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[bookmark: _Toc5553757]Introduction 
This document is a lab report about an experiment using a cross flow heat exchanger, held on 12 of February 2019. There were 3 experiments, first were the effects of varying water flow rates on the efficiency of the cross-flow heat exchanger. The second was the effect that a varying air flow rate would have on the efficiency of the heat exchanger.  Then the third and final experiment, was the effect of varying the temperature of the heat exchanger. 
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[bookmark: _Toc5553758]Aims 
1. To show how the change in water rate will effect how the heat exchanger functions.
2. To show how a difference in the rate of air flow effects well a heat exchanger works 
3. To show the effect of varying temperature has on the exit temperature of the heat exchanger. 



[bookmark: _Toc5553759]Research 
Heat exchanger is a form of heating/cooling system, the most common example of a normal heat exchanger would be a radiator in your house which is used to transfer heat from the boiler (or water in the lines) to the air in the house. Essentially exchanging the heat from the boiler to the room, in turn increasing the heat. This is a very rudimental heat exchanger as it just runs of the principal of convection, being that hot air rises and cold air will sink. A heat exchanger can be used to increases the temperature of something but there can also be used to cool something, for example that is what a radiator in a car does. Its primary use is to cool the engine down to stop it over heating. Excluding the basic there are 3 types of heat exchanger the first being parallel flow which as the name suggests is when the fluid is run parallel to the flow of the exiting fluid. The second one would be a counter flow heat exchanger is where the fluids flow in opposite directions to each other. They are the most effective of the 3forms of heat exchangers. Finally, we get to the cross-flow heat exchanger which was the he exchanger used during the experiment. A diagram of a cross flow is showed below. 

[image: ]
Figure 1
(Anon., 2013)
This diagram shows how the two fluids of the heat exchanger would the first is piped perpendicular to the flow of the of other fluid. As the graph on the right shows if the cross flow is used as a confesses the majority of the heat transfer will occur where the stream changers state. This however would not really affect this heat exchanger.

[bookmark: _Toc5553760]Methods
To start off with there are a few things that must be prepared before any of the tasks can be undertaken. Firstly, the heat exchanger must be set up correctly, so that means that the TD1007 must be set up with the parallel connecter. The parallel connecter that will be used is the 2 parallel banks of 16 tubes in series its surface area is 0.1558m^2. After that has been set up the sensors must be put in place, so this includes the air, water temp and air flow rate. After this turn on the heat exchanger along with the fan. Once everything is set up take the ambient air pressure for the day. While the heat exchanger is warming up it would be in your best interest to make some form of table to store the information you gather, although this is not necessary, it may save time in the long run. 
For the first task heat the temp to 60C and allow the tank to raise to temp.  then set the orifice so that the pressure drop is 250Pa and set the flow rate of the water to 2.25 litters a minute. Once these parameters are reached allow at least five minutes for the heat exchanger to reach equilibrium and change any of the settings according to any changes that occur. Once the equilibrium is reached and all of the parameters are within tolerance you can begin testing. As stated above the premise behind the first test is to see what effect varying the flow rate will have on the heat exchanger. The prosses for going about this would be take the temperature at 2.25 litters per minute and then take a reading of the temp at this flow rate. After this reduce the flow rate by 0.5 litters per minute and wait for it to become stable, then take the temperature at this flow rate. Repeat this prosses till you reach 0.25 litter per minute. Once the data has been collected the aim is to first find out the change in temp between the inlet and the outlet of the water, so from 60C to the second value. The second part of this task is to turn the water flow rate to mass flow rate and then also work out the air mass flow rate of the pipes. Thirdly work out the specific heat capacity of water for each of the flow rates. Then finally for this task produce 3 graphs one being heat immitted and power absorbed, second being air, water and mean efficiency and lastly being overall heat coefficient. 

