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Abstract

To determine the effect of intake air temperature on emissions of a diesel engine, a study consists
of intake air at variable temperature. The Experiment was conducted on direct injection fuel, four
cylinders, Experimental engine connected to gas analyzer. The experimental results show that there
was a significant relation of the intake air temperature with performance of the engine. Increasing the
intake air temperature HC, CO, NOx and CO, are increase. Impact of intake air is noticeable when

temperature of air is high such as 77°c.
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Effect of Intake Air Temperature on Performance and

Emissions of Diesel Fueled Engine

1.1 Introduction

Nowadays, the studies and technology that are used in the automotive world revolve around the
setting of emission parameters where, it exports strict and calibrated laws that restrict the percentage
of emissions in vehicles such as: European emission standards (Euro). The effect of changing in
ambient temperature has an important role to the performance of machine and equipment. Therefore
increasing of surrounding temperature in the world nowadays will affect the performance and the
quality of air especially related to internal combustion engine. Internal combustion engine also known
as heat engine depends so much on the changes in temperature. The experimental study results on the
emissions and performance of internal combustion engine Volkswagen (2 liter diesel engine) as shown
in the figure (1.1) at different intake temperatures. While the exhaust emissions are of CO, NO,, VOC
and NO that were measured by using gas analyzer. The data were taken at different intake
temperatures (5°C, 10 °C, 20 °C, 30 °C, 35°C, 45°C, 55 °C, 65°C, 70°C and 77°C). Increases in the
intake temperature result to small improvement in the engine performance. The lower intake

temperature the lower emission was produced.



Figure (1.1): Volkswagen (2 liter diesel engine).

The experiment was conducted with a commercially four cylinder, turbocharged, direct injection
engine. Engine efficiency decreased and exhausts gas temperature increased with increasing in intake

air temperature. The fuel consumption increased with an increase in intake air temperature.

1.2 Importance of the project

The project aims to measure the best intake temperature and pressure to obtain the lowest
emissions of exhaust gases and obtain the highest performance of the engine where it also aims to
refrigerate and heat the intake air of the engine through two stages are ,the simple refrigeration cycle
and the air is heated by electric heater coils where the project aims to change the density of the air
inside the engine by refrigeration and heating it and changing the density of the volume efficiency
which is one of the most important methods in controlling the state of part load on the engine. So we

made a range of temperatures to show their effects.



1.3 Motivation

Diesel powered engines will be used more extensively due to its higher thermal efficiency and
high fuel economy compared to gasoline engines. It is perceptible that the air intake mass flow rate
shrinks when the engine power decreases. In diesel engine, supercharger or turbocharger is widely
used to increase air flow rate to the engines and enhance the volumetric efficiency. At higher
temperature, charge density can suffer and combustion temperatures can become too high. This can
limit engine output. If temperatures are too low, starting the engine at low temperatures can be

problematic.

1.4 Budget

In our project, the total cost for the project is 1744 NIS for built and design depending on
figure (1.2).

Heater Electric Coil

Expansion Valve
Thermometer P Dryer

Cool Air &5

Condensor

Exhaust IIIIIIIIIIllléllllllllllll

Air Cooling & Heating
Unit

Hot Air

Compressor

Intercooler

High Pressure Liquid . Exhaust
.High Pressure Gas . Hot Air
D Low Pressure Vapor D Cool Air

. Low Pressure Liquid/ Gas

Figure (1.2): Diagram of the system.



Table (1.1): Total cost.

Tools & Device No. Piece price Price (NIS)
condenser 1 120 120
Temperature sensor 2 30 60
Heater electric coil 3 10 30
button 9 4 36
Metal box 1 135 135
Plastic box 1 40 40
Compressor 1 600 600
Gas R-134a 1 150 150
Dryer 1 50 50
Copper tubes 7 17.5 123
Electrical motor 1 400 400
Total 1744




1.5 TimePlan

Table (1.2) shows the schedule time for first semester.

Table (1.2): Schedule time-first semester.

NO. of Week
Task

2 13 |4 |51]6 |7 (89|10

11

12

13

14

15

16

Identifying the

Project ide

Project requirement
and collecting data

Writing and
Documentation for

chapters

Calculations




Table (1.3) shows the schedule time second for semester.

