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APPENDIX A Temperature Profiles of Main Components in the AHT Cycle
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The temperature profiles of generator, condenser, evaporator, absorber and
heat exchanger in the AHT system are used to calculate the entering and leaving

temperature of working fluid in the AHT cycle are as follows:
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APPENDIX B Temperature Profiles of Main Components in the VCHP Cycle
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The temperature profiles of condenser and evaporator in the VCHP system are

used to calculate the entering and leaving temperature of working fluid in the VCHP

cycle are as follows:
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APPENDIX C Properties of Lithium Bromide-Water Solutions
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Enthalpy-Concentration and Temperature for Lithium Bromide-Water Solutions,

(ASHRAE, 2001).

For  Concentration x <40 %LiBr
Solution temperature range 15 <t <165 °C

h=21.4817157 —2.38366711X +3.90458186t + 0.03625001X"°
+5.25010607 x10*t* — 0.0369249939tX, kJ / kg

For  Concentration 40 < x <70 %LiBr
Solution temperature range 15 <t <165 "C

h=33A X" +3:B X" +*53C. X", kI / kg

Where

Ap=-2024.33 Bo = 18.2829 Cp=-3.7008214 E-2
A; =163.309 B, =-1.1691757 C,=2.8877666 E-3

A, =-4.88161 B, =3.248041 E-2 C,=-8.1313015 E-5
A3 =6.302948 E-2 B3 =-4.034184 E-4 C3=9.9116628 E-7

A4=-2913705 E-4 B4 = 1.8520569 E-6 Cs =-4.4441207 E-9
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Solution Temperature-Refrigerant Temperature and Saturation Pressure, (ASHRAE,

2001).

For  Refrigerant-15<t' <110 °C
Solution temperature 5 < t <175 °C

Concentration 45 < X <70 %LiBr

=B RS A X°, "C
t'=(1t-2B.X")/2AX", C

logP=C+D/T' +E/T"?,P=kPa; T'=K
, ~2E
D +[D’ — 4E(C — log P)|"*

Where

Ap=-2.00755 By =124.937 C=7.05

A1 =0.16976 B, =-7.71649 D =-1596.49
A =-3.133362 E-3 B> =0.152286 E =-104095.5

A3 =1.97668 E-5 B; =-7.9509 E-4
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Equilibrium Chart for Aqueous Lithium Bromide Solutions, (ASHRAE, 2001).
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Density of Lithium Bromide-Water Solutions, (Khairulin et al., 2006).

29

For

Solution temperature t <250 "C

Concentration 30 < X <65 %LiBr

p(t,m)=p,()[1+d,(t)m+d, (t)m" +d,(t)m*], kg/m’

m=w/M_(1-w), mole/kg

d,(t) = z Bl

p,(t) = Density of pure water, kg /m’

M, =0.086845, kg / mole

Table C.1 The value of Coefficients C,

i 0 1 2 3 4

0 69979 E-2 | -9.36591 E-5 | 1.1770035E-6 | -2.829722E-9 | 7.963374 E-12
1 | -7.30855E-3 | 1.78947E-5 | -3.458841E-8 | -8.88725E-10 | 1.085224 E-12
2 | 1.811867E4 | -1.9292E-6 | -1.565022 E-8 | 2.082693 E-10 | -3.761121 E-13
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Heat Capacity of Lithium Bromide-Water Solutions, (Kaita, 2000).

For  Solution temperature 40 < t <210 °C
Concentration 40 < X <65 %LiBr

Cp=(A,+AX)+(B,+BX)t,kl/kg-~ C
Where

Ap=3.462023 Bo=1.3499E-3

A1=-2.679895 E-2 B,=-6.55E-6

Entropy of Lithium Bromide-Water Solutions, (Feuerecker, 1993).

For  Solution temperature 40 < t <210 *C

Concentration 40 < X <65 %LiBr

S=33BX'T,kl/kg-K

i=0 j=0

Table C.2 The value of Coefficients B,

i B, B, .. B,
0 | 5.127558 E-01 | -1.393954 E-02 | 2.924145 E-05 | 9.035697 E-07
1 1.226780 E-02 | -9.156820 E-05 | 1.820453 E-08 | -7.991806 E-10
2 | -1.364895 E-05 | 1.068904 E-07 | -1.381109 E-09 | 1.529784 E-11
3 1.021501 E-08 0 0 0




APPENDIX D Data of the Solar Radiation and the Ambient Temperature of
Chiang Mai, Thailand
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Table D.1 The average solar radiation of Chiang Mai, Thailand, (RETScreen Data,

2010).
Month Jan Feb Mar Apr May Jun
I, MJ/m?*-d) 17.82 | 20.34 | 21.71 | 22.36 | 19.69 | 16.88
Month Jul Aug Sep Oct Nov Dec
IT (MJ/m2 -d) 15.66 15.23 15.77 1573 | 15.84 | 16.45

The ambient temperature (Celcius)

—e—Jan —a—Fab Mar —x— Apr
10 —x—May —e—Jun —+—Jul Aug
5 ~— Sep —e—Oct —=— Nov —a— Dec ‘
6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00‘
Time of day

. , — |

Figure D.1 The ambient temperature of Chiang Mai, Thailand, (Thai Meteorological
Department, 2010).



APPENDIX E Experimental Procedures and Results
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The constructed absorption heat transformer system are tested its thermal
performances to upgrade heat from the installed flat-plate solar collectors. The details

of the positions of the measuring sensors and the testing procedures are given as

follows:

Experimental Procedures and the Data Records of solar-AHT

Figure E.1 shows the measuring positions of the sensors for the solar-AHT
with supplied heat from solar water heating system. The objective of this experiment
is to find out the thermal performances of the heat transformer system. The details of
the instruments and the testing procedure are shown in Table E.1-E.4 and the details

of the data records are shown in Table E.5-E.10.
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Experimental Procedures

Table E.1 Descriptions of the temperature records of the solar-AHT.

O

Hateentn nerato y  Numberl |
Hot water leaving generator Number 2
Hot water entering evaporator Number 3

Hot water leaving evaporator Number 4

1

2

3

4

5. Cooling water entering condenser Number 5
6. Cooling water leaving condenser Number 6
7. Useful water entering absorber Number 7
8. Useful water leaving absorber Number 8
9. Useful water in storage tank Number 9 Record 1. Computer
10. Useful water entering storage tank | Number 10 | continuously | 2. Data logger

11. Useful water leaving storage tank Number 11 | every Smin | 3. Thermo

12. Refrigerant leaving condenser Number 12 for 1.5 h. couple
13. Refrigerant entering evaporator Number 13
14. Weak solution leaving absorber Number 14

15. Weak solution entering generator Number 15
16. Strong solution leaving generator Number 16
17. Strong solution entering absorber Number 17
18. Hot water entering solar collectors | Number 18

19. Hot water leaving solar collectors Number 19

20. Hot water leaving hot water tank Number 20

Table E.2 Descriptions of the pressure records.

1. Refrigerant entering condenser | Number1 | continuously

) Pressure gage
2. Refrigerant leaving evaporator Number?2 | every 5min

for 1 h.
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Table E.3 Descriptions of water flow rate records.

. Water leaving generator Number 1

1
2. Water leaving evaporator Number 2

] Record
3. Water leaving condenser Number 3 )

: continuously Flow meter
4. Water leaving absorber Number 4

every day.

5. Water leaving storage tank Number 5
6. Water leaving solar collector Number 6

Table E.4 Descriptions of the electric power records.

Record

Power )
continuously
1. Power (kW) supply of the ) Power logger
every S min
AHT system
for 1 h.




Data records
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Table E.5 The electrical consumption and pressure of the AHT on 14/10/2010.

11:02:00

11:06:00 | 66.2 26.8 62.5 -63 -70 0.712 | 0.665 | 0.731 2.108
11:10:00 | 66.1 27.1 63.1 -62 -70 0.71 0.71 0.782 | 2.202
11:19:00 | 65.8 26.7 66.6 -62 -70 0.712 | 0.708 | 0.782 | 2.202
11:24:00 | 65.6 26.8 67.5 -61 -70 0.723 0.704 | 0.784 | 2.211
11:30:00 | 65.6 26.9 68.7 -60 -70 0.69 0.686 | 0.771 2.147
11:36:00 | 66.2 26.7 69.4 -60 -70 0.718 | 0.786 | 0.718 | 2.222
11:41:00 66 26.5 70.6 -60 -70 0.769 | 0.702 | 0.749 2.22
11:53:00 | 66.4 26.8 71.8 -59 -70 0.753 0.72 0.761 2.234
12:13:00 | 68.1 27 74.2 -58 -70 0.702 | 0.716 | 0.774 | 2.192
12:30:00 | 69.5 26.7 75.7 -57 -70 0.714 | 0.712 | 0.739 | 2.165
13:45:00 | 74.9 27.6 83.4 -52 -70 0.712 0.71 0.755 | 2.177
Average 67.2 26.9 - - - 0.714 | 0.707 | 0.756 | 2.176
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Table E.6 The volume flow rate of the solar-AHT.

Hot water leaving a set of solar collector
Bigger volume 20.00 gallon
D | liter

21/9/2010 168 0.45 27.04 0.82
21/9/2010 169 0.45 26.88 0.82 988.04 0.44
21/9/2010 170 0.45 26.72 0.81 988.04 0.44
Average 169.00 0.45 26.88 0.82 988.04 0.44
Note : * At water temperature around 50 Celcius

Hot water leaving the AHT evaporator

Bigger volume H.7 liter
21/9/2010 373 0.2030 12.1783 0.3702 971.79 0.1972
21/9/2010 375 0.2019 12.1133 0.3683 971.79 0.1962
21/9/2010 373 0.2030 12.1783 0.3702 971.79 0.1972
Average 373.67 0.2026 12.1566 0.3696 971.7904 0.1969
Note : * at water temperature around 80 Celcius

Hot water leaving the AHT generator
Bigger volume 75.71 liter

21/9/2010 325 0.2329 13.9769 0.4249 971.79 0.2264
21/9/2010 320 0.2366 14.1953 0.4316 971.79 0.2299
21/9/2010 320 0.2366 14.1953 0.4316 971.79 0.2299
Average 321.67 0.2354 14.1225 0.4294 971.7904 0.2287

Note : * at water temperature around 80 Celcius
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Hot water leaving the AHT condenser
Bigger volume 75.71 liter

21/9/2010 60 1.2618 75.7082 2.3017 992.22 1.2520
21/9/2010 60 1.2618 75.7082 2.3017 992.22 1.2520
21/9/2010 60 1.2618 75.7082 2.3017 992.22 1.2520
Average 60.00 1.2618 75.7082 2.3017 992.2164 1.2520
Note : * at water temperature around 40 Celcius

Hot water leaving the AHT absorber
Bigger volume T71 liter

21/9/2010 195 0.3882 23.2948 0.7082 961.89 0.3735
21/9/2010 195 0.3882 23.2948 0.7082 961.89 0.3735
21/9/2010 195 0.3882 23.2948 0.7082 961.89 0.3735

Average 195.00 0.3882 23.2948 0.7082 961.8879 0.3735
Note : * at water temperature around 95 Celcius

Volume of upgraded water in storage tank
Glycol-Water (140/60) 200.00 liter

Hot water leaving the storage tank
Bigger volume 19.50 liter

8/10/2010

Note : * at water temperature around 95 Celcius
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Table E.7 The data record of the solar-AHT on 15/10/2010 (Non-used hot water in
tank).

13:45:12 71.5 60.9 71.7 56.4 26.1 27.2 59.3 67.6

13:50:12 72.6 61.6 729 58.5 27 28.4 59.7 69.5
13:55:12 73.9 62.3 74.2 60 27.4 29 63.6 71.3
14:00:12 74.5 62.5 74.6 61.9 27.2 30.1 67.4 74
14:05:12 75.2 63 75.3 63.3 27 29.9 68.8 75.4

14:10:12 75.7 62.6 75.8 63.4 27.3 29.8 70.9 76.4
14:15:12 75.9 62.9 76.1 64.7 27.3 29.8 73.3 78.3
14:20:12 76.3 62.8 76.5 64.4 27.2 30.2 74.2 78.8
14:25:12 76.9 63.2 77 65.8 27.4 30.2 75.8 80.2
14:30:12 77.1 63.3 773 66.9 27.2 30.1 77.1 81.3
14:35:12 77.6 63.6 77.7 68.5 21.2 30.2 77.9 81.8

14:40:12 78.2 63.9 78.3 67.1 27 29.7 79.2 82.5
14:45:12 78.3 64.3 78.5 69.7 27 29.7 80.2 83.2
14:50:12 78.4 63.5 78.6 67 27.2 30.3 80.6 83.6
14:55:12 78.4 63.4 78.6 68.5 27.4 30.4 81.5 84.8
15:00:12 78.8 64.1 79 68.3 27.5 30.5 81.9 85.1

15:05:12 78.6 64.8 78.9 70.8 26.8 29.5 82.6 85
15:10:12 78.4 64.4 78.5 67.5 26.7 29.7 83.3 85.5
15:15:12 78.2 64.5 78.4 68.5 26.6 29.7 83.4 86.5
15:20:12 78.1 64.6 78.3 65 26.5 30.1 83.5 86.2
15:25:12 78 64.8 78.1 68.2 26.9 30 84.6 87.5
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Table E.7 The data record of the solar-AHT on 15/10/2010 (Non-used hot water in
tank, Continued).

13:45:12 65.5 38.4 40.8 36 60.7 31.3 71 52.8
13:50:12 70.3 41.1 42 36.3 61.5 31.7 732 55.6
13:55:12 72.6 42.1 41.8 33.6 61.9 32.2 75.1 5%.3
14:00:12 74.5 41.9 41.1 34 62 322 771 58.8
14:05:12 772 42.9 41 33 62.3 32:3 78.3 60.2

14:10:12 78.6 43.9 41.1 34.6 61.8 36.5 79.2 60.9
14:15:12 80.1 45 40.7 34.7 62.2 36.2 80.6 62.1
14:20:12 81.8 46.6 40.8 34.3 62.2 37.5 80.9 62
14:25:12 82.8 47.3 40.5 35:1 62.7 37 82.3 63.5
14:30:12 84.2 47.1 38.2 32 63.2 36.5 83.1 64.3
14:35:12 85.3 46.9 38 34.5 63.6 36 83.5 64.5
14:40:12 85.9 47.2 372 32.8 64.2 35.6 84.1 65.3
14:45:12 86.8 47.1 37.9 32:1 64.7 352 84.7 65
14:50:12 87.1 48.9 372 325 64 35.7 84.8 65.1
14:55:12 87.9 49.5 38.1 33.7 63.7 38:5 86.3 66.3
15:00:12 89 49.7 38.6 34.5 64.5 35:3 86.4 66.2

15:05:12 89.3 49.5 35 31.7 65.2 35 86.1 65.5
15:10:12 89.5 50.3 32.7 32.1 64.7 34.6 86.6 66
15:15:12 90.2 50.9 32 32 64.5 34.4 87.9 67.2
15:20:12 91.2 50.1 31.4 30 65 3555 87 64.7

15:25:12 91.5 1.5 30.9 30.2 65.2 33 88.8 66.7
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Table E.8 The data record of the solar-AHT on 15/10/2010 (Non-used hot water in
tank).

