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[bookmark: _Toc6168728]Introduction
This is a laboratory report to show the methodology, and results, that were collected from conducting three experiments using a water to air heat exchanger. The aim of the first experiment was to show how changing the water flow rate effects the performance when the air flow and water temperature were fixed. The second experiment was to show how changing air flow rate effects the performance of the heat exchanger when the water temperature and water flow were fixed. The third experiment was to show how changing the heater tank temperature from 60 degrees to 45 degrees effects the performance of the heat exchanger when the water flow rate was fixed. 


[bookmark: _Toc6168729]Literature Review
What is a heat exchanger?
A heat exchanger is a device that is used to transfer heat (energy) between two or more liquids or gases at different temperatures. The liquid or gas will flow from hot to cold (kakac & Liu, 2002). An example of where a heat exchanger would be used in motorsport engineering is a car radiator. The purpose of the car radiator is to transfer the heat from the coolant to the air that is flowing through it (Nice, 2000). Other examples of where heat exchangers are used are refrigerators, air conditioning units and central heating boilers.  
Types of heat exchangers
[image: ]A shell and tube is a common type of heat exchanger (see Figure 2.1).[bookmark: _Toc6168754]Figure 2.1 Shell and tube heat exchanger (Zarea & K, 2016)







A Plate heat exchanger is another widely used heat exchanger (see Figure 2.2). 
[image: Image result for Plate heat exchanger]




[bookmark: _Toc6168755]Figure 2.2- Plate heat exchanger (Tu & Zhou, 2015)

Heat exchanger flow 
There are three main types of heat exchanger flow which are Parallel flow, Cross-flow and counter flow. Parallel flow is when both the liquid or gas enter the heat exchanger separately at the same end of the heat exchanger and then flow in the same direction to the other end of the heat exchanger (see Figure 2.3). There is a large temperature difference between the fluids that enter the heat exchanger. As the fluid flows this temperature difference reduces. (Zimmerman, 2018)
[image: https://www.engineersedge.com/heat_transfer/images/parall2.gif][bookmark: _Toc6168756]Figure 2.3- Parallel flow heat exchanger (Engineers Edge, 2019)







Crossflow flow heat exchanger is when one fluid flows through the tubes whilst the other fluid flows around the tubes at 90 degrees (see Figure 2.4). (Cengel & Cimbala, 2017).
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[bookmark: _Toc6168757]Figure 2.4- Crossflow heat exchanger (Cengel & Cimbala, 2017)


A counterflow heat exchanger is the opposite of the parallel flow heat exchanger. The fluids enter the heat exchanger at each end and then flows in the opposite direction to each other (Zimmerman, 2018) (see Figure 2.5).
[image: https://www.engineersedge.com/heat_transfer/images/parall2.gif][bookmark: _Toc6168758]Figure 2.5- Counter flow heat exchanger (Engineers Edge, 2019)
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[bookmark: _Toc6168731]Experiment 1
To setup the experiment for varying the water flow rate, follow the steps below;
· Make sure the heat exchanger connections are setup for parallel flow.
· Set the heater tank temperature to 60 oC.
· Create a blank results table (see Figure 3.1).
· Before starting the experiment, take a note of the ambient pressure inside the laboratory.
· Check the orifice and take a note of the diameter. This will be found of the surface of the orifice.
· Set the orifice pressure drop to 250 Pa (tolerance +/- 5 Pa) by switching on the fan and using the slide valve to alter the pressure.
· Set the water flow rate to 2.25 L/min (tolerance +/- 0.01 L/min) by switching on the water pump and using the hand operated water supply valve to alter the flow rate.
· Leave for four minutes for the heat exchanger results to stabilise. 
· Repeat this experiment for water flow rate of 1.75, 1.25, 0.75 and 0.25 L/min. Remember to leave four minutes before recording any results. 
[image: ]
[bookmark: _Toc6168759]Figure 3.1- Blank results table for experiment 1
[bookmark: _Toc6168732]
Experiment 2
To setup the experiment for varying the air flow rate, follow the steps below; 
· Check the heat exchanger connections are set up for parallel flow.
· Set the heater tank temperature to 60 oC. 
· Create a blank results table (see Figure 3.2).
· Set the orifice pressure drop to 250 Pa (tolerance +/- 5 pa).
· Set the water flow rate to 0.25 L/min (tolerance +/- 0.01 L/min).
· Leave for four minutes for the results to stabilise.
· Repeat this experiment for air flow rates of 200, 150, 100, 50 and 25 Pa. Remember to leave four minutes before recording any results. 
[image: ]
[bookmark: _Toc6168760]Figure 3.2- Blank results table for experiment 2
[bookmark: _Toc6168733]Experiment 3
To setup the experiment for varying temperature (driving force), Follow the steps below; 
· Check the heat exchanger connections are setup for parallel flow.
· Set the heater tank temperature to 45 oC.
· Create a blank results table (see Figure 3.3).
· Now repeat the steps in experiment 2. 
[image: ]
[bookmark: _Toc6168761]Figure 3.3- Blank results table for experiment 3


