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The objective of this report is to evaluate and discuss three experiments that have already taken place on a heat exchanger. Each experiment is measuring a different aspect of the heat exchanger. The first experiment aimed to measure the effect that water flow rates have on the performance of a heat exchanger. This is with a fixed air flow and temperature. The second and third experiments will look into the pressure of the air flow and how that affects the heat exchanger and the temperature of the water and how it will affect the heat exchanger.
For the first experiment the results we will be looking to find the change in temperature for each of the circuits and the average temperature for each circuit. This will be done by using charts and or equations, this is to calculate the water and air densities at each temperature. The second aspect that will be looked at in the first experiment is the air mass flow rate and to convert the water flow into mass flow. The third piece of information is to find out the specific heat capacity for the water at each flow rate, with the assumption that air is 1005 J.kg-1. K-1 for air.  The fourth aspect that needs to be done within the first experiment is to calculate the heat emitted and absorbed and the mean temperature efficiencies. Also to find the LMTD formula and use it to calculate the overall heat transfer coefficient for each flow, from the results we will be able to see the effect that flow rate has on a heat exchangers performance. This will be followed by three charts being made; the first chart showing the heat emitted by the heat exchanger and the power absorb, the second chart will contain air, water and mean temperature efficiencies and the third chart will plot the overall heat transfer coefficient. 
The aim of the second experiment is to show how different air flow rates affect the performance of a heat exchanger, when the water flow and temperature remain the same. For the second experiment there are three requirements that must be found. The first requirement is to find the change in temperature for each circuit and the average temperature for each circuit, this will be done throw using charts and equations to calculate the water and air densities at each temperature. Next the air mass flowrate and convert the water flow to mass flow, then find the specific heat capacity for each circuit at each flow rate. Lastly calculate the heat emitted, the heat absorbed and mean temperature efficiencies, then use the LMTD that was found in the previous experiment and use it to calculate the overall heat transfer coefficient for each flow. Three charts need to be made, the first chart will show heat emitted by the heat exchanger and the power absorbed into the air. The second chart will show the air, water and mean temperature efficiencies. The third chart will plot the heat transfer coefficient.
Experiment three will aim to show how different hot water supply temperatures affect the performance of the heat exchanger for a given fixed water flow. The results that will be looked at for experiment three is similar as experiment two. The analysis and the plotting of the charts will be the same as experiment two. These were explained in the previous paragraph. Then use the results from experiment two and compare how the two water temperatures affect the heat exchanger performance. 
Once all of the data has been gathered, the report will describe the key features and properties of heat exchanger performance and how the results have shown the theoretical background of heat exchangers. A look into detailed errors or experimental discrepancies that have affected the results of the experiments. There will also be a section where a discuss on how improvements could be made to the experiment procedure and the experiment itself. There will be a small section on how to improve the performance of the heat exchanger.
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Heat exchangers have been around as we’ve been cooking on pots and ovens. The first heat exchangers were simple rocks placed on a fire. The rocks would then be moved around the home to help warm up the interior (ScottTech, 2016). This was done so that it was safe to have heat in the home without risk of burning it down. Central home heating started with the romans. Although there is evidence that Indians may have been using hypocaust (ScottTech, 2016). Hypocaust is a system of central heating in a building that produces and circulates hot air below the floor of a room, and also can warm the walls with a series of pipes through which the hot air passes. Koreans used a similar system that lasted a thousand years. The next advancement would come nearly two-thousand years later with a man called Jean Simon Bonnemain by using hot water system to help incubation of chicken eggs (ScottTech, 2016). By 1829 home heating had been introduced by England. Hot water and heat exchangers would change the world. 
Heat exchangers in the current day have been developed in forms small enough to fit into a human hand a so large that are required to move them. Heat exchangers are used in many different applications such as refrigerators and laptops to food and drink (ScottTech, 2016). There are many different types of heat exchangers each having their specific need. There is nearly the same amount of heat exchanger designs as there is needs for heat exchangers (ScottTech, 2016).  
There are different types of heat exchangers, they are usually categorised on common characteristics. One of the main ways that heat exchangers are categorised by direction of flow. These are usually three categories, counter flow, cross flow and parallel flow. Parallel flow happens when both the shell fluid and side fluid are in the same direction. 
[bookmark: _Toc6173285]Procedure 
The equipment was first gathered together to make the experiment possible. First piece of equipment is a TecQuipment Heat exchanger with sensors. A pressure gauge for ambient pressure was then required a stop watch to time the experiment and a 100.11mm diameter air flow hole plate. These were all the equipment required to complete the experiment.
[bookmark: _Toc5284872][bookmark: _Toc5438854][bookmark: _Toc466544926][bookmark: _Toc6173286]Experiment one
The procedure for experiment one started with a connect and set up the standard 32 tube heat exchanger. Connect as for parallel flow and set a heater tank temperature of 60°C. Water enters the bottom of the heat exchanger and exits from the top. The ambient air pressure is then recorded. Inspect the orifice and check its diameter, this is shown on the surface of the orifice.  Turn on the fan and use the slide valve to set the airflow to give an orifice pressure drop of 250 Pa. Tolerance is set between 245 Pa and 255 Pa. Switch on the pump and use the hand operated water supply valve to set the water flow to 2.25 L/minute (+/- 0.01 L/minute). Allow five minutes for the heat exchanger temperatures to stabilize, then record all readings. Repeat the procedure for lower water flow rates of 1.75, 1.25, 0.75 and 0.25 L/min
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Check connections are set for parallel flow and set a heater tank temperature of 60°C. Water enters the bottom of the heat exchanger and exits from the top. Record the ambient air pressure. Switch on the fan and use the slide valve to set the airflow to give an orifice pressure drop of 250 Pa. Tolerance for the orifice pressure is between 245Pa and 255 Pa. Switch on the pump and use the hand operated water supply valve to set the flow to 0.25 L/minute (+/- 0.01 L/minute). Allow at least five minutes for the heat exchanger temperatures to stabilize, then record all readings. Repeat the procedure for lower air flow rates of 200, 150, 100 and 50 Pa pressure drop
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Check connections are for parallel flow and set a heater tank temperature of 45°C. Water enters the bottom of the heat exchanger and exits from the top. Repeat Experiment 2 - The Effect of Varying Air Flow Rate.
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Experiment 1
	Pressure Drop (Pascals)
	Water Flow Rate (L/minute)
	T1
(Water in)
(°C)
	T2
(Water out) (°C)
	Change in Water T
(°C)
	Average Water T
(°C)
	TA1
(Air in)
(°C)
	TA2
(Air out)
(°C)
	Change in Air T
(°C)
	Average Air T
(°C)

