221 8202 LOW PRESSURE REFRI GERANT CONTAM NANT TESTER Backgr ound .of the

| nvention A nunber of saturated fluorocarbon conpounds and azeotropes are
commonly used as refrigerants in various types of refrlgeratlon syst ens.
These refrigerants have different 5 properties Syﬂﬂﬁg% ng poi nts and
vapor pressures that dictate to a great extent the™ref ramt's s: (e
tability for any intended use. Refr+geration systens are genely classified
as either high pre sure § stens or L?m/pressure systens dependlng on the

operati onal pressurs 2 ANT £9 W MBSTER)  used in
these systgIm &3&1%@@5 £QUURRPL % eferred to as ei ther high pressure or
IOM/pressuTE—#gLnnyﬂ7nn1r§Emegg§ng—upon the nature of the systen1|n whi ch
they are used. In ABRym9ért H8S8at Bl SEI FiyYE cRaT nt of
oil is circulated with the refrigerant. Both the re rlge an oi |

cont ai ned azwstei opesoaey ecomhondyt Qsalds asb rAFd iy rhida) 6 t&ﬁ% &L of
As a result any water finding its way into the systemis captured wthin

the refri gafmtaerkion espstenst efbess e frdigetnant siittavien diffef exymitem can
cause ice to formw thin the system and corrode netal parts through the
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Acid is SOirFﬂtér‘EédeégEd ﬁxfweerzsubaers%tteh@ %Qééenecher{y as
down due to the system conpresSor overheating. Like ™water hose aC| e
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equpnent in the refrigerant
the operational pressure of a particular unit. The refrigerants
10 used in these systems are.therefore commonly referred to as
either high pressure or low pzeséure'refrigerants depending upon
the nature of the system in which they are used.
In many of these refrigeration systems, a small amount of
oil is circulated with the refrigerant. Both the refrigerant and
15 oil contained therein, however, tend to absorb and hold water to
some degree. As a resﬁlt any water finding its way into the
system is captured within the refrigerant. The presence of _
excessive moisture within the system can cause ice to form withinci
the system and corrode metal parts through the formation of
20 strong mineral acids, adversely affecting the operation of the
unit. Early detection and removal of this unwanted contaminant
is necessary in order to maintain the system in efficient
operating cohdition.
Acid is sometimes formed by the refrigerant being
25 chemically broken down due to thessysteﬁ compressor overheating.

Like water, those acids have a dew point close to the refrigerant

and thus can be cycled through the equipment in the refrigerant



£2- flow and build up in the refri'gerant to a | evel where the systemis
eventual | y damaged. Contam nant tester tubes have been devel oped that are
arranged to detect the anpunt of acid and water in a high pressure

ef ri gerant sanple. 5 I n high pressure systens, the presence of
acids and water is detected by drawing a high pressure sanple fromthe
systen1through the purge valve. The refrigerant sanple is typically at a
pressu?e of about 14.3 bar (200 psi)~and-i s thus thoroughly vaporized. The
sanple is passed through a fIQM/restrlcture designed to neter 10 a volune

of refrlger A %e say I whi s still in the vapor phase is
t hen passed L?S’E e 1RR Y utg% v%%g’é‘??r?'é%c'f% W%?}"%béﬂ?%ﬂ? yEhe vtk
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contained in the sanpl e e the sanple I s drawn %7%2}‘%‘9&%9 n the
vapor 15 phasee idpeuonest e sﬁﬁsﬁ@gdpeél@dte@aytﬁ@rﬁﬁénﬁ@%é d&id g,

sanpl e are honmpgenously distributed within the sanple. The percentage of a

gi ven cont anvateent im & khghnpeedsut e Of e SAIPeLant é&wpléruly representative
of the percentage of the contam nant present in the refrigerant contained
within the system.2bn high presggrenpystemsadbhe presendeof acisimrandibater
for use in testin Iom/pressure systens have, however, heretofore been
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part in the vapor phase. Accordingly, the distribution of contam nants

\’7/ rhe sample is passed through a flow restricture designed to meter

10 a volume of refrigerant sample. The sample, which is still in
the vapor phase is then passed through the tester tube where it
reacts with specially prepared chemicals to give a visual
indication of the amount of acid and water contained in the

Sampie.. Becsuse the sample is drawn from the system in the vapor

15 phasé throughout the testing period, any contaminants in the
sample.are homogenously distributed within the sample. The
percentagé of a given contaminant in a known amount of sample is
thus truly representative of the percentage of the contaminant

- present'in the refrigerant cont;ined within the systen.

