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The purpose of this work is to investigate the relevance of thermal radiation and chemical reaction in the thermal and radiative analysis 
of hybrid Casson nanofluid dynamics. The physical model was based on the mixture of Gold and Silver hybrid nanoparticles (HN) 
which are suspended in a blood past a stretchable sheet. The dynamics of fluid past a stretchable sheet is a notable analysis for thermal 
and momentum boundary layers. It finds applications in various technological fields and in industries. The model equations were 
investigated using a system of partial differential equations (PDEs). Acceptable transformation was used to convert these PDEs into 
total differential equations (ODEs). Later, the system of equations was solved using the Runge-Kutta algorithm along with shooting. 
The analysis described in this paper explained that hybrid nanoparticles have high performance in radiative and thermal processes when 
compared with nanofluid. The fluid's velocity was observed to be repelled by an increasing magnetic value because of the Lorentz 
force. A comparison with previous work showed close agreement. 
Keywords: Thermal analysis; Radiative analysis; Hybrid nanofluid; Thermal radiation; Magnetohydrodynamics 
PACS: 47.65.-d, 47.56.+r, 44.40.+a, 66.20.-d, 47.85.mb 

Nomenclature 𝑓ௗ= Clear fluid K= thermal conductivity ሺ𝑊𝑚ିଵ𝐾ିଵሻ 𝑛𝑓= nano fluid 𝑇௪= gradient of temperature at the wall (K) 
T= Temperature HN= hybrid nanofluid 𝜇= dynamic viscosity ሺ𝑘𝑔𝑚ିଵ𝑠ିଵሻ 𝜑= inclination angle 𝐶௙௫= Coefficient of skin friction 𝑇ஶ= stream temperature 𝑐௣= specific heat ሺ𝐽𝐾𝑔ିଵ𝐾ିଵሻ 𝑄௖= heat generation coefficient 𝜙ଵ= Volume fraction of gold nanoparticle 𝑞௥= heat flux 
u,v= x and y-direction velocity ሺ𝑚𝑠ିଵሻ 𝐵଴= magnetic strength 𝜙ଶ= Volume fraction of silver nanoparticle 𝛽௧= Volumetric capacity for temperature 𝜌= fluid density g= acceleration base on gravity 𝜎= electrical conductivity ሺ𝑠𝑚ିଵሻ 

INTRODUCTION 
The study of Magnetohydrodynamic (MHD) Casson hybrid nanofluids in circulating blood is a complex and 

interdisciplinary field that combines fluid dynamics, thermodynamics, and nanotechnology. These nanofluids, which are 
composed of blood as the base fluid and hybrid nanoparticles, have gained significant attention due to their potential 
applications in biomedical engineering, particularly in drug delivery, cancer treatment, and thermal management systems. 
The inclusion of thermal radiation and chemical reactions further complicates the dynamics, making it essential to 
understand their effects on flow, heat transfer, and mass transfer characteristics.  

This comprehensive review aims to explore the current state of research on MHD Casson hybrid nanofluids in 
circulating blood, focusing on the effects of thermal radiation and chemical reactions. The review synthesizes findings 
from multiple studies to provide a detailed understanding of the physical phenomena involved and their implications for 
practical applications. Several parameters, including the magnetic field strength, nanoparticle volume fraction, and 
thermal radiation influence the flow characteristics of MHD Casson hybrid nanofluids. The Casson fluid model is 
particularly suitable for blood, as it accounts for its non-Newtonian behavior, which exhibits yield stress and shear-
thinning properties. Recently, a lot of attention has been paid to the numerical analysis of heat transmission in hybrid 
nanofluids. The effective heat transmission of this type of nanofluid, along with radiative effects, has numerous 
applications in the pharmaceutical industry and engineering. Alqawasmi et al. [1] examined numerical simulation toward 
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hybrid nanofluid movement. Based on the morphology of nanoparticles and gyrotactic microorganisms, Raza et al. [2] 
investigated the effect of nanolayers on the movement of tri-hybrid nanofluid. Shamshuddin et al. [3] looked at the impact 
of radiation on the dissipative HN flow in a revolving disk. The term "nanofluids" describes a synthesis approach that 
utilizes nanometallics due to nano-scale formation and thermal design. Noreen and colleagues [4] conducted a 
comparative study of THN by analyzing the influence of Cattaneo-Christov heat flux in conjunction with the role of 
radiation. The combination of CNT-Gr-Fe3O4 and MgO-Cu-Au hybrid nanoparticles of the kerosene oil type was 
investigated by Choudhary et al. [5] using a bidirectional stretching sheet. Rajamani and Reddy [6] examined MHD 
pulsating channel with Joule heating along with thermal radiation impacts. Nabwey et al. [7] studied heat transmission in 
MHD dynamics of Carreau HN past a curved surface that is exponentially stretched. In another study of Yu et al. [8], the 
optimisation of heat transmission with viscous nanofluid dynamics in a stretching and shrinking thin needle was discussed 
extensively. 