[bookmark: _Toc6168734]Equations
[bookmark: _Toc6168735]Water Flow Conversion 

[bookmark: _Toc6168781]Equation 1- Water Flow Conversion
[bookmark: _Toc6168736]Airflow Conversion 

[bookmark: _Toc6168782]Equation 2- Airflow Conversion
[bookmark: _Toc6168737]Average Water Temperature

[bookmark: _Toc6168783]Equation 3- Average Water Temperature
[bookmark: _Toc6168738]Average Air Temperature 

[bookmark: _Toc6168784]Equation 4- Average Air Temperature
[bookmark: _Toc6168739]Specific Heat Capacity of Water 

[bookmark: _Toc6168785]Equation 5- Specific Heat Capacity of Water
* The specific heat capacity of water at 15°C is 4185.5 J/kg.k
[bookmark: _Toc6168740]Heat Emitted (Water)

[bookmark: _Toc6168786]Equation 6- Heat Emitted (Water)
[bookmark: _Toc6168741]Heat Absorbed (Air)

[bookmark: _Toc6168787]Equation 7- Heat Absorbed (Air)
*CpA = 1005 J/kg.k
[bookmark: _Toc6168742]Water Temperature Efficiency 

[bookmark: _Toc6168788]Equation 8- Water Temperature Efficiency
[bookmark: _Toc6168743]Air Temperature Efficiency 

[bookmark: _Toc6168789]Equation 9- Air Temperature Efficiency
[bookmark: _Toc6168744]Mean Temperature Efficiency 

[bookmark: _Toc6168790]Equation 10- Mean Temperature Efficiency
[bookmark: _Toc6168745]Logarithmic Mean Temperature Difference (LMTD)

[bookmark: _Toc6168791]Equation 11- LMTD
[bookmark: _Toc6168746]Heat Transfer Coefficient (U)

[bookmark: _Toc6168792]Equation 12- Heat Transfer Coefficient(U)


[bookmark: _Toc6168747]Results & Analysis
· The orifice diamter was 0.100011m and the orifice area was 0.00786262m2.
· Cd (orifice) was 0.6.
· Spefic heat capacity of air was 1005 J/kg.k.
· Heat exhanger surface area was 0.1558m2.
[bookmark: _Toc6168748]Experiment 1
[image: ]Figure 4.1 shows the results that were collected from completing the first experiment for the effect of varying the water flow rate. 
[bookmark: _Toc6168762]Figure 4.1- Results collected from experiment 1
[image: ]
[bookmark: _Toc6168763]Figure 4.2- Results calculated for experiment 1 (table 1)
[image: ]
[bookmark: _Toc6168764]Figure 4.3- Results calculated for experiment 1 (table 2)
Figure 4.2 and Figure 4.3 show the results that were calculated using the results that were collected from completing the experiment and using the equations listed above (see section 3.4 Equations). Using these, graphs were produced against water mass flow rate (kg/s) for the heat emitted and absorbed, the temperature efficiency and the heat transfer coefficient. 
	








