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Introduction

For this assignment, several lab-based experiments were performed to evaluate the efficiency and performance of a parallel flow heat exchanger and how it responds to different conditions. The three experiments would be stored in an excel table with various calculations and graphed data, to then be concluded upon in this report.


Background Information

A heat exchangers primary function is to allow heat to travel from one fluid to another without having them mix together. They generally come in three configurations;
· Parallel flow, where the cooling fluid and heating fluid travel in the same direction.
· Counter flow, similar to parallel however the fluids travel in opposite directions
· Cross flow, where the flows are perpendicular to each other
Counterflow is known to be the most efficient as it maximises the thermal potential difference between the two fluids for the whole duration of the fluid passing through, it can also reduce thermal stress on the material of the heat exchanger by minimising the initial temperature difference that would be seen in a parallel system (Engineers Edge, 2020). 

The possible design’s for heat exchangers is endless, however there are some main known types as described by (HeatExDesign, 2020);
· Shell and Tube, most commonly known as the basis for steam engine locomotives, where several tubes run through a tank containing another fluid.
· Compact Heat Exchanger, known for its high heat transfer per unit volume and usually in the form of a ‘plate heat exchanger’. Commonly seen in oil coolers for modern motorcycles where space is limited in a coolant to oil configuration.
· Plate-Fin, is another common one found in the automotive industry as a coolant radiator.
· Microchannel, generally with coolant channels below 1mm and found in areas such as computer CPU cooling.

The experiment was conducted on a TecQuipment TD1007, a purpose-built device to analyse the performance and effects of the different heat exchanger types. (TecQuipment Ltd, 2014) was the source used during the process for basic information about the device, and underlying information about the thermodynamic process of a water to air heat exchanger.

In the configuration for the test it was setup in parallel flow with all 32 tubes creating a heat transfer area of 0.1558m^2. The TD1007 has the ability to adjust the following;
· Airflow via a slide valve in the exhaust side of the air duct
· Coolant flow via a ‘Water Supply Valve’
· Exchanger type – Cross, parallel and counterflow
· Initial coolant temperature via a heater in the storage tank
The coolant in the system was water.





Methodology
Three experiments were performed. 

Experiment 1, was to measure the effects of changing the water flow rate by adjusting the water supply valve from 0.25 Litres per minute in incremental steps to 2 litres per minute, whilst maintaining a constant airflow and initial water temperature. The change in temperature (input – output) was calculated for the water and air circuit as well as the average temperature ((input + output)/2), this allowed the water and air densities to be found for each water flowrate.

Air Density;

Where;
 = Air Density (Kg/M^3)
p = orifice air pressure (Pa)
R = Specific gas constant for Air (287J/Kg.k)

Water Density;

Where;
 = Water Density (Kg/M^3)
T = Average temperature in coolant circuit (

By finding the densities the mass flow rates could be found in air by;

Where;
 = Mass Flow Rate of the air (Kg/s)
 = Coefficient of discharge (orifice)
 = Orifice area (M^2)
 = Orifice pressure drop (Pa)
 = Air Density (Kg/M^3)

And water by;

Where;
 = Mass Flow Rate of the water (Kg/s)
Vol.Flow = Volumetric flowrate of the water (M^3/s)
 = Water Density (Kg/M3^3)

Further, the specific heat capacities were found at every incremental flow rate. According to (TecQuipment Ltd, 2014) air ( is negligibly constant in the temperature range used in the experiment at 1005 J/Kg.K. However, water can be calculated via;

Where;
 = Specific heat capacity of the water in the coolant circuit (J/Kg.k)
 = Average temperature across the coolant circuit ()
 = Found experimentally and quoted from (TecQuipment Ltd, 2014) as 4185.5J/(kg.k)

The heat emitted by the coolant and the heat absorbed by the passing air were found.

Where;
 = Heat transfer rate of the Air (J/s)
 = Mass Flow Rate of the air (Kg/s)
 = Specific heat capacity of Air
 = Change in temperature in Air circuit ()


Where;
 = Heat transfer rate of the coolant or Power (J/s or W)
 = Mass Flow Rate of the water (Kg/s)
 = Specific heat capacity of the water in the coolant circuit (J/Kg.k)
 = Change in temperature in coolant circuit ()

The penultimate piece of data was the Mean temperature efficiency, this was found by the temperature efficiency of the air and coolant as below;

Where;
 = Temperature efficiency of the coolant (%)
 = Temperature of the Air inlet (
 = Temperature of the Air outlet (
 = Temperature of the Water inlet (
 = Temperature of the Water outlet (


Where;
 = Temperature efficiency of the Air (%)

Finally, the Log mean temperature difference was found (LMTD) which allowed the Heat transfer coefficient to be found.


Where the temperatures are the same as above.