Thermal radiation plays a significant role in the mechanisms that help bodies adjust their temperature to exchange 
energy. The analysis of thermal radiation on a moving fluid is explained by the variation of the material's internal energy. 
In thermal engineering and sectors where temperatures are extremely high, thermal radiation is important. A hybrid 
nanofluid's rotational dynamics were studied by Asghar et al. [9] in relation to the importance of heat radiation. Recently, 
Ramzan et al. [10] examined the thermal and theoretical study of hybrid nanofluid dynamics beyond a number of 
geometries that are not isothermal and non-isosolutal mechanisms. By looking at the internal heat generation, the function 
of HN in a dovetail fin's thermal process was investigated by Goud et al. [11]. Alrihieli and colleagues [12] investigated 
convective heating and radiative MHD nanofluid dynamics. Jayanthi and Niranjan [13] studied the effects of activation 
energy, joule heating, and viscous dissipation on the dynamics of nanofluids brought on by MHD in a vertical surface. 
Yaseen et al. [14] used two parallel plates to investigate how heat generation and thermal radiation affect the dynamics 
of hybrid and mono-hybrid nanofluids. Guedri and colleagues [15] examined the thermal dynamics of a radiative hybrid 
nanofluid across a nonlinear stretchy sheet. The mechanisms of Soret-Dufour and thermal radiation in unstable chemically 
reactive fluid dynamics were examined by Alao et al. [16]. The convective heat transfer in nanofluid flow via a stretching 
sheet was investigated by Manjunath et al. [17]. 

The flow of magnetohydrodynamics finds numerous uses in industries like heat exchangers, micro-electronics, and 
the modelling of combustion. In recent times, nanotechnology has been explained as the approach for thermal 
augmentation. Alsagri et al. [18] elucidated MHD simulation of nanofluid dynamics by utilizing viscous dissipation. 
Fatunmbi et al. [19] recently examined MHD micropolar nanofluid dynamics past an upright elongating sheet with 
temperature-dependent viscosity. Waqas et al [20] clarified the importance of MHD dynamics in a hybrid fluid type past 
a circulating disk. Eid et al. [21]. investigated the viscous nanofluid dynamics of micropolar magnetic on penetrable 
inclined surfaces. The machine learning method of Casson for hybrid nanofluid flow over a heat-stretched surface was 
recently investigated by Ramasekhar et al. [22]. Nayak et al. [23] investigated the function of dissipative viscous and 
radiation in a decreasing surface in MHD 3D dynamics and heat transfer analysis of nanofluid. Asjad et al. [24] 
investigated the bioconvection dynamics of the MHD viscous nanofluid. In their discussion of the importance of MHD, 
Idowu and Falodun [25] varied thermal conductivity and viscosity when two non-Newtonian fluids moved at the same 
time. Exponentially vertical surfaces with chemical reactions were used by Biswas et al. [26] to mimic Prandtl-nanofluid 
dynamics. Sitamahalakshmi and colleagues [27] investigated the impact of heat-mass transit on MHD Casson blood 
dynamics in a stretching permeable channel. A finite element description of paraffin wax nanoparticles and sand was 
investigated by Nagapayani et al. [28]. Gladys and Reddy [29] discussed the dynamics of non-Newtonian nanoparticles. 
Al-zabaidi et al. [30] studied flowing fluids past an inclined vicinity when there is significant of entropy generation, 
Lorentz force, and ohmic heating. 

