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Abstract

The emitled exhaust pas from an engine 15 a lost power, it can be used to
generate electrical power for a vehicle, upon demand; the exhapst pas can power a
turhine which in lurm will drive an altcrnator to scncrate clectricity for the vehicle’s

electrical loads, and consequently reduce the load on the engine.

I'he basic principle of the system is to utilize the high pressure of the exhaust gases that
15 direcled through a nozele which increases the velocity of these gases. This high pas
velocily 15 impinging the turbine rotor which rotates at high speed. 'lhis rotor 1
connected to the alternator shaft via a V-bell which used to {ransmit the power ol the

running turbine to the alternaror.

The lurbine shall and the V-belt are designed to transmit a maximum power produced

from the VGT turbocharger without any problems,

The pawer produced from the turbine 15 measured at dilferent engine speeds. This power
15 nol enough 1o run the alternator and to produce needed electric current to supply all

vehicle electric foads. The power produced can be used as assistant to the power source

n the vehicle.
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INTRODUCTION
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1.1 General outlook

The regquirement of reduction in fuel consumption is needed every hour and
accordingly automobiles are so designed for minimum fuel consumption in the last

few docades,

If this will be donc in different aspects, fuel consumption can be decrcased
dramatically. Therefore it is 4 very real need to reduce the load on the engine to

decrease the fucl consumption.

In conventional aulomobiles and trucks, many accessories ure driven by @ series ol
belts connected 1o the crankshafi of the engine. Such accessones mclude allemator,
water pump. ait conditioning comprcssar. power steering pump, and secondary air
pump. Thesz lpads present a significant drain of engine power. An allemalive mesns
of powering these devices would decrease the load on the engine and improve its

perlonnance.

One of the most important devices which can reduce the load on the engine is the

alternator.

Az seen in fig 1.1, around sixth of the energy lost in the exhaust gases can be

recovered with a lurbo generalor.

Ex hanuist
(37%)

Turbo=genararor

Coolar
(T%)

(20%)

Enmine power (36%)

Figure (1.1) Around sixth of the energy lost i the exhuaust gases can be recovered

with a turho senerator.




1.20hjcctives of Project

The main purpose of lhis pruject is to reduce the load on the cngine in order
to decrcase the fuel consumption and increase the service lile of the engine at the
same hime. There are many devices connected to the crunkshaft of the engine by belts
and rotate with it. One of the main devices that is runung by the crankshafi of the

engine is the alternator.

The basic principle of this project is to use the energy of the exhaust gas to drive a
variable geometry turbocharger (VGT) and use the rotation of the lurhine to drive the

allernator,
The impartance of this project can be summarized in the pllowing points:

|- Eeduee {uel consumption.
2- Reduce load on the enpine,

3- Taking advantage of the exhaust guses,

.3 Literature Review

The present works focusing on reducing the load on the engine by finding an
alternative power source for running the alternator, which will lead fo reduce the fuel
consumption. This is a major issue in the world of the automobile industry, Studies
have been carried out looking at different methods of alleviating this prablem. The
various techniques that have been studied or developed so far for reducing the load

on the engine can be classified as follows:
1.3.1 Exhaust- driven turbine- powered alternator

The exhavst gas from a vehicle engine can be used (o provide electrical
power. The exhaust gas drives one or more turbines positioned in the cxhaust line
which in turn drives an alternator. A conrralled bypass gate and passage flanking Lhe
turhine can sclectively passes a desired portion of the exhaust gas through the turhine

which will balance passes around rthe turbine,




An avtomolive exhaust system having an cxhaust gas powerme electrical system, the
system is powered hy the exhaust gases which leave the enpine through an exhaust
manilold. The exhaust system is one ol the single-pipe exhaust variety, but it could
also be a dual pipe system or seme other configuration. The engine can be an internal
combustion device or some other engine that produces an exhaust gas that will drive

# lurbine,

‘The manifold is connecled to a bypass gate valve that can channel the exhaust gas
from the manifold through a turbine input manifold o a lurbine and a turbine bypass.
It should be understosd that anywhere [fom zero to 100% of the exhaust gas can be
directed by the bypass gale valve through the turbine. Powered by the exhaust gos,
the turbine drives an alternator and the exhpust pas exits the turbine through the

rurhine exhausl

The turbine exhaust and the exhaust bypass are hoth connected o an exhaust pipe
leading perhapsg to a muffler. The turbine can be sized o maximize its output over

the desired operating runge ol the engine.

The bypass gate valve could be comtralled by a bypass controller responsive o the
speed of the alicrnator and perhaps the load conditions, The speed can be messured
as o function of the alternator shaft speed or the alternator oulput voltage. If the
turbine speed is too high to properly run the alternator, a gear reduction unit could be
inserted between the turbine and the alternator. In most application, the desired

outpul would be direct current [1].
1.3.2 Exhaust- driven electric generator svstem for (ICE)

An electric generator system drivable by the energy of the exhaust pases
ciitied [rom an internal combustion engine includes two turbines drivable by the
energy of exhaust gases from the ternal combustion engine, The turbines having
diflerent capacities, and an electric generator mounted on a turhine shaft
mterconneeting the lurbme impeller of the turbines, When the enerov of exhaust

gases emitted from the engines is larger. the turbine of the larger capacity is driven.

