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Resul ts  of compara t ive  t e s t s  a re  shown which desc r ibe  the p e r f o r m a n c e  c h a r a c t e r i s t i c s  of 
var ious  e jec tor  designs,  and equations a re  der ived which re la te  the p a r a m e t e r s  of a two- 
phase  s t r e a m  flowing through an a i r  e jec tor .  

Some applicat ions just ify the use  of a i r  in jec tors  for  t r anspor t ing  d i spe r se  m a t e r i a l  (aerat ion of 
g rana r i e s ,  o r  mechanizat ion of secondary  opera t ions  in crowded s to rage  faci l i t ies ,  etc.).  The decis ive  
fac to r s  in these cases  a re  the advantages  of e j ec to r s  (s implici ty of design and operat ion,  smal l  size and 
weight, re l iabi l i ty  of pe r fo rmance) .  Three  types of e j ec to r s  (Fig. 1) were  tes ted for  a compara t ive  p e r -  
fo rmance  evaluation: e jec tor  A with an axial ly instal led nozzle and with t r a n s v e r s e  a i r  suction, e jec to r  B 
with a tangentially instal led nozzle (a vor tex  tube), and the s t ra igh t - f low e jec to r  C with both the nozzle and 
the suction tube instal led axially.  E jec tor  A is  at p r e s e n t  used mos t  widely for  t r anspor t ing  gases  and 
liquids. Such an e jec tor  was tes ted  for  t ranspor t ing  also two-phase  ( a i r -g ra in )  sy s t ems ,  but the r e su l t s  
have shown that clogging in the mixing chamber  can cause a shutdown. Be t t e r  r e su l t s  were  obtained with 
e jec to r  C. Even with its inlet spout in the path of the throughfeed, i ts  output capaci ty  was,  under  the same  
conditions, st i l l  the highest  of all. The vor tex  tube B produced the l eas t  r a re fac t ion  and its output capaci ty  
was lowest.  The ra re fac t ion  Z~P produced in the rece iv ing  chamber  of e j ec to r s  is shown in Fig.  2 as a 
function of the a i r  eject ion factor ,  at a constant  p renozz le  p r e s s u r e .  Curves  1 and l a  have been plotted for  
P0 = 5.105 and 3.2.105 P in a s t ra ight - f low e jec tor .  Curves  2 and 2a have been  plot ted for  the s ame  p r e s -  
su res  in e jec to r  A. According to Fig.  2, the cha r ac t e r i s t i c  of a s t ra ight - f low e jec to r  p a s s e s  through a 
min imum.  The cha rac t e r i s t i c  of e jec tor  A is drooping, with the eject ion fac tor  approx imate ly  half as l a rge  

l ! 

Fig. 1. Schematic  d i ag ram of a i r  e jec tors :  1) nozzle; 
2) mixing chamber ;  3) s tab i l ize r ;  4) diffuser;  5) suc-  
tion duct. 
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C harac t e r i s t i c s  of a i r  e jec tors :  AP = f(n). 
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o 

as  fo r  e j ec to r  C. Our t es t s  have shown that prevent ing  c r i t i ca l  opera t ion and poss ib le  shutdown of an e j ec -  
tor  r equ i r e s  that the veloci ty  in the suction duct be at l eas t  15% higher than the fo rced- fa l l  veloci ty  of solid 
pa r t i c l e s .  

The design of an a i r  e j ec to r  is based  on the equation of momentum conserva t ion  in a two-phase  
(monodisperse  solid p a r t i c l e s  in air)  s t r e am:  

k--1 

[ { P_P_~-FI~ J. ~ ~ ( - , .- n ) 
1.82%rPo 1 - - \ p o ]  + O ~ u ~ ( l + p s % ) d l =  O,u~ l + p s % -  d f + M .  (i) 

