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ALTERNATI VE PRESSURE VI SCOVETER DEVI CE 5 FI ELD OF THE
I NVENTI ON The present invention is directed to an
apparatus and nethod for determ ning 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 systemcan be related, typically by a processor,
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rel ative increase of apparent viscosity with regard
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nethod for material characterization (such as 25
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.as the ASTM D445 5 standard. The ASTM 0445 st andard
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addition, the 10 calibrated glass tubes are fragile,
difficult to clean, and rel gtively expensive.
Therefore, it is undesirable to use a capillary

~visconeter for sanples which would tend to di m nish

the repeatability of the capillary tube for exanple
by coating the tubes, since these tubes would need to
be renoved and cl eaned or di sposed of prior to reuse.
Changi ng gl ass capillary tubes in the D445 standard
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standard fluid of known viscosity. The three general
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suspended | evel type for transparent |iquids
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pressure source around a defined setpoint. In one
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source is a conpressed gas at a _pressure greater
than the pressure of the reg at ed pressure source.
In this aspect the conpressed gas is selected from
the group consisting of conpi essed gases such as-air,
ni trogen, oxygen, helium NOR A particularly
preferred conpressed gas is an oxidative gas. The
apparatus is particularly suited to viscosity and/or
viscosity changes. A further aspect of the present



FIG 5 is a partial schematic of the alternate
pressure visconeter device enploying a 15 positive
pressure to create an increasing pressure

differential in neasurenent circuit FIG 6 is a plot

of the function of viscosity with regard to a

pressure vs tinme rel ation generated on pol yal phaol ef m
sanpl es using the alternate pressure visconeter
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30 DETAI LED DI SCRI PTION OF TILE INVENTION FIG 1 shows

as ' | an..of ratus whi ch can be used
for§@§ﬁ%§#&H§ﬁ3qg£ﬁﬁggwggﬁgal property of a fluid. It
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the flow of the test fluid by repeated eval uati on of

t hepropgty of rdlu@l- over time and thus suitable for use in
measuring viscosity as well as changes in viscosity.
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preferred to use a sYstem so designed that severa

I e SQIYeH attachkeli 2o eancambenfor geghuttherdéifereatial aréssure fo 80
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endlnef frefetrad aredition, a therlopsl swpte fows shrovgighecapglary, the

achieve lamnar flow,in the.region. The illary 120
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al so be selected such as to resenble a cylindrica
annmekusted plessranyuesa issamadicad PresgiroFpUses iR e¥aniRle derived from a
coaxial cjrcular cylinders or a narrow slit forned by
tmnV%EFW6$WWﬁ1Is Preferably, the capillary is a
capillary 20 tube. The capillary 120 is connected by

a manifold 130 to a sel ectabl & val ve 140. The

capillary 120 together with the manifold 130 and the

val ve 140 define a chanber of a predeterm ned vol une.
The vol une of the chanmber can be determ ned

enpirically, 25 calculated, or by other suitable

met hods. In operation, the chanber receives a portion



20 The regul ated pressure source 160 provides the
notive force for inducing a test fluid 110 to fl ow
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 predeterm ned
setpoint to create a differential pressure which is
-dynani ¢ and changes as test fluid 25110 is induced
i ntThetrtrmcetressee souper masiUrtherCYmpise PEAGUE RUgIPy2 vacuum tank,
requl at ed reduc ' el '
i C5ar B8 AR RSP PR T RERER PRI RS e ground
acGEphbsegbily numerous met hods known in the art. In
one aspect, the reduced pressure source enploys a
- vacuum punp 162 coupled to a .vacuumtank 163 equippe
wi tThoRe AREH i SCoRTR DETSEEE a%ceg}w&e@w? é%g‘e AESSYS S’Sﬁﬂﬁe"e fifle
t anf b ib S &b BuiR LHAG b Rhsuil B O Rurblho dpill@asiior o a
one vacuum tan el ect'abl e val ve 164; typical set
poinndasuranent kydenA Belamet] bidond pressure-soBOe i#id dompeassed gagiat a
have a desired precision fromabout +1-1 mlli bar
around the set point. The vacuum tank pressure gauge
165 nmeasures the vacuumin the vacuumtank 163, when
this neasure is greater than the desired precision, a
controller 180 can open a vacuum tank sel ectabl e
val ve 164 and optionally commence operation of the
vacuum punp 162 for a period of time until the vacuum
regulation is within the desired precision. In a
simlar fashion if the vacuumtank is a pressure
| oner than the desired precision, a gas can be
i ntroduced into the vacuumtank. 5 A second pressure
source 170 is coupled to at | east one selectable
val ve 140 and used to evacuate the test fluid 110
fromthe capillary 120. The second pressure source is
regulated in flow and pressure using suitable
techni ques. These paraneters are not critical and
sel ected under suitable conditions to induce the test
sanple to evacuate the capillary systemand thus are
selected with reference to the regul ated pressure 10
source 160. Typical paraneters are around 0 5 bar '
(fromabout 0.1 bar to about 5.0 bar) and around 1.0
liter/hour (fromO.1 liter/hr to about 5 liters/hr).
A conveni ent second pressure source 170 is selected
fromthe group consisting of conpressed gases such as
air, nitrogen, oxygen, helium NO and the I|ike.
Particularly preferred is an oxidative gas and thus
the test fluid 110 can be profiled by viscosity
change in 15 reference to oxidation. During
operation, the second pressure source flow and
pressure can be adjusted to slowy bubble a gas
through the test fluid. In this nmethod 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 sanples Thus,
for exanple test sanples may be eval uated for
oxi dative performance or nitro-oxidative 20
performance in real tinme. In this aspect, the second
pressure source 170 is integrated into the operation
and serves the dual functiodof evacuating the test
sanple fromthe capillary and to serve as an
oxi dative gas source. FIG 2 shows a partial expl oded
vi ew of the chanber 130 which includes the capillary"
25 cannul a 120. The capillary3#ncludes a stainless
steel hypoderm c needl e 121 which has a uniform
di aneter (d) over a predetermned length (1) wth
| >>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 neasurenent. The size and |ength



25 FIG 4 is a characteristic pressure vs tine plot

for a single neasurenent of the apparatus, indicating

the various pressures in the chanber during the

nmeasurenent cycle. Prior to comencing the cycle thus

at tinme to the chanber is at a pressure derived from

the second pressure source-170, P. selected at a
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t he chanber and ready the device to measurenment. A

30 qaERESERdeagS pﬁ@@cwr%ns@e@@@ F@S@wdgﬁwp gAseP spef as air,
|

v A AT S e R e

andomdmh&gﬁalntalned to be a short duratlon so that
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dlfﬂgangl %irelated to a predeterm ned setpoint, is

hP'eved an 142 is closed. This rapld pressure
change generates a pressure differential in the .
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5 seco tine t1 indicating the end of the
act%ﬁ%ﬁﬁéagﬁwgﬁﬂﬂng 5%7 ¢ d144 i s opened al | owi ng
for the test sanple tao chanber and ready the system
for a new neasurenent cycle. An advantage of this

pr e&epddigral @chéoﬁthapresm ineason Bivxifes &y epraraianiose
repeated after.
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capillary further sealing menb
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to allow fluid comyun tian there through. The
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th ean@a%ﬁ;?t@& & madéeqﬁé uRBanSAOPIEea2h LANIEG shhtom Ht it
the capillary 120. The rel ease of pressure nmay be

ef fhsginménsef ameasaroysny and 9 eyapusisihe saaplsaf the end of the
environnent as illustrated in FIG5 this may be the
regul ated pressure source 160 or the second pressure
source 170. The reservoir is placed into a
thernostatic control systemwhere tenperature is

mai nt ai ned. The pressure differential is neasured as
the test sanple flows through the capillary The
positive 30 pressure driving head is pressure .
regul ated 200 and controlled (not shown) to provide a
reprodu0|ble and dlscontlnuous nDtlve force |n t he



