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SUMMARY 

Experiments have shown t h a t  t h e  r e s i s t a n c e  f o r  e j e c t i o n  from a n  o r i f i c e  
i n t o  a graz ing  f low can be less than  f o r  t h e  no-flow case over  a range of o r i -  
f i c e  v e l o c i t i e s .  
t i o n  of graz ing  flow, t h e  f low from t h e  o r i f i c e  w a s  modeled by us ing  t h e  in-  
v i s c i d  a n a l y s i s  of Golds te in  and Braun, which i s  v a l i d  when t h e  o r i f i ce - f low 
t o t a l  p re s su re  i s  n e a r l y  t h e  same as t h e  free-stream grazing-flow t o t a l  pres- 
su re .  
can e n t e r  t h e  main graz ing  f low i n  a n  i n v i s c i d  manner wi thout  gene ra t ing  l a r g e  
edd ie s  t o  d i s s i p a t e  t h e  k i n e t i c  energy of the je t .  
closed-form s o l u t i o n  w a s  developed f o r  t h e  s t eady  r e s i s t a n c e  f o r  e j e c t i o n  from 
an o r i f i c e  i n t o  a grazing-flow f i e l d .  
a b l y  wi th  t h e  p rev ious ly  publ ished d a t a  of Rogers and Hersh i n  the f low regime 
where t h e  t o t a l  p re s su re  d i f f e r e n c e  between t h e  graz ing  f low and t h e  o r i f i c e  
flow i s  s m a l l .  

To exp la in  t h i s  dec rease  i n  o r i f i c e  r e s i s t a n c e  w i t h  t h e  addi- 

For s t eady  out f low from an  o r i f i c e  i n t o  a graz ing  flow, t h e  o r i f i c e  f low 

From t h e  a n a l y s i s ,  a s imple 

The c a l c u l a t e d  r e s i s t a n c e s  compare favor- 

INTRODUCTION 

Pe r fo ra t ed  p l a t e s  w i t h  back cavities are commonly used i n  f low duc t s  t o  
d i s s i p a t e  a c o u s t i c  energy. 
by t h e  l i n e r ,  t h e  impedance of t h e  l i n e r  must be es t imated .  E l t h e r  a t h e o r e t i -  
ca l  o r  a n  empi r i ca l  model i s  r equ i r ed  t o  relate t h e  w a l l  impedance t o  t h e  con- 
s t r u c t i o n  of t h e  l i n e r ,  t h e  magnitude of the graz ing  flow, and t h e  sound pres- 
s u r e  level. 

To p r e d i c t  t h e  amount of a c o u s t i c  energy absorbed 

Many i n v e s t i g a t i o n s  of grazing-flow impedance have been performed t h a t  l e a d  
t o  impedance models f o r  u se  i n  duc t  sound-propagation s t u d i e s .  
s imu la t ion  s t u d i e s  ( r e f .  1 )  have revea led  t h e  b a s i c  phys i ca l  f low process  t h a t  
occurs  a t  t h e  o r i f i c e  i n  t h e  presence of graz ing  flow. These v i s u a l  s t u d i e s  
have l e d  t o  both  e m p i r i c a l  ( r e f .  2)  and t h e o r e t i c a l  ( r e f s .  3 and 4 )  impedance 
models bo th  without  and w i t h  graz ing  flow. 

Recent v i s u a l  

The t h e o r e t i c a l  s t u d i e s  of r e f e r e n c e s  3 and 4 p r e d i c t  t h e  r e s i s t a n c e  and 
r eac t ance  f o r  o s c i l l a t o r y  f low i n t o  a n  o r i f i c e .  A s  yet ,  however, no t h e o r e t i -  
cal model has  been proposed f o r  t h a t  p o r t i o n  of the o s c i l l a t o r y  f low c y c l e  
where f l u i d  is  e j e c t e d  from t h e  o r i f i c e  i n t o  t h e  grazing-flow f i e l d .  For s teady 
o r i f i c e  f lows i n  t h e  presence  of a graz ing  flow, r e f e r e n c e  2 p r e s e n t s  a n  expres- 
s i o n  f o r  the s teady  o r i f i c e  resistance f o r  small i-nflows o r  outf lows.  
p re sen t  s tudy  develops a p o t e n t i a l  f low model f o r  p r e d i c t i n g  t h e  r e s i s t a n c e  of 

