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Influence of Diffuser Vane Number on Submersible Well Pump Performance

Zhou Ling Bai Ling Yang Yang Shi Weidong Lu Weigang
( National Research Center of Pumps, Jiangsu University, Zhenjiang 212013, China)

Abstract; Diffuser is one of the most critical flow components in submersible well pump, its hydraulic
design has an important influence on the pump performance. A typical submersible well pump was chosen
as the research object to study the influence of space diffuser vane number on the performance of
submersible well pump by means of numerical simulation and experimental test methods. Based on the
same curve profile, the diffuser vane number was adjusted to 6, 7, 8. The calculation domain was
created based on single stage pump model, which was meshed with the high density of structured grids.
Grid independence analysis was processed to determine the proper meshing scheme. The numerical
simulations under multi-conditions were performed based on SST k — @ turbulence and standard wall
function. Through the comparisons of predicted pump performance, it is found that the pump head is
increasing with the increase of vane number under small flow rates. However, too many vanes occupy
more passage area, which led to blockings and more hydraulic losses under larger flow rates. The scheme
of 7 diffuser vanes matches the impeller very well, its import area tallies with the impeller outlet area and
less hydraulic losses. The test results that this scheme has an pump performance, both the single-stage
head and efficiency are higher than the national standard, which successfully completes the expected
design goal. The head and power of numerical simulation prediction are slightly higher than the test

results, the predicted pump efficiency is slightly higher than the test results, but the change trend is
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almost same with each other. The results of this study provide basis and reference for the improvement of

submersible well pump performance.

Key words: submersible well pump; space diffuser; hydraulic losses; numerical simulation; experiment

515

H KR T 2 %3 DR — R R L,
PUR—IRRAT R TEATK T AR Rk AR RS
X HRE A B 25 K BT K 1 BE AN AT 5E R 2R A
FTY G SRR R B Y K A5, )2
N T & FIE AR K b S rfE 2R
TUR5E, RN e il th OB A R Hoa s
BITR — e A F B T R A Y R 45
Sy FETTRE , JEREAS T BRI e e

TEZ RO, PRGN KL,
RSN, O T IR B R B T ARG
ORI T, 3o AR 2 o 2R AR 2 AR R B 4 B2 K Wi
T, e AR o A1 225 o PR A SR A vy, A v S
AR, TR o A ARG o DRI, TR K
285 aa BN e WV TR A R e PN IS T RN
KR SRR G AR R KA A
i W e L B AN 1a1EE 57 0 e LT s A
A1) S A IR SO il B (E I LBk
JEIE T A T — R B FE A ) AT PR A T
AR FEIR TR PR R AR S 451 5
% AR IR R BOR s 25 18] G i d v I 2 X, 7
Hh i FUAR RO TR K A R K I R 50 IV e
Kz

RS N P S HEIE S N R e i
AR RERY T B, S M B Be i A E AR AL
AR I AT T B AT TR B TRA R F
FE, FE TR BT BEIE IR, Dy e St Iy
W RE SR MEREVE S T AR Tt
TR A T A R 1) AR IR BT, XK 7 it A
BT R, HOK B AN ) T s 35 1
ZHEOFEIIBT, A R A SO AT 5T
& T AE SR BRK ) BB A LA 2800 T K 5K
FIPERERSZ T o AR SC R 8% 1) e RO
R TR I PERERY SR, JEA T B AU AL 55
RS, DU O 248 2 (i) 5 14 P 30 s L A 58 38
K I3 J5 5 B B B

1 JL&RE

JEIR 150QU36 I FIR A K S A W BFFE XS
G LB BB HON AUE R Q =36 m'/h;
BAHREH =75 m; FHT 95433 n =2 850 v/min; [

FRin, =175 8 (IRAB A RHFEITH) s HRENE N
126 mm; ZHOR 1 =72% 5 | KECEFR P =11 kW,

58 R PG TR 450 TR i e i K
PREE (R R E AR B 48 A il 55
i RO 34K 28 S A PN BE 30 2%, DT {6l 8 L A8 76 AH
N HAR AT T IR B R, B 1 it iyt 46
o RO RN E NS

