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Abstract

This project wims o design a laboratory to give the students practical knowledye
about internal combustion enirnes to measure power. etficiency, torgue and fue! consumplion
aind how 1o modily these parametsrs. After making a lavout for this lab, the St part focuses
on the electrical dynamomeier and the hydraulic dynamometer 10 micasure the power for the
engines. The sccond parl 15 zhoul the compuizrized enpine testing. This deviee contains an
engine which has a pressure sensor inside the cylinder. so the combustion under various
conditions ceuld be monitored on the scrcen using dala acouisition card and computer
software o analvze the signal and graph the P- ¢ diagram anc the actual evels. The third part
concentrates on the computeniced car dynamometers which use a dynamometsr w test the
whole car. The skeets will be made for the cxperiments so the students can make the
caleulations. The objectives are to operate the devices, make the tests, and analvze the siocnals
under vanious operaring conditions Tor the enginge.
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Chapter One

Introduction




1.1 Introduction

Internal-Combustion Engine is any type of machines that obtains mechanical energy
Hrectly from the expenditure of the chemical energy of fuel burned in a combustion chamber.

Internal combustion engines are the main source ol power in the rransportation vehicles
anil & lot of other applications . There is a great tendency w develop these engines 1o inercase
heir efficiency, power, reducing fuel consumprion and controlling its emissions, From this point
- the importance of inlernal ecombustion engine raised. ln order W achieve these goals, the
nternul combustion engine laboratory must be availnhle,

I'he laboratory is designed to provide direct experience with the experimental methods
sed in internal combustion engine research and development. Through the ustng of laboratory, a
<t of engine performandce and emissions data will be tuken from an operating spark-ignition
sagine and compression-ignition engine using different types of dynamometers.

Another part of this praject deals with computerized system that i3 used to measure
sressure insule combustion chamber by using pressure sensor. The data will be processed,
walvzed and interprefed in the context of the course lecture marerial,

Finally, this project will deal with the chassis dynamometer that measures power, lorgue
o the engine and the wheels, The other functions of the chassis dvnamometer that can be made
= the load simulation and the RPM tests,




1.2 Lab. Equipments

In the university, the deviess whick usad in the unIversity is three devices some of it is
old ard need rehabilitmion and others is new and will be conpected and pragranmmed, This

Cevices is been selected as close 16 the standers of intemal combustion engines luboratories and
t0 be s assistance to the interns! combustion ENLUICE COUrse

2.1 Dynamometers:

In zeal Tife, vehicles always operate upainst a resistance, This resisrance could be rolling
riction, slope, mir or inertia resistance. The dynamometor loadin 2 simulates the total of these
resistances. | herefore the steady state performances of internal combustion engines are tested on
=ynamoineters. The dynamic testing of engines mounted on vehicles are dome on chassis

dvnamemeters, The dynamometers used for engine testing may be hvdraviic or electrical.

The functivn of the dynamometer is to impose variahle loadin £ conditions on the engine
ider test, acrosy the range of cngine speeds and durations, thereby enabling the accurate
Mzusurement of the torgue and power output of the cnpine[1],

Lhe following dynamometers are available in the lab. Euch of ther has its own distinct
wdvantages and disadvantages compared to those of iss tivals.

) Hydraulic Dynamom eter

The usc of hydraulic dvnamometer is the best selaction to measure the perinmmance of the
stemal combustion engines, by sequence of experiments under a Gisferert oporation conditions .
2= sludent ean do this experiment to study the engine performance. The hasic working principls
" the dynamomerer is that the coupling foree arises from the change in momentam of water as it

Tansporied from the rotor vanes and back. This water eirculation zhsorbs the o IWinE paower

ENCGET 1eshng.

In this dynamometer. warer flow eroporiional to desired applied load is used 1o ercale

stance 1o the engine, A controlled Mow of watcr is directed at the center of fhe rotor in each

=ssarption sectiomn, This waier is then expelled lowards the owside of the dynamometer body by
semiritupal foree as shown in figure 1,1.

This dyvnamomerer iz svailable in the laboratory, 11 is connecied by coupling mechanism to
Park lgrtion engine. 'Lhis envine works on twio diileren: tvpes of fael: the fiest iz pasoline and
= othier is LPG (liquid perzoleum gas). The powsr and torgue measurements al different load
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and speed are made for both fuels. The mken results used 1 plot the power and the torque
curves, Olher 12313 can be done on this engine, such ds the fael consumption.

Ihis device does not work and 1t needs maintenance for the engine and the hydraulic
dynamometer, The importance lor this dynamomerer is that it uses & real vehicle engine. Righs
Dow it 15 maintained and calibrated and working.

RETATOR

e LT
"n"“::"-.'.;__- i = _1! 3

Figure 1.1: Hydraulic dvnamometer parts[2]

21 Electrical Dyvnamometers

Chis dynamometer is connected w0 a diesel engine 1o measure the brake powsr of this
= anc the broake torgqus at various speeds and various loads 1o plot the powes and torque




However the generator may be cradled and the torque exerted by the stator frame may
directly be measured. This torque arises from the magnetic coupling between the armature and
stator and is equal to the engine brake torque. DC or AC type electric generators of may be used
i these dynamometers, AC type electric dynamometers have better dynamic response
characteristics and are used in cyele simulation tests.

DYNAMOMETER

Figure 1.2: Eleetric dynamometers[2)]




1.3 Computerized Spark Ignition Fngine:

13,1 Cylinder Pressure Viensurement

The primary source of information about the combustion thal Lakes place inside the
cylinders of reciprocaring internal combustion engine is the cylinder pressure. T'he evlinder
pressure cun he measured using pievoelectric pressure sensor. The outpul from a piezaelectric
trunsdueer is n the form of a charge o siprial is taken and Sent to the amplilier,

[t is important 1o notice the dilTerences among eylinder pressure versus crank angle,
Sylinder volume versus crank angle. and cylinder presswic versus exlinder volume
secause these data form the busis of the classic pressure and volume curves.

