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Abstract

The zinc oxide nano-particles have been used in this research. In this work,
zinc oxide nanoparticles have been added to light and heavy crude oil. In this
research, thermoelectric and physical properties of light and heavy crude pe-
troleum have been measured, experimentally. In addition, dimensionless groups
in hydrodynamics and heat transfer calculations are presented. This research
illustrates that heat capacity of light and heavy crude petroleum varies from
4256 J/kg-"C to 4457 J/kg-°C and 4476 J/kg-"C to 5002 J/kg-"C, respectively.
Moreover, heat capacity of light and heavy nano-crude petroleum is changing
from about 4285 J/kg-"C to 4496 J/kg-"C and 4494 J/kg-"C to 5021 J/kg-"C,
respectively.
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1. Introduction

Today, energy is considered as one of the most basic human needs. Energy is a
vital need for industry, food production and agricultural production [1]. This is
despite the fact that a large percentage of the world’s energy is provided by fossil
fuels, the use of which inevitably causes harm to human health, and damages to
equipment and the facilities of various industries that use them follow [2]. The
fossil fuels are divided into three main types including coal, oil and natural gas.
All of three categories began to form a few hundred thousand years ago [3]. Be-
fore the appearance of dinosaurs, the period when these fuels began to form is
called the “Carboniferous” period, which is a part of the Paleozoic era. “Carbo-
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niferous” takes its name from carbon, which is the most important component
of coal and other fossil fuels [4]. The reason why they are called fossil fuels is
that at that time the earth was full of swamps that were covered with huge trees
and ferns and other leafy plants, and as the trees and plants died, they sank into
the depths of the oceans and were gradually buried and layered [5]. Finally, a
sponge called peat was formed [6]. After hundreds of years, peat was covered
with sand, clay, and other minerals, and these minerals turned into a kind of se-
dimentary rock over time [7]. As more layers are piled up, they weigh more [8].
These types of fossil fuels have been used at different times and according to the
level of technical knowledge and human ability to explore, exploit and use them
in daily life, work and industry [9]. But it is obvious that nowadays the use of oil
and gas is much more and more extensive than coal [10]. Oil is another fossil
fuel that was formed more than three hundred million years ago [11]. Some
scientists believe that the origin of oil is aquatic organisms, each of which is the
size of a needle tip, and they can act just like plants [12]. Finally absorb sunlight
and convert the energy stored in themselves. These tiny organisms fall to the
bottom of the sea after death and are gradually buried under sedimentary layers
and rocks, and the rocks and rocks put pressure on these tiny organisms, and the
energy in their bodies cannot be discharged, and the carbon over time, under
extreme heat and pressure, it turns into oil [13]. The need for oil has been a ma-
jor factor in many of the wars of the twentieth century, including World War II.
The United Arab Emirates, Saudi Arabia and the United States are the top three
oil producers. In recent years, the development and advancement of micro-tech-
nologies has led to the manufacture and equipment’s production on a micro and
nano scale that is used in various industries [14]. The use of nano-metals as a
surface enhancer can also improve the performance of cooling and heating sys-
tems. Hence fluid flow theory is often well established. While the fully developed
slow current is still theoretically achieved, a current with other properties, such
as turbulent flow, must rely on laboratory and experimental relationships. It
should be noted that all the fluid flow in the pipe has a zero velocity profile in
the pipe wall, due to the non-slip condition to the maximum in the center of the
pipe. Some research studies the dynamic properties of oil. Some others examine
the thermodynamic properties of oil [15]. Also, other researches refer to the in-
vestigation of electrical properties of crude oil [16]. Other studies investigate the
thermal properties and heat transfer mechanisms of oil passing through the
pipeline [17]. However, no study has investigated the thermoelectric and kinetic
properties of crude oil mixed with nanoparticles. Therefore, this research is sig-
nificantly different from other researches. In this research, nanotechnology has
been used to investigate the thermoelectric properties of high and low density

oils.

