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ABSTRACT 

Carburetors play an important role in supplying the required air-fuel mixture to spark ignition engines. The Venturi 

is a critical component of a carburetor because it creates a pressure difference that helps in drawing fuel into the 

incoming air stream. The flow behaviour inside the Venturi is influenced by several parameters, including Venturi 

geometry, throat diameter, inlet and outlet dimensions, nozzle angle, throttle position, air velocity, and pressure 

distribution. Improper selection of these parameters can result in non-uniform flow, pressure losses, turbulence, and 

poor fuel-air mixing, which may affect engine performance and fuel efficiency. This review paper presents a 

comprehensive study of flow behaviour and parametric optimization in carburetor Venturi systems. Previous 

experimental, numerical, and CFD-based investigations related to Venturi flow, pressure variation, velocity 

distribution, turbulence, fuel entrainment, and geometric optimization are reviewed and discussed. The influence of 

throttle opening, Venturi dimensions, nozzle configuration, and operating conditions on flow charac teristics is also 

examined. Special attention is given to CFD techniques used for predicting pressure, velocity, and flow patterns 

inside carburetor Venturi passages. The review identifies important design parameters and summarizes their effects 

on Venturi performance. Based on the reviewed studies, suitable geometric and operating parameters can improve 

airflow, fuel mixing, pressure recovery, and overall carburetor performance. The study also highlights existing 

research gaps and provides directions for future CFD-based parametric optimization of carburetor Venturi systems. 

Key Words: Carburetor Venturi, Flow Behaviour, Parametric Optimization, CFD Analysis, Air-Fuel Mixture, Pressure 

Distribution, Velocity Distribution, Throttle Opening, Venturi Geometry, Fuel Mixing, Turbulence, Engine 

Performance. 

I.  INTRODUCTION 

A carburetor is an important device used in conventional spark ignition engines to prepare and supply the required air -

fuel mixture to the engine. The quality of the air-fuel mixture has a direct effect on combustion, engine performance, 

fuel consumption, and exhaust emissions. For proper engine operation, the carburetor must provide an appropriate 

quantity of fuel mixed with air under different operating conditions. Therefore, understanding and improving the flow 

characteristics inside a carburetor is an important area of research. The Venturi is one of the most important parts of a 

carburetor. It consists of a converging section, a narrow throat, and a diverging section. As air passes through t he 

converging passage, its velocity increases and its static pressure decreases. The pressure difference created at the throat 

helps draw fuel through the fuel nozzle into the air stream. The resulting air -fuel mixture then passes through the outlet 

section and enters the engine. Hence, the flow behaviour inside the Venturi strongly affects the fuel supply and mixing 

process. The performance of a carburetor Venturi depends on several geometric and operating parameters. Important 

geometric parameters include inlet diameter, throat diameter, throat length, outlet diameter, nozzle position, nozzle 
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angle, and the shape of the converging and diverging sections. Operating parameters such as throttle opening, air 

velocity, pressure, temperature, and fuel properties also influence the flow characteristics. A suitable combination of 

these parameters is required to obtain stable airflow and effective fuel mixing. Improper Venturi design may produce 

excessive pressure losses, flow separation, turbulence, and non-uniform velocity distribution. These effects can reduce 

the quality of the air-fuel mixture and may lead to incomplete combustion, increased fuel consumption, and higher 

emissions. Therefore, optimization of Venturi geometry and operating conditions is important for improving the overall 

performance of a carburetor. Experimental investigation of internal carburetor flow can be difficult because the flow 

passage is relatively small and the flow characteristics change continuously with throttle position and engine o perating 

conditions. Computational Fluid Dynamics (CFD) provides an effective method for studying these flow characteristics. 

CFD can be used to predict pressure distribution, velocity distribution, turbulence, flow separation, and other important 

parameters without requiring extensive physical testing. Several researchers have investigated carburetor and Venturi 

flow using experimental and numerical techniques. Their studies have examined the effects of throttle opening, Venturi 

dimensions, nozzle configuration, and different operating conditions on airflow and fuel mixing. These investigations 

show that changes in small geometric parameters can significantly influence the pressure and velocity fields inside the 

Venturi. Parametric optimization provides a systematic approach for identifying suitable Venturi dimensions and 

operating conditions. By studying different combinations of parameters, the flow characteristics can be compared and 

improved. CFD-based optimization can also reduce development time and experimental cost while providing detailed 

information about the internal flow field. Therefore, the present review focuses on the flow behaviour and parametric 

optimization of carburetor Venturi systems. The review discusses the basic working principle of the Venturi, important 

geometric and operating parameters, pressure and velocity characteristics, turbulence and flow separation, fuel -air 

mixing, and the application of CFD techniques. Previous research findings are critically reviewed to identify importan t 

design parameters, research gaps, and future possibilities for improving carburetor Venturi performance.  

