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Model a b c

40-3-15kw -0.1741 9.12E-04 1.37E-05
40-5-22kw -0.2946 1.60E-03 2.27E-05
50-3-18.5kw -0.0201 5.20E-05 1.39E-05
50-5-30kw -0.0335 8.95E-05 2.30E-05
50-6-37kw -0.0424 1.55E-04 2.75E-05
65-2-22kw -0.0074 4.88E-05 1.25E-05
65-3-37kw -0.0124 1.25E-04 1.83E-05
65-4-45kw -0.0159 1.42E-04 2.47E-05
80-2-55kw -0.0017 -3.99E-05 1.79E-05
80-3-75kw -0.004 3.23E-05 2.47E-05

[Y¥] acsboo WKL (5 oo 5l boaany g 551 oolos 3

= . —

i) 5y e

- ﬂf} T ] B

e wh— L §

el
ViF=C Drive 1 Asynchronous Mator 1

a1 fmair)

TL (Nm| —p 4284

Npss
L
N L
- B " o vl m;j:?
Centilugal Pump 2

& 0T+

b [

VIF=C Drive 2 Asyrchroncus Mator 2
5144
6.9
=
6.9
=
= e ]
[ oz .y Hya
C oz > o
L My eF s
24
TL 25
_.@__.E Pijs) H (rpm) e
Himl— 0.07707]
H | Centitugal Pums 3

—»Tm
—fri N
m
" B & B
.

WiF=C Drive 3 Asynchronous Mator 3

MatLab/Simulink S38le 5 slad ;o Cayg nSUl olSiws ds b jleoy oo (5 5lwdcds -Y J&w




Ohes g oolibls o, )3 e olSias] (65,1 B pae ;5 6550681 > b Sl 5L

Jol g5yt b ceay g 58Ul 90 b 5leay ol slocaayg oSl Slaseine =Y Jgos

Flow
Year (m¥hr) Head (m) 50 + 50 55 + 45 60 + 40 65 + 35
2P6:
1 51.48 90
(65-2) + (40-3) 2P10:
65-2) + (40-3
2 61.92 89 (65-2) + (40-3)
2P3: 2P7:
2p1: (50-3) + (50-3) | (50-3) + (50-3)
3 68.40 88 (50-3) + (50-2)
4 77.40 86
5 83.50 85
2P4: 2P8:
° . % (65-2) + (50-3) | (65-2) + (50-3) op11:
65-2) + (50-3
7 93.20 83 (65-2) + (50-3)
2P2:
8 99.70 83 (65-2) + (65-2)
2P5:
9 106.56 81 (652 1 (65-2) -
65-2) + (65-2
10 111.60 79 (65-2) + (65-2)
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Year Tlow  Head 33+33+33 40 +30 + 30 50 + 25 + 25
(m3/hr) (m)
3P3:
1 s 0 3PL: (40-3) + (40-3) + (40-3)
(40-3) + (40-3) + (40-3)
2 61.92 89 3P4
(50-3) + (40-3) + (40-3) 3P7:
3 68.40 88 (50-3) + (40-3) + (40-3)
4 77.40 86
5 83.50 85
3P5:
6 8860 85 3p2: (50-3) + (50-3) + (50-3)
T oas0 a3 | 609+ (503)+ (50)
3P8:
8 970 83 (65-2) + (50-3) + (50-3)
9 106.56 81 3P6:
10 111.60 79 (65-2) + (50-3) + (50-3)
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Year [ FIOW  piead(m) | 50+50 55 + 45 60 + 40 65 + 35
(m*/hr)
2PL: 2P4:;
1 73.08 152 (50-5) + (50-5) | (50-5) + (50-5)
2P5: 2PY:
2 8831 150 (65-4) + (50-5) | (65-4) + (50-5) 2P12:
(65-4) + (50-5)
3 97.44 148
4 11064 147
0.6 2P10:
2P2: 2P6: (65-4) + (65-4) 2P13:
> MBI 15 G54 (654) | (65-4)+ (65-4) (65-4) + (65-3)
2P14:
6 12485 144 (80-3) + (50-5)
7 13297 144
2P11:
8 14210 143
2PT: (80-3) + (65-4) 2P15:
80-3) + (65-4 -3) + (65-4
9 15022 142 (80-3) * (65-4) (60-3) = (554
2P3:
(80-3) + (80-3) 2P8:
10 16443 140 (80-3) + (80-3)
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Flow Head
Year (m¥hr)  (m) 33+33+33 40 +30 + 30 50 +25+25
3PL: 3P5: 3PY:
L 7808 192 1 (50.6)+ (50-6) +(50-6) | (50-5) + (50-6) +(50-6) | (50-5)+ (40-5) +(40-5)
3P10:
2 &3 180 3P6: (65-4) + (40-5) +(40-5)
50-5) + (50-5) +(50-5
3 97.44 148 (50:-5)+(50:9) +(0-9)
3P2:
4 11064 147 | o000 505) +(50-5)
5 11876 145
3P1L:
3P7: (50-5) + (50-5) +(50-5)
7 13297 144
3P3:
65-3) + (65-3) +(65-3
8 210 143 | O HE3)
9 15022 142
3P4: 3P8: 3P12:
65-4) + (65-4) +(65-4 65-4) + (65-3) +(65-3 80-3) + (50-5) +(50-5
10 164.43 140()()()()()()()()()
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EFF | 50+50  55+45  60+40 65+35 | EFF | 50+50  55+45  60+40  65+35
61.50 61.20 56.25 56.40 77.91 64.79 63.93 66.86