20 substantially uniformdi aneter over a

predeterm ned |l ength, the first end positionable and
subnerged in the fluid sanple, the second end
attached to a manifold having at |east one

sel ectabl e val ve thereby defining a chanber of
predet erm ned vol une, the manifold having a pressure _
sensor; c) actuating at | east ope selectable yalve ..
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St efariibldnl sladde tHeydi flereoiidipnepstdedo ¢ dhwpl roperts t he
capillary by rapidly generating a dynamc

differential pressure in the chanber..thus.all ow
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cap das@hys vi bLEEL At AR RSRHMI SrophiiBgef Dpluthiey of fluid
chahoail viSdosfigbPRAAE e Flai d T ow air;%uf_ﬁ

r elsampleg, thheppaattes efmpyises arftanes: a2ty of cupEYSYFEaf

property. | 30 erred. , ' i
or B Byl anpRor e AR iR Ry 3R g apiary
St eRs: KhvinCARrsPendamUeRkb@l énd witbeatlethntinthermitére diameter
control of a conputer. The equatjons %%% 'H?d in the.
calavet apiedateaniged kmgihe theraindRostionaed ghuid Communication
B L s e e
UNGhafi BedhSPAC & 18ise tweordtaatile vilhes Baygbe ddfiminga reamber of
- relationship can be used to determ ne the total :
Vol rardstaragredyoliimgo, the PrBifel BRY PG AP ESTEFe SRRt Y e
end of ..t gﬁg UL Eoifbied fol R GeleBiabidUalvie@R edoh
P, \;:e&:ce@,&lfﬁs )a%éerg%@%?d ﬂiDsfMtiaéﬁlgta(% ni ? ieala pr ess‘,3 urg at
t hecapitlaty syfsteini Al ddhpted to isturhtheifhiid banple vite rechaepilite
A o B Sk KSR, L AN AL upie o
Pr i @ledCordekeld@blctdEth @adt cdpiIMy bystert Bl &Pt esacabic
a second pressure source suitable to evacuate the
caphé Faidsaarpde frhmrdaeh capillarigsstenat thelcnde! (he mprasigepenly an

design as Vtot. From know ng t. I L Er 3

ci re “Pbeig e t‘bﬁ’@?ﬁ ee%sgr a%ru Fﬁg a{ %é& r?é)\efl)gb r erréﬁ‘% catppﬁdéy
vol YoRn0tnd 3ABti8e Fordewrdink Qifferédial pasirt argschndnifold and
chamber can be 15 determ ned, 'Li kew se if desired,

t herelatiog/theadiBfersntinlimsessueetto pI R POPESY d be det er ni ned
fromQ@---dvidt. Particularly, by defining the flow
paraneters as steady-state, isothermal and | am nar
using a capillary of known di nensions, a functiona
dependence exists between the volunetric flow and the
pressure drop due to friction. Fromthe volune of the
fluid displaced and a known characteristic of the
system 20 (internal dianeter and |l ength of the
capillary, pressure values, test duration, flow.
characteristics, etc) the Hagen Poiseuille equation
can be used to define the theol ogical properties of
the fluid, nore specifically the viscosity, shear
rate and shear stress. This equation illustrates the
rel ati onship between the volune rate of flow and the
forces causing the flow and is particularly rel evant
for systems having a Reynol ds 25 nunber |ess than
about 2300. The Hagen- Poi seuill e equation can be used
to nodel the flow considering a fluid element in the
capillary tube by derivation of relationship of the
pressure drop at the capillargaas a function of
capillary tube geonetry, fluid viscosity and fl ow
rate. 30 Accordingly, Equation 2: zRAA/Pt = (2) 8LV
where: ji is the Newtonian apparent viscosity, Ris
the radius of the capillary, L is the length of the
capillary, t is tinme neasured of the interval, AP is
-the pressure neasurenent over the interval and Vis



(3) 2L 10 4Q 4V y,,, == (4) KR3 KR3 where -c", is the .
shear stress at the capillary wall, y" is the wall
shear rate, Qis the volunetric flowrate. 15 In a
nore pragmatic way, a function between the dynam c
viscosity (cP) and the variation of the pressure vs
time (nb/s) relationship can be defined using a set

of adapted calibration products. Known viscosity of

ref erence sanples can be used to calibrate the system
under specific set of conditions. Using the device of
the present 20 invention, the pressure variation

speed (PO can be neasured and stored by a data

acqui sition device for use in defining a relationship
bet ween the pressure variation speed and the

Vi scosity. Numer ous nat henat i cal del s can be .
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a rapid analysis of the relative increase of

viscosity in a nyriad of test conditions, such as

hi gh tenperature oxidation/nitration curves,

di spersivity study, thermic shear of VII, etc. One
feature of the device of the present invention is
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the val ue of the corresponding capillary length is

i ndi cated fromthe neasure of .the tip portion. The
"area between 25cP and 3000cP was not included in the

initial study but sets of paraneters could easily be

determ ned. TABLE 2 gives 10 a set of paraneters for

three ranges of viscosities studied in this exanple,

nanely: 1 to 10cP, 8 to 25cP and 3000 to 10, 000cP.

These val ues were chosen for convenience to test the
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source was attached and the flowrate of 1 liter per
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Viscosity p (cP) PA0O2 18.56 1.760 PAO4 1336 4.1 PAOS5
11.36 5.300 PAO7 932 7.000 p = 0.0427P2 - 1.7914P +
20.301 5 EXAMPLE 2 This exanple is a presentation of
some sequences of neasures done on several petrol eum
products. The data denonstrates the repeatability of
the device of this invention when it is enployed to
NepRRtbeofMhé CRatth Yump D65 Bor Apadudrd simdaut] thewnudo regulion is

with the single. capillar te nd accordi-ng t he
B ths e dheciatonn Pt S R HOT R SePdk i Ppieibols’c
TowditBarSRe gdsfredproasiaiBtpas Ganfte inttddeced &b tHeamguusytaike s
enpl oyed in this exanple are set forth in Table 2.
TABLE 2 Set of paraneters Viscosity range 2 to 10

CA sétoh®Ppressure source 170 is coupled to at least one selectable valve 140 and used

to evacuate the test fluid 110 from the capillary 120. The second pressure source is -
regulated in flow and pressure using -suitabie'techniques‘ These parameters are not
critical and selected under suitable conditions to induce the test sample to evacuate
the capillary system and thus are selected with reference to the regulated pressure
source 160, Typical parameters are around 0.5 bar (from about 0.1 bar to about 5.0
bar) and around 1.0 titer/hour (from 0.1 liter/br to about 5 liters/hr). A convenient
second pressure source 170 is selected from the group consisting of compressed gases
such as air, nitrogen, oxygen, helium, I;IOX and the like. Particularly préferréd isan
oxidative pas and thus the test fluid 110 can be profiled by viscosity changé in
reference to oxidation. During operation, the second 'pressuire source flow and
pressure can be adjusted to slowly bubble a gas through the tést. fluid. In this method
of operation, the device of the present invention ¢an be used to study oxidative effects
or the effects of nitration on a test sample or a battery of test samples. Thus, for
example test samples may be evaluated for oxidative perfonnancc of nitro-oxidative
performance in real time. In this aspect, the second pressure source 170 is integrated
into the operation and serves the dual function of evacuaﬁng- the test sample from the

capillary and to serve as an oxidative gas source.

