Poiga -t
SPECI FI CATI ON - TI TLE: APPARATUS AND METHOD
FOR FLU D ANALYSI S Technical Field The present inventionjrsfates
to measuring instrunents and nore particularly to devices for a2%+%iéfg
fluids using neasurenents of index of refraction and ot her physi -
characteristics. Background of the Invention Ref ri gerant gases
containing chlorine, for exanple difluorodichloronmethane (known as "R12"),
have been phased out of use in new refrigeration systens for their harnfu
effects

SPECIFICATION
This Sheet I—Iis Bﬂiaixlliﬁiiced
TITLE: APPARATUS AND METHOD FOR FLUID ANALYSIS

Technical Field
The present invention relates to measuring instruments, and more particularly to
devices for analyzing fluids using measurements of index of refraction and other physical

characteristics.

Background of the Invention

Refrigerant gases containing chlorine, for example difluorodichloromethane (known

" as “R12"), have been phased out of use in new refrigeration systems for their harmful effects



2 on the environnent. Tight regulatory controls have been inposed
governi ng the reuse and recl amati on of such refrigerants. As a
result of the new regulatory standards, it has becone common to find
refrigerant systens that are contam nated by additions of other nore
readi |l y-available refrigerants. A common "shade-tree" nechanic techni que
for repairing an autonotive refrigeration system is to add R134a or R22 to
an R12 system Rl134a is now a conmonly avajl able non- chlorinated
refrigerant, whereas R12 and R22 are not available. Many cars in the
southern and western parts of the United States now contain unoriginal

m xtures |i kg th¥endiftnbibat. Right @ggra@ge“frmoma%z%e@ﬁnggds@d bdverhifig &Ja%&g%gd It

was known that an old refrigera could be "juice to make Tt wor

little while | LN either case is an adulterated m xture
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of refrigeréﬁ? ays Ooc with the current requirenments for
reclaimng and recycling %I chlorinated refri gerants. Currentl
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chlorinated refrigerant, whereas R12 and R22 are not available. Many cars in the southern
and western parts of the United States now contain unoriginal ﬁixtures like two-thirds R12
and one-third R22. Similarly, in the past, it was known that an old refrigerator could be
“juiced” to make it work a little while longer. The result in either case is an adulterated
mixture of refrigerants, which plays h;avoc with the current requirements for reclaiming and
recycling all chlorinated refrigerants. Currently, regulations permit contamination of only
0.5% in reusable, reclaimed refrigerant.

Thus, there presently exists a need for an instrument that HVAC and MVAC
technicians can use to analyze refrigerants for identity of refrigerants and their purity.

One prior attempted solution to the problem is disclosed in U.S. Patent No.
5,498,873. That solution, based on infrared absorption, was incomplete in a number of
respects. The technique is similar to Near Infra-red Spectroscopic (NIR) techniques that have
~B;wn used on contamination detection on critical space hardware. In practice, all species of
refrigerant containing a hydrogen, such as the HCFC’s, are easily distinguishable. The major
difficulty is that if the two refrigerants were different in Cl or F, but contained the same

number of H’s on each carbon, then the NIR spectra are not easily distinguishable. The



been used on contam nation detection on critical space hardware. In
practice, all species of refrigerant containing a hydrogen, such as the
HCFC s, are easily distinguishable. The major difficulty is that if the
two refrigerants were different in d or F, but contained the same nunber
of Hs on each carbon, then the NIR spectra are not easily distinguishable.
The : . 3
refrigerants R20, TCA, and TCE, each containing one or nore hydrogens, are
easily di stingui shable. In contrast, bothls R113 and R11 contain no

hydr ogens and show no spectra in the NIR Further, TCA and R141b, each

containing three hyd e on ar hon, , ar.e very near,l .
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NIR for identification of a sgeci fic refrigerant. In contrast,

it has been fistinguishalie. (ngsontrgt beth Bi 13 andr Rk soptainnpo hydrogarsiang shemng spastrahe
liquid state may be readily used to separate out the species by that
property. | niethe®NIR. Fuethera@Cidoand R141&f éavhadtoarirtifgtheaedryldargenhamoee datbon: lieam
of light passing through the interface of two di fferent substances. The
techni que of v&%r'rfégréj( HaexinPhiskBld Athd RIRI Thieses a‘?@si?ﬁﬁc&ﬁ%a&mks ind%ﬁfg'NIR
refrigerant haS a different atom c conposition and therefore a differént

i ndex of ref raction. Sifce t. lfadex of refraction is linear with respect
to any two cg"r“fﬁ%ﬂ’yﬁ%}onfd;i%rs%&ﬁgécﬁg?é t'e estimates of two conponent

m xtures can be de. ) Adifficulty arises, however, in obtaining a
reliable rreasuregg'h?qngﬁs"t’lﬂéasrﬁﬁeé fowdthat the indiges ofesiraption ofifhe rfngerrnth i haat
to known val ues. Good control of tenperature and pressure are required.
Conmer ci al i Hoeid state mey barsadilnusedde sepanaje ontsthe spreres by tisal propastyt fdedobe

refraction is defined as the angular change in a beam of light p.assing‘through the interface of
two different substances. The technique of using index of refraction is based on the fact that
each refrigerant has a different atomic composition and therefore a different index of
refraction. Since the index of refraction is linear with respect to any two components, fairly
accurate estimates of two component mixtures can be made.

