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1. [bookmark: _Toc5503777]Introduction:
For the second semester of Thermo-fluid and Mechanics studies, all students were assigned the task of carrying out a number of laboratory experiments, relating to the operation and thermodynamic principles of water to air style, steady flow heat exchanger systems.
Overall, three different experiments were carried out, each performed to demonstrate the  effects of variations in temperature, variations in mass air flow and variations in mass water flow rates had on the system respectively.
These three experiments were carried out in pre-assigned groups of approximately 5-6 students, using university supplied equipment in accordance with supplier guidelines.
The results of each experiment were recorded and then used to calculate various data pertinent to the study of these varying effects. A workbook was generated in MS Excel and a series of charts compiled to graphically demonstrate the effects of these changes. These results were then analysed and will be discussed in the remainder of this report.


2. [bookmark: _Toc5503778]Apparatus and materials:
In order to carry out the aforementioned experiments, students made use of the TD1007 water to air heat exchanger apparatus from TecQuipment, this apparatus consisted of a large metal frame, to which a large rectangular duct was mounted horizontally. At one end of the duct, a fan is mounted in such a way that it can blow air through the ducting and heat exchanger assembly, approximately half way along the ducting, the heat exchanger is mounted. This heat exchanger consists of a series of copper pipes fitted in a parallel arrangement, through which water can be pumped at a varying rate of flow. 
There are three optional types of exchanger that can be fitted to the apparatus, a 32 tube parallel arrangement, a 16 tube parallel type and also a 16 tube finned style exchanger. For the purpose of this series of experiments, the 32 tube type exchanger was used.
At the furthest away end of the ducting (from right to left looking at the apparatus) a slide valve was fitted to the output allowing the user to control the mass air flow within the duct. 
Also fitted to the apparatus, was a water tank fitted with a heater allowing the user to heat the water to a desired temperature, before it is then pumped through the exchanger and then fed back to the tank. The mass flow rate of water can be set using the water supply valve fitted to the piping from the tank.
Fitted at each end of the exchanger there are two temperature sensors, these are used to measure the input and output temperature of the water respectively.
Also fitted along the ducting are 3 temperature sensors, one measuring the ambient temperature and two further sensors measuring temperature at the inlet and the outlet of the air duct. 
Finally, just below the orifice into the fan housing, an air pressure sensor is fitted allowing the mass air flow rate into the system to be measured also. 


[image: https://scontent-lhr3-1.xx.fbcdn.net/v/t1.15752-9/56304298_441465233291708_2317323568465051648_n.jpg?_nc_cat=104&_nc_ht=scontent-lhr3-1.xx&oh=4f524b2a9389a9ce2a51ee5cb83dcfc6&oe=5D36ED79]
[bookmark: _Toc5498279][bookmark: _Toc5503792]Figure 1: TD1007 Heat Exchanger apparatus in experiment configuration.

Other apparatus required to carry out the experiment included:
· A timer to measure time between adjustments.
· A device for measuring the ambient pressure in the room – in this case a mobile phone app was used.
· Readings from each stage of the experiment were also noted by a colleague on their laptop.
· A camera was used to take photographs of the readings as they were produced also.


3. [bookmark: _Toc5503779]Methodology:

i. [bookmark: _Toc5503780]Experiment 1 – The effect of varying water flow rate:
To begin the first experiment, the heater is switched on and the temperature set to 60 Degrees C. This temperature will remain set for the first two experiments. 
The ambient pressure was then measured in the room using an application on a mobile phone belonging to a colleague, this figure for ambient pressure was then used throughout the remaining experiments as the figure was unlikely to change in the time period required to complete all 3 experiments. This was measured as 1.031 BAR  
The diameter of the inlet orifice was also then checked and noted, this also remained the same for the following experiments. The diameter of the orifice in this case was noted as 100.11 mm
Following this, the fan was switched on and the air flow was set to give an orifice pressure drop of 250 Pascals. This was set using the slide valve at the end of the ducting.
Now, the water pump is turned on and the mass flow rate of the water can be set to 2.25 l/min using the water supply valve.
A time period of approx. 5 minutes was then observed to allow the temperatures and pressures to stabilize. The first set of results can now be recorded for inlet and outlet of air and water respectively.
The experiment is then repeated with the mass flow rate of the water being lowered in 0.5 l/min increments, again, observing a 5 minute period between adjustments to allow stabilization within the system.
The results were recorded for all steps of the experiment with care taken not to allow the flow rate to deviate more than +/- 0.01 l/min.
[image: ][image: ]This concluded experiment 1.





