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Pressure-temperature curves for two refriger-

ants much used on air-conditioning applications. (a)
P-T curve for saturated Freon-12 (R-12) vapor. (b) P-T
curve for saturated R-22 vapor.
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Table 2 ... . Physical Properties of Refrigerants*
(Arranged in Order of Increasing Boiling Point)

Refrigerant d Boiling Freezing | Critical | Critical Critical Surface Refractive
Chemical Molecular . x T P Vol Tenss tadiic ol
— Formalt Waight Point af Point, empera- | Pressure, olume, ension, idex Ob
Ne. Name 1 Atm, F F ture, F psia cu ft/Ib Dynes/cm* Liquid*'
704 Helium He 4.0026 | —452.1 None ~450.3 33.21| 0.2311 0.12 ( —452) | 1.021(NBP)5461 A
702n Hydrogen (normal)| Ha 2.0159 | —428.0 —434.5 —-399.9 190.8 0.5320 2.31 (—427) 1.097(NBP§)5791 A
702p Hydrogen (para) Hi 2.0150 | —423.2 —434.8 —-400.3 187.5 0.5097 2.172 1.09(NBP)
720 Neon Ne 20.183 —410.9 =415.5 =379.7 493.1 0.03316 5.60(—414.4)( ...
728 Nitrogen N: 28.013 —-320.4 -346.0 -232.4 492.9 0.05092 8.27(=315.4) 1.205(83!()5893!‘
729 Air saw 28.97 -317.8 s ~221.3 547 .4 0.04883 | Plait Point
{ -221.1 6546.3 0.05007 | Pointof Contact
740 Argon A 39.948 -302.6 =308.7 -188.1 710.4 0.02900 | 13.2 (—306.4) l.233(TP)5m3:‘
732 Oxygen 0: 31.0088 | —207.3 -361.8 -181.1 736.9 0.0375 13.2(-297.4) 1.221(92K)5893A
50 Methane CHq 16.04 —=258.7 -206 -116.5 673.1 0.009
14 Tetrafluoro- CF4 88.01 —198.3 —209 - 50.2 543 0.0256
methane
1150 Ethylene CiHq 28.05 -154.7 =272 48.8 742.2 0.070 16.5 (—=155)* 1.363 (—148)*
« 503 he .o 87.5 -127.6 67.1 | 607 0.0326
170 Ethane . CaHs 30.07 —127.85 -207 90.0 700.8 0.0830
744A¢ | Nitrous Oxide N:0 44.02 -129.1 -152 97.7 | 1048 0.03556 1.75 (68)
23 Trifluoromethane CHF, 70.02 =115.7 —-247 78.1 701.4 0.0311 9.5 (—40)¢
13 (Ihlnrc;triﬁuorn- CCIF 104.47 -114.6 —204 83.0 | 561 0.0277 8.5 (—40)¢ 1.146 (77)
methane
T44 Carbon Dioxide CO: 44.01 -109.2° - 69.91 87.9 | 1070.0 0.0342 1.16 (68) 1.195 (59)
13B1 Bmmot:.riﬁuurﬂ- CBrFs 148.93 - 71.95 -270 152.6 575 0.0215 3.8 (80)¢ 1.239 (77)
methane
504 f Y 79.2 =710 ... 151.5 | 690.5 | 0.0324
1270 Propylene CaHs 42.09 - 53.86 -301 197.2 | 670.3 0.0720 | 16.70 (68)* 1.3640 (—58)
