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ABSTRACT

Thedynamic viscosity of olive oil samplefrom Jenin region in Palestine was measured as afunction of temperature.
In this study, the dynamic viscosity decreases with increasing temperatures. Three and multi-constant formulas
were proposed to obtain more suitable prediction of temperature dependence of dynamic viscosity of olive ail
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 it isoneof themost important param-
etersrequiredin thedesign of technologica processes.

Someresearchersstudied theviscosity of different
materias(oils, organic compoundsand water) asafunc-
tion of temperature, storage age, andintensity of light,
pressure, molecular weight and density of liquid. For
instance, Topd lar determined therel ationship between
viscosity and average mol ecul ar weight by using some
vegetableoils. Rodenbush predi cted viscosity of veg-
etable oilsfrom density datd?. Thevariation of veg-
etableoilsquality asaresult of thermal treatment was
evaluated by Nita®. The results of these researches
gavesomeempirica relationsthat describethe depen-
denceof viscosity on different parameters.

Theeffect of temperature on dynamicviscosty was
studied by some researchers. In his study, Giap de-
rived an equation to replacethewel I-known Arrhenius-
typerelationshipi. Thorpe proposed anew formulato
represent the dynamic viscosity dataasafunction of
temperature®. De Guzman suggested formulaof three
constant to represent liquid viscosity asafunction of

temperature®. VVogel also proposed athree-constant
representation”. Reid proposed apolynomial formto
represent tthe dynamic viscosity asafunction of tem-
peraturd®, Clementsalso in hisstudy used multi-con-
stant formuld®. Danner used anew formulato repre-
sent thevariation of dynamic viscosity with tempera-
ture’®, Abramovic used modified versions of the
Andrade equationto describethe effect of temperature
on dynamic viscostiesfor anumber of vegetableoil™.
Abramovic also suggested anew formto describethe
effect of temperature on viscosity!'214,

Themain god of thiswork isto study the depen-
denceof dynamic viscosty of oliveoil ontemperature.
Thereationship betweenthedynamicviscosity of olive
oil with temperature and storage age will befound by
fitting equations.

THEORY

Viscosity isameasure of theresistanceto flow or
shear. Viscosity can a so betermed asadrag forceand
isameasurement of thefrictiona propertiesof thefluid.
It can beexpressedintwo distinct forms:

(& Dynamicviscosity (1)
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(b) Kinematicviscogty (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=—
o )
OX

Where, 1 is the dynamic viscosity in Pascal-second

ou
(Pa.s); tis shear stress (N/m?); and, o v israte of

deformation or velocity gradient or better known as
shear rate (1/s)!91,

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

n
=

0 )
Where, v is kinematic viscosity in centistokes (cSt), p
ising/cm?™,

Thedynamic viscosity of liquidswasrepresented
asafunction of temperature by using two, threeand
multi-constant proposed formulas.

De Guzman proposed thesimplest formto repre-
sent dynamic viscosity of liquidsasafunction of tem-
peraturd®l. whichis:

B
n = Ae T @

Abramovic proposed new formulasto represent the
dynamic viscosity as a function of temperature.
Abramovic’s formulas are:

A
Logn:_l_——B (5)

n=A—-BLogt 6)
Wheren is the dynamic viscosity in cP, T isthetem-
peraturein Kelvin; andtisthetemperaturein degrees
Celsus. Aand B in equations4, 5 and 6 equationsare
constants. The constants of equations (5) and (6) of
oliveoil and other oilsare presented by Abramovic*2,

Abramovicdso used three-constant formulaknown
asAndrade equationsthat arerepresented in thefol-
lowingequations:

B C

LnT]ZA+T—+T—2 (7)
B

Lnn:A—i—T——i—CT (8)

Natargjan in hisstudy used theAntoinetype equa-
tionwhichis

B
Logn = +A
an cC_T ©

Wheren is the dynamic viscosity in cP, T isthetem-
peratureinKevin. A, B and C areconstants. The con-
stants of Andrade equationsof oliveoil and other oils
are presented by Abramovicl*2, The constants of
equation (9) for dynamicviscosity (n) of olive oil and
someliquidsaregiven's17,

A study by Reid used apolynomial formto repre-
sent the dynamic viscosity of liquidsasafunction of
temperature, Reid’s form is:

Lnn:A+$—+CT +DT? (10)

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

METHODOLOGY

Theoliveoil sampleswereobtained fromaPdes-
tinianquality assuredindustrid oil mill, fromthecrop of
2010. Theviscosity of oliveoil samplesof crop 2010
from Jenin region was measured asafunction of tem-
perature. Theexperimenta datawerefitted and the cor-
relation constants of the best fitswere estimated.

