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Abstract— Because of present and predicted scenario about 

future of energy ,we can say that there is urgent need to look 

after  the available and new non-conventional energy 

resources other than traditional. In that list, energy 

production from producer gas is one of the prominent 

option. Producer gas i.e. gas produced  after burning of 

biomass or particularly wood. Now a days because number 

of attempts towards gasification , the gas can be use directly 

for internal combustion engine. Producer gas derived from 

biomass gasification, as an important renewable and 

economical energy source for both heat and electricity 

generation, is being recognized for its true potential as well 

as urban industry. CFD i.e Computational Fluid Dynamic 

study of carburetor gives fluid flow visualisation inside the 

domain. A specially designed producer gas carburetor is 

comprehensively analyzed  by researchers for its mixing 

performance and response with a CFD modeling. In this 

paper, a review has been done on CFD study of carburetor  

for producer gas engine. 
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I. INTRODUCTION 

Producer gas is the best fuel for substituting conventional 

fuels because of low pollutants and Carbon dioxide 

emission. Recently sky-rocketing fuel cost, energy security 

and environmental pollution issues are becoming very 

important concerns worldwide, so amongst the various 

alternatives fuels, Producer gas is the most practical 

solution. Carburetors are in general defined as devices 

where a flow induced pressure drop forces a fuel flow into 

the air stream. An ideal carburetor would provide a mixture 

of appropriate air-fuel (A/F) ratio to the engine over its 

entire range of operation from no load to full load condition. 

To ensure proper performance, Carburetors should be 

reproducible and have unequivocal adjustment procedures. 

Carburetor is one of the important components in such 

Category and it is identified that additional research work is 

to be carried out in establishing a design procedure for this 

application. Mixing devices for gases used in gas engines 

generally referred to as carburetor, for mixing air and 

gaseous fuels are commonly attached to the intake manifold 

of an internal combustion engine. In designing the producer 

gas carburetor, simplicity and ruggedness have always been 

considered as a basic requirement to achieve easy 

adjustment and reproducible performance. The carburetor 

designed for producer gas must have an ability to maintain 

the required air-to-fuel ratio (1.2 to 1.5:1) with varying load 

conditions, smooth operation with minimal pressure loss and 

on-line provision for air/fuel tuning during the operation. 

The effective area reduction of gas and air entry holes is 

considered by taking a suitable coefficient of discharge. The 

producer gas carburetor is being designed to have air and 

fuel flow at ambient conditions to be stoichiometry. 

 

II. LITERATURE REVIEW 

N. R. Banapurmath, V. S. Yaliwal, et.al. have presented the 

effect of producer gas on the performance of the engine with 

carburetor modifications. The model is a mixing chamber 

having essential orifices for air and producer gas inlets to 

generate stoichiometric mixture at near to ambient 

conditions with required driving pressure differential for the 

flow. The carburetors were drawn from Y – shape and 

parallel gas entry. Preprocessing has been done in GAMBIT 

and solver FLUENT has been used for analysis. The inlet 

boundary conditions for air and Producer gas are mass flow 

rate and pressure were applied and no buoyancy steady state 

condition.  The initial condition of flow rate through the air 

inlet with ideal mass fraction as 0 is considered and mass 

fraction of Producer gas is 1. The results obtained for 
different carburetor shapes were given in the Table 1 

.Producer gas mass fraction across a selected plane, velocity 

streamlines and velocity vectors were explained. 

 

Fig. 1: Three-D Model of Calculater 

 

Fig.2: Contour of Producer Gas 

 

Fig. 3: (a) Velocity Streamline (b) Velocity Vector 

Parallel shape carburetor 
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Fig. 4: 3-D Model of Calculator 

 

Fig. 5: Method Model 

 

Fig. 6: Velocity Streamlines 

 

Fig. 7: Velocity Vectors 
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Table. 1: Results obtained for Differet Carburettor shape 

Three dimensional CFD computations on producer 

gas carburetor made have been able to capture the detailed 

functional features of fluid flow in the carburetor 

configurations considered and the results on engine are 

found to be consistent at different engine operating 

conditions. Turbulent model based on k-ε theory with the 

CFD predictions of the producer gas mass fraction and the 

carburetor flow analysis has been evaluated leading to 

bringing out of an optimal design of the Producer gas 

carburetor that is used for prototype testing and real–time 

testing.  

T. R. Anil,S. D. Ravi, et. al., A specially designed 

producer gas carburetor is comprehensively analyzed for its 

mixing performance and response with a CFD modeling. 