502¢ g v 111.63 — 49.8 il 176.9 501.0 0.0286
200 Propane Calls 44.10 — 43.73 | -305.8 206.3 | 617.4 | 0.0728 1.3307 (—43)
22 (:h|nru‘:imuom- CHCIF: 86.48 -~ 41.36 | —256 204.8| 721.9 0.0305 8.0 (80 1.234 (77)0
methane
115 Chloropenta- CCIF:CFa 154.48 - 38.4 -150 175.9 457 .6 0.0261 5.1(80)% 1.221 (77
fluoroethane
ni Ammonia NH. 17.03 - 28.0 -=107.9 271.4 | 1657 0.068° 23.4(52) 1.325(61.7)
500 ’ voo 99.31 - 28.3 —=254 221.9 641.9 0.0323
12 Dichlorodi- CClsF2 120.93 - 21.62 -252 233.6 506.9 0.0287 8.9 (80)¢ 1.288(77)°
fluoromethane
152a Difluoromethane CHyCHF: 66.05 - 13.0 -178.6 236.3 652 0.0439
404 Methyl Chloride CHiCI 50 .49 - 11.6 -144 280.6 | 068.7 0.0454 | 16.2(68)
600a Isobutane CqHio 58.13 10.89 ~255.5 275.0 529.1 0.0725 1.3514 (=13)?
7647 Sulfur Dioxide 80, 64.07 14.0 -103.9 315.5 | 1143 0.0306
142b ()hli)};\-odiﬂuoro- CHCCIF, 100.5 14.4 -204 278.8 | 508 0.0368
ethane
G307 Methyl Amine CHsNH: 31.06 19.9 -134.5 314.4 | 1082 23 (—4) 1.432 (63.5)
C318 Oct';aﬂuuroc'yclo- CiFs 200.04 21.5 - 42.5 239.6 403.6 0.0258 7.3 (80)%
utane
600 Butane CiHio 58.13 31.1 =217.3 305.6 550.7 0.0702 1.3562 (5)*
114 Dichlorotetra- CCIF:CCIF: 170.94 38.8 -137 204.3 473 0.0275 12 (80)% 1.204 (77)0
fluoroethane
21¢ [)ichlohroﬂunrn- CHCI:F 102.92 47.8 =211 353.3 750 0.0307 18 (80)% 1.332 (77)
methane
1601 | Ethyl Chloride C:HiCl | 64.52 54.32 | —216.9 369.0 | 764.4 | 0.0485 | 21,2 (41
6317 | Ethyl Amine C:HiNH: 45.08 61.88 | —113 361.4 | 815.6 4 (49.2)
11 Trich\gmﬂuoro- CChLF 137.38 74.87 - 168 388.4 639.5 0.0289 ﬁ'(m” o 1.362 (77)*
methane
6117 Methy! Formate CiHO:2 60.05 80.2 —146 417.2 70 0.0459 25.08 (68)
6107 Ethyl Ether CiHuO 74.12 94.3 -177.3 381.2 523 0.0607 17.01 (68) 1.3497 (76.6R)
216 Dichlorohexa- CiCleFs 220.93 96.24 -193.7 356.0 399.5 0.0279
fluoropropane
30 .\l:srl:lqu?ie CH:Cls 84.93 104.4 -142 458.6 882 26.5 (68) 1.4244 (68)"
oride
113 Trichlorotri- CCL:FCCIF: 187.39 117.63 - 31 417.4 408.9 0.0278 19 (B0)® 1.357 (77)*
fluoroethane
11302 Dichloroethylene CHCI=CHCI 06.95 118 - 58 470 705
11207 Trichloroethylene | CHCI CCl: 131.39 189.0 -9 520 728 29 (Sﬁ)h L 1.4782 (88)b
18 Water H:0 18.02 212 1 32 I 705.6 ‘ 3208 0.0501 71.97 (T7)

