University of Wales Trinity Saint David

School Of Engineering

Heat Exchanger Laboratory Analysis

Uzayr Ahmed

P148023

Mechanical Engineering

23/04/2019

Thermofluid Mechanics – M5X00406
[image: ]


Table of Contents
1	Raw data	4
2	Introduction	7
3	Background	7
3.1	Recuperators	7
3.1.1	Shell & Tube HXS	7
3.1.2	Plate HXs	8
4	Methodology	8
4.1	Experimental Design	8
4.2	Experimental Procedure 1 (Effect of water flow rate)	8
4.3	Experimental Procedure 2 (Effect of air flow rate)	8
4.4	Experimental Procedure 3 (Effect of water temperature)	9
5	Results Analysis	9
5.1	Experiment 1 (Effect of water flow rate)	9
5.2	Experiment 2 (Effect of air flow rate)	12
5.3	Experiment 3 (Effect of hot supply temperature)	13
6	Conclusions	15

Table 1 - Raw & Calculated Data (Experiment 1)	4
Table 2 - Raw & Calculated Data (Experiment 2)	5
Table 3 - Raw & Calculated Data (Experiment 3)	6

Figure 1 - Heat interactions against mass flow rate of water (Experiment 1)	11
Figure 2 - Temperature efficiencies against mass flow rate of water (Experiment 1)	11
Figure 3 - Heat transfer coefficient against mass flow rate of water (Experiment 1)	12
Figure 4 - Heat interactions against mass flow rate of air (Experiment 2)	13
Figure 5 - Temperature efficiencies against mass flow rate of air (Experiment 2)	13
Figure 6 - Heat transfer coefficient against mass flow rate of air (Experiment 2)	14
Figure 7 - Heat interactions against mass flow rate of air (Experiment 3)	14
Figure 8 - Temperature efficiencies against mass flow rate of air (Experiment 3)	15
Figure 9 - Heat transfer coefficient against mass flow rate of air (Experiment 3)	15

Nomenclature
	Symbol + Unit
	Definition
	

	Average TA (°C)
	[bookmark: _GoBack]Mean Temperature of Air

	Average Tw (°C)
	Mean Temperature of Water

	CpA (J/Kg*K)
	Specific Heat Capacity of air at Constant Pressure

	CpW (J/Kg*K)
	Specific Heat Capacity of water at Constant Pressure

	A1(Kg/M3)
	Density of air, at TA1

	A2(Kg/M3)
	Density of air, at TA2

	avg(Kg/M3)
	Average Density of air

	W1(Kg/M3)
	Density of water at TW1

	W2(Kg/M3)
	Density of water at TW1

	Wavg(Kg/M3)
	Average Density of Water

	LMTD (°C)
	Logarithmic Mean Temperature Difference

	ṁA (Kg/S)
	Mass Flow Rate of air

	ṁW (Kg/S)
	Mass Flow Rate of water

	A
	Temperature Efficiency of air

	ηavg (%)
	Average Temperature efficiency of system

	W
	Temperature Efficiency of water

	QA (W)
	Heat Absorbed by air per unit time

	QW (W)
	Heat Emitted by water per unit time

	TA1 (°C)
	Temperature of air at start

	TA2 (°C)
	Temperature of air at end

	∆TA (°C)
	Change in air temperature

	TW1 (°C)
	Temperature of water at start

	TW2 (°C)
	Temperature of water at end

	∆TW (°C)
	Change in water temperature

	U (W/M2*K1)
	Heat Transfer Coefficient







[bookmark: _Toc6919368]Raw data
	Hot Flow Rate (L/min)
	2.25
	1.75
	1.25
	0.75
	0.25

