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Absorption heat pump
Property
Type | Type 11
Single-Stage
® Inlet temperature High (90-120 °C) Intermediate (70-90 °C)
® Useful Cooling/Heating Heating
0-20 °C /40-60 °C 90-120 °C
® (COP 0.6-0.7 0.4-0.5
Double-Stage
® Inlet temperature Higher 120 °C High (90-120 °C)
® Useful Cooling/Heating Heating
0-20 °C /50-80 °C 100-120 °C
® COP 1.0-1.2 0.8-1.0
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1. Generator Flooded shell and ® Capacity 10.3 kW
tube heat exchanger | o \eak solution 50 %LiBr
® Strong solution 55 %LiBr
® Generator temperature 85 °C
® Tube diameter 4/8 in
°

Number of Tube passes 4
Length 1.24d m
Area 1.02 m?

2. Condenser

Shell and tube heat

exchanger

Capacity 10.6 kW

Condenser temperature 55 °C
Tube diameter 4/8 in
Number of Tube passes 2
Length 1.01 m

Area 0.42 m’

3. Absorber

Flooded shell and

tube heat exchanger

Capacity 10 kw

Weak solution 50 %LiBr
Strong solution 55 %LiBr
Absorber temperature 115 °C
Tube diameter 3/4 in
Number of Tube passes 6
Length 1.1 m

Area 1.44 m?

4. Evaporator

Shell and tube heat

exchanger

Capacity 10.8 kW

Evaporator temperature 85 °C
Tube diameter 4/8 in
Number of Tube passes 9
Length 0.94 m

Area 1.16 m?

5. Pressure relief

device

Orifice type

Capacity 10 kW

Pressure ratio 6.00

6. Lithium bromide

Main content 50-55%
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Light yellow transparent liquid
Chloride = 0.05% max
Sulphate = 0.05% max
Bromate = Non reaction

Ca = 0.0001% max

Mg = 0.0001% max

Na = 0.03% max

® PH=9.0-105

® | jthium chromate = 0.2-0.3%

7. Solution pump Inline pump ® Flow rate 0.6-3.7 m>/h

® Maximum head 6 m

® Maximum temperature 110 °C
® Maximum pressure 10 bar

® (apacity 78 W

® Current 0.34 A

® \oltage 230 V
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2.1.1 Vapor Compression Heat Pump
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B2 Compression/Absorpticn Heat Transformer

Total data of the VCHP

Temp 70 'C —=m'CW 0. 10 TempCW 70.00 m'HW 0. 11 TempHW 85.00 PH 624,23 PL 302.64 mRef
0.02 Tcond 90.00 Tevap 62.00 T167.00 h1 421.47 51 1.68 T2 92.68 h2 436.69 52 1.69 T3 85.00

h3 238,88 53 1.28 T462.00 h4 238,88 s4 1.67

Temp 71'C -—--=m'C\W 0. 10 TempCW 71.00 m'HW 0. 11 TempHW 85.00 PH 624.23 PL 311.29 mRef
0,02 Tcond 90,00 Tevap 63.00 T1 68,00 h1 422,05 51 1.68 T2 92,67 h2 436,68 52 1.69 T3 85.00

h3 288.83 53 1.28 T463.00 h4 288.88 54 1.21

Temp 72'C —= m'CW 0,10 TempCW 72,00 m'HW 0,11 TempHW 85,00 PH 624,23 PL 320,13 mRef
0.02 Tcond 90.00 Tevap 64.00 T162.00 h1 422.63s51 1.68 T2 92.67 h2 436.68 52 1.69 T3 85.00

h3238.8853 1.28 T464.00 h4 238,88 s4 1,22

Temp 73'C ---= m'C\W 0. 10 TempCW 73.00 m'HW 0. 11 TempHW 85.00 PH 624.23 PL 329,16 mRef
0,02 Tcond 90,00 Tevap 65.00 T1 70,00 h1 423,20 51 1.68 T2 92,67 h2 436,68 52 1,69 T3 85.00

h3 238.88 53 1.28 T4 65.00 h4 238.88 54 1,22

Temp 74'C —=m'CW 0, 10 TempCW 74,00 m'HW 0,11 TempHW 85,00 PH 624,23 PL 338,38 mRef
0,02 Tcond 90.00 Tevap 66.00 T1 71.00 h1 423.78 51 1.68 T2 92.67 h2 436,68 2 1.69 T3 85.00

h3288.8853 1.28 T466.00 h4 288,88 54 1.22

Temp 75 'C ——-= m'CW 0. 10 TempCW 75,00 m'HW 0,11 TempHW 85,00 PH 624,23 PL 347.79 mRef
0,02 Tcond 90,00 Tevap 67.00 T1 72,00 h1 424,35 51 1.68 T2 92,67 h2 436,68 52 1.69 T3 85.00

h3 238.88 53 1.28 T4 67.00 h4 238.88 s4 1.67

Temp 76 'C —= m'CW 0, 10 TempCW 76,00 m'HW 0,11 TempHW 85,00 PH 624,23 PL 357,40 mRef
0.02Tcond 90.00 Tevap 68.00 T173.00 h1 424,92 51 1.68 T2 92.67 h2 436.68 52 1.69 T3 85.00

h3 288,88 53 1.28 T4 68,00 h4 288,88 54 1.67

Temp 77'C —=m'CW 0. 10 TempCW 77.00 m'HW 0. 11 TempHW 85.00 PH 624,23 PL 357.21 mRef
0.01Tecond 90.00 Tevap 69.00 T1 74.00 h1 425.50 51 1.68 T2 92.68 h2 436.69 52 1.69 T3 85.00

h3 238.88 53 1.28 T469.00 h4 258.88 s4 1.23

Temp 78 'C -——-=m'C\W 0. 10 TempCW 73.00 m'HW 0. 10 TempHW 85.00 PH 624,23 PL 377.22 mRef
0.01Tcond 90.00 Tevap 70.00 T1 75.00 h1 426.06 51 1.68 T2 92.69 h2 436,70 52 1.69 T3 85.00

h3 288.83 53 1.23 T4 70.00 h4 288.88 54 1.23

Temp 7% 'C —= m'CW 0. 10 TempCW 72,00 m'HW 0. 10 TempHW 85,00 PH 624, 23 PL 387,44 mRef
0.01Tcond 90.00 Tevap 71.00 T1 76.00 h1 426.63s51 1.68 T2 92.70 h2 436.71s2 1.69 T3 85.00

Temperature waste heat ('C) at| Flow rate .0001 m3j’s|

i — — —

2 Compression/Absorption Heat Transformer

5, 28608 n 1 3 9

Device capacity of the VCHP

Temp 70'C — Comp = .24 kW Cond = 2,29 kW Evap = 2.05 kW
Temp 71'C —Comp = .23 kW Cond = 2,28 kW Evap = 2.05 kW
Temp 72'C — Comp = .22 kW Cond = 2,26 kW Evap = 2.05 kW
Temp 73'C ---Comp = .21 kW Cond = 2.25kW Evap = 2.05 kW
Temp 74'C — Comp = .2kW Cond = 2.24k\W Evap = 2.05 kw

Temp 75'C — Comp = .19 kW Cond = 2,23 kW Evap = 2.05 kW
Temp 76 'C — Comp = .18 kW Cond = 2,22 kW Evap = 2.05 kW
Temp 77'C -—--Comp = .17 kW Cond = 2,21 kW Evap = 2.04 kW
Temp 78 'C — Comp = .16 kW Cond = 2.2 kW Evap = 2.04 kw

Temp 79'C —Comp = .15 kW Cond = 2,19 kW Evap = 2.04 kW
Temp &0'C — Comp = .14 kW Cond = 2. 18 kW Evap = Z.04 kW

Temperature waste heat ('C) at| Flow rate .0001 m3;"s|

G
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[ Compression/Absorption Heat Transformer

Pressure reduction of the VCHP

Temp 70 'C-— Reduction Pressure = 2.06 (-) 3.17Bar
Temp 71 'C---Reduction Pressure = 2.01 () 3.09 Bar
Temp 72 'C-— Reduction Pressure = 1,95 (-) 3 Bar
Temp 73 'C-— Reduction Pressure = 1.9 (-} 2.91Bar
Temp 74 'C--- Reduction Pressure = 1.84 (<) 2.82Bar
Temp 75 'C-— Reduction Pressure = 1,79 (<) 2.73Bar
Temp 76 'C-— Reduction Pressure = 1.75(-) 2.63Bar
Temp 77 'C--—Reduction Pressure = 1.7 (-) 2.54 Bar
Temp 78 'C-— Reduction Pressure = 1,65 (<) 2.44Bar
Temp 79 'C—- Reduction Pressure = 1.61(-) 2.34Bar
Temp 80 'C--- Reduction Pressure = 1.57 (<) 2.23Bar

Temperature waste heat ('C) at‘ Flow rate .0001 m3/ s‘

5,280 @ s 1@ 1 uwAI U A

E3 Compression/Absorption Heat Transformer

ECOP of the VCHP

Temp 70 'C---ECOP = 1.61
Temp 71'C-—ECOP = L.67
Temp 72'C—ECOP = 1.74
Temp 73'C—ECOP = 1.81
Temp 74'C---ECOP = 1.89
Temp 75 'C—ECOP = 1.98
Temp 76 'C—ECOP = 2,08
Temp 77 'C—ECOP = 2,13
Temp 78 'C---ECOP = 2.3

Temp 79'C-—ECOP = 2.42
Temp 80 'C—ECOP = 2,57

Temperature waste heat ('C) at| Flow rate .0001 m3/s|
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E3 Compression/Absorption Heat Transformer Elﬂlﬂ—hj

COP of the VCHP
Temp 70 'C— COP = 9,72 (5)
Temp 71'C—COP = 10.1 (7
Temp 72 'C-— COP = 10.52 ()
Temp 73 'C—— COP = 10.97 (-
Temp 74'C— COP = 11.46 (1)
Temp 75 'C-——- COP = 1193 (5)
Temp 75 'C— COP = 12,57 (-
Temp 77'C—COP = 13.2 (1)
Temp 78 'C— COP = 13,9 (5)
Temp 78 'C— COP = 14.67 ()
Temp 80 'C-— COP = 15.53 ()

Temperature waste heat ('C) at| Flow rate .0001 m3,"s|
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2.1.2 The Normal AHT
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Temperature Profile of the AHT Ll & #®
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[E# Compression/Absorption Heat Transformer

Total Data of the AHT

Time 70 Celdus —=0
Time 71 Celcius
Time 72 Celdus ---=0
Time 73 Celdus
Time 74 Celdus
Time 75 Celdus —-= PH 28.630290 PL 10.081235 Xmin 45.00 ¥max 47.81 mRef 0004626 m5
0.074089 m8 0.073715 T1 45.0000 h1 135.4348 s1 0.6386 Denl 990. 1725 T2 45.0000 h2
188.4348 =2 0.6386 T3 67.0000 h3 2620.9511 53 7.7990 T4 62.5744 h4 2613.3081 24 7.8673 TS
67.0147 h5 140.7712 55 0,4356 T6 67.0147 hé 140.7712 s6 0,4356 Cp6 2,2502 Dens 1140.8458
T733.5831h7 178.2391 57 0.6035 T8 86.5069 h3 187.7917 58 0.6537 Cpd 2.3473 19 71.5575 ha
152,8730 59 10,5588 T10 62,5744 h10 152.8730 510 0.4570