Table (1.3): Schedule time-second semester.

112 |3 (4 |51|6 1|7 |89
NO. of Week

Task

Making animation for
cooling and heating cycle

with engine test.

The required designs.

Project Building

Testing and experimental

result

Writing and

documentation of chapters
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CHAPTER TWO

INLETAIR TEMPERATURE AND
LITERATURE REVIEW

2.1. Inlet Air Temperature

2.2. Literature Review



2.1. Inlet Air Temperature

The temperature is a degree of hotness or coldness that can be measured using a thermometer.
It's also a measure of how fast the atoms and molecules of a substance are moving. The temperature
is measured in Fahrenheit, Celsius, and Kelvin scales. In the Internal combustion engine, the
temperature is a major component to combust the fuel and run the engine, so it is necessary to keep
the temperature at a controllable level in order to operate the engine safely. Once the temperature in
the engine has reached intolerable values, the engine blocks and components may suffer damage.

One of the important parameters to determine the overall efficiency of an engine is its volumetric
efficiency. It is the ratio of breathable air available to the engine to its swept volume. Maximizing
volumetric efficiency ensures that the entire capacity of the cylinder is used to create torque. Hence,
to increase engine efficiency, volumetric efficiency is always maximized. When intake air gets warm,
its density decreases which means the mass of air entering the engine is lower for the same volume.
This decreases the volumetric efficiency of the engine as there is lower air for complete combustion.

This also directly decreases engine efficiency.

Ambient temperature is the temperature of the surrounding environment. The performance of
an engine is influenced by the ambient conditions. The most important ambient conditions influence
internal combustion engine performance is air humidity and inlet air temperature. Air humidity has
an influence on the combustion since an increase in humidity is slowing down the combustion speed
as well as reducing the maximum combustion temperature. On the one hand this will influence the
knock margin and the NOx emissions in a positive way, but on the other hand the efficiency of the
engine is affected negatively. Inlet air temperature will take into account as a subject to been discussed
regarding the performance of internal combustion engine. But there are different definitions for the
ambient air temperature and air inlet temperature. The ambient air temperature also described as the
temperature that is measured outside of the engine compartment and air inlet temperature is the

temperature measured at the inlet of the turbocharger.

The ambient temperature does not directly influencing the engine performance at all, but in most

cases the ambient temperature will have an influence on the air inlet temperature before enter



combustion chamber or turbocharger and the engine cooling system. Turbochargers are commonly
used on truck, car, train, aircraft and construction equipment engines to boost engine efficiency and
power by forcing extra air to combustion chamber. They are often used at spark ignition engine and

compression ignition Engine.

2.2. Literature Review

"Alam et al" (2005) did study on “Effects of Inlet air Temperature on Performance and
Emissions of a Direct Injection Diesel Engine Operated with Ultra Low Sulfur Diesel Fuel”,
experiments were conducted with a commercially six cylinder, water cooled, turbocharged, direct
injection engine. Engine efficiency decreased and exhausts gas temperature increased with increase
in inlet air temperature. The authors also confirmed that the fuel consumption increased with an
increase in inlet air temperature [1]. "Mamat et al” (2010) did study on “Effect of Boost Temperature
on the Performance and Emissions of a Common Rail Diesel Engine Operating with Rapeseed Methyl
Ester (RME)” His experimental result was that the increase of inlet temperature lead to the reduction
of in-cylinder entrap mass and therefore reduced the Oxygen and heat capacity of the charged air. This
has resulted in enlarge of BSFC at low load but slightly lower the BSFC at part load when the charge
air temperature is increased [2]. Pan et al.(2015) did experiment on “The impact of intake air
temperature on performance and exhaust emissions of a diesel Methanol dual fuel engine” An
experimental research was conducted to observe the mutual effect of intake air temperature and
methanol substitution ratio on performance and emission characteristics of a diesel methanol dual fuel
engine. The authors conclude that Decreasing of intake air temperature also prolonged the ignition
delay, which caused a later combustion phasing and smaller peak cylinder pressure. For the majority
testing points, the indicated thermal efficiency increased with increasing intake air temperature.

Supplementary increase of intake air temperature would reduce the indicated thermal efficiency [3].

