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Questions
1. (Paragraph A) What is the source of mechanical energy of a rotating crankshaft?
(Paragraph B) What is an open cycle?
(Paragraph B) State THREE factors influencing an ICE power output.
(Paragraph C) Does the heat supply stroke of the Otto cycle is isobaric?
(Paragraph C) Name the adiabatic strokes in the Otto cycle.

(Paragraphs C, F) State THREE differences between the strokes of Otto cycle and Diesel cycle.

AL R

(Paragraphs C, D, E, F, G, H) Are the following statements TRUE or FALSE?

7.1 The compression ratio of Otto cycle is higher than the compression ratio in Diesel cycle.

7.2 An ICE based on Diesel cycle must be bigger and heavier than one based on Otto cycle.

7.3 An Otto cycle-based ICE can use heavy oil.

7.4 An ICE based on Diesel cycle has greater working temperatures than one based on Otto cycle.
7.5 An ICE based on Diesel cycle has lesser rotational speed than one based on Otto cycle.

8.  (Paragraphs E, G) State TWO factors affecting ICE rotational speed.
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Thermodynamics of Piston Engines

A. ICE (internal combustion engines) are used for more than 100 years in various applications. They are built from
one or more cylinders with close-fitting pistons moving in reciprocating mode. This motion is converted to rotation
of a crankshaft which delivers power (in the form of torque and rotation speed) to a consumer. Inside a cylinder,
the fuel is burnt, and its chemical energy is transformed into mechanical energy. The work cycle involves air and
fuel supply (in the right ratio, for full combustion) and compression, heat supply for the ignition, expansion of

the burnt fuel in the gas form and excess heat rejection. Similar sequence of steps is employed in various engines
working on various types of fuel. Each step can be performed under one of following thermodynamic conditions:
isobaric (at constant pressure), isothermal (at constant temperature), isochoric (at constant volume) and adiabatic
(at constant entropy, no heat added or lost, no work done). In real engines, these conditions are fulfilled only
partially, and their efficiency is far from ideal.

B. In ICE, two types of fuel are widely used — gasoline and diesel oil, and, accordingly, two types of cycles are
applied — Otto cycle and Diesel cycle. Both are open cycles (a new portion of fuel and air is taken in each cycle),
and non-reversible (with friction, shock and turbulence losses). Their power output is proportional to the air mass
that moves through the engine, to the fuel-to-air mass flow rate, to rotational speed of the crankshaft, to the number
of cylinders and to the heating value of the fuel.

ICE energy efficiency improves when the pressure ratio increases, but there are certain obstacles preventing non-
limited increase of it. Analogically, non-controllable variations in fuel-to-air flow rate, in types of fuel and in

rotational speed couldn't be implemented.

Otto Cycle

C. Implemented in gasoline ICE, this cycle consists of 4 strokes. The mass of air that is drawn from the atmosphere
into the cylinder, compressed by the piston while mixed with vaporized gasoline (in close to adiabatic condition);
heated by the spark ignition and burn the fuel (in isochoric condition, the temperature increases); then the resulting
gas is allowed to expand as it pushes on the piston (again, in adiabatic condition); and finally exhausted back into
the atmosphere while sucking in the next portion of air (in isochoric condition, the volume of exhaust gases is equal
to the incoming air charge). The compression and expansion processes induced on the gas by the movement of the
piston are idealised as reversible, i.e., without turbulence- or friction losses. The net mechanical work gain equals
the difference of expansion- and compression work. Alternatively, the useful work gained is the difference between
the heat added and the heat removed.

D. The main limitations of the Otto cycle are: low combusting ratio of fuel-to-air and low ignition point. This

limits the possible compression ratio, because the higher the ratio, the higher the temperature is, therefore, a
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premature ignition may occur, forcing the piston in the opposite direction. The fuels usable for this type of engine

must be volatile, essentially lightweight and therefore, less energy-containing.

E. The main advantage is the high rotation speed due to lower mechanical forces (a welcome result of low

compression ratio); the low forces enable smaller and lighter construction components.

Diesel Cycle

F. Implemented in diesel ICE, this cycle also consists of 4 strokes. The air from the atmosphere is compressed
(in adiabatic condition, no fuel added, temperature increases); addition of fuel at the end of compression stroke,
ignition when the right fuel-to-air ratio is achieved without external spark (in close to isobaric condition); the
adiabatic expansion; ejection of hot gases while drawing in the next air portion (in isochoric condition).

G. The main limitations of the cycle are: high compression ratios needed for compression ignition , results in higher
forces and shock loads, so the engine parts must be bigger and heavier; for better air- and fuel mixing more time

must be allowed resulting in reducing of rotational speed.

H. The advantages of diesel ICE are: since the combustion does not depend on natural vaporization, wide range
of fuels can be used, including heavy oil; the efficiency of diesel engines is greater than the Otto cycle engines,
as the result of higher compression ratio and better fuels; they work on lower temperatures, so there is no risk of
overheating if they are left idling for prolonged periods.

The percentage of energy conversion from chemical to mechanical form is about 24% for Otto cycle ICE and about
32% for Diesel cycle ICE.
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