Time 76 Celdus —-= PH 29.912333 PL 10.081935 Xmin 45.00 ¥max 48.41 mRef 0.004621 m5
0.060982 m& 0.065603 T1 45.0000 h1 188.4348 51 0.6386 Denl 990, 1725 T2 45.0000 h2
188.4348 52 0.6386 T3 68.0000 h3 2622,6655 53 7.7839 T4 62,5744 h4 2613.3081 54 7.8673 75
68.0132 h5 142.9953 5 0.4957 T6 68.0132 h6 142.9953 =6 0.4957 Cp6 2.2349 Dend 1140.4313
T7 84,6575 h7 180,3925 57 0.6029 T8 87.5948 h3 190.3393 58 0.6658 Cpd 2,3485 T9 72.8710 ha
155.9345 59 0.5677 T10 62.5744 h10 155.9345 510 0.4570

Time 77 Celdus —=PH 31.242681 PL 10.0815935 Xmin 45.00 Xmax 49.00 mRef 0.004616 m5
0.051927 m8 0.056543 T1 45,0000 h1 138.4348 s1 0.6386 Denl 990, 1728 T2 45.0000 h2
138.4348 s2 0.6386 T3 69.0000 h3 2624.3346 53 7.7685 T4 62.5744 h4 2613.3081 84 7.8673 T5
69,0126 h5 145.3132 55 0.4958 T6 £9.0126 he 145,3132 56 0,4958 Cpé 2,2199 Dent 1139,9695
T785.7321h7 182.6381 57 0.6025 T8 88.6526 ha 192.8578 s8 0.6729 Cpa 2.3496 T9 74.1759 hg
158.5769 29 0.5765 T10 62,5744 h10 158.9769 510 0.4570

Time 78 Celdus —-= PH 32.622734 PL 10.081935 Xmin 45.00 ¥max 43.58 mRef 0.004610 m5
0.045299 ma 0.049909 T1 45.0000 h1 138.4345 =1 0.6386 Denl 990, 1725 T2 45.0000 h2
188.4348 520.6386 T3 70.0000 h3 2626.0964 53 7.7540 T4 62,5744 h4 2613,.3081 4 7.8673 TS
70.0121 h5 147.7223s50.4961 76 70.0121 hé 147.7223 56 0.4961 Cps 2.2051 Dend 1139.4630
T7 36,8067 h7 184.9745 57 0.6021 T8 89.7704 h8 195.4372 =8 0.6300 Cp& 2.3508 T9 75.4715 ha
162.0001 59 0,5853 T10 62.5744 h10 162.0001 510 0.4570

Operating at | 1l/s |

[E# Compression/Absorption Heat Transformer

5,200 5 Wé m@ma 5 g U U

e

Temperature Profile of AHT

Time 70 Celdus —-Tg=0'C Ta=0'C Te=0'C Tc=0'C Xmax = 0 %LiBr

Time 71Celdus —Tg=0'C Ta=0'C Te =0'C Tc=0'C Xmax = 0 %LiBr

Time 72 Celcus ——Tg=0'C Ta=0'C Te =0'C Tc=0'C Xmax = 0 %LiBr

Time 73 Celcdus —Tg=0'C Ta=0'C Te=0'C Tc=0'C ¥max = 0 %LiBr

Time 74 Celcus —Tg=0'C Ta=0'C Te=0'C Tc=0'C Xmax = 0 %LiBr

Time 75 Celdus -—Tg =67.01'C Ta =86.51'C Te =67'C Tc =45'C Xmax = 47.81 %libr

Time 76 Celdus -—Tg =68.01'C Ta =87.59'C Te =68 'C Tc =45'C ¥max = 438.41 %aLiBr

Time 77 Celciuzs ——Tg =69.01'C Ta =88.68'C Te =69 'C Tc =45'C ¥max = 43 %GLiBr

Time 78 Celcus —Tg =70.01'C Ta =89.77'C Te =70'C Tc =45'C ¥max = 43,58 YLiBr

Time 79 Celdus -—Tg =71.01'C Ta =90.86'C Te =71'C Tc =45'C Xmax = 50,15 %liBr

Time 80 Celdus -—Tg = 72.01'C Ta =91.95'C Te =72'C Tc =45'C Xmax = 50.71 %libr
Operating at | 1l/s |
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3 Compression/Absorption Heat Transformer

Device Capacity of AHT

Time 70 Celdus — 5P =0 W WP =0W Gen = 0kW Evap = 0kW Ab = 0kW Cond = 0kw
Time 71 Celdus -—— 5P =0W WP =0W Gen = 0kW Evap = 0kW Ab =0kW Cond = 0kw
Time 72 Celdus —- 5P =0W WP =0W Gen = 0kW Evap = 0kW Ab =0kW Cond = 0kw
Time 73 Celdus —SP =0W WP =0W Gen = 0kW Evap =0kW Ab =0kW Cond = 0kw
Time 74 Celdus — 5P =0W WP =0W Gen = 0kW Evap = 0kW Ab = 0kW Cond = 0kw
Time 75 Celcius — 5P = .011339 W WP = .000813 W Gen =

10.55 kW Cond = 11.22 kW

Time 76 Celdus - SP = 010027 W WP = 000875 W Gen =

10,63 kW Cond = 11.21 kW

Time 77 Celcius — 5P = 009115 W WP = .000933 W Gen =

10.69 kW Cond = 11.19 kW

Time 78 Celdius -— SP = 008475 W WP = 000993 W Gen =

10,73 kW Cond = 11.18 kW

Time 79 Celdus - 5P = .008011W WP = .001055W Gen =

10.76 kW Cond = 1117 kW

Time 80 Celdus - SP = 007668 W WP =.001119 W Gen =

10,79 kw Cond = 11,15 kw

Operating at |

10.49 kW Evap = 11.25kW Ab =
10,57 kW Evap = 11.25kW Ab =
10.62kW Evap = 11.24kW Ab =
10,65 kW Evap = 11.24kW Ab =
10.68 kW Evap = 11.23kW Ab =

10.7kW Evap = 11.23kW Ab =

1l/s |

s,20@M 5 WE mE Mm@ T oA

5,24 "7

17 8 L

E3 Compression/Absorption Heat Transformer

Device Capacity of AHT

Time 70 Celdus —- SHX = 0 kW
Time 71 Celdus — SHX = 0 kW
Time 72 Celdus — SHX = 0 kW
Time 73 Celcius — SHX = 0 kW
Time 74 Celcus — SHX = 0 kW
Time 75 Celdus — SHX = 2.76 kW
Time 76 Celdus —- SHX = 2,27 kW
Time 77 Celdus — SHX = 1.93 kW
Time 78 Celcius — SHX = 1.68 kW
Time 79 Celcius — SHX = 1,49 kW
Time 80 Celdus — SHX = 1.34 kW

Operating at |

11/s |
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1 E Compression/Absorption Heat Transformer ]
COP of the AHT

Time 70 Celcus —COP =0{-)
Time 71 Celcus — COP =0{-)
Time 72 Celdus — COP =0 (-}
Time 73 Celcus — COP =01{-)
Time 74 Celcius — COP =01{-)
Time 75 Celcius — COP = .49 (-)
Time 76 Celcus — COP = .49 (<)
Time 77 Celcus — COP = .49 (-)
Time 73 Celdus —- COP = .45 (-)
Time 79 Celdus — COP = .49 (-)
Time 80 Celcius — COP = .49 (-)

Operating at | 1l/s |

= ! £y & ¥

5,20 ®m7 5 uCePa a3 w 8 v v U U U I I B VR 9 U u

% Compression/Absorption Heat Transformer

Flow Ratio of the AHT

Time 70 Celcius — Flow ratio =
Time 71 Celcus --- Flow ratio =
Time 72 Celdus — Flow ratio =
Time 73 Celcus --- Flow ratio =
Time 74 Celcius — Flow ratio = 0
Time 75 Celcius —- Flow ratio = 17.01
Time 76 Celcius — Flow ratio = 14,2
Time 77 Celcius —- Flow ratio = 12,25
Time 78 Celdius — Flow ratio = 10,83
Time 79 Celcius —- Flow ratio = 2,74
Time 80 Celdus — Flow ratio = 8,88

Operating at | 1l/s |
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E# Compression/Absorption Heat Transformer
ECOP of the AHT
Time 70 Celcius — ECOP = 0
Time 71 Celcius — ECOP = 0
Time 72 Celdus -—ECOP = 0
Time 73 Celdus ——ECOP = 0
Time 74 Celdus -—ECOP = 0
Time 75 Celcius — ECOP = .58
Time 76 Celcius — ECOP = .59
Time 77 Celcius — ECOP = .59
Time 78 Celcius — ECOP = .59
Time 79 Celcius — ECOP = .59
Time 80 Celcius — ECOP = .59
H
Operating at | 1l/s |
~ ' o 6V
7,20 @7 9 UEGOPm @ & ¥ U U A2 U9
[E# Compression/Absorption Heat Transformer
H T
Gross Temperature Lift ('C)
Time 70 Minute — GTL_R = 0 GTL_W= 0
Time 71 Minute — GTL_R = 0GTL_W= 0
Time 72 Minute — GTL_R = 0GTL_W= 0
Time 73 Minute — GTL_R = 0GTL_W= 0
Time 74Minute — GTL_R = 0GTL_W= 0
Time 75 Minute — GTL_R = 19.51GTL_W= 5.03
Time 76 Minute — GTL_R = 19.59 GTL_W= 5.06
Time 77 Minute — GTL_R = 19.68 GTL_W= 5.09
Time 78 Minute — GTL_R = 19.77 GTL_W= 5.11 |
Time 79 Minute — GTL_R = 19.86 GTL_W= 5.12
Time 80 Minute — GTL_R. = 19.95 GTL_W= 5,13
Operating at | 1l/s |
= ! a = a
3,20 ®Mm0 5 wd mmmg U 1 G I Ve I B N |
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2.1.3 3 Loops of the Normal AHT
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3 Compression/Absorption Heat Transformer - — - lilﬂlg

2 4 Q. * Absorption Heat Transformer
Evaporator Waste heat Type ~
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Total dataof the VCHP L & @ ¢ W @ A 17 5 A 1 W 1 U9S 3 40" N
n° v 9T us o run UW,200%P 11 0357 @uULUUA, ANa
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E3 Compression/Absorption Heat Transformer