The 
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an orifice during steady outflow in the presence of grazing flow. 
closed-form solution is presented, and the calculated resistances are compared 
with measured values for the case where the total pressures of the orifice and 
main grazing flows are nearly the same. 

A simple 

SYMBOLS 

cD 
C 

d 
H 
h 

M 
P 
P 

Q1 

C 

m 

pa 
Se 

ve 
v: 

- 
V jet 

vQ1 

Z 

6 

E 

0 

0 

P 
P 

discharge coefficient 

speed of sound 

width of orifice 

width of channel, fig. 2 

width of orifice jet at infinity, fig. 2 

grazing-f low Mach number, vw/c 

total chamber pressure 
total grazing-flow pressure 

static grazing-flow pressure 

slip factor 

jet velocity upstream 

grazing-flow velocity upstream 
average jet velocity equal to total flow rate divided by actual area 

grazing-flow velocity 

imp edan c e 
boundary-layer thickness 

total pressure difference parameter, eq. (8) 

steady orifice specific resistance 

steady orifice specific resistance predicted by inviscid flow theory 
density 

of hole 

STEADY FLOW MODELS 

Zorumski and Parrot (ref. 5) found for thin perforated plates that the in- 
stantaneous acoustic orifice resistance without a grazfng flow is equivalent to 
the flow resistance of the orifice. The flow resistance is defined as the ratio 
of the steady pressure drop across a material to the steady velocity through the 
material. Feder and Dean (ref. 6) also show a close correspondence between the 
acoustic and steady flow resistances in the presence of a grazing flow. 
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Figure 1 shows, schematically, t y p i c a l  steady r e s i s t ance  da ta  f o r  a i r f low 
through an o r i f i c e  both with and without a grazing a i r f low.  
s t r a i g h t  l i n e s  represent  r e s i s t ance  f o r  flow i n t o  and out of t h e  o r i f i c e  wi thno  
grazing flow. Without grazing flow, vor tex  r ings  form a t  t h e  o r i f i c e  l i p  (see 
i n s e r t  photographs i n  f i g .  1). 
flow, near ly  a l l  t he  k i n e t i c  energy of t h e  j e t  passing through t h e  o r i f i c e  is 
l o s t .  I n  t h i s  simple case the  r e s i s t ance  8 can be co r re l a t ed  by considering 
the  one-dimensional energy equation ( re f .  2) 

The symmetrical 

For e i t h e r  inflow o r  outflow with no grazing 

where the  symbols are defined i n  the  preceding sec t ion .  
c i e n t  CD 
hole. 

The discharge coef f i -  
i s  equal t o  the  a c t u a l  area of t he  flow divided by the  area of t he  

In  t h e  more general  case with grazing flow, t h e  k i n e t i c  energy of t h e  j e t  
(assumed t o  be equivalent t o  t h e  instantaneous acous t i c  energy from r e f .  5) w i l l  
be d i s s ipa t ed  i n t o  heat by f r i c t i o n  o r  t r ans fe r r ed  back i n t o  t h e  mean flow f i e l d  
through t h e  i n t e r a c t i o n  between the  j e t  and t h e  grazing flow. 

POTENTIAL OUTFLOW MODEL 

Experiments (ref.  2) have shown t h a t  t he  steady outflow r e s i s t a n c e  of an  

This is shown i n  f i g u r e  1 by t h e  schematic representa t ion  
o r i f i c e  with grazing flow can be less than f o r  t h e  no-flow case over a range of 
o r i f i c e  v e l o c i t i e s .  
of t h e  steady o r i f i c e r e s i s t a n c e  as a function of t h e  j e t  v e l o c i t y  and t h e  
grazing-flow Mach number. 
t he  r e s i s t ance  i s  less wi th  grazing than without g ra t ing  flow. 

