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Abstract: The influence of two different shapes impeller blades on performance of centrifugal 

water pump is experimentally investigated under different operational conditions. Test rig is 

designed and used to operate the required pump during different conditions. The centrifugal 

water pump is tested under different flow rate with two types of impellers each one consists 

different blades angle. The experimental results showed that the impeller blade different 

geometry could improve the water pump mechanical efficiency, the head, the power, and the 

volumetric efficiency by 11.7%, 15.38%, 24.2%, and 12.9% respectively. The experimental 

results showed better centrifugal water pump performance when impeller blade with higher 

outlet angle is used. 
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1. Introduction 

The centrifugal pumps are the most powerful mechanical equipment and widely used for different 

industrial applications comprise for example irrigation, oil refineries and power-plants. Modifying the 

pump impeller and pump diffuser could result in improvement of centrifugal pump performance. 

Previous studies [1-3] have reported that various pump impeller blades outlet angle has considerable 

theoretical effect on centrifugal pump mechanical performance. A number of studies [4-7] have 

investigated the influence of various fluid viscosity on mechanical performance of centrifugal pump. 

The study is carried out using numerical analysis and compared with the experimental work. 

Numerous studies [8-10] have attempted to explain the influence of different impeller blades outlet 

angle for oil centrifugal pump by create a mathematical model. The results of latter model are 

compared later with experimental work results. The outcome of this study showed that the blades 

outlet angle has considerable influence on outlet-shaft power, pump mechanical efficiency, and 

pumping head. Several studies [11-13] tested the influence of impeller outlet angle of oil pump by 

using two approaches, numerically and experimentally. The outcome of these studies concluded that 

increase impeller outlet angle is led to pump performance improvement. Another studies [14-16] have 

also investigated the impeller blades inlet angle influence on pump performance. The obtained results 

showed that increases in impeller blades inlet angle, affect the pump efficiency. Previous studies [17-

19] identified experimentally the influence of various parameters on the performance of centrifugal 

pump. These studies showed that, the highest efficiency of pump occurred with the discharge impeller 

blade angle of 25
o 

with impeller of six blades and efficiency 85% blades splitter compared with 

impellers without splitter. Tarodiya and Gandhi [20] reported  that blades exit angle, had similar 

influence on pump efficiency and pump mechanical head. Their study showed that increased in 

impeller blades exit angle improves centrifugal pump performance and influences the pump hydraulic 
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efficiency, head, and pump shaft power. However, large exit impeller blade angle increased the input 

power consumption and the hydraulic efficiency and vis versa. Kassim et al. [21] showed that adding  

multi-slots to the impeller blades enhanced fluid pressure distribution comparing with that without 

slots at variable flow rates. Raghunathan and Cooper [22] investigated experimentally the influence of 

small and  wide-angle diffusers with combinations of normal and inclined slots on pump performance. 

The results showed that the inclined slots produced better fluid output pressure and noticeable increase 

in fluid discharge angle. Hassan et al. [23] investigated the effect of different slots geometry on 

centrifugal pump  performance. The study showed that increased the slot radial position reduced the 

head. The slot inclined angle has higher effect on the pump efficiency and pump head. 

Although some studies had been carried out for impeller blades influence on centrifugal pump 

performance; the mechanism of this effect has not been established accurately. Moreover, there is very 

little scientific understanding of different impeller blades angle influence on mechanical performance 

of centrifugal pumps. In this study, a test-rig is designed for this purpose and to investigate 

experimentally the influence of different impeller blades angle on centrifugal water pump 

performance. The following sections illustrated the methodologies and the experimental work 

procedure then the key findings and the conclusions of this research.             

2. Governing Equations 

The polar vector diagram so called velocity triangle of impeller shown in Figure 1 is used to 

demonstrate vane relationship with number “1” for inlet fluid and number “2” for outlet fluid. The 

velocity triangle of impeller inlet is not shown in this paper. 
 

 

Figure 1. Velocity triangle of impeller outlet 

According to Figure 1 the equations of resultant velocity V, fluid discharge Q, the inlet and outlet 

power Pin, Pout, the head H and pump efficiency ƞ can be summarised as following: 

𝑉 = √(𝑉𝑟
2 + 𝑉𝑢

2) (1) 

 

The linear and angular velocity u, ω are calculated as following: 

𝑢 = 𝑟 𝜔 (2) 
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𝜔 =
2𝜋𝑁

60
 (3) 

 

The fluid flow rate, inlet and outlet power can be calculated as following: 

𝑄 = 𝑉𝐴 (4) 

𝑃𝑖𝑛 = 𝑇𝜔 (5) 

𝑃𝑜𝑢𝑡 = 𝛾𝑄𝐻𝑡 (6) 

 

The pump efficiency and the total head can be calculated as following: 
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3. Test Rig Design  

In this study, the test rig used for experimental work includes gasoline engine connected to water 

centrifugal pump. The engine has maximum rotational speed of 3600 rpm and the pump work with 

50mm in inlet and outlet diameter pipes as shown in Figure 2.  Figure 3 illustrates the two types of 

impellers used in experimental tests with different blades angle these are: shape No.1 and shape No.2. 

