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Damper Application Manual

for Heating, Ventilating, and Air Conditioning

1. Scope

The purpose of this publication is to provide information and
important points to be considered when designing or speci-
fying heating, ventilating, and air conditioning (HVAC) instal-
lations requiring dampers for use in temperatures from -28
°C to 121 °C (-20 °F to +250 °F), pressures to 2500 Pa (10
in. wg) and velocities to 25.4 m/s (5000 fpm). It is not the
intent of this manual to be used for detailed specifications,
rather it serves as a guide toward understanding the various
types of dampers available and items to be considered for
their proper use. For dampers classified as fire dampers,
radiation dampers and smoke dampers, see AMCA
Publication 503.

2. Damper Applications

Dampers are used when it is necessary to control pressure,
temperature or flow in an air system. The following are func-
tional categories of dampers in HVAC systems.

2.1 Volume control damper

Use volume control dampers when it is necessary to regu-
late flow at a specific location in an air system. These
dampers are commonly single blade, parallel blade or
opposed blade type. Manual, pneumatic and electric actua-
tors, or other devices, are available to control the dampers.

2.2 Temperature control damper

Use pairs of temperature control dampers when it is neces-
sary to control temperature at a specific location in an air
system. This is usually accomplished by regulating two
airstreams of different temperature. These damper pairs are
commonly single blade, parallel blade, or opposed blade
type linked together, or controlled together, in a face and
bypass or mixing arrangement. Care should be taken when
selecting opposed blade dampers in this application as they
increase the plenum pressure when both dampers are at
mid-stroke. Pneumatic or electric actuators are available to
control the dampers.

2.3 Pressure control damper

Use pressure control dampers when it is necessary to
control pressure at a specific location in an air system.
These dampers are commonly single blade, parallel blade,
or opposed blade type. Pneumatic, electric or manual actu-
ators are available to control the dampers.

3. Damper Designs
3.1 Frames

Damper frames can generally be categorized as "u- chan-
nel", "hat channel", or "flat" type (see Figures 3.1A, 3.1B
and 3.1C). They are often fabricated smaller than the clear
opening (typically 6.4 mm (1/4 in.) less) for ease of installa-
tion. "Flanged" frame dampers (see Figure 3.1D) are gener-
ally fabricated to mate the damper flange with a duct flange.

]

[

Figure 3.1A
U-Channel Frame

Figure 3.1B
Hat Channel Frame

f

Figure 3.1C
Flat Frame

E— | [ —
Figure 3.1D

Flanged Frames
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3.2 Blades

Blades rotate inside the damper frame anywhere from the
fully open to the fully closed positions, or to any other
desired percentage of blade opening. Blade rotations are
available in parallel or opposed mode. Blades are generally
categorized as "flat”, "triple V" or "airfoil" types (see Figure
3.2) single or double thickness. In some designs blades
vary in width to accommodate all damper sizes. Some
blades may be insulated.

A A

V,

Figure 3.2A
Triple V Blade

Figure 3.2B
Flat Blades

— =

Figure 3.2C
Airfoil Blade

3.3 Blade axle

A blade axle is a shaft that extends from the blade through
the frame. The blade axle can run the full length of the blade
or only a portion of the blade's length. Blade axles are
mechanically fastened, welded or riveted to both ends of the
blades. An extended axle shaft is available for external actu-
ator connection (see Section 3.9 Drive Blade).

3.4 Bearing

Bearings are typically categorized as "sleeve" (bushing) or
"ball" bearings. They are normally pressed into a frame
member. Bearings are sometimes die formed in the frame
member. Selection should be based on the environmental
conditions where the damper will be installed and the type
of application.

Thrust washers or thrust bearings are required on vertical-
blade dampers with vertical axles to prevent the blade ends
rubbing on the frame or seals.

3.5 Blade linkage
The blade linkage is a mechanism that may be mounted on

the blade face or concealed within the damper frame, which
provides parallel or opposed blade rotation depending on

the blade linking method. The linkage is designed to insure
that the blades operate together in a coordinated manner.
The linkage is normally assembled, tested and set in place
at the manufacturer's facility. However, some linkage is field
adjustable.

3.6 Side (end or jamb) seal

Side seals are strips of material positioned between the
damper frame and the blade end. They are used to mini-
mize the leakage of air between the damper's blades and its
frame.

3.7 Blade seal (edge)

The blade seals are strips of material applied on the blade
edge or blade stop. Seals are used to minimize the leakage
of air between adjacent damper blades and between a
blade's edge and its stop.

3.8 Mullion

A mullion is a division between multiple section dampers.
The typical mullion will inherently add stiffness as it is
constructed of two frame members fastened together with
or without reinforcement.

3.9 Drive blade

The drive blade is the blade designed to accept the operat-
ing force. This force is transmitted to all the other blades
through interconnecting linkage.

3.10 Blade stop

Blade stops are typically located on the top and bottom
frame members to provide a positive stop of the blade's
rotation in the closed position, and to minimize air leakage
between the top and bottom blades and the frame. Other
types of blade stops may be used to prevent over rotation of
the blade.

