

Exhaust Systems & Requirements and Components

System Requirements: The exhaust system has to carry the exhaust gases out of the engine to a safe position on the vehicle, silence the exhaust sound and cool the exhaust gases. It also has to match the engine gas flow, resist internal corrosion from the exhaust gas and resist external corrosion from water and road salt.
System Components: 
The exhaust system consists of the exhaust manifold, silencers, mufflers, expansion boxes and resonators.  It also has down or front pipes, intermediate and tail pipes, heat shields and mountings.  Also included are one or more catalytic converters, one or two lambda sensors and an outlet for the exhaust gas recirculation system.
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High Temperatures: The exhaust gases are at a very high temperature when they leave the combustion chambers and pass through the exhaust ports. The exhaust manifold is made from cast iron in order to cope with the high temperature. The remainder of the exhaust system is made from steel, which is alloyed and treated to resist corrosion.


Down Pipe or Front Pipe: 
The down pipe or front pipe is attached to the manifold with a flat or ball flange. This joint is subject to bending stresses with the movement of the engine in the vehicle. To accommodate the movement, and reduce stress fractures, many flange connections have a flexible coupling made from a ball flange joint and compression springs on the mounting studs. 
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[image: ]Exhaust Movement:
 Another system to accommodate movement is a flexible pipe constructed from interlocking stainless-steel coils, or rings.  Where a flexible joint is not required, the front pipe may be supported by a bracket welded to the pipe which is bolted to a convenient position on the engine or gearbox.  Where a catalytic converter is used, it is fitted to the front pipe so that the exhaust heat is used to aid the chemical reactions taking place within the catalytic converter.  The front pipe connects to an expansion box or silencer.  The exhaust gases are allowed to expand into this box and begin to cool.  They contract on cooling and slow down in speed.






Exhaust Cutting Tools

[image: http://images.fieroforum.com/2010/CHAIN_CUTTER.JPG]Exhaust Cutting Tool
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Silencers or Mufflers: 
Silencers are constructed as single- or twin-skin boxes, and there are two main types:  The absorption type, which uses glass fibre or steel wool to absorb the sound; and the baffle type, which uses a series of baffles to create chambers.  In the baffle type, the exhaust gases are transferred from a perforated inlet pipe to a similarly perforated outlet pipe.  These silencers have a large external surface area so that heat is radiated to the atmosphere. Additional pipes and silencers carry the exhaust gas to the rear of the vehicle.
 
Baffle Type
[image: ][image: http://i260.photobucket.com/albums/ii17/markgriffiths/Backbox.jpg]


Absorption Type
[image: http://blog.xforce.com.au.tmp.anchor.net.au/wp-content/uploads/2011/11/chamber-+-reverse-flow-muffler.jpg]
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Joints & Sealing
 Pipes are joined together by a flange, or clamp, fitting.  Flange connections have a heat-resistant gasket and through-bolts to hold the flange together.  Clamp fittings are used where pipes fit into each other.  The larger pipe is toward the front and the smaller pipe fits inside.  A ring clamp, or ‘U’ bolt and saddle, are tightened around the pipes to give a gas-tight seal.  An exhaust paste is usually applied to improve the seal of the joint.  The exhaust system must be sealed to prevent toxic exhaust gases from entering the passenger compartment.
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Sleeve Type Joint
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Flange Type Fitting





Exhaust Mountings: 
A small water-drain hole may be used on the underside of some silencers.  This is to reduce internal corrosion from standing water in the silencer body forming on short-journey usage. 
 The exhaust is held underneath the vehicle body on flexible mountings.  These are usually made from a rubber compound and many are formed as a large ring that fits on hooks on the vehicle and the exhaust-pipe brackets.  Other mountings are bonded-rubber blocks on two steel plates.
The reasons for the exhaust being mounted on rubber mountings are to allow the exhaust to have movement relative to the engine movement. 
If this was not the case the thin exhaust pipe would if held rigid fatigue and crack from the strain
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[image: ]Heat Shields: 
 Heat shields are fitted to the exhaust, or to the vehicle floor, to prevent the ignition of sound-deadening and anti-corrosion materials.  Catalytic converters become very hot during operation.  It is important, therefore, that all heat shields are correctly fitted and positioned to insulate the vehicle from the high temperature of the catalytic converter.


