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The r e su l t s  of a de te rmina t ion  of the c r i t i ca l  Weber  number  for drops  of aluminum oxide mov-  
ing in a flow of combust ion products  a re  presented .  It  is shown that the values  of W, lie in the 
range  17-22. 

It  is well  known that the breakdown of molten drops  in a gas flow with low Reynolds numbers  plays an 
impor tan t  par t  in a number  of applied p rob l ems  of mechanics ,  a ssoc ia ted ,  in pa r t i cu la r ,  with the motion 
of meta l  oxide pa r t i c l e s  in Laval  nozzles  [1]. The behavior  of  dibutyl phthalate and t r a n s f o r m e r  oil d rops  
in a l o w - p r e s s u r e  helium flow was studied in [2]. It was  found that,  when the Reynolds numbers  lay in 
the range  

R 9 ( U - - U  ~ _ 1 2 0 _ 7 0 0  

at the instant  of drop  breakdown,  and the ra te  of flow around the obs tac les  inc reased  gradual ly ,  the c r i t i ca l  
Weber  number  

W . =  P(U--U~ , 

G 

at which the drop d is in tegra ted  lay in the range  15-22. Here  o is  the sur face  tension of the liquid. The 
a im of the p resen t  invest igat ion was to continue the e a r l i e r  line of enquiry [2] and to de te rmine  the c r i t i ca l  
number  W. for d rops  of meta l  oxides moving in a h igh - t empera tu re  gas flow. 

The expe r imen ta l  method was as follows. Aluminum oxide pa r t i c les  with a wide range  of d i a m e t e r s  
(from tenths of a mic ron  to s e v e r a l  tens of microns)  were  added to a solid fuel ma t e r i a l  having a combust ion 
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Fig.  1. Exper imen ta l  appara tus .  
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TABLE i .  Resul ts  of a Dispers ion Analysis  of the Par t ic les  

[o. of experiment 5 6 7 s 9 i0 11 

P+, bar 
P-, bar 

d~10--11 /1 
11--12 
12--13 
13~14 
14--15 
15----16 
16~17 
17--18 

>18 

48 
21 
1C 
4 

49 [ 61 
17 I 25 
6 33 
l 37 

24 
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N one 

48 
12 

2 

1 

53 
28 
7 
3 

5s 

3 

51 
21 
10 
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tempera ture  above the melting point of aluminum oxide. This mater ia l  (indicated at point 1 in Fig. 1) was 
subjected to combustion in the experimental  apparatus (depicted in the same figure), which consisted of a 
cas ing 2, thermal  insulation 3, a diaphragm 4, and an outlet nozzle 5. The length of the combustion cham-  
ber  8 was 320 nm and its internal d iameter  110 ram. When the combustion products passed through the in- 
termediate  nozzle 6, the largest  par t ic les  disintegrated.  The size of the par t ic les  in the combustion cham-  
ber  and beyond the cutoff of the intermediate nozzle was monitored by means of the sample - se l ec to r  7. The 
value of W, was determined from the maximum diameter  of the nondisintegrating part icles  by a standard 
computing method. 

The foregoing method of determining the maximum size of the stable part icles  (and hence the value of 
W,) is more  accurate  than experimental  methods in which the original  aluminum oxide par t ic les  are formed 
by the combustion of aluminum [3]. In the latter case ,  in fact, the size of the oxide par t ic les  formed by 
combustion and subsequent coagulation may be less than that of the par t ic les  which disintegrate on passing 
through the nozzle.  The resul ts  obtained by such methods may therefore  lack validity. 

The experimental  conditions for determining W. in the present  investigation were as follows. The 
composition of the combustible solid mater ta l  was taken such that, in the absence of heat losses ,  the ca l -  
culated tempera ture  of the combustion products was 2630~ Chromatographic aluminum oxide was intro~ 
duced to the extent of 5 wt.% into the solid material ;  it constituted part icles  in the form of scales ,  which 
after  melting adopted a spherical  shape. The comparat ively low concentrat ion of aluminum oxide part icles  
in the combustion products prevented their  coagulation. 

