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Abstract— In this paper, solar water pump sizing and 

assessment of the impact of water pump connection 

configuration on the required power for meeting the 

water demand of a furrow irrigation system for a one 

hectare groundnut farm  is presented. The farm is 

located in Ebonyi state of Nigeria with 4.794 hours/day 

annual average peak sun hour on an optimally tilted 

plane. With seven days irrigation cycle, the daily water 

demand is  𝟏𝟗. 𝟏𝟑 𝐦𝟑/𝐝𝐚𝐲  , the water flow rate is 

𝟑. 𝟗𝟗 𝐦𝟑/𝐡𝐫 and the total water head is 45 m.  Gradfos 

online pump sizing tool was used to determine the 

operating pump power for three different pump 

configurations, namely; configuration 1, sizing with a 

single Grundfos SQFlex 16 SQF-10 solar submersible 

water pump; configuration 2, sizing with two Grundfos 

SQFlex 16 SQF-10 solar submersible water pumps 

connected in parallel and configuration 3, sizing with 

six single Grundfos SQFlex helical solar water pump 

model 11 SQF-2   where there are two sets of pumps in 

parallel and each set of pump consists of three pumps 

connected in series. The results showed that the 

configuration 1 and configuration 3 require 1.26 kWh 

to meet the daily water demand whereas configuration 

2 required 1.2 kWh . This is about 95 % of the power 

required by configuration 1 and 3.  As such, about 5 % 

of power can be saved by using  configuration two (2). 

The idea presented in this paper will help solar power 

pumping system designers to reconsider their pump 

selection and connection configurations so as to achieve 

optimal power utilization.   
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1.  INTRODUCTION 

Across Nigeria, Ebonyi state is known for their 

involvement in large-scale farming [1,2,3]. The 

availability of large expanse of land in the State further 

encourages the inhabitants to embark on large-scale 

farming. However, the weather condition in Ebonyi state is 

such that they witness longer dry season period as 

compared to the rainy season period [4,5,6,7]. 

Consequently, irrigation is required to meet the daily water 

demand of the crops in Ebonyi State. 

In this paper, a typical furrow irrigation water supply for 

groundnut farm is considered. The analytical expressions 

for the determination of the daily water demand for the 

furrow irrigation process are presented. Also, 

mathematical expressions for computing the water flow 

rate and water head for the sizing of the water pump are 

presented. Although, the water flow rate and the water 

head are the major factors used in the selection of the solar 

water pump [8,9,10,11,12], there are several pumps that 

can still satisfy the required water flow rate and water head 

but with different electric power demand [9,13]. 

Particularly, the selected water pump performance 

characteristics and the pump connection configuration do 

affect the total power required to meet the water demand. 

As such, in this paper, three different water pump 

connection  configurations are considered and their overall 

power demands are compared. Two different Gradfos 

water pump models are used in the assessment. An online 

water pump sizing tool from Gradfos [14] was also used to 

determine the actual operating power for the pumps at any 

given operating point determined by the water flow rate 

and the water head.  The idea presented in this paper will 

help solar-powered water pump system designers to make 

choices when selecting the water pumps for their water 

pumping projects.  

2.   DETERMINATION OF WATER VOLUME 

REQUIRED FOR FURROW IRRIGATION PROCESS  

 

Let the water volume per hectare in 𝑚3/ℎ𝑎 be denoted as 

Vha, the required water height in cm be denoted as hw, the 

furrow bed-to-bed distance in cm be denoted as 𝑑𝑏𝑏,  the 

width of the bed  in cm be denoted as 𝑑𝑤𝑡 and the number 

of  canals be denoted as  𝑛𝑐𝑛 , then [15]; 

𝑛𝑐𝑛 = (
(100−

𝑑𝑏𝑏
100

)

(
𝑑𝑤𝑡+ 𝑑𝑏𝑏

100
)
) + 1  (1) 

Vha = (
ℎ𝑤((𝑑𝑏𝑏)100)(𝑛𝑐𝑛)

100
) 

1

100
      (2) 

According to [15], for furrow irrigation of groundnut 

farm,  the width of bed (𝑑𝑤𝑡) is 40 cm, the bed-to-bed 

distance (𝑑𝑤𝑡 ) is 20 cm and the required water height 

(𝑑𝑤𝑡) is  4 cm, hence, the number of canals (𝑛𝑐𝑛) and the 

required volume of  water per hectare (Vha)  is given as; 

𝑛𝑐𝑛 = (
(100−

20

100
)

(
40+ 20

100
)

 ) + 1 =  (
99.8

0.6
 ) + 1 =167.3 
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Vha = (
4((20)100)(167.3)

100
) 

1

100
 = 133.84 

Let the discharge rate in m3 /hr be denoted as Q, the 

irrigation cycle in days be denoted as n, the number of 

hectares to be irrigated in one irrigation cycle be denoted 

as K  and    the duration of irrigation per day in hours be 

denoted as T,  then; 

𝑄 =  (
Vha

T
)

