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eBOOKS
Access focused, in-depth information
Where can you find detailed information that goes beyond the surface, 
related to design, systems, engines, materials, and new technologies 
to use for product development, design project or research? You need 
accurate information that that goes beyond the surface, providing detailed 
explanation of a technology or process - written by top industry experts. 
SAE’s books provide trusted content written by authors renown in their field.



From powertrains, design, materials and 
avionics to electric motors and integrated 
vehicle health management, SAE’s library 
of subjects include both traditional and 
emerging technologies such as counterfeit 
electronic parts, wireless charging and 
nanocomposites. 

Throughout our 110+ year history, SAE International has 
been at the forefront of new technology – collaborating 
with industry for the benefit of society. SAE’s rich 
history, exclusive content and author expertise provides 
professionals with access to accurate, timely and thought-
provoking resources essential to their success.

Choose from single titles, technology bundles 
or the entire collection, the SAE library 
includes comprehensive titles covering the 
latest technologies:

•  Aeronautics and Commercial Aviation

•  Brakes

•  Composite Materials Handbook (CMH-17)

•  Electronics

•  Engine Testing

•  Engine & Powertrain Systems

•  Fundamentals

•  Hybrid and Electric Vehicles

•  Lightweighting and Advanced Performance Materials

•  Safety

•  Vehicle Dynamics and Chassis
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See what’s next

You spoke. We listened. In the coming months SAE International will 
reveal an updated Digital Library platform that will enhance user 
experience, expand content offerings, improve discoverability, and 
much more. Look for a new name, a new look, and better, faster way 
to access the content you need. Stay tuned to see what’s next.
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Figure 1.1 Engines 1899–1998 [1-10]. (Continued)
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Chapter 2 Definition and Classification of Reciprocating Piston Engines 
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Figure 2.3 Various supercharging methods (after [2-12]).

There are many possible combinations for the cylinder 
arrangement, some of which are identified in a self-explanatory 
manner by letters. Figure 2.4 shows a selection of possible 
cylinder arrangements and configurations.

The following are presently of significance:

 • The inline engine (one bank of cylinders and one crankshaft).

 • The V-engine (two banks of cylinders arid one crank-shaft): 
Two connecting rods are coupled to each crank pin. Common 
V-angles are 45°, 60°, 90°, and 180°. The VR engine [2-14] has 
a V-angle of 15°, the crankshaft having a separate crank pin 
for each connecting rod.

 • The W-engine (three banks of cylinders and one crankshaft): 
Three connecting rods are connected in each case to one 
crank pin. A V-engine consisting of two VR banks is referred 
to as a V-VR engine, or also as a W-engine [2-14].

 • The boxer (flat-opposed) engine: Unlike the 180° V-engine, 
each connecting rod is connected to a separate crank pin.

The crank mechanism has proven its value in engine 
design. Trunk piston engines and crosshead engines may 
be differentiated as variants. Slider crank mechanisms and 
cam engines are also described in the relevant literature, as 
are crankshaftless engines (curved-plate, curved-track, and 
swash-plate engines) [2-10].

Single- and double-acting engines can be differentiated 
according to their manner of action, depending on whether 
the combustion gases act on only one side or on both sides of 
the piston. The double-piston engine has two pistons to each 

combustion chamber, the pistons being arranged either opposing 
(opposed-piston engine) or concurrent (U-piston engine).

Vertical, horizontal, and overhead engines are differenti-
ated on the basis of the location of the cylinder axis, and 
overhead- and side-actuated engines by the location of the 
timing mechanism.

2 .2 .8 Ignition
The fuel–air mixture may be ignited by means of supplied 
ignition or compression ignition:

 • Supplied ignition (gasoline engine): An electrical spark 
ignites the mixture in the cylinder (spark ignition).

 • Autoignition (diesel engine): The fuel injected ignites spon-
taneously in the air heated by compression in the cylinder 
(compression ignition).

2 .2 .9 Cooling
In view of the high temperatures that occur, the combustion 
engine needs to be cooled, to protect its components and the 
lubricating oil. It is necessary to differentiate between direct 
and indirect engine cooling.

Direct cooling is accomplished using air (air cooling) either 
with or without the assistance of a fan.

In the case of indirect cooling, the engine is cooled with 
a mixture of water, antifreeze, and corrosion inhibitors, or 
with oil (liquid cooling). Removal of heat to the environ-
ment is accomplished via a heat exchanger arrangement. One 

6606_Book.indb   12 1/19/16   8:28 PM

  4 .4 Exhaust Gas Temperature Maps
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4 .4 Exhaust Gas Temperature Maps
The behavior of the exhaust gas temperature of an SI engine 
is shown in Figure 4.18. The sharp increase in exhaust gas 
temperature to high loads necessitates specific measures to 
protect the exhaust gas catalytic converter from thermal aging 
or even destruction.
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Figure 4.18 Exhaust gas temperature map at the entry to the catalytic 
converter (MPI SI engine).

Both design measures and the calibration of the engine 
operating parameters are employed here. For engines with 
exhaust gas turbocharging, the gas temperature at the turbine 
inlet is also critical for component protection. For SI engines, 
an enrichment of the fuel–air mixture is therefore employed 
as an effective component protection measure in the map area 
with critical exhaust gas temperatures as described above.

For operation with low load points, on the other hand, an 
excessively low exhaust gas temperature must be avoided 
so that the catalytic converter does not cool down. For this 
reason, a relatively retarded ignition timing would be neces-
sary. In addition to these measures recognizable in the static 
maps, deviating control parameters for the ignition angle and 
EGR rates are normally calibrated after the engine cold start 
so that the catalytic converter quickly reaches the light-off 
temperature necessary for conversion of the raw emissions 
into harmless components.

reduce the NOx emissions described above. In the map area 
without preinjection, on the other hand, the main injection 
is shifted earlier.
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Figure 4.16 Start of preinjection control (DI-TCI diesel engine).
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Figure 4.17 Start of main injection control (DI-TCI diesel engine).
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