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Section 1

Basic Duct Sizing Principles

Poor heating and cooling performance is commonly attrib-
utedto inadequateequipmentsizewhentheactualproblem
is a restrictive or deficient duct system. Air-side design is
critical. Poor air-side design causes inadequate heating
and/or cooling in some or all rooms. This section intro-
duces the basic principles for sizing duct runs. These prin-
ciples are the basis of the Manual D duct sizing
procedure.

1-1 Pressure Units

The pressures for residential air distribution systems are
quite small, typically less than 0.025 pounds per square
inch (positive or negative). Because these pressures val-
ues are so small, it is more convenient to use inches of
water column (IWC) for the pressure unit (27.7 inches
water column equals 1.0 pound per square inch.)

For the USA, Inches Water Column is the unit of choice
for air distribution system design work and for summa-
rizing blower performance. However, Pascals (Pa) are
used for blower door testing and duct blaster testing (1.0
IWC = 249 Pa).

1-2 Blower Performance

Blowers move air through duct systems. The flow rate
(Cfm) delivered by a blower depends on the external
resistance (pressure) the blower has to work against. This
behavior is summarized by blower data, which may be a
table (Figure 1-1) or a graph (Figure 1-2). Notice that the
air flow rate decreases as resistance increases.

1-3 Duct Performance

Resistance is created when air is forced through a duct
system. This resistance is caused by friction. Figure 1-3
provides an example of duct system performance. Notice
that resistance increases rapidly as more air is forced
through the duct.

1-4 System Operating Point

If a blower (Figure 1-2) is connected to a duct system (Fig-
ure 1-3) there is only one possible operating point. Since
this point must be compatible with blower performance,

1

Blower Data for One Wheel RPM

Cfm Resistance (IWC)

1,300 —

1,350 0.69

1,400 0.62

1,450 0.55

1,500 0.47

1,550 0.39

1,600 0.31

1,650 0.23

1,700 0.14

1,750 0.04

1,800 —

Figure 1-1

Figure 1-2

Figure 1-3



1-10 Pressure Drop for Air-Side Components

A resistance is created when air is forced through equip-
ment or a device that is installed in the air stream; a filter,
coil, damper, supply outlet or return grille, for example.
This resistance translates to a pressure drop across the
component. The size of this pressure drop depends on the
flow (Cfm) through the component. Figure 1-11 provides
an example of the air-side performance of an electric heat-
ing coil. Notice that the pressure drop increases rapidly as
more and more air is forced through the coil.

1-11 Available Static Pressure

Component pressure drops are very important because
the pressure dissipated by one or more items must be sub-
tracted from the pressure that is available to move the air
through the duct runs.

■ Duct sizes are not based on the amount of pressure
that the blower produces (i.e, the external pressure
for the furnace or air handler), but on the net pres-
sure that is available to move the air through the
straight runs and the fittings.

■ For a given amount of blower pressure, duct sizes
have to be increased to compensate for the pres-
sure dissipated by equipment and devices located
in the critical circulation path of the duct system.

This concept is demonstrated by Figure 1-12. The blower
still delivers 1,000 Cfm when working against 0.20 IWC of
resistance, but 0.08 IWC of pressure is dissipated by the
coil. Therefore, the only acceptable duct size is the size
that produces a resistance of 0.12 IWC when the flow is
1,000 Cfm. Based on 0.12 IWC, the design friction rate is
0.025 IWC/100, and the size from the duct calculator is
18.6 inches. Notice that if no coil was installed, the duct
size would have been based on 0.20 IWC of pressure,
which would have resulted in a 0.042 IWC/100 friction
rate and a 16.6 inch duct (see Section 1-8).

Section 1
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Trunks Cfm FR Diameter

Fan to S1 1,000 0.042 17"

S1 to S2 900 0.042 16"

S2 to S3 500 0.042 13"

Fan to R-1 1,000 0.042 17"

R1 to R2 300 0.042 11"

Runouts Cfm FR Diameter

S1 100 0.042 7"

S2 400 0.042 12"

S3 500 0.042 13"

R1 700 0.042 15"

R2 300 0.042 11"

Sheet metal duct diameters rounded up to eliminate fractional
dimensions.

Figure 1-10
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Section 8 — Illustrative Examples

Sizing Flexible Constant Volume Duct Systems

This section provides examples of airway sizing calcula-
tions for constant volume duct systems fabricated from
flexible materials. These examples are for systems that
comply with the required standard of care for installing
flexible wire helix duct (see Section 4-3).

■ Non compliant installations may have longer
effective lengths and larger pressure drops.