Experimental appar atus

Two model 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 Model DV-I+with accuracy + 1% alsowasused
to measuretheviscosity of oliveoil samples. The SP-1
spindlewas operated at 60 rpm. Thecalibration of the
Brookfield Viscometer Model DV-1+ wasverified by
using standard fluid with aviscosity of 4840 cPwith

Au Tudian Yourual



MSAIJ, 11(7) 2014

Issam Rashid Abdel-Raziq et al.

235

accuracy + 1% at roomtemperatureand RV-3 Spindle
at 2 rpm was used*.,

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

The Fried Electric model WB-23 wasused 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
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
data®l.

RESULTSANDANALYSIS

Density results

Thedendty valuesof oliveoil samplesof Jeninre-
gion of crop 2010 wasmeasured at 15 °C by this work
and found to be 0.91384 g/cm?.

Viscosity results

Thedynamicviscosty of oliveoil of crop 2010from
Jeninregionasafunction of temperaturewas measured.
Theexperimenta dataareshowninFigure 1.
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Figurel: Themeasured valuesof dynamic viscosity of olive

oil from Jenin region asafunction of temperature(with ver-

tical error bars)
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The previously cal culated values (n ), found by
Abramovic’s formula of two-constant

—== Pyl Paper
n = A - BLogt, and Andrade’s formula of three-

B
constant Lm = A + T + CT , were compared with

our experimenta vauesof dynamic viscosty (n%).A,
B and C are constants for olive oil. However,
Abramovic’s and Andrade’s formulas failed to fit our
measured experimentd vauesof dynamicviscosty. The
vauesof Moy andn_, aregiven. Resultsof computation
of valuesof AAD% and SD aretabulatedin TABLES
land?2.

TABLE 1: AAD% and SD of the data using Abramovic’s
for mulaof two-constant

AAD%  SD (cP)
0.6 3.4

Temperaturerange (°C)
19.0-60.5

TABLE 2: AAD% and SD of thedatausingAndrade’s for-
mulaof three-constant

AAD%  SD(cP)
95 5.2

Temperaturerange (K)
292.0-3335

Abramovic’s and Andrade’s formulas were not the
best fit for our experimental dataof dynamic viscosity
of oliveoil samplebecausetheAAD% valuesfoundto
be 0.6% and 9.5%, respectively (TABLES 1 and 2).

Abramovic’s and Andrade’s formulas failed to fit
our experimenta data. Thiswork, therefore, introduced
amodificationtoAbramovic’s and Andrade’s formulas
inorder to obtain asuitable description of our experi-
mental dataof dynamic viscosity. Thismodification, by
usingAbramovic’s and Andrade’s formulas, determined
the constantsof Abramovic’s and Andrade’s formulas.
Our experimental values(n_, ) and calculated values
(n,,) using the modified form of Abramovic’s and
Andrade’s formula of dynamic viscosity at different tem-
peraturesaregiven. TABLES 3 and 4 tabulateAAD%
and SD values.

TABLE 3 showsAAD% = 0.4% and TABLE 4
showsAAD% =1.4%. Thisindicatesthat Abramovic’s
and Andrade’s formulas don’t fit exactly our experi-
menta data.

TABLE 3: Our valuesof A, B, AAD% and SD using the
modified Abr amovic’s formula of two-constant

Temp Range o SD
A(cP) B(cP) (°C) AAD% (cP)
228.0487 119.3898 19.0-60.5 0.4 3.3
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TABLE 4: Our valuesof A, B, C,AAD% and SD usingthe
modified Andrade’s formula of three-constant

A B(K) C(K) Temrsz;a”ge (EE)

-86.11 15609.03 0.126963 292.0-333.5 14 0.8

Thevauesof thecongtantsA, B and C of the modi-
fied form of Abramovic’s and Andrade’s formulas in
TABLES3and4 areindisagreement withAbramovic’s
values (TABLED5). Thedifferent valuesare might be
dueto freefatty acid composition of different oliveoil
samples.

AAD%

TABLE 5 : The constants given by Abramovic using
Abramovic’s and Andrade’s formulas

Temperature
range (K)
298.15 t0 328.15

Equation A B C

Abramovic's formula 235.40cP 124.10cP

Andrade's formula -32.72 746227 K 0.04 /K

To obtain amore suitabl e prediction of tempera-
ture dependence of dynamic viscosity of olive oil
sampl es, three and multi-constant formulaswere pro-

posed. To estimatethe equations, then,, andn_, were
used. That is, AAD% and SD values are chosen to
select the suitable prediction.

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.
Thisstudy found that our proposed formulaof three-
constant Lnn:A-% and multi-constant

B . .
n=A+ - +CLat)+ Dt* fit our experimental dataof

dynamic viscosity. Our cal culated val ues of the con-
stants (A, B, C, D and E), AAD% and SD of thedata
aregiveninTABLEG.

