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Research on liquid cooling and phase change material
hybrid heat dissipation technology for power supply
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Abstract

In response to thermal reliability issues caused by the operation of power equipment on weapons systems, this paper proposes a
solution combining phase change materials with liquid cooling. First, based on the structural characteristics of the power supply,
structural components and phase change materials were selected, and flow channel designs were carried out; then, using ANSYS
Workbench thermal simulation technology, the relationship between the flow channel design and optimization of the power supply
cold plate, as well as the relationship between phase change materials and cooling effects, was investigated and analyzed; finally,
a prototype of a high-power power supply was developed based on the simulation results, and through experiments, the cooling
performance of the phase change materials and liquid cooling in two different operating conditions (short-term operation during the
payload stage and continuous operation during ground debugging) was evaluated, confirming the feasibility and effectiveness of the
proposed solution.

Keywords
phase change material; liquid cooling; heat dissipation; flow channel design; high power supply

[ [o] iR RS SR EM LR S AR R
RNEE PRETE G Bk BT
SN MIR A VEBR AR, HE -

m =

A K BEL LB REEB/ARFI RGBT IR, KRB T ERARSKMGEET S, G AREAH G
ROy AR SRR T AR AR R AR, JREATIRE R KRB AAANSYS Workbench# 4y B RIR T T & IR A 49
REEITSMAL, MEMHSRRARZIAG X R, FHIT0WT; RELESGALRRHN R ECREMFN—E, Fid
S ERIEFE) T EH/ARE 0L (BB NB AN TARf b @RI B 4 TAF ) T W IRARAAR T AR S ik AR A 0
AR, EFE T PR e T AT A A RO

KA
AT A A it R R FE R

B B1PH 550081

18]= FURS R E R, BRI SBIA . A4
IR A E . bt m MRS . (ERIBREI, HERG . AR

1€, B—RUHGATT I N RE I R IR S TR VAT K,
TEREG ZPHEAITA, RIS BRI LIAR AR L
e B, BTk, ARG TR SRR ERR A
RIFTZPE TSN T RIDRAIR, HER T (TR e
R, W HMEREA TS

2 g

RIpZEIR (LURRRR IR ) AR E BT
TERTA A T LB 2 J L +-Rbeh,  TAERRIASE, 72X
BrEg, HIRRATH R — PR EES R 55—,
BRI EE I AR, R T RIN TR, 28 e

VERE, SHESTIEERETE S O RO— R N, S &R
FartrelERR . NRARERIKTTIA R, BTas
PRRRR R B oREs, £E/NIZS AN T RS = AR
¥, ZARERE DR TR, SRR R AT RS
DhEae P TR, R MRS s TR, M ERE
R REREI RS AT EEE . gttt B REeE
A 55% & F TR S i HL - s LS SR e v HR T 5 [
Mo B, AWhfRAE TR RISENE, RO RBLEETRLA
R AT S

[(fEE-MT] ZBEE (1999-) , B, FEA, BERINS
XA, L, BNETEM, MBBINZIEAHAR.

M, TORR TR — A T L e 2 T LAY N, FEX TR A,
BRI AT —MRE LIRS BB T e

65



BASEEIRANE - $£03% - 058 - 2025 £ 05 A

PRI E S B R TR A A L IR A
BENITIEEK,

TEMIEIARYEE, FIREF T SRR LR,
HASNRIEFE— BRIz T/ERESEDK. (52, h
TiZ TVEM B R Lk T, it a2 o]
MR, e, RS, REFRIMER, SEEER
BWTFER, H—RASERESER, ZZRERm, SNAE
XA R A R AR 18 e 108 P 5ot AL R A8 T S s
B PO RIFEAA R TS, S SEFIRAE L
ArERAE TR G T IER R AR A WA T
XSGR, RPN —MRAE SR EIRR

FESCHER W AR, AR T B, R T IRIE A,
TREE TR ORGSR s Wu SE Sk © PR TS
B ANE R OB RS I E N L P st
PEHIDTH:, R T MBI AR S IR EACR I & e
HJo WILKE %5 “ il v 7RI ERA 1 R AR A RS 21 R]
DIB b5 2 A A AR

LIRS AR P RT BRI, HARE Z A T H R
B SINRIKER I ERGR . B, HERPEROR A R
A=, BN HI RS I E AR T IR
E4NFOK SO E R, A ST B JRA RS NE S B AT
IRz

