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Introduction 

This report is designed to provide a summation of the tests undertaken using the ‘TD1007’ water to air heat exchanger. This report will contain the methodology undertaken while undertaking the lab experiment, furthermore, looking into the figures obtained from the data produced by the TD1007. Concluding by analysing the graphs produced and elaborating on the findings. 
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To conduct the experiment the TD1007 was used (Figure 1) it is a specially made device with built in temperature sensors.
[image: ]
Figure 1 - TD1007 Heat Exchanger
The machine has a few key controls used within the experiment. A slide valve to control the pressure drop/ increase across the heat exchanger, a tap valve that determines the water mass flow rate, and a thermostat that controls the water chamber. Other equipment used was for the experiment was a stopwatch and a barometer to measure the rooms ambient pressure. 
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The first experiment involved differing the water flow rate at a fixed water tank temperature.
· Set the TD1007 to parallel flow configuration
· Set the tank temperature to 60 o C
· Record the rooms ambient pressure using the barometer
· Note the intake orifice
· Turn on the intake fan using the slide valve, set the air pressure drop to 250pa.
· Turn on the water pump, using the valve set the water flow rate displayed to 2.25 L/min (This can vary +/- 0.01 L/min)
· Time four minutes for the temperature to stabilise, this can be recorder for 5-6 minutes depending on accuracy
· After four minutes record the water temperature in and out of the TD1007 heat exchanger and tank temperature
· After four minutes record the ambient temperature and air temperature in and out of the system
· Proceed by repeating this procedure at; 1.75, 1.25, 0.75, and 0.25pa decrease (allowing time for stabilization

[bookmark: _Toc1725535]Experiment 2

The second experiment involved changing the air flow rate with a fixed water temperature
· Set the TD1007 heat exchanger to parallel flow configuration
· set the tank thermo temperature to 60 o C
· Record the rooms ambient pressure using the barometer
· Not the intake orifice 
· Turn on the intake fan using the slide valve, set the air pressure drop to 250pa
· Turn on the water pump, using the valve set the water flow rate displayed to 0.25 L/min (This can vary +/- 0.01 L/min)
· Time four minutes for the temperature to stabilise, this can be recorder for 5-6 minutes depending on accuracy
· After four minutes, record the water temperature in and out of the system and the tank temperature
· after four minutes record the ambient air temp and air temperature in and out of the system
· [bookmark: _Toc1725536]Repeat this process at flow rates; 200, 150, 100, 50pa pressure decrease
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· Set the TD1007 heat exchanger to parallel flow configuration
· Change the tank thermo temperature to 45 o C
· Record the rooms ambient pressure using the barometer
· Not the intake orifice 
· Turn on the intake fan using the slide valve, set the air pressure drop to 250pa
· Turn on the water pump, using the valve set the water flow rate displayed to 0.25 L/min (This can vary +/- 0.01 L/min)
· Time four minutes for the temperature to stabilise, this can be recorder for 5-6 minutes depending on accuracy
· After four minutes, record the water temperature in and out of the system and the tank temperature
· after four minutes record the ambient air temp and air temperature in and out of the system
· Repeat this process at flow rates; 200, 150, 100, 50pa pressure decrease

Risk Analysis

The TD1007 is an enclosed system which means there is not a huge amount of heat transmitted from the machine, whereas PPE isn’t greatly necessary, it is still preferred that the conductor of the machine is left without a crowd surrounding them to prevent mistakes being made. Another area to look out for when under taking the experiment is the intake duct, it is necessary to keep hands away from this as it causes harm. To prevent anything from entering the intake duct, a metal mesh can be fitted at the top, this may affect the results but can be accounted for. It also steers clear of any un wanted objects entering the system. 
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Figure 2 - Results for experiment 1
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Figure 3 - results for experiment 2
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Figure 4 - Results for experiment 3
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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 o C. in this equation the temperature is takes as the average across the system.
[image: ]
Figure 5 - Water density formula (TecQuipment)
Form this it is possible to convert the volumetric flow rate of the water, looking at experiment one; 

