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INTRODUCTION 

The downdraft g a s i f i e r  o r i g i n a t i n g  from World War 11 Swedish des igns  has proven t o  
be successfu l  in g e n e r a t i n g  a c l e a n  product  gas when operated in a n  a i r  blown 
mode. Such gas  producers  a r e  u s e f u l  f o r  g e n e r a t i n g  a n  e s s e n t i a l l y  t a r  f r e e  b o i l e r  
gas  or  engine f u e l  from renewable resources  such as wood and a g r i c u l t u r a l  waste. 
Recently, a new genera t ion  of s t r a t i f i e d  downdraft g a s i f i e r s  (1, 2) has  been 
s tudied .  A s u c c e s s f u l  model of t h i s  type  of g a s i f i c a t i o n  process  should be a b l e  
t o  c l e a r l y  show t h e  interdependency of opera t ing  v a r i a b l e s  i n  o r d e r  t o  optimize 
both cost  of $gasifier and performance. Such a process  model would be u s e f u l  in 
determining t h e  proper  g a s i f i c a t i o n  condi t ions  when input  condi t ions  o r  design 
pa rame t e r s  change. 

F igure  1 shows t h e  important  f e a t u r e s  of t h e  g a s i f i e r .  Biomass f u e l  and oxid izer  
a r e  fed  c o c u r r e n t l y  t o  t h e  top  of t h e  gas  genera tor  where p y r o l y s i s  of the  f u e l  
t a k e s  place. The p y r o l y s i s  r e a c t i o n  is d r i v e n  by hea t  t r a n s f e r  from t h e  gas and 
hot  char bed below. As t h e  f r e s h  s o l i d  is heated  it d r i e s  and d e v o l a t i l i z e s .  'he  
v o l a t i l e s  evolved c o n t a i n  combust ible  s p e c i e s  which r e a c t  wi th  oxygen/air  t o  
produce h e a t ,  CO, C02, H2, H 0 and l i g h t  hydrocarbons. During p y r o l y s i s ,  t h e  gas 
and s o l i d  are  a t  v a s t l y  d i f J e r e n t  temperatures  because p y r o l y s i s  cools  t h e  s o l i d  
whi le  ox ida t ion  h e a t s  t h e  gas. ( A t  t h e  end of p y r o l y s i s  t h e  gas  may be more than 
500K h o t t e r  than  t h e  s o l i d . )  In t h i s  zone of t h e  r e a c t o r ,  about  80% t o  90% o f  t h e  
solid weight loss occurs .  

Once oxygen is consumed and p y r o l y s i s  is completed, reduct ion  of char  by Cog and 
H20 can occur  in t h e  g a s i f i c a t i o n  zone. The r e a c t i o n s  occurr ing  a r e  endothermic 
so that the  &as and s o l i d  tempera tures  f a l l  a s  carbon conversion proceeds. The 
r e a c t i o n s  tend  t o  q u i t  a t  about  lOOOK due t o  k i n e t i c  l i m i t a t i o n s .  

I n  t h e  s teady-s ta te  o p e r a t i o n  of t h e  downdraft g a s i f i e r ,  a s p e c i f i c  oxygen t o  f u e l  
r a t i o  e x i s t s  f o r  a g iven  feeds tock  a n d  carbon conversion leve l .  I n  p r a c t i c e  i t  is 
found t h a t  g a s i f i e r  throughput does not a f f e c t  t h e  requi red  0 2 / f u e l  r a t i o  and the  
product  gas composition f o r  a s u f f i c i e n t l y  deep char bed. Also, i t  is found that 
t h e  u a j o r i t y  of hydrocarbons are des t royed  in t h e  p y r o l y s i s  zone. These data  
sugges t  that t h e  p y r o l y s i s  and g a s i f i c a t i o n  zones a r e  t o  a good approximation 
s e p a r a t e  and that t h e  whole char bed i n  downdraft g a s i f i e r s  is not  t r u l y  a c t i v e .  

