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This report will look at how different conditions will affect a heat exchangers performance and efficiency. Three experiments will be conducted, the first will alter the water flowrate through heat exchanger, the second will alter the air flow rate at a water tank temperature of 60°C. Finally, the third experiment will also alter the air flow rate, however this time the water tank temperature will be set at 45°C.
The results from these experiments will be recorded and then placed into an excel document. From here the data will be manipulated using multiple calculations to establish how much heat can be exchanged and the efficiency the machine is running at.
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A heat exchanger allows energy to be transferred from a fluid such as water or air, to another fluid by having one fluid in a tank and allowing another fluid to flow at a different temperature to flow around the tank and transfer the energy from one to the other. (Anon., n.d.)
Heat exchangers can be found in real life, such as in refrigerator or in a car radiator. (Bengtson, n.d.)
All 3 experiment were completed using the Tecquipment water to air heat exchanger using the standard 32 tube heat exchanger (Tequipment, n.d.).
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The first experiment was done to show how a change in the flow rate of the water alters the heat exchanger and changes the results. For the first test the changing variable was the water flow rate. This was decreased from 2.25 to 0.25 in 0.50 increments. Before the tests started some constant variables were measured, this included the ambient air pressure, the orifice diameter (This can be used to calculate the orifice area and surface area). These remained constant throughout all 3 tests. 
The temperature of the water should be set at 60 °C inside the tank. The pressure drop is set to 250 Pa by adjusting the airflow using the slide valve and this remains constant throughout this experiment. For the first reading the water flow value is set to 2.25 L/minutes. The ambient air temperature, air temperature at the inlet and air temperature at the outlet should be recorded for each run. These are gathered from 5 sensors on the machine. The heater tank temperature, temperature of the water in and temperature of the water out should also be recorded.
The heat exchanger should be left for 5 minutes before readings are taken, this allows all the temperatures to become stable provide more constant results. This test should then be repeated for the remaining 4 water flow values, setting the heater tank temperature back to 60°C and setting the orifice pressure drop back to 250 Pa.
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The second experiment was preformed to show how a different air flow rate will affect the heat exchanger. For this experiment the pressure difference is the changing variable. The pressure difference started at 250 Pa and was dropped by 50 Pa until the pressure reading was 50 Pa, after this reading was recorded 25 Pa was also recorded. The water tank temperature was again set to 60 °C. 
The pressure drop is set to 250 Pa using the slide valve to adjust the air flow. The water flow rate is set to 0.25 L/minutes, this remains constant throughout this experiment. The heat exchanger is allowed to settle for 5 minutes to achieve more stabilised results. Once the ambient air temperature, inlet air temperature, outlet air temperature, water temperature in and water temperature out. The experiment can be repeated for the remaining 5 values.
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The third experiment was done to show how a different air flow rate will affect the heat exchanger, however this time the water tank temperature was set to 45°C. As with the second experiment the pressure was set at 250 Pa. It was then dropped was 50 Pa until it reached 50 Pa. A final reading was taken for 25 Pa. The water flow rate was again set to 0.25 L/minute this again remains constant throughout the experiment.
Once the pressure difference is set to the desired reading, the tank can settle for 5 minutes before the ambient air temperature, inlet air temperature, outlet air temperature, water temperature in and water temperature out are recorded. The experiment is then repeated for the final five readings.
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[bookmark: _Toc5278300]Figure 1 - Experiment 1 Power absorbed and heat emitted 
When viewing figure 1 a clear correlation between the heat emitted and the power absorbed can be seen. As the mass flow rate decreases both the heat emitted and power absorbed decrease. The both decrease at the same rate. This will be due to the change in air temperature and change in water temperature both decreasing as the water flow rate decreases. As the water flow rate decreases there is a greater temperature difference for both the air and water as seen. As the water flow rate slows down there is less power and therefore less heat is emitted. The value for heat emitted is taken as an absolute value to allow an easy comparison between the power absorbed, so in reality it is a negative value.
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[bookmark: _Toc5278301]Figure 2 - Efficiency Experiment 1

