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Influence of Nozzle Pressure Ratio on Flow Characteristic of Aeroengine Turbine Blade
CAO Zhi—shun, WANG Hong—bin,ZHANG Shu—lin, ZHANG Lian—he, WANG Xiao—meng, LIU Xu, GE Hong—zhi
(AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: In order to find out the influence of nozzle pressure ratio on flow characteristics of aeroengine turbine blade , two main in—
fluencing factors of test coordinate—pressure ratio selection and film hole distribution were studied. Ignoring the influence of gas and cool-
ing air temperature, it was divided into three types according to the static pressure at the outlet of the film hole of turbine blade. When the
film hole of turbine blade was dominated by first type or second type, the influence of nozzle pressure ratio on flow characteristics was elimi-
nated by selecting the test coordinate—pressure ratio. When the film hole of turbine blade was dominated by third type or compound type,
the flow characteristic relation under any nozzle pressure ratio could be obtained based on the flow characteristics of two different nozzle
pressure ratios by using the impact factor analysis method. The flow characteristic test of a turbine guide blade was carried out under differ-
ent nozzle pressure ratio. The results show that the theoretical analysis results are 3% different from the test results, and they are in good
agreement.

Key words: nozzle pressure ratio; turbine blade ; flow characteristic ; film hole ; impact factor ; aeroengine

0 3l&
BEH L2 A S HLPERER A B 5, TR AR B A

GNA TR R s (Ve 025 e e 5 i e il ) 5
FE B AR VR R AR A, 225G R 2 o il ddi 3

Wik, e I e B S e AR L B T M T
PRSI, DR v BB Bl 2 K J 0, a5t i e it A Y
AUV ENEOA T e SR B AR T2
RT3 R R R B A AR B E N R Z
1073 e X R UL A b e T T e
RV A R T2
R/ o WA N DR R L SR R /R
T (A A U U SR AL B TE B O 7

W, a6 Al A v s e MRS S S S R Y L
{ED) K AR AR AR IR AR B i e e R 2t 2
BEZ A8 o 23 M % T BEOX 168 58 I R o e ) 2
FERE , AT LORHAT 59 T HODR SR ZEH 106 7 e e
AR e B BT A R AR, W 358 m] LAAE
AR T HEAT , Al KRR AT 2856 A |, B AR XA 3
FHIEOR o (H H T A ShE 2 XHZ I Y S A

AR 33 4 S v s LU AR AR 3 28 UBEAL I B

KR EH:2019-06-18  EE£IHE : fiss oh S EEREIFGE 0 H 5% B

TEBE N ERIR(1986), 5 Wit TR0, 2N FE I 5F 51 MFEARBEGE TAE ; E-mail : 446383519@163.com.

SRR EEL, £ DU, FRBYFE, 55 S5 TR LEXT LA RS BLIR AL IRt AR PR 52T AL s & 5L, 2021,47 (BT 1) :32-39.CAO Zhishun, WANG
Hongbin, ZHANG Shulin, et al.Influence of nozzle pressure ratio on flow characteristic of aeroengine turbine blade[]]. Aeroengine,2021,47(S1) :32-39.



!

R TAGE « 5 TR LU A s Bl 58 I 7t B P A S 33

PESC R MR AR L, IRt — 2 N B B Z
BALE B imEe it Lo RIS RS 48 5 i - O B
FEXTGE, X T A e i S A TR B AN [ 7 IR
& R ERAE 2

1 REMRREFEERST

1.1 R R SRFLREAE L

WFFE R, T it Fr v 4028 SR it A8 A X g
FE T 2 B AT R MR s SR AR I R I AR 2R 1
Ak AR BN AR R AR T UL L RS
FTRLZ0 o PRI, AR SO 25 B SRR U il B A2 1
AR BTRZMR o R I B BE IR R RS8N R A BE
TET 4B AL T 1 A A B A TE AR

