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[bookmark: _Toc38829314]Introduction
This assignment is to investigate heat exchangers and how results vary by changing different aspects of it. There were three experiments that needed to be done to complete this assignment on heat exchangers. One of which was varying the flow rate of the water in the heat exchanger for a set water temperature and air flow. The other experiment was varying the flow rate of the air passing through the heat exchanger for a set water flow and temperature. The final experiment was to see the effect of varying temperature on the heat exchanger given a fixed flow.
[bookmark: _Toc38829315]Experimental procedures
We didn’t do the experiments in the order above we decided to do it in order of 3,2,1 to save time as the session wasn’t long enough for us to wait for the water to cool down rather we heated it up which was quicker. Therefore, for the first procedure we made sure that we were running the heat exchanger at a counter flow and set the temperature at 45⁰c. We then had to set the water flow at 0.25l/min with a tolerance of 0.01l/min, thankfully it was electronically controlled and would stay within that. We also had to make sure on this one because we were changing the pressure using the sliding valve we had to be as accurate as possible and stay within the +/-5Pa tolerance. We would be changing the pressure in intervals of 50Pa from 250 to 50Pa (250, 200, 150, 100, 50). We allowed 4 minutes between each pressure difference to allow temperature stabilization to make it equilibrium. Before starting we had to do a quick last-minute check to see the orifice and its diameter, this was stamped on the top of the orifice. Once we had done this, we were ready to start taking results.
For the next experiment we varied the temperature. We again made sure the heat exchanger was in counter flow and set put the temperature to 60⁰c, 15⁰c higher. We then did the same for this experiment as the last, still trying to get the pressure as accurate as possible. Still allowing four-minute intervals to allow the temperature to set. We then recorded our results
For the last experiment we set up the TD1007 and connected it up as counter flow and kept the temperature at 60⁰c. We had one of us setting the sliding valve to 250Pa on this setup with a tolerance of +/- 5Pa, thankfully we got it at exactly 250Pa. We then set the water flow at 2l/min. This had a tolerance of 0.01l/min. We then had to wait for four minutes to allow the temperature in the heat exchanger to get stable for us to begin experimenting. We then repeated this for water flow rates from 2 down to 0.75 at 0.25 intervals. (2, 1.75, 1.5, 1.25, 1, 0.75l/min) allowing 4 minutes between each flow rate to allow temperature stabilization. We then recorded our results.
I know that with the conservation of energy states that the principle that in a system that does not undergo any force from outside the system, the amount of energy is constant, irrespective of its changes in form. Therefore during the course of the system, I can be aware that the energy in there I moving and changing into different forms







[bookmark: _Toc38829316]Results and Analysis
[bookmark: _Toc38829317]Varying Water flow rate











[bookmark: _Toc38803124]Graph 1- Water mass flow against Qa and Qw
*Water mass flow in order from left to right: high to low*
It is clear to see that there is a correlation between the water mass flow and the power absorbed by air and emitted by the water. As the water mass flow increases the amount of energy increases from both water and air. However, it is positive correlation increasing at a negative rate and begins to slow down. It looks like Qa hits its maximum amount of energy absorbed by the air at around 0.286kg.s^-1 this is when the flow rate is at 1.75l/min. For the entire energy system, I would imagine that it would hit peak power around 0.38kg.s^-1. My energy balance coefficients seem to be reasonable between 0.82 and 0.89, I feel when they separate is when slight external conditions come into play. Also, during the change of water mass flow, they seem to have a linear increase in between around 0.016 and 0.02. 












[bookmark: _Toc38803125]Graph 2- Water mass flow against Water, Air and Mean efficiency
Overall, there is a decrease of efficiency as you increase the water mass flow. There is a significant decrease in water efficiency as the flow rate increases and an increase in air efficiency. As the flow rate of water increases you would see a drop in water efficiency because the air has less time to cool the water and the temperature difference between the inlet and outlet would be exceedingly small giving a low efficiency. Obviously then if you slow the flow rate of water down it gives the water more time to be cooled by the air in the working section. This then creates a greater temperature difference and therefore a higher water efficiency. There is little to no change in the air efficiency which is to be expected because of the minimal air temperature difference between Ta1 and Ta2.
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[bookmark: _Toc38803126]Graph 3- Water mass flow against Heat Transfer coefficient
There is a correlation between water mass flow and heat transfer because as you increase the flow of water this is because the more water passing through the pipes provides more opportunities for heat transfer into the air. There is a slight inconsistency with the results because at 0.02 flow rate the heat transfer goes down ever so slightly this could be down to slight changes in external factors and could be a void result. It does increase but at a decreasing rate I would imagine that the mass flow rate would get to a point where there would not be an increase in heat transfer, I would imagine this to be around 0.04-0.045 at these settings. 












