F13E H2M

Vol. 13 No.2

1998 4F 4 H Journal of Aerospace Power Apr. 1998

PEM R TERNEFTE X

KOs XS

e T EAE 24T LR

N k- EACHY = Y38 K PR AR M M 45 & SIMPLEST £, SHb s S 10 M A R i A8 8%
TEF DM 30 Py 25 S B AR S PR AT T SR o B R N 25 i T 3% R 0 3% R S A
PEARAL 2 AN (KA FORS G P T, ) 4R AR (R 5 e DA B I B py = 4l S8R SR BOR R —
RSB A B I0) B AR ARV IEAT BB T BT . V1 ST 45 RS SR 0 A & R U0 R WA SR ST I B A

TR E B, 7T P O B SR T 4
A WH B BoR
TK124 V231.1

1 w5

F I ARV EIE ) LT RS 528 IR T3 K, WO ERR U S NI 2. AT RR A9
BIF TR 238 ARR A P 1R e A . A B AE eI AT S04 o5 o e B, SR 3

PR JERR R Hs SR AR P ) =4 o i3 Pl A%
B (sl R R 2800 ke BXUTr RE AR AN BE I
BRI V2% S SRR B R B T 1) R AR AT
Bt JIDIE T8 A TR B A AR O R 2l o, DA
ST LD R e 1 REE v 0 (S (e 2

2 PRI R T R 1K A

SLIOHAR AN 1 TR, WEBH 14 mm K E
PRIE(EE DB A1 66 mm K WAE 108 5 I IE AL
ForpoR A7 SR 7 HEEF I (3L 38 HR) AT 6 el 44
Yeo VUEER R 2 mm J5, MBS AEESN 1Cr1 8Ni9Ti,
2 UL F A 38 AR H A 23 Tl O AE S5
BB bR 2 T, BT 4 e R 4Rl ]

A-A WY .mm

a=128

s 3= maz =c= :=SRE

BT SR AR i

23 CI VR AN AL SR AR A PR S AT PR RS N 7 AN H R o el TS A ) LA R

1997 4E 4 F Wk 1997 4E 6 H W EIME ok -

x5 28 fb dustrh ERRE B TR BTSN 100080



190 /IR SR BN B S ® 13 %

AL FRAAE BATRIFRAE, WG 174 3800 V0 TR X

N TR =4 RS W] e AR ZRU il S i RO S A AR, R R I
SO 7NN 3 6| 2 A i e DA R el s 7 ol LT I S R DI RN S v

XU /X = (55)[#( A 5x)] + Su (D

b G Lu, v, w, t,k FVER, 20003878 7 =4k 8 0 I 2 1 AR ot g e R sl sy (e FE
BE B P AE TRE < 1EME AR VR RE M R HICR T RE o S # o D A5 RER JRESURN (™ HE
FH R VAT ASCHUE S P #o 1 Su I RAIE . BB T i Tl PHOENICS K
G TRE DL S AT BN B bR R EE R HIFIN TR, D7 4 e e, 31X AN 555

1 #u Su

U #u Su

1 0 0

ui Lot - 5p/5xit § 5[ Leer(5ui/ 5xi)] ,  Ler= L+ L

t L/Pr+ L/Pr w(5p/ )+ 5, 5 R TERER S

k L+ L/ R Lo( S/ 5%;) [ Su/ i+ Sw/5xi]- QE .~ L& CL/E
E L+ L/Re B k[ o L (Sui//5x;) (Suil-5xj+ Sui/\5xi) - c2(F]

J& 01 5B RE G OC BB S el s E R, X7 S IR BIE TR, H SIM-
PLEST S0 KA It - F RS ERG PERMER, AR B ERE PN TR P sl& A4 4 H .
P 7y 7 FE ) B ORI TG 2500 kX R B R R e/ TR 5, AREOT R 41R 4 34X
1, R T 0155 S A AN O ) PR i 2 RTINS 25 RS AR Y LU IR e . e Ab, DR R et =
BN P BHAS AE FH, Wt TG IES T AR 22 AN UG A, 52 48 PER il a8 350, PITLAAE x
-y FITNA REEATIHEIE .

