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WOOD GASIFICATION WORKSHOP 

We have he ld  several a l l  day workshops i n  Jefferson C i t y  exp la in ing  the f i n e r  

d e t a i l s ,  problems and suggested so lu t i ons  about t h i s  type of wood g a s i f i e r .  

We hope t o  be ab le  t o  ho ld  a few o f  these sessions a t  o the r  l oca t ions  around 

the  s ta te .  Because o f  budget r e s t r i c t i o n s ,  t h i s  wi-11 o n l y  be p o s s i b l e , i f  

some sponsoring group w i l l  generate t h e  audience and provide a meeting room. 

Our past  workshop r e g i s t r a t i o n  fee  has been $20.00 per  person t o  cover t h e  

meeting room, mai 1 i ng expense and t h e  demonstration u n i t  and technic ians 

speaking fees. 

If you would be i n t e r e s t e d  i n  a t tend ing one o f  these workshops, please w r i t e  

t o  us, and we w i l l  n o t i f y  you o f  the  p lace and'date o f  our nex t  workshop. 

I f  you would be i n t e r e s t e d  i n  sponsoring one o f  these meetings, please l e t  

us know the l o c a t i o n  and t h e  date; hope fu l l y  we can avo id  c o n f l i c t s  i n  

schedul i ng . 

CONTACT: Norman Lenhardt 
Biomass S p e c i a l i s t  
Missour i  Department o f  Natural Resources 
D i v i s i o n  o f  Energy 
P.O. Box 176 
Je f fe rson C i t y ,  MO 65102 



Increase Woodland Products Through 
Timber Stand Improvement 

John SIushw and J .  IM. NicboIs. School of Fartry .  Fishcna & Wildlife; 
Eldon L. Hfin,  i\lissom Dtpmmmr of Consmacaon: and Ivan L.  Sander. U.S. Fwur Smvice 

What Is Timber Stand Improvement? 
Timber Srand Improvement ('ISI) denotes management 

pracrices chat improve the v~gor, productivity, and qudity 
of stands of t rea .  

In Mlssourt. :loung tree stands have become established 
readily iollow~ng currlng or fire. But, t m  quality, species 
composlrlon. and individual cm form am often undesirable. 
Further reduction in quality comes when the better t r m  arc 
harvared leaving the bad ones, and when fire scarred r r u s  
reman. The Jverage M~ssouri woodland concalns about 20 per- 
cent cull r m s  and produces at less than one-rhrd IU p t e n t l d .  

Using Timber Stand Improvement 
,Many options are open to a woodland owner. He may w 

a TSI program cc increase the woodland's value for timber 
p r d u c n .  water, recreation, forage, wildlife, natural h u t y ,  or 
for speed products. Fortunately, work done to improve one 
use also benefits others in most cam. 

Various practices uxd and t m  species d e c t e d  should fit  
the chosen emphas~s for the woodland. The number of t m s  
ro keep depends on species, rype of site, management gods, 
and size of the trees. Professional f o m t e n  are available to 
help determ~ne a woodland's porenttals and l i rn~at ions and 
to help develop uld carry out a suitable management plan. 

Types o i  c m s  ~~sua l ly  removed are: - 
I .  Cull trees and wide spreading "wolf' trees. 
2 .  Trees inferlor because of their species. 
3 .  Trees interfer~ng w ~ t h  the growth and development 

of selected desirable t m s .  
i. Damaged r r e s  (broken off. bent over, fire narred, 

seriouslv barked, etc., bur npecred to live at least one 
curtlng cycle,. 

5 .  Seriously d i d  trees or trees serving as a b m d ~ n g  
ground for undes~rable insects. 

I r  is Important: to remove or lull thew rypes of trees as 
soon as possible irer an area has been logged to properly re- 
lease younger trees. Variety is i m p r a n t  in a woodland 
environment so chose rrees necessary for den trees, aesthetics. 
or special foods should be selected and r e a n c d  in the srand 
when b e g ~ n n ~ n g  a program of TSI. 

The following pcacrices are among those uxd in Timber 
Srand Improvemen:: 
Sire Pnparatron fir .\;arural R e p r o d v n ~ a  m Undrr~tocked Stand-- 
preparing the slte :o allow natural sedlng or resprouting o i  
desirable species. or underplanrlng xediing stock co i d l v  ux 
the avaiiabie yrowlng space. T h ~ s  pracnce is used in poorly 

Flgunl. Ellminrte your O o t r e r  They steal piant food, moisture 
and space from your drlrrble trnr. 

stocked stands to fill large openings and i n c r c a ~  scand denslry , 
or to improve the species composirion. 
Thinning--curring t m s  from an Immature srand to increase 
rate of growch and improve form of the emaimng r m s .  
Proper space varies depending on species, purpose of manage- 
ment, and site qualiry. Table 1 gives a range of spacing for trees 
of various diameters: 
Rrlwr-removing or killing undesirable older overtopping 
t r m  to encourage fast growch and better quality of vigorous 
young desirable trees. 
Pruning-removing lower limbs, to produce h e  maximum 
c l a r  lumber or veneer in rhe bum log. Prune only selected 
hardwood trees where high-value species are grown on good 
sius. This is recommended primarily in managing black wal- 
nut. 

In pruning lower Limbs of young trees, don't remove coo 
much of the food produc~ng leaf s u h c e  of the t r u .  At least 
one half of rhe living crown of rhc tree should be left intact. 
Generally trees should be pruned b e  they reach 8 inches. 
in diameter. ~ i m b s  to be removed should be pruned berore 
they reach 2 inches in diameter to reduce the wound s~ze.  
insunng proper healing, and co lessen rhe danger of entry bv 

Table 1 
Tree Spocing Tree Spdclng 

Diameter (in.) Range (tr.) Diameter ( ~ n . )  Range ctt.) 
7 - -1.6- 6.5 9 14.5- 18.- 
3 6.1- 8.2 10 156-20.4 
4 ' 6 -  9.9 I 1  1- 0-22.1 
5 9 0-11.6 I2 18. 1-25.8 
6 10,3-13.-1 I3 !9.4-25.6 

11.6- 15.0 14 20.3-27.2 
8 15.0-lY.O 15 2 1.9-290 

Grcarn species or management purposes mav rcqurre other spclngs. 
Ln dnv thlnn~np the rallcst iieslrable rms am usuallv hvorcd. 
Source: Even-Aped Sllvlcul~rc for Upiand Central Hardwoods - -  
USDA Agriculrure Handbook i55  



V1nr Rmrrc,al--On some area v i o a  do cornid& Jamage 
to trees. Vina  nor r e a r n d  k a w c  oiwtldlifr food due. rill 
color. erc.. should k kdled at chr m e  :ime orher s c u d  im- 
provement work is done. Remove them by cutting &an u low 
co r k  ground as possible and i m d i l t c l y  ttarcird the stump 
wlrh an herbictde. 

Special Problem of Sprout Selection in TSI 
Many hliuauri t u r d 4  species sprour havily &a 

tire or cutting. Sprouts grow rapidly and o h  fonn mdtiplc- 
stemmed clump.  Use r k  guiddines for deciding how to 
handle sprout c lump.  

1. Smiling 5prwts. originacing From severed seedlings, 
am as good as seedlings if the clumps are c h i d  m reduce 
crown competition d ro avoid bd snrmp conditions from 
cimeiop~ng u rhe b w  when the t m s  become olda. 

2. Trcc4nunp sprouts are less dsimble rlmn d l i n g  
sproucr bur,may devciop Inn, good q d i r g  %em.  depending on 
rhe sue oi  the stump and the ongin pornr of c k  sprout. .Many 
h r d d  sprouts d e a y  rhrougn rhe large wound I& u the 
biLV oi  J sprout when pucnr s w a p  roes away. 

Sprout stands are b e r  managed b a r n  they reach 20 y c ~ r  
ot  age. b r i v  rmanent  permits berra selmron o t  trees from 
rhc scmdpoint ofamchment to and size of thk prrru srwnp. 
~ n d  gmclv ICUCN the danger of decay from wounds left In 
cuatng ~mmpanion sp lwo.  

The best rrea to l a v e  come from seedlings. d i n g  
sprouts. or sprout clumps arising from snrrnp i inches or 
La5 in diameter. Sprouo from lugcr s t u m p  may be sdected 
it' rhcy a n x  very low on the stump and if rhe p u m t  stump 
wound IS small. 

l i  early trcruncnr is made in a young s d  i t  will enter 
matunr). wtth the crop r m  pnmutiy s~ngie stemmed. 
Where them hy k n  no early tramrent.  pole s d s  of sprout 
ortgln uc likely ro consist of sprout gnwpr. Afrer companion 

sprouts. ; o l d  at the bw with a V-shaped crorch. have grown 
m e m i  ~ n c k  in diameter. it is u r d y  d f i c u l t  to f ~ m ~ v e  
one wtrhour lavtng 3 large wound a t  the base of rhe other. 
thmuyh which d e c q  w11l d d o p .  Twins ol this rype s h l d  
!x let  lone. Where r k  s p u o  have a low U-rho* crotch 
h e m  them. hovner. or arc encireiy w e d  from each 
other &we sround. one or more an be d (kc Fig. 2) .  

TSI Cost Sharing & Technical Assistance 
C a r  shartng pncrica are avviable for TSI. For further 

inmrmactnn conucr your Emnrlon C m m .  . \ l h o u ~  Deprr- 
mcnt ot Consen.anon Dumcr F o m m .  or C o u a p  A g n c u l d  
> a b t i ~ u t ~ o n  Consewatton S e w r e  O6ce .  

Free tcchntui +ursunce on d l  timber management prrc- 
rircs I S  ~ r u i h l e  through locd Dunlcr Forescmoirk .L[urauri 
Dcpmmenr or Cowwarion. 

Methods of Removing Trees 
from Competition 

The lvlaowner should keep tn mtnd :hat rn many c l r a  
A proprlr c o n d u c d  r i m k r  wle (Improvcmcnc hawat )  c m  
~ c o m p l t s h  r p r a r  m o u n t  or' TSI. Undesirable r m s  not 

flguro 2. From USDA. "timber Stand Improvement In 
tho Sodmm App.lwkl8n Region," No. 6OJ. 

r n e r c h o b l e  m y  be mnovcd by curting, dozing, brush- 
hogging. girdling. or by chrmicll c o o t d .  Chmiczlly mar- 
ing large r r m  ts more c c o n o m d  rImn fdling and is mom 
cemin to lull them than u girdling. W h t ~  control of re- 
sprwring u d a r e d .  chemids  are morr &kcrive. 

Silvicides and herbicides are chemicals wh~ch act in x v d  
woyr: As tnnrlocarion pouons, p h t  hormones or p w r h  
regu&oo. conoct poisons. or soil smilmes. Some of the more 
common herbic~da used in TSI oprrcionr are 2.4-0. Amirrole 
and Ammue. 

AN t h  d a d  W R  iwjm r r r u i r k  t o .  m p s  or orrumaul 
pkur if w d d n g  1~ kid irumrriou. 

. b y  are voluiie and chur npon snd spnv dnft wtll dam- 
age desirrbk plmu,  e p e c d l y  on windy drys. 

Silvicrda a d  M i c i d e a  cm k applicd u follow: 
I. Prillimg m ')(.r&ukd in je r t ion-cun  are made 

t h u g h  t k  back and i ~ ,  the growing cissue of che free com- 
p l d y  around cfw t m .  Uadiluccd 2.4-D m i n e  is then 
appiied ro the cw until h e  chaniEli s r r m  to tlow from 
the cut. M a b e d  injecton an be purchurd or rented 
w k h  -ply cfrc c h i d  at the rime thrp ma& rhe cut. 

2. Stnap tmmnent-of  trea t h t  have ken cur. The 
stump should be thoroughly wet with c h c m d c Y r i e r  m u n u e  
immcdhcdv fdlowing cunlng. 

3. B d  rpqamg-may k uxd efktively on trees leu 
than 4 Inches in d iunem.  Sprry ckrnicai-oil mixnut on lower 
12 t r ~ h e s  o i  the trunk wecrrng :he bark rhoroughlv. 

For d e a l s  h u t  chemicli mtxnrm. rc~uktiocu. ma 
prccaucions on rhae mernob see UbfC Gurac +d6S. 'Yd.v 
P f ~ n r  Connnl. 

8 l ~ s ~ e a  In funnuanceof Coooentlve Extoneon Work Acrr ot M a y 8  and Jun@30.19101n coooorat~on w~tn r n e u n ~ m  SlatmsOe~anmmt 
;t Agr~c~fture. Leonara C. Oougrar. Oireeor. Cooornt~ve Gunston S ~ N I C ~ .  Untvmtty of Miuoun and bncoln Unlvmity. Corumola. 
Ularoun 6521 1 8 An equal opponunlty rnmtutlon. 

5 150 R r r i m r d  and R e p ' n t e d  J I8 L l3rW 



MISSOURI GEN GAS 

The design and  construction of this  sawmill wood gasifier was made possible 

by a g r a n t  from the Missouri Department of Natural Resources, Division of 

Energy to the Reorganized School District  # I  of Moniteau County (California, M O ) .  

The Department of Natural Resources - Energy Division issued this grant because 

of the energy, the money and the jobs that can be utilized by the future uses 

of wood gasification. 

According to figures from page 34 of a 1978 publication by the Missouri 

Department of Conservation, Forestry Section, entit led Wood Residues in 

Missouri ; there are 847.22 million (mm) pounds of unused equivalent oven 

dry pounds of sawdust and shavings produced annually in Missouri. This converts 

to 1,236,286 barrels of No. 2 fuel oil  or about 1% of Missouri ' s  average annual 

oil and gas01 ine consumption. This also converts to  $37,088,580 a t  $30-per 

barrel. 

Over 90% of the money that Missourians spend on oil permanently leaves the 

s tate .  For each $30,000 of energy dollars exported we lose one job to an 

oil  producing s ta te  or country. This i s  1,236 jobs lost  because 

we are not uti l izing these two waste products. This i s  a serious drain on 

Missouri's economy. 



The technic ian t h a t  construced the gen gas u n i t  had worked w i t h  a number o f  

smal ler s i ze  u n i t s  s ince 1974. A f t e r  a g reat  deal o f  research and experimentat ion, 

two successful small u n i t s  were f i n a l l y  operat ional  . The know1 edge and experienc 

gained from these small u n i t s  was the basis f o r  a l a r g e r  u n i t  now successfu l ly  

operat ing a t  a l o c a l  sawmil l .  A system design patent  has been i n i t i a t e d  f o r  

t h i s  u n i t .  

The actual documented expense f o r  the mater ia ls  and p a r t s  on t h i s  gen gas 

u n i t  i s  approximately $1,900 not  i nc lud ing  l abo r  and admin i s t ra t i ve  cost.  

Some add i t iona l  pa r t s  on hand were no t  inc luded i n  the  cost.  I t  i s  

estimated these add i t i ona l  pa r t s  and suppl ies would add approximately 

$300 t o  the cos t  f o r  a t o t a l  o f  $2,200 fo r  mater ia ls .  Labor hours inc lude 

72 hours t o  convert  and adapt the  engine t o  gen gas. Construct ion of t he  

g a s i f i e r ,  coolers,  f i l t e r s ,  and dryer  took 116.5 hours, t r a v e l  t o  l oca te  

mater ia ls  requ i red  41.5 hours. The t o t a l  hours came t o  230 hours. 

Many recycled items were used i n  t h i s  gas i f i e r .  We have not  t r i e d  t o  f igure  

a cost  based on new materials."  These vary widely' l from p l a c e  t o  place because 

o f  a v a i l a b i l i t y  and the  ingenu i ty  o f  the  people involved. Depending on 

mater ia ls  on hand, your  cos t  may be more o r  less  f o r  the  same s i ze  u n i t .  



COMPONENT PARTS EXPLANATION 

This i s  an explanat ion o f  the  working par ts  involved i n  the construct ion o f  

a down d r a f t  g a s i f i e r .  This p a r t i c u l a r  u n i t  runs w i t h  sawdust as a f u e l  t h a t  

i s  converted t o  a low BTU gas, approximately 150 t o  200 BTU/standard cubic 

foot (SCF), compared t o  na tura l  gas which contains 1,000 BTU's per SCF. 

Enqine Power Loss 

Because o f  the  lower BTU content, the normal i n t e r n a l  combustion engine w i l l  

be derated (horsepower reduced) by about 50%. The heat content o f  gas from 

t h i s  sawdust burning u n i t  does no t  g rea t l y  d i f f e r  from the BTU value o f  

any o ther  wood f u e l  converted t o  gas i n  any s i m i l a r  a i r  induced wood g a s i f i e r .  

The Hearth & A i r  In take 

The core o f  the  u n i t  o r  the area where f u e l  i s  converted t o  gas i s  c a l l e d  

the hearth area. This i s  the area where burning takes-p lace w i t h  the co r rec t  

amount o f  oxygen admitted t o  mainta in enough f i r e  t o  generate enough heat t o  

gas i f y  t h a t  p a r t  o f  the  fue l  which i s  no t  requi red t o  susta in the f i r e .  If 

too much oxygen i s  a1 lowed t o  en ter  the hearth, a1 1 of the fuel w i  11 be converted 

t o  carbon d iox ide  (C02) and water vapor. The C02 and water vapor w i l l  not  

produce power i n  the  engine. 

