[bookmark: _Hlk193145219][image: Text

Description automatically generated]
Mechanical Engineering
Thermofluidic mechanics
ACHA5011
James Minton
2204900
Date of report: 25/05/2025



2

Contents
1	Introduction	4
2	Heat Exchanger process	5
2.1	How do they work?	5
3	Experiments	7
3.1	Effect of varying water flow rate	7
3.2	Results (Water)	10
3.3	Graphs Experiment 1	13
3.4	effects of varing air flow rates:	16
3.5	Results (air):	18
3.6	Graphs experiment 2:	21
4	Errors	24
4.1	Ambient air pressure	24
4.2	Radiation heat loss	25
4.3	Air leakage	26
5	Conclusion	27
6	Appendices	28
7	References	31

Figures:
Figure 1 cross flow heat exchanger.	6
Figure 2 side view of the 32-tube heat exchanger.	7
Figure 3 VDAS software system.	7
Figure 4 orifice inlet of the heat exchanger.	8
Figure 5 outlet valve of the heat exchanger.	8
Figure 6 hand operated water valve.	9
Figure 7 heat exchanger in operation condition.	9
Figure 8 water rate vs power.	13
Figure 9 temperature efficiency vs water flow rate.	14
Figure 10 heat transfer coefficient vs water flow rate.	15
Figure 11 side view of the 32-tube heat exchanger.	16
Figure 12 VDAS monitoring software.	16
Figure 13 orifice inlet of heat exchanger.	17
Figure 14 outlet valve of heat exchanger.	17
Figure 15 air/water power vs air flow rate.	21
Figure 16 temperature efficiency vs air flow.	22
Figure 17 heat transfer vs air flow.	23
Figure 18 how air pressure changes with height.	24
Figure 19 the 3 types of heat energy.	25
Figure 20 tubes that carry the hot liquid through the heat exchanger.	25
Figure 21 inlet of heat exchanger.	26
Figure 22 outlet of heat exchanger.	26

[bookmark: _Toc199069924]Introduction
Cross flow heat exchangers use fluids that flow perpendicular to each other to transfer heat from one fluid to the other, the efficiency of the heat transfer can be influenced from several factors. This experiment aims to highlight how the changes in the water flow rate as well as the air flow rates affect the performance of the heat exchanger. 

[bookmark: _Toc199069925]Heat Exchanger process 
[bookmark: _Toc199069926]How do they work?
Cross flow heat exchanger is a heat exchanger that is set up with two fluids flowing perpendicular to each other creating the heat transfer as seen in Figure 1. Heat exchangers are commonly used in units where fluid one is a gas (usually air) and fluid two is a liquid (Usually water or coolant), such as radiators, air conditioning and industrial cooling units.
Operation:
1. Fluid flow: Air flows in one direction while the water/coolant flow perpendicular to it, these fluids don’t mix and are separated by tubes or metal plates that act as type of thermal conductor.
2. Heat transfer: The energy from the heat transfer from the higher temperature fluid to the lower temperature fluid through the heat exchanger’s walls/tubes. The reason this transfer takes place is due to the temperature difference between the two fluids.
3. Flow configuration: The two types of flow configurations are unmixed and mixed, unmixed flow is when the fluid on one side of the heat exchanger is confined to a specific space and cannot mix with itself., where mixed flow allows the fluid to move freely within its own flow path allowing the mixing to take place before exiting.
4. Performance factors:
Flow rates: If a flow rate increases it will usually increase the heat transfer to a point, but too much flow rate can also decrease the heat efficiency as there is less residence time for the fluid.
Difference in temperature: The higher the temperature difference between the two liquids to more heat can be exchanged between the hot and cold liquids.
Surface area: The more surface area available between the liquids the more efficient the heat transfer will be.
[image: A computer screen shot of a machine

AI-generated content may be incorrect.]
[bookmark: _Ref198488736][bookmark: _Toc198575686]Figure 1 cross flow heat exchanger. Sourced from TecQuipment. (2014). TD1007 Water to Air Heat Exchanger: User Guide.


