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Turboshaft engine overall design method based on
balance of components’ difficulty coefficients

ZHANG Shaofeng, CHEN Yuchun, GAN Xiaohua, LI Xiaxin

(School of Power and Energy.,
Northwestern Polytechnical University, Xi'an 710072, China)

Abstract: In order to complete the design of the fifth-generation turboshaft engine from
the conceptual design stage to the preliminary design stage, the integrated design method
based on the overall performance and size and mass of the turboshaft engine was studied.
Through statistical evaluation of typical models of turboshaft engines at home and abroad, a
database of technical parameters such as overall performance, overall structure, and the
components’ aerodynamic/structure/strength/material properties of turboshaft engines was
established; the concept of difficulty coefficient was proposed, and the technical parameters
of the turboshaft engine were selected in the conceptual design stage using difficulty coeffi-
cient, An integrated design calculation model and program for the overall performance and
size and mass of the turboshaft engine were developed, the overall performance of the tu-
boshaft engine was achieved under the constraints of the design criteria. Design of overall
performance and other components performance, such as the aerodynamic/structural/
strength/size/mass of the rotor components, was completed under the constraints of the de-
sign criteria. Results show that this design method can complete the overall design scheme of

the turboshaft engine, and in this way, the fifth-generation turboshaft engine with 1500 kW
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shaft power was designed with specific fuel consumption (SFC) of 0. 248kg/(kW ¢« h) and P/

W of 10. 26 kW /ke.
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Table 1 Technical parameters database of

turboshaft engines
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Fig. 4 Overall design flow chart of the turboshaft engine
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Table 3 - Input parameters of the axial flow compressor
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Riia 2.0
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Table 4 Input parameters of the centrifugal compressor
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N 1
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Table 5 Input parameters of the gas turbine and
power turbine
24 MAMBEHE SRR
N 2 2
Ma, 0.2 0.42
Ma,, 0. 34 0.5
R 2.0 2.3
R, .ou 2.6 3.8
C/S. 1.4 1.0
C/Sou 1.5 1.2
D, 0.7 0.7
Dot 0.7 0.7
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4.2 BEZFRITHER

M SR EE G BT 9 2 Bk A L iz T il R
LB R L i B BR8] L 58 i Bl &
SALAS AR LA S B A 1 £ 5 B O 56 6 2 A B
PR PE B8l 5 0 5 B2 PR 45 2% 1 L T 40 1
R SHLEIR T R as R IR 6, Kb W, &
TR 0 F R S T A0 H B 7 7
BRI A BRI B F i e 0R W o B L
FARBK.

R6 RMHMADNNESEEERITER
Table 6 Overall performance design result of

the turboshaft engine

28 H
W./(kg/s) 4.2
Rop 16. 1
7 0. 81
oaic/ Y6 14. 8
T./K 1663
et 0. 885
Mot 0. 904
P/kW 1500. 0
C./(kg/(kW « h)) 0. 248
(P/W)/(kW/kg) 10. 26
W/kg 145. 2
L/m 1.38

9.0~11. 0 kW /kg, iX = B )& K A5 5 Uik G &
BALIR B = FIR 56 2R FH B G L 2 G A RE . ST
LA 2 0 v I R T L A AR R e = RN I A 1 Y
N R

RT HMRESTNEHSH

Table 7 Output parameters of the axial flow compressor

SR EAdIEN ZH LA ¢IEN
N 3 U ocin/ (m/$) 480.0
N,/ (r/min) 44400 ob.im/ MPa 244. 2
R, . 4.15 D,/m 0.21
R,. 1.735 D ou/m 0.17
w* 0.413 Niin 35
n 0. 888 Ny ou 60

*x8 BOLESHMEHSH
Table 8 Output parameters of the centrifugal

flow compressor

ZH Ha 28 Hfe
R, e 3.88 U.ccoom/ (m/s) 595.5
T 0. 842 0 0.63
N, 0. 495 B/ 50. 33

R RENAHSH
Table 9 Output parameters of the turbines

FEAA SR A A BT 7 v, W b i
JEAMLGE R 1T SRR P 1153 L i TR ML ) 95
3 G AR RS R R, R 4. 15,5535 N,
44400 r/min. PE 025 BE R U, i 480. 0
m/s, HALTEYN A9 Bl 450 | B B 4 AR L R
T %W o, FoRM AR R F7 U, Fom IR B
D, Fm EAHELFE B ME N, FR M R AL
BOESHMIEL R, N 3.88, i 23 & K
U wcoou M 595. 5m/s, HAB A BT 25 R WL 3% 8,0 %
NEDESHR IR BRI AR WM. R
9 R B IR RIS R B ik e
% 3 N, g 20900 r/min, 3X & s ALk A 75 2
PN O T
4.3 HERSH

FE AR TT I . th 2% 6 T, R S AL T T
10. 26 kW / kg ik B 45 5 4815 &b & sh LAY Zh 5 L

28 PR EEIDAR AL ity
Yy” 2.0 1.75
N,/ (r/min) 44400 20900
V satio 0. 876 0. 963
An*/10° (m* + (r/min)*) 29.33 19.2
Ny 58 74
Ny .o 66 86

FEFRAF J5 1T o b 3L e AL I 2 3 J8E A #1480
m/s. 5 1R IR F) 1. 735, AR AL T8 Y i3
oK 3 3 B SR T S kB S BTN S 5
FrfoR . ARG SR DT ST 45 R A R LY
AR BT R BN 0. 413, ZAERCR N 0. 888, 45 &
AT 7 7l 3 R AP RR A b A& 10 iR
R R HLA 2 A2 ROCR B BT — AU B KR
il 30 s SOPIL A A 2 A R BRSSO 0.3 ~0. 55,
JI LA e ML Bfer i A — € I . B0
LB ELRE T O 0. 495, ZAERCR A 0. 842, 1% &
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Coupling diagram of the G5 axial compressor
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Fig. 11 Coupling diagram of the G5 centrifugal

compressor

* TR
261 Azt

e i
04 06 08 10 1.2 14

ratio

B 12 G5 R rHEE A
Fig. 12 Coupling diagram of the G5 turbine
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