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The following report will be about collecting the data which a laboratory water to air heat exchanger gives out when running tests. More specifically it is the TD1007 water to air heat exchanger. The method in which was used to gather data will also be included along with the figures that were reading upon certain points throughout the experiment. With the data collected then it is possible to read tables and graphs which will also be included in the report.
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In this report there were three different experiments conducted using the equipment provided. It is important to note that all three experiments were conducted using the parallel flow configuration of the exchanger, as well as the ambient pressure being 1010 mbar and the intake orifice to be 0.11m in diameter. The total area of the tubing was 0.1558 m² and the coefficient of discharge was 0.6.
[bookmark: _Toc38530944]Experiment 1
The first experiment conducted was mainly based on the water flow, and the aim of the experiment is to show how changing the water flow rates affect the performance of a given fixed air flow and water temperature. The first thing to do was to allow the heat exchanger water tank to rise to 60ºC. While the temperature was rising to the benchmark the intake orifice and ambient pressure was noted are stated above. Once the temperature was set, the intake fan was activated and was set so the air pressure drop was set to 250 Pa (with a tolerance of +/- 5 Pa) using the slide valve. The next step to set up the heat exchanger is to switch on the water pump and by using the hand operated valve, set the water flow to 2 L/min (Tolerance of +/- 0.01 L/min). after all the different settings were set, a timer of 4 minutes was set to allow for the points of measurements to stabilize and then the readings were noted down. The water flow was then adjusted to; 1.75, 1.5, 1.25, and 1 L/min. The 4-minute intervals took place between all of these values and then the readings were all noted down.
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[bookmark: _Toc38530925]Figure 1 - Power Output Figures
Above shows the figures of Qw and Qa when the waters’ mass flow rate changes. These values show how much the heat energy in terms of power is absorbed by the air emitted by the water in a unit of time. Upon first inspection it is clear to see that as the water flow increases so does the power output of both Qa and Qw. This means that when the air mass flow rate stays relatively constant and the water flow rate increases the specific heat energy output also increases. This causes the airs’ temperature increases without its flow rate changing dramatically. Although some factors must be taken into consideration when concluding the results which is the system isn’t fully isolated and there must be some external factors which affect the results slightly. 








[bookmark: _Toc38530947]Temperature Efficiency
[bookmark: _Toc38530926]Figure 2 - Temp Efficiency
Investigating the graph, it clearly shows that as the water flow rate increases the efficiency of the water temperature decreases. This is down to the fact that the water is flowing faster through the system and has effectively less time to transfer its heat across which is shown in the temperature difference reducing in the inlet temperature reader and the outlet throughout the test. Looking at the air temperature efficiency it has the opposite trend to the water as its efficiency increases per water flow rate increasing. Although the air flow was restricted and fixed in this experiment the efficiency still increases this is due to the higher power output seen in Figure 1. The mean efficiency line just shows how the average is affected by both water and air efficiencies. 
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[bookmark: _Toc38530927]Figure 3 - Heat Transfer Coefficient
It is clear to see when investigating the graph above that there is a trend between the flow rate of the water and the rate of heat transfer, as the flow rate increases so does the heat transfer coefficient. This proves the theory of if you pass more water at a higher temperature through the system then this increases the overall efficiency of the heat exchanger itself. 
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The second experiment conducted changes the alternating water flow to alter the air flow to see what affects it has on the fixed water flow and temperature. The temperature of the water tank remains as 60 ºC and once again, the fan was set at 250 Pa with the same tolerance level as experiment 1. The water pump was activated and set at 0.25 L/min also with the same tolerance level, however this time it stays down at 0.25 L/min and the alternating factor is controlled by the sliding valve which controls the air flow. The first run was set at 250 Pa, the 4-minute wait occurred in between the runs and there were another 4 runs which were at: 200, 150, 100, and 50 Pa. 
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[bookmark: _Toc38530928]Figure 4 - Air Temp Efficiency
In the second experiment you can see above the temperature efficiencies of each the water and the air as well as the mean efficiency differ from the first experiments trends. As the mass flow rate of air increases so does the temperature efficiency of the water, whereas in the first experiment it drastically reduces in efficiency over the same amount of time. The air temperature efficiency decreases over time in this instance, once again the opposite of the first experiment where it increases. However, due to the increasing water efficiency and the decreasing air efficiency the mean efficiency stays almost flatline. The results above show how much effect just changing the air flow rather than the water flow can have on some results. It also shows how much the fixed water flow rate is so much more efficient at the same temperature compared to when it was alternating. 
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[bookmark: _Toc38530929]Figure 5 - Heat Transfer Coefficient
The heat transfer coefficient in the second experiment has the opposite trend once again compared to the 1st experiment. The heat transfer coefficient increases this time rather than decreases as the air mass flow rate increases. This shows that the heat exchanger itself works more efficiently when the air flow is higher.
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[bookmark: _Toc38530930]Figure 6 - Air Mass Flow Rate vs Power
Similarly, to the first experiment as the air mass flow rate increases so does the power output on both the water and the air side of the heat exchanger. Although investigating the figures due to the water flow staying constant in this experiment the power output is a lot lower than the 1st experiment but is still much higher than the power output on the air side, which in its own right is much higher than the 1st experiment due to the pressure drop changes in this experiment. In the latter stages of the graph you can see the air power output begins to increase by larger numbers whereas the water output does begin to slow down towards the end point of the experiment. This could be down to the fact that the water is moving at such a rate that it loses temperature due to the air flow rate being too quick to absorb the temperature. 










