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 This paper presents the performance monitoring and testing of a centrifugal 

solar pump using a photovoltaic water pumping test bench (PVWPTB) at 

the Centre de Développement des Energies Renouvelables (CDER) in 

Algiers, Algeria. A LabVIEW-based interface facilitated real-time data 

acquisition and remote control of pneumatic valves, demonstrating ease of 

use. Key parameters, including irradiance, pump power, total manometric 

head (TMH), and water flow rate, were measured. The PS 150C pump 

achieved a flow rate of 65 liters per minute (L/min) at a TMH of 2 meters 

with a power input of 300W, and 10 L/min at a TMH of 35 meters. However, 

the pump reached 80% of the manufacturer’s maximum flow rate (65 L/min 

vs. 82 L/min) and 175% of the maximum TMH (35m vs. 20m). The 

deviations were attributed to pump degradation, calibration inaccuracies, 

and pipeline losses. Overall, the results validate the reliability of the 

monitoring system, despite the limitations encountered. 
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1. INTRODUCTION 

Algeria’s remote regions, marked by low population density and dispersed communities, face significant 

challenges in accessing reliable water sources for both domestic and agricultural needs. Many of these 

areas are off-grid, with no connection to the Sonelgaz electrical network, further complicating the 

provision of daily water supplies (Benghanem et al., 2007; Hadj Arab et al., 1995). Photovoltaic (PV) 

pumping systems present an effective, sustainable solution to address these water scarcity challenges, 

offering a renewable, self-sufficient alternative to conventional power-dependent water sources. By 

harnessing solar energy, PV pumps eliminate dependence on traditional electricity, reducing 

environmental impact and making them particularly suitable for rural applications in Algeria and similar 

off-grid settings (Chandel et al., 2015; Gopal et al., 2013; Sontake et al., 2016). 
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However, effective deployment of PV-powered water pumps requires a deep understanding of their 

operational behavior, which can fluctuate with changing solar input, environmental conditions, and 

specific system components.   

Numerous studies have explored different aspects of PV pumping systems, including sizing and 

modeling (Bakelli et al., 2011; Dlimi et al., 2024; Gualteros et al., 2021; Hamidat et al., 2009; Rengma 

et al., 2023; Renu et al., 2017), as well as control strategies (Errouha et al., 2019; Poompavai et al., 2019; 

Serir et al., 2016; Talbi et al., 2018). 

Performance evaluation has also been extensively investigated (Ahmed et al., 2023; Belgacem, 2012; 

Benghanem et al., 2013; Chandel et al., 2017; Hadj arab et al., 1999; Korpale et al., 2016; Maka et al., 

2023; Mokeddem et al., 2011; Pachaivannan et al., 2024; Tiwari et al., 2016) with particular attention 

to the influence of solar irradiance, power input, and pumping head on overall efficiency (Benghanem 

et al., 2014; Boutelhig et al., 2012; Odeh et al., 2006; Salilih et al., 2020; Bilal Taghezouit et al., 2015; 

Tiwari et al., 2018; Yadav et al., 2019). These studies have refined PV pump sizing and improved the 

management of variable operating conditions, ensuring that PV pumps are reliable and efficient. This 

optimization tailors them to meet specific needs in diverse applications, from agricultural irrigation to 

providing potable water in remote areas. 

Accurately measuring key parameters—such as irradiance, input power, total manometric head (TMH), 

and flow rate—is critical for evaluating the efficiency and suitability of solar pumps across diverse 

applications. Using calibrated transducers and a high-speed data logger ensures reliable, high-resolution 

data capture and enables real-time adjustments to account for changes in environmental and operational 

conditions. This precise measurement approach is essential for evaluating each solar pump's 

performance, as fluctuations in parameters directly affect both performance accuracy and control within 

the testing process.  

Advancements in real-time data acquisition (DAQ) software, such as LabVIEW, have significantly 

improved the monitoring of multiple variables. Its integration allows for accurate continuous real-time 

data logging and precise parameter control under user-friendly interface (Chouder et al., 2013; B. 

Taghezouit et al., 2022; B Taghezouit et al., 2016). Other platforms like Python, MATLAB, and PLC-

based systems offer similar functionalities for flexible DAQ and responsive control of PV pumping 

systems in varying environmental conditions (Ansari et al., 2021; Erraissi et al., 2018; Ferrero Martín 

et al., 2014; Karbhari et al., 2020; Le et al., 2016; Li et al., 2024; Livera et al., 2021; Madeti et al., 2017). 