In  t h e  char g a s i f i c a t i o n  zone t h r e e  r e a c t i o n s  dominate (neglec t ing  t h e  c racking  of 
r e s i d u a l  tars and hydrocarbon gases from t h e  p y r o l y s i s  zone):  

Boudouard React ion 
Char + C02 + 2CO A H  = +40,778 k c a l / m o l  

Water Gas React ion 
Char + H20 + CO + H2 A H  = +32,472 kca l lmol  

Water Gas S h i f t  React ion 
H20 + CO * H2 + CO2 AH = -8306 kcal/mol 
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The k i n e t i c s  and thermodynamics of these  r e a c t i o n s  determine t h e  conversion of 
char  t o  gas and t h e  subsequent g a s  composition a t  any poin t  in t h e  char 
g a s i f i c a t i o n  zone. 

In t h e  reac t ion  scheme, t h e  water-gas and Boudouard r e a c t i o n s  are coupled by the  
s h i f t  react ion.  Therefore ,  only two of these  r e a c t i o n s  can  be considered t o  be 
t r u l y  independent. The water-gas s h i f t  r e a c t i o n  is f a i r l y  r a p i d  over  carbon 
s u r f a c e s  a t  g a s i f i c a t i o n  temperatures  and is assumed t o  be in equi l ibr ium in t h i s  
inves t iga t ion .  In our  model we have assumed t h a t  Edrich e t  a l .  ( 3 )  k i n e t i c s  f o r  
the  Boudouard r e a c t i o n  over  ponderosa p ine  charcoal  a p p r o x i r a t e s  the  carbon 
reduct ion  r e a c t i o n  occurr ing  in t h e  g a s i f i e r .  Since t h e  a c t i v a t i o n  energy f o r  
carbon reduct ion by CO is about  35 kca l ,  k i n e t i c s  in e r r o r  by a f a c t o r  of 2 w i l l  
be equiva len t  t o  a 5 6 O C  o f f s e t .  This  o f f s e t  is w i t h i n  t h e  accuracy of data  
a v a i l a b l e  f o r  bed temperature .  A t  a tmospheric  pressure ,  t h i s  r e a c t i o n  sequence 
should adequately descr ibe  t h e  k i n e t i c  processes .  A t  e l e v a t e d  pressure ,  methane 
forming k i n e t i c s  should probably be considered.  For char p a r t i c l e s  with minor 
dimensions up t o  3 / 4  inch ,  Edrich e t  a l .  ( 3 )  a l s o  show that i n t r a p a r t i c l e  mss 
t r a n s f e r  is not important .  Therefore ,  t h e  same r a t e  express ion  f o r  char  
g a s i f i c a t i o n  a p p l i e s  r e g a r d l e s s  of p a r t i c l e  s i z e  ( i f  less than  3 / 4  inch) .  

The reac tor  design condi t ions  which a f f e c t  t h e  char g a s i f i c a t i o n  zone Inc lude  
i n i t i a l  condi t ions ,  such as char and gas temperatures ,  flow rate and composition 
of t h e  incoming gas ,  and g a s i f i e r  parameters ,  such a s  char  g a s i f i c a t i o n  k i n e t i c s ,  
c ross -sec t iona l  area of r e a c t o r ,  h e a t  t r a n s f e r  from t h e  gas  t o  t h e  s o l i d s ,  and t h e  
dens i ty  and void f r a c t i o n  of t h e  char. An adequate  model mst account  f o r  changes 
in these  i n i t i a l  condi t ions  and parameters. 

To d a t e  t h e  most e x t e n s i v e  model l ing of t h e  char  zone of t h e  s t r a t i f i e d  downdraft 
g a s i f i e r  has been developed by Reed (1). Reed's model of the char  g a s i f i c a t i o n  
zone assumes equal  molar feed  r a t e s  of C02 and carbon (char) .  'his zone is 
assumed t o  be a d i a b a t i c ,  y i e l d i n g  a change in temperature  of about  24'K per  1% of 
r e a c t i o n  of carbon. Coupling t h e  temperature  change t o  t h e  k i n e t i c s  of t h e  
Boudouard r e a c t i o n  then  y i e l d s  t h e  conversion of carbon and temperature  of t h e  
r e a c t i o n  versus  time and p o s i t i o n  (depending on feed  r a t e ) .  ?he model g ives  a 
good f i r s t  approximation of t h e  gasifier behavior lead ing  the  way towards t h e  use  
of theory f o r  p r a c t i c a l  p red ic t ions .  

