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[bookmark: _Toc5094172]Introduction
The aim of these experiments was to show how different air and water flows affected the performance of the heat exchanger. During experiment one, the objective of this experiment was to show how the change in the water flow rates (l/min) affected the standard heat exchanger at a fixed air flow and water temperature. Secondly in experiment two, the objective was to show how the change in air flow rates (Pa) affected the standard heat exchanger at a fixed water flow and temperature. In addition to this, the last experiment was to show how the fixed temperatures from experiment 2 and experiment 3 affected the performance of the heat exchanger at a fixed water flow. 
The hypothesis was, how will the flow rates affect the heat exchangers performance?
A study by Overclockers (2002) shows “the rate of heat transfer is directly proportional to mass flow rate”, this implies if you increase the flow rate then you will see an increase in the rate of heat transfer. 
The heat exchanger was used to record the water temperature and air temperature data shown in Appendix One. Furthermore, the data recorded were put into Microsoft (MS) Excel to calculate the heat transfer coefficient and analyse graphs to see how the flow rates affect the heat exchangers performance.
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[bookmark: _Toc5094175]Parallel, Counter-Flow, Crossflow heat exchangers.
In these experiments, the standard 32 tube heat exchanger uses a parallel connection; this means there are “2 parallel banks of 16 tubes in series” (TecQuiptment, 2014). 
[image: https://scontent-lhr3-1.xx.fbcdn.net/v/t1.15752-9/51489259_297678280895853_8654897514245259264_n.jpg?_nc_cat=104&_nc_ht=scontent-lhr3-1.xx&oh=fc7babae02de833b2cb58a4bd06ab97a&oe=5CF81DE5]



[bookmark: _Toc5094190]Figure 1: TD1007 32 Tube Heat Exchanger
[image: https://www.engineersedge.com/heat_transfer/images/parall2.gif]Types of flow in heat exchangers:
Referring to Figure 2, this represents the directions of fluid flow in the parallel and counter-flow heat exchangers, (Engineersedge, 2019). These are the two most common preparations for the flow of air and water. A counter-flow heat exchanger is where “the direction of the flow of one of the working fluids is opposite to the direction to the flow of the other fluid” (Engineersedge, 2019). On the other hand, a parallel flow heat exchanger is where “both fluids in the heat exchanger flow in the same direction” (Engineersedge, 2019).

[bookmark: _Toc5094191]Figure 2: Parallel Flow & Counter Flow (Engineersedge, 2019)
Referring to Figure 3, the parallel flow heat exchangers advantages is “when two fluids are required to be brought to nearly the same temperatures” (Engineersedge, 2019). However, counter-flow heat exchangers have three powerful advantages over parallel flow. Firstly, “the more uniform temperature difference between the two fluids minimizes the thermal stresses throughout the exchanger” (Engineersedge, 2019). This is where parallel flow is at its disadvantage because of the large temperature which causes a higher thermal stress at the ends. Secondly, “the outlet temperature of the cold fluid can approach the highest temperature of the hot fluid” (Engineersedge, 2019). In addition to this, this is also another reason why parallel flow is at a disadvantage because the cold fluid exiting the system will never exceed over the lowest temperature from the hot fluid. Thirdly, “the more uniform temperature difference produces a more uniform rate of heat transfer throughout the heat exchanger”. However, the parallel flow reduces the hot fluid by entering cold fluid so it does not produce a uniform rate of heat transfer throughout.
[image: https://www.engineersedge.com/heat_transfer/images/parall3.gif]





[bookmark: _Toc5094192]Figure 3: Temperature distribution in Parallel and Counter-Flow heat exchangers
In addition to this, the laboratory heat exchanger is crossflow. This is used in gas heating or cooling, the tubes inside of the heat exchanger moves a heating or cooling fluid perpendicular to the air flow which flows over the tubes which allows the heat to be removed by the fluids.
[image: https://www.engineersedge.com/heat_transfer/cross_6.gif]







[bookmark: _Toc5094193]Figure 4: Crossflow Heat Exchanger (Engineersedge, 2019)
[bookmark: _Toc5094176]Types of Heat Exchangers
There are four types of heat exchangers, firstly, the shell and tube heat exchanger. They are the most common type of heat exchangers due to their “flexibility” and “wide range of pressures and temperatures” (Brogan, 2011). The shell and tube heat exchanger are used for “removal of process heat and feed water preheating, cooling of hydraulic and lube oil, cooling of turbine, compressor and engine, condensing process vapour or steam and evaporating process liquid or steam” (BEPeterson, 2017). 
[image: Shell and tube exchanger.]



