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Abstract: Axial flow fans are broadly applied in numerous industrial applications because of their 

simplicity, compactness and moderately low cost, such us propulsion machines and cooling 

systems. Computational fluid dynamics techniques are commonly applied to investigate flow 

phenomena through the axial fan and the rotor dynamic performance. In the present work, a 

computational model of an axial fan is presented in the current study. Numerical simulations of a 

single stage axial fan on variable conditions have been performed to obtain the detailed flow field 

of the centrifugal fan. The investigation of the current work is focused on the rotor–stator 

configuration and the modeling of aerodynamic behavior of the blade rows. The precise 

prediction of axial force and efficiency has essential implication for the optimized operation of 

axial fan and the choice of thrust bearing. Furthermore, it can act as guide for the geometrical and 

structural axial fan design and the study of axial force prediction. 
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Nomenclature  

CFD Computational Fluid Dynamics 

NACA National Advisory Committee for Aeronautics 

BEP Best Efficiency Point 

ASME American Society of Mechanical Engineers 

VAWT Vertical Axis Wind Turbines  

ANN Artificial Neural Network 

AFPMSG Axial Flux Permanent Magnet Synchronous Generator  
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1. INTRODUCTION 

Axial flow fans are widely used in many industrial applications ranging from cooling systems to the 

propulsion devices, to emphasize extreme scales. For better understanding of the flow phenomena 

through the axial fan and the rotor dynamic behavior, CFD techniques are commonly used and today 

almost unavoidable to include them in the machine design and testing. It is, however, essential to 

develop suitably accurate computational tools and validate them extensively. They are used in many 

industrial applications because of their simplicity, compactness and relatively low cost. They are applied 

from traditional cooling systems to the most innovative propulsion systems. Generally, axial flow 

machines have high specific velocity and low specific diameter on a single-stage basis. It means that the 

specific energy usually is quite small and the flow rate is relatively large [1].  

For better understanding of the flow phenomena through the axial fan and the rotor dynamic behavior, 

CFD techniques are commonly used and today almost unavoidable to include them in the machine 

design and testing by Matai et al. [2]. It is however, essential to develop suitably accurate computational 

tools and validate them extensively, such as the comparison study of Prachar[1], where a comparison 

between CFD simulations and experimental results of an axial flow fan rotor was carried out with good 

agreement between both. In Ref. [3],the authors proposed several analytical formulas and charts to 

calculate the efficiency of different axial fan configurations on a tube. Matai et al [2] proposed quite a 

few design parameters to evaluate the performance of an axial fan using Computational Fluid Dynamics 

CFD techniques. In the studies of Gör et al [4] and Celik et al [5], an estimation study on the output 

power and the efficiency of a new-designed axial flux permanent magnet synchronous generator 

(AFPMSG) was performed and a multi-layer feedforward artificial neural network (ANN) is developed. 

Furthermore, Pelletier et al [6] and Yoon et al [7] explored three dimensional flow in a three-bladed 

rotor of an axial fun for aircraft applications. In this case, the rotor was modeled as an actuator disk. 

Matai et al [2] evaluated the effects of different design parameters on the aerodynamic performance of 

an axial fan by means of computational techniques. Mathematical models such as Twizell et al [8] have 

been also developed to empirically formulate the connection between the fan static pressure, the blade 

pitch angle and the volume in the inlet. According to [9], the performance parameters for a turbo machine 

are usually considered in terms of their efficiency, shaft power, energy exchange of the fluid (i.e. 

pressure drop), and fluid flow rate through the machine. 

These previous performance parameters are related each other and to the machine operating parameters: 

Rotational velocity, fluid density and viscosity. The relationships among those parameters are the most 

important information for an optimal device design [10]. In this study, the sound/noise generated by the 

axial fan is not treated as performance variable. Usually, the machine performance experiments are done 

with utensils and procedures specifies by recognized standards to ensure the device accuracy, acceptance 

and the reproducibility of the test results [11]. For fans, the most suitable standard is the Laboratory 

Methods of Testing Fans for Ratings, [12]. Another option of field test can be found in ASME-PTC 11, 

[13]. 