	250
	2.25
	60.9
	57
	3.9
	58.95
	25.2
	30.7
	5.5
	27.95

	250
	1.75
	60.9
	55.9
	5
	58.4
	25.2
	30.5
	5.3
	27.85

	250
	1.25
	60.5
	53.8
	6.7
	57.15
	25.3
	30.4
	5.1
	27.85

	250
	0.75
	59.9
	50
	9.9
	54.95
	25.2
	29.8
	4.6
	27.5

	250
	0.25
	60.2
	38.7
	21.8
	49.45
	25.3
	28.6
	3.3
	26.95



Experiment 2
	Pressure Drop (Pascals)
	Water Flow Rate (L/minute)
	T1
(Water in)
(°C)
	T2
(Water out) (°C)
	Change in Water T
(°C)
	Average Water T
(°C)
	TA1
(Air in)
(°C)
	TA2
(Air out)
(°C)
	Change in Air T
(°C)
	Average Air T
(°C)

	250
	0.25
	60.2
	38.7
	21.5
	49.45
	25.3
	28.6
	3.3
	26.95

	200
	0.25
	58.7
	38.4
	20.3
	48.55
	25.4
	28.7
	3.3
	27.05

	150
	0.25
	58.5
	39
	19.5
	48.75
	25.6
	28.9
	3.3
	27.25

	100
	0.25
	58.8
	40
	18.8
	49.4
	25.7
	29.4
	3.7
	27.55

	50
	0.25
	59.1
	42
	17.1
	50.55
	25.9
	30.4
	4.5
	28.15



Experiment 3
	Pressure Drop (Pascals)
	Water Flow Rate (L/minute)
	T1
(Water in)
(°C)
	T2
(Water out) (°C)
	Change in Water T
(°C)
	Average Water T
(°C)
	TA1
(Air in)
(°C)
	TA2
(Air out)
(°C)
	Change in Air T
(°C)
	Average Air T
(°C)