Total data of the VCHP

Temp 70'C ---=m'CW 0.82 TempCW 25.00 m'HW 1.10 TempHW 75.00 PH 489.09 PL 67.25 mRef
0.15 Tcond 80,00 Tevap 17.00T1 22,00 h1 394.70 51 1.67 T2 87.51h2 435.0252 1.70 T3 75.00
h3277.87 £3 1.25T4 17.00 h4 277,87 s4 1.66
Temp 71'C —=m'CW 0,82 TempCW 25,00 mHW 1,10 TempHW 75,00 PH 439,09 PL 67,25 mRef
0.15 Tcond 80,00 Tevap 17.00T1 22,00 h1 394.70 51 1.67 T287.51h2 435.0252 1.70 T3 75.00
h3277.87 53 1.25T4 17.00 h4 277.87 54 1.66
Temp 72'C —=m'CW 0,81 TempCW 25,00 mHW 1,09 TempHW 75,00 PH 489,09 PL 67,25 mRef
0,15 Tcond 80,00 Tevap 17.00 T122,00h1 334,70 51 1.67 T2 87.51h2 435,022 1,70 T3 75.00
h3277.87 £3 1.25T4 17.00 h4 277.87 54 1.66
Temp 73'C —=m'CW 0.81 TempCW 25.00 m'HW 1.09 TempHW 75.00 PH 483.09 PL 67.25 mRef
0,15 Tcond 80,00 Tevap 17.00 T122,00h1 394,70 51 L.67 T2 87.51h2 435,022 1,70 T3 75.00
h3277.87 53 1.25T4 17.00 h4 277,87 s4 1.66
Temp 74'C -—=m'C\W 0.81 TempCW 25.00 mHW 1,08 TempHW 75.00 PH 439.0%9 PL 67.25 mRef
0.14 Tcond 80.00 Tevap 17.00T1 22,00 h1 394.70 51 1.67 T2 87.51h2 435.02s2 1.70 T3 75.00
h3277.87 £3 1.25T4 17.00 h4 277,87 s4 1.66
Temp 75 'C —=m'CW 0,80 TempCW 25,00 mHW 1,08 TempHW 75,00 PH 439,09 PL 67,25 mRef
0.14 Tcond 80,00 Tevap 17.00 T122.00h1 394,70 51 1.67 T287.51h2 435.0252 1.70 T3 75.00
h3277.87 53 1.25T4 17.00 h4 277.87 54 1.66
Temp 76 'C —=m'CW 0,80 TempCW 25,00 mHW 1,07 TempHW 75,00 PH 489,09 PL 67,25 mRef
0,14 Tcond 80,00 Tevap 17.00 T1 22,0001 334,70 51 1.67 T2 87.51h2 435,022 1,70 T3 75.00
h3277.87 53 1.25T4 17.00 h4 277.87 s4 1.66
Temp 77 'C —-=m'CW 0.80 TempCW 25.00 m'HW 1.07 TempHW 75.00 PH 489.09 PL 67.25 mRef
0.14 Tcond 80.00 Tevap 17.00T1 22,00 h1 394.70 51 1.67 T2 87.51h2 435.0252 1.70 T3 75.00
h3277.87 53 1.25T4 17.00 h4 277,87 s4 1.66
Temp 78 'C —=m'C\W 0.79 TempCW 25.00 mHW 1,07 TempHW 75.00 PH 439.09 PL 67.25 mRef
0.14 Tcond 80.00 Tevap 17.00T1 22,00 h1 394.70 51 1.67 T2 87.51h2 435.02s2 1.70 T3 75.00
h3277.87 53 1.25T4 17.00 h4 277.87 =4 1.66
Temp 7% 'C —=m'CW 0,79 TempCW 25,00 mHW 1,06 TempHW 75,00 PH 439,09 PL 67,25 mRef
0.14 Tcond 80,00 Tevap 17.00 T122.00h1 394,70 51 1.67 T2 87.51h2 435.0252 1.70 T3 75.00

Temperature waste heat ('C) at| Flow rate .001 m3/s |
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i3 Compression/Absorption Heat Transformer
Device capacity of the VCHP

Temp 70 'C — Comp = 5.94 kW Cond = 23,16 kW Evap = 17.22kW

Temp 71'C — Comp = 5.91 kW Cond = 23.03 kW Evap = 17.12 kW

Temp 72'C — Comp = 5.88 kW Cond = 22,92 kW Evap = 17.04 kW

Temp 73'C — Comp = 585 kW Cond = 22,81 kW Evap = 16.96 kW

Temp 74'C — Comp = 5.83 kW Cond = 22.71kW Evap = 16.88 kW ]

Temp 75 'C — Comp = 5.8 kW Cond = 22.61kW Evap = 16.81 kW

Temp 76 'C — Comp = 5.73 kW Cond = 22,52 kW Evap = 16. 74 kW

Temp 77 'C - Comp = 5.76 kW Cond = 22.43 kW Evap = 16.68 kW

Temp 78 'C — Comp = 5,73 kW Cond = 22,35 kW Evap = 16.62 kW

Temp 79 'C — Comp = 5.71 kW Cond = 22.27 kW Evap = 16.56 kW

Temp 80 'C — Comp = 5.7 kW Cond = 22.2kW Evap = 16.51 kW

Temperature waste heat ('C) at | Flow rate .001 m3/s |
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B2 Compression/Absorpticn Heat Transformer
Pressure reduction of the VCHP
Temp 70 'C-— Reduction Pressure = 7.27 (<) 4.16 Bar
Temp 71'C-— Reduction Pressure = 7.27 (-) 4.16 Bar
Temp 72 'C-— Reduction Pressure = 7.27 (<) 4.16 Bar
Temp 73 'C-— Reduction Pressure = 7.27 (<) 4.16 Bar
Temp 74 'C-— Reduction Pressure = 7.27 (-) 4.16 Bar
Temp 75 'C-— Reduction Pressure = 7.27 (-) 4.16 Bar
Temp 76 'C-— Reduction Pressure = 7.27 {-) 4.16 Bar
Temp 77 'C-— Reduction Pressure = 7.27 (-) 4.16 Bar
Temp 78 'C-— Reduction Pressure = 7.27 (-) 4.16 Bar
Temp 79 'C-- Reduction Pressure = 7.27 (-) 4.16 Bar
Temp 80 'C-— Reduction Pressure = 7.27 (-) 4.16 Bar
Temperature waste heat ('C) at | Flow rate .001 m3/s |
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E3 Compression/Absorption Heat Transformer =NACE X
|
ECOP of the VCHP
Temp 70 'C—ECOP = .55
Temp 71'C—ECOP = .55
Temp 72'C—ECOP = .55
Temp 73'C—ECOP = .55
Temp 74'C—ECOP = .55
Temp 75 'C—ECOP = .55
Temp 76 'C—ECOP = .55
Temp 77 'C---ECOP = .55
Temp 78 'C—ECOP = .55
Temp 79 'C—ECOP = .55
Temp &0 'C—ECOP = .55
Temperature waste heat ('C) at | Flow rate .001 m3/s |
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3 Compression/Absorption Heat Transformer

COP of the VCHP

Temp 70'C— COP = 3.5 (9
Temp 71'C-—- COP = 3.9 ()
Temp 72'C— COP = 3.9 ()
Temp 73'C—COP = 3.2 ()
Temp 74'C— COP = 3.5 (9
Temp 75'C-—- COP = 3.9 ()
Temp 76 'C— COP = 3.9 ()
Temp 77'C—COP = 3.2 (9
Temp 78 'C— COP = 3.5 (9
Temp 79'C-—- COP = 3.9 ()
Temp 80°'C— COP = 3.9 ()

Temperature waste heat ('C) at| Flow rate .001 m3/s |
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1 3 Compression/Absorption Heat Transformer
Total data of the CAHT

5,28 ®% n 195099 s1zavewiy”

Temp 70'C —=PH 28.630290 PL 4.475702 Xmin 45.00 ¥max 54.44 mRef 0.009291 m5 0.044292
m3 0.053583 T1 30,0000 h1 125.7340 s1 0.4368 Den1995.6062 T2 30.0000 h2 125.7340 52
0.4368 T3 67.0000 h3 2620,9511 53 7,7920 T4 46,2568 h4 2584.6586 54 8.1408 T5 62.0118 h5
137.6850 55 0,3994 76 62,0118 hé 137.6850 s6 0,3294 Cp6 2.0647 Dent 1142,66247T7 83,2518
h7 182.0359 s7 0.5268 T8 87.0000 h3 188.9464 s8 0.6613 Cp8 2.3479 79 71.5607 h9 152.8805
59 0.5588 T10 46.2568 h10 152.8805 510 0.3813

Temp 71'C —=PH 28,630290 PL 4,475702 ¥min 45,00 ¥max 54,95 mRef 0,009241 m5 0.041792
ma 0.051033T1 30,0000 h1 125,7340 10,4368 Denl 995.6062 T2 30,0000 h2 125,7340 52
0.4368 T3 67.0000 h3 2620,9511 53 7.7990 T4 46. 2568 h4 2584.6586 54 8,1408 T5 63.0004 hs
141.0995 55 0.4012 T5 63.0004 hd 141.0995 56 0.4012 Cp6 2.0518 Dent 1141.8567 T7 83,4001
h7 183.4119 70,5225 T8 87,0000 h3 188.9464 s8 0.6619 Cp8 2,3479 79 72,4002 h9 154.8386
59 0,5645 T10 46,2568 h10 154.8386 510 0.3813

Temp 72'C ---=PH 28.630290 PL 4.476702 Xmin 45.00 Xmax 55.46 mRef 0.009195 m5 0.039556
m3 0.048750 T1 30,0000 h1 125.7340 =1 0.4368 Denl 995.6062 T2 30.0000 h2 125.7340 52
0,4368 T3 67.0000h3 2620,251153 7.7990 T4 46, 2568 h4 2584,6586 54 8,1408 T5 64,0020 hs
144.6209 55 0,4031 76 64.0020 hé 144.6209 s6 0.4031 Cp6 2.0389 Dens 1141.0100 T7 83,5503
h7 184.8926 s70.5133 T8 87.0000 h3 188.9464 58 0.6619 Cpd 2.3479 T9 73.2259 h9 156.7518
59 0.5701 710 46.2568 h10 156.7618 510 0.3813

Temp 73'C —=PH 28,630290 PL 4,475702 ¥min 45,00 ¥max 55.97 mRef 0,009151 m5 0,.037537
ma 0.046637 T1 30,0000 h1 125.7340 51 0,4368 Denl 995.6062 T2 30.0000 h2 125.7340 52
0.4368 T3 67.0000 h3 2620,9511 53 7,7920 T4 46,2568 h4 2584.6586 54 8.1408 T5 65.0165 h5
148,2472 55 0,4050 T6 65,0165 hé 148,2472 56 0,4050 Cpé 2,0260 Dent 1140,1222 77 83,7025
h7 186,4772 70,5143 T5 87.0000 h3 188.9464 s8 0.6619 Cp8 2,3479 79 74.0353 h9 158.6504
£9 0.5756 T10 46,2568 h10 158.6504 £10 0.3813

Temp 74'C ——-=PH 28.630290 PL 4.476702 Xmin 45.00 Xmax 56.46 mRef 0.009110 m5 0.035773
m3 0.044833 T1 30,0000 h1 125,7340 51 0,4368 Denl 995.6062 T2 30,0000 h2 125,7340 s2
0,4368 T3 67.0000 h3 2620,3511 53 7.7930 T4 46, 2568 h4 2584.6586 s4 8,1408 T5 66,0030 h5
151.8279 55 0.4070 T 66.0030 ha 151.8279 56 0,4070 Cpé 2.0136 Den6 1139,.2304 77 83.8505
h7 188.0966 s7 0.5104 T8 8§7.0000 h3 188.9464 =8 0.6619 Cp8 2.3473 T9 74.8001 h9 160.4328

Temperature waste heat ('C) at| Flow rate .001 m3/s |
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E3 Compression/Absorption Heat Transformer

Device capacity of the CAHT

Temp 70'C ---Tg =62.01'C Ta=87'C Te =67'C Xmin = 54.44 %LiBr Tmax = 104.08 'C
Temp 71'C—-Tg =63'C Ta =87'C Te =67'C ¥min = 54.95 %LiBr Tmax = 105.15'C
Temp 72'C-—-Tg =64'C Ta =87'C Te = 67'C ¥min = 55,46 %LiBr Tmax = 105.24'C
Temp 73'C-—-Tg =65.02'C Ta=87'C Te =67 'C ¥min = 55.97 %LiBr Tmax = 107.34'C
Temp 74'C —--Tg =66'C Ta =87'C Te =67 'C ¥min = 56.46 %LiBr Tmax = 108.42'C
Temp 75'C —Tg =67'C Ta =87'C Te =67'C ¥min = 56.95 %:LiBr Tmax = 109.51'C
Temp 76'C---Tg =68.01'C Ta=87'C Te = &7 'C Xmin = 57,44 %LiBr Tmax = 110.62'C
Temp 77'C--Tg =6%.01'C Ta=87'C Te =67 'C ¥min = 57,92 %LiBr Tmax = 111.72'C
Temp 78'C -—Tg = 70.02'C Ta =87'C Te =67'C Xmin = 58.4 %LBr Tmax = 112.83'C
Temp 79'C —Tg =71L.02'C Ta=87'C Te =67'C Xmin = 58.87 %LiBr Tmax = 113.94'C
Temp 80'C-—-Tg =72.01'C Ta=87'C Te =67 'C Xmin = 59,33 %LiBr Tmax = 115.04'C

