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1. [bookmark: _Toc5446245]Introduction

This report will take an in depth investigate heat exchangers, looking at the basic principles of a heat exchanger, the history, the uses, the experiment completed, and the information gathered during the experiment.
Over the past two years, heat exchangers have played a large part in thermodynamics, this experiment was one of the first times that what has been learnt could be put into practise. The machine used to put this into practise was TecQuipment’s Water to Air Heat Exchanger (TD1007) An experiment was set up using this to see the change in temperature when different pressures and flow rates were used. Using this information, more data could be generated and analysed. 
2. [bookmark: _Toc5446246]Background and uses 

In the modern world, heat exchangers are everywhere, from the central heating in a house to the cooling of a combustion engine in a car. The simplest forms of heat exchangers can be traced back centuries, with the earliest form being of heating a stone on a fire, before moving it into a building, where the heat transfers from the rock, to its colder surroundings, warming the building.
Modern day heat exchangers have moved on a lot further than this, taking advantage of the basic principles of thermodynamics, heat exchangers work by allowing the transfer of heat from one fluid to another without a change in mass. This means the heat from the hotter fluid is transferred to the colder fluid. Although this is done without mass transfer between the two fluids, it takes advantage of the first law of thermodynamics “Heat energy cannot be created nor destroyed only transferred” meaning the heat energy can be transferred through the boundary of objects. In the TecQuipment heat exchanger, this is the air passing over the 32 tubes that the water travels through. 
There are three main types of heat exchangers, Cross flow, Counter flow and Parallel flow, although most heat exchangers use a mixture of two or more to be as efficient as possible. The TecQuipment heat exchanger is a cross flow heat exchanger, this is known because the air is sucked in from the tube on the right-hand side of the heat exchanger by a fan which then forces the air through the main tunnel and over the 32 tubes where the water flows through. The water comes into the top tube at 60°C and is then cooled by the air flowing over and back out the other side of the tunnel, the flow rate of the water and air can be adjusted via an adjustable metal screw for the water flow rate or blanking plate for the air flow rate.
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Figure 1 TecQuipment's heat exchanger diagram


3. [bookmark: _Toc5446247]The experiment 
Hypothesis: 
The aim of this experiment was to see the change in temperature of the water and air from T1, T2, TA1 and TA2 with the air flow over the top of the tubes. Adjusting the air flow and the water flow depending on the experiment being completed. 
Equipment:
TecQuipment Heat exchanger with sensors,
100.11mm Diameter air flow hole plate. 
Stop Watch
Pressure gauge for ambient pressure (Weather app)
Method 1:
For the first experiment, the flow rate was changed each time. Starting at 2.25L/minute with the water temperature being at 60°C, the air was then sucked in at 250 pascals and flows over the tubes in which the heated water runs through. The sensors then pick up at the temperature of this water as it flows into the tubes (T1) and when the water returns into the heater after being in the tubes (T2).A secondary set of sensors then picks up the air temperature, first when it comes in at the top of the apparatus (TA1) and then again when the air is leaving the apparatus after going over the tubes in which the water flows (TA2). To get the results as accurate as possible this is left for 4 minutes to settle when changes are made. At the 4-minute mark, the results are taken from the displays on the machine and the water flow rate is changed to the next experiment.  This is then repeated for 1.75L/minute, 1.25L/minutes, 0.75L/minute and 0.25L/minute leaving the 4-minutes in between each experiment. Once these are done the next experiment can be completed.


