ALTERNATI VE PRESSURE VI SCOVETER DEVICE 5 FIELD OF THE
. I NVENTI ON The present invention is directed to an
apparatus and nethod for determning the viscosity
and rel ative change of viscosity of a fluid over
pl ural shear rates caused by a decreasing or
i ncreasing pressure differential resulting fromfluid
flowto a defined 10 chanber in a capillary system
The flow of liquid through the capillary restriction,
the pressure variation rate and known di nensi ons of
the system gafp ﬁbﬁ SSOR ¢ oM V? fsSsor,
for detern1n|ng ar ogl cal property o ui d.
5Mor e partlcularly, t he process can nDnitor t he

rel "ﬂ@ﬁ% parent viscosity with regard to
oxﬂat Ive thic enlNgi;I@?S BACKGROUND OF THE | NVENTI ON
Rheldk pgyent ervintian stdingétedioysiapparateainidrgetivd for ddtamining the
def

VIO g g:? Eﬂge %ﬂaﬁ’%&roqnlsg@s&t BFa Pl_ltd olvg‘r eplﬁ@%&bﬁgét?sre (!rair%ser;d]é)y a

‘concern operti
i t sledredsimgionmentherg pressiro ritf&mrmahxsﬂmr@cfmm fliid floWa s defined
IS eqd .

10 FRAGF B ERl byl f, Phe i lnd RO kIR EE bl AR e
pl asdsswe vayiaticiiretepnd bervin dipphsicabf ta systm ehnrl:ectletdd,ttgplcally
th of fluid. 1 LS. er

of R Eson o oy RALERARIERETBE s M Moty
no rikd\eodesvian monidgithaslatiRhiealog iof spparcet ‘abqo&mtlpsegmd o
pr ovndgt?v qmgﬁern% t assessnent of processability, are

monrtoring and controlling a process, are
15a sensitive method for material characterization (such

wei ght), and useful for
- f olqz‘éCﬁﬁﬁth’ﬁé) @%urlﬁlig Ilg?bﬁhgfm cal reaction or
ch Em@deg}t i ban‘fH inpdys'ia?. dsaidmglvatlﬁﬁe defotiatipnmsi flow of matter. It is
Rheol 0 nts he, st of c
o bon RS bpe it AR EruRithn e 1 BB R phen
t he forcoisregsatedion ite dhbd, s dsmpafrm:ﬂmﬂtlsthe Adully oBxas cﬂaegemtfsnn and
i nvol ve |

f i luid d..
200, bR et TreoRErH AT OR B o nEe P pePiion
Vi ssz?lﬁaicttey ta the qubpd ysﬁﬂm:ia Hyrﬂirﬁ@&?h@érﬁdﬂ&htkﬂhﬁﬂ&ﬂbéﬂ?ﬂﬁ@almanly
ow i st an ul a . e er.l.ne
RN EoR P GoPe Bromal regimes RO ow o NS b8P o
t h@)r(fvlideeltdhlecft alesaErSof phiepsalaiity, b esefi fb:ay@ﬁtoﬁﬁg ﬁrldm d
1s madil to nove in relation tg anot he

t hEOUIRBAPLINES. TR BETISENE B f‘Uﬁ’éatﬁlﬁli eheit tealfzatgm (such as
25MatcRingad to MR\hG1EuRY @&ighRI b Qe ANTbE folBwR the course of a chemical

reaction or changes to a fluid in simulated conditions. Rheological measurements

_ allow the study of chemical, mechanical, thermal effects, effects of additives, or the
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| Viscosity is a physical property that characterizes the flow resistance of a fluid. It has

" been defined as a measure of the internal friction of a fluid where the friction becomes
apparent when a layer of fluid is made to move in relation to another layer. It is the

resistance experienced by one portion of a material moving over another portion.of
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To measure viscosity with a capillary tube viscometer, the pressure drop and flow rate
30  are independently measured and correlated to some standard fluid of known viscosity.
The three general fypes of glass capillary viscometers most frequently used include
. the modified Ostwald types for transparent liquids {Cannon-Fenske routine), the
suspended level type for transparent liquids (Cannon-Ubbelohde types) and the
transverse-flow for transparent and opaque liquids (British Standard BS 1-tube
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The reduced pressure source may further comprise a vacuum pump, a vacuum tank, a
pressure gauge and a control system to regulate the reduced pressure source around a

30 defined setpoint.

In one aspect, the second pressure source is selected to be a pressure and flow rate
suitable to allow the liquid sample to be measured to evacuate the capillary prior to a

measurement cycle. A preferred second pressure source is a compressed gas ata
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induce the fluid sample into each capillary system at the beginning of a measurement
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30  DETAILED DISCRIPTION OF THE INVENTION
' FIG 1 shows a schematic plan of an apparatus which can be used for determining a
rheological property of a fluid. It is particularly suited for determining a change in thé
flow of the test fluid by repeated evaluation of the test fluid over time and thus

suitable for use in measuring viscosity as well as changes in viscosity. More
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30  with a pressure sensor 150 which can be used to record the differential pressure in the

chamber during a measurement cycle. The differential pressure can be output for data
acquisition and control and to a computing device for recordation and further
manipulation. The selectable valve 140 can be a single valve, such as for example a

three way valve which conveniently can be in communication with a regulated
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30  point by 4t least one vacuum tank selectable valve 164; typical set points are from -50
millibars to -150 millibars and have a desired precision from about +/- 1 millibar
around the set point. The vacuum tank pressure gauge 165 measures the vacuum in
the vacuum tank 163, when this measure is greater than the desired precision, a

controller 180 can open a vacuum tank selectable valve 164 and optionally commence



20 The regul ated pressure source 160 provides the
notive force for inducing a test fluid 110 to flow
through the capillary 120 and into the chanber. The
regul ated pressure source 160 is discontinuous in a
test cycle, it is quickly applied to a predetermn ned
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presented in gauge size for exaxﬁple Gauge 10 to Gauge 33, with the higher number
referring to the smaller nominal inside diameter, preferably 15-30G are selected.
Typically, the needle has been selected to have a length of from between about 10 mm

" to about 100 mm with an inner diameter from bout 0.1mm to about 1.5mm. Thus



of operation, the device of the present invention can

be used to study oxidative effects or the effects of

nitration on a test sanple or a battery of test

sanpl es. Thus, for exanple test sanples may be

eval uated for oxidative performance or nitro-oxidative
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volume for the manifold 130 including the capillary
2512G16% 5§ 4 46h R
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30 regulated pressure source is suddenly apphed to provide an external driving force to

induce a test fluid into the capillary. The time frame between t, and t; is maintained to
be a short duration so that V,, the volume at time t, can be apbroximated as
equivalent to V;, the volume at time t;, typically the duration is fractional seconds

typically less than 0.5 and more preferably less than about 0.2 seconds. The volume




ons, threaded connectors, connectors to tubing, etc.

