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ABSTRACT

In this paper, the tests are designed for investigation of the effects of the
synthesized oxide zinc nano particle prepared by ultrasonic on the crude
oil flowing properties. Rheological and thermal properties of crude oil with
nano particle are surveyed, experimentally. When temperature increases
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from 15 Cto 25 C, the heat capacity increasesfrom 0.475t0 0.481 BTU/Ib.F
(with adding nano particles). Range of variation oh heat capacity is from
0.47t00.478 BT U/Ib.F (with adding nano particles). Thisrange of tempera-
ture decreasesthe density value for nano oil (1 wt%) and simple oil to 0.93

and 0.929 of theinitial value, respectively.
© 2016 Trade Sciencelnc. - INDIA

INTRODUCTION

Crudeaoll

Crude oil, liquid petroleum that is found
accumulatedinvariousporousrock formationsin Earth’s
crust and is extracted for burning as fuel or for
processinginto chemica products. Althoughitisoften
called“black gold,” crude oil has ranging viscosity and
canvary incolor to various shades of black and yellow
depending on its hydrocarbon compositiont?.
Undoubtedly, crudeoil isoneof the powerful sources
of energy provisonintheworld.

Accesstooil wasand till isamgjor factorin severd
military conflictsof thetwentieth century, induding World
War II, duringwhichoil facilitieswereamgor strategic
asset and were extensively bombed. The German
invason of the Soviet Union included the goal to capture
the Baku oilfields, as it would provide much needed
oil-suppliesfor the Germanmilitary whichwassuffering

fromblockades. Oil exploration in North America during
theearly 20th century later led to the USbecoming the
leading producer by mid-century. As petroleum
productioninthe US peaked during the 1960s, however,
the United Stateswas surpassed by Saudi Arabiaand
the Soviet Union®.

Today, about 90 percent of vehicular fuel needs
aremet by oil“. Petroleum also makes up 40 percent
of total energy consumptioninthe United States, butis
responsiblefor only 1 percent of e ectricity generation.
Petroleum’s worth as a portable, dense energy source
powering thevast mgority of vehiclesand asthebase
of many industria chemicasmakesit oneof theworld’s
most important commodities®. Viability of the oil
commaodity iscontrolled by severa key parameters,
number of vehiclesintheworld competing for fuel,
guantity of oil exported to theworld market (Export
Land Modd), Net Energy Gain (economically useful
energy provided minus energy consumed), political
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sability of oil exporting nationsand ability to defend ail
supply lineg®™.

The top three oil producing countries are
Russia, Saudi Arabia and the United States. About 80
percent of theworld’s readily accessible reserves are
located inthe Middle East, with 62.5 percent coming
from the Arab 5: Saudi
Arabia, UAE, Iraq, Qatar and Kuwait. A large portion
of theworld’s total oil exists as unconventional sources,
such as bitumen in Canada and extra heavy
oil in Venezuela. While significant volumes of oil are
extracted fromoil sands, particularly inCanada, logisticd
andtechnica hurdlesremain, asoil extraction requires
large amounts of heat and water, making itsnet energy
content quitelow relativeto conventiond crudeail. Thus,
Canada’s oil sands are not expected to provide more
than afew million barrels per day in theforeseeable
futurg®9.

Initsstrictest sense, petroleumincludesonly crude
oil, but incommon usageit includesdl liquid, gaseous,
and solid hydrocarbons!'®. Under surface pressure and
temperature conditions, lighter hydrocarbons methane,
ethane, propane and butane occur as gases,
while pentane and heavier ones are in the form of liquids
or solids™*yl, However, in an underground oil
resarvoir the proportions of gas, liquid, and solid depend
on subsurface conditionsand on the phase diagram of
the petroleum mixture2.,

An oil well produces predominantly crude oil, with
some natural gas dissolved in it. Because the pressure
islower at the surface than underground, some of the
gas will come out of solution and be recovered (or
burned) as associated gas or solution gas. A gas
well produces predominantly natural gas!*¥. However,
becausethe underground temperatureand pressureare
higher than at the surface, the gasmay contain heavier
hydrocarbonssuch aspentane, hexane, and heptane in
the gaseous state. At surface conditions these will
condense out of the gas to form natural gas condensate,
often shortened to condensate®. Condensate
resembles petrol in appearance and is similar in
compositionto some volatile light crude oils.