20 Attempts to adépt contaminant tester tube for use in
testing low pressure systems have, however, heretofore been
generally unsuccessful. The low pressure refrigerants generally
are those'that.have normal ﬁoiling points at or below room
téﬁperatﬁre. Under normal opesating conditions thése

25 réfrigerants wili exit the systemsin the form of wet mixture
wherein part of refrigerant is in the 11qu1d phase and part in

. the vapor phase. Accordingly, the distribution of qontam1nants

within the sample is non uniform and thus not representative of



within the sanple is non uniformand thus not representat.ive,of -3- the
anmount of contam nant found in the system The flow pressures nake the . .
sanple difficult to handle and the sanple flow through the tester tube i5s L
unpredi ctable. A high percentage of liquid in the sanple further tends to
degrade the sensitivity of 5 the detecting chem cals and thus | eads t.o
erroneous sanple readings. Summary, of the Invention It is therefore a0

obj ect of the present invention to obtain a representative sanple of a
refri genanaméuavwnofr eshaahowah@ goesaune kekrisgekahi.onTaustem, It is a
further object of the present invention to accurately test a | ow pressure
refrigerassufes mhbeptbeeseapdk diifén cadnt ami hantid euandg taeC 6ahplien Elbw
tester tube. Another object of the present invention is to sinplify 15 the
detectFbﬁoéﬂhcéh?aﬁﬁﬁéﬁfstéﬁﬁraﬁnéﬂpmeﬁﬁFﬁaélﬁefrﬁgéﬁahtP@Gnﬁatnee ofi a | ow

ressute refri tion syst hese a d ot her objects of the present
anentﬁbﬂ”é?e g t8en&amey © néPéFgﬁé & ﬁﬁh?&gFéhFl6@Faﬁ€“§ﬁégﬁﬁﬁﬁ of

g a r WeRTLeS Sl fr| eratlon systeminto an 20
|nf atng d%QQE%$h§ gkgmﬁggggaﬁé §%a%n§% ?eaka & 5ﬁﬂePH3 ?é& PYfase mixture
allomegegglggglllbrate at anbient pressure to generate a honobgeneous gas
within the sealed bag. A punp is used to draw a representative sanpl e of
known sakmaeyl bEnthlee Ihw@naddnpass t he sanpl e through a contam nant tester
tube, at a unitorm?25 velocity. Chemcals contained in this tester tube
react with i1t is therefore an object of the present invention to

obtain a representative sample of a refrigerant drawn from a low ‘e

10 pressure refrigeration system.

It is a further object of the present invention to
accurateiy test a low pressure refrigerant for the presence of
given contaminants.esing a contaminant tester tube.

Another object of the present'invention is to simplify

15 the detection of contaminants entrained within a refrigerant
contained in a low pressure refrigeration system.

These and other objects of the present_invention are
attained by metering a two phase refrigeraﬁt specimen containing
contaminants from a low pressure'refrigeration system into an \\;

20 1inflatable bag. The bag is sealed against leakage and the two
phase mixture allowed to equilibrate at ambient pressure to
generate a homogeneous gas within the sealed bag. A pump is used
to draw a representative sample of known volume from the bag and
pass the semple through a contaminant tester tube, at a uniform

25 velocity. Chemicals contained inathis-tester tube react with

known contaminants [acid and water]| to provide an indication of

the percentage of contaminants contained in the refrigerant.



*known contaninants [acid and water 1 'to provide an indication of the
-percent age of «contam nants contained in the refrigerant. -4- Brief
1Description of the Drawing For a better understanding of these and ot her
Yobj ects of the present invention, reference is made to the detail ed
description below which is to be read in conjunction with the 5 follow ng
drawings, wherein: Fig. | is a diagranmatic view showing a refrigerant
sanpl' speci men being netered froma |ow pressure refrigeration systeminto
an inflatable bag; Fig. 2 is a further-view showing a representative sanple
10 of the_low.p essute refrloer.ntDcontalned within the inflatable bag

B 2 il tube; and Fig. 3 is an enl arged

bei ng passe- FH-oHgF
side elevation in s n det.ail the_cqgnstruction of the
cont am nati on teste?g% gebgg Y ge? gQggéengrlptFoﬁsgfaP e°Fh$én?Péﬁ°ts of

