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 This research examines the influence of 
nanoparticles in the distribution of drugs in 
healthy blood flow on linear, angular velocity 
and blood temperature. Construction and 
simplification of a blood flow model based on 
boundary layer equations, dimensionless 
variables, stream functions, and similarity 
variables. The initial step is to establish a 
dimensional blood flow model. Using 
dimensionless variables, the equation is 
simplified into a dimensionless equation. A 
similarity equation is generated by converting 
the non-dimensional equation. The 
nanoparticles used are 𝐶𝑢, 𝑇𝑖𝑂2, 𝐴𝑙2𝑂3. At the 
linear velocity and temperature of blood flow,
𝐴𝑙2𝑂3 is in the highest position. At the 
angular velocity of blood flow, the position of 
blood flow with 𝐶𝑢  nanoparticles is in the 
uppermost position. This research is used to 
estimate the velocity and temperature of 
blood flow with the influence of 
nanoparticles as drug distribution. 
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1. Introduction 

Mathematical modeling is part of applied mathematics. The formulation of 
mathematical models is used to find a solution to a problem, and can be applied 
in the applied sciences of physics, biology, and so on. An example of applying a 
mathematical model is fluid flow. The viscosity classification of fluids is divided 
into two, namely viscous fluids and inviscid fluids (Norasia et al., 2022). In terms 
of viscous fluids, blood falls into this category. Blood is in the human circulatory 
system and plays an important role in the internal transportation of the human 
body. Blood flow moves throughout the body to distribute oxygen and nutrients 
to all cells and body tissues. The blood flow media are blood vessels, namely 
arteries, veins, and capillaries. The blood flow velocity in the middle and edges 
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of the artery is the same in laminar flow(Saqr et al., 2020).  Mathematical models 
regarding bone tissue blood flow are solved using computational fluid dynamics 
(D. Ali & Sen, 2018). Blood flow with constant pressure boundary conditions at the 
coronary ostium is solved using computational fluid dynamics (Yoshikawa et al., 
2020). Modeling blood flow in viscoelastic vessels can be used to model human 
circulation in arteries and veins (Bertaglia et al., 2020). Mathematical modeling of 
blood flow through three different types of stenosis shows nonnewtonian 
behavior can influence blood flow behavior (Owasit & Sriyab, 2021). 
Mathematical models of blood flow with hematological disorders show that 
changes in hematocrit values can significantly influence the physical quantity 
and volumetric flow rate(Karthik et al., 2022). Mathematical models of blood 
flow in stenosis show that velocity increases as the angle of inclination increases 
(Dhange et al., 2022). The Navier-Stokes equations in blood flow can be solved 
using the finite difference method (Hu et al., 2023). 

Nanotechnology is the science that studies the manipulation of materials on 
the atomic and molecular scale. Nanoparticles are one of the main applications of 
nanotechnology. Nanoparticles have sizes between one and 100 nanometers. The 
physical and chemical properties in the form of electronic, magnetic and thermal 
stability of nanoparticles make them superior to large-sized materials (Fahmi, 
2020). Nanoparticle size is used to control particle size, surface properties and 
release of active substances in drug delivery systems. Nanoparticles added to the 
base fluid are called nanofluids. 𝐴𝑙2𝑂3 nanoparticles can increase friction by 67 
percen (Wei et al., 2021). The influence of the Eckert number and nanoparticles 
causes the fluid temperature to increase (Gul et al., 2021). Nanofluid research 
carried out by comparing metal particles and metal oxides shows that metal 
oxides move faster than metal particles (Norasia et al., 2023). 

