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[bookmark: _Toc38861764]Introduction & Background Research 
A heat exchanger is a device designed to transfer heat between multiple fluids, i.e liquids vapours or gases of varying temperatures, whilst preventing direct contact of these fluids using a solid barrier (Ronquillo, 2020).
The type of heat exchanger used for this report was designed specifically for heat transfer between liquid and gas, in this case air and water. The heat exchanger allows for varying flow rates and configurations with regards to both the available water and air flow. The heat exchanger used for this experiment was a TecQuipment TD1007, a picture of which can be seen below. [image: ] This heat exchanger uses two bundles of 16 tubes in loops to provide a pathway for the heated water, whilst the air passes over the tube bundles. For the purposes of this report; three experiments were carried out using a parallel flow configuration in order to determine the effects of varying these flow rates, as well as the effect of varying original temperature of the water as it enters the heat exchanger. A parallel flow configuration is when both the cold and warm fluids’ directions of flow are the same (The Editors of Encylopaedia Brtannica , 1998).  This report will focus on explaining the methods involved in carrying out these experiments; analysing the results, drawing conclusions as to the effects of air and water flow rates on the heat exchanger’s performance,  and highlighting potential theories of how this performance could be improved. 

[bookmark: _Toc38861765]Experiment 1 – The Effect of Varying Water Flow Rate
[bookmark: _Toc38861766]Methodology 
· 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. 
· Note the ambient air pressure. Inspect the orifice and check its diameter - this is stamped on the surface of the orifice. 
· Switch on the fan and use the slide valve to set the airflow to give an orifice pressure drop of 250 Pa (+/- 5 Pa tolerance). 
· 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 at least five minutes for the heat exchanger temperatures to stabilize, then record all readings.
(University of Wales Trinity St David, 2020)
[bookmark: _Toc38861767]Calculations
For the purposes of detailing the calculations used in this experiment, the first water flow rate of 0.25 l/min, will be used as an example below.
[bookmark: _Toc38861768]Constants
	Constants
	
	Unit

	Air Pressure
	1004
	Mb

	Air in Diameter
	0.10011
	m

	Discharge coefficient (Cd)
	0.6
	N/A

	Water Pipes Area
	0.1558
	m

	Air Intake Area
	0.00787127
	m²

	Air Flow 
	250
	Pa



[bookmark: _Toc38861769]Water Density (Wρ)
Firstly, the water density was calculated using the equation below:
[image: ]
									(TecQuipment LTD , 2014) 
Where T = the average temperature (°c) of the hot water circuit. 
In the case of the example of 0.25L/min water flow rate, the calculation can be seen below:
 
= 988.29183 Kg/m³
[bookmark: _Toc38861770]Air Density (Aρ)
Second was to calculate the air density, the equation for which can be seen below.
[image: ]		(TecQuipment LTD , 2014)
Where p = Air Pressure (Pa), R = Specific Gas Constant (287.05 J.Kg/K), T = Average Temperature of Cooler Air Circuit (°c)
The calculation for 0.25L/min can be seen below: 

					    = 1.666606 Kg/m³					
[bookmark: _Toc38861771]Water Flow Conversion (ṁW)
Next was the water flow conversion into mass flow. The equation for which can be seen below:
[image: ]
								(TecQuipment LTD , 2014)
The calculation for 0.25l/min can be seen below: 
					
					= 0.0041179 Kg/s 
[bookmark: _Toc38861772]Air Flow (ṁA)
Next was to find the mass flow of the air circuit. The equation used for this can be seen below:
  [image: ] (TecQuipment LTD , 2014)
Where Cd = Discharge Coefficient (0.6), Ao = Area of the Air Intake, Δp = Change in pressure over orifice = Air Flow (Pa), Pa = Density of Air (Kg/m³)
The calculation for 0.25l/min can be seen below: 
				
