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Numerical simulation of coolant air injection at leading edge of
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Abstract: The leading edge of a three-dimensional screwy coolant turbine stator was nu-
merically simulated when the injection angles of the row of holes were 30°, 60° and 90° re-
spectively, and the lateral direction angles were all 90°. Source point and hole jet methods
were adopted separately to study comparatively the aerodynamic performance and cooling
characteristics on the leading edge; the mechanism of coolant injection and the influence of
different injection angles on the field of cascade flow and cooling characteristics were ana-
lyzed. The results show that film holes influence obviously the flow field near the leading
edge of about 10% axial chord length range, and the cooling effect covers the entire leaf.
The pressure of source point method is very close to non-cooled turbine. With the decrease
of cooling air radial injection angle, the surface temperature of real holes model drops by 8%

to 16% , but that of source point model by 21% to 23%. The results of source point method
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can not be taken as a quantitative basis for assessment in engineering.
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screwy coolant turbine stator; injection angle; source point;

aerodynamic performance; cooling characteristics; coolant injection

PRI A E IR RO ol I B R S L R A
P A PR R BLR AR, B AT SE HE AL 2 1 e & Bl
BLA I 58 2F R SR E 2 343 1800~2 050K, #i
17T IR S R R T R 32 AR BRI R A R
T %6 S o8 ) 5 i 6 200 R T 1 R V8 B A i
BT 32 2R be == m IR S o s R R iR e
I % DX R B A A e DX D LR
HEAT VR AR AP BT MRV 202 R P s 48 T 0 Y
A RO WERRITAL RV N RCR X R g 5 kY
Wt

— RO s e A 2 o — B, B S et
2% 2 I AT T, PRt ] R B A B R AL
OB 58 8 8 0 2 B 20 3. I 4F 2K Lin
N Azzi BTN IR B A 20T 50 H) AL
AT T EE B AL 5B 5T, X e o3 B T AS [6) 3 3
Ff O BE T 52 . PN A AR NN R TR = U 4R
NSt T i % 35 A AL AT 7 B (E AR
5. I 32 A R A5 SR 0 T AL PALAL X S
IV BN S8 FNRICA A2 R SR T 78 B i e
I BIF 0 T 2 B 0 RT AR A B A 1 15

R s A Uil LA IR T e S R DR LRSI LSS %2
Wi BF 5% ¥ A0 RCR W 58 LA T TR B F 9. B A
Theodoridis 2 A F Behabed % AN N 5 4%
W 25 N5 SR P 501 A UL 3 565 X 0 8 S I T %S
S V2 0L I BN AR 1 B B S e B R AT T Y
kT A NG T L AR T S v R
B RS NV RS A HLIR B T R %R
BV H 25K 25 0 T PR R s 15 1 3 2 4R (E A
WEGE T HIF S 1k 2k BRI 09 AR RO S8 R
S AR B PERE B SZ . FE CFD A% J5 T, 3C
BRL9-10 AR S5 Mg W A%, Horp SCBR (10 17 )8 T BE
TE BEE 0T OO A% 0 %5 5 SCRRLS 1R FH 43 DX 235 44 1 R A% I
A ERFTHA.

AR SCER XS = A V8 FNIR R S 0 O T 2%
ZHEVS AL R Bl M E NS HROR (9 52 . 7E T
GIF L 3 HEVR A0 AL, 2 DAL I e R XSl 907, 4%
Ii] 3 £f 2 51 R 307, 60° A1 90°. FEBEITA HI T i
i TOUT S 43 500 2R A IR 00 5 S L 5 7 A
Tk HEAT X BT AR, A AT TS [ AR 1) S O R R
b3 T O RNV AR T B S e, T R i AR

