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Table 1 Main parameters of model pump as turbine

4% Name Z ¥ Parameter $U{H Value

4¢3 1 H 4% Impeller inlet diameter 102

46 H 1 B 42 Impeller outlet diameter 255

A H D 58 % Blade outlet width by/mm 14

i-4¢ Impeller M 22804 Tmpeller inlet angle f1/(°) 19.5
Hi 122 5 #f Tmpeller outlet angle £2/(°) 20
I F % Blade number z 6

I J {3/ Blade wrap angle ¢/(°) 130

Iy 7E L [ ELA% Volute base diameter D;/mm 266

1% 5¢ Volute 1 5E HY 1158 B Volute outlet width by/mm 26
5% H 1 EL 4% Volute outlet diameter D,/mm 65
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Fig.1 Mesh of computational domain
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Fig.2 Calculating process of boundary element method
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Table 2 Geometric parameters of one-factor experimental design

O A - A et
TS o AYE B HEf M
it Impeller  Impeller Blade Blade Impeller Blade
Model inlet outlet outlet wrap inlet number
angle angle width angle diameter z
BIC)  BAC)  bymm () Djmm
1 22.5 20 14 130 102 6
2 28.5 20 14 130 102 6
3 19.5 30 14 130 102 6
4 19.5 40 14 130 102 6
5 19.5 20 12 130 102 6
6 19.5 20 16 130 102 6
7 19.5 20 14 100 102 6
8 19.5 20 14 115 102 6
9 19.5 20 14 130 100 6
10 19.5 20 14 130 105 6
11 19.5 20 14 130 102 8
12 19.5 20 14 130 102 9

X BE AN UAT S 50 2T iR e BB P e e A
2N, LA FERIZ S B A RE A 2 K
o BEPPAT N SRAR R PR RE S, 5 S L i
PR HEN o AU MW IE R SE BRI A FERIF
AN B OB o 2 DR AR A I BB i B B AR A R R
PP EAR, IS BUE AL SO AH R AL AR
KB R Z 1% LA AR A MR, i S mil
TR, e SO

- Ay, [Ax;
=3/
Refs Ay, BAMF RGO vy 2R BB ) 24
FIRGE: Ax FRBI R xo o AKX R A
HBHL ST, B R TR SO KR R .
RIS 2 BT A DR % DR 2245 A S I AR T s Ak, e
AN AR BT SIS bR 10 1, T
SRS BRI, A T WA 52 DR 22 R 5

(6)




%15 3

A FRAR s T N R (1 B SR AE P K ) AR

“ERe it 43

MR, LA3e HH ORI R LR KA i PR 22

%3 T B T B LT S A S A
SRR M. D1 2H0R By R I8 o IR
USRI 0.50, WP ATOBIRLERA . IR b
R A g HETELRS DRI AR 2 4 AR, SEUR A
HOHE T 050, WIZER IS HGUME A, 3575 AR
BRI . I, T 4 AP EEE A

3.2 MafzmEiKigit

V. H Design Expert {4 R FH o0 5 & Wit J7 ik
(central composite design, CCD) , Xf LE5ffik i) 4 4
BERNFHATRE R, WK 40 R s, LT
30 PRk Hor 24 ANAES SURHTIM AL, 6 MRS R X
B, B DU TR R 2

’ SRR S il 4 ROEAREETKT
J&Z%‘% ’ lﬁ{T—F—‘/)/ E,:J g E */_ﬁ,fj[;/f’t U\ lEEF/TEEﬁSF‘ E,:J ﬂ;'g):n 7J(SF: ° Table 4 Factor levels of CCD
= s Sk SE
%3 M UASHEEE 2 Factor g 7K Code level
Table 3  Sensitivity of impeller geometric parameters 2 0 ! 2
R M HE D H AR
IXI3% Factor Total sensit?vity Impeller inlet diameter D;/mm 9 % 101 104 107
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Table 5 Results of central composite design
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(i) Impeller Blade . sound R Impeller Blade . sound
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Model inlet outlet o pressure Model inlet outlet o pressure
. X numberz  angle n/% . . numberz  angle n/%
diameter  width @) level diameter  width @) level
D;/mm___ by/mm ¢ L/dBA D;/mm  bymm ¢ L/dBA
1 0 2 0 0 64.22 153.51 16 1 1 1 1 66.64 154.16
2 1 -1 -1 -1 63.50 142.08 17 0 0 2 0 66.11 138.91
3 -1 -1 -1 -1 63.69 142.93 18 0 0 0 0 66.64 152.03
4 0 -2 0 0 63.34 153.38 19 -1 -1 1 -1 66.90 154.26
5 0 0 0 0 66.64 152.03 20 -1 -1 -1 1 64.68 139.30
6 1 1 1 -1 66.31 154.46 21 0 0 0 0 66.64 152.03
7 0 0 0 0 66.64 152.03 22 1 -1 1 65.53 140.22
8 0 0 -2 0 64.00 149.56 23 -2 0 0 0 67.14 152.08
9 2 0 0 0 64.25 152.04 24 -1 1 1 -1 67.00 154.95
10 -1 1 1 1 63.91 154.04 25 -1 1 -1 1 65.51 142.91
11 -1 1 -1 -1 63.85 141.28 26 1 -1 -1 63.44 135.63
12 0 0 0 2 65.73 153.29 27 0 0 0 -2 64.32 153.01
13 1 -1 -1 1 64.44 139.57 28 -1 -1 1 1 64.64 155.20
14 1 -1 1 -1 65.84 153.32 29 0 0 0 0 66.64 152.03
15 0 0 0 0 66.64 152.03 30 1 1 1 1 65.57 153.85
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Table 6 Variance analysis of efficiency regression equation and
OASPL regression equation
HHEZ  SFTm 807 1