	250
	0.25
	48.8
	34
	14.8
	41.4
	25.3
	27.5
	2.2
	26.4

	200
	0.25
	48.5
	34.4
	14.1
	41.45
	25.4
	27.7
	2.3
	26.55

	150
	0.25
	48.5
	34.9
	13.6
	41.7
	25.5
	27.9
	2.4
	26.7

	100
	0.25
	48.7
	35.6
	13.1
	42.15
	25.6
	28.2
	2.6
	26.9

	50
	0.25
	48.9
	37
	11.9
	42.95
	25.8
	29
	3.2
	27.4
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From the results gathered from the experiment, a lot of unknown information can be calculated. These include; water density, mass flow rate of the water, specific heat capacity, Heat transfer, air density, mass sir flow rate, change in Q for the air use, mean temperature difference and heat transfer coefficient. 
Firstly, the water density needed to be worked out. This is shown with the equation below:

Once the water density was found. The mass flow rate of the water can then be calculated. This is done by using water density that had just been found and the flow rate given in the experiment. The equation for this is shown below.

The next section that had to be calculated was the specific heat capacity of the water. The equation for specific heat capacity is shown below.

The formula will need to be rearranged. Firstly,  = 4185.5 j.kg.K, once that is replaced it can be taken up to times with the remaining part of the equation leaving  on its own. The “t” in the equation is the average temperature which was calculated from the temperatures in the experiment. 
Next the heat transfer was found using the equation below.

After the heat transfer is found the air density will need to be found with the equation below.

The pressure will be in Pascal’s, the “R” in the equation stands for the gas constant of the air and the “T” within the temperature is in Kelvin. 
Mass air flow rate was then calculated using the equation below.

  is the area of the air entry hole as depicted within the mass air flow rate equation.
The change in “Q” needs to be found within the air use. This is found within the equation below.

The mean temperature of the experiment can be seen below. This is the Logarithmic mean temperature difference or (LMTD).

Then finally the heat transfer coefficient can be found from finding the LMTD. The equation for heat transfer coefficient is found below.

From all of the equations above a table of results can be made using these equations. These will be shown below.
	Water Density Calculations
	(Kg/m^3)

	Experiment 1
	

	250/2.25L/min
	983.7182946

	250 /1.75L/min
	983.996977

	250 /1.25L/min
	984.6235829

	250 /0.75L/min
	985.7032866

	250 /0.25L/min
	988.2694008

	Experiment 2 Temp@60 Degrees
	

	250/0.25L/min
	988.2694004

	200/0.25l/min
	988.670621

	150/0.25/min
	988.581926

	100/0.25/min
	988.2918317

	50/0.25/min
	987.7717632

	Experiment 3 Temp@40 Degrees
	

	250/0.25L/min
	991.6610181

	200/0.25l/min
	991.6413635

	150/0.25/min
	991.5428166

	100/0.25/min
	991.3642868

	50/0.25/min
	991.0432887



	Specific Heat 
	(J/Kg.K)

