
Fan Engineering 
Lesson 1

Fundamentals of Fan Engineering



Fundamentals of Fan Engineering
• Atmospheric air is a mixture of several gases, water vapor, and impurities



Fundamentals of Fan Engineering
• Volume Flow Rate is Defined as

• The Air Velocity Multiplied by the 
Area of the Measuring Plane

• The Amount of Air passing a given 
point in a Given unit of Time
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Fundamentals of Fan Engineering
Determine the Volume of the room for ventilation (m3)

Length (m) x Width (m) x Height (m) = m3

Determine the Air Change Required

Volume of the room for ventilation 
(m3) x Air Change Required

= Volume required for Ventilation 



Fundamentals of Fan Engineering
Determine the Access for Fresh Air / Exhaust Air

Wall Mounted / Roof Mounted ? 

If there are easy access to atmosphere
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Fundamentals of Fan Engineering
Wall Mounted / Roof Mounted

Wall Mounted Propeller 

SCAW Series

(Wall mounted)

Roof Extractor series

TFA-R

(Roof mounted)



Fundamentals of Fan Engineering
Ducted ? 
 To do static calculation (based on Ashrae or SMACNA) to get the pressure drop required to size the fan

Non Ducted? 
=> To obtain the tested pressure drop through the ancillaries such as lourve shutter / grilles from the relevant 
suppliers 



Fundamentals of Fan Engineering
Static Calculations 
Loss Coefficients reference: ASHRAE (American Society of Heating, Refrigeration, and Air Conditioning Engineers) 
or SMACNA (Sheet Metal and Air Conditioning Contractors National Association) 



Fundamentals of Fan Engineering
STATIC CALCULATIONS 



Fundamentals of Fan Engineering
STATIC CALCULATIONS 

Ref: Ashrae
HandBook –
Chapter 21 – Duct 
Design
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Fundamentals of Fan Engineering
FAN LAW 

•Fan Law 1
•Air Flow is proportional to (Speed)1

•Fan Law 2
• Pressure is proportional to (Speed)2

•Fan Law 3  
•Impeller Power is proportional to (Speed)3

Note 
• Fan efficiency do not change at any speed  
• Fan laws only applies to geometrically similar design 



Fundamentals of Fan Engineering
FAN LAW 

Note 
• Fan efficiency do not change at any speed  
• Fan laws only applies to geometrically similar 

design 



Fundamentals of Fan Engineering
MULTI SPEED OPERATION 

Required for dual purpose application due to space and usage 

For example Emergency Mode and Normal Mode operation 
• Staircase Pressurisation and Staircase Ventilation
• Carpark Fire and Normal operation

• Under Platform and Smoke Extraction operation (UPEF/SEF) 

Few methods of multi speed control 
• Dual Speed motors
• Variable Speed Drives
• Physically by have fans in parallel 



Fundamentals of Fan Engineering
MULTI SPEED OPERATION – HOW ?  

A. Multi-speed motors

 Motor itself have double winding or pole change configuration. 
 Usually in the form of 4/8, 2/4, 4/6 pole 

 Therefore 4pole = 1500rpm, 2pole = 3000rpm, 6pole = 1000rpm, 8pole = 750rpm 



Fundamentals of Fan Engineering
MULTI SPEED OPERATION  - HOW ? 

A. MULTI-SPEED MOTORS 

Specified Duty (20,000 / 8000 cmh @ 800 / 250 SPa) 

1. Select 2 speed combination that is closest to the  normal air flow requirement 
4/8 or 2/4 @ 0.5 ratio
Fan Law 1 = Air Flow is proportional to Speed 
Therefore, the normal speed airflow is 20,000 x 0.5 =        10,000cmh (as compared to 8,000cmh) 

4/6 @ 0.667 ratio
Fan Law 1 = Air Flow is proportional to Speed 
Therefore, the normal speed airflow is 20,000 x 0.667 =    13,333cmh (as compared to 8,000cmh) 



Fundamentals of Fan Engineering
MULTI SPEED OPERATION  - HOW ? 

A. MULTI-SPEED MOTORS 

Specified Duty (20,000 / 8000 cmh @ 800 / 250 SPa) 

2. Determine what is the normal static pressure 
4/8 or 2/4 @ 0.5 ratio
Fan Law 2 = Pressure is proportional to (Speed)2

Therefore, the normal speed airflow is 800 x (0.5)2 = 200SPa (as compared to 250 SPa) 

There the 2 speed duty is 20000 / 10,000cmh @ 800 / 200 SPa (Specified  20,000 / 8000cmh @ 800 / 250 Spa)



Fundamentals of Fan Engineering
MULTI SPEED OPERATION – HOW ? 

B. VARIABLE SPEED DRIVE  

Specified Duty (20,000 / 8000 cmh @ 800 / 250 SPa) 

1. Select the fan based on Full Speed of 50Hz (20,000 cmh @ 800 Spa) 
Fan Law 1 = Air Flow is proportional to Speed (in this case, Speed is proportional to Freq)
Therefore, the frequency to achieve 8000cmh at normal mode is

Thus the fan need to set at 8,000 x 50 / 20,000 => 20 Hz



Fundamentals of Fan Engineering
MULTI SPEED OPERATION  - HOW ? 

B. VARIABLE SPEED DRIVE  

Specified Duty (20,000 / 8000 cmh @ 800 / 250 SPa) 

2. Determine what is the normal static pressure 
Fan Law 2 = Fan Law 2 = Pressure is proportional to (Speed)2

Therefore, the frequency to achieve 8000cmh at normal mode is

Thus the fan static at normal speed is => 128 SPa

Thus using VSD 2 mode duty is 20000 / 8,000cmh @ 800 / 128 SPa (Specified  20,000 / 8000cmh @ 800 / 250 Spa) 



Fundamentals of Fan Engineering
MULTI SPEED OPERATION – HOW ? 

C. How does the VSD works 

1. The supply voltage is firstly pass through a rectifier unit where in gets converted into AC to DC supply
2. The DC bus comprises with a filter section where the harmonics generated during the AC to DC conversion are 

filtered out. 
3. An inverter section where the filtered DC supply is being converted to quasi sinusoidal wave of AC supply which is 

supply to the ac motor connected to it.



Fundamentals of Fan Engineering
MULTI SPEED OPERATION – HOW ?  

D. ADVANTAGES OF USING VSD
• Energy Savings – No wastage  
• Able to fine-tune the airflow during commissioning better 

E. DISADVANTAGES OF USING VSD 
• Overheating of general motor if the motor it run too slowly

• Bearing and insulation life will be reduced
Thus standard recommendations is for the motor to be running at 30Hz if using general purpose motors

• Voltage “chopping” that occurs in the drive will send high-voltage spikes (at the DC bus level) down to the 
motor. If the system has long cabling, reflected waves may occurs at the motor. This could double the voltage 
at the wire and end up with premature failure of the motor insulation  

• For critical systems with VSD operation, it is necessary to use Inverter Motors which are designed for 
higher voltage spikes without insulation failing 

Fan Law 3 
Power is proportional to (Speed)3



Question and Answer session 


