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Superposition Prediction Accuracy of Film Cooling Efficiency

on Turbine Blade

MENG Tong, ZHU Huiren, LIU Cunliang, XU Bohan

(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Experimental and numerical simulations were conducted on turbine blade to figure out
influences of three typical factors (vane curvature, blowing ratio and hole arrangement) on
superposition prediction of film cooling efficiency. Results show that because of the convex blade
surface on the suction side, jet is easy to be blown off and the computational error of
superposition of film cooling efficiency is about 5%. On the pressure side, jet is easy to be
pressed onto the wall and the prediction becomes inaccurate, hence the superposition calculation
result is about 13% higher than experimental value. Another significant influence results from
hole arrangement, the superposition prediction on staggered hole arrangement is nearly the same
as the measured value, while it is much higher for in-line arrangement. Blowing ratio also has an
obvious influence on the accuracy of superposition prediction for film cooling holes on both
pressure side and suction side. At low blowing ratio, results obtained by Sellers method agree
well with the experimental ones, while as blowing ratio increases, the accuracy of superposition
prediction is decreased. At last, modification of Sellers method is suggested to improve the

prediction accuracy.

Wk B . 2017-11-08,  fEH @A &mimE 989, B W LA RBEAGEGFBESD . B . 4@ L ETM., XE£WH.
[ 2 A SE Ak F 9 & R 1T R 9E B3 H (2013CB035702)
[0 £ BB T] . 2018-01-25 W 4% HY B AE : http: // kns. enki. net/kems/detail/61. 1069, T. 20180125, 1358. 002. html



56 [ . ]

Ko

R

1 52 %

Keywords: turbine blade; film cooling efficiency; superposition prediction; experimental study

bifi 5 PR 5 & s AL EE R 19 & R S 10 %6 1 T R
U L A RS I ) AR ey B =2 3G R O R A
HE Ve F 07 Ok PR UE K& B ML AR S 8 A 0 IE T
PR BRI e 0 R AR A H O SOk SR A
BVZE i 6 I 7 3 THT B i B o 30 A1 — HE B 2 HE B
SEFLUGE RN E H . R i SR H s
HR AR R FH 22 HE SR AL 8 v A0 7 =X it Bt L HE SRR 1]
AEAE AR B AR - R I 27 28 A1) % 250 068 1) ) 3t 0 e B R
T LA S ] o A AV B3 22 HE SRR %) v A 3503 Ty 1T
T RKERIFIE TAE,

Han &5 fiz 500 22 HE A% H) 8] 48 B 4E FH 9 8
BEHEAT AT I8 N R HE R R A ROCR T R 2
HEARRE A 2L L SR M0 R i e KL R )2 A S
Sellers Z£ T X HE R — i g5 FLAR AR A3+ 8B -
BB AR R A A E AR .

TS A N ROCR E o iR R
T, RETH] B 30T Ak 1) 2 FRORE TH IR B T, DA SR ROl BE
T, LEHBEN R 1 S

_ T, —T.
A

FEZ N5 0 SE AL R 8 1 — A R
FEAB R I 1 240 PR RE YR A A A 9 R Y = it L B e i
ARG SRV AR, 2t e 7T LA )

nuw=2muﬂ]u—mu» (2)
ey (o) R 5 @ HEAE S A7 A B A BV AL
#, Sellers iy & 1T BB X F 4 55 fL I A2
AERR 1 H H ET Ee R bR R Y AR LB R B
() = AE AL I VF 227 38 0 T I3 5 R e =
RSP B AT TR, FEMTE MR T
AR b B AR A RCR & ML . Han 1 Mehen-
dale Xt EFLHER Ky 2. 5D H. Ry SCHE 8- A SUHES
HEEFL G546 1 38 IR AT T 43 BT o8 25 2R 3R W XL
HE AR AL G5 A8 (4 SR V2 2D 1 20 i 5 38 ik
PR SRR A B AR 0 B 0 T S A B =
Harrington 2 WF 57 T F M b & S &1 F 48 4K,
VS EN R A B IR, Ve JN A AL Sy 10 HE SCHE R
TE AR AL 45 R 32 B 58 5 & 0 BT 4548 J 80 5 T
{EAH e = . Sasaki 4530 o 52 56 A58 1 M AL (1)
FE R 3D B ¥ HIRLCRE 1Y B I 55 o i 2 L S B 4G
F W Sellers & it 57 (8 15 50 50 W0 & {4 B B2 0m .
Saumweber ZEHF Y 1A b SCHE SR AL (A 45 B A

