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Abstract: To further enhance the cooling efficiency of double-wall turbine blades, a novel expansion angle
crater film hole was conceived. Three expansion angles («=25°, 35°, 45°) were designed, and the
influences of @ on the overall cooling effectiveness and flow field structure of the double-wall
structure were analyzed under four blowing ratios (M=0.5, 1.0, 1.5, 2. 0). The results indicate
that, compared to conventional cylindrical film holes, the expansion angle crater film holes
facilitate the extension of the film in both the streamwise and spanwise directions, thereby
expanding the coverage area of the cooled air on the wall. At M = 0.5, 1.0, the optimal
improvement in the overall cooling effectiveness of the double-wall cooling structure was achieved
with a=45°, However, at M=1.5, 2.0, the crater film holes with a=25°, 35°exhibited the best
overall cooling performance. It was found that the novel expansion angle crater film hole

generates a counter-rotating kidney vortex pair (CRKVP), which suppresses the development of
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the kidney vortex and enhances the adhesion of the cooled air to the wall surface. Furthermore,

the decay rate of the CRKVP in the streamwise direction increased with larger a values. Although

the expansion angle crater film holes increased the aerodynamic loss of the double-wall cooling

structure compared to conventional cylindrical film holes, the aerodynamic losses generated by

the crater film holes with a =25°, 35° were relatively low at M=0.5—1.5, exceeding those of

conventional cylindrical film holes by only 5.07%—15.05%. These findings provide numerical

support for the design and selection of film holes (with high cooling efficiency and low loss) for

air-cooled turbine blades.
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Fig. 1 Conventional circular film cooling holes and film cooling

hole structures with different divergence-angle trenches
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Fig. 3 Schematic of double-wall cooling structure
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Table 1 Mass flow rate at the cold gas inlet under different

operating conditions

BRAO BE A G
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B Wm/(ges )
0.5 2 400 1.33
1.0 4 800 2. 66
1.5 7200 3.99
2.0 9600 5. 32

R b 3K ANSYS CFX 47 B8 #5400 3
B X IR A XU S AT S L B O Y
EHCRH b Z 0w, X TiES T, Y
BRZE(E/INTF 1077 i ) 2 W88 X T RE = S O R,
T RTS8 E L T E R E R
JUAE ) 10 S SR E
AT RS 2 T E T A R AU
BERHIBE 0, 8 LS EWA L M
M = PV
O Vs
K oo T o 23 51 R ¥ S0 HE F1 Y 5 R RN B T
e M1 v, 435 R BRS04 2% B RS 5 R AR
1R Z& coolant(BHIS W) .g 10 gas(ERBLAD) .
RV AR 68 LR
T,— T,
#= T.—T.
KX T BRI ORE; T, 2EWRIERE T,
Ay R SRR 2 T i T 9 A A BE R
JEA SR 22 B HE b, LK
B — %295
A b MM AW R Y
JEPE
25 B R AT b 2 LK

(D

(2)

(3

4

e by WABKR XY LEMZRE R HIRCE,
I — Ak B SR
. _ T —T.
= ,—T.
b T S B Az A ) I E
NIRRT oy E XN

(5

(6)

L wx B X FEHRE,
TE BRI I3 M R s 7 48 2K ML 3 45 2k G2




]

TEFH T, 45 2 5 A1 10 R AL X XU BE AR Y8 S0 1 14 3 ) 39

— FEEE IR R B f RAE 2 SN
fZZ( m.

m, +my

my, s
pc-,in + m im pg.in - pom )/plluﬁut
¢ g

(7

K m AR AR s m, N R po
TV S TR 5 pon N BRI B ; po A EH
PR s Lo BUZ BEAC JE 5w, XUJE BE 00 1
R
1.3 WM& X HERIE