[bookmark: _Toc38530954]Experiment 3 
The third experiment is effectively the same as the second experiment however the water temperature is reduced to 45 ºC. This shows the difference the water supply temperature affects the performance of the heat exchanger given for a fixed water flow.
[bookmark: _Toc38530955]Experiment 3 Results and Analysis
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[bookmark: _Toc38530931]Figure 7 - Power Vs Air Mass Flow Rate
On first investigation of the graph above it is visible that the air power output increases at a gradual rate and starts to taper off towards the end, whereas in experiment two it doesn’t seem to begin any slow down in power output. It is also visible that the overall power output is roughly 1 watt down on the previous experiment also which can be put down to the lower temperature during the experiment. The waters’ power output acts in a different manor. From the first point of the experiment the waters’ power output drastically increases and goes above the peak point of the previous experiment which was not an expected result. It then continues to increase slightly up to just under 400 watts and then suddenly loses around 150 watts back down to a reasonable level. Apart from the 3 points above 350 watts there are no questionable results within this set of results, and there is a general decrease in power output which is expected with the lower temperature.
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[bookmark: _Toc38530932]Figure 8 - Air Mass Flow Rate Vs Temp Efficiency
Above you can see that there is a clear error with the water temperature efficiency as it is not possible to be more than a 100% efficient, it is also clear to see that the guideline is similar to the one of the power output showing an error in the results altogether. However, ignoring those 3 points the air efficiency over time begins to decrease as the flow rate increases which supports the theory behind the second experiment. If a trendline was added to the water and mean efficiencies, it is possible to see the predicted trajectory of both gradients. The water efficiency just like the second experiment increases slightly as the air flow rate increases and the mean efficiency slowly increases also. Overall, the efficiency numbers are down by only a few percent after the 15 degree drop in water temperature. This goes to prove that the water temperature does not have a massive impact on the efficiency of the system. 
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[bookmark: _Toc38530933]Figure 9 - Heat Transfer Coefficient
As you can see due to the incorrect readings in the experiment once again the same three points are negligible. However, inserting a trendline while ignoring those points can give you a rough estimate of how the heat transfer coefficient acts as the flow rate of air increases. It is visible that there is a steady increase in the coefficient as the airflow increases. It is also visible that the peak is also at around 120 which supports the fact that the water temperature does not affect the results after a small drop of 15 degrees. 
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Due to the equipment reading out the water flow readings in Litres per minute and the calculations need to be in kilograms per second (kg.s-¹), a further calculation is required to get the values into the correct units. As seen in (Goodson, 2020) the formula below is needed to convert it into the correct units.
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[image: ]However, to use this formula the water density is required, which can be found using this equation:
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With this information the water mass flow can be calculated and can be input into a spreadsheet for easier readings and potentially input into graphs for a clearer reading.
	Water density (Kg/m^3)
	Water mass flow rate (Kg/s)

	984.0474519
	0.0328

	983.7437041
	0.0287

	984.022222
	0.0246

	984.3740726
	0.0205

	984.7725608
	0.0164

	 

