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Steam Turbine Rotating Blade Design Using Quasi—3 dimensional

Flow Analysis
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ABSTRACT
A rotating blade of steam turbines is designed using blade design system. To minimize the design time, quasi three
dimensional flow analysis code is adopted to calculate blade section. The blade section lies on a streamline determined by
previous steam turbine design precedures. The blade design system makes a transform of streamline coordinates, (m, 19), to (m’,
0) coordinates and all design precedure except 3 dimensional stack-up is performed in the coordinates. Each designed blade
section is stacked-up and whole 3 dimensional blade can be modified by correcting 2D section, repeatly. The full 3D numerial
analysis for the one stage including designed rotating blade will be performed later.

1.4 8

37 EBwel AFHY AA: ANS F9
Z7] B9e] AAAY 95 AL AR
& ANAEEH 2UaT ARV BN F
e ¥4 2L BEAoE ARY Bg A7
Hulol 9@ AAZA #7194 2 2% 52
BaA Ho] o] GRAL o gkl olFe] Hylo]

N

A FRAHA stageT Zh stagedl A 2HT}
AU 2 S5 A44¥ F& 2R
o] AAGAE T4 preliminary designo| Zt3 ¢

t}. preliminary designe o8 742 @AY=Z A H
o] Jdot. o} WAME HFE HA, FAFE
Mg o] 8d B2y 2doly AFTHEF ZUF
o] g3t ol o2 7tx &HRDZ ALgs)
staged| A 9] AA FFE ARG AF4ES
23

o] Z 7 preliminary design- %3t} 57] EHle]
Z} stageol] oidt A AEHF 2 Sx A4
o] 2RI JH oFo= Z2AAHSE HY £3
o= ek P4 HA o]FojArt

3
o

8 o

24 FAFRAF) 14274
393 : TAZFYF) N7
A7 : FAFFAE) 71297
AFH : FAZFYE) 16D T

Hol=e] YA AL preliminary designl
wel fAEeAe) 23 o
©2 stackingdhs W ol

L o]FojAa gt 34 FAF AAY BSle
B o]=9] lean©]t} sweeps 3AUOZTH F]4 o
F53 effectE 13 +F ALL 34¥e= du
Byol=e AL 2add oz AAste WH?
3} Inverse methodZ ©] &3t 3x4d FEAAE
ol g4t FAAAE 3ol WAz By

Sol ok Teiu of WSS 3RY KFANE
a7] ol ATl Boia AR Aol
N AMEEle s ofd A@etA gk

2oz &4 AL state of art 2K E A}
o] A¥o] e &L 3l YUt} olF FEHEY
93] HA 3 71 ol inverse design method
Ab-gstel dAzLe] AEE HAZFAIEF
govt ##Hs dnFodt HFA =t
20 Z solution & E==0] gEtAA 3 Y AA
o] ALAE A A HFHoz A{sre
o}z F2|7t glrh.

B oo @A AR AET 5
Z7]E]% 3] A (rotating blade, &2 EHY

——

(2 S ofn

r oL & K ol

32
o rf

94

-303-



% bucket ojgtnE )Y LAY dFH FIAL
Fouck olE H&iA WE Aol bucket 9 B
AAZE MRS IS F 3 AdAX 2AG
E2 3909 £ 3 AY FEANE FRAES
st FEAdE g4 dAHY SRR &
Aol AR e Lo 43l HESF 9

sldele] A9, :A(stationary blade, FE 4]
B9l A$ nozzle ol@1%E FHTdE 2 active
length 7} 10 JAXE = A7 AF o 44
ol ¢ stress 71 A A 383} blade leaning ©)
U sweep & @ F Sl B4 2 B8 dAds
£ 37 Hwe AL, Nl FEAHY AR
olF FQ838B 2 active length 7} 2L bucket & £
3 E bucket o] FAFA Ol vl wwig
2R dAFAY 3 HAAE HEL A ol gL
T2 3} stacking WE L AMSEchH

olg} 2-& Z7] Bl e bucket 2 EA 9,
3 AYo2 HAY £ W AT blade lean O
sweep 2 249 Borl go8z 33449 fEHA
o o1& HA4 ARL bucket A ¥ AF HAFY
Aol ALl E slgion] B dFoA o] A7
AAE 7SN AqAH

2. & 3134 #F 3y

2 A3 §% e £ 3449 33 2=
ol MISES"E ol &3t S8 o Y a=
£ stream surface raidus, streamtube thickness, wheel
rotationz 9] W & 34U EIHE uFH s HAY
o} gk olg Y3 FABRE wHE (m,
0) 9L (m,0)ulE HEE 3o HHe +y¢
o} & Fig.1o) JERAE Fig. 194 me {4
£ BEte FEF0Y m FATNA 93
) EHE UM mappingd FE AU ojE9
Ae A )2 2tk

-

i ol ol {L

ml

M

- a!_m_= f\/dr2+dzz
r

r

A4 )& ARl BEAS mappingd AT
e o &Y. olg) 7L ¥IE FEANA
SYRE FEANY AWERYE e D

SER TR

Z

0 +{

! t Ty,

A

PV g :

¢S, E

: - : - m'

m, m;

Fig.l Streamsurface definition
Jplg-apa=0 @
v

SEFLAA
{loG-2)g + pikid = - gfav 3)
o 1 4

A= B3R

{p(G-i)da=0 *
;i

4714 p,¢,f & 47 UE, £E, Coriolis?}
centrifugal force® U]t} IE rotalphyE B ol=
9S7 2.