For the second experiment, the effect of varying air flow rate. The start temp is still 60C the pressure drop to start is 250 Pa and the flow rate is 0.25 litters per minute. Once the temp and flow rate are stable ,begin taking reading. After the first reading is taken drop the pressure to 200Pa and then repeat this in every mutable of 50 till you get to 50Pa . Making sure that you take down the temperature difference so it can be used in the tasks. The task to find the change in temp and use that to work out the air density and water density. The second task is to work out the water and air mass flow rate. After this the last task is to make the graphs. The first graph is heat admitted and heat absorbed by the water and air and then the mean of the two. The second graph is the efficiency of the air water and then the mean temp. and the final graph is the heat transfer coefficient. 
The final experiment is almost identical to experiment 2 but the only difference is that the temperate is to be set to 45C . All other parameters and changes to parameters follow experiment 2, so reducing the size of the orifice.  




[bookmark: _Toc5553761]Analysis 
task 1 analysis 
Firstly, in task one the is the change in the water temperature from the input to the output. The water in all of task one was approximately 60C with a variation of +/-0.8C as a maximum difference from 60C. from my results it is possible to see how drastic of a effect the flow rate of what can have on the change in the temperature of the water. [image: ]
[image: ]
Figure 2 & figure3 ( for a full view check the appendix)
As can be seen by the table there isn’t a proportional change in temperature when compared to the change in flow rate of water though the low the flow rate the cooler the water gets which is to be as expected. the water is in contact with another fluid which in this case would act as a coolant as it is colder than the water itself, this fluid being air. This follows the rule that all systems tend towards thermo equilibria.  The table above also shows the density of water along with the density of air, the density of water goes from at its least dense, being 983.9 kg/m3, to its most dense being 988.2 kg/m3. The density changes as water tends to become denser as it approaches 0C as and the hotter it gets the more the particles expanded. Air is different to water in one way that is as it approaches 0c is when it became denser as water as a solid is far less dense (typically) then its liquid state counterpart. 
Part two of task 1 is to calculate mass flowrate of air and convert flow rate to mass flowrate for water.  [image: ] figure4 
The figure above shows the comparative flow rates between the water mass flow rate and airs mass flow rate. The water rate is the easier of the two too work out being simply density*flow rate / 1000*60 to give the unit of kg/s. 
[image: ] figure5
This figure shows the correlation between flow rate and the waters specific heat capacity. Tit seems to have a none-liner relationship between the two. For example, there is not a steady decrease in a linier fashion. It seems to get exponentially worse as the flow rate decreases. This is due to the fact that the colder so is less willing to give up its energy to the air in the heat exchanger.  
 
[image: ] 
Figure… g1
This graph shows the effect of varying the mass flow rate against watts per meter kelvin. The line itself shows a s shaped line. The graph clearly shows how increasing the mass flow rate substance increases the heat transfer up to a certain point where it becomes a detriment to have such fast-flowing water. 
[image: ]
Figure … g2
This graph shows the comparison between mass flow rate of water and the power that is absorbed by the or emitted depending on whether it is water or air that you are looking at. The orange line being air, and water being the blue line. The graph shows a clear positive correlation  between energy moving across the system as the mass flow rate increases. 
	[image: ] 
Figure … g3
This graph shows the effect off mass flow rate on the efficiency of the heat exchanger as you clearly see in increases the efficacy of the air in a fairly liner manner where water seems to be a curve and the mean temp efficiency is every smaller in shape to the water though much shallower due to the effect that the air temperature has on it.

Experiment 2 
[image: ] 
[image: ] 
Figures 6& figure 7 
The figures above show the dater for change in temperature and density for water and air respectively. As the first figure shows, the lower the pressure drops, the less heat is extracted from the water by the air, this obviously has a positive influence on the temperature, so as the pressure drop gets lower the air temperature increases. The effect in this experiment on the density of both fluids is the same as in experiment 2, as the temperature increases the fluid becomes less dense. 

[image: ]
Figure 8 (engineering-edge, 2001) 
The figure above shows the mass flow rate change with respect to the pressure drop. The table clearly proves that water gets denser as it gets cools. The difference in the mass flow rate is very likely 2-fold as the temperature would influence the density of the air passing though the heat exchanger. The biggest factor though is probably the back pressure caused  by the smaller exit that the air is pushed through. 