	TW1 (°C)
	60.1
	60.7
	60.2
	59.7
	61.1

	TW2 (°C)
	56.0
	55.5
	53.2
	49.5
	37.3

	∆TW (°C)
	-4.1
	-5.2
	-7.0
	-10.2
	-23.8

	Average Tw (°C)
	58.05
	58.10
	56.70
	54.60
	49.20

	TA1 (°C)
	30.0
	31.5
	32.3
	32.8
	33.3

	TA2 (°C)
	23.4
	23.8
	23.7
	23.8
	24.1

	∆TA (°C)
	-6.6
	-7.7
	-8.6
	-9.0
	-9.2

	Average TA (°C)
	26.70
	27.65
	28.00
	28.30
	28.70

	W1(Kg/M3)
	983.2391
	982.9340
	983.1884
	983.4415
	982.7294

	W2(Kg/M3)
	985.2712
	985.5125
	986.6038
	988.2924
	993.2218

	Wavg(Kg/M3)
	984.2552
	984.2233
	984.8961
	985.8670
	987.9756

	A1(Kg/M3)
	1.1526
	1.1469
	1.1439
	1.1420
	1.1402

	A2(Kg/M3)
	1.1782
	1.1767
	1.1770
	1.1767
	1.1755

	avg(Kg/M3)
	1.1654
	1.1618
	1.1605
	1.1593
	1.1578

	ṁA (Kg/S)
	0.11400
	0.11383
	0.11376
	0.11371
	0.11363

	ṁW (Kg/S)
	0.03691
	0.02871
	0.02052
	0.01232
	0.00412

	CpW (J/Kg*K)
	4183.2748
	4183.2955
	4182.7303
	4181.9360
	4180.1920

	CpA (J/Kg*K)
	1005.0000
	1005.0000
	1005.0000
	1005.0000
	1005.0000

	QW (W)
	-633.0518
	-624.4567
	-600.7684
	-525.6611
	-409.5512

	QA (W)
	-756.1901
	-880.8463
	-983.2502
	-1028.4804
	-1050.6436

	W
	13.62
	17.81
	25.09
	37.92
	85.61

	A
	-21.93
	-26.37
	-30.82
	-33.46
	-33.09

	ηavg (%)
	-4.15
	-4.28
	-2.87
	2.23
	26.26

	LMTD (°C)
	31.333379
	30.432888
	28.692565
	26.295437
	19.602073

	U (W/M2*K1)
	129.677473
	131.701794
	134.391019
	128.309271
	134.103072


[bookmark: _Toc6919384]Table 1 - Raw & Calculated Data (Experiment 1)