When (he exhaust energy is smaller, the turhine of the smaller capacity is driven |2].




This project uses the cxhaust gases pressure for running the alternator, this pressure
is heing used and sent throupeh a nozzle or set of nozzles and generates high veloeity
gasses al exil. This hagh veloeily gasses is being utilized o drive a turbocharger,
which will be coupled with alternator, so turbine drive the alternator insiead of

powering 1t by the crankshafl, and consequently reduce the load on the engine.

1.4 Project Scope
Chapter one: introduction

This chapter gives an introduction about the svstem: it clarifies the system as a

practical idea and the time table.

Chapter two: system pperation principle

This chapter includes the description of the project, and its operation principle.
Chapter three: shaft design

This chapter includes the design of the turbine shaft, which will use to transmit the

Lurbine power to dove the aliernutor.
Chapter four: power transmission

This chapter includes rhe design of a belt which will he usged to transmit power from

turbine Lo the altermalor, and design the required pulleys dimension.
Chapter five: power of the turhine

According this chapter we can calculate the power ol the turbine by using ditferent
ways, such as dvnamometer, electrical alternator, and turbine efficiency, Also it

include the system main components.

Chapter six: conclusions recommendations and problems




1.5 Time Lable

The time schedule shows the stapes of developing in our werk and the process of

project growth for the first semester and the second semester.

Table (1.1) project time-schedule for first semester

6| 78] 910 11‘12 1314 15|16

literature
Analvang of
data

Modeling

Simulation

Writing
the
documentation
Final

presentation




Table (1.2) project time-schedule tor second semester

e Week
Pm::gs_?\x

| Preparing the

combustion

Criginge

Buying
mechanical

and electronic
part
Building

experimental

setup
| Chickthe |
|

project part

and perform

the initial
experiment

Perlorm final

experiment

Writing
the
documentation
Final

presentation
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l SYSTEM OPERATION PRINCIPLE
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2.1 Introduction

As already known, the intemal combustion engine (ICE) lose approximately
0% of its energy through the exhaust. This lost encrgy can be used to increase the
performance ol the internal combustion engine by using several methods. One ol the
better methods of utilizing the exhaust is being achieved by this project. By using the
exhaust gas pressure, this pressure 1s being vsed and sent through a nozzle or sel ol
nezzles and generates high veloeity gasses ar exit. This high velocity passcs 1s being
utilized to drive a turhine (turbine ccupled with alternator by a shaft) so wrbine
drives the allemator instead of the crankshatt. and conseguently reduces the load on

the engine.

2.2 Description of Projeet

The engine has an exhavst mamifold connected to a variable geometry
turhocharger (VGT) positioned in the exhaust line which in turn drives an alternator,
As the movable vanes in a VGT are adjustable, the angle of the air tlow onto and
apainst the turbine blades changes, which alters the effcetive arca of the turbine and
the turbocharger aspect ralio, besides being able to vary air pressure regardless of

engine speed.

Engine

Exhaust Line

- VGET
Balt
Alternator

Figure (2.1) Schematic illustration ol the system




The movable vanes in a VGT could be changed responsive to the speed of the
alternator. The speed ean be mensured as a function of the alternator shafi speed and

the alternator output voltage.

2.3 Operation prineiple

An clectric alternator system drivable by the energy of the exhaust gases
emitted from an internal combustion engine includes VG drivable by the energy of
cxhaust pases from the internal combustion engine, und an electric altemmator

mounted on a wrhing shaft,

At low engine speed and high charge pressure. the eross-section of the exhaust gas
How 1s narrowed upstream of the wirbine wheel by means of vanes. Since the exhaust
pas is forced to pass through the resmicted cross-section more quickly, the turhine
wheel rotates faster (see fig2.2). The high turbine speed at low engine speed

generates (he require power to drive the alernator [3].

Vane Turbine wheel

| Charge
m pressure

Exhaus
oas
BrassynG

i

Figure (2.2) Turbocharger cross-section at low engine speed

At high engine speed. the wurbecharger cross-section is adapted to the exhausr gas
flow. In contrast {0 the by-pass, the entire exhaust gas flow can be [ed through the

turhine in this way. The vanes free a larger inlet cross-scction, therchy ensuring that

the required charge pressure is not exceeded (see fig,2.3),




Charpe |
prageire |

& il

Figure (2.3) Turbocharger cross-section at high engine speed
2.4 Turbucharger

In weneral, a lurbine 15 one of various rotary machines that convert the kinetic
cnergy in a stream of fluid (gas or liguid) in 1o mechanical energy by passing the
stream through a system of moving fans or blades. Turbines are simple hut powerful
machines that embody Newton's third law of motion which states that for every

action there an equal and opposite reaction. Turbochargers are classified according to

the driving fluid they use: steam. gas, water, and wind. Today, diflerent types af

rurbines generate electricity, power ships and submarines, and propel get nircraft.

So that, turbocharper is classified as one of the imporant application that applicd in

vehicle, in order to increase the efficiency,

1.4.1 Turbocharger design

The turbocharger 18 made from highly heal resistance cast steel due to the
cxhaust gas temperamre, The turbocharger has been incorporated in the cooling

system to protect the shaft beanng from high lemperatures.

A circulating pump ensures that the turhocharger does not overheat for up ro 15
minutes after the engine has been turncd off. This prevents steam bubbles forming in

the cooling svsten.