While few studies have focused on performance monitoring of solar pumps using a PV water pumping 

test bench (PVWPTB), this work introduces the real-time performance of the PS 150C centrifugal solar 

pump, utilizing the PVWPTB's monitoring and control capabilities. The PVWPTB facilitates detailed 

testing and evaluation of PV pumping systems, contributes to a motor-pump performance database, 

assists in optimal pump selection for diverse applications, and aids in modeling various PV system 

components, including modules, controllers, and motor-pumps. This study begins with an overview of 

the PVWPTB configuration and the LabVIEW interface for monitoring and control. It then details the 

configuration and testing of the PS 150C pump, followed by an analysis of the results that underscores 

the system’s reliability and operational limitations in real-world applications, effectively addressing 

existing gaps in research on PV-powered pumping systems. 

2. DESCRIPTION OF PV WATER PUMPING TEST BENCH  

2.1 General description  
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The Experimental test bench (Figures 1 & 2) was made of stainless steel and is easily removable. The 

solar pumps tested at the PV Water Pumping Test Bench (PVWTB) located at the Centre de 

Développement des Energies Renouvelables (CDER) in Algiers, Algeria, can operate using either a 

photovoltaic (PV) array or a programmable DC power supply. The PV array consists of 30 Atersa 75W 

PV modules (PVM), generating a total output of 2.2 kWp. Comprehensive electrical specifications for 

the PV modules and the DC power supply are provided in Tables 1 and 2, respectively. This 

configuration facilitates an in-depth evaluation of pump performance across different energy sources. 

Table 1. PV Module Characteristics 

Parameters Specifications 

Model   Atersa-75 

Maximum Power (Pm) 75 W 

Short-Circuit Current (Isc) 4.8 A 

Maximum Current (Im) 4.4 A 

Open Circuit Voltage (Voc) 21 V 

Maximum Voltage (Vm) 17 V 

Table 2. Programmable DC Power Supply Characteristics 

Parameters Specifications 

Model AP100-90 

Maximum Power (Pm) 3 kW 

Maximum Voltage (Voc) 100 V 

Maximum Current (Im) 90 A 

Control Interface GPIB bus 

The hydraulic system is optimized for efficient water management, consisting of a 300-liter air 

compressor operating at a maximum pressure of 15 kg/cm², powered by a 5 HP motor. The water-air 

tank and well both measure 200 cm in height and 100 cm in diameter, designed to handle the same 

pressure, ensuring effective water extraction and storage. Additionally, the system includes a repression 

branch for connecting the well to the tank and a discharge branch for returning water to the well, 

facilitating seamless water flow and overall system performance. Moreover, the regulation of the tank 

pressure applied to the pump enables simulation of varying pumping heights within the water well, 

ranging from 0 to 120 meters, and water flow rates from 0 to 30 m³/h. The pump, installed within the 

water well, is powered either by a photovoltaic array with a capacity of up to 2.2 kW or by a 

programmable DC power supply with a maximum output of 3 kW. 

2.2 Measure and control With Agilent 34970A 

The instrumentation and control system for the test bench incorporates several essential components, 

including sensors and transducers that monitor various system parameters, as well as pneumatic and 

manual valves for regulating flow (Figure 3). The data acquisition and control are facilitated by the 

Agilent 34970A Data Acquisition/Switch Unit. This unit combines measurement and control 

capabilities, providing accuracy and versatile signal connections crucial for system testing and 

development. Measurement of various parameters is conducted using the Agilent 34902A 16 Channel 

Multiplexer, which necessitates calibration according to sensor specifications. Furthermore, the Agilent 

34903A 20 Channel Actuator module is employed to control the system's actuators. The Agilent 34970A 

interfaces with the PC via a GPIB-USB cable, enabling efficient monitoring and control (B Taghezouit 

et al., 2016). 
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Fig 1. Image of the Stainless-Steel Solar Pump Test Bench 

 

Fig 2. System Components: DC Power Supply, Power Meter, and Supervision PC 

 

Fig 3. Solar pumps Test bench scheme with sensors and actuator’s location  

2.3 User-Interface under LabVIEW for pump test. 

Data acquisition with a PC leverages modular hardware and flexible software to create a user-defined 

supervision system. This process relies on the LabVIEW application for retrieving sensor data and 

controlling actuators. After developing graphical code for data acquisition, control, and recording, 

LabVIEW enables a user-friendly interface (Figure 4) with the following features: 
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 Communication via GPIB or RS-232 

 User-defined sampling frequency 

 Numerical indicators for measured values 

 Real-time daily wave chart display 

 Remote control of actuator 

 Data recording in Excel or other formats 

 Compatible with .exe interface 

 

Fig 4. LabVIEW Interface for Real-Time Monitoring and Control of the PV Water Pumping Test 

Bench. 

