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ventilation the aspirating effect due to the temperature and height of the 
column of heated air causes the pressure difference..
General Rules

The general rules to be followed in the design of a duct system are:
1. The air should be conveyed as directly as possible at reasonable velocities to obtain 

the results desired with greatest economy of power, material and space.
2. Sharp elbows and bends should be avoided.
3. The sides of all ducts or flues should be as nearly equal as possible. (In no case 

should the ratio between long and short sides be greater than 10 to 1).

Procedure for Duct Design

The general procedure for designing a duct system is as follows:
1. Study the plan of the building and draw in roughly the most convenient system of 

ducts, taking cognizance of the building construction, avoiding all obstructions in steel 
work, equipment, etc., and at the same time maintaining a simple design.

2. Arrange the positions of duct outlets to insure the proper distribution of heat.
3. Divide the building into zones and proportion the volume of air necessary to 

supply the heat for each zone.
4. Determine the size of each outlet based on the volume as obtained in the preceding 

paragraph, for the proper outlet velocity.
5. Calculate the sizes of all main and branch ducts by either of the following two 

methods:
a. Velocity Method. Arbitrarily fix the velocity in the various sections, reducing the 
velocity from the point of leaving the fan to the point of discharge to the room. In 
this case the pressure loss of each section of the duct is calculated separately and 
the total loss .found by adding together the losses of the various sections.
b. Friction Pressure Loss Method. Proportion the duct for equal friction pressure 
loss per foot of length.

6. Calculate the friction for the duct: offering the greatest resistance to the flow of 
air, which resistance represents the static pressure which must be maintained in the fan 
outlet or in the plenum space to insure distribution of air in the duct system. The duct 
having the greatest resistance, will usually be that having the longest run, although not 
necessarily so.

Air Velocities

The following velocities of air are considered standard for public 
buildings:

1. Through the outside air intakes, 1000 fpm.
2.. Through connections to and from heating unit, 1000 to 1200 fpm.
3. Through the main discharge duct, from 1200 to 1600 fpm.
4. In branch ducts, 600 to 1000 and vertical flues 400 to 800 fpm.
5. In registers or grilles, 200 to 400 fpm depending upon the size and location. If 

diffusers of proper design are used, 25 per cent higher air velocities are permissible.

These duct velocities may safely be increased 20' per cent if first-class 
construction is used to prevent any breathing, buckling, or vibration. 
High velocities at one point in the system neutralize the effect of proper 
design at all other points; hence the importance of splitters in elbows and 
similar precautions. For industrial buildings noise is seldom considered, 
and main duct velocities as high as 2800 or 3000 fpm may be used where 
conditions will permit. For department stores and similar buildings, 
maximum velocities with good construction and design may be as high
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as 2000 or 2200 fpm in main ducts, with suitable reduction in branches 
and outlets. With these velocities first-class duct construction is essential.

Proportioning the Size for Friction

By means of Figs. 4 and 5 the diameter of branch pipes necessary to 
carry a given percentage of the total air in the main pipe with the same 
friction per foot of the length may be determined. These charts, as well 
as Fig. 3, are based on the assumption that the coefficient of friction 
varies inversely as the 1/7 power of the capacity.

Example S. Suppose a 60-in. main pipe is to be used, and it is desired to know the 
size of branch pipe required to carry 50 per cent of the total air in the main. Find 50 
per cent at the left of the chart, move right to the 60-in. diagonal line and note directly 
above at the top of the chart, that the branch pipe will be 46.5 in. in diameter.

Where rectangular ducts are used it is frequently desirable to know the 
equivalent diameter of round pipe to carry the same capacity and have 
the same friction per foot of length. Table 1 gives directly the circular 
equivalent of rectangular ducts for equal friction and capacity. To 
obtain the size of rectangular ducts for different capacities, but of the 
same friction per foot of length, first obtain the equivalent round pipe for 
equal friction. Thus, if a branch of sufficient size to carry 30 per cent of 
a 12 x 36-in. pipe is desired, it is found from Table 1 that the main is 
equivalent to a 22.2 in. diameter round pipe. From Fig. 5, 30 per cent of 
this is a pipe 14.3 in. in diameter, and referring again to Table 1, the 
rectangular equivalent branch is a 12 x 14-in., 10 x 17J^-in., or any other 
desirable combination.

Plenum. Chamber and Individual Ducts to Rooms. The following 
formula may be used to determine the friction loss in terms of the velocity 
head for a supply system having a plenum chamber and individual ducts 
to rooms:

F = 2H + ^ + 4- (6)

where
F = total friction loss in terms of the velocity head.
L = greatest length in feet.
d = diameter of round duct or mean of width and depth if rectangular duct.
N = the number of long radius elbows.

The first term (2%) is the number of velocity heads lost at the entrance 
to the duct, at the entrance to vertical flue, and through the riser and 
register; the second term represents the friction loss in the duct based on 
one velocity head for 50 diameters, and the third term is derived from the 
fact that a properly designed elbow has a loss of 20 per cent of the velocity 
head.

By means of Formula 6, factors for the various ducts are found from 
which values are assigned for velocities such that the loss in the ducts is 
not more than one-quarter of the static pressure required, which, for a 
system of this class, is usually about 1 in. The velocity corresponding to
34, in. being 2000 fpm, the factor Fwill give a loss of in. if V
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