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This report will outline the functions of the TD1007 heat exchanger and the thermodynamic effect it has on the fluids it manipulates. By analysing the figures produced from the set testing procedure it will be possible to examine the behaviour of the fluids and the successes and failures of the experiment. The 3 experiments conducted will consider varying the water-flow rate at a fixed temperature as well as varying the air flow rate at different temperatures. 

[bookmark: _Toc38718973]Methodology

Equipment[bookmark: _Toc38718694]Figure 1 - TD1007 Heat Exchanger
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The TD1007 used in this experiment requires some familiarisation with the controls in order to complete the tasks set. A slide valve control air pressure drop across the heat exchanger and a tap allows regulation of water volume flow. There is also a thermostat to control water tank temperature.
A barometer must also be used to note the ambient pressure as well as a stopwatch in order to ensure sufficient time is being allocated to allowing the system temperatures to settle.		
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This experiment requires fixed air flow and water temperature and differing air flow.

Set the heat exchanger to parallel flow.
Set the tank to 60o Celsius 
Make a note of the ambient temperature of the room using the barometer.
Inspect the orifice and confirm its diameter
Switch on the fan and use the side valve to set an orifice pressure drop of 250Pa. This can be done within a 5Pa tolerance.
Switch on the water pump and use the valve to set the water flow to 2.25 l/min. The tolerance for this is 0.01l/min.
Wait at least 5 minutes to allow the temperatures to stabilise. 
Record all readings.
Repeat this procedure for water flow rates of 1.75, 1.25, 0.75 and 0.25 l/min.

N.B- Keep a close eye on water and air flows and adjust them to keep them within the tolerance if necessary.

[bookmark: _Toc38718976]Experiment 2

This experiment requires fixed water flow rate and temperature and varying air flow rate

Set the heat exchanger to parallel flow.
Set the tank temperature to 60o Celsius.
Note ambient the ambient air pressure using the barometer.
Make a note of the orifice diameter stamped on the surface.
Switch on the fan and use the slide valve to set the orifice pressure drop to 250Pa. (+/- 5Pa)
Switch on the water pump and use the valve to set the water flow to 0.25 l/min (+/- 0.01 l/min)
Wait at least 5 minutes to allow the temperatures to stabilise then record all readings.
Repeat for 200, 150, 100 and 50 Pa drops.

N.B- Keep a close eye on water and air flows and adjust them to keep them within the tolerance if necessary.




[bookmark: _Toc38718977]Experiment 3

This experiment requires fixed water flow rate and temperature and varying air flow rate

Set the heat exchanger to parallel flow.
Set the tank temperature to 45o Celsius.
Note ambient the ambient air pressure using the barometer.
Make a note of the orifice diameter stamped on the surface.
Switch on the fan and use the slide valve to set the orifice pressure drop to 250Pa. (+/- 5Pa)
Switch on the water pump and use the valve to set the water flow to 0.25 l/min (+/- 0.01 l/min).
Wait at least 5 minutes to allow the temperatures to stabilise then record all readings.
Repeat for 200, 150, 100 and 50 Pa drops.

N.B- Keep a close eye on water and air flows and adjust them to keep them within the tolerance if necessary.

[bookmark: _Toc38718978]Risk Analysis

The featured heat-exchanger is a closed system and the temperatures required for the experiments are quite low; as such the risk is fairly low and PPE isn’t required. It is worth ensuring that one person operates the heat exchanger at a time.
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In addition to the measured results, several calculations must be made to gather all the required information. 

[bookmark: _Toc38718980]Water Mass Flow Rate

Water volume flow rate on the heat exchanger is measured in l/min.  In order to convert it to mass flow rate it must be converted to Si and multiplied by the density. 
.

Water density is dependent on temperature, requiring the following equation from TecQuipment to be used.

[image: ]
[bookmark: _Toc38718695]Figure 2 - Water Density Equation (TecQuipment)

The above equation is used by inputting the mean temperature across the system and is suitable for temperatures between 4o and 700, thus making it suitable to use in this experiment. 
e.g mass flow = 
= 0.02869825 kg/s

[bookmark: _Toc38718981]Air Mass Flow Rate

While the heat exchanger does not measure mass flow rate we can use the pressure drop figures in order to complete further calculations and gather complete information. 
The ideal gas equation tells us that the density of the air is related to its pressure and temperature.


It is then possible to use the equation provided by TecQuipment to find the mass flow of the air.

