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Abstract— This study investigated the influence of dimpled inlet valve on the combustion and emission characteristics on a single 

cylinder four stroke DI Diesel engine. Experiments are conducted using inlet valves having different number of dimples provided on 
the valve underhead. These geometrical changes to the inlet valve creates inlet air swirl. The creation of inlet air swirl has high 
potential to achieve effective combustion, less fuel consumption and low emissions.  
 
Literature survey describing the several ways to introduce inlet air swirl into the cylinder and their results from previous studies is 
briefly explained. A short description of the engine and experimental set-up follows. After that, various results are presented. The 
influence of different dimpled inlet valves on thermal efficiency, specific fuel consumption and emissions for nitrogen oxides (NOx), 
hydrocarbon (HC), carbon monoxide (CO) and carbon dioxide (CO2) is analyzed. The experiments are conducted for different load 
conditions with constant speed. A comparison is made with standard diesel engine to find the optimum number of dimples on the inlet 
valve. 
  

Keywords— Dimpled inlet valve; underhead; air swirl; DI Diesel Engine; specific fuel consumption; brake thermal efficiency; 

effective combustion; emission characteristics.  

I. INTRODUCTION 

The air movement within the combustion chamber of the direct injection Diesel engine is one of the important factors 
in the regulation of the combustion process along with fuel spray characteristics and the combustion chamber geometry. This air 
movement can be classified into three categories: swirl (horizontal rotation), squish (radial squeezing flow) and turbulence 
(small scale fluctuations in these two categories). In the flow within a cylinder, we can distinguish between two types of motion: 
swirl flow commonly found in Diesel engines and tumble flow commonly found in gas engines. Swirl is the charge rotation 
about cylinder axis, which generated during the intake process in the direct injection (DI) Diesel engines by the intake port and 
subsequently in combustion chamber geometry during the compression stroke. The swirl intensity increases the tangential 
component of the velocity of air inside the cylinder, which aids in the mixing of fuel and air, and significantly affects the 
combustion and emission characteristics of Diesel engines [1], [2]. In the present work, the effect of dimples on the inlet valve 
on the direct injection (DI) Diesel engine performance was investigated experimentally. Modifications to inlet valve with 
optimum dimples have been suggested to achieve a desired swirl for better combustion performance.  

 Air swirl is the rotational motion occurs about an axis, though the irrespective position of the cylinder and piston. A 
common observation from these studies has been that there was a large-scale dissipation of in-cylinder turbulent flow structures 
of the intake jet into small eddies with the progression of an engine thermodynamic cycle [1]. Among different flow structures 
that get formed in the combustion chamber, “swirl,” “tumble,” and “squish” are of particular interest because of their significant 
impact on fuel–air mixing [3]. Swirl is an organized rotational motion of air around the cylinder axis. Swirl is generated during 
the intake stroke due to specific intake manifold geometry and during the compression stroke because of the geometry of the 
piston and cylinder. Curve blades on the neck of the poppet valve are preferred over the conventional shrouded poppet valve 
since; it will provide lesser blockage to the incoming charge and hence, will result in higher volumetric efficiency than the 
shrouded poppet valve [4]. According to Al- Rousan [5] swirl is generated in the inlet manifold by inserting a loop inside the 
intake manifolds to increase the swirling in the air during induction. The production of high turbulence intensity is the most 
important factors for stabilizing the ignition process and fast propagation of flame, in the case of lean-burn combustion which 
can be obtained by the air swirl process Abhilash et al. [7]. Hiregoudar and Shivaprasad [8] conducted experiments by 
modifying the inlet valve which, produces the air swirl in the cylinder. In their analysis found that increase thermal efficiency 
and maximizing usage of air fuel in combustion processes, also reduce the pollution. Abdul Rahim Ismail et al. [9] Examined 
the valve lift in various test pressures and found that, the air flow, valve, air flow and coefficient of discharge in the intake port 
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and exhaust port of the four-stroke Diesel engine provided the best in the maximum valve lift per diameter 0.25L/D and with 
highest test pressure. Natti et al. [10] Studied the effect of operating parameters such as swirl ratios, injection pressures, 
injection timings, and the EGR rate on regulated and unregulated emissions and their sources in a high-speed direct injection 
(HSDI) Diesel engine operating in low temperature combustion (LTC) regime using low Sulphur Diesel. They reported high 
levels of volatile organic compounds (VOCs) and PAHs together with UHC and CO emissions during the LTC regime. Wilson 
et al. [11] have completely mapped the tumble, swirl and flow characteristics of a four-valve engine, which can be studied to 
optimize the lift in a camless variable valve actuation (VVA). Raj Kamal et al. [12] conclude that masking of inlet valves 
improves swirl rate and intern brake thermal efficiency of the engine. The fins also provided to increase the swirl rate, which 
produced better thermal efficiency. The swirl helps to improve a performance and reduce the exhaust emissions. Khan et al [13] 
investigated the effect of air swirl variations on smoke and gas emissions from direct-injection-type Diesel engines.  
Udayakumar et al [14] have increased the turbulence by shrouding the inlet valve which generates a suction swirl. The droplet 
size distribution of the fuel spray is affected by the shrouded inlet valve and also it produces a more ignitable and burnable 
mixture.  Due to shrouding though the power is reduced, emissions are improved. Particularly NOX emissions are reduced. 