                
[image: ]
Figure 6 - water density and mass flow rates for experiment 1,2 and 3

[bookmark: _Toc1725545]Air

Just like the water, the heat exchanger does not measure the air mass flow rate. As don’t in the water, it is necessary to calculate some essential information to proceed. The system does however measure the pressure drop, it is evident that the correlation between a gasses pressure and its density can be calculated from the ideal gas equation; 



using this, the mass flow rate can be determined using the following;

,

(TecQuipment, 2014). 





[image: ]
Figure 7 - air density and mass flow rate for experiment 1,2 and 3
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Continuing, the next step in the process is to calculate the specific heat capacity of each fluid, air is stated as 1031 J/kg.k, as it remains constant with the temperature range at atmospheric pressures (TecQuipment, 2014). 

[image: ]
Figure 8 - formula linking water temp to specific heat capacity
(TecQuipment, 2014) Using the ratio of specific heat capacity at 15oC and the mean temperature across the heat exchanger this formula can be used to link the water temperature to its specific capacity.
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Power is the heat emitted by the water and absorbed by the air per unit time (J/s). 

,

This equation shows the mass flow rate multiplied by the specific heat capacity and change in temperature between inlet and outlet. This is a raw indication of the heat energy exchange between the two fluids. An example of this is where the water flow was varied taking run 3 at 1.25L/min or as calculated 0.020510916 kg/s.




However, the air in the same experiment came out as; 




As normally you would find that , as will be further investigated, this view of the heat exchanger does not hold the view of the non-ideal system. Looking forward, more processing is needed.
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Moving on from this the concept of temperature efficiencies arise. Temperature efficiency of the hot water circuit is the difference between the inlet and outlet temperatures over the maximum temperature differences between hot and cold fluid circuits multiplied by 100 to give a percentage, being the hot circuits ability to transfer the heat. The temperature efficiency of the cold circuit is the same procedure as the hot circuit, only using the difference between the inlet and outlet of the air. The mean temperature efficiency is the found adding the two temperature efficiencies together and dividing by two to be given the average efficiency between the two circuits.

[bookmark: _Toc1725550]Log Mean Temperature Difference

[image: ]The log mean temperature difference (LMTD), is quite self-explanatory as it is a weighted average. It is the weighted average of the differences between the hot circuits and cold circuits inlet to the hot circuits and cold circuits outlet. Because the temperature is only measured at the outlet and inlet, the weighted average gives an approximation to the difference in the hot and cold circuits. The equation is as follows;
Figure 9 - LMTD equation (TecQuipment, 2014)

[bookmark: _Toc1725551]Heat transfer coefficient

The heat transfer coefficient is one in which describes the heat transfer at the boundary surface of the heat exchanger. It represents a concise way to quantify a heat exchangers performance. Given as;
;
It shows output power of the exchanger per its unit area and temperature and represents their performance. This will form part of the further analysis as to the three experiments undertaken. As shown the higher the heat transfer coefficient the more efficient the heat exchanger. Heat transfer also utilises the previous property that;
 (TecQuipment, 2014).
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Analysing experiment 1, based on the previous figures generated, the effect of carrying the water mass flow rate.
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Figure 10 - Water mass flow rates effect on power output
Firstly, the graph clearly shows increasing power output and absorption, as the water mass flow rate increases. This means that even given a relatively constant air mass flow rate increasing the water mass flow rate, also increasing the time specific heat energy output, and increases the airs heat uptake despite not increasing its mass flow rate. it is important to note that the data here shows more power input to the air steam than the output. Considering the 1st thermodynamics this would disallow the spontaneous generation of energy within a system, concluding that the summation must be two-fold. One in which isn’t a perfectly isolated system and that energy externally to the system is being transferred.
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Figure 11 - the effect of water mass flow rate on temperature efficiencies
It is clear from the chart that as water mass flow increases, the water circuit efficiency decreases, this is since the flow rate increases the water is presented less time to transfer its heat and so the temperature change between inlet and outlet reduces, on the other side as the water mass flow rate increases as does the air temperature efficiency. If it is related back to the power output data, the water passing through is outputting more heat per unit time, so the temperature efficiency increases at the fixed air mass flow rate. where the mean temperature efficiency decreases due to the dramatic decrease in the water temperature efficiency. This Implies that it depends on the goal of the heat exchanger; The higher mass flow rate has a worse temperature efficiency on the water side thus reducing the water temperature less but increases the air temperature efficiency because of the higher power output. 
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Figure 12 - The effect of varying water mass flow rate on heat transfer coefficient
The graph shows a clear trend that with an increase of water mass flow rate, the rate of heat transfer coefficient increases. This shows and backs up the notion that if passing a larger mass of high temperature water through a heat exchanger per unit time, increases the efficiency of the exchanger. 
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Analysing experiment two, the effect of varying the air mass flow rate.
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Figure 13 - Air mass flow rates effect on power output

