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AN EVALUATION OF THE ACOUSTIC PERFORMANCE OF
NO. 3 CELL INLET SILENCER

1.0  INTRODUCTION

As pa r t  of a programme des igned  to reduce the j e t  no i se
emi t ted  from the Engine Laboratory,  a baffle -type s i l ence r  was instal led
in  the i n l e t  to No. 3 t e s t  c e l l .  The purpose  of th is  inves t iga t ion  was
to evaluate  the t ransmiss ion  lo s s  ac ross  the s i l ence r ,  as we l l  as the
resul t ing no i se  reduct ion  a t  a po in t  30 f ee t  i n  front of the i n l e t .
Because  there was no engine in  the ce l l  a t  the time of i n s t a l l a t i on ,
the s i lencer  was t e s t ed  us ing  an 1 1/8- inch-diameter  a i r  j e t  as noise
source .  Some time a f t e r  comple t ion  however ,  a few rough over-a l l
sound -pressure  measurements  were made wi th  an Olympus engine in  the
ce l l .

2 .0  DESCRIPTION OF INSTALLATION

2.1  The s i l ence r  i s  bu i l t  up of a un i t  e lement  cons i s t i ng  of two
f ibreglass  panels  (2” x 20i n x 41¼°) mounted in  a wooden f r ame ,  as
shown in  F ig . .  1 .  These e lements  are put  together  so as to form a group
of s taggered paral lel  pa s sages  three un i t s  deep (See F ig .  2) . Four and
a half of t he se  groups make up the comple te  s i l ence r  (F ig .  3 ) .  The
supporting structure i s  of plywood and des igned  so that the ins ta l la t ion
can  be dismantled (w i th  some d i f f i cu l ty )  i f  necessa ry .

2 .2  The pa r t i cu la r  type of s i l ence r  under t e s t  r educes  no i se
t ransmiss ion by two different  me thods .  One, by r e f l ec t i on  of seme of
the no i se  back towards the sou rce .  This  i s  brought about by the bends .
Two, by absorpt ion of par t  of the acous t i c  power by the f ib reg lass
lining on the ba f f l e s .

3 .0  INSTRUMENTATION

3.1  Over-a l l  sound -p re s  su re  l eve l s  (OA SPL) were measured using a
Dawe Instruments Limited type 1408-B sound-level  me te r ,  whose range
extends  from 30 to 135 db above the standard reference leve l  of 0 .0002
dynes per sq .  cm. a t  1000 o / s .  On the C s ca l e ,  the instrument has  a
frequency response  subs tant ia l ly  f l a t  from 40 to 6000 o / s .

3.2 An Ampex model 600tape recorder  was used  to r eco rd  the no i se
for subsequent frequency analys is  in  the l abora tory .  The manufacturer
g ives  the frequency response  as 40 to 15 ,000  cns - 4 db a t  15 ,000  cps . .
for t h i s  mode l ,  which had a 7 .5  i p s .  tape speed .

3..3 A Bryl & Kjae r  1 /3  oc t ave  audio- f requency  spec t romete r  type
2109 , connec ted  to a Bryl & Kjaer  h igh - speed - l eve l  r ecorde r  type 2304 ,
was used  for f requency ana lys i s  of the recorded  no i se .  The pas s  bands
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of the spectrometer  had the following geometr ic  mean f requenc ies  in
cyc l e s  per  s econd ;

50 315 2000
63 400 2500
80 500 3150

100 630 4000
125 800 5000
160 1000 6300
200 1250 8000
250 1600 10000

A weighing network wi th  f la t  resoonse  (C s ca l e )  i s  also bu i l t  into the
spec t romete r .  The arrangement w i l l  permi t  t r ace s  to be made a t  each
octave band as we l l  as the OA SPL of the recorded no i se .

