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Results are presented from the experimental study of the effect exerted 
by the length of a cylindrical mixing chamber in a supersonic ejector 
on the efficiency of its operation. The physical mechanism of main- 
taining rarefaction is analyzed for a mixing-chamber length less than 
the optimum. It is established that the length of the mixing chamber of 
the ejector, ensuring maximum rarefaction for a zero coefficient of 
ejection, depends exclusively on M a at the nozzle outlet. The opti- 
mum length of the mixing chamber is given as an empirical function 
of Ma. 

In the theory  of gas e j ec to r s  the p rob l em of the 
ef f ic ient  se lec t ion  of m i x i n g - c h a m b e r  length is one of 
the fundamenta l  p r o b l e m s  d e t e r m i n i n g  the eff ic iency 
of e j ec to r  operat ion.  Some of the work c u r r e n t l y  ava i l -  
able,  devoted to the ca lcu la t ion  of an op t imum m i x i ng -  
chambe r  length  (for example ,  [1, 2]), y i e lds  r e s u l t s  
d e a r l y  exaggera ted  r e l a t ive  to exper imen t .  Thus,  in 
the f a m i l i a r  r e f e r e n c e  [2] the r e l a t ive  length of the 
mix ing  c h a m b e r  should be l > 12, while in actual  
p rac t i ce ,  f rom e x p e r i m e n t a l  data, it is gene ra l l y  a s -  
s u m e d  to be -/= 6 -8 .  

Vi r tua l ly  a l l  of the l i t e r a t u r e  devoted to the s e l e c -  
t ion of the m i x i n g - c h a m b e r  length deals  with the case  
in which the e jec t ion  coeff ic ient  is not equal  to zero.  
At the s ame  t ime ,  t he re  ex is t s  a l a rge  n u m b e r  of 
i ndus t r i a l  devices  des igned  to m a i n t a i n  cons t an t - - a nd  
as a ru le ,  the m a x i m u m  p o s s i b l e - - r a r e f a c t i o n  within 
a c e r t a i n  volume.  Here  the e jec t ion  coeff ic ient  is 
equal to zero .  

For  speci f ic  ope ra t iona l  condi t ions  it is f r equen t ly  
n e c e s s a r y  to have a mix ing  c h a m b e r  of m i n i m u m  
length. However,  it is obvious that the op t imum length 
of a mix ing  c h a m b e r  should be a funct ion of the flow 
c h a r a c t e r i s t i c s  and of the length  of the f ree  s t r e a m  
ahead of the in le t  to the mix ing  chamber .  Here the t e r m  

opt imum is unders tood  to re fe r  to such a mix ing-  
chamber  length as would ensu re  ma x i mum r a r e f a c -  
t ion within the chamber  for a m i n i m u m  p r e s s u r e  ahead 
of the p r i m a r y  nozzle.  

In view of the fact that  there  is p r e sen t ly  no pos -  
s ib i l i ty  of theore t i ca l ly  inves t iga t ing  the p rob lem a s -  
soc ia ted  with the p r oc e s s  of conver t ing  je t  flow to 
channel  flow, we c a r r i e d  out e x p e r i m e n t a l  r e s e a r c h  
into the effect exerted by the length of a mixing cham- 
ber on the efficiency of the ejection process in the 
case of an ejection coefficient equal to zero. 

A detailed description of the experimental instal- 
lation is given in [4]. Figure 1 shows a diagram of the 
model. 

The model represents a chamber of length I, at 
whose outlet are positioned removable cylindrical 
mixing  chamber s  of va r ious  lengths 1 and var ious  
l a t e r a l  c r o s s - s e c t i o n a l  a r e a s  fu" The nozzle  p roduc -  
ing the je t  of specif ied veloci ty is mounted  at the 
opposite w al l  of the chamber .  The length of the c h a m -  
b e r  was va r i ed  within l im i t s  L = 0 -7 ,  the length of the 

mix ing  c h a m b e r  was va r i ed  within the l imi t s  l =  0 - 6 ,  
and i ts  l a t e r a l  c r o s s - s e c t i o n a l  a r e a  was var ied  within 
the l im i t s  f u  = 0 .7-25 .  The M a n u m b e r s  (at the noz-  
zle outlet) were  equal to: 1.0; 2.02; 2.45; 2.85 3.37. 