As expected from the trend line in the data, with increased air flow comes a rise in power absorption. It also shows an increase in power output from the water with increased mass air flow. An interesting observation is the large difference in power output of the water mass air flow. It is clear to see that the water is still clearly outputting significant power at lower air flow. It would be equitable to assume that the water is losing heat at the system boundary compounded by the lack of absorption by the air. 
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Figure 14 - The effect of the air mass flow rate on temperature efficiencies
Whereas in experiment one the data presented an intersecting trend, here we can see a difference in the temperature efficiencies, As the mass flow rate of air increases, so does the temperature efficiencies of the water. The airs temperature efficiency decreases, this keeps the mean temperature efficiency constant. These results are influenced by the temperature gradients between the hot and cold circuits. The lowest flow rate with the larger temperature gradient gives the highest temperature efficiency.
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Figure 15 - The effect of varying air mass flow rate on heat transfer coefficient
Just the same as before, the graph shows an increase in the heat transfer coefficient, increasing with air mass flow rate. Despite the reduction in temperature efficiencies, there is still an increase in heat transfer per unit area and temperature. Therefore, it is evident in this data that the heat exchanger has better performance with higher mass air flow.
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Experiment 3 involves analysing the effect of changing the water tank temperature and air mass flow rate.
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Figure 16 - air mass flow rates effect on power output, water tank at 45 degrees
From the previous observation, the power output and absorption increase with air mass flow rate, however due to the reduced water tank temperature the absolute values have reduced. Around 80 Watts across the board, this is expected tough given that the energy released is entirely rational to the temperature difference and each fluid specific heat capacity. The absolute power output is reduced due to the tank temperature being closer to the ambient room temperature. 
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Figure 17 - The effect of air mass flow rate on temperature efficiency at tank temp of 45 degrees
The temperature efficiencies for this experiment and experiment 2 are very similar and show the same graph trend, as to increase in mass air flow for water and decrease for the air. The graph shows that the relative temperature gradients between the two circuits must be alike to decrease tank temperature. Knowing that the mean temperature efficiency remains similar to the previous experiment, it’s equitable to assume the tank temperatures has little effect on the temperature efficiencies.

[bookmark: _Toc1725564]Heat Transfer coefficient 

Figure 18 - The effect of varying air mass flow rates and heat transfer coefficient with tank temp at 45 degrees
Due to the decrease in tank temperature, the graphs of the heat transfer coefficient sees a slight increase, this is due to the LMTD being reduced which is realistic as the heat transfer is proportional to the LMTD. Furthermore, the overall average temperature between the two fluids is the same value and the heat exchanger is more efficient. 
[bookmark: _Toc1725565]Conclusion 

