were placed in the sheaths

of the calrod heaters. The subcooled water entered at the bottom of the

bundle and passed through the heated section at constant pressure and flow

rate. Power was slowly and incrementally increased until the temperature of

one or more of the thermocouples oscillated sharply, which was an indication

of the occurrence of CHF.
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Table I summarizes the comparison of critical heat flux among (1) the

experimental data, (2) HEM with algebraic slip and Colunbia CHF correlation,

(3) three-equation drift flux model with Columbia CHF correlation, (4) HEM

with algebraic slip and BIASI CHF correlation, and (5) three-equation drift

flux with BIASI CHF correlation. Within the domain of the HEM model with

algebraic slip [(2) and (4)], the BIASI correlation gives slightly better

agreement between the BODYFIT calculations and the experimental measurement

than trie Columbia correlation. The same observation holds for the three-

equation drift flux model [(3) and (5)]. Within the same correlation [(2)

versus (3) or (4) versus (5)], the three-equation drift flux model gives

slightly better agreement between the calculations and measurements than the

HEM. Also, the three-equation drift flux calculation consistently gives a

slightly higher value of CHF than the HEM calculation. However, all calcula-

tions agree quite well with the measurements (maximum deviation of less than

12Z).

With the limited number of computer runs, the three-equation drift flux

model seems to better predict the CHF behavior of reactor rod bundles and both

the BIASI and the Columbia correlations seem to provide a good estimate of the

CHF occurrence. Furthermore, due to its minimum reliance on etcpirical corre-

lations, BODYFIT-2PE can be used as a convenient tool for comparing

correlations. More comparisons are needed to reach a definitive conclusion.

Work is continuing in this area.
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TABLE 1. Comparison of the Fxperiiaental Measurements

RUN NO.

231

145

377

397

398

Legend:

PRESSURE
MPA

6.895

6.895

6.895

5.516

5.516

with BODYFIT I'redictions

MASS FLUX SUBCOOLING
kg/rf/s

688

707

702

678

-

675

(1) Measurement
(2) HEM with

MJ/kg

0.496

0.526

0.494

-

0.541

0.667

algebraic slip via Columbia
(3) three-equation drift flux
(4) HEM with

AVERAGE HEAT
FLUX

M

(1)
(2)
(3)
(4)
(5)

(1)
(2)
(3)
(4)
(5)

(1)
(2)
(3)
(4)
(5)

(1)
(2)
(3)
(4)
(5)

(1)
(2)
(3)
(4)
(5)

AT CHF

1.762
1.654
1.705
1.685
1.731

1.956
1.722
1.755
1.762
1.795

1.723
1.674
1.710
1.721
1.760

1.831
1.794
1.842
1.808
1.848

2.016
1.936
1.963
1.928
1.950

CHF correlation
via Columbia CHF

algebraic slip via BIASI CHE
(5) three-equation drift-flux

correlation
' correlation

via BIASI CHF correlation

BOILING
LENGTH

•

0.909
0.849
0.878
0.867
0.892

0.927
0.804
0.824
0.828
0.847

0.874
0.846
0.867
0.873
0.894

0.878
0.858
0.884
0.866
0.887

0.770
0.727
0.741
0.723
0.734


