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Abstract. To investigate the varying operating conditions characteristics in the axial flow 
pumps, The Computational Fluid Dynamics method is applied to achieve the unsteady 
flow simulation on flow pattern characteristics and hydraulic pump performance 
according to the turbulent model type of RNG k-ε turbulence. The reliability and 
accuracy of the CFD simulation results are compared and verified with a model test. 
Outcomes demonstrate that the flow field characteristics are changing with operating 
conditions change. The pressure variations are great near the tip blade, because of the 
effect of clearance backflow and high interactions flow in this region under the large 
flow condition. The results display that flow separation and tip leakage flow are 
accompanied by the high magnitude of the dynamic pressure value. The tip blade plays 
an important role at different flow rates due to the mixing and separation dominates. 
Hence, the tip blade deviation extremely influences the stable and safe operation of pump 
stations and axial pumps. 
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1 Introduction 

Axial-Flow Pumps are widely used in industrial and domestic applications which 
consume about 22% of the world’s energy by electric motors [1–4] these types of Axial-Flow 
pumps had many problems like noise causes due to pump geometry complexity, vibration, 
cavitation phenomenon and flow conditions[5-6]. Zhang et al. [7] carried out a numerical 
study using CFD to investigate the performance of an Axial-Flow Pump. Their findings 
indicated that the pump could be utilized to represent flow patterns and energy consumption in 
a full-scale oxidation ditch. The impact of minimizing losses in the impeller's passage and 
outlet on the pump's performance was studied by [8] for various cases of passage width and 
outlet angle. Bashtani and Esfahani [9] conducted a numerical analysis of turbulent flow in 
double corrugated tubes. According to the findings, as the degree of corrugation increases, the 
Nusselt number increases in the same Reynolds number, with the Nusselt number of the 
corrugated pipe exceeding that of a simple smooth pipe by over 1.75 times and the 
effectiveness ratio by 1.73. In a distinct study by Al-Obaidi and Ali Ramadhyani [10-13], 
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which focused on heat transfer in corrugated flow channels at higher Reynolds numbers, it 
was observed that the Nusselt numbers surpassed those of a simple smooth pipe when the 
Reynolds number was over 1500. Stasiek et al. [14] reported that the friction factor rose by 
130% to 280% while examining the effects of corrugated passages on the flow field and heat 
transfer. They discovered that the average Nusselt number increased with a rise in Reynolds 
number, while the friction coefficient reduced.  

The study by Liu et al. [15] involved a numerical investigation of the internal flow in an 
axial flow pump, with a particular focus on the flow in spirally corrugated pipes and heat 
transfer on the shell side. Results of the study indicated an increase in heat transfer quantities 
ranging from 104 to 109.6% as well as an increase in pressure drops ranging from 1.21 to 1.08 
times for corrugated tubes. The efficiency evaluation was found to be 1.35. Additionally, 
Fuqiang et al. [16] employed a Fluent CFD 3D model to predict the heat transfer 
characteristics and thermal deformation of corrugated pipes. The study demonstrated an 8.4% 
increase in the heat transfer coefficient and a reduction in thermal strain of the metal pipe by 
less than 13%. The results also indicated that flow separation and tip leakage flow were 
associated with a high magnitude of dynamic pressure and turbulent kinetic energy (TKE) 
values. The tip blade was found to play a significant role at various flow rates, primarily due 
to the prevalence of mixing and separation. Consequently, any deviation in the tip blade could 
significantly impact the safe and stable operation of pump stations and axial pumps. 

2 Boundary Conditions and Computational Parameters 
2.1 3D model 

The axial-flow pump impeller's 3D model is shown in Figure 1, consisting of four blades, 
with speed of 3000 r/min and a flow rate of 12.5.  The pump's flow passage has three sections: 
the stationary tapered inlet, the rotating impeller, and the stationary outlet. Figure 2 depicts the 
flow passage's division using unstructured grids, with a total of 910,000 grids. The incoming 
flow was assumed to be uniform, with the velocity of the inlet oriented perpendicular to the 
boundary surface of the inlet. The study employed non-slip boundary conditions in the near-
wall area, with velocity input and pressure output. Gravity was also taken into account during 
the flow field calculation, with its direction reversed to match that the section opuf the mp 
outlet.   

 

 
Fig. 1. Axial pump physical model  

 



 
 
 
 