Many studies in the literature have considered the dynamics of nanofluids by ignoring the hybrid nanofluids. To our 
best knowledge, studies on hybrid nanofluids do not consider the thermal and radiative analysis through Casson fluid. 
The current research examined the thermal and radiative analysis of MHD Casson fluid with hybrid nanoparticles with 
viscous dissipation and magnetic field. Analysis of this nature has not been considered in the literature as far as we are 
concerned. This study finds application in engineering and many scientific domains. This model plays a significant role 
in the biomedical industry. This intricate computational framework intricately weaves MHD and thermal radiation 
scenarios through the dance of blood circulation, proving invaluable in medical interventions such as radiofrequency 
ablation, MRI (magnetic resonance imaging), and cancer chemotherapy. Within the Results and Discussion section, visual 
representations illuminate various crucial physical parameters. The application of gold and silver in the biomedical field 
with regard to blood demonstrates a variety of nanotechnological developments, from antimicrobial coatings and 
implanted devices to particular drug delivery and diagnostic equipment. Consequently, scholars are confident that the 
latest findings are distinctive and poised to significantly impact both engineering and medical fields, potentially igniting 
inspiration in future researchers. 
 

MATHEMATICAL ANALYSIS 
A steady, incompressible, laminar flow of hybrid nanofluids, which contains gold and silver nanoparticles, was 

considered as shown in Figure 1. This nanoparticles based were taken into account along with base fluid blood 
incorporated. Mass and thermal radiative analysis over a moving surface with its velocity to be 𝑢௪ = 𝑎𝑥 and free stream 
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temperature, and concentration 𝑇ஶ,𝐶ஶ was considered. A transverse magnetic field 𝐵଴ was impose in a perpendicular 
direction. The heat transmission analysis was elucidated with the viscous dissipation and heat generation along with 
chemical reaction on the hybrid nanofluids. Figure 1 shows the physical configuration. Priyadharshini et al. [22] state that 
the equations that apply become valid when the boundary layer is approximated.  

 

 
Figure 1. Physical model of the Problem 

 డ௨డ௫ + డ௩డ௬ = 0 (1) 

 𝑢 డ௨డ௫ + 𝑣 డ௨డ௬ = ఓ೓೙೑ఘ೓೙೑ (1 + ଵఉ) డమ௨డ௬మ − ఙ೓೙೑ఘ೓೙೑ 𝐵଴ଶ𝑢 − ఓ೓೙೑௄∗(௖೛)೓೙೑ 𝑢 (2) 

 𝑢 డ்డ௫ + 𝑣 డ்డ௬ = ௞೓೙೑(ఘ௖೛)೓೙೑ డమ்డ௬మ + ୕బ(ఘ௖೛)೓೙೑ (𝑇 − 𝑇ஶ) − ଵ(ఘ௖೛)೓೙೑ డ௤ೝడ௬ − ఙ೓೙೑(ఘ௖೛)೓೙೑ 𝐵଴ଶ𝑢 (3) 

 𝑢 డ஼డ௫ + 𝑣 డ஼డ௬ = 𝐷஻ డమ஼డ௬మ − Kr(𝐶 − 𝐶ஶ) (4) 

subject to the boundary conditions:  

 𝑢 = ax,𝑣 = 0, T = 𝑇ௐ, C = 𝐶ௐ 𝑎𝑡 𝑦 = 0𝑢 ⟶ 0,𝑇 ⟶ 𝑇ஶ,𝐶 ⟶ 𝐶ஶ 𝑎𝑠 𝑦 ⟶ ∞ ൠ (5) 

The Rosseland diffusion approximation, which was employed by Reddy et al. [23], is utilized to describe the radiative 
heat flux that the flow faced.  

