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Thermodynamic Analysis of an Absorption Heat Pump System
with New Working Pairs[])

H & & oo A & d Aw

S. H. Won, W.Y. Lee, H.S.Chung

ABSTRACTS

Performance analysis of an absorption heat pump system for solar energy recovery has
been done by computer simulation to find improved working pairs. Based on the thermodyna-
mic analysis, the coefficient of performance and mass flow ratio have been calculated to compare
two aqueous solutions [LiCl-water, LiCl-CaCl,-Zn(NO;),-water] which were developed for
cooling by others, with the conventional LiBr-water solution.

As a result of this analysis, the performances of the new aqueous solutions were found to
be better than that of LiBr-water solution not only in cooling systems, but also in heating and in
heat transformer systems. Their theoretical thermodynamic performance data were given here
with.
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Fig.1 System diagram
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Table 1 Comparison of COP and Flow Rote at Cooling
Tge LiBr LiCl LiClI-CaCla-Zn{(NO3),
COP Xg Xa FR COP Xg Xa FR COP Xg Xa FR
70.0 - — — — .75 3263 2931 9.82 - — - —
75.0 — — — -— .80 3707 2931 478 — — — —
80.0 .69 5200 4896 1713 .81 4151 2931 340 .66 44.26 4254 2576
85.0 .74 5456 4896 975 .81 4595 2931 276 .81 4657 4254 11.55
90.0 .76 56.96 4896 712 .81 5039 2931 239 .86 4863 4254 7.98
95.0 .76 5921 4896 578 .80 5483 2931 215 .88 5052 4254 6.33
100.0 77 6134 4896 496 .79 5926 2931 198 .89 5232 4254 535
105.0 .76 63.36 4896 440 .79 6370 2931 185 .89 5409 4254 468
110.0 .76 6527 4896 400 .78 6814 2931 L7565 .90 5599 4254 416
115.0 .76 67.10 4896 370 — — _ — .90 5846 4254 367
120.0 .76 6886 4896 366 — — — — — - — —

70°C>Tge < 120°C, Teco=50C,
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Table 2 Comparison of COP and Flow Rate at Heating
Teo LiBr LiCl LiCl-CaCla-Zn(NO;),
COoP Xg Xa FR COP Xg Xa FR COP Xg Xa FR
85.0 1.58 4860 4754 4597 1.79 3652 31.98 805 — — — —
90.0 176 51.33 4754 1354 1.81 4083 31.98 4.61 — — — —
950 1.79 5389 4754 849 1.82 4514 31.98 343 162 4330 4204 34.32
100.0 1.80 56.28 47.54 644 1.81 4945 31.98 283 1.80 4525 4204 1407
105.0 .80 5851 4754 533 181 5377 31.98 247 1.86 4701 4204 945
110.0 1.79 60.62 4754 464 1.80 5808 31.98 223 1.88 4862 4204 738
115.0 .79 6260 4754 416 1.79 6239 31.98 205 189 5013 4204 619
120.0 1.79 6448 4754 381 179 6670 3198 192 190 5156 4204 541
125.0 — — — — — — - - 1.90 5297 4204 484
130.0 — — — — — — — — 1.90 54.39 4204 4.40
135.0 - — — — — — — — 1.90 5592 4204 4.03
140.0 — - — — - — — — 1.90 5777 4204 3.67
70 C<Tge < 140°C, Tco=60°C, Tev=30°C, Tab=50C
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Table 3 Comparison of COP and Flow Rate at Transformer
Tge LiBr LiCl LiCl-CaCls-Zn(NO;),
COP Xg Xa FR COP Xg Xa FR COP Xg Xa FR
30.0 - — — - - — — - .33 4254 3750 845
350 — — — - — — - - .38 4753 3750 474
40.0 .40 5483 5069 1323 — - - - .40 5229 3750 354
450 .44 5745 5069 850 .42 4414 3964 982 .41 5732 3750 289
50.0 .46 5994 5069 648 .46 4908 3964 520 — — — —
55.0 .47 62,36 5069 534 .48 5402 3964 376 — — — —
60.0 .48 6472 5069 461 .48 5897 3964 305 - - — -
65.0 .48 67.06 50.69 410 .49 6391 3964 263 — - - -
70.0 .49 6940 5069 371 .50 6885 3964 236 - - — -

30C<Tge <70°C, Teo=10°C, Tev=70°C, Tab =100
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Table 4 Comporison of COP and Flow Rate at Transformer
Tab LiBr LiCl LiCl-CaCl.-Zn(NQOs):
COP Xg Xa FR COP Xg Xa FR COP Xg Xa FR
70.0 — — - — .49 50.16 2358 1.89 .45 60.70 3842 272
75.0 .49  59.15 425 356 .49 5016 2789 225 .44 60.70 4159 318
80.0 .49 5915 4567 439 .49 5016 3220 279 .44 60.70 44.26 369
85.0 .48 5915 4860 561 .49 50.16 36.52 3.68 .43 60.70 46.57 4.30
90.0 .48 5915 51.33 757 .48 50.16 40.83 537 .43 6070 4863 503
95.0 .46 59.15 5389 1124 .46 5016 4514 999 .42 6070 5052 596
100.0 .42 5915 5628 20.60 — — - - .40 6070 5232 724
105.0 —_ - - - — — — — .39 6070 5409 9.18
110.0 - - - - - - - - .35 6070 5599 12.89
115.0 — - - - — - - - .19 6070 5846 27.09

Tge = 60 °C, Tco=20C, Tev=50°C
60°C<Tab < 150°C
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LogP=C+D/(T+To) +EAT+Ty)* (A=3)
—2E
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o= — 2.00755

A= 016976

A= — 3.133336E—3
A;= 1.97668E —5

Bo= 124.937

By= — 7.7165

B,= 0.152286

By= — 79509 F— 4
= 7.05
= —1596.4

E = — 1040955
To= 27315
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2) LiCl-H,0™

LogP=A—B/(T+230) --+veveeeee (A-5)
A=79520—66585E—3X — 1.3277F
—bHXx?

B=16786—24237X+ 7.5696 X*

3) MCS-H. 0"

P=A+A X+A4 XE+A4 X (A-6)
A = 647 — 04017 + 0.0108T?

A, = 001(10.323 — 0.5630 T + 0.00564T2%)

Ay =—0.01(0.859 — 0.0482T + 0.00097T?)

A, = 0.0001€0.886 — 0.0495T + 0.001027°2)
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