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ABSTRACT: The permanent magnet (PM) propulsion motor
is a critical power component in aviation electric propulsion
systems, where efficient cooling technology is essential for
enhancing motor performance and ensuring reliable operation.
Compared with ground-based motors and conventional aviation
motors, the cooling technologies for aviation PM propulsion
motors face more stringent and specialized requirements and
challenges, necessitating further research and breakthroughs.
This paper first summarizes the characteristics, requirements,
and classifications of cooling technologies from multiple
dimensions. Considering the unique characteristics of aviation
propulsion motors and their cooling systems, it systematically
discusses the mechanisms, current research progress,
applicability of thermal conduction, convective heat transfer,
and phase-change heat transfer technologies for high
power/torque density PM propulsion motors across various
types of aviation electric propulsion systems. On this basis, the
development trends of new cooling technologies for propulsion
motors, integrated cooling of propulsion motors and inverters,
and comprehensive thermal management for propulsion motors

and propulsor units are systematically reviewed.

KEY WORDS: electric propulsion aircraft; permanent magnet
propulsion motor; high power/torque density; cooling

technology; thermal management

KA AL e R RN 08l 1 B,
T R EN AR B AL P RR SR T AT S8 AT B OR T,
L3t T rU LA e 2 A LR L, A 28 K R F L AR ¥ &0

HEeWmB: EXEARFES “H Ao REHEELH
(U2141223); L7534 BHE B KL 00 H (BG2025041); LA L AER
55 SEER HT TR H (KYCX24_0574).

The Key Project of the National Natural Science Foundation of China
“Ye Qisun” Joint Fund (U2141223); Major Science and Technology
Projects in Jiangsu Province (BG2025041); Postgraduate Research &
Practice Innovation Program of Jiangsu Province (KYCX24 0574).

Hi AR I T e 0g HARRER M EoR AP, wShy ik — At
. %0 RS SN AN T HEE R HLYA R
FIRFE. BoRE 2, BT HER AL A E R G kr
R R, R GV T R R R K R e AL A
HEAR . KRR AR EAH LR ERE. R
PR DA S e AR s e R P @& B s 7RSSt
b, PR AL R A H R HERE B R AR B AE Ak
A H AR R LS R R B A AE R AR R
BlaAITRGREE,

KRR HEHEEE ML, KGR AL SRR
WEIEAR; #HEH

0 38

HLHERE ALK K’ LBh 1) RE A4, BEE KIE
T WL E R . BRI, Ak ak
0 J 1 B A )RR S 4% [ L4 T St F At
HLR RIS, Sk, BE K el B
MUk SE, TAFHES. RIS TRFE R (SREm
)3 RN (2023—2035 4E)) . (Il A a5 3
2B N T S2 7 %6(2024—2030 4F)), T HEE “hn
PRag i diliE g ”, “2)2027 4, DIEAK.
MBI B BB B REAE 13T Y 38 A 2 e £ 1
WA . PIIBCIE . SRR S Ak S A R
7o s ML TR IE Tk SR 68k R L SR 1k
B, 2 SPLS TH AT A 5 ] - 25 5 BIR (1) 2 B4R

I3k LML R G A FE R L B 0 Bl )
TG, UL G KL R S By KL et
371, g T R HEDRE R G0 BR R A 2 R0 HE
Ao PR RMINHHESE LR G et BEll
AR TS T A EeAL G i == s LR R ™ 5
1k e SR U KR LA e R P R e
RT AT, A& H BT TR S A AL FL



15 M

TR IREE: U R A LA A BOR E35A 6507

GERTESIIEEN

B AR LI P R R, 3t
W AME B TN, 38— PR ML AR T3
H L30T 4 B T
e3P LI 4 0 R LB Ve 3 0h 56 A K
ARG AIE TS, X RS R L,
SR TR ST R BN, TR A
SR SRS,

HEMEHIHLAD , B 036 T S RS
AR ARABIER, 3 mbLoh R, AR
PERERS R W L 75 I0IRLT1 I 4 9 B4 4
55 KBTI RIS B, B0 35 % 2B T
BB, G H AR 2 e e LA P RER T A
ATREIEATE R AT, ML T M L e Gehi 7
B, R BEHEHE H L7 H B AT W 25 58 e
ERFPR IR AR, 2R EIUHRAN S o R | 2
P 3 2 5000,

SET I, ASCH S AP AL A 10
iEs FERA 5, A AT LRI e
LA AR M LRI AU, S BUR %
HEE L BLAOAE AL AR (I 5 LR AL B
A S0 e A B B A A4
REFALRBARUA . KT A5 AR
ARG, R, B H BT
BRI G SR, R UL HD I &
FEHEA R R AT T

