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Effects of Geometric Parameters on Hydraulic Performance of
a Submersible Axial Flow Pump with Swept Impeller
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ABSTRACT

This study investigates the effects of sweep angle, blade pitch angle, and inlet angle of the propeller hub on the hydraulic
characteristics of a submersible axial flow pump by using three-dimensional Reynolds-averaged Navier-Stokes equations. The
shear stress transport turbulence model was used for the analysis of turbulence. The finite volume method and unstructured
hexahedral grids were used in the numerical analysis. The optimal grid system in the computational domain was selected
through a grid-dependency test. A performance test was conducted for the submersible axial flow pump, and their results were
compared with the numerical analysis results. Effects of geometric parameters of the rotor blades on the efficiency and total

head of the submersible axial-flow pump were evaluated.
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Table 1 Design specifications of submersible axial flow pump

Flow coefficient (&=0/aD’) 0.047
Head coefficient ({=gH/a?D?) 0.034
Rotational speed, rpm 700
Impeller diameter, mm 550

Tip clearance, mm
Number of IGVs, EA 4
Number of blades, EA
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Fig. 5 Geometrical parameters of swept impeller

ool whE

= |
-4
= /H /U—x]_ 3

AR E] = 7]-7(4—5]._,7_ A9
CFX-16,0"& A}i’uo}o:]
o gl 5

< Fig. 20| =435
E]%Xii TAE, ALY
SRSl AT Faslel FHetsIc

FEalAls Sl el B8 7PEse B
o] Qe Etofl= ZHzE MY (total pressure)dﬂL &
(mass flow rate) FAZAL A-gstgct A9} 14
Kole] AAW Hehe
BHol s Halz

stage interface 7|H& %835

O -1
R}, ZZ(no—slip condition)& %]-83}

'l:
L_

s=RMD AR =28 H22d, 3=, 2019

0.04 80
75
> 0.03
g 9
558 0.02 65 S
3 =
b= mm Efficiency 60
L2 0.01
- -
jan Head 55
0 50

Conventional impeller Swept impeller

-

Fig. 6 Comparison of performance function between conventional

and swept impellers

Aot FEAAS YsliA]= SST(shear stress transport)
k-0 WHFRAS ALE3ct SST Rdle k- Ay} k—¢
wdlo] ks At Ao ¥ A ool k-o 29
< AREStL B 2 E AL Gl k—e BAS A
sHA| Hrf
2 ALY A AE IRt AL Aol tigt ARAl= Fig.
3ofl el i, AAA = AFAAIIGY <) 9 SHA (Y
5, Fo HIA, 1A S ARES ARkl 35k
ow, HAHO| A WA AXHA Y] y+ & 20]5t2 A5k
Aoz SSTREO|] AREHE=E Sty AX 4
1,500,000~12,000,000 7| H]ol A ZAx}o] &AL 43
sl on, 1 AFE vpgko 2 oF 3 020,000 712 ==(node)
SB 2 ARE ANS 8 240 44 2= 29
RE 3|48 Rk ZHPH A1 9] RMS(root mean square)
0% FH(residual)©] 10°° o|a}7} =|91& wf =stctar o
3}

ox, 09._\1

0 =
v

E

»
my
H
a

oY

4.1, AxtZntel Etgdd A

ol

FEEFUE AT A A Aol v}
o] Fig. 40l Yefiglct. =55FH =0 gt 4534
AL AZ37] Y8l LukEQl non—swept impellerE ZH=

of Tl AW el 79k A ek S 2

AZR =2 3T

TS TH

3} 7FS v a8}t Non—swept impeller+= swept impeller

o} v]asto] 22 3 H ] (hub ratio)E HEFHA|TE 5ol

USRS 2= Y71 8|8 BRS 2ttt o]t jEFAk

impeller”} 3]AHA |8 LA o) e W 2x15-50] EHYSH

4 3lom, o]5 11#3}o] swept impellert= Y54 FHE
21



0x

0.05 80
CEfficiency

S.004 [T M -o-Iead Coefficient 75

o — M — 70

£0.03 1T "7 S

ag 65 &

© 0.02 =

E 60
0.01 55

2 0 +2 +H4 46

o)

