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Abstract
The blood-based Ag and TiO2 Hybrid nanofluids (HNFs) flow between the two tubes are used for drug delivery appli-
cations. Ag and TiO2 hybrid nanofluids have immense potential as drug delivery agents due to their unique proper-
ties, controlled release capabilities, targeting abilities, and synergistic effects. Extensive research is being conducted 
to optimize their design and maximize their effectiveness in various therapeutic applications using experimental 
approaches. The recent work has been focused on theoretical analysis using the existing experimental data. These 
HNFs are functionalized with ligands or antibodies to specifically target and deliver drugs to diseased tissues or cells. 
This targeted approach enhances drug accumulation at the desired site, minimizing systemic toxicity and improv-
ing treatment outcomes. An external magnetic field is applied to control the release of drugs from the nanofluids. 
Magnetic nanoparticles such as iron oxide nanoparticles are incorporated into the nanofluids, which respond to the 
magnetic field and release the drug at a specific location and time. This offers a controlled and targeted drug deliv-
ery system. The graphical and numerical outcomes of the dimensionless momentum and thermal boundary layers 
are investigated and discussed. It is observed that hybrid nanofluids (HNFs) often exhibit superior heat transfer (HT) 
properties, primarily due to the high thermal conductivity of nanoparticles. Improving heat transfer helps reduce skin 
friction by maintaining a more uniform temperature distribution near the surface. Also, this acts in the optimization 
of the blood flow analysis. In terms of drug delivery applications, hybrid nanofluids are more prominent in refining 
applications through optimized heat transfer, as shown by the comparison.

Article Highlights

•	 The blood-based Ag and TiO2 hybrid nanofluids flow between the two concentric cylinders is used for the applications 
of drug delivery and is a novel attempt for such kind of model.

•	 The inclusion of the magnetic field enhances the ability of the Ag and TiO2 nanomaterials to work a the drug carrier. 
Thermal radiation also works to improve the thermal performance of the temperature and enhance the heat transfer 
rate.
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•	 The CVFEM, RK-4, and ANN are the three different techniques that are used in combination to handle the proposed 
model. Also, the comparison with the existing literature validates the obtained results

Keywords  Ag and TiO2 hybrid nanofluids  · Nanoparticles and nanomaterial · Two tubes for drug carriers · Control 
volume finite element method (CVFEM) · Artificial neural network (ANN) · Thermal radiation and viscous dissipation

List of symbols
(

vr&v�
)

	� Velocity components (ms−1)
Nu−	� Nusselt number
g	� Acceleration (ms−2)
qr	� Radiative flux
a	� Inner cylinder radius (m)
Cp	� Heat capacitance (J/kg K)
Pr	� Prandtl number
f 	� Dimensionless velocity component
b	� Outer cylinder radius (m)
Tw , T∞	� Components of Temperature (K)
M	� Magnetic field parameter
Rd	� Radiation parameter
Gr	� Grashof number
Re	� Reynolds number
Cf 	� Skin friction coefficient

Greek symbols
�,�	� Dimensionless temperature and concentration
�f 	� Fluid density (kg m−3)
k	� Thermal conductivity (W/mK)
�	� Viscosity of fluid (mPa)
�	� Dimensionless transform variable
�	� Electrical conductivity
B0	� Magnetic field