K &l i i A BRARCFE TICEM CFD % 43 38 ot
ATAR L5 KAk AR K] 43 o A B 1 I A A L N 1] 5 B 7
TE WA A B 2 v, AR O DG 3 T U IR R A A8 A T Y
PO A U et XoF 33X 4 DX IR AT T R A 4 Ak B D) £
T PRI SRR AE I HEBR A 42 . AR B — 2 52
% % K 0. 005 mm, K R 1. 1,3k 20 2, F
UERE TG HEANEE RS v /T 1,06 A2 T U 455 280 Xof 3
DX A% I o 25K

" ) A

[V A S 1 A

K5 MR EE
Fig. 5 Schematic diagram of grid

Ve BRI A% K23 51 S 300 J7.528 J1 .1 079 1 Al
1793071y 4 BRI fE M=1.5 B &0 FiEiTiH5&,
DA oot 8 T R ) - 241 5% 2E R B N, AE R TE G B TIE
HIVEANFE AR . RS I T 25 SR & 6 B, 24
FBGRE) 1079 Fa RSB TRE. 51793 7
P A 25 B 25 AR B /N, 25 5 IR SEORG B R (] A
A KB 1079 JTAE N AHIEGE I8 IS 55, BEGRIIE T
S5 MERRIE SO T 3 R A TR IR TN AE .

e 300/
528J5 .
10793
0r =m———— 17935
A f A £
A |" l\\ fn ‘“‘ "l '/ “ [’\l l’\
H ] " H I A i\
TR A N A S (S S % N S 6 T < Y
308, 4 L I { A
A | 1 A |
5 \ 1 | gy W3 | i . O 1 61 {
EJ I T T A I R IR O R O
5l 1‘11,\‘)l./\l,“¢“‘;“,\1‘l‘,
. ]
= 1‘ I X\//, \/i \//‘ \// \; Wi Al s \ 7%
200 M0, v . \ \
10 s , . L )
10 20 30 40 50
XeD'

LT CPIES drATRAE S

Fig. 6 Grid independence verification

zkxb. xjtu. edu. cn

1.4 HETERIE

Sy A B B AR ORGSO Jif S S TR R AT T B IE
$ RNG k-e FnifE k-e FRifE k-w Fl SST k-0 55 4 Ff
it VLA Y Y AR 4 SR g SR (24 ] e i 52 9 5080 R AT
X E L iR T 38 T AR SR i R Y

B O0F A A A0 BE T R ] P 4 25 G H R A
(%) AN & LT R e < = S O o
2, [A] Inp g ax e il 28 5 S g0 B0 AT T BN L, DA
WA BN A5 R S S PRl E Y 25 5. ]
PLE H 4 R A v, SST k-w i i 46 28 X6 02
BELRG VR IR I TR 45 S 5 SC 0 B0s v 45 12 1
fe o LA 3 i I AR B A ¥4 A0 A5 AR W (I TS U 5 ik
FUARE SR 75 i X5 3% B0 M0 A R R R A O 22 . RO, AR
SO AR SST k-o FBRIIEAT JG 22115,

0.65

0.60 |

)
0.55 | g \/\,L‘ 15,/ >
o (Y ¢\ Fr=/
/ NI /9N
@ J Y
A

050 F " /1% 4
/I’ - . A6 (H

v ; AL, SST k-0
045 bX PHELA P Ek-e
/ ——— — T, Atk
g —= == == I5E, RNG k-¢
040 1 1 1 1 ]
0 10 20 30 40 50

XD’
7 WU BE fi Ui A5 B 56 4iE

Fig. 7 Validation of a double-wall turbulent flow model
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Fig. 8 Contour of overall cooling effectiveness distribution on the outer wall surface of the film plate
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Fig. 9 Spanwise-averaged overall cooling effectiveness of the

outer surface of the film plate
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Fig. 10 Area-averaged overall cooling effectiveness of the

D

1. 2.

outer wall surface of the film plate
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Fig. 12 Dimensionless vorticity distribution at different sections in the flow direction at M=1. 5
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