Fig. 7 Performance functions of the submersible axial pump
for the different 6

Zhect gabe] wslel] T AT HRE v
Fig. 4] ek 23} o] RAH0R & Axshs AaS
2otk 47 §%Fd(design point)olld AWPRT & Gh
M8 79 242F oF 0.7%2} 1.6%2) 218 Holu] S|3)A

Ak EAG T QAT AL A S 9ok

4.2, FEHF2l 4S8
2 At e FESFEEY F4 Bt el A
= S £4517] flsto] 99 sweep angle(d), blade

pitch angle(B), 3|2 YFAZ(LE Al 7He FdHs=
A syt 71533 swept YH 2| (Fig. 2)of thetd
PSS Fig, 59 YERHRIL Fig. 5(a)= swept Y&
9] 2} 9 H(meridional plane)S HojFH, 6= G719 2
o} 3EF-E(shroud)®] 25 % chordE Q= Al & Apo]<
chord WeFo 290] 7154 ZHs ou|git},
FH o} v)WSko] backward swept Y
Foze| 3 olre] mop) guele] mopo
e A3t 2ol et FEY WA 2
Y5 o= HsiH, ojo] g A5 WHIE #
22 gl swept Y] 49
of mE} ol 27t oF 4.2%%% 7.2%

3

TSP R
317 $Jsto] ofefe} o] Holet

Be s Tefshic

APASEY 3T

3
a 8-(efficiency) 2}

)
=

- (ng%)
7r

60
A7, @ H T, T1¥]31 N

)

@

22

(@) 0 = -8

(b) 6 = Reference

(© 6 = +6°
0 i 4 6 8 10 12 14 16 18 20

Velocity [m 1]

Fig. 8 Relative velocity contours on the meridional plane
of impeller for different 6

23 5045 g,
4.3, B Agiztzo| A 2N

2 AN e FEEFELY Y ~H94=(97F EE
ol viAle G B4k Fig. 7ol YERSIH. 71&
B 271 A% 05 71EoR -8°~+6° RI9|olA] W3t
AlZem, 7 e o o] 2L WehA] il dAst
A FAAZ AR RS HelA 7F gades 58 g

a

S=RAMD AR =28 M22d, MI3E, 2019



&t

@ 0 =-8°

(b) 6 = Reference

N\

© 0 =+6°

mE ww 0 W

Velocity [m s7-1]

3 4 5 6 7 7 8 9 10 M1

Fig. 9 Relative velocity contours at 10 % span of impeller
for different 6

=FHIIHEE ==8: M22d, M3, 2019

g

@ 6 = -8°

g

(b) 6 = Reference

(c) 0 =+6°
0 4 6 8 10 12 14 16 18 20
Velocity [m s*-1]

Fig. 10 Relative velocity contours at 90 % span of
impeller for different 6

23



0.05 80
CJEfficiency
s, 0.04 -o-Head Coefficient 75
E e g S ey 70
‘5 0.03 hd ~—, —_
s 65 &
S0.02 =
b= 60
]
T 0.01 55
0 — — — — — 50
-4 -2 0 +2 +4
B. ()

Fig. 11 Performances of the submersible axial pump for
different 3,

@ B, =-4°

gAA e Frkete ARS Holal, —6°0]stoflA= A&
grol AL] WakA] o=t} g9 Aoz o7t gl whet
A HatA] oF=th

