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[bookmark: _Toc38835460]Introduction
[bookmark: _Toc38835461]Aims
This report aims to discuss the thermodynamic characteristics of a heat exchanger, discuss the theory and show how adjusting different aspects of the heat exchanger affects its performance. We will be adjusting variables such as air pressure, fluid flow rate and temperature and collecting data to analyse and see how they influence our results.








[bookmark: _Toc38835462]Objectives
We will be performing a set of experiments using a cross flow heat exchanger with the fluid banks in a parallel flow configuration. The first experiment will be adjusting the fluid flow rate from 1.75 l/min down to 0.25 l/min at 250Pa, the second experiment will be changing the air pressure from 250Pa down to 25Pa at 60°C, and the third and final experiment will also be changing the air pressure from 250Pa down to 25Pa but this time it will be conducted at 45°C.


[bookmark: _Toc38835463]Background
A heat exchanger is a component of a system that allows heat to transfer from one fluid to another. Heat exchangers work by means of two fluids coming into thermal contact with a material or interface between the two (Woodford, 2009/2018). As heat only flows from hot to cold, the hotter of the two fluids will start to heat up the cooler, thus removing energy from the hotter and lowering the temperature. There is no mass exchange or interactions, only energy changes. This is because the fluids do not mix due to the interface separating the fluids. A common example of a heat exchanger is a car radiator; as the coolant passes through the radiator (hot flow) air is pushed through the radiator by the moving vehicle, removing some of the energy from the coolant causing it to leave the radiator cooler than when it entered. Subsequently the air will leave the radiator at a higher temperature. This configuration is known as a cross flow heat exchanger because the two fluids are moving perpendicular to each other, with one fluid passing over the other. 
Heat exchangers are used in many applications and can be used to boil or condense fluids, and indeed cool them to a more appropriate temperature. There are several different types of heat exchanger, Parallel Flow, Counter Flow and Cross Flow. 
[image: ]
(Simply Science, n.d.)




[bookmark: _Toc38835464]Experimental Procedure
The brief specifies that we start with the experiment in which we adjust the flow rate of the hot fluid, however in practise we began with the third experiment, followed by the second and then the first experiment. We carried out the experiments in this order because of timings. We had a two-hour slot to complete the experiments and record all the data, so we had to make best use of the time. We were informed by the lecturer that it would take longer for the water temperature to cool from 60°C to 45°C than it would to heat up from 45°C to 60°C, hence the order of our experiments.
[bookmark: _Hlk38632629]We began our first experiment (experiment three) with ensuring the hot flow banks were in a parallel configuration, and that all the temperature sensors were in place and connected correctly. We then set the temperature at 45°C and the flow rate to 0.25 l/min, set our pressure to 250Pa and waited for 4 minutes for the temperature sensors and other sensors to settle before we began to record data. Once the sensors had settled and were reading a consistent result, we recorded the temperatures of the air and water at their inlets and outlets. Then we adjusted the pressure down to 200Pa and waited another 4 minutes until the results settled and recorded the data. The process is then repeated until one reaches 25Pa. The same process is then repeated at 60°C, varying the pressure through 250, 200, 150, 100, 50, and 25Pa’s (experiment two).
Our third and final experiment was experiment one, in which we adjusted the hot flow rate from 1.75 l/min down to 0.75 l/min and kept the pressure constant at 250Pa and the temperature at 60°C. The same procedure as Experiments two and three was followed; we waited for 4 minutes after changing the flow rate before recording the temperature results.
The tolerance for the water flow rate was +/- 0.01 l/min, and the tolerance for the air pressure was +/- 5 Pa.
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(TecQuipment)



[bookmark: _Toc38801248]Figure 1 TD1007 Water to Air Heat Exchanger
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[bookmark: _Toc38835466]Experiment 3 Tables
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	Coefficient of discharge
	0.6
	

	Diameter of Orifice
	0.10011
	m

	Area of Orifice
	0.007871
	m^2

	Barometric Pressure
	100900
	Pa

	
	1.009
	bar

	Room Temperature
	27
	°C

	R
	287
	J/kg·K

	Area of Hot Flow Piping
	0.1558
	m^2

	V̇w
	0.25
	l/min

	ṁw
	0.004154
	kg*s^-1

	CpA
	1005
	J.kg^-1K^-1


[bookmark: _Toc38801249] Figure 2 List of Constants

[bookmark: _Toc38835467]Equations
Water Flow conversion:
[image: ] 

Air Flow:
[image: ] 

Temperature Efficiencies (ƞ):
[image: ] [image: ][image: ] 

Densities (ρ):
[image: ] [image: ] 

Specific Heat Capacity of Water (CpW):
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Heat Transfer (Q):
[image: ] 

Logarithmic Mean Temperature Difference (LMTD):
[image: ] 

Energy Balance Coefficient (CEB):
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Heat Transfer Coefficient (U):
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(TecQuipment) This citation covers all of the equations above.