The e xpe r i me n t s  y ie lded  the p r e s s u r e  Pc in the 
c ha mbe r  as a funct ion of the p r e s s u r e  P0 ahead of the 
nozz le  for va r ious  va lues  of Ma, f u ,  L, and l-. A 
typica l  funct ion Pc = f ( P 0 , / )  is shown in Fig. 1, where  

we see that for any m i x i n g - c h a m b e r  length (with the 
except ion of some l imi t )  the na tu re  of the funct ions 
Pc = f(P0) r e m a i n s  cons tant ,  i . e . ,  as if there  were  
no mix ing  chamber .  The m e c h a n i s m  for ma in t a in ing  
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Fig. i .  Dependence of pressure Pc in chamber on pressure P0 
before nozzle at M a = 2.45; L= 1.5, andfu = 4: a) I = 0;b) 0.4; 
c) 1; d) 2; e) 4; f) 6; 1) nozzle; 2) chamber; 3) mixing chamber. 
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the r a r e f ac t i on  in the chamber  when )-= 0 was studied 
in detai l  in [3], where  it was es tab l i shed  tha t the  r a r e -  
fact ion in the chamber  on segment  I of the curve  Pc = 
= f(P0) is defined by the drop in p r e s s u r e  in the coun-  
terf low pass ing  between the edge of the or i f ice  and the 
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Fig. 2. Dependence of m a x i m u m  r a r e f a c t i o n  in c ha m-  
be r  on mix ing  chamber  length at L = 1.5 and M a = 2.45: 

a) f u  = 2.25; b) 4; c) 5.06; d) 9. 

boundary  of the ma in  jet ,  compensa t ing  for the a p p a r -  
ent  m a s s  of the m a i n  je t  at length L. The beginning  of 
segment  II co r r e sponds  to the nons teady- f low r e g i m e  
in the counterf low,  a s soc ia t ed  with the e s t a b l i s h m e n t  
within that  flow of the c r i t i c a l  veloci ty.  F ina l ly ,  seg -  
ment  III co r r e sponds  to the so - ca l l ed  r eg ime  of l imi t  
inca lcu lab i l i ty  n l i  m which is c h a r a c t e r i z e d  by the 
l i n e a r  r e l a t ionsh ip  be tween the p r e s s u r e  Pc in the 
chamber  and the p r e s s u r e  P0 ahead of the nozzle.  The 
beginning  of the n l i  m r e g i m e  is defined by the ins t an t  
of contact  be tween  the edge of the outlet  or i f ice  and 
the c r i t i c a l  s t r e a m l i n e  in the boundary  l ayer  of the 

ma in  jet.  
In connect ion  with the fact that the cu rves  Pc = 

= f(P0) when l > 0 a re  s i m i l a r  to the analogous r e -  
l a t ionsh ip  when l =  0, we should expect  that the m e c h -  
a n i s m  of ma in t a in ing  Pc is ident ica l  in both cases .  
The p r e s s u r e  Pc for the s a m e  P0 in segmen t s  I d i mi -  
n i shes  as l- i n c r e a s e s .  

This may obviously occur  only as a r e s u l t  of an 
i n c r e a s e  in the veloci ty of the counterf low. As a m a t -  
t e r  of fact,  if the re  is a d ra inage  channel  of length T 
at the outlet  f rom the chamber ,  the apparen t  m a s s  of 
the ma in  jet  and, consequent ly ,  the m a s s  of a i r  in the 
counterf low wil l  no longer  be defined by the length 
of the je t ,  but by the quanti ty (L + 1), i . e . ,  they wil l  
i n c r e a s e  as the length of the d ra inage  channel  i n c r e a s e s .  
Moreover ,  it is  comple te ly  obvious that as the length 
of the channel  i n c r e a s e s ,  the annu l a r  c l e a r ance  be -  
tween the edge of the out le t  o r i f ice  and the ex te rna l  
boundary  of the m a i n  je t  through which the a i r  pa s se s  
in the counterf low will  d imin i sh  as a r e s u l t  of the ex-  
pans ion  of the jet .  These  f ac to r s  cause  the ve loc i ty  in 
the counter f low when P0 = const  to i n c r e a s e  as l i n -  
c r e a s e s ,  and the p r e s s u r e  in the c h a m b e r  drops .  