1  Introduction

The fluid flow between two concentric cylinders plays a crucial role in drug delivery systems and other engineering, biomedi-
cal, and industrial applications. In the case of biomedical engineering, the fluid flow between the two cylinders regulates the 
drug release. By adjusting the flow rate, the drug is released evenly or in a controlled manner over a specific period. This is 
particularly useful for sustained or controlled drug delivery systems, where the drug needs to be released at a specific rate 
to achieve the desired therapeutic effect [1, 2]. The fluid flow between the two cylinders promotes mixing and homogeneity 
of the drug solution. This is important to ensure uniform drug concentration throughout the delivery system. By achieving 
homogeneity, the drug can be administered consistently and accurately, avoiding potential variation in dosage. The fluid flow 
between the cylinders increases the rate of mass transfer, allowing for more efficient drug diffusion or dissolution [3–5]. This 
is particularly beneficial when dealing with drugs that have low solubility or limited permeation across biological barriers. 
The enhanced mass transfer helps to increase drug absorption and bioavailability. The fluid flow between the cylinders is 
used to guide and direct the drug to specific target sites [6]. By manipulating the fluid flow, the drug is delivered to a specific 
region or tissue, ensuring precise drug targeting and reducing potential side effects on other healthy tissues. The fluid flow 
between the cylinders replicates physiological conditions, such as blood flow or fluid movement in organs. This is important 
to mimic in vivo conditions for drug development and testing. By simulating the fluid flow, drug delivery systems can be 
optimized and validated under realistic conditions, enhancing their effectiveness and safety. Hybrid nanofluids, which consist 
of nanoparticles suspended in a base fluid, play a crucial role in drug delivery using flow between two tubes. The nanopar-
ticles in hybrid nanofluids enhance the solubility of hydrophobic drugs by providing a large surface area for drug loading. 
This improved solubility allows for a higher drug concentration in the fluid, leading to better drug delivery efficiency. Hybrid 
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nanofluids are engineered to have specific properties to enable controlled drug release. Hybrid nanofluids are utilized as 
carriers for controlled and sustained drug release. The nanoparticles are functionalized with drugs and encapsulated within 
polymeric matrices, allowing for controlled release over a prolonged period. This enables targeted drug delivery and reduces 
the frequency of drug administration. The small size and large surface area-to-volume ratio of hybrid nanofluids enhance drug 
bioavailability. The nanoparticles efficiently penetrate physiological barriers, such as cell membranes or blood–brain barrier, 
and deliver the drug to the desired site of action. This leads to improved therapeutic efficacy and reduced side effects [7].

By modifying the nanoparticles’ surface properties or incorporating stimuli-responsive materials, the release of the 
drug is triggered in a controlled manner, such as in response to changes in temperature, pH, or light exposure. The flow 
between two tubes is designed to mimic blood vessels or specific organs. By incorporating targeting ligands on the 
surface of the nanoparticles in the nanofluid, they can selectively bind to receptors or proteins present in the target 
cells, allowing for site-specific drug delivery. This targeting strategy improves drug efficacy while minimizing potential 
side effects on healthy cells. The use of hybrid nanofluids for a variety of applications in the field of engineering can be 
seen in [8, 9].

The role of heat transfer (HT) in the shape of nanofluids for blood flow is primarily to enhance the thermal properties 
of the fluid and improve the HT efficiency. In the context of blood flow, nanofluids are used in medical applications, 
such as thermal management during surgeries, hyperthermia treatment, and drug delivery. The improved heat transfer 
properties of nanofluids make them effective for dissipating heat generated during surgical procedures or targeted heat 
delivery for hyperthermia treatment. This helps regulate and maintain the desired body temperature during surgeries 
or deliver controlled localized heating for therapeutic purposes [10–14].

The heat transfer optimization and biological applications consisting of titanium dioxide and other materials can be 
seen in [15]. Where the blood-based hybrid nanofluids using mathematical modeling can be seen in [16, 17]. In the field 
of biology, TiO2–Ag/Blood hybrid nanofluids that flow in arteries have great potential for drug delivery applications.

