60

"CFC"

CFC

11

2-3

(TROPOSPHERE)

(STARTOSPHERE)

CFC

N 20,

ch4, h2o

1986



1993 1998

1990

2000

"CLEAN AIR ACT"

UNEP
1
YEAR  ORIGINAL
MONTREAL (%
199 100
190 100
1991 100
1992 10
193 80
1994 80
199 80
19 80
1997 80
1998 50
190 50
000 50

1.1

(HCFCS) HFCS

CFC

36

30

EPA

CFC

! 1985 20

(CFC)

1992

CFC 1995 11

CLEAN AIR ACT

REVISED . CLEAN  REVISION MONTREAL
PRODUCTION (% AIRACT (%  POTOCAL (Nov, 92)
100 100
100 100
100 8
100 80 :
80 7 s0% OF 1950 PRODUCTION
80 5 25%
50 50 250
50 40 0%
15 5 0
15 15 0
15 15 0
0 0 0
CFC
CFC
CFC if CFC
(HFCS)

CFC !

HCFCS

1.2



PRODUCT

HFC-23
HFC-125
HCFC-22
HFC-134a
HFC-152
HCFC-124
HCFC-142b

HCFC-123

1.2

( R-11)

( R-134a )

FORMULA

chf3
chf2cf3
chcif2
ch2fcf3
ch3chf2
chcifcf3
ch3ccif2

ch3chci2

CFC-12 (

MOLECULAR BOILING
WEIGHT °c
70.01 -82.03
120.02 -48.50
86.47 -40.75
102.00 -26.50
66.00 -24.70
136.50 -11.00
100.47 - 9.80
152.90 27.90
CFC
CFC
R-12 ) CFC

HCFC-123 ( R-123 )
HFC-134a

CFC-12 HFC-134a

POINT

-115.66

-55.30

-41.36

-15.70

-12.50

-12.20

-14.40

82.20

CFC-11

HFC-134a

1.3



°F (°C)
°F ()
°F (°C)
(Ib/cft)
(Ib/cft)
@ 800 F,

Ib/cft (kg/m3)

Btu/lb °F (KJ/kg °C)

1 atm 80°F, Btu/lb, (ki/kg)

Btu/lb , (ki/kg)

1.3

( Global

GWP

COo GWP 1

HFC-134a CFC-12
c f3ch 2f CC12F2
102.03 120.93

-149.8 (-101) -252.4 (158)

-15.7 (-26.5) -21.62 (-29.8)

214.0 (101.1) 233.8 (112.1)

589.8 (4067) 597.0 (4116)

31.98 (512.2) 34.84 (558.1)
74.98 81.45 (1304.7)
(1201.1)

0.342 (1.432) 0.208 (0.871)

0.204 (0.854) 0.141 (0.590)

93.67 (217.8) 71.9 (167.24)

CFC -12 HFC - 134a

( Ozone Depletion Potential , ODP )
Warming Potential , GWP ) ODP

CFC-11 1



Chemical Chemical Formula OoDP GWP EAL (Years)

-Chlorofluorocarbons

CFC-Il CC13p 1.00 1.300 59
CFC-12 CC12F2 0.93 3.700 122
CFC-113 CC12FCC1F2 0.83 1,900 98
CFC-114 cci2f2ccif2 0.71 6,400 244
CFC-115 ccif2cf3 0.38 13,80 539

llydrochlorofluorocarbons

HCFC-22 CIIC1F2 0.05 510 244
IIFCF-123 ciici2cf3 0.02 28 539
-Hydro ( uorocarLion

UFC-134a cf3ch2f 0 400 2

-Combustion Product

Carbon dioxide co2 0 10 230
* EAL = Estimate Atmospheric Life
1.4 ODP GYVP
OoDP GWP HFC-134a
(Toxicity)
CFC-12 CFC-134a TLV 1000 ppm. ,

( COEFFICIENT

PERFORMANCE ,COP)



(LUBRICANTS olIL)
, (SEAL) '
' HFC-134a CFC-12
ODP GWP
HFC-134a CFC-12
CFC
CFC 1987
HFC-134a CFC-12 (Du Pont )
"SUVA" ICI "KLEA 134a"
1989 J. . LINTON . K. SNELSON
) HFC-134a CFC-12
(EXHAUST AIR HEATPUMP ) 1
CFC-12 HFC-134a

(ALKYLBENZENE )



(PSYCHROMETRIC CALORIMETER )

11

OUTDOOR CHAMBER

—

/—4:n FLOWMETER

r

THEWOMLE

AIR FLOWME]’E“
INDOOR CHAMBER \[‘J

EXMAUST
g —

sSuPPLY
—

SUPPLEMENTATIR FAN

L]

DANPEN

\_ EAHP vl
-

THERMOPILE '
1.1
1.2
-20°¢c 20°c
: COMPRESSOR r
o~
T |
T (s u
)
Evapgaatom ¥ FHJEH~DRVEN(: CONDENSER
> WP
(
!
TH 1\ rinf 1

EXPANSION VALVE

12




CFC-12
HFC-134a 20 Psi.
( EXPANSION VALVE )
HFC-134a
3 HFC-134a
HFC-134a CFC-12
, HFC-134a
1.3.1
CFC-12
1.3.2 HFC-134a
1.3.3
1.3.4 HFC-134a
1.4.1

( VAPOR COMPRESSION )

DEMONSTRATION REFRIGERATION UNIT

CFC-12 HFC-134a

HFC-134a
15%
CFC-12
( ORIFIC )
1,300
HFC-134a
J&E HALL LAB



1.4.2

(RECIPROCATING) (OPEN TYPE)

1.4.3

1.5

15.1

HFC-134a

1.5.2

1.5.3 CFC-12
: HFC-134a (RETROFIT)
(MINERAL OIL )

HFC-134a

HFC-134a : '
HFC-134a (POLY
ESTER OIL)

1.5.4

(FLUSHING )



1.6

16.1

1.6.2

1.6.3

164

10

CFC-12
2
CFC-12
1%
HFC-134a

HFC-134a

HFC-134a
HFC-134a CFC-12

HFC-134a CFC-12
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