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Heat exchangers are very useful pieces of equipment for transferring heat from one place to another. There are different types of heat exchanger like counter flow, cross flow and parallel flow, they all have their uses but for this exercise a cross flow heat exchanger was used, it also happens to be the most efficient of the 3 types mentioned. In this laboratory exercise 3 experiments were conducted, the first studying the effect of varying the water flow rate through the heat exchanger. The second experiment was varying the air flow rate through the heat exchanger, and the 3rd experiment was the same but at a different water temperature. 
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Starting this laboratory exercise, it was important to be familiar with the heat exchange and how to operate it to achieve accurate results. It is setup as a parallel flow heat exchanger. The heat exchanger allows for accurate control and measurement of temperatures throughout the water and air systems. The water coming into the heat exchange can precisely be controlled to allow for experiments to be done at different temperatures. Viable that are fixed and do not change from experiment to experiment are the ambient air pressure (10040 Mb), the discharge coefficient (.6), the area od the heat exchanger pipes (.1558 m^2), and the air inlet diameter (100.11 mm). the air inlet diameter needed to be used in m^2 which was .007878. (TecQuipment, 2014) The ambient air temperature in the laboratory was around 26 degrees Celsius for the entire laboratory exercise.
The four major data points that needed to be recorded were the temperatures of the intake and output for the water and air streams. Accompanied by the recordings from the water and flow rates and water temperature.
[bookmark: _Toc38854203]Experiment 1
For experiment 1 only the water flow rate was to be changed. The heat exchange was set at a pressure drop of 250 Pa. the water flow was set to the first flow rate and the temperature readings of the heat exchanger could stabilize for about 5 minutes before they were recorded. Then the new flow rate was input into the heat exchanger and the readings were left to stabilize for 5 minutes, this was done for all flow rates through experiment 1 to achieve accurate results.
[bookmark: _Toc38854204]Experiment 2 and 3
For experiment 2 and 3 the Air flow rate was varied, and the water flow rate was left alone. The water temperature was kept at 60 degrees Celsius and the flow rate was set at .25 l/min. The pressure drop was set to 250 Pa and the temperature readings could stabilize for 5 minutes before they were recorded. Then the pressure drop was changed to the new pressure drop and the readings were left to stabilize for 5 minutes before the readings were recorded. This was done for each air flow rate in the experiment to ensure accurate results. For experiment 3, experiment 2 was redone but with the water temperature of the heat exchanger set to 45 degrees Celsius.
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[bookmark: _Toc38854206]Experiment 1
This part of the laboratory exercise examined the effect of varying the water flow rate through the heat exchanger had on the performance of the heat exchanger. The water flowing through the heat exchanger had a set temperature of 60 degrees Celsius. The air flow was given a pressure drop of 250Pa through the heat exchanger. Flow rates that were used to look at the performance of the heat exchanger were .25, .75, 1.25, 1.75, and 2 L/min. 
The average temperature as shown in figure 1 differ a good amount between data sets. The average air temperature is much higher than the average water temperature, the real difference comes in the fact that the average water temperature changes with flow rate the average air temperature does not save for the last recording where there was an experimental error. 
Figure 1. Average Temperatures

Figure 2 shows us the change in water and air temperatures. The trend in the change in water temperature data is expected and does start to level off towards the last few readings. The change in water temperature is higher at the lower flow rate because at the lower water flow rate the water has an opportunity to sit in the heat exchanger and as the air passes through so the water cools down more. The effect is less at higher flow rates because the water gets in and out of the pipes quicker. The change in air does rise a small amount but almost a negligible amount this is because at the high flow rates the piping is a more uniform temperature and is able to heat the air a small amount more. 


Figure 2.Change in Temperatures

Figure 3 looks at temperature efficiencies of the water, air, and the average of the two plotted against the mass flow rate of the water in kg/s. As shown by the graph the temperature efficiency of the water goes down as the flow rate increases, this points to the fact that the difference in water temperature change is greatest at the lower flow rates. The efficiency is higher because the water cools down more at the lower flow rates.
 
Figure 3. Efficiencies

Figure 4 looks at the heat emitted by the heat exchanger and the power absorbed by the air. In general they follow the same line which is expected of an ideal heat exchanger. This is not an ideal heat exchanger though so around the lower flow rates the power absorbed by the air starts to spike before returning to the trend of the heat emitted. This could be due to the system not being an ideal heat exchanger and environmental factors interfering. 

Figure 4. Heat and Power
Figure 5 looks at the overall heat transfer coefficient for the system. The higher the flow rate the high the heat transfer starts to get but it does peak and starts to drop. Pointing to the fact that when the water moves through the pipes faster the heat exchanger is more efficient. The drop towards the end could be because of environmental factors or more likely experimental errors.