The unique properties and mechanisms of action of titanium oxide and silver nanoparticles make them promising 
candidates for cancer therapy. TiO2 NPs are suitable candidates for cancer treatment due to their biocompatibility, high 
photoactivity, and low toxicity. These nanoparticles can produce reactive oxygen species (ROS) by absorbing and utilizing 
light energy through photocatalysis. The therapeutic efficacy and side effects can be enhanced by improving the ability 
of TiO2 NPs to target cancer cells by modifying their surface [18, 19]. The attractiveness of silver nanoparticles (AgNPs) 
in cancer therapy is due to their unique properties. The high surface-to-volume ratio of AgNPs makes it possible to effi-
ciently deliver therapeutic agents to cancer cells. Ag NPs’ cytotoxic effects can be boosted by TiO2 NPs’ ROS production, 
which can result in additional cancer cell death [20, 21]. By activating Ag NPs through the photocatalytic properties of 
TiO2 NPs, the therapeutic potential can be enhanced. These nanoparticles are highly promising due to their potential 
to develop novel and effective cancer therapies. The flow between concentric tubes for a variety of applications can be 
seen in [22–25].

1.1 � The newness of the proposed model is demonstrated as

The inner cylinder is commonly used to represent the drug carrier during drug delivery, which can be either a catheter 
or a needle. In this study, the inner cylinder is used as a drug carrier. Where the blood base liquid dispersed with titanium 
dioxide (TiO2) and silver (Ag) nanoparticles is used for the application of drug delivery. The literature survey mentioned 
above did not find any articles that discussed this model and the results of conducting blood in the presence of Ag and 
TiO2 nanoparticles. In addition, magnetic field, thermal radiation, and heat convection involve other physical parameters 
as well. Furthermore, the obtained mathematical model is numerically solved via the CVFEM [26–28] technique and RK-4 
scheme [29, 30]. A neural networking strategy is also used to validate the obtained results.

2 � Materials and methods

The principles of fluid dynamics are used to describe the flow of blood-based hybrid nanofluids (HNFs) between concentric 
cylinder gaps for drug delivery, known as annular flow. When delivering drugs, the inner cylinder is usually what represents 
the drug carrier, such as a catheter or needle having radius r0 = a > 0 . The inner cylinder is responsible for delivering the drug 
to the blood vessel or tissue. The cylinders’ gap enables the movement of fluid, in particular blood, and the delivery of the 
drug. The outer cylinder radius is taken b > a > 0 . Blood is saturated with TiO2& Ag nanocomposites. The geometry includes 
an inertial frame that involves a cylindrical coordinates system (r, �, x) . x-axis is considered along axial reference while the 
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radial line is denoted by the r-axis. The velocity compnents are considered vr constant and v� = v�(r) . The temperature of the 
inner cylinder is Ta and outer cylinder is Tb such that Ta > Tb . The perpendicular magnetic field B0 , is applied to the flow field.

The governing equations are demonstrated in the context of [4, 5].

Physical conditions shall be adapted as follows:

In the above equations the subscripts hnf  and f  are used to represent the hybrid nanofluids (HNFs) and base fluid blood. 
Where, v� is the velocity component, � ,�, k are the thermal expansion, absolute viscosity, and thermal conductivity. The idea 
of Rossland’s approximation is used to define the radiative flux qr as.

where σ* represents the Stefan–Boltzman constant and κ* symbolizes the mean absorption coefficient. The thermo-
physical properties of prime interest are mentioned in Table 1, while their relations for mono and bi-hybrid nanofluid 
are given below [21].

3 � Transformations

The similarity variable is proposed as [4, 5].
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Table 1   Materials’ thermal and 
physical properties [21]

Physical features TiO2 Ag Blood

k(W∕mK) 8.9538 429 0.492
cp(J∕kg K) 686 235 3594

�
(

kg∕m3
)

4250 10,500 1063

�(s∕m) 2.6 × 106 59.6 × 106 5.5 × 10–6

�(1∕k) 0.9 × 10–5 0.89 × 10–5 0.18
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Equation (1) is satisfied that fulfilled the basic requirement of the flow field while the rest of the Eqs. (2)−(4) are 
altered as

The physical parmeters are displayed as

Relations for skin friction and Nusselt number are as follows [4].