 𝑞௥ = − ସఙೞଷ௞௘ డ்రడ௬  (6) 

With the use of Rosseland approximation, an optically thin fluid has been taken into consideration in the study's 
thermal and radiative analyses. Assume that the flow's temperature differential is negligible, so that equation (6) is 
linearized by simplifying 𝑇ସ by utilizing Taylor’s series in 𝑇ஶ and avoiding the higher order to obtain:  

 𝑇ସ = 4𝑇ஶଷ𝑇 − 3𝑇ஶସ  (7) 

The energy equation becomes:  

 𝑢 డ்డ௫ + 𝑣 డ்డ௬ = ௞೓೙೑(ఘ௖೛)೓೙೑ డమ்డ௬మ + ୕బ(ఘ௖೛)೓೙೑ (𝑇 − 𝑇ஶ) + ଵ଺ఙೞ ಮ்యଷ௞௘(ఘ௖೛)೓೙೑ డమ்డ௬మ + ఓ೓೙೑(ఘ௖೛)೓೙೑ 𝐵଴ଶ𝑢 (8) 

 The following are the definitions of the similarity variables used in this paper:  

 𝑢 = 𝑎𝑥𝑓′(𝜂), 𝑣 = −(𝑎𝜈)భమ𝑓(𝜂),𝜃 = ்ି ಮ்்ೢ ି ಮ் ,  = ஼ି஼ಮ஼ೢି஼ಮ , 𝜂 = ቀ௔ఔቁభమ 𝑦 (9) 

Employing the equation (9) above on the governing equations to obtain:  

 
ఓ೓೙೑ఓ೑ (1 + ଵఉ)𝑓′′′ + ఘ೓೙೑ఘ೑ (𝑓𝑓′′ − (𝑓′)ଶ) − ఙ೓೙೑ఙ೑ 𝑀𝑓′ − ఓ೓೙೑௄(௖೛)೑ 𝑓′ = 0 (10) 

 
௞೓೙೑(ఘ௖೛)೑௞೑(ఘ௖೛)೓೙೑ ቀଵାோ௉௥ ቁ 𝜃′′ + (ఘ௖೛)೑(ఘ௖೛)೓೙೑ 𝑄𝜃 + (ఘ௖೛)೑(ఘ௖೛)೓೙೑ 𝐸𝑐(𝑓′′)ଶ − 𝑓𝜃′ = 0 (11) 
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 𝜙ᇱᇱ + 𝑆𝑐𝑓𝜙ᇱ − 𝑆𝑐𝐾𝑟𝜙 = 0 (12) 

The transform boundary conditions are:  

 𝑓(0) = 0,𝑓ᇱ(0) = 1,𝜃(0) = 1, (0) = 1, 𝑓ᇱ(∞) = 0,𝜃(∞) = 0,𝜃(∞) = 0 (13) 

where; 𝑀 = ఙ೑஻బమ௔ఘ೑ ,𝐾 = ൫௖೛൯೑௔௄∗൫௖೛൯೓೙೑ ,𝑅 = ଵ଺ఙೞ ಮ்యଷ௄௘௄ ,𝑃𝑟 = ఔ೑ఈ೑ ,𝑄 = ொబ൫ఘ௖೛൯೑௔ ,𝐸𝑐 = ஻బమ(௔௫)మ൫௖೛൯೑(்ೢ ି ಮ்) , 𝑆𝑐 = ఔ஽ಳ, are the Schmidt number, Eckert 

number, Prandtl number, heat generation a parameter, permeability parameter, magnetic parameter, and thermal radiation 
parameter. 

The quantities of engineering interest for momentum and thermal boundary layer are described as follows: 

𝐶௙ೣ = (𝜇)௛௡௙𝜇௙𝑎𝑥ଶ ൬𝜕𝑢𝜕𝑦൰௬ୀ଴ ,𝑎𝑛𝑑 𝑁𝑢௫ = − 𝑥𝑘௛௡௙𝑘௙(𝑇௪ − 𝑇ஶ) ൬𝜕𝑇𝜕𝑦൰௬ୀ଴ , 𝑆ℎ = 𝐷 ൬∂𝐶∂𝑦൰௬ୀ଴ 

Skin friction, Nusselt number, and Sherwood number are obtained by applying the similarity variables as follows: 

