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Heat Exchanger Laboratory Analysis
Introduction
[bookmark: _Hlk38868695]The experiment is a heat exchanger with three different aim, the first aim is to show the significance of the heat exchanger with different water flow rates and a fixed air flow and water temperature. The second aim is to show different ait flow rates affect the performance of the system for a given water flow and temperature.  The last aim is to see if a different hot water supply temperature affected the system in a significant way for a fixed water supply. These three experiments should help us understand how a heat exchanger works and how it acts around different situations.
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I set up the heat exchanger by using the manual that accompanied the heat exchanger. The instruction are on the handout.




























Methodology
I was first given the flow rate of the water and then for every flow rate I recorded the initial temperature and the exit temperature for the air and water and from that I calculated the average temperature of water and air. I then used the formula form the handbook to find the density of the water the formula is bellow which I used the average temperature of the water to solve density.
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[image: ]For the density of the air I used a different equation in the booklet which is
To solve the density of the air I used this equation p being pressure because the density of air depended on the pressure and r being the gas constant and t for temperature.
[image: ]The next part is for me to calculate mass flow rate of the water and the formula is flow rate divided 60000 times water density but to get the air density the formula is 
[image: ]Cd is the co-efficient of friction times the area of the orifice then square root orifice pressure drop times two times density of air. The next step was to calculate the specific heat capacity of the water which is 
       # 
I used  the Average temperature to solve this equation but for the specific heat capacity of the air was given as 1005j/kg^-1  the heat capacity of the air .
For specific QW the formula is mass flow rate of the water times specific heat capacity of the water times change in temperature for water and for specific QA it id the same but number for air instead. Which means it is the heat emitted and absorbed. The energy balance coefficient shows us the relationship between specific QW/QA and the formula if Ceb= specific QA/ specific QW.
[image: ]The formula required next is the temperature efficiency’s which for water and air are expressed in a different ways where the water and air temperature efficiency is
[image: ]
[image: ]mean temperature efficiency


these figures will help me see the efficiency of the system.
The Lmtd is the heat driving force which creates the driving force and the formula to solve it is
[image: ]

[image: ]Finally the heat transfer coefficient for the wall and boundary layers. It will tell us how well this heat changer is working. The formula is 

The same formulas were used in the other tables but instead of using the flow rates that will stay consistent and the pressure to change and different temperatures

























Results
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Experiment 2
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Experiment 3 
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 Analysis
Experiment 1
this graph shows us that the heat transfer rate is slightly higher for the water but they both very similar we learn that if you increase the water flow the heat transfer rate increases.




This graph shows us that the higher the flow rate the lower the temperature efficiency. And the water starts off as most efficient then decreases.






 From graph we can see that the heat transfer coefficient rises as the flow rate increases and we can see that this graph is going in a upwards trend. 








[bookmark: _Hlk38866745]Experiment 2
This graph shows us that with the increase in pressure the specific Q rises with it air and water are very close to each other.







This graph shows us that the temperature efficient is basically horizontal telling us that the rise in pressure does not affect the efficiency of temperature much it is a slight drop or rise.




This graph shows us compared to the pervious graph it starts of at a higher coefficient. 







Experiment 3
This graph I similar to the perivous graph only diffrence is that the gap is a little bit bigger.  






The efficiency is very similar as the pervious graph only difference now is that the area of the spike has changed. 





This graph shows us that there is a sharp spike in 150pa, 120 W.m-2K-1 and then it drp back on to the gradient after that short spike.








 Conclusions
In this assignment we have shown the significance of the heat exchanger with different water flow rates and a fixed air flow and water temperature. The second aim is that we have shown how flow rates affect the performance of the system for a given water flow and temperature.  The last aim we saw a different hot water supply temperature affected the system in a significant way for a fixed water supply
[bookmark: _GoBack]
specific Qw	0.25	0.75	1.25	1.75	2.25	364.88841389541619	494.66359009574057	566.20375893143398	588.18149372219375	663.49575934352129	specific QA	0.25	0.75	1.25	1.75	2.25	339.14741260613124	479.40432563742212	549.46945507507337	584.39589276873608	609.90564656170648	flow rate( L/Min)


specfic q (watts)




NW	0.25	0.75	1.25	1.75	2.25	64.437689969604875	29.721362229102173	19.819819819819827	14.540059347181003	12.684365781710907	NA	0.25	0.75	1.25	1.75	2.25	8.8145896656534912	12.693498452012388	14.114114114114113	14.836795252225517	15.044247787610624	N	0.25	0.75	1.25	1.75	2.25	36.626139817629181	21.207430340557281	16.966966966966972	14.68842729970326	13.864306784660766	FLOW RATE (L/Min)


