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ABSTRACT 

 The project starts with a description of the main sources of noise in an axial flow 

fan for concluding that the thing we should avoid is the trailing edge noise. After that 

the formulas for designing a fan and an aerodynamics background are presented. Once 

we get the results of these formulas a low noise optimization is carried on for leading us 

to a table of results where the main characteristics of design for our fan are obtained. 

After these tables the design of the fan is obtained with Pro-Engineer and it is described 

step by step until we get the final fan design. The design is separated in two steps where 

the model of the blade is the most important one. First the blade is designed without the 

serrated trailing edge and we make the simulations of the flow over the surface for 

obtaining the desired results. After this first step it is time to join the aerodynamics 

design with the objective of this project which is the use of bionics to obtain better 

results. For this goal we will add a serrated trailing edge based in the technology of ‘The 

Owlet’ in order to obtain the results and compare it with the previous ones. 
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1. Introduction 
 

The most important objective for fan designers is always to increase the efficiency in 

their designs, but this efficiency increase has always the same consequence, the increase 

of the noise produced by the fan. Nowadays this production of noise has become a 

problem because the fans have to be installed in the places were people work, where 

they have their free time, in places for relaxing and in lot of places in their own houses. 

This is why it has become a new requirement in all the new fans and a high important 

think to take in care for the competition between all the fan designers. And this is why 

the project is about joining the increase in efficiency of a normal fan with some 

modifications for reducing the noise. These modifications involve a deep study of the 

aerodynamics of the noise and the investigations done about this project. It will be 

interesting to try to implement new technologies and look how they affect to the final 

result of the model.  

 

In this project apart from the work that I have to do it will be shown how useful the new 

modelling and simulations tools could be, and how important is for an engineer to know 

them and to try to manage them in the best way. The first intention is to use as the main 

modelling program ProEngineer Wildfire 2.0. After the use of this program it will be 

the time for the CFD programs Gambit and Fluent. For this project I had to learn almost 

from zero how to use these programs and this is why I suppose the design and the way 

to do it will not be the best neither the most efficient. At first sight I have thought to use 

Matlab or some kind of program where I can program algorithms to repeat the 

calculations for the blades and not having to repeat it again and again just in my way.  
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2. Aims of project 
 

The objective of the project is the design of a rotor axial flow fan. But this is only the 

final purpose of the project. All the different steps that would lead us to the main goal 

are objectives also, because without a defined path it is impossible to arrive to your 

goal. For reaching the goal we first need to do a large review of the aerodynamics 

theory related to the design of blades and more specifically to complete fans. After this 

review that will help me to understand all the mechanics of working of a fan I will be 

ready to continue with the next step of the project. After this review of theory it is time 

to start with the theoretical calculations for the design parameters and the optimization 

of these parameters for minimizing the noise following the investigations of different 

experts. When I will find the parameters of the fan it will be time to start with the 

modelling in the program of design ProEngineer and explaining how I develop and 

implement all the parameters in the program. Once I have the design I will keep the first 

one without the serrated trailing edge for making different simulations and I will 

continue with the improvement of the blades adding the serrated trailing edge. Although 

at this point the main objective of this project which is the design and modelling of the 

fan will be reached, if I have some extra time it would be very interesting to simulate 

this program in a CFD program to see what is happening with the design and how the 

air flows through it. Finally with all the steps that I have in mind accomplished it will be 

time for analyzing these results and obtaining my own conclusions about all the work I 

have done in this project. 
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3. Review of Literature  
 
Before starting the calculations and design process I have to make a review of what all 

the authors have written about the aerodynamics of the blades and the fan noise. Due to 

the importance of the fan noise there is much work done and investigation articles 

published about this problem. 

 

3.1. Fan Noise [1] 
 
As the project is about reducing the noise of a fan it is important to have an overview 

about all the different sources of noise that we have in a fan and how we can try to solve 

it. It is possible to separate the source of noise in two kinds, the periodic noise and the 

broadband noise. 

3.1.1. Periodic Noise 
 
Periodic noise is the noise that has discrete frequency noise emissions related to the 

blades rotations. This noise is a noise related to some defects in the design of the fan or 

during the process of construction. The main sources of periodic noise are in the 

following list: 

• Upstream obstacles noise: The upstream obstacles noise is produced by placing 

the struts in the upstream of the blade. The upstream obstacles will change the 

velocity of the air locally and produce changes in the lift that will produce a 

periodic noise emission at the blade rotation frequency. If we place the struts in 

the downstream, the velocity is lower than the velocity of the rotor and it 

reduces significantly the noise emission. 

• Tip clearance eccentricity: The tip clearance is the distance between the end of 

the blade and the duct that contains all the fan parts, the size of this distance 

have to be decided during the process of design. If we are not accurate enough 

then we will an eccentricity of the rotor and it will produce a periodic noise. 

Moreover if we also have a small tip clearance the noise emission will be 

considerable and it will become important to reduce it. This is why in the deign 

and construction steps we must be really careful and make a really accurate 
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centred of the rotor axis, make a highly circular duct and take care that all the 

blades have exactly the same length. If we do this carefully this noise emission 

will disappear or be reduced really much. 

• Blade irregularities: In the process of design we can not take in care for a little 

piece of the blade and we can think that is not going to make noise, but this can 

be an error because some irregularities in the blade can produce another kind of 

periodic noise. It is possible that these irregularities are created during the 

process of production by the manufacturers of the blade. If the blades have some 

kinds of irregularities or defects (design or construction) they will produce a 

periodic emission of noise during the normal fan operation. The irregularities 

created in the design step can be avoided if we try to simulate accurately the 

periodic noise emission and we remove all this useless irregularities. And the 

part of construction is easy to avoid if the manufacturer is really careful 

producing the blades. But we can also make test to all the blades and correct the 

irregularities before that the user of the fan complains about the noise emission. 