Exhaust Gas Recirculation Valve – EGR Valve:
An important exhaust gas recirculation component is the EGR valve. This valve opens to allow exhaust gases to flow from the exhaust manifold into the inlet manifold.
When nitrogen is burnt with fuel at high temperatures, it gives of oxides of nitrogen. To lower this gas product, a valve is fitted and operated by the ECU to allow a small percentage of exhaust gas back into the combustion chamber. The gases are inert (will not burn) and as such will lower the temperature of the combustion in the chamber. This action lowers the oxide of nitrogen gas.
[image: ]
 Many EGR valves are operated by vacuum motors. The vacuum feed from the inlet manifold is switched by an electrical solenoid valve. This valve is energised from a relay on signals from the electronic control unit.

 




Lambda Sensor:
[image: ]The Lambda sensor is a device fitted to a vehicle which runs on a closed loop system. The function of the Lambda sensor is to measure the content of oxygen that is present in the exhaust gases leaving the engine.
The amount of oxygen detected will allow the ECU to send a signal to the fuel system and it will either richen or weaken the fuel content entering the cylinders.



Catalytic Converter & Engine Exhaust Gas Pollutants 
[image: http://www.aa1car.com/library/catconverter.gif][image: ]
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Diesel Engine – Particulate Diesel Filter
WHAT IS A DPF?

A Diesel Particulate Filter (DPF) is a 'Filter' mounted in the exhaust of your vehicle.
It is designed to catch the soot particles that come from your engine, reducing the soot emissions by up to 80%.

DPFs were introduced following the introduction of the Euro 5 emission standards and are required to ensure your vehicle meets the emission specification it was designed to by the manufacturer.

The filter is designed to STOP the very fine, harmful particles entering the atmosphere and prevent our children, friends and family from breathing them in.
The DPF is structured like a series of honeycomb filters that stop the soot passing all the way through the filter, therefore reducing emissions
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Vehicle dashboard warning sign for a faulty DPF
Exhaust Questions
These questions are typical of exam you will need to answer to complete the end test. To take away the guessing factor, they are not multi choice. Careful revision of your notes will allow you to give full and accurate answers to the questions. Each question will have 4 marks giving a total of 100 marks. You should be aiming for a mark no less than 75% to be in a good position to pass the end exam.   

1. Name 2 Health & Safety requirements to consider when working on exhaust systems

2. Why is an exhaust manifold generally made for heavy cast iron.

3. What type of driving can cause premature or shortening of the expected life span of an exhaust system. What causes this fact to shorten the life span of the exhaust.

4. Name 2 types of design used to connect two sections of the exhaust together.

5. Why is exhaust paste sometimes used in the jointing process.

6. Why is it necessary to allow the exhaust to move relative to the rest of the vehicle, how is this achieved.

7. What is the role of a heat shield in regards to the exhaust system.

8. Describe how the “Baffle” type of silencer works.

9. Describe the principle of how the “Absorption” type of silencer works.

10. What does the abbreviation EGR stand for in exhaust systems.  

11. What is the function and how does the EGR valve operate.

12. What is the function of the following components found in exhaust systems

a. Lambda Sensor
b. Particulate Diesel Filter (PDF)

13. Why are some vehicles fitted with two Lambda sensors, what is the function of the second Lambda sensor.

14. What does the term “closed loop” mean in regards to engine management systems.

15. What is the function of the Catalytic converter found on modern vehicles.

16. Why is the Catylitic converter found close to the front of the exhaust system.

17. State what the internal honeycomb structure is coated in to be able to complete its operation.

18. What temperature must a converter get to be only 50% efficient 

19. Air consists mainly of what two gases.

20. In a three way catalytic converter name the gases entering the Catalytic converter and the gases leaving the converter. 

