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Abstract

This project is to set up the calcium oxide/calcium hydroxide chemical heat pump in
rlaboratory scale to recover heat from low-temperéture heat source by endothermic reaction
converting the heat into chemical energy and liberating heat to high-temperature heat source by
hydration reaction of calcium oxide. The effects of low-temperature heat source teméerature and
the amount of calcium oxide on the performance of chemical heat pump were studied. It has been
found that the increasing of low-temperature heat source temperature increased the performance
of chemical heat pump. The amount of calcium oxide did not affect the chemical heat pump
performance. The suitable conditions of chemical heat pump in laboratory scale were 80 °C' of
low—temperature heat source, 85°C of high—temperature heat source, 10 milliliters of water in
endothermic reactor and 10 gram of calcium oxide in exothermic reactor. The percent of
conversion of calcium oxide was 56.5. The coefficient of performance and thermal efficiency of

this chemical heat pump were 1.43 and 0.0399, respectively.
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240 20,084 217.7168894
300 -0.024 -5.0619684
360 0.036 7.5029526
420 70,096 " 20.2478736
480 0.156 32.9027946
540 0216 45 5577156
600 0.276 58.2126366
660 " 0336 70.8675576
720 0.396 83.5224786
Qove V) 13.9204131
(d—Q) = 1392 W
dt avg

o 3 as { 0 aaan 14 Qs a
auiu ndanuanuiouitidnnmsinigisovewnadouesa lod 10 n3y uazgungiives
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=28.52 W-13.92 W

= 14.60 W
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d
n2 faedsmamumaulss@nSanssous (coefficient of performance)

NTUNIT

cor = 9

4 'd o ) v ao 1 o
fieldunafewoenlod 10 nfu uazgangivewmasamueugangidumifu 8o sem

(Lo
0, = wiuanudeviilumasnnudougungige8iu-14.60 W
W= sdavesilugaanme Fam 8
Masveslugyaimea = (B,—P)Q
_ (=11-0emHg)x (10° N/ m*)x (1.5 /£’ / min) x (0.3048 m*) x (1 min)
(76emHg)x (1 )% (60s)
L/ o) 1025 (Nim)/s
= 1025 W
Y COP ) 14.60 W
10.25 W
~ 1.43

1.3 faeeamsmuInlszaNnsNINNIIAUIBY (thermal efficiency)
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(4.231J/ g- K)x (1250ml) x (0.997 g / ml) x (80 —30K)

"(12min) x (60 min/5)
= 366.17 W
gu¥{U81989 30 eeruwaFoe
o & _ l460 W
Faiy 7 = -
366.17 W
= 0.0399

s ) ° % = H % = d

.4 MpenIMIanvmsedazminfasulasiminue wnadivaesn lae
a aaa I
nnauMImanalnTeundl

CaOyy + H,O, <> Ca(OH),,

Y%conversion = [%] x 100

A0

4 4 o 5 a -l ao t o
Wieussyunaiiiowsen lod 10 niu unsgaingiivesuvasnnudounmngiauiiv 8o eem

(WTY
unaiiouoon lodild N, = 10 ¢
me@ﬂuaﬂﬂ“quﬁﬁmﬂﬁﬁ?m _ (14.60J /5)x (56g / mol)x (12 min) x (60s / min) |
(104.2kJ / mol)x (1,000 / kJ)
= 57 g
Y%conversion = [5'65]x100
10 -
= 56.5%

a o’j ) P oy a = g v w )
ANUU fnsaﬂﬁgﬂ'ﬁﬁjaﬂUIﬂﬂu']ﬁ‘Nﬂ‘U@\illﬂal“ﬁﬂuﬂaﬂ"lc])'ﬂ MmNy 56.5
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LABITE UNTUDI TUMIUAAIANUTUNUS AN
sonled | wudsnmnudou sgnhamiugmuungil ATIAn Ay
(n5) gungin ®)
(oer I aLHue)
0 80 T =0.0007¢> — 0.324¢ +84.539 0.9986
- %0 T =0.0006¢* —0.3086¢ +82.971 0.9901
10 70 T = 0.0005¢* —0.2809¢ +84.879 0.9989
10 80 T =0.0005¢* —0.2548¢ + 83.734 0.9972
20 80 T =0.0005¢> —0.2531¢ +84.385 0.9985
30 80 T = 0.0005¢2 —0.2533¢ + 84.436 0.9985

