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Introduction
This heat exchanger investigation has been to analyse the transfer of heat from a crossflow heat exchanger containing heated water that is pumped through it into surrounding air being forced across it. The rate if heat transfer will be compared with variables of flow rate and temperature adjusted in order to determine how the exchanger responds with different flow rates and temperatures on the feeds to the system. First I will investigate the effect of varying feedwater flow rate into the exchanger core with fixed air flow and water input temperature. Then I will investigate how varied air flow affects transfer with fixed temperature and water flow before changing the input water temperature and repeating the air flow test to compare the effect of temperature in the heat exchanger between the air flow tests. From this I should be able to draw conclusions on what factors have the largest effect on heat transfer efficiency to surroundings and what could be changed in a practical application to increase or decrease the output water and air temperatures for applied purposes. 

Background Research and Knowledge
Most cars have a crossflow water to air heat exchanger positioned inside the bodywork such that it can channel a good flow of air through a fan when the vehicle is travelling slow or not moving and through channelling the flow of air around the car when it is moving faster. This means that manufacturers are always trying to find the most effective way to control the coolant temperature throughout the engine and cooling system of the car in order to provide optimum running. This means keeping the engine temperature as close to the optimum temperature as possible by varying the conditions in and around the heat exchanger. A heat exchanger that cannot transfer enough heat out of the system will cause overheating and possible significant damage to components and similarly if the system is too effective and the engine is too cold it will likely cause premature wear and poor efficiency of the combustion engine. Currently these conditions are usually managed by a thermostat, a mechanical valve that uses 
My focus as a motorsport engineer is in combustion engines however the requirements of a cooling system are very similar for electric vehicles and industrial applications like heating systems in buildings and large machinery temperature management.
Methodology
[image: ]
A tecquipment Water to air heat exchanger was used to carry out the experiment. It was first set up with the 2 heat exchanger cores to have a parallel flow as if to act as one larger item. The equipment has a water heater, water pump and and fan to provide air flow across the exchanger. It also has temperature probes for air and water temperature before and after the heat exchanger as well as the ambient air temperature. 
For experiment 1, The effect of varying water flow rate, the air pressure drop across the heat exchanger and feedwater temperature were set to 250 pascal and 60 degrees Celsius respectively. Then the flow rate of the heated feedwater was adjusted to the desired levels and after 3 minutes to let the temperature settle readings were taken from each temperature and pressure probe. This process was used at all flow rates including feed temperature and ambient air temperature in order to take ambient variables into consideration and make corrections for the heat transfer and efficiency calculations. The following parameters remained constant between all tests and were used throughout the calculations.
	Constants
	
	Unit

	Air Pressure
	1004
	Mb

	Dair in
	101.11
	mm

	cD
	0.6
	N/A

	Water Area
	0.1558
	m

	
	
	


After investigating the effect of water flow rate it was time to adjust the air flow rate at constant water flow and see how this affected heat transfer compared with changing the water flow. Changing the air flow rate was achieved by restricting air flow from leaving the tunnel through which the air was travelling across the heat exchanger. This caused a higher pressure area after the heat exchanger and prevented as much air from flowing out of the system. Then the pressure drop across the exchanger along with atmospheric pressure and flow area were used to calculate mass flow rate and the data acquired at the flow rates was inputted into an identical table to task one in order to obtain all the required calculated values. 
Finally in order to investigate the effect of temperature change experiment 2 was carried out again but with the feed set at 50 degrees rather than 60. This would allow direct comparison between investigation 2 and 3 to compare how feed temperature affected heat transfer vs the mass air flow across the exchanger.
Investigation 1
[image: ]

It can clearly be seen that increasing flow of water increases the rate of heat transfer both out of the water and into the air. This is due to more energy beign pumped into the heat exchanger. Since the input water is always around 60 degrees if the rate of water flow is increased more energy passes through the exchanger creating a larger thermal energy gradient between the water in the pipes and the air being passed over them. It is also clear that there is less of a difference in energy absorbed by the air and emitted from the water at higher water flow suggesting that due to the increased flow there is perhaps less time for energy to transfer into the surroundings when the water is flowing more quickly.

Reinforcing my suggestion that a smaller proportion of energy is lost to the surroundings at water mass flow rates the efficiency of the air circuit increases as flow rate increases where the water efficiency decreases meaning more of the energy in the water is being lost to the air circuit and surroundings.

