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ABSTRACT

The dynamic viscosity of olive oil samples of different storage ages in
weekly basis from different locations was measured as a function of tem-
perature. In this study, the dynamic viscosity as a function of storage age
in weekly basis decreases with increasing temperatures. Three and multi-
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constant formulas were proposed to obtain more suitable prediction of
temperature dependence of dynamic viscosity of olive oil samples. The
best AAD% was calculated using our proposed formulas to be 0%.
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INTRODUCTION

Viscosity isafundamenta characteristic property
of dl liquidsand itisoneof themaost important param-
etersrequiredin thedesign of technological processes.

Therewere numerousresearcherswho worked to
propose alternative equationsto describe the effect of
temperature on dynamic viscosity. An equationto re-
placethewd l-knownA rrhenius-typereationshipwas
derived by Giap tested hismodel using six vegetable
oilsand proved itsaccuracy!. Barnett proposed afunc-
tiona formfor thevariation of liquid viscodty (1) incP
with temperature (t) in °C!4. De Guzman suggested
three-constant formto represent liquid viscosity asa
function of temperature®. Vogel aso proposed athree-
constant representation®. Reid represented liquid vis-
cosity inthepolynomid formi®. Daubert utilized anew
formulato represent the dynamic viscosity dataasa
function of temperature for alarge number of sub-

stances®. Abramovic described the effect of tempera
ture on dynamic viscositiesfor anumber of vegetable
oilsby using modified versions of theAndrade equa-
tion”. Inaddition, Abramovic suggested anew formto
describethe effect of temperature on viscosity which
asbeen also used by several investigatorg® 19,

Themain goal of thiswork isto study the depen-
denceof dynamicviscosity of oliveoil ontemperature.
There ationship between thedynamic viscosity of olive
oil with temperature and storage agewill befound by
fitting equations.

THEORY

Viscosity isameasure of theresistanceto flow or
shear. Viscosity can also betermed asadrag forceand
isameasurement of thefrictiona propertiesof thefluid.
It can be expressed intwo distinct forms:

1. Dynamicviscosty (1)
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2. Kinemaicviscosty (v)

Dynamic viscosity isdefined astheratio of shear
stress (force over cross section areq) to therate of de-
formation (thedifference of velocity over asheared dis-
tance), anditispresented as:

n=—
au M
OX

Where, 1 is the dynamic viscosity in Pascal-second

ou
(Pa.s); 1 is shear stress (N/m?); and, P 7 israteof

deformation or velocity gradient or better known as
shear rate (1/s)*,

TheKinematicviscogty requiresknowledgeof mass
density of theliquid (p) at that temperature and pres-
sure. Itisdefined as:

n
v =

0 )
Where, v is kinematic viscosity in centistokes (cSt), p
ising/cmd,

Simpleaswell ascomplex expressionshave been
proposed for therepresentation of liquid viscosity asa
function of temperaturewith themain objective of rep-
resenting theavail able experimenta data

Among severd proposed rdations, De Guzman pro-
posed the simplest form of representation of liquid dy-
namic viscosity asafunction of temperature®”, which
is

n
v =

0 4
Abramovic described the effect of temperature on dy-
namic viscosty by using thefollowing equations:

A
Lognz_l_——B (5)

n=A—-BLogt ©6)
Wheren is the dynamic viscosity in cP, T isthetem-
peraturein Kevin, tisthetemperaturein degrees Cel-
sius. A and B in equations 4, 5 and 6 equations are
constants. The constants of equations (5) and (6) of
oliveoil and other oilsare presented by Abramovic®.
Abramovic used theAndrade equations of three-
constant formulathat are represented inthefollowing

equations.
B C

Lnn:A+_|_—+T—2 (7)
B

Lnn:A+T—+CT (8)

Another study by Natarajan utilized theAntoinetype
equationgiven by:

B A

Logn =
gﬂc

Wheren is the dynamic viscosity in cP, T is thetem-
peratureinKevin. A, B and C are constants. The con-
stants of Andrade equationsof olive oil and other oils
arepresented by Abramovicd”8. The constants of equa
tion (9) for dynamic viscosity () of olive oil and some
liquidsaregiven23,

A study by Reid represented liquid dynamicvis-
costyinthepolynomid form:

Ln77=A+_$—+CT +DT? (10)

Wheren is the dynamic viscosity in cP and T is the
temperaturein Kelvin. A, B, C and D are constants.
Reid in hiswork estimated the constants of equation
(10) for several substances®.