[bookmark: _Toc199069927]Experiments
[bookmark: _Toc199069928]Effect of varying water flow rate
Aim of Experiment: The aim of this experiment is to show how the different water flow rates affect the overall performance of the heat exchanger for a fixed air flow and water temperature.
[bookmark: _Hlk194253668]Procedure (varying water flow):
1. Connect and set up the 32-tube heat exchanger, connect in parallel flow and set the heater tank to a temperature of 60˚C.
[image: A close-up of a machine

AI-generated content may be incorrect.]
[bookmark: _Ref198489167][bookmark: _Toc198575687]Figure 2 side view of the 32-tube heat exchanger.

2. Use the VDAS system to take the heat exchanger readings.
[image: A computer screen with a diagram

AI-generated content may be incorrect.]
[bookmark: _Ref198489188][bookmark: _Toc198575688]Figure 3 VDAS software system.

3. Note the ambient air pressure.








4. Check the orifice diameter. (stamped on top)
[image: A circular object with a hole in it

AI-generated content may be incorrect.]
[bookmark: _Toc198575689]Figure 4 orifice inlet of the heat exchanger.

5. Switch the fan on and use the slide valve to set the air flow to give the orifice a pressure of 250Pa.
[image: A red and white machine

AI-generated content may be incorrect.]
[bookmark: _Toc198575690]Figure 5 outlet valve of the heat exchanger.







6. Switch the pump on and use the hand operated valve to set the water flow to 1.45 L/minute.
[image: A close-up of a water supply

AI-generated content may be incorrect.]
[bookmark: _Toc198575691]Figure 6 hand operated water valve.

7. Allow at least 4 minutes for the heat exchanger temperature to stabilize, then record all readings.
[image: A machine with red tubes and switches
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[bookmark: _Toc198575692]Figure 7 heat exchanger in operation condition.

8. Repeat the process for the lower water flow rates until you reach 0.65 L/minute.




[bookmark: _Toc199069929]Results (Water)
Temperatures:
Data Set 1 (1.45 L/minute):




Density (air) @ 
[bookmark: _Hlk194527322]Density (water) @ 

Data Set 2 (1.24 L/minute):




Density (water) @ 

Data Set 3 (1.04 L/minute):



 
Density (water) @ 

Data Set 4 (0.85 L/minute):




Density (water) @ 

Data Set 5 (0.64 L/minute):




Density (water) @ 

Air mass flow rate and water flow mass:
Mass air flow =  = 0.0047230.1157 
Mass water flow =   



Heat coefficient of water:
[bookmark: _Hlk194444543][bookmark: _Hlk194446814]Water CW @ 1.45 L/minute = 4183.50

Water CW @ 1.24 L/minute 4183.34
Water CW @ 1.04 L/minute 4188.35 
Water CW @ 0.85 L/minute 4190.50 
Water CW @ 0.64 L/minute 4193.29 

Heat emitted and heat absorbed/ mean temperature efficiencies/LMTD/overall heat transfer coefficient U:
Power Emitted = 0.0238
Power absorbed  = 0.1157 651.16 
Water efficiency = 
Air efficiency = 
Mean temperature efficiency =  =12 
LMTD =  = 33.142 K
[bookmark: _Hlk194446601]U @ 1.45 L/minute =  
U @ 1.24 L/minute =
U @ 1.04 L/minute =
U @ 0.85 L/minute =
U @ 0.64 L/minute =


[bookmark: _Toc199069930]Graphs Experiment 1
Figure 8 water flow rate vs power:
Figure 8 shows the heat energy data gathered from the heat exchanger experiment, this graph shows that power transfer improves when water flow rate is increased, the decrease in the slope (not linear) suggests that there will be a maximum amount of power transferred at 0.03 . 

[bookmark: _Ref198488852][bookmark: _Toc198575693]Figure 8 water rate vs power.











