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Abstracts: Diesel fuel injection is the most dominant in ignition process of the diesel engines 

combustion. Diesel engines have been widely used in heavy-duty and light-duty vehicles due to 

their higher fuel economy, efficient and powerful than spark ignition (SI) engines. The principal 

objective of this research is to seek the effect of temperature and pressure on the spray 

characteristics, as well as fuel-air mixing characteristics. Experiments were performed in a constant 

volume chamber at specified ambient gas temperature and pressure. This research was continued 

with injecting diesel fuel into the chamber using a Bosch common rail system. Direct photography 

technique with a digital camera was used to clarify the real images of mixture formation such as 

spray penetration, fuel evaporation and spray interference. The liquid phase of the spray reaches a 

maximum penetration distance soon after the start of injection, while the vapour phase of the spray 

continues to penetrate downstream. The condition to which the fuel is affected was estimated by 

combining information on the wall chamber temperature, ambient temperature and photographs of 

the spray. The increases in ambient pressure inside the chamber resulting in gain of spray area and 

wider spray angle. Thus predominantly promotes for a better fuel-air premixing.  
 
 

Introduction 

Diesel engine known as a compression ignition (CI) engine that uses the heat of 

compression to initiate ignition to burn the fuel into the combustion machine contrast to spark 

ignition engines (SI). Diesel engine has the highest thermal efficiency of any regular internal or 

external combustion due to high compression ratio. An optically accessible, direct injection 

combustion system was used to investigate the effect of temperature and ambient pressure on fuel 

air-mixing and flame development. In this study, the parameters that will be investigated are the 

ambient pressure and pressure of the combustion chamber. 

Many efforts have been put to meet more and more stringent new emissions regulations due 

to development of diesel engine while at the same time enhancing the performance of diesel 

engines[1].A constant volume chamber is an excellent tool to study effect of temperature on auto 

ignition of combustible mixtures as it gives direct measure of ignition delay[2-3]. The effects of 

temperature on ignition process are investigated up to the initial stages of pressure rise, which 

occurred as a result of net heat release due to evaporation of fuel and heating. Furthermore, based 

on the obtained data, a relation between temperature rises and spray formation could be observed. 

In a research done by Yiming Wang., et. al.[4] on a study of the combustion phenomena 

under high temperature using constant volume chamber has concluded that at high temperature the 

ignition delay becomes very short and the ignition occurs near the nozzle tip and lastly the 

combustion duration was prolonged. The decrease of temperature dependence at high temperatures 

is due to the physical delay in the beginning of injection. Fuel quantity has no effect on ignition 

delay at high temperatures while the fuel quantity increases at low temperature due to endothermic 

effect of the spray[5]. 
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The research is to investigate diesel spray characteristic under high temperature and pressure 

environment for constant volume chamber. In direct injection diesel engines, fuel is injected 

directly into the combustion chamber. Spray atomization and fuel air mixing play a role on engine 

performance in term of combustion and emission.The injection was performed when the desired 

pressure and temperature conditions were reached. A high-speed camera image was used and data is 

analyze before any conclusion is made and compared. Hopefully with this study, it gives a lot of 

help to understand and solved the problem that faced during the development process also 

improving the entire of combustion process.In this experiment, spray tip penetration, projected 

spray angle area and spray volume is measured up to certain or suitable pressure. 

 

Experimental Setup 

     Figure 1 shows the experimental setup, which comprises a combustion-type constant-volume 

chamber, thermocouple and temperature probe. The constant volume chamber allows the same 

ambient conditions as in a small diesel engine cylinder. The heating system was inserted into the 

combustion chamber which the chamber is then connected to a compressor to be able to pressurise 

it. The ambient temperature can be controlled by adjusting heating system as thermocouple was 

screwed into the chamber to be able to measure the temperature as well as withstand the pressure of 

the combustion chamber. 

 
Figure 1: Schematic Diagram of Spray Pattern Experiment 

 

The experiment was made under constant fuel injection volume. Temperature of the metal block 

and thermocouple was recorded under normal condition. The chamber is depressurized and the 

heating system was switched on. The temperature detected by the thermocouple and also the 

temperature probe was recorded. Pressure of the constant volume chamber was increased from 100 

kPa up to 600 kPa at 100 kPa intervals and the temperature of the combustion chamber walls was 

set at 20, 50, 70 and 85 °C in all pressure tests conducted. 

The injector nozzle head was connected to a BOSCH test rig to manually simulate the spray in the 

chamber. The spray patterns were captured under various parameters such as temperature and 

pressure. This is done to simulate the fuel injection in the combustion chamber of a small high-

speed diesel engine. One of the base surfaces of the chamber was composed of pyrex glass to 

observe spray characteristics. Direct photography method was used to capture the image of the 

spray in the chamber for each of the parameters. 

 

Result and Discussion 

The data of pressure and temperature were analyzed whereas certain parameters were set to match 

with spray pattern and characteristic. As previous literature review discussed, spray atomization and 

fuel air-mixing play a significant role on engine performance, combustion and emission but here the 

effect of pressure to temperature was investigated.The effect offixed temperature, Tc(20 - 85°C) on 

the ambient temperature is shown in Figure 2. The ambient temperature, Ta is higher than block 

temperature, Tb meanwhile a slightly increase in pressure is observed for all temperature range. For 

Tc = 20°C, Tbis significantly stable and no changes can be seen but for ambient temperature, the 

graph show slightly increased. The ambient temperature increased gradually as the chamber was 

pressure up to the requirement pressure. 
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A relation between ambient temperature and pressure is shown in Figure 3. It’s significantly 

fluctuated and unstable due to heating and pressure distribution inside the chamber and also cooling 

reaction between air and block temperature. The block is cooled and system will overcome it by 

heat up the block so that it would maintain at certain temperature. 