There are several important things to notice from the performance curves of an axial fan. Firstly, the so-

called best point of efficiency BEP, which is reached in the point of maximum efficiency in the curve 

defined by  versus air flow Q (Fig. 1). BEP is defined by the corresponding values of volume flow rate 

Q, pressure raise Δp, shaft input power Psh, and the machine noise Lw, as illustrated in Figure 1. In the 

right side of BEP, the variable of pressure raise Δp decreases as the volume flow rate Q increases, 

yielding a negative slope that represents a stable range of performance for the fan. In the left side of the 

BEP the pressure raise curve goes to zero slope condition. After that, the positive slope comes and it is 

the zone where the fan would operate unstably. 
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Figure 1. Pressure and efficiency curves [7]. 

The overall efficiency for an axial fan for incompressible flow can be calculated by Eq. (1): 
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The dynamical behavior of an industrial axial fan has been simulated using CFD tools. A computational 

model of an axial fan rotor is presented in the current study, as illustrated in Figure 2. The reason of this 

work is to study the method and precision of simulating axial flow fans with three-dimensional CFD 

models. The results and knowledge gained will be used to improve currently used axial ventilators. 

In the work of Castegnaro [14], the fan blade design was based on NACA65 series of airfoils and the 

damaging effects of the low Reynolds numbers on the blades performance have been reported in that 

manner. Carolus and co-workers[15] compared two fan rotors blade types based on NACA 4512 and 

FX60-126 airfoil designs with satisfactory results for NACA based designs. S-type blades with 

symmetric NACA based airfoils have been also used for reverse axial flow fans, such as in the study of 

Diangui [16]. 

2. COMPUTATIONAL SETTINGS 

In the present work, the aerodynamic performance of an axial fan rotor shown in Fig. 2 has been 

investigated. The rotor has been designed with 30 blades inclined an angle to the oncoming flow and 

their geometry is based on the traditional NACA airfoils to achieve high efficiency. Fig. 3 shows a 

detailed view of the blade chord length and inclination respect to the rotor disc. The diameter of the 

rotor is D = 0.33m and the thickness is 0.01m. The rotor has been specially designed for the ventilation 

and cooling applications of a generator, such as the ones used on vertical axis wind turbines (VAWT). 
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(a) Front view (b) Side view 

Figure 2. Axial flow fan rotor geometry. 

 

 

Figure 3. NACA airfoil based blade. 

The problem involves an axial fan rotor whose axis and 30 equally spaced blades are rotating at 200 

rpm while the external body remains stationary. Air enters through the inlet at 5 m/s and exits through 

a pressure boundary in the outlet. Fig. 4 represents the boundary conditions and the dimensions of the 

computational domain used in this study. The axial fan rotor has been placed in a circular cylinder with 

length three times the rotor diameter. 

 

Figure 4. Computational domain 
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2.1. Mesh Distribution and Physics Models 

The grid of the current model consists of two regions: Fluid and Rotation. However, only one continuum 

is needed for the simulation since two regions contain the same fluid. The physical models for this 

continuum are specified in Table 1. 

Table 1. Physical characteristics 

Properties Models 

Time Unsteady 

Fluid Air Standard Conditions 

Flow Incompressible flow 

Viscose regime Turbulent 

Reynolds Averaged Turbulence model K-Epsilon 

In this work, two interfaces between the Fluid and Rotating regions have been created. This process 

involves a creation so-called “in-place” interfaces between the default wall boundaries enclosing each 

region (Fig. 5). The transient Rigid Body Motion model to solve the problem has been used in these 

simulations. 

 
 

(a) Front view (b) Side detailed view 

Figure 5. Meshed rotor views. 

3. RESULTS and DISCUSSION 

Pressure and velocity field around the rotor have been studied and computed during the period of 20 

seconds, which corresponds to 66.67 revolutions of the rotor. Fig. 6(a) illustrates the absolute pressure 

distribution around the airfoils of the rotor. This figure shows the difference in pressure between the 

upper and the lower part of the blade. Fig. 6(b) represents the axial velocity distribution according to the 

reference frame axis coordinate used for the rotor rotation. The flow is completely attached in the upper 

part of the blade. However, some flow separation has been detected in the lower part of the airfoil. Some 

negative values of the axial velocity have been found in the lower surface of the airfoils, which means 

that there exists a reverse flow in that region. The separation of the flow could be the result of the adverse 

pressure gradient formed in the convex part of the lower surface of the airfoil, close to the region with 

the maximum camber. For Fig. 6(a, b), it should be noted that the air flow has been considered to come 

with a certain angle to the airfoil, that indeed differs from the real experimental conditions, which uses 

a direct horizontal flow. If inlet and outlet are taken under air conditions and rotating body are defined 

fan for 300 rpm angular velocity, velocity and pressure fields distribution around the rotor are shown as 

in Fig.7(a, b). Velocity magnitude increases when it comes closer to the rotor unit. The maximum 

pressure has been obtained on blade points, which are the first meeting locations of the blade. 
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(a) Absolute pressure field (b) Axial velocity field 

Figure 6. Pressure and velocity fields distribution around a rotor blade. 

