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1.0 Introduction
The experiments for which this report is based around are all about investigating crossflow heat exchangers that feature 2 banks of 16 tubes in a parallel configuration. The experiments and information about the equipment used can all be found in TecQuipments 2014 TD007 user guide. Experiment 1 was looking into the effect that different water flow rates would affect the performance of the heat exchanger for fixed airflow and water temperature. The second experiment was looking into how different air flow rates affect the performance of the heat exchanger and the third and final experiment was looking into how different hot water supply temperatures effect the performance of the heat exchanger for a given water flow. 



2.0 Research
The setup used for the experiment for which this report is based around is a crossflow setup featuring 16 tubes in a parallel configuration, this configuration is used within the automotive sector in order to cool temperatures within an internal combustion engine this “needs to be cooled constantly. Otherwise, the pistons inside the engine could seize up and snap in half, or a head gasket could blow.” (Action Gator Tire, n.d.). This arrangement can be seen on Figure 2.1 below. Radiators placed within an internal combustion setup can also be used in order to gain slightly better performance out of an engine “a performance radiator helps your car maintain that sweet spot where your engine produces the most horsepower without producing too much wear and tear.” (Autopartsguru, n.d.).
[image: Water, heat, and the second law of thermodynamics. - Yevgeniy ...]
[Figure 2.1 – an image showing the direction of flow within an internal combustion engine (Semenyuk, (2019)]

3.0 Methodology
For all experiments, the procedures were followed as detailed in the (TecQuipment, 2014) with the exception of a slight change in experiment 1, this is discussed in section 6.0 – Evaluation of this report . As they were completed by groups of students it was decided that each student within the group would be responsible for different aspects of the experiment, for example, one member could have been responsible for setting the air flow for each experiment. After completion, the results were inputted into the results table as seen again in the (TecQuipment, 2014) and the graphs found in section 4.0 results section of this essay were plotted. 
It should be noted that the experiments were not completed in the order detailed in the (TecQuipment, 2014) on the day of the investigation, this is due to the limited amount of time that we were assigned in order to complete these experiments. For the purpose of this report the results are written in the same order as is written on (TecQuipment, 2014) 
For the purpose of the calculations ambient air pressure was taken as being 101325 Pa (Altitude above Sea Level and Air Pressure, n.d.) 

3.1 – Methodology – Experiment 1 
Firstly the equipment was set up in order to conform with a standard 32 tube heat exchanger and connected as for parallel flow. After this was completed the heater tank temperature was set to 60 degrees Celsius. The results table – Figure 4.2.1 – was created, similar to “Table 2” (TecQuipment, 2014)). The ambient air pressure was then noted and then the value for the diameter of the orifice was then noted. The slide valve was then adjusted in order to give a value in terms of pressure drop of 250Pa ±5Pa. The pump was then switched on and adjusted in order to give a water flow of 2.25 L/minute ±0.01 L/minute. A timer was then set for 5 minutes in order to give the exchanger temperatures to stabilise then all of these temperature readings were recorded. This procedure was then repeated with varying flow rates. 
3.2 – Methodology – Experiment 2 
Similar to Experiment 1 the equipment was again set up in the same configuration as mentioned above with the exception that the heater tank temperature was now set to 60 degrees Celsius. The results table – Figure 4.2.2 – was created similar to “Table 3” (TecQuipment, 2014)). Again the ambient air pressure was noted. The slide valve was adjusted to give a pressure drop of 250Pa ±5Pa, the pumped was then turned on in order to give a water flow of 0.25 L/minute ±0.01L/minute. A timer was set for 5 minutes in order to give the temperatures to stabilise and then all of these temperature readings were recorded. The experiment was then repeated for the air flow rates as shown on Figure 4.2.2.  
3.3 – Methodology – Experiment 3 
Similar again two both Experiment 1 and Experiment 2 The equipment was again set up in the same configuration as mentioned above however this time the heater tank temperature was now set to 45 degrees Celsius. The results table – Figure 4.2.3 – was created, exactly the same as Figure 4.2.2 which is similar “Table 3” (TecQuipment 2014). Again, much like Experiment 2 the slide valve was again set to 250 Pa ± 5 Pa, the pum was then turned on and adjusted in order to give a water flow of 0.25 L/minute ± 0.01L/minute. A timer was again set for 5 minutes in order to give the temperatures time to stabilise and then all of these temperature readings were recorded. The procedure was then repeated for the air flow rates as shown on Figure 4.2.3. 
4.0 Results
Below are the results tables that were generated and also the graphs that were generated based off these results as recommended in the TD1007 guide book. For the purpose of the graphs within this report all values have been plotted as absolute values, this means that values like power emitted by the water are, in actuality, a negative value as the water loses energy however the minus sign has been removed for neatness of the graphs. 



