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ABSTRACT 

Diesel engine is a compression ignition engine having a high compression ratio. The 

stationary type of diesel engine is having an application in the field of agricultural sector, 

small capacity generator set and irrigation purpose.  The performance enhancement and 

emission improvement of conventional stationary diesel engine specifically used in 

agriculture sector will boost the overall growth and development of agricultural sector. In 

agricultural sector apart from performance and emission weight and cost are also key 

issues because the weight affects the transportation mobility and cost affects the overall 

budget of small farmers.   

From literature review it has been identified that the improvement in performance and 

emission characteristics along with reduction in weight and cost can be achieved by 

adopting weight reduction approach, hence it has been utilized in present case to achieve 

performance and emission improvement. In view of this the present work explains the 

solutions of ongoing problem faced by the diesel engine industry. The solution for the 

identified problem has been implemented and the impact of each implementation is 

discussed separately in detail and justified by the experimental results. 

Initially, an existing engine of 3.7 kW (5 H.P) available with industry is tested for 

performance analysis as per the methods mentioned in IS: 11170 for loop test by altering 

its speed. The results obtained at various speeds are compared to determine the rated speed 

of the selected engine. It is followed by critical examination of the engine for weight 

reduction possibilities with ultimate objective of developing a light weight engine. The 

modified engine has been tested again following the similar method and the rated speed 

for the same has been derived from performance point of view.  The various performance 

and emission parameters of both the engines at their rated speed are derived and compared.   

From the result it is observed that the modified engine give better results from 

performance and emission aspects along with better mobility and convenience at reduced 

cost. However, it is also identified that higher speed of modified engine leads to higher 

exhaust temperature which can be improved by exhaust valve replacement which may lead 

to further improvement in performance and emission parameters.  
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Therefore, exhaust valve is changed and new valve is assembled with the modified engine 

and performance and emission parameters are derived and compared with both previous 

cases. The impact of each modification on performance and emission aspect is analyzed 

and probable reasons for improvement in performance and emission parameters are 

discussed. 
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  CHAPTER – 1 

Introduction 

Owing to their excellent drivability and fuel economy, diesel engines are the most common 

internal combustion engines which widely used in various sectors such as agriculture, 

transportation and industry. One of the prominent applications of the stationary diesel engine 

is found in the agriculture sector for various purposes like; 

a) It can be coupled with a centrifugal pump and used for lifting the water from the canal. 

b) It can be coupled with an alternator and can be used as a generator set. 

c) It can be used for running a spray pump in the agriculture sector. 

d) It is also used for running small size compressors. 

e) It can be also used for driving small agriculture equipment where there is no electric 

supply. 

Considering these uses in the agriculture sector and constant rising prices of oil and gas the 

performance of the engine has become the most important factor for achieving economic 

growth in this particular sector. 

1.1 Motivation 

The visit and interaction with various industries associated with the diesel engine part 

manufacturers and their assemblers were conducted at the initial stage. The reviews of 

concerned persons have helped to identify the critical problem faced by this industrial sector. 

It is concluded to participate with them in their day to day testing activities and guide them to 

the new testing methodologies for fulfilling the requirements of relevant IS standard and 

emission norms.   

Initially, the approach of the industry towards the modification found to be challenging. It is 

obvious that adopting changes is challenging for any industry. The commitment of top 
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management in providing necessary resources for the research work was their first step 

towards the direction of problem-solving. The management permitted research work and 

modification in their existing setup with certain conditions as per the company policy. The 

initial success in identifying field problem has become a great motivation for further work. 

1.2 Background 

The significance of modification and improvement has been recognized as vital to compete 

and survive in the present competitive business world. There are many ways of identifying 

improvement potential and implementing the same with the highest degree of impact. After 

implementing, there are equal chances of success and failure. The research gap is identified in 

this field to express the impact of the implemented action. 

The present work founds the feasible solution of ongoing industrial problems faced by the 

diesel engine industry related to improvement in performance and emission aspects of the 

engine along with better mobility and convenience. The impacts of implementation on various 

aspects of the engine are discussed in details.  

Rajkot is one of the leading centre and hub for manufacturing and assembling of various 

automobile parts and all types of diesel engines which are used for various applications in the 

field of irrigation, small capacity generator set and agriculture.  However, due to recent policy 

of Indian government this industry is facing a strong competition in the international market 

from cost, performance, and weight aspect because engine manufactured in the international 

market are compact in weight along with very good performance, therefore, the problem is 

identified in the agricultural sector and its solution is extremely useful for the industry to 

sustain in the competitive market. 

The solutions are derived by selecting the proper model for modification, critically studying 

the drawings of various critical and non- critical parts of the engine, development of the 

modified engine and modifying testing facility available for verification of performance and 

emission parameters. The results obtained in respect of performance and emission parameters 

for both the engines are compared and the solution is proposed for the selected engine.  
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1.3 Research Area 

The present work is concentrated on improvement in performance and emission aspect of the 

stationary diesel engine.  After visiting many industries, it is found that for sustaining in the 

agricultural sector along with the performance and emission aspect the weight is also critical 

parameter because low weight eases the transportation and convenience which is vital for the 

small farmers. Therefore, there is scope for research work in the diesel engine industry by 

adopting a weight reduction approach for performance and emission improvement which in 

addition to performance also improve mobility and convenience.   

In the present task, the detailed experimental work is performed at diesel engine 

manufacturing industries based in Rajkot, dealing with the assembling diesel engines for 

agricultural purpose.  The industry has acquired testing facilities as per the IS: 11170:1985 

which is Indian standard for performance aspects of the diesel engine used in the agriculture 

field with rated brake power less than 19 kW.  However, as this standard is not covering any 

requirements related to emission aspects awareness towards harmful effects produced by 

various pollutants also created by measuring major pollutants like CO and NOX of existing as 

well as the modified engine.  In the end, the problem of mobility and convenience along with 

performance and emission enhancement is solved by performing exhaustive experimental 

work up to a considerable extent. 

The various models of diesel engine assembled by the industry are observed and their routine 

test reports available with the industry are studied.  The scope of improvement is found in the 

single cylinder vertical water cooled naturally aspirated 4- stroke constant speed direct 

injection engine having compression ratio 16.5:1 and Indian Standard (IS) rating of 3.7 kW at 

rated 1800 rpm Main parts of this particular engine are a crankshaft, connecting rod, camshaft, 

piston, cylinder, flywheel, inlet and exhaust valve, piston ring, oil ring, gudgeon pin, etc. The 

scope of weight reduction is found in the flywheel and to accommodate the reduced weight 

flywheel other necessary modifications were done including the exhaust valve replacement. 
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1.4 The Constraints of Research work 

The modification in critical components like flywheel and replacement of exhaust valve in a 

particular model of the diesel engine is not an easy task as it requires changes in the design of 

these critical parts which are in operation since years. Change is always rejected for the first 

time for any normal working environment. As these parts are supplied by the different vendors 

it becomes a very difficult task to convince them for modification or alteration in their regular 

work. However, by using a practical approach all the hurdles are solved for a particular 

modification. 

There are few constraints as listed below to be considered while implementing the corrective 

action for this particular problem. 

- To implement any alteration, the prior permission should be taken from top 

management with proper justification. 

- As the customized flywheel is not possible due to manufacturing limitations; the 

modified flywheel is to be selected from the patterns available with the flywheel 

manufacturers and corresponding modification in bore and stroke of the engine should 

also be done in line with available patterns. 

- As the customized exhaust valve is not possible due to manufacturing limitations; the 

exhaust valve for replacement is to be selected from the patterns available with the 

valve manufacturers. 

- It is not allowed to alter any design parameter of the product as almost all the parts of 

the diesel engine are manufactured by interchangeability concept so modification in 

the design of one part may disturb the design of other parts. 

- The data, drawings and test reports of the organization should not be shared anywhere 

without prior permission of management. 

- The confidentiality of the project work to be maintained as per the management policy. 
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1.5 Original contribution by the thesis 

The present work deals with the solution of the ongoing problem faced by the diesel engine 

industry. Fundamental research is concerned with generalizations and formulation of theory 

while the central aim of applied research is to discover a solution for some practical problem 

faced by the industry. 

The case is discussed and implemented in the field to solve the problem faced by the real user 

of the product. The impact of implemented action is measured with the gain in various 

performance and emission parameters and reduction in the weight of the engine.  

1.6 Structure of the Thesis 

Chapter 1 (Introduction): It includes background and motivation for present work. It also 

covers the motivation, area of research and original contribution by the thesis.  

Chapter 2 (Literature survey and Problem identification):  It covers the Literature review 

related to present work, research gap identified after rigorous literature survey and research 

objectives set.  

Chapter 3 (Testing Methods and Regulations): It presents the testing method and 

regulations adopted for selected and modified engine.  The detailed study of IS: 11170 and 

STI (Scheme of Testing and Inspection) are also covered in this chapter along with standard 

log sheet given for recording observations of performance and emission parameters during the 

test.   

Chapter 4 (Development of lighter Engine-Weight Reduction Approach): It presents the 

actual implementation of weight reduction approach. The additional modifications which are 

required to adopt the reduced weight flywheel are also discussed in this chapter. The valve 

replacement done to negotiate the adverse effect of higher speed on exhaust temperature is 

also described in this chapter.   

Chapter 5 (Experimental setup and Procedure of Experimentation): The experimental set 

up designed and fabricated to carry out performance test, loop test and governing test as per IS 
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11170 along with emission test are described in this chapter along with a brief description of 

instruments used in the experimental setup. Further, this chapter also covers the sample data 

collected from a various set of experiments performed on both engines along with 

observations recorded during the experimentation.   

Chapter 6 (Results and Discussion): It covers the discussion and comparison of results 

obtained for an existing and modified engine with and without valve replacement from 

performance and emission aspects. The performance parameters like fuel consumption, brake 

specific fuel consumption, and thermal efficiency along with emission parameters like carbon 

monoxide and nitrogen oxide are measured for all the cases and detailed comparison and 

analysis is presented in this chapter.  

Chapter 7 (Uncertainty Analysis): It covers the uncertainty calculated in each observed and 

derived parameter during performance and emission analysis.  

Chapter 8 (Conclusion): It covers the conclusion obtained from the various experimental 

results which provide the guidelines and direction for future researchers in this field by 

generalizing the weight reduction approach.  In short, the conclusion is the brief outcome of 

the work done during the entire research.  
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  CHAPTER – 2 

Literature Review and Problem Identification 

Diesel engines are the most commonly used internal combustion engines specifically in the 

agriculture sector. Referring to the results of a recent survey conducted, there will be a 

phenomenal rise in energy consumption in coming years which will worsen the energy 

scenario and increase the importance of performance and emission aspects [1-3]. Performance 

and emission enhancement in the diesel engine is not a new concept. Lot of work has been 

done in this aspect of the diesel engine. The various authors have studied and suggested 

different methods for achieving this objective which has been described in this chapter 

exhaustively. 

2.1 Review of Research Work 

In diesel engines, significant research efforts [4, 5] have been conducted in the direction of 

using various blends of biodiesel as fuels. It might be because of the fact that the fuel 

characteristics of biodiesel are approximately the same as those of fossil diesel fuel and thus it 

can be used directly in the engine without any major modification [6, 7]. Considerable 

reductions in emission of various emission element like CO, SOX, Smoke and particulate 

matter are observed while using various type of biodiesel in diesel engine as a fuel [8, 9].S. 

Jaichandar and K.Annamalai [10] conducted the experiment on single cylinder four stroke 

constant speed engine at different loading condition using methyl ester biodiesel as a fuel. It 

was observed that although there was a slight increase in BSFC and a corresponding decrease 

in thermal efficiency, the considerable reduction in emission parameters like CO, HC, and 

Smoke is observed.  Tapens N.C.O et al. [11] worked on a study of various biodiesel 

proprieties and indicated that among the different vegetable oils jetropha curcas oil has some 

good characteristics, such as higher cetane number, less dense, higher oxygen content, lower 

acidity, better oxidation stability and suitability for storage.  
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Pankaj Dubey et al. [12] performed the experiment to identify the performance of a 

combination of Jetropha biodiesel and turpentine oil in diesel engine under different loading 

conditions, this combination found superior from the emission point of view as at full load 

condition and considerable  reduction in emission of CO, NOX, and CO2 was observed. 

A.K.Azad et al. [13] evaluated the performance and emission characteristics of a multi-

cylinder diesel engine with soybean and waste oil biodiesel fuels. The results indicated that the 

thermal performance of the engine decreases slightly with an increase in biodiesel blend; 

however emission decrease with increase in biodiesel blends. Further, it was observed that 

waste oil biodiesel showed a better trend of emission reduction as compared to soybean 

biodiesel. Y.He and Y.D. Bao [14] conducted an experiment with the aim of raising the 

thermal efficiency of an engine fuelled with a mixture of rapeseed oil and conventional diesel 

oil.  The experimental results obtained showed that a mixing ratio of 30% rapeseed oil and 

70% diesel oil was practically optimal in ensuring relatively high thermal efficiency of the 

engine as well as homogeneity and stability of oil mixture. 

