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Figure 2: Cross Flow 

Introduction 
 

In Engineering, it is very important that either machines are able to transfer heat out their system or 

into the system; this is possible by using Heat Exchanger systems that work by transferring heat from 

a fluid (either liquid or gas) to another. This system has three different ways to ensure the process of 

heat exchanging is successful, which are the following: 

Counter Flow, which is a process that consists on having two fluids in opposite directions entering the 

system in opposite ends, which means that the cooler fluid will exit the system where the hot fluid 

enters reaching a temperature very similar to the hot fluid. 

Cross Flow, represents a system that utilises two fluids perpendicular with each other that means that 

both fluids flow through their tubes and cross each other in a 90° angle. This is method is usually 
used in systems that one of the fluid changes state. 
 
 

Parallel flow, this is the most important method within this experiment due to the fact that 
the machine used to develop this experiment uses the Parallel Flow method. This method is 
possible when both fluids flow in the same direction with both of the fluids entering the 
system on the same end, transferring heat from hotter to cooler allowing that the fluids reach 
similar temperatures. 
  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Figure 1: Parallel and Counter Flow 



Figure 3: TD1007 Description  

Material 
 

The machine used to conduct this experiment is the TD1007 Water to Air Heat Exchanger by 

TecQuipment equipped with the standard 32-tube heat exchanger, which is composed by two sets of 

16 copper tubes, moreover this machine is equipped with mechanisms used to measure water and air 

characteristics such as water flow and air pressure. The machine also works with TecQuipment 

Versatile Data Acquisition System, which is a software, designed to record every experiment results, 

and therefore makes it easier to the user to obtain the results necessary to conduct the experiment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  As shown in Figure 4, the air enters the system 

through the Inlet Duct and is conducted with the 

help of a fan through the section where the 32 

standard tubes are, at this point the heat 

exchange takes place with the water flowing inside 

the tubes at certain temperature (on this 

experiment was at 60⁰C and 45⁰C) and a specific 

flow (L/min). Both of these characteristics and 

adding the different air pressures make it possible 

to heat exchange to take place, as proven in the experiment that is going 

to be described on this assignment. 

Figure 4: Flow 

paths 



Experiment 1 
 

In order to prove that different water flow rates have a direct influence on the way that a heat 

exchanger performs a few steps need to be occur in order to have the machine ready to record the 

necessary results so that a successful laboratory can be written. The steps are the following: 

1. Read and record the ambient pressure and temperature, in this case the ambient pressure 

was 1032 mBar and the ambient temperature 24⁰C. 

2. Set the heater water tank to 60⁰C 

3. Turn on the fan so that airflow pressure can be set to 250Pa 

4. Switch on the water supply valve to 2.25 (L/min) 

5. Wait 4 to 5 minutes so that the temperature can stabilize. 

6. Record the temperatures needed. 

7. Repeat steps 4 to 6 for water flow rates of 1.75, 1.25,0.75,0.25 (L/min) 

 

 

 

 

 

 

Figure 5: TD1007 machine setup for 

conduct experiment 1 



Figure 6: TD1007 machine setup for 

conduct experiment 2 

 

Experiment 2 
 

In contrast to the previous experiment, this experiment uses different airflow rates instead of water 

flow rates to prove that the heat exchanger performs differently when used different airflow rates. 

Even using different values than the previous experiment, a few steps remain the same, while others 

change slightly in order to make the airflow the decisive aspect on this experiment, these steps are: 

1. Keep the Water tank temperature at 60⁰C 

2. Using the last measured water flow rate in experiment 1, which is 0.25 (L/min), record all 

the results using only this value. 

3. Set up the airflow to give an orifice pressure drop of 250 Pa 

4. Wait 4 to 5 minutes so that the temperature can stabilize 

5. Record  the temperatures needed  

6. Using the slide valve repeat steps 3 to 5 for lower airflow rates of 200, 150, 100, 50, 25 

pressure drop. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Experiment 3 
 

This last experiment of this laboratory experience is very similar to the one conducted previously on 

experiment 2 with the only difference being that instead of using a fixed temperature of 60⁰C, is used 

a temperature of 45⁰C. Therefore the steps required are: 

 

1. Keep the Water tank temperature at 45⁰C 

2. Using the last measured water flow rate in experiment 1, which is 0.25 (L/min), record all the 

results using only this value. 

3. Set up the airflow to give an orifice pressure drop of 250 Pa 

4. Wait 4 to 5 minutes so that the temperature can stabilize 

5. Record  the temperatures needed  

6. Using the slide valve repeat steps 3 to 5 for lower airflow rates of 200, 150, 100, 50, 25 

pressure drop. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Equations 
 

After conducting all the steps described before the results should contemplate the following 

temperatures: 

1. Tw1, Tw2, which are the inlet and outlet temperatures of the water flowing through the tubes 

at the heat exchanger. 

2. Ta1, Ta2, which represent the inlet and outlet temperatures of the air flowing through the air 

duct at the heat exchanger. 

