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1. [bookmark: _Toc5560898]Introduction

The aim of this report is to demonstrate the principles of a cross flow heat exchanger via a critical analysis of a laboratory experiment conduct by the author in which the relationship between temperature, pressure and flow rate of water and air within a TD1007 32 tube Cross flow heat exchanger. Noting that the air flows parallel to the water ducts, hence the name cross flow. The initial, ambient & final temperatures /pressures are measured at each iteration of testing in each experiment to produce specific data used to calculate further trend and behaviours within the heat exchanger. The temperature of water is measured at two points in the system for T1 and T2.
T2
Figure 1


T1






2. [bookmark: _Toc5560899]Tasks/ calculation methodology 

1. Firstly the author was tasked with calculating the average Temperatures for air and water allowing for the calculation of water and air density at each specific temperature demined via: 


The air density is then calculated via: 

Noting that R is equal to (289 J/Kg.K) and T is the calculated average Temperature.


The water density is then calculated via:
[image: ]


2. The second task was to convert the water flow data to water mass flow rate and calculate the Air mass flow rate these were determined via:

Mass Air flow:



Where Cd represents coefficient of discharge (0.6), the area is equal to (0.1158 M2) and  is the test pressure and Ao is the area of the orifice.


Mass water flow:


3. Task 3 was to calculate the specific heat capacity for each flow rate where the (CpA) for air can be assumed to be (1005 j.kg-1).

The author determined the specific heat capacity for water (Cpw) where the (Cp) for water can be assumed to be (4185 J.Kg-1.K-1) and T is average temperature via:
[image: ]


Which was then transposed so (Cpw at Average T) is the subject:



4. For the fourth task the author had to determine the heat emitted, absorbed and mean temperature efficiency’s () as well as the logarithmic mean temperature difference (LMTD) to calculate the overall transfer coefficient (U).

To determine the heat (Q) emitted by the water (Qe) and heat absorbed by the air (Qa) the author used the heat transfer equation respectively for water and air as seen below:


The mean temperature efficiency was then determined by the author for both air and water via: 

Then for water:


The calculation of the overall efficiency was determined using mean value for the Temperature efficiencies of air and water: 

The author was the tasked with determining the logarithmic mean temperature difference (LMTD) with the purpose of calculating the overall heat transfer coefficient (U) these were determined via:


And the heat transfer coefficient where A is the surface area via:


Each of these tasks were accomplished by the author for each experiment using the methodology demonstrated 

3. [bookmark: _Toc5560900]Experiment 1 – varying water flow rate
3.1. [bookmark: _Toc5560901]Aim
The aim of the first study was to determine the effect of different water flow rates through a parallel configuration at 60°c on the performance of the exchanger with fixed air pressure (250pa) and Water temperature. This is manually adjusted by the valve seen in figure 1. The initial and final temperature readings are taken for air and water for further calculations
3.2. ProcedureFigure 2 – manual water flow adjustment

Before starting the first experiment the author had to ensure initial test conditions were established before conducting the study to ensure accuracy of the experiment.
Initial conditions:
· The temperature of the heat exchanger was set to 60⁰C 
· A note was taken of the ambient air pressure (1 bar) and orifice diameter of (100.11mm) 
· Variable air flow valve set to 250pa of air flow and maintained as a constant (allowing for a tolerance of +/- 5 Pa)
· Manually operation the water flow valve as seen in figure 1 which was set to 2.25L/min with a tolerance of (+/- 0.01 L/min)

This process was then repeated a further 4 times with a range of lowering water flow rates of 1.75, 1.25.0.75 & 0.25 L/min.