K.R. Patil et al. [15] converted the developed CNG engine into HCNG.  The testing was 

carried out for the neat CNG and 5% blends of Hydrogen by volume with CNG. It was 

observed in the experimental work that HCNG engines are more superior to CNG engines 

from fuel economy, power output and emission compliance point of view. The power 

improvement of 11% and fuel consumption reduction of 8% along with a reduction in the 

carbon-based emission such as CO, CO2 and HC was observed in HCNG engine as compared 

with CNG engine. P.K.Devan and N.V.Mahalakshmi  [16] studied the performance, emission 

and combustion characteristics of C.I. engine by completely replacing diesel with blends of 

fuel namely methyl ester of paradise oil and eucalyptus oil. Reduction of smoke by 49%, 

reduction in HC emission by 34.5%, reduction in CO emission by 37% and reduction in NOX 

by 2.7% was achieved in this experiment. Baljinder Singh et al. [17] conducted the 

performance test on the engine using various blends of biodiesel produced from mustard oil 

with commercial diesel.  The effect of various blends of biodiesel on parameters such as the 

speed of the engine, fuel consumption, brake power, specific fuel consumption and thermal 

efficiency were measured.  The results indicated that 8% blend of above biodiesel with diesel 

resulted in very good performance without any further modification in the engine.   
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M.Shyam et al. [18] evaluated the performance of the low HP diesel engine with a blend of 

rapeseed oil with conventional diesel.  He observed that emission increases with the use of 

rapeseed oil as biodiesel, however, it can be brought to normal by decarburizing of manifold 

and fuel injector tip.  Wearing of critical component because of higher fuel consumption and 

exhaust gas temperature was observed with this biodiesel however it was not abnormal. 

O.Armas et al. [19] studied the effect of water-oil emulsions on performance and emission of 

light-duty diesel engine and investigated that brake thermal efficiency increased while NOx, 

HC and particulate matter emission decreased by using water-oil emulsions. K.Muralidharan 

et al. [20] carried out the experiment to estimate the performance, emission and combustion 

characteristics of a single cylinder four stroke variable compression ratio multi-engine fuelled 

with waste cooking oil methyl ester and its blends with standard diesel.  Comparing the results 

of the experiment with that of standard diesel confirmed that, there was a considerable 

improvement in the performance parameters as well as exhaust emissions.  It was also found 

that the combustion characteristics of waste cooking oil methyl ester and its diesel blends 

closely followed those of standard diesel.      

Cherng-Yuan Lin and Kuo-Hua Wang [21] investigated the performance and emission 

characteristics using multi-phase O/W/O (oil in water in oil) test fuels for a diesel engine.  The 

results indicated that O/W/O emulsions resulted in lower exhaust gas temperatures and lower 

NOX, CO emission and smoke opacity. Ekrem Buyukkaya [22] conducted the experiment to 

evaluate the performance, emission and combustion of a diesel engine using neat rapeseed oil 

and its blends of 5%, 20%, 70% and standard diesel fuel separately.  The results indicated that 

lower smoke opacity and higher brake specific fuel consumption resulted with biodiesel.  The 

measured CO emission of B5 and B100 fuels were found to be 9% and 32% lower than that of 

the diesel fuel, respectively.  The combustion analysis indicated that the ignition delay was 

shorter for neat rapeseed oil and its blends as compared to diesel.  Gvidonas Labeckas and 

Stasys Slavinskas [23] examined the effects of inclusion of different blends of rapeseed oil 

methyl ester in diesel on BSFC, brake thermal efficiency, emission composition and smoke 

opacity. The results indicated that due to the quite comparable cost and the real advantages in 

terms of performance, efficiency and environmentally friendly emissions, up to 10% biofuel 

blends could be regarded for full-scale usage in an unmodified diesel engine. Oguzhan Dogan 

[24] aimed to evaluate the influence of n-butanol/diesel fuel blends on engine performance 
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and exhaust emissions in a small diesel engine using 5 test fuels i.e. B5, B10, B15, B20 and 

neat diesel fuel.  The test results showed that smoke opacity, nitrogen oxide and carbon 

monoxide emissions reduced while hydrocarbon emissions increased with the increasing n-

butanol content in the fuel blends however there was an increase in the brake specific fuel 

consumption with increasing n-butanol content in fuel blends. 

M. Talbi and B.Agnew [25] utilized the energy of exhaust gases from a diesel engine for 

performance enhancement.  It was demonstrated that a pre and intercooled turbocharger 

engine configuration cycle offers considerable benefits in terms of SFC, efficiency and output 

for the diesel engine performance. Magong He et al. [26] increased the recovery of waste heat 

from internal combustion engine using combined thermodynamic cycle which consists of two 

cycles: the organic Ranking cycle for recovering the waste heat of lubricant and high-

temperature exhaust gas, and Kalina cycle for recovering the waste heat of low-temperature 

cooling water. 

Several studies have evaluated the effect of injection timing, pressure, and duration on 

performance and emission of biodiesel blended diesel engine [27-31]. Liang Y U et al. [32] 

identified the impact of the various factors like pressure, timing and duration of combustion on 

the performance of the engine. On the basis of the results, he concluded that higher 

combustion pressure, longer duration of combustion and advancement in timing was desirable 

for the better engine performance however the author took the biodiesel as a fuel but the same 

results are applicable to the engine running on conventional diesel. Rostami et al. [33] studied 

the effect of fuel injection timing on engine performance at a different speed. The results 

indicated that advancement in injection timing led to a decrease in the BSFC and exhaust 

temperature, which ultimately affects positively on the performance. Sathiyamoorthi R and 

Sankaranarayanan G. [34] investigated the effect of advancement in injection timing on 

performance and emission of a direct injection diesel engine fueled with different blends of 

lemongrass oil and observed that optimal injection timing for that engine was 27°bTDC as a 

noticeable gain in performance and improvement in emission was obtained with this timings.  

S.Saravanan et al. [35] studied the combined effect of fuel injection timing, percentage of 

EGR and fuel injection pressure in controlling the NOX emission. It was investigated from the 
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experiment that higher fuel injection pressure (FIP), fuel injection timing (FIT) and % of EGR 

(by volume) resulted in lower NOX emission. 

However, it was observed that using biodiesel as fuel in existing engine resulted in slight 

power loss, lower thermal efficiency and higher emission of nitrogen oxides [36-38].  Magin 

Lapuerta et al. [39] conducted an analysis of various work done on biodiesel to study the 

effect of biodiesel fuel on various performance and emission parameters. He observed that the 

decrease in output power, increase in BSFC and unchanged thermal efficiency resulted in 

most of the experiments.  While considering the emission aspects, NOX emission increased 

with biodiesel because of advanced injection process, however sharp reduction in particulate 

emissions because of reduced soot formation and enhanced soot oxidation.  This might have 

happened because of the fact that the formation of NOX is highly dependent on in-cylinder 

temperature, the oxygen concentration and residence time for the reaction to take place [40]. 

CO and HC emission decreased considerably with biodiesel because of complete combustion 

caused by the increased oxygen content in the flame.  A detailed study of a literature review 

[41] emphasized that the most responsible factor for CO emission is the absence of excess 

oxygen in fuel. Some other important factors which are responsible for the CO emission are 

air/fuel ratio, injection timing, engine speed, injection pressure, and fuel characteristics [42]. 

In this connection B.S. Chauhan et al. [43] studied the effect of loading condition on NOX  and 

CO emission. There was an increase in NOX emission linearly with the load because of higher 

combustion temperature at higher load which is considered as the most important factor for 

the emission of NOX. This study also found that at higher load the amount of air remains the 

same but fuel quantity increased which resulted in higher CO emission, therefore, CO 

emission also increases linearly with the load. However, A A Abdelrahman [44] in his 

research mentioned that in a diesel engine, rich mixture exists locally even if excess air is 

present in the combustion chamber and combustion may be poor due to a lower temperature at 

no load condition which might be the reason of higher CO emission at no load condition.  

Murat Karabekats et al. [45] studied the effects of preheated cottonseed oil methyl ester 

(COME) on the performance and emission of a diesel engine. It was investigated that 

preheated COME up to 90 Degree leads to a favorable effect on thermal efficiency, brake 

power and CO emission but adversely affects the NOX emission. Satishkumar et al. [46] 

analyzed the effects of diesel-alcohol blends on the combustion, performance and emission of 
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diesel engines.  It was examined from the study that blending of alcohols along with some CN 

improver in diesel fuels can reduce diesel engine emissions without adverse effect on 

performance. 

Yackup Incingur and Duran Altiparmak [47] evaluated the effect of fuel cetane no and 

injection pressure on diesel engine performance and emission. They mentioned that engine 

torque and power at maximum torque speed were increased by 5% and 4% respectively with 

increasing cetane no from 46 to 54.5. However further increase did not result in a significant 

change in performance. NOX emission was reduced by 10% with an increase in cetane no from 

46 to 61. S. Semin et al. [48] investigated the effect of fuel injection pressure (FIP) on 

performance and fuel consumption of diesel engine at fixed load with various speeds. The 

experimental results obtained showed that increasing the fuel injection pressure resulted in a 

higher value of IHP and BHP at a higher speed. However, the value of SFC decreased with 

increase in the FIP from 180 bars to 200 bar only when the speed of the engine was higher 

than1000 rpm.  

Some studies mentioned [49,50] that higher FIP improves fuel-air mixing which resulted in 

faster combustion that directly influences the emission aspects. Zhang G et al. [51] observed 

that increase in FIP led to improved air-fuel mixture formation which ultimately reduces 

smoke and CO emission. K.Kalyani Radha et al. [52] analyzed the effect of varying injection 

pressure and injection timing simultaneously on a four-stroke single cylinder, constant speed, 

water cooled diesel engine fueled with three different vegetable oils. It was observed that the 

performance of jojoba methyl ester found superior for higher injection pressure with minimum 

emission. A.Agarwal et al. [53] observed the effect of fuel injection on emission and 

performance of single cylinder diesel engine and they achieved the improvement in 

performance and emission by lowering the FIP at a higher speed. Cenk Sayin and Mustafa 

Canakci [54] studied the influence of injection timing on the performance and exhaust 

emissions of a single cylinder diesel engine using ethanol blended diesel fuel from 0 to 15% 

with an increment of 5%. The results indicated that for retarded injection timing NOX and CO2 

emission increased and unburned HC and CO emission decreased for all test conditions.  

However, with the advanced injection timing, HC and CO emission decreased while NOX and 

CO2 emission boosted.  Performance parameters like BSFC and BTE for retarded and 
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advanced injection timing were giving negative effect as compared to the original injection 

timing for all engine speeds and loads. 

Modifications in compression ratio, EGR, injection process and parameters [55] have a 

significant impact on engine power, efficiency and exhaust emissions. Shahadet et al. [56] 

examined the combined effect of EGR and inlet air preheating on engine performance and 

concluded that at medium load condition NOX and CO emission along with BSFC decreased 

when inlet air preheating and EGR was applied together. N.Ravikumar et al. [57] analyzed the 

effect of compression ratio and EGR on performance, combustion, and emission of a diesel 

engine. The test was conducted at different compression ratios with different loads and for 

different EGR rates. The results indicated that the increase in compression ratio resulted in 

higher brake thermal efficiency. Increase in the brake thermal efficiency by 13.5% and 

reduction in NOX emission by 11% was observed with increase in EGR percentage. CR. 

Laguitton [58]  examined the effect of CR on the emission of the diesel engine. The results of 

a study indicated that, although there were a small CO and HC penalty, either reducing the CR 

or decreasing the IT greatly reduced OP and NOX emission. 

M.Canakci et al. [59] analyzed the effect of speed on various engine parameters and claimed 

that speed is one of the important parameters for improvement in performance and emission 

aspect because it positively affects the turbulence level of air entering into the cylinder, 

volumetric efficiency and engine friction. R. Baker and Chang sik lee [60] observed that at a 

lower speed, the reactive gas provides a longer time for the nitric oxide to form and this 

resulted in higher nitric oxide concentration in the combustion chamber which resulted in 

higher nitric oxide emission. However nitric oxide emission was decreased with the increase 

of engine speed. S. Jindal [61] investigated the effects of the engine operating parameters like 

compression ratio, fuel injection pressure, injection timing and engine speed on the emission 

of NOX and found that higher compression ratio, injection pressure, and speed resulted in 

lower emission of NOX for pure diesel as well as diesel blended with biodiesel.  C.Sayin et al. 

[62] indicated that increase in speed could probably augment volumetric efficiency, boosting 

turbulence in combustion chamber hence ensure better combustion which ultimately resulted 

in to lower CO emission at a higher speed so considering this fact higher speed is desirable for 

lower CO emission. 
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Rodney J. Tabaczynski [63] studied the effect of inlet and exhaust system design on engine 

performance and it was observed that the by providing the whirling motion in the inlet and 

exhaust path the overall performance of the engine can be improved. Tim G.Adams [64] 

conducted experiments to investigate the effects of exhaust system design on engine 

performance.  His experimental results indicated that better scavenging leads to better 

performance of the engine.    

Based on the above literature a comprehensive review of work done by various researchers on 

engine performance and emission using various methods are analyzed in Table-2.1. 