[bookmark: _Toc38829318]Varying Air flow rate











[bookmark: _Toc38803127]Graph 4- Air Mass Flow against Qw and Qa at 60 degrees Celsius
* Air mass flow is, from left to right, high to low*
It’s interesting to note that the energy absorbed by the air and emitted by the water do not start together but merge together towards the end this would suggest that at lower air flow there would be more loses to the surrounding areas. As air mass flow increases, I imagine that the external losses decrease this is when both values start to merge. The energy does continue to increase as in the air mass flow increases and it probably would carry on increasing linearly, especially the energy being absorbed into the air. This is slightly different if you compare it to the varying water flow graph because in that one the energy starts to level out and stops increasing. 






















[bookmark: _Toc38803128]Graph 5- Air mass flow against Air, water and average efficiency at 60 degrees Celsius
This graph is much different to the last efficiency graphs in terms of trends. Here the water efficiency increases as the air mass flow increases because with more air passing through the pipes the more heat transfer is going to occur therefore it creates a greater temperature difference between Tw1 and Tw2 meaning its cooling down the water better. With the air efficiency it decreases as you increase the air mass flow this is because there’s more air passing through the heat exchanger which is allowing more heat transfer however it doesn’t give as much of a temperature difference because of the speed at which its going through in a given time period. Then there is an overall increase because of the effect rising the air mass flow has on the water efficiency.

























[bookmark: _Toc38803129]Graph 6- Air mass flow against Heat Transfer Coefficient at 60 degrees Celsius
There is a clear positive linear correlation between air mass flow and heat transfer. This is similar to what was said in graph 5, with more air flow it allows for more heat transfer to happen, it could be to suggest that with increasing the air mass flow more that the heat transfer would continue to rise higher and higher.
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[bookmark: _Toc38803130]Graph 7- Air mass flow against Qw and Qa at 40 degrees Celsius

*Air mass flow is, from left to right, high to low*
In terms of values the power absorbed and emitted is lower because of the values being less at 45⁰c such as average temperature, temperature difference and Cpw of water is less. They both do also follow similar trend lines in the sense they are quite far apart to start and begin to merge. They do not merge on this graph due to the temperature change however with a higher air mass flow the powers could continue to increase and merge that way. It would seem then that more heat transfer occurs at a higher temperature because this is around 100W less in places compared to 60⁰c
























[bookmark: _Toc38803131]Graph 8- Air mass flow against Air, Water, and average efficiency at 45 degrees Celsius
In terms of values and trends this graph and graph 5 are near identical water efficiency goes from around 46% to 61% in both and air efficiency does the same, it starts at 15% and decreases to 9% on both. This to me shows that varying the temperature does not make much of a difference with the efficiency at all. A suggestion maybe would be instead of comparing temperature difference compare the efficiencies of parallel and series heat exchangers.






















[bookmark: _Toc38803132]Graph 9- Air mass flow against Heat Transfer coefficient at 45 degrees Celsius
Again, there is little difference between the heat transfer coefficient between 45⁰c and 60⁰c. They both start at around 93/94W.m^-2K^-1 and both increase linearly towards around 134/138W.m^-2K^-1. Therefore, again varying temperature does not have a big effect on the values calculated. If we could vary the temperature by a bigger margin it could maybe create interesting differences but with the temperature difference so narrow it only varies minutely.


[bookmark: _Toc38829320]Excel Spreadsheet
[image: ][image: ]Here is the spreadsheet I used to create my values[bookmark: _Toc38803086][bookmark: _Toc38803133]Figure 1- Varying Water Flow Spreadsheet
[bookmark: _Toc38803087][bookmark: _Toc38803134]Figure 2- Varying Air Flow Rate Spreadsheet
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[bookmark: _Toc38803088][bookmark: _Toc38803135]Figure 3-Varying Temperature Spreadsheet

[bookmark: _Toc38829321]Further Work
For some further work I decided to use the tolerance values for the Air pressures, because we were allowed a tolerance of +/- 5Pa and the sliding sleeve was difficult to get it on the correct values we did use tolerance values. I want to see the impact that the tolerance had on the results and will be creating another spreadsheet to see how they effected the results if any.
[image: ]





[bookmark: _Toc38803140]Table 1- A table to see the effect of changing the air pressure to what it was within tolerance limit