In the medical field, nanoparticles are widely used for diagnostic and 
therapeutic purposes. Gold (Au) nanoparticles can be used for drug delivery, 
cancer detection, and photothermal therapy (Singh et al., 2018). The effect of 
𝐶𝑢, 𝑇𝑖𝑂2, 𝐴𝑙2𝑂3 particles can increase blood flow velocity in blocked blood vessels 
(Zaman et al., 2019). Mathematical models of blood flow show that the length of 
blood vessels can influence blood pressure (Khalid et al., 2021). Blood flow with 
nanoparticle suspension through blood clot arteries shows that as the size of the 
clot increases, the blood temperature also increases (Shah & Kumar, 2020). The 
application of nanoparticles is important for further development. The ability of 
nanoparticles as drug distribution is interesting to research.  Treatment efficacy is 
increased by targeting diseased cells and avoiding healthy cells with 
nanoparticles (Yusuf et al., 2023). This research aims to look at the linear velocity, 
angular velocity, temperature and pressure of blood flow with the addition of 
particles 𝐶𝑢, 𝑇𝑖𝑂2, 𝐴𝑙2𝑂3. The blood flow medium is a porous artery without any 
blockages. The model building process starts from dimensional similarities, non-
dimensional similarities, and similarities. The similarity equation is solved using 
the Thomas and Backward Euler Algorithms.  

 
2. Method 

This research involves physics and mathematics approaches in building a blood 
flow model, so there are research stages as follows. 
 
2.1. Mathematical Model Construction 
In this research, a mathematical model was built including continuity, 
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momentum, and energy equations. The model equation obtained is then 
simplified into a non-dimensional equation with non-dimensional variables. The 
non-dimensional equation obtained was substituted for the nanoparticle and 
base fluid variables. In this research, nanoparticles and blood as base fluid were 
used with the following parameter values. 
 
Table 1. Nanoparticles and Basic Fluid Parameters/Blood (Ahmed & Nadeem, 
2016) (Ali et al., 2022) 

Parameters 𝑨𝒍𝟐𝑶𝟑 𝑻𝒊𝑶𝟐 𝑪𝒖 Blood 

Density (𝜌) 3970 4250 8933 1063 
Spesific Heat (𝑐𝑝) 765 686.2 385 3594 

Conductivity (𝑘) 40 8.9538 400 0.492 

 
Taking the boundary layer approach, using the flow function, and using the 

similarity variables, the equation becomes one variable (similarity). The 
following is the equation for the boundary layer approach, flow function, and 
similarity variable. 
 
Boundary layer equation (Saeed et al., 2021) 

𝑅𝑒 → ∞, 𝑅𝑒 =
𝑟𝛼𝑢

𝑣𝑓
        (1) 

with 
𝑅𝑒 is Reynolds number 
 

Stream function (Ullah et al., 2020) 
  

𝑢(𝑥, 𝑦) =
𝜕𝜓

𝜕𝑦
 , 𝑣(𝑥, 𝑦) = −

𝜕𝜓

𝜕𝑥
       (2) 

 

with 

𝜓 is stream function variables 

𝑢, 𝑣 is velocity of blood flow 

 

Similarity Variables (Alsenafi & Ferdows, 2022) 
 
𝜓 = 𝐹(𝑥, 𝑌, 𝑡)𝑢 (𝑥)𝑟(𝑥)       (3) 

 

with 

𝑢𝑒 is velocity of free flow 
𝑟 is radius of the porous medium 

 
3. Results and Discussion 

This research discusses the development of a blood flow model with the addition 
of nanoparticles for drug distribution. By Building continuity, momentum, and 
energy equations by applying the laws of physics of Lavoisier, Newton, and 
thermodynamics. The addition of nanoparticles in the bloodstream is measured 
through density 𝜌𝑓𝑛 and viscosity 𝜇𝑓𝑛. Then the microrotation ability of the blood 

flow is measured using the microrotation parameter N. The mathematical model 
of blood flow forms four, the first is the continuity equation, namely the rate of 
mass change is constant. Second, the linear momentum equation which is 
influenced by pressure 𝑝, magnetic parameters 𝐵 , and gravity on the x-axis 𝑔𝑥 

https://doi.org/10.30736/voj.v6i1.966
https://doi.org/10.30736/voj.v6i1.966


 

Norasia. Y., et al./Vygotsky 6 (1) 
Month Years, pp. 51-60 

E-ISSN: 2656-5846 
P-ISSN: 2656-2286 

  

 

54 | Page  

 

  

Vygotsky: Jurnal Pendidikan Matematika dan Matematika 
https://doi.org/10.30736/voj.v6i1.966 

 

and y-axis 𝑔𝑦. Third is the angular momentum equation, namely the existence of 

microrotation in the blood which is influenced by 𝛾 ,  ℐ. Fourth, the energy 
equation is influenced by heat diffusivity 𝛼 to temperature 𝑇 of blood flow. The 
dimensional equations of continuity, momentum, and energy are respectively 
obtained as follows. 
 

