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The author describes a method of determining the variable parameters 
of a pneumatic gas dryer as a function of initial moisture content. The 
results of a typical computer calculation are presented together with 
an analysis of the characteristics of a dryer used in peat briquette 
production. 

To desc r ibe  the va r i ab le  p r o c e s s e s  in pneumat ic  
gas d r y e r s ,  in  the p re sence  of cons ide rab le  devia t ions  
of the in i t ia l  mo i s tu r e  content  of the m a t e r i a l  f rom the 
nomina l  value,  it is poss ib le  to use  the heat  ba lance  equa-  
t ion and the equations of dry ing  k ine t ics  and ae rody-  
namics .  The l a t t e r  equation should re f lec t  the r e l a t ion  
between the r e s i s t a n c e  of the sys tem,  the t e m p e r a t u r e  
of the exit gases ,  and the d r y e r  fan c h a r a c t e r i s t i c  
(when the fan is ins ta l led  at the end of the d ry ing  
channel) .  

In r e l a t ion  to the technical  condit ions typical  of c e r -  
ta in  p r o c e s s e s ,  this sys tem of equat ions es tab l i shes  a 
ma thema t i ca l  r e l a t ion  between the p r inc ipa l  dry ing  
p a r a m e t e r s  w, L, G' and t" at cons tant  w" and t ' .  

To de te rmine  the var ious  p a r a m e t e r s  and opera t ing  
c h a r a c t e r i s t i c s  of the d rye r  under  va r i ab le  condit ions,  
al l  the t e r m s  en te r ing  into this sys t em of equat ions m 
mus t  be expressed  in  t e r m s  of the p r inc ipa l  va r i ab le  
p a r a m e t e r s  and the cons tants .  

The heat ba lance  equation of the d rye r  

L [ cgt' --cgt"--k j~, Co(f--to)] = Qa + Qa + Q, + Qrn (1) 

at constant  co", t ' ,  ~ ' ,  t a and Q.~ can be r e p r e s e n t e d  in  
the form 

:x(o', L, 'G' ,  t")=0. (2) 

The exp re s s ion  for ~" en te r ing  into Qa can be d e t e r -  
mined  f rom [1], and the Were for fuel m a t e r i a l s  f rom 
[2]. The exp res s ion  for Qm is p resen ted  in [3]. 

In this case ,  to cons t ruc t  the equat ion of d ry ing  
k ine t ics ,  it  is  des i r ab le  to use  the l i nea r  h e a t - t r a n s f e r  
coefficient.  For  ce r t a in  m a t e r i a l s  ~l ,  as d is t inc t  f rom 
~, is cha rac t e r i s t i z ed  by r e l a t ive  s tab i l i ty  in the p r e s -  
ence of changes in such factors  as the m o i s t u r e  con-  
tent  and g ranu lome t r i c  composi t ion of the m a t e r i a l ,  the 
degree of u t i l i za t ion  of the dry ing  potential ,  and the 
absolute  gas veloci ty  [4]. 

Under these  condit ions,  the equation of dry ing  k i -  
ne t ics  [4] 

a~ hA (t' --twb) = q~ (u' - -u ' )  

can, in genera l  case ,  be r ep r e sen t ed  in the fo rm 

(3) 

h(o', L, G', t")= 0. (4) 

To derive the equat ion of ae rodynamics ,  we con-  
s ide r  the following exp res s ion  for the d ry -gas  flow rate :  

L =  ~" V" (5) 
1 + k  ia 

For  a given form of fuel burned  to genera te  the gas, 

v " = ~ ( o ' ,  L, G', t"). (6) 

The express ion  for V" is found f rom the e m p i r i c a l  
equation of the ae rodynamic  c h a r a c t e r i s t i c  of the d rye r  
fan: 

V" = Vf = (P2 (H0 = (Ps (H, t'). (7) 

The r e s i s t a n c e  H of the fan network can be a r b i t r a r -  
i ly divided into components  co r re spond ing  to th ree  
zones:  before the gases  reach  the m a t e r i a l  (H1); the 
pneumat ic  t r a n spo r t  a ndd r y i ng  zone (Ha); and the "pure" 
gas channel  beyond the s epa ra to r  (Ha): 

H = / 4 1 +  H 2 + H s .  (8) 

On the bas i s  of the known re la t ions  between the ae ro -  
dynamic p a r a m e t e r s ,  Hi can be r e p r e s e n t e d  in the 
form 