When oxygen i n  the  a i r  m ix tu re  in take i s  l i m i t e d  i n  the hearth area, most o f  

the wood i s  converted t o  carbon monoxide (CO), some hydrogen and a few o ther  

combustible gases and water vapor. Carbon monoxide plus oxygen w i l l  burn t o  

produce heat and pressure which i s  converted t o  power i ns ide  an i n te rna l  



combustion engine. (Hydrogen and t h e  o t h e r  gen gases w i l l  a l s o  burn, b u t  t h e  

water vapor w i l l  n o t  burn;  t h e r e f o r e  most wa te r  should  be removed bv c o o l i n s  t he  

gen gas.) A good f i l t e r  i s  abso lu te l y  e s s e n t i a l  f o r  an i n t e r n a l  combustion engine 
. . 

One reason f o r  t h e  low hea t  va lue of t h e  produce of t h i s  t ype  g a s i f i e r  

i s  t h a t  a i r  con ta i ns  about 80% n i t r ogen .  N i t r ogen  i s  n o t  combust ib le.  

Hearth Component Design Exp lana t ion  

The hear th  i s  where t h e  requ i r ed  burn ing  and g a s i f i c a t i o n  takes place. 

(See drawing 1, 1~ & 1B) 

The hea r t h  area i s  composed of a  g r a t e  a t  t h e  bottom, a  r e s t r i c t e r  r i n g ,  

a  combustion zone and t h e  a i r  i n t a k e  nozzles,  r e f e r r e d  t o  i n  t h e  l i t e r a t u r e  

as I'touresl'. ' 

The hea r t h  i s  a  c y l i n d r i c a l  shape, e s s e n t i a l l y  one c y l i n d e r  i n s i d e  another  w i t h  

a  space between t h e  c y l i n d e r s  f o r  passage o f  incoming a i r .  

The g r a t e  suppor ts  t h e  f u e l .  In t h i s  u n i t  t h e  g r a t e  i s  a  d iscarded hammermill 

screen l oca ted  a few inches below t he  r e s t r i c t e r  r i n g ,  and i s  t he  same d iameter  

as t h e  sma l l es t  c y l i n d e r .  

A heat sensing dev ice  (pyrometer)  i s  i n s t a l  l e d  immediately be1 ow t he  r e s t r i c t e r ,  

b u t  above t he  g r a t e  and extending i n t o  t h e  h o t t e s t  area o f  t h e  g ra te .  'The 

pyrometer measures t h e  e f fec t  o f  any changes o r  adjustments made i n  a i r  f l o w  



t h a t  changes opera t ing  temperature. The opera t ing  temperature of most gen 

gas un i  t s  i s  2,372'~ t o  2,642'~ a t  t he  h o t t e s t  p a r t  o f  t he  hearth.  (See 

gen gas book, pg. 116&119. I n  t h i s  u n i t  t he  pyrometer reading ranges between 

1,100 t o  1 , 2 0 0 ~ ~  because i t  i s  n o t  i n  the  h o t t e s t  hear th  zone. 

The r e s t r i c t e r  r i n g  ou ts ide  diameter i s  t he  same s i z e  as the  i n s i d e  diameter 

o f  t he  sma l le r  c y l i n d e r .  There i s  a small ho le  i n  the  center  o f  the  r ing..  

This ho le  c o n t r o l s  the  volume o f  t he  combustion area and a l s o  c o n t r o l s  t he  

v e l o c i t y  o f  the  gen gas t h a t  f l ows  through t o  the  engine. This f l ow  r a t e  

does i n f l uence  t he  hea t  gained by t he  gas passing through. If the  gas dwel ls  

too long i n  t he  combustion area, a h i ghe r  p o r t i o n  o f  t he  gas becomes non- 

combust ib le C02. Likewise, i f  the gas f lows  t oo  slow the  f i r e  runs too cool 

and more of the  gas passes through as t a r ,  i n  vapor form, ins tead  o f  conver t ing  

t o  CO and hydrogen. A d d i t i o n a l l y ,  if the  gas flows t oo  slow the  ash w i l l  b u i l d  

up on the  g ra te  and u l t i m a t e l y  w i l l  choke o f f  the  f l o w  o f  incoming a i r .  A 

manual'ly c o n t r o l l e d  shaker system w i l l  h e l p  e l im ina te  ash b u i l d  up. 

The nex t  v e r t i c a l  s tep up t he  hear th  chamber i s  t he  a i r  nozz le  r i n g .  These 

nozzles pass through t he  f i r s t  ( i n s i d e )  c y l i n d e r  w a l l  and i n t o  b u t  n o t  thro1lgh 

the  hol  low chamber between t h e  tw3 cy l i nde rs .  A i r  nozzles should be made o f  

ma te r i a l s  t h a t  are h i g h l y  r e s i s t a n t  t o  h igh  temperature. The number of a i r  

nozzles,  t h e i r  d iameter and the  he igh t  above the  r e s t r i c t e r  r i n g  i s  predetermined 

by a mathematical r e l a t i o n s h i p  t o  the  s i z e  of the  engine. Size o r  engine 

volume i s  determined by the  bore, s t r oke  and r e v o l u t i o n s  per minute o f  the 

engine you a re  operat ing.  See Table 29327 and F igure  #77,  pg. 123, 125, and 126 

f o r  t he  mathematical formulas i n  t he  Swedish Gen Gas Book (Sw. GB) sec t ion .  



A l l  ma te r i a l s  i n  t h i s  hear th area are m i l d  s t e e l  except fo r  the nozzles, which 

are s ta in less  s tee l  and the gra te  which i s  h igh  carbon s t e e l .  

Gen Gas Housing Component 

The next component (see drawing 2A & 2B) i s  the  gen gas housing and combination 

fue l  storage conta iner .  The housing i n  t h i s  u n i t  i s  a cy l inder .  The hear th 

u n i t  (g ra te ,  r e s t r i c t e r  r i n g  and a i r  nozzle) i s  placed i ns ide  the housing w i t h  

a space between the two cy l inders .  The space a1 lows the down tube a i r  i n take  

pipes to  extend from the  top of the fuel b i n  down t o  near the bottom o f  the  

r e s t r i c t e r  r i n g .  This down tube allows the a i r  t o  be preheated as i t  t r a v e l s  

down the tubes and through the outs ide hear th c y l i n d e r  and up the  hol low 

chamber t o  the  nozzles. This a lso  helps t o  cool the  e x i t  gas. 

The above mentioned a i r  preheat ing i s  important,  especial  l y  f o r  engines t h a t  

operate i n t e r m i t t e n t l y  as i n  sawmi 11 i ng operat ions.  

As the engine i d l e s ,  the  a i r  moves more s lowly  through the gen gas combustion 

area r e s u l t i n g  i n  a smal le r  f i r e .  When the engine t h r o t t l e  c a l l s  f o r  more 

fuel the  vacuum i n s i d e  the engine i s  increased c a l l  i n g  f o r  a sudden change 

i n  a i r  f low. This  demand f o r  increased fuel r e s u l t s  i n  a quick surge o f  

outs ide a i r  i n t o  the  hear th  and occurs more r a p i d l y  than the f i r e ' s  abi 1 i t y  

t o  respond. This r a p i d  a i r  change r e s u l t s  i n  f u r t h e r ,  bu t  temporary coo l ing .  

Cooling r e s u l t s  i n  less  complete conversion t o  gas, which i n  t u rn  means an 

increase i n  t a r  product ion.  This combination o f  react ions means t h a t  a g rea te r  

amoent o f  both water vapor and t a r  may reach the engine r e s u l t i n g  i n  s t i c k i n g  

p i s ton  r ings ,  valves and push rods. This r e s u l t s  i n  contaminating the engiile 

o i l  w i t h  the associated problems o f  increased wearing o f  a l l  moving surfaces 

and harder s t a r t i n g  . 



The combinat ion o f  water vapor and t a r  tend t o  ca r r y  a  h igher  percentage 

of very f i n e  p a r t i c l e s  o f  ash. The water has a tendency t o  c a r r y  ash 

through the  f i l t e r s .  A i r  preheat i s  impor tant  and every th ing  p r a c t i c a l  

should be done t o  r e t a i n  uniform temperature i n  t he  hear th  area, e s p e c i a l l y  

w i t h  i n t e r m i t t e n t  engine operat ion.  

A surge tank o r  some supplemental fuel  w i l l  he1 p overcome t h e  r a p i d  change 

of t he  f l ow  of c o l d  a i r  through t he  hear th  area (see drawing # l o ) .  

Ash P i t  

The gen gas housing ash p i t  a l so  a1 lows passage o f  the  gas between t he  

housing and t he  hear th  and a l so  func t ions  as a preheater  f o r  t he  incoming 

a i r  tubes. 

When i n s t a l l i n g  t he  grate,  a l l ow  some space below the  g r a t e  f o r  ash 

accumulation. Th is  space should be l a r g e  enough f o r  a  minimum of one 

day operat ions.  Considerat ion should be given t o  shape i n  t he  ash 

chamber. The slower t h e  a i r  moves i n  t h i s  space t he  more ash i s  r e ta i ned  

c l ose  t o  t h e  p o i n t  o f  burning. Th is  reduces the  amount of ash t h a t  moves 

w i t h  t he  gas and reduces t he  l oad  on t he  f i l t e r s  and coolers .  (See Page C 

Appendix) 

Rapid coo l i ng  o f  h o t  gases i n  t he  lower  p a r t  of t h e  housing prevents C3 

from reforming i n t o  C02. On t h i s  u n i t  the  gas leaves t he  gas e x i t  p o r t  

a t  approximately 300° F, i n d i c a t i n g  a r a p i d  gas temperature drop below 

the  1400° F l e v e l  , below which C02 fornis very s lowly .  



The shapes discussed above have a1 1 mentioned c y l  i nders . Other shapes 

can be used b u t  a  c i r c l e  i s  the most e f f i c i e n t  des:gn from the  s tand . 
p o i n t  o f  enclosed volume versus square f ee t  of  m a t e r i a l  used. A i r  f l ows  

a re  more un i fo rm i n  c i r c u l a r  conta iners  than i n  o t h e r  shapes b u t  o the r  shapes 

have been used success fu l l y ,  espec ia l l y  f o r  t he  housing. It would be b e s t  t o  

use a  c i r c l e  f o r  t he  i n s i d e  diameter o f  the  r e s t r i c t e r  r i n g .  Nozzle ex tens ion  

i n t o  combustion area can be shortened o r  lengthened t o  c i r c u l a r  shape t o  con- 

t r o l  t he  cone shape and volume o f  h o t  coa ls .  

Welding rods should conform t o  hea t  requirements of t he  component members. 

(Use h i g h  temperature r e s i s t a n t  ma te r i a l  on t h e  nozzles and hear th  area, un less 

t h e i r  shape a1 lows them t o  be i nsu la ted  by t h e  f u e l  o r  t he  ash.) 

The gen-gas housing may con ta in  a  l i d  i n  a d d i t i o n  t o  t he  hear th ,  a i r  tubes, ash 
- - -  

~ i t  and thi gas lex i  t po r t .  - A 1 i d  does -no t  seem t o  improve the  ope ra t i on  w i t h  

sawdust f u e l  b u t  may p r o t e c t  t he  u n i t  f rom wind o r  r a i n .  

I f  smal l  p ieces o f  wood a r e  used as f u e l ,  o r  i n  mob i l e  veh ic les  an a i r  t i g h t  

l i d  i s  requ i red .  Th is  prevents bypassing t he  a i r  tubes, thus avoids changing 

of desian c r i t e r i a .  - ~ n y  l i d  should have a  s p r i n g  t ens ion  o r  weight  t ens ion  

f a c t o r  i n  t h e  even t  o f  f l a s h  back. F lash back i s  an exp los ion  r e s u l t i n g  f rom 

accumulated (rases i n  a  c o l d  generator o r  cou ld  r e s u l t  f rom r a p i d  shu t  down on t he  

suc t i on  s i d e  o f  t he  generator .  F lash back has n o t  been a  b i g  problem, b u t  l i k e  

a1 1  s a f e t y  devices i t ' s  b e t t e r  t o  be safe than so r r y .  

The f u e l  reserve  needs t o  be designed f o r  severa l  hours o f  use. Too l i t t l e  

sawdust and t he  hopper must be f i  1  l e d  more o f t e n  i n  a batch feed, too much 



causes excess compaction r e s u l t i n g  i n  reduced a i r  f low.  This i s  no t  a serious 

problem w i t h  chunk f u e l  bu t  compaction can be a problem, espec ia l l y  w i t h  wet 

sawdust o r  sawdust t h a t  contains a l o t  o f  f i nes  from a sanding operat ion. 

Cyclone Ash Remover 

Located imnediately a f t e r  the housing i s  e i t h e r  a b a f f l e  type ash remover o r  a 

cyclone type ash separator ( o r  both) (see drawing #3A and #3B). The ash 

remover should be as close t o  the housing as possible. Ash i s  removed most 

e f fec t i ve l y  before the  gen-gas cools down t o  the dew po in t .  The ash remover 

does ac t  as a cooler,  b u t  t h i s  i s  a secondary funct ion. 

The u n i t  discussed here does no t  have a water spray bath for  ash and t a r  re -  

moval , bu t  a we1 1 designed .and maintained spray o r  counter flow water bath i s  

the most e f f e c t i v e  way t o  remove fo re ign  mater ia ls .  The bath s h a ~ l d  he i n -  

s t a l  l e d  p r i o r  t o  the condensors and coolers t h a t  reduce the gas t o  f i n a l  design 

temperatures (1040F). . I f  the water bath i s  too c lose t o  the engine i n  the  f low 

c i rcu i t : ,  i t  w i l l  be impossible t o  cool the gas s u f f i c i e n t l y  below the dew p o i n t  

t o  remove excess water vapor. A small amount o f  water enter ing the engine as 

vapor does. n o t  i n t e r f e r e  w i t h  engine operat ion. Too much water vapor w i l l  con- 

dense ou t  on co ld  engine surfaces. This condensing ou t  can be a problem both 

when s t a r t i n g  up the engine and a lso  wh i l e  the engine i s  running. The problem 

i s  greater  i n  periods of high humidity o r  very co ld  temperatures. 

The major problems are t h a t  incoming a i r  may be cooler  than your gen-gas. The 

incoming a i r  may a lso  be h igh  i n  r e l a t i v e  humidity.  When the cool a i r  mixes, 

the gen-gas temperature may be reduced below the dew po in t .  Any cold engine 

surfaces f u r t h e r  reduce the temperature and water vapor becomes 1 i q u i d  w i t h  

a l l  of i t s  associated problems. 



The  need to remove water vapor from the gen-gas cannot be over emphasized. 

Regardless of the operating temperature, gen-gas i s  always a t  100% relat ive 

humidity , further cool i ng produces 1 iquid water. 

Another reason for  cooling below 104'~ i s  tha t  gas becomes denser 

on cooling, which has the beneficial effect  of containing more energy 

per cubic foot. This gives greater power per revolution of the engine. 

With the engine possibly derated about 50% fo r  gen-gas operation, additional 

loss o f  power i s  very detrimental. 

Heating the gas mixture by loOc (18 '~)  causes a power loss of 3%. Avoid severe 

flow resistance; a pressure drop of  100 mm (3.93 inches) of water or .I48 pounds 

of pressure would cause a power loss o f  1%. Small didmeter pipes increase flow 

resistance. 

- 
Cooler Condensor 

In the unit we are discussing, the next f ixture i s  a square tube (see drawing 

#4 & #S) cooler condensor. Square tubes are  not necessary b u t  are-convenient 

to  workwith. This cooler has 12  tubes, baffled t o  form an "S" shaped flow 

pattern of 4 tubes flowing on each level of the "S". Since the gas i s  cooling 

i t  i s  also condensing water, the water flows with the gas and drops o u t  into 

the condensate tank. The condensate i s  drained periodically. 

I t  would be beneficial t o  add a t  l eas t  four more horizontal tubes to the cooler 

condensor. 

After the condensate tank we have a s p l i t  flow pattern. One l ine to the 

s t a r t e r  fan, one l ine  to the oil  bath f i l t e r  and then t o  the engine. 

These two lines can be closed o f f  from each other by a set  of manually 

o ~ e r a t e d  v a l v e s .  



S t a r t i n g  Fan 

The s t a r t i n g  fan (drawing #6) i s  an o l d  up r igh t  type vacuum sweeper motor, connected 

t o  110-120 v o l t  e l e c t r i c i t y .  Autombi l e  heater fans have been used i n  other  u n i t s ,  

and operated from the storage bat te ry .  Suct ion fans perform b e t t e r  than pres- 

sur ized systems. Leaks i n  a suc t ion  system may reduce combustion e f f i c i e n c y  bu t  

a pressure system leak may fo rce  gas such as oxygen deplet ing COP, poisonous CO, 

o r  explos ive hydrogen i n t o  the bu i l d ing .  

Be c e r t a i n  t o  vent your  s t a r t i n g  fan h igh enough and i n  the r i g h t  wind d i r e c t i o n  

t o  prevent gen-gas from accumulating i n  bu i ld ings .  The gen-gas b u i l d i n g  i t s e l f  

shoul d be we1 1 ven t i  la ted ,  both top  and bottom. Avoid wind d r i f t  t o  o ther  

bu i  1 d i  ngs where gen gas may accumulate. 