 

As we can see the emission of periodic noise of the fans can be removed if we are really 

careful during the process of design and manufacturing, this is why designing fan is not 

as easy as we can think. And we have also to consider the manufacturing process and 

the cost of being as accurate as it is required for reducing the periodic noise emission as 

much as possible. 

 

3.1.2. Broadband Noise 
 
The broadband noise is a kind noise that is not dependant from some defects of the fan 

in the design and the construction, it is the kind of noise produced because the fans are 

operating with air, and this air is affected by all the aerodynamics phenomenon. This 

aerodynamics phenomenon includes the turbulence of the air when we want to move it 

with some velocity and forcing it to move from a static situation.  
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The trailing edge noise is produced by the vortexes created at the end of the blade. 

These vortices are created when the boundary layer of the fluid is separated from the 

blade. In an axial fan this separation takes place near the trailing edge due to the 

velocity is not really high for the angle of incidence. In the zone between the boundary 

layer and the blade a turbulent flow is created with lots of eddies rolling in different 

directions. The next figure is a representation of the noise generated in an airfoil.  

 

 

These vortices produce fluctuations in the lift and this produces vibration in all over the 

blade. The eddies created and the vibration 

of the blade produces the noise that we want 

to avoid. As we can see in the figure the 

high level of noise is at the end of the blades 

and propagated all over the blades.  

At this point is when it is a good idea to take 

a look in what is the solution of the nature 

for this problem. In the nature we can see 

that some kind of flying animals like the 

owls need to be very quiet during the night. 

This is because they need that their prey do 

not realise that they are near to him until it is 

too late. As the owl is said to be one of the best hunters in the wild life we can choose 

this animal as a good example of evolution. Looking at the shape of owl wings we can 

see that evolution has given to the owls a serrated shape for the trailing edge which 

creates some aerodynamics phenomenon that improves the noise emitted during the 

flight. This procedure of looking nature solutions for solving engineering problems is 

known as Bionics. Bionics could be really useful because nature has had millions of 

Acoustic power level in dB 
(www.fluent.com , Fan noise prediction) 

Mechanism of trailing edge noise, www.ecn.nl, Energy 
research Centre from Netherlands 

http://www.fluent.com/�
http://www.ecn.nl/�
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years for developing highly optimized and efficient structures for doing the same as 

humans want to do with the engineering work.  
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3.2. Literature survey 
 
 

Fukano [2] describe a method for estimate the power of nose radiated by low pressure 

axial flow fans. This method is an analytical method which results show that the wake 

width is one of the most important factor of control for the noise emitted by a fan. The 

wake width is defined as the sum of the blade thickness and the displacement of the 

boundary layer at the trailing edge of the blades of the fan. This method can be seen 

experimentally forcing a change of the wake width in an artificial way. 

 

In his next work, Fukano [3] validate experimentally the formulas obtained in his 

previous work [2]. In this case he experiment which is the response with respect to other 

parameters like number of blades, blade camber and chord length. He found that the 

theoretical and practical results are coincident unless there is a separation on the blade 

surface. The conclusions for this work were that the power of sound emitted is 

proportional to the chord length and the number of blades. But there is a second 

conclusion related with this first one which is that a fan with large chord length and 

small number of blades will produce less noise than one with small chord lengths and a 

large number of blades. 

 

The last work about this topic done by Fukano [4] is to compare experimentally a new 

phenomenon in the fans. In this work the factor involves are the blade thickness and the 

rotational speed. He tried to compare the effects of these two new factors seen 

experimentally with the same changes done theoretically. He obtained satisfactory 

results and could demonstrate that reducing the blade thickness at the trailing edge, 

compared to the blade, reduces the noise power levels. 
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Apart from Fukano who sets the base of fan noise investigation, and how the 

modifications affect to it. There are other different authors who have started new 

investigations to go further than Fukano. 

 

The first author whose work is interesting to look for this project is Sorensen [1]. 

Sorensen investigation is based in the use of numerical design optimization to reduce 

the trailing edge noise in axial fans. The variables that Sorensen considered in his 

design were the hub radius, number of blades, span-wise distributions of chord length, 

stagger angle, rotational speed of the rotor, and camber angle. Sorensen considered in 

his approximation that the only obligatory constraints are the constraints imposed by the 

aerodynamic design of the fan. This consideration allows an optimization algorithm to 

be developed for been able of understand just varying the main design parameters. But 

these are theoretical considerations, at the moment of construction there will be another 

practical constraints such as the speed and the size of the motor used, the limitation of 

the rotating speed and the hub radius. The number of blades is also affected by a 

constraint, it has to be a prime number to avoid harmonic resonance. The experimental 

tests done about this theory shown that a considerable noise reduction takes place with 

only a small reduction of efficiency. In this experimental tests the dependency of the 

minimum trailing edge noise and the hub radius was examined, and the conclusion was 

that small variations in the hub radius could be made with a small increase of the 

trailing edge noise 
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Yang and Nie[5] basing the investigation on the work done by Lieblein[6] about loss 

and stall of compressors, developed an expression, considering the effects of cascade 

and the blade camber, for predicting the wake width. For the development of this 

expression some experimental coefficient are introduced and have to be selected by the 

experience of the designer and some guidelines that Lieblein[6] announced. The error in 

the selection of the coefficients is practically negligible if we compare it with the error 

that we can found in the Fukano or Sorensen’s work. Due to this reduction in the error 

this is the method that will be used for the prediction of the wake width of the trailing 

edge. 