The pressure sensar 1< used ta measure the pressure inside the cylinder and the sensor is
connected to data acquisition svstem that sends the inlormation and signal 1w the computer. The
sompuler has a software to show the graph that clarifies the relation between the pressure and the
crank angle which shiown in figure 1,3 pressure and volume P-V diagram and alse graph the
sctual cyele for Otto-cyele .
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Figure 1.3; Combustion chamber pressure signal[3]




1.3.2 The Piezocleetric sensor

The physical principle behind piczoclectric pressure transducers is the piezoeleetric elfeel,
first discovered by Pierre and Jacques Curie in T8RO, The piezoelectric effeel cuuses o quartz
erystal to become clectrically charged when there is a change in the external forces acting on il

When using & piezoelectric transducer as the sensing clement in o data acquisition system
the element has to be connected te a charge amplifier. which converts the electrical charge to a
voltage or 4 current.

Hustration of a pieznelzctric crystal (2.2, quartz) with a foree being applied to
iLin figure 1.4 When the foree is applied 1o the erystal, the electrons within the erystal
redistribute to make one side of the crysal positively charaed and the other negatively charged.

e i i e e e S e i L e
crys=te=al

Figure 1.4; Piczocleetrie crvstal

The pressure sensor used in this project is pieroelectzic type. Piezoelectiic combustion
pressure sensorin the Ggure 1.3,

Figure 1.5. Piezoeleciric pressure sensor]4]




3) Chassis Dynamometer

There is another type of the dynamometers used in this laboratory; this dynamometer is
used to measure the power, the torque of the engine and the culput power to the wheel by using
roller eddy current dynamometer that shown in the figure 1.6, This advanced dynamometer has

multifunction to make and mult test can be measure.

The tests that the chassis dynamometer can make are:
| — Measure the power output from the engine and the wheel,
2- Measure the torque output from the engine and the whecl,
3- Plot the output curves of the measurements.

4- Load simulation test,

5- Speedometer check

Figure 1.6: The chassis dynamometer[5]




1.4 The laboratory layout is shown in the figure 1.8

The layout is s=t as shown to the best way in which the devices arranged m the
1-al " -] - § I H
boratory. the dm;m:*s arranged deFmdmg o7 the arca in the lakeratory and the ventilation of
Se exhaust gas lo be close to the window and the localion of the valta gc supply inside the

Bborziory.
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Chapter two

Electrical Dynamometer




2.1 Introduction

Eleetric motor/generator dynamometers are & specialized type of adjustable-speed drives.
1he absorption/driver unit can he either an allernating current (AL) motor or a direct current
DC) marar, Either an AC motor or a DC motor can operate as & generator that is driven by the
anilt under lest or a motor that drives the unit under test. When egquipped with appropniale conirol
onite, electric motor/generator dvnamometers can be configured as universal dynamometers, The
control unit for an AC motor is a vanabie-frequency drve and she control unit for a DC motor is
2 DC drnive. In both cases. regenerative contrel units ¢an tunster power [rom the unit under lest
0 the electric wtility. Where permitted, the operator of the dvnamometer can receive payment (or
cradit) from the atdity for the returned power]2].

In engine testing, universal dynamoemeters can not only absorb the power ol the engine.
sut alsp drive the engine for measuring (riction. pumping losses and other factors, Flectric
motor/gencrator dynamometers are gencrally more costly and complex than ether tvpes of
SN A MOTTIAETS:

The dvnamometer to be used in the lab 5 an enpine dyvnamometer which measures torgue
Srectly rom lhe engine's crankshall (or Oywheel), when the engine is removed from the
vehiicle. These dynamometer do not account for power losses in the drivetrain, such as the
box, transmission or differential elc.

Bty
e

Flel Tank

Fuel Consumptian

ofl and water temparature EETA
< Ev.. 3

Fiesal Purmg

coupher
Enpine

[Ferarmorieler

Fig 2.1: Dynamometer with engine
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2.2 Engine test unit componcnis as shown in figure 2.1:

1Y Engina

2) Tlecrrical dvnamometer
i) Coupling

4y Fuel tank

5) Fuel pump

6) 'lachometer

7) Rotor

#) lorgue arm

91 Fuel censumption meter
10} Temperature sensor

2.3 Principle of aperation

At the beginning the electrical dynamometer will be used as a starter(eleetrica]l molor) 1o
start the engine rotation movement. As the engine starts 0 move the coupling will transfer the
“orque from the engine Lo the dynamameter. A load will be applied to the dyvnamometer trving s
“op the engine a1 dilferent speeds. at this point torque can be calculsted using the torgue arm.

The torque arm can be wsed o caleulate the wrgue on the dynamometer using a spring
salance to measuee the force and a known length arm, From these parameter the torque could be

catculared. Taking the engine speed [orm the wchometer brake power could be caleulated.

In the laboratory the test unit shown in the figure 2.2 has being connected then a complete
=amtenance has been done to it The west unil is now ready for running and making the
Swperiments on it




Fig 2.2: Engine test unil.
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2 4 Tachometer

The original analog tachometer in the test unit does not work, A digital tachometer is
used 10 read the engine speed instead of the old one. To operate the LCD, the signal by the
mduction sensor is processed in the microprocessar which is pic18F. The PIC is programmed,
#nd then connected Lo the sensor. The LCD is connected as shown in the figure 2.3, The signal is
produced in the sensor by electrical induction and transferred to the PIC. In The first step analog
@ digital converter inside the microprocessor vonvert the signal then the signal is processed to
Zive an output relative to the engine speed which finally displayved on the LCD,
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Tigure 2.3 ; Circuit Diagram Of PIC Connection
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215 Fngine parameters

To analvze actual cyele ol an engine one needs to connsct the engine lo a dynsmometer for
comtroliing the speed and applying 2 load. one also needs t¢ instrument the engine to measure
sech parameier as fuel flow rate. cylinder pressure versus volume the residual friction the
coolant temperature, the eil lemperature, and the spark of fucl injcetion timing.