[bookmark: _Toc38835468]Graphs
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[bookmark: _Toc38722634]Graph 1 Experiment 3
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[bookmark: _Toc38722635]Graph 2 Experiment 3
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[bookmark: _Toc38722636]Graph 3 Experiment 3

[image: ]
[bookmark: _Toc38722637]Graph 4 Experiment 2
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[bookmark: _Toc38722638]Graph 5 Experiment 2
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[bookmark: _Toc38722639]Graph 6 Experiment 2
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[bookmark: _Toc38722640]Graph 7 Experiment 1

[image: ]
[bookmark: _Toc38722641]Graph 8 Experiment 1
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[bookmark: _Toc38722642]Graph 9 Experiment 1

[bookmark: _Toc38835469]Discussion of Results
Graph 1 shows the heat emitted from the hot flow pipes and the power absorbed into the air passing over the pipes during experiment 3. The graph shows that as the air mass flow rate drops, the heat transferred by the hot water and the power absorbed into the air also drops. This is because with a decreased air flow, less air flows over the pipe in a given time, resulting in less opportunities for heat to transfer from the hot pipes into the air. The graph also shows that the two lines follow each other very closely. This is because of the law of conservation of energy, which states that energy can neither be created nor destroyed but transformed (J.M.K.C. Donev et al., 2018). This graph clearly shows that when the water loses energy the air gains most of that energy loss, supporting this theory. It is possible that not all the energy given off by the pipe would be absorbed into the air, this could be down to things such as air leaks in the heat exchanger affecting the efficiency of the heat exchanger.
[bookmark: _Hlk38745894]Graph 2 shows the temperature efficiencies of the air, water and the combined temperature efficiency of the whole heat exchanger for Experiment 3. As the air flow rate increases the thermal efficiency of the water increases from 46% to 61%, and the thermal efficiency of the air drops from 16% down to 9%. This is because of the different densities of the fluids and their capacity to store energy due to their atomic structure. With air being a gaseous liquid with a density of 1.16 to 1.17 kg.m3, it requires less energy to change its temperature as the atoms are further apart but already have more energy than the water molecules, which means they require less energy to interact with other air atoms. This is compared with water being a liquid with a density of 990 to 991 kg.m3 with a much lower proximity to its neighbouring atoms and a much lower internal energy value, meaning that it takes more energy than air to change temperature.
Graph 3 shows the overall heat transfer coefficient of the heat exchanger during Experiment 3. It clearly shows that as the air flow rate increases so does the heat transfer coefficient, proving that there is a positive correlation between heat transfer and the air flow rate. The graph also shows that the increase in heat transfer coefficient is relatively linear, suggesting that the air mass flow rate and heat transfer coefficient are proportional values. As one increases, so does the other. This is because of the increased air flow rate forcing more air over the hot flow pipes. 
Graphs 4, 5 and 6 from Experiment 2 follow the same trends and patterns as those from Experiment 3 (graphs 1, 2 and 3). This is because we carried out the experiment in the same way, just at a temperature increase of 25%, 60°C. As such the results are increased and exaggerated. The maximum and minimum values for both the Qw and Qa increased by over 100W for the water and around 70W for the air compared with the values from Experiment 3. This demonstrates that more heat transfer occurs when a higher starting temperature of the water is used.
Graph 7 is from Experiment 1 and shows the heat emitted from the water and power absorbed into the air when adjusting the water flow rate instead of the air pressure, whilst keeping the temperature and pressure constant at 60°C and 250Pa respectively. This graph also follows the same pattern as the trends in graphs 1 and 4, only with a larger difference between the two lines. This graph proves that adjusting the water mass flow rate has a similar effect to adjusting the air pressure and so the air mass flow rate, resulting in an increase in heat transfer and power absorption.
Graph 8 shows the air, water and mean temperature efficiencies for Experiment 1, at 250Pa and 60°C. The graph follows a similar trend, but the lines are inversed because it is the water flow rate that changes with the air pressure remaining constant (opposite to Experiments 2 and 3). The water efficiency figures start much lower than Experiments 1 and 2, starting at 29.15% dropping down to 14.16%. Whereas the air efficiency increases from 12.82% to 14.73%. The smaller efficiency range is due to the smaller scale of adjustments made to the water flow rate, compared to the 225Pa change made to the air pressure in Experiments 2 and 3. At 0.0275 kg/s the water and air efficiency lines intersect.
Graph 9 shows the overall heat transfer coefficient of the heat exchanger during Experiment 1. The values generated to create this line fluctuate from 148.579 to 159.392 W/(m2•K) as shown in the table below, but do not steadily increase. This leads me to believe that whilst the heat transfer rate for the air and water increases with increased flow rate, the overall coefficient in this instance does not. There may be an anomaly somewhere which I haven’t seen, but I believe these results to be accurate.
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[bookmark: _Toc38801250]Figure 3 Heat Transfer Coefficient Values from Experiment 1