2. Materials and Method
2.1. API Grade of Crude Petroleum

The feed stream is two types of light and heavy crude oil. The American stan-
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dard grade of crude petroleum is according to Table 1.

2.2. Properties of ZnO

The nano-ZnO have been used in this work due to high value of the specific sur-
face. In addition, the ZnO nano particle is a non-toxic in low concentrations.
The data show a good relationship between health and appropriate concentra-

tions of ZnO compounds (Table 2).

2.3. Production of Nano-ZnO

The ZnO is used to make a solution 1 molar of Zn*". At the first, Zn** solution is
purified, then a type of 0.05 M active surfactant, as well as 10% ethanol, is mixed
with the Zn*" solution in ultrasonic. The produced solution is shaken at regular
intervals. Then, the same reactants are mixed with a molar solution of sodium
carbonate under similar conditions. Two produced solutions are mixed, propor-
tionally. The reconstituted solution is shaken under ultrasonic conditions for half
an hour. Then, another active surfactant is added to the obtained solution and
mixed again for half an hour. The final solution is filtered and rinsed several

times with pure water and ethanol under ultrasonic conditions, alternately.

Table 1. Composition of crude petroleum.

Composition Crude petroleum grade
Heavy crude petroleum 26.2
Light crude petroleum 49.1

Table 2. Physical properties of ZnO.

Characteristics ZnO

Grid parameters in 300 K

—a, nm 0.31563
—¢,nm 0.51763
—q/a, 1.71
Density (grams per cubic centimeter) 5.632
Stable phase at 300 degrees K Wurtzite
melting point (*C) 1975
Thermal conductivity (W/m-K) 1.14
Static dielectric constant 656/8
Refractive index 2.006
Exciton binding energy (mV) 58
Effective mass of electrons 0.27
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2.4. Laboratory Equipment

The laboratory equipment includes a mixer tank, adiabatic test tube, and electric
heater, which has been used to investigate the thermoelectric behavior of light
and heavy petroleum. At the first, the crude petroleum is mixed with nano-ZnO
in an ultrasonic (400 W and 180 min). Then, nano-oil is mixed in a mixing tank
and then passed through an electric heater until the temperature reaches to 30°C
to 84°C.

3. Results and Discussion
3.1. Effect of Nano-ZnO on Oil Density

The effect of adding zinc nano oxide on the density is illustrated in Figure 1. In-
creasing the percentage of nano-ZnO increases oil density.

Changes in the percentages of nano-ZnO from 1% to 5% increase density from
8 Ib/gallon to 8.34 lb/gallon for light oil and also from 8.9 Ib/gallon to 9.36
Ib/gallon for heavy nano-crude petroleum. The experimental results show that

average increase in density with addition of nano-ZnO is about 9.6%.

3.2. Viscosity of Nano-0il

Figure 2 illustrates the dynamic viscosity versus shear rate. Increasing shear rate
reduces dynamic viscosity for both types of oil.

The experiments show that increasing shear rate reduces dynamic viscosity
about 28%. In addition, decrease in the dynamic viscosity may be related to the

interaction between oil and nano-ZnO.

3.3. Initial Tension of Nano-O0il

The initial tension change is 1.1 Pa to 2 Pa for light nano-crude oil and 1.7 Pa to
2.9 Pa for heavy nano-crude oil (Figure 3). Two experimental relationships are
expressed to predict initial tension in terms of temperature. The regression of
the relationships is close to one. Hence, the accuracy of the curves is very good.
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Figure 1. Study of nano-ZnO on density.
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Figure 2. Relationship between shear rate and viscosity.
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Figure 3. Relation of temperature and initial tension.

The relationship between initial tension and nano-ZnO is illustrated in Figure
4.

3.4. Prandtl Number of Heavy and Light Nano-0il

The change in Prandtl number in terms of percentage of nano-ZnO is illustrated
in Figure 5. The results show that the trend of both curves is decreasing and can

be predicted by logarithmic function.

