202342 A E{ I s A N Feb. 2023

Fa4s 2 JOURNAL OF PROPULSION TECHNOLOGY Vol.44 No.2

SRR —ERIIT TR
LF, RBM, B 4, ZER'

4
(1. PEZESS RS kR SREARTRIT, W 45 621000;
2.

REZS S RS E RSO, I 4P 621000)

M

o OE. ARERS A AR RREN, AET ARt AR, BFRAARAE
TRACHG S 7 T b — R ok, Rt AT TR P R A AR, K- RAFIER AR,
KAREMA AR EME ZABARR, FRAABRP TR w; FESTRELE, ARAFHZE
A B AR, SREIAT, B Ry Befeik B = AHARIATHAC, FRETF RS kRS #ITT %
B, AF— & WRRB AT T ALK, B ST LR T e, BT R T A R R R A R
RAFRAE; AT, WKRKFFHART LR EH, BETARFRT AU H T AR ATE;
HB o &R AREEZLIEGFHMEEI2 AN, LIHEGR Z B ATMEN T IMEE0.054 AR ; »THHER K

B TARIE R EH
KPR AR, — %%t RIBARE, Akt SFEacE
FESES: V231.1 XEEARIRAD . A XEHS . 1001-4055 (2023) 02-2203034-10

DOI: 10.13675/j.cnki. tjjs. 2203034

One-Dimensional Turbine Optimum Design Method with
Smooth Flow Path

JIANG Zhu-yu', FAN Zhao-lin*, QIU Ming', WANG Guo-liang'

(1. Aerospace Technology Institute, China Aerodynamics Research and Development Center, Mianyang 621000, China;

2. China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: To ensure the smoothness of turbine flow path profile, a 1D axial flow turbine optimum design
method has been developed. The design method can inversely design initial flow path at first, and then optimize
smooth flow path. The method focuses on the calculation of aerodynamic parameters at turbine mean radius by
solving 1D flow formulae, and utilizes energy and velocity loss coefficient models. The influence of cooling air
mixing and variable specific heat can be included in the method. And genetic algorithm is also implemented to ob-
tain optimum flow path geometry, stage work distribution, and velocity diagram parameters, aiming to improve is-
entropic efficiency. The design method has been used to commence validating computation on two reference tur-
bines and optimum design on a four stage turbine. Finally, through result analysis, it can be shown that the de-
sign method can effectively design smooth flow path and improve isentropic efficiency. Mass flow rate, expansion
ratio and isentropic efficiency calculation results are basically accurate. Stage loading and flow coefficient distri-
bution are relatively reliable. Meanwhile, average absolute value of blade row exit flow angle error is within 3.2°,

with average absolute value of Mach number error less than 0.054. Besides, variation trend of blade row loss with
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stage is generally accurate.

Key words: Axial turbine; 1D design; Smooth flow path; Optimum design; Isentropic efficiency
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Fig.1 Turbojet turbine flow path
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Fig.2 1D code design flow path

Table 1 Overall performance of turbojet turbine

Parameter Reference 1D code Error

T 1.862 1.860 -0.002

n 0.88 0.88 0.00

Table 2 Exit flow angle ©)

Parameter Reference 1D code Error

a, 66.0 64.9 -1.1

a, -3.8 -1.5 -2.3

B, 232 18.9 -43

B, -54.6 -56.6 2.0
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Table 3 Exit Mach number