11




The shaft bearing are connected to the oil system for lubrication. i order to reduce

the Idelon, and to oblam a smooth movement.

2.4.2 Variable geometry turbocharger (VGT)

Varigble geometry twurbocharger (VGT) is usually designed 1o allow the
effective aspeet ratio of the lurbo o be altered as condition change This is done
because aptimum aspect ratio at low engine speed is very dilferent from that at high
cngine speeds. 1 the aspect rano 15 too large, the turbo will fail to create boost al low
speed, if the aspect ratio is too small, the turbo will choke the engine at high speeds,
leading to high exhaust manitold pressures, high pumping losscs, and ultimately
lower power output, By altering the geomelry of the turhine housing as the cngine
accelerates, the wrbo aspect ratio can be maintained atl #s optimum. Because of this,
VGT have a minimal amount of Tag, low buost threshold, and very efficient at higher

engine speed. VOT don't require a waste pate.

Fig.2 4, shows a variable geometry lurbocharger (VGT)

Figure (2.4) Vanable geametry tarbocharger (VGT)
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Variable geomelry turhocharger (VGT) uses 4 movable inlel guide vares to
repulate the speed and anple at which the exhaust gas flow strikes the murbine blades,
controls the gas mass flow and its turhine power. An actuator cantrolled by the
engine management system adjust the angle of the vanes fig2 5. Turning them to the
exact position required to maintain the optimum boost pressure and air tuel ratio ar

every engine operaling point.

Ad|wEling I

- il

Suppon fing

Wares

Caonirol linksge

Guafs pong of comtrol §ok Be

Fioure (2.5) Adjusting the vanes in VGT

Main advantages of variable geometry lurhocharger:

o High engine output is available at the bottom end of the speed range since the
exhaust pas flow is regulated by the adjustable vanes,

» The lower exhaust gas backpressure in the turbine reduces fuel consumption
at the top end of the speed range and also improves hotfom end pawer output.

+« Exhaust pas emissions decrease because an optimum charge pressures, and

therelure also rmproved combustion, 1s alisined geross the full speed range.

13




2.4.3 YGT control for reduce emission

To reduce the emission of harmiul oxades of nitrogen (N0, ), & partition of the
exhaust gas can be diverted hack 10 the intake manifold to dilute the air supplied by
the compressor, This process is referred to as exhaust gas recirculation (EGR). It s,
typically, accomplished with an EGR valve that conneets the imake manifold and the
exhaust manifold (see fig2.6). In the cylinder, the combustion products act as inert
gas thus lowering the flame temperature and, hence, decreasing the formation ol
(NQ, ). On the other hand, reduce the speed of response of the fresh air dynamies in

Lo the intake mani fold and the cylinder [4].

COMPRESSOR
AR B
- - mTER-::m;r:l-1 —=| [NTAXE MARIFOLD
Lt ] ==l 1
! r
i EGR : | FUEL
E COCLER ENGINE || INJECTION
i t
: EGR il
i VELVE |
] i
EXHALET =
) ———— { EXHMAUST MANIFOLD
VARIABLE
CEOMETRY
TURBINE

Figure (2.6) Schematic representation of the diesel engine

This behavior is caused by the two distinet mechanisms by which EGR interacts with
the fresh air flow in to the eylinders. First, bumed gas fraction from the EGR valve
displaces fresh air from the intake manifolds and consequently decreases the speed
wilh which [resh air mass [low in to the eylinders. Secondly, a friction of the exhaust
gas that can be used by the turbine is diverted through the EGR valve to the intake
manifold, reducing the turbine power and consequently the flow delivered to the

intake manifold through the compressor,

14




2.5 Alternator principles

Allernators generate elecineity by the same principle s DC generators. When
magnetic field lines cut across a conductor, a current is inducad in the conductor, In
general, an alternator has a stalionary part (stator) and & rotating part (totor). The
stator ¢ontains winding of conductors and the rotor containg a moving magnetie field.
The held cut scross the conduclors, generabng an electrical current. as the

mechanieal input causes the rotor to tum.

The rotor magnetic ficld maybe produced by wduction (in a brushes generatar), hy
permanent magnets, or by a rotor winding energized with dircet current through slip
rings and brushes. Automotive allemators in vanably use hrushes and slip rings,
which allow control of the alternator generated voltage by varving the current in the
rotor field winding. Permanent magnet machines avoid the loss due to magnetizing
current in the rotor but arc restricted in size owing to the cost of the magnel material,
since the permanent magnetic field is constant; the terminal voltage varies dircetly

with the speed of the generator |51,

Carbon Brushes +
Rectifiar Combinatian

7

FRONT
Esanng EA4

| {Larger) Bearng

| (Smalear)

1

\ ] = o

! o ) ]
c&‘é [Rotor Assembly

g = [1= Arrnaturs)

Figure (2.7) Alternator
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SHAFT DESIGN

Contents:

3.1 Introduction

3.2 Design formula

3. 3 Data analysis
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3.1 Inrroduction

A shall 1s a rotating member, usually of circular cross section, used i
transmit power or motion. [t provides the axis of rotation, or oscillation, of element
such as gears. pulleys. Mvwheels, cranks sprockets. ..ete. and controls the geometry
of their motion, An axle is a non rotating member that carries no torque and is used
to support rotating wheels, pulleys, and the like. A non-rotating axle can readily be

designed and analyzed as a static beam.