The heat transfer coefficient is representative of how effective the heat exchanger is. The higher the heat transfer coefficient is the more effective the unit is at passing energy from the hot water circuit into the cool air circuit, this is desirable in many applications such as home heating systems, automotive and motorsport radiators. The graph shows that the transfer coefficient rises to a peak around 0.25kg/s of water mass flow where it then begins to tail off in the very high flow situation. This means that in order to achieve a maximum energy dispersion from the hot water circuit you would want to run the water mass flow in the region of 0.2-0.25kg/s. In the very high mass flow situation there was a result that might not have been expected as you might expect the coefficient to follow a common trend all the way to the extreme points however it became less effective. This may be due to work being done on the water within the exchanger in order to force it through the pipes against flow restrictions in pipe fittings and the turns in the exchanger. 

Investigation 2
[image: ]

The plots for investigation show that there is more of a linear relationship between heat transfer and air flow than with the water flow. As the mass flow of air increases so does the heat transfer rate due to the regular supply of cooler air to receive a greater amount of energy from the hot water system. Much like investigation 1, at higher flow rates there was less energy lost to surroundings as the difference between the water and air heat transfer reduced.  


Investigation 3
[image: ]

The maximum heat transfer rate seen in investigation 3 is around 271W. This is only slightly higher than the minimum heat transfer rate seen in investigation 2 of 257w. This shows that a difference of just 10 degrees in temperature can have as great of an effect as the entire range of air flow rates available on this equipment. This suggests that in applications where it is safe to do so running the hot circuit at a slightly higher temperature will make the heat exchanger a lot more effective without altering size or flow rates of the exchanger. This can save a lot in packaging in more tight spaces and weight in automotive usage.


In the heat transfer coefficient graph for investigation 3, a clear peak can be seen just beyond 0.1kg/s of air flow. This I would treat as an anomalous result as in the very similar test 2no such behaviour of the system was noted. However In order to test this the investigation was repeated and a very similar result obtained. In the comparison below the obvious difference in the character of the heat exchanger can be seen. I would put this result down to an error in a sensor reading perhaps due to a turbulence in the system causing hotter or cooler air to pas the sensor where in more laminar air flow a different reading was acquired.


Conclusion
Overall, all of the variables tested in this experiment yield a very similar result in that if you increase mass flows or temperatures, the amount of energy transferred across from the hot to cold circuit increases. This is because all of these tests allow a greater temperature difference in the heat exchanger as more energy is brought into the water system or out of the air system creating a temperature gradient through which the energy can transfer.
 By far the highest heat transfer rate of energy was with the highest water flow rate in investigation 1. That may not be considered a fair test though as the water flow tests were all carried out with the equipment set to the highest available air flow where investigation 2 and 3 were performed with water flow at the lowest. Retrospectively I would choose to investigate all flow rates and more feed temperatures to gather a larger range of data as the 3 investigations that I did do not share enough to be truly comparable.
This is good to know for practical applications as depending on your fitment of the hot and cold sytems you can engineer your exchanger to have better water flow, air flow, or try and achieve a higher temperature difference between the hot and cold circuits. In an automotive application this means any combination of modification to the water pumping system, thermostat control or radiator ducting or active fan cooling will enable more energy transferred from the combustion engine to the surroundings. Therefore it is more appropriate for an engineer to alter the mass flow in the systems as the combustions already have set temperatures in which to operate efficiently so the feedwater temperature is primarily regulated by this fixed temperature. 
Another test I would like to try on a similar set up is reducing the temperature of the cooler circuit perhaps through active cooling similar to what is being introduced into water to air intercooler systems in modern forced induction vehicles where the cool circuit is actively cooled and therefore provides a greater temperature difference between the hot and cold circuit.  
Plot of Heat Transfer rate against air mass flow

Heat transfer rate Water	0.1164627134099582	0.10415002013035514	9.0181504123454201E-2	7.3632889779719976E-2	5.2022908991537255E-2	3.6785751724966613E-2	352.20111832837597	334.96659411888277	322.84011701741713	300.34610280897556	279.5639798452948	257.06444501014522	Heat Transfer rate air	0.1164627134099582	0.10415002013035514	9.0181504123454201E-2	7.3632889779719976E-2	5.2022908991537255E-2	3.6785751724966613E-2	351.13508093102399	324.47938771612155	280.96047609662168	259.00368980016498	214.36039649962936	177.45446632123884	Mass Flow of Air / kg/s