3.3. [bookmark: _Toc5560903]ResultsFigure 3 Measured data


The figure 3 above demonstrates the data gathered from the set conditions such as initial, final average and delta temperatures as well as the converted flow rates form L/min to Kg/s. 
Figure 4 calculated data

Figure 4 above demonstrates the calculated data required to produce data graphs to demonstrate the trends and effects of the change in variables throughout the first experiment.
3.4. [bookmark: _Toc5560904]Analysis
Figure 5 experiment 1










Figure 5 demonstrates the results achieved for the heat energy (power) absorbed and released within the heat exchanger. The results demonstrate that as water flow increases as does the thermal energy. The trend of curvature as the flow increases suggests that there will be a maximum transfer limit around 0.037 Kg/s of flow. The values for heat emitted and heat absorbed theoretically should be very similar however a small difference can be seen as expected this is due to slight variations in external conditions
Figure 6 temperature efficiency experiment 1

The determined results for the first experiment’s thermal efficiency of water decreases with increased flow whereas the efficiency of air increases with water flow. Figure 6 demonstrates a larger change in the waters thermal efficiency therefore the mean efficiency demonstrates a decreased efficiency with increased flow this is to be expected due to the larger change in the temperature of water.  
At a lower flow rate the temperature drop in the water increase per amount of thermal power emitted, this will provide a higher temperature efficiency for the water and subsequently lower the temperature gradient between the air and water.Figure 7 Heat transfer coefficient












Figure 7 shows the heat transfer coefficient which demonstrates how initially the coefficient increases with the flow of water before reducing and balancing out. This suggests that with an increase in water flow past an optimum level between (0.01 – 0.015) there is no improvement in performance, this is consistent with the trend in figure 5. 
4. [bookmark: _Toc5560905]Experiment 2- varying air flow rate
4.1. [bookmark: _Toc5560906]Aims
The aim of the second experiment was to demonstrate the effects of varying air flow rates on the performance of the heat exchanger with fixed flow ad Temperature.
4.2. ProcedureFigure 8 variable airflow gate

The second experiment requires the regulation of the air flow through an adjustable duct demonstrated in figure 8 to determine the thermodynamic processes demonstrate in the tasks and methodology section.  
Initial conditions:
· The temperature of the heat exchanger was set to 60⁰C 
· A note was taken of the ambient air pressure (1 bar) and orifice diameter of (100.11mm) 
· Variable air flow valve set to 250pa of air flow and maintained as a constant (allowing for a tolerance of +/- 5 Pa)
· Manually operation the water flow valve as seen in figure 1 which was set to 0.25L/min with a tolerance of (+/- 0.01 L/min)

This proses was then repeated a further 4 times with a range of lowering air flow rates of 200, 150, 100 & 50 pa

4.3. [bookmark: _Toc5560908]Results Figure 9 measured data

Figure 9 demonstrates the measured results and initial conditions of the second experiment where air flow rate in (Pa) is the main subject of the experiment.
Figure 10 calculated data



4.4. [bookmark: _Toc5560909]Analysis
Figure 11










Figure 11 demonstrates the trend between heat energy absorbed and emitted against air mass flow, the trend that can be seen indicates that the heat emitted increases with an increased air flow, whereas at low flow the heat absorbed by the air is less than the heat emitted which suggests there is an increased losses in heat to the surroundings however it can be seen that with increased flow the losses decrease until they approximate to the same value, note this will have a detrimental effect on the thermal efficiency. Not that the trend continues to increase unlike in experiment 1 therefore suggesting that a continued increase in air flow would further increase the heat transfer.  
Figure 12 mean temperature efficiency











The mean temperature efficiencies demonstrate with increased air flow the water efficiency increase and a decrease in air efficiency. The overall efficiency is determined by the mean efficiency which shows that over all thermal efficiency increases with air flow.



Figure 13

The heat transfer coefficient graph above demonstrates a relatively linear increase in the coefficient with air flow, from this the author was able to determine that there is a direct correlation between increased air flow and increased (U). The fact that the trend on the graph doesn’t fully level out suggests a further increase in air flow will increase the coefficient values further. 















5. [bookmark: _Toc5560910]Experiment 3 – varying Temperature
5.1. [bookmark: _Toc5560911]Aims
The aims of the 3rd experiment was to demonstrate the effect of varying air flow at 45°c on the performance of the heat exchanger with fixed water flow.