W5 AT 4R AR S % A SC CFD 3HHUR H A%
T B AT A B T £ 5 O 7 T R
PO AR o ARAE T35 Y AT S

1 YERBEHETE

1.1 BARBIER

B1 R T A SO I = dE L R H R =
R 5 LA S50, T 1 Ca) Sl 8 48 S i a5 5 33 A
Rl BAF Ansys CEX & 43 i1 g P 31 5 R L 78
ARV HIR A T 0 b R 0 P I A5 RS LA A AL S 5
K 1(b) Sy i e T i B SE ALY i O i A7 3 HE
AEAL, LA N 0. 5mm, BEHESL R R 12 4. B2
FLA B T COSTR - 3 HETFFL A7 & 4350 % i BC
B A U=0. 2,0. 55, 0. 8B K 75 &5 A,
Ao s A R HFLS S & A B3R 907, 5 4R 1)
1 a2 BA 30°,60°F1\90%, WAL (D) fT K.

=

(a) A JEIG R (b) Rty =i} !llJ\‘J(L

() SO0% 05 1 i Hir 2%

Ve HIFL A B (d) B UEHRE G

Bl 1 =R AR S AR 5 T S5
Fig.1 Model and geometric parameters of 3-D

screwy collant turbine stator

1.2 iHEMKE
F TR A Gambit JF & T W A% T4k P 4
AR5 i AL B R AR HLR R S B



1746 W oz @

o 28 4

AN BRI 5% 42 i Gambit i 4 i SCHF, K
kB skl a5 e, 1 2 s Bl T8 2 X Y
O H RUZEAL T BETH A O BY RS L BETRARAL AN
WHF TR J2= A Sl 19 D 5 R 5 DX IBOBE T T U A5 4.

nk
SN RIS
NELELT )
' \

B2 S LA o
Fig. 2 S, surface topology with cut-off
AR AS R 2 an 1 3 7 7, A PR 5T
B2k 65 T3, b 3 BE R R XY R )

K BAIT BB R 24 7 L IT BETE AU SR 1 )2 R B
T E/NT 0.1 mm, B HIFL S S0 F1 R S %

ALY
LALTRTRAVAE AR RRNY o
RARRRAARNGA

R

\I\\\n\}}%}\\“

l}lﬂ;ﬂ‘”’ff
e A
AT RRE L sgy,

m%mem

&3 WA 4y
Fig. 3 Mesh generation

[1—4p/n>£ﬁ<mwTw—+ﬁpL»

3o BT 2 DX T 0 s 2 AR AR B T ) 5 S 7T . A
PR AL Z 8] 1 73 SIS R interface 31 7Y
¥ ENFL RS S 53 2R 7S 18D R Al 45 44 I A% L S A2
AL P A BT R 120, # R U7 R A2
(9 P A%, Gambit 14 B9 & BT 5 DFAl 20 A R B, K
i £ PR P e KON B A 0. 81, 3 B AR SCTH5. I A Joit
R A TR TS ORS R R A S
1.3 BREFHSHEREER
BAER EZ SR T AR 0 Ry
1600 K i &K 1.4 MPa; BN 700K,
VAR AR T BT L R
FUWAT 1. 25%. Ak S Bl 32 1 B il B AR
,-?/ﬂlfl KR S5 FRG TR BT 0 R
FFA R BE R 620 kPa.
AR IR 04 A FL T S A A
JUAE FR A | JoT ek U ek BE At 81) e
GIELYE N
FH LA Ansys CEX SR <1 fHJE Navi-
er’Stokes(N-S) J5 F# 38 45 W 4l 8 & P9 &8 i 37 5 £k
i B HIOMS =X A7 BRI | 2 (8] 2 ks =00 70
B B 1) HIORS X AT 22 23 B A% =5 A
RS bR M A AR 2 G B /N T 10, R &b
B Sutherland 2 23R Y, Ji 7 A5 Y 2% FH shear
stress transport(SST) k-w F5I,