When looking at the efficiency, as the water mass flowrate decreases the air temperature efficiency also decreases, however the water temperature efficiency increases. This means the mean temperature efficiency increases as the water mass flowrate decreases. 
At a higher mass flow rate more heat transfer occurs however the transfer is less efficient. Therefore, if the goal is to make a heat exchanger that can transfer the most heat possible a higher water mass flowrate should be used, although if efficiency is more important a slower mass flowrate should be used.
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[bookmark: _Toc5278302]Figure 3 - Heat Transfer Coefficient Experiment 1

It is expected that as the water mass flowrate decreases the heat transfer coefficient will decrease. This graph shows this trend is mostly truthful however, at the start as the mass flowrate decreases the heat transfer coefficient increases. This could be due to inaccuracies in the measuring equipment. Some of these inaccuracies can be seen in the water temperature data (table 3) as the water entering the tank is hotter than the water tank. This would not be expected as the water has travelled around the pipes after exiting the tank and should have cooled by the time it has returned to the water tank entrance.
As the graph generally follows the trend of a higher mass flowrate a greater heat transfer coefficient, a higher mass flowrate can provide greater heat transfer.


[bookmark: _Toc5292243]Experiment 2
[bookmark: _Toc5292244]Tables

[bookmark: _Toc5278315]Table 7 - Constants Experiment 2[image: ]
[image: ][bookmark: _Toc5278316]Table 8 - Air Data Experiment 2


[bookmark: _Toc5278317]Table 9 - Air Results Experiment 2[image: ]
[image: ][bookmark: _Toc5278318]Table 10 - Combined results Experiment 2


[image: ][bookmark: _Toc5278319]Table 11 - Water Data Experiment 2

[bookmark: _Toc5278320]Table 12 - Water Results Experiment 2
[image: ]

[bookmark: _Toc5292245]Power Absorbed and Heat Emitted

[bookmark: _Toc5278303]Figure 4 - Heat emitted and Power Absorbed Experiment 2

As the air mass flowrate decreases there is less heat emitted and less power absorbed. When the mass flow rate is greater the values for heat emitted and power absorbed are closer together, as the mass flowrate decreases the power absorbed starts to drop off at a greater rate than the heat is emitted (M.P.Murugesan & R.Balasubramanian, 2012). This could be due to the mass flowrate of the water remaining at a near constant value, while the air mass flowrate changes due to the pressure difference being altered for each run. Even though they both drop at different rate they do show the same trend.
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From figure 5 as the air mass flowrate decrease there is a slight increase in air temperature efficiency and a decrease in the water temperature efficiency. This ends up meaning the mean temperature efficiency barely changes as the air mass flowrate changes. The change in efficiency could be down to inaccuracy in the measuring equipment. Therefore, the efficiency of the heat exchanger remains consistent as the mass flowrate changes due to the change in pressure difference.
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[bookmark: _Toc5278305]Figure 6 - Heat Transfer Coefficient Experiment 2
Figure 6 shows that as the air mass flowrate decreases the heat transfer coefficient decreases. This means that the less pressure difference in the heat exchanger the less heat is transferred. Therefore, the more air flow in the system the more heat transfer occurs. As the change in mean efficiency is nearly constant a heat exchange should have the greatest amount of air flow possible. However, it is possible that there is a point where it will become inefficient to keep increasing the air flow.
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[bookmark: _Toc5278306]Figure 7 - Power Absorbed and Heat Emitted Experiment 3
The trend shown in figure 7 is nearly identical to that of figure 4. Where the heat emitted, and power absorbed are very close when the air mass flow rate is higher and drift apart as the mass flowrate decreases. However, the power continues on a downward trend where on the 60°C graph the power levels off. This could be correct however it is more likely that it is an error due to the measuring equipment. Also, when comparing 60°C with 45°C there is less heat emitted and power absorbed when the tank is at 45°C. This is because there is less energy in the water when the temperature is lower.
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[bookmark: _Toc5278307]Figure 8 - Efficiency Experiment 3
Figure 8 also shows the same trend as the previous experiment. Where the air temperature efficiency has a slight increase as the air mass flowrate decreases, the water temperature efficiency decrease as the mass flowrate decreases. This again has a negligible impact on the mean temperature efficiency which remains close to constant with the change in air mass flowrate. This would suggest that the air mass flowrate has little to no impact on the efficiency of the heat exchanger.
The efficiency remains the same between experiment 2 and 3 showing that the temperature of the tank has no effect on the efficiency of the heat exchanger.
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[bookmark: _Toc5278308]Figure 9 - Heat Transfer Coefficient Experiment 3

