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[bookmark: _Toc38622084]Introduction
[bookmark: _Toc38622085]1.1 Aims
The key aims of this report are to demonstrate how changing certain attributes influence the performance of the heat exchanger(HX). These key attributes are the water temperature/flow rate and varying the air pressure.  
[bookmark: _Toc38622086]1.2 Objectives 
There were three main objectives using the crossflow heat exchanger using parallel fluid banks the first test was conducted at 50C and we used the following air flow rates 200, 150, 100 and 50Pa. now for objective 2 you run the same test as objective 1 but you need to put the water temperature at 60C. the last objective was to run the heat exchanger with an air pressure of 250Pa and 60C we will the change the flow rates to 1.75, 1.25, 0.75 and 0.25 L/min.
[bookmark: _Toc38622087]1.3 Background
What is the basic principle of a heat exchanger ? “A heat exchanger is a device that allows heat from a fluid (a liquid or a gas) to pass to a second fluid (another liquid or gas) without the two fluids having to mix together or come into direct contact. If that's not completely clear, consider this. In theory, we could get the heat from the gas jets just by throwing cold water onto them, but then the flames would go out! The essential principle of a heat exchanger is that it transfers the heat without transferring the fluid that carries the heat.’’ Woodford, Chris. (2009/2018)

There are numerous applications which use Heat exchangers (water to air). A few basic examples could be a car radiator used to cool the engine by passing cool air through a hot radiator, thus cooling the hot water in the radiator to keep the engine cool. Cars also use a miniature heat exchanger to heat the air coming into the cabin using the same process. Essentially anytime water is used to heat or cool air but do not mix is a heat exchanger. 
For this experiment we used the TD1007 Tec equipment heat exchanger as seen in (figure 1) below. Another prime example of a heat exchanger would be an intercooler where hot air is passed through a radiator which has a fresh feed of cool air which cools the air after passing through a hot turbo thus keeping engine temperature’s down and increasing the performance/efficiency of the engine. The way this specific heat exchanger works is by sucking in air via the fan on the right hand side which then blows the air through the heat exchanger in the middle which consists of a hot water pipe coiled up  16 times which is cooled by the air blown via the fan. The heat exchanger has several sensors measuring the water flow rate through the pipe, three temperature sensors and a slide on the left-hand side which can be used to change the rate at which the air pressure passes through the heat exchanger, this is a typical water to air heat exchanger. By doing this experiment you can test how efficient the heat exchanger is and how it works. We were able to adjust the airflow and water flow rate to see how this effects the data from the HX. 
[image: page7image17944] 
Figure 1(TD1007 Heat Exchanger)


[bookmark: _Toc38622088]Experimental Procedure
First of all, we needed to turn on the TD1007 water to air heat exchanger and get the water heated up to 50C with a flow rate of 0.25L/min. For the first test we were changing the air pressure within the heat exchanger starting at 250Pa and dropping the pressure by 50Pa every test. However, you must wait at least 4 minutes after changing the air pressure to gain an accurate result, this is to allow the sensors adjust to the changes made. Once you have waited for the results to settle you need to record the water temp in/out, air temp in/out and the air pressure and input these into the provided table from the user guide. The second test to run follows the same procedure however the water should be heated up to 60C and collect the new data at the higher temperature ensuring to leave the correct time in between readings to give the most accurate data. We started this experiment with the test that started at 50C this is because it takes less time for the HX to heat up to 60C than it does to cool down to 50C.
For the third test we ran the water still at 60C, however this time we started the flow rate at 1.75l/min and decreased the flow by 0.25l/min and recorded the water temp in/out, air temp in/out We did not need to record the air pressure because this was set at 250Pa. It is also at upmost importance to ensure that there is a 4-minute rest period in between taking the readings to ensure complete validity throughout the experiment. (Figure 2) Shows my data table as I feel this is the best way to display my results.     
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[bookmark: _Toc38722569]Figure 2(Ideal results data table)
 
 


