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Abstract

Experimental investigation on the performance of different arrangements of pumps involving two single pumps
operating at different fixed speeds was undertaken. The pressure and flow rate were measured using pressure
gauges and calibrated flow meters at strategic locations in various arrangements of piping network. The pump
or head drop and system curves were then generated, accounting for the different components of the piping
network. The advantages and disadvantages associated with parallel and series combination of pumps of
different capacity operating at different specific speeds were established. Furthermore the study did not support
the assumption of the same system curve often used in the determination of best efficient point (BEP) for
parallel and series combination of pumps in piping networks. This investigation offers the opportunity to
establish the optimum solution to operate the pump/pumps in any flow network at or closest to the BEP as well
as ascertain the implication of operating away from the BEP. More so, the study will aid in proper selection of
pump combinations in any flow network for optimal performance.

Keywords: pumps, parallel, series, connection, fittings, piping network, best efficient point.

INTRODUCTION either in parallel or in series for desired piping
Pumps come in a variety of sizes for a wide range of networks.
applications, such as, in industries for fluid
conveying in manufacturing processes. In process
operation, liquids are moved from sources, such as, Pumps
boreholes, tanks to operational areas by gravitational
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Figure 1: Different types of pumps

The pump may have been man’s fourth invention
following the wedge, lever and the wheel (Settles,
1980), although some sources places the development
even before the lever (Rand, 1960 and Henshaw,
1987). Several research works had been carried out
on pumps ranging from the design and production
(Akilo, 1985, Egbedoyin, 1995 and Evans, 2008) and
efficiency improvement (World, 2009) to the
minutest study on factors affecting pumps
performances (Bamigbola, 2007).

force but often under high pressure provided by
pumps. Several factors militate against the flow of B
pipe size, liquid viscosity, bends and fittings (valve, ‘ | Impuse, Buoganey) || Displacement
elbow, reducer, etc) in the network. To overcome
flow problem and move liquid from place to place Hﬁ
against a higher pressure or to a higher elevation, ] ‘
Special effect | Recinrocati

pump is therefore defined as a machine used to add P ‘ Rotary M
energy to the liquid for desired purposes. It can be [
classified according to the basic operating principle
as dynamic or displacement pumps as shown in Internal | | External Slide
figure 1. Dynamic pumps can be sub-classified as gear ear | Lobe

- : . gear | vang
centrifugal and special effect pumps. Displacement
pumps can be sub-classified as rotary or reciprocating
of the pump designs. Where different pump designs
could be used, the centrifugal pump is generally the
most  economical followed by rotary and
reciprocating pumps. Although, positive
centrifugal pumps, the benefit of higher efficiency
tends to be offset by increased maintenance costs
(Davidson, 1986 and Stepanof, 1957). The inability
of single pump to often meet required pressure or

fluid. Among these factors are: friction in the pipe, Dynamic Others ey, Positive
energy must be added to the liquid using pumps. A Centrifugal |

pumps. In principle, any liquid can be handled by any

displacement pumps are generally more efficient than

flow rate necessitate the need for pump combinations
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The advent of information technology has made the
use of pumps with variable speed drive (VSD),
supervisory control and data acquisition (SCADA)
systems and condition monitoring equipment
versatile, dynamic and available (Ahlgren, 2006, US,
2006, and Wayne, 2004). The building services and
manufacturing companies are dominated by VSD. A
VSD will regulate the motor speed to match the
precise need of the process and thereby boost the
efficiency of the entire system.

The research on pumps has not been exhausted
despite the high efficiency of 85 % recorded. More
so, the general assumption of using the system curve
of a particular pump in either series or parallel piping
network to determine the best efficiency point(BEP)
or operating point in the network and the belief that
pumps in the network must operate at the same speed,
require further study, hence the present investigation.

