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[bookmark: _Toc38885910]1.Abstract
In order to understand the classification of the heat exchanger and its function and operation mode, this experiment designed three sets of different experimental variables by changing the air and water to explore different water flow velocities, the effects of different air flow velocities, and different water temperatures on water and water. The influence of the heat exchange process between the air. By processing the experimental results, corresponding curves were obtained, which verified the correctness of the experimental process and the applicability of the experimental principles.

[bookmark: _Toc38885911]2.Introduction 
Heat exchanger (HX) is a device that allows transfer from one fluid (liquid or gas) to another fluid (Kaminski.2005). In this exchanger, the transfer is transferred from one fluid to another through the interface. Some reasons for heat transfer are as follows:
1. Use a hot liquid to heat a cold liquid
2. Reduce the temperature of the hot fluid through the coolant
3. Boil the liquid with a hotter liquid
4. Condensate gaseous fluid through the coolant
5. Boiling liquid when condensing hot gaseous fluid
In the heat exchanger, regardless of the function of the heat exchanger, the fluids must be at different temperatures and in thermal contact, but there is no mass transfer between each other, only heat transfer, and only from a hotter location to cold place.

[bookmark: _Toc38885912]2.1Background
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Figure 1. Construction of a tube type heat exchange
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Figure 2. Construction of a plate type heat exchanger

Most heat exchangers can be divided into two categories according to their structure, namely tube shape (Figure 1) and plate shape (Figure 2). Even though their shapes and sizes are very different, each type has its advantages and disadvantages.


[bookmark: _Toc38885913]2.2Classification of Heat Exchangers by Flow Configuration（Brogan R.J. 2015）
There are four basic flow configurations:
· Counter Flow
· Concurrent Flow
· Crossflow
Figure 4 illustrates an idealized counterflow exchanger in which the two fluids flow parallel to each other but in opposite directions. This type of flow arrangement allows the largest change in temperature of both fluids and is therefore most efficient (where efficiency is the amount of actual heat transferred compared with the theoretical maximum amount of heat that can be transferred).
[bookmark: HEAT_EXCHANGERS_FIG1][image: Countercurrent flow.]
Figure 3. Countercurrent flow.
In concurrent flow heat exchangers, the streams flow parallel to each other and in the same direction as shown in Figure 4, This is less efficient than countercurrent flow but does provide more uniform wall temperatures.
[bookmark: HEAT_EXCHANGERS_FIG2][image: Cocurrent flow.]
Figure 4. Concurrent flow.
Crossflow heat exchangers are intermediate in efficiency between countercurrent flow and parallel flow exchangers. In these units, the streams flow at right angles to each other as shown in Figure 5.1,
[bookmark: HEAT_EXCHANGERS_FIG3][bookmark: _GoBack][image: Crossflow.]
Figure 5. Crossflow.
In industrial heat exchangers, hybrids of the above flow types are often found. Examples of these are combined crossflow/counterflow heat exchangers and multi pass flow heat exchangers. (See for example Figure 5.2)
[bookmark: HEAT_EXCHANGERS_FIG4][image: Cross/counter flow.]
Figure 5.2. Cross/counter flow.



[bookmark: _Toc38885914]3.Laboratory instrument
The experimental setup is as shown:
[image: ]
Figure 6 Heat exchanger of the Water to air Heat
The main part of the experimental device is a compact bench-top mounting frame that can be connected to a suitable power source and a clean source of cold water to "supplement" its own water circuit. The air passes through the heat exchanger and leaves the air duct through an adjustable slide valve. The spool valve allows the user to adjust the air flow through the pipeline. The calibration hole on the top of the intake pipe can be used with the air pressure sensor to help measure the air flow rate through the intake pipe (optional VDAS automatic calculation). Thermocouples along the air duct can measure the ambient air temperature at the inlet and before and after the heat exchanger.
[image: ]
[bookmark: _Hlk38790520]Figure 7 Standard 32 tube Heat Exchanger
The heat exchanger has two "tube bundles", each with 16 tubes. The hot water path passes through the working section from bottom to top, through the pipe, and the air passes through the pipe bundle at a right angle.