Refere

nces 

Method used  for 

performance/emission 

improvement 

Concept Parameters 

Affected 

Result/Conclusion 

[10] Single cylinder 4 stroke 

constant Speed Engine fuelled 

with a methyl ester. 

Effect of methyl ester 

on performance and 

emission was observed 

at the different loading 

position. 

BSFC Increase 

Thermal Efficiency Decrease 

CO Decrease 

HC Decrease 

Smoke Decrease 

[12] Diesel engine with different 

loading condition tested with 

a combination of Jetropha and 

turpentine oil. 

Emission 

characteristics are 

evaluated with this 

combination 

CO Decreased at the 

full Load condition NOX 

CO2 

[13] Multi-cylinder Diesel engine 

fuelled with soybean and 

waste oil biodiesel fuel. 

Performance and 

emission 

characteristics 

evaluated  

Thermal 

characteristics 

Decrease Slightly 

Emission 

characteristics 

Decrease 

Considerably 

[32]  Diesel engine fueled with 

Jetropha curcas oil preheated 

to 150˚C 

 

Finding ideal 

combustion pressure, 

the timing of 

combustion, and the 

duration of combustion 

for jetropha curcas.   

Combustion 

pressure  

 

Higher than diesel 

 

 

Timing of 

combustion 

Earlier than diesel 

Duration of 

combustion 

Longer than diesel 

[33] Performance test on the 

engine was done at different 

injection timing and at a 

different speed 

Effect of injection 

timing and speed is 

studied on 

performance. 

BSFC Decrease 

Exhaust 

Temperature 

Decrease 

[34] Experiment on D.I. Diesel 

engine fuelled with a different 

blend of lemongrass oil at 

different injection timing. 

 

 

Effect of Injection 

timing on different 

blends of lemongrass 

oil 

Performance and 

Emission 

characteristics 

Improved at 27 

Deg. bTDC 
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[43] An experiment performed to 

identify the effect of loading 

condition on NOX   and CO 

emission. 

Effect of load on NOX   

and CO emission. 

CO Increase with the 

load even high at 

no load condition 

NOX Increase with load 

[47] Performance and emission on 

a diesel engine with different 

cetane no and injection 

pressure 

Effect of cetane no and 

injection pressure on 

performance and 

emission. 

Engine torque, 

Maximum Power 

and NOX  emission.  

Increase by 5% and 

4% with an increase 

in Cetane no from 

46 to 54.5 

[48] 4 cylinder 2 stroke engine run 

at Fixed load and various 

engine speed and then at a 

fixed speed and different 

engine load. 

 

 

Diesel engine power, 

performance, and fuel 

consumption values are 

investigated based on 

load variation, engine 

speed with increasing 

fuel injection pressure.  

 

IP, IHP, BP.BHP, 

Bmep were 

investigated for 

various speed fixed 

load and fixed speed 

and various load 

with increasing 

injection pressure. 

Effect of increasing 

injection pressure 

increases fuel 

consumption in  

both fixed load-

variations in engine 

speeds and fixed 

engine speed-

variation in loads 

[52] 4 stroke single cylinder 

constant speed engine fuelled 

with 3 different vegetable oils 

experimented with varying 

injection pressure and 

injection timing. 

 

 

 

Effect of varying 

injection pressure and 

injection timing with 3 

different fuels is 

analyzed.  

Performance and 

emission 

characteristics.  

Both aspects found 

better with jojoba 

methyl ester at 

higher injection 

pressure. 

[54] The experiment was 

conducted to evaluate the 

effect of fuel injection 

pressure and timings on 

engine performance, 

combustion, and timings. 

Study of fuel injection 

strategies and fuel 

injection timing on 

combustion, 

performance, and 

emission.  

BTE BTE increased up 

to FIP and for 

advanced SOI 

BSFC Reduced 

significantly for 

advanced SOI. 

Emission CO2 and HC 

decreased while 

NOX increased with 

advanced SOI. 

[56] Engine tested for performance 

and emission with different 

EGR and inlet air preheating. 

The combined effect of 

EGR and inlet air 

preheating is evaluated 

at medium load 

condition. 

BSFC, CO and NOX 

emission 

BSFC along with 

CO and NOX 

decreased when 

inlet air preheating 

and EGR applied 

together. 
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[57] The test on the engine was 

conducted at different 

compression ratios with 

different loads and for 

different EGR rates. 

Evaluation of the effect 

of compression ratio 

and EGR on 

performance, 

combustion, and 

emission of a diesel 

engine. 

BTE Increase with an 

increase in 

compression ratio, 

further increase in 

13.5% with an 

increase in EGR 

NOX emission Reduced by 11% 

with an increase in 

EGR 

[59] The engine was tested at 

different speeds to identify 

the effect of speed on 

performance and emission. 

Effect of speed on 

performance and 

emission. 

Performance and 

Emission 

Increase in speed 

affects performance 

and emission 

positively because 

with increment in 

speed volumetric 

efficiency increases 

while friction 

power decreases. 

[61] The Diesel engine run with 

the Jetropha  Bio Diesel to 

investigate the effect of 

various engine parameters on 

NOX emission 

It targets the 

investigating effects of 

engine operating 

parameters such as CR, 

FIP, FIT and engine 

speed on the emission 

of Nox. 

 

. 

Compression ratio NOX emission 

increases with 

compression ratio. 

Engine speed NOX emission 

increases with a 

decrease in speed. 

Injection pressure NOX emission 

decreases with an 

increase in injection 

pressure. 

[62] Effect of higher speed on CO 

emission.  

CO emission is tested 

at different speed under 

full load condition. 

CO emission Increase in speed 

can augment 

volumetric 

efficiency boosting 

turbulence in the 

combustion 

chamber which 

ensures better 

combustion which 

ultimately reduces 

CO emission. 

Table 2.1- Summary of work done by different researchers in relevant field 
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2.2 The outcome of the Literature Review  

From Literature Review it can be clearly seen that there are various factors which affect the 

performance and emission aspects either positively or negatively and it was very well explored 

by various researchers from time to time. The outcome of this literature review can be the list 

of various factors which has a significant impact on various performance and emission 

parameters.  Table 2.2 shows the impact of various methods and parameters on various 

performance and emission aspects. 

Sr  

No 

Method  Explored  Performance Parameters Emission parameters 

BSFC BTE Output 

Power 

CO HC NOX Smoke  

1 Different blends of Jetropha 

curcas oil with diesel 

Decrease Increase ----- Decrease Decrease Increase Increase 

2 Blends of methyl ester made of 

paradise oil- eucalyptus oil with 

diesel 

---- Increase ----- Decrease Decrease Increase Decrease 

3 Blends of mustard oil with diesel ---- No Change No Change ------ ---- ---- ---- 

4 Utilization of energy of exhaust 

gases of a diesel engine 

Increase Increase Increase --- ---- --- ----- 

5 Blends of rapeseed oil with 

conventional diesel 

(Decarburizing exhaust manifold 

and fuel injector tip after every 

100 hrs)   

No Change No Change No Change ---- ---- --- ---- 

6 Water oil emulsion  in 

conventional diesel 

---- Increase ----- ----- Decrease Decrease Decrease 

7 Increasing FIT, FIP & % of EGR 

in diesel engine. 

---- ---- ---- ---- ---- Decrease Decrease 

8 Blends of Pamolin biodiesel in 

diesel 

---- ---- ---- ---- ---- Increase Decrease 

9 Blends of mono-alkyl fatty acid 

ester in diesel 

--- --- ------ Decrease ----- Increase Decrease 

10 Use of multiphase O/W/O for 

diesel engine 

---- ----- ----- Decrease ----- Decrease Decrease 

11 Use of different blends of 

rapeseed oil with diesel 

Increase ---- ---- Decrease ---- ---- Decrease 

12 Use of various blends of 

rapeseed oil methyl ester with 

diesel 

Increase No Change ----- Decrease Decrease Increase Decrease 

13 Effect of increasing cetane 

no(CN) and fuel injection 

pressure(FIP) in diesel engine. 

--- ----- Increase --- ---- Decrease Increase 

14 Blends of ethanol biodiesel in 

diesel with the advancement of 

fuel injection timing(FIT) in  

Decrease Decrease ---- Decrease Decrease Increase ----- 

15 Effect of advancement of 

injection timing in diesel engine. 

--- --- ---- ---- --- Decrease Decrease 

16 Effect of various blends of n 

butanol biodiesel with diesel 

Increase Increase ----- Decrease Increase Decrease Decrease 

17 Effect of differences in the fuel 

properties of biodiesel compared 

to diesel 

--- ---- ---- ---- ---- Increase Decrease 

18 Advancement of injection timing Decrease Increase ---- ---- Decrease Increase ----- 
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(FIT) in a diesel engine. 

19 Effect of various blends of waste 

cooking oil methyl ester in diesel 

Decrease Increase ---- Decrease Decrease Increase ------ 

20 Increase in speed of the diesel 

engine 

Decrease Increase Increase --- ---- Decrease --- 

21  30% rapeseed oil blends with 

commercial diesel . 

--- Increase Increase --- --- --- ---- 

22 Preheated(up to 90◦C)cottonseed 

oil methyl ester with diesel 

---- Increase Increase Decrease ---- Increase ----- 

23 Increase in compression 

ratio(CR) and Injection 

pressure(FIP) 

--- --- ---- Decrease Decrease Increase Decrease 

24 Alcohol blends along with CN 

improver in diesel 

--- ---- ----- Decrease Decrease Decrease Decrease 

25 Blends of cottonseed oil made 

from trans esterification process. 

--- ---- ---- Decrease ----- Increase Decrease 

26 Increase in compression 

ratio(CR) and % of EGR 

--- Increase ---- ------ ----- Decrease ------ 

27 Increase in temperature using 5% 

biodiesel blend in diesel 

Increase Decrease Decrease --- ---- ---- ---- 

28 Increase in FIP with fixed load 

and various speeds 

Decrease ----- Increase ----- ------ ------ ---- 

29` Increase in CR, FIP and speed 

together 

---- ----- ----- ---- ----- Decrease --- 

30` Decrease in CR --- ---- ----- Increase Increase Decrease Decrease 

 

Table-2.2- Outcome of Literature Review 

2.3 Research gap 

 It can be observed from literature that many studies have presented variation in design factors 

like; alteration of fuel, use of various blends with biodiesel, variation of compression ratio, 

fuel injection pressure, fuel Injection timing and EGR for improvement in performance and 

emission parameters while other studies have presented variation in operating parameters like 

cetane no, load, speed and weight of the engine. To achieve performance enhancement and 

emission improvement along with better mobility and convenience, one of the prominent 

methods is weight reduction approach with a corresponding increase in the speed which has 

been applied in the present investigation. The effect of higher speed has already been 

discussed in this literature review. 

After analyzing the various models of diesel engine manufactured at M/s Vijay Industrial 

Corporation one specific model of a diesel engine having application in the agriculture sector 

with great improvement potential is identified for the present investigation. 
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2.4    Definition of problem 

After identifying the research gap it has been decided to use the weight reduction approach on 

the specific model of the engine to improve performance and emission aspect along with 

mobility and convenience that can lead to ease of transportation.  Therefore, it has been 

decided to apply the weight reduction approach in some critical parts of a diesel engine which 

can ensure material saving along with the weight reduction and also leads to an improvement 

in performance and emission aspects.  

2.5    Research Objectives 

The objectives for the present work are 

• To carry out the field study and survey of the existing engine model and to identify 

real issues faced by users particularly due to the weight. 

• To study the design and manufacturing aspects of major components of the engine for 

the possibilities of weight reduction without affecting its performance. 

• To design and fabricate experimental setup to perform performance test, loop test and 

governing test following standard IS 11170 and IS 10000 (Pt-4) for an existing and 

modified engine with reduced weight. 

• To compare the performance of both engines from the performance as well as emission 

aspect and determine the rated speeds for both. 
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CHAPTER – 3 

Testing Methods and Regulations 

3.1  Performance Analysis 

The main aim of carrying out the performance test on existing as well as modified engine is to 

investigate the effect on various parameters like rated power, BSFC, FC & thermal efficiency 

due to the adoption of weight reduction approach.  Considering the application of present engine 

in the agricultural field, the testing methods are also adopted from IS: 11170:1985 & IS: 

10001:1985 which are the standards covering the performance requirements of constant speed 

C.I. engines up to 20 kW.  

The standard atmospheric condition must be maintained during the performance test as per IS: 

11170:1985. However, in actual condition there may be little variation therefore, the correction 

factor for Brake Power α and correction factor for Specific Fuel Consumption β are derived and 

applied as per procedure mentioned in IS: 10001 (Pt-5).  Various tests that are covered in this 

standard are described in Appendix-1. 

After going through the details of all tests covered in Appendix-1, the following tests are 

conducted on existing as well as modified engine considering the importance of performance, 

stability and fuel consumption.   

a) Performance Test: To evaluate the performance of the engine under various loading 

conditions the loop test is carried out in the present work.  However, while going 

through the norms of IS: 11170:1985 it was identified that the loop test cannot be 

conducted before conducting the performance test. Considering the essential need of this 

standard first the performance test is conducted on the engine.  For carrying out a 

performance test the engine is to be started and put on a particular load for 30 minutes to 
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achieve steady state condition. After achieving this condition the engine is to be put on 

full rated load for continuously 7 hours and various parameters affecting performance 

are noted down after each hour.  Finally, the performance of the engine is monitored 

with 10% overload for 1 hour to check the stability of the engine under overloading 

condition. The observation sheet for the above experiments is given in Appendix-2 and 

various parameters related to the performance test are also shown in Appendix-2. 