[image: ]figure … g4
This graph shows the comparison between mass flow rate and the power emitted or absorbed by the fluids the blue line represents water being the energy emitted and the origin line is air being the energy absorber. The graph shows a positive correlation between both the emission of water and absorption of air as the mass flow rate of air increases this is to be expected however as one increases by the fundamentals of physics, energy can nether be created or destroyed. 


[image: ] 
Figure g5

This graph describes the efficiency of the heat exchanger in respect to the mass flow rate of air. As can be clearly seen the efficiency of the water increases with the higher mass flow rates however the air gets less efficient as the mass flow rate gets faster. The average is tending towards a positive increase but this may leave out with increased mass flow rate as can be seen by the gradient of the water its slowly getting shallower meaning parodically it is getting worse. 
[image: ]
Figure … g6
As this graph shows there is not that much change between the heat transfer coefficient and the mass flow rate of air. Being an increases of approximately 35 over the increases of mass flow rate from 0.4 to 0.115. which when looking at some of the other tests isn’t a large deviation. 

Experiment 3 
[image: ]
[image: ]
Figure9 &10 (rubber, 1971)
These figures show very similar information to figures …&… the only substantial difference in them is the temperature of the water, this then has a knock on effect of all the other units of heat as the delta is lower for the water then this reduces the energy absorbed by the air drastically. 

[image: ]figure  11
This figure shows the comparison between the mass flow rates of water and air though the heat extranger during experiment 3. As you can see clearly water has nearly no mass flow rate change during the experiment, air on the other hand does. It decreases by a substantial amount but as stated previously this is to be expected as the heat is expanding the air along with there being back pressure in the heat exchanger dew to the small exit area. 
[image: ] 
Figure … g7
This graph describes the relationship between mass flow rate of air and the power absorbed or emitted. As the graph clearly shows there is a point of intersect between the energy emitted by the water and absorbed by the air. As the graph shows that there is a very liner trend for the energy absorbed by the air and the same can be said for the water however there is a liner trend though it does seem to be increasing very slowly. 


[image: ]
Figure… g8
This graph is almost identical to figure … so reference the analysis of that for this. 

[image: ]
Figure … g9
As is clearly shown by the graph above, in experiment 3 the heat transfer coefficient tends to increases the higher the mass flow rate becomes. 


[bookmark: _Toc5553762]Conclusion 

In conclusion the heat exchanger work as what would be expected with very little variation from what would be expected of any cross flow heat exchanger. When the mass flow of ether water or air was increased the heat transfer coefficient increased, in the case with water to a point. also, in the case with the variation in mass flow of air the efficiency just increased as the flow increased. With water flow rates however, this is different as the mass flow rate increased, there was an exponential decrease in the effectiveness of the heat exchanger. This though no matter how drastic is to be expected as the water would have less time to releases its energy in to the heat exchanger so would become less efficient.  
I think a way to increases the efficiency of the heat exchanger would be to insulate the corridor where the air passes though, this currently is just metal. Metal transfers heat incredibly well, taking this in to consideration I believe this should be the first port of call to increase is efficiency. Secondly insulate in pipes used to transfer the water to the cross exchanger as there as susceptible to being cool, though the pipes within the cross flow should have as little insulation as possible or even be made from a metal such as copper to increase its ability to transfer heat. (tech, 2016)
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Graphs 1-9 
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image3.emf
Flow (L/min) TA1 - in ( C )  TA2 - out ( C )  TA3 - ambient ( C )  DeltaTA ( C )  Average TA ( C )  Air density (Kg/m^3)

2.25 26.5 31.9 25.7 5.4 29.2 1.185616962

1.75 27 32 26.8 5 29.5 1.18445266

1.25 27 31.8 26.7 4.8 29.4 1.184809784

0.75 26.2 30.5 25.6 4.3 28.35 1.188961161

0.24 26.2 29.4 25.9 3.2 27.8 1.191123545


image4.emf
Flow (L/min) Water mass flow rate (Kg/s)Air mass flow rate (kg/s)