The connector 125 in FIG 3 can 15 be fabricated to

have a | arger internal volune for retaining a |arger
volume oftest fluid | to in a neasurenent cycle. This

| arger volunme may al so serve and prevent an aliquot

of VY dsteldtddud thelikfgded onpillan tmmitriahl vodpomo N tvinte te the aystearsis

of .t he ni.fold. It is rticul arly desirable.
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- 30 pressure driving head is pressure regulated 200 and controlled (not shown) to provide

S oa repfoducibl‘e and discontinuous motive force in the pressure chamber 118 to induce
the test fluid 110 into the capillary 120. Alternatively, the positive pressure driving
head may be applied by the second pressure source 170 through the manifold 130 and
capillary 120 such that positive pressure driving head in the chamber 118 is regulated
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typically around 5 seconds. At tine tf indicating the
end of the active neasurenent cycle, EV2 144 is
opened allowing for the test sanple to chanber and
ready the systemfor a new nmeasurenent cycle. An
advantage of this present systemis that the
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'30t hipgefdrred hgreethe dynamic pressure differential is decreasing with fluid flow.

Steps d-f can be sequentially repeated under the control of a computer.
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Is preset at P-A2P. The difference in these pressures
fromthe second pressure source 170 and the regul ated
pressure source 160 in the seal ed reservoir can

provi de positive 10 pressure driving head in the

chanmber 118 to induce the test sanple 110 to flow
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th frame.
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aRIAP ¢t
8LV

o= 2
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10 tinme t;; and likewise Pf and V r are the pressure
and volune at tine tf. Typically at tinme prior to t;
(for exanple at tine t0) the systemis at a second
pressure source suitable to evacuate the capillary
and chanber at thus the volume is preset by design as
V10 . From knowi ng the total volune of the circuit and

‘"t he pressures during the neasurenent, the vol une of
samFe: i dirdiamiprisnanraeentepiobita Ryis thedadivrofttesrcapilaryble is the

PRSI R A bR LA LB 5, o

ParehwiAmep] grer by inervilmind Y is Melubk owepeedoovst &e sitagal. Ina

5St ?ﬁ'ﬁl?é: r?thﬁ sﬂeﬁpst%gﬁﬁlth@sﬂgmlrﬁg}:&%e dipd rxﬂﬁw&l The shear stress

1othe fluid, nore specifically the viscosity, shear rate

and shear stress. This equatlon illustrates the
relationship between t q?? of flow and the .
forces causing the rom1andR?s;ﬁﬁ cularly rel evant

nown di nensi ons unction
d e p@h@l@h@@alémsnbmed@eﬁlusmm [Egnagioni3cwith thesteackatehe
pr to friction. Fromthe volune of the
f|ﬁﬁ§H%&Qg| &“%Hgnd a known characteristic of the
system{ 20 (internal dianmeter and |ength of the
capil lary, pressure val ues, %ﬁﬁt duration, flow
characteristics, etc) the, anseU|IIe equati on
can be used to deflne the r#eol ogi cal properties of

for systens having a Reynolds 25 nunber |ess than
about 2300. The Hagen- Poi seuill e equation can be used
t owhrerd @) is threeshédr ouness anthe dapiliangwall,fyl, 15 e wall eli@ntatel Q it the
ca&h&%&;x tubq by derivation of relationship of the
pressure grop at the capillary as a function of

15capi||ary tube geonetry, fluid viscosity and fl ow

25

30

o b e WA oo B B ittty o) i e
VI sgpden of thdpresutehs tingedinhs) plativhéipcapible ldafined uking & sétlod

ol P SRR Skt ol R s o Reed

i ntadibiagd thasydtewt mﬂei\/&pbctjﬁésdmﬁ&nﬂﬂdnﬂ Vdying the dd:m&eeifﬂﬁ present
fashion t '

Y TR T TR
vvaiidqmsmnn Hevieltbaise @il ddining d reltibiahipbetweer GiedhdsOite Sariibi
t hs6p e(P FQ'the. vxgc%sﬂyl lIlIul'xlr?etrgt?stn?a cInPath q lilrzaiotdlel% rt?:arfr be employed to describe
this relationship, such as using the method of least square to fit the curve to define p=
f(P.) or using geometric mean values, etc. The generated coefficients are stored,
typically in a computer ahd accessed to define the viscosity of an unknown sample
from this relationship. Even without calibration, the relative viscosity change can be

determined using repeat measurements.

For Newtonian fluids the viscosities are independent of shear rate, thus y,= 6, or 1
= utw. For non-Newtonian fluids, the viscosities of the test samples will vary with
shear rates. Numerous acceptable models have been used to define these behaviors,

For example, for power law fluids, the apparent shear rate is related to the shear stress
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RAP (3) 2L 10 4QV 7w R (4) where T, is the shear
stress at the capillary wall, 1wis the wal | shear .
rate, Qis the vqurretrlchowrate 15 In a nore
pragmati c way, a function between the dynam c
viscosity cP) and the variation of the pressure vs
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r elthd Casatigld sesseh as using the nethod of |east square

tofit the curve to define = f(Pt,) or using
geonetric nean values, etc. The generated coefficients

ar dn fe@hAd of RbriéMBiaad ldb)ricdtilﬂg Bil€; ORI is ANFhRRHR PRAHmERdn
deﬁ ne t.he V|scoskty of an gnknomn sanple fromthis

esis 1 by coplisdif IRsRie ol graim intaryabfor enginejollp and raintain

Vi Sg@@dilubﬁcaﬁhﬁlﬁﬂﬁe Qﬁne%nng%%hmeﬁ%ﬂ@tﬁ@drﬁﬁm%al Many
neasurenen& For wtonian fluids the viscosities are

i nd8pEntEEh avgbegtyandrare being deyeloped te spprodycp\ihis phepamensyy and
ti Wualkfpen Mlmh%tefﬂe%%cé et eRGERSIELt &6 10k, &P&isive

test sanples will vary with shear rates. Numerous
ac B IeqBiIrEbirsme s piew Iybeeant. ydich nreduse s lotef et e

1sbehavi ors.  For exanpl e, for power law fluids, the
apparent shear rate is related to the shear stress 13
by Ig, 3x:der(t3 ,cla331§3;- the peaterpange of naa(}mlﬁbrecg{ng,rﬁddmﬂg m(dlﬁgymulfawgs it
YW s Beh 3hgeldivd R élé%!op 1ﬂ‘1‘%§§e@l Hbordidty Qesﬁ%\epﬁecil&)?ﬁg

exponent. If the liquid haves as” a
t hé R arfpelsnsias testﬁ EASROTISS MPEe] eap@enquelywn@ lgln@a¢d response

St RS thile MRAwitd ledstsBhpie. "I‘T\ﬁﬁe@oﬁg'lﬁ))oka?org XﬁQtlJnrt&‘@ ﬂab@ een

yield stress relation T,
- 205 JevRlpped Brimgny yorss Sy thig Furgase bot eyen &wugth&wegse?gesasmount of

~a' I " I 0
h e%gﬁg glref)’ étilrl gesqg igev@tgﬂ%#iﬁateﬁlmg s 51@{1&{ i%@ g{lﬁ kAl (ﬁpan'ii
832

( 499954 TRMT samPple tp be ahlp tfaﬁ:rhloy thy (nada(mm/ncamonmﬁ)tm
Whes&t Jieh L:sting oxidation tests require sampling to be able to follow the evolution
of key parameters such as viscosity, oxidation, and/or nitration IR peaks, TAN, metals |
25 concentration and the like. Removal of the sample for quantification during the test is
difficult and changes concentration in the bulk sample, thus many methods only take a
sample at th_e end of the test. Some other methods follow the evolution of oxygen
pressure in a closed reactor (rotary bomb oxidation test, TFOUT, etc.). However, a
common feature to these tests is the need for big and costly equipment and the need

30 for handling the samples.