Results
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Equation 1 Mass flow rate
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These equations are from (tecquipment, 2014)
Equation 8 Temperature efficiency of the hot water (for air use same equation with air temperature’s)
Equation 9 Log mean temperature difference
Equation 10 U heat transfer coefficient
Equation 7 CEB coefficient energy balance
Equation 6 Heat power absorbed by air
Equation 5 Heat power emitted from water
Equation 3 Specific heat capacity of water
Equation 4 Density of water
Equation 2 Heat Capacity
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Figure 3( test 1 data and calculations)

Graph 1(Heat emitted, and power absorbed into Air test 1)


Graph 2 (Air, water mean temperature efficiencies test 1)


Graph 3 (Heat transfer coefficient U test 1)

Graph 4 (Heat emitted,  and heat absorbed test 2 )



Graph 5 (Air ,water and mean temperature efficiencies test 2)
 
Graph 6 (Heat transfer coefficient U test 2)
Graph 7(Air, water mean temperature efficiencies test 3)
Graph 8 (Overall heat transfer coefficient test 3)
Graph 9(heat emitted and absorbed into the air)
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Graph 7(Air, water mean temperature efficiencies test 3)

Graph 8 (Overall heat transfer coefficient test 3)

Graph 9(heat emitted and absorbed into the air)
Discussion of results 
Graph 1 is clearly showing the heat emitted and power absorbed during the experiment  the x axis is showing the air pressure inside the HX, on the y axis it clearly shows the heat transfer in watts. From this graph you can see that as the water is losing watts the air is gaining energy due to the fact the air is cooler than the water so therefore there is a heat transfer from the water to the air which is what is expected. 

Graph 2 shows a graph featuring the efficiencies of the air and water in blue and orange, then in grey you have the mean temperature average of both air and water. From this graph you can see that as the pressure increases it causes the efficiency to increase too for Q.w. however for Q.a I can see that its reacting with the opposite effect as the air pressure increases the efficiency is decreasing. The reason behind this could be due to the fact that the water and air both have different density’s with waters density at 250Pa is 991.6 kg/m3 and air being 1.2kg/m3 so thus meaning that this could be the reason for the graph looking how it does. Generally speaking as the density increases so does the efficiency for the water. However, this shows the opposite effect for air. This is down to the molecular structure of the two fluids. With air the atoms are further apart than with water which proves my theory above. Which means it has a much lower internal energy value to change.

Graph 3 shows the heat transfer coefficient along the y axis and the air pressure along the x axis. As you can see from the graph as the pressure increases so does the heat transfer coefficient this is due to the fact that the pressure increases the air spends more time inside the heat exchanger means that there is more time for the heat transfer to take place.

Graphs 4-6 all follow exactly the same relationships as figures 1-3  this is due to the fact that we ran the test in exactly the same way however just at 60 degrees, however due to this factor the results have been exaggerated as you can see when comparing to the first three graphs. Although there is a change in the heat transfer coefficient on the one conducted at 60 degrees seems to have a linear increase whereas this isn’t the case at 50 degrees where it seems to increase in “steps”. However, looking further into this I have noticed an anomaly within the results this is what is causing the stepped effect within the graph, this could be due to my equations or the data we collected I have been through the equation and can’t seem to rectify this issue.

Graph 7 shows the air, water mean efficiencies and the mean temperature for both the air and water at 250Pa and 60C, from this graph we can see a similar trend too graph 5 however the lines are inversed. The reason for this being this test we changed the water flow rate keeping the air pressure constant. Having relayed this graph to the one in the laboratory user guide I can see slight discrepancies however they do follow the same trend, this could be due to the fact that the user guides flow rates are in kg/s-1 (base units) and my graph is in L/min. 

Graph 8 is showing the overall heat transfer coefficient over the water flow rate I was not happy with this graph as there isn’t any correlation between this graph and the previous two graphs, I have noticed that my u vale is a lot smaller than it has been for the last two tests. I believe this is down to an issue with my equations in excel.

[bookmark: _Toc38622092][bookmark: _GoBack]Graph 9 shows the heat emitted by the water and the power absorbed by the air this graph follows similar tends to the other experiments. The constants were the water temperature at 60 C and the air pressure @250Pa, Q.w does seem to be more inconsistent compared to the other graphs. This could be due to the fact that we only ran 5 tests instead of 6 so this could be the concerning factor.