Figure 9 Temperature Efficiency:
Figure 9 shows the temperature efficiencies for the heat exchanger; this graph shows that the water temperature efficiency decreases with the increase in water flow rate while the air efficiency increases with the water flow rate. The change in the water efficiency is larger than the air efficiency over the flow rates, this is because of the higher temperature changes in the water when compared to the air. The mean temperature efficiency will then show a gradual decrease with the increasing water flow.
The lower the flow rates the higher the temperature drops the heat exchanger will produce for a given amount of power, this gives a higher temperature efficiency for the circuit, this higher temperature drop will give a lower temperature gradient between the water and air at the end of the flow path.


[bookmark: _Toc198575694]Figure 9 temperature efficiency vs water flow rate.





Figure 10 heat transfer coefficient (water):
The heat transfer coefficient for the heat exchanger initially increases with the increase in water flow but then starts to level out. The initial rise and the settling of the heat transfer suggest that increasing the flow rate past a specific amount yields no improvements to the performance, this is similar to the power curves in Figure 8.

[bookmark: _Ref198489280][bookmark: _Toc198575695]Figure 10 heat transfer coefficient vs water flow rate.







[bookmark: _Toc199069931]effects of varing air flow rates:
Aim of experiment:
The aim of the experiment is to show how the different air flow rates affect the performance the heat exchanger’s performance with a fixed water flow and temperature.
Procedure:
1. Connect and set up the 32-tube heat exchanger, connect in parallel flow and set the heater tank to a temperature of 60˚C.
[image: A close-up of a machine

AI-generated content may be incorrect.]
[bookmark: _Toc198575696]Figure 11 side view of the 32-tube heat exchanger.

2. Use the VDAS system to take the heat exchanger readings.
[image: A computer screen with a diagram
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[bookmark: _Toc198575697]Figure 12 VDAS monitoring software.

3. Note the ambient air pressure.



4. Check the orifice diameter. (stamped on top)
[image: A circular object with a hole in it
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[bookmark: _Toc198575698]Figure 13 orifice inlet of heat exchanger.

5. Switch the fan on and use the slide valve to set the air flow to give the orifice a pressure of 250Pa.
[bookmark: _Toc198575699][image: A red and white machine

AI-generated content may be incorrect.] 
Figure 14 outlet valve of heat exchanger.

6. Switch the pump on and use the hand operated valve to set the water flow to 0.65 L/minute.

7. Allow at least 4 minutes for the heat exchanger temperature to stabilize, then record all readings.
8. Repeat the process for the lower air flow rates until you reach 50Pa

[bookmark: _Toc199069932]Results (air):
Temperatures:
Data Set 1 (248 Pa):




Density (air) @ 
Density (water) @ 131.4 ˚ C  


Data Set 2 (200 Pa):





Data Set 3 (150 Pa):





Data Set 4 (100 Pa):





Data Set 5 (49 Pa):





Air mass flow rate and water flow mass:
Mass air flow =  = 0.0047230.1157 
Mass water flow =   

Heat coefficient of water:
Water CW @ 250 Pa = 4206.54

Water CW @ 2004198.14
Water CW @ 150 Pa 4187.24 
Water CW @ 100 Pa 4185.02 
Water CW @ 49 Pa 4183.05 

Heat emitted and heat absorbed/ mean temperature efficiencies/LMTD/overall heat transfer coefficient U:
Power Emitted = 0.0103
Power absorbed  = 0.1157  
Water efficiency = 
Air efficiency = 
Mean temperature efficiency =  =12 
LMTD =  = 56.721 K
U @ 248 Pa =  
U @ 200 Pa=
U @ 150 Pa =
U @ 100 Pa =
U @ 49 Pa =






[bookmark: _Toc199069933]Graphs experiment 2:
Figure 15 air flow rate vs power:
The heat energy results from experiment 2 show that the transfer improves with the increase in air flow and give a smooth linear result. When the air flow is decreased the heat emitted from the liquid is greater than the heat absorbed by the air, suggesting that there are increased losses at the lower air flow rates, usually the heat exchanger material conducts some heat energy away. This in turn has the effect of changing the energy balance. As the air flow reaches a set value the external losses become void, and the two values start to converge. Unlike in Figure 8 this trend does not level out, this could show that an increase in air flow also has the added effect in an increase in heat transfer.