EXPRIMENTAL

Theviscosty of oliveoil samplesof crop 2010from
twodifferent locations(AL yamun(L,) and Beta(L ,))
at different temperaturewas measured weekly during
the period from June 2011 till August 2011. The ex-
perimentd datawerefitted and thecorrelation constants
of the best fitswere estimated.

Experimental apparatus

Two mode sof viscometer of different rangeswere
used to measure the range of viscosity of olive oils
samples: Low viscosity readings of olive oil samples
were measured using the Digital Viscometer Model
NDJ-8Swith accuracy + 1%. A Brookfield Viscom-
eter Modd DV-I+ with accuracy + 1% a so was used
to measuretheviscosity of oliveoil samples The SP-1
spindlewas operated at 60 rpm. Thecalibration of the
Brookfield Viscometer Model DV-I1+ was verified by
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using standard fluid with aviscosity of 4840 cPwith
accuracy + 1% a room temperature and RV-3 Spindle
at 2 rpm was used*4.

Temperaturewasmessured using Digitd PrimalLong
Thermometer with accuracy +1% which measurestem-
perature rangesfrom—20°C up to +100°C.

The Fried Electric model WB-23wasused toin-
creasethetemperature of the oil samplesto aspecific
temperature.

Satistical analysis

Some empirical relationswere found to describe
thetemperature dependence of dynamic viscosity by
using SPS program. The correlation constantsfor the

40
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best fit wereestimated. The best fit equation was cho-
sen based on the percentage of average absol ute de-
viation (%AAD) and standard deviation (SD) of the
datal*y,

EXPERIMENTAL RESULTSAND
DISCUSION

Temper ature-dependence of dynamicviscosity

Thedynamicviscosty of oliveoil samplesfromtwo
different locations (L, and L) asafunction of tem-
perature, which was measured after someweeks, is
plottedin Figure1 aand b.
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Figurel: Themeasured valuesof thedynamic viscosity of oliveoil samplesfrom two different locationsa) L ,and b) L, for

different storageagein weeksasafunction of temperature.

A comparison was made between the measured
experimental dataof dynamic viscosity (n_ ) andthe
previoudly calculated values(n_,). Theca culated val-
ues found by two-constant formulaof Abramovic’s

n = A - BLogt and three-constant formula of

B
Andrade’s Lnm = A + T + CT.A,BandCarecon-

gantsfor oliveail. It wasfound that theliteratureva ues
didn’t fit our experimental dataUsing Abramovic’s and
Andrade’s formulas, the AAD% values were found by
thiswork to befrom 3.1%to 12.4% and from 0.8%to
15.8% respectively. Asaresult, their formulaswere
not the best fit for our experimental dataof dynamic
viscosity of oliveoil samples. Accordingly, amodifica-
tionwasintroducedtotheir formulain order toobtaina
suitabledescription of our experimenta dataof dynamic
viscosity asafunction of temperature. The constants of
Abramovic’s and Andrade’s formulas were determined

using themodification. Our experimenta values(n_, p)
and calculated values(n_,), using the modified form of
Abramovic’s and Andrade’s formulas of dynamic vis-
cosity at different temperaturesaregiven. TABLES 1
and 2 tabulateAAD% and SD values. TABLE 1 shows
AAD% < 1.8%. TABLE 2 shows AAD% < 1.6%.
The results indicate that the modified form of
Abramovic’s and Andrade’s formulas didn’t fit exactly
our experimental data. The values of the constants of
themodified form of Abramovic’s and Andrade’s for-
mulasin TABLES 1 and 2 arein disagreement with
Abramovic’s values (TABLE 3). This is might be due
to free fatty acid composition of different olive oil
samples.

Three and multi-constant formul aswere proposed
by thiswork to obtain more suitable prediction of tem-
perature dependence of dynamic viscosity of oliveail
samples. Then,_, . andn_, wereusedto proposethefor-
mulasthat fit our experimenta data. Thatis, AAD% and
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TABLE 1: Our valuesof A, B,AAD% and SD using themodified Abramovic’s formula of two-constant of olive oil samples

fromL andL,.

L ocation Stor age age (week) A (cP) B (cP) Temp.Range (°C) AAD% SD (cP)
1 2315 119.5513 42.0-57.0 15 0.5
Ls 3 231.2 119.6388 42.0-57.0 13 0.5
8 228.0 118.4390 42.0-57.0 17 0.7
1 241.3 124.4046 42.0-60.0 16 0.9
L. 3 2222 114.0817 42.0-57.0 14 0.6
6 225.0 118.6790 42.0-55.0 18 0.6
7 243.0 129.4211 42.0-55.0 15 0.5