 

II.  PROBLEM IDENTIFICATION 

The flow behaviour inside a carburetor Venturi is influenced by several geometric and operating parameters, making it 

difficult to obtain optimum flow conditions under all engine operating conditions. Changes in air velocity, pressure, 

throttle opening, and fuel flow can significantly affect the pressure and velocity distribution inside the Venturi. One of 

the major problems is the non-uniform flow distribution through the Venturi passage. Improper selection of inlet, 

throat, and outlet dimensions may cause excessive pressure losses, turbulence, and flow separation. These conditions 

can reduce the effectiveness of the Venturi and affect the formation of the required air -fuel mixture. The throat region 

is particularly important because the maximum air velocity and minimum pressure generally occur in this region. The 

throat diameter and throat length must therefore be properly selected. An unsuitable throat geometry may result in 

insufficient pressure drop or excessive flow restriction, affecting fuel induction and engine performance. The fuel 

nozzle is another important parameter affecting Venturi performance. Its position, diameter, and angle influence fuel 

discharge and mixing with the incoming air. An unsuitable nozzle angle may produce non-uniform fuel distribution and 

poor air-fuel mixing, which can negatively affect combustion and fuel efficiency. Throttle opening also pro duces 

significant changes in the flow field. Different throttle positions alter the airflow rate, velocity, and pressure distribution 

inside the carburetor. Therefore, a Venturi design that performs satisfactorily at one throttle position may not provide 

the same flow characteristics at other operating conditions. Experimental investigation of the internal flow field is also 

difficult because of the complex geometry and continuously changing flow conditions. CFD analysis can overcome 

some of these limitations by providing detailed information about pressure, velocity, turbulence, and flow patterns 

inside the Venturi. Hence, there is a need to systematically review the available research on carburetor Venturi flow 

and identify the most influential geometric and operating parameters. Parametric optimization of these parameters can 

help in achieving improved airflow, pressure characteristics, fuel mixing, and overall carburetor performance.  

III.  RESEARCH OBJECTIVE 

The main objective of this review is to study and evaluate the flow behaviour and parametric optimization of carburetor 

Venturi systems for improving airflow, pressure characteristics, fuel-air mixing, and overall carburetor performance. 

The specific objectives of the research are as follows. 

The major objectives of this review paper are: 
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1. To study the fundamentals of carburetor Venturi flow and its working principle under different operating 

conditions. 

2. To review the construction, geometry, and flow characteristics of conventional carburetor Venturi sys tems. 

3. To investigate the effect of Venturi geometric parameters such as throat diameter, throat length, and inlet -outlet 

dimensions on flow behaviour. 

4. To examine the effect of throttle opening, pressure, velocity, and other operating conditions on airflow and fuel -air 

mixing. 

5. To review the influence of fuel nozzle parameters, including nozzle diameter, position, and angle, on fuel 

discharge and mixing characteristics. 

6. To study the application of CFD techniques for analyzing pressure distribution, velocity d istribution, turbulence, 

and flow separation inside carburetor Venturi systems. 

7. To review parametric optimization techniques used for improving airflow, pressure distribution, fuel mixing, and 

overall Venturi performance. 

8. To identify research gaps and suggest future directions for the design and CFD-based optimization of carburetor 

Venturi systems. 

 

IV.  LITERATURE REVIEW 

The flow behaviour and performance of carburetor Venturi systems have been important research areas because the 

Venturi directly influences airflow, pressure reduction, fuel discharge, and air-fuel mixing in spark ignition engines. 

The converging and diverging geometry of the Venturi produces changes in air velocity and pressure, which affect the 

fuel induction process. Conventional carburetor designs are simple and reliable, but their flow characteristics may be 

affected by throttle position, Venturi dimensions, nozzle geometry, and engine operating conditions. Research has 

therefore increasingly focused on experimental investigations, CFD-based flow analysis, geometric modification, and 

parametric optimization of carburetor Venturi systems to achieve improved airflow, pressure distribution, fuel mixing, 

and overall engine performance. 