Figure 5. Overall Heat Transfer Coefficient

[bookmark: _Toc38854207]Experiment 2
Experiment 2 was different from experiment 1 because in experiment 1 the water flow rate through the pipes of the heat exchanger was the changing variable. Controlled by closing off the output orifice the give a set pressure drop through the heat exchanger the air flow rate in monitored and the desired results are recorded. This was done for pressure drops of 250, 200, 150, 100, 50, and 25 Pascals. Like experiment 1 intake and output temperatures were taken for water and air slows. 
Figure 6 displays the change in temperatures for the water and air streams. As the change in pressure decreases the change in water temperature increase. This is due to the fact that at the lower air flow rates the heat exchanger gets the chance to effectively heat the air more meaning the output temperature is going to be higher the lower the flow rate. The change in water temperatures changes decreases with the lower flow rates opposite of the air. The water in the heat exchanger pipe gets less cooler air when the air flow is less, consequently the water cools less. 


Figure 6. Change in Temp 2

Figure 7 exhibits the average water and air temperatures. The average water temperature correlates positively with the average air temperature. They both increase the lower the flow rate is. A total increase in temperatures shows that the heat exchanger does not work as well for cooling purposes at the lower air flow rates. 

Figure 7. Average Temp 2

Figure 8 presents the figures for the heat emitted by the heat exchanger and the power absorbed by the air. Looking at the graph it’s clear that at higher air mass flow rates the more heat is emitted along with the more power is absorbed by the air. This also eludes to the fact that at higher air mass flow rates the heat exchanger is more efficient in cooling and getting rid of heat.

Figure 8. Heat and Power 2

Figure 9 shows the temperature efficiencies for the air, water, and the mean of the two. Looking at the data the graph shows the water temperature efficiency increases with the increase in air mass flow rates, meaning the water is more efficient when there is more air passing over it. The temperature efficiency of the air has a downward slope, this means as the Air mass flow rate increases the temperature efficiency of the air decreases. Mainly because the air gets less heat when there is more of it moving through the heat exchanger. 


Figure 9. Efficiency 2
Figure 10 displays the overall heat transfer coefficient for the heat exchanger. The graph clearly shows that with an increase in air mass flow rate the overall heat transfer coefficient also increases. Meaning that with a higher air mass flow rate the heat exchanger is more efficient. 


Figure 10. Overall Heat Transfer Coefficient 2

[bookmark: _Toc38854208]Experiment 3 
Experiment 3 was experiment 2 but with the water temperature lowered from 60 degrees Celsius to 45 degrees Celsius. Much of the data trends the exact same as experiment 2 so its not worth mentioning here. The one place that allows us to draw a reasonable conclusion about the difference in the two experiments was the overall heat transfer coefficient. Figure 11. This shows us that the heat transfer coefficient was lower in experiment 3 but follows the same trend as in experiment 2. The lower values at the same air mass flow rates come down to the simple fact that there is just less heat to transfer.
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Experiment 1 demonstrates how the changing of the water flow rate effects the performance of the heat exchanger. Drawing conclusions from the data the parallel flow heat exchanger tends to perform better at higher Water mass flow rates. Looking at the figure showing the heat emitted by the water and absorbed by the air the number goes up with the increase in water mass flow rate. The lines on the graph do start to level off which point to the number having a maximum value. The total heat transfer coefficient also rises with a higher water mass flow rate. Although it peaks and starts to decrease the final 2 readings. This could be because of experimental errors or other environmental factors. 
Experiment 2 and 3 show that temperature does not affect the characteristics of the heat exchanger and even at a lower water temperature the heat exchanger still behaves similarly to a heat exchanger with a higher water temperature. The data collected from each experiment looks incredibly similar, the only difference being the magnitude of the values recorded. The heat emitted and power absorbed is more linear than in experiment 1 which could be because the water flow rate does not change. Also the overall heat transfer coefficient is more linear than in experiment 1, possibly because of the changing variable being the air mass flow rate. Another point to make about experiments 2 and 3 is the fact that the average temperature f both the air and water streams are lower with high air mass flow rates, this makes sense because more air moving through a heat exchanger leads to lower operating temperatures.
	To improve the performance of this heat exchanger fins could have been added to increase the surface area the cooling air stream passes over. Also increasing the air speed and mass flow rates of both the air and water streams would improve the performance of the heat exchanger. The performance of the heat exchanger does benefit from the fact that its setup in a crossflow multi-pass system. (Goodson, 2020)

[bookmark: _Toc38854210]Conclusion
In conclusion Varying the water mass flow rate through a parallel flow heat exchanger causes the heater exchanger to perform better or worse depending on what the user is going for. Increasing the water mass flow rate allows for more heat transfer to occur between the air and water streams. Varying the air mass flow rate instead of the water mass flow rate has a similar effect although in some areas like change in temperature or average temperature. Also in some area the trend of change is more linear than that of the experiment where the water mass flow rate was changing. In general for this heat exchanger and other heat exchangers the more and more water flow that there is the better the heat exchanger will perform.
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Change in Temp.

