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Abstract— In India the prices of petroleum based fuels 

increases day by day so research work leads us to the 

alternative fuels. India has a large potential of the biomass 

sources as a fuel. Biomass is a very important type of fuel 

for various application of down draft gasifier. Wood as a 

biomass fuel for down draft gasifier is capable of producing 

relatively tar free gas. Down draft gasifier can be used in 

number of applications like for thermal application, mobile 

application and motive power application. This paper 

summarizes the research literature referred relative to the 

down draft gasifier. 
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I. INTRODUCTION 

A. Gasification: 

Conversion of biomass in to fuel gas is known as 

gasification. Gasification occurs at high temperature by 

bearing an oxidizing agent like air, steam, nitrogen, carbon 

dioxide, oxygen or a combination of these. Heat is supplied 

either directly or indirectly to rise up the gasifier 

temperature for gasification. 

B. Biomass gasifier: 

Gasification is a thermo-chemical process by which 

carbonaceous (hydrocarbon) materials (coal, petroleum 

coke, biomass, etc.) can be converted to a synthesis gas 

(Syngas) or producer gas by means of partial oxidation with 

air, oxygen, and steam. The device which performs this 

work is known as “gasifier”. 

C. Types of Gasifier; 

The various types of gasifier are: 

1) Fluidized bed gasifier 

 Bubbling fluidized bed gasifier 

 Circulating fluidized bed gasifier 

2) Fixed bed gasifier 

 UP draft gasifier 

 Down draft gasifier 

 Throat less down draft gasifier 

 Throated down draft gasifier 

 Cross draft gasifier 

D. Down draft gasifier: 

In down draft gasifier primary gasification air is introduced 

at or above the oxidation zone in the gasifier. The producer 

gas is removed at the bottom of the gasifier. The fuel and 

gas move in the same direction, so this gasifier is also 

known as co current gasifier. The four zones in down draft 

gasifier from the top of the gasifier are; drying zone, 

pyrolysis zone, oxidation zone and reduction zone. 

 Biomass is introduces at the top of the gasifier in 

down draft gasifier. Due to heat transfer from the lower part 

of gasifier, drying of biomass takes place in the drying zone. 

In drying zone large molecules of biomass are broken down 

in to medium sized molecules. Oxidation zone is formed in 

down draft gasifier where air or oxygen is supplied in the 

gasifier. In reduction zone of the gasifier, the heat of gases 

and charcoal is converted in to chemical energy of producer 

gas. The down draft gasifier is best suitable to those 

applications where moderate temperature is required up to 

1100
0
C. 

 A downdraft gasifier requires a shorter time to 

ignite and bring the plant up to working temperature 

compared to the time required by an updraft gasifier. 

 Down draft gasifier further classified in to; 

1) Throat less down draft gasifier: 

Throat less gasifier is also called as “open core gasifier” or 

“stratified throat less gasifier”. In throat less gasifier the top 

of gasifier is exposed to the atmosphere and there is no 

constriction in the gasifier vessel because the walls are 

vertical. 

 A throat less design allows unrestricted movement 

of the biomass down the gasifier, which is not possible in 

the throated type. The absence of a throat avoids bridging or 

channeling. Throat less gasifier are suitable for finer fuels 

like rice husks.  

 
Fig. 1: Throat less down draft gasifier 

2) Throated down draft gasifier: 

The cross sectional area of throated gasifier is reduced at 

throat and then expanded. Oxidation zone is at the narrowest 

part of throat and forces all of the pyrolysis gas to pass 

through this narrow passage. Air is injected through nozzles 

just above the constriction. The height of the injection is 

about one-third of the way up from the bottom. The 

movement of the entire mass of pyrolysis product through 

this hot and narrow zone results in a uniform temperature 

distribution over the cross-section and allows most of the tar 

to crack there. 
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Fig. 2: Throated down draft gasifier 

II. LITERATURE REVIEW 

This section summarizes the research literature referred 

relative to the down draft gasifier. 