[image: ]
Figure 8 Sensor for measuring air velocity

In addition to air measurement sensors, hoses with quick-release self-sealing connectors connect consumables to the exchange exchanger. The thermocouple on the connector can measure the water temperature at the inlet and outlet. Additional water pipes (series adapters) with thermocouples can measure water temperature at the midpoint of standard 32-pipe heat exchanger.

[bookmark: _Toc38885915]4.Experiment procedure
1. Before the experiment, please read the experiment guide carefully to understand the experiment principle
2. After entering the laboratory, please refer to the experimental instructions and be familiar with the experimental equipment
3. Check the tightness of the experimental device, such as the connection of the water pipe and the connected airflow pipe
4. Start the experiment, there are three heat conduction experiments
(1) Experiment 1, the effect of changes in water flow rate
AIM: To show how different tax rates affect the reset performance of a specific fixed airflow and water temperature
Specific steps are as follows
. First connect and set up the standard 32-tube sampler, connect the parallel flow, then connect the inverter letterbox temperature setting to 60 ℃ Water enters from the bottom of the inverter and then enters from the top.
 .: Fan and set the air flow using the slide valve to reduce the pressure of the orifice to 250Pa (+/- 5 Pa tolerance)
. Pump and use manual water supply valve to set the water flow to 2.25 L / min (+/- 0.01 L / min)
. Let the heat exchanger temperature stabilize for at least five minutes, then record all readings.
. Repeat the process to reduce the flow 1.75, 1.25, 0.75 and 0.25 L / min
. During the experiment, the water and airflow may change slightly, so regular inspection and adjustment are required.
(2) Experiment 2-Effect of air variable changes on the catheter
AIM: To show how different airflow rates affect the reset performance of a given fixed water flow and temperature
The specific steps are as follows:
. Check whether the connection has been set to parallel flow, and set the heater tank temperature to 60 ° C.
 Fan and set the air flow using the slide valve to reduce the orifice pressure drop to 250 Pa (+/- 5 Pa).
 Turn on the pump and use the manual water supply valve to set the flow rate to 0.25 L / min (+/- 0.01 L / min)
. Let the heat exchanger temperature stabilize for at least five minutes, then record all readings
. Repeat the continuous gas flow steps of 200, 150, 100 and 50 Pa pressure drop
(3) Experiment 3-Effect of temperature change (driving force)
AIM: Explain how different hot water supply temperatures affect the performance of a heat exchanger at a given fixed water flow rate.
Specific steps are as follows
 Check the connection in parallel and set the heater box temperature to 45 ° C. Water enters the bottom of the heat exchanger and then flows out from the top.
. Repeat experiment 2-Effect of wind speed changes.

Since the time required for the equipment to heat up is less than the time required to naturally lower the temperature, the actual experimental steps are Experiment 3, Experiment 2 and Experiment 1.
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	Symbol
	Definition
	Units

	A
	Heat Transfer Area
	m2

	Ao
	Orifice Area
	m2

	C
	Heat capacity
	J.k-1

	Cd
	Coefficient of discharge (Orifice)
	-

	Cp and Cpa and CpW
	Specific Heat Capacity, of air and water at Constant Pressure
	J.kg-1K-1

	LMTD
	Logarithmic Mean Temperature Difference
	K

	ρ and ρA and ρW 
	Density, of air and water  
	kg.m-3


	ηo

	Overall Efficiency
	%

	CΕΒ 
	Energy Balance Coefficient
	-

	ηA  and ηW
	Mean Temperature Efficiencies
	%

	Δp
	Orifice pressure drop 
	Pa

	Q
	Heat energy transferred for a unit mass
	J.kg-1
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	Heat energy transferred for a unit time
	W

	[image: ]
	Heat energy (power) absorbed by the air and emitted by the water in a unit time
	W