1. 
𝜕𝑟𝑢

𝜕𝑥
+

𝜕𝑟𝑣

𝜕𝑦
= 0 

 

2. 𝜌𝑓𝑛 (
𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
) = −

𝜕𝑝

𝜕𝑥
+ (𝜇𝑓𝑛 + 𝑘) (

𝜕2𝑢

𝜕𝑥2 +
𝜕2𝑢

𝜕𝑦2) + 𝜎𝐵2𝑢 −

𝜌𝑓𝑛(𝑇 − 𝑇∞) 𝑔𝑥 + 𝑘
𝜕𝑁

𝜕𝑦
 

 

3. 𝜌𝑓𝑛 (
𝜕𝑣

𝜕𝑡
+ 𝑢

𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
) = −

𝜕𝑝

𝜕𝑦
+ (𝜇𝑓𝑛 + 𝑘) (

𝜕2𝑣

𝜕𝑥2 +
𝜕2𝑣

𝜕𝑦2) + 𝜎𝐵2𝑣 −

𝜌𝑓𝑛(𝑇 − 𝑇∞) 𝑔𝑦 + 𝑘
𝜕𝑁

𝜕𝑥
 

 

4. 𝜌𝑓𝑛 ℐ (
𝜕𝑁

𝜕𝑡
+ 𝑢

𝜕𝑁

𝜕𝑥
+ 𝑣

𝜕𝑁

𝜕𝑦
) = 𝛾 (

𝜕2𝑁

𝜕𝑥2 +
𝜕2𝑁

𝜕𝑦2) − 𝑘 (2𝑁 −
𝜕𝑣

𝜕𝑥
+

𝜕𝑢

𝜕𝑦
) 

 

5. 
𝜕𝑇

𝜕𝑡
+ 𝑢

𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
= 𝛼 (

𝜕2𝑇

𝜕𝑥2 +
𝜕2𝑇

𝜕𝑦2) 

(4) 

The boundary conditions of the model are. 

𝑡 = 0, 𝑢 = 𝑣 = 0, 𝑁 = 0, 𝑇 = 𝑇∞ when 𝑥, 𝑦 

𝑡 > 0, 𝑢 = 𝑣 = 0, 𝑇 = 𝑇𝑤 , 𝑁 = −𝑁
𝜕𝑢

𝜕𝑡
 when 𝑦 = 0 

𝑢 = 𝑢𝑒(𝑥), 𝑢 = 𝑣, 𝑁 = 0, 𝑇 = 𝑇∞ when 𝑦 → ∞ 

 

The next step is to approach the boundary layer (1), flow function (2) and 
similarity variable (3), equation (4) becomes the similarity equation for linear, 
angular momentum and temperature respectively as follows. 

 

1. 
(1+𝐾)

((1−𝜒)+𝜒(
𝜌𝑠
𝜌𝑓

)) (1−𝜒)2.5

𝜕3𝐹

𝜕𝑌3 + 𝐾
𝜕𝐻

𝜕𝑦
+

3

2
cos 𝑥 [− (

𝜕𝐹

𝜕𝑌
)

2
+ 2𝐹

𝜕2𝐹

𝜕𝑌2 + 1] =
𝜕2𝐹

𝜕𝑡𝜕𝑌
+

3

2
sin 𝑥 [−

𝜕𝐹

𝜕𝑥

𝜕2𝐹

𝜕𝑌2 +
𝜕𝐹

𝜕𝑌

𝜕2𝐹

𝜕𝑥𝜕𝑌
] + (1 −

𝜕𝐹

𝜕𝑌
) 𝑀 −

2

3
𝜆𝑆 

 