Parameter Reference 1D code Error
Ma, 0.866 0.809 -0.057
Ma, 0.490 0.439 -0.051
Ma, 0.382 0.358 -0.024
Ma,, 0.845 0.792 -0.053
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Fig.3 GE E’ low pressure turbine flow path
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! ! " j j " Table 6 Exit relative flow angle ©)
06} y Parameter Reference 1D code Error
Stage 1 47.9 45.7 —22
el ] Stage 2 493 479 -1.4
§ 04l i B, Stage 3 47.8 46.4 -1.4
/_,/""“'\— Stage 4 40.0 38.4 -1.6
03} 4 Stage 5 242 228 -14
Stage 1 -61.3 -59.0 -23
02r 1 Stage 2 -63.8 612 26
ofo Ojl ol.z ) of3 0,|4 075 B, Stage 3 ~63.8 -61.0 -2.8
z/m
(a) Inverse design flow path Stage 4 —60:5 =71 34
. . . . . . Stage 5 -50.0 —47.2 2.8
0.6 . Table 7 Exit absolute Mach number
osl ] Parameter Reference 1D code Error
Stage 1 0.633 0.628 -0.005
£ o4t ] Stage 2 0.625 0.639 0.014
i g S Ma, Stage 3 0.641 0.653 0.012
03F 1 Stage 4 0.593 0.612 0.019
Stage 5 0.531 0.551 0.020
02F . . . . . ] Stage 1 0.387 0.376 ~0.011
00 o1 02 03 04 05 Stage 2 0.389 0.370 -0.019
(b) Smoothened flow path Ma, Stage 3 0.388 0.368 -0.020
Fig.4 1D code design flow path Stage 4 0.351 0.339 -0.012
Stage 5 0.327 0.348 0.021

Table 4 Overall performance of GE E* low pressure turbine
Table 8 Exit relative Mach number

Parameter Reference 1D code Error
Stage 1 130 130 0.00 Parameter Reference 1D code Error
Stage 1 0.430 0.440 0.010
Stage 2 1.35 1.36 0.01
Stage 2 0.407 0.422 0.015
Stage 3 1.40 1.40 0.00 3
- Ma Stage 3 0.397 0.413 0.016
Stage 4 1.36 1.36 0.00 Stage 4 0.344 0.370 0.026
Slage 5 1.26 1.26 0.00 Stage 5 0.323 0.344 0.021
Overall 4.21 4.22 0.01 Stage 1 0.601 0.558 -0.043
n 0.915 0.912 -0.003 Stage 2 0.623 0.578 -0.045
Ma,, Stage 3 0.646 0.596 -0.050
Table 5 Exit absolute flow angle © Stage 4 0.600 0557 —0.043
Stage 5 0.503 0.506 0.003
Parameter Reference 1D code Error
Stage 1 61.0 60.8 -0.2 . N N
Xt L P 3 P 4, 0T L B — 4 AR O R 145 5
Stage 2 64.1 63.7 -0.4 . . . . o
SN RERES P B (- N RAN B 2RI EEA N TP
a, Stage 3 64.8 64.1 -0.7
SR G E L V2 3 . i f=
et 61 o e R RE A R R — e, O T
Stage 5 56.0 54.9 1.1 SIS BT A R RZE RN . 43 AL B R
Stage 1 -47.6 -422 -5.4 J¥ 0 A8 ) 5 A A R R T, 25 0 3 AR B TR 4%
Stage 2 -49.1 -432 =59 - HE A 1 52 B IR A W] o 220 D550, AR [R] 2 o
® Stage 3 47T 4 6.3 Kb LI T8 R 45 55 5 AR U A 22 1E 1.67%
Stage 4 -37.0 -30.9 -6.1 LY
Stage 5 -12.5 -8.4 -4.1

MF 4 n] LA B 7 SR RE S B0 T 45 R
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Table 9 Restricted conditions

Parameter Lower limit Upper limit
o 1.0 3.0
(0} 0.25 0.40
60,./(") -30 30
Ma, 0 1.0
Ma,, 0 1.0

Table 10 Number of GA parameters

Parameter Opt. I Opt. 11

Optimized parameters 7 25
Individuals 50 80
Generations 200 200

_______________

L —Opt. 1
06 — - -Opt I

0 50 100 150 200
Generation

Fig.5 Fitness convergence
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Table 11  Overall performance of four stage turbine

Scheme Parameter 1D code NUMECA
G/(kgls) 30.28 29.11
Initial 7 5.467 5.467
n 0.9016 0.8941
G/(kgls) 30.28 32.58
Opt. T 7 5.467 5.467
n 0.9118 0.9074
G/(kg/s) 30.28 31.53
Opt. I 7 5.467 5.467
n 0.9148 0.9081
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