	Air Pressure (Pa)
	250
	200
	150
	100
	50
	25

	TW1 (°C)
	61.1
	58.3
	58.3
	58.6
	58.9
	58.6

	TW2 (°C)
	37.3
	37.6
	37.8
	39
	40.3
	43.4

	∆TW (°C)
	23.8
	20.7
	20.5
	19.6
	18.6
	15.2

	Average Tw (°C)
	49.20
	47.95
	48.05
	48.80
	49.60
	51.00

	TA1 (°C)
	24.1
	24.1
	24.2
	24.4
	24.7
	25.2

	TA2 (°C)
	27.3
	27.4
	27.6
	28.2
	29.1
	30.4

	∆TA (°C)
	-3.2
	-3.3
	-3.4
	-3.8
	-4.4
	-5.2

	Average TA (°C)
	25.70
	25.75
	25.90
	26.30
	26.90
	27.80

	W1(Kg/M3)
	982.7294
	984.1428
	984.1428
	983.9934
	983.8436
	983.9934

	W2(Kg/M3)
	993.2218
	993.1133
	993.0406
	992.5980
	992.1065
	990.8857

	Wavg(Kg/M3)
	987.9756
	988.6281
	988.5917
	988.2957
	987.9751
	987.4396

	A1(Kg/M3)
	1.1755
	1.1755
	1.1751
	1.1743
	1.1731
	1.1711

	A2(Kg/M3)
	1.1629
	1.1626
	1.1618
	1.1595
	1.1560
	1.1511

	avg(Kg/M3)
	1.1692
	1.1690
	1.1684
	1.1669
	1.1646
	1.1611

	ṁA (Kg/S)
	0.11419
	0.10213
	0.08842
	0.07215
	0.05097
	0.03598

	ṁW (Kg/S)
	0.00412
	0.00412
	0.00412
	0.00412
	0.00412
	0.00411

	CpW (J/Kg*K)
	4180.1920
	4179.8512
	4179.8776
	4180.0803
	4180.3062
	4180.7249

	CpA (J/Kg*K)
	1005.0000
	1005.0000
	1005.0000
	1005.0000
	1005.0000
	1005.0000

	QW (W)
	409.5512
	356.4124
	352.9581
	337.3777
	320.0780
	261.4535

	QA (W)
	-367.2335
	-338.7001
	-302.1360
	-275.5326
	-225.3696
	-188.0551

	W
	64.32
	60.53
	60.12
	57.31
	54.39
	45.51

	A
	8.65
	9.65
	9.97
	11.11
	12.87
	15.57

	ηavg (%)
	36.49
	35.09
	35.04
	34.21
	33.63
	30.54

	LMTD (°C)
	20.636951
	19.837368
	19.802642
	20.300526
	20.603561
	21.619180

	U (W/M2*K1)
	127.378226
	115.319129
	114.401719
	106.669839
	99.711680
	77.622529


[bookmark: _Toc6919385]Table 2 - Raw & Calculated Data (Experiment 2)






	Air Pressure, Pa
	250
	200
	150
	100
	50
	25

	TW1 (°C)
	48.8
	48.4
	48.3
	48.5
	48.7
	49

	TW2 (°C)
	33.6
	33.5
	34
	34.7
	36.1
	37.5

	∆TW (°C)
	15.2
	14.9
	14.3
	13.8
	12.6
	11.5

	Average Tw (°C)
	41.20
	40.95
	41.15
	41.60
	42.40
	43.25

	TA1 (°C)
	24.2
	24.1
	24.3
	24.3
	24.7
	25.1

	TA2 (°C)
	26.6
	26.6
	26.8
	27.1
	27.9
	28.8

	∆TA (°C)
	-2.4
	-2.5
	-2.5
	-2.8
	-3.2
	-3.7

	Average TA (°C)
	25.40
	25.35
	25.55
	25.70
	26.30
	26.95

	W1(Kg/M3)
	988.6023
	988.7780
	988.8218
	988.7342
	988.6464
	988.5141

	W2(Kg/M3)
	994.5027
	994.5358
	994.3694
	994.1331
	993.6489
	993.1495

	Wavg(Kg/M3)
	991.5525
	991.6569
	991.5956
	991.4337
	991.1476
	990.8318

	A1(Kg/M3)
	1.1751
	1.1755
	1.1747
	1.1747
	1.1731
	1.1715

	A2(Kg/M3)
	1.1657
	1.1657
	1.1649
	1.1637
	1.1606
	1.1572

	avg(Kg/M3)
	1.1704
	1.1706
	1.1698
	1.1692
	1.1669
	1.1643

	ṁA (Kg/S)
	0.11425
	0.10219
	0.08847
	0.07222
	0.05102
	0.03603

	ṁW (Kg/S)
	0.00413
	0.00413
	0.00413
	0.00413
	0.00413
	0.00413

	CpW (J/Kg*K)
	4178.4529
	4178.4166
	4178.4456
	4178.5136
	4178.6437
	4178.7947

	CpA (J/Kg*K)
	1005.0000
	1005.0000
	1005.0000
	1005.0000
	1005.0000
	1005.0000

	QW (W)
	262.3998
	257.2457
	246.8733
	238.2063
	217.4368
	198.3981

	QA (W)
	-275.5618
	-256.7612
	-222.2873
	-203.2258
	-164.0672
	-133.9954

	W
	61.79
	61.32
	59.58
	57.02
	52.50
	48.12

	A
	9.76
	10.29
	10.42
	11.57
	13.33
	15.48

	ηavg (%)
	35.77
	35.80
	35.00
	34.30
	32.92
	31.80

	LMTD (°C)
	14.003415
	13.820987
	13.953804
	14.332531
	14.712460
	15.041233

	U (W/M2*K1)
	120.271345
	119.465274
	113.557043
	106.675082
	94.859375
	84.661641


[bookmark: _Toc6919386]Table 3 - Raw & Calculated Data (Experiment 3)