 

2. (1 +
𝐾

2
) 

𝜕2𝐻

𝜕𝑌2 +
3

2
cos 𝑥  (−𝐻

𝜕𝐹

𝜕𝑌
+ 2𝐹

𝜕𝐻

𝜕𝑌
) =

𝜕𝐻

𝜕𝑡
+ 𝐾 (

𝜕2𝐹

𝜕𝑌2 + 2𝐻) +
3

2
sin 𝑥  (

𝜕𝐻

𝜕𝑥

𝜕𝐹

𝜕𝑌
+

𝜕𝐻

𝜕𝑌

𝜕𝐹

𝜕𝑥
) 

 

3. (
𝑘𝑠+2𝑘𝑓−2𝜒(𝑘𝑓−𝑘𝑠)

𝑘𝑠+2𝑘𝑓+𝜒(𝑘𝑓−𝑘𝑠)

1

((1−𝜒)+𝜒(
𝜌𝑠
𝜌𝑓

)) 

)
𝜕2𝑆

𝜕𝑌2 + 3 cos 𝑥 𝑃𝑟 𝐹 
𝜕𝑆

𝜕𝑌
= 𝑃𝑟 

𝜕𝑆

𝜕𝑡
+

3

2
sin 𝑥 𝑃𝑟 (

𝜕𝑆

𝜕𝑥

𝜕𝐹

𝜕𝑌
−

𝜕𝑆

𝜕𝑌

𝜕𝐹

𝜕𝑠
) 

(5) 
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The boundary conditions of the model are. 

𝐹 =
𝜕𝐹

𝜕𝑌
= 0, 𝐻 = −𝑛

𝜕2𝐹

𝜕𝑌2 , 𝑆 = 1 when 𝑌 = 0 

𝜕𝐹

𝜕𝑌
= 1, 𝐻 = 0, 𝑆 = 0 when 𝑌 → ∞ 

In the similarity equation above, the Backward Euler numerical approach and 
the Thomas Algorithm are carried out. Then simulated linear, angular velocity 
and blood temperature. The aim of this research is to look at the linear, angular 
velocity and blood temperature when distributing drugs using nanoparticles 
𝐴𝑙2𝑂3, 𝑇𝑖𝑂2, 𝐶𝑢.  

 
Figure 1. Linier Velocity of Blood Flow 

 
Figure 1 shows the linear velocity of blood flow with the addition of 

nanoparticles 𝐴𝑙2𝑂3, 𝑇𝑖𝑂2, 𝐶𝑢. The blue line shows blood flow with the addition 
of nanoparticles 𝐴𝑙2𝑂3. The red line shows blood flow with the addition of 
nanoparticles 𝑇𝑖𝑂2. The orange line shows blood flow with the addition of 
nanoparticles 𝐶𝑢.  Each nanoparticle moves at the same linear velocity, namely 
from zero to one. That is, the linear velocity of movement increases in the 
bloodstream. By enlarging the image scale at a distance between 1.585329026 to 
1.585329028, it can be seen that the blue line is at the top position, in other words 
the linear velocity of blood flow with the addition of 𝐴𝑙2𝑂3 nanoparticles moves 
faster than the other two particles (𝑇𝑖𝑂2, 𝐶𝑢). The density of 𝐴𝑙2𝑂3 particles is 
3970, which is the smallest density. Due to this, blood flow with 𝐴𝑙2𝑂3 
nanoparticles is at its highest velocity.  

Figure 2 shows the angular velocity of blood flow with the addition of 
nanoparticles 𝐴𝑙2𝑂3, 𝑇𝑖𝑂2, 𝐶𝑢. The angular velocity of blood flow with each 
nanoparticle moving is the same, namely experiencing microrotational 
movement from zero to a peak at a distance of two and decreasing. Blood is a 
category of microrotational fluid, so that blood flow has an angular velocity. By 
enlarging the image scale to a distance of 1.9566964551, it can be seen that the 
orange line is at the top position, in other words the angular velocity of blood 
flow with the addition of 𝐶𝑢 nanoparticles moves faster than the other two 
particles (𝑇𝑖𝑂2, 𝐴𝑙2𝑂3). The density of particle 𝐶𝑢 is 8933, which is the largest 
density. The opposite of linear velocity, at angular velocity Cu particles move 
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faster. The greater the density, the more nanoparticles. As a result, microrotation 
becomes greater, and the angular velocity of blood flow with Cu nanoparticles 
also moves greater than other particles.  

