International Journal of Fluid Dynamics {43 )12, 2018, 6(4), 124-133 Hans X
Published Online December 2018 in Hans. http://www.hanspub.org/journal/ijfd
https://doi.org/10.12677/ijfd.2018.64016

Optimization Design of Axial Flow Pump
Based on Circumferential Velocity

Bin Chen?, Zhenbin Li!, Hua Zhang!2, Yang Ma?, Yuzhong Gu?

'Research Institute of Chemical Machinery, Hefei University of Technology, Hefei Anhui
2 . .

Lanshen Group Co. Ltd., Nanjing Jiangsu

Email: 294597312@qqg.com

Received: Nov. 20", 2018; accepted: Dec. 5™, 2018; published: Dec. 12", 2018

Abstract

Hydrodynamics design and optimization were conducted for an axial flow pump. On the basis of
meeting the design requirements, the hydraulic efficiency was improved. Taking the axial flow
pump with specific speed ns; = 1250 as the object, using the CFD numerical simulation method, the
numerical simulation method of the N-S basic control equation and the standard k-£ double equa-
tion turbulence model was used to simulate the whole flow channel of the axial flow pump, the
change regulation of its velocity circulation was counted; the external characteristics of the axial
flow pump were analyzed and the internal flow characteristics were studied. The circumferential
velocity correction coefficient was proposed by solving the problem of low lift of an axial flow
pump in practical process, and the appropriate circumferential velocity correction coefficient was
selected to optimize the model. The results show that after optimization, the hydraulic perfor-
mance of the axial-flow pump has been significantly improved to meet the design requirements,
the head has been increased from 2.729 m to 3.44 m, the hydraulic efficiency has been increased
from 80.35% to 82.69%, and the high efficiency area has been significantly expanded. From the
analysis of internal flow, it is concluded that the flow pattern in the impeller is stable after opti-
mization, and the flow velocity distribution is uniform without the phenomena of shedding and
vortex. In the process of axial flow pump impeller design, variable circulation design should be
adopted, which should reduce the circulation at the hub and increase the circulation at the flange.
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2. HEER R BUEER
2.1. HHEER

AR W R R AR R & Q = 370 Lis, $F2 H= 3.3 m, L% n, = 1250, M5 502 .42 300 mm,
WEEA 108 mm, M HECN3 F, FHECN S B, $53E n = 1450 r/min.

AR G I B8R R 2R 8T, AR 48 B 5 AN BRI (a5 1L 11, L. IV f V), BEASEAFT
TEEARMKICN 108 156, 204, 252 F1300 mm. HRIEEISHOHHE H 5 A TA R R n) & A28
R RE Y 22000 R 2O S RS R S (N 1 TR, SRR AE TR A PR 1 A s Y
[14], MRIEH R, S HETYRERA.

Table 1. Main parameters of impeller and guide vane

F 1 HERSHEESY

EETH

ZH I 1l n v v
" 0.86 0.77 0.72 0.67 0.64

e 0.98 0.98 0.98 0.98 0.98
DJ/(mm) 108 156 204 252 300
Vaapl(ms ™) 494 3.46 2.67 2.19 1.86
r 2.14 229 244 2.59 274
BiC) 38.99 29.32 23.42 19.57 16.92
B 64.81 39.07 27.95 21.88 18.05
2C) 67.47 78.02 78.72 75.72 73.61
Ly/(mm) 76.54 70.70 66.67 62.57 60.41
() 8.99 8.99 8.99 8.99 8.99
a () 50.32 59.75 65.88 70.07 73.09

@ () 90 90 90 90 90
H/(mm) 120 122.5 125 1275 130

TR KM SR b D R EAR, e AR ERL g AERREG v MR
REL; T ONIEFEINE; By M HEHE T8 o M HE 28U s o B2 T8 S s L BRI R
e NI WA o AFMHEED LA 0 N FH I LR HOSH R,

R AT OB G N = e i AT = 44, 19 21 58 B M R AR A o TH S AR &) 1 i

Figure 1. Calculation Model of axial flow pump
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Figure 2. Relationship between grid number and efficiency

B 2. MEBABER KX RE

HIP 2 AIGA, A ETE 120 J3 22 A, U B oo il R AR s ma AR/, AT BLZIS AN
b, TSR R AR I R S PR B AE 120 5 2 A B o

23. BHIAREAFRFN

A VBUE 5L LA S5 N-S 75 FEAE R FE A2 ) 05 AN R FR e ke X5 FEIRIRURERS, DU T oc 0
PR 23 (] B 5 2, a7 R R R A

WOE T ANZE S 737N interfacel s interface2, RBl: & - 3. 2 - §FAC U H, 73 % R A2 M AE T
Uity 55 A 7K AR AE ST B M6 7K A S5 48 i it K AR 38 LT