A small a i r  cock j u s t  a f t e r  the  fan  w i l l  a1 low t e s t i n g  the flame o f  the  gas 

before at tempt ing t o  s t a r t  the  engine. A f t e r  the gas supports a good flame the 

engine w i  11 usua l l y  s t a r t  on the gen gas. You probably should consider assistance 

using gas01 i ne o r  propane f o r  easier  s t a r t i n g .  

O i l  Bath F i l t e r  

A f t e r  the gas burns r e a d i l y  a t  the  s t a r t i n g  fan t e s t  cock, the  gas i s  d i ve r ted  

t o  the o i  1  bath f i l t e r  (drawing X 7 ) .  This i s  a standard t ruck  f i l t e r .  Any 

good o i  1 bath f i l t e r  o f  s u f f i c i e n t  capaci ty  should work. A horsepower match 

should be a convenient method o f  s i z i ng .  I f  the  horsepower in format ion i s  no t  

ava i lab le ,  a i r  f low would need t o  be calculated.  

Engi ne Condensate Drain 

A f t e r  the o i l  bath fi 1 t e r ,  the gas flows toward the engine. Jus t  before o r  

a t  the bottom o f  the f i n a l  f i l t e r  i s  a d ra in  cock fo r  condensate. This removes 

accumulated water a t  the f i n a l  f i  1 t e r ,  reducing the amount o f  water vapor a t  

t h e  eng ine .  1 1  



Surge Tank - Reserve Fuel 

The surge tank (see drawing d 8 ) ' .  i s  a tank la rge  enough t o  ho ld  enough gen 

gas t o  a l low a f a s t  engine speed recovery. Because o f  the d is tance between 

the gas generator and carburetor  i n  t h i s  s p e c i f i c  setup there w i l l  be a 

delay i n  gen gas reaching the engine. The surge tank on t h i s  system 

(approximately 3 gal lons)  has proven t o  be too small f o r  t h i s  engine; 

co r rec t  s i z i n g  o f  the  surge tank has no t  been de ten ined .  

From the surge tank the gen gas passes through a f o u r  i nch  diameter p l a s t i c  

pipe. This p ipe i s  f i l l e d  w i t h  removable and washable p l a s t i c  dishwashing 

k i tchen sponges. These sponges can be washed i n  d iese l  f u e l  and reused. 

There i s  a lso  a valve on the  bottom o f  the  f i l t e r  f o r  condensate drainage. 

. (see drawing #,9):: This i s  minimum f i  1 t e r i  ng and needs t o  be improved. 

Carburetor Mani f o l d  

The f i n a l  f i x t u r e  o f  the  gen gas system i s  the  carbure tor  man i fo ld  w i t h  two 

accessory carburetors, one propane and one gasol ine ( f o r  a i r  mix ing o n l y ) .  

The mani fo ld a lso  a l lows f o r  a f resh  a i r  i n t a k e  fo r  blending w i t h  the  gen gas. 

The carburetor  gen gas mani fo ld se ts  on top  o f  the o r i g i n a l  t r uck  motor 

carburetor .  The t ruck  motor i s  a 1954 i n t e r n a t i o n a l  450 cubic i nch  "R"  

series. The motor was chosen because of f a m i l i a r i t y  along w i t h  capabi 1 i t y  

and d u r a b i l i t y .  European experience i nd i ca tes  t h a t  slow speed long s t roke 

engines perform b e t t e r  w i t h  gen gas than h igh  RPM engines. 

This engine has the c a p a b i l i t y  o f  running on gen gas, gasol ine and/or propane 

independently. The engine could operate on any combination o f  t h ree  f u e l s  by 

proper manual mix ing of f ue l s .  There i s  no cross l inkage o f  f u e l  systems, b u t  

there are manual cont ro ls  convenient t o  the saw car r iage f o r  operator  ad jus t -  

ment if addi t iona l  power i s  needed. 



This u n i t  w i l l  no t  run a t  i d l e  w i t h  on l y  the small pe t ro l  (gasol ine) carburetor  

(approximately 8 HP) on the square tube manifold. This small gasol ine carburetor  

i s  designed on l y  f o r  s t a r t i n g .  The propane carburetor  serves the same s t a r t i n g  

funct ion, bu t  can keep the engine running a t  i d l e  speed and i s  capable o f  

running the  engine a t  f u l l  power but i n  p r a c t i c e  i s  used p r i m a r i l y  as a power 

boost f o r  peak loading o f  the  saw. 

A1 coho1 fue l s  could a lso  be used through a small carburetor ,  o r  a  super 

charger t o  ga in  add i t i ona l  horsepower. A super charger w i thout  supplemental 

fuel assistance would requ i re  a 70% increase i n  gen-gas consumption (Sw. GB) .  

One o ther  way t o  overcome horsepower de f ic iency  i s  t o  s t a r t  w i t h  a l a r g e r  

engine t h a t  could supply the  power needed, a f t e r  the necessary dera t ing  w i t h  

gen-gas. A tandem engine could a lso  be used w i t h  be1 t d r i v e  pu l leys .  

Most U.S. equipment i s  g r e a t l y  oversized, dera t ing  i s  therefore no t  as 
1 

detr imenta l  as most people would imagine. 

Tota l  avoidance o f  the use of gasol ine would enable the engine t o  run on cleaner 

burning gen-gas thus avoid ing spark p lug  deposits and o i l  contamination from the 

by-products o f  burn ing gasol ine.  

Propane does n o t  have these o i l  po l  1  u t i n g  contaminants o f  gasol i ne bu t  i s  more 

cos t l y  than gen-gas. 

Engine Adjustments 

The engine has n o t  been a l t e r e d  except t o  advance the t im ing  approximately f ou r  

t o  f i v e  degrees before normal f i r i n g  t o  compensate f o r  the slower burn of the 

gen-gas. 13 



Engine power could be improved by i nc reas ing  the  compression r a t i o s  i n  t he  

c y l i n d e r .  Compression r a t i o s  o f  10 o r  11:l have been suggested. It would 

be adv isable t o  con tac t  t h e  manufacturer be fo re  dec id ing  on a f i n a l  r a t i o .  

I n  gen-gas opera t ion  a standard gasol i n e  engine i s  derated t o  about 

701 o f  i t s  r a ted  power. Th is  r educ t i on  i s  probably  due t o  d i f f e r e n t  burn ing  

c h a r a c t e r i s t i c s  of gen-gas compared t o  gasol i ne. However, t he  engi  ne w i  11 

run  on r a t h e r  wide a i r / f u e l  m i x tu re  l i m i t s .  Excess o r  d e f i c i t  a i r  m ix tu res  

w i l l  cause a f u r t h e r  l oss  of power. Improper ly  cooled gas (above 104 '~)  o r  

an excess ive ly  h i g h  i n t a k e  mani fo ld  temperature o r  a l oss  of suc t i on  pressure 

caused by r e s t r i c t i v e  pipes and e l  bows may cause f u r t h e r  power losses,  a1 1 

o f  which could t o t a l  up t o  as much as 50% power l oss .  With reasonable g a s i f i e r  

design and reasonable a i r j f u e l  r a t i o s  i t  seems l o g i c a l  t h a t  60-65% o f  normal 

power can very 1 i k e l y  be achieved wi t h o u t  changing t he  compression r a t i o .  I n  

general , c o o l i n g  t he  gas another 1 0 ' ~  wi 11 improve t he  power because c o o l e r  

gas g ives an increased f u e l  charge i n  t he  c y l i n d e r  and a l so  he1 ps t o  reduce 

condensate t h a t  occur$ when c o o l e r  a i r  en te rs  t he  warm gen-gas stream. I f  

the  a i r  stream i s  a t  t he  same temperature as t h e  gen gas, l i q u i d  dropout  (as 

condensate) should n o t  be a problem. . . 
-- - 

The I n t e r n a t i o n a l  Harvester  D i s t r i b u t o r  recommends a low ash o i l  f o r  gen gas 

use. Because o f  t h e  p o t e n t i a l  f o r  water contaminat ion t he  emu ls i f y i ng  

q u a l i t i e s  o f  t h e  crankcase o i l  shcu ld  a l s o  be known. Some o i l s  coagulate 

and form j e l l y  when contaminated w i t h  f a i r l y  smal l  amounts o f  water.  I f  the  

crankcase o i l  t u rns  t o  j e l l y  the  engine locks  up i n  a very s h o r t  t ime. 

Motor o i l  i m p u r i t i e s  a re  of two main ca tegor ies .  

1. Mechanical - abras ion and/or chemical. 

a .  I r o n  p a r t i c l e s  (burs,  shavings, g r ind ings ,  s l i v e r s ) .  

5 .  Rus t  ( f r o m  chenica l  a c t i o n ) .  



2. O i l  Th ickening Agents 

a. Dust from a i r  i n t a k e  ( s i l i c a ,  e t c . ) .  

b.  Dust o r i g i n a t i n g  i n  t he  fue l  - such as s i l i c a ,  quar tz ,  potash, 

phosphate, copper, z inc ,  carbon, mangaenze, e tc .  

Table 28 from the  Swedish Gen-Gas Book p o i n t s  ou t  t he  ex ten t  of the  problem 

w i t h  dus t  and o i  1 crankcase contaminat ion. 

Table 28. DUST CONTENT OF A I R  

Ai  r Contamination i n  mg/m 3 

Rural  areas and suburbs ................................. 0.5 - 1 

................................................... C i t i e s  2 

...................................... I n d u s t r i a l  centers + 4 

.............................. St ree ts  w i t h  heavy t r a f f i c  = 20 

Dusty highways, excavat ion and gravel  p i t s  
. . - - .- .. 

farm work w i t h  t r a c t o r s ,  e tc .  .......................... over 200 -- - - - 

I n  the  case o f  200 rng dust  pe r  m3 a i r ,  a c a r  w i t h  a 2 l i t e r  (310 cu. i n . )  

engi ne would, when d r i v i n g  100 km (62  m i  . ) w i  t hou t  an a i r  c leaner ,  sucks i n  

26 gm o f  dust.  Some of t h i s  contaminat ion can f i n d  i t s  way i n t o  the  crankcase 

o i l ,  causing o i  1 t h i cken ing  and subsequent wear. (Note, 26 gm = .9 oz. o f  dus t )  

Be a l e r t  t h a t  your  o i  1 problems when us ing gen-gas fue l  may i n  r e a l  i t y  be 

caused by poo r l y  maintained a i r  i n t a k e  f i l t e r s .  A sawmil l  i s  a very dusty 

place, and q u a l i f i e s  as about equal t o  highways and gravel  p i t s .  

15  



Saw Dust Dryi nq 

This particular unit uses predried sawdust (see drawing d l l )  , which i s  

dried by use of a p u l l  type four inch auger. The auger pulls fresh green 

sawdust through a six inch tube mounted inside of an  eight inch tube. The 

eight inch tube i s  divided into two sections by the use of metal spacer. 

Hot exhaust gas from the engine enters the bottom level - flows horizontally 

some 14 to 16 feet ,  r ises i n t o  the upper chamber, reverses direction for  

14 t o  16 feet until i t  passes outside through a four inch truck exhaust t a i l  

pipe. The auger i s  se t  a t  10 to 15 RPM. This speed i s  for  continuous sawing. - 
The auger speed was se t  by t r i a l  and error and should be easily adjustable. - 

LT 

The drying tube induces fresh a i r  (see drawing $11 and 112) through an attachment ; 
t 

on t o p  of the eight inch pipe. The a i r  flows through and around the sawdust 

and i s  exhausted from the opposite end of the drying tube by an  e x i t  port r c 

through the fan. This fan removes moisture vapor as i t  accumulates, greatly 

improving the drying efficiency. A small fan i s  adequate else too much sawdust 

i s  blown out of the tube. Caution should be exercised to clear the sawdust in 

the tube else i t  w i  11 bu rn  from the latent heat in the tube. Drying does 

improve combustion efficiency. The gasifier runs best w i t h  19 to 20% moisture 

in the fuel. 

Older smaller gen-gas models (prior to  this  u n i t )  were r u n  successfully on 

fresh green oak and other hardwood sawdust. Because of improper f i l t e r ing ,  

several valve push rod changes were necessary. Toward the l a t t e r  stages of  

operation, engines were successfully run on fresh green sawdust without valve 

prob:ems. This was a f t e r  several redesigns of the condensor and f i  1 t e r  system. 

Fi 1 tering i s  the most c r i t ica l  part of gen-gas operations. 



Energy Balance of Wet Sawdust 

A i r  d ry ,  o r  d r i e r  sawdust w i l l  improve t h e  gen-gas combustion e f f i c i e n c y .  

Every pound of water  converted t o  vapor (assume 70' ou ts ide  a i r  temperature 

and 70' sawdust temperature) requ i res  1,112 BTU's o f  energy. To d r i v e  a l l  the 

mois ture ou t  o f  s i x  pounds of f resh green wood (use above temperature) t h a t  

contained 501 of moisture,  would r e q u i r e  3,336 BTU's. One horsepower f o r  one 

hour requ i res  2,545 BTU's w i t h  no l oss  f o r  e f f i c i ency .  Another way t o  s t a t e  

t h i s  i s  t h a t  i t  requ i res  1.3 horsepower t o  completely d ry  s i x  pounds o f  50% 

mois ture wood. The energy requ i red  t o  d r y  t he  wood i n  the g a s i f i e r  i s  l o s t .  

However, waste heat  f rom the  engine exhaust can be recovered t o  p a r t i a l l y  d r y  

t he  wood f u e l  as p rev ious l y  discussed. 

I n  the  f u t u r e  we a n t i c i p a t e  t h a t  a l l  f u e l s  w i l l  be s o l d  on a BTU bas is ,  perhaps 

i n c l u d i n g  wood residue. To show t h e  e f f e c t  o f  d r y i ng  the  sawdust p r i o r  t o  

g a s i f i c a t i o n ,  cons ider  t h a t  green oak has a mo is tu re  content  o f  50% and a BTU 

va lue o f  4,300 BTU/lb. I f  the  wood i s  d r i e d  t o  25% mois ture a t  no cos t  us ing  

exhaust gas waste heat  recovery,  t h e  heat  va lue i s  now 6450 BTU/lb., a 150% : 
increase. I f  sawdust i s  p r i c e d  a t  $lO/ton, then: 

l'oM)'OOO = $l.l6/nmBTU (mn = one m i l l  i o n )  OOO#/T x 4300 BTU/# 

I f  the  sawdust i s  d r i e d  t o  25% mois tu re  a t  no cost :  

As you can see, t he  cos t  o f  energy has been.reduced by 1/3 by us ing  heat  t h a t  

u s u a l l y  i s  wasted. A lso note t h a t  these p r i ces  compare w i t h  $S.OO/mmBTU f o r  

n a t u r a l  gas ( a t  SO@/therm). Fur ther ,  i f  your  cos t  i s  o the r  than $lO/ton, 

s imp ly  put  t h a t  value i n  t h e  preceeding equasions t o  ca l cu la te  your  saving. 



Stand-By E l e c t r i c i t y  

Plans have been made by the  opera tor  f o r  a stand-by e l e c t r i c  generator  t h a t  

can be operated from the  gen-gas u n i t .  Th is  i s  in tended t o  produce e l e c t r i c i t y  

f o r  storage when the  engine i s  i d l i n g  between saw cu ts .  D e t a i l s  on hook up have . 
n o t  been completed a t  t h i s  date. 
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DEPARTMENT OF NATURAL RESOURCES 

ENERGY NOTE 

The f o l l o w i n g  p r i n t e d  ma te r i a l ,  pp. 116 t h r u  129 and noted as 

Chapter 5; "Cool ing and Cleaning o f  Generator Gas" i s  r e p r i n t e d  

from a book e n t i t l e d  "Generator Gas - The Swedish Experience 

from 1939 t o  1945." (See a l so  pp. 165 t h r u  170) 

This p u b l i c a t i o n  was t r a n s l a t e d  by Solar  Energy Research I n s t i t u t e ,  

1536 Cole Boulevard, Golden, Colorado 80401. Copies can be obta ined 

from the Nat ional  Technical  In fo rmat ion  Service, U.S. Departmint 

o f  Comnerce, 5285 P o r t  Royal Road, S p r i n g f i e l d ,  V i r g i n i a  22161. 

I n  t h i s  sec t ion ,  t he  mathematics are based on m e t r i c  u n i t s .  The 

fo! 'towinq conversion f a c t o r s  can be used t o  conver t  t o  convent ional  

un i  ts . 

CONVERSIONS FOR READING THE SWEDISH GEN-GAS BOOK 

(We suggest you buy a m e t r i c  conversion t a b l e  f o r  re fe rence)  

1 BTU = amount o f  heat necessary t o  r a i s e  temperature o f  one l b .  o f  

water 1 ' ~  

1 KW = 3,413 BTU 

1 HP = 2,545 BTU 

1°c = 1 . 8 ' ~  t 32 
- 

Example ( 6 0 ' ~  x i. 8) + 32 = 140'~ 



1 cubic ft. water = 7.481 gallons = 62.47 Ibs. 

1 cubic ft. = 1,728 cubic in. - 

= .0283 cubic meters [m3) -- .. . . 

1 M~ = 35.31467 cu. ft. = 61,023.75 cu. in. 

1 L (liter) = 1,000 ml (milliliters) . = 1.0567 qt. 
i 

1 qt. = .94635 L = 946.35 ml.= 32 fl. 02. 

1 cu. in. = 16.387 cc 

1 cc = .06102 cu. in. 