 
Figure 2. Angular Velocity of Blood Flow 

 
Figure 3 shows the blood flow temperature with the addition of nanoparticles 

𝐴𝑙2𝑂3
, 𝑇𝑖𝑂2, 𝐶𝑢. The temperature of the blood flow with each nanoparticle moves 

the same, namely experiencing microrotation movement from one to zero. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Blood Temperature  
 

In other words, blood temperature decreases. By magnifying the image scale 
at a distance of 3.806797944, you can see the blue line at the top position, in other 
words the blood flow temperature with the addition of nanoparticles 𝐴𝑙2𝑂3  

moves faster than the other two particles (𝑇𝑖𝑂2, 𝐶𝑢). Specific heat of particles 𝐴𝑙2𝑂3 is 
765, which is the largest specific heat. An increase in temperature arises due to 
the energy that appears in a unit mass of a substance. As a result, the 
temperature of the blood flow with nanoparticles 𝐴𝑙2𝑂3 at highest position.   
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Figure 4. Pressure Blood Flow 

Figure 4 shows blood flow pressure based on linear and angular velocity. 
Blood pressure moves from zero to a peak at a distance of 0.4 and decreases 
towards zero. Blood flow pressure increases at a peak of 0.4 and decreases at 0.9. 
Nanoparticles can interact with the blood flow to change the flow dynamics and 
pressure in the flow system. The more nanoparticles in the blood flow can cause 
an increase in pressure at certain points in the flow. 
 
4. Conclusions 

This research builds a mathematical model of blood flow by adding 
nanoparticles as drug distribution to the linear, angular velocity and temperature 
of blood flow. The model construction obtained is then simplified into non-
dimensional equations and similarity equations. Numerical solution to the 
similarity equation uses the Backward Euler method. The simulation results 
show that if we want to accelerate linear velocity and increase blood flow 
temperature, we can use drug distribution with nanoparticles 𝐴𝑙2𝑂3. If we want 
to accelerate up the angular velocity, we can use nanoparticles 𝐶𝑢. In this case, 
blood flow can be modeled using the nanoparticle effect in a two-dimensional 
way. Blood flow can become turbulent in some areas of blood vessels. Two-
dimensional models are able to properly model the turbulence phenomena that 
can occur in blood flow. The research can be developed in a three-dimensional 
environment. 

 
Author Contributions 
First author and second author contributed to construct the model and 
simplifying it into a similarity equation. First author and third author contribute 
to the solution of numerical method. All authors contributed to the analysis of 

https://doi.org/10.30736/voj.v6i1.966
https://doi.org/10.30736/voj.v6i1.966


 

Norasia. Y., et al./Vygotsky 6 (1) 
Month Years, pp. 51-60 

E-ISSN: 2656-5846 
P-ISSN: 2656-2286 

  

 

58 | Page  

 

  

Vygotsky: Jurnal Pendidikan Matematika dan Matematika 
https://doi.org/10.30736/voj.v6i1.966 

 

the simulation results. Reviewers and journal editors provided feedback to the 
first author for the revision of the article. 
 
Acknowledgment 
The research was supported by the Institute of Research and Community 
Services (Lembaga Penelitian dan Pengabdian kepada Masyarakat/LP2M), UIN 
Walisongo, Semarang-Central Java, Indonesia with Funding Agreement Letter 
number 980/Un.10.0/R/HK.01.14/4/2023. Thanks to LP2M-UIN Walisongo for 
giving us the opportunity to publish this paper in a national journal. 
 
Declaration of Competing Interest 
The author declares that this research has no conflicts of interest reported in this 
article. 
 
