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Abstract
The long stick wood gasification process was studied at transient state conditions in a pilot scale fixed bed truncated updraft system. The present work is therefore focused on long stick wood as a feed material to the gasifiers. This truncated updraft mode operates with 180W of blower supply for air to produce 10kW thermal output. Results were obtained for various flow conditions with air flow rates ranging from 20 to 30 m3/hr. For modelling, the flaming pyrolysis time for long stick wood in the gasifier is calculated to be 1.6 min. The length of the flaming pyrolysis zone and char gasification zone is found to be 34cm and 30cm respectively. The rate of feed was between 9 to 10 kg/hr and continuous operation for 5 hours was made in a thrice of runs to study the performance. The truncated updraft mode makes it possible to produce low tar content in producer gas.
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1. Introduction

Wood was the primary energy source for cooking, heating and metals production from the opening of recorded history until the time of the industrial revolution. At the end of the middle ages, wood was used across India in smelters producing iron, copper, lead, and other materials. Industrialization continued and demand growth for these products. The demand for wood exceeded availability, causing the shutdown of many smelters, shortages of wood for cooking and deforestation. Woody biomass is considered the renewable energy source with the highest potential to contribute to the energy needs of modern society for both the developed and developing economies world-wide (European Commission [1] and International Energy Agency [2]). Woodchips is one of the sources of biomass renewable energy that can produce gas from gasification. It has the greatest potential of any renewable energy option for base-load electric power production for electricity generator and heating. High penetration of biomass technologies shall require abundant supply of biomass resources. Wood shavings in fine form from wood process industries and agricultural wastes have also been used to augment the supply of heat both in domestic and industrial situations. Hislop and Hall [3] reported that the third world where the availability of industrial electricity is seen as a key factor in assisting development in rural areas, gasification can provide a local source of electricity using local woody biomass. 

The primary research in wood gasification for many years was has been in the area of design and performance aspects of gasifier, where tar minimization has been the primary concern. The issues of feedstock preparation for wood as an energy source were of meager interest. As a result, research in coal gasification has progressed much further than research in wood gasification. Even the use of long stick wood for gasification is unique in that there is a wide range of fuel sizes and moisture contents. Wood based gasifier improvement has come to a quite experienced state after one assures steady supply of wood chips in the required dimensions. While serious efforts have gone in the design of the gasifier for generating optimum gas yield along with similar efforts for cooling and cleaning. The major problem of the handling and preparation of input in the form of wood chips remains still as a noticeable stumbling block in the penetration of this technology both in industries and in the domestic sectors. This situation is more serious if we have to put gasifier systems in remote rural areas where they are really needed. However, these are the regions mostly suffering from power shortage or absence of power itself. However, such power is initially needed for blower operations and many a time also for woodcutting. Feed stock preparation is thus an important aspect of the complete systems planning and such preparation typically involves cutting wood into required size. Electrical power, manpower, and storing facility involved in such processes make the functioning cumbersome especially in an industrial area. The chip size recommended by the manufacturers of gasifier feed system must be ascertained before obtaining wood chips from a supplier, or before acquiring any chipping or shredding equipment. Miles [4] reports the International Energy Agency Biomass Thermal Gasification

Activity has reported the gasification technology is faced with the constraints of feed preparation for wood based systems and the need of special designs for loose biomass as feed.

As per our experience, cutting of wood involves sizable amount (above 10% and up to 15%) of wood wasted as dust. Saw cutting alone generates 10% sawdust on weight basis. Where cost of wood is high, this wastage will be a major cost addition. For example, if a ton of wood costs around US $26 as now prevalent in India then the wastage costs at least is around US $3 per ton. Additional cost caused by loss of moisture from 30% to 15% (and hence reduction in weight) of the wood will result if the fuel is left to dry for just a few days, after cutting into small pieces. This further adds on to the cost. Wood chips suitable for medium size gasifier reactors are made available now by manual cutting. Mechanical cutter, electrical cutter, briquettes and charcoaling can control the dimensions. However, the above methods in preparation of wood chips have the disadvantages such as consumption of electricity, high manpower needs, dust collection, enormous noise production and occasional unexpected accidents during processing. Therefore, it is not possible to process and store the wood for a long period. Hence, to reduce the above-mentioned problems we have to focus on the long stick as feed material in the gasifier. In the spirit of using energy plantation for such gasifier system, it is preferred to use the stock with this branches which can be replenished in the plantation site in shorter time span as compared to big trees being cut. 
2. Long stick wood as feedstock technology reliability

