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Study has been made of the effect of a reduction of the heat of react ion per unit mass  on the 
cr i t ical  conditions for ignition of a gaseous suspension. Calculations are presented to show 
the relat ion between cr i t ical  ignition tempera ture  and the part icle diameter  and concentra-  
tion. 

1. In ea r l i e r  discussions of ignition in gaseous suspension [1-5], the heat of reaction per  unit mass  
of suspension was assumed to be so high that 7 -  Y0/B << 1, (Y0 =CRT02/Eq, C is the heat capacity of the 
part icle  mater ia l ;  q, the heat of react ion per  unit par t ic le  mass ;  T 0, the initial t empera ture ;  B, the mass  
part icle  concentration; E, the activation energy; and R, the mola r  gas constant). In many of the repor ted  
experiments ,  however, the mass  part icle concentration was so low that the pa ramete r  7 mus t  have been 
comparable to unity in value. 

The pa rame te r  7 re la tes  to the heat of reaction of the gaseous suspension and is the analog of the 
T0 appearing in homogeneous thermal  explosion theory [6, 7]. It has become cus tomary  to r e fe r  to thermal 
explosion at low Y0 values as "degenerate" [6, 8]. Specifically, a degenerate homogeneous thermal  explo- 
sion is one tn which burn-out  during the induction per iod has become a factor  of importance,  reaction be- 
coming weakly autocatalyt ic with r is ing tempera ture  and the cr i t ical  ignition limit disappearing with an in- 
c rease  in 70. 

Thermal  ignition of the gaseous suspension at higher y values will also be designated as degenerate.  
Ignition degeneracy in such two-phase sys tems  differs quantitatively from ignition degeneracy in homoge- 
neous sys tems.  F o r  example, under conditions such that ignition of the individual isolated part icle r e -  
mains nondegenerate (To << 1), the cri t ical  l imit for suspension ignition will not disappear as the part icle 
mass  concentrat ion is reduced and the value of the p a r a m e t e r  y brought c loser  to unity. In view of the 
role of cr i t ical  burning in nondegenerate ignition theory [2, 3], component combustion can be expected to 
have a pronounced effect on degenerate ignition in the gaseous suspension. 

Certain aspects  of degenerate thermM ignition of gaseous suspensions wilt be t rea ted  in the present  
paper,  the resul ts  obtained being checked against the experimental  data of [9]. 

We will consider  ignition in an enclosed suspension, assuming the gas tempera ture  uniform through- 
out and the heat loss proport ional  to the tempera ture  difference between gas and container wails. 

Fo r  the case of identical par t ic les  uniformly distributed throughout the container, the following equa- 
tions descr ibe  the isolated part icle  warm-up,  the thermal  energy baIance in the gas, and the rate of par -  
t i t le  combustion: 

September-October ,  1974. 

B ~] d% = ,0--% ( i + ~ )  (i __ B) [i __ s i..:__~ ~ [t + sx~l] : __.W_ ' __ ST0 ((} __ 0g) ~o0]) ex p O 

"dr = "r(P01) exp 

Mos cow. 
Original ar t ic le  submitted April 15, 1974. 

O g -  0 w 
A• 

Transla ted  f rom Zhurnal Prikiadnoi Mekhaniki i Tekhnicheskoi Fiziki, No. 5, pp. 72-79, 

(1.1) 

(1.2) 

(1.3) 

�9 76 Plemmz Pu bhshmg Corporation, 22 7 West 17th Street, New York, N. Y. 10011. No part of  this publication may be reproduced, 
stored m a retrieval system, or transmitted, in any form or by a~o' means, electronic, mechanical, photocopying, mierofilmmg, 
recording or oflwrwlse, without wntten permission of  the publisher. A copy of  flus article is a~ailable front the publisher for $15.00. 

