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METHOD FOR USI NG AN ALTERNATE PRESSURE VI SCOVETER 5
FI ELD OF THE | NVENTI ON The present invention is
directed to a nethod for determ ning the viscosity and
rel ati ve change of viscosity. of a fluid over plural
shear rates caused by a decreasing or increasing
pressure differential resulting fromfluid flowto a
defined chanber in a 10 capillary system using an
alternate pressure visconeter device. The flow of
l'iquid through the capillary restriction, the
Pr eETHOPTERI WSINGAN ADTHRIOATERPRESSUREVISCOMETER
systemcan be related, typically by a processor, for
determ ning a rheological property of a fluid. Mre
pﬁﬁﬂ]’fﬂﬁ#ﬁ?lﬁ@ﬁNﬁ‘i@fﬂess can nonitor the relative
i'ncrease 0 apparent viscosity with regard to -
céhmieqlﬁééeuei_ntvh'\tﬂindm Eﬁg?edhﬁ aBAGKER : :&_Bteﬁﬁiﬁxh%thbﬁﬁéﬁbﬂitymd

eol ogy is hranch o sics de ng with t . _
dalesVaEhangs ogwacqsr%wf afuitavep plurg] sheag ratﬁ%ﬂlﬁS%ﬂﬁ%? igereasing or
Ciﬂ&%:gsrié]hegr_eg@u}%‘\%i&'ﬁ?enﬁﬁl%ﬁﬂﬂﬂgeﬁoﬁfﬂlﬁfﬂ)@rr to bR EndlPLRI B a

eha en af T

its ior orce is.exerted on it. Thus, it |
i @pilancesredusing i slleenade prtysued vistrenabradayicei AThe dlow efbquid

TN e T .

of fluids, primarily Iiquids in Newtonian and |
noapidsvaienfud Mage pasticulmindhopfiogess cre memitohdpirglativaincrease of

ties 84n B refdidd, dhpibansg 'ﬂy_%jar@&@ﬁﬁr e deteirhihidg erhebRiical

PLONIARS it o BosgRstmRl Rl praggssabi lity, are
uaé)g?ruf’ ‘f%r I'%%nl rTn nd con rO(Tq I%g a process, are

a sensitive nmethod for material characterization (such
as 25 changes to the mol ecul ar wei ght), and useful for

f%ﬁﬁ@%“@l&?ﬁ QB EHEINY ENTAR0 cal = reaction or
W. i BTaﬂﬁ% g};’% slcl déélmggﬁhﬁﬂ‘le ﬂ@%ﬁﬁ% gnd flow of matter. It is

ica enent's ow the study of chenical,
nectiardryadoncerned with thef properties eff thatter shagfdeodineiitsdshager when

th ou f. tion byproducts.. All _ t.
G IR 6ET1S it of Wi TRLEBPETEE B T1ugy O e tpS R form ond
Ofh$ bF inAfler! BRAbFR M| WidcBdtyd efastidiBtdndhifkicitnathé prebsht apflication

Viscosity is a physical property that characterjzes . |

tis dirt¢tedhiorthe puhsanefdlud dgpanicg epncemed xgth the 8awd]udsg primarily
- ' fricti At L r

g TR PGB al for R BiRn bl REe Mgt ko icnshliTc

| providel @ directriasessihént lof bajcessability, araiseil foayemitoridg and

the | resistance experjenced by one portion of a

nengplligg AREQGESY AR PNENYE ng,th%léfpf mgierigl characterization (such as

changes to the molecular weight), and useful for following 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
course of reaction byproducts. All measurements of viscosity involve imparting

.motion to a fluid and observing the resulting deformation of that fluid.

~ Viscosity is a physical property that characterizes the flow resistance of a fluid. 1t 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
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the material. Viscosity is commonly used to
characterize petroleumfluids, such as fuels and
| ubricants, and often they are specified in the

tradi ng and cl assificati on of petrol eum products.
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Vi sconeters conmonl are separa edinto three main

tuppewouldasicd t(abwremoacfé@mdwiaan@rﬁd disroserbof mipr o pse. Mphanging
the one I o
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pheédiroweth d frocdssldelay sinde drueplatdigentighso sapiifarg\uad tanperature

range of shear rates, one needs to repeat the

h@ﬁé@ﬁéﬁ%‘ﬂ?%@ﬂ"é‘%ﬂ@i ng the paraneters (such as

hei ght, capillary tube dinensions) for capillary tube

vi sconeters, by changing the rotating speed of the

Nmemtermmnmmly(ateatepn@ted iswotheteansin types cﬂmﬂmgr@@mnal and

th d t f th

S iy Mol B Mooy ord G0 Gloduh et SuchmER N at 2
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especially for Newonain fluids. In a Newtonian fluid

range ghsheer mitgseers nesds mr@p@ﬂtﬁhw&asumnw byshanging hegarameters
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| bh&mgmgl tB€ ety spetdef the eslselmecuﬂarm Ro@tiflg sovmetaiscor diapging

i ndependent |y nmeasured and correlated to sone standard
helﬂeamsffofiéh% g aljediip the mayipg bRARXISGEREERI types of

gl ass capillary visconeters nost frequently used

include the nodified Ostwald types for transparent
ThejuapdBary Gatrend scolfenakas beart priveipal lyhdefi2ed by prendagkntRoissuille

B O L ANSPRRE N b LS. (PO oL A S o HPE e i
proportional to the shear rate, and the proportionality constant is called the viscosity.
To measure viscosity with a capillary tube viscometer, the pressure drop and flow rate
are independently measured and correlated to some standard fluid of known viscosity.
The three general types of glass capillary viscometers most frequently used include
the modified Ostwald types for transparent liquids (Cannon-Fenske routine), the
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transverse-flow for transparent and opaque |iquids
(British Standard BS U-tube reverse flow). Wile
there are precise instructions for operating each of
the above capillary visconeters, generally all follow
o Of ' t
SHRLReR P 5 o] (o BRI ARE kP e
acnbvepdc-Raly fAfttansparersant lopgqueelsctuldst @rjish Standerdt B Urwbe

| fl d t t
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atic hea of the test liquid. The viscosity is
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a:af)illar)dwswnﬁﬁtera to ikreasd ﬂtbyalcge afhemsurcateasiocaable dhdstudy of
decreasing or_increasing pressure differential
W?ngat’rb@h"?‘?‘l’rw d flowto a defined chanber in a
capillary systemusing an alternate pressure
visconeter device. The flow of liquid through the
@MMARYG@STHEGN\&]NTEGN pressure variation rate

ste rel at

taf/&'tﬁ érgq%\{tmglng%ur{g%sl% ns%%&g)tsé}% t%%/aotpe@]gfl g?ﬁeﬁffrﬂtémgg ¢ rheologlcal

16PLB0MCAuiIB! QBE hé %56851 ahll YéldtvdeHangPaf iseoshtaiok ¥ fluid, over a
the process can nonitor the relative increase of

aqdpahmf sheargaiss pgused bh a;dggrgaﬂng er ingraaging ipyessure differential

t hi n A
CEPRIER HEM 08 b Alckine S LREHBRTA o Byl il an altemate
f praéstlrecElsinetdr igvica) Thé ﬂwobmgmd ﬂirwgh tha nqqilﬁarymeﬂnctmn the
reservoir placed in a thernostati 25 contr 3l }‘] I
HyressuECYaRgtian Eaieand kioym dinggngiogs egmﬁﬁtte’aﬁaa e85 %fﬁ t‘t%lca y
fiyHi W VS fuid] Mdre Rdicularly,
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t he mani %81%80] ﬁéﬁl

b) placing a capillary in fluid communication with the fluid sample,

wherein the capillary has a first end and a second end with a substantially
uniform diameter over a predetermined length, the first end being
submerged in the fluid sample to be measured, the second end attached to
a manifold having at least one selectable valve, the capillary together with
the manifold and the at least one selectable valve define a chran_lber of

predetermined volume;
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allow a gas to enter into and pass through the

mani fol d and capillary; d) inducing the sanple into

the capillary by rapidly generating a dynamc
differential pressure in the chanber thus allow ng the
sanple to f ' :
capil l ary; CZ)acglgﬁ%%? ﬁ% %?%gﬁg%@émgﬁgﬁg Eﬁ%?& g(?ﬁ&emg ﬁ%a#%fglrd 0
as a resulldw afad toentdriuntd anfl lpesy thandh fhe maetifuld agd capdlary;

rate of pressure _change to .a rheol ogi cal pr.gperty. .10
Rheol ogi ¢ aldﬁ rfé‘é‘écﬁ‘??eﬁ‘@%?@l’gﬂ ’PBWBF 8‘?‘1"&% %g ff %H@% ndfating a
chem cal 4 IRGDAHE@tal Bfedsrd f 1B Charhb? M¥RINoHing he sample to

effects of additives, the course of a reaction, and
can be uBlew ftom thegdservoir tmoughahe cagillaryner ous pr oduct

A parti car 5 [dFiesPe BReane E Rt S BB bE A ARLB b8 e

Vi scosi t yo@halgor variation of viscosity. The

viscosity can be determ ned enpirically using a

sui t abl e  edhatlping theratReiPBIsEER chmesto A SholREAE RFQRSTY-

flow or fromcorrelation using a calibration reference
material which follows the sane nodel under simlar
Fhedidgicahmeasti@nemasilowe fa@ithe eydy of cfemiadl gpschahical modigiermal
f) can be consecutively performed to provide a. nore .
desatments the effests of rdditives, thaeowsesigarasjiop, and cap bejusgd to predict
¢ ??qsl);h‘b(ﬂlct Efo?%ﬁfe@, &fornﬁ%&%%s ctd dHdQHSBriall Behavior.
are sequenti a repeat ed under the control of a _ i
A prtiicelarty Prefervat thavlogivabpropérty isstsmesityamdéor vagation of viscosity.

e o R e R T g e il e B Ratonian
f Jr YL ARQMbniAD By SrFroth olrelaRbLigh @R batibkatbrGefe@encditérial

180 C. The variation of viscosity can be continued
umhich fellowsihelsamomodgneditiamilapeonditionsr The mgasapmemiaycle of
for e I rel ative visgosi Lacr 9 50

5 S IBhG § REEL R B R bR AR 30 cpfifons
ahé&ightAhtoANO VREdsite DR Sfcotity diahgebfille flaida Prafédably, ftops c) through
measuring viscosity or related_rheol ogi cal__ propert iOFS

dd aze ssrugnsiplly fepericd npder B rgItod ob 8 RPIPPYEH gt hegyariation

REQULEY Bh ﬁfva%feﬁlﬂytiﬁuﬁéugtﬂoﬂio@ ail 0XRLESH édgtiﬂ si.egq;b Vih @ Rxidative

reservolrs, eren the reservoirs are placed under
tdoaditioas:atd. at @ tanipeodture3Borh pboutd @O Crig 280 pCuprafarably 360° C to

HB R L PRI b R

@RINdoRpatdhRfer 15 aMeRSingd [ fof San§Né a 88t HQLRRY iftichse (20%,
wth a substantially uniformdianeter over a

FB661086 pichedinepeyidd, or teepresat iscesiy pwisictd-onabl e and
subnmerged in 4 :

