4 4 Vol.4 No. 4
1989 10 Journal of Aerospace Power Oct. 1989
B 43l 1 HLRAT % BT B E A R E L
, Shapiro t

2
, Anderson'”

cc >3 [3]
1 2.
, 3 4.
5.
( ) 6
) T P¢
( * R Pt
C ’
]'Gm Y l’npl
1 , M
a
b, M, b e
R :N= (To=T0) /| (To - Tn)
N= (Tw-T2 [ (Tw= Tk) Te=T%w?’ (2)
= I+ wr2) 1o, (w ) i P
= Pi-1= [ (Ti% Tw+ (M- 1) /7-0]""7 —

ra

2 b b’



306 4

, , : Th=ks/ (ks— 1) -Rs
(T1=T2) [ {ko/ (ko— 1) = RoT1 [1= (P27Pp)" ")y : Ke= (k+ k) /2, Re
= (Ri+ R2) /2, ko= (ko+ k2) /2, Ro= (Ro+ R2) /2, 1 , 2
Lu

Lu= CowGi - CoGr+ (Cuw — u')Ge /G2
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AT 0T " " (k= V) MawdrTr” (2)

Ma " ?= (Wi—wr)/(rRT)
dP 1P =\ - kMaz{dW'/W'+ [cos’B(1 - Wec/WQ
+ s’ 1= wn/ Wa)1Gd G+ kMandr7r™ (3)
dP TP = dPTP + kI2* Ma"/(1+ (k- 1)/2Ma’)d Ma®l Ma” (4)
dWTW=sin’B7 (1- Ma®sin’B) { (1+ (K-1) /2-Ma " */ -dT" " 7T "~
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+ 1/tg’B(1+ 2Mail Mag)dr/r (6)
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AT T T (8)
T T = (GT+ W2-wr’l2) /Cr
AT = 1/C * (- TAC, + CAT " "+ T~ 'AC, - AW&/2)
- Wal C,AW m + 1/(2G) * (AWn)® (9)
AP = = PWou AWu+ G/ G (Wn — W) (10)

AWn (= WG TG+ G/ G (Wu— Wu) + WaR/ Co+ RT + RX 5
= - R’T”G7GWW+ Wrgzcr/c (M}m— w:nn) + Wm, (RT:‘ RXB) + R/ (ZC[)) w m
+ (RICr ~Wu—GT1GC-Wn) (Wa— Wa) = R/ (2C;) - (wn— W=)> (11)

Xo= 1/Co* (- TAC, + CAT " "+ T"7AC, + 1/2° AW D) (12)
, (7 (12)
Cur 0
1. CuR We
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4, (9) (10) TP P
0.5 , .
0
, 2.3%, 0.5
, 1.99% 0
0 , 0.5,
5% ; 0.5, 3.5%
. 1. A ;3
, , 1 2
1
1 2 3 1 2 3
P 12. 5706 12.3948 12. 672 9.1313 8.9989 9. 2875
P 12.6507 12.5175 9.2187 9. 0879
T 1292. 01 1291. 19 1295.75 1201. 51 1200. 6 1197
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1 2 3 1 2 3
77| 1304.22 1301. 17 1209. 78 1208. 99
7| 1427.48 1427. 47 1427. 48 1237. 43 1237.35 1238
TH | 1331.11 1331.1 1333.6 1321. 14 1321. 06 1323
P* | 19.3086 19. 0905 19. 4376 10. 3628 10. 2425 10. 4891
P* 1 19.2887 19. 1311 10. 4019 10. 2824
C 578.58 580. 32 578. 07 297.53 300. 96 293.36
c7| 581.42 587. 89
w| 310.82 314.05 309. 87 543.0 544. 89 548. 6
W 548. 11 549. 89
o 61.315 28. 41 27.98 69. 23 69. 48 66. 48
g | 61.315 61. 668 61.284 30. 88 31.21 29.29
Mc| .8324 . 8352 . 8337 . 4437 449 4369
My| 4472 .452 . 4471 08098 . 8129 . 817
Ly 23060 23057 23044
Lg 23096 23200
1 0.'923 0.908 0.932
A 0/9056 0. 8906 0.9329
p 0.3878 0. 3808 0. 3877
2
1 2 3 1 2 3
P 11. 404 10. 72 11. 626 5.079 4.621 5.09
P 11.494 10. 882 5. 184 4.848
T | 1363.13 1360. 9 1363.7 1158.7 1148.2 1151.1
T7| 1363.13 1373. 4 1163.3 1160. 2
T* 1611.1 1611.3 1611. 1228 1228 1228.8
TH| 1413.2 1413. 4 1413.1 1395.1 1395.1 1410.7
P* 23.87 22.61 24.28 6. 56 6.21 6. 69
P71 23.56 22.66 6.566 6.302
C 794. 4 798.2 793. 4 419.1 449.6 432.9
c”|  807.2 832.6
W 357 365. 4 354.6 774 791 806. 5
W 793. 4 798.3
o 16. 66 17.5 16. 35 61 63. 1 55. 81
B 39. 4 41.4 39.1 28.3 30. 48 26.25
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1 2 3 1 2 3
M¢ 1. 115 1. 1215 1. 1136 . 6379 . 6874 . 6603
My 0.5012 0.5134 0. 498 1.178 1.211 1.23
Ly 48095 47651 48104
Ly 44156 44133
A 8744 . 843 . 881
A . 864 . 816 . 884
p . 4601 . 4503 . 472
1. 8. 5%
, , 0.3
27 5% 30m/s, s
1% , 2.3%
) )
2. ,
8. 5% 4. 8%
)
3. , ,