Referring ipihti pkk¥ehe Ehgen%aohheE%fb§ehEEU35rﬁE@Q @olgﬂbpﬁ@§§9i§d '
refrigeration system generally referenced 10, which includ es a conpressor

11, a condedeerriptiandbanoevapikat as t3. bEheeadnpaneshguaktibs gyshephare
joined by means of a suitable 20 closed loop flow circuit 15 that

i ncl ude® a Eodperdser drawéngsi.neheTeia:conpressor discharge |ine 18, and a
liquid line 19 extendlng bet ween .t he condenser. and_evaporator units. An
expansi on devi ce 20Fig-oferlst PvEILPIEFMMEELEd ﬂﬁ?ospﬁglpﬁqalIeFFhéefﬁnburge

valve 21 of JganyentiQnah et dhy HetdliECled

|ntq .
a low pressure refrigeration
system into an inflatable bag:

U ~ Fig. 2 is a further view showing a representative sample
10 of the low pressure refrigerant contained within the inflatable
bag being passed through a contamination tester tube; and
Fig. 3 is an enlarged side dlevation in section showing
in greater detail the construction of the contamination tester

tube.

15 Detailed Description of the Invention

Referring initially to Fig. 1, there is illustrated a low
pressure refrigeration system, generally referenced 10, which
includes a compressor 11, a condenser 12, and an evaporator 13.
The components of the system are joined by means of a suitable

.20 closed loop flow circuit 15 that includes a compressor inlet line
17, a compressor discharge line 18, and a liquid line 19
extending between the condenser and evaporator units. An
expansion device 20 is operatively connected into the liquid
line. A purge valve 21 of conventional design is connected into

25 the liquid line betweén the expaﬁ;ion device and the evaporator

unit which is normally used to drain refrigerant from the system

and to charge new refrigerant into the system. A refrigerant

specimen is shown being taken from the.system thrbugh the purge



25 the liquid |ine between the expansion device and the evaporator unit
which is normally used to drain refrigerant fromthe system and to charge _
new refrigerant into the system A refrigerant specinmen is shown being ]
taken fromthe systemthrough the purge valave in Fig. 1 for the purpose -
cf testing the specinen for contamnants. A refrigerant specinmen is takqn
fromthe purge valve and transmitted via hose 25 into an inflatable Tedl7a

bag 26 haying;a 5;g9ne,l iLer ¢apag Gl I eyice s _nmounted wi hln
the top €£|Q 28 o% fhe ng @ %% %¥heA° eeﬁgqugn¥§%ns%e 5" 81 é8Eoped

cyl i ndrieat ageRlaEs .t hat |nclude an outer stationary nmenber 29 that is
secured in the top wall 28 of the bag by a clanmping ring 30 and an i nner
movabl e menmber 32 reliati giex asiti dalalot mkd  irsettaikead fwicmhithet R rgleaiiaQRar ¥ng
menber. Internal seals not shown are nmounted between the two nenbers to

provi detaagkimditngd wdlk Prasef ZSoiimt o ey dlnetlasarpleA Teklalr Sagews3having a
threaded intqo the side wall of the stationary nenber that is capabl e, when

t i ghtoen&8ed it et (?acﬂaé’rﬁSYt he P\"ﬂﬁé&ﬁ‘t"rré?ﬁi’e‘rceat”a ige flouat edowiithdm tHewi t hin
t he staklonagﬁ

fnzg) he nnvami% r?) ai.ns a purqe hole 33 that is-
exposed 8 afosfhers b % et er%Y§°Faﬁ$ 3t eSa k%ot ended
positio SHBEMW it t; e .St a nber mhen
t he novgbel%%nenber |)Ql rdggtlr%cj’t gdmn%s%ﬁ%‘v# |1rh1'idlj—'~"|"‘tg§irL f% %&Q S¥'ami°"‘?ﬁ
cl osure wiambee Fardmey idcdesinsed MmN lvoPRAIAl 8 YHUlenef bagabyea37 which

when cl osed prevents the specinmen trapped in the bag from escapi ng. The

di stal enthmpindier imy all ek rdyeri dresr . movdhlen degbhmye 8 1g hati dis tsha adbiyal.
end 34 of the hose is
1 retained within the stationary member.

