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Effects of Mass Flow Ratio and Film Hole Orientation Angle

on Turbine Endwall Film Cooling Characteristics
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Abstract: The film cooling characteristics of the endwall surface of a turbine engine vane are
numerically simulated to improve the cooling efficiency of the gas turbine endwall film. Firstly,
the endwall film cooling performance with only discrete film holes is studied. Turbulence models
are checked by experimental results, and the mesh independence of the models is verified. On this
basis, the film cooling characteristics of the discrete film holes at the endwall under five mass
flow ratios (1.4%, 2.1%, 2.7%, 3.1%, and 3. 8%) and five film hole orientation angles (20°,
25%, 30°, 35°, and 40°) are studied. The heat transfer coefficients of the entire endwall are
calculated by using the given experimental endwall heat flux input conditions. Calculation results
show that the average adiabatic film cooling efficiency reaches to 0. 21 when the mass flow ratio is
1.4% at the same injection angle (40°). A larger mass flow ratio over than 1.4% leads the

coolant detach from the endwall surface, and then the film cooling efficiency of the endwall
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decreases. The total pressure loss of the cascade increases with the increase of the mass flow

ratio. The increase of the mass flow ratio strengthens the flow mixing at the outlet of the hole

and increases the heat exchange efficiency. Because of the influence of secondary endwall flow and

the structure of film holes, the adiabatic film cooling effect is the highest when the film hole

injection angle is 20°. Under the same mass flow ratio (1.4%), the average film cooling

efficiency of the end wall reaches 0. 27. Reducing the injection angle has little effect on the heat

exchange efficiency of the endwall surface.

Keywords: turbine endwall; film cooling; injection angle; numeral research

P R A A I R A AR iR AR Y R R
ELJ2 iR s A 3 3 A2 B T S A o S A2 4 S b Rk Y it
IERE . P — ) ) F B H R A R, —
SEAIF S R R v 3 A A R CB 4 35 4 b Ak R A
W ERERE L TR R ORIV ) T B X 2 R i
AT AR . X F AR A Rk B B R G
G5 T YRR FE AL 3B AT s R R A R T T
RE F1 % R F 900 °C , 245 Vi 12 BT Al 08 12 3L 1) 3R B R
F124°h 50 °C IR A3 600 °C I 4 3B 5 &5 AL 12
ARG R ZIEHLZ 2 RSB,

A HR B IR H R 2 — IR e
RE 27 3 52 2% 1) U U S0 5 ) G0 S i L S B e A
HRH A R, 78 B ATt REH L%
197 2k 7E W He 1 ity B N I 18 A A kA
AL o I T TE 0 v T AT B R AL X i B R AT 8
H o kit RE A H0 58 A7 B 30T ity BE DX IR A 2% U sh 4
A PR 5 M HL T 5 MR 5 AR TR 7 T R AU DX S A4
DR I - Ji 10 s v e A< 65 04 0 F 9% X S 1 i 8 0
WHLZE,

2005 4, Thole 478 H A5 14 Hi 2 M I i X Ui
BE (10 STV H R 1 1 L L 3 ok o b O 9 T R %
H 1 XS BT B AL DT P Ak T 3 A o BE 1Y
SPEVHVERVES) . Bl . Colban 25 (i J1 8 (H B L 5
CTAN AR B 96 A 25 A 0 ik TSR T R TRJE
SRR MBS X ity B 4 T 4 A IS8 R 1 AR A< 3
B B R W e B0 R T AL AR v H R B T I 9B FL
-, Colban %5 i — A WF 55 1 k3 T FL X i B A=< fgs
AR R L A5 R A0 R B R
98T 2 R RE LT oA BE A B AR B
T K L B i 2 BT 1 AR B0 AR T/
WP, ) R S0 A AN XU R E S T
R BREE 1) 38 3h BB R 45 AR A 5 R 2 B ity B R ST
FETESE 24 (0108 2R 45 4 5 ASOMB V8 00 558 30 %o ok ot o
UL A HEL R A H A R A7 i B
IR AR Ty N S a6 90 B K 1t ) Ll w2