Method 2:
In experiment two, the water pressure is kept at a constant 0.25L/minute and the flow rate of air is changed, this is done by moving the plate at the far left of the apparatus, when it is raised it lets more air out, raising the flow rate of the air, when it is lowered it blocks the same amount of air leaving so the flow rate is reduced. Watching T1, T2. TA1 and TA2 again, the first results were taken at 250 pascals after it had been running for four minutes, the plate was then lowered to drop the air pressure to 200 pascals, leaving the apparatus for four minutes, the next results were taken. This was repeated for 150 pascals, 100 pascals and 50 pascals. The data from T1, T2, TA1 and TA2 were recorded after each four-minute test. 
Method 3
The final experiment was done by reducing the water temperature from 60°C to 45°C, this first required waiting for the temperature to drop first. Once this was done, the flow rate was left on 0.25L/minutes and the blocking plate was raised to allow 250 pascals of air pressure to flow through, this was then left for the standard 4-minutes to allow the temperatures to settle, then the results at T1, T2, TA1 and TA2 were taken down. This was then repeated for 200 pascals, 150 pascals, 100 pascals and 50 pascals. At this point all the experiments had been completed and the machine could be switched off. 
4. [bookmark: _Toc5446248]Results
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
	60.7
	56.7
	4
	58.7
	24.1
	29.7
	5.6
	26.9

	250
	1.75
	60.6
	55.5
	5.1
	58.05
	24
	29.5
	5.5
	26.75

	250
	1.25
	60.6
	53.6
	7
	57.1
	24.3
	29.4
	5.1
	26.85

	250
	0.75
	59.8
	49.6
	10.2
	54.7
	24.4
	29.1
	4.7
	26.75

	250
	0.25
	60.1
	38.3
	21.8
	49.2
	24.4
	27.8
	3.4
	26.1



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
	60.1
	38.3
	21.8
	49.2
	24.4
	27.8
	3.4
	26.1

	200
	0.25
	57.6
	37.6
	20
	47.6
	24.5
	27.7
	3.2
	26.1

	150
	0.25
	57
	38.4
	18.6
	47.7
	24.6
	27.9
	3.3
	26.25

	100
	0.25
	57.1
	39.3
	17.8
	48.2
	24.8
	28.4
	3.6
	26.6

	50
	0.25
	57.5
	41.7
	15.8
	49.6
	25.1
	29.5
	4.4
	27.3







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
	34.2
	14.6
	41.5
	24.5
	27
	2.5
	25.75

	200
	0.25
	48.4
	34.2
	14.2
	41.3
	24.5
	27
	2.5
	25.75

	150
	0.25
	48.2
	34.6
	13.6
	41.4
	24.7
	27.2
	2.5
	25.95

	100
	0.25
	48.3
	35.3
	13
	41.8
	24.9
	27.6
	2.7
	26.25

	50
	0.25
	48.6
	36.7
	11.9
	42.65
	25.2
	28.3
	3.1
	26.75




5. [bookmark: _Toc5446249]Analysis
Looking at the first experiment, it is clear to see that as the flow rate of the water slows down, and less water is being pumped through the tubes per minute, the water is cooled more by the air flow over the top. This will because of the rate of flow being reduced, the water is spending longer in the tubes, so it is exposed to the rush of air that is going travelling over the tubes at 250 pascals. This is also supported by the air flow temperature from TA1 and TA2 as the water was being cooled more, less heat was being transferred to the air in the same time frame. 
Moving onto the second experiment, keeping the water flow rate at 0.25L/minute, it is clear to see that as the air pressure is reduced, the amount of heat transfer between the water and air is reduced. This is because less air is travelling over the top of the tubes which the water flows, so the air itself will get hotter because it is spending more time going over the tubes. Whereas, when the pressure is higher, the air is moving faster over the tubes, so it doesn’t get as warm, thus cooling the water more as the temperature of the air is still lower than the water. One thing to be cautious of with the second experiment is the anomaly in the first reading. This could be because the reading was taken very quickly after the first experiment, then when the second reading had been taken the water had cooled down more due to the lower flow rate and the pipes and tubing that the water had flowed through may have cooled more when compared to the higher flow rates that were used in the first experiment.
In the third experiment, the starting temperature was dropped when compared to the experiment above. The data still shows a similar trend that the lower the pressure of air through the apparatus the lower the drop-in water temperature at T2 and the greater rise in temperature at TA2. Although these results are reliable, it is worth noting, that although the temperature of the water was set to 45°C in the heater, by the time it has reached T1 it has raised to around 48°C. This could be because of the heat being retained in the piping and tubes from the earlier 60°C experiment. If this was to be redone, the heat exchanger should be left to cool for longer, to make sure the tubes and pipes are down to the correct temperature to get more reliable results.  
With the information that has been gathered, more interesting results can be calculated and analysed. Such as: 
Water Density, using the equation developed by Kells (1975) (Jones & Harris, 1992)

Now that the water density that is flowing through the tubes has been worked out, it can be taken further to work out the mass flow rate of the water. Knowing the that density of water is given in ‘kg’ and the flow rate is given in ‘L/minute’ the water mass flow rate per kg/s can be worked out.