Following instruments have been used in the present work to determine under mentioned 

parameter using standard equations. 

1)                                
                      

   
 

2) Dry bulb temperature, wet bulb temperature and Air intake temperature can be 

measured with dry and wet bulb thermometer and ordinary thermometer 

respectively; while exhaust gas pyrometer is used for measurement of exhaust gas 

temperature. 

3)                             
                           

    
 

4) Relative humidity  measured with the help of hygrometer 

5) The speed of engine measured  with the help of  digital tachometer 

6)                 
           

    
 where 2725 is the specific dynamometer constant 

& rated kW for this engine  is 3.7  

7)                             
             

    
 Where Column is applied brake 

load in proportion. 

8) The correction factor for brake power α and correction factor β for fuel consumption 

can be derived from the following formula   (
         

         
)
 

(
  

  
)
 

 

Where Px-Site Pressure at Column 3 

            Pr-Standard Pressure 100 Kpa 

            Psx-Water vapor pressure at site condition 

            Фx-Humidity at site condition at Column H 

            Фr-Standard Humidity which is 60% 

            Psr- Water vapor pressure at standard condition.         

From the value of k and with the help of chart α & β are found. 
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9)                       
                             

                                    
 

10)  Fuel consumed in gm.= Density of Fuel X C.C. of fuel consumed i.e. 0.83X50 = 

41.5 gm. (Density of diesel is assumed as 0.83) 

11)  The time required for consumption of 50 CC fuel can be measured with Digital fuel 

consumption meter and stopwatch.  

12)                           
                                        

        
 

13)                           
                              

                            
 

14)                                       
                                     

                                          
 

15)  The temperature of water at inlet and outlet and temperature of lubricating oil before 

and after test are measured with ordinary thermometers. 

   

b) Governing test: After the performance test, to check the stability of the engine under 

sudden load varying conditions the governing test is carried out as per IS: 11170:1985.  

Under this test, the load on the engine running at full load is suddenly reduced to the no 

load so there will be a sharp increase in the speed of engine instantly, which is measured 

immediately as a temporary increment.  Soon after reaching to the stabilize condition 

with the help of speed governor the speed is adjusted and reduced, however it will be 

little higher than the initial speed which is measured as a permanent increment.  As per 

the norms of the standard, the temporary increment in the speed should not exceed 15% 

and permanent increment in speed should not exceed 7%.   

 

c) Fuel Consumption Test (Loop Test): In the agricultural sector the frequent change in 

loading condition is observed, therefore the performance of the engine under changing 

load position becomes a very critical parameter.  Considering the importance of this 

aspect the fuel consumption test is carried out as per IS: 11170:1985.  As per the standard 

fuel consumption test should be conducted after the performance and governing test.  In 

the loop test, the engine is to be started and put on no load for 30 minutes to achieve 

steady state condition.   After stabilization, the engine is to be put at no load condition for 

30 minutes and various performance parameters are recorded, then gradually after every 

30 minutes there is an increment in the load by 20% and observation in respect of 
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performance are noted for each condition.  Finally, to check the stability of the engine 

under overloading condition the performance of the engine is recorded at 10% overload 

condition.  The observations made during the fuel consumption test can be recorded in 

the same format as for performance rating test as per Appendix-2 with mentioning the 

load condition of each observation. 

 

3.2  Emission Test 

The one of the aims of carrying out the emission test on existing as well as the modified 

engine is to study the effect on major pollutants like CO and HC due to the adoption of 

weight reduction approach.  However, in the agricultural sector, there is a- little awareness of 

emission test as IS: 11170 is not covering any aspects regarding emission.  Therefore, 

engines assembled for the agricultural sector carrying lot of visible smoke which may block 

the sensor used for measuring emission parameters.  Therefore, the arrangement is made for 

the removal of visible smoke developed in the crankcase directly from the opening created in 

the body before carrying out the emission test.  Thereafter the emission test is carried out on 

both the engines at their derived rated speed with the gas analyzer and the readings are 

recorded in the observation sheet given in Appendix-3.  
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CHAPTER – 4 

Development of lighter Engine-Weight Reduction 

Approach   

4.1  Selection of Engine 

To identify the appropriate model for weight reduction approach one of the leading 

manufacturing diesel engine Company i.e. M/s. Vijay Industrial Corporation situated at 9, 

Bhaktinagar Station Plot, Rajkot 360002 was approached and all tests mentioned in previous 

chapters are carried out.  Various problems faced by the company due to the higher weight of the 

engine were discussed.  From the discussion it was identified that the higher weight is a very 

critical issue specifically in the agricultural sector as transportation and mobility of the engine 

are very important to the farmers; therefore it has been decided to adopt the weight reduction 

approach specifically for the engines used in the agricultural sector.     

4.2 Weight Reduction Approach 

As already mentioned in the field of Agriculture the movability of Engine-Pump assembly is 

frequent and therefore its overall weight is very important factor, hence, in the present work 

weight reduction approach is considered. 

4.2.1 Selection of Suitable Engine model 

As already mentioned-M/s Vijay Industrial Corporation produces various types of engines used 

in the field of Agriculture.  From these models, initially four models namely VIC-1, VIC-2, VIC-

3 & VIC-4 are selected for identifying the possibilities of weight reduction approach, their 

technical specifications and weight of critical components are as mentioned in Table 4.1.  
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Component/Parameter VIC-1 VIC-2 VIC-3 VIC-4 

Rated Power 3.7 kW  

(5 HP) 

4.8 Kw 

(6.5 HP) 

5.9 kW 

(8 HP) 

7.35 kW 

(10 HP) 

Rated Speed (rpm) 1800 2200 1800 1800 

Bore(mm) 85 76 80 85 

Stroke(mm) 80 76 85 87.5 

Cylinder liner(kg) 7.5 6.2 7 10 

Piston (gm) 620 600 620 700 

Crankshaft(kg) 7.7 7.7 7.7 8 

Connecting Rod(kg) 1.120 1.5 1.5 1.5 

Flywheel(kg) 18 24 22 24 

Valve (Pair of two)(gm) 125 125 125 125 

Total Weight(kg) 80 85 95 100 

 

Table: 4.1 Weight analysis of various models 

 

While discussing the application of weight reduction approach in different models mentioned 

above with the technical experts and management of Vijay Industrial Corporation, an 

emphasize is given to the model VIC-1 as it is a very demanding model from the agricultural 

point of view and it is facing a strong completion in the internal market from cost, weight 

and performance aspect and accordingly VIC-1 model was selected.  The total weight of this 

model is 80 kg and Table 4.1 represents the weight of main components.   

After careful study, it was concluded that the flywheel contributes maximum weight and 

therefore it was decided to reduce its weight without affecting the performance.   
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4.3  Development of Lighter Flywheel 

 

4.3.1 Detailed Study of Existing Flywheel 

 
 

Figure: 4.1 Sketch of Flywheel 

 

To develop the lighter weight flywheel initially it was dissembled from the engine and their 

various dimensions were measured with the help of various measuring instruments. Then the 

drawing of the flywheel was prepared and its various parts and their dimensions were 

observed for the possibility of weight reduction. Figure 4.1 shows the sketch of the flywheel 

and the technical specifications are shown in Table 4.2 given below from which it has been 

observed that lighter flywheel can be developed by removing the material from rim width 

(W) and there can be the corresponding reduction of material from web thickness (t1), 

however to avoid the balancing problem during full load run there should be corresponding 



 

51 
 

increase in the diameter (D).  With this concept, the various flywheel manufacturers were 

approached and the detailed manufacturing process was studied.  

 

 

 

 

 

 

 

                      

                            Table: 4.2 Technical specifications of the existing flywheel 

 

4.3.2 Flywheel Manufacturing Process 

In the process of developing the lighter flywheel, the detail manufacturing process of the 

flywheel was studied from which it was observed that generally the flywheel for diesel engines 

are manufactured with sand casting process which consists of following steps. 

1) Place a pattern in the sand to create a mould. 

2) Incorporate the pattern and sand in a gating system. 

3) Remove the pattern. 

4) Filled the mould cavity with molten metal. 

5) Allow the metal to cool. 

6) Break the sand mould and remove the casting. 

After in depth study of the manufacturing process of flywheel it is understood that it’s very 

difficult to manufacture the customize flywheel for specific model of engine because of  

difficulty in manufacturing separate pattern for the specific model of diesel engine and even if it 

is developed it is very hard to make it commercially viable due to less quantity.  Therefore, it is 

decided to accommodate the lighter flywheel by selecting the flywheel from the available pattern 

of the flywheel with the manufacturer.  Therefore, three different patterns of flywheel other than 

the existing one which are found suitable for this particular engine as per the experts were 

Dimensions Existing flywheel 

Weight  18 kg 

O.D. (D)  287 mm 

Rim thickness (t) 25 mm 

Web thickness (t1) 25 mm 

Rim width (W) 70 mm 
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selected and their critical dimensions were measured.  The various critical dimensions are shown 

in Table 4.3. 

From the table 4.3 given below it was identified that Flywheel-1 and Flywheel-2 can be 

accommodated in the engine without any modification but to accommodate the Flywheel-3 the 

diameter of the flywheel at crank end must be changed; however by accommodating Flywheel-3 

the total weight of the flywheel can be reduced from 18 kg to 9 kg which is around 50 % 

reduction in weight of flywheel.  Therefore, this flywheel is identified in order to reduce the 

weight of the engine considerably.  

 

Table: 4.3 Technical specifications of the different flywheel 

4.3.3 Development of modified engine with a lighter flywheel  

From the literature review it was studied that to maintain the same rated power of engine along 

with the reduction in the weight of flywheel it is required to operate the engine with little higher 

speed therefore, it is expected that as modified engine is required to operate at higher speed after 

adopting a weight reduction approach because of reduction in the amount of stored energy in 

lighter flywheel.  However, to keep the same rated power even at higher speed it is needed to 

negotiate the effect of higher speed by reducing the swept volume which can be achieved by 

reducing the diameter and stroke of the engine. 

Dimensions Existing 

flywheel 

Flywheel-1 Flywheel-2 Flywheel-3 

Weight (kg) 18 16 12 9 

O.D. (D) (mm) 287 290 295 300 

Rim thickness 

(t)(mm) 

25 27 30 35 

Diameter at crank 

end (d)(mm) 

40 40 40 35 

Web thickness 

(t1)(mm) 

25 24 22 20 

Rim width (W)(mm) 70 60 50 30 
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Therefore, the following additional modifications are done to accommodate the lighter flywheel 

in the existing engine.  

a) Reduction in bore diameter. 

b) Reduction in stroke length. 

c) Change in the crank diameter at flywheel end from 40 to 35 mm to accommodate the 

Flywheel-3 in the engine. 

4.3.3.1 Reduction in bore diameter 

The existing engine is having a cylinder of 85 mm bore diameter, to accomplish the task of 

reduction in bore different cylinder liner are analysed and their suitability to this engine was 

checked.  It is identified that the cylinder having 76mm bore diameter is found suitable for 3.7 

kW (5 HP) engine according to their dimensions measured.  Therefore, the liner having bore 

diameter 76 mm is procured and after doing proper machining operations it is assembled in the 

present engine along with reduced weight flywheel. 

From weight analysis chart shown at table 4.1, it can be observed that as the 76 mm bore 

diameter is having a weight of 6.2 kg which is less by 1.3 kg then existing one, there can be a 

further weight reduction of 1.3 kg by accommodating 76 mm bore liner in the existing engine. 

Therefore, along with suitability to lighter flywheel further reduction in weight by 1.3 kg can be 

achieved by accommodating 76 mm cylinder liner with the engine. 

4.3.3.2 Reduction in stroke length 

Swept volume can be reduced by either reducing bore or by reducing the stroke length of the 

engine.  However, it is observed that alteration in stroke length is subjected to various critical 

dimensions of the engine and to alter those dimensions are very difficult considering the concept 

of interchangeability in the engine.  Therefore, there is only a slight reduction in stroke length is 

done i.e. from 80 mm to 78 mm which found feasible along with a reduction in the bore. 

4.3.3.3 Reduction in crank diameter at the flywheel end 

As the selected lighter flywheel is having 35 mm diameter at the end where crank is fitted as 

compared to 40 mm of existing one and it was not found feasible to alter the pattern of reduced 

weight flywheel therefore, the crank diameter at flywheel end is reduced from 40 mm to 35 mm 

where the lighter flywheel can be accommodated easily.  
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4.4  Development of Modified Engine with Exhaust Valve Replacement 

 

After doing performance and emission analysis of existing engine and modified engine with 

lighter flywheel it was felt that because of the higher speed of the modified lighter engine there is 

sharp increase in the exhaust temperature which is the result of poor scavenging which ultimately 

affects performance in long run and also adversely affects the active life of the engine. 