	Water density (Kg/m^3)
	Water mass flow rate (Kg/s)

	987.65756
	0.00411524

	987.8855589
	0.00411619

	987.8400896
	0.004116

	987.65756
	0.00411524

	987.2430727
	0.004113513

	986.7294035
	0.004111373

	 

	Water density (Kg/m^3)
	Water mass flow rate (Kg/s)

	991.0230737
	0.004129263

	990.9623214
	0.00412901

	992.769312
	0.004136539

	992.6201907
	0.004135917

	992.3373302
	0.004134739

	990.0319364
	0.004125133


[bookmark: _Toc38530934]Figure 10 - Water Density and Water Mass Flow Rates for all 3 Experiments
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As the heat exchanger measures the pressure drop and across the inlet orifice not the air mass flow rates a calculation of a formula is required to discover the flow rate. Using the inlet orifice area and the coefficient of discharge which is 0.6. the formula is:
[image: ]
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	Air density (Kg/m^3)
	Air mass flow rate (kg/s)

	1.160607965
	0.0102

	1.162144262
	0.0095

	1.161763402
	0.0088

	1.161574504
	0.0080

	1.160619456
	0.0072

	 

	Air density (Kg/m^3)
	Air mass flow rate (kg/s)

	1.159096326
	0.1137

	1.160438032
	0.1018

	1.160438412
	0.0881

	1.161013741
	0.0720

	1.159865075
	0.0509

	1.156908999
	0.0359

	 

	Air density (Kg/m^3)
	Air mass flow rate (kg/s)

	1.161205517
	0.1138

	1.160629808
	0.1018

	1.160246794
	0.0881

	1.159864412
	0.0719

	1.158527725
	0.0508

	1.1561485
	0.0359


Once again, these values can be input into a spreadsheet.
















[bookmark: _Toc38530935]Figure 11 - Air Density and Mass Flow Rate of All 3 Experiments
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[image: ]Once the air and water values are gathered it is then possible to calculate the specific heat capacity of both fluids. According to (TecQuipment, 2014) the formula for this is as follows.
[bookmark: _Toc38530921]Equation 4 - Specific Heat Capacity
This formula can be used to find the correlation between the water and its specific capacity. 

[bookmark: _Toc38530963]Power 
To calculate the power emitted by the water and then absorbed by the air per unit time is also a useful calculation to make as it can then lead you onto the efficiency of the system, the heat transfer coefficient and also the LMTD. This can be done for both air and waters’ power. The formula to find this is. 
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[bookmark: _Toc38530964]Log Mean Temperature Difference
Given the results that have been found it is then possible to move onto calculating the Log Mean Temperature Difference (LMTD). The formula for this is.

[bookmark: _Toc38530923]Equation 6 - LMTD
With this formula it is then possible to calculate the differences between the hot circuit and the cold circuit as the basic results only allow you to see what the temperature is at the beginning and the end of each circuit.  

[bookmark: _Toc38530965]Heat Transfer Coefficient
The final Calculation that is to be made to have a clear understanding of the results shown in the experiment is the heat transfer coefficient. This shows how much power the heat exchanger gives out per unit of area and temperature. In basic terms it gives a value to its performance. The formula for this is.

[bookmark: _Toc38530924]Equation 7 - Heat Transfer Coefficient



[bookmark: _Toc38530966]Conclusion
As this report concludes there are several points to take away from it. The main factors being that all systems are never perfectly isolated so the results can never be 100% accurate and, in this case, the heat exchangers location did deflect the results overall. It also shows that when the LMTD is at its lowest and the power output is at its highest the heat transfer coefficient is at its highest value. There are also trends in how the water and air flow relate to each other. If the flow rate of hot water increases the efficiency decreases while the air flow efficiency increases. The water flow also has the biggest effect on the efficiency of the exchanger whereas, changing the water temperature while the pressure drop changes does not affect the machine anywhere near as much. 
It is also important to note that experiment 3 would have to be re-completed to ensure the results are correct and then give a clear and better understanding of how the heat exchanger really acts in these situations. 
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Heat Transfer Coefficient