[bookmark: _Toc6919369]Introduction
This report aims to investigate how varying water flow rates, air flow rates, and fluid temperature can affect heat exchanger (HX) performance.
A HX was used in three different experiments in order to find the overall heat transfer coefficients of water when these variables were changed.
The HX used in these experiments, shown in figure 1, transfers heat from water to air. Its sole function is as a teaching device to compare efficiency for different configurations, flow rates and temperatures. 
[bookmark: _Toc6919370]Background
A heat exchanger is any component that allows heat to be transferred from one fluid to another, without affecting effecting the integrity of either fluid (Plante, 2014). Given the basic concept, they rely on, heat exchangers (HXs) come in a myriad of forms to complete an incredible number of tasks. They are, however, commonly categorised into three basic types, recuperators, regenerators, and direct contact HXs.
The HX used in the following experiments is a Shell & Tube design, set up in parallel configuration (detailed below).
[bookmark: _Toc6919371]Recuperators
This type of HX is where fluids are separated by a wall and heat is transferred by both convection and conduction. The two most widely used designs are Shell & Tube and Plate (Kreith, 2011).
[bookmark: _Toc6919372]Shell & Tube HXS
Shell and tube HXs are often used as power condensers, oil coolers, preheaters and steam generators. The design consists of several tubes mounted in parallel, encased in a cylindrical shell. One fluid is passed through the shell and the other is passed through the tube They can be configured in parallel, counter or cross flow. 
In parallel flow, both fluids are passed through in the same direction, and both fluid temperatures will approach each other (Khayal, 2018). 
In counter configuration, both fluids flow in opposite directions, and the colder fluid temperature will increase, approaching the hotter temperature, this occurs because the colder fluid exits where the hot fluid enters. Counterflow is the most efficient flow configuration (Kreith, 2011).
In cross-flow, one of the fluids flows through the tubes as usual, but the other passes around the tubes at a 90° angle, this configuration is widely used where the purpose of the HX is to change a fluids state (Kreith, 2011).
[bookmark: _Toc6919373]Plate HXs
Plate HXs are a popular choice if size is an issue, as they a currently the most common form the compact HX. The obvious issue here is that they suffer from small area densities due to their size. They remain effective, however, maintaining a high heat transfer coefficient, able to transfer 95% of heat from one fluid to another (Reay, et al, 2013).
Plate HXs consist of several corrugates metal plates that are paired up to form a passage for the fluid to flow within. These pairs are then sandwiched together, with the second fluid passing through the spacing between pairs of plates. Plate HXs can also be considered if fouling is a foreseeable issue as the high heat transfer coefficient, small spacing between plates and corrugated design minimises fouling (Khayal, 2018).
Simple construction also makes cleaning easy where fouling does occur and as such, they are widely used in the food processing industry (Reay, et al, 2013).
[bookmark: _Toc6919374]Methodology
[bookmark: _Toc6919375]Experimental Design
A TD1007 HX was connected in parallel flow for all experiments and heat tank temperature was set to 60°C initially. Orifice discharge coefficient for this machine is 0.6, and the orifice diameter was recorded as 0.1001M. Water entered from the bottom and exited from the top. An ambient air pressure of 1003mBar and orifice diameter of 0.10011M were noted.
[bookmark: _Toc6919376]Experimental Procedure 1 (Effect of water flow rate)
The fan was turned on and airflow was set to give an orifice pressure drop of 250Pa. The pump was then switched on and the water supply valve was set to 2.25L/minute. Five minutes were then allowed for HX temperatures to stabilise. TW1, TW2, TA1, and TA2 were recorded from the HX’s display. This procedure was repeated for water flow rates of 1.75, 1.25, 0.75 and 0.25L/minute, table 1 includes this data.
[bookmark: _Toc6919377]Experimental Procedure 2 (Effect of air flow rate)
The fan was set to give a pressure drop of 250Pa and the pump was set to supply 0.25L/minute. Five minutes were allowed for HX temperatures to stabilise then TW1, TW2, TA1, and TA2 were recorded. This procedure was repeated for air flow rates of 200, 150, 100 and 50 Pa, table 2 includes this data.
[bookmark: _Toc6919378]Experimental Procedure 3 (Effect of water temperature)
Heat tank temperature was set to 45°C and the procedure followed in experiment 2 was repeated, table 3 includes this data.
[bookmark: _Toc6919379]Results Analysis
Raw data recorded for these experiments gives little context of HX performance when changing these variables on their own. It is, therefore, important to use this data to determine more context-bound values, in heat emitted by water, heat absorbed by air, the temperature efficiencies of water and air, and finally the heat transfer coefficient. MS Excel is used to perform all necessary calculations and utilised the recorded data. Formula’s used are taken from the TD1007 user guide.
Air densities determined using Specific gas constant r, = 287.057J/Kg*K
[bookmark: _Toc6919380]Experiment 1 (Effect of water flow rate)
It is instantly clear from the results that experiment 1 was subject to serious error and/or anomaly, with both fluids experiencing reductions in temperature. Given the experimental design, ∆TA is expected to be a positive number, but all instances of ∆TA in this experiment are negative. This has many implications, the most important being that these results are unreliable. It follows then, that these results are unsuitable to investigate the effect of water flow rate on HX performance.
There are several possible reasons for this erroneous data, user error, experimental error or a defective unit could be responsible, to name a few. With regards to a defective unit, this could mean either a display/measurement error where an incorrect value has been displayed on the unit or a more serious problem, where the area containing the air has been damaged causing large amounts of heat to be expelled into the surroundings. Both are unlikely as experiments 2 and 3, carried out after experiment 1 had no evident erroneous data. More likely then, is user error, implying that displayed values were transcribed incorrectly or experimental error i.e. the HX was not set up in accordance with the design described in section 4.2.    
Figures 1, 2 and 3 are attached below for parities sake, and to demonstrate how a change in performance should be identified given proper results. 