References 
Ahmed, A., & Nadeem, S. (2016). The study of (Cu, TiO2, Al2O3) nanoparticles 

as antimicrobials of blood flow through diseased arteries. Journal of 
Molecular Liquids, 216, 615–623. https://doi.org/10.1016/j.molliq.2016.01.059 

Ali, Z., Rabiei, F., Rashidi, M. M., & Khodadadi, T. (2022). A fractional-order 
mathematical model for COVID-19 outbreak with the effect of symptomatic 
and asymptomatic transmissions. European Physical Journal Plus, 137(3). 
https://doi.org/10.1140/epjp/s13360-022-02603-z 

Alsenafi, A., & Ferdows, M. (2022). Similarity and Finite Difference Solution on 
Biomagnetic Flow and Heat Transfer of Blood-Fe3O4 through a Thin 
Needle. Journal of Mathematics, 2022. https://doi.org/10.1155/2022/1464695 

Bertaglia, G., Caleffi, V., & Valiani, A. (2020). Modeling blood flow in viscoelastic 
vessels: the 1D augmented fluid–structure interaction system. Computer 
Methods in Applied Mechanics and Engineering, 360. 
https://doi.org/10.1016/j.cma.2019.112772 

Dhange, M., Sankad, G., Safdar, R., Jamshed, W., Eid, M. R., Bhujakkanavar, U., 
Gouadria, S., & Chouikh, R. (2022). A mathematical model of blood flow in a 
stenosed artery with post-stenotic dilatation and a forced field. PLoS ONE, 
17(7 July). https://doi.org/10.1371/journal.pone.0266727 

Fahmi, M. Z. (2020). Nanoteknologi dalam Perspektif Kesehatan. Airlangga 
University Press. 

Gul, T., Usman, M., Khan, I., Nasir, S., Saeed, A., Khan, A., & Ishaq, M. (2021). 
Magneto hydrodynamic and dissipated nanofluid flow over an unsteady 
turning disk. Advances in Mechanical Engineering, 13(7), 1–11. 
https://doi.org/10.1177/16878140211034392 

Hu, X., Liu, X., Wang, H., Xu, L., Wu, P., Zhang, W., Niu, Z., Zhang, L., & Gao, Q. 
(2023). A novel physics-based model for fast computation of blood flow in 
coronary arteries. BioMedical Engineering Online, 22(1). 
https://doi.org/10.1186/s12938-023-01121-y 

Karthik, A., Kumar, P. T. V. P., & Radhika, T. S. L. (2022). A Mathematical Model 
for Blood Flow Accounting for the Hematological Disorders. Computational 
and Mathematical Biophysics, 10(1), 184–198. https://doi.org/10.1515/cmb-
2022-0136 

Khalid, A. K., Othman, Z. S., & M Shafee, C. T. M. N. (2021). A review of 
mathematical modelling of blood flow in human circulatory system. Journal 
of Physics: Conference Series, 1988(1). https://doi.org/10.1088/1742-

https://doi.org/10.30736/voj.v6i1.966
https://doi.org/10.30736/voj.v6i1.966


 

Norasia. Y., et al./Vygotsky 6 (1) 
Month Years, pp. 51-60 

E-ISSN: 2656-5846 
P-ISSN: 2656-2286 

  

 

  Page | 59 

  

 

Vygotsky: Jurnal Pendidikan Matematika dan Matematika 
https://doi.org/10.30736/voj.v6i1.966 

 

6596/1988/1/012010 
Norasia, Y., Tafrikan, M., Ghani, M., Islam, U., Walisongo, N., Technology, D. S., 

& Airlangga, U. (2022). Laminar Viscous Fluid Flow with Micro-rotation 
Capabilities through Cylindrical Surface. 6(4), 865–875. 