21. Name 3 pollutant gases and the effect they have on both people and the environment.

22. How can a faulty spark plug cause damage to a Catalytic converter.

23. Name 3 precautions that can be taken to ensure a long life span of a Catalytic converter.

24. Name a precaution to be taken when you are removing a catalytic converter from a car that you will be refitting at a later time.

25. By what means should old exhausts be correctly disposed of.
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Sign

2 Handing hot components.

fyou cannot wait unti the system is cool, weer heat resistant gioves

3 Working over unguarded air ntakes.
‘ensure no foose dothing or deaning doths can be drawn into the engine

Statutory requirements

List any statutory requirements of exhaust systems reating to installation and functoning of the
system when considering the folowing:

‘Condition, security and senvioeabilty — he system shoud be in sound condition, properly secure

200 have no lesks along ts kength

Noise emission - for passenger cars the noise imit s 740B(A)

POLLUTANTS CREATED BY THE MOTOR VEHICLE

The creation of some poluion s neviable when power s obtained by ntemal combustion using a
hycrocarbon fusl. When an engine is rot ruming in tune, an excess of hamil emissions fs
passed into the atmosphere.

In general a wel-tuned S engine i lkely 1o emit more polutants than a wel-tuned G engine. The.
‘madem motor vehide engine i carefuly monitored and cantroled by ekectronics, which help to
signiicanty recuce harmiul polutants and emissions.

Name the five polutants procuced by an engine and state why they are there:

Pollutant
‘symbol Reason for pollutant.

co fuel incompletely burnt

Modfications — the system must not be modified or altered as to increase the noise evels of the

escaping gases

Exhaust manifold

T st mentons s a
sz e e ek b0

croceiotr crmstsysen. ey

recs 0 b ke to s
empertres s 600

Vv st menos e
commony o t st o DL
o et ey madn i

22 e, ey G o

et o s st e

Exhast manifods are tned o
speciio engne and chassis

combnations. Exhaust system

length, pipe sze and siencer type are used 1o tune the exhaust gases i the exhaust ystem.
Gorrecty designed systems wil improve the engine's volumetic effcincy.

He ‘unbumt fusl very smal amounts in ehast o). The fuel

‘system allows a lrger amount o vaporize and escape

‘reated when axygen combines with ritrogen af very hich
‘combustion temperatures

Carbon urbumt fuel

Suiphate used in diesel as an additie

Pollution effects on the environment

Fuel which is bumt in the intermal combustion engine s carbon-based. By-products of the.
‘combustion engine can be harmful to humans and the atmosphere. These gases cortrbute to
what is known as the greerhouse effect, which s said to be increasing global warming. This
needs 10 be reduced 1o help preserve our planet.

Motor vefies procuce approximately 13 per osnt of the UK's total gresnhouse gas emissions.
One of these gases, 00, has increased the most snos the industral age (Sghteenth-nineteenth
century), which s largely Gue to the burming of fossl ks, €. petrl and Giese.

Passenger cars curently have & recommended maximum target level for CO, ermissions of 140 ghan.
This equates to fusl consumption for petral vehickes of 5.8/100 kam or 5.3/100 km or clesel engines.
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EXHAUST EMISSIONS

Exhaust gas is the product of the combustion of ar and fusl mixture.

Air consists mainly of 9xygen and nirogen

Fuel consists mainly of fydrogen and carbon

State how these products combine o form the exhaust gas.

hydrogen bums with oxygen to form H;O (waterl. Carbon bums with the oxygen to fom

002 (carbon dioxide). When rich it partaly bums 1o form CO (carbon monosdde). Nitrogen does

ot bum - it s nert

State the harmiess exhaust gas products:

1 water

2 nitogen

3 oxgen

Complete the chart 10 state the effects of the main poliutants produced by motor vehicles.

