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[bookmark: _Toc5487558]Introduction
This report will consist of three different experiments carried out on a cross-flow water to air heat exchanger (TD1007) “In cross-flow heat exchangers the hot and cold fluids enter the heat exchanger at different points and as they travel through the heat exchanger, they cross paths with each other, often at right angles” (STI Group , 2015)
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[bookmark: _Toc3557479][bookmark: _Toc3557563][bookmark: _Toc5469748]Figure 1The Water to Air Heat Exchanger
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Figure 2 32 Tube Cross Flow Heat Exchanger


The purpose of each experiment was to change certain parameters of the 32-tube cross-flow heat exchanger such as water temperatures, air flow rates and water flow rates and then analyse the results. The first law of thermodynamics explains that energy cannot be created or destroyed and can only change from one form to another. By taking this into account the transfer of heat energy within the system can be analysed to observe the performance of the heat exchanger (Lumen, 2014).
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[bookmark: _Toc5469749]Figure 3 Car Radiator
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[bookmark: _Toc5469750]Figure 4 Evaporator Coil


Furthermore, an example of a cross flow heat exchanger used in the modern world is a car radiator, where hot water inside the tubes is cooled by air flowing through the radiator between the tubes. Moreover, another example is an evaporator coil in an air conditioner. The air that flows past the coil is cooled by a cold refrigerant flowing inside the tubes of the coil (BrightHub Engineering , 2013).
Other popular heat exchangers are counter flow heat exchangers and parallel flow. “A counterflow heat exchanger has the hot fluid entering at one end of the heat exchanger flow path and the cold fluid entering at the other end of the flow path.”  (BrightHub Engineering , 2013) Whereas in a parallel flow both fluids flow in the same direction. 
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Figure 5 Parallel Flow
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Figure 6 Counterflow
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[bookmark: _Toc5469751]Figure 7 Notation
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[bookmark: _Toc5487562]Experiment 1 – The Effect of Varying Water Flow Rate
[bookmark: _Toc5487563]Aim
The aim of experiment one is to show how different water flow rates affect the performance of the heat exchanger.
[bookmark: _Toc5487564]Procedure
Initially, the ambient air pressure was noted from BBC weather which was 1017hPa. Furthermore, the orifice diameter, where the air is drawn into the heat exchanger was 100.11mm. For this experiment the dependant variable was the heater tank temperature which was set at 60°C. 
Firstly, the fan was switched on and with the use of the slide valve located at the outlet valve, the airflow was set to allow an orifice pressure drop of 250 Pa with a tolerance of +/- 5Pa. Next, the water supply valve was adjusted so that the water flow rate was 2.25 L/Min with a tolerance of +/-1L/Min.
This process was repeated another four times at water rates 1.75 1.25, 0.75 & 0.25L/Min, with five-minute intervals between each experiment, allowing the heat exchanger temperatures to stabilize.
All the data collected and calculated can be found in the appendices.


