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1. Centrifugal Fan Calculation 

 
1.1. Fan Air Volume 

 
The required air volume or flow of the centrifugal fan are calculated in sections 1.3 and 1.4: 
 
 

 𝑄𝑄𝑄𝑄 = 𝑀𝑀𝑀𝑀.∆𝐻𝐻 
Where: 
𝑀𝑀𝑀𝑀: Mass of air, kg/h 
∆𝐻𝐻: Change in enthalpy of air: Ho – Hi 
𝐻𝐻𝐻𝐻: Enthalpy of air (Outlet air temp. 55 ˚C, 43 % Moisture) 
𝐻𝐻𝐻𝐻: Enthalpy of air (after heater 170 ˚C, 1% Moisture) 
Hence: 
𝑀𝑀𝑀𝑀 = 𝑟𝑟𝑟𝑟.𝑉𝑉𝑉𝑉 
 𝑟𝑟𝑟𝑟: Density of air, kg/𝑚𝑚3  
𝑉𝑉𝑉𝑉: Volume of air, 𝑚𝑚3/h 
 
7,739,363,411 = 𝑀𝑀𝑀𝑀. (319768−171430) 
𝑀𝑀𝑀𝑀 = 52,174 𝐾𝐾𝐾𝐾/ℎ 
53,121 = 0.78 × 𝑉𝑉𝑉𝑉 
𝑉𝑉𝑉𝑉 = 66,890 𝑚𝑚3/ℎ 
 
Required Air Volume is: 67000 𝒎𝒎𝟑𝟑/𝒉𝒉 
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1.2.  Pressure Drop 

 
The total pressure loss of the pneumatic system can be expressed as: 
 
∆𝑃𝑃𝑃𝑃 = ∆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + ∆𝑃𝑃𝑃𝑃 + ∆𝑃𝑃𝑃𝑃 + ∆𝐻𝐻𝐻𝐻 + ∆𝐻𝐻𝐻𝐻 + ∆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 
 
∆𝑃𝑃𝑃𝑃: Total pressure loss in the system 
∆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃: Pressure loss due to acceleration of the solids from their “at rest” condition at 
the pickup point. 
∆𝑃𝑃𝑃𝑃: Friction pressure loss of the gas 
∆𝑃𝑃𝑃𝑃: Friction pressure loss of the solids 
∆𝐻𝐻𝐻𝐻: Elevation pressure loss of the gas 
∆𝐻𝐻𝐻𝐻: Elevation pressure loss of the solid  
∆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃: Pressure losses from miscellaneous equipment (cyclone, bag filter) 
 

1.2.1. Pressure loss due to acceleration of the solids: 
 

∆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 6894.8
𝑊𝑊.𝑉𝑉𝑉𝑉
144.𝑔𝑔

 (𝑃𝑃𝑃𝑃) 

Where: 

𝑊𝑊: Solids mass velocity, ( 𝑙𝑙𝑙𝑙𝑙𝑙
𝑠𝑠.𝑓𝑓𝑓𝑓2

) 
𝑉𝑉𝑉𝑉: Particle velocity, (ft/s) 
𝑔𝑔: Acceleration due to gravity, (32.2) 
 
Hence: 
𝑉𝑉𝑉𝑉 = 0.8𝑉𝑉𝑉𝑉 
𝑉𝑉𝑉𝑉: Maximum Air velocity, (ft/s) = 65.6 
 

𝑊𝑊 =
𝑀𝑀𝑀𝑀
𝐴𝐴

 

𝑀𝑀𝑀𝑀: Starch feed rate, (lbs/s) 
𝐴𝐴: Duct Area, ( 𝑓𝑓𝑓𝑓2) 

𝑊𝑊 = 0.454 𝑙𝑙𝑙𝑙𝑙𝑙
𝑠𝑠.𝑓𝑓𝑓𝑓2

   

𝑉𝑉𝑉𝑉 = 52 
𝑓𝑓𝑓𝑓
𝑠𝑠

 

∆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 6894.8
0.454 × 52
144 × 32.2

= 35.4 (𝑃𝑃𝑃𝑃) 
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1.2.2. Friction Pressure loss of the gas: 
 
The frictional pressure drop of the gas is calculated based on the following diagram : 
 
∆𝑃𝑃𝑃𝑃 = 𝐹𝐹𝐹𝐹. 𝐿𝐿 (𝑃𝑃𝑃𝑃) 
 
Where: 
 