A difficulty arises, however, in obtaining a reliable measurement of the more volatile
refrigerants and comparing that to known values. Good control of temperature and pressure
are required. Commercial index of refraction measuring instruments, such as the Abbe
refractometer, already exist for liquids; but there are no instruments available which are
capable of handling volatile species, such as R12, R22, etc. Hence, an instrument which can

_be used to perform index of refraction measurements on the volatile refrigerants in standard

-

containers and refrigerating systems is required.
Thus a need presently exists for an instrument which can measure the index of
refraction of all the commonly-available refrigerants and can be mounted on any standard

connection to an AC system or bottle. The instrument must be temperature controlled to



refractometer, already exist for liquids; but there are no instrunents
avai l abl e which are capable of handling volatile species, such as R12,
R22, etc. Hence, an instrunent which can be used to performindex of
refraction measurenents on the volatile refrigerants in standard
containers and refrigerating systens is required. Thus a need
presently exists for an instrument which can neasure the index of
refraction of all the conmonly-avail able rgfrigerants and can be nounted on
any standard connection to an AC systemor bottle. The instrunent nust be

tenperature controlled to

4 est abl i ghabliftethe isRx niReSEmMentErot edcBlspAfid refiigdhrtl Thesd teinperatités willRse
tenperatures will be est abl i shed bef orehand, making the nmeasurenent very

straight-for HeQ" 8 s aE?r%' u gggﬂa . .. The
two refri g.erégﬁf'b gs cepgggds?f&lal}ln’qpﬁggéﬁ%fm ere rg‘(%g tl %Jrgl‘?g?%%f angow%%chnvﬁagh
have i ndices.of .1.2870 and 1.2754, respectively. Thus, neasuring index of
refraction tBEd08 HETASIERERE " figures will be a necessity. A
refrigerant nonitor nust be small and rugged enough for a technician to
carry the unit The theaclgenapinsinsest dg index pfredragtaomire R13 apd R3] yhish have
determ ne which refrigerant and to what purity |level was currently
cont ai ned i rindibes efjulyTomnd 1.2754, réspevtively. oThid)tehsividgtindex of refraction to 4
significant figures will be a necessity.
A refrigerant monitor must be small and rugged enough for a technician to carry the
unit to the equipment requiring a sample to be analyzed to determine which refrigerant and to

what purity level was ¢urrently contained in the equipment.

Summary of the Invention

The present invention in its simplest aspect provides a simple and rugged instrument
for measuring the index of refraction of a fluid. A sample of the fluid is introduced into a
sample chamber, and a source of light is passed through the interface of the fluid and a
window in the chamber. An angle detector is positioned outside the chamber and adapted to
determine the angle of the light emerging through the window, which leads to a direct
determination of the index of refraction..
In a more specific aspect of the invention, the index of refraction measurement is
‘&.)mbined with at least one other measured physical characteristic of the fluid sample, such as
temperature or pressﬁre, and then the fluid is identified by reférence to known, pre-
determined relationship data for a plurality of different fluids. In a more advanced apparatus,

both temperature and pressure are measured and combined with the index of refraction



The present invention in its sinplest aspect provides a sinple and rugged
instrunment for neasuring the index of refraction of a fluid. A sanple of
the fluid is introduced into a sanple chanber, and a source of light is
passed through the interface of the fluid and a w ndow in the chanber. An
angl e detector is positioned outside the chanber and adapted to determ ne
the angle of the |ight energing through the window, which | eads to a direct
determ nation of the index of refraction. In a nore specific aspect
of the invention, the index of refraction feasurenent is conbined with at
| east one ot her neasured physical characteristic of the fluid sanple, such

as tenperature or pressure d then the.fluid i.s_i,dentified by reference
fo known.  prifesugioehl FREHES eRlbodnlE i VAied Bl iRfied e toienit B on
fluids. In a nore advanced paratus, both tenperature and pressure are
measur ed anélo’%?é‘ﬁ%ﬁnﬁe%ft%otﬂar“? anary ddanixgires off Gegain fhids and measure the percentages of

5 measurenent, and then the tenperature is varied to obtain additional
data, to idértimbyuehe constituents of two-part ("binary") m xtures- of
certain fluids and neasure the percentages of the m xtures. In

one enbodi nent, fhbge é@IbRNhRAEVENSIOH Wad vBediRA deidekAm S tHelFeefrigerant
Refri ger ant Monitoring System ("RVMS") providing instrunentation and

software fo L.t Okl tb@ﬁ” ' C St kel o
refrigerant é&dﬁ?tﬁlhég gk%glai(msn S %ﬁtﬂ%’f‘é}" ftggi’%’?rlﬁ?tlldé%gosé anfglt %(é{rrnlt?nﬁlgot?e a
specific CFC or [ l.gerant based upon the neasurenent, of jts_index
of refracti BW‘HrPE%% ﬁ%ﬁ%&sé‘f‘@ gthsr %ﬁrgﬂtétméﬁgle?f’a’dn%ﬁ‘ﬁm Ed"@%ﬁcaﬁf’ﬂar y
m xtures, and to

and purity of a specific CFC or HCFC refrigerant based upon the measurement of its index

o_f refraction and/or hydrostatic pressure at measured temperat;ues. Binary mixtures, and to
some degree higher order mixtures, can be analyzed using index of refraction and hydrostatic
pressure measurements taken at several temperatures. The simple quality monitoring of
refrigerants in specific classes of HV AC units (including automotive) or refrigerant recovery
systems can be accomplished using index of refraction measurements alone. Extending the
scope to include the identification of refrigerants and binary mixtures in a broad class of

refrigerants requires the use of both index of refraction and hydrostatic pressure.

