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Preliminary Aerodynamic Design of 13:1 Pressure Ratio

Axial-Centrifugal Compressor
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Kim, Won-Chul

ABSTRACT

Preliminary aerodynamic design of a compressor is carried out to meet the design requirements
which are pressure ratio of 13, air mass flow rate of 4 Kg/s and rotational speed of 45000 rpm. The
compressor type is chosen as an axial-centrifugal compressor from the design requirements which is
suitable for a medium power class turboprop or turboshaft engine. Its overall isentropic efficiency is
estimated to be 0.796 and its surge margin to be 20% exceeding the design requirement. This paper
summarizes the aerodynamic design details including the design procedures and the results of the

axial-centrifugal compressor.
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[# 1] Compressor design requirements

ety a7 7
Overall 13.0
Gl Axial 4.00
Centrifugal 3.25
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38 HA A Z(m) 0.10 °]%
Hd £13(m) 0.38 ol
A+ AL (Pa) 99,785
4+ A2=( K) 288
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[2& 3] Velocity triangle of compressor

A=71E dd3l= o|WE|(Axial-to-radial adapter),
g, UFA, dFASTRES SUges A3
£ oJ¥E|(Radial-to-axial adapter) ¥ &7 W3
HRlog olfolzl AANEV|Z AR aelu A
SRFolAY MA uidl RS A3 &7 457 &
T E2E 378 s YaE Y, Al 1w
A 2¢ YL JHTRE ARSI EFUS71Y
A A9ERE 379 d7HAAY Edel= A
5 f2m/sE AEFen f2 AdiEY
Laval numbere 39 YFolA L1172 A EH0
R WA 37 e deolgltt Z vz
28 g3l 155, 149, 138, 1.300l1, 8L
0.843, 0.866, 0.876, 0.3492 dl=F3lom, AA Ho|
Ao FRU4E7] AA U dEHle 399%, B
< 08372 JEFH 281 Bl 4L 59
o] 7% MCAMultiple Circular Arc)2, A&
NACA-65 E¥oj= dejlz AA39) % 28 &5
4571 UA AA A2 Lojxe f= 2 Bd
ol=9] 713184 QA & F7I9EHH QAE VR
o a1 ® 39 AUV HAZERE AuRd
dd8 YFelrel o A%EL 016m, JHY Y7 3
H Z7E 010mE AAENCH, dd8 Y7 Hel
A9 HA&EE 316%m/s, 998 AT HoelAd

00

(2% 4] Flow path configuration in the meridional
plane

FsrTAEl7)EshE] ] Ao A235(20034 74Y)/ 87



rH
MO
~
i
]
Hz
Mo

[Z 21 Design results from one-dimensional calculation for axial stages

o x AR e | oom | osm | o4 lamad
A9 933 (m) 0.2000 | 0.1891 | 0.1803 | 0.1732 | 0.1670
94T HEAH(m) 0.1171 | 0.1260 | 0.1309 | 0.1327 | 0.1299
EAYTFMe FHE-§ @A (R/Ry) 05855 | 06665 | 0.7258 | 0.7662 | 0.7781
5997 0¥ £5(m/s) 190.0 186.5 1810 | 1790 | 165.0
3947 8 IHE=(m/s) 4712 4456 4248 | 4081 3935
99T A3AF 0.403 0.419 0426 | 0.439 -
%9 Q7MY Laval number(ZB# ¥4 9x))| 1.17 1.0130 | 09342 | 0.8573 -
HigtAo e e ® 0.7792 | 0.6600 | 0.6600 | 0.6600 -
o] ¢hEH] 1.55 1.49 1.38 1.30 -
o] SJEZY S 0.843 0.866 0876 | 0.849 -
sarelz) 59 0.3868 | 0.4207 | 04152 | 0.4442 -
v A9 0.3138 | 0.4433 | 0.4367 | 0.4567 -
FHautgolMe A FHE(Solidity) 12572 | 13056 | 1.1762 | 1.1747 -
Fautgd e 9 s 1.0000 | 1.1650 | 1.0925 | 1.3166 -
Z9 Egole AF 17 23 26 31 -
Q) Wi A 19 27 31 39 -

[£ 3] Design results from one-dimensional calculation for centrifugal stage
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[O% 5] Performance map of anaxial-centrifugal
compressor
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[222] 6] Computational stations for two dimensional
calculation