𝐾

n
  (3) 

The total area covered by the groundnut farm is hectares 

(hence, k = 1.0 ha). The case study farm is located in 

Afikpo with annual average Peak Sun Hour (PSH) of 4.7 

hours/day which at the optimal tilt angle with transposition 

factor of 1.02 becomes 4.794 hours/day. Also, a seven (7) 

days irrigation cycle is adopted to cover the entire 1.0 ha 

farm. Essentially, n = 7 days and T = 4.794 hours/day, 

hence, the water flow rate (Q)  in m3/hr is given as; 

𝑄 =  (
133.84

4.794
)

1.0

7
 =  3.99 m3/hr  =  

3.99

3600
=  0.00111 m3/s 

Let the area irrigated per day be denoted as Afupd  in 

m2/𝑑𝑎𝑦 while the volume of water required per day be 

denoted as  Vfupd in m3/𝑑𝑎𝑦, then; 

Vfupd = (𝑄)𝑇 =  (
𝐾

n
) Vfupha  (4) 

Afupd =
(Vfupha)𝐾

Vfupd
=  (

K

n
)  (5) 

With the given values,  

Vfupd = (𝑄)𝑇 = (3.99 )4.794 =  19.13 m3/𝑑𝑎𝑦  

Afupd =  (
K

n
) =  (

1.0

7
) = 0.143 ℎ𝑎 /𝑑𝑎𝑦 

 

3. DETERMINATION OF THE TOTAL DYNAMIC 

HEAD  

 

The total dynamic head denoted as 𝐻𝑇𝐷𝐻 ,   is given as 

[16]; 

 𝐻𝑇𝐷𝐻  =  𝐇𝐒𝐓𝐒𝐌 + 𝐻𝐷𝐻    (6) 

Where static head for submersible pump is denoted as 

HSTSM   and the dynamic head is denoted as HDH.  The 

dynamic head , 𝐻𝐷𝐻 is due to frictional as the water flows 

through the pipe; a value of 6% is assumed. Hence, 

𝐻𝐷𝐻  = 0.06(𝐻𝑆𝑇𝑆𝑀)      (7) 

𝐻𝑇𝐷𝐻  =  𝐇𝐒𝐓𝐒𝐌 +  0.06(𝐻𝑆𝑇𝑆𝑀) = 𝟏. 𝟎𝟔 (𝐇𝐒𝐓𝐒𝐌) (8) 

 

Meanwhile, the static head, 𝐇𝐒𝐓𝐒𝐌   is given as  [16]; 

  𝐻𝑆𝑇𝑆𝑀  = HPL   + 𝐻𝐿𝐹𝑆𝐿  (9) 

Where, the static water level is denoted as HSWL , the 

pumping  level is denoted as HPLand the lift from surface  

level is denoted as HLFSL. In the case study, HPL = 22 𝑚  

and 𝐻𝐿𝐹𝑆𝐿 = 20 m   then; 

𝐻𝑆𝑇𝑆𝑀  = 22 + 20 = 42 m  

𝐻𝑇𝐷𝐻  =   1.06 (HSTSM) = 1.06 (42) = 44.5 m ≈
45 𝑚  ≈ 148𝑓𝑡  

 

4. SELECTION OF THE WATER PUMP 

The pump is selected based on the water flow rate (Q) 

which is 3.99 m3/hr  and the Total Dynamic Head, HTDH  

which is  45 m or 148 ft. In this paper, two different 

models of submersible pumps from Gradfos are selected 

and the total power ratings are compared. The pumps are 

Grundfos SQFlex 16 SQF-10 solar submersible water 

pump and Grundfos SQFlex helical solar water pump 

model 11 SQF-2 and their electrical data are presented in 

Table 1. The pumps actual operating power depends on the 

specific operating point which is determined by the water 

flow rate (Q) and the water head (TDH) . Again, a given Q 

and TDH can be achieved by a single pump and also by 

two or more pumps connected in series or in parallel. 

When water pumps are connected in parallel their water 

head (TDH) remains the same but the flow rate adds up. 

Conversely, when water pumps are connected in series 

their water head adds up but their water flow rate remains 

the same. In this paper single pump sizing, parallel pump 

and series cum parallel sizing options are examined and 

the resultant total required electrical power are compared. 