W)DEL FORWIATION 

The o v e r a l l  g a s i f i e r  model c o n s i s t s  of two p a r t s ;  t h e s e  a r e  a p y r o l y s i s  model and  
a g a s i f i c a t i o n  model. The p y r o l y s i s  model is used t o  provide a s t a r t i n g  gas  
composition, flow r a t e ,  and temperature  f o r  t h e  c h a r  g a s i f i c a t i o n  zone. To 
i n i t i a t e  t h e  modelling, t h e  a i r / f u e l  o r  O ~ / f u e l  r a t i o ,  feed  u l t i m a t e  and proximate 
a n a l y s i s  and a methane leakage from t h e  g a s i f i e r  a r e  spec i f ied .  'he model 
genera tes  pyro lys i s  gas composition and temperature  a l o n g  with carbon conversion 
gas composition and  temperature  a l o n g  t h e  char  bed length .  

Pyrolysis Model 

Biomass is assumed t o  be a r t i f i c i a l l y  composed of f i x e d  carbon (char )  and v o l a t i l e  
mtter.  Upon pyro lys is ,  f o r  b i o m s s  under downdraft g a s i f i e r  condi t ions ,  t h e  char  
y i e l d  is assumed t o  be equal  t o  t h a t  from the  proximate y ie ld .  The char  is 
t r e a t e d  a s  pure carbon. With t h e  s p e c i f i c a t i o n  of a n  a i r  o r  0 2 / f u e l  r a t i o  and 
feed  composition, a n  a d i a b a t i c  r e a c t i o n  c a l c u l a t i o n  around t h e  pyro lys i s  zone w i l l  
y i e l d  temperature ,  gas composition and flow r a t e .  It i s  f u r t h e r  assumed t h a t  any 
methane escaping p y r o l y s i s  is not cracked in t h e  c h a r  bed. Therefore ,  t h e  w s s  
and energy balance around t h e  p y r o l y s i s  zone a l l o w s  f o r  t h e  methane leakage 
s p e c i f i e d  as  a model input .  
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In order  t o  c a l c u l a t e  t h e  a d i a b a t i c  flame temperature  of t h e  p y r o l y s i s  gas ,  when 
i t  is oxid ized  by t h e  a i r  or oxygen, f i r s t  t h e  energy r e l e a s e d  by t h e  combustion 
is determined. 

AH298 = HHv - AHcombustion 

where AHzg8 is t h e  energy r e l e a s e d  from t h e  p y r o l y s i s  and  p a r t i a l  combustion 
assuming N2, CO, C02, H2, H20, CH4, and char a r e  t h e  only products ,  HHV is t h e  
h igh  hea t ing  value of t h e  b i o m s s  ( c a l c u l a t e d  by t h e  ITG method), a n d  AHc mbustio 
is t h e  sum of t h e  moles of t h e  products  of p y r o l y s i s  times t h e i r  %eats 04 
combustion. In t h e  model p r e d i c t i o n s  presented  below, a t y p i c a l  biomss 
composition of 51 percent  carbon, 6 percent  hydrogen and 45 percent  oxygen by 
weight was assumed f o r  t h e  mter ia l  b h r . c e  c a l c u l a t i o n .  

Tie a d i a b a t i c  flame temperature  can  t h e n  be determined by t h e  fo l lowing  equat ion 

In t h i s  model a n  i n t e g r a l  average  v a l u e  of Cpi f o r  each of t h e  gas  c o n s t i t u e n t s  is 
u t i l i z e d .  The c a l c u l a t e d  a d i a b a t i c  flame temperature  is then  used t o  determine 
t h e  c o r r e c t  Kp and gas composi t ion i n  a second i t e r a t i o n .  Since the  flame 
temperature  v a r i e s  l i t t l e  wi th  changes i n  K , only two i t e r a t i o n s  are  necessary 
f o r  a c c u r a t e  gas  composi t ion and  a d i a b a e i c  flame temperature  pred ic t ions .  
Specifying t h e  amount of f i x e d  carbon y ie lded  from t h e  b i o m s s  and t h e  oxygen t o  
f u e l  r a t i o  g i v e s  a unique gas composi t ion and temperature. 

