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Performance Analysis of the Centrifugal Pump Impeller
Using Commercial CFD Code
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ABSTRACT

A commercial CFD code is used to compute the 3-D viscous flow field within the impeller of a centrifugal
pump. Several preliminary numerical calculations are carried out to determine the influence of the parameters
such as the grid systems, the numerical schemes, the turbulence models and the shape of the vaneless
diffusers at the design flow rate. The results of the preliminary study are used for the calculation of the
off-design flow conditions. The circumferentially averaged results such as the radial and tangential velocities,
the exit flow angle, the slip factor, the static pressure and the total pressure are compared with the
experimental data at the impeller exit to discuss the influence of the prescribed parameters.
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40

ol
>
il
0y
5
oz

Table 1 Basic Specifications of Impeller

Number of Blades 6 Inlet Shroud | 0.05
) Radius
Rotational Speed(rpm) | 300 m) Hub |0023
Low 0.129 | Exit Radius(m) | 0.13
Mass Flow . Exit Blade
(m’/min) Design | 0.206 Angle(deg.) %
High 0272 | Exit Width(my) |0.014
Actual Is\/Ias.s Flow 1.2 Head(m) 2
(m’/min)
Actual Rotational Specific Speed
Speed(rpm) 1750 [n?/min, rom, m] 157
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Fig. 3 Circumferential averaged meridional velocity
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Table 2 Calculated performance of the pump

Scheme Turbulence Ch.z2 Ciy | 2Hyie| 2Hi
model
) | 0308 | 27373 | 06827 | 10471
UDS | k—e(F) | 03012 | 27130 | 0.6868 | 1.0442
F—w | 03001 | 26919 | 06871 | 1.0399
k—e(S) | 03009 | 27109 | 06821 | 10397
MWS | k—e(F) | 03009 | 27323 | 06882 | 1.0492
k—w | 0299% | 27156 | 06815 | 1.0381
Modifie | #—€(S) | 03011 | 27198 | 06828 | 10425
d | k—e®) | 03009 | 27365 | 06010 | 1.0521
LPS | p | 02008 | 27231 | 06850 | 1.0438
E—-e(S) | 03008 | 27146 | 06811 | 10392
LPS | k—e(F) | 03005 | 27401 | 06908 | 1.0523
E—w | 02094 | 27111 | 06862 | 1.03%
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Turbulence model : 24— & standard model with wall function
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Fig. 4 Spanwise absolute velocity distributions

401111 AA BAEZ2AA 1750 rmpm
ST 1167 md/min ol B3] A

& 0.206 »*/ min o)t} 12|22 AA S| Aj
Hoz FHL A WA AZAY yre Fo} durA el
AR A3etrE A A7 Tubo Grid)e)
SHZE AdetH & AR Y4HEHTh TE k- BF
2dd et AAE A3 A% AN=E F F
Al 80x27x209] FHE A3k 2y FHE
12 Fo] Y3 AxE A4AE A9 y+E 20~30
ARt ¥ A AxFrt UF A AASE
Az A Z3ke 2AE 7Kgl olg 2ol
EF b—e FREEL AMEshe Axbel dd w8
MR NFwrt aA FeEHER AR Tt
Zosm, ¢s3 Ao Qo] oFe Ay B} §

42

LolgY -

1=
i
>_h‘
T
(0]
r
Bl

2
e
T
m

b e
=
o
T
k‘
|
e
T
Y
tn
i)

ol |
4y
A
N,

o

b
2
o,

L
(o3
=7
%
o
n N
b rlo o pr
i v
)4
2 jﬁ o,

)
)
o

i
i
4

o
o

o
M

Fig. 4@°A C,,4
A $52 27 dx3T 9
Zgko| A wk Ay ZLo]

A WA 5 e Bl
R RN LR
odul 47)mz, YHSE
dee g 9

27 9. oz B%

V“(blockage) &

oX
Fl[l: 12‘, —E‘ :‘O
= Ol'ﬂ -
£2%
il o
o rir

4
)5 <

%
%
=y
0Q
FF
4 o
4
5
g

el
g,
()

S E?"ﬂ/ﬂ sz§

184 e A e

T

HE p—e GFELOY k- FREDE 3B
o &% AN ﬂa} 54 &57t &7] Wl 4
$E 2AA w7 g ol o8 f2vy
oz FHEAe £57} 3A yehdth XFE k—e Y
FED] A9 oA AFE nish Zo] y+o G 9
8 ¥ Ao {5 AWE HMekA Raly] vl
o 7 2l g A Hole Ao AlRdh:
L LA L NN WL ELRLILE
o8} .
B —8— LPS modified, k¢ 1
3 ----g---- LPS modified, k-¢ fixed ]
e 5 LPS modified, k-0 ]
06 N
s [ ]
E | ]
¢ 04
(5]