I's The source of data is from Reference 1 unless otherwise noted.

* The temperature of measurement (Fahrenheit) is shown in parentheses.

The data are from Reference 2 unless otherwise noted.
b For the sodium D line.
¢ Sublimes.
d At 76.4 psia.

¢ Refrigerants 23 and 13 (40.1/59.9 percent by weight).

{ Refrigerants 32 and 115 (48.2,51.8 percent by weight).

# Refrigerants 22 and 115 (48.8/51.2 percent by wei ht).

b Data from Electrochemicals Department, E. 1. du Pont de Nemours & Co.
i Refrigerants 12 and 152a (73.8/26.2 percent by weight).

i Dielectric constant data.
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Table 9.2. Critical temperature and pressure of various refrigerants: (a) temperature
decreasing order, (b) pressure in increasing order
(a) (b)
Rcfngcl"\;;:u Temp. in °C Relrigerants Pressure in bar
Water 371.5 Freon-113 472
Methylchloride 216 Isobutene 1R 4
Sulphurdioxide 156.5 Freon-12 416
Ammonia 132.4 Freon-22 49.9
R-12 111.3 Ethylene 51.2
R-22 96.2 Carbon dioxide 73.7
Carbondioxide 31 Sulphurdioxide 78.8
Ethylene 10.6 Ammonia 114.1
Water 218.3
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Table 9.4. Conductivity

of refrigerant liquid and vapour

Refrigerants IF'empecrature Conductivity
( ki -m-°C
Ammonia 0.0 ).201
Carbon dioxide 0.0 0,112
Pl L
_-T'l o Th
R-22 30 0.093 Gas
R-11 0.077
5
R-]_.\ 0.066
R-113 0.062
Sulphurdioxide 0.0 0 [,,_,
Ammonia 0.0 ' . 3.906 T
Sulphurdioxide 20.0 7751
. -~ i
Carbon dioxide 20 1.650
Mecthylchloride Al -
h i 30 1.323 Liquid
0 1 ™ \
rR-il 40 U810
R-22 0
R-113 :
0.687
R-12 0.645
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Fig. 9.3. Decrease in heat transfer coefficient due to presence on

non-considerable

3 ) QU o S5y p Olas BB s S8 s 3T (Y-Y) S

Table 9.5. Condenser and evaporator pressures corresponding (o saturation
temperatures of 40 and —15°C (313 and 258 K), respectively

Refrigerants Symbol
Dichloromonofluoro-methane R-21
Dichlorotetraflivoro-ethane R-114
Sulphurdroxide R-764
Methylchloride R-40
Dichlorodifluoromethane R-12
Ammonia R-717
Monochlorodifitoromethane R-22

vaporator Condenser

ressure presssure
bar bar
0.36 2.9¢
0.47 1.41
0.81 6.25
1.15 B 56
1.83 Q ¢
2 15.54
2.96 15.17
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Fig. 9.4. Variation in pressure with evaporator temperature for
common refrigerants.
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Table 9.6. Compression ratio for various refrigerants when work ing be
—15 and 40°C (238 and 313 K)

tween

Name

Symbol Compression ratio
Ammonia R-T17 4.34
Carbon dioxide R-744 3.15
Ethane R-170 2.87
Dichloredifluoromethanc R-12 4.68
Dichloromonofluoromethane R-21 3.97
Monochlorodifluoromethane R-22 4.06
Trichlorotrifluoroethane R-113 8.02
Sulphurdioxide R-764 5.63
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'  Table 9.8. Freezing point of refrigerants in increasing
order in degree centigrade

169

Ethylene

R-22 —160.5
Carrene-7 —159
R-12 —1574
Isobutane — 145
Methychloride — 97.8
Ammonia — 773
Sulpher dioxide - 75.5
Carbondioxide — 56.6
R-113 — 35

Water 0.0

*For the wet water vapour the expansion index is given by Zenner equation:
n=103540.1x

where x is the quality of vapour at the beginning of expansion.
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Fig. 9.5. Displacement volumes for suction pressure at — 15°C (sat).
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Table 9.9. Comparative values of COP of a few refrigerants with saturation
emperature limits - 15°Cand 40°C
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Table 9.10. Refrigerant vapour and hiquid densities

Vapour density Liguid density
Refrigerant at 30°C
—i5°C  30°C kg/m?
Carbon-dioxide 60.0 338 600.0
R-22 12.8 51.5 1173
R-12 11.0 42.5 129?
Methylchloride 35.4 14.8 89S
Sulphurdioxide 1.84 13.5 135
Ammonia 1.95 9.05 596
R-113 0.576 4.11 1552
M=thylene chloride 0.321 2.4 1332