Internal seals not shown \751

are mounted between the two members to provide a sliding leak

proof joint therebetween. A thumb screw 35 is threaded into the

side wall.of the stationary member that is capable, when
tightened down, to clamp the movable member at a desired position
15 within the stationary member. The movable member contains &
purge hole 33 ﬁhat is exposed to atmosphere when the movable
member is raised to an extended position, as shown in Fig. 2, and
closed within the stationary member when the movable member is
restricted, as shown in ?ig. 1. o « -
20 The closure device further includes a manually operated g
shut-off valve 37 which when closed prevents the specimen trapped
in the bag from escaping. The distal end of the movable member
has 3 threaded opening which the distal end 34 of the hose is
screwed to, providing a leak tight connection.
'.25 When drawiné a refrigerant specimén from the
refrigeration system, the movable member of the closure device is

first extended fully with purge hole open to the atmosphere so

that the hose can be purged by the system's refrigerant. After



Screwed to, providing a | eak tight connection. 25 When drawi ng a
refrigerant specimen fromthe refrigeration system the novable nember of
T;_‘he closure device is first extended fully with purge hole open to the
atnosphere so that the hose can be pufged by the system's refrigerant.
After.  approxiately thirty seconds, the novable menber is retracted fully
I nsi dg‘it he gag‘ggp(z]i%si_ng”st_at.i_qr]'ar nenber to prevent refrigerant from
escaprrg t hrotgh t A& “Furge Mdlte a%d':l’h’e‘; sHuUte GiSvaRdiey anedibeand spurege acalede
21 are both:opgneq,alilsn ! W0 5 phase refrigerant mxture to be
nmetered fromt hg system itR%o etr%gonfér%)ﬁsa‘tn Isgtaota‘g‘?"a'.’ RGO O Frevent
mLTilTiters refe cliig@tiath S G R a5 REYH |.n the hag, the shut-off
val ve is closed sealing the speci nerﬁfi n @ed%;%r?edﬁ%gﬁu?bog%ﬁ‘\% the shpt off

closed aridvaleemdvaldm riday 6 axtAndad thiis, Addndd & nglyiigenant 10
trapped in the hose to escape to atnosphere througﬂh t he pulrgg""(ra1 oltfg".e e

hose is @i sdayRseEC treE risd ez gnitstan et & e e e 6l AHO By Tht e he
two phase mixture sealed in the bag i's permtted to equilibratfe at

at mospher i ¢ tEnidraR 1R 229 AcditR mgBRut efirveyariaklti 13 exisn dfha ilguidi ¢ pRbanen

is permtted to,evaporate which results in a honogeneous gas filling the
bag whi ch coltaine T epresehisd i vk RS dhedth ‘?fefnt"sﬂimﬁ fisr wilpsed

di stributed L. SSA 1o e entative sanple fromthe bag through a
tester tube %mé?{ﬁpé]oﬁl}lf)%eé%%glu&a eilef (narfs%? 19 on Tt Falve jeedomcsloped

water 20  adwld orh@chshvdvld heemisd s i gerant al ' ho F e T edR0n the
refrigerant being equilibrated within the bag, amgéjna ﬁqovu(}%&rée&‘ge’g“t

rec)jgseﬁwatit/eaisml'ﬁnisheraft@mé&wpbaﬂot&mosphe_re through the purge

hole. The hose is_disconnected tgleaéing the bag from the
-refrigeratioh system. |
The two phase mixture sealed in the bag.is permitted to

equilibrate at atmospheric'temperatﬁté. Accordingly, refrigerant
15 in the.liquid phase is permitted to evaporate whfch results in a
homogeneous gas filling the bag which contains.tepfésentative
amounts of contaminants uniformly distributed theteiﬁ. Passing a
representative sample from the bag through.a tester tuﬁe will
provide accurate information concerning the presence of water
/ 20 and/or acid in the :efrigerant containéd in the system.

Upon the tefrigeraﬁt being équilibtated within the bag, a
small volume of representative sampie is drawn from the bag to
test for contaminants. Referring to Fig. 3, there is illustrated
a disposable multiple contaminant testihg tube 50 for detecting

25 the presence of cbntamihanté in an evaporated refrigerant. in
this particular embodiment, testihg tube 50 is'designed to test

for two particular contaminants which are acid and water.