"Arpan Rana", "Prof. Gaurav Rathod" and "Dr.Tushar Patel" did a study on "Effect of Intake

Air Temperature on Performance of Cl Engine Fueled with Diesel”, the experiment was conducted

10



on Multi fuel, single cylinder and four strokes, experimental engine connected to eddy current type of

dynamometer for load arrangement. The experimental results as following [4]:

= Specific Fuel Consumption (SFC)

Figure (2.1) represent specific fuel consumption (SFC) for diesel with increase in intake air

temperature.

Load(keg) vs SFC(kg/lkwh)

Lé
14
12

(E T iR
== I

SFC ke kwh)

o4 -t D

"
[
. e D

(=]

| i = 10

Loeadik gl

Figure (2 .1): Load vs. Specific Fuel Consumption [4].

It is seen that with increase in intake air temperature, specific fuel consumption is decrease at

lower load range but when engine load increase specific fuel consumption for all temperature remain

almost constant.

e Brake thermal efficiency (BTHE)

Figure (2.2) shows relation between the load and Brake thermal efficiency. Brake thermal

efficiency is inversely proportional to specific fuel consumption so break thermal efficiency increase

11



with increase in intake air temperature because specific fuel consumption is decrease with increase in

intake air temperature. Brake thermal efficiency is increases with increase in load and temperature.

Load(Kg)vs BTHE

recaniany

ETHE

== 5" D
=l=45" ¢ [
-4 4% 0 [

WEFTIL] 1]

Figure (2. 2): Load vs. Brake Thermal Efficiency [4].

e Indicated Thermal Efficiency (ITHE)

Figure (2.3) represent relationship between loads and indicated thermal efficiency for diesel. it
is seen that indicated thermal efficiency at 45° inlet air temperature. Indicated thermal efficiency is
directly proportional to indicated power so with increase in intake air temperature such as 55°c

indicated thermal efficiency of diesel is decrease due to decrease in indicated power.
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Load(kg) vs ITHE
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Figure (2 .3): Load vs. ITHE for diesel mechanical efficiency [4].

® Mechanical Efficiency

It is clear from figure (2.4) that with boost in intake air temperature and load mechanical
efficiency initially at lower intake air temperature it is decrease but when temperature of intake air is
increase (e.g 55 °c) mechanical efficiency is further increase. At 55°c mechanical efficiency of system
is highest because with increase in intake air temperature indicated power of the engine is decrease at

55 ° ¢ inlet air temperatures.

Load(kg) vs Mech Eff.
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Figure (2. 4): Load vs. Mechanical efficiency [4].
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"James Brunton", "David Kennedy" and "John™ Kelleher" did a study on™ Air Intake Cooling
Motor Vehicle Performance Enhancement” , the Experiment was on The Safrane engine capacity is
1995cm3 with a compression ratio of (9.2:1) . This car employs a Renix multipoint sequential injection

system. The experimental results as following [5]:

e The emission readings were all extracted from the exhaust pipe before the gasses entered the
catalytic converter. In Figures (2.5), (2.6) and (2.7) the values of CO, CO2 and HC are shown

for different rpm values at cold air around 10 °C and ambient temperature conditions.

048
0.7 —
-k i
0.6 ;;:——’:'__l
'E 0.5 —
2= 04
Q o3
0.2 —a— Cold air
0.1 - -&~ -Amb. Temp.|
ﬂ L] L L) L] L] T L}
2000 2250 2500 2750 3000 3250 3500
rpm
Figure( 2 .5): Exhaust gas co vs. rpm [5].
14.6
14.4
14.2 ,"\\ ,.l----[//A\xwi"“"""i‘
K] 14 7 = —= | —
S 138 e K
o L . o
13.6 tar i
& ", II.
S 134 — u
13.2 —=— Cold air —
L o —— &--=- Amb. Temp. -
12.8 L) L] L L] LI L} L]
2000 2250 2800 2750 3000 3250 3500

rpm

Figure (2 .6): Exhaust gas coz vs. rpm [5].
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Figure (2. 7): Exhaust gas HC vs. rpm [5].