5.2. [bookmark: _Toc5560912]Procedure
The procedure for the 3rd and final experiment was to replicate the second experiment with one adjustment to temperature which was changed from 60 ⁰C to 45 ⁰C
Initial conditions:
· The temperature of the heat exchanger was set to 45⁰C 
· A note was taken of the ambient air pressure (1 bar) and orifice diameter of (100.11mm) 
· Variable air flow valve set to 250pa of air flow and maintained as a constant (allowing for a tolerance of +/- 5 Pa)
· Manually operation the water flow valve as seen in figure 1 which was set to 0.25L/min with a tolerance of (+/- 0.01 L/min)

This proses was then repeated a further 4 times with a range of lowering air flow rates of 200, 150, 100 & 50 pa
5.3. [bookmark: _Toc5560913]ResultsFigure 14

Figure 14 demonstrates the measured data the highlighted blue time are the key variance from previous experiments.
Figure 15

Figure 15 seen above shows the calculated data generated using the calculations seen in the tasks and methodology section. 





5.4. [bookmark: _Toc5560914]Analysis
Figure 16












Figure 16 above demonstrates the relationship between the thermal output and air mass flow, it can be seen that the thermal output of QA (Air) has a steep increase in comparison to Qe (water) this suggests that due to the cooler initial temperature of water leading to a lesser output of heat energy. 
Figure 17 shows the comparison of heat emitted by the water in experiment 1 & 2.  It can be seen that both 60⁰C and 45⁰C follow a linear trend however the 45⁰C values start to tail off indicating it is near its limit in this configuration however the 60⁰C values continue to increase, yet they both consistently incase with the rate of air flow. Figure 17


The figure above shows the comparison between the thermal efficiencies which demonstrates the lack of effect a temperature change of 15⁰C has on the thermal efficiency of the system by having near identical results. The effect of a lower temperature has near no effect on the thermal efficiency compared to the thermal energy output due to allowing for the starting temperature through LMTD, this accounts for the available power at 45⁰C. Figure 18












The heat transfer coefficient graph above demonstrates a linear increase in the coefficient with air flow much like experiment 2, from this the author was able to determine that there is a direct correlation between increased air flow and increased (U) regardless of the temperature change.



6. [bookmark: _Toc5560915]Conclusion
Experiment 1
In conclusion it can be determined that for the first experiment there is a direct correlation between an increase in water flow and a decrease in thermal efficiency likely due to the lack of time the water has to disperse its heat where as there is an increase in heat energy output at low ranges of flow before levelling out just before 0.037 Kg/s which demonstrates that the performance of the heat exchanger under this configuration is near optimum at 0.37kg/s.
It can also be seen that between 0.01 & 0.015 kg/s heat transfer coefficient decreases indicating optimum performance of the heat exchanger at these levels. Over all the author has determined that the best flow rate of water for this task is between 0.01 and 0.35 to optimise e proses anything outside this value is less than optimum performance.
 
Experiment 2
For experiment 2 the author determined that with an increase in mass air flow created a constant linear increase in the thermal output by water and absorption by air, the author as therefore able to determine that due to the lack of drop off In the graphic (figure 11) that a continued study would increase the thermal output and absorption further. Whereas the increased flow improved the thermal efficiency of water I decreased the thermal efficiency of air as the flow increased however the mean efficiency had a marginal increase demonstrating on overall increase in efficiency unfortunately the trends seem to level out so the author determined that further increase will likely not improve performance.
The heat transfer coefficient was positively affected by the increase in flow efficiency as can be seen in figure 13 the trend increases linearly without a drop off therefore a continued study should increase this further

Experiment 3
In conclusion the reduction of the water Temperature to 45⁰C had next to no effect on the results determined, the only notable effect that this temperature reduction caused was a reduced output of thermal energy from water and an increased absorption rate in the air due to the reduced quantity of power. 
Over all this study demonstrates that increasing water mass flow has a majority negative effect on the system past 0.37kg/s whereas as increased air flow rate has a positive effect on the system in all areas other than thermal efficiency of air due to the increased speed of the air meaning that it has less time for heat absorption, the final point the author discovered was that these processes are minimally effected by change in temperature  the only notable effect is due to the reduced magnitude in the temperature there is a direct reduction in the magnitude of thermal energy emitted.


