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Research on 3D Printed Heat Pipe for Nuclear Power Plant Accident
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Abstract: To address the limited passive operation time of the accident cooling water tank in the secondary passive residual
heat removal system of the HPR1000 nuclear power plant caused by boiling dryout, this study proposes a high-performance
heat pipe unit fabricated by additive manufacturing. Heat transfer limit analysis reveals that the conventional heat pipe is pri-
marily constrained by the entrainment limit, boiling limit, and heat transfer limits at the evaporator and condenser sections.
Accordingly, a selective laser melting (SLM) additive manufacturing process is employed to fabricate a complex structure
featuring internal lattice structures and external thin fins for both evaporator and condenser sections. A diversion sleeve is
added to the condenser section to enhance natural convection heat transfer. Numerical results show that the chimney effect
induced by the diversion sleeve more than doubles the heat transfer capacity compared to the configuration without a sleeve.
A gravity heat pipe test bench is established to evaluate the thermal performance under various structural combinations and
liquid filling amounts. Experimental results demonstrate that the additively manufactured heat pipe achieves significantly im-
proved heat transfer performance, with the HP-1-4 configuration (combining a complex evaporator and multiple modular
condensers) reaching a maximum heat transfer capacity of 2 187 W. This study confirms the effectiveness of additive manu-
facturing in enhancing the heat transfer area and efficiency of heat pipes, offering a promising solution for extending the pas-

sive operation duration of residual heat removal systems.
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Fig. 1 Secondary side passive residual heat removal system
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Fig. 2 Working principle of heat pipe
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Fig. 3 Distribution of heat transfer limits of conventional heat pipe
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Fig. 4 Overall design scheme of heat pipe heat transfer unit
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Fig. 9 Fluid velocity distribution contours corresponding to different diversion sleeve lengths
0007 Sy————————— ———790 ARG, RIFERIBCT 1 PR B 4 Fi% BEBLET
_m— o5t ﬁ%ﬁﬁ =N [ =

oorof | G R o lse g BEIT AW R0 B A R
S P
oh (M a * e s
3 000 / e 31 WERE
g 5 5 > > NNy N g N . N
o % E L SCRRIET TUL , SERA VB AR 0

(0 =
=gt /'/ R RS TSR R E . R
YR " H0 N I
oomo] o // TR AMPOKAE P B RO E A

000351 e 20 B R R G0 A AL, WNIET 11 B

0BT T 15 20 25 30 FEA TR I | KA VR SR FA 5 R 75 R B AR Ak #h

FUEREE/m
E10 Z=SRERERANERSRETKETUXR
Fig. 10 Variation of air mass flow rate and thermal power with diver-

sion sleeve length
3 EMEIERE IR

N T BE A R AT AL IR RE , BE— 2D TF
JE T IEREREIAE . SCEST T BV AR RE (15
P ) B D7k, T T K £ DA SE S R R

o IKFEIRTRAT 44 3 kKW R HL IS | 76 3006 T
GERTIT A B AR OB R o T
I8 /D i 3 A TP KR 1) PR R TEK AR A
LA ORI o I AR AR AR D, AR XS
PRAT A 4% LA A8 K AR ISR 43
15 cm.30 cm.45 cm .60 cm,

PAT R 28 R B A B BB =R R, A
BB iE ot LA R, B AR B SV BB A
B 6 DA R R AL RE T IR BE , T B A A



108 F I3

2026 4F

e
TR
e
5
B _ﬁ ENCGR
fRE ST
e
Mk ek
A
tikH A

T ——Y——————

=

B EHRELRKE

Fig. 11 Schematic diagram of gravity heat pipe experimental setup
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