𝐹𝐹𝐹𝐹: Friction loss, from chart, (Pa/m) 
𝐿𝐿: Pipes equivalent length, (m) (From 1.2.3) 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure -1 
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𝑄𝑄 = 90000
  𝑚𝑚3

ℎ
= 52 950 𝐶𝐶𝐶𝐶𝐶𝐶 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 1300 𝑚𝑚𝑚𝑚 = 51 𝑖𝑖𝑖𝑖 

𝐹𝐹𝐹𝐹 = 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 = 0,2 
𝐼𝐼𝐼𝐼𝐼𝐼ℎ 𝐻𝐻2𝑂𝑂

100 𝑓𝑓𝑓𝑓
= 1,64 𝑃𝑃𝑃𝑃/𝑚𝑚 

𝐿𝐿 = 282 𝑚𝑚    (From 1.2.3) 

∆𝑃𝑃𝑃𝑃 = 𝐹𝐹𝐹𝐹. 𝐿𝐿 = 1.64 × 282 = 463 (𝑃𝑃𝑃𝑃) 

 

1.2.3. Pipes equivalent length: 

For straight runs use the actual length of the pipe. For bends and other devices, use 
the table-1 below as a guide: 

Table-1 
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Figure -2 

 

Table -2 (Duct Equivalent Calculation) 

 

 

  

 

 

 

Componenet Quantity
Max. 

Diameter  
(ft)

Equivalent 
Lenth (ft)

Equivalent 
Lenth (m)

Bend 90 6 4.59 184 61
Flexible 
Hoses

2 4.59 91.8 30

Straight 
Length

50

Total 141
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𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 2    

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ = 2 × 141   

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ = 282 𝑚𝑚   

 

1.2.4. Friction pressure loss of the solids: 

∆𝑃𝑃𝑃𝑃 = ∆𝑃𝑃𝑃𝑃.𝐾𝐾.𝑅𝑅   (𝑃𝑃𝑃𝑃) 

Where: 

∆𝑃𝑃𝑃𝑃: Friction pressure loss of the gas (Pa)(From 1.2.2) 

𝐾𝐾: Friction multiplier for the solids conveyed=10 

𝑅𝑅: Solids to gas mass flow ratio, (lb/lb) 

Hence:𝑅𝑅 = 𝑊𝑊
𝑉𝑉𝑉𝑉.𝜌𝜌

 

𝑊𝑊: Solids mass velocity, 𝑙𝑙𝑙𝑙𝑙𝑙
𝑠𝑠.𝑓𝑓𝑓𝑓2

 
𝑉𝑉𝑉𝑉: Particle velocity, ft/s 

 𝜌𝜌: Air density (lb/𝑓𝑓𝑓𝑓3) 

𝑊𝑊: Starch Feed Rate / Duct Area, 𝑙𝑙𝑙𝑙𝑙𝑙
𝑠𝑠.𝑓𝑓𝑓𝑓2

 

𝑊𝑊 =
10600 × 2.2

3600

3.14 ×  4.272
4

= 0.454 

𝑉𝑉𝑉𝑉 = (0.8 × 20 × 3.28) = 52 

𝜌𝜌 = 0.048 

𝑅𝑅 =
𝑊𝑊
𝑉𝑉𝑉𝑉. 𝜌𝜌

=
0.454

52 × 0.048
= 0.179 

∆𝑃𝑃𝑃𝑃 = 463 × 10 × 0.179 = 828.77  (𝑃𝑃𝑃𝑃) 
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1.2.5. Elevation pressure loss of the gas: 

∆𝐻𝐻𝐻𝐻 = 6894.8
∆𝑍𝑍.𝜌𝜌.𝑔𝑔
144.𝑔𝑔𝑔𝑔

  (𝑃𝑃𝑃𝑃) 

Where: 

∆𝐻𝐻𝐻𝐻: Elevation pressure loss of the gas, (Pa) 

∆𝑍𝑍: Elevation change in pipeline, (ft) 

𝜌𝜌: Air density, (𝑙𝑙𝑙𝑙/𝑓𝑓𝑓𝑓3) 

𝑔𝑔:𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴  𝑑𝑑𝑑𝑑𝑑𝑑 𝑡𝑡𝑡𝑡 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 32.2 

