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[bookmark: _Toc5985559]Introduction
[image: ]The aim of this report was to conduct three experiments in a standard 32 tube crossflow heat exchanger as shown in figure one; looking at the effects of variation in water flow rate, air flow rate and temperature. The experiments were conducted on the 19/02/2019 as a group laboratory session. The results gathered will be used to show how different water and air flow rates and temperatures affect the performance of the heat exchanger for a given fixed variable. This will be done by performing a series of calculations in Microsoft Excel and illustrated by graphs which will be explained further on in the report. The report structure will consist of a literature review into heat transfer and heat exchangers: their functions and types and the relevance of it in this report. A methodology into the operation of the heat exchanger, learning outcomes and explaining the aim, procedure, the results and analysis for the three experiments. A conclusion, looking back at the results and determining what they mean and finally, an evaluation into how and why the experiment was carried out and areas in which the experiment could be improved.[bookmark: _Toc5985542]Figure 1: TD1007 water to air heat exchanger 

[bookmark: _Toc5985560]Literature review
[bookmark: _Toc5985561]Heat transfer
In short context, heat transfer is a discipline of thermal energy, which is concerned with the exchange and/or conversion of energy between material bodies as a result of a temperature difference. There are three modes of heat transfer which can occur, these are: conduction, convection and radiation and are each shown in figure two below (Holman, 2010). In a bit more detail, conduction is the process whereby heat will flow from a hot to cold region if there is a temperature difference present between one or more mediums (Rogers & Mayhew, 1992). Convection, which can be natural or forced, occurs when fluid transfers heat from one location to another (Alfa Laval, 2004). Finally, radiation, is the process whereby heat transfer takes place in the form of electromagnetic waves (Doyle, 2019).

[bookmark: _Toc5985543]Figure 2: Diagram of three modes of heat transfer, from left to right: conduction, convection and radiation (Alfa Laval, 2004)




[bookmark: _Toc5985562]Heat exchanger
[bookmark: _Toc5985563]What is a heat exchanger?
A heat exchanger is a device used to exchange heat between two fluids that are at different temperatures while preventing them from intermixing. The fluid could be a liquid, such as water or oil, or moving air. Heat exchangers are commonly used in an array of industries and applications, such as: HVAC, power generation, refrigeration, pharmaceuticals, petrochemical, manufacturing and food and beverage processing (Baskharone, 2012).
[bookmark: _Toc5985564]Types of flow arrangements in a heat exchanger?
Heat exchangers are classified based on the arrangement of flow which occurs within the system, there are three main types of flow arrangements, these are: crossflow, parallel flow and counter flow, as shown in figure three (Huang, et al., 2019). A crossflow arrangement consists of two fluids flowing perpendicular to one another, for instance, one fluid will flow through a tube while the second fluid passes around the tube at 90° (Hofmann, 2000). A parallel flow arrangement consists of two fluids flowing independently but in the same direction, one fluid flows through the tube side and the other through the shell side (Li & Qing-qing, 2013). A counter flow arrangement consists of fluids flowing parallel to each other, but in opposite directions within the system. It is considered to be the most efficient of the three arrangements because it provides better thermal conductivity but allowing a larger change in temperature between both fluids (Vijay & Snehalatha, 2016).
[bookmark: _Toc5985544]Figure 3: Schematic diagram of three common flow arrangements, from left to right: parallel flow, counter flow and crossflow (Brogan, 2011)


[bookmark: _Toc5985565]Types of heat exchangers?
There are many types of heat exchangers available, each coming in different shapes and sizes depending on the application they are used for and the needs of the customer. However, the construction of most heat exchangers falls into two categories: shell and tube, or plate. Each built with a purpose of providing efficient heat transfer, but as in all mechanical devices, they both have their advantages and disadvantages.
Shell and tube heat exchanger
[image: Details of a shell and tube heat exchanger]Shell and tube heat exchangers are one of the most common types of exchangers used in industrial processing, for example, petrochemical plants. This exchanger consists of a vessel which contains a bundle of tubes inside and heat transfer occurs within these tubes and along the shell side of the vessel; therefore, categorising the flow arrangement as either parallel or cross/counter flow. The rate of heat transfer is dependent on several factors such as: shell diameter, tube geometry, number of tubes, feed temperature and pressure, baffle spacing and cutting spacing (Abd, et al., 2018). Some advantages of using this exchanger are: it can operate at higher temperatures and pressures, less expensive to install and can be repaired more easily and it is easier to detect and locate leaks (ScottTech, 2015).
[bookmark: _Toc5985545]Figure 4: Shell and tube heat exchanger (Thermofin, 2018)