The model is made up of a mixer chamber that has the 

essential orifices for air and fuel (producer gas) inlets to 

generate stable stoichiometric mixture at near to ambient 

conditions using the induction of the engine as the driving 

pressure differential for the flow, and tested for a case of 

engine of 25 kWe capacity. The CFD simulations are carried 

out followed with experimental studies to validate the 

analysis. CFD software used for cold flow analysis is CFX 

10. The k-ε turbulence model is most commonly used and is 

considered to be the best model between computational time 

and precision.The geometric model is built using Ansys 

workbench. The producer gas carburetor is as shown in the 

Figure 9.   has orifices placed at air and gas inlets such that 

the A/F ratio at ambient flow condition should be 

stoichiometry. The Figure 9 shown below is the geometric 

model of the producer gas carburetor designed and analyzed 

for optimal pressure drop with good mixing ability. 

 

Fig. 8: Producer Gas Carburator 

CFD Simulations are carried out on the producer gas 

carburetor. The air and producer gas passes through inlet 

pipe of 50 mm diameter in the axial flow into mixing 

chamber through an orifice of 28.5mm and 26mm diameter 

respectively. Producer gas inlet pipe is provided with 

butterfly valve and geometric model for 0 to 90 in steps of 

15 degree is built to carry out analysis at different valve 

openings. For different mass flow from 0.005kg/s to 0.05 

kg/s insteps of 0.005kg/s at the carburetor outlet condition 

was tried out 

 

Fig. 9: Meshed Model 

The flow domain considered for simulation is the 

whole carburetor assembly with steady state flow. Here for 

simplicity of analysis a single gas (carburetor gas) entity is 

considered having air ideal gas and producer gas. The 

relative pressure of the carburetor domain is assumed to be 1 

atmosphere with non buoyancy condition. For air inlet 
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boundary condition mass and momentum, static pressure 

equivalent to domain reference pressure is set with flow 

condition being subsonic. The initial condition of flow 

through the air inlet with air ideal mass fraction as 1 is 

considered. The initial boundary condition for fuel inlet is 

same as the air inlet except for the flow of producer gas 

mass fraction being 1 at the inlet. The boundary condition 

for carburetor outlet is of different mass flow rate which is 

to be simulated is considered. Turbulence consists of 

fluctuations in the flow field in time and space. It is a 

complex process, mainly because it is three dimensional, 

unsteady and consists of many scales. It can have a 

significant effect on the characteristics of the flow. 

Turbulence occurs when the inertia forces in the fluid 

become significant compared to viscous forces, and is 

characterized by a high Reynolds Number. The k-ε model of 

turbulence is widely chosen for fluid flow analysis. k is the 

turbulence kinetic energy and is defined as the variance of 

the fluctuations in velocity. ε is the turbulence eddy 

dissipation (the rate at which the velocity fluctuations 

dissipate). To simulate the turbulence parameters, a standard 

k-ε model has been chosen with isothermal heat transfer 

condition at 300 K. 

 

Fig. 10: Producer Gas Mass Function 

 

Fig. 11: Velocity 

Figure 11 shows the contour of producer gas mass 

fraction along the length of carburettor, it shows how gas 

mass fraction varies from inlet to outlet of domain. Figure 

12 shows the velocity vector plot alon the plane of 

carburettor. Three dimensional CFD computations on 

producer gas carburetor made have been able to capture the 

detailed functional features of fluid flow in the carburetor 

configurations considered and are found to be consistent 

with the experimental work done with simulations for 

engine operating conditions. Turbulent model based on k-ε 

theory with a RANS code has been used for the CFD 

predictions of the producer gas mass fraction and the 

carburetor performance has been evaluated leading to 

bringing out of an optimal design of the PG carburetor that 

is used for prototype testing and real–time testing. 

Pranay Kale, Navneet J, Ravi S D, et, al. A 

geometrical configuration of the specially designed 

carburetor is analysed for its mixing performance and 

pressure losses in the device with CFD modelling using a 

commercially available industry standard 3-D RANS code. 

3-D RANS CFD code is used for the flow analysis and a 

computational model with suitable mesh is generated. The 

k-ε turbulence model is considered to be the optimal model 

for the case considered. The geometric models are built 

using Catia-V5 geometric modelling code used. The 

carburetor is as shown in the Fig. 13 and it has orifices at air 

and fuel inlets such that the A/F ratio at ambient flow 

condition should maintained stoichiometry for a 25 kW 

engine. 

 

Fig. 12: Model Considered For Study 

In order to overcome the problems associated with 

the use of zero pressure regulators and to maintain the 

stoichiometry A/F mixture, carburetor uses the orifices at 

both air and gas lines. Orifices are designed based on the 

mass flow rate of the gas required for IC engine. Continuous 

hexahedron meshed model considered for CFD analysis and 

which is shown in Fig. 14., with 1.4 lakh computational 

nodes. 