HE R A B DA A, AR E T, gE it DB IR SR R ) Rl AR,
H IR 101,325 Pa; BEMIA SR TG B BET L A 56 B T XSk TR A AR &, R T FE
WA R

2.4. YERIMGRIHT
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Figure 3. Location of measuring points
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Figure 4. The distribution of the circumferential velocity of the original model
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Table 2. Circular velocity comparison table
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P EEH

I 1l 11 v %
Vaal(ms™) 3.76 2.70 2.08 1.66 1.44
Vaa/(ms ™) 4.93 345 2.67 2.19 1.86
BEE(%) 23.73 21.74 22.10 24.20 22.58

IR AT AU B 00 15 ) 0 B 5 P S/ T e A B 0 B, AR 22T H0N 22.87%
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Figure 5. Velocity triangle at blade outlet
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3.1. ERSREIEIERHHIERN

NIRRT HFREER, TR g, RI3G KR o A I R 3. B S AN R3] B 43 ik
FEABIERE, 450008 1.1, 1.20 1.3 1.4 F1 1.5 (SRS E BT, RIS AR AR JE 40 A2 1TE R4
B AH )y o (5 B 3k 110728 A T B 5 M 26 11 22 8O DA R I B 1 22 A R R, R L 3ok A
IE RS, R PO A St O 2R b . AR, AUERL, Gort IR A i (R
SN B e T [ 0 S R ) O A AR . S 2RSS AR [ ) 403 R o B B AN P 6 TR

SRS S M ZRn ARG RBUEE, [ 4 B RGO, FIE sl B ROR . X EE
BHI B A 738, 6= 1.4 1) 5 I AEN A 3 i, r AR ZE 3% 5% 2%~ 4% 2%.

HMREVEGE T RN 3 R, R e NI S IE R EL H NAFE, P ORENINER, n K IIR0%.

WG 3 R, (ERB AR E ARG T, HE R EEEE R, MR
b T, BIThZRBE 36K, TR IR MR e T m G PR S B R R REUA R 1.3 B, &K
FigN 82.07%. HHAZGREA W R BT RE R K, SR 40 MBS IE R BN 1.4, HAEN 81.94%.
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Figure 6. Circular velocity diagram
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Table 3. Comparison table of 5 groups of circumferential velocity results

F 3.5 HREANREL R LR

BH

1.1 12 1.3 1.4 1.5
Him 2.79 2.98 3.16 348 371
Pl(kw) 12.46 13.24 13.95 15.62 16.46
nA%) 80.97 81.62 82.07 81.94 81.7

3.2. Hifigit

TEW R R ARG, BA R A /- E S E REOEI 1.4, HSEbRRETHI RS, HA TR
AR, B S ANEBRE A T RECRRAE . Ple = 1.4 5EME, Wit 4 FiiAT %, 40
MU ERAT 4 FARPESRER . TR 1 SRBBESE @R RBEEN R TE2 2
PR RA S Sl EAS IE RER DN 7SR 3 2 v A 3 LI 1 A Al FEAS OE R AR, TR BRI
A o i BB IE RN 7SR 4 S b ) BT 5 ) 4 AR I R AR, R B 2 A
JA 4y AR IE RERK . Wk 4 Fios:

Table 4. Optimization scheme

Fa MURR
e R
I I I v v
1 1.26 1.33 1.4 1.47 1.54
2 1.54 1.47 1.4 1.33 1.26
3 1.33 14 1.54 14 1.33
4 1.47 14 1.26 1.4 1.47

K7 NI TT S BRI R LR, WTRAE e 5 A7 SOd FEM R A AR BORH F],  o [r) SAY ee JiE
WEEK, RBEREGMEEARE/N. TR 2 K THEENRERK, FI7 R THEERER/D. T3

RS

3EEMEWMERDN, AT LLBCTYY, Tr% 2 MM ERER K.
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Figure 7. Optimization scheme speed loop comparison diagram
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Figure 8. Velocity vector diagram at blade outlet hub
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Figure 9. Suction streamline diagram of blade
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Figure 10. Streamline diagram of axial flow pump
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Table 5. Optimization scheme external characteristic result table

=5, MM RIMFHERE

kS
e 1 2 3 4
H/m 344 3.69 3.65 347
Pl(kw) 15.09 16.47 16.15 15.49
(%) 82.69 81.27 82.02 81.36
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Figure 11. Comparison of original and optimized performances
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