13:45:12 58.30 65.10 62.70 58.10 61.60 59.40 1,020.81
13:50:12 59.00 66.80 63.80 58.80 63.40 60.40 1,109.98
13:55:12 59.40 67.90 64.70 59.90 64.10 61.40 954.78
14:00:12 59.50 69.20 65.20 60.50 64.40 61.90 1,025.69
14:05:12 59.70 69.80 65.60 61.20 64.90 62.70 1,008.28
14:10:12 59.20 70.30 65.50 61.70 65.10 63.00 984.08
14:15:12 59.90 71.20 66.10 62.30 65.10 63.20 619.53
14:20:12 59.80 71.40 66.30 62.70 66.20 63.70 650.11
14:25:12 60.30 72.50 67.10 63.30 66.30 64.20 897.88
14:30:12 60.60 73.20 67.50 63.50 64.30 64.20 55435
14:35:12 61.20 73.80 68.30 63.90 65.60 64.80 713.38
14:40:12 61.60 74.20 68.70 64.40 66.20 65.10 506.58
14:45:12 62.10 74.60 69.10 64.60 66.70 65.50 617.41
14:50:12 61.40 74.80 69.10 65.00 66.30 65.90 314.01
14:55:12 61.00 75.60 69.40 65.10 67.60 66.00 792.99
15:00:12 61.70 75.90 69.80 65.40 67.50 66.50 453.50
15:05:12 62.50 75.90 70.10 64.80 65.10 66.20 136.94
15:10:12 62.10 76.30 70.40 63.60 63.40 65.80 104.67
15:15:12 62.00 77.10 70.60 62.40 62.00 65.60 86.84
15:20:12 62.30 78.00 72.50 61.00 60.50 65.40 82.80
15:25:12 62.60 79.30 73.10 59.80 59.40 65.20 79.41
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Table E.9 The data record of the solar-AHT on 15/10/2010 (Used hot water in tank).

15:37:55 7.7:9 65.6 78.1 67.5 26.5 29.4 80.8 86.5

15:38:55 77.9 65.7 78.1 67.7 26.4 29.3 80.7 86.5
15:39:55 77.8 65.7 78.1 67.5 26.3 29.3 80.5 86.3

15:40:55 77.8 65.7 78 67.7 26.3 292 80.3 86.2
15:41:55 7.9 65.8 78.1 67.8 26.3 29.1 80.2 86.1
15:42:55 77.9 65.8 78.1 67.6 26.2 29 80.1 86

15:43:55 77.9 65.8 78 67.4 26.2 29 79.7 85.9
15:44:55 Tl 65.8 77.9 67.2 26.1 28.9 79.6 85.7
15:45:55 77.8 65.9 78 67.1 26.1 28.9 79.5 85.5
15:46:55 77.8 66 78 67.2 26.2 29 79.3 85.3
15:47:55 77.8 66.1 78 67.5 26.1 28.9 792 85.2
15:48:55 77.8 66.1 78 66.5 26.1 29.1 79.1 85

15:52:55 77.6 65.6 71-9 66.1 26.2 29.1 78.6 84.5
15:53:55 TS 65.6 77.8 66.4 26.2 29.1 78.6 84.7

15:54:55 77.6 65.6 77.8 66.6 26.2 29 78.5 84.6
15:55:55 TFS 65.6 77.8 66.5 26.2 29 78.3 84.6
15:56:55 7.5 65.7 77.8 66.7 26.1 29 78.1 84.5
15:57:55 TS 65.7 77.8 66.8 26.2 29 78 84.5
15:58:55 77.4 65.8 q7/edf 66.6 26.2 29 77.8 84.4

15:59:55 173 65.8 77.6 66.7 26.1 29 LA 84.4
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Table E.9 The data record of the solar-AHT on 15/10/2010 (Used hot water in tank,

Continued).

15:36:55 90.2 29.9 83.7 292 65.6 36.6 88.2 66.3
15:37:55 90.3 29.9 83.6 29.1 65.5 36.4 88.2 66.5

15:38:55 89.5 29.9 83.5 30.9 65.7 36.3 88.2 66.3
15:39:55 89.8 30 83.2 30 65.6 36.2 88 66.2
15:40:55 89.1 30.1 83.2 28.6 65.7 36 88 66.2
15:41:55 90 30.1 83.1 30.2 65.7 3519 87.9 66.2
15:42:55 89.7 30.1 83 29.6 65.7 35.7 87.8 66
15:43:55 89.6 30.1 82.9 29.7 65.7 35.5 87.7 66.1
15:44:55 89.5 30.1 82.9 31.4 65.8 354 87.5 65.8
15:45:55 89.4 30.1 82.6 29.8 65.8 352 87.4 65.9
15:46:55 88.9 30.3 82.8 30.8 66.3 3555 87.5 65.8
15:47:55 90.2 31 83 29.9 67.2 36.2 88 65.7

15:48:55 90.1 311 83 83:7 67.2 37.7 87.8 65.5
15:52:55 89 31.3 82.5 353 66.8 38.1 87.4 64.3
15:58:55 89.5 312 82.3 88.7 66.9 38 87.5 64.5
15:54:55 89.5 31.6 82.5 29.9 67.4 38.5 87.8 64.8
15:55:35 88.7 31.2 82.3 33.1 66.7 37.7 87.5 64.8
15:56:55 89.6 31.6 82.3 31.8 67.5 38.2 87.8 64.8
15:57:55 89.2 31.6 82.3 31.4 67.5 38.1 87.7 64.9
15:58:55 88.9 31.5 82.2 32.2 67.4 37.8 87.6 64.8
15:59:55 88.7 31.4 82.1 32.6 67.4 37.6 87.4 64.8
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Table E.10 The data record of the solar-AHT on 15/10/2010 (Used hot water in tank,

Continued).

15:37:55 62.90 78.10 71.90 56.90 56.40 65.00 35.03

15:38:55 62.80 78.00 71.90 56.60 56.20 65.00 35.46
15:39:55 62.90 78.00 71.80 56.50 56.00 65.00 35.88
15:40:55 63.00 77.90 71.80 56.20 55.80 65.00 36.94
15:41:55 63.10 77.90 71.80 56.00 55.50 65.00 38.00
15:42:55 63.00 77.70 71.70 55.70 55.30 65.00 39.07
15:43:55 63.10 77.70 71.80 55.60 55.10 65.00 40.76
15:44:55 62.70 77.40 71.40 55.10 54.70 64.80 42.25
15:45:55 62.60 77.30 71.40 55.10 54.60 64.80 43.74
15:46:55 62.90 77.30 71.50 54.80 54.40 64.90 45.01
15:47:55 62.90 77.30 71.40 54.70 54.20 64.90 46.71
15:48:55 63.00 77.00 71.20 54.60 54.00 64.90 47.77
11555255 62.50 76.60 71.00 53.70 53.30 64.80 52.65
13558255 62.50 76.70 71.10 53.60 53.00 64.80 54.78
15:54:55 62.80 76.80 71.10 53.40 53.00 64.80 56.48
15:55555 62.70 76.60 71.10 53.10 52.60 64.70 58.39
15:56:55 62.80 76.70 71.00 52.90 52.50 64.70 60.30
15:57:55 62.80 76.70 71.00 52.80 52.30 64.70 62.21
15:58:55 62.90 76.60 71.10 52.60 52.10 64.70 63.91
15:59:55 62.80 76.60 71.00 52.40 51.90 64.70 65.82
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Experimental Procedures and the Data Records of solar-CAHT

Figure E.2 shows the measuring positions of the sensors for the solar-CAHT
with supplied heat from solar water heating system. The details of the instruments and
the testing procedure are shown in Table E.11-E.15 and the details of the data records
are shown in Table E.16-E.20.
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Experimental Procedures

O . T O B o

N N N N N N N = e e e e e e e e e
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27.

R-

Hot water n e ator
Hot water leaving generator
Hot water entering evaporator
Hot water leaving evaporator
Cooling water entering condenser
Cooling water leaving condenser
Useful water entering absorber
Useful water leaving absorber
Useful water in storage tank

. Useful water entering storage tank

. Useful water leaving storage tank

. Ambient temperature

. Refrigerant leaving generator

. Refrigerant leaving condenser

. Refrigerant entering absorber

. Refrigerant entering evaporator

. Strong solution leaving generator

. Strong solution entering absorber

. Weak solution entering generator

. Hot water entering solar collectors

. Hot water leaving solar collectors

. Hot water leaving hot water tank

. R-134A entering compressor;1

. R-134A entering economizer;

. R-134A entering PRV, 1

. R-134A entering evaporator;,

R-123 entering compressor;2

123 entering condenser;
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Number 2

Number 3

Number 4

Number 5

Number 6

Number 7

Number 8

Number 9

Number 10
Number 11
Number 12
Number 13
Number 14
Number 15
Number 16
Number 17
Number 18
Number 19
Number 20
Number 21
Number 22
Number 23
Number 24
Number 25
Number 26
Number 27
Number 28

Record
continuously
every 5 min
for 1.5 h.

1. Computer

2. Data logger
3. Thermo

couple




28. R-123 entering PRV,2

29. R-123 entering economizer;
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Number 29
Number 30

Record
continuously
every 5 min

for 1.5 h.

Table E.11 Descriptions of the temperature records of the solar-CAHT, Continued.

3 omuter

2. Data logger
3. Thermo

couple

Table E.12 Descriptions of the pressure records.

1. Refrigerant entering condenser | Number 1

2. Refrigerant leaving evaporator
3. R-134A entering compressor;1
4. R-134A leaving compressor,l
5. R-123 entering compressor,2

6. R-134A leaving compressor;2

Number 2
Number 3
Number 4
Number 5
Number 6

Record
continuously
every 5 min

for 1 h.

Pressure gage

Table E.13 Descriptions of water flow rate records.

1. Water lving eneratr =
2. Water leaving evaporator
3. Water leaving condenser

4. Water leaving absorber

5. Water leaving storage tank

6. Water leaving solar collector

" Number 1
Number 2
Number 3
Number 4
Number 5
Number 6

Record

continuously

every day.

Flow meter

Table E.14 Descriptions of the electric power records of the AHT and the VCHP.

1. Power of the AHT (kW)
2. Power of the VCHP (kW)

Power
supply of the
AHT and the

VCHP

system

Record
continuously
every 5 min

for 1 h.

Power logger
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Data records

Table E.15 The electrical consumption and pressure of the AHT on 18/10/2010.

11:55:00 | 65.5 22.9 52.1 -65 -70 0.735 | 0.749 0.81 2.294
11:58:00 65 23.2 53.3 -65 -70 0.743 | 0.751 | 0.814 | 2.308
12:03:00 | 64.1 23.3 54.3 -65 -70 0.704 | 0.743 | 0.802 [ 2.249
12:08:00 | 63.7 23.3 57.5 -65 -70 0.704 | 0.708 0.78 2.192
12:13:00 | 63.6 23.3 60.2 -65 -70 0.637 | 0.674 0.72 2.031
12:27:00 | 64.3 23.7 63.3 -63 -70 0.686 | 0.706 | 0.743 | 2.135
12:35:00 | 64.9 24.4 64.5 -62 -70 0.645 | 0.671 | 0.737 [ 2.053
12:48:00 | 65.7 24.5 67.3 -60 -70 0.674 | 0.694 | 0.741 | 2.109
13:12:00 | 67.2 24.7 70.6 -59 -70 0.635 | 0.647 [ 0.704 | 1.986
13:36:00 | 68.3 24.3 72.3 -58 -70 0.698 | 0.723 | 0.765 | 2.186
13:58:00 | 69.6 24.7 74.3 -56 -70 0.68 0.702 | 0.729 | 2.111
Average | 65.7 23.7 - - = 0.689 0.71 0.762 | 2.162
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Table E.16 The electrical consumption and pressure of the VCHP on 7/12/2010.

12:21:00 | 52.9 25.9 27.4 210 43 54 12 24121
12:43:00 57 23 32 213 43 58 12 2557
13:05:00 | 61.4 25.7 35.7 216 43 63 13 2.799
13:14:00 | 62.9 25.8 37.1 220 43 65 13 2.788
13:33:00 | 66.2 25.8 404 223 44 70 13 2.864
13:43:00 | 67.4 26.3 41.1 225 44 72 14 2.879
14:07:00 | 70.8 26 44.8 227, 44 77 14 2.968
14:26:00 | 73.1 26.3 46.8 231 44 81 14 2.976
14:48:00 | 75.2 26.3 48.9 235 44 84 17 2.936
15:05:00 | 76.7 26.5 50.2 237 44 87 17 3.03
15:24:00 | 78.3 26.2 52.1 240 44 90 18 3.048
15:47:00 | 80.2 26.2 54 245 44 94 19 3.1

Average - 26 - - - - - 2.906




123

Table E.17 The volume flow rate of the solar-CAHT.