A. S.J. Ojolo, J.I. Orisaleye  [1]: 

In this research paper they designed a 15 kW thermal down 

draft gasifier. The gasifier was manufactured as a single 

piece having a water seal and cover. The gasifier was tested 

in natural downdraft and forced downdraft mode. Ignition of 

the fuel beneath the grate, during natural downdraft mode, 

using wood shavings as fuel, produced gas which burned 

with a blue flame for 15 minutes. Ignition at the throat, 

using either palm kernel shells or wood shavings, during the 

natural downdraft mode, the gasifier did not produce syngas. 

During the forced downdraft mode, fuel was ignited at the 

throat. Gasification was successful with the palm kernel 

shells, during forced downdraft, which produced gas which 

burned steadily with luminous flame for 15 minutes per 

kilogram of biomass fed. 

 The various parameters of down draft gasifier are 

listed in below table1, 

Parameters Value 

Throat diameter 68 mm 

Throat angle 60
0
 

Diameter of fire box 238 mm 

Nozzle diameter 10 mm 

Number of nozzle 5 

Nozzle inclination 15
0
 

Nozzle tip ring diameter 204 mm 

Length of reduction zone 80 mm 

Height of hopper 400 mm 

Table 1:Major parameters of down draft gasifier 

 Palm kernel shells had moisture content of between 

8% and 10% while wood shavings had moisture content 

between 16% and 20%. The bulk density of palm kernel 

shells is estimated to be 0.5 g/cm3. Palm kernel shells also 

have an apparent density estimated as 0.82 g/cm3 and with a 

bed voidage of 0.39. Wood shavings have a bulk density 

estimated to be 0.05 g/cm3. The apparent density of wood 

shavings is 0.3 g/cm3 and the bed voidage is 0.83. 

 
Fig. 3: Orthographic and actual view of down draft gasifier 

 Wood shavings experienced some bridging 

problems during the forced downdraft mode of operation. 

The fuel conversion rate of the gasifier, when using palm 

kernel shells as fuel in forced downdraft mode, was 4 kg/h. 

Forced downdraft mode of operation yielded better results 

and is the preferred operation of the gasifier. 

B. S. Sivakumar, N. Ranjithkumar, S. Raghunathan [2]: 

They designed a 10 kW down draft wood gasifier using 

empirical data and derived quantities. This gasifier was 

designed to run a diesel engine. The type of down draft 

gasifier is throated down draft gasifier. The fuel used in this 

gasifier is wood chips. 

 Firing nozzle is used to start the combustion 

process. Ash and gases will passes through the grate region. 

Ash will be collected in the ash pit and producer gas will 

leave the gasifier through the gas outlet. 

 The main design criteria considered for well-

functioning gasifier are; 

 High heating value of gas  

 Moisture in feed stock should be between 10 – 30% 

 Low content of tar 

 Unhampered down flow of the feed 

 Low pressure drop 

 The various parameters which are used to design of 

throated down draft gasifier are; 

 Hearth load 

 Specific fuel consumption 

 Throat diameter 

 Height and number of nozzles 

 Hearth diameter 

 Nozzle ring diameter 

 The wood down draft gasifier has a holding 

capacity of 12.8 kg/hr of wood. 

 The various parameters of throated down draft 

gasifier are listed in below table 2; 

Parameters Value 

Throat diameter 63 mm 

Throat angle 60
0
 

Nozzle diameter 8 mm 

Number of nozzle 6 

Nozzle ring diameter 150 mm 

Hearth diameter 310 mm 

Specific fuel consumption 1.17 kg/hp-hr 

Table 2: Major parameters of throated down draft gasifier 

 Schematic diagram of designed down draft gasifier 

is shown in below figure; 

 
Fig. 4: Schematic design of down draft gasifier 
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C. V.P. Rathod, J.K. Ratnadhariya, S.A. Channivala, [3]: 

In this research paper they designed a venturi type woody 

biomass gasifier of 25 kW thermal capacity. The various 

parameters of designed gasifier are; 

Parameters Value 

Drying zone shell 
Diameter = 300 mm 

Length = 250 mm 

Convergent shell 

Upper dia. = 300 mm 

Lower dia. =200 mm 

Length = 250 mm 

Throat 
Diameter = 100 mm 

Length = 50 mm 

Divergent shell 

Upper dia. = 200 mm 

Lower dia. =100 mm 

Length = 200 mm 

Lower shell 
Diameter = 200mm 

Length = 300 mm 

Overall length of shell 1050 mm 

Table 3: Major parameters of venturi type gasifier 

 They used two types of biomass materials; 

Peltophorum and babul wood. The different particle size of 

fuel considered were 10mm*10mm, 10mm*15mm, 

15mm*15mm. 