The method most commonly employ ed Lo measure torque is shown in the figure (2.3). The
Smamometer 1s supported by bearing and restrained from rotation only by a strut which is
Commected 0 a load ccll. Whether the dynamometer is absorking or providing power, & reaction
sorque is applicd to the dynamometer. Tence, it the foree is applicd to the strul is F, and then the
Sorgue applied to the engine is:

Engine torgque | T):[N.m]

: Center Distance Re

< =

Force FA

- E o
o otak
r_.- -"_,-n"_i'ml _\‘
f - n
F i |
{ { Rotor 1\ \
| { | I _—*
] ':1 u [ Ill |
ok it |
I.."'-. LR B
: Load cell ““5i
s . e
‘H"--\ _____,r- |
e

Fig 2.3; Calculation of torque| 1]




The power delivered from the engine and absorhed by the dynamometer is called Brake
power, this power is the usable delivered by the engine to the load .and it is equal the product of
orque and angular speed as:

$AD v e e o s e eoomss SRR

Where:

Sp: brake power | KW
T engine torque [ Nun),
N: engine speed [rpm].

Note that torque is a measure of an engine abil ity 1o do werk, power is the rate ut which
work is done.

A parameter that seales out the effect of engine size s the brake main effsctive pressure,
which fs defined as the work per unit displucement volume. Iheoretically, The eonstant pressure
can be exerted during each power stroke o produce power (work) equal 1o brake pewer is called

{bmep).

Mean cffecrive pressure (mep) [N/m’] can be caleulating by :

mep = EJ;T [Four strokengine | .. oo iv oo oo (2.3)
mep = E?'T [Tow strokengine ] .......... oo o e (2.4)
d

where , Vg is the effective volume in the cngine cylinder and it is equal the product of
S surface area of the piston and lenpth of the strake | a5 -

v& = A=5_... M e ) B A e, L e S i | A e e e set e hEEr ( E. 5}

Bhere -

S e surfuee area of the piston [m2].

S e length of stroke[m].




From the definition. the brake power can be derermined from the mean efective pressure
as:

bmep:V, «n
Bp = it Tl s
=11

Where

n= g * number of cylinder (four stroke engine) ................... (2.7)

1 = N« number of cylinder (two stroke engine) ......... ... . (2.8)

Unit ¢f N is frpm].

The power of the combustion gas exerted on the head ol the piston is called indicated power
tp) . it is cxpressed as ;

Imeane Vs

&0

- " W 5 a = .
“mep: indicated main eflective pressure[N/m’] .
o Sindicated power]w].

Ihe brake speeilic fuel consumption .bsfe.is a measure of engine efficiency .In [ict bsfe
#nd engine effieicncy are inversely related, so that the lower the bsle the hetter the cngine . By
e definition. the brake specific fuel consumption ic the fuel Dow rate Mipiat

“er the brake power BP, brake Specific fuel consumption (bsfe fekw.h]:

_ My
bsfc = op T USRI i - |




The mass fuel Now rate can caleulated by using & step wateh 1o Know the time of known the
volume of fuel consume and the density. Mass Jow rate M [Rg's] given by

: Vep

Where :

V: a known fuel volume[m ]

P i The densily of the fuel [kgm’|.

= The time of fuul consumptisn[sec]

I'he thermal efficiency is defined the powcr per the lower heating value and mass Tuel
consumption . The brake thermal efficiency (U, ) [%] given by:

bp [w]-2800

T PO i e e e AR E)

b Mgy, g [%J 'L:'Wfﬁ}

Where LTV i8 the lower heating value . which it is defined the heat releaszed when ciic
Silogram of tuel buried iy compléte combustion .

indicated thermal efficiency (R ;) [%6] given by :

e P T N - )
T e PHVE '

The thermal efficiency dependant on many parametet likes cquivalence ratio

cOmpression tativ. engine speed Jfuel type Jdgnition timing _the wall temperature and other

i7




Another performance parameter of impostance is the volumetric efficiency (2 ,)

- It is defined as the actual volume flowr rate of air inducted in to cylinder divided by the
theoretical volume st the stander temperature and pressure,

zr
Iy =

= R R TR e T e e e e R
Tthe ( )

Whera the actual volume [Tow rate ol air can be measured using the air flow meter

The volumetric efficiency is influcaced by number engine parameters including valve
size, valve tming valve lift ,and Intake manilold configuration .

The mechanicul efficiency of an engine is defined as the ratio of the brake power o
the actual net indicated power .

Mechanical efficiency (=) is the ratio between the brake power and the indicated power .

f, = 7 * 100% et e MO 1 £ 5,

The air —fuel ratio 1% delined as the tztio of the mass flow rate of the air to the mass flow
rete of the fucl | this ratio will be stoichiometiic if the products of the combustion reaction arc
oniy carbon dioxide and water and nitrogen JLhe air —fuel ratio (AN[%] given by :

e e msnines sem e sen s ( 2.16)

The fuel equivalence ratio {(b_l is defined as the sctual fuel-air ratio divided by the
stoichiometric foel-air ratio .

F{
o= 2 L 100%

o SNSRI (i 1 17 2
Aty



2.6
Experiments

Engine Performance Calculation

Objective:

1) Measure the torque of the engine
2} Calculate engine power
3) Measure the engine brake specific (uel consumption

4) Get known with engine volumetric efficiency

Theory

Iingine torque is normally measured with a dynamometer. The engine is ¢ lamped ona
test bed and the shall 15 connected to the dvnamometer rotor, Figure 2.4 jllustates the operating
principle of the dynamometer. The rofer is coupled electromagnetically, hydraulically, ur by
micchamieal friction 1o a statar, which is supported in a low friction bearings. The stater i«
balanced with the rotor stationary. The torque exerted on the stator with the rotor turming is
measured by halancing the stalor with weight. springs. or nneumatie means.

Cenfer Distance Ro

- =
Force F A
; ..-*'_"i"_h"‘-\.‘_‘
S St Y
[/ Rator =
|I E I"' r :
s S = o ili!
% 3 Sy 2 i i s T
S A Load cell =g
A £ b
Py L e .

Figure 2.4: Targue Caleulation
Using the rotation in fig, 1, the torque excrled by the CHgine 1s:
Where:
It the force avting on the load cell.

= the distance between the cenler of the rotor and acting force= | 23em].

s




Wheare!
Fithe Firce acting on the load cell.
R: the distance between the center of the rotor and acting force= [25cm].