The shafl should be designed to transmit a maximum power that will produce from
the turbine without any problems, the maximum power produced doesn’t exceed
3000 walt. ‘The purpose of the design is to find the diameter of the shaft by using the

endurance limit fatiguc strength, and endurance limit modifying factors.

Properties of the shaft locally depend on s history, cold wark, cold forming, rolling
of fillet feuwlures, heal treatment. including guenching medium. agitation, and
lempering regimen.

3.2 Design formuln

The purpose of this chapter is to find the diameter of the shaft using the

endurance limil fatigue strenpth, and endurance limit modifying facrors.

Fieure (3.1) MMustrate the torgue-time traces

13
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The components of torque-time Irices are:-

Tin = midrange component
Tinax = maximum torque
Tinin = minimum Lorgue = zero

T, = amplitude component

- IE1‘.'|-_.1:¢ = Tm!n _ Tmax =

= 2 =g

= 05T, ..

T’r.‘-n-. + Tm:in TI:IH‘I.."G +0
= = = 0.5 Tyae
IIT|||1 q 7 m:

Tm.;.-.'-c = Pmax,""ﬂll

Where:
P maximum autput power (watt)

w: number of turhine revolution (rev/min)

161,

=
16T,

L= ——
T g
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Where:

d : the diameter of the shaft (m)
T, ¢ midrange torsion (psi)

T, ' amplitude torsion (psi)

Fatigue factor of safety:

by mode — goodman: e e 3.6
e Sgy N
but: Sar = L6785 3F
Where:

ng : fatigue factor of safty and the value must be more than 3

Syt 1 1s the minimum tensile strengh (Kpsi)

and:
Sa = KR KoK K K5, 3.8
Whera:
"-:H rotary — beam test specimen endurance limit
55y Sye = 200 Kpsi (1400 MPa)
And S =1100 Kpi S == 200 Kpsi 3.9
700 MPa Sy = 1400 MPa

Se: endurance limit at the critical location of amachine part in the geametry and
condition of use (Kpsi)

Kyt surface candition modification factor

Kp: size modification factor

Kt load medification factor




Ky: temperature madification lactor
K.: reliability factor

Ky: miscellaneous effects modification factor

When endurance tests of parts are not available, estimation are made by applying

Marin factor to the endurance hmit.
Surface factor K,

K, =255

Where:

Supeis the minimum tensile strengh and a & b are to be found in table (3.1)

3.10

Ground | 34
hf"h;:]': i“”ljd o ::.:.:.;: .;J.-_:} AT 3 ?._-1
Hotrolled 14 4
Asforged 9.0

- l'. E_:'- _.::- gL

2772 _0.995

u T e i

577 0718

Table (3.1) parameters for Marin surface modification factor

Size factor I

The size fuctor has been evaluated using 133 sets of data points. The results for

bending and (orsion may be expressed as:

r(d/0.3)7 %0 = 879479107
153 (e

(d/7.62) 7939 = 1.34d 4%
1.54d 92

Ky =

For axial loading there 1s no stzc efleel, 20 Ky = 1

20

Di11l=d=2in

2= d = 10in
279 <d =51 mm

531 <d =< 254 mm

3.11




Loading lactor K.

When faligue lests are carried out with rotating bendmg, axial (push-pull), and
torsional loading, the endurance limits differ with 5,;. The average value of the load

factor is;

1 bending
Ke =40.85 axial 3.12
(.59 torsion

I'emperature factor K,

1f the rofating beam endurance limit is known at room temperamire, then use

St
Hd = 5— 3.13
RT
Temperature, °C 5r/ S5 Temperature, “F Sr/ Sy
2 1,000 1.000
50 1.010 4.8 |.008
o 1.02C 200 1.020
f' | __'_:_ K (10 1 _1:! 4
200 1020 AL 1.018
Z50 1.600 SO0 . YD
6.0 BATT ol OR" s
3 E 24 i 0.927
40C 0.9 BC 1.B72
450 0.843 200 0,797
500 0. 748 1 D00y &9
e 57 1 10308 £
00 340

Tuble (3.2) effect of operating temperiture on the tensile strength of steel

Where:
Stitensile strengh at operating temperature

Sgr:tensile strengh at roem temperature

21




Reliability factor K,

Table (2.3) shows the reliability factors K, cortesponding to # percent standard

deviation of the endurance limit.

K, =1-0.08z, 3114

Table (3.3) reliability modification factor

Miscelluneous-Elfects factor Ky
Through the lactor K7 is intended to account for the reduction in endurance limit due
to all other effects, it is really intended as a reminder that these must he accounted for

because actual values of K¢ are not always available. Bul the assuming value is
4

Yield Faetor of safety
The shear yield strength predicted by the distortion-energy theory is

S, = 0.5775, 3115
And

S
Ay = —2 3.16
Ti:'l T ll:'I'I::I

Where:

n,: yeild tactor of safty and the value must be more than 3

Sgyithe shear yeild strengh (Kpsi)
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When the value of fatigue factor of safety more than 3, and the value of yield factor

of safety more than 3 that 1s mean no fatigue sand no vield (good design).