BT P REAT T SRk b BE o 1% B AR PR 3 A T2 IR an

(1) {E PHOENICS W#4% il &1 AR5 2 B ) (L 47: Pa) o A T AMIEEARTHE I 8 A\ 2
=PRI R AR B e KSR B ATICE PRESSO 1, MR )R SkAF T p 1 W IXEERT SR
fiE IR P 7S Br bR AR . e Ak, — 71 PR S P AR e, R T A A A FR
JUfgis FHAER SR AR 12 59— 1T DR RO 8 TE T V4 0 255 A BR HhA R I 14 /5 F (R4 , it BA
SR AR B 00 T4 I N, Hs 0L &R, TR A AR A% A R (B ) ORFr IR O e
JHERITEE, VARMAX(p 1) = 10”1 VARMAX (pl)= - 10K % PHOENICS A kit
RN o LB e E A b 23 A — AN A SR A, S EL TR [ Do P (10885 S I AN AT i
)T p 1, T VISR RS P 7R 2 B2 A R A7 i s 4 p1 55 PRESSO0 2 F, s Avas 5]
RCATAT WSS IR HfE, SEAN 2T SO B L S B b [ A% P I 35 B R T e, 7R BRI T8
i 2% 2 ), SUEME H R L R A A ] DA, TR AN BB A S I AR o AEARSC
AEION B 12 0% BERIAEL 1, 48 IO U S5 R v LU PR A5 20 Sfi

(2) 753 AL 25 AR 1 K R R (PAT B2, AR i (v BORG BON AN Sk Rl Shus FE 1) 52
Wi AN[E) o 76 5 I SRS A4 o) SERE A1 ( SRR IRAY) 32 G 2[RI, Js I8 1 7 R s i
AR BN AL . P, BB SKAGIE B2 B ) BB ISR AN 2 0 220, 1 H 2 45



o2 W TG S 1) R AR AT B U A P 2 R B AN A 3O R B B \191

() o 75224 [P 35 AL ) v, 38 3l 37 752 — 8 BOVE SR W) 5 A RE A B 7 . fr il
FESAR T4 R 2 T, RS ittt 75 21 [FIRLRE Iy th, 248 SRS R S el 2, TR kit 22 1 R R 3 1
SRR T A BB, ASCICE AME I D) 92 %5 2% RESREF (pl) = 1077,
A7 Ef) RESREF (U= ihE(kg/s) X 107 fENARER v, TR 1) Sk %4 78 LITER (p 1)
= 200, B L) LITER(V) = 200, HAAZ & 1) LITER(U = 50; Hs J) (FIEARZ 1E A ¥ ENDIT
(p )= 10" °, #EJ¥ (1 ENDIT (V)= 10 °, HAhA48 ¥ LITER(V= 10 °.

(3) 7 PHOENICS F /¥ EARTH H HEZ ) FORTRAN T /F—GROUND T 1F T id&
M I T E Gl v S AR A R . 4E PHOENICS WL T A FTH 5 s £
WAFAEAE F- array "5 Lo RN RS LIS TERR B AE F AU A BGZ A% g
R s 7 VR A (IR, SRS AR KRV GROUND 1~ F5 Hh B (4 1 1 A SChn N s 7k 1
P2 ATV 5, 1K 02 2 PHOENICS (1 4+%E GR OU ND 1 27 HP 4t (14 A2 fh vt SAs 72
TRAG PR, A L5 A2 ASSC IR PR B3R d SRk [m] F B A b ok (O B AR SR N 18 T 249
PERR A IE 856 3000 k- BRI T ZRANE  BRAb, 26 14 S AR AE0E T IR AR i R 5 4] 1
h LEAR I, AN NS PH OENICS #EAT 7 FREH FIid G 4% A8 3 ity A= 110 3 S0 10t

VAT AAE LR 25, VI T A PR F R ) 7 Tl JSERR Sy B ) AR Ak B 30T B
[ 35, SR P B T R v, B — AN P % g R T 1) 0 T B P 06 2 xp =115 Bl yp <200 277
k- EXUT R R E R Ci= 0.09, Ci= 1.44,C= 1.92,R="1.0,R=1.3,Pr= 1. 0.

A HIS I BT A MOIR ST B2 Q= lp/ (RT) , HA Mk AR A A -

B 4 2 K- _ ar T ~
SRAEH K L0+ 100 29D % 2T w/(m o K) (2)

4

a1= 2.64638 X\10°° ,\ ar= 2454, = 287.11¢ (bT')  J/(kgoK)
=0

¥ bo= 3.688426 , \bi=- 1.642285 X 100" , b= 4.196653 X 10" °

by=-2.986517 X 100" |, b= 7.194228 X 10 " (3)
) Jkk L=C T/(1+ C/T) kg/(mds)
Ci= 1.5086 X 10" ° , Co= 124.45 (4)
UG R M= 0. 09k’/E (5)
R ULNEI8 Pr= Lo/K (6)
BERUPEL 1Cr ISNIOT 1 [ itk Ak A by