,
(Tecquipment, 2014)

E.g 
=0.114258741
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[image: ]Specific heat capacity is the amount of heat energy needed to raise the temperature of exactly 1 kg of material by 1 degree (Celsius) (TecQuipment, 2014)
[bookmark: _Toc38718696]Figure 3 - Constant Pressure assumption


We are able to make some assumptions when calculating the specific heat capacity of air. It is stated that the specific heat capacity of air remains constant for the pressures and temperature ranges the heat exchanger is likely to encounter. This is stated at 1005J/kg/K. (TecQuipment)

For calculating the specific heat capacity of air we must use the following equation. This equation relies on using the mean temperature across the exchanger and T must be in Celsius.
[image: ]
[bookmark: _Toc38718697]Figure 4 -Specific Heat capacity Equation for Water
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When calculating power in this context, we are referring to the heat emitted and absorbed by the water and air respectively. In order to calculate power, we must use the following equation. 



E.g 

For Water 
=651.767 W

For Air 
=597.116 W

Ideally . This data however shows some loss in power which can be investigated further on.
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Temperature efficiency scrutinises the system’s ability to transfer heat between the hot and cold circuits. It is found by using the following equations.
[image: ]
For Water: 
[bookmark: _Toc38718698]Figure 5 - Water T efficiency
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For Air: [bookmark: _Toc38718699]Figure 6 - Air T efficiency





[image: ]Mean Temperature Efficiencies: 
[bookmark: _Toc38718700]Figure 7 - Mean T efficiency





[bookmark: _Toc38718985]Logarithmic Mean Temperature Difference

This is a measure of the heat driving force that creates the heat transfer. (TecQuipment, 2014) The LMTD is essentially a logarithmic average of the temperatures across the heat exchanger. We find the LMTD by using the following equation.

[image: ]

[bookmark: _Toc38718701]Figure 8 - LMTD Equation (TecQuipment, 2014)





[bookmark: _Toc38718986]Heat Transfer Coefficient (U) 

The heat transfer coefficient is given by the equation below. It shows the heat transfer on the boundary surface is a good indicator of the effectiveness of the heat exchanger.
[image: ]
[bookmark: _Toc38718702]Figure 9 - Heat Transfer Coefficient equation (TecQuipment, 2014)
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[bookmark: _Toc38718703]Figure 10 - Experiment 1 Results
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[bookmark: _Toc38718704]Figure 11 - Experiment 2 Results
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[bookmark: _Toc38718705]Figure 12 - Experiment 3 Results
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[bookmark: _Toc38718706]Figure 13 -Experiment 1 Heat Transfer
The above graph shows that the higher the water mass flow, the higher the emission and absorption of heat. This will also in turn increase the time specific heat energy output and increases the air’s uptake of heat despite keeping its mass flow rate constant. It must be noted that the heat emitted is greater than the heat absorbed. The 1st law of thermodynamics concerns the conservation of energy, thus concluding that it must be an imperfect system with heat transfer occurring externally also. 






[bookmark: _Toc38718707]Figure 14 - Experiment 1 efficiency











The graph clearly shows that water mass flow increase greatly reduces the water temperature efficiency but steadily improves the air temperature efficiency. With increasing water flow, the water is presented with less time to transfer the heat, causing a slump in efficiency. This reduces the inlet and outlet temperature difference. The air temperature efficiency increase can be attributed to the increase in absorption per unit time. The temperature efficiencies of 18.7 and 14.1 for water and air respectively are comparable to 18.5 and 14.1 as recorded in the TecQuipment handout.


[bookmark: _Toc38718708]Figure 15 - Experiment 1 Overall Heat Transfer
The above graph shows a general correlation between water mass flow rate and heat transfer coefficient but with several anomalies. The theory is that the greater the mass of high temperature water passing through per unit time the higher the efficiency of the exchanger should be. The anomalies could come from several factors. These include incorrect reading of the temperature, not allowing the system to stabilize properly or failing to stay within the 5Pa and 0.01L/min tolerances.
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[bookmark: _Toc38718709]Figure 16 - Experiment 2 Heat Transfer
This graph again clearly shows an increase in air flow correlates to an increase in both emission and absorption of power. Again, when considering the 1st law of thermodynamics it is clear that some power is lost from the system at the boundary layer. It is clearly more efficient at the lower Air Mass flow rate. The values also begin to converge as Air Mass Flow increases showing that external losses reduce.