Testing tube 50 comprises a generally cylindrical tubé 51 made of



test for contam nants. Referring to Fig. 3. there is illustrated a

di sposabl e nultiple contam nant testing tube 50 for detecting 25 t he - _
presence of contam nants in an evaporated refrigerant. In this particular ¥
enbodi ment, testing tube 50 +s7designed to test for two particul ar

contam nants which are acid and water. Testing tube 50 conprises a
gener al hy rcylisndyd<cal st Gl medeciofas ghadd ansp epjbe-rgggserdﬁcsis:%qws
glass. The tube has oppositely disposed tapered ends term nating in d"
frangi big sissteeamrdqrE Rruinl testindaity fu angf bieg OV SigAABE 1 134 53

Ti ps 53 and 54 are designed to be open when the tube is placed in use by

br eaki nG'S 2 aY Y3l S i aRE ERR dPWRTEreametip Skposhipm IDHHTEEN Grani ng
55 and aéu§MH%§eanTo enin 26 mh%ch are generally conical in cross

secti onal®Toihid The ¥ s?’??fg U FRE aF PR Gt | REACEA dbi S by drvesid rigr

| Pi ] i I nChi | 59. The 10 dem st
one oxt e PHEnteRLEdreRIL 1B Ol BORE R 0OKERES 4 mnn e Yo romenin oy
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entrained oil in the representative sanple to Settle out previous T e

remai ni ngeparonal foemsanpl e reaching indicating zone 58. Starting at the
upstreamend of the 15 ° indicating zone, the tube serially contains a
| ength of brass Eheetpstbngdfabenistdiviied inta gldemistérrzalisissHlfor

fol | owed bx the water rempval and npisture indicating section of the tube
62. On thE™B%PL Sfd8lbf2PfAe2nBPREAPENPRUPR AL PALCARLRY ofON® S2condThe ass

{105l ) BoPRrkp TRA B BLA00PELT: B! BbbPLRE RS E5TPOHRY et
68 of thﬁbb§§tﬁglﬁugﬁy“Q58Qgi%hgoﬁbﬁﬁﬁﬁ thereof and is essentially an ~
open section that permits entrained oil in the representative

sample to settle out previous to the remaining part of the sample
reaching indicating zone 58. Starting at the upstream end of the
15 indicating zone, the tube serially contains a length of brass
screen 60 adjacent to which is a glass fiber disk 61 followed by
the water removal and mpisture indicating section of the tube 62.
On the exit side of the moisture indicating section, a second
glass fiber disk 65.is mounted along with a roll.brass screeﬁ 66
20 and a third glaé# fiber disk 67. Immediately thereafter is the \ '
acid indicating section.68 of the tester tube which is followed
by a length of béass screen 70.
The cheﬁicals making up the water removal and moisture
indicating section of the tube.aloﬁg with the acid indicating
25 section are iocated in the tube relative to indicia 76 and 77,
respectivély. The primary funciion of the screens and disk
members is to maintain the indicating media within the indicating

sections as well as providing physical separation for the



ﬁy a length of brass screen 70. The chemical s making up the water renoval
and noi sture indicating section of the tube along with the acid indicating
g5. section are located in the tube relative to indicia 76 and 77,
respectively. The primary function of the screens and disk nmenbers is to

mai ntain the indicating nedia within the indicating sections as well as
provrg%ng physi cal separation for the ~ 8.8 chenmicals contained in the two
i ndi cating sebkhorals toachriaes S¢ aqfts 44 e Jddter Qut .any particul ar
material that might be entrained within the r g{olrcfegstelﬁigatsﬁfé‘ 108%p| e The brass
noves' t hr ougRcERensulfer thert Hfd lpreas et o HamNtcBfad RE ¢ tion .
cobaltous 5 chloride is used as a noisture i ndi cat or . tf%ﬁggangfaplﬁgt be
m xed with s&HB?éﬁ&eépMPW@dntGh@heépnﬁsknuﬁﬂﬂvaﬁsdﬂyiéldyaﬂg1H@¢ganh?EMr%
renoval sect Lan QZ \Wen water is brought in contact with the chem ca
material, th& matéPeal dRafdEs REGSGNt! egvacsl imento ofi the Theeatiidn edbadtibig
medi a i n¢l udeg;a Rigst yre @f, 410 _bronophenol bl ue, ethanol, and glycerol .