Therefore, to ensure the better scavenging and for further improvement of performance and 

emission parameter, the replacement of exhaust valve is required in such a way that the whirling 

motion of the exhaust gas can be imparted in exhaust path which can ensure better scavenging.   

Considering all the above points the exhaust valve is replaced from the available pattern with the 

manufacturer. Figure 4.2 represents the existing and replaced exhaust valve with their critical 

dimensions and their detailed technical specifications are shown in Table 4.3. 

From the diagram and specification table, the following changes are observed in the selected 

exhaust valve.   

a) Increase in the outside diameter of the valve from 32 mm to 33.885 mm by adjusting the 

distance available between two valve sheets in the cylinder head.  

b) Increase in the radius of the exhaust path from 15.80 mm to 19.05 mm for imparting 

whirling motion of exhaust gas.  

c) No change in the length of the valve to avoid the alteration in the design of the cylinder 

head remains undisturbed. 

Then after, the replaced exhaust valve was accommodated in the modified engine and the 

performance and emission analysis of modified engine with replaced exhaust valve are 

done and the same is compared with a modified engine with existing valve and existing 

engine. 
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 Existing Exhaust Valve Modified Exhaust Valve 

 
 

  

Figure: 4.2 Sketch of Existing and Replaced Valve 

 

 

 

 

 

 

                              

                                 Table: 4.4 Specifications of the exhaust valve 

Dimensions Existing Exhaust Valve Modified flywheel 

Outside Diameter (mm) 32  33.885  

The radius of the Exhaust 

path (mm) 

15.80  19.05  

The total length of the 

valve (mm) 

100  100  
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CHAPTER – 5 

 Experimental Setup and Procedure of 

Experimentation   

5.1  Experimental Setup and Testing Parameters 

 
Initially, performance analysis of the existing engine is carried out at a different speed to 

identify the rated speed for the existing engine.  After identifying the different flywheels the 

performance trial at full load is carried out to identify the most suitable flywheel.  After 

accommodating most suitable flywheel the performance and emission analysis of the 

modified engine is carried out at different speeds to identify the rated speed of the modified 

engine. During the performance and emission analysis of modified engine, it was felt that 

due to the higher speed of modified engine there was a sharp rise in exhaust temperature 

which is an indication of poor scavenging, therefore, the replacement of exhaust valve is 

needed to ensure better scavenging.  Accordingly, the exhaust valve is replaced in the 

modified engine and performance and emission analysis of the engine is done with a replaced 

valve and various performance and emission parameters of all three cases are compared.  

After completion of experimentation, the results are discussed and implementation is done 

for the benefit of the industry.    

  

5.2  Experimental Setup 

 
5.2.1 Arrangement of the testing set up 

 

      Figure 5.1 represents the photographs of the testing set up and control panel used for  

      present investigations while Figure 5.2 shows a schematic representation of the same. 
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Figure: 5.1 Photograph of testing setup 

 

 

 
Figure: 5.2 Schematic diagram of testing setup 
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The arrangement is done for carrying out performance and emission test simultaneously in the 

same setup. The selected engine is to be coupled to a hydraulic dynamometer with a coupler to 

control engine speed and load. The digital control panel having an arrangement for measurement 

of applied load, speed and fuel consumption digitally is attached to the hydraulic dynamometer. 

The inlet and outlet temperature of cooling water are measured by thermometers which are 

attached to corresponding passages. The aneroid barometer is used for measurement of air 

pressure; dry bulb and wet bulb temperature is measured with dry and wet bulb thermometer for 

measurement of relative humidity which is essential for applying a correction factor of 

temperature. 

Specific fuel consumption is measured by measurement of time required for consumption of 50 

ml fuel with the help of pipette and stopwatch in addition to the digital arrangement. 

Temperature sensor fitted at engine exhaust measures exhaust gas temperature and same is 

displayed on a digital meter connected on the panel.  Testo-350 exhaust gas analyzer is 

connected to the exhaust for measurement of major pollutants like CO and NOX. Correction 

factor for pressure and temperature are applied on brake power and fuel consumption to 

negotiate the effect of pressure and temperature. In addition to a hydraulic dynamometer, rope 

brake dynamometer arrangement is also done for carrying out the governing test as a sudden 

change in loading condition from full load to no load cannot be done precisely with a hydraulic 

dynamometer. Parameters observed for performance and emission analysis are power produced 

by the engine, engine speed (rpm), fuel consumption characteristics, exhaust temperature, CO 

and NOX at different loading conditions.   

5.2.2 Instruments used in the testing set up 

 

1) Hydraulic Dynamometer 

Figure 5.3 represents hydraulic dynamometer used in the present setup for measurement of rated 

brake power.  The hydraulic dynamometer used is having the capacity to measure the rated 

power up to 20 kW and it is having an accuracy of ±0.5%.  For measurement of brake power, 

hydraulic dynamometer should be coupled with the engine through the coupler and then load 

should be applied gradually from No load to overload for keeping the speed variation within the 

permissible range.   
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Figure: 5.3 Hydraulic Dynamometer 

2) Digital Panel for measurement of applied load, speed and fuel consumption 

 

 
 

Figure: 5.4 Digital Control Panel 
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Figure 5.4 represents a control panel attached with a hydraulic dynamometer for measurement of 

applied load, speed and fuel consumption digitally.  During fuel consumption test when the 

applied load on the engine is changed by hydraulic dynamometer there will be a corresponding 

change in the speed, however as the quantity of fuel supplied is varied by the speed governor 

which keeps the speed variation during the test within permissible limit thereafter reading in 

respect of load, speed and fuel consumption are taken. 

3)  Aneroid Barometer 

 

 
  

Figure: 5.5 Aneroid Barometer 

Figure 5.5 represents aneroid barometer used for measurement of air pressure in the present 

investigation.  This barometer is having a range of 720 mm of Hg to 780 mm of Hg with a least 

count of 1 mm of Hg.  The measurement of air pressure is done for applying the correction factor 

of pressure in the final observations. 

4) Dry and Wet Bulb Thermometer 

Figure 5.6 represents dry and wet bulb thermometer used for measurement of relative humidity 

from the difference of dry and wet bulb temperature.  This thermometer is having a range of -

10°C to 50°C with a least count of 1°C. The measurement of relative humidity is done for 

applying the correction factor of temperature in the final calculations. 
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Figure: 5.6 Dry and Wet Bulb Thermometer 

5) Exhaust Gas Pyrometer 

Figure 5.7 represents exhaust gas pyrometer used for measurement of exhaust gas temperature.   

For measurement of exhaust gas temperature K type sensor is placed at exhaust which is 

connected to temperature indicator.  This instrument is having a range of 0°C to 600°C with a 

least count of 1°C. The measurement of exhaust gas temperature is an indication of under load or 

overload of the engine and also the quality of scavenging. 

 

 

Figure: 5.7  Exhaust Gas Pyrometer 
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6) U Tube Manometer 

Figure 5.8 represents U tube manometers used for measurement of exhaust gas back pressure. 

This instrument measures the pressure by calculating the difference of height of water column on 

both the sides then the reading in height can be converted in a pressure unit.  This reading is 

helpful for applying the correction factor for pressure.  

 

 

   Figure: 5.8 U Tube Manometer 

7) Pressure Gauge  

 

 

 

Figure: 5.9 Pressure Gauges 
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Figure 5.9 represents a pressure gauge for measuring lubricating oil pressure.  The instrument is 

having a range of 0 to 14 kg/cm
2
 with a least count of 0.2 kg/cm

2
. The sufficient value of oil 

pressure is an indication of the smooth flow of oil in the crankcase which prevents overheating in 

the long run. 

8) Thermometers 

 

 

 

Figure: 5.10 Thermometer 

Figure 5.10 represents one of the basic devices for temperature measurement i.e. thermometer for 

measuring temperature.  The instrument is having a range of -10 C to 110°C with a least count of 

1°C.  It is used at various places during the experiment for temperature measurement i.e. 

measurement of cooling water inlet and outlet temperature, measurement of lubricating oil 

temperature and air inlet temperature.   
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5.2.3 Experimental Procedure 

 

As per the testing methods mentioned in IS: 11170:1985 the following tests are conducted on the 

existing engine and modified engine with and without valve replacement. 

1) Performance Test: This test is to be conducted compulsory on the engine before 

conducting the fuel consumption test.  Before conducting the performance test engine 

should be started and put on full load for 30 minutes for achieving stable condition.  Then 

after, the observations in respect of performance are to be recorded after every one hour.  

The duration of the performance test is seven hours; therefore, the seven sets of 

observations are recorded. If the engine meets the requirements of IS: 11170 in this 

performance test then further tests are to be conducted of an engine otherwise the engine 

is rejected without conducting any further test.    

 

2) Governing Test: After successful completion of performance test the governing test is to 

be carried out on engine identify the stability of engine under changing load condition 

before conducting the fuel consumption test. In this test the engine is to be run on full 

load and load on the engine is to be reduced from full load to no load suddenly and 

temporary increment of speed is noted down.  After stabilizing the engine permanent 

increment of speed is also noted down.   For satisfactory condition, the temporary 

increment should be less than 15% and permanent increment should be less than 8%. If 

the engine passes in the governing test then fuel consumption test is to be conducted on 

the engine because this governing identifies the stability of engine under changing load 

condition. 

 

3) Fuel Consumption Test (Loop Test): After successful completion of governing test the 

fuel consumption (loop test) is to be conducted on the engine.  This test is very critical 

considering the frequent change in loading condition in the agricultural sector. This test is 

to be conducted on engine 1 hr. after successful completion of the performance test and 

governing test.   In this test engine is to start on no load for 30 minutes to achieve 

stabilizing condition then, the reading is recorded for different loading condition from no 

load to overload with 20% increment in load after every 30 minutes and final reading is 
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to be recorded at 10% overloading condition to check the performance of the engine 

under overload condition.  To maintain the constant speed during an experiment while the 

changing load, the quantity of diesel injected is varied by a speed governor. After 

completing the experiment at a selected speed, the speed of the engine can be altered by 

loosening or tightening the governor spring to change the experimental speed and to 

identify the most suitable speed for the engine. 

  

4) Emission Test: Along with performance criteria emission aspect is also measured by 

attaching Testo-350 exhaust gas analyzer in the exhaust path and major pollutants like 

CO and NOX are measured and compared for different conditions. The results obtained 

by the gas analyzer are validated at the independent laboratory by conducting stack 

analysis method at the full load.  

 

5.2.4 Sample Observation Table, Calculation and Result Table 

 

The experimentation on the existing engine is done at four different speeds i.e. 1500, 

1800, 2000 and 2200 rpm for measurement of performance and emission parameters and 

determination of rated speed; similarly, the performance and emission parameters for the 

modified engine are measured at four different speeds i.e. 2000, 2200, 2400 and 2600 

rpm. From the above observations rated speed of both engines are found and performance 

and emission aspects of both engines are compared at their rated speed. Then after the 

exhaust valve is replaced and performance and emission parameters are measured with a 

replaced valve at a rated speed of the modified engine.  The sample observation table for 

each case is presented below. 
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5.2.4.1 Sample Observation Table  

Sr 

No 

Brake 

Load 

(kg) 

Load in 

% 

Fuel 

consumption 

time (sec) 

CO in ppm NOX in ppm 

1 
0 0 830 360 284 

2 
1.07 20 462 530 452 

3 
2.17 40 296 610 510 

4 
3.19 60 256 640 570 

5 
4.34 80 194 690 624 

6 
5.45 100 160 1025 964 

7 
5.98 110 140 1456 1428 

 

Table: 5.1 Existing Engine at 1800 rpm 

Sr 

No 

Brake 

Load 

(kg) 

Load in 

% 

Fuel 

consumption 

time (sec) 

CO in ppm NOX in ppm 

1 
0 0 1068 300 256 

2 
0.75 20 503 480 394 

3 
1.50 40 318 550 465 

4 
2.27 60 263 570 504 

5 
3.00 80 201 600 568 

6 
3.77 100 167 980 896 

7 
4.12 110 148 1360 1330 

 

Table: 5.2 Modified Engine at 2600 rpm 
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Sr 

No 

Brake 

Load 

(kg) 

Load in % Fuel 

consumption 

time (sec) 

CO in ppm NOX in ppm 

1 
0 0 1120 287 242 

2 
0.75 20 531 456 372 

3 
1.50 40 335 517 436 

4 
2.27 60 271 538 478 

5 
3.00 80 211 571 528 

6 
3.77 100 175 946 869 

7 
4.12 110 155 1322 1292 

      

                    Table: 5.3 Modified Engine at 2600 rpm with valve replacement 

 

5.2.4.2 Sample Calculation  

In the present investigations, the experimental set up is fabricated and performance and emission 

test are carried out simultaneously on it.  The various observations are recorded and from those, 

the various parameters related to performance like BP, FC, BSFC and thermal efficiency are 

calculated.  The sample calculation for each case is presented here. 