				=0.1140652 Kg/s 
[bookmark: _Toc38861773]Specific Heat Capacity of Water at Constant Pressure (CpW)
Next, was to calculate the specific heat capacity of the water. The equation used for this is shown below: 
[image: ] (TecQuipment LTD , 2014)
Where T = Average Temperature of the Hot Water Circuit (°c)
The calculation for 0.25l/min can be seen below: 
      
				= 4180.2488 J.Kg/K					
[bookmark: _Toc38861774]Specific Heat Capacity of Air (CpA)
For the purposes of this experiment, the specific heat capacity of air has been assumed to be 1005 J.Kg/K. 
[bookmark: _Toc38861775]Water Heat (Power) Emitted (Qw)
Next was calculating the power emitted from the hot water. The equation used for this is show below: 
[image: ]			(TecQuipment LTD , 2014) 
Where ṁw = Water Mass Flow (Kg/s), CpW = Specific Heat Capacity of Water (J.Kg/K), ΔTw= Change in Temperature of Water Circuit (°c)
The calculation for 0.25l/min can be seen below: 
			      Qw = 0.0041179  4180.2488   -21.2
			            = -364.93201 W

[bookmark: _Toc38861776]Hot Water Circuit Temperature Efficiency 
Next was to calculate the temperature efficiency of the hot water circuit. To do this, the equation shown below was used: 
[image: ]			 (TecQuipment LTD , 2014)
The calculation for 0.25L/min can be seen below: 
			         
			         = 64.44% 
[bookmark: _Toc38861777]Heat (Power) Absorbed by Air (Qa)
Next was calculating the heat (power) absorbed by the cooling air. The equation used to calculate this is shown below: 
       [image: ]			(TecQuipment LTD , 2014) 
Where ṁa = Air Mass Flow (Kg/s), Cpa = Specific Heat Capacity of Air (J.Kg/K), ΔTa= Change in Temperature of Air Circuit (°c)
The calculation for 0.25L/min can be seen below: 
			
			       = 332.44315 W

[bookmark: _Toc38861778]Cooler Air Circuit Temperature Efficiency 
Next was to calculate the temperature efficient of the cooler air circuit. The equation used to do this is shown below.
        [image: ]				(TecQuipment LTD , 2014)
The calculation for 0.25L/min can be seen below: 
			
			= 8.81%
[bookmark: _Toc38861779]Mean Temperature Efficiency 
Next was to calculate the mean temperature efficiency of both circuits. This is done by simply taking an average of the two. 
For 0.25L/min the calculation can be seen below: 
			

			= 36.63% 
[bookmark: _Toc38861780]Logarithmic Mean Temperature Difference (LMTD)
Next was calculating the logarithmic mean temperature difference (LMTD).  This was done using the equation shown below: 
           [image: ]		(TecQuipment LTD , 2014)
The calculation for 0.25L/min can be seen below: 
		
		            = 18.275284 
[bookmark: _Toc38861781]Heat Transfer Coefficient (U) 
The final step was to calculate the heat transfer coefficient (U). The equation used for this is shown below:
[image: ]					(TecQuipment LTD , 2014)
Where Qw = Water Power (W), A = Water Pipe Area (m²), LMTD = Logarithmic Mean Temperature Difference
The calculation for 0.25L/min can be seen below: 
		
		W.m²/K
[bookmark: _Toc38861782]Repeating for Varying Water Flow Rates
Once these calculations had been done for the first flow rate, it was simply a case of copying and pasting the cells formulas in a block, into the appropriate cells, they were then calculated quickly for each flow rate. 
[bookmark: _Toc38861783]Results Analysis & Conclusions 

As can be seen above the heat energy results from the first experiment indicates that power transfer improves with increased water flow. However, the relationship is non-linear and in the case of water power, can be seen to begin to plateau. This is as would be expected and suggests that a maximum power transfer value would be found quickly if we were to continue the experiment with increased water flow rates.  Although the heat absorbed by the air provides similar values to the heat emitted from the water, slight variations in external conditions tend to cause the two values to differ, however, we would expect that it would decrease similarly to the water power. This does not appear to happen here and as such may indicate an anomaly in the results.  