whi ch is%coateé ggg?nqapg%eg -0l ggﬁﬁﬁﬁr?xiﬂﬂéGaGSEn t fdej mageirdrlsisf atRed

of the tube withi Bahle I d JidiGatin ectiqn 68. en an acid is brought
into contact with the g?’glrr%g e(r:%c‘)elgi tlgloug,h%i ﬁé‘sﬁ Fnﬁ'?lﬁ\rﬁg EBrotubRaNgEBino

yel low. By needsrtiuie trlmorsilalsec@i@inh 62f, 1Hm@dhs &3k atati0 |.ong t he
i ndi cating scal es, the anobunt of each contam nant ?% ?hegggﬁﬁgg 63n?88ta°t

deterni ned. Adtfuthieechiemicsilr sia¢eriialhi ghedmatlae ia0NtABLERE! 88155k Ln! HPSe
is contained within a housing 80 that is nmade of a generally transparent
mat eri al Sucﬁoaglﬁﬁexi6W§S§p1ﬂhénd1cat1ng media includes a mixture of

\;_/ - 10 bromophenol blue, ethanol, and glycerol which is coated again
upon a sand carrier coated upon the interior surface of the tube
within ;ﬁe acid indica;ing section 68. When an acid is brought
into contact with the bromophenol blue, its normal blue
color changes to yellow. By measuring the axial length 6f
15 ‘disco}oration along the indicating scales, the amount of each
:optaminant in the sample can be determined.
As further illustrated in Fig. 3, the contamination
tester tube is contained within a housing 80 that is made of a
generally transparent material such as plexiglass. The
_/ . 20 downstream end 54 of the tube is mounted within a conical seat
8l. The opposite or upstream end of the tube 53 is seated in an
O-ring 83 that is cgntained in a threaded coupling 85. The
coupling is th;eaded into the upstream end of the housing as
shown. The connector has a hole 86 passing therethrough which
25 cdmﬁunicates in assembly_with the tube opening 55 to permit
refrigerant gas to pass freely ifito the tube.
As best illustrated in Fig. 2, the coupling is adapted to

be threaded onto one end of a sampling line 87 while the other



20 downstream end 54 of the tube is nounted within a conical seat 81. The

opposite or upstreamend of the tube 53 is seated in an O-ring 83 that ‘i s

contained in a threaded coupling 85. The coupling is threaded into the

upstream end of the housing as shown. The connect or
t her et hrough whi ch 25 communi cates in assenbly with the tube opening 55 to

permit refrigerant gas to pass freely into the tube. As best illustratgd in
Fig. 2, the coupling is adapted_tg be threaded onto one end of a sanpli'ng
line 87 while the other erni of the line is adapted to be threaded onto

the novahliecreaher 132e0fi st RAaRR@IC IS Bt S\ 2 d ted bel | ows
punp 90 is used to draw a sang?e of refrfge%gﬁgdgégtgrgﬁgtﬁgggége %er

t hrough3ghett ebkebagukdostite @eviceal7a UG ®andl dpazheied 3d3RL
recei ve the downstreamend of the tester tube housing therein.
Fig. 3 aA @sedndosdarwod isampdret mifnee fwitgeranthgasnttradCeh@Sbag aha@ uni on
to provide a gas ti%ht joint between the tester tube housing and the union.
Wien t h&PREYTIING Nes tesiiexd tivbe he Thet mumEe 195, at o isncBilonhpor tisOadaptele
punp d st?fl aced.in 1
tester t
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the entrance 95, the suction port 96 of the pump is placed in
comnunication with the downstream opening 56 of the tesfe: tube.
The pump is designed to draw approkimately one huﬁdzed cubic
centimeters of sample through the tester tube for each stroke of
the pump..

A hand operated bellows pump 90 is used to draw a small
volume of representative gas sample from the bag aftér the liquid
has completely evaporated. The pump as illustrated in Figs. 2

and 3, is attached to the downstream end of the tester tube

container. The connector mounted on the upstream end of the AN

container is coupled to a léngth of tubing 96 which, in turn, is
connected to the closure device of the inflatable bag in the same
manner as described with reference to the saméling tube. The
pump is arranged to draw approximately one hundred cubic
centimeters of representative sample through the tester tube each
time that the pump is manhally stroked.

To draw a representativeq:ampie from the bag, the movable
cylindrical member of:the closure device is again retracted

within the statiOnary'mehber thereby Shuttind off the drain hole.

