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Aerodynamic:

Diffusion
Endwall losses
Profile losses

Tip clearance loss
Secondary flows

Geometrical:

Lean angle
Throat area

LE and TE Wedge angle
Stagger angle

Airfoil cross section area
Volume of blade

Stress:

Centrifugal Stress
Bending stress factor

Aero-acoustic:

Tonal Noise
12



ICSC2013

Objective Fur

Copyright(c) IDAJ Co., LTD. All Rights Reserved.

Flow/Geometrical
& Stress Parameters

13



TURBOdesignfiitiiiE3. 4

ICSC2013
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DOE Theory
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0.187
0.828
109N
0.509
0172
0.204
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0.565

Vaue Lbper Type
0.2145 FReal
0.2783 Real
15 Real
1.0 Feal
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1.5 Real
1.0 Real
15




Copyright(c) IDAJ Co., LTD. All Rights Reserved.

ICSC2013

TURBOdesign Volute
SRR &

16



ICSC2013

AT IR

RELENA IR RET 47 (RENMAZNETE) , HMRKERRE L
DU 2R ] B I TR RR AR AL

180 CTrrrrrrrrrrrrrrrrro]

f T T T T T T LD i
. I Om =0 13bgs ]
Q, =0.126kg/s - WE A E
! Ogl(lg/'s - (-I? -
160 tw ._j 4 ,-‘ | P Lol oo dual ol dualas)
L 80 peep——y Bl B IS RALE RS RS B
3 M 0.260kg/s 4 Qm =025 kol
-~ d E '\l!
£ 150 | M\A\/ . 3|
- Y -— e —— ~
P-4 B 0.286kg/s & L T
g : .‘RU/O . £ % -
- = ] b L
§ 140 L - < PP U W U DI DO DUA DU Y R P e et
a 5 0.312kg/s - S o
- ' —
2 - : - Qe 0,38 ks
b— —_ 30 b= -
g l30 o 0347kgf1 - i s — e
- f -i ‘--u_‘
: 3 R )
120 [ 5 0 . -
B 0374kgs ’}» YN " 1
- Measured 8 | \J
110 [ -1 l Volule B
B “1 | Vi c -
s Volute A ' —
a i o Lanl M1 PP Y PO P N P
100 U S T U U W N T N U A U A N A 1 a % 60 90 120 150 180 210 M40 270 Y00 A% %0
0 100 200 300 400 Azimuth Angle (deg)

17
Copyright(c) IDAJ Co., LTD. All Rights Reserved.



TURBOdesign VoluteR4F4E

e TURBOdesign Volutef# F &7 x 7] #1511 1
YRR

o fEr-0 “FHET 4R THE B AERIIE M

« BEVHSEHO GREADD) AR YIHE
# AR

o RJFIEE RBMER %L LR E T IE K
THE AN F

Copyright(c) IDAJ Co., LTD. All Rights Reserved.

ICSC2013

Meshyecicr

18




ICSC2013

TURBOdesign Volutefy =455

o PTG N HIREEIE; ; 8 Ei—_"‘ 5
o BEAh, FTRLETB-RES LR B X __ - _,, - -

ENSYIZNNY AR
o HEPHEJUTHL, BRERE e T

1@ e o O9S Dune

|
3l
i
|
l
el

CAD)J L] 2R 1H XX £ | = m——) () | & m——

19
Copyright(c) IDAJ Co., LTD. All Rights Reserved.



ICSC2013

TURBOdesign Volutefy =455

« HUEDTMNEIREAFRKAEEIR:
> R BT A X
> EEKX
> HOEE
o  AFEBIEE B shtiE i iE 2 —i;
o BERFADIEHTHEETERR (IREiEE) PARHERLE;

o« HLAfEE MR E 4R

20
Copyright(c) IDAJ Co., LTD. All Rights Reserved.



ICSC2013

\NE iUe If ] 1NC

|

TURBOdesign Volutefy =455

o HaHOLE IEFRIGESR

ARRAT Pl = 43R S5 4k A%

21
Copyright(c) IDAJ Co., LTD. All Rights Reserved.



ICSC2013

TURBOdesign Volute
N ESY

Copyright(c) IDAJ Co., LTD. All Rights Reserved.

22



ICSC2013

WS4 7 A1 ]
RPM: 1760 L B3 ALk

BEP: 29.718 m at 0.1 m3/s Vo7

NPSHR at BEP: 5.4864 m IS Z N

Max Head: 38.1 m 1k b
Max Flow: 0.16 m3/s e [~ | .