[bookmark: _Toc38835470]Conclusion
To conclude, the experiments were successful in demonstrating the thermodynamic characteristics of a cross flow heat exchanger. By adjusting variables such as the water flow rate and the air pressure, we can clearly see that the performance is affected and that fluid flow rates are proportional to the amount of heat transfer that occurs; as you increase the flow rates the amount of heat transfer also increases, as one would expect to see from a conventional heat exchanger. It is also evident that as the hot flow temperature is increased there is an increased amount of heat transfer from the water to the air. 

[bookmark: _Toc38835471]Evaluation
If I were to do the entire experiment again, I would do numerous things differently. Whilst I believe that our experiments were a success and provided good clear results, it would be interesting to see if by making a few small changes, how much it would impact the new results. 
Initially I would run the experiments in the suggested order, starting with Experiment 1 (adjusting hot fluid flow rate); but whilst doing the first experiment I would also raise our maximum fluid flow value from 1.75l/min to either 2 l/min or 2.25 l/min. This is because I would like to see if the higher ceiling would change the heat transfer coefficient graph and values for Experiment 1. I would also like to see how long it takes the heat exchanger to cool down from 60°C to 45°C, as this was the driving force behind our final decision on the order that we carried out the experiments.
Another thing that would do differently in the repeat experiment is adjust the waiting period for allowing the sensors in the heat exchanger to settle in equilibrium. This is because we only waited for 4 minutes due to time constraints and the suggestion of the lecturer, however the TD1007 User Guide said to wait for 5 minutes. Whilst this may not sound like a big difference, another 60 seconds could mean the results gathered would be different, and as such produce similar but slightly different graphs.
When doing the repeat experiment, I would also create an excel document using the same format as suggested (as we have) with the equations already inputted into the spreadsheet. This would save time and provide a swifter idea as to whether the experiments were successful or not.
In using the suggested table layout, I have found that my figures and graphs generally appear to be as expected. There are however a few potential anomalies that I am unsure of their origin and would like to see if they appear in a repeat experiments data. 
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Heater Temp: 45°C

Air Pressure Tw1 Tw2 Tw diff Tw avg Tw3 Ta1 Ta2 Ta diff Ta avg

Pa °C °C °C °C °C °C °C °C °C

250 48.9 34.2 -14.7 41.55 25.1 27.3 2.2 26.2

200 48.6 34.6 -14 41.6 25.2 27.5 2.3 26.35

150 48.1 34.9 -13.2 41.5 25.3 27.7 2.4 26.5

100 49 35.6 -13.4 42.3 25.4 28.1 2.7 26.75

50 49.1 37.4 -11.7 43.25 25.8 29 3.2 27.4

25 49.4 38.7 -10.7 44.05 26.4 30.1 3.7 28.25

Water Flow: 0.25 l/min


image5.emf
ƞw ƞa ρw ρa Cpw Cpa

% % kg.m^-3 kg.m^-3 J.kg^-1K^-1 J.kg^-1K^-1

61.76471 9.243697 991.6019994 1.175026552 4736.573031 1005

59.82906 9.82906 991.58229 1.174437763 4737.409813 1005

57.89474 10.52632 991.6216906 1.173849563 4735.736416 1005

56.77966 11.44068 991.3044508 1.17287054 4749.142219 1005

50.21459 13.73391 990.9217307 1.170332704 4765.117156 1005

46.52174 16.08696 990.5944458 1.16703052 4778.616822 1005


image6.emf
ṁw ṁa Q̇w Q̇a C ΕΒ η avg LMTD  U

kg.s^-1 kg.s^-1 W W - % W.m^-2K^-1

0.004131675 0.114473483 -287.679 253.1009 -0.8798 35.5042 13.64924 -135.2794406

0.004131593 0.10236254 -274.023 236.611 -0.86347 34.82906 13.66714 -128.6889552

0.004131757 0.088626358 -258.283 213.7668 -0.82764 34.21053 13.53368 -122.4934174

0.004130435 0.072332936 -262.855 196.2754 -0.74671 34.11017 14.04465 -120.1260797

0.004128841 0.051091744 -230.191 164.311 -0.7138 31.97425 14.60467 -101.1645539

0.004127477 0.036076314 -211.043 134.1498 -0.63565 31.30435 14.63813 -92.53744221
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Graph of heat emitted by the heat exchanger and
the power absorbed into the air (Watts) @
0.25l/min and 45°C

w
8

. -400
z

g2 300
g w0 \

3 150 200
i 100
é 50

S o 0

z 0114473 0.102363 0088626 0.072333 0.051092 0.036076

e

Air Mass Flow Rate (kg/s)