[bookmark: _Toc38718710]Figure 17 – Experiment 2 Temperature Efficiencies
This graph shows that water temperature efficiencies increase with air mass flow rate. Conversely, the opposite is true for air temperature efficiencies. This allows the mean efficiency to remain fairly constant as expected. The highest efficiency is achieved with a higher temperature gradient between hot and cold circuits. At an air mass flow of approximately 1kg/s the mean efficiency is around 35%, which is very similar to the results found online in the user guide. (TecQuipment, 2014)




[bookmark: _Toc38718711]Figure 18 - Experiment 2 Overall Heat Transfer
The above graph shows a linear increase in heat transfer coefficient with increasing air mass flow rate. Although the system may be less efficient with the greater mass flow, the increase in heat transfer per unit are can make operating with a higher air mass flow favourable. The trend is similar to that seen in the comparable graph in the online user guide (TecQuipment, 2014).
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[bookmark: _Toc38718712]Figure 19 - Experiment 3 Heat Transfer
As in the previous experiment, the power absorbed and emitted decrease in coherence with air mass flow. The lower water tank temperature in this experiment has caused the absolute values to reduce. This is due to the relationship between the fluids’ specific heat capacities temperature difference between the water tank and ambient room temperature being far less. The power also seems to trail off unlike the 60o test. That suggests that with the lower driving force it is at it is nearing its heat transfer limit.


[bookmark: _Toc38718713]Figure 20 - Experiment 3 Temperature Efficiencies
Here we see similar results to what we encountered in experiment 2; the trends are very similar with increasing air mass flow increasing temperature efficiency for water and decreasing temperature efficiency for air. Again, the mean temperature efficiency remains largely the same and it is clear that the temperature gradients must be similar. These results tell us that water tank temperature have little effect on temperature efficiency. At 0.1 kg/s again we have an efficiency of approximately 35%, which is very similar to the results from the experiment done by TecQuipment. 



[bookmark: _Toc38718714]Figure 21 - Experiment 3 Overall Heat Transfer
The above graph shows similar trends to the graph from experiment 2 which is as expected. We would however expect the overall heat transfer coefficient to see a slight increase with the smaller value of LMTD. Instead the overall heat transfer coefficient is actually decreasing slightly. Due to seeing that the values of LMTD have reduced, the issue must therefore be due to the higher temperature gradient in the water from inlet to outlet. 

As we can see from the tables below the initial water temperatures for the 60o tests were all taken from slightly below 60o. On the contrary the water temperatures for the 45o tests were all taken from slightly above. This could explain the unexpected anomaly in the results. 


[image: ]
[bookmark: _Toc38718715]Figure 22 - Experiment 2 Temperatures
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[bookmark: _Toc38718716]Figure 23 - Experiment 3 Temperatures
[bookmark: _Toc38718995]
Conclusion

In conclusion it was evident that the majority of expected outcomes occurred in the findings. Higher flow rate of hot water increased power output. It was also proven that the heat exchanger was not perfectly insulated and that the temperature gradient between the system and the surroundings played a role in influencing the results. It was also proven that the higher power emission the greater the overall the transfer. The anomalies were all able to be properly explained thus validating the results. It was clear from the findings that greater care was needed to perfect the test and that repeating the experiment could’ve yielded improved results. It was possible to also compare with the results found in the TecQuipment user guide which helped to highlight the successes and failures.
The heat exchanger itself could be improved through better insulation to the surrounding area. The lower absolute values at temperatures closer to ambient temperature in the 45o experiment highlight this issue. The water supply valve also required regular adjusting to maintain steady volumetric flow. This could’ve affected results if not watched carefully.
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Heat Emitted & Absorbed

Heat Emitted	2.8698249999999998E-2	2.4604000000000001E-2	2.0511354166666666E-2	1.6416416666666666E-2	1.2319687500000001E-2	651.76688477936409	659.22527426744034	605.23325841937549	588.49109223639596	558.707004623226	Heat Absorbed 	2.8698249999999998E-2	2.4604000000000001E-2	2.0511354166666666E-2	1.6416416666666666E-2	1.2319687500000001E-2	597.11617788395699	585.63317446311146	562.90736706357745	539.93155616302295	505.46783981219158	Water Mass Flow Rate (kg/s)


Power (W)