T'he brake power delivered by the engine and absorbed by the dynamometer is the
product of the torque and angular spes

Where:
N is the crankshafl rotation speed [reviz).
T: the torque exerted by the engine [M.m).

Note that the torque (s g measure of an engine’s ability 10 do work: power is the rate at
which work done.

The value of cagine power measured a¢ describe above is ealled brake power. This
power is the usable power delivered by the engine to the load  in this case, “hrake".

The fuel mass of the engine can be caleulated by the relation, which savs:
Mpe = Vep
Where:
V=the volume of fuel, which can e used [nﬁ.
o= the density of fuel= 820 I'kgfnﬂ.

Another delinition 15 2 fuel mass ew per second and can be calculaied as in the relation:
v 1 e a
3600 Lg]

in hi

m :.'.:H = Hlfje] &

Where

£ the time which can be caleulated]s].

20




In engine tesl, the [uel consumption is measured as o flow rate-mass Mow per unit time, A

more useful parameter is the specific fuel consumption (sfe) = the [usl Now rate per unit power
outpit. It measures how efliciently an enging is using the fucl supplied to produce work:

M el
sfec = ——
op

and we have the brake thermal efficiency, which would be estimiated by this squation:

bolw] = 3600
PO i Ralissduiidl WG

R T B
1 ]:?] * Lm tkg:]

Where:
LHV: lower heating value of diesel engine= 42.5|1/Kg|.
The final parameter we bave in this experiment is air mass (low while its equation is:
m, = 4.87 X 10 9(2.44 x Ap)©=
Where:
Ap= pressure difference which equals:
dp=pxgxhxsinf
Where:
g=density of water=100[Kg/m"3].
eacceleration of gravily = 9.8[mfs"2].
8:14.
I'he Tast thing is the volumetric efficiency which egual:

Vact

Vihe
Where:

¥ .the acmal volume ==

B

Vineorital— CYHDECE drca™n,

21




Procedure:
a) Brake power calenlation

Brake power can be measured first by turning the engine on then apply the load
by the dynamometer, we can then see the force on the balance in the Newton and engine
rotation speed as shown in the figure 2.5 and 2.6

Figure 2.5 : Newton Meter

Figare 2.6 : RPM Counter




b) Brake specific fuel consumption.

Starting by open the tank and the engine valve, afier the gauge filled with the fuel, the
lank valve should be closed and then use stop watch to calculate the time to consume 10ml
as sown in the figure 2.7 .

Figure 2,7 : Fuel Flow Meter

¢) Airmass calculation.

As ¢ngine operated at specific speed we can read the air flow by notice the
displacement of water in mm as shown in the fipure 2.8 .

Figure 2.8 : Air Flow Meter

23




Caleulation;

Table 2.1 : Measurement Resolis

N | Mgy Mige mlc Haki miy Bp )
RPM | Nm | Ke | Kgh |[KegEWh, ™ Kgh | W ’
20 | 3 8.2 | 0.5634 | 2492 | 3399 596 | 22608 | 14.62 | 10.59
996 | 6 8.2 |035405 | 08859 | 65 | 73 | 625 | 175 |13.18
(1290 12 [ 82 | 0688 | 04246 | 10 | 11932 | 1620 | 254 | 17.34
1620 | 10 | 82 | 05286 | 03113 | 271 | 11.162 | 1695 |24.29]| 21.1
ET 82 | 0456 | 0403 21 | 1633 | 1130 | 32 |35.83

2130 53 | 82 [ oam 038 | 213 [ 1687 | 780 | 33 | 544

0 500 100 1560 2304 250
engine speed [RPM)




3 i
i
38 qi s i
| 2

SFE.Chkp/KWh
i

0.5

j =

0 500 1000 1500 2000 2560
HPW
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Chapter Three

Chassis Dynamometer




3.1 Introduction

A chassis dynamometer measures power delivered to the surfice of the "drive roller”
by the drive wheels. The vehicle is often parked on the roller ur rollers. which the car then
s and the ourput is measured.

Modemn roller Lype chassis dynamometer systems use the roller which improved
traction and repeatability over smooth or knurled drive rollers. Modern chassis
dynamometers can da much mare than display RPM, horsepower, and torque.

A chussis dynamometer is used to simulate the driving on 8 road inside a laboralory
under controlled conditions. The vehicle is driven on rollers while the dynamemerer
simulares the inertia of the vehicle as well as the drag and friction on the vehicle (known as
“road load" In the vehicle testing).

Chassis dynamomeler lesting allows a betler assessment of the Benefite of new fuels
and vehicle wehnologies, and is absolutely essential 1o assessing the performance of vehiele.

These multilunclion of this dynamometer create a need for using this modem device 1o
du many experiments in terms of measuring the power of the engine and torgue in addition to
do load simulation,

This chapter will shed some light on the experiments that the students can apply on
this device and this includes:

I-How to install and 1ix the car on the dyvnamometer.
2 -l he procedure of doing cach experunent.

3= Plotting the pewer and torque dizprams.

4 Do the theoretival caleulation for each experiment.

The user manual for this dvnamometer will be stated in the appendix .

27




3.2 Installation[6]
¥ Fix the vehicle on the device as shown in figure 3.1,
This step Is done for each experiment in the same way.,

I- Atach the tightening straps to the vehicle towing leops,

2-The anchering must be tight, bul should not pull down the vehicle.

Figureure 2.1: Installation of vehicie[ 6]

(=2

®- Connect Uil Lemperature Probe ,
- Remove the o1l measurement dip stick from the engine.

=- Adjuzt the length of the oil remperature probe to the length of the original dip stick by using

the cone plug.

3 -Replace the o] dip stick with the oil temperature probe.

4- Close the o1l measwements sleeves with the cone plug.
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*Position Cooling Air Fan as shown in ligure 3.2

1- Posilion the cooling air fan in fronl of the vehicle™s engine gooler.

2- Ty make sure that the fan remains in place duning operation. use the fixing levers on

the steering rollers of the fun.

3 -Switch on the air cooling fan.

Figarewre 3.2: Cooling air fan[¢]

-Bring the Vehicle up to Operating Temperature
5: Vehicle Ready-for-Testing

The vehicle iz readv for testing when sl the preparation steps for testing have been

completed




3.3 Load simulation

Experiment No (1)

Constant traction

Objective:
I- T'o measure the climbing power of the vehicle.