 

Fig. 13: Mesh Geometry Model of Carbutore 

A 3 Dimensional RANS code having up winding 

implicit scheme and k-ε approach for turbulence is used for 

obtaining numerical solution. The Equations are solved for 

steady incompressible flow. The boundary and initial 

conditions used include (a) no slip at the walls; (b) Assigned 

mass flow rate and pressures at inlet and outlet ports. The 

CFD simulations are carried out on the carburetor geometric 

models as shown in Fig. 13. The air and fuel pass through 

inlet ducts of size 50 mm X 50 mm. The air inlet is kept 

tangential and fuel inlet radial to the cylindrical mixing 

chamber. Fig. 15 and fig. 16  shows the streamline plots and 

velocity vector plots. 

 

Fig. 14: Velocity Streamline Plot 
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From the analysis, it can be seen that the mixing of 

fuel and air in the carburetor is occurring fairly well and 

rendering the variation in mass fraction at the exit nearly to 

be within 2% considered to be good enough for a premixed 

combustion in the engine. 

 

Fig. 15: Velocity Vectore Plot for Full Flow 

Condition & Without Valve Control 

The velocity at outlet is designed to be below 

10m/s, Re works out to be 35055 and pressure drop across 

the carburetor is found be about 116 Pa. In the previous 

works on carburetor analysis it is noticed that there is 

considerable pressure drop at the outlet. Efforts are made to 

reduce the pressure drop and to achieve the proper mass 

fraction by changing the air inlet position (15°, 30°, 45° and 

60°).. Further analysis is carried out to study the impact of 

change in the position of air inlet (by changing it to 15°, 30°, 

45° and 60° with respect to the original tangential position) 

and by changing the diameter of the outlet. From these plots 

one can notice that for air inlet angles 15°, 30° and 45° are 

suitable to obtain the desired mixing but the pressure drops 

are considerably high in these cases and are in the order of 

116 pa. In order to reduce the pressure drop across the 

device, a change in configuration is made with the outlet is 

increased by 1.5 times than the existing exit port of 

carburetor and considering the valves are fully open. This 

set of results reveal the optimization achieved in the 

geometrical configurations for the concept considered.  

The work is carried out with an objective to 

achieve optimum design for a carburetor for engine 

application with fuels of low energy contents, mentioned 

earlier. 3-D CFD simulations made have been able to 

capture the detailed functional features of fluid flow in the 

carburetor configurations considered. The results obtained 

from the computational studies provide a good insight of its 

functional behaviour. Turbulent model based on k-ε model 

with a RANS code has been used for the CFD predictions of 

the fuel and air mass fractions and the carburetor 

performance has been evaluated. The outcome has brought 

out an optimal design of the carburetor that can be used for 

prototype testing and qualifying tests. The results indicate 

that there is a good mixing of the constituent gases in the 

geometries considered and the optimization has allowed to 

have reduced pressure drop of about 20 Pa. Apart from the 

reduction in the cost function of the design, this approach 

has led to provide performance border lines in the possible 

geometrical options giving an edge over the empirical 

design approach and manage to meet the constraints of the 

applications.. 

III. CONCLUSIONS 

In the work of N. R. Banapurmath, V. S. Yaliwal et al., 

Compared to Y-carburetor and basic carburetor, parallel gas 

entry carburetor results in better performance. CFD 

simulation brings out the flow detail inside the domain. 

The results of T. R. Anil, S. D. Ravi et al. have also 

shown a consistency in the experimental data and the 

modeling has provided a good insight into the flow details 

and optimization in the geometrical design to get a good 

mixing efficiency. 

The results of Pranay Kale, Navneet J, Ravi S D, 

et, al. shows that from the computational studies provide a 

good insight of its functional behaviour. The results indicate 

that there is a good mixing of the constituent gases in the 

geometries considered and the optimization has allowed to 

have reduced pressure drop. The outcome has brought out 

an optimal design of the carburetor that can be used for 

prototype testing and qualifying tests. 

With this literature review, extensive research work 

can be carried out with the present Producer Gas Carburetor 

and further much more development and modifications can 

be done for the commercial utilization of Producer Gas as a 

major fuel for I.C. Engines and thereby much of the load on 

the present conventional fuels i.e. Petrol and Diesel can be 

reduced with such scope. This optimization has paved a way 

in overcoming multiple hardware building and testing and 

has allowed to get enhanced performance of the prototyping 

model that could lead to blend suitably for the engine 

applications specified. These aspects of this work are 

considered to provide a design alternative in bridging the 

technology gap in the area of low energy fuel based engine 

applications. 
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