Experiments were conducted on the inlet valve shrouding by Bala G.K. et al [15]. The inlet valve shrouding has 
increased the swirl effect.  90 degrees shroud angle was found to be good. Emissions are improved with the use of a shroud of 
the inlet valve, even though there is a small decrease in the power output.  Shrirao et al.[16] configured cylinder head with three 
oval shape dimples which enhances the turbulence hence better air-fuel mixing has been obtained. As a result, the thermal 
efficiency is increased and BSFC and exhaust emissions are reduced. In this paper, various dimpled inlet valves are 
experimented and the impacts on air swirl combustion and outflows of emission characteristics were examined. 

II. ENGINE SPECIFICATIONS AND EXPERIMENTAL SETUP  

An experimental setup is developed to conduct tests on a four-stroke single cylinder DI Diesel engine with necessary 
instruments and utilized to evaluate the performance, emission and combustion characterizes of the engine at different operating 
conditions. A single cylinder water cooled, four stroke Direct Injection (DI) Diesel engine with a compression ratio of 16.5:1 is 
used for the experiment. High Speed Diesel (HSD) is used as the fuel. The overall view of the experimental setup is shown in 
Figure 1. In order to carry the above list of performance tests the following Diesel engine test rig is being employed. The 
detailed specifications are listed in Table 1. 

 

 
Fig. 1  Experimental setup of the Diesel engine 
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A small blind hole like impressions are provided on the valve underhead which are called as dimples as shown in 
Figure 2. In this work, various number of dimples like 2, 4, 6, 8, 10 and 12 have been provided on the valve underhead for six 
different inlet valves. The Diesel engine tests started with V0 i.e. valve having no dimples, and ended with V12 i.e. valve 
having 12 dimples. Each dimpled inlet valve is changed on the engine head and experiments are conducted with a constant 
speed of 1500 rpm.   

 
The output data from the various experiments is used to calculate performance parameters such as brake power, brake 

thermal efficiency and specific fuel consumption. Also, the emission data is gathered for all the experiments.  The performance 
and emission data is plotted in graphs with each parameter against brake power. These graphs are analysed for identifying the 
optimum inlet valve configuration. 

