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In this study, intake and exhaust cams were designed to perform the late intake 

valve closing (LIVC) Miller cycle operation (MA and MB cycles) using spline 

functions in a single-cylinder, four-stroke, spark-ignition (SI) engine. A special 

camshaft was manufactured and adapted to the engine to adjust valve opening 

and closing timings. The experiments were conducted at two different Miller 

cycle operation and the results were compared with Otto cycle. The tests were 

conducted between 1700-3200 rpm engine speed range at wide open throttle 

(WOT). In the experiments, the variation of brake torque, power output, 

specific fuel consumption (SFC), thermal efficiency, HC, CO, NOx emissions 

and exhaust gas temperature versus engine speed were investigated. More 

power output was obtained with Otto cycle than Miller cycles for all engine 

speeds. Brake torque and engine power decreased by 5.24%, and 1.17% 

respectively with MA cycle compared to Otto cycle at 2600 rpm engine speed. 

Thermal efficiency increased by 1.29%, while the SFC decreased 2.08 % with 

Otto cycle in comparison with MA cycle at maximum brake torque speed. HC 

and CO emissions increased by 6.48% and 11.66%, respectively with MA 

cycle compared to Otto cycle at the same operation condition. NOx emissions 

decreased up to 7.79% with MA cycle compared to Otto cycle due to the lower 

exhaust gas temperature at maximum brake torque engine speed of 2600 rpm. 
Keywords: Miller cycle, cam design, spline functions, engine performance, exhaust emissions 

 

1. Introduction 

Harmful exhaust emissions from internal 

combustion engines not only damage human 

health but also cause global warming. There are 

many studies carried out in the internal 

combustion engines to reduce fuel consumption 

and exhaust emissions [1-4,5]. Thermal 

efficiencies of Otto cycle engines are increased 

by increasing the compression ratio. 

Supercharging also causes to increase indicated 

mean effective pressure and net cycle work. But 

these applications cause knocking and vibration 

in the engine. Thus, mechanical efficiency 

reduces. If the engine operates with lower 

charge mixture, in-cylinder gas temperature 

decreases. It causes the reduction on NOx and 

CO2 emissions. [2]. Thereby it has been aimed 

that engine can operate without knocking and 
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reducing exhaust emissions and fuel 

consumption by modifying Otto cycle. In 1947, 

Ralph Miller first experimented Miller cycle 

[4,6]. In Otto cycle, compression and expansion 

ratios are the same. In Miller cycle, compression 

stroke is shortened according to expansion 

stroke. Network and efficiency could be 

increased by retarding the closing timing of 

intake valves [4,7]. Not only the fraction of 

charge mixture but also the temperature of the 

mixture is reduced by retarding the closing 

timing of the intake valves. Consequently, 

indicated mean effective pressure and net cyclic 

work are decreased. So, the most common 

method is supercharging and variable valve 

timing mechanism in order to increase cyclic 

work and efficiency in Miller cycle engine. 

LIVC causes to send back fresh charge to the 

intake manifold and the compression pressure 

decreases. But, the thermal efficiency increases 

by increasing the charge pressure with 

supercharging.  

In the literature, there are many studies 

conducted on Miller cycle engines.  Wu et al. [5] 

analyzed the performance of Otto cycle and 

supercharged Miller cycle. Zhao et al. [8] 

investigated the factors affecting the efficiency 

of a Miller cycle engine. They also determined 

the effects of compression ratio and air-fuel 

ratio on Miller cycle efficiency. Wang et al. [2] 

researched the variations of NOx emissions of a 

Miller cycle engine. They obtained that the NOx 

emissions of Miller cycle engine is lower 

compared to Otto cycle engine. Lin et al. [9] 

studied the effects of heat and frictional losses 

on air standard Miller cycle engine and 

compared to Otto cycle engine. They 

determined the reduction on network and power 

as heat and frictional losses increased. Mikalsen 

et al. [10] researched the potential advantages of 

the Miller cycle and compared to the Otto cycle. 