	R
	Specific gas constant for dry air
	287 J/kg.K

	T, TW, TA
	Temperature, of water and air
	K

	ΔT
	Change in Temperature
	K
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	Mean Temperature
	K
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	Heat Transfer Coefficient
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	Mass Flow Rate
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[bookmark: _Toc38885917]5.Math channels and equations
  In the heat exchangers, this device measures volumetric water flow in litres per minute, but in excel equations, the calculations need water mass flow in kilograms per second. Therefore, the equations of water mass flow are expressed as equation 1.1 below:
   (1)

The equipment measures the pressure drop across the inlet hole. If this pressure drop is used with orifice discharge coefficient (Cd), its area and local air conditions, it can be calculated by pipeline as equation 1.2 below
                      (2) 
Around the heat exchanger, the average temperature of the water and air should be determined because it is required for most heat transfer equations and the calculation of specific heat capacity and water density.
  The equation 1.3 of average temperature of the water circuit:
                            (3)
The equation 1.4 of average temperature of the air circuit                                           (4)
[image: ]
Figure9 Average Temperatures Around the Heat Exchangers
As Figure 1 show, it is the calculated value of the temperature at a mid-point between the inlet and outlet of the circuit.

Specific heat capacity is the amount of heat energy needed to raise the temperature of exactly 1kg of material by 1 degree (Celsius). It is a ratio of the change in heat energy and the change in temperature and the specific heat capacity can be calculated by the following equation 1.5:
                               (5)

The specific heat capacity would be affected by the pressure and temperature. The “isobaric” (equal pressure) specific heat capacity equation 1.6 assumes a constant pressure within a known temperature range:
                         (6)
For air, under normal atmospheric pressure and within the temperature range used in heat exchangers, the specific heat capacity is maintained at a reasonable constant around 1005 J.kg -1. K-1.
[image: ]
Figure 10 Specific Heat Capacity of Water at Constant Pressure

For water, use Figure 2 to find the specific heat capacity. Or, using Equation 1.7 (based on test data) to calculate an accurate answer (temperature T in degrees Celsius):
  (7) 
[bookmark: _Hlk38346525]Where T is the mean (or average) temperature of flow circuit in this equation and from tests, the specific heat capacity of water at 15°C is 4185.5 J.kg -1. K-1.
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Figure 11 Air Density

The maximum density of air is absolutely zero, which decreases with increasing temperature. Figure 3 can be used to determine its value within the temperature range used by the heat exchanger. However, local air pressure affects air density, so the chart is related to normal air pressure. If higher accuracy is required, Equation 8 can be used to calculate the air density at a given pressure and temperature.
                            (8)
Where T is the mean (or average) temperature of air circuit in this equation.
[image: ]
Figure 12 Water Density
The maximum density of water is about 4 degrees Celsius, which decreases as the temperature increases or decreases from this value. This will affect all calculations. Figure 4 can be used to find the water density per unit mass and constant pressure within the temperature range used by the heat exchanger.
If higher accuracy is required, the water density can be calculated using Equation 9 

           (9)
Where T is the average water temperature in degrees Celsius.
In a heat exchanger, power is the amount of heat energy or heat energy transferred or used per unit time. Because the calculation is based on mass flow, heat transfer is also rate (or power). 
Heat transfer rate is a function of fluid (or air) mass flow rate, temperature change and specific heat capacity of fluid or air (at average temperature):
  
     So, the heat(power) emitted from the hot water as equation 10 bellow:
[bookmark: _Hlk38353670]                                             (10)
      Where the water’s temperature change is negative and it will give a negative heat transfer.
       The heat(power) absorbed by the air as the equations 11 bellow:
                       (11)
  
[image: ]
Figure 13 Ideal Heat Exchangers

In an ideal hot water to air heat exchanger, the heat exchanger does not lose or absorb heat from the surrounding environment, and the cooler air absorbs all the heat from the hot fluid. Therefore, the heat transfer rate is

[image: ]
Figure 14 Real Heat Exchangers

However, as shown in the figure, due to possible heat flow into or out of the system, if the heat exchanger absorbs energy from its surroundings, the energy balance factor can give an answer greater than 1. So the actual equation is shown below：


