

Introduction

Cross flow heat exchangers can be used in cooling. A heat exchanger is a device that transfers heat from one place to another. Heat is transferred through conduction through the exchanger materials which are used to separate the two mediums being used. For example, a shell and tube exchanger flows fluid over tubes to heat or cool the fluid inside the pipe, whereas an air-cooled exchanger flows cool air through a core of fins which then cool a liquid. (Thermex, 2019)
A heat exchanger is something used to transfer heat from one matter to another in an efficient way. Fluids such as. Water or oil are liquids that can be used transfer heat, or this could also be air. A commonly known form of heat exchanger is a car radiator. Heat from the engine of the car is transferred through the radiator into the air, after being cooled by cold water running through the radiator. These are used to prevent the car from overheating. Similar systems to this are used in air crafts and other machinery. Air-to-liquid cooling is a form of cooling where heat is exchanged from the air to the liquid.  The principle is the same for heating.

There are also exchangers called tube and fin heat exchangers, these provide air-to-liquid or liquid-to-air cooling. They consist of fin, tubes, header with inlet and outlets, and a fan plate. The tubes allow for liquid coolant to flow through and the fins create surface area to increase convection. Copper is often used here due to its impressive thermal conductivity. (lytron, 2019)

Cross flow exchangers exist when one fluid is flowing perpendicular to another fluid, one fluid will flow through a tube and a second fluid will pass around the tubes at a 90-degree angle. Large volumes of vapour are able to be condensed using this type of heat exchanger.





















Heat exchanger used in this experiment
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Above are photographs taken of the heat exchanger used in this experimental procedure. Figure 1 shows the entire heat exchanger, the labels show where the recordings are taken from for the values of water and air temperature 1,2 and 3. 
Figure 2 shows how the air flow is limited in order to create the pressure drop, the panel can be adjusted to set the pressure.  
Figure 3 is an image of the orifice which is where the air is taken in.


Experiment one – The effect of varying water flow rate

Aim 

The aim of this experiment is to show the difference water flow rate has on the effect of the performance of a heat exchanger for a given fixed air flow and water temperature.


Experimental procedure 

· Setup and connect the 32-tube heat exchanger. Connect for a parallel flow and set the heater tank temperature to 60°C. The water will enter at the bottom of the exchanger and leave from the top.
· Take note of the ambient air pressure and inspect the orifice air intake and check its diameter. 
· Switch on the fan and set the airflow to drop the pressure by 250 Pa.  
· Switch on the pump and twist the water flow rate dial to 0.25 L/minute.
· Wait five minutes for the temperature to stabilise then record all readings needed.
· Repeat the process. For the flowrates of 1.75,1.25, 0.75 and 0.25 L per minute.
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The results from the graph comparing heat energy power and mass flow rate of water show that there is an improvement in power as the mass flow rate increases. The slope is curved and reaches a maximum power transfer when the mass flow rate reaches just above 0.035 kg.s-1. 
The heat absorbed by the air and the emitted by the water have very similar power outputs. This can be seen on the graph with the orange line showing heat energy absorbed by the air and the blue line showing the heat energy emitted by the water. This shows a good. Energy balance between the two. It can be seen that the energy emitted by the water starts off slightly lower at just under 400 Watts but then levels out and finishes the same at 700 Watts.
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Figure 5


The temperature efficiency for this heat exchanger shows a decrease in water flow as the water flow rate increases. However, a slight increase in air efficiency as the water flow rate rises. This result is expected as there is a higher range of temperature change in water than there is in the air, this results in a steady decline in the average temperature efficiency. 

At a low flow rate, the heat exchanger produces a higher drop in temperature which correlates to a higher temperature efficiency for the water. However, the temperature efficiency begins to drop in the water and rise slightly in the air, leading to them ending in a much closer region of around 15%.







Experiment 1 graph 3 




Figure 6


This graph compares the heat transfer coefficient with the mass flow rate of water. The heat transfer coefficient can be seen increasing from the 119 W/m^2.K mark and although not showing a smooth curve, it begins to level out at the 134 W/m^2.K point. This proposes that past this point, the water flow rate has no effect on the performance of the exchanger.















Experiment 2 

Aim

To show how changing air flow rate affects the performance of the heat exchanger when the water flow and temperature are fixed to a given number.