As can be seen above the results from the experiment show that the water temperature efficiency decreases with increased water flow rates, whilst the air temperature efficiency increases with the water flow. However, the change in water efficiency is generally comparatively larger than the change in air efficiency. This is as would be expected due to the higher temperature changes seen in the water circuit in comparison with the air. 

The expected results should show an initial increase as the water flow increases, followed by the values plateauing to a certain level, suggesting that increasing the water flow past a specific optimum value would have no benefit on performance. However, the results we collected showed an initial increase, followed by a decrease, that suggests a continuing decrease in performance past a specific point. This however, does not follow what we originally expected, and the experiment would need to be repeated with further increased water flow rates in order to confirm if this was an anomaly. 


[bookmark: _Toc38861784]Experiment 2 – The Effect of Varying Air Flow Rate 
[bookmark: _Toc38861785]Methodology 
· 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. 
· Note the ambient air pressure. Inspect the orifice and check its diameter - this is stamped on the surface of the orifice. 
· Switch on the fan and use the slide valve to set the airflow to give an orifice pressure drop of 250 Pa (+/- 5 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
(University of Wales Trinity St David, 2018)
[bookmark: _Toc38861786]Calculations 
To carry out the required calculations for the second experiment, it was simply a case of copying the block cell of formulas into the appropriate sheet, and making some small edits required. These involved ensuring that the Water flow rate had been changed to a fixed variable within the formulas, whilst the Air flow was dependent on the varying flow rate. 
[bookmark: _Toc38861787]Results Analysis & Conclusions 


As shown in the graph above the results from the second experiment show that heat energy transfer improves as airflow increases, with a relatively linear relationship. The trend does not plateau as it did in the first experiment, suggesting that increasing the air flow rate could have further benefit on the heat exchangers performance. This follows the expected trend and suggests that at slower air flow rates there are greater losses to the surroundings, as more heat is emitted from the water than is absorbed by the air. Once the air flow passes a specific vale, the external losses begin to decrease and the values become closer. 

The temperature efficiencies calculated from the results of the second experiment indicate that water efficiency increases slightly with increased air flow, whilst air efficiency decreases. The mean temperature efficiency shows a gradual increase as air flow increases, however, appears as though it may plateau at the higher air flow rates. Further tests at higher air flow rates would need to be carried out to determine whether this would continue to gradually increase, or level out. 

The results from the second experiment show that the heat transfer coefficient increases with increased airflow. This furthers the previous suggestion that an increased air flow rate would provide performance benefits to the heat exchanger. 






[bookmark: _Toc38861788] Experiment 3 – Effect of Varying Temperature (Driving Force) 
[bookmark: _Toc38861789]Methodology 
· 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. 
(University of Wales Trinity St David, 2020)
[bookmark: _Toc38861790]Calculations 
As this experiment was the same procedure as experiment two, it was simply a case of returning to the second experiment and copying the formulas as a block into the appropriate cells. 
[bookmark: _Toc38861791]Results Analysis & Conclusions 

The results for heat energy absorbed by the air follow the expected trend, in that its shows an initial increase that begins to plateau. However, there was a clear anomaly within the results for the 200 Pa airflow rate. This anomaly was noticed in the first instance and as such the experiment was repeated for a further two times and an average of the results was used in order to improve reliability. However, the anomaly persisted, and is further evidenced in the graphs shown below. 



If the anomaly was to be ignored, it is expected that fairly similar results would have been produced. 
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Power (Watts)/ Water Mass Flow Rate (Kg/s)

Air Power	4.1178826320091896E-3	1.2322801130982976E-2	2.0511435184693949E-2	2.8696223719560269E-2	3.2787216920710946E-2	332.44314551319786	469.92745945736493	538.60754120132651	572.84355296750334	597.84902986922805	Water Power	4.1178826320091896E-3	1.2322801130982976E-2	2.0511435184693949E-2	2.8696223719560269E-2	3.2787216920710946E-2	-364.93200868799624	-494.72268968834464	-566.27140573656311	-588.25176630208887	-589.84447114983334	Water Mass Flow Rate (Kg/s)


