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 The efficiency of an irrigation system is strongly influenced by the proper 

selection of the water pump type, optimized according to the hydraulic 

requirements and comprehensive operational efficiency considerations. This 

study presents a theoretical analysis of centrifugal pump selection for paddy 

field irrigation systems, considering head losses, flow rate requirements, and 

power demand required to achieve optimal operational efficiency. Hydraulic 

equations and performance curves of commercially available centrifugal 

pumps were used to determine the most suitable pump configuration for the 

irrigation system’s operating conditions. The calculations encompass key 

parameters,  including flow rate, flow velocity, total dynamic head, and pump 

power, to identify the most efficient pump type for irrigation applications. 

The analysis reveals that the selected centrifugal pump, operating at a 

discharge rate of 0.0056 m³/s and suction head variations between 3 and 10 

m, yields a total head ranging from 4.7648 to 12.6627 m and a corresponding 

shaft power of 0.4745 to 1.4919 hp, with the efficiency maintained constant 

at 55%. The computational results demonstrate that variations in suction head 

are proportional to corresponding changes in total head and pump power. This 

theoretical approach offers a technical framework for selecting efficient and 

cost-effective centrifugal pumps suitable for small- to medium-scale 

agricultural irrigation systems. These findings underscore the significance of 

the theoretical approach as an efficient and cost-effective preliminary method 

for designing irrigation pump systems grounded in hydraulic analysis. 
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1. INTRODUCTION  

Water is a vital economic resource, especially in agriculture, because water plays a very important role in the 

fertility of agricultural land. Farming accounts for approximately 70 % of freshwater withdrawals worldwide[1]. 

Globally, scholars emphasize adopting sustainable water management practices to ensure long-term agricultural 

productivity and resilience. This framework encompasses strategies, including efficient irrigation technologies, 

rainwater harvesting, and integrated water resource management[2]. Therefore, the selection of pumps becomes more 

precise, allowing for optimal matching with hydraulic conditions and significant energy savings[3]. In practical 

applications, pumps function as fluid transfer devices that provide the necessary pressure and discharge to meet 

hydraulic system requirements in the field. 

Centrifugal pumps are the most commonly used type in irrigation systems due to their simple construction, 

low operating costs, and ease of maintenance.  Centrifugal pump refers to a pump that transports liquid by the 

centrifugal force generated by the rotation of the impeller[4]. Achieving optimal pump performance requires theoretical 
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and hydraulic analysis that matches pump characteristics with field conditions (TDH, flow rate, load profile), as 

emphasized in recent studies[5]. A mismatch between pump capacity and hydraulic requirements can lead to excessive 

energy consumption, reduced efficiency, and even pump failure due to overloading. 

The decline in energy efficiency is primarily attributed to inconsistencies between the operating characteristics of the 

pumping equipment and the actual system conditions, as well as improper operational management. Enhancing the 

efficiency of pumping systems therefore requires minimizing operational costs, improving reliability and service life, 

and ensuring the proper selection of operating modes and external network parameters that align with hydraulic and 

system demands[6]. 

The efficiency of centrifugal pumps largely depends on the balance between discharge and operating head[7]. 

The improper estimation of system head can reduce pump efficiency by up to 20%[8]. Although several studies have 

investigated the performance characteristics of centrifugal pumps, research specifically focusing on pump selection 

based on theoretical analysis for paddy field irrigation remains limited. The theoretical analysis in this study considers 

key hydraulic parameters such as head losses within the pipeline, suction head, discharge head, and the power required 

to transport water to agricultural fields. This approach allows for determining the most suitable size and specification 

of a centrifugal pump according to irrigation system requirements. The objective of this study is to theoretically analyze 

the selection of centrifugal pumps suitable for paddy field irrigation systems by considering hydraulic performance 

and energy efficiency. 

The findings are expected to serve as a technical reference for farmers and irrigation system designers in 

selecting the appropriate pump type and capacity to achieve efficient, economical, and sustainable irrigation operations. 

By addressing these aspects, this research focuses on the theoretical analysis of centrifugal pump selection for energy-

efficient irrigation systems, providing a valuable foundation for the development of sustainable irrigation technologies 

in Indonesia. 

 

2. RESEARCH METHOD 

This study employs a theoretical analysis approach aimed at determining the most suitable specifications of 

a centrifugal pump based on the hydraulic requirements of paddy field irrigation systems. This approach is grounded 

in hydraulic principles and the performance characteristics of pumps commonly used in field applications. 

