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Table 2.2 Gas Composit;ion Versus AiriBlast Velocity at Tuyere, (24)

Air Blast Tuyere Fire Gas Composition* Conversion
Velocity Temperature Ratio
m/s °c CO2 CQ H2 CH4
22.6 980 17.7 8.5 1.3 0.9 0.325
44.8 1300 9.1 20.3 4.2 1.1 0.693
72.3 1420 6.0 24.9 4.2 LI 0.807
90.0 4.3 1.2 0.832
115.0 5.6 1.3 0.877
218.6 6.5 1.3 0.922
Ty
Table 2.3 Tuye of Air Rate, Gas Rate

Tuyere Diameter

mm 19 25.4

Useful Ragge Air

Rate m"/h 12.4-47.6 13.9-64.6

; - 4
Useful Ragge Gas e :

Rate m /h / ] I=-19.0 % | 16.1-61.2 17.5-85
Useful Range, m

Engine Power :

“ﬁuﬂqwawswawnﬁ
= Wﬁm@mﬁmﬁ 1

Tuyere %lametcr

5-22 6-32

mm 3.2 7.9 127 19 25.4
Air Blast Velocity m/s 146.0 35.0 17.0 12.0 7.5
Air Rate mS/h 83 183 7.7 12.4 14.0
Gas Rate m>/h 5.3 8.2 10.0  16.2 17.5

o

| 19005558
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Air
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v

m/s

22.4
23.0
24.2
26.0
29.4
30.3
315
30.0
32.6
32.6
31.4
31.2

Y/
ious for Downdraft Gas
cer with Wall Tuyeres (29)
wndraft Gas Producers (29)
<
Range of ~ Maximum

gas output wood

d_/d, A max. min.

t'“n 3 3
ﬁ Nm°/h  Nm“/h  kg/h
268/60 60 268 150 80 zsu 100 5 5 7. 1.33 4 14
268/80 80 268 176 95 shloo 5 1.19 5 21
268/120 120 26 25 12 42
300/100 100 300 %08 100 275 115 5 w 5 5.5 3.0 1.00 36
300/115 115 300 228 105 275 115 1.5 5.0 £26 092 95 "sz / 45
ﬁU gl "tﬁ El :
300/150 67
400/130 130 400 110 370 155 . 108 3.1 0.85 ’ 57
400/150 135 400 258 120 370 155 7 12 4.5 2.7 0.80 150 2[ 71
400/175 175 400 308 130 370 155 7 13.5 4.2 2.3 0.74 190 26 S0
. 400/200 200 400 318 145 370 153 17 16 3.9 2.0 0.73 230 33 110

d,, = inner dizmeler of the tuyere
’(\ Am = sum of cross sectional areas of the air jet cpenings in the tuyeres

cross sectionsl area of the throat

h
A = npumber of tuycres.
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Table 2.6 Gas Quality Versus Downdraft anf Updraft Gas Producer for

Charcoal and Anthracite Fuel (14)
CO

Charcoal

Updraft 30.8
Downdraft 23

Anthracite
Updraft
Downdraft

No. 1
No. 2
No. 3
No. 4

Moisture

il& CH4 CO2
12 0 3.6
14 0.9 7.0

Ash

Volatile matter
Carbon

Sulphur

Water to coal ratio ¢ .

R 'PT’

Gas

H eatm% value
MJ/Nm

Percent combustible
gas :

154096w

e 3
a ysis, ercent’]lolume

amaﬂnw N?‘H’JW‘EJ”IQ El"° :

24.4
13.1
0.6
61.3
5.3

37.5

29.0
15.0 -
0.5
48.5
5.9

44.0

ification

il‘ ication

ry. gasification

gasification

t Weight

29.3
9.2

59.8
5.2

38.5

2

° o
8D o

0.3
1.0

. NO. 4-

86.2

0.5-0.8

30.5
8.0
0.5

59.0
L

38.5

60.6
57.9
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Table 2.8 Moisture Content and Heating Values of Fossil Fuel (1)

