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Abstract: To enhance the cooling performance of the double-wall cooling system and strengthen
its cooling advantages, the solid pin fin structure of the system was replaced with a pin fin with
porous medium, and the performance enhancement by the porous medium was investigated by
using the conjugate heat transfer method. The differences in flow and heat transfer characteristics
between porous medium and solid structures were studied in terms of different blowing ratios, pin
fin diameters and pin fin heights. The results show that the velocity and temperature
distributions between the inner and outer walls were more uniform under the high permeability
properties of the porous medium. After the replacement, the overall cooling effectiveness was
significantly improved, with an increase from 3. 08% to 5. 03% in arca-averaged overall cooling
effectiveness, while the pressure loss did not change much. As the diameter of the pin fin with

the porous medium increased, the overall cooling effectiveness exhibited an increasing trend,

Wk H W . 2024-04-15, EHER A E—Q996—), &, Wi+ 4 FHEVFGEGEHEH) . B 852, i+ 2N,
WH. BRBAABEILE B HE (52276037),
W 28 WY RRSFTR] . 2024-06-05 P 2% Hy R B IR : https: // link. enki. net/urlid/61. 1069. T. 20240529. 1512. 004

ba
&



62 W % oz M

PN

ranging from 2. 13% to 3. 03%. The height of the pin fin had a weaker effect on the cooling

performance. The applicability of porous media pin fins in a double-wall cooling system was verified.

Keywords: conjugate heat transfer; double-wall cooling; porous medium; pin fin; overall cooling

effectiveness
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Fg. 1 Schematic diagram of the double-layer wall plate model
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Table 1 Pin fins structure and its parameters
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Fig. 2 Computational domain and boundary condition
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Fig. 3 Computational domain and grid distribution
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Fig. 4 Mesh independence validation

1.5 imimiERIeiE

Xt A V8 HIBIRY I 5 L B0 153 b SR A s O
BORLKE S g m i g R . B i HE A%
R G0 SRR X A SO T AR R AT IR, T
ST FH R 3 AR R A 5 S 00 R R — B 1R T EE R
BB, 4504 0.06.,0. 81 Bifh T 8L AT X b, W v
FFLEAAN 5 mm, SBEFLEAR KR 5 mm, S BFL G
£k 35°, HIMEE TfI AN PN BE ThT A4 JE BE 43514 12,25 mm,
T I UE R SRR T oxy ABR R AN 5 BTN,

zkxb. xjtu. edu. cn

— LR

~

"

5 FH T i AL A A 6 A B L A A A

Fig. 5 Geometry models for turbulence verification
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Fig. 6 Turbulence model verification
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Fig. 8 Schematic diagram of cross-section 1 position and velocity

contours and streamlines distributions of cross-section 1

under different pin-fin diameters
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cross-section 1 under different pin-fin heights
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Fig. 11 Temperature contours and streamlines distributions of

cross-section 2 under different pin-fin heights
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Fig. 13 Temperature contours of cross-section 1 under different

pin-fin diameters
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Fig. 14 Schematic diagram of cross-section 4 position and

temperature contours of cross-section 4 under different

pin-fin diameters
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Table 2 Influence of pin-fin structure on pressure loss

Ap /Pa
M WES - FEREAEAL/ %%
ZALA B SR S5

2.5 1P, 1S 44 270 44 298 —0. 06
2.0 1P, 1S 29 023 28 920 0. 35
1.5 1P, 1S 15 070 16 045 —6.07
1.0 1P, 1S 5 755 5 850 —1.62
1.0 2P, 2S 5 737 5 841 —1.78
1.0 3P, 3S 5 774 5 758 0.27
1.0 4P, 4S 5 769 5 696 1.28
1.0 5P, 58S 5761 5774 —0.23