1 mile = 5,280 ft. = 1.6093 Km (kilometer) 

1 Km = 3,280.9 ft. =.62 miles = 1,000 M (meters) 

1 M = 100 cm (centimeter) = 3.28 feet = 39.37 in. = 1.0936 yards 

1 ft. = 30.48 cm = 304.8 mm (millimeter) 

1 inch = 25.4 mm = 2.54 cm 

1 mph = 5,280 feet per hr. = 88 ft. per min. = 1.4666 ft. 

per second = ,447 meters per second E 
1 Kmph = 3,280 ft. per hour = 54.666 ft. per min. = .911 ft. per second . 

1 meter per second = 196.8 ft. per min. = 11,808 ft. per hour. 

= 2.236 mph 

1 Ib. = 16 oz. = 453.592 g (gram) 

1 kg (kilogram) = 2.2046 lbs. = 1,000 g = 35.27396 oz. t 
1 g-, = .035274 ounces 

1 oz. = 28.349 g 

Note: Unit cc is beinq discouraqed as a liauid measure, rnl (milliliter) i s  
t 

-preferred under rules of the new 5 .  I. (Systems ~nternationai.) . ~i ter (L  1-7; to I 
b 

. -. - - . . -- A - 

,used only for 1 iquid measurement since one 1 iter of water weighs one kg at nonr: 
1 

conditions. i 



THE HAZARDS OF GENERATOR GAS OPERATION - GAS POISONING 

These are essen t i a l l y  three hazards connected w i t h  gen-gas: 1 )  f i r e  

2 )  t r a f f i c  and ( 3 )  t o x i c  hazards. 

The f i r e  hazard a r i ses  by discarding ho t  ashes o r  l oca t i ng  ho t  pipes too 

c lose t o  combustible mater ia ls  . I n  veh ic le  gas generators invo lved i n  

c o l l i s i o n s  t h a t  cause overturns, the gen-gas u n i t  f requen t l y  dumps open 

flame onto the accident scene. Rear end c o l l i s i o n s  o f t en  pop the safety 

l i d  and hot  ashes are forced out  o f  the f ue l  hopper. This i s  espec ia l l y  

bad i f  one o f  the autos s p i l l  gasol ine from the  force o f  the accident. 

The t o x i c  hazard i s  p r i m a r i l y  carbon monoxide poisoning. Carbon monoxide 

i s  odorless and co lo r less  and cannot e a s i l y  be detected. Acute poisoning 

symptoms o f  CO a re  reasonably easy t o  diagnose. Chronic t o x i c i t y  on the 

o the r  hand can occur over long per iods o f  exposure a t  low concentrat ions 

thus masking the symptoms and there fo re  can be over1 ooked o r  improperly 

diagnosed. Only a shor t  exposure i n  an environment conta in ing a few hundredths 

o f  a percent by volume i s  enough t o  cause acute poisoning. Acute carbon 

monoxide poisoning can occur a t  concentrat ions above 0.05% (500 par ts  per  

m i l l i o n ) .  A t  t h i s  l e v e l  and above, unconciousness resu l t s ,  death may be 

immediate and the  poisoning e f f e c t  i s  comparable t o  an acute b r a i n  hemorage o r  

an acute hear t  a t tack.  S t a t i s t i c s  i n d i c a t e  t h a t  auto mechanics and chauffers 

were f requen t l y  v i c t ims  o f  carbon monoxide poisoning. This a lso leads t o  greater 

inc idence of t r a f f i c  accidents because o f  reduced reac t ion  time and drowsiness. 



Because o f  reduced engine power there i s  a lso a greater  tendency t o  keep 

the veh ic le  r o l l  i n g  when approaching a stop sign. Reduced power 

also increases the t ime i t  takes t o  pass o ther  vehic les.  

Exhaust gases from a gasol ine engine may contain 6% t o  7% carbon 

monoxide and i t  i s  we l l  known t h a t  these fumes can cause sickness 

and death. Generator gas (gen-gas) contains over 20% carbon 

monoxide. It should be obvious t h a t  gen-gas i s  a greater  hazard 

than gasol ine engine exhaust. Only a small gen-gas leak i n  an 

unvent i la ted space can cause a severe problem. 

People having resp i  r a t o r y  probl  ems o r  hear t  condi t i o n s  are  more 

suscept ib le t o  carbon monoxide poisoning, however no one i s  

imnune. The greater  the  physical  a c t i v i t y  and the fas te r  the 

breathing, t he  greater  the  problem w i t h  absorpt ion o f  carbon 

monoxide i n t o  the blood stream, which then blocks the a b i l i t y  

o f  the, blood t o  t ranspor t  oxygen. This i s  shown i n  f i g u r e  264 
- .. 

from the  Swedish Gen-Gas Book Section. 

Pages 305 through 314 a re  taken f r o m  "Generator Gas The Swedish 

Experience from 1939-1945". These pages g i ve  g rea te r  d e t a i l  o f  

carbon monoxide poisoning problems associated w i  t h  generator  gas 

operations. (See Swedish Gen-Gas Book Sect ion) 

Anyone invo lved w i  t h  gen-gas would be we1 1 advised t o  READ THESE 

PAGES (305 t h r u  314) and become f a m i l i a r  w i t h  problems and the  

attempted sol  u t i  ons . 
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A hearth that is cot insulated on the inside makes very high demands on the material, 
since the tempe~atui-e in the hottest spot of the combustion zone normally is over l30O0C 
and undzr some civltastk~ces msy rise to between 1400°C and 1300°C. 

In the lower ?art of the hearth below the constriction, reduction of carbon dioxide end 
water v q o r  takes place. To prolong the time during which the gas remains in the reduc- 
tion zone, it is desirable to decrease the gas velocity there by gradually increasing the 
cross-section area. The processes in t?e reduction zone use up heat and therefore cause 
a decreese of temperature in the direction of the gas flow. The dimensions of the redu t  
tion 9 ~ 7  of ~ ! e  hearthshould be designed so that the temperature at the lower hearth 
opening does not go below approximately 806C, even during low load. 

Various soluticns have been *id, to obtain a foundation for the glotving chercoal in the 
reduction zone. The oldest so!ution, and until recently, the most commonly used, is to 
?lace the lower h e e h  ope.- 10 to IS cm above the bottom of the generator (or an ash- 
separating grate), filling the space under and around the lower p a r t  of tbe hearth wi+h 
charcoal of individual piece sizes such that the gas can easily pass through the charcoal 
layer. It was believed that an advantageous smalled outer reduction was gained, the 
size of which was automatically varied to fft the load. Swedish tests, however, have 
shown that t9zte is no foundation for this opinion and that the charcoal bed, W u 4 h  its 
relatively low temperature, may actually make the generator gas poorer by promotirg 
some reaction to COZ. 

These tests indicate t la t  the gas, while psiq through tile ring space mound Lye hearth, 
should Se k e g  either at a high temperature or be rapidly cooled; the spece may therefore 
be f:ee enC equhped with heat insulation at the outer wall. The bottom of the generator 
should be heat imclated. POZOU concrete of suitable piece size nay be advantageously 
used as  a fcundation for the reduction charcaa this porous bed allows ges to pass 
througfi without abnormal prwure dro?. 

In R w i ~ r ,  they nave to a l q e  extent done without any kind of bed underneath the 
hearth, with good r e d &  instead a grate has been placed aporoximately 20 rnm under 
t5e 5ec th  ogenirq. This. design would seem to make verj high demands on :he heat 
resistenca of the grate material es wel l  as on the lower pm of the hearth, if qecial 
mees=es are not taken to distribute the gas flow over the periphery of the opening. 

In a l l  wood gas generaton an asymmetric outflow of gas from the hesrth occurs, 3ased 
on the  l aw of least rsbtance, by which the gat has flowed out preferentially over some 
?art of the perighery of the open* this causes a "3er.du of t'le reduction cone in the 
main direcrion of the flow. on& this deformation has started, the bendirq effect then 
intensifies. Even hertrcths of urtremely strow materials may, in Llis way, be mined rds- 
tively quickly. (See Chapter 10, Figum 252 and 254.) Such an oblique load on the hearth 
is .?eutrsiized to some extent if the gaj, after leaving the hearth, mus t  overcome a 
resistace evtnly distributed over the flow area; for instance, during passage thFough a 
bed of charcoal ~r gorraus concrete. 

The requirements on :he materials of the hearth hi ,  of course, highly dependent upon 
the ter~peratur? at which the hearth works. Hearths without inside insulation (e.g., the 
2revalent Inbert type) must 3s made of hlqfi-doyed ferro-material to be ressonably 
durabie. The ?rewar  Inber? hearth contained over 20% chrome and 205'6 nickel. These 



heertfis ?rcved c:, be durable enough tor aopruximately ?O,J00 kn of bus operation duzirq 
predorninant!y high load. Since the circumstanc~ of crisis made it necossarl to elimi- 
nate t9e ni&el admixture altogether and to limit t?e chrome content to 6%,  the dumbil- 
ity of the heach was dectessed to aporoximattly ?,000 k n .  However, duF;sg ogerztion 
of ?rivate csn  with generslly low load, the durabzty was severd 3nes Fester and, on 
the whole, satisfactory.. 

TZle unsatisfactory durability of the hoqhss-skaged alloyed hoor.?s is caused 3y :he 
followirq: 

L -4 shape that cause3 thermal strest in the material and Wing uceven and ouied 
heating causes cac.b and deformation. 

2. The poor heat conductivity (aggmsiaateLy hall of the ordinary C S S S ~ ~ ) ,  which 
causa t5e hearth to w q  durirq uneven heatirg; i.e., in case of local overneatir~ 
due to air leaks in the c!eaning doon, gipes  to the air nozzles, or at connection 
dangu* 

3.  Gneven nixirg of the c0nponen.U contained in :Se casting. Special, ~ t a t i n q  iur- 
naces are reqcird to provide even mixirg. 

One very obvious disadvantage fium Lye viewpoint oi operstirg eccnomy is that any seri- 
ous Cer'sct in the hearth makes it necusar] to q i a c e  the entire 5ear?S, w h i c i  is 50th 
expcwive and t ine ansumirq. To get m u n d  this Ciretv&n*Zq5 it would 5e ':e'.?er to 
desip tAe hems  'a several 9 C . s  so tkat ?arts that are eesiiy damaged cm be ?moved 
and repiaced. 73is is one of the LYoqhts kehind tke V + e c h ,  Cesiged by 11. BIorncuist 
of tke Swedbh Generator Gas Co., which was installed toward t2e 2nd of :.?e war in 
existirq ggner3tars to replac3 wonout original hea r th s .  

In its simplest design, tYe V+emfr (set r'ipres 18 snd 7 : )  ccrrsists o i a  he=+:: mantle 
welded :oge?.'ler of two truncated plate cones with the points direcred toward each ;the?, 
so that t9e 2oint of the lower cone gcqetrates that oi the upper csne, ;!us creatirq a 
ring-~ha~ed conduit in whic! a cast-ifin erg is lcosely ?laced. T3e he&c,'r nant!e was, in 
the beqinnirg, made of 5-rr. aluminized Slack glatt with its qpe r  edge welced onto t3e 
nozzle r*bg of 'U'le generator. When the generator was ued, a protective :vei l  or' ash md 
cnartoai ?aFticies was budt uo in a few xinut- around the imiCe of the heer:f! mantle. 
n i s  imulaticn mil,, whi& ivas soon 9acked toqcther to a relatively solid mnsistenc:r and 
'AIM rnainteined durirg ooeration, ?mtec?ed the herrc.3 mant!e from severe thene l  
stress. The only metal ?art nors e q s e d .  especially atou~d :he ooe!!inq, ts the heortk 
rirq. F.u the hearth Anq will inevitaoiy 5e suoject :o damega. ;Vhen c s r  .pri:h '':or?al 
m e ' '  it !asts for 400 to j 0 0  houn o i  Clivir!! &ring norr;la! P U  !oac. I t  is veyr inesen- 
dve and may 3e regiaced without the use of t301S, iri z nirxte or SO while cleaninq :he 
generator; t',ereiore, the cost of reglact.ment'b of .to :izaortancc. The ;cod nest ccn- 
ductivity of :he ;;onalloyed cast ircn cantzibutes consider&& to :he :t!&'.ivo& gXZ? 
Cursbiiity of :he hear.> :im t!us it rney 312 debated :vi-,et?.~t ~ l ! ~ ' 1 ' l i ~ ~  is ~alzec', '2y Tt&lu- 

fscruirg t'.e :i~q of siloyeti matarid, ;vhicfi is rnore hest resisrant 2ut ~ossessas ?co:o,r 
heat cmcuc:ivit;r. 
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In the desigm with a welded hearth mantle, there wes sometimes a tendency toward 
descaliq on t!!e inside of the lower cone of the hearth mantla, after extended heaw 
driving. To secare long life, the mantle was later manufactured of metal plate alloyed 
with 6% chnme, end ftndly of cast steel with a 6% chrome content. In the latter case 
the V+earth wes supplemented with an upper part, consisting of a nozzle ring fitting the 
heartn, with a ft~nnel for disect connection to the lower end of the fuel store and with 
dimensions to fit the store. Such a hearth is virtually indestructable, apart from the 
easily removable hearth riq. Since hearth rings of various inner diameters may be ?ut 
into the hearth mantle, one and the same generator can eesilp, through rinq changes, be 
edjusted :o various hearth loads. (See Chapter 6, Figure ll8.) 

Figure 76 shows a German generator for wood, pest, or brow+ coal, which, like the. 
V-heartfi, h u  a removable hearth ring. [71 

Insulation of t3e Wood Gas Generator 

The following may be added to the above views on the insulation of the wood gas genera- 
tor. A wood gas generator has a thermal efficiency of about 813%; i.e., a fifth of the heat 
value of the fuel is ion, partly through radiation, partly with heat physically bound in Lie 

, generator gas. Efforts have been made to decrease these losses through various designs; 
e.g., '&ough insulation of the fuel storage to prevent heat radiation from the outside 
walls gf L?e generator, through leading the hot gas up around the fuel storqa between 



the o u t ~  and inner mantles, t!!ough ?reheating the primary air, etc. With t f e  a c ~ g t i o n  
of the last method, however, these meanaH do not appear to be useiuL TSe reaction 
ability of charcoal b impaired by v e q  high cfiarrirq temperature and long c !& i  dme 
in the generator, whic!  may be observed, for instance, in q4raft  generaton. As men- 
tioned in Lye p h ~ e d i q  secdon, i t  may be more advantageous to promote condensation 
and C&umidificstion through extreme noling of the w a l b  of t!e fael storwe. As shown 
in Chapter 2, tor instance in the tesu by the Steam Heat Institute, it is the heat- 
cansuminq reduction zone of the generator that, by irmrlatfon, should b e  prevented fmm 
unnecrsar2y emitting i t s  heat. In keegirq the temperature Lfem as high u the dcsiqn 
and the pmpcrtia of the heart3 materid permit, the velocity of the reduction pmctss 3 
increased u is the heat value of the @is at a given gns vslocity. Experimental tests have 
shown chat :he reduction procm in normal generaton may be considered comoleted a t  a 
tamperatme o i  agpmxirnateiy 8SGC to 90PC. To maintain the gas quality, the gas 
should be cooled fairly wrapidly La., immediately after leavbq the hearth the gar thouid 
b e  conducted out of the m e r a t o r  via the shortest path, and cooled down ("ftozcn in 
equilibrium") to prevent the dccomgasitfon of CO to C02 and camon. 

Fl3ura 75. '3.c G c a t a t a r  f a r  Zood, 3 r - l ~  
Coal, a ~ d  ?eat, ;ri:kou: O u t r t  C:ar:aaL 3eC. 

C.. :*re 73 B a p i c w e  of a generator intended for wood sac! 5 n w n  nrl; me :?- shows 
that the inclmiq )r:muy air is mnchcred 7.n  the heanly imulated best!! and Cat the 
emiced p p e s  out 3etwnn i f e  outer wal l  of the generator and the  air intake. a h i c l  3 
arrac.q?d 'concenr;icUy m u n d  me be-?. I!? this way, t:e gu 3 cxoled sf: and :>e 
; r i m ~  air 2eated. Psfe~Lark~ in s t a c i o w ?  g9nemton *where 'cer. 3 ao farced air 
ovazaaie for ccoiFrig :>e glnerator ;a. rich ~9oLirq 3y inconiq li? 3 of g % s r  



advantag?. The picture also shows that the outer charcoal 3ed has been con?lettly 
:enoved, E I I ~  the generator fue! is carried directly by a grate. It has been eeterzinec 
:hat no reducticn takes place outsida the lower e63e of the hearth; on the other h a d ,  
there is a risk of recreation of carbon dioxide and free charcoal in an outer bet, whic l  is 
why such a desigx is suitable from this point of view. 

To ?mtect the hearth material and further improve the local hearth insulation, ash- 
k5eping hearth designs are highly advantageous. The V+earth tw such a design, as does 
the Zeuch 52s genereror shown in Figure 76. These designs &o have easily removable 
hearth rings, whereby the specific hearth load of the generator may easily be adjusted 
within certain Limits for various operating conditions. 

Figure 76 .  Zeu& Wood Gas Generacer ~Jith a 
Renovable Casr-Iron Heart5 Ung. 

