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Optimization Design and Experiment of Large Cube-type Pump Device
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Abstract; In order to better understand the hydraulic performance of cube-type pump system with inlet
and outlet conduits, based on CFD numerical simulation and DOE orthogonal experimental design method
of a model test, a three dimensional parametric model of the inlet and outlet conduits was constructed with
the velocity uniformity of outlet-section for inlet passage and the hydraulic loss as objective function. The
five factors and four levels orthogonal test was designed in view of the inlet flare tube, the water-guide
cone, the outlet flare tube and the control size of outlet-guide piers. Aiming at the design flow point,
totally 16 numerical simulation schemes of the inlet passage and outlet passage were calculated
respectively by means of CFD numerical simulation to analyze the effect of different control sizes on the
performance of inlet and outlet conduits. The reliability of optimization numerical results was validated
through the model test finally. As shown in the numerical simulation and experimental results, the inlet
conduit optimization design by means of DOE orthogonal design method, the influence of control
parameters on hydraulic loss of an inlet passage and the primary and secondary effects on the uniformity of
export section can be got. The largest hydraulic loss was 8.56 cm, the smallest hydraulic loss was
3.91 c¢m, the optimized hydraulic loss was 3. 65 cm, and the uniformity of outlet velocity was 93.07% ,
the optimization design made the hydraulic loss reduced by 1. 31 ¢m and the uniformity of outlet velocity

increased by 1. 17 percentage points compared with the initial plan. The largest hydraulic loss of outlet
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conduit was 46. 07 cm, the hydraulic loss of outlet conduit for the optimal combination scheme was

32.53 e¢m, which was reduced by 7.96 ¢m compared with the original plan. According to the whole

characteristic curve of the pump system, it can be learned that the pump hydraulic loss of outlet conduit

was minimum under the design condition, the highest efficiency was 70. 04% , the highest running head
was 4.0 m under the design condition with head of 1.36 m, the efficiency was 66.82% , and the

corresponding flow rate was 34.31 m’/s. The highest efficiency of the model test can be up to 71.5%

under the design condition with head of 1.36 m, the test efficiency was around 64% , which was in good

agreement with the numerical simulation results. It illustrated that the better scheme can be designed by

using the orthogonal design method, this study also provided reference for the similar optimization design

of pump station.

Key words: cube-type pump device; optimization design; numerical calculation; experiment
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Fig.3 Calculation model of inlet passage

i
2 / mﬁ ¢ A77IY

HAEOERE
y K G HERIZE

B4 HEK B R R B E
Fig.4 Sketch of control size of inlet passage
TECE 4 iy 5 A 8RR AR &, i
1 DOE IEAZ B 43 Mo 3% 5 A B it 72 i 95 i 5
KU T A 11 WUAE S U A TR AR AL R X
5 AR AT AT Z 8L @, DOE 434 LA K
DAL TE 7K T 45 2 R0 HE K L TE T U T R Ry AR 2 A
J B R, HA KR IE wall B8 b LS BE 1, MRS
JEBE R 2.5 mm, RIRAKFIEER TR,
F1 FEKRFERITEERAKTE

Tab.1 Design factors and levels of inlet passage

7K L,,/m H,g/m A7 (°) Lyg/m Hyy/m

1 0.5 0.3 90 1.0 1.2
2 0.7 0.4 95 1.5 1.4
3 0.9 0.5 100 2.0 1.6
4 1.1 0.6 105 1.8 1.8

AR DR 2R 23 B 26, 6 5 TR A2 BT AR IE A0 3R
B HRAT RN 2 FR .
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Tab.2 Orthogonal design arrangement and result

of inlet passage

iy L/ Hy/  Ay/ L/ Hey/ AR/ V./

75 m m (°) m m cm %

1 0.5 0.4 100 1.5 1.6 6.54 93.90
2 0.9 0.6 90 1.5 1.4 5.55 88.50
3 0.7 0.6 100 2.0 1.8 5.63 93.70
4 1.1 0.4 90 2.0 1.2 5.08 89.90
5 0.5 0.5 90 1.8 1.8 8.56 84.70
6 0.9 0.3 100 1.8 1.2 3.92 93.70
7 0.7 0.3 90 1.0 1.6 5.34  89.20
8 1.1 0.5 100 1.0 1.4 4.19 94.00
9 0.5 0.3 105 2.0 1.4 4.19 94.20
10 0.9 0.5 95 2.0 1.6 5.03 92.30
11 0.7 0.5 105 1.5 1.2 3.91 94.15
12 1.1 0.3 95 1.5 1.8 4.78 92.72
13 0.5 0.6 95 1.0 1.2 4.96 91.90
14 0.9 0.4 105 1.0 1.8 4.25 94.25
15 0.7 0.4 95 1.8 1.4 4.66 92.57
16 1.1 0.6 105 1.8 1.6 4.25 94.09
ky 6.06 4.56 6.13 4.68 4.46

k, 4.88 5.13 4.86 5.19 4.65

ks 4.68 5.42 506 4.98 5.29

ky 4.57 5.10 4.15 5.35 5.80

So 1.37 0.86 1.98 0.66 1.34

ek .1 03 105 1.0 1.2 3.65 93.07
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Tab.3 Design factors and levels of outlet passage