U2 A1TNANITAIHIN

1 o 1 4 a Sy = J
A9l .2 Sasimsaemaniseuveunsealfnsein hivssyunaiFonoen lus

dT do
t (s) dt dr
60 20.264 55,68
120 20.204 43.03
180 20.144 -30.37
240 1-0.084 17.72
300 -0.024 -5.06
360 0.036 7.59
420 0.096 20.25
480 0.156 32.90
540 0.216 45.56
600 0.276 58.21
660 0.336 70.87
720 0.396 83.52
Qe W) 13.92
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s '4 o
llﬂal“ﬁﬂuﬂ'ﬂﬂ‘l“ﬁﬂ 10 NTU 60 @Qﬁ1!°ﬁﬁl“§ﬂﬁ

P @ ' Bl ) A = ot
A1 19N U4 ’E]Gl‘iﬁﬂ‘iEYIEJLT’]ﬂ')']ﬂJi'E]H‘U'ﬂ\‘]Lﬂii’Nﬂf‘]ﬂ‘jmﬂ‘Ui‘iﬂq

J o =)
llﬂﬁ!“cl}ﬂuﬂﬂﬂhl“]fﬂ 10 AU 70 DI RN Y

ar a0
t(s) dt dt

60 20,2486 5243
120 20.1886 -39.78
180 -0.1286 2712
240 20.0686 1447
300 20.0086 1,81
360 0.0514 10.84
420 01114 23.50
480 0.1714 36.15
540 0.2314 48.81
600 0.2914 61.46
660 0.3514 74.12
720 0.4114 86.77
Qo W) 1717

dT do

t(s) dr dt
60 -0.2209 -46.59
120 -0.1609 -33.94
180 -0.1009 -21.28
240 -0.0409 -8.63
300 0.0191 4.03
360 . 0.0791 16.68
420 0.1391 29.34
480 0.1991 41.99
540 0.2591 54.65
600 0.3191 67.30
660 0.3791 79.96
720 0.4391 92.61
Qg W) 23.01
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ar a0

£ (s) dt dr
60 20.1948 41.09
120 20.1348 28.43
180 20.0748 15.78
240 20.0148 312
300 0.0452 9.53
360 0.1052 2219
420 0.1652 34.84
480 0.2252 47.50
540 0.2852 60.15
600 0.3452 72.81
660 0.4052 85.46
720 0.4652 98.12
Qe W) 28.52

P @ 1 o A a o
11390 V.6 @ﬂi'Iﬂ']iﬂ'lﬂl“/lﬂ'ﬂiﬁﬂu‘ll'ﬂ\‘ﬂﬂi@@ﬂf‘]ﬂimﬂﬂiii}

'd s
unaeuoen lad 20 NTY 80 perwaTua

dT a0

£ (s) dt di
60 20.1931 4073
120 20.1331 28.07
180 20.0731 15.42
240 -0,0131 2.76
300 0.0469 9.89
360 70.1069 2255
420 0.1669 35.20
480 0.2269 47.86
540 0.2869 60.51
600 0.3469 7347
660 0.4069 85.82
720 0.4669 98.48
Qg W) 28.87
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dr dQ
£ (s) dt dt
60 -0.1933 -39.67
120 -0.1333 -27.35
180 -0.0733 -15.04
240 -0.0133 -2.73
300 0.0467 9.58
360 0.1067 21.90
420 0.1667 34.21
480 0.2267 46.52
540 0.2867 58.83
600 0.3467 71.14
660 0.4067 83.46
720 0.4667 95.77
O W) 28.05
d' d. 9/ o
A13197 .8 Wan 1AM AL
Meao(8) | T,C°C) | Ty (CC) |x(%wt) [Micao ra(&)| Ou W) | cOP n
10 60 85 12.6 - 3.25 0.32 0.0089
10 70 85 35.2 - 9.09 0.89 0.0248
10 80 85 56.5 5.7 14.60 1.43 0.0399
20 80 85 - 5.8 -14.95 1.46 0.0408
30 80 85 - 5.6 1413 1.38 0.0386
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4 84 23 78 42 74
5 84 24 77 43 73
6 83 25 77 44 73
7 83 26 77 45 73
8 82 27 77 | 46 73
9 82 28 77 47 73
10 82 29 76 48 72
11 81 30 N 49 72
12 81 31 76 50 72
13 80 32 76 51 72
14 80 33 75 52 72
15 80 34 75 53 71,
16 80 35 75 54 71
17 79 36 75 55 71
18 79 37 75 _56 71
19 79 38 74 57 71
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m gauNgu nal QUNQH M g

