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Heat Dissipation Characteristics of Surface Air-Oil Heat Exchanger Applied in
Aircraft Engine

CAIl Huikun* , SULijun , LIAOYidai , WENG Zeju , XU Chen

(Department of Mechanical and Electronic Engineering of Xiamen University, Xiamen 361102, China)

Abstract: Since it can be equipped in air inlet passage and utilize internal passage surface as heat transfer area,
surface heat exchanger can benefit a lightweight for aero plane but still owns a high efficiency. In addition, it is
more applicable in the conditions of ground idle speed or low flying speed as it works once the aero engine works.
However, there are still few research on this kind of heat exchanger. Therefore, this paper investigates the heat
dissipation characteristics of an aero engine surface air-oil heat exchanger based on districted simulation. The
numerical results demonstrate that, temperature distributions in air side are almost the same in the cases of Mode
4, Mode 7 and the mode of using flat surface to replace arc surface in the simulations. All of their temperature
differences are smaller than 1 K, and the discrepancies of calculated heat dissipation power are below 5%. The
phenomena of heat transfer in oil side are also the same in the three cases. This research validates the feasibility
and reliability of the methods of using districted simulation and using flat surface instead of arc surface where the
ratio of arc length to diameter is below 0.203, when analyzing thermal characteristics of a large surface heat
exchanger.

Key words: aircraft engine; surface air-oil heat exchanger; heat transfer; districted simulation

FEETH . s AR 34 E (No. 2018D0018), Natural Science Foundation of Fujian Province of China (No.
2018D0018)
EZ IS 358 CEIER, 1984-), 5, UHIl, BRFL7 M s, MUk -5, Email: caihuikun@xmu.edu.cn



1 31 5

1T R Th A KM A e A S ALK B R B %
OB A3, TR B SRR B, o O A
FRFVE ORI T WO T LS RS IAVE B R G i
PR EEN A N T B AGR R RIR Z,
PRI BRI o — R LS), X P s e e r T ik
FUEB, AEHEIE R K — A N A gk (1%
AR, RE TR MR RBLE R, SR, [F]
i, RESRSPLITAR, mABHAGE . HEH T
AL RSk Z e R R HERA
JEs S TOLA T . B, MEEE L i E
NI B AR T T 3045 R 45 o B A i R U
RGP MR N AR, AT DLE -
MRS, TR A B R s e T gk — %
Hlo
HT A AR5 A3 B T 0 T RT R, AR AL
SRR 22 1) 4 I T HICHA 5% 1) e BV R PR AN 2 21 FH 70
S8l —J5m, B RO SE RT E LEEOR,
RIS A T BURA R IR SR AFIRE] 2
F—J71H, CFD $iiARFEM 20 FHIKEBEL, AT LA
D7 R E 2 TOU T M sh I G AL AR, 15321
TARE I AR VR 8, 20 LI IR 5
AR T HAEw PR AT AT SE L P REIA B R AT IORESE
T et 7 RN R A b . D% [ A

(Y85

S.V.Patankar Al D.B.Spalding #:%:¥ CFD J7i%
o7 F 3] S PR/ e a0 i i AT B AL T )
25 B o G R R RO R S b
U214 R BRI TE T TR T R R
EE T, B3 7T RERSR. (HEEKE, H
T ESMIHEARE B, B R0 TR E AR
Gz, T0ENPRR ST YA IR, Bk, &
SCKG T R B ES EUE 704, U RR 84kt
TEMTE R ENHL B R RN A .

2 HENBASREE

AR SO TE A Bk a8 2 A R BB 2 R B
MUK I ECAN TR K, (B RS R B T 5%
B ZEES R E T RE R, HIER
INGeEEA ISR TE, R A K R BT I A RN
81.5° , MU AR Z Ay AN HA A . B R A
Solidworks GERRI8], 2 K2 B SR FH FR) A2 75 P9 S0 (1)
BOR e AET, WE 1 PR, #ihds B i
Aoy, A SAEBEAER NS 2 5 B B TE U
B T RS R ARG Ay, IR TR
T, WS MRS IR [ T sl . RIS
SRS X, RERS AT Rk k. AN Bl
L RE R TAE AR 1 Fon. R, 3
X N AT R S BN 2 2 R .

K1 s R e R
Fig.1 Illustration of surface heat exchanger model
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Table. 1 Dimensions and working conditions of surface heat exchanger
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Table. 2 Physical properties of heat exchanger
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Fig.2 Illustration of heat exchanger element (left) and its mesh generation (right)
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Fig.3 Composite mode of heat exchanger element: Figure a is
Mode 4; Figure b is Mode 7.

WG, FET RN EFAIL TR E, TR
PIAPANTE] 73 A & T B B A IR . RT3
DAL Sl B B A5 S B BB AR B T e 2 AT, BA
B8 UE 0 R Y H A 8 SR H 20 DXAREADL 7 25 16 AT 47 A
AR

HAE LUK A2 ANSYS WorkBench H1 [
CRX I, IRt fRiAt 2 A N-S 2 52, =<l
TR BN 4815, KHIEWAAL: TE M r & in
H0hy 5580, KA k-e Y o SRR £ RS Uk
3. SIMPLE 500k, —Bril sk T #& b, WE
RIEAP Y 500 A, IANRER . iR AOd bk
FEAB/NT 107 X B SbRAE . 22 T BOAE B A #4
[, FLARTI oA BT . N THER R RLE A,
S T H

4 HEZGRHH

4.1 BAMHABRBTMEL

BANBEE BT A RN & 4 Fros. X T
RS, W EE RS T FIEE T, W
Wt 0 P AN R RS v 7 [ S A o XT3 v
o PR B S, AR R FEIT AL
LTI R R L, R BT
A WIRIER 2 IS S50, 1S I 1E RIE Y
WREBUREUN, 3 OS2 B RWN, IR
I R IR YT OO OR AR 22, i I PRI AR iR
JZ B RN o

e
l 4.032e+002
3.970e+002
| 3.908e+002
3.846e+002
 3.784e+002
' 3.722e+002
- 3.660e+002
3.598e+002
3.536e+002
I 3.4T4e+002
3.412e4002
(K]

() B R IR =

Temperature
Plane 1

. 4,130e+002

4,125e+002

- 4.121e+002
4.116e+002
I 4.112e+002
K]
(b)¥ i = P

Pressure
Plane 1
' 1,049e+002

7.836e+001
5.185e+001

2.535e+001

I +1.162e+000

[Pa]

(C)iF L= &
B4 B T H A R

Fig. 4 Numerical results of heat exchanger element
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Fig.5 Numerical results of heat exchanger for Mode 4
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Fig.6 Numerical results of heat exchanger for Mode 7
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Fig.7 Heat dissipation power of heat exchanger for Mode 4
and Mode 7
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Fig.8 Numerical results of heat exchanger using flat surface
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