The alternate pressure viscometer of the present invention can be employed to provide
a rapid analysis of the relative increase of viscosity in a myriad of test conditions,

* such as high temperature oxidation/nitration curves, dispersivity study, thermic shear
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the Casson yield stress. In the study of lubricants
and lubricating oils, oxidation is an inportant
phenonenon 10 that needs to be controlled to increase
oil drain intervals for engine oils and maintain good
| ubrication of the engine during the whole |length of

t hef il it ot featwralof thivldyice efithi prescheiatentivaisehab érabkertol
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wa & s i‘goW‘ﬁteiF'H;eghlwﬁt'o classify the performance of new
slubricants, additives, and fornulations, it has been

[ rative to devel op i nproved | aboratory tests for

pgggﬁﬁ%vﬁgsand simul ati ng actual engine tests

I € Ihe AR Wikl Sad$RE teleipatfSintd\tb HdndndIpAtOWE Perf RN SEthe
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of _test oil, they still-require several days of
IUtGEFWWg?luse around 100 g of test oil and require
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t NEnpIl o kh@bh viglosilsel pRr REE EQFtatiod GBwdsn thé pre@sieldifference
oxi dation, and/or nitratjion IR peaks, TAN, .netals 25

| COWTWRE PEAEH 1B AAmbREAS 3 fRpstionlo B sAmgs visiesitia Fha methost

15 qUBALchikl Gat LR teleHibAL 4 fMerld @plilakySsystehinf if b bl cHBAR] capillary
changes caoncentration jn the bul k sanple, thus, many.
mePREdsed Heypakitptongrouldbegteeforped fapeagh shagnel tAdditiogaly, if the
SopgerfoifcontitibR Grerd AbAiOY, FRRxSMAL UF 1hO Barn®f caPif¥i§ @ stem were

pressure_in a closed reactor (rotary bomb oXxi dation

t etorbe uppth digipreny valugs plespdyced presprrbRemwamgH dukaon, or

t NRSMelafiRg, $t Would Bencb@8sly tPtalibiag AR ﬂ?&?&ﬂnﬁ tefHe| aBEBRRH for
nples. The

and _the need 30 for handling the sa

- 20 5 thiynext st f RBREISHES- vi sconet er of the present invention

can be enployed to provide a rapid analysis of the
relative increase of viscosity in a nyriad of test

c oHfhisiesamaple, faypgiralsum phwers spjeqtes whigh were representative of the

OXaflad b10cBiity RbdeR o Gidy! Rfore ﬁiirmgifwrtpmyﬁﬁ)weﬁn (PAO) oils
therm c shear 14 of VII, etc. One featuré of the .
devPEsheeni BAOD PP AL pRhPAOR. iPolyalpheolefins pr regppiactuisd

25 TeAS e 81ibdlncHzhiont JT8inir hiphh SEAS (Eé/mﬁUﬁik'?gieé’éﬁe 0X1]-AaicL R
an provi de vi SCOsI ty measurenents | -SUCC?SSI_OH and.
wi followed bnbitrsogenation tapsitioyn ussateased radnand Staetéanetinn to obtain
CY file Qeditd PHIAOREED P s $Qbkmonly categorized by numbers denoting the

approximate viscosity in centistokes at one hundred degrees Celsius. The Kinematic
viscosities (¢St) at 100°C of these products were measured with a Hubbelhod

30  viscometer according to the ASTM D445 and transformed in dynamic viscosity (cP)

by using the density of each oil (cP = oSt * density).

" The capillary system employed was similar to the capillary system depicted in FIG 2.

Here we use a system made with a Luer needle gauge 25G-17 as the capillary, a
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5 EXAMPLES The follow ng exanples were perfornmed to
denonstrate the performance of the device of the
present invention. 10 Exanple | This exanple
illustrates operation of the device using a single
capillary system depicted in FIG 1 and di scloses a

WEtrhﬁQ’nfaﬁmtﬁﬁéph@d'ﬁﬁla@éboﬂ& LiifcailP@hdd 206-61S IThG lakARRHRSs
VI SCOSI ty to enerate a correl ati on bet ween

0
t hegpﬁF%g’% deciioral i clighip with 129m phen stlicng fulige (pterapl fiagpster
as @sthm))6éd 19G. 2 OTRIIBGSPTREBS wid ROkl meﬁsv1%§1h@§%ea5een
i ndi cated was used to calibrate a single capillar
syFemy 1eR angd 19gF¢ It othermapges OEHEﬁOF‘FYaﬁf?thRRéWé'e‘Eé@dm‘{iﬁ and
scal hdis@t bABmYeM |ngiy ta@vdqs bé RbamEdd. FIRE cAALRN, £LAYe generic
Additionally, if operational conditions were

no dengths dor %ﬁan%@a%ﬁl’ and 3,000 {009gk the stapdard needle wpsqub i obtain
Ve riBe ddsRedMBngis q8k Widelof ﬁkfcsﬁéssmmr}g%may Rheth §AHEEHed from

pressure, or measurenment durati on, nper ature, It
wouhememsuisof e dippprion. £aq %ﬁl&i@eaaéqf’rﬁnﬂ ﬁ@0§l§/ wpsenpt included -

t ak, pg lﬁﬁmam bliQks o ,%rarﬁutas &ﬁm Sy Eéfdeféﬂﬁlﬂ&? 13{5%1 Eives
this exanple,  four roleumoi|ls were sel ected whic
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oils were chosen: 4, PAO5 ‘and
Pol g fstimisniéan avsr ‘@Fleusrfaﬁﬁ% a’%‘tlsfpsitj', mgscw:amtgrs are not intended

I
2 'tg ﬁﬂi‘?trthczxﬁ{fénﬁen Qlf hé %v&@fh% ?Ag@g ﬁtﬁﬁy gg%g&eﬂ? L Bfor a %wen

decene or - ece at | ONn
r erfeRes of) ﬁ!g%ﬂsmy mtb the b@nﬁ@rmm bfa@g $quilaa apillatychavibg asmaller

15t hgdga J:ﬁgetﬁrro?% er A que ?’?Qd%o ﬁﬁl%he?‘amg})r)éssure and/or

cat egori ze eno ing t appro

vi denpst payiof iﬁﬂré@ﬂamskeob{@seraws vehies imdirdragudtetsergn bedefined and
CelStil$eqThe Kinematic viscosities (cSt) at 100C of
t hese products were neasured with a Hubbel hod 30

vi sconmeter according to the ASTM D445 and transforned

'egc’lﬁﬁé glﬁl%s?% \éﬂn%gsé}ﬁh E}Xraégt@s setlz?rﬂ'p]?:'tﬁg e)tagﬁreqiﬁ&% L%k QJccss to

20e nptudy &y Agaschetanterigics and alipe f@;‘aplaltdera: ;Ewggtrégwcg@cm ks
i DAL S il By s
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255¢€ lb% %Bf?igd lg)pusﬁpg%sng En%eﬁ/t%o% %)r%et ﬁrg %le pg%gmnpla, using the device of

the present invention approximately 6 minutes including the temperature stabilization

is sufficient to get an average of three or four values. Thié compares to around 15

minutes for a single measure with the Cold Cranking Simulator (ASTM D5293) or -

around 20 minutes for a Hubbelhod viscometer (ASTM D445).