The shut-off valve is then opened and the pump is stroked to draw

has a hol e 86 passing
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centi meter f, S I hroough 4 he tester, tyibe for each stroke of the punp.
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container is coupled to a length of tubing 96 which, in turn, is 20
.connected to the closure device of the inflatable bag in the same manner as
described with reference to the sanpling tube. The punp is arranged to draw
approxi mately one hundred cubic centineters of representative sanple
through the tester tube each tine that the punp is manually stroked. 25
To draw a representative sanple framsthe bag, the novable cylindrical .
menber™ of the closure device is again retracted within the stationary
nenber thergby. shuttij ff et Kai. ol, T t-off valve is en
opened and'%H%lgﬂﬁpg?ggg?réﬁeggggl%rgﬁg *g§°§?§e§n§nﬁﬁ EESf §§ﬁp|eEga§“Y
through thewiesteist ybesentf ianynwahes isampieseRt LWR14hEed apBRkepy
wi || be absorbed by ?he cobal t ous c?loride@#n tﬁg kgggrsfngﬁggfﬁﬁg ggc%?%n
' 62 turning tbbslchesi callokride iihs ther wak eltl uaddekeingospiBlionTee auPHMAGOf
5 water vapor present in the sanple is neasured by the axial |ength of
di scol or ati bhial shgmtike li fdiosatiitisg nocalads bide Abtler thepiakpl eThasaheant of
tested for water, it is passed through the acid testing section 68 of the
tube where FREESaNFIPOTI PrEFEHSed Nt Shsr SATFHENGIS Hegsured@hbyptbeensdadf langth

acid in the sanmpl e causes 10 this.chem cal to change framits nornal bl ue
co:orlto yeF&o%ﬁsﬁéﬁégéﬁéFW,aﬁﬁ?i(ﬁﬂﬁl*ﬁﬁ‘?ﬁt§8§léF F8n7§Poh@§Fﬁé Lhes o?

the indicati i i i ndi. cati .Qf .th f i t
it he s apiah el Al dUY CART o AR 13 " BaRTRU n Rl T BT

refrigerant degeliy RaiesidPled QY &Qi&&@d{}g witfdd @HedRan1eNiid hPosed to

refrigeration systemor, alternatively termning the cause of "this type
of failure. bromophenol blue. The presence of any acid in the sample causes

~ 10 this chemical to change from its normal blue color to yellow.
Here again, the length of discoloration along the axis of the
indicating section provides an indication of the amount of acid
present in the sample.
The finding of excessive amounts of water éhd acid in the
15 refrigerant is the basis for replacing the refrigerant within the

refrigeration system or, alternatively, determining the cause of

this type of failurg.



C L M S * CLAIMS 1. A nethod of testing a | ow pressure

r ' ntam nati on that |pcludes the steps of netering a o
pﬁmmmllﬂ“uaﬂmmnnt of | ow pressﬁr‘ﬁréfri gerant as a two phase mixture of ”*
gad 5° ‘'and Piqlid froma refrigeration unit into an inflatable bag,

seal i noCLAEMS efrigerant in the bag and allow ng the refrigerant to :
equi librate at anbi ent pressure whereby a honbgeneous gas sanple is foeped
within the bag, drawing a representative anmount of the equilibrated 10
sanpl e through &-cont aki nakhodegfetestbrgt @ hewspresshice anefinigefanne or
nmore selected contam nants in said representative sanple. 2. The nethod of
cl ai m 1fehgonErPiRREioRct okt heeludep bhecahepetfig a punp to the

di scharge end of the tester tube and 15 selectively cycling the punp to

draw a gi ven voPERREHRA 3 pPERERESFPIREd appPRNENPEULAYL RECSBYERr tube. 3.
The nethog pf claim 2 wherein about,100 cubic centinmeters of representative
sanpl e FRIEAEFRPPHr B8R tHR PRhp8eoBixtpEeief 935 The nethod of claim1
wheg ei n a&ouL,S nil%iliters gf.liq#id refrigerant is nefered into a bag
that is28Xpaht@BIE Mo of AbHLITHR 97 t ¥} or iRt inflataple bag,
sealing the refrigerant in the bag and allowing the
refrigerant to eguilibrate at ambient pressure whereby a
homocgeneous gas sampie is formed within the bag,
‘ drawing a representative amount of the equilibrated \_LJ

10 sample through a contaminant tester tube to measure the amount of

one or more selected contaminants in said representative sample.

2. The method of claim l_thét includes the further step
of connecting a pump to the discharge end of the tester tube and
15 selectively cycling the pump to draw a given volume of

representative sample through the tester tube.

3. The method of claim 2 wherein about 100 cubic .
. O
centimeters of representative sample is drawn through the tube W/

20 tester.

