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RATE OF B U R N I N G  OF PEAT A N D  P E A T Y  C O K E  P A R T I C L E S  IN AN A I R S T R E A M  

Yu. A. Finaev 
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In ac tual  furnace conditions - in chambers, and especia l ly  in cyclone furnaces - fuel particles of various sizes 
acquire different re la t ive  veloci t ies ,  and thus burn while exposed to a gas and air s tream. Then the stream veloci ty has 
a great influence on rate of burning of the fuel part icles .  

Tests have been performed with spherical peat particles [1], pressed from pea t  dust using a special  mold, and also 

with spherical part icles of peaty coke, obtained by prolonged coking of pressed peat particles of diameter  5, 10, and 15 
mm in a steel  hermet ic  retort at a heating temperature  of up to 800~ the coke contained residual volat i les  equal to 
6, 01% of the combustible mass. 

For comparison, spherical part icles of electrode carbon obtained by machining were also used. 

The particles were suspended on non-combust ible  threads, and burned in a ver t ical  tubular e lec t r ic  furnace of di 
ameter  40 mm in an airstream at various flow veloci t ies  from 0.2 to 1.35 m/see  and at a furnace temperature  of 1270~ 
The specific rates of burning of these and other part icles were compared.  

During burning the peat and coke part icles were continuously weighed by means of a special ly  developed sel f -bal  
ancing photoelectronic recording ana ly t ica l  ba lance  [1]. 

The burning process for each par t ic le  was recorded, using an MPO-2 type oscillograph, on photographic f i lm in the 

form of a certain curve (osci l logram),  analysis of which gave a value of the mass burn-up of the part icle;  also a t ime  
marker was included on the f i lm eve ry  second, from which total  t ime  of burning of the par t ic le  could be determined.  

After the test the residue of the burned par t ic le  was weighed on an analy t ica l  balance ,  to check the burn-up value 
recorded on the osci l logram.  

From the exper imental  results, the specific rate of burning was 
A's / ~ Ks determined as an average curve of the overal l  burn-up.  The specific 

, ~ / 0 ~ . ~  rate of burning is the mass of fuel burning per unit t ime  per unit area 
. of external  surface of the part icle ,  and was ca lcula ted  with the aid of 

/5 ~ ~! the expression 
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Fig.  Dependence of specific burning rate K s �9 103(kg/m z �9 sec) 

on flow veloci ty  w (m/see)  for spherical  peat particles of d i ame-  

ter 5.0 mm - 1; 8.0 - 2; 10.0 - 8; 12.0 - 4; 15.0 - 5; for 
part icles of e lect rode carbon of d iameter  5.0 mm - 6; for spher- 
i ca l  part icles of peaty coke of diameter  4 .5  mm - ~; 8.0 - 8; 

12.0 - 9, and for part icles of peaty coke of diameter  12.0 mm 

with residual volat i tes  6.01% of combustible  mass - 10, and 

2.55% - Ii. 
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Hence, graphs were plotted of the dependence of the specific burning rate of peat and coke particles on the ve-  
loci ty  of flow over the part icie  (F ig . ) .  They show that as the flow veloci ty  increases the burning rate of the peat and 
coke particles increases, For peat particles,  the burning rate at flow veloci t ies  above 1.0 m/sec  grows considerably 
faster than at flow veloci t ies  below 1.0 m/sec ,  This is evidence that as flow veloci ty  increases, there is increased blow- 
ing away of the burning layer of vola t i le  mater ia t  from the front surface of the par t ic le  (this is also observed visually), 
which accelera tes  burning, since part of the front reaction surface of the part icle ,  where act ive burn-up of coke residue 
begins, is still  accessible to oxygen up to the end of the phase of visible burning of volati les [2]. Moreover, as the flow 
veloci ty  increases, the inhibiting act ion of diffusion on the heterogeneous react ion is lessened, which also accelerates  
burning. 

The dependence of the specific burning rate on flow veloci ty  is stronger for peat part icles than for coke part icles .  

The burning rate of peat particles is considerab!y greater than that of coke particles of corresponding size, although 
the mass of the former averages twice that of the lat ter .  The specific burning rate of 8 mm peat particles is thus 2.5 to 
3 .0  t imes that of coke of the same diameter  within the range of flow veloci t ies  used in the tests. Therefore, on the 
whole, the volat i les  serve to intensify the burning of peat particles (although at the t ime  of emission they inhibit the 
burning of coke [2]) .  

Examination of the graphs also shows that as par t ic le  size decreases, the specific burning rate increases, This 
agrees with the fact that mass transfer increases with reduction of par t ic le  diameter ,  while specific burning rate also 
increases.  

NOTATION 

w - in i t ia l  weight of fuel part icle;  w r - weight of residue after burning; Aw -- weight of fuel par t ic le  burned in 

t ime  rb; Sp - external  surface area of spherical part icle;  d - par t ic le  d iameter .  
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The equat ion of motion of a liquid written in dimension!ess form contains the  smal l  parameter  1/Re, If the quan- 
t i t ies  in the equation are expanded in terms of this parameter ,  the zero-order  approximation,  not containing the pa rame-  

ter,  leads formal ly  to the equation of the boundary layer .  Thus, the concept of the boundary layer  presupposes that the  

Reynolds number is suff icient ly large,  so that in the expansion for ve loci ty ,  for example ,  

1 t --j.o+ 

al l  terms after the first may be neg lec ted .  Using this concept,  it may be shown [1] that,  up to a c r i t ica l  Re number, the 

dimensionless ve loc i ty  distribution in the boundary layer,  and also the locat ion of the point of separation of the boundary 

layer,  do not depend on the Re number.  

The position of the separation point of a laminar  boundary layer on the surface of a cyl inder  was first measured by 

Hiemenz [2]; according to Ehe data of [g], the position of this point is 82 ~ from the front stagnation point, at Re = 1.2 �9 

. 104, while according to [1] it is 81 ~ at Re = 1.88 �9 104. 

The te rm "sufficiently large Reynolds number" is somewhat indef ini te ,  it  being difficult to point to a range where 

the concept  of the boundary layer starts to be val id ,  and the position of separat ion point to ,be "steady.  " 

At smal l  Re numbers the terms with 1/~'-~-e , I /Re ,  and so on begin to be important  in the expansion of the ve -  

loci ty  in negat ive  powers of Re, and so the position of the separation point of the  boundary layer begins to depend on the 

Reynolds number ( the concept  "boundary layer"  is then itself  somewhat modif ied from that mentioned above).  
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