[bookmark: _Toc5094194]Figure 5: Shell and Tube Heat Exchanger
Secondly, the plate heat exchanger. They are mainly “used where thermal energy (heat) has to be transferred from one fluid to another” (Livehaven, 2019). There are two types of materials used in plate heat exchangers these are “stainless steel and titanium” (DraCool-USA, 2016). One advantage of using a plate heat exchanger is “they can maintain the fluid temperature at a very low and stable level” (Livehaven, 2019). The plate heat exchanger area of application are mainly used on “HVAC-R systems, chemical processing, oil and gas offshore operations, food and beverage processing and in the marine” (Mahans.com, 2017). 
[image: Image result for general plate heat exchanger engines landscape]




[bookmark: _Toc5094195]Figure 6: Types of plate heat exchangers (Paul Evans, 2018)

Thirdly, the regenerative (regenerator) heat exchanger is where the “heat from the hot fluid is intermittently stored in thermal storage medium before it is transferred to the cold fluid” (Energyxchangeml, 2017).  The regenerative heat exchanger was “one of the most important technologies developed during the industrial revolution” (Energyxchangeml, 2017). They are mainly used in “high pressure boilers and chemical” applications (Energyxchangeml, 2017).
[image: Image result for types of "regenerative" heat exchanger]





[bookmark: _Toc5094196]Figure 7: Regenerative and Non-Regenerative Heat Exchangers




In addition to this, there is another type of regenerative heat exchanger which is used “for energy recovery, both used in industrial and air-conditioning applications” (Energyxchangeml, 2017).
[image: Image result for types of regenerative heat exchanger]






[bookmark: _Toc5094197]Figure 8: Rotary Regenerative Heat Exchanger (Energyxchangeml, 2017)

Lastly, the adiabatic heat exchanger stores the heat so there is no heat transfer due to the adiabatic process. The adiabatic process shows “an increase in entropy if they are irreversible and no change in entropy if they are reversible” (Gregerson, 2010). However, the adiabatic process “cannot decrease entropy” (Gregerson, 2010).

[image: heat-exchanger-6-638.jpg]



[bookmark: _Toc5094198]Figure 9: Adiabatic Heat Exchanger
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[bookmark: _Toc5094199]Figure 10: Table of Symbols/Units for Experiment equations (TecQuiptment, 2014)
Once recording the data from the standard heat exchanger, create a results table in MS Excel and implement to find the following using these equations;
Before starting the experiment, take note of atmospheric pressure for the following equations. 


[bookmark: _Toc5094178]Equations
Find the change in temperature: (T2-T1), this result will be used to calculate the water and air power on or by the system.
The average temperature for both water and air: (T1+T2) / 2, this result will be used to calculate the air/water density and also the specific heat capacity for water.
Air Density
This equation shows; (Ambient pressure * 100)/ (Specific Gas Constant * (Average Air Temp + 273)). After calculating the air density, implement your results into the Airflow equation. 
[image: ]


[bookmark: _Toc5094211]Equation 1: Air Density (kg.m-3) (TecQuiptment, 2014)
Water Density
[image: ]This equation shows many constant numbers all times by the average water temperature.
[bookmark: _Toc5094212]Equation 2: Water Density (kg.m-3) (TecQuiptment, 2014)
Water Flow Conversion
Mass flow (kg.s-1) ṁW = (Volume flow (L.min-1) / 60000) * Water Density (kg.m-3)
[bookmark: _Toc5094213]Equation 3: Water Mass Flow (kg.s-1)
Airflow
Mass flow ṁa = Cd * AO * (√ ΔP * 2 * ρA)
[bookmark: _Toc5094214]Equation 4: Air Mass Flow (kg.s-1)
Specific Heat Capacity
For air, the specific heat capacity will stay constant at 1005 J.kg-1.K-1 