Biomass 

Ultimate analysis % by 

volume 

C       H        O       N 

Proximate 

% by 

weight 

ASH 

HHV 

(KJ/Kg) 

Peltoph-

orum 

wood 

44.8 4.9 47.6 0.8 1.734 16480 

Babul 

wood 
43.6 5.2 47.0 0.5 3.482 16536 

Table 4: Elemental and proximate analysis of biomass 

 The designed gasifier, part names and shown in 

below and gasifier part names, material and quantity are 

listed in below table. 

 
Fig 5: Gasifier assembly 

No. Part name Material Quantity 

1 Air nozzle M.S 1 

2 Firing nozzle M.S 1 

3 Gasifier M.S 1 

4 Lower water seal M.S 1 

5 Hopper M.S 1 

6 Upper water seal M.S 1 

7 Thermocouple Chromal- aluminium 16 

8 Inconal tube Inconal 16 

Table 5: Gasifier Parts 

 The thermocouples are used to measure 

temperature at various zones of gasifier having temperature 

range of 0 – 1200
0
C. To avoid the flow problem a special 

poking arrangement is used which is made of M.S bar with 

2 mm thickness and 600 mm length. 

 The effect of gas generation rate on gas calorific 

value and tar level is shown in below figure, 

 
Fig. 6: Effect of gas generation rate on gas CV and tar 

 The gas generation rate for both type of wood 

corresponds to value ranging from 11.927 to 18.35 Nm3 / 

hr. The maximum temperature recorded for Peltrophorum 

wood was 1093
0
C and for babul wood, it was 1026.54

0
C. 

 In this gasifier it is observed that small particle size 

offers better gas quality in terms of higher gas calorific 

value and reduced tar content. Due to reduced flow 

resistance of venturi shape, the higher gas generation rates 

are possible to achieve. The tar content in gasifier is less due 

to higher temperature level is achieved in down draft 

gasifier. 

D. Rajiv Varshney, J.l. Bhagoria, C.R. Mehta [4]: 

They designed a briquette based closed top throat less down 

draft gasifier of 20 kW. Cylindrical briquettes of pigeon pea, 

lantana and soybean stalks of 6 cm diameter were prepared 

and used as a fuel in the gasifier during the experiment. The 

optimum length of briquettes was about 8 – 12 cm.  

 The experimental set up consists of a gasifier with 

cleaning and cooling units along with a blower and burner. 

The down draft gasifier is co cylindrical whose inner 

diameter is 30 cm and outside diameter of gasifier is 36 cm. 

The air tuyers are located at a height of 40 cm from the 

grate. The diagram of whole unit is shown in below figure, 

 
Fig. 7: Experimental set up of gasifier 

 A water sealing is provided at the bottom of the 

gasifier. Three filters have been used for the cleaning and 

cooling purpose. First filter consists of hollow cylindrical 

iron pieces of 2 cm length in which water is continuously 

recirculated from a tank with a help of a pump. The second 

filter has coal pieces in which, also, water is continuously 

recirculated. The third filter has a coir pith and a sheet of 

foam as a filter material. 
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 S type thermocouples are used to measure 

temperature of the oxidation zone. The maximum 

temperature attained in the oxidation zone of the gasifier 

was about 1200
0
C. Temperature versus time graph for 

pigeon pie briquettes is shown in below figure, 

 
Fig. 8: Temperature versus time graph of oxidation zone for 

pigeon pea briquettes. 

 Pigeon pea was found to be optimum material for 

gasifier during experimentation. Maximum heating value 

was found for pigeon pea briquettes was 18.299 MJ/Kg. The 

Optimum efficiency was found to be 65.18% for pigeon pea 

briquettes at a specific gasification rate of 212.96 kg/h/m
2
. 