The specific fuel consumption is related to the power and this is evident from the results

obtained by the fuel consumption meter during the testing. Results are presented in figure
(2.8).

g
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»
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Figure (2 .8): Consumption / Power values for Cold Air and Ambient Temperature [5].
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CHAPTER THREE
Design and building of the project

3.1. Design of the project
3.1.1. Introduction
3.1.2. p-h diagram analysis
3.1.3. Calculations and design
3.1.3.1. Design the heat exchanger
3.1.3.2. Design of fins
3.1.3.3. Design results

3.2. Project building
3.3. Experimental setup
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3.1. Design of the project

3.1.1. Introduction

Engine refrigeration and the heating cycle was designed for an inlet air temperature for a
diesel engine. The evaporator and the electric heater coils were used to cool and heat the inlet air
respectively. The simple refrigeration cycle consists of a compressor, condenser, expansion valve
and evaporator. To achieve the goals, the evaporator was covered by the insulated cover by using
rock wool. The evaporator was designed with calculated dimensions (design chapter), the
evaporator case includes the input and output ports for inlet air in addition to the entrance and
exit of refrigerating gas to avoid a thermal heat transfer between the inlet air and the refrigerating
gas inside the tubes. We used thermal sensors to measure the temperature before and after the
evaporator. The used refrigerating gas in the cooling cycle is R-134a. Measuring the amount of
the exhaust gases produced after the cooling and heating of the inlet air is required.

Tin.air = 50 °C

Tin.ref = -26 °C

Tout.ref =-16 °C

Heat Exchanger
Tout.air =10°C

Figure (3. 1): Simple form for heat exchanger.

The gas R-134a has been chosen for many reasons:

17



1) Environmental friendly.

2) Cheap.

3) Available.

4) Compressor compatible with R-134a.
5) Pc/PL< 9.

3.1.2. p-h diagram analysis

The load in compressor (Win) that need to cool the high inlet air temperature (50 °C) to the low
temperature (10°C) inlet air and the maximum mass air flow rate (120 kg/s), the figure (3.2) was
drawn by using COOLPACK program to get the enthalpy value at each state to determine the amount
of heat transfer.

18
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Figure (3. 2): p-h diagram of refrigerant R-134a
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The values of temperature, pressure and enthalpy of each stage depends on p-h diagram of R134a as
shown in table (3.1).

Table (3. 1): properties for R-134a for each stage

Properties
Enthalpy [kJ/kg] | Pressure [bar] 'I;emperatu re
Each stages [°C]
At point 1 before compressor. 382 1 -26
At point 2 after compressor. 430 5 40
At point 3 after condenser. 247 5 32
At point 4 before heat 247 1 16
exchanger.
3.1.3. Calculations and design
m,;,-= 120 kg/s =0.0120 g/s. (Has been measured)
Cp air=1.01 kI/kg'K.
Tair,out =10°C. ) Tair,in: 50°C.
Qevp,in = hl - h4 3.1)
= 382 - 247 = 135 kJ/Kg.
9condout = hy, — h; (3.2)

= 430 - 247 = 183 kJ/Kg.
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Weond,in = hZ - hl (33)
= 430 - 382 = 48 kJ/kg.
ql _hy—h, (34

CcoP;, = =
R Wi, h; —hy

TL (3.5)

COP qrnot = TH — TL

. (273+-16)
"~ (273+40)—(273+-16)

= 4.5893.

Quir = mair * Cp,air * (Tair,out - Tair,in) (3.6)

= 0.0120%x1.01 x (50 —10) =0.4848 kW =0.64992 hp

Qevp = m, * (hy — hy) (3.7)
Qevp = Quair
m. = Qair
" (hy—hy)
0.4848
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Wi, = m, x (hy — hy) (3.8)

= 0.00359 x (430-382) = 0.17232 kW = 0.231085 hp.

Qcona = M, * (hy — h3) (3.9)

= 0.00359 x (430-247) = 0.65697 kW = 0.8810 hp.

Qevap =m, x (hy — hy) (3.10)

= 0.00359 x (382-247) = 0.48465 KW = 0.64992 hp.

Where:

Qevp :heat transfer in evaporator .

Qevp. : Heat Transfer Flow Rate in Evaporator.
h1: enthalpy before compressor.

h,: enthalpy before condenser.

hs: enthalpy before throttle.

h,4: Enthalpy before Evaporator.

Ma,ir: mass flow rate of the inlet air.

my,: mass flow rate of refrigerant R134a.
Cpair: Specific Heat of air.

Win: Compressor work.