Table 1: Example of results table from experiment 1.

ii. [bookmark: _Toc5503781]Experiment 2 – The effect of a varying air flow rate:

 To begin experiment 2 it is first ensured that the temperature of the heater is still set to 60 Degrees C from the previous experiment.
The fan is again turned on and the pressure drop set to 250 Pascals once again.
The water pump is again switched on, but this time the flow rate is kept at the lowest flow rate from the previous experiment at 0.25 l/min.
The 5 minute waiting period is observed to allow the system to stabilize and the results noted from the first part of the experiment.
Now, the pressure drop is reduced in 50 Pascal increments down to 50 Pascals with the 5 minute waiting period observed to allow stabilization between measurements. A final reading is now taken with the pressure drop set to 25 Pascals. 
This reading then concludes the 2nd experiment.
[image: ][image: ]


 


Table 2: Example of results table from experiment 2. 



iii. [bookmark: _Toc5503782]Experiment 3 – The effect of varying temperature:

In order to carry out the 3rd experiment, the temperature of the heater tank must now be set to 45 degrees C, to allow this temperature to be reached from the previous experiment, the apparatus was left to cool for approx. 10 minutes.
When the tank was set to 45 degrees, the same procedure as experiment 2 was carried out to demonstrate the effect on performance of the heat exchanger due to a lower temperature water supply.
So, the flow rate was set to 0.25 l/min and the pressure drop was set to 250 Pascals, the pressure drop was then reduced by 50 Pascal increments, again observing the stabilization period between readings and once again, the final reading taken at 25 Pascals pressure drop to conclude experiment 3.
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Table 3: Example of results table from experiment 3.



4. [bookmark: _Toc5503783]Results:

i. [bookmark: _Toc5503784]Overall results analysis.

Upon completion of the three experiments, all collected data was used to compile a table in Excel, whereby recorded figures could be used to calculate sets of figures as per the TD1007 guidelines, these calculation parameters are listed below:
· Change in water temperature.
· Average water temperature.
· Water density.
· Mass flow rate of water.
· Specific heat capacity of water at a constant pressure (Cpw)
· Heat energy transfer of water
· Temperature efficiency of water.
· Change in air temperature.
· Average air temperature.
· Air density.
· Mass flow rate of Air.
· Heat energy transfer air (Power).
· Temperature efficiency air.
· Mean temperature efficiency.
· Logarithmic mean temperature difference (LMTD).
· Heat transfer co-efficient.
[bookmark: _GoBack]The value of the specific heat capacity of air (Cpa) was assumed for this calculation as per experiment handbook. This value was assumed to be 1005 J/Kg.K
All of these parameters were calculated using equations provided in the experiment guidelines.
Copies of the data tables and charts generated will be provided for reference also.
Also worth noting, is that the area of the inlet orifice had to be calculated in order to complete certain calculations at this stage of the experiment, this was calculated using area of a circle formula:		 



ii. [bookmark: _Toc5503785]Experiment 1:

