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Abstract: To address the thermal protection requirements of combustor liners under high-
temperature and elevated heat loads, the single-tube combustor model incorporating tangential effusion
cooling technology was developed. A conjugate heat transfer analysis was employed to numerically
investigate the influence of varying inlet temperature, inlet pressure, and fuel-air ratio on liner wall
temperature and cooling performance. The results show that the higher inlet temperatures reduced cooling
film coverage effectiveness, weakened heat transfer intensity within effusion holes and on the outer liner
wall, decreased average integrated cooling efficiency, and increased both wall temperature and thermal

gradients. Under the condition of this paper, variations in inlet pressure exhibited minimal influence on
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near-wall flow and heat transfer, with negligible differences in effusion cooling effectiveness. Under

extreme conditions that the proportion of cooling air is only about 19%, fuel-air ratio of 0.042, and

combustor temperature rise approaching 1 300 K), the liner maintained a high average integrated cooling

efficiency of 70%—90%, demonstrating the significant potential of optimized tangential effusion cooling

designs for next-generation ultra-high-temperature combustors.

Keywords: high temperature rise combustor; tangential effusion cooling; conjugate heat transfer;

aerodynamic parameters; cooling performance
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Fig. 1 Model of high temperature rise combustor
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Fig.2 Schematic of tangential effusion hole
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Table 1 Circumferential arrangement design parameters of

each row of holes

HEEL N, S/mm
1~5 60 11.41
6~7 75 9.13
8~9 100 6.85
10~29 120 5.70
30~33 100 6.85
34~35 130 5.27
36~40 90 7.61
41~45 70 9.78
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Fig.3 Schematic of model mesh
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Table 3 Comparison of the combustion performance
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Table 4 Comparison of cooling air ratio and wall

temperature of different inlet temperature cases
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HEACTRL B R, AINEE A PG 2 R B B R, R
P QURT ST N (SR L T DO AN S N ()
AT, A R T I R (], L B e B A RE T 4
S FEARRTRAIG, Nz T Bms, $s S s 20, FLIN
A AR J3E AFGT AR AP L A B T AR 2 A S MR 3AIR,
JUl R 2R L ] 5% e ol KA fo R 1A T B

x5 FRHSEBEEFHTERTHERASH
Table S Average wall heat transfer parameters of different

inlet temperature cases

S5 T:=700 K T,=800 K T:=900 K
g/(W/m?) 179 793 200 104 218479
K (W/(m*K)) 1275 1321 1372

2.3 BESE A3 H 1 RE B

A% T AE PR UE A8 B8 2 IR (75=900 KO |
7% U (q,,=4.887 5 kg/s) Lh B R i I B (g~
0.190 61 kg/s) A [F] (1) 2544 F , W55 AN TR < )
(p;=2.50, 3.04 MPa #1 3.50 MPa) X & H1 1 BE (1) 52
M B o

6 AR TR T Z6A4F T ¥ Uk LA A1 B
AT I T LU o U ) 3 R 2 AR AR e 25 N X
AR AR L T, 90/ 0N i I E A T A AT B B Y
IR SRR BRI A TR R e A 1]
XN 452 B IR 1], iz T5=900 K, fb27 2 i i R
AR B AR, SERRBE 2 N I 7 A 08 Ak
32 PR T 728 A B R T D53, A e AR R AR 22 5]
AR R T 28 O TR] — 3 11 0 ) A B0 I A
BABE % N, A TRLHE U )RR A8 2R AT, ¥ 2051
AR R 38 PN e TR O 3 [ A Ak, IR EE Y
YERFAE 2.7 o Ah, R B A28 0 R A
R KON ] BE T Y- X AN 52 0 R ) AR AR B

xo6 ARHESENFZRGTRRGLMEEREILL

Table 6 Comparison of cooling air ratio and wall

temperature of different inlet pressure cases

py/MPa 0% Tya/K Ty manlK
2.50 18.79 1055 1197
3.04 18.83 1056 1196
3.50 18.81 1055 1193
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Fig. 16 Liner wall temperature distribution of different inlet

pressure cases
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Fig. 17 Circumferential average wall temperature distribution

along the axial direction at different inlet pressure cases
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Fig. 18 Comparison of overall cooling efficiency of different

inlet pressure cases
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Fig. 19 Wall temperature gradient of different inlet

pressure cases
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Fig. 20 Near wall oxygen mass fraction distribution of different

inlet pressure cases
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S 247 BE IR A AR EE T R Y FEIAE 147~ 161 K 22
], 5 v B UL 7E i A< (FAR) 2 0.042 F % 7
1200 K, {HAH LTIl L 0.036 35 K 2 0.042 fif
PRSI THIE T T 140 K DL L, d5 8 BE 1 IR T
1o R B B/IMB £, AU AN 20 K, 3% U8 A 45 14 1
] 2 0 ENZE R B 1T XTI = T A 1 ke
ZE G T IR RORAT BER BT T AL

