
 
 

 

 
Abstract—Most of the exhaust systems were manufactured to 

cater for incomplete combustion of gasoline.  Some 
improvement on the mixing of the air and fuel to get complete 
combustion had been achieved through research efforts. 
Investigations on effects of leak of exhaust system on fuel 
consumption rate of an automobile were scanty. In this study, 
experimental data obtained from exhaust system of CRV 
Honda with holes/leakages of different diameters located at 
different distances from the exhaust manifold was modeled. The 
models obtained were computerized. The results of fuel 
consumption rates from the model and computer software 
developed were compared. The finding shows that there is good 
agreement between the model and the computer software 
developed. The computer software (called FUCON+) has 
accurately predicted fuel consumption rate of CRV Honda with 
respect to leakage on the exhaust system.  
 

Index Terms— Traffic, leakage, exhaust, computer, software, 
maintenance.  

I. INTRODUCTION 

   In the operating principle of an automobile, an engine 
nebulises a fuel and mixes the nebulised fuel with air, so as to 
create an explosion in a cylinder, and the pressure of 
expansion is converted into a rotary force that drives the 
wheels to rotation [1,2]. The mainstream of automobiles is a 
4-cylinder engine with a design of driving the pistons 
repeatedly to move up and down for two times [3]. In other 
words, four actions including an air inhaling, a compression, 
an expansion, and a discharge are preformed when the engine 
rotates twice, and the ignition is done by electric sparks. The 
total volume for the pistons in the cylinders to move up and 
down is called exhaustion capacity, which is also an index of 
an engine power [4]. 

In normal conditions, if the engine is running at a low 
speed, then the exhaust pipe will produce an appropriate 
discharge pressure to assist the engine torque output; and if 
the engine is running at a high speed, the exhaust pipe will 
expedite the exhaustion to enhance the engine operating 
performance of an automobile [5]. 

In the 1970’s when the developed and developing 
countries first became concerned about the effect of 
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automobile exhaust on air quality, a great deal of research 
was done to define the problem [6]. If cars were perfect and 
burnt their fuel completely, the exhaust would consist of 
carbon dioxide (CO2) and water (H2O) [7]. Since nothing is 
perfect, least of all cars, the analysis of actual exhaust gasses 
revealed the presence of several troublesome components 
[8]. First, it was found that a portion of the gasoline that 
entered the engine was not completely combusted before 
escaped into the exhaust system. This component was labeled 
as “hydrocarbons (HC)”. Another result of this incomplete 
combustion was “carbon monoxide (CO)”. The third major 
component was “nitrogen oxides (NOx)” [9]. Air is actually 
composed of over 70% nitrogen which when subjected to the 
high temperatures and pressures inside an automotive engine 
combines with some of the oxygen in the air to form the 
aforementioned compounds. The exhausts have other 
components but, those mentioned are the main elements that 
the automotive industry focused on [10]. 

The increasing density of traffic in developing countries 
such as Nigeria necessitates a greater control of emissions 
from combustion engines. Most of the exhaust components 
were created as a result of incomplete combustion of 
gasoline.  Some attempts have been made in literature to 
minimize the effects of the toxic emissions from the 
automotive exhaust systems [11]. Many exhaust systems’ 
manufacturers experimented with engine and fuel systems 
before coming out with optimal designs.  The modified 
exhaust systems are designed based on optimal proportions 
of fuel to air ratio that brought out complete combustion.  
Meanwhile, fuel injection systems had been developed as a 
good replacement to carbureting systems for precise control 
of the flow of fuel in engine [12]. All of these efforts had 
some degrees of success but still air quality has gone below 
the standards in some areas because of pollutants, ejected 
from exhaust systems. 