3.3 Data analysis

000 watt
fio= = 2866 N.m

L Y Yot 1 £42

e —_ D
]I'I'IFIK o 12"I'I.|.'I.'*\Z

ol min

Tr:mh =4

Ty=—22

= 0.5 Typay = 0.5 » 2.866 = 1.433 N.m

Trnax + 0

T = >

= 0.5 gy = 0.5 + 2.866 = 1.433N, m

Assume the diameter of the shaft (100 mm) then:

16T, 16 + 1.433

ST Bas (0 s 109 10~ 107 N/m® = 1.059 Kpsi

_ 16T, 16 % 1.433

= = - = L Pl e Py
e i e e T e iR L R e

The type of steel is 1050 HR. and from appendix, the value of 5, iz 90 Kpsi
Then: 5., =0.67 8, = 0.67 » 90 = 60.3 Kpsi

From equation (3.9, 5. =0.5+5, = 0.5 +90 = 45 Kpsi

and = S, = KK, K K K, K-S,

Where:

K, =aSh = 14.4 + (901971 = 057 ,a&b from table (3.1)

Ki, = 1.24d"03% =1 24 » (10)~%107 = (97

Kg = (.49, from equatiom (3.12)
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Kq = (.768 , from table (3.2)

Ke = 1, when reliability (50%), from table (3.3)

Ki=1

I'he endurance limil:-

5. =057«097 <059+ 0.768 « 1 «1 45 =11.27 Kpsi
Fatigue factor of safety:-

e PR | 1.059 1.059 1

S e e B 0D m RS

Yield factor of safety:-
55}. - 'D.E??SF = 0.577 « 495 = 28.56 Kpsi ,ﬂ}, from appendix

P i 28.56
ni = Nyg-= = =
¥ 1,41, 1.0594 1.059

=134>3

Since the fatigue factor of safely and vield factor of safety are more than 3. this

means that the design is good (because no fatigue and no vield).
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POWER TRANSMISSION

l CHAPTER FOUR

Contents:

4.1 Introduction
4.2 Belts
4.3 V Belts
4.3.1 Advantage and disadvantages of (V belt)

4,232 V belt design

4.3.3 Summary of the design
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4.1 Introduction

Belts. ropes, chains, and other similar clastic or flexible elements are used in
conveying systems and in the transmission of power over comparatively long
distanice. In this project a V-helt will be used to transmit power from the turbocharger

to the alternator.

4.2 Belis

‘The four principal types of bells are shown. with some of their characteristics
in table (4-1). Crowned pulleys are used for flat belts, und grooved pulleys, or
sheaves, for round and V belts. Timing bells require loothed wheels, or sprockets. In
all cases, the pulley axes must be separated by certain minimum distunce, depending

upon the bell type and size, to operate praperly. Other charactenistic of belts are:

+ They may be used for long center distances.

o Except for iming belts, there are some shp and creep, and so the angular
velocity ratio between the driving and driven shaft ncither constant nor
exactly equal to the ratio of the pulley diameters.

o In some cases and idler or tension pulley can be used to avoid adjustments in
cenler distance that are ordinary necessitated by age or the mslallation of

new belts,

]
\

2l I




p.{‘u“n’: O _L Ya d= T i ‘.* i e v pper lirmiid
p : r]
| None [ 31160871 in  limited
U - (& om

=
minG I U_A None p= 2 mmand uf Limited

Table (4.1) Characleristics of some commaon beit types

The helt which used to transmit the power between turbine and alrernator s V bell

because of the following advantages.

4.1V Belis

4.3.1 Advantage and disadvantages of (V helt)

Advantages:

1. The foree of friction between the surface of the belt and pulley is high due o
wedge uction. This increase the pulling capacity of the belt and consequently

resulls in inercase the power transmission capacity.

o ]

_V-hels have short conter distance, which results in compact construction.

Lo |

. They permil high speed reduction even up to 7 1o L.
4. Smooth and quite operation cven at high speed,
q

5. Pasitive drive. the slip is negligihle due to wedge action.
Disadvantapes:

1. The efficiency of the V belt 15 lower than that of flat bell.

2. The comstruction of V grooved pulley 15 complicated and costly,
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4.3.2 ¥ helt design

Design u V-helt drive tor the following diata:

The faster shaft runs at n=2000 rmm. the slower shaft runs at 1000 rpm, and the

requited power transmission 1s 2 hp.

__ rpmoffastershaft D 2000

~ rpmofslowershaft  d 1000

SR
Hg = keigHyom = 1.2+ 1+ 2 = 24 hp

Where:

SR: Speed ratio

Hg: Design power that is expected to be transmitted from the power source
tir the lowd through the belrs.

K,: The service factor, from appendix
ng: The design factor
Hpom: 15 the nominal transmitted power between the driver and the driven

machine

Compute the driving sheaving-size imits that would produce a belt speed.

Em;'ss“d”rzsm,:s R 3nurdflsnﬂ 300 T 1500
Sl e =SS ®(2000) T T wi2000)

0.048m =d £ 0.238m — 4Bmm < d < 238mm
For AX seetion bell. we may select: d =54mm, D = 108mm
According fo the selected standard driving sheave diameter d, D, and the driving rpm

(n), we cun compute the related power ( H,. ) of the sclected belt section.