In the lab session we wrote down the actual air pressure to see if there would be much of a change in results, therefore that is what I have done. I found out what varying the air pressure effected and pulled those out of the table to create this new one. One the left we have the tolerance values. As you can see not all of them are off, 25, 50 and 150 were spot on but the rest had changed. On the right we have the values we’re meant to have. If we look at the effect on the air mass flow (ma) there is little change if we look at the difference from 246 and 250Pa it is a small amount from 0.11823 to 0.11919, respectively. A difference of 0.00096 kg. s ^1, considering this had the largest gap of 4Pa that is a minute difference. However, this then had a knock-on effect because you need ma to work out Qa it did have a larger effect. If we take 246Pa as an example the difference between Qa’s is around 3W which is considerable and for 103Pa it changed 4W. This then has an effect on the energy balance coefficient which decreases because its inversely proportional to Qa but again it doesn’t see a big change.  
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[bookmark: _Toc38829323]Evaluation 

I am pleased with the results I had, I had one or two very slight anomalies in my results but nothing too major. For example, on graph 9- air mass flow against heat transfer coefficient at 45⁰c the starting point is slightly low and doesn’t line up with the rest of the point but this is only a slight marginal error and could’ve been down to a slight upset in an external factor.
I felt that our means of getting the values were correct we made sure to wait 4 minutes in between each reading and had the same person changing the air pressure to make sure our results were reliable. We didn’t leave anything to chance and made sure to use the equipment properly. We made sure to do the experiments in a specific order to optimise our time as it was only one session we had. We started with the 45⁰c test and then did the 60⁰c test because heating it up was much more efficient and time saving than letting it cool down from 60⁰c to 45⁰c. To finish we then did the 60⁰c flow rate test as we were already at 60⁰c. We had a few of us recording results just to be sure we didn’t miss hear anything. Therefore, because of this I feel that the experiment went pretty well and the consistency with the results and the minimal anomalies highlight that this experiment went well. 

[bookmark: _Toc38829324]Conclusion

To conclude I feel that heat exchangers are a complex piece of machinery and that there are a lot of different factors that can have an influence on the outcome of results. It shows that temperature change air flow and water flow can all influence different results and efficiencies. Also its interesting to see how efficiencies change when you change the water flow rate and how they decrease whereas if we were changing the air flow rate is has a much more different effect. Also I maybe feel we should’ve used the tolerance values in some cases because it would’ve been an interesting topic to see how they would’ve affected results.
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Air mass flow against Qw and Qa @60⁰c

Heat Energy Air	0.11918762075214615	0.1065853416412835	9.227219973454627E-2	7.5299067715571322E-2	5.3167649495190566E-2	3.7561369467635497E-2	359.3506765677206	332.06663188341889	306.02075041962246	272.43202699493713	235.10734606773261	184.97096394337109	Heat Energy water	0.11918762075214615	0.1065853416412835	9.227219973454627E-2	7.5299067715571322E-2	5.3167649495190566E-2	3.7561369467635497E-2	-399.26341521797281	-389.77342880882668	-374.16229667149065	-364.94786810547771	-331.74271723728481	-293.80606984080822	Air mass flow (kg.s^-1)


Qa (W)


Qw (W)




Air mass flow against air water and average efficiency @60⁰c

Water Efficiency	0.11918762075214615	0.1065853416412835	9.227219973454627E-2	7.5299067715571322E-2	5.3167649495190566E-2	3.7561369467635497E-2	61.609907120743031	60.061919504643967	57.943925233644869	55.692307692307693	50.617283950617285	46.325878594249197	Air Efficiency	0.11918762075214615	0.1065853416412835	9.227219973454627E-2	7.5299067715571322E-2	5.3167649495190566E-2	3.7561369467635497E-2	9.2879256965944279	9.5975232198142439	10.280373831775691	11.076923076923082	13.580246913580243	15.654952076677322	Average Efficiency	0.11918762075214615	0.1065853416412835	9.227219973454627E-2	7.5299067715571322E-2	5.3167649495190566E-2	3.7561369467635497E-2	35.44891640866873	34.829721362229108	34.112149532710276	33.384615384615387	32.098765432098766	30.990415335463261	Air Mass Flow (kg.s^-1)


Efficiency (%)




Air mass flow against heat transfer coefficient @60⁰c

0.11918762075214615	0.1065853416412835	9.227219973454627E-2	7.5299067715571322E-2	5.3167649495190566E-2	3.7561369467635497E-2	138.13303569149099	132.61356763639699	125.721776505696	118.92265880780199	105.149178850669	94.005626141213895	Air mass flow (kg.s^-1)