TABLE 2: Our valuesof A, B,AAD% and SD usingthe modified Andrade’s formula of three-constant of olive oil samples

fromL andL,

Location  Storage age (weeks) A B (K) C(K)x10° Temp.Range(K) AAD% SD
1 -3.64  3050.001 =771 315.0-330.0 0.9 0.3
Ls 3 -3.60  3052.000 -785 315.0-330.0 0.6 0.3
8 -3.00  3050.289 -984 315.0-330.0 0.7 0.4
1 -3.31  3050.287 -858 315.0-333.0 0.7 0.5
L. 3 -4,14  3050.281 -618 315.0-330.0 16 05
6 -2.60  3050.291 -1142 315.0-325.0 14 0.4
7 -1.13  3050.299 -1612 315.0-325.0 15 0.4
TABLE 3: Theconstantsgiven by Abramovic usngAbramovic’s and Andrade’s formulas.
Equation A B C Temperaturerange (K)
Abramovic'sformula 235.40 cP 124.10 cP - 298.15t0 328.15
Andrade's formula -32.72 7462.27 K 0.04 VK

SD vauesare chosento select the suitableprediction.
If two-constant formulais proposed the fitting
curveswill not bein good agreement with the experi-
mental data. Accordingly, thetwo-constant formulais
not suitablefor our experimentd datawheretheAAD%
givesvery highvaue.
It wasfound that our proposed formulaof three-

constant n=A - BLogt and multi-constant

B
Lm=A+ e CT fit our experimenta dataof dy-

namicviscosity. Our caculated vauesof A, B, C, D, E,
AAD% and SD of the data, aregivenin TABLES 4
and 5. TABLES 4 and 5 show AAD% < 0.2%; there-
fore, our proposed two and multi-constant formulasare
more suitableto describe the temperature dependence
of dynamicviscosity of oliveoil samples.

TABLE 4: Our valuesof A, B, C,AAD% and SD using our proposed three-constant formula of olive oil samplesof L ;and L,

L ocation Stor age age (weeks) A B (K) C (K) Temp.Range(K) AAD%  SD (cP)
1 -7.30653 -3053.11 -35.6963 315.0-330.0 0.0 0.1
Ls 3 -7.25578 -3053.05 -33.9289 315.0-330.0 0.0 0.3
8 -7.62857 -3053.43 -42.5131 315.0-330.0 0.0 0.3
1 -7.36674  -3053.25 -38.5983 315.0-333.0 0.1 0.4
L 3 -7.04828 -3052.78 -28.6302 315.0-330.0 0.0 0.2
6 -7.87487 -3053.66 -46.5050 315.0-325.0 0.0 0.2
7 -8.57047 -3054.37 -61.7518 315.0-325.0 0.0 0.2

Figure 2 aand b and 3 aand b show our experi-
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TABLES: Our valuesof A, B, C, D, E,AAD% and SD using our proposed multi-constantsformula.

Location >0'89€a0e A p) B (cPoC) C(cP) D (cPlCE) E  TeMPRage ) Apo SD (cP)
(week) (°C)
1 -150.31904 3820.695 25.94402 694.2263 -2624.33 42.0-57.0 0.0 0.1
Ls 3 41.22569 1897.006 -13.18860 694.2263 -2624.33 42.0-57.0 0.0 0.4
8 -299.88700 5270.429 56.30426 694.2263  -2624.33 42.0-57.0 0.0 0.2
1 -355.97400 6073.650 67.27800 694.2263 -2624.33 42.0-60.0 0.2 0.3
L 3 -229.89000 4514184 42.72617 694.2263  -2624.33 42.0-57.0 0.0 0.1
N 6 -1134.18000 13876.920 225.60200 694.2263  -2624.33 42.0-55.0 0.0 0.4
7 -1116.07000 13878.850 220.74040 694.2263  -2624.33 42.0-55.0 0.0 0.6
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Figure2: Thedynamic viscosity of oliveoil samplesfrom two different locationsa) L ,and b) L , of different storageagesas
function of temperature. Thesolid linesar er epresenting our proposed thr ee-constant for mulaand thepointsar er epresent-

ing our experimental data.
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Figure3: Thedynamic viscosity of oliveoil samplesfrom two different locationsa) L ,and b) L, of different storageagesas
function of temperature. Thesolid linesar er epresenting our proposed multi-constant for mulaand thepointsar er epr esent-

ing our experimental data.
Storage age-dependenceof dynamic viscosity

Thedynamicviscosty of oliveoil samplesfromtwo
locations (L ,andL ) wasmeasured asafunction of stor-
ageageinweeksat 47°C as shown in Figure 4.

Theexperimenta valuesof the dynamic viscosity
of oliveoil samplesfrom L, and L, of different storage
ageswerefitted by using our multi-constant formula.

