






[bookmark: _Toc5374061]Abstract
[bookmark: _Hlk509764032]The following lab report consists in explaining three experiments carried out with TecQuipment’s Water to Air Heat Exchanger (TD1007).
It will be first explained how a heat exchanger works theoretically then the data collected will be analysed using Microsoft Excel producing technical charts.
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[bookmark: _Toc5374062]Introduction
BIT OF THEORY
Heat exchanger is an instrument used to transfer heat from one fluid to another which can be either at liquid status or gas status.
Heat exchanges can be classified by their configuration depending if the fluids are separated or in direct contact, this report will focus the separated heat exchangers.
Separated heat exchanger can be called also recuperative or not regenerative where the energy between the fluid is transferred through a separated wall, the presence of the dividing wall doesn’t allow the physical contact of the two fluids (mass transfer) but the temperature difference allows the transfer of heat. (Dean A, 1996)
In industry, heat exchangers are used in a wide range of applications like energy recovery, power generation and chemical processes. (Heatric, 2019) 
Heat exchangers are usually classified by construction or direction of flow:
Construction: Shell and tube, Air cooled and Plate heat exchanger.
Direction of flow: Parallel flow, Cross flow, Counter flow.
[bookmark: _Toc5374063]Aims
First: Effect of varying water flow rate on the performance of the heat exchanger for a given fixed air flow and water temperature. 
Second: Effect of changing air flow rate influence on the performance of the heat exchanger for a given fixed water flow and temperature. 
Third: Show how different hot water supply temperatures condition the performance of the heat exchanger for a given fixed water flow. 

[bookmark: _Toc5374064]Objectives
1: Understand how the TD1007 heat exchanger works, mastering the aim of each component.
2: Collect the data from the experiment and analyse them using Microsoft Excel, producing graphs to explain significant phenomena.


[bookmark: _Toc5374065]Background Research
[bookmark: _Toc5374066]The Machine used
The TD 1007 Tecquipment was used to carry out all the three experiments, however the machine also allows to conduct a wide range of other experiments setting up the machine in an appropriate way.
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[bookmark: _Toc5364597]Figure 1 - TD1007 Water to Air Heat Exchanger (TecQuipment, 2014)
[image: ]
[bookmark: _Toc5364598]Figure 2 Machine diagram

[bookmark: _Toc5374067]Heat Exchanger important specifications and ambient conditions:
It’s fundamental to record the value of ambient pressure and measure the orifice diameter before starting the experiments, these values will be key in the further calculations.

[image: ]
[bookmark: _Toc5364599]Figure 3 Specification and ambient conditions

[bookmark: _Toc5374068]Working procedure
[bookmark: _Toc5374069]First experiment: The Effect of Varying Water Flow Rate
· Set up the heat exchanger as a parallel flow, using the adaptor standard 32 tube as shows by the figures below.


[image: ]
[bookmark: _Toc5364600]Figure 4 Parallel configuration
[image: ]
[bookmark: _Toc5364601]Figure 5 Adaptor standard 32 tube
[image: ]
[bookmark: _Toc5364602]Figure 6 Adaptor standard 32 tube connection and location

· Adjust the heater tank temperature up to 60˚C.
Press the button with the round arrow icon (green arrow) to access to the “change temperature mode”, then use the other two buttons to adjust the temperature (red circle). 


[image: ]
[bookmark: _Toc5364603]Figure 7 Temperature display set up

· Check the Orifice and record its Diameter, which is written on its top surface.


[image: ]
[bookmark: _Toc5364604]Figure 8 Diameter location



· Check ambient pressure and take note of it
· Switch on the Fan using the green button (figure 10)

[image: ]
[bookmark: _Toc5364605]Figure 9 Fan switch button (orange circle)
· Use the slide port (yellow circle) to create and determine an orifice pressure drop (ΔPa) of 250 Pa (+/- % Pa), by setting the airflow. The Value of the pressure drop is visible on the top right green rectangular display (violet arrow)


[image: ]
[bookmark: _Toc5364606]Figure 10 Setting 250 ΔPa


· Turn on the water pump switching the pump button (blue circle), then adjust the water flow using the water supply valve (blue arrow) to 2,25 L/min (tolerance +/- 0,01 L/min).[bookmark: _Toc5364607]Figure 11 Turning on the pump and adjusting water flow


[image: ]


· Do not touch anything for 5 minutes to allow the heat exchanger to reach the “Thermal Equilibrium”
· Once the five minutes are gone, read the temperatures data on the display and note them in Excel file table.