A s  shown i n  t h e  lower l e f t  photograph of f i g u r e  1, 

The photographic i n s e r t s  i n  f i g u r e  1 i n d i c a t e  t h e  na tu re  of t h e  flow 
f i e l d s .  A s  reported i n  re ference  1, dyes w e r e  i n j e c t e d  i n  t h e  v i c i n i t y  of t h e  
o r i f i c e  and the motion of t h e  f l u i d  (water) w a s  observed. A s  shown i n  t h e  
upper l e f t  photograph of f i g u r e  1, f o r  no grazing flow, e j e c t i o n  from the  o r i -  
f i c e  forms l a r g e  eddies around t h e  exit l i p  of t h e  o r i f i c e ,  r e s u l t i n g  i n  t h e  
d i s s ipa t ion  of t h e  k i n e t i c  energy of t h e  jet .  
from the  o r i f i c e  i n t o  a grazing flow, t h e  lower l e f t  photograph i n  f i g u r e  1 
shows much smoother flow pa t te rns .  The flow leaves t h e  o r i f i c e ,  i s  turned by 
the  grazing flow, and blends i n  with t h e  grazing flow. 

On t h e  o the r  hand, with e j e c t i o n  

With the  sharp-edge o r i f i c e  under consideration here,  some separa t ion  and 
assoc ia ted  v o r t i c i t y  are generated immediately downstream of t h e  o r i f i c e .  
ever, under t h e  condition where t h e  t o t a l  pressure of t h e  j e t  and t h e  t o t a l  
p ressure  of t h e  grazing flow are equal, t h e  o r i f i c e  flow can e n t e r  t h e  main 
grazing flow i n  a nea r ly  inv i sc id  manner (refs.  7 t o  9) without t h e  generation 
of l a r g e  eddies t o  d i s s i p a t e  t h e  k i n e t i c  energy of t h e  j e t .  Therefore, t h e  
flow from t h e  o r i f i c e  i s  now modeled by using t h e  steady inv i sc id  ana lys i s  of 
Goldstein and Braun ( r e f s .  7 and 8 ) ,  which is v a l i d  when t h e  orifice-flow t o t a l  
p ressure  is  near ly  t h e  s a m e  as t h e  free-stream grazing-flow t o t a l  pressure.  

How- 
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To determine t h e  s p e c i f i c  o r i f i c e  steady flow r e s i s t a n c e  as defined i n  
AP and equation ( l ) ,  t h e  r e l a t i o n  - between t h e  dr iv ing  pressure d i f f e rence  

the  average j e t  v e l o c i t y  v$et must be determined. This r e l a t i o n  w a s  esti- 
mated based on an inv i sc id  low model shown p i c t o r i a l l y  i n  f i g u r e  2. 

The one-dimensional con t inu i ty  equations can be w r i t t e n  
boundaries as shown i n  f i g u r e  2 

V, H = v,(H - h) (Negative domain) 

(Pos i t ive  domain) + - 
vjet  d = veh 

Combining equations (2)  and (3) y i e l d s  

across t h e  two ce l l  

The r a t i o  of v: t o  v i  i s  defined as the  s l i p  f a  t o r  Se, and the  r a t i o  h/d 
is defined as t h e  cont rac t ion  r a t i o .  These f a c t o r s  are estimated from t h e  
inv i sc id  theory of reference 7 ,  which presents  a so lu t ion  f o r  t h e  i n j e c t i o n  of 
an attached steady-flow inv i sc id  j e t  i n t o  a moving stream. The a n a l y t i c a l  solu- 
t i o n  i n  re ference  7 a p p l i e s  t o  a two-dimensional ( s l o t ) ,  i nv i sc id ,  incompres- 
s i b l e  j e t  i n j ec t ed  i n t o  a semi-infinite moving stream. The so lu t ion  uses small- 
per turba t ion  theory; consequently, t h e  so lu t ion  is v a l i d  when t h e  d i f f e rence  
between t h e  t o t a l  p ressure  i n  t h e  main stream is not too l a rge .  Also, l o s s e s  
a t  sharp corners ,  i n  turning, and i n  generating eddies have been neglected. The 
agreement between theory and experiment w i l l  be  used t o  j u s t i f y  these  s i m p l i f i -  
ca t ions .  