Fig. 82 02] Hglof w2 QJuly 2t Afo] H= H¥
o] H3E Uetfi=t], 33| 8|8 Rdof] B2 {5 2=
Fo] T WY Wefo R £w7t FUke RS B
olch, e -5 °F 80~90 % span F(UZHAY B ol
}\-] 7].;%}- lx':::‘% ——‘—,—E i_E_-'_ 7]—_‘: 74_9_ §]—o]‘o‘]— 0]_(_)_1:1:] g
HAaALeE o] FYolA 9 &7t F7heke Ae & o+ A
et ok, 09 vt lEle] Gvie] s BofA IEE=
ALEE ALY MRS $RE oAl A &
s oh:]_

Fig. 9% swept 829 10 % spanofA Q] HEfis
ojztt e g7l AA(leading edge) F9] fo] 69
7kl el sk ARE Holal, 4 W(pressure
surface) oA ALKE HEE 2= G0 Tk A&
ghlstaint. &% W(suction surface) AollA] == =2
£20] A7]= 69 7t wef AR em, 69 F7P7t
10 % span®| S50 £=F F7H7= As ¢ 4= Sl

62 M7} impeller?] 90 % span && H3Eof 0|2+ 4

b Fig, 100 Yehleh 71237449 4 ddy A+
o = &y BEE How o] gl y|ZFPAro] g
8° A - w$- \A x5 Hi= AS AT 5
Utt. ok, 0= 7|EFAET 6 S A o] £ (©) B, =+4°
o] A77t EolEtt. o]#dt HxE= Fig, 8oflA HEQl ZAxt 3 4 4 5 6
e AR Holu, 09 A giAH o ® lHe] Wi &

(b) . = Reference

S

8 8 9 10

- Velocity [m st1]
5l W S P A 9 4 30
Tt adesE iy s B9 44528 215y Fig. 12 Relative velocity contours at 10 % span of impeller
A Il 24 HEE= o]E Ho] A&r L7k for different 3,

ZolEr}, olo} 2o 00] At Y Y fio] Sug

AoR F7MIVIE AS AT & om, ol o8 $FEHRUIL Ho| FrIch BetEd,

24

|—o||

=HIHEE =28 M22d, HI3E, 2019



(@ 6, =4°

(b) B, = Reference

(© 8, =+4°
3 4 6 7 9 10 11 13 14 16 17

(b) . = Reference

Velocity [m sA-1]

Fig. 13 Velocity contours at the meridional plane of
impeller for different 3,

(c) B, = +4°
4.4. B9 mx|ZE| FE 2y
R IO IR RO IR
W NPT F P O S S
2] W7} swept Y] $5EFYLE 5] 1l
A= G FRlIsh] 9@l Fig. 11of G2 #igte] w2 8& Pressure [Pa]
3= 3] 3 > 2 Al 7F
o FAe] Hsks verdolet Al 9 WE7] dAIgke] Fig. 14 Pressure contours at 50 % of impeller and diffuser

r‘% 7]%‘-9-§ 4 °~+4 PR tﬂﬁ]—)ﬂ/\‘] 16’{9] ‘%‘7}‘5 ‘/l\"%"—%‘%l‘ for different 3,

s=RMD AR =28 H22d, 3=, 2019 25



oy
[0

0x
o

0.05 80
CEfficiency

5, 0.04 -8-Head Coefficient 75
= — — - Y
-2 0.03 hd d ° - 70 N
g 65 S
S 0.02 =
= 60
QL
2001 55

6 0 +2 +4
B ©)

Fig. 15 Performances of the submersible axial pump for
different 3, ,

=
IO A e SR % sl

Flg 12+= 51-4 tﬂ@roﬂ

i)
tlb ru
oS
1
i)
=
=
X
B
®
B
=2
o)
1o

BE S7H1Ae] wet ZolEs

Fole] 4 FojsE
QJale) owe] SEpm
Witk 5ol F7bel ke

%2 SRS & 9] FPHT glom, . P4

Fig. 14= 3.2] B*E&Oﬂ e
ol FEE HistE Uit ¢lde
AeHoA o] FlstaL HFAE AUHA deo] 35
A S7khe AR Helch olefdt AR 67t 713
Hrt 4 ° gadt Pl 7P F=2AA el 2l 29l
o 4= U 2Pl V) Adt ‘ﬂ] wske] B 4° 7K
FolA= dde A FZoflA W Y yehdd, o]zl
5r—4 7t W2 YA (incidence angle).J z}olof o5t A