e A A UL AR B 1 70 A A 1 BT 7R
MG IR FL Y 2 i KPR g i R <UL
3%

(D1 EZNM TR AT AE, UL
2 e s MO T TR 2, T g A B R T AR
PR P A SE AR A AN 2 R

HAJUBHL 2R b/ S
1R N
\\\ 3 g P 7
Ny > Z —— Py,
!l

P, P:—4

(c) 5 3 UBAL
B2 SEEFLEHEs
()23, FEMTH R RBEAE, TBAL
=5 M S5 S AT Y AT g A DR TR
PRIE B A AR I AR
(35326, FB G Tt AT, RS

(b) 2 2 8L

b A T B A R S R 2 8], AT AR A
R SOK i T Ty ) e R 0 1Y S AR A TE A
6 (0°,180°),

6 19 K /INIF AR SRR AL 5 48 SR Ui 132 T 1) 1) L
SEIE A, SRR TREALIS A A A A R R Y
CERAVERAENR PN I M. 26 = 0o, 532K
JEEFL A ] 1505 1 28 UEAL 5 249 60 = 180° 1, 26 3 S I
FLE R T4 2 28 MEAL
1.2 EHRERRESFES W

D8 R AW o SN Y A B 1 v € RS e
AR ST SRR A, sE R B s R E S E
A LU . B A RIS AL bR e L, 3 R AREAL Y
TRIG YL 5 2 FO6 8 R AR R 1 5 i R AR TR
1.2.1 512K AL

(1) 1A AR R L/ INF I A RS BER, A As
AU 1 i S AT S A Y

a. 125 AL bR F L A e 3 R TS

MRRAERAE 1 VR R LA PR e T s, 4%
RESEANE 2(a) w24 b AR bR 5 350 A bR I L
AT R R

P, P._,-AP, P,
P = - (1)

K Py YRR P Y R R Py R
SR AP, R HIZS AR BEIUR , /N, i LA
WP AR IS R
AR TE R H AR SRR A 2, )
et
WA 1 4558 S RS, 7R YA bR T L %A IE
P R R A ME— o B, 2 FetRE T B A [R] 24
HiLH LU AR A R L ) Y M4 S AR ] . e TR A
YRR R RN Y A B i e
R Y o PR, A AT 4 B I X6 I ) 2
PRI AL b H 2[RI SE RN
waﬁizl (3)
P, P,
K (3) R, A I AL bR e L A e 2 B i 2
JE L TEARTRTE R LG, it i e 5 2 il 4 iy 4 [R] i 3
53 X o R TR F AR AR AR R . SRR, 78 R ER IR
AFAKT 1 LI T i R oG R A 5
b. I AR bR R LU B 5 A R




34 Bz

%

3l 547 &

530 (3) AT SV 0 5 95 L
Pz Pt Ky (4)
P, , P,., K,
S Py Py AR LR R K, K
SRR R AR A R TR I K, = P /P, .
K, =P /Py
S (4) 2T 25 A A5 P L 0 0 6 % B
IR AR TE IR T i BEREPE % 2 R A 0
W R B LA AR T, — 1 LA 5%
T LB He R L 76 A R 0 T L %0040
T L A B T L A AT R LE BB I, 95
HLA SR T 45 1 2L ROV PG 2t
(2) Wi A BRI H KB T AR
S 24 A L I L 530 0
SOV R TR B 502 S R 5
i P AR RIS L R0 AR BT RSk L
SR FHU WA 22 P T B, 5 16
AL W 5 5 % 2 B PR L 725 6 6 0 3
B

TR : i

G, B nE R IR

K,,
E3 $1XSBLRBHEMXARMEELNTLXR
122 22 KA WAL

(1) 23 AR i Lo /N Tl S sSORS It , A7 T8 Y
b e S AR Y

a. JRI A A He LU A R 32 S T S

BRI TR RS F K80 K, (B12(b)) 4
25 5 4 Hh R TR) 46 5 o 7 8 % 07 118 X6 A o T L
AP
K,

P, P
; 4/ 1 3z P (5)
PP K,

A (5)F W], 50 AL AR T LU A 8 6 A i
Fe ARV R LR, R 5 2 il AR ) A R

R I AR T AR PR AN TR], T B TR S v
JE L6 FOAB S b (AR 181 4 BT 78 ) o FE A ] 48 355 o
XA s L AR R 7 T LU B T LA AR
INo ML VR LE AR AR MR 1 46 2 S UL it
Rtk AR

