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Development trends of aero turboshaft engines

Z0OU Wangzhi''*, ZHENG Xingian'**
(1. State Laboratory of Automotive Safety and Energy.
School of Vehicle and Mobility. Tsinghua University, Beijing 100084, China;
2. Institute for Aero Engine, Tsinghua University, Beijing 100084, China)

Abstract: Based on the history of the internationally famous turboshaft engines, the de-
velopment trends of turboshaft engine industry were summarized, showing distinctive fea-
tures of serialization, dual-use and international cooperation. Basides, the national-level de-
velopment programs have played a leading role in the progress of turboshaft engines. Based
on the statistical analysis method, the future trends of turboshaft engine structural layout
and performance were predicted. In terms of structural layout, turboshaft engines would be
developed towards the direction of compact layout, and the stage numbers of compressor and
turbine show a decreasing trend. More specifically, single-stage/two-stage centrifugal com-
pressors and single-stage turbines would be more extensively used in turboshaft engines with
power output less than 1500 kW, while axial-centrifugal compressors and two-stage turbines
would be more commonly used in engines with power output greater than 1500kW. In addi-
tion, forward facing output with concentric shaft would become the main power output lay-

out. In terms of engine performance, for the advanced turboshaft engines in the future, the
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pressure ratio and turbine inlet temperature would be up to 30 and 1900K, respectively, the

specific fuel consumption would be as low as 0. 20kg/(kW « h), the specific power and pow-

er to mass ratio would reach 400 kW /(kg/s) and 14kW/kg, respectively.
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engine performance
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Fig. 1 Serial development of typical turboshaft engines
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Table 2 Application of typical turboshaft engines
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international cooperation

Lo AR LA A VR e XU S 1 i £ 6 T A
2 AN W00 i) SRS 1 [ B A B B B

e [T 0 2 168 il A Bl ML A T 5 1 22 1 7
AE ARG HE 2 [ KRB 52 T 9% ) A Tl 5 it
s L S R L S i b A S HIL Y e K P 5 T
Proe KA AP AE R 22 . O T RR B i
75 W A S LA G E AR XE £ AR TH B EWFRIRE ST
S BT S ol bR 3 e Ji L R R e [ 6 25 AR b
UL 2 il 2 Sl HIL I B 10 A R 1 T I
L4 EREZFHVNITRIGITHLE

UL 2 103 Bl A2 B ML) A 8 B AN T 4% 2 Wl I EER
QB R BURANE PR S A W B AT E K Sl
S AT A B R SCRE AN S U o il ad [ 5k B
BLA TR Y TR 22 51 R #3094 BA
fh Ak B QT IFIT R — R I A S U S
ARTE B B BRI 4 3 AR 2 A0 ATl s
K. TR B K Z 7 T 1] 25 6 A ik e 7
AR T 95 T 1) AR A 2K 8 19 R TUAE 15 B £
R BETAE S - PRSI T2 il & sl
HF il 8 77 A1 A K-



5% 12 3 AR A

Wiz i il 2 S B T 2581

FE B R & S LRI 51450 1T, 56 [ S T 24
W@ B 0 Bk . 35 %5 THPTET 3R 49 i 2 15 52 it
i 5 [N 15 A [ LS T A0 Y Fad 25 30~40
SRR F AR Ry S5 K 5 WA K Sl AL
S HIAE B E T RS FERETY . 6% THPTET 3
R F R X il /e 2 K sh L bR —BRS
B e IR S BRI JTAGG )« H bk 2 A i
il /W 2 R SAILIERE B 0 T T EL R B AT A 7 L A
JEAGES, VAATE 1802 THPTET 314 i) #E 45,
¥ THPTET 33 v i 0 52 il R 0 47 % i L 3 Tk Fi
ARSI 50 TR S LA 28 5 AT RS2 X
PRI T /N R S AL R (SHFE) S ik 48
Ul Rz e & s LRI CAATE) | ootk i 8 &
LRI ATEP) KR 4 3% ol K 32 %6 & gh it
R (FATE) fIE A0 & & sh MLt J) (ACE) &L
B X i i 2 LA 7o F R, AR Py 25 0L 3% 3,

B 25 [ 41, 2008 45 R B AT RICU fiip 25 Tl 38
[ 8 T 3 i K 25 71 %] (Clean Sky) . SAFRAN
AL ARG b 31 3 I J T — A0 b & sl WL E R T
WF.JERL T Tech 800 Fl Tech 3000 1 34 A Ky jiF
B I A 52 AR 43 530 Iz 38 — X it il & 3l AL
Arrano fll Aneto 1,