The proportion of light hydrocarbons in the
petroleum mixture variesgreatly among different oil
fidds, ranging from asmuch as 97 percent by weight in
thelighter oilsto aslittleas 50 percent in the heavier

oilsand bitumens!*.

The hydrocarbons in crude oil are
mostly alkanes, cycloalkanes and various aromatic
hydrocarbons while the other organic compounds
contain nitrogen, oxygen and sulfur, and trace amounts
of metalssuch asiron, nickel, copper and vanadium!*9,

Nanotechnology

Inrecent years, development in theminiaturization
technologies results in fabrication of micro-scale
electronic deviceswhichisusedinvariousindustries
such as aerospace and automotive. For maximum
performance of these micro deviceswhichisknown as
MEMS (Micro Electromechanical Systems), the
temperatures should be in a certain range. Micro
channd as Compact and efficient cooling deviceshave
been devel oped for thethermal control of MEM S8,
Utilizing nanofluid asworking fluid could improvethe
cooling and heating performance. Because of more
stable nature of nano fluid compared with its pioneer
generaion (incdludingmicroand millimeter particles) and
exceptiona thermal conductivity of nanoparticles, it
could cons derably enhancethe convective heet transfer
coefficdentinmicro channd. Duringthelast decade, many
sudieson convective hegt transfer with nano fluidshave
been considered™.

MATERIALSAND METHOD

Preparingnano-sized ZnO

Zincdioxide (ZnO) isatransition metal oxidethat
has long been known to be active for hydrocarbon
decomposition and hasmorerecently shownto display
high reforming activity for various long-chain
Hydrocarbons. Researchesshowed that ZnOishighly
activefor reformingisooctaneviapartia oxidation. This
processisexothermic (AH°=-659.9 kJ/mol) and in the
presence of ZnO proceedsto full conversion at 700°C
and 1 atm. The catalytic activity shown by ZnO canbe
explanedintermsof theMars-van Kreve en mechaniam,
whichinvolvesthe consumption of nucleo philic oxygen
ionsprovided by theoxygen sub-laticewiththe purpose
of sustaining theredox cyclestaking placeonthecatdyst
surface. Despiteitsinteresting catalytic properties, a
very limited number of studies have been conducted
examiningthepotentid of ZnO asacatdyst for reforming
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processes. Such studies were carried out using
commercia ZnO, with particlesizesintherangeof a
few micrometres and Brunauer, Emmett, and Teller
(BET) surfaceareas<10m2/g. By utilizing nanoparticles
wehaveshownthat itispossbleto sgnificantly increase
thetotd reactive surfaceareaand thusachievereforming
processeswith much higher efficiency levelsthan those
of commercid ZnO. NanoparticleZnOwassynthesized
by reduction of zinctrioxide (MoO3) powderinal:3
volumeratio of ethyleneglycol todistilled waterl6. The
mixturewas combinedina45 ml Teflon-lined generd -
purpose vessel, which was subsequently sealed and
heated to 180°C for 12h. After cooling, the dark colored
ZnOwasfiltered and air dried at 100°C.

Experimental set up

The experimental set up includes mixing tank,
adiabatic tubetest section and electrical heater isused
to survey the behavior of nano crude oil. At the
beginning, the crude oil ismixed by zinc oxidenano
particlesinaultrasonic (With 400Wett, for 3hour), then
thenano crudeail ismixedinmixingtank, passngthrough
an electricd heater to reach thedesired temperaturein
range of, 30 C t0 90 C and 25 C to 85 C. Vertica
adiabatic test tubewith 0.3 mand 0.025 minlength
and diameter, respectively is used. Digital sensors
transmit the obtaining parametersto the control box.
Finally, nano crude ail is collected in a tank. All
parametersare obtai ned with onetypeof crudeoil then
all the setup isdrained and washed with water stream
injection fromwater inlet port located in mixing tank.