The next part was to work out the Specific heat capacity of the water this was done using the below equation:

 = 4185.5 J.Kg.K so if this is moved to the end of the formula, to multiple what is above, the specific heat capacity of the water at the average temperature (as that is the ‘t’ that should be used) will be discovered. 
To work out the heat transfer  use the following equation: (For water, do the same with the numbers discovered for water)

For Air Density:

Pressure should be in pascals, R is the gas constant of air and T should be the temperature in Kelvin. 
For mass air flow rate use:

Where  is the area of the air entry hole.
For the change in Q air use:

Logarithmic Mean Temperature Difference (LMTD)



Heat Transfer coefficient 

Using the above equations, tables can be created that generate all this data, this was done in Microsoft Excel and have been copied in below.
Water Density
	Water Density Calculations
	(Kg/m^3)

	Experiment 1
	

	250/2.25L/min
	983.8451927

	250 /1.75L/min
	984.1733763

	250 /1.25L/min
	984.6484505

	250 /0.75L/min
	985.8240905

	250 /0.25L/min
	988.3813898

	Experiment 2 Temp@60 Degrees
	

	250/0.25L/min
	988.3813898

	200/0.25l/min
	989.0882659

	150/0.25/min
	989.0445889

	100/0.25/min
	988.8251944

	50/0.25/min
	988.2020093

	Experiment 3 Temp@40 Degrees
	

	250/0.25L/min
	991.6216906

	200/0.25l/min
	991.7002726

	150/0.25/min
	991.6610181

	100/0.25/min
	991.5032704

	50/0.25/min
	991.1642024



Specific Heat 
	Specific Heat 
	Water Cp (J/Kg.K)

	Experiment 1
	

	250/2.25L/min
	4183.54652

	250 /1.75L/min
	4183.274835

	250 /1.25L/min
	4182.888849

	250 /0.75L/min
	4181.972342

	250 /0.25L/min
	4180.19204

	Experiment 2 Temp@60 Degrees
	

	250/0.25L/min
	4180.19204

	200/0.25l/min
	4179.760135

	150/0.25/min
	4179.785956

	100/0.25/min
	4179.917422

	50/0.25/min
	4180.306204

	Experiment 3 Temp@40 Degrees
	

	250/0.25L/min
	4178.498121

	200/0.25l/min
	4178.467801

	150/0.25/min
	4178.482867

	100/0.25/min
	4178.544998

	50/0.25/min
	4178.68678



LMTD – logarithm mean temperature difference 
	LMTD 
	

	Experiment 1
	

	250/2.25L/min
	31.55700545

	250 /1.75L/min
	30.99852969

	250 /1.25L/min
	29.8422718

	250 /0.75L/min
	27.2750437

	250 /0.25L/min
	20.59201333

	Experiment 2 Temp@60 Degrees
	

	250/0.25L/min
	20.59201333

	200/0.25l/min
	19.2212331

	150/0.25/min
	19.43586013

	100/0.25/min
	19.6998182

	50/0.25/min
	20.68141217

	Experiment 3 Temp@40 Degrees
	

	250/0.25L/min
	14.05792974

	200/0.25l/min
	13.91901628

	150/0.25/min
	13.93311594

	100/0.25/min
	14.1248568

	50/0.25/min
	14.64122675



U – Internal Energy
	U
	(W/m^2.K)