Temperature waste heat ('C) at| Flow rate .001 m3/s |
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E2 Compression/Absorption Heat Transformer =NESN X

Device capacity of the CAHT

Temp 70'C --- 5P = .008843 W WP = .002129 W Gen = 21.92kW Evap = 23,18 kW Absorber =
22,29 kW Cond = 22,85 kw

Temp 71'C --- 5P =,00835 W WP = .002117W Gen = 21.88 kW Evap = 23.06 kW Absorber =
22.24kW Cond = 22,72 kW

Temp 72'C —-SP =.007909 W WP = .002107 W Gen = 21.84 kW Evap = 22.94kW Absorber =
22.2kW Cond = 22.61kW

Temp 73'C —SP =.007511W WP = .002097 W Gen = 21.81kW Evap = 22.83 kW Absorber =
22,16 kw Cond = 22,5 kW

Temp 74'C --- 5P = .007164 W WP = 002083 W Gen = 21.78 kW Evap = 22.73 kW Absorber =
22,13 kW Cond = 22.4 kW

Temp 75'C --- 5P = .006847 W WP = 002079 W Gen = 21.75kW Evap = 22.64kW Absorber =
22.09 kW Cond = 22.31 kW

Temp 76 'C --- 5P = 006556 W WP =.00207 W Gen = 21,72 kW Evap = 22.55kW Absorber =
22,06 kW Cond = 22,22 kW

Temp 77 'C —SP =.006294 W WP = .002062W Gen = 21.69 kW Evap = 22.46 kW Absorber =
22.03kW Cond = 22,13 kW

Temp 78 'C --- 5P = .008052 W WP = .002055W Gen = 21.67kW Evap = 22.38 kW Absorber =
22,01 kW Cond = 22,05 kw

Temp 73 'C — SP =.005832 W WP =.002048 W Gen = 21.65kW Evap = 22.3kW Absorber =
21,98 kW Cond = 21.97 kW

Temp 80 'C --- 5P = .005631W WP = .002041W Gen = 21.63kW Evap = 22.23 kW Absorber =
21.96 kW Cond = 21.9 kW

Temperature waste heat ('C) at| Flow rate .001 m3/s |
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3 Compression/Absorption Heat Transformer
Device capacity of the CAHT
Temp 70'C — SHX = 194 kW
Temp 71'C - 5HX = L.75 kW
Temp 72'C — SHX = 1.58 kW
Temp 73'C —SHX = L.42kw
Temp 74'C — SHX = 129 kW
Temp 75'C - SHX = 1.16 kW
Temp 76 'C — SHX = 1.05 kW
Temp 77'C —SHX = .95 kW
Temp 78 'C — SHX = .85 kW
Temp 73 'C - SHX = .77 kW
Temp 80 'C — SHX = .69 kW
Temperature waste heat ('C) at | Flow rate .001 m3/s |
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2 Compression/Absorption Heat Transformer
ECOP of the CAHT
Temp 70 'C — ECOP = .36 ECOP before = .58
Temp 71'C -—ECOP = .36 ECOP before = .58
Temp 72'C — ECOP =36 ECOP before = .57
Temp 73'C ---ECOP = .36 ECOF before = .57
Temp 74'C — ECOP = .36 ECOP before = .56
Temp 75 'C -—ECOP = .36 ECOP before = .56
Temp 76 'C — ECOP = .35 ECOP before = .55
Temp 77 'C -—ECOP = .35 ECOP before = .55
Temp 78 'C -—ECOP = .35 ECOP before = .54
Temp 79 'C —ECOP = .35 ECOP before = .54
Temp &0 'C -—ECOP = .35 ECOP before = .53
|
Temperature waste heat ('C) at | Flow rate .001 m3/s |
1 o 24 o
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5 . 2.3 & Heat ratio, COP 4

3 Compression/Absarption Heat Transformer

Heat Ratio and COP of the CAHT

Temp 70'C —HeatRatio = 1.1 (-) COP =.5 (5
Temp 71'C —HeatRatio = 1.1(-) COP = .8 (5
Temp 72'C —HeatRatio =1.1(-) COP =.8 (5
Temp 73'C —HeatRatio = 1.1 (-) COP = .5 (5
Temp 74 'C —HeatRatio = 1.1 (-) COP = .8 (5
Temp 75'C —HeatRatio = 1.1 (-) COP =5 (5
Temp 76 'C - HeatRatio = 1.09 (-) COP = .8 (-
Temp 77 'C — HeatRatio = 1.09 (-) COP = .8 (-
Temp 78 'C — Heat Ratio = 1.09 (-) COP = .5 (-
Temp 79 'C — HeatRatio = 1.09 (-) COP = .3 (-
Temp 80 'C — HeatRatio = 1.09 {-) COP = .8 (-

Temperature waste heat ('C) at| Flow rate .001 m3/s |
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2.1.4 Solar Heat Combined with the CAHT
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®. Solar, radiation |Z||E|r5__(|
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Solar Radiation .
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5,28 871 5 4L a’

% Solar radiation

Start temperature

of hot water in storage
Temperature of water
inlet to storage

Heat removal factor
Heat loss factor
Area of solar collector

Number of collector

Mass flow rate of hot water
circulate in solar collector

Heat transfer of storage (UA)

Back Flat-plate

Given data to simulation

Input

Input

Input

Input
Input
Input

Input

Input

Evacuated

Maejo University

Maejo University
X. Solar, radiation

Back The ambient temperature
Time 0 Minute --- Ta = 12,89 'C

Time 5 Minute - Ta = 13,16 'C

Time 10 Minute --- Ta = 13.43 'C

Time 15 Minute - Ta = 13,7 'C

Time 20 Minute --- Ta = 13,96 'C

Time 25 Minute - Ta = 14,22 'C

Time 30 Minute - Ta = 14,48 'C

Time 35 Minute --- Ta = 14,74 'C

Time 40 Minute - Ta = 14,99 'C

Time 45 Minute --- Ta = 15,24 'C

Time 50 Minute - Ta = 15,48 'C

Time 55 Minute --- Ta = 15,72 'C

Tirme 60 Minute - Ta = 15,96 'C

Time 65 Minute -—- Ta = 16,2 'C

Tirme 70 Minute - Ta = 16,43 'C

Time 75 Minute - Ta = 16,66 'C

Time 80 Minute --- Ta = 16,89 'C

Time 85 Minute - Ta = 17,12 'C

Time 90 Minute --- Ta = 17,34 'C

Time 95 Minute - Ta = 17,56 'C

Time 100 Minute --- Ta = 17,77 'C

Tirme 105 Minuke --- Ta = 17,98 'C

Time 110 Minute --- Ta = 15,19 'C

Tirme 115 Minuke --- Ta = 18,4 'C

Time 120 Minute --- Ta = 15,6 'C

Time 125 Minute --- Ta =158 'C

Time 130 Minuke --- Ta =12 'C

Time 135 Minute --- Ta=19.2 'C

Time 140 Minute --- Ta = 19,39 'C

6:00 - 18:00 ‘ Time (Minute)
a ! 1
iMZ.ﬂ‘ﬂﬂiLLﬁ@l\‘iﬂ e wa, 4 Y 83 d& a1 N
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21465 2% @7 o A o Elatplates ¢ U U vAW muanw A v e U 8 h
T 27 ala’vshun ws 3’97 a o wgamd onfsns suarboud as ' saubi

I A I v wuw, T’ aru1rsai Ua®
laea 11 u” ¢ 8 uwveoslUusunsuwu a’ 9 oa
A1 e, MW oa, 4 L 3 (Start temperature af Mot water in storage)l W o Y 9

T A '30%C L M 10 U
Al oo A0 e T W eu(Remiperatlire ofwedersinlet to storage) 11 T @ W 1

Y]

L % 30°C n U

A Fa(T W& (Heat removal facto ¥~ @ ‘0802, ' 1 n°~ v

A Fr U (Heat loss factor) 4~ A "1037 W/iPK 1 n ¥ U

W w T aAea of lir callecton f “Luan ' Fomlnd w 1 mT m oo

9° 1 u 2 u 3 8 (Numberoficalleadr) U 5 A 10 uaiE me 1mA Y muy

A 1 9Y @5 ana sl voa wend Wassflownate ef hotavater a ¥ o o
circulate in solar collector) 1= A '0.043 litesls ™ 1 n " U

A 1 A9 0 wasl Ne WA @ Heateranafér ofstovage N a8 ua 3W/KL w T a0

3 1 0 @ Nexto. o gt nma ¥ vaw AT o veulith v 0 9 9
=

9]

9 5 A1 5 L 9 o 8anY uve I 2L 0 uUSs 9§ @’

% Solar radiation

Given data to simulation

Start temperature 30 -
of hot water in storage c
Temperature of water 30 -
inlet to storage c
Heat removal factor 0.802
Heat loss factor 10.37 W/m2-K
Area of solar collector 2.0 m2
Number of collector 10 Unit
Mass flow rate of hot water 0.043 liter/s
circulate in solar collector
Heat transfer of storage (UA) 3 W/K

Back Evacuated Next

s 288 288 130195 L a o nfaEtpldte)e @ ® A WS 7L U oA
nooou N T Tuni1s539° 2729093 nwga- 0959
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21475 ;28 @30 957 A1 5 L oas 9 MWW E MY FI MG LW

< v = a 3
LN u 3 NG| g 17 N N8

<

1l ameg 27 57 n1 3 Y” 9 ua' 1% U1 a3 aCapadityof § L 0 :
hotwatertank @ £ 2° §° n 1 5 & % 9 U A  Maginumenumbarin 27 1 n°
row & - i’ 98919 aa5 YL auwEYduUAIIU T D

arur s el e’ 1y

%. Solar radiation

Given data to simulation
Capacity of hot water tank 1500 Liter

Maximum number in row 1 Unit

Back | Calculate

5,289 5 U7 s un T u1TAavee@l wYOY wETE AR

2148 a7 2 9 8 19 177 57 a1 9 U7 9 U AW VI0VIUAT AIUL BN

o1 1" o wf 23 MTm e 1 9qu” ’

U” @ U @pacity of hat waater tank ¢ 1 11500 tter @ o ¢ 277 1 @ I LN U
u" 500 litern

U7 @ u Maximumbubbeyinromiav 2Unitw % w 9 3 1 n 15 A @ A
T u u Bl mY 2@'mauen’r o o u_ n s wn” o u 19mu al 9 ui
ML 0% U s wwm”T e md el ul ™ e omwawtal u

U7 9 u Maximomlnumberinroavie v SUnite“@ @ ¢ 30 1 A1 5 a8 @
LU U YU 20D vEah 9 mE @ o u. nasiund Y uus U aewal mead i
(9° 1 w2 ua’ 20wh 2 w9 s wHIEE e Med wil T WL at w

1 v

g @ lnuv s U'ue u A 1 @ T U T AT UY DL T EUUNT

Y]
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= Solar radiation g@@ % Solar radiation
Given data to simulation Given data to simulation
Capacity of hot water tank 1500 Liter Capacity of hot water tank 1500 Liter
Maximum number in row 2| Unit Maximum number in row 2 Unit
Collector as row 1 2 Unit
# Collector as row 2 2 Unit
Collector as row 3 2 Unit
Collector as row 4 2 Unit
Collector as row E 2 Unit
Back Calculate Back . Next ‘
= Solar radiation % Solar, radiation M (=1[E3]
Given data to simulation Given data to simulation
Capacity of hot water tank 1500 Liter Capacity of hot water tank 1500 Liter
Maximum number in row 5 Unit Maximum number in row 5 Unit
Collector as row 1 5 Unit
Collector as row 2 5 Unit
Back Calculate Back Calculate Next
P 1 a 1 1
sz.ﬂ‘ﬁ T 9 Y T 3 1 9 A1 5 U g U A T 9 U 17 N Y 9 3
a '3
D] N [N
= ! L% 1 v v
21491 su, 23 @ @navesu A 16 Tk U9 ow WY 949 35 8 U U