[image: ]
[bookmark: _Toc5364608]Figure 12 – Temperature displays
Here the list of the data that have to be collected:
· (TW1)-Temperature at Water supply Inlet 
· (TW2)-Temperature at Water Supply Outlet 
· (TA1)-Temperature of the air before it reaches the heat exchanger 
· (TA2)-Temperature of the air after the heat exchanger 
· (TA3)-Temperature of the air at Orifice Inlet (temperature of the ambient)
To complete the experiment 1, repeat the procedure explained above for the following water flow values 1.75, 1.25, 0.75 and 0.25 L/min.


[bookmark: _Toc5374070]Second experiment: The Effect of Varying Air Flow Rate
The procedure for the second experiment is the same one of the “First experiment” but with some relevant differences listed below.
1. Water flow rate has to be set always at 0.25 L/min.
2. The pressure drop (ΔPa) has to be set firstly at 250 Pa, then repeat the experiment for 200, 150, 100, 50 and 25 Pa.
[bookmark: _Toc5374071]Third experiment: The Effect of Varying Temperature (Driving Force)
The procedure for the third experiment is the same one of the “Second experiment ” but with one relevant difference listed below.
1. The heater tank temperature has to be set at 45°.








[bookmark: _Toc5374072]Results and analysis
[bookmark: _Toc5374073]First experiment: The Effect of Varying Water Flow Rate
[bookmark: _Toc5374074]Charts

Chart 1 – First experiment, Qe and Qa against water flow
The values of heat emitted by the heat exchanger are negative technically but have been changed to positive, taking in to account their absolute value, to plot the graph.

[bookmark: _Toc5373069]Chart 2 – First experiment, air, water and mean temp. efficiencies against water flow


[bookmark: _Toc5373070]Chart 3 – First experiment U vs Water Flow
Heat Transfer Coefficient (U) was a negative value, but for comparing the data it was changed to a positive.
[bookmark: _Toc5374075]Analysis
CHART1:
Analysing the graph, it’s visible that the heat absorbed into the air rises as the mass water Flow through the heat exchanger increases.
The maximum value of power absorbed verifies at around 0.037 Kg/s. The heat emitted by the heat exchanger follows a similar trend of the power until around 0.029 Kg/s where it stops rising becoming steady.

CHART 2:
The Mean Temperature Efficiency decreases following a progressive path with as the water flow rises. This fact occurs because of the increased temperature changes in the water circuit compared to the air. It’s also clearly visible that the Water Temperature Efficiency (ηW) decreases with water flow, while Air Temperature Efficiency (ηA) increases slowly and steadily with water flow. 


CHART 3:
Chart 3 shows a rapid increase of the overall heat transfer coefficient U as the water flow increases, reaching a maximum value of 173,5146 (W/m^2*K) at 0,021 (kg/s) then it starts degreasing slowly.

[bookmark: _Toc5374076]Conclusion 
In summary, it’s possible to say that increasing the mass flow of the heat exchanger until about 0,021 (kg/s) will increase its efficiency but it’s not worth rise the flow more as it will drop the system efficiency.

[bookmark: _Toc5374077]Second Experiment: The Effect of Varying Air Flow Rate
[bookmark: _Toc5374078]Charts


Chart 4- Heat emitted by the heat exchanger and the power absorbed into the air.


[bookmark: _Toc5373071]Chart 5 - air, water and mean temperature efficiencies (%)

[bookmark: _Toc5373072]Chart 6 - heat transfer coefficient (U) vs Air Flow
[bookmark: _Toc5374079]Analysis
Analysing Chart 4, it’s visible that the heat emitted by the Heat Exchanger (Qe) increases with the increase of the air flow, the value of energy absorbed into air increases as well but at the beginning its value is lower than the heat emitted (Qe), its value increases until it meets the Qa line at about 0.103 Kg/s. The value of Qa ended up higher than the Qe.
Comparing Chart1 (effect of changing water flow) and Chart 4 (effect of changing air flow), it’s noticeable that in the first case the heat emitted by the heat exchanger rises but becomes constant as the mass flow increases, while in the second experiment it keeps increasing also at high values of air flow.
Looking to Chart 5, the value of water temperature efficiency increases as the air flow rises, opposite is the behaviour of the air temperature efficiency. The Mean temperature efficiency value slightly increases remaining almost constant with the rise of the air flow.
Chart 6 shows a progressive increasing (look direction arrows) of the heat transfer coefficient as the mass air flow decreases throughout the experiment (from higher pressure drop to lower one), reaching its maximum value of 349,50 at 0,0363 Kg/s, from how the graph looks like it’s possible to estimate a further increase.