3.5. Investigation of Thermal Conductivity and Thermal
Diffusivity

The change in the thermal conductivity ratio of light and heavy nano-oil versus
percentage of nano-ZnO is illustrated in Figure 6. The experimental data show
that thermal conductivity ratio is greater than one. It means that the ratio of
thermal conductivity for light and heavy nano-oil is improved. This ratio is 0.1
to 1.15 for light nano-oil and 1.09 to 1.21 for heavy nano-oil. Results illustrate
average difference between values of two curves is 5.2%, approximately.
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Figure 4. Study of nano-ZnO on initial tension.
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Figure 5. Study of nano-ZnO on Prandtl number.
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Figure 6. Study of nano-ZnO on thermal conductivity ratio.
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Figure 7 illustrates the effect of nano-ZnO on the thermal conductivity with
temperature change. In this experiment, the percentage of nano-ZnO varies from
1% to 5%. The studies show that increasing percentage of nano-ZnO usually in-
creases the energy transfer capacity of materials. Therefore, it increases thermal
conductivity from 0.15 W/m*K to 0.164 W/m>K for light nano-oil and 0.165
W/m*K to 0.182 W/m?>K for heavy nano-oil. The studies show that the use of

nano-ZnO increases thermal conductivity about 9%.

3.6. Thermal Diffusivity of Heavy and Light Nano-Qil

The thermal diffusivity ratios for light and heavy nano-oil are 1.07 to 1.25 and
1.03 to 1.16, respectively. The experimental results show that thermal diffusivity
ratio in 1% to 2% by volume of nano-ZnO is increasing sharply and this ratio in
2% to 5% by volume of nano-ZnO is almost constant. Figure 8 illustrates rela-

tionship between thermal diffusivity ratio and percentage of nano-ZnO.
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Figure 7. Study of nano-ZnO on thermal conductivity.
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Figure 8. Study of nano-ZnO on thermal diffusivity ratio.
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Figure 9 illustrate effect of percentage of nano-ZnO on thermal diffusivity.

An increasing has been obtained for both nano-crude petroleum samples. This

behavior is predictable according to the definition of the quantity of thermal

diffusivity. The results show that changes of percentage of nano-ZO have a posi-

tive effect on thermal conductivity and a negative effect on density and heat ca-

pacity. Therefore, increasing nano-ZnO has a positive effect on thermal diffusiv-

ity.

3.7. Study of Overall Heat Transfer Coefficient

The overall heat transfer coefficient is measured in Figure 10. The regression of

curves of light nano-oil and heavy nano-oil is 0.9056 and 0.9248, respectively.

Operational data show that the kinetic ability of oil molecules increases with in-

creasing nano-ZnO.
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Figure 9. Study of nano-ZnO on thermal diffusivity.
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Figure 10. Study of nano-ZnO on overall heat transfer of nano-crude oil.
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4. Conclusion

In this work, important thermoelectric and physical properties of light and heavy
nano-petroleum have been measured. In addition, dimensionless groups in hy-
drodynamics and heat transfer calculations are presented. The effect of operat-
ing conditions and nano-ZnO on physical thermal properties of crude oil has
been investigated. Results show that the heat capacity of light and heavy crude
petroleum varies from 4256 J/kg-"C to 4457 J/kg-°C and 4476 J/kg-"C to 5002
J/kg-"C, respectively. Moreover, the heat capacity of light and heavy nano-crude
petroleums is changing from 4285 J/kg:-°C to 4496 J/kg-°C and 4494 J/kg-"C to
5021 J/kg-°C, respectively. Experimental results show that the ratio of thermal
diffusion increases when the percentage of nanoparticles added to oil is equal to
one to two and is almost constant at higher percentages. This study shows that
increasing percentage of nano-ZnO increases energy transfer capacity. There-
fore, it increases the thermal conductivity from 0.15 W/m*K to 0.164 W/m*K
for light nano-crude oil and 0.165 W/m*K to 0.182 W/m>K for heavy nano-
crude oil. Experiments show that increasing shear rate reduces dynamic viscosity
about 28%.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Zhou, CH., Wang, Y.Y., Huang, X.T., et al (2020) Optimization of Ultrasonic-Assisted
Oxidative Desulfurization of Gasoline and Crude Petroleum. Chemical Engineering
and Processing— Process Intensification, 147, Article ID: 107789.
https://doi.org/10.1016/j.cep.2019.107789