Conclusion
Overall this experiment was a success and demonstrated how changing certain attributes influence the performance of the cross-flow heat exchanger. The following attributes being water temperature/flow rate and varying the air pressure. It is clear that as you increase the water and air flow rates that they are proportional to the amount of heat transfer that occurs which is what is expected of a traditional cross flow heat exchanger. As you increase the temperature the heat transfer follows the same trend this is due to the conservation of energy concept ‘’ The conservation of energy is a fundamental concept of physics along with the conservation of mass and the conservation of momentum. Within some problem domain, the amount of energy remains constant and energy is neither created nor destroyed. Energy can be converted from one form to another (potential energy can be converted to kinetic energy) but the total energy within the domain remains fixed.’’
 








[bookmark: _Toc38622093]Evaluation/recommendations

If I were to start this experiment again there are several things I would do differently to see whether they would have a positive effect of our data. Initially I would wait longer in-between tests to give the sensors longer to adjust the user guide for the HX recommended waiting 5 minutes in-between tests however we only waited 4 minutes to time constraints in the lab and the supervisor’s recommendation. To save time you could consider creating the excel document with the pre-implemented equations, completing the experiment this way you could input the results and instantly have all the equations worked out thus meaning you are able to link the data with the experiment while it’s still fresh in the mind.

I was happy with the majority of my data/graphs however there were a few anomalies like graph 9 which doesn’t follow the graph off of the example data in the user guide, another thing I would change is I would adjust my formulas for the calculated data so that they are in base units rather than l/min have kgs-1. I couldn’t get my coefficient of U values correct no matter how much I played with the equations. I also struggled with putting the calculated mass flow rate of water on graph 9, However once I used the fixed mass flow rates, I get similar trends as the one in the example data although it’s still not correct. 

If I were to run this test again, I would definitely consider running the experiment at least two time if not 3 depending the time that could be allocated in the lab this way you could all the data shows clear correlation, this would also give us a clear indication of the actual efficiency. Overall, I was happy with our data within the time frame given in the lab, but if we ran it again it would be interesting to see if the same anomalies appear in the results. 

Lastly the order we ran the tests in was not the same as the experimental procedure due to the fact that we only had a two hour time slot, we were concerned that it would take longer for the heat exchanger too cool down to 45C than heat up to 60C so that’s the reason for the order of results compared to the user guide. However, thinking about it logically as the heat exchanger is designed to heat the air and cool the water it would have been better to run the experiment as stated in the HX user guide. Nancy Hall. (2015)
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Data set 2
Data set 3

	

Heat emitted and power obsorbed into air 

Q.a	0.10679829957916129	0.10679829957916129	9.2155536561705512E-2	7.4707211632375078E-2	5.1999802039370185E-2	3.6091293193557604E-2	236.13104036952552	246.8642694772314	222.27915418683358	202.71801876444999	167.23136335861449	134.20547374024406	Q.w	0.10679829957916129	0.10679829957916129	9.2155536561705512E-2	7.4707211632375078E-2	5.1999802039370185E-2	3.6091293193557604E-2	-287.67299340048436	-274.02268078999464	-258.28324228845997	-262.85472493089833	-230.19058429001541	-211.04284466650265	air mass flow rate


heat transfer ( watts )





Graph of the air water and mean temperature efficencies 

water mean temprature efficancies	0.10679829957916129	0.10679829957916129	9.2155536561705512E-2	7.4707211632375078E-2	5.1999802039370185E-2	3.6091293193557604E-2	61.764705882352935	59.82905982905983	57.894736842105274	56.779661016949149	50.214592274678125	46.521739130434767	air temprature effiency	0.10679829957916129	0.10679829957916129	9.2155536561705512E-2	7.4707211632375078E-2	5.1999802039370185E-2	3.6091293193557604E-2	9.243697478991594	9.8290598290598314	10.526315789473678	11.440677966101706	13.733905579399138	16.086956521739143	mean temprature average 	0.10679829957916129	0.10679829957916129	9.2155536561705512E-2	7.4707211632375078E-2	5.1999802039370185E-2	3.6091293193557604E-2	26.200000000000003	26.35	26.5	26.75	27.4	28.25	Air mass flow rate 