[1]  Shapiro, A. H, “The Dynamics and T hermodynamics of Compressible Fluid Flow”] Vol. 1,

[2]

AndersonL. R., “Axisymmetric One-demensional Compressible Flow T heory and Applications” ASME 70-GT-82.

[3] Carter, A. F., “Analysis of Geometry and Design Point Performance of Axial Flow T urbine”] NASA CR 1181.



388 Journal of Aersopace Power Vol. 4

A METHOD FOR AERODYNAMIC DESIGN CALCULATION OF

AXIAL GAS TURBINE STAGES WITH COOLING AIR MIXING
Huang Zhonghu, Wang Yueqi (Shemyang Aeroengine Research Institute)
Yang Jinfu (Gas Turbine Establishment)

ABSTRACT This paper persents a method for aerodynamic design calculation of
axial gas turbine stage with the mixing of cooling air. The mass flow mixing and the energy
mixing of the cooling air with the main gas flow are considered directly in the continuity and
the energy equations, while the momentum loss resulting from the mixing is considered indi—
rectly. T he losses of blade rows and their distributions in the radial direction are determined
by means of the loss models provided in the paper. The influences of different cooling types
of blades and the non-uniformity of the inlet total temperature and total pressure in the radial
direction have been considered in the calculation program. The method could be applied to
multi-stage air—cooled gas turbine. The basic calculation method adopted is the streamline
curvature method. As an example, a design calculation of an axial turbine stage are present-
ed. The calculation results show that the effect of the cooling air mixing on the turbine effi-
ciency is significant.

AN AERODYNAMICAL DESIGN AND CALCULATION METHOD
FOR GAS TURBINE WITH COOLING AIR MIXING

Shi Jing, Li Junshan (Nanhua Powerplant Research Institute)
Wang Piyqia. Jin Shi (Computing Center.. Academia sinica)

ABSTRACT In order to conduct aerodynamical design ‘and calculation for a air—
coolded turbine, the coolant and gas flow mixing correlations, which'\satisfied the mass. mo-
mentum and energy equations, are derived in rotational coordinates. T he computer program
has been developed. Calculational results.indicate that gas-flow parameters change consider—
ably in the case of great coolant-mass flow ratie. It is necéssary to consider the influence of
coolant flow in detail.

AN APPROACH FOR CALCULATING STEADY SUBSONIC

AND TRANSONIC BLADE TO BLADE FLOWS
Wang Pingqia ( Computing Center, Academia Sinica)

ABSTRACT A software is designed to calculate steady subsonic and transonic
blade flows. It can analyse the features of the flow field according to the boundary conditions
and automatically choose the numerical method which is suitable to obtain the accurate re—
sults and save calculation time. When the coordinates on blade surface at inlet and outlet are
given, user can determine M ach number or pressure distribution on blade surface, M ach num-
ber or pressure contours in all of the flow field- T wo kinds of the numerical methods are pro-
grammed in this software: Streamline curvature method and T ime-matching method. T he for-
mer directly starts from steady Euler equations, since the multi—value problem in transonic
flows was solved by the author, the streamline curvature has been successfully used to com-
pute transonic flow, especially it gets rapid covergence when the flow is subsonic at outlet.
The later method starts from unsteady Euler equations but with constant total enthapy. T he
steady flow is calculated as the asymptotic limit after a sufficient long time of solution of the
unsteady equations. T his method with appropriate scheme and shock capturing technique is
accurate to compute transonic flow with shock, but in the case of subsonic at outlet, the
streamline curvature method can reduce the calculation time approximately 60%. Three nu—
merical examples are given in this paper. Both the calculation methods give comparable re-
sults and the results agree well with the measurements.