1.4 $5ESH
AV 0 24 PR SR A T B AU 0
BB — A PRE T ROR R 2 L
7= (T — T.)/(Ty — T D
BV H0 i FE M Y RE R R AL
=1—[1—(p/p0F /1~ (p/p)F]

HY‘%HE‘L’E@%
it L FEHUR

(2)
S S BIRNEEEIRKITT BN ZEEZEE

T TR R A, DY I BE A Ok R BOE
XA

E=1-

me Teo[1— (p/pm)

SRS B E T 2 Ve A L B
%‘b’ﬁ%mq“/&ﬁﬂf"ﬁlﬂ,ur pm(/\%l]?L.Ltlﬁi\
i T AT 51 56 28 20RO AU 5T

A\{? ‘\uu
HE

= <x+1>R[

=i
T aw P“ )

— (3)
T e T [1— (p/ pd) ™+ ]
2kRT .
— tc 5
V=2 P} (5
P AREEREG o0 A EENET; VLA

FLME S 8 5 Ty 4 FARE THT Sl 5 T O R0 5
p A EHER s po R B TR s pe O EWHE HE

=%

s me A ERBEE T E; m WA RERE.



%81 S 65 ¢ 0 S B AL U A ) 1747
R HE B Rom LB B s A Rom B i/ 5 2
2 HEHERDW ) . S i,

2.1 REBEHSHREE DB

Bl 4 s TR AU R R S R 1250
TR SR Ve AR 1) WS A 0 S i B T T ) g3
ARz . 4 B R D R % AL E AR,
Ja BUF AR FARKUE L B2 mms N R LA

TN S U A (R B 5 SP R L I A
T % v 20U A DX 3 R T e I B T Y
Pezl. EERNA ¥ S X 32 3L i BEL AR
P BEA [ 3 J3E 9 O K A 1B TR S W T T T T o
TE S5 5 T 7 B AR i 2 JLART it 222 A0 B R i 45
VA L BT X 3800 B 85 R 4.

£ o x —=— DO.5NI2A30
= '\\ : . — a— DOSNI2A60
= Lo : : —— D0.5NI2A90
. : DO i.\ 12A30 ! — »#— No l'nt:“ng
—=— DO.5SNI2A . —«— SPD0.5N12A30
— A— DO.5NI2A60 — +— SPD0.5N12A60
—— D0O.5N12A90 —a— SPDO.SNA2A90
0.8|— »— No cooling H :
SPDOSNI2A30 | BN . SIS URRRUE R
— +— SPDO.SN12A60 : :
0.6 —=2—=SPDOSN12490 i
7o 0.2 0.4 0.6 0.8 1.0 ) ol 0.2 03
e 4t i B Ak 2 1) B
(a) 23% N 5 FE Sy 43 A1 (b) 2390} 5 ATk Fer K ]
].5 _ H H
- E 5 : —=— D0.5SN12A30
£ e — DO3N13A60
= : : FE Y —w— DO.5N12A90
=W - g T \ : — »— No :'nnlin{.’.
. . —<— SPD0.5N12A30
—a— ngt 19 \ —— — +— SPD0.SN12A60
——D0.5N12A90 ce_. —8— SPD0.SN12A90
0.8 | — p — Na cooling ) :
—<+—SPD0.SN12A30 r
— +— SPDOSN12A60D | i
0.6 |—=— SPD0.5NI2A90 ;
0 0.2 0.4 0.6 0.8 1.0 0 0.1 0.2 0.3
JE At i B JC kA B S
(c) 5390y 4 A (d) 53% 0 HiT 2 Jay b i A 1
: L5 : : '
: : é —=— D0.5N12A30
= N N £ — a— DO0.5NI2A60
= \ i ; = —— DO.5N12A90
] 1.0 . ] — »— No cooling
S 3 a ——+— SPD0O.5SN12A30

——D0.5N12A90
— » — No cooling
—+—SPD0O.5SNI12A30
— ¢ — SPDO.SNI2AGO
—a—5PD0O.5SN12A%0