[bookmark: _Toc5487565]Results Analysis
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[bookmark: _Toc5469752]Figure 8 Experiment One - Heat Emitted by Heat Exchanger and Heat Absorbed by Air Against Water Flow Rate
Figure 8 shows that as the water mass flow rate increases so does the heat emitted by water in a non-linearly fashion, this proves that power transfer is enhanced with water flow this can also be proven by viewing “Equation 10 Heat Power Emitted” as heat power emitted is a by-product of water mass flow rate, therefore as the mass flow rate increases so does the power emitted. Furthermore, from viewing figure 8 it is visible that as the flow rate escalates the rate of change in the heat emitted decreases. On the other hand, when the water flow rate increases to 0.0382 Kg/Second the heat emitted then peaks to 719.79W showing an anomaly, this may have been caused by an incorrect reading or not enough time being allowed in between experiments.
Figure 8 also shows similar values for heat absorbed by air and heat emitted by water, this shows a good energy balance coefficient. Moreover, the rate of change of heat absorbed by air also decreases as the flow rate increases. The value of heat absorbed is larger than the heat emitted at flow rate 0.00419 Kg/Second, before then dipping below heat emitted with relatively similar results throughout the experiment up until water flow rate 0.0382 Kg/Second where the anomaly appears and the difference between heat absorbed and heat emitted increases to 50.11 W.
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[bookmark: _Toc5469753]Figure 9 Experiment One - Temperature Efficiency of the Heat Exchanger and Air Against Water Mass Flow Rate
Figure 9 shows the interrelationship between water mass flow and the temperatures efficiencies. Furthermore, figure 9 shows that as the water flow increases the temperature efficiency of the water decreases from 60.76% at flow rate 0.0042 Kg/Second to 11.97% at 0.0383 Kg/Second. The water temperature efficiency of the heat exchanger is the ratio of the temperature change in the hot water divided by the maximum and minimum temperatures of the hot and cold circuit (TecQuipment Ltd, 2014). Consequently, this shows that as the water flow increases the change in temperature decreases, meaning the water temperature efficiency also decreases. 
On the other hand, the air temperature becomes more efficient as water flow increases due to the change in air temperature increasing as flow rate increases. In addition to this, the air temperature efficiency does not increase at the same rate as the water temperature efficiency does over the range of flow rates “This is expected due to the higher temperature changes in the water compared with the air” (TecQuipment Ltd, 2014).
Finally, the mean temperature efficiency is a result of the air temperature efficiency and the water temperature efficiency being added together and divided by two. As the rate of change of water efficiency is subsequently larger than the rate of change of the air efficiency the mean temperature efficiency shows a steady decrease in gradient as the flow rate increases.
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[bookmark: _Toc5469754]Figure 10 Overall Heat Transfer Coefficient Against Water Mass Flow Rate
Figure 9 shows the correlation between the overall heat transfer coefficient against water mass flow rate. Furthermore, figure 9 displays that as the water flow rate increases so does the heat transfer coefficient in a non-linearly fashion. The heat transfer coefficient is 117.85 W/m².K at the lowest water flow rate increasing dramatically up until water flow rate 0.0127 Kg/Second when the rate of change of the overall heat transfer decreases until reaching air flow rate 0.0297 Kg/Second when the rate of change alters showing a steeper gradient up to the maximum flow rate.
The sudden growth in gradient when the water mass flow rate is at its highest is where the anomaly appears as previously discussed. Moreover, if this anomaly hadn’t occurred it would be safe to assume that the rate of change of the heat transfer coefficient would have continued to level out which implies, that when the water flow rate hits a certain optimum value anything after that point will not enhance the heat exchangers performance.
 
  



[bookmark: _Toc5487566]Experiment 2 – The Effect of Varying Air Flow Rate
[bookmark: _Toc5487567]Aim
Experiment two was conducted to see how varying the airflow rate would affect the performance of the heat exchanger when the water flow rate and the water temperature remained constant.
[bookmark: _Toc5487568]Procedure 
[bookmark: _Hlk5394217]For experiment two, the heater tank temperature, ambient air pressure and the orifice diameter all remained the same as in experiment one, 60 ˚C, 1017hPa and 100.11mm. Furthermore, with the use of the slide valve the airflow was set allowing an orifice pressure drop of 250 Pa (± 5 Pa).  Moreover, a water flow rate of 0.25L/min (±0.01L/min) was obtained as a result of using the hand operated water supply valve, the water flow rate remained constant throughout experiment two. Subsequently, this process was repeated another 5 times for air flow rates of 200, 150, 100, 50 and 25 Pa Pressure drops, with at least five minutes in between each allowing the heat exchangers temperature to stabilize. 
All the data collected and calculated can be found in the appendices.