1 HEHABAURARARIFHE, EXREG53%E

1.1 HEHBYULAE AR ESE K

HHFRE. 2 /e WHUE N & L
FHEG, Fi s 7K ARk E AL ) 2 ED AR BAT DL ek
PIRHIE S 22K

1) FARFEFFI IR . 32 E i 2 K JRi (National
Aeronautics and Space Administration, NASA)TEMT
TR RGP R, BT LG LT R
WRET 6kWikg, JERLHE LR E &S T
13kW/kg, T 96%%. fiii 4% 3 s LI K 1)
B T Ty /A R R AT AG AR FE LR AT v LG
T RHIE, B B A AR AR R B R 4t
i LR 0, XPAEIHE AR s k. o
Ab, HEREFRALZE LR CH B TAE T 3RA,
IS FEATL 2R 48 () 40006 B B S Tt vy, i T [ R A
I

2) NSRRI . MU HERE LA A R G
T e ™7 1) B B 2 e s () R, it B R R R 2
SRR o BEAh, ANFT 2 H L A R S LER S/ K
Bl AR RS ENLE N 3 &, SRt R STk
Z AT ELFA AT A BRI AT, TEikAE BB
A IRE BRI N ThAE; W% i BUR & Rt
RGP BARATIBC A A S HLTE i/ AMA FR St (B
PLEH A EROL, FEEEREH S ZER, AME
TREEFEMN S RGEM. Bk, HEd LA
ARG AR A RRA . BRI A AT
SGZHEARFMT, HATEREBE T

3) RGEORZ AL, WA HERE LA AR
M RARER S WIS RORNER . B R G40 )R
VIR, EAF e RGP I EORAFAE R
5t Blin, HArKSHUh Rl RHLYSRAH
SPRHEBIAR, (EFEE w3 LR T2 U BT
FoHERE, 5/ HEBERAIENL ) CIT IR IR 2 =
AEITT R ML, KA HERE AL A 7T fE
KHARGER . AR NGERE TR AEAR. &
R RHERE KHLAER BN R RIS R R 58, T2y
A SR IEE WL T 2 4> 2 HiCA B R Rt vl
HL, Hove 20 R GEI H S ) SR .

4) PAERGEHA . HEBERNLIE 9 AR |
PLAIRZ 03 3 8t Hon] SEPE BRI T 3 i B AL
HAEGNT A L. R TUR B ER, L
REZ R VCETERZ @A T, 5 lE R A
B i, H A TE 47 R I i A0 AT e AUE T
SR (R H 3 BB 5 B TH 38 A s e TR
e, BEAh, el SEHERE AL R S AR RE 7T,
BIVAE I — A ECRE I A A B, e B e o
FARAH Bl IE SR AR PRS2, 7 R g

Gt 1o V) 26/ i FE AR B AL R, KA dE F L
TG S R AR R . 75 T, s FE At
RGA TR m R W DA R R S =, Hl
AN LT R SE R O 400~800V, HR Y
AR HE KL o] R TA 1~3 kV o i ffaris 4718 52 140
Fem BEAR T, T R S AR SR K A F LY
SR v T 2 AN R 4k =, X
X G FRPERE AR A R, PR T E T
T A HNECRAMERE . BT 710, FFE B K
i VA (pulse width modulation, PWM)E 45Kzl [
FEFEE LY. JUHAE B RS, B



6508 ST £ N =< 1 R B =3

46 %

i, HET A 2R A FBOEATE, it
— B INRET IAE PPk

6) WAENGEIREAL . BT HEE LA A RS
T W 6 P4 BRI EESR DA R B B RS RR A,
WK R AR . L AR RS H
BT RICBR RGN, it PRR ARG ER,
{H RIS XA NS5 M B2 T S RS 4L 2K . &
T il 4 AL L R M ) 1 PV B T2 R
FEITRE AL ENEE R B T R BEHAR SR
1.2 H#EFHBHLLAAR 7L

7K A TR AL PR 94 A0 75 3T 42 RS () 4 2 3
17398, W1 Fos. $IAARRIE, HERE AL
75 R FEeHAH B FEROLA R, T
R A F P20 el A S AW 5 1 G L
A LG EAT B e A AR 3 AR, [ALAN R
a7 BRI TE Ve 205 2, T 7R B RIS ROREAT VLIS
(R LT o X T v T /A R R K i HE T H
HL, e ) U A7 4y (5 P S 45 8 T Bk Do iR AR
T, BRGNS, X E T A AVE BT 3
SEH R R e R o B R K AR AR E A ) 55
it E S 7 R PR K A PR R T B AR R )
AELX T v o A 3 PR ATLATY 5 X e 3 A0 o JEE 4 3

R HGREAT A T R A

— wamn Ho{ ereme |
_

& |t trembunl - s

e Rl e BN
i
|
AR TR

1 SkHHEHBALSENG RT3
Fig. 1 Classification of cooling methods for

PM propulsion motors
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Table 1 Thermophysical properties of

typical convective heat transfer media
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Fig. 2 Schematic diagrams of heat transfer paths of

direct and indirect cooling systems
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Fig. 6 Propeller-induced airflow cooling systems
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Fig. 11 Stator oil-immersed cooling systems of

radial-flux PM machines
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Fig. 12 Stator oil-immersed cooling systems of

axial-flux PM machines
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Fig. 16 Solid—-liquid phase change heat transfer principle
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Table 3 Comprehensive evaluation of cooling technologies for aviation PM propulsion motors
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front-mounted and rear-mounted motor configurations
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