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Development of Multi-dimensional Thermal-hydraulic Modeling using Mixing Factors

for Wire Wrapped Fuel Pin Bundles in Fast Reactors

— Validation through A Sodium Experiment of 169-Pin Fuel Subassembly —
M. Nishimura ™!, Y. Miyake?, H.Kamide"

- Abstract

Temperature distributions in fuel subassemblies of fast reactors interactively affect heat transfer
from center to outer region of the core (inter-subassembly heat transfer) and cooling capability of an
inter-wrapper flow, as well as maximum cladding temperature. The prediction of temperature
distribution in" the subassembly is, therefore one of the important issues for the reactor safety
assessment.

Mixing factors were applied to multi-dimensional thermal-hydraulic code AQUA to enhance
the predictive capability of simulating maximum cladding temperature in the fuel subassemblies.
In the previous studies, this analytical method had been validated through the calculations of the
sodium experiments using driver subassembly test rig PLANDTL-DHX ‘with 37-pin bundle and
blanket subasse'mbly. test rig CCTL-CFR with 61-pin bundle. The error of the analyses were
comparable to the error of instrumentation’s. Thus the modeling was capable of predicting
thermal-hydraulic field in the middle scale subassemblies. ' '

Before the application to large scale real subassemblies with more than 217 pins, accuracy of
the analytical method have to be inspected through calculations of sodium tests in a large scale pin
bundle. Therefore, computations were performed on sodium experiments in the relatively large
169-pin subassembly which had heater pins sparsely within the bundle.

The analysis succeeded to predict the experimental temperature distributions. The errors of
temperature rise from inlet to maximum values were reduced to half magnitudes by using mixing
factors, compared to those of analyses without mixing factors. Thus the modeling is capable of

predicting the large scale real subassemblies.

*] Reactor Engineering Section, Safety Engineering Division, O-arai Engineering Center, PNC

*2 NDD Corp. i
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Table 2.1 Specifications of 169-Pin Fuel Subassembly

169 pin Bundle (mm)
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Table 3.1 Correlation Equations of Bundle Friction Factors
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Table 3.2 List of Computational Cases

spEr s 7 3Ly | BRHMRE | AORE | AODWSE | AORE | BHY
BEEFL | (kW) (Vmin) (m/s} ('C) Dy AT
MCH7-1789ABC-01A O 13.51 98.85 0.451 | 393.78
, O _
MCH7-1789ABC-03A 27.45 198.64 0.905 392.28
X 1
MCH7-1789ABC-05A O 100.14 802.35 3.656 394.64
MCH?7-1789ABC-08A @) 119.18 1200.23 5.470 388.46
O
MCH7-12379AC-03A 122.90 1220.01 5.560 394.40 2
x .
‘ 5 _
MCH3-17C-01A 6.863 59.83 0.273 39254 | 3
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Fig. 4.14 Comparison of Axial Temperature Profiles
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Fig. 4.18 Comparison of Axial Temperature Profiles



