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Thermal Characteristics Simulation and Heat Dissipation

Design of Electric Tail Rotor Motor
CAO Xuerui® , ZHU Chen
(China Helicopter Research and Development Institute, Jingdezhen 333000, China)

Abstract: [ Objective ] Aiming at the problem that the
relatively high temperature rise caused by high power density
affects the power of the motor, this paper takes the high-power-
density electric tail rotor motor drive system as the research
object and systematically carries out the optimization work on
the performance of the motor’ s thermal characteristics and heat
dissipation structure. The purpose is to improve the heat
dissipation efficiency of the motor by modifying the topological
structure of the motor’ s heat dissipation, and ultimately
increase the power density of the motor. [Methods] This
study presented a systematic integrated optimization design for
Through

computational fluid dynamics simulations of the airflow field

system-level  heat-dissipation  fin  coupling.
surrounding the motor system, the spatial arrangement of heat-
dissipation fins-key components of the system was optimized to
enhance thermal management performance. Subsequently, nine
different heat dissipation topological structures were designed
and their efficiency was verified through simulation, resulting
in the optimal fin topology. Finally, the accuracy of the
research was confirmed by simulating the fluid and temperature
fields using the finite element method. [Results] Simulation
results demonstrated that when the heat-dissipating metal fins
of the motor and the controller housing were arranged
alternately at a 50-degree angle, turbulent flow was generated
in the airflow field surrounding the housing, effectively
enhancing the heat-dissipation performance. The multi-layer
square-hole heat-dissipation topology not only offers favorable
manufacturability and processability but also achieves high
heat-dissipation efficiency. Compared with conventional heat-
dissipation fin structures, this innovative design boosted heat-
dissipation efficiency by 9.3%. [Conclusion] The systematic
thermal management solution proposed in this paper can
significantly ~ improve  the  motor

cooling efficiency,

accumulating practical experience for the subsequent thermal

structure design of aviation motors.
Key words: electric tail rotor; thermal characteristic; heat-
dissipation fin; multi-layer square-hole heat-dissipation
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Fig.1 Bell 429 ETR helicopter demonstrator
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Fig.3 The angular error diagram between the motor

and the controller housing
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Fig.4 Schematic diagram of zero-angle deviation for heat

dissipation fins on motor and controller housing
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Fig.5 Motor and controller housing cooling teeth

angle deviation & wind field turbulence diagram

HI Pl 5 A, Y E AL s il 25 1 B 50% S5
R, A BT KGBE R AE AR iR
AL o) i AR R B, R T AR v T AR
PLFEIEAREOR PRI, 6 L ML 45 il 4 110 R AR
SWMEAEETE 50% HIFE

2 IEFHAEVARBRSHEREE
XJEE 53

ETR = D235 B r A LHICIRPE RE A S T+ IR
BERL R R I RE G, A% G2 O P S5 40 X L
R AR AL AT SR . s s T AR
JEHRHLBRGS M DL BT, X EL 4B ETR 5 2h 3
5 3 FLATLAN ] BACRIAS R T 1 000 308 T A J ) HECRA
PEREMIRZI . A solidworks X1 8 57 A [] B A
SEAL BRETY B ORABE TR RO R B A — 3 Pl
RO S AL 37 05 LB v A 0 L, SRR
AR ] 25, B A R Sy it 1A 37 11 545 3 1Y
Si o] DRV XU, ISR AR TRD RS 2 B 0 A% 351 23 L
RO B R AR 1
2.1 (RBVEESTHIRIRIREE

HLAILAE T REHY R | A S8 2 R 1 4 S5 0
R RIAGAG T A A 3 o A% 5 e e AL PN AR L 70
AR o 21 3K AL LA C , P 2k PO AR A
SRy 7 2 A% 32 B R B ARG b 7E XS B
P RO O o R AT

5 1 583 A& B 7 2% ( Computational  Fluid
Dynamics, CFD) {5 LA HAUS B 04T 05 Bt
B TETRIE KPS VR RN AT B T A B A it
B A AL L XUE i 3l Y 25 S B TR ) 24
H Y Navier-Stokes 7 21 JH,

(au ou ou au)

ap Pu  du  Iu
B T "o T
v, v, v, v,
pil—+u—+v, —+tw—| =
oT 0x dy 0z (1
ap v, v, v,
F}' - @ + a2 + 92 922
y 4
0 0 0 0
p](l’ W, l’)_
oT ox dy 0z
2 2 2
F — 87p + M + al + M
z n 2 2 2
0z ox ady 0z

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



LSRRI, 25 52 4, %5 8

Electric Machines & Control Application, Vol. 52, No. 8, 2025

901

Kfp, HIRAREEE ;u v, w 7510 7 BFZ] (x,y,
2) ALK EE 3t s F, F, F, 53 590 R B AR
WARET A ITE oy 2 F7 1) E 5365 p Rk R
585 m TR B IR

TE =Y | v LR A B %) U BE 353

T A O R R A R

aiT + 82—T + ﬂ + L= (2)

w9y 9 A

T(x,y,z) ‘51 =T,

oT (3)
on
A R IR B T LR E ;¢ R
TREE T, RS, LR R R S, Rl
FXF R KL T, SN S, 2 1 A6 JE) PRl R85 L
n R S, FMIE A )5,
2.2 TRERKRBFEE

ARSCE TR AEE G AR TE N 1Y 9 R
FFNESH o3 AL S B IR 1 BRI GEH |
[T TR BRI T B A R A
ShR AR HICAZE L RUECIRGS R | B FL A HICHA
RN RIS A, TEORFEAS [R] A 1 B
s AR Bl A AR R A B R @k CFD
HTH AR BRSSO

HRAER T B AL PR T AR5, AT A
HIHURBHAE 3 600 rpm = BEFE i FE o 2T 5
BRAOEE XTI 40 m/s, IR 40 m/s KU T
HAWVRR G ST, AT AR AL iR S 21
PN KB EE , U7 53R 6 R,

F I 6 T, 40 m/s A7 X 7E 28 AL
RGBS M (E XGE AT 5] 50 m/s, %
R A A i R T AL A, TR TR AR S R AR
BB SR LR H B E N 40 m/s,

2.3 FEHREHRESEEHES W

K A BRICHR A 78 UBAAR FNAS R B 1Y
T AR R RS DA [T B R M 45 14
PR M AL A [F] A A4 BHR A 42 7075 ;3% 20
I R 40 m/s; WA IR BE R 25 °C 5 B AH
AR LA S8, 3t AR e (% A e 0 3 P T 1
EOh O IS | B R T BE ORI — 3L, LA
B CFD BRI ) R M

W U0 P AT I O S PRER AT 1Y) 174 AT HRE
PEXT LG AT , 38 2o A BR TR 58 iU ASE, S8 1 9 Fh

h(T =Ty) |5, == A

6 3600 rpm EREFHHXGREE

Fig. 6 Schematic of the 3 600 rpm tail rotor wind field
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Fig.7 CFD steady-state temperature calculation results for different heat dissipation structure topologies
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Fig. 10 Distribution diagram of the temperature

field of the motor system
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Fig. 11 The distribution situation of the

temperature field of the controller
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