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An objective of duct system design is to provide a system that, within 

prescribed limits of velocities, noise intensity, and space available for ducts, 

efficiently transmits the required flow rate of air to each space while 

maintaining a proper balance between investment and operating cost. 

Commercial, industrial, and residential air duct system design must consider 

the followings: 

(1) Space availability 

(2) Space air diffusion 

(3) Noise levels 

(4) Duct leakage, 

(5) Duct heat gains and losses 

(6) Balancing 

(7) Fire and smoke control 

(8) Initial investment cost, 

(9) System operating cost. 
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velocity pressure, calculated by Equation (1), is  

𝒑𝒗 =
𝟏

𝟐
𝝆 𝑪𝟐     ……..(1) 

𝒑𝒗= Velocity pressure, Pa  

C = Fluid mean velocity, m/s  

𝝆 =Density air at standard conditions (1.2 kg/m3) 

 

Velocity is calculated by Equation (2). 

𝑪 =
𝑽

𝑨
     ………(2) 

Where  V = Air flow rate, m3/s  

A = cross-sectional area of duct, m2 

𝑨 =
𝝅

𝟒
𝑫𝟐       
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Total Pressure: Total pressure is the sum of static pressure and 
velocity pressure: 

𝒑𝒕 = 𝒑𝒔 + 𝒑𝒗    
𝒑𝒕=total pressure, Pa 

𝒑𝒔=static pressure, Pa 
𝒑𝒗= velocity pressure, Pa 

To determine the fan total pressure requirement for a system, use 
the following equation: 

𝒑𝒕 =  ∆𝒑𝒕,𝒊 +  ∆𝒑𝒕,𝒊
𝒊𝑬,𝑭𝒅𝒏𝒊𝑬,𝑭𝒖𝒑

 

For I = 1,2,…….𝒏𝒖𝒑 + 𝒏𝒅𝒏 

𝑭𝒖𝒑and 𝑭𝒅𝒏 = sets of duct sections upstream and downstream of 

a fan. 
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Duct system losses The two types of losses are  

(1) friction losses :Friction losses occur along the entire 
duct length. 

(2) dynamic losses :result from flow disturbances caused 
by duct mounted equipment and fittings that change 
the airflow path’s direction and/or area. These 
fittings include entries, exits, elbows, transitions, and 
junctions. 
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The friction chart This chart is based on standard air flowing 

through round galvanized ducts with beaded slip couplings on 

1220 mm centers, equivalent to an absolute roughness of 0.09 

mm. Changes in barometric pressure, temperature, and 

humidity affect air density, air viscosity, and Reynolds number. 

No corrections to Figure 1 are needed for: 

(1) duct materials with a medium smooth roughness factor, 

(2) temperature variations in the order of ±15 K from 20°C, 

(3) elevations to 500 m, 

and (4) duct pressures from −5 to +5 kPa relative to the ambient 

pressure 
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Friction Chart 

Air flow rate, (V ) L/s  

∆𝑷 = friction losses (pa/m) 

Duct diameter (mm) 

Velocity in the duct(m/s) 
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Width (mm) 

Duct diameter (mm) 

H (mm) 
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H= Height (cm) - 20 to 25 (cm) 
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For main Duct   



Example (1)  

Find the dimension of the duct shown in Fig. 1, the maximum main 
duct height is 0.25 m.(General Offices High Class)  
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Fig. (1)  



• Main duct  section (1-2) 

• V=C.A 

• V=0.9 m3/s 

•                  m/s (T2-1) 

• 0.9=7.6×A 

• A=0.11842 m2 

• 𝑨 = 𝝅
𝑫𝟐

𝟒
 

• 𝟎. 𝟏𝟏𝟖𝟒𝟐 = 𝝅
𝑫𝟐

𝟒
 

• D =0.388 m = 388 mm 

 

 

 

C=7.6 
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Pc
Typewriter
C=7.6
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Typewriter



V=900 L/s 

D=388 mm 

Friction line 

V=900 L/s 

Friction loss= 1.68 Pa./m 

V=500 L/s 
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V=400 L/s 

V=200 L/s 

V=100 L/s 



H=250  (mm) 

Duct diameter=388 (mm) 

W
 =

 5
5

0
 (

m
m

) 
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Duct diameter=315 (mm) 

W
 =

 3
5

0
 (

m
m

) 
H=150  (mm) 

Duct diameter=283 (mm) 

W
 =

 5
0

0
 (

m
m

) 

Duct diameter=222 (mm) 

W
 =

 3
0

0
 (

m
m

) 

Duct diameter=170 (mm) 

W = 175 (mm) 
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Fig. (1)  

section  

B-C 

section  B-G 

section  C-D 

section  D-E 

section  C-F 



Section V (lit/s) Deq.    (mm) C   m/s W (mm) H  (mm) 

A-B 900 388 7.6 550 250 

B-C 500 315 6.5 350 250 

B-G 400 283 6 500 150 

C-D 200 222 5.15 300 150 

D-E 200 222 5.15 300 150 

C-F 100 170 4.4 175 150 
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