30 c |
The device was set-up using an apparatus as illustrated in FIG | ‘wherein the sample
to be tested was placéd in a reservoir (open to ambient air) and placed into a
temperature control _batﬁ. The capillary system was positioned so that the tip of the

needle was below _thc surface of the sample. A (.5 bars regulated compressed air
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around 1cP and 1 GcP. |If other ranges of viscosity are
to be studied, the needle and 5 neasure paraneters may
have to be nodified. The capillary needl es have
generic length; for the range 8-25cP and
3, 000- 10, 000cP the standard needl e was cut to obtain
t h esooieewmda&m ﬁﬁchhe ﬂh\g & bﬂlgln?f pér hau@uwm RSl tomfgaergﬁ
th is i cat e rom neasyre of t
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D445). 30 The device was set-up using an appar at us
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explained below.

l Wa%in} L e eo rrslel“zlir { acgrgi‘? ];antfi@l% cgtg'ﬁalan% ofot‘heoéq%at?oa}lr}? = f(P)

Measure: approximately 3 milliliters of PAO were placed in an open ended (to
ambient air) reservoir which was allowed to equilibrate in a constant temperature
silicone bath (or dry aluminum bath) at 100°C degrees Celsius. The capillary was

_positioned to have at least one end immersed into the fluid, and then the flow rate of
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source was attached and the flowrate of 1 liter per
hour all ows bubbles to energe fromthe tip of the
syringe and to evacuate any sanple. The reduced
pressure notive force was secured by using a vacuum
punp controlled and coupled to a 5 liter vacuumtank,
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s e €quitfhrate for g periesd qfrt@sestumbﬂls ol fempertise ia dhetrpsshvioirds stapjlized at

el qadomal ¥aRe sm-ﬁh%[uﬂtﬁggf &Mﬁ ltﬁé%c?se%ﬁ %%@allg%uﬁx § Bﬁlmtes is

are sol enoi d-operate pi nc | ves

cospibeignt; Fo agin theyersuremen qyglestht# teg@iﬁed 1gBvasd pressure lanmckly
5! ntaﬁ;lﬁ@'to tg o Sapt ga.gfang %nm 411%4:«%%11&1‘3 tcﬂyegifﬁ 1§ hoﬁ%tb g

valve iIs € response time ese
i s chpllagemhe. %ﬁeﬂ@me@urem@phd bytdctien qmrtb%@apted gaug:eglve
uS QrifeQr 3 %egor&ig fnd cﬁﬁ‘i‘ﬂ ad fﬁﬁcﬁ;ﬁﬁé‘iﬁ §echOis Et[eg;'r%sﬁﬂg virf¥on over
nmeasure o ress re varilatl on spee as a range
of tl@lﬁtlvec@@r(dnﬂ@racqwmamramaﬁm te &40 vaims pertseepindthd 50 ¥ADEs
So f ssS
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S|ﬁgmamme@atdqxnmnﬁmVQ nultlple reserv0|rs elther
si mul taneously or in rapid serial node. Numerous
robotic sanples are known in the art and commercially
20 av-aifﬂeahbaeumtguhd h’a& RAD bmﬁesaﬁiesf:smbah g anethd PeRtupsSedliation
for e 5,476, 358 d -
o Sogft QerE i R et it Pl BB Shiest s the
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coefficients of the equation = f(P) explained bel ow.
30 Measure: approximately 3 mlliliters of PAO were

pl aced in an open ended (to anbient air) reservoir
whi ch was allowed to equilibrate in a constant
tenperature silicone bath (or dry alum num bath) at
100C degrees Celsius. The capillary was positioned to
have at | east one end i mrersed into the fluid, and
then the flowrate of
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17 air was set to assure that air was bubbling in the
PAO. The systemwas allowed to equilibrate for a
period of time until the oil tenperature in the
reservoir is stabilized at 100C. Due to the snal
quantity of oil in the reservoir, typically around 5
mnutes is sufficient. To begin the neasurenent
cycle, the regul ated reduced pressure is quickly 5
appPAPLE lt%mtrﬁémcfa’fﬂY‘F‘é’F‘}W&%F’g‘ﬁdﬁﬁber to all ow sanpl e
to begin to fl oW ~api . The reduced
pressure is applli eehsbyre afrtation 0N tiRoSE3Pt €0
el ectroval ve dUri ngpeld @nig®iconds andcRjuri ng it he
followng 5 secands the pressure variation over tine
i s]recorded. Theg acquisition rjate is fixed tio 10

2 _ thd88®9 val yes rAdBRded ljook |ike a
light cpree, the conpykgs is enployegqto process a
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this 1iR8%¥s usgd.t0.-d8P% ne tHe neaf-3H o | pressure
vafi ati progpeed |(Pv) igyanb/s. |After 7approxi nately 5
segond DEAS darr 1§ applifed to
engey J o 14$p ' 1 econds are
required before the air bubbles again in the oil, for
exanpl e here we waited approxinmately 10 seconds. To
i ncrease the precision of the test we repeated the 15

iy’

Smeasurenent cycle three tines and the average of the
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thpgamMagssure variation speeds was cal cul ated. The
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procedure descri be above. 20 After neasuring the four
PABVERiop Mben itdymplpyed i measere VisposloThepemppsgkes fe been done
v a%tﬁ&ﬁe%ﬂxglc%@%ﬂ?xy(s?stém gh c%%xﬁrh@% th@BFbctrd Bt ARG afin

these data _and the nethodao | east square the
eqmgthodespribedsin Bxamplg 1.q e pregific PABIEters fante Fandlay systrre
COghblofddSR e Qlambldl 5 £ARRLPPabI@s € Stored in the
conputer and are then used 1n the programto directly
give the viscosity of an unknown product. 18 . TABLE

| calibration foragy¥iSeest Yaidige 1 t0 | CcP
It

15

Pressure vari ati on Vi scosi

p speed (nh/s) (cP), PAOX2

18.56 1. 760 PAO4 13.36 4.1 m@oé&y’iﬁaﬁg?gO
: 2to 8to | 3,000t0
10 cP 25¢P 110,000 cP
Internal diameter of the needle (mm}) (2‘523) | (g;g) | ‘2'883)-
Length of the needle 1” 10mm | 10mm
Stasting pressure {mb) 110 | -96¢ -220
Measure duration (s} ‘ ' 5 2 5