The duct flow area i s  assumed t o  be l a r g e  i n  comparison w i t h  t h e  t o t a l  o r i -  
f ice  flow area, so tha t  f o r  a t y p i c a l  flow duct (such as i n  r e f .  2 ,  t o  which 
the  theory w i l l  be compared) 

h - << 1 
H 

- H ~ L  
H-h - - 1  

For t h i s  condition, t he  semi-infinite model of re ference  7 should apply. There- 
fo re ,  equation ( 4 )  becomes 

By using t h e  graphical r e s u l t s  of f i g u r e  l l ( e )  of re ference  7,  t h e  extrap- 
o la ted  vlalues of t h e  s l i p  f a c t o r  f a r  downstream from t h e  o r i f i c e  s l o t  can be 
co r re l a t ed  as a func t ion  of t h e  d i f f e rence  between t h e  t o t a l  p ressure  and t h e  
t o t a l  upstream pressure,  as follows: 
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where 

Here, E is a small perturbation parameter that can be legitimately varied be- 
tween +0.2 and -0.2. For E = 0, the slip is zero (ref. 8, eq. (4)) along the 
entire length of the interface between the grazing- and jet-flow streams. 
the generation of vorticity in a real fluid will be minimized for this condi- 
tion. 

Thus, 

By using the results of figure 9 of reference 7, the ratio of the final 
height of the jet to the slot width h/d can be correlated as a function of E 

- =  0.8 (1 +;) 
d 

Substituting equations (7) and (9) into equation ( 6 )  yields 

Since the analysis performed in reference 7 is valid for only a first-order 
power of e, equation (10) can be simplified to 

Recall that the steady orifice resistance is defined - as the ratio of the  
pressure difference Pc - pm to the jet velocity vjet. Since the relation of 
total to static pressure is defined as 

it follows that 

From the definition of E,  equation (8), the specific orifice steady-flow re- 
sistance can also be written as 

- 
Substituting the expression for vjet from equation (11) yields 
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Mb, 
1.6 ep = - 

where N, 
assuming a uniform flow i n  t h e  duct. Equation (15) cannot be applied t o  t h e  
zero-grazing-flow case s ince  t h e  assumed flow model does not apply. 
s c r i p t  p has  been added t o  8 t o  i nd ica t e  t h a t  t h i s  r e s i s t a n c e  has been 
evaluated by using a p o t e n t i a l  flow model. 
is only a func t ion  of t h e  grazing-flow Mach number and is  independent of 
t h i s  l i nea r i zed  theory. 

is t h e  Mach number of the grazing flow upstream of t h e  o r i f i c e ,  

The sub- 

S ign i f i can t ly ,  t h e  r e s i s t a n c e  eP 
e i n  

The t h e o r e t i c a l  equation (15) i s  based on an i n v i s c i d  model f o r  which no 
boundary l aye r  exists up- o r  downstream of t h e  o r i f i c e .  I n  t h e  next s ec t ion  
t h i s  model is compared with t h e  da ta  of Rogers and Hersh Cref. 2) i n  which the 
r a t i o  of boundary-layer thickness 6 ,  t o  o r i f i c e  hole  diameter i s  less than 
1 (6/d = 0.71). A word of caut ion  i s  necessary; f o r  a c t u a l  i n l e t s  w i th  l a r g e  
6/d,  a co r rec t ion  f o r  boundary-layer thickness would most l i k e l y  be required. 
For example, f o r  a 6/d of 4.09, t he  da ta  of reference 2 show t h a t  t h e  acous t i c  
r e s i s t ance  could increase  from 5 t o  25 percent depending on t h e  r a t i o  of j e t  t o  
grazing (mean) flow ve loc i ty .  For app l i ca t ions  of equation (15) t o  l a r g e  6 /d  
r a t i o s ,  i t  i s  suggested, therefore ,  t ha t  an empirical  co r rec t ion  f a c t o r  be used 
based on da ta  such as those presented i n  re ference  2. 