Walter 0.0304 997
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Fig. 18-13 Viscosity temperature curves of solution of Refrigerant-12
in oil. (From ASRE Data Book, Design Volume, 1957-58 Edition.
Reproduced by permission of the American Society of Heating,
Refrigerating and Air-Conditioning Engineers.)
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Table 9.13, Diclectrics of refrigerant vapour

=

e ———

e ——

Kefrigerant Symbol LRcI.ﬂwt dielectric
strength
Trichloromono fluoromethane R-11 30
Trichlorotrifluoroethane R113 26
Dichlorodifluoromethane R-12 2]
Sulphurdioxide R-764 1.9
* Monochlorodifluoro methane R-2 1.3]
Carbon dioxide R-744 0.88
Ammonia R717 0.82
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Table 11 .... Relative Safety of Refrigerants

Under-
Refrigerant gﬂ writers’ Explosive
'9}' Labora- Limits in
Sofety tories Air,
Code Group % by
No. Name G Clossifi- Volume
cation
50 Methane 3 5b 4.9 to 15.0
14 Tetrafluoromethane 1 6 Nonflammable
1150 Ethylene 3* 5b 3.0t025.0
744A | Nitrous Oxide Nonflammable
13 Chlorotrifluoro- 1* 6 Nonflammable
methane
170 Ethane 3 5b* 3.3t010.6
744 Carbon Dioxide 1 5* Nonflammable
13B1 | Bromotrifluoro- 1s 6 Nonflammable
methane
290 Propane 3 5b* 23t07.3
502 |... 1 S5a Nonflammable
22 Chlorodifluoro- 1 5a** Nonflammable
methane
717 Ammonia 2 2 16.0 to 25.0
500 2, 1 5a Nonflammable
12 Dichlorodifluoro- 1 6* Nonflammable
methane
40 Methyl Chloride 2 4* 8.1t0 17.2
600a | Isobutane 3 5b 1.8t08.4
764 Sulfur Dioxide 2 1* Nonflammable
600 Butane 3 5* 1.6t0 6.5
114 Dichlorotetra- 1 6* Nonflammable
fluoroethane
21 Dichlorofluoro- 1 4-5t | Nonflammable
methane
160 Ethyl Chloride 2 4a* 3.7t012.0
11 Trichlorofluoro- 1 5* Nonflammable
methane
611 Methyl Formate 2 3* 4.5t020.0
30 Methylene Chloride 1 4a* Nonflammable
113 Trichlorotrifluoro- 1 4-51 | Nonflammable
ethane
1130 Dichloroethylene 2 4* 5.6to 11.4

* Underwriters' Laboratories Report MH-2375.
#* Underwriters' Laboratories Report MH-3134,
Underwriters' Laboratories Report M H-2630.
Underwriters' Laboratories Report MH-3072.
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Table 12 .... Underwriters' Laberatories Classification of
Comparative Hazard to Life of Gases and Vapors

Group Definition ! Examples

1 Gases or vapors which in concen- | Sulfur Dioxide
trations of about 4 to 1 percent for
durations of exposure of about 5
minutes are lethal or produce seri-
ous injury.

2 Gases or vapors which in concen- | Ammonia
trations of about 4 to 1 percent for | Methyl Bromide
durations of exposure of about
hour are lethal or produce serious
injury.

3 Gases or vapors which in concen- | Carbon Tetra-
trations of about 2 to 2} percent chloride
for durations of exposure of about | Chloroform
1 hour are lethal or produce serious | Methyl Formate
injury.

4 Giases or vapors which in concen- Dichloroethylene
trations of about 2 to 24 percent | Methyl Chloride
for durations of exposure of about | Ethyl Bromide
2 hours are lethal or produce seri-
ous injury.

Between Appear to classify as somewhat Methylene Chlo-
4 & 5 | less toxic than Group 4. ride
Ethyl Chloride
Much less toxic than Group 4 but | Refrigerant 113
somewhat more toxic than Group 5.

