ALL POWER LABS

GASIFIER EXPERIMENTERS KIT

Gasification Basics
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Pathways of Biomass Energy
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Adapted from Tom Reed




Pyrolysis, Gasification and Combustion in a Flaming Match
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4 Processes in Gasification

not necessarily in order

H>O Charcoal and Tar H,0 and CO, H> and CO

CRFNI 0000000000 00000

biomass*(CH O) biomass*(C H O) tarry gas or charcoal hot charcoal (C)
heat heat no air O, /air CO, and H,0
Drying Pyrolysis Combustion Reduction

*Biomass is a combination of C, H, and O (C H1.4OO.6)



Percent of Initial Weight Remaining

Temperature and Yield Profile for Biomass Pyrolysis

100 = — |~

B | —~f == P e =
£ _Mogsture;z: Rt R et et il e

iy 4 ot T EE

SN S NP - N P

sofb | .

60 -
S [ S, RN, (LY [ -

Pyrolysis of Flax Shives —

E iy

Recorder Trace

"7] Heating rate
- —'- Sample weight
7] Recorder speed

~] Sample ashed in air at 600 C
Proximate Analysis (%)

11 Molsture
1 .| Volatiles
Char

40 C/min
5812 mg
4 cm/min o

wel
4.0
58.2
25.7
53

dry

200

Temperature (C) :

400

Figure 5-2. A Typical Dynamic TGA Result Obtained with Flax Shives and Showing Moisture,
Volatile Matier, Char,and Ash Content

Source: T. Milne 1979



E The Reduction Reactions

The Heart of Gasification

C

carbon
INPUT OUTPUT
CO, + H,0 H, + CO
carbon dioxide + water vapor hydrogen + carbon monoxide

Red Hot Charcoal Bed

REACTIONS

CO,+ C= 2CO0

carbon dioxide + carbon = carbon monoxide

HO+C=H,+ CO

water vapor + carbon = hydrogen + carbon monoxide



Updraft Gasifier

Charcoal Only
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Updraft Gasifier

—

- - — Gas

Drying Zone

0e0008aaana®d!

J AshPit_ T

A
R R INEIC i Y ‘f‘- P

’1‘-



Air

Downdraft Gasifier

Nozzle and constriction (Imbert)

Drying Zone




Stratified Downdraft / Open Core
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Crossdraft Gasifier
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The Kalle Gasifier
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Downdraft Gasifier Types

Nozzzle and Constriction Closed Top Designs (aka: Imbert type)
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Imbert Hourglass Inverted V Hearth Straight Reduction Tube Constriction Plate
(double throat) {Sweedish origin)
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Air Inlet Variations
(shown with Imbert Hourglass single throat type)

-

|

Side Inlets Central Inlet Central Inlet J tube
(down from top) (up from bottom) (air preheating)
Open Core Designs .
] L ZIN
I I I
Stratified Downdraft Multi-point Air Injection Buck Rogers

(Tom Reed, FEMA)

(Mukunda, CPC)



General Proportions for Inverted V Hearth Downdraft Gasifier

(see charts for more delaled dimensions and variations,)
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use odd number of nozzles

ALl Fower [aobs June 76, 2005



Table 5-2. Imbert Nozzle and Hearth Diameters

Maximum Air
Range of Wood Blast
Gas Output Consumption Velocity

dp dr dy h H R A dn  Amx100 dr h max. min, Vm

d,/dp mm mm mm mm mm mm No. mm An dn dn Nm3h Nm¥h ka/h mis
268160 &0 268 150 80 236 100 5 7.5 7.8 4.5 1.33 30 4 14 22.4
268/80 80 268 176 a5 256 100 5 9.0 6.4 33 1.19 44 5 21 23.0
268/100 100 268 202 100 256 100 5 105 55 2.7 1.00 63 8 30 24.2
268/120 120 268 216 110 258 100 5 12.0 5.0 2.2 0.92 90 12 42 26.0
300100 100 300 208 100 275 115 5 105 55 3.0 1.00 77 10 36 29.4
300/115 115 300 228 105 275 115 5 11.5 5.0 2.6 0.92 g5 12 45 30.3
300130 130 300 248 110 275 115 5 12.5 4.6 23 0.85 115 15 55 315
300150 150 300 258 120 275 115 5 14.0 4.4 2.0 0.80 140 18 67 30.0
400130 130 400 258 110 370 155 7 105 4.6 3.1 0.85 120 17 57 326
400150 135 400 258 120 370 155 7 12.0 45 27 0.80 150 21 71 326
400175 175 400 308 130 370 155 7 13.5 4.2 2.3 0.74 180 26 90 314
400/200 200 400 318 145 370 153 7 16.0 39 0.73 230 33 110 1.2

Variables not given in figure are defined as foliows:

dm = inner diameter of the tuyere.

A, = sum of cross sectional areas of the air jet openings in the tuyares.
Ap = cross sectional area of the throat

A = number of tuyeres.

Source: Kaupp 1984a, Table 5: Fig. 75.
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