They also observed the improvement in fuel 

consumption compared to the Otto cycle.  

Ebrahimi [11] performed the thermodynamic 

analysis of a standard Miller cycle. He 

determined that power decreased after a certain 

air-fuel ratio depending on compression ratio. 

Martins et al. [12] studied the effects of charge 

motion and different flow models on 

combustion in Miller cycle. They simulated 

Otto and Miller cycle by retarding of the closing 

timing of the intake valve 20° CA. The 

minimum fuel consumption was obtained by 

LIVC timing. Okamoto et al. [13] investigated 

the effects of intake valve closing timing and 

EGR rate on engine performance and NOx 

emissions in a Miller cycle supercharged 

engine. They found that thermal efficiency is 38 

% with LIVC timing and EGR. Tsukida et al. 

[14] attempted to raise the efficiency of Miller 

cycle. Furthermore, they reported that thermal 

efficiency is 36.1 % by changing the intake 

valve lift and timing under stoichiometric 

operating conditions. In another study, Martins 

et al. [15] investigated the effects of variable 

valve timing and variable compression ratio on 

a Miller cycle. Simulations were performed 

using computer model in a single cylinder 

engine and they have obtained significant 

improvements with Miller cycle compared to 

Otto cycle. Lancefield et al. [16] investigated 

the effects of variable valve timing and different 

compression ratios on diesel engine 

performance. They also examined the effects of 

different valve lifts and valve timing variation 

on Miller and Atkinson cycles.  

In this study, a new special camshaft was 

adapted to a single cylinder SI engine to perform 

LIVC Miller cycle by adjusting the intake valve 

closing timing. The detailed investigation was 

aimed to see the effects of LIVC Miller cycle on 

engine performance and exhaust emissions. For 

this reason, a new cam mechanism was adapted 

to the test engine and Miller cycle operation was 

performed with two different LIVC timing 

including 59.5° CA after BDC and 67° CA after 

BDC. The valve timings were selected as 59.5° 

CA after BDC and 67° CA after BDC, because 

stable engine operation was provided with 

mentioned valve timings in Miller cycle. The 

variations of brake torque, power output, 

exhaust gas temperature, thermal efficiency, 

SFC, NOx, CO and HC emissions of the LIVC 

Miller and Otto cycle operations were 

investigated. 

2. Cam design 

A new special camshaft was designed and 

manufactured to operate the test engine with 

LIVC Miller cycle [17]. Valve lift, basic circle 

diameter and lifted valve period of the original 

cams were measured as 7 mm, 30 mm and 136°, 

respectively. By using these values, new cams 

were designed dependent on the 5th order 
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classical spline function. A classical spline of 

order m is a curve made up of polynomial pieces 

that are blended together at their ends. The end 

points of the polynomial pieces are called knots. 

The curve is continuous and all of its derivatives 

are continuous, up to and including the 

derivative of order m-2 [17-19]. The general 

expression of the 5th order classical spline 

function is written as [17], 

𝑠(𝜃) = 𝑎 (
𝜃−𝑥

𝑡−𝑥
)

5

+ 𝑏 (
𝜃−𝑥

𝑡−𝑥
)

4

+ 𝑐 (
𝜃−𝑥

𝑡−𝑥
)

3

+𝑑 (
𝜃−𝑥

𝑡−𝑥
)

2

+ 𝑒 (
𝜃−𝑥

𝑡−𝑥
) + 𝑓     (1) 

(𝑥 ≤ θ ≤ t) 

where 𝜃 is cam angle, 𝑥 and 𝑡 are start and end 

of the classical spline function depend on cam 

angle [17,18]. 

Firstly, knot locations are determined using a 

classical spline. In order to satisfy the 

fundamental principle of cam design, knot 

locations and boundary conditions are defined, 

as shown in Table 1. 