𝐶௙ೣ = (𝜇)௛௡௙𝜇௙ 𝑓′′(0)ඥ𝑅𝑒௫ ,𝑁𝑢௫ = 𝑥𝑘௛௡௙𝑘௙ 𝜃ᇱ(0)ඥ𝑅𝑒௫, 𝑆ℎ௫ = 𝜑′(0) 

 
METHODOLOGY 

Using the Runge-Kutta and shooting procedures, the nonlinear problems controlling ODEs in equations (10)–(12) 
subject to (13), were solved. Solving the BVP for even an extremely finite interval would be impractical, and it is not 
possible on an infinite interval. We will apply an infinite boundary condition in this study at a finite point 𝜂 𝑎𝑡 ∞ = 10. 
Care has been made to shoot in steps, improve shoots in stages, and avoid round off error by computing numerical values 
in order to integrate 𝑓ᇱᇱ(0),𝑎𝑛𝑑 𝜃ᇱ(0), which is an initial value problem. The collection of nonlinear equations is first 
transformed into first order ODEs in order to apply this technique: 

 𝑓 = 𝑦ଵ, ௗ௙ௗఎ = ௗ௬భௗఎ = 𝑦ଶ, ௗమ௙ௗఎమ = ௗఎ ቀௗ௬భௗఎ ቁ = ௗ௬మௗఎ = 𝑦ଷ, ௗయ௙ௗఎయ = ௗఎ ቀௗ௬మௗఎ ቁ = ௗ௬యௗఎ  (14) 

 𝜃 = 𝑦ସ, ௗఏௗఎ = ௗ௬రௗఎ = 𝑦ହ, ௗమఏௗఎమ = ௗఎ ቀௗ௬రௗఎ ቁ = ௗ௬ఱௗఎ  (15) 

  = 𝑦଺, ௗௗఎ = ௗ௬లௗఎ = 𝑦଻, ௗమௗఎమ = ௗఎ ቀௗ௬లௗఎ ቁ = ௗ௬ళௗఎ  (16) 

Substituting equations (14), (15) and (16) into the transformed equations to obtain:  

 
ఓ೓೙೑ఓ೑ ௗ௬యௗఎ + ఘ೓೙೑ఘ೑ (𝑦ଵ𝑦ଷ − (𝑦ଶ)ଶ) − ఙ೓೙೑ఙ೑ 𝑀𝑦ଶ − ఓ೓೙೑௄௢(௖೛)೑ 𝑦ଶ = 0 (17) 

 
௞೓೙೑(ఘ௖೛)೑௞೑(ఘ௖೛)೓೙೑ ቀଵାோ௉௥ ቁ ௗ௬ఱௗఎ + (ఘ௖೛)೑(ఘ௖೛)೓೙೑ 𝑄𝑦ସ + (ఘ௖೛)೑(ఘ௖೛)೓೙೑ 𝐸𝑐(𝑦ଷ)ଶ − 𝑦ଵ𝑦ହ = 0 (18) 

 ௗ௬ళௗఎ + 𝑆𝑐𝑦ଵ𝑦଻ − 𝑆𝑐𝐾𝑟𝑦଺ = 0 (19) 𝑓(0) = 0, 𝑓ᇱ(0) = 1,𝜃(0) = 1, 𝑓ᇱ(∞) = 0,𝜃(∞) = 0, (0) = 1, (∞) = 0 (20) 

Simplifying equations (16) and (17) to obtain:  

 ௗ௬యௗఎ = ഐ೓೙೑ഐ೑ ൫௬భ௬యି(௬మ)మ൯ି഑೓೙೑഑೑ ெ௬మି ഋ೓೙೑಼೚(೎೛)೑௬మഋ೓೙೑ഋ೑  (22) 

 ௗ௬ఱௗఎ = (ഐ೎೛)೑(ഐ೎೛)೓೙೑୕௬రା (ഐ೎೛)೑(ഐ೎೛)೓೙೑ா௖(௬య)మି௬భ௬ఱೖ೓೙೑(ഐ೎೛)೑ೖ೑(ഐ೎೛)೓೙೑ቀభశೃುೝ ቁ  (23) 