643 



4, _B B ),~ qo01 ) = (t - -  TI)'/, t o"5 t -- n (1.4) 

the initial conditions being 

x----" O, 0=0o,  Og=Ogo, 'I = 0  (1.5) 
E E ( T g - -  r . ) ,  E 0 = R---~T-/-(T- T,), 9g = ~-y--~-  O,~=-~T~(Tw_T), 

E (Tso _ T),  i 70 = CBT.2/Eq 030 = "R'-f'Y ~ ---- - -  (r /ro) s, 

"f = To / B, v = 3tao~k exp (-- E / Br.)  / r0Tp, ~ = BT, / E 

/(+ ) B = -~ aro~pCN ~rro3pCN + pgCg 

~-=qka~ (-- ~-~,) / Nu ~g t~T E 

A=NV4gro2NuL/Y~Nugro=3 Pg Nu B [VL/Z'~ 
p N u g I - - B \  r0 ~ ] 

Here ,  T, Tg, aiad T w a r e  the t e m p e r a t u r e s  of pa r t i c l e ,  gas ,  and con t a ine r  wall ,  r e spec t ive ly ;  T ,  is a 
sca le  t e m p e r a t u r e ,  to  be defined below; T o and Tg  0 a r e  ini t ial  t e m p e r a t u r e s  of pa r t i c l e  and gas ,  r e s p e c -  
t ively;  t is  the t ime;  r 0 and r a r e  the init ial  and c u r r e n t  radi i  of  the pa r t i c l e  r e a c t i n g , s u r f a c e ;  B is  the 
m a s s  pa r t i c l e  concen t r a t i on  in the suspens ion ;  Xg is the coeff ic ient  of t h e r m a l  conduction of the gas ;  C and 
Cg a r e  the r e spec t i ve  spec i f i c  heat  capac i t i e s  of  pa r t i c l e  and gas ;  p,  P0, and pg  a r e  the dens i t i e s  of p a r -  
t ic le ,  oxides ,  and gas ,  r e s p e c t i v e l y ;  q i s  the heat  of  r eac t i on  pe r  unit  m a s s  of condensed  pa r t i c l e  m a t e r i a l ;  
E i s  the ac t iva t ion  ene rgy ;  a~ is the ox id ize r  concen t ra t ion  in the gaseous  phase ;  R is  the m o l a r  gas  con-  
stant;  in is  the r eac t i on  o r d e r  with r e s p e c t  to the ox id izer ;  v is the r a t io  of m a s s  of  ox id ize r  to m a s s  of 
pa r t i c l e  in the s t o i c h i o m e t r i c  suspens ion ;  Nu and Nug a r e  the r e s p e c t i v e  Nusse l t  n u m b e r s  f o r  p a r t i c l e -  
gas  and s u s p e n s i o n - c o n t a i n e r  wall heat  exchange;  L and V a r e  the c h a r a c t e r i s t i c  d imens ion  and volume 
of  the con ta iner ;  Z is  the h e a t - t r a n s f e r  s u r f a c e  a r e a  of the conta iner ;  N is  the n u m b e r  of p a r t i c l e s  p e r  
unit  vo lume  of  suspens ion ;  and s and s 1 a r e  given by s = u, s 1 = [(1+ v) ( p / p 0 ) - 1 ]  and s = - 1 ,  s 1 = - 1  for  the 
condensed  and gaseous  r eac t ion  p roduc t s  c a se s .  

The f i r s t  t e r m  on the r igh t  s ide  of  Eq. (1.1) d e s c r i b e s  the r a t e  of l ibe ra t ion  of  heat  on the p a r t i c l e  
su r face ;  this  s a m e  t e r m  a lso  a p p e a r s  in the e x p r e s s i o n  for  the ra te  o f  p a r t i c l e  burning.  The second  t e r m  
on the r igh t  of Eq. (1.2) d e s c r i b e s  the ra te  at which heat  builds up in the ga s  as  a r e s u l t  of  m a s s  t r a n s f e r  
between p a r t i c l e s  and gas .  The r ema in ing  t e r m s  of this equation d e s c r i b e  p a r t i c l e - g a s  and s u s p e n s i o n -  
con ta ine r  wall  heat  exchange.  The f o r m  of the k ine t ic  funct ion in Eq. (1.4) i s  such  as  to a l low fo r  ox id ize r  
combus t ion  and a l t e r a t i on  in the r e a c t i n g  su r f ace  a r e a  of the par t i c le .  

