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CHAPTER (8)

Engine Design

8:1
Basic Decisions and Preliminary Analysis

To design such an engine, the decision should be taken only after the most careful considerations.  The following factors should be discussed :-
1. Reasons for a new design

Such as the need for a new engine due to insufficient power requirement for the engine currently used.  On the other hand, the reason for a new design may be the hope of competing successfully with existing engine used for the same purpose .
2. Type of service for which engine is intended .

The engine must be designed with the intended type of major service in view .

a. Best type to meet power and fuel economy requirements :

b. Diesel or speak – ignition ? .

c. (2) or (4) stroke

d. Supercharged or naturally aspirated .

e. Number and arrangement of cylinders .

i.
Diesel Verses Spark – ignition

The first important factor to decide the type of fuel used is the engine size.  Spark ignition – engines cannot be built for a bore more than 150mm due to detonation.
For engines were fuel supply is not restricted and bore is less than about 150mm, the main reason to decide a diesel engine is fuel economy and fuel cost.  The unsupercharged diesel engine is heavier, larger, considerably more expensive, rougher and noisier than spark – ignition engine of equal power, and it is generally requires more sophisticated maintenance .
The economic value of low fuel consumption and low fuel cost depends heavily on the use factor.  Engine with low use factors tend toward SIE, while DE tends to be preferred where high use factor is available .
ii.
Two or Four Stroke Cycle
The main fields of applications of 2 strok engines, these are the small spark – ignition engines, and medium to large size diesel engines .
The small SIE of 2 cycle is generally used for motorcycles, small motor boats, chain saws, etc.
1. These applications have the following features in common.

2. Low first cost

3. Low use factor

4. Low weight/power ratio

5. Only three moving parts per cylinder: the piston, the crank shaft, and the connecting rod.

On the other hand, the fuel economy is poorer by at least 25% due to loss of fuel during scavenging process.  For this reason this type is commonly used where the use factor is low and fuel economy is not critical.  Also irregular idling and light-load operation, and relatively high oil consumption, especially when the lubricating oil is mixed with the fuel .
In the case of diesel engines the simple crankcase system is less appropriate because the relatively low fuel-air ratios at which diesel engines operate gives rather low mean effective pressures with this system .
For DE up to 300mm bore, both types are used.  With larger cylinders the 2-stroke is predominant .  The reason is that cylinder pressures are lower with two stroke operation than with 4-stroke operation than with 4-stroke operation.  Also maximum thermal stresses in the engine structure are correspondingly less .
The main disadvantage of 2-stroke diesel engine is again the fuel economy is poor .
iii.
Supercharging or Not

Spark ignition engines
1. The supercharging of SIE involves a compromise with efficiency which is only justified in special cases including:

2. Aircraft Engines:
3. Here supercharging is used both to provide high specific output for take-off and to compensate for lowered air-density at operational altitudes.  The problem of detonation is solved by using high-octan fuel.

4. Racing or sport cars-engines

5. Here high specific output has a big importance.  In this type special fuels are used to avoid detonation.

6. Large Natural-Gas Engines

8.2.2 In this case the saving in weight and bulk by means of supercharging is great, the fuel used has a high resistance to detonation, nearly all gas engines rated above 500 hp are supercharged.

In fact due to improvement in fuel ratings most types of petrol engines are now supercharged especially with using of fuel injection.

Diesel Engine Supercharging
No limit on supercharging is imposed on Diesel engines by combustion.  The decision whether or not to use supercharging, depends on the balance between the relative mechanical simplicity of the unsupercharged engine with its generally lower mechanical and thermal stresses, and the smaller size and weight of a supercharged engine with the same rating.  In general, the larger the engine the greater the likelihood of the supercharged design being cheaper .

iv.
Number and Arrangement of Cylinder

The choice will first depend on power output required for engines below 3 or 4 hp a single cylinder is used.  Because of low first cost also it is difficult to operate a cylinder of bore less than 50mm.

