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The boundary layer  in a s t ream of a dispers ion along a flat plate is analyzed on the basis  of 
the par t ic les  t ra jec tory  near the wall and on the basis  of test  data. 

We consider  the s t ruc ture  of the boundary layer  in an isothermal  s t r eam of a g a s - s o l i d  dispersion 
by analyzing the t ra jec tory  of solid par t ic les  near a wall. The par t ic les  are  assumed spherical,  their con- 
centrat ion low and their  size small,  so that they do not in terfere  with one another and do not dis tor t  the 
velocity profile of the boundary layer,  neither in the laminar  nor in the turbulent region. These profi les 
a re  descr ibed by welt-known equations. External  forces ,  the Basse  force [1], and the added-mass  effect 
will be disregarded.  Then, taking into account the frict ional drag of par t ic les  according to Oseyen [2], the 
"buoyant" force according to Saffman [3], the Magnus force [4], and the force of gravity,  as well as the 
torsional and the re tarding torques, we write the equation of motion for a par t ic le  in t e rms  of x, z compo- 
nents: 

Here Re = a/v4U2x + (Uz-V) 2. 

in the laminar region 

where 6 = 5 .83~f~ /v~ ;  

in the turbulent region 
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The velocity profile of the boundary layer  is [5]: 
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Equations (1)-(3) were integrated numerical ly  by a "Promin '  " computer.  The following pa rame te r s  
were varied: the par t ic le  diameter ,  the par t ic le  density, and the gas proper t ies .  
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Fig. 1. Trajectories of particles in the boundary layer at a plate 

(x, z mm). Variant cal~latedwith a = 2.5. i0 -5 m, P2 = 2.2 �9 103 

kg/m 3, v = 1.51 �9 i0 -5 m2/sec, V~ = 20 m/see. Curve I repre- 

sents the edge of the boundary layer. 

Fig. 2. S t reampat te rn  aroundpla tes  in an a i r -g r aph i t e  
suspension: a) thin plate 1 mm and s t ream velocity 
26.3 m / s e c ;  b} thick plate 7 mm and s t r eam velocity 
23.5 m/ sec .  

As the initial values for  the integration in the f i rs t  .series of calculations, we assumed Ux0 = 0, Uz0 
= V~o, and w 0 = 0 at the entrance to the boundary layer.  Examples of t ra jec tor ies  calculated by this p ro -  
cedure are  shown in Fig. 1. Theoret ical ly,  the following pat tern of motion emerges  here:  the par t ic les  
penetrate  into the boundary layer ,  are  deflected at the plate surface,  and crowd within a nar row zone ap- 
proximately in the middle of the boundary layer,  leaving a sublayer  of pure gas at the surface.  Calcula-  
tions have shown that this sublayer is thinner in the case of heavy and large par t ic les ,  but i ts thickness 
increases  with increasing viscosi ty  of the gas. 

In the second ser ies  of calculations we assumed that the par t ic les  enter  the boundary layer  more  or  
less  horizontally,  i .e . ,  that Ux0 ~ 0. According to these calculations,  an initial velocity toward the plate 
amounting to 3-5% of the longitudinal velocity causes a strong deflection of the solid par t ic les  f rom their  
t ra jec tory ,  those with a high t ransverse  velocity actually reaching the wall. 

Thus, in a s t ream of a gaseous suspension there should exist  near the wall a zone with a low concen- 
trat ion of par t ic les .  The t ranspor t  of par t ic les  into this zone is effected by t ransverse  fluctuations of their  
velocity, though viscous forces  oppose it and dislodge them from the boundary layer .  

On a special test  stand constituting a closed sys tem with a fluctuating s t r eam of mater ia l  d ispersed 
in a gas we have made direct  observat ions and have taken photographs (Fig. 2a, b) of a medium-concent ra -  
tion graphite suspension in a i r  flowing along horizontal  plates in a channel of a 70 x 70 mm square c ross  
section with one pa i r  of opposite walls of glass.  The t ransmit t ing light source was a 500 W photo lamp. 

An examination and analysis  of the photographs revealed a zone at the plate surface with a much be -  
low mean concentration of solid par t ic les ,  r egard less  of the flow pattern (the mean velocity of the s t ream 
was varied f rom 15 t'o 30 m/sec ) .  The noted variat ion in the magnitude of this zone could be easi ly explained 
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by the influence of a blunt edge on the flow pa t te rn  around thick pla tes .  The flow pa t t e rn  around a thin 
plate  conforms  m o r e  c losely  to the theore t ica l  case  analyzed he re  e a r l i e r ,  while the qualitative ag reemen t  
between tes ts  and calculat ions conf i rms  our conclusions concerning the s t ruc tu re  of a boundary l ayer  in a 
g a s - s o l i d  d ispers ion .  
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a re  the components  of the par t i c le  velocity;  
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gas velocity;  
gas veloci ty outside the boundary layer ;  
t r a n s v e r s e  gradient  of gas veloci ty  in the boundary l a y e r ;  
radius  of the par t i c le ;  
m a s s  of the par t ic le ;  
moment  of iner t ia  of the par t ic le ;  
densi ty of the par t i c le ;  
dynamic v i scos i ty  of the gas;  
k inemat ic  v i scos i ty  of the gas;  
density of the gas.  
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