FIG 2 shows a partial exploded view of the chamber 130 which includes the capillary
cannufa 120. The capillary includes a stainless steel hypédennic needle 121 which

.' has a uniform diameter (d) over a predeterminéd length (1) with I>>d. On one end of
the needle 121, rit,has a flat tip 122 which is positional and submersed in the test fluid
110 during a measurement. The size and length of the needle can be varied-according
to ﬂie cxpectéd fluid p-rbperl:ies over the measurement. As shown in FIG 2, a suitable
needle is for example a 25 G, 17 long Luer. Common commerci'ally-syringc needles
presented in gauge size for exan{ple 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

8
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25cP 3,000 to 10,000 cP Internal dianmeter of the

needle (M 0.26 (25G 0.41 (22G) 0.84 (186) Length

of the needle 1" 10mm 10mm Starting pressure (nb)

-110 -220 -90 Measure duration Cs) 52 5 15

The device and paraneters were not optim zed,

accordingly the values of repeatability described

b ghiGidcRa6sificd riige Gomsiboigr eft tasbouhE,000riPilbe dfameter of the

p%gqril :Irymtau%g 1% pre-selected in accordance with the test sample. The opposing end
from the flat tip 122 has 2 standard Luer hub 123, which is used to connect the
capillary 120 the manifold 130. The Luer hub 123 has a flanged head 124 which
communicates with a connector 125 iflustrated by a-male/male Luer connector. The
other end of the connector 125 is attached to a similar needle 131, however illustrated
in FIG 2 is 2 20G, 6" long Luer. The tip end of this is attached to a tube 136 which
ultimately attaches to at least one selectable valve 140, not illustrated. The internal
volume for the manifold 130 including the eapillary 120 is fixed by the selection of
the components having the infernal recesses and provides a flow path for the test fluid
110. FIG 3 illustrates an alternative capillary and manifold arrangement indicating

~ alternative connector member configurations. Numerous suitable eonnectors and

. fasteners are known in the art, including but not limited to Luer locks and Luer slip-

, Aons, threaded connectors, connectors to tubing, etc. The connector 125 in FIG 3 can

be fabricated to have a larger internal volume for retaining a larger volume of test
fluid 110 in a measurement cycle. This larger volume may also serve and prevent an
aliquot of test fluid 110 ffom contaminating non-wetted areas of the manifold. Itis
particularly désirable to avoid contamination of sample to the regulated vacuum
“source. Also, advantageously the components which define the manifold are
inexpensive and easily replaced. Thus, for example, these components could be
single use or readily disposable if the test sample plugs and/or contaminates the
components. Commonly in oxidation tests, the oxidation by-products contaminate the

_ capillary tubes and are not readily cleaned.

FIG 4 is a characteristic préessure 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
flow rate suitable to evacuate the chamber and ready the device to a.measurement. A
regulated pressure source is suddenty applied 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 fo 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
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for the ability of this invention. Repeatability has
been denonstrated for two ranges of viscosity 1-10cP
and 3, 000-10, 000cP. Results: 5Range 1-10cP

Four petrol eum base oils have been chosen, which

bel ong to the four main groups defined by APl and AT!
EL BASE STOCK CATEGORI ES and cover the studied
vVssoslited tothedesigho®amillary Firstuit ot vabimss At g tbe gystem is

Pt G S Eh e S (ORE kb
Gﬁﬁnmad For 2@maENR 44 alesedhad R \HoHe iserpaeh thegiby ypplying
pﬁ% Lyt pr 9 9;}{-8 g%%%e @eﬁﬁi@n RﬂB%Aqueét hﬁldjﬁﬂ m

PHESCY | LE 3 shows t

r @@ﬂlahs i%n dn Fie4.st rmthiced prossues /Ry thadsiore pressms@éfesennal related

CEotes i ilet A0 i liaed BO9 142 kG by, SARDR RO

180hgd pRpraCROpRs Sird BB el (i) clantbe7 8bich ugfchs 5*1639&2 fluid

61n%0 l?ne cl:)l'amq)er. The flow of the test fluid is illustrated from t; to ty where the
pressure changes from P; to P¢over the measurement. Typically the duration of the

- measurement cycle is less than a few seconds, preferably less than 10 seconds and
typically around 5 seconds. At time t;indicating the end of the active measurement
cycle, EV2 144 is opened allowin'g for the test sample to chamber and ready the

system for a new measurement cycle. An advantage of this present system is that the

' mieasurement. cycle can be repeated after time t; without further intervention. Thus

for example momentarily after t, a new cycle can begin at a new t, after only a few

seconds to fractional seconds of delay.

An alternate partial schematic configuration of the apparatus of the present invention
is illustrated in FIG 5. FIG 5 employs a positive pressure driving head in the chamber
118 applied on the surface of the test sample. The test sample is placed into a sealed
reservoir 112 by using a sealing member 128 which removably couples with the
reservoir and/or the capillary 120. A further sc_:ali-ng member 129 can couple/decouple
the capillary 120 to the manifold 130 to allow fluid communication there through. The
reservoir can be pressurized; whereby the release of the pressure induces test sample
110 to flow into the capillary 120. The release of pressure may be effectuated via a

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 placed into a

" thermostatic control system where temperature is maintained. The pressure

I, diﬁe_rentiai is measured as the test sample flows through the capillary. The positive

préssure driving head is pressure regulated 200 and controlled (not shown) to provide
a repfoduéible and discontinuous motive force in the pressure chamber 118 to mduce
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 iﬁ the chamber 118 1s regulated |
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4.008 5.436 6.953 1.757 3.966 5.448 6.977 4 1.787
3.958 5.439 6.948 5 1.748 4.043 5.445 6.902 6 1.777
3.967 5.437 7.013 7 1.769 4.002 5.442 6.859

via the second pressure source 170, the pressure regulator 200 or in combination. The
positive pressure driving head in the chamber 118 is monitored by a pressure gauge
210 and/or 150 to record the differential pﬁssure in this chamber during the
measurement cycle. FIG S illustrates the second pressure source 170 at a driving
pressure of P+A,P which is offset by electrovalves 144 and 142 from the regulated
pressure source 160 and the manifold 130 which is in fluid communication with the
test fluid through the capillary 120. The regulated pressure source 160 in this instance
is preset at P-A,P. The difference in these pressures from the second pressure source
170 and the regulated pressure source 160 in the sealed reservoir can provide positive
pressure driving head in the chamber 118 to induce the test sample 11 to flow

through the capillary. As described abave, the rate of the pressure change in the time

- frame is able to determine a rheclogical property of the fluid measured.

This aspect can relate to.a method for measuring viscosity or related rheclogical
properties of a plurality of fluid samples using the device of the present invention
comprising: a) providing a plurality of fluid samples into individual reservoirs,
wherein the reservoirs are placed under thermostatic conﬁ‘ol; 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 subme;ged 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; c) actuating at least one selectable valve attached

to the manifold on each capillary system to allow a gas to enter into and pass ihrough
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 the chamber thus allowing the sample to flow from the reservoir through
the capillary; ey dét’ectiﬁg _pressufe change. of the chamber as a result of -the fluid
flow; and f) relating the rate of pressure change to a rheological property. Ina
preferred aspect, the dynamie pressure differential is decreasing with fluid flow.