𝑔𝑔𝑔𝑔:𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 32.174 

∆𝑍𝑍 = 30 𝑚𝑚 = 98 𝑓𝑓𝑓𝑓 

𝜌𝜌 = 0.048 

∆𝐻𝐻𝐻𝐻 = 6894.8
∆𝑍𝑍.𝜌𝜌.𝑔𝑔
144.𝑔𝑔𝑔𝑔

= 6894.8 ×
98 × 0.048 × 32.2

144 × 32.174
= 226(𝑃𝑃𝑃𝑃) 

1.2.6. Elevation pressure loss of the solids: 

∆𝐻𝐻𝐻𝐻 = 6894.8
∆𝑍𝑍.𝑊𝑊.𝑔𝑔

144.𝑉𝑉𝑉𝑉.𝑔𝑔𝑔𝑔
  (𝑃𝑃𝑃𝑃) 

Where:  

∆𝐻𝐻𝐻𝐻: Elevation pressure loss of the solids, (Pa) 

∆𝑍𝑍: Elevation change in pipeline, (ft) 

𝑊𝑊: Solids mass velocity, ( 𝑙𝑙𝑙𝑙𝑙𝑙
𝑠𝑠.𝑓𝑓𝑓𝑓2

) 
𝑉𝑉𝑉𝑉: Particle velocity, (ft/s) 

𝑔𝑔:𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴  𝑑𝑑𝑑𝑑𝑑𝑑 𝑡𝑡𝑡𝑡 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 = 32.2 

𝑔𝑔𝑔𝑔:𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = 32.174 

∆𝐻𝐻𝐻𝐻 = 6894.8
∆𝑍𝑍.𝑊𝑊.𝑔𝑔

144.𝑉𝑉𝑉𝑉.𝑔𝑔𝑔𝑔
= 6894.8 ×

98 × 0.454 × 32.2
144 × 52 × 32.174

= 41  (𝑃𝑃𝑃𝑃) 
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The total pressure loss of the pneumatic system can be expressed as: 
 

∆𝑃𝑃𝑃𝑃 = ∆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + ∆𝑃𝑃𝑃𝑃 + ∆𝑃𝑃𝑃𝑃 + ∆𝐻𝐻𝐻𝐻 + ∆𝐻𝐻𝐻𝐻 + ∆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 
 
∆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = ∆𝑃𝑃 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 1433 𝑃𝑃𝑃𝑃 
 
∆𝑃𝑃𝑃𝑃 = 35.4 + 463 + 828.7 + 226 + 41 + 1432 
= 3026 𝑃𝑃𝑃𝑃 

 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 2 

 ∆𝑷𝑷𝑷𝑷 = 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 × 𝟐𝟐 = 𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔  𝑷𝑷𝑷𝑷 

 

1.3. Fan Motor Power 

 

𝑃𝑃 = 𝑆𝑆.𝐹𝐹
𝑉𝑉𝑉𝑉.∆𝑃𝑃𝑃𝑃

𝑒𝑒. 3.6 × 106
 (𝐾𝐾𝐾𝐾) 

 
𝑉𝑉𝑉𝑉:𝐹𝐹𝐹𝐹𝐹𝐹 𝐴𝐴𝐴𝐴𝐴𝐴 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 (𝑚𝑚3/ℎ) 
∆𝑃𝑃𝑃𝑃:𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 (𝑃𝑃𝑃𝑃) 
𝑆𝑆.𝐹𝐹: 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 
𝑒𝑒:𝐹𝐹𝐹𝐹𝐹𝐹 𝑀𝑀𝑀𝑀𝑀𝑀ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 
 
𝑉𝑉𝑉𝑉 = 67,000 𝑚𝑚3/ℎ  
∆𝑃𝑃𝑃𝑃 = 6054 𝑃𝑃𝑃𝑃 
𝑒𝑒 = 0.68 
𝑆𝑆.𝐹𝐹 = 1.15 
 

𝑃𝑃 = 1.15
67,000 × 6052

0.68 × 3.6 × 106
= 190 (𝐾𝐾𝐾𝐾) 

 
 
 𝐹𝐹𝐹𝐹𝐹𝐹 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 190(𝐾𝐾𝐾𝐾) 
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1.4. Summary  
 
The summary of calculation is according to below table:  
 

 

Table -3 (Summary of Calculation) 

 

Pressure Safety Factor 2.00

Flow Safety Factor 1.15

Fan Efficiency 0.68

Total Pressure Drop 3,026 Pa

Fan Power 190 Kw

Fan Air Volume 67,000 m3/h

Fan-Total  Pressure 6,052 Pa
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