The temperature efficiency of the hot water circuit of the heat exchanger is the ratio of the change of the hot water temperature divided by the cooling capacity, that is, the difference between the highest temperature and the lowest temperature of the hot water circuit, so the temperature efficiency equation of the hot water circuit is as follows：   
                                          (12)
The temperature efficiency of the cooler air circuit of the Heat Exchanger is the ratio of the temperature change in the cold circuit, divided by the difference between the maximum and minimum temperatures of the hot and cold circuits, so the temperature efficiency equation of the cooler air circuit is as follows:
                            (13)  

The average temperature efficiency of the two circuits is the average efficiency of the two of them, so the average efficiency equation is as follows:
                                 (14)

Logarithmic Mean Temperature Difference (LMTD) is a measure of the heat driving force that creates the heat transfer. It is a logarithmic average of the temperature difference between the hot and cold circuits at each end of the heat exchanger, so LMTD can be calculated by the equation below: 
                   (15)

The heat transfer coefficient (U) is the heat transfer coefficient of the wall and boundary layer. It is an indicator to measure the working condition of the heat exchanger. The higher the coefficient, the better the performance of the heat exchanger:
                       (16)
Where A is the Orifice Area.


[bookmark: _Toc38885918]6.Experimental results and analysis
[bookmark: _Hlk38794702][bookmark: _Toc38885919]6.1 Experiment 1

[image: ]
[bookmark: _Hlk38844309]Figure 15 Typical Results for Experiment 1

The graph shows the relationship between the power emitted by water and the power absorbed into the air. The results show that as the water flow increases, the power of the heat exchanger also increases, but the relationship of increase is not linear, and the trend of increase gradually decreases. This indicates that after the mass flow exceeds 0.04L / min, there will be a maximum power transfer value. As shown in the figure, the two fitting curves almost overlap, indicating that the heat exchanger has a good energy balance coefficient, but when the mass flow rate is 2.25L / min, these two values produce a large difference, which is consistent. The theory describes that small changes in external conditions will cause the two values to separate. The cause of the gap may be due to heat loss when the heat crosses the system boundary.

[image: ]
Figure 16 Typical Results for Experiment 1

The graph shows the temperature efficiency of the heat exchanger. It can be seen from the figure that the efficiency of the water flow rate decreases as the water flow rate decreases, the air efficiency is opposite to the water flow rate, and the air efficiency increases as the water flow rate decreases. But in all ranges of water flow changes, the change in water temperature efficiency is greater than the change in air efficiency. This is because as the flow rate of water increases, the valve of the water used by the heat exchanger drops and the valve of the air increases. The temperature change of the water flow is much higher than the airflow temperature, so the average temperature efficiency also decreases with the increase of the water flow rate.

[image: ]
Figure 17 Typical Results for Experiment 1

The figure shows the heat transfer coefficient. It can be seen from the figure that it increases with increasing water flow. This indicates that the heat transfer efficiency of the heat exchanger increases with increasing water flow.




[bookmark: _Toc38885920]6.2 Experiment 2
[image: ]
Figure 18 Typical Results for Experiment 2

  It can be seen from the above figure that the power transmission of water and air increases almost linearly with the increase of air flow. When the air mass flow rate is low, the heat energy emitted by the water is greater than the heat energy absorbed by the air. The reason may be that the boundary of the heat transfer system is not in an ideal state. The metal plate of the heat exchanger absorbs part of the heat and transfers it to the room. But with the increase of airflow, the power transmission of water and air is gradually similar. The reason why the power transmission of air is higher than that of water may be that the leading role of external losses begins to weaken, and the air absorbs heat from the outside. Since it increases linearly, it indicates that an increase in air flow has a better and more pronounced effect on the heat exchanger and will further increase heat transfer.
[image: ]
 Figure 19 Typical Results for Experiment 2

It can be seen from the figure that the temperature efficiency of water increases with the increase of airflow, while the temperature efficiency of air decreases with the increase of airflow. The increase and decrease of the two are almost similar, consistent with the theoretical basis. However, the average temperature efficiency increases with increasing air flow, which indicates that the heat exchanger will perform better at high air flow.
[image: ]
Figure 19 Typical Results for Experiment 2

It can be seen from the figure that for the heat transfer coefficient, it increases linearly with the increase of the airflow, which shows that under higher airflow, the heat transfer performance of the heat exchanger will also improve.