Steps d-fcan be sequentially repeated under the control of a computer.
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8 1.774 4.021 5.413 6.927 9 1.784 4.018 5.464 6.852
10 1.788 4.024 5.548 6.953 11 1.756 4.056 5.433 6.926
12 1.774 4.015 5.425 6.972 13 1366 4. 066

The equations required in the calculation are derived from the following theoretical
considerations, assuming that the product of the pressure in the chamber and the
volume of uncharged space are constant, the Boyle-Mariotte relationship can be used
to determine the total volume test fluid in the capillary and chamber at the end of the

measure as illustrated in Equation 1.
PiVi=PVe (1)

where P; is the initial pressure at the initial time t;, V; is the initial volume at the initial
time t;; and likewise Prand Vyare the pressure and volume at time 1. Typically at
time prior to t; (for example at time t,) the system is at a second pressure source
suitable to evacuate the capiilar_;r and chamber at thus the volume is preset by design
as V. 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
détermined. Likewise if desired, the flow rate of the test fluid Q could be determined
from Q=dV/dt. Particularly, by defining the flow parameters as steady-state,
isothermal and laminar usiﬂg a capiliary of knewn -d-imensions, a functional
dependence exists between the vollrzmetricﬂow,and the pressure drop due to friction.
From the volume of the fluid displaced and a known characteristic of the system ‘
(internal diameter and length of the capillary, pressure values, test duration, flow
characteristics, etc) the Hagen P‘oiseuille equation can be used to define the
rheological properties of the fluid, more specifically the viscosity, shear rate and shear
stress. This equation illustrates the relationship between the volume rate of flow and
the forces causing the flow énd is particularly relevant for systenis having a Reynolds

number less than about 2300.

The Hagen-Poiseuille equation can be used to model the flow considering a fluid

element in the capillary tube by derivation of relationship of the pressure drop at the
capillary as a function of capillary tube geometry, fluid viscesity and flow rate.
Accordingly, Equation 2: .

aRIAPL @
HETey
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5.446 6.902 14 1376 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

where: p is the Newtonian apparent viscosity, R is the radius of the capillary, L 1s the
length of the capillary, t is time measured of the interval, AP is the pressure
measurement over the interval and V is volume measured over the interval. Ina
similar fashion the shear stress and the shear réte_ can be determined. The shear stress
at the tube wall can be obtained as illustrated in'Equation 3 with the shear rate

illustrated in Equation 4:

RAP
£l 3
Ly (3)
Y,
=2 . Y _ g :
¥ i )

-where T, is the shear stress at the capillary wall, v, is the wall shear rate, Q 1s the

volumetric flow rate.

In a more pragmatic way, a function between the dynamic viscosity (¢P) and the
variation of the pressure vs time {mb/s}) relationship can be defined using a set of
adapted calibration products. Known viscosity of reference samples can be used to

calibrate the system under specific set of conditions. Using the device of the present

- invention, the pressure variation speed {Py) can be measured and stored by a data

- acquisition device for use in defining a relationship between the pressure variation

speed and the viscosity. Numerous mathematical models can.be employed to describe
this relationship, such as using the method of least square to fit the curve to define p=
f(Py) or using geo_metric mean values, etc. The generated coefficients are stored,
typically in a computer énd accessed to define the viscosity of an unknown sample
{rom 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 Ya= Ty OF Vi
= iy,. 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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1.804 3.936 5.451 6.983 20 1.751 3.986 5.473 6.982
Average t774 3.998 5.468 6.936 Degrees of freedom
(dof) 19 19 19 19 Variance 0.000268 0.001414 0 002581

by Ya= (0,)"™ and thus p =(@n/(@(3n + D)u(ya)"" and vy = o{(3n+1)/4n)r, " where n
is a power law exponent. If the liquid bebaves as a Bingham fluid, the apparent shear
rate is relafed to the shear stress by v, = 0{Ty~tep) Where 1y is given from the yield
stress relation 1, = (3/4)tp; and thus p=1/a and v = «(t,, - 3f/4). If the liquid behaves
as a Casson fluid, the apparent shear rate is related to the shear stress by 74 1= a(‘rwm
—1tca) where 1, = '(49/64)1(;,@2 and thus u= a’ and Ve 12 (‘twm— Tcayo, where ¢, is

the Casson yield stress.

In the study of hibricants and lubricéting oils, oxidation is an impertant phenomenon
that needs to be controlied to increase oil drain intervals for engine oils and maintain
good lubrication of the engine during the whole length of the drain interval. Many

- engine tests have been and are being developed to reproduce this phenomenon and
qualify engine oils with adequate performance. These engine fests 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 férmulations, it
has been imperative to develop im;ﬂroved Iaberatory tests for predicting and
simulating actual engine tests response more expeditiously with improved response,
in less time and with less sarﬁple. Numerous labbr_atory oxidation tests have been
developed for many years for this purpose, but even though they use les_s amount of

“test oil, they still require several days of testing, use around 100 g of test oil and
require regular sample taking to be able to follow the oxidation reaction over time.
Most of the existing oxidation tests réquire sampling to be able to follow the evolution
of key parameters such as viscosity, oxidation, and/or nitration IR peaks, TAN, metals
concentration and the like. Removal of the sample for quantification during the test is
difficult and chaﬁges coneentration in the bulk sample, thus many methods only take a
sample at the end of the test. Some other methods follow the evolution of oxygen
pressuré mn é 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

for handling the samples.

The alternate pressure viscometer of the present invention can be employed to provide

arapid ahalysis of the relative increase of viscosity in a myriad of test conditions,

" such as high temperature oxidation/nitration curves, dispersivity siudy, thermic shear
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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 neasure) (cP) 0.048
0111 0.150 0. 148 Repeat. (average of 2 measures) (cP)
0.034 0.079 0.106 0.104 Repeat (average of 3
nmeasures) (cP) 0.028

of VII, etc. One feature of the device of the present invention is that it is able to

measure in-sifu the oil viscosity during an oxidation and provide viscosity
measurements in-succession and without undue interruption since the measurement

cycle is automated and short.

EXAMPLES

The following examples were performed to demonstrate the performance of the

device of the present invention.

Example 1 _

This example illustrates operation of the device using a single capillary system -
depicted in FIG 1 and discloses a method for calibration of the apparatus using-
samples of known viscosity to generate a correlation between the pressure diff(;rencé
vs time measured in chamber as a function to the samples viscosity. The method
indicated was used to calibrate a single capillary system; if a multi channel capillary
were used, the calibration would be performed for cach channel. Additionally, if the
operational conditions were modified, for exarﬁple, if the same capillary system were
to be used Vv;ith different values of reduced pressure, or measurement duration, or
temperature, it would be necessary to calibrate again the systen 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
were chosen: PAO2, PAQ4, PAOS and PAO7. Polyalphaolefins are manufactured
by the oligomerization of linear alpha olefins (commonly 1-decene or 1-dodecene)
follewed by hydrogenation to remove unsaturated bonds and fractionation to obtain
the desired product slate. PAQY’s are commonly categorized b}} numbers denoting the
épproximate viscosity in centistokes at one hundred degrees Celsius. The Kinematic

viscosities (cSt) at 100°C of these products were measured with a Hubbethod

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

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

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

Here we use a system made with a Luer necdle gauge 25G-17 as the capillary, a

15



0.064 0.087 0.085 5 As used herein the foll ow ng
terns are defined to nean: "Repeatability (single
nmeasure)"” means: The difference between two single
nmeasures done on the sane product in the sane
conditions by the same operator will be different of
0. 048cP (exanple for PAO2) only in one case out of