Upon completion of this experiment, it can be seen from the data firstly, that the most effective cooling of the water circuit takes place at the lowest mass flow rate in the water circuit. (0.0034 Kg/s), where there is an overall temperature drop of approx. 21 Deg. C. This temperature drop occurs where the heat transfer is at its lowest from the water to the air circuits. 
The reason for this is due to the amount of time for the heat transfer to take place is greatly increased due to the mass flow rate of the water being so low. The trend does continue as the flow rate of the water increases and even though the rate of heat transfer is higher, it can be seen that the temperature of the water does not change as drastically as the flow increases.
[bookmark: _Toc5498280][bookmark: _Toc5503793]Figure 2: Chart comparing Heat emitted by water circuit and power absorbed by air

Further analysis of the above chart reveals that the system is operating well within the 2nd law of thermodynamics where the cooler system is absorbing the heat from the hotter system.

The law of conservation of energy states that:
 Total energy in a system = Energy lost + Energy gained 
As we can see in this example, some energy is lost across the boundary of the system as energy lost is not equal to energy gained, therefore, this is not an example of an ideal heat exchanger.



[bookmark: _Toc5498281][bookmark: _Toc5503794]Figure 3: Temperature efficiency comparison chart.
In the above chart the temperature efficiencies of water, air and their mean is shown, this chart confirms the thermodynamic principles taking place, whereby the efficiency of the water is highest at the lowest flow rate and lowest at high flow. The air efficiency remains relatively linear throughout and is likely attributed to the small change in temperature and thus density of the air flowing around the pipes.

[bookmark: _Toc5498282][bookmark: _Toc5503795]Figure 4: Heat transfer co-efficient vs water mass flow rate.
From the final chart generated in experiment 1 it can be seen that the heat transfer co-efficient rises noticeably over the first three increases in flow rate but then reaches a point where the increase becomes negligible. This is concurrent with greater change in temperature at the lower flow rates as discussed earlier and thus proves the thermodynamic principle of the heat exchanger.



iii. [bookmark: _Toc5503786]Experiment 2:

In experiment 2 the effects of the varying air flow rate were analysed and from the data generated it was seen that, as expected, the higher air flow rates yielded the most favourable results.
 It was also noted that the incremental adjustments provided more linear changes in the temperature of the water. This was most likely attributed to the fact that the flow rate of the water remained steady throughout the experiment and relatively low, thus giving a more reliable method of regulating the temperature of the water circuit.

[bookmark: _Toc5498283][bookmark: _Toc5503796]Figure 5: Heat transfer co-efficient vs Air mass flow rate.
Looking at the above chart it is clear to see that the heat transfer co-efficient is much more linear than that from the varying water flow experiment. 



iv. [bookmark: _Toc5503787]Experiment 3:

In experiment 3 the results discovered were almost identical to those of experiment 2 with the exception of a decrease in the heat energy transferred. This was most likely due to the lower initial heat energy contained within the system to begin with. This is shown in a comparison between the two charts generated below:
It can be clearly seen that the heat transfer from the 60 degree tank is far greater than that of the 45 degree tank.

[bookmark: _Toc5503797]Figure 6: Heat energy lost by water and gained by Air in exchanger Exp. 2



[bookmark: _Toc5503798]Figure 7: Heat energy lost by water and gained by air Exp. 3.

It can also be noted that there is a greater range of heat transfer co-efficient in experiment 3 as opposed to 2. 



5. [bookmark: _Toc5503788]Conclusion:
After conducting the experiments a greater understanding of the operating principles of cross flow, steady flow heat exchangers has been attained. Analysis of the data has provided a statistical proof of the advantages and disadvantages of the variation of water and air flow control through the heat exchanger system and how this may be useful in a real world application. 
Take for example, an engine cooling system, in order to provide effective cooling of the engine, the thermostat closes thus reducing flow in the radiator, cool air from the travelling vehicle or from the radiator fan is passed over the core of the radiator causing a reduction in coolant temperature. A larger surface area exposed to flow would have the same effect as this and conversely a reduction in area would cause the engine to overheat.
This application is used widely in the automotive industry and throughout engineering in general, and the understanding and application of its uses have become apparent through the conducting of this experiment. 
Most of the results attained from the experiment were in line with guidelines set by the apparatus manufacturer, thus also proving the experiment to be a success.