B XU B3 R, T 6 1P 1S I SEAR B i 45 44
2 FLAD TP 254 14 T A 4 2 B B 4 . KL
Feoy 1.0 B, R R — P AL = BN L 2L a4
UL 119 P o i A A8 3 K 2 B G R IR T i o
LR RAE LS AP FEFRE B . B PR AL B
T3 K 2 FLA ST 1) 14 T R 528 7 o T S8 AR 45 4 114
Fele. TRl — PRy bE AR T . Bl S8 MO0 I R w55 2 3
TS V& A0 R G 14 T I 128 3 1 O T 22 AL A TR 25 4 119 T
W S R WA . Bt DRI A oo BE 4 2 L 22 AL
I LA 09 T T 8 3 A T S AR A A B T I . 9%
T o R A R A T 235 ) 1) S e 72 A9 LB/ . 7 A
AE A B0 4 B A 2 22 FL A o 19 15 38 i Ak T LA AR
i 15 A 28 i e e B 5L v, B I S 09 e R AR
PERET L PR S B LA 45 H R s

s 2 UL B9 Fluent BB 41 % 2 £L 41 it
DS I T B A 2l e 9030 e e A AL I R I 2
FLIX S5 B9 T F R B 40 22 L X B p i I &5 . X
I T A LB A R L AR 3 8 1T LS B 22 AL IX )
JE 451w A5 PR R

i 2 Xk UZ BE VS A1 R 48 IR 0k i gl LUK
B Z2 AL A0 B 25 A8 A 4 T XUJZ BE v A1 8501 1Y [a] 1) fig




52 F— A 2 AL T TR X X2 BE Ve H) AR B8 RE R T A R R 5T 71

% 9 /0 23 S e S 336 B TRV A R G e B
AEHA 2 X,

3 45w

A SORE RUZ BE Ve 5 2 G F 1A S 1 D0 I R 245 4 %
el Z FLA BLAE H R R T kT T 2 4L
I A AR PE AL X XU BE v A 2 4E 1Y M RE 42 T AL
BB FEERWT,

(D) Z LA T & 15 2 RS il A5 DUZ BE LS
BE TR 2 [ i 28 PN B9 3 s AR S TE I B4 2 sl 1 2 4L
v TR R A I 5 T O AR 0 BE Y 2 S R AR
T ERRE

(23 52 P YL A 45 4 B o 22 AL A iU BUZ
BE S RE T 19 9 B T L R AR RE S 0. R Z
FLAN BEE A I oA A AL i i) - 35 £ 5 ¥ B0 B0 RE B4 5
i KU AR L35 Ve JA RS 2 T W 52 T, Hrp
PRV HIA U BB THIRE N 3. 0800 ~5. 030
22 FLA T S M B0 3L A 45 A8 22 1) B TR g 46 Ok 22 S
PN

(3 IG R Z AL A B A B A% R A8 12 v WU BE
Ve KPR BE R T SR A5 M L R EAR R PR AL SR AL T
Z LA A R X v R 4 T RCR T 22 AL A B IR
AP o JBE Xt UL BE V& AP TR A9 B W /)

S 2K

[1] VAN DE NOORT M, IRELAND P. A low order flow
network model for double-wall effusion cooling sys-
tems [J]. International Journal of Turbomachinery,
Propulsion and Power, 2022, 7(1) . 5.

(2] AL#F, ZH, WK, F. RIBEL R WA

it ik kR (1], WRRFEM| AR
R, 2022, 62(4): 794-801.
REN Jing, LI Xueying, GUO Xinxin, et al. Develop-
ment trends in high-efficiency gas turbine cooling
methods [J]. Journal of Tsinghua University (Science
and Technology), 2022, 62(4) . 794-801.

[3] ZHANG Jie, LIU Cunliang, XU Weijiang, et al. Ex-
perimental investigation of full-coverage film cooling
characteristic of single/double-wall cooling vane [J].
Thermal Science and Engineering Progress, 2024,
47. 102261.