[bookmark: _Toc198575700]Figure 15 air/water power vs air flow rate.







Figure 16 temperature efficiency:
Temperature efficiencies data shows that as the water flow rate increases the thermal efficiency of the water increases as well.  While the air flow rate increases the heat efficiency of the air shows a decreasing pattern. While the air efficiency decreases with the increased air flow the mean temperature efficiency of the heat exchanger continues to increase with the air flow. This suggests that although more air is passing through the heat exchanger, it may not be transferring the heat as effectively. The increase in flow rate will still contribute to an overall higher transfer rate in the system.

[bookmark: _Toc198575701]Figure 16 temperature efficiency vs air flow.







Figure 17 heat transfer coefficient (air):
The heat transfer coefficient results show a consistent linear pattern as the air flow increases. This indicates that as the air flow increase so will the heat transfer of the system. The more volume of air that passes through the system the more efficient the transfer of heat becomes, but as seen in the graph below the efficient of the heat transfer only increase up to a set air flow value once this value is reach the efficiency of the heat transfer begins to level out.

[bookmark: _Toc198575702]Figure 17 heat transfer vs air flow.


[bookmark: _Toc199069934]Errors 
[bookmark: _Toc199069935]Ambient air pressure
The first error that could affect the reliability and accuracy of the experiment results obtained from the heat exchanger would be the measurement of the ambient air pressure. The ambient air pressure used for the data was based on the external atmospheric pressure this is the pressure that was measured outside of the experimental environment. This would introduce inaccuracies to the data collected as the actual pressure within the enclosed experimental environment will be different, this difference can be cause by ventilation systems, room insulation or changes in temperature. Air pressure can also influence the properties of air flow like the density and velocity of the air, so using the wrong values could lead to errors in calculating the heat transfer rates and efficiencies.
[image: ]
[bookmark: _Toc198575703]Figure 18 how air pressure changes with height. Sourced from Van Nước Hà Nội. (2023).







[bookmark: _Toc199069936]Radiation heat loss
Another error that could influence the data of the experiment is the radiative heat loss (radiation) from the pipes that carry the heated liquid through the heat exchanger. The pipes that carry the heated liquid to and from the heat exchanger are exposed to the surrounding air causing thermal radiation. This heat loss happens when thermal energy starts radiating from the heated surface of the pipe into the surrounding environment rather than traveling through the heat exchanger. This radiation may not allow the heat to fully be utilised leading to underestimation of the efficiency of the heat exchanger data that was collected. This heat loss can be significantly higher if the material of the pipes is of a high thermal conductivity or is not insulated properly.
[image: A diagram of a heat exchanger
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[bookmark: _Toc198575704]Figure 19 the 3 types of heat energy. Sourced Connor, N. (2019)
[image: A machine with red tubes and switches
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[bookmark: _Toc198575705]Figure 20 tubes that carry the hot liquid through the heat exchanger.




[bookmark: _Toc199069937]Air leakage
One other error that could occur when trying to operate the heat exchanger is air leakage from the inlet or outlet ducts this error is more physically noticeable when compared to other more subtle errors. Air leakage usually happens when the rubber gasket on the ducts is not properly sealed leaving small gaps, gasket failure will also cause air to escape through cracks in the rubber. When air starts to leak from inlet or outlet ducts it can lead to unreliable and inconsistent airflows rates as well as poor orifice pressure readings, this is because the system is no longer operating in a closed and controlled environment. These errors can result in unusual data patterns that cannot to be compared to with previous experiment data.
[image: A computer screen shot of a machine
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[bookmark: _Toc198575706]Figure 21 inlet of heat exchanger.
[image: A computer screen shot of a machine
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[bookmark: _Toc198575707]Figure 22 outlet of heat exchanger.