With the help of Eqs. (13) and (14) revises so:

4 � Solution methodologies

The RK-4 method, also known as the fourth-order Runge–Kutta method, is a numerical technique used for solving 
ordinary differential equations. It is commonly utilized for solving fluid flow models, which describe the behavior of 
fluids in various systems [29, 30]. The RK-4 method involves breaking down the fluid flow model into a series of dis-
crete time steps. At each time step, the values of the dependent variables (such as velocity and pressure) are updated 
based on the current state and the rates of change determined by the differential equations. The steps involved in 
the RK-4 method are as follows:

	 i.	 Start with an initial condition for the dependent variables at the initial time.
	 ii.	 Calculate the rates of change at the current time using the partial differential equations.
	 iii.	 Use these rates of change to estimate the values of the dependent variables at the midpoint of the time step.
	 iv.	 Recalculate the rates of change at the midpoint using the estimated values.
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	 v.	 Use these new rates of change to estimate the values of the dependent variables at the end of the time step.
	 vi.	 Calculate the average of the rates of change at the start, midpoint, and end of the time step.
	 vii.	 Multiply this average by the time step and add it to the initial values to obtain the updated values for the next time 

step.
	viii.	 Repeat steps 2–7 for all subsequent time steps until the desired time is reached.

4.1 � Control volume finite element method (CVFEM)

The finite element method (FEM) is a numerical technique used to solve partial differential equations (PDEs), including 
fluid flow problems. When applying FEM [26–28] to the control volume method, the following steps are used:

	 i.	 The control volume domain is divided into smaller subdomains or elements, forming a mesh. The size and shape 
of these elements can vary, but they are usually simple geometrical shapes such as triangles or quadrilaterals in 
2D, or tetrahedra or hexahedra in 3D.

	 ii.	 The PDEs governing fluid flow, such as the Navier–Stokes equations, are transformed into variational or weak form. 
This is done by multiplying the equations by test functions and integrating them over each element.

	 iii.	 The displacement field, pressure field, or any other unknown variables are approximated using interpolation func-
tions called basis functions. These functions are defined over each element and are usually chosen to be polynomi-
als.

	 iv.	 Substituting the basis functions into the weak form equations, and integrating over each element, results in a set 
of element equations. These equations are typically expressed as systems of algebraic equations in terms of the 
unknown nodal values.

	 v.	 Applying the appropriate boundary conditions is necessary to solve the fluid flow problem. This involves specifying 
the values or behavior of the unknown variables at certain points or boundaries of the control volume domain.

4.2 � An artificial neural network (ANN)

An artificial neural network (ANN) [31–39] is used to model and predict the behavior of hybrid nanofluid flow in con-
centric cylinders.

To use an ANN for modeling the hybrid nanofluid flow, the following steps.

	 i.	 The data should include input variables and corresponding output variables in the form of parameters.
	 ii.	 Design the architecture of the ANN, which includes the number of input and output nodes, as well as the number 

and type of hidden layers.
	 iii.	 Use the collected data to train the ANN. The training process involves adjusting the weights and biases of the net-

work to minimize the difference between the predicted output and the actual output. Various training algorithms 
such as backpropagation are used.

	 iv.	 Validating the trained ANN using a separate set of data that is not used during the training phase. This ensures that 
the ANN’s performance is not biased towards the training data.

	 v.	 Evaluate the performance of the trained ANN by using it to predict the behavior of hybrid nanofluid flow for unseen 
data.

5 � Results and discussion

The flow field in the form of geometry is presented in Fig. 1. The geometry of the problem is displayed in Fig. 1a, while the 
grids of the proposed model are displayed in Fig. 1b using the CVFEM technique. The current study examines how differ-
ent nanofluids, mono (Ag + Blood) and bi-hybrid (Ag + TiO2 + Blood), are compared. The flow chart is displayed in Fig. 2. The 
solution to the problem was found by utilizing the methods of Range Kutta 4 (RK-4), and Control Volume Finite Element 
(CVFEM). The obtained solution is verified through error analysis by using the artificial neural network (ANN) strategy.
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5.1 � Analyzing velocity and temperature profiles

In this section the obtained resuts are discussed in the form of Figures and Tables. These out puts consist of the physical 
parameters versus the HNF motion and thermal profiles. Figure 3a–f illustrate how the parameters Gr, M and ϕ = ϕ1 + ϕ2 
influence f(η) field TiO2 + Blood and Ag + TiO2 + blood. The Grashof number is a dimensionless number that characterizes 
the importance of buoyancy forces in a fluid flow. An increasing Grashof number indicates increasing buoyancy forces.