To conclude this report, several trends can be seen, the higher flow rate of hot water increases the power output, this also showed that all systems are never perfectly insulated and that in this case the surrounding machine had a significant effect on the overall results. Furthermore, the temperature gradient between the two systems completely decides the efficiency of the system. additionally, to achieve the best heat transfer coefficient, the largest output of power output and the lowest LMTD must be attained. 
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Water mass flow rate vs power output

Qw	3.6896094276409802E-2	2.8699911829711208E-2	2.0510915844373503E-2	1.2321895684657162E-2	3.9527180501491592E-3	586.54888532658038	576.30621831634585	540.52071189144374	479.2336725978185	348.6485692815761	Qa	3.6896094276409802E-2	2.8699911829711208E-2	2.0510915844373503E-2	1.2321895684657162E-2	3.9527180501491592E-3	638.90362604402173	590.09837147567384	569.99642483351124	509.47359557258403	380.24902134874361	Mass flow rate Water (Kg/s)


Power (watts)




Water mass flow vs temperature efficiencies

Temp eff water	3.6896094276409802E-2	2.8699911829711208E-2	2.0510915844373503E-2	1.2321895684657162E-2	3.9527180501491592E-3	11.176470588235286	14.201183431952655	18.805970149253724	27.927927927927922	62.058823529411768	Temp eff air	3.6896094276409802E-2	2.8699911829711208E-2	2.0510915844373503E-2	1.2321895684657162E-2	3.9527180501491592E-3	15.882352941176467	14.792899408284024	14.328358208955224	12.912912912912915	9.4117647058823515	Mean temp eff	3.6896094276409802E-2	2.8699911829711208E-2	2.0510915844373503E-2	1.2321895684657162E-2	3.9527180501491592E-3	13.529411764705877	14.49704142011834	16.567164179104473	20.42042042042042	35.735294117647058	Mass flow rate Water (Kg/s)


temperature efficiency (%) 




Heat transfer coefficient

Heat transfer coef	3.6896094276409802E-2	2.8699911829711208E-2	2.0510915844373503E-2	1.2321895684657162E-2	3.9527180501491592E-3	129.11346015510873	129.24161486452147	125.79722076042071	118.72703052516957	115.50291670443488	Mass flow rate Water (Kg/s)


U (W/m^2.K)




Air mass flow rate vs power output

Qw	0.11525491675216527	0.10312932996829996	8.9312042623799701E-2	7.2940683636501469E-2	5.154227707254793E-2	3.6420117663111908E-2	348.6485692815761	322.37173226589402	315.73482954673739	295.84134623897614	270.94032273605615	258.03625431946205	Qa	0.11525491675216527	0.10312932996829996	8.9312042623799701E-2	7.2940683636501469E-2	5.154227707254793E-2	3.6420117663111908E-2	380.24902134874361	340.24428543141511	303.86636261895376	278.24682586816209	233.81638571190655	195.25553481547553	Mass flow rate Air (Kg/s)


power (watts)




Air mass flow vs temp efficiencies

Water temp eff	0.11525491675216527	0.10312932996829996	8.9312042623799701E-2	7.2940683636501469E-2	5.154227707254793E-2	3.6420117663111908E-2	62.058823529411768	60.9375	59.874608150470223	55.937499999999993	51.09034267912773	46.43962848297214	Air temp eff	0.11525491675216527	0.10312932996829996	8.9312042623799701E-2	7.2940683636501469E-2	5.154227707254793E-2	3.6420117663111908E-2	9.4117647058823515	9.9999999999999982	10.344827586206899	11.562499999999998	13.707165109034278	16.099071207430342	Mean tenp eff	0.11525491675216527	0.10312932996829996	8.9312042623799701E-2	7.2940683636501469E-2	5.154227707254793E-2	3.6420117663111908E-2	35.735294117647058	35.46875	35.109717868338564	33.749999999999993	32.398753894081004	31.269349845201241	Mass flow rate Air (Kg/s)


Temperature efficiency (%)