IK - P,y/m Ps,/m P, /m Py;/m P/ (°)
1 3.0 1.0 1.6 1.1 80
2 3.4 1.1 2.0 1.3 78
3 3.8 1.2 2.4 1.5 76
4 4.2 1.3 2.8 1.7 74
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Tab.4 Orthogonal design arrangement and result of

outlet passage

R FYS Pwu/m  Py/m  Pg,/m  Py/m P,/(°) Ah/cm
1 3.0 1.1 2.4 1.3 76 42.83
2 3.8 1.3 1.6 1.3 78 41.22
3 3.4 1.3 2.4 1.5 74 43. 47
4 4.2 1.1 1.6 1.5 80 38.68
5 3.0 1.2 1.6 1.7 74 45.52
6 3.8 1.0 2.4 1.7 80 32.70
7 3.4 1.0 1.6 1.1 76 37.38
8 4.2 1.2 2.4 1.1 78 39.37
9 3.0 1.0 2.8 1.5 78 39.97
10 3.8 1.2 2.0 1.5 76 33.87
11 3.4 1.2 2.8 1.3 80 36.44
12 4.2 1.0 2.0 1.3 74 36.41
13 3.0 1.3 2.0 1.1 80 41.51
14 3.8 1.1 2.8 1.1 74 46.07
15 3.4 1.1 2.0 1.7 78 37.94
16 4.2 1.3 2.8 1.7 76 38. 66
k, 42.46 36. 62 40.70  41.08 37.33
k, 38. 81 41. 38 37.43 39.23 39.63
ks 38.47 38. 80 39.59 39.00 38. 18
ky 38.28 41.22 40. 29 38.70 42.87
o 4.17 4.76 3.26 2.37 5.53
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BV 1) 1052 Puig Psy Pag Py Psy

F R BIY HK R B K 355k D 32,53 em, T it
RIYIR IR 9 46. 07 em i@ 1 DOE 67K Jy 45 2k
FEAR T 13,54 em AEACCR BN A . X T 0146
IR TT S SRR 507 %8 2 RGP A — 30, R
20046 oK IE 1 K SR D 40. 49 em , SR AL T7
MR T SR TR N T 7.96 em

a7 pros LA 7 S A LA 7 S R R
PRECR, BB Ak 7 58 K it 3 P9 3l T B IR D
VLA PN R A0S BT 4 5 O R H K ol WA fE
0 TE 4 3t (0] S S5 v b T B A B R A K R A Bl
AE e 1L o T B, BORE DL A J7 3k i K 7 48 2k B .
By 14 /9 J7 3 i I /0N, 1 W1 3 e 3R, K
TR B R o 4% T7 ST 7K R D5 18] e O BE T I ) R
T O BE T 7, W KO AR WU A2 A
JiRE 5 F9 2 W) AR AR 2 77 A A IR L 3 R N B T



&1

A A RAEVH IR B B 5 ik 101

ErEmmG sk w s BN S A,
AR WU b2 A S A TR ) A b KB 1K R
J7 T AE H KL T8 A U BE A 2 A TR AR X
WEF 5 AR T 5 9 X 2 A KI5 4 XAk
TR, B A BN DX 6 SR T B X R A
PEAE 25 MR & BT R X 2 MR 14 v
DA BRI , Y O 4% 1R S A, AT LG A5t K ol LA
T I JE W A, 3t R RS A O 3 K T R B
A RAZ —

Pa
1.20x10°
1.19x10°
1.18x10°

() K 7514

——

O Rl:ES
P 7 MK I8 BE T IR ) o3 A

Fig.7 Pressure distribution contours of outlet passage
3.3 REBVUHHEERSH

TR R B RE T AR | K R E R A
DOE fifbg5 5. M4 HAE D =3.45 m, i K iiE
FEEEY Ny 9.5 m, HE K UGE RS O 4.4 mE
SACEE R 37,5 m, BIK THL &g -3, 3
BTN 0.40,.0.50,.0.60Q,.0.7Q,. 0.8Q, .
0.90,.0.950,.0,.1.05Q,.1.1Q, 1 1. 150, ( Q, H
W) o FRE TR 8 s, 54
ABEHME 9 ~ 11 iR,

B8 AR

Fig.8 Calculation model of pump device

45¢ 180
4.0r 70
3.5 r sl 60

- 3.0f -

= 2.5F 40 \t

&0l ¥

Rl 30 &

: ~ HAO-Hil % s
Loy - BRI I %
0.5F 10
% 15 20 25 30 35

WEQ/(m? s
B9 R R T R 4R
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Fig. 12 Comparison of simulation and experiment results
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