Heat transfer (W.m^-2K^-1)



Air mass flow against Qw and Qa @45⁰c

Heat energy air	0.11936073285608947	0.10677888700068972	9.2456426108549386E-2	7.5462939656325445E-2	5.3321647354266616E-2	3.7669967798968626E-2	263.90658034481419	225.35684101495542	204.42115812600261	182.01661045105712	150.04711565490629	124.93244820527947	Heat energy water	0.11936073285608947	0.10677888700068972	9.2456426108549386E-2	7.5462939656325445E-2	5.3321647354266616E-2	3.7669967798968626E-2	-281.16819480652094	-261.09737801989456	-249.47462610638976	-239.91526402595207	-220.80125099154736	-199.64408989914074	Air mass flow (kg.s^-1)


Qa (W)


Qw (W)




Air mass flow against air, water and average efficiency @45⁰c

Water Efficiency	0.11936073285608947	0.10677888700068972	9.2456426108549386E-2	7.5462939656325445E-2	5.3321647354266616E-2	3.7669967798968626E-2	61.373390557939921	60.180995475113143	58.256880733944961	55.963302752293572	52.093023255813961	46.976744186046496	Air efficiency	0.11936073285608947	0.10677888700068972	9.2456426108549386E-2	7.5462939656325445E-2	5.3321647354266616E-2	3.7669967798968626E-2	9.4420600858369195	9.5022624434389034	10.091743119266052	11.009174311926612	13.02325581395349	15.348837209302332	Average Efficiency	0.11936073285608947	0.10677888700068972	9.2456426108549386E-2	7.5462939656325445E-2	5.3321647354266616E-2	3.7669967798968626E-2	35.407725321888421	34.841628959276022	34.174311926605505	33.486238532110093	32.558139534883722	31.162790697674414	Air mass flow (kg.s^-1)


Efficiency (%)




Air mass flow against heat transfer coefficient @45⁰c

0.11936073285608947	0.10677888700068972	9.2456426108549386E-2	7.5462939656325445E-2	5.3321647354266616E-2	3.7669967798968626E-2	134.69766109364201	129.875093438346	123.628104966777	116.8450391004	106.609581250418	93.350803369530198	Air mass flow (kg.s^-1)


Heat transfer (W.m^-2K^-1)



Water mass flow against Qa and Qw

Qa	3.2785517492906049E-2	2.8692524702659889E-2	2.4599924425466747E-2	2.0506227595511049E-2	1.641370163901704E-2	1.2317342272930958E-2	608.58526749673524	608.58526749673524	596.75952493833643	573.09533043081228	549.41416721702592	525.71600781701784	Qw	3.2785517492906049E-2	2.8692524702659889E-2	2.4599924425466747E-2	2.0506227595511049E-2	1.641370163901704E-2	1.2317342272930958E-2	-744.1155459174023	-722.67389384829016	-692.70928578727478	-658.51553302533432	-631.79002524354917	-588.68839207296037	Water mass flow (kg.s^-1)


Energy of air (W)


Energy of water (W)




Water Mass flow against water, air and mean efficiency 

Water Efficiency 	3.2785517492906049E-2	2.8692524702659889E-2	2.4599924425466747E-2	2.0506227595511049E-2	1.641370163901704E-2	1.2317342272930958E-2	13.23529411764706	14.705882352941178	16.568047337278109	19.047619047619044	23.262839879154086	29.003021148036261	Air Efficiency 	3.2785517492906049E-2	2.8692524702659889E-2	2.4599924425466747E-2	2.0506227595511049E-2	1.641370163901704E-2	1.2317342272930958E-2	15.000000000000005	15.000000000000005	14.792899408284022	14.285714285714299	13.897280966767376	13.293051359516614	Mean Efficiency	3.2785517492906049E-2	2.8692524702659889E-2	2.4599924425466747E-2	2.0506227595511049E-2	1.641370163901704E-2	1.2317342272930958E-2	14.117647058823533	14.852941176470591	15.680473372781066	16.666666666666671	18.580060422960731	21.148036253776439	Water mass flow (kg.s^-1)


Efficiency (%)




Water mass flow against heat transfer coefficient

3.2785517492906049E-2	2.8692524702659889E-2	2.4599924425466747E-2	2.0506227595511049E-2	1.641370163901704E-2	1.2317342272930958E-2	165.06252367285799	161.879019125632	157.84169882089799	153.01500996528401	153.16551172163301	148.39874286328401	Water mass flow (kg.s^-1)


Heat Transfer (W.m^-2K^-1)
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