The petrol engine as used in most automotive applications can be approximated by the 'Ideal Otto Cycle. 

(a) Draw and label a P-V diagram for a standard 'ideal' Dual Cycle












(4 marks)

(b) Explain the differences between the following thermodynamic processes:

i. Isothermal

ii. Adiabatic

iii. Isochoric

iv. Isobaric

v. Polytropic












(5 marks)

(c) Draw a P-V diagram for a real engine, labelling the 4 different parts of the four stroke cycle and the important parameters of the cycle












(6 marks)

(d) If during combustion, the fuel releases an average of 12J per degree for 20 degrees during combustion, calculate the increase in pressure in the cylinder over 10 degrees of crank rotation if the volume changes from 30 cc to 50 cc and the initial pressure at the start of the 10 degree change is 28 Bar? You may assume that the polytropic index is 1.35 and that γ is 1.35












(6 marks)

(a) Describe the 3 principle processes of heat transfer. You should explain the mechanisms by which the transfer occurs, the mediums in which heat transfer is possible in each case and an example of where each type is the main source of heat transfer.












(6 marks)

(b) The cylinder of a small diesel generator has a total of 44 cooling fins, each with a 245mm outer diameter and a 110mm inner diameter. If the average fin temperature is 144°C, the emissivity is 0.8, the ambient temperature 18°C, the Stefan-Boltzmann constant σ = 5.6703 10-8 (W/m2K4), calculate the total rate of heat dissipation from the cooling fins when:

i. The air around the cylinder is stationary and h = 8W/m2K

ii. The air is blowing at 5m/s and h = 56W/m2K












(6 marks)

(a) Describe what you understand by the term 'Entropy'?












(2 marks)

(b) Explain what you understand by the '2nd law of Thermodynamics'?












(2 marks)

(c) Explain what is meant by 'Specific Heat Capacity'?












(1 mark)

You are required to carry out calculations on a naturally aspirated Petrol engine with a cylinder displacement of 450cc and a compression ratio of 13:1.
Assume that the cycle is an ideal constant volume Otto cycle with instantaneous burning and heat input at Top Dead Centre (TDC). Assume that the intake stroke is complete at Bottom Dead Centre (BDC) and that the exhaust valve opens at BDC. The engine is not quite adiabatic but has a polytropic index of 1.28 during compression and 1.21 during the expansion stroke. Assuming that the air intake temperature is 18(C, Calculate: 

a. The air mass trapped in the cylinder if the volumetric efficiency is 92%.

b. The fuel mass.

c. The heat output from the burning fuel assuming 90% combustion efficiency.

d. The rise in temperature of the air/fuel mixture during combustion.

e. The temperature of the air/fuel gas just before the start of combustion.

f. The temperature of the exhaust gas.

g. The peak pressure in the cylinder.

h. The work done during expansion.

i. The potential energy recoverable from the exhaust gas per cycle if the ambient temperature is 18(C.

j. What assumptions are being made in this questions that are not applicable for a real engine?

You may use the following information:

Density of air at 20(C = 1.2 kg m-3
Calorific value of fuel = 44x106 J kg-1
Stochiometric Air/Fuel ratio = 14.7:1

Specific heat of air/fuel or exhaust gas at constant volume = 1007 J kg-1 K-1









(20 marks)

Unlike the standard 'ideal' Otto cycle, a real engine releases its energy in a gradual way during the combustion process. One way of modelling this energy release is by means of the Wiebe function. Sketch the properties of this function and explain how it is used to represent the combustion process.

(4 marks)

Draw a P-V diagram for a real engine, labelling the 4 different parts of the four stroke cycle and the important parameters of the cycle

(4 marks)

You are required to carry out calculations on a Land Rover TDV6 compression ignition engine with a cylinder displacement of 450cc and a compression ratio of 18:1.

Assume that the cycle is an ideal constant pressure combustion diesel cycle. Assume that the intake stroke is complete at Bottom Dead Centre (BDC) and that the exhaust valve opens at BDC. The engine is not quite adiabatic but has a polytropic index of 1.35 during compression and 1.28 during the expansion stroke. Assuming that the air intake temperature is 4°C, Calculate: 

(a) The air mass trapped in the cylinder if the volumetric efficiency is 92%.

(b) The fuel mass.

(c) The heat output from the burning fuel assuming 90% combustion efficiency.

(d) The rise in temperature of the air/fuel mixture during combustion.

(e) The temperature of the air/fuel gas just before the start of combustion.

(f) The temperature of the exhaust gas.

(g) The peak pressure in the cylinder.

(h) The work done during expansion.

(i) The potential energy recoverable from the exhaust gas per cycle if the ambient temperature is 4°C.

(j) What assumptions are being made in this questions that are not applicable for a real engine?

You may use the following information:

Density of air at 4°C = 1.27 kg m-3
Calorific value of fuel = 44.8x106 J kg-1
Fuel Ratio = 18:1

Specific heat of air/fuel or exhaust gas at constant volume = 1007 J kg-1 K-1









(20 marks)

Describe what is meant by the following processes:

a. Adiabatic

b. Isothermal

c. Polytropic

Give suitable, real world examples in each case.












(6 Marks)

From first principles, show that:

d. [image: image2.emf]









e. [image: image4.emf]




















(9 Marks)












(4 marks)