Heat Transfer Rate / W




Temperature Efficiency / Water mass Flow

Temperature efficiency of the hot water circuit/%	0.1164627134099582	0.10415002013035514	9.0181504123454201E-2	7.3632889779719976E-2	5.2022908991537255E-2	3.6785751724966613E-2	61.445783132530138	60.24844720496889	58.074534161490668	54.037267080745288	50.78369905956113	46.562499999999929	Temperature efficiency of the cooler air circuit / %	0.1164627134099582	0.10415002013035514	9.0181504123454201E-2	7.3632889779719976E-2	5.2022908991537255E-2	3.6785751724966613E-2	9.036144578313241	9.6273291925466573	9.6273291925466573	10.869565217391308	12.852664576802411	15.000000000000036	Mean temperature efficiency	0.1164627134099582	0.10415002013035514	9.0181504123454201E-2	7.3632889779719976E-2	5.2022908991537255E-2	3.6785751724966613E-2	35.24096385542169	34.937888198757776	33.850931677018664	32.453416149068296	31.81818181818177	30.781249999999982	Mass Flow of Air / kg/s


Temperature efficiency / %




Heat transfer coefficient agains mass flow of air

U	0.1164627134099582	0.10415002013035514	9.0181504123454201E-2	7.3632889779719976E-2	5.2022908991537255E-2	3.6785751724966613E-2	117.87640153729279	114.65026621805781	107.42459614573971	96.58792844369674	89.418408368681682	80.080780000319379	Mass Flow of Air / kg/s


Heat transfer  coefficient / J/kgK



Heat Transfer Against Air Mass Flow Rate

Heat transfer rate Water / W	0.11657962431114824	0.10423709482170407	9.0302188692838889E-2	7.3706756599612108E-2	5.2109831205855738E-2	3.6822592747444774E-2	245.61938025024031	271.61348809967797	235.21881689898103	221.34584528202049	200.55697145175168	181.50679873205786	Heat Transfer rate air/ W	0.11657962431114824	0.10423709482170407	9.0302188692838889E-2	7.3706756599612108E-2	5.2109831205855738E-2	3.6822592747444774E-2	246.04129710867852	240.94404468036865	199.65813919986704	185.1882259565254	157.11114108565505	122.12212884690062	Mass Flow of Air / kg/s


Heat Transfer Rate / W




Temperature efficiency

Temperature efficiency of the hot water circuit/%	0.11657962431114824	0.10423709482170407	9.0302188692838889E-2	7.3706756599612108E-2	5.2109831205855738E-2	3.6822592747444774E-2	62.555066079295138	70.403587443946279	60.176991150442518	56.637168141592909	52.017937219731017	48.165137614678869	Temperature efficiency of the cooler air circuit / %	0.11657962431114824	0.10423709482170407	9.0302188692838889E-2	7.3706756599612108E-2	5.2109831205855738E-2	3.6822592747444774E-2	9.2511013215860078	10.313901345291297	9.7345132743364751	11.061946902654856	13.452914798206272	15.137614678899128	Mean temperature efficiency	0.11657962431114824	0.10423709482170407	9.0302188692838889E-2	7.3706756599612108E-2	5.2109831205855738E-2	3.6822592747444774E-2	35.903083700440575	40.358744394618789	34.955752212389498	33.849557522123881	32.735426008968645	31.651376146788998	Mass Flow of Air / kg/s


Temperature efficiency / %





Overall Heat Transfer Coefficient	0.11657962431114824	0.10423709482170407	9.0302188692838889E-2	7.3706756599612108E-2	5.2109831205855738E-2	3.6822592747444774E-2	122.45153678000815	159.41666764226107	114.76260508469491	104.93490466472191	93.756279837502973	84.628581429717272	Mass Flow of Air / kg/s


Heat transfer  coefficient / J/kgK



Comparison of heat tranfer coefficient at different temperatures

Heat transfer coefficient at 50 degrees	0.11657962431114824	0.10423709482170407	9.0302188692838889E-2	7.3706756599612108E-2	5.2109831205855738E-2	3.6822592747444774E-2	122.45153678000815	159.41666764226107	114.76260508469491	104.93490466472191	93.756279837502973	84.628581429717272	Heat Transfer coefficient  at 60 degrees	0.1164627134099582	0.10415002013035514	9.0181504123454201E-2	7.3632889779719976E-2	5.2022908991537255E-2	3.6785751724966613E-2	117.87640153729279	114.65026621805781	107.42459614573971	96.58792844369674	89.418408368681682	80.080780000319379	Mass Flow of Air / kg/s