5a | Gases or vapors much less toxic | Refrigerant 11
than Group 4 but more toxic than | Refrigerant 22
Group 6. Carbon Dioxide

B5b | Gases or vapors which available | Ethane
data indicate would classify as | Propane
either Group 5a or Group 6. Butane

6 Gases or vapors which in concen- | Refrigerant 12

trations up to at least about 20
percent by volume for durations
of exposure of about 2 hours do
not appear to produce injury

Refrigerant 114
Refrigerant 13B1
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Table 9.15. Hydrocarbon refrigerants and their molecular weight
and boiling pomnt
Refrigerant Chemical Molecular Sp. gravity Boiling point at
formula weight at | atm, atmospheric
pressure °C, K

Methane CH, 16.03 0.544 —-161.5 1115
Ethylene CyH, 28.03 0.9749 - 104.0 Iﬁ?.O
Propylene GH, 42.05 - - 417 2253
Propane C,H, 44,06 1.562 - 422 2308
Butane CHye 58.12 2.085 - 04 2126
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TEMPERATURE TEMFERATURE

Th

y PERCENTAGE 0OF 100
COMPONENT B
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u . 100
g * Composition 100 %/« Composition
(a) Boiling point higher than (b) Boiling point Jesser than
each of the components. cach of the components.

Fig. 9.11. Azeotropic mixture.

ol o VU i b b 5 5T (sleb plien  (Y-A) S5
R-500 73.8% R-12 +25.2% R-15a
R-501 25% R-12 +75% R-22
R-502 48.8% R-22 +51.2% R-115
R-503 59.9% R-13 +40.1% R-23
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Fig. 9.12. Comparison between R-22 and R-502.
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Characteristics and Properties of Some Refrigerants

Refrigerants R-12 R-22 R-134A NH.: C:H. CO:
(R-717)  (R-290) (R-744)
Natural substance No No No Yes Yes Yes
TLV (ppm) 1000 1000 1000 25 1000 5000
IDLH (ppm) 50,000 — — 500 20,000 50,000
Amount per room volume (voleg/mj) 4.0/0.2 420015 — — 0.44/0.008 5.5/0.1
Flammable or explosive No No No Yes Yes No
Flammability limits in air (volume%) — - — 15.5/27 2.219.5 —
Toxic/irritating decomposition products Yes Yes Yes No No No
Approximate relative price 1 1 3-5 0/2 0.1 0.1
Molar mass 1209 86.5 102.0 17.0 441 44.0
Refrigeration capacity at 0°C (kdim*) 2,740 4344 2,860 4,360 3,870 22,600

TLV: Threshold limit value (the refrigeration concentration limit in air for a normal 8-hour workday; it will not cause an
adverse effect on most people).

IDLH: Immediately dangerous to life or health (maximum level from which one could escape within 30 minutes without
impairing symploms or any irreversible health effects)
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+10°C
Comfort

+6°C conditioning

Traditional  Interim Long term
R-11— R-123 R-123(7) MFC24518(?)
R-12 — R-134a ~——— R-134a

Central plants

Automobile —— R-12 ——+ R-1348 —————— R-134a

0°C
Unitary/roof- -
top systems  ~ R-22— R-22 ——————— gﬂmé :m

-10°C
&

Refrigerator —— R-12 — 24'13‘3". A e

[ ial

refrigeration ~ » P12 [R-134a R401A) — R-134a
R-401B R-400A

Medium-
temperature
refrigeration

o Transport —
-25°C ~——— R22 — R-404A R-40TA
refrigeration g 22 = R-ADZA — R-410A R-50TA
Low- Commercial —— AR B A R-404A R407A
temperature R-502 —» [ R-402B R-403A | — J
refrigeration peirigeration / R-408A R-507A R-4078
Transport
-45°C refrigeration

Ultralow- R-23
temperature

refrigeration

Specialized — R-13— R-23

applications
~ R-503 — R-5088 —— R-5088

CFC HCFC HFC

For a variety of applications, a number of interim and long-term replacements are available.