[image: ]For water, T is specified as average water temperature in Celsius.
[bookmark: _Toc5094215]Equation 5: Specific Heat Capacity (J.kg-1.K-1) (TecQuiptment, 2014)
Water Heat (power) equation 
Q̇w = ṁW*cpW * ΔTW
[bookmark: _Toc5094216]Equation 6: Water Power (Watts)
Air Heat (power) equation
Q̇a = ṁa*cpA * ΔTA
[bookmark: _Toc5094217]Equation 7: Air Power (Watts)
Energy Balance Coefficient
Q̇a / Q̇w
[bookmark: _Toc5094218]Equation 8: CEB
Temperature Efficiencies
ηW  =  ((TW1 – TW2) / (TW1 – TA1)) * 100
[bookmark: _Toc5094219]Equation 9: Water Temperature Efficiency (%)
ηA = ((TA2 – TA1) / (TW1 – TA1)) * 100
[bookmark: _Toc5094220]Equation 10: Air Temperature Efficiency (%)
η = (ηW + ηA) / 2
[bookmark: _Toc5094221]Equation 11: Mean Temperature Efficiency (%)
Logarithmic Mean Temperature Difference (LMTD)
[image: ]


[bookmark: _Toc5094222]Equation 12: Logarithmic Mean Temperature Difference (LMTD)
Heat Transfer Coefficient (U)
U = Q̇w / (Surface Area * LMTD)
[bookmark: _Toc5094223]Equation 13: Heat Transfer Coefficient (W.m-2K-1)
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[bookmark: _Toc5094180]Experiment 1
	Water Flow (l/min)
	Water Efficiency % (ηW)
	Air Efficiency % (ηA)
	PW
 (kg.m-3)
	PA
(kg.m-3)
	CpW
(J.kg-1.K-1)
	CpA
(J.kg-1.K-1)
	Q̇w
(Watts)
	Q̇a
(Watts)
	Ceb
	Mean Efficiency % (η)
	LMTD
	U
(W.m-2K-1)

	2.25
	11.62790698
	15.24547804
	983.92115
	1.1900816
	4183.48328
	1005
	-694.6117
	683.10507
	-0.983434
	13.43669251
	33.229194
	134.169824

	1.75
	14.65968586
	14.92146597
	984.19852
	1.1884866
	4183.25419
	1005
	-672.4628
	659.50657
	-0.980725
	14.79057592
	32.220424
	133.9593661

	1.25
	19.46666667
	14.13333333
	984.92099
	1.188885
	4182.6714
	1005
	-626.5226
	613.32816
	-0.97894
	16.8
	30.77125
	130.6845274

	0.75
	29.23497268
	12.84153005
	986.23191
	1.1904811
	4181.66792
	1005
	-551.5976
	544.25976
	-0.986697
	21.03825137
	28.202697
	125.5348414

	0.25
	61.70798898
	9.366391185
	989.04459
	1.1930839
	4179.78596
	1005
	-385.8395
	394.1499
	-1.021539
	35.53719008
	20.79903
	119.0683028


[bookmark: _Toc5094224]		Table 1: Experiment 1 Results
	Water Flow (l/min)
	Water Mass Flow (ṁW) kg.s-1
	Air Mass Flow (ṁa) kg.s-1
	Constants

	2.25
	0.036897
	0.115204
	CD = 0.6

	1.75
	0.028706
	0.115127
	R = 287 J/kg.K

	1.25
	0.020519
	0.115147
	Heat Exchanger Surface Area = 0.1558 m2

	0.75
	0.012328
	0.115224
	Ambient Pressure = 1018 Hpa

	0.25
	0.004121
	0.11535
	Orifice Diameter = 0.10011 m

	
	
	
	Orifice Area = 0.0787127 m2


[bookmark: _Toc5094225]Table 2: Experiment 1 Water/Air Mass Flow

[bookmark: _Toc5094181]Experiment 2

	Air Pressure (Δp)
	Water Efficiency % (ηW)
	Air Efficiency % (ηA)
	PW
 (kg.m-3)
	PA
(kg.m-3)
	CpW
(J.kg-1.K-1)
	CpA
(J.kg-1.K-1)
	Q̇w
(Watts)
	Q̇a
(Watts)
	Ceb
	Mean Efficiency % (η)
	LMTD
	U
(W.m-2K-1)

	250
	61.70798898
	9.366391185
	989.04459
	1.1930839
	4179.78596
	1005
	-385.8395
	394.14999
	-1.021539
	35.53719008
	20.79903
	119.0683028