Clean biomass feedstock are becoming scarce and there is hardly any reliable supply. In India, all industrial wood waste and other wood residues are consumed completely and there is no other clean biomass available to increase the contribution of bio energy. Thus, the industry has been obliged to look into relative difficult fuels and fuels with little practical industrial experience in order to create new market opportunities. Waste recovered fuels present the advantage that they often have a negative cost associated with their disposal, which can significantly decrease the operating costs of a plant. In addition, since the last decade there has been a significant interest in energy crops and especially short rotation forestry (SRF) as a means to increase the production of biomass fuels while simultaneously creating new jobs for the farming community.

Helynen et al. [5] shows woody biomass has the highest reliability in feeding into a gasifier and most problems related to bed sintering in fluidized bed gasifiers or slag formation on heat exchange surfaces are relative well understood. The industry has sufficient confidence to use effectively most types of woody biomass. The industry has also attained a high degree of reliability for the pre-treatment operations such as drying, size reduction and storage. The market potential of woody biomass is boundless as most of the locally available feedstock are highly consumed in various industrial or district heat applications. Saravanakumar and Haridasan [6] have studied that the wood logs could be cracked at temperature range of about 275-325˙C. The ratio of volume loss of wood per second to volume of the wood used in combustion was found to be 0.0015 1/s indicating the long-range feasibility of adopting long sticks as feed. From this experiment, they have also learnt that controlled cracking of wood is  desirable strategy. The loss of wood in the process is negligible. The time for fuel wood preparation is short. Controlled handling of bigger logs in a closed reactor may have to be addressed.
3. Design of truncated updraft gasifier

Based on the ideas observed from the preliminary work, a long stick wood gasifier for truncated updraft mode was constructed. It was designed and constructed using mild steel sheet with 4.3mm thickness with a volume is 0.714m3. The total height of the gasifier is 1.34m. Hopper is the primary storage area for the fuel wood. Feed stock size for long stick wood of length 68cm and thickness of 6cm is placed into the top of the hopper through the inlet. The hopper is designed in such a way that it is able to hold wood, which can produce the gas continuously for 5 to 6 hours. Initially, charcoal pieces are first loaded up to air nozzle height. Then long stick wood is packed up to the full capacity of the hopper. Hearth is made up of castable cement with a mild steel exterior cladding to encounter higher temperature up to 1600º C. Cuda and Ziak [7] fabricated the cross-draft gasifier, though used only with charcoal feed stock, has operating temperatures in excess of 1500ºC. The air from the blower for partial combustion enters the hearth through air nozzle. The air nozzle tube is made up of SS material 1.5-inch diameter. There are two air nozzles fixed with adjacent side of the hearth. It is shown in Fig. 1. The positioning of the grate below the hearth zone in the gasifier is to help the reduction reactions. The grate directly supports the combustion zone and must be capable of letting ash fall through without an excessive loss of fuel. In addition, the grate is used to control reactor pressure drop and hence to maintain the gas production rate.