2- A steady incline (sloping surface) is simulated in this mode.

Theory :

A presset traction valve activates the eddy-current brake immediately which maintains a
cinstant traction for the duration of the measurement. The values to b set are oriented on the
maodel and size of the test vehicle and on the desired inclination angle.

The higher the value entered for the traction the larger the angle of inclination The
sitnilated slope can be driven inany gear or speed. The eddy eurrent brake cffeetiveness remains
consrant at all speeds,

The [ollowing eguation is used 1o calenlare the climbing foree and the climbing power

_ mxgxsinsxv
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Example:

Figureurs 3.3, Toad simulation for climbing car|6]

Calculation of the tracuon F.
F=mXgXsin «
Calculation of the climbing power .

P MY @Ksinoxy
3600

With v = km'h and the following values:

Vehicle weight m= 1300 kg
. Angle of inclination g =0
Speed v =100 km'h

- Aceeleralion due to pravity  g= 9, 81 m/s2

Result is;

Il
B
177
o)
2
o
o

P=04 kW =89 PS5

=1




Procedure:

1- Position the vehicle on the dynamometer and fix it if necessary (see section 3.7).
2= Cull up the menu LOAD SIMULATION and then the menu point CONSTANT TRACTION,

The following screen appears:

Canst S BRI
o e

e

e TR TSNS SEEE

R ———— e

Figureure 3.5; eonstant traction screenf6]




3 - Inter the target value of the raction F Targel using the dipit keys,

4 - Use the button F8 CONTINIUIE,

J - Starl the messurement,

Calculations:

The students must tzke different values of the inclined angle as in the previous example and do
the caleulation.

Diagrams:

The dynamometer plots oulpul diagram (or (his lest, and the students must analvze this diagram
and plot another one at different angles.
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3.4 Measure Engine Power

Experiment No (2)
Discrete Measurement

Ubjective:

Ta determine the maximum power doring discrele measurement by using curves for wheel
and engine performance which are displayved eraphically,

Theory ;

| Nserete power measurement makes it possible to approach pre-defined paints and
hold them for a specified rime as a function of the speed or RPM. These target paints must be set

betore testing booins,

The Start- and End speeds or RPM as well as the test inerements and hold time are
entered by the inspector,

Hold time is defined as the length of time which the pre-set approached RIPM
and/or speed is held constant. The hold tme assures a stable test point so that for example
enpugh time s [efl for a fuel conswmption test to be done.

The power deliver from the engine and absorbed by the dynamometer is called break
power, Lhis power s the nsable delivered by the engine 1o the load.

The engine power can be calenlated trom the following relation:

i et & [ BN EORE BSOS NP MR (e

Where:
P break power.
I: engine torque [N.m].

N engine speed [rpm].
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Procedure:

1- Position the vehicle on the dynamometer and fix it if necessary (sse section 3.1),

2 - Call up the menu MEASURE ENGINE POWER and then the menu paint Discrers
MEASUREMENT.

3 Seleet the measurcment Lype and enter the parameter via the digit keys into the sntey

boxeas,

The following sereen appears:

Carameter for Sscrete

T s LT '_'i;:"_;_.;_ S | . et A !
= - LA EA N, i =

e R e oD T
1 SRR et Pt Mo A A O e SIS

:

Figureure 3.6: Discrete measurement sereen([a]

4 - Select the vehicle dara as shown in figure 3.7.

Vehicle daty

i

= |

- |
- . Mmaas | W e e | SRS
Pt g

Eare camT

Fimss [oroeiTEnl
ASTEEwel Feon i

S

Ly

Pruw B rrm bim

Figureure 3.7: vehicle data sereen[6]

35




3« Lige the Button FE COMTINTIE.

B- Select the RPM source or the RPM sensor and the appropriate bax as shown in fieure 3.8,

Wrarssnmmid 3rodo
Py T . -

i a8 : Iy T |
: & ; Bty =3
') H LA I L S R
s e
1

Figureure 2.8 Rpim signal screen[6]

7= Use: the button FE CONTTNLIE.

9 - Accelerate slowly and consistently up to start speed.

10 - Give full throtile when the Start speed is reached, The dynamometer starts recording
measurement data. The measurement shonld be done without shifling in the next to last or

last gear,

ih

Accelerate vehicle to

= — == O — STt ey
L: = e o -
II|
4
| |
H
L] - | ]
e A L o e s r—

.. e

ot

Figureure 3.9: Start recording measurement data[5]
£




11- With the throttle fully depressed the first szt measurement point is approached. The
eddy-currant brake of the roller ¢t muintains the vehicle or RPM speed about 5 sec.,

12 - The brake is then relessed and the next measurement point is approached. The
inspector maintaing full throftle during the entire test time.

13 - After all measurement have been taken. the information line at the bottom of the
ccreen indieates to the inspecior that the eluteh can be released “Press clutch™ as shown in
figure  3.10.

e i i,

E. d :,Jc--,',el nw.a
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! = = 1y
p TES ik
o § et
- F/'-'
- Ervircs et wadines
* T e
Miiaaig e o, . L LRI
5 Wi, o I
= P e e
e : P iTE epa
i = .
LS ALY N
THITH E 1 e
[ B e e e Fr| Powesc— §a - 5
[Beemar Todkde = " SleSar M| i 3.' = L

Figureurs 3.10; 'Lhe power curves[]

Caleularions:

The students nust take different values ol the speed and of the torque from the outpus
curves 1o calenlate the engine power by using the previous relarion.
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Diagrams:

The dynumometer plots output diagram for this test, and the students must analyze this diagram.