4.1 Results (Experiment 1)
[image: ]
[Figure 4.1.1 – The Results table that was generated for experiment 1]

[Figure 4.1.2 A graph showing Power emitted or absorbed by the air and water against water flow rate]

[Figure 4.1.3 – A graph showing temperature efficiency against water flow rate]

[Figure 4.1.4 - A graph showing heat transfer coefficient against water mass flow rate]


4.2 Results (Experiment 2)
[image: ]
[Figure 4.2.1 – The results table that was generated for experiment 2]

[Figure 4.2.2 – A graph showing power emitted or absorbed by the air and water against air flow rate]


[Figure 4.2.3 – A graph temperature efficiencies against air flow rate] 

[Figure 4.2.4 – a graph showing heat transfer coefficient against air flow rate] 



4.3  Results (Experiment 3)
[image: ]
[Figure 4.3.1 – The results table that was generated for experiment 3]

[Figure 4.3.2 – A graph showing power absorbed or emitted by both the air and water]

[Figure 4.3.3 – A graph comparing the results of power emitted for experiment 2 against experiment 3]

[Figure 4.3.4 – A graph showing temperature efficiencies against air flow rate]

[Figure 4.3.5 – A graph showing the temperature efficiencies against air flow rate]

5.1 – Discussion of Results
The first results – Figure 4.1.2 -  from the first experiment did show the expected trend of power increasing with water flow rate, but did not show the expected trend for the power absorbed by the air as this value for power did not increase with a similar rate to the power emitted by the water, this trend would be expected as the majority of the power emitted by the water should be emitted by the air. The second – Figure 4.1.3 – also showed that the temperature efficiency of water decreases with water flow while the temperature efficiency of air increases with water flow and also that the change in the waters temperature efficiency is far larger than the change in the airs temperature efficiency. The final graph for this experiment – figure 4.1.4 – showed that the heat transfer coefficient tended to initially increase with water flow rate, then levelled out. 
The first results graph from the second experiment – Figure 4.2.2 did show that the power transfer improves with airflow however the change does not appear to be an almost linear fashion for the power emitted by the water as it is for the power absorbed by the air. The second results graph – Figure 4.2.3 – shows that the water temperature efficiency increases with airflow as the air temperature efficiency decreases with waterflow, the change in these efficiencies is similar, but not identical, over the range of air flow rates meaning that the mean temperature efficiencies gradually increases with air flow. The final results graph for experiment 2 – Figure 4.2.4 – shows that the heat transfer coefficient increases with airflow rate in a reasonably linear fashion. 
The first results graph – Figure 4.3.2 - from the third and final experiment shows that the power trend that was previously almost linear in experiment 2, begins to tail off at higher air flow rates suggesting that the heat transfer is near its limitation for this 45 degree configuration. The results graph – Figure 4.3.3 -  did show the expected trend of the power emitted by the water at 60 degrees Celsius being higher than the water power emitted at 45 degrees Celsius. This is expected as the value for change in temperature of the water is higher for a higher starting temperature and this change in temperature can be directly correlated to the power emitted. 

5.2 Conclusions
Regarding experiment 1 power increased with water flow rate for the water but not the air, temperature efficiencies of water and air do the opposite to one another as water flow rate increased. Heat transfer coefficient tended to increase with water flow rate until it levelled out. 
Regarding experiment 2 power transfer increases with airflow non-linearly for water and linearly for air. The temperature efficiencies for both the water and air do the opposite to one another as the water flow rate increased. The heat transfer coefficient increased with water flow in a near linear fashion
Regarding experiment 3 showed that the almost linear trend from the previous experiment began to tail off at higher flow rates and that the power emitted by the water was higher for a higher starting temperature. 