[bookmark: _Toc5374080]Conclusion 
From the previous analysis it’s possible to say that increasing the air flow through the system will determine a rise of the energy transferred and decreasing a pressure drop (decreasing mass flow) will increase the heat exchanger efficiency (U).
[bookmark: _Toc5374081]Third Experiment: The Effect of Varying Temperature (Driving Force)
[bookmark: _Toc5374082]Charts

[bookmark: _Toc5373073]Chart 7 - Experiment 3 Qe and Qa vs Air Flow


[bookmark: _Toc5373074]Chart 8 - Experiment 3 Efficiencies against  Air Flow

[bookmark: _Toc5373075]Chart 9 - Experiment 3 U against Air Flow


[bookmark: _Toc5373076]Chart 10 - Experiment 3 Energy Absorbed at 60° and 45° 

[bookmark: _Toc5374083]Analysis
Analysing Experiment 3 graphs it’s visible that they follow a very similar trend to the ones of Experiment 2, however a nice comparison of the energy absorbed was plotted to see the different results when the heater working temperature changes. Chart 10 shows the energy absorbed (Qa) at 45° and 60°, it’s clearly visible that Qa at 45 is way lower than the one at 60°, interesting fact is that the difference between the two configurations get bigger with the increase of the mass air flow.

[bookmark: _Ref5362768][bookmark: _Toc5364609]Figure 13 Air, water and mean temperature efficiencies comparison.

[bookmark: _Ref5365255]Figure 14 U comparation
 Figure 14 Air, water and mean temperature efficiencies comparison shows a comparation of the air, water and temperature efficiency in  experiment 2 and experiment 3, it’s easily visible that the values remain quite constant following  basically the same line, this is because the Logarithmic Mean Temperature Difference equation, which represents the heat driving force takes in account the initial temperature.

[image: ]
[bookmark: _Toc5364610]Figure 15 - Logarithmic Mean Temperature Difference equation (TecQuipment, 2014).

[bookmark: _Toc5374084]Conclusion
In summary, if the heater temperature changes getting lower the energy transferred will decrease, the change won’t affect the heat exchanger coefficient and the temperature efficiencies. (Figure 14 U comparation).

All the laboratory data, calculations and graphs can be view here:
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Heat emitted by the heat exchanger and power absorbed into  air

Q ̇e	3.6893158155567082E-2	2.8702687166926998E-2	2.0514789538737865E-2	1.2322194820288637E-2	4.1179759617953494E-3	601.86391420247401	600.31670209627805	574.94954309162199	510.28303523934699	370.34810913608402	Q ̇a	3.6893158155567082E-2	2.8702687166926998E-2	2.0514789538737865E-2	1.2322194820288637E-2	4.1179759617953494E-3	636.75347133058563	613.70076870339949	590.54224912968596	532.95605307453343	382.68841249112086	Mass water flow (kg/s)


Qe and Qa (watts)




Air, water and mean temperature efficiencies

ηW	3.6893158155567082E-2	2.8702687166926998E-2	2.0514789538737865E-2	1.2322194820288637E-2	4.1179759617953494E-3	10.924369747899155	14.005602240896359	19.034090909090914	28.530259365994233	61.604584527220617	ηA	3.6893158155567082E-2	2.8702687166926998E-2	2.0514789538737865E-2	1.2322194820288637E-2	4.1179759617953494E-3	15.406162464985993	14.845938375350141	14.488636363636356	13.256484149855909	9.455587392550143	Mean ηΤ	3.6893158155567082E-2	2.8702687166926998E-2	2.0514789538737865E-2	1.2322194820288637E-2	4.1179759617953494E-3	13.165266106442573	14.42577030812325	16.761363636363633	20.89337175792507	35.530085959885383	Mass water flow (kg/s)


Values (%)




Heat transfer coefficient U

U	3.6893158155567082E-2	2.8702687166926998E-2	2.0514789538737865E-2	1.2322194820288637E-2	4.1179759617953494E-3	170.64596711692701	173.03455887303301	173.51457893878401	166.06739706083999	161.49581788902699	Mass water flow (kg/s)


U (W/m^2*K)



Heat emitted by the heat exchanger and power absorbed into the air

Q ̇e	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	370.34810913608402	349.81820255256002	336.00238346613901	323.84655931444001	294.40902686904002	268.428894177487	Q ̇a	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	382.68841249112086	342.22987874554104	296.28104148694985	271.09977626321597	232.91201006956962	190.04466294050627	Mass air flow (kg/s)