g

%

ey

http: // zkxb. xjtu. edu. cn

TS L AR T S AL AV HISSOR B AL B 5T
FW Sellers B i 55 X BUHE B3 JE AL 76 Ik 1k
WU 55 2 HEFL TR 9% 10D J5 X S W) & &b, 45 0
55 2 HEFLA B R E AR .

FEST-AR A JE A L 2= E AT R A i R L R
RABCRE MM A IAT T 5. Sakata SFEHFSE T
RS B 2 HE RS H ORI L 4
SR Sellers & it 5y vk 5 5240 W & (W) & 4L
I, Mhetras fll Luckey S5 58 T iR M A LR
RV FT R XCEL AN 1.0 AR AL E] 2. 67 B 9 S i i+ 55
A HAE 5 S PR{E A" . Anderson FEHFSE T iR
MRS S H BRSO 25 R RS
P sl = N )| Il A [ S S (= 1 = . o
Schneider SEAF5E T Al 2 SR X R 77 18 B3 B L ¥ 4)
RN B mALA 2w, H 2= E AT S
(3 R TR RE AT T R 5 AR F T 2 06 A5 0 DA B
T P A SRR A e AR R R

KL, 22 & 1T7E Sellers &2 X A9 3L aE 1 k47
T K tidk. Andreini 28 %} Sellers #5# #E 4T T
B EL T RMKEMMES ., REANSEES
A AL ST X FRA R SEC . Ki-
rollos %5 XiF 22 Hl/INFL 1] 5 25 4 1) B8 H1 FL 17 Sell-
ers AFHFAT TR0, BB I A R OB T
T BB IR IR B 1E 10 A5 R B 0 <A 514K
RIF GG LRI SRR TREENE
TR 7 /N AL TR) FE T X ¥ ) 2003 10 A i

EE Xt BT E N AN F iR R LSS H R
TN B B Bk, H 2 X Sellers &t
BN OB 0 E B 5T, 0 A 5 RS PR B AL
I 0] A0 LA A ¥ 20 ML BE AR SCERXT 3 Fh i [ 52
RN ARSI EyEE =) | R NSO RPN i N M 5.9 =
WFFE , B2 S LA 20 B 28 AL B 5 45 1 AH 0 1)
BIMARBIEN . RICEE THCHENE,IE
Al ZHEFL S BRI 2 2 R 4 .

1 Sese e B e oy ik

1.1 RWHEE

S E AR A XU e R AT S IR R A K 1
iR, R FEEAARE ARG K IR R G
a3 Ho B R G0 HE B0 KL A AURE L 0 R
Br EUAREAN (AR IS B I IRES S B A
SIS TR AR G0 O KL RS R A AUHE IR L




a3 S S I R BUHE T v 02805 B B v P B 57

e 44
— Wik e

preeen)

