Qualitative Analysis:
Establishing
Acoustical Design
Goals

Introduction

Acoustical Engineering Report Num-
ber 5, Quantitative Analysis; A-
Weighting and Decibel Addition/
Subtraction, addressed quantitative
noise evaluation. Quantitative analy-
sis uses A-weighting to obtain a sin-
gle-number sound level reading that
represents the human perception of
relative loudness. Qualitative analysis
evaluates the sound level at different
frequencies to determine the subjec-
tive quality of sound.

Qualitative Sound Evaluation

Sound quality is a function of the rel-
ative intensities of the sound level in
each frequency within the audible
spectrum. Figure 1 shows a plot of
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Figure 2 Prominent Frequency Signature Range of Typical HVAC System Components
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attenuated fan noise versus dif-
fuser noise on the Noise Criteria
{NC) curves.

Fan noise has been altenuated
such that it follows the NC 40 curve
only in the lower frequencies,
whereas the diffuser has been se-
lected to follow the NC 40 curve in
the higher frequencies. The airflow
system represented in Figure 1 has
an overall balanced sound spec-
trum. Listeners would have heard a
rumbling sound had the diffuser
sound spectrum been selected at a
lower NC curve, or a hissing sound
had the fan noise been attenuated
such that its low frequency sound
levels fell along a lower NC curve.
To eliminate rumbling and hissing
sounds, it is important to evaluate
the entire noise spectrum when se-
lecting attenuation devices. Unfortu-

nately, balancing sound spectrums
is not this easy. Figure 2 shows the
more common noise sources and
frequencies that affect a system's
audible spectrum.

Establishing Design Goals

In Acoustical Engineering Report
Number 5, background sound was
shown as a deterrent to obtaining
proper sound level measurements in
an industrial environment. For com-
mercial air conditioning systems, the
acoustical design goal is to provide
unobtrusive, gualitative background
sound in low enough levels to block
out surrounding environment and
equipment noise yet maintain occu-
pant comfort.

Occupant comfort depends on the
work environment as well as the oc-
cupant's objectivity in defining noise.
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Background noise is considered to be
unobtrusive when there is:
1. A balanced distribution of unob-
trusive sound energy over a broad
frequency range.
2. No audible tonal characteristics
such as a hiss, hum, rumble, or
whistle (eguipment noise).

3. No noticeable time-varying lev-

els such as ductwork vibrations or

other aerodynamic noise produced
by the system.

Establishing Design Criteria

Three major acoustical design criteria
are used in the air handling industry:
A-Weighted Sound Levels (dB) dis-
cussed in Acoustical Engineering Re-
ports 4 and 5, NC curves, and Room
Criteria (RC) curves.



NC Curves

NC curves are currently the most
prominent for establishing commer-
cial acoustical design goals. These
curves, as shown in Figure 1, es-
tablish the maximum sound levels
for each octave band center fre-
quency in the audible frequency
range. Again, occupant acceptance
of noise for a given NC curve de-
pends on work environment and
how the occupant perceives noise.
Table 1 lists the NC and RC accept-
able for various work environments.

Figure 1 shows how establishing
goals against NC curves can pre-
sent problems. Establishing the NC
level based on a tangent peak or
partial curve fit may result in sound
level values lacking sufficient back-
ground sound to mask out unwanted
environment noise.

RC Curves

RC curves are generally used
where critically balanced back-
ground noise is essential to control
environment noise (such as con-
cert halls, studios, and performing
art centers), including that gener-
ated by the air handling system.

The shape of the RC curve of-
fers the optimum balance in sound
quality. Exceeding the design
curve by as much as 5 dB in the
31.5 to 250 Hz band is likely to re-
sult in a rumbling noise, whereas
in the 2,000 to 4,000 Hz band it
causes a hissing sound.

The ranges listed in Table 1 are
specified for air handling systems
typically steady and broadband in
character. For systems exhibiting
prominent tonal pure tones, these
values should be reduced 5 to 10
dB. Figure 3 shows a plot of the
fan/diffuser sound spectrum shown
in Figure 1 against an RC curve.
The conditions that were accept-
able based on NC curves would
now appear to be unacceptable.
The noise spectrum is improperly




balanced and would hiss (nearly
RC-50) due to aerodynamic noise
generated by air exiting the diffuser.
Selecting a diffuser with NC-35 would
provide an RC of 40, resulting in a
balanced spectrum.

Summary

A qualitative analysis of a system's
acoustical performance requires that
the following characteristics be ob-
served in the assessment of HVAC
system background noise:

1. Level—maximum loudness.

2. Spectrum Balance—Ilow, middle,
and high frequency.

3. Tonal Content—rumble, hiss.

4. Temporal Fluctuations—aerody-
namic and equipment pulsations.
Proper evaluation of ductwork and
room acoustics requires the use of
computers to simplify designs and to
solve acoustical problems before they

occur. Acoustical Engineering Report
Number 7, Computer-Aided In-Duct
Acoustical Performance Evaluation
will explain in detail how to properly
evaluate duct-borne noise.
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