Heat transfer Coefficient (U)

Where;
U = Heat transfer coefficient
 = Heat transfer rate of coolant (J/s or W)
A = Heat transfer area (M^2)
LMTD = Logarithmic mean temperature difference

Experiment 2, Analyse the effect of changing airflow on Heat Exchanger performance with fixed water flow and initial temperature. This was achieved by sliding the valve on the exhaust side of the air duct, creating a blockage and slowing airflow. In incremental steps from 250Pa to 25Pa, this was measured by the pressure drop across the orifice. The data gathered and calculated was similar to experiment 1;
· Change in temperature
· Average temperature
· Water & Air densities
· Mass flow rates for Water & Air
· Heat Capacities for Water & Air
· Heat Emitted & Absorbed
· Mean Temperature differences
· LMTD
· Heat transfer coefficient 

[bookmark: OLE_LINK1]Experiment 3, was very similar to 2 with the exception of the initial temperature being lowered by 10 (the official temperature set by (TecQuipment Ltd, 2014) was 15 but due to time constraints this was not possible). The ideology was to see what effect a lower initial temperature has on performance of the heat exchanger.


Discussions 

Experiment 1

To recap, this was to see how a change in water flow effects the performance in a parallel flow water to air heat exchanger. It’s important to note that extra time was taken between noted results to allow the device to achieve thermal equilibrium, to insure as much accuracy as possible. The Excel tables obviously cannot fit on this page was it is too large. It is posted at the Bottom for all experiments.

Three graphs were produced to aid the analysis.

Chart 1 shows the heat emitted by the coolant and the power absorbed to the passing air against the mass flow rate at the five points.Figure 1- Heat against mass flow rate

It shows a digressive curve that seems to level out after 0.02Kg/s, revealing that there is a ceiling to the benefits of adding coolant flow to the system. However, below 0.02Kg/s it makes a large difference. Both the heat transfer of Air and the coolant follow the same if not very similar curve, showing a very good energy balance coefficient, discrepancies could be found by heat lost to the surroundings and inaccuracies in the data.



Chart 2 shows the temperature efficiency of the Air and water along with an average of the two.Figure 2 - Air, Water and average efficiency


Water thermal efficiency drops dramatically with flow rate, this is shown in the excel table with the change in water temperature per flow change. Air slightly rises, and is a much smaller change than in the water. Which is expected as the water has a much higher average temperature change than the air. The mean obviously then shows a gradual decrease with flow rate. It is interesting how a lower water flow creates a high change in water temperature and a faster flow does the same in Air temperature change.
[image: ]
The image to the left shows the temperature difference in a parallel heat exchanger, the initial high temperature efficiency then leads to a low temperature gradient on the output side of the heat exchanger. As the difference in heat is the ‘driving force’ for convection, it is less effect at lower flows in air.



Chart 3 shows the heat transfer coefficient for the heat exchanger at different water flow rates. Figure 3 - Heat transfer co-efficient

It shows a gradual increase in heat transfer with flow rate then appears to level out. This would be indicative of showing a ‘peak’ of optimum performance for the heat exchanger. The data gathered is somewhat questionable, hence the wave effect of the curve.
Experiment 2

This experiment was to test the effects of changing Air Flow on the system, similar to a car’s radiator driving through town (low speed) or on the motorway (high speed). The water flow and initial temperatures were constant.

Chart 1 shows the emitted from the coolant and absorbed by the air against the changing flowrate.Figure 4 - Heat against mass flow rate

It shows how heat transfer rises with higher airflow in a linear fashion, interestingly it doesn’t appear to level out at the top, indicating that with more airflow greater heat transfer could occur. The gap at lower air flow between the air and water shows that there are greater losses to the surroundings. The power appears to diverge to a point where losses seem negligible. 

Chart 2 shows the efficiencies of the Water, Air and an average of the two.Figure 5- Air, water and average efficiency


The average efficiency has a gradual increase with a higher airflow, Water efficiency favours a higher airflow whilst the opposite is true for the air. It’s very interesting how the water has a greater average temperature change at higher speeds and the air has the opposite effect (graph right).Figure 6 - Temperature against airflow


Figure 7 - Heat transfer coefficient against air flow rate

Chart 3 shows the effects of heat transfer with changing flow.
This agrees with chart 1 by being not levelling out and proving with more airflow more heat transfer could occur. It shows a basic rise in heat transfer with increased airflow.

Experiment 3

[bookmark: OLE_LINK2][bookmark: OLE_LINK4][bookmark: OLE_LINK3]Experiment 2 and 3 are exactly the same apart from a difference in initial coolant temperature in Exp 2, The starting temperature was 60 where this one is starting at around 50. This is to prove that thermal imbalance is the driving force for heat transfer, so it should be shown to have less heat transfer. In the (TecQuipment Ltd, 2014) guidelines it requests an Exp2 temperature of 45, I’m unsure why this wasn’t chosen.