 

Although it is not literature published by the next people that will be presented, it is 

necessary to mention the importance of the research made for him about this subject. I 

am speaking about the fan manufacturers and the companies that work in the fan 

manufacturing world. They are not scientists and their research is not done for the 

science, but as they have to meet the needs of the costumers. And the costumers follow 

the changing market and the changing needs of the people, these manufacturers are 

making a very big improvement in the fan noise reduction. Apart from the research, the 

experience in fan building and their infrastructure for making tests has made a good job 

for the optimisation of failure resistance, aerodynamic efficiency and of course acoustic 

performance. Sometimes is better to have the possibility of doing trial and error tests for 

playing a major role in developing and improving the fan technology. 
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3.3. Free vortex Design 
 

As the future design and analytical process will be related to this field of study it is 

necessary to take an overview of the main concepts. 

 

3.3.1. Similarity and Non-dimensional Numbers 
 
 
All the design process carried out in this project is using non-dimensional parameters. 

The use of these non-dimensional parameters is better because the aerodynamics can be 

used for the calculation of the performance of similar items, non-depending of any 

defined value. And for this the formulas obtained form experimental work can be 

applied in this step for design. 

 

3.3.2. Free Vortex Flow 
 
 

When the air flows following a circular path, this kind of movement is known as vortex 

motion. The free vortex motion is the kind of movement where concentric circles are 

formed by the movement of the particles. All this concentric circles form stream-tubes. 

The particles in these stream tubes are moving with the same velocity, tangential and 

angular. All the different cylinders can have different velocities, and this variation in the 

linear or the angular velocity determines the pressure distribution in the flow along the 

radius of the vortex. As the circular movement stays in equilibrium it is required that the 

pressure in one point balance the centrifugal force in the same point. 

R
dr
dp 2Ω= ρ
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Where 

dp is the pressure difference between two faces of a rotating element of air 

Ω is the angular velocity of a rotating element of air 

ρ is the density of air 

 

And for free vortex motion where we have set the condition of equilibrium we know 

that: 

constant2 =ΩR  

Therefore, the free vortex flow has no kind of radial velocity. For achieving this kind of 

flow there are two conditions that must be satisfied. The design assumptions in this case 

have to consider a theoretical total pressure rise and an axial velocity component 

constant all over the blade-span. 

 

3.3.3. Cascade Theory 
 

When solidity increases, the interaction between the blades becomes important. As the 

velocity is increased and the flow modified by the previous blade this suppose an effect 

that has to be taken in consideration. As the behaviour of one blade is affected by the 

pass of the adjacent blades we have to consider that all the blades are placed in cascade. 

The modification of the flow makes the airflow triangle redundant. The empirical data 

must be used to determine the trailing edge angle for modifying in the correct way. 

There is another angle that needs to be included which is the angle between βm and the 

airfoil chord line. 
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4. Design process 
 

4.1. Free vortex design 
 

Wallis [7] has outlined a non-dimensional design procedure that we will describe in the 

following expressions. 

 

We start basing the first step of the procedure in the free vortex flow theory to fix that 

axial velocity vf, is constant all over the blade span and is defined by the following 

expression: 

 

                                                      ( )22
HT

f RR
Qv
−

=
π

                                                                    (4-1) 

 

Where: 

Q is the volumetric flow rate 

Rt is the tip radius 

Rh is the hub radius 

 

If we have a defined angular velocity, we can calculate easily the tangential component 

u, for any value of the radius using the next formula: 

 

ωRu =                                                                              (4-2) 

  

Wallis [8] defined the non-dimensional flow coefficient λ, and the pressure head 

coefficient K as:  

u
v f=λ        (4-3) 

2
2
1

fv
HK
ρ
∆

=        (4-4) 
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Basing his work on Bernoulli relationships and the work done by the rotor, Wallis[9] 

defines the non-dimensional pressure head coefficient in another different way:  

 

( )psthK εε
λ

+=
2

      (4-5) 

 

At this point we should start doing some assumptions in the calculations for simplifying 

and adapting to our needs. Then, assuming that “No Shock” conditions are applied 

(εp=0) then we can just rearrange the equation (4-5) and obtain the outlet swirl 

coefficient εs.  

 

Continuing with the theory of a free vortex flow we can use the following expressions 

to calculate the inlet and outlet blade angles:  

 

λ
λε

β p+
=

1
cot 1       (4-6) 

λ
λε

β s+
=

1
cot 2       (4-7) 

 

In another of his investigation works Wallis[9] states that cambered plate blades need a 

greater camber than conventional airfoils. The plate camber can be obtained with the 

next expression:  

 

( )1215 ββθ −+=       (4-8) 

 

In the next figure we can see what are the meaning of the different angles used in this 

non-dimensional design. 
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For knowing one of the other angles of design βm, we can calculate from:  

( )
λ

λεε
β ps

m

−−
= 2

11
cot      (4-9) 

Once we obtain βm we can calculate the product of the lift coefficient CL, and the 

solidity σ:  

 

( ) mpsLC βεεσ sin2 −=      (4-10) 

Where solidity is defined as: 

s
c

=σ         (4-11) 

 

x 

v2 
β2 

βm 

β1 

α 

 

vw2 

vf1=v1 
vr1 

vf2 

vr2 
u 

u 

ξ 

 

y 

Graphical Definition of Blade Angles and Airflow Components, Kenneth Armstrong 
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Where: 

s is the circumferential spacing between blades at radius x. 

If solidity is known we can find the chord length just rearranging (4-11) and substituting 

s by the formula for calculation:  

B
xRc Tπ

σ
2

=        (4-12) 

 

At this moment is time to start to use a trial and error process to select values for the lift 

coefficient. The process of trial and error has some constraints that has to be 

accomplished and are defined in previous work of some authors. 

 

• The chord length and the radios ratio need an approximate linear relationship to 

ensure the straight leading and trailing edges. 