TABLE 6 showsthat AAD% = 0%,; therefore, our
proposed two and multi-constant formulas are more
suitableto describe the temperature dependence of dy-
namicviscosty of oliveoil sample.

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

our proposed A B c D E Temp. AAD%  SD (cP)
formula Range

three-constant ~ 1.261552 -163511K 240,637 K 202.0—3335K 0 03

multi-constant  -70.4707cP  2222306CP.°C  694.2263CP  -2624.33cPPCE 1322235  19.0- 605°C 0 03

Figures 2 and 3 show our experimental dataand
our fitting curves using our proposed three and multi-
congant formulasof dynamicviscosity of dliveoil sample
from Jenin region asafunction of temperature.

DISCUSSION

The experimental results of density of olive oil
samplesof Jeninregion of crop 2010at 15°C was found
to be 0.91384g/cm?. Robert obtained the density of
oliveoil tobe0.918 g/cm3 at 15°C19. Our vaueisin
good agreement with Robert’s value. The slight differ-
enceinvauesmight be dueto theinfluences of some
Sructural characteristicsonviscosty (thefatty acid com-
position of oliveail).

Our dynamicviscosty of oliveoil samplewasmea:
sured to be 80.5 cP at 20°C, 60.7 cP at 25°C, and
33.5cPat 40°C. Akhtar and Robert obtained the dy-
namic viscosity of oliveoil tobe84cPat 20°C, 63.61
cP at 25°C, 36.3 cP at 40°C!'%%%. QOur value of dy-

namic viscosity of oliveail at different temperaturesis
not ingood agreement with Akhtar’s and Robert’s val-
ues. The small discrepancy invaluesmight bedueto
theinfluences of thefatty acid composition of olive
0il222, The machinery groups a so effect onthevis-
cosity of oliveoil®. Theviscosity isinfluencesby the
wax content and compaosition whichisaffected by culti-
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Figure2: Thedynamic viscosity of oliveoil from Jeninre-
gion asafunction of temperature. Thesolid lineisrepresent-
ing our proposed three-constant formulaand thepointsare
representing our experimental data
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Figure3: Thedynamicviscosity of oliveail from Jeninre-
gion asafunction of temperature. Thesolid lineisrepresent-
ing our proposed multi-constant formulaand thepointsare
representing our experimental data

var, crop year, and processing?. All experimenta mea:
surementsof dynamic viscodity of oliveoil samplesof
different locationsin Pdegtinegivevaueswhich dightly
differ from onelocation to another. For instance, the
dynamicviscogty of oliveoil samplesof crop 2010from
Jeet region in Palestinewasobtainedtobe41.3cP at
42°C?4, The dynamic viscosity of location Jenin re-
gionwasobtained by thiswork tobe 31.5 cPat 42°C.
Thedifferencemight be dueto different parametersthat
influence onthefatty acid composition of oliveoil. The
fatty acid composition of oliveail varieswiddy depend-
ing on the cultivator, maturity of thefruit, altitudeand
climate®-221, Hot climate affectsthefatty acid com-
position of oliveails. Thecooler regionswill yield il
with higher oleic acid than warmer climates; therefore,
acool regionoliveoil may bemoremonounsaturatedin
content than warm region oil. Thealtitude of Jeet re-
gionin Paestinerangesbetween 440to 510 mand the
amount of rain of crop season 2010 was 580.8 mm
(cool region) whiletheatitude of Jeninregionisbe-
tween 100 to 270m and the amount of rain of crop
season 2010 was 513.5 mm (hot climate?).

One can observe that the results of the dynamic
viscosity valuesof oliveoil of crop 2010from Jeet re-
gion (cool region): 1 =41.3 cP are greater than the
valuesof oliveoil fromlocation Jeninregion (hot cli-
mate): n=31.5 cP4,

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

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

= Fyl] Peper

B
formula of three-constant Lrm = A + = +CT for

oliveoil. For instance, the cal culated va ues of dynamic
viscosity at 45°C were found to be 30.2 cP and 32.0
cP, respectively. Our measured experimental value at
45°C (29.0 cP) shows significant 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-
costy of oliveoil samples. Abramovic’s and Andrade’s
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 38.7cP and 28.5¢cP, respec-
tively, whichindicatethat Abramovic’s and Andrade’s
modified formulasdon not fit exactly our experimenta

B
L =A- —— multi
data. Three (Lm T+ and multi

B
(n=A+ T CLn(t) + Dt¥) -constant formulas are

proposed to obtain more suitabl e prediction of tem-
perature dependence of dynamic viscosity of oliveoil
samplesinour regions. The constants of our proposed
formulaswere estimated to givethebest fit.
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