=
¢ U

auxiliary heat I aHeat rate of auxiliary heat

214105 ,2d @9 o " 1 @ ¢ 79 AN

9 UL oda 3" 1l aega” 298 13

A 18 msan1 s EvMawaTous Y
rate of supplied hot water) 11 = @ "0.51itar/sv 107 v

N1 swmM Al M B, WU A, U YD
a1 1 1 5 o l(Temperature Sett'n:ngyof auxitiarg heat)ea U la

¥3'% 0 @AY Veldimedlow rate bf supplied hot water, Temperature setting of

s Y47 s ua’ 1@’ 9

v 1 =

a1 5 U 2 U A 17 4

v v Mblanaflon ™ 7 o "y

Ul 8 g8, M u°

a50C L 0 10 U
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A1 e @3 a1 u s’ o(Heatrate of alxilery heatiu "u aU1 a8 0 U
3kwW e~ A 1 T ds e’ o wr vwal o1 ul a1 4195 0y
Nexti W~ gt v’ ra,  vu’ 1Y ald s oat 8o

% Solar radiation

Given data to simulation

Volume flow rate of

supplied hot water Input liter/s
Temperature setting of o,
auxiliary heat Input C
Heat rate of auxiliary heat Input kW

Default

Next

Back

5,287 5 U7 s ua 1 arwwy W swt d wi mwun
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X Solar radiation E@@
Given data to simulation
Volume flow rate of T 05 &
supplied hot water ) liter/s
Temperature setting of  cn
r 50 C
auxiliary heat
Heat rate of auxiliary heat 3 kW
Default
Next
Back
5. 2007 288 13 n135Y” sun 19 20U’ ouw

U

214110 1 5 v a~ 98 n L b 240 0 ysud wmS " taRvfeslou L &

(%
Y a

Loastepl A8 AT 1 8 ¥ 3@113un11550L LaBwoan v BIdY il A wm SeL 6

n° o1 Wi wed 7a 9

L 8™ 8 n L 2 aStart»36:00AME U U L 3 ¥nS o191 u
L8 8N L 7 aFnabS>6:00AM U U M8 . A M 19 1 u
L a” 8 A%’ 291 1@ Step>>30miny 1 Y 5 ¥ U U A" 1 U3 W
21 n uNextt wi @a*ap h nu” 10" al Y ew™ 0, uoa
1 @ eolarradiatons @ # ¢ A 1 57 3 a” 81 v ALY 911181
1 aa e m 28wl u

HW leaving the collector . @oa, m v n_ 1~ u  ° 1% wwmd ¢ 1
5,28 &~

v

Heat transfer rate of the HW I @8@ 9% § @ N 1 & T 8 U Y09 99U
Loa o a2 m°
The HW temperature in tank & @on < 91 A_ 1~ % ®°s ua a9 47k o
24 6
Auxiliary heath @®f ¢/ 5 17 " 1 & 4 Mo O W WA 9 A1 U S
o, wna, u° vesu 1l uahy e ebwhauaa
Adiustheat @od 99 5 1 n 1 51w’ A 9wy ww @yl oeus w o

2
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T_HW from Solar and Heater COP of the AHT W &8 984 ¥ A, 4~ ¥ 8 3 U ‘
L v 1sY 9w ou” 25 uwa’ 9917 UAM
AY 1 us” ound s 2wl unT LT 8 u s e
. Solar radiation |Z||E|rz|
Time of simulation
Start 0:00 AMEEES
Final 0:00PM .
Step 0 Second -
Next
Back
5,244°7 5L a8 AL 1@ vt szuUunN
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X. Solar radiation

Time of simulation

Start 6:00 AM -

Final 6:00PM .

Step 30 min -

5 24 @° 1 9 @ 790179 L a

Y

E3 Compression/Absorption Heat Transformer

Solar radiation

Time 6:00 - Salar radiation = 0 W/m2

Time 7:00 — Solar radiation = 116.07 W/m2
Time 8:00 --- Solar radiation = 290.91 W/m2
Time 9:00 -— Salar radiation = 470.7 Wjm2
Time 10:00 - Solar radiation = 623,33 W/m2
Time 11:00 -— Solar radiation = 719.78 W/m2
Time 12:00 --- Solar radiation = 741,15 W/m2
Time 13:00 -— Solar radiation = 683,18 Wjm2
Time 1400 —— Solar radiation = 557,34 W/m2
Time 15:00 -— Solar radiation = 388.03 W/m2
Time 16:00 --- Solar radiation = 206.65 W/m2
Time 17:00 — Solar radiation = 44,17 Wjm2
Time 18:00 — Solar radiation = 0 W/m2

Operating at | 6:00 - 18:00

5,281 5 9° 188 3 A A

8 N

b
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3 Compression/Absorption Heat Transformer

Maejo University
[E# Compression/Absorption Heat Transformer
HW leaving the collector

Time 0 Minute -- T_HW leaving collector = 30 'C

Time 60 Minute —— T_HW leaving collector = 30,39 'C
Time 120 Minute — T_HW leaving collector = 32.75 'C
Time 180 Minute — T_HW leaving collector = 38.33 'C
Time 240 Minute — T_HW leaving collector = 46.86 'C
Time 300 Minute — T_HW leaving collector = 57.48 'C
Time 360 Minute — T_HW leaving collector = 88,92 'C
Time 420 Minute — T_HW leaving collector = 79,67 'C
Time 430 Minute — T_HW leaving collector = 82,39 'C
Time 540 Minute — T_HW leaving collector = 82,33 'C
Time 600 Minute — T_HW leaving collector = 78,99 'C
Time 660 Minute — T_HW leaving collector = 73.23 'C
Time 720 Minute — T_HW leaving collector = 67.09 'C

Operating at | 6:00 - 18:00
1 ' ¥ ) =l
a
5,20 # TR, WU oA T D3 U 1"

Heat transfer rate of HW

Time 0 Minute — Q' Callector =0 kW
Time 60 Minute — Q' Callector = 2,24 kW

Time 120 Minute — Q' Collector = 7.54 kw
Time 130 Minute —- Q' Collector = 13.42 kw
Time 240 Minute — Q' Collector = 17.67 kw
Time 300 Minute — Q' Collector = 19.84 kw
Time 360 Minute — Q' Collector = 19.44 kw
Time 420 Minute — Q' Collector = 16.5 kw
Time 4380 Minute — Q' Collector = 12,14 kw
Time 540 Minute — Q' Collector = 6.62 kW
Time 600 Minute — Q' Collector = 1.01 kw
Time 660 Minute — Q' Collector =0 kW

Time 720 Minute — Q' Collector =0 kw

Operating at | 6:00 - 18:00

=i
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3 Compression/Absarption Heat Transformer

The HW temperature in tank

Time O Minute — T_HW = 29,97 'C
Time 60 Minute —T_HW = 31,27 'C
Time 120 Minute —T_HW = 35.82 'C
Time 180 Minute —T_HW = 43,55 'C
Time 240 Minute —-T_HW = 53.76 'C
Time 300 Minute —T_HW = 65.24 'C
Time 360 Minute —T_HW = 75,54 'C
Time 420 Minute ---T_HW = 80.08 'C
Time 480 Minute —T_HW = 81,07 'C
Time 540 Minute —T_HW = 78.8 'C
Time 600 Minute —T_HW = 73.23 'C
Time 660 Minute —T_HW = 67,09 'C
Time 720 Minute —T_HW = 67.01 'C

Hot water temperature ('C) at | 6:00 - 18:00

' ¥

s5,2@7 18, wwa, u° Yo 9 U 11w

2 Compression/Absorption Heat Transformer

Auxiliary heat

Time 0 Minute —- Aux_heat = 63.86 kw
Time 60 Minute — Aux_heat = 63.86 kw
Time 120 Minute — Aux_heat = 66,66 kW
Time 180 Minute — Aux_heat = 53.76 kw
Time 240 Minute --- Aux_heat = 45.4 kw
Time 300 Minute — Aux_heat = 27.83 kw
Time 360 Minute — Aux_heat = 8,13 kW
Time 420 Minute — Aux_heat = 0 kW
Time 430 Minute --- Aux_heat = 0 kW
Time 540 Minute — Aux_heat = 0 kw
Time 800 Minute — Aux_heat =0 kW
Time 660 Minute — Aux_heat = 0 kW
Time 720 Minute --- Aux_heat = 4.97 kw

Hot water temperature ('C) at | 6:00 - 18:00

5 24 @ M s 1T N1 ST U ATITUST B UYWMMTN 1 YU S
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3 Compression/Absorption Heat Transformer

NN X

Adjust heat

Time 0 Minute — Aux_heat =0 kW
Time 60 Minute — Aux_heat = 0 kW
Time 120 Minute --- Aux_heat = 0 kW
Time 180 Minute — Aux_heat = 0 kw
Time 240 Minute — Aux_heat = 0 kW
Time 300 Minute — Aux_heat = 0 kW
Time 360 Minute --- Aux_heat = 0 kW
Time 420 Minute — Aux_heat = 0 kw
Time 480 Minute — Aux_heat =0 kW
Time 540 Minute — Aux_heat = 0 kW
Time 600 Minute --- Aux_heat = 0 kW
Time 660 Minute — Aux_heat = 0 kw
Time 720 Minute — Aux_heat =0 kW

Hot water temperature ('C) at | 6:00 - 18:00

-

5,24 87 @ 3

3 Compression/Absorption Heat Transformer

n 1

a3

T_HW from Solar and Heater

Time 0 Minute — Temp Auxt = 29.97 'C
Time 60 Minute --- Temp Auxt = 31,27 '

Time 120 Minute — Temp Auxt = 35.82
Time 130 Minute — Temp Auxt = 43,55
Time 240 Minute — Temp Auxt = 53.75
Time 300 Minute — Temp Auxt = 65.24
Time 360 Minute — Temp Auxt = 70,54
Time 420 Minute — Temp Auxt = 80.08
Time 430 Minute ---Temp Auxt = 81.07

Time 540 Minute — Temp Auxt = 73.8 'C

Time 600 Minute — Temp Auxt = 73,23 'C
Time 660 Minute — Temp Auxt = 67.09 'C
Time 720 Minute — Temp Auxt = 67.01 'C

Hot water temperature ('C) at | 6:00 - 18:00

g U 3 1
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1 mw” Heatingfladl ¥ 5 w n s ¥ 3 ¥ A° 1 % UaA U111 A% U 0

¥

LU U, awated” u .+ YT uww o1 (

M~ wm UFe  ® Mass flaw fatenof useful heat @ = @ 9 w5 1 a1 95}
9 ® nAmsorbenu™ u Ws 1 v L U° u

#°~ TEvap® 8 ® Bvaporating temperature A~ ® B, N UTAY, LUT €Y B
9 eEvaporator T v uC 2 v L U°  u

n” ACandou® o Lordensing temperature @~ @ 8, Wwwa, 4 9
A 7 U WCondenserw ® w WC 1 8 L U°  u

n~ O Surfaces = o Bifferertt temperature at surface of heat exchanger
AT B 8, ®Wwa, U WA N A 1 3 WeperatorAbsorerl v a @
condenser L aEvaporator W ou oy L Ut

n” DI#MXw ' o iDifferedt temperature of heat exchanger A~ @ 8, M7
Lane 19 ve3veoslunant U euA1aus” 8w
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Y
v

n "~ Safety Factor & = ® Safety factorm” @ LsUae 57 8L Ledl Aauan i 3
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I8 Compression/Absorption Heat ™ s L= | @ )
Absorption Heat Transformer L % i Heating fluid
1 “ v