Another aspect is directed to a method for measuring viscosity or related rheological

properties of a plurality of fluid samples comprising:
a) providing a plurality of fluid samples into individual reservoirs,
wherein the reservoirs are placed under thermostatic control;
~ b) providing a plurality of capillary systems which provide a flow path
for the fluid sample in a reservoir, each system having a capillary tube
having a first end and a second end with a substantially uniform diameter
over a predetermined length, the first end positionable and submerged in
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the fluid sanple, the second end attached to a

mani fol d having at | east one selectable valve thereby
defining a chanber of predeterm ned volune, the

mani fol d havi ng a pressure sensor; c) actuating at

| east on

020t O IR AHL Bk B ABAESh o PRI 1081 one
and passsdidutabidghalvé therebgrdefining aa:lhdmbamﬂ predeyermiljed volume, the
swi t chi ng t&e uation in step ¢) and suddenly

i nduci ng™@R Olélj\‘i"w“éaﬂr?ﬁslifetsﬁ%so&apl Ilary by rapidly
generating Qﬁ‘x\ggé%léds{ b s%lkfc{a%le M@éa‘ifé&ﬁed i0 théxlﬂ&nfold on
chanber thu [ ng the sanple to flow fromthe
reservoi eadlmap:lllgty sys@nt foalloap gdsade ynieeintaaidgrss thgough the
pressure ch n@ 81‘ tl']e chanber as a result of the

fluid AGeEPH¥Yat i ng the rate of pressure

change to ea rs%@hiﬂ@'ﬂ?@éch%@ﬁ%&t}é c)]a%d%uﬂ@éﬁlﬂr {nduding the sample
system can be enpl oyed in the nethod of thegpresent

i nvent i omto mwplllaryhbxsraas%e g@ner@mauar@meép differentiglnsesgure in
for neas rel at '

pluralit cgg?“guitguss%\l;rp e corrp ?estf)n%gou ﬁ§&%é Yes@a@oi?through
pl ural i t jhe@hpilllapyi;d sanpl es into individual reservoirs,
wherein the reservoirs are placed under thernnsta} C . .
control; 20%hyetseting IEPWBT%C}’@D&?{ the ghasabeg app rgsylt pf the fluid
systenms which,provide a flow path for the fluid

sanple in a’reservoir, each systemhaving a capillary
tube havi nf). sldtingshe sinslofpressareshangecioanticslb gioalproperty.
substantially uniformdianmeter over a predeterm ned

l ength, the first end positionable and subnerged in

th %aﬁl Iéi’y K&@iﬁmﬁiﬁ ’beteﬁﬁh%@@ %%e%h&i sBHE Eﬂes&xﬁ ifvention. Thus,
mani f aving at |east one 25 sel ectabl e val ve

tthememgct thafiiented o a meithotbler mshsysingdatieting insthagoingmsosity in a

d having a.pressure sensor; c) actuating
éfqu‘ia]ég'a‘f%{% S%f(ﬂ%‘i’ éo Yl ve attached to the nanifold
on -each cafipkdadingayphlaityldd fRiid @wAes iaw iddividial geavbiss,

enter into and pass through the manifold and
capi | | ar Jhersin the resgraisiaryplaers undenthermarstatic coplpls c)

and suddentyl gl A i8Gy A TRhRan SR PR LR ow path

by rapidly ner at erential Ppressure
in the ﬁd‘rahdoﬁmdtdaumleahlma;angnt I&eclssammehamg 4 capifarp tmbe

the res 6[1:}1/\%}152 atijgsrt%lrjl and taggm% hd watli) a substantially uniform diameter

-over a predetermined length, the first end positionable and submerged in
_ the fluid earnplc, the second end attached to a manifold having at least one
selectable valve thereby de-ﬁning a chamber of predetermined volume, the
manifold having a pressure sensor;
¢) actuating at least one selectable valve attached to the manifold on
each capillary system to allow an oxidation gas to enter into and pass
through the manifold and eap-ill_ary;
d) switching the actuation in step ¢} and suddenly inducing the sample
into the capillary by rapidly generating a dynamic differential pressure in
the chamber thus éllowing the sample to flow from the reserveir through

the capillary;



5 e) detecting pressure change of the chanber as a
result of the fluid flow, and f) relating the rate of
pressure change to an apparent viscosity property 5
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FIG. 8 is a nitro oxidation plot of variation of viscosity vs time generated by the

alternate pressure viscometer device using a natural gas engine oil base reference

FIG. 9 is an oxidation test depicting the behavior of a Viscosity Index Improver (V1I)
25  in a binary blend with a base oil measuring the variation of viscosity vs time

generated by the alternate pressuré viscometer device

"FIG. 10 is a dispersivity study plot measuring the variation of viscosity vs time

generated by the alternate pressure viscometer device

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 the
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6 flow of the test fluid by repeated evaluation of the
test fluid over tinme and thus suitable for use in
nmeasuring viscosity as well as changes in viscosity.
More specifically, in FIG 1, the device 100 can be
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t){ll'aﬁel 23%8%' ngevfﬂa{ th¥ ?rgaéi’fﬂld M@M%%Yﬁvé ﬁflg' ﬁé E%H&mber ofa

orce reproduci bl e an atively
f a:sftdemm]ﬂrreg \@htnme t Hee olhand ef the Thanbdraah be determuued empedally,

t ﬁ: Caﬁ’fe?je?‘é P Frs sglptséig meghqdﬁ rﬁgpe%itponbtehe c?lgnqbtt‘,r(}ecre?\?e%radportlon
of the test fluid 110 which flows through the capillary 120 under the influence of a

difference in pressure across the capillary system. The driving pressure can be
positive pressure or vacuum, however it is important that the driving force be
reproducible and relatively fast acting onto the chamber. The chamber is outfitted
with a pressure sensor 150 which can be used to record the differential pressure in the
chamber d}iring a measurement cycle. The differential pressure can be output for data
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chanber during a nmeasurenent cycle. The differentia
pressure can be output for data 7 acquisition and

control and to a conputing device for recordati on and
further rmanipul ation. The sel ectable val ve 140 can be

a a%hﬁigﬂu%n\iﬁrh ¥éhiroP A todSconPutify @BREE R rech RS MRV Fuvdky €

whi ch conveniently can be’in communication with a

r eganlmlet@bn prhesslgetable o’ahrcé‘it! sm bexa single valvprsusk ag Br example a

S ce 170, and.t.he press e 150,
ottt Sy a8 Sohich GonRemEl Gpdf i FattibicGrtivthe retatsd
t HReR61RABECcR 1 66 S ke CoriqiEBerekblce AT@ amd the pteshire gBIR 150. Ina
t han one sel ectabl e val ve 140 such as 142 EV_1 which
aneﬂgee@\asm@irthsrqulatqddm&au@lseew b6 andthe sepond pressype source 170
[
\ B Qe By on R LB RE Dty ) RELLRNE KRy IR dhn be

aqinslly cloredc&ecrnoealvaml DBNEY D Wihéch claﬁa)e a ibenally open
el ectroval ves are s |l ected to he reI |ver fa

aclsHgVREEcre thef GOy alN e e AR d&é’&ﬁﬂﬁ iﬁfﬂurswon device

T r2athfdler 3 §@ OffiSelecttfaRkE Y dﬁct%@ o re%ﬁ\ﬂ:ﬁ ?asl— aling valves,

converts said pressure neasured to an electrical

siwgttalalve ygpnatmblogowaring fit Bigwiovsal sceomdent capabl e or

bei ng converted to.a digital signal for processing by

a data acquisition and controller device 180.
YiieGRbdstrelsBRso UShLd 1 B ondertsSiafinNgbssaké RstsmY td Afelectrical

pressure sensor is a direct current voltage, being in

t ignol, dyicadly 2 wliogs el cupesit eapabiiner beinpoenveriephtel a digial signal for

riireRfpg by b S Ri8 on AR RER R AR HREC B Pt shogtricat

dighdrat elrtpﬁtaiy thé pﬁzsswcese‘nersr is @ﬂ&ﬂwcﬁnbﬁwbﬁ@g’k, béiag Gheheteeder of

and anbientagressure The data acquisition and -

coRYeral Yokts. dbe peiputsienal ganaleqibe direch piresnt amperage, measured in

el GG Mé sbidofl b4 Eea\kssgfg RedsBfe rT]H'ElreHl%l I;é%sure for

conput a conput er commonly a pe

c cerxpnnpbrbet\m:mtthrt Warrrdmt hyd ambikst pressiner §’he daﬁascqnahog apd

bR B R sed Recinsios B8 SRt ROl DI gl o1 Turter

Eatidh Withaw @ink pHiadrel 90'%%15&9&' hpkREnd comper M@bltft‘yﬁrcai ly,
160 provides the notive torce for inducing a test

f |the gonvesionis apajog toodigitd conghsiomeMedples Fambinihg@latpequisition

' rHe ik hz?c %%FH&I]C& a-l:r ({ ?Ig}lillltlg% ﬁ?v@é’ gr? %gﬂlglercﬁﬁw acvgll&lﬁg

1SRt I nuouUS
applred to a predeternrned setpoint to create a

differential pressure which is dynanm c and_chapges as
t ekhie regylatgd presgire sourergl RUSRFOViIdEHIE motive s for inducing a test fluid:

Pay1itG Lﬂlo@ur thioul f] ﬁfe 615)%{# ﬁZ(ﬁaIfder%l il Sfhnfref upﬁedregu]ated pressure

pressure sour as a vacuum source.
Resgutcatli6dms dlﬁcdnhauom BT S ojwkt; @ isgyicld® abph@ho amptdesdredned

by nunerous net haods known in ar,t

C et BER B B Ri Befiet v 5 i 2t PR e fuid

c oup!i& thdubedBinMARE HRAni R K PASRuRAY bRIGSEd iWh tdhufatdPediuead

tank pressure gauge 165. The vacuum tank is regul ated

arisessaresonkee 160, such as a vacuum source. Regulation of the vacuum source may
‘be accomplished by numerous methods known in the art. In one aspect, the reduced
pressure source employs a vacuum pump 162 coupled to a vacuum tank 163 equipped
with a vacuum tank pressure gauge 165. The vacuum tank is regulated around a set

point by at least one vacuum tank selectable valve 164; typical set points are from -50
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poi nt by at |east one vacuumtank sel ectabl e val ve

164; typical set points are from-50 8 mllibars to
-150 m | l'i bars and have a-desired precision from about
+/- 1 mllibar around the set point. The vacuum tank
PinElEBALS £ 950 Sf11ibeR afB A& LdesirbPpiéaisiod Boniabdu @/-Viagilibar
tank 163, when this neasure is greater than the

crencsdie pet@einsi She vapuurmdank pIESSHFC 29Ee tenmepaiesdhe FauUm in
LB0SaSRLERLE P oMb YRs HRAR0R SO NR bY ORGSR, o

operat |l € vacuum pu or a perio

' mtmtﬂolléﬁﬂ@()\can open wuhmtwm«sel@tabw viahieri 6nhad dptiomadky commence
precisio InaS|mIar fashion . if .the vacuum t ank
_aoq?r%@w? the vagirup PEmRH 62 i aResiof of hw&eﬂ@ﬁ*& Y2cupny af‘ﬁufaﬂon 1S
C@fihiAGhd &Hsfr&fﬂé&@i% _}Jnnth?agilﬁﬁl afHioNif @8 %acﬁrﬁﬁﬁﬁﬁhda pressure

pr.essure sour I's coup ed to at | east one
slelvec thab the desiradepréciSionmigassenibe ffrotiaced itoube evacuhm tarls t

fluid 110 fromthe capillary 120. The second pressure

source is regulated in flow and pressure using - '
SH'SE@%B%@S%E B«blﬁb‘@ $70 18 Qﬁgﬁe@ﬁf ARG seleftabRlvalve 140 and used
critical and sel ected under suitable conditions to

i techiveenateribe tesfluid 4 A font the eapillarztl@0. Thesesapd preawe source is

Syst an t hu are sel.ec ce to
ERVER AR flob M gflSund RS b GRN didike! TRES phidis are pot
agritiearand. salebiedl ublidraaitaoedndRichs kaindh& M st sdpile kbevacuate
bar) and around 1.0 liter/hour (fromO.1 liter/hr to

athe aeplﬂalwlsv%w/ami yhus arecsshegtedivet refesence ﬁaﬂﬁrréglﬁ@ﬂé pressure
SRS 687 gygl%axzrﬁakaﬁﬁét@xﬁ afd BBdEs g{n‘{g&n?%%% 841030 4bout 5.0
conpresse such as air, roge oxygen

hiedr) ard ardd lat titer/houd (flom 0. Paitdrihe aoy 5 fiteed/Br)r @dcdrﬁ’emnnt .

oxi dative as and _thus the test fluid 110.can
oo o PR daD ey el I s rsmiing B Compressed gases