F O AT L B 2 36 R A5 DA T 3 75 5K =1
M e 4 IR 8l J) B A 32 SCE 58 % T2 i
B 2 SAILIXAE 0 7 AT AR 7 B SR A SRR
#gl, WEENMES EXEE Eh R RF
e FRATT IR 58 I AL B o B L A R A 1 R R
S B TR 45T [ s it il e Bl B A R R
Uk, 3 2016 AR 4R T b [ ] B 20257 6
W LX) - 2016 A5 ey S it W AL EE K e 0L
] 0 200 8 T AN %t ] SR 4] 5 | S s i B & B
HLK e ) 3E I

%3 VAATE HXITH 4 A Fitxl

Table 3 Four subprojects under VAATE program

ok 4 E 47 $abR R R R d
3%k 370~1120kW 2003 Hon 11 %k % <&
W% i Bt 2% 8 3 4 Honeywell ik7ie
S HIAE ¥ 20% Ik —3 520kW 4% SHFE
SHEFE R o b 4 50 Honeywell 24 7 AR RERL
JNFRLRR A
E&ﬁ;*b 5 o L A Y 35% 2007 452 i, SHFE -4l
~ k75 B ¢ HaRDIRR
Ik 2240 kW
2006 4E 520 AATE 1415
R G Y 25% IR ANTE T

Ay e A AL

R A 65%

2009 452 ITEP 181 5

AATE GE & 2019 GE 22 #H] T901 5
L W FVLGRREEE it % 4 20% Al R OE A TO0L £
ITEP . 8 ATEC ATl ATEC A #];
Vet HE PR A ¥ 35 % 000 85 4 AL
BT HLER ) ) P B R A ¥ 15% e AR A
) " s 2
1830m,35 CIERE LR
Ih&% Hy 3700~7 400 kW
& FVL MR (BEE
5 . iﬂ} ] ‘Eﬁ e ¥ 35% 2011 4 GE A Al ¥ #2 7
Z HE e FEILIT R, o A
I WL A 80% . _ FATE %14 [
FATE & FVL i S . GE A ¥ . N
P it Hhr A 20% 2017 4F GE 24 Al 52 R &
jwiﬂ?%éﬁ%m PR GED AR ¥ 45 % FATE % 8 HLik 5
= 7 R v 20%
ok 30~7500 kW (A /NTRY 2016 7 ATEC A #]
wrriean O WO TR T ATECH
. Jo NALEN K B 47 32 Jie 341D ACE #4145 [
B T R - o \
i \ o WHE | 40% o UL S 0 75 s e
ACE S AR 0 ATEC 7 e
et gl IR I A 90% B0 5 e A
: ’ PR ¥ 50% 2019 4F ATEC 2 i) £ 4 5 i,

 FVL &4t 5 )

FH it 6000h

ACE g it

T A Ry 43 0 3R 3R D AT FE v 20 967 FR B 20067 HoA A b 3 1R D5 U KGR



2582 L=

I IS

LRI

2 RMENENTREZRES

[Fi b W68 115 B A Sl ATL AT EL 5 b il A 3 AL 9 T
AN NIRRT ekt RV R SN g R D S N o )
99l Z Ak A R AL A - B0 2 S TR AL
A i NE A . AT e b 1 iR A A Bl
BLAY IR AL e 58 A AR 2 A R SR e R B2 1
i 5z S AL A F A Jey ) R JR i 4
2.1 ESNEHERK

i K LI B LA BB L U
R+ B L AL S M 2 PRI AL . B0 UL
SRS I AN g G R N R QR N N S S 1G5 SN
LA TR B /N R T Y 200 B T A R UL
Bol WA Z TP, 280052 T 51
il 2 gh AL 3l T T O B AR E G T EE AR
G2 e ROT 8O BAR /N R R RT3
FEE L BNR RO AR RS S T BRI B
0 AR ST 5 1) s G IR

i i %z S HILAY B 2 45 GANAL B /N 5 TR AUBL
WRIAREYI R . B3 A T i & sh bl
DA R A G356 & L HF 4 i T A TR S
LA, P d A AR — AR S L OF Sc &
FIARTFD .

4500

A G4 AL A
3750 |- | & BB LA et
- @ S+ O = %
BCEZE Hasa) 0.9
3000 | e
= ] e
X I crr-8c 7 o
Q, zn o -
& 2250 Dv\
= L ] 2 NS B
1500 |- 4 250 kW/(kg/s)
| _f"- ° eo o
750 E
’I. P S A WL L W B S e
0 6 9 2 15 18
Widitm/(ke/s)

P 3 DAL B ] YOG &

Fig. 3 Relationship between power and mass flow rate
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Table 4 Comparison of single spool and double spool gas generator
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