W) | (emwadea) | () | (ermuwadea) | i) (DefyaLFed)
58 71 82 66 106 63
59 70 83 66 107 63
60 70 84 66 108 62

61 70 85 66 109 62
62 70 86 66 110 62
63 70 87 65 111 62
64 69 88 65 112 62
65 69 89 65 113 62
66 69 90 65 114 61
67 69 91 65 115 61
68 69 92 65 116 61
69 69 93 64 117 61
70 68 94 64 118 61
71 68 95 64 119 61
72 68 96 64 120 6l
73 68 97 64 121 60
74 68 98 64 122 60
75 67 99 64 123 60
76 67 100 63 124 60
77 67 101 63 125 60
78 67 102 63 126 60
79 67 103 63 _127 60
80 67 104 63 128 60
81 66 105 63 129 59
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8 83 32 76 56 72
9 ) 33 76 57 71
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11 82 35 76 59 71
12 81 36 76 60 71
13 81 37 75 61 71
14 81 38 75 62 70
15 81 39 75 63 70
16 80 40 75 64 70
17 80 41 74 65 70
18 80 42 74 66 70
19 80 43 74 67 69
20 79 44 74 68 69
21 79 45 74 69 69
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23 79 47 73 71 69
24 79 48 73 72 69
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73 69 97 64 121 61
74 68 98 64 122 60
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77 68 101 64 125 60
78 68 102 63 126 60
79 67 103 63 127 60
80 67 104 63 128 60
81 67 105 63 129 60
82 67 106 63 130 59
83 67 107 63 131 59
84 66 108 63 132 59
85 66 109 63 133 59
86 66 110 62 134 59
87 66 111 62 135 59
88 66 112 62 136 59
89 66 113 62 137 59
90 65 114 62 138 58
91 65 115 61 139 58
92 65 116 61 140 58
93 65 117 61 141 58
94 65 118 61 142 58
95 64 119 61 143 58
96 64 120 61 144 58
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151 57 163 55 175 54
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153 56 165 55 177 54
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3 84 10 82 17 80

4 84 11 81 18 80

5 84 12 81 19 80

6 83 13 81 20 80
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22 79 46 74 70 69
23 79 47 73 71 69
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25 78 49 73 73 69
26 78 50 73 74 68
27 78 51 73 75 68
28 77 52 72 76 68
29 77 53 7% 77 68
30 77 54 72 78 68
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32 77 56 '\ 80 67
33 76 57 71 81 67
34 76 58 71 82 67
35 76 59 71 83 67
36 76 60 71 84 66
37 76 61 71 85 66
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97 64 121 61 145 57
98 64 122 60 146 57
99 64 123 60 147 57
100 64 124 60 148 57
101 64 125 60 149 57
102 63 126 60 150 57
103 63 127 60 151 57
104 63 128 60 152 57
105 63 129 60 153 57
106 63 130 59 154 57
107 63 131 59 155 56
108 63 132° 59 156 56
109 63 133 59 157 56
110 62 134 59 158 56
111 62 135 59 159 56
112 62 136 59 160 56
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114 62 138 58 162 55
115 61 139 58 163 55
116 61 140 58 164 55
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170 55 175 54 180 54
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1 85 14 79 27 74
2 85 15 78 28 74
3 84 16 78 29 73
4 84 17 78 30 73
5 83 18 77 31 73
6 83 19 77 32 73
7 82 20 77 33 72
8 82 21 76 34 72
9 81 22 76 35 72
10 81 23 76 36 72
11 80 24 75 37 71
12 80 25 75 38 71
13 79 26 74 39 71
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44 70 68 64 92 60
45 70 69 64 93 59
46 . 69 70 64 94 59
47 69 71 64 95 59
48 69 72 64 96 59
49 69 73 63 97 58
50 68 74 63 98 58
51 68 75 63 99 58
52 68 76 63 100 58
53 68 77 63 . 101 58
54 67 78" 62 102 57
55 67 79 62 103 57
56 67 80 62 104 57
57 67 81 62 105 57
58 67 82 62 106 57
59 66 83 61 107 56
60 66 84 61 108 56
61 66 85 61 109 56
62 66 86 61 110 56
63 66 87 61 111 56