TERAEIN B, HIEPES&ARE TR A =g — Vb
IR R EAR , EX SRR, IR B e AR TER( 1),

Q=\AMAT (1)

o Q NREE (Ffi: J) 5 N AERIAGE (PRAL
Jkg - °C)) 5 ATHIREI (Hfr: °C) , —J7H, (EFAIREE
—EWENT, A TEREMRET, SER R ARE
PRI B9, Ak TR 5 2 it
I, R, ik, EREN BN ERE, 85
IR R

AFRUGX PP 2 Paf TN R A5, T8k
GIFFRERE TE ARG . RAO ek " it
H T — MR BRI S B s R A 1 53 T Rt s 2
A5, FWUAHNMGRE . AR . AREEM R S AR
S L AR LR R RE R SEIEA T T 90T Zhang 5 ™ 154
PHES -t TAREE T MR 2 d O S s A B A
ATEIRIRIRE, Bt T — R B S S AEAS AL / s / 3
PG HOAARS, B EERIONT T ESRINE A H
WAL, Al R KA SRR E B R SR FI N 1% RS
B RERO &M STk ) AR O Rk sl 7 Rt 2R B = A
ARESRIRIRE, Bt TESREME SRR & N E A it
BHIZRGE, IR RESES S abE GR HASERER
M, SE—FHAAIAGME, EEAHAS B AR
BEE R

ZE LHTR, HIRER R R FIN T A A

66

—EHEBEN TIESAE, ST RAIRIEEDR, —R
R TR T Bm PR R TR, DS r A%
TH R EPERTRTERIE

3 Mgt AR

AR RIRHIPHHIE RS, PILLR EIAIALS T2t
A, Bt SFARINE, EEFEROFHERSSREL
THEEN; A2t iR, —BREA R
BAAAAIIERZL, B A5l AR .

3.1 ZBHHRTEFECH (BREME )

HLIRGE AT — R, R IR, N TRIDFERIA
i, AR AR AR TR, R
PHEARIAGR ORI L R HDT AR, RFRAINERE,
{EXS AR RS M SRR R B S, REH TR
RSN SUS
3.2 HHEMRLEFECED (SREMEL )

FIF R REAR TR s WA S AR
AERE, HABERA T AR, —ERREREdA R
TERZ R, UK TR R SR, It
BB &

FRAER B AR T AR AR IO R R, A i
BTEXABR IR ARARRA R R R ] - B L [ - v [ -
W R — A EATE AR ) 55— ME AR [ - 2SS
B A B AT Ml - ERAE P RS 5
JEYE . BT EAR A R IR BN R D, T - TRAR AR
FAEHIFFRAN A AT 2
3.3 MRTEMR AT (EEIXME )

TP TEERA T IR S T 2 B R ) A L oz F AR
Wz, RARETAEAA ARG, FILAE RSTRiT
BT BB IR SRR E, 55
PRI . PR R R IR A IR R B A M A s
HEER, R T FCR IR IR S . XA
RIS, RAFEERNERITR. SRR THORIE
&, SRR DN ROREESE, FEBIR A KL
PRUEERARR A, AimEthEEER, DEETE
BE:E

2 ERTIE, WEDERZERNENL, FHlR/ILL,
TEACESR ORI E, BRI ERE AT &M
RIFSRIITR, Aitl, ASHRH TR - RS
jeAVE S

MR L, FBEEER R AE AT
FEE s B IR VR B ACRES BR AT DR, thR
R THRER R I E SRR, BRI T 8RR
NEERS AL IARIEA Hrh iR R ERGE, R “ T
FRIEERY, PARiblE [ FAPLTe R — R, i 1
F7Re



BN 5ERRIE - £ 035 - £ 058 - 2025 F 05 A

B 1 RS EE

e rb B F R ARSI A R RGRIEOTAR, Hoahsik
A TSR A TR E R BT DR R B
BLBAE R, SR SRR IR A SRS
IR AR R RIS, PSS R, 42 T
SRES, TPRAIER S EARIT. FuER e RS
JEEHE, PR FeAR R — it A O (BRI plAA A
PHEHEZRIE R, f— SR R i AR S BHE TS
stk

RS TRER A WIRRE” &, ERE R RER
AoElUE, ERREN AT, mERER AR
THEFRER, RIS i R L E
AP~ IR, R EHE R T, IR D&% EH
W B K ORI K COFREFIR, TR
oo DUSCHlR A AR R A0

FRAERFERE R - s, EIETHKESE. ALY
FAH . TAUKGERERR, BAETE, NEZOETHY
BB TR , N e B —E AR 2K
IR, SR AR R A Sk A FRE S R R S EUERER