Temperature Efficiencies  

Temp Efficiency W	2.8698249999999998E-2	2.4604000000000001E-2	2.0511354166666666E-2	1.6416416666666666E-2	1.2319687500000001E-2	14.164305949008499	16.76136363636363	18.678160919540232	22.898550724637676	29.154518950437318	Temp Efficiency A	2.8698249999999998E-2	2.4604000000000001E-2	2.0511354166666666E-2	1.6416416666666666E-2	1.2319687500000001E-2	14.730878186968837	14.488636363636356	14.080459770114951	13.623188405797098	12.827988338192418	Mean Temp Efficiency	2.8698249999999998E-2	2.4604000000000001E-2	2.0511354166666666E-2	1.6416416666666666E-2	1.2319687500000001E-2	14.447592067988669	15.624999999999993	16.379310344827591	18.260869565217387	20.991253644314867	Water Mass Flow Rate (kg/s)


Temperature efficiency (%)





Overall Heat Transfer	2.8698249999999998E-2	2.4604000000000001E-2	2.0511354166666666E-2	1.6416416666666666E-2	1.2319687500000001E-2	139.86153753691252	144.12848172145365	135.24187633261889	136.24158368007534	135.57909390350721	Water Mass Flow Rate (kg/s)


Overall Heat transfer



Heat Emitted & Absorbed (W)

Heat Emitted W 	0.11455108744136827	0.10241407322043196	8.8655471404758754E-2	7.2356079794306152E-2	5.1076239368222871E-2	3.6070022475734612E-2	389.30915633220189	370.68148316901568	366.95595658033977	348.32703855094064	312.9312735223462	301.74999629805768	Heat Absorbed A	0.11455108744136827	0.10241407322043196	8.8655471404758754E-2	7.2356079794306152E-2	5.1076239368222871E-2	3.6070022475734612E-2	322.34676006001041	319.07104511825594	294.02587091388244	276.32786873445502	225.85913048628146	188.50193745818908	Air Mass Flow Rate (kg/s)


Watts




Temperature Efficiencies

Temp Efficiency W	0.11455108744136827	0.10241407322043196	8.8655471404758754E-2	7.2356079794306152E-2	5.1076239368222871E-2	3.6070022475734612E-2	64.705882352941174	60.486322188449847	58.982035928143702	55.654761904761905	50.299401197604801	48.071216617210681	Temp Efficiency A	0.11455108744136827	0.10241407322043196	8.8655471404758754E-2	7.2356079794306152E-2	5.1076239368222871E-2	3.6070022475734612E-2	8.6687306501548012	9.4224924012158091	9.8802395209580869	11.309523809523801	13.173652694610771	15.43026706231454	Mean Temp Efficiency	0.11455108744136827	0.10241407322043196	8.8655471404758754E-2	7.2356079794306152E-2	5.1076239368222871E-2	3.6070022475734612E-2	36.687306501547987	34.954407294832826	34.431137724550894	33.482142857142854	31.736526946107787	31.750741839762611	Air Mass Flow Rate (kg/s)


Efficiwncy (%)




Overall Heat Transfer Coefficient (U)

Overall Heat Transfer	0.11455108744136827	0.10241407322043196	8.8655471404758754E-2	7.2356079794306152E-2	5.1076239368222871E-2	3.6070022475734612E-2	139.52074324962788	124.22990517377416	119.48035295349219	110.05573963265422	95.417240291611236	91.218489817107908	Air Mass Flow Rate (kg/s)


Overall Heat Transfer



Heat Absorbed & Emitted (W)

Heat Emitted	0.11464837076033831	0.1025446202118863	8.8768576453607723E-2	7.2448468952766687E-2	5.1163474682628815E-2	3.613178625808583E-2	273.79372559147794	260.75627799845773	245.8552630346729	249.5858561847281	217.92816175815932	199.30491927240377	Heat Absorbed 	0.11464837076033831	0.1025446202118863	8.8768576453607723E-2	7.2448468952766687E-2	5.1163474682628815E-2	3.613178625808583E-2	253.48754775110802	237.03188961977517	214.10980640610182	196.58892050333242	164.54173457933427	134.35604720069216	Air Mass Flow Rate (kg/s)


Power (W)




Temperature Efficiences

Temp Efficiency W	0.11464837076033831	0.1025446202118863	8.8768576453607723E-2	7.2448468952766687E-2	5.1163474682628815E-2	3.613178625808583E-2	61.764705882352935	59.82905982905983	57.894736842105274	56.779661016949149	50.214592274678125	46.521739130434767	Temp Efficiency A	0.11464837076033831	0.1025446202118863	8.8768576453607723E-2	7.2448468952766687E-2	5.1163474682628815E-2	3.613178625808583E-2	9.243697478991594	9.8290598290598314	10.526315789473678	11.440677966101706	13.733905579399138	16.086956521739143	Mean Temp Efficiency	0.11464837076033831	0.1025446202118863	8.8768576453607723E-2	7.2448468952766687E-2	5.1163474682628815E-2	3.613178625808583E-2	35.504201680672267	34.82905982905983	34.21052631578948	34.110169491525426	31.97424892703863	31.304347826086953	Air Mass Flow Rate (kg/s)