• Based on the Keller rules (C. Keller, the Theory and Performance of Axial Flow 

Fans, McGraw-Hill, 1937) as stated by Wallis [9]. 

o The product of the lift coefficient and the solidity should be below 1. 

o The value of solidity must be lower than 1.1. 

• Based on R. C. Turner, Notes on ducted fan Design, Gt. Britain Aeronautical 

Research Council, 1964: 

o For low pressure rotor-only axial flow fans the values for lift coefficient 

must be between 0.6 and 1.0. 

 

Following this defined constraints it is moment to start the search for a design solution 

using the trial and error process. If we choose a linear relationship between lift 

coefficient and radius ratio then we are accomplishing one of the constraints which state 

that the taper relationship between chord length and radius ratio for ensuring that 

leading and trailing edges will be straight. At the moment that the lift coefficient and 

solidity product is known we can get some different values that will satisfy all the 

design constraints we have fixed in the previous step. As our case considers high blade 

solidity, the flow sections in the adjacent zones will modify the lift and drag coefficient 
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of our blade profile. This is known as multi-plane interference effect. And for this 

reason we need to obtain a different value of the lift coefficient CLi, which considers this 

interference factor. For obtaining this corrected lift coefficient we have to use a table 

like the one shown in the next figure. 

 
 

Once we have the new lift coefficient and the camber angle we can obtain the angle of 

incidence from this new table: 

 

 

When we know the angle of incidence and with the result for mβ obtained in the 

previous part we are in disposition to calculate the blade stagger angle ξ:  

αβξ += m        (4-13) 

 

Multiplane interference factor for aerofoil with near-optimum solidity and camber 

 

Rationalized cambered plate lift data 
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As we are design circular arc blades we can find the radius of curvature with the 

following expression:  







=

2
sin2 θcRcur       (4-14) 

 

Another of the design assumptions is that the radius of curvature and the radius x, has a 

linear relationship and this lead us to modify the curvature to accomplish this 

assumption and with this assumption rearranging the equation (4-14) we can obtain the 

following expression for the chamber chord ratio:  

θ00221.0=
c
b

       (4-15) 
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4.2. Optimised design with the optimum flow type 
 

Once we have done the steps for the design with the free vortex flow time it is time to 

start the optimization process using the more advanced work of the other authors 

referenced in this report. 

 

In his first work about fan noise, Fukano[2] stated a formula the calculation of an 

estimation the turbulent noise power in a fan:  

 

drvD
a

BE r

R

Ro

T

H

6
231200 ∫=

πρ
      (4-16) 

 

Where: 

a0

B is the number of blades of the fan 

 is the speed of the sound for the air in the conditions presented 

 

This formula has been validated experimentally by Sorensen[1] and Yang&Nie[5] and 

these works found that the estimation stated by Fukano can be applied for the 

calculation of the noise emitted by low pressure axial flow fans. Moreover than the first 

constant parameter subjected to the constraints of design, with the formula we can see 

that the power of noise generated by the axial-flow fan depends on the relative velocity 

vr, and the wake width D on the trailing edge. The boundary layer theory applied to the 

cascade theory states that vr

 

 is related to D. And this last statement means that we can 

find an optimal combination of the product of wake width and relative velocity that will 

minimize the turbulent sound power emitted by the axial-flow fan. 

The optimization process is defined by the design variables that are suitable to be 

changed of modified by the user to obtain the minimum of noise in this process, but it is 

also subjected to the constraints of the design. Constraints are characteristics that have 

to be chosen before starting the design process and can not be modified in all the 

process. These constraints define the geometrical parameters and the operational 

restrictions of the design.  
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4.2.1. Constraints 
 
 
In aerodynamic fan design there are some constraints that have to be accomplished and 

there is no chance to modify it. The fan has to satisfy the dimensions and geometric 

specifications needed for its work process, it must satisfy the given pressure or the 

volumetric flow rate requirements. 

The next formula is an expression for the total pressure of the fan knowing that we do 

not have any upstream guide vane in this design: 

 

( ) ( )( ) ( )dRRvRRvuuR
Q

P f

R

R
fT

T

H

6
222 cot21

∫ −= βρπ   (4-17) 

 

The previous formula is a very simple formula. If we consider the losses of the fan and 

we use the total pressure efficiency the formula can be stated as: 

 

( ) ( )( ) ( )dRRvRRvuuR
Q

P f

R

R
f

T

H

222 cot2∫ −= βρπη
  (4-18) 

 

 

And rearranging the formula as shown in the next stage it yields the equality constraint: 

( ) dRvvuuR
Q

P if

n

i
iifiii 2

0
22 cot20 ∑

=

−−≈ βρπη
   (4-19) 

 

The next constrain is the given volumetric flow rate of a fan that is defined by the 

following equation: 

( )dRRRvQ
T

H

R

R
f∫= 22π       (4-20) 

 

This yields the equality constraint: 
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∑
=

−≈
n

i
ifi dRvRQ

0
220 π       (4-21) 

 

The next necessary step is to achieve a pressure rise across the blade. For this purpose 

we have to state that β2 has to be bigger than β1 for all the different elements calculated 

for our blade design. This condition gives us the next constraint: 

 

210 ββ −>        (4-22) 

 

There are two more assumptions to make before starting the formulation of the analysis: 

• The flow field in the impeller must be considered steady and uncompressible. 

• We assume a turbulent boundary layer all over the blade surface. 

 

4.2.2. Formulation for the analysis step 
 

The first step for starting the formulation needed for the optimization process 

determinate the wake width. The wake width is the width of separation between the floe 

and the blade surface. If our fan is operating near the design point this wake width can 

be estimated analytically following the process shown in the next steps. 