 

 

  
(a) Velocity field (b) Static Pressure field 

Figure 7. (a) Velocity and (b) pressure field distribution around rotor and its blades. 

Note that the pressure values are positive on the upper part of the section, whereas it turns to slightly 

negative for lower part.The velocity values change between 1.02 m/s and 4.76 m/s as shown in Fig. 7(a). 

In addition, a pressure value of 2.65 Pascal comes to the front of the fan. Mainly a deviation between 14 

Pascal and -2.6 Pascal occurs for the overall fan (Fig. 7(b)). Fig. 8(a-f) shows the representative findings 

for inlet/outlet values of static and total pressures and velocity distributions.  

According to Fig. 8(a, b), the inlet can have static pressures up to 4.7 Pascal, the outlet can have the 

pressure values P = 2.65 Pascal, which is slightly below of the inlet. Note also that the general pressure 

is around 0.6 Pascal at the overall surface of rotor and it is slightly higher at the outlet. In terms of total 

pressure, one reads as slightly lower values than the static pressures as seen in Figs. 8(c, d). Pressures 

of outlet are more regular than inlet. In the case of velocity distribution, the maximal inlet value is 

located around the front of blades as 1.7 m/s, whereas the outlet distribution has the value of 2.04 m/s, 

which is a good value for the cooling aim. Note that the location of rotor in generator is at first stage 

and next to 1,5 mm from stator body. Reference points were selected both side next to 1,5 mm of the 

first rotor.  

In Fig. 9(a, b), the findings for velocity and power are plotted. The velocity amount increases linearly 

for the inlet and outlet regions of the fan. It proves that the fan operates properly since the velocity of 

outlet becomes higher than the inlet velocity. Strictly speaking, the velocities get value from 0.79 m/s 

to 3.24 m/s. In addition, the difference between two plots increases by the angular velocity. It means 
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that higher angular velocities beyond 1000 rpm yields to better velocity increase at the outlet with a 

contribution of 0.5 m/s.  

  
(a) Static pressure on reference point for Inlet (b) Static pressure on reference point for Outlet 

  
(c) Total pressure on reference point for inlet (d) Total pressure on reference point for outlet 

  
(e) Velocity Distrubutionon Reference point for inlet (f) Velocity Distrubutionon Reference point for outlet 

Figure 8. Pressure and velocity fields distribution around reference plane 
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(a) Air Velocity Graphics (b) Fan Power Graphics 

Figure 9. Plots of (a)air velocity and (b)power with respect to the angular velocity 

For all those ANSYS Fluent simulations, the boundary conditions for the inlet and outlet are taken as 

stagnant, zero velocity and pressure. According to Fig. 9(b), the outlet power for different angular 

velocities starts from 0.035 W and increases up to 2.549 W for 1400 rpm of the axial fan. 

4. CONCLUSIONS 

Numerical simulations of a single stage axial fan rotor at Reynolds number of Re= 1.1 105 based on the 

rotor diameter have been performed to obtain the detailed flow field of the centrifugal fan rotor. The 

work has been mainly focused on the rotor configuration and the modeling of aerodynamic behavior of 

the blades. In addition, the rotor of the axial fan has been designed according to the requirements of the 

application to the cooling system of a vertical axis wind turbine. Preliminary results show a good 

aerodynamic behavior of the rotor at the studied conditions of velocity in the inlet of 5 m/s and rotor 

rotational speed of 200 rpm. However, some improvements in the airfoil design of the rotor must be 

done to avoid separation of the flow in the lower surface of the airfoil of the blade, when the attach angle 

changes from horizontal direction. At the second case, axial fan was investigated in the stagnant air 

condition for various angular velocities in a rotating regime. Velocity and power concepts have been 

studied and they are found as 0.79 m/s– 3.24 m/s, and 0.035W to 2.549 W for 300 to 1400 rpm, 

respectively. As a future work, more computations should be carry out at different Reynolds numbers 

to check the aerodynamics performance of the rotor. Also, convenient calculations should be done for 

the design and validations of the axial fan shroud. 
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