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Draught Systems 
Introduction:  
We know that supply of Oxygen is essential for perfect combustion of any 
substance and hence supply of atmospheric air, being the prime source of 

Oxygen, is a must for support of combustion of a fuel. The rate of raise in steam 
generation is proportional to the amount of fuel burnt in the furnace and to 
ensure efficient combustion of fuel, proportionate quantity of continuous supply 
of air is to be maintained. A Boiler is essentially equipped with a combustion 
control system, which maintains regular supply of combustion air, at required 
pressure and temperature, in proportion to the fuel burnt. Unless the product of 

combustion is also simultaneously evacuated, a good combustion regime cannot 
be maintained inside the furnace.  

The system, which ensures continuous supply of combustion air and the 
evacuation of product of combustion, is known as draught system. Hence by 
‘Furnace Draught’ it is meant, creation of an ideal combustion regime or the 
furnace condition, in which desired differential pressure as compared to outside 

atmosphere is maintained to establish uninterrupted flow of combustion air to get 
mixed thoroughly with the fuel and support sustained combustion, 
simultaneously allowing to help the products of combustion be evacuated to 

atmosphere through the height of the stack.”  

 

Objective of a good Draught System:  
The objective of producing draught in a boiler is  
a) To supply or assist in drawl of  required quantity of air for efficient 
combustion of fuel 

in boiler furnace 
b) To evacuate the resulting products of combustion through the system.  
c) To discharge and let out hot gases to atmosphere through the chimney.  
 
Measurement of Furnace Draught: 

A draught gauge or a Manometer is used to measure Furnace Draught. It is 
expressed in millimeter or inches of water column. A Manometer consists of ‘U’ 
tube, one end of which is connected to the furnace and the other end is left open 
to the atmosphere. The ‘U’ tube is filled with colored water without any air 
bubble entrapped into it. The difference in water level in the two legs of the 
Manometer indicates draught inside furnace in mm or inches of water column.   

 
Classification of Draught Systems: 
Draught may be classified mainly as,  

 
Natural Draught:  
It is the draft system in which suction of combustion air is created with the 
natural effect of height of the chimney without any external aid. Drawl of hot 
gases is effected by creation of negative pressure inside the furnace by the 
density difference between the column of hot gases and the column of 

atmospheric air. Hotter the flue gas, lighter it becomes, but the atmospheric air 
almost remain constant, without any significant variation. Hence higher the 
temperature of the flue gas at entry to chimney better is the draught effect in 

the furnace. The height of the chimney also matters in creating the draft effect. 
If the chimney height is more, better draught will be induced due to high 
difference in weight of column of hot flue gas inside the chimney and the cold 

column of atmospheric air outside the chimney.  
Natural Draught system may be adopted only for small capacity package type 
Boilers. It may not be suitable for high capacity Boilers, wherein bulk fuel is 

handled, needing huge amount of combustion air at higher pressure and 
temperature. For supply of large volume of combustion air and to create 
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adequate draught inside the furnace, some kind of mechanical device is required 
to be used. 
 
Artificial Draught: 
The draught system in which draught is created with the external assistance by a 
steam jet or with the action of Forced and Induced draught Fans, either 

independently or in combination, in addition to the chimney effect is called 
artificial draught. 
Artificial system can be again classified into following; 

a) Forced Draught System 
b) Induced Draught System 
c) Balanced Draught System 
  
Forced Draught: 
Air drawn from atmosphere is forced into the furnace, at a pressure higher than 

the outside atmosphere, by big centrifugal fan or fans to create turbulence and 
to provide adequate Oxygen for combustion.  Hence the system is known by the 
name Forced draught system and the fan, used to push through combustion 
air under pressure, is called Forced Draught Fan. F D fan is normally located at 
the front or sideways of the furnace. 
Since the furnace is kept under pressure in the forced draught system, there 

could be possibility of external air leakages, unless the furnace is designed 
airtight. 