4 .0  TEST PROCEDURE

4.1  The t e s t  was ca r r i ed  out  in  two pa r t s ,  one before  and the
other after the i n s t a l l a t ion .  Two Imaginary p lanes  that  would l a t e r
coinc ide  with the i n l e t  and ou t l e t  of the s i l ence r ,  were s e l ec t ed  for
sound measu remen t s ,  each plane be ing  subdivided in to  twelve measuring
s t a t i ons  arranged in  two rows of s i x  each .  The layout i s  shown in  F igs .
2 end 3 .  In  both ca se s ,  over -a l l  sound -p res  sure l eve l s  were taken at
each s t a t i on ,  whi le  tape recordings  were only recorded a t  s t a t i ons  5
and 15.

4.2 Another s t a t i on  (No. 25) was e s t ab l i shed  arbi t rar i ly  30 f ee t
in front of the i n l e t  doo r ,  for the purpose of evaluat ing the no i se
reduc t ion  a t  a g iven  po in t .  Only tape r ecord ings  were taken a t  t h i s
s t a t i on ,  one be fo re  and one af ter  s i l ence r  ins ta l l a t ion .

4..3 The no i se  source cons i s t ed  of a 1 1/8-inch -diameter  air j e t
p l aced  14 f ee t  away from the s i l ence r ,  measured from the i n s ide  along
a l ine pas s ing  through s t a t i ons  15 and 3,  but  on ly  about one foo t  of f
the f l oo r .  During both  t e s t s  the air j e t  was ope ra t ed  a t  a pressure
of 30 p s ig .

4.4 Some time af ter  the ins ta l l a t ion  was comple ted ,  a few rough
OA SPL measurements were made as a check with an Olympus engine
running a t  i d l e  (2100 r . p .m . ) .

5 .0  TEST RESULTS AND DISCUSSION

5 .1 .1  Over-al l  Sound-pressure  Levels  from Dawe Sound-Level Meter

Sta t ion
( Ins ide  P l ane )  123456789  10 11 12 Average
OA SPL feefore
Treatment 123 124 124 121 119 119 123 124 123 122 120 120 122
OA SPL After
Treatment 117 116 117 120 116 119 121 120 121 120 119 118 119
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Sta t ion
(Outs ide  P l ane )  13 14 15 16 17 18 19 20 21 22 23 24 Average
OA SPL Before
Treatment 122 122 122 121 121 120 120 123 122 121 119 120 121
OA SPL After
Treatment 85 82 83 85 82 81 83 85 85 85 83 83 84

5 . 1 . 2 Ove r - a l l  Sound-Pressure  Leve l s  from Ana lys i s  of Tape Reco rd ings

S ta t i on  3 15 25
OA SPL Before Treatment 122 121 114

OA SPL After Treatment 116 84 78

The average OA SPL a t  the ins ide  and outs ide  oleines agrees very we l l
with the above da t a ,  excep t  for s t a t ion  No. 3 af ter  t rea tment-  Because
the average value of 119 db seems more r ep re sen t a t i ve ,  i t  w i l l  be used
in s t ead  of 116 db, in  the fol lowing ca lcu la t ions  and g raphs .

5 .1 .3  Over -a l l  Transmission Loss w i th  Air J e t  Noise Source

The transmission lo s s  TL has been evaluated by tw> d i f fe ren t
me thods .  One, the end d i f fe rence  method ,  where the TL equals  the
d i f fe rence  in  SPL a t  the two planes of measurement-  Two, the be fo re -
and-after  me thod ,  where the TL equals  the di f ference in  SPL a t  the ou t s
plane of measurement before and after  t reatment .  From the above OA SPL
da ta ,  the ove r -a l l  t r ansmis s ion  lo s s  (OATL) was found to be*

OA TL (end d i f fe rence  method)  · (119 - 84) = 35 db

OA TL (before  -and-af  ter  me thod)  z (121 - 84 ) - (3 )  ■ 34 db

A co r r ec t i on  of 3 db has been appl ied  in  the l a s t  c a se ,
d i f fe rence  in  source  i n t ens i t y .