Brief Description of the Drawings

A more complete understanding of the invention and its advantages will be apparent
from a review of the Detailed Description in conjunction with the following Drawings, in
;avhich:

FIGURE 1 is a schematic diagram illustrating the basic refractometer section of the
invention;

FIGURE 2 is perspective view of the invention;



sonme degree higher order m xtures, can be anal yzed using index of
refraction and hydrostatic pressure neasurenents taken at several
tenperatures. The sinple quality nonitoring of refrigerants in specific
cl asses of HVAC units (including autonotive) or refrigerant recovery
systens can be acconplished using index of refraction neasurenents al one.
Extending the. scope to include the i dentification of refrigerants and
binary m xtures in a broad class of refrigerants requires the use of both

i ndex of refraction and hydrostatic pressdre. Brief Description of the
Dr awi ngs A nore conpl ete understanding of the invention and its
advant ages wi | | 1§ of Ret&ibgvdeescription in
conj uncti on V\/ith?f(F"'lE Fasln?gvr\\’nmrﬁgﬁné\?\ndnﬁg ngﬁ: CIVEEIGURE 1 is a
schematic diagramij]]| strat n asi refr r section of the

i nvention; FIG aé"}? ey %&H%uw%b%ﬁe i nvention;

6 FIGURE 3 is a viewsim I ar to FIGURE 2 with the cover renoved,
FIGURE 4 i s a topIGUBW o anlespandpdviswef the smpmerel3: - FIGURE 5 is an
expanded view of the sanple cell; FIGURES 6 and 7 are flow diagrans

of the software gIGQURESHEdUSEE floitdiagrgs of the software algorithms used with the
invention; and

FIGURES 8-10 are diagrams of the electrical hardware used with the invention.

Detailed Description of the Preferred Embodiment

In one specific form, the invention is incorporated in a specific device developed to
monitor refrigerants. While the Refrigerant Monitoring System (“RMS”) is described in
detail herein, applications of the invention are not limited to refrigerant analysis, and many
other environments will be found for beneficial use of the invention. For example, the device
in its simplest form is a small, inexpensive, and rugged refractometer for making primary
measurements of indices of refraction. The principles of fluid analysis invented in
connection with the RMS can be used by those skilled in the art for analyzing fluids of any
character, such as contaminated surface water, blood, beverages, etc.

The RMS déscn’bed in detail herein is a portable instrument which provides an
identification of the Freon®-type refrigerants used in HVAC and MVAC systems in situ and

’;purity indication, utilizing the measurement of index of refraction in the liquid state at
measured temperatures and/or combined index of refraction measurement with vapor

- pressure of the liquid. The RMS provides an indication when the soluble impurities in the



I nvention; and FI GURES 8- 10 are diagrans of the electrical hardware
used with the invention. Detail ed Description of the Preferred

Enbodi ment In one specific form the invention is incorporated in a
specific device developed to nonitor refrigerants. Wile the Refrigerant
Monitoring System ("RMS") is described in detail herein, applications of
the invention are not limted to refrigerant analysis, and many other
environments will be found for beneficial use of the invention. For

exanple, the device in its sinplest formis a small, I nexpensi ve, and
rugged refractonmeter for making primary measurenents of indices of

refraction. k BledeBd 8% b eford A akbbrding MGt '
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character, S?ﬁflgregfen ont am nated surface water, blood, beverages, etc.

The RVB desdribed i det ai l herein is a portable instrunment which provides
an identificatiqn of the Freon-type refrigerants used in HVAC and MVAC
systems in situ a’ﬁ?fsyéteﬁ‘l}f‘?l??esiaﬁh?%ﬁtpb?ﬂ mgasurg Byid terpesatiiesd rrtiagiometesy

i ndex of refraction in the liquid state at neasured tenperatures and/ or
conbi ned i nadepatd¢ meesuragtabsniuteialices effesftactivn froxmah 500 torle¥)d0y withh résomtion of
| iquid. The RVS provides an indication when the soluble inpurities in the

7 refri geroaou029x00001)2art &/sressutly R88R/t6 meakiire thefredstredithe flid O Thprimary
according to current regul atory requi renents.
measurement of index of refraction is used to provide an initial estimate of refrigerant
identification and quantification, with the hydrostatic pressure measurement used to provide
a secondary discrimination between refrigerant components with similar indices of refraction
and to analyze mixtures.
| The relationship of index of refraction of refrigerants with respect to temperature is
known from published references and shown in Table 1. Table I also includes the
mathematical formulae for the index/temperature relationsﬁips, expressed in the form n### =
C, - C,*F, where C, and C, are constants, F is temperature and n### is the index of refraction
for a given refrigerant ###. Most of the pure refrigerants can be identified easily by
measuring and correlating the index of refraction and temperature of a sample. To expand
the coverage to include binary mixtures and separate out the species with close indices of
refraction, the ability t6 make vapor pressure measurement at various temperatures is
j{lcluded. Table 2 shows the vapor pressure relationships to index of refraction at various
iemperamres. Table 3 is a listing of the mathematical formulae relating index of refraction,
temperature and pressure.
The construction of the refractometer includes a unique design to obtain a

continuously diverging angular dependence on index of refraction of the fluid by optically