 

After obtaining these values, several equations are required in order to find a new set of results these 

equations can be done by using the temperatures measured before. Below is the table used to find 

the new set of results required. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



After being acquainted with the names of the values that needed to be found, it is time to do the 

maths! So to do so the following equations were used: 

 

For the Average Temperature: 

 

  

 

For the Temperature Efficiency: 

 

 

 

 

 

 

 

For the Density: 

 

 

 

 

 

 

 

 

For the Specific Heat Capacity: 

 

 

 

CpA as fixed value of 1005 J/KgK 

 

 



For the heat energy absorbed by the air and emitted by the water: 

 

 

 

 

For the Energy Balance Coefficient: 

 

 

 

 

For the Logarithmic Mean Temperature Difference: 

 

  

 

 

 

Finally for the heat transfer coefficient: 
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Results – Experiment 1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Analysis – Experiment 1 
 

Analysing the graphs it is possible to analyse some aspects of the process of heat exchanging. 

For instance in the first graph (Heat transfer Coefficient) it is possible to see that Heat Transfer 

Coefficient is directly influenced by the Water Mass Flow Rate especially because the temperature 

remains constant during the entire process of the experiment. Even though it is possible to see a slight 

irregularity on the graph (Predictably it would be a straight line) this can be concluded to be either a 

human error (Probably not waiting the amount of time required) or a technical problem with the 

machine (Not being hot enough at the beginning). That is shown because the Water Mass Flow Rate 

is being directly influenced by the Flow Rate, that the higher the Flow Rate is the higher the Heat 

Transfer Coefficient is. 

On the other hand, it is possible to see that even though the Heat Emitted by the Water increases 

rapidly with the increase of the Water Mass Flow Rate, the Power absorbed by the Air increases much 

slower, a fact that is also possible to see when analysing the Temperature Efficiency graph. In this 

graph it is possible to see a drastic drop in the Water Temperature Efficiency that has Temperature 

Efficiency of 61.9% when the Flow Rate is at 0.25(L/min) and 11.3 when the Flow Rate is at its peak of 

2.25 (L/min), this shows that even when considering that the Heat Emitted increases with higher Flow 

Rates, the Power Absorbed by the Air doesn’t increase rapidly enough to keep a good Temperature 

Efficiency, concluding that the higher the flow rate the lower the Temperature Efficiency, due to the 

fact that the air just doesn’t absorb heat as fast the water emits it. 
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Analysis – Experiment 2 
 

By analysing the graphs of the second experiment, it is possible to find that the results are different 

to experiment 1 where the Air Pressure was constant, revealing that the air pressure has an influence 

on the results such as: 

Looking at the first graph it is possible to get a similar conclusion as the experiment 1, with the Heat 

Transfer Coefficient also increasing when the Air Mass Flow Rate increases, although in this case it is 

possible to see that the line in the graph is more stable than the one found in experiment 1 revealing 

that less mistakes were made in this part of the experiment. 

Regarding the second graph (Temperature Efficiency), it is possible to see the opposite, as in 

experiment 1 with the Water Temperature Efficiency decreasing as the Air Mass Flow Rate decreases. 

It is also possible to see that with a lower Air Mass Flow Rate the Air Temperature Efficiency is higher,  

this is in fact visible when analysing the third graph (Heat Emitted and Power Absorbed), where the 

Power Absorbed decreases rapidly when the Air Pressure decreases, proving that with higher Air 

Pressure, the higher the Temperature Efficiency will be, which is due to the fact that when the Air 

Pressure is higher more Power is Absorbed by the Air. 
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Analysis – Experiment 3 
 

The third part of this laboratory experience is very similar to the second with the only difference being 

the temperature, where on the second experiment the temperature was fixed at 60ºC ,on the third, 

the temperature was set at 45ºC meaning that any difference in the results are all because of the 

temperature change. 

On the first graph it is quite clear to determine that the temperature doesn’t have such a vital 

importance, in comparison to the Air Pressure and Water Flow, due to the fact that the Heat Transfer 

Coefficient graph remained very similar than the one registered in the previous experiment. 

Regarding the second graph it is also possible to determine that the graph didn’t have any big changes, 

remaining very similar to the one obtained in experiment 2, proving that a temperature change 

doesn’t have as much importance on the Temperature Efficiency as the Water Flow Rate and Air 

Pressure. 

Finally, in the last graph it is possible to see a change when comparing the two experiments with the 

Heat Emitted and the Power Absorbed having lower values as the ones in experiment 2, proving that 

the temperature has a direct influence in the amount of Heat Emitted by the Water and the Power 

Absorbed by the Air. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Observations 
 

While conducting the third experiment a problem was noticed, at the beginning of the experiment, 

the temperature floating between 44.7 ºC and 46.3ºC increasing and decreasing quite quickly. 

Eventually it ended to stabilize between 44.8ºC and 45.5ºC and even though that it kept on increasing 

and decreasing between the referred temperatures it did so in much steadily pace. Revealing that the 

machine needed more time to cool down, a possible way to fix this problem would be if the third 

experiment would be conducted in the first place due to clearly being easier to increase the 

temperature of the machine than decrease it. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Conclusion 
 

This laboratory experience had the goal to show what changes in a heat exchanger when subjected to 

variables such as Air Pressure, Water Flow Rates and Temperature. By analysing, every part of this 

three part experiment is possible to see that when the Water Flow Rate and Air Pressure values change 

within the same experiment, it has a dramatic influence in values such as Heat Transfer Coefficient, 

Temperature Efficiency, Heat Emitted by the Water and Power Absorbed by the Air. While when just 

the temperature changes these values, do not change as much as on the other experiment, getting 

results quite close to the other experiment while using a different temperature. 
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