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Numerical simulation of film coolingin leading edge of \turbine blade

DAI Ping'?, L IN-Feng’
(1. Coflege of Power and-Energy Engineering,
Harbin Universty of “Engineering,.Harbin150001 , China;
2. College of Electromechanical Engineering,
Qingdao 'University of Science and Technology , Qingdao 266061, China;
3. Department of Gas Turbine,
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Abstract : Film cooling characteristics of a turbine blade’ s leading edge with two rows
cooling orifices were investigated. The flow and heat tranger characteristics about two rows
of coolant at turbine blade’ sleading edge were acquired in the study. Furthermore, thispa
per calculated film cooling effectiveness when the injection angle was 25° ,35° ,45°and 65°.
The computed results were presented in the form of adiabatic effectiveness contours on the
blade surface and compared with experimental results. It wasfound that the strength and the
sze of vortex could be reduced by decreasing injection angle. It’ s proven that the best cool-
ing effectivenessis provided by a small injection angle of 25°to the stagnation line. The re-
sults show that the transportation of two rowsof staggered coolantsiscomplicated. It’ salso
shown that two-layer k€ turbulence models are better than common k€ turbulence mode s,
and the description of coolant jet flow field in the turbine cascade is reasonable.

Key words: turbine blade; film cooling; two-layer k€ turbulence model ; coolant jet;

injection angle

:2008-02-15; 12008-10-24
(1971-) ,



520 24

[13]
[10]
KE 51 ke
ke ke
KE [14-15]
[14]
’ 1 8 1
) , , 1 .
, 177 45
. Lakehal sl 3D 30 . L 230mm, H 300mm,
, P 173mm, D 3mm,
ke ) ) 6D, 13
, Bergeles
6]
’ HA
RN G ke
. (1 NUM ECA Finef
Turbo N-S , ERAD
Bal dwin-L omax (AL
. Azzi (&3] Rodi
[10] , ."\I/ X
[11-12]
TVD(Total variation di minishing) 1

Fig.1 Computational domain and boundary conditions

1.2

1.1
1%,



521

Fg.2 Computational grid

0.75

A 4
—— 703737
—— 856931

0.70

0.65
0.60
0.55
0.50
0.45 )
7 8 9 10 11
XD
3

Fig.3 Grid independence check

1%, 390 K.

307 K, 2%.

M = pCVc/p o Voo

, Ve Voo
. M 0.5 1.0,
1,Vve =10m/s.

N A P
aw ,C ,

1.3
Fluent 6.1

3 , - Smplec

ke



522

1.00 ¢ B LT :
= « W bRk ke BERY ,
L @ )2 ke B ,
0.75 ¢ X “v.
o[ 0. Vv, ’ [17]
- oy« "o, YV Vvvy
= 050}F ¥ o] " . %esee
& o "e e 22
. ® :
jmomY ° 6
025p W . ymy ,
oY 'YW
-.' .' M = O 5 1 0 I
T . 5
0 3 6 9 12 15
X/D
(a) M=0.5
1.00 p :
® R
o s PRt ke BERY
sl # 0. FiE ke M=0.5 .
" \' .
o .JQ.. v ;o M=1.00
= 0.50 b ﬁ g L .. "'- '-'.'-'
wel| = ©
#® L oy 0 .00,
5 .t. o v - e
025F Olm® . s
" '-' ."
-.‘ -' X ,
0 3 6 12 s ,
XD 6
(b) M=1.0
4

Fig.4 FIm cooling-€ffectiveness for computed

and measured

(a) M=0.5 (b) M=1.0

5
Fig.5 Film cooling effectiveness for the first row



523

2.3

() M=05

6

(b) M=1.0

Fig.6 Film cooling efectiveness for the second row

(b)y M=1.0

Fig.7 Velocity field for thefirst row

(a) M=0.5
8
Fg.8 Veocity field for the second row
(
) ( )
8
2.4
9 M=1.0

, . ,a =25

0.75.



524

24

, a =65
10 M=1.0,
XI D=8

1.00 p e 2=25°
oAe 0=35°
@ =45°
‘B a=65°

-'l

A YV VY.
memgh‘

0:0:0:0.0.0:0:9.,

... -..-’.

v

= 0.50

XID

9 M=1.0
Fg.9 Film cooling effectivenessfor M=1.0
at various angles

PR E N R RN T I R A R I

sl sdatsanund Al I D0 0 B0 AFlPanansqgragqrnre

R R L L K I S PR R I A

trrsesvewstin LA R Rt PR S

P XN IR VT ID W gy~
AR EEITE L LA R

.
\
.