The systemincludes a therm stor to nmeasure fluid tenperature, a
refractoneter capabl e neasuring absolute indices of refraction from
1.1500 to 1,4000, with a resolution of 0. 0002 (0.0001), and a pressure
sensor to neasure the pressure of the fluid. The primry measur enent of
i ndex of refraction is used to provide an initial estimte of refrigerant
I dentification and quantification, wth the hydrostatic pressure

measur enent used to provide a secondary gdi scrim nati on between
refrigerant conponents with simlar indices of refraction and to anal yze
m xt ur es. The rel ationship of index of refraction of refrigerants
wi t h r espectotplingenraspgerent ositioner wHhightr mdeyp ofrefradtiza to eftrnspaceas sanple sbibwn
in Table 1. Table 1 also includes the nmathematical formulae for the

i ndex/ t enpekgahaive Théréfoleahs Fesmuoﬁzspﬂﬁsﬁ&& dffefrdtfioh oAb BEHEnt cafb8 ithproved
Clerr]*F, where Cferr] and C[err are constants, F is tenperature and n###

I's the index of f eefriqer e
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index of refraction and tenperature of a sanple. To expand the coverage to
i ncl ude bi n&F eﬁil%xtﬂ% a&ﬂ@@éﬁ%ﬁ”&ﬁ@%ﬁmﬁhe species with close indices of
refraction, the ability to nake vapor pressure neasurenent at vari gus
tenperatures i s ReferdingteFigurab) the tndel@fghe fiaction persyringspparetus d Dandlades i ps
to index of refraction at various tenperatures. Table 3 is a listing of

the mat hemaphjpad bak@ 1 2ubdOwWhigh Blel valiohd 8iipSentsthd Aelhted, Thé imSImRbtdRflah
pressure. The construction of the refractoneter includes a uni que
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refracti on

angle detector 22 at the other end of base 12. Laser 14isa soﬁrce of light positioned exterior
of sample cell 18 to direct light into the sample chamber 24 through first transparent window
26. Light exits sample chamber 24 and sample cell 18 througﬁ second transparent window
28. Light exiting window 28 travels through positioner 20, which preferably is a transparent
block of acrylic plastic. Angle detector 22 is preferably an array of photodiodes adapted to
determine the angle of light exiting sample cell 18 with respect to the sample cell. Sample
cell 18 has walls defining sample chamber 24, as well as an inlet opening 30 and an outlet

opening 32 for introducing a fluid sample into the sample chamber 24.

The angle 0, of refracted rays in the positioner are determined by Snell’s Law, 0, =

SIN'(n, * 5inG,/n,), in the usual manner. The light beam from laser 14 enters cell 24 at 85

dégrees with respect to second window 28. All refracted rays begin at the same point of
origin due to the fixed relationship of the laser and the sample cell. Optimal dispersion and
resolution can be achieved by having the refractive indices of each successive element,

including the window and transparent positioner and any optical coupling therebetween, to be



8 coupling a transparent positioner of higher index of refraction to a
transparent sanple cell w ndow. Therefore the resolution of the index of
refracti on neasurenent can be inproved nerely by extending the optical
path of the instrument. Figure 1 illustrates the basic concepts of the

I ndex of refraction neasuring apparatus:; Referring to Figure 1

the index of the fraction measuring apparatus 10 includes a planar base 12
upon whi ch the various conponents are nounjed. The conponents include a

di ode |l aser 14 at one end of the base 12, a lens 16, a sanple cell 18, a
positioner 20, and an angle detector 22 at the other end of base 12. Laser

14 is a Sourﬂﬁaﬁmbie&lﬁ% PRSdnkitPHeFibaNbrLs Ve seved] oanRleng® ih adSle detelof 22 1s
light into the sanpl e chanber 24 through first transparent w ndow 26.

LGt X115 SaARl ug AR SEnihn SRR ARTRER ek eBliaedigRAN {1 anspar ent

wi ndow 28. ting wn travefs t positioner 20, which
preferably is at sparent Dblock .of acrylic pl.astic... Ang] e detegtor 22 is
preferably an ar rlg%g g;&ﬂE{%sgaiy@&ﬁk%%llwgagd@gﬁm% ETEFRAN |'i ght
exiting sanple cell 18 with respect to the sanple cell. Sanple cell 18 has
wal | s def i nishgnerdsiapparstya i dncligies a gevend 00 hawinga camyiag hepdeil 94 Beyradd04and
outlet opening 32 for introducing a fluid sanple into the sanpl e chanber
24. didptayalQy fe pasvided@n thefop dadeasd co@ersl 00N Hilbecopdsit 1 0Pmeludey £valve
determned by Snell's Law, [err] = SINerr](n[err] * sin[err]), in the
usual mannery qT, . g@@c 4l C I

wth res pectllt0 ’oﬁgegéfg%g} I%Bn ow&gcgl.q9 1&? ﬁﬂrl%‘ﬁéés{ée @gygidélggi?snﬁgf gatgﬁgglﬁ%%
point of origin due.to tgﬁdlfixed rel ati onship of the |laser and the sanple
cel | . OptindP f8 138! 18 esol ution can be achi eved by having the
refractive indices of each successive elenent, including the w ndow and

t ransparent posi thigures 3-&rillusirate appariatiall Ocwithptaviey 1 @hremetyed wEbacomponients of the