Qe Qa




Air, water and mean temperature efficiencies

ηW	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	61.604584527220617	60.960960960960961	59.270516717325229	56.797583081570998	51.506024096385538	46.987951807228917	ηA	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	9.455587392550143	9.9099099099099117	10.030395136778107	11.178247734138973	13.554216867469879	15.662650602409645	Mean ηΤ	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	35.530085959885383	35.435435435435437	34.650455927051667	33.987915407854985	32.53012048192771	31.325301204819283	Mass air flow (kg/s)


Values (%)





U 	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	160.47146050449399	177.17707134237401	194.80964990751201	224.80026268945801	278.29912036406603	349.50327125325498	Mass air flow (kg/s)


U (%)




Heat emitted by the heat exchanger and power absorbed into the air


Q ̇e	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	255.49998103911099	243.41072524038299	234.75594053420201	226.08473068403899	205.30858433521999	186.27348397895199	Q ̇a	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	255.35983461650008	238.72284036449906	215.67474886564497	190.70888031393613	165.83294660289118	128.13762674512398	


Air, water and mean temperature efficiencies


ηW	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	62.978723404255319	61.038961038961034	59.130434782608695	56.709956709956714	51.515151515151516	47.161572052401759	ηA	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	9.3617021276595729	9.9567099567099593	10.434782608695645	11.255411255411245	13.852813852813849	15.283842794759824	Mean ηΤ	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	36.170212765957444	35.497835497835496	34.782608695652172	33.98268398268398	32.683982683982684	31.222707423580793	Mass air flow (kg/s)


Values (%)





Heat transfer coefficient U

0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	167.24310755889201	177.877076083313	195.195476687877	224.60368811996801	279.60275590806401	350.204170795376	Mass air flow (kg/s)


U (W/m^2*K)



Energy Absorbed into the Air Comparison 45˚C vs 60˚C

Q ̇a 60˚C	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	382.68841249112086	342.22987874554104	296.28104148694985	271.09977626321597	232.91201006956962	190.04466294050627	Q ̇a 45˚C	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	255.35983461650008	238.72284036449906	215.67474886564497	190.70888031393613	165.83294660289118	128.13762674512398	Mass air flow (kg/s) 


Energy absorbed (Watt)




Air, water and mean temperature efficiencies comparision.

ηW	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	61.604584527220617	60.960960960960961	59.270516717325229	56.797583081570998	51.506024096385538	46.987951807228917	ηA	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	9.455587392550143	9.9099099099099117	10.030395136778107	11.178247734138973	13.554216867469879	15.662650602409645	Mean ηΤ	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	35.530085959885383	35.435435435435437	34.650455927051667	33.987915407854985	32.53012048192771	31.325301204819283	exp 3.ηW	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	62.978723404255319	61.038961038961034	59.130434782608695	56.709956709956714	51.515151515151516	47.161572052401759	exp 3.ηA	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	9.3617021276595729	9.9567099567099593	10.434782608695645	11.255411255411245	13.852813852813849	15.283842794759824	exp 3. Mean ηΤ	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	36.170212765957444	35.497835497835496	34.782608695652172	33.98268398268398	32.683982683982684	31.222707423580793	Mass air flow (kg/s)


Values (%)




U 	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	160.47146050449399	177.17707134237401	194.80964990751201	224.80026268945801	278.29912036406603	349.50327125325498	test	exp 3 .U	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	167.24310755889201	177.877076083313	195.195476687877	224.60368811996801	279.60275590806401	350.204170795376	Mass air flow (kg/s)


U (%)
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Mass air flow (kg/s)Q ̇a 60˚C Q ̇a 45˚C

0,115389239 382,6884 255,3598

0,103190073 342,2299 238,7228

0,089335457 296,281 215,6747

0,072905681 271,0998 190,7089

0,051500721 232,912 165,8329

0,036365224 190,0447 128,1376

exp2

Mass air flow (kg/s)ηW ηA Mean ηΤ

0,115389239 61,60458 9,455587 35,53009

0,103190073 60,96096 9,90991 35,43544

0,089335457 59,27052 10,0304 34,65046

0,072905681 56,79758 11,17825 33,98792

0,051500721 51,50602 13,55422 32,53012

0,036365224 46,98795 15,66265 31,3253

exp 3

Air, water and mean temperature efficiencies COMPARATION
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DATA AND CALCULATIONS