Hr = Hpasic + Haga = 1284+ 0.51 = 1.79 KW

28




Where:
Hpasic: hasic power (KW)rating of section (AX), from appendix

H, g4 additional power (KW)per bell [or speed ratio, frem appendix

To specify a trial center distance (C):
D<C<3D+D) =108 < € < 3(54+ 108) = 108mm < L < 486mm

Therefore, let uge consider, C = 400mm

To commpule the required belt pitch-length{Lg):

I =204 = (D i w_djg—z-1un+"(mﬂ+r4'+
At L e i i

(108 —54)°
44 400

= 1051.8mm
Then, the inside length of the bell according to table (4.2) 15

Ly =1Lp—36 =1051.8—36 = 1015.8mm

putside length,
—_— L2
pitch fenath,

Inside length, L1+ Ly

Belt Length Factor

Wy Lptols Litolp Llitols
mm

H
mm mm Deg mm mm mm
AEAK 13 & 401 11.0 14 36 50
Ba&Bx 17 1 40 . 140 06 43 &G
C&CX 29 14 40 190 32 58 88
D 32 19 40 970 40 79 119
E 38 23 401 Je0 e o 1«5
VA3V 97 8 40 89 13 a7 50
SVASVK 16 14 4 159 95 60 a5
av 95 93 40 954 53 00 145

Table (4.2) standard V-belt seetion
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From appendix (table 17-2(1)), select AX-40 wath L; = 1016mm
This yeild Lp = 1016+ 36 = 1052mm

Mow. the exact center distance becomes

C=025 (Lp —%(_u + d))+J(Lp —;{D+d])_ — 2(D— d)?

| 3 l
X T
= U.25 (1052—;[1{}8+54})+J(lﬂEE—Efl{}HJ—S-’J}) — 2(10B — 54)?

4

= 398mm

(D—d)/C=(106—54)/398 = 0.135
From appendix (table 17-8):8 = 172.25 = 3rad, K, = 0.983
From appendix (table 17-9): K, = (1.9

Where:
8: The angle of contact
K+: The angle of contact correction factor

K: The belt legth correction factor

The allowable power per belt:
H, = K;K;H. = 0983+ 09 =179 = L.58B4 KW = 213 hp
Then, the number of helt required to carry the design power;

R Y Therefore, seloct Ny = Zbel
L}’_I{H_E.IE“' erelore, select Ny, = Zbelts
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ELEI sin (. ‘_.l,"}

S Euﬂmiliu —
2000
Assume u=032a=40%v=ndn/60 =n+03+ a7 =314 m/s
a0 3(3)/sin20° (1 504 31 4) |
Ay = elA A, sin 208 _ = 5437 N
' (15684/31.4
T, = (Ha/v) AL B / ) = g

27 apb/sina _ T pU3(3)/sin20° _ 1

AT
T, = ’2 9914 N

Where:

Ty, Toi The working belt tension loads

The mimimum allowsnee, x and v for adjusting drive canter distance for the belts,

from appendix (Table [7-3(a))

x = 20mm,y = 15mm

B, = _JTIE + T + 2T, T, cos{m— @)

— (54,372 £ 3912 + 2(54.37)3.91 cos(n— 3) = 583N

Where:
F,: The driving shall load
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4.3.3 Summary of the design

Input: 2 hp @ 2000 rpm
Service [actor: 1.2
Design power: 2.4 hp
Belt: AX-40. Zhelt
Sheaves: Driver, 34mm pitch dismeter
Driven, 108mm pitch dinmeter
Center distanee: 398 mm
Belt tensgion: T; = 5437 N, 1T, = 391N, T, = 29.14 N
Minimum allowance: x = 20 mm, v =15 mm

Driving shaft load: F, = 5.2 N

a2




CHAPTER FIVE

POWER OF THE TURBOCHARGER

Contents:

5.1 Power input to the turhine

5.2 PPower output from turhine

5.2.1 Dynamometer

5.3 Turbine efficiency

5.4 Project main conmponents

5.4.1 Internal combustion engine

54.2 Turbocharger

5.4.3 Alternator

54.4 RPM sensor
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5.1 Power inpul to the turbine

The power input to the wrbine increases as the pressure and volume flow rate

of the exhaust gases increase. The following equalion expresses the value of power
input to the turbine.

B [P\
Power;, = ul? ltin [( & ) = 1] 5.1

1]
1 out

B hZ
=

Where:

Power;,: Power input (KW)

Q : Volume Now rate (m? /Sec)

P, : Exhaust gas pressure before the turbine (KPa)
P, ¢ Exhaust gas pressure after the turbine (KPa)

K : Ratio of specific heats (Cp /Cy)

rpm i

L

60 2{for two revalution)

[ |
futed

Where:
V.. : Combustion chamber volume in cubic centimeters (cm™)

Noie;

1- The volume of the engine is 1900 ce = 1900510 7% m*

2- K forair=14




£.2 Power outrput from turhine

Ome of the most important ways to {ind the lurbine outpul power 1s:

! 5.2.1 Dynamometer

Dynamometer is used to measure the torque and angular velocity of the turhine then

the power 15 expected as follows:-

| Pope = T+ 5.4
|
N=2m -
i = g phe )
' 60

Where:
Pout ¢ turbine output power
T : Torgue (N.m)

w = Angular velocity

[Fig.5.1. and Hg.5.2, Shows some ol the turbine speed readings at a certain engine

speeds.