The equation of m a s s  conservat ion,  with the veloci ty  d is t r ibuted a_onuniformly a c r o s s  the sect ion,  can be 
wri t ten  as 

f2 I* 

The equation of mechanical energy balance during mixing and transporting a two-phase stream will be 
written in dimensionless form: 

n~s%2 u~ (I -{- n) u 2 , n~stp2s u] a 2n~/s (h~ - -  h~) , (3) 
l : u~-7-nu.'~ u~+ntt~ 7- u~ '~, nu] ' " ' ' u~-r nu~ -r- ao~, 

and the re la t ive  loss  of mechanica l  energy  Aw will then be re la ted  to the energy  diss ipat ion in the mixing 
p r o c e s s ,  accord ing  to (3), as  follows: 

2 2 ' 
u2) -]- + 2n~T (t h - -  hi) A~ = 1 - -  npsq~s (u3 - -  (I n) u 2 + (4) 

and in the case of zero concentration 

At0=1 ( l §  u] (5) 
2 , 2 " 

Ul  ~ / ' / U  2 

On the bas i s  of the continuity equation, we can exp res s  the main t r a n s v e r s e  e j ec to r  dimension as 
l 

The re la t ion  between individual p a r a m e t e r s  of a two-phase  s t r e a m  and the geomet r i ca l  d imensions  
of an e jec tor  can be es tab l i shed  by solving Eqs.  (1), (2), (4), and (6). Most difficult in solving this p r o b -  
lem is es t imat ing  the re la t ive  loss  of momentum AI / ( I  1 + I2). Since it is imposs ib le  to calculate  this loss  
theore t ica l ly ,  hence the p rob l em  mus t  be solved exper imenta l ly .  A un iversa l  curve  of AI/(U t + 12) = f(n) 
is shown in Fig. 3 for  an e j ec to r  where  pure  a i r  is  sucked in under  var ious  opera t ing conditions, a cco rd -  
ing to which the loss  of momen tum d e c r e a s e s  with a higher  e ject ion fac tor .  An explanation for  this is that, 
as  the ve loc i ty  of the suction s t r e a m  inc rea se s ,  the loss  of momentum due to impact  between this s t r e a m  
and the working s t r e a m  d e c r e a s e s .  

Another  difficulty in solving these equations is  accounting for  the uni form veloci ty  dis t r ibut ion a c r o s s  
the tube section.  Our t e s t s  and genera l iza t ion  of our  as well as of other  au thors '  r e su l t s  have yielded the 
following approx imate  equation for  the veloci ty  dis tr ibut ion inside smooth cyl indrical  tubes ca r ry ing  a tu r -  
bulent s t r e a m  within the range of Math number  Ma < 0.6: 
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Fig. 3. Relat ive loss  of momentum of an a i r  s t r e a m  in t h e  
e jec tor ,  as  a functionof the eject ion factor:  1) P0 = 2.2.105 P; 
2) 3 . 4 . 1 0 5 P ;  3) 5 . 0 . 1 0 5 P ;  4) 5 . 6 . 1 0 5 P .  

" / 1 (p~ . . . . . .  1 - -  In [1 ---(1 - -  e-e)(1 --Y) (7) 

where  c and m denote empi r i ca l  constants .  At Re = 4.  103-3.2 �9 106 we found c = 7.2-11.2 and m = 1.02. 

Af te r  inser t ing  (7) under  the in tegral  in Eqs.  (1) and (2), i t  is  poss ib le ,  by methods of approx imate  
integrat ion,  to es t imate  the m a s s  flow ra te  as well as the momentum and the kinetic energy  at a given s ec -  
tion. The mean- in t eg ra l  (with r e spec t  to m a s s ,  momentum,  or  kinetic energy) veloci t ies  can be calculated 
by the following un iversa l  re la t ions:  

UG = (0.700 + 0.0262 lg Re) U o, (8) 

u~ = (0,740 + 0.0214 lg Re) u o, (9) 

us = (0,769 + 0.01871g Re) u o. (10) 

Using re la t ions  (8)-(10) does apprec iab ly  s implify the Subsequent calculat ions.  Thus,  for  example ,  the 
m a s s  flow ra te  becomes  

6 = pluG, ( i  i) 

the momentum becomes  

and the kinetic energy  becom es  

l --: ( '  0.~-~0'740 + 0.02140.~ ~g Re.jig Re ~-~ . p ~ ,  (12) 

E =  (0.769 @ 0.01871gRe )3 , o ~  (13) 
0.700 + 0.0262 lg Re 

at  a given section.  