	Experiment 1
	

	250/2.25L/min
	125.5739026

	250 /1.75L/min
	126.8050169

	250 /1.25L/min
	129.1858635

	250 /0.75L/min
	123.6966276

	250 /0.25L/min
	116.976812

	Experiment 2 Temp@60 Degrees
	

	250/0.25L/min
	116.976812

	200/0.25l/min
	115.0420109

	150/0.25/min
	105.8035885

	100/0.25/min
	99.8771898

	50/0.25/min
	84.40186228

	Experiment 3 Temp@40 Degrees
	

	250/0.25L/min
	115.0850794

	200/0.25l/min
	113.0572973

	150/0.25/min
	108.1667621

	100/0.25/min
	101.976478

	50/0.25/min
	90.02771498




6. [bookmark: _Toc5446250]Graphs





Experiment One

Figure 2 Water Mass Flow vs Temp Efficiencies



Experiment Two







Experiment Three



7. [bookmark: _Toc5446251]Conclusion

Although majority of the work is correct, there is one or two aspects that may be incorrect, the main result that shows this is the first results of experiment two. This result was taken from the results of the first experiment, this was because the conditions for flow rate, temperature and pressure were all the same. However, as there was a longer time period in-between this result and the second result that was taken in the second experiment, there seems to be a greater drop in input temperature during this pause which makes the first set of results not as reliable as the adjustments and changes afterwards. 
Another aspect that would be changed if this was done again would be to increase the time between each take of results to allow the changes to settle for longer before taking them. The time left in-between changes and results being take was four minutes, in future this could be increased to five minutes to make sure the results are more reliable. It could also be considered to rerun through the results a further two times for all experiments to make sure that the results are reliable and backed up and to reduce the chance of an anomaly. 
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Water Mass Flow vs Temperature Efficiencies

Temp eff water	3.6894194727255997E-2	2.8705056809506791E-2	2.0513509386146416E-2	1.2322801130982976E-2	4.1182557906768186E-3	10.928961748633879	13.934426229508201	19.28374655647383	28.813559322033889	61.064425770308127	Temp eff air	3.6894194727255997E-2	2.8705056809506791E-2	2.0513509386146416E-2	1.2322801130982976E-2	4.1182557906768186E-3	15.300546448087427	15.027322404371585	14.049586776859499	13.276836158192099	9.5238095238095291	Mean temp eff	3.6894194727255997E-2	2.8705056809506791E-2	2.0513509386146416E-2	1.2322801130982976E-2	4.1182557906768186E-3	13.114754098360653	14.480874316939893	16.666666666666664	21.045197740112993	35.294117647058826	Mass flow rate Water (Kg/s)


temperature efficiency (%) 




Water Mass Flow vs Temperature Efficiencies

Temp eff water	3.6894194727255997E-2	2.8705056809506791E-2	2.0513509386146416E-2	1.2322801130982976E-2	4.1182557906768186E-3	10.928961748633879	13.934426229508201	19.28374655647383	28.813559322033889	61.064425770308127	Temp eff air	3.6894194727255997E-2	2.8705056809506791E-2	2.0513509386146416E-2	1.2322801130982976E-2	4.1182557906768186E-3	15.300546448087427	15.027322404371585	14.049586776859499	13.276836158192099	9.5238095238095291	Mean temp eff	3.6894194727255997E-2	2.8705056809506791E-2	2.0513509386146416E-2	1.2322801130982976E-2	4.1182557906768186E-3	13.114754098360653	14.480874316939893	16.666666666666664	21.045197740112993	35.294117647058826	Mass flow Rate Water (Kg/s)


Temperature Efficiency (%) 




Heat Transfer Coefficient

Heat transfer coef	3.6894194727255997E-2	2.8705056809506791E-2	2.0513509386146416E-2	1.2322801130982976E-2	4.1182557906768186E-3	125.57390257067705	126.80501694489367	129.18586351349083	123.69662756449644	116.97681200376527	Mass Flow Rate Water (Kg/s)


U (W/m^2.K)




Air Mass Flow Rate vs Power Output

Qw	0.11382678643198045	0.10183528588597841	8.8191922431366102E-2	7.1984346211404718E-2	5.0853981448784231E-2	375.28918161720287	344.51264197217029	320.38458792078058	306.546234627903	271.95664354216569	Qa	0.11382678643198045	0.10183528588597841	8.8191922431366102E-2	7.1984346211404718E-2	5.0853981448784231E-2	399.00841715866449	335.97497519501991	300.0553776882366	267.1770993982496	230.6940014442647	Mass flow rate Air (Kg/s)