In order  to determine the maximum diameter  of the par t ic les  after  melting, the apparatus was set 
up in the form of Fig. la .  For  select ing (sorting) the part icles  after  passage through the disintegration 
nozzle,  the a r rangement  of Fig. lb  was employed. The experimental  apparatus was lengthened and the 
combustion chamber  was separated from the selection space 9, inwhich the sampler  was installed by means 
of an intermediate nozzle.  The pressure  in the combustion chamber  P+ was determined by the diameter  
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Fig. 2. Calculated relat ionships 
for the W and R numbers  as func- 
tions of the part icle d iameter .  

of the cr i t ica l  c ro s s  section of the intermediate nozzle. For  P+ 
= 40-60 bar  the d iameter  was 9-10 ram. The pressure  in the r e a r  
cavity P_ behind the cutoff of the intermediate nozzle was held 
at about half the value in the combustion chamber  by means of the 
nozzle bushing. This p ressure  drop was essential  in o rder  to 
ensure a gas velocity equal to the speed of sound in the cr i t ica l  
section of the intermediate nozzle. Calculations showed that the 
most intensive conditions for part icle disintegration occurred in 
the neck of the nozzle; the intermediate nozzle was therefore  
made without any supersonic section. 

Placing the sampler  in a space at a p ressure  much grea te r  
than atmospheric  pract ical ly el iminates any possibility of particle 
disintegration being caused by the abrupt changes in compress ion  
(shock waves) beyond the cutoff of the intermediate nozzle. 

In o rder  to study the conditions of drop disintegration we 
car r ied  out eleven experiments .  In four of these we determined 
the maximum diameter  of the spherical  aluminum oxide par t ic les  
obtained by the melting of the original  aluminum oxide introduced 
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into the combust ion ma te r i a l .  This  amounted to 25-30 #. In seven expe r imen t s  we var ied  the c r i t i ca l  s ec -  
tion of the in te rmedia te  nozzle  by + 107o in an a t tempt  to de te rmine  the manner  in which the max imum dimen-  
sions of the nondis in tegra t ing  pa r t i c les  depended on the p r e s s u r e  in the combust ion chamber .  

The r e su l t s  of our  d i spe r s ion  ana lys i s  of the pa r t i c l e s  in the las t  seven expe r imen t s  a re  shown in 
Table  1. After  each exper imen t  the d i a m e t e r s  of a p p r o x i m a t e l y 4 0 0 0 p a r t i c l e s w e r e  analyzed.  The table 
only shows the num ber s  of pa r t i c l e s  with d imensions  g r e a t e r  than 10 ~. Despi te  the fact  that the influence 
of the p r e s s u r e  in the combust ion chamber  on the par t ic le  size was not es tabl ished with any cer ta in ty ,  it 
is  r easonab le  to a s s e r t  that for P+ = 50 ba r  the major i ty  of pa r t i c l e s  with d i a m e t e r s  of 12-15 p d is in tegra ted  
on emerg ing  f rom a nozzle 10 mm in d i ame te r .  In o r d e r  to de te rmine  the W number  co r respond ing  to this 
par t ic le  s ize ,  we requ i re  to know the densi ty p0 and the sur face  tension o of a luminum oxide at the t e m -  
pe ra tu re  of the par t ic le  in the c r i t i ca l  c r o s s  sect ion of the nozzle.  By es t ima t ing  the t he rma l  losses  f rom 
the combust ion products  in the exper imen ta l  appara tus ,  which amount to around 400 kJ /kg ,  we find that the 
par t i c le  t e m p e r a t u r e  is approx imate ly  2300~ the cor responding  values  of the p a r a m e t e r s  in question 
being o ~ 0.7 N / m  and p0 ~ 3-103 k g / m  3 [1]. 

F igure  2 shows the m ax i m um  W number  (curve 1) and the R number  (curve 2) co r respond ing  to this 
W value in re la t ion  to the par t ic le  s ize.  The cu rves  a re  calcula ted,  with due allowance for  the inc rease  in 
the r e s i s t a n c e  of the pa r t i c l e s  due to the i r  deformat ion  [1], for a nozzle with a c r i t i ca l  c r o s s  sect ion of 
d i a m e t e r  of 10 m m  and a p r e s s u r e  of P+ = 50 ba r  in the combust ion chamber .  The range  of d i a m e t e r s  
above which (according to the exper iments )  the major i ty  of the par t i c les  d is in tegra te  is indicated by the 
number  3. It follows f rom these re la t ionsh ips  that ,  when the drops  move in a range  of R values  extending 
up to ~ 200, the c r i t i ca l  W, number  l ies in the range  17-22. This  value ag rees  with the e a r l i e r  r e su l t s  
[2]. 

N O T A T I O N  

d is the d i a m e t e r  of liquid drop; 
P+ is the p r e s s u r e  in the combust ion chamber ;  
P_ is the p r e s s u r e  behind the nozzle cutoff; 
R is the Reynolds  number;  
U is the gas veloci ty;  
U p is the drop veloci ty;  
W is the Weber  number ;  
W.  is  the c r i t i ca l  Weber  number ;  
77 is the dynamic v i scos i ty  of the gas; 
p is the densi ty of the gas; 
po is the densi ty of the liquid; 

is the sur face  tension of the liquid. 
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