The device and parameters were not 6ptimized, accordingly the values of

repeatability described below have to be considered as the minimum of performance

19




PAO7 9.72 7.000 N= 0.0427P2-1.7914P+20. 301 5 EXAMPLE
2 This exanple is a presentation of sone sequences of
- neasures done on several petrol eum products. The data
denonstrates the repeatability of the device of this
i nvention when it is enployed to neasure viscosity.
Thiss the HBRIHUGABIs RA¥RiIoRERMDeabiRLy has Weh erhfiRtrStbd b 6vo ranges of
capi | I_ari/ S)i’sqt?gm anq a§cordi ng to the procedure and
calsiseisy 1-o0ck and iR 18888 bed i n Example 1. The
specific paraneters for the capillary systens
enployed in this exanple are set forth in Table 2.
TABLE Re3sls:of paraneters Viscosity ran'e 2 to 8 to
53,000 to 1Gaak RbsP 10,000 cP Internal dianeter of
the needl e .26 0.41 0,84 (25G (220G). (180G .
Lengt h of t%@“frﬂé’%galle%mi’“seféﬁh‘?"f@ﬁ?ﬂ chagegy whigk belpngda thedour
( MRdin-gldips d&fhed B APT MRPSHIEE EANIBS TOOK (ATEGGRIES andcolBethe
- device and paraneters were not optim zed, accordingly
t hevdied vieosigt arex epeat abi | i ty descri bed bel ow have to
be considered as the m ni num of performance 19 for
the ability of this invention. Repeatability has been
10 denpnst r at ed forPﬁW:PQﬁ@E@O@ﬁnqﬁ%i ty 1-1CcP and
3, 000- 10, 0000P.  Bes/hd Rt.op PodReMGRerir HOSROTOU!

petrol eum base oils have been chosen, which belong to
the four main gleabS0eMined o GRAMP-And ATI EL BASE
STOCK CATEGCR! ESCARAO¥B0. 7R Rinctht il GEoUpSCOST ty

area: 10 PAO 2: Pol yal phaol ef i n GROUP- 4

. 20 measures have been done sequentially for each product with the same parts and the
15 same procedure described in Example 1. TABLE 3 shows the results and the statistics

evaluation.

20



5

10

Chevron RLOP |
M ner al

oi | GROUP- |

OON: M ner al

oi |

GROUP-2 Tot al
Chevron UCBO- 7R: M ner al

oi |

GROUP-3 20 neasures have been done sequentially for

each product with the sane parts and the

15 sane

150N:

procedure described in Exanple 1. TABLE 3 shows the
T eUBES A sliend kigidied datSrangVR otpt | On. 20 TABLE 3

21

Resulis_and statistics data fange 1-1C0cP GROUP-3
Gﬂ(lJP- 4 GROUP-2 CGROUP-1 UCBO 7R Range 1-1QcP (100G) group-3
P (%Bgc P 1Q|c7)‘3 d &;&@5&%&0 P GROUP-4L | 7800h-9326R0E2 | UCBO 7R
6.j988aN4e ) 436| #AO38:P) 3 WONEP) 3. OBB (&) 448 (cP)
6.977 4 1.78713.958 5.439{6. 0480 5 1333 4. 04395. 445 6.980
6.1902 6 1.77723.967 5.437|7. 0863 71 143@0 4. 06336. 442 6.953
6.1859 .8 1.77434.021 5.413]16.0252 9 13381 4. 0384%H. 464 6.977
6.1852 10 1.788 4,024 5 .548 61.003 §113.998/54 45885 6.948
5.1433.6.926 19 1.774 4 01p 512485 ¢, OF943 13 15366 6.902
4.1066 5 446 6.902 14 1. 776 31.0H7 3 588676 9045438 7.013
1.1800 3.983 5.429 6 840 1§ 117686 3 Oo%8025 A69544R9 6.859
1741777 4. 0258 5.537 6._945] 1B 789 40202 |5 4343 7 1006927
19.-1..804 3.936°5 451 6,983 2h78¢ 751 49tgg |5 8384 g 19g$.852
] 10 1.788 4.024 5.548 6.953
1 1.756 4.056 5433 6.926
12 1.774 4.015 5.425 6.972
13 1.766 4.066 5.446 6.902
14 1.776 3.957 5.565 6.904
15 1.800 3.983 5.429 6.840
16 1.746 3.986 5.469 6.899
17 1777 4.025 5537 6.945
18 - 1.789 4.002 5471 7.001
19 1.804 3.936 5.451 6.983
20 1.751 '3.986 5.473 6.982
Average 1.774 3.988 5.468 6.936
Degrees of freedom (dof) 19 19 19 19
Variance 0.000268 0.001414 0.002581 0.002490
Standard deviation 0.0164 0.0376 0.0508 0.0499
K student ( 0.025-dof=19) 2.093 2,093 2.093 2.093
Repeatability {single measure) (cP) 0.048 0.111 0.150 0.148
Repeat. (average of 2 measures) (¢cP) 0.034 0.078 0.106 0.104
Repeat, (average of 3 measures) (¢P) 0.028 0.064 0.087 0.085
As used herein the following terms are defined to mean:
“Repeatability (single measure)” means: The difference between two single measures
dorie on the same product in the same conditions by the same operator will be
~ different of 0.048¢P (example for PAO2) only in one case out of twenty.



Average 1.774 3.998 5.468 6.936 Degrees of freedom do
19 19 19 19 Variance 0.000268 0.001414 0.002581

0. 002490 Standard devi ation 0.0164 0.0376 0.0508

0. 0499 K student 0.025-dof=19 2.093 2.093 2.093 2.093
Repeatability (single neasure) (cB 0.048 0.111 0.150

0. ig&eatt ?age of PHRERH8)"Hheads: TRAHRAe Hehldkn thel¥éage of two
0.079 0.106 O. f 3 cP

. . 104 Repeat. (average o nmeasur es) ]
0. BgsuEsdewr ¢ ey ryghict iy thesams senditiqng pyithe yame operator will
f obé Gitferiflt 4190 cRarfifl m%dzgp Hone BERAASERLAYL Y
(single neasure)” neans: The difference between two
singl e nmeasures done on the same product in the same

5 CORRlizeht0 Gy Wi o, (iR

o A O b b BT PRRL The Wielendhonfteh Bl BhaHr
t wihigeymeaswepdone pa hegame prgduetin the simeronditionsiby dhe sams aperator
The;ehd 485
Th&ilfbd HRERACR (RORURRLaANE 7 PRIAPENIP In dnlase EATHy SRy, o

one on the sane pr uct” In t co

same operator will be different of 0.034cP (exanple

for PAQ%L@?@%MUhﬂoﬁﬂﬁ case out of twenty. 5 "Repeat. : §
(Average 0O nmeasures)” neans: The difference between |