	200
	59.8858682
	9.742120344
	989.37052
	1.1934853
	4179.59616
	1005
	-359.9857
	352.59777
	-0.979477
	34.81375358
	20.392187
	113.3062769

	150
	57.92507205
	10.37463977
	989.11008
	1.1914808
	4179.74728
	1005
	-346.2189
	323.04927
	-0.933078
	34.14985591
	20.629425
	107.7199464

	100
	55.3008596
	11.1747851
	988.80316
	1.1904811
	4179.93078
	1005
	-332.4536
	285.62944
	-0.859156
	33.23782235
	21.227965
	100.5206335

	50
	49.85835694
	13.59773371
	988.29183
	1.1890843
	4180.24882
	1005
	-303.1932
	248.43332
	-0.819389
	31.72804533
	22.251899
	87.45505046


[bookmark: _Toc5094226]Table 3: Experiment 2 Results
	Δp
	Air Mass Flow (ṁa) kg.s-1
	Constants

	250Pa
	0.11535
	CD = 0.6

	200Pa
	0.103189
	R = 287 J/kg.K

	150Pa
	0.089289
	Heat Exchanger Surface Area = 0.1558 m2

	100Pa
	0.072874
	Start Orifice Δpa = 200pa

	50Pa
	0.051499
	Heater Temperature = 60°C

	
	
	Water Flow = 0.25 l/min = 0.004121


[bookmark: _Toc5094227]Table 4: Experiment 2 Water/Air Mass Flow
[bookmark: _Toc5094182]Experiment 3

	Air Pressure (Δp)
	Water Efficiency % (ηW)
	Air Efficiency % (ηA)
	PW
 (kg.m-3)
	PA
(kg.m-3)
	CpW
(J.kg-1.K-1)
	CpA
(J.kg-1.K-1)
	Q̇w
(Watts)
	Q̇a
(Watts)
	Ceb
	Mean Efficiency % (η)
	LMTD
	U
(W.m-2K-1)

	250
	62.13235294
	9.926470588
	991.71987
	1.1948925
	4178.46034
	1005
	-291.0098
	313.23862
	-1.076385
	36.02941176
	15.37172
	121.5115854

	200
	60.39215686
	10.19607843
	992.08878
	1.1950938
	4178.32758
	1005
	-265.1721
	269.81523
	-1.01751
	35.29411765
	14.708581
	115.7149862

	150
	59.52380952
	10.31746032
	992.08878
	1.1946913
	4178.32758
	1005
	-258.2845
	233.62748
	-0.904535
	34.92063492
	14.682625
	112.9086508

	100
	54.6184739
	11.64658635
	991.85656
	1.1932846
	4178.40942
	1005
	-234.1825
	212.64106
	-0.908014
	33.13253012
	15.184476
	98.9890737

	50
	49.19354839
	13.70967742
	991.50327
	1.1910807
	4178.545
	1005
	-210.0823
	176.1212
	-0.838344
	31.4516129
	15.731513
	85.7139684


[bookmark: _Toc5094228]Table 5: Experiment 3 Results
	Δp
	Air Mass Flow (ṁa) kg.s-1
	Constants

	250Pa
	0.115437
	CD = 0.6

	200Pa
	0.103529
	R = 287 J/kg.K

	150Pa
	0.08941
	Heat Exchanger Surface Area = 0.1558 m2

	100Pa
	0.07296
	Start Orifice Δpa = 200pa

	50Pa
	0.051543
	Heater Temperature = 45°C

	
	
	Water Flow = 0.25 l/min = 0.004121


[bookmark: _Toc5094229]Table 6: Experiment 3 Water/Air Mass Flow
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[bookmark: _Toc5094183]Analysis
[bookmark: _Toc5094184]Experiment 1
The procedure for this experiment was to analyse the differences between water and air temperature by changing the water flow rate from 2.25 to 0.25 (l/min) at a fixed temperature of 60°C and air flow an orifice pressure drop of 250Pa. In this experiment, the readings for TW1 (in), TW2 (out) and TA1 (in), TA2 (out), TA3 (ambient) were recorded every five minutes for the heat exchanger temperature to balance and repeat for each water flow rate.
Figure 11, shows the power of air and water during the course of the water mass flow rate. It shows that the heat energy of the air is positive and the heat energy of the water is negative. In the first law of thermodynamics, it states that when Q is positive the heat energy is on the system and when Q is negative the heat energy is by the system. At the start of the experiment, 2.25(l/min) of water flow was used and decreased in stages of 0.5(l/min) every five minutes until 0.25(l/min) was reached. Referring to the graph, (Fig.11), the heat energy (power) transfer at air and water progresses with water flow, where the water and air starts levelling out at its maximum water flow. 
This shows the relationship between the energy absorbed by the air and emitted from the water. Referring to my results in MS Excel, (Table.1), it shows the energy balance coefficient to be around -0.96 to -1.02. 