[bookmark: _Toc6168765]Figure 4.4- Heat emitted and absorbed from experiment 1


Figure 4.4 is the graph showing the heat emitted and absorbed (energy) from the heat exchanger during experiment 1. This shows that the heat emitted from the water and absorbed by the air improves as the water mass flow rate increases to 0.04 kg/s. As both values are similar it suggests a good energy balance coefficient which varies from -0.97 to -1.06 (see Figure 4.3).  The results suggest increasing the water mass flow would not further improve the heat transfer.
[bookmark: _Toc6168766]Figure 4.5- Graph showing the temperature efficiency from experiment 1









Figure 4.5 is the graph showing the temperature efficiency of the water and air in the heat exchanger. The graph shows the water efficiency decreases significantly while the air efficiency increases slightly with water mass flow rate. This is because of the greater temperature changes with the water compared with the air. Therefore, the mean temperature efficiency of the heat exchanger during the first experiment shows a steady decrease with increasing water mass flow. [bookmark: _Toc6168767]Figure 4.6- Graph showing the heat transfer coefficient for experiment 1












Figure 4.6 shows the heat transfer coefficient of the heat exchanger for the first experiment. This graph shows a slight increase in heat transfer coefficient as the water mass flow rate increases. As it is only a slight increase it suggests that increasing the water flow further would not make a significant improvement to the performance of the heat exchanger. 

[bookmark: _Toc6168749]Experiment 2
Figure 4.7 below shows the results that were collected from completing the experiment for the effect of varying the air flow rate. 
[image: ]
[bookmark: _Toc6168768]Figure 4.7- Results collected from experiment 2

[image: ]
[bookmark: _Toc6168769]Figure 4.8- Results from calculations for experiment 2 (table 1)

[image: ]
[bookmark: _Toc6168770]Figure 4.9- Results from calculations for experiment 2 (table 2)
Figure 4.8 and Figure 4.9 show the results that were calculated for experiment 2. From this, graphs were produced against air mass flow rate (kg/s) for the heat emitted and heat absorbed, the temperature efficiency of the air and water and the heat transfer coefficient of the heat exchanger during experiment 2. 










[bookmark: _Toc6168771]Figure 4.10- Graph showing heat emitted and absorbed for experiment 3

Figure 4.10 shows the heat emitted and absorbed by the heat exchanger (energy) during the second experiment. The results are reasonably linear which shows that the heat emitted from the water and heat absorbed by the air improve with an increase of air mass flow. The energy balance coefficient is greater for experiment 2 which ranges from -0.77 to -1.06 (see Figure 4.9). The results suggest that increasing the air mass flow beyond 0.125 kg/s would increase the heat transfer further. 









[bookmark: _Toc6168772]Figure 4.11- Graph showing the temperature efficiency for experiment 2


Figure 4.11 is the temperature efficiency of the heat exchanger during experiment 2. The water efficiency increases slightly whilst the air temperature efficiency decreases as the air flow rate increases.
[bookmark: _Toc6168773]Figure 4.12- Graph showing the heat transfer coefficient for experiment 2










Figure 4.12 shows the heat transfer coefficient of the heat exchanger during experiment 2. The results give a linear trend for the heat transfer coefficient when the air flow rate increases. Therefore, this suggests that the heat transfer will improve as the air mass flow rate is increased further. 

[bookmark: _Toc6168750]Experiment 3
Figure 4.13 shows the results that were collected whilst completing the experiment for the effect of varying the temperature (driving force). 
[image: ]
[bookmark: _Toc6168774]Figure 4.13- Results collected from experiment 3
[image: ]
[bookmark: _Toc6168775]Figure 4.14- Results from calculations for experiment 3 (table 1)
[image: ]
[bookmark: _Toc6168776]Figure 4.15- Results from calculations for experiment 3 (table 2)
Figure 4.14 and Figure 4.15 show the results that were calculated for experiment 3. From this, graphs were produced against air mass flow rate (kg/s) for the heat emitted and absorbed, a graph comparing the heat emitted during experiment 2 and experiment 3, the temperature efficiency of the water and air and the heat transfer coefficient for experiment 3. 

[bookmark: _Toc6168777]Figure 4.16- Graph showing heat emitted and absorbed for experiment 3

Figure 4.16 is a graph showing the heat emitted and absorbed from the heat exchanger during the third experiment. At 45 degrees the results are lower for the heat emitted from the water and absorbed by the air. 