T
G PR HE L EE

H
PR LR

K
b

B4 F2XSEAREHEXRAXBEELHELXR

b. A A AR s LA 16 D A i

K= (S) AR A b AL 5 v L EE 2,

P, P.
u—4/ c-3 (6)
PO*4 P0,3

3 (6) F WA, 50 AL A5 EL 1% R e 5 M I i R
BF FEAR RN R LU, O f R G 2R i 4 1) A ()
S I (AR R L AR AR AR . RS R E Y
AR XA 2 AL I R O R AT S

(2) 4 b AR R R L IR B A RS

FHFH 1 2RARMEAL, 5 2 A EFL AR 0 i
PR R 2UR 75 i LA ASfb S R I 4 BT .

1.2.3 5538 MEAL

(1) 3R B0 AR AR e L I R 56 R 0T o

93 RAMEAL Y R T 1 2 R EALZ
] o a0 A bR R EL 1 i R S A AT R i, X 4l
P e HE X 9% 1 HE 0 28 A AN an 585 2 2 AL 9 AR Ak
FU 5 [RIFE, S350 A AR R LU 1Y) R BE RIS 5 R e 3
5 A bR LG P8 R HE RO ARFE AN TS 1 28 S Y
AL RIZY

TR0 U e R O R R 75 T AR AR i 5C R A
SR

(2) 520 R 743 B

19 3 57 3 ML I ek 6 R X AT A 2
WM RXERT . ABFENLE A SR GHRENT,
55 3 ALY 2 5 e AR 1Y, BB L X 5 T

~ 1




!

R TAGE « 5 TR LU A s Bl 58 I 7t B P A S 35

I 5 K,
5 FE3XRRIAMEFUHXRAMEELRNTUXR

HAR A U BE SR AR 1 . PR, 257 2R 2 AN ]
7 HOIRZS A5G R 3, 20 M e 3 28 U BEAL X v s e 72
PR BURREE , AT LA — 254 S H A 7 T HOIR S A U i
FRPEOC R NS [A) (4 s Le A AR e 5 53 )i A 7
T,
a. TIR AL B T L A7 228 A Bl S
55 3 UML) PV A T80 1 2 2 UBEAL
F 22 8], B, 2455 3 8 SIS A R ST &
FOTE K s 71K TR SR, 0 (3) L (4) AT, 240
Rtk o 2 AT BAR IR A3 B B G, X I B AS [
FE L Z ARG AR AR s L SRR H Bl o T8 2
P / Pl K

=a, 7
ey (7)

g-5 P

S 1 1/%@ 1R {8 2 JAL AL AT 6 7% )

P

o K5/K,e<1
wEHE [ aL*K,,s/K,,G:I
a=1
1 [F==
| | K /K >1
l |
VR — — 4 —— ———— =
| | |
| | |
| | | -
VIS 1 IPHE K /K

El6 LBl RHEVERE

=

K K
WS B, aie{l/KPS,l} 4 K—"S<1 Ao,

)6 P6 P6

R
a, el l,1/—|c

KP6

AE G R R o, J2 24 552 1 0 Y F5e (B IX [B] 5
VEFESE PR, DRI, (B 0 75 A 6] A4 350 & 1 6 TR

=

FE AR BR R R MR R BE AR ], B 0 AN AR A5 3 28 AL
HEEIE LT AR ] 432 50460 340 I ) 7 14130 AL e
JE 22 8] 1 A AR B 56 RS UAACH a=a, , =,
- MEECIME TR ) . SOZ BRIk, =

1 - 1 e e 1= S
Ok e(0.1). Mk, =0, B T

QRS Mk, = LI, RUBESLEF R T3 1 2R
fLo kRN T UL 3278 K U2 O R BE B
AR A T o

&

I

1

1/ L8

X, X, WG5HH K,,ﬁ

26

o
=

/15 5
E7 S$3XSIEFALNFMETF

b. 156 AL bR T LU A T e Al o

[ B, 536 A A s L B T T 38 DA Bl 7 T T A7
T HL 2508, Wi A

P ¢ P K,
;6/ ;5:B1 - (8)
Pog Pos K,
PRV A=A 1 _Bl
TESGEMN T |, = ————
1-1-"