Temperature efficencies




heat transfer coefficent u test 1 


U Heat transfer coefficent	0.10679829957916129	0.10679829957916129	9.2155536561705512E-2	7.4707211632375078E-2	5.1999802039370185E-2	3.6091293193557604E-2	135	128	122	120	101	92	Mass flow rate air 



heat transfer coefficent U




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

Q.w	0.11264358183860246	0.10091490754679817	8.7537094762545106E-2	7.159043047374973E-2	5.0704997959711291E-2	3.5912769626343474E-2	-415.99978154937332	-397.78330389518567	-394.63988807833289	-375.53533012321469	-338.89287076487926	-327.69707434414721	Q.a	0.11264358183860246	0.10091490754679817	8.7537094762545106E-2	7.159043047374973E-2	5.0704997959711291E-2	3.5912769626343474E-2	656.59943853721336	567.94909967338026	475.06381327633216	374.13158965581624	239.50505786269625	144.36933389790076	Mass flow rate Air kg/s


heat transfer (watts)




Graph of the air water and mean temperature efficiencies (%) 

ƞw	0.11264358183860246	0.10091490754679817	8.7537094762545106E-2	7.159043047374973E-2	5.0704997959711291E-2	3.5912769626343474E-2	61.764705882352935	59.82905982905983	57.894736842105274	56.779661016949149	50.214592274678125	46.521739130434767	ƞa	0.11264358183860246	0.10091490754679817	8.7537094762545106E-2	7.159043047374973E-2	5.0704997959711291E-2	3.5912769626343474E-2	9.243697478991594	9.8290598290598314	10.526315789473678	11.440677966101706	13.733905579399138	16.086956521739143	η avg	0.11264358183860246	0.10091490754679817	8.7537094762545106E-2	7.159043047374973E-2	5.0704997959711291E-2	3.5912769626343474E-2	35.504201680672267	34.82905982905983	34.21052631578948	34.110169491525426	31.97424892703863	31.304347826086953	Mass flow rate air kg/s


Temperature Efficiencies, ƞ (%) 




Overall heat transfer coefficent

overall heat transfer coefficent	0.11264358183860246	0.10091490754679817	8.7537094762545106E-2	7.159043047374973E-2	5.0704997959711291E-2	3.5912769626343474E-2	172	147	138	123	101	94	Mass flow rate  Air kg/s


heat transfer coefficent U





Graph of the air, water and mean temperature efficiencies (%) 

ƞw	1.75	1.5	1.25	1	0.75	14.164305949008499	16.76136363636363	18.678160919540232	22.898550724637676	29.154518950437318	ƞa	1.75	1.5	1.25	1	0.75	14.730878186968837	14.488636363636356	14.080459770114951	13.623188405797098	12.827988338192418	ƞ avg	1.75	1.5	1.25	1	0.75	14.447592067988669	15.624999999999993	16.379310344827591	18.260869565217387	20.991253644314867	Flow Rate, (l/min)


Temperature Efficiencies, ƞ (%)




Graph of the overall heat transfer coefficient, U 

U	1.75	1.5	1.25	1	0.75	1.5998400000000001E-4	1.6456000000000001E-4	1.5390799999999999E-4	1.54475E-4	1.52943E-4	Flow Rate (l/min)


Heat Transfer Coefficient, U (W/m2•K)




Graph of heat emitted by the heat exchanger and the power absorbed into the air

Q̇a	1.75	1.5	1.25	1	0.75	596.14997622819374	584.63704607495606	561.8965938348415	538.96203898443946	504.68591203156348	Q̇w	1.75	1.5	1.25	1	0.75	-721.79244046068618	-729.03926705585616	-667.68168720170229	-647.40725100181533	-612.27800899853969	Hot Fluid Flow Rate (l/min)


Heat Transfer (W)


Heat Transfer (W)
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