4. Performance of truncated updraft gasifier

Bryden and Ragland [8] have studied the whole tree by utilizing a deep, fixed bed combustor/gasifier. This wood logs 20 cm in diameter is smouldered in a 3.7 m deep fuel bed. In this work we have operated the truncated updraft mode attaining high energy release rate per unit area due to high inlet air velocity and activated reaction in combustion zone. Reed and Ronal Larson [9] have developed a top lit updraft gasifier using the fuel wood size 1-3 cm softwood chips, 1-2 X 10 cm hardwood sticks and 5 mm. They used the long stick size is 2 X 1 X ½ cm. It is placed vertically. Saravanakumar et al. [10, 11] used transient state conventional updraft gasifier with packed bed for long stick wood of length 68cm and thickness of 6cm. In conventional updraft gasifiers operated charcoal is burned to produce hot gases above 1000°C that then successively pyrolyse and then dry the full bed of fuel. They suffer from a continuously changing gas stream as the whole charge is first dried and then pyrolysed to charcoal which is then burned. We have constructed a “Truncated updraft Gasifier” in which burning charcoal provides hot gas to dry and pyrolyse the incoming fuel in a short section and then exits. Fresh fuel flows continuously to the top of this layer. The gasifier system was run ten times, each for a period of 5 hours and 15 minutes in the truncated updraft configuration. Among these runs, three runs have been selected and discussed. For the feed Azadirachta Species was utilized and the time needed for the gas to support combustion from the initial flaring was 10 minutes. The total wood consumption in the run was 45kg. The performance details are given in the Table 1. The air/fuel ratio increases from 1.3 to 1.7 as more and more of the charcoal are gasified and the process approaches complete combustion. The results of operation of truncated updraft and conventional updraft gasifier runs 1, 2 and 3 are given in Table 2. The truncated updraft gasifier is found to have a more calorific value of the producer gas at 4.3 MJ/m3 with the resulting average efficiency of 79% as against 67% for the conventional updraft gasifier. The truncated updraft gasifier produces 1–0.3% tars as indicated in Table 2 as against the conventional updraft gasifier used in the present study with 10–30% tars. Many gasifier designs produce so much tar that the gas cleanup equipment cost is several times the gasifier cost. Fluidized beds typically produce 0.5–4% tars while conventional updraft biomass gasifiers produce 10% tars. From the overall point of performance of the gasifier, the truncated updraft mode is found to have a more satisfactory performance.

5. Flaming pyrolysis time – Modelling of truncated updraft gasifier

Ten kilogram of charcoal is placed on a grate and is ignited by two fire ports. It appears that the blower is run in suction mode to draw air in through the fire ports during the charcoal ignition. 60 kg of long stick wood is placed on top of the charcoal. The fire ports are closed and the supplied flame through the two fire ports stops. The fan is run in blower mode and the air enters from below the bed. The primary air for pyrolytic gasification enters at the bottom and moves up, forming gas in the flaming pyrolysis zone as shown in Fig.2. This airflow is measured by pressure drop across a restriction. Gases produced by the wood and charcoal exits through a gas port. This gas is combusted and the gas flow rate (via pressure difference) and the producer gas flame temperature are recorded. Drying, pyrolysis, and Combustion of the packed bed continue until the flame at the gas port goes out. We have examined the quantity and the nature of the ash collected after the different performance trials. As expected, the quantity of ash collected with the truncated updraft mode is smaller compared with that of the conventional updraft mode. The quality of the gas also is better due to the cracking of tar in the truncated updraft mode.
In modelling the flaming pyrolysis zone of the gasifier it is essential to know the amount of time and energy that is required for pyrolysis. The heat transfer to each long stick wood particle in the flaming pyrolysis bed is by conduction down from the charcoal layer to the combustion interface to the surface; by convection from the gases streaming outside the long stick wood particle boundary layer; and by radiation from other wood particles, from the reactor walls, and by the luminous flame. Updraft gasifiers consume the tars by a process we call flaming pyrolysis [12]. The combustion of pyrolysis products in an air in sufficient supply (as in a match) is termed ‘‘flaming combustion’’. We apply the term ‘‘flaming pyrolysis’’ to the combustion of the same volatiles in an inadequate supply of air so that the products are largely CO and H2 rather than CO2 and H2O. In flaming combustion the heat for pyrolysis is provided by combustion of the pyrolysis products and radiation from adjacent particles or a surrounding combustion zone. This heat must be transferred to the particle surface through the flaming pyrolysis wind as shown in Fig.2. This process is self-adjusting in part. Any factor that increases heat transfer also increases the rate of streaming and the thickness of the boundary layer. This is in turn tends to reduce the heat transferred by convection across the boundary layer. Based on the Reed et al. [13] equation, the time required for flaming pyrolysis of a wood particle, tfp is given by 

tfp = 0.207 ρFs (1+1.76Fm) D (1+ 0.61D) exp(4369/RT) / (1+ 3.46Fo2) (1)