Procedure
· Make sure connections are set up for parallel flow and set the temperature of the heater tank to 60 degrees Celsius. 
· Take note of the ambient pressure on the day of the experiment. This can be done online. Check and take note of the diameter of the orifice.
· Switch on the fan and set the airflow to drop the pressure by 250 Pa.  
· Switch on the pump and twist the water flow rate dial to 0.25 L/minute.
· Wait five minutes for the temperature to stabilise then record all readings needed.



Results
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Figure 7




The above graph shows the improvement in power transfer (in watts) is improved as the air flow rate is increased. The results shown are close to a linear pattern and are relatively similar to eachother. In the lower region of the air flow, the heat absorbed by the air is slightly lower than the heat emitted by the water. In this case the gradient doesn’t level out which could suggest that the power would continue to increase as the mass flow rate of air increases. 
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Figure 8


This graph compares the temperature efficiency for the heat exchanger, the results show that that the water temperature efficiency increases with rising air flow rate. However, the air temperature efficiency decreases with the same level of air flow. The change is almost at the exact same rate but in the opposite direction. The average temperature efficiency shows a small increase as the air flow increases from 0.05 to 0.1. kg.s-1 





Graph 3



Figure 9



The results for the heat transfer coefficient when compared to increased mass air flow rate display an almost linear rise. This means that increased air flow into the system improves the performance of the heat exchanger. The rise does not look as if it will level out which suggests that as the air flow is increased even more the heat transfer coefficient could continue to rise.









Experiment 3 

Aim

To show how changing water supply temperatures affect the performance of the heat exchanger when the water flow and temperature are fixed to a given number.


Procedure 
· Make sure the connections are for parallel flow and set the temperature of the heater tank to 45 Degrees Celsius. 
· Repeat the procedure from experiment 2 


Graph 1 


Figure 10

In the first experiment where the temperature was set at 60 degrees, the results for increase in power as air flow was increased showed a steadier rise in power. This graph shows the same comparison with the temperature set to 45 degrees instead. Whilst the temperature is set to a lower degree, the power output is much lower, however, it does increase at a higher power than the results in experiment one – due to the temperature being higher.
In this graph it can be observed that the water power begins higher at approximately 50 watts more but then levels out and ends up lower than the air by about the same amount. 

Graph 2 
Figure 11
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This graph shows almost the same result as the second experiment which was also set at 60 degrees. This shows that the lower temperature does not have a direct impact on the efficiency.
















Graph 3 


Figure 12



This graph shows the same result as the experiment at 60 degrees.


Experimental conclusions.


From the results in this experiment it can be seen that the mass flow rate of air into the heat exchanger does have an impact on the outputs of the exchanger. When comparing to heat transfer coefficient, temperature efficiency and power it has become clear that these are all effected by an increase in flow rate of air.
The difference in temperature showed similar results in the separate experiments and a key feature is that as the flow rate of air increases the general consensus is that power is also increased, as well as heat transfer coefficient.

The experiment concludes that water flow rate does have an effect on heat exchange and the effect of varying temperature doesn’t necessarily affect the results of the experiment but does show a slight difference with the lower driving force.
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Water mass flow rate v energy power output

Qw	3.6897043209335172E-2	2.8705790052931768E-2	2.0519701569175826E-2	1.2327898822316991E-2	4.1210191203854794E-3	694.61173436200988	672.46825277507946	617.95272731886598	551.59761593792314	385.83950373255288	Qa	3.6897043209335172E-2	2.8705790052931768E-2	2.0519701569175826E-2	1.2327898822316991E-2	4.1210191203854794E-3	699.84571366926571	663.87066123314912	628.35880773166537	557.59776140797123	415.72100754721822	Mass flow rate Water (Kg/s)


Power (watts)




Water mass flow v temperature efficiency

Temp eff water	3.6897043209335172E-2	2.8705790052931768E-2	2.0519701569175826E-2	1.2327898822316991E-2	4.1210191203854794E-3	11.627906976744187	14.659685863874333	19.251336898395728	29.234972677595632	61.53846153846154	Temp eff air	3.6897043209335172E-2	2.8705790052931768E-2	2.0519701569175826E-2	1.2327898822316991E-2	4.1210191203854794E-3	15.245478036175708	14.659685863874342	14.171122994652407	12.841530054644807	9.6153846153846168	Mean temp eff	3.6897043209335172E-2	2.8705790052931768E-2	2.0519701569175826E-2	1.2327898822316991E-2	4.1210191203854794E-3	13.436692506459949	14.659685863874337	16.711229946524067	21.038251366120221	35.57692307692308	Mass flow rate Water (Kg/s)


temperature efficiency (%) 