O3ticHat hip rhltr@é'h' &%r ReBhinONO, hh&1Raken @aﬁfcﬁﬁéﬂfpﬁefemd isan
source flow and pressure can be adjusted to0 sl owy

beridative gagansd this @@geh:t fihid kl@<an be piofiled by Yikosityhehangg in

0] 0} deVI ce ent [ nven

isBRs by DR lon P bRT Bt dVER L ARy SRS

npﬂ'eﬁs@fd @R b@radﬁxsteesds sISHPbitbb a SashmoL meaést Elaisd In this method
npl es. Thus, for__exanple test sanple

oehPaEtian: theRoisq efdhe DESE ITVSRiRITEE Herused M%U%%%Wéffws

P& thOLABACS dlﬁ‘atfo‘f.%x 4 {e%sam gﬂ: &l b%ttglgrb‘?%st szlnﬁféleé. epRRdfor

pressure source Is integrate Into t
oparmgld st samgles erayde dvhlaatdd &br dxidative perfatnaavactmitrongidative

thetest sa efr m_t.he illary and to ser as an
FPImARGS ‘55% by g’é th‘ﬁ‘:"l‘%e% @‘ﬁ é%‘é’“é PEarWr é?“‘é?(ﬁ%li’éﬂtegr ated
Vi'nﬁi’\fh@f()pérgﬁ’orf:mw::s HR0uAP s Brid6H NEAGRhE PelRR shin IGYfrom the

cannul a 120. The capillary 1 ncludes a stainless steel
heapdtiey aidctorserydlag an 2Lidativecdds s@@chas a uni f or m di amet er
(d) over a predeternmined length (1) with 1"d. On one
end of the needle 121, it has a flat tip 122 which is

PPE} 2 bisgvad a mﬂmwpm&awe@w of theéhah®sit 150 Whidh idcldeduld aigillary

a neasurenent. The size and |length of the needl e can

peangalaiidg. Z@%g@mﬁl% includes a stainless steel hypodermic needle 121 which
has a uniform diameter (d) over a predetermined length (1) with I>>d. On one end of
the needle 121, it has a flat tip 122 which is positional and submersed in the test fluid
110 during a measurement. The size and Jength of the needle can be varied according
to the expected fluid properties over the measurement. As shown in FIG 2, a suitab_le
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to the expected fluid properties over the neasurenent.
As shown in FIG 2, a suitable 9 needle is for exanple
a 25 G 1" long Luer. Common commercially syringe

needl es presented in gauge size for exanple Gauge 10

her n er r rri-ng:
& s ForBemble' 4 2 O Yo R forh B2 hop ESRRCHIAE 4Bkl fecdles
S pricedite?ldn galgendigcadol ¥xaniple Gaggdll Brohasuge 33giveth ttechifzier number
have a | ength of fraom between about 10 mmto 5 about
1tpdeTrng @t ‘thﬁ seallernenting] insida dameten prefeablyd 3396 et S&é@t?fi

DLy lihes BB ER e F OB b K IAIRR R Aot 1 o o

t ot 160 mmwﬂhla&mﬁmddiamemmmme o tib@ittiesiim. Thus

S Prvieonlir ok 3w aba Ll il 0P o Fdaphgr of the

C@i‘ﬂllllzirf‘fdbe :ks?&ets%l%cféﬁnﬁ E@o?’:la%g@mtﬁlﬂ‘fc ‘Jeglesa?x?léb 'ﬂi‘%%pB@ﬁnQend

'anged head 124 which 10 communi cate
c&nmetbtt Bat tip 22 has astandardd usy beb 123, svhieli is UEQFbiO connect the

con The f e

- PR 520 e g 0. gLt B FRTREG et f Rl 24 ypicn

| Borfmh{midattSwith AQenndeior! 109 dlhisteted bﬂéﬁnilb@nrﬂ@ tuafcohfiécdor. The
is attached to a tube 136 which ultimately attaches

t other endeod ¢he eomaceiar B25¢ia pttached i a,@ng}@gneqqiéﬁ 31, however 111ustrated

| IR e, B0 Fodd LD he g Bhd DL ARl RO il 38 Sfhich

otitikdatdl aithoPwnst ast dne\stlegrable&aivetidOwadt mmle&ﬁe Q"ha fmgternal
prowdesaflow ath for the test fluid 110, ?
" volime fon the mapitald, 30 ingtndiae thersapitiary, 146 T by 611'%66 ection of

ﬁfe%@ﬂl‘ggﬁ&fts l'xeﬂr%%'ﬂ& hﬁgrnalaijeﬁ&ﬁéqs 1P Fo@REREW "pal!i‘lefﬂpﬁ% test fluid

confi gurations merous suitabl e connectors”and
f a0 drier 3 1lhlsteatknm\nite|mat1vh eaj lrlar,y and aﬂlamiﬁokgaxtmigemont indicating

ﬁ]n ted to Luer Io r}ijﬁﬂf H& tgrea d
W{VBFSW’&?}HH&%’E §°‘E %Hﬂ“ﬁg v eE"“STSHEa B REEEIGFs an
1?a§tehél"s EtGnd vwadia tROarb Sndiadihy BadRA lihftcl Ay Bnér o0 Luer slip-

internal volune for retaini ng a larger volune of test
f pug, thraagled conngciosn somnertons todybing, ethike fenngeter V3] kG 3 can

ﬁ%f 1’1&93& & l%‘a%e %‘?Q- er 13%% vgﬂﬂeefla{ Pe?eﬁﬁm& 151%%} voThik f test

F'om contam nat
mAnidf1d0do a _lrrieasm'empﬁr dyt:k?:u I'Iaisl lyrgdﬁmlnaialmaﬁ aiscasmwdand prevent an

contam at i rJ npl e tq the reqgul ated va . .
< BkfoLot ep i@%ﬁ%@@&gwmﬁ@nq&?ﬁféﬁ&ﬁs pppifold. Itis
dgﬁﬁx&ﬁaﬂayﬁeﬁiﬁﬂieﬁ? L i E:@ntgl%ldaﬁ‘éﬁ BELSAME 13 r@@ﬁhtk& yacuum

pl aced. Thus, for exanple ese conponents coul d be
S smgctee Alse, advantagedinsly th:h tsmqmbthte wihficht dﬁéint:em nmrﬁqdﬂ @re
pl ugs and/ o

R N N A gy TR RS

t Bifiple ©@8Pb1 feddily digRRabiaMha it HRiplé pRAL hid/el &ﬂiﬂﬁﬁnat%@ the

FIG4 is a characteristic pressure vs time plot for a
sFegpanensa Senunenly odxidon tefp aiheawdanqn%m-nr@ﬁuﬁg ceiaminate the

Sl NBRF ARl Rablipoigaier during the

FIG 4 is a characteristic pressure vs time plot for a single measurement of the
apparatus, indicating the various pressures in the chamber during the measurement

cycle. Prior to commencing the cycle thus at time t, the chamber is at a pressure

- derived from the second pressure source 170, P, selected at a suitable pressure and
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cycle. Prior to commencing the cycle thus at tine tO

the chanber is at a pressure derived fromthe second

pressure source 170, Po selected at a suitable

pressure and 10 flow rate suitable to evacuate the

C

ﬁ&\[’?ﬁ{; e@&%leretggg?rﬁ:elfa%gta? gfééxll‘}lgertggg aﬁ?y apegffﬁ%an‘féasurement A
gulatéd podssk seurca is suddenlyngpilizdde ptcolldel axchxtanal drivetg force to

T o the o |IIr he ti ame bet
e a 5 i e et he Sims Sme AVEen b 4hg § i frgintained to

%e 3 S d{ﬂ&ﬁﬂﬁ%o%attvgﬁletv%imﬁ@& thfe %p&h%' tn@sd

equl valent to V;, the volunme at tinke t; ypically the
quua\taﬂam td ¥, th:amﬁmmm al time toypisalty thei dﬁmﬂoy i$ Gaetionabgeconds

TBieBY A oy B B SRt RE AR e 2545 ag e volume

CV) B4kl b He de8igHE® capilary icifBuit tdIRBLfNES t £NEih6 t, tRebyRGm is
readi ed for a neasurenent, and the sel ectable val ves

1bpngyeadied forstyngasupnsadnt, apd dop satesiablswlyssd 40\vipe Juablys
| :
A ey ey 78RO TS BpAbAn Ning

t 8 regduldtédprkddird sthubeet 160 the ayditdoh & Mdik&Othe ka3t Fhid 140 iato the
reduced pressure Pi, the drivin 1:1) ssure dlffg gntlal _
reapilagy 129. &H£I§r%eéﬁ@w REGSSWE £ AR drving pressire Gefereptig! related

aépré(f&eﬂrﬁnéa £ Ioin efgg\:@]g{fépﬁtﬂ BY 388 [ lokh; 2% amcjl prossure

genratesapre erential inthe c
[ ﬁﬂngegcrtei‘ﬁeﬁ emessuredifferentiblantthe cleinareo aﬂnch'lihéudels tw tcsft ﬂmd

) g_lg? {%,eu' ﬁ"gﬁgﬁ | Iﬁgt [ at lt?igflr ‘]{{‘g%tpé gfﬂgl tito t;wﬁerque

%@M@éﬁﬂ es Mﬁ ipCRY Il‘fX)vE:lhﬁe HadileRRnO Tyipi@lly the duration of the
neasurenent cycle is |less than a few seconds,

pedsureaing cyde is lessethar o fovesesnuds, areferably Jess shdn, 1 Gugegonls and

d f d f
T RCHPE S bR heline s hlcBnt 18 50y Bl s A
t @&le, B4 ik @p@ﬁﬁ@@%r@rﬁr aeadyt shinple 16 yshmﬂmrfand rendp ehe

nmeasur enent cycle. An advant age of this present syst, rE
| SysteRmior aipewapCcasiEcmant exaknt A peY g PRk PesEsgdom is that the

alfnta%ru n%(fle F@&g?zﬁg& 5@&?&1&1@%%&1@9{ er ir D:g%g ntibR’ Thus

exanp ntari ew CcycC can I.n at

secon de rnate partial schematic
c%?ﬁ?‘?%&?%%%%#‘i%& ‘gllpcifiz} Yat us of the present
invention 25 is illustrated in FIG5. FIG5 enploys a .

positive pressure driving head in the chanber 118 )

afplaltematgrpartind schenfabic sonfigurhidon ekthe sppasets offthe presgat invention
al Ly

SRRl RS FIOLS AP} B PSR e P R

I BEedpplied oA sm&fabaefmamsk kahiplel 28e te%t §amﬁ;ilh arplaedlinto@ sealed
menber. 129 can coupl e/ decouple the capillary 120 t&the

- t¥seerveinil 1 o by using arssaling mempeul 8 whishismeablorpuples ma

%é ve anJ/BF%u%Qta 121 m A ﬁﬁ{he?geﬂfngﬁéfﬁﬁe?QQf) GM@&&)Wdecouple

ease O ressure 1 nducestest sanp
the capillary 120 to the manifold 130 to allow fluid communlcatlon there through. The

reservoir can be pfessurized, whereby the release of the pressure induces test sample
110 to flow into the capillary 120. The release of préssure may be effectuated viaa
valve to a lower pressure environment as illustrated in FIG 5; this may be the
regulated pressure source 160 or the second pressure source 170. The reservoir is
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110 to flowinto the capillary 120. The rel ease of

pressure nmay be effectuated via a valve to a | ower

pressure environnent as illustrated in FIG5; this may

be the regulated pressure source 160 or the second

AIERAIAS 2IRURfStahd ontd! §¥ BEPL fend gérawre@é AGRHhiAE TR
rmostatic contr ere t erature 1I's :

ngressis differentidlés mpmsa&sluetsethdteﬁfmnﬂﬁ ﬂaWs thsoughatbe callay. The

h l.e fl h
b@é}t{v%\?)téesga g%ng hg%{& \;Itmés% hlgteg ?@Q g{ﬁ ‘é‘YIF’é"I}ﬁﬁ? grfoé &hown) to
208viand r&ﬁﬂﬁﬁc%lé 8l &Eﬁinti‘ﬁtiw}hoﬁ‘ﬂa foRleQH iskSprassure chamber 118 to

reproduci bl e and di sconti nuous notive force in the
pndwuhetest&nﬁéw intgthecapiliangild Alernataely, the pagitiveepressure

| | 0,. A
Fiud BB e B Bt SRRy PR RO A maniot
pra%ﬁaﬁidrce i$1 09 shdPthabpaitee progufediivigd Beadlis theasbdmber 118 is

‘caplllary 0 such that positive pressure dr|V|ng head
[8)

|Ii¢gtliﬁi§dc}’llﬁaﬁh9é¢00m48qu§lfe peget 4G dheprassureregalarRdll or in |
COBT o THE AR e e SHPRNGE A BRGRRE H s Hlortfhod by o
qisram gallgszma:m 150rte dedoyd the Hiffreetial prasswa g thi@diunber

