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BEGIN EXAM QUESTIONS HERE!

ANSWER ALL QUESTIONS

Question 1

Define the term ‘explosion’. 
[2 marks]
[image: ]
Explain the difference between burning, deflagration, and detonation.  

[8 marks]
A simplistic answer:
[image: ]



A more detailed answer.
[image: ]
Question 2 

Draw a wiring diagram that depicts the common types of explosives in everyday use.     
[3 marks]
In the wiring diagram we want to see: low explosive (propellant explosive) and high explosive. Low explosive can be split into propellant and pyrotechnic. High explosive can be split into primary, secondary and tertiary explosive. Primary high explosive may be further split down to deflagrating and detonating.
[image: Diagram

Description automatically generated]
Briefly describe the characteristics each type of explosive you have identified, giving two named examples of each.
											[5 marks]

In this response we are wanting to hear about sensitivity to stimuli. ESD, heat, shock, friction etc. Examples can include any of the primary/secondary compositions taught.

A large quantity of ammonium nitrate and fuel oil has failed to detonate during a trial. The investigation shows that only a commercial detonator has been used to facilitate. Explain why the ammonium nitrate and fuel oil failed to detonate.

											[2 marks]
ANFO is a tertiary explosive and is less sensitive than primary or secondary explosives. As such, it requires a booster as well as a detonator to reliably initiate.

Question 3

Define the terms ‘critical diameter’ and ‘critical density’.
[2 marks]
Critical diameter – diameter below which a successful detonation cannot progress.
Density – critical density below which a successful detonation cannot progress.

[bookmark: _Hlk98758721]Why are critical diameter and density so important in terms of munition design? 
[2 marks]
If the critical diameter and critical density of the explosive used in a warhead are not considerwed then the warhead may fail to function as designed.
Draw a diagram of fixed-case artillery round. Annotate the types of explosive that you could expect to find in the fuze, main filling and primer/propulsion system. 
										[6 marks]
[image: ]
Question 4

Draw a graphical representation of heat of explosion (Q) and oxygen balance () for EGDN, nitroglycerine (NG) and TNT. 
[3 mark]
[image: ]
Explain why the gaseous plume following a TNT explosion is so dark in colour. 
										[1 mark]
This is because the products of explosion contain a large % of carbon (s)

What products of detonation would you expect to find for EGDN given its oxygen balance?
[3 marks]
Given that the oxygen balance is zero, the products of detonation (other than N2(g)) are CO2(g) and H2O(g), leading to high energy release.
If aluminium were added to an explosive, what product of detonation would aluminium produce? Briefly expalin what happens to the heat of explosion Q and gas volume V.  
[3 marks]
Aluminium will compete with the gaseous products (CO, H2O, CO2) to form Al2O3(s). The enthalpy of formation of Al2O3 is considerably higher than the gaseous products leading to an increase in Q and a reduction in V.


Question 5

Give an example of a ‘hot spot’ in an explosive composition and explain its importance in deflagration and detonation. In your answer consider the factors that would prevent a ‘hot spot’ from progressing towards detonation.							
[10 marks]
[image: ]
[image: ]
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Question 6

Describe the difference between a single, double and triple base propellant, identifying the type of ordnance or munition that they would be used for.  
[4 marks]
In this question we are looking for the basic understanding in chemical composition – NC, NC/NG, NC/NG/NQ. SAA, Precision SAA and large calibre. Student should state the Force Constant and perhaps flame temperature.

What could be added to a single or double-based propellant to further increase the force constant required for tank ammunition? What would an increase in force constant do to the barrel and what would be the associated implications? How could the flame temperature be moderated?
[6 marks]
In this case we are talking about HEN with the addition of RDX. We will obtain a higher F and To, which will reduce barrel lifer and battlefield mission. Flame temperature can be moderated with coolants. Student will have been provided with examples.
Question 7

Draw a pressure-time curve for a typical explosion, annotating the key aspects associated with blast. Provide indicative timings for any phase that you describe.

										[3 marks]
[image: ]
Explain the types of warhead you could use to defeat: a) armour; b) personnel out in the open; and c) a fast-moving jet at low altitude.
										[2 marks]
Armour – SCJ, EFP, KE (APDS/APFSDS), HESH
Personnel – Blast, fragmentation, KE (bullet/flechette)
Aircraft – blast, fragmentation
For each type of target above, explain the principal mechanism of damage.
										[5 marks]
Armour – hydrodynamic penetration and defeat of armour. For HESH impedance forming spall.
Personnel – blast – overpressure. Penetration as KED exceeded.
Aircraft – blast – overpressure. Penetration of vital components etc.

Question 8

Describe the 4 categories of blast injury to humans, giving examples of the type of injury that may be sustained.
										[8 marks]
[image: ]
[image: ]
Why is it necessary to match the kinetic energy of a weapon system to the target?