2.25 0.036896094 0.114757989

1.75 0.028699912 0.114471071

1.25 0.020510916 0.115178715

0.75 0.012321896 0.11491972

0.24 0.003952718 0.115254917


image5.emf
Flow (L/min) Water Cv (J/Kg.K)

2.25 4183.504321

1.75 4183.42036

1.25 4182.989148

0.75 4182.027161

0.24 4180.320647
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image9.emf
Pdrop (pa) TW1 - in ( C ) TW2 - out ( C ) DeltaTW ( C ) AverageTW ( C ) Water density (Kg/m^3)

250 60.2 39.1 21.1 49.65 988.1795125

200 58.1 38.6 19.5 48.35 988.759049

150 58.1 39 19.1 48.55 988.670621

100 58 40.1 17.9 49.05 988.4483845

50 58.3 41.9 16.4 50.1 987.9763014

25 58.6 43.6 15 51.1 987.51998


image10.emf
Pdrop (pa) TA1 - in ( C )  TA2 - out ( C )  TA3 - ambient ( C )  DeltaTA ( C )  Average TA ( C )  Air density (Kg/m^3)

250 26.2 29.4 25.9 3.2 27.8 1.191123545

200 26.1 29.3 25.6 3.2 27.7 1.192098913

150 26.2 29.5 25.7 3.3 27.85 1.19208351

100 26 29.7 25.2 3.7 27.85 1.192662472

50 26.2 30.6 25.4 4.4 28.4 1.191063987

25 26.3 31.5 25 5.2 28.9 1.189379848


image11.emf
Pdrop (pa) Water mass flow rate (Kg/s)Air mass flow rate (kg/s)

250 0.003952718 0.115254917

200 0.003955036 0.10312933

150 0.003954682 0.089312043

100 0.003953794 0.072940684

50 0.003951905 0.051542277

25 0.004114667 0.036420118


image12.png
350

300

250

POWER (WATTS)
~
8

150

100

0.02

Air mas.

r output

012

014




image13.png
0.14

70
60

g g g

20
10
0

(%) AONFIDI443 IUNLYHIdNIL




image14.png
Air mass flow rate vs Heat tranfer coefficient
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image15.emf
Pdrop (pa) TW1 - in ( C ) TW2 - out ( C ) DeltaTW ( C ) AverageTW ( C ) Water density (Kg/m^3)

250 49.4 34.2 15.2 41.8 991.5032704

200 48.3 33.8 14.5 41.05 991.7980884

150 47.9 34.2 13.7 41.05 991.7980884

100 47.8 35.4 12.4 41.6 991.58229

50 47.9 36.8 11.1 42.35 991.2844694

25 48.2 37.7 10.5 42.95 991.0432887


image16.emf
Pdrop (pa) TA1 - in ( C )  TA2 - out ( C )  TA3 - ambient ( C )  DeltaTA ( C )  Average TA ( C )  Air density (Kg/m^3)

250 24.9 27.3 24.4 2.4 26.1 1.197881908

200 24.6 27 24.1 2.4 25.8 1.199667535

150 25 27.4 24.6 2.4 26.2 1.198669143

100 25.7 28.2 25 2.5 26.95 1.196264284

50 25.3 28.5 24.2 3.2 26.9 1.19705614

25 25.5 29.1 24.2 3.6 27.3 1.19571687


image17.emf
Pdrop (pa) Water mass flow rate (Kg/s)Air mass flow rate (kg/s)

250 0.004131264 0.115812361

200 0.003967192 0.103714513

150 0.004132492 0.089259377

100 0.004131593 0.072316543

50 0.004130352 0.050097637

25 0.004129347 0.036517012
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Figure 5 Cross Flow Heat Exchanger
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225 60.5 56.7 3.8 58.6 983.8958474
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image32.emf
EXPERIMENT 1 Tank Temp 60 oriface A 0.00787127 m^2

