[image: U:\UWTSD Logo.jpg]


	LOCATION: Swansea 
	LLEOLIAD:  abertawe

	LEVEL 4
	LEFEL 6

	EXAMINATION PERIOD
	CYFNOD ARHOLIADAU

	January 2024
	IONAWR 2024



MODULE CODE: ACDA 4019 (BEng)
PRINCIPLES OF OME

TIME:  2 HOURS (Use 1 ½ NOt 1.5 for time)
answer all questions


Equipment or materials required – None
Adnoddau neu ddefnyddiau sydd eu hangen - Dim



















BEGIN EXAM QUESTIONS HERE!

ANSWER ALL QUESTIONS

Question 1

Describe the difference between an explosion and an explosive. 


[2 marks]

Explain the differences between burning, deflagration, and detonation?  

[6 marks]

State the law that governs burning rate and pressure under constant volume conditions.

[2 marks]




Question 2 

Draw a diagram that depicts high and low explosives.     
[3 marks]
Briefly describe the characteristics of each type, giving two examples of each. 

											[5 marks]
A breakdown specialist is working in an explosive processing area and is not wearing anti-static footwear. He is handling small quantities of lead azide. Is this safe practice? If not, why not?

											[2 marks]
 

Question 3

Define the terms ‘critical diameter’ and ‘critical density’.
[2 marks]

[bookmark: _Hlk98758721]Why are they so important in terms of munition design? 
[3 marks]

Draw a diagram of an artillery projectile and its associated propulsion system. Annotate the types of explosive that you would expect to find in the fuze, main filling and modular charge system. 
										[5 marks]
Question 4

Draw a graphical representation of the heat of explosion and oxygen balance for EGDN, nitroglycerine (NG) and TNT. Annotate the likely products of detonation for each composition (you may ignore nitrogen gas).
[4 mark]

Explain what is so important about the products of detonation of a CHNO explosive, and how they affect explosive performance. Your answer should consider the following enthalpies of formation:
· Carbon Monoxide (g) – 110.5 kJ/mol
· Carbon Dioxide (g) – 393.5 kJ/mol
· Water (g) – 241.8 kJ/mol
· Nitrogen (g) – 0
· Oxygen (g) – 0
· Carbon (s) – 0 


[4 marks]

Aluminium is added to TNT to make an underwater explosive knowns as TRITONAL. Briefly describe how the addition of aluminium increases the heat of explosion.
[2 marks]

Question 5

Define the term ‘hot spot’ and its importance in the detonation process. Your answer must include examples of two types of hotspot and explain ignition temperature. Assume that the explosive is of sufficient critical diameter and density to sustain a detonation.			
[5 marks]
An artillery shell containing TNT is fired from a self propelled gun on return from long-term field storage in a country with a diurnal temperature range of +52oC to +2oC. The shell is not inspected before firing, resulting in a breech explosion. Explain how the effects of diurnal cycling on TNT may have caused the premature explosion.

										[5 marks]

Question 6


Describe the energetic compositions of single, double and triple base propellants.  
[3 marks]

For a single base propellant, what is the maximum theoretical percentage (%) for nitrogen? Explain how the nitrogen content impacts upon Force Constant and Flame Temperature.
										[3 marks]

A tank gun requires the highest pressures to achieve the required muzzle velocity for a long rod penetrator. What could be added to a double base propellant to achieve such performance and how would this affect barrel life? 
[3 marks]
How could the barrel life be extended?
										[1 mark]

Question 7

Explain the types of lethal mechanism that you could use to defeat: a) armour; b) personnel out in the open; and c) a fast-moving jet at high-altitude.
										[5 marks]
From the diagram below, describe the types of shock wave experienced by this submarine from an underwater explosion. W represents the explosive charge and R the shortest distance from the explosion to the target. 
[image: A diagram of a submarine

Description automatically generated]
										[5 marks]

Question 8

Describe the 4 categories of blast injury to humans, giving examples of the type of injury that may be sustained.
										[8 marks]

Why is it so essential to match the kinetic energy of a weapon system to the target?

										[2 marks]

Question 9


Explain the term stoichiometric mixture.
										[2 marks]

Draw a graph which illustrates how performance (e.g. energy output) changes with respect to ingredient ration for a binary system in Jg-1 of mixture.
										[3 marks]

How does the energy output change when measured as Jmol-1 of oxidant available?
										[2 marks]

Why, for an illuminating flare, does the peak performance occur at 60% magnesium when the stoichiometric mixture calls for 56% magnesium?
										[3 marks]


Question 10

What are the ingredients of gunpowder and in what ratio would they normally be found?

										[3 marks]

Besides controlling the percentages of the constituent chemicals, what do we need to do to ensure complete and rapid combustion?

										[2 marks]

How is this achieved in the manufacturing process?

										[5 marks]
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