Effects on the.
environment

Pollutant Effects on people

poisonous when inhaled: together with carbon

Causes headaches, nauses, | doxide is a main coniributor.

voniting, dizzness, fabque | 10 the aresnhouse efiect

‘gan be 3 cancer risk.

‘soreads 3 layer of dt (sooll

(carnogenic)

‘mes, intates eyes and hen combined with NO,

ose forms dense smog in cies

Comment

Effects on the.

emvironment
‘absarbed by crops near
roads and may

Polutant
Lead (tis is no.
longer added o,
petrol due to the,
following efects)

‘subsequenty enter food

chain

‘causes dificuty in breathing | causes smoa, contriutesto

lespeciay for asthmatics o | acid rain. Prevents,

fronchits

pholosynihess in plants

o in tigh conpentrations, | 2 greenhouse gas

shen i can make some: ‘contributing to the global

peopie fesl drowsy warming effect of the earth

CATALYTIC CONVERTER

A cataiyic converter provides a means of cansiderably reducing harmful exheust emissions to
below the legaly required Iimt. When operating, the cataytic converter acts ke a red hot fumace
which causes a high proporton of the harmiul gases 1o re-bum and react ith one anather,
rendering themselves harmiess.

Al modem vehicles are required to fit catalytic comverters.
Why must the converter be fited near the frant of the system?
1o be hot. In order to work wih ony 50 per cent effidency the exheust gas tempersiure must be

over 250°C

Describe the conterts of the converter and the chemical reaction that ocaurs.
the conveter is a honeycomb sinueture chemically costed with thin deposis of platinum end rhodium,

These act as a catalyst for a chemical reacton 10 take piace which wil convert hamu gases nlo.

hamiess ones, The reaction has no effect on the materais n the converter in normal operation
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‘Carbon monovide o carbon dovide

Hydrocarbons to water

Qs of nironen fo nirggen

A twoway canvertar does not convert NO,.

How is the cataiytic converter affected by temperature?

below 250°C, no activty. Between 250°C and B00°C working at the maximurm effien

particulary &t mid-temperature. The catalyst when overhesting wil cause the precious metais to

sinter (met together) and the separation of the washooat from the substrate, at over 800°C

A spark plug misfring can allow urburt fuei o enter the converter causing
catastrophic overheating damage.

What are the disadvantages of catalytic converters?

‘expensive and need to be renewed after a substantial misage. To work eficently requres engne

menagement control. Engine power and mpg are reduced

Research and find out what selective catalytic reducton (SCR) is and how it helps
0 reduce hamiul exhaust emissions. Describe the use of urea water solutons
and ammonia in SRC.

What precaitions should be obsenved to ensure long catalytic Ife?

1 don't use leaded fuel or drive a car if it misfires

2 don'tleave car iding on cold days or make s of short joun

3 don't drive carelessly over speed bumps or on bumpy tracks

4 don't drive thraugh deep water when the cat is hot

9 e D

LAMBDA (OXYGEN) SENSOR

To ensure that the exhaust gas contents of a spark
ignition engine are kept within reasonabie mits (6o not
become rich) a lambda sensar s fited to the manfold
where it jons the exhaust system. By checking the oxygen
content of the extaust gases the lambaa sensor feeds
back o the ECU, which adusts the fuel delivery and
igniton timing if equired.

Why s a post-cataiytic lambda sensor commanly ftted?

this checks that the cataiytic converter is functioning conectly

What would pipe ‘A" be comnected to when the blarking plug was removed?

‘an exhaust gas anaiyser.

Fil in the missing gaps below with these words (there are two extra distracter words):

Stoichiometric varible oxygen voltage chemically ratio fluid

If the air fuel ratio_ entering the combustion chamber is too rich the exhaust gasses wil be low in
‘oxygen and the sensor wil send a low yoltage _ signal to the ECU, as the mixture weakens mare
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