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Section 1 – Experiment Purpose
The purpose of this experiment was to use a basic calorimeter to measure the specific heat capacity of an aluminium projectile. This has a myriad of uses within OME, including testing which materials can withstand discharge from a weapons system under known conditions.
Section 2 – Hypothesis & Theory
Firstly, what is heat? Heat is a form of energy, which follows the 4 Laws of Thermodynamics and Energy Conservation. In a given system, according to the 1st Law of Thermodynamics, the combined total energy remains constant, because energy cannot be created nor destroyed, only converted into another form [1]. In this instance the ‘system’ is the projectile and the ‘surroundings’ is the calorimeter. This experiment is putting this first law into practice. 
[image: ]Heat can also be transferred through various means. Primarily this is through Conduction, Convection and Radiation. This is simply described in the following illustration;







			Figure 1 - [2]
There are other ways heat can transfer; absorption and discharge of energy. The energy transferred could be anything, light or sound for example. Knowledge of how atoms release energy through the breakup of chemical bonds is important in OME, to know the lethality or destructive power of the system being designed. It would be counterproductive to design a marine scare charge, normally of a few g’s NEQ, with the destructive power of a JDAM ‘bunker buster’. With relation to the release of heat energy, this is called an Exothermic reaction. This has a negative enthalpy change [3]. Therefore, an Endothermic reaction is the absorption of heat. This has a positive enthalpy change, due to more energy being needed to initiate the reaction than is released by the reaction [4]. In OME this is useful to know with regard to missile systems, particularly large and hypersonic systems, where it is undesirable for the casing to heat up in flight and lead to premature initiation. Enthalpy being the amount of energy required to change a material. That change is usually a phase change – liquid to a gas. Enthalpy of fusion is with reference to the phase change from solid to a liquid. Likewise, Enthalpy of sublimation is the phase change from solid to gas [5]. These phase changes are relevant in OME for understanding how different compounds decompose during initiation. Heat flow, or transfer, from a warmer object to cooler, thus conserving heat, is consistent with the law of conservation of energy, as mentioned previously. 
  “The amount of heat lost by a warmer object equals the amount of heat gained by a cooler object.”  [6]
[bookmark: _GoBack]Calorimetry is the method of measuring heat transfer during reactions or changes between phase states. A Calorimeter is an instrument designed to provide an isolated chamber where temperature change towards thermal equilibrium can be measured where the temperature is no longer changing [7]. Once thermal equilibrium has been reached, the software (if an electronic device or computer controlled apparatus) or the equations in the table below, can be used to calculate the amount of energy (J) transferred.
	Equation 1
	Q = m · Cp · ΔT

	Equation 2
	- Qmetal = Qwater + Qcalorometer

	Equation 3 
	(Eq 1&2 relationship) mmetal · Cpwater · ΔTmetal = -(mwater · Cpwater · ΔTwater + HCcalorimeter · ΔTcalorimeter)

	Equation 6 
	- Qhot-water = Qcold-water + Qcalorometer

	Equation 7
	Qcalorimeter = HCcalorimeter · ΔTcalorimeter


Table1. Table of equations
	Q

	Heat change, measured in Joules (J)

	m

	Mass, measured in grams (g)

	Cp
	Specific Heat Capacity, measure in Joules per Degree Celsius  (J/(g°C)).

	ΔT

	Change in temperature, measured in  Degree Celsius (°C)


Table2. Key to the above.
Equation 1 defines the three domains for measuring heat change (Q). The specific heat capacity (Cp) refers to the quantity or amount of heat energy in any form to raise the temperature of the system, per unit mass. Usually this is measured by the amount of energy to raise the temperature of 1g (m) of the given sample, by 1 degree Celsius (or Kelvin) (ΔT). Water’s specific heat capacity is high, therefore making it good for temperature regulation (4.186 J/(g°C)) [8] This means that water requires 4.186 J of energy to heat 1 g, by 1 degree [9]. Whereas, the projectile has a specific heat capacity of 0.902 J/(g°C) [8], so, in theory, should require less energy to heat. 
This can be summed up in the following definition;
“Heat capacity is defined as the ratio of the amount of energy transferred to a material and the change in temperature that is produced.” [8]
Digital calorimetry has its uses in OME in a variety of ways. Differential Scanning Calorimetry is a technique used to thermally characterise a material by how much energy is used to melt the substance or decompose it. Alternatively, a Heat Flow Calorimetry test uses set conditions to mimic the aging of materials over time. The results can then be used to assess whether a material will last 10 more years in storage (at 25°C). Therefore, calorimetry in the OME sphere is used for characterisation and lifetime assessment.