[bookmark: _Toc5487569]Results & Analysis
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[bookmark: _Toc5469755]Figure 11 Experiment Two - Energy Released by Heat Exchanger and Energy Absorbed by Air Against Air Mass Flow Rate
Figure 11 shows that as the air flow rate increases so does the power transferred for both the heat absorbed by the air and the heat emitted by the water. Although they both increase with airflow, from viewing figure 11 it is clearly shown that the rate of change of the heat absorbed grows at a faster rate than the heat emitted. Furthermore, when the air flow rate is 0.1151 Kg/Second the value for the heat absorbed by the air becomes greater than the heat emitted by water. Additionally, figure 11 shows that when the air mass flow rate is at its smallest at 0.0363 Kg/Second, the heat absorbed and the heat emitted are at their furthest points from each other with a difference of 69.38W, meaning that the smaller the air flow rate the more power is being lost to the surrounding environment. Finally, the trends do not appear to shows signs of levelling out, therefore implying that continuing to increase the air flow rate could in turn could continue to increase the heat both emitted and absorbed. 
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[bookmark: _Toc5469756]Figure 12 Experiment Two - Temperature Efficiencies Against Air Mass Flow Rate
Figure 12 shows that as the air flow rate increases the efficiency of the air decreases, this may be because as the flow rate increases the change in air temperature decreases, in turn reducing the air temperature efficiency. Whereas, on the other hand when the air flow rate increases the water temperature efficiency also increases. Additionally, When the air flow rate is at its lowest point the difference between the water and air efficiency is at its smallest with a difference of 29.15% increasing at a gradual pace reaching a difference of 51.22% by the time the air flow rate increases to its maximum value.
Finally, the mean temperature efficiency shows a steady growth as the air flow increases ranging from 30.9% at the lowest air flow rate to 35.15% at the highest air flow rate.
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[bookmark: _Toc5469757]Figure 13 Experiment Two - Overall Heat Transfer Coefficient Against Air Mass Flow Rate
Figure 12 shows that as the air flow rate increases so does the heat transfer coefficient. For the first two data points the trend seems to be increasing almost linearly before reaching an air flow rate of 0.0727 Kg/Second where the results continue to increase but in a non-linear trend, showing the rate of change of the overall heat transfer coefficient is altering between each air flow rate. 




















[bookmark: _Toc5487570]Experiment 3 – Effect of Varying Temperature (Driving Force)
[bookmark: _Toc5487571]Aim
The aim of experiment three was to analyse how different hot water temperatures will affect the performance of the heat exchanger when the water flow remains constant.
[bookmark: _Toc5487572]Procedure
[bookmark: _Hlk5406272][bookmark: _Hlk5408710]Experiment Three was carried out under the sane basis as experiment two but the heater tank temperature was decreased from 60˚C to 45˚C.
All the data collected and calculated can be found in the appendices.
[bookmark: _Toc5487573]Results Analysis
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[bookmark: _Toc5469758]Figure 14 Experiment Three - Energy Released by Heat Exchanger and Energy Absorbed by Air Against Mass Flow Rate
Figure 14 shows that both the heat absorbed by air, and the heat emitted by water both increase as the air flow rate increases. On the other hand, in comparison to experiment two the results are considerably lower for both the heat emitted and absorbed at each air flow rate. The maximum heat absorbed by air in this experiment was 289.41 W, where as it was 404.69 W in experiment two. Also, the maximum heat emitted by water for this experiment was 260.93 W while the maximum for experiment two was 390.22 W. In summary, Figure 14 shows similar trends as to that in experiment two, apart from the values for heat emitted and absorbed being lower, this may be due to there being less energy within the fluid’s molecules because of the lower temperature of 45˚C compared to 60˚C. “The motion of the particles is reduced by lowering the temperature” (Sewell, 2005).  
Lowering the temperature from 60˚C to 45˚C has clearly made an impact, because unlike in experiment two where the trend for heat emitted by water does not show any signs of  levelling  out, the gradient in experiment three seems to begin to trail off. “This suggests that at this reduced driving force of 45˚C, the heat transfer is near its limit for this configuration” (TecQuipment Ltd, 2014). 
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[bookmark: _Toc5469759]Figure 15 Experiment Three - Temperature Efficiencies Against Air Mass Flow Rate
In Figure 15 the temperature efficiencies show the same trend as in experiment two. The difference between the air temperature efficiency and the water temperature efficiency grows as the air flow rate increases increasing from a difference of 29.83% when the air flow rate is 0.036 Kg/Second to 50% at 0.115 Kg/Second. 
In comparison to experiment two when the heater temperature is 45˚C the mean temperature is fractionally less efficient at 35% at maximum air flow rate 0.1152 Kg/Second, whereas when the heater temperature is 60˚C the mean temperature efficiency is 35.15%. This can also be seen at the minimum air flow rate 0.0363Kg/s where the mean temperature efficiency is 0.02% larger in experiment two compared to experiment three.
Finally, the increase in mean temperature efficiency is almost linear, gradually increasing from 30.9% to 35.15% as the air flow rate increases. Hence, proving that the heat exchanger performs better with a larger mass air flow rate.
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[bookmark: _Toc5469760]Figure 16 Experiment Three - Overall Heat Transfer Coefficient Against Air Mass Flow Rate
Figure 16 shows that as the air flow rate increases so does the heat transfer coefficient in a linear trend ranging from 79.66 W/m².K at air flow rate 0.0363 Kg/Second up to 115.22 W/m².K at air flow rate 0.1152 Kg/Second. In contrast, at each data point for air flow rate, the coefficient of heat transfer has a lower value in experiment three than it does in experiment two, apart from when the air flow rate is at  0.1030 Kg/Second when there is a difference of 0.921 W/m².K with experiment three having the higher value. 