[image: ]
Theremal energy vs water mass flow 

QA	3.689419472725599E-2	2.8705056809506791E-2	2.0513509386146413E-2	1.2319776179642994E-2	4.1182557906768186E-3	640.62807033621095	629.34569193696177	583.47777687344148	537.80450038249501	389.47257380314232	Qe	3.689419472725599E-2	2.8705056809506791E-2	2.0513509386146413E-2	1.2319776179642994E-2	4.1182557906768186E-3	-617.39431987216074	-612.41382313067174	-600.64010764002603	-577.06017808326203	-375.28918161720287	water mass flow


Qe


Qa




𝜂𝑤, 𝜂A & mean 𝜂 vs water Mass Flow Rate

𝜂	𝑤	 %	3.689419472725599E-2	2.8705056809506791E-2	2.0513509386146413E-2	1.2319776179642994E-2	4.1182557906768186E-3	10.928961748633879	13.934426229508201	19.28374655647383	30.769230769230759	61.064425770308127	𝜂	𝐴	3.689419472725599E-2	2.8705056809506791E-2	2.0513509386146413E-2	1.2319776179642994E-2	4.1182557906768186E-3	15.300546448087427	15.027322404371585	14.049586776859499	12.912087912087921	9.5238095238095291	Mean 𝜂	3.689419472725599E-2	2.8705056809506791E-2	2.0513509386146413E-2	1.2319776179642994E-2	4.1182557906768186E-3	13.114754098360653	14.480874316939893	16.666666666666664	21.840659340659339	35.294117647058826	Mass Flow Rate


𝜂𝑤




Heat transfer coeffisient vs water mass flow 

U	3.689419472725599E-2	2.8705056809506791E-2	2.0513509386146413E-2	1.2319776179642994E-2	4.1182557906768186E-3	125.57390257067703	126.80501694489367	129.1858635134908	133.74491346843007	116.97681200376527	Mass flow rate


Heat transfer coefficient (U)




Theremal energy vs water mass flow 


QA	0.11401897980060144	0.10203289287349085	8.8348284736814262E-2	5.1050651232030786E-2	2.2822893020631684E-2	389.60285397865539	328.13778348114647	293.00708632964421	184.70125615748728	100.92283293723327	Qe	0.11401897980060144	0.10203289287349085	8.8348284736814262E-2	5.1050651232030786E-2	2.2822893020631684E-2	-375.28918161720287	-344.51264197217034	-320.38458792078058	-306.546234627903	-271.95664354216569	Air mass flow


Qa





𝜂𝑤, 𝜂A & mean 𝜂 vs Air Mass Flow Rate


𝜂	𝑤	0.11398085273723794	0.10194757394154282	8.8267058497726564E-2	5.0931234340455725E-2	2.2750578160714626E-2	61.064425770308127	60.422960725075527	57.407407407407419	55.108359133126953	48.76543209876543	𝜂	𝐴	0.11398085273723794	0.10194757394154282	8.8267058497726564E-2	5.0931234340455725E-2	2.2750578160714626E-2	9.5238095238095291	9.6676737160120823	10.185185185185176	11.145510835913306	13.580246913580243	mean 𝜂	0.11398085273723794	0.10194757394154282	8.8267058497726564E-2	5.0931234340455725E-2	2.2750578160714626E-2	35.294117647058826	35.045317220543808	33.796296296296298	33.126934984520133	31.172839506172835	Mass flow


𝜂 values




Heat transfer coeffisient vs air mass flow 


U	0.11401897980060144	0.10203289287349085	8.8348284736814262E-2	5.1050651232030786E-2	2.2822893020631684E-2	116.97681200376527	115.04201086378362	105.80358854812692	99.877189797047009	84.401862282640693	air mass flow