Win: Compressor Power.

Qqir: : Heat Transfer Flow Rate of the air.

COP:: coefficient of performance for cooling.
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3.1.3.1. Design the heat exchanger

By using logarithmic mean temperature difference method (LMTD), the amount of heat transfer
in heat exchanger at high accuracy was calculated:

A temp.6<)

Toi= sovc

Figure (3. 3): Temperature profile for parallel flow heat exchanger

_ (Thy — TLy) — (Th, — TLy) (3.11)
LMTD = — Ty~ TL)
N(Th, —TL,)

_ (15--16)— (10— -16) 40

In (50 — —16) "~ 0.9316
10 — —16)

=42.94°C
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convection conduction convection
. evaporator copper i
T T, pp T, refrigerant ref
oM —o— MY —o—MH—o
1 In(r/r) 1
hair * Aout 2|-| KL Dref *Ain

Figure (3. 4): Thermal-resistance network for overall heat transfer.

Wherer;,, 7oy are standard selection of the copper tube diameter 20mm at thickness t=1mm.

Agut =2+ T*Tg*L=2+m X (5% 1073)*L = 0.0314 L

Ay =2+ x L= 2% m* (4.5« 1073)« L = 0.0282 L

K copper = 204 W/m. K

1 (3.12)

Tout
1 " In" " /rin
hyir *Apgye 2*m*204 %L

U =
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= =396.502 W/m?. K

1 Imd,
350x0.0314«L 2+m+204+L

QH.E = Qevap =4846.5W.

4848 = 396.502 * L * 0.0314 * 42.94

L=9.0683m= 9m.

Assume Length of turn =0.41 m.
Number of turns = 9/0.41 = 22 turns.

Where:

Qn.e: Heat Transfer in Heat Exchanger.
U: Overall Heat-Transfer Coefficient.
A: Surface Area for Refrigerant Tube.

LMTD: Logarithmic Mean Temperature Difference.

Thy: Temperature of Exhaust Gas That Inlet Heat Exchanger.
Thy: Temperature of Exhaust Gas That Outlet Heat Exchanger.
TL1: Temperature of Refrigerant Gas That Inlet Heat Exchanger.

TLo: Temperature of Refrigerant Gas That Outlet Heat Exchanger.
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hevp: convection heat transfer coefficient of R-134a.
Aevp: Area of Evaporator.

hair: Convection Heat Transfer Coefficient of air.
Aver: Area of Refrigerant Tube.

rout: OUter radius of refrigerant tube.

rin: inner radius of refrigerant tube.

Keoop: thermal conductivity of copper.

L: length of refrigerant tube (cooper tube).

So, the length that needed for refrigerant tube 10m at diameter 10 mm and thickness 1.0mm, and

the dimensions of evaporator is (30*20*10) cm.

3.1.3.2. Design of fins

The fin is extended surface that are designed to increase the heat transfer that’s operating against
insulators , the design of fins is very important to measure the rate of heat transfer and the temperature

at the end of the fins as shown in figure (3.5) .

Fin design

t=0.2cm

Figure (3. 5): illustration for fin.
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Areaof the fin=Z +t

=0.2*32*10%=6.4*10* m?2.

P for square fin = (2*Z)*(2*t)

=0.644 m.

h=*P 25 % 0.644
m= = ( ) =11.10473 m™ L.

K+xA |\204%6.4x10"%

mx L =0.55524.

h
=0.01104 m.
mxK m

0=Tp—Tyn=25-7=18°C.

sinh(m * L) + _h_ * cosh(m = L)

q:VP*K*A * 0 * m * K =13.1074 watt.

cosh(m = L) + ﬁ * sinh(m * L)

The temperature at the end of the fin is equal:

0 T-—T coshim* (L — X)] +

6, To-—T.

ﬁ * sinh[m * (L — X)]

cosh(mxL) + * sinh(m * L)

h
(m = K)

At X=L ,T=22.456 °C
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Where:

q: rate of heat transfer.

h: convection heat transfer coefficient.
P: surrounding of the rectangular.

A: area of the rectangular.

K: conduction heat transfer coefficient.
t: thickness.

Tp: base temperature.

Tw: fluid temperature.

0: temperature difference.

sinh: sinusoidal hyperbolic.

cosh: cosine hyperbolic.