Hot water leaving a set of solar collector
Bigger volume 20.00 gallon
F571 liter

7/12/2010 168 0.45 27.04 0.82 988.04 0.45
7/12/2010 169 0.45 26.88 0.82 988.04 0.44
7/12/2010 170 0.45 26.72 0.81 988.04 0.44
Average 169.00 0.45 26.88 0.82 988.04 0.44
Note : * At water temperature around 50 Celcius
Hot water leaving the AHT evaporator
Bigger volume 75.71 liter
3P0 187 0.4049 242914 0.7385 | 971.79 0.3934
7/12/2010 190 0.3985 23.9079 0.7269 971.79 0.3872
7/12/2010 189 0.4006 24.0344 0.7307 971.79 0.3893
Average 188.67 0.4013 24.0779 0.7320 971.7904 0.3900
Note : * at water temperature around 80 Celcius

Hot water leaving the AHT generator
Bigger volume 75.71 liter

7/12/2010 208 0.3640 21.8389 0.6640 971.79 0.3537
7/12/2010 208 0.3640 21.8389 0.6640 971.79 0.3537
7/12/2010 208 0.3640 21.8389 0.6640 971.79 0.3537
Average 208.00 0.3640 21.8389 0.6640 971.7904 0.3537

Note : * at water temperature around 80 Celcius
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Hot water leaving the AHT condenser

Bigger volume

75.71 liter

7/12/2010 96 0.7886 47.3177 1.4386 997.05 0.7863
7/12/2010 96 0.7886 47.3177 1.4386 997.05 0.7863
7/12/2010 97 0.7805 46.8298 1.4237 997.05 0.7782
Average 96.33 0.7859 47.1550 1.4336 997.0476 0.7836
Note : * at water temperature around 40 Celcius

Hot water leaving the AHT absorber

Bigger volume

T5%7 liter

7/12/2010 195 0.3882 23.2948 0.7082 961.89 0.3735
7/12/2010 195 0.3882 23.2948 0.7082 961.89 0.3735
7/12/2010 195 0.3882 23.2948 0.7082 961.89 0.3735
Average 195.00 0.3882 23.2948 0.7082 961.8879 0.3735
Note : * at water temperature around 95 Celcius

Volume of upgraded water in storage tank

Glycol-Water (140/60)

200.00 liter

Hot water leaving the storage tank

Bigger volume

7/12/2010

19.50 liter

Note :

* at water temperature around 95 Celcius
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Hot water leaving the upgraded water tank (Loop of condenser; and tank)

Bigger volume 75.71 liter

7/12/2553 95 0.7969 47.8157 1.4537 971.79 0.7744

Note : * at water temperature around 80 Celcius



Table E.18 The data record of the solar- CAHT on 7/12/2010 (Non-used hot water in
tank).

14:00:12 | 74.50 | 62.50 | 74.60 | 61.90 | 27.20 | 30.10 | 67.40 | 74.00

14:05:12 [ 75.20 63.00 75.30 63.30 27.00 29.90 | 68.80 | 75.40
14:10:12 | 75.70 62.60 75.80 63.40 27.30 29.80 | 70.90 | 76.40
14:15:12 | 75.90 62.90 76.10 64.70 27.30 29.80 | 73.30 [ 78.30
14:20:12 | 76.30 62.80 76.50 64.40 24.20 30.20 | 74.20 | 78.80
14:25:12 | 76.90 63.20 77.00 65.80 27.40 30.20 | 75.80 | 80.20
14:30:12 | 77.10 63.30 77.30 66.90 27.20 30.10 | 77.10 | 81.30
14:35:12 | 77.60 63.60 717.70 68.50 27.20 30.20 | 77.90 | 81.80
14:40:12 | 78.20 63.90 78.30 67.10 27.00 29.70 | 79.20 | 82.50
14:45:12 | 78.30 64.30 78.50 69.70 27.00 29.70 80.20 | 83.20
14:50:12 | 78.40 63.50 78.60 67.00 27.20 30.30 80.60 | 83.60
14:55:12 | 78.40 63.40 78.60 68.50 27.40 30.40 81.50 | 84.80
15:00:12 | 78.80 64.10 79.00 68.30 27.50 30.50 | 81.90 | 85.10
15:05:12 | 78.60 64.80 78.90 70.80 26.80 29.50 82.60 | 85.00
15:10:12 | 78.40 64.40 78.50 67.50 26.70 29.70 83.30 | 85.50
15:15:12 | 78.20 64.50 78.40 68.50 26.60 29.70 83.40 | 86.50
15:20:12 | 78.10 64.60 78.30 65.00 26.50 30.10 | 83.50 | 86.20
15:25:12 | 78.00 64.80 78.10 68.20 26.90 30.00 84.60 | 87.50
15:30:12 | 77.90 65.00 78.10 68.40 26.80 29.90 84.70 | 87.80
15:35:12 | 77.90 65.20 78.10 68.50 26.70 29.80 84.80 | 88.00
15:40:12 | 78.00 65.30 78.10 68.50 26.80 29.80 84.80 | 88.20
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Table E.18 The data record of the solar- CAHT on 7/12/2010 (Non-used hot water in
tank, Continued).

14:00:12 | 74.50 | 41.90 | 41.10 | 34.00 | 62.00 | 32.20 | 77.10 58.80
14:05:12 | 77.20 | 42.90 | 41.00 | 33.00 | 62.30 | 32.30 | 78.30 60.20
14:10:12 | 78.60 | 43.90 | 41.10 | 34.60 | 61.80 | 36.50 | 79.20 60.90
14:15:12 | 80.10 | 45.00 | 40.70 | 34.70 | 62.20 | 36.20 [ 80.60 62.10
14:20:12 | 81.80 | 46.60 | 40.80 | 34.30 | 62.20 | 37.50 | 80.90 62.00
14:25:12 | 82.80 | 47.30 | 40.50 | 35.10 | 62.70 | 37.00 | 82.30 63.50
14:30:12 | 84.20 | 47.10 | 38.20 | 32.00 | 63.20 | 36.50 | 83.10 64.30
14:35:12 | 85.30 | 46.90 | 38.00 | 34.50 | 63.60 | 36.00 [ 83.50 64.50
14:40:12 | 85.90 | 47.20 | 37.20 | 32.80 | 64.20 | 35.60 [ 84.10 65.30
14:45:12 | 86.80 | 47.10 | 37.90 | 32.10 | 64.70 | 35.20 | 84.70 65.00
14:50:12 | 87.10 | 48.90 | 37.20 | 32.70 | 64.00 | 35.70 | 84.80 65.10
14:55:12 | 87.90 | 49.50 | 38.10 | 33.70 | 63.70 | 35.50 [ 86.30 66.30
15:00:12 | 89.00 | 49.70 | 38.60 | 34.50 | 64.50 | 35.30 [ 86.40 66.20
15:05:12 | 89.30 | 49.50 | 35.00 | 31.70 | 65.20 | 35.00 [ 86.10 65.50
15:10:12 | 89.50 | 50.30 | 32.70 | 32.10 | 64.70 | 34.60 [ 86.60 66.00
15:15:12 | 90.20 | 50.90 | 32.00 | 32.00 | 64.50 | 34.40 [ 87.90 67.20
15:20:12 | 91.20 | 50.10 | 31.40 | 30.00 | 65.00 | 35.50 [ 87.00 64.70
15:25:12 | 91.50 | 51.50 | 30.90 | 30.20 | 65.20 | 35.00 | 88.80 66.70
15:30:12 | 91.50 | 50.90 | 31.00 | 29.80 | 65.40 | 34.90 | 89.10 66.80
15:35:12 | 91.60 | 50.80 | 30.70 | 29.80 | 65.30 | 34.90 | 89.20 67.10
15:40:12 | 91.80 | 51.60 [ 30.70 | 29.50 | 65.40 | 34.90 | 89.30 67.30
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Table E.18 The data record of the solar- CAHT on 7/12/2010 (Non-used hot water in
tank).

14:00:12 59.50 69.20 65.20 60.50 64.40 61.90 1,025.69
14:05:12 59.70 69.80 65.60 61.20 64.90 62.70 1,008.28

14:10:12 59.20 70.30 65.50 61.70 65.10 63.00 984.08
14:15:12 59.90 71.20 66.10 62.30 65.10 63.20 619.53
14:20:12 59.80 71.40 66.30 62.70 66.20 63.70 650.11
14:25:12 60.30 72.50 67.10 63.30 66.30 64.20 897.88
14:30:12 60.60 73.20 67.50 63.50 64.30 64.20 554.35
14:35:12 61.20 73.80 68.30 63.90 65.60 64.80 713.38
14:40:12 61.60 74.20 68.70 64.40 66.20 65.10 506.58
14:45:12 62.10 74.60 69.10 64.60 66.70 65.50 617.41
14:50:12 61.40 74.80 69.10 65.00 66.30 65.90 314.01
14:55:12 61.00 75.60 69.40 65.10 67.60 66.00 792.99
15:00:12 61.70 75.90 69.80 65.40 67.50 66.50 453.50
15:05:12 62.50 75.90 70.10 64.80 65.10 66.20 136.94
15:10:12 62.10 76.30 70.40 63.60 63.40 65.80 104.67
15:15:12 62.00 77.10 70.60 62.40 62.00 65.60 86.84

15:20:12 62.30 78.00 72.50 61.00 60.50 65.40 82.80

15:25:12 62.60 79.30 73.10 59.80 59.40 65.20 79.41

15:30:12 62.60 78.80 72.50 59.50 59.00 65.20 77.07

15:35:12 62.60 79.00 72.50 59.30 58.80 65.20 73.25

15:40:12 62.80 79.10 72.60 59.10 58.60 65.20 68.15
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Table E.18 The data record of the solar- CAHT on 7/12/2010 (Non-used hot water in

tank).

14:00:12 25.90 89.20 57.50 10.50 82.50 114.70 69.50 45.70
14:05:12 25.70 88.80 57.40 10.10 82.20 114.60 69.90 46.00
14:10:12 25.80 89.10 57.60 10.40 82.50 115.40 69.80 46.00
14:15:12 25.80 88.80 57.60 10.30 82.30 114.90 69.90 46.10
14:20:12 25.70 89.40 57.60 10.20 82.60 114.90 69.80 46.40
14:25:12 26.00 89.20 57.80 10.40 83.10 115.10 70.00 46.20
14:30:12 26.20 89.70 57.80 10.50 82.60 114.80 69.60 46.30
14:35:12 26.30 89.70 58.10 10.60 83.20 115.60 70.00 46.60
14:40:12 26.20 89.70 57.80 10.50 83.10 115.60 70.10 46.50
14:45:12 26.50 90.10 58.20 10.60 83.30 115.70 70.40 46.60
14:50:12 26.50 90.00 58.20 10.80 83.40 115.60 70.30 46.50
14:55:12 26.20 90.10 58.20 10.70 83.40 115.70 70.30 46.50
15:00:12 26.50 89.90 58.20 10.60 83.40 115.50 69.90 46.50
15:05:12 26.00 89.70 57.90 10.40 83.20 115.00 70.30 46.60
15:10:12 26.10 90.10 58.20 10.80 83.20 115.30 70.70 46.50
15:15:12 25.70 89.20 58.10 10.50 82.30 114.80 70.20 46.40
15:20:12 26.20 89.60 58.10 10.70 83.20 115.10 70.10 46.50
15:25:12 26.30 90.10 58.20 10.80 83.30 115.90 70.40 46.40
15:30:12 26.30 89.60 58.00 10.60 83.00 115.20 69.80 46.50
15:35:12 26.50 90.10 58.20 10.70 83.10 115.40 70.20 46.50
15:40:12 26.50 90.10 58.10 10.60 83.20 115.80 70.10 46.60
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Table E.19 The data record of the solar- CAHT on 7/12/2010 (Used hot water in
tank).

15:45:53 J7..9 65.70 78.10 | 67.70 | 26.40 | 29.30 80.70 | 86.50
15:46:55 77.8 65.70 78.10 | 67.50 | 26.30 29.30 80.50 | 86.30
15:47:55 77.8 65.70 78.00 | 67.70 | 26.30 29.20 80.30 [ 86.20
15:48:55 77.9 65.80 78.10 | 67.80 | 26.30 | 29.10 80.20 | 86.10
15:49:55 | 77.90 65.80 78.10 | 67.60 | 26.20 29.00 80.10 | 86.00
15:50:55 | 77.90 65.80 78.00 | 67.40 | 26.20 | 29.00 79.70 | 85.90
15:51:55 | 77.70 65.80 77.90 | 67.20 | 26.10 28.90 | 79.60 | 85.70
15:52:55 | 77.80 65.90 78.00 | 67.10 | 26.10 | 28.90 | 79.50 | 85.50
15:53:55 | 77.80 66.00 78.00 | 67.20 | 26.20 29.00 | 79.30 | 85.30
15:54:55 | 77.80 66.10 78.00 | 67.50 | 26.10 28.90 79.20 | 85.20
15:55:55 | 77.80 66.10 78.00 | 66.50 | 26.10 | 29.10 | 79.10 | 85.00
15:56:55 | 77.60 65.60 7790 | 66.10 | 26.20 | 29.10 78.60 | 84.50
15:57:55 | 77.50 65.60 77.80 | 66.40 | 26.20 | 29.10 | 78.60 | 84.70
15:58:55 | 77.60 65.60 77.80 | 66.60 | 26.20 29.00 78.50 | 84.60
15:59:55 | 77.50 65.60 77.80 | 66.50 | 26.20 | 29.00 78.30 | 84.60
16:00:55 | 77.50 65.70 77.80 | 66.70 | 26.10 | 29.00 | 78.10 | 84.50
16:01:55 | 77.50 65.70 77.80 | 66.80 | 26.20 29.00 78.00 | 84.50
16:02:55 | 77.40 65.80 77.70 | 66.60 | 26.20 | 29.00 77.80 | 84.40
16:03:55 | 77.30 65.80 77.60 | 66.70 | 26.10 29.00 77.70 | 84.40
16:04:55 | 77.20 65.80 77.50 | 66.40 | 26.10 | 28.90 77.70 | 84.20
16:05:55 77.4 65.50 77.70 | 66.00 | 2590 | 28.80 | 76.80 | 83.60
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Table E.19 The data record of the solar- CAHT on 7/12/2010 (Used hot water in tank,

Continued).

15:45:55 | 89.50 | 29.90 [ 83.50 | 30.90 | 65.70 | 36.30 | 88.20 66.30
15:46:55 | 89.80 | 30.00 | 83.20 [ 30.00 | 65.60 | 36.20 | 88.00 66.20
15:47:55 | 89.10 | 30.10 | 83.20 | 28.60 | 65.70 | 36.00 | 88.00 66.20
15:48:55 | 90.00 | 30.10 | 83.10 | 30.20 | 65.70 | 35.90 | 87.90 66.20
15:49:55 | 89.70 | 30.10 | 83.00 | 29.60 | 65.70 | 35.70 | 87.80 66.00
15:50:55 | 89.60 | 30.10 | 82.90 | 29.70 | 65.70 | 35.50 | 87.70 66.10
15:51:55 | 89.50 | 30.10 [ 82.90 | 31.40 | 65.80 | 35.40 | 87.50 65.80
15:52:55 | 89.40 | 30.10 | 82.60 | 29.80 | 65.80 | 35.20 | 87.40 65.90
15:53:55 | 88.90 | 30.30 | 82.80 | 30.80 | 66.30 | 35.50 | 87.50 65.80
15:54:55 | 90.20 | 31.00 | 83.00 | 29.90 | 67.20 | 36.20 | 88.00 65.70
15:55:55 | 90.10 | 31.10 | 83.00 | 33.70 | 67.20 | 37.70 | 87.80 65.50
15:56:55 | 89.00 | 31.30 | 82.50 | 35.30 | 66.80 | 38.10 | 87.40 64.30
15:57:55 | 89.50 | 31.20 | 82.30 | 33.70 | 66.90 | 38.00 | 87.50 64.50
15:58:55 | 89.50 | 31.60 [ 82.50 | 29.90 | 67.40 | 38.50 | 87.80 64.80
15:59:55 | 88.70 | 31.20 | 82.30 | 33.10 | 66.70 | 37.70 | 87.50 64.80
16:00:55 | 89.60 | 31.60 [ 82.30 | 31.80 | 67.50 | 38.20 | 87.80 64.80
16:01:55 | 89.20 | 31.60 | 82.30 | 31.40 | 67.50 | 38.10 | 87.70 64.90
16:02:55 | 88.90 | 31.50 | 82.20 | 32.20 | 67.40 | 37.80 | 87.60 64.80
16:03:55 | 88.70 | 31.40 | 82.10 | 32.60 | 67.40 | 37.60 | 87.40 64.80
16:04:55 | 89.50 | 40.60 | 79.10 | 32.20 | 67.30 | 37.50 | 87.30 64.80
16:05:55 | 86.40 | 30.00 [ 79.30 | 28.10 | 66.50 | 35.70 | 85.80 63.90
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Table E.19 The data record of the solar-CAHT on 7/12/2010 (Used hot water in tank,

Continued).