Heat transfer coefficient (U)





Theremal energy vs water mass flow 


QA	0.11430615760364243	0.10229014067956077	8.851141221640188E-2	5.1067779449668255E-2	2.2868922431466068E-2	287.19422097915162	257.00397845739644	222.38492319370974	138.57241953667494	71.248127835232566	Qe	0.11430615760364243	0.10229014067956077	8.851141221640188E-2	5.1067779449668255E-2	2.2868922431466068E-2	-252.06227004869081	-245.17410305345021	-234.80618588515972	-224.41472249968737	-205.36250216471896	air mass flow


QA


Qe




experiment 1 Qe vs experimnt 3 Qe

Exp 2 Qe (60°c)	0.11401897980060144	0.10203289287349085	8.8348284736814262E-2	5.1050651232030786E-2	2.2822893020631684E-2	-375.28918161720287	-344.51264197217034	-320.38458792078058	-306.546234627903	-271.95664354216569	Exp 3 Qe (45°c)	0.11430615760364243	0.10229014067956077	8.851141221640188E-2	5.1067779449668255E-2	2.2868922431466068E-2	-252.06227004869081	-245.17410305345021	-234.80618588515972	-224.41472249968737	-205.36250216471896	Air mass flow


QE





𝜂𝑤, 𝜂A & mean 𝜂 vs water Mass Flow Rate

𝜂	𝑤	0.11430615760364243	0.10229014067956077	8.851141221640188E-2	5.1067779449668255E-2	2.2868922431466068E-2	60.082304526748956	59.414225941422586	57.87234042553191	55.555555555555557	50.854700854700837	𝜂	A	0.11430615760364243	0.10229014067956077	8.851141221640188E-2	5.1067779449668255E-2	2.2868922431466068E-2	10.288065843621402	10.460251046025105	10.638297872340424	11.538461538461551	13.247863247863254	𝜂	0.11430615760364243	0.10229014067956077	8.851141221640188E-2	5.1067779449668255E-2	2.2868922431466068E-2	35.185185185185176	34.937238493723846	34.255319148936167	33.547008547008552	32.051282051282044	EXP 2 𝜂	0.11401897980060144	0.10203289287349085	8.8348284736814262E-2	5.1050651232030786E-2	2.2822893020631684E-2	35.294117647058826	35.045317220543808	33.796296296296298	33.126934984520133	31.172839506172835	Exp 2 𝜂	𝐴	0.11401897980060144	0.10203289287349085	8.8348284736814262E-2	5.1050651232030786E-2	2.2822893020631684E-2	9.5238095238095291	9.6676737160120823	10.185185185185176	11.145510835913306	13.580246913580243	𝜂	w	0.11401897980060144	0.10203289287349085	8.8348284736814262E-2	5.1050651232030786E-2	2.2822893020631684E-2	61.064425770308127	60.422960725075527	57.407407407407419	55.108359133126953	48.76543209876543	






U	0.11430615760364243	0.10229014067956077	8.851141221640188E-2	5.1067779449668255E-2	2.2868922431466068E-2	115.08507935869393	113.05729726460258	108.16676211472466	101.97643799078998	90.027714984146272	Air flow rate


U
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Figure 27 Water Density

Air has a a maximum density at absolute zero, decreasing as temperature increases. You can use Figure
26 to determine its value over the range of temperatures used with the heat exchangers. Note that local
air pressure affects air density, so the chart s relevant for normal atmospheric pressures. If you need more.
accuracy, Equation 8 allows you calculate the air density at a given pressure and temperature.

=L
b=k ®
‘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 unit mass and a constant pressure.
I you need more accuracy, Equation 9 allows you calculate the water density (where T'is your average
‘water temperature in degrees centigrade).