T: required temperature.

L: length of the fin.

Z: width of the fin.

By depending on the results of the fins design (heat transfer rate and the value of temperature

at the end of the fin with the dimension of evaporator) the number of fins is 200 fins and the distance

between the fins is 1 mm.
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3.1.3.3.  Design results

Design results Summary of heat exchanger properties as shown in the table (3.2).

Table (3. 2): Design Result.

# Name Value Unit
1 Refrigerant gas type R-134a -

2 Refrigerant tube diameter 10 mm
3 Refrigerant tube thickness 1 mm
4 Refrigerant tube material type Copper -

5 Refrigerant tube length 10 m
6 Compressor Power 2.31085 hp
7 Number of turns 22 Turn.
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3.2. Project building

After finishing all of the calculaions and equations that required to design the project, the

parts of the structure has been accomulated as follows :

o The container of the air unit that shown in figure (3.6) used to fix electric heater coils and

evaporator inside it ,the dimensions of the box is (40,30,20) cm .

Figure (3. 6): The container of the air unit.

o The box was drilled from a hole with diameter 4.5 cm, then welding the metal cylinder

with diameter 5 cm above the hole to serve as inlet and outlet as shown in figure (3.7).

Figure (3. 7): The container after welding the ports.
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The electric heater coils were fixed inside the box by fitting them onto a metal piece and

[ ]
then attaaching it as shown in figure (3.8) to avoid a short circuit.

unmu-uuu‘m

Figure (3. 8): Electric Heater Coils.

In order to fix the evaporator, two holes were opened to insert the pipes of the evaporator

[ J
through 2 cm above electric heater coils, as shown in figure (3.9).

Figure (3. 9): The Evaporator.
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o The work of the electric heater coils was checked and tested as shown in figure (3.10), to

ensure the safety of the connections.

Figure (3.10): Testing the electric heater coils.

o The box is completely covered with thermal insulation (rock wool) and metal cover as shown
in figure (3.11).

Figure (3. 11): Rock wool and metal cover insulators.
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o Figure (3.12) shows the plastic box with electric connections buttons (high speed fan , low

speed fan, compressor and electric heater coils ) and it has two screens to display the temperature
of the engine inlet air.

Figure (3. 12): Plastic box with electric connections.

o The compressor was connected to an electric motor by using a belt, also an external air
conditioning cycle was built because the engine stand has a limit space. Pipes were welded to the

cycle as shown in figure (3.13), and leakage test was done to ensure that the cycle is ready to fill the
gasandrunit.

Figure (3. 13): The general view of refrigeration and heating systems.
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o After ensuring that there is no leakage in the connections, vacuum test was done to be sure
that there is no air in the cycle. In order to charge the cycle, a gas cylinder was connected to the cycle
by a gas filling line that carrying R-134a as shown in figure (3.14). After opening the gas cylinder,

the compressor and fan were turned on until the pressure reached 35 psi and the required cooling
obtained.

Figure (3. 14): Filling the cycle by the gas.

o In order to get a good appearance and protection from corrosion, there was a necessary to paint
everything that is metal as shown in figure (3.15).

Figure (3. 15): The heating and refrigeration unit after painting.
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o Connecting the heating and cooling unit between the engine and intercooler then put

temperatures sensors on the unit inlet and outlet ports as shown in figure (3.16).

Figure (3. 16): Engine with Heating and refrigeration unit.
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3.3. Experimental Setup

Experiments were carried out on direct injection fuel, four cylinders, and research engine
connected to gas analyzer. The engine disclaimer is listed in table (3.3) [5], intake air temperature is
increased by electric heater coils and decreased by air conditioning cycle which was placed inside air
unit as shown in figure (3.17). Preferred intake air temperature was achieved by using evaporator and
electric heater coils which have temperature range from 10 °c to 77 °c. Intake air temperature was also

measured by thermo sensors which were attached after air insulator box of experimental engine for

continues monitoring the temperature of intake air.

Table (3. 3): 2.0 Liter TDI Technical Data.