 

 

Fig. 2  Dimpled inlet valve geometry with 8 dimples 

 
TABLE 1 - DIESEL ENGINE SPECIFICATIONS 

 

S. NO. DESCRIPTION SPECIFICATIONS 

1 Make  KIRLOSKAR 

2 General Details 
Single Cylinder, Four Stroke, C.I. Engine, Constant Speed, 
Vertical, Water Cooled 

3 Method of starting  Cranking 

4 Type, no. of cylinders  Vertical – 4 stroke, Single Cylinder 

5 Bore x stroke(mm)  80 x 110 

6 Displaced Volume (cc) 553 

7 Compression Ratio 16.5 

8 Maximum power  3.7 kW / 5 hp 

9 Rated speed  1500 rpm 

10 Cooling system  Water-cooled 

11 Lube oil    SAE 70 

12 Injection Nozzle MICO-BOSCH 3 Hole Nozzle 
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13 Diesel Injection Pressure 210 bar 

14 Injection Timing 270 BTDC (Static) 

15 Combustion Chamber Hemispherical, Open Combustion Chamber 

16 Fuel Diesel 

 
 

III. RESULTS AND DISCUSSION  

 
This section contains the discussion based on the results obtained from the experimental investigations for standard 

Diesel and the dimpled inlet valves. Initially performance tests are conducted on the standard Diesel engine (SD) test rig 
without any modification on the inlet valve geometry.  Later, experiments are conducted using the dimpled inlet valve 
geometries V2, V4, V6, V8, V10 and V12.  Data is collected for each test and various performance parameters are calculated 
and compared with each other. The performance parameters, like brake thermal efficiency and specific fuel consumption for 
different dimpled inlet valves are discussed below. 

A. Brake Thermal Efficiency 
The variations of brake thermal efficiency with brake power for dimpled inlet valves like V2, V4, V6, V8, V10 and 

V12  besides for standard Diesel engine (SD) are drawn and shown in Figure 3.  It can be inferred from the graphs that the 
brake thermal efficiency is increasing with increase in brake power for configurations that are under consideration.  The brake 
thermal efficiency for the standard Diesel (SD) engine at 3/4 of rated load is 27.18%.  It is observed that the engine with V10 
gave thermal efficiency of 28.86% at 3/4 of rated load.  There is a gain of 6.18% in thermal efficiency with valve V10 
compared to that of standard Diesel engine (SD) with V0 valve geometry.  This is be due to the enhanced air swirl in the 
combustion chamber which resulted in better mixing of fuel and air and as well as improved combustion of the charge in the 
combustion chamber.  

 

 

Fig.3 Comparison of brake thermal efficiency with dimpled inlet valves. 
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B. Brake Specific Fuel Consumption 
The variations of specific fuel consumption with brake power for different configurations of dimpled valves are shown 

in Figure 4.  It can be observed that the brake specific fuel consumptions are decreasing with increase in brake power for 
different valves. The specific fuel consumption for the standard Diesel engine (SD) at 3/4 of rated load is 0.309 kg/kW-hr. It 
can be observed that the engine with V10 and V12 gives brake specific fuel consumptions of 0.277 kg/kW-hr and 0.280 kg/kW-
hr respectively, at 3/4 of rated load.  Specific fuel consumption is reduced by 10.36% for inlet valve V10 when compared with 
standard Diesel engine.  This is because of the improved combustion of charge due to the induction of enhanced air swirl in the 
combustion chamber. 

 

 

Fig.4 Comparison of specific fuel consumption with dimpled inlet valves. 

The comparison of emission parameters like nitrogen oxides (NOx), hydrocarbons (HC), carbon monoxide (CO) and 
carbon dioxide (CO2) for different dimpled valves are explained below. 