METHODOLOGY

Experimental Setup and Procedure

The experimental stand comprises of 980 liters
capacity tank, 20 liters test can, two centrifugal
pumps of 0.5 HP each but operating at different
specific speed of 2850 rpm and 1450rpm, two
pressure gauges of range 0-6bar fixed upstream and
downstream of the pumps, flow meter and 3%’ PVC
pipes and fittings. Schematic representations of the
piping networks for pump A single operation, pump
B single operation, pumps A and B in parallel and
series connections are illustrated in figures 2a, 2b, 2c
and 2d respectively. For series connection, the
discharge of one pump is connected to the suction
side of the second pump, while for parallel
connection both pumps are connected to a common
discharge line. The type of flow was activated
through necessary valves control. For each of the
setups, substantial number of readings of pressure
was taken for varying flow rates through the
regulation of valves for specific fixed speed of
pumps.

1. Pump A Single Operation - Valves 1, 2, and 4 open; 3, 5, and 6 closed
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Figure 2b: Flow Network with Pump A
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2. Pump B Single Operation - Valves 1, 3, and 6 open; 2,4, and 5 closed
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Figure 2b: Flow Network with Pump B

3. Parallel Operation - Valves 1, 2, 3, 4 and 6 open; valve 5 closed
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Figure 2c: Flow Network with Pumps A and B in parallel

4. Sertal Operation - Valves 1, 2. and 5 and 6 open: 3 and 4 closed
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Table 1a: Experimental data for pump A

Units:

1bar =100 kN/m’

PUMP A
1litre/sec=1x10" m’/s
AV. AV.
FLOW PRESSURE PRESSURE AP=P2-P1 PRESSURE FLOWRATE,Q WATER HEAD
RUN RATE,Q(I/s) ,P1(BAR) ,P2(BAR) (BAR) , AP(BAR) (m3/s) (mH20)
0 0.000000 0.20 1.25 1.05
0.000000 0.21 1.27 1.06 1.06 0.000000000 10.76743
0.000000 0.19 1.25 1.06
1 0.050000 0.14 1.14 1.00
0.050000 0.14 1.22 1.04 1.03 0.000050000 10.46173
0.050000 0.14 1.21 1.04
2 0.116667 0.14 1.04 0.90
0.116668 0.14 1.04 0.90 0.90 0.000116667 9.17100
0.116666 0.14 1.04 0.90
3 0.161111 0.14 0.90 0.76
0.161111 0.14 0.90 0.82 0.80 0.000161111 8.10105
0.161111 0.13 0.94 0.81
4 0.216667 0.13 0.78 0.65
0.216666 0.13 0.78 0.65 0.65 0.000216667 6.62350
0.216668 0.13 0.78 0.65
5 0.272222 0.12 0.67 0.55
0.272222 0.12 0.67 0.55 0.53 0.000272222 5.43467
0.272222 0.12 0.62 0.50
6 0.333333 0.11 0.51 0.40
0.333332 0.11 0.51 0.40 0.40 0.000333333 4.07600
0.333334 0.11 0.51 0.40
7 0.383333 0.11 0.39 0.28
0.383333 0.11 0.39 0.28 0.28 0.000383333 2.85320
0.383333 0.11 0.39 0.28
8 0.435800 0.10 0.30 0.20
0.435480 0.10 0.29 0.19 0.16 0.000435587 1.66437
0.435480 0.10 0.20 0.10
9 0.452780 0.10 0.20 0.10
0.452780 0.10 0.20 0.10 0.10 0.000452783 1.01900
0.452790 0.10 0.20 0.10
10 0.463889 0.08 0.13 0.05
0.463889 0.09 0.14 0.05 0.05 0.000463889 0.50950
0.463889 0.08 0.13 0.05
Table 1b: Head loss for pump A
length=10.89m 4=9.8m/s2
Equivalent length le=4.096m
Total length = 14.986m
Av. MEAN  REYNOLD HEAD
FLOWRATE, WATERHEAD VELOCITY, NUMBER, FRICTIONAL  LOSS,
Q(m3fs)  (mH20) U(m/s)  Re FACTOR, f hf(m)
0.000000000 10.76743 0.00 0 0.000000000 0.0000000
0.000050000 10.46173 018 2931 0.021832083 0.1078647
0.000116667 9.17100 041 6840  0.034468820 0.9271852
0.000161111 8.10105 057 9446 0.031452467 1.6134262
0.000216667 6.62350 076 12703  0.029019186 2.6922461
0.000272222 543467 096 15960  0.027332035 4.0027863
0.000333333 4.07600 117 19543 0.025955298 5.6993671
0.000383333 2.85320 134 22475 0.025064989 7.2788695
0.000435587 166437 153 25538 0.024290436 9.1081143
0.000452783 1.01900 159 26546  0.024062829 9.7492575
0.000463889 0.50950 163 27197 0.023922012 10.1734873
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Table 2a: Experimental data for pump B

