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Introduction

Various noise control solutions can
be applied to the same noise prob-
lem to achieve a quiet HVAC system.
The best noise contral solution is the
one that provides the proper amount
of attenuation and offers the lowest
initial and operating costs to the cus-
tomer. To choose the right solution, a
designer should perform an acousti-
cal analysis on the entire single-wall
duct system.

Often when a noise problem is an-
ticipated in a duct system, the first 40
to 50 feet or the entire system is insu-
lated without performing an acoustical
analysis. This approach seldom
works. Even if it did, there is no guar-
antee that the solution would result in
the lowest initial cost to the customer.
In fact, insulating an entire system
can provide too much attenuation, re-
sulting in a hissing or rumbling noise.
Worse yet, it might not provide
enough noise control, causing addi-
tional cost to the owner after the sys-
tem has been installed.
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Duct System Analysis

The duct system shown in Figure 1 was
analyzed to determine and compare
three separate noise control sclutions.
Each section's center-line length, duct
diameter, and volume flow rate is la-
beled. This information is used to deter-
mine the natural attenuation and
airflow-generated noise created by the
single-wall system's duct and fitting com-
ponents. After the initial single-wall
analysis is complete, the desired outlet
noise criteria (NC) levels are compared
to the actual NC levels. Data used in the
sample calculations are found in the ref-
erences noted at the end of this report.

In any acoustical system design, it is
important to incorporate actual fan man-
ufacturer’s fan sound power level data
for the inlet/discharge configuration
shown on the drawings. In this example,
the fan has the ducted sound power lev-
el (Lw) values listed in Figure 2.

The amount of noise control needed
is determined by the amount of fan noise
and duct system airflow-generated noise
that reaches the system outlets.

Table 1 summarizes each step of the
single-wall duct analysis for outlet A in
Figure 1. The section numbers are ref-
erenced (for example: 1001, 1002), and
the effects of natural attenuation and air-
flow-generated noise are listed as they
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occur. The outlet Lw values are calculat-
ed and compared to the sound pressure
levels (Lp) associated with the desired
outlet NC. This comparison yields an at-
tenuation requirement needed to meet
the desired outlet NC level.

MNotice that Lw values and NC Lp val-
ues are subtracted directly to determine
the attenuation requirement. Because
Lp and Lw values cannot be directly
combined, Lp values must be converted
to Lw values using Equation 1.

Equation 1:
Lp=Lw - 5LOG,V-3LOG, Fc-10LOG, R + 25 dB

Equation 1 is ASHRAE's pub-
lished room acoustics eguation (Nor-
mal Rooms). Ducted noise does not
involve room acoustics. The under-
lined portion of Equation 1 is strictly
room effect introduced by the room
geometry and receiver location,
When performing an in-duct acousti-
cal analysis, room effeclt is not con-
sidered. Therefore, the underlined
portion of Equation 1 can be set
equal to zero. The resultant equation
is Equation 2.

Equation 2:
lp=Lw









An in-duct acoustical analysis
yields the Lw values at the point of
consideration, such as an outlet or
variable air volume (VAV) box. After
the in-duct acoustical analysis is com-
plete, room acoustics are considered.

The attenuation requirements in
Table 2 show that a definite noise
problem exists at each outlet. The
next step could be to determine the
amount of attenuation that is generat-
ed by downstream duct and room
acoustics. However, the outlet NC lev-
els for the system in Figure 1 are
specified at the VAV boxes at each
outlet. Therefore, downstream duct
and room effect attenuations are not

evaluated. Downstream duct and
room effect are important sources of
noise attenuation but for simplification
purposes are not considered in this
example problem.

As stated earlier, the proper noise
control treatment is that which intro-
duces the lowest initial cost. Consider
these two important points:

1. A large amount of noise control
treatment may create additional
system pressure losses, espe-
cially if bullet/baffle silencers are
used. This increase in pressure
loss will increase the operating
cost of the system. If a fan has
already been selected, the
amount of available fan pressure
must also be considered.

2. Select noise control that causes
a reduction in noise at the outlets
and results in a noise spectrum
that matches the shape of the
NC curve.

Noise Control Options

After analyzing the entire system in

Figure 1, three noise control options

were considered. Figures 3, 4, and 5

show double-line drawings of the duct

system with each noise control option.

1. Option 1 incorporates a silencer

{no bullet or baffle) and double-

wall elbow combination in the

first section. This style of noise

treatment yields a large amount

of low- to mid-frequency noise

control without causing a large
pressure drop.

2. Option 2 incorporates only dou-
ble-wall duct (ACOUSTI-k27%)
with 1- and 3-inch-thick insula-
tion. This option uses the mini-
mum amount of double-wall duct
without using a silencer.

3. Option 3 uses double-wall duct
throughout the entire system.






Tables 3 and 4 show the analysis
procedure for outlet A. Comparing Ta-
bles 1, 3, and 4 shows that the noise
levels generated by the duct and fit-
tings had little effect in the single-wall
analysis. But once noise treatment
was added to the system, this gener-
ated noise became a significant part
of the analysis.

These noise treatment solutions
were obtained by incorporating the
insertion loss data for each compo-
nent [silencer (dB) or double-wall
duct (dB/ft)] into the analysis of each
path from fan to outlet for the entire
system. Each option yields identical
outlet NC levels. Table 5 shows the

type of duct (single-wall, double-wall) or

silencer used for each section and the
initial cost of each system.

Because Option 2 offers the low-
est initial cost, it is the best solution.
Since baffle/bullet type silencers were
not used, there were no significant
pressure drops in the system. There-
fore, no operating cost comparison
was performed.







SW = Shgla-wal
DW = Double-wall, ACOUSTI-k27®, United McGill Corporation
' = Model DKE, SOUNPAK® round duct silencer, United McGill Corporation

Conclusion

An acoustical analysis is necessary in
the design of a successful HVAC sys-
tem., Knowledge of basic HVAC
acoustics will help you design quiet
systems at the lowest cost to the cus-
tomer. It is always easier to solve a
noise problem before a system is in-
stalled. Considering the effects of
each system component will help you
confidently predict the system’s
acoustical performance.

Performing a single-wall acoustical
analysis will help you select the mini-
mum noise control required for the
system. Sometimes the proper
amount of noise control can be deter-
mined easily. Other times, when the
HVAC system is large and noise
problems exist at outlets throughout,
calculations become time consuming.
An acoustical analysis is simplified by
using a microcomputer program like
United McGill's UNI-DUCT™ comput-
er-aided duct system design pro-
gram. This program designs both
supply and exhaust duct systems and
performs a complete acoustical
analysis. With the UNI-DUCT® pro-
gram, a multitude of designs and ini-
tial costs can be analyzed and
estimated within minutes.
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