Air mass flow rate vs Heat tranfer coefficient

U 	0.11525491675216527	0.10312932996829996	8.9312042623799701E-2	7.2940683636501469E-2	5.154227707254793E-2	3.6420117663111908E-2	115.50291670443488	112.63782252306885	109.58821004373075	98.804555006462593	87.290207876398156	80.503036184382069	Mass flow rate Air


Heat transfer coef (W/m^2.K)




Air mass flow rate vs power output

Qw	0.1158123611325001	0.10371451342844216	8.9259376593317702E-2	7.2316543230604602E-2	5.0097636890428926E-2	3.6517012061578161E-2	262.39259861501898	240.36127053166808	236.56245734797784	214.07256902425567	191.5775000547404	181.18240727846381	Qa	0.1158123611325001	0.10371451342844216	8.9259376593317702E-2	7.2316543230604602E-2	5.0097636890428926E-2	3.6517012061578161E-2	286.56610638625847	256.63119202733714	220.86340144250519	186.39589017688337	165.28212362890307	135.53654196775355	Mass flow rate Air (Kg/s)


power (watts)




Air mass flow vs temp efficiencies

Water temp eff	0.1158123611325001	0.10371451342844216	8.9259376593317702E-2	7.2316543230604602E-2	5.0097636890428926E-2	3.6517012061578161E-2	62.040816326530589	61.181434599156127	59.825327510917013	56.108597285067873	49.115044247787623	46.255506607929512	Air temp eff	0.1158123611325001	0.10371451342844216	8.9259376593317702E-2	7.2316543230604602E-2	5.0097636890428926E-2	3.6517012061578161E-2	9.7959183673469479	10.126582278481008	10.48034934497816	11.312217194570136	14.159292035398227	15.85903083700441	Mean tenp eff	0.1158123611325001	0.10371451342844216	8.9259376593317702E-2	7.2316543230604602E-2	5.0097636890428926E-2	3.6517012061578161E-2	35.918367346938766	35.654008438818565	35.152838427947586	33.710407239819006	31.637168141592923	31.057268722466961	Mass flow rate Air (Kg/s)


Temperature efficiency




Air mass flow rate vs Heat tranfer coefficient

U 	0.1158123611325001	0.10371451342844216	8.9259376593317702E-2	7.2316543230604602E-2	5.0097636890428926E-2	3.6517012061578161E-2	121.25511617568066	113.97697314586306	114.51116584065488	103.42017151918287	86.134324684581628	80.051774662504997	Mass flow rate Air


Heat transfer coef (W/m^2.K)
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2 253 285 22 32 269 1.19705614 0.050097637 1031 1652821236 14.15929204
25 255 291 22 36 273 1.19571687 0.036517012 1031 135536542 15.85903084
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Figure 27 Water Density

Air has a a maximum density at absolute zero, decreasing as temperature increases. You can use Figure
2610 determine s value over the range of temperatures used with the heat exchangers. Note that local
air pressure affects air density, so the chart s relevant for normal atmospheric pressures. If you need more
accuracy, Equation 8 allows you calculate the air density at  given pressure and temperature.

£
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Water has a maximum density at approximately 4 degrees celsius, decreasing as temperature increases
or decreases from this value. This affects all your calculations. You can use Figure 27 to find water density
over the range of temperatures used with the heat exchangers, for a nit mass and a constant pressure.
If you need more accuracy, Equation 9 allows you calculate the water density (where T is your average
water temperature in degrees centigrade).
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12 23 25.6 B¥ 27.7 1.192098913 0.10312933 1031 340.2442854 10
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25 2214l 242 3.6 273 1.19571687 0.036517012 1031 135.536542 15.85903084
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"TD1007 Water to Air Heat Exchanger

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

w=L G

For air, the specific heat capacity remains reasonably constant at around 1005 J.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 T is in Celsius):

"0, 5.26
Cﬁ% = 0996185 + 0.0002874(T+—01000) +0.011160x 1077 (7)
4

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

NOTE You must use the mean (or average) temperature of your flow circuit in this
equation.