BB
K1 sk Rgn &R

I AR S N . SRS i e K i A 0 S
B 1 s,
k1 A et B LT A K

IRGIE23 HAH

- 48 38 3B 5/ mm 220
4} 38 38 5 /mm 120
A 38 3 O SE B/ mm 64
-3 A O/ mm 120
LB WML/ O 60
it 5 5% K /mm 120

it A/ mm 110

iR R B /mm 165
HES S/ (O 90
HAH/O 30

WA SR AR 2 Bos ik R FOG R
PR R (3D FT B T 200 T B i R AR A S
BEAE . TR 2E7E+0. 1 mm L. MR 0% i &%
JE 1w A 8 4 HE R AR A A AL, Herb R w2 e
AL W T T 2 HESOBEAL . S FLAE D=0. 7 mm,
kT 9 A HE AR ) % AR VR R AL, 5 R
T % W 3 T g HE R A e XU B 2 A7 G A s PRk
SIS rp ST R T T KW T T A4 HEACRE AL . B HE
#Ar LA

2 ke R sSE g

1.2 stBMERK
A SC S B8 v SR L ZL A0 I 4 5k o I 2 R AR

http: // zkxb. xjtu. edu. cn

I AR X I R T AT A AR T . SCERL19 X
I 25 A% PR B BER f T TE AR A AR S AR L b Y B
WA A SORFRHAR . S50 i o KA HR i K&
A718 B R AR P 32 I I B R U 1) B
A7 0B, - F 2 TE L 3l o Xenics Gobi-640-GigE
ZLAMHMLIN &  AHDLAIR 3R 640 X480, H T E il
S B AN LT A TR AR O S50 B A A B S O
YN 0,92 BYEE DI . S5 & b 20 AN AR AL Y 1
T B2 52 BN LLAMEHLAS B (09005 1 il B2 0 52 el BT Ot s
ZLAMAHALIN 2 I B2 5 A o A H A D00 S L 32 R X LG
TN LT AP AR AT A HE . 4 Bl Fr il B 00 B2 1 45
RE 3 R,
1.3 HE\ELEBEAXIKBREST

ARSCEES RS R R R T K A A
fHI R AT, = 0.2 K, % i Fm ik
JEE 3 5 2T AN LN, R 25 AT =11 K, i [a]
MR 2 Ar=10. 1 s, RAEREEE A, AT
SR R R EI AR IR 2229 R 6. 206,

3207

300 305 310 315 320
Te/K

P 3 ZLAMRBLRE I h £k

2 THERBIRL K A% SR

2.1 YEEER

ST 4 B SR L HE 18] 7 A B AR R A AR SR
FH T U B 0 32 X6 A N A S 56 T 4 AT T
9% . Wk 77 T XUHE S FL B9 4 R T AR A G ] 4
[0 N (N E o e O i S | R e A S T 1 DS
3 T A T (B A A AR AL AR AL HE A O A
JEHE Ko SCHEPI A HES 7 =X A W s T AR AL
A Jry EL AT TRV S DRI A 90 A8 T A AR R AT RO(E
TR AR U — A R R s T L AR R
JIEE LG 00 370 5 DX 38l R P ) P 300 A A TR e o
W R TN AR 5 HEAREAL . TR AL
JE 7 18] B W g AL S FL AR D=0. 7 mm,




58 [ . ]

P

R

1 52 %

fLIEI M P/D =3, M 7 fr & UL B D=0.7
mm , “TRAL I 5 D 1) B 1) i AR O 90° . HR TR
TR FLAE R S B SR AL L 5 22 2B

P4 0% g TR RUHE AL S A 0 L Ao 458 7Y

2.2 HEMERIOFEYE

ATt A% Rk H ICEM CFD 13. 0 E .
T AERRTE ) P9 0 R DR B S A X T
SER R T PRBR . BESR AR BE MY v <<1. AT H 5
RUTE SRR AL P9 L K 408 3 B T b 1 DA B4 T
Prism il F 2 #EAT 7% b3, BETH AL, 3 FH )2
A IS5 2B 1 ZIEEZ R 0.001 mm, K LR R
LIS RS v 6 1 iR 552Kk, BI5 2k
W 7 T A B HE SRR AL I A R B, FEEAT IR
X DA% JE e HEAT T 904, an i 6 T X 3 Fhgk
MR (B 1 A 800 J7 s 2 1 00077 5 i 3 K
1 20077) #E47 X5 b s & B A% 38 K 21 0005 D |

e

Ca) 55 R A ]