Heat transfer  coefficient / J/kgK




Plot of Heat Transfer rate against water mass flow

Heat transfer rate Water	4.1305459035273088E-3	1.23719776289295E-2	2.0603545335218781E-2	2.8832925062760289E-2	3.2946799881331638E-2	366.05424395418549	496.69697532964966	568.8143455138453	591.05404465687002	592.71538048134107	Heat Transfer rate air	4.1305459035273088E-3	1.23719776289295E-2	2.0603545335218781E-2	2.8832925062760289E-2	3.2946799881331638E-2	339.3172268933003	479.64428777423251	549.74439602551627	584.6394215090512	596.33220993923237	Mass Flow of water / kg/s


Heat Transfer Rate / W




Temperature Efficiency / Water mass Flow

Temperature efficiency of the hot water circuit/%	4.1305459035273088E-3	1.23719776289295E-2	2.0603545335218781E-2	2.8832925062760289E-2	3.2946799881331638E-2	64.437689969604875	29.721362229102226	19.81981981981988	14.540059347181092	12.684365781710936	Temperature efficiency of the cooler air circuit / %	4.1305459035273088E-3	1.23719776289295E-2	2.0603545335218781E-2	2.8832925062760289E-2	3.2946799881331638E-2	8.8145896656534326	12.693498452012451	14.114114114114077	14.8367952522255	15.04424778761067	Mean temperature efficiency	4.1305459035273088E-3	1.23719776289295E-2	2.0603545335218781E-2	2.8832925062760289E-2	3.2946799881331638E-2	36.626139817629152	21.207430340557337	16.966966966966979	14.688427299703296	13.864306784660803	Mass Flow of water / kg/s


Temperature efficiency / %




Heat transfer coefficient

U	4.1305459035273088E-3	1.23719776289295E-2	2.0603545335218781E-2	2.8832925062760289E-2	3.2946799881331638E-2	128.56236459104232	128.43054766952406	133.92598087263914	133.28136376114907	131.42839766013302	Mass Flow of water / kg/s


Heat transfer  coefficient / J/kgK




image4.emf
Flow Rate / l/min

Pressure 

Drop Tw1 Tw2 Tw1/k Tw2/k

Average 

Tw

Change 

Tw Ta1 Ta2 Ta1/k Ta2/k

Average 

Ta

Change 

Ta

Ambient 

air temp

Ambient 

Air temp 

/ K

Temperature 

efficiency of the 

hot water 

circuit/%

Temperature 

efficiency of the 

cooler air circuit 

/ %

Water 

Density / 

kgm^-3

Air 

Density/

Kgm-3

CpW / 

jkg^-2k^-

1

CpA / 

jkg^-2k^-

1

Mass 

flow 

water

Mass 

Flow Air

Heat transfer 

rate Water / W

Heat Transfer 

rate air/ W Ceb

Mean 

temperature 

efficiency LMTD

Overall 

Heat 

Transfer 

Coefficie

nt

0.25 250 48.9 34.7 321.9 307.7 41.8 14.2 26.2 28.3 299.2 301.3 27.25 2.1 25.7 298.7 62.55506608 9.251101322 993.483 1.171161 4178.545 1005 0.00414 0.11658 245.6193803 246.0412971 1.001718 35.9030837 12.87452 122.4515

0.25 200 48.9 33.2 321.9 306.2 41.05 15.7 26.6 28.9 299.6 301.9 27.75 2.3 25.9 298.9 70.40358744 10.31390135 993.6872 1.170377 4178.431 1005 0.00414 0.104237 271.6134881 240.9440447 0.887084 40.35874439 10.93579 159.4167

0.25 150 49 35.4 322 308.4 42.2 13.6 26.4 28.6 299.4 301.6 27.5 2.2 25.7 298.7 60.17699115 9.734513274 993.3734 1.171161 4178.61 1005 0.004139 0.090302 235.2188169 199.6581392 0.848819 34.95575221 13.1554 114.7626

0.25 100 49.3 36.5 322.3 309.5 42.9 12.8 26.7 29.2 299.7 302.2 27.95 2.5 25.9 298.9 56.63716814 11.0619469 993.1806 1.170377 4178.731 1005 0.004138 0.073707 221.3458453 185.188226 0.836646 33.84955752 13.53892 104.9349