The time for flaming pyrolysis equation dependent on particle size, shape, density etc. to describe in a fixed bed. This equation is used for the maximum size of the wood stick are 4.5cm x 0.7cm x 0.57cm for the small size woody biomass material. The times predicted could be highest because long stick wood length or height is important part of the heat transferred and the heat is utilized during the flaming pyrolysis process. In order to account for this we have to modify the tf p equation to include the denominator using the long stick wood density, sphericity and height. Therefore flaming pyrolysis time for long stick wood is given below.
tfp = 0.207 (1+1.76Fm) D (1+ 0.61D) exp (4369/RT) / (1+ 3.46Fo2) ρFs L (2)

tfp = 1.6 min
Where tfp is the time (in min) required for flaming pyrolysis of a long stick wood of density

ρ = 0.5g / cm3, average dimension D = 12cm (equal to the cube root of the volume, V1/3),

sphericity Fs = 1.8 and moisture content Fm = 0.20 (dry basis). R is the gas constant =1.98, Fo2 is the initial fraction of oxygen in the ambient air and T (K) is the pyrolysis zone temperature (850°C) for the gasifier. Table 3 represents the large numbers of variables used for this following equation.
Note that in this equation those terms that involves the mass of the wood, density, moisture content and increased time for pyrolysis in a linear mode. The dependence of time on length of the wood, D. is also linear for large wood particles where D > >1. The dependence becomes quadratic for D>1 where the resistance to heat flows depends on heat flow resistance in the wood as well as in the gas boundary layer. We have estimated the velocity of motion of fuel in the gasifier as a function of the amount of wood being gasified and it is found to be 0.3cm/sec
Vf = M / Ag Fd (1-Fv) (3)

The length of the flaming pyrolysis zone Lfp, is found to be 65cm.

Lfp = Vf x tfp = 34.2 cm (4)

We take combustion time tc arbitrarily to be 100 sec.

The length of the charcoal gasification zone is

Lc = Vf x tc = 30cm (5)
6. Results and discussions

6.1 Validation of gasifier conditions for the measured data

In the experience of long-stick wood gasification, such a model is very critical when compared to the cases of wood particles, pellets, and char, etc. The temperature at a location rises first in the combustion zone and then rises smoothly through the pyrolysis and drying zones. When the wood is completely charred, the temperature increases. In the pyrolysis section steady state, temperature ranges between that of the hot combustion surfaces and that of the cold unreacted core. The temperature was measured as a function of time at 15 min intervals at the layers from the bottom to the top surface of the gasifier. The temperature ranges from 1185K in the combustion zone to 400K in the drying zone. We have found the gasifier conditions at different size of wood 68x6cm and flaming pyrolysis temperature ranges from 850°C to 1000°C. The equations 2, 3, 4 and 5 tested by estimating the pyrolysis time, fuel velocity and length of reaction zone has excellent fit for the theoretical and practical results. The different conditions for gasifier results are as shown in table 4. 
6.2 Results on velocity of fuel flow in the gasifier

Saastamoinen [14] has studied on the modelling of wood gasification in conventional updraft mode. In this, gasifier was operated by lowering the air rate beyond a critical value increasing the bed height without a limit. We have operated the truncated updraft mode based on high- energy release rate per unit area due to high inlet air velocity and activated reaction in combustion zone. If long stick wood is added on top of the burning charcoal, it will be pyrolyzed by the heat, giving a mixture of gases and volatile condensable compounds. As they are generated, the charcoal is replenished, so that a steady state can be reached by adjusting the rate of wood feed. We have estimated the velocity of motion of fuel in the gasifier as a function of the amount of wood being gasified and it is found to be 0.3cm/sec (after Reed et al. [13]. In our experience, truncated updraft gasifier is found to be suitable for long stick woody biomass materials with high inlet air velocity.
6.3 Effects of temperature at different zones on the gasifier

With the gasifier long stick wood was tested for different airflow rates of 25,35,38,45, 50 and 53 m3/hr. Temperature profile on different zones as a function of airflow rate is shown in Fig 3. The graph indicates the high-energy release rate per unit area due to high inlet air velocity and activated reaction in combustion zone. When the air is directly getting in to the combustion zone, high temperature is achieved.
6.4 Effects of air velocity and gas flow rates on the gasifier

