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31 _6_H *—1 o I.'él Creo Parametric 5.0.4.0 SimLab 2020.1 python HyperStudy 2020 HyperWorks CFD 2020 AcuFieldView 2020
2.1.1 ¢EE 24 niefolE
£t (mm)
0|2 R8s zt WS ol B e 23
BLADE_NUM B 6 O e uexzo g%
BN WIDTH_OUT 4% 2000000 [ BpEA  aEm IO @I 8 e
WIDTH_IN A% 0800000 [0 @pMA AEX WO W OHE |
VOLUME a4 6461.693 O 22 A4 £
ROUT limicknesspate &% 3000000 O BpRA ST EO  ORyE A
MASS A 0.018157 O BEZ AN 2
HEIGHT_BLADE 4% 13000000 [J @pMA usx o ZIOIE £0|
DIAMETER_OUT a% 45000000 [0 Rp¥A AsX T UBY XE
1 DIAMETER IN A% 11000000 [ @pBH AusXmo  WHARXE
v HEIGHT_BLADE DIAMETER_HALL 4= 8.000000 O @p¥n  sskzo  UBIYFUIIS
THICKNESS_PLATE O BLADE_ROW a% 21000000 [ @pBH AsXmY @ IE
WIDTH_OUT ANGLE_IN e 60000000 [1 BpMA AEX T W O4E LS
CREO %!rgla-l EE;._lEél CREO ?:I%E'I rl'I'EI'I:IIE'I E"OlE'I
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IMPELLER BLADE 47|

Creo Parametric 5.0.4.0 SimLab 2020.1

IMPELLER BLADE 57}

¥ g mE TR I 2 80= o7 a7 HE &K

o —
- HEY Z/M i B2 oY ot R5l 4744 SFS RIEYE

HyperStudy 2020

IMPELLER BLADE 67}

HyperWorks CFD 2020

IMPELLER BLADE 77

AcuFieldView 2020




ke

&8 RISA W2

>
I
E

= o|EIp| F|FE U ME BAM J\ ALTAIR

N
n

ol 2] 1 3 ?2 ~— -
2. = O ! N \(1 wFV
2.1 '6'“ A_"I E :"EI Creo Parametric 5.0.4.0 SimLab 2020.1 Pgthon HyperStudy 2020 HyperWorks CFD 2020 AcuFieldView 2020

2.1.3 #lo]d 2 C|X}Ql Dimension (mm)

ABM SUPERSEAL 1.5 SRS

2 POSITIONS TAB ASS'Y
300£15 ©,
7220 5 19
I —= | (S0 i ]

1 415 |

22

30mm B

28mm ‘\f; (

100
120

Shock-proof installation bracket —

CREO casing modeling CREO casing modeling
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3 1 *-I -6-1 6“*" Creo Parametric 5.0.4.0 SimlLab 2020.1 pgthon
. L- O |
3.1.1 8z 1z M
CtEN o] YR 0|52 (AlI7075-T6) MHE
« Al-Zn-MgA &=
« Alalloys |1 & &=Lt
« FXE Impeller?t H|w3t0] LfE ZAg0| gln, L& =7t o LSHCt
. LjAlMo| St
Al 2t2 dELT Etd A= L OpSH] =i
7075-T6 570 MPa 71.7 GPa 0.11 2.81E-06 kg/mm3

HyperStudy 2020

r.
« a =

HyperWorks CFD 2020 AcuFieldView 2020

.