Qa

Qw

Heat Emitted (Watts)




image20.png
Temperature Efficiencies, n (%)
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Graph of heat emitted by the heat exchanger and
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Graph of overall heat transfer coefficient U @
0.25l/min and 60°C
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Graph of overall heat transfer coefficient, U @
250Pa and 60°C
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U

W.m^-2K^-1
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image29.emf
Heater Temp: 60°C

Air Pressure Tw1 Tw2 Tw diff Tw avg Tw3 Ta1 Ta2 Ta diff Ta avg Ta3

Pa °C °C °C °C °C °C °C °C °C °C

250 57.6 36.7 -20.9 47.15 25.3 28.1 2.8 26.7 24.9

200 58.3 38.4 -19.9 48.35 25.4 28.5 3.1 26.95 24.9

150 58.9 39.2 -19.7 49.05 25.5 28.8 3.3 27.15 24.9

100 59.2 40.5 -18.7 49.85 25.6 29.4 3.8 27.5 24.9

50 59.7 42.9 -16.8 51.3 26.3 30.7 4.4 28.5 25.2

25 60.3 44.1 -16.2 52.2 26.6 31.8 5.2 29.2 25

Water Flow: 0.25 l/min
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ƞw ƞa ρw ρa Cpw Cpa ṁw ṁa Q̇w Q̇a C ΕΒ η avg LMTD U

% % kg.m^-3 kg.m^-3 J.kg^-1K^-1 J.kg^-1K^-1kg.s^-1 kg.s^-1 W W % W.m^-2K^-1

64.70588 8.668731 989.284 1.173066 4831.339839 1005 0.004122 0.114378 -416.221 321.8596 -0.77329 36.68731 17.9097 -149.165287

60.48632 9.422492 988.759 1.172088 4851.926852 1005 0.00412 0.10226 -397.783 318.5914 -0.80092 34.95441 19.1517 -133.312788

58.98204 9.88024 988.4484 1.171307 4863.982446 1005 0.004119 0.08853 -394.64 293.6109 -0.744 34.43114 19.71288 -128.494203

55.65476 11.30952 988.0894 1.169943 4877.802518 1005 0.004117 0.072243 -375.535 275.8945 -0.73467 33.48214 20.31454 -118.652341

50.2994 13.17365 987.4279 1.166063 4902.967142 1005 0.004114 0.050998 -338.893 225.5152 -0.66545 31.73653 21.05012 -103.333304

48.07122 15.43027 987.0105 1.163362 4918.662207 1005 0.004113 0.03602 -327.697 188.2382 -0.57443 31.75074 21.2323 -99.0622456
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Heater Temp: 60°C

Hot Flow  Tw1 Tw2 Tw diff Tw avg Tw3 Ta1 Ta2 Ta diff Ta avg Ta3 ƞw ƞa

(l/min) °C °C °C °C °C °C °C °C % %

1.75 61 56 -5 58.5 25.7 30.9 5.2 28.3 25.3 14.16431 14.73088

1.5 61 55.1 -5.9 58.05 25.8 30.9 5.1 28.35 25.3 16.76136 14.48864

1.25 60.5 54 -6.5 57.25 25.7 30.6 4.9 28.15 25.3 18.67816 14.08046

1 60.3 52.4 -7.9 56.35 25.8 30.5 4.7 28.15 25.4 22.89855 13.62319

0.75 60.1 50.1 -10 55.1 25.8 30.2 4.4 28 25.4 29.15452 12.82799

Orifice P: 250Pa


image32.emf
ρw ρa Cpw Cpa ṁw ṁa Q̇w Q̇a C EB ƞ avg LMTD U

kg.m^-3 kg.m^-3 J.kg^-1K^-1 J.kg^-1K^-1kg.s^-1 kg.s^-1 W W % W.m^-2K^-1

983.9464 1.166837 5030.186264 1005 0.028698438 0.114074 -721.7924405 596.15 -0.825929925 14.44759 29.9107 -154.8882014

984.1734 1.166643 5022.122339 1005 0.024604334 0.114064 -729.0392671 584.637 -0.801928061 15.625 29.35733 -159.3921331

984.5738 1.167418 5007.824146 1005 0.020511954 0.114102 -667.6816872 561.8966 -0.841563584 16.37931 28.72395 -149.1962362

985.0196 1.167418 4991.796007 1005 0.016416994 0.114102 -647.407251 538.962 -0.832493053 18.26087 27.72444 -149.8812647

985.6306 1.168 4969.634652 1005 0.012320383 0.114131 -612.278009 504.6859 -0.824275745 20.99125 26.44989 -148.5789457
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