23
Copyright(c) IDAJ Co., LTD. All Rights Reserved.



ICSC2013

WA R F T

Efficiency [

36

80 90 100 110 120 130 140
MassFlow (kg/s)

=¢=conventional Volute ==ir="TDVolute-Uniform Inflow

Stage CFD comparison

TURBOdesign Volute and Conventional Design

24

Copyright(c) IDAJ Co., LTD. All Rights Reserved.



ICSC2013

—o—Conventional Volute
0.35 —=TURBOdesign Volute

0.3
0.25

0.2

\ s

0.15 B —

pressure Loss Coefficient

70 80 920 100 110 120 130 140
Mass Flow (kg/s)

25
Copyright(c) IDAJ Co., LTD. All Rights Reserved.



ICSC2013

=#= Vm at 100%Q

i Vm at 130%Q

e Poly. (Vm at 100%Q)

=== Poly. (Vm at 130%Q)

Velocity [m/s
2 -

0 40 80 120 160 200 240 280 320 360
Theta

26
Copyright(c) IDAJ Co., LTD. All Rights Reserved.



ICSC2013

S — Velocity Tangential at
s i - 130%Q
¥

13 T

12

n 1t

10

T 1 rITITTTITY

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

Theta
27
Copyright(c) IDAJ Co., LTD. All Rights Reserved.



ICSC2013

Velocity
Design 02b 270 Degree Position

I 1.301e+001

9.757e+000

6.505e+000

3.253e+000
360 Degree Position

0.000e+000
[m sA-1]

180 Degree Position

90 Degree Position

Y
0 0.100 0.200 (m)
—

0.050 0.150

Copyright(c) IDAJ Co., LTD. All Rights Reserved.

28



9L EBEIRE =E

ICSC2013

l 1.301e+001

' 9.761e+000

6.507e+000 Distributed Velocity Design

3.254e+000

0.000e+000
[m s™-1]

Copyright(c) IDAJ Co., LTD. All Rights Reserved.

I 1.301e+001

9.757e+000

6.505e+000 Constant Velocity Design

L 3.253e+000

0.000e+000
[ms*)

29



ICSC2013

180°i B X E =&

H 1.3380+001 . 1.3380+001

1.003e4001 1.003e+001

6.690e+000 Distributed Velocity Design 6.689e+000 Constant Velocity Design
o 3.345e4000 i 3.345¢+000

0 000e+000 0.000e+000
[m s*1) [m s*-1)

30
Copyright(c) IDAJ Co., LTD. All Rights Reserved.



ICSC2013

1.299e+001 l 1.29%e+001
9.746e+000 - 9.743e+000

Distributed Velocity Design Constant Velocity Design
6.497e+000 6.495€+000

3.249e+000 3.247e+000

0.000e+000
571)

0.000e+000
[m s*-1]

31
Copyright(c) IDAJ Co., LTD. All Rights Reserved.



360°LE (IpE) EE=E

1,019e+001 1 1.018e+001
6.794e+000 6.790e+000
3.397¢+000 3.395¢+000
Distributed Velocity Design
0,000+000 0.0006+000
[m s™1) 0 0060 (m) [m s™1)
| ‘
0.03

Copyright(c) IDAJ Co., LTD. All Rights Reserved.

Constant Velocity Design

0 0.060 (m)
A
nn

ICSC2013

- 1.359e+0U1 . ' 1.358e+001

32



ICSC2013

S

JTixN

« F|FHTURBOdesign volute>X FH )M H O #EE %
THAERBRIR T U R S ot B R R BB/, R HIE#
Ve A =M S = ANIS YRR (P

o SRAIAES IR R W IR S BT RS R
MBS, TR BT R AR E R,

33
Copyright(c) IDAJ Co., LTD. All Rights Reserved.



Copyright(c) IDAJ Co., LTD

Y CLEN

. All Rights Rese

afe

rved.

ICSC2013

TURBOdesign CFD
FE

34



ICSC2013

TURBOdesign CFD4HE

o LITHTHREIMECFDITHEMR, £/ T TURBOdesignik
2

o F T NasaftLewisHf 7T 0> PA K Florence X2 T & HIZE RS
(TRAF);

o WH20ZFERLSE, ERMBIRE R T EGYLU L RAT
AR N A

o NTZEMHFR;

35
pyright(c) IDAJ Co., LTD. All Rights Reserved.