(b IS Jg 0 i R PR
P05 % o T B HE SR T R A%

[ M

300 304 308 312 316 320 324 328 332 336 340
Taw/K

i1

12

P 6 AR I OGP 8 ik

http: // zkxb. xjtu. edu. cn

A, SOBEAL S RE TR 43 A & G BE AN AE BRI H]
T1 oooﬁﬂ’]ﬂ%ﬁﬁf’ﬁﬁfr/ﬁ:&ﬁ,ﬁ\ﬂmjﬁcﬂﬂﬁﬂ
WA 5y . A SCHEE TSR A SST i i s A, BE

PRCR ] Scalable BE [ bR 1 gﬂ(ﬁ*&'&ﬂﬁﬁ*ﬁ%ﬁ
T B B A AR A S S T A, TR R R
EAB B B #E O 20 m/s, ERIEE R
300 Ko i BE R 1% . U 1 BN R 1 i A 5%
PRI 1A KRR R, Rk 135S o i i
AR A, R B 330 K i B R
5% . 10 1k 1 B U I O A A A A KU EE L AR S
XU N 0.5 38 28 2, A4 rh Ry o 58 4 PRI
P HIRCEE R TR BN A PRE T T F BT A R R S 4
FRORE T IR

3 AR Kb

3.1 LBERIFTETIR
SCIHFSR T U B Re=86 500 B} JE S M
Ko W 77 1 SCHE SR FLAE AS TRl R AL M= 0.5, 1. 0,

1.5,2. 0 ZMF FRIRIRR H ARSI, L4
TR EIHEBORIE S IEFLEARE X
Re — 0UsD (3)
He
R XUEE E R
— CUC
M pLgUg )

KU, o BETEE K EWREE U oo B
FLA T 18 0 B By RO B s e BT BN T B
TEREL.
3.2 RAYEREBMERSW

AR R R I R R T B W T ) BLHE AL
SRV TN B AR AT T S0 0 R BB TR A L OF
& IART TR,
3.2.1 WAt A RRAZE AWM & mAE RN
AR B R T 25 5 B, W TS O T, R A
oA TN L N = o AP T K 2 N TR W) R NS
FEWE J7 18 B e T T8 23 5 B[R] 0 0 A BLAEE . AR SCHE
WFFE I 7 SRRV H 803 B IR A i %o 52 56 v R <
ST TR, B’ 7 4 B R ACT S
Wt i O RECC, sr i, IWEIHR AT LUE
AN TR TR v RS W T KR T R R T R R A L
FEAMT . FEW T L R 7 FR BORT 2T b R
W TS A TR T . AR R I bR XN )
RBEAM B, Z R e XK S/S, = —0.05~
— 0. 63 [Bl PN 22 1% A AIK L B S P G S IS B & R &%




5 4

a3 S S I R BUHE T v 02805 B B v P B 59

BEFIE o I R 05 3 T S 25 B A o 3 G P O AR
T 1 TR B0 U 5 AR o - i T SR 9 s g
AR DR B B JR ¥0 A 306 1 X5 - s g T i~ B
RS AN N 1B N R AR = S P KPR LA A N
1/ o = S S8 T S SR R e 2 DO N

Re

or —+—86 500
- - -115000

-2F —--=—--144 000
—-——=-173 000

,18 1 1 1 1 1 1 1 J
-0.8 -0.6 -0.4 -0.2 0.0 0.2 04 06 0.8

585!