6. [bookmark: _Toc5503789]Appendix:




[image: ]
Table 4: Results table for water circuit of heat exchanger.
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Table 5: Results from air circuit of heat exchanger.





[bookmark: _Toc5503799]Figure 8: Chart showing Temperature efficiencies vs Air mass flow rate. (Exp. 2)

[bookmark: _Toc5503800]Figure 9: Chart showing heat transfer co-efficient vs Air mass flow rate. (Exp. 2)



[bookmark: _Toc5503801]Figure 10: Temperature efficiencies vs air mass flow rate (Exp. 3)

[bookmark: _Toc5503802]Figure 11: Heat transfer co-efficient vs Air mass flow rate. (Exp. 3)
Water mass flow rate vs heat emitted by water and heat absorbed by air

Heat emitted by water	
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	Power absorbed by air	
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	Water Mass flow rate (kg/s)


Heat emitted (W)


Power absorbed by air (W)




Water mass flow vs Air, Water and Mean temperature efficiencies

Air vs Mw	
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	Water vs Mw	
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	Mean vs Mw	
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	Water mass flow rate (Kg/s)


Temperature efficiencies (%)





Water mass flow vs Heat transfer co-efficient	
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	Water mass flow rate (Kg/s)


Heat transfer co-efficient (W/m^2.K)





Heat transfer co-efficient Vs Air mass flow rate	
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	Air mass flow rate (Kg/s)


Heat transfer co-efficient (w/m^2.K)




Air mass flow rate vs Heat lost by heat exchanger vs Power absorbed by air

Heat lost by heat exchanger	
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	Power absorbed into Air (W)	
0.11525491675216527	0.10312932996829996	8.9312042623799701E-2	7.2940683636501469E-2	5.154227707254793E-2	3.6420117663111908E-2	370.65981227496343	331.66392517805258	296.20338936183174	271.22993210233068	227.91994921480708	190.33153490742279	Air mass flow rate (Kg/s)


Heat lost by exchanger (W)


Power absorbed by air (W)


Air mass flow rate (Kg/s)



Heat emitted by exchanger and Heat absorbed by air Vs Air mass flow rate

Heat emitted by exchanger	
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	Power absorbed by Air	
0.1158123611325001	0.10371451342844216	8.9259376593317702E-2	7.2316543230604602E-2	5.0097636890428926E-2	3.6517012061578161E-2	279.33941505159049	250.15940638940236	215.29361634308216	181.69531486689408	161.11400023961937	132.11854963878983	Air mass flow rate (Kg/s)


Heat emitted by exchanger (W)


Power absorbed by air (W)




Air, Water and Mean Temp efficiencies Vs Air mass flow rate

Air Temp efficiency vs Air mass flow rate	
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	Water Temp efficiency vs Air mass flow rate	
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	Mean Temmp efficiency Vs Air mass flow rate	
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	Air mass flow rate (Kg/s)


Temperature efficiency (%)





Heat transfer co-efficient Vs Air mass flow rate	
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	Air mass flow rate (Kg/s)


Heat transfer co-efficient (w/m^2.K)




Temp. Efficiencies Vs Air mass flow rate

Air Temp. Efficiency vs Air mass flow	
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	Water Temp. Efficiency Vs Air mass flow rate	
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	Mean Temp. Efficiency Vs Air mass flow rate	
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	Air mass flow rate (Kg/s)


Temperature Efficiency (%)





Heat transfer co-efficient Vs Air mass flow rate	
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	Air mass flow rate (Kg/s)
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Air Temp. 1 - 

In (Deg C)

Air Temp. 2 -  

Out (Deg C)

Air Temp. 3 

Ambient 

(Deg C)

