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ABSTRACT

In this study, a numerical investigation was performed to determine the effects of the arrangement of partial diffuser vanes

on the hydraulic performance of a centrifugal pump. Three-dimensional Reynolds-averaged Navier-Stokes analysis was conducted

using the shear stress transport turbulence model. For the reference shape of the diffuser, which has the full height of the vane,

a grid-dependency test was performed to identify the optimal grid system, and numerical results were validated with experimental

data. Three diffusers with different configurations were used as test cases. The hydraulic efficiency, pressure recovery coefficient,

and flow coefficient for the operating range were defined as performance parameters. Additionally, internal flow fields were

evaluated to further investigate the relation with performance.
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Table 1 Design specifications of the centrifugal pump

Impeller Diffuser
Inlet radius Ri=141.13 mm| Inlet radius R3=259.00 mm
Outlet radius | R,=258.60 mm | Outlet radius | R4=469.35 mm
Outlet width 38.49 mm Outlet width 40 mm
Outlet blade angle| 22.3 deg |Inlet blade angle 1021 deg
Number of blades 7:=7 Number of vanes 78

chroud Par:}al Tip Vane(!.:e.‘

v & 3

Hub

FDV

PTDV PSDV

Fig. 1 Diffuser vanes with different arrangements

Hehel ClA HﬂO ¢l
23 50% A3 =o]o] TJ3E
A Hﬂ?_](partlal hub diffuser vane, PHDV), ¥ (tip)ol %]
S 50% A3 E=o]9] t]EA] H|2l(partial tip diffuser vane,
PTDV) 712]3 50% A% o]2] HQlS 3|Hel gof Mo}
25 e el FE t]3EA H|2l(partial staggered diffuser
vane, PSDV) & & 4714 &A}o] i8] S-Sal4L S35}
SR OFA Me1e] o] YHHLY Selio] v]AE

Gl sl wetstAt.

M
Al

EIDI-

3.

FX|sH =

Hlo]—g}zﬂ XMLM—EH L= —aﬁ,«%g g_]gH AL _ﬁ.EsHH xg]
2] ANSYS CFX 15.0'7& A3l o, Qe F4F 4o
AR A, AAZA R, §E4 % AREAL 242t
Blade—Gen, Turbo—Grid, CFX—Pre, CFX—Solver ¥ CFX—
Post S AME310] Salislole), dRmdRt ojgle pul <)
g -5 B ol&el autHoln, EEI|A9] fEelSel e
st &l A k- SST(shear stress transport) ZEU92

AFgBHTE.

o

S=RAMD AR =28 223, K2, 2019



g2 O&

l Inlet

Inlet
Pipe

Impeller

-

«— Diffuser

- 1 ¢ 1
l Outlet

(a) (b)

g. 2 Computation domain, boundary conditions, and
example of grid systems

Ei

N
o

o
@

o
o

[ —=770,000
—— 1,420,000
04 | — 1,820,000

Normalized spanwise location

0.0 : . L L :
800 850 900 950 1,000 1,050 1,100
Total pressure [Pa]
Fig. 3 Grid dependency test
Fig. 2(a)t ¥ A150] AL AR gt AAZAE 1

ehdich Ak g Y wiE, gEeet AR A8t
Aok dHe ol SH&EE 1710rpmolH, AEHARE §
g A 15X10*6 m’/sS 7HX]& 20 T zylé A]%am

[e]

l

Fig, Z(b)% 2 Aol ARGEE AAHA Y] o E UEhd Aol
Aot tipA] Fool sl A AA=
F’ﬂo‘ﬂ A AW A A AR I 12018t
A5t A o)== (low—Reynolds number) SST 1&
o] AGEE=S gl AR 71 4] dfof
l = ARHAG RS P8l ARoEA Eﬂ_#%
. Fig. 3 H5A &7l A 9] 1A (pitch) H3F
Aot BxE el Aoz 77, 142 181 18299
£ ARgSte] A Aol thsf Bawstiet, Z1RloA
018k 4= QI kel 7ol 14209} 1821k ] A} A2
3
|

k1 o
Nmm:lo‘h

A

o > fUE

Do E g
52
L

Ml 2 Kol g17] whe] S|4 Alzke] A
o] SRS 913 142ae] ANAZ S5 4] B

X
m
K
FII‘

=24 M22d, M25, 2019

Intel i7 2.67 GHz CPU7} A2HE PCE k%s}oq nggﬂw
< Y%t Ayt JH#H o2 FDVE Aol 3AI7F 30,
PHDVS} PTDVE 8A|7F 18|31 PSDVE 14A4]7F 208 78

285 A
4. 85 g2

B2 OEA d210) o] the Seise] 4EAsl 3
7HE giol 2 AN et ol SRARD, A
), B&(n 191 YA JHEIEARCG)E o3t
2ol gelstaic

p=_9 __ 0@ (1)

Uy A 27’1’&)’"; b2

__g9H
O.5w2r§

@

i —p)@Q
— 3

n=

C;:p4_p3 (4)

P =D,

A7NA, b P @ T, o= 247 g8, AdE, 77 B2
g e, o, t Ud 2 :
Ei UrEME} 5

B, /) B GBI EAGTE 03 H 7} El= -4
o) aket AA f=Fe] vl(@,,/8,=(@,, 0P, nax )/ P)E T

ofs}eet.
5. 4t ¥ HE

a4 Azte) A2S gla) 1% DA FDVE] a4 ATiel
Si 500 oJs) 4E A7 ATS Fig, 40)4 vl@IIT,
Fig, d(a)= PAASE Wae AR, S5a4 AT 4




oy
Mol
0>
ol

1z

S‘O'B " (1] L B - .,
" . s
.l
04 [e PT(EXP)
- P (CFD)
m P, (EXP)
o l=rccro)f | | |
0.2 0.4 6 0.8 1 12
¢4
(a)
40
S 30
=
=20 -
20
&
10 [o @/, =0.968(EXP)
- ®/®, =0.968(CFD)
B /D, =112(EXP)
o e B () | | |
0.02 0.05 0.08 0.11 0.14 0.17
v, /u,

Fig. 4 Comparison between experimental data and numerical

results : (a) pressure coefficients of the impeller, (b) radial velocity
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Fig. 5 Performance curves with different arrangements
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Table 2 Predicted performances for different cases
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