[bookmark: _Toc199069938]Conclusion
To conclude the experiment has successfully shown how a crossflow heat exchanger operates by transferring heat between two separate liquids flowing perpendicular to one another. The purpose of this experiment was to demonstrate how variations in water flow rate and air flow rate impact the performance and efficiency of the heat exchanger. The results show that increasing the fluid flow rate can enhance to heat transfer due to an increase thermal interaction, however this improvement in performance will start to taper off at a certain point due to less contact time with the liquid and increased turbulence in the liquid.
This experiment also highlights how different external factors like air pressure, radiative heat loss and air leakage can affect the accuracy of the data gathered and the overall performance of the heat exchanger. This study provides valuable insight into how the thermal properties of a crossflow heat exchanger operates and the different parameters that the must be considered when gather data in the field.




[bookmark: _Toc199069939]Appendices 

Calculation check (water):
Volume of water = 1.45 L/minute  
Tw1 = 60.3˚ C  
Tw2 = 56.8˚ C 
Tw = -3.5˚ C
Average Tw = = 58.6˚ C
Density (water) @ 58.6˚ C = = 
Mass water flow =  = 
Water CW = 4183.50
Waterpower = 0.0238
Water efficiency = 
Calculation check (air):
[bookmark: _Hlk194515638]Ta1 = 22.4 ˚ C
Ta2 = 28.0 ˚ C
Ta = 5.6 ˚ C
Average Ta =  = 25.2 ˚ C
Ambient air pressure = 102,400 Pa
Density (air) @ 25.2 ˚ C =  1.20
Orifice = 100.11 = 0.007871 
250 Pa
Mass air flow =  = 0.0047230.1157 
Air 1005
Air power = 0.1143 643 
Air efficiency = 
Mean temperature efficiency =  =12 
LMTD =  = 33.142
U =  


Data set 1:
https://uowtsd-my.sharepoint.com/personal/2204900_student_uwtsd_ac_uk/Documents/year%203/experiment%20folder%20james%20tj/experiment%201%20data.xlsx

Data set 2:
https://uowtsd-my.sharepoint.com/personal/2204900_student_uwtsd_ac_uk/Documents/year%203/experiment%20folder%20james%20tj/Experiment%202%20data.xlsx






Notations:
[image: A screenshot of a computer
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water flow rate vs power

air	1.04E-2	1.38E-2	1.7000000000000001E-2	2.0500000000000001E-2	2.3800000000000002E-2	550	574	607	643	643	water	1.04E-2	1.38E-2	1.7000000000000001E-2	2.0500000000000001E-2	2.3800000000000002E-2	-348	-343	-532	-1461	-1764	Water mass flow rate (kg.s^-1)


Air Power (watts)





Temperature Efficiency Percentages

water	2.3800000000000002E-2	2.0500000000000001E-2	1.72E-2	1.3899999999999999E-2	1.06E-2	9.1999999999999993	10.6	18.399999999999999	44.1	56.6	air	2.3800000000000002E-2	2.0500000000000001E-2	1.72E-2	1.3899999999999999E-2	1.06E-2	14.8	14.8	13.4	9.1	7	mean	2.3800000000000002E-2	2.0500000000000001E-2	1.72E-2	12	12.7	15.9	26.6	31.8	water mass flow rate (kg.s^-1)


Temperature Efficiency 





heat transfer coefficient	2.3800000000000002E-2	2.0500000000000001E-2	1.72E-2	1.3899999999999999E-2	-256.10000000000002	-235.3	-102	-68.400000000000006	-67.400000000000006	water mass flow rate (kg.s^-1)


Heat Transfer coefficient (W.m^-2.k^-1




Air flow rate vs power

Air	0.1138	0.1024	8.8499999999999995E-2	7.22E-2	5.04E-2	549	549	504	504	445	445	399	399	329	329	Water	5.04E-2	7.22E-2	8.8499999999999995E-2	0.1024	0.1138	-318	-1092	-1541	-3156	-3436	Air mass flow rate (kg.s^-1)


Air power (watts)


water power (watts)