Power (Watts)





Efficiency (%)/ Water Mass Flow Rate (Kg/s)

Water Efficiency	4.1178826320091896E-3	1.2322801130982976E-2	2.0511435184693949E-2	2.8696223719560269E-2	3.2787216920710946E-2	64.437689969604875	29.721362229102173	19.819819819819827	14.540059347181003	12.684365781710907	Air Efficiency	4.1178826320091896E-3	1.2322801130982976E-2	2.0511435184693949E-2	2.8696223719560269E-2	3.2787216920710946E-2	8.8145896656534912	12.693498452012388	14.114114114114113	14.836795252225517	15.044247787610624	Mean Effiiciency	4.1178826320091896E-3	1.2322801130982976E-2	2.0511435184693949E-2	2.8696223719560269E-2	3.2787216920710946E-2	36.626139817629181	21.207430340557281	16.966966966966972	14.68842729970326	13.864306784660766	Water Mass Flow Rate (Kg/s)


Efficiency (%)




U (W.m²/k) / Water Mass Flow Rate (Kg/s)

U 	4.1178826320091896E-3	1.2322801130982976E-2	2.0511435184693949E-2	2.8696223719560269E-2	3.2787216920710946E-2	-128.16822295266047	-127.92005817842012	-133.32725176768852	-132.64945626615793	-130.79180373041063	Water Mass Flow Rate (Kg/s)


U (W.m²/k) 



Power (Watts)/ Water Flow Rate (L/min)

Air Power	0.11376207724439294	0.10172658482426368	8.8068606230985544E-2	7.1871997162701345E-2	5.0728888762075264E-2	3.5826450895152601E-2	342.9926628918447	316.92917501999364	274.37774271263561	252.80975001980195	209.02838614413119	172.82679911821606	Water Power	0.11376207724439294	0.10172658482426368	8.8068606230985544E-2	7.1871997162701345E-2	5.0728888762075264E-2	3.5826450895152601E-2	-351.09317021562919	-333.93433709018296	-321.81670749693222	-299.35712018039851	-278.59172381533762	-256.11913555758014	Air Mass Flow Rate (Kg/s)


Power Watts





Efficiency (%)/ Water Flow Rate (L/min)

Water Efficiency	0.11376207724439294	0.10172658482426368	8.8068606230985544E-2	7.1871997162701345E-2	5.0728888762075264E-2	3.5826450895152601E-2	61.44578313253011	60.248447204968954	58.074534161490668	54.03726708074533	50.783699059561137	46.562499999999993	Air Efficiency	0.11376207724439294	0.10172658482426368	8.8068606230985544E-2	7.1871997162701345E-2	5.0728888762075264E-2	3.5826450895152601E-2	9.0361445783132517	9.6273291925465863	9.6273291925465863	10.869565217391305	12.852664576802514	14.999999999999991	Mean Efficiency	0.11376207724439294	0.10172658482426368	8.8068606230985544E-2	7.1871997162701345E-2	5.0728888762075264E-2	3.5826450895152601E-2	35.240963855421683	34.937888198757769	33.850931677018629	32.453416149068318	31.818181818181827	30.781249999999993	Air Mass Flow Rate (Kg/s)


Efficiency %




U (W.m²/k) / Water Flow Rate (L/min)
 

U 	0.11376207724439294	0.10172658482426368	8.8068606230985544E-2	7.1871997162701345E-2	5.0728888762075264E-2	3.5826450895152601E-2	-117.50558801676668	-114.29695175260422	-107.08405806315714	-96.269882754181623	-89.107432731642461	-79.786296963973783	Air Mass Flow Rate (Kg/s)


U (W.m²/k) 



Power (Watts)/ Water Flow Rate (L/min)