 
Induced Draught:  
Instead of drawing atmospheric air and pushing through furnace, a centrifugal 
fan can be deployed to draw out the air from the furnace and throw out through 

the chimney, thereby creating negative pressure in the combustion zone and 
maintain the negative draught through out the furnace. The system is called 
Induced Draught system and the fan deployed for this purpose is known as 

Induced Draught Fan. 
In the Induced Draught system, the fan is fitted at back end of the furnace or 
near the base of the chimney.  Due to the negative pressure created inside the 
furnace, by the action of the fan, atmospheric air enters and aids combustion. 
The entry of air is regulated through air registers and dampers. 

 
Balanced Draught: 
The system in which combustion air is supplied under pressure through a Fan 
and a negative draught is created by the suction of another is called Balanced 
Draught System. It is a combination of the forced and induced draught system.  
In a balanced draught system, air for combustion is supplied at required pressure 

by the action of the Forced Draught Fan and the extraction or removal of flue gas 
is assisted by the Induced Draught Fan, thus a balanced draught is maintained.  
 

Power required to drive Draught Fan: 
The capacity of the Fan or the air horsepower is defined as the power required to 
move air or gas by the fan, through the furnace and push through the chimney.  

If P = draught pressure in kg/m2 = h (where h = draught in mm of water)  
V = volume of air or gas handled by fan per minute in m3  
Then, Work done by fan = P × V kg-m/minute &   

                              Air H P = (P × V) / 4500 
If ‘η’ is the efficiency of the fan, 

Then, power (BHP of motor) required to drive the fan = (P × V) / 4500 × ηηηη        

Or = (105×P×V)/ 102×η kW. 

Where, P = draught pressure produced in bar. 
           V = vol. of air or gas in m3/sec. 
           η = Eff. of the fan. 
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Now, volume V of air handled by a forced draught fan can be calculated as 
under:  

If w = quantity of air supply per kg of fuel burnt  
   W = weight of fuel burnt/minute  
         Then quantity of air supplied per minute = w × W kg   

        If Ta   = absolute temp. of outside (cold) air  
            To = absolute temp. of air at NTP (273 deg K) &  
            Vo = volume of 1 kg of air at NTP (0.7734 m3) 
Then,   V = w × W × Vo × Ta / To m3 /sec 
Substitute value of  (2) in equation (1) 
Power required to drive a forced draught fan   i.e.  

 
B.H.P. of motor = P ×  w × W ×  Vo ×  Ta      
                                                4500 ×  ηηηη × To               

 [or, Power of motor = 102 ×P × w × W × Vo ×  Ta    Watt  
                                                   60 ×  η × To               

Where P = draught pressure produced in bar.] 
Now in case of induced draught fan the power of the fan can be calculated as 

under:  
The wt. of flue gases formed per kg of fuel = (w+1) kg  
∴∴∴∴ wt.  of flue gases handled by induced  draught  fan  per minute = W (w+1) kg  

 (W kg of fuel is burnt per minute)  
If T = absolute temperature of flue gases, assuming density of flue gases to be 
that of    air)   V = (w+1) W × Vo × T / To  

Substituting value of (4) in equation (1),  
 
Power required to drive an induced draught fan i.e. B.H.P. of motor     
                                               
                                    =  P × (w+1) W × Vo × T   
                                                          4500 × ηηηη× To 

 [or, Power of motor = 102 ×P × (w +1) × W × Vo ×  Ta    Watt  
                                                                    60 ×  η × To               

Where P = draught pressure produced in bar.] 
 Now comparing of BHP for forced & induced draught when both the fans  

 have same efficiency & produce equal draught.  
 
 H.P. required for induced draught fan    =   {(w+1) / w} × T / Ta  

             H.P. required for forced draught fan  
 
 Where, T = absolute temp of flue gases handled by I.D. fan  

             Ta = absolute temp. of air handled by F.D. fan &   
             w = weight of air used in kg to burn 1 kg of fuel. 