■ Appendix 17 provides tools for adjusting the effec-
tive length of systems that do not comply with the
required standard of care for installing flexible
wire helix duct.

The examples are for an extended plenum system that has
a rigid trunk and flexible runouts, and a flexible wire
helix system that has junction boxes. The standard Man-
ual J procedure provides cooling load values for supply
Cfm calculations (see Section 6-7, this manual).

67

Figure 8-1

Run Length - Ft H - Load C - Load

1 22 3,810 3,110

2 15 3,800 2,380

3 12 3,970 3,200

4 15 4,250 2,750

5 12 3,860 3,010

6 15 4,500 2,610

7 22 4,590 3,500

8 16 4,870 3,750

9 15 2,350 1,690

R1 For supply runs 1, 2, 3, 4 and 5

R2 For supply runs 6 and 9

R3 For supply runs 7 and 8

Figure 8-2



Bypass Damper Issues

When the bypass damper operates, the increment of air
flow reduction shall be roughly the same for equal incre-
ments of damper movement. In other words, the bypass
damper shall have a relatively linear response curve.

■ Bypass damper response is more linear if there is a
significant pressure drop across an open damper.

■ To obtain a significant pressure drop, the free area
of an open damper may be smaller that the flow
area of the bypass duct.

■ Damper engineering literature should provide
tables or graphs that relate pressure drop to air
velocity, and may provide percent flow vs.
damper position graphs that show the response
curve. Choose a size that has a roughly liner
response curve and note the pressure drop for an
open damper.

■ If the bypass link airway size is larger than the
bypass damper size, install gradual transitions
before and after the bypass damper.

■ Air velocity through the bypass damper may be
significantly higher than air velocity through the
bypass link airway. At some point the bypass
damper may produce noise.

■ Acceptable noise depends on the location of the
bypass link in relation to the conditioned space.

■ Noise will be reduced if the bypass link and transi-
tion fittings are fabricated from duct board or
metal duct with duct liner, or flexible wire helix
runs with duct board transitions.

■ The goal is to obtain a fairly liner response curve
without producing objectionable noise.

■ The VAV control system shall co-ordinate the oper-
ationof the zone dampers and the bypass damper.

Bypass for True VAV Systems

A bypass route may or may not be required if blower Cfm
is adjusted by speed control as VAV zone dampers close.
This depends on how central heating and cooing equip-
ment is affected by reduced air flow.

■ The blower Cfmis reduced as VAV dampers close.

■ The compressor and refrigerant coils may or may
not have capacity control.

■ An electric resistance heater may or may not have
capacity control.

■ A furnace burner may or may not have capacity
control.

■ Equipment may modulate, stage or cycle in
response to programed VAV system control logic
(recommended by Manual D).

■ Equipment may cycle on a low air flow switch or
temperature limit control (not approved by Man-
ual D).

■ Capacity reduction capability and capacity con-
trols determine the minimum air flow require-
ment for heating and cooling equipment.

■ If a bypass route is required, follow the equipment
manufacturer's sizing and installation instruc-
tions (see also, Appendix 16).

9-13 Control Dampers

The number of control dampers equals the number of
zones. These devices may be installed in a branch runout
duct (to control flow through a single supply outlet) or in
a secondary trunkduct (tocontrol flowthroughtworomore
supply outlets).

If the control dampers modulate, they may feature an
elliptical blade (in a round duct). This design is desirable
because the performance curve (percent flow vs. percent
open) is roughly linear.

Also note that controllability and sensitivity are affected
by the pressure drop across an open damper. In this
regard, an adequate pressure drop is obtained if air veloc-
ity through an open control damper ranges from 800 Fpm
to 1,000 Fpm (this guidance is superceded by manufac-
turer's installation instructions).

Elliptical blades provide no benefit if simple open-shut
control dampers are used. Round or rectangular blades
will suffice. These dampers are sized so the air velocity
through an open damper equals the air velocity in the
upstream duct.

Installation details also are important. Use gradual transi-
tions between the damper section and the upstream and
downstream duct runs. Place the control dampers as far
from a supply air grille as possible. (Control dampers
generate noise when they are in the throttled position.)

9-14 Balancing Dampers

Hand dampers are useful for rough balancing. This way,
the full throttling range of the operating dampers is avail-
able for temperature control.

9-15 Mixing Supply Air with Room Air

The supply air grilles and registers that are traditionally
installed in residential duct systems are designed for con-
stant air flow. The performance of these devices is com-
promised when they are used with a VAV system. For
example:

Throws may be excessive when a zone operates at a maxi-
mum flow rate.

Section 9
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