CEAZhe Ao RE Ao BIC S SRR s eobi gietpore sorde 17D ata

| ARk priGRe éﬁﬁ&@g@g@b %@ﬁmﬁgﬁﬁd@&w\eﬁeﬂ@% fd #42 from the

‘efegulnted\padsmers sdubde asmmme fmemifolch 30 whigh isindtiideemmunisation i

sou > tégg]ubcﬂt%r gﬁﬁﬂmm t] tl%& 0 ealretcgﬂ}alg)%d#{nstsﬁéeusource 160 in this

Cﬁseaahéees& Yreb&Qst PTAP. o0\ Ak ih B Y pResE@YE fEmUAOsddand
this 15 instance 1s preset at P-A2P. The difference in, |

tpreev@rqosoes@wwsmﬁ Herregiated peesaere spuise 400 & the seaded rEpervoir can
and t ul at ed ol h
oY} e Sl 1Y Bregs%x ﬁ’mﬁﬁé géasd ?HHé G %g&lrlg t(%ir?llﬁi\llcc‘eetﬂla &y éample |
I'nig ﬂ&&lc@hﬁﬂ@@h tﬂd&pﬁltary ndy @Iesdrﬂhed ubsie, denplecaf tlie];ﬁei;smre change
fl ow through the capillary ri bed ahove ‘
r ythe Gmedipmeis able ip etéWé‘ﬁ@é rﬁ?q%ogl PE‘?R?E‘YF\? Z‘ﬁeﬂ'ﬂlé mggsyred.
to determ ne a rheol ogical property of the fluid

measured. 20 An apparatus enployed in the nethod

aApeppar@ﬂus emelopecemetht: miathwelhaspent ofithe presept inyentgpn may comprise a

<Epbacney baReRapid hechd shT % B ERRAR el o et

I @%tafpredet@mtﬂee%ngen dhfisPesEispored Forudd conmunicatibh Ofth a
wth a liquid sanple to be neasured, the second end

aliguid herdple do be mendutas), anerﬁ&wmiger@t atfaghesk to agnghfold having at least
Sgn %%b ?‘f Vﬁle C %a |L,1.Jhglr ‘thfl ;ﬁ%cliagﬁr lWaLcPthtetﬁ?i t one

nanl one Seé e val ve de

 aseldvpatidevalod dﬁm@&ﬂleﬁliﬁibﬂﬁtbrwﬂtﬂminecﬁvdl&gaj ategalated pressure

pressure, source initially applied to induce the

s%¢eeln}tﬁllz~5 appleedda prduce e Rl winthscapillaryAndres peisls &y
p&ﬁﬁ?ﬁ&lﬁlbﬁlgsshﬁqnqmﬁ{ber % RESIRNeRseRaGTdb tRCAMthbeP for

outputting differential pressure to a computing device, and a second pressure source

coupled to the at least one selectable valve for evacuating the sample from the

capillary. In a preferred operation, as the liquid sample flows through the capillary, A

the differential pressure in the chamber is dynamic changing as the sample flows

through the capillary and preferably this is a decreasing differential pressure and thus
12
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outputting differential pressure to a conputing

devi ce, and a second pressure source 30 coupled to the

at | east one sel ectable valve for evacuating the

sanple fromthe capillary. In a preferred operation,
e e R S
chamgh dgvies Theredacndl presshmasurce mayulytherrompaise hivagyum pump,.

d preferably this is ad ing djff | al
bl A pfoste B904a GG BBt OLBH e Siieguogdpressure

%oﬁﬁgmdgr&ﬁﬁm@wce for exanple derived froma
vacuum devi ce. The reduced pressure source nay further

conprise a vacuum punp,. a vacuumtank, a pressure

PR TES. DPRl s Ve RO Bl oL R R o e

aBREEIE to 4ikAv SRARYNH PIgHs t ke measufed tb Svaabrahecarilary @riar to a
pressure and flow rate suitable to allow the |iquid

JaeAsrement e lareh ifered CRYhRITATIES SINECTTE BICPMRISF S 8352 2
tspﬁes%ure‘rﬁ@ﬁ&r HATHE ggysgﬁé'of&ﬂeg&ﬁ{eﬁ?%sm QRtcP! BSBI Rpect the
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NidR29EeB3as. 0Xygen, helium NO.. A particularly
preferred conpressed gas is an oxidative gas. The

apparatus is particularly suited to viscosity and/or

- i h .. Th . 15 s .di d
SRRty RGBT SoelorBRER tel] SRBKE e e
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A BT TS 8 1 Bl

tftuid compivhodatioh avthrihe Hguideamplettobe sehaotd bhesecahd exsd attached
the capjllary together with the 20 nifold and,t he. at
|t8§s”f‘m’c‘b%‘!f‘§%‘%{’é%? Btk e peledabievpives, ﬁ?ec%a%@f {ogptber widh the
LSS hAA R Gt 1048 tWdBelebiBlclvalvils d¥BAY/ £ chdiaber of predetermined
communi cation with a regul ated reduced pressure source

fedumg,ribleBirshgalvh in sammpleicatierowith e repated epdyceghpressure source for

“chanb : t.t ached '
SR megeBpRARL R PATSy BYPEREG ABibif: aGRitchf o the
- CEavRY €8t duBmitings ditfertitiabpressusd, Wesmpitn® descdiddmphans dlie

and a_second pressure source at a pressure 25
swlactiblecvaltes apd PIRISEe SPREOE AR [2SC g AEITRICSRPICE [ah # prossure

T aRb ki ! ' n[; hefhEQRRTaS GisPometer can
e\gjtlal @e ‘% %Va?é%tg\rﬂéﬁs%%gg% glrrolmgt?? SR lg%‘rg’[or eSS uﬁgg (lg€elr a :
niagtherr congiise a deuict e rezprdetha vadgatjomt df pgesddeiover £meahpement.
uI§erglto ]process the pressure variation }slgeed .
urthermote a computing device can be used to process the pressure vanation speed-
- and equate to a rheological property. Preferably the computing device is used to
define a relationship between the pressure variation speed and viscosity using a

reference fluid.

Another aspect is directed to measuring a plurality of fluid samples using a single
apparatus, thus disclosed is an apparatus for measuring viscosity or related rheological
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and equate to a rheol ogical property. Preferably the
conputing device is used to define a relationship

bet ween the pressure variation speed and viscosity
using a 30 reference fluid. Another aspect is directed

SPRBPES G LR OF o gl b ipa R IR L ey 0
Nty S0capiiEeP systemOwhich padvidt 4 e pathi fbﬂthe ﬂh’id samples, each

prooertl es of a plurality of flui d sanpl es,
pptemmbaying o agmiliany ghe havingamiist ¢nd gy @rSSFCP’ld;F“SfW“h a substantially

Cﬁlﬂf(ld'lna&%n %S b&TR cﬁ#ﬁﬁe‘féﬁr éavlhrg%h e}hé h&‘f\’exﬁ?ﬁgtfknf(ﬁkbfeli& fluid -

iI'ng a capli
ha)mmgmaatiomsith eﬂlﬁnhsmh;ﬂe satgined mracsamipldhhalder, the second end

TGO oy fo1d B s seft PG AT YE Ty alebing & caviy of

gﬁﬂ&@hﬁﬁ&& 08uie! the ndni i PhaARd Fre&aRd s%h@cﬁ'dat' 18asflone ﬁ)rcssure

'e holder, the second end attached to a manif

. hamrwgcoapleldeasaclmmpllber mteabﬂmougalthﬁesqlmlébyalu%ﬁmmdﬂgted to

2 Y N Bl PR SEANS Gyt ] Wi 46 FRALRA S LAY Rrmone

CantbloRFadidteins Bahipliak RN DY &Ieﬁﬁéakiﬁ%ﬁ!éﬁh ah faﬁembly attached to the
sel ectabl e val ve and adapted to _induce the fluid

sEawE ot seewingat leashp portign pf thesepiliar sysiem; padyp Aavisgfass

oA Qe APt B RUTRUANSA bRE AR, o BT Bfaiooure

f ra BeidypropeayatA pefshbla rgotdgicb pobetth®s dswsity.ar y
system and a device for recording differential
pressure in each manifold and relating the

o e% @(ﬁlﬁ%}f)hﬁle ﬁHﬁ@ FalEnﬁa@oﬂc Ark ek aaRGH e fo‘ﬂomng_lzheoretlcal

oglca property I's Viscosity
eqmmidemﬁmns,eaqsnmmg that thiehgodut ofithatprasmura e thahpmber dnddhe

||OVVI t heoreti cal d 1. N '
Suingiod SHBRer ot 1 coprartaliy BOTT Ao e RRHif fon be used
t ﬂﬁdetéfﬁhﬁ’er@e edtaliiihat ee0fsidas %c&faﬁliﬁ%ﬂ:&kpdﬂambbhﬁ the end of the
Boyl e-Mariotte relationship can be used to determ ne
t msasuee ay illpgratedin Bemwtipndid in the capillary and
chamber at the end of the nmeasure as illustrated in
Equation 1 20 PiVi = PfVf (1) where P; is the initial
pressure at the initial PMeRY; W1} s the initial
volurme at the initial time t;; and likewise Pf and V
f are the pressure and volunme at time tr. Typically at

2k iPtht Hitidi r&ssm(efaq EheSHARPlife &L VI isTRe fnﬁial R/Bﬁlme at the initial

system'is at a second pressure soufce suitable to-
etime v pad hmleabc dnida¥ yaratic mmmend aplurreuas timeets. v’BYm%IY at

 BrRIpERElo ¢ tha Erndils pfme ko His SPERUS PG Asifg Surce
MBdRBIaiRMouatd e KRNI Af cBaRRrat e asesblinit & $r8t by design

capil lLary and chanber can be
as Vig. From knowing the total volume of the circuit and the pressures during the
measurement, the volume of sample induced into the capillary and chamber can'be
determined. Likewise if desired, the flow rate of the test fluid Q could be determined
from Q=dV/dt. Particalarly, by defining the flow parameters as steady-state, "
isothermal and laminar using a capillary of known dimensions, a functional
dependence exists between the volumetric flow and the pressure drop due to friction.

From the volume of the fluid displaced and a known characteristic of the system -
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determined. Likewise if desired, the flowrate of the
test fluid Q could be determ ned 30 from Q=dV/ dt.
Particularly, by defining the flow paraneters as

st eady state, isothermal and | am nar using a

C

et Sler SBF WAt ATSRCL oy By Ml st duration, flow
pelessrBticd, er) thecHigenfrdiginilRrequatfonarmthe e:s&cbtlouieﬁn@ﬂlet he
fluid displaced and a known characﬁﬁrlstlc .of

sgls?@mcal@repmlﬁ pithe dluidh1ass spesHicR Hreryigspsiph éheaf rate and shear
b | PhY e @e{tﬁ)ﬁslﬁﬁﬁr Y&ltﬁ&%iatlto Wéﬂ Fﬁ wolun®¥ate of flow and
. arHcteri 9ty cs. eté§ o seui |1 e equat i on
5 cﬁna ﬂneemdmgohdﬁéwmad ummcrdkarbal wlyivestl bymysipms defreddpr systems

qu re spe ically t viscosity, shear rate
R%Y‘ l?er%:ﬁs él‘ i}ﬁ(ﬂ | lustrates the

relati onsh| p betvveen the vol une rate of flow and 5,
the forces causing the flow and is particularly | .
r Thelagan- BtyS@yB@ eqmﬁdet:mnb@usfed to Wd@léh%ﬂ(?ﬁa??ﬂﬁiéefﬁlg a fluid

gt L A AR oy e
10 ftapNapash ﬁﬁ{dtlﬁﬁ ofl capillarg tutel g%mh@try i fluitl hizcosigyiant Mo rate.

tube by derivation of relationship of the pressure

dieperdingbn Equatorcdipi | | ary as a function of capillary

tube geonetry, fluid viscosity and flow rate. .