0.8

0.6

—=—D0.5N12A30
AP0 R Y

— ¢ — SPDO.SN12A60
—a— SPDO.5SN12A90 7

1.2 i ;

0 0.2 0.4 0.6
e A ) B
(e) 85%0H w5 1 43 Al

0 0.1 0.2
Je Ak i G
(f) 859 AT Jey i A

0.3

P4 A g WA A X S i BY T R 7 20 A B4 52 TR

Fig. 4 Effects of radial injection angle on pressure distribution of stator surface



1748 fit =

o 28 4

23 % .53 6 Fl 85 Yo a5 He 3 43 A it 26 B R
T LSV HALABE YV A L BRI 4 R T R ARG T
RV IR G L T R TR R AR AN A H L B Y
Fi AL L R 2T JE R iR . B RN TR AR
Tia] WS S #9053 T R R 95 AR /N BT R 2
W% SR 3 08 ¥ 20 SR TE 32 U B4 T 1) BE T O R
ol A5 A R TUASE AR | B S AL ASE R N IRV E iR A S
YT e 778 Ak il 2 78 Bl 1) 5% K 1026 LLJS & 7
— .

BTG RS ) A 1) W% 5 A B4 78 Ak X B
SV A FLAR R e i T g T ) R R T AR T A
T I A AR 5 v T R T 25 RV H IR R 1Y 22 01
RGN,

2.2 BHHME

5 R S ey i R ) TR HVSOR =
P, B Ve AR T WS S 0 R AR DR/ , 5 I ST £ 98
VRO T g, o U TR Y VA K R B S AL AR AR

U, LS AL BT A L 2 B I v BB AR
[ SCHR L 10 i BB FE B W & Dt TR o it 2
U B ST 42 i HL A v AU i 5 B0 DX I iR
JE B L 5 A o T B ) T DR AR R Y
AR A .

S I TV ER RO LG T D T 4 Hh T AR S
A 3 It T 25 W 7 T O 8 P HE Ve A SL L RO B
B Hoor A 349 5) , BEAR 4 ook S o BE T 5 w5 I
i DAL @R IEy € R S TE T i fov s gy
RO B AR VA AR 1 W A A G /N T B 2
GRS AL R B — E WL, H e <Az
R ER R N W s I S R <D S ER
S b SRR O 5 G e 2% 00 A BE T A B
W RS o AT R4 BE T, 5 B0 AR B2

S S T TR ) N IR T — HE A
AL TR g TV ECRAR X 85 25 AHR B VR
WS 5 A28 1) ST 1 0 DR/ D 5 S AL AE R S g R

| |

|

[ A

no

(e) DO.SN12A90D

0.1 0203 0405 06 07 08 09_1.0

i
e e

BN

(1Y SPDO.SN12A90

K5 SMREEHNBERE

Fig. 5

Predicted contours of effectiveness on stator surface



5% 8

SRA TEAE e i T T2 2 HE ALV B IR B AR 1749

4 3 TR BRI 39 O ¥ IR B 5 T Y A 7Y
TE s 3 TH 57 3T 5 B 0T 2 T v 0 T AR 1 L
R B S BLR W v AR e B AL
B i 55

M 6 St 5300t AL S, i TH IR E S
IR 2 AT DU A A Y B v O S AR 1)
AR DB/ IN LS FLASE TR ST S M ) v R 1) O B T
RRRE 5 5y w2 i s 1) B T L 98 AU 45 B T Y
[FI) B0 /0 5 T i 0 0 M Sk ) v ] i) i AR
AR ELAR 150 0 B BE T O 8. 7 v R R [ Y
E Sy G O PR W N [0 e T TR AR N G (0 B R N T AN
S OR L 5 ) Z PSR, i g AT DL 4 4l fi
TR A v T S A 1) A9 A D/ B 52 LA TR S I 3%
[IIREEEIEVE iR IRITE e N

A DR TR L ) THT 5 ST T 2% v 20 <000 R v
R EE LS AL ASE R A i LU 3 5 R DI, 3
T PG 5 DX A L 8 20 L 2 ) BB BE XD, v Ak
RBLE.