15:45:55 62.80 78.00 71.90 56.60 56.20 65.00 35.46
15:46:55 62.90 78.00 71.80 56.50 56.00 65.00 35.88
15:47:55 63.00 77.90 71.80 56.20 55.80 65.00 36.94
15:48:55 63.10 77.90 71.80 56.00 55.50 65.00 38.00
15:49:55 63.00 77.70 71.70 55.70 55.30 65.00 39.07
15:50:55 63.10 77.70 71.80 55.60 55.10 65.00 40.76
15:51:55 62.70 77.40 71.40 55.10 54.70 64.80 42.25
15:52:55 62.60 77.30 71.40 55.10 54.60 64.80 43.74
115:53:55 62.90 77.30 71.50 54.80 54.40 64.90 45.01
15:54:55 62.90 77.30 71.40 54.70 54.20 64.90 46.71
15:55:55 63.00 77.00 71.20 54.60 54.00 64.90 47.77
15:56:55 62.50 76.60 71.00 53.70 53.30 64.80 52.65
15:57:55 62.50 76.70 71.10 53.60 53.00 64.80 54.78
15:58:55 62.80 76.80 71.10 53.40 53.00 64.80 56.48
15:59:55 62.70 76.60 71.10 53.10 52.60 64.70 58.39
16:00:55 62.80 76.70 71.00 52.90 52.50 64.70 60.30
16:01:55 62.80 76.70 71.00 52.80 52.30 64.70 62.21
16:02:55 62.90 76.60 71.10 52.60 52.10 64.70 63.91
16:03:55 62.80 76.60 71.00 52.40 51.90 64.70 65.82
16:04:55 62.80 76.50 71.00 52.20 51.70 64.60 67.73
16:05:55 62.20 75.80 70.40 47.80 46.80 64.40 80.47
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Table E.19 The data record of the solar-CAHT on 7/12/2010 (Used hot water in tank,

Continued).

15:45:55 29.30 90.40 57.80 11.20 84.50 114.60 65.20 45.40
15:46:55 28.00 90.50 57.60 11.00 83.80 114.70 65.20 45.20
15:47:55 27.20 90.30 57.40 11.00 84.00 114.70 65.50 45.20
15:48:55 26.20 89.00 57.10 10.50 82.50 114.00 65.30 44.80
15:49:55 25.80 89.00 56.80 10.50 82.80 114.20 65.90 45.00
15:50:55 25.70 88.60 56.60 10.40 82.30 113.80 66.20 44.90
15:31:55 25.30 88.40 56.30 10.00 81.90 113.60 65.80 44.90
15:52855 24.90 88.00 56.20 9.90 80.90 113.80 65.20 44.80
15:58:55 24.70 87.70 56.10 10.00 80.80 113.30 66.10 44.50
15:54:55 24.40 87.40 55.90 9.80 80.50 113.10 66.00 44.60
15:55:55 24.10 87.20 55.80 9.70 79.90 113.00 65.40 44.60
15:56:55 26.50 87.70 56.10 10.20 80.10 112.20 65.30 44.70
15:57:55 26.60 87.50 55.90 10.00 79.70 111.80 65.40 44.60
15:58:55 27.50 88.40 56.30 10.40 80.40 112.50 64.70 44.80
15:59:55 27.80 88.50 56.50 10.60 80.70 111.80 65.40 44.80
16:00:55 27.80 88.80 56.60 10.70 81.40 112.30 65.30 44.70
16:01:55 28.00 88.90 56.60 10.50 81.10 112.70 65.00 44.70
16:02:55 27.40 89.00 56.50 10.50 81.50 112.50 65.20 44.60
16:03:55 26.50 88.50 56.20 10.20 81.40 113.20 65.30 44.70
16:04:55 25.00 87.60 55.80 9.80 80.50 112.40 65.40 44.80
16:05:55 25.80 87.60 55.90 10.20 80.30 112.20 65.00 44.30
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The calculation results of the solar-AHT

Table F.1 The calculation results of the solar-AHT from data recorder on 15/10/2010
(Non-used water in tank).

13:45:12 | 1073.31 3.26 15.15 66.2 10.6 4.19 979.86
13:50:12 | 1072.51 3.28 119 67.1 11 4.19 979.36
13:55:12 | 1072.11 3.28 8.96 68.1 11.6 4.19 978.81
14:00:12 | 1071.77 3.29 .97 68.5 12 4.19 978.58
14:05:12 | 1071.29 3.3 7.3 69.1 12.2 4.19 978.24
14:10:12 | 1071.03 3.31 6.54 69.15 13.1 4.19 978.22
14:15:12 | 1070.75 3:31 6.07 69.4 13 4.19 978.07
14:20:12 | 1070.43 3:32 5.79 69.55 135 4.19 977.99
14:25:12 | 1070.24 3.32 5.38 70.05 137 4.19 977.71
14:30:12 | 1069.97 3.33 5.16 70.2 13.8 4.19 977.62
14:35:12 | 1069.76 3.33 4.92 70.6 14 4.19 977.39
14:40:12 | 1069.64 3.34 4.61 71.05 14.3 4.19 97743
14:45:12 | 1069.47 3.34 4.41 71.3 14 4.19 976.99
14:50:12 | 1069.41 3.34 4.13 70.95 14.9 4.19 977.19
14:55:12 | 1069.25 3.34 3.98 70.9 15 4.19 977.22
15:00:12 | 1069.03 3.35 3.89 71.45 14.7 4.19 976.9
15:05:12 | 1068.97 3.35 Biil 71.7 13.8 4.19 976.76
15:10:12 | 1068.93 3.35 3:51 71.4 14 4.19 976.93
15:15:12 | 1068.79 3.35 3.41 71.35 13.7 4.19 976.96
15:20:12 | 1068.59 3.36 3.36 71.35 13.5 4.19 976.96
15:25:12 | 1068.52 3.36 3.23 71.4 13.2 4.19 976.93
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Table F.1 The calculation results of the solar-AHT from data recorder on 15/10/2010
(Non-used water in tank, Continued).

13:45:12 10.24 64.05 15:3 4.19 981.03 12.73
13:50:12 10.62 65.7 14.4 4.19 980.14 11.98
13:55:12 11.2 67.1 14.2 4.19 979.36 11.8
14:00:12 11.58 68.25 127 4.19 978.72 10.55
14:05:12 11.77 69.3 12 4.19 978.13 9.96
14:10:12 12.64 69.6 12.4 4.19 977.96 10.29
14:15:12 12.54 70.4 11.4 4.19 977.51 9.46
14:20:12 13.02 70.45 12.1 4.19 977.48 10.04
14:25:12 13.21 71.4 L1=2 4.19 976.93 9.29
14:30:12 13.31 7251 10.4 4.19 976.52 8.62
14:35:12 135 73.1 9.2 4.19 975.94 7.63
14:40:12 13.78 2.0 11.2 4.19 976.17 9.29
14:45:12 13.49 74.1 8.8 4.19 975.35 7.29
14:50:12 14.36 72.8 11.6 4.19 976.12 9.62
14:55:12 14.46 73:55 10.1 4.19 975.67 8.37
15:00:12 14.17 73.65 10.7 4.19 975.62 8.87
15:05:12 1353 74.85 8.1 4.19 974.9 6.71
15:10:12 13.49 73 11 4.19 976 9.12
15:15:12 13.2 73.45 9.9 4.19 975.73 8.21
15:20:12 13.01 71.65 13.3 4.19 976.79 11.03
15:25:12 12:.72 73.15 9.9 4.19 975.91 8.21
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Table F.1 The calculation results of the solar-AHT from data recorder on 15/10/2010

(Non-used water in tank, Continued).

13:45:12

13:50:12 2087 1.4 4.18 996.28 8.83 64.6
13:55:12 28.2 1.6 4.18 996.14 10.09 67.45
14:00:12 28.65 2.9 4.18 996.01 18.28 70.7
14:05:12 28.45 2.9 4.18 996.06 18.28 72.1
14:10:12 28.55 255 4.18 996.03 15.76 73.65
14:15:12 28.55 2:5 4.18 996.03 15.76 75.8
14:20:12 28.7 3 4.18 995.99 18.91 76.5
14:25:12 28.8 2.8 4.18 995.96 17.65 78
14:30:12 28.65 2.9 4.18 996.01 18.28 79.2
14:35:12 28.7 3 4.18 995.99 18.91 79.85
14:40:12 28.35 2.1 4.18 996.09 17.02 80.85
14:45:12 28.35 25 4.18 996.09 17.02 81.7
14:50:12 28.75 3.1 4.18 995.98 19.54 82.1
14:55:12 28.9 3 4.18 995.93 18.91 83.15
15:00:12 29 3 4.18 995.9 18.91 83.5
15:05:12 28.15 2.7 4.18 996.15 17.03 83.8
15:10:12 28.2 3 4.18 996.14 18.92 84.4
15:15:12 28.15 3.1 4.18 996.15 19.55 84.95
15:20:12 28.3 3.6 4.18 996.11 22.7 84.85
15:25:12 28.45 3.1 4.18 996.06 19.55 86.05
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Table F.1 The calculation results of the solar-AHT from data recorder on 15/10/2010
(Non-used water in tank, Continued).

1 1073.65 '

13:50:12 9.8 3.25 1073.46 13.29 0.59 6.3
13:55:12 )1/ 3.26 1072.99 10.47 0.46 4.97
14:00:12 6.6 3.28 1072.44 9 0.41 4.27
14:05:12 6.6 3.28 1072.2 9.02 0.41 4.28
14:10:12 9.5 3.29 1071.92 7.53 0.33 3.57
14:15:12 5 3.3 1071.54 6.86 0.31 3.25
14:20:12 4.6 3.3 1071.41 6.31 0.27 2.99
14:25:12 4.4 3.31 1071.14 6.05 0.27 2.87
14:30:12 4.2 3.31 1070.92 5.78 0.26 2.74
14:35:12 3.9 3.31 1070.8 5.31 0.25 2.55
14:40:12 313 3:32 1070.61 4.55 0.2 2.16
14:45:12 3 3.32 1070.45 4.14 0.2 1.96
14:50:12 3 3.32 1070.37 4.14 0.17 1.96
14:55:12 3.3 333 1070.17 4.56 0.2 2.16
15:00:12 3.2 3.33 1070.11 4.42 0.19 2.1
15:05:12 2.4 3.33 1070.05 3152 0.17 1.57
15:10:12 2.2 3.33 1069.93 3.04 0.13 1.44
15:15:12 3.1 3.33 1069.83 4.29 0.2 2.03
15:20:12 2.7 3:.33 1069.85 3.74 0.16 1.77
15:25:12 2.9 3.34 1069.61 4.02 0.19 1.91
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Table F.1 The calculation results of the AHT from data recorder on 15/10/2010 (Non-

used water in tank, Continued).

13:45:12 4.82 0.7 14.87 2.16 S2:97 44.97 2610.05
13:50:12 4.93 0.72 17.01 2.47 53.16 44.43 2611.44
13:55:12 5.07 0.74 18.43 2.67 53.07 44.47 2612.14
14:00:12 5.07 0.74 19.76 2.87 53.12 44.7 2612.31
14:05:12 Sl 0.74 21.09 3.06 53.22 44.51 2612.83
14:10:12 6.44 0.93 21.78 3.16 50.33 44.59 2611.96
14:15:12 6.33 0.92 23 3.34 50.75 44.65 2612.66
14:20:12 6.79 0.99 229 3.32 49.91 44.9 2612.66
14:25:12 6.61 0.96 24.5 3.55 50.52 44.76 2613.53
14:30:12 6.44 0.93 254 3.68 51:12 44.72 2614.39
14:35:12 6.26 0.91 25.63 3.72 51.66 44.83 2615.08
14:40:12 6.13 0.89 26.56 3.85 52.24 44.67 2616.12
14:45:12 5.99 0.87 26.21 3.8 S52:75 45.23 2616.99
14:50:12 6.16 0.89 26.32 3.82 52.07 45.22 2615.78
14:55:12 6.09 0.88 27.76 4.03 52.02 45.33 2615.26
15:00:12 6.03 0.87 27.64 4.01 52.58 45.46 2616.64
15:05:12 5.93 0.86 26.79 3.89 53.14 45.73 2617.85
15:10:12 5.8 0.84 27.4 3.97 53.1.1 45.71 2616.99
15:15:12 5.73 0.83 28.88 4.19 53.13 45.7 2616.64
15:20:12 6.09 0.88 25.86 3175 52.73 46.77 2617.5
15:25:12 5.93 0.86 28.25 4.1 53.14 46.54 2617.85
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Table F.1 The calculation results of the AHT from data recorder on 15/10/2010 (Non-

used water in tank, Continued).