[bookmark: _Toc38885921]6.3Experiment 3.
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Figure 20 Typical Results for Experiment 3

It can be seen from the figure that the general trend of the heat exchanger at 45 degrees is the same as the general trend at 60 degrees, but the trend is linear at 60 degrees, and the trend begins to decline at 45 degrees, which indicates that the lower the temperature , The lower the heat transfer limit of the heat exchanger.

[image: ]

Figure 21 Typical Results for Experiment 3

Compared with experiment 2, under the same setting, when the temperature is set to 45 ℃, the power of water and air is much smaller, and they both increase with the increase of air mass flow, which indicates that the water temperature is higher and the heat transfer The better the performance of the device.

[image: ]
Figure 22 Typical Results for Experiment 3
 Same as experiment 2, the temperature efficiency and average temperature efficiency of water increase with the increase of air mass flow rate. But the temperature efficiency of air decreases with the increase of flow rate, it is lower than that of water.
However, there is no significant difference between the two average temperature efficiencies of 60 ° C and 45 ° C, which means that the inlet water temperature has no effect on the average temperature efficiency.
However, when the pressure is set to 200pa, there is a problem with the calculated value of the heat transfer coefficient, which is higher than the pressure set to 250pa, much higher than expected. The reason is improper operation. During the experiment, the team members manually intervened in the intake and exhaust valves, resulting in uneven flow distribution and affecting the performance of the cross-flow heat exchanger. (Tomasz Bury,2011)




[image: ]
Figure 23 Typical Results for Experiment 3
 It can be seen from the graph that with the increase of air mass flow rate, the heat transfer coefficient increases almost linearly, which is like the curve obtained in Experiment 2.
Through the analysis of these four charts, only when the inlet water temperature is low, the power emitted by the water and the power absorbed into the air will be reduced. There is no difference in average temperature efficiency and heat transfer coefficient between 45 ° C and 60 ° C.



[bookmark: _Toc38885922]6.4 Experimental error analysis and improvement
In the process of collecting experimental data, it was found that there were obvious errors in some data, which were inconsistent with expectations and their inconsistencies. The reason for consideration may be insufficient waiting time or improper operation of the experimenter. In the next experiment, please be more careful about the data collection of the third experiment. In the third experiment, more experimental variables are needed to obtain the completeness of the experimental conclusion（N. Jamshidi,M. Farhadi,D.D. Ganji,K. Sedighi，2013）







[bookmark: _Toc38885923]7. Conclusion
In all experiments, the heat emitted by the water circuit and the heat absorbed by the air circuit will increase with the mass flow of water or the mass flow of air. In most cases, the heat absorbed by the air circuit will be slightly greater than the heat released by the water circuit. Thereafter, the higher the inlet temperature, the higher the two powers.
As for the heat transfer efficiency, when only the mass flow rate of the water flow is changed: as the flow rate increases, the heat transfer efficiency of water drops sharply and the heat transfer efficiency of air increases, but the overall heat transfer efficiency still shows a downward trend. In the case of only changing the air quality: as the air mass flow rate increases, the water and integrated temperature transfer efficiency will slowly increase, while the air temperature transfer efficiency will decrease. For heat transfer efficiency, whether it changes the mass flow of water flow or the mass flow of air, it will increase linearly with the increase of the amount of change.
For the entire experiment, the experimental results are basically in line with expectations, verifying the correctness and applicability of each experimental principle. While applying the knowledge gained in this course, you can have a deeper understanding of the experimental process and experimental research methods.
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