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Abstract: In order to investigate cooling characteristics of the liner with different hole structures, numeri-
cal simulations were carried out for a tangential injection effusion cooling. Based on the Field Synergy Theory, the
comparative results of tangential and conventional effusion under different operating conditions were analysed.The
results show that the tangential effusion has higher cooling efficiency compared with the conventional effusion
with inclination angles. The maximum local cooling efficiency can reach 0.98 at a blowing ratio of 10.4, and the
average cooling efficiency of the liner is also as high as 0.93. In addition, the tangential effusion has better unifor-
mity of cooling film along lateral and flow direction. With the increase of the blowing ratio, the lateral uniformity
of the cooling film downstream of the tangential effusion is significantly improved. The small synergy angle was ob-
served for the conventional inclination effusion, which implies that the intense interaction between main and sec-
ond flow is occurred. The small synergy angle of tangential effusion in the near—wall region disappears when blow-

ing ratio increases.The weakening of the mixing and interaction between main and secondary flows are the keys to
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its extremely high cooling effectiveness.

Key words: Tangential effusion; Film cooling; Cooling effectiveness; Field synergy analysis; Numeri-

cal simulation

1 35l

WRE = IR A LI SRR . B R AL
S R BV L 3% P EIR DR R DR
JE B © 323 1950K, HARHE U B8 19 75 oK 3 3o K
WaE R HES 5B, HTFRHNEEZE LW
> E X IRRE VA OR TR R AR

H A, 8RS Ee LR 8 007 a0 55 45 B 3R
BH SR R B vh s v A DL KA B 2
GO L EBAH (R 2R A H) &
Hai gk =% e # o X2 —1, 5B &
BLX GIAE T K& HOA HFLAR T /N FLR) B 43 A o 4 4R
BT R EOA H ) K g A A P e RO (FLAR
FLIG R AL A DA T 26 5, FLAH G AIF 92> 36 B AH
Fb T W XU L AL AR 1T 5, 52 A0 52 e R B TR
A L fRT BB AR ) A ALV B, R Sk i g R
WA A R BCL AR W e BRI AR
Schmidt Fl Goldstein %5738 2 52 56 BfF 58 AN 8] W2 AL EL
T A X R EILA E R R e E R T 2 A
B R 38 J2 ) BV IR . Ekkad Fl Lee 25110
FIF WA W A AR KB, 75 90" K& & i T L% B 1)
¥ 1N HA T A JNSOR R I E S O TR A
BB RS HIBOR 55% i fi o Leylek Z 5 &2 4
A A R AR %) & BCFL IR s AL 64T 75T, 22 %
M SR ALY T A I X 32 B A R R ) R 1) E
GEFEFRCEIZBRX") X WE SRR AN TS EiR
G FE LR A S G A (457,607 81 90°) 1Y H B
R BEIRIRXT B E AR FE0°EEGMA T, X
Tl AR S R P A T R 5 A ER R R 1 B O i X AR Ry
PRSI R G5, DARAS | 248 1 32/ =2 8] () AH BAF
F o Maiteh %558 5 SC I AF 58 & B, 0 F 35° 2 & A
AL, SCHE L BTHE v 20 0B B 241 5 P T4

T LR ¥ A1 M U Bl AR R 5 R bE = K
YA AR AR K 25, A N () 24518 18 A A B L 238
F kMR H . Michel %72 ] LDA #1 PLIF B 3¢
T A A AL O T 0 I Bl R P DL R 3 A AR
HAEH W58 45 R R W] KOG T R BAL I 2 A AT AR
B BE 1) ¥ H0ACRSE 7™ A 5 B 1) JE A TRD AR R
ift It R JBE A — AR B K A AR i TR AR
SCHR [20-23 J5FxF KO0 8 v 24 i T B0 ) i SR

T

(R RE A&, AT LR Ry — Rb i f i/ LB A R Y
V1Y, MEUTE £ T A A B R R O RE T VR AE )
I A [ A D7 2 e I HE BT 1) 2 B 908 =5 A BT
BEJR IEAT T AL 5T, 08 1 23 /SRR 830K A, A%
5 AT B v T BE AR 105K, ¥4 0 4% 3 W il 1) 34 ¥
FhiE 5 4 3L 90%

H R 5 f A A A RS A R R B A
MR NEZ—, MK T PR B,
FHORES W IFA 58 2l ] TR & KMt . Rk, R
T HE— 215 B A R U 1) R O ) SRR R B R
PE A SR FVBUCIE T3 00 J7 1 6 LU 58 1 U0 1) &
FL 5 AU £ 1) K BLZS A AE 3 R R [V 2SR i T
(R Ve 2R O R T 37 W [R] 398 X 0 N R
3 RV 2 35 0 B0 ) LA % 5 70 =22 T 1% AR B AR ) R AT
G3 BT, A5 B KON TR Y ) AR AR )RR PE SOAS TR
i OREE SR & FihEA

2 HEEBREFE

2.1 YEERESHEN

W TR R B A 0 & B0 E15F A L K Y
) % BRI KA R S M R . o w, M, 4
) Ay 3 R AR G B L X T 1 Ca) R R AR
B AT A L O SRz m e, &
B R LD 2R 5 T 1 AR 1 e A . X
KW E, W E 1(b) iR, Y 1l BE B 6 o L5 kM
T PN RE TT 1 AH U0 R B, R U0 1) R AR 1 R AL
AR A .

AR S TR ¥ H) G B AR RSN R 2 B,
HD Ry B BCFLELAR o AR AR OGSOk [ 24 TR 52 2T, BT
HE % FL I B M T AT, Sk T8 A o HI AR A 1
B, HOBRR % N A ¥ A 25 AR I X E A BR AR
v S, PRI A HEAL A HE AT B TR S TR
o A/ 3 HE & BfL I 1 1] EE 20k 8D, R a] 2 HE A 2
HE A 8L B9 Ul 6] #8530 S 10D 13D KA iy
Ja w1 ¥ 51 3 A T 304 R AL, £ HE & REFL Y JR 1) ]
B ¥4°4 10.5D

ST D) 1) R A S R R O FTE KA
a7 B0 v HVER I SR IR 2 S [ 6 AR A R K L
SRS O O el & I NI R I RN g ]
1R G54 C RIS DI ) & B4 F1FL I RS 4

210579-2



Fa3E B

Y] ) A BIAL B AR R T 5

2022 4F

Main view ’

L \a

A(x_zl)l° Inclination angle B(x-) Compound angle

(a) Cooling plate with compound holes
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(b) Combustion liner with tangential effusion

Fig. 1 Schematics cooling plate and tangential effusion liner
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Fig.2 Geometry parameters of computational model

Table 1 Hole parameters for different cooling structures

Structure Inclination a/(°) Compound angle B/(°) Tangential distance 6/mm Hole diameter D/mm
A 90 — — 0.5
B 30 — — 0.5
C — 75 1 0.5
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Fig. 3 Boundary conditions of numerical simulation
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Table 2 Fixed operation parameters

Parameter Value
Gas inlet velocity/(m/s) 50
Gas inlet temperature/K 1850
Gas outlet pressure/MPa 0.7
Coolant inlet temperature/K 800
Density ratio 2.4

Table 3 Parameters for different conditions

) Coolant for Coolant inlet velocity ~ Blowing ratio
effusion ¢/% u‘:/( m/s) M
1 5 46.7 2.2
2 10 49.2 4.6
3 20 55.4 10.4
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Fig. 4 Details of model mesh
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experiment and simulation
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Fig. 6 Liner temperature of cases at different effusion coolant percentage
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different blowing ratios
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