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Modification of a Two Stage Axial Compressor
of a Turboshaft Engine for Helicopters

Jin-Han Kim*, Chun-Taek Kim*, Dae-Sung Lee
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ABSTRACT

This paper introduces the part of efforts to develop a derivative type turboshaft engine from an existing
baseline engine for multi-purpose helicopters aiming at 4000 kg of take-off weight for 10-12 passengers. As
a first step in meeting the development goal of increasing the output power from 720hp to 840hp with
minimum modification, a two stage axial compressor was redesigned to obtain the higher pressure ratio by
removing the inlet guide vane and increasing the chord length. As a result, a two stage axial compressor
was designed to facilitate a flow rate of 3.04kg/s, a pressure ratio of 201 and an adiabatic efficiency of 8 %.
Its performance tests were carried out and verification of test results and redesign are under progress.
Aerodynamic and structural analyses of the preliminary design are mainly described in this paper.
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Table 1 Specifications of Base Engine and Modified Engine

Specifications Base Engine {Modified Engine
Power(hp) 720 844
SFC(Kg/hp-h) 0.253 0.244
Corrected Mass ;
Flowrate(kg/s) 28 30
Compressor Overall
Pressure Ratio 85 98
Axial Compressor
Pressure Ratio 18 21
Compressor Efficiency 781% 79.0 %

Table 2 Design Requirements of a Two Stage Axial Compressor

Inlet Pressure 101,325 Pa
Inlet Temperature 283K
Flowrate 3.04kg/s
Basic Rotational Speed 41,500 rpm
Require- | Total Pressure Ratio |2.1
ments Adiabatic Efficiency | Over 0.34
Inlet Flow Angle 0 deg.
Radial Compressor
Inlet Angle 62.2 deg.
Inlet Shape Design Axial Direction
Radial Distribution of| . .. . N
) Total Pressure Uniformity within 2%
Miscell Compressor Inlet
aneous | Tip/Hyh Radius 88 mm/45 mm
Limits Compressor Exit
Tip/Hub Radius 765 /43 mm
Compressor Length | Below 118 mm
Off-Design | Stall Margin{Including o
Requi- Radial Compressor) More than 12%
rements | Operating Range 60 % — 105 % rpm

L

Performance
A Analysis

< | Design Valuables

Flow Passage
Analysis

)
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|
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Fig. 2 Flowchart of Performed Axial Compressor Design

89



ung -

g AAsy] 9t 1xd/2404 8
2a9o] ALEEHNLH {548 (flow turning),
Al (diffusion factor), ©3Kstage loading), <l
o] 2 AAe] AF/t HAY LR 139 4
ol HFA 4 (mean line analysis) T2
2 AEgE 2AR & AFAE 2Esa Yok
Hl e AZEg ol WP REE RS G2
e F2 FE) E o T 9Jo] v
Al 1A A AT E ) T ARSATh
AZ @ F3l 59 FHA AANTE 2] 9§
e fEA3(flow tuning)7t HX)E A3k
3t o FE5A3FS 72 139234
1 dssiMg £3 AR 1gdA ZAYE:
T4 aypy)el 786 A AH(E =EA F
W= I}
Ho Fgo]
& = At a7t olET A2 e A
o] AR, 2 Aolo] nR}E e
Folli= olg}h gt Aol vEhiTh ES 1
HE 150622 2doAe 1.3%B2 AAsE
AF MR A5 A Ak
g 9% golt}h. o] ye® &9 <
| 98 #3812 199 AS 105 22

X
(4

A

REpol
i e -

o

o I}

o
=
(18

= =

o
=
Il

4T ooft X o@ P A e
_O‘L
iin)
ol T

2o
e

o

_=

ix

offt ol
¢

P

>|ﬂ

i

=

Ho

o, =

tio i}

==

av

o
=

HH‘EQ& ru

o &
4o %

_(}{ o
N

H

oN oX & jo o H o f1 oM o I Ho g ob
,_‘m{)l‘f‘_?_'.