to co r rec t  for the

5 . 1 . 4 Over -a l l  Transmiss ion  Loss with Olympus Engine as Source

The OA TL i s  not a good measure  of the e f f ec t i venes s  of a
no i se  supp re s so r ,  because  i t  depends on the frequency cha rac t e r i s t i c s
at  the no i se  sou rce -  I t  i s  therefore not suror i s lng  to f ind  that OA TL
i s  d i f fe ren t  wi th  the Olympus replacing the air  j e t .  With the eng ine
id l ing  (2100 r . p .m . ) ,  the OA SPL* s were as f o l l ows :

Outs ide  plane 103 db

Ins ide  p l ane ,  s t a t ion  2 132 db ( in  front of I n l e t  duc t )

In s ide  p l ane ,  s t a t i ons  3,4 & 5 125 db

This  g ives  OA TL of 29 db and 22 db r e spec t ive ly .  I t  i s  I n t e r e s t i ng
to no te  that the no i se  in tensi ty  dis t r ibut ion over  the ou t s ide  plane
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i a  un i form in sp i t e  of the non-uniforml  ty  on the In s ide .  Th is  may be so
because  s t a t i on  2 ia  mos t ly  exposed  to h igh- f requency  compressor  wh ine ,
for which the s l l enoe r  i s  more e f f ec t ive  than i t  i s  for  lower f requency
noise  reaching the o the r  s t a t i ons  from the exhaus t  end .

5 . 1 . 5 Transmission Loss in  Banda

The true oerformance of the s l l enoer  can only be represen ted
as in  F ig .  4 ,  where the TL i s  p lo t t ed  vs f requency  band .  The top
experimental curve  i s  eva lua ted  us ing  the end d i f fe rence  me thod ,  and
the o ther  by the before -and-af  ter  me thod .  In the l a s t  c a se ,  co r r ec t ions
were app l ied  to the TL for each band to take ca re  of d i f fe rence  in
source i n t ens i t y .  The graph shows the two cu rves  to be in  good agree-
men t ,  as we l l  as  the f ac t  that  the s i l ence r  i s  most e f f i c i en t  be tween
about  600 and 4000 c / s  where the TL in  band ia  about  40 db . Unl ike  the
OA TL, the TL in  each band i s  independent  of the f requency cha rac t e r i s -
t i c s  of the t e s t  sou rce .  P ig .  4 m&y therefore  be used to ca lcu la te  the
no i se  l eve l  a t  the ou t s ide  p lane  for any eng ine ,  p rov ided  the engine
no i se  spectrum i s  known. The smooth curve i s  inc luded for  compar i son .
I t  shows the theoret ical  TL offered by n ine  f ee t  of 4 - inch  f ibreglass
baff les  spaced  a t  12 - inch  c t s .

5 .1 .6  Noise Reduc t ion

The ove r - a l l  no i se  r educ t ion  (OA NR) at  s t a t i on  25 was found
to be S3 db , wh i l e  the co r r e spond ing  NR per band i s  p lo t t ed  in  F ig .  5 .
The f ac t  tha t  the OA NR i s  of the same o rde r  of magni tude as the OA TL
sugges t s  that  the d i r ec t i v i t y  pa t t e rn  of the emi t t ed  no i se  has  not been
a l t e r ed  by the s i l ence r  i n s t a l l a t i on .  However ,  i t  must be remembered
that as in  the case  of OA TL , the OA NR depends on the frequency
cha rac t e r i s t i c s  of the sou rce ,  and as a r e su l t  i t  may be somewhat lower
wi th  a j e t  engine in  ope ra t i on .

A comparison of F igs , .  4 and 5 shows the curves  to be similar
in shape ,  but the NR l eve l s  are genera l ly  lower than the TL, which i s
imposs ib l e .  This sugges t s  that  the r e su l t s  in  F ig .  5 may have been
a f fec t ed  by background no i se .  Unfor tunate ly ,  the two background no i se
record ings  had to be d i s ca rded  because  of fau l ty  recording  technique .
Hence the theory cannot  be ve r i f i ed .