4. Performance Testing

In order to select the appropriate damper for a particular air
handling application, it is necessary to identify the air
system parameters which will determine the required
damper performance as detailed in Section 4. Once these
system needs have been identified, it is important to evalu-
ate and compare damper performance based upon stan-
dard test procedures.
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4.1 Standards and certification documents

4.1.1 ANSI/AMCA 500-D

ANSI/AMCA Standard 500-D, Laboratory Methods of
Testing Dampers for Rating includes recognized and
accepted standard test procedures for performance testing.

4.1.2 AMCA 511

AMCA Publication 511, Certified Ratings Program -Product
Ratings Manual for Air Control Devices, details procedures
for participation in the AMCA Certified Ratings Program.
Manufacturers having their products tested in AMCA
accredited laboratories, with the test results verified by the
AMCA staff, and having obtained the proper license from
AMCA, can offer products bearing AMCA's Certified Ratings
Seal for Air Performance, Air Leakage, or both.

INTERNATIONAL, INC.

Figure 4.1
AMCA Certified Ratings Performance Seals

The purpose of the AMCA Certified Ratings Performance
Seal (see Figure 4.1) is to offer assurance that a damper will
perform in accordance with the manufacturer's published
data. Therefore, if a particular damper's ratings comply with the
performance criteria specified, it should produce an accept-
able application, provided all other requirements are satis-
fied.

4.2 Air performance - pressure drop

The air performance of a damper is described by the pres-
sure drop across the damper for a given air flow rate
through the face area of the damper. The established air
performance is usually expressed (or plotted) as velocity
through the damper face area versus measured pressure
drop for a given damper size and is applicable for that size
only. Air performance of other sizes of dampers may be
calculated from tests of one size for the same design using
duct velocity versus pressure drop. Calculated performance
is limited to dampers of identical design with an equal or
lower percentage of duct area blockage than was present in
the tested damper. The percentage of duct area blockage is
defined as the blockage created by the projected areas of
those items within the duct dimensions such as frame

members, blade stops, etc., excluding only blades, as a
percentage of the total duct cross-section area. The air
performance is calculated in accordance with AMCA
Publication 511, Certified Ratings Program for Air Control
Devices.

Test results are only applicable for actual tested configura-
tion, i.e. results with the damper tested within a length of
duct are applicable only if the damper is mounted within a
duct. Results measured with the damper mounted at the
end of a piece of duct are not applicable if the damper is to
be installed within a length of duct.

The AMCA Standard 500-D test setups are shown below
along with descriptions of the results obtained. To further
clarify the relationship of these setups a comparison plot of
air performance for a typical damper tested to the various
figures is illustrated in Chart A.

Note: The letter D shown on the figures represents the
equivalent diameter of the duct.

4.2.1 Damper air performance per AMCA Standard 500-
D (Figure 5.1)

Pressure drop in accordance with AMCA Standard 500-D,
Figure 5.1 is a measure of the pressure required to acceler-
ate the air from zero velocity and to overcome entrance
losses due to the blockage and entrance conditions.

4.2.2 Damper air performance per AMCA Standard 500-
D (Figure 5.2)

Pressure loss in accordance with AMCA Standard 500-D,
Figure 5.2 is a measure of the pressure drop across the
damper plus the exit losses due to the air velocity being
dissipated in a zero velocity plenum with no chance for
static regain. Regain is possible with a straight duct on the
discharge.

4.2.3 Damper air performance per AMCA Standard 500-
D (Figure 5.3)

4.2.3.1 Pressure drop test conditions

Pressure drop, in accordance with AMCA Standard 500-D,
Figure 5.3, is a measure of the pressure drop of the damper
only, under ideal conditions of fully developed airflow
upstream and sufficient duct length for static regain down-
stream of the damper. The test data are based upon the
difference between a "duct with damper" pressure drop less
the "duct" pressure drop at a given airflow.

4.2.3.2 Size effect

Since the pressure drop is related to duct area blockage,
there can be a dramatic increase in the pressure drop of
small dampers as compared to large dampers. This rela-

tionship is shown in Chart B. Documents
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From Supply System and
Flow Measuring Section

———— 10D min. ———
——— 8.5D, +—— 6D min. D
1
\,
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I
* A
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L \ Inlet Cone Required
Damper Being Tested if Attached to Plenum
Ps Pq

Damper Being Tested

AMCA Standard 500-D Figure 5.1 AMCA Standard 500-D Figure 5.2
Damper Test Setup Damper Test Setup

From Supply System and
Flow Measuring Section

~<+—— 6D min. D—+ |[«—10D min.—

\ ) Alternate to Exhaust
D I:> D System and Flow
¥ A Measuring Section

=~

Inlet Cone
Required

if Attached Ps
to Plenum

L Damper Being Tested

Note:

Dampers of less than 30 percent duct area blockage may be tested with 4D minimum upstream and 6D minimum downstream
of the damper being tested provided there is 15 percent maximum blockage at any wall. The percentage of duct area block-
age shall be defined as the blockage created by the projected areas of those items within the duct dimensions such as frame
members, stops, etc. excluding only blades, as a percentage of the total duct cross-section area.

AMCA Standard 500-D Figure 5.3
Damper Test Setup with Inlet and Outlet Ducts

M2 min.—‘ ’i/w/z min.—» M2 min.4‘ ’—M/Z min.—»
A | | |

| |
N - - |/

Damper Being Tested Damper Being Tested
Ps Ps
AMCA Standard 500-D Figure 5.4 AMCA Standard 500-D Figure 5.5
Damper Test Setup Damper Test Setup Documents
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