_t inalalnyale Ilébr splide padd secorMaeagredidipaike F0GHNr Ehi} latteraaadie is

a2 Sl o e

t dema1eee BlRE.atThe 2943 1P ndxdledia baewsit to aleadireOBséadities between

SRS L R0 F Bl 05285 By, SR

_ dintdsereqntmebnl meehavt hebanelfgeTief capillug@caiba davegsndiane

 Shnebpfarbe R e dobgPARP T bt ateharp ghoin

10

15

20

25

30

@€ dBARR)enpth| the valuo BRhEaB@spoHlling EapiliagyTeysth Rivdiated from

3, 000-10, 000cP One, pet r base, .0i
athpmegiire dith i RSFeR: ke affA LOHEATPE aﬂ%ﬁﬁﬁ'pﬁ%@ ngtingluded -
dinfthemail sthBResad shpatme@rsaould 265ily be 3ermbdd ANBLE 2 gives

12.5C) to cover the range .of \Miscosities between
30 BE GLR ARG fpr SRTBLISNESs Phpmesir i B prapal namplig! o

- dedeR, § fo3ER asd 310014 00, Q0O PTHRaN Gfues Wl Rhdsen (R 0siReBaRe to

2.5C BSS 5C BSS 7.5C BSS ]fO.C_ BSS 12.5C 1 10944 8799
test the inveniion over various ranges of viscosity; these parameters are not intended

to limit the invention or the working scope of the invention. For example, for a given

range of viscosity with the other parameters being equal, a capillary having a smaller
internal diameter of the needle will likely lead to a higher driving pressure and/or
longer period for the Samplé. Numerous values and parameters can be defined and

optimized.

The viscbsity ranges and parameters set forth in this example allow quick access to
study the flow characteristics and allow 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
data often requires three, four or more pre-blends before reaching the right viscosities,
and even if the last measures have to be done in ASTM conditio’ﬁs, a lot of time can
be ga-iné'c_l ‘by using this invention for the pre-blends. For example, using the device of
the presént invention approXimately 6 minutes including the temperature stabilization
is sufficient to get an average of three or four values. Thié compares to around i5
rﬁ-inutes for a single measure with the Cold Cranking Simulator (ASTM D5293) or
around 20 minutes for a Hubbelhod viscometer (ASTM D445).

The device was sef-up using an apparatus as illustrated in FIG 1 wherein the sample
to be tested was placed 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 the surface of the sample. A 0.5 bars regulated compressed air
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6651 4854 3153 11058 8859 6715 4785 3163 3 10994
8809 6740 4807 3186 10960 8753 6785 4801 3200 5
10994 9137 6777 4775 3184 6

source was attached and the flow rate of 1 lter per hour aliows bubbles to emerge
from the tip of the syringe and to evacuate any sample. The reduced pressure motive
force was secured by using a vacuum pump controlled and coupled to a 5 liter
vacuum tank, the vacuum set point was set at -1 10 miflibar -+/- 0.5 millibar and the
test measurement cycle was set at 5 sec. The reduced pressure source was controlled
by electrovalves. The electrovalves used in the system are solenoid-operated 2 or 3-
way pinch valves, 24VDC, coupled to the chamber using silicon tubing with an
internal diameter of 0.8mm (1/32”). A quick acting valve is desirable; the response
time for these EV’s is between 5 and 20msec. The relative pressure gauges used for
the reduced pressure control and the measure of the pressure variation speed has a

range of 0 to -300mbar for an analogical output of 0-10 VDC.

Software and hardware for the control of the process and the signal acquisition are
from Naticnal Instrument Company (Austin, Texas): LabVIEW™ for the software
and field point modules for input/output signal, with the final data sent to an Excel

~ spreadsheet. The précess is largely automatic; the operator places the oil in the

reservoir, the reservoir in the thermostatic bath and starts the process. At the end of
the process, the reéervoir 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 s_i-nglé reservoir or to multiple reservoirs; either
simultaneously or in rapid serial mode. Numerous robotic samples are known in the
art and commercially available, suitalﬁle three axis robots are disclosed for example in
U.S. Pat. Nos. 5,476,358 and 5,234,163. According to the capillary used and range
of viscosity studied, the soﬁware.prdgram allows modifying the set point for the
pressure, the time for applying the reduced pressure, the. measurement duration, the
time between two measurements, and the coefficients of th-e. equation p = f{P)

explained below.

Measure: approximately 3 milliliters of PAQO were placed in an open ended (to

ambient air) reservoir which was allowed to equilibrate in a constant temperature

7 silicone bath (or dry aluminum bath) at 100°C degrees Celsius. The capillary was

positioned to have at least onc end immersed into the fluid, and then the flow rate of

17



10

15

20

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

air was set to assure that air was bubbling in the PAQ. The system was allowed to
equilibrate for a period of time until the oil temperature in the reservoir is stabilized at
106°C. Due to the smail quantity of oil m the reservoir, typically around 5 minutes is
sufficient. To begin the measurement cycle, the regulated reduced pressure is quickly
applied to thie capillary and chamber to allow sample to begin to flow into the
capillary tube. “The reduced préssure is applied by action on the adapted electrovalve
during 0.3 seconds and during the following 5 seconds the pressure variation over
time is récorded- The acquisition rate is fixed to 10 values per second, the 50 values
recorded look like a light curve, the computer is employed to process a linear ‘
regression on these 50 values, the slope of this line is used to define the mean of the
pressure variation speed (Py) in mbfs. Afier approximately 5 seconds of measure,
compressed éir is applied to empty the viscometer. Typically only a few seconds are
required before the air bubbles again in the oil, for example here we waited

. approximately 10 seconds. To increase the precision of the test we repeated the
measurement cycle three times and the average of the threerpressure variation Speeds
was calculated. The reservoir was removed from the bath and the parts were rinsed
with a solvent like heptane and dried before the next oif is measﬁred according to the

same procedure describe above.

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

speed (Py} are stored, and by the use of these data and the method of leastrsquare the

equation p= f(Py) is defined (TABLE 1 and FIG 6). The coefficients of this equation

are stored in the computer and are then used in the program to directly give the

- viscosity of an unknown product.

18
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6651 4843 3178 15 10853 9035

TABLE 1 calibration for a viscosity range 1 to 10cP

Pressure variation Viscosity p
speed (mb/s) {cP)
PAO2 18.56 1.760
PAO4 13.36 441
PAOS 11.36 5.300
PAO7 9.72 7.000
p= 0.0427P% — 1.7914P + 20.301

- EXAMPLE 2
" This example is a presentation of some sequences of measures done on several
- petroleum products. The data demonstrates the repeatability of the device of this
invention when it is employed to measure viscosity. These measures have been done
10 with the single capillary system and according to the procedure and calibration
method described in Example 1. The specific parameters for the capillary systems
employed in this example are set forth in Table 2. o

TABLE 2 Set of parameters
Viscosity range
2to 8to 3,060 to
10 cP 25¢P 10,000 cP

internal diameter of the -néedle_(mm) (g'sz(g) (g;é) ((13882)

L.ength of the needle . 1 10mm 10mm
{ Starting pressure (mb} =110 | 90 ~220
| Measure duration (s) _ 5 2 5

i5
The device and parameters were not dptimized, accordingly the values of

repeatability described below have to be considered as the minimum of performance
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for the ability of this invention. Repeatability has been demonstrated for two ranges of
viscosity 1-10cP and 3,000-10,0600¢P.