HEAD(mH20)

7.64250
7.13300
6.11400
5.34975
4.72137
4.07600
3.05700
2.34370
1.52850
0.95107

0.71330

HEAD
L0Ss,
hi(m)

0.0000000

0.0982026

06489562

10611066

13829179

16480423

21339634

25613408

31426632

37096245

Units:
PUMP B 1bar=100kN/m’
Llitre/sec=1x10"° m'ls
FLOW AV. AV.
RU RATE,Q PRESSURE PRESSURE AP=P2-P1 PRESSURE FLOWRATE,Q WATER
N (/s)  PL(BAR) P2(BAR) (BAR) ,AP(BAR)  (m3/S)
0  0.000000 0.10 0.85 0.75
0.000000 0.10 0.85 0.75 0.75 0.000000000
0.000000 0.10 0.85 0.75
1  0.050000 0.19 0.89 0.70
0.050000 0.19 0.89 0.70 0.70 0.000050000
0.050000 0.19 0.89 0.70
2 0.100000 0.20 0.80 0.60
0.100000 0.20 0.80 0.60 0.60 0.000100000
0.100000 0.20 0.80 0.60
3  0.133333 0.19 0.77 0.58
0.133333 0.19 0.69 0.50 0.53 0.000133333
0.133333 0.19 0.69 0.50
4 0.155556 0.20 0.66 0.46
0.155556 0.19 0.65 0.46 0.46 0.000155556
0.155556 0.19 0.66 0.47
5 0172222 0.19 0.59 0.40
0.172222 0.19 0.59 0.40 0.40 0.000172222
0.172222 0.19 0.59 0.40
6  0.200000 0.18 0.48 0.30
0.200000 0.18 0.48 0.30 0.30 0.000200000
0.200000 0.18 0.48 0.30
7 0222222 0.18 0.41 0.23
0.222222 0.18 0.41 0.23 0.23 0.000222222
0.222222 0.18 0.41 0.23
8  0.250000 0.17 0.32 0.15
0.240000 0.17 0.32 0.15 0.15 0.000250000
0.260000 0.17 0.32 0.15
9  0.275000 0.15 0.25 0.10
0.276000 0.15 0.24 0.09 0.09 0.000275000
0.274000 0.15 0.24 0.09
10 0.288889 0.14 0.21 0.07
0.288889 0.15 0.22 0.07 0.07 0.000288889
0.288889 0.15 0.22 0.07
Table 2b: Head loss for pump B
length=9.145m g=9.8m/s2
Equivalent length le=4.5m
Total length = 13.645m
Av. MEAN REYNOLD
FLOWRATE,  WATER  VELOCITY, = NUMBER,  FRICTIONAL
Q(m3/S) HEAD(mH20)  U(m/s) Re FACTOR, f
0.000000000  7.64250 0.00 0 0.000000000
0.000050000  7.13300 0.18 2931 0021832083
0.000100000  6.11400 0.35 5863 0.036064803
0.000133333  5.34975 0.47 817 0.033170492
0.000155556  4.72137 0.5 9120 0.031760772
0.000172222  4.07600 0.60 10097 0.030878720
0.000200000  3.05700 0.70 11726 0.029647984
0000222222 2.34310 0.78 13029 0028824478
0.000250000 152850 0.88 14657 0.027943836
0.000275000 095107 0.96 16123 0.027260433
0.000288889  0.71330 101 16937 0.026916930

