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SUMMARY

A Schlieren system was applied behind a silencing grid
of a turbojet engine» It did not result in any definite addi-
tional knowledge regarding the nature of the hoot or the gas
flow pattern» It is believed that the possibilities of the
system were not exhausted»

Frequency of hooting was found , and its origin investi-
gated»

A literature search was made» A theoretical solution
of the problem of dissipating sound energy by water spheres
suspended in the air was found» It is believed that s modified
version can be applied to the case of water spray noise suppres-
sion of turbojet engine exhausts»
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NOTES ON SUNNER WORK AT THE ENGINE LABORATORY OF THE NATIONAL
RESEARCH COUNCIL, 29 JUNE to  21 AUGUST, 19 9

INTRODUCTION

While working on the supp re s s ion  of ’ ’hoo t ing”  no i se ,  Mr»
Wisn iowsk i  found tha t  when a s i l enc ing  gr id  is  app l i ed  in the wake
of the Orenda I I  t u rbo j e t  engine a trass concen t r a t i on  is  appa ren t
at  the 1ί |” d i ame te r  ju s t  behind the g r id .  In order  to l ea rn  more
about  the phenomenon,  he asked the wr i t e r  to i nves t i ga t e  t h i s
r eg ion  wi th  a Sch l i e r en  sys t em.  He a l so  r eques t ed  the wr i t e r  to
e s t ab l i sh ,  the f requency  of hoot  and to g ive  views concerning i t s
o r ig in .

This work compr i sed  a pe r t  of the wr i t e r ’ s  summer employ-
ment wi th  the Na t iona l  Resea rch  Counc i l .

SCHLIEREN SYSTEM

When a t u rbo j e t  engine opera tes  in an expe r imen ta l  c e l l ,
i t  deve lops  no i se s  which have to  be supp re s sed .  Gene ra l l y  speak ing
there are  two types of supp re s so r s :  (a )  s t a t i ona ry ,  and (b)  non-
s t a t i ona ry .  I t  was found tha t  when a s t a t i ona ry  i n s t a l l a t i on  was
used ,  of the  g r id  type mounted in a cy l ind r i ca l  exhaus t  duc t ,  the
sound l eve l  of t he  exhaus t  je t  was dec reased .  However ,  when the
g r id  was mounted too f a r  from the engine f i na l  nozz l e ,  i t  p roduced
a new no i se  ca l l ed  hoo t .  Hoot appears  a t  h igher  speeds  of the
engine  and i t s  i n t ens i t y  peaks above the no i se  spec t rum,  F ig .  1 .
This i nc rea se  was 6 db fo r  the obse rved  eng ine  speed  of 7E>00 r . p .m .

In the cou r se  of the work on supp re s s ing  hoo t ,  i t  was
found by the use of Wisn iowsk i ’  s me ta l  tuf ts  (no p rev ious  men t ion
of the  s t ee l  tuf ts  was found in the t e chn ica l  l i t e r a tu re )  t ha t  the
ve loc i ty  f i e ld  in the gas je t  is convergent  a t  the 1L|” d i ame te r .
I t  was t h i s  phenomenon tha t  made Mr. Wisn iowsk i  ask the wr i t e r  to
bu i ld  a ' Sch l i e r en  sys t em and i nves t i ga t e  the r eg ion  in ques t i on .

A Schl ie ren  uni t  was ob t a ined  from the High Speed Aero-
dynamics  Labora to ry  and mod i f i ed  fo r  l oca l  u se ,  F ig .  2 and F ig .  3«
As the sou rce  of l i gh t ,  an AH-li mercury vapour  lamp was u sed .
When p l aced  in the focus  of a 9” d i ame te r  concave  mi r ro r ,  i t  p ro-
duced a pa ra l l e l  beam of l ight  in the de s i r ed  r eg ion .  On the o the r
s ide  of the je t  was a second  i den t i ca l  mi r ror  which concen t r a t ed
the l i gh t  on the kn i f e - edge  which was cons t ruc ted  in  con junc t ion
wi th  a camera .  The main d i f f i cu l ty  which had to be overcome here
was the v ib ra t i ons  of the pa r t s  of the sy s t em.  The beam of l ight
at  the t e s t  s ec t i on  had to be e l l i p t i ca l .  The cen t e r  of the
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e l l i p se  wag p l aced  some 2” beh ind  the g r id  and 7” above the cen t e r
of the je t  9 with 9” s emi -ma jo r  and 6" semi -minor  ax i s .