[4] LI Weihong, LU Xunfeng. LI Xueying, et al. On im-
proving full-coverage effusion cooling efficiency by var-
ying cooling arrangements and wall thickness in double
wall cooling application [J]. Journal of Heat Transfer,

2019, 141(4): 042201.

zkxb. xjtu. edu. cn

(5] =fii. HE. ik, 5. EfhE-wBEIRLEZ S

SRR AR SBUEM R ()], V6 %2 3038 K22
#z. 2024, 58(10): 156-167.
WU Hang, YANG Xing, CAl Haiyang, et al. An ex-
perimental and computational study on conjugate heat
transfer of extended jet impingement and fan-shaped
film hole composite structure [J]. Journal of Xi’an
Jiaotong University, 2024, 58(10): 156-167.

[6] HAN Shaochua, XIANG Zhen, XING Jiangjiang. et
al. Numerical simulation of composite swirl/film
double-wall cooling structures and chamber designs for
enhanced overall cooling effectiveness [ J]. Interna-
tional Journal of Heat and Mass Transfer, 2024, 228.
125664.

[7] KWON H, LIGRANIP M. VANGA SR, et al. Flow
structure and surface heat transfer from numerical pre-
dictions for a double wall effusion plate with impinge-
ment jet array cooling [J]. International Journal of
Heat and Mass Transfer, 2022, 183: 122049.

[8] VANGA S R, RITCHIE D, CLICK A, et al. Double
wall cooling of a full-coverage effusion plate with main
flow pressure gradient, including internal impingement
array cooling [ J]. Journal of Turbomachinery, 2019,
141(4): 041002.

[9] CHEN Jinfu, HE Yang, YAO Ran, et al. Compari-
son of showerhead film cooling and double wall cooling
in a guide vane leading edge with hot streak [J]. Inter-
national Journal of Gas Turbine, Propulsion and Power
Systems, 2024, 15(1) . 24-31.

[10] LUO Lei,» YAN Han, DU Wei, et al. Numerical study of
a novel curved pin fin for heat transfer enhancement
within aeroengine turbine blade [J]. Aerospace Science
and Technology, 2022, 123: 107436.

[11] wmd, w5, oo, 5 A REES: TN
JUASE Y (3 AT 8 2R A U AT A S 4G P 18 43 A T U i 1
B[] PR s R E A, 2024, 58(2) . 31-42.
GAO Shanghong, ZHANG Weixin, YANG Kefeng, et
al. Comparison of different prediction methods for heat
transfer distribution of lantern-shaped pin-fin channel with
different deep learning surrogate models [ J]. Journal of
Xi’an Jiaotong University, 2024, 58(2): 31-42.

[12] YANG Kefeng, SUI Yongfeng, WANG Xiangyu, et
al. Study on flow and heat transfer characteristics in
rectangular channels with lantern-shaped pin {in array:
Part I effect of sphere diameter [J/OL]. Numerical
Heat Transfer: Part A Applications. [2023-10-20].
https://doi. org/10. 1080/10407782. 2023. 2251085.

[13] GU Huaduo, LIANG Dong, DUAN Penghao, et al.




72

i

ﬁ"i

PN

2

1 559 &

%

[14]

[15]

[16]

[17]

[18]

(19]

[20]

[21]

Aerothermal characteristics of thin double-wall effu-
sion cooling systems with novel slot holes and cellular
architectures for gas turbines [J]. Aerospace Science
and Technology, 2023, 140. 108441.

ZHANG K, HICKEY J P, VLASEA M. An analysis
framework of additively manufactured deterministic
porous structures for transpiration cooling [J]. Journal
of Materials Engineering and Performance, 2023, 32
(20): 9253-9262.

SHEN Beibei, LI Yang, YAN Hongbin, et al. Heat
transfer enhancement of wedge-shaped channels by re-
placing pin fins with Kagome lattice structures [J]. In-
ternational Journal of Heat and Mass Transfer, 2019,
141, 88-101.

SONG H S, PARK H S, KIM T, et al. Cooling effec-
tiveness of additiveemanufactured internal structure
within a double wall cooling system [C]//ASME Tur-
bo Expo 2023: Turbomachinery Technical Conference
and Exposition. New York, USA. ASME, 2023.
V07BT13A006.

XU Ruina, CHENG Zhilong, JIANG Peixue. Funda-
mentals and recent progress of additive manufacturing-
assisted porous materials on transpiration cooling [J/
OL]. Journal of the Global Power and Propulsion So-
ciety, 2023: 19-48 [2023-11-10]. https://doi. org/
10. 33737/jgpps/166418.