U y~ 
H1 = Hl, n y, L~ " (9) 

Denoting 

H,. ,y~ 
K~ = ----ff~n ' (10) 

f rom Eq. (9) we obtain 

Hi= Ki L2. (i I) 

We wri te  the e x p r e s s i o n  for H 2 in the form 

Hz = H2 n ( ~ V a  v 2 "~av (I .Of- ~av) 
' ~V-~.~) 7, , , ,  (1 + t % , )  (i2) 

After  t r ans fo rma t ions ,  and in t roduc ing  the complex 

H~,.y .... (13) 
K , =  L~(I+)~  .... ) 

we can r ewr i t e  Eq. (12) as 

L ~ 
H~ = Ku (1 + ~,v). 0 4 )  

~av 

The average  va lues  of the specif ic  weight of the gas 
and the m a t e r i a l  concen t ra t ion  can also be exp re s sed  
in t e r m s  of the p r inc ipa l  va r i ab l e s :  

Yav = (p4(m', L, G', t"), (15) 

~a,, = 95 (o', L, G'). (16) 
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F r o m  expre s s ions  (14), (15), and (16), we obtain an 

equation of the type 

H ~ = % ( o ' ,  L, 6', t"). (17) 

where 

S imi la r ly ,  

g 2 

Ha = K3 V,, (18) 

H~,.y: (19) K~ = L2 

F r o m  (6) and (18) we obtain 

H 8 ~ 7 ( o ' ,  L, G', t"). ( 2 0 )  

Subst i tut ing (11), (17), and (20) into (8) and then into 
(7), we obtain the exp re s s ion  

V"=%(o', L, G', t"). (21) 

After  subs t i tu t ing  (6) and (21) into (5), we obtain an 
equation of ae rodynamics  of the type 

f3(cO', L, G', t " )=0 .  (22) 

Clear ly ,  to cons t ruc t  Eq. (22), it is n e c e s s a r y  to 
know the opera t ing  p a r a m e t e r s  of the d r y e r  at one 
value of co' only. 

In the genera l  case,  the sys t em of non l inea r  equa-  
t ions (2), (4), and (22) is solved on a computer .  As a 
resu l t ,  we obtain the d rye r  c h a r a c t e r i s t i c s  in the form 
of r e l a t ions  between the p r inc ipa l  va r i ab l e s  and co'. 

We cons ider ,  as an example,  the de t e rmina t ion  of 
the va r i ab le  p a r a m e t e r s  and c h a r a c t e r i s t i c s  of a 
pneumat ic  gas d rye r  used  in peat  b r ique t te  product ion.  

The dryer  cons is t s  of the following equipment:  f u r -  
nace;  tube d rye r ;  f i r s t -  and second- s t age  cyclones;  
fans;  and sc rubbe r .  

The p r inc ipa l  s t a r t i ng  data a re  as follows: t '  = 800 ~ 
C, t~ = 120 ~  to =20  ~ C, ~' =20  ~ C, w ~ = 4 5 % ,  co" = 
=14%,  G' =13 300kg /h r ,  H n =2740 N/m 2, q5 =167 
kJ /kg  mo i s tu re ,  kia = 0.15; ~ l  = 1.67 k J / k g . m ,  deg. 

After  all  the t e r m s  have been  expressed  in t e r m s  
of co', L, G',  t" and the cons tants ,  the heat  ba lance  
equat ion of the d r y e r  (2) takes the form 

'o- w./o -z 

s L."~ ~ " - ~  ~.0 t " 

\ ,oo 

~ " ~  "* Z /0-' 100 

ei I ! ,zo eo 
3O 35 4'0 05 50 tO 

Fig. i. Dryer operating param- 
eters as a funct ion of the in i t ia l  
m o i s t u r e  content  of the m a t e r i a l  
w' (%): 1 , 2 , 3 , 4 )  L, G ' ,  G", W 

(kg/hr);  5) t" (~ 

ten  in the form 

24.3[o' (t" + 47) --119001 

(2420 + 1.97t") (1.16 o '  - -  16,3) 

The pa r t i cu l a r  form of the equat ion of ae rodynamics  
(22) has  been omit ted to save  space.  

This sys t em of f i f th -degree  non l inea r  equat ions was 
solved on a Minsk-2 computer .  Graphs of the p r inc ipa l  
c h a r a c t e r i s t i c s  of the inves t iga ted  appara tus  a r e  p r e -  
sen ted  in Fig.  1. 