13:45:12 131.17 0.0028 0.0157 0.0185 995.21 0.001 1143.99
13:50:12 132.84 0.0036 0.0181 0.0217 995.08 0.001 1143.5
13:55:12 134.93 0.0041 0.0211 0.0251 994.92 0.001 1143.32
14:00:12 134.93 0.0074 0.0392 0.0466 994.92 0.001 1143.25
14:05:12 135.35 0.0074 0.0377 0.0451 994.89 0.001 1143.06
14:10:12 152.9 0.0064 0.0498 0.0562 993.47 0.001 1143.92
14:15:12 151.65 0.0064 0.0469 0.0533 993.57 0.001 1143.69
14:20:12 157.08 0.0077 0.069 0.0767 993.11 0.001 1143.72
14:25:12 154.99 0.0072 0.0558 0.063 993.29 0.001 1143.44
14:30:12 152.9 0.0074 0.0519 0.0593 993.47 0.001 1143.11
14:35:12 150.81 0.0077 0.0504 0.0581 993.64 0.001 1142.81
14:40:12 149.14 0.0069 0.0407 0.0476 993.78 0.001 1142.36
14:45:12 147.47 0.0069 0.0415 0.0484 993.92 0.001 1141.94
14:50:12 149.56 0.0079 0.0523 0.0602 993.75 0.001 1142.51
14:55:12 148.72 0.0077 0.052 0.0596 993.82 0.001 1142.68
15:00:12 147.89 0.0077 0.0489 0.0566 993.89 0.001 1142.1
15:05:12 146.63 0.0069 0.0425 0.0494 993.99 0.001 1141.54
15:10:12 144.96 0.0077 0.0473 0.0549 994.13 0.001 1141.82
15:15:12 144.13 0.0079 0.0486 0.0565 994.2 0.001 1141.92
15:20:12 148.72 0.0092 0.0722 0.0813 993.82 0.001 1141.78
15:25:12 146.63 0.0079 0.0558 0.0637 993.99 0.001 1141.54
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Table F.1 The calculation results of the AHT from data recorder on 15/10/2010 (Non-

used water in tank, Continued).

13:45:12 0.0009 0.00035 | 0.00173 0.49 0.16
13:50:12 0.0009 0.00054 | 0.00239 0.59 0.10
13:55:12 0.0009 0.00068 | 0.00307 0.46 0.15
14:00:12 0.0009 0.00136 | 0.00629 041 0.20
14:05:12 0.0009 0.00148 | 0.00659 0.41 0.20
14:10:12 0.0009 0.00124 | 0.00835 0.33 0.26
14:15:12 0.0009 0.00134 | 0.00854 0.31 0.28
14:20:12 0.0009 0.00156 | 0.01215 0.27 0.31
14:25:12 0.0009 0.00162 | 0.01091 0.27 0.31
14:30:12 0.0009 0.00177 | 0.01076 0.26 0.32
14:35:12 0.0009 0.00187 | 0.01067 0.25 0.32
14:40:12 0.0009 0.00177 | 0.00910 0.20 0.33
14:45:12 0.0009 0.00175 | 0.00917 0.20 0.35
14:50:12 0.0009 0.00201 | 0.01154 0.17 0.36
14:55:12 0.0009 0.00209 | 0.01231 0.20 0.35
15:00:12 0.0009 0.00208 | 0.01157 0.19 0.36
15:05:12 0.0009 0.00181 | 0.00972 0.17 0.39
15:10:12 0.0009 0.00208 | 0.01118 0.13 0.39
15:15:12 0.0009 0.00230 | 0.01232 0.20 0.37
15:20:12 0.0009 0.00229 | 0.01561 0.16 0.44
15:25:12 0.0009 0.00222 | 0.01364 0.19 0.42




142

Table F.2 The calculation results of the AHT from data recorder on 15/10/2010 (Used

water in tank).
15:36:55 984.77 4.18 4.19 71.7 12.4 4.19
15:37.55 984.8 4.18 4.18 71.75 12.3 4.19
15:38:55 984.82 4.18 4.18 71.8 12.2 4.19
15:39:55 984.87 4.18 4.15 71.75 12.1 4.19
15:40:55 984.85 4.18 4.14 71.75 12.1 4.19
15:41:55 984.87 4.18 4.13 71.85 12.1 4.19
15:42:55 984.9 4.18 4.12 71.85 12.1 4.19
15:43:55 984.92 4.18 4.11 71.85 12.1 4.19
15:44:55 984.92 4.18 4.11 71.75 11.9 4.19
15:45:55 985 4.18 4.09 71.85 11.9 4.19
15:46:55 984.9 4.18 4.09 71.9 11.8 4.19
15:47:55 984.68 4.18 4.05 71.95 11.7 4.19
15:48:55 984.65 4.18 4.04 71.95 11.7 4.19
15:52:55 984.73 4.18 3.99 71.6 12 4.19
15:53:55 984.8 4.18 3.98 71.55 11.9 4.19
15:54:55 984.65 4.18 3.97 71.6 12 4.19
15:55:55 984.8 4.18 3.98 7155 11.9 4.19
15:56:55 984.7 4.18 3.95 71.6 11.8 4.19
15:57:55 984.7 4.18 3.95 71.6 11.8 4.19
15:58:55 984.75 4.18 3.95 71.6 11.6 4.19
15:59:55 984.8 4.18 3.95 71.55 11.5 4.19
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Table F.2 The calculation results of the AHT from data recorder on 15/10/2010 (Used

water in tank).
15:36:55 976.76 11.95 7295 10.3 4.19 976.03 8.54
15:37:55 976.73 11.85 72.8 10.6 4.19 976.12 8.79
15:38:55 976.7 11.76 72.9 10.4 4.19 976.06 8.62
15:39:55 976.73 11.66 72.8 10.6 4.19 976.12 8.79
15:40:55 976.73 11.66 72.85 10.3 4.19 976.09 8.54
15:41:55 976.67 11.66 72.95 10.3 4.19 976.03 8.54
15:42:55 976.67 11.66 72.85 10.5 4.19 976.09 8.7
15:43:55 976.67 11.66 T2, 10.6 4.19 976.17 8.79
15:44:55 976.73 11.47 72.55 10.7 4.19 976.26 8.87
15:45:55 976.67 11.47 J2.55 10.9 4.19 976.26 9.04
15:46:55 976.64 11.37 72.6 10.8 4.19 976.23 8.95
15:47:55 976.61 11.27. T2.75 10.5 4.19 976.14 8.71
15:48:55 976.61 11.27 72.25 115 4.19 976.44 9.54
15:52:55 976.81 11.56 72 11.8 4.19 976.58 9.79
15:53:55 976.84 11.47 72:1 11.4 4.19 976.52 9.45
15:54:55 976.81 11.56 72.2 11.2 4.19 976.47 9.29
15:55:55 976.84 11.47 12515 11.3 4.19 976.49 9.37
15:56:55 976.81 11.37 7225 11.1 4.19 976.44 9.2
15:57:55 976.81 11.37 72.3 11 4.19 976.41 9.12
15:58:55 976.81 11.18 72.15 11.1 4.19 976.49 9.21
15:59:55 976.84 11.08 12=15 10.9 4.19 976.49 9.04
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Table F.2 The calculation results of the AHT from data recorder on 15/10/2010 (Used
water in tank).

15:36:55 27.95 2.9 4.18 996.21 15.24 83.75
15:37:55 27:95 2.9 4.18 996.21 15.24 83.65
15:38:55 27.85 29 4.18 996.23 15.24 83.6
15:89:55 27.8 3 4.18 996.25 15.77 83.4
15:40:55 27.75 2.9 4.18 996.26 15.24 83.25
15:41:55 27.7 2.8 4.18 996.28 14.72 83.15
15:42:55 27.6 2.8 4.18 996.31 14.72 83.05
15:43:55 27.6 2.8 4.18 996.31 14.72 82.8
15:44:55 27.5 2.8 4.18 996.33 14.72 82.65
15:45:55 21.5 2.8 4.18 996.33 14.72 82.5
15:46:55 27.6 2.8 4.18 996.31 14.72 82.3
15:47:55 2755 2.8 4.18 996.33 14.72 82.2
15:48:55 27.6 3 4.18 996.31 15577 82.05
15:52:55 27.65 29 4.18 996.29 15.24 81.55
15:53:55 27.65 2.9 4.18 996.29 15.24 81.65
15:54:55 27.6 2.8 4.18 996.31 14.72 81.55
15:55:55 27.6 2.8 4.18 996.31 14.72 81.45
15:56:55 27.55 2.9 4.18 996.32 15.24 81.3
15:57:55 27.6 2.8 4.18 996.31 14.72 81.25
15:58:55 27.6 2.8 4.18 996.31 14.72 81.1
15:59:55 27.55 2.9 4.18 996.32 15.24 81.05
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Table F.2 The calculation results of the AHT from data recorder on 15/10/2010 (Used
water in tank).

15:36:55 5.7 3.33 1070.06 7.88 0.38 0.17 3.74
15:3%:55 5.7, 3.33 1070.08 7.88 0.38 0.16 3.74
15:38:55 5.8 3.33 1070.09 8.02 0.39 0.16 3.8
15:39:55 5.8 3.33 1070.13 8.02 0.39 0.16 3.8
15:40:55 5.9 3.33 1070.16 8.15 0.4 0.17 3.87
15:41:55 5.9 3.33 1070.17 8.15 0.4 0.16 3.87
15:42:55 5.9 3.32 1070.19 8.15 0.4 0.16 3.87
15:43:55 6.2 3:32 1070.24 8.56 0.42 0.16 4.06
15:44:55 6.1 3.32 1070.27 8.42 0.41 0.16 3.99
15:45:55 6 3.32 1070.3 8.28 0.4 0.16 3.93
15:46:55 6 3.32 1070.34 8.28 0.41 0.16 3.93
15:47:55 6 3.32 1070.36 8.28 0.41 0.17 3.93
15:48:55 5.9 3.32 1070.38 8.14 0.39 0.15 3.86
15:52:55 5.9 3.32 1070.48 8.14 0.38 0.14 3.86
15:53:55 6.1 3.32 1070.46 8.42 0.4 0.14 3.99
15:54:55 6.1 3.32 1070.48 8.41 0.4 0.16 3.99
15:55:55 6.3 3.32 1070.5 8.69 0.42 0.15 4.12
15:56:55 6.4 5.82 1070.53 8.83 0.43 0.15 4.19
15:57:55 6.5 3.32 1070.54 8.96 0.44 0.15 4.25
15:58:55 6.6 3132 1070.56 9:1 0.45 0.15 4.32
15:59:55 6.7 3.32 1070.57 9.24 0.46 0.15 4.38
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Table F.2 The calculation results of the AHT from data recorder on 15/10/2010 (Used

water in tank).

15:36:55 6.47 0.94 27.76 4.03 52.38 46.45 2618.54
15:37:55 6.4 0.93 28.01 4.06 52.45 46.32 2618.37
15:38:55 6.37 0.92 27.76 4.03 52.62 46.45 2618.71
15:39:55 6.33 0.92 27.64 4.01 52.63 46.4 2618.54
15:40:55 6.26 091 27.64 4.01 52.8 46.4 2618.71
15:41:55 6.23 0.9 27.64 4.01 52.86 46.34 2618.71
15:42:55 6.16 0.89 27.4 3.97 52.98 46.41 2618.71
15:43:55 6.09 0.88 27.52 3.99 53.11 46.29 2618.71
15:44:55 6.06 0.88 27.15 3.94 53322 46.36 2618.88
15:45:55 5.99 0.87 27427 3.96 53.34 46.24 2618.88
15:46:55 6.09 0.88 27.15 3.94 53.42 46.36 2619.75
15:47:55 6.33 0.92 27.03 3.92 53.48 46.71 2621.3

15:48:55 6.87 1 26.79 3.89 52.58 46.73 2621.3

15:52:55 7.02 1.02 25.4 3.68 52.12 47.26 2620.61
15:53:55 6.98 1.01 25.63 3.72 5223 47.19 2620.78
15:54:55 8 74 1.04 25.97 3.17 D22 47.17 2621.64
15:55:55 6.87 1 25.97 3.77 52.31 47 2620.43
15:56:55 7.06 1.02 25.97 377 52.44 47.17 2621.81
15:57:55 7.02 1.02 26.09 3.78 52:5 47.05 2621.81
15:58:55 6.91 1 2597 3577 52.62 47.06 2621.64
15:59:55 6.83 0.99 25.97 377 52.75 46.94 2621.64
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Table F.2 The calculation results of the AHT from data recorder on 15/10/2010 (Used

water in tank).

15:36:55 153.32 0.0062 0.0484 0.0546 993.43 0.001 1141.56

15:37:55 152.49 0.0062 0.0467 0.0529 993.5 0.001 1141.6

15:38:55 152.07 0.0062 0.0465 0.0527 993.54 0.001 1141.44
15:39:55 151.65 0.0064 0.0476 0.054 993.57 0.001 1141.49
15:40:55 150.81 0.0062 0.0448 0.0509 993.64 0.001 1141.38
15:41:55 150.4 0.006 0.0424 0.0483 993.68 0.001 1141.36
15:42:55 149.56 0.006 0.0421 0.0481 993.75 0.001 1141.32
15:43:55 148.72 0.006 0.0404 0.0464 993.82 0.001 1141.28
15:44:55 148.31 0.006 0.0403 0.0462 993.85 0.001 1141.18
15:45:55 147.47 0.006 0.0388 0.0447 993.92 0.001 1141.13
15:46:55 148.72 0.006 0.0391 0.0451 993.82 0.001 1140.83
15:47:55 151.65 0.006 0.0411 0.0471 993.57 0.001 1140.32
15:48:55 157.92 0.0064 0.0511 0.0575 993.03 0.001 1140.64
15:52:55 159.59 0.0062 0.0602 0.0664 992.89 0.001 1140.98
15:53:55 159.17 0.0062 0.058 0.0642 992.92 0.001 1140.9
15:54:55 161.26 0.006 0.0561 0.0621 992.74 0.001 1140.63
15:55:55 157.92 0.006 0.0529 0.0589 993.03 0.001 1140.99
15:56:55 160.01 0.0062 0.0554 0.0616 992.85 0.001 1140.51
15:57:55 159.59 0.006 0.0516 0.0576 992.89 0.001 1140.49
15:58:55 158.34 0.006 0.0506 0.0565 993 0.001 1140.51
15:59:55 157.5 0.0062 0.05 0.0562 993.07 0.001 1140.47
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Table F.2 The calculation results of the AHT from data recorder on 15/10/2010 (Used
water in tank).