[bookmark: _Toc5094200]Figure 11: Experiment 1 - Water/Air Power (watts) vs Water Mass Flow (kg.s-1)


Figure 12, shows that the temperature efficiency for water decreases as the water mass flow increases, while air efficiency increases with water mass flow. As can be seen from the graph, (Fig.12), the change in water efficiency is greater than the air efficiency. Furthermore, the mean efficiency of the two efficiencies show a slight decrease as water flow increases. 












[bookmark: _Toc5094201]Figure 12: Experiment 1 - Temperature Efficiency % vs Water Mass Flow (kg.s-1)

Figure 13, shows the standard heat coefficient increasing until, levelling out at maximum water flow. This shows a comparison with Figure 11, at optimum water flow both the power and heat coefficient makes no development to its performance. 

 











[bookmark: _Toc5094202]Figure 13: Experiment 1 - Heat Coefficient (W.m-2K-1) vs Water Mass Flow (kg.s-1)


[bookmark: _Toc5094185]Experiment 2
The objective of this experiment was to show how the change in the air flow rates affected the standard heat exchanger at a fixed water flow and temperature.
Figure 14 shows the power for air and water increasing as the rate of air mass flow increases at 60 degrees. It can be seen from the graph, (Fig.14), when air flow mass is at its lowest point the heat given from the water power is larger than the heat absorbed by air power. 
Referring to the results in MS Excel, (Table.3), it shows the difference between my energy balance coefficient to be around -0.81 to -1.15.











[bookmark: _Toc5094203]Figure 14: Experiment 2 - Water/Air Power (watts) vs Air Mass Flow (kg.s-1)
In comparison to experiment one, (Fig.11), the heat energy (power) at air and water levelled out. Whereas, now in experiment two, the heat energy (power) transfer between air and water does not level out which suggests by expanding the air mass flow rate it could expand the heat transfer.   


Figure 15, shows the temperature efficiency for water increases while air flow increases; although the temperature efficiency for air decreases while air flow increases. The graph, (Fig.15), shows a symmetrical difference between the water and air efficiency over the change in air pressure.  The mean temperature efficiency shows a slight increase as the air flow increases.









[bookmark: _Toc5094204]Figure 15: Experiment 2 - Temperature Efficiency % vs Air Mass Flow (kg.s-1)
To compare, in experiment one, (Fig.12), the temperature efficiency for water decreases and air increases as water flow increases. Whereas, in experiment two, the efficiency for water increases and air decreases as air flow increases. 


Figure 16, shows a linear increase as the air flow increases. This shows that if the air flow increased the standard heat exchangers performance is enhanced. Whereas, in comparison, if water flow in the first experiment was increased, (Fig.13), the heat coefficient levels out does not develop any further. 












[bookmark: _Toc5094205]Figure 16: Experiment 2 - Heat Coefficient (W.m-2K-1) vs Air Mass Flow (kg.s-1)


[bookmark: _Toc5094186]Experiment 3
The objective of this experiment was to show how the change in the air flow rates affected the standard heat exchanger at a fixed water flow and temperature. In addition to this, to compare the results recorded in experiment two and compare how the two water temperatures effected the standard heat exchangers performance. 
Figure 17, shows the power for air and water increasing as the rate of air mass flow increases at a fixed temperature of 45 degrees. In comparison to Figure 14, the heat transfer for water has a larger margin in comparison to Figure 17; this shows the power for air is larger than water when air flow is at its highest pressure and decreases rapidly while water gradually decreases as the air flow compresses.  