[bookmark: _Toc6919387]Figure 1 - Heat interactions against mass flow rate of water (Experiment 1)
Comparing heat emitted by water and absorbed by air to the water flow rate, give us some insight into HX performance. In an ideal water to air HX, that doesn’t interact with heat from its surroundings, the colder air would absorb all heat from the warmer fluid, i.e. QW = QA (Kreith ,2011). 
So given proper results, if QW and QA were to approach each other as ṁW increased, that would indicate improved HX performance as you increase ṁW, whereas QW and QA distancing from each other as ṁW increased would indicate worse performance. Similar experiments suggest that the former would occur (Fayaz, et al., 2018).


[bookmark: _Toc6919388]Figure 2 - Temperature efficiencies against mass flow rate of water (Experiment 1)
Temperature efficiency essentially expresses the fraction of heat that becomes useful work, as such comparing to ṁW indicates how efficiently a HX is working at different water flow rates. Different fluids will have different efficiencies at different flow rates, so it’s important to take the average of all efficiencies for comparison to see how the efficiency of the entire system varies.

An average increase in temperature efficiency whilst increasing ṁW, for example, would indicate improved HX performance as you increase ṁW.

[bookmark: _Toc6919389]Figure 3 - Heat transfer coefficient against mass flow rate of water (Experiment 1)

A heat transfer coefficient is essentially a measure of how well heat is conducted from one fluid to another through some medium and is, therefore, an extremely good measure of HX performance. Increased U with increased ṁW would suggest increased performance with an increase in ṁW.
[bookmark: _Toc6919381]Experiment 2 (Effect of air flow rate)

[bookmark: _Toc6919390]Figure 4 - Heat interactions against mass flow rate of air (Experiment 2)
Figure 4, above, shows QW and QA (absolute values for clarity) trending up with increases of approximately 95% and 56% respectively. This indicates a correlation between ṁA and the total heat in and transferred by, the system. They also tend to approach each other, indicating that ṁA correlates with HX performance.

[bookmark: _Toc6919391]Figure 5 - Temperature efficiencies against mass flow rate of air (Experiment 2)
Figure 5, above, shows W increasing with ṁA and A decreasing with ṁA, with system temperature efficiency increasing by a total of approximately 6%. This further confirms that ṁA correlates with system efficiency and as such HX performance.

[bookmark: _Toc6919392]Figure 6 - Heat transfer coefficient against mass flow rate of air (Experiment 2)
Figure 6, above, shows U increasing by approximately 64%, demonstrating a definite increase in HX performance for an increased ṁA.
[bookmark: _Toc6919382]Experiment 3 (Effect of hot supply temperature)
Having established the effect ṁA, those same results can be used as a control set, in order to investigate the effect of supply temperature on HX performance.

[bookmark: _Toc6919393]Figure 7 - Heat interactions against mass flow rate of air (Experiment 3)
Figure 7, above, shows QW and QA increasing with ṁA, having % increases of approximately 32% and 106% respectively. In comparison to figure 4, the total amount of heat emitted by water and absorbed by air at 250Pa is significantly less, with reductions of approximately 147W and 92W respectively. This does not necessarily mean worse HX performance, as they approach at a similar rate to figure 4.