Combining with Vapor
Compression Heat Pump

¢ =g

Evaporetor |

Buxizry Fodwaer terk

NI | 2
| '"i'*(T'H; Atsotar T Evap ('C) ’T

wat inlet
G " Water
Ussfl bl
5 weler outel
0.5

’;_(" | m_UF (kg/s)

UL @
T Y T cond (€) 45

P 2N
b LI | -{s;.sf-i\avger DT Surface ('C) 5
2 Water o ‘h', g i ¢
por () Uk 2 DTHX(O) 2
T § Yo w';'f\'l' Saluion
. 47 M gafety Factor (%) 100
Soarg i 1
) &5 water ark2, s 1
~ Compression Heat Pump
i & Refrigerant
& ‘ Type j Back
= 9-1'
5,28 MU’ o u vSolarelAHT, @& 3 ¥ U

2 Compression/Absorption Heat Transformer

= | B i) |

Total data of the VCHP

Time 0 Minute ——=0
Time 60 Minute
Time 120 Minute —-=0
Time 130 Minute -—-=0
Time 240 Minute ——-=0
Time 300 Minute —=0
Time 360 Minute —= m'C\W 0.42 TempCWW

90.00 h3 294,46 =3 1.30 T4 30.00 h4 294,
Time 420 Minute —= m'CW 0,33 TempCW

Time 480 Minute —= m'C\W 0.33 TempCWV

Time 540 Minute ---= m'CW 0.40 TempCWW

mRef 0.08 Tcond 95.00 Tevap 30,00 T135.00 h1 4025451 1.67 T2 99.12h2 440.67s52 1.69 T3
mRef 0.08 Tcond 95.00 Tevap 30,00 T1 35.00 h1 402.5451 1.67 T2 39.12h2 440.67s2 1.69 T3
90.00 h3 294.46 3 1.30 T4 30,00 h4 294,

mR.ef 0,08 Tcond 95.00 Tevap 30,00 T1 35,00 h1402,5451 1.67T299,12h2 440.67 52 1.69 T3
30,00 h3 254.46 s3 1.30 T4 30.00 h4 234,

mRef 0.08 Tcond 95.00 Tevap 30,00 T1 35.00 h1 4025451 1.67 T2 99,12 h2 440.67s52 1.69 T3

90,00 h3 224,46 53 1.30 T4 30,00 h4 294,46 =4 1.66
Time 600 Minute —-=0
Time 660 Minute -—-=0
Time 720 Minute ——=0
Operating at | 6:00 - 18:00

40,00 m'HW 0,56 TempHW 30.00 PH 701,42 PL 103,58

46 54 1.66
40,00 m'HW 0,52 TempHW 90.00 PH 701,42 PL 109,58

46 54 1.66
40,00 m'HW 0.52 TempHwW 90.00 PH 701.42 PL 109,58

46 54 1.66
40,00 m'HW 0.53 TempHwW 90.00 PH 701.42 PL 109,58

.29 Mm% 013 a

178 9 9 5 ¥ U oACAHT 4 A 7 1 4 S

Maejo University
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3 Compression/Absorption Heat Transformer

9

Heat capacity of the VCHP

Time 0 Minute — Comp =0 kW Cond = 0 kW Evap =0 kW
Time 60 Minute --- Comp = 0 kW Cond =0 kW Evap =0 kw
Time 120 Minute — Comp = 0 kW Cond = 0 kW Evap =0 kw
Time 180 Minute — Comp = 0 kW Cond = 0 kW Evap = 0 kW
Time 240 Minute — Comp = 0 kW Cond = 0 kW Evap = 0 kW
Time 300 Minute --- Comp = 0 kW Cond = 0 kW Evap =0 kW

Time 360 Minute — Comp = 3.2 kW Cond = 11.25 kW Evap = 8.05 kw
Time 420 Minute — Comp = 3.08 kW Cond = 10,82 kW Evap = 7.75 kW
Time 430 Minute — Comp = 3.08 kW Cond = 10,82 kW Evap = 7.75 kW
Time 540 Minute --- Comp = 3.14 kW Cond = 11.04 kW Evap = 7.9 kW
Time 600 Minute — Comp = 3.32 kW Cond = 11.68 kW Evap = 8.36 kW

Time 860 Minute — Comp = 0 kW Cond = 0kW Evap =0 kW
Time 720 Minute — Comp = 0 kW Cond = 0 kW Evap = 0 kW

Operating at | 6:00 - 18:00 |

3

1T A7 5 8 1YL NA YU S

2 U SwlasCAHTD

E3 Compression/Absorption Heat Transformer

Pressure of the VCHP

Time 0 Minute -— Reduction Pressure = 0 (-) 0Bar

Time 80 Minute —— Reduction Pressure = 0 (-) 0Bar

Time 120 Minute — Reduction Pressure = 0 (-) 0 Bar

Time 180 Minute — Reduction Pressure = 0 (-) 0 Bar

Time 240 Minute — Reduction Pressure =0 (-) 0 Bar

Time 300 Minute — Reduction Pressure = 0 (-) 0Bar

Time 360 Minute — Reduction Pressure = 7.68 (-) 6.02 Bar
Time 420 Minute --- Reduction Pressure = 7.68 (<) 6.02Bar
Time 480 Minute — Reduction Pressure = 7.68 (-) 6.02Bar
Time 540 Minute — Reduction Pressure = 7.68 (-) 6.02 Bar
Time 600 Minute — Reduction Pressure = 7.68 (-) 6.02 Bar
Time 660 Minute —- Reduction Pressure = 0 (-) 0 Bar

Time 720 Minute — Reduction Pressure = 0 (-) 0Bar

Operating at | 6:00 - 18:00 |

7 1 ¢
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E3 Compression/Absorption Heat Transformer

Total data of the CAHT

Time 0 Minute -
Time 60 Minute -
Time 120 Minute —=0
Time 150 Minute —=0
Time 240 Minute -—-=0

Time 300 Minute —
Time 360 Minute —= PH 49,501557 PL 7.768171 ¥min 45,00 Xmax 50,79 mRef 0,.004551 m5
0.035368 m& 0.039919 T1 40,0000 h1 167.5330 s10,5724 Den1 992, 1751 T2 40,0000 h2
167.5330 52 0.5724 T3 80.0000 h3 2643.0159 s3 7.6111 T4 57.1352 h4 2603.8350 54 7.9546 T5
66,5448 h5 140.9354 55 0.4613 T6 66. 5448 he 140.9354 56 0.4613 Cp& 2. 1686 Dens 11413466
T795.8317 h7 205.0140 57 0,6422 T8 1010000 h8 221.8061 58 0,7523 Cp3 2,3626 T9 77.1829
h% 165.9331 5% 0,5368 T10 57,1352 h10 1659331 510 0.4589

Time 420 Minute —-= PH 43.501557 PL 7. 768171 ¥min 45.00 Xmax 52.73 mRef 0.004378 m5
0.025486 m& 0.029864 T1 40.0000 h1 167.5330 81 0.5724 Den1 992, 1751 T2 40.0000 h2
167.5330 52 0,5724 T3 80,0000 h3 2643.0159 53 7.6111T4 57,1352 h4 2603,8350 54 7.9546 TS
70,0920 h5 151,1237 55 0,4646 T6 70,0920 hé 151,1237 56 0,4646 Cp6 2,1133 Dend 11389921
T796.3638 h7 207.2678 57 0.6219 T8 101.0000 ha 221.8061 s8 0.7523 Cp8 2.3626 T9 80.5885
h9 174.6485 59 0.6215 T10 57.1352 h10 174.6485 510 0.4539

Time 480 Minute —= PH 49,501557 PL 7, 768171 Xmin 45,00 Xmax 53,25 mRef 0,.004377 m5
0.023874m& 0.028250 T1 40,0000 h1 167.5330 10,5724 Den1 992, 1751 T2 40,0000 h2
167.5330 52 0.5724 T3 80.0000 h3 2643.0159 s3 7.6111 T4 57.1352 h4 2603.8350 54 7.9546 T5
71.0763 h5 154.1242 55 10,4657 T6 71.0763 he 154.1242 g6 0.4657 Cp6 2.1061 Dens 1138.2599
T796.5115 h7 208.1245 57 0.6167 T2 101.0000 h8 221.8061 28 0.7523 Cp8 2.3626 T9 81.8391
h3 176,8707 30,6279 T10 57,1352 h10 176.8707 510 0.4589

Time 540 Minute ——= PH 49.501557 PL 7. 768171 ¥min 45.00 Xmax 52.04 mRef 0.004464 m5
0.028532m8& 0.032996 T140.0000 h1 167.5330 81 0.5724 Den1 992, 1751 T2 40.0000 h2
167.533022 0.5724 T3 80.0000 h3 2643.0159 3 7.6111 T4 57.1352 h4 2603.8350 54 7.9546 TS
68,8077 h5 147,3184 55 0,4633 76 63,5077 hé 147,3134 56 0,.4633 Cp6 2,1368 Dens 1139.8975
T796.1712 h7 206.2969 57 0.6290 T8 101.0000 ha 221.8061 s8 0.7523 Cp8 2.3626 T9 79.5997

Operating at | 6:00 - 18:00 |

3M2.51ﬁfld’ﬁﬂ’15‘i]°Wa@ﬂﬂaﬂisﬁoﬂa\r—@lﬂ'u 4 A3 1 U S

k3 Compression/Absorption Heat Transformer =AREN X

Device capacity of the CAHT

Time 0 Minute —Tg=0"'C Ta=0'C Te =0'C Xmax =0 %LBr Tmax =0'C Tc=0'C

Time 60 Minute -—--Tg=0'C Ta=0'C Te =0'C ¥max =0 %%LBr Tmax=0'C Tc=0'C

Time 120 Minute —Tg=0'C Ta=0'C Te =0'C Xmax =0 %LBr Tmax=0'C Tc=0'C

Time 180 Minute —Tg=0'C Ta=0'C Te =0'C Xmax =0 %LBr Tmax=0'C Tc=0'C

Time 240 Minute —Tg=0'C Ta=0'C Te =0'C Xmax =0 %LBr Tmax=0'C Tc=0'C

Time 300 Minute -—-—-Tg=0'C Ta=0'C Te =0'C Xmax =0 %LEr Tmax=0'C Tc=0'C

Time 360 Minute —Tg = 66.54'C Ta = 101'C Te =80 'C Xmax = 50.79 %LiBr Tmax = 111.4'C
Tc=40'C

Time 420 Minute —Tg = 70.05'C Ta = 101'C Te =80'C ¥max = 52,73 %LiBr Tmax = 115.23'C
Tc=40'C

Time 4380 Minute —Tg = 71.08'C Ta = 101'C Te =80 'C ¥max = 53.25 %LiBr Tmax = 116.36 'C
Tc=40'C

Time 540 Minute — Tg = 68.81'C Ta = 101'C Te =80'C ¥max = 52.04 %cLiBr Tmax = 113.88 'C
Tc=40'C

Time 600 Minute —Tg =63.25'C Ta = 101'C Te =80 'C ¥max = 48.88 %LiBr Tmax = 107.74'C
Tc=40'C

Time 660 Minute —Tg=0'C Ta=0'C Te =0'C Xmax =0 %LBr Tmax=0'C Tc=0'C
Time 720 Minute -—--Tg=0'C Ta=0'C Te =0'C Xmax =0 %LEr Tmax =0'C Tc=0'C

Operating at | 6:00 - 18:00 |
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3 Compression/Absorption Heat Transformer

