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ABSTRACT

This paper presents aerodynamic design of power turbine which is applied to turbo-shaft engine being developed by Hanwha

Aerospace. In turbo-shaft engine, power required by the system is a very important factor, and power turbine is the component

that provides shaft power. In order to design 2-stage power turbine, satisfying performance requirement, 2D aerodynamic design
and 3D airfoil design were performed after sizing preliminary flow path. In the 3D airfoil design process, improvement design

was performed focusing on the airfoil shape and stacking at each spanwise section. Through the 3D CFD analysis evaluation,

the final aerodynamic geometry which shows competent airfoil loading distributions and meets performance requirements was

designed completely.
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Table 1 Design Requirements of Power Turbine

Description Target Parameter Units
Development Isentropic Efficiency %
Requirement Power shp
Rotational Speed rpm
Mass Flow Rate kg/s
Req(ljl?r(jrient Inlet Total Temperature K
Inlet Total Pressure kPa
Expansion Ratio(t-t) -
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Table 2 3D Design Requirements of Power Turbine

Design parameters

- Surface curvature

- Beta angle distributions
+ Stacking

- Throat area

+ Thickness distribution

o Hub
°o Mean
o Tip
=
Q
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(a) Vane/Blade section profile
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(b) Vane/Blade beta angle distribution
Fig. 4 3D Airfoil Design

(a) Section profile, (b) Beta angle distribution

S=ERHMDIHSE =28 M2s8, M2S, 2025

oy 94 415-(stacking) ol gk b4 A AWl WRFO =9
ot 917 Tol ] ool E UL hubel tip7h] W W
& elugith, B AANAE PAZHE wet 430G
stacking)sh= It oo}zl FAS we A5 (trailing
edge stacking)sh= S ALMESFIIC) Fig, 4—(a)2 H|Ql
¥ £9|0]=9] hub/mean/tip THOA O] &S HERH L
ek HQl AA Aol oloj2d TAS wet A F5he W
W& AMESHo] H(throat) 1X1E %o ‘%—’FE% AA| 5k

o Aok WS Agelel Slsks 7%l
Z]o] ot gxé% SH3t 4= QEE FFYT)

g A AN B AU Bx §
E(throat) HA& “ﬁl?ﬂt} 1t L—% 5

F3sl7] Rt E(throat) A2 A7}
83t {50l % sk W Eeol= 2 WiFol #
& Ao Yx|shd 2 2ol Melsto] HAsk= f5 &
Aol {5 = o] TAsks o] w7 w2l Fig.
504 Hol vlet o] T4l 7o) B(throat)o] HHsh=
2 WA, 7 ol S RE] e TS
$3 89 Aol et 124 224 Hug ) AA A
A&H o7 uolslEE st

3D 9Jg AAE A5t Quasi 3D CFD AAHS

BRE ol ATES BEseA] 39 Aol B7lEn
ol 7|Rte 2 fFI} H(throat) WA o] 2Y¥Er}, Fig. 6
< Quasi 3D CFDE &3to] ALt S W e &
ES UehliH, 5ol WAt stRE s gdo
oA = A¥E Helt) 3D AA A4 B EE /8
Bt fﬂra} 8- 27 iterationo] 3o
& FHHNS 7 shrouded || 58 7= #I5to]
W0 A 0 59 el Aalelgln, H2H o2 oD o
ZQbo] =FEQITh 3D FEAAES +¥sh= IHolA
#F s 3D CFD si4& Fsto] dadh

Nk J 4 3 W
. S\SV \:5\ // /\\iv (/ 7/ /
. Ly ¥/

]H\

1o£r+

oﬁlﬂlr

N

Fig. 5 3D Throat Design of 1st Vane

75



——S1
—e—R1
——S2

0.8 R2

0.6

04

0.2

Normalized Static Pressure [-]

%M

Fig. 6 Static Pressure Distributions of Power Turbine
Vane/Blade Surface

M

SE&HY

o) Y 5L Tl o vorte) o] AT B

B340 5 54% ) el AR 2SS 3D §
FoNE B9 2

el Wsilet B, w20 5

cpsiol,
09l ANSYS CFX 19.2, AR} AL TurboGrid 19.25 &
o $AEQon], dREEL rw SST mho] H 8w

FEAE 9ot s4 Ele Fig, o)A Roli vle}

WAL g ey

20l 9 fs el oy 97 2dom e, A
QIelo] HolE i, &7 2AE a7 WRUG Ve 4
elo] iz, 57 B SE4S nefsol 20 ¥
dlol= SL= ole] suj Zole] hy B AT
ATRARE 14 QS darieg mAap) S ER
40| 2§}