The v i sua l  obse rva t ions  and the photographs showed ,  as
cou ld  be expec t ed  , t ha t  t h i s  subson ic  r eg ion  is of very  turbulent
na tu re  5 Fig» I4. Re l a t i ve  dens i t y  g rad i en t s  wi th in  the je t  were
found to be of sma l l  magni tude  and of no de f in i t e  s t eady  pa t t e rn»
The changes  were r a the r  f a s t  in succes s ion .  I t  seemed tha t  there
would be a t  t imes  some kind of t o - and - f ro  ac t i on  c lo se  to the 1)4”
d i ame te r .  A double  s e r i e s  of vo r t i ce s  , as some th ing  of s imi l a r
na ture  j would sugges t  i t s e l f  (7 ) °

In conc lus ion ,  the Rch l i e r en  sys t em did  not  produce any
de f in i t e  add i t i ona l  knowledge  with re ga f»d to  the na ture  of the
hoot  or the gas f low pa t t e rn .  However ,  be fo re  the sys t em is
r e j ec t ed  i t  shou ld  be po in t ed  out t ha t  the f low f i e ld  dea l t  wi th
was non - s t eady  and in pa r t i cu l a r  t h r ee -d imens iona l .  Perhaps  the
smoko t echn ique ,  in con junc t ion  wi th  the Sch l i e r en  sys t em,  would
shed some add i t i ona l  l igh t  on the II4” d i ame te r  phenomenon.

Sch l i e r en  p i c tu re s  were a l so  ob t a ined  wi th  a II4’’
d i ame te r  pa r t i a l l y  pe r fo ra t ed  cy l inde r  p l aced  concen t r i c  with  the
tu rbo je t  engine  ax i s  and beh ind  the g r id .  One cou ld  no longer
de t ec t  the t o - and - f ro  ac t i on  in the v i s ib l e  po r t ion  of the j e t .
Floxv was in s t r eaks  , more or l e s s  pa ra l l e l  to the cy l inde r  wa l l ,
and the i n t ens i t y  of hoot  was dec reased .  I t  could  be ment ioned
tha t  P.N. Kubansk i i  ( 2 ) ,  in h is  e f fo r t  to  couple the  the rmal  and
acous t i c  e f f ec t s ,  used the shadowgraph  me thod .  He found tha t
when a hot cy l i nde r  is  p l aced  in the a i r  a t  r e s t ,  and when the
sound f i e ld  is supe r imposed ,  i t  p roduces  ce l l s  of c i r cu l a t i ng  a i r .

THE NATURE OF HOOT

I t  was f e l t  t ha t  i t  would be conven ien t  to  f i nd  the
f r equency  of hoot  and to t ry  to see if  pa r t s  of the r ig  i n s t a l l a -
t i on  are not  r e spons ib l e  fo r  i t .  For t h i s  nurpose  the spec t rum
of sound was ob t a ined ,  F ig .  1 .

A Brue l  and Kjae r  Type 2110 Audio F requency  Spec t rome te r
was u sed ,  in con junc t ion  wi th  Type 23014 Leve l  Reco rde r  end Type
IOII4 Beat F requency  Osc i l l a to r .  The t u rbo j e t  eng ine  was ope ra t ed
at  75>OO r . p .m .  and 7000 r . p .m .  The exhaus t  gas pas sed  through
an 8 - spoke  g r id  welded in a I4O” d i ame te r  r ing which was mounted
in the ce l l ’ s  I48” d i ame te r  ou t l e t  duc t .  No wa te r  sp ray  was u sed .
I t  was found tha t  the  hoo t ing  f requency  a t  75>OO r . p .m .  was some-
where be tween  I4 00 cps and 630 cps , but c lo se  to $00 cps . The
hoo t ing  f r equency  at  7000 r . p .m .  was somewhere be tween  63Ο cps
and 1000 cps ,  but c lo se  to 800 cps .  The i n t ens i t y  r ece ived  by a
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mic rophone ,  p l aced  on the third f l oo r  ba l cony5*, was i nd i ca t ed  as
101 db at  7500 r . p .m .  and 90 .5  db a t  7000 r . p .m .  The ove r - a l l
sound l eve l  was 107 .5  db at  7500 r . p .m .  and 102 .5  db at  (Ό00
r .p .m .

Due to l im i t a t i ons  of the i n s t rumen t s ,  a t  f i r s t  on ly
app rox ima te  f r equency  va lues  of hoot  cou ld  be ob t a ined .  La t e r
an Ampex Model 620 Ampl i f i e r -Speake r  was used in con junc t ion  wi th
the 101l| Beat F requency  Osc i l l a to r .  The sound f requency emi t t ed
by the speake r  could  be va r i ed  and compared by ear  wi th  t ha t  of
hoo t ing .  I t  was found tha t  a t  7500 r . p .m . ,  hoot  f r equency  was
500 cps , and t ha t  a t  7000 r . p .m .  I t  was 750 cps .

