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1.0 INTRODUCTION

H V A C  duct silencers use po rous m aterials such as glass wool, rock 
wool etc. to absorb  the sound. M athem atical models for predicting 
the insertion loss o f  the silencers a re  a critical part o f  an optim um  
design and models to evalua te  the insertion loss o f  absorptive  
rectangular  silencers w ere  developed  by different researchers [1, 
2], T n e  porous absorbers  o f  the  silencers a re  usually covered  with 
a perforated sheet metal to pro tec t the material from the main flow. 
Cum m ings [3] considered  the effect o f  the perforated sheets and 
show ed that the effect is usually negligible. T h e  conventional 
prediction methods [4] there fo re  ignore the effects.

T h e  effect o f  the  perforated  sheets is considered in this paper. T he  
effect is included in the num erical model as a jum p  condition. T he  
present results a re  limited to rectangular silencers only. 
Prelim inary results o f  a  p a ram etric  study is presented.

2.0 PERFORATED SHEET MODEL

T h e  typical rectangular s ilencer consists o f  baffles with porous 
absorbers  covered  with perfora ted  sheet metal and the main flow 
is confined to the open a irw ay  betw een  two baffles. A cubic 
Galerkin finite elem ent m ethod [1] is applied to solve the equations 
governing the sound propagation  in the rectangular duct. This 
m ethod was chosen because it is easily extendable to a ircraft engine 
nacelles with shearing airflow. T h e  porous material is m odelled as 
bulk reacting in the finite e lem ent method. T he  predictions include 
the effect o t  all propagating m odes .  T h e  loss due to the absorbing 
material is used to approx im ate  the insertion loss o f  the silencer. 
Fu rthe r details concerning the  m odel a re  described in Reference 1.

T h e  finite elem ent m ethod applies two conditions, continuity o f  
pressu re  and continuity o f  velocity  across the absorbing material - 
open a irw ay boundary . T h e  perfora ted  sheet metal provides a 
discontinuity across the m aterial - open air way boundary . T he  
sheet is treated as a limp sheet o f  finite surface  density [4], T h e  
p re ssu re  continuity is recovered  for zero surface  density. T h e  
continuity conditions are:
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w h ere  v. and v + are  the velocity across the boundary , p. and p + are 
p ressure  across the boundary , and Zp is the acoustic im pedance o f  
the perforated sheets.

T h e  im pedance o f  the perfora ted  sheets can be determined from the 
resonator design formulations o f  Ingard [5], Maa [6] established 
a low frequency expression  for the perforated impedance. 
C um m ings [3] provides a genera l expression for the perforate  
im pedance and is used in this paper.  T ne  perforated im pedance is 
given by,

(2)

w h ere  ko and k, are  the open a ir  w ay and porous material w ave  
num bers, zp and z, are  the open  air way and porous material 
characteris tic  im pedances, d is the thickness o f  the perforate, Q is 
perforate  open area , and 5 is the  perforate  mass end correction.

T h e  end correction 5 has been  approxim ated  for sauare  and 
hexagonal array  o f  holes by  C um m ings [3] using the theoretical 
curves o f  Ingard [5], Fo r sq u a re  a rray  o f  holes §  is given by,
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between the holes. T he  coefficients o f  2 .3 4  and 1.90 in Eq. (3) 
becom e 2 .52  and 2 .0  respectively for an hexagonal array  o f  holes.

T he  boundary  conditions given in Eq. (1) a re  appropria tely  entered 
in the finite elem ent code and the insertion loss at any given 
frequency is evaluated from the attenuation rate o f  all the 
p ropagating modes.

3.0 RESULTS AND DISCUSSION

T h e  finite elem ent code was used to evaluate the attenuation rate 
for the plane propagating wave for a sim ple rectangular duct tested 
by Cum m ings [3]. T h e  duct had two baffles o f  5 cms thick with 
the 10 cm wide open a ir  way. T h e  porous material had flow 
resistance o f  20 ,000  MKS Rayls p e r  metre. T h e  perforated sheet 
had a porosity o f  14% and was 1.27 mm thick. T h e  plane wave 
attenuation of Cum m ings [3] matched with the results o f  the finite 
elem ent scheme. T he  above com parison was used as a test on the 
results o f  the finite elem ent scheme.

Test data for a set o f  conventional rectangular  silencers w ere  
available. T h e  insertion loss results for three  octave band o f  
frequencies a re  presented in Table  1. T h e  perforated sheets o f  the 
silencers w ere  constructed from standard 22 gage sheet metal with 
the following properties: 0 .853 m m  thick, 23%  open area ,  2.38 
mm diam eter holes and the holes w e re  staggered at 4 .76  mm 
spacing. T h e  results clearly show  that the sheets used in 
conventional rectangular silencers had minimal influence on the 
insertion loss results even though the perforate  open area was less 
than 40%  for C um mings had predicted that sheets with open area 
less than 40%  may drastically reduce  the high frequency 
perform ance.