6 – Evaluation 
On page 15 of the (TecQuipment, 2014) there is a list of operating environment requirements that are needed in order for the apparatus work as is expected by these guidance notes. Further down the document on page 33 there is a paragraph titled “Local Temperatures” which states that “Local ambient temperatures have a large affect on your [the users] results. Make sure that you do your experiments in a place that has a constant ambient temperature.” It could be argued that the ambient temperature of the room did remain constant throughout the test as there was no human interference with the temperature for the duration of the experiment however there is no proof of the temperature remaining constant because of this. Additionally the ambient temperature of the room was never officially recorded on the day and was only estimated to be around 20 degrees Celsius, if this is not the case and the ambient temperature was in fact lower or much higher than this value it could have had the “large affect” on the results that were generated, which could lead to any errors seen within the results in Section 4.0 of this report. 
A reason for the slight error within the results indicates that there could be a slight error within this experiment, the first reason for this could be the tolerances within the set up of the experiment. Detailed on the (TecQuipment, 2014) there are tolerances for the operating conditions of the equipment within the experiment an example of this is the air pressure, it says on the (TecQuipment, 2014) that the pressure can be ±[value][units]. In order to explore this idea further, the results with the same recorded values but with the best and worst case scenario settings have been created below. 
By comparing the results graphs on this report with the example results graphs on pages 54 through to 62 on the (TecQuipment, 2014) the validity of the results is a bit mixed, all of the temperature efficiency (Figures 4.1.3, 4.2.3 and 4.3.4) seem to be near the expected results (Figures 40, 43 and 47) as they show the same line shapes and line interceptions for the relevant temperature efficiencies for the same experiments. The results also show similar line trends for the heat transfer coefficient graph for all 3 experiments, this can be seen by comparing Figures 4.1.4, 4.2.4 and 4.2.5 on this report with figures 41, 44 and 48 on the (TecQuipment, 2014). In terms of comparing the power that has been emitted/absorbed by the air or water, the results graph for experiment one Figure – 4.1.2 does not match up with the typical results graph Figure 39 on the (TecQuipment, 2014) The error is almost definitely within the air power results as this result does not show the expected characteristic curve that is seen on Figure 39 on the (TecQuipment, 2014) It should be noted however that the resulting values for the power emitted by the water do line up with the typical results on Figure 39. Also it should be noted that the water flow settings that were used on the day of the experiment were slightly different to the flow settings seen on the (TecQuipment, 2014), this was due to us being unable to get the required lowest flow of 0.25 L/minute. This change has lead to the spread of the results being narrower on the graph. 
With regard to the power emitted or absorbed for experiment 2  the trend shown by the graph is similar however the linearity of the fashion of the results is not present on the recorded results as is is on the typical results as there appears to be a ‘spike’ in the results at the point where the air mass flow rate is equal to roughly 0.07 [units], however if this result is ignored as it is in figure 6.0.1 below then a more linear fashion can be seen, leading to the belief that this result is an anomaly.

[Figure 6.0.1 – A graph similar to figure 4.2.2 but with an estimated figure rather than the anomaly result]

With regard to experiment 3 the power emitted or absorbed by the air/water does appear to match Figure 45 in that the values for power absorbed by the air tends to tail of as it should and does the opposite for the water power, there could be a slight error in these results towards a flow rate of 0.1 Kg.s-1as the the results values tend to almost intercept here while they are expected to stay roughly an equal distance apart until the last data entry where the tailing off trend that is previously mentioned begins to occur. 


7 – Further Work
With regard to this experiment it becomes apparent that there is a tolerance for the settings used for the flow rates of the of the equipment. As discrepancies within an experiment can alter results it was therefore investigated below the effect on the results graphs when all of these settings were at their minimum and maximum values. 

7.1 – Further Work – Experiment 1
[image: ]
[image: ]
[Figure 7.1.1 and 7.1.2 – Results tables generated based off upper and lower limits.]


[Figure 7.1.3 and 7.1.4 – Graphs showing power against water mass flow rate for upper and lower limits] 


[Figure 7.1.5 and 7.1.6 Graphs showing Temperature efficiency against water mass flow rate for upper and lower limits]

[Figure 7.1.7 and 7.1.8 Graphs showing heat transfer coefficient against water mass flow rates for upper and lower limits.]



7.2 – Further Work – Experiment 2 

[Figure 7.2.1 and 7.2.2 Graphs showing Power against air mass flow rate for the upper and lower limits.]