With the aid of re la t ions  (11)-(13), one can de te rmine  the geomet r i ca l  d imensions  of the through-feed 
segment  for  an e jec to r  at a given concentrat ion of d i spe r se  m a t e r i a l  in the s t r e a m .  The choice of the 
max imum concentrat ion depends on the l imit ing min imum veloci ty  along the suction duct to ensure  a r e l i -  
able t r anspo r t  of the d i spe r se  ma te r i a l .  An excess ive ly  high concentrat ion could reduce the a i r  veloci ty 
down to the fall veloci ty  of pa r t i c l e s  and this could r e su l t  in clogging up the sys t em.  

Energy  lo s ses  on t ranspor t ing  a two-phase  s t r e a m  depend on many fac to r s  such as:  the density of 
the c a r r i e r ,  the densi ty and the concentrat ion of the solid phase ,  the s t r e a m  veloci ty,  the size and the 
shape of pa r t i c l e s ,  etc.  The quantity of energy  n e c e s s a r y  for  t r anspor t ing  a unit m a s s  Of d i spe r se  m a t e -  
r ia l  (energy consumption of an a i r  e jector)  can be e x p r e s s e d  as: 

p -~- 

A m e a s u r e m e n t  of an a i r  e j ec to r  p e r f o r m a n c e  in t r anspor t ing  wheat grain  has shown a range vary ing  
f rom 6 to 10 m at a p r e s s u r e  P0 = 5 �9 105 P, with the e jec tor  axis inclined at an angle of about 40 ~ and de-  
c reas ing  with a higher  concentrat ion,  i. e. ,  with a higher  output capaci ty.  The max imum eject ion fac tor  for  
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a grain was n T = 15, with a suction duct 2 m long and with a specific energy consumption of 5.4 kJ/kg.  The 
drag coefficient for single grains depends on their  concentration in the s t ream:  at k c = 0.01-4.0 k g / m  3 the 
drag coefficient remains  a lmost  constant and equal to $ T = 0.472, at k c = 4-8 kg /m 3 it is equal to ~ T = 0.472- 
0.400, and at kc > 9 kg /m 3 it is equal to }T = 0.390. 

In the case of nonisothermal two-phase s t r eams  there occu r s  a heat t ransfer  between a grain and the 
car ry ing  air .  According to our test  resul ts ,  we obtain the following empir ica l  relation: 

Nus= 0.785 Re~ 5~ exp (-- 0.01 kr (15) 

With these formulas  and relat ions based on test  resul ts ,  it is possible to design an air  e jector  for 
given range and output capacity, and also to select  the appropriate compre s sed -a i r  charac te r i s t i cs .  
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NOTATION 

density; 
velocity along the tube axis; 
section area;  
adiabatic exponent; 
molecular  weight of air ;  
gas p re s su re ;  
rarefact ion in the receiving chamber  of an air  ejector;  
nozzle flow coefficient; 
slip; 
ejection factor;  
weight concentration of solid phase in the s t ream;  
velocity of sound; 
loss of momentum; 
relat ive loss of energy; 
stagnation tempera ture ;  
velocity coefficient; 
relat ive distance from the tube wall; 
mean- in tegra l  velocity, with respect  to mass ;  
mean- in tegra l  velocity, with respect  to momentum; 
mean- in tegra l  velocity, with respect  to energy;  
volume concentration; 
Reynolds number; 
Nusselt  number.  

S u b s e r i p  

1 denotes 
2 denotes 
3 denotes 
s denotes 
0 denotes 

ts 

the working s t r eam of air ;  
the suction s t ream of air;  
the mixed s t r eam of air ;  
the solid phase; 
the a i r  before entering the nozzle. 
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