o02F

LI T

FARFTIRT (R TRRN VO WO U SRRSO ENOX RO OO N U0 GO0 SONN O T 1

08 08 1

02 04
shroud

b xb
Fig. 5 Circumferential averaged meridional velocity

To
[

FHIAME R4, W1ZE, 2001



DPRE GRFES) A4S fE) Yae AW A9 AwE @ AGAE VA 298 Fig 6
Auel 94 Pl o) Avjack AAE o]  =ASETh Fig 6@t 4 fFAM oW SEE
A FAAY B 2Ee Bwe AR dF U golth 4w S C,,E FA9 f33 B
aatol] o Aol dFE Wrle AT 2 GF dHH {FFY Uk ABHem Frksta FAY
& 283X FoH, fEd HYE FAVIEel & Ayt BE GRED we dXske e e
23 AReln aedold yudon Nuw UFr AR Af4e ddgen FHdd A&
d2E F 4%E 4 5 ok’ Fe e dug A AAsht nfPoR LS

zpol7t A arfEolM AR oF 8% A
3.3 B M A0Sl AsHT JERIL 9Tk Fig 60 AR SRRl C
£ vusgch G 9 4§ fFEFol A2 AHAA F

AAEE & AN A5S HIF] Al g ok 10% AR Xo]E oA uk ko] AXH L
FAHNE SR & AARY AFFAE A A} Ao ARS welw Utk Fig 609 29
& Ae % Fgol =uAL BHresidua)7b 1 g gapo) Zrbgke] whel oW X7} AADRR
FSE A7 A F IPTIRE AR f gasie gus Jrle AAR PN A9 @
T ol tdAelm 23kl Heeg ARE g A dxsted olE (.9 C,,9 oAVE Rl mel
ARX Y e FAZINE 4 LPS7IMe=E 31 & wiie] A8 A AAFFlA zhzhe] o)
AsaL 4749 diRdel 45d s 7 5~6% A% ARgET BF 2 o3 o

FANARE APATE F2E A0 =0IRA 7} AAEY] ditelth Fig. 6 (e uEd A,

Uiamames e wa e e 5 [T T T 20 — T
L —e— experiment L —&— experiment —&— experiment
0.8E - -5 - ke B 4E -8 - ke £ -8 - ke
I ——tr - ke fixed ] r — = kg fixed ] 15 -~ e fixed 1
- g ke® H g ke® 1 [ ]
g g T 11 ]
= I 1 £ 1 & b .
" 1 s I ] L ]
Q o4f 4 O Lk - L ]
L ] 5k i
0zl 1+ A L
ol v v v 1 P I PN AU VRIS ST AT Giul_u I ] A I
06 08 1 12 14 06 08 1 12 4 056 0.8 1 12 14
o, o, QQ,
(a) Meridional velocity (b) Tangential velocity (c) Swirl parameter
16 et T ——— 1.5 [T L i o e e B
—e—— experiment 1 ) ]
- -6 - ke 1 F E 08}~ b
— &= keefixed L 1 i ]
1 - kew i 1k B
E g F 1 061 -
a | o o ]
2 | nfo" 1 0l -
05k B 05 ——e— experiment - ! —&—— experiment ]
J I - -8~ kt | F - -5 - ke
e et fixed o2k —— = ke fixed 3
| ——ge— ke® F ——ge— ko
ob b | I B | T B ol | I T I RTTOIN SATE SR A ) 0 P 1. | | T WA
06 0.8 1 12 3 06 0.8 ¥ 2 T4 06 0.8 1 12 7
/g, QQ, o,

(d) Static head rise

(e) Total head rise

() Slip factor

Fig. 6 Comparison of performance parameter at measured point

FHIHAMLE MAA, 1S, 2001

43



2 9t Fig. 6(D
| Fol %7}@01} W AAA G A9
Q3 Ay g A 251 gk

H 57}

& deld AFARe] AFE e ke
U AHgEE o8 Aedsrt 37 H448 A5+
747]‘?.510]‘% dREde] 4S9 A it 5
FAY £ e 8 HHE k—e dFEY
°lUr k—w GREEE G A7 o9 Aol

Hatr] oEgoy, FE k—e WHEEDY FEE
Txl 18 S 2A E‘:”‘c Aoz Yeskal At
34 g st e A= BLEAS

o ¥ AT 4%- A yirk AGeA %
7 wgel wAse @Pos Agdd 1 wE A
471 ARe) 44 S FUE lgolek ¥
Qe ghek,

3.4 CIFANel H&

m%r}m
o g

2 go Mo

-«
2
o X
LT

Q) aAxe] Fo BAAAT
%xﬁoﬂ ,,];5]] 01:2113—]9,] /Hl:o] Oﬁﬁ:

ot o, o 1=
=
T Ve
i
2
=
2
12
il
A
il
o
ol
rr

t}. CFX- TASCﬂowoﬂ/ﬂ“ o] B¢ &4
o] Ailddog OO]Q'{— A& 9]
artificial wall)& 49>
]Ei 6‘:]}\1—0] l:ﬂ-/\g%l- 7:1_?_ y_i 2

o -
L
=2

s
=

o

Qb T e 2 3 3w ne
o

NIO —L‘ off x o

B

o

o,

X

4
o oto o
2oz

131‘/} HV“] 9%]71] Q
2 245 F e "UFAY °‘:rL &
opAn &9 WHFe] ZUlgd wel
o) 2o W &=7b AolHrh OIE* A EF
T HHE9 ABe=9 HyoA A "Qfé—.éi
wo] whge} £ Ao H“E‘E} Ao A= o
d g A 98wk c}% otk tFA Y
FrEHAHol dASA FA=E FUA tFA (constant
area diffuser)& AHE3HgIEh Zﬂi‘/} AAE AAshe=
AbgAte] wet S B Hetesrt FPd BXgE o
F A (unpinched diffusert 327} Hg-$=e A
A2 7= AXYE UFA(pinched diffuser)E& AHE
st A7t leBR oEd YFA e Figo] At
FHo| WXz FFE ARy & BE A Al