L B RTIA 3 TR [ R A 05 3 R
AL, S A 5 R N Z AR —— XS LAY, B RIE
2 AN TR v s O A AL R S AR e RT L i
A7) A EHAE 2 A1~ , T B
7 RS T RO AR R S Y 1 R
ST 5 3 IS PRALAE SR 1.2 FSREAL = ] Ay A (LR
e, HERGHET Rk, + ky = 1o
1.3 iR FHRERES

XFFAN RS By Ee A, do ] U bk 3Rk
Y, PRI B R G AR A AR BAS DLEA T 0BT

(D128 X TR B F T AT X
BRI A R, A AL Y R KPS
HKPAH S U, 2 TUBEAL A A A TR — T



36 i

K

ROSF B2 1 A 1, 25 4t s A5 A i T
5K, NP R B AR i AR AR L, R LA A4
Iop A 2 2 AR AT T LR 2 A 728 A o J e e M Y
CAl0e

()55 22 [FIHL, X T UBREAL 2L T A
R XS T e, 10 e A e A D 1 A A
i

(332K Xt T R A77E 2 PP B RAL 1935
MR AL ZE S ERTT A T A 2 ke
PR E 155 3 A TE AR Y A B s sl b e s A
I AR AR FE IRl o SR B3 o ik, 2B
7 LT A I R R O ZR AT LIS BT v R LT
AR A S R 3K
2 ARSEMARER RS

R T B UE R B A G A B, o AR
e T ] 7 e e il R IR AR R LA RO ]V R LR
AT T 2R R E R
2.1 R H

I Ry AR e S v, i BB L A T
MRS RS AT . iR N I A Ry
R 2 AN ST e AR, BRIV S T R R A R 4%
e S
2.2 RIS

BT IR LR 1,

N IRRIREE, WHATE R, WS/ L BRIREE
IR S K \Pa \Pa IR L K

1 900 1.30 1.11 1.17 473

2 Tk 0.56 0.48 1.17 294

3 T 0.78 0.67 1.17 294

4 gl 0.66 0.53 1.24 294

5 R 1.00 0.93 1.08 294

2.3 REERSH
2.3.1 AR LA 4
I A3 B R v e i 8 B o PR B v e
FERBEREM TSR AE A I A AR R FE I, R
TN E PG f AR R IR A AR R L B # R, R TR
FEAR R V8 R LG T, 53R [R50 AL b i EE 7 3 i
RAEMLRA BN E ST, R ERFEXLRXS
BRARIE A AR TE K, B 2 5O U R R R 24 X {E
KANTEH o TEPEATR AR B0 A A R L, W R 30T B 5

¢ 3 Ml 5547 4
3.5E-06 -
3.0E-06 ‘A‘ "‘A A.-‘l Ay
Ak a 2] )
18 2.5E-06 -~ o RAE -
s Ny A RZS2- 14
fuie ]
2 208-06 |4 & FORAS 3-4
P 4 o -
1.5E-06 15 ': Ao
o o B ORES 3-F
» *
1.0E-06 , , , .
1.0 15 2.0 25 3.0

JEH
E8 wmifzimErEiLk
25t DL, AR R AYRE PRSI T R 2 i
aF BT T L 22 A S it BRI+ A A T L B i
PERTZE AR ARAS BRA
Ja R I AN 9 B, T LR T S Rk
AR BIE5IE

1.5E-06 -

1.4E-06

1.3E-06

I ~06 -
i 126-06
*;ﬁé 1.1E-06 -

1.0E-06

9.0E-07

LI

1.0 15 2.0 2.5 3.0
Skt

9 RiEREFFEH%

232 AN[EVE R e A5

TP O e O R BV R L 1) A2 fE 1] 10 Jop
TNo MEIFAT L, Y BE R S A il A A s L
(1R R IS, A [] 7 R L %) 9 e AR e o 4 2 R 3230, A
FERK ABARSR ] DL BE A P He LU 38 K, 4[] 46530 0
SOOI A AR BB/ 5 Y BE RIS 0 AR il g A
B i B, Bifi 5 9 H LU AR 385 K, A [ 4 B30 3t 45 % 102 1)

