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Validation of an in-house system analysis code for heat pipe cooled reactor

WU Pan OUYANG Zeyu ZHU Yu SHAN Jiangiang
(School of Nuclear Science and Technology, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract  [Background]| The kilowatt reactor using stirling technology (KRUSTY) is a heat-pipe-cooled reactor
experimental system that uses a Stirling engine to convert thermal energy to electricity, it is the only one published
experimental data for heat-pipe-cooled reactor systems. The KRUSTY experimental data under different working
scenarios include the cold startup and load change processes, heat pipe failure, reactivity insertion, and heat sink loss.
[Purpose] This study aims to validate the self-developed system transient analysis code named TAPIRS-D for the
heat-pipe-cooled reactor concept using KRUSTY experimental data. [Methods]| Firstly, an in-house system code for a
heat-pipe-cooled reactor named TAPIRS-D was introduced, with the main theoretical module briefly explained,
including the reactor power calculation module, heat transfer module for fuel assembly, and heat pipes. Then, the
TAPIRS-D was applied for the first time to the simulation of the key processes of the KRUSTY prototypic reactor
test under normal operation and accident conditions. Finally, comparison between the simulation data and
experimental data was conducted for the validation of this analysis code. [Results] Comparison results demonstrate
that the maximum relative prediction error for the fuel temperature is less than 2%, and the reactor power average

prediction error is less than 10%. [Conclusions] The prediction trend of the numerical simulation by TAPIRS-D fits
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well with the experimental data on key parameters such as core power and the temperature of fuel and heat pipes,

which indicates that TAPIRS-D is well developed and is capable of conducting safety analysis for heat pipe cooled

reactor concepts. The validation of this system analysis code provides a good reference for other newly developed

system codes for heat pipe reactors.

Key words Heat pipe cooled reactor, System analysis code, KRUSTY test, Code validation
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HH-¥-Z4{ Neutron parameters

(& Value

A/ 1™
ABIP)

0.012 73, 0.031 75, 0.116, 0.311 8, 1.399, 3.876
0.037,0.211, 0.187, 0.407, 0.131, 0.027
Als 5.5%10
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%% Parameters #U{H Value |Z%] Parameters #{H Value

HES H. 4% Reactor core diameter / cm 11 4 Number of heat pipes 8

MG =1 Reactor core height / cm 25 FAE T Working fluid of heat pipe Na

KT % H Number of fuel elements 3 T {EJE ¥ Operating temperature / °C 720~800

PRELR T Total fuel mass / kg 322 A HPME Heat pipe outer diameter / cm 1.27

B,C ¥ il H A% 4.0 7 BE )2 Heat pipe wall thickness / cm 0.089

B,C control rod diameter / cm

i KA ZE Maximum thermal power / kW 5.0 7% R B E Length of evaporation section / cm 35.6

%, U % Nominal thermal power / kW 3.0 #i B JE Length of adiabatic section / cm 86.4

it HEL I 2 Output electric power / kW 1.0 Pt B K E Length of condensing section / cm 8.89

HERSST- IR 800 EBEF B} Container material Haynes230

Average core temperature / °C

#AFE (FIMAD Fuel burnup (FIMA) 0.000 01% |FRES A48 Wick material Stainless 316

HELSH KL Fuel material U-8Mo A EBCT R ~775
Average temperature of condensing section / °C

Mo Ji 43 # Mo mass fraction 7.8% HirFEpR#12L H Number of Stirling machines 8

U-235 & %% U-235 enrichment 93.1% Wik pRHLAL 45 Stirling machine model ASC E2-7.E2-8

®3 REUHESREIE

Table 3 Steady state result comparison

7=7.5h,0,, =295 W SEEHHE AR AN R 2
Experimental data Calculation results Relative error / %

HER AR TR 2750.0 272338 0.95

Reactor core fission power / W

WAL T2 10 800.0 801.8 0.22

Average fuel surface temperature / °C

22 REHWLSBINTR
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