2 S50 g vtk

Bns®] WSl T swept HHY +FFHFHZO

o W3kE Fig. 150 YeERSITh AR HRACTEE42 L
£ 7o ® 6 °~+4° =2 W3} oA [0 Heks o
FHZO A 9 A Wste] AA FFE mAA Y=

QJeleiel T2 50% span
2§98 A5 g

s
At

26

ok
olo

2 o

2h=
;(]71—5(,8 Z':
2 Aeisto] 1

B0 876 WS, 00] Uk 555

2o B8-S F7HIZIAN PR Wtol

=7 024 2 s

1284 B9 -4 °~+4° WSOA, B2 F7H=
LA BA B F7HAIE 735% e

91124 6 °~+4°) ol
HAA) g 2 Bhlshinh

O_L,

b3

511[__ ] 1=

A sl aA

o5kl
FF=

*4741 ARR B 4 8 AOR ARE

=7

-

ZF2H A 7| JR(MMS) 0] A Y-S Hlo} 3%

P

ATA U thNo. 52522342).

oy

2

©)

References

Kim, Y. S, Shim, H S, and Kim, K Y., 2018,
“Hydraulic Performance Characteristics of a Submersible
Axial-Flow Pump with Different Angles of Inlet Guide
Vane,” The KSFM Journal of Fluid Machinery, Vol. 21,
No. 1, pp. 34-40.

Pessoa, R., and Prado, M., 2001, “Experimental Investigation
of Two—Phase Flow Peformance of Electrical Submersible Pump
Stages,” Proceedings of SPE Annual Technical Conference and
Exhibition, New Orleans, LA, 30 September—3 October, SPE
71552.

Shi, W. D., Lu, W. G,, Wang, H. L., and Li, Q. E., 2009,
“Research on the Theory and Design Methods of the New
ASME 2009
Fluids Engineering Divisin Summer Meeting, Colorado,
USA, 2-6 August, FEDSM2009—-78099.

Type Submersible Pump for Deep Well,”

S=RAMD AR =28 M22d, MI3E, 2019



Zt
=

rr

Swept &HHE mo|

+E=5Y

4) Zhoi, L., Shi, W. D,, Lu, W. G, Xu, R. J., and Wang,
C., 2011, “Orthogonal Test and Optimization Design of
Submersible Pump Guide Vanes,” Journal of Drainage and
Irrigation Machinery Engineering, 2011-04.

(5) Barrios, L., and Prado, M. G, 2011, “Experimental
Visualization of Two-Phase Flow Inside and FElectrical
Submersible Pump Stage,” Journal of Fnergy Resources
Technology, Vol. 133, No. 4, 042901(12 pages)

s=RMD AR =28 H22d, 3=, 2019

g

ES k1Y

SF
==

o HaT 5 ds0 0lXl= g

(6) Song, W. G., Ma, S. B, Choi, Y. S, Lee, K. Y., Kim, Y. S,
Kim, K. Y. and Kim, J. H, 2018, “Multi-Objective
Optimization for Designing a High—Efficiency and Low-
Fluid-Induced—Vibration Single~Channel Pump,” The KSFM
Journal of Fluid Machinery, Vol. 21, No. 4, pp. 05-10.

(7) ANSYS CFX 17.0, ANSYS CFX Tutorials, 2016, ANSYS

Inc.

27



	Swept 임펠러를 갖는 수중축류펌프의 형상 변수가 수력학적 성능에 미치는 영향
	ABSTRACT
	1. 서론
	2. 수중축류펌프 모델
	3. 수치해석방법
	4. 결과 및 검토
	5. 결론
	References


