786 CHAPTER 50

definite amount of Lhe substance that can-be present in.a
of

stated wbenthe lution is in equilibrium
with its envi t. The env ] conditions of tem-
and p tial to the d and are

are
either stated uphcxtly, or, if no ambiguity is possible, are
implied when numerical values are expressed, The effect of
the environmental variables of refrigerant pressure and mix-
ture temperature is generally reported in the form of pressure-
temperature-solubility curves. Solubilities are commonly
stated in terms of percent by weight but volume percent md
mol percent have also been used. When weight p
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An index to the viscosity-t charta duced in

this chapter is found in t.he fourth column of. Table 4. Th,, -

weight, percent parameter, or in some instances, the pressure
parameter may be used to correlate the corresponding soly-
bility curves listed in the third column of the ¢able.

Ezample #: A certain basemloilmSUtha
gnvxty of 0.86 and a viscosity of 37 centipoises at 90 F 1n air,

etermine viscosity in contact with' Refrigerant 22 at 105 pain
and an oil temperature of 90 F.

Solution: Find on Fig. 23, percent Refng:mnt 22 =14

used, these are more properly based on the weight of the whole
solution and not on the weight of the oil alone.
The high degree of solubility illustrated by the foregoing
ple has two with respect to a refrigerant
system. First, an oil which contains 25 or 26 percent refriger-
ant will show a much lower viscosity than would be predicted
from standard viscosity curves such as Fig. 1. Second, the
Refrigerant 12 pressure of 59 psia in the example is sub-
stantially lower than the saturation.pressure (94.5 psia)
which would bave been obtained if the system had been
charged without oil. These effects are characteristic of most
halogenated refrigerant
‘Table 4 provides a convenient index to t.be pressure-tem-

weight

pen:ent at 90 F and 105 pmﬁ;g‘hm locat.eon Fig. 24, vmwmﬂ
mixture = cenupom at 14 percent

fng:thZandQOF .

A general method:for i the s n of

any mmeml oil for refrigerant dilution up to 25 welght pement" ’
has 6ns of oils

1 Tuts

d for
ants 12, 13,21 22 -113, 114, 115, AndlZ—Z‘Zlmxhnes'“Thm
method is based on the use of specialized viscosity plot‘hng

paperofGermanong.nud\smdwgveremﬂtswhmbsgree .

mthm 2 or3 pereent of upe.runenml v&luas. .

Effect of V'sooslty Reduction on Lubncuhng and
Sealing Functions ;

A lm'ge reduction-in viscosity may aﬂect the lubncstmg

peraturesolubility curves (and the
charts) included in this chapter. Units for thm charts are in
psia, degrees F, and weight percent of dissolved refrigerant.
Although in some, but not all mstances, the pressure, t.em-

perature, and s lubnhty units gwen by the original

or more likely, the sealing function of the lubri-
cant, and this possibility must be taken into account whea
the initial chgice of oil viscosity is made.  -:

0.9

have been converted in order to minimize inconvenience in

applymg the data; a cross index to the original work is listed

in the last column of the tabulation. Additional information

on the solubxlxty of refrigerants in commercial oils may be
btained from the oil Li

Effect of Oil Type on Refrigerant Solubility

The solubility of a given refrigerant is not greatly affected

by the type of mineral oil in which it dissolves. Some dif-
ferences exist, however. A low viscosity oil will usually absorb
more of a parheu]nr mfngemnt than a high viscasity oil under

N base oils, at least on a

wmght basis, are usually better solvents than paraffin base
oils. As sn illustration of the solubility differences, several of

the charts contain curves for naphthene base oils and paraffin

. base oils plotted on the same diagram. See Fig. 13 (Refriger-
ant 13 solubility), or Fig. 22 (Refrigerant 22 solubility). In
each case the naphthene and pamaffin curves plotted at the
same temperature are not far apart.