AN EE TR KOk T BE IR 23 A1 2= B R i )
) S 257 BE IR A0 A B P 21 A 22 i o Il
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Table 7 Comparison of cooling air ratio and wall

temperature of different FAR cases

FAR 0/% T,0dK T, mad/K
0.036 18.82 1047 1187
0.039 18.83 1056 1196
0.042 18.81 1061 1205
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Fig. 21 Wall temperature distribution of different FAR cases
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Fig. 22 Circumferential average wall temperature distribution

along the axial direction at different FAR cases
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Fig. 23 Comparison of overall cooling efficiency of different
FAR cases
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Fig. 24 Liner wall temperature gradient of different FAR cases
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Fig. 25 Near wall oxygen mass fraction distribution of different

FAR cases
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Table 8 Average wall heat transfer parameters of different

FAR cases
ZH 0.036 0.039 0.042
q/(W/m?) 208228 218479 224 424
K(W/(m>K)) 1371 1372 1376
3 & it

AR SO HE AR L R T DA RO A S
AL AE SEPR IR be s TAE i A v & B HrERE 1Y
ST T BRI S, A3 B 518

1) Bl SRS (T, KO T P9 B TV )
SR A SO BTREAR . R HI/INFL 3 RO B
G RE TH] A% AR B AR T R AR, 33K (A5 1 SR T
KT 45 X IR0 25 5V ST e, K kg 27 1 T L T
P, BE TR A T, (AT AR A G R 4
PRER

2) FEARSCTOLR, 50K 7 AR fb T K faT
T BE T U sl AL A R /N, 2R A R HIROR AR
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R T I B 43 AT R 22 R K, BETRUBR AR R it R
ol /NI S A BT Bl AR LSO AR A K
A EA B R 5]

3) REE WA LA ER S, KR TR N RE TV 2R
TR LR AP A M A T AT, 3 X 3 6 A A A
N Kk AT R THT 1) AR 2 B AR R, KA e I DX T
FEURIRE T 35 b, 3594 T 18 O, AFLX 2 1/ N FL 9 AN
R T AL TSR 1 52 /N HLZR B R A 22 5
K

4) TER BRI 20 LAY 2 19%, FAR=0.042,
T:=900 K, & TH 3 1300 K (4 i #4040,
KT 25 AV B ARAE 70%~90% =2 [a], TE I ]
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20250169-12



%11

RLTA: BN T O S B UI 1 S B 204 be 2 PERERE R T

W71, D9 — AU il TR e = BRI T g
X

SE Bk

(1]

(2]

w

[4

—

[7

—

[8]

[9

—

(10]

(11]

[12]

[13]

G, REZ SRR AR AU E M) et i A Tl
i Rt 2016.

Jin Rushan, Suo Jiangin. Advanced gas turbine combustor[M]. Bei-
jing: Aviation Industry Press, 2016. (in Chinese)

VRIZ T, B4, Hbede i s R e bl e i THR bR = R 4
Hr[J]. HEHEHE AR, 2023, 44(2): 2208054,

Chen Xuanwu, Zeng Qinghua, Gan Xiaohua. Analysis of combus-
tion technology of high temperature rise for aero engines[J]. Jour-
nal of Propulsion Technology, 2023, 44(2): 2208054. (in Chinese)
A7 TR B 2 R0 H 7 X4 AT [D]. B AL
9 AUAL 28 iR K2, 2016.

Li Ji. Analysis of various cooling schemes on a combustion cham-
ber[D]. Nanjing: Nanjing University of Aeronautics and Astronau-
tics, 2016. (in Chinese)

s, MABKE, WG E, 5. R AE L IO 7 XUEFL Y 3 1
B9 23 B [9]. W JR 5 Toll R 242441, 2023, 55(1): 55-63.

Xu Liang, Tian Qiuxia, Xi Lei, et al. Analysis of cooling charac-
teristics of gas turbine flame tube with binaural hole[J]. Journal of
Harbin Institute of Technology, 2023, 55(1): 55-63. (in Chinese)
Arcangeli L, Facchini B, Surace M, et al. Correlative analysis of
effusioncoolingsystems[J].Journalof Turbomachinery, 2008, 130(1):
011016.