Our multi-constant formulaisproposed to be:

n=At?+Bt +C + De"

Wheren is the dynamic viscosity in cP, t is the storage
age in weeks, A, B, C, D and E are constants. Our
calculatedvaluesof A, B, C, D, E,AAD% and SD of
thedata, aregivenin TABLE 6. TABLE 6 showsthat

(1)
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AAD% = 0%; therefore, our proposed multi-constant
formulaare suitableto describe the storage age depen-
denceof dynamic viscosity of oliveoil sample.
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Figure4: Themeasured valuesof dynamic viscosity of olive

oil samplesfrom L ;and L , of asfunction of storage agein

weeks.

TABLE 6:Our valuesof A, B, C, D and E,AAD% and SD
using our proposed formula.

The A B :
location (cPlweek?) (cPiweek) ©(°P) D(CP) E  AAD% SD
L, 0118 1460 23846 7378 -0257 00 00
L, 0207  -3300 38930 -16197 -1466 00 00

Figure5 showsour experimenta dataand our fit-
ting curvesusing equation 11 of dynamic viscosity of
oliveail samplesfromL,and L ,asafunction of storage
ageinwesks.
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Figure5: Thedynamic viscosity of oliveoil samplesfromL
and L , asafunction of storageagein weeks. Thesolid lines
arerepresenting equation 11 and thepointsarerepresent-
ing our experimental data.

CONCLUSION

Theeffect of dynamic viscosity asafunction of stor-

ageageinweeksat 42°C showed that for location L,
n = 37.7 cP (1-week storage age) and 1 =35.85 cP
(8-week storage age) and for location L, n=39.9 cP
(1-week storage age) and 32.9 cP (7-week storage
age). Thedynamic viscosity results of weekly basisin
thisstudy indicatethat thedynamic viscosity of oliveail
samplesdecreasesasafunction of storageagein weeks.
Thedynamic viscosity of oliveoil decreased asafunc-
tionof storage age at agreater ratein samplesfromL,
thaninthoseof L ..

All experimenta measurementsof dynamicviscos-
ity of oliveoil samplesof different locationsin Palestine
givevaueswhich dightly differ from onelocationto
another. Thedifference might be dueto different pa-
rametersthat influence on thefatty acid composition of
oliveoil. Thefatty acid composition of oliveoil varies
widely depending on thecultivator, maturity of thefruit,
altitudeand climate. Hot climate affectsthefatty acid
composition of oliveoil§**517, Thecooler regionswill
yied oil with higher oleic acid than warmer climates;
therefore, a cool region olive oil may be more
monounsaturated in content than warm region oil™4.

Thedynamicviscosity vauesof oliveoil sampleof
crop 2010 fromL,:n=39.9 cP (1 week storage age)
aregreater thanthevaluesfrom L . =37.7 cP (1week
storageage). Thedltitudeof location L ,is140—-230 m
whiletheamount of rain was 514 mm. Thedtitude of
location L, is520— 600 m and the amount of rain of
locationwas 333.2 mmi8., Thisinformation givesarea
sonable causethat justifiesthedight differencein dy-
namicviscosity valuesof oliveail fromL andL,.

Themeasured experimenta resultsof dynamicvis-
cosity of olive oil samples are compared against the
previoudy cd culated va uesfound by Abramovic’s for-

mulaof two-constant n=A - BLogt andAndrade’s

B
formulaof three-congtant Lnm = A + T + CT forol-

iveoil. For instance, the cal culated values of dynamic
viscosity at 45°C were found to be 30.2 ¢cP and 32.0
P, respectively. Our measured experimenta valueat
45°C (36.6¢P) showssignificant difference between
our result and theliterature value. Thisindicatesthat
Abramovic’s and Andrade’s formulas are not the best
fit to beused for our experimenta dataof dynamicvis-
cogity of oliveoil samples. Abramovic’s and Andrade’s
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formulasweremodified tofit our experimenta vaues.
Asaresult of thismodification, the constantsA, B and
C weredetermined usingAbramovic’s and Andrade’s
formulas. The cal culated dynamic viscosity using the
modified form of Abramovic’s and Andrade’s formulas
at 45°C were found to be 38.5 cP and 37.6 cP, re-
spectively, which indicate that Abramovic’s and
Andrade’s modified formulas don not fit exactly our

experimenta data. Three(Lm = A - %) and multi

B
(n=A+ = +CLn() + Dt*) -congtant formulasare pro-

posed to obtain more suitable prediction of tempera-
turedependenceof dynamicviscosty of dliveoil samples
inour regions. The constants of our proposed formulas
were estimated to givethe best fit.
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