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Abstract

Numerical analysis and its inverse design process of 2nd stage of JT8D aircraft engine is described. One of the most important
factors that affect the performance of turbomachine is secondary flow in the blade passage, so that the performance of
turbomachine can be improved by controlling secondary flow. In this paper, as a method to control secondary flow, commercial
inverse design program, TurboDesign is used. Meridional derivative of angular momentum is selected as a parameter to control
blade loading in this program, To validate inverse designed model, computational analysis is applied which includes rotor-stator
interaction. In this paper, CFD results of both original and inverse designed model are compared to examine how much the
performance improves without reduction of work output.
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Fig.1 Computational grid for 2nd stage of JT8d LPT
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Fig. 2 Performance curve of 2nd stage of LPT
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Fig. 3 pressure and entropy contours at midspan
of original stator
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Fig.5 Distributions of blade loading in TurboDesign
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Fig. 6 hub and shroud profile of modified vane

original modified stacked
Efficiency 91.04% 91.98% 91.31%
Loss factor 0.9656 0.9696 0.9670

Table 1 Comparison of performance
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Fig. 7 Comparison of vane shapes
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Fig. 9 Comparison of loss distribution

FrEpEol 9] Ne, Ndof 912 “12]3 Nes} NdzHe] 7171714

B5 6709 ®gol wet gido] WiskebAl Hk wal SHEelA
0741%" A8 AAAN 7| W Uil A o] 23 R A9
Ae Has7)7] s FEuEY} FQlwe] qhE Aol
T7b e ) okRollA] Hash Al7|a £t whE S
i kY] Aolit A sz WS Pl Hojgick
TFoAE H2lo] Blade Loadingth 543 Y &4 ZoflA
A 8 Bokort olefgh A ol ultefAls dA
PastA & Kol Al QFeH ) F9wtie] rEal
7t A JeRL el FE AL S AR
4 w3k Bo] WA o] Fol WAL &4do] dafe
o] e A& wWiHeh 1A WASE: A oA HAT:
Z]
2

2

Ipr

o

re S

£ fu nEﬂE e B iy oo 12
im

o] ARz 7 Z&ol WA I A YA
9] loading®] F F7tell ofxivtel 744@ S NS o
A 5o} o]2 nlgoi dlo]  rEkert Zo Ml vl QP
o sl 40%0°]15-214] Blade Loadingo] Hujzk: 7H4IA| stAx
BB Zo M 0%l HUZEe 7IRLE slo] AMAE &
PR 1 FAdo] Fig. 60 HERISITE WA 0 incidence S

605



%k7b £l Blade LoadingS 97t HZ o2 L5 iz}
stk R otorg} 2o AAked UL Rotor 7419 ©ES
4 EAATE Table 19] AT } ok o 0.9%9 &8 %V‘“"] o]
—‘?Oixll’ «’E’é‘ﬂ ZoE AL ¢ -? olch. Fig. 82 AY &9
5o hdo e HAueE £55 FHA Eh-Et
RY2 Jepd TRlolt) 93_3119] oA HE FolA
&7t Mg og Zuksle Ao ofd & EAAEA F7ts
GEAE A A$E 2R S5 F2) 4P| 4%

