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[bookmark: _Toc38868625]Introduction 
This report details experiments in the efficiency of a cross flow water to air heat exchanger system using different flow rate and temperature conditions. It will explain the basic procedure of the experiments, display the results of the experiments, analyse the results and conclude any findings.
[image: ]The heat exchanger used in the experiment is a TD1007 TecQuipment machine. It uses a fan to increase the speed of which air, that entered from the inlet orifice, flows over the 32 copper tubes and exits through the outlet duct (Figure 1). The air pressure gauge determines the rate of which the air flows through the system after entering the orifice that has been specifically calibrated to be an exact size. [bookmark: _Toc38868605]Figure 1: The Water to Air Heat Exchanger

It transfers heat between fluids or gases, hot to cold, using the thermodynamic processes defined by the second law of thermodynamics. This law predicts the direction of the process and the theoretical efficiency of the heat exchanger. 
[image: ]The transfers of heat processes in the three experiments consist of convection and conduction. They will be used to determine the effects of varying the water flow rate for experiment one, varying the air pressure at 60°C for experiment two and varying the air pressure at 45°C for experiment three. For each experiment the same variables are used, this consist of the ambient pressure being 100900, the orifice diameter and area being 0.10011m and 0.00787127m^2 and the total surface area as 0.1558 m^2. [bookmark: _Toc38868606]Figure 2: Flow Paths

The direction of flow through heat exchanger (figure 2) enters from the top through the orifice and flows left, much like the airflow the waterflow also flows left therefore making the circuit a parallel flowing circuit. This is opposed to the counterflow heat exchangers in which the water flows in the opposite direction to the airflow.
[bookmark: _Toc38868626]Experimental Procedure
The heat exchanger was set up for the experiments according to these steps: 
1. Prepare the equipment to the same standard as the description above.
2. Check equipment to ensure all components of the heat exchanger are connected, working and reading correctly.
3. Set the temperature to 60°C.
4. Note the ambient variables such as ambient air pressure and orifice diameter.
5. Create the results table to record the results, these are modelled from TecQuipment tables (shown below). 
6. Switch on the airflow fan and using the sliding valve set the pressure change to 250 Pa for the air pressure between the orifice and the fan. The pressure change has a tolerance of ±5 Pa.
7. Switch on the water pump flow and using the hand operated water valve set the value of the flow to 2.25 l/min with a tolerance of ±0.01 l/min. 
8. A 5-minute timer should be set to allow the flow and heat values to stabilise. A fluctuation of certain parameters such as air and water flow rate etc can occur therefore the heat exchanger should be monitored during the process. 
9. Record the results in the tables after the 5-minute process has finished. 
[bookmark: _Toc38868627]Experiment One
This process must be completed with the values for 1.75, 1.50, 1.25, 1.00 and 0.75 l/min for the water flow rate in order to complete the first experiment. 
[bookmark: _Toc38868628]Experiment Two 
[image: ]To complete the second experiment the values for the water flow rate need to be changed to 0.25 l/min and 250 Pa, 200 Pa, 150 Pa, 100 Pa, 50 Pa and 25 Pa for the air pressure but the process remains the same. 
[bookmark: _Toc38868629]Experiment Three
Finally, for the third and final experiment use the same values from the second experiment just with the temperature of the heater being adjusted to 45°C.
[image: ]It is very important to note that if there are any issues or inconsistencies that they are written down therefore when the results are analysed the issues or inconsistencies can be explained or justified.
[bookmark: _Toc38868607]Figure 3: Example results table for experiment 1
[bookmark: _Toc38868608]Figure 4: Example results table for experiment 2 & 3

[bookmark: _Toc38868630]Results
[image: ][image: ][image: ]The results from the experiments are shown below. They have been formatted into a graph similar to the results table from TecQuipment. However, the results have been listed vertically rather than horizontally. Figure 5 displays the results table for experiment 1, as shown there are values that have been measured and calculated. 
[bookmark: _Toc38868609]Figure 5: Results table for experiment 3
[bookmark: _Toc38868610]Figure 6: Results table for experiment 1
[bookmark: _Toc38868611]Figure 7: Results table for experiment 2

[bookmark: _Toc38868631]Equations
The measured results from the experiments can be used to calculated values to find the efficiency of the heat exchanger with different flow rates and temperatures. Examples of some of these equations are below.
Mass flow rate of water: 
The mass flow rate measures the volumetric flow of water in kg. , to calculate this the equation below is used: 
[bookmark: _Toc38868620]Equation 1: Mass flow rate of water

Where  is the mass flow rate of water in kg.,  is the volumetric flow rate of water in l/min and  is the density of water in . This value for volumetric flow of water can be used to calculate the specific heat energy transfer of water. 
Water and air heat transfer:
When heat transfers from a colder fluid or gas to a hotter fluid or gas in a heat exchanger it is a heat transfer. The heat transfer is measured in power has Watts as it’s units. The equations for water and air transfer are:
[bookmark: _Toc38868621]Equation 2: Water heat transfer
 							