Plate heat exchangers (PHEs)
[image: https://www.alfalaval.com/globalassets/images/microsites/gphe/gphe-parts-illustration.jpg]In many industries today, plate type heat exchangers are becoming more widespread because of their low cost, flexibility, easy maintenance and high thermal efficiency. A PHE is a counter flow exchanger which consists of corrugated plates fastened together between a fixed frame plate and a moveable pressure plate. The ‘plate pack’ produces turbulent flow when fluid runs along them as a result of the surface pattern used on the plate, thus producing high thermal efficiency (Elmaaty, et al., 2016).[bookmark: _Toc5985546]Figure 5: Gasket plate heat exchanger (Alfa Laval, 2019)







[bookmark: _Toc5985566]Methodology
Operation of the TD1007 heat exchanger[bookmark: _Toc5985547]Figure 6: Labelled TD1007 heat exchanger (TecQuipment Ltd, 2014)

[image: ]
The operation of the heat exchanger shown above involves an electrically operated valve which opens to allow the tank to fill up with clean, cold water. The tank has a system in place to protect it from low water level, overfilling and high temperatures. The water flow rate is controlled by a precision needle valve and a flow meter. Cool air passes through a vertical cylindrical inlet duct containing an orifice plate which connects to a differential pressure transducer. The air then travels and passes through a fixed speed centrifugal fan, where the fan accelerates the flow of air and changes the direction of flow 90° and forces it along the horizontal rectangular section of the duct. The air travels through the heat exchanger and exists through a hand operated slide-valve. The orifice located at the top of inlet duct works with an air pressure senor to measure and control air flow rate. Thermocouples used along the air duct to measure the ambient air temperature at the inlet and before and after the heat exchanger (TecQuipment Ltd, 2014).
[bookmark: _Toc5985568]Learning outcomes
At the end of this experiment, the following learning outcomes should be achieved:
· An understanding of heat transfer between fluids through a solid wall.
· An understanding of energy balance and efficiency.
· Finding the heat transfer coefficient and Logarithmic Mean Temperature Difference (LMTD) at each water flow rate and air pressure.
· An understanding of the effect of water temperature (the ‘driving force’).
· Comparing the actual midpoint temperature with the average based on overall inlet and outlet temperatures.















[bookmark: _Toc5985569]Experiment one
[bookmark: _Toc5985570]Aim
To show how different water flow rates affect the performance of the heat exchanger for a given fixed air flow and water temperature.
[bookmark: _Toc5985571]Procedure
1. Before commencing with the experiment make sure the heat exchanger has cooled down, if it has been used beforehand.
2. Begin by connecting and setting up the heat exchanger in a parallel flow arrangement and set a heater tank temperature of 60°C. As a result of the flow arrangement, water will enter the bottom of the heat exchanger and exit at the top.
3. Note the ambient (atmospheric) air pressure.
4. Inspect the top of the inlet duct, where the orifice is located, there will be a value stamped on the surface indicating the orifice diameter (in mm).
5. Turn on the fan and use the hand operated side valve to adjust an airflow which will produce an orifice drop of 250 Pa (+/- 5 Pa tolerance).
6. Turn on the pump and use the hand operated water supply valve to adjust the water flow to 2.25 L/minute (+/- 0.01 L/minute tolerance).
7. Allow at least five minutes for the heat exchanger temperatures to stabilize and then record all readings.
8. Repeat the procedure for flow rates 1.75, 1.25, 0.75 and 0.25 L/minute.
Results and analysis[bookmark: _Toc5985548]Figure 7: Results for heat emitted vs. heat absorbed (experiment one)


Heat energy (power) results for the standard heat exchanger. Figure seven shows the heat emitted by water vs the heat absorbed by air, the results plotted demonstrate that both air and water power increase with water flow. This is as a result of a gradual increase of water mass being heated (at 60°C), therefore, gradually increasing the energy emitted, and thus the flow of air absorbing the heat. This can be proven by the similar values between water and air power in the graph, showing a good energy balance coefficient which varies from 0.97 to 1.06. However, as the slope increases there is a sudden change in water power as it increases from 634.40 W to 692.29 W indicating a possible anomaly which could have occurred due to a sudden increase in water flow or external conditions.