In se t t ing  up the e x p r e s s i o n  fo r  the p a r t i c l e - g a s  t h e r m a l  e n e r g y  flux [ second  t e r m  of Eq. (1.1)], a c -  
count was  taken of the fac t  tha t  the h e a t - t r a n s f e r  coeff ic ient  is i n v e r s e l y  p ropo r t i ona l  to the pa r t i c l e  d i -  
a m e t e r ,  and the h e a t - t r a n s f e r  s u r f a c e  a r e a ,  d i r e c t l y  p ropor t i ona l  to the second  p o w e r  of this  d i a m e t e r .  

The d i s c u s s i o n  that  fol lows will  cen te r  a round  th r ee  l imi t ing  f o r m s  of k inet ic  function, namely ,  

( qD~ = (1 - ,t)','~, q~.~ = (1 - n)~+','~, % = I 7o ~ _ n (1.6) 

~01 apply ing  when the ox id ize r  is  p r e s e n t  in e x c e s s  and v B / a0 (i - -  B) ~ t ,  % applying to the s t o i c h i o m o t -  
r i c  mix tu re  with vB/ao(1-B) = 1, and g03 apply ing  when the re  is an ox id ize r  de f i c i ency  and vB/a o (1 - B )  >> 1. 
This  l a s t  ca se  can be f o r m a l l y  r educed  to that  in which the ox id ize r  i s  p r e s e n t  in exces s  by making  the 
change in va r i ab le  ~7' = ~?v B / a 0 ( 1 - B )  and r ep l ac ing  the p a r a m e t e r  Y by y ' =  yvB/ao(1-B). 

2. Le t  us now inves t iga te  c r i t i c a l  igni t ion ef fec ts  in the ga seous  suspens ion .  The poss ib i l i ty  of such 
ef fec ts  a r i s e s  f r o m  the in t e rac t ion  of heat  loss  f r o m  suspens ion  to con ta ine r  wal ls  and burning  of the l i m -  
i t ing  component ,  p a r t i c l e s  o r  ox id izer ,  as  the case  m a y  be. Nondegenera te  c r i t i ca l  igni t ion (y<< 1) has a l -  
r eady  been d i s c u s s e d  in [2-5].  

Here  the e f fec t  of the p a r a m e t e r  y on the gaseous  suspens ion  ignit ion l imi t  was  f i r s t  s tudied th rough  
numer i ca l  in tegra t ion  of  the s y s t e m  of  equat ions  (1.1)-(1.5),  a s s u m i n g  r eac t i on  with an exces s  ox id ize r  to 
f o r m  condensed  r eac t i on  p roduc t s  and ident i ty  of  ini t ial  t e m p e r a t u r e s  of  suspens ion  and wal l s  (00 =Ogo = 
0w=0). The r e s u l t s  of  these  ca lcu la t ions  a r e  shown in Fig .  1, where  the c r i t i ca l  va lue  of  the p a r a m e t e r  
has  been plot ted as  a funct ion of A and y with fl =0 : Xc-- Xc (A, Y). Curve  1 appl ies  to the case  in which no 
a l lowance  f o r  the ef fec t  of  burning was  made  in ca lcu la t ing  the hea t  l o s s  (Y0 = 0) [2] 

zc = t /( t  + A) e (2.1) 
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while curves  2-7 apply to the overa l l  c r i t ica l  effect  (70 = 0.016) 
at var ious  concentrat ions:  2) B=0 .32 ,  "/=0.05; 3) B=0.08,  
7=0.2 ;  4) B=0.0532,  7=0 .3 ;  5) B=0.0318,  7=0.503;  6) B = 
0.0228, 7=0.7;  7) B=0.016,  "F=I. 