0.25 50 49.5 37.9 322.5 310.9 43.7 11.6 27.2 30.2 300.2 303.2 28.7 3 26 299 52.01793722 13.4529148 992.9586 1.169986 4178.88 1005 0.004137 0.05211 200.5569715 157.1111411 0.783374 32.73542601 13.72998 93.75628

0.25 25 49.7 39.2 322.7 312.2 44.45 10.5 27.9 31.2 300.9 304.2 29.55 3.3 26.4 299.4 48.16513761 15.13761468 992.7489 1.168423 4179.029 1005 0.004136 0.036823 181.5067987 122.1221288 0.672824 31.65137615 13.76602 84.62858
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0.25 250 60 38.8 333 311.8 49.4 21.2 27.1 30 300.1 303 28.55 2.9 26.5 299.5 64.43768997 8.814589666 991.3310168 1.168032668 4180.249 1005 0.004130546 0.116423821 366.054244 339.3172269 0.926959 36.62614 18.27528 128.5624

0.75 250 59.5 49.9 332.5 322.9 54.7 9.6 27.2 31.3 300.2 304.3 29.25 4.1 26.6 299.6 29.72136223 12.69349845 989.7582103 1.167642804 4181.972 1005 0.012371978 0.11640439 496.6969753 479.6442878 0.965668 21.20743 24.82308 128.4305

1.25 250 60.6 54 333.6 327 57.3 6.6 27.3 32 300.3 305 29.65 4.7 26.7 299.7 19.81981982 14.11411411 988.9701761 1.1672532 4182.969 1005 0.020603545 0.116384968 568.8143455 549.744396 0.966474 16.96697 27.26078 133.926

1.75 250 61.1 56.2 334.1 329.2 58.65 4.9 27.4 32.4 300.4 305.4 29.9 5 26.9 299.9 14.54005935 14.83679525 988.5574307 1.166474771 4183.525 1005 0.028832925 0.116346154 591.0540447 584.6394215 0.989147 14.68843 28.46363 133.2814

2 250 61.3 57 334.3 330 59.15 4.3 27.4 32.5 300.4 305.5 29.95 5.1 26.9 299.9 12.68436578 15.04424779 988.4039964 1.166474771 4183.738 1005 0.0329468 0.116346154 592.7153805 596.3322099 1.006102 13.86431 28.94606 131.4284
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0.25 250 60.1 39.7 333.1 312.7 49.9 20.4 26.9 29.9 299.9 302.9 28.4 3 26.3 299.3 61.44578 9.036145 991.1848 1.168813 4180.393 1005 0.00413 0.116463 352.2011 351.1351 0.996973 35.24096 19.1777 117.8764

0.25 200 59.2 39.8 332.2 312.8 49.5 19.4 27 30.1 300 303.1 28.55 3.1 26.4 299.4 60.24845 9.627329 991.3018 1.168423 4180.277 1005 0.00413 0.10415 334.9666 324.4794 0.968692 34.93789 18.75249 114.6503

0.25 150 59.4 40.7 332.4 313.7 50.05 18.7 27.2 30.3 300.2 303.3 28.75 3.1 26.5 299.5 58.07453 9.627329 991.1409 1.168033 4180.438 1005 0.00413 0.090182 322.8401 280.9605 0.870277 33.85093 19.28929 107.4246

0.25 100 59.5 42.1 332.5 315.1 50.8 17.4 27.3 30.8 300.3 303.8 29.05 3.5 26.5 299.5 54.03727 10.86957 990.9205 1.168033 4180.663 1005 0.004129 0.073633 300.3461 259.0037 0.862351 32.45342 19.95867 96.58793

0.25 50 60 43.8 333 316.8 51.9 16.2 28.1 32.2 301.1 305.2 30.15 4.1 27 300 50.7837 12.85266 990.5953 1.166086 4181.01 1005 0.004127 0.052023 279.564 214.3604 0.766767 31.81818 20.0672 89.41841

0.25 25 60.5 45.6 333.5 318.6 53.05 14.9 28.5 33.3 301.5 306.3 30.9 4.8 27 300 46.5625 15 990.2531 1.166086 4181.391 1005 0.004126 0.036786 257.0644 177.4545 0.690311 30.78125 20.60375 80.08078