6 . °  SUMMARY

The acous t i ca l  t e s t  on the baff le  - type s i l ence r  i n s t a l l ed  in
the i n l e t  to No. 3 t e s t  c e l l  shows·

1 .  Over -a l l  t ransmiss ion  lo s s  ac ross  the s i l ence r ,  wi th  a i r  j e t  as
no i se  sou rce ,  ranged from 34 to 35 db.

2.. Ove r - a l l  t r ansmis s ion  lo s s  ac ros s  the s i l ence r ,  with Olymuus as
no i se  sou rce ,  ranged from 22 to 29 db.

3. Ove r - a l l  no i se  r educ t ion  a t  a po in t  30 f ee t  in  f ront  of i n l e t  was
33 db . ,  wi th  a i r  j e t  as no i se  sou rce .



NAE-ENG-47NATIONAL  AERONAUTICAL  ESTABL ISHMENT

LABORATORY MEMORANDUM
PAGE

4.. Note that ove r -a l l  t r ansmis s ion  lo s s  and over-a l l  no i se  r educ t ion
depends  on the f requency soectrum of the no i se  source . .

5. On the o the r  hand, the s i l ence r  performance as r epresen ted  by F ig ·
4 i s  independent  of the frequency spectrum of the no i se  sou rce . .

6 ·  The s i lencer  i s  more e f f i c i en t  for  h igh-  than for low-frequency
(F ig , .  4 ) .  Between 600 and 4000 c / s ,  the t r ansmis s ion  lo s s  i s  in
exces s  of 36 db·

t
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APPENDIX

Two di f ferent  c r i t e r i a  are of i n t e r e s t  when sound-cont ro l
sys tems are eva lua t ed .  The f i r s t  one i s  the t r ansmis s ion  lo s s  (T )  ,
which i s  a measure of the r educ t ion  in  total  t ransmi t ted  acous t i c  power
ob ta ined  by the use of a g iven s i l ence r .  In other words ,  i t  Is  a
measure of the e f f ec t i venes s  of the sound absorbing dev ice .  The second
kind i s  exp re s sed  as no i se  r educ t ion  (NR) , and i t  i s  a measure  of the
r educ t ion  in  sound-pressure l eve l  ob t a ined  a t  a given po in t  when a
aound - con t ro l  t r ea tmen t  i s  i n s t a l l ed  . A r educ t ion  in sound-p res su re
leve l  a t  a de s igna t ed  l oca t ion  may be brought about  by changing the
d i s t r ibu t ion  pa t t e rn  from the no i se  sou rce  (by r e f l ec to r s ,  r e loca t ion ,
e t c . )  or by absorb ing  some of the t ransmi t ted  power .  A sound-cont ro l
dev ice  of the f i r s t  type w i l l  obv ious ly  have xero TL because  no power
la  abso rbed ,  but i t  may s t i l l  be as e f f ec t i ve  in  r educ ing  the noise
at  the s e l ec t ed  po in t ,  as  a dev i ce  of the second  t ype .

By de f in i t i on  TL may be wri t ten as»

(1)

where Pin and Pout i s  the acous t i c  power en te r ing  and l eav ing  the
sound-control  dev i ce .  But i f  i t  i s  assumed tha t  r e f l ec t i on  i s  neg l i -
g ib l e ,  the power may be compu ted  from the exp re s s ion»

(2)

where S i s  the  a r ea  through which the no i se  i s  t r ansmi t t ed ,  (p )av
Is  the p r e s su re  squared average over  the open ing ,  and pc i s  the
spec i f i c  impedance  of the air  under  the p reva i l i ng  cond i t i ons .

The average sound pressure  leve l  (SPL)av  i s  the average of the SPL
measu remen t s  t aken  over  the whole a r ea .

(4)because SPL - Ho Io

In the pa r t i cu l a r  case  where the a reas  and the Impedances  are
the same a t  both the i n l e t  and ou t l e t  end ,  equa t ions  (1 ) ,  (2) and (3)
give :

In  o the r  words ,  i n  the spec i a l  case  the TL equa l s  the d i f fe rence  of the
average SPL a t  i n l e t  and ou t l e t  to the sound -control  dev i ce . .
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