BT AR = 4 S pApse g

Fig.1 Impeller solid model
SN0 W s T R i s N O b
W45 i OB T A, R I A - 1 I
N 5o TEARSE S L SEER TR R R
TR AL b SR Tl = A8 0k 2 ) 2 TR) S et
MR B AR T R HE TR AR RE A S R
FUR gt Reak 1 (alc H B ) i i 4 AR R R
EIEPOGH S, e = | S ERE T
MR RLAEWER T, g REH KN 6.7.8
3AFRE2) o ARSCHES S BB S FE LM
AEIE , 43 B 5 i i R 5000 2 M R A N R O 4 1

=
o Dr’ﬂ o

(a) 6M F

(b) 7t
B2 AR R s )
Fig.2 Space diffusers with different blades number

(o) 8M A

2 HERYGE

2.1 Z4EEsE

K Pro/E B4 B E 01 BE b4 | A )
W A F R T B T AR, AR AR AR e A T
BEHC A RN T B S AR A I A A S Y
W 4 AL I, X sk AN R D gt T A — 4
R ARSCR I  mi -2 -7 1 R B A e 5 s
(] I ) SRS A, AR SCRBERI S 8 7 9%,
R ISR BIPEL, 2> AT A% FI T A
WP B JBORSE 78 52 11 — 2RO AT BU(E AL 4L, 2F 1 B



80 S 1 R A= 4

2016 4

HY B R A R A, I X % A 2L 1 AT 2
HC , 5 28 28 1A T MR AU ) = o 52 (A R
3R

B3 e

Fig.3 Calculation domain

2.2 MERIS

£ ANSYS — ICEM #icf b Xt B A5 58000 70 45
e o SR A B B 5 3, 1 e X B A I A
EBEAT RIS o R S i R E R A T
SR, S8 IRLAT S PR 5 10 A% B B 4 1 X i Bt
JE AN WA B R PEAT BERE , PRAIE D SR A% 1
JERNEEJE o e MR - 7 B b AT B 9, 58 4
RAE B RS S 73, 18] 4 FT 7R g RS R S i B i A
AL RAE o

(@) (b) Z IS
B4 AR A1 R4S RIA%

Fig.4 Structured mesh on impeller and diffuser

2.3 MEILXEDHT

FEAE IR 3 0 5 AT 58 1 RA% , 5 A G i
R A R AR SR AR A T F) SR AN R R 1
frse ATLAFE H BEF ROAS 3, 2 78 TR
TR A B RS RS R HE T 58 4 FIOT RS, %
I P00 ) B8 A0S BB ASE DL P 25 SR LA B 2, U
WIJrse 4 MM EEC S A 2B RIORE .. Zia
Lo R AL, PR 5 4 B AR K D7
FHEAT 5 SRV BRI T, A5 21 5= RS Rl 73
AL R PR 30 <y ™ <60,
2.4 HERMITE

BERALTE ANSYS — Fluent 14. 5 H5E %, 3T
SST k —w Jirift #2284 , 5% il SIMPLEC 533K fif — il

B HFEH/m
© 5 o E

(o)
T

x1 NELXESH

Tab.1 Grid independence analysis
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Tab.2 Area statistics of impeller outlet and diffuser inlet
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Fig.7 Static pressure distributions under design flow rate
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Fig.9 Static pressure distributions under 0. 6 times design flow rate
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Tab.3 Pump performance test results

Q/(m®-h~1) H/m P/kW /%
0 122.52 6.397 0
15.20 108. 17 8.372 53.49
20. 14 100. 28 8. 800 62.51
22.49 97. 47 9.093 65. 68
25.00 94. 47 9.414 68.33
27.36 91.38 9. 694 70.26
29. 84 88. 15 9.958 71.96
31.94 85.02 10. 127 73. 04
34.09 81. 11 10. 205 73. 84
36.28 76.21 10. 242 73. 54
38.51 70. 30 10. 142 72.71
43.01 56.78 9.721 68.43
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Fig. 15 Comparisons between test and numerical results
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