Back Device capacity of CAHT

Time 0 Minute —35P =0W WP =0W Gen = 0kW Evap =0 kW Absorber = 0 kW Cond =0 kW
Time 60 Minute ---SP =0W WP =0W Gen = 0kW Evap =0 kW Absorber =0 kW Cond =0 kw
Time 120 Minute —SP =0W WP =0W Gen =0 kW Evap = 0kW Absorber =0kW Cond =0
kW

Time 180 Minute —SP =0W WP =0W Gen = 0kW Evap = 0 kW Absorber =0 kW Cond =0
kw

Time 240 Minute —SP =0W WP =0W Gen =0 kW Evap = 0kW Absorber =0kW Cond =0
kW

Time 300 Minute —SP =0W WP =0W Gen =0kW Evap = 0kW Absorber =0 kW Cond =0
kw

Time 360 Minute — SP = ,012239 W WP = .001812W Gen = 10.21kW Evap = 11.27 kW
Absorber = 10,42 kW Cond = 11,09 kW

Time 420 Minute — 5P = 008838 W WP = .001743W Gen = 10.04 kW Evap = 10.84 kW
Absorber = 10,23 kW Cond = 10.67 kW

Time 4380 Minute — SP = 008284 W WP = .001742 W Gen = 10.08 kW' Evap = 10.83 kW
Absorber = 10,27 kW Cond = 10,66 kW

Time 540 Minute — SP = 009886 W WP = .001777 W Gen = 10.16 kW Evap = 11.05 kW
Absorber = 10.37kW Cond = 10.88 kW

Time 600 Minute — SP = 018328 W WP = .001838 W Gen = 10.22 kW Evap = 11.69 kW
Absorber = 10,47 kW Cond = 11,51 kW

Time 660 Minute —SP =0W WP =0W Gen = 0kW Evap = 0kW Absorber =0kW Cond =0
kw

Time 720 Minute —SP =0W WP =0W Gen = 0kW Evap = 0kW Absorber =0kW Cond =0
kW

Operating at | 6:00 - 18:00 |

M s 1 N1 5 O 1YL NAITYUS
CAHT

B2 Compression/Absorption Heat Transformer

Device capacity of the CAHT

Time 0 Minute - SHX = 0 ki

Time 60 Minute --- SHX = 0 kW
Time 120 Minute — SHX = 0 kW
Time 180 Minute — SHX = 0 kW
Time 240 Minute — SHX = 0 kW
Time 300 Minute — SHX = 0 kW
Time 380 Minute —- SHX = 2.25 kW
Time 420 Minute — SHX = 1.42 kW
Time 480 Minute — SHX = 1.28 kW
Time 540 Minute — SHX = 1.67 kw
Time 600 Minute — SHX = 3.9 kW
Time 660 Minute — SHX = 0 kW
Time 720 Minute — SHX = 0 kW

Operating at | 6:00 - 18:00 |

5 ¥ SolapCAHT

2 U Wokar B

§ 5 1 n 1 5 Bolution heatiexvhangetr 11 Ul 52 AUBIUUR &

Maejo University

2 U

U

b

ﬂ <

U U



School of Renewable Energy

Maejo University

3 Compression/Absorption Heat Transformer

COP of the AHT and CAHT

Time 0 Minute -
Time 60 Minute -

Time 600 Minute

Time 120 Minute —
Time 180 Minute —
Time 240 Minute —
Time 300 Minute -
Time 360 Minute —
Time 420 Minute —
Time 430 Minute —
Time 540 Minute -

Time 660 Minute —
Time 720 Minute —

— COP before =0.00 {-) COP after=0.00 (-)
(

--- COP before =0.00 (-) COP after=0.00 (-)
- COP before =0.00 (-) COP after=0.00 (]
- COP before =0.00 {-) COP after=0.00 (-
- COP before =0.00 {-) COP after=0.00 (-
- COP before =0.00 (-) COF after=0.00 (-
- COP before =0.49 (-) COP after=0.75 (-
- COP before =0.49 (-) COP after=0.78 (4
- COP before =0.49 {-) COP after=0.75 (-
- COP before =0.4% () COF after=0.75 (-

- COP before =0.48 (-) COP after=0.77 (-
- COP before =0.00 {-) COP after=0.00 (-
- COP before =0.00 (-) COP after=0.00 (-

(SRR A S )

Operating at | 6:00 - 18:00 |

5,28 ®TOPY 8 9 3
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| 2 Compression/Absorption Heat Transformer AR X
Flow ratio of the CAHT
Time 0 Minute — Flow ratio = 0
Time 60 Minute --- Flow ratio = 0
Time 120 Minute — Flow ratio = 0
Time 180 Minute — Flow ratio = 0
Time 240 Minute — Flow ratio = 0
Time 300 Minute - Flow ratio = 0
Time 360 Minute — Flow ratio = 8.77
Time 420 Minute — Flow ratio = 6,82
Time 480 Minute — Flow ratio = 6,45
Time 540 Minute — Flow ratio = 7.39
Time 600 Minute — Flow ratio = 12.6
Time 660 Minute — Flow ratio = 0
Time 720 Minute — Flow ratio = 0
Operating at | 6:00 - 18:00 |
ms1da 2uni1 3t a9 9 a1 olanCAHN 9 1 u 1l u
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3 Compression/Absorption Heat Transformer
ECOP of the CAHT

Time 0 Minute --- ECOP after = 0 ECOP before = 0

Time 60 Minute — ECOP after = 0 ECOP before = 0

Time 120 Minute — ECOP after = 0 ECOP before = 0

Time 180 Minute - ECOP after = 0 ECOP before = 0

Time 240 Minute —— ECOP after = 0 ECOP before = 0

Time 300 Minute — ECOP after = 0 ECOP before = 0

Time 360 Minute — ECOP after = .4 ECOP before = .58

Time 420 Minute -— ECOP after = .4ECOP before = .57

Time 480 Minute -— ECOP after = .4ECOP before = .57

Time 540 Minute — ECOP after = \4ECOP before = .58

Time 600 Minute — ECOP after = .4 ECOP before = .59

Time 660 Minute —— ECOP after = 0 ECOP before = 0

Time 720 Minute —— ECOP after = 0 ECOP before = 0

Operating at | 6:00 - 18:00
1 2%
4E o L% ¥
5,268 MmECOPY 8 ¢ 5 ¢ U U U OB T N B U D UL UUA, A Na@

A1 185 @2 unuvuUuUe al o

2 Compression/Absorption Heat Transformer =NASE X

Gross Temperature Lift ('C)

Time 0 Minute -—GTL R = 0GTL_W =10
Time 60 Minute —GTL_ R = 0GTL_W = 0

Time 120 Minute —GTL_R = 0OGTL_W =0
Time 180 Minute —GTL_R = O0GTL_W = 0
Time 240 Minute —GTL_R = O0GTL_W = 0
Time 300 Minute —GTL_R = O0GTL_W =0
Time 360 Minute —GTL_R. = 34.46 GTL_W = 4.95
Time 420 Minute —GTL_R. = 30.91GTL_W = 4.86
Time 480 Minute — GTL_R. = 29.92GTL_W = 4.88
Time 540 Minute —GTL_R = 32,19 GTL_W = 4.92
Time 600 Minute —GTL_R = 37.75GTL_W = 4.97
Time 660 Minute —GTL_R = O0GTL_W =0
Time 720 Minute —GTL_R = O0GTL_W =0

Operating at 6:00 - 18:00
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21416, 1 91 Y5 unsyuuwdanawanisa’ 18839
LA S Y3 AITAans Ye9sezuus vy Lawayl oou, an
1 a w” o Absorption system A~ ® s1TA1 9895 ¥ uUuUY

Baht

# ¥ Compression system A~ ® s 1A 1 v e 9 5w umww 2 oL
Baht

n "~ Solar collextor 2sg) A~ ® ST Y avl 8 YA U B g A
s 1 a1 o wmd wWavd 9 (Nws www s atL Ua
na 991 uLadas eI @y’ )

#” Hotwatertankn =~ ® ST Y8 gL 9 gAY B9 LT
3° 1T urua’ 9t 1 %"

v~ Qther ag @lyatgeus mAsvuluseuy wu' maupsaviel adul v w9 @ L
Baht

214150 u” 9 U¥ 8 u 27 Calculateta wi' a Hawweoliasvgdnras 6l v~
(Annual cost) aailanslus 2.6 @~

"9 Compression/Absorption Heat Transformer AR X
Cost devices of the Solar-CAHT system
Absorption system 200000  Baht/unit
Compression system 150000  Baht/unit
Solar collector (2 sqm) 14000  Baht/unit
30 units
Hot water tank 5000 Baht/unit
3 units
Other 21000  Baht
Calculate

v |

5,268 U WD wINA 18V 9 © W E U Wems awngeen 1 onGANT v o 9 5
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"3 Compression/Absorption Heat Transformer =] = [
Annual Cost
i (%) 645
n (Year) 10
P (Baht) 806000
M_elec (kw-hr/Year) 4741.78 Calculate ||
C_elec (Baht/kw-hr) 2.978 Next
OM (%P) 10 Back
S (%P) 10
CRF
SFF
AC (Baht/Year)

= - = —

5.2 MWTSU 17 8 W, @ M1 9 PAfnualcoste @ ¥ BF-GHL & A 5

Y

&3 Compression/Absorption Heat Transformer =AEEN X

Annual Cost

i (%) 6.45

n (Year) 10

P (Baht) | 806000

M_elec (kw-hr/Year) 474178 | Calculate |
C_elec (Baht/kw-hr) 2.978 Next

OM (%P) 10 Back

S (%P) 10

CRF 0.14

SFF 0.07

AC (Baht/Year) 200590.29

5,26 @5 Amuacesty o 9 Solaw-CAHT
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214164 u” 9 U7 ve uny” Nextuwiaauwadn 210 a1salBackwln v § @
T 9 A WU a1 il om ek Aanalusthee ™ e w L o h N 1 WA MY §

Exergy costing® 8 ¢ Sola-CoHe ¥ w 4 5 wh @'ud Y n's s 7 wwa 9 9
U A3 s aerdladalm n’an ah suwga e Wlaw@IT ¢ ¢ 1w
Al o d wd e

E# Compression/Absarption Heat Transformer =nncN x|

Exergy costing of the CAHT

Time 0 Minute — EC =0.00 (Baht/kwW-y)
Time 60 Minute -— EC =0.00 (Baht/kww-y)
Time 120 Minute — EC =0.00 (Baht/kw-y)
Time 180 Minute — EC =0.00 (Baht/kw-y)
Time 240 Minute — EC =0.00 (Bahtflkw-y) 5
Time 300 Minute — EC =0.00 (Baht/kw-y)
Time 360 Minute — EC =19242.70 (Baht/kw-y)
Time 420 Minute — EC =19608.97 (Baht/k\W-y)
Time 480 Minute —— EC =19530.58 (Baht/kW-y)
Time 540 Minute — EC =19352.33 (Baht/kw-y)
Time 600 Minute — EC =19155, 50 (Baht/k\W-y)
Time 880 Minute — EC =0.00 (Baht/kw-y)
Time 720 Minute — EC =0.00 (Bahtkw-y)

6:00 - 18:00 ‘ Time (Minute)

6V
1 v

s, 26 @T 0" a2 18 e’ 1 wawa® ww U a6 seBoRGAHE W A p W
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E3 Compression/Absorption Heat Transformer

Exergy costing of the CAHT

Time 0 Minute ——ECOP EC =0.00 (Baht/y)

Time 60 Minute --- ECOF EC =0.00 {(Baht/y)

Time 120 Minute — ECOP EC =0.00 (Baht/y)

Time 180 Minute — ECCOP EC =0.00 {Baht/y)

Time 240 Minute — ECOP EC =0.00 {Baht/y)

Time 300 Minute — ECOP EC =0.00 (Baht/fy)