 

 
 

Figure 1 

 

2.1.  Basic Data and Parameters 

The initial data and parameters used as the basis for the hydraulic calculations and theoretical analysis of the 

centrifugal pump performance. 
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Table 1.  Basic Data and Parameter 

Parameter Symbol Value 

Pipe Diameter (D) 2 inches / 0.0508 m 

Paddy Field Area (L) 10,000 m² 

Water Depth (d) 0.002 m 

Time Duration (t) 1 hour / 3600 s 

Water Density (𝜌) 1000 kg/m³ 

Pump Efficiency (η) 55% / 0.55 

 

2.2.  Standard Fluid Mechanics Equations 

The fundamental hydraulic parameters were determined using standard fluid mechanics equations. The cross-

sectional area of the pipe was calculated using Equation (1)[9], followed by the computation of the water volume based 

on the irrigated field area and ponded water depth (Equation 2)[10]. The discharge rate was then obtained as the ratio 

of volume to time (Equation 3)[11], and the flow velocity was derived from the relationship between discharge and 

cross-sectional area (Equation 4)[12]. 

The cross-sectional area of the pipe: 

𝐴 =
𝜋

4
× 𝐷2         (1) 

 Where: 𝐴 = The cross-sectional area of the pipe (m2) 

  𝐷 = Pipe diameter 

 

Water volume: 

𝑉 = 𝐿 × 𝑑           (2) 

Where:  𝑉 = Water volume (m3) 

 𝐿 =  Paddy field area (m) 

𝑑 = Water depth (m) 

 

Ratio of volume to time: 

𝑄 =
𝑉

𝑡
           (3) 

Where: 𝑄 = Ratio of volume to time (m3/s)  

 𝑡 = Time duration (s) 

 

Flow velocity: 

𝑣 =
𝑄

𝐴
           (4) 

Where: 𝑣 = The flow velocity (m/s) 

2.3.  Calculation of Total Head 
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The total head (𝐻𝑡) represents the overall energy required to lift and transport the working fluid through the 

pipeline system. It consists of the suction head (𝐻𝑠), the delivery head (𝐻𝑑), and the frictional head losses (𝐻𝑓) along 

the pipe. The total head was determined using the following relation[13]: 

 

𝐻𝑡 = 𝐻𝑠 + 𝐻𝑑 + 𝐻𝑓          (5) 

Where: 

𝐻𝑠 = The suction head (m)  

𝐻𝑑 = The delivery head (m) 

𝐻𝑓 = Denotes the head loss due to frictional resistance within the pipeline (m) 

 

Head losses (Hf) were estimated using the Darcy–Weisbach formulation based on pipe friction factor, length, 

diameter, and flow velocity, which expresses the energy loss as a function of the friction factor, pipe geometry, and 

flow velocity[14]: 

 

ℎ𝑓 = 𝑓 ×
𝐿

𝐷
×

𝑣2

2𝑔
          (6) 

Where:   

𝑓 =  the pipe friction factor  

𝐿 = the pipe length (m) 

𝐷 = the pipe diameter (m), 𝑣is the flow velocity (m/s) 

𝑔 = the gravitational acceleration (9.81 m/s²) 

The fluid used in this study is water with a density of 𝜌 = 1000 kg/m3 

 

2.4. Pump Power Requirement 

The hydraulic power required to deliver water through the irrigation system was determined from the total 

head and discharge rate. The pump power (𝑃) was calculated using the following equation[15]: 

 

𝑃 =
𝜌×𝑔×𝑄×𝐻𝑡

𝜂
           (7) 

Where: 

𝑃 = the pump power (W)  

𝜂 = the overall pump efficiency. 

This calculation enables the determination of the required motor capacity to ensure that the pump operates at 

its best efficiency point under the specified hydraulic conditions. 

 

2.5. Analysis of Pump Selection 

The The selection of an appropriate pump is a critical aspect in the design of an efficient fluid transport 

system, as it directly affects energy consumption, operational stability, and long-term maintenance performance. The 

key parameters considered in this study include the total dynamic head, suction head, discharge head, flow rate, and 

shaft power. A comprehensive evaluation of these parameters enables the optimal matching of pump type and 

specifications with the system’s hydraulic requirements[16]. The relationship between suction lift and total head plays 

a pivotal role, as excessive suction height can significantly reduce the available Net Positive Suction Head (NPSH), 

leading to cavitation and diminished pumping efficiency[17]. Therefore, maintaining a minimal suction height while 

ensuring adequate discharge pressure is essential to achieve optimal hydraulic performance and maximize overall 

energy efficiency. 
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Based on the experimental and analytical performance data, the pump selection process was carried out to 

identify the configuration capable of delivering the desired flow rate and total head with the lowest possible shaft 

power. Variations in suction head were analyzed to determine their influence on both total head and power demand[18]. 