DAL B 2l IR B BR A B E
A DRI v SO S5 TR AR g i RIS L Y I s B0
T AR T2 B b LS8 0L B0 T AR PR T TR
22 T 4 T B AR Xk sl /s Co BT 1 Cad S 455 UL 5
e HBCR BT HD L B AL IR 02 B 51 vk
R A Jo R i L i ) 0 B T A BT B T R M
R R R T T I AL SR R

T/K

1600
[ 1540
1480

F 1420
F 1360
F 1300
r 1240
F 1180
F1120
F 1060
1000
- 940
880
820
760
700

DO.SNI2A30

SPDO.SN12A30
K6 530am Ak Sy i i i BE 5 U K i

Fig. 6 Contours of temperature and velocity vector of S; surface at 53% span

DO.SN12A60

SPDOSNIZAG0

FLACAL A VS 8O Ty ) DR AR i v A 1 i A
S RAL P PO A% G 3 oK A = 4 N-S Oy R AR AR
AR R T AR AR T 25 R AF 22 =, AL
AT 2 T L P R T JEE R A A DR T R RN
B8 T YR 03 DO 5 A VR e b 3 R R A AT
Iz EL AL 2Z 1) Y 1] B R T i W5 005 1 A A5 A
R TG BE T V% 20 AU 40 A FE B S LA AL B i 1y
A7, PRI R N ROCR BT AR AR A S ALy vk
B A Y 0T 5 B R S W S B O, 45 SR R Al A

L S FLASE TR 0 5 U5 AR TR A A K S AR 1)
Je SR 30°HT ¥ EN AR B by B B RmES 5 AR
T S A I AR A o s U5 TR Y S i 3 T IR B AR R
JEAR K FL TG BE EUAH R A B2 FLAS R A i 16K

& 1 B SR O g 7 By 1w AR AR A 3R A
ARV A i e T SRR BE O 1532, 79 K. R 1
RIS R 1L 2500 KR
Bl 2 v S I 5 4 e A U 5 LS AL A
I3 TAT AR 43 /N T 118. 79, 161, 54, 241. 35
Ky A5 T ASE 70 A i 3 1 RLEE 43 9 s/ T 335.
49,346, 99+361. 66 K.
2.3 BEERKRH
R AEN S A B L 25 % &
Pk 2O T ) (9 4 A h 2L e <
TR T R T U R SR IR R R

i

i

:

g
Tt
e e

T

DO.SN12A90

SPDO.SN12A90



(é\
E¥

]

VAR N 5% 28 %

®x1 SHREEHEE

Table 1 Average temperature on stator surface
BT Gt 5 /K
DO. 5N12A30 1291. 44
LS AL AR AR DO0. 5N12A60 1371.25
DO. 5N12A90 1414.00
SPDO0. 5N12A30 1171.13
FLR AR Y SPD0. 5N12A60 1185. 80
SPDO0. 5N12A90 1197. 30
0.06 - - -
—=—D0.5N12A30 : :
— A—};Hg§I%tgg ..... l
—n LD ZF N :
0.05| — »—No cooling