The line segments  8-11 show the posi t ions  a s su med  by 
curves  3-6 in the l imi t  as  A - -  co. Curves  2-7 converge  to a 
single point at A=0 thus mark ing  out c r i t i ca l  ignition condi- 
t ions for  the i so la ted  par t ic le ,  account being taken of burning 
(T0 ~ 0). The effect  of burning on iso la ted  pa r t i c l e  ignition has 
been t rea ted  in [6], where  the shift  in cr i t ica l  conditions r e -  
sulting f rom this fac tor  has  been calculated through the equa-  
tion 

• = + [ i  § 2.7( 2_V v,~l 
# 

5 [g 15 A f# 
Fig. 1 An inc rea se  in the p a r a m e t e r  A reduces  ~<c, which then 

asympto t ica l ly  approaches  the value ~<i fixed by 3/; in this 
range of A values ,  ignition is  l imi ted  by cr i t ica l  par t ic le  burning, a fac tor  independent of the heat  t r a n s f e r  
out of the s y s t e m  [2, 3]. The ra t io  ~.4i/~0(T0) has been plotted as a function of 7 in Fig. 2 (curve 1). With 
an i nc r ea se  in T, the c r i t i ca l  conditions for  gaseous suspension ignition asympto t ica l ly  approach  the c r i t i -  
cal conditions for  i so la ted  par t i c le  ignition, remaining,  however,  c l ea r ly  e x p r e s s e d  at all  values  of % In 
distinction to the case  of the gaseous  suspension,  pa s sage  into the degenera te  the rma l  explosion region 
leads to a d i sappearance  of c r i t ica l  ignition effects  in homogeneous gaseous and condensed s y s t e m s  [8]. 

The resu l t s  of calculat ions on the c r i t i ca l  ignition effect  ~4c = ~c(A, 75 could be sa t i s fac to r i ly  r e -  
produced by the approximat ion  equation 

l (2.35 
•  = • (~) § [• - • ( 7 ) ]  1 + A 

Using this equation, it was possible to mark out a region of parameter values over which the critical 

effect and induction period are only weakly dependent on the heat loss. The gaseous suspension can be 
considered adiabatic when the conditions are such that 

7. > •162 ~ [• _ • (7)] / (1 § A) (2.4) 

In de te rmin ing  the f o r m  of the • (7) function, use was made of the fact  that preexplos ion  wa r m-u p  
of the gaseous  suspension is  a quas i s t a t ionary  p roces s  [3], the p a r t i c l e - g a s  the rma l  equi l ibr ium being 
displaced toward the par t ic le  side as a resu l t  of gas  heat ing and an a l tera t ion in the ra te  of evolution of 
t he rma l  energy.  If the der iva t ive  te r ra  in the express ion  for par t ic le  wa rm-up ,  (1.1), i s  neglected,  an a l -  
gebra ic  equation of the fo rm F(0, 0g, ~?) = 0 resu l t s .  When the condition of (2.45 is  sat isf ied,  heat loss  through 
the container  walls  has no longer  any effect  on ignition, and the sys t em of equations (1.1)-(1.3) reduces  to 
a total  ene rgy  balance equation fo r  the gaseous  suspension,  

B0 § ( l - - B )  0g = ~ l / 7 - - s B ~ l ( O - - 0 g )  

The nonl inear  t e r m  sB~? (0-0g) in the total  energy  balance equation can be neglected,  s ince i t  will be 
smal l  in compar i son  with the other  t e r m s  if the conditions a re  such that  sB7 - s70 << 1; and this is gener -  
ally the case ,  T0 being much l e s s  than unity in s y s t e m s  capable of ignition. We will now se t  up the F(0, 
0g, 7) = 0 equation for  the case  of condensed react ion  products ,  neglecting the a l tera t ion in par t i c le  d i am-  
e t e r  resu l t ing  f rom oxidation and the d i f fe rence  in par t ic le  and oxide densi t ies  (e.g., for  magnes ium p a r -  
t ic les  with s t = - 0 . 2 ,  complete  oxidation reduces  the par t ic le  d i ame te r  by some 7%). 