Air Power	0.1139797314613189	0.10186179217395139	8.8251587118535049E-2	7.2003226746420235E-2	5.0850646667334708E-2	3.5906292038635018E-2	240.5542232491137	235.45353261008833	195.12425911908124	180.90810720038087	153.31469970201414	119.08321754613306	Water Power	0.1139797314613189	0.10186179217395139	8.8251587118535049E-2	7.2003226746420235E-2	5.0850646667334708E-2	3.5906292038635018E-2	-245.12992765350458	-271.09712265425202	-234.7383536403355	-220.87400931053975	-200.10849679946548	-181.08266546545178	Air Mass Flow Rate (Kg/s)


Power (Watts)






Average Temp (°c) / Air Flow (Pa)

250	200	150	100	50	25	41.8	41.05	42.2	42.9	43.7	44.45	Air Flow (Pa)


Average Temp (°c)



Change in Temp (°c) / Air Flow (Pa)

250	200	150	100	50	25	14.199999999999996	15.699999999999996	13.600000000000001	12.799999999999997	11.600000000000001	10.5	Air Flow (Pa)


Change In Temp (°c)



Efficiency (%)/ Water Flow Rate (L/min)

Water Efficiency	0.1139797314613189	0.10186179217395139	8.8251587118535049E-2	7.2003226746420235E-2	5.0850646667334708E-2	3.5906292038635018E-2	62.555066079295138	70.403587443946179	60.176991150442483	56.637168141592909	52.017937219730946	48.165137614678891	Air Efficiency	0.1139797314613189	0.10186179217395139	8.8251587118535049E-2	7.2003226746420235E-2	5.0850646667334708E-2	3.5906292038635018E-2	9.2511013215859101	10.313901345291468	9.7345132743362957	11.061946902654867	13.452914798206278	15.137614678899084	Mean Efficiency	0.1139797314613189	0.10186179217395139	8.8251587118535049E-2	7.2003226746420235E-2	5.0850646667334708E-2	3.5906292038635018E-2	35.903083700440526	40.358744394618824	34.955752212389392	33.849557522123888	32.735426008968609	31.651376146788987	Air Mass Flow Rate (Kg/s)


Efficiency (%)




U (W.m²/k) / Water Flow Rate (L/min)

U 	0.11376207724439294	0.10172658482426368	8.8068606230985544E-2	7.1871997162701345E-2	5.0728888762075264E-2	3.5826450895152601E-2	-117.50558801676668	-114.29695175260422	-107.08405806315714	-96.269882754181623	-89.107432731642461	-79.786296963973783	Air Mass Flow Rate (Kg/s)


U (W.m²/k) 



Power (Watts)/ Water Flow Rate (L/min) at 45°c & 60°c

Qw at 45°c 	0.1139797314613189	0.10186179217395139	8.8251587118535049E-2	7.2003226746420235E-2	5.0850646667334708E-2	3.5906292038635018E-2	-245.12992765350458	-271.09712265425202	-234.7383536403355	-220.87400931053975	-200.10849679946548	-181.08266546545178	Qw at 60°c 	0.11376207724439294	0.10172658482426368	8.8068606230985544E-2	7.1871997162701345E-2	5.0728888762075264E-2	3.5826450895152601E-2	-351.09317021562919	-333.93433709018296	-321.81670749693222	-299.35712018039851	-278.59172381533762	-256.11913555758014	Air Mass Flow Rate (Kg/s)