64.80 64.45 63.45 57.00 76.76 76.54 75.25 59.34

65.90 65.45 64.50 63.05 74.89 75.96 73.61 77.47

66.10 65.75 65.70 65.25 71.70 73.33 78.53 79.49

8 65.70 66.35 66.60 66.30 5) 68.13 78.91 78.29 79.60
é 65.90 66.65 67.25 66.95 c%) 78.28 76.97 75.67 77.62
66.70 66.65 67.25 67.15 79.82 77.27 76.25 77.96

67.60 67.35 67.45 67.45 78.97 74.48 72.65 75.18

68.30 67.85 66.95 67.15 78.86 79.71 77.56 74.43

68.20 67.90 67.05 66.60 80.01 80.17 77.90 74.04

69.71 68.63 62.07 60.71 69.71 70.51 58.11 61.65

70.78 68.79 66.30 57.38 70.78 72.51 72.40 58.61

70.40 68.25 64.95 67.31 70.40 72.20 73.16 72.78

68.90 66.15 70.74 68.92 68.90 71.06 73.49 74.88

g 66.91 72.08 71.07 69.24 Q 66.91 69.97 73.83 75.65
é 72.09 71.63 70.33 68.66 c%) 72.09 69.42 72.59 75.66
73.26 71.78 70.96 68.62 73.26 68.63 72.54 76.13

73.28 71.20 69.12 67.42 73.28 74.36 70.98 74.46

73.58 71.44 68.29 66.41 73.58 75.27 76.22 73.33

7411 71.41 68.34 65.74 74.11 75.90 76.61 72.95
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EFF | 50+50  55+45  60+40 65+35 | EFF | 50+50  55+45  60+40  65+35
66.60 66.26 64.72 64.55 70.18 69.42 83.69 84.56

65.20 66.55 66.84 66.69 91.56 79.54 81.16 80.57

66.30 66.21 67.16 67.07 91.50 90.00 77.30 76.66

67.40 67.15 66.36 66.53 86.20 85.34 82.77 70.10

8 67.30 67.11 66.24 65.65 5) 84.18 82.66 80.17 84.42
é 67.30 66.77 65.34 66.33 5; 80.73 80.50 94.44 84.83
66.90 66.60 66.26 66.94 76.90 76.22 93.67 94.24

66.10 66.24 67.28 67.73 72.62 88.24 91.38 92.88

64.90 66.72 67.68 68.23 97.11 87.50 90.30 91.91

66.90 66.68 68.02 68.56 98.38 97.00 86.95 88.13

68.39 65.67 79.31 79.53 68.39 70.01 69.10 69.58

78.38 79.37 79.02 76.66 78.38 66.71 68.98 70.59

78.90 77.45 76.42 73.76 78.90 78.76 68.04 69.97

76.80 74.58 7151 68.91 76.80 77.91 77.62 67.72

5) 75.74 72.63 69.24 84.34 8 75.74 77.14 77.17 65.73
é 74.02 71.30 83.53 84.42 (% 74.02 75.97 76.25 66.73
71.90 68.56 84.12 84.18 71.90 74.25 75.81 77.00