The Fig 4 shows gas production rate increasing with increase of inlet air velocity with linearity and steadier gas production up to an air velocity of 1.96m/sec. The inlet air velocity ranges from 2.25 to 2.64 m/sec increasing gas production largely. It is obvious that the gas production rate would show a similar behaviour with the change in airflow rate. We have estimated the air velocity of motion of inlet air in the gasifier

Air velocity = Airflow rate / Area of the flow pipe

                   = 0.0051m3/sec / 0.0031m2 = 1.64m/sec

6.5. Effect of model with observed gasifier conditions

Measurements of flaming pyrolysis time, active zone length and temperature were made at the grate of the 529 cm2 area long stick wood gasifier, operating with long stick wood size (cylindrical) of 68 cm x 6 cm as a function of the top of the flaming pyrolysis zone above the grate. The calculations are shown in table 3 and 4 graphically to scale with a schematic diagram as shown in Fig 5.

7. Conclusions

Truncated updraft long stick wood gasification technologies have reached the point where the first simple applications with minimal technical risks are becoming commercial. The development of the technology has moved beyond the element of the “gasifier” to the critical area of the supply of a “clean gas,” free of particulates and tar. If this will be achieved, then the power market will be slowly but steadily penetrated on condition that sufficient feed stocks can be secured. The experience of gasifier users with regard to the effort and energy needed for wood chip preparation in a typical gasifier has led us to the development of a gasifier suitable to work with long-stick woody biomass as the feed material. In the spirit of using an energy plantation for such a gasifier system, it is preferable to obtain such sticks from the branches of trees, which can be replenished at the plantation site in a shorter time span as compared to big trees being cut.

For the modelling, the gasifier was divided into a fuel reserve, a flaming pyrolysis zone, and a char reduction zone. In all the zones, the gasifier conditions show a fairly good fit between the theoretical and experimental values. In the truncated updraft condition, the heat release rate was steady in three phases: the drying phase, the flaming pyrolysis phase and the charcoal burnout. The quality of the gas was also better in the truncated updraft mode due to the cracking of tar. The flaming pyrolysis time for fuel in the gasifier is 1.6 min. The efficiency of the truncated updraft long-stick wood gasifier was found to be 79%. The gasifier designed in the present work can be implemented at pilot level in a small village at a wood consumption rate of 9 kg/h. Thus it is worked out to be 90 kg for 10 h in two batches per day. The gasifier described in the present work can furnish the need of a small village. This can operate with 3 W of blower power or other air supply to produce 1–3 kW thermal for cooking. It is simple and inexpensive to build. The gasifier will bring a litre of water to boil in 4–10 min and can be turned down to the simmer level for longer cooking and increased efficiency. With the fairly satisfactory performance and ease of construction along with the convenience of feed preparation, it is feel that the truncated updraft gasifier with long stick wood as feed would find abundant avenues of applications in a rural setting for thermal, mechanical and electrical energy delivery.
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Nomenclature

Ag  
 Cross sectional area of the gasifier (cm2)

D 
Typical dimension (cm)

ρ 
Fuel density (g/cm3)

Fm 
Moisture content (%)

FO2 
Fraction of oxygen (%)

Fs 
Sphericity

Fv 
Void fraction

L 
Length of the wood (cm)

Lfp 
Length of the flaming pyrolysis zone (cm)

Lc 
Length of the charcoal gasification zone (cm)

M 
Mass flow rate of the fuel (kg/h)

T 
Pyrolysis zone temperature (ºC)

tfp 
Flaming pyrolysis time (s)

tc 
Char gasification time (s)

V 
Volume of the wood (cm3)

Vf 
Velocity of fuel flow (cm/s)
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Fig. 1. Pilot model for truncated updraft long stick wood gasifier

[image: image2.emf]
Fig. 2. Reactions in the truncated updraft long stick wood gasification

[image: image3.emf]
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Fig. 5. Diagram of 10 kW truncated updraft long stick wood gasifier for thermal power
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Table 1