10t he average of three measures done on the sane |

product in t i £ t I : |
PP Gl O g2 85‘%5?(:%@‘?%'%%{9 Solpélt “F%@"’fﬁéﬁ%? ‘ |
i ntimaratSakiferent tenyferatuen2\5°C, RENH6°G 1 0Wani( 2600P co@r the |
On [ Iyl t ock Sol vent, was |
mgaggféﬁﬁ%gﬁﬁ%sﬁ)%n@eg? ’logo%i %ﬁ eirg’lgmcgt enperatures (2.5C, ;
5C, 7.5C, 10C and 12.5C) to cover the range of : |
viscosities between 3,000cP and 10, 0000. 22 TABLE 4 . |
Results and statistics data, range 3, 000-10, 000cP BSS 2
BSS BSS BSS BSS Range 3, 000-10, 000cP 2.5C 5C 7.5C 19C |
-~ 12.5C 1 10944 8790 6651 4854 3153 2 11058 8859 6715
4785 3163

2




3 10994 8809 6740 4807 3186 4 10960 8753 6785 4801

3200 5 10994 9137 6777 4775 3184 6 10978 8886 6851
4785 3192 7 10932 8835 6737 4835 3180 8 11059 8957
6753 4844 3173 9 10963 8982 6646 4771 3186 10 11170
8974 6702 4838 3181 11 10799 8926 6645 4870 3224 12

23

10971 8 01 718
3180 11‘31%%9?4 Rg%%ﬁm%ag%u&ésa%%g§§§% ﬁgg&fjg’% 6715
4831 3188 16 10914 8926 6740 4814 3216 17 111747 8673
85 48 a@g% 3@10334 8@86 6177p4862131%4s 19 1(Hya2 BSS
oSS 10 00 10888 8994 56737 |4818°c3249 10°C 12.5°C
Average 109658 8864 6733]48008443190 sidegr ées eed1 f rieeciesn 3153
do 19 19 12 19 19 Vari anceods07(04 &89 14788151631 I 3163
Standard ‘dediation 103 1351088t 4() 18809K gt udmet (. 02807 3186
dof=19 2,098 2,093 2, 098 210083 2 0833 R¢pearssbi ||i t ywso1 3200
(single nedsure cP 306 BON0IBE 120987 Rep@Hts. 4775 3184
(average off 2 _neasures) | cP09787 28288845 85 8%1 Rdpedirss 3192
'__(_a\mr age of? 3. neasures) ; cH0¥27 23088888 ¢9 8737 23 4835 3180
_EXAMPLE 3 8idation test:110%e ol BRi ng sETRIy Has 4844 3173
_been-done Vi th an.ei ght cHRRGIe| cafi®Rl any 8§46t erh |4F71 3186
differs 5®romihe sin hl. e 1danhel 3Q7ﬂm| i1 aB025ydt e¥Bltn 3181
|t he sense fhat the redufed8¥cd 8928y | 6645 4870 3224
12 10571 8733 6601 4837 3185
13 10984 3839 6808 4718 3180 -
14 10714 3889 6651 4843 3178
15 10853 9035 6715 4831 3188
16 10914 8926 6740 4814 3216
17 11127 8673 6785 4839 3222
18 10934 8696 6777 4862 3197
19 10922 8586 6851 4393 3200
20 10883 8994 6737 4818 3209
Average 10958 8864 6733 4821 3190
Degrees of freedom (dof) 19 19 19 19 19
Variance 10704 18189 4783 1631 335
Standard deviation 103 135 69 40 18
K student { 0.025 - dof=19) 2,093 2,093 2,093 2,093 © 2,093
Repeatability (single measure) (cP)). 306 399 205 120 54
Repeat. (average of 2 measures) {cP) 217 282 145 85 38
{ Repeat. (average of 3 measures) {cP) 177 230 118 69 k]




common for the eight capillaries so the neasures have
to be done one after the other. At the opposite, the
gas pressurized part is unique for each cell and thus,
there was a requirenent to splice eight flowreters.
Here we used 150mm fl owreters with a stainless stee
baII for a range of 0O to 5 Liter per hour. The gas
%g for thls exanple is 10 air. The oxidation
per d of two passenger car engine oils is
Studledcﬂﬁﬁﬁmlﬁgﬁh oil has been tested four tines. A
ce e of the eight neasures of viscosity is done
gﬁv afloyying gtudy h aﬁgﬁﬁm dopewitls aeighs ghapapl sepillons sysidne Jt differs
St hefrdeihe aible Qhanhdf dapiilhS iy Qém ﬁxhﬁe ge'i’tsé’ GRS cliYeed gli%gsgfeggft is
-is done at a tenperature of 180C, the air was bu
i n omanogifer thy eighy Oﬁplaweaﬁ@ﬂ@ﬁnezsurqsthamo@e denerpwe after the other,
su 'Aﬁﬁ’é @pp@éﬁedﬁta b hr&RnsH F&Pﬁ unifBErok Esth chlﬁargittﬁﬁoﬁl was 2

when the relative 'vi scosi I Nncrease reac aroun

perE@EfEment Apgpics el@h%?éfmepter% derawgussfl 150mem fawaetsrewith 2

f 0rsta‘irhés§ st@&‘lm!ﬁﬁ' B P [

uant i taaié%eno Gaslt‘g)lg Eg %g%ﬂf%@%ﬁg%%&pkns
10 Ga@“flow 11/h Tenperature 180C Reduced pressure

-110mb Internal dianmeter of the needle 25G Length of

the needle 1" Tinme to apply vacuum 0.3s Measure

duride ogidat®n peformanbeofitee passougeser ergineatils & syltiedrnents Back il

S Hlhdeh Gsitd TP GO GULY,

dennnstraf%ng tﬁﬁwgggﬁgkggéoiﬁggg& eher at %immpﬂrwdmw

r efesery A caingey. Fronaihd recefded salue vai daIcBlateI thansroeat afvafiatioa of the

N 15P! Qrﬁsc&flty:ﬂﬁ te{& %f 0}4951‘.] aql‘- | mmt&fe fof ?ﬁ) &I tig ?1‘? thé%bl.%lbpd in t%e oil at

agal nst cumJ ative
a flowrate of 1 /h to commence su1table oxidation condltmns The test is stopped

when the relative viscosity increase reached around 20 percent. TABLE 5 gives a

summary of the parameters for this example.

