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ABSTRACT 

 The objective of this study was to identify the most influential parameters related to fuel wood gasification with a down draft 

gasifier in order to improve the gasification processes. A downdraft gasifier of 5 kWe was designed and fabricated using empirical data. 

To study the effect of equivalence ratio(ER) on the specific gasification rate(SGR), the calorific  value of gas and the cold gas efficiency 

for three throat diameters (60 mm, 90 mm and 120mm). Five trials were carried out for each throat diameter by varying the supply air 

flow to change the ER. The results showed that the calorific value (CV) and cold gas efficiency of gas reduced with the increase of ER, 

for all three throat diameters. The specific gas production (SGP) increased with ER under all throat diameters.  
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INTRODUCTION 

A great heap of exertion is being produced all over the globe to get the non-conventional energy resources. Among the various 

renewable energy resources, biomass holds special promise because of its power to be converted into fuel/energy from with reasonable 

efficiency (Arbon et al., 2002). Biomass can be applied in most existing energy devices/machines as a replacement for petroleum fuels 

(McKendry et al.,2002). Worldwide, biomass ranks fourth as an energy resource, supplying roughly 14% of the world’s energy demands 

(Ravindranath et al., 1995). Biomass can be converted into liquid, solid and gaseous fuels with the avail of some physical, chemical and 

biological conversion processes. Gasification is one of the main biomass conversion technologies with internal combustion engines 

being frequently used as prime movers in biogas power generation units (Hall et al.,1992 and Giltrap et al., 2003). 

This work presents the   wood based producer gas from 5 kWe Downdraft gasifier and its influence on the effect of Equivalence 

ratio(ER) and throat diameter on the performance of downdraft  gasifier in terms of Calorific vale of gas, Specific gas production rate 

and Cold gas efficiency.Experimental trials were carried out using three sizes of throat diameters. The throat diameters used were 60mm, 

90mm and 120mm. For each size of throat, five experimental trails were done with different settings of air supply in order to vary the 

Equivalence Ratio.  

MATERIALS AND METHODS 

Biomass: Biomass used in this study is wood. The properties of wood for 25 cm3 Size with 14 % moisture content, values are listed in 

table 1. The moisture content of the feed material is one of the main characteristics, which affects the composition of the product gas 

(Jayah et al., 2003).  

Design and fabrication of gasifier: The principal design parameters for the design if gasifiers are specific gasification rate (SGR), Gas 

resistance time (GRT) area of nozzles and number of nozzles. The parameters like hearth diameter and throat diameter, total length of 

combustion and reduction zone, air velocity, etc are established from the available data in the Siva kumar et al (2013).   The parameters 

and their calculated values for design of a down draft gasifier of a 5 kWe capacity are listed in table 2. 

S.No Details Value 

1 

Maximum fuel consumption ( 

kg/hr.) 5.5 

2 Throat diameter (mm) 60,90,100 

3 Height of the nozzle (h/dt) 54 

4 Nozzle ring Diameter(mm) 150 

5 Number of nozzle(mm) 4 

6 Diameter of nozzle(mm) 30 

7 Hearth Diameter  (mm) 340 
 

Property Dry basis 

Bulk density (kg/m3) 286 

HHV (MJ/kg) 19.36 

Moisture content (%) 14 

Volatile matter content (%) 88.06 

Fixed carbon content (%) 10.99 

Ash content (%) 0.95 
 

Table.1.Fuel Properties Table.2.Design Details Of Gasifier 

  

Siva Kumar et al. (2006) discovered from their model that for throat angles of about 45˚, the cumulative conversion efficiency 

is increased while larger angles of about 90˚ decrease the cumulative conversion efficiency because of a decreased temperature for larger 

throat angles due to the divergent effect and the reaction rate. Venselaar (1982) also recommended that after comparison of the design 

characteristics of a number of gasifiers, the throat inclination should be around 45˚ to 60˚. A throat angle of 45˚ is used.  