26.5 31.9 25.7

27 32 26.8

27 31.8 26.7

26.2 30.5 25.6

26.2 29.4 25.9
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Experiment 1

Flow (L/min)

Ambient 

pressure(BAR)

Press. Drop 

(Pa)

Orifice 

Diameter 

(mm)

Water 

temp.1 - In 

(Deg C)

Water 

temp. 2 - 

Out

2.25 1.031 249 100.11 60.5 56.7

1.75 1.031 248 100.11 60.8 56

1.25 1.031 251 100.11 60.5 54.2

0.75 1.031 249 100.11 59.5 50.2

0.24 1.031 250 100.11 60.2 39.1

Tank Temperature 60 Deg C
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Air Temp. 1 - 

In (Deg C)

Air Temp. 2 -  

Out (Deg C)

Air Temp. 3 

Ambient 

(Deg C)

26.2 29.4 25.9

26.1 29.3 25.6

26.2 29.5 25.7

26 29.7 25.2

26.2 30.6 25.4

26.3 31.5 25
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Experiment 2

Pressure 

Drop (Pa)

Ambient 

pressure(BAR)

Flow 

(L/Min)

Orifice 

Diameter 

(mm)

Water 

temp.1 - In 

(Deg C)

Water 

temp. 2 - 

Out

250 1.031 0.24 100.11 60.2 39.1

200 1.031 0.24 100.11 58.1 38.6

150 1.031 0.24 100.11 58.1 39

100 1.031 0.24 100.11 58 40.1

50 1.031 0.24 100.11 58.3 41.9

25 1.031 0.25 100.11 58.6 43.6

Tank Temperature 60 Deg C
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Air Temp. 1 - 

In (Deg C)

Air Temp. 2 -  

Out (Deg C)

Air Temp. 3 

Ambient 

(Deg C)

24.9 27.3 24.4

24.6 27 24.1

25 27.4 24.6

25.7 28.2 25

25.3 28.5 24.2

25.5 29.1 24.2
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Experiment 3

Pressure 

Drop (Pa)

Ambient 

pressure(BAR)

Flow 

(L/Min)

Orifice 

Diameter 

(mm)

Water 

temp.1 - In 

(Deg C)

Water 

temp. 2 - 

Out

251 1.031 0.25 100.11 49.4 34.2

201 1.031 0.24 100.11 48.3 33.8

149 1.031 0.25 100.11 47.9 34.2

98 1.031 0.25 100.11 47.8 35.4

47 1.031 0.25 100.11 47.9 36.8

25 1.031 0.25 100.11 48.2 37.7

Tank Temperature 45 Deg C
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Experiment 1

Flow (L/min)

Ambient 

pressure(BAR)

Press. Drop 

(Pa)

Orifice 

Diameter 

(mm)

Water 

temp.1 - In 

(Deg C)

Water 

temp. 2 - 

Out

Delta Water 

temp. (Deg 

C)

Average 

Water 

temp. (Deg 

C)

Water 

Density 

(Kg/m^3)

Mass flow 

rate (Kg/s)

Cp Water 

(J/Kg.K)

Heat energy 

transfer (W)

Temp. 

Efficiency 

Water (%)

2.25 1.031 249 100.11 60.5 56.7 3.8 58.6 983.895847 0.03689609 4183.50432 -586.5488853 11.17647059

1.75 1.031 248 100.11 60.8 56 4.8 58.4 983.996977 0.02869991 4183.42036 -576.3062183 14.20118343

1.25 1.031 251 100.11 60.5 54.2 6.3 57.35 984.523961 0.02051092 4182.98915 -540.5207119 18.80597015

0.75 1.031 249 100.11 59.5 50.2 9.3 54.85 985.751655 0.0123219 4182.02716 -479.2336726 27.92792793

0.24 1.031 250 100.11 60.2 39.1 21.1 49.65 988.179513 0.00395272 4180.32065 -348.6485693 62.05882353

Experiment 2

Pressure 

Drop (Pa)

Ambient 

pressure(BAR)

Flow 

(L/Min)

Orifice 

Diameter 

(mm)

Water 

temp.1 - In 

(Deg C)

Water 

temp. 2 - 

Out

Delta Water 

temp. (Deg 

C)

Average 

Water 

temp. (Deg 

C)

Water 

Density 

(Kg/m^3)

Mass flow 

rate (Kg/s)

Cp Water 

(J/Kg.K)

Heat energy 

transfer (W)

Temp. 