A 2 o

10« ks

r_&
Jp
BN
i o Y 2 _u.

o O

44

ot

T 1r=2.0
L ve,=1.5
area
— =127
impeller exit r,=0.13

(b) Diffuser length

Fig. 7 Meridional view of various vaneless diffuser

(a) Diffuser shape

S£HE dAgsE BRES AMSEER B QT4
A Qe dFALGE Xolzh vk 1Eln A9
A9 FHHR 929 AfE UHAY A AA7

glon tFA &7 Hhgol 0166m(r/rz 127)i 2
AFo A AR UFAQ Zol( #/r=20)Rct Frh
o] Jg& Ay Y8l Fig. @< £ Al 7HA

2 Pare] tFAS} Fig. b2l Al 714 ol& Zole]

El-‘r‘r?ﬂfﬂl 3 AN S st FA7 lt‘é% !
&

PSE AHgElien GRRAS £ HEH ke
‘n‘—r-“?:]“‘} k— o HREIRHE AR
AR 3 el RS A 23 Fig 8 (a)

g} o] YFAFN] Cpp®l 29T EX A
& A ggkar, <lde FFelA WA Hdd
M 2pol7) 3191‘:} Eolgt A AXglE ¢
Z A ASeE E7AA"] e & v
Aol o 28l ®E EFSL EFAANAA FE
fredo] th Fig. 8b)ollA tlFAL Aol HaA
2 AS Cpod 2893 EXE 4/p7) 1569 W=
71E9 #fr7t 2098wk Aot vk a2y
rr7t 1219 We C, 9 3o & XolE Rolx
Atk w7k 20014 159 WE ETFAWAA 1T
wuel giglon 1209 A% o 1054 T,
a:?ﬁﬁl“%ﬂ 15 HH ol *3745 grok Qe E+¢

g6 ox of
24 off ook

14
ruii

+ 31 g?g} 3?7—‘741“401 w2437 W&
&g yo] ol He Aoz AEdoh %}Xl“*
73 dhe] 7oA by Add deHs

&He A9 zojrt §lSlth o9k Po] H¥FAYL #E
Aoj¢l / 2=1.27¢1 A% C,.»9 o] AeolE Ho
o gemz P27 g Hert dasith

SHOAKD R4, M1, 2001



1‘r|‘|r|\\\

LA LA S Lt R B UM B B

)
—.
A —
o
>
__Q__
I e

experiment
constant area, k- fixed
constant area, k-0
pinched, k-¢ fixed
pinched, ko
unpinched, k-¢ fixed
unpinched, k-o

NENENEN AET N STRNETRTSN AR T
0.2 04 0.6 08 1

shroud

-0.5 0

hub
(@) Meridional velocity for diffuser shape

MEz oldpfo Masly
1 T T L I T T T T I T T t T I T T T L ' T T T T
052860, 7]
— 7 “
@
£
A
b
Q
‘ 1/r2=2.0 ke fixed
oF — A~ R2=20kw
% = Hr2=1.5 kg fixed 1
b HR=15ko
— —4— - tir2=1.27 ke fixed 1
- O 1122127 k0> -
. e b e e b e o by g g g by
055 0.2 04 06 0.8 1
hub xb shroud

(o) Meridional velocity for diffuser length

Fig. 8 Meridional velocity profile for various vaneless diffuser

4.8 E

& dFdME 4§ CFDREY
Slgse) LABE A
SR BHEE 59 Bl q8

i,

C ASCﬂOW =

S ELEE
B7)e

yv}”@*ﬂﬂ
uaﬂﬁa—ﬂnﬁﬁﬂ

FHANAME H4A, W1z, 2001

s

[=)

I

(1) Lakshminarayana, B, 1991, “An Assessment of
computational Fluid Dynamic Techniques in the
Analysis and Design of Turbomachinery-The
1990 Freeman Scholar Lecture,”
Fluids Engineering, pp. 315~351.

CFX-TASCflow user Documentation, Theory Docu-

mentation.
3 7C]~/\] k|

Journal of

()

(4) Cumpsty, N. A., 1989, “Compressor aerodynamics,”
Longman scientific & Technical.

(5) #HgA, 1996, “ddyg= AA 2 A
uiF FEslA”, Aguisha

(6) McNally, W. C., Sockol, P. M., 1985, “REVIEW~
Computational Methods for Internal Flows With

Journal of Fluids

el
HPALSES] R

2 9%

Emphasis on Turbomachinery,”
Engineering, pp. 6~21.

45