I 1

A A Degree of Sum of Mean Prob(P)>F

Item Type F-value

freedom  squares square
IEIE. 15 4382 292 11.70 <0.0001
regression

KHI%E  RZE Error 14 3.50 0.25
Efficiency ESNE 9 3.50  0.39

S Sum 29 47.32
R*=0.9261, R.q”=0.8470, CV=0.76%, Adeq precision=12.401

'Ewa. 15 1011.11  67.41 11.25 <<0.0001
regression

MY WRZE Error 14 83.85  5.99

OASPL K 9 83.85  9.32

SR Sum 29 1094.97
R™=0.9234, R,;’=0.8414, CV=1.64%, Adeq precision=11.050
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Hydraulic and acoustic property optimization for centrifugal pump as
turbine based on response surface method

Dai Cui', Kong Fanyu?, Dong Liang®*, Wang Jiagiong?, Bai Yuxing?
(1. School of Energy and Power Engineering, Jiangsu University, Zhenjiang 212013, China,
2. Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang 212013, China)

Abstract: As a way of energy saving by recovery of residual pressure, centrifugal pump as turbine (PAT) has been widely
used in many fields. As PAT is gradually developed for high power, flow-induced noise becomes one of the most important
issues that cause negative effect on reliability. In order to improve both hydraulic and acoustic performances of PAT, an
optimization method combining sensitivity analysis and response surface was established. Firstly, through comparison of
impeller parameter impact on hydraulic and noise performances, the geometric parameters with great influence on acoustic
were filtered based on sensitivity analysis. Further more, with the efficiency and A-weighted overall sound pressure level
(OASPL) as target, the multiple regression models connecting variables and multi-objective functions were constructed.
Optimization for high efficiency and low OASPL of PAT was carried out with the focused research on the interaction among
key parameters. During the investigations, a synchronous acquisition of hydraulic parameters and noise signals were realized
on the basis of INV3020C data acquisition system and hydraulic test system in an open test loop. The liquid was pressurized
through booster pump, and then impacted the turbine’s impeller to make it rotate. The dynamometer consumed and measured
the turbine’s energy. The operating condition was adjusted by regulating the converter’s frequency to change the booster
pump’s capacity. The flow-induced noise signals were collected using hydrophone at a sampling frequency of 25,600Hz. The
signals were amplified and recorded by INV3020C data acquisition system, and Fast Fourier Transform was used to compute
the spectra with the Hanning window for reducing the spectrum leakage. The hydraulic performance (such as head, shaft
power and hydraulic efficiency) was calculated. The unsteady numerical simulation was performed to obtain noise-generating
fluid forces using k-¢ turbulence model. After that, a time series of pressure fluctuations at fluid-wall interface was obtained.
Then, the boundary element method (BEM) was applied to study flow-borne noise caused by impeller and casing dipole
sources in interior acoustic. Validated by experiments, the flow-borne interior noise prediction by k-¢ turbulence model
combined with BEM acting by casing dipole source was feasible. The results showed that the factors including impeller inlet
diameter, blade outlet width, blade number as well as blade wrap angle had a great influence on OASPL in interior noise. The
interaction between inlet diameter and outlet width was significant, while it was not obvious between inlet diameter and blade
number, inlet diameter and wrap angle. The impact of blade number on OASPL was more significant than outlet width. The
best match of outlet width and wrap angle was near the diagonal. The impact of blade number on OASPL was more significant
than wrap angle. After variance analysis on regression equation, the response surface model of hydraulic efficiency and
OASPL could reflect the correlation between parameter and response value. According to the experiments, after optimization
using this proposed method, one third octave OASPL of the PAT was reduced by 4.25dBAwith efficiency increase of 1.98%.
All these showed that the response surface method can improve acoustic performance without losing the original hydraulic
performance.

Key words: centrifugal pumps; turbines; acoustic properties; optical design; response surface method; hydraulic performance