 
 

 EXAMPLES 

 
Example 1: Forced draught fan delivers air at 10 meters/sec against a draught 
of 25 mm of water across the fuel bed on the grate. Determine the HP required 

to drive the fan if 10,000 kg of coal is burnt per hour with 13 kg of air is required 
per kg of coal burnt. Barometer reading is 1 kg/cm2.  Boiler house temperature is 
20 deg.C. Assume the efficiency of the fan to be 81.5% "R" gas constant or air = 
29.27 kg m//kg/ C.    

                                                  
Solution :  Here,  

The atmospheric pressure P is given 1kg/ cm2 = 0.981 × 102 kPa 
Mass of air m handled per second = 10000 × 13/ 3600 = 36.11 kg 
Temperature T = 20 + 273 = 293 K 
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R given 29.27 kg m//kg C × 9.81 × 10-3 = 0.287 kJ/ kg C 
Now from the relation PV = mRT, volume of air per second handled by the fan 
= 36.11 × 0.287 × 293/ 98.1 = 30.95 m3/ s 
Density of air at 293 K, ρ = 36.11/ 30.95 = 1.167 kg/ m3 
Again velocity of air V = 10 m/sec  
 

 
∴Velocity head to be imparted to the air by the height of gas column hg = V

2/2g  
= 100/(2 × 9.81)  = 5.1 meter  
∴Draught pressure created by hg, P = hg × ρ × g = 5.1 × 1.167 × 9.81 × 10

-3 

 = 58. 39 × 10-3 kPa 
Draught loss through the grate = 25 mmWC × 9.81 × 10-3 kPa = 245.25 × 10-3 
kPa 

Total draught created by forced draught fan   = 58. 39 × 10-3 + 245.25 × 10-3 

= 303.64 × 10-3 kPa 

Now, efficiency of this FD fan is 81.5 %                      

Power of forced draught fan = 303.64 × 10-3 × 30.95/ 0.815 
11.53 kW  , HP = 11.53 × 103/ 735.75 = 15.70  
                                                                                                                                                   

 
Example 2: Find the difference in horsepower required for a boiler having 
Following data if a forced draught fan is used in place of an induced draught fan. 

Boiler House temp = 20 C  
Mean temp of flue gases leaving boiler = 109 C  
Air supplied per kg of fuel burnt = 19 kg  
Density of air under given condition = 1.205 kg/m3  

Density of flue gases at specified temp.=  0.769 kg/m3  
Combustion rate = 150 kg of fuel per hour.  

Fan draught required in both the cases = 75 mmWC  
Efficiency of fan in both cases = 50%  
Allow 20% leakage air in case of induced draught fan & 10% leakage in case of 
forced draught fan.           

Solution :  Case -  1 Induced Draught Fan 

Weight of fuel burnt per minute  = 150/60 = 2.5 kg / min 
Weight of flue gases produced per kg of fuel = 19+1 = 20 kg 

∴Weight of gases handled by fan/minute = 2.5 × 20 = 50 kg / min 

 
∴V = 50/0.769 × 1.2    (Here, 20% leakage air is considered) 

    = 78.05 m3 / min 

    Draught pressure P =  75 mmWC = 75 kg/m2  
   Using equation,  
BHP of motor to drive ID fan =(P × V) / 4500 × η = (75 × 78.05) / (4500 × 0.5)  

 = 2.596 ------------------------------ (1)  
 

Case - 2 Forced Draught Fan  

Volume of air to be handled by FD Fan per minute V = [(19 × 2.5)/ (1.205)] × 
1.1     

(Here, 10% leakage air is considered) 
= 43.39 m3/ min 
& Draught pressure is same as above as above i,e. 75 kg/m2  

Using equation,  
BHP of motor to drive   FD Fan = (P × V) / 4500 × η = (75 × 43.39) / 4500 × 

0.5                                                                                               = 1.445      
--------------------------- (2) 
∴Difference between Horse power = 2.596 - 1.445 = 1.151 HP  

 