Accordingly, 'Equation 2: urRAPt u (2) 8LV 15 where:

g is the Newtonian apparent pgtgpesity, R is the radius

of. the capillary, Lis the= h(20f the capillary, t
is time measured of the inte |, AP is the pressure
.measurenent over the interval and V is vol une neasured
over the interval. In a simlar fashion the shear

15 S{WheRsp e NISVSRBAR hpparéf viRBsiRERASHRTAAINSEE thd BAHIBARAY. is the
stress at the tube wall can be obtai ned as

i lengthraf gheeppikarEdua timsrmensied lof theantenah AR igthe pressure

" W&%é@éﬁ%ﬁgﬂ\kﬁ%@”ﬁ%ﬁ .ﬁ(géﬁ’%xﬁg’ }neag{recf' Qreq‘%e( fli]erval.YIn a

| : , %" ¢ éar stress at
caipiilak fashionahd shepvstiess bixkthedhdar shie asn badasrmihéds Theahear stress

at the tube wall can be obtained as illustrated in Equation 3 with the shear rate

20  illustrated in Equation 4:

RAP
T, =— 3
Yy (3}
40 4V
e = (4
! R’ =R’ @)

25
‘where 1,, is the shear stress at the capillary wall, y,, is the wall shear rate, Q is the

volumetric flow rate,

In-a more pragmatic way, a function between the dynamic viscosity (cP) and the

30  varnation of the pressure vs.time (mb/s) relationship can be defined using a set of
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volunetric flowrate. In a nore pragmatic way, a
function between the dynam c viscosity (cP) and the

30 variation of the pressure vs tine (nb/s)

relati onship can be defined- using a set of 15 adapted

c

BB LS, KOS SORS s FERAEARE e wed
seutidirdte theswbtent undensictifionst. ofldsndlgoﬁsh éJ sim/ihe devte ofthe present
present _invention . the pre arlatlo )
cme@@wgm%e FARtORGPed By can 55%?%%%6‘?@%%%“@‘&

hSridiPdevitSot el ﬁéfﬂhﬂ% a ?elﬁt‘%léﬁi QREMA tRES BRI Yakigtion

p sure variation 5 speed and the V|5005|ty Numer ous
nqidaé and tteatisoositie | Nuemubmatheplatigal dnadsisdes be ﬁmeioyt‘»'ﬂhtosdcsmbe

h hod
i el PR B & it o 88 Ao BRGhanedp B -
nﬁpr) df@isﬁx%sgeoﬁkﬁlc &8 VARRS, re@é ephE kit &Bﬁze’ﬁt@m stored,

stored ypically in a conputer,  and accessed to
d@ﬂDWaHYtlh @ cvmyut@slatl‘i}/ a@fessed thmthe ¥ispgsity of pn BRkNOWDSample

| at .t ons I
BB ORISRt Bl O B 0l o S can
nﬂ@téﬁﬁlﬁa@ﬁilﬁgr@@ﬁtm&@mm fluids the viscosities are

i ndependent of shear rate, thus ya= a'wor yw = T,.
For non- Newt oni an fluids, the viscosities of the test

Wizlnl 8:{ \Mstc&ltbe%r}ff@fndé dent &N#H&i'f %ﬁ thus y,= 0Ty OF Y

accep have been used to ne t
behay.i Eﬁﬁnorﬂﬁeﬁmmmm the, vifoositippoithe teat/\safﬂplnsd&ll vatyewith

o L e B W B
" Y xaRiS "i‘cs'llﬁdv@é?)léwlﬂﬁlds vhe Bﬁpaﬁ‘ent'sﬁeﬁ rROVBEIatcAb the shear stress

exponent. |f the qui-d behaves as a Bi ngham fl ui d

t e vap pem. ﬁ’t a:glhbwu —@af(e(am 1 540 B cardgrwthe Gard YAn)w,'™ where n
tr TBI
i ety Guborf o flap 60uge s oo iyl AL ppont s

afbﬂe WWelated(td the sh3bd dirdgs byl f, =t d@w -t threbgha‘gﬁr&n 20nethe gields

Casson fluid, the apparent shear rate is_rela
t ieess Felations o3y agd thys pok aai(lflm T oz T2 )\,I,ﬁgyeéxqwd behaves

( é? § ?%25-5%1@ r{fiecéé}:ﬂﬁm{ ﬁﬁar i@@gaﬁé}ﬁ’tt% g% shéar Girdsh %y ﬂ{? P g,

sson yle st ess.
st—ttay) wolfert wior (4960 amell thubpicAtand g, 64 G extrcdhtu nﬂmw tea ls
ai}m(?%ortan[ henonenon 25 that needs to be ‘
FPLYCtD %t r ease oil drain intervals for engine
oils and maintain good |ubrication of the engine
during the whole length of the drain interval. Mn
ehgthqetttdestfslubmtspe'g hibaigating @lsh exidgtimv@nﬁpw"%p enomenon

W| a}rt]%d‘iﬂ{ézgﬁ §§ gorblgquﬁg %n,ﬁlﬁlgeglsea nﬂ gléa ulgxlﬁeé've}is £nd g e 81115 #nd maintain

| @68 hdKpaisH vRhe aitiind &fihgrBe Wheled oA bﬁthefdrziue ﬁttervai Many

| ubri cant, which produce a |ot of waste, 30
engine tests have been and are being developed to reproduce this phenomenon and
qualify engine oils with adequate performance. These engine tests are long, expensive

and require big amounts of test lubricant, which produce a lot of waste.

In order to classify the performance of new lubricants, additives, and formulations; it
has been imperative to develop improved laboratory tests for predicting and
simulating actual engine tests response more expeditiously with improved response,

16



10

15

20

25

30

In order to classify the performance of new

| ubricants, additives, and formulations; it has been
i nperative to develop inproved | aboratory tests for
predicting and sinulating actual engine tests

re se ONE L Verdiit

PRI RS Mot AR SR AR e b
Oéktvéﬂipb@ fortn@fily el Yer thﬁqmrp(ﬂe,\kﬁxlt epmcdthiwath ﬂi@m)seyaa ragnount of
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oqest gib ghey@p]l requiyg yoveral (dayy Esting. WA %%S@gﬁoﬁ?s?nq 4ha
8&1@ g:guié? H%ﬂ)#]tg Be Q l@fto g fhw Qieloxﬁﬁﬁon fe%ﬂt‘x’érf &ver time.

ar Ssanp gto eto fol low the
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C K R 7 Soedres g, Sttt abflor SigBft I el A metals
OXiridEhtkAdn aad Eﬂeq{ken Rteﬁﬁtvhﬁff thdSaRRAK for qﬁﬁi‘ﬁﬁoﬁﬁ&rﬁﬂ&ng the test is
concentration and the |ike. Renoval of the sanple for

qdigfculf anda;thﬂms quen@atmen ﬂeesbulk samplesthpguppy melpods only take a
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SpRBsupd ﬁﬁ{ cloRt Ii\@ﬁﬁ)rg dr?‘bbﬁlb&)xﬁiaﬁbm tds TROFU T epge T ypically the
pressure in a closed reactor (rotary bonb ﬁﬁldatl

t sdibitiqrpepd leti@eqmnqi/fmleama;urﬁﬁent FEmvEn prefer (g inan

{ BflRhH SISkl TRASHGILROh (OF 1500 PpaRER bPicatiion .

rpﬁm@htt@(b ¢ enctils, I:Bﬁﬁbldesf msolableszasdous pa:dhctshand@t&ﬁamgesn ‘
(e, g. acids, peroxjdes, insolubles, B%ase S, roducts

aH]éDlSéﬁO ieBHER PORETSR Jah s JRgTeAse &Y is ST B e |
E&E&é‘&ﬁh&&: t¥§t§ﬁ~9ﬁé heéd M’g\éﬁ& cosl %amﬁ%nﬂ-%cﬁﬁ@hwdefot 0 | |

ese tests Is the nee f bi g and costly equi prent S
ahahdling tiedhplasy the matieiidi aspedt lo€ thimimpendion avisesomes Hagproblem.

vy RS R S R Ve R Ry

UgRAudte G efdan dhmibilitRy aF Uik ik f@xg&i&tdﬂ@xmﬂaﬂbrlcatmg oil
capabilities of base oils, engine oils,

an

| G‘ﬂﬂltlt‘@tb)’rf&tmmﬂ&%|TQIPW¥SVIWSHI§F@FWFWWF§3 PWée’}"SI"gP?‘\?é“O“
éﬁlt%ﬁy increase in the presence of oxidation 20

con ions. The alternate pressure viscometer of the

present invention can be enployed to provide a rapid

P M2 e o e BE BSFLAS R} R EaapEPURLo provide

0xl WRBSHS N a byyrldWd Yest conditi
tée%?na %hﬁ%&f%%k%ﬁ“%%&g‘%g O@Oﬁs e@éfhz';t ure of theeS (éOenv |1 (l:oe]El >

ofkudhes lpgle@emt:ratuw exiditbon/nitratiormeuries, depe‘ervéy sydy, thermic shear

TR G, Do b oS A SERE B B S

WinleAQwtt: Al e | |0ﬂtv@§cbﬂgﬁdlﬁ’i% gSNERIatiBe ah® pvidengstbsity
cycle is automated and short. 30 The alternate

pISESUPmENts HrBivstssiongnd pritiopt wdug antprruRtinm sce dbmmgpygement
b %y&@ﬁ’é M&ﬂat&? and short.

The alternate pressure viscometer of the present invention can also be employed to
quickly provide the Viscosity Index (V1) of a liquid using at least two different
temperature reference points. Petroleum oils have different rates of change of
viscosity with temperature. The VI. is a method of representing this change, based
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- using at least two different tenperature reference
~points. Petroleumoils have different rates of change
of viscosity with tenperature. The VI is a nethod of
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1TRCviscolitg tonpecaste rslatienshiprafta Reansydvania gndhwps aybitegry assigned

Pepps ni a, crude Lbitr ssj aned. - .

S e hE T B0 GRS e vaveoro.
Wihe @S\SdeHTERE Frededt i eRtiorlan bR uliligediRvheguefanoll@ample at two
present invention can be utilized to neasure an oil .

seompiodeditemparaturenfor exdinplg at 4075cansk 1H0&GS, degrmangrptraatis

40C and .100 det erm ' ' V| ' d
e Gt 0y B ol SCE b, R fue s T RTINS and
abMBatidnBe Verbat latibngsiiddatyfivaomitlighddriasl thas aregtated & a
from published table that are stored in a conputer or
byoreriteras by Lxirarplatingsugh data. 15 EXAMPLES The fol | owi ng
exanpl es were perfornmed to denonstrate the perfornmance
of the device of the present invention. 20 Exanple |
TRXAMPANS e il lustrates operation of the device using

GGl UGu g SRl F et e r B pesEPdes of e
ugbdek oftAPleSsht Hvelifiin Vi scosity to generate a

. correlation between the pressure difference vs tine

20
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30°

neasured in chanber as a function to the sanples

V'E%cosf ty. The met hod 25 indicated was used to

carf'BPate a si ngle capillary system if a multi

c TainghmpRAlhdtate opeatonsie deviee asihg bsmplesapillogl ¥stsen
performed_for each channel (ﬁ%gictﬁi.onal l%frhi f th% .
ofenigies SnBIG L andidisciarrs agasthod aicriiation ¢f the appaies vype

t Q%Pél@s'f@f G RR! \}i?c&’ips%ségﬂ@?a’(@ascor}e@at% HebRén\hd Pressure difference
di rent val ues of” reduced pressure, or neasurenent

dws titieangasared itt ermpdhenssa Sinciion wobe darbpledaeesinr yhe method

¢ <rflrllf.i.i(?arte ‘Sasal%gé to (t:ati'i%ra%é/ 5 tsi%gictc%l}gilﬂgr -S%f%&?nl;l Fa 1];18{1:1 channel capillary
was used; the calibration would be performed for each channel. Additionally, if the
operational conditions were modified, for example, if the same capillary system was
to be used with different values of reduced pressure, or measurement duration, or
temperature, it would be necessary to calibrate again the system taking account for

this new set of parameters.

In this example, four petroleum oils were selected which were representative of the
range of viscosity chosen to study. More particularly four polyalphaolefin (PAO} oils
| - 18
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petroleumoils were selected which were representative

of the range of viscosity chosen to study. More
particularly four polyal phaolefin (PAO oils 18 were
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the working scope of the invention. For exanple, for a
gievtethe pyentimgyenyanidus cages 9f visedsity;Hbesstpasamasens armmcé nstended

b I h
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30

optimized.