74 Fb 32 i o T SE R I R R ) R B A

32222 TABREENEmAZNGYm K8 H
M=0.5 B 5 W T AR 1 HEVSE 2 HE R RUHE
AL A ¥ 0 A5 3R SIE 0  e  S S AR Y R 1) o
PIE. St A5 F Sellers & it 5B
ARt . ANEH AT LU B HE B SCHE AL (9 ¥ 5%
SRt A LT Uit A 1 B & R T AR, M =0.5
ZAE R A 1 HEARHE el T W e T R AE A
ACNBE I R TR 11 A L AR SR 2 HE AR AL B v
HRBCRL T — A BARKF C 23T 0.1, BUEF, S
B ) %) A ELAE P3SN SUHEFL S ARV 08 %
Z RN 2 HEREAL B ma , B0 & o i S S
N0 (AR L R AR AT A v AH A i L IX L (X D<<5) ik
AW IRETE SV, 7RIS fL X L (X/D>5)
TR 22 B K.

0.4r
031

T 02K

S~
________

0.1

0.0 e
0 5 10 15 20 25 30 35 40 45
x-D"'

8 M=0.5 W 77 10 ¥4 E0 5% 2R B AL A

E 9 h M=0.5 iR A ES WS 1 HEH 2
HE A OUHE SRR FL A 8 3R S ) e K B
A S E . NIRRT LB, M=0.5 &0 F

http: // zkxb. xjtu. edu. cn

55 1 HESORE R T g T A TR At R AR R RO R
o M TRET b HAESE 2 HESREAL B v 20 A%
AT e o IS R SR B) A AR ELAE AR . A
T W T R T R A 0 T SRR O . DA I AL
DXl 2 e L DX I B a5 X e S e ) {24
13%.,

0.6r
0.5F
0.4F

S
0.3F °

0.2F

0175 10 15 20 25 30 35 40 45
XD
9 M=0.5 K 710 % 20 5% R B AL A

XM ]9 7 TR T RLAE ] 10 rhollgE sl
PR R BB B AS R 55 2 HESREAL VT 3 30 7 1 L
B 5D fLJE 5D MUA—AL i R . 5 1 HER
JREAE R SR FL S HE B — 250 8 X i L e A IX
SR o XSG T X AESS 2 HE UL BE i i P
19 B T 1) P 3 50 A 0 R R A 7 A il R
VERI” R 50 2 HEAURE ) b7 Tt 0 I RS 0 1]
Ab T RRE IR . M RIRALHEAE TR e A
M8 3 TR BT o B HE R Y 150 g B R 2 A D AT XU

I T .
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
VA — 4k

4

0 1 R R R
Y D Y D

(D JEJI S 2 HEARALET (DR WS 2 #FURALE

| ___E I
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
U — eI L

(O fLJE & it A g R
Bl 10 &y e —Ak o B 3 MR E

(DALJF B E R




60 [ . ]

K%

4

1 52 %

A ) 3K ol At A A TR R AN i B S B (E T
. SR Y AL HEAL T 0 R ey T i R T TR
(R A A A A0 R Ut B P A i 3k e A B A 3 9
W B X5 7 95 HE SO AR S s 454 1Y
JEHEIY R bt s B BE T . N S S
7 SN B SRR A] Y 3 FhoAH F 52 e B Ot S i SR A
AT T 15

F 5% B0 5 B IS8 04 o M 52 B R B iy
Wmah e H— bR X/D fsgm, Hiksl AS
M F X /D 3t &g e, g

Sellers & M2 7=t

B e A 5 n=mn+tnn—Cuyp
sy J BRI AL G AR FNRCR S IE s w2
Ry RAFAE S HERBEALAT 2 1 HE VR 2 HERBREAL S 9%
HECR;C B IERE A& M M X/D, B EARX
it 7 (4 S T Re=86 000, it F < A1 9 90°,

(5

XFF % g T
C = 50.1M(X/D) —1.12M —
74.8(X/D) + 2. 61 (6)
XF T 7 TH
C = 16.87M(X/D) +117. 25M —
8.41(X/D) —57.75 )
3.2.3 SRR EmMAEGHEa K11 M=

