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ABSTRACT

New working fluids more favorable for domestic air
conditioning are investigated and it is concluded that
new organic working fluids, namely trifluoroethanol
(TFE) as the refrigerant and dimethylimidazolidinone
(DMI) as absorbent are very promising. Property data for
thermodynamic evaluation of these new working fluids
are measured. Heat and Mass transfer characteristics for
the suggested pair are also investigated in a practical
aspect using laminated plate type absorber having
constant curvature surfaces. The prototype residential
chiller/heat pump system using the new working fluids
are built to prove its feasibility.
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Table 1 Ozone depletion potential (ODP), global
warming potential (GWP) of freons
Cg}:/igg:i;r:tal Alternative refrigerant ODP*1 GWP*2
R-12 (CFC12) (for automobiles) 8100
| R-134a (HFC13) 1300
R-22 (HCFC12) (domestic use) 0.055 1500
R-407C (HFC32/125/134a) 1520
R-410A (HFC134a/125) 1725
*1 ; Relative value to CFC =1
*2 ; Relative value to CO2 = 1
(Integration period of 100 years)
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Fig.1 Daily load characteristic of electric power on
the day when the peak load occured
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Fig.3 Compatibility map of working fluids for
domestic use absorption air conditioners
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Table 2 List of nominated chemical substances

[ Refrigerant]
EtOH TFE 4FP 5FP
Molecular CHF2CF2 CF3CF2
Structure CH3CH20H | CFsCH20H CH20H CH20H
Latent Heat
[kcal/kg] 200 97.7 88.4 73.2
Boiling Point [°C] 78.3 73.6 108.2 80.7
Viscosity [cp] 1.2/20°C 1.0/25°C 5.2/25°C 2.8/25°C
EtOH; Ethanol, TFE ; 2,2,2-Trifluoroethanol
4FP ; 4-fluoropropanol, 5FP ; 5-fluoropropanol
[ Absorbent]
E181 NMP DMI DPI
Molecular Heoww o / \ / \ / \
Structure H—({o—(‘:—ﬂf—?—u C/N‘cm CHa/N\C/N\CHs CsW/N\C/N\CM
H H H W i Il
o o o
Boiling Point [°C] 275.3 204.0 225.5 260.0
Bipolar Moment 1.2 4.09 3.8 3.6
Viscosity [cp] 4.1/20°C | 1.8/20°C | 2.1/20°C | 5.7/20°C

E 181; Tetraethyleneglycoldimetylether
NMP; n-metylpyrrolidone, DMI; Dimetylimidazolidinone
DPI; Dipropylimidazolidinone
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Fig.4 Evaluation of working fluid pairs using
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Fig.5 PTX diagram of DMI/TFE
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Fig.6 Corrosion resistance of aluminum against TFE
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Table 3 Toxicity of DMI/TFE

TFE DMI
Orl-rat LD50* 240mg/kg 1250mg/kg
Skin-rat LD50** 1680mg/kg (rabit)977mg/kg
Iht-rat LC50 16000ppm/6H, (extremely low vapor

2900mg/m3 pressure)
AMES test negative negative
Chromosomal " :
aberration test negative negative
Accumulativeness/ low low
biological (Log(Pow)<0.3) (BCF<0.37~0.45
concentration at 2ppm(w/v)
<3.6
at 0.2ppm(w/v)

* 536 mg/kg for DMI/TFE Mixture(50%/50%)
**over 2000mg/kg for DMI/TFE Mixture
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Table 4 Flammability of DMI/TFE

TFE DMI
Flash point 30°C 120°C
Ignition point 450°C -

Table 5 Types of heat-exchanger

Laminated plate type core | Corrugated fin type core

Refrigerant or solution

Refrigerant or solution

Configuration

Core size
WxHXT 99.6 x 281.5 x 76 96.2 x 281.5 x72
(mm)
Heat trans Ref. side 0.93 2.51

2
area (M) | water side 0.93 0.34
Cross :
sectional Ref. side 141.32 213.95
area -
(x10%m?) | Water side 17.90 6.85
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Fig.7 Comparison of performance of heat-exchanger
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Fig.9 Heat and mass transfer rates of absorber
evaluated on an actual absorption machine
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radiator 6

Specifications
Rate of cooling/COP* | 2.5kW/0.5(Cooling mode)
Rate of heating/COP* | 4.0kW/1.3(Heat pump mode)
4.5kW/0.8(Boiler mode)
Size of outside unit 800W x 680H x 250D
Weight of outside unit | 53kg
*based on higher heating value of natural gas

Fig.10 Prototype of absorption air conditioner (cut
model) and its specifications
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