The viscosity ranges and parameters set forth in this example allow quick access to

study the flow characteristics and allows formulator to study simulated flow regimes

encountered in monograde and multigrade engine oils according to the ASTM D445

and ASTM D5293 requirements needed in the SAE-J300. This kind of formulation
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study the flow characteristics and allows fornul ator
to study sinulated flow reginmes encountered in
nonograde and nul ti grade engine oils according to the
ASTM D445 and ASTM D5293 requirenents needed in the
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R:E&l@ Sventidt a @l@!iﬁh&ly @ﬁilﬁlﬁeé i'ﬁ@luﬁﬁig' 1€ tediperdtiie stablhzatlon
a

pre Eent i nvent | pproXi mately 6 m nutes incl udi ng
tik sufffieiepicte 2ctamcavsrageiof threg oloﬁusvalue% uFtis eorapares t9 againd 15

f th f
pisting s s teegey aynde Dol ilng HbSpRR IRBTEF RSP or
CZréﬁﬁﬂ T ButEY S OFub AT Pofidlter A STM D4As). 20 ni nut es
for a Hubbel hod vi sconeter (ASTM D445). The devi ce was

set-up using an apparatus as illustrated in FIG 1

0

LR A A LG AR b e s
ttarﬂaeésvddug& }ﬂzﬁﬁﬁ ik réﬁatvhlr (Eﬁy?l mfhamﬁldsm raé/rj) myd;phmd/\mm a
positioned so_ that e t) of the neeqdle

DiempstaRRa il baihe Tha Rty fyyen wastostioped 50 gttt of the

Cx?é@?fe%:}%%glow the ﬁx‘féﬂe ﬁ‘é@@n@ﬁ% ag fpesipard Fééu!laﬁ@d EdrWeésed Bir

er per Rour a bles to energe fromthe
t sourafwasheached] angethe dwireteef dditert feer hnyr albovys| tabbips éo emerge

duced . pressure noti,ve 15 force wa s ured b

LR D SR NS BV RHIS Rl B, d 8 e oR) g Romotive
V%‘Pc’:&%sts@&ﬁed Biﬂ ﬁsﬁ'iéﬁ Wéﬁu%?fmxﬂﬁ 'cﬂﬁtr(ylﬂ:ﬂ ficodpled old5 hter
mllibar +/- O. i bar and the test neasurepen

cyashiamierk, vaaavama sgta:@mtm@ st ubbmyhbarst(r @ 5%11111!1@@ and the
trolled b I e
V\%étd%%%u{cﬁlgme%ys Was .J»e? g \éaﬂg%du-gg& Plee ﬁ.gé Eéﬁfgé %§§controll d

em are SO enol

phyelectiakives , TRANEE rovabuphed it chd d}etenhaﬂhe}cnuslm]:g:rated 2 or 3-
silicon tubi ngﬂvvlth an 20.internal dia

(]yay Blzrcl} vaiAesq ¥Pca8?‘i’m§d todhe qrgbe& Qsing § cgn tllltﬂgg w1t§1 an .
&Rﬂ%ﬁamétér@ of Hml(1Bse), B\g 1§cl& e?ctf‘ﬁ tv‘é@%ris 5&3%'&91(32@!6&@@)01153

T e relative pressure gauge used the reduced
pnmfwtbescw 5 ¢ bedwvekert ihaldl@maﬂ:e"fhﬁ re!&ﬁ!é!e presgergeauges used for

ion s edh range t o 300 I
a |I‘8 C gpreg%l{ebfﬁn 16:? apg the rx{;%aj ggoqrgwegpag{] dtn? 5pétd have a
hahgyef @1d B00mba foPad mogaéalbh@upap@QWMd the signal
acquisition are from National |nstrunent Conpany

(Austin, Texas) LabVI EWIM for the software and field
pg?ﬁt grré?il{q kl war or ucto/nggf&ghﬁéf'oggﬁl gvf%ég] ﬁzh%c&ﬁlﬁﬁl)n are

Sprea ESS

| gogeiationdt msfaﬁmem (tdirﬂ)aﬁp €Aasth, 'mkm)eISaH\HEVéTNI foir m_a Joftware
reservoir, the reservoir is pl aced er nost at ilfxcel

bardfigld poipt modyles ippgoataut sxgpalt bc gﬂﬂ a sefpto an
An]?f%:?cﬁﬁeet g ﬂr@cce% }é%lrgeﬂaa%tchﬂatp:e tHe%}P.YfﬁQr AR GhEGN BOthe

reservoir, the reservt)lr is placed in the thermostatic bath and starts the process. At the
end of the process, the reservoir has to be removed and cleaned. An auto-sampler
could easily be used to make measurements one after the other automatically for
‘number of products in different reservoirs. Commonly robotic samplers can be fitted
with one or more capillary systems to sample a single reservoir or to multiple
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could easily be used to make neasurenents one after
the other automatically for nunber of products in
di fferent reservoirs. Commonly robotic sanplers can be
fitted wth one or nore caplllary systens to sanple a

B BB S P T AR i N B e

hrelkabive i BeRkeMd comeherdisavailabibesuitablealde Qﬂﬁmifoﬂ:s atly
avai | abl e, suitable three axjis robots are d|5‘§ Eff‘ed h
Mg the

diseloseg fampremple 1 1&S. Pat Nonos 7653 58 294 35545168

Vi sgﬁg %& atn? %&ﬁ%ﬁbélﬁ‘rﬁa&g %p@%éﬁ&%ﬂ allows modifying

medea‘pdnttg“oﬂh‘e peesset, thoting fdoapplting heasduced prdshee,tthwre

for appl |n the redu ed pressure, the t.
H’@P%‘E‘?‘%?ﬁl 0?4% Be n i MR EPERE G IS s hgignts of

i gtvxétfok}gg%u : gﬁﬂ@dﬁ&%}'on It = f(P) explained

pproxi nately 3 mII|I|ters of PAO
were placed in an open ended (to 10 anbient air)

R T YR I L

Babiahe &) r e«é&%ndﬁﬂircﬁ s GROREHSD eqhlbrae i h bafsvantBSaperature

positio have at | east one end i nmersed into the

 filicérne, ba&r(d)r thealumnpm bfdh) Mdﬁ@”fbﬂegfaﬂksrcmss sEhe gapillary was

t t
e Berert eadnerent ot o Mg R R v e of
Ei'?@va? ls,ét th SERRY BhtHiewhybibbBng RSEE PAC. Tl sybtahi wiszgidwat to
Due to the small quantity of oil in the

p@sbbra@i for a perprideefitinge wintd dhrpibtempstaters imthe respgyalf isistailized at
e ne I
RSBl d U RN T pFAF el i, S o s

Gﬁlﬁﬁﬁi{ TbQJeQikx)ﬂ tﬁtv\krﬁ&ﬁﬂérgeﬁt @g&le,ghm rdgﬁlaftédxwdmmi(prtshﬂe is quickly
capillary tube. The reduced pressure i.s app
aeﬁhesrsomwe*n@aafo@g&@an%ﬁréeﬁ avéﬁmg[e adee Oéi E%%‘ﬁds

@ﬂg]ilgyrtﬁﬂég ’Ithré%é\ﬁlz!i f’é‘sﬁﬁ?e gﬁ&f‘gﬁ adtiif N 186 88dpfed electrovalve

i on over I's recorded. The acquiSition
dating 9.8 sédonds amcbdtrﬁagvthd: tlébwpm 5 S@:@odfelthemsm vedptigsover

ded |
bigbpeed Thegtdgign i is X G0 0afies PR Gl 0B svatues
YtbtRE lodkNekesd 0 cOfvel thi 3oﬂnpﬁ1er iss‘emjﬂ?kdtte pé@:feksﬂehﬁd'ae

nmean of the pressure variation spee

m&r@ﬁma@pﬁmsp Rhfvalugs, Sh%%@ﬁ‘rﬁféh’éflmﬁéﬁgii’fiéo de@aﬁw&%&f the
gire,[ssdrévﬁ?a‘% g%ﬂe do(ng[H%/é hﬁﬁ%ﬂ PERIELely i ¥&oﬁg4 %%’T‘%'“%’

ew seconds” are require oret alr

| © ag@presded aidisapplied tb emp@)dhapiseorhetee Typicaily bety a few seconds are
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econds. eci sj

Fhbired bl af bt P il el BhERIE B FRPBL

at ed e reservoir was renoved from
mteastbanmta:mcﬂettlnee pares sndwhe@verags efithewhieh paassmb vemation speeds

éﬂ@é s?lalilelﬁté:g{lghqa%ger%ﬁ %.%s ?e?rfu?vres frtolgr?thre]:%aih i?!llC{ the B pa neaae r?nqsed

with a solvent like heptane and dried before the next oil is measured according to the

%%;Ffﬁgm?a@éim%t]b%e \‘18 ai%%n&fea%riﬁe ﬁﬂ%&ﬁﬁnﬁff?ﬁéfé&@w&’%&ﬁ&ﬁ aR

same procedure describe above.

After measuring the four PAO samples, the viscosities (1) and the Pressure variation

speed (Py) are stored. Using this data and mathematically manipulating for example
21 - '
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30 sanme procedure describe above. After neasuring the
four PAO sanples, the viscosities () and the Pressure
variation speed (Pr) are stored. Using this data and
'mat hemati cal |y mani pulating for exanple 21 using the

d of and
e o ber® SRS e AL B o (TABLE L o
mu@th TR cadficiehislof gus eqtalhen Gﬂ:nqtmbﬁ in thecompeter hﬂ?m@m used
in the programto direct ve the viscosity of an
intheprRgTaR gb‘ﬂ}&c" YB“’FA]B‘EE‘SEOS&QIQ%BPW Brody th scosity
range 1 to | OcP Pressure variation Viscosity It :
speed (nmbls) (cP) PAO2 18.56 1.760 PAO4 13.36 4.1
PACE TABRE BcadibbatioRAQTa QisFdsity rag® | W I:QcB 0427P2
-1.7914P + 20. 304 EXANVPLE-2-Fhi-s—exanpte—i-s
presentation of %Ir ces of ggasutres dope on

r .

- several 10 pet eg;ﬁﬁ E%E 4 Pdenopst r at es
t he repeatabillty 0 Vi cle of t i nveption

when—H—s—enphoyed—toneasur vibLUbily Thege

measur, ave been do,ﬁ;es W th it he smgéoe capl | ary
UIug to—thepriocedure—and—cat] brati on
et hogpatescribegd in Baepl e 1.| The sptific phAraneters

or the capill dry Syst. errs en‘pnl oyed t hi s e(an'pl e
re sdiAQ%rth iln” Tabt-838 2o TapiE 2§&t rameters

M scosp,(d; range 2 to gzbko 3000 to 1foeP 25(:P 100, 00

P nal, d eter of the neeflle (nm
(“2"5@06( %"O'b 9{@50@2&] haaf the needle 1 10mMm 10mMm
Starting pressure (nb) -110 -90 -220

EXAMPLE 2

This example is a presentation of some sequences of measures done on several
pet.roleum products. The data demonstrates the repeatability of the device of this
invention when it is employed to measure viscosity. These measures have been done
with the single capillary system and according to the procedure and calibration
method described in Example 1. The specific parameters for the cépiilary systems

employed in this example are set forth in Table 2. |
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Measure duration (s) 5 2 5 The device and paraneters
were not optim zed; accordingly the val ues of
repeatability descri bed bel ow have to be considered as
the m ni num of performance 5 for the ability of this
I nvention. Repeatabi ld Jempnstrated for two
ranges of viscosi tylf%%%ep(gﬁ% Oecrio 000cP.
Results: Range |-10cP 10 Fp etraleum base oil p
have been chosen, which bel 336“? OHEY i ANG@n n
groups defined by APl and Al B,,BASE $IHOCK GhgRGCORI ES
and cover the studied visc JSH§¥pare<’:’Q5(;PAC #000 cP
N

Dol yal phaolefin GROJ-4 15 LhevronRLOP | her al
DinterfR@ldRrotor of Qiealecd! thin) M he &?G il on
ICBO-—ZR—M-neral—oit-—CROIP 2t %’.”E‘, SLA‘I 5T i
longtiseiGhendddsd |y for each )r odtict [witbimnt h part s
i e—t-he—safe—procetdure—desgribed—im—Exan \BLE

sststtbwredsgrer(GMI ts and.the|st-410 st}i cs90 20 ev@uaf i on.
P3—TABEE—S—Results—and—statysticts gata range L- L0¢P
Meguwradurgignes) 150N(cP) UCeP) %Rande 1210cP (Pooc] A
CPGROOP-Z 117780 37932°5.5926.980 2 1./769 4.008

5.436 6.953 3 1.757 3.966 5.448 6.977 4 1. 787 3.958

5. 439 TheW4Bice and patdBetérsOnde RotdBimizedi 2cc@dibglyniie 3aloesrof
5.437.7.013 . 769 .4.002 5.442 6.859 8. 1.774.,4,
Sepeaigbiity Joncribed boa Haveppesiongdont ga e Migipnphs Byrtfyance
Fordhe a§1-119y5§f this invention. Repeatability has been demonstrated for two ranges of

viscosity 1-10cP and 3,000-10,000cP.