LoO Mgy s 1 HE 2 2 HE AR SRR AL i v 4D
R 2 o I (B B I S A R 1) - (B . AR
A LABA A L BE A ROXU LG B 3 v R 2
(i) BE Tl A A5 A B AVRCR A bt i . B 1R
KBS HPCR S 2 HERBESLE A B i 7+, W
HESL S DX 8857 W HE SR AL 2L R AR TS et 268 1 HES
B E AR HAS A5 B I .l 3 Sellers & Mt 519
VS BVRCR AR PE T S 0 A5 R R 25 1 KL R
FLIXIE LR 8 06, L X IR 2 Sk 17 %0 AR fy F 0% g THI
Fity 2R T ot A A T AR P 5 SRS R U R
JEETR)AE B RN an e T W . AR S
WEINEBIER

0.4r

031

02F N

e
.
~.
~.
-
-
~.
~

0.1

15 20 25 30
XD

Bl 11 M=1. 0 W 7 & HIBCRE i

0 5 10

http: // zkxb. xjtu. edu. cn

C=24.87TM(X/D)—0.53M—12.8(X/D)—2. 42
(8)
Bl 12 RSN 2 1. 0 B R 7165 1 4k 5B
2 HEFUBUHE SRR AL A v 10 250 38 52 50 T S (B e & it
SR R 18] V- . 5 Wy T B0 AR S AL BE A X
FE FR 38 s R AL DX 8l A2 90 HE AR AL A 3 [ 4
S A HE AU XS I HE AR B Hh AR B R
it Sellers & It 58 i B8 Ve 2R AH L T 52 5 )
AR I 22 10— 25 1R IR E AR 16 %,

K F T B IE R
C = 68.53M(X/D) +10. 02M —

34.29(X/D) — 3. 81 9

0.6
0.5F
0.4

=
0.3F

0.2+

0.1
0

5 10 15 20 25 30 35 40 45
XD

B 12 M=1.0 i J7 A HEE e

K13 s 2 HEUIRAL IR sh o7 i fL s 5D |y
VA — P TR BE 35 » W IR L A 1) A H A 84 52 o ]
PATE i o st I 21 . A LT I 10 & it
SR 5 HAT AR Z 9 DO 25 WAL 3 R
FT T A HE B4 1 OB A T el SR 28 2 R AL R TR &
ey JI5E 5 B T P9 B 4 B Y N CHE 2k DX O P bl it
B NS BE IV AR A R IR 22

NN | W
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Uj41tij}ull 4
3.5

3.0
2.5
Q2.0 "Qz.o

[;] [;]1,5
1.0
0.5
§)
YD YeD!
(a)Sellers & it 8 4% (b) WHEFLJG T35 45 1

13 RS IH— LIRS

3.2.4 HFF XA dmmiazes P K 14K 15
M= 0. 5 I SUHE U L 18] SCHE A 8 i 0 g 1w 2L
J 3 AT 9V A AR R g 1) - . IR R AT U
XFECIE 8 9 A S 4 R L 2 UL HE S O U ECh




5 4

a3 S S I R BUHE T v 02805 B B v P B 61

SUHRSS R I o it 530 i0) 45 S 5 5 06 0 ) Y R
ZEW/N o AR EE I R I DT NES 2 HEFL A AL X 5K
28 8 L DX SCHR S A 1) B S (-5 5 0 {2 4
U, MR KR ZE/NT 500, fEREE I R R T I
5 2 HEFLJE AT AL DX B i SR R A i s L L X
S AR R . X RIS SCHESS R P HER
R ] £ AR EL A ML B A G