    
Fig. 2. Mesh of the Flow passage  

2.2 Turbulence model 

This paper utilized the nonlinear energy sink (NES) as the governing equation and 
employed a 3D Numerical model with the RNG k–ε turbulence [17-18]. The turbulence RNG 
k-ε model takes into account swirl flow and rotational conditions in the average flow by 
implementing a correction to the turbulent kinetic viscosity. The equations for k and ε in the 
RNG k-ε model are as follows: 
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Where 𝑥𝑥𝑗𝑗,𝑥𝑥𝑖𝑖  are the coordinate components, 𝜌𝜌 is the density of the fluid, 𝑢𝑢𝑖𝑖,𝑢𝑢𝑗𝑗 are the 

time-averaged velocity components, 𝜇𝜇𝑒𝑒𝑒𝑒𝑒𝑒 is the coefficient of effective turbulent flow 
viscosity 𝜇𝜇𝑡𝑡 is the turbulent viscosity, 𝛼𝛼𝑘𝑘𝛼𝛼𝜀𝜀 are the corresponding k and 𝜀𝜀 coefficients  
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Where 𝐶𝐶𝜇𝜇= 0.00845,  𝐶𝐶1𝜀𝜀= 1.42, 𝐶𝐶2𝜀𝜀=1.68, ∅= (2𝐸𝐸𝑖𝑖𝑗𝑗) 𝑘𝑘
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3 Results and Discussion 
3.1 Numerical Model Validation 

Under various flow conditions, the experimental and numerical hydrodynamic 
performance comparison [19] has been illustrated in Figure 3,   compared with the RNG k- ε 
turbulence model, numerical outcomes by using SIMPLEC algorithm and couple pressure and 
velocity model are provided better agreement results as compared to the experimental data at 



 
 
 
 

the different load boundary condition. Besides, the relative errors for both results maintain is 
lower than 7.5%. The SIMPLEC algorithm and RNG k-ε turbulence model with FLUENT 
CFD has been used, the pressure and the axial flow impeller velocity  in the single-phase were 
solved. 

 
Fig. 3. Experimental and numerical data comparison 

The flow patterns in the blades of the axial pump were analyzed in Figure 5, showing that 
the presence of a solid phase results in increased axial velocity in the radial direction between 
the flange to the hub and a corresponding decrease in liquid phase velocity. The velocity of 
water along the pump blades surface shows a progressive rise in relative velocity from the hub 
to the flange in the radial direction when the water is clear, thus supporting the cylindrical 
layer assumption  were independence. The axial velocity behind the blade experiences a 
decrease in the flow direction. In the working area, the velocity reduces between the inlet to 
the outlet, followed by a subsequent increase towards the outlet. Additionally, the velocity 
relative to the working face is lower than that of the back. 

 

  
Fig. 4. Under different conditions dynamic pressure variations 



 
 
 
 

The distribution of axial velocity of a liquid on the blades of an axial flow pump. shown 
in Figure 5, reveals that the velocity can increase radially from the hub to the flange due to the 
existence of a solid phase, which causes a decrease in the liquid's velocity. The velocity 
distribution in the vicinity of the axial flow pump blade surface in clear water shows a 
progressive rise in the relative velocity along the radial direction, from the hub to the flange. 
This observation provides evidence to support the hypothesis that the cylindrical layer 
operates autonomously. In the flow direction, the axial velocity at the rear of the blade reduces 
gradually. Also, at the working face, the axial velocity declines from the inlet towards the 
outlet, but rises again before reaching the outlet. Additionally, the relative velocity at the 
working face is lower compared to that of the back. 

 

 
Fig. 5. Under different conditions axial velocity variations  

3.2 Analysis of Pressure Fluctuations in the Impeller Blade 

In the next section, Fluent CFD is used to analyze the pressure fluctuations in impeller 
blades under various operating conditions, based on the aforementioned findings. Pressure 
fluctuations are an unavoidable phenomenon in pumps and can significantly affect inside the 
pump the transient flow field analysis. Therefore, studying the characteristics of pressure 
fluctuations can offer valuable insights into the pump's behavior, such as the impeller's impact 
on the pipe wall during different operating conditions. Figure 6 illustrates the pressure 
oscillations occurring in the impeller blades under different operating conditions, such as 
using a four-blade impeller, rotating at around 3000 rpm, and with a circumference of 102 
mm. The flow rates tested were 5, 7.5, 10, 12.5, 17.5, and 20 (l/min). For point 1 in the figure, 
there are four peaks and four valleys observed under different flow rates. For each flow rate, 



 
 
 
 

the average pressure at monitoring point 1 is depicted, revealing a noticeable reduction in the 
average pressure as the flow rate rises. 

 

 
Fig. 6. Pressure Fluctuations at Monitoring Point 1 Across Various Flow Rates 

 
Fig. 7. Variation of Average Pressure at Monitoring Point 1 with Flow Rates 

4 Conclusions  

The results obtained from numerical simulations indicate various effects of different flow 
conditions on the turbulent flow produced by the axial flow pump under investigation. Firstly, 
Pump pressure increases from the impeller outlet to the pump inlet region, with the greatest 
pressure measured at the impeller outlet region. Secondly, the pressure on the suction surface 
of the impeller blades is lower than that at the outlet due to the influence of pressure 
distribution. Thirdly, when the flow rate is around 5 liters per minute, the high-speed region is 
detected close to the blade and blade tip area on the middle surface. Axial impellers have a 
low-pressure zone at their outlet when flow is increased. In addition, the numerical simulation 
demonstrated both positive and negative pressure in certain areas of the blade. This 
phenomenon can lead to cavitation due to a decrease in water pressure below the water vapor 
pressure within those regions. 
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