Char G a s i f i c a t i o n  Model 

The char g a s i f i c a t i o n  model descr ibed  below assumes that t h e  char g a s i f i c a t i o n  
zone is a d i a b a t i c  and,  as  in t h e  p y r o l y s i s  zone, t h e  water gas s h i f t  r e a c t i o n  is 
a t  equi l ibr ium. Char g a s i f i c a t i o n  k i n e t i c s  a r e  employed t o  compute t h e  
convers ion/ length  p r o f i l e .  H e a t  balances on t h e  gas and s o l i d  a r e  used t o  
determine temperature  p r o f i l e s .  Material balances w r i t t e n  f o r  gas  and char i n  t h e  
r e a c t o r  assume plug flow; however, t h e  g a s  and char  move a t  d i f f e r e n t  r a t e s  down 
t h e  reac tor .  The fractional convers ion  of t h e  char, X,  is defined as  fol lows:  

where h (0) = molar flow r a t e  of carbon a t  top  of g a s i f i c a t i o n  zone, and 
molar how r a t e  of carbon a t  p o s i t i o n  "z" in t h e  g a s i f i c a t i o n  zone. 
mass balance is then:  

h ( z )  = 
T~G? carbon 

where X is the  f r a c t i o n a l  conversion of t h e  char ,  z is t h e  d i s t a n c e  down t h e  
r e a c t o r ,  re is t h e  r a t e  of conversion of in moles char/min, S is t h e  c r o s s  
s e c t i o n a l  a r e a  of t h e  r e a c t o r ,  and h (0) is t h e  char feed  rate in moles 
char/min. 

For t h e  Boudouard r e a c t i o n :  

l h e  rate is computed from k i n e t 5 c  data .  

( k l  * PC02)/(1 + k2 * PCO) 

k l  = exp(-E1/RT + 12.3091) 

k2  = exp(-Ep/RT - 28.4295) 
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where rc , i s  in u n i t s  of l/min, E 1  = 43870 - 19811/Tp (pre t rea tment )  cal/mol, E2 = 
-67,300 cal/mol and PCO and PC02 are p a r t i a l  p ressures  of CO and CO2 
respec t ive ly .  The pre t rea tment  temperature  is t h e  temperature  a t  which t h e  
b i o m s s  is pyrolyzed. In t h i s  model i t  is assumed t o  be 1000K. For t h e  purpose 
of t h i s  model, t h e  bed voidage and particle s i z e  a r e  assumed cons tan t .  S h i f t  
k i n e t i c s  a r e  assumed t o  be rap id .  Thus, t h e  gas  composi t ion is brought  t o  a water 
gas  s h i f t  equi l ibr ium a t  each p o s i t i o n  in t h e  reac tor .  To account  f o r  k i n e t i c s  
t h e  equi l ibr ium c o n s t a n t  is disp laced  from t h e  gas  temperature  by 50'C. 

The energy balance inc ludes  i n d i v i d u a l  equat ions f o r  t h e  char, and one f o r  t h e  gas 
phase. In t h e  gas  phase: 

where m is t h e  mss f low rate of t h e  gas ,  cp is t h e  h e a t  c a p a c i t y  of t h e  gas ,  T 
is t h e  gas  temperature ,  h is t h e  h e a t  t r a n s f e k  c o e f f i c i e n t  between t h e  gas and t h g  
char ,  A is t h e  s u r f a c e  a r e a  p e r  gram char ,  T is t h e  char temperature. P is t h e  
char  d e i s i t y  and  E is t h e  void f r a c t i o n  in t h e  bed. 

For t h e  s o l i d  D h a s e  

where X i s  t h e  conversion of char, HB is t h e  h e a t  of r e a c t i o n  f o r  t h e  Boudouard, Y 
is t h e  conversion of s t e a m  t o  hydrogen, and HwGs is t h e  h e a t  of r e a c t i o n  f o r  t h e  
water gas s h i f t  reac t ion .  The mss and energy balances are  coupled and so lved  
using a Runge Kutta  i n t e g r a t i o n  r o u t i n e  in a n  i n t e r a c t i v e  mode. 

