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Blade Optimum Design by using Three Dimensional Inverse Method and CFD

by Hiroyoshi WATANABE, & Yumiko SEKINO

This paper introduces the optimum design process by using the three-dimensional inverse method, CFD (Computational Fluid
Dynamics), and multi-objective design optimization method such as multi-objective genetic algorithm, and its applications.

Two applications of the optimum design process for different pump types and purposes of optimization are described. These exam-
ples show a wide applicability of the optimization method that uses the blade loading distribution (the hydrodynamic parameter) as a
design parameters. The optimum blade loading distribution parameter obtained by this optimization process can be correlated with the
performance improvement mechanism for easy understanding, which is advantageous in inheritance of skills. Continuously updating
the optimum design database obtained through the optimum design process enables pumps to be quickly customized to meet customer

needs.

Keywords: Optimum design, CFD, Three dimensional inverse method, Multi objective design optimization, Response surface, Mixed flow pump,

Performance, Inducer, Cavitation, Instability
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Fig. 2 Blade loading distribution and parameters
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Fig. 4 Design parameters of mixed flow pump
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Fig. 5 Examples of calculated pump performance

rd

Q/Qa=04

6 A b= VIRAEREMEOTFHEEENS Py
Fig. 6 Meridional velocity vectors around stall point
(Pump Type 2)

i
TR

R7 # R TOTFHEERZ M
Fig. 7 Meridional velocity vectors at shut-off
(Pump Type 2)

IO FFERREI A E NS, B61IEAR Y 7 Type 20
B EA) AN SR OPIRE AT E BT % 5
MRS EEZ R L TWS, BICHEICIZRTIC
AT EIITERE AL DS LI E PR 25 7 4
7 2 —WIIb72 5 KREBFRFVEOFEN L ON L,

£ EAT) R E R O BRI B ) O KN LD
TEAUERT O PR H BEIZFEAE BRI L VEHEL, 1E Y 5
DFNIBNT DB TH 5 Z L 2R L TV 5D, Bk
EFNR, TR QY FreRETN), EFBT
DI RN OB T E OOV TIZBIE 5 © H33k
HLTW5,

B 8 1ZIERk 7T ST A — % & fe /M, Hr R, 3K fiE (— 1,0,
1TRT) DIKHEITLE R 72354 D ZVEREEF /85 A — %
DEAL, b bikE ST X—F OVl $F A — & 12%)
THEEERT,

K9 IZIEMOGAIZ L DRDz b L— FF 7 5H DGR
ThY, H B ALERE (Stall & KiL) LR, #H
YEE R OBEREZ R L TW5A, MIZFHT IR, 72
EZAFHEN LR RIRAKTOO4H L) RLRED ik
it EEF2EHR O EY S AV S oA BT ) AN E
DVEKE R L, RN G EBGH R BIRT 5 2 LATTRE L
%ho ZOKI L HNRBLERE T —F RX—2 LT
5 ET, BBRMRICIE LA A% L i%GT o R bIc g
HALTwb,

3-2 A2 T1—YORAMEEXYET— 3 TRE

BReERU-RE{LFRE

BT AMBEHI O 7 54 F V2= 7RV TR
Oy MRYTTE, KUY TOWAEREZ S 5729012
AV TFa—YBHwoNE, [ V7 2 — i3l EER
BIZBWTHPRIE LICF Yy T —2a vy 238 ELTw

FIEYN
Low efficiency
A

B C 1] E F
1
o 2R A A A EAN] N
s QPN N [ ¢ N
-2
ST0 1 =ta i -1 STo 1 -To 1 -101
(AR R
o> 02 Weak stall characteristic
o 1]
N oo
2 A | [ eS| eSS
< -0z {w
-1 o~ -1 o0 1 -1to 1 -101 -1o0 1 =101
z 02 A,C B ¢ D E F
1 A .
E (m/ ',0—4 .,Q—“ - — | ey
-0z i ) /)
=101 High shut-off power / 1 101 101 =101
g ra el [ ¢ D E F
X 0o —rt| (| [t et | [
E I ot

to1 ~t01 =101 =101 =101 =101

AT A=
Design parameter

/Ml -1 i - 0 R 1
Min. Med. Max.