Efficiency 

Water (%)

250 1.031 0.24 100.11 60.2 39.1 21.1 49.65 988.179513 0.00395272 4180.32065 -348.6485693 62.05882353

200 1.031 0.24 100.11 58.1 38.6 19.5 48.35 988.759049 0.00395504 4179.95763 -322.3717323 60.9375

150 1.031 0.24 100.11 58.1 39 19.1 48.55 988.670621 0.00395468 4180.01177 -315.7348295 59.87460815

100 1.031 0.24 100.11 58 40.1 17.9 49.05 988.448385 0.00395379 4180.14986 -295.8413462 55.9375

50 1.031 0.24 100.11 58.3 41.9 16.4 50.1 987.976301 0.00395191 4180.45235 -270.9403227 51.09034268

25 1.031 0.25 100.11 58.6 43.6 15 51.1 987.51998 0.00411467 4180.75599 -258.0362543 46.43962848

Experiment 3

Pressure 

Drop (Pa)

Ambient 

pressure(BAR)

Flow 

(L/Min)

Orifice 

Diameter 

(mm)

Water 

temp.1 - In 

(Deg C)

Water 

temp. 2 - 

Out

Delta Water 

temp. (Deg 

C)

Average 

Water 

temp. (Deg 

C)

Water 

Density 

(Kg/m^3)

Mass flow 

rate (Kg/s)

Cp Water 

(J/Kg.K)

Heat energy 

transfer (W)

Temp. 

Efficiency 

Water (%)

251 1.031 0.25 100.11 49.4 34.2 15.2 41.8 991.50327 0.00413126 4178.545 -262.3925986 62.04081633

201 1.031 0.24 100.11 48.3 33.8 14.5 41.05 991.798088 0.00396719 4178.43096 -240.3612705 61.1814346

149 1.031 0.25 100.11 47.9 34.2 13.7 41.05 991.798088 0.00413249 4178.43096 -236.5624573 59.82532751

98 1.031 0.25 100.11 47.8 35.4 12.4 41.6 991.58229 0.00413159 4178.51356 -214.072569 56.10859729

47 1.031 0.25 100.11 47.9 36.8 11.1 42.35 991.284469 0.00413035 4178.63524 -191.5775001 49.11504425

25 1.031 0.25 100.11 48.2 37.7 10.5 42.95 991.043289 0.00412935 4178.73993 -181.1824073 46.25550661

Tank Temperature 60 Deg C

Tank Temperature 60 Deg C

Tank Temperature 45 Deg C


image11.emf
Air Temp. 1 - 

In (Deg C)

Air Temp. 2 -  

Out (Deg C)

Air Temp. 3 

Ambient 

(Deg C)

Delta Air 

Temp. (Deg 

C)

Average Air 

Temp. (Deg 

C)

Air Density 

(Kg/m^3)

Mass Flow 

rate -Air 

(Kg/s)

Air Cp 

(J/Kg.K)

Heat energy 

transfer Air 

(W)

Temp 

Efficiency - 

Air (%)

Mean Temp. 