In the case of Ag + TiO2 hybrid nanofluids flow for drug delivery, an increasing Grashof number impact is shown in 
Fig. 3a. With increasing buoyancy forces, the convective heat transfer in the nanofluid flow can be significantly enhanced. 
This can result in more efficient heating or cooling of the drug in the fluid, which is beneficial for drug delivery applica-
tions that require specific temperature conditions.

Figure 3b stands for the AE representation in the case of the Gr choosing Ag + TiO2 + Blood.
The magnetic factor M has paramount significance upon the motion of both TiO2 + Blood and Ag + TiO2 + Blood that is 

been successfully plotted in (3c). Velocity f (�) declines as M values rise. The increasing magnetic parameter has a signifi-
cant impact on the motion of both TiO2 + Blood and Ag + TiO2 + Blood for drug delivery applications.

In drug delivery systems, the use of magnetic nanoparticles has gained great attention due to their unique properties, 
such as biocompatibility, easy surface modification, and controllable movement under magnetic fields. The addition of 

Fig. 1   a Geometry of the problem and b Grid generated from CVFEM

Fig. 2   Flow chart for the 
model problem
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magnetic nanoparticles to drug carriers, such as TiO2 nanoparticles and Ag nanoparticles, enhances their targeting effi-
ciency and improves drug release control. When exposed to an external magnetic field, magnetic nanoparticles can be 
guided and manipulated to specific target sites, allowing for targeted drug delivery. The increased magnetic parameter 
significance results in a stronger magnetic response of the nanoparticles, enabling better control over their movement 
and localization within the body.

Figure 3d stands for the AE representation in case of the (M) choosing Ag + TiO2 + Blood.
The significance of � (volume fraction) to f (�) for the TiO2 + Blood and Ag + TiO2 + Blood nanofluids is shown in Fig. 3e. 

When the volume fraction � of TiO2, and Ag + TiO2 nanoparticles in blood-based nanofluids increases, it generally leads 
to a decrease in the velocity of the nanofluids. This is because the nanoparticles introduce additional viscosity and resist-
ance to the flow of the fluid. As the volume fraction of nanoparticles increases, the fluid becomes more concentrated with 
nanoparticles, resulting in a higher viscosity. This increased viscosity hinders the flow of the fluid, causing a decrease in 
velocity. Figure 3f stands for the AE representation in case of the � choosing Ag + TiO2 + Blood.

Figure 4a–f frame the sundry outcomes in dimensional temperature opposite to varying values of model parameters 
like Rd, Ec, and ϕ, sequentially, with both TiO2 + Blood and Ag + TiO2 + Blood nanofluids. Figure 4a shows that increasing 
the radiation parameter improves the thermal profile and this impact is more effective for Ag + TiO2 + Blood nanofluid.

The radiation parameter determines the rate at which heat is transferred between the nanofluid and its surroundings. 
Increasing this parameter enhances the efficiency of heat generation, leading to faster and more effective drug delivery. 
This is particularly important for localized hyperthermia treatment, where controlled heating is used to release drugs 
from nanocarriers.

