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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 
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removed  f rom the ends by no less  than 20 mm.  The 
expe r imen t s  were  c a r r i e d  out at a t e m p e r a t u r e  of 
24 -30  ~ C within a range  of ve loc i t ies  at the d rum s u r -  
face f rom 0.03 to 0.35 m / s e c  for in i t ia l  angles  of q~0 = 
= -12~ ', -20~ ', -33~ ', and - 4 4  ~ and for values  
of ~ = 10, 45, 90, 130, and 155 ~ . 
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Fig. 1. 
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Dependence of th ickness  of en t r a ined  l ayer  on 
sur face  t ens ion  at P = 2.18. 

In p r o c e s s i n g  the expe r imen ta l  r e su l t s ,  we ob- 
ta ined  three  d i m e n s i o n l e s s  p a r a m e t e r s  by applying 
d imens iona l  ana lys i s ,  and these  c h a r a c t e r i z e  the sub-  
jec t  phenomenon:  

I T=h( gi 
u0 B / ~ ' 360 

The p a r a m e t e r s  T and S account  for the effect of the 
force  of g rav i ty  and sur face  tens ion ,  while the p a r a m -  
e ter  P c h a r a c t e r i z e s  the pos i t ion  of the subject  point  
r e l a t i ve  to the f r ee  surface .  In the gene ra l  case  we 
can wr i t e  

T = f (S, P). 

Using the method of l eas t  squa re s  to p r o c e s s  the func-  
t ions  T = fl(S) for  va r ious  va lues  of P y ie lds  the equa-  
t ions  of two s t ra igh t  l ines :  

T = 0.427 S ~: const, T = const. 

In p a r t i c u l a r ,  Fig.  i shows the funct ion  T = fl(S) for 
the case P = 2.18, which co r r e sponds  to va lues  of ~00 = 
= -33~ ' and ~o = 90 ~ The s t r a i g h t  l ines  i n t e r s e c t  
for a value of So = 0.3225, iden t ica l  for  all  va lues  of 
P. F igu re  2 shows the funct ion T '  = T + AT = ~b(P). 
The method of d e t e r m i n i n g  AT follows f r o m  Fig. 1. 

Each point  in Fig.  2 r e p r e s e n t s  the average  of s ix -  
t een  values  of T '  d e t e r m i n e d  for  four l iquids at  v a r i -  
ous points  on the two d rums ,  at va r ious  speeds and 
t e m p e r a t u r e s .  The s t anda rd  devia t ions  f rom the mean  
fall  within l im i t s  of 1-1.5%, with the g r e a t e s t  dev ia -  
t ions  o c c u r r i n g  for the s m a l l e r  va lues  of P. 

The p r o c e s s i n g  by the method of l ea s t  squa re s  for  
the segment  P > P0 y ie lds  

T' = 0.657 - -  0.045 P (1) 

or ,  a f ter  subs t i tu t ing  the va lues  bf T '  and P, 

I 

h = ( uoF / T  [0.657--0.785. lO-SAtpl 
\ P g  / 

f o r S  > 0.3225, (2) 

l 

h =  \( uOp.pg ) Y  [0.519+0,427 S--0.785.10-3A~1 

for S<0.3225.  (3) 

In the region  P < P0 (Fig. 2) the th ickness  of the en -  
t r a ined  layer  is a function of the var ious  ex t raneous  
phenomena defined by the inf luence exer ted  by the mo-  
t ion of the l iquid in the bath. The expe r imen ta l  points 
here  are  therefore  grea t ly  sca t te red ,  the sca t t e r ing  
al l  the g r e a t e r ,  the c lose r  the subjec t  point to the f ree  
sur face  and the lower  the v iscos i ty  of the liquid. The 
expe r imen t s  c a r r i e d  out on the more  viscous  l iquid 
demons t r a t ed  that the function T '  = ~(P) in the region  
P < P0 has the form 

0.306 T' -- + O. I36. (4) 
P 

The control  expe r imen t s  on the r e ma i n i ng  l iquids 
y ie lded  a deviat ion f rom the values  ca lcula ted  acco rd -  
ing to fo rmula  (4) ranging f rom 3 to 15%. Since the 
reg ion  P > P0 is mos t  impor tan t  for p r ac t i ca l  p u r -  
poses ,  we can be sa t i s f ied  with such accuracy .  The 
combined solut ion of (1) and (4) y ie lds  P0 = 0.62. 