Power (Watts)




Air Mass Flow vs Temp Efficiencies
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Temperature Rfficiency (%)




Air Mass Flow Rate vs Heat Tranfer Coefficient

U 	0.11382678643198045	0.10183528588597841	8.8191922431366102E-2	7.1984346211404718E-2	5.0853981448784231E-2	116.97681200376527	115.0420108637836	105.80358854812692	99.877189797047009	84.401862282640693	Mass Flow Rate Air


Heat Transfer Coefficient (W/m^2.K)




Air Mass Flow Rate vs Power Output

Qw	0.11389344369331098	0.10189492089349071	8.8236162174520336E-2	7.2026430018689386E-2	5.0900615095858762E-2	252.06227004869081	245.17410305345021	234.80618588515972	224.41472249968737	205.36250216471896	Qa	0.11389344369331098	0.10189492089349071	8.8236162174520336E-2	7.2026430018689386E-2	5.0900615095858762E-2	293.56035111950905	262.63415860297232	227.42870800482618	200.49997324302586	162.68345590787425	Mass Flow Rate Air (Kg/s)


Power (Watts)




Air Mass Flow vs Temperture Efficiencies

Water temp eff	0.11389344369331098	0.10189492089349071	8.8236162174520336E-2	7.2026430018689386E-2	5.0900615095858762E-2	60.082304526748956	59.414225941422586	57.87234042553191	55.555555555555557	50.854700854700837	Air temp eff	0.11389344369331098	0.10189492089349071	8.8236162174520336E-2	7.2026430018689386E-2	5.0900615095858762E-2	10.288065843621402	10.460251046025105	10.638297872340424	11.538461538461551	13.247863247863254	Mean tenp eff	0.11389344369331098	0.10189492089349071	8.8236162174520336E-2	7.2026430018689386E-2	5.0900615095858762E-2	35.185185185185176	34.937238493723846	34.255319148936167	33.547008547008552	32.051282051282044	Mass Flow Rate Air (Kg/s)


Temperature Efficiency




Air Mass Flow rate vs Heat Tranfer Coefficient

U 	0.11389344369331098	0.10189492089349071	8.8236162174520336E-2	7.2026430018689386E-2	5.0900615095858762E-2	115.08507935869393	113.05729726460258	108.16676211472466	101.97643799078998	90.027714984146272	Mass Flow Rate Air


Heat Transfer Coefficient (W/m^2.K)




image3.jpg
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David





image4.jpg
@ Evenything youneed toknov X [} TD1007.book X G history of cross flow heatex- X | [l Boyle's law | chemistry | Brit= X | & ITS-90 Density of Water Forr X | & Whatls the First Law of Ther X | + =

<« C O @ https//moodle.uwtsd.ac.uk/pluginfile.php/145911/mod resource/content/1/TD1007_HX laboratory_guide.pdf * 9 0O

TD1007 Water to Air Heat Exchanger

Airflow

Heat
Exchanger
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Toggle clips hold the heat exchanger securely in the midsection of the air duct. They also allow the user
to change the heat exchanger easily. The outlet duct can slide along to help when changing heat
exchangers. A panel to the left of the main frame allows the student to attach the magnetic ‘MIMIC’
sheet supplied with each heat exchanger. The MIMIC helps the student understand how to connect the
water pipes to the heat exchanger.

The water circuit has a flow sensor to measure and display the flow rate and an electric heater tank to
heat the water. An adjustable controller sets the tank temperature and keeps it relatively constant (to
within +/- 2 degrees for most experiments). The heater tank has water level float sensors connected to
three lamps to show you how much water s in the tank. A ‘press to fill tank’ button on the front panel
works a solenoid valve that allows the user to add more water to the tank from the cold supply when
needed. A pump in the water circuit recirculates hot water from the tank, through a hand-adjusted
WATER SUPPLY valve, through the heat exchanger and back to the tank.
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