Outlet

+ Static Pre
+  Static Temperature

Computational Methods
S===wiy Solver
Turbulence Model

ANSYS CFX 19.2
SST k-omega 2-equation Model
ANSYS Mesh 19.2
yt<2

Grid

Domain Interface
Surface Roughness

Stage-mixing/Frozen rotor

Smooth wall

Fig. 7 Computational Domain

76

$2& AAHY 49, mixing plane?] stage average
velocityE AMEsl] &4 759 vectorg HESIH]
AR Al G+ 5o BEdS ShEsigi) o] 4
loss®} profile loss®] I7|E AES| &5l ¢ =20| &
o}, mRAE e StollA o] ARRet Edlol= Afel o] HAH
L frozen rotorE ARESlo] FlRoA SAEE wakeE H
TR FAlo E7- AAEA S L9t ol g =3
AAA 01 4anZ BHoR A8t

3 incidence

3.2 a4 Aut

3D ST 452 3D CFDE &dto] AAk=a 7 5<l
FeEu A3 PO W S5 G4l AU BE
Fig. 81} Zt}, /2 {52 Eelo|=& Au 7H&Ea
WA S f5 S0l Slstel o)F wwel Yo
2 BRE B4R S AS BAT - Ut

B B ATE ARske A % b SR A
AqE SAEZY §837 MFP(Mass Flow Parameter)©]
o}, AAE HRI 39 AsS Brielr] SRk vz gl
of SelERs B 4 (B3} o] HoH, iyl FHL
AA = o) gt $H=¢l MFP(Mass Flow Parameter)
L 4] (@s} o] Hej,

Nisentropic — % (3)

MFP=m —m (4)

‘physical,inlet X P

tyinlet

Normalized Static Pressure
2.0

0.0
[m s*-1]

Normalized Static Pressure
1.2

0.0
[Pa]

Fig. 8 Streamline and Static Pressure Distribution of 3D
CFD Results

=R AR

=28 28R, Hi2S, 2025



S5~ Sus (5)

FEnt duction Rate = ———————
ropy Production fate Rotating velocity

ojef, = FHEW U AL E Qulst, = =
ToAe] Al AEH, hy = SAERT T -
AulE ofuigitt, EZ s, = SHER A AERAS
ofujsty, s,= FHEN S AEZIS u|dich

Fig, 9= A7 ¢=% sYERlo 4] of MFPeL 3%
H o 8& Heolt), & 7Y s JA4S 3l A #
ZollA o] ERlS AsS WA 4= qleh E3E BRI
ZollX= e Alolsh= H(throat)o] FAEAINE, 34
7} 7Vt A Edol= 3Kl 9]t 3HF blockage F7F7}
MFPo|| w|2|= ok HESI 2F24Q &4 545 wof
SHA| Elok MFP7} EJR19] dof| ARg-E]= ol A|2taL shH,

= [e)
oYz & W3ksls v]go|th 100~110% rpm SAHS
I ] GoflA FHd afo] Yehtes AL I 5

SHA e, IERT = ofF FoA WA thofRt ¢l

SAS WED 5 A s, EHlolE SR 2E L

ol S7FMHl At mEkA 5= Sdlel=7t 7R A &4
I

Frel dEw s, o xo] A o

)
&
ilfid
£
o
Iyl
1o
o>

s
=]

Normalized MFP
o
[(=}

60% rpm
08 —£-90% rpm
o5 —£-100% rpm
) -©-110% rpm
0.6
0.2 04 06 0.8 1 1.2 1.4
Normalized Expansion ratio
12
>
Q
g 1
S
&=
w08
2
o
206
a:.a 60% rpm
£ 04
b % =-90% rpm
N o
= 02 —-100% rpm
£ —6-110% rpm
o
Z 0
0.2 0.4 0.6 0.8 1 1.2 1.4

Normalized Expansion ratio

Fig. 9 MFP and Isentropic Efficiency Based on Enthalpy Curves

S=ERHMDIHSE =28 M2s8, M2S, 2025

v S A7 HH EAY g 718 Ak 5 U
S5, H ok w3 YRl A 9] S Hiof High A
ks vlashd &4 ko) FRFE QL vzt 7hssi.
A SR gl uhe AAH 9 EEAAH
oA¢] 3D eie =& E=d fillet, U 2=, A
bl g Ad o] HigHE 38 Hdee siiHe=
Byt Alel2 uiA Al REgR o] Fojl= wRt Al
& 2UolA 9 e Bl 8 Ao WSk
HEHY, mad 8 HolHe d/7x304 Al AA=de
2 AgH.
Fig. 102 B¥l /=2 W He oot H
S AvdA darkie] EEouAs dA =M &
1 5

o= Feire] Aekeo] Zasks A WAL 4 Yok

filo
o

|

- =
2] Tasit), ERL Fig. 105 §3f &
=k 2

1o
Hu
m{mg
r.lﬁ
m%lrln
o 1o
OR—D'HjEI
2
E
28 s
. )
g g
2 2 o
88;\1
T
w > A
b=
w = —
o o |n
g.ml_q
o
:srLlErE
o Ao
g o o
SO T NN )

oA E£Ao] FAsH STtk
o} ESE hub B9 B2 7o 93 section 1-Ce}
section 2-F 1] &4l o] WA} section 2-E=