8.0E-07

3.3E-06 -
AepES < H H B
2.8E-06 'g"??:r st
A
i x t;x.%ﬁ R 3-8
= 2.3E-06 Axdt * R 4-E
2 N R -2
A RS 3
LoE-os B B SORZS 3
& R 4-HF
‘f: *a o RES 51
1.3E-06 :
1.0 L5 2.0 25 3.0 35

JEEE
E 10 mifzRmErEX RXMERELHEL



!

RTAE P I XA S A gh Bl 58 I 7 Ui B R P R 5 37

BEARARAEIG I o Py g R L, 32 e it A i e
FLELSE 1 28 UL £

e T B A5G AR AR v e FE A9 AR AR G R AR
VRN o St A e s A D sl A A s LU A
I, B 7 s LU AR 385 K, A (]9 550370 0 ) 2 P A A A
(E W28/ 5 e PR ML A D il AL AR T L O
Fe I Bt v s HE A 38 O, AR [R]45 5937 ok o7 ) A A
PREAR ISR Al R e R RS LAE
JEE B o3 A LSS 3 28 UL 3, Tei i A b s Le A
AT, R R 2 i i T LA A i 35 A

DRI AT IR 22 <3%
B 3 UK I AR U 2 RS, B P FEAlIR
SR T 2R AR 3

=3 HIEFHHEE
/% k,1% (ky+k,) 1%
i 86.6 13.3 99.9
JE I 50.1 51.6 101.7

B RIZE T T H b K, L e 0 (L G X A i
o A BR FE L X, VU0 L4 55 51 6 4 75 7% 0 LU K,
AR 4 5 T I R G X
[ A bR P LE X R A6 2

1.5E-06 - (1) 358 A8 bR R B R A B % o
.’u.‘w"‘-AA A AA I
1.4E-06 " A.’A A
1.3E-06 *..:‘ i K, 7 K,
S oo | e e X=Xy 1 - 0866(1 - =) |- (9)
2 N e - S
& 1.1E-06 B2 RS- E‘H'Hf
10606 | e oﬁj&f—? _ .
Sk ®, AR 4- _ pi P2
0.0E-07 R 5 X, =X,/ 1-0.501(1 - X ) a (10)
s L p2 | i
8.0E-07 : : : : i e . .
1.0 15 2.0rth 25 3.0 3.5 (2) 58 AR bR B R M o
Ik
E11 BEAEREXRRMEELNELEER H A
_ KIJZ Kpi
R R 4 S R S T A SR LA AR A &—%P—M”U—thﬁ (11)
giill‘io/ ‘ }ﬁﬂ’?
2.3.3 s R oAk B K. K
AT B AR SCHR H s e DR Mk A A X; = X2|:1 - 0.516(1 - sz )} K’” (12)
pi p2

G303 AN ) 7 T LUIR 2 3 .45 a6 50 4f X5

———— ‘ R L
R T 00 (EE0E 5 40 255 6 2. R FE(9) ~ (12) 4 T 25 R B R A Y i B e G

MR, 5 R X e B an R 12~15 fir s . a3

®2 BEASHNET BT SR T, 40 4 S ok S 152 22 <
WIRIORE b W RIS, ok AR Ot RVTONE M T BT
e O T ORI AR 6 33K 00 B ELA B0 AR O RS
3.4 86.0 14.1 100.1 3.1T-06 -
4.5 50.1 523 102.4 2.9E-06 ‘,.ﬁ"'"“ e
JrlEE 3.5 48.9 51.8 100.7 2.7E-06 o
3.4 51.2 50.6 101.8 2.5E-06 E
ﬂg‘ 2.3E-06 +— o RAE3-H
FEE b RS Y 0 FE 2 2 Rl A 2 ] %zmwi?————— O
PRI 52 0 AP Pt T35 2 RO 1 , 5 S0 A PR N s
AR B 7 42 102 5 iﬁig nsema
A2 (7) 437 0 1 6 PR 115 25 4 s L