Results:
Range 1-106cP _ o
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:

PAQ 2: Polyalphaolefin GROUP-4 _
Chevron RLOP 100N: Mineral oil GROUP-2
Total 150N: Mineral oil GROUP-1 7
‘ Chevron UCBO-7R: Mineral oil GROUP-3
20 measures have been done sequentially for each product with the same parts and the
_same procedure described in Example 1. TABLE 3 shows the results and the statistics

eva}iaaﬁo.n.
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10883 8994 6737 4818 3209

Aver age 10958 8864

6733 4821 3190 Degrees of freedom Oaf) 19 19 19 19 19

Vari ance 10704 18189 4783

TABLE 3 Results and statistics data range 1-10cP

1631

GROUP-3
GROUP4 | GROUP-2 | GROUP-1 | UCBO7R
Range 1-10cP (100°C) | rao2 (cP) | 100N (cP) | 150N (cP) (cP)
1 1.780 3.932 5.592 6.980
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 6.948
5 1.748 4.043 5.445 6.902
6 1.777 3.967 5.437 7.013
7 1.769 4.002 5.442 6.859
8 1.774 4,021 5.413 6.927
9 1.784 4018 5.464 6.852
10 1.788 4.024 5,548 6.953
11 1.756 4.056 5433 6.926
12 1.774 4.015 5.425 6.972
13 1.766 4,066 5.446 16.902
14 1.776 /3.957 5.565 ' 6.904
15 1.800 - 3.983 5429 6.840
16 1.746 3,986 5.469 6.899
17 1977 4.025 5.537 6.945
18 - 4.789 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 2998 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
R’epeatability {single measure} (cP) 0.048 0111 i 0.150 0.148
| Repeat. (average of 2 measures) (cP)- 0.034 0.079 - 3.106 0.104
Repeat. (average of 3 measures) (cP) 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

done on the same product in the same conditions by the same operator will be

21

o different of 0.048¢cP (example for PAO2} only in one case out of twenty.
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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 neasure) (cP)) 306 399 205 120
54 Repeat. (average of 2 neasures) (cP) 217 282

“Repeat. (Average of 2 measures)” means: The difference between the average of two
measures done on the same product in the same conditions by the same operator will

be different of 0.034¢P (example for PAO2) only in one case out of twenty.

“Repeat. (Average of 3 measures)” means: The difference between the average of

three measures done on the same product in the same conditions by the same operator

- will be different of 0.028cP {(example for PAO2) only in one case out of twenty.

Range 3.000-10,000cP

_ One petroleum base o0il, a Bright Stock Solvent, was measured 20
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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145 85 38 Repeat (average of 3 neasures) (cP) 177 230
118 69 31 EXAMPLE 3 Oxidation test: The follow ng
study has been done with an ei ght channel capillary
system It differs 5 fromthe single channel
capillary systemin the sense that the reduced
pressure part is comon for the eight capillaries so
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t he opposi-t-e,—the-gas—pressurized—parti-s—unigue for
each cell and thus, there was & requirgnent tojsplice
ei ght {ﬁl r Eﬁ#e weBsksed] 15888n f | owssser 3 wBsh BSS
Rartgg 3, 81080068 7|\ © ng&Qf O 1855 Liltefo°c | 125C
per hour. 1The gas used] f dP9dhi § e&&@bpl & | 86510aijr . 48HMe 3153
oxi dati an2perf ormance pf M8 phss#ier | cab?18ngif ne4785 3163
oils is sBudied here adpeod | hat80%cch t 40 ed | f 007 3186
times. A dequence of the1830nht | ne¥Shrek 08783 s ‘nQi‘WU 3200
i - 18994, | he93Ec o} deblTial 4 3184
| calculatebthe percent of 10¥Bi a1 i o188 | heb84 4785 3192
vi-scosity! The test-isl-ddiB2at] a-T3hpetat ¥rb of 1858 3180
t he—air—was—bubbled—i-al-+-He228i-+|-at 2937 £ 1 bwr P8 of 1454 3173
t o—comrente—sui-table o*x‘rége'%on e o a1 3n5664f‘“hc t o471 3186
+Ss—st-opped—when—the—re at”l 79 \4 scﬂ‘fty inﬁ‘m"‘as: 4838 3181
reached aﬂound 20-pete rt1h ﬁ/-\BLE @i’*i vEs f;:d“gu.. 87l 3224
t hc paf a..é et-s—fFor—thi 332% pl u géj’-/-‘\ ' g p{ %2% g:gg
paranetet ™ E-+—qtranti-t o7l Cat gkt 1O (‘,’é‘g? airt 4343 2178 -
15 10853 5035 6715 4831 3188
16 1 10914 8926 6740 | 4814 3216
17 11127 | 8673 6785 4839 3222
18 10934 8696 6777 4862 3197
19 10922 8586 6851 | 4893 3200
20 . 10883 I 3994 6737 4818 3209
__Average 10958 - 8864 6733 4821 3190
Degrees of freedom (dof) 19 19 1 18 19 19
Variance | 10704 18189 | 4783 1631 335
Standard dewatlc_)n . ] 103 ] 135 69 40 18
K student { 0.025 - dof=19) 1 2,093 2,093 2,093 2,093 2,083
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 31
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Gas pressure 0,5b Gas flow 1t/ h Tenperature 180C
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The oxidation performance of two passenger car engine oils is studied here. Each oil

has been tested four times. A sequence of the eight measures of viscosity is done

- every 5 minutes. From the recorded values we calculate the percent of variation of the

viscosity. The test is done at a temperature of 180°C, the air was bubbled in the oil at
a flowrate of 1 I/h to commence suitable oxidation conditions. The test is stopped.
when the relative viscosity increase reached around 20 percent. TABLE 5 gives a

-summary of the parameters for this example.

TABLE 5
Example 3 parameters
O quantity - ' 3mi
‘Catalyst no
Gas air
Gas pressure 0,5b
Gas flow 1tth
| Temperature 180°C
Reduced pressure -110mb
{internal diameter of the needle 25G
{ Length of the needle 1"
Timme to. apply vacuum 0.3s
Measure duration 8s.
| Time between two serial of eight measures fmn

‘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 vasiation of

viscosity plotted against the cumulative time of the fest.
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Exanple 4 paranmeters Ol quantity 3 m Catalyst 1 :
Naphtenate of iron 75 ppm Catal yst 1 : Naphtenate of
copper 75 ppm Gas NO2 Gas pressure 0.5b Gas fl ow
21111 Tenperature 150C Reduced pressure -110nb
Internal dianeter of the needle 250 Lencrht of the
needle Tine to apply vacuum 0. 3s Measure duration 5s
Ti me between two serial of eight measures 5m

EXAMPLE4

We used the same device as conﬁg.ured in Example 3; however a different secondary
pressure source was used to illustrate the ability to use gas other than air for an
oxidation test. Here; NO, was sclected as oxidative gas to test the nitro-oxidation
performance of Natural Gas Engine Oilsr(NGEO). Two internal low and high NGEO
reference oils are tested. Oil A is the low reference and Gil B is the high reference.
Only two capillaries have been used for this test, the six remaining capillary systems .

were disconnected. TABLE 6 gives details of parameters for this example.

TABLE 6
Example 4 parameters

Oif quantity 3mi
Catalyst 1 : Naphtenate of iron 75 ppm
Catalyst 1 : Naphtenate of copper 75 ppm
Gas ' I NO2
Gas pressure |._05b
| Gas flow 2Wh
‘Temperature 150°C
Reduced pressure -110mb
 tnternal diameter of the needie - 25G
Lenght of the needie i "

-| Time to apply vacuum - 03s
' Measure duration . 5s

{ Time between two ‘serial of eight measures S5mn

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

products during oxidation tests.