Four polynomials are joined together at three 

interior knots to get a smooth curve. The 

displacement equations of the above four 

polynomial pieces are [19, 20]; 

Table 1. Knot locations and boundary conditions 

 Knot Locations (deg) 

Function 0 34 68 102 136 

Displacement 0 3 7 3 0 

Velocity 0 - - - 0 

Acceleration 0 - - - 0 

 

𝑠1(𝜃) = 𝑎1 (
𝜃

0.593
)

5

+ 𝑏1 (
𝜃

0.593
)

4

+ 𝑐1 (
𝜃

0.593
)
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+ 𝑑1 (
𝜃

0.593
)

2

+ 𝑒1 (
𝜃
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(0 ≤ θ ≤ 0.593)           (2) 

𝑠2(𝜃) = 𝑎2 (
𝜃 − 0.593
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)

5

+ 𝑏2 (
𝜃 − 0.593
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)

4

+ 𝑐2 (
𝜃 − 0.593

0.593
)

3

+ 𝑑2 (
𝜃 − 0.593

0.593
)

2

+ 𝑒2 (
𝜃 − 0.593

0.593
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(0.593 ≤ θ ≤ 1.186)            (3) 
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𝜃 − 1.186

0.593
)

5
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𝜃 − 1.186
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)
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0.593
)

3

+ 𝑑3 (
𝜃 − 1.186
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)

2

+ 𝑒3 (
𝜃 − 1.186

0.593
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(1.186 ≤ θ ≤ 1.779)           (4) 

𝑠4(𝜃) = 𝑎4 (
𝜃 − 1.779
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)

5

+ 𝑏4 (
𝜃 − 1.779

0.593
)

4

+ 𝑐4 (
𝜃 − 1.779
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)

3
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a b 
Figure 1. a) The new cam   b) Adjustable camshaft mechanism 

 

There are 24 unknown coefficients like 

𝑎1, … . , 𝑎4,    𝑏1, … . , 𝑏4,   𝑐1, … . , 𝑐4,   𝑑1, … . , 𝑑4,
𝑒1, … . , 𝑒4,   𝑓1, … . , 𝑓4    requires 24 equations for 

solution. Successive derivations of the Eq. (2-5) 

give sets of equations for velocity, acceleration, 

jerk and ping. Fifteen smoothness equations, 
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three interpolation equations, six boundary 

condition equations, a total of 24 equations are 

obtained as described in [18,21,22,23]. 

Displacement, velocity and acceleration curves 

of the designed cams were given by Cinar et. al. 

[17]. 

The cams were manufactured using the cam 

profile obtained by 5th order classical spline 

method. The cams and their shaft were 

manufactured from SAE 4140 steel. The 

surfaces of the cams were hardened to 60 HRc. 

As seen in Figure 1, the inner surfaces of the 

cams and the outer surface of the shaft were 

screwed. Cams can be fixed by lock nuts on both 

sides when desired opening and closing timing 

are adjusted. 

3. Material and method 

3.1. Test engine 

The experimental study was conducted in a 

single cylinder, four-stroke, SI engine. The 

technical specifications and the view of the test 

engine are given in Table 2 and Figure 2, 

respectively [23].

Table 2. Technical specifications of the test engine 

Speciation Description 

Model LGA 340 

Number of cylinder  1 

Cylinder bore x stroke [mm] 82x64 

Displacement [cc] 338 

Compression ratio 8.5 

Maximum power [kW] 8.1@3800 rpm 

Maximum torque [Nm] 23.7@2600 rpm 

Valve timing (Standard) IVO/IVC 

                                        EVO/EVC 

14° before TDC / 52° after BDC 

50° before BDC / 14° after TDC 

Table 3. Technical specifications of Sun MGA 1500 type exhaust gas analyzer 

Parameter Measuring range Accuracy 

CO 0 – 15 % 0.001 % 

HC 0 – 9999 ppm 1 ppm 

NOx 0 – 5000 ppm 1 ppm 

CO2 0 – 20 % 0.1 % 

O2 0 – 25 % 0.01 % 

Lambda 0.6 – 1.2 0.001 

 

  
Figure 2. View of the test engine 

3.2. Experimental setup and testing 

procedure 
Experimental studies were carried out to 

determine the performance and emission 

characteristics of Otto and LIVC Miller cycles 

in a single cylinder SI engine. The experiments 

were performed at different engine speeds and 

WOT for both Otto and Miller cycles. The 

schematic view of the experimental setup is 

given in Figure 3. The test engine was fueled 

with unleaded gasoline. 