Section 3 – Chemicals & Equipment, Procedure
No chemicals requiring any special requirements were used in this experiment. 
The equipment used is listed in the following table;
	Water
	X2 Styrofoam cups
	Digital calibrated scales

	Stirrer
	Thermometer
	Bunsen burner

	Aluminium projectile
	Goggles
	Flame retardant lab coat

	Retort stand
	Cork cover with holes
	Results book

	Tongs
	
	


Table 3. Equipment
The ‘calorimeter’ is set up as follows;
[image: ]
Figure 2. Calorimeter setup.		
The calorimeter is built by stacking the cups, one inside the other. The cork lid has two holes in, one each for the stirrer and thermometer. 	This apparatus will be now known as the calorimeter. Avoid puncturing the calorimeter with the stirrer or the thermometer.	
Two procedures were required for this experiment;
1. Measure the heat capacity of the calorimeter. (HCcalorimeter)
2. Measure the specific heat capacity of the projectile. (CPmetal)
Procedure 1 – The goal of this is to measure how much heat is absorbed by the cups.
1. Pour 50ml of room temperature water into the calorimeter and place the cork lid on top. Insert the thermometer and stirrer.
2. In a different beaker heat another 50ml of water to approximately 80°C. Allow the water to cool to approximately 60°C and record as Thot.
3. Measure the temperature in the calorimeter and record as Tcold.
4. Remove the lid, add the hot water to the calorimeter and mix thoroughly with the stirrer. Record the maximum equilibrium temperature of the mixture as Tmax.
5. Calculate the calorimeter heat capacity using Eq1, Eq6, Eq7.

Procedure 2 – The goal is to measure the specific heat capacity of the metal (Cpmetal).

1. Weight the projectile and record it as mmetal.
2. Using the Bunsen burner, heat a water bath to boiling. Cease heating. Place the projectile in for 5 minutes, to reach equilibrium. Do not heat the projectile directly.
3. Whilst waiting, refill the calorimeter with 30ml room temperature water, recording as Tcold.
4. After the 5 minutes record the temperature of the water as Thot.
5. Quickly and safely remove the projectile from the water bath and place in the calorimeter.
6. Stir the water every 10 seconds recording them (time, Twater). Record the maximum temperature as Tmax.
7. Use Eq3 to calculate Cpmetal (specific heat) and HC calorimeter found previously. Assume thermal equilibrium between water and calorimeter. Cpwater = 4.186 J/(g°C).
CPmetal = 0.921096 J/(g°C) [10].
































Section 4 – Observations, Data & Calculations
Table 4, below, is a recreation of the data record sheet as supplied by UWTSD. 
	Student Name: Ben Palmer-Drury


	Partner’s Name: Marcus Baker-Wells


	Procedure 1
	Procedure 2

	Thot
	60°C
	Thot
	66°C

	mhot-water
	78.9 – 30.8 = 48.1g
	mmetal
	18.6g

	ΔThot-water
	-24°C
	ΔTmetal
	40°C

	Tcold
	20.5°C
	Tcold
	21°C

	Mcold-water
	78.6 – 30.8 = 47.8g
	mwater
	58.7 – 30.8 = 27.9g

	ΔTcold-water
	+15.5°C
	ΔTwater
	5°C

	Tmax
	36°C
	Tmax
	26°C

	ΔTcalorimeter
	+15.5°C
	ΔTcalorimeter
	5°C

	Qcold-water
	3101.41 J
	Cpmetal
	2.148 J/(g°C)

	Qhot-water
	-4832.31 J
	
	

	Qcalorimeter
	-1503.19 J
	
	

	HCcalorimeter
	-2.016 J/(g°C)
	
	


Table 4. Table of results
	Time (s/m)
	Twater (°C)
	Time (s/m)
	Twater (°C)
	Time (s/m)
	Twater (°C)
	Time (s/m)
	Twater (°C)

	10
	26
	1.40
	25.5
	3.00
	25.5
	4.30
	25.5

	20
	25.5
	1.50
	25.5
	3.10
	25.5
	4.40
	25.5

	30
	25.5
	1.6
	25.5
	3.20
	25.5
	4.50
	25.5

	40
	25.5
	2.00
	25.5
	3.30
	25.5
	5.30
	25

	50
	25.5
	2.10
	25.5
	3.40
	25.5
	6
	25

	60
	25.5
	2.20
	25.5
	3.50
	25.5
	10
	25

	70
	25.5
	2.30
	25.5
	4.00
	25.5
	14
	24.8

	80
	25.5
	2.40
	25.5
	4.10
	25.5
	19
	24.5

	90
	25.5
	2.50
	25.5
	4.20
	25.5
	24
	24


Table 5. Table of recorded temperatures for Procedure 2.
Section 5 – Results discussion & Conclusion
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Section 7 - Appendix (Original Documents)
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Recording calorimeter temperature drop
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