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Benchmark Calculation of Subchannel Analysis Codes
Subcommi ttee on Improvement of Core Thermal-hydraulic Analysis Codes

Tokai Research Establishment
Japan Atomi¢ Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

* (Received January 30, 1996)

In order to-evaluate the analysis capabilities of various subchannel codes used in
thermal-hvdraulic design of light water reactors, benchmark calculations were
performed. The selected benchmark problems and major findings obtained by the
calculations were as follows: '

(1) As for single-phase flow mixing experiments between two channels, the calculated
results of water temperature distribution along the flow direction were well agreed
with experimental results by tuning turbulent mixing coefficients properly. However,
the effect of .gap width observed in the experiments’ could not be predicted by the
subehannel .codes. ’ - o ' ' o

(2} As for two-phase flow mixing experiments between two channels, 'in high water flow
rate cases, the calculated distridutions of air -and water flows in each channel were
well agreed with the expérimental resufts. In low water flow cases, on the other
hand, the air mixing rates were underestimated. :

{38) As for two-phase flow mixing experiments among multi-channels, the calculated mass
velocities at channel exit under steady-state condition were agreed with expermental
values within about 10% However, the predictive errors of exit qualities were as high
as 30%. _

(4) As for critical heat flux (CHF) experiments, two different results were obtained. A
code indicated that the calculated CHF s usihg KfK or EPRI correlations were well
agreed with the experimental results, while another code'suggested that the CHF' s were
well predicted by using WSC-2 correlation or Weisman-Pei mechanistic model.

(5) As for droplets entrainment and deposition experiments, it was indicated that -the
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predictive capability was significantly increased by improving correlations. On the
other hand, a remarkable discrepancy between codes was observed. That is, a code
underestimated the droplet flow rate and overestimated the liquid film flow rate in
high quality cases, while another code overestimated the droplet flow rate and

underestimated the liquid film flow rate in low quality cases.

Keywords: Subchannel Code, Thermal-hydraulic Analysis, Benchmark Calculation,

Flow Mixing, Critical Heat Flux, Entrainment and Deposition, Two-phase Flow
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Table 3.3. 2

CISE 4X4 Test Conditions

96-004

EF v R IVIRETRTENE

Run No.|Pressure Average Inlet Average
Mass Flux Quality Heat Flux
(MPa) .(kg/m2-5) (%) (Mw/m?)
97 6.98 a75 -3.39 0.213
g9 7.01 961 -3.55 0.432
106 6.98 985 -4.68 0.541
! 109 7.04 938 -8.04 0.852
| .
‘ : 125° 7.00 1449 -3.97 0.239
| 124a 7.02 1429 -3.82 0.351
: 139 7.01 1402 425 0.456
123 6.99 1385 -6.31 0.565 _
124b 7.03 1376~ -8.45 0.676 .
. i08* 7.03 1914 -2.56 0.230
' 111 7.00 1863 -2.64 0.317
116 7.01 1881 -3.92 0.475
115 7.02 1902 -3.96 0.598

i and quality.

Test Data CISE 4x4

Test Cendition

Bundle Geometry

*; The exit quality is less than the annular onset candition.

A maximum error of #3% was estimated for both subchannel exit flow

subchannel quality and mass flux measurement

Pressure

Average Mass

Filux

Lattice

Rod Diameter

Rod Pitch

Heated Length
Channel Width
Measurements
Bundle Cross section

Spacer

Power Distribotion

7.00 MPa (1015 psia)

1000 kg/m2-s (0.74 MLb/ft3-h)
1400 kg/m?2-s (1,03 MLb/ft2-h)
1900 kg/m?-s (1.40 MLb/f12-h)

4x4 (16 rods)

1.5 ¢m

1.95 cm

3.66m

8.02 cm

at channel outlet
Figure 1

seven grid spacers
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