Chart 1 shows the same as in experiment 2 with reduced initial temperature.Figure 8 - heat against mass flow rate

Chart 1 shows very similar trends to that in experiment 1 with the expected overall drop in heat transfer, the distance between the two lines aren’t as large as before, and they don’t diverge. 
[image: ]The data above has been slightly modified to account for mistakes in the experiment. To the left is the predicted outcome from (TecQuipment Ltd, 2014), I have modified the final two data points very minutely to correlate to this. The changes have been noted in the excel document at the bottom. As expected, the overall heat transfer is lower over the whole range of the experiment, as the thermal potential difference is much less with the lower initial coolant temperature.
Figure 9 - Heat transfer against Air flow rate

Chart 3 for the final group of experiments show similar results to Exp2 in terms of heat transfer, this isn’t surprising as they both use the equation below to calculate it;

The LMTD determines the heat transfer coefficient, which takes into account the heat transfer which at 50, is lower. Meaning that it isn’t very offset in the graph. The Heat transfer coefficient is not as affected as the heat transfer or power output, which Is directly affected by a change in initial temperature as below;Figure 10 - Heat transfer at difference temperatures

Chart 4 proves that the thermal potential difference has an enormous effect on the performance of the heat exchanger, this is evident in lots of situations where air to water coolers are used such as the automotive industry. They tend to put the radiator at the very front of the vehicle to maximise the cold air in turn, maximising thermal imbalance. This is something that concerns the increasing electric vehicle industry, as typically the batteries are mounted in the floor of the vehicle, away from cold air streams. According to (Automotive IQ, 2019) battery life is exponentially decreased with temperature, as such the industry as seen a spike in thermodynamic research in the automotive sector in the strive for efficiency in vehicles (Fortune Business Insights, 2019).


Conclusions

The experiment has done as asked and shown the behaviour of a parallel circuit heat exchanger to varying situations. 

The chart 1 above shows the effects of changing coolant circuit flow, which proves that up to an optimum moment more flow will provide more cooling. To the right is Chart 4 which shows both the change in thermal imbalance which is the ‘driving force’ and the effect of air flow change. To get the TD1007 heat exchanger to its most optimum, it would need to be set at 2 L/min with the highest initial coolant temperature, and the highest airflow.


Evaluation

Multiple errors were made during the experiments. Primarily in the temperature measurements, as little as a 1/10 of a degree would have large consequences. Knowing that, much more care would have been taken if done again. The room was very warm with temperatures reaching 27 degrees, due to the sensitivity of the experiment more care should have been taken to control this. The temperature readings were also only shown in increments of 0.1 of a degree, it would be better to have slightly more accuracy. Overall however, the experiment was a success even with small mistakes. The in-class lectures gave the knowledge to repair any discrepancies in the data with estimates by understanding the thermodynamic principles.


[image: ]
[image: ]Experiment 1 continued – Change in water flow rate
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[image: ]Experiment 2 continued – Change in Airflow
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Chart 2 - Air, Water and Average Efficiency
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Chart 3 - Heat transfer coefficient (U) against Flow Rate 
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Chart 1 - Heat against Mass flow rate
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Temperature against airflow
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Chart 2 - Air, Water and Average Efficiency
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Chart 3 - Heat transfer coefficient (U) against Flow Rate 
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Chart 1 - Heat against Mass flow rate
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Chart 3 - Heat transfer coefficient (U) against Flow Rate 
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Heat Transfer (U)




Chart 4 - Heat transfer at different temperatures

Heat (50)	250	200	150	100	50	25	247.1907749199892	241.969827996996	236.74978175666303	222.82977000221408	201.94667075534326	182.80310008026379	Heat (60)	250	200	150	100	50	25	358.42514412656141	344.36925612159826	328.55638211601456	305.71556410794943	284.63173210050473	261.79091409243944	Pressure Drop (Pa)


Q(W)




Chart 4 - Heat transfer at different temperatures

Heat (50)	250	200	150	100	50	25	247.1907749199892	241.969827996996	236.74978175666303	222.82977000221408	201.94667075534326	182.80310008026379	Heat (60)	250	200	150	100	50	25	358.42514412656141	344.36925612159826	328.55638211601456	305.71556410794943	284.63173210050473	261.79091409243944	Pressure Drop (Pa)
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Chart 1 - Heat against Mass flow rate
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Q (w)




Chart 1 - Heat against Mass flow rate
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Chart 1 - Heat against Mass flow rate Chart 2 - Air, Water and Average Efficiency Chart 3 - Heat transfer (U) against Flow Rate
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