Temperature efficiency percentages

water	5.04E-2	7.22E-2	8.8499999999999995E-2	0.1024	0.1138	69.599999999999994	69.7	75.8	79.099999999999994	80.5	78.099999999999994	77.3	74.2	76.900000000000006	72.2	74.5	71.599999999999994	65.5	63.4	72.099999999999994	68.8	71.900000000000006	72.5	76	70.400000000000006	73.7	75.8	74.099999999999994	71.099999999999994	74.099999999999994	75	74.3	76.3	73.900000000000006	76.7	74.900000000000006	73.5	70.400000000000006	72.8	72.8	71.3	70.099999999999994	71.2	67.5	66.7	64.7	66.400000000000006	64.099999999999994	68.099999999999994	66.7	66.099999999999994	66.400000000000006	66.900000000000006	54.5	56.8	55.9	55.5	55.7	58.9	57.5	54.3	56.2	57	56.4	53	55.3	53.8	53.8	47.8	52.2	54.3	52.2	52.4	47	46.7	48.5	47.3	46.9	44.6	44.2	42.6	43.5	44.5	41.9	41.8	41.1	40.200000000000003	38.299999999999997	36	37.4	37.299999999999997	35.200000000000003	37	36.799999999999997	41.6	40.4	38.299999999999997	34.5	34	31.2	34.5	35.6	34.299999999999997	18.3	17.100000000000001	18.3	17	15	15.2	15	15.2	14.8	14.8	14.6	14.1	13.8	13.9	14.1	13.9	13.7	13.4	13.4	13.4	13.4	13.2	13.2	13.2	13.2	Air	0.1138	0.1024	8.8499999999999995E-2	7.22E-2	4.4000000000000004	4.7	4.9000000000000004	4.9000000000000004	3.9	3.4	3.1	3.5	3.6	4.0999999999999996	3.7	4.4000000000000004	4.0999999999999996	4.5999999999999996	5.6	5.9	4.5	5	4.5	4.4000000000000004	3.8	4.8	4.2	3.9	4.2	4.8	4.3	4.0999999999999996	4.2	3.9	4.4000000000000004	3.8	4.0999999999999996	4.5	4.9000000000000004	4.5	4.5999999999999996	4.7	5	4.8	5.5	5.6	5.9	5.6	6	5.4	5.6	5.7	5.5	5.5	7.6	7.4	7.6	7.7	7.6	7.1	7.3	7.9	7.6	7.4	7.4	8	7.7	8	8	9	8.3000000000000007	7.8	8.1	8.1999999999999993	9.1	9.1999999999999993	8.6999999999999993	9.1999999999999993	9.1	10	10.199999999999999	10.5	10.5	10.3	10.9	11	10.9	11.1	11.6	11.9	11.6	11.6	12	11.7	11.7	10.8	11	11.4	12.1	12.2	12.7	12.1	11.9	12.1	16.8	17.3	17.3	17.5	17.7	17.600000000000001	17.7	17.899999999999999	18	17.7	18.100000000000001	18.100000000000001	18.2	17.899999999999999	17.899999999999999	18	18	18.100000000000001	18.100000000000001	18	18	18.100000000000001	18.100000000000001	18.399999999999999	18.100000000000001	Mean	0.1138	0.1024	8.8499999999999995E-2	7.22E-2	5.04E-2	38.700000000000003	37.799999999999997	37.299999999999997	37.299999999999997	39.9	41.3	41.8	40.799999999999997	40.4	39.200000000000003	40.299999999999997	38.299999999999997	39.299999999999997	38.1	35.6	34.700000000000003	38.299999999999997	36.9	38.200000000000003	38.5	39.9	37.6	39	39.9	39.200000000000003	37.9	39.200000000000003	39.6	39.299999999999997	40.1	39.200000000000003	40.299999999999997	39.5	39	37.700000000000003	38.700000000000003	38.700000000000003	38	37.6	38	36.5	36.200000000000003	35.299999999999997	36	35.1	36.799999999999997	36.200000000000003	35.9	36	36.200000000000003	31.1	32.1	31.8	31.6	31.7	33	32.4	31.1	31.9	32.200000000000003	31.9	30.5	31.5	30.9	30.9	28.4	30.3	31.1	30.2	30.3	28.1	28	28.6	28.3	28	27.3	27.2	26.6	27	27.4	26.4	26.4	26	25.7	25	24	24.5	24.5	23.6	24.4	24.3	26.2	25.7	24.8	23.3	23.1	22	23.3	23.8	23.2	17.600000000000001	17.2	17.8	17.3	16.399999999999999	16.399999999999999	16.399999999999999	16.5	16.399999999999999	16.3	16.399999999999999	16.100000000000001	16	15.9	16	16	15.9	15.8	15.8	15.7	15.7	15.7	15.7	15.8	15.7	AIr mass flow (kg.s^-1)