By solving the two s impl i f ied  t ranscendenta l  a lgebra ic  equations,  a quas i s t a t ionary  re la t ion  between 
the extent of par t ic le  burning ~? and the par t ic le  t e m p e r a t u r e  is obtained: 

~1 = i - - 7 1 7 - 1 - - 8 1 ~  ~(U,K) (2.5) 

The K parameter of this last equation describes the reaction conditions: K=2/3, for the case of ex- 
cess of oxidizer and condensed reaction products; K--I/3, for the case of excess of oxidizer and gaseous 
reaction products; K = 2/3+rn , for the case of stoichiometrie proportions, particles to oxidizer, and con- 
densed products; K = I/3 +m, for the ease of stoichiometric proportions, particles to oxidizer, and gaseous 
products; and K = m, for the case of oxidizer insufficiency. 
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U = exp (z) exp [ - -  (4] -1 - -  0 ) l  / I ~ - 1  _ 0 [ 1 -k  

z = ~,-1 __ Kln ?-1 ~ In [7. (1 --  B)] 

The function ~(U, K) is to sat isfy the equation 

~3 __ UT3~ ~= i -= 0 (2.6) 

the upper sign applying when 0<y -I and the lower, when 0>7- I 

Calculations based on the equation system (1.1)-(1.5) show the integral curve ~ [0(~')] to be essentially 
identical with the curve of Eq. (2.5) as long as it is possible for a quasi stationary particle-gas thermal 
equilibrium to be maintained; beyond this point the difference between the temperatures of the two phases 
changes discontinuously and the particles in the suspension ignite. This point is reached in the neighbor- 
hood of that temperature 02 at which Eq. (2.5) no longer can be solved for 0. The value of 02 is obtained 
from the equation d0/d~ = r or its equivalent d~?/d0 = 0. 

V -1 - -  02 = (I) (z, K)  ( 2 . 7 )  

The function ,h(z, K) sat isf ies  the transcendental  equation 

: = q ) - - K l n  K - -  - '  q)l ( t - - K ) l n  i 

Par t ic le  ignition at t empera tu res  in excess of 02 will initiate an autocatalytic reaction, regard less  of 
how small the heat of reaction per  unit mass  of suspension may be. The situation here is markedly  differ-  
ent f rom that met  in homogeneous sys tems,  where a reduction in the heat of reaction abruptly quenches 
the autocatalytic react ion [8]. 

Gaseous suspension par t ic le  ignition occurs  at  those values of the pa ramete r s  z and K for which Eq. 
(2.8) has a solution, a condition which cannot be met  at cri t ical  Values of the burning rate.  

It is also t rue that (2.8) does not have a solution when the conditions are  such that dS /dz  = % the 
function �9 then sat isfying an equation of the form 

[(I)i ~-  1/3] / [(~i  + • "~- 1/3] : (5 - -  K) (2/a _ K)  / (Ih [cl)~ ~ ( K  - -  2/3)] ( 2 . 9 )  

~i being the value of �9 at the cr i t ical  burning rate.  

The value of 4) i obtained from Eq. (2.9) can be substituted into (2.8), and the p a r a m e t e r  z given the 
value zi, to obtain a relation between the pa rame te r s  values at the cri t ical  burning rate,  namely, 

in • (0) = (7_ 1 _ K) -[- K In (7K) -- In [/(K)] -- hi (1 -- B) (2.10) 

r l - ( '< - + ( ,  - ] ,< 
I ( K ) = e x p [ q ) ~ +  I - -KI t l ) i  +(K--"-t3} L "~ (I~(- 

• being the cri t ical  value of • for  the isolated part icle  with no allowance for  burning effects (70 = 0), 
and ~0(0) =e-1. With 7<< 1, the cri t ical  conditions of (2.10) for  burning pass  over the cr i t ical  conditions 
for nondegenerate thermal  ignition, the relation then becoming identical with that obtained ea r l i e r  in [2, 3]. 