Al 7075-T6 E’3X|
=/ Mechanical Properties
=/ Hastic
Density 2.81E-06kg/mm3 | none v
Youngs_modulus 71700 MPa none v
Poissons_ratio 0.11 none v
Shear_modulus
Themal_Expansion 2.35E-05 /C none v
Reference_Temperature -253.15C
Damping_coefficient
Stress_Tension 0 MPa
Stress_Compression 0 MPa
Stress_Shear 0 MPa
Mat_Cord_Sys 0
=l Plastic
Yield stress-strain table none v
Work hardening slope
Hardening_Rule Isotropic Harden | v |0.15
Initial yield point 570 MPa
Yield Criterion VMISES v
Hardening Parameter 1
4l Visco Plastic
=/ Thermmal Properties
Themal_conductivity 0.15 W/{mm*C) none v
Heat_capacity 0.5J/kg"C) none v
Latent Heat Effect None v
Free_Convection 0 W/(mm2°C)
Dynamic_Viscosity 0 N°s/mm2
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Creo Parametric 5.04.0

TetMesh

Element Type:
TET4

O TETI0

Mesh Size:
Average element size
Maximum element size

Intemal grading

Quality 2
0.001 | Jacobian-Nomalized | v

Identify features and mesh on CAD body
Advanced Options

Apply

Create Solution
Name
Solver
Solution type:
Select bodies

Solution

OptiStruct
Linear Static

impellerbea prt.2

Create tie contacts between bodies

Apply OK

Cancel

-t

« Linear Static SjA S 2 TIGIC}

« TET10, Tmm element sizeZ mesh& T+ tCt.

N
n

N

SimLab 2020.1

~
wFV

«

HyperStudy 2020

P
Q

HyperWorks CFD 2020

AcuFieldView 2020
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3.1 J.‘j"'éi -6-H *_.I| Creo Parametric 5.04.0 SimLab 2020.1 python HyperStudy 2020 HyperWorks CFD 2020 AcuFieldView 2020
3.1.2 ¥E2| Mesh % Boundary Conditions
- ZaE >

3500 rev rad 36 0.38 C] 1.16

w : 3500[rpm] = c0soc 2nrad = 366.52 [E] (] 0.42 117

Qo0.47|C 1.20

£ = SEI0|= At £ €050 J 1.55

Sy v=w-r=23665222|.00225[m] = 8.24 [X] @059 155

§§§§§ \) sec sec <>0.80 O 160

« SO 2 HE| WS OF [J1.05 | 1.98

Pressure FD | 1.17 [>2.00

Pressure i cesoie b o 7 = OSCD . p . 172 = 05 . 12 . 997 . 824‘2 = 40616kPa D 1.17 D 2.05

D1.38 >2.20

o — Y . L D1.42 )2.30

: DAY HAXIE FESHH BI| Qo A+ 58 & LHUS ALE
ﬁme:::r:::oa:m:agnitude Water ?EIE p : 997kg / m3
tore ol Cee Pressure = 40.616kPa -5 = 203.08kPa =|0.2Mpa| a1
Apply oK Cancel S5 1“1‘ CD 1.2
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3. S| A . ) e < G <
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3.1 M -c-,c-; -6-H *_.I| Creo Parametric 5.04.0 SimLab 2020.1 python HyperStudy 2020 HyperWorks CFD 2020 AcuFieldView 2020
3.1.3 Y& 33 3 He| 5| Za}
0.04934
53.531 MPa S
48.665 MPa p.omes BLA:D‘E\ABOW
' 0.04037 :
43,799 MPa
0.03588
38.933 MPa
34,068 MPa Akl
29,202 MPa 0.02691 WIDTH_OUT
24,336 MPa : 0.02243 :
19.470 MPa 0.01794
14,604 MPa 0.01346
9,739 MPa 0.00897
4.873 MPa
0.00449
0.007 MPa
0.00000
- =80|E - S20|E HZZ dTiEHSE 9f2 WIDTH_IN &2 HEo| Act.
. Qimgt of » Displacement MaxValueE Responsetf2E ML},
« Von Mises Stress Max valueZ Response
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3.2.1 E mi2iojg xH dA