Flow (L/min) P_amb (bar) P Drop (pa) Orifice D (mm) TW1 - in ( C ) TW2 - out ( C ) DeltaTW ( C ) AverageTW ( C ) Water density (Kg/m^3) Water mass flow rate (Kg/s) Water Cv (J/Kg.K) Delta Qw (watts) Temp eff water (%) TA1 - in ( C )  TA2 - out ( C )  TA3 - ambient ( C )  DeltaTA ( C )  Average TA ( C )  Air density (Kg/m^3) Air mass flow rate (kg/s) Air Cv (J/Kg.K) Delta Qa(watts) Temp eff Air (%) Mean temp eff (%) LMTD U(W/m^2.K)

2.25 1.031 249 100.11 60.5 56.7 3.8 58.6 983.8958474 0.036896094 4183.504321 586.5488853 11.17647059 26.5 31.9 25.7 5.4 29.2 1.185616962 0.114757989 1031 638.903626 15.88235294 13.52941176 29.15850413 129.1134602

1.75 1.031 248 100.11 60.8 56 4.8 58.4 983.996977 0.028699912 4183.42036 576.3062183 14.20118343 27 32 26.8 5 29.5 1.18445266 0.114471071 1031 590.0983715 14.79289941 14.49704142 28.62091253 129.2416149

1.25 1.031 251 100.11 60.5 54.2 6.3 57.35 984.5239605 0.020510916 4182.989148 540.5207119 18.80597015 27 31.8 26.7 4.8 29.4 1.184809784 0.115178715 1031 569.9964248 14.32835821 16.56716418 27.57870316 125.7972208

0.75 1.031 249 100.11 59.5 50.2 9.3 54.85 985.7516548 0.012321896 4182.027161 479.2336726 27.92792793 26.2 30.5 25.6 4.3 28.35 1.188961161 0.11491972 1031 509.4735956 12.91291291 20.42042042 25.90778392 118.7270305

0.24 1.031 250 100.11 60.2 39.1 21.1 49.65 988.1795125 0.003952718 4180.320647 348.6485693 62.05882353 26.2 29.4 25.9 3.2 27.8 1.191123545 0.115254917 1031 380.2490213 9.411764706 35.73529412 19.37436524 115.5029167

EXPERIMENT 2 Tank Temp 60

Pdrop (pa) P_amb (bar) Flow (L/min) Orifice D (mm) TW1 - in ( C ) TW2 - out ( C ) DeltaTW ( C ) AverageTW ( C ) Water density (Kg/m^3) Water mass flow rate (Kg/s) Water Cv (J/Kg.K) Delta Qw (watts) Temp eff water (%) TA1 - in ( C )  TA2 - out ( C )  TA3 - ambient ( C )  DeltaTA ( C )  Average TA ( C )  Air density (Kg/m^3) Air mass flow rate (kg/s) 1005 Delta Qa(watts) Temp eff Air (%) Mean temp eff (%) LMTD U(W/m^2.K)

250 1.031 0.24 100.11 60.2 39.1 21.1 49.65 988.1795125 0.003952718 4180.320647 348.6485693 62.05882353 26.2 29.4 25.9 3.2 27.8 1.191123545 0.115254917 1031 380.2490213 9.411764706 35.73529412 19.37436524 115.5029167

200 1.031 0.24 100.11 58.1 38.6 19.5 48.35 988.759049 0.003955036 4179.957625 322.3717323 60.9375 26.1 29.3 25.6 3.2 27.7 1.192098913 0.10312933 1031 340.2442854 10 35.46875 18.36983491 112.6378225

150 1.031 0.24 100.11 58.1 39 19.1 48.55 988.670621 0.003954682 4180.011775 315.7348295 59.87460815 26.2 29.5 25.7 3.3 27.85 1.19208351 0.089312043 1031 303.8663626 10.34482759 35.10971787 18.49231173 109.58821

