
UDC 533.601+536.248 

THE A E R O D Y N A M I C S  AND H E A T  T R A N S F E R  OF A F A L L I N G  ( L O O S E )  L A Y E R  
W I T H O U T  B L O W I N G  

Z. R. Gorbis and Yu. L. Tonkonogii  

Inzhenerno-Fiz icheski i  Zhurnal, Vol. g, No. 2, pp. 177-179,  1965 

Some results of an exper imenta l  investigation of a loose layer  are presented. Formulas are proposed for 
evaluat ing the concentrat ion of such a layer  and the heat  transfer to the wal l  over a wide range of t em-  
perature. 

A dense layer  of disperse medium moving in a ver t ica l  channel  becomes a fal l ing (loose) gravi ta t ional  layer  when 
its ve loc i ty  increases above a c r i t i ca l  value.  The loose layer  differs from the compac t  one not only in having a different 
concentrat ion of solids, but also in having quite different mechanics  of motion and heat  transfer mechanism.  

Under loose layer  conditions there is an eject ion effect, first observed by Platonov [1], which causes an appreci -  
able  motion of the gas in the channel .  
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Fig. I. General ized relat ion for the true concentrat ion 
of the loose layer :  1) channel  d iameter  35.5,  graphite  

dT= 0.08;2) 19, sand, 0.371; 3) 19, sand, 0 . 5 9 ; 4 )  

19, sand, 0.482; 5 ) 1 5 . 6 ,  sand, 0.4821 6)16,  graph- 

ite, 0. 017 (about 100 tests points in a l l ;  the figure 

shows the averaged points for each channel;  A = 

-- lg [~ ( a  T / Gnom)-0 .49 ] .  

An exper imenta l  investigation of a loose layer  was 
conducted on two pieces of apparatus. The mass flow" and 
volume concentrat ion of solids and the gas flow rate were 
measured in an apparatus for invest igat ing the mechanism 
and aerodynamics .  Aluminosi l ica te ,  quartz sand, and 
graphite were used as test mater ia ls .  In the tests the mean 

par t ic le  diameter ,  determined from the formula d T = 1 /  

/ 2  g i / d i ,  was varied in the range 0 . 0 3 - 4  ram.  

The genera l ized  re la t ion obtained for the true con-  
centrat ion of the loose layer  (Fig. 1) is 

----- 0.6 (G~/G nora )0.49 (h/DK)_o4" (1) 

Here Gno m is the nominal  flow rate  of the solid, phase 
determined according to the Rausch formula (for D O = DK). 

Formula (1) has been verif ied for 

O.065.~ G~/GnonY~ 5; 48 ~ h/D.~ ~ 316. 

The investigations showed that at large concentrations the loose layer  is a straight-through downward f luidized 

flow, 

The other apparatus was used to investigate heat  transfer from the layer  to the wal l  when the layer  was cooled in 
a tubular channel(D K = 16 ram, h = 2m) at temperatures ranging up to 850 ~ C. A mixture of graphite part icles  with 

mean diameter  d T = 0.17 mm was invest igated.  The heat  transfer coeff ic ient  was determined by a s teady-s ta te  method.  

The influence of the temperature  factor on heat  transfer is of part icular  interest .  The tests showed that in the t em-  
perature range up to 850 ~ C, increase of a did not match  the very appreciable  radiat ion at these temperatures,  which is 

easily explained by the strong screening action of the part ic les .  The temperature  effect  is al lowed for by the choice of 

(t w + t l ) / 2  as character is t ic  temperature .  

It was observed that  the chief  factor intensifying heat  transfer between the layer  and the wal l  is the layer  concen-  

tration B. We obtained (Fig. 2) 

Nu = A ~"22. (2) 

Here A = f(hK, DK, de); for our conditions A = 1109, and Nu is ca lcu la ted  from the thermal  conduct ivi ty  of air.  For-  
mula  (2) was verif ied for 0 .025  - 4  } -~ 0.31;  150 ~ C ~ r l ~ 850 ~ C. Here B should be determined from (1). 

The t rea tment  s imi lar  to that given in [1, 2] is more general .  The dependence of the re la t ive  heat  transfer rate 

on the concentrat ion of solids (referred to flow with no dust content) was determined as 

Nu z - -  1 -l-k c_ T_Y~ ~m. 
Nug Cgyg (3) 
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This relation is shown in Fig. 3. We obtained 

when 0.025 -~ ~ .~ O. 1 

when O. 1 -.-~ ~ .<.. O. 3 

k = 0 . 1 7 8 ;  m = 1 . 4 ;  

k = 0 . 0 6 8 ;  m =  1. 

Although the scatter of the points in the latter case is greater than for the previous method (mainly due to inac- 
curacy in determining the gas velocity in our tests, and therefore in Nug), relation (3) may be more widely applied. 
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Fig. 2. Generalized relation for heat Fig. 8. Dependence of relative rate of heat 
transfer between the loose layer and transfer for the loose layer on volume concen-  

the wall. tration (B - lg[Nul/NUg-1)cplYg/epT~T]). 
In the tests, the maximum average heat transfer coefficients over the length of the channel were of the order of 

800-400 W / m  2 .~ C. It is to be expected that with a longer channel and finer particles the loose layer would exhibit 
greater heat transfer due to increased gas velocity and hence increased Nug and Nu z (3). 
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