[bookmark: _Toc6168778]Figure 4.17- Graph comparing heat emitted from experiment 2 and experiment 3

Figure 4.17 is the graph comparing the heat emitted by the heat exchanger from experiment 2 and experiment 3. The trends are similar, but as expected the heat emitted is greater at 60 degrees compared to the heat emitted at 45 degrees. 
[bookmark: _GoBack]










[bookmark: _Toc6168779]Figure 4.18- Graph showing the temperature efficiency for experiment 3


Figure 4.18 shows the temperature efficiency of the heat exchanger during experiment 3. The results show similar trends to the results from the second experiment. 









[bookmark: _Toc6168780]Figure 4.19- Graph showing the heat transfer coefficient for experiment 3


Figure 4.19  shows the heat transfer coefficient of the heat exchanger for experiment 3. This shows a similar trend to the results from the second experiment which shows that it affected less compared to heat emitted from the heat exchanger at 45 degrees.

[bookmark: _Toc6168751]Conclusion 
The results collected from the first experiment suggest that the performance of the heat exchanger would not improve significantly with an increase in water flow. The results collected from the second experiment show that the performance of the heat exchanger could be improved further if the air flow rate was increased. The results from the third experiment show that heat exchanger has reached the limit of heat transfer at 45 degrees therefore, increasing the air flow would not improve the performance any further. Any errors in the results collected could be from the atmospheric conditions when the experiment was completed. 


References
Cengel, Y. & Cimbala, J., 2017. FUNDERAMENTALS OF THERMAl-FLUID SCIENCES. 5th ed. New York: McGraw-Hill Education.
Engineers Edge, 2019. Parallel and Counter Flow Designs. [Online] 
Available at: https://www.engineersedge.com/heat_transfer/parallel_counter_flow_designs.htm
[Accessed 12 04 2019].
kakac, S. & Liu, H., 2002. HEAT EXCHANGERS. 2nd Edition ed. Coral Gables, Florida: CRC PRESS.
Nice, K., 2000. How Car Cooling Systems Work. [Online] 
Available at: https://auto.howstuffworks.com/cooling-system6.htm
[Accessed 13 04 2019].
Tu, S.-T. & Zhou, G.-y., 2015. Compact Heat Exchangers in Clean Energy Systems. [Online] 
Available at: https://www.researchgate.net/figure/Basic-structure-of-plate-heat-exchanger-PHE-Source-Reproduced-with-permission-from_fig5_283325770
[Accessed 12 04 2019].
Zarea, H. & K, M., 2016. Economic design of shell-and-tube heat exchangers using Bees Algorith. [Online] 
Available at: ttps://www.researchgate.net/figure/A-schematic-of-a-shell-and-tube-heat-exchanger-STHE-Bees-algorithm-BA-The-Bees_fig1_296905754
[Accessed 11 04 2019].
Zimmerman, A., 2018. Model Heat Transfer in Heat Excahngers. [Online] 
Available at: http://empoweringpumps.com/modeling-heat-transfer-in-heat-exchangers-applied-flow-technology/
[Accessed 13 04 2019].



Heat Emitted (Water) & Heat Absorbed (Air)

Heat Emitted (Air)	3.6891341199385405E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	672.43652781368439	649.35864848663891	614.57157803199755	544.90546219384748	405.64378336455678	Heat Emitted (Water)	3.6891341199385405E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	-694.52544334998038	-636.40380584434286	-600.68926356373186	-535.99266625901907	-383.87455741247805	Water Mass Flow Rate (kg/s) 


Heat Absorbed (Watts)


Heat Emitted (Watts)




Temperature Efficiency 

Water Efficiency 	3.6891341199385405E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	11.968085106382977	14.247311827956983	19.021739130434785	28.888888888888903	60.762942779291542	Air Efficiency 	3.6891341199385405E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	15.425531914893616	15.053763440860211	14.402173913043473	13.055555555555554	9.5367847411444142	Mean Efficiency	3.6891341199385405E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	13.696808510638297	14.650537634408597	16.711956521739129	20.972222222222229	35.149863760217976	Water Mass Flow Rate (kg/s)


Temperature Efficiency (%)




Heat Transfser Coefficient 

3.6891341199385405E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	-138.54558569366523	-129.93990320411456	-127.52186252757805	-123.88807774334084	-115.93801281303868	Water Mass Flow Rate (kg/s)