Efficiency 

(%)

LMTD

U 

(W/m^2.K)

Area of 

Orifice A 

(m^2)

26.5 31.9 25.7 5.4 29.2 1.18561696 0.114757989 1005 622.791604 15.8823529 13.5294118 29.1585041 129.11346 0.00787127

27 32 26.8 5 29.5 1.18445266 0.114471071 1005 575.217132 14.7928994 14.4970414 28.6209125 129.241615 0.00787127

27 31.8 26.7 4.8 29.4 1.18480978 0.115178715 1005 555.622121 14.3283582 16.5671642 27.5787032 125.797221 0.00787127

26.2 30.5 25.6 4.3 28.35 1.18896116 0.11491972 1005 496.625571 12.9129129 20.4204204 25.9077839 118.727031 0.00787127

26.2 29.4 25.9 3.2 27.8 1.19112354 0.115254917 1005 370.659812 9.41176471 35.7352941 19.3743652 115.502917 0.00787127

Air Temp. 1 - 

In (Deg C)

Air Temp. 2 -  

Out (Deg C)

Air Temp. 3 

Ambient 

(Deg C)

Delta Air 

Temp. (Deg 

C)

Average Air 

Temp. (Deg 

C)

Air Density 

(Kg/m^3)

Mass Flow 

rate -Air 

(Kg/s)

Air Cp 

(J/Kg.K)

Heat energy 

transfer Air 

(W)

Temp 

Efficiency - 

Air (%)

Mean Temp. 

Efficiency 

(%)

LMTD

U 

(W/m^2.K)

Area of 

Orifice A 

(m^2)

26.2 29.4 25.9 3.2 27.8 1.19112354 0.115254917 1005 370.659812 9.41176471 35.7352941 19.3743652 115.502917 0.00787127

26.1 29.3 25.6 3.2 27.7 1.19209891 0.10312933 1005 331.663925 10 35.46875 18.3698349 112.637823 0.00787127

26.2 29.5 25.7 3.3 27.85 1.19208351 0.089312043 1005 296.203389 10.3448276 35.1097179 18.4923117 109.58821 0.00787127

26 29.7 25.2 3.7 27.85 1.19266247 0.072940684 1005 271.229932 11.5625 33.75 19.2182771 98.804555 0.00787127

26.2 30.6 25.4 4.4 28.4 1.19106399 0.051542277 1005 227.919949 13.7071651 32.3987539 19.9223545 87.2902079 0.00787127

26.3 31.5 25 5.2 28.9 1.18937985 0.036420118 1005 190.331535 16.0990712 31.2693498 20.5731606 80.5030362 0.00787127

Air Temp. 1 - 

In (Deg C)

Air Temp. 2 -  

Out (Deg C)

Air Temp. 3 

Ambient 

(Deg C)

Delta Air 

Temp. (Deg 

C)

Average Air 

Temp. (Deg 

C)

Air Density 

(Kg/m^3)

Mass Flow 

rate -Air 

(Kg/s)

Air Cp 

(J/Kg.K)

Heat energy 

transfer Air 

(W)

Temp 

Efficiency - 

Air (%)

Mean Temp. 

Efficiency 

(%)

LMTD

U 

(W/m^2.K)

Area of 

Orifice A 

(m^2)

24.9 27.3 24.4 2.4 26.1 1.19788191 0.115812361 1005 279.339415 9.79591837 35.9183673 13.8894182 121.255116 0.00787127

24.6 27 24.1 2.4 25.8 1.19966754 0.103714513 1005 250.159406 10.1265823 35.6540084 13.535675 113.976973 0.00787127

25 27.4 24.6 2.4 26.2 1.19866914 0.089259377 1005 215.293616 10.4803493 35.1528384 13.2596034 114.511166 0.00787127

25.7 28.2 25 2.5 26.95 1.19626428 0.072316543 1005 181.695315 11.3122172 33.7104072 13.2858185 103.420172 0.00787127

25.3 28.5 24.2 3.2 26.9 1.19705614 0.050097637 1005 161.114 14.159292 31.6371681 14.2758112 86.1343247 0.00787127

25.5 29.1 24.2 3.6 27.3 1.19571687 0.036517012 1005 132.11855 15.8590308 31.0572687 14.5270559 80.0517747 0.00787127
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