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Abstract

The optimization design of vortex pump impeller parameter was done by using the orthogonal design
method. Orthogonal scheme of five factors and two levels was designed, and the influence of geometrical
parameters on the characteristics was studied. Reynolds averaged Navier — Stokes method was adopted to
simulate every set of parameters obtained by the orthogonal design method. Optimal scheme of the
characteristics was found by analyzing the contrast of performance curves. The influence orders of
geometrical parameters to the characteristics were obtained with range analysis. The optimization
parameter combination was obtained with comprehensive balance analysis and comparison to the data
result. Meanwhile, the optimized design scheme was determined, and corresponding test was carried out.
It demonstrated that the experimental purpose was reached, the design method was reasonable, and it had
the property of both high efficiency and non-overload.
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Tab.1 Factor standard
K-

D,/mm b,/mm B/ (°) Z L/mm

1 220 40 14 4 40

2 210 35 18 2 50
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Tab.2 Orthogonal design table

RIFS  Dy/mm by/mm  B,/(°) V4 L/mm

1 220 40 14 4 40

2 220 40 14 2 50

3 220 35 18 4 40

4 220 35 18 2 50

5 210 40 18 4 50

6 210 40 18 2 40

7 210 35 14 4 50

8 210 35 14 2 40

3 HE&EMTE

3.1 HEHTERE
B TR = 4 5 # R W N — S J5 FR A

RNG k— & WiJy FEAEAY  1H 587 15 Segregated i 2
J5¥E R H] SIMPLEC B S R 1) 5 R 5
IR B vt 25 43 2, 3RE T i 35 BB 0 A i
Bl BEKG BE 28 BCUR B XUk =5 R IR, 3
SER AL ke BINCBIORE B Ry 10 770710
3.2 HEEREMIE

KA Pro/E BRAFEAT =4k v R WA 1 FTR .

FH Gambit #A: 30 43 WA, i T4 8L & %, o8 3L
R0 MR A W, TT AR A 24 100 T3 A4S ) A B
IC, THE IR AR B A&l 2 TR o AR SR T T A T
s R AL — R

B2 R

Fig.2 Computational

(SRR SN ]

Fig.1 Computational

domain of model mesh

3.3 hR&EH

SEHE O R R R AR TR B o B AR
LRI 5 [ RE Ab >R T TG A 00 BSR4 A 0 BE AL R T AR
THERE TH] BRI AR 5 SR 2l 0 U2 5 R A 3L I 5 R 0 2
() 7K L 38 B (] JL, I 3 T IX R BUE 3% Ak A R B
A 1470 v/ min, 3557 i E DX A R AR AR R o
3.4 EXHEBIRKER

FIHT Fluent $i{E AR S 30 XF A 8] 7 S 3E 47 1E 58
BT A R . SRR FERE M & WL IE] 3 4,

(@) (b) (©)
K3 #EE
Fig.3  Static pressure
(a) iR a (b) #iBI b (c) IR c

3.4.1  PEfg & H WA BT
B 3 RT DL i e o0 A R A A ] A 7Y
a(D, =220 mm,b, =35 mm) 54L& b(D, =210 mm,
b, =40 mm ) it FEAE 55 =, i BH 3K 7 A A 7R 1) 4 A A
BB c (RO 2) ST a b (B 4) 1Y
AR RE 22 AR, T W i R 8000 i R A 52 e AR K o
B 4 W LA BEE R IR, P — Q 4k