http: // zkxb. xjtu. edu. cn

(A4 FP H S5 HEAT T BOE B0, & B 1 U A A
il 7 RS AL S R A I 2 B AR T g B
SPERHIRCEN . ik ST T ok I R R
T3 e A 11 I B S VA A I 5% ), ke BIAE £ KA
4y %o vty B SRS R R AT W g 4R T, AR b A
F5E T 5 7 e s e I i B (1) SR R 1 R
XoF T T 3 L) iR e ity BE 45 4 B3 B A A AR R B
(8 2 T R B A A R et . AR TR AR
98 T RE G G 0 X 00 il i sy R RS ¥ H M BB 1 52
M), 235 S ¢ W 2 o M 4 S5F O A9 O A R AL LU AT DA AR
Uit BE SRV B0 A RO L Wk SR O T e R A
LT i B S B4 0 1 B Y S, g B v R
T i E 2 i v i BE A AL 14 hn 1) R 4 O A
T2 1) 555 oty B AR AT R, AL R AR R OY TR E
I3 0 4% S R 4% S 30 b % - s B ¥4 0 R Y 5
M) 2 B o B 303 5L R0 £ AT i 5 <Y B ) R 4% VA 1)
S UL 0 A R 0 B T U o RE A HICR YT B
WAL T LR 18] 65 B 5 b Xk 5 7 12 7 i il s
B 30t U T 15 T L4 00 20 2R 0 52 i) 45 SR 6
U A i A S R T it E BB R A
Bl 13 B i B 40 o BE VA B0 A% R S 1
JE /N VB SO T T e R A 6 B
R 375 - A i B AL 3 RN A RACRE PR Y S e 5 R SR
W 11 65 B 45 A 7 I 0 2% e X808 T 1B
T 225 s Rl B I8 55 S A B S R B Ui R L TR
HE T B B ARG O I T 2k A B X g o T AR
G AR B B s K

Zi I, BHT g B T Sk i e O R B
B AL ALY X i BE Vo AR PR R B2 e . R BESE
R BB AL AN 2 25 56 BR B 1 D L3 5 4 1k
T BRAR AR AR B SR A St B T S0 e R 5 S0
5% 32 B F 5256 4% 14 - R 6 B 40 45 4 1 o S 56
XF4 . AR SCFE T A 53 0 Al L, R B0 B 0L 1Y)
J5 3 % g BE 2% TAT BRI B LY B0 Y T A o L
G, ) FIVE I A7 BE Ca) X JHE A0 T8 V% 1R 42 4E A7 F 5




%Al

K L AF O I A RS R I R LG X 3 s S BE AN 2 R 1 5 109

LA B0 K R O S5 R K7 6
1 AR ARy vk

1.1 HEER
T 5 R 3k B M 25 K S LS — e I i R

PR 1 A I s B A0 B T B R, R R
IR R — B E S H O 50. 4 mm,WEE
[ 107. 15 mm, Ey oMl 07, Ry 1R S B
19 20 5 4230 L S 17 O L 4 /l\fﬁéﬂi‘%%ﬁﬁ‘ﬁﬁﬂﬁmﬂﬁ
fL5 R gR aE Ve ] At R E AT AL A
8 VI U AL R R Sy SR 3 B R O A v B
o LN G W S B N M I o W TR i
B3 HEABEALER d N 1.8 mm, KR I/d R
2. 95, S RALIS A o M 40°. B A v I 74°, 1L
Hedr & B 5 AT EE B CobniE T & lc,

/Wtiﬁu -

Sy e T
FORAL i

/ﬁ;m@'.z /

N R

st
HEC |

Ect/scidn] )
(a) i T 3 A A

)i}

() &S 5 o &

0.59C,, 2\
{P

0.52C,,

OO é)(i)

0.45C,,

Go-k&

(OB REAL AR A E S ArER
B 1 e ey B O T O T A A

Fig. 1 Numerical simulation model of the vane endwall
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Fig. 2 Mainstream spanwise velocity distribution
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Fig. 3 Comparison of the pitch-averaged film cooling effi-
ciency calculated by different turbulence models with

experimental results
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Fig. 4 The endwall area-averaged film cooling efficiency of

different grid nodes
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Fig. 5 The cross-section location of film hole outlet
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Fig. 6 Streamline distributions on film hole outlet cross-section for different coolant-to-mainstream mass flow ratios
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