2
™
Fvaliivind | KW
|| Padra J (A
| | Pt W)
T I—, o9
g2
'] 3
& | - r i %
| )
I-“-. I
r =
| .-". __.-"""- T i b \
: -
.r- -"P-P-f \'
8 " . N,
P .,,f \
/" !
L \
J
1 4
/7
2 —tr oy
| e p———
e | ———— ™71
= gl )
1] 1000 2000 1003 4300

n frpmy|

Figureure 3.11: Engine power curve(6]
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Chapter Four

Hydraulic Dynamometer




Hydraulic dymamometer

4.1 introduction

Hydraulic dynamometers are machines that measure the power of an engine by uging
a cell filled with liquid to increase its load. The turbulent action of the water absorbs the
power of the engine. The load is controlled by the water inlet, The power is converted into
heat which is carried away by the continually flowing water. Dynamometer with vertical
Instrument Panel measures engine torque and power continuously from an absorption brake
and produces value of torque and power for various RPM hands,

4.2 Principle of operation figure 4.1

The dynamometer is regulated by means of the amount of water. The rotor and case
blades form the working space, The braking water enters this space via a water inlet at the
bottom, the ring channels behind the stator inserts, and the inlet holes in the stator,

¢} Water in

achometer measures

Water PPM
:Irculaﬂﬂn\ |
Rotor
Engine rotates rotor]
4 Stator housing reacts
gy to torque produced

To

engine

crank Stator

Torque meter
-

Waler uutl

Figure 4.1 Hydraulic dvnamometer{2]
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The water supply from below, together with the venting holes in the ring channel
behind the statars, ensures that the water entering the bruke is free of air bubbles and pressure
locks. The water emerging from the inlet holes of the stator is accelerated by the rotaling
rotor, due to centrifugal force, and passed on 1o the stator.

Due to the exchange of energy between the rotor and stator blades. the input torque on
the rotor is transferred to the stator or dynamometer case and displayed by means of suitahle
measuring devices (balance, electrical load cell).

The input power is converied inlo heal and is removed by the braking water, Regulation
ol the water ring is carried oul by means as a pressure relieved control valve with several
clectrie drive at the braking watcr outlet.

As the speed of the rotating water ring increases with the dynamometer speed, and as
the pressure rises in the following space, the outlet control valve is connected such that the
cross-section is reduced as the speed increases.

In order to achieve a specific Ioad point, the outlet valve is elosed until the required load
point is reached.

The thickness of the resulting water ring is thus an indication of the selected torque. The
maximum power handling capacity of the dynamometer depends on the amount of water
Nowing through the dynamometer and on the permissible temperature difference between the
inlet and outlet,

4.3 Engine Specification

The engine used with the hydraulic dynamometer is Mazda 323 engine running on the
petrol, additionsl 1 Lovato kit for LPG fuel is build on it. Engine capacity is 1600 cc.
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4.4 Mounting Test Stand to the Engine

The Engine Performance Test Stand with vertical Instrument Panel was holted to the
engine crankease by using an adapter flange as shown in Figure 4.1. The adapter flange has to
be made in accordance with the bell housing of the cngine, The bell housing has to be
centered to the Engine Performance Test Stand by means of the adapter flange as shown in
Figure 4.2.The rotor shaft of the Test Stand was connected to the engine clulch disc by the
uiterchangeable connection shaft shown in Figure 4.3.

Figure 4.2: Test stand bolting to the Engine Crankcase
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Figure 4.4: The Interchangeahle Connection Shaft
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4.5
Experiments

Power measurcment
(hjectives:

I} Measure the brake power of the engine running on petrol.
2} Measure the bmake power ol engine running on LPG.

Theory:

U & rolating shaft, the torque is deing the work, and the shaft's rotational speed is
time-dependent. 5o shaft pawer is the product of its rotational speed and its terque. Using
arbitrary units. the power formula for a rotating shaft is:

Power Shafi — Rowating Speed = Zx » Torque

When vzing Newton-meters for torque. revolulions per minute (EPM) for shant
speed. and kilowarts for power. shafl power can be expressed with the following formula:
1 W] =1 [INMsec]
1TIRW]=1 W] % [1KW/1000W] ¥ [1min/60 sec| X |2 xrad’] rev]

T Q [N.M] x Rev's [RPM
9549

PIRW] =

FProcedure :

1. Run the ¢ngine and wait until reaches its normal operating wemperature.

2. Connect tachometer o measure the BIPM.

3. Connect torque meter to measure the torgue.

4. Activate the cooling water.

5. Activate the load /unload valve 5 min. 1o get the warm-un time.

6. Open throttle valve until reaching fall load. at the same time activaie brake torque at
higher case.

7. Fixed throttle valve at full load or (a0 the RPM vou warnt) and activate the load/unload

valve in measure the torque at various engine speeds.
B, Record the results.
9. Caleulute and draw the results.

=i




Caleulation and results:

Table 4.1: The Recorded Data and the Calculating Gasoline and LPG Power

- Gasoline Fuel LP{ Fuel
E
No ’;E::: Torque Power P, Torgque Power P
(RPM) (Nim) (KW) (Nm) (W)
n TQ, T1Q,
1 1000 200.0 20.54 173.3 18.15
2 1500 1833 28,80 1433 2251
3 2000 _ 150.0 31.41 126.7 2653
4 2500 100.0 26.18 713 16.20)
5 3000 73.3 19.90 46.7 14.66

Brake power and lorque curves figure 4.5 & 4.6

Torque of petrol fuel vs LPG fuel

—+—Petrol

Torgue (Nm)
[y
o
o

== LPG

0 1000 2000

RPM

2000 4000

Fipure 4.5: Torque of petrol fuel ve. LPG fuel,
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Break power of petrol fuel vs. LPG fuel

25

Pl
=]

==petrol

Break power [IKW)
=

——LPG

7] 500 1000 1500 2000 2500 2000 3500
RPM

Figure 4.6: Brake power of petrol fuel vs. LPG fuel
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Chapter Five

Computerized Spark Ignition

Engine




5.1 Introduction

Development and optimization of modemn internal combustion cngines is inconceivable
without the knowledge of what is happening in the cylinders. Measurement and analvsis of the
variation in cylinder pressure is the only source of the data needed to oplimize efficiency, and
engine outpul.

