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Abstract 
 

It is often happened, when a project in various application that involves air movement for 

air supply or cooling to dissipate heat. A fan or a blower is required. Since there are so 

many fans and bowers in the market, there is good chance you could find a right one to 

be feasible to your application to fulfill the tasks of your design. There are also possible 

that a fan with your desired flow rate and static pressure and maximum noise level is 

difficult to find in the market. Then different approach needs to be taken to get your job 

done. This paper is to give guidance for those needs to get a big picture of how-to when 

they are facing such a fan selection task.  

 

The necessary data you have to consider for fan selection  

First thing you can do is to search for possible fans in the market.  

1, Flow Rate Q (in CFM or m3/h…) 

Before you are doing this, you need to determine what maximum flow rate is needed for 

your application? 

Generally there are two factors to decide the flow rate required. (i) air supply requirement 

explicitly in CFM, m3/h or L/min what ever which may be from Air Exchange Rate 

(AER) or other ventilation requirements. If this is the case, then you are lucky since no 

complicated process need you to go through. 

(ii) for those situation that you do not know how much flow rate you really need. For 

example, you need to dissipate heat generated from a CPU chip set from a computer 
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assembly, or a heating element from a air heater for room comfort, or a chiller coil from 

air conditioning system for cooing room in summer, all you know is the wattage of your 

CPU, heating element and chill air coil. In this case, you will need to find out how much 

mass flow rate will be needed to cool down (for heating system) or warm up (for air 

conditioning system) to a certain temperature ts on the surface of your CPU, heating 

element and air chillier coil (let’s call them as thermal element for simplicity in the latter 

discussion) or the desired exhaust temperature tex basing on the ambient temperature. The 

ambient temperature t0 that we use here is the new temperature before entering the inlet 

of the fan to cool or warm the thermal elements. Then you can do some approximation 

calculation for the mass flow rate through following equation:   

q=hAs (ts- t0) 

Where h is a convection heat transfer coefficient that dominated by convection efficiency 

of the airflow around the thermal elements; As is heat transfer surface area; ts is 

temperature of surface; t0 is temperature of the air sufficiently far from the heat element, 

which can be considered temperature of ambient. The required airflow rates for cooing 

will depend mainly on the convection heat transfer coefficient h, which depends on the 

geometry of the thermal elements and its surrounding configuration as well as airflow 

boundary conditions. This can be calculated through theoretical or numerical 

calculations.  A most popular method to evaluate the thermal cooling condition and air 

flow requirements is using CFD conjugate heat transfer simulation to precisely get the 

results.   

q=ρ QCp∆T 

then the required air flow rate Q will be: 

Q=q/(ρ Cp∆T) 

Where ρ is air density; Q is volumetric airflow rate; Cp is specific heat and ∆T is air 

temperature difference between inlet and outlet by assuming there is no other heat loss 

through conduction or radiation.   
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For example: A hairdryer with 1875Watt heating element at its full speed setting, if the  

air temperature at exit section need to be about 91º C for room temperature 21º C 

condition. By using upper equation, we can obtain an approximate required air flow rate 

about 90 m3/h.  

2, Static Pressure Ps or Total Pressure Pt (in PSI or Pa…) 

To make air can flow through a pipe line (duct) or a device, the fan not only has to have 

capability to drive the required flow rate Q, but it also need to have enough power to 

overcome the resistance generated by such amount of air pushing through the confined 

space. When air passing through a duct or an object, energy loss due to wall friction and 

flow separation.  Therefore, to know the total loss induced due to desired air flow through 

the system accurately will be benefit for selecting a right fan be suitable for your task.  

The energy loss can be represented by pressure loss for a given flow rate. As such, people 

in this industry generally use the term of pressure loss or pressure drop. The pressure 

used in this term should be more accurate by using total pressure loss or total pressure 

drop. However, calling it pressure loss has become a convention.  

Static pressure plus dynamic pressure makes total pressure. A fan no matter how much 

flow rate is indicated in its spec, as long as the static pressure or total pressure is not 

greater than pressure drop of the system, there is no chance to reach such a required flow 

movement, although flow movement with a lower flow rate could still be created 

depending on how much total pressure it can provide. 

 

3, How to obtain total pressure loss (drop)? 

There are several ways to obtain total pressure loss (drop) of a air system: 

(i) by theoretical calculation or using empirical dataset from engineering manual 

(ii) by experimental 

(iii) by CFD simulation 

The recommendations are: 

For those with simple geometry configuration use method (i);   



Basic Input Data Needed to Develop a High Performance Fan/Blower with Low Noise, Energy Saving and High Efficiency 
Turbomoni Applied Dynamics Lab   Copyright © 
  Page 4 

For those with complex geometric configuration but possible and feasible to do 

experiment measuring use method (ii); The method (iii) for all complex and simple 

configuration. 