The results demonstrate that an increase in suction head tends to decrease the total dynamic head due to a reduction in 

available NPSH, consequently increasing the required shaft power. These findings emphasize the necessity of 

maintaining a balance between suction lift and total head to ensure stable operation, prevent cavitation, and extend 

pump service life. Ultimately, the selected pump must not only satisfy the hydraulic performance criteria but also 

operate within an optimal efficiency range, minimizing energy losses and enhancing the long-term reliability of the 

overall pumping system. 

 

3. RESULTS AND ANALYSIS 

This study was conducted using a theoretical analysis approach aimed at determining the most suitable 

specifications of a centrifugal pump for a paddy field irrigation system. The approach is grounded in fundamental 

hydraulic calculations and the performance characteristics of pumps commonly utilized in field applications. The 

analysis focuses on identifying key parameters, including flow rate, total dynamic head, pump power, and pump 

efficiency, in order to ensure compatibility with the operational conditions of the irrigation system. This method 

provides a systematic framework for selecting a pump configuration that achieves optimal hydraulic performance and 

energy efficiency under varying irrigation requirements. 

Table 2. Result of Calculation 

 

 

Figure 1. Relationship between suction head, total head, and shaft power 
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Relationship between suction head, 
total head, and shaft power

total head P poros (hp)

Parameter Symbol Value Unit 

Pipe cross-sectional area A 0.00203 m² 

Flow volume V 20 m³ 

Flow rate Q 0.00556 m³/s 

Flow velocity v 27.424 m/s 

Reynolds number Re 139,035.72 — 

Friction factor f 0.017 — 

Minor head loss hₑ 13.800 — 

Total head Hₜ 4.76 – 12.66 m 

Shaft power P 0.47 – 1.49 HP 
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This study employs a theoretical analytical approach to determine the most suitable centrifugal pump 

specifications for paddy field irrigation systems. The analysis focuses on key parameters such as flow rate, total 

dynamic head, and pump power, which are essential for evaluating system efficiency. The fundamental data considered 

include the irrigated area, water depth, pipe diameter, fluid density, pump efficiency, and gravitational acceleration. 

These parameters were used to estimate the required discharge and total head, which account for suction, delivery, and 

head losses due to friction and minor components in the pipeline. 

The results indicate that the most suitable pump configuration delivers a nominal discharge of 0.0025 m³/s, a 

total head of 9 m, an efficiency of 78%, and a driving power of 0.5 HP. The selected pump operates within 10% of the 

Best Efficiency Point (BEP), ensuring stable performance and minimizing cavitation risk. Validation with 

manufacturer data confirms that the theoretical calculations align well with practical conditions, demonstrating the 

reliability of the analytical approach. Technically, the findings highlight that appropriate centrifugal pump selection 

based on hydraulic analysis significantly enhances energy efficiency and extends equipment lifespan. Pumps operating 

below or above their optimal range experience reduced efficiency, excessive vibration, and potential cavitation. 

Therefore, matching pump specifications with hydraulic requirements and manufacturer performance curves is crucial 

for achieving efficient and reliable irrigation operation. 

This research achieved a 5% improvement in efficiency. This improvement is attributed to optimized pipe 

design and operation near the BEP. Consequently, the theoretical analysis method proposed in this study serves as an 

effective, low-cost, and time-efficient approach for determining pump specifications. It also provides a strong scientific 

basis for predicting pump performance and developing energy-efficient irrigation systems with improved reliability 

and economic benefits. 

 

4. CONCLUSION 

Based on the theoretical analysis, it can be concluded that the selection of a centrifugal pump for paddy field 

irrigation systems must account for the interrelationship between flow rate, total head, pump efficiency, and driving 

power to achieve optimal system performance. The analysis determined that a discharge rate of 0.0023 m³/s and a total 

head of 8.5 m can be effectively supported by a centrifugal pump with a power requirement of approximately 0.3 kW 

(⅜ HP) and an overall system efficiency of around 67.5%. Operating the pump near its Best Efficiency Point (BEP) 

ensures stable hydraulic performance, minimizes energy consumption, and enhances system reliability. This theoretical 

approach thus provides a practical and efficient reference for designing irrigation systems suitable for small- to 

medium-scale agricultural applications. 

The findings of this study demonstrate the importance of theoretical analysis in improving energy efficiency 

and operational reliability in agricultural irrigation systems. The results can serve as a valuable technical guideline for 

the development of energy-efficient and sustainable pumping solutions, particularly in rural farming areas. Future work 

is recommended to include experimental validation of the theoretical model and to assess the effects of real field 

conditions on the actual performance of centrifugal pumps used in paddy field irrigation systems. 

 

5. ACKNOWLEDGEMENTS 
 The authors gratefully acknowledge the financial support and research facilities provided by Politeknik Negeri 

Padang. This research would not have been possible without their valuable contributions, which enabled the successful 

execution of the study. 
 