Perforate open area  was varied for the standard 22 gage sheet metal 
perforates and the results are shown in Tables 2 and 3. T h e  flow 
resistance o f  the porous abso rber  was 2 0 ,000  MKS Rayls for the 
results o f  T ab le  2 and the flow resistance o f  the abso rber  for the 
results o f  Tab le  3 was 8000 MKS Rayls. T h e  thickness o f  the 
perforate sheet was 0.853 mm. It is seen that for the thin perforate 
sheet used for the param etric  study, the effect with perfora te  open 
area is negligible both for the dense  (20000 MKS Rayls) as well as 
for the loose (8000 MKS Rayls) porous absorber.

T he  perfora te  open a rea  w as set at 10% for the 2 .76  m m  diam eter 
hole sheet and the thickness o f  the sheet w as varied from 1 mm to 
9 mm. T h e  results are  shown in Tables 4 and 5 for two different 
silencer overall w idth. T h e  results for 0 .305  m wide silencers are 
presented in Tab le  4 and the results for 0 .6 1 0  m wide silencer are 
given in Tab le  5. T he  results show that the effects predicted by 
Cum m ings [3] a re  realised with th icker sheets with low perfora te  
open areas. T he  pe rfo rm ance  at 1000 Hz and 4000 Hz octave 
bands reduce drastically with increasing thickness o f  the perforate 
sheets. T h e  results seem to hold for the two sizes o f  the silencer 
sets. T he  drastic degradation in the perform ance  o f  the silencers 
at high frequencies is true only with thick perfora te  sheets.

Additional param etric  study is under way with hole d iam eter and 
results will be  reported subsequently.

-  119 -



4.0 CONCLUSIONS

The effect o f perforate sheets used in conventional rectangular 
silencers was studied and the results were presented in this paper. 
The sheets used in HVAC system silencers (0.853 mm thick sheets 
with 23% open area) were shown to have minimal impact on the 
acoustic performance o f the silencers. The thin sheets, even with 
small open areas, had minimal influence on the overall 

erformance. The study showed that perforate sheets degrade the 
igh frequency performance of the silencers only if the sheets are 

reasonably thick.
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Table  2. Silencer Insertion Loss with Perf. Open Area.

Insertion Loss, dB in Octave Band

Perfora te  
Open Area

125 IIz 1000 IIz 4000 IIz

0.1 10 22 5

0.2 10 22 6

0.3 10 22 6

0.5 10 22 6

N OTE: Silencer is 610 mm wide, 203 mm thick baffles, 
20000 MKS Rayls material, 0.853 mm thick perfs

Table  3. Silencer Insertion Loss with Perf. Open Area.

Insertion Loss, dB in Octave Band

P erforate 125 Hz 1000 IIz 4000 Hz
Open Area

0.1 14 22 6

0.2 14 22 6

0.3 14 22 6

0.5 14 22 6

NOTE: Silencer is 610 mm wide, 203 mm thick baffles, 
8000 MKS Rayls material, 0.853 mm thick perfs

T able  4. Silencer Insertion Loss with Perf . Thickness.

Table 1. Insertion Loss Results in dB

Insertion  Loss, dB Octave 
Band

Silencer
Size

Condition 250
Hz

1000
Hz

4000
Hz

No Perf 11 29 16
305 mm

Perf 11 29 16

No Perf 13 29 7
457 mm

Perf 13 29 7

No Perf 28 50 17
610 mm

Perf 28 50 17

N OTE: 22 gage perf. sheets (23% open area, 2.38 mm dia.)

Insertion Loss, dB in Octave Band

Perfora te
Thickness

125 IIz 1000 Hz 4000 Hz

1 mm 10 22 5

3 mm 10 20 8

5 mm 10 17 6

7 mm 10 15 4

9 mm 10 13 2

N OTE: Silencer is 610 mm wide, 203 mm thick baffles, 
20000 MKS Rayls material, 10% open perfs

Table  5. Silencer Insertion Loss with Perf. Thickness.

Insertion Loss, dB in Octave Band

Perfora te
Thickness

125 IIz 1000 Hz 4000 Hz

1 mm 15 38 26

3 mm 15 37 22

5 mm 15 32 13

7 mm 15 27 7

9 mm 15 21 4

NOTE: Silencer is 305 mm wide, 102 mm thick baffles, 
20000 MKS Rayls material, 10% open perfs
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