[2] Qin,].S., Peng, X., Qiu, Q.P. and Tang, C. (2022) A New Type of Nano APTES-hBN
Modified Palm Oil as Natural Ester Insulating Oil with Upgraded Thermal Aging
Characteristics. Renewable Energy; 200, 743-750.
https://doi.org/10.1016/j.renene.2022.10.044

[3] Anthony, K. and Princewill, O.A. (2020) Effect of Bio-Disc on Distillate Yield and
Crude Oil Properties. World Journal of Engineering and Technology; 8, 367-381.
https://doi.org/10.4236/wjet.2020.83028

[4] Alheety, M.A., Al-Jibori, S.A., Karadag, A., et al. (2019) A Novel Synthesis of MnO,,
Nanoflowers as an Efficient Heterogeneous Catalyst for Oxidative Desulfurization
of Thiophenes. Nano-Structures & Nano- Objects, 20, Article ID: 100392.
https://doi.org/10.1016/j.nan0s0.2019.100392

[5] Kumar, R., Mitra, A. and Srinivas, T. (2022) Role of Nano-Additives in the Thermal
Management of Lithium-Ion Batteries: A Review. Journal of Energy Storage, 48, Ar-
ticle ID: 104059. https://doi.org/10.1016/].est.2022.104059

[6] Abbas, M.N. and Ibrahim, S.A. (2019) Catalytic and Thermal Desulfurization of Light
Naphtha Fraction. Journal of King Saud University— Engineering Sciences, 32, 229-235.

[7] Gohar, K.S., Hassan, M., Anwar, M., et al. (2022) Mussel Shell Based CaO Na-
no-Catalyst Doped with Praseodymium to Enhance Biodiesel Production from Cas-

DOI: 10.4236/anp.2020.121001

9 Advances in Nanoparticles


https://doi.org/10.4236/anp.2020.121001
https://doi.org/10.1016/j.cep.2019.107789
https://doi.org/10.1016/j.renene.2022.10.044
https://doi.org/10.4236/wjet.2020.83028
https://doi.org/10.1016/j.nanoso.2019.100392
https://doi.org/10.1016/j.est.2022.104059

H. Zare et al.

(8]

(9]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

tor Oil. Fuel, 330, Article ID: 125480. https://doi.org/10.1016/j.fuel.2022.125480

Sinhmar, P.S. and Gogate, P.R. (2019) Ultrasound Assisted Oxidative Deep-Desul-
furization of Dimethyl Disulphide from Simulated Turpentine. Ultrasonics Sono-
chemistry, 63, Article ID: 104925. https://doi.org/10.1016/j.ultsonch.2019.104925

Kazerooni, M.R.M. and Farahbod, F. (2016) Experimental Investigation of Sulphur
Removal from LPG: New Aspect. Journal of Environmental Science and Technolo-
8759, 164-169. https://doi.org/10.3923/jest.2016.164.169

Fadhil, M.H., Ammar, S.H. and Abdul, J.M.F. (2019) Microwave-Assisted Catalytic
Oxidative Desulfurization of Gasoil Fuel Using Synthesized CuO-ZnO Nanocom-
posites. Journal of Fuel Chemistry and Technology, 47, 1075-1082.
https://doi.org/10.1016/S1872-5813(19)30044-1

Zhou, J. (2018) Adaptive PI Control of Bottom Hole Pressure during Oil Well Drill-
ing. IFAC-PapersOnlLine, 51, 166-171. https://doi.org/10.1016/j.ifacol.2018.06.060