Results:

Range 1-10¢P
Four petroleum base oils have been chosen, which belong to the four

. main groups defined by API and ATIEL BASE STOCK CATEGORIES and cover the

~ studied viscosity area:

PAO 2: Polyalphaolefin GROUP-4

Chevron RLOP 100N: Mineral oil GROUP-2

Total 150N: Mineral oil GROUP-1

Chevron UCBO-TR: Mineral oil GROUP-3 -
20 measures have been dbﬁe sequentially for each product with the same parts and the
same procedure described in Exarhpl_e‘ 1. TABLE 3 shows the results and the statistics

evaluation.
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11 1.756 4.056 5.433 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 1.777 4.025 5.537 6.945 18 1.789 4.002 5.471 7.001
19 1.804 3.936 5.451 6.983 20 1.751 3.986 5.473 6.982

10

Average 1.774 3.998 5.468 6.936

TABIE 1 9R&dlts Wad batisies@aG0aags81-00001414 0. 002581

Degrees of - freedom do

~002490—St-andard—dev-at-ep—0-0+64pP—0376—6-76568
: O 0499 K student 0.025-dof=19 2.09B 2.093 4. 8931;%@04’33235’%
eat abi Lt i sYIr@oeP40| GROWP-2 11689
g@ﬂeaibéﬁacgbi’q{ﬁgf 'ﬁ%sﬁir JPONPD 1020NYcB)7g  (cP)
O 106 0.104 HRepeat. (aver fge1d8c 3 heakdf2es)| cPB.93202 6.980
D. 064 0.087 2085 5 As used hge®i nj t heodsol |lowisH3e 6.953
ferns are defaned to nean: |" Repsat api | 3.966 (di ngl.448 6.977
ffeasure) " neaps: The diffefengggpet veenogsno [si rsd3e 6.948
TEasUr €5 dong on the sane|pr 9gygt | N A.643 SsaAne 5445 6.902
ponditions byg The sane opelat gF7d [ | Dgoerdi Tff ersoy off  7.013
P 048cP (exancpl e Tor " PAOZ) [Onkyed N Prics 6@S€E [outs ok 6.859
ety 10245 Hepeat (AVeraggzpt P Neghll 85) 54984y 6.927
Fe—dirffer rencg between—tte aveLage pr AN _riisasg_gsqs 6.852
. ponre—on—tthe Sge |JI uuuu_ T ”1”785“1”:‘ L&iw UTIONS; g4 L€ ¢.953
Fatre—operator—wHt—hbe—di O 034CcP '
-or—PAG2) Gr‘.l11 i :“.I "n;ccg]sle ;LE%QU[ _v;”k’,(?ét,‘vg \;xsjgyglle 0.926
2 i D W W e X 1T 5475 6.972
> 766, | 4 “C sX6 1 6.902
broduct—in tH4 same conditi 0237255 1; 34 52 £.904
hill be diffebent of 0. 028¢p A&0%npl )gj-l‘u,' Ly | 6840
n_one_case ot of .twenty Qaﬂgg 3 | Qcﬁsﬁﬁ% 6.899
' 17 1 gt 0; 5.537 6.945
18 1,789 4.002 5.471 7.001
19 1.804 3.936 5.451 6.983
20 1.751 3.986 5473 6.982
Average 1.774 3.998° 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 0.0378 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 0.079 0.106 0.104
| Repeat. (average of 3 measures) (cP) 0.028 0.064 0.087 0.085

As used herein the following t.crms are defined to mean:

“Repeatability (single measure)” means: The difference between two single measures

done on the same product in the same conditions by the same operator wil} be

different of 0.048cP (example for PAO2) only in one case out of twenty.
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One petrol eum base oil, a Bright Stock Solvent, was
nmeasured 20 tines at 5 different tenperatures (2.5C,
5C, 7.5C, 10C and 12.5C) to cover the range of

vi scosities between 3,000cP .and 10, 000cP. 25 U. 0 C

Al AR B oM e O

measures doné ohlti¢ damesproBiict i thielshinkcdbditidnsNiy\hé/savhe\dpravpmavill
MMMMMMNU T "1 DD QtN0Q M, +

¢ diofgrent of Gp3acT erampe 1oy BAD2Eplip pnd caskppt ooty i

F*~M,DO ,-1 NO MOto O DDt oDaot’ t- mwt-

www mmO0 mwmad Wr \OVONOOO 7VV7VYV
Repeat? (Avitag ofi 3 icamresy” meams The difference betyveen the avrrage af
NNMONM~DD .-+ to OIn tN,H Nmm.gk | 0 0]
{Beenptsier deps op the Spirpdiat i L6 SR G 9 g operetor
itl be differddPot 6.0DBAI A eMaiplt 8PPAOR) bhlyin bne Hdsout of tWenty:+
N~0 NN,y .+ \4D~0o~0~0eeeea~oe\ 4D\ 0, 0~0, 0,0,0\0 \0~0

Fg ) 0 0O Mt- ~oint- NV %9 MO O V) ,b M"D~0 7

V (ON,"O » OInONV) OinmODMYV) 00 t-
NMMQ—%—M ,BIO@C]J\In'oU\ ''M.-, OO 00 M _rn
t-0000.t-, 0000 O O- 0i ON t-0000000L.0,0 In O 00

.-~ 00 MNN D Uy 000000 .0Q D, 00 00 OO0 00 00 0O
00 m ON OOOMF@(QMIWJPJ@(})E!RP i ,(&Brcl)@tﬁtoc%s yenfy was measured 88

times at 5 different temperatures (2.5°C, 5°C, 7.5°C, 10°C and 12.5°C) to cover the
range of viscosities between 3,000cP and 10,000cP. '
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Oxidation test: The follow ng study has been done wth
an ei ght channel capillary system It differs from
the single channel capillary systemin the sense that
the reduced pressure part is 5 common for the eight

S so the neasures have to be done one after
M@f At the opposite, the gas pressurized part
i s uni@uidatiomrtegach cell and thus, there was a

11S}g%{lenﬁnt t O,hg%e{?@oﬁé g@ﬁl fl o er El'eqa'ﬁﬁfgﬁ &f&g“ﬁjtdaiﬁem
g ﬁleosfmé?e EiinRellda Bﬁl%ry%%teﬂlqﬁrthe é@ﬂ@e Basché Wcé@;ﬁreﬁsﬁtespaﬂ is

exanple 1's air. The "oxi dati on performance of
msmng&r theapighs wgpitiariasish ¢hd measuradibave ﬂoéxe&onEanmaﬁﬂr Ithe other.
been te

Bt Piostst, e o oyl T i oG Y SBe el o8 ks Hibre was a

BQuifeRfcal dﬁ?ylﬁé@bﬂgﬁﬁﬂd‘\ﬁn&@fs(llvlh@tﬁe tdedt wememwméters with a
var| ation the viscosity. The test is done at

tséainlessatest balbfor pgampe of Rdo ilitenaer haupbihegas psaddfar @H exgpople is
flowmwate of 1 1/h to commence suitabl e oxidation

coﬁditi ons. The test is stopped when the relative

viscosity increase reached around 20 percent. TABLE 5

i ves, sumary of the paraneters for h.|s | e .
cexidation gRpipEIacp o ifuiPerBEes Gt gReing ?ésys Styflied Rere. Each oil

: $ﬁ§ BkasikstBe fojtlg%%legll:{; gec@@ cdUfihe H?ﬁt rgcaégres 9?%3&35‘%?’ idddr?

enperature pressure r nal _
civaryel minués. Fiven theadéoed&ib@luek magtalcu&n‘te ﬂ)h@eweetcﬂfe/amatlon of the

W TR SYTEICN= S STERIE T I

h¥wrald\§F CIOR cohBEQ1cH 8itdbIY 88t HRTRAGIOAY. TR tdshR stopped
oxi dati on curve gener ated
when the relative viscosity increase reached around 20 percent TABLE 5 glves a

summary of the parameters for this example.

TABLE 5
Example 3 parameters ]

Oil quantity 3ml
Catalyst no_
Gas air
Gas pressure ' 0,5b

| Gas flow 1ih
Temperature 180°C
Reduced pressure : -110mb
Internal diameter of the needle 25G
t ength of the needle 1"
Time to apply vacuum 0.3s

| Measure duration ‘ 5s

{Time between two serial of eight measures {  Smn

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

viscosity plotted against the cumulative time of the test.
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for reference oil A and reference oil B illustrated in
a plot of the %of variation of viscosity plotted
agai nst the cunul ative tine of the test. 27 EXAWPLE 4
We used the same device as configured in Exanple 3;
however a different secondary pressure source was

used to illustrate the ability to use gas other than
EANIPLE&N 5 oxidation test. Here, N02 was sel ected as
oxi dative gas to test the nityro- OXI |on f or manc
dfe vien gt srefignyed 1 lr(l e a ifigrent ggpondary

H:gsd}é ?(nuenc x usE@f@lﬁ?c&ﬁe e/ aﬁxlﬁ‘%ﬁ: s@ LE6therShan £ir Fo¥ ahhe

ow re and g eference. Only
bmdama'ptekﬂ HeieeNOp svae s¢lederd arsedddtioe gediogest tetnitre-osidefign

srppacteiiel G aHiE O raOFGR. T RGN e hghavoz0

Ic‘i@eﬁ;@m@@é‘ﬁkt@d 4oiP Aris it 18t Sefekdncdl BRG] BYis ald”ﬁlgh reference.
Catalyst 1 : Naphtenate of iron 75 m Catal yst :

Kiishtvancepilages baysbeen vsd forithiscest, thpsix r@@ﬂ*ﬂgé@@uwé’ systems

Serediranedid taBane ol RIRGRM HsPrehdirs SN ERlpnte. o

Length of the needle 1" Tine to apply vacuum 0. 3s 20
Measure duration 5s Tinme between two serial of eight
measur es 5AABHE® 8 shows t he kind of curve we can

recor An—advant-age-denmonstrated byt i | ot and
duri nd_t he neaskxample 4-parameters pyrpal tf)ne
obser V@i iumtipf _t he behavior _of 25 ped®luct s during
‘oxi daf CalnlystdstNaphtefote\oE 5 Thi s exXapphe| depi cts an
oxi daf Catalystd stNaphiense gkeoppevest i gat €8 ppthe] behavi or of a
Gas NO2 '
Gas pressure 0.5h
Gas flow - 2i/h
Temperature _ 150°C
Reduced pressure ~110mb
Internal diameter of the needle 256G
Length of the needle . .
Time to apply vacuum ' 0.3s
Measure duration bs
Time between two serial of eight measures 5mn

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.

EXAMPLE 5

This example depicts an oxidation test. Here we investigated the behavior of a -
Viscosity Index Improver (VII) at 180°C in a binary blend with a base oil. The VIl
selected in this test is a hydrogenated styrene isopréne and a petroleum Group 3 base
oil. We include m this base oil the necessary quantity of ViI'to obtain a viscosity of

14cSt at 100°C. By using two of the eight capillary devices described in Example 3,

‘we record the viscosity of the base oil alone in the first cell and the blend of base oil
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per f or mancelLeadth pithgpeedier han oxidat.i.on.fln-this
exanpl e we qﬁ*mKQaPPJIﬂV‘FﬁNHW\/l or of a di anrq;pﬁﬁs
additive. Tideapye durgtiony i sper sant additli ve5$n e gi ne
oi |l is to ngimebgtwedniwe eer @éﬁ@lgbhneastlescerb(ﬁmrand ot her
snal | parti cles which can appear in the oil. This

?"98 9% ows rvg}yerg]tna dréphgf tﬁer:] gisggsn?ay Iep grtom% tlfxgc%l hr(])%i's gi%:cst which

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

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 aganst plugging.