3. DESCRIPTION AND CONFIGURATION 

3.1 PS 150C characteristic and performance 

In this test, the PS150C centrifugal pump was employed, specifically designed for medium flow rates 

and low head applications while maintaining minimal power consumption. It is ideal for a variety of 

uses, including drinking water supply, livestock watering, pond management, and irrigation. The 

PS150C system includes a pump, pump motor, and controller, all built around a modular concept that 

positions electronic components above ground. This design enhances serviceability, facilitates easy 

access, and contributes to a low total cost of ownership. Table 3 provides detailed performance and 

efficiency metrics for the PS150C pump, highlighting its operational capabilities across different 

scenarios. 

3.2 Power supply of pump and test configuration  

The PS 150C pump was tested under two operating protocols: 1) powered directly by the PV generator, 

where solar irradiance governs the input conditions, and 2) powered by a programmable DC power 

supply, which allowed controlled adjustment of input power and TMH profiles. This dual approach 

made it possible to evaluate pump performance both under real solar-driven operation and under 

controlled experimental conditions. 
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Table 3. Performance and Efficiency Metrics of the PS150C Pump System 

Hydraulic Characteristics 

Head Max. 20 m 

Flow rate Max. 82 L/min 

Controller PS150 

Power Max. 300 W 

Input voltage Max. 50 V 

Optimum Vmp > 17 V 

Motor current Max. 18 A 

Efficiency Max. 98% 

Motor ECDRIVE 150-C 

Rated power 300 W 

Efficiency Max. 92% 

Motor speed 600 - 3,300 rpm 

Motor type Brushless DC motor 

3.2.1 Test using Photovoltaic source 

For this test, a photovoltaic (PV) generator was utilized, consisting of six Atersa 75W PV modules 

(PVM) arranged in a series-parallel configuration, with two modules in series and three branches in 

parallel. It is noteworthy that these modules have experienced performance degradation since their 

installation in 2002. This decline can be attributed to several factors, including exposure to harsh 

environmental conditions such as high humidity from proximity to the coast, elevated summer 

temperatures, and shading caused by nearby structures. To assess the performance of the PV generator, 

measurements were taken in 2017 using the I-V curve measurement device, PVPM 2540C. The results 

of this evaluation are illustrated in Figure 5. 

 

Fig 5. I-V curve sample for the six PV modules. 

This study analyzes the relationship between pump efficiency and the irradiance received by the PV 

modules to assess system performance under varying solar conditions. The PS150C pump was tested 

with PV supply while the TMH was maintained nearly constant between 20 m and 12 m. Figures 6 to 8 

show the corresponding operating conditions: irradiance, input power, and total manometric head. 
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The irradiance profile (Figure 6), measured between 12:58 and 16:18, exhibited fluctuations mainly due 

to PV reference cell uncertainty. These variations were directly reflected in the PV power output (Figure 

7). The TMH profile (Figure 8) remained generally stable, ensuring consistent hydraulic resistance, with 

minor drops occurring when the reservoir was emptied—each time the outlet valve opened, the head 

temporarily decreased before stabilizing again. Together, these input conditions provided the basis for 

evaluating the pump’s efficiency under solar-powered operation. 

 

Fig 6. Plane of array irradiance profile at 36° tilt. 

 

Fig 7. Power profile of PV modules. 

 

Fig 8. Evolution of total manometric head (TMH). 

3.2.2 Test using DC power supply  

This section of the test focuses on analyzing the relationship between flow rate, power input, and total 

manometric head (TMH). The power output from the DC supply was set to discrete levels, around 300W 

(Figure 9), allowing a systematic evaluation of the pump’s response under fixed electrical input. 
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Simultaneously, the TMH was varied from 36 m down to 2 m (Figure 10) to assess hydraulic 

adaptability. These controlled conditions provided a reliable baseline for evaluating pump performance 

under stable power supply. 

 
Fig 9. Input power profile from DC power supply. 

 

Fig 10. TMH profile applied to the pump using DC supply.  