Temperature Efficiencies (%)





Overall Heat Transfer	0.11464837076033831	0.1025446202118863	8.8768576453607723E-2	7.2448468952766687E-2	5.1163474682628815E-2	3.613178625808583E-2	128.7500971298	122.45866979486536	116.59932363589893	114.06213242105208	95.775443392198454	87.390631405475034	Air Mass Flow Rate (kg/s)


Overall Heat Transfer



image1.png




image2.jpeg
(999339 + 1695277990101~ 46241 x10°°T" + 0ss46x10 1 201030 10 77°)

o=
1+ 16387 x10°7)
( ) (9




image3.png




image4.png
—Lo=— = 0.996185 + 0.0002874

c,w(at T°C) (T+ 100)526
c,w(at 15°C) 100

+0.011160 x 1077 (7)




image5.png




image6.png




image7.png




image8.png




image9.png
Ow
AXLMTD





image10.emf



Hot Flow l/min TW1 TW2 𝚫Tw1 Average Tw Tw3 TA1 TA2 DELTA TA Average TA TA3 (ambient) TW1 p TW2 p
1.75 61 56 5 58.5 25.7 30.9 5.2 28.3 25.3 982.67 985.21



1.5 61 55.1 5.9 58.05 25.8 30.9 5.1 28.35 25.3 982.67 985.65
1.25 60.5 54 6.5 57.25 25.7 30.6 4.9 28.15 25.3 982.93 986.16



1 60.3 52.4 7.9 56.35 25.8 30.5 4.7 28.15 25.4 983.03 986.94
0.75 60.1 50.1 10 55.1 25.8 30.2 4.4 28 25.4 983.14 988.01











image11.emf



mean water p Water Mass Flow Rate Mean air p Air mass flow rate Specific Heat Capacity Water Specific Heat Capacity Air
983.94 0.02869825 1.171 0.114258741 4542.206474 1005
984.16 0.024604 1.171 0.114258741 4541.257411 1005



984.545 0.020511354 1.172 0.114307517 4539.573947 1005
984.985 0.016416417 1.172 0.114307517 4537.685954 1005
985.575 0.012319688 1.172 0.114307517 4535.074486 1005










mean water pWater Mass Flow Rate Mean air p Air mass flow rate Specific Heat Capacity Water Specific Heat Capacity Air

983.94 0.02869825 1.171 0.114258741 4542.206474 1005

984.16 0.024604 1.171 0.114258741 4541.257411 1005

984.545 0.020511354 1.172 0.114307517 4539.573947 1005

984.985 0.016416417 1.172 0.114307517 4537.685954 1005

985.575 0.012319688 1.172 0.114307517 4535.074486 1005
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Heat Emitted Heat Absorbed Energy Balance Coefficient Temp Efficiency W Temp Efficiency A Mean Temp Efficiency LMTD Overall Heat Transfer
651.7668848 597.1161779 0.916149918 14.16430595 14.73087819 14.44759207 29.9106974 190.7112528
659.2252743 585.6331745 0.888365779 16.76136364 14.48863636 15.625 29.357332 196.5295377
605.2332584 562.9073671 0.930066812 18.67816092 14.08045977 16.37931034 28.7239488 184.3333221
588.4910922 539.9315562 0.917484671 22.89855072 13.62318841 18.26086957 27.7244384 185.6959132
558.7070046 505.4678398 0.904710046 29.15451895 12.82798834 20.99125364 26.449894 184.7929463










Heat Emitted Heat Absorbed Energy Balance Coefficient Temp Efficiency W Temp Efficiency A Mean Temp Efficiency LMTD Overall Heat Transfer

651.7668848 597.1161779 0.916149918 14.16430595 14.73087819 14.44759207 29.9106974 190.7112528

659.2252743 585.6331745 0.888365779 16.76136364 14.48863636 15.625 29.357332 196.5295377

605.2332584 562.9073671 0.930066812 18.67816092 14.08045977 16.37931034 28.7239488 184.3333221

588.4910922 539.9315562 0.917484671 22.89855072 13.62318841 18.26086957 27.7244384 185.6959132