Reciprocating piston internal cormbustion engines are basically heat engines in that they
essentially convert the chemical energy from the air/fuel mixture into mechanical work and heat by
means of combustion as shown in Figure 5.1.

tach, Veork >

Fusl

Figure 5.1; Conversion of chemical energy from fuel into mechanical
Work and heat[9]

Developers aim to extract from the conversion as high a proportion of mechanical work as
possible, that is to maximize efficiency. The magnitude and varialion with time of the cylinder
pressure acting on the piston are significant in this respect. This pressure curve represents the
combustion and hence the way in which the eoergy conversion takes place in the engine.

Consequently, the 1otal mechanical work on the piston over a cycle is a function of the
pressure and the associated change in combustion chamber volume, Figure 5.2 show the P-V
diagram .
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Based on this knowledge, Nikolaus Otto and Rudolf Diesel pioncered the use of indicators of
combustion chamber pressure and allowing simultaneous recording piston position.

FZJV e 7 o /e
ﬁﬁ_;’;_,_, f"7 'l.:rir?'—' E/&“

--ﬁ-%-f’-’-..—?

Figure 5.2: Indicator P-V diagram recorded by Nikolaus Otto in 1876.[9]

Combustion analysis or engine pressure indication is regarded as a basic tool in engine
development and is the key to:

I-  improving efficiency

2- inercasing engine output power
3-  reducing emissions

4- prolonpging engine life

5.2 Computerized Spark Ignition Engine

The internal combustion engine laboratory contains compulterized single cylinder engine
.Ihis compulerized engine and all tools related can help the siudents o understand the issues
nccurring inside the engine cylinder such as variation in pressure in the four strokes and the student
can notice the actual cycle and the graph of the pressurc versus crank angel, to compare the
theoretical knowledge pained during his smdy with the nctual one and to gain the experimental

skills.
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The computerized spark ignition engine includes pressure sensor inside combustion chamber,
engine analyzer, encoder, flow meter and data acquisition system. all of this system component and
how il work we discussed it below |

The apparatus consists of two main parts as shown in Figure 5.3;
1-The engine lest bed
2-A bench —mounted instrument frame

To suitable laboratory
Enluinl syotonr

j;t; Exdnaust

iy

g
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Figure 5.3; Engine test bed and instrument frame[7]
5.3 System Parts
The computerized spark ignition engine consists from these parts:
5.3.1 Four- Stroke Petrol Engine

modified lour —stroke petrol engine has modified cylinder head and crank output shalt .
These are to accept the optional cylinder head pressure sensor and crank angel encoder |

the enging specifications are :

1-Overthead valve

2-A conventional carburetor with manual chuke
1-Electric spark ignition

4-Splash lubrication
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forced air —cooling is provided by the fins around the engine . the engine is started by handle
and cord, wrapped around a pulley on the flywheel .

The flywheel has a permanent magnet tixed to it edge , as the fly wheel turns , the magnet
passes the ponmary winding of the electric ignition coil and forees an electric current to flow in the
coil . The ignition system uses this to create spark at the spark plug.

The engine include an on off switch that connects the primary winding to ground to stop the

ignition circuit , this stops the engane Figure 5.4 shown the four stroke engine .

Afr Freled
Adoptor

Ll Tk W Slcnie "#

Figure 5.4 : Four Stroke Petrol Engine[7]
5.3.2 Yolumetric fuel gauge

In this laboratory a volumetric flow gauge is available o measure the fuel flow which is a
manually operated fuel pipetle, w be used with suitable timer or stopwatch . Figure 5.5 shown the

Fuel Flow Meter,
= W

(-

Figure 5.5; Fuel Flow Meter{7]
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5.3.3Engine Cycle Analyzer
The engine cycle analvzer consist of two parts:

1- A Hardware unit interface with charge Amplifier. The hardware unit includes LED
indicators to show the process readiness, encoder top dead center position and PC

communication status,
2-Dedicated software, to log the data, crate chars of pressure against crank angle and

pressure against volume. The fgure 5.6 shown The Engine Cycle Analyzer

LLH X1 EdiOugs o

UL A L

Figure 5.6: Engine Cycle Analvzer[7]

5.34 Crank Angle Encoder

The crank angle encoder contains a precision marker disk with a trigger mark and 360
angle marks which are scanned by a transmission photoelectric cell. Their light intensity is
regulated in order o compensate lor any soiling. The disk and the photoelectric cell are encased
in dustproof housing. Figure 5.7 shown Crank Angle Encoder.

Figure 5.7: Crank Angle Encoder{7]
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£.3.5 Pressure sensor

In piczocleciric pressure sensors, the pressure acts on the surface of a diaphragm
which converts it inta a proportional force, This force is transmitted to a crystal, giving
rise 10 an electric charge on the opposing surfaces. The pressure sensor has the ability to
measure the pressurc of combustion under high lemperature environment. The pressure
sensor is conmected to the engine analyzer and charge amplifier to process the signal and
output it 1o the computer software, Figure 5.8 shown the Pressure Sensor.

Figure 5.8: Pressure Sensor.[4]
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5.4 Conneclion ol the devices:

[ the lab, the devices connections are according Lo the product cataloe. The encoder first
comnected tn the engire, fitted on 1ts place and then plugaed o the engine analveer, The engine
analyzer Is connected Lo the computer which is containing the software for the enpine analyeer to
read the resuits and enalvze It

Afier the connectian is done, the Encoder s culibrated the top dead center for the piston so it
will glve accurule reading to the engine analyzer,

Lae pressure sensor carelully litted to the engine head. and then s wiring s carefulh
plugzed 1o the engine gnalyzer.

The ealibration for the pressure sensor is done using the engine analvzer and the computer
soflware, The [uel supply for the engine 15 By the volumertric fuel zauge and the tank. The
volumetrie fuel gauge is used o measure the fuel consumption

By connecting and operating all the devices the P’-a and the P-V disgram is plotted on the
SourpuiET,




5.5 Engine specification:

Table 5.1: Engine specification[ 7).

tem Specification
Dimensions (when fitted to Base Plate) Width 400 mm Height 400 mm Depth 300 mm
Net Weight (with Base Plate) 20 kg
Fuel Type Petrol (Gasoline) o
Fuel Tank Red - Painted steel with vent and filler cap
Exhaust outlet Nominally 1¥B5P
lgnition system Electric
Absolute Maximum Power 4.4 kW (6 hp) at 4000 rev.min’’
Continuous Rated Power 2.6 kW at 3000 rev.min’'
2.9 kW at 3600 rev.min’’

Bore 67 mm
Stroke/Crank Radius 49 mm/24.5 mm

_Cnnnectln-; Rod Length 85 mm

?"?W Capacity 172 em*(0.172 L) or 172 ¢c
Compression Ratio 8.5:1
Oil Type* SAE20, SAE30 or Multigrade 10W-30
Oil Capacity 0.65 Litre

5.6 Safety Recommendation:

1- Never use the apparatus without guards or any protective covers in place.