[bookmark: _Toc6919394]Figure 8 - Temperature efficiencies against mass flow rate of air (Experiment 3)
Figure 8, above, shows similar results to experiment 2, with an approximate system temperature efficiency increase of 4%, only 2% less than when hot fluid intake is at 60C. This 2% change can easily be accounted for by the precision error of +-1C on the temperature readouts. As such, hot flow temperature appears to have no effect on HX efficiency.

[bookmark: _Toc6919395]Figure 9 - Heat transfer coefficient against mass flow rate of air (Experiment 3)
Figure 9, above, shows U increasing with ṁA at a more linear rate than in figure 6, and U is generally lower at 45C than at 60C, approximately 7 smaller at both 250Pa and 25Pa. This suggests that hot flow temperature has a small effect on HX performance.

[bookmark: _Toc6919383]Conclusions
This report set out to test the effects of varied water flow rate, air flow rate and water flow temperature on, water to air, HX performance. The effect of water flow rate could not be determined experimentally, likely due to some error in the experimental set-up, though the way to analyse credible results is discussed.
Experiment 2 determined that HX performance is proportional to ṁA, with both overall temperature efficiency and heat transfer increasing with ṁA.
Experiment 3 determined that HX performance improves slightly as you increase the hot flow temperature, with generally higher U values. Hot flow temperature does not affect temperature efficiency.
Based on the analysis of the data, HX performance can be improved by increasing air pressure in the system, effectively increasing the mass flow rate of air, and as such the rate of heat transfer, and the efficiency of that transfer. Increasing the temperature of the hot fluid should also increase performance incrementally.
The experiment set up could have been improved in several ways, first by, repeating the process at each change in flow rate 3 to 5 times would have eliminated the erroneous results from experiment 1, as anomalous results could be identified and discarded. This would also allow repeat samples to be normalised and averaged to increase reliability and reduce the potential for random error. A wider range of sampled hot fluid temperatures would also make the results less nebulous.
Analytically, improvements could be made by determining heat exchanger effectiveness “E”, which is the ratio of actual rate of heat transfer against some theoretical max value of heat transfer. This would give a much simpler view of differences in HX performance. Percentage uncertainty could have been started with each value, giving a clearer view of that data and potential error.
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QA	0.11424617437482704	0.10219351319510613	0.08847254341010026	0.072219558131573575	0.051015921343373141	0.036034786260719293	275.56177259208306	256.76120190270416	222.28726531787689	203.22583658224809	164.06720304028798	133.99535271048464	QW	0.11424617437482704	0.10219351319510613	0.08847254341010026	0.072219558131573575	0.051015921343373141	0.036034786260719293	262.3998454806619	257.24574496228661	246.87330675615959	238.20634235359717	217.43677533221768	198.39813246040038	ṁA  (Kg/S)


