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Numerical calculation and experimental test of heat radiation-
convection coupling heat transfer characteristics of

turbine casing
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Abstract: The heat radiation-convection coupling calculation of the entire ring casing was
carried out, the comprehensive heat transfer coefficient fitting relationship was obtained, and the
experimental test was verified. The study found that the existence of heat radiation in the enclosed
cavity greatly strengthened the wall heat transfer. The ratio of radiant heat flow to the total heat
transfer can reach more/than 90%. In the three -layer receiver structure, when the emissivity
changed from 0.3 to 0.8, the temperature gradient in the radial direction of the receiver de-
creased, the convective heat transfer in the mainstream area was strengthened, and the convec-

tive intensity in the semi-enclosed area decreased. When the emissivity was 0. 8, the radiant heat
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flow on the fluid sidewall of the outer casing accounted for 33. 3% of the total heat transfer.

Key words: turbine casing; casing experiment; natural convection; fluid-solid coupling;

radiation heat transfer
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Fig.1 Axial section diagram of casing model (unit:mm)
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Table 1 Through hole size inside the casing
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Fig.4 Logic diagram of temperature control system
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Table 2 Experimental measurement condition

T b O A Wéﬁ[ﬁfﬁllﬂ i{fD%ﬁj
(kg/s) /K /K
1 0.07 600 285.7
2 0.07 700, 287. 4
3 0.1 600 285.6
4 0.1 700 287.8
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Fig.7 Heat flow of heating surface under different

mesh numbers
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Table 4 Variation of relative parameters with emissivity

in the forced convection region

KR T,/K  T/K Aa/ K“T‘/
(W/m?) (W/(m*-K)))
0.3 619.0 478.4  2976.6 21.2
0.4  621.8 483.7  3055.8 22.1
0.5 624.8 489.4  3141.0 23.2
0.6  627.7 495.1  3225.8 24.3
0.7 631.0 501.2  3317.8 25.6
0.8  634.4 507.5  3413.1 26.9

oT, A&, LS AT K, A
B3 S LA, AT AR R G A AR 0 2 5 A
MABK W, B 20 R BE R EZL, K
(D RUBTRH KRN RIRETOR, L2515



%5 8 1 PR OS5 - I e AL I PR S X TR e PR R P R A S S 6 0 3 1605

27 % .
i 5 %3

@\25_ (1] 8%, FMs € RINTES K S LI 5 v i) Bt 3 3l 42 1 1

E ARSHTLT) Wz B4 R, 2012(2):1-6.

E i ZENG Jun, WANG Pengfei. Analysis of active control tech-

;§ 231 nology of turbine tip clearance of civil aviation engine[J].
»t Aeronautical Science and Technology, 2012(2):1-6.(in Chi-
51 | nese)

3 4 5 6 7 8
(6TH(W/(m? - K))

20 Zia AR BBt o T, LA
Fig.20 Variation diagram of comprehensive heat transfer

coefficient with ¢T]

AEBN18.2 W/ (m*« K ), A8 T X i AE H 1Y ik
JE o iR A AR BE T 1 L, G e AR R R
SEER 0.3 2 5 S AR 19 14.3 %6, 1T & 5 3R
0.8 B, 33X — %5 {5 5 21 33.3% -
K= 1.020T; 4 18.2 (9)
LA 2P G bR A R S R 4 L Bt
AR BB XA TR T 00 AL A5 A
ARSCHNA K R A I A — E m I8

4 & it

X HE A S AR R IR R WL E AT TR S e
B BS9SRI B PE TS 2 T AR IR
TR A A, BRI

1) B FNO3 4 6E] 0.8 I, & I FxfuE
TET 38 JBE 114 5% A A 1) e B RSN 1 38 R ] )2 A
AhHLIE BE JT I AT TR, AL BE T R W] T
155 30 Ko BILIL I A2 ) 5 )L 38 BB U8/

2) B i 9 A R R SR TP L A
P AT I8 BRI 90 %0 L e RSk 0.3 1,
FHEG T JO 8 5, A2 i B 2.6 £ (0 [ AR X
T B 2 05, V- P85 SE IR B L T JE R R
BT A47.5% o I A PR IX I8 N 58 K, W J) 1o A
Y Nu 26 e RSP 30 0.4 AT 3K 12.7%

3) FE— W op i BE I L, & G R K5, Nu g
T, N B R0 DX G W3/, Nu#5/0N 1 DX 3800 iR
BER L UHES T Nu W AR50 P o 4 565 8 — K BE T
X 5 EE g 1 e BH R

4) HILIFE P 0 O A 0 B T A7 21 i G4 AT
DUAR 9% 25 65 1 3R B0 i, A LI 3 A ) B 1 2
) (10 8 5 PR o R A Y LU AE AR & SRR 0.3 i
JE14.3% R SR A 0.8 &4 7 F 33.3% .

[10]

[11]

W L MO AR R T S S I B R g ) R
WE AL LG [T] HE R, 2018, 39(4):740-750.

HU Jialin, GAO Jinhai, LIU Guang, et al.High-pressure tur-
bine casing test based on active clearance control system[J].
Journal of Propulsion.Fechnelogy, 2018, 39(4):740-750.(in
Chinese)

COLLINS M, CHANA K, POVEY T. Application of film
coolingto an_inshrouded high-pressure turbine casing[J].
Journal of Turbomachinery,2017/139(6):61010.1-61010.12.

s A5 A B L AR HON A5 9SS LI e B S g [T ] A S 3
42, 2011526(5):101171016.