15:36:55 0.0009 0.00166 | 0.01129 0.38 0.35
15:87:55 0.0009 0.00168 | 0.01105 0.38 0.34
15:38:55 0.0009 0.00166 | 0.01090 0.39 0.35
15:39:55 0.0009 0.00171 | 0.01111 0.39 0.34
15:40:55 0.0009 0.00166 | 0.01048 0.40 0.34
15:41:55 0.0009 0.00161 | 0.00994 0.40 0.33
15:42:55 0.0009 0.00159 | 0.00979 0.40 0.33
15:43:55 0.0009 0.00161 | 0.00949 0.42 0.32
15:44:55 0.0009 0.00158 | 0.00930 041 0.33
15:45:55 0.0009 0.00159 | 0.00904 0.40 0.32
15:46:55 0.0009 0.00158 | 0.00902 0.41 0.32
15:47:55 0.0009 0.00155 | 0.00933 0.41 0.32
15:48:55 0.0009 0.00161 | 0.01117 0.39 0.34
1.5:52:55 0.0009 0.00143 | 0.01213 0.38 0.36
15:53:55 0.0009 0.00145 | 0.01184 0.40 0.36
15:54:55 0.0009 0.00142 | 0.01156 0.40 0.35
15:55:55 0.0009 0.00144 | 0.01107 0.42 0.34
15:56:55 0.0009 0.00147 | 0.01149 0.43 0.34
15:57:55 0.0009 0.00143 | 0.01079 0.44 0.33
15:58:55 0.0009 0.00143 | 0.01057 0.45 0.33
15:59:55 0.0009 0.00149 | 0.01048 0.46 0.32
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The calculation results of the solar-CAHT

Table F.3 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Non-used water in tank).

14:00:12 | 1071.77 3.29 7.57 68.50 12.00 4.19 978.58

14:05:12 [ 1071.29 3.30 7.30 69.10 12.20 4.19 978.24
14:10:12 | 1071.03 3.31 6.54 69.15 13.10 4.19 978.22
14:15:12 | 1070.75 3.31 6.07 69.40 13.00 4.19 978.07
14:20:12 | 1070.43 3.32 5519 69.55 13.50 4.19 977.99
14:25:12 | 1070.24 3.32 5.38 70.05 13.70 4.19 977.71
14:30:12 | 1069.97 3:33 5.16 70.20 13.80 4.19 977.62
14:35:12 | 1069.76 3.33 4.92 70.60 14.00 4.19 977.39
14:40:12 | 1069.64 3.34 4.61 71.05 14.30 4.19 977.13
14:45:12 | 1069.47 3.34 4.41 71.30 14.00 4.19 976.99
14:50:12 | 1069.41 3.34 4.13 70.95 14.90 4.19 977.19
14:55:12 | 1069.25 3.34 3.98 70.90 15.00 4.19 977.22
15:00:12 | 1069.03 3.35 3.89 71.45 14.70 4.19 976.90
15:05:12 | 1068.97 3.35 3.70 71.70 13.80 4.19 976.76
15:10:12 | 1068.93 3.35 3.51 71.40 14.00 4.19 976.93
15:15:12 | 1068.79 3.35 3.41 1135 13.70 4.19 976.96
15:20:12 | 1068.59 3.36 3.36 71.35 13.50 4.19 976.96
15:25:12 | 1068.52 3.36 3:23 71.40 13.20 4.19 976.93
15:30:12 | 1068.52 3.36 3.20 71.45 12.90 4.19 976.90
15:35:12 | 1068.50 3.36 3.18 71.55 12.70 4.19 976.84
15:40:12 | 1068.46 3.36 3.17 71.65 12.70 4.19 976.79
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Table F.3 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Non-used water in tank, Continued).

14:05:12 1 1877 69.30 12.00 4.19 978.13 9.96
14:10:12 12.64 69.60 12.40 4.19 977.96 10.29
14:15:12 12.54 70.40 11.40 4.19 977.51 9.46
14:20:12 13.02 70.45 12.10 4.19 977.48 10.04
14:25:12 13.21 71.40 11.20 4.19 976.93 9.29
14:30:12 13.31 72.10 10.40 4.19 976.52 8.62
14:35:12 13.50 73.10 9.20 4.19 975.94 7.63
14:40:12 13.78 72.70 11.20 4.19 976.17 9.29
14:45:12 13.49 74.10 8.80 4.19 975.35 7.29
14:50:12 14.36 72.80 11.60 4.19 976.12 9.62
14:55:12 14.46 73.55 10.10 4.19 975.67 8.37
15:00:12 14.17 73.65 10.70 4.19 975.62 8.87
15:05:12 13.30 74.85 8.10 4.19 974.90 6.71
15:10:12 13.49 73.00 11.00 4.19 976.00 9:12
15:15:12 13.20 73.45 9.90 4.19 975.73 8.21
15:20:12 13.01 71.65 13.30 4.19 976.79 11.03
15:25:12 12572 73.15 9.90 4.19 975.91 8.21
15:30:12 12.43 73.25 9.70 4.19 975.85 8.04
15:35:12 12.24 73.30 9.60 4.19 975.82 7.96
15:40:12 12.24 73.30 9.60 4.19 975.82 7.96
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Table F.3 The calculation results of the solar-CAHT from data recorder on 7/12/2010

(Non-used water in tank, Continued).

14:00:12 28.65 2.90 4.18 996.01 18.28 70.70
14:05:12 28.45 2.90 4.18 996.06 18.28 72.10
14:10:12 28.55 2.50 4.18 996.03 15.76 73.65
14:15:12 28.55 2.50 4.18 996.03 15.76 75.80
14:20:12 28.70 3.00 4.18 995.99 18.91 76.50
14:25:12 28.80 2.80 4.18 995.96 17.65 78.00
14:30:12 28.65 2.90 4.18 996.01 18.28 79.20
14:35:12 28.70 3.00 4.18 995.99 18.91 79.85
14:40:12 28.35 2.70 4.18 996.09 17.02 80.85
14:45:12 28.35 2.70 4.18 996.09 17.02 81.70
14:50:12 28.75 3.10 4.18 995.98 19.54 82.10
14:55:12 28.90 3.00 4.18 995.93 18.91 83.15
15:00:12 29.00 3.00 4.18 995.90 18.91 83.50
15:05:12 28.15 2.70 4.18 996.15 17.03 83.80
15:10:12 28.20 3.00 4.18 996.14 18.92 84.40
15:15:12 28.15 3.10 4.18 996.15 19.55 84.95
15:20:12 28.30 3.60 4.18 996.11 22.70 84.85
15:25:12 28.45 3.10 4.18 996.06 19.55 86.05
15:30:12 28.35 3.10 4.18 996.09 19.55 86.25
15:35:12 28.25 3.10 4.18 996.12 19.55 86.40
15:40:12 28.30 3.00 4.18 996.11 18.92 86.50
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Table F.3 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Non-used water in tank, Continued).

14:00:12 6.60 3.28 1072.44 9.00 0.41 4.27
14:05:12 6.60 3.28 1072.20 9.02 0.41 4.28
14:10:12 5.50 3.29 1071.92 1.33 0.33 3.57
14:15:12 5.00 3.30 1071.54 6.86 0.31 3.25
14:20:12 4.60 3.30 1071.41 6.31 0.27 2.99
14:25:12 4.40 3.31 1071.14 6.05 0.27 2.87
14:30:12 4.20 3.31 1070.92 5.78 0.26 2.74
14:35:12 3.90 3.31 1070.80 5.37 0.25 2.35
14:40:12 3.30 3.32 1070.61 4.55 0.20 2.16
14:45:12 3.00 3.32 1070.45 4.14 0.20 1.96
14:50:12 3.00 3.32 1070.37 4.14 0.17 1.96
14:55:12 3.30 3.33 1070.17 4.56 0.20 2.16
15:00:12 3.20 3.38 1070.11 4.42 0.19 2.10
15:05:12 2.40 3.33 1070.05 3.32 0.17 1.57
15:10:12 2.20 3.33 1069.93 3.04 0.13 1.44
15:15:12 3.10 3583 1069.83 4.29 0.20 2.03
15:20:12 2.70 3.33 1069.85 3.74 0.16 177
15:25:12 2.90 3.34 1069.61 4.02 0.19 1.91
15:30:12 3.10 3.34 1069.57 4.30 0.21 2.04
15:35:12 3.20 3.34 1069.54 4.44 0.22 2.10
15:40:12 3.40 3.34 1069.52 4.71 0.23 2.24
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Table F.3 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Non-used water in tank, Continued).

14:00:12 0.74 19.76 2.87 53.12 44.7 2575.48
14:05:12 0.74 21.09 3.06 53.22 44.51 2575.30
14:10:12 0.93 21.78 3.16 50.33 44.59 2575.48
14:15:12 0.92 23.00 3.34 50.75 44.65 2574.76
14:20:12 0.99 22.90 3.32 49.91 44.9 2574.94
14:25:12 0.96 24.50 3.55 50.52 44.76 2574.40
14:30:12 0.93 25.40 3.68 51.12 44.72 2570.29
14:35:12 0.91 25.63 3.72 51.66 44.83 2569.93
14:40:12 0.89 26.56 3.85 52.24 44.67 2568.50
14:45:12 0.87 26.21 3.80 5275 45.23 2569.75
14:50:12 0.89 26.32 3.82 52.07 45.22 2568.50
14:55:12 0.88 27.76 4.03 52.02 45.33 2570.11
15:00:12 0.87 27.64 4.01 52.58 45.46 2571.01
15:05:12 0.86 26.79 3.89 53.14 45.73 2564.55
15:10:12 0.84 27.40 397 53.11 45.71 2560.41
15:15:12 0.83 28.88 4.19 53.13 45.7 2559.15
15:20:12 0.88 25.86 3.75 52.73 46.77 2558.07
15:25:12 0.86 28.25 4.10 53.14 46.54 255717
15:30:12 0.85 28.38 4.12 53.31 46.65 2557.35
15:35:12 0.85 28.76 4.17 5325 46.52 2556.81
15:40:12 0.85 29.01 4.21 53.31 46.45 2556.81
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Table F.3 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Non-used water in tank, Continued).

14:00:12 142.45 0.0017 0.0091 0.0108 994.33 0.0010 1153.48
14:05:12 138.27 0.0017 0.0088 0.0105 994.66 0.0010 1153.49
14:10:12 144.96 0.0017 0.0134 0.0151 994.13 0.0010 1154.04
14:15:12 145.38 0.0017 0.0126 0.0143 994.09 0.0010 1154.20
14:20:12 143.71 0.0017 0.0154 0.0171 994.23 0.0010 1154.18
14:25:12 147.05 0.0017 0.0134 0.0151 993.96 0.0010 1154.30
14:30:12 134.09 0.0017 0.0120 0.0137 994.99 0.0010 1155.25
14:35:12 144.54 0.0017 0.0113 0.0130 994.16 0.0010 1155.25
14:40:12 137.44 0.0017 0.0101 0.0119 994.73 0.0010 1155.46
14:45:12 134.51 0.0017 0.0103 0.0120 994.95 0.0010 1155.01
14:50:12 137.02 0.0017 0.0113 0.0131 994.76 0.0010 1155.50
14:55:12 141.20 0.0017 0.0117 0.0134 994.43 0.0010 1155.13
15:00:12 144.54 0.0017 0.0110 0.0127 994.16 0.0010 1154.76
15:05:12 132.84 0.0017 0.0106 0.0123 995.08 0.0010 1156.10
15:10:12 134.51 0.0017 0.0106 0.0124 994.95 0.0010 1157.06
15:15:12 134.09 0.0017 0.0106 0.0123 994.99 0.0010 1157.33
15:20:12 125.78 0.0017 0.0135 0.0152 995.61 0.0010 1157.71
15:25:12 126.57 0.0017 0.0121 0.0138 995.55 0.0010 1157.77
15:30:12 124.90 0.0017 0.0120 0.0138 995.67 0.0010 1157.66
15:35:12 124.90 0.0017 0.0119 0.0136 995.67 0.0010 1157.81
15:40:12 123.64 0.0017 0.0116 0.0134 995.76 0.0010 1157.78
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Table F.3 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Non-used water in tank, Continued).

14:00:12 0.0009 0.00015 | 0.00013 0.41 0.20
14:05:12 0.0009 0.00016 | 0.00014 0.41 0.20
14:10:12 0.0009 0.00015 | 0.00013 0.33 0.26
14:15:12 0.0009 0.00017 | 0.00014 0.31 0.28
14:20:12 0.0009 0.00016 | 0.00014 0.27 0.31
14:25:12 0.0009 0.00018 | 0.00015 0.27 0.31
14:30:12 0.0009 0.00019 | 0.00016 0.26 0.32
14:35:12 0.0009 0.00019 | 0.00017 0.25 0.32
14:40:12 0.0009 0.00021 | 0.00018 0.20 0.33
14:45:12 0.0009 0.00020 | 0.00017 0.20 0.35
14:50:12 0.0009 0.00020 | 0.00017 0.17 0.36
14:55:12 0.0009 0.00022 | 0.00019 0.20 0.35
15:00:12 0.0009 0.00022 | 0.00019 0.19 0.36
15:05:12 0.0009 0.00021 | 0.00018 0.17 0.39
15:10:12 0.0009 0.00022 | 0.00019 0.13 0.39
15:15:12 0.0009 0.00023 | 0.00020 0.20 0.37
15:20:12 0.0009 0.00020 | 0.00017 0.16 0.44
15:25:12 0.0009 0.00022 | 0.00019 0.19 0.42
15:30:12 0.0009 0.00023 | 0.00019 0.21 0.42
15:35:12 0.0009 0.00023 | 0.00020 0.22 0.41
15:40:12 0.0009 0.00023 | 0.00020 0.23 0.41
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Table F.3 The calculation results of the solar-CAHT from data recorder on 7/12/2010

(Non-used water in tank, Continued).

14:00:12 45.20 24.15 1.70 4.1820 997.22 5.57
14:05:12 45.50 24.40 1.60 4.1819 997.16 5.24
14:10:12 45.60 24.20 1.60 4.1819 997.21 5.24
14:15:12 45.60 24.55 1.70 4.1818 997.12 S
14:20:12 45.80 24.45 1.70 4.1818 997.14 5.57
14:25:12 45.70 24.45 1.70 4.1818 997.14 5.57
14:30:12 45.40 24.90 1.60 4.1816 997.03 5.24
14:35:12 45.00 2525 1.50 4.1815 996.94 491
14:40:12 45.20 25.15 1.30 4.1815 996.96 4.26
14:45:12 45.10 25.10 1.60 4.1816 996.98 5.24
14:50:12 45.20 25.00 1.60 4.1816 997.00 5.24
14:55:12 45.10 25.10 1.60 4.1816 996.98 5.24
15:00:12 45.30 25.00 1.60 4.1816 997.00 5.24
15:05:12 45.80 24.70 1.60 4.1817 997.08 5.24
15:10:12 46.00 24.55 1.50 4.1818 997.12 4.92
15515512 46.00 24.45 1.30 4.1818 997.14 4.26
15:20:12 45.50 24.70 1.60 4.1817 997.08 5.24
15:25:12 45.30 24.85 1.50 4.1817 997.04 4.92
15:30:12 45.30 25.00 1.40 4.1816 997.00 4.59
15:35:12 45.20 25.00 1.60 4.1816 997.00 5.24
15:40:12 45.20 25.10 1.60 4.1816 996.98 5.24
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Table F.3 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Non-used water in tank, Continued).