@ Mzeria Q ig ﬁ
> Material :
j’ ge;;: Loads... Constraints... pgthOﬂ
REC T A7075T6

| ] impeller_6ea_py.py

- N R IR BRI

Geometry Import Mesh Generate

Assign Material Boundary Conditions Response Definition
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Creo Parametric 5.0.4.0 SimLab 2020.1 thon HyperStud
04, ; udy 2020 : 1
3.2 X| ™ MA PY yperStudy 202 HyperWorks CFD 2020 AcuFieldView 2020
° hd 24 - =
o - c =ac ~ |== oy |y |4 e
ol ml a1 TlatolE Mx His(ds) |24 |[E7Z |€25A [ EAEAH (i |58 M =z = B g7 |z =7
3.2.2 "2 mj2to|g M
1(2021) 1
2(2021) 1
£ " 3(2021)
.| 2= s EEEL < | as LES ELERTE
= 5 = = 4(2021) 1 1 1 1 1
Digital-twin-driven geometric optimization of | Xk B0 A{ cutting width 2t " Ty ) 5(2020) 1
1 | 2021 | centrifugal impeller with free-form blades for | 228 X7 It2t0|E 0] G2 CFD 15 | 2017 Numerical calculation and optimization | @E7 XZ1 2 0|E 74
five-axis flank milling %%'1 ’é‘fi designs in engine cooling water pump | Zt2t0|EE 0|88 CFD 283 XS 6(2020) 1 il
Design and Analysis of Impeller using Brass 2 ABS FiE O] M2 UZY Volks Wagen 1.8 Engine® ALDCE22| | AnsysZ 0|23 UB3 0] 7oK1=
2 Corrosion Resistant Materials X3 16 | 2017 Water pu%pi}-ﬂ* SRl & cggyg?g;c; x_?; : 7(2019) 1 1 1
Influence of Impeller Gap Drainage Width on | o Al s o = = | - = |
3 12021 | the Performance of Low Specific Speed CFEE;'OG',Z, é{ i‘;?—v ROIWE | | 47 | 2016 Egﬁﬁa 48V TSH HHER :;‘;‘f 74+ THBHO|E CFD ¥E 8(2019) 1 1 1
Centrifugal Pump | | = i
Hydraulic performance prediction and S20|E &7 Z, £301E =, 18 | 2016 %E:““ﬁ 2T eTAs F0 G2 %ﬂglg o7 W 20 S a2 U L
4 | 2021 | optimization of an engine \CZOT% water %‘E%llg} §1! = MNP bl b | S5 10(2019) 1 il 1
ump using computational flui namic = Py s =oimog~ | SH0|E UPZLERZ LUK U
s D g Ry 192015 | SEHRENS IS TLSUZEIIE ,5;,' - 20 ;:‘% oiks z;ﬂf; g‘;E‘ 11(2019) 1
| DESIGN AND STA’xDTlc 3\’Nl;~MIC ANALYSIS OF GFRD,CFRPAL- » B CHeX NXs 7| ¢S 018 IEY U [N YT 2 LA0[F2 12(2019) 1 1
5 |2020 | CE TR ONAL AND COMPOSITE MATERIAL | 6061INCONEL STAINLESS STEEL itk v febh b ge =340 13(2018) 1 1 1
USING VARIOUS MATERIALS T | R0 2 oEe mEa 21 | 2015 | High-efficiency design optimization of | CFD 3144 o M2 10|
| ic. i v i a centrifugal pumpt QU= A K}
. ;l:rr:\(elfr\l;aITﬁ;nalyswsl_of_F‘JIO\\_?Pen?men:}_‘wr_a_ 230|E QF ZH =7 240 G2 P R e P T T T 14(2018) 1
gal_Pump_Impeller_of_Low_Specific Sp | &) Qma AmE 2 | 2014 | BEEST | AESO T £4 S0 =0 MO T FYE E5
eed K0 Vst £XIH @7 SH0 QB AN
7 | 2010 | HEETEXCFOE 013 AREE 2 E‘%?f%‘f%‘ L%f E'FI < 23 | 2013 | Performance prediction of centrifugal | SIS W7k 52, S 0IE A0l 15(2017)
| Z™s 24 i%xﬂl_ﬂgi} o e CFD pumps sith variations of blade number | £7t2 0|0 2 U3 ZX3t | 16(2017) i 1 1
I =30 97z 232 Analysis on Effects of the Blade Wrap 230/ 97 £27 D o3 17(2016) 1
2 | 2019 SE D QEY A ZNEE ETH £3|0|E Z&, £30|E 2242 24 | 2012 Angle and Outlet Angle on the 6120 mat CFD%E_O\Rét olmay
HER MO B AR HIX| 2 THeH0|E 2 CFD U3 Performance of the Low-specific Speed | x5 S 18(2016) 1
M3 A Centrifugal Pump S
o | 201g | Effect of impeller blades number on the S3I0|E 7= Z2t0|Ef CFD | DOEQ} CFDE ALBSH HIMHT QH3 RBOA KA SSt0|EE 0|83 SO L L L L
L performance of a centrifugal pump | &2 X} | 25 | 2009 U= £ 20(2015)
3D 2O|C EfQIO| YEEE 47 g 5 ASS YA BI AHE | AOBOA XA LE0EE 0|83
|02 | sswmmar - T T T emaaa 2
| The influence of blade outlet angle on the 27 | 2007 HUEHEZ2 ZYs SHOIE 01 R LE0|EE
11 | 2019 | performance of centrifugal pumpwith high . 1S ST U £A VIENE | 08T £E AR 22(2014) 1 1
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(Z > g Setup

