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Thermoeconomic analysis of water — ionic liquid absorption refrigeration cycle
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ARTICLE INFORMATION ABSTRACT

In this study, the thermoeconomic performance of an absorption refrigeration cycle with binary solution
containing water - ionic liquid (1-Ethyl-3-Methylimidazolium Trifluoroacetate) is investigated and
compared with the water-lithium bromide cycle. For this purpose, the thermodynamic and
thermoeconomic analysis is used to simulate the system and the effects of design variables on the
performance parameters such as coefficient of performance, exergetic efficiency, solution circulation
flow ratio, area of heat exchangers and cost of the have been studied. The thermodynamic properties of
the binary solution are predicted using Non-Random Two Liquids model. It has been found the system
with ionic liquid has a lower coefficient of performance and exergetic efficiency (0.66, 10.15%) than
aqueous solution of lithium bromide system (0.78, 12 %). The total area and total cost of the ionic liquid
system (49 m?, 4907 $/year) is larger than water-lithium bromide cycle (16 m?, 3347 $/year). Despite
the Lower performance of ionic liquid systems, the advantages of these liquids such as no
crystallization, negligible vapor pressure and weak corrosion tendency to iron-steel materials make the
new working pair suited for the absorption refrigeration cycle.
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? Tonic Liquids

¥ 1-ethyl-3-methylimidazoliumdimethylphosphate ((MMIM][DMP])
* 1-Butyl-3-methylimdazolium hexafluorophosphate ((BMIM][PF6])
* Difluoromethane (R32)

%1,1,1,2-Tetrafluoroethane (R134a)

7 1,1-Difluoroethane (R152a)

¥ Non-Random Two-Liquid (NRTL)

? 1-Ethyl-3-methylimidazolium tetrafluoroborate [EMIM][BF4]

19 1-gthyl-3-methylimidazolium ethyl sulfate (EMISE)

! 1-ethyl-3-methylimidazolium ethylsulfate ((EMIM][ETSO4])

12 1-gthyl-3-methylimidazolium triflucromethanesulfonate ((EMIM][OTF])
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Fig. 1 Schematic diagram of an absorption refrigeration system
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Table 3 Reference costs and dimensioning parameters for heat exchangers (AR =100 m? Wy, = 1Ukw)
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Table 4 Energy, exergy, exergetic cost rate balances and auxiliary equations for absorption refrigeration system
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Table 5§ Comparison of excess enthalpy, HE, for water-|[ EMIM|[TFA] mixture as a function of mole fraction of water, at different temperatures from

NRTL model and Experimentally measured by Ficke et.al [15]

(J/mol) slle okl

348.15 333.15 323.15 313.15 ( °C)Ls
L ol mls K Sl s Pl Byl s e s AL b I S
o= [15] ol [15] ol [15] ’ [15] -
-1 10 3 a1 3 3 7 623 0.01
-1084 -1110 -1091 -1110 -1093 -1090 -1092.3 -1080 02
-1820 -1830 -1853 -1840 -1870 -1860 -1883.47 -1870 0.4
-2028 -2030 2133 2140 -2196 2190 -2254.36 -2260 0.6
-1501 -1510 -1650 -1678 -1744 -1770 -1834.08 -1870 08
-5 -6 -4 -6 3 6 0 0.0005 0.99
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Table 6 Comparison of entropy of water-LiBr mixture from NRTL model and Kaita’s relationship [28]

(kl/kg K) ‘5;”:-'--1

373.15 353.15 333.15 313.15 ( °0O s
NRTL 35, [28]LulSak), NRTL s, [28] Ll alal, NRTL 35, [28] Lol alal, NRTL b, [28]l5 alal, LiBr o> 8
0.819 0.822 0.681 0.683 0.529 0.538 0.381 0.386 0.4
0.745 0.745 0.619 0.615 0473 0.479 0.329 0.335 0.45
0.669 0.677 0.553 0.554 0.429 0.426 0.291 0.292 0.5
0.609 0.616 0.508 0.502 0.379 0.382 0.261 0.256 0.55
0.566 0.564 0.455 0.458 0.343 0.346 0.228 0.229 0.6
0.519 0.522 0.421 0.424 0.324 0.320 0.209 0212 0.65
SeasisSlge i (ilwand i lael 7 Jgu
Table 7 Validation of thermoeconomic simulation.
(8/G]) 53,55 a=ls a3 (8/h) ay3p Saal (kW) J5 (55,551 Seal ( °OL il
2 5 .
kel s [24] olSen g s omiolielmls [24] oen 5 e omieyliel b [24] oSen g e
26.542 26.312 1.917 1.898 20.063 20.043 34 1
26.678 26.434 1.927 1.908 20.065 20.045 34.002 2
28.253 28.004 2.313 2.290 22.741 22.718 58.35 3
26.368 26.130 3.671 3.635 38.67 38.638 80 4
26.363 26.130 3.338 3.305 35.17 35.137 52.086 5
26.364 26.130 3.338 3.305 35.17 35.136 53.6 6
25.652 25.442 0.397 0.393 4.298 4.294 80 7
25.652 25.442 0.013 0.013 0.145 0.145 36 8
25.652 25.442 -0.0151 -0.015 -0.165 -0.165 5 9
25.652 25.442 -0.679 -0.673 -7.359 -7.352 b] 10
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Table 8 Results of exergetic analysis for the water-[EMIM][TFA] refrigeration system

Nexergy (%) np (%) m, (%) Ep (kW) Ey (kW) Ep (kW) Ep (kW) s
77.39 22.60 0.000 7.855 0.000 26.89 34.745 48155
9.92 40.80 15.25 14.182 5.299 2.143 21.625 3951 lgl asgaze
92.94 0.02 0.000 0.0065 0.000 0.0038 0.0102 Jaloee s
37.33 15.47 0.000 5.267 0.000 3.147 8.414 Jalms ole ) 5 dsles
6.17 78.58 15.25 27.312 5.299 2.143 34.755 S s
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Table 9 Results of exergoeconomic analysis for the water-[EMIM][TFA] refrigeration system

7 (%) f (%) Z+Cp+C(8/h)  Z ($/h) C, (8/h) Co(8/h) o ($/GD)  cr ($/G)) s
60.48 51.69 0.85 0.44 0.000 0412 23.39 14.58 yol5
1001.60 27.07 5.58 1.51 296 639.08 58.01 sl e asce
12495.46 99.94 0.043 0.043 0.000 0.00003 1259.55 10.00 Jaloea oo
300.06 4518 4.89 2.21 0.000 2.68 57332 141.13 Jalme ole,F S alolee
4283.85 71.06 5.91 4.20 1.43 639.08 14.58 5 s
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Fig. 2 Variation of COP and solution circulation flow ratio with
generator temperature.
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Fig. 3 Variation of exergetic efficiency and cost of plan operation ratio
with generator temperature.
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Fig. 4 Variation of heat transfer area with generator temperature.
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Fig. 6 Variation of exergetic efficiency and cost of plan operation ratio

with absorber temperature.
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Fig. 10 Variation of heat transfer area with evaporator temperature.
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condenser temperature.
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