Ojinnaka, M.A. and Beaman, J.J. (2018) Full-Course Drilling Model for Well Moni-
toring and Stochastic Estimation of Kick. Journal of Petroleum Science and Engi-
neering, 166, 33-43. https://doi.org/10.1016/j.petrol.2018.03.012

Junttila, J., Dijkstra, N. and Aagaard-Serensen, S. (2018) Spreading of Drill Shear-
ings and Sediment Recovery of Three Exploration Wells of Different Ages, SW Ba-
rents Sea, Norway. Marine Pollution Bulletin, 135, 224-238.
https://doi.org/10.1016/j.marpolbul.2018.06.064

Gad, M.S., Abdel Aziz Mostafa, M. and Kayed, H. (2022) Impact of Different Nano
Additives on Performance, Combustion, Emissions and Exergetic Analysis of a Di-

esel Engine Using Waste Cooking Oil Biodiesel. Propulsion and Power Research,
11, 209-223. https://doi.org/10.1016/j.jppr.2022.04.004

Lindsay, G., Hay, J., Glen, N. and Shariatipour, S. (2018) Profiling and Trending of
Coriolis Meter Secondary Process Value Drift Due to Ambient Temperature Fluc-
tuations. Flow Measurement and Instrumentation, 59, 225-232.
https://doi.org/10.1016/j.flowmeasinst.2017.12.007

Dinesh, R., Karuppasamy, P. and Kalaiselvam, S. (2022) An Experimental Investiga-
tion and Comprehensive Modelling of Thermal and Rheological Behaviour of Gra-
phene Oxide Nano Platelets Suspended Mineral Oil Nano Lubricant. Journal of Mo-
lecular Liquids, 347, Article ID: 118357.
https://doi.org/10.1016/j.molliq.2021.118357

Loyola-Fuentes, J. and Smith, R. (2019) Data Reconciliation and Gross Error Detec-
tion in Crude Petroleum Pre-Heat Trains Undergoing Shell-Side and Tube-Side Foul-
ing Deposition. Energy, 183, 368-384. https://doi.org/10.1016/j.energy.2019.06.119

DOI: 10.4236/anp.2020.121001

10 Advances in Nanoparticles


https://doi.org/10.4236/anp.2020.121001
https://doi.org/10.1016/j.fuel.2022.125480
https://doi.org/10.1016/j.ultsonch.2019.104925
https://doi.org/10.3923/jest.2016.164.169
https://doi.org/10.1016/S1872-5813(19)30044-1
https://doi.org/10.1016/j.ifacol.2018.06.060
https://doi.org/10.1016/j.petrol.2018.03.012
https://doi.org/10.1016/j.marpolbul.2018.06.064
https://doi.org/10.1016/j.jppr.2022.04.004
https://doi.org/10.1016/j.flowmeasinst.2017.12.007
https://doi.org/10.1016/j.molliq.2021.118357
https://doi.org/10.1016/j.energy.2019.06.119

	Investigation of Physical Properties of Nano Crude Petroleum: Increasing Oil Flow Rate in Reservoirs
	Abstract
	Keywords
	1. Introduction
	2. Materials and Method
	2.1. API Grade of Crude Petroleum
	2.2. Properties of ZnO
	2.3. Production of Nano-ZnO
	2.4. Laboratory Equipment

	3. Results and Discussion
	3.1. Effect of Nano-ZnO on Oil Density
	3.2. Viscosity of Nano-Oil
	3.3. Initial Tension of Nano-Oil
	3.4. Prandtl Number of Heavy and Light Nano-Oil
	3.5. Investigation of Thermal Conductivity and Thermal Diffusivity
	3.6. Thermal Diffusivity of Heavy and Light Nano-Oil
	3.7. Study of Overall Heat Transfer Coefficient

	4. Conclusion
	Conflicts of Interest
	References