Ajitabh et al. (2026) investigated the flow and fuel-delivery characteristics of a carburetor used in a small spark 

ignition engine. The study focused on understanding the relationship between airflow through the Venturi and fuel 

delivery through the nozzle. Experimental measurements were used to evaluate the v ariation in fuel flow under 

different operating conditions. The researchers observed that Venturi pressure reduction plays an important role in 

controlling fuel discharge. The study also highlighted the importance of accurate fuel -metering characteristics for 

maintaining the required air-fuel ratio. The findings demonstrate the need for proper Venturi and nozzle design for 

stable carburetor operation. 

Chirag Shukla et al. (2026) investigated the internal flow characteristics of a carburetor using numerical analysis. The 

study examined the effects of Venturi geometry and operating conditions on pressure and velocity distribution. CFD 

analysis was used to identify regions of high velocity and low pressure inside the Venturi passage. The results indicated 

that changes in the throat geometry can significantly influence the pressure drop and airflow behaviour. The study also 

emphasized the importance of smooth flow development through the converging and diverging sections. The research 

provides useful information for optimizing carburetor Venturi geometry. 

Bhanupratap Saktawat et al. (2025) studied the flow characteristics and performance of a carburetor Venturi under 

different operating conditions. The investigation focused on the effect of airflow conditions and Venturi geometry on 

pressure and velocity distribution. Numerical analysis was used to examine the flow field inside the Venturi passage. 

The results showed that the throat region experiences a significant increase in velocity accompanied by a reduction in  

static pressure. The study indicated that suitable geometric parameters can improve airflow and pressure characteristics. 

The findings support the use of CFD for analyzing and optimizing Venturi flow. 

Mohammad Sheikh et al. (2025) investigated the effect of Venturi geometry on internal flow characteristics using 

computational methods. The study considered the influence of geometric parameters on pressure loss, velocity 
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distribution, and flow uniformity. The researchers observed that improper geometric transitions can increase turbulence 

and cause flow separation in the diverging region. Suitable converging and diverging profiles were found to provide 

smoother flow development. The study emphasized that Venturi dimensions should be selected carefully to reduce 

unnecessary pressure losses. The findings are useful for developing optimized carburetor Venturi configurations.  

Sonthalia et al. (2024) investigated the flow behaviour of a carburetor using CFD analysis. The study examined 

pressure and velocity variations within the carburetor passage under different operating conditions. The CFD model 

helped identify the high-velocity region near the Venturi throat and the corresponding low-pressure region responsible 

for fuel suction. The researchers observed that throttle position significantly affects the flow field and pressure 

distribution. The study demonstrated that CFD can provide detailed information that is difficult to obtain through 

conventional experimental measurements. The work provides a useful basis for  further parametric optimization of 

carburetor Venturi systems. 

Arvind and Swaminathan (2024) investigated compressible flow through a complex-geometry carburetor Venturi 

using three-dimensional CFD analysis. The study considered important internal components such as the fuel tube and 

throttle plate and examined their influence on airflow characteristics. Different throttle plate positions were analyzed to 

determine changes in pressure, velocity, turbulence, and total pressure. The results showed that the f uel tube and 

throttle plate can create wakes and contribute significantly to pressure losses within the Venturi. The study also 

observed flow separation and increased turbulence near the throttle and downstream regions. The work demonstrated 

the importance of considering actual carburetor geometry rather than analyzing an ideal Venturi alone.  

Suman Kumar and Krishanpal Singh Rajpoot (2023)  investigated the effect of throttle-valve variation on flow 

characteristics in a Venturi chamber using CFD. The study considered different nozzle angles and throttle conditions to 

evaluate pressure, velocity, and air-fuel mixing behaviour. The numerical analysis was focused on understanding the 

flow field inside the Venturi and improving atomization and mixing characteristics. The results indicated that changes 

in throttle position and nozzle geometry influence the internal pressure and velocity distribution. The study also 

highlighted the importance of suitable nozzle-angle selection for obtaining improved flow and mixing conditions. The 

research provides useful information for parametric optimization of carburetor Venturi systems.  

Lokhande et al. (2023) investigated the flow through a carburetor Venturi using CFD analysis in ANSYS. The study 

focused on the effect of throttle angle on pressure drop and velocity inside the carburetor. Different throttle conditions 

were considered to understand their influence on Venturi flow behaviour. The researchers emphasized that the Venturi 

is responsible for creating the pressure drop required for fuel induction into the incoming air stream. The study 

demonstrated that CFD can be effectively used to analyze pressure and velocity characteristics and identify suitable 

operating conditions for carburetor design. The findings support the use of CFD as an effective tool for improving 

Venturi performance and achieving more uniform fuel-air supply. 