14:00:12 72.50 4.60 4.1917 976.29 155 4.1903
14:05:12 73.00 4.60 4.1920 976.00 1SS 4.1906
14:10:12 72295 4.70 4.1920 976.03 7.72 4.1906
14:15:12 73.30 4.60 4.1922 975.82 7.55 4.1908
14:20:12 73.50 4.80 4.1924 975.70 7.88 4.1909
14:25:12 13.25 4.50 4.1922 975.85 7.39 4.1908
14:30:12 73.30 4.40 4.1922 975.82 722 4.1909
14:35:12 73.30 4.60 4.1922 975.82 7555 4.1908
14:40:12 13.25 4.50 4.1922 975.85 7.39 4.1908
14:45:12 73.30 4.60 4.1922 975.82 7.55 4.1908
14:50:12 73.35 4.70 4.1923 975.79 1.72 4.1908
14:55:12 7335 4.70 4.1923 97579 T2 4.1908
15:00:12 73.40 4.60 4.1923 975.76 7.55 4.1909
15:05:12 73.60 4.60 4.1924 975.65 7.55 4.1910
15:10:12 73.60 4.60 4.1924 975.65 1.55 4.1910
15:1592 73.45 4.70 4.1923 975.73 7.72 4.1909
15:20:12 73.35 4.70 4.1923 975.79 02 4.1908
15:25:12 73.25 4.70 4.1922 975.85 7.72 4.1908
15:30:12 73.30 4.60 4.1922 975.82 755 4.1908
15:35:12 7335 4.70 4.1923 97579 JT2 4.1908
15:40:12 73.40 4.60 4.1923 975.76 755 4.1909
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Table F.3 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Non-used water in tank, Continued).

14:00:12 974.93 0 45.20 2.96 2.56
14:05:12 974.64 1.36 45.50 2.96 2.55
14:10:12 974.64 0.54 45.60 2.96 2.61
14:15:12 974.46 0.73 45.60 2.96 2.55
14:20:12 974.28 0.61 45.80 2.96 2.66
14:25:12 974.52 0.44 45.70 2.96 2.50
14:30:12 974.52 0.41 45.40 2.96 2.44
14:35:12 974.46 0.31 45.00 295 2.56
14:40:12 974.52 0.30 45.20 2.96 2.50
14:45:12 974.46 0.29 45.10 2.95 2.56
14:50:12 974.40 0.29 45.20 2.96 2.61
14:55:12 974.40 0.28 45.10 2.95 2.61
15:00:12 974.40 0.31 45.30 2.96 2.55
15:05:12 974.28 0.35 45.80 2.96 2155
15:10:12 974.28 0.34 46.00 2.96 2255
15:15:12 974.34 0.27 46.00 2.96 2.60
15:20:12 974.40 0.23 45.50 2.96 2.61
15:25:12 974.46 0.19 45.30 2.96 2.61
15:30:12 974.46 0.22 45.30 2.96 2,55
15:35:12 974.40 0.21 45.20 2.96 2.61
15:40:12 974.40 0.24 45.20 2.96 2.56
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Table F.4 The calculation results of the solar-CAHT from data recorder on 7/12/2010

(Used water in tank).
15:45:55 1068.93 3.35 12.20 4.19
15:46:55 1068.87 3.35 12.10 4.19
15:47:55 1069.01 3.35 12.10 4.19
15:48:55 1068.83 3.35 12.10 4.19
15:49:55 1068.89 3.35 12.10 4.19
15:50:55 1068.91 3.35 12.10 4.19
15551255 1068.93 3.35 11.90 4.19
15:52:55 1068.95 3.35 11.90 4.19
15:53:55 1069.05 335 11.80 4.19
15:54:55 1068.79 3.35 11.70 4.19
15:55:55 1068.81 3.35 11.70 4.19
15:56:55 1069.03 3185 12.00 4.19
15:57:55 | 1068.93 3.35 11.90 4.19
15:58:55 1068.93 3.35 12.00 4.19
15:59:55 1069.09 3835 11.90 4.19
16:00:55 1068.91 3.35 11.80 4.19
16:01:55 1068.99 335 11.80 4.19
16:02:55 1069.05 3.35 11.60 4.19
16:03:55 1069.09 3.35 11.50 4.19
16:04:55 1068.93 3.35 11.40 4.19
16:05:55 1069.54 3.34 11.90 4.19
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Table F.4 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Used water in tank, Continued).

15:45:55 976.70 11.76

15:46:55 976.73 11.66 72.80 10.60 4.19 976.12 8.79
15:47:55 976.73 11.66 72.85 10.30 4.19 976.09 8.54
15:48:55 976.67 11.66 72.95 10.30 4.19 976.03 8.54
15:49:55 976.67 11.66 72.85 10.50 4.19 976.09 8.70
15:50:55 976.67 11.66 72.70 10.60 4.19 976.17 8.79
15:51:55 976.73 11.47 72.55 10.70 4.19 976.26 8.87
115:52:55 976.67 11.47 72.55 10.90 4.19 976.26 9.04
15:53%55 976.64 11.37 72.60 10.80 4.19 976.23 8.95
15:54:55 976.61 11.27 1)) 10.50 4.19 976.14 8.71
15:55:55 976.61 151:27. 72.25 11.50 4.19 976.44 9.54
15:56:55 976.81 11.56 72.00 11.80 4.19 976.58 9.79
15:5[7:55 976.84 11.47 72.10 11.40 4.19 976.52 9.45
15:58:55 976.81 11.56 72.20 11.20 4.19 976.47 9.29
15:59:55 976.84 11.47 12:15 11.30 4.19 976.49 9.37
16:00:55 976.81 11.37 72.25 11.10 4.19 976.44 9.20
16:01:55 976.81 11.37 72.30 11.00 4.19 976.41 9.12
16:02:55 976.81 11.18 712135 11.10 4.19 976.49 9.21
16:03:55 976.84 11.08 72.15 10.90 4.19 976.49 9.04
16:04:55 976.87 10.99 71.95 11.10 4.19 976.61 9.21
16:05:55 976.90 11.47 71.85 11.70 4.19 976.67 9.70
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Table F.4 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Used water in tank, Continued).

15:45:55 27.85 V 2.90 4.18 996.23 15.24 83.60

15:46:55 27.80 3.00 4.18 996.25 15.77 83.40
15:47:55 27.75 2.90 4.18 996.26 15.24 83.25
15:48:55 27.70 2.80 4.18 996.28 14.72 83.15
15:49:55 27.60 2.80 4.18 996.31 14.72 83.05
15:50:55 27.60 2.80 4.18 996.31 14.72 82.80
15851353 27.50 2.80 4.18 996.33 14.72 82.65
15:52:53 27.50 2.80 4.18 996.33 14.72 82.50
15:53:55 27.60 2.80 4.18 996.31 14.72 82.30
15:54:55 27.50 2.80 4.18 996.33 14.72 82.20
15:55:55 27.60 3.00 4.18 996.31 15.77 82.05
15:56:55 27.65 2.90 4.18 996.29 15.24 81.55
15:57:55 27.65 2.90 4.18 996.29 15.24 81.65
15:58:55 27.60 2.80 4.18 996.31 14:72 81.55
15:59:55 27.60 2.80 4.18 996.31 14.72 81.45
16:00:55 27.53 2.90 4.18 996.32 15.24 81.30
16:01:55 27.60 2.80 4.18 996.31 14.72 81.25
16:02:55 27.60 2.80 4.18 996.31 14.72 81.10
16:03:55 27:55 2.90 4.18 996.32 15.24 81.05
16:04:55 27.50 2.80 4.18 996.33 14.72 80.95
16:05:55 2735 2.90 4.18 996.38 15.24 80.20
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Table F.4 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Used water in tank, Continued).

15:45:55 5.80 3.33 1070.09 0.39 0.16 | 3.80

15:46:55 5.80 3.33 1070.13 0.39 0.16 3.80
15:47:55 5.90 3.33 1070.16 0.40 0.17 3.87
15:48:55 5.90 3.33 1070.17 0.40 0.16 3.87
15:49:55 5.90 3.32 1070.19 0.40 0.16 3.87
15:50:55 6.20 3.32 1070.24 0.42 0.16 4.06
15:51:55 6.10 3.32 1070.27 0.41 0.16 3.99
15:52:55 6.00 3132 1070.30 8.28 0.40 0.16 3.93
15:53:55 6.00 3.32 1070.34 8.28 0.41 0.16 3.93
15:54:55 6.00 3.32 1070.36 8.28 0.41 0.17 3.93
15:55:55 5.90 3.32 1070.38 8.14 0.39 0.15 3.86
15:56:55 5.90 3.32 1070.48 8.14 0.38 0.14 3.86
15:57:55 6.10 3.32 1070.46 8.42 0.40 0.14 3.99
15:58:55 6.10 3.32 1070.48 8.41 0.40 0.16 3.99
15:59:55 6.30 3.32 1070.50 8.69 0.42 0.15 4.12
16:00:55 6.40 3.32 1070.53 8.83 0.43 0.15 4.19
16:01:55 6.50 3.32 1070.54 8.96 0.44 0.15 4.25
16:02:55 6.60 3.32 1070.56 9.10 0.45 0.15 4.32
16:03:55 6.70 3.32 1070.57 9.24 0.46 0.15 4.38
16:04:55 6.50 3.32 1070.59 8.96 0.44 0.14 4.25
16:05:55 6.80 3.31 1070.73 9.37 0.44 0.18 4.44
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Table F.4 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Used water in tank, Continued).

15:45:55 0.92 27.76 4.03 52.62 46.45 2648.85
15:46:55 0.92 27.64 4.01 52.63 46.4 2648.35
15:47:55 0.91 27.64 4.01 52.8 46.4 2648.35
15:48:55 0.90 27.64 4.01 52.86 46.34 2648.18
15:49:55 0.89 27.40 3.97 52.98 46.41 2648.02
15:50:55 0.88 27.52 3.99 53.11 46.29 2647.85
15:51:55 0.88 27.15 3.94 53:22 46.36 2647.85
15:52:55 0.87 2721 3.96 53.34 46.24 2647.35
15:53:55 0.88 27.15 3.94 53.42 46.36 2647.68
15:54:55 0.92 27.03 3.92 53.48 46.71 2648.02
15:55855 1.00 26.79 3.89 52.58 46.73 2648.02
15:56:55 1.02 25.40 3.68 52.12 47.26 2647.19
15:57:55 1.01 25.63 3.72 52.:23 47.19 2646.85
15:58:55 1.04 25.97 3.77 52.2 47.17 2647.19
15:59:55 1.00 25.97 3.77 52.31 47 2646.85
16:00:55 1.02 25.97 3.77 52.44 47.17 2646.85
16:01:55 1.02 26.09 3.78 5255 47.05 2646.85
16:02:55 1.00 25.97 k77 52.62 47.06 2646.69
16:03:55 0.99 2597 3.7 52575 46.94 2646.52
16:04:55 0.99 25.97 3.77 52.75 46.88 2641.51
16:05:55 0.89 24.95 3.62 53.41 46.59 2641.84
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Table F.4 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Used water in tank, Continued).

e
22

15:45:55 129.50 0.0017 0.0125 0.0142 995.33 0.0010 1131.26
15:46:55 125.73 0.0017 0.0123 0.0140 995.61 0.0010 1131.44
15:47:55 119.88 0.0017 0.0120 0.0136 996.02 0.0010 1131.39
15:48:55 126.57 0.0017 0.0118 0.0134 995.55 0.0010 1131.43
15:49:55 124.06 0.0017 0.0117 0.0134 995.73 0.0010 1131.45
15:50:55 124.48 0.0017 0.0112 0.0129 995.70 0.0010 1131.46
15:51:55 131.59 0.0017 0.0112 0.0129 995.18 0.0010 1131.42
15:52:55 124.90 0.0017 0.0108 0.0125 995.67 0.0010 1131.55
15:53:55 129.08 0.0017 0.0109 0.0126 995.36 0.0010 1131.40
15:54:55 125.32 0.0017 0.0114 0.0131 995.64 0.0010 1131.26
15:55455 141.20 0.0017 0.0133 0.0150 994.43 0.0010 1131.58
15:56:55 147.89 0.0017 0.0163 0.0179 993.89 0.0010 1132.00
15:57:55 141.20 0.0017 0.0156 0.0173 994.43 0.0010 1132.09
15:58:55 125.32 0.0017 0.0155 0.0172 995.64 0.0010 1131.98
15:59:55 138.69 0.0017 0.0148 0.0164 994.63 0.0010 1132.07
16:00:55 133.26 0.0017 0.0149 0.0166 995.05 0.0010 1132.04
16:01:55 131.59 0.0017 0.0143 0.0160 995.18 0.0010 1132.02
16:02:55 134.93 0.0017 0.0141 0.0158 994.92 0.0010 1132.04
16:03:55 136.60 0.0017 0.0135 0.0151 994.79 0.0010 1132.06
16:04:55 134.93 0.0017 0.0133 0.0150 994.92 0.0010 1133.83
16:05:55 117.79 0.0017 0.0113 0.0130 996.16 0.0010 1133.48
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Table F.4 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Used water in tank, Continued).

15:45:55 0.0009 0.00021 | 0.00019 0.47 0.35
15:46:55 0.0009 0.00021 | 0.00019 0.48 0.34
15:47:55 0.0009 0.00021 | 0.00019 0.49 0.34
15:48:55 0.0009 0.00022 | 0.00019 0.49 0.33
15:49:55 0.0009 0.00021 | 0.00019 0.49 0.33
15:50:55 0.0009 0.00022 | 0.00019 0.51 0.32
15:51:55 0.0009 0.00021 | 0.00019 0.51 0.33
15:52:55 0.0009 0.00021 | 0.00019 0.50 0.32
15:53:55 0.0009 0.00021 | 0.00019 0.50 0.32
15:54:55 0.0009 0.00021 | 0.00018 0.50 0.32
15:58:55 0.0009 0.00020 | 0.00018 0.50 0.34
15:56:55 0.0009 0.00018 | 0.00016 0.49 0.36
15:57:55 0.0009 0.00019 | 0.00016 0.51 0.36
15:58:55 0.0009 0.00019 | 0.00017 0.50 0.35
15:59:55 0.0009 0.00019 | 0.00017 0.52 0.34
16:00:55 0.0009 0.00019 | 0.00017 0.53 0.34
16:01:55 0.0009 0.00019 | 0.00017 0.54 0.33
16:02:55 0.0009 0.00019 | 0.00017 0.56 0.33
16:03:55 0.0009 0.00019 | 0.00017 0.57 0.32
16:04:55 0.0009 0.00019 | 0.00017 0.56 0.32
16:05:55 0.0009 0.00019 | 0.00017 0.56 0.31
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Table F.4 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Used water in tank, Continued).