				Orifice Area (m^2):		0.0078672795

				FIRST EXPERIMENT																Orifice CD: 0.6

				Heater Temperature: 60˚C																Ambient Pressure: 102900 Pa 

				Orifice Δp = 250 Pa																Orifice Diameter: 100.11mm

				 Flow (L/min)		TW1 (˚C)		TW2 (˚C)		ΔTW		Avg. TW		TA1 (˚C)		TA2 (˚C)		ΔTA		Avg. Tq		TA3 (˚C)		ηW (%)		ηA (%)		ρW (kg*m^-3)		ρA (kg*m^-3)		CpW (J/kgK)		CpA (J/kgK)		Q ̇e (W)		Q ̇a (W)		CEB		Mean ηΤ (%)		LMTD		U (W/m^2*K)		ΔTi		Δto		Mass air flow (kg/s)		Mass water flow (kg/s)

				2.25		60.9		57.0		-3.9		59.0		25.2		30.7		5.5		28.0		24.8		10.9		15.4		983.8		1.191141829		4183		1005		-602		637		-1.06		13.2		30.76		-169.8		35.7		26.3		0.1152		0.0369

				1.75		60.9		55.9		-5.0		58.4		25.2		30.5		5.3		27.9		24.9		14.0		14.8		984.1		1.1915377544		4183		1005		-600		614		-1.02		14.4		30.26		-172.2		35.7		25.4		0.1152		0.0287

				1.25		60.5		53.8		-6.7		57.2		25.3		30.4		5.1		27.9		25.0		19.0		14.5		984.7		1.1915377544		4183		1005		-575		591		-1.03		16.8		28.90		-172.7		35.2		23.4		0.1152		0.0205

				0.75		59.9		50.0		-9.9		55.0		25.2		29.8		4.6		27.5		24.8		28.5		13.3		985.8		1.1929255688		4183		1005		-510		533		-1.04		20.9		26.80		-165.2		34.7		20.2		0.1153		0.0123

				0.25		60.2		38.7		-21.5		49.5		25.3		28.6		3.3		27.0		25.2		61.6		9.5		988.3		1.1951129636		4183		1005		-370		383		-1.03		35.5		20.00		-160.5		34.9		10.1		0.1154		0.0041

																						24.9



				SECOND EXPERIMENT

				Heater Temperature:  60˚C                                                          Pipe Connection: Parallel																Ambient Pressure: 102900 Pa 

				Water Flow: 0.25 L/min																Orifice Diameter: 100.11mm

				Air P (pa)		TW1		TW2		ΔTW		Avg. TW		TA1		TA2		ΔTA		Avg. TA		TA3		ηW (%)		ηA (%)		ρW (kg*m^-3)		ρA (kg*m^-3)		CpW (J/kgK)		CpA (J/kgK)		Q ̇e (W)		Q ̇a (W)		CEB		Mean ηΤ (%)		LMTD		U (W/m^2*K)		ΔTi		Δto		Mass air flow (kg/s)		Mass water flow (kg/s)

				250		60.2		38.7		-21.5		49.5		25.3		28.6		3.3		27.0		25.2		61.6		9.5		988.3		1.1951129636		4183		1005		-370		383		-1.03		35.5		20.00		-160.5		34.9		10.1		0.1154		0.0041

				200		58.7		38.4		-20.3		48.6		25.4		28.7		3.3		27.1		24.9		61.0		9.9		988.7		1.194714659		4183		1005		-350		342		-0.98		35.4		19.13		-177.2		33.3		9.7		0.1032		0.0041

				150		58.5		39.0		-19.5		48.8		25.6		28.9		3.3		27.3		25.1		59.3		10.0		988.6		1.1939188457		4183		1005		-336		296		-0.88		34.7		19.31		-194.8		32.9		10.1		0.0893		0.0041

				100		58.8		40.0		-18.8		49.4		25.7		29.4		3.7		27.6		24.9		56.8		11.2		988.3		1.1927271117		4183		1005		-324		271		-0.84		34.0		19.76		-224.8		33.1		10.6		0.0729		0.0041

				50		59.1		42.0		-17.1		50.6		25.9		30.4		4.5		28.2		24.7		51.5		13.6		987.8		1.1903507668		4183		1005		-294		233		-0.79		32.5		20.54		-278.3		33.2		11.6		0.0515		0.0041

				25		59.6		44.0		-15.6		51.8		26.4		31.6		5.2		29.0		25.0		47.0		15.7		987.3		1.1870004418		4183		1005		-268		190		-0.71		31.3		21.12		-349.5		33.2		12.4		0.0364		0.0041



				THIRD EXPERIMENT

				Heater Temperature:  45˚C                                                          Pipe Connection: Parallel																Ambient Pressure:  102900 Pa 