5.2.4.2.1 Existing Engine at 1800 rpm @100% Load 

 

1                 
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5.2.4.2.2  Modified Engine at 2600 rpm @100% Load 
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5.2.4.2.3 Modified Engine at 2600 rpm with valve replacement @100% Load  
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5.2.4.3 Sample Result Table  

From the calculation presented above, the various parameters related to performance are derived 

and presented in the result table given below. 
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Sr 

No 

Brake 

Load 

(kg) 

Load 

 % 

Fuel 

Consumption  

g/h 

Brake Specific 

Fuel Consumption  

(BSFC) g/kWh 

Brake Thermal 

Efficiency  

% 

1 
0 0 180 ----- ------ 

2 
1.07 20 323.38 431.17 25.72 

3 
2.17 40 504.73 336.5 32.90 

4 
3.19 60 583.59 268.93 41.59 

5 
4.34 80 770.10 265.55 41.71 

6 
5.45 100 933.75 258.66 42.81 

7 
5.98 110 1067.14 270.85 40.90 

 

Table: 5.4 Existing Engine at 1800 rpm 

 

Sr 

No 

Brake 

Load 

(kg) 

Load in 

% 

Fuel 

Consumption  

g/h 

Brake Specific 

Fuel Consumption  

(BSFC)  g/kWh 

Brake Thermal 

Efficiency  % 

1 
0 0 139.89 ----- ------ 

2 
0.75 20 298.01 402.71 27.50 

3 
1.50 40 469.81 319.6 34.64 

4 
2.27 60 568.06 258.2 42.90 

5 
3.00 80 743.28 256.3 43.23 

6 
3.77 100 894.61 248.5 44.55 

7 
4.12 110 1009.46 260.84 42.44 

 

Table: 5.5 Modified Engine at 2600 rpm 
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Sr 

No 

Brake 

Load 

(Kg) 

Load  

% 

Fuel 

Consumption 

in g/h 

Brake Specific 

Fuel Consumption  

(BSFC)  g/kWh 

Brake Thermal 

Efficiency % 

1 
0 0 133.39 ----- ------ 

2 
0.75 20 281.36 380.21 29.17 

3 
1.50 40 445.97 303.38 36.50 

4 
2.27 60 551.29 250.59 44.22 

5 
3.00 80 708.06 244.16 45.37 

6 
3.77 100 853.72 237.14 46.69 

7 
4.12 110 963.87 249.06 44.51 

             Table: 5.6 Modified Engine at 2600 rpm with Valve replacement 

5.2.5 Validation of Experimentation 

Validation is the basic tool for accessing the accuracy of conducted experiments.  For validation, 

accuracy is measured in a relation to theoretical data if available.  In absence of theoretical data 

the experimental data can be validated by comparing them with available results in literature, the 

same method is adopted for validating the above obtained experimental results. 

5.2.5.1 Load v/s Brake Specific Fuel Consumption 

The results of brake specific fuel consumption at different loading condition derived from 

performance test of existing engine are presented graphical form. It has been observed that there 

is a reduction in the brake specific fuel consumption with increment in the load percentage. The 

obtained results have been validated by comparing them with the previously reported results [17] 

for performance test as under. 
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Figure: 5.11 Brake Specific Fuel Consumption Validation 

5.2.5.2  Load v/s NOX Emission 

The results of NOX Emission at different loading condition derived from emission test of existing 

engine are presented graphical form. It has been observed that there is a sharp increase in NOX 

Emission with increment in the load percentage. The obtained results have been validated by 

comparing them with the previously reported results [20] for emission test as under.  

 

Figure: 5.11 NOX Emission Validation 
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CHAPTER – 6 

Results and Discussion 

6.1  Introduction 

As already stated in the previous chapter, the lighter pump set can provide a lot of comfort to the 

farmers in the agricultural field especially during mobility.  Initially, the existing engine-pump 

set used in this field is studied critically for the weight reduction possibilities and accordingly the 

same is modified.  The present chapter includes results obtained for both the cases and finally 

comparison of various performance parameters like  Fuel Consumption, Brake specific fuel 

consumption, Brake Power and Thermal efficiency and emission parameters like  Carbon 

Monoxide and Nitrogen Oxide etc. are measured for both the cases and a detailed comparison is 

presented in this chapter.  

The modified engine with reduced weight has been developed as discussed in the Chapter-4, 

while various performance tests as per IS: 11170:1985 and emission test have been carried out 

on existing and modified engine as per the description in Chapter-5. Further, during the test it has 

been observed that as the higher speed of the modified engine is resulted into higher exhaust 

temperature which can adversely affect the life of engine; this issue has been resolved by valve 

replacement and the similar test was conducted on the modified engine with replaced valve.  

Again the various performance and emission parameters are observed and recorded with the 

existing engine and modified engine with and without valve replacement and finally, results are 

compared.  
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6.2  Results 

6.2.1 Performance characteristics of an existing engine 

6.2.1.1 Effect of Load on the Fuel Consumption 

 

 

 

Figure: 6.1 Effect of Load on the Fuel Consumption at different speeds 

Fuel consumption gives the amount of fuel consumed per hour to develop the rated power and it 

generally increases linearly with an increase in the percentage of the load. The effect of load on 

fuel consumption for the existing engine is measured at four different speeds i.e. 1500, 1800, 

2000 and 2200 rpm by varying the load from no load to overload. It is observed that the range of 

fuel consumption is from 183.54 g/h to 1098.53 g/h at 1500 rpm, 180.00 g/h to 1067.14 g/h at 

1800 rpm, 181.97 g/h to 1090.51 g/h at 2000 rpm and 180.27 g/h to 1082.60 g/h at 2200rpm. At 

60 % loading condition fuel consumption is approximately 350% higher, at full load it is 

approximately 500% higher and finally, at overloading condition, it is approximately 600% 
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higher compared to no load condition. It is further observed that up to  40% loading condition 

there is no significant effect of speed on fuel consumption and then after there is a marginal 

effect.  It is also observed that after 40% loading condition 1800 rpm gives the lowest fuel 

consumption as far as the existing engine is concerned, specifically  1.91% lower fuel 

consumption at full load is observed which is very critical.   

6.2.1.2 Effect of Load on the Brake Specific Fuel Consumption 

 

 

 

       Figure: 6.2 Effect of Load on the Brake Specific Fuel Consumption at  different speeds   

Brake specific fuel consumption is the most important parameter of an engine and is defined as 

the consumption per unit of power in a unit time. It is observed that the brake specific fuel 

consumption for existing engine lies between 264.80 g/kWh to 447.36 g/kWh at 1500 rpm, 

258.66 g/kWh to 431.17 g/kWh at 1800 rpm, 260.24 g/kWh to 483.73 g/kWh at 2000 rpm and 

259.28 g/kWh to 482.60 g/kWh at 2200 rpm. While studying the effect of load on brake specific 

fuel consumption it is observed that brake specific fuel consumption decreases in all 
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experimental conditions with increases in engine load, i.e. decreases by approximately 50% 

while reaching from 20% loading condition to full load condition and then after increases by 

approximately 5%  for overloading condition.  This reduction is due to the result of continuous 

improvement in combustion quality and efficiency with increased load. Cylinder pressure 

increases with higher load resulted in increased injected fuel quantity, which burned more 

efficiently reducing brake specific fuel consumption at higher load. Further, the results obtained 

from the experiment concluded that the lowest BSFC of 258.66 g/kWh is observed at 1800 rpm, 

which is marginally better than the remaining three speeds. 

6.2.1.3 Effect of Load on the Brake Thermal Efficiency 

 

 
 

Figure: 6.3 Effect of Load on the Brake Thermal Efficiency at  different speeds  

Brake thermal efficiency is the ratio of the output or work done by a substance in a cylinder in a 

given time to the input which is heat energy of fuel supplied during the same time.   It is 
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observed that the thermal efficiency for the existing engine is from 24.72% to 41.82% at 1500 

rpm, 25.72% to 42.81% at 1800 rpm, 22.86% to 42.55% at 2000 rpm and 22.90% to 42.70% at 

2200 rpm under different loading condition.  While studying the effect of load it is observed that 

thermal efficiency increases with the increase in the load up to 60% and then after no significant 

gain up to 80% and after 80% once again there is an improvement and attains maximum at full 

load condition.  This is due to the fact that a larger portion of combustion heat has been 

converted into work with increased load. However, under overloading condition, the thermal 

efficiency decreased slightly because of incomplete combustion of fuel. It is observed that brake 

thermal efficiency increases in the range of  25% to 40% when the load is changed from 20% to 

60%.  The highest thermal efficiency of 42.81% is observed in the existing engine at 1800 rpm 

which is marginally better than the remaining three speeds. 

6.2.1.4 Determination of the rated speed for existing engine 

From the literature review, it was observed that in the agricultural sector the parameters observed 

at higher load are more important as compared to part load because in agricultural sector diesel 

engines are going to run nearly at full load or sometimes even at overload condition during most 

of its life.  While going through the results of the performance parameters observed in the 

conducted experiment for existing engine it is determined that best values of performance 

parameters like FC, BSFC and thermal efficiency at higher load are observed in existing engine 

at 1800 rpm, therefore, the rated speed for the existing engine is taken as 1800 rpm . 

6.2.2 Performance characteristics of the modified engine without valve modification 

6.2.2.1 Effect of Load on the Fuel Consumption 

As discussed earlier fuel consumption derives the quantity of fuel consumed per hour to develop 

the rated power of the engine and it generally increases linearly with an increase in the 

percentage of the load. The effect of load on fuel consumption for the modified engine is 

measured at four different speeds i.e. 2000, 2200, 2400 and 2600 rpm considering the severe 

vibration beyond this speed by varying the load from no load to overload.        

It is observed that the range of fuel consumption for modified engine is from 142.29 g/h to 

1082.60 g/h at 2000 rpm, 141.48 g/h to 1067.14gm/hr at 2200 rpm, 140.68 g/h to 1052.11 g/h at 

2000 rpm and 139.89 g/h to 1009.46 g/h at 2600 rpm. 
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Figure: 6.4 Effect of Load on the Fuel Consumption at  different speeds  

At 60 % loading condition fuel consumption is approximately 400% higher, at full load it is, 

approximately 600% higher and finally, at overloading condition, it is approximately 700% 

higher compared to no load condition. It is further observed that up to 40 % loading condition 

there is no significant effect of speed on fuel consumption and then after there is a marginal 

effect.  It is also observed that after 40% loading condition engine gives the lowest fuel 

consumption at 2600 rpm, specifically 4.37% lower fuel consumption at full load as far as the 

modified engine is concerned as represented in Figure 6.4. 
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6.2.2.2 Effect of Load on the Brake Specific Fuel Consumption 

 

 
           

Figure: 6.5 Effect of Load on the Brake Specific Fuel Consumption at  different speeds  

 

Considering the importance of Brake specific fuel consumption for predicting the thermal 

behaviour the measurement of BSFC has been carried out at four different speeds i.e. 2000, 

2200, 2400 and 2600 rpm. It is observed that the brake specific fuel consumption for modified 

engine lies between 266.02 g/kWh to 404.58 g/kWh at 2000 rpm, 262.66 g/kWh to 402.01 

g/kWh at 2200 rpm, 260.10 g/kWh to 402.14 g/kWh at 2400 rpm and 248.50 g/kWh to 402.71 

g/kWh at 2600 rpm. While measuring the brake specific fuel consumption at different speed at 

different loading position it has been observed that brake specific fuel consumption decreases in 

all experimental conditions with increase in engine load i.e. decreases by approximately 40% 

while reaching from 20% loading condition to full load condition and then after increases by 

approximately 5% for overloading condition, the probable reason behind this is already 

discussed in the early part of this chapter. While studying the measured BSFC at the different 

speed it is observed that the lowest BSFC for a modified engine for all experimental loading 

condition is observed at 2600 rpm as presented in Figure 6.5 and specifically it is approximately 

4.67% lower at full load condition as far as the modified engine is concerned.  
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6.2.2.3 Effect of Load on the Brake Thermal Efficiency 

 

 
                      

 Figure: 6.6  Effect of load on the Brake Thermal Efficiency at  different speeds 

As discussed earlier brake thermal efficiency indicates the conversion ratio from heat energy to 

work for any engine.  It is observed that the thermal efficiency for the modified engine is from 

27.34% to 41.62% at 2000 rpm, 27.48% to 42.15% at 2200 rpm, 27.50% to 42.57% at 2400 rpm 

and 27.50% to 44.55% at 2600 rpm under different loading condition. As discussed earlier in this 

chapter thermal efficiency tends to increase with the increase in the load up to full load condition 

and then decrease slightly for overload condition which can be justified from the above graph. 

While studying the effect of load it is observed that thermal efficiency increases with the 

increase in the load up to 60% and then after no significant gain up to 80% and after 80% once 

again there is an improvement and attains maximum at full load condition and then again 

decreases slightly for overloading condition.  The probable reason behind this is already 

discussed in the earlier part of this chapter.  It is observed that brake thermal efficiency increases 

in the range of 28% to 42% when the load is changed from 20% to 60%. At full load, the highest 

thermal efficiency of 44.55% is observed at 2600 rpm which is 1.98% higher than the value 

observed at the second best speed as represented in Figure 6.6. 
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6.2.2.4 Determination of the rated speed for a modified engine  

Considering the importance of higher load in the agricultural sector the parameters observed at 

higher load is having significant importance as compare to part load.  While going through the 

results of the performance parameters observed in the conducted experiment on the modified 

engine at the different speed it is determined that best values of performance parameters like FC, 

BSFC and thermal efficiency for the modified engine is observed at 2600 rpm.  Therefore, the 

rated speed for the modified engine is taken as 2600 rpm. 