index of réfraction apparatus are fixed to a planar base 120. The components include hollow
sample cell 122, having interior and exterior walls 124, 125. The interior walls 1_24 define a
sample chamber 126 (Figure 5). Sample cell 122 further has walls 128, 13Q defining inlet
and outlet openings 132, 134 through the interior and exterior walls 124, 125 for introducing
a fluid sample into the sample chamber. Sample cell 122 further has first and second
opposed, spaced-apart transparent windows 136, 138. A laser 142 is positioned exterior of
the sample cell 122 opposite the first window 136. Lens 144 is._interposed between the laser
142 and the first window 136 for transforming the light emitted by the laser 142 into a line of
light. The laser 142, lens 144, am'i first and second windows 136, 138 are adapted and
1a;ranged such that a line of laser light is directed into the sample cell 122 through the first
~\}vindow 136, through the sample chamber 126, and out of the sample cell 122 through the
second window 138.
A transparent positioner 146, or “waveguide”, is connected to an exterior wall 125 of

| sample cell 122 and has a first face 148 opposite the second window 138 and a second face



9 always increasing. Intensity distribution over several array elenents in
angl e detector 22 is wused to interpolate between el enents, thereby

i ncreasi ng overall resolution. Referring to Figures 2-5, where

| i ke nunerals indicate |like and corresponding elenents, apparatus 10

I ncludes a cover 100 having a carrying handl e 102. Keypad 104 and display
106 are provi.ded on the top face of cover 100. Inlet conduit 108 includes a
valve 110, and simlarly outlet conduit 112 includes a valve 114. Conduits
108, 112 terminate at connection fittind9 116, 118. Figures 3-5
illustrate apparatus 10 with cover 100 renoved. The conponents of the

i ndex of ref 5'02@{?8%} 348 dtid Bt Iﬂzﬁ‘(fp%f&i@e BomltRBfst PRE €44.20): thd PRferred

conponents 1 ow ® sanpl e ce 22, having interior and exterior

wal I's 124, 125. The interjor wallg 124 def.ine.a s I I (Figure
5). Sanpl e @Rqdinens, #‘E WSI%%“\II@?P q@gixca?%&r%nﬁﬁﬁn%orﬁﬂ?%? Eduindiit | et
openings 132, 134 through the interior and exterior walls 124, 125 for

i nt r oduci ngScientificuPeeferably) 2 thim fibm of ansparspLoRticaherupling fid @otshopm) 15
further has first and second opposed, spaced-apart transparent w ndows
136, 138. Antenséd Bddetsfipofict i¢haml exomt wirdoof138; the fhihivvingal inddoof
opposite the first window 136. Lens 144 is interposed between the laser

142 and { &bl dvaa hat 38 teiinlv9 R BeTiofichbie Arighdierestirt 152ds bohrbted to
't ght. The |

| aser 142 into a l1ne of - aser 142, lens 144, and first and

second wi ndows 13 1 a dapt ed, and.. arrapged C i ser

light is diﬁ%é?"@&g iﬁﬁ’Fi% R e Faptnatqns prstontt 146 gff{éféﬁ‘gdﬁ}?{étaﬁglémdﬁlg%t\%; i%% ,

th h th I hanber 126 d out of th I | [..122 th th
FoH9 eincszl?lgl)s t?voclin%ar pehrotodiode a?rr;ys ?5u4, 1%6 s’taggergc(ij1 %rlrsp sh%wcr:lem %igures 3and 4, gztjngle ©

detector 152 is adapted to determine the angle of the line of liéht exiting the sample cell 122
with respect to the sample cell, with the linear arrays 154, 156 being arranged perpendicular
to the line of laser light exiting the second window 138. The arrays 154, 156 are adapted to
generate an electrical signal indicative of light-sensitive elements illuminated by the line of
laser light. Improved resolution in the measurement of refracted angle is achieved by
scanning over the pixel distribution illuminated and calculating the location (even if between
pixels) of maximum intensity. The laser 142 is shown spaced apart from the sample cell, but
it could be connected to the sample cell by an additional transparent positioner similar to
positioner 146.

In the more complex version of the invention designed for fluid analysis, as opposed
to simple index of refraction measurement, angle detector 152 is a first sensor for
a;termirﬁng the index of refraction of a fluid sample in sample cell 122, A second sensor
158 is provided for determining at least one additional physical characteristic of the fluid

sample, and a third sensor 160 determines at least another additional characteristic of the



second wi ndow 138. A transparent positioner 146, or "waveguide", is
connected to an exterior wall 125 of sanple cell 122 and has a first face
148 opposite the second wi ndow 138 and a second face

10 150 (Figures 3 and 4) spaced apart and opposite fromthe first face
148. In the preferred enbodinent, the windows are nmade of borosilicate,
brand nanme Borofloat by Edmund Scientific. Preferably, a thin film of
transparent optical-coupling fluid (not shown) is- interposed between
first face 148 and second w ndow 138, thelfluid havi ng an i ndex of
refracti on between that of the wi ndow and the positioner. Angle detector
152 is conngriidshnigle. Ybteandaieo Behsbral? MEOboiiset e détemiiap tHealMctiposadutHrgT of 1S .
In preferred form angle detector 152 includes two |inear photodi ode

arrays 154, gl56..St3096f fiflerfinid %r}c&%t%g%?]ﬁg 3 and 4. Angle detector 152

is adapted fo determ ne the angle o of light exiting the sanple

cell 122 wthr ect to the.,sanple cell, wth the lLinear arra 154, .156

bei ng arranged pg[?‘gé o1 [ ;g gﬁsﬁgt? ?ﬁgﬁwep%bt{]crp fanéRWﬁyr?\éafﬂ@pgsété‘th

w ndow 138. The arrays 154, 156 are_adapted to _generate an el ectrical

si gnal i ndi ehbingey mixtyreytre idustratediiy Eigaresfeands’. | Disgripveation bspveendinarne of

| aser light. .Inproved resolution in the neasurenent of refracted angle is

achi eved by migtugesrand gefrigerants ndthinaithr dhiagicteriotidsi io Bchidved nsingtogaltioaribte analysis

calculating the | ocation (even if between pixels) of maxi mumintensity.