Venkatesh V, Sriraam J, Vignesh D B, et al. Studies on effusion
cooling: Impact of geometric parameters on cooling effectiveness
and coolant consumption[J]. Aerospace Science and Technology,
2018, 77: 58-66.

Ling J C P W, Ireland P T, Tumer L. Full coverage film cooling for
combustor transition sections[C]//ASME Turbo Expo 2002: Power
for Land, Sea, and Air. Amsterdam: ASME, 2002: 1011-1021.
A, e, MRFRE, 45 Z 8L E0 07 A3 2 Hon) BE
I A6 B2 AN ¥ 0 AR 1Y B WA (D). A =S 8l T3 24 4T, 2008, 23(4):
647-650.

Xu Quanhong, Xu Jian, Lin Yuzhen, et al. Influence of aerody-
namic parameter on the temperature gradient and cooling efficien-
cy for effusion wall cooling method[J]. Journal of Aerospace Pow-
er, 2008, 23(4): 647-650. (in Chinese)

Natsui G, Claretti R, Ricklick M A, et al. Experimental evaluation
of large spacing compound angle full-coverage film cooling arrays:
adiabatic film cooling effectiveness[J]. Journal of Turbomachin-
ery, 2016, 138(7): 071001.

Paitich L C, Richer P, Jodoin B, et al. Directional effects of effu-
sion cooling on the cooling film effectiveness[J]. AIAA Journal,
2021, 60(1): 423-434.

BR 25 RV ) B G P Ve T 3 A ML 3 R 45 AL R AL BRI Y
[D]. & HE: v [ERE24 H AR K2, 2022

Luan Yun. Investigations on mechanism and structural optimiza-
tion design of transpiration cooling and internal cooling passage[D].
Hefei: University of Science and Technology of China, 2022. (in
Chinese)

Dong Gengyi, Liu Yingjie, Wang Min, et al. Experimental and nu-
merical investigation of swirling flow on the conjugate cooling effi-
ciency of an effusion-cooled combustor[J]. International Journal of
Thermal Sciences, 2024, 198: 108846.

Ji Yongbin, Ge Bing, Zang Shusheng. Analysis of effusion cool-

[14

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22

(23]

[24]

[25]

[26]

20250169-13

ing under realistic swirl reacting flow in gas turbine combustor[J].
Applied Thermal Engineering, 2022, 216: 119101.

Chin Jushan, Suo Jianqin. Design of aero engine lean direct mix-
ing combustor[C]//54th ATAA/SAE/ASEE Joint Propulsion Confer-
ence. Cincinnati: ATAA/SAE/ASEE, 2018: 4921.

G, ek, ¥R R H— A RS PR B R [1]. TR
P 2R, 2022, 43(2): 543-552.

Jin Rushan, Dang Jin, Liu Fuqiang. New generation aero-engine
combustor[J]. Journal of Engineering Thermophysics, 2022, 43(2):
543-552. (in Chinese)

Yang Guang, Shao Weiwei, Zhang Zhedian. Experimental and nu-
merical study on heat transfer characteristics of tangential effusion
cooling for a combustor liner[J]. Applied Thermal Engineering,
2023, 218: 119374.

TRV, RS, Bk, 55 JOA R ) b kR BUNLE A
BB BRI 55 8 F1 2 4, 2011, 26(5): 1052-1058.

Wang Tao, Suo Jianqin, Liang Hongxia, et al. Numerical study of
tangential effusion cooling for combustor liner[J]. Journal of
Aerospace Power, 2011, 26(5): 1052-1058. (in Chinese)

ok, B8 I, KT . B B U 1 S BAL UM R A B
WF 9 [9). i 0E 45 A, 2022, 43(11): 210579.

Yang Guang, Shao Weiwei, Zhang Zhedian. Numerical investiga-
tion on film cooling performance of novel tangential effusion holes
[J]. Journal of Propulsion Technology, 2022, 43(11): 210579. (in
Chinese)

JA R, IR0, B, SR EOR H R G Hee 1 i BUE 4y
M [30. = o 244, 2021, 36(11): 2363-2371.

Zhou Zihe, Su Hao, He Fei, et al. Numerical analysis on cooling
capacity of transpiration cooling system[J]. Journal of Aerospace
Power, 2021, 36(11): 2363-2371. (in Chinese)

Arjun C K, Jayakumar J S, Babu Y G, et al. Experimental and nu-
merical investigation of effusion cooling effectiveness of combus-
tion chamber liner plates[J]. Journal of Heat Transfer, 2018, 140(8):
082201.