TE,PERTURE  EFFICENY 





U	0.25	0.75	1.25	1.75	2.25	128.15291197154082	127.90477684307446	133.3113244887771	132.63360995672463	147.12320175325274	flow rate (L/Min)


heat transfer co effcient
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temperture efficency





u	250	200	150	100	50	25	117.49155079444955	114.28329783410554	107.07126579723155	96.258382350077682	89.096787954109104	79.776765689697839	pressure (pa)


heat transfer co effienct



specific QW	250	200	150	100	50	25	245.10064442239079	271.06473738096872	234.71031178707545	220.84762369241639	200.08459183031007	181.06103332288038	specific QA	250	200	150	100	50	25	268.77734056577617	229.94951121682007	226.29786170634165	184.77143035448333	156.78375764783166	121.94914403395902	pressure (pa)


specific Q




ηW	250	200	150	100	50	25	62.555066079295138	70.403587443946179	60.176991150442483	56.637168141592909	52.017937219730946	48.165137614678891	ηA	250	200	150	100	50	25	9.2511013215859101	10.313901345291468	9.7345132743362957	11.061946902654867	13.452914798206278	15.137614678899084	η	250	200	150	100	50	25	35.903083700440526	40.358744394618824	34.955752212389392	33.849557522123888	32.735426008968609	31.651376146788987	pressure (pa)


temperature efficency
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heat transfer co efficient
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Pressure and temperature affects specific heat capacity, so equation 6 assumes constant pressure over a
known range of temperature. It is the ‘isobaric’ (equal pressure) specific heat capacity.

)
Lr*ﬁ. (6)

For air, the specific heat capacity remains reasonably constant at around 1005 J.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 T is in Celsius):

n "0 526
@O _ 906185 + 0.0002874(T+ 100) +0011160 x 10°™7 (7)
@ 15°C) 100

From tests, the specific heat capacity of water at 15°C is 4185.5 J.kg™'.K™"

NOTE You must use the mean (or average) temperature of your flow circuit in this
equation.

Density (p)
Air Density
1.35
13
1.25
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TD1007_0714
The temperature efficiency of the hot water circuit of the Heat Exchanger is the ratio of the

temperature change in the hot water, divided by the difference between the maximum and minimum
temperatures of the hot and cold circuits:

(14)

User Guide TecQuipment Ltd

TD1007 Water to Air Heat Exchanger

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:

nA:MXIOO (15)
TWI_ Al

The mean temperature efficiency of the two circuits is the average efficiency of them both:

- +
fi= nwznA (16)

Logarithmic Mean Temperature Difference (LMTD)
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The mean temperature efficiency of the two circuits is the average effi
Ny +M
1 2
Logarithmic Mean Temperature Difference (LMTD)

This 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:

Heat Transfer Coefficient (U)

T the heat transfer coefficient for the wall and boundary layers. It is a measure of how well the heat
exchanger works. A good heat exchanger will give  high coefficient, therefore this value is important
to engineers.
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temperatures of the hot and cold circuits:
Ty -T,
N, = 2241100 (15)
Ty =Ty

The mean temperature efficiency of the two circuits is the average efficiency of them both:

- +
fi= nwznA (16)

Logarithmic Mean Temperature Difference (LMTD)

This 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:
(T2 = Taz) = (Tw1 = Ta)

n (Twz - TAZ)
Tyi = Tar

LMTD = (17)

Heat Transfer Coefficient (U)

This is the heat transfer coefficient for the wall and boundary layers. It is a measure of how well the heat
exchanger works. A good heat exchanger will give a high coefficient, therefore this value is important
to engineers.

U= _9v _ (18)
AXLMTD
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Water temperature (°C)

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 is relevant for normal atmospheric pressures. If you need more
accuracy, Equation 8 allows you calculate the air density at a given pressure and temperature.

=2
pa= ®

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.
If you need more accuracy, Equation 9 allows you calculate the water density (where T is your average
water temperature in degrees centigrade).

_ _ 9,4 _
(999.839 +16.952T-7.990 x 10 372 —46.241 x 10 673 +105.846 x 10 9T —281.030 x 10 1275)

Pw =
(1+16887x 10’3T)

)
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Water temperature (°C)

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 is relevant for normal atmospheric pressures. If you need more
accuracy, Equation 8 allows you calculate the air density at a given pressure and temperature.

pa=L ®

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.
If you need more accuracy, Equation 9 allows you calculate the water density (where T is your average
water temperature in degrees centigrade).

_ _ 9,4 _
(999.839 +16.952T-7.990 x 10 372 —46.241 x 10 673 +105.846 x 10 9T —281.030 x 10 1275)

Pw =
(1+16887x 10’3T)

)
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TecQuipment Ltd User Guide

TD1007 Water to Air Heat Exchanger

Water Flow Conversion

The equipment measures volumetric water flow in litres per minute (L.min™), but your calculations need
mass flow in kilograms per second (kg.s'1).

Mass flow (kg.s™") ity = Volume flow (L.min"')/60000 x Water density (kg.m™)

Airflow

The equipment measures the pressure drop across the inlet orifice. If you use this pressure drop with the
orifice discharge coefficient (C,), its area and local air conditions, you can calculate the air flow through
the duct.

ry = CyxAp JApX2Xp, (1)

Average Temperatures in Heat Exchangers

Water Out
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