In the same procedure illustrated in Example 3 but at a temperature of 110°C and
using nitrogen (1liter per hour) to prevent against any oxidation effect, we compared
.the viscosity variation of petroleum base oil, TOTAL 330Neutral {Group 1), where .
2% of carbon black is well mixed before the test to the séme oil where 2% of
dispersant additive coming from the alkyl succinimide family is added. The
introduction of carbon black in the oil increases the viscosity. If the carbon black
remains in suspension in the oil, the viscosity remains at the same level. When the

carbon black settles from suspension, the viscosity will decrease.
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In the same procedure. illustrated in Exanple 3 but at
a tenperature of 110C and wusing nitrogen (I liter per
hour) to prevent agai nst any oxidation effect, we
conpared the viscosity variation of petrol eum base

AAnna Perves ey skemee eredt e valply & afferelis EThpRlne
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GatHe attbadlkers e4rbdeblatk a60agtsSPE positlonih B v ipsavest dgginst
wi |l decrease. 29 . TABLE 8 gives details of

Pueging the geaddy dyringss wnpleFeauencedi f f er ence bet ween t he
procedures descri bed above is the quantity of oil (5m
versus 3m ). The larger sanple is due in part because
the extremty of the capi|l/aBlE®here N2 is bubbled

shoul d be osi-tionhed appr oxi-ratel Y. a—t-he—m-deH of

T CITC LB A LA Y]

the height df the oil in tEuamﬂelS\mranmtarmot 5 ht
t he bottom vibggeang@r bon bl ack decants. This| Sml
posi tioning w&alyQ- prevent agai nst  plugging|the needl e
during a sanghe sequence. TABLE 8 Exanple 6}(pamangters
D | quantit-yc;gs;msssu@t al st no as N2 as présggpel0.5b
as flow 1Vh ifenpgrature TI0C Reduced pressyrqyy 1J0mb
I nternal di %%t&g the needi e 25G° Lengt h|[ghodche
needl e 1" TpOR L0 @0fly vacuum 035 ~NEasun g ghp ft | on
5s Ti me. bet Ik R 'tﬁ’é'negﬁlea ght—TTEasurgs k& 10

FI G 10 sho 'Elofﬁélnge&gu €ease UI llle VI STYSTLY f
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FIG.10 shows the rapid-decrease of the viscosity of the oil which does not contain the
dispersant. For the blend which contains the dispersant, the viscosity is constant fora

long period of time with a decrease appearing after 12 hours.
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‘rcRaAP tPIpdetersyine

15 30 WHAT IS CLAIMED IS: |I. A nethod for screening or
determ ning a rheol ogical property of fluid 5
conprising: a) providing a fluid sanple to a reservoir.
placed in a thernostatic .control system b) placing a
capillary. in fluid communication with the fluid

sanple, wherein the capillary has a first end and a
SEHATASaPIAAIMED 18: substantially 10 uni form di anet er
over a. predetermined length, the first end being
subnmerged in the fluid sanple to be neasured, the
secpnd enGhdhdPfo 8kebifing 8r ARBINAING JHAYOIBGicAl profRSofdned
sel ectable valve, the capillary together with the

mani f ol dcomdisuige at | east one sel ectabl e val ve define

east one ScreRldRFA TSR0 Baliron riket A BbRaRs

al | ow a @asrot §yseibier into and pass through the
mani fold and capillary; d) _inducing the sanple_.into

the capil | & ylaﬁylgrwpﬁiayy yefhd sommgnicatipn spithche fluid sample,
differe %h@rﬁng@v@ gaﬂﬁﬁy'ﬂa‘s LBgseha HH:?{; ﬁéé?ﬁia ﬁﬂlti W SGbtdRially-

sanple to romthe reservolr roug
capi | | arynifo2d diymetet evdriangedutaatnaddengthie fiodt ehdhbeing
chanber as a resul t ﬁf the fluid flow

el ati ngoPrETges i the Mhyd sumpledo bn aprgsrety the ?ﬁf?&%ﬁis@#@gached to

Pr OPer t Ya makifoldtaviigid? %Zsfgnegeﬁtﬁbl%'vamgﬁx%icﬁpiﬁlﬁﬁrttﬁ%%ﬂler with

rheol ogi cal property Is viscosity. 25 3. The ne

of d ai nh manifetdand thé et leas oos sdlgctalde valive deBnealclamber of

the Hagen-Poi se‘u%I‘% relation according to equation 2:
YRWSH wherein is the apparent

viscosity, ¢ aicﬁxatihg af &kt Whe Sledthfle GARE bitadhkd td-theSnanifoRi to
length of the capillary, t is time neasured of the,
i nt er val allospa gas torpster into and pass through-the manifold and capillary;
d) inducing the sample into the capillary by rapidly generating a
. dynamic differential pressure in the chamber thus allowing the sam'ple.to
flow from the reservoir through the capillary; |
¢) detecting pressure change of the chamber as a result of the fluid
. flow; and

f) relating the rate of pressure change to a theological property.
2. The method of Claim 1, wherein the rheological property is viscosity.

3. The method of Claim 2, wherein the viscosity is calculated from the

- Hagen-Poiseulle relation according to equation 2:

AR APt
SLV

p= @
wherein p is the apparent viscosity, R is the radius of the capillary, L is

the length of the capillary, t is time measured of the interval, AP is the
o 31
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31 pressure neasurenent over the interval and Vis

vol une neasured over the interval. 4. The nethod of
Claim2, wherein the viscosity is calculated froma
stored 5 correlation of the pressure variation speed
usi ng atp L &Rt mbyMardnfint Qﬁétﬂl@ﬂlter%l%ﬁs\f Raohitfe neayred over
VISCOSItIeS 5. The nethod of Caim4, wherein the
fluid sdhplimneivel.a non- Newt oni an fluid. 10 6. The

method of Claiml, wherein steps c-f are sequentially
repeated under .control of a conputer. 7. The nethod

of £ ai NTR méheH 8 TldiMe, MIRRNP tHeGadcobitPRealcylat& from a stored
variation in 15 viscosity. 8. The method of C aim.7,
further WIOQI of ghamrpssuns yanigtion spagd istagiab eaptiwo calibration

- viscosit 0§ ntroductk of an oxidation gas is
B Radife AP GELI R, © i

step c. aim8, wherein the
thernostatic control systemis nmintained at a
te erature between about 100C and about. 200C. §ﬂ

-met hibee wethor & flam 4 wheredn thediid sampls iya pen-Hewionian
an oxi dagj;ue breakdown paraneter. 25 11. A method for
measuring viscosity or related reheol ogi cal properties
of a plurality of fluid sanples conprising: a)

of fluid sanples into individu

Festbr vor Fas mEE A6 Cleve hedh o7 £ arerepratialy ol under

thernnst&ﬁﬁﬁﬂgpgggmhmﬂso b) providing a plurality of -
capillary systens ich provide a flow path for the

fluid sanple in a reservoir, each system having a

\(/:via?. | Iaa; é#lgﬁ}od é’?@m&rﬁa fv%i;eﬁg?silé @%F@Pglcal\%‘%ggrﬂdls@aﬁatmn in

pr edet ergk@Réty] ength, the first end positionable and
subnerged in %2 the fluid sanple, the second end
attached to a mani fold having at | east one selectable

va ye thehehvalalirtias 7 fﬁlteﬁémgfn DI ORI A fariation in

vol Une, dving a pressare sens
viscosity due to infroduction of an OX1dat10n gas is step c.

9. The method of Claim 8, wherein the thermostatic control system is

maintained at a temperature between about 100°C and about 200°C.

10.  The method of Claim 9, further comprising determining an oxidative

breakdown parameter.

11. A method for measuring viscosity or related reheological properties of a

plurai.ity of fluid samples comprising:

a) providing a plurality of fluid samples into individual reservoirs,
wherein the reservoirs are placed under thermostatic control;

b) providing a plurality of capillary systems which provide a flow path
for the fluid sample in a reservoir, each system having a capillary tube
‘having a first end and a second end with a substantially uniform diameter
over a predefermined length, the first end positionable and submerged In
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c) actuating at |east one selectable valve attached to
the manifold on 5 each capillary systemto allow a
gas to enter into and.pass through the nanifold and
capill'ary; d) switching the actuation in step c) and

i al y 5 AR BR R o BB sl Bl eestome
the chaniRetablusivelthaebygetitisg 5 ahmhbertod pfddewnhiredvblue, the

reservoir. through 10 the capillary; e) detecting
pr essur enFHEAHBAEARE & PESPWRPAREPT as a result of the

flurd flo ' [[T= I
change to D ¥abmk bt ki3t Mectifle VALE afliciRHRS BidFanitold on
of O ai naatH capilkey eygierh e aklyw agas toerdasnoendiphsstheomigh shhe

'S decreas}ngﬁéath_flqid flow 13. A method for

measur i of saptlaryicr ease in viscosity in a

plurality £ dn : Sk ;

provi di ng gj SvaﬂEdr}%&ligldtthg Q%Efml?(l?nui?lg’%dg‘p%lhggu?%?l gql}l g%i??/gl glg as?ml_)le
r eser voiint, the vapsilay by ripddlyesserating 8 danamis| differdntial gegssure in

t hernostati.c control: b ovi di.n luraljty of .

cap 11 are SeiShiRafeminghe Farabls Yo Roy 45 uhe peGyoit phgoveh
fluid sappkgpillgyad reservoir, each system having a _
capillary tube having a first end and a second end o
with a subsdaietacing pregsire ehanediof thet chambsr apagesyt of the fluid
pr edet eriggvgea%dl ength, the first end positionable and
subner ged | the fluid sanple, the second end

attached t of)archeinizftid Gtd@\préguit chaf@sto 2Meologiehligebpditye
val ve thereby defining a chanber of predeterm ned
vol une, the manifold having a pressure sensor; c)

actjat | fhe etgﬁélﬁggﬁﬂﬁ 13 %ﬁ&kﬁ%@ AYRNE pRd At et Rial is

the man each’ capillary systemto allow an
oxi dat i adecpasing withrfluwad flomt o and pass through the

mani fol d and capillary; d) switching the actuation in -
step c) and suddenly inducing the sanple 'into the

capid, | ar) nkihdlt Helsudinp arralatiig iR rdd¥® BN iScadity 104 sRkdlRY of
pressure in 33 the chanber thus allow ng the sanple
to fl ow Huidsemples e@spisied:r through the capillary; e)

detecting pf 535 SABAKE O nlilSSPRTRRL iffivaulGeiloirs,
wherein the reservoirs are placed under thermostatic control;

b) providing a plurality of capillary systems which pro'jvide a flow path
for the fluid sample in a reservoir, each system having a capillary tube
having a first end and a secénd end with a substantially uniform diameter
over épredetermi‘ned length, the first end positionable and'submerged in
the fluid sample, the second end attached to a manifold having at least one
selectable valve thereby defining a chamber of predetermined volume, the
manifold having a pressure sensor;

'¢) actuating at least one selectable valve attached to the manif(_)ld on
each capillary system to allow an oxidation gas to enter into and pass
through the manifold and capillary;

d) switching the actuation in step ¢) and suddenly inducing the sample
into the capillary by 'rapidly generating a dynamic differential pressure in
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flow, and 5 f) relating the rate of pressure change to
an apparent viscosity property. 14. The nethod of

Claim 13, wherein the dynamc pressure differential is
decreasing with fluid flow 10 15. The nethod of C aim

14, wherein steps c-f are sequenti al repeat ed unde
contr ol glp cga@ggbtgp%?]_lovggg thcqs%mpk!: to glglw fro?n t%e reserl?lfog' tﬂrough
the capillary;

e) detecting pressure change of the chamber as a result of the fluid
flow; and
f) relating the rate of pressure change to an apparent viscosity

property.

14.  The method of Claim 13, wherein the dynamic pressure differential is

decreasing with fluid flow.

15.  The method of Claim 14, wherein steps c-f are sequgntiaily repeated under '

control of a computer.
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