Average Higher
: Moisture Content Heating Value
Fuel % Wet Weight MJ/kg Dry Basis Reference
Coal, air dried b
Lignite 45 19.7 19
Subbituminous C 30 22.1 19
Subbituminous B 25 25.6 12
Subbituminous A 17 30.2 19
High Volatile C bituminous 17 30.2 19
High Volatile B bituminous | 10 32.6 19
High Volatile A bituminous : 4 33.7 i 19
Medium Volatile bituminous . 5 34.8 19
Low Volatile bituminous } 36 19
Semi Anthracite 34.9 19
Anthracite I 337 19
Meta Anthracite S 31.4 19
Bituminous Coal Char . ] 28.1 32
Peat (Pinland), average ﬁ 22.5 . 12
Milled Peat, 40%-50% moisture, dry 7.5-12¢ 12
Sod Peat 30%-40% moisture, dry basis™ = 11-14° 12
Peat briquettes 10%-15% molatW 17-18.5¢ 12
Peat pellets 10%-20% moisture, s : 16.8-18.9° , 12
30%-40% moisture, dr 12.6-14.7¢ 12
Gasoline 43.6 26
Diesel Oil 45 26

Table 2.9 Moistu s of Non Fossil Fuel (1)

Average Higher
Heating Value

Fuel MJ/kg Dry Basis Reference
Alfalfa seed straw, air dried 18.4 22
Almond shell, air dried 19.4 22
Barley straw 17.3 22
Bean stfaw 16.8 2
Beef cattle manure 14.6 26
Coffee hulls 28.8 b
Corn cobs 18.9 22
Comn stalks 18.3 22
Cotton gin trash | 16.4 22
Cotton stalks 15.8 26
Flax straw, collected off g'rodli 20 26
Furfural Residue 20 5

Olive pits, air dried 21.4 22
Peanut husks, air dried 19.7 5

¢ 10

Peach pits, air dri - 'lf 22

Prune pits, air dri uﬂqwﬂwj ‘EJ’]ﬂ 22

Rice hulls T 1 22

Sunflower hulls, o w L ol 2 26

Sunflower stalks, grown in greenhouse - 21 26
26

Screened composted sewege sludge, 22% inorgude -
- 6

Gt T TR AN AR Y

Walnut shell (6 mm pellet)

Walnut hu . 25-45 15
Wheat straw with 50% corn stalks 8-20 16.9 23
Wheat straw, collected behind a combine R 18.9 5
Wood average — 20 "
Pine bark : 40-60 21 5
Pine, freshly felled 40 19.9 5
Fir, freshly felled 37 11.4° 5
Fir, seasoned _ 15-20 14.9° 5
Fir, kiln dried 8 17.8¢ L)
Beech, freshly felled 40 19 "
Birch, freshly felled 31 19 "
Oak, freshly felled 35 183 . "
Wood Charcos! — mixed forest wood, 4
Keyna native burned - 31.3 : 4
Yarura wood British Guisna - 30.1 14
English mixed herd wood, stationary retort - 2.2
Japanese hard wood - 31.9 40
Japanese Palm nut - 32 40
Wood charcoal, average 2-10 29 14

SWet basis, Nel heating value
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Size
Plant Fuel mm Refcrence
Malbay : low temperature coke,
enthracite 10-25 14
Wisco charcoal, peat coke 20-40 14
low temperature coke 15 14
Gohin Poulence charcoal 15-22- 14
anthracite 5-15
Brandt wood 80x40x40 14
Koela 14
14
14
UCD Laboratory 22
Gas Producer
22
22
22
25
Imbert 14
14
Swedish Gas Pro
1939-45
3 1 3
] \' em? 3
8-9 em, 75 dia. 3
0 dia. 3
10-60 3
20 ‘no more than 3
0%, may be
of 10-20 3
British Government e grade-wood, 0-50
Regulations A S 5 on,

t

L
SN GD N

NOT USABLE USABLE ~
PEAT

Figure 2.52 Desired Grading of Gas Producer Fuel

(3)
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Table 2.10 Recommended Fuel Size for small Gas Producers (20-100 hp.)
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ARUNUILLLYDY LD tnEe  (Bulk Density) Aonramunuuune Life indelasle