K8 PhEE ST A — & IIHF b FERR

Fig. 8 Main effect on performance parameter

INTIEHC No. 235 (20124)



3RITHF: & GEAENT 2 F V72 7 — R 0 il LRk R

AU F7uv R

o
gk
-
A
::.‘ﬁ Non-stall area
A b=
Stall
(a) A F—VEHEEBHD R L— [+ 7
(a) Stall vs. efficiency
S
13
~ &
~X

Po/Pa

(b) A M= VIR EHFEBY IO P L— KA 7
(b) Stall vs. shut-off power

X9 SL—1t7ur ol
Fig. 9 Example of pareto front

L1280, ERF Yy EEr—yarilofry¥y—3a v
KT 2 REEHROFEN L 2IRE) 7 AW 2
LEEND L. FIMA LOF X T — 3 v OFEITP
R EDIETI AR E AKLET 728, PRSI 5
i CHREEMOA) oay ha— VB EETHL, D
TSR AR HBINL, S5 S VA3 RoeHE L & FEERETm L,
FYET—Ta yEFTIVEEDENEN ZMAED
, ¥y 7 —¥a YEBOIERIE—HME & AT i
DRREFHIS 2 Z &2k D, WEAtkREOm e F v ¥
T— ¥ a YANEEBR O &8 Lk #E e &
TolziERkTH S,

AL E AT ) RN T XA — 7 ZE I AERNE AR v T
Wt LRk, SREERETC BT A4 YT a—FDNnT,
F v TIZBITBAMSAIINT A —F LPRE S HTD 5
MiThbo K2R L72AM5AIENC & ND 2 [ E L,
NT & F v TIZBIT 5 Slope & Incidence, Sf N2 7V, 55
MTHDODNINTA=F HEFINTA—F L TWwD, &
72, WA LOFH /X T A —ZIZUTF2@H L Twb,

cF Y ET—T gy LORBICBT 2R E L
TA v Fa—Ho~y FERhE,

CWGAEREDFHE LTA VT2 —FHNOF Yy ET —
vavikRA FE,

X BT =Yg UAREROFHiE LTA YT —
PFHAFYETF—Ta G5 amnEso %,

T O« R A FA50%D Al

(Blue colored region : iso-surface of 50% cavitation void ratio)

TL—F2
Blade2

VAZR
Bladel

(@) 4> Fa2a—¥PRHEOF ¥ EF—Y a VIEEOHT

(a) Development of cavitation on inducer blades

HIEIf oo A v — MM

Throat location on suction surface

Pressure surface

E
o
o
m o nun : a 7V—F1
h o : Bladel
0 n!n&.nrmu : R FL—F2
: Blade2
LI . TL—F3
LUE “ Blade3
Suction surface
2
0 02 04 06 08 1
m [-]

(b) F v 7 MO FRR IS 5347

(b) Surface pressure distribution near the tip section

K10 CFD TRl S nzdEd i v €5 — 3 3 v 54
Fig. 10 Asymmetrical cavitation distribution investigated
in CFD Analysis (Q/Q:= 08, ¢ / o, = 0.72)

25 AvF2—HB T :
Tso-surface of cavitation
i%ﬁ% g Inducer B Void fraction=50%
Experimental result
20 © S _ RC
z 15 L
ES
“u
s 10} A pe—
T~ MCS AvFa—¥B CFD Result
Inducer B Q/Q=10
05 | - Q/Qi=10 0/0.206
= Q/Qa=09
/ -+ Q/Qs =08
00 [ Q0 =07
25 AV Fa—4C
Inducer C A
s e | /"\
20 | i et - B \
2 l
s 15t
\ﬂ CFD Result
> Q/Q=10
10 | Y (R e 0/ 0,=066
. AC : Asymmetric cavitation
- JEIF Y EF—av
RC : Rotating cavitation
05 Frtr—yat—y
CS  :Cavitation surge
uFrEr—Tarf—v
00 ) ) ) MC§ : Mild c;\vitz‘\lion surge