_ 63 , i
(999839 + 1695277990 x 10T 4628110707 4 105346 x 107 - 281 030 x 10 127°)

o
(1 1ems7x10°7)

TD1007 Water to A Heat Exchanger

Heat Energy (Power) Transfer, Energy Balance and Efficiencies

transfers or flows’ from the hotter circuit to the cooler circuit. Poweris

* O

File

@ 9 -

Home.

changer assignment -

Design  Layout  References  Malings  Review  View ACROBAT RefWorks Q Tellme.. ThomssS.. S Share

3] 1) Tsma jeader = -
EDFFQ/DSRAR sl ml[ell ¥ 1) Head -0
=) 1 Chart = Dl 4-B
Pages  Table Pictures Online Shapes Add- Online | Links  Comment Tert
e el =l [ PageNumber~ | poge B
Tables ustations Media Comments | Header & Footer Text
The aim of this report is to demonstrate the principles of a cross flow heat exchanger via a critical
analysis of a laboratory experiment conduct by the author in which the relationship between
temperature, pressure and flow rate within a TD1007 32 tube Cross flow head exchanger.
2. Procedure
Experiment 1 — varying water flow rate
Aim
The aim of the first study was to determine the effect of different water flow rates at 60°C on the
performance of the exchanger with fixed air pressure (250pa) and Water temperature. This is
manually adjusted by the valve seen in figure 1. The initial and final temperature readings are taken
for air and water for further calculations
Task
1. Firstly the author was tasked with calculating the average Temperatures
for air and water allowing for the calculation of water and air density at
each specific temperature demined via:
T, 4T
Average Tempature ===
The air density is then calculated via:
P \Q
Pa=py &\
RT Figure 1 - manual water flow
Noting that R is equal to (289 1/Kg,K) and T is the calculated average Temperature 7"
The water density is then calculated vi
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Pressure and temperature affects specific heat capacity, 5o equation 6 assumes constant pressure over a
known range of temperature. I is the ‘isobaric’ (equal pressure) specific heat capacity.

=2
P T AT ©

For air, the specific heat capacity remains reasonably constant at around 1005 |.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)

03¢ 0036
7+100) ovsr(7)

w0 _ 996185 4 0.0002874( +0011160 x 10

5w @ 15°0) 100 /

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

NOTE You must use the mean (or average) temperature of your flow circuit in this
equation.
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1
2 Experiment 1 -chang in water flow rate
3 Water Mass Flow (Kg/s"-1) ‘Air Mass low (Ke/s) ‘Amb P (Pa) Air Pressure (Pa) SetTw (°c) Orifice Diamiter (m) | Twite | Twz(c) | ATw(°c) [Twavarage] Ta1(’c) | Taz('c) ATA(c)_[Avarage TA (')
4 2.25 0.036894195 0.113828726 100000 250 60 0.10011 60.7 56.7 -4 58.7 241 29.7 5.6 26.9
5 1.75 0.028705057 0.113857203 100000 250 60 0.10011 60.6 55.5 -5.1 58.05 24 29.5 5.5 26.75
6 1.25 0.020513509 0.113838216 100000 250 60 0.10011 60.6 53.6 -7 57.1 243 29.4 5.1 26.85
7 0.75 0.012319776 0.113857203 100000 250 60 0.10011 60.8 49.6 -11.2 55.2 24.4 29.1 47 26.75
8 0.25 0.004118256 0.113980853 100000 250 60 0.10011 60.1 383 -21.8 49.2 24.4 27.8 3.4 26.1
9
10
1 Experiment 2 - change in prssure at 60°c
2 Air Pressure (Pa) Water Mass Flow (Kg/s"-1) | Air Mass low (Kg*s"-1) ‘Amb P (Pa) Water flow (L/Min) SetTw (°c) Orifice Diamiter (m) | Twite | Twa(c) | ATw(°c) [Twavarage] Ta1(’c) | Taz('c) ATA(c)_[Avarage TA (')
13 250 0.004118256 0.113980853 100000 0.25 60 0.10011 60.1 383 -21.8 49.2 24.4 27.8 3.4 26.1
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