a o : dq ~ : » s
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i lasentaeySuanssay Felinasen tiuly wanzezv lnnsuzdiunssy e inde lngiuly

nSalseulaliuquiess tfuidomavlng a1 Bulk Density # inunzauuaaelaluansaeil 2.11

Table 2.11 B lous Fuels

Fuel ; - K /m Reference
© Saw dust . - —*‘L 32
Saw dust —t

Peat 32
32
0 33
Charcoal
_(10% moisture) g
3
3
\ 3
Wood 3
3
3
Straw -_
Alfalfa seed straw 22
Barley straw 22
Bean straw 22
Corn co 22
Corn st 22
Cotton g 22
Peach pit 22
Olive pits 22
Prune pits m :g
Rice hulls
Safflower slrnw cube 30x30x50 mm 22
walnut shells erncked 336 22.
599 22
ﬁi‘s’d‘ﬁl oL 09 =
1 22
£%t) S TN EgT ;
bnlummous 0-93 32
Coke hllrd 380-530 32

aw*wmm"mwn S ae

s P & - P » y .
13 _V le ffonluifo iy @ idudiiniinifia Tar uazlalasaqsveulu
unfan el uludans Vo latile 1ut§b;waeuéazﬂﬁnuﬁnvliiunﬂsﬁo# 2.12
L - - v . - - -
LUz a13UIZNAUYDI LA aSunaw e taauanazna lntfiansazsunqs luaau
- - - o, - ) - -
& nnlnuazuarents e lnamale Pressire Loss geiunislutainfauns srsusznay

- : L 3 e -
299 LB IMa e TinuazuedI TN sanasunans Liuue tnalsuAu uunaulangangiian a0
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figsusznauniiafiiganasy tnadsaguinies Linn1ssiudauey Lanimasuuazudedviu ulunau
Taluus iraiiqgamadlusoudaifunia Clinker @viduguassalunisienlniuaznisanass

tffa iidv TesunfusuSuravevianlu e mdvliaas iy sv-6% Tasdhniin(1) USurauaz
#1sdsznovvevianluitfe indvaiaate q usavlaluaisqeil 2.13, . 2.15 sy yanasud

5
uazya Idanuavastsznavasviatusav i lusisneil 2.14

Fuel atter % Weight Refercence

Crop residues ;2 '
Wood 22
Peat 12
Coal : 5 R

subbituminous - F .\ :g

high volatile i :

losv volatile bi A \ i 19

semianthracite 19

anthracite 19

~ meta anthracite , 19
Charcoal 30 and over,
depends strongly

on manufacture 14

. ajor Fw@ls (19,22,26)

Table 53 As or
‘{e wejght e ol %cig& :’sh,
| | S|

dEan,‘ ujdl 8 I Ijmmﬂe:lnx 3.0

Almond shell 48 Olive pits 32y
Y RI/INIRUNRIZINE1§ 2
q stra v . ‘ Peanut ls £

Charcoal 2-5 Peat (average) 1.6
Coffee hulls 13 Douglas fir wood blocks 0.2
Coal 5-17 Prunc pits 0.5
Corn cobs L5 Refuse derived fuel T 10.4
Corn stalks 6.4 Rice hulls " 16-23
Cotton gin trash 17.6 Safflower straw 6.0
Cubed cotton stalks 17.2 1/4" pelleted walnut

shell mix 5.8
Pelleted rice hulls 14.9 Walnut shell (cracked) 1.1
Furfural residue 12 Wheat straw and corn

stalks 7.4

Hogged wood manulac-
turing residue 0.3 Whole log wood chips c.1
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Table 2.14 Flow and Boilina Temperaturés of Common Ash Constituents (1)

Flow temperature Boiling temperature
Mineral c

Si0, 1460-1723 2230
Ca0 ‘ 2570 2850
l-'c203 -. —
Metallic Fe
FeO .
MgO —— ' - 3600
ALO, . ] 050 . 2210

MgO « A1,0,

MgO -« Fezos.