The | aser 1@@@@9%§%%&kgmg&ef7gomthe sanple cell, but it could be
he

connected t ampl e cell by aR additional transparent positioner

simlar to Referring to Figure 6, where only index of refraction and temperature are measured,

the refrigerant sample is placed in sample cell 18 in step 200. 'The temperature and index of
refraction are measured in step 202. In step 204, index of refraction is related to temperature,
and in step 206 a decision is made as to whéther there is a match between the related index
and tempetature with known relationship data. If there is a match, the identity of the
refrigerant is displayed at step 208.

If there is not a match, then the deviation is determined at step 210. If the deviation is
less than 0.5 percent, then that information is displayed at step 212. If the deviation is greater
than 0.5 percent, then calculations are done as shown in step 214 to determine the probable
binary mixture of refrigerants. The first match for binary mixtures is determined in step 216,
and displayed in steps 218-20.

Better discrimination between mixtures and their components is available where a

third physical characteristic such as pressure is used in the analysis algorithm. Pressure can
be used to resolve ambiguous or poor matching between mixture components and known

relationship data.



posi ti oner 146. In the nore conplex version of the invention
designed for fluid analysis, as opposed to sinple index of refraction
measurenent, angle detector 152 is a first sensor for determning the

i ndex of refraction of a fluid sanple in sanple cell 122. A second sensor
158 is provided for determ ning at |east -one additional physical
characteristic of the fluid sanple, and a third sensor 160 determ nes at
| east anot her additional characteristic of_the fluid sanple.
Yet anot her sensor 162 may be used to det &fnine the el éctroconducti vi ty of
the fluid sanple, for determ ning water contam nation. The

sof twar e al gori t IRigure!$ ¢ithstrates @ teft ware algopitian fthat utitizesiigdexafreffudtion, Xeripétature,
conposi tion of binary m xtures are illustrated in Figures 6 and 7.

Di scrimnati b 'ﬁgnFﬁ- fd 4 (s s
characteri staﬁgg&%&g?m@\élggﬁ%@#gﬂw tIP\Q/iaaﬁ’]gotge&‘é%\nggm gtaﬁd?ilé%tgﬂre o%(%xrxt
neural networks (Figure g e Ref.erri to Figure 6, e.onl

i ndex of reﬁﬁéﬁgﬁﬁ%p‘é%°‘%n§8¥%{f‘ﬁ?‘édﬁ?és lﬁﬁéeé{}ﬁfé)&ge 4 ‘%émr’seq? Ffe\é\gﬁg‘ﬁ%?a%ﬁ | e
is placed in sample cell 18 in step 200. The tenperature and index of
refraction desinpigaglysis phangt fyemsampls, wherethe physicyl ghasacteristicepfindex ofy i s
related to tenperature, and in step 206 a decision is made as to whet her
there i s a meftchiohgtmpeatute)end prlessuesiare matmxuredn The sleptification of awinplelcafigarant
relationship data. If there is a match, the identity of the refrigerant is
di spl ayed atyifili@fhssfited p 't;lr ];s analykzed 28 30%, Hidliladtd®E 6ips hiIByddia FgME L i On

Is determ ned at step 21I0. thé deviationis
If a single refrigerant with a purity of 99.5% or greater is detected, then a report to that effect

is generated via branch 308 at step 310. In the event an impuré refrigerant mixture is
detected via branch 312, then the solutions in step 314 are applied. Step 314, entitled
Classification Neural Network Dispatch Matrix, is a vector .of nine methods, eight of which
are neural nets, each with six inputs and nine outputs. The method to be used is based on a
major refrigerant component. Given two sets of data (pressure, temperature, index of
refraction), generated by measuring the data at one temperature and then heating or cooling
the sample to get the second set of data, the appropriate method classifies the secondary
refrigerant component. The data is passed to a function which soIves; for the percentages of
each constituent. The difference between the non-neural network method described in Figure
6 is that the method of Figure 6 merely moves on the percentage function, assuming there is
gnly one reasonable refrigerant mixture with any given primary component. In Step 316, the

pﬁrity is solved, with the variable names indicated as follows:

Na index of refraction of A

Nb index of refraction of B

Nec index of refraction of the mixture of A and B
Ga concentration of A

Gb concentration of B, equal to (1.00 -Ga)



| ess than 0.5 percent, then that information is displayed at step 212. If
the deviation is greater than 0.5 percent, then cal cul ations are done as
shown in step 214 to determ ne the probable binary m xture of

refrigerants. The first match for binary mxtures is determned in step
216, and displayed in steps 218-20. ; Better discrimnation between
m xtures -and their conponents is avail able where a third physical
characteristic such as pressure is used in the analysis algorithm Pressure
can be used to resol ve anbi guous or poor Tt chi ng between m xture
conmponents and known relationship data.