Temperature Efficiency 





Heat transfer	0.1022	8.8499999999999995E-2	7.22E-2	5.04E-2	-388.8	-370.5	-236	-183.5	-65	Air mass flow (kg.s^-1)


Heat transfer coefficient (W.m^-2.K^-1)



image2.png
B TD1007_0714 user guide.pdf

G This file is protected and requires a permission password to unlock all features. View permissions

imi Space for optional
Mimic yater Temperature  Air Temperature VDAS-F Hardware

and flow Display and flow Display J

Slide Valve  Outlet Duct

Standard 32 tube Heat Exchanger

Figure 2 The Water to Air Heat Exchanger

The Main Part

. AV 9 /84 @ ) Q .
The main part of the TD1¢b.. . ..-—..dng frame that connects to a suitable

[T

H P Type here to search

I

e 06~ 220H0E & % 2 Al





image3.jpeg




image4.jpeg




image5.jpeg




image6.jpeg




image7.jpeg
| & - Jaads

/ WATER SUPPLY





image8.jpeg




image9.jpeg




image10.jpeg




image11.jpeg




image12.jpeg




image13.png
8

Altitude (km)

N
8

+~—5mb

Above 99%

«——10mb.

+~——25mb

+~—50mb

Above 90%

100 300 500 700
Pressure (hPa)




image14.jpeg
Conduction

Convection

Radiation

q= eoT*

where

s the power radiated fram an object [Wam?]
s the Stafan-Baltzmann constant [WrK']

& s the emissivity of the surface of a material [-]





image15.jpeg
\ 2

S101007 WATER TO AIR HEAT EXCHANC

1





image16.png
B TD1007_0714 user guide.pdf

G This file is protected and requires a permission password to unlock all features. View permissions X
————p -
L]
Mimic Space for optional

Water Temperature  Ajr Temperature VDAS-F Hardware
and flow Display and flow Display

Slide Valve  Outlet Duct

Standard 32 tube Heat Exchanger

Figure 2 The Water to Air

v o9/ @« R

u e 06220 dE® % SO

88 O Type here to search K

I





image17.png
TD1007_0714 user guide.pdf

G This file is protected and requires a permission password to unlock all features. View permissions

P Type here to search

I

£ %¢ -~ 208 @ & B

0

Vo9 /84

Symbol Definition Units.

A Heat Transfer Area 2
Ao Orifice Area 3

c Heat capacity 1

Cy Coefficient of discharge (orifice) -

¢,and ¢, and c, | Specific Heat Capaciy, of air and water at Constant | | kg-Tk-1

Pressure (atmospheric pressure for air)

LMID Logarithmic Mean Temperature Difference Kor °C where shown
pand pyand py | Denstty, of air and water o

n, Overall Efficiency %
Cr Energy Balance Coefficient -

T, and Ty Mean Temperature Efficiencies %
A Oriice pressure drop Pa
0 Heat energy transferred for a unit mass =

5 Heat energy transferred for a unit time w

Q (heat transfer rate - or power)

. R Heat energy (power) absorbed by the air and emitted | W

0O, andQy by the water in a unit time
B Speciflc gas constant for dry air 287 kg K

T Ty Temperature, of water and air Kor °C where shown
T Change in Temperature Kor °C where shown
7 Mean Temperature Kor °C where shown
U Heat Transfer Coefficient Won 2!
ty andh, Mass Flow Rate (hot water circuit and air ircuit) (g5
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