Heat Transfer Coefficient (W/m^2.K)



Heat Emitted (Water) & Heat Absorbed (Air)

Heat Absorbed (Air)	0.11532161573974606	0.10314678882767275	8.9312679553124719E-2	7.2972720239745215E-2	5.1590797280676823E-2	3.6480202603987079E-2	405.64378336455678	352.45257742415765	323.13327462320501	293.35033536377574	243.68913095527697	205.31058025523922	Heat Emitted (Water)	0.11532161573974606	0.10314678882767275	8.9312679553124719E-2	7.2972720239745215E-2	5.1590797280676823E-2	3.6480202603987079E-2	-383.87455741247805	-351.32265092186623	-339.26098731012854	-323.69362216003492	-296.00826825465413	-268.3577044922406	Air Mass Flow Rate (kg/s)


Heat Absorbed (Watts)


Heat Emitted (Watts)




Temperature Efficiency 

Water Efficiency 	0.11532161573974606	0.10314678882767275	8.9312679553124719E-2	7.2972720239745215E-2	5.1590797280676823E-2	3.6480202603987079E-2	60.762942779291542	58.959537572254341	57.434402332361536	54.810495626822167	50	45.481049562682223	Air Efficiency 	0.11532161573974606	0.10314678882767275	8.9312679553124719E-2	7.2972720239745215E-2	5.1590797280676823E-2	3.6480202603987079E-2	9.5367847411444142	9.8265895953757205	10.49562682215743	11.661807580174925	13.662790697674415	16.326530612244895	Mean Efficiency 	0.11532161573974606	0.10314678882767275	8.9312679553124719E-2	7.2972720239745215E-2	5.1590797280676823E-2	3.6480202603987079E-2	35.149863760217976	34.393063583815028	33.965014577259481	33.236151603498548	31.831395348837209	30.903790087463559	Air Mass Flow Rate (kg/s)


Temperatuer Efficiency (%)




Heat Transfer Coeffiecient 

U (W/m^2.K)	0.11532161573974606	0.10314678882767275	8.9312679553124719E-2	7.2972720239745215E-2	5.1590797280676823E-2	3.6480202603987079E-2	-115.93801281303868	-110.31370056103405	-106.28366548543741	-99.579940010708512	-87.824055698993973	-78.203544591801275	Air Mass Flow Rate (kg/s)


Heat Transfer Coeffiecent (W/m^2.K)
 



Heat Emitted (Water) & Heat Absorbed (Air) at 45°C



Heat Absorbed (Air)	0.11539948314614693	0.10316418729095374	8.9372964865121154E-2	7.2985041509607565E-2	5.1599505323152668E-2	3.6486360119872607E-2	289.94120140469414	248.83201974578026	233.53155719256171	212.71490347975143	176.31550968921258	139.34140929779349	Heat Emitted (Water)	0.11539948314614693	0.10316418729095374	8.9372964865121154E-2	7.2985041509607565E-2	5.1599505323152668E-2	3.6486360119872607E-2	-259.00534131203767	-246.93171469123646	-240.00730694683787	-229.6142325839925	-205.38488744607304	-188.07773131819661	Air Mass Flow Rate (kg/s) 


Heat Absorbed (Watts)





Heat Emitted at 60°C & 45°C



Heat Emitted (Water) at 45°C	0.11539948314614693	0.10316418729095374	8.9372964865121154E-2	7.2985041509607565E-2	5.1599505323152668E-2	3.6486360119872607E-2	-259.00534131203767	-246.93171469123646	-240.00730694683787	-229.6142325839925	-205.38488744607304	-188.07773131819661	Heat Emitted (Water) at 60°C	0.11532161573974606	0.10314678882767275	8.9312679553124719E-2	7.2972720239745215E-2	5.1590797280676823E-2	3.6480202603987079E-2	-383.87455741247805	-351.32265092186623	-339.26098731012854	-323.69362216003492	-296.00826825465413	-268.3577044922406	Air Mass Flow Rate (kg/s)


Heat Emitted (Watts)