[bookmark: _Toc5985549]Figure 8: Results for air, water and mean temperature efficiencies (experiment one)

Temperature efficiencies for the standard heat exchanger. Figure eight shows the deviation between air, water and mean temperature efficiency with respect to water flow rate. The results plotted show that as water efficiency decreases from 60.8% to 12.0%, air efficiency increases from 9.5% to 15.4%. However, even over the range of flow rates, the change in efficiency is still greater in water than that of air as a result of the higher temperature difference in the water compared to air. Hence, the mean temperature efficiency shows a gradual decrease from 35.2% to 13.7%, with increasing flow rate.






[bookmark: _Toc5985550]Figure 9: Results for heat transfer coefficient (experiment one)

[bookmark: _Hlk5738978]Heat transfer coefficient for the standard heat exchanger. Figure nine shows the initial increase of water flow rate at 0.25 L/min-1 where the heat transfer coefficient is 115.64 W.m-2.K-1 and gradually increases to 138.08 W.m-2.K-1 at 2.25 L/min-1. Between 123.52 and 129.51 W.m-2.K-1 the flow rate seems to stabilise, showing that that no improvement to the performance would occur by increasing the water flow past a certain optimum. However, as you can you continue along the graph there is a sudden increase in heat transfer coefficient.






[bookmark: _Toc5985573]Experiment two
[bookmark: _Toc5985574]Aim
To show how different air flow rates affect the performance of the heat exchanger for a given fixed water flow and temperature.
[bookmark: _Toc5985575]Procedure
1. Connect and set up the heat exchanger in a parallel flow arrangement and set a heater tank temperature of 60°C. As a result of the flow arrangement, water will enter the bottom of the heat exchanger and exit at the top.
2. Note the ambient (atmospheric)  air pressure.
3. Inspect the top of the inlet duct, where the orifice is located, there will be a value stamped on the surface indicating the orifice diameter (in mm).
4. Turn on the fan and use the hand operated side valve to adjust an airflow which will produce an orifice drop of 250 Pa (+/- 5 Pa tolerance).
5. Turn on the pump and use the hand operated water supply valve to adjust the water flow to 2.25 L/minute (+/- 0.01 L/minute tolerance).
6. Allow at least five minutes for the heat exchanger temperatures to stabilize and then record all readings.
7. Repeat the procedure for pressure values of 200, 150, 100 and 50 Pa.




Results and analysis[bookmark: _Toc5985551]Figure 10: Results for heat emitted vs heat absorbed (experiment two)


Heat energy (power) results for the standard heat exchanger. Figure ten shows how power transfer improves with air flow. Results are reasonably linear except for what appears to be an anomaly for water power towards the higher end of the trend. Once water power reaches 338.46 W it decreases slightly to 336.47 W and could be as a result of some slight loss of water power in the exchanger. Heat emitted by water is slightly greater than the heat absorbed by air at lower air flow rates, this could be as a result of possible heat loss through the duct or metalwork of the system. Furthermore, as air flow increases the difference in power between water and air reduces and the two values start to converge, indicating a good energy balance coefficient ranging from 0.77 to 1.06. In contrast to experiment one, increasing air flow rate could further increase the heat transfer.


[bookmark: _Toc5985552]Figure 11: Results for air, water and mean temperature efficiency (experiment two)

Temperature efficiencies for the standard heat exchanger. Figure eleven shows that as air flow increases from 0.036 kg.s-1 to 0.115 kg.s-1, water efficiency increases from 45.5% to 60.8%, while air efficiency decreases from 16.3% to 9.5%. The mean efficiency shows a gradual increase with air flow.










[bookmark: _Toc5985553]Figure 12: Results for heat transfer coefficient (experiment two)

[bookmark: _Hlk5835510]Heat transfer coefficient for the standard heat exchanger. Figure twelve shows a reasonable increase in heat transfer coefficient from 77.99 W.m-2.K-1 to 115.64 W.m-2.K-1 with increasing flow rate as a result of an increased air flow improving the heat exchanger performance. Once again, the trend line suggests increasing air flow rate could increase the heat transfer coefficient.






