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Heat pipe failure accident analysis of a new type of megawatt heat pipe reactor
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Abstract  [Background] Heat pipe cooled reactors (HPR) have good inherent safety. In the early stage of core
design, heat pipe failure accident is usually one of the design basis accidents that need to be considered. [Purpose]
This study aims to analyze the neutronic-thermalhydraulic coupling performance of a new type of megawatt heat pipe
reactor. [Methods] Firstly the heat pipe cooled reactor system physical models, including the point kinetics model,
the core and heat pipe model and radiation heat transfer model for the inner core cavity, were established according to
the designed HPR prototype composed of heat pipe stack and supercritical CO, Brayton cycle system with thermal
power of 3.5 MW. Then, the finite element software FLUENT was employed to conduct neutronic-thermalhydraulic
coupling calculation for the three-dimensional reactor core under the steady-state and heat pipe failure accidents.
Finally, the core safety performance was evaluated by comparing the peak temperature of each component with the
melting point of material. [Results & Conclusions] The results show the designed HPR has good safety performance
under the steady state and single heat pipe failure. Radiation heat transfer in the core cavity cannot be ignored in the

serious cascade three heat pipe failure accident in high power region. Meanwhile, the design cannot withstand
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cascading four heat pipe failure. By comparing the peak temperature of the multiple heat pipe failure with the peak

temperature of the single heat pipe failure, it shows that the design has good inherent safety.

Key words Heat pipe cooled reactor, Heat pipe failure accident, Neutronic-thermalhydraulic coupling calculation,

Cascading heat pipe failure, Inherent safety

P HE B 451 SR 3 T RRROE VA R e e
SR R AN R R A N R A R () T B
—o JUH, H TR RS AN T PR BRI ) T N T AR
(Unmanned Undersea Vehicle, UUV) [r] K If 3 Fll K
IR 7 [a) R J , DR O, 28 T #VE HEI IR T UUV 1
MES W SO Z TR SO T R . FERE SR
THB B, 75 88 I %o S 78 g P AL 20 A R DA G [
Bagath. RERYFBERERER — M5
HEH, R AEHEN BT 2 VPN EENEZ —.

B F0 B A A R AVE R S Wi, PR T
AH L R A R B M M o Poston &R T — 3K
YA IR ZE TR, HXT SAFE-400 [ #VE R 3L
HAT T 500, 45 AR AR RVE R Nzt B
H R R 27 . Ma ZEP5 K B 0E HE
R WGHEAT W7, 45 3R Bz 3 S E X
BATZ A2 B2 AR /N o Sterbentz 2578 H A R
JC AT ABAQUS 73 B T %F Bk H & e B HE SPR
(Special Purpose Nuclear Reactor) f] #.4 « A2 Fl =
MR A O R W, 2 SRR B S I HE P AR 3
ANFEFEE BT B 2R EN . MaE " IR T
— BRI G FIBEES 2 W AR TR0l B AR A
RN R TI, 85 R 5 Sterbentz™ L5
Wi . Sun255F) I FLUENT X /)N #0287 HE 11
AN 2R AE KRR AT T, SRR
B« 4 AR A R B Z BT AT RE AR 32 1 B KB -

TE LIRBE T, I0E HE B HE S RECR A& 4t
PRELTC A 5 T 28 B 4 N M B IR 1) AR 4 M
TF s 0TI FL G s B HE (1) #4E AR B s ik 2 i il
B, TR T RIS R WA At —F i
INEIETE AL R TR o —E S A A 2 ) IO
HEME S FE oz R R 5 AV S E A
7], AR THESME R S . fhxE, A5
5 T FLUENT %, SR F I 7 B € X B % UDF
(User Defined Functions) & s HE 115 /54 A
FRAE A FAAEE TR N S 4 PSR, oF AV HEAE AR S A
PE R BCE T B9 TR TR 34T T B3 #r
LA 22 AR PR AL T e SR AR