The test engine was coupled with an electrical 

DC dynamometer on a Cussons P8160 type 

engine test bed. The dynamometer is rated for 

10 kW at 4000 rpm. The engine load was 

measured with a strain gauge load cell sensor. 

Engine speed was measured with a magnetic 

pick-up sensor. A Sun MGA 1500 exhaust gas 

analyzer was used to measure NOx, CO and HC 

emissions. The technical specifications of the 

exhaust gas analyzer are shown in Table 3. 
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1) Ignition switch, 2) Force indicator, 3) Tachometer, 4) Temperature indicator, 
5) Power lamp, 6) Load adjustment switch, 7) Emergency stop switch, 8) Coupling, 

9) Exhaust pipe, 10) Fuel tank, 11)Precision balance, 12) Exhaust gas temp. thermocouple, 

13) Engine oil temp. thermocouple, 14)  Exhaust gas analysis probe, 15) Fuel pipe, 16) Data cable, 
17) Exhaust gas analyzer, 18) Computer   

Figure 3. Schematic view of the experimental setup 

Table 4. The abbreviations and used different valve timings 

Valve timings Abbreviations 

IVC Timing      Standard (Table 2) Otto cycle 

IVC Timing      59.5° CA after BDC    Miller Cycle (MA Cycle) 

IVC Timing      67° CA after BDC    Miller Cycle (MB Cycle) 
 

The engine was tested between 1700-3200 rpm 

engine speed with the intervals of 300 rpm at 

WOT. During the experiments, constant engine 

operating conditions were provided by keeping 

engine oil 80 ±3 °C temperature. Experiments 

were performed for a standard engine valve 

timing (Otto) and two different LIVC timing 

(MA and MB cycles). The abbreviations and 

used different valve timings are seen in Table 4. 

Valve closing timing is evident for Miller cycle. 

So, a new variable valve mechanism was 

manufactured and mounted to the test engine in 

the present study. At this point, classical spline 

method which is commonly used to obtain 

different cam profiles in internal combustion 

engines. A universal and practical different 

valve mechanism was produced and utilized for 

Miller cycle. Thus, the test engine was operated 

with Miller cycle. Then the effects of different 

LIVC timings with Miller cycle were observed 

on engine performance and exhaust emissions. 

As shown in Fig. 4, intake valve closing timing 

was retarded by 7.5 degrees crank angle (CA) 

intervals by adjustable camshaft mechanism for 

LIVC Miller cycle operation. 

In the experiments, brake torque, output power, 

fuel consumption, HC, CO, NOx emissions and 

exhaust gas temperature were measured and 

calculated versus engine speed. The effects of 

LIVC timing were investigated on the 

performance and exhaust emissions. 

 
Figure 4. The variation of intake valve closing timing 

4. Result and Discussion 

Fig. 5 shows the brake torques versus engine 

speed for Otto, MA and MB cycles. Brake 

torque decreased after the 2600 rpm due to the 

decrease of in-cylinder charge mixture and the 
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increase of friction losses, for all cycles. Lower 

brake torque was obtained with MA and MB 

cycles comparing to Otto cycle [17]. The 

minimum brake torque was obtained with MB 

cycle especially at low engine speeds. A portion 

of mixture is discharged from the intake valves 

by LIVC because of low kinetic energy of the 

mixture for MB cycle at low engine speeds. On 

the other hand, lower engine speed allows 

discharging the mixture by LIVC timing, 

because there is sufficient time to discharge the 

mixture.  So, charge mixture decreases in the 

cylinder with MB cycle. Consequently, brake 

torque decreases. Similarly, it can be stated that 

in-cylinder charge mixture decreased by LIVC 

timing for both Miller cycles at high engine 

speeds. Besides, the kinetic energy of the charge 

mixture in the cylinder also decreased 

dependent on engine speed. Later intake valve 

closing timing caused lower brake torque owing 

to lower compression ratio. Some fuel energy is 

also discharged from the intake line with LIVC 

timing. This phenomenon causes to deteriorate 

the oxidation reactions. 