o2 v wela AAHoR JMA F vt v T

3.2 Stacking angle®] W3}ol] w2 45 W3}

Blade loading ¥ % vHro)R A7 AsolM FE 2 ek
fooxe] 23 fE5E A Eiat sES qebtsd
Stacking angle-2 -r°1 HMt}. Stacking angleo] Al A=
ol daide 2¥ A7 AHE0] EEHO vk Watanabe:
AA Bl AAle] glolA F|Hel FER-mol ko] Positive
Stacking& A HH HES} 72+ =A Blade loading®] S
B H2g Ao FYHTtY] 4EATL EEA H o
2 A FYUHe R 23FY BEo] JAEY A%
o] 7hdgtn 3sich Wbl Wang Positive Stackings.Uh=
23] Negative Stacking®] 7% Midspanol|41] $fele] Bt
e FobiA U FER-To) A9l Passage Vortex 7}
MidspanollAl ST AS AAsh] o d5ol 1 5"}}
Th S}%Th Positive StackingZ} Negative Stacking®] A& F2
3709 704, Aspect Ratiosoll AE k=t # 04-?01]*1 AHE-
= 7] BYl @l Aspect RatioZ} wl§- 7] wjiel =
9} %FL}—%EZ}A Passage Vortex®] &30z <13k $£4lo] A4
HASA] kg Ao AZAE DR Positive StackingTHe: 13}
o 4‘-71]?5]1@.2 -’FBEO} 3t} Fig. 79l Positive StackingS 712 &
709} Linear StackingS 7FH @7) FA-S vluwste Jehjich
Stacking angle> g7]9] AL <k 40%0)|FHE 04° HEE

TFAk
Stacking angleS T/ H 22 ¥ %L T4 Husx 2

2 oko] A& A BaA SIE} Fig. 8914 X.%0| Blade loading
W ARE A 44 SEun AAAeR Y Swr) e
AL & 4 9k kA9t GIE &)X Blade loading®] £
o 22t f5e] ¢t JAlE AL & F Utk dEES HE 2
3|8 StackingS T2 F%E WEHUE R FASUSS € T
el ol Fig 9ol-AE F B9} frale-=el A Loading®] £01
E o F $%50] 2% Midspang AFE A Lloading©]
Z7Yslo] £Alo) Z7181%07] wjFolet At

606

4. 23 E

mlo

TurboDesign |83t} BRl A& 47 sfo] HTh
A9 oA TAEte AAZE 2 o2 QJHH s 23 &
S 93k £A48 Zo)7] 93] Yl A9 Blade loadingg =
£20% WLE 3o GHAE }%‘% ol 7]&e] PR o
09% & 38% AAZ & den &4 T3 FojEd A
S @ 5 Utk Y ETAY AR SR8 B3N
BE ZolA 22} 59 LA AEd] EUIL 5l Z*iﬂz*_i
TYNH7] HEde AT & At Stacking angles T
< o] 3B FoA 23} 5o A7t dAE AL ;AY F
gdaloyt ¢3)a] Midspani-2ollM Loadinge] #A=7] wj¥ol
Midspanﬂl*i EAo] ok ojuy] P Asd doHE &

e & ¢ Uitk B A7} 2ol Aspect ratioZt wH¢-
HAA sH} val~r‘:°ﬂH A= 221 o] F 8 2A
AFE XA g woE 238 Stackingg F= Aol A%
HolA g fElshA €88 ¢ ¢ Atk E}E}H Stacking

angle® & Wol= Aspect ratio % @71 Vi 5 ¥4 24E
Tef3te] Stacking angled F224 e o5 tf F 754
A &4 uE WA StackingS Fofok & Aol
EHIEH

[1] HD.Weingold et al, Bowed Stators: An Example of CFD
Applied to improve Multistage Compressor Efficiency, Journal
of Turbomachinery, Vol.119(1997), pp.161-167

[2] Han Wanjin et al, Effects of Leaning and Curving of Blades
with High Turning Angles on the Aerodynamic Characteristics
of Turbine Rectangular Cascades, Journal of Turbomachinery,
Vol.116(1994), pp.417-424

[3] H. Watanabe, H. Harada, Suppression of Secondary Flows in a
Turbine Nozzle with Controlled Stacking Shape and Exit
Circulation by 3D Inverse Design Method, ASME 99-GT-72

[4] Sang-Yun Lee, Kwang-Yong Kim, Design Optimizaion of Axial
Flow Compressor Blades with Three-Dimensional Navier-Stokes
Solver, , Asme 2000-GT-0488

[5] David Japikse, Introduction to Turbomachinery, Concept ETI.



