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ABSTRACT
Gasification of solid biomass into gas often referred as producer gas which has higher heating value can be used to
operate internal combustion engine. Here an attempt has been made to successful gasification of Prosopis Juliflora
Wood and identification of optimum equivalence ratios in downdraft double throat gasifier for generation of quality gas for
onward generation of power. A small scale downdraft double throat wood gasifier is designed to deliver a power of 10 kW e
to run an IC Engine also the the performance analysis like Specific gasification rate , Gas production rate,gas
efficiency,fuel consumption rate are prdedicted for given conditions.The optimum equivalence ratio for wood have been
estimated to 0.3, the gas composition( CO,H 2) and calorific value of wood is observed as CO = 18.8 %,H2 =12.8 %,CV
3
=1082 Kcal/nm .
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1.INTRODUCTION
A great heap of exertion is on its way all over the globe to tap the non-conventional energy resources. Non-conventional
energy resources like bio mass, wind and solar are used for power generation instead of nonrenewable energy resources
such as diesel, petroleum ,etc. because nonrenewable energy resources are becoming scarce one. Bio mass provides
better efficiency because it is cost-effective, ecofriendly and ensures less emission due to bio chemical conversion
process.
Biomass replaces nonrenewable fuels in energy devices for satisfying 14 % of the world’s energy demands (Hall et al,
1992). Biomass is the most important source of energy in developing nations, providing 35% of their energy (Siva Kumar
et al,2008). Biomass can be changed into liquid, solid and gaseous fuels through thermo chemical conversion process.
(Tapas Patra and Sheth, 2015).Gasification is one of the foremost biomass conversion technologies with internal
combustion engines being regularly used as foremost movers in biogas power plant units (Felipe et al, 2012). A number of
researchers , namely Giltrap et al,(2003), Jayah et al, (2003); Gao and Li (2008); Sharma (2008) and Ratnadhariya and
Channiwala (2009), agree that, in case of downdraft gasifiers, the modeling of chemical reactions that takes place in
different zones should be carried out separately
The objective of the present work is to conduct a performance analysis of a down draft double throat gasifier with
Prosopis Juliflora wood( seema karuvellam wood) as a feed stock to generate tar free producer gas, which will help to run
the IC Engine. Also to predict the performance analysis like Specific gasification rate , Gas production rate,gas
efficiency,fuel consumption rate are prdedicted for given conditions.

2.MATERIAL AND METHODS
2.1 Biomass
Biomass used in this study is Prosopis juliflora wood. The proximate and ultimate analysis is conducted and the values are
listed in Table 1. Reed and Das (1988) have reported that low moisture content is preferred because of its higher gross
energy content and to produce a high-quality producer gas, the moisture content of the Prosopis juliflora has been kept at
4.03% for this experimental analysis.
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Table 1. Prosopis juliflora wood properties
Proximate Analysis
Ultimate Analysis
Properties

%

Properties

%

C

42.22

moisture

4.03

Hydrogen

5.01

Volatile Matter

84.64

N

0.21

Fixed Carbon

10.23

S

0.002

4593.061

O2

46.25

Calorific
( kcal/kg)

ASH

1.10

Value

2.1 Experimental Approach and Measurement System.
Experimental apparatus and Measurement System is illustrated in Figure.1. The steel apparatus consists of gasification
reactor, cyclone, induced draft blower at 6 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 feedstock for this experiment is Prosopis juliflora cut into 2 cm cubes approximately which has a bulk density of
3
around 400kg/m . The Prosopis juliflora cubes are loaded into the reactor at the feedstock hopper. The gasification
approaches namely: single stage air supply have been studied in the same reactor. For the single-stage, air was supplied
only at the combustion nozzles and valves V1 and V2 as shown in Figure. 2. The air supply rate was controlled by
observing the flow rate at rotameters 1 and 2 to accordingly adjust control valve 1 and control valve 2. The measuring
instruments are installed at appropriate position to collect the data’s like Producer gas flow, level transmitter, flow
counting, temperature of the reactor and analysing of gases.

Fig.1 Experimental Setup of Downdraft gasifier
gasifier

Fig.2: Experimental and measurement setup of Downdraft

3.RESULTS AND DISCUSSIONS
3.1 Equivalence ratio Vs Specific Gasification Rate(SGR)
The graph Figure 3.it shows that the relationship between the equivalence ratio and specific gasfication rate. The
equivalence ratio is given as the values as 0.2-0.4.and the specific gasification rate is given as the value as between 0-6.
3
3
There are four inputs and four outputs are obtained and the SGR values are lies between 2 Nm /Kg to 3 Nm /Kg
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Figure 3 Equivalence ratio Vs SGR

Figure 4 Equivalence ratio vs Gas production rate

3.2 Equivalence ratio vs Gas production rate
The Equivalence ratio is considered by many authors as the main factor for determining the performance of downdraft
gasifier. According to Read & das , Equivalence ratio as an important effect in the gas production rate, the gas energy
content, the fuel consumption rate, the power output and char and tar production rate, and is independent of the reactor
dimensions. Lower equivalence ratio results in a relative slow pyrolysis conditions mainly favoring the obtainment of a gas
with high tar content on the contrary, the higher equivalence ratio, causes faster pyrolysis conditions favoring char
production and gases with higher temperature in flaming zone. Never the less, there is also a considerable negative the
effects, decline of the reduced time resulting in the unfavorable condition for the tar cracking when the gas steam passes
through the combustion and gasification zone.This behavior is like the minor biomass consumption rate then the
consequently to the minor producer gas generated.from thr graph figure.4 it observed that

3.3 Equivalence Ratio vs Gas Efficiency
Equivalence ratio was calculated based on a function of a material factor which represents the amount of air needed to
obtain combustion of 1 kg of dry biomass. Which was estimated based on stoichiometric calculations. It can be computed
automatically from the elemental composition of the biomass. And the equivalence ratio was plotted against the efficiency
of the gasifier. The graph from figure 5 it clearly shows the efficiency is decreasing from 60 % to 45 %while increasing of
equivalence ratio from 0.2 to 0.4.
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Figure 5. Equivalence ratio vs Efficiency
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Figure 6. Equivalence ratio vs Gas composition

3.4 Equivalence Ratio vs Gas composition
From the graph figure 6. it shows that the gas composition of the output gas from the gasifier. The above graph is plotted
between equivalence ratio and gas composition. The graph clearly shows the composition of gases such as Co, H 2, CO2,
CH4 and they having the values of (in %) 25.5, 21.6, 11.85, 4.1 respectively.

3.CONCLUSION.
The results from a detailed experimental analysis conducted on the 10 kW e Downdraft double throated Prosopis Juliflora
wood gasifier with different equivalence ratio suggests that the optimum equivalence ratio for given biofuel and working
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conditions. it can be concluded from the results the equivalence ratio plays major role in the downdraft
3
gasification. From the analysis we found that the optimum equivalence ratio and calorific value is 0.3 and 1042 kcal/nm .
The specific gasification rate,gas production rate, gas efficiency achieved by Prosopis Juliflora wood gas mode operation
3
is 3 Nm /Kg ,55 kg/hr,55% respectively for given optimum equivalence ratio.
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