Equation (15) i s  a t h e o r e t i c a l  expression f o r  t he  r e s i s t a n c e  of an  o r i f i c e  

However, 
t o  steady outflow. Equation (15) is a p r i o r i  l imi ted  t o  s m a l l  E, t h a t  is, 
small d i f fe rences  between the  cav i ty  and free-stream t o t a l  pressures.  
as shown i n  t h e  next s ec t ion ,  t h e  theory does f o r t u i t o u s l y  s e e m  t o  c o r r e l a t e  
t he  da t a  f o r  negative values of E .  A s  shown i n  f i g u r e  3, t h e  c l o s e  proximity 
of t h e  w a l l  prevents wave growth and thereby reduces t h e  l o s s e s  of t h e  j e t ,  
making inv i sc id  theory more appropriate.  
ences (pos i t i ve  E), as shown i n  f igu re  3, eddies form a t  t h e  i n t e r f a c e  between 
the  j e t  and the  stream. Obviously, t he  flow cannot be assumed inv i sc id  i n  t h i s  
case. 

For l a r g e  p o s i t i v e  pressure  d i f f e r -  

EXPERIMENTAL COMPARISON 

The expression f o r  t h e  s p e c i f i c  o r i f i c e  r e s i s t a n c e  eP given by equa- 
t i o n  (15) i s  now compared with the  measured a i r f low da ta  from reference  2. 

Case a: Jet- and Grazing-Flow Tota l  Pressures Equal (E = 0 )  

The theory is f i r s t  compared t o  t h e  experimental d a t a  f o r  E = 0 ,  I n  t h i s  
case, t h e  s l i p  along t h e  streamline separa t ing  t h e  j e t  and grazing flow i s  zero; 
thus,  v o r t i c i t y  generation should be a t  a minimum. Therefore, t h e  inv i sc id  
theory would be bes t  applied f o r  t h i s  case. 
inv i sc id  theory f o r  t h e  o r i f i c e  r e s i s t ance  g ives  exce l l en t  agreement with ex- 
periment over t h e  range of grazing-flow Mach numbers t e s t e d  i n  re ference  2. 

A s  seen i n  f i g u r e  4 ,  t h e  s i m p l e  
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Case b: E > 0 

The theory i s  now compared t o  t h e  da ta  of re ference  2 f o r  a range of E.  

Invisc id  theory should not be ex- 
For l a r g e  
and assoc ia ted  v o r t i c i t y  a t  t h e  in t e r f ace .  
pected t o  work i n  t h i s  range. 
da ta  curves, t h e  devia t ion  between theory and experiment increases  wi th  

E ,  t h e  j e t  w i l l  i n t e r a c t  wi th  the  grazing flow and generate waves 

A s  seen i n  f igu re  5, f o r  t h e  E > 0 po in t s  on t h e  
E. 

Case c: E < 0 

For t h e  case where t h e  chamber pressure  i s  less than t h e  free-stream t o t a l  
pressure (E < 0) ,  t h e  flow from the  o r i f i c e  is  observed t o  be a smooth t h i n  
flow with no v i s i b l e  wave growth along t h e  i n t e r f a c e .  The c l o s e  proximity of 
t h e  w a l l  t o  t h e  jet-grazing-flow i n t e r f a c e  reduces t h e  growth rate of t h e  
waves. Reducing wave amplitude ( re f .  9, p.  83) reduces the  ra te  a t  which t h e  
energy of t h e  j e t  i s  d iss ipa ted .  This could expla in  why the  inv i sc id  theory 
and experiment s t i l l  agree (which may be f o r t u i t o u s )  f o r  l a r g e  negative va lues  
of E,  a s  shown i n  f i g u r e  5 .  