As with the previous two graphs the heat transfer coefficient shares the same trends with that shown in figure 6. Where the heat transfer coefficient decreases as the air mass flowrate decreases. When comparing the values between experiment 2 and 3 they are nearly identical which would suggest there is no difference in heat transfer coefficient when the only variable changed is the temperature of the water tank. 
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To conclude, the experiment generally proved the basic thermal dynamic principles that were expected to occur. The greater the flowrate around the tank the more heat could be transferred. The temperature of the water or air before the tank is lower than the temperature of the air or water after the tank, this proves that heat energy has been transferred from the tank to the water or air flowing around it proving the thermodynamics are working as expected.
However, during the course of these experiments some anomalies occurred. One big anomaly was that sometimes the water entering the tank was greater than the tank temperature. It would be expected that the temperature of the fluid would cool down as it flows around the heat exchanger before returning to the water temperature 1 sensor. This could mean that the sensor is not reading the correct temperature and therefore is not providing accurate results. As the results show trends that would be expect the sensor is probably not fully reading false data however it could be reading higher values than are actually occurring. To solve this the sensor could be replaced and checked for any issues. Another anomaly occurs in figure 3 as it would be expected that as the mass flowrate decreases the heat transfer coefficient would also decrease, however it starts to increase before decreasing on the 4th test. It is unknown whether this is caused by a fault in the machine, a fault in the equations or just it is how it is actually occurring. This experiment could have been repeated on the same day if more time was available, as this is the only way to make sure the air temperature would be the same. To see if the results between the two experiments correlated or if an anomaly has occurred.
Other materials could be used in the heat exchangers to see how this would affect the efficiency of the exchanger (Eshtiaghi, 2015).
Power Absorbed and Heat Emitted against Water Mass Flow Rate

Heat Emitted	3.6652804508364993E-2	2.8391181715414601E-2	2.0294871756846834E-2	1.2193032465673621E-2	4.077368195899175E-3	598.03615183489387	593.86123818318015	568.77370924034369	504.82120373397936	366.45614446849777	Power Absorbed"	3.6652804508364993E-2	2.8391181715414601E-2	2.0294871756846834E-2	1.2193032465673621E-2	4.077368195899175E-3	590.94513890882536	569.45622476668632	549.06654404750225	493.25156692749658	355.27835203073698	Water Mass Flowrate (kg/s)


Heat/Power (W)




Efficiency

Air Temperature Efficiency	3.6652804508364993E-2	2.8391181715414601E-2	2.0294871756846834E-2	1.2193032465673621E-2	4.077368195899175E-3	15.406162464985993	14.845938375350141	14.488636363636356	13.256484149855909	9.455587392550143	Water Temperature Efficiency	3.6652804508364993E-2	2.8391181715414601E-2	2.0294871756846834E-2	1.2193032465673621E-2	4.077368195899175E-3	10.924369747899155	14.005602240896359	19.034090909090914	28.530259365994233	61.604584527220617	Mean Temperature Efficiency	3.6652804508364993E-2	2.8391181715414601E-2	2.0294871756846834E-2	1.2193032465673621E-2	4.077368195899175E-3	13.165266106442573	14.42577030812325	16.761363636363633	20.89337175792507	35.530085959885383	Water Mass Flowrate (kg/s)


Efficiency (%)





Overall Heat Transfer Coefficient	3.6652804508364993E-2	2.8391181715414601E-2	2.0294871756846834E-2	1.2193032465673621E-2	4.077368195899175E-3	124.78418430808672	125.97135052124233	126.3223316959368	120.90526656610702	117.60005883705041	Water Mass Flowrate (kg/s)