Based on Fukano[2] ideas in his work about fan noise, it is state that the wake width can 

be separated in two components. The first of these components is the thickness relative 

to the trailing edge of the own blade Dt. The other component is the thickness of 

displacement of the boundary layer on the two sides of the blade. Then it is easy to see 

that wake width can be defined as:  

 

**
tstptDD δδ ++=       (4-23) 

 

For flat plates it is expected that the second component of the wake width is the same 

for the both sides of the blade. But as we are designing a cambered blade this 

assumption is completely false. In the formula we have to consider two different 
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displacements of the boundary layer in the two sides of the blade, the pressure side and 

the suction side. We can see this phenomenon really clear in the next image. 

 

 

Displacement thickness of boundary layer on cambered aerofoil (left) and flat aerofoil (right), 

Kenneth Armstrong 

 

Fukano and Sorensen state a formula for these components but considering a flat plate 

and it is completely wrong for our case. Then we have to base in more complete and 

complex works for the next step. Lieblein [6] and Yang&Nie[5] consider and develop 

the following expression for the boundary layer thickness that it can be considered more 

accurate for our purpose: 
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Where 

H is the shape factor of the boundary layer on the blade 

ε is an empirical constant introduced by Lieblein 

k0 is an empirical constant introduced by Lieblein 

 

As we have said, this equation considers a cambered blade but it also take in 

consideration the cascade theory making this method accurate enough for the purpose of 

this project. 
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The next step of the process will consist in the determination of the relative velocity. 

Looking at the next figure it will be easy to understand the relations between the 

different parameters used for the calculations of the relative velocity. 

 

 

Outlet airflow triangles, Kenneth Armstrong 

 

Looking at the image we can state a relationship for the definition of the relative 

velocity: 
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As we are using an arbitrary vortex flow the gradient of the axial velocity and the total 

pressure must be radial and then it means that the relative velocity is a function of the 

radius. And it is also imposed that the angle β2 is also a function of the radius. 

Establishing the condition of radial equilibrium at the outlet of the blade gives us the 

relationship between vf2 and the angle β2: 
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Where PTj is the total pressure of the blade element, and vw2 is the outlet periphery 

velocity of the airflow. 

 

Substituting Euler’s equation into the relationship for radial equilibrium: 
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Considering the two expression determined for the wake width and the one determined 

for the velocity of the air relative to the blade is time to look at Yang & Nie[5] and look 

for the expression for the power of turbulent noise generated by a low pressure axial 

flow fan, where a relationship between the wake width and the radius of the blade is 

stated. 
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Yang & Nie [7] also defined an expression for the diffusion factor which is: 
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At this point we are in the situation for starting the process of optimization of the fan. 

This process requires of a long time for doing all the calculations repeating it lots of 

times for choosing with the enough accuracy the result which is more optimized. I tried 

to do these calculations by hand but I spend more than a week with only one sample. At 

this moment I decided to program using some kind of application. My first idea was to 

use Matlab software, but my knowledge about this program was not enough for 

designing this calculations algorithms. For this reason I started a program with Visual 

C++. By the moment I just have started the program I had a meeting with the supervisor 

of this project Dr. Yang, and he gave me an example of project similar to this which he 

considered a good project. This project includes a designed program with Visual Basic 

that was useful for that project. As I have also knowledge about Visual Basic I 
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examined all the routine correcting some details that are different between the two 

projects, like some values and constants. But after I read and understand the program I 

decided that it would be a good idea to use it with my modifications for the calculations 

for my projects, because programming the whole program will take too much time and 

after this step I have to learn the use of ProEngineer from zero. As I am using a program 

not completely made by me I will not include it as a part of my project, but I thought 

that it would be a good idea using a quotation of the author for understanding what the 

idea about the program is. 

 

“An optimization technique must now be applied, which allows the constrained global 

minimization of a non-linear function. Several such optimization techniques exist, such 

as the Powell method, or the Downhill Simplex method. However, a simple search 

technique has been chosen, which varies the an coefficients of β2. This simple method 

has been preferred to the rapidly converging optimization methods due to the simplicity 

of its programming needs, the elimination of the requirement to find the gradient of the 

curve, and the elimination of the possibility of finding a local minimum. 

 

The search method employed varies the an coefficients between -5 and 5 with 0.1 step 

size. Such a small range is sufficient since cotβ2 is non-dimensional. Results that violate 

constraints deem the loop void and are ignored, whereas results that satisfy all 

constraints are deemed active. If an active loops yields a value for sound power E, that 

is less than the previous minimum sound power yielded, then the an coefficients are held 

in memory by defining them as a new un series of coefficients. This process is repeated 

for all possible combinations of an, and thus the minimum sound power is established.  

 

Initially, when establishing the outlet axial velocity span-wise distribution the value at 

the blade root is assumed to be equal to the inlet axial velocity component. However, 

although this satisfies radial equilibrium, the corresponding flow rate tends to be upper 

bounded. This indicates that the initial condition used is false, and should be modified 

by subtracting an unknown factor ∆v from vf2 at each radial location.  This factor is 

found using trial and error until the calculated flow rate is within 0.1% of the design 

flow rate” (Design of  a low noise rotor-only axial flow fan suitable for Computer 

Cooling, Kenneth Armstrong, 2003, University of Paisley. Project supervised by Dr. 

Yang.) 
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5. Results  
 

In this section of results it will be included the results of all the process of the previous 

section, the analytical optimization step. And then I will carry out the explanation of all 

the process of design of the model in the ProEngineer modelling program. This process 

is explained in this section because I consider the analytical design the main part of the 

project and of all the fan design, and all the modelling process can be considered a 

result of the work done in the analytical part. 