The outer diameter for impeller shape No.1 is 122.5 mm and for shape No.2 is 185.6 mm respectively. 

The test rig is designed to be suitable for the purpose of this study with semi-open impeller. The test 

rig includes orifice flow meter, gate valve, constant speed electric pump, and flexible pipe suction. 

The centrifugal pump outlet pipe is connected to flow meter and gage pressure. The inlet pump pipe is 

connected to gate valve (i.e. throttle valve), fitted on the discharge pipe to allow for accurate control of 

mass-flow-rate. 

4. Experiments Work 

The experimental test started with uncertainty analysis by doing calibration for the designed test rig. 

Later, the test rig is operated with centrifugal pump of impeller shape No.1 (see Figure 3) with 

different water flow rate. The latter can be accomplished by change the control valve gradually until 

the control valve is fully opened. The test rig is used to operate again after replaced the pump impeller 

by shape No.2. The data taken from those testes are: inlet and outlet value gage pressure and the flow 

rate. Controlling the water flow rate is accomplished by use control valve. 
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Figure 2 : Test rig layout 

 

 

  

(a) Shape No. 1 (b) Shape No. 2 

Figure 3 : Pump impellers with different blades angle configuration used in experimental work, left 

shape No.1 and right shape No. 2  

 

5. Results and Discussions 

The results of this study for centrifugal water pump operates with different impeller bales angel 

configurations namely shape No.1 and 2 (see Figure 3) on pump performance are shown in Figures 4, 

5, 6 and 7. The pump rotational speed was constant through all the tests and was around the maximum 

speed rate of 3600 rpm. Figure 4 shows that the head for centrifugal pump with impeller shape No.1 is 

higher than that with shape No.2 configuration. The pump head for the pump when operates with 

impeller configuration of shape No.1 is recorded with maximum head of 26 meter while the head for 

that with shape No.2 configuration was lower by 4 meters. This means that the pump with impeller 

shape No.1 produced head higher than that of shape No.2 by 15.38%. 
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Figure 4: Pump head variation with water flow rates for different impeller blades angel 

Figure 5  illustrates that the power of pump operates with impeller of shape No.1 configuration is 

higher than that of pump operates with impeller of shape No.2. The pump maximum power is 

increased by 24.2% when the pump operates with impeller blades angle of shape No.1. This noticeable 

increase is due to the fact of higher exist angle of impeller blades of shape No.1 than that of shape 

No.2. 

Figure 6 shows the variation of pump efficiency operates at constant rotational speed with various 

flow rates for different shape of impeller blades configurations. The highest efficiency of pump with 

impeller shape No.1 configuration was 51% while the efficiency of pump operates with impeller of 

shape No.2 configuration was 45%. This difference is tend to be logical and matches the value of 

theoretical efficiency calculated by using equation 7.  

Figure 7 shows the maximum volumetric efficiency ηv variations with water flow rate. The pump with 

impeller shape No.1 configuration approached 93.1% of volumetric efficiency which is higher than 

that with impeller shape No.2 configuration by 12%. The reason behind this rise in pump volumetric 

efficiency is caused by the configuration of the blades in impeller shape No.1 which allows more fluid 

volume to discharge. Hence, gives the better performance of centrifugal pump. 

The fluid used in this study is water. However, different type of fluid could be used to study how its 

affect the performance of centrifugal pump operates with different impeller blades angel 

configurations. 
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Figure 5: Variation of pump power with flow rates for different blades impeller angle 

 

 

 

Figure 6: Pump efficiency variation with flow rates for different impeller blades 
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Figure 7: Pump volumetric efficiency variation with flow rates for different impeller blades 

6. Conclusions 

In this study the influence of different configurations impeller blades of centrifugal pump on pump 

performance is carried out experimentally by using a test rig. Pump efficiency, pump head, pump 

power, and pump volumetric efficiency are all measured experimentally by using a test rig designed 

and assembled for the purpose of this study. The following key findings can be summarized: 

1. The configuration of pump impeller blades has significant influence on pump mechanical 

performance. The impeller designed with blades configuration of shape No. 1 has better influence 

than that of shape No. 2 and increases the pump efficiency, head, volumetric efficiency and power 

by 11.7%, 15.38%, 24.2%, and 12.9% respectively. 

2.  Increases impeller blades exit angle improves the performance of centrifugal pump. 
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