Hearth Load 

The concqt  of hearth lcad plays a very important role in dimeruionvg a wood gas gener- 
ator kearth. The hearth load is the quantity of prepared generator gas, reduced to nor - 
rnal cubic rnetcn per hour, divided by the smallest pasage area in cm2 of the hearth 
(?lrn3/crn2~). Thus me hearth load b dtrnensionrlly a velocity although it is customarily 
e ~ z e s s e d  as a nurxrator and a denominator. The hearth load e ~ r e s s e d  in :his way is 
cslled Bh and the imaginary velocity of the prepared gas, in its normal state, through Lye 
smallest ?assage area of the hearth vh (m/s). The following relations are obtained from 
the definition of the hearth load. 

P~acticdly, the !oad range for aU wood gas generators is fairly narrow between an ucper 
Limit a h m u  , ebove which :he gas quality is made poorer due to charcoal dusting in the 
combustron zone, and a lower limit Bh sin, below which the ges, due to too low a 



t empers tue  in :he hee ih  cr  in cer:zin par3 o i  it, w i l l  ccntain unaccs?tzbt: i-5 cgan- 
tities of tar. The rehtation 3e t reen  mL. md ah niq, which csuld 3e cnC& :kc flexi- 
bllity of t9e generator, is of great imoonance in operstlon with :viCe!y vary.;;nq lcad (e.q., 
car operstion). A s  p e a t  a flexibility as ;ossitle is desirsole in such a c u e ,  a d  :he 
numericsl vallde of the .?exibility 5ecornes, :o a certain e s e n t ,  an ocerstinq quality 
parameter. 

In Imbert wocd gss glneraton and other similgi t.;pcs, :he 3h ,, reaches about 0.3 in 
continuous operaticn and :he Bh min Says  within a xnga o i  0.3 :o 0.35. This qves  a 
fledoility between 2.5 and 3.0. Tests on Vi.lesrths have given pracdcdy :he jame val- 

ues or may9 :vheraas a h  nin has been iess :han 0.2. An eight-hour test :vi:,L, 33 = 0 . 3 3  
on a Virearth wood gas generator i ron  the Swedbh Gene r~ to r  G s  CO. (;vith P Sest- 
imulated lower part) Curing operston of a 2 ~ c l e  engne, has been carried cut .zrithoui 
abnormal tar content in :he gas. The V+earth has thus given the ger.era+.9rs a :lax:bdirj 
of a t  I e m  4.3 8s oboosed to the maximum value of 3.0 for a hesrth designed ;vith inetal 
only. For the test with Bh = 0.05, a flexibility of 18.0 was obtained, which 3 a unicue 
value. 

I t  is gcssible io a r x b u t e  the very good idlirq ?raperties of the 'J+earrh sxc!uively to 
the good heat insulation of the mnbustfon zone, but there is s t U  one oti'ler factor 
involved. The ssh mantle, wnich is cuntinuousl!? recrsatad, e s c n d s  :o :he same height as 
the nozzle openings, ma creates betwee: thesr ooenirqs l o c d  "i,Wat:on cQshicrs" in the 
5esnh, #hose pauaqc c ~ s s - s c c t i o n  thus becomes, es it were, an "a-gon" ::vi:ere n is :3e 
number of nozzles).' TSus, the creetion of -01 zones betyeen :be ~ozt!es is ~rever.ted. 
and this s aons  to mntr i iu te  considerabl:~ to the fact that no :as e s c q e s  tkrcug? ::,e 
hearch even a t  a very low load. 

T3e peat  adaotability of the generator is a v e q  imuortant pmperty :':ern an ?czncnic 
viewpoint, ;articgular!y during interzitzant csr  operation and Curirg generetzr SES scer- 
ation of fishirq boats. which sometimes must ;%main for hours :vith ;ke z o t c r  Icli7.g. 
Only with a '{+earth h a s  idlirg, in the strict  sense, bccsme ?ossiole in wcod 32s opera- 
tion without decrease of the continuow maximum 2ower. T3us, :vood g- c~e rzc i cn  :viL! 
widely v a r y i q  load may b e  said to have Wen a rather m e  stag :'cr:vard. 

Devices for Primerr .Air Deiiverr 

As mentioned in the introduction, in a few czses grirnary air hes beer. Celiverw! ;'?dm 
above through a central air nozzie. T3b nethod, however, h a .  a cenCer.c:r to czuse hzr.3- 
irq of L?e :vocd around the air gipe and the nozzle. TSere have 3eer. a :'?!li bxco?t:~rs 
where the grimary zir has 3een fed into t3e comousdon zone f n m  >e!cw t:r3ugn 2 ?er,- 
34 ?ioe iunninq t2rcugn the h e s t *  t2e ?ioe S c=pped Sy z cozzie part :vitfi 3 cicsed to:, 
end and quipped .~ i t , f  a numoer of :said nozzle holes. T>e ooject of :his ceirice : v u  to 
?reheat the air intmsely; ~ 7 e  princ:?le of  is ?rccrdure 3, however, incgr?acz, !r. :kat 
:3e heat b taken i,icrn the hee t l~snsumirg  r~duct ion  zcne. 

in most wood gas , -weraton ;he 2rirnllry air 5 fed in :hrguqfi a :in3 c i  r .ozzl~.  eiledy 
d3:::Butsd over ::e er i r rhew a t  or immeciatel!: ieicw t:e lower ooening oi  :>e c5arri:g 
iunne!. w,d dire=:cd .-zdi&y inwud toward :he t.,estfi axis (f ! ~ ) ~ r e s  ;2-7$1. T>K i:;s;err. 
s ?,rcceoly ~ c s ;  jui:aoie. -4s for ccnduc:ir.g :>a ii: :':on ;he ?r?zz.-_r 21; ;r,c?.ue :o :3e 



nozzles, various soiutions have been tried. In an Imbert generator the intake loads to e 
c$t?iSu:icn chamjer, frcm which air pips,  bent in en arch around the hearth, run indi- 
vidually to each nozzle exc?gt for one which is directly connected to the distribution 
chamber. This method is hardly ideal; the air is not evenly heated and distrbuteb. :Veld- 
ing a distribution mantle onto the outsids of the hearth either with one air intake :hrou$h 
the generztor case or with two opposite intakes, has also been tried. I t  has been difficult 
in practice to prevent cracking, due to thermal stress, in this design. A third method has 
been tried experirne~tally in connection with a V-hearth: air intake, distribution ring, 
and heerth mantle were all cast in one piece. Thb design gave good results but is rela- 
tively heavy. .4U the 5ysterr.s mentioned take more or less heat frcm the hearth, which is 
incgcect in princi?le. In the last mentioned design, however, the quantity of heat car- 
ried off 3 feirly insignificant. Preheating of the air is not sufficiently effective in any 
of the ::Tes mentioned. This could be improved by pasting the primary air through a 
heat cxcnsrigar Seiore the intake. 

F iq~re  69 shows a design for primary air delivery used in one of the stationary geneFaton 
of the Swedish Generator Gas Co., made so that parts may be replaced without weldirg. 
The air intake is placd at the top of the generator and opens out into an u?per distribu- 
tion r i q ,  from which four primary-air pipes, evenly distributed around the peri~hery, go 
downward near the inside of the generator to a nozzle ring, which is su?pofied by a ring- ' 

shaped shoulder on the inner mantle. The lower half of the fuel storage is double 
jacketed. The emitted gas flows through the ring space, which results in a certain 
amount of heat insulation. In the upper part of the generator is a ring-shaped 
ccndersation-water pocket which &airs to an outside collector. 

The upper distribution ring stimulates the condensation of water vapor derived from the 
wood. Xo dangerous thermal stress occurs in the air-feed- devices, and the ?eripheral 
prircq-air pipes promote practically no hanging of the wood in the fuel container. One 
disadvantage is that the design is relatively heavy an& therefore, suitable only for sta- 
tionary or marine puqosss. 

There is r.0 solid, scientifically documented S& for the choice of the most suitable 
number, diameter, and placement of the nozzles. Unfortunately, a systematic investiga- 
ticn of these questions has been neglected and in the practical design one has had to try 
to apply, at random, certain findings from experience. The operational results of genera- 
ton designed in this way have been satisfactory in many ways, which seems to indicate 
that the range for the b u t  device does not have namwly drawn limits. This is very 
fortunate, because a narrow optimal range would crstainly involve a very high sensitivity 
of the generator to variations in load, moisture of the wood, etc. 

Total Nozzle Ares 

The relation between the total nozde area (A,) and the smdlest passqe ares of the 
hearth (Ah) varies in generators with good operational properties within very wide limits, 
between about 3% and 14%. It is customary to use high values for this ratio for small 
hearth diameters and low values for w e  ones. T U  procedure 3 besed on the ooinion 
that there should be a greater air velocity in the nozzles of large he=ths, and then 
greater 2enecatirq ability of the air streams towards the hearth center. Whether the 
change of air veiocit~t in this way is really desirable or necessary has  never Seen 



satisfactorily investigsted, but €or Lye time being is mereiy an unoroven assunpticn. In 
reality, t.clis ?ruc&ure may be seen as a result or' L9e simoie and inevers.ve method of 
usirg L?e same cozzle devirx for several grearly different heart? diameters. 

The Inbert generatom, which wer? used during :he war  in v e y  Feat numbers and which, 
on the whole, had v e q  good grcperties, used :!7e nozz!e devices shown in Tmie 2 5 .  in 
Table 2S correqondirg data for the Swedish G a  Generztor Co.3 SGB 600 ncde! ger.e.ce- 
tor, with a V+emh,  ere gven. 

5 5 C / 1 7  and j30/;! 

?AS 
( far  c a t s )  

80 
LOO 
130 



The data of the tables are shown grephically in Figure 77, where the "theoreticdW air 
ve!ocity Vm is given at P C  end 760 mm Hq in the nozzles with no r q a r d  to  the design, 
valid i ~ i  a hearth load of 0.9 ~ r n ~ / c r n ~ h -  on the condition of the primary-& cmsurnp- 

3  tion being 0.6 ~m~ per Nrn prepared gs. The table and figure value ere besed on the 
following formulas: 

where 

Ah = the smallest passage area of the hearth in ernZ 

Am = the total nozzle area in cmf 

d m  = the nozzle diameter in mm 

d:, = the minimum diameter of the hearth in mrn 

Vh = the "theoreticalt1 gat velocity at P C  in the minimum h e s f h  cmss sec"on, 
with no regard to the volume of the charcod, in m/s 

V, = the "theoreticsl" air velocity at C in the air nozzles, with no regard to 
contraction, in m/s 

n = the number of .nozzles 

3h = the hearth load in ~rn3/emZhr 

At an a r ~ u m e d  maximum hearth load of 0.9 ~rn~lcrn 'hr  re get 

V - I30 
a max - loo -%4 

As.shorvn in Figure 77, the air velocity of the SGa600 is mnsiderably lower than t!!at of 
t h e  Imbert. The former was designed and used in operation of slow t w q c l e  engines, in 
which the gu was suck& out in a gulsati- manner; however, in operating f o u w c l e  
engines t he  gas wi thdrawsl hardly shows' notice-able pulsation. I t  has 5-n ?ruven by 



Hearth Diameter d; - - u 

Tiguro 1 1 .  Graph rncvfng the SelatLorr betyeen eke Total 
Xozzis hrsa and th: SaLlest  3ear,h Ser:icn, .U: Veloci:7, 
etc., as a ?unc:ion of Hearth Dia=eter a t  a Searzh Load 
of 0.9 %3/calhr. 

p c t i c s l  operation that, for such two-qcfe operation, a ccnsicerably lcwer air ~:e!ocity 
than in fourccyde operation may be used without impairing combustion. 

The great variation shown in tCIe graph, of V, with the hearth diameter of Imoer: t;qe 
generators, could probably be reduced considerabiy. Table 27, drawn up on t3e basis of a 
proposal fnrn Hesselrnan Motor Corporation L:d.. bears upon nozzle devic5s for Imbert 
generators and is c5aracterized by an even, moderate increase of the air ve!ociQ~ in :he 
nouies with the hesrth diameter. 

T3e values of the two columns :o the right in Table 2': &re shown in the r s o n  of ?Ig?xe 
78.  The values xessured tor the system evidefltly differ irsigniiicsntlp f m n  :he contin- 
uous cyrve. 

Tl;e nczzle devices of this system ere suitable Scr an Irn=ort. t p e  wood gw ;;er.erstor 
with an original hesrth, which is used for operatirg four-cyc!e engines ;vith rnany cplin- 
des .  Such genextors have been tes:ed in operation where the original 5e~,n,h has been 
re?iaced 3y s V-kesth; good :esuits have been obtained without changirq :.?e ;lozzles; 
thus a cime?sioninq sirnil= t o  that shown in :>e teble S certeinly elso suitable for 
'I+ear:,'ls curirq cceraticn of foumjcle  e~qines :vita several cylinders. 
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T a b l t  2 7 .  S C I T U - 2  NOZTZS FOR =OD GAS GZE-UTORS T O 3  FOvrc-Cctc 
ENCI,N'&S KIT3 SIZB.4L CP-IXDEBS--;il';YiX PAAZhiESES 
SUITULZ V . - C J J S  FOP. O P E - U X S G  S L O W  TiO-CYC2 2!1GI,s(ZS 

dh - Diaaeter of the hearth c o a s t r i c t i o n  

% - Area of the h e a r t h  coascrtc:ioa 

T o t a l  nozzle area 

v - 'Theoretical" air va loc i tp  in t he  
norzlaj duj2.q a hea r th  load of 
0.9 ?ha /c=r hr 



, , . .  . , . .  
/a0 ZCO 130 mm 

H e a r t 3  Diameter dr, 
Figure 78. Graph o f  S u i t a b l e  Xozzles For Operacbq 
Pour-Cycle Eaginu vfch Several CyLiaders. 

On the other hand, in operat* slow tw-]cle engine3 with few cylinders, it !s desireble 
to increase the nozzle diameter so much that V, is decreased to spproximately ??NO- 

thwds of a e  value given for the four-cyc!e engines. R e  vaiues suitabie !or t-~mfc!e 
onqines and colrespondinq nozzle diameters are given in Table 27 wit!!in the parentheses 

Concemrq the influence of air velocity on temueawe in the cambusticn zone of t3e 
generator, it may be said that a decreae of vm by wiq laqer nozies c:usa a dectesse 
of the maximum temperature in the hearth; and that a heuth, we2 imuiatsd toward the 
outside, functions satbfactcrily with s lower V, than en uninsulated nesr.9. 

-4s for the diameter of the nozzie r i q  (q in relaticn to the Ciaxzetcr o i  t ie he&ch con- 
struction (d$, a series of values fmm 3wd generators are dotted into :he p s o h  of Ftq~re 
79; on t3e basis of this dotted scale, a continuous mean cJrre is drawn. In a s i m k  way. 
',Cle diaqrsm demonstrates the relation between the diameter or! the nozzleopening cirz!e 
(d. ) and :Se smallest hearth diameter d3. TSe mean curve for this ?elation 5 &shed. 

. 1  



MISSOURI DEPARTMENT OF NATURAL RESOIJRCES - OIVISION OF EPIERGY CONVERSION TO ENGLISH UNITS 

I 

9 8 / Z  inches 

Hearth Diarreter dh 
s 

Figure 78. Graph of Suitable Nozzles for Operating Four- 
Cycle Engines with Several Cyl inders. 

(Extracted from Figure 78, pg. 127, ~wedi;h ten-Gas Book) 
mm converted t o  inches on the horizontal scale 

The ratio.  100 corresponds to column four, Table 27,  

page 126. 
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English units conversion from Figure 79 of the Swedish "Gen-Gas" 1 i terature 

Figure 79 Diameter of nozz le  ring opening (see appendix "C") diameter in 
re1 at i  on t o  hearth constrictor ring diameter. 
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Sirnil&-&, in FIgvye 80 there is e dotted scde ~1abora:eC for Lie relation Setwee? tke 
height above the ,'iesr'.> corstxction of the nozzle plane (h) and the diameter in the 
he&-t-th cops:.-uctio:: idh). -4 me%? curye is also drawn for this. 

loo I& too 2i'7 & mn, . Besrehan ?lotor DLanerer 
0 SGE 8CO 
A SGB 600 

Zfgure 80. B e i g h t  or' the Bozzle Plane above the 
Seatt5 Constric=ion for Various Generator Sizes.  . 

Both these liqrams are based upon generators of the Imbert type, If, fmm the two 
mean curves, *e voiume of t9e effective combustion space is calexlated, consisttr of a 

2 tnncs:ed cone wim the height h a d  the areas 7dZrP4 and nd h:49 rqectively, of the 
two parallel surfaces, md if this volume is divided by the gas volume produced at e cer- 
tain heanth :cad, tSe result for the entire generator family will be a time constant, 

If, for ins:s-.ce, the generally a+nrmed maximum hearth loaZ of 0.9 im3/cm2hr is chosen 
to be tne Cencni.?ator, the result of the division determined by the mean curves w i l l  be 
0 3  second for al l  generators. This time h caldated,  however, on the assumption that 
the spac? in question does not contain any solid substances and that the temoerature is 
PC. If, for example, it is assumed that charcoal takes up 0.6 of the total volume and the 
gas then 0.4, and that the temperature is 1200 '~~ the red  time will be merely approxi- 
mately 0.01 s. Consequently, this means that the dwell time of the gases in the ?ace 
above the hem5 construction is 0.01 s. 