The model r e s u l t s  a r e  very dependent on i n i t i a l  c o n d i t i o n s ,  i n c l u d i n g  t h e  i n p u t  
from t h e  p y r o l y s i s  model c a l c u l a t i o n s  of temperature  and composition of the  gas. 
lhe average temperature  of t h e  s o l i d  is not  known e x a c t l y  but is assumed t o  be 
somewhere between t h e  flame temperature  and t h e  p y r o l y s i s  f r o n t  temperature. The 
s o l i d  temperature  is not  cri t ical ,  s i n c e  t h e  h e a t  t r a n s f e r  c o e f f i c i e n t  is l a r g e  
and t h e  h e a t  c a p a c i t y  of t h e  s o l i d  phase is small r e l a t i v e  t o  t h e  gas  phase. 

The h e a t  t r a n s f e r  c o e f f i c i e n t  in t h e  energy balance has been c a l c u l a t e d  by a n  
empir ica l  c o r r e l a t i o n  of S a t t e r f i e l d  (4)  f o r  f i x e d  bed r e a c t o r s .  The model needs 
t h e  area t o  volume r a t i o  of t h e  feeds tock  t o  c a l c u l a t e  t h e  h e a t  t r a n s f e r  
c o e f f i c i e n t ,  h, and t h e  p a r t i c l e  a r e a  t o  weight r a t i o ,  

AP' 

KXPERMENTAL DATA 

To compare t h e  p r e d i c t i o n  of t h e  model with exper imenta l  g a s i f i e r  r e s u l t s ,  a 
quar tz  tube g a s i f i e r  54 mm o u t e r  diameter ,  shown in Fig. 2, was employed. A type 
K 1/16-in. thermocouple was used f o r  temperature  measurement through t h e  p y r o l y s i s  
and g a s i f i c a t i o n  zones. A 1/16-in. 304 SS tube was placed  d i r e c t l y  a longs ide  t h e  
thermocouple, through which gas samples were pul led.  A 10 cc syr inge  (+ needle)  
was used t o  evacuate  t h e  tube  and  t o  t a k e  t h e  sample. Gas a n a l y s i s  was done with 
a Carle # l l l H  gas chrouatograph,  with a hydrogen t r a n s f e r  tube  and a t e n  f t  
Carbosieve column. I n t e g r a t i o n  of a n a l y s i s  was performed wi th  a Varian I CDS111 
i n t e g r a t o r .  

Two samples were taken  f o r  each l e v e l  measured. Once a s teady  s ta te  condi ton in 
t h e  gasifier was achieved ,  t h e  probes were i n s e r t e d  t o  t h e  s p e c i f i e d  l e v e l  a n d  t h e  
gas sampling temperature  record ing  procedure begun. The probes were then moved a t  
2 c m  i n t e r v a l s  up through t h e  bed u n t i l  t h e  temperature  read below g a s i f i c a t i o n  
p y r o l y s i s  temperatures  (100OC). The time i n t e r v a l  in between each sample was 
approximately 1 minute. 
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Rl3SULTS 

Table 1 p r e s e n t s  r e s u l t s  of t h e  p y r o l y s i s  m a t e r i a l  and energy balance model. The 
a d i a b a t i c  flame tempera tures  of t h e  p y r o l y s i s  products ,  assuming f r a c t i o n s  of 
f i x e d  carbon from 0.05 t o  0.20 when burned w i t h  var ious  r a t i o s  of 0 / f u e l  has  been 
ca lcu la ted .  The model a l so  y i e l d s  t h e  gas composition a t  t h e  end o t  p y r o l y s i s  f o r  
each f i x e d  carbon and  0 2 / f u e l  r a t i o .  Zhe gas  temperature  a n d  composi t ion is then 
i n p u t  i n t o  t h e  g a s i f i c a t i o n  model. For p r e d i c t i o n s  of t h e  l a b o r a t o r y  data ,  t h e  
f i x e d  carbon is assumed t o  be 15% and t h e  0 / f u e l  r a t i o  is se t  a t  0.45. For t h e  
oxygen runs t h e  0 2 / f u e l  r a t i o  is assumed t o  be 0.40. The r e s u l t s  presented  y i e l d  
varying char l o s s  through t h e  g r a t e .  An a l t e r n a t e  c a l c u l a t i o n  is t o  i t e r a t e  on 
t h e  a i r / f u e l  r a t i o  t o  consume a s p e c i f i e d  m o u n t  of f i x e d  carbon. 