If the power increased, the number of cylinders will be increased, this will improve engine balance.
The following table shows the number and arrangement of cylinders with the rated power .
Rated Power
No. of Cyl.
Cyl. Arrangement

0 – 3
1
I

3 – 30
1 – 4
I, O, V

30 – 50
4 – 6
I, O, V

50 – 100
4 – 8
I, O, V

100 – 200
6 – 8
I, O, V

Over 200
6 – 16
I, O, V, R, OP

Over 2000
12 – 24
I, V, R, OP

 I      =  in line vertical or horizontal

O     =  opposed cylinders

V     =  V arrangement

R     =   radial

OP  =  opposed piston (2 cycle)

Cylinder Arrangement

One of the most important factors in the choice of cylinder arrangment is the shape of the engine and the space available, including considerations of accessibility for service and repairs.

In line engines:  with 2 or more cylinders, the in line type is used where the shape is suitable or where some sacrifice in light weight and compactness for mechanical simplicity an easy maintenance.  In line engine is attractive from the point of view of balance and vibration.

V Engines :  V engines of 8 cylinders or more have excellent balance and relative freedom from vibrational problems.  It fits very well into the space available in front-engine automobiles, this type of engines is compact, high specific output and reasonably low cost .

Opposed cylinder engine

Like the V-engine but the angle between cylinders is 180, except that they usually require a separate crank for each cylinder, this type is suitalbe for air cooling, since the individual cranks require a relatively wide cylinder spacing which provides room for cooling fins between cylinders.  They are used where light weight and short length are important.  It is used in motorcycles, rear-engine automobiles and light airplanes.
Radial Engines

This type is used in aircrafts, because the shape is convenient, and it gives the lowest weight per unit displacement because the material in crank shaft and crank case is at minimum for a given number of cylinders.
The opposed-piston engine

This type is used in 2 cycle diesel engines.  It is used for large marine engines, locomotive engines and military engines.  The advantage of this type is reducing heat losses.  Disadvantage include the requirement of two crank shafts geared together .
8.2 Some Basic Performance Factors of an Engine

In calculating the cylinder bore and piston stroke of an engine with a given horespower and speed, the first step is to select the numerical values of the main characteristics, taking them from known designs.  These are the mean effective pressure, mean piston speep Vp, stroke bore ratio L/D and the number of cylinders Z .

8.2.1
Mean effective pressure


In modern diesel engines the mean effective pressure at rated power is as follows :

Four Stroke engines


Unsupercharge

I m.e.p  =  6 – 8 bar


Supercharged


I m.e.p  =  9 – 12 bar


Two stroke engines


Uniflow scavenging





Unsupercharged
I m.e.p  =  5.5  -  8.5 bar



Supercharged

I m.e.p  =  9.-  -  16.- bar


Loop scavenging



Unsupercharged
I m.e.p  =  5 – 8 bar



Supercharged

I m.e.p  -  8 – 14 bar


Spark ignition engine

I m.e.p  =  6 – 12 bar

8.2.3 Mean Piston Speed (Vp)
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The mean piston speed is an important factor in estimating the engine characteristics and life sine the wear of the main working parts grown with an increase of this speed also mechanical stresses the following table gives some values of piston speed for types of engines .

Low speed engines


N = 100  -  300 rpm
4 – 6 m/s

Medium-speed engines

N = 300  -  1000 rpm 
4 - 9 m/s

High speed SIE engines

N > 1000

9 – 15 m/s

High speed CIE engines

N > 1000

9 – 15 m/s

8.2.4 [image: image2.wmf]Stroke-bore ratio  L/D

In selecting L/D one must bear in mind that the increase in this ratio will increase the piston stroke and piston speed, so in high speed engines this ratio should be minimized in order to reduce to piston speed, but increasing the bore of piston will increase the force acting on the piston .

Where Fmax  =  maximum force acting on piston


Pmax  =  maximum pressure occurs by combustion


The following table gives the value of the ratio L/D



Low speed engines


1.2  -  2



Medium speed



1     -  1.5



Petrol & high speed engines

0.7  -  1.2



Compressors



0.6  -  1.8



Pumps




1.5  -  3
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