— fio

Ho oX
o
il

N
32
=

3 E=A A% (NN

AFHA AL AAME 4F7] Y75 wAE
iolojol st AF WA FUY Y7ILE A

1

?:!

o

- ojchd

ol

A =T

k<]

«

fl

3 HHAA 1° AL HEvhE: B fré
1% Wz 9d3fo] mmghs & ¢ YAt 22

2 FEHY g 9% o
XY HARE S B &
olt}. AFdE dAMNFY 2UGAR
Fol] 3t YTFH(27])9) 39 IPS (Inlet
Particle Separator) ¥:3H¢]
g AFgto] glo] Y759
AL dd4oz ofggol

3lo

2 ol

=

=

2 3% 443 F

29 P o HEL
2AAS AHgE 149 A
mj22&3 FEsA B
Ao dEhta ofe 94
st f2 P FHs] wEolth mekA
FraE 22 d4e) o3 a9 FY
At 970l dPHer gadhs
1d Zoj# 2g 5 7 7A dHE 9
& 7HAtkFig. 3). oY Fr2 LS
2o vj&) 1 Fo F1& ST 2
$0e AT A 19 2Ed

&2 S AAFAA FRUST) BEE &5

i

o ofN O rir
Ho

i

on i v

o U R O
lo

P49 i X o pl B N ok fo do do rif St

o,
Hml
ao ot S

%!
[e]
o
9]

e Aol 2o gald ATrEAd WE g% Bae % AFHAt AR TR AAF(n=2839 B
da =03 239 HAS S Az dPEe  ANAF/AAYY BAAS)7E 093~0%59 B
A 92 AL 19 2 TEaEZegort Jdu B%E HololthFig. 4). dFdE RIS #=09
R —
758 PO (e Y, Y Ea v ot Sl
rE R e V) o taa b 1 ke B A Tt
. L ———— =1 =TT O, LI ¥ L o ey ]
R LD O B e e X sl eha g '
g I A e Dt A Ak A e e e [ R E
“.»";'-;_;l = T Ea r‘!‘ﬁ -L_JL ;!"2 .2:.1-:@??.3: f.\l::‘z::n‘
F“\, ’\:j:,r»r —L;l\j,:: f—l'"'l-:{ - T m“m i A FL L K ESERET]
\‘:'_L’\/_. t— 2 by rw'-n..} 817
| )
ik w
Y T R L L Z i Y 5 G N 12
Fig. 3 Final Flow Passage with Axial Inlet Configuration
90 SEIHKML M2, M1, 1999



Wa|2E8 EHEAZEAT 2E

ALy

T
=
0
1
N
=
o
s
i

2.40 — - — 2.4
L Surge Line
2.30 = Working Line 2.3
2.20 2.2
2.10 + 2.1 Corrected RPM
22,00 £2.0 U
S1.90 S1.9 72 3%
S1.80 | £1.8 —%— 80%
% 1.70 % 1.7 —o—90%
£ 1.60 £1.6 —— 95%
1.50 L5 —= 100%
1.40 14 ¢ o 105k
1.30 + 1.3 T
1.20 L.2
1.2 1.6 2.0 2.4 2.8 3.2 0.78 0.820.86 0.90
Corrected mass flowrate Efficiency
Fig. 4 Performance Characteristics of the Axial Compressor according to the Final Variables
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Flow Passage Table 4 Major Characteristics of the Compressor
Case o 1st Stage | 2nd stage | Adiabatic RPM( 7) 1051 1.0 | 095 | 090 | 0.80 |0.723
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Fig. 5 Performance Characteristics of the Axial/Radial Compressor

Pressure ratio

Y

.00 1.50 2.00
Corrected mass flowrate

0.90
Corrected RPM
——72.3% |
B | —— 80% |
Qo '
= s
o]
'50.80
=

0.70 !
1.00

2.00
Corrected mass flowrate

1.50

Fig. 6 Performance Characteristics of Radial Compressor when joined with an Axial Compressor