TR, FEAR, B N, S R R ) O 9K be S RE IR B0 MH B
ST [9). W2 8 J1 2441, 2025, 40(4): 20220812,

Zhang Jiaxiang, Cai Zhibin, Zhai Weikuo, et al. Numerical study
on wall temperature of a reverse-flow combustor[J]. Journal of
Aecrospace Power, 2025, 40(4): 20220812. (in Chinese)

PG g, XA 4R, 45 4 e P E A AR T (M. dE e
Pl s o H i AL, 2002

Yan Minggao, Liu Bocao, Li Jingui. China aeronautical materials
handbook[M]. Beijing: Standards Press of China, 2002. (in Chi-
nese)

Launder B E, Spalding D B. The numerical computation of turbu-
lent flows[J]. Computer Methods in Applied Mechanics and Engi-
neering, 1974, 3(2): 269-289.

Jin Yi, He Xiaomin, Jiang Bo, et al. Effect of cavity-injector/radial-
strut relative position on performance of a trapped vortex combus-
tor[J]. Aerospace Science and Technology, 2014, 32(1): 10-18.

Dai Huwei, Zhang Junhong, Ren Yanyan, et al. Effect of cooling
hole configurations on combustion and heat transfer in an aero-en-
gine combustor[J]. 182:
115664.

T AEM KRS HLMA R 3 K BV AVRE & 1% TR BT 52 (D).
i 1M RS R A, 2019.

Ji Yongbin. Conjugate heat transfer characteristics of gas turbine

Applied Thermal Engineering, 2021,

combustor effusion cooling[D]. Shanghai: Shanghai Jiao Tong Uni-
versity, 2019. (in Chinese)

(¥ K F)


https://doi.org/10.13675/j.cnki.tjjs.2208054
https://doi.org/10.13675/j.cnki.tjjs.2208054
https://doi.org/10.13675/j.cnki.tjjs.2208054
https://doi.org/10.11918/202203003
https://doi.org/10.11918/202203003
https://doi.org/10.11918/202203003
https://doi.org/10.1115/1.2749298
https://doi.org/10.1016/j.ast.2017.12.044
https://doi.org/10.13224/j.cnki.jasp.2008.04.017
https://doi.org/10.13224/j.cnki.jasp.2008.04.017
https://doi.org/10.13224/j.cnki.jasp.2008.04.017
https://doi.org/10.13224/j.cnki.jasp.2008.04.017
https://doi.org/10.1115/1.4032538
https://doi.org/10.1115/1.4032538
https://doi.org/10.1115/1.4032538
https://doi.org/10.1016/j.ijthermalsci.2023.108846
https://doi.org/10.1016/j.ijthermalsci.2023.108846
https://doi.org/10.1016/j.applthermaleng.2022.119101
https://doi.org/10.1016/j.applthermaleng.2022.119374
https://doi.org/10.13224/j.cnki.jasp.2011.05.028
https://doi.org/10.13224/j.cnki.jasp.2011.05.028
https://doi.org/10.13224/j.cnki.jasp.2011.05.028
https://doi.org/10.13675/j.cnki.tjjs.210579
https://doi.org/10.13675/j.cnki.tjjs.210579
https://doi.org/10.13224/j.cnki.jasp.20200544
https://doi.org/10.13224/j.cnki.jasp.20200544
https://doi.org/10.13224/j.cnki.jasp.20200544
https://doi.org/10.1115/1.4039684
https://doi.org/10.13224/j.cnki.jasp.20220812
https://doi.org/10.13224/j.cnki.jasp.20220812
https://doi.org/10.13224/j.cnki.jasp.20220812
https://doi.org/10.1016/0045-7825(74)90029-2
https://doi.org/10.1016/0045-7825(74)90029-2
https://doi.org/10.1016/0045-7825(74)90029-2
https://doi.org/10.1016/j.ast.2013.12.014
https://doi.org/10.1016/j.applthermaleng.2020.115664

	1 研究对象和方法
	1.1 物理模型
	1.2 参数定义
	1.3 边界条件及求解方法
	1.4 网格划分及方法验证

	2 结果与讨论
	2.1 燃烧室流场和温度场特性
	2.2 进气温度对冷却性能的影响
	2.3 进气压力对冷却性能的影响
	2.4 油气比对冷却性能的影响

	3 结　论
	参考文献