 ௗ௬ళௗఎ = 𝑆𝑐𝐾𝑟𝑦଺ − 𝑆𝑐𝑦ଵ𝑦଻ (24) 
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Subject to conditions:  

 𝑦ଵ(0) = 0,𝑦ଶ(0) = 1,𝑦ସ(0) = 1,𝑦଺(0) = 1,𝑦ଶ(∞) = 0,  𝑦ସ(∞) = 0,𝑦଺(∞) = 0 (21) 

The outcomes are gotten by interchanging the scale factor up to a desired value by implementing an approximate 
solution. To obtain the solution, a guess for the initial assumptions are properly considered and the boundary thickness of 
the layer are taken into account. 

 
RESULTS AND DISCUSSION 

The paper have discussed the thermal and radiative analysis of HN dynamicss with impact of viscous dissipative 
and magnetic field. To explain the physical influence of pertinent dynamics parameters on velocity and temperature, 
hybrid numerical scheme called Runge-Kutta techniques along with the novel shooting method was utilized on the 
equations. The control parameters have been chosen as: Q=0.2; Pr=21; Ec=0.04; M=0.2; Kr=0.1; Sc=0.22; K=0.2; R=0.5; Kr=0.2; The Prandtl number was chosen to be 21 based on the type of hybrid nanofluid considered in this study, 
while other parameters values are chosen based on experimental computations. 

Figure 2 shows how the magnetic field affects fluid velocity when ϕ1 = 0.02, ϕ2 = 0.01. The effect of magnetic in 
Figure 2 was plotted with nanocomposite particles Gold and Silver with base fluid blood. The depth of the boundary 
layer was shown to decrease with an increasing magnetic parameter value. The Lorentz force appears in the equation of 
momentum and gives all tendency of bringing down the motion of the tri-nanocomposite particles. This force is created 
due to the impose of magnetism field to the heat transmission analysis. Figure 3 illustrates how Eckert affects the fluid's 
temperature. The temperature profile is observed to increase with an increasing Eckert number value. 

  
Figure 2. Significance of magnetism parameter in velocity 

distribution 
Figure 3. Eckert number significance in relation to temperature 

dispersion 

The dissipative viscous term (Eckert number) transforms the kinetic into internal energy based on work done in 
anticipating viscous liquid stresses. This result indicates that increasing the Eckert value raises the temperatures and depth 
of the entire boundary layer. The boundary layer's enthalpy and the kinetic energy of the flow of nanofluids are represented 
by the Eckert number. Figure 4 showed how the fluid's temperature is affected by the heat generating parameter (Q). The 
result in Figure 4 indicates that the fluid temperature increased as Q increased. This implies that, the heat generated 
reduces the thermal process within the boundary layer. Hence, the nanocomposite fluid enhances the temperature of fluid 
by generating heat more than a nanocomposite. Hence, the thermal and radiative analysis enriched the fluid temperature 
when heat generation parameter ascended.  

  

Figure 4. Significance of heat generation on the temperature 
distribution 

Figure 5. Prandtl number significance in relation to 
temperature dispersion 

The effect of Prandtl number (Pr) on fluid temperature is depicted in Figure 5. It was found that the temperature 
distribution descended with an increasing value of Pr. This indicates that the thermal boundary layer's thickness decreased. 

f'(
)

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

(
)

Q=0.2,0.4, 0.6,0.8

 Pr=30; R=2;Ec=0.04;M=0.2;
Kr=0.1;Sc=0.22;K=0.2;B=0.5;

(
)



324
EEJP. 4 (2025) G. Durga Priyadarsini, et al.

This paper's thermal, radiative, and heat transfer analyses are governed by the dimensionless Prandtl number. The 
momentum to thermal diffusion ratio is denoted by Pr. Because the nanocomposite nanoparticles have better thermal 
conductivities, the temperature is dropping. The corresponding thickening of the thermal and momentum layer boundaries 
is implied by the current analysis, which is displayed in Figure 5. 