U+'Data Sheet'!$AB$4:$AB$8	3.2801581730152768E-2	2.8692524702659889E-2	2.4600555549065092E-2	2.0507793179015542E-2	1.6412876013109538E-2	138.93972069399757	133.50223088758571	133.66565894284818	130.80157419117472	129.35863758151214	Water Mass Flow Rate (kg/s) 


U(W/m².k



Heat Transfer Coefficient

U	0.11369485740326611	0.10175061128946536	8.8118628664804174E-2	7.1966392348433578E-2	5.0862744472698611E-2	3.5919530909048182E-2	121.04506135674238	117.34117062176918	114.88585363713769	108.39094796169714	96.922439556840672	88.292371923370581	Air Mass Flow Rate (kg/s)


U (W/m2.k)



Air Mass Flow Rate Vs Power Output

Qw	0.11379825483949514	0.10175901869384159	8.8111353048339253E-2	7.1930762479586532E-2	5.0833413069237048E-2	3.5907723041895122E-2	227.76801448669391	219.12843641644244	387.13865375724242	376.7158227674862	357.61236533993588	168.9509284500765	Qa	0.11379825483949514	0.10175901869384159	8.8111353048339253E-2	7.1930762479586532E-2	5.0833413069237048E-2	3.5907723041895122E-2	0.15524357925203913	0.15343224838657443	0.13918069327515664	0.11878646115878924	9.8545654576022906E-2	7.9923409946650106E-2	Air Mass Flow Rate (kg/s)


Qw (watts)


Qa (watts)




Temp. Efficiency

Water Temp Eff	0.11379825483949514	0.10175901869384159	8.8111353048339253E-2	7.1930762479586532E-2	5.0833413069237048E-2	3.5907723041895122E-2	61.971830985915503	60.476190476190496	106.66666666666667	104.30622009569377	99.519230769230759	47.572815533980574	Air Temp Eff	0.11379825483949514	0.10175901869384159	8.8111353048339253E-2	7.1930762479586532E-2	5.0833413069237048E-2	3.5907723041895122E-2	8.9201877934272229	10.000000000000005	10.476190476190471	11.004784688995221	12.980769230769226	15.048543689320379	Mean Temp Eff	0.11379825483949514	0.10175901869384159	8.8111353048339253E-2	7.1930762479586532E-2	5.0833413069237048E-2	3.5907723041895122E-2	35.44600938967136	35.238095238095248	58.571428571428569	57.655502392344495	56.249999999999993	31.310679611650478	Air Mass Flow Rate (kg/s)


Efficiency (%)




Heat Transfer Vs Air Mass Flow Rate

U	0.11379825483949514	0.10175901869384159	8.8111353048339253E-2	7.1930762479586532E-2	5.0833413069237048E-2	3.5907723041895122E-2	119.48654977310864	115.93640837232283	160.23456260587025	168.64865821551845	182.13020283635575	82.7236600070554	Air mass flow rate (kg/s)


U (W/m².k)



Mass Flow Rate of Water vs Power Output

Qw	3.2801581730152768E-2	2.8692524702659889E-2	2.4600555549065092E-2	2.0507793179015542E-2	1.6412876013109538E-2	603.77431410283077	600.19473042554728	586.60951974198508	557.61140037895188	528.61735701980103	Qa	3.2801581730152768E-2	2.8692524702659889E-2	2.4600555549065092E-2	2.0507793179015542E-2	1.6412876013109538E-2	3.595010541468395E-2	3.5023983420725963E-2	3.1149198203009962E-2	2.7852622713298414E-2	2.3345530870084553E-2	Water Mass Flow Rate (Kg/s)


Qw Power (Watts)


Qa Power (Watts)




Temperature Efficiency Vs Water Mass Flow Rate

Temp Eff Water	3.2801581730152768E-2	2.8692524702659889E-2	2.4600555549065092E-2	2.0507793179015542E-2	1.6412876013109538E-2	13.414634146341461	14.619883040935672	16.863905325443792	19.461077844311379	23.475609756097569	Air Temp Eff	3.2801581730152768E-2	2.8692524702659889E-2	2.4600555549065092E-2	2.0507793179015542E-2	1.6412876013109538E-2	14.93902439024391	14.91228070175438	14.497041420118336	14.371257485029931	13.719512195121949	Mean Temp Eff	3.2801581730152768E-2	2.8692524702659889E-2	2.4600555549065092E-2	2.0507793179015542E-2	1.6412876013109538E-2	14.176829268292686	14.766081871345026	15.680473372781064	16.916167664670656	18.59756097560976	Water Mass Flow Rate (kg/s)


Temperature Efficiency (%)
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The third experiment is effectively the same as the second experiment however the water
temperature is reduced to 45 °C. This shows the difference the water supply temperature
affects the performance of the heat exchanger given for a fixed water flow.