Temperature Efficiency 

Water Efficiency 	0.11539948314614693	0.10316418729095374	8.9372964865121154E-2	7.2985041509607565E-2	5.1599505323152668E-2	3.6486360119872607E-2	60	59.33609958506225	57.438016528925608	54.732510288065853	49.583333333333336	45.798319327731086	Air Efficiency 	0.11539948314614693	0.10316418729095374	8.9372964865121154E-2	7.2985041509607565E-2	5.1599505323152668E-2	3.6486360119872607E-2	10	9.9585062240663831	10.743801652892566	11.93415637860083	14.166666666666664	15.966386554621851	Mean Efficiency 	0.11539948314614693	0.10316418729095374	8.9372964865121154E-2	7.2985041509607565E-2	5.1599505323152668E-2	3.6486360119872607E-2	35	34.647302904564313	34.090909090909086	33.333333333333343	31.875	30.882352941176467	Air Mass Flow Rate (kg/s)


Temperature Efficiency (%)




Heat Transfer Coefficient 

0.11539948314614693	0.10316418729095374	8.9372964865121154E-2	7.2985041509607565E-2	5.1599505323152668E-2	3.6486360119872607E-2	-114.37204735552916	-112.05834976227813	-106.91256095755647	-99.944934773083432	-87.42999324959365	-78.951748352772753	Air Mass Flow Rate (kg/s)


Heat Transfer Coeffiecient (W/m^2.K)
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FIGURE P22-120

22-121 A single-pass cross-flow heat exchanger uses hot
air (mixed) to heat water (unmixed), flowing with a mass
flow rate of 3 kg/s, from 30°C to 80°C. The hot air enters and
exits the heat exchanger at 220°C and 100°C, respectively. If
the overall heat transfer ent is 200 W/m*K, determine
the required surface area.

; 2047 J/kg-K) flowing with a flow rate of 0.026 s
enters the tube side at 75 while air (c,, 1007 J/kg-K)
enters the shell side at 30°C with a flow rate of 0.21
The overall heat transfer coefficient of the heat exchanger is
53 W/m?K and the total surface area is | m”. If the cor
tion factor is F = 0.96, determine the outlet temperatures m‘
the oil and air.

Air flow
(unmixed)

N
Oil flow
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FIGURE P22-123
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Experiment 1 - The Effect of Varing Water Flow Rate 
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Experiment 2 - The Effect of Varying Air Flow Rate
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Experiment 3 - Effect of Varying Temperature (Driving Force)
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Water Flow (L/min) Tw1 (°C) Tw2 (°C) Ta1 (°C) Ta2 (°C) Ta3 (°C)

2.25 61.1 56.6 23.5 29.3 23.3

1.75 60.8 55.5 23.6 29.2 23.2

1.25 60.4 53.4 23.6 28.9 23.2

0.75 59.7 49.3 23.7 28.4 23.3

0.25 60.5 38.2 23.8 27.3 23.5

Experiment 1 - The Effect of Varying Water Flow Rate 
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Calculations 

∆Tw (°C) ∆Ta (°C) Average Tw (°C ) Average Ta (°C ) ρA (kg.m^-3) ρW (kg.m^-3) Mass Flow (kg/s) Airflow (kg/s)

-4.5 5.8 58.85 26.4 1.20 983.77 0.0369 0.115

-5.3 5.6 58.15 26.4 1.20 984.12 0.0287 0.115

-7 5.3 56.9 26.25 1.20 984.75 0.0205 0.115

-10.4 4.7 54.5 26.05 1.20 985.92 0.0123 0.115

-22.3 3.5 49.35 25.55 1.20 988.31 0.0041 0.115
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C

p

W (J/kg.k)

Heat Emitted (Watts) Heat Absorbed (Watts)

C

EB

ηW (%) ηA (%) η (%) LMTD U 

(W/m^2.K)

4183.61 -694.53 672.44 -0.97 11.97 15.43 13.70 32.18 -138.55

4183.32 -636.40 649.36 -1.02 14.25 15.05 14.65 31.44 -129.94

4182.81 -600.69 614.57 -1.02 19.02 14.40 16.71 30.23 -127.52

4181.90 -535.99 544.91 -1.02 28.89 13.06 20.97 27.77 -123.89

4180.23 -383.87 405.64 -1.06 60.76 9.54 35.15 21.25 -115.94
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Air Pressure (Pa)  Tw1 (°C) Tw2 (°C) Ta1 (°C) Ta2 (°C) Ta3 (°C)