Heat Transfer Coefficient



Heat Emitted and Power Absorbed against Air Mass Flowrate

Heat Emitted	0.10712448425470734	9.5815051539252613E-2	8.270121193546609E-2	4.7907525769626307E-2	3.3875736341572031E-2	3.3875736341572031E-2	366.45614446849777	332.31180717310826	319.18396446639264	307.626308460247	279.64814664883949	254.95761368850808	Power Absorbed	0.10712448425470734	9.5815051539252613E-2	8.270121193546609E-2	4.7907525769626307E-2	3.3875736341572031E-2	3.3875736341572031E-2	355.27835203073698	317.77061842993135	274.27856938397304	216.66178529313495	177.03459812105552	177.03459812105552	Air Mass Flowrate


Heat/Power (W)




Efficiency

Air Temperature Efficiency	0.10712448425470734	9.5815051539252613E-2	8.270121193546609E-2	4.7907525769626307E-2	3.3875736341572031E-2	3.3875736341572031E-2	9.455587392550143	9.9099099099099117	10.030395136778107	13.677811550151977	15.902140672782883	15.662650602409645	Water Temperature Efficiency	0.10712448425470734	9.5815051539252613E-2	8.270121193546609E-2	4.7907525769626307E-2	3.3875736341572031E-2	3.3875736341572031E-2	61.604584527220617	60.960960960960961	59.270516717325229	57.142857142857139	52.293577981651374	46.987951807228917	Mean Temperature Efficiency	0.10712448425470734	9.5815051539252613E-2	8.270121193546609E-2	4.7907525769626307E-2	3.3875736341572031E-2	3.3875736341572031E-2	35.530085959885383	35.435435435435437	34.650455927051667	35.410334346504555	34.09785932721713	31.325301204819283	Air Mass Flowrate


Efficiency (%)





Heat Transfer Coefficient	0.10712448425470734	9.5815051539252613E-2	8.270121193546609E-2	4.7907525769626307E-2	3.3875736341572031E-2	3.3875736341572031E-2	117.60005883705041	111.47599448532468	106.11226384193463	99.925175813926117	87.381302070813376	77.483421034515885	Air Mass Flowrate


Heat Transfer Coefficient



Heat Emitted and Power Absorbed against Air Mass Flowrate for 45°C

Heat Emitted	0.10712448425470734	9.5815051539252613E-2	8.270121193546609E-2	6.8760234963653674E-2	4.7907525769626307E-2	3.4546608128600012E-2	243.13360881527868	231.62836717271153	223.38720279448199	215.12692648699993	195.34385795398799	177.22146171886135	Power Absorbed"	0.10712448425470734	9.5815051539252613E-2	8.270121193546609E-2	6.8760234963653674E-2	4.7907525769626307E-2	3.4546608128600012E-2	236.85223468715787	221.47649163298249	199.47532318834411	179.6704939600269	154.07060287511817	121.63860722080064	Air Mass Flowrate (kg/s)


Heat/Power (W)




Efficiency for 45 °C 

Air Temperature Efficiency	0.10712448425470734	9.5815051539252613E-2	8.270121193546609E-2	6.8760234963653674E-2	4.7907525769626307E-2	3.4546608128600012E-2	9.3617021276595729	9.9567099567099593	10.434782608695645	11.255411255411245	13.852813852813849	15.283842794759824	Water Temperature Efficiency	0.10712448425470734	9.5815051539252613E-2	8.270121193546609E-2	6.8760234963653674E-2	4.7907525769626307E-2	3.4546608128600012E-2	62.978723404255319	61.038961038961034	59.130434782608695	56.709956709956714	51.515151515151516	47.161572052401759	Mean Temperature Efficiency	0.10712448425470734	9.5815051539252613E-2	8.270121193546609E-2	6.8760234963653674E-2	4.7907525769626307E-2	3.4546608128600012E-2	36.170212765957444	35.497835497835496	34.782608695652172	33.98268398268398	32.683982683982684	31.222707423580793	Air Mass Flowrate (kg/s)