0.4

0.3F

€ 0.2k,

0.1F

0.0
0

5 10 15 20 25 30 35 40 45
XD

14 W%y T SUHESE H v A 300 B i AL A

0.1F

0.0
0

5 10 15 20 25 30 35 40 45
XD

P15 Ty i SCHE S A Ve B0 R L

K16 2 M=0.5 B i SCHEZS #0562 HES
JFL T 9 3 7 [ FL AT 5D fLJS 5D B A — 1L iR
KO FEESYy . I AT LA W, 50 HE 25 44 11 5 95 HE
AR 25 K TR FHOR ) SRR FL SCHE S5 4 L i
S W HE S AL 1) 58 SCHES P HE IR AL IS 5% %
ZXHEFFCE T ALB B, h CHOR &S Oy
2 330 20 X5 3R 7 58 AL B ) A S o DR A A B
(VR R ARS8 e 1) BE AT ) B 52 05 T 98 A0 i RE
PE. DR 3 B a5 A 00 T BE A B A A A
B5) ., 550 bR i 3 ) 22 S8

4 g5 w8

AR SCAR B 9 25 S G Ak BRAE SR T ZL A 4
AR i A I R SUHE UV F R R B IS PR AT 152
B 5T, Al LABCLELABE 4003 53 07 12 % JHC 8 19 3L 3

http: // zkxb. xjtu. edu. cn

DT |
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
H—ﬂc%ﬁ}%

(IS 2 HERURALAT (D EJImS 2 #EURALE

HE T [ .
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
U — i S
3.5

(O fLJE & it A g R (DfLE BEZITR LR
P16 i SUHESS MY IH — 1L B 3 MR 2

LAY 1200, ERER T,

(132 i e i R T Jy T b W g T 28 T iy =R ) 52
Wi, RV VA0SR 2 Nt R B MR A T X
W g e R g T EL ph SR AU W B 4 B
.M RRZE RN . R e T 2 Ay M T H
b AR AN ARG BE O L 0B 2K

(2) WA HE Xt M ¥ 20380 R & 5 e Al kA
B AR WX L IR 25 0 5 T o 1 WXL L I 12 22
BOR . BB R EZBRM A SCH R Sellers &
IR T AR R IE .

(3D AL HE AT Ty 200 v 40 845 B i 53 25 2R
WERR AT SE MR o A FL SCHE A I RS HE B ]
L BHUR B B A TR L E A
RBMERG . UBEALIHE A B RS HE U R LR
B IN 7 BLG AU ) A A PR 5 L B T 45 R

i 2«

SE LK.

(1] B, XNEw, R, & WL [(M] des:
Fha# i RAt . 1985 1-5.

[2] HAN]JC, SKIRVIN S C, HAYES L E, et al. Film
cooling with multiple slots and louvers [J]. Journal of
Heat Transfer, 1961, 83(3): 281-291.

[3] SELLERS ] P. Gaseous film cooling with multiple in-
jection stations [ J]. AIAA Journal, 1963, 1(9): 2154




62

H.
R
4

1 52 %

(4]

[5]

(6]

(8]

[9]

[10]

[11]

[12]

[13]

-2156.
HAN J C, MEHENDALE A B. Flat plate film cooling
with steam injection through one row and two rows of
inclined holes [J]. Journal of Turbomachinery, 1986,
108(1) . 137-144.

HARRINGTON M, MCWATERS M, BOGARD D
G, et al. Full coverage film cooling with short normal
injection holes [ J]. Journal of Turbomachinery, 2001,
123(4) . 798-805.

SASAKI M, TAKAHARA K., KUMAGAI T, et al.
Film cooling effectiveness for injection from multirow
holes [J].
1979, 101(1) . 101-108.
SAUMWEBER C, SCHULZ A.

ASME Journal of Engineering Power,

Interaction of film
cooling rows: effects of hole geometry and row spacing
on the cooling performance downstream of the second
row of holes [J]. Journal of Turbomachinery, 2003,
126(2) . 101-110.

SAKATA K, USUI H, TAKAHARA K. Cooling
characteristics of film cooled turbine vane having multi-
row of ejection holes [C]// ASME 1978 International
Gas Turbine Conference and Products Show. New
York, USA: ASME, 1978. VO1AT01A021.
MHETRAS S, HAN ] C. Effect of superposition on
span wise film-cooling effectiveness distribution on a
gas turbine blade [C]// ASME 2006 International Me-
chanical Engineering Congress and Exposition. New
York, USA:. ASME. 2006. 477-487.