[bookmark: _Toc38868622]Equation 3: Air heat transfer
Where  or  is the water or air heat transfer measured in W,  or  is the water or air mass flow rate measured in kg.,  or  is the specific heat capacity for water or air measured in J.kg⁻¹K⁻¹ and  is the change in water temperature in °C. This value for specific heat water heat transfer can be used to calculate the heat transfer coefficient.  
Energy balance coefficient:
The energy balance coefficient is used to define the connection between the power absorbed and the power emitted. This is calculated based on the calculated values which means the heat exchanger could gain more energy or lose it. The equation for this is: 

[bookmark: _Toc38868623]Equation 4: Energy balance coefficient
Where  is the energy balance coeffiecent with no units of measurements and  or  is the water and air heat transfer measured in W. 
Heat transfer coefficient:
One of the most important formulas is the heat transfer coefficient. It determines if the heat exchanger is efficient, to calculate this the equation below is used:

[bookmark: _Toc38868624]Equation 5: Heat transfer coefficient
Where U is the heat transfer coefficient measured in W.m⁻²K⁻¹,  is the water heat transfer measured in W, A is the total surface area measured in  and LMTD is the logarithmic mean temperature difference that has no units. 
[image: ]There are many more equations that have been used to fill the results sheet, these can be found in the appendix at the end. Figure 8: Image of the heat exchanger that the experiments were completed on

[bookmark: _Toc38868632]Analysis 
[bookmark: _Toc38868633]Experiment one: 
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[bookmark: _Toc38868612]Figure 9: Experiment 1 - Efficiencies of temperatures graph

[image: ]The efficiencies of the mean temperature of water, and the overall efficiency (shown above in figure 6) shows a drastic decrease in efficiencies across all three of the variables. The mean temperature efficiency of the air is incrementally increasing as the mass flow rate increases, compared to the mean temperature efficiency of the water which decreases steeply until the point it crosses the air line. This displays that the efficiency of the air is better than the water. [bookmark: _Toc38868613]Figure 10: Experiment 1 - Heat transfer coefficient









The heat transfer coefficient is the deciding factor as to how efficient the heat exchanger is. The heat transfer coefficient for the first experiment begins at 133.969 W.m⁻²K⁻¹ and finishes at 125.034 W.m⁻²K⁻¹, making that a total decrease of 8.935 W.m⁻²K⁻¹ which indicates that the heat exchanger is not effective. 
The graph showing the heat transfer energy for experiment one can be found in the appendix.
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[bookmark: _Toc38868614]Figure 11: Experiment 2 - Efficiencies of Temperatures

[image: ]The efficiencies of temperatures for water at and the overall efficiency is much different to the previous experiment and shows a greater result as shown in Figure 10 the trace of each plot is similar to each other however the mean temperature efficiency for water increases no as the mass flow rate of air increases. [bookmark: _Toc38868615]Figure 12: Experiment 2 - Heat energy transfer








[image: ]Much like Figure 10, the graph for the heat energy transfer compared to experiment one is much more accurate and produces a greater graph. There is a small spike in the heat admitted air which could mean that there was more heat energy transferred at that point as there was there is a small decrease at the same point for the water. [bookmark: _Toc38868616]Figure 13: Experiment 2 - Heat transfer coefficient








Muscle experiment two is the heat transfer coefficient shown in figure 12 the graft is constantly increasing as the mass flow rate of the air increases which shows that the heat exchanger is working efficiently even finishing at 129.031 W.m⁻²K⁻¹  which is 4 W.m⁻²K⁻¹ more than experiment one. 

[bookmark: _Toc38868635]Experiment 3
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[bookmark: _Toc38868638][bookmark: _Toc38868617]Figure 14: Experiment 3 - Heat energy transfer

In figure above the heat energy transfer is clearly incorrect as although the graph and the axes are correct the heat emitted water and the heat admitted air should trace each other much more closely than what is shown in the graph. 






[bookmark: _Toc38868618]Figure 15: Experiment 3 - Efficiencies of Temperatures

As shown above in figure the temperature deficiencies of water air and the overall have a correlation that increases incrementally. Overall, as the mean temperature efficiency for water is more than the mean temperature efficiency for air this shows the exchanger is working accordingly as it is positive. [bookmark: _Toc38868619]Figure 16: Experiment 3 - Heat transfer coefficient








Finally, the last graph of the experiments shows the heat transfer coefficient for experiment 3. The gradient is positive and the highest value can be seen at the very end when the mass flow rate is increasing however the final value of the heat transfer coefficient is lower for this experiment than it was for experiment 2 displaying that experiment 2 was more efficient. 