Water	0.25	0.75	1.25	1.75	2	21.200000000000003	9.6000000000000014	6.6000000000000014	4.8999999999999986	4.2999999999999972	Air	2.8999999999999986	4.1000000000000014	4.6999999999999993	5	5.1000000000000014	Flow Rate L/min


Temp. C




Efficiencies

Water Efficiency	4.148444088841536E-3	1.2427713219185328E-2	2.0696881517249202E-2	2.896344065988404E-2	3.3095797319686669E-2	64.437689969604875	34.909090909090914	23.07692307692308	17.073170731707311	14.930555555555546	Air Efficiency	4.148444088841536E-3	1.2427713219185328E-2	2.0696881517249202E-2	2.896344065988404E-2	3.3095797319686669E-2	8.8145896656534912	14.860681114551086	14.114114114114113	14.836795252225517	15.044247787610624	Mean Efficiency	4.148444088841536E-3	1.2427713219185328E-2	2.0696881517249202E-2	2.896344065988404E-2	3.3095797319686669E-2	36.626139817629181	24.884886011820999	18.595518595518598	15.954982991966414	14.987401671583086	Water Mass Flow Rate Kg/s


%




Heat and Power

Heat Emitted	4.148444088841536E-3	1.2427713219185328E-2	2.0696881517249202E-2	2.896344065988404E-2	3.3095797319686669E-2	367.6404039549148	498.93458842018339	571.3911330730059	593.72951970502709	595.39585547992772	Power Absorbed	4.148444088841536E-3	1.2427713219185328E-2	2.0696881517249202E-2	2.896344065988404E-2	3.3095797319686669E-2	353.93153509564365	585.81771326175533	573.61317756880192	610.2267846476617	622.43132034061512	Water Mass Flow Kg/s


Heat and Power




U

U	4.148444088841536E-3	1.2427713219185328E-2	2.0696881517249202E-2	2.896344065988404E-2	3.3095797319686669E-2	129.11944181028369	131.26889080915444	134.53267935709675	133.88467739439625	132.02276478073358	Water Mass Flow Rate


U




Change in Temp.

Air	200	150	100	50	25	3.1000000000000014	3.1000000000000014	3.5	4.1000000000000014	4.7999999999999972	Water	200	150	100	50	25	19.400000000000006	18.699999999999996	17.399999999999999	16.200000000000003	14.899999999999999	Pressure Drop


Temp. C




Average Temp.

Air	250	200	150	100	50	25	28.4	28.55	28.75	29.05	30.150000000000002	30.9	Water	49.900000000000006	49.5	50.05	50.8	51.9	53.05	Pressure Drop


Temp C




Heat and Power

Heat	0.12053189846281888	0.10760717956436693	9.2847306683791889E-2	7.5670535821008467E-2	5.2739981721628595E-2	3.7030170104250831E-2	352.6925516251535	335.39439414998651	323.30491841164616	300.84542081279625	280.12066862435006	257.665351481453	Power	0.12053189846281888	0.10760717956436693	9.2847306683791889E-2	7.5670535821008467E-2	5.2739981721628595E-2	3.7030170104250831E-2	363.4036738653989	335.2501679327853	289.26578397335379	266.17110975039725	217.31509468397073	178.63354058290588	Air Mass Flow Rate


Heat ansd Power (Watts)




Efficiencies

Water	0.12053189846281888	0.10760717956436693	9.2847306683791889E-2	7.5670535821008467E-2	5.2739981721628595E-2	3.7030170104250831E-2	61.44578313253011	60.248447204968954	58.074534161490668	54.03726708074533	50.783699059561137	46.562499999999993	Air	0.12053189846281888	0.10760717956436693	9.2847306683791889E-2	7.5670535821008467E-2	5.2739981721628595E-2	3.7030170104250831E-2	9.0361445783132517	9.6273291925465863	9.6273291925465863	10.869565217391305	12.852664576802514	14.999999999999991	Mean	0.12053189846281888	0.10760717956436693	9.2847306683791889E-2	7.5670535821008467E-2	5.2739981721628595E-2	3.7030170104250831E-2	35.240963855421683	34.937888198757769	33.850931677018629	32.453416149068318	31.818181818181827	30.781249999999993	Air Mass Flow


%




U

U	0.12053189846281888	0.10760717956436693	9.2847306683791889E-2	7.5670535821008467E-2	5.2739981721628595E-2	3.7030170104250831E-2	118.04087684871352	114.79669093119414	107.57925815777301	96.748503497518413	89.59646501463223	80.267974534077908	Air Mass Flow


U




Average Temperature

Air	0.25	0.75	1.25	1.75	2	49.4	54.7	57.3	58.650000000000006	59.15	Water	26.8	26.9	27	27.15	13.7	Flow Rate L/min 


Temp. C