TIAN Manwen, ALANAZI A, ALANAZI M, et al.
Proposing and thermo-economic optimization of an an-
nular-thermoelectric gas heat recovery unit with a novel
hybrid fin-pin vane and porous insert [ J]. Applied
Thermal Engineering, 2023, 233: 121170.

WANG Fugiang. TAN Jianyu. WANG Zhigiang.
Heat transfer analysis of porous media receiver with
different transport and thermophysical models using
mixture as feeding gas [J]. Energy Conversion and
Management, 2014, 83: 159-166.

WANG Man, ZHANG Wengiang, XIN Gongming, et al.
Improved thermal-hydraulic performance of a microchannel
with hierarchical honeycomb porous ribs [J]. The
Canadian Journal of Chemical Engineering, 2023, 101
(2): 1083-1094.

B, SO, IR, OB 2L BTy 1B AR R i Sk
BWsE ()], 288 fisesadi, 2017, 35(2) . 265-270.
WEI Zheng, XIA Chao, YUAN Haidong. et al. Ex-
perimental study on the wake of a circular cylinder
with porous layer coating [J]. Acta Aerodynamica

Sinica, 2017, 35(2): 265-270.

[22]

(23]

[24]

[25]

[26]

27]

(28]

(29]

[30]

[31]

zkxb. xjtu. edu. cn

K, REAR, IR H, A AL £ AL BT AR
RS P4 Fn AL BEAF 58 (00, B mC 0 &8 i R K% = 4k
2022, 54(4): 611-622.

DU Hai, ZHANG Qinlin, HE Lingyan, et al. Drag
reduction characteristics and mechanism of cylinder
covered with porous medium [J]. Journal of Nanjing
University of Aeronautics & Astronautics, 2022, 54
(4): 611-622.

YA . BRI 22 LA B A9 &5 44 9 B8 i AR PE BF 9T (D],
MR MR TR R, 2021,

MI Qi, YI Shihe, GANG Dundian, et al.

progress of transpiration cooling for aircraft thermal

Research

protection [J]. Applied Thermal Engineering, 2024,
236 121360.

KIM M, SHIN D H, KIM J S, et al. Experimental
investigation of effusion and transpiration air cooling
for single turbine blade [J]. Applied Thermal Engi-
neering, 2021, 182.: 116156.

MA Hongfei, SUN Haiou, FU Hao, et al. Numerical
investigation on transpiration cooling performance of
turbineblades with non-uniform porosity [J]. Applied
Thermal Engineering, 2023, 235: 121394,

WANG Jianhua, ZHAO Lianjin, WANG Xiaochun, et
al. An experimental investigation on transpiration
cooling of wedge shaped nose cone with liquid coolant
[J]. International Journal of Heat and Mass Transfer,
2014, 75: 442-449.

XIAO Xuefeng, ZHAO Guangbo, ZHOU Weixing, et
al. Large-eddy simulation of transpiration cooling in
turbulent channel with porous wall [J]. Applied Ther-
mal Engineering, 2018, 145. 618-629.

JUNG E Y, CHUNG H, CHOI S M, et al. Conjugate
heat transfer on full-coverage film cooling with array
jet impingements with various biot numbers [J]. Ex-
perimental Thermal and Fluid Science, 2017, 83. 1-8.
ZHOU Weilun, DENG Qinghua, FENG Zhenping.
Conjugate heat transfer analysis for laminated cooling

effectiveness: Part A effects of surface curvature

[C]//ASME Turbo Expo 2016
Technical Conference and Exposition.
USA: ASME, 2016: VO5AT10A008.
DYSON T E, BOGARD D G, BRADSHAW S D.

Evaluation of CFD simulations of film cooling per-

Turbomachinery

New York,

formance on a turbine vane including conjugate heat
transfer effects [ J]. International Journal of Heat and
Fluid Flow. 2014, 50. 279-286.

(GifE  FEH0