Water Power (Watts)
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A 01140652 | Ke/s A 01140462 | Ke/s A 01140272 | Ke/s A 01139987 | Ke/s A 01166421 | Ke/s
cow 4180.288 | 1. Kg/K cow 41819723 | JKg/K cow 4182969 | 1Kg/K cow 41835256 | JKg/K cow 41837382 | 1Kg/K
cpa 1005 | kg/k cpa 1005 | kg/k cpa 1005 | kg/k cpa 1005 | kg/k cpa 1005 | kg/k
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u 12816822 W.m*/K 1 12752006 W.m*/K 1 133.32725| W.m/K 1 132.64946] W.m*/K 1 1307918 | Wmi/K
Constants Unit ‘Water Mass Flow Rate Qs aw ‘Water Mass Flow Rate We e Ve ‘Water Mass Flow Rate U
Al Pressure. 1008 mb 0.004117883 332.44315 | 364.93201 0.004117883 64.43769 | 88145897 | 36.62614 0.004117883 12816822
Dairin 010011 m | 0.0078713 0.012322801 469.92746 | 494.72269 0.012322801 29721362 | 12.693498 | 2120743 0.012322801 127.92006
) 06 N/A 0.020511435 538.60754 | -566.27141 0.020511435 1981982 | 14.114114 | 16966967 0.020511435 13332725
Water Area 01558 m 0.02869622¢ 572.84355 | 588.25177 0.02869622¢ 14540059 | 14.836795 | 14.688427 0.02869622¢ 132.64946
Airlow 250 Pa 0.032787217 597.84903 | 589.84447 0.032787217 12.684366 | 15.044248 | 13.864307 0.032787217 1307918
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A ouz7ea | Ke/s ma 01017266 | Ka/s ma 0.0880686 ma 0071872 ma 0.0507285 A 0.0358265
oW 41803932 | IKg/k oW a1802772 | IKg/K oW 41802376 oW 41806633 oW 41810097 oW 1813011
oA 1005 | iKe/k oA 1005 | iKe/k oA 1005 oA 1005 oA 1005 oA 1005
aw ESTEE Water Power S| w Water Power 2181671 Water Power 20935712 Water Power 7sse12 Water Power 611918
Water Efficieney srasmss | % Water Efficiency 6022887 [ % Water Efficiency 5807253 Water Efficiency 54037267 Water Efficiency 50783695 Water Efficiency 265625
Qa EPEE Air Power sisoss| w Air Power 27837778 Air Power 25280075 Air Power 203.02835 Air Power 1728258
AirEfficiency sossass| % A Efficiency sesm| % A Efficiency 56273092 A Efficiency 10869565 A Efficiency 12852665 A Efficiency 5
Mean Tempersture Efficienyy | 35240064 | % Mean Tempersture Efficieney | 36937888 | % Mean Temperature Efficiency | 33850832 Mean Temperature Efficiency | 32453416 Mean Temperature Efficiency | 31818182 Mean Tempersture Efficienyy | 3078125
WD 15.1776%5 WD 1875251 WD 15.085293 WD 15358675 WD 20067200 WD 2060375
U 11750559 Wme/K. u 11820695 | Wme/K. u 10708206 u 96 269883 u 89107833 U 8786257
Constants Unit Airflow (Pa] Aversge | Change Air Mass Flow Rate @ aw Air Mass Flow Rate. we e e Air Mass Flow Rate U
Air Pressure 002 b 250 299 04 0113762077 322.99266 | 35109317 0113762077 61.425783 | 5.0361425 | 35,2096 0113762077 11750558
Airin Diameter 010011 m 20 95 184 0.101726585 31652818 | 33393434 0.101726585 60228247 | 5.6273252 | 34837888 0.101726585 1129655
Discharge coefficient (Ca) 06 /A 150 5005 187 0.088068606 272 3777 | 321 81671 0.088068606 58.072534 | 5.6273292 | 33.850932 0085068506 10708205
Water Area 01558 m 100 £ 174 0.071871597 25280875 | 29935712 0.071871597 54.037267 | 10.869565 | 32.653416 0.071871597 96259883
A Intake Area o077z | e 50 515 162 0.050728885 205.02835 | 27859172 0.050728885 50783693 | 12.850665 | 3118182 0.050728885 “85.107233
Water Flow 025 | min 2 5305 125 0035826451 1728268 25611914 0035826451 5525 | 15 | 307815 0.035826451 8786257
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Wiean Temperature Efficiency | 35903086 | % Wiean Temperature Efficiency | 60356744 | % Wiean Temperature Efficiency | 36955752 | % Wiean Temperature Efficiency | 33849558 | % Wiean Temperature Efficiency | 32755426 | % Wiean Temperature Efficency | 31651576 | %
[TV} Ta7asiy [TV} 1095579 [TV} 13155605 [TV} 13538918 [TV} 13729981 [TV} 1376602
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