7ZHANG Shuhua, ZHANGLi, ZHU Huiren, et al. Heat
transfer-experimentof turbine/casing[J].Journal of Aerospace
Power,2011,26(5):101171016.(in Chinese)

STORZ.J, MCKERCHER D G.International developments
in heat transfer[M . New York: American Society of Mechan-
ical Engineers’, 1962:454-460.

WSO B ARG R ) il R A A AR i R[],
fiu 552 144k, 2013, 28(3):701-708.

SHAN Wenjuan, MAO Junkui, LI Yi, et al. Experimental
study on enhanced heat transfer characteristics of oblique im~-
pact[J]. Journal of Aerospace Power, 2013, 28(3):701-708.
(in Chinese)

VPR MR X e R . ) 2 ) oA B AL e il S T s P
PERFFELT] A28 B J1 24, 2002, 17(3):341-343.

XU Quanhong, LIN Yuzhen, LTU Gaoen.Research on local
heat transfer characteristics of single hole impact in enclosed
space[J].Journal of Aerospace Power, 2002, 17(3):341-343.
(in Chinese)

O’DONOVAN T S,MURRAY D B.Fluctuating fluid flow
and heat transfer of an obliquely impinging air jet[J]. Interna-
tional Journal of heat and mass transfer, 2008, 51 (25/26):
6169-6179.

KOSEOGLU M F,BASKAYA S.The role of jet inlet ge-
ometry in impinging jet heat transfer, modeling and experi-
ments[J].International Journal of Thermal Sciences, 2010,
49(8):1417-1426.

XING Y, SPRING S, WEIGAND B.Experimental and nu-
merical investigation of heat transfer characteristics of inline
and staggered arrays of impinging jets[J]. Journal of Heat
Transfer,2010,132(9):092201.1-092201.11.

WANG X L,MOTALA D,LU T J, et al.Heat transfer of a
circular impinging jet on a circular cylinder in crossflow[J].In-

ternational Journal of Thermal Sciences, 2014,78:1-8.



1606

VAR S

%37 %

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

BLETE X RE M, 583 /N ) B v 1M O A A g AR S
B [T] 4 A 2008,29(2):143-148.

MAO Junkui, LIU Zhenxiong, GUO Wen. Experiments on
heat transfer characteristics of small pitch impact concave cy-
lindrical target plate[J]. Journal of Propulsion Technology,
2008,29(2):143-148.(in Chinese)

A B HILINE 5 B S0 5 3 TR A BB SE (D] LT R
% K TR, 2015.

LIU Wei. Experiment of turbine casing heat exchange and
numerical study of fluid-structure coupling[D].Dalian, Liaon-
ing:Dalian University of Technology,2015.(in Chinese)
XZEWG B, 2R B 45 s Fe AL 3l ) B U 1 i 3l 4
PRRIE S 0 2 B TE R ] 7 8058 5 25 K3l 1A 2l
S o i R B = AR B I BR 41 e BOR 32 2, 2020,
BALLAND M, VERSEUX O, ESTEVE M. Aero-thermal
computations with experimental comparison applied to air-
craft engine nacelle compartment[R].Reno, US: Turbo Expo:
Power for Land, Sea, and Air, 2005.

MAO J,YAO T,HAN X, et al.Numerical study of the radi-
ation effect on the jet array impinging heat transfer in a feed-
ing pipe[J]. Numerical Heat Transfer: Part A Applications,
2018,73(2):125-142.

TIAN Y S, KARAYIANNIS T G.Low turbulence natural
convection in an air filled square cavity:Part [ the thermal
and fluid flow fields[J]. International Journal of Heat and Mass
Transfer,2000,43(6):849-866.

TIAN Y S, KARAYIANNIS T G.Low turbulence naturat
convection in an air filled square cavitysPart [ the turbu-
lence quantities[J]. International Journal of Heat and Mass
Transfer, 2000,43(6):867-884.

YUAN X, TAVAKKOLI F{ VAFAT K. Analysis of natural

[24]

convection in horizontal concentric annuli of varying inner
shape[J].Numerical Heat Transfer:Part A Applications, 2015,
68(11):1155-1174.

SAID B O, MEDEBBER M A, RETIEL N.Effect of sur-
face radiation on free convection in vertical cylinders partial-
ly annular[J].Defect and Diffusion Forum, 2018, 389:36-49.
BB SR PR LA R S e AL I 3% v g BB
WEFEIR]. B¢ BH 55 15 J [ RFPM AR 2 - i 22 & sh L Beit (il
1& 5 ARBT A 25,2013,

B2l A Wy Wy B I O R B ). o L
A,2013,40(12):34-35.

GE Jiquan, LIU Panpan.Research on the use of thermocou-
ple[J].Metrology and Measurement, 2013,40(12):34-35.(in
Chinese)

e IR FE LI I A% ARR M 5T [D ] 50« B B S i K
K2,2019.

LI Jie. Resedrch on‘flow and heat transfer characteristics of
turbine casing[D]. Nanjing: Nanjing/University of Aeronau-
tics and Astronautics, 2019.6in Chinese)

COLOMER G, COSTA M, CONSUL R, et al. Three-di-
mensional numerical simulation of econvection and radiation
in a differentially heated cavity using the discrete ordinates
method[J]. International Journal of Heat and Mass Transfer,
2004,47(2)7257-269.

W 2 ke A I XT 304 N EE R LA KA R
SR FE [V JL A K % 241, 2020, 38(1):225-229.

HU Yisong, JJANG Wei, LUO Fa, et al.Effect of high tem-
perature~oxidation on infrared irradiation of stainless steel
304[J]. Journal of Northwestern Polytechnical University,
2020,38(1):225-229.(in Chinese)

(8. 28FE)