[bookmark: _Toc38868639]Conclusion 
To conclude this experiment, some of the values are not as accurate as required as when the experiment occurred there was a human error when recording the results. Despite this it's clear to see that an increase in mass air flow rate increases the efficiency of the heat exchanger. The experiments have also displayed that the heat exchange operates more effectively at a higher temperature. As the highest heat transfer coefficient value was recorded at 60 °C compared to at 45 °C. The highest value the heat transfer coefficient rate for 45 °C was 119 W.m⁻²K⁻¹.Whereas, the highest value recorded for the heat transfer coefficient at 60 °C was 129 W.m⁻²K⁻¹ showing a significant difference of 9.61 W.m⁻²K⁻¹ . 
[bookmark: _Toc38868640]Evaluation 
To evaluate this experiment there are a few discrepancies that need to be fixed, there was discrepancies due to human error, time misjudgement and loss of books. There would be many things to change if this experiment was to be completed again. Firstly, the experiment would be done twice and at different times to give more compelling evidence as to whether a higher heat is more efficient than lower heat. There would be a recording of the experiments, so the values are not only written down, but they're recorded vocally as well, this eliminates the possibility of human error. There would be less people in a group to eliminate noise and chatter which lowers the chance of human error. 
As the heat exchanger is part of the University there is possibilities that it may have been used incorrectly by students therefore there's an increased chance of leakages & blockages. If the experiment would happen again the heat exchanger should be thoroughly cleaned in order to flush out any dirt or debris from previous groups, and as it's not used regularly there is chances of build-up occurring therefore it should be cleaned before any experiments. 
To combat the loss of books the experiment will be recorded on an Excel sheet online that could be backed up, as well as this if there were any issues such as the ones we had in experiment 3 they will be written online and recorded so that any loss of books will not affect the results. 
Finally, there were Some assumptions made during this experiment such as the pressure and temperature of the atmosphere surrounding the heat exchanger remained a constant value throughout all of the experiments as the guide state that the results are based on a standard room temperature of approximately 20 °C, that the measurements taken from the heat exchanger for example the orifice diameter was taken from the laboratory guide which may not be correct to this he exchanger. in order to produce more accurate results to determine whether the heat exchanger is efficient there should be less assumptions.
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The heat exchanger used in the experiment is a TD1007 TecQuipment machine. It uses a fan
to increase the speed of which that air, that entered from the inlet orifice, flows over the 32
copper tubes and exits through the outlet duct (Figure x). The air pressure gauge determines
the rate of which the air flows through the system after entering the orifice that has been
specifically calibrated to be an exact size.

It transfers heat between fluids or gases, hot to cold, using the thermodynamic processes
defined by the second law of thermodynamics. This law predicts the direction of the process
and the theoretical efficiency of the heat exchanger.

The transfers of heat processes in the three experiments consist of convection and
conduction. They will be used to determine the effects of varying the water flow rate for
experiment one, varying the air pressure at 60°C for experiment two and varying the air
pressure at 45°C for experiment three. For each experiment the same variables are used,
this consist of the ambient pressure being 100900, the orifice diameter and area being
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Many thermodynamic applications use water to air heat exchangers. Examples include using circulated
water to heat or cool air in a HVAC installation, or to cool hot water using a flow of air, as in the radiator
of a combustion engine.

Engineers leaning about thermodynamics and heat transfer need to know how heat exchangers work
and under what conditions they work best. They can use this information to help them design their own
heat exchanger for best efficiency. TecQuipment's Water to Air Heat Exchanger shows students how

04:00
27/04/2020





image3.png
@ TD1007.book : 8¢ ‘; gﬂ‘\\‘“ _\;“"

Fle  Home Insert Draw Design Layout References Mailings Review View Help

= cC a k X
B Add Text v at; [} Insert Endnote /(D @ @ [BManage Sources | [y Pin
& % YouTube B wo ® Gmal ® YouTu
| Update Table K v Pstyle: APA ~ You
e BV Insert 21> Next Footnote Smart Researcher | Insert % " nsert 0
Contents v Footnote Lookup Citation ~ 13 Bibliography v Caption [[] Crd
Table of Contents Footnotes [ Research Citations & Bibliography

TD1007 Water to Air Heat Exchanger

Figure 1: The Water to Air Heat Exchanger

It transfers heat between fluids or gases, hot to|
defined by the second law of thermodynamics.
and the theoretical efficiency of the heat excha

The transfers of heat processes in the three exp
conduction. They will be used to determine the
experiment one, varying the air pressure at 60°
pressure at 45°C for experiment three. For eacl
this consist of the ambient pressure being 1009f
0.10011m and 0.00787127m"2 and the total su|

Fan

Outlet
Duct Heat
Exchanger

Figure 3 Fiow Paths

Toggle clips hold the heat exchanger securely in the midsection of the air duct. They also allow the user
to change the heat exchanger easily. The outlet duct can slide along to help when changing heat
exchangers. A panel to the left of the main frame allows the student to attach the magnetic ‘MIMIC
sheet supplied with each heat exchanger. The MIMIC helps the student understand how to connect the
water pipes to the heat exchanger.

