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butane system is due to the direct action of water on metals.
For further information, see Chapter 48.

Walkér anid Rinelli* have shown that &pproximately 90 ™~

pereentofthesludgmmalyzedbymemwemductomommm
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DRYING METHODS

The final choice of the method used in drying refrigerant
systems depends on the desired moisture level, on size, avail-
gble time and cost. (See Chapter 47.)

It may be useful to give some details concerning some de-
hydration methods used in various plants. In the compressor
plant described by Larsen and Elliot, the parts supplied to
the sssembly line are dehydnted prior to assembly and then
the sssembled unit is also dehyd The
mhmgmba.kodSQOthra&mF whﬂedrymrmp&md
through it. After assembling the whole unit, it is leak-tested
atmpsigwhileimmemedinatankofwnter.Unihpassing
this test for relatively large leaks are then evacuated to less
than 200 microns and heated in an oven at approximately
250 F. Units which eannot hold this high vacuum, have either
8 leak or contain moisture. While still evacusted, the
unit is placed in an atmosphere of helium. Any leaks will draw
helium gas into the system, and these units are rejected at the
next station where the gas inside the unit is analyzed with a

* mass spectrometer. Normally, the unit is then charged, test

run, eléctrically tested, and leak tested, with an electronic

leak detector.
Anothérdrying proceduxe“ is demgned todehydrate refnger-
ation units bo 8 mmmum molsture limit of 0.03 g residual
d is ac-

the others examined were due to oil. Preval of the b

of hermetic' motors has shifted this percentage in favorof
gludges formed by motor insulation breakdown. It is pmb—
able that many salt type eludges, ially those

eomphahed by sending the refrigeration u.mta through an
oven heated to 300 F for at least 2 hr. While in the oven, the

unit is ted to below 1000 microns within the first few

oil decomposition products, were due to thermal reactions of
the oil and refrigerant. This reaction was not known until a
Iater date. In some systems, sludges are pnmAnly fonned by
overheated motors and bearings and by insulati

minutes. It leaves the oven at-a maximum pressure of 50
microns. In the oven, electrical power is applied to the motor
wmdmg w bnng the wmdmg tempemture to 300 Fas qmckly

.-+ Elsey? and Steinle* have separately shown that a reaction
my take p!n.oe at high tempemtures between oil and the
-refri with formation of hydro-.
chloric and hydrofluoric acids. In addxhon, the oil discolors
and thickens and, if the reaction goes far enough, carbon is
formed. The viscous or earbonized.oil may result in-severe
_damagcwbwmgsaud valva.Thewdscausesevemeor—
rosion.
anng" hns shown that a relahvely luga quantity of mois*
ture in a reciprocating system using Refrigerant 12 results in
woelarsfed flapper v&lve breekage It was found that the
, overh y and d with an
eﬁment drier, operated mdeﬁmtely without flapper : valve
breakage. Incipient corrosion, probably of an intercrystalline
nature, was advanced as d:e cause, of fahgue failure of the
flapper valves.

Copper plating may be the result of f-he action of or mlahad.

wmmstun“(SeeCha.pier-tS) ..

ion of the fi i showslhatt-hen.mountof
water pnsent in & refrigerant system must be uma.l! anou@ to
avoid ice separation‘and corrosion. -

. Table 1 shows the resulta of a survey of m eqmpment mmu-
iactum-s, conducted by ASHRAE Technical Committee 1.11,
to determine the maximum tolerable moisture content. These
data show that the maximum, as well as the actual, moisture
content of machines is gmemlly higher with Refrigerant 22

A drying pmoedure for sulx'ur dioxide machines described
by MeGovern,® includes heat.mg in an oven at 250-275 F under
vacuum, gmater than 29.5 in., for 4 hr. Thl.s is intended to
reduce the tent. of the hi
000950:ofwaterpercuftnfmtemal machmevolu.me Asa
means of removing the water vapor remaining in the machine,
ﬂu.shmg with dry air is recommended. A discussion of drymg

it at room and flushing with
dry air is also included in Reference 5.

Anderson! has:shown a very desirable feature associated
mththeuseofdrymr namely, that when dry air is drawn
t.hmugh the equipment, restrictions and stoppages are re-

neither is indicated when a va lse!n-

loyed.

P - It should be nofed that, alt.hough winding heat is an eﬂeo-

tive met.bod of removmg moisture fmm a stator it must be
rhe partxcuhrly

when unita of various s:zes aré dehydmwd at the same time.

Application of the wrong voltage on either a 440-volt stator

ora BO-vnlt stator, for exnmple may. mxlt in poor molstum

I 1 or in overh ively.

The use of either duect or alternahng current for winding
heat app to be 1. The of the latter
keeps the windings hotter due to the eddy current hesting of
the stator laminations. Smee, in a‘sealed ystem, the cellulosé
of the stator coritains much water which evaporates slowly,

than with Mngerant 12, anee the quantity of
quired top 1 d to be nbove
tbatmumngfmumg ehmmaﬁonofﬁeenngshmﬂdnlso
exclude corrosion of the type due to water. This obviously is
pot true.for. systems in which expansion valves or capillary
wbm opernte above the freezing pomt of water

baking may-be used to reduce dehydration time. Either
stnxghtoven heat at 250 F, or storage in a low humidity
room is possible. One manufacturer reports the removal of
30 cc of moisture from & 74 hp, 4—pole statar by prebakmg
Recent devel, in motor di that slot
msulauonwummmghﬁleornomoutummybeumdm