0.45 
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%ble 1. P y r o l y s i s  & d e l  C a l c u l a t i o n s  

Feed Gas 02/Fuel  F r a c t i o n  Fixed Carbon Adiabatic Temperature (K) 
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Figure  3 shows t h e  model p r e d i c t i o n s  of t h e  char  and gas  phase temperature  
p r o f i l e s  through t h e  g a s i f i c t i o n  zone f o r  a i r  g a s i f i c a t i o n .  The s o l i d  phase is 
represented  by t h e  s o l i d  l i n e ,  t h e  gaseous phase is represented  by t h e  dot ted  l i n e  
and the  experimental  data  are represented  by stars. Excel len t  agreement with t h e  
data is observed throughout  t h e  c h a r  g a s i f i c a t i o n  zone, wi th  t h e  except ion of t h e  
data point  a t  the g r a t e .  This discrepancy is caused by h e a t  l o s s  (conduct ion a n d  
r a d i a t i o n )  a t  t h e  g r a t e ,  r e s u l t i n g  in lower temperature  measurements than 
expected. In a r e a c t o r  wi th  a l a y e r  of ceramic balls above t h e  g r a t e  i t  would be 
expected that heat  l o s s  would not  be important .  

F igure  4 shows p r e d i c t i o n s  and exper imenta l  data  of t h e  CO/CO2 r a t i o  down t h e  
r e a c t o r .  The agreement between model p r e d i c t i o n s  and experimental  da ta  is good 

414 



confirmation of t h e  model. Since no a d j u s t a b l e  parameters  were i n p u t  into t h e  
model t o  make t h e  temperature  p r o f i l e  and CO/C02 r a t i o  p r e d i c t i o n s ,  t h e  model 
a p p e a r s  successfu l  a t  s imula t ing  l a b o r a t o r y  condi t ions .  

The e f f e c t  of varying throughput on char  conversion is shown in Fig. 5. In t h i s  
f i g u r e ,  the  r e s u l t  of i n p u t t i n g  into t h e  model t e n  t imes normal, normal, and one 
t e n t h  normal a i r  thorughput i s  i l l u s t r a t e d .  Quant i ta t ively,  a f t e r  t h e  s o l i d  a n d  
gas have come t o  t h e  same temperature ,  t h e  conversion of char  f o r  a given d i s t a n c e  
is l i n e a r l y  dependent on t h e  throughtput .  Although a n  i n c r e a s e  in throughput  
increases  the hea t  t r a n s f e r  from t h e  gas t o  t h e  s o l i d ,  the  n e t  e f f e c t  on char 
conversion,  a s  y ie lded  by model c a l c u l a t i o n s ,  is t h e  same char conversion f o r  
equiva len t  res idence t i m e s ,  r e g a r d l e s s  of throughput. I n c r e a s i n g  t h e  s u r f a c e  
area/volume r a t i o  f o r  t h e  feeds tock  a l s o  i n c r e a s e s  h e a t  t r a n s f e r  from gas t o  c h a r ,  
but  aga in  no s i g n i f i c a n t  d i f f e r e n c e  in conversion occurs  f o r  var ious  r a t i o s ,  a f t e r  
t h e  gas and s o l i d  temperatures  approach t h e  same point .  

F igure  5 a l s o  shows the  char  conversion f o r  a throughput c o n s i s t i n g  of oxygen 
ins tead  of a i r .  An i n t e r e s t i n g  outcome from us ing  oxygen in t h e  model 
c a l c u l a t i o n s  i s  that t h e  temperature  of the char  only rises about  50K above t h e  
peak temperature of t h e  a i r  g a s i f i c a t i o n  case ,  as  depic ted  in Fig. 6. 'Ihis is in 
s p i t e  of t h e  i n i t i a l  gas temperature  of t h e  oxygen run  of 1750K, compared t o  1400K 
f o r  the a i r  case. S imi la r  r e s u l t s  have been observed in t h e  labora tory  f o r  t h e  
oxygen g a s i f i e r .  The reason f o r  t h i s  phenomenon is t h e  buf fer ing  e f f e c t  of t h e  
endothermic g a s i f i c a t i o n  r e a c t i o n s  which i n c r e a s e  t h e i r  r a t e s  a t  h igher  
temperatures ,  thus  conver t ing  g r e a t e r  amounts of s e n s i b l e  hea t  t o  chemical 
energy. The end r e s u l t  then i s  not higher  temperatures  in t h e  r e a c t o r  but h i g h e r  
conversion of t h e  char  in t h e  g a s i f i c a t i o n  zone. 