	Experiment 1
	

	250/2.25L/min
	4183.652659

	250 /1.75L/min
	4183.42036

	250 /1.25L/min
	4182.908836

	250 /0.75L/min
	4182.06389

	250 /0.25L/min
	4180.263105

	Experiment 2 Temp@60 Degrees
	

	250/0.25L/min
	4180.263105

	200/0.25l/min
	4180.011775

	150/0.25/min
	4180.066545

	100/0.25/min
	4180.248815

	50/0.25/min
	4180.587118

	Experiment 3 Temp@40 Degrees
	

	250/0.25L/min
	4178.482867

	200/0.25l/min
	4178.490471

	150/0.25/min
	4178.529187

	100/0.25/min
	4178.601786

	50/0.25/min
	4178.739934



[bookmark: _Toc5284877][bookmark: _Toc5438859][bookmark: _Toc466544929][bookmark: _Toc6173291]Experiment one
The first experiment showed as you decreased the water flow rate, it showed that the water temperature cools down and drops significantly as the flow rate decreases from 2.25 (L/min) to 0.25 (L/min), with the temperature dropping by 3.9 degrees when the water flow rate is set at 2.25 (L/min). compared to the drop in temperature when the water flow rate was at 0.25 (L/min) the drop in temperature was 21.5 degrees. This is due to the water spending more time in the tubes leading to exposure to the air that enters the heat exchanger. 
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In the second experiment the water flow rate was left at 0.25(L/min) and the pressure was decreased. As shown in the results the air temperature increased. This is due to the air spending more time within the tubes. This allows the air temperature to heat up. Although the increase in temperature is very small only between 3.3 degrees to 4.5 degrees.
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The third experiment dropped the water temperature to 40 degrees. However, the water was still entering the heat exchanger at a higher temperature than what the temperature was set as. However, the results seemed very similar with the first experiment with an increase in heat of the air at its exit. There was a slight decrease in the amount of change in temperature compared to the second experiment this is probably due to the water entering in at a lower temperature. The trend does remain the same though, the lower the air flow the hotter the air will exit the heat exchanger.



[bookmark: _Toc5284880][bookmark: _Toc5438862][bookmark: _Toc6173294]Improvements 
Improvements that could have been made to this experiment are listed below;
· More time between readings 
· Automatic reader
· Automatic timer
· Add in more changes to flow and temperature
The first improvement that could have been made for the experiment is the time between readings being increased to allow a pattern to occur and the heat exchanger to settle before taking the results. This would help with more accurate results of what happens within a heat exchanger when you change certain variables of the heat exchanger. Second improvement that could be made is to give an automatic reader to record the data as the timer passes its mark this would give the greatest accuracy to the experiment. The third is to have the automatic timer so that the recordings of the data can be captured at the right time with no delay between the recordings and timer for the next set of recordings. The fourth improvement is just to have the variables more frequent with the recordings. This would allow a greater range of recordings throughout the experiment.  
[bookmark: _Toc5284881][bookmark: _Toc5438863][bookmark: _Toc6173295]Conclusion
The experiment was set out to look at how different factors that affect a heat exchanger. The first experiment showed that if you lowering the flow rate of the water that it will affect the temperature of the water as it exists the heat exchanger, the slower the flow rate the colder the water is exiting the heat exchanger. This was caused partly by the effect of the air travelling above the water, as well as the water spending more time with the heat exchanger. The second experiment was to show how the temperature affects the heat exchanger and how the air pressure entering the heat exchanger changes conditions within it. It was shown that lowering the air pressure increases the temperature of the air. The third experiment was used to compare with the second experiment, to differentiate how temperature of the water entering the heat exchanger and how it effects the heat exchanger. The results found that lowering the temperature of the water entering the heat exchanger lowers the rate that the temperature of the air exits the heat exchanger; however, this is by a minimal amount. The experiment was a success in what is set out to do. 
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Water mass flow rate vs power output

Qw	3.6889436047905184E-2	2.8699911829711208E-2	2.0512991310075907E-2	1.2321291081933411E-2	4.1177891701969669E-3	601.89709009616888	600.31897741286059	574.88661642371108	510.13142243730874	370.08900608048725	Qa	3.6889436047905184E-2	2.8699911829711208E-2	2.0512991310075907E-2	1.2321291081933411E-2	4.1177891701969669E-3	651.48826388056568	627.9021102299904	604.20769097602806	545.28892165536661	391.5440130072119	Mass flow rate Water (Kg/s)


Power (watts)




Water mass flow vs temperature efficiencies

Temp eff water	3.6889436047905184E-2	2.8699911829711208E-2	2.0512991310075907E-2	1.2321291081933411E-2	4.1177891701969669E-3	10.924369747899155	14.005602240896359	19.034090909090914	28.530259365994233	61.604584527220617	Temp eff air	3.6889436047905184E-2	2.8699911829711208E-2	2.0512991310075907E-2	1.2321291081933411E-2	4.1177891701969669E-3	15.406162464985993	14.845938375350141	14.488636363636356	13.256484149855909	9.455587392550143	Mean temp eff	3.6889436047905184E-2	2.8699911829711208E-2	2.0512991310075907E-2	1.2321291081933411E-2	4.1177891701969669E-3	13.165266106442573	14.42577030812325	16.761363636363633	20.89337175792507	35.530085959885383	Mass flow rate Water (Kg/s)


temperature efficiency (%) 




Heat transfer coefficient

Heat transfer coef	3.6889436047905184E-2	2.8699911829711208E-2	2.0512991310075907E-2	1.2321291081933411E-2	4.1177891701969669E-3	125.58979452097917	127.34118252874225	127.67998356397963	122.17707013359086	118.76588657869317	Mass flow rate Water (Kg/s)


