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Exhaust/Emission System 
Theory and Operation

Brookhaven College

Vehicle Emissions
engines burn an ideal 
mixture of 14.7 parts of 
air to 1 part gasoline by 
mass
air is a mixture of 78% 
nitrogen, 21% oxygen 
and trace amounts of 
other gasses
hydrocarbon based 
fuels are compressed 
and burned with air 
during the combustion 
process
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Combustion By Products
CO

a by product of 
incomplete 
combustion

HC
unburned gasoline

NOX
formed at 
temperatures in 
excess of 2500 F

CO2

a by product of 
complete combustion

H2O
water vapor

N2
nitrogen

O2
high - lean & misfires
low - rich mixtures

Seven Controlled Emissions
CO
HC
NOX

SOX

Particulate matter less 
than 10 microns
Ozone - formed from 
HC and NOX emissions 
in the presence of 
sunlight
Lead - most successful
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Texas Non-Attainment Areas
Dallas

ozone 
vehicle congestion - low 
speed catalytic converter 
operation

Houston
ozone
40% oil refinery - some 
refineries built before 1977 

60% automotive

El Paso
ozone and CO in winter
surrounding mountains trap 
air
oil refineries and smelter 
adds to problem

PCV System
The Positive Crankcase 
Ventilation (PCV) System 
cycles crankcase gases back 
through the engine where 
they are burned. 
The PCV valve regulates the 
amount of ventilating air and 
blow-by gas to the intake 
manifold and prevents 
backfire from traveling into 
the crankcase. 
Testing

Visual Inspection
PCV valve test
System air flow test
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EVAP System
Fuel vapors trapped in the sealed 
fuel tank are vented through the 
fuel vapor separator valve in the 
top of the tank to be stored in the 
carbon canister until they are 
purged to the engine for burning.
Purging the carbon canister 
removes the fuel vapor stored in 
the carbon canister. With an EEC 
controlled EVAP system, the flow 
of vapors from the canister to the 
engine is controlled by a Canister 
Purge (CANP) solenoid or vacuum 
controlled purge valve. Purging 
occurs when the engine is at 
operating temperature and off 
idle.

EGR System
The Exhaust Gas 
Recirculation (EGR) System 
is designed to reintroduce 
exhaust gas into the 
combustion cycle lowering 
combustion temperatures 
and reducing the formation 
of Nitrous Oxide
There are two basic types of 
EGR systems:

The PFE/DPFE System
The EVP System
ESM
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Pressure Feedback EGR
PFE is a closed loop EGR 
system that controls EGR flow 
rate by monitoring the 
pressure drop across a 
remotely located sharp-edged 
orifice. The system uses a 
pressure transducer as the 
feedback device and 
controlled pressure is varied 
by valve modulation using 
vacuum output of the EGR 
Vacuum Regulator.
With a PFE system, the EGR 
valve only serves as a 
pressure regulator rather 
than a flow metering device.

Delta Pressure Feedback EGR

The Differential Pressure 
Feedback EGR (DPFE) 
system operates in the 
same manner as the PFE 
except it directly 
monitors the pressure 
drop across the metering 
orifice. 
This allows for a more 
accurate assessment of 
EGR flow requirements.
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EGR Valve Position
The valve is operated by a 
vacuum signal from the EGR 
Vacuum Regulator (EVR) 
Solenoid which actuates the 
valve diaphragm.
As supply vacuum overcomes 
the spring load, the 
diaphragm is actuated. This 
lifts the pintle off its seat 
allowing exhaust gas to flow. 
The amount of flow is 
proportional to the pintle 
position. The EVP sensor 
mounted on the valve sends 
an electrical signal of its 
position to the PCM.

Secondary AIR Injection
The Secondary Air Injection 
system is utilized in electronic 
control systems to divert 
secondary air either upstream 
to the exhaust manifold check 
valve or downstream to the 
rear section check valve and 
catalyst. The system will also 
dump secondary air to the 
atmosphere during some 
operating modes.
A Secondary Air Injection 
Diverter (AIRD) valve is used 
to direct the air either 
upstream or downstream. A 
Secondary Air Injection Bypass 
(AIRB) valve is used to dump 
air to the atmosphere.
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PAIR System
Some engines are 
equipped with an AIR 
system called Pulsed 
Secondary Air Injection 
(PAIR). 
The system uses natural 
pulses present in the 
exhaust system to pull 
air into the catalyst 
through pulse air valves. 
The PAIR valve is 
connected to the catalyst 
with a long tube and to 
the air cleaner and 
silencer with hoses.

Catalytic Converters
The Oxidation Catalytic 
Converter (OC), 
containing Platinum and 
Palladium, is effective for 
catalyzing the oxidation 
reactions of HC and CO.
The Three-Way Catalytic 
Converter (TWC), 
containing Platinum and 
Rhodium or Palladium 
and Rhodium is not only 
effective for catalyzing 
the oxidation reactions of 
HC and CO, but it also 
catalyzes the reduction 
of NOx.
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On Board Diagnostics 

In 1988 California Air Research Board 
began regulating OBD systems.
The OBD-I systems required an internal 
system to identify fuel and emission 
failures. 
The system also required the use of a MIL 
(malfunction indicator lamp) and diagnostic 
codes to assist in locating and identifying 
the failure in the system.   

OBD II
OBD II started in 1994 and regulated by CARB and the EPA. 
Objectives of the OBD II:

Improve air quality 
Reduce time between failure and fix
Assist in diagnosis

The OBD II system monitors all emission control systems 
and components that can affect tailpipe or evaporative 
emissions. 
The Standard OBD II limit is 1.5 times the standard 
emissions for that vehicle.
PZEV and SULEV-II limit is 2.5 
If a failure is detected a pending code is created and if the 
failure occurs in a successive drive cycle the MIL is 
illuminated and a DTC is set. 