To date, no generd rule for diinensioning of t i e  hearth has been given in the specialist 
literature. The dinensioning system put  forth here-with the mean curies in F b r e s  79 
and 80 as beses-is intended to make up for this lack. The system is based on an ernpiri- 
cal foundation and gives satisfactory results. That does not mean, however, that a 
hearth with dimensions differing from t i e  system must be, or probably will  be. a ?oar 
hearth. On the concary, the system appean to allow for fairly sipficant  deviations 
without obviously wdavorable corsequences; it does seem, however, that :he ratio h/dh 
should not be made greater than as shown in the mean cu.ve of F i v e  80. 



F i g .  80 - pg. 128 'rm the Swedish Gen-Gas Book conversion 
from me t r i c  u n i t s  :I eng l i sh  un i t s .  
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T , e  pc or' the he+-h be!ow the nacowest section should be mace a t;.~ncsredccsne. 
with heig9t d:, and :he opening diameter ?.5 dh. TSe incressed gassage arzs iownwarc! 3 
intended to csuse a cansiderable gss veiccity decrasse, and t5ereSy an incresse of the 
time that t5e 3 spends in the presence or' chsrcaai at  a temperature h i g e r  t5eq 

acpruxinately 800°C. T3is is advantq-us for ?rc;duc:rq ma~irnum reducdon. O n  'c?.e 
other hmd, Lye eqansion nut  not be so p e a t  'hat the temperature at the opeling goes 
below abcut 8004C, since the lower temperature to some extmt  seems to stimulate s 
re lc raa t ion  of COZ. T3e norns given above for dimensioning are x!ues ..vhic.i have 
given good ;esults f.nn e-qerienct. 

Due to the considerde Crop in ternperaturs, prsctically no .-eduction teks ?lace ourside 
t3e hear.3 (see Chaoter 2). Due to this fact, it is fuimportant whether :he j jace jelow 
3ie hearth openkg 3 filled with a bed of charcsal ar spme ocher pomus xatarial (e.g., 
porous concrete) or ;vhet!!er it is f i i ed  with any rnate*al a t  ail. In przcticdly all wood 
gas generatom in Sweden a bed of charcoal or porous concrete, restir,- on a shakirq, 
grate, b placed a t  aporoximatdy the distance d3 below the hearth ooening znd apprcxi - 
mateiy 0.5 d above the bottom of the generator. The qac- above and below this so - t s  
are made accessible from the outside by a relatively laqe ash pon. It is vitzl for proper 
ooeration of the generator t3at this port be tightly sealed. 

?cat Gas Ge~.ero,ton 

S o  special generater ccim for peat gas operstion ;verb ?rsduced in Sweden I.~ri.y ::e 
war. 13 practical tests which were cmied out on generator gzs cperaticn wiih ?cot. ?eat 
charmal, or pest coke (briquettes) ES fuel, rqliar ges senerators for c:?er=cel cr wccd 
were us&. Various operational d5tuFSances were quite common due :a :ar m d  s l q  
!maation. The main reason for the inferior results was that t5e ?eat used was of w u i t -  
able quality with tco p e a t  ash cantent, and the tesx  zeen :a indicate t?at a satisfac:orr 
generator gu operstion with pest as a fuel is not tossible if the a h  mntent cf -,'le seat 
siqnrficst!? exceeds gpmximatelp 2%. In addition, the fuel nust be :e!ati.~eLy free 
fmm 2est Curt, charcad Cust, and foreign substancs. 

Judqrg from tests csrried out 3y government authorities in Germany lurirq the war, it 
appears that pest with low ash content could give satisfactory oceration in ~ o o d  g a  
generaton gruvideci that LFte c iameten  or' Lye primary* :.oztles are tncrbssad so nuc3 
(on the order of j O % i  that the tenperature in the cornhustfon zone w i l l  stay below :>e 
f.xsinq goint of t!!e ashes. ~ooroxirnateiy 1250a C. This test w a s  csrried out in ul Imbert 
Teneratcr wit!? t3e smallest hearth diameter at  130 mm and with r'lve stw.eer< :2-m a i r .  
nozzles. The gst cleaning spscem was the,usual one :vttS :vet c!e.ane?s ar.d ccr!; ciesners: 
the cooler was a standard t p e  with 1.17 ;no cooiirg SUT~PCO. 

T ~ K  p ganerstor :vas Iint run for :*NO hours on an Ooel3Etz  ?:ck whosa notor had a 
3.j4 q!ir,cer volume and a 54470 engine deveioairq ?ezk eificisncy on 3zsoUze zt  3430 
F m .  Tae ?eat  size was 4040 n m  end the water csntezt c i  ??e ?est 30% i o  33%. :Vi:.'l 
:>e l2-mn nozz!es intended for wood. t ' e  hear:,'l rorn?er=rxe j e c s n e  vey: 3 q . i  iover 
1400~C) st ~i..:c.i t3e ?es t  cska iotztation becsne  :co i ~ a l l  a d  :ke ccke b u r s t  inro 
tieces. 3y I~cr~asinq a e  nozzle Cianerer to 10 n n  :.uimlicn Invoived a :o~verir,q q i  ::e 
ternperztuFe in t5e cgrnSusiicn zcne to !1008C) 3 e s e  cisat'lantages :vers ??z:r,ar:d: 
2Cce---i -.-..q - :a ::e :o?ors :3e g ~ n e r s t o r  .-encerei 3 :sc::c=L:: :ar-r'.-eo 5s. x c  :.'..e 



peat-coke formation was so good that no charcoal had to be fed into the reduction zone 
through the ports, even during extended operation. The composition of the gas was about 
the same as in wood operation. The series of tests was completed with long distance 
tests with a 3.5-ton Mwrus tmck, equipped with a 7 . 4 4  diesel motor with 9 0 - h ~  peak 
efficiency during oil operation. The peat consumption with a 3-ton load on the truck was 
approximately 10 kgA0km. The operational properties of the truck when using peat gas 
proved to be good throughout, and the maintenance requirement was, on the whole, the 
same as in wood gas operation. The gas cooler had to be flushed every 1000 km and the 
grate shaken each morning in order to remove dust and ashes from the reduction cham- 
ber. P ~ t i , d a r l y  interesting is the information that, during the tests (which included 
highway driving: CologntHambu~Lubeck-8crLin)~ no slag formation was obsaaed in 
the generator. Peat fuel with an ash content of @proximately 2% and 20% to 25% mois- 
ture was used. 

Unfortunately, no tests have been made in Sweden with a similarly reduced temperature 
in the hearth, and therefore slag formation hes not been overcome. In exceptional cases, 
where peat coke very low in ash was wed as fuel in charcoal gas generators, the slag 
formation was so insignificant (somewhat more than 1% of the coke weqht) that satisfa- 
tory continuous operation could be maintained. 

Figure 75 shows a generator intended for peat, and the generator in Figure 76 is also 
suitabie for this fuel. 



A. Charcoal gas 
apparatus for mo 
vehicle. 

B .  Wood gas 
apparatus for motor - - , 
vehicle.  

C. Wood gas 
apparatns f cr 
. 2 - ~ 7 ~ 1 2  L g d Z i ~ i l  
bulb motor wi th  
pulsator f o r  boat. 

IJ. Wood gas 
apparatus vizh 
cloth cleaner 
and preheating of 
gas for motor 
vehicle. 

Figure 89. Schematics of Generator Gas Devices. 



- .  On the other 
hand, an undesized $as g?ner=tc-, which is chiefly characterize4 by too small a hearth 
area, results in gwd gas qualit.] as a rule, but  frequently aiso in constriction of the gas 
flow and conse~~ently a &op in pressure and reduced mztimum power of the engine. The 
gas tzmperature in the geneFstor ncy, in such cases, sometimes become so high that 
vital garts of the gener3tor we bcmed; also, the increased gas velocity may increase the 
ash ccn tent of the gss producsd to such an extent that the cleaning system is not able to 
fulfill its f-unction. 

A s  shown in Chapter 4, "Shape and Design of the Gas GeneratorTR the suitability of the 
generator depends to a considerable degree upon its adqtability to variations in the gas 
requirements during operation. This M i c i t y  of the generator should be automatic, 
although a manual adjustment of the g s  gen5Fator could be conceivable if operation is 
characterized by ow tv~o prcnounced ergine load conditions (full load and no-load), 
which is the case for some working macbhes such as fitting boats. 

The automatic adaptability of the generator for varying loads is of the utmost impor- 
tance for mcst mobile engines, which run undsr constant conditions only for short periods 
of time. This elasticity of the generator is usually expressed as the re15tion between the 
largest and the smallest hearth load of t!!e generator ( ~ r n ~ / h r  per cm- of the smallest 
hearth area) at which the gas velocity, according to experience, provides a satisfactory 
gas quality aqd ?ressiie for the engine, and at loads which the generator can maintain 
continuously. This 3 of particularly great importence for wood gas generators, where a 
low specific hearth load may cause tar formation problems. Frequently, me rather great 
moisture content cswes e temperaturs miuction in the hearth, so that the ges quality is 
Lowered end the risk of t m  forrnetim 3 imrezsed i! L!e tern?crat'~:e 5 no: 'tapt high by 
s ~e!sti.:e!y high g a  velocity. For wood g s  pnerators of an ortinary design (Imbert 
Q ~ e s ) ,  the values L2 and 0.3 for maximum and minimum hearth load have Seen found to 
be suitable. Thqe values give a ratio of 4 as an expressicn of the elasticity oE the gen- 
erator. IVa assume that the heerth load, which really is an e-rpression & the gas 
velocity, ccrtemonds at?mxirnetd~; to the-numSer oT revolutions or' tnc engne* Thu,  
the ratio of 4 denotes the approximate relation between the p a t e s :  snd the smallest 
number of revolutions of the engine during operation. It appears that tAis figure, espe- 
cially for cw engines, should be at least twice es large in order to sttain fully satisfac- 
tory internittent cperation. As stown in C3apter 4, with 3 special hearth design 

3 equigped with a V-heasth, about 0.9 maximum and 0.05 Nm /cmdh'; minimum h e k h  loed 
v ~ e s  obtained during H o u r  tests, ccrresponding to a value of approximately 18 for tke 
elmicity of the generator. This would seem to indictate that adequately designed wood 
gas getreraton may attain e fully sstisfactoy automatic adap tebility for vuiable ooerst- 
ing conditicns. Continuow evaporation of wood moistux in th= generators fuel storage 
(3.3., by a monorator cr ot3er sinilar hesign) would further improve the idling ability of 
the wood generetor. The iCo-a that, due to the type of fuel, charcoal 3% generators are 
in principie more scitabl* for intermittent operation L?en ecquoteiy desrgned wcod gar 
ganerators carsot be consider& fcunded on fsct. On the other hand, gas generators 
operated with small thermal lump or charcod dust have great advaiitqes due to thsir 
lesser weight and dirntnsions, when built into srzd cars and mo:orcycles; also, the $;;?all 
grain size of tke fi~al gives a large reaction surface and, come~~ent ly ,  grester reaction 
ability than b the  case for wood gas generators and charcoal gas generators for :S%e 
size chsrcod 



The design of ordinary wood gw generators makes it very important to careitdly adapt 
the minimum hearth area to the operating conditions of the enene. In the beginning the 
generators were duimed in a few sizes, with the size almost always given by the outer 
diameter of the generator levei with the air intake. A single minimum hearth area cor- 
responded to each size. Practical experience, however, soon forced the manufacturers to  
produce a whole series oi hemh sizes for each generator size. Since the hearths were 
won out much fatter durirq operation than other parts of the generator, the designers 
tried to facilitate hearth exchanqe by special devices (Figure ll7). In this way, several 
small industries came into existence for production of reglacement hem,% with or wit3- 
out an air intake, intended for exchange. These did not always contribute to the quality 
of the spare parts. In the excfiqe, however, an improved adqtation to the ooeratirg 
'conditions of the engine could frequently b e  obtained, The exchange, however, rquired 

.'welding and other kinds of g u q e  WO&, frguentiy causing inconveniently long in te rn-  
.-tiom for operating the vehicle. The Wearth, mentioned earlier, was in this Feet a 
JignLflcant improvement, since the adaptation could be done in a few minutes by 

"' . axchangiw a cast-imn rbq  in the hearth (Figure U8). 
*.  
Table 31 listt the most common sizes of generators. Some standardization is also indi- 
c a t  ed. 

Table 31. DMENSKONS OF GAS CZNEUTOKS . . 

13/90 U S 0  50Oh L30 LO hLhdarffr2a:. 
. . . . . . .  

LSI s f  ~asa 330J LJO 2.1 ........ - .  1110 -- :job -.-.. 1 7 3  - . 
1713s -. 2.7 . . . . . . .  

(it i haaw : a d )  
L7/7S 2330 ........ 7?ob LtO 4.3- - . cbucad f od a x e h a d  

(bas =cots) - 17/73 . . . . . . .  1600 7¶Ob 170 3 -2 



Pigum 117. spare Parts for 
for m Lmbert-Type Wood Gas 
War at or. 
A. Hurth cone of a l loyed 
c u t  steel. 
B. Hurth cone w i t h  air 
Intake and charring cane . 
to be connected to the 
h e r  mantle. 
C. Co~nplete inner mantle 
with hearth and air intaka. 

C 
Figure U8. Wood Gas Hearth 
with Replaceable Hearth Ring 
m d  Automatic Ash Insulation 
(VoHearth) . 
A. Changing the hearth ring. 
B. Caplice hearth vLth 
p r h a r y  air fatake a d  a 
huth ring placed inside. 
C. EIearth ring (cast iron). 



Table 32, taken from a gas generator catalogue for Scania-Vabis, 1942, shows t h e  sizes of 
gas generaton on the market for the various engine types of the car manufactures. 

Table  32, Z?LE SIZE Or GAS G-EUiORS i02 VAarOUS m Z S  OF EscrEs 
C.meraeoc WeL %*lgnacion 

)(rri.urr CUtoMl a. 
*racer 

'U Gu 

tlOI Qilader Crltn&r G m  %.dad 

Uzm r p * t l r . c  * 
&r urn b e t  

*taco. CO. b~~ 
- .  toc. 

Ul b 110 X 136 5.17 M 40 5-3 - 3  f3/50 30/13 1304 3001 170 
1bU 6 110 X 136 7.73 7s 130 S-7 go? 1 551 15 LJO/5501170 

11&1 b 110 X 136 7.75 7s 114 l-I Z-7 1 55IlJ LJO/550/ 170 
60 1 6 110 L I36 7.73 7s 130 + I  K I N I S  55/U lJO/3SO/l?O 
40 1 4 110 X 136 10.34 100 180 S-4 X-4 - - 17W6M/210 

- 

arm: rr r  h a 8 7  L a .  170 s ~ m a s  amccioa 8bDuLd be 4 1 ~ K a d  o t  120 o, cross m u .  

Table 33 lists smaller types of wood gas generaton for passenger cars, etc. 

CInerator Sire 
Oucmr Diaastar a t  Air Xntak Bore Diammccr of the Hearth 

As indicated by the type designations in Tables 31 to 33, the outer diameter of the gener- 
ator at the air intake, the diameter of  the hearth for Lye gas flow thmughw.d sometimes 
the total height of the generator were usually Usted, The fuel storage areas of the gen- 
e r a t o n  varied considerably in shape and size, degendinq uoon how they were built and 
what the optrational needs were. 

It is interestirq that the number of hearth sizes Listed in the tables increcsed more and 
more with eqcricncs, so that in the end t h e e  was a c5oice of a series fmm 53 mm up to 
210 mm, ?with a 5- to IO-mrn increment for the various d i m e t e n  for the wrnmon sizes 
(400, 4 5 0 ,  500, jJO, 630 and ?SO mm) of wood gas generators intended for e.qines from 
20 to 100 hp. In many cases tbere was some overfsppirg of hearth sizes fcr two close 
generator sizes. A 3001nrn generator, Cor inttanct, a u l d  have hezrths up to 140 and 
ISO-mm bore diameter; a 5539nm generator, hearths down to 130 and 140 mrn diameter. 
.These adaptations were attained empirically and they were never tested t!ie?reticdy. 
The nature of tie Pde! wi t5  regard to charcod fcrmati6n and vety  intermittent ooeratirg 
conditions could 3e of inportar,ce here. 



When the gas generator is adapted to the engine's gas requirement, it should be noted 
that the gas reqairemenr iacreses up to 70% if a supercharger is installed on the engine. 

Adaatation of the Ges Generator to Various Enzine Installations and Uses 

How the gas generator is built in is frequently determined from case to case. In this 
chapter, the installation itself is not discussed (see Chapter 8); it should be done compe- 
tentti and in accordance with safety regulations. In this section, adaptation of the gas 
generetor refers to its design, wit9 regard to the ways in which a certain engine or whole 
series of similar engines =e used end irstalled. For instance, weight, space, air resis- 
tance, and aesthetic conside~ations are of importance in desiving the gas ganerator for 
automobiles; for tractors, boats and stationary engines, etc., certain technical require - 
ments must be met. 

Automobiles and Rail Vehicles 

The adaptation of the gas generator to automotive operation is a complicated and diffi- 
cult matter. So matter how competently a gas generator is irstalled in a car, it involves 
considerable interference with the initial overall design. Therefore in the-beghhg of 
the generator gas epoch, to simplify installation the complete gas generator was usually 
installed on trailers; in this way, only minimal changes had to be made to the car. Fig- 
ures 119 to 125 show various designs of such trailers. Some trailen were made self- 
srrpporticg, but others were designed as semitrailers with some of the weight resting on 
the rear frame structure of the car. In the latter case some reinforcements weze 
required, but on the other hand, driving and backing, etc., were made essier. 