R RS "' L 8

R g —— s s A&

4 -
. »
1 G I e, ursisese
el R

FPERNREN]

(a) a=25°

sivis vone s SANVNVAV P LI L2 2P rivvovennwi

-....._.,;\\\““'l""/t;.......~-

PSS S REN R T 2 2 DU

.“n“.,.lllhur:”h.,”““,.
.

v
-‘\\\\\\~¢lll.."..-\\s,,//”l".:
CANANNNNNTTT N W T s
'wxxWW//u '

(b) =35

S N

PN SRR B 0 B BURC AR P 2 P I A R R

N N N AL U,

o aan 1r'~—-'~'-\\‘1 ,"////""""'b\svs- ehen

-.....:v#'“~\\\ ,7,’"“*H..ub.--..

””-\‘||‘{‘¢|a1-

NI Y TZAE \
. "O/ ‘BN N RN
' = 5‘_/11/1

’
DRSNS
CeNeeoa R

(c) a=65°

10 XI D=8 (M=1.0)
Fig.10 Velocity vectors of the second row at X/ D=8

a =25

a =35 65°

, a =65

2)

3)

o =25°
a =35 ,45 65

[1] Theodoridis G S,Lakehal D, Rodi W. Three-dimensona
caculations of the flow field around a turbine blade with
film cooling injection near the leading edge[J]. How Tur-
bulence Combustion, 2001, 66: 57-83.

[2] Day RB, OldfiddL G, Lock GD. Theinfluence of film
cooling on the eficiency of an annular nozzle guide vane
cascade [J]. ASME Journal of Turbomachinery, 1999,
121: 145 151.



525

[3]

[10]

Abuaf N, Bunker R, Lee C P. Heat trander and film
cooling effectivenessin a linear airfoil cascade[J]. ASME
Journal of Turbomachinery, 1997 ,119: 302-309.
Funazaki K, Yokota M, Yamawaki K. The effect of peri-
odic wake passng on film effectiveness of discrete holes a
round the leading edge of a blunt body[J]. ASME Journa
of Turbomachinery, 1997 ,119:292-301.
Lakehal D, Theodoridis G, Rodi W. Three dimensonal
flow and heat trander caculations of film cooling at the
leading edge of a symmetrical turbine blade model [J].
Journal of Fluid Flow , 2001, 22(2) :113-122.

[J]1. ,2006 ,26(16) :117-121.
GUO Tingting, JIN Jianguo, L1 Shaohua, et a. A nu-
merical s mulation in film cooling flows with different in-
jection angles[J]. Proceedings of the CSEE, 2006, 26
(16) :117-121. (in Chinese)

[J3]. , 2007 ,27(1) : 6-10.

WANG Hug ,CHEN Danghui , KANG Shun. Numerica
study on the effect of film cooling at leading edges of tur-
bine blades[J]. Journa of Power Engineering ,2007 , 27
(1) :6-10. (in Chinese)
Azzi A, Lakeha D. Perspectivesin modeling film cooling
of turbine blades by transcending conventiona-two-equar
tion turbulence models[J]. ASM E Journal~of._Turbomach-
inery ,2002 ,124:472-484.
Azzi A, Abidat M~ Jubran B A, etral._ Flm cooling-pre-
diction of“sSmple and compound angle injection-from one
and two'.staggered rows[J]. Numerical Heat Transer
Part A, 2001, 40:1-21.
Rodi W, Mansour N\N , Michelass | V. One equation near

wall turbulence modeling with the aid of direct smulation

[11]

[12]

[13]

[14]

[15]

[16]

[17]

data[J]. ASME Journa of Engineering for Fluids, 1993,
115: 196-205.
[J]1. , 2004 ,25(1) :44-47.
YAN Peigang, WAN G Songtao, HAN Wanjin. Numeri-
cal smulation of influence of leading edge film-cooling on
aerodynamic parametersin turbine cascade[J]. Journa of
Propulsion Technology , 2004 , 25(1) :44-47. (in Chinese)

[J]1. , 2003, 18(5) : 623-628.
YAN Peigang, WANG Songtao, HAN Wanjin, et a.
Numerical smulation of leading edge filmrcooling in a tur-
bine cascade[J]. Journal of Aerospace Power, 2003, 18
(5) :623-628. (in Chinese)
Kim J, Moin P, Moser R. Turbulence statisticsin fully
developed channel flow at low Reynolds number[J].Jour-
nal Huid Mechca ,1987, 177:133-166.
LU Xiaochen, JIAN G Peixue,-Sugishita H, et al. Conju-
gate heat transer analyssof film cooling flows[J]. Jour-
nal of Therma Science; 2006 ,15(1) :8591.
Azzi-A-;Jubran B A. Influence/of leading-edge latera in-
jection-angles on the film cooling effectiveness of a gas tur-
bine blade[J]. Heat Mass Tranger ,2004 ,40:501-508.
Goldstein R J,"Chen H P. FIm cooling on a gas turbine
near the leading[J]. '"ASME-Journal of Engineering for
Gas Turbine and Power , 1985 ,107:117-122.

) . [3].

2004 ,25(2) :130-133.
LIU Gaowen, LIU Songling. Numericad smulation of
endwall filmrcooling in a turbine cascade[J]. Journal of
Propulson Technology , 2004 ,25 (2) : 130-133. (in Chi-

nese)