20 TABLE 5
Example 3 parameters

Qil guantity 3ml
‘Calalyst no
Gas ] . air
Gas pressure 0,5b
Gas flow 1h

- { Temperature 180°C

| Reduced pressure -110mb
internal diameter of the needle . 25G
Length of the needie 1"
Time fo apply vacuum ' 0.3s
Measure duration s
Time between two serial of eight measures 5mn

FIG 7 shows the eight recorded curves demonstrating the oxidation curve generated
for reference oil A and reference oil B illustrated in a plot of the % of variation of

25  viscosity plotied against the cumulative time of the test,

24




5

10

15

20

EXAMPLE4 W used the sane device as configured in
Exanpl e 3; however a different secondary pressure
source was used to illustrate the ability to use gas
other than air for an 5 oxidation test. Here, NO2 was
sel ected as oxidative gas to test the nitro-oxidation
performance of Natural Gas Engine G ls (NGEO. Two

in w and high NGEO reference oils are tested.
Oﬁa%ége low reference and G| B is the high
r efvey @eg the saiBidvidewd c&ﬂ@hieh%[Eﬁﬁnﬂl@y BoRERPa HiSREEnf REondary

this test, the S!gé g |n|ng &lllarysstems wer e
di BESTHcOMEg Way pggd o ugfrajelbe a‘@ll tp usegps ofhFrdhaprainder angy

t hiogidgucATest SHerd, NLARs Eel@ct@%@ mdﬁtlv‘k gaftosee e rnﬁroQ)dldatlon
quantity 3 nml . Catal yst. 1 Naphtenate of iron

o PaFrEInoE A3 e Eneine QUpITEGHS [ Tereal v grsl Mg OEO
Pr eFsiic® ofls 21 testeASOft 140110 refdefR 8hROH BSs &é(ﬂ%h reference

Reduced pressure -110nmb. I nternal dianeter of
ne&afyewosepilipigs baye hopn used fordlgfegt, the Slxwﬁaémﬂ@ca@mﬁr}ysystems
VagkBidoRcid, MRS 6 Siveddeddils @PpaSmetdrs FB? tRELUWRSR, T WO
serial of eight neasures 5m % 8 shows the kind of
curve we can record. An advant age denonstrated by this
pl ot and durimgeghe nmeasurenent cycle .is the real

time observation of the behavior of 25 products during
- oxidation{tests. 25EampRldEparamidtersexanpl el depicts an
oxi dat i on|begdanttyder e we 1 nvesti gated thw behavior of a
Vi scosi ty|tadex 1] nppreenee ofidh) at 180G pbm A bi nary
bl end W t hCatalipas e Naphtenatd BEcopfiel 75 ppm
Gas NO2
Gas pressure 0.5h
Gas flow 2th
Temperature 150°C
Reduced pressure ) -110mb
Internal diameter of the needle 25G
Lenghtofthe needle . 1"
| Time to apply vacuum 0.3s
Measure duration 5s
{ Time between two serial of eight measures 5mn

25

FIG 8 shows the kind of curve we can record. An advantage demonstrated by this plot
and during the measurement cycle is the real time observation of the behavior of

products during oxidation tests.

25




5 | oy, 1N nclubie fAReTs Bhddlof iHe3RCessarpQliaaee

selected in this test is a hydrogenated styrene
i soprene and a petroleum G oup 3 base 5 oil. W
include in this base oil the necessary quantity of VII
to obtain a viscosity of [|4cSt at 100C. By using two
of the eight capillary devices described in Exanple 3,
we EEaMPi e viscosity of the base oil alone in the
first, cell apd the blend of base oil ~and VIl in the
s ec b xagple depicls ap g¥ilation tegh, kleredye igvastigindthg brpavigof a
180@&:&&?&5&7 YRS (V Hbedt @8d°€ n‘E’i biRa BERA G4th alb8de ofiNIThe VI
exan? 10 TABLE 7 gF paraneters O | quantlt%
nfelected inythipdest g hY@;ag e sw’ea%,ls?ﬁr@@@aﬁ a pejralgym (xeyp 3 base

oPVESS Hﬁtﬁin a]visQJSg?ty of
Internal dianeter of the needle 25G Len th of th

neelflc8t 3100°, B usipg Gyast jhepightcanilloryle sqsibed mlﬁrxamp'@ﬁ,

55 wd rddBrdisd M@@ﬁt,xmewel aalawaé uﬁhaﬁist s aﬁ%leﬁaﬂf kil
9 shows a very rapid E the viscosit

ar oyWdil m@%seﬁmllo?heﬁeé is dogiat #tempsraginR %&@“rﬁ?egAiBhE 7 gives

Vi SERSIsbY pimdils R AREe@hmpieal ter about 6 hours EXAMPLE

6 Recording the variation of the viscosity versus tine

1®@an show ot her performance 20 attributes than
oxidation. In this exanple we study the behavior of a

di spersant additive. The role ofa dispersant additive

in engine oil is to nalntaThBLE7suspenS|on t he carbon
and ot her smgit—parts LIEb WnI f—can pear—in—the oil .
This additive > P8 Past_plugPi ng.
26 In the sa c; %?@%du e—it-lustratedin PY%’ lel 3 but
\ 110C..and 0
at a t enper at Lﬁas. OH—rY-atta Al
Gas pressure 0,5b
Gas flow 1h
Temperature 180°C
_ | Reduced pressure -110mb
Internal diameter of the needie 25G
| Length of the needle 1"
Time to apply vacuum 0,3s
Measure duration - 55
Time between two serial of eight measures 5mn

FIG 9 shows a véry rapid drop of the viscosity after around three hours of test which

15  approaches the viscosity of the base oil after about 6 hours.

EXAMPLE 6

Recording the variation of the viscosity versus time can show other performance

20  attributes than oxidation. In this example we study the behavior of a dispersant

additive. The role of.a dispersant additive in engine oil is to maintain in suspension
the carbon and other small particles which can appear in the oil. This additive protects

the engine against plugging.

26




using nitrogen (1 liter per hour) to prevent agai nst

~any oxidation effect, we conpared the viscosity

{ it a8 Hr pE Yoo b Bl e o o B8l

vari ation of petroleum base oil, TOTAL 330Neutral

(Goup 1), where 2% of carbon black is well m xed
before the test, to the sane oil where 2% of 5
di dpéiessamt padeiutd 1H$uﬁtadin’i@(afﬂpﬁm Bub &t axkipydratiid ®F | 10°Tladé
ntro ction of carbon.black in
Bt BF Spppared

r erthé wscoslty s ipervléum babeoiQITIOTAINES OWe e §Grolp 1), where

s e{? P %scaf r0 8 aglﬁ 5‘6&%&%@%%%&9 {e§{3 ggtf’? %bq%lq"d’glé%% gte.

510 drspa}sﬁt Sddiiiveasmilg fiint the alkylRatasiBidRfomil% ald¥d SThe

exa n e en t he roced

dodirad 'ét&ma?SBVé @%ﬁ’é&a ﬁ%ﬁ%‘rc dicpsty 5l e arbgp black

Bmirgmaitdia sh@é@ﬁfn if &ﬁmﬂ lethe Vl&ﬁwﬁrehﬁw af th% ﬁgﬁg?&%ﬁ Whﬁbﬁltlae

extr ary ere | u ed shou
a%S%f’%?‘b??&t? §B W&Ple% VistPsith WilhSEEE- of t he

helght of the oil in the reservoir and not at the
ngﬁgere arbo black e ants. This, ositionin%lis

L‘Ip“r i%“’ xpBPlaed difisrenen heteen
S am&dﬁ%ﬁ‘d’ﬂb@d aboVé\ﬁlﬂE q%axﬁﬁﬁﬁﬂhﬁ(Sﬁd PEEATRIETRe !afégr sample

Cat al yst nq pressure

St Qe Doy LS b O ORIt tpbutbisd sbould be

- 1 }asifionel ﬁf)}ﬁbﬂfﬂategr' i ﬂﬁtnﬁﬂdl@f)f thdkeiff %Fuh@ off R{Fhe +SHSiP ki not

. the negdl e 1" %;Dvacuum 3s Measure
durhibe Spptasy whegp ﬁ?éb%‘ﬂ%é‘ﬁcatl Thigpqsitionip isdp greventesaing es

- 55m@,h{§lg@gﬂﬂemegm@mmtgré@m{,ﬁggé&u%grease of the viscosity

of the oil which does not contain the 20 dispersant.