Vehicles powered by internal combustion engines 
normally have exhaust systems for expelling exhaust gases 
from the engine. The exhaust system of a conventional 
automobile often includes an exhaust pipe connected at one 
end to the exhaust manifold of the engine and coupled at the 
opposite end to a muffler. Muffler is used to lessen the noise 
and deaden the vibration accompanying the ejected hot 
exhaust gases [12]. Catalytic converters are now being 
interposed between the engine and the muffler to reduce 
hydrocarbon and carbon monoxide pollutants from the 
exhaust stream. The outlet of the muffler is typically 
connected to a tailpipe which directs the exhaust gases 
toward the rear periphery of the underside of the automobile 
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to prevent exhaust fumes from converging below the vehicle 
[2]. The tailpipes of some known models of automobiles also 
included a resonator to provide for optimum tuning 
characteristics of the exhaust system [3]. 

More recently, emission control devices such as catalytic 
converters have been interposed between the engine and the 
muffler to reduce hydrocarbon and carbon monoxide 
pollutants from the exhaust stream [6]. It was on this note that 
the concept of the catalytic converter began to be seriously 
considered. Some of the effects of these exhaust gases on 
humans are mental acuity, throbbing headache, formation of 
acid rain, cancer-enhancing, death, etc. The effects of 
exhaust fumes on vehicles, include change in fuel 
consumption rate, change in efficiency of the vehicles’ 
engines, change in power, and increased back pressure. Back 
pressure sometimes happens when there is a leak on the 
exhaust systems [7]. 

Back pressure developed by the exhaust gases within the 
exhaust system can result in a reduction in the efficiency of 
the expulsion of exhaust gases from the combustion 
chambers of the engine [2]. Thus, increased back pressure 
may result in a decrease in engine performance and a 
decrease in fuel economy. Based on this, manufacturers of 
automobiles and other vehicles usually attempt to design 
such exhaust systems so as to minimize, as much as possible, 
the back pressure from the engine. However, despite the 
attempts by such manufacturers to reduce the back pressure 
associated with automotive exhaust systems, the systems 
continued to develop back pressure for reasons which may be 
attributed to leakages.  

The thermal conditions of the engine are also very 
important. Excessive cooling causes the engine to lose heat 
rapidly, and this reduces the dedicated efficiency of the 
engine. Besides, some of the fuel admitted into the cylinder in 
atomized form is not always combust completely; therefore 
increase in fuel consumption results [5,13].  

However, efforts on fuel consumption economy have since 
continued but still, the effects of exhaust systems’ leakages 
on fuel consumption rate have been scantily investigated. 
This study will develop a computer software for fast 
prediction of fuel consumption rate with respect to leakage 
hole diameter and distance from the exhaust manifold. The 
outcome of this study is expected to predict diameter and 
length of leakage location that will maintain economy fuel 
consumption in automobiles. 

  

II. METHODOLOGY 

The experimental results, from a new exhaust system 
(comprising resonator, catalytic converter, muffler and its 
pipes), was used for the research (Fig. 1). The fuel 
consumption rates’ results obtained for four trials of  leakage 
diameters 5mm, 10mm, 15mm and 20mm on the following 
locations of the exhaust system: between the exhaust 
manifold and catalytic converter (43.7cm from the exhaust 
manifold outlet); between the catalytic converter and silencer 
(138.40cm from exhaust manifold); very close to the silencer 
outlet (233.70cm from exhaust manifold); and muffler mouth 
(355.60cm from exhaust manifold) (Table 1) were used to 
formulate their respective multiple linear regression models. 
Flowchart, algorithm and coding using Visual Basic 6.0R 

were developed from the formulated models. The developed 

computer software was verified and validated with further 
data obtained from the same experiment. 

 

 
Fig. 1. Diagram showing a complete exhaust system 
 
 

III. RESULTS AND DISCUSSION 

The summary of the experiment’s results for the four trials 
is presented in Table 1. The modeling results using multiple 
regression analysis [14] are shown as Eqns (1-4): 

 

       1 

       2 
       3 

      4 
 
Where, 
α = the diameter of the hole/ leak on the exhaust system. 
ψ = the location (length from the exhaust manifold outlet) 

where the hole/ leak occurs. 
λ = the fuel consumption rate, for the respective first, 

second, third, and fourth experimental trials, with 2R  ≥ 0.9, 
and showed a good agreement with the experimental data. 