DISCUSSION OF RESULTS 

The acous t i c  flow re s i s t ance  a t  a suppressor w a l l  can be r e l a t e d  t o  a 
t r a n s f e r  of acous t i c  energy across  t h e  boundary of t he  duct. Normally, t h e  
acous t ic  energy l o s t  by t h e  suppressor is  assumed t o  be d i s s ipa t ed  i n t o  heat 
i n s i d e  o r  i n  the  near f i e l d  of t he  absorber. I n  t h i s  p a p e r ,  an inv i sc id  flow 
model i s  used t o  p red ic t  t h e  steady orifice-flow r e s i s t a n c e  f o r  e j ec t ion  from 
an o r i f i c e  i n t o  a grazing flow. 
as p a r t  of t h e  resistive component of t h e  w a l l  impedance i n  an  acous t i c  sup- 
pressor ana lys i s .  How can an inv i sc id  ( f r i c t i o n l e s s )  flow r e s i s t a n c e  account 
f o r  t h e  energy d i s s i p a t i o n  assoc ia ted  wi th  t h e  acous t i c  r e s i s t ance?  

This i nv i sc id  flow r e s i s t a n c e  i s  commonly used 

A poss ib le  explanation is  t h a t  t h e  steady outflow r e s i s t a n c e  i n t o  a grazing 
flow is  not r e l a t e d  t o  t h e  instantaneous acous t ic  r e s i s t ance .  However, many 
inves t iga to r s  assume t h a t  these  r e s i s t ances  are r e l a t ed .  An argument t o  support 
the  l a t te r  assumption follows. 

Acoustic energy can be d i s s ipa t ed  ( i n  a resonator f o r  example), sent 
through some flanking path i n t o  t h e  surrounding environment (such as through 
t h e  s t r u c t u r e ) ,  o r  transformed i n t o  a mean flow f i e l d .  The las t  case i s  now 
considered i n  d e t a i l .  I n  an  acous t i c  f i e l d ,  t h e  acous t i c  energy can be trans- 
formed d i r e c t l y  i n t o  t h e  mean grazing-flow f i e l d  only i n  t h e  presence of vor- 
t i c i t y  (eq. (1.87) of r e f .  10). However, f o r  E = 0, t h e  asymptotic va lue  of 
t he  j e t  v e l o c i t y  leaving the  o r i f i c e  w i l l  be equal ( r e f .  7, eq. ( 4 ) )  t o  t he  
grazing-flow ve loc i ty .  Therefore, t h e  j e t  k i n e t i c  energy (usually assumed t o  
represent  t h e  induced acous t ic  j e t  ve loc i ty )  e f f e c t i v e l y  becomes a p a r t  of t h e  
grazing-flow f i e l d ,  s i n c e  the  two f l u i d s  are now indis t inguishable .  Since t h e  
marging of t h e  two streams occurs i n  an  i r r o t a t i o n a l  manner, t h e  flow f i e l d  i n  
t h e  v i c i n i t y  of t h e  o r i f i c e  i s  not acoustic.  I n  f a c t ,  t h e  o r i f i c e  v e l o c i t i e s  

90 1 



generated by t h e  f a r - f i e l d  a c o u s t i c  p re s su res  can be descr ibed  by t h e  incom- 
p r e s s i b l e  momentum equat ions  ( r e f s .  3 and 4 ) .  