[bookmark: _Toc5985577]Experiment three
[bookmark: _Toc5985578]Aim
To show how different hot water supply temperatures affect the performance of the heat exchanger for a given fixed water flow. 
[bookmark: _Toc5985579]Procedure
1. Connect and set up the heat exchanger in a parallel flow arrangement and set a heater tank temperature of 45°C. As a result of the flow arrangement, water will enter the bottom of the heat exchanger and exit at the top.
2. Note the ambient (atmospheric)  air pressure.
3. Inspect the top of the inlet duct, where the orifice is located, there will be a value stamped on the surface indicating the orifice diameter (in mm).
4. Turn on the fan and use the hand operated side valve to adjust an airflow which will produce an orifice drop of 250 Pa (+/- 5 Pa tolerance).
5. Turn on the pump and use the hand operated water supply valve to adjust the water flow to 2.25 L/minute (+/- 0.01 L/minute tolerance).
6. Allow at least five minutes for the heat exchanger temperatures to stabilize and then record all readings.
7. Repeat the procedure for pressure values of 200, 150, 100 and 50 Pa.




Results and analysis[bookmark: _Toc5985554]Figure 13: Results for heat emitted vs heat absorbed (experiment three)


Heat energy (power) results for the standard heat exchanger. Figure thirteen shows that at 45°C water and air power increase as air flow increases. The graph is supposed to show both plots trailing off towards the end suggesting a reduced driving force at 45°C. This trail does occur with water power, however, as you can see from air power that there is an unexpected increase in air power suggesting an anomaly with the  results. 
At both temperatures (45°C and 60°C) the efficiency of heat transfer plots shows a similar set of results. At 45°C there is no effect on heat transfer coefficient in contrast to power because it allows for the starting temperature through the Logarithmic Mean Temperature Difference (LMTD) term. This factors in the available power, which is lower at 45°C temperature.



[bookmark: _Toc5985555]Figure 14: Comparison of water powers (experiment three)

[bookmark: _Hlk5917884]Comparison of water powers for the standard heat exchanger. Figure fourteen shows the comparison of water power when the temperature was set at 60°C and then changed to 45°C. As you can see from the results plotted, as air flow increases from 0.036 kg.s-1 to 0.115 kg.s-1, water power at 60°C increases at a higher rate than when the temperature is at 45°C, however, both temperatures increase at a gradual rate.  









[bookmark: _Toc5985556]Figure 15: Results for air, water and mean temperature efficiencies (experiment three)

Temperature efficiencies for the standard heat exchanger. Figure fifteen shows how air flow increases from 0.036 kg.s-1 to 0.115 kg.s-1, water efficiency increases from  44.5% to 60% and air efficiency decreases from 15.9% to10%.











[bookmark: _Toc5985557]Figure 16: Results for heat transfer coefficient (experiment three)

Heat transfer coefficient for the standard heat exchanger. Figure sixteen shows how the heat transfer coefficient increases from 75.56 W.m-2.K-1 to 114.12 W.m-2.K-1 as air flow increases.











[bookmark: _Toc5985581]Conclusion
The aim of this report was to conduct three experiments in a standard 32 tube crossflow heat exchanger; looking at the effects of variation in water flow rate, air flow rate and temperature. From the results gathered and performing a series of calculations on MS Excel and producing a total of ten graphs, the results were as expected for all three experiments.
Experiment one – by setting a heater tank temperature of 60°C and an orifice pressure of 250 Pa ± 5, it was found that as water flow increased, the heat emitted by water and the heat absorbed by air also increased as a result of greater amount of water mass releasing energy. It was discovered that both water and air temperature efficiencies changed with respect to water flow. Temperature efficiency was at its highest when the heat emitted was at its lowest, suggesting greater water efficiency as a result of higher temperature changes. Likewise, as air efficiency increased air power also increased indicating a lower temperature efficiency due to lower temperature changes in air. As a result, the heat transfer coefficient produces a steady but gradual increase.
Experiment two – by keeping the heater temperature at 60°C and setting a constant water flow of 0.25 L/min-1 it was found that as air pressure increased water and air power improved with air flow. However, there is some suggestion of possible heat loss through the system and thus resulting in a slight difference in results between the heat emitted and heat absorbed. This time water efficiency increased while air flow decreased and the heat transfer also increased as a result of improved air flow which increases the heat exchanger performance.
Experiment three – by decreasing the heater temperature to 45°C and keeping the water flow at 0.25 L/min-1 it was found that water and air power had a reduced driving force at this temperature, indicating that the heat transfer was close to its limit. A comparison was made between water power at 45°C and 60°C which showed that when the temperate was at its highest more power was emitted over the range of flow rate. Similar to experiment two, water efficiency increased while air efficiency decreased as well as an increase in the heat transfer coefficient.