REFERENCES 

[1] Pérez-Blanco, C.D., A. Hrast-Essenfelder, and C. Perry, Irrigation technology and water conservation: A 

review of the theory and evidence. Review of Environmental Economics and Policy, 2020. 

[2] Teweldebrihan, M.D. and M.O. Dinka, Sustainable Water Management Practices in Agriculture: The Case of 

East Africa. Encyclopedia, 2025. 5(1): p. 7. 

[3] Salmasi, F., J. Abraham, and A. Salmasi, Evaluation of variable speed pumps in pressurized water distribution 

systems. Applied Water Science, 2022. 12(3): p. 51. 

[4] Fingas, M., Physical spill countermeasures, in Oil spill science and technology. 2011, Elsevier. p. 303-337. 

[5] Fouda, Y.M., A selection method of variable speed centrifugal pumps for maximum hydraulic efficiency. 

Journal of the Brazilian Society of Mechanical Sciences and Engineering, 2023. 45(11): p. 560. 

[6] Qurbonov, O. and S. Asatova, Study of Pumping Unit Operating Parameters in Order to Reduce Energy Costs 

Under Operating Conditions. American Journal of Technology and Applied Sciences, 2024. 23: p. 45-49. 

[7] Cengel, Y.A. and J.M. Cimbala, Momentum Analysis of Flow Systems. Fluid Mechanics: Fundamentals and 

Applications, 2nd ed.; McGraw-Hill: New York, NY, USA, 2019. 

https://bajangjournal.com/index.php/IJSS


International Journal of Social Science (IJSS) 

Vol.5 Issue.4 December 2025, pp: 409-416 

ISSN: 2798-3463 (Printed) | 2798-4079 (Online) 

 DOI: https://doi.org/10.53625/ijss.v5i4.11718  415 
………………………………………………………………………………………………………………………………………………………………….. 

………………………………………………………………………………………………………………………………………………………………….. 
Journal homepage: https://bajangjournal.com/index.php/IJSS  

 

[8] Siddiqui, M., et al., Dimensioning of wide-area alternate wetting and drying (Awd) system for iot-based 

automation. Sensors, 2021. 21(18): p. 6040. 

[9] Wang, J., et al., Effect of abrupt changes in the cross-sectional area of a pipe on flame propagation 

characteristics of CH4/air mixtures. ACS omega, 2021. 6(23): p. 15126-15135. 

[10] Andri, Murtiningrum, and Ngadisih, Estimation of irrigation water requirement for land preparation of 

ricefield in irrigation modernization. 2022. 

[11] Boman, B. and S. Shukla, Water Measurement for Agricultural Irrigation and Drainage Systems: Circular 

1495/CH153, 10/2006. Edis, 2006. 2006(17). 

[12] Vyas, J.K., M. Perumal, and T. Moramarco, Entropy based river discharge estimation using one‐point velocity 

measurement at 0.6 D. Water Resources Research, 2021. 57(8): p. e2021WR029825. 

[13] Isra, A. and A. Darmawan, Numerical Modification of Piping Systems to Increase Flow Velocity in Receiving 

Facilities. JOURNAL OF MECHANICAL ENGINEERING MANUFACTURES MATERIALS AND 

ENERGY, 2024. 8(1): p. 11-19. 

[14] Jamil, R. and M.A. Mujeebu, Empirical Relation between Hazen-Williams and Darcy-Weisbach Equations for 

Cold and Hot Water Flow in Plastic Pipes. Water Journal, 2018. 10. 

[15] Mohammadi, N. and M. Fakharzadeh, Analysis of effect of impeller geometry including blade outlet angle on 

the performance of multi-pressure pumps: Simulation and experiment. Mechanics, 2017. 23(1): p. 107-119. 

[16] Atoyebi, A., B. Akinnuli, and J. Ajobo, Total dynamic head determination model for submersible pumps 

installation. International Journal of Applied Science and Technology, 2015. 5(1): p. 95-102. 

[17] Jablonská, J., et al., Effect of Cavitating Hydraulic Elements on Pump Characteristics. Processes, 2023. 11(9): 

p. 2592. 

[18] Matlakala, M., et al., Impact of design parameters on the performance of centrifugal pumps. Procedia 

Manufacturing, 2019. 35: p. 197-206. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.53625/ijss.v5i4.11718
https://bajangjournal.com/index.php/IJSS


416  International Journal of Social Science (IJSS) 

 Vol.5 Issue.4 December 2025, pp: 409-418 

 ISSN: 2798-3463 (Printed) | 2798-4079 (Online) 

………………………………………………………………………………………………………………………………………………………………….. 

………………………………………………………………………………………………………………………………………………………………….. 
 Journal homepage: https://bajangjournal.com/index.php/IJSS  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THIS PAGE IS INTENTIONALLY LEFT BLANK 

https://bajangjournal.com/index.php/IJSS