 
Figure 5. The variation of brake torques of three cycles 

versus engine speed 

As shown in Fig. 6 power output increased with 

the increase of engine speed. At 1700 rpm 

engine speed, power output was measured as 

3.20 kW for Otto cycle, 3.19 kW for MA cycle 

and 2.77 kW for MB cycle. Similar results were 

obtained with experimental results [17, 23]. The 

lowest power output was obtained with MB 

cycle, because a portion of charge mixture is 

discharged into the intake line resulting in lower 

air-fuel mixture at the end of intake process 

especially at lower engine speeds. Hence, 

charge mixture reduces per unit time in the 

cylinder. So, power output decreases. Maximum 

power output was obtained 5.69 kW at 3200 rpm 

engine speed for Otto cycle. At the same engine 

speed, power output was 5.57 kW and 5.42 kW 

for MA cycle and MB cycle respectively. At 

3200 rpm engine speed, the power output 

increased by 2.15%, with Otto cycle compared 

to MA cycle. The results showed that more 

power output is obtained for Otto cycle than 

Miller cycles for all engine speeds. It can be 

emphasized that Miller cycles have no 

advantages in view of power output. 

 
Figure 6. The variation of engine power output of three 

cycles 

 
Figure 7. The variations of SFC for three cycles versus 

SFC refers to consumed fuel per unit time for 

unit power output. The variations of SFC for 

three cycles versus engine speed were shown in 

Fig. 7. There is a good relationship between 

power output and SFC. The minimum SFC was 

obtained with Otto cycle. Some charge mixture 

and oxygen were discharged to the suction line 

due to LIVC timing. It could be deduced from 

Fig. 7 that SFC decreased since power output 

increased for Otto cycle compared to Miller 

cycles. Maximum SFC was obtained with MB 

cycle, because later intake valve closing timing 
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caused to discharge more mixture into the 

suction line. The portion of mixture is 

discharged into the intake manifold by the 

piston. So the fuel consumption increases due to 

the wasted fuel. SFC decreased by about 2.08 % 

with Otto cycle compared to MA cycle at 

maximum brake torque speed. 

Exhaust gas temperature is related to in-cylinder 

combustion temperature and mixture 

composition. Fig. 8 demonstrated the variation 

of exhaust gas temperatures of three cycles. 

Exhaust gas temperature was measured 626 °C 

at 1700 rpm engine speed with Otto cycle. At the 

same engine speed exhaust gas temperature was 

measured 630 °C for MA cycle and 598 °C for 

MB cycle. At 3200 rpm engine speed exhaust 

gas temperature was 756 °C for Otto cycle, 745 

°C for MA cycle and 730 °C for MB cycle. It 

can be also concluded from Fig. 8 that in-

cylinder charge mixture decreased owing to 

discharging into the suction line if the closing 

timing of the intake valves were delayed. Lower 

combustion temperature was obtained owing to 

lower charge mixture at the end of combustion. 

All charge mixture could not be trapped in the 

cylinder due to LIVC timing. Lower fuel energy 

is participated into the chemical oxidation 

reactions. It can be attributed that in-cylinder 

heat energy decreases due to loss of heat energy. 

This effect causes to decrease in-cylinder 

temperature and exhaust gas temperature. 