Time 360 Minute -— ECOP EC =497338.43 (Baht/y)
Time 420 Minute — ECOP EC =503291.15 (Baht/y)
Time 480 Minute — ECOP EC =503368.38 (Baht/y)
Time 540 Minute — ECOP EC =500080.23 (Bahtfy)
Time 600 Minute -— ECOP EC =499721.07 (Baht/y)
Time 680 Minute — ECCP EC =0.00 (Baht/y)

Time 720 Minute — ECOP EC =0.00 {Baht/y)

‘ 6:00 - 18:00 ‘ Time (Minute)

5, 28 @ txemgy costingd ® ¢ Solay-CAHTU
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2.1.1 Solar Heat Combined with the AHT

Ws d meaa 2 wuw’ Weraw T AIUTUY T muBA M W e § WU
57 9 U3 1 AT ¢ UV U B Golan AbsaphionHeat Brarsfounean Solar-AHT) @ = N
Y " e ouni1s Uy s ur’ 8y, auwaegs AEWWWMINTY
ST s g v Ul uunadw eaw wunTanuved wilye wews U wia 20
5 ¢ vy U’ Al gsZd@dmu L uua, ana U a9 U dan

/ﬁr pression/A ption Heat ’ L‘_‘ﬂ: =

el o Heating fluid

“ "ot water nlef
7 ':’ T Water
het watar ot
0 ¢ 12
‘ m_UF (kg/s) ’T
‘] Absteber
] T_Cond ('C) ’T

- :Z Hestacrarger DT Surface ('C) 5
) 9

Upgrading Solar Heat with
Absorption Heat Transformer

Furgd Isr"ﬁ V IJ Cooing fower T 16
& Vs ’(K“‘ Sciion i 5
Y (Jue DTHX(Q)
i
T Safety Factor (%
£ L 5 ety Factor (%) | 100
_T \ U JV ) Genzralar
by i
Back
74 9 89 5 ¥ uUuyu U’ Nﬂ’)’]iﬂiy’e}u
na’ 990 uULda a1 @y’

Maejo University 7



School of Renewable Energy

Maejo University

220 1 9

ﬂu

2210 1

Ctrl + VL
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E3 Microsoft Excel - Book1

(] Ele Edt Vew [nsert Format Jooks Data  Window  Help
RN FEWE T RN A W N SR A N

@ Microsoft bffice exadl 3

: fuisl -0 - B I U|E=E=E ey
B11 - fe Time 0 Minute — Ta=1289 T
A | B | c¢c | o | e | F |
10
11 [[ime 0 Migute - Ta= 1289
12 Time & Minute - Ta= 1316 T
13 Time 10 Minute —- Ta= 1343 C
14 Time 15 Minute --- Ta= 137 C
15 Tirne 20 Minute —-- Ta= 1396 C
16 Time 25 Minute - Ta= 1422 C
17 Time 30 Minute —-- Ta= 14 48 C
18 Time 35 Minute —- Ta= 1474 C
19 Time 40 Minute - Ta= 1499 'C
20 Time 45 Minute - Ta= 1524 C
21 Time 50 Minute - Ta= 1548 'C
22 Time 55 Minute - Ta= 1572 C
23 Time B0 Minute - Ta= 1596 'C
3,26 871 5 3 1 ¢ 0 sMiasoft officaiexcell U 1 U 3

2220 @rl+AA 5 8 U 9
2 n°

=

LN

177 n” a7

9 U
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E3 Microsoft Excel - Book1
Eﬂ File Edit Wiew Insert Format Tools | Data | Window Help
: . " A
IRN=A= RERE TR A N L s i
: il -0 -|B £ w|g O =

B1D o ﬁr Sul;totals... ]

A B | © | D Yalidation. . i
% | Text to Columns, ..
T i#| PivotTable and PivotChart Report...
ﬂ Impart External Data 3
|11 Time 0 Migute --- Ta= 1289 List
[12] Time & Migute — Ta = 13.16 k '
|13 | Time 10 KMnute - Ta = 13.43 AML 4
| 14 | T!me 15 Mfnute --- Ta=13.7 Refresh Data
| 15 | Time 20 Mnute —- Ta=13.96 [ =
| 16 | Time 25 Wfnute — Ta = 14.22 b
|17 | Time 30 Mnute - Ta=14.43 'C
| 18 | Time 35 Mnute - Ta=14.74 'C
| 19 | Time 40 Mnute - Ta=14.99 'C
| 20 | Time 45 Mnute - Ta=15.24 'C
| 21 | Time 50 Mnute - Ta=15.43 'C
| 22 | Time 55 Mnute - Ta=15.72 'C
| 23 | Time 60 Mnute - Ta=15.96 'C
| 24 | Tirne 65 Mnute — Ta=16.2 'C
125 | Tirne 70 Mnute - Ta=16.43 'C
| 26 | Tirne 75 Mnute - Ta = 16.66 'C
27 Time 80 Mnute -- Ta=16.89 C
' v = v
5,28 71 7 9 noLog ] % o U, @
Lo o ' ' - @
223, @aDeliroitedd @ 5, 27 0~ 2 L A 2 N A N ¥ MNexth 1 5 3
= ¥ ¥ ! L%
L 4sunswasg v uvu o ora 10 el Y

Conyert Text to Columns Wizard - Step 1 of 3

The Text Wizard has determined that your data is Fixed Width,
If this is correct, choose Mext, or choose the data type that best describes wour data,
Criginal data bype
Choose the file type that best describes vour data:
® - Characters such as commas or tabs separate each field.
O\erd width - Fields are aligned in colurnns with spaces between each field,

Preview of selecked data:

[~
i~

Time 0 Minute --- Ta = 1l2.8% 'C

i~ = [~
s (o |

[~
i

[(met> [ Enish |

5,200°7 5 9Y (am 5 )y 9

U

v
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224, @aSpacen 1 N Enishy “w 8 @, as9, 20 n 9" A L 3

2259

Convert Text to Columns Wizard - Step 2 of 3

This screen lets you set the delimiters vour data contains, ‘You can see
hiow wour text is affected in the preview below,
iz Treat consecutive delimiters as one
[ semicolan [ comma
[¥]space [ Other: I:' Text gualifier:
[rata preview
Time 10 flinute -——- [Ta F pz.a% |'C
[ Cancel H « Back H Mext = H Finish ]
a ! v = v
sz.ﬂﬂ’]ﬁfﬂa N@Lﬁii nyggdnNnwr 3 L9
P ! . ') . a
8 U, a9 8, Micosoft effiee excel & a ¥

v

WU st sual"ul U MY o9 dun FI2WBTY A oA A

B3 Microsoft Excel - Book1

@_] File Edit Wiew Insert Format Tools Data  Window Help
R IR R A A - SR A R L R AN Ve
Aial -0 B 7 U|SE=E =600 s 50 %0 F - & <
B11 A & Time
A | B | ¢ [ o | E | F | & | H |
| 7 |
| G |
EN
10 |
11 ITime _l 0 Minote - Ta = 1285 'C
| 12 | Time 4 Minute Ta = 1316 'C
| 13 | Time 10 Minote Ta = 13.43'C
| 14 | Time 14 Minute Ta = 13.7'C
| 15 | Time 20 Minute - Ta = 13.96 'C
| 16 | Time 25 Minute - Ta = 14.22'C
|17 | Time 30 Minute - Ta = 14,48 'C
1 18 | Time 35 Minute |- Ta = 1474'C
| 15 | Time 40 Minute - Ta = 14.95'C
| 20| Time 45 Minute - Ta = 16.24'C
| 21| Time a0 Minute - Ta = 18,48 'C
| 22 | Time 55 Minute - Ta = 16720
| 23 | Time B0 Minute - Ta = 18.96 'C
| 24 | Time 65 Minute - Ta = 16.2'C
| 25 | Time 70 Minute - Ta = 16.43'C
| 26 | Time 78 Minute - Ta = 16.66 'C
er Tirmne G0 Minute - Ta = 16.85 'C
&~ =~ ' 9
5,202 8 U, @ v a, N A9 moLoS
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[Mu” g w2556k wmend aw'd™ mawws o ul a’ wo aw, 1T vy
1 27
[2] Gershon Grossman and Elizabeth Michelson. (1986). Absorption heat pump simulation and
studies, U.S. Department of Energy.
[3] Keith, E. Herold, R.R. and Sanford, A.K. 1996. Absorption Chillers and Heat Pumps, America.
[4] Nattaporn Chaiyat and Tanongkiat Kiatsiriroat. 2011. Experimental Study and a Simplified
Model of a 10 kWth Solar-Absorption Heat Transformer, The 10" Conference on
Energy, Heat and Mass Transfer in Thermal Equipments, Chiang Mai, Thailand, 10-
11 March 2011.
[5] Nattaporn Chaiyat and Tanongkiat Kiatsiriroat. 2009. Improvement of an Absorption Heat
Transformer Combined with Propane Vapor Compression Heat Pump in Industrial
Process, International Conference on Green & Sustainable Innovation 1°, Chiang Rai,
Thailand, 2-4 December 2009.
[6] Nattaporn Chaiyat and Tanongkiat Kiatsiriroat. 2010. Upgrading of Low Temperature Solar
Heat for Medium Temperature Applications by a Solar-Absorption Heat Transformer
Assisting with a Vapor Compression Heat Pump, International Symposium on Low
Carbon & Renewable Energy Technology (ISLCT2010), Korea. 13.
[7] Nattaporn Chaiyat and Tanongkiat Kiatsiriroat. 2011. Improvement of an Absorption Heat
Transformer Performance for Upgrading Low Temperature Heat by Coupling with a
Vapor Compression Heat Pump, Chiang Mai University Journal of Natural Sciences,
Volume 10 No.2.
[8] Nattaporn Chaiyat and Tanongkiat Kiatsiriroat. 2011. Performance Analysis of an Absorption
Heat Transformer with Assisted Vapor Compression Heat Pump, Doctor of
Philosophy in Energy Engineering, Department of Engineering, Chiang Mai University.
Olu” § w s255llnesgpioen W U U b A ¢ a3 1995 % U UMW 1 A
n s g uwa L v @eigmand Constructions of anAbsorptiom Chiller Powered
by Exhaust gas from Biogas Electricity Generator), 7~ @ 7 0 5 5 4 4 % 1 U~ & ¥
Wa®, 9 T 2 A1 N3 S UL ASST 84N oa, U7
[10]5 1 & ¢ 7 w2~ 2 o vt sutaw U, wsen” al an1sweAna1 13§ 9
A TuIuTU M, e el uw A n(Upgrading df Luw Jempalaturey U A 1 @
Solar Heat with Cascade Vapor Compression and Absorption Heat Pumps). 2555.
Y19 nmer1a vl ¥ o8weluu
[11] Xuehu, Ma. Jiabin, Chen. Songping, Li. Qingyun, Sha. Aiming, Liang. Wej, Li. Jiayan, Zhang.
Guojun, Zheng. and Zhihao, Feng. 2002. Application of absorption heat
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25: 797-806.

[12] American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (ASHRAE).
2009. Refrigerants, Atlanta, America.

Maejo University 7



School of Renewable Energy

Maejo University

<<33,0_03:T

wn

SC
SH
T

W

Greek symbol

n

£
Subscript
C

Comp

e

E

H

HP

L

ref

mu

Enthalpy, (kJ/kg)
Mass flow rate, (kg/s)
Pressure, (Bar)

Heat rate, (kW)
Refrigerant, (-)
Specific volume, (m?/kg)
Volume, (m?)
Entropy, (kJ/kg.K)
Subcooling, (°C)
Superheating, (°C)
Temperature, (°C)
Work, (kW)

Efficiency, (%)

Effectiveness, (%)

Condenser

Compressor
Super heat

Evaporator

High

Heat pump
Low

Refrigerant
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