										[2 marks]
If the KE of the target is not exceeded then penetration or perforation is not possible

Question 9

Explain the term stoichiometric mixture.
										[2 marks]
The stoichiometric mixture in a pyrotechnic, is a mixture containing a fuel and an oxidizer in such a ratio that both the reactants are exhausted after the completion of the reaction. Stoichiometry, in general, gives us information about the relative quantities of reactants (Fuels and Oxidants) involved in a reaction.

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]
The energy output (or heat of reaction) should rise towards the stoichiometric ratio and decay thereafter.
[image: ]

How does the energy output change when measured as Jmol-1 of oxidant available?
										[2 marks]
The output should climb steadily to the point of the stoichiometric ratio and then plateau. If there is an excess of fuel, only that consumed by the oxidant will give rise to any reaction output. When normalised to per mole of oxidant this represents a plateau.

Why, for an illuminating flare, does the peak performance occur at 60% magnesium when the stoichiometric mixture calls for 56% magnesium?
										[3 marks]
Fuel in excess of the stoichiometric mixture is consumed by atmospheric oxygen. Magnesium is not burned “in situ” but ejected from the flame as particles

Question 10

Describe the make-up and function of a typical coloured smoke composition.
										[4 marks]
A typical coloured smoke composition is made up of three components. A fuel, an oxidiser, and a dyestuff of the appropriate colour. The heater mixture should be low temperature, and high gas, so as to sublime the dyestuff, allow it to condense without damage, and be transported on the gas stream.
The components are usually tumbled together to form an homogenous mix and then consolidated into a perforated pellet for installation into the grenade or cannister.

The potential reaction chemistry of a binary smoke mixture may be described as follows: 
[image: Table

Description automatically generated]
Which of these two schemes is the most acceptable in terms of smoke production and why?
										[6 marks]

The fuel rich mixture is desirable because it produces a higher volume of gas per gramme of composition (The number of moles of gas is important). One mole of gas occupies 24 dm3 , thus gas volumes per mole are equivalent, but they are produced at a much lower heat in the second reaction. Thus damage to the dyestuff is avoided.
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Definition of an Explosion



The phenomenon of an explosion can be defined 
as the rapid decomposition of a chemical system 



with the evolution of heat and gas. In the vast 
majority of chemical explosions, the 



decomposition takes the form of combustion (an 
exothermic oxidation reaction) which produces 



some form of visible manifestation such as flame 
and/or smoke. 
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To fully understand explosive chemistry, it is important first to define
deflagrations and detonations and highlight the characteristics that
distinguish these two types of combustion waves. Deflagration and
detonation are differentiated from usual combustion by their power
output, velocities of propagation (some mms-1 for combustion, several
hundred ms-1 for deflagration and several thousand ms-1 for detonation),
and the source of oxygen that they use.



Reaction 
Type



Reaction rate Power 
Output



Oxygen 
Source



Example



Combustion Slow (mms-1) 100 Wcm-3 Atmosphere Burning 
Wood



Deflagration Subsonic 
(+100ms-1)



100 Wcm-3 Within 
compound



Confined 
black powder



Detonation Supersonic 
(+330ms-1)



1000 Wcm-3 Within 
compound



TNT
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The distinction between burning and detonation
Burning Detonation



All explosives burn when initiated by flame. Most explosives are capable of detonation if sufficient stimulus is applied.



Burning is slow compared to detonation (burning rates 
lie between 0.001 ms-1 and 500 ms-1)



Detonation is much faster than burning with velocities of detonation 
anything between 1800 ms-1 and 9000 ms-1 for solid explosives. 



Burning is a surface reaction where the burn rate 
increases with ambient pressure.



Detonation is not a surface phenomenon; it is a shockwave mechanism. 
Detonation proceeds radially from the point of initiation within the charge. 
The surface of the explosive is merely the boundary at which the wave 
ceases to be self-supporting. The velocity of detonation is independent of 
ambient pressure.



The burning rate is not normally affected by the 
strength of the container.



When detonation occurs within a container the velocity is affected by the 
strength and thickness of the container.



Damage to inert surfaces is limited to distortion or 
bursting.



Due to the sudden and extreme pressure created by a detonation, inert 
surfaces are damaged by distortion, perforation, shattering, denting and 
deep erosion.



The linear burning rate is independent of the size of 
the burning charge. There is no critical diameter so to 
speak.



The velocity of detonation of an explosive charge is dependent on charge 
diameter. If the diameter of the explosive falls is below a certain diameter 
at point of detonation, or below a certain critical diameter during 
propagation, then the detonation wave will not progress.



Burning is not (usually) initiated by an explosive shock 
but by direct heat or flame. Burning may convert to 
detonation if the velocity of the flame front exceeds the 
velocity of sound in the material being burned.