As may  be seen  f rom Fig. 1, the t e m p e r a t u r e  of 
the gases  leaving the d r y e r  i n c r e a s e s  with i n c r e a s e  in 

the in i t i a l  m o i s t u r e  content  of the m a t e r i a l ,  which is 
a s soc ia ted  with the need to reduce  the concen t ra t ion  so 
that the m o i s t u r e  content of the d r i ed  m a t e r i a l  is held 
constant .  In this !case, the m a s s  flow ra te  L of dry  
gases  en te r ing  the d r y e r  at f i r s t  i n c r e a s e s  to w' = 3 7 -  
40%, then fai ls .  This va r i a t ion  of L is a t t r ibu tab le  to 
the opposite effect on L of changes in fan output V" and 
in  the specif ic  weight ~/" of the exit gases .  As w' i n c r e a s e s ,  
as a r e su l t  of the reduced concen t ra t ion ,  the r e s i s t a n c e  of 
the sys t em fa l l s ,  and, hence,  the gas flow ra te  i n c r e a s e s .  

O n t h e o t h e r h a n d ,  7 '  fal ls  as a r e s u l t  of the i n c r e a s e  in  
t".  The change in L is d e t e r m i n e d  by the r e s u l t a n t  of 
the fac tors  V" and 3f'; at low values  of co', the effect of 
V" p reva i l s ,  and at high va lues  of co', the effect of 7" 
is p redominant .  The amount  of m o i s t u r e  W ext rac ted  
f rom the m a t e r i a l  fai ls  as co' i n c r e a s e s ,  which is  a s -  
socia ted  with a ce r t a in  d e c r e a s e  in the amount  of heat  
t r a n s f e r r e d  to the m a t e r i a l  as a r e s u l t  of the s i m u l t a -  
neous i n c r e a s e  in t" and fall in L. In analyzing Fig.  1, it 
should be noted that,  if the change in the r e s i s t a n c e  of 
the sys t em were  not taken into account,  we would ob-  
ta in  a sha rp  d e c r e a s e  in L as co' i n c r e a s e s  as a r e s u l t  
of the i n c r e a s e  in  t".  In fact,  this is not observed  in 
d r y e r s  with a f lat  fan c h a r a c t e r i s t i c ,  s ince  the fall  in  
L = Fl( t")  is au tomat ica l ly  pa r t i a l l y  compensa ted  by 
the i n c r e a s e  in L = Fx(H). 86L (1008~1.74t") - - G '  (~o'-- 14) I2731 + 2.2t" ~- 

+2.26(t"2-20) ( 1 0 0 - - ~  ) ]  - -  - - 6 9 . 1 0 6 = 0 .  (23) 

After similar transformations, Eq. (4) can be writ- ~ooo ._ I~ 

32O0 Ix 

in { 72) ] = o. 2 o o o -  ' 
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Fig. 2. Expenditure of heat (kJ/~g 
moisture) as a function of the initial 
moisture content of the material 
co' (%): 1 )q l ,  2) q2; 3) q3; 4) q~; 5) q. 
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On the bas i s  of the d rye r  p a r a m e t e r s  obtained, we 
de t e rmine  the individual  components  and the total  spe-  
cific expendi ture  of heat on dry ing  (Fig. 2). 

As may be seen f rom Fig. 2, the effect of co' on the 
total  expendi ture  of heat is m o r e  marked  in the reg ion  
of values  of co' c lose to the nomina l  value.  At low and 
high co', f luctuat ions  of the in i t ia l  m o i s t u r e  content  
have only a s l ight  inf luence on q. As co' i n c r e a s e s ,  the 
component  co r respond ing  to the evapora t ion  of m o i s -  
t u r e  i n c r e a s e s  somewhat  as a r e s u l t  of the i n c r e a s e  in 
the expendi ture  of heat  on superhea t ing  the water  vapor  
to t".  The loss  of heat with the exit gases i n c r e a s e s  
sharply ,  which is a s soc ia ted  with the s imul t aneous  in -  
c r e a s e  in t" and in the specif ic  gas flow ra te  per  1 kg 
of evaporated moi s tu re .  This e v a p o r a t e d - m o i s t u r e  

component  is the p r inc ipa l  source  of lo s ses  in the 
d rye r  heat  ba lance  and d e t e r m i n e s  the va r i a t i on  of the 
total  expendi ture  of heat. The expendi ture  of heat on 
heat ing the m a t e r i a l  fa l ls  as co' i n c r e a s e s .  The s lower  
ra te  of fall  of q3 in the reg ion  co' = 40-45% is I a t t r ib -  
u t ab l e  to a ce r t a in  mutua l  compensa t ion  between the 
dec rea se  in the amount  of d r ied  m a t e r i a l  and the i n -  
c r e a s e  in  i ts  t e m p e r a t u r e .  