 
Figure 8. The variation of exhaust gas temperature of 

three cycles 

Fig. 9 shows the thermal efficiencies of three 

cycles. It can be found from figure 9 that Otto 

cycle is more efficient than Miller cycles 

especially at low and medium engine speeds. At 

1700 rpm engine speed, thermal efficiency of 

Otto cycle is 23.82%, 23.26% for MA cycle and 

23.23% for MB cycle. The maximum thermal 

efficiency was calculated as 26.51 % with Otto 

cycle at 2600 rpm engine speed. At this engine 

speed, thermal efficiency of MA cycle is 

25.88% while the thermal efficiency of MB 

cycle is 25.85%. At 3200 rpm engine speed the 

thermal efficiency of Otto cycle is 24.08%, MA 

cycle is 24.91% and MB cycle is 24.87%. It can 

be depicted that thermal efficiency of Miller 

cycles are lower than Otto cycle due to lower 

power output. The reduction of the efficiency 

with Miller cycles are caused by the lower 

compression ratio, because compression ratio 

decreases with LIVC timing. Besides, a portion 

of mixture is sent back to the intake manifold by 

LIVC. So, it reduces the charge mixture in the 

cylinder at the end of intake stroke. Heat losses 

also increase by late closing of the intake valves 

with Miller cycle. The heat leakage losses cause 

to decrease the thermal efficiency. In other 

words, energy supplied to the cylinder decreases 

and then power output and thermal efficiency 

are seen to drop. 

 
Figure 9. Calculated thermal efficiency of three cycles 

The results of NOx emissions of three cycles 

versus engine speed are seen in Fig. 10. It is 

found from figure 10 that NOx emissions of 

three cycles increase with the increase of engine 

speeds for three cycles. It can be said that more 

charge mixture could be delivered to the 

cylinder and oxidation reactions improve due to 

tendency of turbulence and homogeneous 

charge mixture at high engine speeds. Nitrogen 

molecules are reacted with oxygen molecules at 

high combustion temperatures at the end of 

combustion. So, NOx emissions are produced. 

At 1700 rpm engine speed NOx emission was 

measured 365 ppm for Otto cycle while 245 

ppm for MA cycle and 155 ppm for MB cycle at 



114 International Journal of Automotive Engineering and Technologies, IJAET 7 (3) [2018] 107-116 

 

the same engine speed. 29.20% reduction was 

determined with MB cycle on NOx emissions 

according to Otto cycle at maximum brake 

torque speed. At 3200 rpm engine speed NOx 

emissions were measured 950 ppm for Otto 

cycle, 973 ppm for MA cycle and 903 ppm for 

MB cycle. It was shown that NOx emissions are 

always lower with Miller cycles compared to 

Otto cycle. The highest NOx emissions values 

were obtained with Otto cycle at all engine 

speeds. The main reason for the formation of 

NOx emissions in the combustion chamber is 

that exhaust gas temperature is too high at the 

end of the combustion. At the end of 

compression stroke, compression pressure and 

temperature can be decreased with Miller cycle 

compared to Otto cycle. For this reason, in-

cylinder temperature decreases at the end of 

combustion and the mechanisms of NOx 

formation are slowed down compared to Otto 

cycle. 