12 Figure 7 illustMWas a sombleauvler weigbt ofAm t hat utilizes index
of refraction, tenperature, Mwtand premselecelanndighhefB known rel ati onship
data, to solve for purity and m xture conponent usi ng neural networks.
Calibration data is | oaded into the apparatus at step 300. Step 302

begi ns the anal ysj‘\sre?gngqy -eﬁgﬁteﬁaﬂ?iﬁnc}y@ﬁfe t he physical characteristics
of index of refraction, cfn%rperature, ahd pressure are neasured. The
identification of a singe refrigerant with its associated purity is

anal yzed at step 306, simlar to the steps enployed in Figure 6. If a
single refrigerant with a purity of 99.5%or greater is detected, then a
report to that effect is generated via branch 308 at step 310. In the

event an inpure refrigerant mxture is detected via branch 312, then the
sol utions in stepAZbhpateeamP@ibpled hardvare Béd in @hhbdtloadvith Gk afpdhittngsbton

Neural Network Dispatch Matrix, 1s a vector of nine nethods, eight of which
described is illustrated in Figures 8-10. The hardware includes a microprocessor board 400,
which in the preferred embodiment is a Micro Genius 2 board ;:nanufactured by Z-World
Engineeririg, Inc. Keyboard 104, display 106 and thermal printer 402 are the user

| input/outputs. A provision is made so that an external computer 404 may be connected for
calibration and setup purposes. The photodiode arrays 152 and 154 are connected to the
microprocessor board 400. In the preferred embodiment, arrays 152 and 154 are each a’
mode] TSL218 array manufactured by Texas Instruments. Temperature sensor 158 in the
preferred embodiment is a Radio Shack Model No. 271-110. Pressure sensor 160 in the
preferred embodiment is a model 19C500AM made by Sensym, and is connected to
microprocessor board 400 by way of an instrument op-amp circuit 406. Conductivity sensor
162 is connected to microprocessor board 400 by way of a conductivity amplifier 408.

Circuits 406 and 408 are described below in connection with Figure 10. Thermo-electric
~ heater 410 and thermo-electric cooler 412 are provided to vary the temperature of the sample

to collect additional sets of data, for use with the algorithm of Figure 7, to more accurately

determine the percentages and constituents of binary mixtures.



are neural nets, each with six inputs and nine outputs. The nethod to be
used is based on a maj or refrigerant conponent. G ven two sets of data
(pressure, tenperature, index of refraction), generated by neasuring the
data at one tenperature and then heating or cooling the sanple to get the
second set of data, the appropriate nethod classifies the secondary
refrigerant conponent. The data is passed to a function which solves for

t he percent ages of each constituent. Thg,difference between the

non- neural network method described in Figure 6 is that the nethod of
Figure 6 nerely noves on the percentage function, assumng there is only
one reasonabl e r Refegimganty toFigune 2, the pin cdnyegione forpricroprocessonpaaré 400 inchude
Step 316, the purity is solved, with the variable nanes indicated as

fol I ows: the connections to arrays 152, 143 and the sensors 158,M0Xakf 16221/ t:llsﬂ!%y 906 4nd

Nb i ndex of refraction of

I ndex of refyract of A and B Ga
concentrati 3{5 d %ﬂ; a% C&Hl%agaééﬁ{ W Go concentration of B,
equal to (1.00 -

1gu ( %a ferring now tq figure 10, the supppgscagyitsSfpr theiagparatys inglude the laser
Mnb mol ecul ar wei ght of B A report is then generated
vi a branch 3dBage regulator circuit 504 wiunipdiops thertavetiiesplltapowea sehpdy & 303 da therrequired
connection with the algorithns just described is illustrated in Figures

8-10. The hajpoguey for tieahite S50, Vi Gite@PhRaRESei 500 amthd Bferred embodiment, laser 142
is a five mW 670 nm semiconductor diode laser manufactured by Meredith Instruments,
although different types and wavelengths of lasers may be-eml;loyed. In circuit 406, the
input from pressure sensor 160 is placed on lines 508, 510, and converted to an output
voltage at line 512 by way of op amps 514, 516. In circuit 408, the input from conductivity
probe 162 is placed on line 518. The amplified output is sent to the microprocessor board via
line 520, after amplification in integrated cﬁcuits in 522 and 524. In circuit 526, the voltage
for the printer is dropped from 12 to 5 volts.

Whereas, the present invention has been described with the respect to a specific
embodiment thereof, it will be understood that various changes and modifications will be
suggested to one skilled in the z;rt, and it is intended to encompass such changes and

modifications as fall within the scope of the appended claims.



which in the preferred enbodinment is a Mcro Genius 2 board manufactured by
Z-\Wor | d Engi neering, Inc. Keyboard 104, display 106 and t WW
402 are the user i nput/outputs. A provision is nmade so t hadis shéke B3 nfi{al
computer 404 may be connected for calibration and setup pu °paced
phot odi ode arrays 152 and 154 are connected to the m cropr ﬁﬁm Im
400. In the preferred enbodi nent, arrays 152 and 154 are eac

TSL218 arrayCmed act ured by Texas | nstrukents. Tenperature sensor 158 in
t he preferred enbodinent is a Radi o Shack Mbdel No. 271-110. Pressure
sensor 160 Wedddm: preferred enbodiment is a nodel 19C500AM nade by
Sensym and is connected to m cr opr ocessor board 400 by way of an

i nstrunment pp- anRpgdritas fér MEGurifD e Uadexaftrfraida®r a flulfcongprivgipnect ed to
m cr opr ocessor board 400 by way of a conductivity anplifier 408. Crcuits

406 and 408 are

Therno-el ectric ZP ﬂgdz’ﬁ Iﬁb}?gé ddl{ﬂ%ﬁ]?%o%%#‘e trelwgl‘ glgg ?%QHterlova{/lf ded to
vary the terrperature of the sanple to collect addltlonal sets of data, for
use with tHeTRmERA sk ghamhesure 7, to nore accurately deternine the

per centages and constituents of binary m xtures.