 
Table 1: Experimental Results for Modeling  

 
 

Fuel Consumption 
Rate, λ1, where leak 
location , ψ is 43.7 cm. 

2.60 3.20 3.46 3.89 

Fuel Consumption 
Rate, λ2, where leak 
location , ψ is 138.4 
cm. 

1.59 1.69 2.04 2.78 

Fuel Consumption 
Rate, λ2, where leak 
location , ψ is 233.7 
cm. 

4.15 4.86 5.43 6.10 

Fuel Consumption 
Rate, λ2, where leak 
location , ψ is 355.60 
cm. 

3.31 3.92 4.64 5.29 

Diameter of Leak, α 5.00 10.00 15.00 20.00 
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The development of software for these models is highly 
needful for effective verification and validation. Besides, it 
enhances information technology compliant and adequately 
fitted into the present day technological advancement (as 
manual validation is tedious, time consuming, inconsistent 
and archaic) [15]. The FOCON+ software was designed and 
written using Microsoft Visual Basic 6.0R [16]. The software 
has been designed in such a way that a fuel consumption rate 
report is automatically generated, which can be printed out 
for evaluation. The flowchart/algorithm is step-wisely 
developed for the FUCON+ software that gave interface 
outputs with enhanced simplicity and user-friendliness. The 
software generated a printable fuel consumption rate reports 
automatically. 

In verification and validation of FUCON+ software, it was 
applied to real life problems utilizing series of experimental 
data from exhaust systems from selected brands of vehicle 
including Honda CRV.  The results obtained form the testing 
exercise, are in good agreement with the ones from the 
models. The software provides an easy and convenient 
approach to fuel consumption rate analysis. The steps of 
implementation of FUCON+ software (with its features and 
interface) based on the developed flowchart/algorithm is 
presented as follows: 

Step 1: Installation of software: double click on the setup 
icon and respond appropriately to the installation wizard 
provided. 

Step 2: After installation, open the software by clicking on 
it. At this, the initialisation and loading page is displayed, and 
completed.  

Step 3: Register as a new user (for the first time), after 
which you will only have to re-enter the username and 
password used to register. Proceed with the usage by clicking 
OK (Fig. 3a,b). 

Step 4: Select the make and model of the vehicle and 
proceed by clicking continue (Fig. 4a, b).  

Step 5: Enter the parameters for the analysis of fuel 
consumption rate and click evaluate. This is followed by a 
thank you message (Fig. 5a, b). 

 

 

Fig. 3a:  Output Sample for User Registration 

 

Fig. 3b:  Output Sample for User Registration 

 

 
Fig. 4a:  Output Sample for Vehicle Brand Selection 

 

Fig. 4b:  Output Sample for Honda CRV Selection 

 

Fig. 5a:  Output Sample for Data Input/Results 
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Fig. 5b:  Output Sample for Friendliness 

The FUCON+ software requires an hardware comprises 
keyboard, mouse and monitor, printer, and central  
processing unit of 350 G Hard-disk and  memory of 2.0 G 
ram. 

IV. CONCLUSION 

The knowledge of the effect of a leaking exhaust system 
on the rate of fuel consumption will help car owners and 
drivers to make better choices of maintenance policies for 
their exhaust system. The modeling/software results would 
help the vehicle owners in monitoring and controlling their 
fuel expenses. It would also help vehicle designers to look 
into some design considerations at the points where the effect 
of leak is disastrous. This will promote better fuel economy 
and cleaner exhaust output. Having known the size of leaks 
and the locations, the rate at which fuel is consumed can be 
quantified using the developed FUCON+ software. The 
FUCON+ software is recommended for use in automobile 
design outfits, automobile research institutes, car marketers, 
specialized repair centers, and individual automotive 
maintenance shop. The software was meticulously designed 
that it can generate printable fuel consumption rates’ reports 
automatically. The cost of the software is cheaper than 
similar proprietary software. 
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