The f low f i e l d  near  t h e  w a l l ,  t he re fo re ,  i s  termed t h e  nonacoust ic  bound- 
a r y  r eg ion  ( f i g .  6).  The a c o u s t i c  flow reg ion  is ad jacen t  t o  t h i s  reg ion ,  as 
shown i n  f i g u r e  6. 
t h e  boundary of t h e  nonacoust ic  reg ion  (dashed l i n e  i n  f i g .  6 )  are v a l i d  bound- 
a r y  cond i t ions  f o r  t h e  reg ion  where t h e  a c o u s t i c  equat ions  apply.  The r a t i o  of 
p re s su re  t o  v e l o c i t y  a t  t h i s  boundary i s  def ined  as t h e  impedance z. I n  addi- 
t i o n ,  t h e  s teady  flow r e s i s t a n c e  i s  assumed t o  be equal  t o  t h e  ins tan taneous  
a c o u s t i c  r e s i s t a n c e  (real p a r t  of impedance). 

It i s  commonly assumed t h a t  t h e  p re s su re  and v e l o c i t y  a t  

From t h e  preceding d i scuss ion ,  t h e  i n t e r p r e t a t i o n  of a d i s s i p a t i v e ,  resis- 
t ive boundary cond i t ion  developed by a n  i n v i s c i d  theory  must imply that t h e  
a c o u s t i c  energy i s  l o s t  by a process  o the r  than  f r i c t i o n a l  d i s s i p a t i o n .  I n  
t h i s  case ( f i g .  6 ) ,  t h e  k i n e t i c  energy of t h e  a c o u s t i c  j e t  becomes p a r t  of the 
s teady  graz ing  f low i n  t h e  nonacoust ic  reg ion  ad jacen t  t o  t h e  o r i f i c e .  Since 
t h i s  t r a n s f e r  of energy occurs  o u t s i d e  t h e  a c o u s t i c  f i e l d ,  t h e  usua l  a c o u s t i c  
flow l a w s  ( r equ i r ing  v o r t i c i t y  f o r  energy t r a n s f e r  t o  a graz ing  flow) are n o t  
v i o l a t e d .  Therefore ,  t h e r e  i s  no conceptual  problem i n  r e l a t i n g  a f r i c t i o n l e s s  
s teady  f low r e s i s t a n c e  t o  an a c o u s t i c  r e s i s t a n c e .  

I n  summary, sound impinging on a r e sona to r  c a v i t y  i s  p a r t i a l l y  r e f l e c t e d  
and p a r t i a l l y  absorbed. During t h e  p o s i t i v e  p o r t i o n  of t h e  sound p r e s s u r e  
c y c l e  (with o r  without  graz ing  f low) ,  t h e  nonre f l ec t ed  p o t e n t i a l  energy of the 
impinging p res su re  wave induces flow i n t o  t h e  o r i f i c e .  The k i n e t i c  energy of 
t h e  induced flow i s  s t o r e d  i n  t h e  back c a v i t y  (system reac tance )  and p a r t i a l l y  
d i s s i p a t e d  by v iscous  scrubbing and flow expansion. During t h e  nega t ive  por- 
t i o n  of t h e  sound p res su re  wave, t h e  c a v i t y  g i v e s  up i ts  s t o r e d  energy and 
d r i v s s  t h e  f l u i d  out .  I n  t h e  absence of graz ing  flow, t h e  k i n e t i c  energy of 
t h e  a c o u s t i c  j e t  undergoes a n  abrupt  change i n  flow area t h a t  l e a d s  t o  d i s s ipa -  
t i o n  of i t s  k i n e t i c  energy. With graz ing  flow, some of t h e  k i n e t i c  energy of 
t h e  j e t  can be d i v e r t e d  back i n t o  t h e  graz ing  flow. I n  bo th  cases, a l l  t h e  
k i n e t i c  energy of t h e  jet  i s  l o s t  t o  t h e  a c o u s t i c  f i e l d .  

CONCLUSIONS 

Experiments have shown t h a t  the resistance f o r  e j e c t i o n  from an  o r i f i c e  
wi th  graz ing  f low can be less than  f o r  t h e  no-flow case over  a range of o r i f i c e  
v e l o c i t i e s .  A simple closed-form i n v i s c i d  s o l u t i o n  w a s  shown t o  e x p l a i n  the 
decrease  i n  o r i f i c e  resistance w i t h  graz ing  flow. 
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