50 & Ak HLOM 4R 20124

—e— R | i 5

161 — AL ]~ fA 5 a7 3200 o jishi 0 st
sl —e— H 2 iR 6 3000 :%3 :iﬁ;ﬁd?
+$§@3 —— i 7 40 2800 F o im 4 =il
12 F —v— R4 —e— {8 2600 |
ol £33 2400
£ SN = 2200
T gt 30 < 2000
1800
61 51 —e B i 5 1600 f
4t —o— I 2 >} 6 1400 F
201 B3 T 1200 | '//"/—r_/‘—.
2t ‘ ‘ . ‘ : ) v B4 e fiR g . 1000 f * ‘ ‘ ) ‘ ‘
10 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60
O/m3.h7! O/m?.h7! Q/m3.h!
() (b) (©)
K4 Meredh &
Fig.4 Performance curves
(a) - (b) B E (o) WIHR-JE
R 5 AT B 135 o e R4 RENERABRNGES
R E T HALA A .2 4.6 .8 SR I8 135 #2 B B/ Tab.4 Flow and head analysis at the highest
TR, X F 2Ly R BOR D A Y O™ efficiency point
TR AR A T P K T AR R R T R R A g 18 b7 D, b, B z L
G BER 1 ALY S M R0CR B, Hm A X 8 5 25 K, 170.9 183.5 164.2 179.5 169.8
EORFE AL AR 5 )R 6 45 R R PRAR L BIUCR K, 167.9 155.3  174.6 159.3  169.0
LR sl 58 R 2y 256 2 el AT LA B S 4l 2 0 K, 4273 45.88 4105 44.88  42.45
KAl £ AH AR B -
S5y 2 AHA, A H AR 75 ot i G T T aon sem e b 23
B R 3.0 27.2 10. 4 20.2 0.8
3.4.2 /4
2=ty K, 29.22  28.08 25.71 34.03 28.80
3 A SR I T G T S e ORI B o
K, 25.91 2705 29.42 2.1  26.33
®3 BEARRRBEAR H K, 7.31  7.02  6.43 851  7.20
Tab.3 Experimental results at the highest efficiency point —
K, 6.48 6.76  7.36  5.23  6.58
A R 3 -1
ARFS  Q/m’-h H/m n/ % P/w R 331 103 3.71 12,93 2.47
1 51.2 8.41 39.75 2.965
2 38.7 5.53 33.14 1.728 x5 EENEANBMBESF
3 39.5 10. 05 41.13 2.635 Tab.5 Efficiency and shaft power analysis at the
4 41.5 5.23 30. 00 1.955 highest efficiency point
5 51.3 8. 62 41.95 2.885 LD D, b, B, Z L
6 42.3 5.52 34.62 1. 860 K, 144.0 149.5 144.7 161.5 148.6
7 37.5 6.95 38.65 1. 865 K, 148.3  142.9 147.7 130.9  143.7
8 36.8 482 3312 1310 n K, 36.00 37.37 36.17 40.37 37.16
. s U K, 37.1 3573 36.93 32.72 35.94
4 ] i e SR R R RO i IR 2E 4 ?
R 4.3 6.6 3.0 30.6 4.9

B MR ZE RN, AT LS 25 P28 fie e AR
SR RPN b, \Z B, D, (L, Al

7.87 10. 35 8.77

=
©
)
o
Ne)
~
IS

FEARE Y KI5 B X B e 2508 T = B AR & K 792 777 9.34 685 8.43
D, b, By Z LAy 1.2 1.1 K5 % i g 2R P K, 232 236 1.97 259 219
MR A FEWRIFAKIRN Z 8, D, L. b, , R X, .98 .94 2.33 L.71 2.1
RN N NN G E DO S a = & e 7 Y B Z ) W S R 136 1.67  1.47  3.50  0.34

N D, b, By Z LA 1211 K

5 NN B R AOR SBOR BRI 2 0T AR AR ELA RIS A5 B0 o v RCR RUBOR I B I U7 5
o MR/, W LUFI A R B R N Dy by By Z LGP 2 1 21 1 7R 5 0 d i K
MBS EWRIUF IR Z by (LD, By MR FAGI R E WP AR KN 2.6, .8, .D, (L, R



130

EFAL G Tod e R B DO A A S R 51

AR PR K/, 45 B X B B0 R N B
ZH D, b, By Z LA 2.2.1.2.2 K,

XF & FE AR 08 5 A0 25 A1 25 G O 38 T A 4% BRI
PR, T AR S e 0t 45 7 1h0 S5 A 48 A 1) Je fE 2 8K
Yl 4r:D, =220 mm b, =40 mm B, = 14° Z =4 L =

40 mm,
4 K

SRy B E AR SCHR 4 TG 2 O A R T O R I
1k, X 2R A BRI e U 2 B A A AT BT T A
PERE T

Jié i A e AR U R 7E B A B GRS FE A VL 5 K
F)HKEIF R K & LT, % B OB K L A
RIS ) HEAT IR, 35 M B T 4R — L #
WER RN LS AL,

S5ONTEMEERE Bl IER R LR B,
TR L, B R 8. 48 m, 5% K 38.94% , ik
FBE R 5 i HL R sk X AR 58, 76 30 ~ 65 m*/h i [
W& T 35% , B IL, v] 78 45 96 16 3 38 L a2
A7 5 BE I A 1S, il oy 5 il £k 2 W e T T R i
TE 0 ~50 m*/h 5 Bl P, B Rt £k b TH % i A2 5%,
BRT 65 m’/h 5, fil Ty 256l 28 A PR E R AR AR
SCHLT G R, XN TR AR W Z A isdT , A EE

e RN Ty B R A AT BRI i o, R A AE B
TR 13 54247, X A is 47 Tk 2 48 1t To 1 45
ik 9t 2 ok T2 W A4 32 11

H/m
=
T
/ |

O/m3.h~!
40 /"\.
30 | .
S0k
S
10 -
0r
n 1 n 1 n 1 " 1 n 1 n 1 " 1
0 10 20 30 40 50 60 70
O/m3.h7!
4r
./I
=7 [ —
=4
& l/

1 " 1 L " L " 1
0 10 20 30 40 50 60 70
O/m3.h7!

5 PEEdh LA

Fig.5 Performance curves
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