HyperStudy 2020

Ac?ive Label Varname Lower Bound Nominal Upper Bound
3 ANGLE_IN var_3 45000000 _ . 60.000000 ___ | 75.000000 __,
5 WIDTH_IN var_s 0.5000000 ___ | 0.8000000 _ . 1.3000000 _ .
6 WIDTH_OUT var_6 1.5000000 ___ | 2.0000000 ___| 2.5000000 .
7 BLADE_ROW var_7 17.000000 ___ ' 21.000000 ___| 25.000000 .

o WMol o MA He2 MHES 28 0|E 4, EE0l=E FH, 280|lE Z4E
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E80|E HE (mm) 17 < 21 < 25
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“F ANGLEIN |“F WIDTH_IN | “F*WIDTH_OUT | [+ 3LADE_ROW| 5" Max_Stress | % Ma;_Disp % Mass
74I 74.280000 1.1976000 2.4840001 18.991670 47.964814 0.0233408 0.0179332 ¢
69 73.080000 1.2936000 2.1240000 19.629088 53.176393 0.0251449 0.0177606
98 68.520000 1.1784000 2.3560000 18.860498 49745239 0.0256495 0.0177348

‘F¢ ANGLE_IN |/F+ WIDTH_IN | /F*WIDTH_OUT | /F+3LADE_ROW| % Max_Stress | % Ma;_Disp % Mass
73| 74.280000 1.1976000 2.4840001 18.991670 45.944242 0.0227498 0.0189975
68| 73.080000 1.2936000 2.1240000 19.629088 51.979138 0.0246128 0.0187817
96 68.520000 1.1784000 2.3560000 18.860498 49313168 0.0250855 0.0187494

Jf+ ANGLE IN | T« WIDTH_IN |F«WIDTH OUT ;F«3LADE ROW % Max_Stress % Ma\);_DiSp v Mass
74I 74.280000 1.1976000 2.4840001 18.991670 46.214581 0.0225468 0.0200617
69| 73.080000 1.2936000 2.1240000 19.629088 48.953008 0.0244675 0.0198028
98 68.520000 1.1784000 2.3560000 18.860498 49.522251 0.0248536 0.0197640