[o]

olg] gt HEeA9 AAmo] F&
45719 ALl Fa2d FIRA
H}. Fig. 6& 9445719 287z =
Aulzie]l F43 gidte olfre S
A B o gAAEA dHe OFA 5
Ao} Aol Frtely) wEoln ole %}a\ﬂp
grz7)olA BAHog Uehts diolt)
A tE7] WA 2E ALY fEFS A
%717} S48 9% 2FYEZVIAN FED 4ES
Zo] §x @7] wEolt}, Figs. 4~6& ¥48 HY
@ﬁ]ﬂ@éE o] 9] g M FFRUYFI AA
A9 AAAAY FEET AAUAST) A7

o

L
T

J‘{ 2w

=

o 4

9

Ml gkl Zma ehdgeio] AAFFY) HA9-H
S & 4 gtk Fig. 60l A
A7 BASE o3k F(n<LOAE BALE)

ek vig 2ol FA%ET
g_l'.]
o]

o A% AFAYY 5
2 Ximﬂ*H B0

7l =

golAu] 24 THI}E
7H717) e SRS
ojgo] g75o] &eo|d 3t
stk Fig 72 37

o]}l

B

fiv)

21 %(37] Beold 185%), n=089* 4% (F7) &
2ol 11999 AARAS AEE & % Ak
SHNVARE H22

, W=, 1999



YolZE S BB AZEAT

8.00 - -
7.00 -
6.
o
= 5.
=
L4,
=
w2
2]
L 3.
o~
2.00 - Working Line
100 - —W/0 Bleeding
~~~~~~~ W/ Bleeding
0.00 —
1.5 1.7 1.9 2.1 2.3
Corrected mass flowrate
8.00
7.00 F
R 6.00 ,7
% 5.00 x”"/ Corrected RPM
o . (Bleeding)
2400 | /‘ > B
2 —he—72.3%(W/0)
S 3.00
a —%—72.3%(W/)
2.00 —a—80%(W/)
1.00 e 80%(W/0)
0.00
0.70 0.75 0.80 0.85
Efficiency

Fig. 7 Performance Characteristics of Axial/Radial Compressor
with an Air Bleeding after Axial Compressor

3. 27| e57| W0l M2 S0l SHHEA M|
oAl EEE 27] hE7] HWE(Table 52 EWE
TR At o] oA
17t A2 $EH 53
48 wel YA

L7,

=2
J3_>L
lo

ofn
N
N
o,
R
2
i
i
fu
b1
e
i
© 2 2 dn
2 3 c

P
o
b o

lo
N
rk

FHOIAHE M2, H1Z. 199

(leading edge)o] To¥)9] 7|2 EH=E, 1, 2
el &4 JhE olgEH2R2 NACA-65 A
71H o2 Auslgrh Table 6ols AAE Bgol=
F8 #Eo] AXNFAL 2¢ 59 tipall e o
o)t FA(Cmax)= 098 mm= =-¢- ZH& Zhel
S 531 Wd e JlsAe AES o) 3l

o

4o o wo Y

i

2|

=
Z3)

Table 5 Major Design Variables

Variables Two Stage | 1st Stage | 2nd Stage
photor Tniet 176 176 1634
Hﬁg}%ﬂ;‘ﬂio 0511 0511 0591
gowis | w | ow | mw
poagr Bt 0557 0501 0557

RPM(rpm) 41500 41500 41500

5&“’5@3 38 382 3
Pressure Ratio 210 1.506 1.394
Flo%?g?g}}fg ” 304 304 216

Stator Tnlet Mach | 0,491 0.491 0507
rotor Tip lelativel 1 177 1177 1015

Eﬁ%ﬁ@iﬁ; 0.8 0.863 0.851
Stage Loading* 0.285 0.308

#=Adiabatic Work/Circumferential Velocity”

Table 6 Design Results of Major Variables

Variables Ist Stage | 2nd Stage
Number of Blades 17 23
Rotor
Aspect Ratio 1.055 0.988
Number of Blades 26 21
Stator
Aspect Ratio 1.65 1.259
Hub | Tip | Hub | Tip
Chord Length(mm) 3768 | 4375 | 2591 | 33.07
Rotor | Solidity 2101 136 | 182 | 150
Blade Maximum =
Thickness(mm) 258 | 13l | 204 | 038
Chord Length(mm) 18.99 | 21.07 | 21.67 | 22.40
Stator | Solidity 151 | 1.04 | 144 | 097
Blade Maximum
Thickness(mm) 076 | 124 | 886 | 140
93
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