				Water Flow: 0.25 L/min																Orifice Diameter: 100.11mm

				Air P (pa)		TW1		TW2		ΔTW		Avg. TW		TA1		TA2		ΔTA		Avg. TA		TA3		ηW (%)		ηA (%)		ρW (kg*m^-3)		ρA (kg*m^-3)		CpW (J/kgK)		CpA (J/kgK)		Q ̇e (W)		Q ̇a (W)		CEB		Mean ηΤ (%)		LMTD		U (W/m^2*K)		ΔTi		Δto		Mass air flow (kg/s)		Mass water flow (kg/s)

				250		48.8		34.0		-14.8		41.4		25.3		27.5		2.2		26.4		24.7		63.0		9.4		991.7		1.1973083949		4178		1005		-255		255		-1.00		36.2		13.23		-167.2		23.5		6.5		0.1155		0.0041

				200		48.5		34.4		-14.1		41.5		25.4		27.7		2.3		26.6		25.3		61.0		10.0		991.7		1.1967088413		4178		1005		-243		239		-0.98		35.5		13.25		-177.9		23.1		6.7		0.1033		0.0041

				150		48.5		34.9		-13.6		41.7		25.5		27.9		2.4		26.7		24.8		59.1		10.4		991.6		1.196109888		4178		1005		-235		216		-0.92		34.8		13.45		-195.2		23		7		0.0894		0.0041

				100		48.7		35.6		-13.1		42.2		25.6		28.2		2.6		26.9		24.7		56.7		11.3		991.4		1.1953122155		4178		1005		-226		191		-0.84		34.0		13.79		-224.6		23.1		7.4		0.0730		0.0041

				50		48.9		37.0		-11.9		43.0		25.8		29.0		3.2		27.4		24.7		51.5		13.9		991.1		1.1933226812		4178		1005		-205		166		-0.81		32.7		14.24		-279.6		23.1		8		0.0516		0.0041

				25		49.1		38.3		-10.8		43.7		26.2		29.7		3.5		28.0		33.9		47.2		15.3		990.8		1.191141829		4178		1005		-186		128		-0.69		31.2		14.60		-350.2		22.9		8.6		0.0364		0.0041

																																										CEB = Energy Balance Coefficient





Ex1

		EXPERIMENT 1

								Mass water flow (kg/s)		Q ̇e		Q ̇a

								0.0369		601.8639142025		636.7534713306

								0.029		600.3167020963		613.7007687034

								0.021		574.9495430916		590.5422491297

								0.012		510.2830352393		532.9560530745

								0.004		370.3481091361		382.6884124911

								Mass water flow (kg/s)		ηW		ηA		Mean ηΤ

								0.037		10.924		15.406		13.165

								0.029		14.006		14.846		14.426

								0.021		19.034		14.489		16.761

								0.012		28.530		13.256		20.893

								0.004		61.605		9.456		35.530

								Mass water flow (kg/s)		U

								0.037		169.8459888046

								0.029		172.1947673165

								0.021		172.6724576927

								0.012		165.1652612479

								0.004		160.4714605045



Heat emitted by the heat exchanger and power absorbed into  air



Q ̇e	3.6893158155567082E-2	2.8702687166926998E-2	2.0514789538737865E-2	1.2322194820288637E-2	4.1179759617953494E-3	601.86391420247401	600.31670209627805	574.94954309162199	510.28303523934699	370.34810913608402	Q ̇a	3.6893158155567082E-2	2.8702687166926998E-2	2.0514789538737865E-2	1.2322194820288637E-2	4.1179759617953494E-3	636.75347133058563	613.70076870339949	590.54224912968596	532.95605307453343	382.68841249112086	Mass water flow (kg/s)





Qe and Qa (watts)









Air, water and mean temperature efficiencies



ηW	3.6893158155567082E-2	2.8702687166926998E-2	2.0514789538737865E-2	1.2322194820288637E-2	4.1179759617953494E-3	10.924369747899155	14.005602240896359	19.034090909090914	28.530259365994233	61.604584527220617	ηA	3.6893158155567082E-2	2.8702687166926998E-2	2.0514789538737865E-2	1.2322194820288637E-2	4.1179759617953494E-3	15.406162464985993	14.845938375350141	14.488636363636356	13.256484149855909	9.455587392550143	Mean ηΤ	3.6893158155567082E-2	2.8702687166926998E-2	2.0514789538737865E-2	1.2322194820288637E-2	4.1179759617953494E-3	13.165266106442573	14.42577030812325	16.761363636363633	20.89337175792507	35.530085959885383	Mass water flow (kg/s)