 

5.1. Analytical optimization design parameters  
 

As I have said in the previous part of the report, the algorithm of optimisation is done 

with a Visual Basic program. In the original program from Kenneth Armstrong the 

program only calculates the parameters for the optimized design. I have added to this 

program the part of the free vortex design and implemented the results for obtaining the 

definitive results without the transitional steps. But this program needs of some input 

parameters defined by the user. 

 

 As at first sight I have no idea of which parameters have to be considered for this 

project I decided to take it from a real model of fan. This fan is one commercial fan 

from Fantech Company[10]. Is one fan from medium size and airfoil blades. I have only 

modified the number of blade and all the parameters related with it as the flow rate and 

the pressure rise. The Cl has been selected following the process and the diagrams in the 

free vortex flow part. In the next figure we can see all the different parameters that had 

to be introduced in the program for obtaining the results. 
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Parameter Value 

Tip Radius 0.23 m 

Hub Radius 0.07 m 

Flow Rate 1.97 m³/s 

Cl selected for the 

first section 0.89 

Total Pressure Rise 0.149 kPa 

Number of Blades 3 

RPM 1550 

Blade thickness 0.003 m 

Algorithm input parameters 

 

With these input data we will obtain the parameters necessary to start the modelling 

process. For our modelling process are not needed all the output parameters that we can 

obtain from the algorithm and in the next figure we are going to show the principal 

design parameters and the lift coefficient for each section, and all the sections will be 

completely characterised.  
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Radius(m) Beta1(º) Beta2(º) Betam(º) Stagger Angle(º) Lift coefficient Chord 

0.07 46.7 57.18 51.56 55.56 0.890 0.133 

0.11 38.7 50.24 43.87 47.78 0.685 0.153 

0.15 32.7 40.17 36.13 40.13 0.560 0.162 

0.19 28.25 30.01 29.11 33.11  0.490 0.159 

0.23 27.8 21.80 23.19 27.19 0.415 0.144 

Table of values for all the design parameters obtained from the optimization process 

 

As we can see the program has been designed for dividing the blade in 5 sections. As 

higher the number of sections the problem is divided better the results we obtain. I have 

thought in five because this is the number of divisions that were defined in the Visual 

Basic algorithm. After I have seen the section was divided in five different sections I 

thought that it was not a very good approximation and I decided to calculate an 

approximation of another section by hand. When I did all the process in ProEngineer I 

realised that the precision of the process done by the program interpolating between the 

section was almost the result that I had obtained in this is way I decide to keep this five 

division that the program obtain. 
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5.2. ProEngineer modelling process 
 

As I have said in the introduction of this section next it will be explained all the process 

of creation of the ProEngineer model. Although I have said that the analytical process is 

the main section of the design of a fan, the modelling step takes a long time too. The 

step takes a long time because it is an important part too and it is very important to do it 

carefully and extremely accurate. This accuracy is necessary because we are trying to 

put the values of the parameters calculated mathematically into a solid model and this is 

not as easy as can be expected. If this step is not done carefully all the efforts done in 

the previous step are completely useless. For obtaining the behaviour that we expect the 

precision has to be very high and no mistakes or irregularities in the process are 

admitted. 

 

At the beginning of the project the three-dimensional model was going to be done with 

a GAMBIT special application for fans and turbines, but this feature is not enabled in 

the license that is provided by the university and the cost of the original program made 

impossible to buy it and use it as the default software. As this problem was found the 

project supervisor suggest starting this modelling process with a ProEngineer, a 

program that is supposed to be easier for the purpose of the project. At first sight the 

program looks as having more special features that would make easy to work with it, 

however when I tried to star working I realize that I have no idea about this program. I 

have to start the learning process from zero and it took a long time to adapt to this new 

way of working. But at the moment I get used to its use this program became a very 

useful program because of its aides and tools. Creating a three-dimensional model of the 

fan with ProEngineer to be easily visualized during all the process.  

 

The modelling process consists in four really defined different steps where the work did 

change completely: 

 

• Modelling of the two-dimensional blade section 

• Modelling of the three-dimensional solid blade 

• Modelling of the three-dimensional solid hub 

• Assembling of the complete three-dimensional model of the fan 
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These four steps will be described in a very detailed way for giving the option of 

reproducing all the process to a person whose reading this report. 

 

5.2.1. Modelling of the two-dimensional blade section 
 

The blade model section is the first step of the modelling design. We need this step for 

the rest of modelling steps and it is very important to do it carefully due to this relation. 

The values for the design parameters have been taken from the table of parameters. For 

this step I took the values only for the first radius attached to the hub. In the following 

steps it will be explained why do not need to define all the different sections. 

 

The data needed for this first step are shown in the following table: 

 

Radius(m) Beta1(º) Beta2(º) Betam(º) Stagger Angle(º) Lift coefficient Chord 

0.07 46.7 57.18 51.56 55.56 0.890 0.133 
Table of values for the section attached to the hub 

 

For the creation of the section we have to start defining the chord of the blade. The 

chord of the blade is a straight line with the length obtained from the parameter and 

with a inclination respect to the axis equal to the stagger angle. We need a second line 

parallel to the first one and separate 3mm which is the blade thickness. The rest of the 

process it is supposed to do in the two different lines two create the thickness. 

 

When we have defined the chord line it is time to create two lines that will represent the 

Beta1 and Beta2 angles. The graphical meaning of these two angles is shown in the 

figure that can be found in the page 17. With the definition of this angles we have 

characterized the camber of the blade. Now using the command for curve lines we have 

to create a line tangent to the two angles represented in the previous step and the 

resultant line it is our camber line. 
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The final step of this stage is placing a small prolongation in the outlet of the chamber 

line for being able to add the serrated trailing edge in the future parts of the process. 

After this, we close the lines for being able to extrude it and we have finished this step.  