~304~



2 2
rne @) )
2 2
A7NN h,QE 27 AYH g BEEolT

3 AAS $A4E o) L3 AL zd
HE% sk os 2 PHL Y HEA4
& shed) Qo BAE NBE 1Bl

w

Edolz 33 A4

Edol=9 23t &3 A4 &
ZEA7E doh 2 B4 A¥ A
leading edge, trailing edge, throat®d ¥ 2] suction
side®} pressure side®] TR FE o2 Uxo &7
&t wholrh 9o g AA g4 IE
€ UFIEF F4L dAste SVl gtk o
2} ol WL gEoA Ao WA Fo AH
4 Z& d37 o=z L3N0 i ADFOh
agA 2 AFolNe gutRoz 2R Bézier
curveZ )83t bucketd
trailing edge?] Al REo=Z Yo JAL PA s
=5 39t 28y tailing edge?] A YIZE
AZsrz AAH 02 suction side® pressure side
o F REoz o] AT

= o

B WL o

o A
L

tlo S

\
—-—®-—- Suction side control point

. . \
——-—8——- pressure side control point \

Fig.2 The blade shape and curve control points

Bézier curve™= B 712} control pointE ©| 834
FA4E g TEF et dwrNem
olo) FF3t= F

S ECIES ELIRVENE K
A

& o
Ao FEe b Fo) Addr

suction side, pressure side,

(a) initial blade shape

4 (b) Mach number distribution of initial blade

Fig. 3 Initial blade and its Mach number distribution
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Fig. 5 XY plane view of designed blade

g9, olgA (), 0)RNA TEOIA bucketd]
AL A4 B2 xy2 HEAZ AEE Fo
IANOE stacking® FHTT} stacking > B]H 9]
A% dvtxoz 7+ gyl FAFHo] AN
o2 YAIFEE stacking®th 2V pEALR
AAE vHe FAFHL AR dANE EL
nR e zhdol RAY x gich oH AS
o ZHdol dohvte @RE AUAAY A
B BA4L OE 3 stackingt] FAFAL
b ol Bt S el e FobA A
Atk AArel Aeole e AdAR Jg 4
AX e S dFolw Faie Afde o
9} A9 leading edge®} trailing cdge?t WL

th o) FEoRE, AAY AS, F2H
w2} hAst wigwe Edoln Ak du A
& 29 F Yol "HAAoz Hyojxze FAd
d8 wdste 448€ €9 4 dds FHelth
FZAe Asode F4e AdATA Foik HE
2 AQHA dAANDE 29 & Ut

B Ao Aed FohA $e B
stackingdte W& AHE AT 5, leading edge2t
trailing edge®] 73] smoothness?t FAHE
E stackingStd] AA ¥4E e F, FA 4
o wEwge Hxzh & 9de 48 g4y
smoothness®t 2% 9J3te] & uEsle o
F Y=g gk

Fig. 6 Stack-up of designed blade

|

olg} T& WHOE sncking?t Fo HFHY
Zyol= o] A2 Fig 69 JERHRITE Fig. sell A
d&stgsol & 9e] 4ol smoothdAl W2
i QonZ stacking® ¥ 3 HA smooth’
9ee o & 9n 3xd FEol v

-307-



A L Aoz A= ¢+ Y}

olZA shtel Wl s 3 HAE BX
uUd, 334 fE34d e B8 d43S sXFe
AEsE Ayt "Hasith A 3 & 34
FEAHGAE & & s 23/ dF &
A, tip leakageol] 213 &A 114 3}9] interaction
& 23 F 7l ““"?—0]5}’ a8 EeR B 497
o xe} Zre woz MAE T AL vEA
3 A Axb Qlojor ok 2y 3x4d
FHMe B d79 ¥9E "oy 1 AFE A
3l A= &kt

2

e b K

4. 2 &

AA 2 AFNA H o] FHEIHES F7)
Wel A AAY o dTE FIAH oI+
24e dEL =&

1) F 344 7534 1P E ol 8T FE3
A71HE AA A HLAE FIE
¢ AU

(2 Edolz=e 9d AHAA HAHS 7ot
inverse design o} B3] AR A FF HA
7t AAAZEO] HA AL FHAT

3) FAFHE o]84% stack-up I smoothness
DG stackup 71HE HAT A F
3AY S Ade P E 4& F Uth
@ F7] Hule sHoe e, A9 5

A 3 AR dAVES AL &
ol= Hol AAAQL AAALE THAH
4 A

ol

o

flo m[m

-308-

a1Ed

uza

295, “2F 2 TEF HRsAY &A=
Hol Y AT, MAIAALE, @FHY7|
£4,1997

Denton, JD. , Xu, L., “The exploitation of
three-dimensional flow in turbomachinery design,”
Proc. Instn. Mech. Engrs., 1999, Vol. 213, Part C,
pp. 125-137

Demeulenaere, A., Van den Braembussche, R.,
“Three-dimensional inverse method for
turbomachinery  blading  design,” J.  of
Turbomachinery, 1998, Vol. 120, pp. 247-255
Youngren, H. H., “Analysis and design of transonic
cascades with splitter vanes,” MS thesis, MIT, 1991
Korakianitis, T., “Prescribed-curvature-distribution
airfoils for the preliminary geometric design of
axial-turbomachinery cascades,” J. of
Turbomachinery, 1993, Vol. 115, pp. 325-333
Korakianitis, T, Papagiannidis, P,
“Surface-curvature-distribution effects on
turbine-cascade performance,” J. of turbomachinery,
1993, Vol. 115, pp. 334-341

z4d, 9, “F71gn0 Egol= 2 A4d 3¥
HAAHA FAFENI =83, 2000, T
EY 71 A5, pp. 38-42

%