Performance of 5 h and 15 min runs by the truncated updraft gasifier
	Time
	Flame Temperature
	Air flow rate 
   m3/hr
	Gas flow rate
	Fuel Flow
	Air/Fuel
	MODE

	Hours
	°C
	
	m3/hr
	kg/hr
	
	

	00:00
	647
	17
	27
	13
	1.7
	Combustion

	00:15
	676
	17
	28
	14.3
	1.55
	Combustion

	00:30
	699
	17
	29
	15.6
	1.42
	Combustion

	00:45
	715
	17
	30
	16.9
	1.31
	Combustion

	01:00
	748
	18
	31
	16.9
	1.38
	Flaming Pyrolysis

	01:15
	760
	18
	31
	16.9
	1.38
	Flaming Pyrolysis

	01:30
	820
	18
	32
	18.2
	1.29
	Flaming Pyrolysis

	01:45
	846
	19
	32
	16.9
	1.46
	Flaming Pyrolysis

	02:00
	861
	20
	33
	16.9
	1.54
	Flaming Pyrolysis

	02:15
	870
	20
	34
	18.2
	1.43
	Flaming Pyrolysis

	02:30
	895
	19
	35
	20.8
	1.19
	Flaming Pyrolysis

	02:45
	935
	21
	36
	19.5
	1.4
	Flaming Pyrolysis

	03:00
	948
	21
	36
	19.5
	1.4
	Flaming Pyrolysis

	03:15
	960
	21
	37
	20.8
	1.31
	Char Gasification

	03:30
	984
	22
	38
	20.8
	1.38
	Char Gasification

	03:45
	994
	23
	39
	20.8
	1.44
	Char Gasification

	04:00
	1000
	24
	40
	20.8
	1.5
	Char Gasification

	04:15
	1001
	25
	41
	20.8
	1.56
	Char Gasification

	04:30
	1000
	25
	42
	22.1
	1.47
	Char Gasification

	04:45
	995
	26
	43
	22.1
	1.53
	Char Gasification

	05:00
	900
	26
	44
	23.4
	1.44
	Char Gasification


Table 2

Results of operation of truncated updraft and conventional updraft gasifier for three runs

	Measured parameters
	Truncated updraft
	Updraft

	
	Run 1
	Run 2
	Run 3
	Run 1
	Run 2
	Run 3

	Moisture Content of Azadirachta wood (%) 
	20
	20
	20
	20
	20
	20

	Size of wood (cm)
	68 x 6
	68 x 6
	68 x 6
	68 x 6
	68 x 6
	68 x 6

	Average Air Flow Rate (m3/hr)
	20.66
	24.38
	28.90
	29.14
	27
	20.33

	Average Gas Flow Rate (m3/hr)
	35.14
	37.52
	41.47
	37.47
	37
	34.91

	Average Gas Flame Temperature (°C)
	869
	876
	909
	766
	644
	544

	Initial Fuel (kg)
	65
	65
	65
	60
	60
	70

	Final Charcoal (g)
	500
	500
	500
	500
	550
	500

	Particulate (g)
	0.5
	0.3
	0.2
	3.5
	1.8
	1.7

	Tar (%)
	0.3
	0.2
	1
	30
	10
	25

	CO (%)
	15
	15
	15
	12
	15
	10

	H2 (%)
	10
	15
	12
	0.02
	0.01
	0.03

	CO2 (%)
	12
	11
	12
	18
	16
	10

	N2 (%)
	40
	45
	52
	55
	50
	55

	Calorific value of gas (kcal / Nm3)
	4500
	4000
	4500
	3000
	3500
	4000


Table 3

Time in flaming pyrolysis calculated from below equation

tfp
=   0.207 (1+1.76Fm) D (1+ 0.61D) exp (4369/RT) / (1+ 3.46Fo2) ρFsL        
	
	Volume
	Typical Dimen-sion
	Sphericity
	Density
	Moisture
	Temp
	Oxygen Fraction
	Length
	Flaming Pyrolysis Time

	
	V – cm3
	D (cm)
	Fs
	Ρ
	Fm
	ToC
	FO2
	L
	tfp-min

	
	
	
	
	
	
	
	
	
	