4, Noise Consideration 

The loudness of fan noise is generally described using Sound Pressure Level (SPL) in 

dBA. The last letter A, means that it is weighted with ‘A’ scale to reflect sensitivity of 

human hearing capability. This is a measure generally being used in sound meters, which 

one must give the measurement result together with the distance from microphone to 

centre of noise source. There are other scales, for other purpose, generally are not uses in 

our daily life, such as dBC is used in aeronautical noise measurement. 

The requirement of noise level for a fan is generally depends on the maximum allowed 

noise from norms or the minimum noise level you are trying to achieve for your product. 

For the purpose of noise reduction or improvement of a fan product, a meaningful and 

minimum noise reduction should be about 3dB, with 3dB noise difference people can 

clearly feel the noise difference. However, the noise reduction target should be 

reasonable, otherwise it will be difficult or impossible to achieve.  

High-efficiency-energy-saving and low noise fans for high-end applications were 

developed by using our aerodynamics expertise and in house developed designing tools 

and software. Our applications cover aerospace, surface vehicles, marine ships, industrial 

equipments and medical devices. Combining with high quality motors, we are able 

to provide compact and lightweight fan module designs for harshness and durable tasks. 

5, Working Conditions of the Designed Fan/Blower 

The working conditions of the fan/blower in their application are also important, such as 

the temperature of air from intake and altitude etc. If it is used in other gases instead of 

air, then the density of the gas need to be specified.   

 

 
 



Basic Input Data Needed to Develop a High Performance Fan/Blower with Low Noise, Energy Saving and High Efficiency 
Turbomoni Applied Dynamics Lab   Copyright © 
  Page 5 

6, Fan Design Procedures  

In a process of developing a new product or a new device it is quite common that it is 

difficult to find an off-shelf fan or blower from store or manufacture catalogue due to size 

or performance needed.    

Due to the requirement of air moving effectiveness, energy saving, environmental 

comfort, fan deserves to have more special care in various way in order to reach its 

maximum potential performance.  In the past, many fan designs did not take full 

advantage of achievement in aerodynamics and aeroacoustics. It is quite often to see that 

an old or unprofessional design left a significant margin to be improved. We provide 

customer design to maximize the capacity of energy saving and quietness. 

There are 6 steps to complete a fan/blower new design and development 

Step 1: Communicate with your technical manager in TurboMoni Applied Dynamics Lab 

about the general and special requirements of your desired fan or blower. The 

information includes: Flow rate, total pressure or static pressure, dimension constrains of 

the fan, preferred noise level (dBA), interface dimensions of inlet and outlet of the fan, 

total weight of the fan module and electric motor performance data sheet (if you have 

your preferred electric motor) . Let us know if you need our help to define your system 

pressure loss in order to determine the required total pressure or static pressure of the new 

fan to be developed.   

 

Figure 1.  A sample design of a Axial Fan 
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Figure 2. Designed Aerodynamic Load over a Blade of Axial Fan 

Step 2:   We will evaluate the requirement and make a primary calculation and will provide you a proposal 

with evaluation of estimated budget required and time lines to complete each milestones.  If the required 

performance is out of the range that can be reached or not realistic, we will discuss with you for alterative 

changes or solutions. 

Step 3:  Reverse Design, Aerodynamics design will results in generation of a group of geometric data to 

form the shape of the blades and hub, airfoil sections of blade, twist angle about stack lines, shroud, casing 

(volute) and inlet and outlet interface etc.   

Step 4:  CFD (Computational Fluid Dynamics) simulation, State of the art methodology to model air 

flow around fan wheel and casing system in 3D on computer. It is meant to estimate the performance of the 

design and identify further opportunity to optimize the design through analysing of the simulation data as 

well as flow visualization through CFD post processing. In the mean time, aeroacoustic noise simulation 

will also be implemented basing on the requirement.  

Step 5:  Rapid Prototype: Rapid prototype will make the fan prototype available for functional test. 

Step 6:  Performance/functional testing and design modification 

Step 7:  Performance optimization 
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Step 8: Delivery final design with 3D model, data and summary report with test results as well as 

recommendations 

Conclusions 

To design a high performance fan or blower, one need to figure out required flow rate, 

pressure drop and reasonable noise reduction. To determine the required flow rate and 

pressure drop, one can also use CFD simulation to get more precise prediction. The more 

accurate these data the better for the design results. 

 

  

 