U (W/m^2.K)




Air mass flow rate vs power output

Qw	0.11530583178938417	0.10314059419627528	8.9314354076560409E-2	7.2906192199094597E-2	5.1513604749011947E-2	3.6378742430740595E-2	370.08900608048725	349.55372162951403	335.75248169958849	323.61895110067587	294.224445986864	268.28406434218056	Qa	0.11530583178938417	0.10314059419627528	8.9314354076560409E-2	7.2906192199094597E-2	5.1513604749011947E-2	3.6378742430740595E-2	391.5440130072119	350.23451571229202	303.28475213777591	277.57574555961276	238.5337467902998	194.65537499840687	Mass flow rate Air (Kg/s)


power (watts)




Air mass flow vs temp efficiencies

Water temp eff	0.11530583178938417	0.10314059419627528	8.9314354076560409E-2	7.2906192199094597E-2	5.1513604749011947E-2	3.6378742430740595E-2	61.604584527220617	60.960960960960961	59.270516717325229	56.797583081570998	51.506024096385538	46.987951807228917	Air temp eff	0.11530583178938417	0.10314059419627528	8.9314354076560409E-2	7.2906192199094597E-2	5.1513604749011947E-2	3.6378742430740595E-2	9.455587392550143	9.9099099099099117	10.030395136778107	11.178247734138973	13.554216867469879	15.662650602409645	Mean tenp eff	0.11530583178938417	0.10314059419627528	8.9314354076560409E-2	7.2906192199094597E-2	5.1513604749011947E-2	3.6378742430740595E-2	35.530085959885383	35.435435435435437	34.650455927051667	33.987915407854985	32.53012048192771	31.325301204819283	Mass flow rate Air (Kg/s)


Temperature efficiency (%)




Air mass flow rate vs Heat tranfer coefficient

U 	0.11530583178938417	0.10314059419627528	8.9314354076560409E-2	7.2906192199094597E-2	5.1513604749011947E-2	3.6378742430740595E-2	118.76588657869317	117.25989839535785	111.6204442890875	105.12000988248451	91.935939856880765	81.533423589669013	Mass flow rate Air


Heat transfer coef (W/m^2.K)




Air mass flow rate vs power output

Qw	0.11541169202531697	0.10322663792042144	8.9396269956108138E-2	7.2985157479361504E-2	5.1577870925392094E-2	3.6436095999619944E-2	255.52437875737962	243.43438427699579	234.78080061470942	226.11236327680348	205.34006158225895	186.30791081329551	Qa	0.11541169202531697	0.10322663792042144	8.9396269956108138E-2	7.2985157479361504E-2	5.1577870925392094E-2	3.6436095999619944E-2	261.26898840691246	244.30648396626148	220.77302828360453	195.26449032028361	169.83561338313106	138.723148299353	Mass flow rate Air (Kg/s)


power (watts)




Air mass flow vs temp efficiencies

Water temp eff	0.11541169202531697	0.10322663792042144	8.9396269956108138E-2	7.2985157479361504E-2	5.1577870925392094E-2	3.6436095999619944E-2	62.978723404255319	61.038961038961034	59.130434782608695	56.709956709956714	51.515151515151516	47.161572052401759	Air temp eff	0.11541169202531697	0.10322663792042144	8.9396269956108138E-2	7.2985157479361504E-2	5.1577870925392094E-2	3.6436095999619944E-2	9.3617021276595729	9.9567099567099593	10.434782608695645	11.255411255411245	13.852813852813849	16.157205240174669	Mean tenp eff	0.11541169202531697	0.10322663792042144	8.9396269956108138E-2	7.2985157479361504E-2	5.1577870925392094E-2	3.6436095999619944E-2	36.170212765957444	35.497835497835496	34.782608695652172	33.98268398268398	32.683982683982684	31.659388646288214	Mass flow rate Air (Kg/s)


Temperature efficiency




Air mass flow rate vs Heat tranfer coefficient

U 	0.11541169202531697	0.10322663792042144	8.9396269956108138E-2	7.2985157479361504E-2	5.1577870925392094E-2	3.6436095999619944E-2	123.98983725050165	117.92199406040478	112.03927295376336	105.2286536487341	92.554033790939343	82.709562849574226	Mass flow rate Air


Heat transfer coef (W/m^2.K)
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