[bookmark: _Toc5985582]Evaluation
[bookmark: _Toc5985583]How the laboratory experiment was carried out?
The experiment was performed in a group by nine members, these members were; Callum, Christopher, Habtom, Ifan, James, Maximillian, Ryan, Stuart and Zhangwei. The group decided that it would be easier to set roles for each member so that the experiment could be conducted appropriately and that everyone had some part to play in the experiment. For instance, Callum, Habtom, James and Max were responsible for recording the results, Ryan and Ifan were responsible for adjusting the water, air and pressure values on the heat exchanger. Stuart was responsible for providing the air and water temperature results to the members recording and Christopher and Zhangwei were responsible for taking photos.
[bookmark: _Toc5985584]Why the laboratory was carried out?
As environmental concerns continue to rise around thermal, air and water pollution as well as the disposal of waste, the emphasis on designing and utilising highly efficient heat exchangers are increasing (Zhang, et al., 2018). This is the reason why the experiment conducted in this report is important for engineers learning about thermodynamics and heat transfer to put their theoretical knowledge into practise and understand how heat exchangers work and under what conditions they work best. This information will come in handy in their future careers as engineers as they might one day be responsible for designing a heat exchanger for a company or a customer who want it to be as efficient as possible.
[bookmark: _Toc5985585]If you were performing the experiment again, what would you do different and why?
If I were to perform this experiment again I would do the following to improve it:
Utilise the Versatile Data Acquisition System (VDAS) as it can be used to automatically log data from the experiment, create graphs and tables of the data as well as automatically calculate the data and export it to another software which would result in saving time and reducing any errors.
Ensure the equipment is correctly calibrated, functioning, clean and ready to use. For instance, the water and air flow displays are set at zero, there are no bits of debris inside the air duct or in the water supply, thermocouples are not damaged and can provide appropriate temperature readings and fixings and fasteners are correctly tightened. Using equipment that is not correctly calibrated, functioning or clean can influence inaccurate results particularly with measurements of mass and volume and sensitive data such as temperature efficiencies and heat transfer coefficient.
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Heat emitted vs. Heat absorbed

Air power	3.6891341199385419E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	672.36652246225458	647.99629107098269	613.28220404932279	542.67368019134187	404.79284450497016	Water power	3.6891341199385419E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	692.29154196526315	634.40028611704838	598.86886006326665	534.48129660106383	382.93961548784461	Water mass flow rate (kg.s-1)


Air power (Watts)


Water power (Watts)




Air, water & mean temperature efficiencies

Water	3.6891341199385419E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	11.968085106382977	14.247311827956983	19.021739130434785	28.888888888888903	60.762942779291542	Air	3.6891341199385419E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	15.425531914893616	15.053763440860211	14.402173913043473	13.055555555555554	9.5367847411444142	Mean	3.6891341199385419E-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-1)


Temperature efficiency (%)




Heat transfer coefficient

Heat transfer coefficient	3.6891341199385419E-2	2.8703589006306297E-2	2.0515578524220944E-2	1.2324005667286661E-2	4.1179760250035519E-3	138.07957771767641	129.51170858907651	127.11663879099849	123.52050859871515	115.63856995717268	Water mass flow rate (kg.s-1)


Heat transfer coefficient (W.m-2.K-1)



Heat emitted vs. Heat absorbed

Water power	0.11507969993033962	0.10267276425372703	8.9125331561876756E-2	7.3182815532180243E-2	5.1994840884465411E-2	3.6403670081361111E-2	382.93961548784461	336.47285825914588	338.45835675921921	322.91671757342647	295.27451710944962	267.6719066484078	Air power	0.11507969993033962	0.10267276425372703	8.9125331561876756E-2	7.3182815532180243E-2	5.1994840884465411E-2	3.6403670081361111E-2	404.79284450496959	350.83283545498512	322.45544959086988	294.19491843936459	245.59763091777234	204.87985521790029	Air mass flow rate (kg.s-1)


