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ABSTRACT: 

In the present paper CFD based investigation has been reported in order to study the effect of change in speed of fan on velocity, 

pressure, and mass flow rate of axial flow fan.  It has been observed that there is a significant change in mass flow rate, velocity 

of rotor and guide or stator vanes as the speed of fan is varied. As the performance of fan is directly dependent on mass flow 

output. So there should be a moderate velocity and pressure profile as all these parameters are co-related. In order to predict the 

mass flow output, velocity and pressure on stator and rotor section ,analysis is done using a software ansys12.and to create a 

general idea about an axial flow fan a model is created using a modeling software catiav5. 
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INTRODUCTION 

The axial-flow fan has blades that force air to move 

parallel to the shaft about which the blades rotate.  In 

an axial-flow fan, with the runner and guide vanes in 

a cylindrical housing, air passes through the runner 

essentially without changing its distance from the 

axis of rotation. There is no centrifugal effect. Guide, 

or stator, vanes serve to smooth the airflow and 

improve efficiency. In general, an axial-flow fan is 

suitable for a relatively large rate of flow with a 

relatively small pressure gain, and a centrifugal fan 

for a small rate of flow and a large pressure gain. 

Actually, the pressure developed in a fan is small 

compared with the pressure developed in a 

compressor.  Airflow across the plane of the fan is 

not uniform varying from positive at the tip to 

negative at the center of the fan. Blade shape and 

twist of the airfoil along the blade affects the shape of 

the velocity profile. Velocity profile of a well-

designed tapered blade with a generous twist 

compared to a constant chord blade with minimal 

twist. Work performed by a fan blade is basically a 

function of three factors at any point or radius: Chord 

width, Airfoil twist, Tangential velocity squared. 

Hence the shape of blades varies the efficiency and 

performance of fan. The flow of fluid in axial flow 

fans is parallel to the axis of fan. So the pressure, 

temperature, and velocity of fluid must be moderate. 

Blades should withstand to the conditions .so shape 

of fan blades is optimized using software. The rapid 

advance made in computer hardware and software led 

to significant developments in FEA software. FE 

programming gas emerged as a specialized discipline 

which requires knowledge and experience in the 

diverse areas such as FE technology including 

foundations of machines, and numerical analysis on 

the one hand and the computational skills in areas of 

software technology including programming 

techniques, data structure, data base management and 

computer graphics on the other hand.  

AIM  

1. Modeling of blades of axial flow fan. 

2. Analysis of mass flow of fluid through blades 

by considering various angular velocities using 

Ansys. 

3. Analysis of velocity on periodic surface by 

considering various angular velocities using 

Ansys. 

4.  Analysis of rotor pressure considering various 

angular velocities using Ansys. 

5.  Analysis of stator pressure considering 

various angular velocities using Ansys. 

6. Analysis of mid surface velocity by 

considering various angular velocities using 

Ansys. 

The flow of fluid in axial flow fans is parallel to the 

axis of fan. So the pressure, temperature, and velocity 

of fluid must be moderate. Blades should withstand 

to the conditions. In this case speed of fan is varied at 

1000r.p.m. 1800 r.p.m.  2500 r.p.m. and then 

corresponding changes in pressure and velocity at 

blades section is analyzed using a Ansys software. 

Also modeling of the fan is done using modeling 

software CATIA V5. 

In CATIA V5 various commands are used such as 

pad, shaft, plane, circular pattern etc. 
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EXPERIMENTAL WORK 

Three-dimensional air flow through an axial, 

multistage fan will be solved in this analysis. There 

are two sections of flow created by this multistage 

fan. In the first stage, flow is created by a 9 bladed 

rotor, which rotates at 1800 rpm. In the second stage, 

the flow is "straightened out" by means of a 12 

bladed stator section located just downstream of the 

rotor section, as shown in Fig.1. 