4. RESULTS AND DISCUSSION 

4.1 Results Presentation 

The test results for both operational modes of the PS150C pump—using PV modules and using a DC 

power supply—are presented in this section. 

4.1.1 Test results using PV modules supply  

Figures 11 to 13 illustrate the pump behavior when directly powered by the PV generator. The flow-rate 

evolution (Figure 11) shows strong dependence on solar input, with only slight influence from TMH 

variation. The storage tank water level (Figure 12) increased progressively, confirming continuous 

delivery of water during daylight operation. The scatter plot (Figure 13) demonstrates a clear correlation 

between PV power and flow rate, indicating efficient energy-to-water conversion under PV supply 

conditions. 

4.1.2 Test results using DC power supply  

In this test, the input power was maintained close to 300 W, while the TMH profile was varied to assess 

its effect on pump performance. Figures 14 to 16 present the pump performance under controlled DC 

power supply. 
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The flow-rate evolution (Figure 14) followed the imposed hydraulic conditions, highlighting the 

sensitivity of output to head variations when power input is constant. The water level in the well (Figure 

15) decreased steadily, confirming sustained water extraction. The scatter plot (Figure 16) shows the 

expected inverse relationship between flow rate and TMH, reflecting the hydraulic trade-off between 

pressure and discharge. 

 

Fig 11. Flow-rate evolution during PV-powered test. 

 
Fig 12. Water level evolution in the storage tank. 

 
Fig 13. Scatter plot of flow rate versus PV power. 
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Fig 14. Flow-rate evolution during test using DC power supply 

 

Fig 15. Water level evolution in meter for well. 

 
Fig 16. Scatter plot of flow rate versus total manometric head (TMH).  

4.2 Discussion 

The results highlight key aspects of the PS 150C photovoltaic pump’s performance. The LabVIEW 

interface proved effective, offering intuitive real-time data acquisition and remote control of pneumatic 

valves, thereby facilitating efficient monitoring and management of the pumping system. 

The flow rate of the pump showed a strong correlation with solar irradiance. During PV-supplied tests, 

flow rates ranged between 15 and 20 L/min at a TMH of approximately 20 m, underscoring the direct 

influence of irradiance on hydraulic output. In addition, reducing the tank pressure was found to increase 

flow rate, confirming the importance of pressure regulation in optimizing system efficiency. 
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When tested at 300 W using DC power supply, the PS 150C pump delivered a maximum flow rate of 

65 L/min at 2 m TMH and a minimum of 10 L/min at 35 m TMH. Compared with the manufacturer’s 

datasheet, the pump achieved about 80% of the maximum specified flow rate (65 L/min vs. 82 L/min) 

while exceeding the rated maximum TMH by 175% (35 m vs. 20 m). 

Despite these encouraging results, the flow rate did not fully match the manufacturer’s specifications. 

Likely causes include pump degradation, calibration inaccuracies affecting flow and pressure 

measurements, and additional head losses within the piping system. These findings indicate that the 

PS150C pump performs reliably under the tested conditions but that further investigations are required 

to address these limitations. Future work should focus on improving calibration accuracy and assessing 

the effects of pump condition and piping integrity to strengthen the overall understanding and 

optimization of photovoltaic pumping systems. 

5. CONCLUSION  

This study demonstrated the feasibility of real-time monitoring and control of a photovoltaic water 

pumping test bench (PVWPTB) using a LabVIEW-based interface. The platform enabled accurate data 

acquisition, automatic recording, and seamless regulation of actuators across multiple test scenarios. 

Key operating parameters, including TMH and pump flow rate, were effectively monitored and 

controlled. 

The PS 150C pump achieved a maximum flow rate of 65 L/min at 2 m TMH with 300 W input power, 

and a minimum of 10 L/min at 35 m TMH. While the pump reached 80% of the manufacturer’s specified 

maximum flow rate, it exceeded the rated maximum TMH by 175%. These discrepancies were attributed 

to pump wear, calibration limitations, and piping losses, which will be addressed in future studies. 

Although this work focused on a single pump model, limiting generalization, the experimental platform 

proved flexible and capable of simulating different TMH conditions using a water–air tank. Achieving 

more accurate TMH control, however, will require high-speed DAQ, Class A transducers, and fast-

closing valves. Future improvements will aim at refining calibration and narrowing performance gaps 

with manufacturer standards. The adaptability of the LabVIEW interface also opens the possibility of 

IoT integration and broader applications in PV-powered pumping systems under diverse conditions. 
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