Figure (53.1) I'urbine speed readings al engmne speed equal 800 rpm




Figure (5.2)

Table (5.1). Shows the turbine output power calculations ot a certain engine speeds,

lurhing speed readings at engine speed equal 1000 rpm

and fig.5.3. Shows the relation between engine speed and turbine outpul power.

-_.L.q.

U800 0,025 0.08 T 0.0057
1000 0.025 0.08 5137 O.010%
1500 0.025 0.25 2812 0.0184
2000 0.025 0.55 2640 0.0524
3000 0.025 25 2200 0.1440
4000 0.025 1.5 2350 0.2150
s00a0 (0.025 a2 3476 0.382

Tablec (5.1) Turhine outpul power at & cerlain engine specids
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045 —————— —

e -4

Output power (KW)
, 2 a1

o S s
01 —— —
D - = -
0 1000 2000 3000 A0 5000 6000
Engine speed (rpm)
= ‘ : : -
Figure (5.3) Relation between enpine speed and turhine oulpul power
Motes:

* The power output thut’s caleulated here is the max. Power without lnad on
the engine.
® The power output with load on the engine wasn't caleulated, because there is

no way o do that in the mechanical work shop.

5.3 Tarhine efficiency

The second way to determine the turhing input power is using the turbine

efficiency equations.

power output

e 3

. 3 5:6
power mpul

s




The output power can be caleulated from eguation 5.4 and 5.5, and the lurbine
efficiency can be caleulated from this equation, since the inlet and outlet temperature

can be measured at the inlet and outlet of the turbine.

1= "r-Tr.:nL."r.TmL:I

= g7
Nt 1= (R)? i
e 5.8

L K wka

Where,

Texe: Turbine exhaust temperature (K)

Tine: Turhine inlet Lemperature (K)

R;: Atmospheric pressure/ Exhaust pressure

K: Ratio of specific heat [Epf’[;.,-:l

Cp: Specific heat at constant pressure (Kl /Kg. K)

C,: Specific heat at constant volume (K] /Kg. K)

In this case, the efficiency of turbine is selected, which is scleeted to be abour 80%,

hecause the ellicicney of turbine is between (70%-X0%3).
The power mput is:

:r output 0.0057
_ power outpu 5

- - fd=—
M puwer input power input

4 |
(¥ 5

Power input = 0.00712 KW

Table (5.2) shews the turbine input power at 2 cerlain engine speeds, and

fig.5 4. shows the relation between engine speed and mrbine input power.
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800 0.0071

L 1000 0.0135
1500 0.023
2000 0.0655

C 3000 o |
4000 0.269
5000 ' 0.478 _|

Table (5.2) L urbine input power at a cerfain engine speeds

o
m;m

=]
LA

s

input power [KW]

o 1000 2000 30040 4000 5000 Gooo
Engine speed [rpm)

Figure (5.4) Rclation between cagine speed and tarbine inpuf power

Ag a result of this, we concluded hat the pewer produced from the turhine is not
enough to run the altemator and produce needed electric current to supply all vehicle

clectric loads,
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5.4 Projcct main eomponents

5.4.1 Internal combustion cngine

The practical part of the project will be done using (VW, 1900ce, @model )
engine availahle in the mechanieal engineenng department workshop, four strokes,
four cvlinder. The cagine was a naturally separated engme, and we install a

turbocharger in this engine as shown in fig.3.5, and 1ig.3.6.

Figure (5.6) Engine alter install a turbocharger
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5.4.2 Turbucharger
A variable geometry turbocharger will be used the velocity of the exhaust

passes to drive the altermnator, as shown in fig.5.7.

Figure (5.7) Turbocharger

5.4.3 Alternator

I'he alternator will be used to converl the mechanical energy that produced

from the turbine in to electrical energy. Fig 3.8 shows un alternator connected with

the wrbocharger by a V-belt.

L S

]

Figure (5.8) Allernater connected with the turhocharger
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544 RPM zensor

RIPM sensor is used to measure the number of revolutions of the turbocharger
at specified value of weight, for the purpose of measuring the turbine ourput power.

As seen in fig.5.9.

Figure (5.9) RI'M sensor
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CHAPTER SIX

CONCLUSIONS RECOMMENDATIONS AND
PROBLEMS

Contents:

0.1 Conclusions

4.2 Recommendalions

#.3 Prablemsx
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6.1 Conclusions

The maximum pewer produced from the turbine is about 382 W, and this 18 [ot
cnough to run the alternator and produce needed eleciric current to supply all vehicle

electric loads.

6.2 Recommendations

1, Utilization lhe power produced from exhaust gases to operate some vehicle
deviees that require low level of power
2, The power produced can be used as assistant to the power source in the

vehicle.