[bookmark: _Toc5094206]Figure 17: Experiment 3 - Water/Air Power (watts) vs Air Mass Flow (kg.s-1)


Figure 18, shows the comparison of water power at a fixed temperature of 60 degrees and 45 degrees. Both experiments give out the same motion throughout the graph as shown:










[bookmark: _Toc5094207]Figure 18: Water Power (watts) vs Air Mass Flow (kg.s-1)

At both 60 degrees and 45 degrees the heat energy (power) at water does not level out, which suggests by expanding the air mass flow rate it could expand the heat transfer.   
Figure 19, shows the temperature efficiency for water increases while air flow increases, although the temperature efficiency for air decreases while air flow increases. In comparison to experiment two, (Fig.15), it shows the similar results acting on a lower fixed temperature.









[bookmark: _Toc5094208]Figure 19: Experiment 3 - Temperature Efficiency % vs Air Mass Flow (kg.s-1)

Figure 20, shows the heat coefficient reacting when air flow pressure is at 150 Pascal, this is the lowest point on the logarithmic mean temperature difference. Referring to the MS Excel results table, (Table.5), it shows the logarithmic mean temperature difference fluctuate as the heat coefficient drops irregularly. 










[bookmark: _Toc5094209]Figure 20: Experiment 3 - Heat Coefficient (W.m-2K-1) vs Air Mass Flow (kg.s-1)


[bookmark: _Toc5094187]Conclusion
Experiment 1 showed when the water flow decreases from 2.25 to 0.25(l/min) the outlet temperature also decreases, this is because the standard heat exchanger has a higher water efficiency percentage when there is the least water flow through the system. However, at optimum water flow both power and heat coefficient makes no further development to its performance.  
Experiment 2 showed as the air pressure increases the temperature efficiency for air decreases. However, the power for air and water increases as air pressure increases at 60 degrees. 
Experiment 3 showed the same results as experiment one but at a lower fixed temperature. At both 60 degrees and 45 degrees the heat energy (power) at water does not level out, which suggests by expanding the air mass flow rate it could expand the heat transfer. In addition, the logarithmic mean temperature difference fluctuate as the heat coefficient drops irregularly.
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This photo represents where the water temperature and air temperature is recorded.
TW1 TW2 TA1 TA2 TA3
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[bookmark: _Toc5094210]Figure 27: Lab Apparatus

Q̇a	3.6897043209335172E-2	2.8705790052931768E-2	2.0519187301234077E-2	1.2327898822316991E-2	4.1210191203854794E-3	683.10506833162776	659.50656509901114	613.32816349171503	544.25975535539283	394.14999146663007	Q̇w	3.6897043209335172E-2	2.8705790052931768E-2	2.0519187301234077E-2	1.2327898822316991E-2	4.1210191203854794E-3	-694.60628526054768	-672.46278048729994	-626.51701706069423	-551.59171565778922	-385.83338434082447	Water Mass Flow (kg.s-1)


Q̇a (watts)


Q̇w (watts)




ηw	3.6897043209335172E-2	2.8705790052931768E-2	2.0519187301234077E-2	1.2327898822316991E-2	4.1210191203854794E-3	11.627906976744187	14.659685863874333	19.466666666666679	29.234972677595632	61.707988980716252	ηa	3.6897043209335172E-2	2.8705790052931768E-2	2.0519187301234077E-2	1.2327898822316991E-2	4.1210191203854794E-3	16.020671834625322	14.921465968586386	14.133333333333335	12.841530054644807	9.3663911845730006	η	3.6897043209335172E-2	2.8705790052931768E-2	2.0519187301234077E-2	1.2327898822316991E-2	4.1210191203854794E-3	13.824289405684755	14.79057591623036	16.800000000000008	21.038251366120221	35.537190082644628	Water Mass Flow (kg.s-1)


Temperature Effciency %




Heat Coefficient	3.6897043209335172E-2	2.8705790052931768E-2	2.0519187301234077E-2	1.2327898822316991E-2	4.1210191203854794E-3	134.16982402873859	133.95936613817926	130.6845274041643	125.53484144883828	119.06830275267097	Water Mass Flow (kg.s-1)


Heat Coefficient (W.m-2K-1) 




Q̇a	0.11534971948101558	0.10318928144081509	8.928946178844499E-2	7.2873947949150697E-2	5.1499423619223855E-2	394.14999146663007	352.59777468326502	323.04927275059413	285.62943898669602	248.43321953913591	Q̇w	0.11534971948101558	0.10318928144081509	8.928946178844499E-2	7.2873947949150697E-2	5.1499423619223855E-2	-385.83338434082447	-359.97970610953695	-346.21330838188868	-332.4484980231415	-303.18886210935199	Air Mass Flow (kg.s-1)