69.36 82.29 83.23 83.23 69.36 72.19 75.43 77.38

81.00 83.06 82.89 82.81 81.00 71.16 75.10 77.32

82.64 81.64 81.68 80.39 82.64 82.04 73.29 76.30
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EFF | 33+33+33  40+30+30 50+25+25 | EFF | 33+33+33  40+30+30 50+25+25
46.90 46.90 51.10 55.17 57.51 60.96
47.90 51.53 52.60 50.25 57.53 63.33
58.50 52.77 53.17 72.99 55.17 61.68
5 61.30 61.00 53.10 5 76.13 75.99 58.39
g 62.70 62.37 52.63 ‘£ 77.18 78.14 57.44
w wn
3 63.70 63.33 60.70 : 76.18 77.55 77.20
s 64.30 63.83 61.77 s 77.16 78.50 79.34
65.10 64.43 63.07 75.72 78.33 80.38
65.30 64.77 64.10 76.07 78.18 82.26
65.00 65.17 64.60 76.08 78.82 83.63
51.04 57.51 56.03 55.17 53.44 61.50
49.07 57.53 57.97 50.25 60.50 61.95
65.75 55.17 57.42 72.99 59.74 60.42
R 68.72 75.99 55.75 - 76.13 73.69 57.61
(‘+§ 69.94 78.14 55.04 ‘é’ 77.18 75.07 55.84
w w
: 69.94 77.55 68.95 & 76.18 74.00 73.07
s 70.73 78.50 70.56 @ 77.16 74.69 74.93
70.41 78.33 71.72 75.72 73.74 75.51
70.68 78.18 73.18 76.07 77.65 76.70
70.54 78.82 74.12 76.08 78.37 78.05
51.04 50.16 56.57 59.31 58.75 66.44
49.07 48.24 56.59 51.42 63.50 67.32
65.75 58.32 56.16 80.24 60.94 64.68
- 68.72 66.68 54.97 3 83.55 81.18 60.26
(‘g 69.94 68.07 53.44 ‘£ 84.42 82.96 58.25
(] w
& 69.94 68.71 64.83 : 82.42 81.11 81.32
s 70.73 69.56 66.14 s 83.58 82.02 83.72
70.41 690.11 66.86 81.02 80.69 84.17
70.68 69.05 67.62 81.45 84.36 85.78
70.54 69.17 68.54 81.61 85.19 87.57
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EFF | 33+33+33 40;3“ 50 + 25 + 25 | EFF | 33+ 33 + 33 40;5’“ 50 + 25 + 25
50.50 59.38 57.00 84.63 84.37 61.69
63.26 63.18 56.70 71.71 72.66 57.46
64.55 64.64 63.30 72.06 73.38 72.58
. 65.54 65.92 65.15 . 69.92 71.38 73.67
g 65.64 66.04 65.70 ‘£ 68.00 71.04 74,52
w w
& 65.24 66.14 66.00 z 66.38 70.16 73.45
s 65.64 65.94 66.15 s 66.46 68.52 72.00
67.02 65.88 65.95 67.19 66.41 71.20
65.64 66.72 65.50 83.84 67.77 68.93
65.93 67.76 66.30 83.03 68.47 68.04
72.06 72.41 59.35 84.63 76.79 61.14
67.48 68.22 57.08 7171 70.36 70.26
68.31 69.13 67.94 72.06 70.01 80.54
. 67.73 68.39 69.41 § 69.92 79.65 78.81
g 66.82 68.52 70.11 ‘é’ 68.00 79.45 78.55
w w
z 65.81 68.17 69.73 & 66.38 79.08 76.44
s 66.05 67.45 69.08 s 66.46 77.00 74.08
67.11 66.31 68.57 67.19 74.45 71.83
74.74 67.30 67.21 83.84 74.72 83.32
74.48 68.03 67.17 83.03 73.30 82.91
72.06 64.84 58.79 97.20 88.74 63.49
67.48 65.92 69.88 75.93 74.80 70.64
68.31 65.76 75.90 75.82 74.26 85.18
y 67.73 76.66 7455 § 72.11 82.64 83.07
g 66.82 76.93 74,14 ‘£ 69.18 81.97 82.96
(‘ﬁ 65.81 77.09 72.72 ‘i’ 66.94 81.07 80.17
’ 66.05 75.93 7115 v 66.87 78.07 77.00
67.11 74.35 69.21 67.27 74.56 74.46
74.74 74.26 81.60 92.94 75.19 85.03
74.48 72.87 82.04 91.57 73.74 83.78
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Abstract

In this paper, mathematical model of different pumping plants including two or three centrifugal
pumps in parallel connection is developed and simulated by MATLAB/Simulink. The effect of
utilizing of variable speed (VS) and constant speed (CS) control on efficiency and energy is
studied against different water consumption patterns. In according to results, in plants with
double pumps, efficiency is a function of operating points as it varies by different consumption
patterns, but in plants with three pumps it varies with a steady algorithm. It is recommended to
implement (CS + VS + VS) strategy of control in pumping plant with three centrifugal pumps
rather than (VS + VS + CS) as it costs lower in primary expenses of plant construction besides
higher reliability, lower maintenance cost and shorter payback time. 10 to 15 percent efficiency
increase by all VS control and 5 to 10 percent increase in efficiency is proposed by VS and CS
compositional control strategies.

Keywords: Energy saving, Efficiency, Pumping plant, Variable frequency drive
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