For the bl end which contains the di spersant, the

- viscosity is constant for gilp$g period of time with

20

a decrease appearing after 12 hours. 27

Example 6 parameters

_ {0il quantity ' ' 5ml
[Catalyst . no
Gas _ N2
Gas pressure 0.5b
Gas flow 11
[Temperature 110°C
Reduced pressure -110mb
internal diameter of the needle 25G
Length of the needle 1"
ATlime to apply vacuum 0.3s
{Measure duration 5s
hlrne between two serial of ei eiht measures Smn

- FIG. 10 shows the rapid decrease of the viscosity of the oil which does not contain the

- . long period of time with a decrease appearing after 12 hours.

- 27

d_ispersaxit. For the blend which contains the dispersant, the viscosity is constant for a




VWHAT IS CLAIMED I S: 1. An apparatus for determning a
rheol ogi cal property of a fluid conprising: 5 a
capillary having a first end and a second end with a
substantially wuniformdianeter over a predeterm ned

| ength, the first end disposed for fluid

communi cation with a liquid sanple to be neasured, the

sec,@,@g\ %L@E}Zfiﬁ@@d to a manifold having at | east one
sel ectabl’'e valve, "'the capillary together with the

mani fold and the at | east one sel ectabl e val ve define
a 10 ¢hanb 0 redeterni.ned ,vo] ume, a reqgul ated .
press S'r e s‘%&a}pg éra{l)'%ﬁ)tr Iﬁ%tfwmg%ml}eghg% Propate gfuat fﬁ%‘?g‘ﬁ?ﬁﬂ%‘g’

~dnto the captdplliaryhacinga Gesneiiddind adeddhnd ERY il 4 Qubstantially

pressure ip.the.chanber, a pressu epsQr attache

PO the. ohambReaERATISt s BeRi e Rpaheihe fis o dbares fo

a conput ifivid demmatia@ndihlbliquideapito PE RS, t(ROCER! end
one sel ect abl e val Vf r

pl ed |
evacuat 1 ngHE Basak Bfine A Slipeer Srafle ohveris captry

appar at us todethel ®ittmhd mawiad ehdihé Adedi dnk 8616MbIeNalve define a

ressure ipn the chapber. is dynam c changi ng as the
lOganpl e fl 5&%“?%?&58%Pwléeié‘ﬂ?'?\g?’ary. 20 3. The

appar at us ofa ieinited pressbes@tdinitiaRy Splitehemiublhe sample into
pressure |€ a .ﬂecrecg& n di.fferential pressure. 4.

The appar AtUEPIORY ARAFHPTe a Rdvential pragspme inthe chambgr, pprrysure
thin capi Iskmbyattaeh@to thhamber Lo el frbRiidhda
wherein the re%ul ated pressure source is a reduced
pressure SBUPUREIENSS¥Y from a vacuum device. 6. The

“1sapparat us 0fa dekahil PreBsureMagsce couplddQo e LR ol LRSMSIE valve for

source further_ 30 conprises_.a vacuum punp, a vacuum
tank, a prE¥uing thesemee fiom Be epilenel  systemto

regul ate the reduced pressure source around a defined
set poj nt . apparatus. of Claim1, wherein the

28 7. Th Jain \
second pr L& fpraraly Bfgé"’i‘ & whereipythe diflorcatial prassusg inghe chamber

pressure @ daisic chdigig hii@e RIRAS H5Ws outBe &Sﬁlﬂl‘irﬁt ed

5Pr €ssure source. 5 8. The apparatus of Caiml,

further conprising a thernostatic control
3. The apparatus of Claim 1, wherein the differential pressure is a decreasing

- differential pressure,

4. The app_ératus of Claim 1, wherein capillary is a long thin capillary tube.

25

30

5. The apparatus of Claim 1, wherein the regulated pressure source is a

reduced pressure source derived from a vacuum device.
6.  The apparatus of Claim 5, wherein the reduced pressure source further

COmMPIISES a vacuum pump, a vacuum tank, a pressure gauge and a control

system to regulate the reduced pressure source around a defined setpoint.
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systemin conmunication with the liquid sanple to be
measured. 9. A capillary visconeter for sequenti al
measurenents of a liquid sanple conprising: a
capillary having a first end and a second end with a
10 substantially uniformdianeter over a predetern ned
| ength, tHAbe fi@pasitusetﬁﬂllaildi 1s pbereit theasecdnld predsure source is a
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25 11.  The capillary viscometer of Claim 10, further comprising a computer to
process the mean of the pressure variation speed and define a relation

between the pressure variation speed and viscosity using a reference fluid.

12. An apparatus for measuring viscosity or related theological properties of a
30 plurality of fluid samples, the apparatus comprising:
a frame; _ ‘
a plurality of capillary systems which provide a flow path for the fluid
samples, each system having a capillary tube having a first end and a

gecond end with a substantially uniform diameter over a predetermined
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the sel ectabl e val ve and adapted to i nduce the fluid
sanple into each capillary systemat the begi nning of
a measurenent and to evacuate the sanple at the end

of the nmeasurenent; an assenbly attached to, the frane
for securing at least a portion of the 10 capillary
systen aikhgth, ﬂiﬁﬁirs: end; p{siéibﬁmm i ﬂiﬂd td@ﬁﬁlalgiﬁmoh Aith a fluid
pressure in each, nani.fo n relatin e
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.sanmpl e from each capi
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hﬁhﬁ@?mvﬁﬂ predet er mi ned vol une, the
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val ve in EitRe theslifferentiol prossurs e afieid aeped to i nduce
the fluid sanple into each capillary systemat the
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and a device for recording differen pressure
each nani Fa§lesaach sysiemdhaving atcppillaty fube having afirspendssdin e

' : to a fl ui gehddURg itk a%gbs%antially uniform diameter over a predetermined

length, the first end positionable for fluid communication with a fluid
sample contained in a sample holder, the second end attached to a
manifold having at least two selectable valves thereby defining a chamber
of Predetermined volume, the manifold having a pressure sensor; |

a regulated reduced pressure source coupled to at least one selectable
valve in each capillary system and adapted to induce the fiuid sample info
each capillary system at the beginning of a mcésuremént; a second
pressure source coupled to at least one selectable valve in each capillary
system and adapted to evacuate the fluid sample from each capillary
system at the end of the, measuremént;

an assembly attached to the frame for securing at least a portioh of the
capillary system; and |

a device for recording differential pressure in each manifold and

- relating the differential pressure to a fluid property.
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