PO R b o — B fa R U O 2R A AR X R 22
<2% , JE I 1R 22 <0.5% AR HE AL 388 12 22 43 A L 1K 5

N4

E12 wifE-#iei 2 E



547 &

38 i %
3.1E-06 -
e e B B B
2.9E-06 ——W
A g
2.7E-06 T a+f®
2.5E-06 AN e
: Lol ¢ R 3-1
o 2106 1w Rl —
1.9E-06 5 R 3
9 — R AL
1.7E-06 1 ; M,\ ;c‘i—
:‘.— FORAS 54 &)
1.5E-06
1.3E-06
1.0 15 2.0 2.5 3.0 35
MLt
13 RIRE-#/E8E
1.5E-06 -
2 ¢ Bamimam
1.4E-06 LR 7
. 3
Bey
1.3E-06 ’;'a‘
B wd’ * PR3-
8 1.2E-06 %" R 4 —
5 " LS 5t
& 1.1E-06 ."A; LRES-E
(. R 3-E
1.0E-06 {—=% - RE4-E—
% R S
9.0E-07
*
8.0E-07 +A . . ; .
1.0 1.5 2.0 25 3.0
JEIE

E14 RBRE-#EsE

1.5E-06 -
gte N E mBEE
pry |
1.4E-06 &
A
13E-06 - zAsm
At
ﬂij L2606 Aen oRE3-H
o A= R 4 H
£ 1.1E-06 o ARESH
3y R 3
1.0E-06 DR AP A—
o o507 A% CRFS 5S-G
*
8.0E-07 | A : : : : .
1.0 1.5 2.0 2.5 3.0 35
JELE
E15 FiE-iEsE
3 Z5ig

A SRR ST, AT AR AR 259

(D) a%E R i B AR ¢ R 205 rik B i ge
AR R AR DG, X T IR — i Fe it R, PR IR i Al
B i LEAS ], 45 21 A0 3t det R 06 R AR 2R T

(2) R R IR RIE R LR s R 5
TR UG AR AR R HE A BE B AR ARSI A B AL A
THOLA

(3) LASE 1 A MEAL R ER iR ik B, PR 4

SHABEL Y IR F P 1% SRR R
HRFEE HfE 00 A BT M, T B WG 35 22075
WA R R 3R 2 3

(4) B 5745 SRR 045 R ) 618 LA
3L Sy 2 I ELAT 2 20 AL Y
B SRS BT3B T LA R R R P4 I
RS T

SE Lk

(1] 3 ot b it i Z3 A v SR B 98 7 I BFFE (D). 1 T - 7 i
ALz AR, 2016.
LAN Zhangan.Research on simulation test method of overall cooling ef-
fectiveness of the turbine vane[D].Nanjing: Nanjing University of Aero-
nautics and Astronautics. 2016.(in Chinese)

[2] BEMET . 50 5 1) I £ V8 BDBCR RIS Ut BLARF PE FSE (D). T
FH PR BEA S AR 7, 2018,
MO Weishu. Investigation on integrated cooling performance and flow
resistance characteristics of vane[D]. Shenyang: Shenyang Aerospace
University,2018.(in Chinese)

[3] FRAL 4l , 52 0% s K ShHLE M. P4 22 - PY b Tolk K2 i it
2005:167.
LIAN Xiaochun, WU Hu. Principle of aero—engine[M].Xi’ an: North-
western Polytechnical University Press,2005:167.(in Chinese)

[4] 2570 45 B i e PRV SN A5 4 B4 3 0 5 3 SRR PERIE Y D). 1 A
P AL LR, 2014,
LI Xijun.Investigation on flow and heat transfer characteristics of inter-
nal Cooling structures of turbine vane[D].Nanjing: Nanjing University
of Aeronautics and Astronautics,2014.(in Chinese)