 

The final result for all this work is the next figure shown: 

 

 
Final design for the blade section 
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5.2.2. Modelling of the three-dimensional solid blade 
 

The modelling of the solid blade starts with the use of the section modelled in the 

previous step. When we have this section ready we have to use the command for 

extrusion it the length that is necessary, in our case 0.16 meters. The command for 

extrusion creates a solid blade of the size of the section and the length we have defined. 

But we know that we have different data for five different sections all over the blade.  

 

A modification of the blade has to be done, however before the modifications are done 

to adapt the blade to the analytical calculations it is interesting to modify the 

prolongation that we have added in the previous step and including the serrated trailing 

edge. This stage has to be done at this moment because we do not want a straight 

serrated trailing edge, we want the trailing edge to be affected by the modifications in 

the camber of the blade and the chord length. Consequently we define the serrated 

trailing edge. The definition of the trailing edge is done like a triangular cut in one 

extreme of the prolongation added to the section. This triangular cut with an arbitrary 

angle of 30º has been repeated following a pattern all over this surface until we adjust it 

to the end of the blade. 

 

Another intermediate step is done before the modifications. I have rounded the leading 

edge of the blade and the lateral edge for making it smooth and for avoiding sudden 

changes of direction to the flow. 

 

By the moment we have the blade with the modified trailing edge is time to apply the 

parameters found in the table. I have divided the blade in the 5 sections using reference 

planes at the different radius values. And at the sections cut but this planes a 

redefinition of the section is applied. ProEngineer adjust the surface between this two 

sections with interpolated solid and doing the same process with the five sections we 

obtain the final modified blade. 
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The final step for the three dimensional modelling of the blade is adapting the different 

sections defined with the reference planes to the stagger angles needed. This process is 

done with the tool for apply torsion to the volumes. The increase of angle between the 

five different sections is done and then we obtain the result that we can see in the next 

group of figures: 
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Lateral view for the three dimensional blade model 

 
 

      

 

 

 

 

 

 

 

 
Front view for the three dimensional blade model 
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Superior view for the three dimensional blade model 
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5.2.3. Modelling of the three-dimensional solid hub 
 

The modelling of the hub consists in modelling the central cylinder where the three 

blades of the definitive fan are attached. Furthermore, it will be necessary to prepare 

some modifications in the cylinder in order to be able to fix the blades without gaps 

neither transition failure surfaces.  

 

The first step in the hub modelling is the creation of the extrusion of a cylinder with a 

radius of 0.07 meters. At the first step we will extrude it with a length exceeding the 

chord length of the blade, and later we have time for correcting it.  

 

Once he have the cylinder it is interesting to round the edge which is in the suction side, 

because the suction not only come from straight, and this way we help the flow in his 

way to the blades.  

 

The next step in this design has lot of different ways to be done, I will only explain 

which the way I decided to use is. As in the step of assemble we need somewhere in the 

hub to fix the blades I decided to cut from the cylinder volume a whole with the shape 

of the basic blade section. My first intention was to cut it directly in the cylinder 

surface, but it becomes impossible because the section of the blade was defined in a 

plane and there was no possibility to adapt it to a curve surface. The solution for this 

problem was to make a cut in the middle of the cylinder with a triangular prism which 

will define three planes of reference with 60º angles between the sides. In one of these 

planes I have import the section and the program was ordered to remove all the material 

with the section shape from the plan to outside of the cylinder. Then a pattern with a 

fixed axis and a displacement of 120º is done and the three extrusions are related 

between them.  

 

When the sections are extruded we can close again the cylinder and remove the material 

not needed at the end of the cylinder. Once we have finished the cylinder we are ready 

to assemble the blades in the hutch and finish the three-dimensional model. The results 

of the process of hub modelling are shown in the following figures. 
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Overview of the three-dimensional hub model and two of the blade section extrusion 

 
 

 
Front view of the three-dimensional hub model 
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View focused in one of the blade section extrusion
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5.2.4. Assembling of the complete three-dimensional model of 
the fan 

 

At this point following the previous steps I had the model of the blade and the model of 

the hub ready to be assembled. The assemble process is the final step in the modelling 

process. It should be an easy step and the modelling process will be over and ready for 

the next step.  

 

For assembling the model we have to define a new kind of file in ProEngineer, it is an 

assemble file. In this kind of file we can modify existing parts and put it together if we 

now what restrictions define completely the assemble and get it fixed.  

 

There are lot of different ways to fix the blade to the cuts done in the hub. I have 

decided first to orientate the down surface of the blade in the same direction than the 

cuts and then fixing some points of the blade to the surface which define the extrusions 

in the hub. When all the restrictions are correctly selected the program told us that the 

two parts are completely fixed and finally they will work just as one unique body. 

 

The next figure shows us a zoom in the zone of the assemble and we can see that the 

work I have done in the design of the cuts has been a good work because now the blade 

is fixed without any gap or empty spaces: 
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Focused figure of the junction between the blade and the hub 

 

In the image we can see that the junction looks like if the blade has no separation with 

the hub and like it was constructed in one piece. 

 

Once we have one of the blades restricted the process for the other two blades is just 

repeat the previous steps and restrictions and finally the entire fan gets assembled. At 

this point is the first time in the project when I can see that I was carrying out the design 

of a fan.  

 

The following figures show the final result of the fan. After all, the work done leads us 

to look to a real fan which visually appears like a fan and the calculations tell us that it 

will work as a fan: 
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Front view of the final assembled model 

 

 
View in perspective of the final assembled model 
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5.3. Simulation step 
 

When we obtain the finished model of the fan it is time to try to submit it to the first 

idea we had. It is supposed that between all the modelling programs there can be the 

interchange of files. And as the project was thought in the beginning to be done with 

GAMBIT it is the moment for trying to import the same file that we have done in 

ProEngineer directly to the GAMBIT. For this purpose we have to export the file from 

our model like an ACIS file(*.sat) and then import it in GAMBIT.  