6.3 Problems

The problem that interfaces this project is installation of the dynamomerer on

the engine to find the effect of turbine on the engine power, because there were

difficulties to the install the dynamometer on the engine which required calibration.
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Table 17-1(b): Recommended minimum pulley diameter

Classic belt | Minimum Narrow belt | Minimum
section pulley pitch | section pulley pitch
diam. [mm] diam. [mm]
A i1 3V 63
AX 63 JVX 50
B 106 5 125
BX 90 X 100
C 170 315
CX 140 v
315
E 400
Table 17-2(j): Standard length of classical section, AX
sk Mside g hside gy Inside bt Imside
Length Length Length Length
Meence gy | Mfewce gy e ) MRS
AX 20 559 AXT0 1778 A0 3048 X170 61
ARZS a9 A5 1903 AR125 s 8X 175 4445
AX 30 762 AXED 03¢ AX130 3308 A% 1R 4519
AX 35 RS AN ES 2159 A3 3199 AX 185 iR
A 40 1016 AX 90 0285 A0 3% AX 190 328
AX A5 1143 AX 45 2413 A% 145 3603 AR 195 4953
AX 50 1970 AX 100 9540 A 150 30 AR 900 5080
AXSS 1357 A0 e 1) A 155 7
A0 1582 AXT10 £19 AX 150 o4
AX 65 1651 AX115 9391 AX 185 4191
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Table 17-3(«) Minimum allowance; x and y for adjusting drive center
distance for classical belts

Mirsrmien Minimum allawanen y [mm)
Belt lerigth (mm) ~ dflowanco x (mm) - B
I M B £ b |
bensloning
< 200 5 —| =8 — —r
= 200 o] 5 — — — — —
»  2E0 % 315 ] - — - — -
» IE< €70 10 1 10
. BI0 =< 1000 15 15 15 -_— — =
10005 1360 o0 M 15 WO = =
s 1280¢ 1800 25 A 20 28 - —
» B s 2240 Z5 20, A0 23 L L] -—
= ¥240< 3000 315 o 0 30 3F 40
» J000< 2000 &5 2 20 30 3% 40
= 4000 < 5000 25 20 20 3D 35 M0
» 5000 H300 0 2% 25 35 4w 45
» &30 = BOOO 85 20 25 A0 45 850
» B 000 < 10000 110 3 25 A5 45 &b
= 10000 €12 500 135 — 30 a5 50 55
» 12 500 < 15 000 150 — 40 55 B0 65
» 15 000 £ 18000 1490 - 40 55 B BS
Table 17-6t V-belt service Types of driver
factors, s Salt suris , Heavy starts
AL mmars: Hhigh tomge
AL mntors Nl iorgnes 12 moarars: Sories-weund,
DC pmdwes: Shant-wmd compoond-woued
R £ = g Meetteny | Bees terhaia el
Laad Type Dirven machine £ h f=15h S15h < Iy =150 i3 h
) L et iy pox ey per dny per dny e iy per duy
Agitmine, Blowers, fans
Smouih centrifogal pempa,
light coaveyars LA L1 L2 1 I3 13
g Crevmratoes, mucline tooly,
Light Sheck wisers, grovel conveyors | 13 13 12 13 14

Bucke: elevaters, el
Medlam Shock | machines, hammar malls,

Teavy conveyans L2 13 14 | ] { ] 16

Figh Shocl D"I.r.'d;lﬁ. hall milk,
let s, psbioer smirmchers 13 1.1__ 15 1.5 L& (§]
Heavy Shocki = Ay mudibvine Ui con chesbe 0 0 20 20 20 n
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- - 5 a - i
Table 17-7(/): Basic power (K'W) rating of section “AX" /partl
daiciithonm P
Pitch diameter of the smaller pulley {mm) i e bt e
N e
Rt

10y 108 187 P

T
$3 71 80 S0 95 100 164 49% 498 1% 132 {40 5D 150 18O 20O o i
X 070 0F 111 TN T S 1 1B TR RN RN 4T R RR Riv 3R O Ofd 4R Qe
e OB PN IR 1 LHOOINE LK IO §31 BN TR 31 AR ks AR AW B0l 011 oam o Gde
W= 186 VdE 1AL B0 DN W% WEI IAT  NAD 3SR 39S 4T AR a%M NAB SBd GfM 017 e 007
] 1aa ODR 83 3% O3 A0 441 adn XN SAF AR AN CASD O TEE BE) OW 00N D33 g4r 07D
0 n% hen vk A BML 03T 0% 0 o4l 041 044 D40 E U ee DVS 000 00 oD (O
=0 g nm Ol AMr Qs O%F 04Y AA AN MW mEl 0EB OW a1 1w UM D0g 60 (M
iy aF o4 Oy QM Gl OB 02 O e YRR 197 10 1 s TAF I oM o ObA e
w0 G40 e OFd 0B G TOF VI 1D ¥EE T niy o 1B tw o as Tl 2% 0 Do A 0
o) 4% BT0 NHY 05 T1 OATY I T4 M CER gL 18 g90e M 25 U@ 0N O am 0N
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i 070 e 17 LIS TAT 13y 1H R 135 BN BEM AT B M 3N 3m O omE 4 O
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Table 17-8: e~
Angle of contact B cagtl':;tllnn ki
correction factor, [ e Faitur
Ky 8 [deg.] i
0.00 180 1.00
010 174 0.99
0.20 168 0.97
0.30 163 0.96
0.40 157 0.94
0.50 151 D.93
060 145 0.81
0.70 139 0.89
080 133 0.87
0.90 127 0.85
1.00 120 D.B2
1.10 113 0.BO
1.20 106 077
1.30 99 0.73
140 b 4| 0.70
1.50 83 0.85

=1




Table 17-9:
Belt length

correction factor,
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