Computations show that preexplosion warm-up  begins with an essent ial ly  nonstat ionary par t ic le  heat-  
ing, and then passes  over  into a quas is ta t ionary  stage, where the g rea te r  par t  of the par t ic le  burning is 
concentrated. The derivation of Eq. (2.10) considered only this second, quas is ta t ionary  stage, neglecting 
part icle  burning in the f i rs t  stage, and it is for  this reason that the equation i tself  contains the pa rame te r  

~0(70) at 70 = 0. 

Letusnoweonsider inmoredetailtheeondensed reaction products case with s = v, K=2/3 �9 For this 
value of K, Eqs. (2.7) and (2.9) have the solutions 02 =y-i+ I/3 , #i = _I/3, and f(K) is equal to unity. Curve 2 
of Fig. 2 shows the ~<i/~0(0) ratio plotted as a function of the parameter T at K = 2/3. Although the approxi- 
mation to critical ignition conditions for the gaseous suspension given by Eq. (2.10) for 7---3/2 is identical 
with the critical ignition conditions for the isolated particle, numerical computations (curve i, Fig. 2) in- 
dicate that there should be a~ asymtotic approach of the one set of conditions to the other. To a consider- 
able degree of accuracy it could be considered that that there is essentially no departure from u0(70) in 
calculations at T -> 3/2 ~i" 

We will now attempt to find the effect on the extent of burning of departures from the critical burn- 
ing rate. Equations (2.5) and (2.6) can be drawn on to show that at 02, the temperature of cut-off from 

646 



"1.# 

q,5 

~, Ixo/(ol 

/ 
g.5 I g l.q 

F i g .  2 

! i : % Z l ~  , . z  

o f f J 

Fig. 3 

TABLE 1 

No. 1 

ro,/1 7 
B. t0"- 0.94 
7o' iO 3 4. i 

Y 0.43 
A 5, 55 

•215 (0) 0.45 
T~ ~ 875 
Tc, ~ 787 
Te (T = O) 672 
T~ (A = ~)  767 

f r o m  E q .  (2.12) 

2 3 d 5 6 7 8 

7 i2 12 15 t5 55 55 
2.3 0.64 t .5 0.33 i . t3  0.64 2.78 
2.3 3.9 2.7 3.6 3.t 3.5 2.9 
0.t0 0.60 0.t8 1.t2 0.27 0.54 0.i0 
t3.8 t.28 3.12 0.42 1.45 0.08 0.34 
e -7 0.67 0.04 0.95 0.16 0.6 e -7 
875 810 810 775 775 650 650 
572 772 647 757 677 641 622 
572 717 637 732 672 637 622 
377 752 427 757 602 607 302 

by se~ing 

the quasistationary state, r should satisfy the equa- 

ti o n 

v~a Y-F t = ~/lY-: -- 02] (2.11) 

By  s u b s t i t u t i n g  (2.11) i n t o  (2.5) ,  one  o b t a i n s  an 

e x p r e s s i o n  f o r  t h e  e x t e n t  of  p a r t i c l e  b u r n i n g  a t  t he  

i n s t a n t  o f  i g n i t i o n  (~2), 

~]2 = 7 (0~ - -  t)  (2.12) 

02 b e i n g  c a l c u l a t e d  by s u b s t i t u t i n g  the  s o l u t i o n  of  

(2.8) ~ ( z ,  z/3) i n t o  Eq .  (2.7) .  T h e  e x t e n t  o f  p a r t i c l e  

b u r n i n g  a t  t he  c r i t i c a l  b u r n i n g  r a t e ,  Ni, i s  o b t a i n e d  

~i = i -- 2/3 7 (2.13) 