N. Vinoth et al. (2022) investigated the flow characteristics of a carburetor using CFD analysis for different valve 

positions. The study focused on understanding the changes in airflow and pressure distribution caused by variations in 

the valve opening. The numerical model was used to examine the flow field inside the carburetor under different 

operating conditions. The results showed that valve position has a significant influence on velocity and pressure 

distribution within the carburetor passage. The study also demonstrated that CFD can effectively identify regions of 

high velocity, pressure loss, and flow disturbance. The findings are useful for improving carburetor flow characteristics 

under different engine operating conditions. 

S. J. Suryawanshi and R. B. Yarasu (2022) investigated the mixing performance of different producer-gas carburetor 

configurations using CFD simulation. The study examined the flow and mixing characteristics of air and producer gas 

inside different carburetor geometries. The numerical analysis was used to evaluate velocity distribution, pressure 

variation, and mixing behaviour. The results showed that carburetor geometry has  an important influence on the 

uniformity of the mixture and the overall flow field. The study indicated that suitable geometric modification can 
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improve mixing performance and reduce non-uniform flow regions. The research demonstrates the usefulness of CFD-

based geometric optimization for improving carburetor performance. 

S. Kumar and K. S. Rajpoot (2021) studied the effect of throttle-valve variation on the flow characteristics of a 

Venturi using CFD analysis. Different throttle positions were considered to evaluate changes in pressure and velocity 

inside the Venturi passage. The study showed that increasing the throttle opening changes the airflow pattern and 

pressure distribution through the Venturi. The researchers also examined the influence of nozzle configuration on the 

air-fuel mixing process. The results indicated that suitable throttle and nozzle parameters can improve flow behaviour 

and mixing characteristics. The study provides useful guidance for selecting appropriate operating and geometric 

parameters during carburetor Venturi optimization. 

A. D. Endaylalu et al. (2020) investigated the flow characteristics through a Venturi tube using numerical and 

experimental approaches. The study focused on understanding the relationship between pressure variation and fluid 

velocity along different sections of the Venturi passage. Experimental observations were compared with numerical 

predictions to evaluate the reliability of the flow analysis. The results showed that velocity increases through the 

converging section while pressure decreases toward the throat region. The study also indicated that proper Venturi 

geometry is important for obtaining stable and predictable flow characteristics. The findings provide useful guidance 

for applying CFD and experimental methods to the analysis and optimization of Venturi -based flow systems. 

Wang et al. (2020) investigated the flow-field characteristics of a Venturi-based ejector using CFD simulation. The 

study examined the influence of flow geometry and internal flow conditions on velocity distribution, pressure variation, 

and mixing behaviour. Numerical analysis was used to identify important flow regions and understand the interaction 

between the primary and secondary flows. The results demonstrated that geometric modifications can significantly 

influence the pressure field and flow development inside the Venturi passage. The study highlighted the importance of 

optimizing Venturi geometry for improving flow performance and reducing undesirable flow losses. The findings are 

relevant to carburetor Venturi research because similar pressure and velocity mechanisms control fluid entrainment and 

mixing. 

V.  CONCLUSION 

The present review examined the flow behaviour and parametric optimization of carburetor Venturi systems. The 

reviewed studies show that Venturi geometry plays an important role in controlling airflow, pressure reduction, and 

fuel induction. Parameters such as throat diameter, throat length, inlet and outlet geometry, throttle opening, and fuel 

nozzle angle significantly affect the internal flow characteristics. CFD analysis provides useful information about 

pressure distribution, velocity variation, turbulence, and flow separation inside the Venturi. Proper selection of 

geometric parameters can reduce pressure losses and improve airflow and fuel-air mixing. The reviewed studies also 

indicate that throttle position has a significant effect on pressure and velocity characteristics. Suitable nozzle 

configuration can further improve fuel distribution and mixing uniformity. Overall, parametric optimization of the 

Venturi can contribute to improved carburetor performance, fuel efficiency, and combustion quality. CFD combined 

with experimental validation can provide an effective approach for optimizing complex carburetor geometries. Further 

research is required to investigate multiple design parameters simultaneously under different engine operating 

conditions and develop optimized Venturi configurations. 
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