ICSC2013

TURBOdesign CFDE 445

MTURBOdesign™ 75 {EHL T N JUAI RG24, HINER=4M
1%;

o FRSEFIEE—TT DATE = BE A il A B 1B 00 P UCsll (AR 25 Rl AR 14T
ToIEFE RIS KA T RSO

o WEWRTHATHREWERG. BEH R (S077M) ENZAESE b
F BRI TH BN [R] 91043845

o« A FimIRAR A

— Baldwin-Lomax

— Spalart Allmaras (version 5.2)
— Two equation Wilcox k-w (version 5.2)

36
Copyrig z) IDAJ Co., LTD. All Rights Reserved.



ICSC2013

TURBOdesign CFDE 445

B3l ERE &

B A Rt X R UK THER S, BEEMEXER

° Xﬁﬂ)ﬁ%kﬁ ‘—Hﬁ%"uéljg%’ Xﬂ‘ﬁ-ﬁ—ﬁ%/ﬁg/\%;

=

« HEegFEREM X, NMERREXKE . FEESECFDITHFEH Y &
S O R BRI RA H B2 K Refhit
1E;

o FEMARIERFEIERM, LHEMTURBOdesign optimafi &
copyright(c) Iﬁ?ﬁﬁo.ﬁwmsﬁeserved.

37



SUMMARY

CASE :
des04_p102000

Design spec

Blade No. 24
Rotational speed (rpm) 3000.0
Inlet density (kg/s) 1.200
Flow rate
Inlet Mass (kg/s) 3.75622
Outlet Mass (kg/s) 3.75479
Mass Error 0.038%
Max. Mass Error 0.542% (atJ = 16)
Inlet (m”3/min) 187.81117
Pressure (Pa)
TE-LE TE-Inlet Outlet-Inlet
Total 2450.87305 2429.41406 2329.90283
St 1743.95239 1514.18042 1576.39087

roadband noise model based on
results of Fan Noise consortium
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Velocity (m/s)

Inlet LE TE
VM  32.19983 35.71764 36.49318
VT  0.00005 0.47788 33.63828
\% 32.19991 36.90155 50.51682
W 75.07988 76.42789 50.09339
Shaft power

Based on Blade Surface Pressure 8.16746 (kW)

EFFICIENCY
Total-to-total 89.76 (%)
Total-to-static 32.93 (%)

Outlet

33.54645
33.53801
47.78290
48.04314

B

#### NOISE ESTIMATION ####
SRR R

Using velocity loss method

| By using W-CFD | By using W-design
| dB | dB
+ +

Eloss™1 103.6231 102.9534

ICSC2013
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SUMMARY Based on Euler Head 13.15437 (kW)
CASE: 280imp Cavitation
Design spec NPSH(m) POWER DROP(%) Scal Sigma SigmaTH
Blade No. 6 4.0544 0.1 663.8 0.7413 1.2501
Rotational speed (rpm) 1000.0 3.4176 0.2 754.6  0.6155 1.0537
Inlet density (kg/s) 1000.000 2.8746 0.3 859.2  0.5081 0.8863
Vapor P (Pa) 1900.0 2.2786 0.5 1022.7  0.3903 0.7025
1.6854 1.0 1282.3  0.2731 0.5197
Flow rate 1.0968 2.0 1769.7  0.1567 0.3382
0.7074 3.0 2459.0  0.0797 0.2181
Inlet Mass (kg/s) 59.95977
Outlet Mass (kg/s) 59.98263 Sigma : cavitation number
Mass Error 0.038% SigmaTH : Thoma cavitation factor
Max. Mass Error 1.930% (atJ= 3) Flow coefficent at inlet =  0.2451343
Inlet (m”3/min) 3.59759 Head coefficient = 0.6410885
Head (m)
EFFICIENCY

TE-LE TE-Inlet  Outlet-Inlet

Total-to-total 94.55 (%)
Euler 22.37120 22.55046 20.66530 Total-to-static 58.10 (%)
Total 21.53347 21.32189 19.21967
St 14.05575 13.64475 14.92622 — -
Cavitation data is generated automatically using blade
Shaft power surface static pressure results in single phase
analysis.
Based on Blade Surface Pressure 12.99852 (kW)

Effective approach for comparing designs

39
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€ TURBOdesignl
v" Ffowcs-Williams Hawkins model for tonal noise
v’ Splitter parameterization for script version

€ TURBOdesign Optima
v’ Splitter blade Optimization

€ TURBOdesign CFD:
v" compressible version
v’ 2 additional turbulence models (Spalart-Allmaras and 2
equation Wilcox k-o)
v' HPC/Multi-core version.
€ TURBOdesign Volute
v Incompressible symmetric volute version
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€ TURBOdesign Pre:

v" Mixed flow Pump version

v' Radial-inflow turbine version

€ TURBOdesign1

v Parameterization for axial chord optimization for axial machines.

€ TURBOdesign CFD:

v New elliptic mesh generator

€ TURBOdesign Volute

v" Compressible and asymmetric version (turbocharger applications)

€ TURBOdesign2

v Mass flow boundary conditions

v’ Stage/multi-stage model in analysis and design modes.
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