25



10

15

20

FI G 8 shows the kind of curve we can record. An
advant age denonstrated by this plot and duri ng

t he neasurenent cycle is the real tinme observation of
t he behavior of 25 products during oxidation tests.
EXAMPLE 5 This exanpl e depicts an oxidation test.
Here we investigated the behavior of a Viscosity

| mEdeMPIIpS Oover (VII) at 180C in a binary blend with a
b I he VI | ted t
oy e At 91 R E s BB vt st telimsnsp o

baﬁﬁ:oﬁtthd!ex IMéroveQiViy et 180°C fii abitap Blead ith b Basa il eThaVil
of 14cSt . at

t f VII bt t
ot eds) ufsseris %f}ﬁ’ﬂ%ﬂ@%ﬁ?‘éﬁ?@gﬁs'ﬁ#‘? HpSyroe Cagp 3 base

degc wdigsluddIn BiaBARE 6il Bhe n&h%ssh@ﬁﬁmﬂltjr BEVNI It«SGlﬁﬁh b is6dsity of
the base oil_alone in |rs bl.end of
b33 100 ProtstaR b BF e S sHRINEE P vicogseH BEtin FEngE &

atwededoRIBE f/f@&dﬂtﬁ obthe 88061 aldABh §1e7ﬁrgi R Sndjﬁé Bleh ofHfase oil
paranmeters for this exanple.- 10 TABLE 7 .
PP ENBIR 1S st5ord Eelblbe £ Fom il mpirSteegs TERLT AAPLBgives

plaeERIIfpaRdmeRs@@sthislepindid/ h Tenperature 180C Reduced
pressure -110nmb Internal dianeter of the needle 25G

Length of the needle 1" Tine to apply vacuum
TABLE7
Example 5 parameters _
Oil quantity B 3ml
Catalyst No
Gas Air
] Gas pressure 0,5b
Gas flow 1h
Temperature 180°C
Reduced pressure -110mb
internat diameter of the needle 256G
Length of the needie L
Time {o apply vacuum 0,3s
Measure duration 5s
TFime belween two serial of eight measures hmn

FIG 9 shows a Vf;l'y rapid drop of the viscosity after around three hdurs of test which

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

EXAMPLE 6

Recording the variation of the viscosity versus time can show dthef 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 against plugging.
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0,35 Measure duration 5s Tine between two serial of
ei ght nmeasures 5mm FIG 9 shows a very rapid
drop of the viscosity alter around three hours of
test which 15approaches the viscosity, of the base
oil after about 6 hours. EXAMPLE 6 Recording the
variation of the viscosity versus tine can show ot her
pbrthosamrec@fe diustitblindxampigd bukdtddenpsratucg pf 1 G and
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“where 2% of 5 di spersant additive conmng fromthe

10 g#ﬁ%@géﬁ&% E%@sdc% ﬁ)f amel sfplsﬂl% nggiéc-y?l e@k&%%ﬂ&eteklgfé

_ € Ol ncrea € VI SCOSi
| protdutares dedodbediibandis ﬂ&mammsy mfmﬂs{ﬁmbmis dml)i Thea lnpendalnple

the, vi scosit mai_ns . hes
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L 15 Bpﬁggmg'aenéﬁleghmnga@h;ﬂemudm;e in part because the

extremty of the capillary where N2 is bubbl ed should
" be positioned approximately in the mddle of the
hei ght of the oil in theTd&®&oir and not at the

bot t om wher g—-earbon—btack—decant-s——Fthi-s—post+ti+qni ng
is to prevent_against 15 %xamaﬁerﬁupammeﬁmdl e dyring a
sanpl e sequs@bquaﬂtNYARl ES anrml e 6 par.amet prsmial|
guant i ty 5 1 tatyst al yst no (‘-ﬂq hl.2 (‘-;m pr essh?e 0. 5b
Gas flow . (Gas ‘ N2

Gas pressure _ . 0.5b .

Gas flow 1ih

Temperature 110°C |

Reduced pressure -110mb

internal diameter of the needle 25G

Length of the needle 1

{Time to apply vacuum 0.3s

' IMeasure duration : 5s

h’lme between two serial of e;ght measures - 5mn

. FIG.10 shows the rapid decrease of the viscosity of the oil which does not contain the
20 dispersant. For the blend which contains the dispersant, the viscosity is constant for a

o . long period of time with a decrease appearing after 12 hours.
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11/ h Tenperature 110C Reduced pressure -110nb

internal dianeter of the needle 25G Length of the

needle Time to apply vacuum 0. 3s Measure duration Ss

Ti me between two serial of eight nmeasures 5m

FI G 10 shows the rapid decrease of the viscosity of

the oil which does not contain the 20 di spersant. For

the bl end which contains the dispersant, the

viscosity is constant for a long period of tinme with
WHEATBcedb®DdSpeari ng after 12 hours. WHAT | S CLAI MED

I'S: 1. An apparatus for determning a rheol ogica
property of a fluid conprising: a capillary
1. haviangpperdtisrfet deenuinmad rzobeicd meppeori il cgmprising:

subst ant RIEH Sl se QYE EncPwill L8848 1iRN etk ' diameter
| ength, %ﬁ%l¥wqﬂk&gﬁghgkspogeéefor ?I Id ] orm d

CommEna omdptermlwdt Tanggh, |they fissh ef!é‘a‘i‘ﬁﬂ"?dtf@r flaid cammppicagon with a liquid

theg gfqu' de t @chednd Qdarimed Hal HanifoMi hﬁ@n@h‘r 1Ea@ﬁ3ie selectable
one sel ecta val ve, the caplllary to et her

" mantyays) the &ﬁﬂuaﬁh @ggbeqv@g]stpe B oé%iarzéléifrea%| 2ast Ane ecéaé) & Vﬁgve define a

a chambelor phad-RHRl ehmhded vol une, a regul at ed
pressure source initial

i
sanpl e | qqqegﬂztt%presélﬁ'p pquaqeymgﬁ@ B@% od{r c%‘ aﬁnfpée mtr(])ttrlleaclapﬂlary and
Pr eSSbh@ alaftfetddBalGRafRen tethiditer Rhisebeacodf aaolsesmlt vent,
a pressure sensor atta hed

out put t i EN @reﬁﬁqef SEPSOF, @tiag edp et %ulﬁagﬁ%t:r H)r outguttlrﬁﬁ dlfferentral pressure to a
devaﬁﬁmm@nﬁvmeand a second pressure sour ce coupled to ‘

the at | t | ect ab f ’
sanpre FonneRESETRaRy P EHERE aRlop UREHAL |8 i) Racuaing e

whegagiple fidietheledpiiaryent i al pressure in the chanber is
dynami c changing as the sanple flows through the
capil lary. - The apparatus of clainms 1 or 2, wherein
2. t heTlH ﬁ}fpafa&latdfaﬂalpr Boeheran ithe diffdeetiobaesswg in the chamber is dynamic
drfferentr us of any one of '
t he® r%%%aé%h s&n?ﬁ%ﬁ&?ﬂn‘ -Egl?th@@ﬂ)?[hagt capillary is a
needle The apparatus of ‘any one of the preceding

. cl a*[’ll;rsag) WORL 6f Daiti2§ dreY Whatif GhdddiBS S EprS@MtE &Ea Hderedsing differential

duced pressure source derived froma vacuum devi ce.
pressure.
4.~ The apparatus of any one of the preceding claims, wherein the capillary is a needle.
5. The apparatus of any one of the preceding claims, 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 comprises a vacuum

pump, a vacuum tank, a pressure gauge and a contro] system to regulate the reduced pressure

source around a defined setpoint.
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The apparatus of claim5, wherein the reduced

pressure source further conprises a vacuum punp, a
vacuum tank, a pressure gauge and a control systemto
regul ate t he reduced pressure source around a defined
setpoint. 7.The apparatus of any one of the

preceding cl ai ms, wherein t he second pressure- source
is a conpressed gas at a pressure greater than the
pressure of the regul ated pressure source. 58The
apparatus of any one of the preceding clains, further
€ on?ﬁe u?c:nt Q]%/rcﬁg %E ! p‘f‘ec@cﬁ? El%ns S\Y]%Fe@rmﬂe Recond pressure source is a
" commuinite | e to be neasured.