This last relation shows that the gaseous suspension can be iga:ited only if the degree of burning is 
less than ~i(T). If the degree of burning inpreexplosionwarm-up exceeds ~i (7), the gaseous suspension 
will not ignite under further heating. Equation (2.13) is valid for cases such that 7<3/2, i.e., for cases in 
which there is still a difference between critical igniti'on conditions for gaseous suspension and isolated 
particle; when T> 3/2, one should consider that ~i = 0 in the quasistationary approximation. Computations 
show that ~i approaches the degree of burning of the isolated particle under critical conditions ~?0(T0) [6] 

~o (70) = 2.7 (7o ~ / 2/3)', (2.14) 

the latter value proving to be low under any realistic assumptions concerning the parameter T0 (when T0 = 

0.016, 70(T0) ~ 0.2). 

A relation between the degree of particle burning and departure from the ignition limit measured by 
~c developed from the approximation equation (2.12), gave results which were in satisfactory agreement 
with values obtained from computations based on the system of equations (1.1)-(1.5). Increasing the value 
of the parameter ?4 from 74i =0.0025 to 0.0425 at T = 0.117 reduced the degree of particle burning, the re- 
duction being from 0.922 to 0.4, according to the computations based on (I.i)-(1.5), and from 0.922 to 0.32, 
according to the approximation equation. 

3. We will now illustrate the type of relation between the critical ignition temperature Tc, and the 
particle size and concentration, which follows from the equations presented above. The heat of reaction 
and the particle heat capacity will be set at 6 kcal/g and 0.25 cal/g- deg, respectively. Application of Eq. 
(2.3) requires a knowledge of the functions ?4(r0, T c) and A(r0, B), (which reflect the experimental condi- 
tions) and ~4(r0, Tc); the latter can be obtained from the experimentally developed relation between the 
critical ignition temperature (Tc ~ and the isolated particle diameter [9], namely, 

• = l09"3 (ro/T~") exp [ - -  23 000 / R T  c] (3.1) 

T h e  A(r0B) f u n c t i o n  w a s  s o  c h o s e n  t h a t  t h e  v a l u e  of  A f o r  p a r t i c l e s  55 tt in  d i a m e t e r  w o u l d  be l e s s  
than unity at all concentrations 

A = 3. i04 ~ (3.2) ( -- ) 

F i g u r e  3 s h o w s  the  r e l a t i o n  b e t w e e n  p a r t i c l e  c o n c e n t r a t i o n  and  t h e  c r i t i c a l  i g n i t i o n  t e m p e r a t u r e  of  
t h e  g a s e o u s  s u s p e n s i o n  f o r  p a r t i c l e s  of  v a r i o u s  d i a m e t e r s .  C u r v e s  I - V  c o r r e s p o n d  to  t he  p a r t i c l e  d i a m -  
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eters I) 7, If) 12, III) 15, IV) 35, V) 55 g. The numbers i-8 designate points at which values of Tc (7 = 0) 
and T c (A = ~), critical suspension ignition temperatures uncorrected, respectively, for particle burning 
and thermal loss, were calculated; these values are shown in Table i. 

It is seen from the table that the critical ignition temperature was determined by burning at points 
i, 3, and 5 and by heat loss to the reactor walls at points 2, 4, 6, 7, and 8. On curves I, II, and HI a re- 
duction in concentration at fixed particle diameter results in passage into the region of degenerate ignition; 
~/increases, T c approaches T~ and the effect of burning on the critical ignition temperature begins to 
predominate over that of heat loss (cf. Table I). 

Comparison shows general agreement between the theoretical T c (r0, B) relation of Fig. 3 and the 
experimental results reported in [9], though the experimentally developed curves are displaced with re- 
spect to the theoretical by a 1 : 6 scale factor on the concentration axis. The fact that the working condi- 
tions for the experiments of [9] were not fully specified makes for difficulty in comparing theoretical and 
experimental results. 
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