Qa (watts)


Qw (watts)




ηw	0.11534971948101558	0.10318928144081509	8.928946178844499E-2	7.2873947949150697E-2	5.1499423619223855E-2	61.707988980716252	59.885386819484246	57.925072046109506	55.300859598853854	49.858356940509914	ηa	0.11534971948101558	0.10318928144081509	8.928946178844499E-2	7.2873947949150697E-2	5.1499423619223855E-2	9.3663911845730006	9.7421203438395381	10.374639769452452	11.174785100286529	13.597733711048161	η	0.11534971948101558	0.10318928144081509	8.928946178844499E-2	7.2873947949150697E-2	5.1499423619223855E-2	35.537190082644628	34.813753581661892	34.149855907780982	33.237822349570195	31.728045325779036	Air Mass Flow (kg.s-1)


Temperature Effciency %




Heat Coefficient	0.11534971948101558	0.10318928144081509	8.928946178844499E-2	7.2873947949150697E-2	5.1499423619223855E-2	119.06641433642554	113.30439342579233	107.71822184680741	100.51909344572979	87.45380462564701	Air Mass Flow (kg.s-1)


Heat Coefficient (W.m-2K-1) 




Q̇a	0.11543711667967399	0.10325879258473092	8.9409676533950169E-2	7.2959703654310079E-2	5.1542638717555038E-2	313.23861611029531	269.81522502390203	233.6274847832116	212.64105630048664	176.12119649788548	Q̇w	0.11543711667967399	0.10325879258473092	8.9409676533950169E-2	7.2959703654310079E-2	5.1542638717555038E-2	-291.00295271585048	-265.16550216106879	-258.27808652052158	-234.17692151579877	-210.07755334893983	Air Mass Flow (kg.s-1)


Qa (watts)


Qw (watts)




Qw @ 60 degrees	0.11534971948101558	0.10318928144081509	8.928946178844499E-2	7.2873947949150697E-2	5.1499423619223855E-2	-385.83338434082447	-359.97970610953695	-346.21330838188868	-332.4484980231415	-303.18886210935199	Qw @ 45 Degrees	0.11543711667967399	0.10325879258473092	8.9409676533950169E-2	7.2959703654310079E-2	5.1542638717555038E-2	-291.00295271585048	-265.16550216106879	-258.27808652052158	-234.17692151579877	-210.07755334893983	Air Mass Flow (kg.s-1)


Water Power (watts)




ηw	0.11543711667967399	0.10325879258473092	8.9409676533950169E-2	7.2959703654310079E-2	5.1542638717555038E-2	62.132352941176485	60.392156862745097	59.523809523809533	54.618473895582333	49.193548387096762	ηa	0.11543711667967399	0.10325879258473092	8.9409676533950169E-2	7.2959703654310079E-2	5.1542638717555038E-2	9.9264705882352899	10.196078431372554	10.317460317460311	11.64658634538152	13.709677419354835	η	0.11543711667967399	0.10325879258473092	8.9409676533950169E-2	7.2959703654310079E-2	5.1542638717555038E-2	36.029411764705884	35.294117647058826	34.920634920634924	33.132530120481924	31.451612903225797	Air Mass Flow (kg.s-1)


Temperature Effciency %




Heat Coefficient	0.11534971948101558	0.10318928144081509	8.928946178844499E-2	7.2873947949150697E-2	5.1499423619223855E-2	121.50872527064088	115.71210485610362	112.90583933130459	98.986694732531632	85.712015951748626	Air Mass Flow (kg.s-1)


Heat Coefficient (W.m-2K-1) 
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* Adiabatic Wheel heat exchanger uses an
intermediate fluid or solid store to hold heat,
which is then moved to the other side of the
heat exchanger to be released.
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For water, you may use Figure 25 to find the specific heat capacity. Alternatively, Equation 7 (based on
data from tests) will give you an accurate answer (where your temperature T'is in Celsius):

52
@O _ 996185+ 0.0002374(“ “’0) +0.011160x 10°™7 (7)
n@E15°0) 100

From tests, the specific heat capacity of water at 15°C is 4185.5 |.kg™" K"
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