Ca0 + Fe,0,,
3 A1,0, * 2 SiO
AL,0, + Si0,, conve

3 A1203 o 2 SiO2 ab:)

‘;-};
?HJEJ'J‘VIE!'VI?;;WEJ’Iﬂ‘i
Q@ﬁﬁﬂimuﬁﬂ?ﬂmﬁﬂ

407
P 453 : 172
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Table 2.15 Mineral Oxide in Coal and Biomass Ash (19, 22)

Coal % SiOz % Alzoa % Fezoa % TiO2 "% CaO % MgO0 % leO % Kzo o 503 % CL
Anthracite 48-68 25-44 2-10 1.0- 2 0.2-4 02-1 - - 0.1- 1 -
Bituminous ) 7-68 4-39 2-44 0.5- 4 0.7-36 04A- 4 0.2-3 - 0.2-4 0.1-32 -_
Subbituminous 17-58 4-35 3-19 0.6- 2 2.2-52 0.5- 8 - - 3.0-16 -
Lignite 6-40 4-26 1-34 0.2-28  0.1-1.3  8.3-32 -
Biomass .
Wheat straw 56.8 6.0 14.8 1.6 5.0
Corn stover 18.6 13.3 26.4 8.8 0.9
Rice straw 78.46 179 . 993 0.34 e
Residue derived

fuel 31 7 6 - -
Rice hulls 90-97 0-1.75 0.6-1.6 VO.I-I.H 0.15-0.4
Wood 0.09-? under 10 l.ﬁ-‘l - -

The list indicates the wide range ol
is especially important for high
operation. High ash fuels combined w
one obtains at fire zone temperatur

‘LJEJ’WIEJW?WEJ’W‘:I

unﬁtﬂbLnﬂjﬂnanu1q1nLn1n$nunwe,ﬁﬁ1uuaunao NZ' 02, H ., CO, C02, CH4
e AR R IR TN TR ™
Mineral Vafor, lewh, wvwenu, 161, srsdsznevusedaiiasuazlulasiou saulsznay

inanitinulu ifo wadslada co, H., lalasansveu, loszinsuee Tar sruunses vduidu

2 L4
iRoouns ey o mdy Tar, mvequ, o azvhlnifienisifoafussionse lunszvengy
sgausstsznovsavdaiesuaz lulasiau Feazarevhladgnd idunsassusziansou tnfaveua

e . < & -
srsfiaznaln Linna L @eniofu La¥ovoun inarifazasvnidanan Snvivgampfiusvuneiige tile

sonunapwnalniduas tile 1y Volumetric Efficiency wevinSevsuaaas

jomass fuels. Knowing the ash composition
i obstruct the gas and fuel flow and stop
t ifficult to gasify, due to the poor gas quality
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Figure 2.53 Ulti

¥

100 ~

% WEIGHT (ASH FREE )
»
c
1

o
-
o
—

]

AEH s%{
at_lh STRAW

SAFFLOWER STRAW

BARLEY STRAW
BEAN STRAW

vﬂmvs
! CORN:COBS

AP NN A A b Y B

University of California, Davis
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Figure 2.56 Exit Gas Temperature Figure 2.57 Potential Tar Versus Volatile
Versus Specific Matter (21)

Gasification Rate (29)
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Table 2.16 Gas Temperature at Outlet for Various Gas

Producers

Temperature i

at Producer

Outlet in "C  Fuel Used Reference
Malbay updraft 3 180-220  charcoal 14
Malbay updraft 150-160 low temperature coke 14
Malbay updraft 160-175 anthracite : 3 14
Wisco updraft charcoal 14

Humboldt Deutz upa-an
. Koela

anthracite, charcoal 14
inthracite, charcoal , 14

Mie University .

updraft gas ~~_wood charcoal, palm nut
producer ~ charcoal, anthracite 4
Modified Im 30

(Swedish 29

Gohin Poulen ; eodl, low temperature
-4 Wk hracite

crossdraft 14

30

31

360,000 kJ/h 22

UC-Davis Civil i =—
downdraft gas pr "t - * /. paper cubes, solid waste
600,000 k3/h ~ cubes, wood chips 43
UC-Davis Downdraft