FREL K= 14.4+ 0.016t w/(m 6 K) (7)
b o = Di/(1+ D2T) J/ (kg 6K) ; Di= 474.45 , D2= 1.9X10* (9
S A% AR ] A DX B R AR s) - u=v=w=0 , k= E=0 (9)
Q= Q , o=o , K=Kk (10)
XERFEAE y= oaﬁ,v=0,§—‘y1= 55—Vyv=0,5§=0,%=0,§—5=0 (11)
2= Ol w=0, 2= %=0,5—5;=0,%‘=0,§;E=0 (12)
SOHUN ERIEHEAE(R THAYS): - K 3|, = q (13)



192 /IR SR BN B S ® 13 %

S IR L AT R 2K

S_t = . — 0.8 _ Tout OL
- K P At- tum) ; Nu= 0.02Re , Re= SEVE (14)

L D Hh AR e

3 gl airEitie
78 SCHER 3] VR B0t Pham A A, SR T T 11 AN 00T I SE 30 A B A LA —

IR IR, B 2(a) ~(c) 2 34N L T

Bo MR 4, 8,16, 24 AN BEAE T AT Tl Ry 120 O e

0 R TR o 3K R AR AR b AR A XS 0Rc8

O S 1T BB % s 3 L w1 R v 54 X1/

T8 RST BRAR N, BHO AR, Wofl i 720 4ok 0

% BRI S Y S S £ B, WA b mms s T
ST 5 IR AT P @
120 ® xx
5 O #x
= Mm
mg60
Oluaasaaa s s s aaaaaaaaas saaaaaiaasasaay
1 9 17 25 33 37
M FS
(€]

B2 BT S 4 SR K 0 (@) TR 24322 w/m?, (b) 4 31347 w/ m2, (o) A4l 32843 w/m?

DR] Ay 5 A R A SRR 5 TR AT 38 R I s 4t 1 L AT RS 1 S22 8, Kl 4338
A JU A8 9190 A6 IO IGvE 5 Rl s 1ok &5 4
W 56 4 R T Bt ke, R A9 K DL D7 A AR B AT
BT Wi A . TF SRS A PHOENICS =4k
ERPERREE AR, W 3 . B TR AE Y
(x/D= 4 Fly/ D= 3) SCHEH, Hex Fly J7 17 k355 M
% o z J5 R AR 3 7 1, SR 8 23 S 43 4
PR AR SRR ) AR, SR 195 T 2 o YR AR A
PR R AN TRD T 5 [ 58 2 A3 P R IS8 43
S AT HERh Sl s s R ST R . BT
I3 UE T 20 X10 X 10, 40X 19X 10 F11 80X 38X 10 = Fft [ Sl 11F 25 L0 WUAK JT Ak, 45 5
55 S0 AR KARZETE 12% LA o

K FEk ST AL S A R G OK o SRR 5 W 23 BT R (1) TE 5 FEAR R (R DY 4320 it
Sy BRI ) B S U8, K T 3Rk ), ST S S PR B ((2) SR B DK TR AR A
W1, AR DI P s A T Rl i et (3) T AROK T R AT Uy, o 4 T B8 22 1 P U E
[b], fdi73 AN I, 584 T A% #e B DU SRR RO B P R, P Lol vk S0

B3 T A



o2 TG S 1) R AR AT LU 0

KIS IR e SRS R IR E )

WA T SR 5E 2~3°C.

4 JEIE MR EAR EE 1 7= 5 #i b R E

2\ z. s“’
I

TN o Pl FmT LS G ALE JUITE BGH RTRR
EATRERRZ WL, A AT AL

K52 1Z= 1 R0 L ARE 2 K, bt T
T BTG 2R IS TR R R o AE /<[]
R RS TR i AR FEAOK, P DA SR 2 4, T
LA WA o IX AN U ST iR AL SR
A, iy L I 8 A 0 AR L A 1 A
AR ATIR 2 0 A AT 28
K 6 & 17= 5 #i A . s
AR B, A A TR I, DI I gl S AR
J5 AEET I R AR e ANt 1 5 5 4 SR
1A JAIES Hepy Sl 20 AN B4R o X2

X (1—3)Nu=0.07185 R0 1747
ACS—11I)Nu=—0. 04474 Re® 8085
2| 0OC30—33)Nu=—0. 05972 Reo 7730