[Figure 7.2.3 and 7.2.4 Graphs showing heat transfer coefficient against air mass flow rate for the upper and lower limits]


[Figures 7.2.5 and 7.2.6 Graphs showing temperature efficiencies against air mass flow rate for the upper and lower limits.]










7.3 - Further Work – Experiment 3

[Figure 7.3.1 and 7.3.2 Graphs showing Power against air mass flow for the upper and lower limits]



[Figure 7.3.3 and 7.3.4 Graphs showing power for different hot flow temperatures for the upper and lower limits.]



[Figure 7.3.5 and 7.3.6 Graphs showing temperature efficiencies against air mass flow rate for the upper and lower limits.]



[Figure 7.3.7 and 7.3.8 Graphs showing temperature efficiencies against air mass flow rate for the upper and lower limits.] 




7.4 – Further Work – Analysis
It is clear from the data above that the tolerances for the settings of the equipment used for the experiment has a very small effect on the results collected by conducting this experiment. Therefore the same conclusions would be drawn by looking at almost all of the graphs with the exception of Figures 7.2.1 and 7.2.2. When looking at these two results graphs the effect of these altered equipment settings could lead someone to believe that the power absorbed by the air exceeds the power emitted by the water at a water flow rate of approximately 0.9 Kg.s-1 when the equipment is set to lower limits.  
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Power Against Water Flow Rate

Water Power (Watts)	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	771.806777598282	708.47873656293405	557.70296847160103	406.84374463753699	171.75103277094701	Air Power (Watts)	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	597.00614359589099	585.52525621904681	562.56348146535913	539.60170671167066	505.15904458113846	Water Mass Flow Rate (Kg.s-1)


Powwer (Watts)




Temperature Efficiency Against Water Flow Rate

Temperature Efficiency of Water	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	14.164305949008499	16.76136363636363	18.678160919540232	22.898550724637676	29.154518950437318	Temperature Efficiency of Air	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	14.730878186968837	14.488636363636356	14.080459770114951	13.623188405797098	12.827988338192418	Temperature Efficiency Overall	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	14.447592067988669	15.624999999999993	16.379310344827591	18.260869565217387	20.991253644314867	Water Mass Flow Rate (Kg.s-1)


Temperature Efficiency (%)





Heat Transfer Coefficient	2.8698437896171995E-2	2.460433440814868E-2	2.0511954209190452E-2	1.6416993969588879E-2	1.2320382722132405E-2	165.62069217868799	154.896920094911	124.621036341178	94.188402867930705	41.678105352876003	Water Mass Flow Rate (Kg.s-1)


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



Power Against Air Mass Flow Rate

Water Power (Watts)	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	253.78415180336	241.69483599512799	227.89191538648799	231.27793393159101	201.86685005539999	184.559087009911	Air Power (Watts)	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	252.57952229056923	236.1828104731116	213.43337092895987	196.051069821797	164.30108554651235	134.33128858160163	Air Mass Flow Rate (Kg.s-1)


Power (Watts)




Temperature Efficiencies

Temperature Efficiency of Water	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	61.764705882352935	59.82905982905983	57.894736842105274	56.779661016949149	50.214592274678125	46.521739130434767	Temperature Efficiency of Air	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	9.243697478991594	9.8290598290598314	10.526315789473678	11.440677966101706	13.733905579399138	16.086956521739143	Temperature Efficiency Overall	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	35.504201680672267	34.82905982905983	34.21052631578948	34.110169491525426	31.97424892703863	31.304347826086953	Air Mass Flow Rate (Kg.s-1)


Temperature Efficiency (%)




Heat Transfer Coefficient Against Air Mass Flow Rate

Heat Transfer Coefficient	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	119.34069754191501	113.506866793161	108.080025898842	105.695309539687	88.716790497676598	80.924922497120406	Air Mass Flow Rate (Kg.s-1)


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



Power Against Air Mass Flow

Water Power (Watts)	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	360.07710532427399	342.692172654449	339.15703683122803	321.84163393368499	288.97799016964899	278.55879823623798	Air Power (Watts)	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	321.46484655163374	318.33335324636789	293.47088502732004	275.92372789734344	225.91399262645444	188.78991908765616	Air Mass Flow Rate (Kg.s-1)


Power (Watts)