Natura l ly ,  the c r i t i c a l  r e g i m e  in the counterf low 
in this  case  se ts  in at a lower  p r e s s u r e  P0 ahead of 
the nozzle  and with g r e a t e r  r a r e f a c t i o n  of Pc in the 

chamber ,  When 1-= 6 (in the case under  cons idera t ion) ,  
the sharp drop in I) c begins  even with low values  of 
P0. This indica tes  that the boundary of the jet  i m m e -  
diately encompasses  the edge of the outlet or i f ice .  

Segment  IV co r re sponds  to the gradual  convers ion  
of the flow in the mixing chamber  under  the action of 
an i n c r e a s e  in the flow rate through the main  nozzle.  
The beginning of segment  IV co r re sponds  to the con-  
tact  between the edge of the m i x i n g - c h a m b e r  or i f ice  
with the outer  edge of the jet  at sect ion B; the end of 
segment  IV cor responds  to the onset  of the nli  m r e -  
gime,  i . e . ,  the contact  of the edge of the inlet  o r i -  
f i c e  of the mixing chamber  with the c r i t i c a l  s t r e a m -  
l ine in the boundary  layer .  This  conclus ion  follows 
f rom the fact that the magnitude of nl i  m is not a func-  
t ion of the m i x i n g - c h a m b e r  length, as is seen f rom 
Fig. 1, s ince the segments  of the curves  c o r r e s p o n d -  
ing to the nl i  m reg ime  coincide for va r ious  l-. 

The magni tude of the m a x i m u m  r a r e f a c t i on  in the 
chamber ,  all  other condit ions being equal,  is a func-  
t ion of the m i x i n g - c h a m b e r  length,  i n c r e a s i n g  with an 
i n c r e a s e  in the la t te r ,  as is c l ea r ly  seen from Fig. 2. 
However,  beginning  with some value of 1-, the quan-  
tity (Pc)rain ceases  to be a funct ion of 1-. This  pheno-  
menon  occurs  for all  values  of [u, Ma, and L. 

Hence it follows that  there  is always some mix ing -  
chamber  length which e n s u r e s  an op t imum ejec t ion  
r eg ime .  As we can see f rom Fig. 2, when M a = 2.45 
and i~, = 1.5 there  is no sense  in i n c r e a s i n g  the m i x -  
i n g - c h a m b e r  length above l- > 4. Here we wil l  r e g a r d  
l =  4 as opt imum. 
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Fig. 3. Dependence of opt imum length of 
mix ing  chamber  on Ma: 1) L = 1.5; f u  = 
= 2.25; 2) 1.5 and 4; 3) 1.5 and 5.06; 4) 1.5 
and 9; 5) 7 and 2.25; 6) 7 and 4: 7) 7 and 

5.06; 8) 7 and 9. 

On the b a s i s  of a l a rge  n u m b e r  of e x p e r i m e n t a l  
data we have der ived  T 0 as a funct ion of the Mach n u m -  
b e r  M a at the nozzle  outlet ,  of the chamber  length i~,, 
and of the d imens ion  of the outlet o r i f ice  fu" As we 
can see f rom Fig. 3, the quanti ty ~ is a funct ion only 
of M a and is independent  of L and fu" The funct ion 
l 0 = f (Ma)  is l i n e a r  in n a t u r e  and may be approx imated  
by the s imple  exp re s s ion  

Io = 1.8 M,. 

Thus ,  on the ba s i s  of the inves t iga t ions  c a r r i e d  
out, we can se lec t  the op t imum m i x i n g - c h a m b e r  length 
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for  the condi t ion I > 10, w h e r e  10 is defined f r o m  the 
c i ted  fo rmula .  