Experimental Approach and Measurement System: Experimental apparatus and Measurement System is illustrated in figure.1. A 

small scale downdraft wood gasifier was designed to deliver a mechanical power of 5kWe to run the diesel engine.  The steel apparatus 

consists of gasification reactor, cyclone, induced draft blower at 4 positions with fittings and valves .The top of the reactor was closed 

and bottom of the reactor was water sealed to arrest the escaping gas and to collect the tar. The measuring instruments are installed at 

appropriate position to collect the data’s like Producer gas flow, level transmitter, flow counting and temperature of the reactor and 

analyzing of gases. Different throat diameters  are achieved by means of Chaplets as shown in Figure 2.The location of the combustion 

chamber throat are coated with CUMI M45 (45 % alumina) castable as shown in Figure.3. The air supplies above the throat have four 

positions air supply system which is radially placed to provide whirling motion for partial combustion. The reactor and throat have 45◦ 

inclination to create pressure difference. The producer gas is collected at the middle position of the reactor.The gasifier operated as per 

the procedure prescribed by Ministry of Non conventional Energy sources. 
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RESULT AND DISCUSSION 

The calorific value exhibits a decreasing trend with almost same pattern for all three throat diameters. From the Fig.4 We 

Observed that the highest calorific value around 3850 kJ/Nm3 was obtained for each throat diametes near 0.26 ER. The variation of 

calorific value with ER was almost same for three throat diameters. When considering three throat diameters, the maximum specific 

gas production rate around 3.25 Nm3/kg was obtained for 90 mm and 120 mm throat diameters at equivalence ratio of 0.31 as shown in 

Fig 5. Further, when the ER is increased, throat diameter 90 mm gave slightly higher specific gas production than throat diameter 

120mm for same ER value. For 60 mm throat diameter, the maximum specific gas production rate of 2.6 Nm3/kg was seen near 0.33 

equivalence ratio. 

  

Figure. 1 .Downdraft 

Gasifier. 

Figure.2 .Chaplets for 

Throat Diameter of 90 mm 

The cold gas efficiency exhibits a similar decreasing trend for all three throat diameters. From Fig.6 we observed that the ER 

is increased, throat diameter 90mm gave higher cold gas efficiency than throat diameter 120mm for same ER value. The 60mm throat 

diameter gave the minimum cold gas efficiencies. According to above figures, the equivalence ratio plays a significant role in the 

performance of gasifier. As shown in the Fig. 3 – 5 there is a clear variation of performance when varying the equivalence ratio for 

same throat diameter.  

 

   

Fig.3 . Calorific Value Vs Equivalence 

Ratio. 

Fig. 4. Calorific Value Vs 

Equivalence Ratio. 

Fig.5. Specific Gasification rate Vs 

Equivalence Ratio. 

 
Fig.6. Cold Gas Efficiency Vs Equivalence Ratio 

According to Siva Kumar et al., 2008, the conversion efficiency has the highest value for the smallest throat diameter. This is 

because the throats with larger diameters decrease the temperature due to divergent effect and hence decrease the reaction rate and vise 

versa. When considering 90mm and 120mm throats of the present study, cold gas efficiency of 90mm throat gave higher values 

compared to 120mm throat similar to Siva kumar et al., 2008. But, 60mm throat gave minimum cold gas efficiencies. This may be due 

to low gas production as a result of bridging of fuel with inadequate throat size. 

CONCLUSIONS 

The fuel properties of wood used in this study were in acceptable limits. Optimum equivalence ratios for each thoat diameter 

was found to be 0.25-0.30 and cold gas efficiencies is 69-71.The specific gas production rates at the above optimum equivalence ratios 

were in the range of 2.6-3 Nm3/kg. But, higher specific gas production rates were obtained with higher equivalence ratios.Out of three 

throat diameters used, 90 mm throat exhibit higher cold gas efficiency compared to 120 mm, when increasing ER and 60 mm throat 

gave minimum performance due to low gas production. the calorific value (CV) and reduced with the increase of ER, for all three throat 

diameters. The specific gas production (SGP) increased with ER under all throat diameters. On the other hand when a large amount of 

gas is needed higher value of ER is recommended. If the application is thermal, the efficiency at its optimum point was around 70%. 
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