14 Ref ¢he samplacell further gavieg Yvalls defiming indetrand cuutlenepehimgs through the

m croprocessor board 400 include the connections to arrays 152, 154 and

the sensor ﬁntje%r af® CxtedbtOwdiB for H&%dqbiﬁ la3yuid QﬁnFﬁl@ Gnto R Rash1d Cfariie?;

connected as shown. Re erri ng now to Figure 10, the suppor t
circuits for the & sﬁg e tcgl? fural g\%ﬂé %rst and second opposed, spaced-apart, transparent

windows;

a laser positioned exterior of the sample cell opposite the first window;

the laser and first and second windows positioned with respect to each other such
that laser light is directed into the sample cell through the first window, through the sample
chamber, and out of the sample cell through the second window;

a transparent positioner connected to an exterior wall of the sample cell and having
a first face opposite the second window and a second face spaced apart and opposite from
the first face; and

an angle detector connected to the second face of the transparent positioner for
determining the angle of the light exiting the sample cell with respect to the sample cell, the
angle detector including a linear array of light-sensitive elements, the array operable to
generate an electrical signal indicative of light-sensitive elements illuminated by the laser
light; and

a computer for determining the index of refraction from the electrical signal.

W



voltage regulator circuit 500 which drops the twelve valt power supply at
502 to the required voltage for the |aser at 504, via integrated circuit
506. In the preferred enbodi nent, laser 142 is a five Mﬁ?e@Hi&lBeen}ljmaccd

sem conduct or di ode | aser manuf actured by Meredith Instr ugh
different types and wavel engths of |asers may be enpl oye 406,
the input frompressure sensor 160 is placed on lines 5
converted to an output voltage at line 512 by way of op anps 514, 516. In
circuit 408, the input from conductivity %robe 162 is placed on Iine 518.
The anplified output is sent to the m croprocessor board via |ine 520,
after anpli?2j cat Theapparitnd efChtred including acotmputs? 2leatnidaliy? donnected it theiarray26,
t he voltage for the printer is dropped from12 to 5 volts.

Wher eas, ?90@ 5@%8 'EBlc{xﬁK:etﬂE iRidx 085 efﬁ’cﬁge% 8 HuldRdnddnibit BRakiRt RESd diPthé

specific ment t ereo 't w erstood that various changes
and nodificationsg w |l sted to one skilled in the art, and it is
i nt ended to® @ﬁE&%ﬁ&§@lgﬂ?ﬁ“@#&ﬁg@é“ﬁﬁﬁmxﬂbdlf|catlons as fall within the
scope of the appended cl ai ns. 03 SEP 1998

15 TABLE 1 [err]

3. The apparatus of Claim 1 including a display eléctrically connected to the computer

for visually indicating the index of refraction.

4. The apparatus of Claim 1 with a transparent optical coupling fluid between the

second window and the transparent positioner.

5. The apparatus of claim 4 with the second window, coupling fluid and transparent
positioner having ever-increasing indices of refraction with each successive element, such
that the resolution of the apparatus is increased with the distance between the sample cell

and the positioner.

A
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CLAI M5 18 We claim 1. _ Apparatrus

for measuring the index of refraction of a fluid, conprising: Kl
hol | ow sanpl e cell having interior and exterior walls, W%
wal | s defining a sanpl e chanber; t he sanple ce

wal | s defining inlet and outlet openings through the intgl
walls for introducing a fluid sanple into the sanple cha
sanple cell further having first and second opposed, spaced- apart
transparent w ndows; a | aser positi€ned exterior of the sanple
cell opposite the first w ndow, the'Taser and first and second
w ndows positioned with respect to each other such that laser light is

directed into the sanple cell through the TABL 2 wi ndow, t hrough the sanple
chanber, and out of the sanple cell through the second w-rdew

t ranspar ent rtTomner connected to an exterior wall of the sanple cell |and
having a finst face opposite the second w ndow and a second face spaced
apart and opposite from the first face; and an angl e detector
connected to |the second face of the transparent posi®ioner for determ Rjing
the angle of {the-light exiting the sanple cell with rfespect to the sanplie
cell the andle detector including a |inear array of |light-sensitive
el enents, theg array operable to generate an electri¢al signal indicative
of light-sensfitive elements illunminated by the |3Seg| light; and .
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a conputer for determning the index of refraction fromthe electrica
. The

si gnal 19 2.
apparatus of Claim1l including a conputer electrically cernrected-to the
refraction of a fluid in the

array adapted to calculate the index of

sanpl e chanber based on the electrical signal generated o (s
array. 3. The apparatus of Claim1l including a displ ?I1l

y
connected to the conputer for visually indicating the ind :luﬁ L on.
4. The apparatus of Claiml1l with égtransparent opti cal coupling urd

between the second wi ndow and the transparent positioner. 5. The
apparatus of claim4 wth the second wi ndow, coupling fluid and transparent

posi tioner having ever-increasing indices of refraction with each _
successi ve el enent, such that the FABBE®ion of the apparatus is increased

wi th the distance between the sanple cell and the positioner.
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