—+—SPDO.SNI2A30 ..
— +—5SPD0.5SN12A60
0.04 | —=—5SPD0O.5SN12A90

0 0.2 0.4 0.6 08 1.0
p e e
P 7 REAEARIR R BE R M SN
Fig. 7 Distribution of pitch\energy loss coefficient

along ‘stream wise

AR A, T LA A 2010 6 BE 2R AR B0 B 0 A 1
i L R v AR A8 1Y) B — 2

FE A 7] ) ¥ SO o A A F T LSS FL AR AL R
SR IS AR A v T 1B RE R O AR B £k
SR B AE— R 520 ENFL I T X 8k 32 9 S
B KRB, B AL ALY R 40 R AR
e T U IR AR (1 (] ¥4 AAS A A L AR Ak AR H
/N, B VS S5 A% ) ST I DRI L S FLASE
fiE 1 P % R B AT B s/, DO. 5N12A30 45 B 7
2% V2 E0 L DX I8 1 400 2 3R B0 /1N 5 T A Y AR
TR Bt 72 1) ) 104 A8 AR FE ¥ A FL DX Rl B 0 2k R Bk
A L ARE B A — R, HIHAH PR S FLAR Y Y I 1K
FE ] 0. 7~1. 0 38 [l , Al ft 401 8 R B0 AR Ak
K LHEEE .

3 & &

SR FRC{ELBE UL T B 23 1) R 1 R U0 5 1 5 L
S O P o 77 3 ok G = 4R LA Ve A B e AT
AL SRR R AR BEAT T LS, A

TN [ A 1) S5 A KT e A 38 I S R AR 1
R, EELESIT .

1) ¥4 H1FLOGF IR 56 i 2 B 3 29 10 06 il i 5% <
0 L PN 0 B0 5% e K B o ¥ AR S 5 A ) S
F ORI o ¥ AL BRI 1 e D8 B0 M R A O 5
RUIRIVUT A e 1 2B AR K HAER A ik e 1R
k.

2) HALALBE AT R W, ¥ AR 1) SRS £ 0T
R HBCRFZ W R, B SAR 0 WG A A 30°HT,
S FLASE TR 1 ¥ H RIS B 5 T A TR T vk T A 8
HIRCR BTG A S A IR R B, HL S IR Iy 9k
15V HV R AR T S FLASE A Al 7=

3) TEY RETH % AR, 5 ¥ AR 1) WS A £
90°, 60° 1 30°AHXT N , L 5L LA AU T - 3% 1HI 1) 3 E
BN T 118, 79,161, 54,241.-35K ;5 11 45, Y5 155
RS i 3R TE R BE 43 i/ T 335, 49, 346. 99,
361. 66K

4) TS V% H) AL BT (9 5 B4 R AR, T
W RF %ot DA 308 T H At XY B2 A8 /0N R R B
P MR ILF-3 G, TR TIASE R A v A0 AL BT i ) e
A0 b S AL AR A i 1)

5) RIS AL BUE A LSS A L
B R T AR R A O 8 E0 M BE 2 W s L TR I
FE LR SRR o AN R 50U I B 45 SR AR 2 i
AL AR 40

SE Mk

C1] A E), R - Mk m gy - SCRE R PLIL 3
A ABARLM]. B G, B B PR, VG % 7Y 22 3838 R %
i AL 2005.

[2] LinY L,Shih T I P. Film cooling of a cylindrical leading
edge with injection through rows of compound angle holes
[J]. Journal of Heat Transfer,2001,123(4):645-654.

[ 3] Azzi A,Jubran B A. Influence of leading-edge lateral injec-
tion angles on the film cooling effectiveness of a gas tur-
bine blade[ ] ]. Heat and Mass Transfer, 2004,40(6/7) .
501-508.

Ca ] Bae, MO b8 e i b A 5 OBV 0B R L) . ol =5 3
F1% 41,2009, 24(3) :519-525.

DAI Ping, LIN Feng. Numerical simulation of film cooling
in leading edge of turbine blade[ ]J]. Journal of Aerospace
Power,2009,24(3) :519-525. (in Chinese)

(5] Tk MBI, 2. & 70 i 2 XCHE 32 S FL SRV
BB . 3 AR 2 2 4l HAR R 24, 2010, 50 (1) ¢
1843-1847.