[bookmark: _Toc5487574]Experimental Conclusion
[bookmark: _GoBack]In conclusion, the results collected from all three experiments and the data obtained showed similar trends as to those in the TD1007 user guide (TecQuipment Ltd, 2014), showing that the results attained throughout the experiments were fairly accurate. On the other hand, there are certain discrepancies throughout the investigation when anomalies appeared, questioning the validity of certain results. Furthermore, if this investigation was to be carried out again certain things could be changed to help improve the quality of the results, such as the atmospheric pressure being taken with a barometer instead of using the BBC weather website and allowing more time in between each data reading to ensure the temperature has reached full thermal equilibrium. Additionally, more than one type of heat exchanger could be used to see the difference in performance of different heat exchangers. 
From reviewing experiment one, the mean temperature of the heat exchanger becomes less efficient as the water flow rate increases. On the other hand, from analysing experiment two and three it shows that the mean temperature becomes more efficient as the air flow rate increases. 
Furthermore, experiment three showed that as the temperature was decreased from 60˚C to 45˚C the power absorbed and emitted was less than in the previous experiment due to there being less energy within the fluid’s molecules. 
According to the user guide the tubes used within the heat exchangers are made of copper. Even though copper is a noble metal “one that resists corrosion and oxidation” (Copper Development Association Inc., 2014),  after a certain amount of time patina will form on the inner surface of the pipe. Patina is a thin layer that variously forms on the surface of copper which is caused by several variables, including length of exposure, surface condition of the copper and the humidity (Copper Smith, 2014). Moreover, because of this the heat exchanger may experience chemical fouling. “The fouling factor represents the theoretical resistance to heat flow due to a build-up of a layer of dirt or other fouling substance on the tube surfaces of the heat exchanger” (HRS Heat Exchangers, 2016).
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[bookmark: _Toc5487576]Experiment 1 Data
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[bookmark: _Toc5485355]Table 1 Baseline Data Experiment One
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[bookmark: _Toc5485356][bookmark: _Hlk5482631]Table 2 Experiment One - Water and Air Flow
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[bookmark: _Toc5485357]Table 3 Experiment One - Change in and Average Temperatures of Air and Water
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[bookmark: _Toc5485358][bookmark: _Hlk5482741]Table 4 Experiment One - 𝜂w, 𝜂a, 𝜌w and 𝜌a
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[bookmark: _Toc5485359][bookmark: _Hlk5482765]Table 5 Experiment One – Cpw, Cpa, Qw, Qa & CEB.
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[bookmark: _Toc5485360]Table 6 Experiment One - n, LMTD & U
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[bookmark: _Toc5485361]Table 7 Baseline Data Experiment Two
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[bookmark: _Toc5485362]Table 8 Experiment Two- Water and Air Flow
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[bookmark: _Toc5485363]Table 9 Experiment Two -  Change in and Average Temperatures of Air and Water
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[bookmark: _Toc5485364][bookmark: _Hlk5485266]Table 10 Experiment Two- 𝜂w, 𝜂a, 𝜌w and 𝜌a
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[bookmark: _Toc5485365]Table 11 Experiment Two – Cpw, Cpa, Qw, Qa & CEB.
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[bookmark: _Toc5485366]Table 12 Experiment Two - n, LMTD & U
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125] 6040| ssao| 2360| 28s0| 230
o075 se70| asso| 2370| 2sa0| 2330
025 eoso| sso0| 2sso| 2730] 2350