Air power (Watts)


Water power (Watts)




Air, water & mean temperature efficiencies

Water	0.11507969993033962	0.10267276425372703	8.9125331561876756E-2	7.3182815532180243E-2	5.1994840884465411E-2	3.6403670081361111E-2	60.762942779291542	58.959537572254341	57.434402332361536	54.810495626822167	50	45.481049562682223	Air	0.11507969993033962	0.10267276425372703	8.9125331561876756E-2	7.3182815532180243E-2	5.1994840884465411E-2	3.6403670081361111E-2	9.5367847411444142	9.8265895953757205	10.49562682215743	11.661807580174925	13.662790697674415	16.326530612244895	Mean	0.11507969993033962	0.10267276425372703	8.9125331561876756E-2	7.3182815532180243E-2	5.1994840884465411E-2	3.6403670081361111E-2	35.149863760217976	34.393063583815028	33.965014577259481	33.236151603498548	31.831395348837209	30.903790087463559	Air mass flow rate (kg.s-1)


Temperature efficiency (%)




Heat transfer coefficient

0.11507969993033962	0.10267276425372703	8.9125331561876756E-2	7.3182815532180243E-2	5.1994840884465411E-2	3.6403670081361111E-2	115.63856995717268	105.63533936017899	106.01656671309362	99.326272825049529	87.593424700730068	77.992178990186858	Air mass flow rate (kg.s-1)


Heat transfer coefficient (W.m-2.K-1)



Heat emitted vs. Heat absorbed

Air power	0.11515736465990244	0.10320481443908472	8.9185459975909404E-2	7.2831912333574611E-2	5.1491249324891887E-2	3.6409811569398286E-2	289.3328787080049	248.9300124270722	233.04160691705141	212.26860849620334	175.94559894315552	139.04907038353207	Water power	0.11515736465990244	0.10320481443908472	8.9185459975909404E-2	7.2831912333574611E-2	5.1491249324891887E-2	3.6409811569398286E-2	258.4801998755363	246.43223794223502	239.52029525955805	229.14523727805974	204.95944835666828	182.50624567080359	Air mass flow rate (kg.s-1)


Air power (Watts)


Water power ( Watts)




Comparison of water powers

Water power at 60 Degrees	0.11515736465990244	0.10320481443908472	8.9185459975909404E-2	7.2831912333574611E-2	5.1491249324891887E-2	3.6409811569398286E-2	382.93961548784461	336.47285825914588	338.45835675921921	322.91671757342647	295.27451710944962	267.6719066484078	Water power at 45 Degrees	0.11515736465990244	0.10320481443908472	8.9185459975909404E-2	7.2831912333574611E-2	5.1491249324891887E-2	3.6409811569398286E-2	258.4801998755363	246.43223794223502	239.52029525955805	229.14523727805974	204.95944835666828	182.50624567080359	Air mass flow rate (kg.s-1)


Water power (Watts)




Air, water & mean temperature efficiencies

Water	0.11515736465990244	0.10320481443908472	8.9185459975909404E-2	7.2831912333574611E-2	5.1491249324891887E-2	3.6409811569398286E-2	60	59.33609958506225	57.438016528925608	54.732510288065853	49.583333333333336	44.537815126050425	Air	0.11515736465990244	0.10320481443908472	8.9185459975909404E-2	7.2831912333574611E-2	5.1491249324891887E-2	3.6409811569398286E-2	10	9.9585062240663831	10.743801652892566	11.93415637860083	14.166666666666664	15.966386554621851	Mean	0.11515736465990244	0.10320481443908472	8.9185459975909404E-2	7.2831912333574611E-2	5.1491249324891887E-2	3.6409811569398286E-2	35	34.647302904564313	34.090909090909086	33.333333333333343	31.875	30.252100840336137	Air mass flow rate (kg.s-1)


Temperature efficiency (%)




Heat transfer coefficient

0.11515736465990244	0.10320481443908472	8.9185459975909404E-2	7.2831912333574611E-2	5.1491249324891887E-2	3.6409811569398286E-2	114.12330697811085	111.81517898780218	106.67987031825082	99.726071581631615	87.23601047394574	75.559333996109274	Air mass flow rate (kg.s-1)


Heat transfer coefficient (W.m-2.K-1)
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Figure 2 The Water to Air Heat Exchanger
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