RESULTSAND DISCUSSION

Experimentsareheld to investigatethe properties
and behavior of nano oil comparing with simpleoil.
Thermo-physical properties like density, viscosity,
therma conductivity, thermd diffusivity with changesin
temperature and amount of nano particleare surveyed.

Figure 1 showsthe heat capacity increasing with
increasing thetemperature. AccordingtotheFigure 1,
when thetemperatureincreasesfrom 15Cto 25 C, the
heat capacity increasesfrom 0.475t00.481 BTU/Ib.F
(with adding nano particles). Range of variation oh heet
capacity isfrom 0.47t00.478 BTU/Ib.F (with adding
nano particles).
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Figurel: Theeffect of temperatureon heat capacity

Figure2illustratesthe effect of temperatureonthe
veocity vaues. Theve ocity va uesincreasingfrom 1.69
to 1.78 meter per second (with nano particles). These
valuesfor velocityis1.61to 1.68 meter per second (in
without nano particlesstate).

Ve uesof conductive hest transfer coefficient of nano
oil with 1% nano zinc are compared with thosevaues
for smpleail in Figure 3. Theresultsfor nano oil are
higher than thoseare obtained for smpleoil a thesame
value of temperature. Obviously, onekind of average
thermal conductivity value of oil and particlesobtain
thethermal conductivity value of nanooil. Nano zinc
solid particles have higher values of thermal
conductivitiesthanliquid oil at the sametemperature,
sothehigher valuesof therma conductivity (11.4%) of
nano oil are obtained than simple oil at the same
temperature. Also, the effect of temperatureis shown
for both simpleand nano il in Figure 3. Temperature
changes in values of 30, 50, 70 and 90 C show the
rangesof 1.25(W/m.C) to 1.41 (W/m.C) for nano oil
(1wt%) and 1.14 (W/m.C) to 1.26 (W/m.C) for smple
oil. Thehigher values of temperatureresultsthe higher
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Figure?2: Theeffect of temperatureon thevelocity
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vauesof conductive heat transfer coefficientsfor both
smpleoil andnano ail. Thismay berelated tothe higher
kinetic energy of nano zinc particlesonthehigher values
of temperatureswhichincreasesthenano oil conductive
hest transfer coefficient.

Effect of amountsof nano particlein weight percent
on theamounts of conductive coefficientisshownin
Figure4. Theincreaseintheamountsof nano particle
in weight percent from 0.5% to 10% increases the
values of conductive coefficient factor from 0.6 (W/
m.K) to 1.48 (W/m.K). However therate of increase
intheamountsof conductive coefficient decreaseswhen
theweight percent of nano particleincreasesfrom 7%
t0 11%.

CONCLUSIONS

Application of nanozincoxideinoil isstudiedin
thismanuscript. Theeffect of addition of different weight
percentage of nano particleinto the oil which flows
verticaly under different temperatures (rangesfrom 30-
70 C, 25- 85 C, 30- 90 C) in a tube section is
Investigated, experimentaly. Someimportant thermo-
physical properties are measured. Besides, some
applicable dimensionless groups in hydrodynamic
calculations and heat transfer are presented. The
increasein temperaturefrom 30 C to 90 C increases
theva uesof conductive hesat transfer coefficient 1.13
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timesand 1.1 timesfor nanooil (1wt%) andsmpleail,
respectively. Thisrange of temperature decreasesthe
density valuefor nano oil (1 wt%) and ssimpleoil to
0.93and 0.929 of theinitid vaue, respectively. Through
thelength of tube section theincreasein amounts of
velocity and heat capacity isobtained for both simple
oil and nano oil contains 1 wt% nano zinc oxide.
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