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The note considera the flow of a viscous liquid with uniform distribution of dust particles in& channel and a circular 
pipe under the influence of pressure gradient varying linearly with time. It is found that $ke velocity of fluid particles 
is more than that of dust particles. 

Interest in problems of mechanics of systems with more than one phase has developed rapidly in 
recent years. Much work has already been done on dusty gas f l~wl-~.  Recently, Rao6 has investigated 
the flow of a dusty viscons liquid in a circular pipe under the influence of exponential pressure gradient. 
The author'e interest in this subject was aroased by Saffman's paper7 in which Orr-Sommerfeld equation 
for small distabances in plane pamllel flow of a dusty gas was fornlulated. The laminar flow of a yiscous 
liquid with uniform distribution of dust particles in a channel bounded by two parallel flat plates and a cir- 
cular pipe under the influence of linear pressure gra.&snt has been discussed in the present note' and it is 
interesting to note that the velocity of fluid particlesis more than that of dust particles. 

E Q U A T I O N S  O F  M O T I O N  

The equations to represent the motion of a dusty viscous liquid, given by Saffman7 are the following : 
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div u = 0 , 

3 3 

where u and v me velocities of liquid and dust respectively, N is the number density of d ~ s t  particles, 
each of mass m, K is the Stokes resistance coefficient ( = 6 6 p E for spherical particlee of radius E )  
and p, p, p, are the pressure, density and viscosity of the liquid respectively. The time relaxation 

m 
parameter T is given from (3) by - 

K 

F L O W  I N  A C H A N N E L  

Let us study the flow in a channel boimded by two parallel flat plates. The velocities of fluid and 
dust particles are 

N = No (a constant), 
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where (94, u2, 4) tind (v,, v2, v3) me velooity oornpmp.nts of fluid and dust particles. 

Then the equations governing the m&im me \ 
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where I = -- mNO (= constant) is the mass concentration of dust particles. i ,  
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Eliminating vl h m  (6) and (6) , we get , u 
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The boundary co~ditions are : . 

t 3 0 P a1 (& yo1 = 0 ,  Vl (k yo) == 0 .  (8) 

Since we have assumed pressure graclient to be, h e a r  function of time, we take 

-1-- 8p - (GO + a t )  , 
P 3% (9) : 

and 

". - 
ul =r (3 )  [ a , , + e - d ] = ~ a * ( y ) .  (10) 

" - , 
Substituting (9 )  and (10) in (7), we get - -- . , 

( a 0 + a o  [ l + v ~ o ]  + a [ r ( l + ; + " )  --($-I- i ~ e + v + . ]  = o ,  (11) 

where dashes denote differentiation w.r.t. y. 
/ 

The expressions for 4 and # are obtained from (11) by equating the coefficients of uo + a  \ &nd os t o  
zero and solving them with the conditions + (f yo) = 0 , # (f yo) = 0 . - 
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Thus -* - - 
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u1 = , (yo2 - y21 (a0 + a  t )  - a (' + 
(5Y02 -'Y2) f d i  P) 24 v2 (12) , 
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Equation 46) then gives 
- .- 

1 
v, ,= - f yo2 -- y" (uo f a  t )  - 1 a ( l + l )  (5y$-Y2) (yddLy2)-& 3- 2 

2 v 'L? 9 2" Y Y  ) ' T  (13) .  
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F L O W  I N  A  C I R C U L A R  P I P E  

The equations governing the motion in the present case are 
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and 

t 

where u, and v, are velocity components of 0uid and dust pr t iebs  along the axis (z-axis) of the pipe. 

The boundary conditions are 

t > O , u l = .  0 , vl = O  w h e n r = r o ,  

t > O ' ,  ul = finite, vl = finiiie a t  r = 0 . 

Eliininatipg v, form (14) and (15), we get , , 

a2u, , S - =- ( I +  1) B Y  ' -- 
;I t2 ;I t r a r  T - f  at 

We now a s m e  that 

1 . 8 p  
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and L, 

Ul = 9 ( 4  [ a o  + a t.] + a * ( r )  - (18) ' 

Substituting (17) and (18) in (16), we-get 

where dashes denote differentiation w,r.t. r. 

The expressions for $ and $ can be sasily obtained from (19) and thus 

Equation (15) then gives 

C O N C L U S I O N  

Since T > 0 , it is aleat krom the expres~ions (12), (13) and (20), (21) that the velocity of fluid particles 
is more than that of dust particles in the present set up, whereas Rao6 has shown that the velocity of dust 
particles is more than fluid particles when the pressure gradient decreases exp~nentially with time. When 
the dust i~ very h e ,  T decreases and when 7 -t 0 ; thc velocity of dusty fluid becomes that of clean fluid 
in both the cases. If the masses of the dust particles are small, their influence on the fluid flow is reduced, 
and in the limit as m +- 0 , the fluid becomes ordinar~viscoua and we get the laminar flow of a viscous liq&d 
in a channel and a circular pipe under the influence of linear preasure gradient as obtained by LaP. 
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