250 60.5 38.2 23.8 27.3 23.5

200 58.4 38 23.8 27.2 23.5

150 58.1 38.4 23.8 27.4 23.6

100 58.2 39.4 23.9 27.9 23.2

50 58.6 41.4 24.2 28.9 23.3

25 58.9 43.3 24.6 30.2 23.3

Experiment 2 - The Effect of Varying Air Flow Rate


image13.emf
Calculations 

∆Tw (°C) ∆Ta (°C) Average Tw (°C ) Average Ta (°C ) ρA (kg.m^-3) ρW (kg.m^-3) Mass Flow (kg/s) Airflow (kg/s)

-22.3 3.5 49.35 25.55 1.20 988.31 0.00412 0.115

-20.4 3.4 48.2 25.5 1.20 988.83 0.00412 0.103

-19.7 3.6 48.25 25.6 1.19 988.80 0.00412 0.089

-18.8 4 48.8 25.9 1.20 988.56 0.00412 0.073

-17.2 4.7 50 26.55 1.20 988.02 0.00412 0.052

-15.6 5.6 51.1 27.4 1.20 987.52 0.00411 0.036
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C

p

W (J/kg.k)

Heat Emitted (Watts) Heat Absorbed (Watts)

C

EB

ηW (%) ηA (%) η (%) LMTD U 

(W/m^2.K)

4180.23 -383.87 405.64 -1.06 60.76 9.54 35.15 21.25 -115.94

4179.92 -351.32 352.45 -1.00 58.96 9.83 34.39 20.44 -110.31

4179.93 -339.26 323.13 -0.95 57.43 10.50 33.97 20.49 -106.28

4180.08 -323.69 293.35 -0.91 54.81 11.66 33.24 20.86 -99.58

4180.42 -296.01 243.69 -0.82 50.00 13.66 31.83 21.63 -87.82

4180.76 -268.36 205.31 -0.77 45.48 16.33 30.90 22.03 -78.20
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Air Pressure (Pa) Tw1 (°C) Tw2 (°C) Ta1 (°C) Ta2 (°C) Ta3  (°C)

250 48.6 33.6 23.6 26.1 23.1

200 48.1 33.8 24 26.4 23.4

150 48.1 34.2 23.9 26.5 23.2

100 48.2 34.9 23.9 26.8 23.1

50 48.3 36.4 24.3 27.7 23.2

25 48.5 37.6 24.7 28.5 23.2

Experiment 3 - Effect of Varying Temperature (Driving Force)
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Calculations 

∆Tw (°C) ∆Ta (°C) Average Tw (°C ) Average Ta (°C ) ρA (kg.m^-3) ρW (kg.m^-3) Mass Flow (kg/s) Airflow (kg/s)

-15 2.5 41.1 24.85 1.20 991.78 0.00413 0.115

-14.3 2.4 40.95 25.2 1.20 991.84 0.00413 0.103

-13.9 2.6 41.15 25.2 1.20 991.76 0.00413 0.089

-13.3 2.9 41.55 25.35 1.20 991.60 0.00413 0.073

-11.9 3.4 42.35 26 1.20 991.28 0.00413 0.052

-10.9 3.8 43.05 26.6 1.20 991.00 0.00413 0.036
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C

p

W 

(J/kg.k)

Heat Emitted (Watts) Heat Absorbed (Watts)

C

EB

ηW (%) ηA (%) η (%) LMTD U (W/m^2.K)

4178.44 -259.01 289.94 -1.12 60.00 10.00 35.00 14.54 -114.37

4178.42 -246.93 248.83 -1.01 59.34 9.96 34.65 14.14 -112.06

4178.45 -240.01 233.53 -0.97 57.44 10.74 34.09 14.41 -106.91

4178.51 -229.61 212.71 -0.93 54.73 11.93 33.33 14.75 -99.94

4178.64 -205.38 176.32 -0.86 49.58 14.17 31.88 15.08 -87.43

4178.76 -188.08 139.34 -0.74 45.80 15.97 30.88 15.29 -78.95
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