Figure 119. Gas Generator Installed on a Trailer (?i-t G n f t )  
o f  Lion Type. 

Figure E0. Gas Generator Installed on a Trailer,  Volvo Type. 



I I I Parts carbon monoxide 
in 10,000 parts air 

+ Absorption curves 

Death 

Unconsciousness 

headache, dizziness 
tendency to faint 

Parts carbon monoxide 
in 10,000 parts air 

+ Absorption curves 

Death 

Unconsciousness 

Impaired judgement, 
headache, dizziness, 
tendency to faint 

/ 2 3 4, Sitting 
'& / I / / r  < Walking 

+-a '4 3/4 I I? wor7dng 

Hours of exposure 
Figure 264. Absorption and Occurrence of Carbon 
Mnoldde in the Blood. 

A few examples may be stated. A t  0.05% by volume CO in the air, provided the person 
in question is sitting and not working, unconsciousness wil l  set  in after approximately 
four hours in the environment mentioned. During ordinary walking (i.e., without heavy 
work) the same degree of poisoning will be reached after two hours, and during regular 
work after an even shorter time, 1 V4 hours. Simple reflection indicates that such dif- 
ferences must exist. The exchange between the inhaled air and the blood must, of 
c o m e ,  b e  faster during intensified breathing and faster circulation. This teaches one 
important thing for taking care of poisoning cases, either imminent or already poisoned: 
when taking the patient away from the poisoning influence, out into the open air, i t  
should be done as fast as possible, but without his active cooperation.' All exertion on his 
part must be avoided. Preferably, the patient should be carried out from the dangerous 
zone. 

Table 51 shows how acute poisoning symptoms arise and develop according to the magni- 
tude of the carbon monoxide content. OnIy after 30% to 40% of the hemoglobin is 
blocked by the carbon monoxide do more serious symptoms develop. 

First aid in case of carbon monoxide poisoning consists of the following: 

L Move the poisoned person quickly out into the open air or to  a room with 
fresh air and good ventilation. 

2. If the poisoned person is unconscious, every second is vaiuable. Loosen tight 
clothes around the neck. Remove foreign objects from the mouth (false 
teeth, etc.) and immediately give him artificial respiration, if breathing has 
stopped or is weak. As soon as possible, give him inhalation of Karbaqen (a 



Table 5 1 .  W T O Y S  OF C&UO?r' HOSOXIDS POIS3EiIZiG 

Z Sacura- 
t i o n  cf t h e  Sy3p:ous 
3lood wi th  

Carbon A t  Rest During Physical Exert ion 
?fonoxide 

0-10 Sone None 

1 C-2G Sone During exerzion,  d i zz ines s ,  
h e a r t  pounding, and d i f f i c u l t y  
i n  breathlog may occur. 

?C-35 3eada;ile s y  occur.  In case of exer t ion ,  pressure 
a t  t he  forehead. Mild head- 
ache. 

3G-40 I'aadache i n  t h e  forehead o r  In case of exer t ion ,  d i zz ines s ,  
back of t he  head, pu lse  f a i n t i n g ,  possibly unconscious- 
i nc rease ,  hea r tbea t ,  nausea. ness  a r e  added. 

40-50 A l 1  symptoms a o r e  pronounced, nausea, vomiting, d i zz ines s ,  
increased tendency Lor unconsciousuess. 

50-60 Ceep mcansciousness with increased brea th ing  and pulse r a t e .  

60-70 Deep unconsciousness with slow pulse and low b r e a t u q  r a t e ,  pos- 
si3l3- death. 

70-80 3espFratory f a i l u r e  and death. 

mixture of oxygen and c h o n  dioxide). ~ e t a i l h  htnrct ions  come d t h  each 
apparatus. Always see to it that the rubber bubble contains gas. If it 
becomes empty, the  poisoned person may suffocate. If there is no Karbocten 
available, oxygen inhalation may be substituted as an emergency. 
Watch over the poisoned Denon for the next few hous! 

3.  Do not expose the poisoned person to cold. 

4. -4lways caU e physician. An injection, preferably directly into the blood ves- 
sels, of some stimulating substance (for instance, lobelin) may have a l i fesar  
ing effect. 

3. In case of mild carbon monoxide poisonings without unconsciousness the poi- 
soned person should, if possible, be treated with Karbmen or, if this is not 
available, with oxygen. 



Even in quite severe cases of poisoning, the effect of these countermeasures can be out- 
standing. Figure 265 illustrates how the inhalation of Karboeen within approximately 25 
minutes may lead to a fldegassingu from 60% to 70% carbon monoxide content to as Little 
as 5% to 10%. Inhalation of pure oxygen has the same effect within approximately 80 
minutes* and is thus quite useful. Every nurse and health worker should learn to handle 
the Karboqen apparatus. 

' min. 

Inhalation of a ir  
I 1  ---- If oxygen 
11 --- - " air + 7% carbon diordde 
11 -- - oxygeo + 72 carbon dioxide 

Figure 265. Treatment of Carbon Monoxide Poisoning. 

The question of whether medication should be employed is not so easy to answer. Since, 
in every case, a physician should be called, he should judge the situation and take neces- 
sary measures in the particular case. Finally, an appeal! 

The person acutely poisoned by carbon monoxide must be carefully looked after even 
after he seemimlv h a s  recovered. It has  happened that after awhile victims once again 
have fallen ill with serious symptoms. 

With chronic generator gas poisoning, we encounter an entirely different picture of 
symptom development and course. The symptoms, as it were, sneak up on the victim. 
H e  becomes tired and uncomfortable, frequently irritable and touchy, less perservering 
than before, has difficulty sleeping, and an annoying headache frequently sets in early. 
The desire for intimate family life virtually dies out in many cases, and troublesome 
frequent urination is not rare. Some eyesight disorders may arise, which, of course, are 
of the utmost importance from the viewpoint of mad safety. In addition. there are fre- 
quently a number of rather characteristic, but not specific, mental symptoms or defects; 
for, instance, a striking impairment of the memory or the ability to concentrate and 
learn. Also the temporal development of the symptom picture is to some extent characl 
teristic for this illness. 

*Actually, the difference between the oxygen and Karboqen effect is 
likely to be even less. 



Earlie:. in  the Ynited States a?.d Ge-many the diagnosis was meinly based on these symp- 
tc r ; l s :  of "- -3e. it alsc hc:! '.c be established that there ha< indeed Seen conditiors of 
cxp=si;rc ~ r d  sther ce-32s of tnP yrrncrroms had to be Wed cut. A.diegnosis based on this 
?as Seen sufficient ir: t ke  cour,:ries mentioned for compensation under the legislation on 
. ; c ~ z ~ s : l ~ z ~  dis t ses .  Clf cou?se we were also obliged to reso-t to the same basis of 
dis~ncs i s  in Sweden during the Tenerator gas epoch. This besis wes, however, late: 
zx?zr.ced ir. sn oSjective aixction. The occurrence of dizziness, welking disorders, etc., 
V:ZS an irn?etu to c ~ r y  out tSe so-called oto-neurological test for diagnosis and judg- 
nm:. 1.1 e g-es: nur~5er of genersto: gas cases this test was found positive, but it is not 
;;ec.;'ic far cerbon monoxide poisonirg. The occurrence of eyesight disorders gave rise 
to qecia! eye examinations of the cases; in some ceses such deviations from the normal 
xere  pro-:e~, which most likely must be considered to indicate brain damage. 

H!?ersensitivity to car~on monoxide has also been established in many cases. Exposure 
:es:s fresuently were useful in determinirig this. 

The xonte! syx?toms and impairment, mentioned above, resulted in the introducion of 
psychiatric evaiuation and testing, especislly of cases difficult to appraise, wit! a view 
to sepa-~.:e the real poisoriirq cases from primary or secondary common neurosis. stc. In 
diiferert ways attempts have thus been made to expand the objective diagnosis of 
chronic carbon monoxide poisoning. 

The t?e:tmtnt of the crkonicallg generator gas poisoned must primarily be directed 
towarc gezting them a:):ep f rom the influence of poison. Change of environment hes 
9rovec to  be useful. It acpears that cases discovered early, where there was no serious 
==rags.  zsre fully ca?ab:e of working; not, however. in a generator ges environment. !t is 
ver:? in?crzsn? thet sn mcor:unity for change in work be creeted to a sufficient ceg5e; 
this, is importat t u k  for social workers in the clinics. Among other means of :ho,r- 
a?y. vitamin end insuiin treatments have been tried and were possibly of some use. On 
:he 1t:nole there has been a good prognosis for generator gas poisoning if the victim has 
been removed from the icfluence of generator gas in time. Unfortunately, howeve?, 
::ere is E snall 1lurn3er of cases where seriois mental &orders pemained and for which 
the fine! grognosis cwaot be determined. In addition, cases wit!! con*&ued heart trouble 
w r e  found. 

The generator gas era of the war is now over. The stationary generator ges operations 
still remain in industrial plants, etc. These conditions of chronic generator gas goisoning, 
which vrere in existence even before the generator gas epoch when there were a great 
mar.? cases of the %ness,remain. It is obvious that the experience with diagnosis, symp- 
toms, snC prognosis from the generator gas era is relevant and helpful in treating carbon 
rconoxice ?oiscning, even during more normal conditions. 

Aftor Iicuid fuels beeme available the number of cases of generator gas poisoning 
decre~sed consileraS!y. This fact must, however, not make us lose all interest in the 
poisoning question. Generator gas preparedness requires continued research in the field, 
keeging in mind a possible new wartime use. To a limited extent, g2neretor gas ope:- 
aticz is likely to ccntinue also after the war, especially in stationar] form; there is then 
o risk ;?.at such Limited generator gas operetion could cause proportionally more cases of 
poisoning than duricg the  time when everyone-motorists and others-were alert to the 
r i s k  F ireily. the:? ere still chronic cases of aoisoning that require continued obsene- 
;ion anc :=re. 



The Gas Generator Research Council has emphasized that after the changeover to peace- 
time operation, to the extent that generator gas would still be used as fuel, an absolute 
requirement must be enforced that there be protection against health hazeirds for all who 
run the risk of inhaling gas. All units should be subjected to an effective, obligatory 
control, so that only types that are safe fmm poisoning are allowed to enter the market. 
The Research Council is of the opinion that the control employed so far for gas genera- 
tors has not been able to completely exclude less suitable types from the market. During 
the Pint half of 1945, 230 vehicles were inspected because of police reports; 155 vehicles, 
i.e., 67%, were found to have faulty gas generators. 

The Research Council recommends tightened regulations concerning both the inspection 
of the gas generators and the right to bring a generator gas operated vehicle into a repair 
shop. It is also the opinion of the Council that a central organization should be founded 
that would have the authority to issue technical instructions, carry out testing, and take 
care of technical safety-related activity based on the experience available. 

Technical Asoects of Generator Gas Poisonix 

Generator gas poisoning is often caused by technical defects of the gas generator. A few 
things related to the risk of poisoning should first be pointed out about the function of 
the gas generator. When the engine is running, independent of the location of the fan, 
the entire system is under negative pressure. If the gas generator is equipped with a 
suction fan, the entire system is kept under negative pressure even during fanning, which 
is why the poisoning risk through leakage is minimal. When using: a pressure fan, the risk 
of poisoning is different; the pressure fan system creates pressure in the generator, 
cooler, cleaner, and piping. Consequently, if there is a leak at any point between the 
generator and the engine, gas escapes during fanning and may cause poisoning. If a pres- 
sure fan system is used, the leakage possibilities must be  carefully checked with regard 
to the risk of poisoning. 

1 
When the engine is shut off, gas formation stU goes on for a while in most types of gen- 
erators and causes an increase of plwsure in the generator. Evaporation of the water 
which may be in the fuel or on the generator wall contributes to this. Sometimes, after a 
wood gas fueled engine is shut off, a white or yellow gas can be seen escaping particu- 
larly from the primary-air intake; in the case of charcoal gas generators the escapirq gas 
b not visible. The pressure increase after the  engine is shut off lasts for approximately 
20 minutes. Due to thb it is not adviseable to stay in the car during this time. For the 
same reason, the gas generator should be allowed to cool for at least 20 minutes before 
the car is driven into the garage. This is true when either suction and pressure fans ere 
used. 

I t  should be emphasized that the gas formed during the "post-gassing timett has a carbon 
monoxide content of 23% to 27% and is thus very poisonous. 

The pressure increase during the *post-gassing timen is so considerable that gas leaks out 
even from a tight gas generator (i.e., without real leakage points), for instance through 
the filling opening of the gas generator. If there is leakage, the poisoning risk increases 
because the gas leaks into the vehicle or underneath the engine hood and from there into 
the driver's cab. Hydrostatic tests or leakage tests of the entire generator gas device 



inc!udirg its pipes should be conducted occasionally. During a hydrostatic test, the 
e2:ire gas saneretor is ??esurized. A simpler and more reliable method for detecting 
leaks is to  ust 3 smoke s r i c ~  =spec:ally made for this puqose (see circuler NR 333 of the 
Satiocal Swedish Fuel Commission). I t  is particularly important that aU weldins on the 
generatgr and its piping is adequate. One common and dangerous defect is that the fiii- 
ing Lic is not tight due to a faulty packing. Because of this, after the generstor has beon 
left off 2 svhi!e, it may start burnip! like a stove. Air may also enter through the pri - 
m=y-air intake, if its flame guard and check valve are not tight, and the leak at the fill- 
i . ~  lid will tker. serve as a gas outlet. This is particularly risky with a car that is put into 
a gerage, for instance under a living room. Some of the worst poisoning accidents in 
Sweder, were caused by such circumstances. 

-4 leaking aipe or hose, improper location of the secondary-air intake, the fen outlet, or 
the hot-air intake for heating the car body, as well as inadequate ventilation of the 
crankeasa may eiso create a risk of poisoning. 

Asoects of Industrial H d e n e  During Generator Gas Ooeration 

In addition to what has been said concerning the risk of generator gas poisoning, the dif- 
ferences between a gasoline and a generator gas engine during starting and idlirrg should 
be recalied; these differences justify special garage regulations for generator gas cars. 

The ges misture t h t ,  durhg the sterting of a gasoline engine but Sefore ignition, flows 
ttirough the engine =d out through the exhaust pipe, contains practicdly no carbon 
moiioxide. On the other hand, the eng i~e  of the generator gas car is, during the often 
pmforigec! starting attempts, fed a gss that contains 20% to 30% carbon monmide. Thus 
i: is obvious :hat starting attempts with generator gas inside a roan must involve the 
most serious paisoning hazards. During generator gas operation the exhaust gases of the 
eiiiine geceruy contain a greater proportion of carbon monoxide than during operation 
an gaso1ir.e and ars thus mcre hazardous, especially during idlir~. 

5 i q e  a csrbon monoxide concentration in the air 8s low as 0.02% to 0.03% (equivalent to 
3 ? mu generator ,-as in 1000 m3 air, and 1 m exhaust gases from a generator gas car during 

iaig in 5060 m3 air, respectively) involves a risk of poisoning, it is obvious that rather 
rigorous g=age regulations are justified for generator gas operation. It is necessary to 
keep in mind that, in a garage, carbon monoxide b not evenly mixed with the air but 
occurs in layers or ares with considerably higher concentrations. 

The requirements of the Labor Welfare Act for protection against unhealthy working 
conditions have given the Labor Inspectorate an opportunity to step in and bring about 
necessary ventilation in those garages that fall within the category to which this law 
ap?lies. Other garages, however, have not been controlled in the same wey up to now. 

The repletions that were applied earlier to ventilation of garages for gasoiine operated 
cars are now considerably more rigorous for premises which come under the Labor Kei- 
f c e  Act, where a generator gas operated vehicle in a warm state is admitted to be 
storw far a relatively short or longer time; i.e., garages, cargo spaces, and car repair 
shop. (Also see Chaptw 8.) 



It is very important to follow the regulations and directions for generator gas operation 
carefully-above all those that aim at preventing generator gas poisoning. Not only for 
one's own safety must the regulations and directions be followed; negligence in this 
resptct can also affect other persons and harm their life and health. Anyone who 
through negligence or carelessness exposes another person to poisoning, be it of a mild or 
serious nature, may be held legally responsible. 

It is most dangerous to break the regulation not to ignite, fan, start, or run idle indoors. 
Consider that the starting fan in one minute emits about 200 L carbon monoxide; i.e., 

3 - 
enough to bring, in a 1000 m garage, the carbon monoxide concentration up to a hazard- 
ous level. The same risk also occurs during idling indoors; for instance in a small garage 
of approximately 50 rn3 volume, in less than a minute. 

Many believe themselves to be safe by fanning, starting, etc., w i th  the doors and windows 
of the garage open or by first pushing the car halfway out of the garage. Experience has 
shown, however, that such measures are far from satisfactory. Also, it is not enough to 
lead away the fan and exhaust gases with a pipe or a hose that is put through the door or 
the window without real extraction being arranged. During severe cold it is, of course, 
most tempting to break the safety regulations; therefore, hazards are the greatest during 
the winter. 

However, it is not enough to follow r,egulations and directions. One must also think care- 
fully for oneself, because the directions cannot cover everything. One great risk is that 
anyone who works daily with generator gas is easily lulled into a sense of security, thus 
belittling the hazards and perhaps thinking himself to be 'less sensitive." 