B 7 Ix= c#F¥ NutjRe XF

K5 1z=1#0msE% R

K6 1z=5#mER%RE

Nu=0.05724 Re0- 7984

B8 HTHIFHNuLE ReKFR



194 /IR SR BN B S ® 13 %

Shy H ) BETISZ S5 703 WA A FC o ¥4 00 T, P A A
P 7 AR BT b I E R IFHE A%
SN ARI Nu BOFME S Re BOPIIMERI CR M 6
WA 1 ~3 S AL B Nu $F3(E ok, 8~11 11k
Z.,30~33 Hzhv o BENTHERIT Nou HOBOK, oz Wi
AN SEF AR FEHE (04 JUSE SO0 REAR TR LM, T e oe00 2

Wt B AR T DA S0k BRI T/ B o Re

8 JT 11 /> T N S v I i Nu £ o % TR G 5T Re LR
FEIMAEE Re HOPYIMEMIX R . 5 Dittus- Boelter
o8 A B, AL AL T 2 2.5 £, X 5 HAh Bkl bei F21i .

fEE 9, BT 35 Re 24
K, 4 O S0 455 7R (1) 6 Tk R R
K o

K10 K 6 )= 4 Ko #F HEL
AR THE SR AN a4 B, ki b
e PUADRT AVURGE (1)t 88 32 sy T PR o Ak
BE, FTAERE T 38 A7) L T iy
3.

4 4 »

(1) B BB D 4 i 1 n k=
SRAL AL B T35 Nu ok 2052 TeEH
TMIE) 2.5 £, (HIX 75 B DA 210 [k
T RAE T A o S RLIX 11 AT B
1% 7% A8 T U 8 TE B BRI PR A B2 S R Nu= 0. 05724 Re” ™™ Cr = 0. 1701
Re™ ", (2) 7F 5206 0AIF Y Y, K AREL KR BF AR EREIE TR ABEL NI EH I o (3) Wi U
TS A2 TN S8, o AL AT R o (4) AT AR AT BT TR P A3 M T R AR
YIRS 4% P Bl A | 28 5t 5 Sizatott LUAIE WA TEAR 16, 7T ] F0mae 1 A AR R 1128
53T .

X10°Cy

14} x
= = M oy

K10 1Z= 5 I o A = 4 K

I Han J G, et al- A Computer M odel for Gas Turbine Blade Cooling Analysis- ASME &- JPGC- GT- 6

2 Dawes W N,et al- The Solution- Adaptive Numerical Simulation of 3D Viscous Flow in the Serpentine Coolant Passage
of a Radial Inflow Turbine Blade. ASME- 92- GT- 193

30 XUZR, e, 52 )k N 5% 1] HH AR B0 T P 2SS A A BB RN SSUR BT 5. v R R B R A B
WAk, 1996

(DTG W)



222 Journal of Aerospace Power Vol. 13

out, and its pressure loss. lean flame blowoff range and combustion efficiency were re-

searched. It seems that the EBMC flameholder is superior to the conventional V- type one.

Key Words Flameholders Afterburning Aerodynamic Stabilization

NUMERICAL MODELING OF TURBULENT FLOW AND
HEAT TRANSFER IN A PIN- FINNED CONVERGENT

PASSAGE OF GAS TURBINE GUIDING VANE

Liu Dong, Gu Weizao, Liu Wenyan
(Institute of Engineering Thermophysics. Academia Sinica, Beijing 100080)

Deng Huayu (Gas Turbine Establishment )

ABSTRACT A numerical model of cooling air flow and heat transfer in a pin-
finned convergent passage of gas turbine guiding vane was set up, which employed a turbu-
lent k- Emodel, a 3D Body Fitted Coordinates (BFC), the SIMPLEST Algorithm and the
whole field solving method of convection- conduction conjugate heat transfer problem, tak-
ing the interlinks among the flow field, pressure-field,” the temperature field, the property
variation and the effects of compressibility and 3D heat conduction inside a guiding vane shell

into consideration. The computationresults-are in-a-good agreement with experimental data.

Key Words Blades® Cooling Heat-transfer Numerical simulation

RESEARCH ON EFFECT OF CHEMICAL- EQUILIBRIUM
ON THERMODYNAMIC CYCLE PERFORMANCE

OF GAS TURBINE ENGINES
Tu Qiuye, Wang Zhanxue, Wang Shu, Tang Diyi
(7th Dept. Northwestern Polytechnical University, Xi'an 710072)

ABSTRACT A quickly convergent algorithm to solve the chemical equilibrium
equations is adopted and new subroutines are developed to serve as interfaces between the
high temperature components routines and the chemical equilibrium routines. The effect of
chemical equilibrium on each individual component is also given quantitatively and the mech-
anism is analyzed. Finally, an engine performance with considering the chemical equilibrium

is compared with one without considering the chemical equilibrium.

Key Words Chemical equilibrium Gasturbine engines Performance