The impact of thermal radiation (R) on the temperature distribution is depicted in Figure 6. As R rises, the 
temperature profiles rise as well. The current research demonstrates how the temperature and depth of the thermal 
boundary layer are changed by the absorption of thermal radiation within the layer. Therefore, the thermal radiation 
improves the boundary layer's thermal and radiative analysis. Figure 7 shows how β affects the velocity profile. It claims 
that the velocity outline shrank as the β parameter increased. The improved Casson parameter's ability to limit the liquid's 
velocity by reducing the stress brought on by yield is crucial to achieving this objective. 

  

Figure 6. Thermal radiation's importance in relation to the 
temperature distribution 

Figure 7. Effect of Casson fluid parameter on the velocity 
profiles 

  
Figure 8. Schmidt number's impact on concentration profiles Figure 9. Chemical reactions' effects on concentration profiles 

Figure 8 provides a clear illustration of how the Schmidt number affects the topography of concentration. It becomes 
evident that as the Schmidt number escalates, a notable reduction in the concentration field occurs. This phenomenon 
arises because the diffusion of solutes in fluids is inherently tied to the diffusion coefficient. Consequently, the observed 
decline in the concentration field correlates with a diminishing diffusion coefficient. Thus, a remarkable plunge in the 
concentration field in relation to the Schmidt number is clearly noted. As the parameter governing chemical reactions 
intensifies, the concentration profile diminishes, as illustrated in Figure 9, showcasing the significant impact of the 
chemical reaction parameter. Furthermore, the temperature profile follows a reversible trajectory.  

Tables 1, 2, and 3 represents the fundamental thermal and comparative properties relevant to the hybrid nanofluid 
analysis. Table 1 lists the standard thermophysical properties of blood (as the base fluid) and nanoparticles such as gold 
(S1) and silver (S2), including density, specific heat, thermal conductivity, and dynamic viscosity. Table 2 outlines the 
mathematical formulation used to evaluate the effective thermophysical properties of the hybrid nanofluid, incorporating 
parameters such as density, viscosity, specific heat, thermal and electrical conductivities. Table 3 provides a comparison 
of the present numerical results with those reported by Manjunatha et al. [17] for various Prandtl number (Pr) values, 
showing excellent agreement and thereby validating the accuracy of the current computational model. 
Table 1. Thermal Properties(Standard Values) 

Property Symbol Blood (Base fluid) Gold (S1) Silver (S2) 
Density (kg/m3) 𝜌 1060 19300 10500 
Specific Heat (J/Kg) Cp 3617 129 235 
Thermal Conductivity (W/m) k 0.52 318 429 
Dynamic viscosity(Pa) µ 3.5 ×10-3 -- --- 
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Table 2. Formulation of the effective thermophysical model of a hybrid nanofluid in mathematics: 

Thermal property Hybrid Nanofluids 

Density ( ) 1 2
2 1 1 21 1hnf s s

f f f

ρ ρ ρφ φ φ φ
ρ ρ ρ

    
= − − − +            

 

Dynamic viscosity ( ) ( )2.5 2.5
1 21 1hnf

f

μ
φ φ

μ
= − −  

Specific heat ( ) 1 2
2 1 1 2

( ) ( ) ( )
1 1

( )
p hnf p s p s

p f f f

C C C
C

ρ ρ ρ
φ φ φ φ

ρ ρ ρ
    

= − − − +            
 

Thermal conductivity 
( )
( )

( )
( )

2 2 2 1 1 1

2 2 2 1 1 1

2 2 2 2
;

2 2 2 2
s hnf hnf s s hnf hnf shnf

f s hnf hnf s s hnf hnf s

k k k k k k k kk
k k k k k k k k k

φ φ
φ φ

+ − − + − −
=

+ + − + + −
 

Electrical conductivity 
( )

( ) ( )

1 1 2 2
1 2

1 1 2 2 1 1 2 2
1 2

1 2

3

2

fhnf

f

f f

φ σ φ σ φ φ
σσ

σ φ σ φ σ φ σ φ σ φ φ
σ φ φ σ

  + − +  
    =

    + ++ − − +    +         

 