100 1.031 0.24 100.11 58 40.1 17.9 49.05 988.4483845 0.003953794 4180.149861 295.8413462 55.9375 26 29.7 25.2 3.7 27.85 1.192662472 0.072940684 1031 278.2468259 11.5625 33.75 19.21827707 98.80455501

50 1.031 0.24 100.11 58.3 41.9 16.4 50.1 987.9763014 0.003951905 4180.452346 270.9403227 51.09034268 26.2 30.6 25.4 4.4 28.4 1.191063987 0.051542277 1031 233.8163857 13.70716511 32.39875389 19.92235445 87.29020788

25 1.031 0.25 100.11 58.6 43.6 15 51.1 987.51998 0.004114667 4180.755987 258.0362543 46.43962848 26.3 31.5 25 5.2 28.9 1.189379848 0.036420118 1031 195.2555348 16.09907121 31.26934985 20.57316056 80.50303618

EXPERIMENT 3 Tank Temp 45

Pdrop (pa) P_amb (bar) Flow (L/min) Orifice D (mm) TW1 - in ( C ) TW2 - out ( C ) DeltaTW ( C ) AverageTW ( C ) Water density (Kg/m^3) Water mass flow rate (Kg/s) Water Cv (J/Kg.K) Delta Qw (watts) Temp eff water (%) TA1 - in ( C )  TA2 - out ( C )  TA3 - ambient ( C )  DeltaTA ( C )  Average TA ( C )  Air density (Kg/m^3) Air mass flow rate (kg/s) 1005 Delta Qa(watts) Temp eff Air (%) Mean temp eff (%) LMTD U(W/m^2.K)

251 1.031 0.25 100.11 49.4 34.2 15.2 41.8 991.5032704 0.004131264 4178.544998 262.3925986 62.04081633 24.9 27.3 24.4 2.4 26.1 1.197881908 0.115812361 1031 286.5661064 9.795918367 35.91836735 13.88941823 121.2551162

201 1.031 0.24 100.11 48.3 33.8 14.5 41.05 991.7980884 0.003967192 4178.430958 240.3612705 61.1814346 24.6 27 24.1 2.4 25.8 1.199667535 0.103714513 1031 256.631192 10.12658228 35.65400844 13.53567501 113.9769731

149 1.031 0.25 100.11 47.9 34.2 13.7 41.05 991.7980884 0.004132492 4178.430958 236.5624573 59.82532751 25 27.4 24.6 2.4 26.2 1.198669143 0.089259377 1031 220.8634014 10.48034934 35.15283843 13.25960337 114.5111658

98 1.031 0.25 100.11 47.8 35.4 12.4 41.6 991.58229 0.004131593 4178.513561 214.072569 56.10859729 25.7 28.2 25 2.5 26.95 1.196264284 0.072316543 1031 186.3958902 11.31221719 33.71040724 13.28581846 103.4201715

47 1.031 0.25 100.11 47.9 36.8 11.1 42.35 991.2844694 0.004130352 4178.635241 191.5775001 49.11504425 25.3 28.5 24.2 3.2 26.9 1.19705614 0.050097637 1031 165.2821236 14.15929204 31.63716814 14.27581119 86.13432468

25 1.031 0.25 100.11 48.2 37.7 10.5 42.95 991.0432887 0.004129347 4178.739934 181.1824073 46.25550661 25.5 29.1 24.2 3.6 27.3 1.19571687 0.036517012 1031 135.536542 15.85903084 31.05726872 14.52705591 80.05177466
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Figure 5

Cross Flow Heat Exchanger




image2.emf
Flow (L/min) TW1 - in ( C ) TW2 - out ( C ) DeltaTW ( C ) AverageTW ( C ) Water density (Kg/m^3)

2.25 60.5 56.7 3.8 58.6 983.8958474

1.75 60.8 56 4.8 58.4 983.996977

1.25 60.5 54.2 6.3 57.35 984.5239605

0.75 59.5 50.2 9.3 54.85 985.7516548

0.24 60.2 39.1 21.1 49.65 988.1795125