In the pump selection, the overall pump operating point to 

be achieved is flow rate, Q = 3.99 m3/hr  and total 

dynamic head TDH = 45 m or 148 ft 

Table 1 The Electrical data On The selected Gradfos solar 

submersible water Pumps 

Parameter 

Grundfos SQFlex 

16 SQF-10 solar 

submersible water 

pump   

Grundfos SQFlex 

helical solar water 

pump model 11 

SQF-2 

Power input – 

(maximum) 
1.4 kW 1.4 kW 

Rated voltage ac 1 x 90-240 V 1 x 90-240 V 

Rated voltage dc 30-300 V 30-300 V 

Rated current 8.4 A 8.4 A 

 

4.1  SIZING WITH A SINGLE PUMP  

The overall pump operating point is Q = 3.99 m3/hr  and 

TDH = 45 m. The Grundfos online tool for pump selection 

based on the pump operating point is used to determine the 

pump actual operating power at the given operating point 

for a Grundfos SQFlex 16 SQF-10 submersible solar water 

pump. At the given operating point (Figure 1) of Q = 

3.99 m3/hr  and  TDH  = 45 m  (Figure 1), the solar pump 

require 1.26 kW power from the PV module.  
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Figure 1 Grundfos SQFlex 16 SQF-10 solar submersible water pump operating power (1.26kW) and flow rate (3.99m3/h) at 

THD of 45 m  [15] 

4.2  SIZING WITH TWO PUMPS IN PARALLEL 

Again, the overall pump operating point is Q = 3.99 m3/
hr  and TDH =  45 m.  When pumps are connected in 

parallel their flow rates add up but their water heads 

remain the same. In this case, the Grundfos online tool is 

used to determine the pump actual operating power when 

two (2) Grundfos SQFlex 16 SQF-10 submersible solar 

water pumps are connected in parallel to meet the required 

overall pump operating point. In this case, the operating 

point of each of the pumps is Q1 = Q2 = 
3.99 m3/hr  

2
=

1.99 m3/hr  and TDH1  =TDH2  =  45 m. The, Grundfos 

online tool result in Figure 2 shows that each of the pumps 

require 0.6 kW power from the PV module at the given 

operating point  of  Q1 = 1.99 m3/hr  and  TDH1  = 45 m. 

Hence, a total of 1.2 kW power is required to meet the 

water demand of the farm when two Grundfos SQFlex 16 

SQF-10 solar submersible water pumps are connected in 

parallel. This is about 95 % of the power required when 

single Grundfos SQFlex 16 SQF-10 solar submersible 

water pump is used which is an improvement of about 5 

%. 
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Figure 2  Grundfos SQFlex 16 SQF-10 solar submersible water pump operating power (0.6kW) and flow rate (1.99m3/h) at 

THD of 45 m  [15] 

4.3  SIZING WITH MANY PUMPS IN SERIES AND IN PARALLEL 

 Once more, the overall pump operating point is Q = 

3.99 m3/hr  and TDH =  45 m . When pumps are 

connected in series their flow rates remains the same but 

their water heads add up. In this case, the Grundfos online 

tool is used to determine the pump actual operating power 

when six pumps are used; with two parallel set of pumps 

where each set is made up of three pumps in series. In this 

case, the pump used is the Grundfos SQFlex helical solar 

water pump model 11 SQF-2 submersible solar water 

pump.  Again, the operating point of each of the pumps is 

Q1 = Q2 = Q3 = 
3.99 m3/hr  

2
= 1.99 m3/hr  and TDH1  

= TDH2 =  TDH2  =  
45 m

3
=  15 m.  So, when three of 

the pumps are connected in series, the total water head 

bedcomes; TDHs1 = TDH1 +TDH2 +  TDH3  =   15 +
15 + 15 = 45 𝑚. So, the three pumps in series have an 

operating point of TDHs1 and Qs1 = Q2= 1.99 m3/hr  .  

Furthermore, when two sets of the three pumps in series 

are connected in parallel, their flow rate add up to give Q = 

Qs1 + Qs2 = 
1.99 m3

hr
+  1.99 m3/hr   = 

3.99 m3

hr
= 3.96 m3 . 

The, Grundfos online tool result in Figure 3 shows that at 

the operating point of Q1 = 1.99 m3/hr  and  TDH1  

= 15 m ,  each of the pump  require 0.21 kW power from 

the PV module. Hence, a total of  1.26 kW power is 

required to meet the water demand of the farm when six 

(6) Grundfos SQFlex helical solar water pump model 11 

SQF-2  solar submersible water pumps are connected with 

two sets of three series pump  connected in parallel. This is 

the same power required when a single Grundfos SQFlex 

16 SQF-10 solar submersible water pump is used. 

In essence, the second option is the best, as it gives about 5 

% reduction on the required power to deliver the daily 

water demand for the farm. 
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Figure3  Grundfos SQFlex helical solar water pump model 11 SQF-2  operating power (0.2kW) and flow rate (1.99m3/h) at 

THD of 15 m  [15] 

5  CONCLUSION 

The daily water demand for furrow irrigation system used 

in a groundnut farm is presented. The expected flow rate 

and total dynamic head are determined using relevant 

mathematical expressions.  The flow rate and total dynamic 

head are then taken as the overall pump operating which is 

used to select different water pump connection 

configurations that can meet the  daily water demand . The 

results showed that two pumps connected in parallel were 

better in terms of required power than the single pump 

scenario. Also, six (6) pumps connected in two batches in 

parallel where each batch consist of three pumps in series 

required the same power as the single pump scenario. In all, 

the paper demonstrated that appropriate selection and 

connection of water pumps can provide some significant 

improvement in the power efficiency of the solar water 

pumping system. 
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