Figure 4b stands for the AE representation in the case of the (Rd) choosing Ag + TiO2 + Blood.
The Eckert number is a dimensionless quantity that relates the rate of kinetic energy transfer to the rate of heat transfer 

in a fluid flow. As the Eckert number increases, it signifies a greater dominance of kinetic energy transfer compared to 
heat transfer. In the context of TiO2 + Blood and Ag +  TiO2 + Blood hybrid nanofluids, an increasing Eckert number implies 
an increased level of kinetic energy transfer, which has effects on the temperature profile �(�) as shown in Fig. 4c. The 
enhanced flow dynamics are associated with higher Eckert numbers that promote convective heat transfer. Figure 4d 
stands for the AE representation in the case of the (Ec) choosing Ag + TiO2 + Blood. The volume fraction � of nanoparticles 
in a nanofluid has a significant influence on the temperature field as estimated in Fig. 4e. In the case of Ag + TiO2 blood 
hybrid nanofluids, an increasing � of nanoparticles, such as silver (Ag) and titanium dioxide (TiO2), affects the thermal 
behavior of the nanofluid. When the volume fraction of nanoparticles increases, the thermal conductivity of the nano-
fluid also increases.

This is because nanoparticles have a higher thermal conductivity compared to the base fluid, in this case, blood. As a 
result, the heat transfer capability of the nanofluid is enhanced, leading to better heat dissipation and lower tempera-
tures. Furthermore, an increase in the volume fraction of nanoparticles also leads to an increase in the heat capacity of 
the nanofluid. Figure 4f stands for the AE representation in the case of the � choosing Ag + TiO2 + Blood. The inspirations 
about the velocity of HNFs under the variation of Gr are outlined in Fig. 5a. The position in a fluid domain determines how 
a physical property changes, as depicted by contour plots. These properties make it possible to visualize and quantify the 
spatial distribution of these properties. Analyzing the distribution of nanoparticle concentration, temperature gradients, 
pressure variations, or any other relevant parameter can be done by using contours in the flow of hybrid nanofluids. 
Likewise, it is clear from Fig. 5b that the flux response is more important in the positive region for the rising values of Gr. 
On the other hand, the velocity etiquette responses to the upper and lower cylinder surfaces are successfully illustrated 
in Fig. 5c, d, accordingly concerning different views.

5.2 � Analyzing Cf and Nux

The flow properties of a fluid can be altered and skin friction can be decreased by adding nanoparticles, such as silver and 
titanium oxide. The skin-friction coefficient Cf is schemed versus the increasing values of M and Gr in the Figure of 6. The 
parameters M = 0,1,2,3 and Gr = 1,2,3,4 are varied versus the skin friction. In this figure the results of the Mano and hybrid 
nanofluids are compared. The innermost surface wall’s flow rates are shown in Fig. 6a, b in a constructive manner with 
increasing Gr and decreasing M. One can see the increasing behavior of the skin friction using HNFs. The thermophysical 
properties efficiency in percentage wise displayed in Fig. 7a–c. Table 1 demonstrate the thermophysical properties of 
the nanoparticles and base fluid. Table 2 summarizes the significant efforts of non-dimensional Nusselt number Nu vs 
variations in vigorous related parameters. Blood flow for drug delivery applications is significantly impacted by the pres-
ence of HNF due to the heat transfer rate (HT). These nanoparticles improve heat transfer rates by increasing the thermal 
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Fig. 3   a–f f (�) versus a Gr, b AE, c M, d AE, e ϕ1 + ϕ2, f AE 
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Fig. 4   a–f �(�) versus a Rd, b AE, c Ec, d AE, e ϕ = ϕ1 + ϕ2, f AE 
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conductivity of the fluid. HT rate of the blood flow is affected by viscous dissipation (Ec), which is energy that is dissipated 
in a fluid by internal friction. Using HNF (Ag +  TiO2) increases the precision of the Eckert number enlargement’s impact 
on the HT rate. Heat transfer and blood flow are affected by thermal radiation in drug delivery applications. The tem-
perature distribution and blood flow dynamics is modified by the presence of ( Rd ), which may impact the drug delivery 
process. The heat transfer rate is improved when the radiation parameter ( Rd ) is increased. The force exerted on the 
fluid particles by the magnetic field affects the movement and flow behavior of blood flow. The drug is carried by blood 
that changes its HT rate, velocity, and flow patterns due to the magnetic field ( M ). The variation in nanoparticle volume 
fraction � has an impact on the HT rate and blood flow. Changes in � have an impact on the fluid’s thermal conductivity 
and heat transfer efficiency. After incorporating � of both mono/hybrid nanoparticles and installing M and Rd, Blood 
exhibits significant improvements in HT rates.

