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Fhis problem arose from the need to use the bubbler  method in 
order to measure  the densi ty of a l iquid  in a vessel  subject  to v ibra-  
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Fig. 1 

t ion, and also from the need to tes t  the per formance  of a pressure 

s tabi l izer  under such condit ions.  

The measurements  were m a d e  with a v ibra t ion  tester having  a 

f requency ~ in the range 12-200  Hz and an ampl i tude  A of 0 .05-1 .1  
m m  (measured with a Mir microscope) .  Figure 1 shows the system, in 

which 1 is the bubbler,  2 is the bubble  tube,  3 is the v ib ra t ion  tester,  
and 4 - 6  are U-tube pressure gauges  used to measure  the input  pressure 

Pl, the pressure drop Ap across thro t t le  7 (which defines the flow rate),  
and the drop in pressure p in the vessel .  Chamber  8 serves to smooth out 

possible var ia t ions  in the  supply pressure. 
The parts enclosed in the broken l ine  in Fig. t were mounted  on a 

s ingle  p la te ,  which was a t tached  to the vibrat ion tester .  

Vessel i was a glass cyl inder  of in ternal  d i ame te r  80 m m  f i l led  

with tapwater .  The glass bubble  tube had an in te rna l  d i ame te r  of 4.6 

m m  and lay at  the axis of the cyl inder .  

Tests were m a d e  of the effects  of A and ] on the pressure di f ference 

p* in the system during vibrat ion;  p un ique ly  charac te r i zes  the densi ty 

[1],  or the l iquid  leve l ,  or the s tab i l ized  pressure. The measurements  

were m a d e  with a constant  Pr corresponding to p = 110 m m  water .  
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Fig. 2 

Figure 2 shows p* (ram water) as a function o f f  (Hz) for A of 0.2, 

0.3, 0.5, and 0.7 ram; p* increases  w i t h f  and is m a x i m u m  at 50 Hz, 
returning to the low-f requency  va lue  be tween  70 and 80 Hz. 

The results for p* as a funct ion o f~  and A are as follows. 

] = 30 40 45 50 55 60 70 80 
p* = t10 1t5 t17.5 t20 t20 120 t10 1t0 (A = 0.2) 
p* = t t 4  t17 t20 t22 124 t21 t t 5  110 (A = 0.3) 
p* = 1t7 t25 130 130 t30 t26 t t 7  110 (A = 0.5) 
p* = t20 t30 t35 t40 t37 t28 t t 7  t t t  (A = 0.7) 

The m a x i m u m  p* at 50 Hz is 110-130% of p (dashed l ine  in  Fig. 

2). Figure 2 also shows that  the m a x i m u m  p* increases with A. 
Figure 3 shows the mass flow ra te  G (kg/hr)  as a function of A and 

f .  There is a pronounced m i n i m u m  at 50 I-tz and a rise above 80 Hz, 

the dashed l ine  represent ing the absence of vibrat ion.  The dependence  

of G on A at 50 Hz is g iven  below.  

A =  0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 t . (  
t0aG= 40 34 27 20 0 0 0 0 0 0 

Thus G falls a lmost  to zero at  A = 0.6 ram,  which persists up to 

A = 1.1 m m  (the la rges t  va lue  ava i l ab l e ) .  It is c lear  from Figs. 2 and 

3 that there  are ranges in f and A where the v ibra t ion  has a very marked  

inf luence.  This reduct ion in G can be  advantageous,  e . g . ,  if an ex-  

pensive  gas such as h e l i u m  is used. No theore t i ca l  explana t ion  of the 

ef fect  is ava i l ab l e .  
Tests were done with the tube immersed  at  two different  depths H, 

but  the dependence  of G on A and a c was the same.  f h e  results with H 
expre~ed  in m m  water  are g i v e n  below. 

] =  15 30 40 50 
p * =  220 228 23O 232 
p*= t20 t24 t32 134 

108G= 40 33.5 25 t t  
108G= 33.5 t5  5 4 

Here A = 0.3 m m  = constant .  

60 70 
225 213 ( H = 2 0 0 )  
130 t 2 t  ( H = I 0 0 )  
25 45 (H=200) 
16 33 (H=I00) 

The air bubble  was spl i t  up into many  smal l  ones as~  and A in- 

creased,  and the ent i re  v o l u m e  of l iqu id  in the cyl inder  b e c a m e  f i l led  

with smal l  bubbles at  50 Hz. The l iqu id  frothed vigorously at 80 Hz. 
At 50 Hz with A > 0.6 ram,  the p ic ture  was as shown in Fig. 4, in 

which 1 is the vessel ,  2 is water ,  3 is the tube,  and 4 is water  in the 
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Fig. 3 

tube. This p ic ture  was very  unstable,  the water  f luc tua t ing  in posi- 

t ion along the tube.  This m a y  be due to the product ion of reduced 
pressure in the period of nega t ive  acce le ra t ion .  The vacuum produces 

the  frothing (in part  by evaporat ion)  and also entry of l iquid  into the 

tube.  
It is possible that  the mode  of ac t ion of surface forces ts a l tered 

under conditions of vibrat ion;  frothing occurs at the points where a 

vacuum is produced: contac t  of l iqu id  with walls  and tube ,  surface of 

l iquid .  
The l iqu id  is also ruptured by the l a rge  forces set up in this ap- 

paratus; e . g . ,  f o r f  = 50 Hz and A = 0.5 m m  the over load is 

/. _ At0"-' _ 0 .SxtO -3 (2X3.14XS0) ~ _ 5 , 
g 9.8t 

in which w = 2rrf is c i rcu la r  f requency (sec-*). 

Fig. 4 

The apparatus of Fig. 1 was also vibra ted over a wide range in 
and A without  l iqu id  at  the same Pl; no effect  on G was observed. 

We are indebted  to I. A. Charnyi  for a discussion. 
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