Detonation is initiated by shock or transition from burning. It does not 
usually revert to burning; if propagation fails then the charge remains 
chemically unchanged.



Granular explosives which are wet cannot generally be 
ignited. 



Granular explosives can, with adequate shock, be detonated.



Burning does not create shock phenomena, but noise 
and air blast may occur when cumulative pressure is 
vented into the atmosphere.



Detonation creates a report, which is caused by the shockwave emerging 
from the charge into the surrounding air.



Burning can take place with temperatures between 
600 and 1200 oC, dependent upon conditions. 



Detonation can realize temperatures as high 7000 oC.



In a burning system the gases flow in the opposite 
direction to the burning front



The product gases of a detonation follow on behind the shock wave in the 
same direction as the shock wave 
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So, what’s this all about? A Typical Shell
Cap:- Ingniferous input, 
percussion or electric, 
Lead styphnate based
Additives :-
Graphite in the electric cap.
Lead Oxide
Calcium silicide
Barium Nitrate
Tetrazine in the percussion cap



First Fire layer (or layers)
Usefully fine gunpowder
Either pressed onto the cap or
in magazine in the primer
or both.



Gunpowder G20 in
the primer body. Vents 
Through holes and lights 
Propellant.



Granular propellant:-
double base, 7 hole granule. 
With de-coppering agent



RDX/TNT/Wax fillingBooster pellet:-
Formerly CE (tetryl)
Now RX 3601 or similar



LDNR Stab sensitive
Detonator



Boron based delay.
Switch in / out



In line / out of line 
Stemming and 
detonator



Booster



LDNR = Lead dinitro resorcinate
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Explosive Oxygen Balance (%) Heat of Explosion (KJ/Kg)
TNT -73.9 3646
Tetryl -47.4 4166
Nitromethane -39.3 4299
NC -28.7 3991
RDX -21.6 5297
HMX -21.6 5249
Lead Styphnate -18.8 1453
Mercury Fulminate -11.2 1735
PETN -10.1 5850
Urea Nitrate -6.5 2455
Lead Azide -5.5 1638
EGDN 0 6743
NG 3.5 6214
Ammonium Nitrate 19.9 1441
Ammonium Perchlorate 34.4 1972
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How Does Detonation Occur?



n Hot-Spot Formation
l Where energy is concentrated in excess of the 



ignition temperature/threshold – linking/quenching.
l Cracks, voids, impurities etc as small as 0.1-10𝜇m
l Time duration - 10𝜇s to 1ms
l 1. Bubble collapse
l 2. Friction
l 3. Shear band formation
l 4. Crystal fracture
l 5. Visco-plastic work
l 6. Electrical discharge
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Primary Explosive – Hot Spots



n Ignition for the majority* of primary explosives 
is via inter-crystalline friction or adiabatic 
heating, which generate hotspots to overcome 
activation energy. [*ESD/flame/direct heating] 



n If the energy created by the hot spots exceeds 
the activation energy of the primary explosive 
then deflagration/detonation will proceed with 
the formation of explosive products and a 
release of energy. 



n If not, the hot spots will gradually die out, with 
no reaction occurring. 
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Secondary Explosive – Hot Spots



n Ignition for the majority of secondary 
explosives is through the adiabatic 
compression of small gas spaces between 
crystals. 



n If the heat energy created by the hot spots 
exceeds the ignition temperature of the 
explosive, then deflagration/detonation will 
proceed with the formation of explosive 
products and a release of energy. 



n If heat can dissipate then the hot spot 
gradually dies out, with no reaction occurring. 
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The nature 
and 



formation of 
blast waves
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Blast Injuries to you: Categories



lPrimary injury
lCaused by blast wave → over pressure 



lSecondary injury
lCaused by flying debris → shrapnel wounds



lTertiary injury
lCaused by blast wind → forceful impact



lQuaternary injury
lCaused by other vectors → heat, radiation
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Blast Injuries: Primary



lBlunt trauma from over pressure 
wave
lUnique to high-order explosives
lResults from the impact of the over-



pressurization wave with body 
surfaces



lBlunt force injuries
lProduces barotrauma
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                                                                   Graphical Representation              Heat of reaction 0% Proportion of Fuel 100%   Q (J/mole of oxidant) q (j/kg Mixture)  
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Number Combustion reaction of mixture Fuel Heat of  Specific volume of
of content of combustion gaseous reaction
mixture mixture products
%  MIkgh) (m’ ke)
1 8 KCIO, + C H,,0, . H,0= 26.9 4.43 0.401
8KCl+12C0O,+12H,0
2 4KClO,+ C,H,,0,.H0= 423 2.63 0.632

4KCl+12CO +12H,0