Pilot Plant =

8,000 : %

qdnsmﬂ%’uqnwmnﬂwuuumn q fideaalud

AUEANENINEINI

Cy€lone Filter uﬁ’—m-sa U9 m—mvw-\nns-uaauﬁ'nquvun"\
R P AT TNB T B
v}usﬂu nqp&nm’fuvaqsawanua-nna\m'mrm-utm Cyclone Filter gudnusmuzwav
Cyclone Filteruazusz@ndamlunisnrdaduuanvliluguil 2.58 uaz dsz@nSamues
Cyc lone Filter asguiumiuaany Lf:qna\auf;ﬁﬁxiﬁﬁvn'\saanuuuﬂu';nww PEPERNOCL IS
farruddguinaey tdenaunalninunzsuuan luaasidnuan  nsazezLin Pressure
Loss uanifiuly tﬁauﬁﬁu"nmjv LA tanazdaruidage uasssrediufinaslu Cyclone

Filter azwhlngamgisaaiavliaaas
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Table 2:.17 Efficiency Range of Medium and High Efficiency Cyeclones (37)

Particle size Medium High
(micron) (collection efficiency in %)
Less than 5 Less than 50 50-80
5-20 50-80 80-95
15-40 80-95 95-99

Greater than 40 95-99 95-99

2.50

(A) (8

U3 0ENINNg, ..
4R ST AT

.
1. enamuuLuYB IRy

2. aawu;iqﬁﬁ&ﬂsﬁ% Cyclone
3. ea27ugewavda Cyclone
a. naﬁﬁtéasauﬂnvuﬁkﬁnquiu Cyclone
5. uIABBVLY
Sy ﬁﬁu1uﬂaviuﬂﬁ1ﬁbﬁﬁ§

7. @a27uiSsuvaviaelu Cyclone Filter
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sz@nSawaev Cyc lone szanavsadulsdens lddaruaniu

1. @a21unia (Viscosity) wIUNET
2. auaisuRaguenaivaey Cyc lone Filter
3. 2u1a |.s'r'uti-\quu'nrwnmmwvannuazn'nun';ﬁ\mnoww )

J » -
4. AunnuadaueININ L

i 3 .
5. ANUNUILUUYD

nud&’w talannua e tluuuanae

s nglit 2.59 wW3aw [ vhs

A
IRISRIRUFBENYA Y

The conveying velocities in pipes are deberidéﬁt upon t.he nait_xre of the con-
taminant., Recommended minimum gas velocities are

Contaminant Veloci.ty
Smoke, fumes, very l'ight dust 10 m/s
Dry medium density dust (saw dust, grain) 15 m/s
Heavy dust (metal turnings) 25 m/s

Figure 2.59 Recommended Dimensions for a High ﬁfficiency Cyclone (10)
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Figure 2.60 Air Cooler
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GAS IN

Serubber (8)

Figure 2.62

Plate Column (42)
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Spinner
Liquid vongs
m —
/Venturi
~Sump

Scrubber (Joy Manufacturing
Co. ) (8)

f@r_ .cleaned air
_.‘f

o A VT ;
B POV i < oir
g ///// ' ‘——-——-.
e inlet
’J V EW]‘E‘H% =
c:rcull
- Liquid out
Figure 2.63 Packed Bed Scrubber Figure 2.65 Louver Impingement Separator

(42) (A.I.H.A. 1968) (8)
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(o)
2ot 4 i =z Envelops or Frome Type
ket Up, Down or Through Flow

Figure 2.6.6 cﬂfiguratio‘n o a;ic Filtms (28)
AUEINYNTNYINS
A7 GRS O N A Y

C. Metal Cylinder
D. Colr

E. wwmuwwm
F. Ol bath level '

 G. Gas inlet at 49°C

Figure 2.67 0il and Fabric Safety Filter (13)
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o7+ TO ENGINE P2
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-
T

Con ‘ . 7. Valve

1. Generator ; 5 ¢
§ ;:{r:ﬁ.g of truck &' 'lsah ; ' g. g:iu;}:\:
1 & (*:' il
Figure 2.68 Arrangem - K; #v u d Clearing System on a
Truck (29) “i"'# 3‘
Pt 4

AR — Gos producer

NYVIINENANS
o] V1110 ! u »
P A

Figure 2.69 Purification System For Tractors (29)
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