558.7070046 505.4678398 0.904710046 29.15451895 12.82798834 20.99125364 26.449894 184.7929463
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Air Pressure delta p (Pa) TW1 TW2 𝚫Tw1 Average Tw Tw3 TA1 TA2 DELTA TA Average TA TA3 (ambient) Mean water p Water mass flow rate Mean air p
250 57.6 36.7 20.9 47.15 25.3 28.1 2.8 26.7 24.9 989.32 0.004122167 1.177
200 58.3 38.4 19.9 48.35 25.4 28.5 3.1 26.95 24.9 988.79 0.004119958 1.176
150 58.9 39.2 19.7 49.05 25.5 28.8 3.3 27.15 24.9 988.48 0.004118667 1.175
100 59.2 40.5 18.7 49.85 25.6 29.4 3.8 27.5 24.9 988.12 0.004117167 1.174



50 59.7 42.9 16.8 51.3 26.3 30.7 4.4 28.5 25.2 987.46 0.004114417 1.17
25 60.3 44.1 16.2 52.2 26.6 31.8 5.2 29.2 25 987.04 0.004112667 1.167
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Air mass flow rate Water Specific Heat Air Specific Heat Heat Emitted W Heat Absorbed A Energy Balance Coefficient Temp Efficiency W Temp Efficiency A Mean Temp Efficiency LMTD Overall Heat Transfer
0.114551087 4518.796513 1005 389.3091563 322.3467601 0.827996863 64.70588235 8.66873065 36.6873065 17.909703 189.7610253
0.102414073 4521.213251 1005 370.6814832 319.0710451 0.860768772 60.48632219 9.422492401 34.95440729 19.151698 188.9878863
0.088655471 4522.630119 1005 366.9559566 294.0258709 0.801256569 58.98203593 9.880239521 34.43113772 19.7128761 209.9705601



0.07235608 4524.255603 1005 348.3270386 276.3278687 0.793300083 55.6547619 11.30952381 33.48214286 20.3145421 236.9764128
0.051076239 4527.218079 1005 312.9312735 225.8591305 0.721753144 50.2994012 13.17365269 31.73652695 21.0501242 291.055219
0.036070022 4529.067024 1005 301.7499963 188.5019375 0.624695741 48.07121662 15.43026706 31.75074184 21.2322951 394.0069825
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Air Pressure delta p (Pa) TW1 TW2 𝚫Tw1 Average Tw Tw3 TA1 TA2 DELTA TA Average TA TA3 Mean water p Wter mass flow rate Mean air p
250 48.9 34.2 14.7 41.55 25.1 27.3 2.2 26.2 24.8 991.65 0.004131875 1.179
200 48.6 34.6 14 41.6 25.2 27.5 2.3 26.35 24.8 991.63 0.004131792 1.179
150 48.1 34.9 13.2 41.5 25.3 27.7 2.4 26.5 24.9 991.67 0.004131958 1.178
100 49 35.6 13.4 42.3 25.4 28.1 2.7 26.75 24.9 991.35 0.004130625 1.177



50 49.1 37.4 11.7 43.25 25.8 29 3.2 27.4 24.9 990.97 0.004129042 1.174
25 49.4 38.7 10.7 44.05 26.4 30.1 3.7 28.25 25 990.64 0.004127667 1.171
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Air mass flow rate Water Specific HeatAir Specific Heat Heat Emitted Heat Absorbed Energy Balance Coefficient Temp Efficiency W Temp Efficiency A Mean Temp Efficiency LMTD Overall Heat Transfer
0.114648371 4507.741282 1005 273.7937256 253.4875478 0.925834028 61.76470588 9.243697479 35.50420168 13.6492401 174.9633684



0.10254462 4507.838229 1005 260.756278 237.0318896 0.909017 59.82905983 9.829059829 34.82905983 13.6671444 186.0561843
0.088768576 4507.644369 1005 245.855263 214.1098064 0.870877458 57.89473684 10.52631579 34.21052632 13.5336838 204.6464565
0.072448469 4509.199011 1005 249.5858562 196.5889205 0.787660501 56.77966102 11.44067797 34.11016949 14.0446536 245.2899349
0.051163475 4511.056103 1005 217.9281618 164.5417346 0.755027406 50.21459227 13.73390558 31.97424893 14.6046694 291.6497398
0.036131786 4512.628919 1005 199.3049193 134.3560472 0.674123086 46.52173913 16.08695652 31.30434783 14.638133 376.8277681
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