Heat transfer coefficient

Heat transfer coef	3.6897043209335172E-2	2.8705790052931768E-2	2.0519701569175826E-2	1.2327898822316991E-2	4.1210191203854794E-3	134.16982402873859	133.725458243936	129.08085346504254	125.53484144883828	118.87162777437365	Mass flow rate Water (Kg/s)


U (W/m^2.K)




Air mass flow rate vs power output

Qw	0.11520604338290653	0.10308612373213792	8.9214640271486526E-2	7.2824677391143067E-2	5.1477259113621394E-2	385.83950373255288	361.83413541372454	346.24177640549914	332.37243934444058	304.68967113008358	Qa	0.11520604338290653	0.10308612373213792	8.9214640271486526E-2	7.2824677391143067E-2	5.1477259113621394E-2	415.72100754721822	371.98627748741967	331.1290588316495	300.32896956107402	260.057965316104	Mass flow rate Air (Kg/s)


power (watts)




Air mass flow v temp efficiencies

Water temp eff	0.11520604338290653	0.10308612373213792	8.9214640271486526E-2	7.2824677391143067E-2	5.1477259113621394E-2	61.53846153846154	60	57.925072046109506	55.300859598853854	50.141643059490079	Air temp eff	0.11520604338290653	0.10308612373213792	8.9214640271486526E-2	7.2824677391143067E-2	5.1477259113621394E-2	9.6153846153846168	10	10.374639769452452	11.461318051575931	13.881019830028333	Mean tenp eff	0.11520604338290653	0.10308612373213792	8.9214640271486526E-2	7.2824677391143067E-2	5.1477259113621394E-2	35.57692307692308	35	34.149855907780982	33.381088825214896	32.011331444759207	Mass flow rate Air (Kg/s)


Temperature efficiency (%)




Air mass flow rate vs Heat tranfer coefficient

U 	0.11520604338290653	0.10308612373213792	8.9214640271486526E-2	7.2824677391143067E-2	5.1477259113621394E-2	118.87162777437365	114.12812310783383	107.72707917495907	100.85070268852866	88.461055328615288	Mass flow rate Air


Heat transfer coef (W/m^2.K)




Air mass flow rate v power output

Qw	0.115283636281673	0.10314688773607771	8.9319713494055195E-2	7.2916492528330309E-2	5.152477327102007E-2	290.07556335314263	267.72024926762134	255.61598034374299	234.84835777075781	212.32701779409703	Qa	0.115283636281673	0.10314688773607771	8.9319713494055195E-2	7.2916492528330309E-2	5.152477327102007E-2	320.91505831729302	276.49554726533006	239.43042399216449	218.01302101045468	180.61494022423369	Mass flow rate Air (Kg/s)


power (watts)




Air mass flow v temp efficiencies

Water temp eff	0.115283636281673	0.10314688773607771	8.9319713494055195E-2	7.2916492528330309E-2	5.152477327102007E-2	61.992619926199275	60.784313725490193	58.964143426294811	54.618473895582333	49.397590361445779	Air temp eff	0.115283636281673	0.10314688773607771	8.9319713494055195E-2	7.2916492528330309E-2	5.152477327102007E-2	9.9630996309963074	10.196078431372554	10.3585657370518	11.64658634538152	13.654618473895578	Mean tenp eff	0.115283636281673	0.10314688773607771	8.9319713494055195E-2	7.2916492528330309E-2	5.152477327102007E-2	35.977859778597789	35.490196078431374	34.661354581673308	33.132530120481924	31.52610441767068	Mass flow rate Air (Kg/s)


Temperature efficiency




Air mass flow rate v Heat transfer coefficient

U 	0.115283636281673	0.10314688773607771	8.9319713494055195E-2	7.2916492528330309E-2	5.152477327102007E-2	121.39095471581837	117.45582520113929	111.41899744359537	99.27051115291917	86.427330345746981	Mass flow rate Air


Heat transfer coef (W/m^2.K)
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