oipd o Sl 5 b (a3 o gl gl e S5 ol 2(Y-10) Uik

Environmental Effects of Refrigerants

Refigerants ”
CFCs CFC-11 O?P gsv;:
CFC-12 1 8100
HCFCs HCFC-22 0.055 1500
HCFC-141b 0.11 630
HCFC-142b 0.065 2000
HFCs HFC-32 0 650
HFC-125 0 2500
HFC-134a 0 1300
R-407C (HFC-32/125/134a (23/25/52 wt.%)) 0 1520
R-410A (HFC-32/125 (50/50 wt.%)) 0 1725
Natural Carbon dioxide (R-744) 0 1
Refrigerants Ammonia (R-717) 0 0
Isobutane (HC-600a) 0 3
Propane (HC-290) 0 3
Cyclopentane 0 3

* Time horizons of 100 years
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Subcooled region
(Refrigerant is in
the form of a

subcooled liquid)

Region of phase change
(Refrigerant is a liquid-
vapor mixture)

>——>— Liquid to vapor - > ] Superheated region
(Refrigerant is in
the form of a
superheated vapor)

«———<———Vapor to liquid —€—<—

Saturated liquid curve

Saturated vapor curve—

Specific enthalpy (kJ/kg)

Fig. 7-2 Skeleton ph chart illustrating the three regions of the chart and the direction
of phase changing
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Fig. 7-7 Comparison of two simple saturated cycles operating at different vaporiz

ing temperatures (figure distorted). (Refrigerant-12.)
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Fig. 7-8 Comparison of two simple saturated cycles operating at different condens-
Ing temperatures (figure distorted). (Refrigerant-12.)
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Fig. 8-12 ph diagram of actual refrigeration cycle illustrating effects
of subcooling, superheating, and losses in pressure. A simple satu

rated cycle is drawn in for comparison. (Refrigerant-12)
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il

(c) (d)

Fig. 12;1 (a) Piston at top dead center
(b) Suction valves open. (c) Piston at bot
tom dead center. (d) Discharge valves
open
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0 180 360
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Fig. 12-2 Theoretical time-pressure diagram
of compression cycle in which cylinder pres
sure is plotted against crank position
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Pressure-volume diagram of typical compression
cycle.
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Volumetric efficency nomogram
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Fig. 12-5 Curves illustrate the effects of suction temperature on
the capacity and power of reciprocating compressors
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Fig. 12-6 Curves illustrate the effects of condensing temperature
on Capacity and power of reciprocating compressors
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Quickly adaptable to varying

operating conditions Safety

Each cylinder is equipped with a is ensured by built-in arrangement
hydraulically operated valve lifting of buffer spring which protects
mechanism giving absolutely compressor from incidental liquid

reliable capacity control & 100% hammer.
unloaded starting.

maintenance

‘connecting rod
can be removed without
the cylinder liner.

um

isumption

by providing three

on rings & two oil

gs per piston — thus
oil through discharge

ion
ise of

crankshaft,
ibration free

Easy cleaning

of the suction gas strainer is
another example of easy
maintenance philosophy behind KC
series compressors. Inside gauze
strainer element can be easily
removed.

Trouble-free
long running life.

due to highly effective oil
purification by two oil filters.

Quick maintenance Extra safety
Parts subjected to max. wear are is ensured by two built-in sight
easily accessible through large glasses, making oil return flow

s yeS 33 )8, s :(0-¥) Jg“

7 il pump and fitters

The single gear pump, driven directly by the crankshaft, ¢l
incorporates a differential pressure regulator to provide separate W
pressures for two oil systems: lubrication system and control .
oil system. Excess of oil is released straight to the crankcase
via a built-in relief valve (no recirculation).
The pump includes also an automatically operating hydraulic
delay valve, ensuring complete unloaded starting before control | R
oil pressure is admitted to the valve lifting mechanisms. A metal gauze suction filter element
and a throw-away paper discharge filter cartridge provides for an extreme filtering capacity
of the lubricating oil.
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