Design

4-Cylinder In-Line Engine

Displacement

120 in3 (1968 cm3)

Bore 3.189 in. (81 mm)
Stroke 3.760 in. (95.5 mm)
Valves per Cylinder 4valves
Compression Ratio 16.5:1

Maximum Output

140 hp (103 kW) at
4000 rpm

Maximum Torque

236 Ib-ft (320 Nm) at
1750 rpm up to 2500 rpm

Engine Management

Bosch EDC 17
(Common Rail Control

Unit)
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CHAPTER FOUR

Experimental Results and Performance

4.1 Engine performance calculations
4.2 Experiment results

4.3 Conclusion
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4.1 Engine performance calculations

One of the project objectives is to investigate the effect of intake air temperature on engine

performance besides emissions investigation.

Usually, engine performance is studied and investigated using so- called Dynamometer device.
Because of the unavailability of this device at University, we had to use software instead of the

measurements.

The thermodynamic and emissions parameters of spark-ignition engines powered by gaseous
fuels study was used as a reference as appropriate for compression ignition engines .

An Encrypted Excel- Pressure Program was used to calculate the temperature and pressure of
in cylinder charge taken into consideration engine actual working cycle and all actual engine
specifications [7]. Temperatures and pressures of engine working cycle were calculated with different
values of intake air temperature at constant engine speed (2000 rpm), excess — air ratio (I = 1.3), and

boost pressure of 172 kPa.

Table (4.1) shows the calculated temperature and pressure values as a result of intake air

temperature different values.

Table (4. 1): Performance table with variation at intake air temperatures.

Intake air temperature Max. combustion temperature Max. combustion pressure

(Tmax) (Pmax)

[K] [K] [MPa]

290 1918 6.99

300 1945 6.95

320 2026 6.86

340 2097 6.79

360 2168 6.72

370 2203 6.69
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Figures bellow illustrate the engine working cycles (diagrams) of temperature and pressure,
and p— V diagram as a function of crank angle degrees showing the effect of intake air temperature

on these processes (cycles).

8 2500
? J
2000
6
57 L 1500
3
=4 <
e L 1000
2 o
500
1 -
n 44—+ b - 4 4 4 ! ! ! ! L b s 4 4 4 ! ! ! -+ 0
180 240 2300 380 420 480 540 200 €80 720 T80 540 200 220102138 14 2001280 22013801 440

]
Figure (4. 1): T —@ and p — O diagrams versus crank angle degree (T;niake = 300K )

This curve indicates the relationship between where the red color illustrates the relationship
between the temperature and crank angle , the curve in blue illustrates the relationship between the

pressure and crank angle.

When temperature of intake air decrease, the ignition delay period becomes longer that’s means
more probability accumulate the diesel drops before burning in the compression stroke , where the
temperature rises. Fear lies about the arrival of the accumulated diesel droplets to the degree of self-
ignition before the ignition of injected fuel, if the amount of diesel droplets accumulated large an early

explosion and this increases the probability of the knock phenomenon.
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Figure (4. 2): P -V diagram versus crank angle degree (T;ptare = 300K)

At the beginning, the intake is happen on low pressure, then the compression stroke makes the
pressure increases and the volume decreases, and then the injection comes before the top dead center
in a few degrees and the ignition phase comes and when ignition occurs then the pressure decreases
as a result expansion stroke and then the exhaust stroke to reject the exhaust gases and the value to
the pressure reached 6.99 MPa at 300 K temperature for intake air compared to the 370 K temperature

where it reached 6.8 MPa as shown in figure (4.4) .
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Figure (4. 3): T — @ and p — @ diagrams versus crank angle degree (T j,take = 370K)

As the intake temperature was higher, the surface of combustion chamber became hot. The
impingement of fuel spray on hot surface affected the fuel evaporation and mixing processes. Similar
effects were reported that with an increase in wall temperatures, ignition delays decreased. The reason
for a decrease in ignition delays with higher intake temperature may be due to the fast mixing rate
resulting from faster fuel evaporation in higher temperature. The high temperature in the chamber

indicated rapid evaporation to the injected fuels and shortened ignition delay.

When intake air gets warm, its density decreases, meaning that mass of air entering the engine
is lesser for the same volume. This decreases the volumetric efficiency of the engine as there is lesser
air for complete combustion. This also directly decreases engine efficiency. An increase in the inlet
temperature of the mixture increases the temperature at the end of compression, which in turn
increases the temperature of the last part of the charge to burn, thus shortening the delay period and

greatly increasing the knock.
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Figure (4. 4): P - V diagram versus crank angle degree (T jtake = 370K)
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4.2 Experimental results

The “MultiRAE” Lite gas analyzer as shown in figure (4.5) was used to get the values of (CO,
NO, NO. and VOC) results and the data sheet for this device were attached after references .The

experimental results are shown in table (4.2).

