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The case of steady-state one-dimensional flow ina channelofvariable 
cross section is examined for a two-phase gas-solids mixture. Equations 
relating the parameters of a gas-dust mixture and the dimensionless 
gas velocity are derived on the assumption that the velocities and tem- 
peratures of the two phases are equal. A formula is obtained for the 
coefficient of polytropy with allowance for flow friction against the 
channel walls. 

The flow of a gas suspens ion  in a channel of v a r i -  
able cross  sect ion was invest igated in [1-4].  E xp r e s -  
s ions were obtained for the flow p a r a m e t e r s  with 
allowance for the veloci ty and t empera tu re  lag of the 
solids.  Es t imates  of the par t ic le  veloci t ies  and t em-  
pe ra tu res  in [1] and the expe r imen ta lda t a  of [3] showed 
that the veloci t ies  and t empera tu re s  of the two phases  
a lmos t  coincide, if the pa r t i c le  s ize  is not g rea te r  than 
10 P. On the bas i s  of these r e su l t s  we will der ive  ap-  
proximate  formulas  for the p a r a m e t e r s  of a two-phase 
mix ture  containing sma l l  pa r t i c l es .  

We will consider  a channel  of va r iab le  c ross  sect ion 
through which flows a two-phase mix ture  of an ideal  
gas and sma l l  pa r t i c les  (diameter  1 -10  P). In view of 
the sma l lnes s  of the par t i c les  the medium may be r e -  
garded as homogeneous.  We assume that the flow is 
s ta t ionary ,  that there is no heat exchange between the 
channel  walls and the flow, and that the h e a t r e l e a s e d  
as a r e su l t  of flow fr ic t ion  agains t  the channel  walls is 
absorbed only by the flow. We wri te  the fo l lowingequa-  
t ions [5] for the gas veloci ty and t empera tu re :  
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1 
dL~ = + ~dW 2, (3) 

1 dLg = -~ ~dW 2, (4) 

dQ = - -  ~ QdT. (5) 

Here,  dL s is the kinet ic  e n e r g y i n c r e m e n t  of p kg of solid 
phase due to the work of expansion of 1 kg of gas; dLg 
is the energy expended by 1 kg of gas phase in ove r -  

coming drag forces;  dQ is the heat t r a n s f e r r e d b e t w e e n  
p kg of par t i c les  and 1 kg of gas. 

Consider ing that dW ~ = a2dM 2 + M2da 2, we canwr i t e  
(3) and (4) as follows: 

1 
dLs = ~ ~(a2dM ~ -}- M2daZ), (3')  

I 
dLg = ~ ~ (a=dM 2 + M2da2). (4') 

Solving sys tem (1)-(2) with allowance for (3'), (4'), 
and (5), we obtain the following express ions  for the 
flow p a r a m e t e r s  in two sect ions of the channel: 
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Whe np  = 0 a n d  [ = 0 Eqs. (6)-(8) reduce to the 
f ami l i a r  formulas  of gas dynamics  [5]. 

Substi tuting (7) and (8) in the polytropic equation 

Pi \ Pl ] 

we find the coefficient of polytropy 

6p cp ] r t =  

c o / 

If we d i s rega rd  gas f r ic t ion  agains t  the channel 
wails ,  Eq. (9) goes over into [6] 

(9) 

F r o m  (2), us ing  (6), we obtain an express ion  for the 
a r ea  rat io:  
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ff we use (9), we can reduce  Eqs. (7), (8), and (10) 
to the more  compact form 

1 

0~ _ A ~ - ~ ,  ( 7 ' )  
91 

P~ -- A "-1, (8') 
Px 

lq-n 
F2 _M1 A 2(n-1) 
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We will de te rmine  the Mach number  Mr in the chan-  
nel  sect ion having the leas t  d iameter .  For  this purpose 

t % ~  I - -  
P 

Limit ing  flow veloci ty and l imi t ing  p r e s -  
sure  at channel in le t  as functions of flow- 
ra te  concent ra t ion  p (kg/kg) for a graph-  

i t e - a i r  mixture .  

we take the der ivat ive  of (10) with respec t  to M 2 and 
equate it  to zero. As a r e s u l t  we obtain 

c,] 
1 

(11) 

or in shor tened form 

= [ ( n - - l ) ( 1 +  cp/] [(k --1) (1-~- ~)] (11') 

The dependence of M~ on the solids concentrat ion 
for an a i r  flow with graphite par t i c les  without a l low- 
ance for f r ic t ion  is shown in the figure.  

We will cal l  the flow veloci ty cor responding  to Mr 
the " l imit ing" veloci ty and find the min imum p r e s s u r e  
at  the channel  in le t  for which a dec rease  of p r e s s u r e  

in the ambient  medium does not casue an inc rease  in 
flow velocity.  Assuming,  for s impl ic i ty  that M1 = 0, 
f rom (8') and (11') we obtain 

1 ~ 

At # = 0 and ~ = 0 we have the case of i sen t ropic  flow 

$ 

The dependence of Pl im/P on # for a g raph i t e -a i r  
mix ture  at ~ = 0 is shown in the figure. It is c lear  f rom 
the graph that Piim dec reases  with incre/~se in solids 
eoneentrat~on, ff the operat ing reg ime  of a convergent  
nozzle  is such that for  pure gas the p r e s s u r e  at the 
nozzle exit  is equal to the ambient  p r e s s u r e ,  then i n t ro -  
ducing par t ic les  into the flow leads to underexpansion.  
It is easy to show that this also applies to a nozzle with 
a divergent  section (Laval nozzle).  

After the exper imenta l  de te rmina t ion  of the r e s i s t -  
ance coefficient, the formulas  derived can be used to 
calculate  the p a r a m e t e r s  of a two-phase flow containing 
pa r t i c l e s  up to 10 p in size.  

NOTATION 

M is the Much number ;  a is the speed of sound in the 
i sent ropie  gas flow; F is the a rea  of the channel cross  
section;  k is the i sen t rop ic  exponent; T is the t e m p e r -  
a ture  of the gas (part icles);  ~ is the noz z l e - r e s i s t ance  
coefficient for  two-phase flow; p is the f low-rate  con-  
centrat ion;  p is the gas density;  p is the gas p r e s s u r e ;  
Cp is the specific heat of 1 kg gas at constant  p r e s su re ;  
c v is the specific heat of 1 kg gas at constant  volume; 
c s is the specif ic  heat of 1 kg solid phase.  
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