Water Power Comparison

Water Power At 45 Degrees Celsius	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	360.07710532427399	342.692172654449	339.15703683122803	321.84163393368499	288.97799016964899	278.55879823623798	Water Power at 60 Degrees Celsius	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	253.78415180336	241.69483599512799	227.89191538648799	231.27793393159101	201.86685005539999	184.559087009911	Air Mass Flow Rate (Kg.s-1)


Power (Watts)




Temperature Efficiency Against Air Mass Flow

Temperature Efficiency of Water	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	64.705882352941174	60.486322188449847	58.982035928143702	55.654761904761905	50.299401197604801	48.071216617210681	Temperature Efficiency of Air	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	8.6687306501548012	9.4224924012158091	9.8802395209580869	11.309523809523801	13.173652694610771	15.43026706231454	Temperature Efficiency Overall	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	36.687306501547987	34.954407294832826	34.431137724550894	33.482142857142854	31.736526946107787	31.750741839762611	Air Mass Flow Rate (Kg.s-1)


Temperature Efficiency (%)





Heat Transfer Coefficient	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	129.04455121304301	114.849589325846	110.429063054012	101.687538281567	88.113540128597293	84.207831688850405	Air Mass FLow Rate (Kg.s-1)


Heat Transfer Coefficient



Power Against Air Mass Flow Rate

Water Power (Watts)	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	253.78415180336	241.69483599512799	227.89191538648799	218.5	201.86685005539999	184.559087009911	Air Power (Watts)	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	252.57952229056923	236.1828104731116	213.43337092895987	196.051069821797	164.30108554651235	134.33128858160163	Air Mass Flow Rate (Kg.s-1)


Power (Watts)




Power Against Air Mass Flow

Water Power (Watts)	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	360.07710532427399	342.692172654449	339.15703683122803	321.84163393368499	288.97799016964899	278.55879823623798	Air Power (Watts)	0.11423768534173193	0.10217729200653755	8.848813056756219E-2	7.2250256061100721E-2	5.1088646003268776E-2	3.612512803055036E-2	321.46484655163374	318.33335324636789	293.47088502732004	275.92372789734344	225.91399262645444	188.78991908765616	Air Mass Flow Rate (Kg.s-1)


Power (Watts)




Power Against Water Flow Rate [Upper Limit]

Water Power (Watts)	2.8862428969864407E-2	2.4768363304203005E-2	2.0676049842863975E-2	1.6581163909284765E-2	1.2484654491760836E-2	775.23702994316295	712.52718648614996	562.16459221937396	412.268327899371	178.621074081785	Air Power (Watts)	2.8862428969864407E-2	2.4768363304203005E-2	2.0676049842863975E-2	1.6581163909284765E-2	1.2484654491760836E-2	602.94664954791995	591.35152167199828	568.16126592015564	544.97101016831232	510.18562654054762	Water Mass Flow Rate (Kg.s-1)


Powwer (Watts)




Power Against Water Flow Rate [Lower Limit]

Water Power (Watts)	2.8534446822479582E-2	2.4440305512094352E-2	2.0347858575516929E-2	1.625282402989299E-2	1.2156110952503973E-2	768.37652525340104	704.430286639717	553.241344723829	401.41916137570303	164.88099146010899	Air Power (Watts)	2.8534446822479582E-2	2.4440305512094352E-2	2.0347858575516929E-2	1.625282402989299E-2	1.2156110952503973E-2	591.00592956535786	579.64043091987014	556.90943362889527	534.17843633791961	500.08194040145662	Water Mass Flow Rate (Kg.s-1)


Powwer (Watts)




Temperature Efficiency Against Water Flow Rate [Upper Limit]

Temperature Efficiency of Water	2.8862428969864407E-2	2.4768363304203005E-2	2.0676049842863975E-2	1.6581163909284765E-2	1.2484654491760836E-2	14.164305949008499	16.76136363636363	18.678160919540232	22.898550724637676	29.154518950437318	Temperature Efficiency of Air	2.8862428969864407E-2	2.4768363304203005E-2	2.0676049842863975E-2	1.6581163909284765E-2	1.2484654491760836E-2	14.730878186968837	14.488636363636356	14.080459770114951	13.623188405797098	12.827988338192418	Temperature Efficiency Overall	2.8862428969864407E-2	2.4768363304203005E-2	2.0676049842863975E-2	1.6581163909284765E-2	1.2484654491760836E-2	14.447592067988669	15.624999999999993	16.379310344827591	18.260869565217387	20.991253644314867	Water Mass Flow Rate (Kg.s-1)