40422145
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Table 3a: Experimental data for pumps A and B
in parallel

PARALLEL

FLOW

0  0.000000
0.000000
0.000000

1 0.050000
0.045000
0.055000

2 0.141667
0.141667
0.141667

3 0.272222
0.271111
0.273333

4 0.416667
0.416667
0.416667

5 0472222
0.472222
0.472222

6 0.519444
0.519444
0.519444

7 0.550000
0.540000
0.560000

8  0.600000
0.600000
0.600000

9  0.627779
0.627778
0.627777

10 0.661111
0.661111
0.661111

Llitre/sec=1x10° m'/s

PRESSURE PRESSURE AP=P2-P1 PRESSURE FLOWRATE.Q  WATER
RUN RATEQ(I/s) P1(BAR) ,P2(BAR)

0.20
0.20
0.21
0.10
0.10
0.10
0.10
0.08
0.08
0.08
0.08
0.08
0.08
0.10
0.10
0.08
0.08
0.08
0.07
0.07
0.07
0.06
0.06
0.06
0.04
0.04
0.04
0.02
0.02
0.02
0.01
0.01
0.01

135
1.40
1.36
1.20
1.20
1.10
1.00
0.98
0.98
0.78
0.77
0.78
0.58
0.60
0.60
0.48
0.51
0.53
0.42
0.42
0.47
0.41
0.36
0.39
0.29
0.29
0.29
0.20
0.22
0.17
0.10
0.10
0.10

(BAR)
115
1.20
115
110
110
1.00
0.90
0.90
0.90
0.70
0.69
0.70
0.50
0.50
0.50
0.40
043
045
0.35
0.35
0.40
0.35
0.30
033
0.25
0.25
0.25
018
0.20
015
0.09
0.09
0.09

AV. AV.
,AP(BAR)  (M3/S)

117 0.000000000
1.07  0.000050000
0.90  0.000141667
070  0.000272222
050  0.000416667
043 0.000472222
037  0.000519444
033 0.000550000
0.25  0.000600000
0.18  0.000627778
0.09  0.000661111

HEAD(mH20)

11.88833

10.86933

9.17100

7.09903

5.09500

4.33075

3.73633

3.31175

2.54750

1.78325

0.91710

Table 3b: Head loss for pumps A and B in parallel
Length=13.69m g=9.8m/s2

Equivalent Length =7.5m
Total =21.19m

AV,
FLOWRATE,  WATER
Q(M3/S)  HEAD(MH20)
0.000000000  11.88833
0.000050000 1086933
0.000141667  9.17100
0000272222 7.00903
0.000416667  5.09500
0000472222 433075
0000519444 373633
0.000550000 331175
0.000600000 254750
0000627778 1.783%5
0.000661111  0.91710

MEAN

VELOCITY,

U(m/s)
0.00
0.18
0.50
0.96
146
1.66
182
193
2.11
2.20
2.32

REYNOLD
NUMBER,

Re
0
2931
8306
15960
24429
27686
30455
32246
3b178
36806
38760

FRICTIONAL
FACTOR, f
0.000000000
0021832083
0.032605061
0027332035
0.024555469
0023819334
0.023280749
0.022966465
0022500122
0022263160
0.021996834

HEAD
0SS,
hf(m)

0.0000000

0.1525192

18285702

56508853

119128501

14.8426441

175534969

194137202

226347970

245181788

268657008
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Table 4a: Experimental data for pumps A and B in