‘Table 1 shows the data that was exiracted from experiment one, Tw being Water temperafure and Ta

being air temperature. From this data calculations were able to calculate for the following.

Equation 10 M Water Flo Rate

Table 2 Denotadons of Calelated Dot
To caleulate the data for table 2 a range of equations were used and then inputted into an Excel
spreadsheet. Firstly, v, na, pw and pa were calculated using the following equations;
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image20.emf
Experiment 1  

Hot Flow (L/min)  Tw1  Tw2  Ta1   Ta2  Ta3  

2.25  61.10  56.60  23.50  29.30  23.30  

1.75  60.80  55.50  23.60  29.20  23.20  

1.25  60.40  53.40  23.60  28.90  23.20  

0.75  59.70  49.30  23.70  28.40  23.30  

0.25  60.50  38.20  23.80  27.30  23.50  
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Hot Flow (L/min)  Hot Water Mass Flow  (Kg/s)  Mass Airflow  (Kg/s)  

2.25  0.0382764529  0.1149  

1.75  0.0297241735  0.1149  

1.25  0.0211762984  0.1149  

0.75  0.0126500817  0.1150  

0.25  0.0041871484  0.1151  
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Hot Flow (L/min)  ΔTa  Average Ta  ΔTw  Average Tw  

2.25  2.25  1.13  - 1.13  1.69  

1.75  1.75  0.88  - 0.88  1.31  

1.25  1.25  0.63  - 0.63  0.94  

0.75  0.75  0.38  - 0.38  0.56  

0.25  0.25  0.13  - 0.13  0.19  
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Hot Flow  (L/min)    𝑄 ሶ 𝑤  𝑄 ሶ 𝑎  𝐶 𝐸𝐵  

2.25  4178.89  1005.00  - 719.7895  669.68  - 0.9304  

1.75  4178.89  1005.00  - 658.3350  646.59  - 0.9822  

1.25  4178.93  1005.00  - 619.4604  612.10  - 0.9881  

0.75  4178.99  1005.00  - 549.7912  542.99  - 0.9876  

0.25  4179.13  1005.00  - 390.2198  404.69  - 1.0371  

 

𝑐 𝑃 𝑤  
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Hot  Flow  (L/min)   LMTD  U  

2.25  13.70  32.18  - 143.59  

1.75  14.65  31.44  - 134.42  

1.25  16.71  30.23  - 131.51  

0.75  20.97  27.77  - 127.08  

0.25  35.15  21.25  - 117.85  

  ߟ ҧ  
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Experiment 2  

Air  Pressure Δ p (Pa)  Tw1  Tw2  Ta1   Ta2  Ta3  

250  60.50  38.20  23.80  27.30  23.50  

200  58.40  38.00  23.80  27.20  23.50  

150  58.10  38.40  23.80  27.40  23.60  

100  58.20  39.40  23.90  27.90  23.20  

50  58.60  41.40  24.20  28.90  23.30  

25  58.90  43.30  24.60  30.20  23.30  
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Air Pressure  Δp (Pa)  Hot Water Mass Flow  (Kg/s)  Mass Airflow  (Kg/s)  

250  0.0041871484  0.1151  

200  0.0041822123  0.1029  

150  0.0041824157  0.0891  

100  0.0041847193  0.0727  

50  0.0041901861  0.0514  

25  0.004195 7559  0.0363  
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Air Pressure  Δp (Pa)  ΔTa  Average Ta  ΔTw  Average  Tw  