6.2.3 Comparative analysis of the performance and emission characteristics of existing 

and modified engine without valve replacement at their derived rated speed 

 

6.2.3.1 Thermal Efficiency 

While comparing the thermal efficiency of existing and modified engine under different load 

condition at their derived rated speed it has been observed that the thermal efficiency is in the 

range of 25.72% to 42.81% for the existing engine and 27.50% to 44.55% for the modified 

engine at their respective rated speed at different loading condition. 

  
 

Figure: 6.7 Comparative analysis of the Thermal Efficiency 
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However, it has been also observed that modified engine gives better thermal efficiency by 

approximately 2% as compared to the existing engine at different loading condition, 

specifically 1.75% higher thermal efficiency is observed at full load condition as presented in 

Figure 6.7. This performance enhancement is achieved by reducing the weight of the 

flywheel and the corresponding increase in speed. Higher speed probably might have to 

augment volumetric efficiency, boosting turbulence in the combustion chamber hence ensure 

shorter ignition delay which might have resulted in higher thermal efficiency in modified 

engine. 

6.2.3.2 CO Emission 

Considering the toxic nature of CO, it must be controlled. It is an intermediate product in the 

combustion of a hydrocarbon fuel produced due to incomplete combustion. Emission of CO 

depends on the air-fuel ratio relative to the stoichiometric proportion. The comparative analysis 

of CO emission at different loading condition is shown in Figure 6.8. 

    

  

Figure: 6.8 Comparative analysis of the CO  Emission 
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observed with an increase in load because of the fact that higher load resulted in more amount of 

diesel fuel injected into the combustion chamber. As the amount of air remains the same and fuel 

quantity increased, the occurrence of incomplete combustion might have resulted in higher CO 

emission.  

It has been observed that the CO emission of the modified engine is lower by 20% at no load 

condition, lower by 10.41% to 15.0% up to 80% loading condition and lower by 4.50% to 7.05% 

for a full load and overload condition. This might be due to the higher speed of the modified 

engine that could have probably augment volumetric efficiency, boosting turbulence in 

combustion chamber hence ensure shorter ignition delay which resulted into complete 

combustion  lowering CO emission specifically at the lower load where the combustion 

characteristics in a diesel engine are generally poor. However, at higher load where diesel engine 

generally possesses good combustion characteristics this improvement is comparatively lower. 

6.2.3.3 NOX Emission 

The most troublesome emissions from CI engines are NOX which contains nitric oxide (NO) and 

nitrogen dioxide (NO2). The combustion temperature inside the engine cylinder and the local 

stoichiometric mixture are the most important factors for the formation of NOX.   The variation 

of NOX emission for both engines at different load conditions is shown in Figure 6.9. It has been 

observed that NOX emission in the existing engine is between 284 ppm to 1428 ppm while for 

the modified engine it is between 256 ppm to 1330 ppm. It has also been observed that the NOX 

emission increases with the engine load because of higher combustion temperature at higher 

load. 

While comparing NOX emission of both engines at their most suitable speed it has been observed 

that the NOX emission of the modified engine is lower by 9.68% to 14.72% to 80% loading 

condition and then after lower by 7.58% for full load condition and 7.37% for an overload 

condition. This might be because of the lower speed of the existing engine because at lower 

engine speed the reactive gas provides a longer time for the nitric oxide to form and this results 

in higher nitric oxide concentration in the combustion chamber.  
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Figure: 6.9 Comparative analysis of the NOX  emission  

Although in modified engine with the higher speed the exhaust gas temperature increased, the 

NOX emission decreased, this might be due to increment in the volumetric efficiency and gas 

flow motion within the engine cylinder under higher engine speeds, leading faster mixture 

between fuel and air, and shorter ignition delay. The reaction time of each engine cycle is 

thereafter reduced so that the residence time of the gas temperature within the cylinder is 

shortened. This led to improvement in NOX emissions from no-load condition to overload 

condition. 

6.2.4 Comparative analysis of performance and emission characteristics of the modified 

engine with and without exhaust valve replacement 

After carrying out the performance and emission analysis of existing and modified engine from 

the results it is observed that the modified engine has performed better in both the aspects 
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performance and emission along with chances of reduction in life of modified engine. To 

overcome these difficulties and to enhance the performance and emission parameter further it has 

been decided to replace the exhaust valve of the modified engine which leads to better 

scavenging characteristics as already discussed in the previous chapter. The results of the 

modified engine with and without valve replacement are analyzed and compared to identify the 

effect of valve replacement separately. 

6.2.4.1 Fuel Consumption with and without valve replacement 

 

 
 

Figure: 6.10 Fuel Consumption with and without valve replacement 

 

The amount of fuel consumed to develop the rated power per hour can be derived by measuring 

fuel consumption which is generally having a tendency to increase linearly with load percentage 

as discussed in the earlier part of this chapter. Figure 6.10 represents the fuel consumption of the 

modified engine with and without valve replacement for different loading condition varying from 

no load to overloading condition. It can be observed that fuel consumption for the modified 

engine without valve replacement is between 139.89 g/h to 1009.46 g/h and with valve 

0

200

400

600

800

1000

1200

0 20 40 60 80 100 120

FC
 in

 g
/h

 

% Load 

Modified Engine
without Valve
Replacement

Modified Engine with
Valve Replacement



 

86 
 

replacement is between 133.39 g/h to 963.87 g/h.  It can be further interpreted that the fuel 

consumption in the modified engine can be further reduced by 3.04% to 5.35% in entire loading 

range and specifically lower by 4.79% at full load condition by valve replacement.  

6.2.4.2 Brake Specific Fuel Consumption with and without valve replacement 

 

 
 

 Figure: 6.11 Brake Specific Fuel Consumption with and without valve replacement 

As discussed earlier brake specific fuel consumption measures the consumption of fuel per unit 

of power in a unit time hence it is one of the most important parameters for predicting the 

performance.   It has been observed that the range of BSFC for the modified engine without 

valve replacement is from 248.50 g/kWh to 402.71 g/kWh and from 237.14 g/kWh to 380.21 

g/kWh with valve replacement. From the  discussed literature review earlier results it is clear that 

brake specific fuel consumption should decrease with increase in engine load up to full load 

condition because of improved combustion quality at higher load due to higher cylinder pressure 

which must be resulted in to efficient burning of increased injected fuel quantity that ultimately 

has lowered brake specific fuel consumption at higher load.  It has also been observed that by 

valve replacement the BSFC in the modified engine can be further reduced by 3.04% to 5.91% in 

entire loading range and specifically lower by 4.80% at full load condition by valve replacement.  
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6.2.4.3 Brake Thermal Efficiency with and without valve replacement 

 

 

 

Figure: 6.12 Brake Thermal Efficiency with and without valve replacement 

As discussed earlier thermal efficiency increases while going from no load to full load position 

because of the conversion of the larger portion of combustion heat into work with an increase in 

the loading condition and the experimental results presented in Figure 6.12 with and without 

valve replacement are also in line with this study. 

It has been observed that the thermal efficiency of the modified engine without valve 

replacement is in the range from 27.50% to 44.55% while from 29.17% to 46.69% with valve 

replacement. Further, it can be interpreted from the graph that the thermal efficiency with valve 

replacement can be further improved by 1.32% to 2.14% from no load to an overload condition, 

specifically 2.14% higher thermal efficiency is observed at full load condition. 

The probable reason behind the improvement in all performance parameters might be the 

increase in the diameter of valve and radius of the exhaust path which might have generated 

whirling motion of the gas in exhaust path which ultimately might have resulted in better 
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scavenging.  Therefore, better scavenging might have resulted in improved performance 

parameters with valve replacement. 

6.2.4.4 CO Emission with and without valve replacement 

 

 
 

Figure: 6.13 CO Emission  with and without valve replacement 

As discussed earlier CO depends on the variation of air-fuel ratio with respect to the 

stoichiometric proportion and CO emission increases linearly with increase in percentage load. 

Figure 6.13 presents the comparative analysis of CO emission ranging from no load to overload 

condition with and without valve replacement which is in the range from 300 ppm to 1360 ppm 

without valve replacement and from 287 ppm to 1322 ppm  with valve replacement. 

It has been observed from the graph that the CO emission with valve replacement is further 

reduced by 2.87% to 6.38% in entire loading range from no load to overload; specifically, 3.59% 

reduction is observed at full load condition. The reason behind the decrease in the CO emission 

might be due to the imparted whirling motion of gas in exhaust path because of the larger 
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diameter of the replaced valve which might have resulted in better scavenging that ultimately 

resulted in lower CO emission with valve replacement. 

6.2.4.5 NOX Emission with and without valve replacement 

 

 
 

Figure: 6.14 NOX  emission  with and without valve replacement 

As discussed earlier, the important factors for NOX formation are the combustion temperature 

inside the engine cylinder and the local stoichiometric mixture. Figure.6.14 presents the 

comparative analysis of NOX emission ranging from no-load condition to overload condition 

which is in the range from 256 ppm to 1330 ppm for without valve replacement and from 242 

ppm to 1292 ppm for with valve replacement. NOX emission is having a tendency to increase 

linearly with a load that also can be observed.  

It has been observed that NOX emission can be further reduced by 2.94% to 6.65% with valve 

replacement from no load to overload; specifically reduction of 3.11% is observed at full load 

condition. The probable reason behind the decrease in the NOX emission might be due to the 
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better scavenging with the replaced valve of a larger diameter which might have led to lower 

emission of NOX with replaced valve.   

6.2.5 Comparative analysis of performance and emission aspect 

6.2.5.1 Comparative analysis of Brake Specific Fuel Consumption  

 

 

                             

 Figure: 6.15 Comparative analysis of Brake Specific Fuel Consumption 

It is observed from the above graph that range of BSFC for existing engine is from 431.17 

g/kWh to 270.85 g/kWh for existing engine, from 401.36 g/kWh to 260.84 g/kWh for 

modified engine without valve replacement and 380.21 g/kWh to 249.06 g/kWh for modified 

engine with valve replacement. The results obtained clearly suggest improvement in 

performance aspect with each modification. Initially, the modified engine with lighter 

flywheel has been developed by adopting weight reduction approach which has resulted in 

3.48 % to 7.92% lower values BSFC from no load to an overload condition, specifically 

3.92% lower BSFC is observed at full load condition. Then, the valve was replaced for the 
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newly developed lighter engine, which has resulted in further reduction of BSFC by 2.94% to 

5.26% from no load to an overload condition, specifically 4.57% lower BSFC is observed at 

full load condition. From the analysis, it has been observed that by both of these 

modifications i.e. weight reduction and the valve replacement approximately 6.82% to 

11.82% reduction in BSFC is achieved which is a prominent sign of improvement in the 

performance aspect. 

6.2.5.2 Comparative analysis of Thermal Efficiency 

 

 

Figure: 6.16 Comparative analysis of Thermal Efficiency 

Apart from BSFC, thermal efficiency is also a critical parameter for measurement of 

performance aspect.   It is observed from the graph that the thermal efficiency is from 25.72% to 

42.81% for the existing engine, from 27.50% to 44.55% for the modified engine without valve 

replacement and from 29.17% to 46.69% for a modified engine with valve replacement.   It has 

also been observed from the graph that the thermal efficiency can be improved by 1.52% to 

2.12% by developing modified engine after adopting the weight reduction approach from no load 

to overload condition, specifically higher thermal efficiency by 1.74% is observed at full load 

condition. In addition to that, the thermal efficiency can be further improved by 1.67% to 2.14% 
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by valve replacement, specifically higher thermal efficiency by 2.14% is observed at full load 

condition. Ultimately, the thermal efficiency can be improved by 3.44% to 3.88% by replacing 

the existing engine with modified engine along with exhaust valve replacement. 

6.2.5.3 Comparative analysis of CO Emission  

 

 
 

Figure: 6.17 Comparative analysis of CO emission 
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valve replacement and from 287ppm to 1322 ppm for a modified engine with valve replacement 
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condition. Further improvement in CO emission is achieved by reducing exhaust temperature 

which is done by exhaust valve replacement. It has been observed that by valve replacement in 

modified engine CO emission can be further lowered by approximately 2.79% to 6.0%, 

specifically 3.47% lower CO emission is observed at full load condition. Therefore, overall 

improvement in CO emission is by approximately 7.70% to 20.27%. This reduction is by 20.27% 

at no load condition however it is reduced to 7.70% at full load condition.  

6.2.5.4 Comparative analysis of NOX Emission 

The comparative analysis of NOX emission at different loading conditions for each experimental 

case is shown in Figure 6.18 which clearly suggests that NOX emission is from 284 ppm to 1428 

ppm for existing engine, from 256 ppm to 1330 ppm for modified engine without valve 

replacement and from 242 ppm to 1292 ppm for modified engine with valve replacement under 

different loading condition.  It has also been observed that the NOX emission by developing the 

reduced weight modified engine can be reduced under different loading condition by 6.86% to 

12.83%, specifically 7.05% lower emission is observed at full load condition. However, the 

higher exhaust gas temperature resulted from the higher speed of the modified engine has 

restricted further improvement in NOX emission. 