The heat l o s ses  assoc ia ted  with mix ing  of the gas 
and the evaporated m o i s t u r e  and the intake of outside 
a i r  i n c r e a s e  somewhat  with co' under  the inf luence of 
t". It should be noted that, in the example cons idered ,  
taking Qm into account causes  an i n c r e a s e  of 8% in the 
total  expendi ture  of heat on dry ing  the nomina l  r eg ime ,  
which exceeds such components  as Q3 and Qs. 

On the bas i s  of the d rye r  c h a r a c t e r i s t i c s  and the 
dependence of bo i le r  and s epa ra to r  eff ic iency on co', 
it is also poss ib le  to de t e rmine  the var ious  power and 
economic  c h a r a c t e r i s t i c s  under  va r i ab le  d rye r  ope ra t -  
ing condit ions [5]. 

The use of the proposed method of ca lcu la t ing  the 
d r y e r  c h a r a c t e r i s t i c s  makes  it poss ib le  to reduce the 
t ime  spent on tes t ing  or making a l t e rna t ive  ca lcu la -  
tions at var ious  in i t ia l  m o i s t u r e  contents .  To d e t e r -  
mine  the d rye r  p a r a m e t e r s  and opera t ing c h a r a c t e r -  
i s t i c s  in the p r e sence  of va r i ab le  in i t i a l  m o i s t u r e  
content,  it is suff ic ient  to have tes t  or ca lcula t ion  data 
for a s ingle  value of the in i t ia l  m o i s t u r e  content.  The 
d r y e r  cha r ac t e r i s t i c s  can be used to analyze  d rye r  
opera t ion and also for  regula t ing  and automat ing drying  
p roces se s .  

NO TA TIO N 

A is the coefficient of the drying regime [4]; e is 
the specific heat; G is the throughput of material, 
kg/hr; H is the resistance;Hf is the fan pressure at 
20 ~ C; Hi, H2, and H 3 are the zonal resistanees; h is 
the length of the drying channel, m; kia is a coeffi- 
cient equal to the ratio of the amount of intake air to 
the dry gas flow rate; L is the dry-gas mass flow rate, 
kg/hr; Qi, Q~, Q~ and ql, 'q3, q5 are the hourly and 
specific expenditures of heat for: evaporation of mois- 
ture, heating of the material, and losses to the sur- 

rounding medium,  k J / h r  and kJ /kg  mo i s t u r e ;  Qm is 
the expendi ture  of heat  as a r e su l t  of mix ing  of the gas 
and the evaporated mo i s t u r e ,  k J / h r ;  q and q2 a re  the 
specif ic  expendi tures  of heat,  total  and with exit gases ,  
kJ /kg  moi s tu re ;  t is the gas t e m p e r a t u r e ,  ~ u is  the 
mo i s tu r e  content  of the ma t e r i a l ;  V is the volume gas 
flow rate ,  m3/hr ;  Vf is the fan output, m~/hr ;  W is 
the amount of evaporated mo i s t u r e ,  kg /h r ;  ~ is the 
h e a t - t r a n s f e r  coefficient;  ~ l  is the l i n e a r  h e a t - t r a n s f e r  

coefficient,  k J / k g ,  m .  deg; 7 is the specif ic  weight of 
the gases ,  kg/m3; ~ is the t e m p e r a t u r e  of the m a t e -  
r ia l ,  ~ # is the concen t ra t ion  of the m a t e r i a l  in the 
gases ;  co is the re la t ive  m o i s t u r e  content  of the m a -  
t e r i a l ,  %. Subscr ip ts :  (') r e l a t e s  to the s tate  u p s t r e a m  
of the d ryer ;  ('9 re la tes  to the s ta te  downs t ream of the 
d rye r ;  g denotes gases ;  a denotes the su r round ing  a i r ;  
n indicates  the nomina l  value;  av indicates  the average  
value;  wb re l a t e s  to the wet bulb t h e r m o m e t e r ;  em r e -  
la tes  to the equ i l ib r ium m o i s t u r e  content .  
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