Values (%)









Heat transfer coefficient U



U	3.6893158155567082E-2	2.8702687166926998E-2	2.0514789538737865E-2	1.2322194820288637E-2	4.1179759617953494E-3	169.84598880457401	172.19476731651599	172.67245769274899	165.16526124785801	160.47146050449399	Mass water flow (kg/s)





U (W/m^2*K)









Ex2

		EXPERIMENT 2

				Mass air flow (kg/s)		Q ̇e		Q ̇a

				0.1153892394		370.3481091361		382.6884124911

				0.1031900735		349.8182025526		342.2298787455

				0.0893354565		336.0023834661		296.281041487

				0.0729056814		323.8465593144		271.0997762632

				0.0515007209		294.409026869		232.9120100696

				0.0363652244		268.4288941775		190.0446629405

				Mass air flow (kg/s)		ηW		ηA		Mean ηΤ

				0.1153892394		61.6045845272		9.4555873926		35.5300859599

				0.1031900735		60.960960961		9.9099099099		35.4354354354

				0.0893354565		59.2705167173		10.0303951368		34.6504559271

				0.0729056814		56.7975830816		11.1782477341		33.9879154079

				0.0515007209		51.5060240964		13.5542168675		32.5301204819

				0.0363652244		46.9879518072		15.6626506024		31.3253012048

				Mass air flow (kg/s)		U 

				0.1153892394		160.4714605045

				0.1031900735		177.1770713424

				0.0893354565		194.8096499075

				0.0729056814		224.8002626895

				0.0515007209		278.2991203641

				0.0363652244		349.5032712533



Air, water and mean temperature efficiencies



ηW	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	61.604584527220617	60.960960960960961	59.270516717325229	56.797583081570998	51.506024096385538	46.987951807228917	ηA	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	9.455587392550143	9.9099099099099117	10.030395136778107	11.178247734138973	13.554216867469879	15.662650602409645	Mean ηΤ	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	35.530085959885383	35.435435435435437	34.650455927051667	33.987915407854985	32.53012048192771	31.325301204819283	Mass air flow (kg/s)





Values (%)









U 	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	160.47146050449399	177.17707134237401	194.80964990751201	224.80026268945801	278.29912036406603	349.50327125325498	test	Mass air flow (kg/s)





U (%)









Heat emitted by the heat exchanger and power absorbed into the air



Q ̇e	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	370.34810913608402	349.81820255256002	336.00238346613901	323.84655931444001	294.40902686904002	268.428894177487	Q ̇a	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	382.68841249112086	342.22987874554104	296.28104148694985	271.09977626321597	232.91201006956962	190.04466294050627	Mass air flow (kg/s)





Qe Qa











Ex3

		EXPERIMENT 3

				Mass air flow (kg/s)		Q ̇e		Q ̇a

				0.1154951762		255.4999810391		255.3598346165

				0.1032761585		243.4107252404		238.7228403645

				0.0894173917		234.7559405342		215.6747488656

				0.0729846461		226.084730684		190.7088803139

				0.051564971		205.3085843352		165.8329466029

				0.0364286075		186.273483979		128.1376267451

				Mass air flow (kg/s)		ηW		ηA		Mean ηΤ

				0.1154951762		62.9787234043		9.3617021277		36.170212766

				0.1032761585		61.038961039		9.9567099567		35.4978354978

				0.0894173917		59.1304347826		10.4347826087		34.7826086957

				0.0729846461		56.70995671		11.2554112554		33.9826839827

				0.051564971		51.5151515152		13.8528138528		32.683982684

				0.0364286075		47.1615720524		15.2838427948		31.2227074236

				Mass air flow (kg/s)		U

				0.1154951762		167.2431075589

				0.1032761585		177.8770760833

				0.0894173917		195.1954766879

				0.0729846461		224.60368812

				0.051564971		279.6027559081

				0.0364286075		350.2041707954



Heat emitted by the heat exchanger and power absorbed into the air





Q ̇e	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	255.49998103911099	243.41072524038299	234.75594053420201	226.08473068403899	205.30858433521999	186.27348397895199	Q ̇a	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	255.35983461650008	238.72284036449906	215.67474886564497	190.70888031393613	165.83294660289118	128.13762674512398	Mass air flow (kg/s)





Qe Qa







Air, water and mean temperature efficiencies





ηW	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	62.978723404255319	61.038961038961034	59.130434782608695	56.709956709956714	51.515151515151516	47.161572052401759	ηA	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	9.3617021276595729	9.9567099567099593	10.434782608695645	11.255411255411245	13.852813852813849	15.283842794759824	Mean ηΤ	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	36.170212765957444	35.497835497835496	34.782608695652172	33.98268398268398	32.683982683982684	31.222707423580793	Mass air flow (kg/s)





