528 % 5 5 1 M=z HFER Vol. 28 No.5
20134 5 A Journal of Aerospace Power May 2013

X EHS:1000-8055(2013)05-1119-06

KB CHERBEHIRAITHE

x F, %8k, BHH
ChE T2 Tl 8~ Rl S — RPLBHIT T Re . PE% 710089)

i B BPASIE MU S A AL AT TR NG e BOBUE T R AT, 43 0 0B T BROE R BT L B K
A R R I SR R I TR THSL R S e . 25 R R R TR O i T AR A5 R SR T B AR S S A AR
G VE R . 5 502 [ SR X Il 0 T 45 M LE L AR P IR 3 L & R B A 706 ~30 %0, s
A BN AN (8] B B S e B RSOSSN A T BRI — 2P BT SR A T R T AR R R
LA AR 45 B 23 17 3 7 vl A S5 ) 522 o AN T 2220

x 8 W E; RIS BEREG BB SRR BUETTE

hESES: V23 XEARERD: A

Numerical investigation of thermal radiation in a nacelle
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Abstract: Based on cemputational fluid dynamiecs method, -dirpldane in idle condition was
studied in conjunction with heat transfer-in a nacelle. And different radiation computation
methods including spherical harmonics,._ discrete~ordinate and Monte Carlo method were
adopted to‘simulate thermal\radiation, ~The result shows that coupling effect of radiation and
convection is obvious. In addition, compared with the simulation result of pure convection,
nacelle ambient temperature predicted by coupling way is 7% ~30% higher. While selective
absorption of air urider infrared radiation is taken into account, the ambient temperature ri-
ses further. Thus-the effect of thermal radiation should not be ignored to simulate nacelle

hear transfer in ground condition.
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Fig. 1v™ Sketch of nacelle structure
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Fig. 2 Principle of nacelle cooling system
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Table 1 Thermal radiation calculation schemes

E dies PR 5 B
1 Radiation off CR% E#ARHHD
2 Pl
3 DO
4 Monte Carlo

(2]

DO+ gray-band




1122 it =

A AN BEAT TR B 00 T 5 32 R B B Al
ROX IR TR) AL G B A T A9 3 R K R T ] 4 BT
RO AE R A YR R L BRI Sl AL RE A O =S
AT 2R DO 46 1 PN B £ 65 A
X A5 VA s ) U R A O Bl s R T
BE B 0. 2m/s, iH 22, 2 TR 3 )
(CECR

Velocity/(m/s)
0.20

0.18
0.16 7
0.14 f/h>
0.12 ! :/

0.10 {}\ !
0.08
0.06

0.04
0.02
0

4 BT D 1 R RE R g
Fig.4 Tangential velocity vector of calculational

cross section

HEAT PR SR B IE % BEE AR 415 B4 R} 1k 1
FE PR PEAE, 25 SRS % TR AR SR S D =0,

SIHTEL 5 IEFE T AR A Al R
SRXTUE BT B0 J A6 DY I B 3 S I 3 )2 R
%0 Hild 22 B 3% ik 3 30 °C A4, RSP
b K S HILRE IR R R A R R
o F I [ 0 94, RIS B il B v T T B

PR SR AL S, PR SR X0 I B2 40 A A
IR, EECRION IR B A5 e B A
() 305 2 S AR /N R R AR A IR B W A B T, X —
PE7E Monte Carlo #5781 i 7155 45 5 T 3 3 &2 0 B
.3 B K e B HLBE THT A G A BRGER S X R
it B TR A A 42 ik g At A e e B TR T o L
0 55 I 9 25 S B AT R A 4t B R 3
AR PE . TS5 PR 5 i, HA & sh BILBE T
55000 A 23 ACHE AT O U g A R e A i T
IR AG Can &l 5. & 6 fiTR) .

T5 %8 5 i — 2 % 1B A S BN [ i B 404
S B WSO T R AR RS A3 A UL 7.

JrE 5 MR 4 WA R RS
Y& SR E A S F A X R BT AR
A0 5% R S 08 W SR S e T A X A 422
() 25 ST B AR (i 2R 40 B 4 R i 1

DA SR 4 55 28 %
Static temperature/K
3520
——
3442
3403 I _ -
336.4
3325 {a) Radiation off
3286
wy e I—
320.8
e EE——il
313.0
(b) P1 model
Statie temperature/K
352.0
344.2
340.3
3364 —
332.5 () DO model
328.6
3247 T G~
320.8
I ——
313.0
() Monte Carlo model

5 7 [ S ASE Y 194 % R TG UL B 3 AT
Fig. 5 Temperature distribution on symmetric surface

with different radiation models

Xif & 2 HURE TH] A e Bk AT R ge ot T R
1~J7 % 5 F T i i 5 B e 2 19 U (B 2 5 N
0%,69%,62%,74% .80 %. X F WA , Hly i 12 44k
A K S HLRE ) $ EE T2 BE5E ad AR B U
e, J A0 BE T R I e ] A R 0 A AR K — 4
ok A R .