Hybrid nanofluids (HNFs) often exhibit superior heat transfer (HT) properties, primarily due to the high thermal 
conductivity of nanoparticles. Improving heat transfer helps reduce skin friction by maintaining a more uniform 
temperature distribution near the surface. Also, this acts in the optimization of the blood flow analysis. The compari-
son of the present work and existing literature is shown in Table 3. The closed agreement has been observed which 

Fig. 5   a–d Velocity and Magnetic field inspiration between two concentric cylinders
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Fig. 6   M and Gr versus skin friction a Inner cylinder surface b Outer Cylinder surface

Fig. 7   a–c The % wise increase in the thermophysical performance

Table 2   Values of Nusselt 
number for different 
dimensionless parameters

Acting parameters Nusselt number

Ec Rd M � TiO2 + Blood Ag + TiO2 + Blood

1 0.1 0.01 1.325681 1.4321256
3 1.427861 1.5278278
5 1.527187 1.62897152

0.5 1.5628791 1.62319015
1 1.7542754 1.82341675

1 1.4026421 1.5178296
1.5 1.4394212 1.55271893

0.03 1.517827 1.82897165
0.05 1.7641892 2.08764189
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shows the authentication of the present work. Furthermore, interesting results obtained from this table that when 
reducing the gap between the two cylinders the heat transfer rate increases.

6 � Conclusions

In the current study the focus has been given to study the Ag and TiO2 hybrid nanifluids for the applications of drug 
delvery using blood as a base solvent. The flow field is the gap of two tubes. Heat transfer in terms of drug deliv-
ery  is  achieved  by  the  hybrid  nanofluids  flowing  between  the  concentric  cylinders.CVFEM  tech-
niques are employed to solve the PDEs that govern the equations. The RK-4 technique is employed to solve the trans-
form equations. The ANN solution is obtained through the use of this solution scheme. The outcomes of the physical 
parameters are displayed here. The stable dispersion of the Ag + TiO2 nanopartciles in the blood shows improment in 
the convective motion caused by hybrid nanofluids. The used of the magnetic field ( M ) improving the targeting effi-
ciency of nanofluids by controlling the fluid motion and improving the thermal profile. The increasing Eckert number 
Ec enhancing the thermal profile and consequently improving the drug delivery. The neural networking strategy is 
used to validate the obtained results through error analysis by adopting the square residual error. With increasing � , 
the skin friction at the boundaries increases, though the pattern reverses for escalating Gr. It is noteworthy that the 
hybrid nanofluid exhibits useful and greater increases concerning the heat transfer phenomena when a comparison 
is made with mono nanofluid.

As a future work, the recent analysis is extendable using the porous medium for the fluid flow, using other nano-
particles, other non-Newtonian fluids, and other solution techniques.
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Table 3   Comparison of the 
present work with existing 
literature [4, 5] considering 
the common parameter gap 
between two cylinders

Gap Nusselt number Nusselt number Nusselt number

� =
a

b
[4] [5] Present

0.2 1.2135142 1.2242532 1.2252157
0.3 1.25187278 1.26234187 1.2632781998
0.4 1.29367289 1.30213672 1.30382901
0.5 1.35616287 1.364325616 1.36524178
0.6 1.43862754 1.44215386 1.443289717
0.7 1.51298026 1.527861129 1.52387621
0.8 1.62819394 1.632562819 1.63328918
0.9 1.78251782 1.797218251 1.7986289761
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