[5] XU , FRZREME . HH S0 Bl 3 B AR B BUR B i 3l 1) [0, AL 50
ZEMTR K241, 2002, 28(5) :490-496.
LIU Daxiang, CHENG Ronghui.Current status and development direc-
tion of aircraft power technology in the world[J].Journal of Beijing Uni-
versity of Aeronautics and Astronautics, 2002, 28 (5) : 490-496. (in
Chinese)

(6] FFHE N . w8 AR R BB D] iR i TR
2010.
HU Yanli.Cooling design of cast—cooling turbine blade with high effi-
ciency cooled[D]. Chengdu: University of Electronic Science and Tech-
nology of China.2010.(in Chinese )

(71 R8I . 2 B2 T T e I R v SR P52 W 9 52 46 0T 52 D). T8
2 PHAL Tk R2#,2006.
DENG Mingchun.Investigation of the influence of density ratios on film
cooling on turbine blade surface[D].Xi” an: Northwestern Polytechnical
University,2006.(in Chinese )

(8] ) SRR ZE, 200, 45 i BT J 8- 5 L AL IR Y SE ik BT
FEICYR IS P ) ) TR 2 V-2l 2% B3 22 2010 4R 2 A



!

R TAGE « 5 TR LU A s Bl 58 I 7t B P A S 39

PRI scsE . L E S ) TS 2, 2010:25-33.
DAI Ren, ZHAO Zhijun, WANG Hongguang, et al. Basic research of
turbine film cooling flow and heat transfer mechanism [C]//ZHAO June.
China Power Engineering Society of Professional Committee of Tur-
bine, the Academic Symposium on 2010.Shanghai: Chinese Society of
Power Engineering,2010:25-33.(in Chinese )
(9] B . AL ILART 25 7 Xk 30 e 1t AUV 0 B4 S ML BT 52 (D). I 2R
I IR T RER, 2010,
DALI Ping.Study on the influence of film hole configuration on turbine
blade film cooling[D].Harbin : Harbin Engineering University, 2010. (in
Chinese)
[10] XUSEAR . s 1 v sl B AL 145 2 S BRASAk J vk D). e - 1
ALK K, 2016.
LIU Yafei.Research of similarity and dimensional methods in turbine
vane’ s overall aerodynamic and cooling performance experiments|[D].
Nanjing: Nanjing University of Aeronautics and Astronautics, 2016.
(in Chinese)
(L] ARAE I . B AR 5 Bl v RS0 AIF 5T (D AT - it 3B
,2009.
ZHU Rongchuan.Experimental study about cooling efficiency of some
turbine blades [D]. Chengdu: University of Electronic Science and
Technology of China,2009.(in Chinese)
[12] KA, B2 18 A e 20T Sl A% s (AR R U 0] R i %

W 55,1995, 1(3) :34-37.

ZHANG Jian, QIU Xuguang. Theory of the similarity standard on the
turbine aerodynamic and heat transfer test[J].Gas Turbine Experiment
and Research,1995,1(3) :34-37.(in Chinese)

[13] 4%)7 6, SEMEF , SR B, 55 4051 I 7 255 v SRR L S B 5
(7] #EBEFEA . 2018(12):2772-2778.

LI Guangchao,MO Weishu,ZHANG Wei, et al.Experimental investiga-
tion on integrated cooling performance of nozzle guide vane[J]. Joural
of Propulsion Technology, 2018(12):2772-2778.(in Chinese )

[14] & F, E R, TR ORI X FE i fat e P52 o 1

FECYHRE BT 28 (58 748 ) — 4L h R 2 = & T 4 R
PORIZSCAECEME). AU AT P2 % 2, 2016:391-394.
CAO Zhishun, WANG Hongbin, ZHANG Lianhe. Study on the influ-
ence of gas temperature on turbine blade flow characteristics[C]//7th
Youth Science and Technology BBS Collection of China Aviation As-
sociation (Volume 1).Beijing: Chinese Society of Aeronautics and As-
tronautics,2016:391-394.(in Chinese)

[15] EHFA ARSI T1 27 A M), 75 % « L Tl R i A, 2006
124-125.

WANG Xinyue. Fundamentals of gas dynamics[M].Xi’ an: Northwest-
ern Polytechnical University Press,2006: 124-125.(in Chinese)

(ZikE x| )