C. Nitrogen Oxide (NOx) Emissions 

The comparison of NOx emissions with brake power for different geometries of inlet valve is shown in Figure 5.  It can 
be observed from the Figure 5 that NOx emissions increase with increase in the brake power.  For the dimpled valves, the 
emissions are decreasing with the increasing number of dimples. The NOx emissions for V10 is 525 ppm, whilst for the 
standard Diesel engine it is 655 ppm at 3/4 of rated load.  The decrease in NOx emissions for the engine with V10 inlet valve 
configuration is 19.85 %  at 3/4 of rated load when compared to that of standard Diesel engine (SD).   As the turbulence in the 
cylinder is increasing from V2 to V10, better combustion will occur in the combustion chamber, because of good swirl in it. 
Hence, the exhaust gas temperatures are going to decrease and there is a decrease in the operating temperatures in the cylinder 
by the air swirl and leads to less NOx formation.  
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Fig.5 Variation of NOx with dimpled inlet valves 

D. Hydrocarbon (HC) Emissions 
The comparison of Hydrocarbon emission with brake power is shown in Figure 6.  It can be observed that The HC 

emissions are increasing with increasing brake power. Also, it can be noted that the HC emissions are reducing with increasing 
number of dimples. The HC emissions for V10 and V12 are 143 ppm and 149 ppm respectively, whereas standard Diesel 
engine produces 156 ppm.  The HC emissions are declined by 8.33% for dimpled valve V10 when compared to that of standard 
Diesel engine at 3/4 of rated load.  The Unburnt hydrocarbon emissions is the direct result of incomplete combustion. It is 
apparent that the hydrocarbon emissions is decreasing with the increase in the turbulence, which results in enhanced combustion. 
 

 
Fig.6 Variation of HC with dimpled inlet valves 

 
E. Carbon monoxide (CO) Emissions 

The comparison of Carbon monoxide emission with brake power is shown in Figure 7.  The CO emissions for V10 and 
V12 are 0.401 and 0.402 % volume respectively and for standard Diesel engine (SD) it is 0.428 % volume.  The CO emissions 
are reduced by 6.31 % for V10 when compared to standard Diesel engine at 3/4 of rated load.  Generally, C.I engines operate 
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with lean mixtures and hence the CO emission would be low.  With the higher turbulence and temperatures in the combustion 
chamber, the oxidation of carbon monoxide is further improved and it reduces the CO emissions. 
 

 
Fig.7 Variation of CO with dimpled inlet valves 

F. Carbon Dioxide (CO2) Emissions 
The comparison of carbon dioxide emission with brake power is shown in Figure 8. It can be observed that CO2 

emissions are increasing with increase in brake power. Also it can be seen that CO2 emissions are increasing with increase in the 
number of dimples. The CO2 emissions for dimpled valve V10 is 8.91% volume whereas it is 7.46% volume for standard Diesel 
engine at 3/4 of rated load. The CO2 emissions are increased by 19.44% for V10 when compared to standard Diesel engine at 
3/4 of rated load. Due to air swirl, the combustion efficiency has improved hence CO2 emissions are increased. 

 

 

Fig.8 Variation of CO2 with dimpled inlet valves 
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IV. CONCLUSIONS 

The following conclusions are drawn based on the effect of air swirl in the cylinder: 
 The brake thermal efficiency of dimpled inlet valve V10 is increased by 6.18% when compared to standard Diesel 

(SD) engine at 3/4 of the rated load.  
 The decrease in brake specific fuel consumption of dimpled inlet valve V10 is 10.36% when compared with 

standard Diesel engine at 3/4 of the rated load. 
 The reduction of NOx emissions for dimpled inlet valve V10 is 19.85% at 3/4 of rated load compared to standard 

Diesel engine. 
 The drop in Hydrocarbon (HC) emissions for inlet valve V10 geometry is 8.33% compared to standard Diesel 

engine. 
 The carbon monoxide (CO) emissions for inlet valve V10 geometry are found to be reduced by 6.31%.  
 The carbon dioxide emissions for inlet valve V10 geometry are found to be increased by 19.44%.  
 
While comparing all the valve geometries, the dimpled valve V10 i.e. 10 dimples on the inlet valve has better 

performance and emission characteristics on the single cylinder four stroke DI Diesel engine. 
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