The o r ig in  of hoot  is  s t i l l  under  examina t ion .  I t  appea r s
from the expe r imen t s  tha t  the t u rbo j e t  eng ine  i t s e l f  is not d i r ec t l y
r e spons ib l e  fo r  the hoo t .  I t  i s  a l so  ev iden t  t ha t  when a s i l enc ing
gr id  l oca t ed  in a cy l ind r i ca l  or squa re  f rame is  p l aced  c lo se  to the
t a i l p ipe  there  is  no hoo t ;  but a t  the same time i t  can a f f ec t  the
thrus t  and t a i l p ipe  tempera ture  of the eng ine  (bo th  i nc rea se ) .
To avo id  i t ,  the g r id  has to be moved downs t r eam pas t  a c r i t i c a l
po in t  where the hoot  s t a r t s  to deve lop .  I t  would t he re fo re  be
r ea sonab le  to assume tha t  hoot  is  a r e sonan t  phenomenon born
wi th in  the i n s t a l l a t i on  in the wake of the t u rbo j e t  eng ine .

A few s imp le  ca l cu l a t i ons  were made with r ega rd  to 500
and 750 cps f r equenc i e s .  The i nd i ca t i on  is  t ha t  the L|.8” d i ame te r
ou t l e t  duc t  has a t  7500 r . p .m .  one of the ha rmon ic s  of i t s  na tu ra l
t r ansve r se  v ib ra t i on  f r equency  c lo se  to 500 cps , and at  7000 r . n .m .
c lo se  to 750 cps .  The ca l cu l a t i ons  were a very  rough app rox ima t ion ,
as e r ro r s  may be expec t ed  in  the assumed t empera tu re s  wh i l e  eva lua t -
ing the ve loc i ty  of sound in the gas co lumn .

To prove the above imp l i ca t i on ,  the wr i t e r  would sugges t
reduc ing  the 500 cps f requency  to the s t i l l  a i r  ve loc i ty  of sound .
A s igna l  of t ha t  f requency could  be fed f lush  with the duc t  wa l l
to prove t ha t  t he re  is  no r e sonance .  On the o the r  hand ,  one cou ld
sp l i t  the duc t ’ s  a rea  i n to ,  s ay ,  fou r  equa l  d i ame te r  p ipes .  This
may r e su l t  In a new f requency of hoo t  which could  be p r e - ca l cu l a t ed .
Shou ld  t h i s  be so ,  one could  f i nd  a t heo re t i ca l  d i ame te r  of the
p ipe  wh ich ,  if  p r ac t i ca l ,  would sh i f t  the hoot  f r equency  out of
the t h r e sho ld  of hea r ing .

WATER SPRAY NOISE SUPPRESSION
Mr. Wisn iowsk i  deve loped  the t e chn ique  of r educ ing  the

æ 26 f ee t  below the ou t l e t  of the  ve r t i ca l  exhaus t  s t ack ,  and
about  13 f ee t  from i t s  ve r t i ca l  ax i s .
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sound ene rgy  l eve l  by c r ea t i ng  wa te r  sp ray  downs t r eam of the s i l enc -
ing g r id .  I t  was neces sa ry  to i n t roduce  a ma thema t i ca l  theory  in
suppor t  of t he se  expe r imen t s .  The wr i t e r  made a l i t e r a tu re  s ea rch ,
as l i s t ed  be low,  and found tha t  the pa r t i a l  t heo re t i ca l  so lu t i on
of the p rob lem was made by P .S .  Eps t e in  and R.R. Ca rha r t  ( l l ) .  The
nape r  deve lops  a theory  of sound abso rp t ion  by f l u id  sphe re s  embedded
in" a f l u id  medium, in pa r t i cu l a r ,  wa te r  pa r t i c l e s  suspended  in the
a i r .  A d rop le t  is  s e l ec t ed  and i t s  abso rp t ion  is  de t e rmined .  The
to t a l  abso rp t ion  is  ob t a ined  by summing up the i nd iv idua l  abso rp -
t i ons  of the d rop l e t s .  The formula  deduced  fo r  the sound a t t enua -
t i on  cons i s t s  of two terms des igna t ed  as the coe f f i c i en t  of v i s cous
a t t enua t ion  and the coe f f i c i en t  of t he rma l  a t t enua t ion .  The t heo ry
is f avourab ly  compared with Knudsen ’ s  (16)  da ta  on abso rp t ion  of
sound energy’  in a r t i f i c i a l l y  p roduced  fog .  The compar i son  was
poss ib l e  because  the ana lys i s  of drop  s i ze  was made.
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SCHLIEREN SYSTEM
SOURCE OF LIGHT AND FIRST MIRROR



FIG. 3
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SCHLIEREN SYSTEM
SECOND MIRROR, KNIFE-EDGE AND THE CAMERA



FIG. 4

A GAS FLOW SCHLIEREN PHOTOGRAPH
(FLOW DIRECTION: FROM LEFT TO R IGHT)


