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stability more easily, This test requires either pre-heating of
themhamhhvelyhlghtempemm or in the case of an*
air-cooled unit, that the air leaving the condenser be used for
the evaporator. The second arrangement is simple and in-
expensrve,butmyuuaemdevnnahnnmperformmex“he
system is not controlled carefully.
Thepmnuyfunctmnofthefacﬁnryperformancewstmw
asum that a umt. is constructed and assembled prnperly
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brazed into the final assembly, pmuhons are needed to pre-.
vent blocking of the switch mplllary

Capillaries used in refri; are checked by air
testing. When the capillary limits are known it is relatively
easy to establish a flow rate and pressure drop test for elimi-
pating crimped or improperly sized tubing. When several
capillaries are used in a distributor, a series of water manome-
tzmmumdﬁocheckforunbalanoedﬂowandtoﬁndd&m«

Therefore, all must be d to a aged or i Ly sized tubes.
unit. Normal causes of malfunction in a ! frig In plants having good ma.nufacwnng oonf.ml, ‘only snmpl&
tion system are h i i of of and Close

noncondensable gazes in the system, blocked mpx.lhnu or
mba, and excessive power. To determine the vnhdxty and”

y of any test di the best h is to use’
a8 unit wxﬂ: known chamacteristics, and then to establish-

testing

control of coils dunng ma.nul’acbure will lead to the detechon
of imp per , poor bonding, eplit fins, or uneven
spacing. Pro therefore, will often elimi the
need for eoaly tat eqmpment. In testmg the sample, either a

limits for deviations from the test standard. If the established -
limits for charging are +1 ounce of refrigerant, for example,
the test unit is charged first with the correct amount of re-
frigerant, and then with one ounce more and one cunce less."
If this procedure does not establish clearly defined limits, it
cannot be idered satisfactory. This same dure should*
be followed with regard to all vanables which influence per-
formance and result in deviations from established limits.’
Once more it must be hasized that all equi must be’
carefully maintained and calibrated if tests are to have any.
significance. Gages must be checked at regular intervals’ and’
protected from vibration. Capillary test lines must be kept
clean and free of eont&mmahon. Power leads must be kept-

or a section of the heat
transfer surface is tA:sM Since liquid-to-liquid furnishes the
most easily and accurately measurable heat transfer medium,
a tube or coil can be tested by passing water through it while
it is immersed in a bath of water. The temperature of the bath
is kept constant, and capacity found by mmsunng the coil

flow rate and the p diff water
entering and leaving the coil.
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. CHAPTER 48

CONTAMINANT CONTROL IN
REFRIGERANT SYSTEMS

Contaminards: Moisture; Copper Plating; Residual Solvent; Metallic Contaminants, Flux, and D:r'; Non:vndamd:le Gcses, Anti-

freeze Agenf: Deugn and Opemfmg Condihons, H:gh and

1 Method,

l.ovlT nperciures; Feld A ials in S

; Lub ; H tic Motor Insulati

HE i in a system include not
only dirt and moisture which may. remsin after manu-
facture and installation but also acid, sludge, and other prod-
uctsoftbechemxc&lreachonswhxcbt&keplme while the sys-
tem is operating.
This chapter will discuss the various eontaminants, the
effect of design and opemtmg conditions, and the charsc-
teristics and limitations of various materials used in re-

. frigerant

systemz
The major factors in the formation of contaminants in a’
gystem during operation are: (1) the design and op-
erating eondmnns, and (2) the system 'components and ma-
terials, An improper combination of thess two factors gen-
erally is the cause of contaminant problema
Because many of the probk tved have li d
inter-relationships which cannot be studied in the-laboratory,
some problems found in actual systems cannot be explained
completely on tbe bas:s of laboratory tests. However, there
has been i in and investigation of the prob-
lems caused byvanuuseont.mmnantamrefngemntsyswms‘ -

CONTAMINANTS
Contamil are those subst: presentmtbemfnger—
aling system whmhdonotservenny usefu.lfunctlnnm the
proper of the They a3 re-
siduals from facturing p , bly, and installa-
tion, or from the malfy of the, itself. Some
i , such as are always present. Others

are formed when adverse operating conditions are imposed

_ Copper Plating

The formation of a film of metallic copper on metallic sur-
faces in refrigeration compressors is known as copper plating.
In some > eases, the copper depcsn. may become heavy enough
to i with the of the and, in ex-
treme cases, lead to failure. Thecausesmdmechamsmof
copper plahng ha.ve been studied®s4* and explained in

ugh the tions are lex and com-
plete dehuls are lackmg

It is apparent that copper p]ahng takes place in two steps.
I<'u-st copper must be dissolved i in the oil. Then, in a separate

it must be precipitated or plated from the solution.
Some factors which affect thess two steps are listed in Table 1.

The most important factor in dissolving copper is the
quality of the oil, but there is at present no universal agree-
ment on how to measure the quallty of the oil. Stemle"' has
shown a direct the sition of the oil
and its ability to dissolve copper. He luded that an oil

.. will not cause copper plating if it meets the following tests:

oleoresin content below 0.3 percent, sulfur content below 0.2
percent, aniline point above 212 F, and a Philipp-Tiffany
test of at least 96 hr. Oleomnlsntermusedbyscemleforn
pomon ofa hlbnmtmg oil that can be removed from the oil
by cb of its more polar’
nature compared with the bulk of the oil. It is interesting to
note that Kvalnes and Parmelee did not find direct relation-
ship between any one of these chemical characteristics and
refrigerant breakdown in sealed-tube tests.$

nyers' found good correlation between: (1) the Modified

Ontbeeqmpme.nt or from reactions caused by an improp
of components. Generally, they are present in small.
zmnuhmvwhmh do not advemly affect opemhng charae-.
ristics. ij

I Ozidation Test, (2) a simple copper plating pro-
clmty test using carbon tetrachloride with the sample 01] and
(3) many years of service experience.

Stem!z‘ and McGovern® have shown that when copper is
disso} by lubricating oil, it is present as an organic copper

care to remove, or avoid the f ion of, undesi "‘sub—
stances (sece Chapt.er 47). When equi isp 1
, and d i nxe kept
atnlowlevel Itmustbereeo@md however,dmtmmm
8 small

. d equip-
ment may be produced in spite of ngld qualit; eontmL If
manufact - i

turing processes go out of control or if

for and are not followed,
contaminants can remain or form, in quantities that may
lead to eventual equipment failure.
Moisture

ment. The control of
Wmeaptemﬂand&Q

‘ o wtylulh&ywHWDmLHC@-

Water or moisture is always prese_nt in retngmaung equip-
in is dis-

3y
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pound and is not soluble in water. Shemle isolated such a

d and ¢ d its ion. The copper is as-

sociated with carbon, oxygen, and sulfur mdxcsung that it is

dissolved by the polar or oleoresin constituents in the oil. The

low incidence of copper plating in modern equipment seems

dlllxse primarily to the improved quality of available lubncahng
of

P of oxygen ib to the solubility of
copper by reacting with the oil o form additional polar com-
pounds which have an effect similar to the oleoresins which
may almady be preeent. This is one reason why air should be

The mﬁe of solution of copper. by lubricating oils i eon-
siderably increased at higher temperatures. McGovern!
found t.haf. more than 40 times as much eoppermd.\solved
at200 Fasat75Fina th test. H
huemmnmdxﬂiculthoonholﬂmntheoﬁbarfuhnaﬂechng