Norasia, Y., Tafrikan, M., & Kamaluddin, B. H. (2023). ANALYSIS OF THE 
MAGNETOHYDRODYNAMICS NANOVISCOUS FLUID BASED ON 
VOLUME FRACTION AND THERMOPHYSICAL PROPERTIES. 
BAREKENG: Jurnal Ilmu Matematika Dan Terapan, 17(1), 0331–0340. 
https://doi.org/10.30598/barekengvol17iss1pp0331-0340 

Owasit, P., & Sriyab, S. (2021). Mathematical modeling of non-Newtonian fluid in 
arterial blood flow through various stenoses. Advances in Difference 
Equations, 2021(1). https://doi.org/10.1186/s13662-021-03492-9 

Saeed, A., Khan, N., Gul, T., Kumam, W., Alghamdi, W., & Kumam, P. (2021). 
The flow of blood-based hybrid nanofluids with couple stresses by the 
convergent and divergent channel for the applications of drug delivery. 
Molecules, 26(21). https://doi.org/10.3390/molecules26216330 

Saqr, K. M., Tupin, S., Rashad, S., Endo, T., Niizuma, K., Tominaga, T., & Ohta, 
M. (2020). Physiologic blood flow is turbulent. Scientific Reports, 10(1), 1–12. 
https://doi.org/10.1038/s41598-020-72309-8 

Shah, S. R., & Kumar, R. (2020). Mathematical Modeling of Blood Flow With the 
Suspension of Nanoparticles Through a Tapered Artery With a Blood Clot. 
Frontiers in Nanotechnology, 2. https://doi.org/10.3389/fnano.2020.596475 

Singh, P., Pandit, S., Mokkapati, V. R. S. S., Garg, A., Ravikumar, V., & Mijakovic, 
I. (2018). Gold nanoparticles in diagnostics and therapeutics for human 
cancer. In International Journal of Molecular Sciences (Vol. 19, Issue 7). MDPI 
AG. https://doi.org/10.3390/ijms19071979 

Ullah, H., Lu, D., Siddiqui, A. M., Haroon, T., & Maqbool, K. (2020). 
Hydrodynamical study of creeping maxwell fluid flow through a porous slit 
with uniform reabsorption and wall slip. Mathematics, 8(10), 1–22. 
https://doi.org/10.3390/math8101852 

Wei, H., Moria, H., Nisar, K. S., Ghandour, R., Issakhov, A., Sun, Y. L., Kaood, A., 
& Youshanlouei, M. M. (2021). Effect of volume fraction and size of 
Al2O3nanoparticles in thermal, frictional and economic performance of 
circumferential corrugated helical tube. Case Studies in Thermal Engineering, 
25(February), 100948. https://doi.org/10.1016/j.csite.2021.100948 

Yoshikawa, Y. ., Nakamoto, M. ., & Nakamura, M. et al. (2020). On-site 
evaluation of CT-based fractional flow reserve using simple boundary 
conditions for computational fluid dynamics.  Int J Cardiovasc Imaging, 36, 
337–346. 

Yusuf, A., Almotairy, A. R. Z., Henidi, H., Alshehri, O. Y., & Aldughaim, M. S. 
(2023). Nanoparticles as Drug Delivery Systems: A Review of the 
Implication of Nanoparticles’ Physicochemical Properties on Responses in 
Biological Systems. In Polymers (Vol. 15, Issue 7). MDPI. 
https://doi.org/10.3390/polym15071596 

Zaman, A., Ali, N., & Sajjad, M. (2019). Effects of nanoparticles (Cu, TiO2, Al2O3) 
on unsteady blood flow through a curved overlapping stenosed channel. 
Mathematics and Computers in Simulation, 156, 279–293. 
https://doi.org/10.1016/j.matcom.2018.08.012 

 

https://doi.org/10.30736/voj.v6i1.966
https://doi.org/10.30736/voj.v6i1.966


 

Norasia. Y., et al./Vygotsky 6 (1) 
Month Years, pp. 51-60 

E-ISSN: 2656-5846 
P-ISSN: 2656-2286 

  

 

60 | Page  

 

  

Vygotsky: Jurnal Pendidikan Matematika dan Matematika 
https://doi.org/10.30736/voj.v6i1.966 

 

 

https://doi.org/10.30736/voj.v6i1.966
https://doi.org/10.30736/voj.v6i1.966