< Wolth 23 AR AEiA F T A
AedgAg] AYsden, Adde Beol=e
A3 HPE viRsto] F 522l MRS ¥
62 22K At 3 ALY XE HAFH #
de ARG F2 o HA AE vEpdith

=z /F 72
[Z 4] Design results from the two-dimensional calculation
NGIEAE A e AR FAPRTEUICINIC
ol RH2| %] SlleT et g | &7 YT | BT YR &R T &7
w | B [0100]0.100|0.09410.094 0.090/0.090 |0.086 | 0.085| 0.083 | 0.080 | 0.117 | 0.162 |0.182
m) 1 1 |0,058|0.058 | 0.063| 0.063 | 0.065 | 0.065 | 0.066 |0.066| 0.065 | 0.050 | 0.117 | 0.162 |0.175
go | § 900|796 696 | 67.9 | 685 668|681 |659 | 700 | 614 | 187 | 282 | 90.0
FE2 51w | 900 | 795 | 696 | 69.4 | 685 | 68.4 | 68.1 | 696 | 700 | 485 | 210 | 282 | 90,0
jg_‘,g g 0,605 |0.598 [0.609 |0.565 |0.558 |0.519 |0.525(0.479{0.471 | 0.351 | 1.000 | 0.259 |0.171
(éfaE) 312 |0.605|0.589 |0.601 |0.596|0.561 | 0.559|0.531 | 0.568 | 0.466 | 0.312 | 0.995 | 0.263 |0.171
gy | ¥ | - |27 - |0 - |27 - |260] - |22 | 573 | - -
FEH gu| - |366] - |294] - [382] - |298] - | 205|572 | - -
:gr‘g g | - |1320] - [1130| - |L020| - |0938| - |0815|0413| - | -
iaE) B\ - (0928 - |0851| - |0815| - |0.807| - | 0456|0455 | - -
T G- R B
el s LBl
I , M
T = o = A; ' S’:;tm;?[“mm]%" %o %o —E?)T]~Fg XM’I——ZJ%,,+F'

25 2dlo|E9| AR 3 HoZ
d%719 71318t B
o Aes W3 Egol=
o} Efoj=9 BL ozl oY e frE
o] #& AAstdol s olg SsiNe dAZd"E
ANEE T8 8 T WEAE dojob I} &
& 3AH(4 B ; Air turning angle)& T 2] (3)
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dB=9¢+ (-6, (3)

YA A9 frEE koMY HaAd
X(Mean camber line)# = Zog2x Hgky A
ZUAEHA AR, HeZe 27 st A
HoMe] FARATY this Z4o2H St
9 friesy vt go £ AA “WWHE Ean
45710 QAN Hio] Ed2H dske WRksHS
A& F UL U9 AFTEGS ATY F e 2
o] gArg ¢ o] W ddEe HAHE AR
AT Aoz AFAR 3] 24dd & 55 A #
A & 597 3 Y/2TAN HHE At 2
U947 4% 285 Jehlin 1" 7 A HA &

NoBe

[EZ 5] Incidence and deviation angle of the first

stage

1gt 5ol 1eh &l
ukz k2
AR | AR HeIZH x| Atz B2t
(%) (%)

586 | 284 | 7.04 | 644 | -1.29 | 11.80
641 | 295 | 675 | 688 ) -1.41 | 11.00
721 | 263 | 510 | 753 | -1.38 | 10.40
825 320 | 360 | 845 | -149 | 10.10
90.7 { 329 | 290 | 919 | -192 | 10.72
9.6 | 306 | 262 | 97.0 | -253 | 11.90
1000 | 260 | 262 | 100.0 | -3.04 | 12.92

92 | AR IE S A] Aed A|25(2003'd T7E)
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(3= 71 Blade angle variation of the first stage rotor
and stator of axial stage

U AY Y/EToMY dAz B Zte] 1EE
BHolE A%(x1, 22 23 14T YENTE IR 7
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AN AW St 2291 do] whi
€ Edol=zds yehld, xs xee AY I
FANAMS HAm A S A7) HMo]
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26 =3lol= ¥
23 frEsidel st f5Zo] ARHL o
At L AHYFo] AREHA Edol= S 2A
& 4k ERAF71Y Ae Edol= A 44
& Bgoj= 27X (Stacking line)S 71EOE o
AN AAELE FH3H Edol= AFAE AN
sl AAEE7IY Ay FRUEV B4 £
gl AR £ t2n gy Edol=e
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