	 Cylindrical
	
	Effect of Varying Dimensions - Azadirachta long stick wood
	

	6x6
	169.6
	5.53
	1.8
	0.5
	0.20
	600
	0.21
	6
	9.018

	12x5
	235.6
	6.17
	1.8
	0.5
	0.20
	600
	0.21
	12
	5.480

	24x6
	678.5
	8.77
	1.8
	0.5
	0.20
	600
	0.21
	24
	5.196

	68x5
	1335.0
	10.98
	1.8
	0.5
	0.20
	600
	0.21
	68
	2.787

	68x6
	1922.6
	12.40
	1.8
	0.5
	0.20
	600
	0.21
	68
	3.500

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	Effect of Varying Temperature  - 68 cm Azadirachta long stick wood
	

	68x6
	1922
	12.4
	1.8
	0.5
	0.20
	650
	0.21
	68
	2.429

	68x6
	1922
	12.4
	1.8
	0.5
	0.20
	700
	0.21
	68
	2.149

	68x6
	1922
	12.4
	1.8
	0.5
	0.20
	750
	0.21
	68
	1.924

	68x6
	1922
	12.4
	1.8
	0.5
	0.20
	800
	0.21
	68
	1.741

	68x6
	1922
	12.4
	1.8
	0.5
	0.20
	850
	0.21
	68
	1.589

	68x6
	1922
	12.4
	1.8
	0.5
	0.20
	900
	0.21
	68
	1.462

	68x6
	1922
	12.4
	1.8
	0.5
	0.20
	950
	0.21
	68
	1.354

	68x6
	1922
	12.4
	1.8
	0.5
	0.20
	1000
	0.21
	68
	1.262

	
	
	
	
	
	
	
	
	
	

	
	
	Effect of Varying Moisture - 68 cm Azadirachta long stick wood
	

	68x6
	1922
	12.4
	1.8
	0.5
	0.1
	1000
	0.21
	68
	1.097

	68x6
	1922
	12.4
	1.8
	0.5
	0.2
	1000
	0.21
	68
	1.262

	68x6
	1922
	12.4
	1.8
	0.5
	0.3
	1000
	0.21
	68
	1.344

	68x6
	1922
	12.4
	1.8
	0.5
	0.4
	1000
	0.21
	68
	1.508

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	Effect of Varying Density – 68 cm selected species
	
	

	Azadirachta
	1922
	12.4
	1.8
	0.52
	0.20
	800
	0.21
	68
	1.674

	Acacia
	1922
	12.4
	1.8
	0.59
	0.20
	800
	0.21
	68
	1.475

	Casuarina
	1922
	12.4
	1.8
	0.67
	0.20
	800
	0.21
	68
	1.299

	Eucalyptus
	1922
	12.4
	1.8
	0.74
	0.20
	800
	0.21
	68
	1.176

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	Effect of Varying Spericity - Various shape Azadirachta
	
	

	68x2
	1335
	10.98
	0.73
	0.5
	0.20
	900
	0.21
	68
	3.604

	68x3
	1335
	10.98
	1.1
	0.5
	0.20
	900
	0.21
	68
	2.392

	68x4
	1335
	10.98
	1.5
	0.5
	0.20
	900
	0.21
	68
	1.754

	68x5
	1335
	10.98
	1.8
	0.5
	0.20
	900
	0.21
	68
	1.462

	68x6
	1335
	10.98
	2.28
	0.5
	0.20
	900
	0.21
	68
	1.154


Table 4

Theoretical and practical results for gasifier conditions

	Gasifier conditions 
	Theoretical results
	Practical results

	Pyrolysis temperature     (T)
	850
	850

	Pyrolysis zone

Pyrolysis time                 (tfp)

Fuel velocity                   (Vf)
Pyrolysis zone length     (Lfp)
	96sec

0.3m/sec

34.2cm
	104sec

38cm

	Char gasification zone

Char gasification time     (tc)

Char gasification length  (Lc)
	100sec

30cm
	100 sec

35cm

	Total gasifier active length

Fuel transit time              (tfp + tc)

Active zone length          (Lfp + Lc) 
	196sec

64.2cm
	210sec

73cm