Efficiency





Heat Transfer Coefficient	0.10712448425470734	9.5815051539252613E-2	8.270121193546609E-2	6.8760234963653674E-2	4.7907525769626307E-2	3.4546608128600012E-2	117.97737943336222	112.20304403211166	106.60215708754424	100.11622765671012	88.048390998865514	77.904349847086422	Air Mass Flowrate (kg/s)


Heat Transfer Coefficient
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025 0.1 602 87
024 505 557 384
024 0.1 85 39
024 0.1 sS85 30
024 50 so.1 a2
024 601 596 a4
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Water Results

B Temperature (€] Average Temperature ('C) | Density of Water (kg/m) Mass Flowrate (ke/s) Specific Heat Capacity (1/Ke/KI. Heat Emitted (W) Temperature Efficiency (%)
215 39.45 578568367 0.004077368 4180.263105 366.4561445 6160458453
203 855 5750666058 0.003316266 4180011775 3323115072 60.96096096
195 3575 785562114 0.003315825 4180.066545 519.1839645 59.27051672
188 494 5785961456 0.003514385 4180248815 307.6263085 57.14285714
71 5055 77.8543116 0.003911817 180587118 2796451455 52.09357798
156 S18 9772497515 0.003908999 218097747 2549576137 2698795181
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Constants

‘Ambient Pressure (Bar) Orifice Diameter (m) Orifice Area (m?) Surface Area ()
1025 010011 0.00787127 155823
1025 010011 0.00787127 155823
1025 010011 0.00787127 155823
1025 010011 0.00787127 155823
1025 010011 0.00787127 155823
1029 010011 000787127 155823
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Air Data

Pressure Difference (Pa) | Ambient Air Temperature (C) | _Air Temperaturen (C) | _Air Temperature Out (1C)
250 287 253 275
200 253 254 277
149 285 255 275
103 247 255 282
50 247 255 29
26 247 262 297
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Water Data

Water Tank Temperature (‘0]

Water Flow (L/min)

Water Temperature In (‘€]

Water Temperature Out (1C)

a5 024 55 34
455 024 55 344
a5 024 55 385
435 024 487 355
457 024 85 57
256 024 291 383
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Combined Results

Logarithmic Mean AT (LMTD) (C) | Heat Transfer Coefficient (U)] Mean Temperature Effidiency (%) =)
152075313 0.117953366 36.17021277 0574164525
1525011516 0112185452 354578355 0556171708
15.45007927 0.106586422 347826087 0892957702
1579186006 010010145 5398268398 0.835183661
1.24002951 0.088035395 5268398268 0788714856
14.60115306 0077892851 31.22270742 0686364992
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Air Results

B Temperature (€] ‘Average Temperature (1C) Density of Air (kg/m’) Mass Flowrate (ke/s) Specific Heat Capacity (1/Ke/K. Power Absorbed (W) Temperature Efficiency (%]
22 26.4 1203505601 0.107124484 1005 236.8522347 9361702128
23 2655 1201086083 0.085815052 1005 2214764516 5956709957
24 267 1203101672 0.082701212 1005 199.4753232 1043478261
25 265 1203505601 0.068760235 1005 179.670454 1125541126
52 274 1203505601 0.047507526 1005 1540706025 1585081385
35 2795 1203505601 0034526608 1006 1216386072 1528384279
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Water Results

B Temperature (€] Average Temperature ('C) | Density of Water (kg/m) Mass Flowrate (ke/s) Specific Heat Capacity (1/Ke/K. Heat Emitted (W) Temperature Efficiency (%]
a8 414 082883428 0.003831558 4178452867 243.1336088 625787234
a1 aLas 828635417 0.003831454 4178.490471 2316283672 6103836104
156 417 827339288 0.003330836 178529187 2233872028 5913043478
151 4215 582.4998664 0.00332855 4178601786 2151269265 5670995671
19 3255 9820813516 0.003528325 4178739934 195343858 5151515152
108 237 9816862092 0.003926745 4178.879781 177.2214617 47.16157205
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