Normalized Total Pressure

0.30
027

1025

fo.22
019
017
014
0.1
0.08
0.06

0.03
[m s*1 KA1]

Section 2

Section 1

Fig. 10 Meridional Total Pressure Distributions and
Entropy Production Rate at Turbine Blade Trailing Edge

77



Aeixy - ol

ol

]—3 H]
7Vel= g Ho|t}, Shrouded

Edo|=9] FAofA WAsh= F5of o3 &Ao] &
Edol== tip 7HE 2
Aol WAYsh= EHS APl AAE A88fioF ke
o], 2 &4 WAYSES =59 &7 54 tip
FMulE] &3 S52F 719 H]&S A= FFHAL 2= A
o] 4 AA| H3E7} e, o]gl shrouded Ed|o] o) 4] <]
LA AEAAE Y84+ tip knife seal L tip 7HH|E] FAF
| v]A]= A% Agof s &4 % A=

sk AAE w3 Foloh

4.3 B

¥ QTN gafofo]z o] 2ol A 59l A
IZE Xl Fabd s 3544 a9 s
7l&sst3t). 1D/2D/3D F=-AAE 35t A% HAE
283, shroud’} A8 Bl Fyel dfsto] £
A B EA 24 S8t FEAATE SE . =
28 39 Yaol cislel QAL B2 FUH 4
PEo], AT + 347 WSS SHEE ¥
ER %iﬁ}‘ﬁ‘:}

A
2o A9 %"—011~ oE
71=]
=

o] =52 2022 HH(FNIH) ] Ao ]
£FATA0] U ol 23 A7) (No, KRIT-CT—
22—045).

78

References

(1) E. Bechhhoefer and F. Hajimohammadali, “Process for
Turboshaft Engine Performance Trending.” Annual Conference
of the Prognostics and Health Management Society, 2023.

(2 G. A. Miste and E. Benini, “Performance of a Turboshaft
Engine for Helicopter Applications Operation at Variable Shaft
Speed,” Proc. of the ASME Gas Turbine India Conference
2012, Mumbai, India, Dec. 2012, GTINDIA2012-9505.

(3) Safran Helicopter Engines Online, Ardiden 1h1l brochure,
www.turbomeca.com.

(4) P. Rajeevalochabam, S. N. A. Sunkara, S. V. R. Murthy and R.
S. Kumaran, “Design of a two spool contra—ratating turbine
for a turbo—fan engine,” Propulsion and Power Research, Vol.
9, no.3, pp. 225-239, Aug. 2020.

(5) H. Moustapha, M. F. Zelesky, N. C. Baines and D. Japikse,
Axial and Radial Turbines, Concepts NREC, Vermont, USA,
2003.

(6) L. Porreca, T. Beh, J. Schlienger, A. L. Kalfas, R. S. Abhari, J.
Ehrhard and E. Janke,
partially and fully shrouded axial turbines,”
turbomachinery, Vol. 127, pp. 668-678, Oct. 2005

(7 S. F. Smith, A Simple Correlation of Turbine Ffficiency,
Journal of the Royal Aeronautical Society, 1969.

(8) L. J. Prithchard, “An Eleven Parameter Axial Turbine Airfoil
Geometry Model.” ASME, 85-GT-219, 1985.

(9 M. Kim, Y. Kim and S. Min, “Effects of Unguided Turning
Angle on High Pressure Turbine Aerodynamic Loss and
Performance,” KSPE Spring Conference, pp.745-750, 2016.

(10) D. Japikes and N. C. Baines, Introduction to Turbomachinery,

Concepts ETI, Inc and Oxford University, 1994.

“Fluid dynamics and performance of
Journal of

=SS =28

I MI283A, Ki2S, 2025



	무인기용 터보샤프트 엔진의 2단 축류형 동력터빈 공력설계 및 해석
	ABSTRACT
	1. 서론
	2. 동력터빈 공력설계
	3. 3D 공력해석
	4. 결론
	References