The maximum efficiency for lantana briquettes was found to 

be 63.1% at a specific gasification rate of 225.56 kg/h/m
2
. 

The maximum efficiency for soybean briquettes was 62.1% 

at a specific gas generation rate 231.72 kg/h/m
2
 as shown in 

below figure, 

 
Fig. 9: Effect of specific gas production rate on efficiency 

with different biomass of 60 mm diameter. 

E. Sang Jun Yoon, Yung-Il Son, Yong-Ku Kim, Jae-Goo 

Lee [5]: 

They studied the gasification and power generation 

characteristics of rice husks and rice husk pellet using a 

fixed bed down draft gasifier. Fuel feed rate for rice husk 

and rice husk pellet was 40-45 kg/h and 50-60 kg/h 

respectively. Air is used as a gasification agent in the 

gasifier. The gasification was conducted under the 

temperature range of 600 -850 
0
C. In rice husk gasification, 

gas composition of H2, CO, CO2, and CH4 are 13.6%, 

14.9%, 12.9%, and 2.3% respectively.  In rice husk pellet 

gasification, gas composition of H2, CO, CO2, and CH4 are 

18.6%, 20.2%, 8.1%, and 1.5% respectively.  The heating 

value of synthetic gas produced from rice husk pellets shows 

higher value than the synthetic gas produced from rice husk 

gasification. The cold gas efficiency is around 60 % and 70 

% for rice husk and rice husk pellet gasification 

respectively. 

F. Catharina Erlich , Torsten H. Fransson [6]: 

They carried out experimental study of down draft gasifier 

using pellets made of wood and sugar cane bagasse. The 

wood diameter and length are 6mm and 13 mm respectively, 

while for bagasse diameter and length are 6mm and 11mm 

respectively. Wood consumption is around 2.7-3.2 kg/h 

while bagasse consumption is around 2.7-3.5 kg/h. The gas 

production from wood is about 5.2-6.8 m
3
/h while for 

bagasse it is around 4.8-6.1 m
3
/h. It is observed that stable 

combustible gas production was achieved within 3-4 min for 

wood pellets and 5-7 min for bagasse. The mass 

consumption rate in the gasifier with a certain geometry 

seems to be a function of pellet geometry. The same gasifier 

can be used for various fuels in pellet form but temperature 

level, gas composition may vary based on the fuel which is 

used. 

G. Juan Daniel Martínez, Khamid Mahkamov, Rubenildo 

V. Andrade, Electo E. Silva Lora [7] : 

They indicates that the low heating value and the process 

cold gas efficiency for a down draft reactor are around 4-6 

MJ/Nm
3
 and 50-70% respectively. They found average 

temperature in the combustion zone is about 1000
0
C. They 

found that yield is the parameter that is usually used to 

measure the producer gas specific production in cubic 

meters per mass of feedstock supplied to the system. In both 

fluidized bed and fixed bed reactors, the yield is directly 

proportional to the ER variation. Overall, the performance 

parameters of the biomass gasification in a down draft 

reactor, namely the producer gas composition, its calorific 

value , the yield and the efficiency of the conversion 

process, depend on process parameters such as the 

equivalence ratio which determines the temperature levels.. 

III. CONCLUSION 

Down draft gasifier are best suitable to produce tar free gas 

compare to all others types of gasifier and construction of 

down draft gasifier is also simple. 

 A downdraft gasifier requires a shorter time to 

ignite and bring the plant up to working temperature 

compared to the time required by other types of gasifier. 

 The various factors which affects the down draft 

gasifier are throat diameter, throat inclination, nozzle 

inclination, length of reduction, nozzle diameter, number of 

nozzles,  height of nozzle plane above the throat etc. 

 Throated down draft gasifier is suitable only for 

scale up of smaller sizes of gasifier because this gasifier do 

not allow uniform distribution of flow and temperature in 

constricted area for larger sizes. 

 The down draft gasifier are safer from 

environmental point of view because of lower level of 

organic components in condensate compare to updraft 

gasifier. 
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