CONCLUSIONS 

A pyro lys is  model has  been developed which y i e l d s  gas temperature  a n d  
composition f o r  both a i r  and oxygen g a s i f i c a t i o n .  The r e s u l t s  of t h i s  model 
a r e  then input  i n t o  a s e p a r a t e  char g a s i f i c a t i o n  model. 

A char  g a s i f i c a t i o n  model has been developed which u t i l i z e s  no a d j u s t a b l e  
parameters t o  p r e d i c t  des ign  parameters  and g a s i f i e r  process  condi tons.  

The two models y i e l d  realist ic temperature  p r o f i l e s  of t h e  s o l i d  and gas 
phases down t h e  reac tor .  

The CO/CO2 r a t i o  pred ic ted  a g r e e  w e l l  wi th  labora tory  data. 

'Ihe model shows a n  e s s e n t i a l l y  linear c o r r e l a t i o n  between throughput and char 
conversion f o r  a given r e a c t o r  length. 

The model p r e d i c t s  equiva len t  conversions of c h a r  f o r  var ious  s u r f a c e  t o  
volume r a t i o s  of t h e  same feedstock.  

The model demonstrates  t h e  b u f f e r i n g  e f f e c t  of t h e  endothermic g a s i f i c a t i o n  
reac t ions  in keeping down t h e  char  temerpature  in a n  oxygen g a s i f i e r .  

P r e d i c t i o n s  compare very wel l  with l a b o r a t o r y  data. 

RECOMMENDATIONS ' 

A model should be incorpora ted  t o  g ive  t h e  res idence  time and i n t e g r a l  
average  temperature  of the  char  a f t e r  pyro lys i s .  This a d d i t i o n  would a l low 
determinat ions of t h e  a p p r o p r i a t e  r e a c t o r  length  f o r  complete g a s i f i c a t i o n ,  
and remove t h e  e s t i m t i o n  of i n i t i a l  p a r t i c l e  temperature in t h e  char 
g a s i f i c a t i o n  zone. 
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(2)  Experimental data shold  be taken  wi th  var ious  g a s i f i e r  condi t ions  and designs 
t o  check mode1 p r e d i c t i o n s  and  assumptions. 

A(XNOWLEDGEI&NTS 

Support f o r  t h i s  p r o j e c t  from t h e  Off ice  of Alcohol f u e l s  of t h e  United S t a t e s  
Department of Energy is g r a t e f u l l y  acknowledged. Review of t h i s  paper by J. 
Diebold and  T. M i l n e  is s i n c e r e l y  apprec ia ted .  

REFERENCES 

Reed,  T.B., M. Markson, ”A P r e d i c t i v e  Yssdel f o r  S t r a t i f i e d  Downdraft 
G a s i f i c a t i o n  of Biomass,” Proceedings of t h e  14th  Biomss  Thermochemical 
conversion c o n t r a c t o r s  Meeting. A t l a n t a ,  GA, 1982. 

Walawender, Walter  P., S. M. Chern and L. T. Fan, “Wood C h i p  G a s i f i c a t i o n  in 
a Commercia1 Downdraft G a s i f i e r , “  Presented a t  t h e  I n t e r n a t i o n a l  Conference 
on Fundamentals of Thermochemical Biomass Conversion. Estes Park, CO, 18-22 
October 1982. 

Edrich, R.,  T. Bradley,  and M. S.  Graboski, “The G a s i f i c a t i o n  K i n e t i c s  of 
Ponderosa Pine Charcoal ,”  Presented  a t  t h e  I n t e r n a t i o n a l  Conference on 
Fundamentals of Thermochemical Biomass Conversion. E s t e s  Park, CO, 18-22 
October 1982. 

S a t t e r f i e l d ,  C. N. &ss T r a n s f e r  in Heterogeneous C a t a l y s i s .  MA: MIT 
Press ,  1970. 

416 



AIR/OXYGEN BIOMASS 

. 
PYROLYSIS 

4% COMBUSTION 

GASIFICATION 

ASH GASES 

Figure 1. S t r a t i f i e d  Downdraft Gasifier. 
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