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Design and analysis of passive residual heat removal system for a new megawatt and

compact nuclear power plant

YUAN Leqi WU Hexin GOU Junli SHAN Jiangiang

(School of Nuclear Science and Technology, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract  [Background] A heat pipe reactor is ideal for underwater unmanned vehicles (UUV) because it is
simple, is compact, and has high inherent safety. [Purpose] A passive residual heat removal system that uses natural
circulation to cool the adiabatic section of heat pipes was designed based on the characteristics of a new type of
megawatt compact nuclear power plant with a heat pipe reactor. [Methods] Firstly, based on the characteristics of 3.5
megawatt compact nuclear power plant for UUV, natural circulation of water was utilized to cool the adiabatic section
of heat pipes. Then, the computational fluid dynamics software STAR-CCM+ was used to simulate and analyze the
heat removal capacity of the passive residual heat removal system with different geometric parameters, made it
conservatively meeting the demand of maximum residual heat removal power. [Results & Conclusions] The results
show that a baffle around the adiabatic section of heat pipe bundle is beneficial to reduce the maximum temperature
of the fluid. The widths of the inlet and outlet of the baffle have almost no effect on the heat removal capacity, while
extending the lower part of the baffle is unfavorable to natural circulation. When the axial length of the emergency
cooling chamber is 160 mm, it can conservatively meet the maximum residual heat power of 0.14 MW. The

maximum fluid temperature is 288 °C, which is lower than the boiling point under working pressure, and normal
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operation is possible in ambient temperatures ranging from 5 °C to 25 °C.
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temperature heat pipe, Numerical simulation
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Fig.1 Schematic of passive residual heat removal system
(a) Overall diagram of the nuclear power plant, (b) Emergency cooling compartment profile
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Table 1 Main parameters of megawatt high efficiency and compact new marine nuclear power plant

S 4 FK Parameter ZH{H Value

J ]9 HE I % Reactor power / MW 35

JARIZE Y Fuel UN

HE N AR B Number of heat pipes 390

FE S5 /M KL Heat pipe structural materials ODS-MA754

A T 25 Heat pipe working fluid type £ Potassium

FE R 2R Type of heat pipe wick #2 % Wire-mesh screen

#E HPMZ Outer diameter of heat pipe / mm 21.5

A BE J5 FE Heat pipe wall thickness / mm 1.0

A (AL P B8 Center distance between heat pipes / mm 28.2

PEFAAIZITIRE Steady state operating temperature of heat pipe / °C 773.45
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Fig.2 Curves of decay heat power versus reactor

operating time (color online)
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Table 2 Comparison of different turbulence models

T A5 Turbulence model Realizable k-e 2 layer  Standard low-Re k- V2F k-e SST k-w
JiU BB Mass flow / kg's™! 0.424 0.421 0.422 0.424
Vit Fluid temperature / °C 113.9 110.7 110.9 111.4
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Fig.5 Nephogram comparison of temperature and velocity distribution with (a) and without (b) baffle
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Table 3 Results of different lengths

[l T #4 F Lower length of baffle / mm

0 200 400
27 &2 Mass flow / kg's™ 0.238 8 0.200 1 0.144 4
TR IR B¢ KA Maximum fluid temperature / °C 300 304 309
FEI AR 33t 113 7 Baffle inlet temperature / °C 206.1 178.5 159.8
FELBRGE 1 1 P Bi 2 66.91 87.95 121.90

Average temperature difference between the inlet and outlet of the baffle / °C

Velocity / m-s™
7.25 66.6 126.0 185.0 2450 3040 0 0086 0.17 026 035 043

Temperature / °C

P =
Temperature / °C Velocity / m-s™
9.67 69.5 129.0 189.0 249.0 309.0 0 0.082 0.16 025 033 041
[

7 BIARE KA R B THE A3 A s EXTEE () 200 mm, (b) 400 mm
Fig.7 Nephogram comparison of temperature and velocity distribution with baffle extension lengths of (a) 200 mm, (b) 400 mm
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HEH 5
Inlet and outlet width / mm
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J5i VAL Mass flow / kg-s™ 0.2388 0.2387 0.2419
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FH T SRR 78 1R L ART 45 480, 76 18 8 R 25 B2 264 T
R Tl e BE S DA 38005 A2 T U T SR T o 114 Bl 1)
K.

WIS 6 From, B T AR R A B Tl . 45
TR, Bl A K B9 150 mm % DL BB, 48302 B
TR 804 °C, LI T 800 °CHIF =K« #R Tk

Temperature / °C eloclty/ m-s™ Temperature / °C

I AR 28 BT I 5 D Tt 7 1 i 3 B4 PO AL T
TR B L A . E P 10 AT, i e e K R
SRR NS TR T AR N A = K1 1 S
160 mm B L4 B = i h 288 °C, I A 2 22 °C,
LGN 266 102 M Rl B L E R 765 °C , 34 A BE T TR
Ko B, 160 mm Ay a4 G AE 7 57 3 2 ok R
REBIRHETREDR PR K .

BRI, AAE N BETH RS S s
BEAARKZES , WE 11 FR. 40EME B
TR R A 658 °CiZT T+ 753 °C, e K
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)51 53 A AN ) 5 TE S T P I A T I BER AN
38953 P A4S 0 200 K it ) K B R ik /N B v i
136 PR A A 1 T A 1 7 R R T R S 1)
e

Velocity / m's™ Temperature / °C Velocity / m's™

_/
7.16 657124 183 241 300.0 0 0.0890.18 0.27 0.36 045  7.08 65.7 124 183 242 300.0 0 _0.082 0.16 0.25 033 041 755 659 124 183 241 299.0 0 0.074 0.15 0.22 030 0.37
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Fig.8 Nephogram comparison of temperature and velocity distribution with baffle opening widths of
(a) 40 mm, (b) 80 mm, (c¢) 160 mm
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Table S Results of axial lengths

Hh M E Axial lengths / mm

140 150 160 170
JF i EE Mass flow / kg's™ 0.397 0.414 0.421 0.426
AR i K {H Maximum fluid temperature / °C & Boiling 305 288 273
2632 B i Maximum temperature of the adiabatic layer / °C 854 804 765 727
2632V 3415 B Average temperature of the adiabatic layer / °C 812 763 722 684

Temperature / °C
753.0

734.0

715.0

11 28R A B IR R 3 A
Fig.11 Temperature distribution diagram of inner wall of
adiabatic layer
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Table 6 Results of ambient temperatures
MR
Ambient temperatures / °C
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