Temperature Efficiency (%)




Temperature Efficiency Against Water Flow Rate [Lower Limit]

Temperature Efficiency of Water	2.8534446822479582E-2	2.4440305512094352E-2	2.0347858575516929E-2	1.625282402989299E-2	1.2156110952503973E-2	14.164305949008499	16.76136363636363	18.678160919540232	22.898550724637676	29.154518950437318	Temperature Efficiency of Air	2.8534446822479582E-2	2.4440305512094352E-2	2.0347858575516929E-2	1.625282402989299E-2	1.2156110952503973E-2	14.730878186968837	14.488636363636356	14.080459770114951	13.623188405797098	12.827988338192418	Temperature Efficiency Overall	2.8534446822479582E-2	2.4440305512094352E-2	2.0347858575516929E-2	1.625282402989299E-2	1.2156110952503973E-2	14.447592067988669	15.624999999999993	16.379310344827591	18.260869565217387	20.991253644314867	Water Mass Flow Rate (Kg.s-1)


Temperature Efficiency (%)




Heat Transfer Coefficient [Upper Limit]

Heat Transfer Coefficient	2.8862428969864407E-2	2.4768363304203005E-2	2.0676049842863975E-2	1.6581163909284765E-2	1.2484654491760836E-2	166.356784143927	155.78204535259599	125.61800463190799	95.444248239503096	43.345229566991101	Water Mass Flow Rate (Kg.s-1)


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



Heat Transfer Coefficient [Lower Limit]

Heat Transfer Coefficient	2.8534446822479582E-2	2.4440305512094352E-2	2.0347858575516929E-2	1.625282402989299E-2	1.2156110952503973E-2	164.88460021345	154.01179483722601	123.624068050449	92.932557496358299	40.010981138760997	Water Mass Flow Rate (Kg.s-1)


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



Power Against Air Mass Flow Rate [Upper Limit]

Water Power (Watts)	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	263.93551787549399	251.36262943493301	237.00759200194699	240.52905128885499	209.94152405761599	191.94145049030701	Air Power (Watts)	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	255.09281327027381	239.11687092727732	216.96143425419089	200.89256600776616	172.32043228514314	147.15255386975872	Air Mass Flow Rate (Kg.s-1)


Power (Watts)




Power Against Air Mass Flow Rate [Lower Limit]

Water Power (Watts)	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	243.63278573122599	232.027042555322	218.77623877102801	222.026816574328	193.79217605318399	177.17672352951499	Air Power (Watts)	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	250.04097020072831	233.21183924471615	209.84599995845127	191.08694586328386	155.86969570954494	120.14955710944099	Air Mass Flow Rate (Kg.s-1)


Power (Watts)




Heat Transfer Coefficient Against Air Mass Flow Rate [Upper Limit]

Heat Transfer Coefficient	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	124.114325443591	118.047141464888	112.403226934795	109.923121921274	92.265462117583695	84.161919397005306	Air Mass Flow Rate (Kg.s-1)


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



Heat Transfer Coefficient Against Air Mass Flow Rate [Lower Limit]

Heat Transfer Coefficient	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	114.567069640238	108.966592121435	103.756824862888	101.46749715809899	85.168118877769501	77.687925597235605	Air Mass Flow Rate (Kg.s-1)


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



Temperature Efficiencies [Upper Limit]

Temperature Efficiency of Water	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	61.764705882352935	59.82905982905983	57.894736842105274	56.779661016949149	50.214592274678125	46.521739130434767	Temperature Efficiency of Air	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	9.243697478991594	9.8290598290598314	10.526315789473678	11.440677966101706	13.733905579399138	16.086956521739143	Temperature Efficiency Overall	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	35.504201680672267	34.82905982905983	34.21052631578948	34.110169491525426	31.97424892703863	31.304347826086953	Air Mass Flow Rate (Kg.s-1)


Temperature Efficiency (%)




Temperature Efficiencies [Lower Limit]

Temperature Efficiency of Water	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	61.764705882352935	59.82905982905983	57.894736842105274	56.779661016949149	50.214592274678125	46.521739130434767	Temperature Efficiency of Air	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	9.243697478991594	9.8290598290598314	10.526315789473678	11.440677966101706	13.733905579399138	16.086956521739143	Temperature Efficiency Overall	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	35.504201680672267	34.82905982905983	34.21052631578948	34.110169491525426	31.97424892703863	31.304347826086953	Air Mass Flow Rate (Kg.s-1)