The effect of temperature and pressure on the image of spray formation can be studied by injection 

of diesel fuel into the combustion chamberas shown in Figure 4. The fuel was injected under the 

block temperature and pressure of the chamber is varied.The internal part of the chamber was black 

painted, to increase the image contrast and enhance the visibility of the spray. The illumination was 

directed only towards the spray tip to preserve the image quality of the investigated region. From 

the figure, it can be seen that the spray pattern of ambient temperature and pressure is the narrowest 

compared to rest of the spray pattern. The contours of the spray are almost symmetric.The edges of 

the spray the concentration jumps in a relatively thin layer and that the measurements are only 

slightly influenced by the illumination[6]. As the temperature and pressure is increased, a great 

variation in the spray structure is observed. It promotes mixture formation and distributes larger 

amount of fuel between sprays thus creates good spray atomization and exhibits a greater amount of 

fuel-air premixing prepared for combustion. Increment of the ambient temperature promotes the 

evaporation process or on the other hand, evaporation process is elevated by higher ambient 

temperature [7]. Increases in the ambient temperature causes the rate of fuel evaporation increased. 

Fuel droplets with small diameter tend to evaporate easily while those with greater diameter take a 

much longer time to evaporate[8].  

The spray area can be employed to represent the mixture formation behavior thus influences the 

mechanism of fuel-air premixing. When controller temperature, Tc is increased, ambient 

temperature, Ta increases and it will cause the spray area of diesel inside the chamber increased. 

Figure 4 presents spray area and spray angle versus pressure for ambient temperatures, Ta of 20°C 

to 85°C for a better visual comparison. 

Spray angle is a very important parameter in a compression ignition engine such as the diesel 

engine. Spray angle are also referred as cone angle that is formed from the exit orifice of spray 

nozzle. The spray cone angle reflects directly the atomization and air entrainment processes 

downstream the nozzle hole. Hence, it will be closely linked to the global spray behavior and 

particularly to its penetration [9]. Figure 5 illustrate the spray angle results under different ambient 

temperature with pressure. The spray angle increases with respect to the increase in temperature. 

Spray angle increases obviously due to effect of ambient temperature on fuel atomization[3]. 

However, when the ambient temperature is over 70°C, the ambient temperature level has no 

apparent effect on spray angle. 

 

Figure 2 : Effect of Block Temperature 

on Ambient Temperature 
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Figure 6 presents penetration length, spray angle and spray area versus time for all ambient 

pressures. When the injection quantity is constant, the penetration length is higher at a pressure of 1 

Mpa. This is might be because fuel evaporation is delayed due to poor atomization at low ambient 

pressure. But no significant difference was observed in the penetration length at ambient pressure of 

0.6 and 0.8 MPa. The injector has a shortest penetration length at a pressure of 0.4 MPa. Although 

atomization is accelerated more and spray is vaporized earlier at an ambient pressure of 0.4 Mpa 

than at 1 Mpa, the spray momentum is higher at 0.4 Mpa. On the hand, the vapor penetration rate 

became higher as the ambient pressure was decreased, possibly because the spray momentum 

decreases with an increase in the ambient temperature.  

 
The spray angle initially increases with time and tends to take a constant value. The spray angle 

widened as the ambient pressure became lower. In an early stage of injection, 0.01ms after start of 

injection, where diffusion is yet to advance, differences in spray angle between ambient pressures 

are small. It is estimated that a high ambient pressure leads to loss of spray momentum at an early 

stage after injection, with the spray spreading horizontally, and that the spray diffuses insufficiently 

with the fuel evaporated earlier continuing to drift around the spray.  

Figure 6: Spray area, spray angle and penetration length, as a function of time at 

various ambient temperatures. 
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Figure 4: The Effect of Variant 

Temperature and Pressure on Images 

of Spray Pattern 

20°C 50°C 70°C 85°C  

 

 

 

 

11 

0
 

k
P

a
 

1
0

0
 

k
P

a
 

2
0

0
 

k
P

a
 

3
0

0
 

k
P

a
 

4
0

0
 

 k
P

a
 

5
0

0
 

 k
P

a
 

6
0

0
 

k
P

a
 

 

 

4

6

8

10

12

0 200 400 600

200

250

300

350

400

 20
o
C  50

o
C  70

o
C  85

o
C

 

 

S
p

ra
y
 A

n
g

le
 (

 o
 )

 

 

 S
p
ra

y
 A

re
a 

(m
m

2
)

Pressure (kPa)

Figure 5: Effect of Pressure on Spray Angle and 

Spray Area  

504 International Integrated Engineering Summit 2014



The projected spray area can be employed to represent the quality of fuel air mixing [10]. It can be 

observed that spray area increases with pressure but seems to reach a limit whereas the spray area 

did not further increasing when the injection pressure is increased at 80 and 100Mpa. This is 

because the penetration length did not increased with pressures injector at certain point due to vapor 

formation. Liquid phase fuel penetration is one of the important factors to optimize combustion 

process. The distribution of the fuel in such way of the diesel fuel can be atomized,vaporized and 

mixed with air effectively in space in short time. Penetration of the liquid phase fuel is necessary to 

promote fuel air mixing. 

Conclusion 

The results obtained in this study are summarized as follows: 

1. Increasing block temperature is directly proportional to the ambient temperature inside the 

chamber at low pressure. 

2. The trend of decrease in ambient temperature could be seen even though the block 

temperature continues increased. 

3. As temperature of chamber is increased, the spray angle widens whereas the area of spray 

becomes larger. 

4. Increase of pressure in the chamber creates smaller spray angle due to loss of momentum at 

an early stage of injection. 
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