series 20
Units: | | = = = = Head Drop Curve
PUMP A &B 1 bar = 100 kN/m | System Curve
SERIES 1litre/sec=1x10° m'/s |
AV. AV. |
FLOW  PRESSURE PRESSURE AP=P2-P1 PRESSURE FLOWRATEQ ~ WATER 15
RUN RATEQ(l/s) P1(BAR) [P2(BAR) (BAR) ,AP(BAR)  (m3/S)  HEAD(mH20) —~
0 0.000000  0.20 1.90 170 o T
0.000000  0.20 2.00 180 177 0000000000  18.00233 g r
0.000000  0.16 1.96 180 s I
1 0.066667  0.16 176 160 = I
0061111  0.16 181 165 163 0000061111  16.64367 s 10|
0.055556  0.16 181 165 2
2 0.083889  0.15 165 150 O
0094444 015 165 150 150  0.000094444  15.28500 % X
0100000  0.15 165 150 s s
3 0155556 0.15 140 125 5k S
0150000  0.15 138 123 123 0000150000  12.48275 I ~
0144444 015 135 120 e
4 0177778 0.5 125 110 [ (0.000223, 2.614)
0177778 014 124 110 107 0000177778  10.86933 i N
0177778 014 114 1.00 3 . N, . .
5 0.200000 0.2 1.02 0.90 0 — w7 EE— T E— =
0.205556 0.12 102 0.90 090  0.000205556  9.17100 2.0x10 4.0x10 6.0x10
0.211111 0.13 1.03 0.90 Flowrate (m3/sec)
6 0.244444 013 0.88 0.75 .
0.244444 0.12 0.82 0.70 073  0.000244444  7.38775 Flgure 3b: PUMP B
0244444 012 082 0.70
7 0.266667 0.1 0.76 065
0.266667 0.1 071 060 062  0.000266667  6.28383
0.266667 0.1 071 060 20
8 0333333 010 047 037
0338889  0.10 0.46 036 036 0000338889  3.70237 [
0.344444 010 0.46 036 = === HeadDrop Curve
9 0.400000  0.09 0.24 0.15 | e System Curve
0405556 0.09 024 015 015  0.000405556 152850 |
0411111 0.09 024 015 15k
10 0444444 008 011 003 .
0.444444 0,08 012 004 003 0000444444 030570 o I
0.444444 0,08 011 003 S
I -
E
Table 4b: Head loss for pumps A and B in series S 10k
length=9.16m 9=9.8m/s2 2}
Equivalent length le=7m ° [
Total length =16.16m g |
AV. MEAN  REYNOLD HEAD sk
FLOWRATE, WATER VELOCITY,  NUMBER, FRICTIONAL LOSS, 5
Q(M3/S) HEAD(MH20)  U(mi/s) Re FACTOR,f  hf(m) s
0.000000000  18.00233 0.00 0 0.000000000  0.0000000 :
0.000061111  16.64367 021 3583 0.041979823  0.3341031 A A A
0000004444 15.28500 033 5637 0.036684855 0.6973312 — —— —— o
0.000150000  12.48275 053 8794 0.032085158 15384604 2.0x10 o ?.Oxlg/ 6.0x10
0.000177778  10.86933 062 10423 0030611069  2.0617378 owrate (m3/sec)
0.000205556 917100 072 12052 0.029430461 26500603 Figure 3c: PUMP A & B in Parallel
0.000244444  7.38775 0.86 14332 0.028108716  3.5793237
0.000266667  6.28383 0.94 15634 0.027478309  4.1641570
0.000338889  3.70237 119 19869 0.025847544  6.3260652 20
0.000405556  1.52850 142 23777 0.024718918  8.6642326 |
0.000444444  0.30570 156 26057 0.024171698 10.1751715 s Head D .
i = = = = Head Drop Curve
5\ = System Curve
151
6 |
20 D
s = = = = Head Drop Curve = 5
s — System Curve ~ -
- B0l
| % |
15 s
e | g |
I I =z |
E [ 5
= i
g 10 < |
I B -~ - .
[} [ ~ 5
k) B Se < 0 f " L . " " L. . . 1 .
= L (0000205, 4.944) 2.0x10™% 4.0x10™ 6.0x10™
| Flowrate (m3/sec)
| ~ - - -
i S~ Figure 3d: PUMP A & B in Series
Y
0 L L b L
2.0x10™ 4.0x10™ 6.0x10™

Flowrate (m3/sec)

Figure 3a: PUMP A
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15 “ 1 - Pump_B_Head 7
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Figure 4: Pump curve for all connections
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Figure 6: Combined Pump and System
Curves for all connections
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Figure 5: System curve for all connections
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