‘F¢ ANGLE_IN |F¢ WIDTH_IN | /F*WIDTH_OUT| /F«3LADE_ROW| % Max_Stress | % Mé;_Disp % Mass
73I 74.280000 1.1976000 2.4840001 18.991670 52.553649 0.0225817 0.0211259
68| 73.080000 1.2936000 2.1240000 19.629088 61.043687 0.0246919 0.0208238
95| 68.520000 1.1784000 2.3560000 18.860498 47.783318 0.0249198 0.0207787
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Surface

Surface Controls (#Surfaces) Size
M Input Output, Rotate (37) 0.001

Case (16) 0.002
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SimLab 2020.1 HyperStudy 2020

AcuFieldView 2020

HyperWorks CFD 2020

HA

s}ols}7| 28 A

|




< k5 — AN ANSL i1d 5T T x =l O [ — |
212t XPSAF Yz 23 M Ty =5 U Ms BA 4\ ALTAIR
3. S| A ’ A A « a =
3.3 'I?' % 6—“ A_-I| Crq;FaamaticS0A0 SimLab 2020.1 python HyperStudy 2020 HyperWorks CFD 2020 AcuFieldView 2020

3.3.1 HyperWorks CFD [Mesh]

[ g

\

HyperWorks CFD 2020

3)

¢

Boundary Layer
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3.3.1 HyperWorks CFD [Mesh]

(M

Volume Mesh
Volume Local (#Solids) Size
B Volume Mesh Local (2) 0.002

Entity + Count
Nodes 105800

2d Elements 48054

3d Elements 470844

« Volume Mesh Size & 0.002mmZ A ™ sICt
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3.3.2 HyperWorks CFD [Boundary Conditions]

Materials (#Solids)

(1 (n
W Water (2)

&
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Boundaries (#Surfaces)
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M Outlet (1)
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3.3.2 HyperWorks CFD [Boundary Conditions]
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© Transient
Time step size:
Final time temination

Final time:

0.001 fl 3

0.05

Rotation

python

SimlLab 2020.1

» Transient analysis

HyperStudy 2020 HyperWorks CFD 2020

Time step size | 0.001
Final time 0.05
Time step 50
> Rotation
1 =1 revolution] [1min] [ 2n rad ] B 2w rad
rpml = min 60sec] |1 revolution] ~ 60 “sec
3500] ] = 35007ev 2 d = 366.52 rad
rpml = 60 sec rrad = ' [sec]
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3.3.3 AcuFieldView [Velocity contour]

(Video)
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3.3.3 AcuFieldView [Velocity contour]
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3.3.4 AcuProbe [Mass Flux]

gammy e
IMPELLER BLADE 47| IMPELLER BLADE 571 IMPELLER BLADE 671 IMPELLER BLADE 77i

«  Outlett| M Time step OFCF & 3% (Mass Flux)2 LIEtU = 2= O|C}. (AcuProve 2020)

« T EEO| Mass FluxZ} Time Step 40 O|= 2 2740t 440 =35tH, dHot R EQIC}
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Base model Blade 5ea model Optimal model
N 7|F mi2tolE + 7|12 AHolx ZH mi2olE + 7|2 AHlo|x Z|H ni2tolE + HE AHo|x
o HYl= 52.49% ZASIHRILCL. ANGLE_IN : 60deg ANGLE_IN : 74.28deg ANGLE_IN : 74.28deg
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o BO|(EEH2 5.62% LAGIALE. WIDTH_OUT : 2.0 mm ' WIDTH_OUT : 2.48mm | WIDTH_OUT : 2.48mm
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. Olml b x| & A LHZFA
Ol g0F X| ™ MA A| H Mass Flux 5 8000 17
7} 0.65% HAHX|T, HF 5 H 2
0.04 1.6}
_ 6000
Zamo| B2 2 JHsE 2o ¢ 52.49% | .
£0.03 = D15¢
— - Q S %
2t EHEHSEQALCE 2 9 4000 3
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- Aloj2et AEE BF XHHAA 32% = > =
2000
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