Heat Transffered (W)




nW	0.11424617437482704	0.10219351319510613	0.08847254341010026	0.072219558131573575	0.051015921343373141	0.036034786260719293	61.788617886178855	61.31687242798354	59.583333333333336	57.024793388429742	52.5	48.117154811715487	nA	0.11424617437482704	0.10219351319510613	0.08847254341010026	0.072219558131573575	0.051015921343373141	0.036034786260719293	9.75609756097562	10.288065843621402	10.416666666666668	11.5702479338843	13.333333333333327	15.481171548117153	ηavg	0.11424617437482704	0.10219351319510613	0.08847254341010026	0.072219558131573575	0.051015921343373141	0.036034786260719293	35.772357723577237	35.802469135802468	35	34.297520661157023	32.916666666666664	31.79916317991632	ṁA  (Kg/S)


Temperature Efficiency (%)




0.11424617437482704	0.10219351319510613	0.08847254341010026	0.072219558131573575	0.051015921343373141	0.036034786260719293	120.27134485842423	119.46527418402883	113.55704331271419	106.67508176070324	94.859374779481612	84.661640560541969	ṁA  (Kg/S)


U ((W/(M^2)*K)



QA (W)	
0.036909569156828609	0.028706511546991567	0.020518668639549507	0.01232333705766985	0.0041165650754771237	756.19006855462476	880.84631675127071	983.250217652531	1028.4803950225185	1050.6436270488932	QW (W)	
0.036909569156828609	0.028706511546991567	0.020518668639549507	0.01232333705766985	0.0041165650754771237	633.05177449013092	624.45666920834367	600.76839422683361	525.66114757346588	409.55117492714862	ṁW (Kg/S)


QW (W)


QA  (W)




hW (%)	
0.036909569156828609	0.028706511546991567	0.020518668639549507	0.01232333705766985	0.0041165650754771237	13.621262458471763	17.8082191780822	25.089605734767019	37.9182156133829	85.611510791366911	hA (%)	
0.036909569156828609	0.028706511546991567	0.020518668639549507	0.01232333705766985	0.0041165650754771237	-21.926910299003328	-26.369863013698623	-30.824372759856615	-33.457249070631953	-33.093525179856094	ηavg (%)	
0.036909569156828609	0.028706511546991567	0.020518668639549507	0.01232333705766985	0.0041165650754771237	-4.1528239202657824	-4.2808219178082112	-2.867383512544798	2.2304832713754728	26.258992805755408	ṁW (Kg/S)


Temperature Efficiency (%)





Chart 3

W/(M^2)*K	0.036909569156828609	0.028706511546991567	0.020518668639549507	0.01232333705766985	0.0041165650754771237	129.67747305871504	131.70179392343252	134.3910186128052	128.30927142348543	134.1030715639302	ṁW (Kg/S)


U  (W/(M^2)*K)




QW	0.11418953122922883	0.1021257711837868	0.088421409781802809	0.072147830283813053	0.05096553086228834	0.035984521324628919	409.55117492714862	356.41244145089684	352.95808975391492	337.37770208745189	320.07796686359421	261.45350371871757	QA	0.11418953122922883	0.1021257711837868	0.088421409781802809	0.072147830283813053	0.05096553086228834	0.035984521324628919	367.234	338.728	302.236	275.807	225.819	188.71	ṁA (Kg/S)


Heat transferred (W)
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