PARFE (WD
A

922
727

Fase. YW fae iy, LHLEM, BE DR
AR, AE& NI KN . Bk, 1%£E 70#
RS E A AR KR T O ASA R . 704 GRS RSN
(67 ~ 72)°C, —PPTCRRRIBIRIEAR, 29N 0.9g £FA7
TR, PR (2.14-2.9) - 107)/(kg « °C), 4 PEREILAL,
FHAEIAAN (200 ~ 220))/g, | iz TAHASAP BRSO STE,
SRR OAEES A

TS R E LVEZ S, MESKIEREL, Bk
CERRSIT RIS ERE R, B T IR TR, ¥R
BEARRZEM BICAR S, SETIEIILS, REERHE
FREIN B BRI A BRI S TR K

4 {FESH

ZIEIRE RS TAERESERLA -50°C ~ +125°C,
AT T R T BT, 2R IR RE T B TR
TIPSR A TIERIR DY 280s, RZS 1 TIE
100s, JCIHREE, RS2 T1E 80s, FIMEELY 922W, Ik
53 THE30s, HHEELA 7127W, IRE 4 T1E 20s, ke
2979 463W , IR 5 T1E 50s, #JREELS N 374W, WA 2 o

463 |

374

100 180

210 230 Seo > LAEEIA/s

B2 ZREIRRERE

67



BASHEEIRANG - $503% - S5 0581 - 2025 F£ 05 A

TR T AR UG =4EEHITE ANSYS rhib s,
SOTELE RN 3 R, AL, (RS, BLEE

B: B&HR
HF BE
s BEE
Ffa: 280 &

95.099 Max
92.093
80.087
86.081
82.074
80.068
77062
74.056
71.049
68.043 Min

B E4 95.099°C, BIRGHFRIFINREREL Y 125°C, 1)
Y 30°CHHRETHREL, FRAGITEDR,

S BHEMEBTESR

ZSRENL AT, RENLEBREIN B TGRS, G
THIE R B A 98°C, EHBTEIAI L, RENL AT (RS
KA AR T, REIRCEES, HiRR LB T
SR HI R IR

5 £5it

IR Th % B i CE R B O R T TR AT H
TEAR BRI TAEEDK, RIS A e SR nR B R Al e
B ASOMNERERERE RS . RS AR R PR
BT TS, SERRENIRFCRE TAL, $2h TS5
MERRE TGRSR, FEINEL, sHIRM TR
(ol TR SRV DUSARAEREL (Al ) AIREAT
FEAS I RE R MBI B, AR IR TR R
FS IR BRI NBAHITIR S, T AR IE R BRI
ERFEAT . B 7E ANSYS Workbench HrEEN (HELIEH
5 H L DR PR SRR B TR 2 TR B LR P e i iU N T 284
AR IR, R TIEEDR; fFHmiE B, e T
PARFEEAH RIEFE R E TR, (I T IR R
S TENRGEM. &a, DT RSCYRE I 7505,
SIS FRHARENURTAEP AP 00 R IE% TR, Bk T Hast s
AR e
S % 30k
[1] =B, g, B A RARRIESS SRR IR [ B

1K, 2020, 42(10):86-90.

68

[2] REk, E, RGTOE AT AN 28 B R E T
[].BLREETE, 2018, 40(3):5-10.

B] =8, T2, =14, BER, HEE, 257, XN i
P ARIE AL G RE RS P TR IR ] B RERL Y SHEOR,
2024, 13(10):1127-1131.

[4] HUOY T, RAO ZH, LIU X J, et al. Investigation of power battery
thermal management by using mini-channel cold plate[J]. Energy
Conversion & Management, 2015, 89:387-395.

[5] %M, TP, mF8, BE K, MFE, 250, XININRAH
PERIE AL AR RE R P IR TR ] B RERI S SHOR,
2024, 13(10):1127-1131.

[6] WILKE S, SCHWEITZER B, KHATEEB S, et al. Preventing
thermal runaway propagation in lithium-ion battery packs using
a phase change composite material: An experimental study[J].
Journal of Power Sources, 2017, 340:51-59.

[71 RAO Z H, WANG Q C, HUANG C L. Investigation of the thermal
performance of phase change material/mini-channel coupled
battery thermal management system[J]. Applied Energy, 2016,
164:659-669.

[8] KL iR, E3CiE, & LT CPCM-A - R & R R B
R HOAERERT T ). et TAESAR, 2024, 45(4):82-
89.

[9] REA, BREle, B, &, XEE S ahAE &A%
A N BB T [T]. A FAEREIE, 2022, 40(10):1415-1420.