 

After doing all this process it seems that it is going to work as we can see in the next 

figure extracted from GAMBIT: 

 

 
Gambit representation of the fan model 

 

 

Looking at the properties of the figure it is defined in the program as four different 

volumes and all the vertexes appear as defined.  
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With everything working correctly the following step should be unite the four volumes 

in one and meshing it. But at this point something in the geometry of the blades 

produced an incompatibility with the GAMBIT software and it has become impossible 

to work with it in the program.  

 

After looking in lots of information about importing files from ProEngineer to Gambit I 

have not been able to find a solution for this incompatibility problem. I have modified 

the size of some of the edges in the serrated trailing edge but the problem is not solved. 

Trying to find solutions for this problem I have tried all the possibilities, I tried to 

eliminate the serrated trailing edge from the blade but the incompatibility is still 

affecting to the model. Moreover, I have introduced the model of the blade alone and it 

is not working too. This is why I think the problem is that the deformations done to the 

blade and the torsion applied created some kind of incompatibility or design error that 

makes that Gambit does not recognize it as a valid volume. 

 

This problem was found in a moment where my time plan give me three weeks just for 

doing all the simulation process. I have thought about starting from zero the model of 

the fan, but doing it in ProEngineer a program specifically thought for three 

dimensional solid creation and easy deformation, have taken me more than one month 

of time. This is why I thought it is important to start again and in the case I finish the 

model, the time had ran out and I have no time for simulations.  

 

There is only one more thing to do in this project if further work is wanted to be done. 

Submit the model to a CFD software. If the problems of compatibility with Gambit are 

solved, the next step should be easy. A cylinder has to be done surrounding the fan with 

the boundary conditions defining the pressure rise in the two sides of the fan. The 

analytical design told us that the design of the blades should work near to the optimum 

point for reduction of noise. Then the meshing efforts should be concentrated in how 

‘The Owlet’ technology affects to the behaviour of the flow in the trailing edge.  
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6. Conclusions 
 

The fan designing is a field of the aerodynamics where some very interesting 

improvements have to be done. There is a special necessity almost exclusive for the fans 

which are the reduction of noise. This reduction of noise is very important in fan design 

because the fans nowadays are almost everywhere, and for the people to live surrounded 

by lots of fans producing an unpleasant noise is not comfortable and we will not find 

ourselves in the optimum conditions for living, working or spending our free time. For 

all this reasons the level of noise emitted is one of the most important factors that the 

main costumers look at. Furthermore this noise reduction gets involve a very hard 

aerodynamics work that can be applied in other fields where aerodynamics have a very 

important influence. 

 

At the moment that we start the design of a fan, we have to know clearly that the most 

important part is the analytical and mathematical design. In this part is where we carry 

out the optimization process and where we obtain the main parameters for the future 

modelling or constructing. Moreover, depending on the accuracy of these results we 

will have the expected behaviour or a complete wrong behaviour with non desirable 

consequences such as an increase of noise or bad aerodynamic efficiency. All the 

following steps of the process depend on this previous design and if we are talking of a 

project it can suppose a cost in time and bad results, but fan designing is also in the 

industry, and if in a company the people or the team in charge for these design step do 

not do it really careful and accurate enough the cost can be months of time and lots of 

money that derive in looses for the company. 

 

Although the analysis part is the base of all the future work of modelling and 

construction, these step are also important. In the case of my project I am in the position 

to say that the modelling process can be a disaster if it is not done appropriately. The 

parameters of design are taken supposing a very accurate optimization process. And we 

obtain really concrete values that have to be represented with exact precision in the 

model. If this precision is not obtained because the modelling step is not done carefully 

and step by step, is like we did nothing of optimization because the parameters are not 

being applied. And if the parameters are not applied is like the complete process of 

design becomes useless.  
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Of course, this project only tries to be the aerodynamics design of the fan. There are lots 

of other considerations to take car of if we really want to construct the fan. We have to 

consider the kind of engine that the fan will have, the kind of bearing, the simulation 

should not be only of flow dynamics, some mechanical simulations has to be carried 

out. In this case it is also the decision of the material and how we are going to give the 

shape to it and much more parameters that are not only the aerodynamics. 

 

One of the objectives of the project which was the simulation of the fan in a fluid 

dynamics program has not been reached and it should be a very interesting step because 

at this moment the project is only the aerodynamics part. The combination with bionics 

has been implemented but due to the incompatibilities it has not been evaluated. The 

simulation part is also very important in the design of a fan, or in all aerodynamics 

designs. It is important because at the moment of simulation is when we can see some 

defects that are done in any of the steps. For example at first sight and as the 

information provided by ProEngineer the blades are completely fixed to the hub with no 

gaps, but there is the possibility that a minuscule defect appears in this zone which not 

really affect to the overall efficiency, but it is sure that a small point of drag is created. 

These defects are easy to avoid if we know where they are after the simulation. But this 

simulation is not only aerodynamics. If a mechanical simulation tells us that some 

deformation appears in the blade when it is working at the design working point, it 

should be corrected for obtaining the desired shape working at the desired working 

point. 
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7. Recommendations  
 
There is only one recommendation for further work about this project which is the 

introduction of the model done in a flow dynamics simulation programme for looking at 

the way that the serrated trailing edge affects to the behaviour of the flow. For this 

purpose there are two ways of work: 

 

• Solving the incompatibilities between the ProEngineer model and the process of 

importing it to Gambit 

• Using a different software for doing the meshing construction process and the 

boundary conditions definition process. 
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