Sometimes it is necessary to know the solubility of a given
refrigerant in an unknown oil; an oil -for which actual solu-
bil.ity data have not been determined. If. the solubility of the
given refrigerant has been determined in any.oil, these data
will provide a ressonable approximation for the unknown
oil. This assumption, however, does not apply to h

lubricants and should be limited to mineral oils that are
customarily employed in refrigerant systems.
Effect of Dissolved Refrigerant on V'scosity

Refrigerants d:ﬁer in their viseomty reducing effects when
the sol d in weight percent.
However, when the solubxhty is plotted.in terms of mol per-
cent it has been shown that the reduction in' viscosity at a
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given mol percent is approximately the same for the halo-
genated Refrigerants 13, 13B1, 22, and 115.2-% In comparison
with paraffin base oils, unpht.haue base oils show a somewhat
greater reduction in viscosity for t.hs same’ weight pement
dilution. (See Figs. 24 and 28.)
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Lubricants in Refrigerant Systems
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Benrh:gloadsinmnstwmpmorsmnothizhandﬂxe
lubrication function is relatively easy to perform. The prob-
lem of gealing is not always so easy to accomplish. The design
of some types of hermetically-sealed units, such as the single-
vane rotary type, requires the lubricating fluid to act as a
highly efficient see.!mg agent. In reciprocating compressors,
the lubricant film is spread over the entire area of contact
between the piston and the cylinder wall, and there is a very
hrgemwremstleahgefmmﬂxeh:gh—tomlowpmm
mde. In the eingle-vane rotary type, however, the only sealing
area is a line contact between the vane and a roller. Viscosity
reduction may then be a serious matter.

Normally, an oil should be chosen with & viscosity which is
low enough to give the necessary sealing properties with the
refrigerant used for t.he entire range of temperatures and
p tical method for determining
the mi; safe ois "xsto‘ ine the total volu-
metric eﬂimency of & given compressor system, using several
oils of mdely varying \nseomty The oil of lowest viscosity
that gives satisfactory’ volunictric efficiency should be se-
lected. These tests should be run at a number of ambxe.nt
fampemhuea for example, 70 90and 110 F.

Denslfy of Oil- Refngerunt Solutions

For eonvert.mg vucosxf,y units (e.g ., from centistokes or
sUV or ) and for other
purposes, it is nwmry to know the denmty of the lubri-
cating fluid. For a rough estimate of the density or ‘specific
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Fig. 4 ... . Density Correction Factors for Minerat Oil-
Refrigerant 22 Solutions® -

displaced from one arother according to base type and vis-
cosity. Hence, if the density of a particular oil is known at
one temperature but not over a range of temperatures, &
ate at other may be obtained

by constructing a line paralleling those in Fig. 2~
The actual density of an oil-refrigerant solution may
devmte from the ideal by as much as 8 percent. The solutions
more, but sometimes ‘less, dense than caleu-
lated #1047 Density correction factors for Refrigerant 12 aad
Refrigerant 22 solutions have been published by Lofier® and
are redrawn in Figs. 3 and 4, respectively. The corrected den-

gities may be obtained from the relation:” -

- . .. . Du -

Mixturedennity=l).-7"' @

whavAxsthedenmtyconectmn faceormdfmmﬁg 30:4
at the desired and refrige

Thermodynamics of Refrigerant-Oil Solutions

- The dissolving 6f oil ip liquid refrigerant will afféct the
'lha-modwlamu: properties of the working ﬂmd The vapor

. Table § ....Mutuul Solubility of Refngerunh und
- " Mineral Oil . -

(Anmaad:nrboadmztdompmﬂkd!fhmlnﬂtwﬂho&)

. . Intermedicte .
gravity of an oil-refrigerant solution, one may assume that the : * Miseibility
solutwnmtdcalandheneethespecxﬁcvo]umesoftheeon'lpom —_— A .
nents are additive. The formula for calculating the uizu-l -+ Rafri }; ~ | Relr 'ﬁ‘; .
density (D:a), in grams per cu cm or pounds per cu ft; is Roti 1381

: e R RmEmad
BRI T 77 s ﬁ&m
where - - ~ - . . 500
. Methyl Chlorida .
d. = density o{ pire ail at the noluhon fempenmm R Mot.hylmo Chlondn )
de = density of liquid at the p . .
W = weight fraction of refrigerant i m solutmn

ﬁg 2 shows published values for plue oil denmhes over a
range of These di ture curves
have approximately the same: xlope and appw “merely to be