Moisture in Refrigerant Systems 777
Tabie 1 .... Results'of Survey on Moisture in.Refrigeration Systems
L . & Mox Tolerable Moigturs, PPM Moisture in Units, PPM
Application —
) Refit 12 22 3 12 oy 22
ic Refrigerators and Freezers 10, 10,10, 15 — 58,10 L=
oty iokie 10, 15, 15,20 15,20 510 5
Frozen Fol)dy Cases . 10 10, 10, 10, 15 10, 15, 15 10 -—_—
Room Air Conditioners 15,25 ?‘.gb 25, 40, 55, 60, 10,| 10, 10 5, 15 15 15, 20, 60
Resid unlandPuchgeAerondmonm 10,15, 152550 10 15,25, 25, 35, 40, | 7, 10, 15, 40 7,10,15, 15, 1520
o . 40, 40, 60, 100,180 : 25,40,50,55,60
ma-Bmu Systems 15,20, 25, 15,40, 40,100 - = 10,1560 -
Percent of ﬁddmm ua.tm- o 2' .’ 8—Negligihla 8—Negligiblo
. 1—2 percent. N * }—2 percent
- 1.1 .0 155 pereent - 1—3 peroent
.1—40 percent o 4 2--10 percent
1—30 peroent
B 1—_4? pexecnt_

.Wmmmwmmmm-mwnmmum“

hermeuc applications. This ehould mnuarmlly reduee tbe
stator dryout problem.

Wile!t describes, in'very general termis; s drying method
for ice cream cabinet units. Better than oxdmary drymg
i involved, is attained by

. mency of the process. Fenwick!? advocates the use of a d.ew

point of — MF(equdwOMngwawrpercuft)forﬂmmr
lmvmg the equ.lpment, as proof that it is dry. Anderson.!*

the mthelastmachmeofa
sena, which has been dried with air, by drawing off the
mtoahqumlmhapandcaluﬂanng therefrom.the

ted by the low
dehydrating each piece of at high temy ite and
a very fine v This proced pp Iy results in sys-

tems sufficiedtly dry, | butml.lmgeldnersmplsced oneach

imachine as an additiofnisl precaution, -, -
Carter*® hiis also dealt with the field removal of moisture:
The heat and vacuum, hot air, carbon dioxide nnd nlcohol, and
and

quantity in the machine. McGovern® recommends drawing a
vacuum on the equipment being tested, closing off the system
and observing the pressure rise. Unopreswmnseoccum
after a time, the machine may be considered dry, since mois-
ture remaining in the machine will create its own gas pressure.

Moisture may also be determined by removing a portion of

double evacuation methods of dehydration are di
illustrated. Methods of heating the equipment include the
use of-infrared lamps . The double evacuation method is

oons:demd ‘most mhstncmry and it i is fully discussed and .its”

aids in determm

ing when dehydmhan ig finished. -

Fenwick!? describes a system ‘and sppmtux for produnmg
dry sir and drying units in the field as well ag in the factory.
Units of this type are commercially available, and are usualiy
used in pairs for continuous operation. -

- When conditions in the field do not permit heating of t.he

i i, anhydrous 'methanol (methyl alcohol) has been
used to flush out ‘moisture. Since-the alcokol has.a lower
boiling point than water, it may be rémoved more readily.than
water by means of a stream of dry air, carbon dioxide, or oil-

gen, or by .the lication of & Under
1o clrcummnees ‘chould the alcohol in quantity be allowed to
remain in the systern since it may produce corrosion.!t Anhy-
drous methanol, in quantities somewhat less than one percent,
does not appear to mduee mpld corrosion aad, moreover,
exerts an antifreeze actio .

MOISTURE MEASUREMENI

Vanaus methods have been developed for checklng the
level in the refr, :m. They are described in

. syste
deMmCh&pterﬂandhstemea.blelofﬂmmeehapw

Obkualy, the messuring method varies wﬂ.h the type. of
process loyed, but unfor the

limits accepted by t.he dxﬁemnt. manufacmrem do not always

correspond. . -

. One of the most thods of méist checkmgls

tbeeolduapmethod,andwhendrymxsused the dew point

oftheoutgomgmlsﬁequenuyuaeduncheckonthaeﬂi-

the liquid refrigerant from a machine which has been operated
for several hours until the moisture is in equilibrium thmugh
out. The quantity of moisture in the removed sample is de-
d by the phosph ide method.!* Walker and
Rinelii?* developed a method applicable to methyl chloride,
methylene chloride and Refrigerant 12 which makes possible
routine analysis of a very large number of machines. Diniak
et al® have described s simple rapxd met.hod for determining
the water content of a circul of the fuoro-
carbon group. Du B determined moi in refri
units by collecting it in a cold-silica gel drier. Themmsmm
was then expelled from the drier with Refrigerant 12 gas at
370 F and collected in Nesbxtt tube& Elsey® used 8 dew-
point method for d the of gas
mmplmt&kenﬁomrefngemhngumtsm&heplantandmthe
field. Sterk™ compared various desiccants by using them in
operating units. The moisture indicator is & useful device for
showmg whether a system is wet or dry. See Cbxpter 48-

DESICCANTS

Desicesnts are used to remove excessive moisture from in-
stalled eqmpmmt, partxcuhrly afler 1'. has been overhauled
and isa p P of
adsorbing, or ‘_,, hemically with the moist i
in f.he liqui.d or refrj il mi
inf tion about desi haabeenpub—
hshed in the chemical literature,™ = but not all data given
are'd| licable to the problem of refri  drying.
Thérefore a.rw:lu dealing spec:.ﬁmlly with the use'of desic-
cantsmrefngemtdrymgshou]dbemnmﬂhd' .

In order that a chemical be ble for use as
a desiceant, it must possess, in-addition, to. the property, of