Figure (4. 5): The “MultiRAE” gas analyzer.

Table (4. 2): Experimental results.

Tem[:())erature |o|23 r\r/];?llje Itz(;]r%IS: consll:JLrjrf:Jtion wige ) WO - O ) Ve
0 %) (N.m) (L/h) (ppm) | (ppm) | (ppm) | (pPPm)
5 36.2 64.9 2.41 9 63 500 19.9
10 37.5 67.2 2.52 10 85 470 19.9
20 40.7 69.3 2.33 11 117 410 19.9
30 42.1 74 2.53 14 135 318 19.9
35 45.9 68.5 2.54 16 119 263 19
45 45.9 66.5 2.31 16 124.5 132 5.7
55 36.5 79 2.53 16 125.5 81 4.9
65 44.5 62.7 2.38 18 130 66 5.3
70 42 67.1 2.33 18 108 58 7
77 42.3 66 2.32 20 87 50 9.7
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Intake air temperature and values of (NO, CO, VOC and NO2) were measured with different
values of intake air temperature at constant engine speed (2000 RPM) was plotted as show in figures
(4.6),(4.7),(4.8),(4.9) and (4.10).

NO values vs intake air temperature
140
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120
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120
115
110
105
100

35

NO (ppm)
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&5

1] 5 10 15 20 a5 30 35 40 45 50 55 &0 65 70 75 20

Intake Air Temperature (°C)

Figure (4. 6): The relationship between the intake air temperature and values of NO.

When the intake air temperature decreases the NO decreases. When the intake air temperature
increase that’s leads to increase the temperature inside the combustion chamber and therefore will
increase the value of NO. And then a slight fluctuation for NO value due to the lack of precision and
instability of the engine from 120 - 135 ppm. The density of air decrease and this reduce Oxygen

inside the combustion chamber and this leads to reduce the amount of NO.
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CO Values vs Intake Air Temperature
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Figure (4. 7): The relationship between the intake air temperature and values of CO.

At the beginning, the intake air temperature at the combustion chamber is low and there is
incomplete combustion and high density for air, so the volumetric efficiency is high and the ratio of
CO increases because the amount of injected fuel and when the intake air temperature to the
combustion chamber increases that’s means decreases the volumetric efficiency and therefore the ratio
of CO will decrease. CO reacts with Oxygen to give COz2 if there is not enough air, the value of the

CO will remain high.
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VOC Values vs Intake Air Temperature
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Figure (4. 8): The relationship between the intake air temperature and values of VOC.

At the beginning, the value of VOC be few, but when increases the intake air temperature inside
the combustion chamber, the fuel is decrease, so the combustion is incomplete and this increase VOC.

The amount of air inside combustion chamber is decrease, so it will extinguish the flame.

47



NO:z Values vs Intake Air Temperature
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Figure (4. 9): The relationship between the intake air temperature and values of NOz.

At the beginning, we do not take the reading because the gas analyzer has an over limit that
cannot be shown on the device screen. Formation for NO2 we need the reaction of NO and Oxygen.
When the intake air temperature inside the combustion chamber increases, the Oxygen is reduced to

NO2 because there are not enough Oxygen atoms to form NO2.
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CO,NO,NO:2 and VOC Values vs Intake Air Temperature
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Figure (4. 10): The relationship between the intake air temperature and values of (NO , CO ,VOC and NO).

4.3 Conclusion

The variation for intake air temperature has a positive advantage when refrigerate intake air
temperature for unburned hydrocarbons and NO this decreases the value for these emissions and one
disadvantage that increases the CO value because the incomplete combustion is occur , but increase
the intake air temperature that’s include decrease of CO value. When temperature of air increases, its
density decreases. So for the same displacement of piston in suction stroke or in other words, same
volume of intake air less mass enters the combustion chamber. Decreasing of intake air temperature
also prolonged the ignition delay, which caused a later combustion phasing and smaller peak cylinder

pressure.
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