One serious aspect of generator gas poisoning is that it shows itself in such a dramatic 
way. Not much is needed to cause dizziness and unconsciousness, which may be espe- 
cially disastrous if one is alone in a garage or car when the poisoning occurs, and cannot 
get away from the dangerous environment without assistance. Therefore, do not work 
alone for an extended period of time with generator gad 

Even if reasonable safety measures are taken, carbon monoxide may enter the car body. 
Therefore, never sit in the car during fanning and air out the car body properly after 
fanning. If there are passengers in the car, it is the driver's duty to warn the passengers 
before starting the fan and to emphasize to them the risk they are mining by remaining 
inside during the fanning. This is particularly important in the case of a bus with perhaps 
20 to 30 passengers, many of whom very likely do not realize the risk and do not notice 
when the fan is started. Do not rely on the passengers reading the placard in the bus and 
reaiizirq the seriousness of the fanning hazard. 

One common mistake during the fanning is to stand or work close to the car, even quite 
close to the fan outlet or downwind from it. Due to the risk to other people, especially 
children, the driver must not go away from the car during fanning, but neither should he 
stand or allow another person to stand dangerously close to the car. Also, one should 
avoid standing or working close to the engine outlet while the engine is running. The 
exhaust gases from an idling generator gas engine contain 5% to 8% carbon monoxide and 
are considerably more dangerous than the exhaust gases from a gasoline operated engne. 
Loading and unloading of goods should never be done while the fan or the engine is run- 
ning. Neither should anyone perform such jobs as changing tires, pumping tires, puttirig 



on chs:ns, otc., at that time; these are dl jobs which involve crouching quite close to t9e 
cer. 

One sjlould also avoid far.niig or starting several generator gas ~a,'5 at the same time if 
t2ay are paiicod close to esch other. Excluding bus or truck garages, many cases of poi- 
scnins ?avo xcurred when severel generator g u  vehicles that were parked clcse to each 
other, were removed a: the same time. Neither should one far,, start or idle generator 
gss C E ~ S  in nazrow passages, etc., where the air stands still without sufficient supply of 
fresit elr. I=e!nir.g, idling, etc., underneath a protective roof or in she& or barracks with 
rrore or less opsn walls should also be avoided. People used to trust that the air 
expi;a?ge in S C C ~  ''=iryW premises would be sufficient to prevent poisoning. However, that 
is not :he czse. e?C the premises mentioned should be considered areas where fanning, 
ett., mu: not be done. On the whole, fanning and starting during czlm and especially in 
case of hazy wocther ccnditicns is more hazardous than in clear weather with "clea-" or 
:'light" =ir and some wind. 

Another common misteke is to fan or run idle for a long time immediately outside the 
open door to a garage or a workshop. The gases are then frequently forced directly into 
the :5ca with s risk for the personnel working there. Similarly, passengers or personnel 
in a bcs a a y  be exposed to poisoning through fan or exhaust gases flowing from a genera- 
tor gas vehicle parked beside the bus. 

Carving out repairs and adjustments on the car when getting ready to start may involve 
poisoning >azcQ, puticularly during fanning. If a repair or adjustment has to be done 
uThGe t h e  ass generator is warm, the fan should be shut off and the air given an oppor  
tunity to Zusk wound the vehicle before t!!e job is started. If it is necessary t o  lift up 
the Pngino hood, one shculd not immediately lean in under it but first let the air fiow in 
there. One should also  void leaning down over the engine, especially if a spark plug has 
been removec!: in generat, one should avoid leaning down over any part of the generator 
gas davice when it is hot or contains gas. Neither should one carry out any repairs lying 
on the  gtound beside or underneath the car while the gas generator is still not; a t  any 
rgft. ?;either isn nor engine should be running then. On the whole, jobs involving repair 
or acpstments on the car or gas generator should, as far 8s possible, be conducted when 
the gas generator is cold ar.d, like the engine, properly aired out. W i t h  regerd to "post- 
gasiiica:ionv it is necessary to assume that any living quarters situated immediately 
egainst or above a garage or car repair shop have completely tight walls and roof as w e l l  
as effective ventilation. 

Special attention should be paid to the role played by physical exertion in gene~ator ges 
poisoning. There are frequent r ep r t s  of how cases of poisoning with mild symptoms 
have :&en a serious tun with dizziness and unconsciousness because of considerable 
physical exertion, for instance running out of the garage, attempting to start the engine 
with the staiiting crank, etc. This fact should warn us, when noticing the first symptom 
of poisoning, to stay as calm as possible while evacuating the poisonous premises with 
slow careful movements. 



Medical A~oaratus. Carbon &Ionoxi?e Indicators. Alarm Devices 

The treatment with KarbcSen gas (oxygen with apgwximately 7% carbon dioxide added) 
is carried out with the use of an inhalor equipped witn en inhalation mask; the inhalor is 
connected to a Karbcqen gas cylinder. 

Carbon monoxide examinations can be done using various methods and with the use of 
more or less sensitive indicators. The American indicators of the MSA. type used by 
the Gat Generator Bureau are available in two models, a portable one intended for meas- 
uring a possible quantity of carbon monoxide in the air, and a stationary model intended 
for use as an alarm device to warn against carbon monoxide hazards in csr repair shops, 
warehouses, garages, etc. The measurement is baed  upon a catalcic combustion of 
carbon monoxide in the tested air to carbon dioxide, by which the temperature increase 
affects a thermocouple connected to a rnillivoitmeter graduated in percent by volume 
carbon monoxide. With this method it is possible to accurately resd as low a carbon 
monoxide content in the air as 0.002% by volume. 

Another type of carbon monoxide indicator, the Drager model, makes aossible an accu- 
rate readbg of carSon xionoxide in the air as low as 0.003% by volume. This indicator is 
also b a e d  upon catclytic cornSustion, and the carbon monoxide content is read 3n the 
. e d e  .?f a mercuv th+rmometer. This device can also be used as an alarm devics if 
gistinurn points a r ~  mounted into the thermometer in such a way that the mercury col- 
unn will close the a n e n t  between the platinum points a t  a certain content of carSon 
m onclxic's. 

- -  
Still another indicator is based upon the iodinespent oxide method according to the reac- 
tion: SC0+i20  

= 3C02+1203 
If the air sample is sucked through the devics with a veloe 

ity of eopmxinately 200 cm A0 min, an estimate of the carbon monoxide content can be 
made with an accuracy of at least 0.003% by volume. 

In order to detect carbon monoxide in a room, the palladium subchloride method may be 
used, in which a drop of water, ?referably distilled, is placed on a sheet of pager impreg- 
nated with palladium subcbloride. If the air contains carbon monoxide, a brown ring is 
formed around the water drop. The time it takes for the ring to become visible depends 
upon the carSon monoxide content of the air. The following contents can be determined 
reasonably accurately: 

L The ring visible after 5-10 see . . . . . . . . . .  0.5095 CO . 
2. The ring vbible after 30 sec . . . . . . . . . .  0.2096 CO 

3. Theringvisible s i te  3 min . . . . . . . . . . .  0.03% CO 

This method may also be used by phcing a soludon of palladium subchloride and salt in 
water in small porcelain bowls in the room whcse air is to be examined. After 12 houn or 
2 1  houn the bowls are inspected. In case of v e y  small carbon monoxide content a dark 
brim is formed around tho liquid surface. In case of higher contents of carbon monoxide. 
however, a glassy film of t!!e metal palladium is formed on the surface of the ex ten t s  of 
the bowl. 



An estimate of the carbon xonosi<e ?resent in the air may aiso be made by mearis of the 
sSs;r?r.in moJ$od. Th? gas-air mixture is passed-through a solution of 1.7 g silver 
nit.-as, 36 c n '  of 10% znmcnia water and 200 cmJ 3% sodium hydroxide in 7 6 0  cm3 
distilieci water. The carbon monoxide content of the air may be determined by measurinp 
the cuantity cf the gas-air mixture supplied and the time that is rgui red  for a certain 
deposii of silver nitrate. In this nethod a definite coloration of the analytic solntion 
-esults and the time necessarq. for it is neasured. If the apparstus is well designed, it is 
3ossible to estimate the cerbon monoxide in the air with this method in the regions of 
about O.frl?b by i-olurxe. 

The Gss Genera t~r  Bureau h a s  had the opportunity to  examine some carbon-nonoxiae 
indicat~rs manufactured in Sweden; however, none was considered adguete .  

Sat io~e!  and Local Government Measures 

The Netional Ges Generator Committee appointed on November 10, 1939, shortly after 
'.he outbreak of war, had among its duties the following: 

L To undertake necessary examination and tests to in?rove the technical condi- 
tions for gas generator operation; 

2. To s u p ~ l p  advice and directions in order to have only technically adequate gas . 
generator units manufactured and to have the installation of the units man- 

in a satisfactory way; 

3. To arrange, within the limits of available funds, educational courses for 
essembly mc! r~eintenence of gas generator units as wall  as for operation of a 
vehicle equipped with such a unit. 

In t!~e instruc:ions t o  the National Swedish Fuel Commission on June 14, 1940, there is 
3nly a general s t a t ecen t  about gas generator matters that i t  is the duty of the comrnis- 
s i ~ n  "to nandie questions concerni,?g gas generators for motor operation." Amori  these 
r;.. s t t e n  should he mention& ttcombating the increase of poisoning accidents involved 
with gas generator operation." Since, at this paint in time, no other authority was in 
charge of these urgent metters, which were beyond the Commissionts main task, the 
Comnission had to  take care of this through the Gas Generator Bureau which started its 
work on July 1,1940. 

- In the fall of 1940, the Commission initiated a permanent cooperation between the Gas 
Generator Bureau and various medical and social institutions and in December 1940 
founded the  "Medics!-Technical Committee for Generator Gas Matters." This Commit- 
tea was a part of the Fuel Commission and its members were the technical director of 
the Gas Generator Sureau, the director of the Swedish Institute of Public Health and one 
rnors representative of this Institute, two representatives from the National Swedisn 
Board of Health, two from the National Swedish Social Welfare Board, one from the labor 
organization, as well as Associate Professor E n s t  Salen as a representative for 
Se.3Satsberg's Hospital and one =pert in the field. 



APPENDIX A 

When designing a wood gas generator, the  hear th  diameter (dh) i s  the c r i t i c a l  

value t o  est imate gas product ion ra te .  Many of the o the r  dimensions such as 

g ra te  he ight ,  nozzle areas, e tc .  are  r a t i o s  o f  dh. 

This  sec t ion  w i l l  develop an est imated value of dh f o r  a g iven load  o f  a 

hypo the t i ca l  i n t e r n a l  combustion, spark i g n i t i o n ,  four cyc l e  engine. To 

check our  c a l c u l a t i o n  the  engine w i l l  be se lec ted from the  Swedish Gen-Gas 

f o r  which the  design work has been accepted. From t h i s  exercise you w i l l  be 

able t o  use the  same equations and procedures t o  s i z e  a gas generat ion f o r  

your  p a r t i c u l a r  engine. 

Two design parameters were developed i n  the  Swedish Gen-Gas Book by .experimental 

methods t h a t  w i l l  be used here. These are: 

- -  . 

m3 h (4.55 f t . 3  min.) 1. Maximum Hearth Load (Bh) = 1.. 2 ,&, 

Th is  i s  ac tua l  l y  an expression o f  the  ve l  o c i  ty  o f  the  gen-gas 

through t h e  hear th  r e s t r i c t o r  r i n g  area (page 166). 

2. A i r / f u e l  r a t i o  i s  1 :1, o r  50% o f  the  f u e l  charge i s  gen-gas, 50% i s  

i n t a k e  a i r  (page 165). 

The se lec ted  exemplary engine i s :  

Bore 110 , = 11 cm (4.33 i n )  

Stroke 136 = 13.6 cm (5.35 i n )  



v d 2  Displacement Volume (V) = 7 x stroke x number of cy l inder  (Eq. 1. ) 

2 
v ( . ~ t r i c )  = 3 

4 x 13.6 = 1,292 cm x 4 cy l inder  = 5,168 cm3 

4 cy l  inders, four-stroke cycle 

RPM = 2,300 

1 This engine i s  described as the f i r s t  entry,  t ab le  32, page 169. 

I The engine requ i res  fue l  f low as estimated from the fo l lowing equation. 

1 V(disp1acement volume) x RPM x charge rev. 0.5 qen-gas 60 min. fuel flow ( Eq. 2 )  
charge Xhr. 

The factor ''PI' i s  necessary f o r  a four  stroke-cycl  e engi ne. For a two rev. 

stroke-cycle t h i s  f a c t o r  would be 1. 
- -  . I 

. Put t ing  actual  values i n  Eq. 2 gives t h e  fol lowing values. 

a 0.5 gen-aas 60 min. = 06 f 
(Metr ic)  5,168 d x 2,300 x rev. charge h r .  

6 i n .  rev. char e 0.5 en- as 60 min. = (English) 315.2 in3  x 2,300 x 2* x x 7 
3 hr .  

Reducing - 10.87 x l o 6  x x 1 f t . 3  5ii3. 3 = 104.9 ;;;;;i: i n  

Previously we i d e n t i f i e d  Bh as a r a t i o  o f  f ue l  f low t o  hearth r e s t r i c t o r  area 

(in.'), i . e . ,  cubic f&t per minute/square inches t h a t  was experimental l y  

determined t o  be 4.55. Using conventional (Engl ish) un i t s ,  the values now a t  

hand can be calculated: 



Bh ; = 4.55 
hear th  area 

lo4*' = 23 jn2 o r  Hearth area = ,n 

Area = ?rdh2 = 23. 
4 

Solv ing f o r  dh = 5.4 i n .  diameter 

This compares favorab ly  w i t h  the value given i n  t a b l e  32, page 169 f o r  t h i s  

engine o f  130 mm (5.12 inches) f o r  the Imbert model gas generator. Therefore, 

the  preceeding method can be used t o  ca l cu la te  as a f i r s t  est imate the diameter 

o f  the  hearth r e s t r i c t o r  r i ng .  The gas generat ion should be f ab r i ca ted  so 

r e s t r i c t o r  r i n g s  can e a s i l y  be exchanged. I f  the  s i ze  f i r s t  used i s  no t  

s a t i s f a c t o r y ,  a  s l i g h t l y  l a r g e r  o r  smal ler  r i n g  diameter can be t r i e d .  



APPENDIX B 

The second c r i t i c a l  dimension i s  the  t o t a l  area of t h e  a i r  i n t a k e  nozzles. On 

page 127, F igure  78, we f i n d  t h e  values of Am ( t o t a l  nozzle area) fo r  various 

s izes o f  Ah (hear th  area). 

I n  our  example, Ah = 23 From t h e  graph, F igure 78, we read: 

1 *20  = 0.20 i n 2  should be the  area f o r  each I f  we design f o r  6 nozzles, then ,r 
nozzle. Refevring t o  a standard p ipe  s i z e  . t a b l e  we f i n d  3/8 i nch  p ipe  has an 

s! 

area o f  0.19 in2 ,  which i s  a good se lec t ion .  I t  probably would be advisable 

t o  vary number of nozzles and p ipe s izes t o  come as c lose t o  the  requ i red  

area for  o the r  values o f  A,,,. (Refer t o  Table 3 on page B-1)  



N a d d  1 " 15 
O.D. b I. & 1 , 



APPENDIX C 

Two other  dimensions are important. The spacing o f  the gra te  below the 

r e s t r i  c t o r  r i n g  i s  about one r i n g  diameter, o r  5.4 inches i n  our example. 

This dimension i s  no t  too c r i t i c a l .  

The he ight  of the nozzle l oca t i on  above the hearth r e s t r i c t o r  r i n g  i s  

obtalned from Figure 80, page 128. With a dh 'of 5.4, the f a c t o r  i s  about 

0.9. Therefore: 

The nozzle opening c i r c l e  diameter ( d r l )  i s  obtained from Figure 79. For 

t h i s  example, f o r  a hearth diameter (dh) o f  5.4, we p i ck  o f f  d r  = 1.85 o r  

d r l  = 5.4 x 1.85 = 10 i n .  
t -  



APPENDIX 0 

An estimate of the probable horsepower developed by our engine can be calculated 

w i  t h i  n reasonable accuracy. 

From Appendix A - fuel rate was 104.9 f t 3 / m d  n. The heat value 4s estlmated 

a t  150 ~TU/tt3, but this value should be confirmed if possible by testing a 

sample. 

By definition, 2,545 BTU's equals one horsepower a t  total conversion. 

T h i s  engine probably is  29%-25% thermal efficient, say 22.5% as an approximatior 

Then : - 
104.4 ft' 150 BTU's 60min. , .225eff.  

X 
HP hr. 

mtn. f t ~  Xhr. BTU ' s = 83 HP 

The manual rates this engine a t  80 HP, so our  calculation accuracy i s  reasonabt 

Addendum 

Although the Swedish Manual refers to  a 50% reduction i n  power output using 

sen-gas compared to  gasol i ne, theoreti cat ly the val ue should be higher. This 

i s  dependent upon the heat value (Bm) of the gas, t i m i n g  adjustments, engine 

conditions, etc. Theoretically , the air/fuel r a t i o  should be closer t o  1 . S :  1 

than the 1 :1 suggested i n  the manual. This should be confirmed by experience. 