250  250.00  125.00  - 125.00  187.50  

200  200.00  100.00  - 100.00  150.00  

150  150.00  75.00  - 75.00  112.50  

100  100.00  50.00  - 50.00  75.00  

50  50.00  25.00  - 25.00  37.50  

25  25.00  12.50  - 12.50  18.75  
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A ir  Pressure   Δp (Pa)  𝜂 w  𝜂 A  𝜌 w  𝜌 a  

250  60.76  9.54  1004.92  1.19  

200  58.96  9.83  1003.73  1.19  

150  57.43  10.50  1003.78  1.19  

100  54.81  11.66  1004.33  1.19  

50  50.00  13.66  1005.64  1.18  

25  45.48  16.33  1006.98  1.18  
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Air  Pressure   Δp (Pa)       

250  4179.132  1005 .00  - 390.22  404.69  - 1.0371  

2 00  4179.147  1005.00  - 356.55  351.66  - 0.9863  

150  4179.117  1005.00  - 344.33  322.40  - 0.9363  

100  4179.03  1005.00  - 328.78  292.34  - 0.8892  

50  4178.855  1005.00  - 301.18  242.63  - 0.8056  

2 5  4178.651  1005.00  - 273.51  204.13  - 0.7463  
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Air Pressure   Δp (Pa)   LMTD  U  

250  3 5.15  21.25  - 117.8544  

200  34.39  20.44  - 111.9560  

150  33.97  20.49  - 107.8725  

1 00  33.24  20.86  - 101.1434  

50  31.83  21.63  - 89.3570  

25  30.90  22.03  - 79.7046  
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Experiment 3  

Air  Pressure Δ p (Pa)  Tw1  Tw2  Ta1  Ta2  Ta3  

250  48.60  33.60  23.60  26.10  23.10  

200  48.10  33.80  24.00  26.40  23.40  

150  48.10  34.20  23.90  26.50  23.20  

100  48.20  34.90  23.90  26.80  23.10  

50  48.30  36.40  24.30  27.70  23.20  

25  48.50  37.60  24.70  28.50  23.20  
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Air  Pressure  Δp (Pa)    Hot Water Mass Flow  (Kg/s)  Mass Airflow  (Kg/s)  

250  0.0041622801  0.1152  

200  0.0041620241  0.1030  

150  0.0041623668  0.0892  

100  0.0041630835  0.0728  

0 50  0.0041646466  0.0514  

25  0.0041661624  0.0363  

 


image34.emf
Air Pressure  Δp (Pa)  ΔTa  Average Ta  ΔTw  Average  Tw  

250  2.50  24.85  - 15.00  41.10  

200  2.40  25.20  - 14.30  40.95  

150  2.60  25.20  - 13.90  41.15  

100  2.90  25.35  - 13.30  41.55  

50  3.40  26.00  - 11.90  42.35  

25  3.80  26.60  - 10.90  43.05  
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Air  Pressure   Δp (Pa)  𝜂 w  𝜂 A  𝜌 w  𝜌 a  

250  60.00  10.00  998.95  1.1897  

200  59.34  9.96  998.89  1.1883  

150  57.44  10.74  998.97  1.1883  

100  54.73  11.93  999.14  1.1877  

50  49.58  14.17  999.52  1.1851  

25  45.80  15.97  999.88  1.1828  
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Air  Pressure   Δp (Pa)       

250  4179.35  1005.00  - 260.93  289.41  - 1.1091  

200  4179.24  1005.00  - 248.74  248.35  - 0.9985  

150  4179.24  1005.00  - 241.80  233.00  - 0.9636  

100  4179.19  1005.00  - 231.40  212.14  - 0.9168  

50  4179.00  1005.00  - 207.11  175.68  - 0.8483  

25  4178.84  1005.00  - 189.77  138.70  - 0.7309  
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Air  Pressure   Δp (Pa)   LMT D  U  

250  35.00  14.54  - 115.22  

200  34.65  14.14  - 112.88  

15 0  34.09  14.41  - 107.71  

100  33.33  14.75  - 100.72  

50  31.88  15.08  - 88.16  

25  30.88  15.29  - 79.66  
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