The water circuit has a flow sensor to measure and display the flow rate and an electric heater tank to
heat the water. An adjustable controller sets the tank temperature and keeps it relatively constant (to

within +/- 2 degrees for most experiments). The heater tank has water level float sensors connected to
three lamps to show you how much water is in the tank. A ‘press to fil tank’ button on the front panel
works a solenoid valve that allows the user to add more water to the tank from the cold supply when
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2 Experiment Three Variables
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Symbol Definition Units
4 Heal Transfer Area ]
40 Orifice Area =
c Heal capacity g
<, ‘Cosfficientof discharge (orfice) N
¢pand ¢, and ¢, | Specific Heat Capacty, of air and water at Constant | | g k!
Pressure (atmospheric pressure for aif)
LMTD Logarithmic Mean Temperature Difference Kor °C where shown
pand py and pyy | Densty, of air and water gm?
n, Overall Effciency %
[ Energy Balance Coeficient N
Ty and Ty Mean Temperature Efficiencies. %
2 Orifice pressure drop Pa
0 Heal energy transferred for a unit mass Tig?
0 Heat energy transferred for a unit e w
(heat transfer rate - or power)
6, and Gy ot rery (power) sbrbd by e and e | W
® ‘Specific gas constant for dry air 287 1/kg K
T Ty Ty Temperature, of water and air Kor °C where shown
ar Change in Temperature. Kor °C where shown
T Mean Temperature Kor °C where shown
U Heal Transfer Coefficient WK
Py ‘Mass Flow Rate (ot water ciruit and i Gircult) st
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Water Flow Conversion

‘The equipment measures volumetric water flow

tres per minute (L.
‘mass flow in kilograms per second (kg.s).

), but your calculations need

Mass flow (kg.s™") i, = Volume flow (L.min™')/60000 x Water density (kg.m
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Airflow

‘The equipment measures the pressure drop across the inlet orifice. If you use this pressure drop with the
orifice discharge coefficient (C,), its area and local air conditions, you can calculate the air flow through
the duct.

iy = Cx Ao fBpX2%ps Ul
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To find the average temperature of the water circuit:

= TptT,
7y - Izl

Tofind the average temperature of the air circuit:

1+ T
2
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Specific Heat Capacity at Constant Pressure (c,)




image18.png
For air, the specific heat capacity remains reasonably constant at around 1005 J.kg™' K™ at normal
atmospheric pressure and for the temperature ranges used in the heat exchangers.

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 7'is in Celsius):

<2
@t TO) 0.996185+0.0002874(T+ ‘““) +0.011160 % 1057 (7)
@t 15°C) 100

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

You must use the mean (or average) temperature of your flow circuit in this

NOTE "
equation.
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Density (p)
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b= ®

‘Water has a maximum density at approximately 4 degrees celsius, decreasing as temperature increases
or decreases from this value. This affects all your calculations. You can use Figure 27 to find water density
over the range of temperatures used with the heat exchangers, for a nit mass and a constant pressure.
If you need more accuracy, Equation 9 allows you calculate the water density (where T'is your average
water temperature in degrees centigrade).

g o4 .
(999839 + 1695277990 10 7 ~a6.241 x10 7 + 105846 x 107" - 251030 % 10127°)
Py

=
. 7
(1+16887107°7) ©
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Heat Energy (Power) Transfer, Energy Balance and Efficiencies
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‘The heat (power) emitted from the hot water is:

Oy =ty XX AT, an

NOTE The temperature change of the water is negative, giving a negative heat transfer
(emission).

‘The heat (power) absorbed by the air is:

= iy X €, X AT, (12)
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The energy balance coefficient (Cyg) shows the relationship between the energy absorbed and emitted,
where:

Cop = &

Ow
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The temperature efficiency of the hot water circuit of the Heat Exchanger is the ratio of the
temperature change in the hot water, divided by the difference between the maximum and minimum
temperatures of the hot and cold circuits:

=TTy 190 (14)
ut
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‘The temperature efficiency of the cooler ai circuit of the Heat Exchanger i the ratio of the
temperature change in the cold circuit, divided by the difference between the maximurm and minimum
temperatures of the hot and cold circui

To-Ta

X100 135)
Ty =Ty

=
‘The mean temperature efficiency of the two circuits is the average efficiency of them both:

+
ﬂwz s (16)