Density (p)
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3 2.25 1.031 249 100.11 60.5 56.7 3.8 58.6 983.8958474 0.036896094

4 1.75 1.031 248 100.11 60.8 56 4.8 58.4 983.996977 0.028699912

5 1.25 1.031 251 100.11 60.5 54.2 6.3 57.35 984.5239605 0.020510916

6 0.75 1.031 249 100.11 59.5 50.2 9.3 54.85 985.7516548 0.012321896

7 0.24 1.031 250 100.11 60.2 39.1 211 49.65 988.1795125 0.003952718

8

9

10

m 250 1.031 0.24 100.11 60.2 39.1 211 49.65 988.1795125 0.003952718

12 200 1.031 0.24 100.11 58.1 38.6 19.5 48.35 988.759049 0.003955036

13 150 1.031 0.24 100.11 58.1 39 19.1 48.55 988.670621 0.003954682

14 100 1.031 0.24 100.11 58 40.1 17.9 49.05 988.4483845 0.003953794

15 50 1.031 0.24 100.11 58.3 41.9 16.4 50.1 987.9763014 0.003951905

16 25 1.031 0.25 100.11 58.6 43.6 15 51.1 987.51998 0.004114667

17

18

19

20 251 1.031 0.25 100.11 49.4 34.2 15.2 41.8 991.5032704 0.004131264

21 201 1.031 0.24 100.11 48.3 33.8 14.5 41.05 991.7980884 0.003967192

22 149 1.031 0.25 100.11 47.9 34.2 13.7 41.05 991.7980884 0.004132492

23 98 1.031 0.25 100.11 47.8 35.4 12.4 41.6 991.58229 0.004131593

24 47 1.031 0.25 100.11 47.9 36.8 111 42.35 991.2844694 0.004130352

25 25 1.031 0.25 100.11 48.2 37.7 10.5 42.95 991.0432887 0.004129347
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2 _ TAL-in(C) | TA2 out(C) | TA3-ambient(C) DeltaTA (C) Average TA (C) Air density (Kg/m"3) Air mass flow rate (kg/s) | AirCv(/KgK) | DeltaQa(watts) | Temp eff Air (%) M
3 26.5 319 25.7 5.4 29.2 1.185616962 0.114757989 1031 638.903626 15.88235294
4 27 32 26.8 5 29.5 1.18445266 0.114471071 1031 590.0983715 14.79289941
5 27 318 26.7 4.8 29.4 1.184809784 0.115178715 1031 569.9964248 14.32835821
6 26.2 30.5 25.6 43 28.35 1188961161 0.11491972 1031 509.4735956 12.91291291
7 26.2 29.4 25.9 3.2 27.8 1191123545 0.115254917 1031 380.2490213 9.411764706
8
9
10 TAL-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 (%) M
11 26.2 29.4 25.9 3.2 27.8 1191123545 0.115254917 1031 380.2490213 9.411764706
12 26.1 29.3 25.6 3.2 27.7 1192098913 0.10312933 1031 340.2442854 10
13 26.2 29.5 25.7 33 27.85 119208351 0.089312043 1031 303.8663626 10.34482759
14 26 29.7 252 3.7 27.85 1192662472 0.072940684 1031 278.2468259 11.5625
15 26.2 30.6 25.4 4.4 28.4 1191063987 0.051542277 1031 233.8163857 13.70716511
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20 24.9 27.3 24.4 2.4 26.1 1197881908 0.115812361 1031 286.5661064 9.795918367
21 24.6 27 24.1 2.4 25.8 1199667535 0.103714513 1031 256.631192 10.12658228
2 25 27.4 24.6 2.4 26.2 1198669143 0.089259377 1031 220.8634014 10.48034934
23 25.7 282 25 25 26.95 1196264284 0.072316543 1031 186.3958902 11.31221719
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