15:45:55 37.50 27.95 1.50 4.1806 996.21 4.91
15:46:55 38.70 26.80 1.40 4.1809 996.53 4.58
15:47:55 39.90 25.65 1.30 4.1813 996.83 4.26
15:48:55 40.60 24.90 1.40 4.1816 997.03 4.59
15:49:55 40.90 24.50 1.60 4.1818 997.13 5.24
15:50:55 41.50 24.00 1.40 4.1820 997.25 4.59
15:51:55 41.90 23.70 1.60 4.1822 997.33 5.24
15:52:55 42.30 23.20 1.40 4.1824 997.45 4.59
1'5:53:55 42.60 22.85 1.50 4.1826 997.53 4.92
15:54:55 42.80 22.70 1.40 4.1827 997.57 4.59
15355:55 42.90 2295 1.30 4.1828 997.60 4.26
15:56:55 40.20 25.10 1.40 4.1816 996.98 4.59
15:57:55 39.70 2585 1.30 4.1815 996.91 4.26
15:58:55 39.10 26.05 1.50 4.1812 996.73 491
1.5:59:55 38.60 26.35 1.30 4.1811 996.65 4.26
16:00:55 38.30 26.60 1.40 4.1810 996.58 4.58
16:01:55 38.40 26.55 1.30 4.1810 996.59 4.26
16:02:55 39.10 25.70 1.40 4.1813 996.82 4.59
16:03:55 39.80 25.00 1.60 4.1816 997.00 5.24
16:04:55 41.50 23.60 1.40 4.1822 997.35 4.59
16:05:55 41.00 24.20 1.20 4.1819 997.21 3.93
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Table F.4 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Used water in tank, Continued).

15:45:55 | 46.65 36.90 4.1807 989.47 6.99 37.50

15:46:55 46.90 36.60 4.1808 989.37 6.93 38.70
15:47:55 46.50 37.20 4.1807 989.54 7.04 39.90
15:48:55 46.60 36.60 4.1807 989.49 6.93 40.60
15:49:55 46.95 36.70 4.1808 989.34 6.95 40.90
15:50:55 46.75 36.70 4.1807 989.43 6.95 41.50
15:51:55 46.90 36.80 4.1808 989.37 6.97 41.90
15:52:55 46.60 36.80 4.1807 989.49 6.97 42.30
15:53%55 46.55 37.10 4.1807 989.52 7.03 42.60
15:54:55 46.35 37.70 4.1806 989.60 7.14 42.80
15:55:55 46.20 38.00 4.1806 989.67 7.20 42.90
15:56:55 46.15 37.90 4.1806 989.69 7.18 40.20
15:50.:555 46.00 37.60 4.1806 989.75 7.12 39.70
15:58:55 46.10 37.60 4.1806 989.71 7.12 39.10
15:59:58 46.05 37.10 4.1806 989.73 7.03 38.60
16:00:55 46.10 37.00 4.1806 989.71 7.01 38.30
16:01:55 46.10 37.00 4.1806 989.71 7.01 38.40
16:02:55 46.20 36.60 4.1806 989.67 6.93 39.10
16:03:55 46.35 36.70 4.1806 989.60 6.95 39.80
16:04:55 46.50 36.60 4.1807 989.54 6.93 41.50
16:05:55 46.60 37.20 4.1807 989.49 7.04 41.00
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Table F.4 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Used water in tank, Continued).

15:45:55 287 | 243 67.60 2.80 4.1889

15:46:55 2.89 2.40 67.60 2.80 4.1889
15:47:55 2.90 2.43 67.60 2.80 4.1889
15:48:55 291 2.38 67.55 2.70 4.1888
15:49:55 2.91 2.39 67.65 2.90 4.1889
15:50:55 2.92 2.38 67.60 2.80 4.1889
15:51:55 2.92 2.39 67.75 2.70 4.1889
15:52:55 2.92 2.38 67.55 2.70 4.1888
15:58:55 293 2.40 67.55 2.70 4.1888
15:54:55 2.93 2.44 67.55 2.70 4.1888
185:55:55 2.93 2.46 67.55 2.90 4.1888
15:56:55 2.90 2.47 67.40 2.80 4.1888
15:57:55 2.90 2.46 67.15 2.90 4.1886
15:58:55 2.89 2.46 67.30 2.80 4.1887
15:59:55 2.89 2.43 67.00 2.80 4.1885
16:00:55 2.88 2.43 66.90 2.60 4.1885
16:01:55 2.88 2.43 66.90 2.60 4.1885
16:02:55 2.89 2.40 66.90 2.80 4.1885
16:03:55 2.90 2.40 67.00 2.80 4.1885
16:04:55 2:.92 2.38 67.05 2.50 4.1886
16:05:55 2.91 2.42 67.20 2.80 4.1886
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Table F.4 The calculation results of the solar-CAHT from data recorder on 7/12/2010
(Used water in tank, Continued).

| 15:45:55 979.09 9.15 3.18

15:46:55 979.09 9:15 3.17
15:47:55 979.09 9.15 3.16
15:48:55 979.11 8.82 3.04
15:49:55 979.06 9.48 3.26
15:50:55 979.09 9.15 3.14
15:51:55 979.00 8.82 3.02
15:52:55 979.11 8.82 3.02
15:53:55 979.11 8.82 3.01
15:54:55 979.11 8.82 3.01
15255555 979.11 9.48 3:23
15:56:55 979.20 9.15 3:13
15:57:55 979.34 9.48 3.27
15:58:55 979.25 9.15 3.17
15359255 979.42 9.15 3.17
16:00:55 979.48 8.50 2.95
16:01:55 979.48 8.50 2.95
16:02:55 979.48 915 3.17
16:03:55 979.42 9.15 3.16
16:04:55 979.39 8.17 2.80
16:05:55 979.31 9.15 3.14
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The calculation results of the solar-AHT on April day

Investment cost (Cs)
= Cost of the absorption machine + Cost of solar collector
+ Cost of hot water tank
= (200,000 Baht/unit) + (35 units x 19,000 Baht/unit)
+ (10,000 Baht/unit)
= 200,000 Baht + 665,000 Baht + 10,000 Baht
= 875,000 Baht
Cost of electrical power of operating time at 300 d/y and 8 h/d (AFC)
= The electrical power in Chapter 4 kW x Operating time
x Cost of the electrical power
= (2.11 kW) x (300 d/y) x (8 h/d) x 2.98 (Baht/kW.h)
= 15,091 Baht
Salvage cost (SV, 10% of investment cost, Baht)
= 875,000 Baht x 10%
= 87,500 Baht
Annual maintenance cost of the system (AMC, 5% of investment cost, Baht)
= 875,000 Baht x 5%
= 43,750 Baht
Annual discount rate on loans (i)
= 6.45%
Operation life of the system in consideration (N, year)

= 10 years

» N
Capital recovery factor (CRF = l—(li%—
1+1)" -1

0.0645(1 + 0.0645)"°
(1+0.0645)"° —1

0.1388

i
Sinking fund factor (SFF = ————
. ( Qs -1’
0.0645

(1+0.0645)"° —1
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= 0.0743
Annual cost (AC = C;(CRF) + AFC + AMC — SV(SFF), Baht/y)

= 875,000 x 0.1388 + 15,091 + 43,750 - 87,500 x 0.0743
= 173,773 Baht/y
Exergy of the AHT absorber (Exa, From simulation in Chapter 5)
= 1.20 kW
Exergy costing of the solar-AHT
= AC (Baht.y) / Exa (kW)

- IBIB powy
1.20

= 144,382 Baht/ kW.y
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The calculation results of the solar-CAHT on April day

Investment cost (Cs)
= Cost of the absorption machine
+ Cost of the absorption machine
+Cost of solar collector
+ Cost of hot water tank
= (200,000 Baht/unit) + (150,000 Baht/unit)
+ (18 units x 19,000 Baht/unit) + (10,000 Baht/unit)
= 200,000 Baht + 150,000 Baht + 342,000 Baht
+ 10,000 Baht
= 702,000 Baht
Cost of electrical power of operating time at 300 d/y and 8 h/d (AFC)
= The electrical power in Chapter 4 kW x Operating time
x Cost of the electrical power
= (2.11 +3.02 kW) x (300 d/y) x (8 h/d) x 2.98
(Baht/kW.h)
= 36,690 Baht
Salvage cost (SV, 10% of investment cost, Baht)
= 702,000 Baht x 10%
= 70,200 Baht
Annual maintenance cost of the system (AMC, 5% of investment cost, Baht)
= 702,000 Baht x 5%
= 35,100 Baht
Annual discount rate on loans (i)
= 6.45%
Operation life of the system in consideration (N, year)
= 10 years
i(1+i)"

Capital recovery factor (CRF = ———
¥ ¢ ( 1+ i)N -1

0.0645(1 + 0.0645)"°
(1+0.0645)"° —1

0.1388

Il
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i
Sinking fund factor (SFF = ———
s : Q) -1’

0.0645
(1+0.0645)"° —1

= 0.0743
Annual cost (AC = C4(CRF) + AFC + AMC — SV(SFF), Baht/y)

= 702,000 x 0.1388 + 36,690 + 35,100 - 70,200 x 0.0743
= 163,998 Baht/y
Exergy of the AHT absorber (Exs, From simulation in Chapter 5)
= 1.72 kW
Exergy costing of the solar-CAHT
= AC (Baht.y) / Exa (kW)

_ 163,998 o viw.y
1.72

95,264 Baht/ kW.y
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UPGRADING OF LOW TEMPERATURE SOLAR HEAT FOR
MEDIUM TEMPERATURE APPLICATIONS BY A
SOLAR-ABSORPTION HEAT TRANSFORMER ASSISTING
WITH A VAPOR COMPRESSION HEAT PUMP

Nattapom Chaiyat and Tanongkiat Kiatsiriroat*

Department of Mechanical Engineering, Chiang Mai University, Chiang Mai, 50200, Thailand

* Corresponding author:tanongkiat_k@yahoo.com

In tropical area, even solar radiation level is rather high but diffuse solar radiation component is also
very significant thus only solar flat-pate solar collector could be competitive with conventional energy for
heat generation with a temperature not over 70C. For higher temperature applications, a technique to
boost-up the temperature is needed.

This paper presents simulation results of a H,O-LiBr absorption heat transformer (AHT) having a R123
vapor compression heat pump (VCHP) recovering heat at the AHT condenser which is transferred to the
AHT evaporator. The heat capacity at the AHT absorber is 10 kW.The unit is used to upgrade heat from
a solar hot water heater of which the heat is supplied by a set of flat-plate solar collectors in parallel
connection each having an area of 2m’ with Fx(ta) and Fr Uof 0.802 and 10.37W/m’K. respectively. The
weather data of Chiang Mai, Thailand are the input information for the calculation.

The AHT could be operated when the hot water temperature from the solar water heating system is over
70 T. For the AHT with VCHP assisted, the number of the solar collectors is around 30 units which is
about 50% of that without the VCHP. Moreover, the COP of the modified AHT is about 0.8 compared
with 0.5 of the conventional AHT when the AHT absorber temperature is between 80-120°C. The total
cost of the modified unit is also cheaper than the conventional one.

Keywords: Heat transformer, Absorption heat pump, Flat plate solar collector, Simulation
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Experimental Study and a Simplified Model of a 10 kW, Solar-Absorption Heat

Transformer

Nattaporn Chaiyat
Tanongkiat Kiatsiriroat

Experimental study of a 10 kW, single-stage LiBr-water absorption heat

transformer (AHT) to boost up low temperature heat from a solar hot water system

Department of Mechanical Engineering,
CTheang Mai University,

having a set of flat-plate solar collectors was carried out. The solar heat could be

upgraded for generating hot water up to 100 °C which was around 20°C higher than

Creang Mai, Thailand

that of the input heat. The COP,r and EERy of the AHT were around 0.42 and

4.1, respectively. A simplified model to predict the system performances such as the
COP 5y and EERg,r was also developed and the results agreed well with those from

the experiments.

introduction

In general, heat will transfer from a high temperature
heat source to a lower temperature heat sink and if we want to
reverse the heat direction, a heat driven machine is needed.

Absorption heat transformer (AHT) is one method for
upgrading low temperature heat to a higher temperature level.
Low temperature heat is absorbed at the AHT generator and the
AHT evaporator and then the heat is delivered at the AHT
absorber at a higher temperature, while the AHT condenser
rejects heat at a lower temperature. Th ical and
experimental studies of the AHT have been reported by various
literatures. Rivera et al [1] presented a single-stage and
advanced AHT operating with water-LiBr and water-Carrol

mixtures to increase the temperature of the useful heat produced
by solar pond. The results showed that the single-stage and the
double AHT increased solar pond's temperature until 50 °C at
COP about 0.48 and 100°C at COP about 0.33, respectively.
Xuehu et al. [2] reported the test results of the first industrial-
scale water-LiBr AHT in China to recover waste heat released
from an organic vapor at 88 “C in a synthetic rubber plant. The
recovered heat was used to heat hot water from 95°C to
110°C. The AHT system was operating with a heat rate of
5,000 kW with a mean COP of 0.47. The payback was
approximately 2 years. Sotsil Silva Sotelo et al. [3] presented an
AHT cycle operating with water-Carrol " mixture which had a

higher solubility than aqueous Lithium Bromide mixture. It could
be found that the coefficient of performance was higher and less
crystallization risk was obtained compared with the water-Lithium
Bromide solution.

The main objective of this work was to study thermal
performance of a10 kW,, single-stage LiBr-water absorption heat
transformer (AHT) to boost up low temperature heat from a solar
hot water system supplying heat from a set of flat-plate solar
collectors. A simplified model to predict the system performances
such as the COP ,; and EER,,r was also developed.

Solar-Absorption Heat Transformer

Fig. 1 shows a schematic sketch of a solar-absorption
heat transformer (Solar-AHT). Solar heat from a solar hot water
system is supplied to the generator and evaporator at a medium
temperature (around 60-80 “C) and rejected heat at a lower
temperature (around 35-45°C) at the condenser. A higher
temperature heat (around 80-110°C) is obtained at the
absorber.

At the generator, a binary liquid mixture consisting of a
volatile component (absorbate) and a less volatile component
(absorbent) is h d at a di P se. Part of the
absorbate boils at a low pressure (P:) and a generator
temperature (T;) at state 1. The vapor condenses in the
condenser at a condenser temperature (T) to be liquid at state
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