0.0 02 04 0.6 0.8 1.0 12
BRILFYET—varH o/00

Non-dimensional cavitation number

11 WoAMEREE F ¥ €7 — ¥ 9 UARREBIRFE TR
Fig. 11 Suction performance and occurrence
regions of various cavitation instability

INTIEHC No. 235 (20124)



3RITHF: & GEAENT 2 F V72 7 — R 0 il LRk R

FrETF—YarypinEs o 0iEEE L TR0
RS F v THOREEHEOBAED T TFHMED, @,
Ao EE VTV 5,

FERET I TR RER ST X — 7 & 3KIEICEL S 4,
L27 DR & WA L Cixal & N 247 - 7214, %
B8 X — 5 OVERERHEI 8T 2 — 5123 T B IREERRAT &
1o Twhb,

R1LICIRERIT OB RICHDE, FrT—va v
NREVEAR) & %2 M54 78T A — 5 OMlEEEH
Wz v Fa—=HBE, FrET—va YREEERH
HfT2HLEXONAMBPHINT A= AL ¥
Ta—HCOF v T — a3 HRERBH R LR L T2,
K11, MTHEFNAEBRESF YT —Ya Y ARER
LOFRET HEIRFRAERLTBY), 41 VT 2—HCD
Fy YT —¥a YUAREBROFEAEFIRIA 72—
BEDD/NELBoT0AEI LD D

4. BbH VI

ARG THA L72, 3RICHREZ @A L7z D D
ETEBE, Ry TORARLEELOHMH»ELD, it
HIIF8T X — 5 ThLAM T XN T A= &F
5L FEOREEIEEEZ R L TWb L EZ BN,
T/, Kb 7 a2 TR N REAN S8
A—Z IR E A H = X DHRE N TR 5 2 &
BESTHY, HMEROHETOAEMEEZOND, &
BLZOL) LB LRI T O A Z D, WK
BRFTT = N—=ZA 2 WHT 5L T, FE=—XITH
HIHIET B A AT LR Y THRE TV 20,

1)

2)

3)

4)

5)

6)

7)

ZEXM

Zangeneh, M., “A Compressible Three Dimensional Blade
Design Method for Radial and Mixed Flow Turbo-machinery
Blades,” Int. ] Numerical Methods in Fluids, Vol.13, 1991, pp.
599-624.

Trigg, M. A., Tubby, G. R, “Sheard, A. G., Automation Ge-
netic Optimization Approach to Two-Dimensional Blade
Profile Design for Steam Turbines,” ASME Journal of Tur-
bomachinery, Vol.121, 1999, pp.11-17.

Burguburu, S., Toussaint, C., Bonhomme, C., Leroy, G. “Nu-
merical Optimization of Turbomachinery Bladings,” ASME
Journal of Turbomachinery , Vol.126, 2004, pp.91-100.
Bonaiuti, D, and Zangeneh, M., “On the Coupling of Inverse
Design and Optimization Techniques for Turbomachinery
Blade Design,” Proceedings of ASME Turbo Expo, GT2006-
90897, 2006.

Takayama, Y., Watanabe, H., “Multi-Objective Design
Optimization of A Mixed-Flow Pump,” ASME Paper
FEDSM2009-78348.

Sekino, Y. Tanabe, Y., “Numerical Analysis of Design and
Off-Design Performance of High Specific Speed Mixed Flow
Pumps,” Proceedings of ASME-JSME-KSME Engineering
Conference 2011, AJK2011-06051.

Watanabe, H., Tsukamoto, H., “Design Optimization of Cryo-
genic Pump Imducer considering Suction Performance and
Cavitation Instability,” Proceedings of ASME-JSME-KSME
Engineering Conference 2011, AJK2011-05010.

INTIEHC No. 235 (20124)