LUCKEY D W, LECUYER M R. Stagnation region
gas film cooling: spanwise angled injection from multi-
ple rows of holes; NASA contractor report 165333
[R]. Washington, USA: NASA, 1981.

ANDERSON J B, WINKA J R, BOGARD D G, et al.
Evaluation of superposition predictions for showerhead
film cooling on a vane [J]. Journal of Turbomachin-
ery, 2015, 137(4). VO5BT13A032.

SCHNEIDER M, PARNEIX S, VON WOLFERS-
DORF ]. Effect of showerhead injection on superposi-
tion of multi-row pressure side film cooling with fan
shaped holes [C] // Proceedings of the ASME Turbo
Expo 2003. New York, USA:. ASME, 2003. 559-
568.

KINELL M, UTRIAINEN E. NAJAFABADI H N,
et al. Comparison of gas turbine vane pressure side and
suction side film cooling performance and the applica-
bility of superposition [C]// ASME Turbo Expo 2012
Turbine Technical Conference and Exposition. New

York, USA: ASME, 2012, 1479-1489.

http: // zkxb. xjtu. edu. cn

[14] CUTBIRTH J M, BOGARD D G. Evaluation of pres-
sure side film cooling with flow and thermal field
measurements [ J|. Journal of Turbomachinery, 2002,
124(4) . 670-677.

[15] ANDREINI A, CARCASCI C, GORI S, et al. Film
cooling system numerical design: adiabatic and conju-
gate analysis [ C]// Proceedings of the ASME Summer
Heat Transfer Conference. New York, USA. ASME,
2005 9-20.

[16] LE GRIVES E, NICOLAS J J. Meéthode nouvelle de

calcul de 1”7 efficacité de refroidissement des aubes de

turbine par film d”air [J]. AGARD CP, 1977, 229

(36): 1-12.

RIEN, 5¥, VF#Pal. XUHE 28 fL R A

R HA e [ fissh 1284k, 2006, 21(5): 814~

819.

ZHU Huiren, GUO Tao, XU Duchun. Film cooling

[17]

and superposition method for double row dust-pan
shaped holes [J]. Journal of Aerospace Power, 2006,
21(5) . 814-819.

KIROLLOS B, POVEY T. An energy-based method
for predicting the additive effect of multiple film cool-
ing rows [C] // ASME Turbo Expo 2013: Turbine
New York,

[18]

Technical Conference and Exposition.
USA: ASME. 2013.: V03BT13 A039.
XIAF R B B S SO AL S AR pE5Y (D] P9 %2
P Tl k2, 2009.

MOFFAT R J. Describing the uncertainties in experi-

[19]

(20]

mental results [J]. Experimental Thermal and Fluid
Science, 1988, 1(1).: 3-17.

[ 2 FI| #8 5% 32 ik 3 2%

ImB.GR.E2E.F NAETRELTERALH RN FE
FEH %, 2017,51(12) :98-103. [doi: 10. 7652/ xjtuxb201712
015]

BARNER. GERmBE T AWM ARSI A4
M SZ BB 5. 2017 ,51(7) :16-23. [doi: 10. 7652/xjtuxb201707
003]

EANEMKA . FR . EAMAHFEMX T F AT &R %
P o B BT K. 2017, 51 (7): 37-43. [ doi: 10. 7652/
xjtuxb201707006 ]
HKFTEANE . FR, £ ¥ At f 2% AT
T A H G B Atk AR M R . 2017,51(5) : 37-42. [doi: 10.
7652/xjtuxb201705006 ]

MK ENE, B3, % R I X A Ao A A B
P M By . 2017, 51 (1) 19-24. [doi: 10. 7652/xjtuxb
201701004 ]

(g% A B