NOTATION 

M a is the Math  n u m b e r  at nozz le  outlet ;  1 is the 
mix ing  c h a m b e r  length; Yis the r e l a t i v e  mix ing  c h a m -  
be r  length; d u is the d i a m e t e r  of useful  c r o s s - s e c t i o n  
of mix ing  chamber ;  f u  is the r e l a t i v e  a r e a  of useful  
c r o s s - s e c t i o n  of m i x i n g  chamber ;  Pc is  the p r e s s u r e  
in chamber ;  P0 is the s tagnat ion p r e s s u r e  before  noz-  
zle;  L is  the c h a m b e r  length; L is  the r e l a t i v e  c h a m -  
be r  length; d a is the d i a m e t e r  of out le t  c r o s s - s e c t i o n  

of a nozzle ;  fa is  the a r e a  of out le t  sec t ion  of a noz -  
zle;  nli m is the l im i t i ng  d e g r e e  at which it is i m p o s -  
s ib le  to p r e d i c t  outflow of a jet ;  l-0 is the r e l a t i v e  op-  
t i m u m  length of mix ing  c h a m b e r .  
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Results are presented from experimental studies of the thickness of a 
layer of viscous normal liquid entrained by a drum rotating at a speed 
greater than the boundary for the retention of shape in the static menis- 
CIIS. 

An estimate of the magnitude of the liquid layer 

entrained by rotating bodies of cylindrical shape is of 
great significance in studying problems relating to 
the application of a layer of dissolved substance onto 

the surfaces of bodies extracted from solutions; it is 

also important in the transmission of liquid lubricat- 

ing materials, in the imetering out of paints and adhe- 

sives in polygraphic and automatic packing machines, 

etc. 

The problem of the slow withdrawal of a body from 

a nonmoving liquid has repeatedly been considered in 

the literature [1-8]. It has been established that the 

thickness of the entrained liquid layer is a function of 
the velocity of body motion, as well as of the viscos- 

ity, density, and surface tension of the liquid, and 

also of the distance of the point in question from the 

free surface of the liquid. 

In this paper we have stated the following prob- 
lems: i) to determine the thickness of the layer en- 

trained by a horizontal drum rotating at a speed in 

excess of the boundary for the retention of shape in 
the static meniscus; 2) to determine with greater ac- 
curacy the conditions under which the effect of sur- 

face tension ceases to make itself felt; 3) to establish 

the boundaries of applicability for the resulting rela- 

tionships. 

Characteristics of the Tes ted  Liquids 

~,(N.  p, i 
Liquid "sec)/ kg/mS i o, N/m 

mZ i 

Transformer oil 0.0285 883.0 I 0.0315 
38% transformer oil + 67~0 

0.069 8 8 4 . 5  0.0~8 
Compressor oil 0.250 896.0 ~ 0.0340 
75% transformer oil + 259 I 
compressor oi l  0.038 887.0 i 0.0323 

The w o r k  was  c a r r i e d  out with v i scous  n o r m a l  l i q -  
u ids  (table) which wetted the d r u m  s u r f a c e s  v e r y  
wel l .  The v i s c o s i t i e s  of the l iquids  w e r e  d e t e r m i n e d  

by means  of a c a p i l l a r y  v i s e o s i m e t e r ,  the su r f ace  
t ens ions  w e r e  d e t e r m i n e d  by a b u b b l e - j u m p i n g  method,  
and the densi ty  was d e t e r m i n e d  with a p y c n o m e t e r .  
Two s t e e l - 4 5  d rums  80 and 60 m m  in d i a m e t e r  and 
100 m m  long w e r e  used  for  the study. The th i ckness  
of the l aye r  was m e a s u r e d  with a m i c r o m e t e r  s c r ew  

to whose  end a need le  was a t tached.  The idea behind 
the u se  of this  method  is not new [6]. It has  been e s -  
t ab l i shed  that  the boundary e f fec t  is  s ensed  at d i s -  
t ances  to 18 -14  m m  f r o m  the ends of the d rum,  and 
the m e a s u r e m e n t s  w e r e  t h e r e f o r e  c a r r i e d  out at points 