2- Do not touch the test engine or the exhaust pipe while the equipment is runoing

3- Keep away from the air inlet of the Airbox when the test engine is runming

4 Never work alone with this machinery . A qualified lecturer or supervisor mugt present
whenever it is usad |

3= All user must wear ear and eye protection as shown in figure 5.9.

6- Use suitable gloves when you work with fuel or its connection.

7- Make sure that the test area is well ventilated and contains suitable fire extinguishers.
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Figure 5,9 : Ear and Eye protection Tools[7]

5.7 Helpful Advice :

I- Do the experiment in teams of at least two peaplc , one person 1o operate the controls |, the
other 1o take result |

2- As with all instrument connected to active experiments, the readings will vary slightly while
you record them . use your best judgment and decide a good average figure .

Figure 5.10 shown the Computerized System in the laboratory

Figure 5.10 : The Computerized System in the lahoratory
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Experiment No (1)

Fuel Copsumption Calculation

Objective:

To measure the fuel consumption by the engine at various spead
Theory:

Fuel consumption calenlation:

The fuel mass of the engine can be calculated by the relation, which says:

Mg = V*p ) | R A o R PR e AR R waa S  iA 1{51}

Where;

V=the valume of fuel, which can used [l:_lj].
—fml* 106

£= the density of fusl= 740 [le/m"|

Another definition is a fuel mass tlow per second and can be caleulared as in the relation:

3600 F‘ﬁ]

mfl;tel = Mpsep X =

Where

LI the time which can be caiculated’s].

in engina test, the fuel consumption is measurad as a flow rate-mass fow ner unit time




Procedure:

1- Fill your fuel tank with the correct fuel for your test engine

2- Connect the cxhaust pipe of the engine 1o the laboratory exhaust system,

3- Open both valves on the Fuel Gage-(tumn the valves so that they are in-line with the fuel
pipe).

4 Muke sure that the fuel has passed down the fuel feed pipe 10 the test engine .

3- Turm on the engine cycle analyzer and make reset.

&- Make surc that your computer is operating and has started the TecQuipment software |

7= Tum the ignition switch to the on position and run the engine .

8- Allow the engine to reach normal operating temperature.

#- For the manual fuel gauge . Shut the fuel inlet valve and use stopwatch to measure the
time taken to drain 8ml at various engine speed as shown in the figures.11,

1 0- Record all test engine results and fill the table |

Figure 5.11! Fuel Flow Meter{7]
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Shut down :

1-1Ise the engine throttle (o reduce the engine speed to minimum.
2- Allow the engine to run for two minutes at minimum speed.
3-Tum the ignition switch to off position .

4-Tum off the fuel supply to the cnyine .

Calculetions:

Table 5.2: Fuel Mass Flow Rata

Engine Speed Fuel Mass flow
{REM) Tirne(s) ratel{kg/hr)

| 1750 01:11:15 S
1950 01:03:41 e
2150 00:58:26 R
2350 00:56:33 i
2550 00:52:24 e
2750 00:49:43 e
2950 00:47:21 i
3150 0:45:66 S8
3350 0:45:30 i
3550 0:44:4 S

0.490

3750 0:43:42
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Diagrams:

Mass flow rate (kg/hr)

(1]
=l
L

LeS0 1330 2250 2550 2850 3150 3450 a 4050

Engine spead |[APM)

Figure 5.12: Mass flow rate of the fuel,

Results discussion:
From the above figure 5.12, the mass flow rate increascs as engine speed increases.
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Experiment Mo (2)

P-a and P-V Diagrams

(dbjective:

I-To facilitate understanding the thermedynamic processes oceurring inside the enging
evlinder such as variation in pressurs,

2-Ta help the student ra notiee the acrual pressure cycle (p-o and p-V) diagrams compared
with the thearetical knowledae

Procedure:

L= FHI your fuel tank with the correet Tuel for vour test engine

2- Connect the exhaust pipe of the engine (o the I boratory exhaust system,

3- Dpen both valves on the Fuel Gage-(aurn the valves so that they are in-line with the fuel
pipe ).

4~ Make sure that the fuel has passed down the fael feed pips to the test ehgine .

3- Tum on the engine eyele analveer and make resel

6= Make sure that vour computer is operating and has siarted the TecOuipment software .

7= Turn the ignition switch 10 the on position and rur the engine .

6= Allow the engine 10 reach normal operating temperalure |

9- Make comnection between engine cvele analyzer and the pecomputer,

10- After engine reach the norinal operating temperalurs make the reset to the engine cycle
analyzer .

11-Record all test results |

12- Turn off the engine .
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Diagrams:
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Resulls diseussion:

For the first time in the University. students will notice the pressure evlinder and the P-V
diagram plotted in the compurer which will make them able to apply and understand whet they have

siudied theoretically. The students will ger chances to carry out new researches depending on this
project




Conclasion

After the project is Anished successtully, the ebiectives are achieved. all of the
Covices have been asscmbled especially afler maintaining some paris. The devices are
operated and the expariments have been done.

The laboratory is now ready for the students to make experiments and for using it to

miake & researches on the engines. The results zained by all devices are real and close o the

=

standards. The internal combustion engines laboratory i finished az it should be,




Recommendation

1} Aloading unit must be added to the test beneh in order to facilitate the students
understanding (ke engine operation under various conditions(laad),

2) Convert the control and the measurements from manual to computerized using the
DAD,

3) Safe methods must be used during the experiments, by [llowing the instructions
strictly,

4) Itis necessary to build an advanced venbilation svaten,

2) 1he need for appropriate protective wear Lo the student when making (he experiment,

b5
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