Bl 8 R LRI /R T A [R) 4 G A5 0 31530 1)
S

ATRLE B, DO R BT A5 11 55 05 0 5 i
TEZS A B B A 22 5P i Monte Carlo 1551 fir 15
G5 A 23 ) b AT B — 3ot X B Monte
Carlo ¥ X % 5F 38 B2 R H T 48 [ A 35 18 I
. 2 TET A PO A S SV S 2 DGR A
(14) 8 5 55 B2 AH EL T DO RS TT3 45 L, R B o 7E
NAR AR 7 18] SRS L 16 B T AR A B R G Y
WS AR FH B



55 5 3 FOCTAE SRR R T e PO 1123

Static temperature/K

348.0
3445
341.0

3375

334.0

(a) Radiation off (h) P1 model
330.5
327.0
3235
320.0

316.5

313.0

(¢) DO model

Fig. 6 Temperature

Static temperature
—— D0 model

348.0
B DO+ grav—band model
344.5 260 F —&—= Monte Carlo model
341.0
240 F

3375 e
334.0 . 20k /
3305
3270 200 . L t i

. 0 1 2 3 4

3235 Point No.

320.0 B8 1 e o

3165 Fig. 8 Radiation intensity of calculational point
313.0 g5.
—4— Radiation off
B 7 J7 %5 S o g B 4 A 80F =PI model
. L . . =&~ D0 model
Fig. 7 Temperature distribution on calculational 75F  —8—Monte Carlo model
cross section with computing scheme 5 70} —:— E:I::fi::;'hand model
e . g 65y
X WA ) J 2 HRE B 15 L EE L 9 B |
FHLE T J5 58 1 A 0 SR A 0 0 5 25 2R, 2% T i gl
R JE 25 A R R A B BT, B 50
WHES 796 ~30%. eI R 1. T 5 % 1 ; _ S
IR % B T 16°C IR 24 30, ot 2 3 4
PR LRI 3 A S5 R — R .
FFE A1 R A 3 Y L g i e A — o AR TR

RS T AR R O Y S R Fig. 9 Temperature of calculational point



1124

g’;
¥

A B

5 28 &

4 % i

AR CED/IR 7 B80T #R K bl 1 48 42
R A TR S i . R gE A5 SR W .

1) 76 AR S AR AT L A N A SR X
FARER I R A VR W 2, 2R 56 1 5% i) S v 22
W S A A A R Y — R L L

2) FAHE S S N T B A PR AR X IR 43 A iR
JE A B 520, AH BT 2 TR S TR A A
HONAY IR EE A RN E AR LT

3) MRS T X 21 A0 U G A W s A B
8, 7 AR T A T 3 AR v T AT R

SEMk:

[ 1] Larson D W, Viskanta R. Transient combined laminar free
convection and radiation in a rectangular enclosure[ J]. J
Fluid Mech,1976,78(1) :65-85.

[ 2] Lauriat G. Combined radiation-convection in gray fluids
enclosed in vertical cavities[ ] ]. Journal of Heat Transfer,
1982,104(4):609-615.

[ 3] Lauriat G. Numerical study of interaction of natural con-
vection with radiation in non-gray gases in_a-harrow ver-
tical cavity [ C] // Proceedings of Seventh Intérnational
Heat Transfer Conference. San\Francisco, California, US.
1982:153-157.

[4] Tan H P, Lallemand M. Transient radiative-conductive
heat transfer in flat glasses submitted to temperaturesflux
and mixed boundary conditions[ J{. International Journal of
Heat and Mass Transfer,1989,32(5) :795-810:

(5] FR4. a0, BRabk, 5. JOES M2 06 105258
SR RIE BT E L K 53R, 2008, 37 (1)
53-56.

JI Jingwei, LI Quanfeng., CHEN ]Jinlin, et al. Experiments
and Monte-Carlo simulation of heat radiation flux from
flame and hot smoke layers[]]. Journal of China Universi-
ty of Mining & Technology. 2008,37(1):53-56. (in Chi-

nese)

L61 BU5E B IR 8. &0 s RIS B R R4

PEOBAE AT L] o B BORB) 2, 2010, 40 (9)
1052-1060.
ZHAN Naiyan, YANG Mo, XU Peiwei. A two-dimensional
study on natural convection and heat transfer in the enclo-
sure with heat transfer and radiation coupled in natural
convection[ J |. Sci China: Tech Sci, 2010, 40 (9): 1052-
1060. (in Chinese)

L7 XUbkAe, B ZE T, R AF-. 6 5% 28 77 R AU B0 9 A PR OC
A ek [M. Jb st BR4= A, 2008.

L8] AT, XIbkte, 5 erss, & it F PR S = iy e e [ . B
23 4R ,2009,54(18) : 2627-2637.

TAN Heping. LIU Linhua, YI Hongliang, et al. Recent
progress in computational thermal radiative transfer[]].
Chinese Sci Bull,2009,54(18):2627-2637. (in Chinese)

[ 9] Jeans ] H. The equations of radiative transfer of energy
[J]. Monthly Notices Royal Astronomical Society, 1917,
78:28-36.

[10] Modest M F. The modified differential approximation for
radiative transfer in general, three-dimensional media[ ] ].
Journal of Thetmophysics and, Heaf Transfer,1989,3(3) .
283-488.

[11] Howell ] R.-Application'\of Monte Carlo to heat transfer
problems[ M // Advance in, heat transfer. New York: Aca-
demie-Press, 1968 :1-54.

(124 B &KW W MAGHERG TN T LM b st Bl2= IR
#£.1992:436-441.

L13] J™IER L ZEME, XGR W, 5. S8R R Ik T3 S8 i PLGr
W Z e AR [T ], ERBLA A . 2000, 18(2) : 133-136.
YAN Zhaoda,SHEN Jisheng, LIU Zhentao, et al. Calcula-
tion of the radiation heat transfer in cylinder of diesel en-
gine by the Monte-Carlo method [ J]. Transactions of
CSICE,2000,18(2) :133-136. (in Chinese)

[14] Chandrasekhar S. Radiative transfer [ M]. New York:
Dover Publications Inc. ,1960.

[15]  RANF, BRAR, X R4, 45 . 20 405 56 Re v 5 12 i B0
TR PSR S 2 ML I R W JR B Tolk R 2% Hh R
4£,2006:174-176.