 

Fig 01 blade section 

At the inlet to the rotor, air at 0 Pa (gauge) is drawn 

in. At the outlet, air is exhausted at 0 Pa 

 In this investigation, k-ε model with standard wall 

treatment is used in FLUENT .Air is taken the fluid 

flowing through stator and rotor section .mixing 

plane model is model is used.CFD-POST is used to 

calculate velocity and pressure at rotor and stator 

section at 1000 r.p.m. 1800 r.p.m. and 2500 r.p.m. In 

CFD-POST, fluid is considered as moving from rotor 

to stator while stator and rotor is kept stationary.  

RESULTS 

PART MODELING USING CATIA V5: 

 

Fig.02 stator and rotor 

 

Fig.03 Rotor (inclined to the plane of rotation) and 

stator (parallel to the axis of rotation)  

Analysis of rotor and stator blades using Ansys 12: 

Three dimensional air flow analysis through an axial, 

multistage fan using mixing plane model 

 

Fig.04 The shape of the blade describes the 

geometry as shown above. 

 

Fig.05a)  Boundary conditions 
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Fig 5 b) Boundary conditions 

Initial boundary conditions are as flows: 

Flow is created by a 9 bladed rotor, which rotates at 

1800 rpm. In the second stage, the flow is 

"straightened out" by means of a 12 bladed stator 

section located just downstream of the rotor section. 

 

Fig.06 complete mesh 

Blade is divided into smaller areas/volumes for use in 

numerical solution methods. 

 

 

 

 

Fig 07 Mass flow rate output at 1000 r.p.m. 
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Fig.08 Mass flow output at 1800 r.p.m. 

 

 

Fig.09 Mass flow output at 2500 
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Fig 10 Rotor velocity at 1000 r.p.m. 

 

 

 

 

 

Fig. 11 Rotor velocity at 1800 r.p.m. 
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Fig.12 Rotor velocity at 2500 r.p.m. 

 

 

 

Fig. 13 Rotor pressure at 1000 r.p.m. 
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Fig.14 Rotor pressure at 1800 r.p.m. 

 

 

Fig.15  Rotor pressure at 2500 r.p.m. 
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Fig.16 Graph of RPM v/s Mass Flow 

From the graph it is found that, 

Mass flow rate of fluid is directly proportional to speed of rotor. As the rotor speed increases the stator outlet mass 

flow rate increases. 

 

 

Fig.17 Graph of ∆p v/s Mass Flow 

From the graph it is found that, 

Mass flow rate of fluid is directly proportional to pressure drop between fluid particles. As the mass flow rate 

increases the pressure drop increases. 
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DISCUSSION 

We are taken three different iteraction at different 

rpm as follows 1000rpm, 1800rpm & 2500rpm. We 

get the following result for it. 

Mass Flow at outlet Rate (Kg/s) 

For 1000 rpm =0.01Kg/s 

For 1800 rpm =0.018Kg/s 

For 2500 rpm = 0.20kg/s 

As the rpm of the rotor increase the mass flow at 

outlet get increase the increment in output is not 

linear. 

Table 1.Rotor Velocity Plot (M/s) 

Rotor Velocity Plot (M/s) 

For diff R.P.M. 

value 

Minimum O/P Maximum 

O/P 

For 1000 rpm 1.46m/s       14.6m/s 

For 1800 rpm 1..31m/s 26.3m/s 

For 2500 rpm 1.82m/s 36.5m/s 

             Rotor Pressure Plot (Pascal) 

For diff R.P.M. 

value 

Minimum O/P Maximum 

O/P 

For 1000 rpm 0.146pascal 150pascal 

For 1800 rpm 0.38pascal 500pascal 

For 2500 rpm 0.72pascals 937pascal 

As the rpm of rotor is increase the pressure on stator 

blade gate increase at very high rate. 

This result is obtained from the analysis using 

ANSYS for the different rpm. 

• For further optimization one can change the 

angle of blade (in the range of 20° to 30°) 

• One can also change the shape of the blade for 

the gating higher output of the air flow 
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