58

$ a T =) 4 1 Jd
Maeh a4 guuglivesvamnuiougungige die liussyuradousonlys

4 a s '
lunSealfnsalmeanuiou (do)

M GRIVHM na gunil rIm QN
@) | eemuwamer) | (WH) | (esrwaide) (1) (@A UsAUITOH)
112 56 135 52 158 48
113 55 136 52 159 48
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116 55 139 51 162 48
117 55 140 51 163 47
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120 54 143 51 166 47
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123 54 146 50 169 46
124 54 147 50 170 46
125 53 148 50 171 46
126 53 149 50 172 46
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128 53 151 49 174 45
129 53 152 49 175 45
130 53 153 49 176 45
131 52 154 49 177 45
132 52 155 49 178 44
133 52 156 49 179 44
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1 85 23 77 45 72
2 85 24 77 46 71
3 84 25 77 47 71
4 84 26 ) 48 70
5 83 9% 76 49 70
6 83 28 76 50 70
7 82 29 76 51 70
8 82 30 76 52 70
9 82 31 75 53 69
10 81 32 a7 54 69
11 81 33 74 55 69
12 81 34 74 56 68
13 80 35 74 57 68
14 80 36 74 58 68
15 80 37 73 59 68
16 79 38 73 60 67
17 79 39 73 61 67
18 79 40 73 62 67
19 79 41 72 63 67
20 78 42 72 64 66
21 78 43 72 65 66
22 78 44 72 66 66
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71 65 95 60 119 56
72 64 96 60 120 56
73 64 97 60 121 55
74 64 98 59 122 55
75 64 99 59 123 55
76 64 100 59 124 55
77 63 101 59 125 55
78 63 102 59 126 55
79 63 103 58 127 55
80 63 104 58 128 55
81 63 105 5§ 129 54
82 62 106 58 130 54
83 62 107 58 131 54
84 62 108 58 132 54
85 62 109 57 133 54
86 61 110 57 134 54
87 61 111 57 135 54
88 61 112 57 136 54
89 61 113 57 137 53
90 61 114 57 138 53




61

MmN a5 gangiiveunasnnuiougangilys iegamgiivewnawmnuioy

gaungia1 60 saruraTYT (510)

3 LIV ()| QUMY M gaungl
(W) (eerwaies) | (Wh) | (esraied) (U1) (oeruTaLFee)
139 53 153 51 167 49
140 53 154 51 168 49
141 53 155 51 169 49
142 53 156 51 170 49
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23 79 47 73 71 67
24 79 48 72 72 67
25 78 49 72 73 67
26 78 50 72 74 67
27 78 51 72 75 66
28 77 52 71 76 66
29 77 53 71 77 66
30 77 54 71 78 66
31 76 55 71 79 66
32 76 56 70 80 66
33 76 57 70 81 65
34 76 58" 70 82 65
35 75 59 70 83 65
36 75 60 70 84 65
37 75 61 69 85 65
38 75 62 69 86 64
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99 62 123 58 147 54
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102 61 126 57 150 54
103 61 127 57 151 54
104 61 128 57 152 54
105 61 129 57 153 54
106 61 130 57 154 53
107 61 131 57 155 53
108 60 132 57 156 53
109 60 133 56 157 53
110 60 134 56 158 53
111 60 135 56 159 53
112 60 136 56 160 52
113 60 137 56 161 52
114 59 138 55 162 52
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M3 a6 gungilvewmanudeugangilins diegaungivesmdinnudeu

QaUNYIA 70 DerrATY (61D)

el gl k)l QLI R nm GLIE
i) | (esrnwaided) | ) | esrmwaiem) | (wii) | eseusaden)

163 52 169 51 175 51

164 52 170 51 176 51

165 52 171 51 177 51

166 52 172 51 178 50

167 52 173 51 179 50

168 3 174 51 180 50