Values (%)











Heat transfer coefficient U



0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	167.24310755889201	177.877076083313	195.195476687877	224.60368811996801	279.60275590806401	350.204170795376	Mass air flow (kg/s)





U (W/m^2*K)









comparation.Qa(60) AND Qa(45)

		Energy Absorbed into the Air Comparison 45˚C vs 60˚C



				Mass air flow (kg/s)		Q ̇a 60˚C		Q ̇a 45˚C

				0.1153892394		382.6884124911		255.3598346165

				0.1031900735		342.2298787455		238.7228403645

				0.0893354565		296.281041487		215.6747488656

				0.0729056814		271.0997762632		190.7088803139

				0.0515007209		232.9120100696		165.8329466029

				0.0363652244		190.0446629405		128.1376267451



















		Air, water and mean temperature efficiencies COMPARATION









				exp2

				Mass air flow (kg/s)		ηW		ηA		Mean ηΤ

				0.1153892394		61.6045845272		9.4555873926		35.5300859599

				0.1031900735		60.960960961		9.9099099099		35.4354354354

				0.0893354565		59.2705167173		10.0303951368		34.6504559271

				0.0729056814		56.7975830816		11.1782477341		33.9879154079

				0.0515007209		51.5060240964		13.5542168675		32.5301204819

				0.0363652244		46.9879518072		15.6626506024		31.3253012048







				exp 3



				Mass air flow (kg/s)		exp 3.ηW		exp 3.ηA		exp 3. Mean ηΤ

				0.1154951762		62.9787234043		9.3617021277		36.170212766

				0.1032761585		61.038961039		9.9567099567		35.4978354978

				0.0894173917		59.1304347826		10.4347826087		34.7826086957

				0.0729846461		56.70995671		11.2554112554		33.9826839827

				0.051564971		51.5151515152		13.8528138528		32.683982684

				0.0364286075		47.1615720524		15.2838427948		31.2227074236



		HEAT EXCHANGER COEFFICENT COMPARATION







				exp 3 

				Mass air flow (kg/s)		exp 3 .U

				0.1154951762		167.2431075589

				0.1032761585		177.8770760833

				0.0894173917		195.1954766879

				0.0729846461		224.60368812

				0.051564971		279.6027559081

				0.0364286075		350.2041707954























Energy Absorbed into the Air Comparison 45˚C vs 60˚C



Q ̇a 60˚C	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	382.68841249112086	342.22987874554104	296.28104148694985	271.09977626321597	232.91201006956962	190.04466294050627	Q ̇a 45˚C	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	255.35983461650008	238.72284036449906	215.67474886564497	190.70888031393613	165.83294660289118	128.13762674512398	Mass air flow (kg/s) 





Energy absorbed (Watt)









Air, water and mean temperature efficiencies



ηW	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	61.604584527220617	60.960960960960961	59.270516717325229	56.797583081570998	51.506024096385538	46.987951807228917	ηA	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	9.455587392550143	9.9099099099099117	10.030395136778107	11.178247734138973	13.554216867469879	15.662650602409645	Mean ηΤ	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	35.530085959885383	35.435435435435437	34.650455927051667	33.987915407854985	32.53012048192771	31.325301204819283	exp 3.ηW	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	62.978723404255319	61.038961038961034	59.130434782608695	56.709956709956714	51.515151515151516	47.161572052401759	exp 3.ηA	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	9.3617021276595729	9.9567099567099593	10.434782608695645	11.255411255411245	13.852813852813849	15.283842794759824	exp 3. Mean ηΤ	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	36.170212765957444	35.497835497835496	34.782608695652172	33.98268398268398	32.683982683982684	31.222707423580793	Mass air flow (kg/s)





Values (%)









U 	0.11538923940633825	0.10319007349481109	8.9335456501417193E-2	7.2905681393899704E-2	5.1500720855626229E-2	3.6365224443265627E-2	160.47146050449399	177.17707134237401	194.80964990751201	224.80026268945801	278.29912036406603	349.50327125325498	test	exp 3 .U	0.11549517621732255	0.10327615849643046	8.9417391735342078E-2	7.2984646120909422E-2	5.1564970958610457E-2	3.6428607461300354E-2	167.24310755889201	177.877076083313	195.195476687877	224.60368811996801	279.60275590806401	350.204170795376	Mass air flow (kg/s)





U (%)
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