1 FHBEIRBAEER N

ARSI TR G o [ R BRI T B A%
L5 AIT TU R S H A A A i 1 — TR

S IE FLAZ B ) R G, 2 #AGE HEAN
I 5t CO, A T Wih b R A . HAThRN
3.5 MW, HEARSE R W& 1 ffros , 2 B s PR X s
DA A% VAR 1] Be SO 2 L Pl S A ] E 2 A
o iR M HEAN A AR AF . HES 454 578 4 A
Al 390 IRIARL-FE AL . v 78T 0 b,
PAFEAT IS, WA NP e 15 44, B A
RERBRE G T, WK 2 fon . 7T BGRR[0
B a A Pl e R 2L G 5 O 155 5 AR AL 4
TP 154 51156 5 o HARALAF N AETTFL
TERRRL T, A B 3 B, A= RIS
aPAS U A S 2 KOO L SN SREE VA Y SN S R
B RIE N LT R AL . BV ROV 20 BN
BRI B RS HES T T =S
ANy 53 A i HE S BETH AR ET, 70 i ke 1 AR 2
B

1 OB RRVE HEHE R R R

Fig.1 Diagram of a new type heat pipe reactor core
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Table 1 Single heat pipe-fuel assembly parameters

4544 Structure 24 Parameter H{E Value
AMUFE Outer cladding  H.JG144K Unit side length / mm 16.28
A7} Cladding material ODS MA 754
AN B Outer gap HMS R 4ME Outer gap outer diameter / mm 27.10
PR} Fuel #REL#MZ Fuel outer diameter / mm 27.05
PRI KL Fuel material UN
B Inner gap WA R4 Inner gap outer diameter / mm 23.05
P EL5% Inner cladding W AL5E4ME Inner cladding outer diameter / mm 23.00
A Heat pipe A BESME Heat pipe wall outer diameter / mm 21.50
YA T B PR 42 Liquid channel outer diameter / mm 19.50
Wi S A% Wick outer diameter / mm 18.50
FRIRIX AME Vapor area outer diameter / mm 17.90
& 1Ll Working fluid K
B EERI A1 KL Heat pipe wall and wick material ODS MA 754
TR BB A B K Evaporator/adiabatic/condensation section / mm 550/350/350
26 B {5 Z 4ME Insulation at adiabatic section outer diameter / mm 23.00
230 B K I 2 4% Pressure-bearing pipe at adiabatic section outer diameter / mm 27.05
Wt Bk B 2 4% Pressure-bearing pipe at condensing section outer diameter / mm ~ 27.05
AR I AL FABE 1™ Heat transfer capacity of single heat pipe / kW >20

R RSP FRANFESERINES

Table 2 Neutron dynamic parameters of core and power distribution

HUH Value

Z# Parameter

GER P FAE 0.000 23, 0.001 20, 0.001 16, 0.003 33, 0.000 99, 0.000 33
Delayed neutron fraction / %

R TR 0.012 49, 0.031 77, 0.109 62, 0.318 11, 1.351 18, 8.714 87
Decay constant of delayed neutron /s

SP3BT AR (] 4.829 x 1077

Mean neutron generation time / s

WORH S 0 7 i FRE s M e it AR

Temperature reactivity coefficient of fuel and cladding / $-K™'
#4534 Power distribution

2.72 x 107°,1.16 x 10°°

MR T 1,19, 75 & R 5L AT

Axial hot point factor 1.19, cosine function distribution

Fr BGOSR F 113, 76 DUIER R U AT

Radial hot point factor 1.13, bessel function distribution
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Fig.8 Temperature field contour under steady condition (a) At the axial midpoint of the evaporation section, (b) Core axial section
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Table 3 Peak temperature of single heat pipe failure

T2
Case2 /K

T3
Case3/K

BiE L Tl

Steady state / K Case 1 /K
4MaL7 Outer cladding 1078.89 1 418.84(+339.95)
BEEL Fuel 1078.91 1 420.36(+341.45)
P4 £ 5% Inner cladding 1 061.02 1412.59(+351.57)
#HE BE Heat pipe wall 1050.92 1 409.47(+358.55)

1 259.28(+180.39)
1 261.86(+182.95)
1 253.92(+192.90)
1 251.13(+200.21)

1 155.57(+76.68)
1 168.28(+89.37)
1167.91(+106.89)
1 167.79(+116.87)
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Table 4 Comparison of the peak temperature of three heat pipe failure under different boundary conditions
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P s A NIRRT NI NSRS A )CE RPN S
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