In order to overcome this limitation the valve replacement is done which has ultimately resulted 

in a further reduction in NOX emission under different loading condition by 2.85% to 6.23% and 

especially 3.01% lower at full load condition.  Hence, an overall reduction in NOX emission 

under different loading condition by 9.52% to 17.70%, specifically 9.85% lower emission at full 

load condition is achieved by replacing the existing engine with modified engine along with 

exhaust valve replacement. 
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Figure: 6.18 Comparative analysis of NOX emission 
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CHAPTER – 7 

  Uncertainty Analysis 

7.1  Introduction 

In all experimental work errors will creep regardless of the care which is exerted.  Least count of 

the instruments used and the methods employed to measure give rise to some degree of error or 

inaccuracy in the measurement of parameters.  As a consequence of this quantity computed from 

the measured parameters is also likely to contain some degree of inaccuracy.  The degree of 

inaccuracy or the total measurement error is the difference between the measured quantity and 

true value.  The total error is the sum of the bias error and precision errors.  The bias error is 

fixed, systematic or constant component of the total error and sometimes referred to simply as 

the bias.  This can be reduced through careful calibration of probes and instruments in terms of 

correction.  The precision error is the random component of the total error and is sometimes 

called repeatability error. Since the true value of the quantity is not known, the true magnitude of 

the error cannot be evaluated.  The best possible way to estimate the magnitude of the error is 

therefore termed as “Uncertainty”, which gives a range in which the true value lies.  The best 

estimation of a parameter is, therefore, associated with the uncertainty range as equiprobable 

plus and minus value in which the value of the parameter is expected to lie.  

7.2  Uncertainty in Measured Parameter 

The list of various measured parameters, instruments used for their measurement with their least 

count and uncertainty are given in Table 7.1.  Generally, uncertainty due to the instrument is 

taken equal to the half of the least count of the instrument which means that the measurements 

from a particular instrument are expected to lie within ± half of its least count. 
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Sr. 

No. 

Parameter Measured Instrument Used Least count of 

Instrument 

Uncertainty 

1  Speed Digital Tachometer 1 rpm ±0.5 rpm 

2 Load Digital Dynamometer 0.1 Kg ±0.05 Kg 

3 Fuel Consumption Pipette  

 Stopwatch 

0.5 ml 

0.01 Sec 

±0.5 ml 

±0.01Sec 

4 NOX Measurement Digital Exhaust Gas 

Analyzer 

1 ppm ±0.5ppm 

5 CO Measurement Digital Exhaust Gas 

Analyzer 

1 ppm ±0.5ppm 

  

Table: 7.1 Uncertainty of measured parameters 

 

7.3  Uncertainty in Derived Parameter 

Uncertainty in different derived parameters due to measured parameter can be expressed as 
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]
 

    }                

Where 

ωD = Uncertainty of derived parameter 

D= Total span of derived parameter 

ωm1= Uncertainty of dependent measured parameter-1 

m1=Total range of measured parameter-1 

ωm2= Uncertainty of dependent measured parameter-2 

m2=Total range of measured parameter-2………………. 

Based on this equation the uncertainty of following derived parameters are calculations 
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7.3.1 Uncertainty in the measured speed 

The measurement of speed during the experiment is carried out with digital tachometer with a 

least count of 1 rpm.  Considering the maximum experimental speed i.e. 2600 rpm as a range 

used in an instrument the uncertainty in the measurement of speed can be derived as follows. 
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}                

                 =1.92X10
-4 

                                   
=0.019% 

 

7.3.2 Uncertainty in the measured load 

The measurement of load during the experiment is carried out with hydraulic dynamometer with 

a least count of 0.1 Kg.  Considering the maximum experimental load i.e. 20 Kg as a range used 

in an instrument the uncertainty in the measurement of load can be derived as follows. 
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              =0.0025
 

                   
=0.25% 

7.3.3 Uncertainty in the calculation of brake power 

The rated brake power developed by the engine is calculated by multiplying the load with rated 

speed and then dividing the same with the hydraulic dynamometer constant which in this case is 

2000.  Therefore, uncertainty in the calculation of brake power is a function of uncertainty of two 

measured parameters i.e. load and speed which can be derived as follows.  
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      =1.10% 

 

7.3.4 Uncertainty in the measurement of fuel consumption 

It is the measurement of the amount of fuel consumed which has been measured by using pipette 

and stopwatch. Therefore, the uncertainty of fuel consumption is a summation of the uncertainty 

of two instruments used for measurement which can be derived as follows.  The range used in 

this experiment for pipette is up to 50 ml and for a stopwatch, it is up to 300 seconds   
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=1.41% 

 

 

7.3.5 Uncertainty in the calculation of brake fuel consumption 

The brake specific fuel consumption can be calculated by dividing the mass of fuel consumed by 

a rated brake at different loading condition.  Therefore, uncertainty in the calculation of brake 

specific fuel consumption is a function of uncertainty of two measured parameters i.e. fuel 

consumed and brake power which can be derived as follows.  

                         
  

  
                  

     

    
 √{*

   

  
+
 

 [
   

  
]
 

} 

     

    
 √{[      ]  [     ] } 

                                                         =1.49% 
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7.3.6 Uncertainty in the calculation of brake thermal efficiency 

The brake thermal efficiency can be calculated by dividing the brake power by heat energy 

generated due to the combustion of fuel. Considering the fact that calorific value in these 

experiments is assumed, uncertainty in the calculation of brake thermal efficiency is a function 

of uncertainty of two measured parameters i.e. fuel consumed and brake power which can be 

derived as follows.  
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                                                         =1.49% 

 

Sr. 

No 

List of Parameters Total Uncertainty in % 

1 Calculated brake power 1.10% 

2 Fuel consumption 1.41% 

3 Brake specific fuel consumption 1.49% 

4 Brake thermal efficiency 1.49% 

5 CO emission 0.5% 

6 NOX emission 0.5% 

 

Table: 7.2 List of parameters with total uncertainty 
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 CHAPTER – 8  

Conclusion 

In the present work an attempt has been made to enhance the performance and emission aspect of 

a single cylinder four stroke water cooled diesel engine using weight reduction approach. 

Detailed performance investigation and weight analysis of existing and modified engine is done 

and finally comparison is presented.  

The performance and emission aspects along with mobility and convenience are undoubtedly 

improved with modified lower weight engine.  Therefore, the objective of the study has been 

achieved to develop the lighter engine which is more suitable from transportation and mobility 

point of view along with improvement in performance and emission aspects. 

Following conclusions are drawn from present the study. 

1)  It is observed that by following weight reduction approach, the weight of the flywheel is 

reduced by 9 kg i.e. from 18 kg to 9 kg and weight of cylinder liner is reduced from 7.50 

kg to 6.20 kg without affecting the rated brake power. Therefore, the overall weight of 

the modified engine is reduced by 10.30 kg which is a significant saving of material 

along with ease of transportation and convenience of mobility.  

 

2) From the observations and subsequent results it is concluded that the highest brake 

thermal efficiency of 42.81% is obtained at the full load condition for the existing engine 

and the same for modified lighter engine the value is 44.55%.  Thus with weight 

reduction brake thermal efficiency increases by 2.5%, however the rated speed has also 

increased  due to lighter weight from 1800 rpm to 2600 rpm.  

3) With the lighter flywheel, the modified engine without valve replacement operated 

successfully and the effect on performance parameters can be concluded as under 

a) Brake Specific Fuel Consumption (BSFC) is lowered by 3.48-7.92%, and by 3.92% at 

full load condition. 
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b) Brake Thermal Efficiency (BTE) is increased by 1.50-2.10%, and by 1.70% at full 

load condition. 

 

4) With the lighter flywheel and without valve replacement, the effect on emission 

parameters of the modified engine can be concluded below; 

a) CO emission is lowered by 4.40-16.66%, and by 4.40% at full load condition. 

b) NOX emission is lowered by 6.86-12.83%, and by 7.05% at full load condition. 

 

5) With valve replacement in the modified engine, the exhaust temperature has been 

reduced considerably and the effect of  the same on performance parameters are 

concluded below; 

a) BSFC is lowered by 2.94-5.26%, and by 4.97% at full load condition.  Considering 

the cumulative effect of weight reduction and valve replacement; BSFC is reduced by 

6.82-11.82% with a reduction of 8.31% is observed at full load condition. 

b) BTE is increased by 1.70-2.10%, and by 2.10% at full load condition.  Considering 

the cumulative effect of weight reduction and valve replacement; BTE is increased by 

3.40-3.90% with the improvement by 3.90% at full load condition. 

 

6) With valve replacement in the modified engine, the effect on emission parameters are 

observed below; 

a) CO emission is lowered by 2.79-6.00%, and particularly by 3.47% at full load 

condition. Considering the cumulative effect of weight reduction and valve 

replacement; CO emission is lowered by 7.70-20.27% with improvement by 7.72% at 

full load condition. 

 

b) NOX emission is lowered by 2.85-6.23%, and by 3.01% at full load condition. 

Considering the cumulative effect of weight reduction and valve replacement; NOX 

emission is lowered by 9.52-17.70%, and by 9.85% at full load condition. 
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7) It is concluded from the above work that to solve the key issues of transportation and 

mobility in agricultural sector weight reduction approach can be adopted specially in the 

flywheel.  By adopting the weight reduction approach in the selected engine the total 

weight of the engine is reduced by 12.5% which is the significant weight reduction 

without sacrificing the rated power along with improvement in performance and emission 

parameters. Therefore, same approach can be utilized for other models of engine used in 

agricultural sector for solving the issues of transportation and increase the mobility along 

with better performance and emission for same rated power.  

 

          Limitations 

a) Considering the little higher speed of the modified engine due to lighter flywheel the 

number of strokes required for developing same rated power has been increased which 

can affect the total life of the engine. 

b) For better results, in addition to developing the engine with lighter flywheel valve 

replacement has been done specifically to reduce the exhaust temperature which can 

affect the performance and emission parameters adversely specially at low load 

condition due to lower cylinder temperature during power stroke. 

 

       Scope of Future Work 

a) With the reduced weight of flywheel in the modified engine the rated speed of the 

engine is increased by 44% which is not desirable and can lead to reduction in the life 

of the engine.  Therefore, future work can be done in the direction of reducing the 

speed of the modified engine without changing the rated power.  

b) Higher speed of the modified engine results in higher exhaust temperature which has 

been reduced somewhat by valve replacement however it can be reduced further by 

adopting modifications in valve design along with cylinder head design. 
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    Appendix-1 

Clause Description of Test Test Method Levels of Control Remarks 

Clause Reference 

3.6 a) Routing  

    Acceptance Test 

b)Eight Hour Rating  

   Test 

 IS:10000(Pt-VIII) & 

IS: 10000(Pt-IV) 

One engine out of 20 

engines or part there of one 

type and rating 

Samples shall be selected from the 

consignment/out of the 20 engines, as 

applicable.  Before starting the test each 

engine(selected at random) shall be well 

run for the period and manner pre-

declared by the licensee and running in 

period shall include 10% overloading 

(see Cl2.1 of IS:10000(Pt-V):1980 

 c) Fuel consumption test  -do- Fuel consumption test and governing test 

shall be carried out only after eight hour 

testing.  However sequence of fuel 

consumption test and governing test also 

cannot be interchanged.  In case of failure, 

another engine shall be tested for the 

requirements where failure has occurred and 

only those engines which conform shall be 

marked.  The frequency of testing shall be 

increased to one in 10 engines or two engines 

per consignment until four consecutive 

samples are found to be conforming. 

 d) Governing  test  IS:10000(Pt-VII) 

3.4 Mechanical Efficiency  Cl 6 Sec-1 IS:10000(Pt-IV) Diesel engines of each type, 

design and Rating once in a 

year 

This is optional test otherwise the efficiency 

can be assumed as 80% 

Appendix-1 Details of various tests covered in IS: 11170:1985 
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Appendix-2 

Observation sheet for performance and fuel consumption test for constant speed internal 

combustion engines for agricultural purposes. 

Model::_________________________                Altitude (m):____________________________                            

No of Cylinder:___________________               Nominal Compression Ratio:______________ 

Rated Speed in rev/min:____________        Fuel specification:_______________________ 

Rated Power in kW:_______________        Manufacturer’s grade of oils:_______________ 

Bore (mm):______  Stroke (mm):______        Dynamometer type:______________________ 

Mechanical Efficiency:______________%       Arm Length:____________________________ 

Place of Test:_____   Date:___________       Constant:_______________________________ 

Testing Laboratory:_________________             Production Control No:___________________ 

Observer:_________________________           Engine Number Allotted:__________________ 
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Appendix-3 

 

Pollutant( Emission Analysis) Engine Under Test 

Loading Condition (Varying from 

No Load to Overload with increment 

of load by 20% after each reading) 

 

CO in PPM  

CO2in PPM  

NOX in PPM  

02 in %  

 

Appendix-3 Observation sheet for emission test 
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