LEI Yuntao.LIN Zhirong, YUAN Xin. Numerical simula-
tion of film cooling at the leading edge of a turbine blade

with two rows of staggered holes[ ] ]. Journal of Tsinghua



5% 8

SRA TEAE e i T T2 2 HE ALV B IR B AR 1751

[8]

L9l

[10]

[11]

University: Science and Technology, 2010, 50 (11): 1843-
1847. (in Chinese)

Theodoridis G S, Lakehal D, Rodi W. Three-dimensional
calculations of the flow field around a turbine blade with
film cooling injection near the leading edge[ J]. Kluwer Ac-
ademic Publishers,2001,66(1) :57-83.

Benabed M, Azzi A, Jubran B A. Numerical investigation
on asymmetrical turbine of the influence of incidence angle
blade model showerhead film cooling effectiveness [ ] ].
Heat and Mass Transfer,2010,46(8/9) :811-819.

BTN, ERS U B0 4. IR T S R R I R S
B X B DR FELT ], bR 2004, 25(1) :44-47,
YAN Peigang, WANG Songtao, HAN Wanjin. Numerical
simulation of influence of leading edge film cooling on aer-
odynamic parameters in turbine cascade [ ]J]. Journal of
Propulsion Technology,2004,25(1) :44-47. (in Chinese)
Wk L ok s ] L 50 3. AL Sy B XTI v U 5 R 114 %K
ERFFE L] M2 3 71 %, 2009, 24(3) :507-512

YAO Yu,ZHANG Jingzhou, GUO Wen. Numerical inves-
tigation on film cooling effectiveness of stator blade with
different angles[J]. Journal of Aerospace Power, 2009, 24
(3):507-512. (in Chinese)

XUBE LR 94 U, 45 T S O 2R ) B AR
LB BT, 2 3l 1 2% 41, 2009, 24(2) : 331-339.

LIU Jie, AN Baitao,JIANG Hongde,et al. Numierical~sim-
ulation and design improvement of leading-edge film cool-
ing in an inlet guide vane[]]. Journal of Aerospace Power,
2009,24(2):331-339+(in Chinese)

i 70 JE TNURBS A9 46 1R i B H0R B 58 (DY 8
5B AL TR K AR, 2007,

[12]

[13]

[14]

[15]

[16]

MENG Jungiang. Investigation of turbine blade modeling
technique based on NURBS[D]. Nanjing : Nanjing Univer-
sity of Aeronautics and Astronautics,2007. (in Chinese)
RULH. FT UG W4 CFD [ Bikb # i B 52 [D]. o 5.
AU ZE K K2, 2007,

SONG Hongyong. Research on pre-processor of CFD grid
about turbine based on UG[ D]. Nanjing: Nanjing Univer-
sity of Aeronautics and Astronautics, 2007, (in Chinese)
BARAL. AL CFD A% AL BEOFFE (D). B 5. p A
ALK K%, 2008.

XU Weizu. Research on pre-processor of CFD grid about
impeller[ D]. Nanjing: Nanjing University of Aeronautics
and Astronautics,2008. (in Chinese)

XKL AR HI M i CFD RS AR iR [D]. 5 &0 B at A A
KK 2#,2009.

LIU Fei. Cooling turbine blade CFD grid generation[ D].
Nanjing: Nanjing University of Aeronautics and Astronau-
tics»2009. (in Chinese)

Michelassi V, Martelli E,Amecke J. Aerodynamic perform-
ance of a transonic turbine guide vane with/ trailing edge
coolant-ejéction; Part [l numerical approach[ R]. ASME
Paper 94-GT-2248,1994.

AR ARG A e B IR MR R G =T 4
(A B2 BB 524 Beer 4l - 2003, 20(2) - 155-159.
ZHAO Xiaolu, LI Wei, LUOQ Jianqiao. Numerical analysis
of one stage high préssure turbine flow field considering
the-effeet of cooling air mixing[ ] . Journal of the Graduate
School of-the Chinese Academy of Sciences, 2003,20(2) :
155-159. (in Chinese)