A capmk%aﬂngﬂgemﬁﬁﬁé¥&$% a%@ae@ﬁ@@@f*ﬁﬁﬁ?@?@ﬁ@ﬁ?@S@F”
a-liquid sanple conprising: a capillary having a

first. end and-a second end with_ a substanti al

8. uni T appaiitamelt aw B ef the PEGRILSITL (R IPEHE? Ethefrﬁcgtaﬁc control

i 1 ShstefNflcHraRRa8h i thd lidhickampRMIBYGRdre@n W th the
liquid sanple to be neasured, the second end attached

"to a mani fold having at Ieast two sel ectabl e val ves,

the &a?;lxbllyarsyoﬁe@@%rhafuemat Iheas.hranmmfﬁumd @mladmpasmg
.l east two sel ectabl e val ves defi.ne, a

pr et 68l IEHL o'ty ‘Hcgl apii]é s?cio? eEnd\}Véﬁh\;lesuF ﬁan gl{y umforrn diameter over a

- co ”méﬂﬂt&ﬁfnb@langth,ttﬁb @streagdisgieidor fhﬁthm@mroeﬂmml'él the liquid sample to -
- source for, i nduci ggrérf %‘%&l} e:!rl, rgnaJIP ailgg af:’l%z%{ Moak ])éctﬂpéjvalves the

_chahbBfsyRY Myehgy pressure in

th ece@haﬁaagetﬂeﬂwttﬂnme ahsiéuid endafe @ lm Irwestectable paleesslafing a chamber of
sensor _atta d to the cav Ly, ol 4 reduced

di f PEPEHR ‘f PREShY erSt 55"&}‘5:60ln &%{umg %\g %Eeb %%ﬁm i oe pressure
t hesmek efo‘zt ablongviht vesplaido phee:sBthﬂ"E agé plggtber @nddgeaerate a differential
second b .8 SRAUE Bresiiel é}anemE& d to the cavity fc
eva@ﬁ%? %%Hmnwm1 1%?%%&F%£an VF S ed to the cavity for
capbithating mffsrcmmtemssu@f acdomiphHNg, demm m@ﬂedcterfbfr ﬁ%fm@lea"alves and
devi r%%ulle e sgrc %idja%_%g nd’ ﬁ%és@[te'sglﬂceoit APr&RH G aB¥ €8 evhcuate the sample
meabuf e caplllary visconeter of claim .

10, ﬁbmﬂmh@mﬂﬁbnpr|3|ng a conputer to process the nean

of the pressure variation speed and define a relation

bet ween the pressure variatjon speed and, 25vj scosj

104Si e AsmIRETEAPEEteT PLAEM 4 AR RPAPAG 18 o FEeor I variston of

MeagMEslRGvMa Se@srdnkn@r el ated rheol ogi cal properties
of a plurality of fluid sanples, the appar at us

conprising: a frame; 30a plurality of capillary
11.5Y ST RN Gpiitiy GAsconam @elan fiD CﬂMﬂ&atdﬁnﬁr@mg tlvemfuterita process the mean of

S S BT B LK RS R e e

uni fisdoBydisRpRrdEre@eduida predeternined |ength, the
first end positionable for fluid comunication with a
fluid sanple contained in a sanple hol der, the second

12.end Aatapedng dot Me@urirgniidcaditg o m}atq:ﬁ\;rha:tlogu@hglppm of a plurality of fluid

selectz #ﬁ valwg &Eg&gb defining a cavity of :
pr efEPEHHHER VO e “tHe manifol d having a pressure
sensor; afram | east one pressure source coupled to

each cap] Gorifid M&d samples, each
and adap Eg%{%C§¥ %§$4%£$QﬁF%B§E§SE§SFﬁ?%.gach P
capbysicar kavisg st eapillaty tuhe hipdeg mﬁrﬁgn@)ﬁnfbarfé‘a’élﬁ cachgiifr 2 substantially
and, iR EUAGLR! Guct Dt fRRRInEs at the end of the

nmeasur enent . an assenbly attached

to the frame for securing at |east a portion of the

10capill ary system and evi ce for recording
differential pressure in eac% mani fol d and rel ati ng

the differential pressure to a fluid property.

13., An apparatus for neasuring viscosity or related
rheol ogi cal properties of a 15plurality of fluid

sanpl es, the apparatus conprising: a frane; a

plurality of capillary systens which provide a flow

path for the fluid sanples, each system having a

capillary tube having a first end and a second end



a regul ated reduced pressure source coupled to at

| east one sel ectable 25val ve in each capillary system
.and adapted to induce the fluid sanple into each ‘
capillary system at the beginning of a neasurenent; a
second pressure source.'coupled to at |east one
.selectable valve in each capillary system and adapt ed

“to. evacuat ekl and fidi dd SRS foP M thnailidd e fluid
system at the_end of the neasurenent; 30an assenbly

attached t Smpifeeopiaiprbinasrmels boldsr e sgpond é‘&%%“aﬁ’%@rat i on

of the capmb&m%mtaemst ARGelBctR W teRby B8R dicAgy of

di fferential ess i n each nifold and
relating- tPFédeger @ &l eﬁ?@éfgniﬁll‘%“‘%g&l’é"*%?eamn

- @roperty. at Jeast one pressure source coupled to each capillary system through
" the selectable valve and adapted to induce the fiuid sample into each
capillary system at the beginning of a measurement and to evacuate the
sample at the end of the measurement;
.. an assembly attached to the frame for securing af least a portwn of the
10 capillary system; and
adevice for recording differential pressyre in each manifold and -
relatmg the differential pressure to a fluid property

. 13, An appérhtﬁs for measuring viscosiiy or related 'fheologiéal properties of a
15 . plurality of fimd samples, the' apparatus oompusmg |
' - aframe;
a plurality of caplllary systems whxch prowde a flow path for the ﬂuld
samplmé each system baving a caplllary tube hawng a first end'and a
; _ - second end with a substantially vniform dlameter over a predetermined
20 . length, the first end positionable for fluid communication with a fluid
o sample contained in a sample holder, the second end attached to a
manifold having at least two seleciable valves thereby defining a ;:hamber
~ of predetermined volume, the manifold having a pressure sensor; |
_ ‘a regulated reduced préssure source coupled to at least one selectable
25 valve in each capillary systern and adapted to induce the fluid sample into
| ~ each capiliary system ét_the beginning of a meésuremént; a second
_pressure source coupled to at feast one selectable valve in each capillary
system and adapted to evacuate the fhid sample from each capillary
system ‘at the end of the measurement;
3G . o an asscmbly attached to the frame for securing at least 2 portidn of the
- capillary system; and 7
a device for recording differential pressure in éach manifold and

' -miaﬁng’the differential pressure to 2 fluid property.
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