4. The method of claim 1 wherein about 5 milliliters of

liquid refrigerant is metered into a bag that is expandable to

hold about one liter of sample.



5. The method of claim1 that includes the further step TR
‘tester tube into a first section for detecting the amuzummmﬂ""mgz@ﬁnt
¢in sanple and a second section for detecting the anmount ¢&f &cid present in
'said sanple. 5 6. Apparatus for testing a | ow pressure
refrigerant to detect the anmount of contamnants in said refrigerant that

i ncl Gdes a gas tight inflatable bag haying a port for allow ng refrigerant
to pass into and out of said bag, 10 = ~~ netering neans for
passing a given anount of refrigerant froma refrigeration unit into said

bag, a valve assqci gthed mélthbasaifd @il 1 that inkALdeEahkhBIehPEher steps
refrigerant wthin said bag whereby refrigerant sealed in said bag For B

honpgeneoutsdiplidiag atenspiseeirc tpbesdmte, al¥irst section farhakkewting
contam nant tester tube having one end defining an entrance end the
opposi te efdedéfioningg of #iaderamyesense iusample pokudi sgcdetiesecbion for
sections. each of which provides a visual indication of a selected

cont ani nan e&?ﬁttéi“ﬁe&%en apquity iofegid LrRFeRtdiAawsail sa8R18ai d t ube, 20
a connector for coupling the entrance of said tube to the port and a
punp coupled to the discharge of said tube for drawing a

ol doval ve i o opened PR ) pesTn LN e dBURY. FEEP 1pdrRng €0

wher ei n Sfﬂdh&éﬁﬁfﬂﬁéféﬁﬁﬁﬂi of contaminants in said refrigerant that
includes

g;~j ' a gas tight inflatable bag having a port for allowing
refriéerant to pass into and out of said bag,

10 | metering means for passing a given amount of refrigerant

from a refrigeration unit into said bag,

a valve associated with said port for sealing
the refrigerant within said bag whereby refrigerant sealed in
said bag forms @8 homogeneous sample at atmospheric pressure,

15 a hollow contaminant tester tube having one end defining
an entrance end the opposite end. defining a discharge tube
furtﬁez including detection sections, each of which provides a
visual indication of a selected contaminant contained in a
refrigerant sample drawn through said tube,

20 a connector for coupling the entrance of said-tﬁbe
to the port e and
| a pump cbupled to the discharge of said tube for
drawing a representative sample o£ refrigerant from said bag

through said tube when said valve is opened.



of a trans ar terlal and includes an oil renoval zone adj acent the jl
Fﬂmfﬁlﬁml rst and second contam nant detecting sections di sposed i

mfromsaid oil 5 renoval zone. 8. The apparatus. of *
cIa|n17 erein said first contani nant detecting section contains a

material for determning , the anount of water in a sanple, and the second
-contam nant section contains a material for determ ning the anmpbunt of

i d
in 10 said sanple. 9. The appardtus of claim6 wherein said inflatag?é
bag is fornmed of a flaccid transparent material whereby the presence of a

liquid in the bag c r Y 0, The a \par at us of claim®6
wherein said pu?p S aﬂigeayﬁ%%éu%%/ @Pof)gérla"fg% “?ahne T asrér)a%geg’et d SR ™8Sout

100 cubigy GeNiddMRISd Se S0P} €21 NERMOthSRided URE SN SASbRIT Y Of the

punp. 11. The apparatus of claim6 wherein the netering neans IS coupled to

a purge aijaksercont vé Neslt i sind dleen®f raQEr el ON &M sedbiid - corkanmiMaAPPar at us
of claim®6 wherein said tester tube is enclosed wthin a protective
housi ng. detecting sect1ons disposed in series downstream from_sald oil

5 . removal zone.

8. The apparatus of claim 7 wherein said first
contaminant detecting section contains a material for determining\_,
the amount of water in a2 sample, and the second contaminant i

section contains a material for determining the amount of acid in

10 said sample.

9. The apparatus of claim 6 wherein said inflatable bag

is formed of a flaccid transparent material whereby the presence

of a liquid in the bag can be visually perceived.

10. The apparatus of claim 6 wherein said pump is
15 manually operated and is arranged to draw about 100 cubic \

centimeters of sample through said tube on each stroke of the

pump.

11. The apparatus of claim 6 wherein the metering means

is coupled to a purge valve contained in the refrigeration
20 unit.

12. The apparatus of claim 6 wherein said tester tube is

enclosed within a protective housing.