Temperature Efficiency (%)




Power Against Air Mass Flow [Upper Limit]

Water Power (Watts)	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	374.480189537245	356.39985956062702	352.72331830447803	334.71529929103201	300.53710977643499	289.70115016568701	Air Power (Watts)	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	324.66358052580318	322.28795646719993	298.32197209951272	282.73768549241112	236.9405943920718	206.80899462776881	Air Mass Flow Rate (Kg.s-1)


Power (Watts)




Power Against Air Mass Flow [Lower Limit]

Water Power (Watts)	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	345.67402111130298	328.98448574827103	325.59075535797899	308.967968576337	277.41887056286299	267.41644630678798	Air Power (Watts)	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	318.23396207365437	314.32900072113921	288.53824994287072	268.93718306684349	214.32083160062427	168.85883701867368	Air Mass Flow Rate (Kg.s-1)


Power (Watts)




Water Power Comparison [Upper Limit]

Water Power At 45 Degrees Celsius	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	374.480189537245	356.39985956062702	352.72331830447803	334.71529929103201	300.53710977643499	289.70115016568701	Water Power at 60 Degrees Celsius	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	263.93551787549399	251.36262943493301	237.00759200194699	240.52905128885499	209.94152405761599	191.94145049030701	Air Mass Flow Rate (Kg.s-1)


Power (Watts)




Water Power Comparison [Lower Limit]

Water Power At 45 Degrees Celsius	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	345.67402111130298	328.98448574827103	325.59075535797899	308.967968576337	277.41887056286299	267.41644630678798	Water Power at 60 Degrees Celsius	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	243.63278573122599	232.027042555322	218.77623877102801	222.026816574328	193.79217605318399	177.17672352951499	Air Mass Flow Rate (Kg.s-1)


Power (Watts)




Temperature Efficiency Against Air Mass Flow [Upper Limit]

Temperature Efficiency of Water	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	64.705882352941174	60.486322188449847	58.982035928143702	55.654761904761905	50.299401197604801	48.071216617210681	Temperature Efficiency of Air	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	8.6687306501548012	9.4224924012158091	9.8802395209580869	11.309523809523801	13.173652694610771	15.43026706231454	Temperature Efficiency Overall	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	36.687306501547987	34.954407294832826	34.431137724550894	33.482142857142854	31.736526946107787	31.750741839762611	Air Mass Flow Rate (Kg.s-1)


Temperature Efficiency (%)




Temperature Efficiency Against Air Mass Flow [Lower Limit]

Temperature Efficiency of Water	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	64.705882352941174	60.486322188449847	58.982035928143702	55.654761904761905	50.299401197604801	48.071216617210681	Temperature Efficiency of Water	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	8.6687306501548012	9.4224924012158091	9.8802395209580869	11.309523809523801	13.173652694610771	15.43026706231454	Temperature Efficiency Overall	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	36.687306501547987	34.954407294832826	34.431137724550894	33.482142857142854	31.736526946107787	31.750741839762611	Air Mass Flow Rate (Kg.s-1)


Temperature Efficiency (%)




Heat Transfer Coefficient [Upper Limit]

Heat Transfer Coefficient	0.11537440672558746	0.10344662380587379	8.9950843388968083E-2	7.4034481668607308E-2	5.3582223969260941E-2	3.9573095030189215E-2	134.206333261564	119.44357289888001	114.846225576173	105.75503981283001	91.638081733741103	87.576144956404406	Air Mass FLow Rate (Kg.s-1)


Heat Transfer Coefficient



Heat Transfer Coefficient [Lower Limit]

Heat Transfer Coefficient	0.11308953876107118	0.10089199188609824	8.700082917017056E-2	7.0420838718733614E-2	4.8466945183316221E-2	3.231129678887748E-2	123.88276916452099	110.255605752812	106.01190053185201	97.620036750304294	84.588998523453398	80.839518421296304	Air Mass FLow Rate (Kg.s-1)


Heat Transfer Coefficient
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Figure 45 Typical Results - Tests at 45 Degrees
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Figure 47 Typical Results - Tests at 45 Degrees
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Figure 48 Typical Results - Tests at 45 Degrees
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