 
Figure 10. NOx emissions of three cycles 

CO and HC emissions of three cycles versus 

engine speed are presented in Fig. 11. It can be 

concluded from Fig. 11-a that CO emissions 

decrease with the increase of engine speed for 

three cycles. CO is an incomplete combustion 

product due to lower oxygen concentration and 

insufficient temperature in the combustion 

chamber. CO reduces with the increase of 

engine speed due to higher air-fuel mixture and 

sufficient temperature. Volumetric efficiency 

decreases at high engine speeds and CO is 

generated. At 1700 rpm engine speed CO 

emission was measured 1.36% for Otto cycle, 

0.94% for MA cycle, 1.05% for MB cycle. At 

3200 rpm engine speed, CO emission was 

measured 0.82% for Otto cycle, 0.53% for MA 

cycle, 0.62% for MB cycle. It was seen that CO 

emissions first decreased with the increase of 

engine speed due to increase of combustion 

efficiency and then started to increase with the 

increase of engine speed due to deterioration of 

combustion. It can be mentioned that sufficient 

time is presented in order to take charge mixture 

into the cylinder due to LIVC timing and higher 

oxygen can be delivered to the cylinder resulting 

in lower CO. Furthermore, higher turbulence 

improved the oxidation reactions at higher 

engine speeds. So, CO reduced. The main 

reason for the formation of CO emissions is the 

lack of sufficient oxygen at the end of 

combustion reactions in the cylinder. If air and 

fuel are not homogenously mixed in the 

cylinder, incomplete combustion is seen. Hence, 

CO emissions increase due to deterioration of 

combustion. Fig. 11-b shows the results of HC 

emissions of three cycles versus engine speed. 

 

 
Figure 11. CO and HC emissions of three cycles 

Similar trend was seen on HC emissions. HC 

emissions decreased with the increase of engine 

speed for Otto and Miller cycles. At 1700 rpm 

engine speed, HC emission was measured 210 

ppm for Otto cycle, 167 ppm for MA cycle and 

202 ppm for MB cycle. At 3200 rpm engine 

speed, HC emission was measured 82 ppm for 
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Otto cycle, 55 ppm for MA cycle and 67 ppm 

for MB cycle. The combustion duration 

decreases with the increase of engine speed, but 

in-cylinder temperature increases. This increase 

improves the combustion reactions and reduces 

the HC emissions. 

5. Conclusions 

This study focuses on the benefits of intake 

valve closing timing with Miller cycle 

performance. The results showed that brake 

torque decreased owing to decrease of mixture 

in the cylinder and the friction losses after 2600 

rpm engine speed for three cycles. The kinetic 

energy of mixture increased with the increase of 

engine speed and brake torque started to 

increase. Lower brake torque was obtained with 

MB cycle because of low kinetic energy and the 

amount of the mixtures at low engine speeds. 

Besides more power output was obtained with 

Otto cycle than Miller cycles especially at low 

and medium speeds. According to the test 

results, brake torque and engine power 

decreased by 4.24%, and 1.30% respectively 

with MA cycle compared to Otto cycle at 2600 

rpm engine speed. Thermal efficiency increased 

by 1.29 %, while the SFC decreased 2.08 % with 

Otto cycle according to MA cycle at maximum 

brake torque speed. The most significant effects 

were seen with Miller cycles are seen on 

emissions. HC and CO decreased by 6.48% and 

11.66% respectively with MA cycle compared 

to Otto cycle at the same operation condition. 

NOx emissions decreased up to 7.79% with MA 

cycle compared to Otto cycle due to the lower 

exhaust gas temperature at maximum brake 

torque speed of 2600 rpm. The test results also 

showed that the SFC increased since power 

output decreased for MB cycle at low and 

medium engine speeds. The SFC for MB cycle 

was much than Otto cycle due to the wasted fuel 

by LIVC timing. Exhaust gas temperature for 

Miller cycles were less than Otto cycle at all 

engine speeds. For this reason, up to 7% 

decrease was observed in NOx emissions due to 

the lower exhaust gas temperature at Miller 

cycle conditions compared to Otto cycle. 

Furthermore, the thermal efficiencies of Miller 

cycles are lower than Otto cycle due to lower 

power output. For all cycles, CO emissions first 

decreased with the increase of engine speed and 

then started to increase with the increase of 

engine speed due to deterioration of 

combustion. Similarly, HC emissions decreased 

with the increase of engine speed. According to 

test results, it can be said that Otto cycle is the 

best operation condition in view of engine 

performance while Miller cycles are better in 

view of exhaust emissions. Miller cycle engine 

performance could be improved by 

turbocharging and variable valve timing 

systems. Further experimental studies can be 

carried out to observe the heat leakage loss, 

frictional losses and vibration in a detail with 

Miller cycle. 
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