The expe r imen t s  show that beginning  with values  of 
S > 0 .05-0 .06 ,  the p a r a m e t r i c  r e l a t ionsh ip  between 
the th ickness  of the en t r a ined  layer  and the sur face  
t ens ion  is l inear .  For  values  of S < 0.05, which c o r -  
r esponds  to a d rum speed of up to 0.05 m / s e c ,  the 
following fo rmula  [1, 3] is valid: 

I 

\ pg  / 

which y ie lds  the devia t ion  f rom expe r imen ta l  data 

in the range  2 - 5  %. With i n c r e a s i n g  ro ta t iona l  ve loc-  
ity the shape of the s ta t ic  m e n i s c u s  is not r e t a ined  
and the d ivergence  is i nc r ea sed ,  r each ing  30% at a 
speed of 0.268 m / s e c .  Thus fo rmula  (3) is va l id  in the 
region  0.05 < S < 0.3225. In the reg ion  S > 0.3225 f o r -  
mu la  (2) takes  effect. With an i n c r e a s e  in S there  is 
p ronounced  agi ta t ion of the l iquid  in the bath,  with the 
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Fig. 2. Dependence of reduced  th ickness  of en t r a ined  
layer  on posi t ion  of point  unde r  cons ide ra t ion  at d rum 

surface .  

l imi t  value of S be ing  a funct ion of the r e l a t ionsh ip  
between the speed and v iscos i ty .  The lower boundary  
for the appearance  of waves  l ies  within the range  S = 
= 2 .3 -2 .5 .  
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NOTATION 

h is the l aye r  th ickness ;  # is the dynamic  l iquid 
v i scos i ty ;  ~ is the sur face  tens ion  of the liquid; p is 
the l iquid densi ty;  g is the g rav i ty  acce le ra t ion ;  u0 is 
the l i n e a r  speed of body ex t rac t ion ;  (p is the angle b e -  
tween the ho r i zon ta l  axis of the d rum end and the 
r a d i u s - v e c t o r  of the point  under  cons ide ra t ion ;  q?0 is 
the angle be tween the hor izon ta l  axis of the d rum end 
and the r a d i u s - v e c t o r  of the boundary  at which the 
d r u m  is i m m e r s e d  into the liquid. 
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The dynamic pattern of the shock compression of a substance in cyl- 
indrical bombs is examined. It is demonstrated theoretically and 
experimentally that Conditions are established in the center of the 
bomb for nonregtllar Mach repulsion. 

In s tudying the shock c o m p r e s s i o n  of powders  in 
cy l i nd r i ca l  bombs ,  we noted that  a n a r r o w  reg ion  
(" f i lament" )  is  e s t ab l i shed  along the axis ,  this  reg ion  
no t iceab ly  d i f fe ren t  f rom the r e m a i n i n g  m a s s  of the 
subs tance  in fo rm and p r o p e r t i e s  [1]. Thus,  in c o m -  
p r e s s i n g  ca rbona t e s  [2] in this  reg ion  we f ind p r e -  
dominan t  decompos i t ion  of the subs tance ,  while with 
NaC1, CsBr ,  and the n i t r a t e s  [3], we find the f o r m a -  
t ion of defects .  Within the " f i lament"  we f requent ly  
encoun te r  voids in  the f o r m  of channe l s  or vacuoles  
whose wal l s  a re  fused.  The " f i l ament" ,usua l ly  appears  
in the case  of a s m a l l  bulk densi ty  for the m a t e r i a l  
be ing  c o m p r e s s e d .  As the bu lk  densi ty  is i n c r e a s e d  
these  effects  a re  reduced.  

tt is i n t e r e s t i n g  to examine  tl~e r e a s o n s  for the 
appea rance  of the " f i lament"  wi th in  the subs tance .  
The mos t  i m p o r t a n t  m o m e n t  in the explos ive  c o m -  
p r e s s i o n  of a s tee l  bomb conta ined  wi th in  a c y l i n d r i -  
cal  explos ive  charge  is the f o r m a t i o n  of the oblique 
shock-wave  f ron t  within the subs tance  (figure).  This  
conf igura t ion  a r i s e s  as a r e s u l t  of the fact  that the 
bomb is  not s i m u l t a n e o u s l y  c o m p r e s s e d  over  the e n -  
t i r e  su r face ,  but succe s s ive ly .  

As a m a t t e r  of fact,  at a ce r t a in  ins tan t  in t ime  the 
detonat ion f ront  r e a c he s  the point  M. F r o m  the point  
M the p e r t u r b a t i o n  is p ropaga ted  in the wal ls  of the 
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Shock wave conf igura t ion  in  a 
cy l ind r i ca l  ampul:  ABC = 2fl, 
opening angle of a headwave;  
ECF =2(~, angle of impact  of 
oblique shockwaves ;  NO, shock 
wave f ront  in  ampul;  EC, shock 

wave f ront  in  a subs tance .  

bomb at a veloci ty  DFe and r e a c he s  the point  O within 
a unit  of t ime .  Within this  s ame  per iod  of t ime  the 