Experiment 3 Results and Analysis
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Further Analy:
Water Flow
Due to the equipment reading out the water flow readings in Litres per minute and the
calculations need to be in kilograms per second (kg.s-"), a further calculation is required to get
the values into the correct units. As seen in (Goodson, 2020) the formula below is needed to
convert itnto the correct units.

Votume Flow ()

Mass Flow (kgs = Dmw = oo er demsiey (ramm3)

Equation 1

However, to use this formula the water density is required, which can be found using this
equation:
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FIGURE 4- RESULTS FOR EXPERIVIENT 3

Analysis
Mass flow rates

Water

The heat exchanger records water flow in litres per minute, as the mass flow rate is
required, further calculations are necessary. where;

(Goodson, 2019) Although this could now be incorporated into the excel sheet, the change
in temperature must be incorporated. TecQuipment have generated a formula concerning
the relationship between water density and temperature, between the temperatures 4 and
70+C. in this equation the temperature is takes as the average across the system.

3 4
(999.839-+ 1695277990 1077 - 624110 + 105846 107" - 281030101277

P = T
. 3

(1+16887%107°7)
FIGURE 5 - WATER DENSITY FORMULA (TECQUIPMENT]

Form this it is possible to convert the volumetric flow rate of the water, looking at
experiment one;
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calculations need to be in kilograms per second (kg.s-"), a further calculation is required to get
the values into the correct units. As seen in (Goodson, 2020) the formula below is needed to Mass flow (kg.5™) rty, = Volume flow (L.min™)/60000 x Water density (kg.m™)
convert itnto the correct units.
. Votume Flow () low
Mass Flow (kgs = 1w = g recer densiey (ram=D)
‘The equipment measures the pressure drop across the inlet orifice. If you use this pressure drop with the
Equation 1 orifice discharge coefficient (€, its area and local air conditions, you can calculate the air flow through
However, to use this formula the water density is required, which can be found using this the duct.
equation: ~
e s n . tny = Cyx Ao JApx2xps ()
(w339 1695272990 10 46201 10T + 1053461077 - 23103010127
o T
(1+ 16a87x10°'7) f
e Average Temperatures in Heat Exchangers
Equation 2
With this information the water mass flow can be calculated and seen through a spreadsheet.
Airln
T
Air
As the heat exchanger measures the pressure drop and across the inlet orifice not the air
mass flow rates a calculation of a formula is required to discover the flow rate. Using the inlet
orifice area and the coefficient of discharge which is 0.6. the formula is
Specific Heat Capacity
Figure 24 Average Temperalures Around the Heat Exchangers
For most heat transfer equations, and calculations of specific heat capacity and density of water, you
must find the average temperature for the water and air circuits around your heat exchanger. This is the
calculated value of the temperature at a mid-point between the inlet and outlet of the circuit (see Figure.
24).
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Specific Heat Capacity
Once the air and water values are gathered it is then possible to calculate the specific heat
capacity of both fluids. According to (TecQuipment, 2019) the formula for this is as follows:
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TD1007 Water to A Heat Exchanger

Pressure and temperature affects specific heat capacity, so equation 6 assumes constant pressure over a
known range of temperature. It i the ‘isobaric’ (equal pressure) specific heat capacity.

2

= a7 ()

For air, the specific heat capacity remains reasonably constant at around 1005 |.kg™ K at normal

atmospheric pressure and for the temperature ranges used in the heat exchangers.

For water, you may use Figure 25 to find the specific heat capacity. Alternatively, Equation 7 (based on
data from tests) will give you an accurate answer (where your temperature 7 is in Celsius):

(@t T°C)
(@t 15°C)

T+

s
:0.996185+0m!74( "") +0011160 x 10°%7 (7)

00

From tests, the specific heat capacity of water at 15°C is 4185.5 kg™ K"

You must use the mean (or average) temperature of your flow circut in this
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