Table 3. Comparison results for (−𝜽′(𝟎)) for different values of Pr 

Pr Manjunatha et al. [17] Present work 
2.0 0.9113 0.9113 
7.0 1.8954 1.8953 
20 3.3539 3.3538 

 
CONCLUSIONS 

The thermal and radiation analysis of two-phase nanoparticles (𝐺𝑜𝑙𝑑 + 𝑆𝑖𝑙𝑣𝑒𝑟) suspended in blood base fluid 
has been solved numerically. The dynamics of suspended nanoparticles in blood were considered past a flexible sheet in 
the presence of a magnetic field, dissipative viscous and thermal radiation, along with chemical reaction. The main 
conclusions drawn from this investigation are: 

• As the magnetic parameter increases, the heat and momentum profiles decrease. This is because an electrically 
conducting fluid moves more slowly when the Lorentz force is created. (ii) The speed and temperature 
distribution rose as the heat-generating parameter was increased. This demonstrates that greater heat is generated 
and that the volume percentage of nanoparticles is significantly enhanced; 

• A higher Prandtl number results in a decrease in the thickness of the thermal and momentum boundary layers; 
• The outcomes show that hybrid nanoparticles show a very high thermal and radiative performance compared to 

dual-phase nanoparticles. 
• It was observed that increasing the Eckert number improved the temperature and velocity profiles.  
• The concentration decreases as the chemical reaction and Schmidt number increase. 

 
ORCID 

G. Durga Priyadarsini, https://orcid.org/0000-0001-8782-8836; Syeda Asma Kauser, https://orcid.org/0000-0003-2561-911X 
Y. Hari Krishna, https://orcid.org/0000-0002-6259-5228; T. Nageswara Rao, https://orcid.org/0000-0002-2841-530X; 
G. Venkata Ramana Reddy, https://orcid.org/0000-0002-6455-3750 

 
REFERENCES 

[1] K. Alqawasmi, K.A.M. Alharbi, U. Farooq, S. Noreen, M. Imran, A. Akgül, M. Kanan, and J. Asad, “Numerical approach toward 
hybrid nanofluid flow with nonlinear heat source-sink and Fourier heat flux model passing through a disk,” International Journal 
of Thermofluids, 18, 100367 (2023). https://doi.org/10.1016/j.ijft.2023.100367 

[2] Q. Raza, X. Wang, B. Ali, S.M. Eldin, H. Yang, and I. Siddique, “Role of nanolayer on the dynamics of trihybrid nanofluid 
subject to gyrotactic microorganisms and nanoparticles morphology vis two porous disks,” Case Studies in Thermal Engineering, 
51, 103534 (2023). https://doi.org/10.1016/j.csite.2023.103534 

[3] M.D. Shamshuddin, N. Akkurt, A. Saeed, and P. Kumam, “Radiation mechanism on dissipative hybrid nanoliquid flow through 
rotating disk encountered by Hall currents: HAM solution,” Alexandria Engineering Journal, 65, 543–559 (2023). 
https://doi.org/10.1016/j.aej.2022.10.021 

[4] S. Noreen, U. Farooq, H. Waqas, N. Fatima, M.S. Alqurashi, M. Imran, A. Akgül, and A. Bariq, “Comparative study of hybrid 
nanofuids with role of thermal radiation and Cattaneo-Christov heat flux between double rotating disks,” Scientific Reports, 13, 
7795 (2023). https://doi.org/10.1038/s41598-023-34783-8 

[5] S. Choudhary, R. Mehta, N. Alessa, S. Jangid, and M.V. Reddy, “Thermal Analysis on Kerosene Oil-Based Two Groups of 
Hybrid Nanoparticles (CNT-Gr-Fe3O4 and MgO-Cu-Au) Mix Flow over a Bidirectional Stretching Sheet: A Comparative 
Approach,” Journal of Engineering, 2023, ID 8828300 (2023). https://doi.org/10.1155/2023/8828300 

[6] S. Rajamani, and A.S. Reddy, “Effects of Joule heating, thermal radiation on MHD pulsating flow of a couple stress hybrid nanofluid 
in a permeable channel,” Nonlinear Analysis: Modelling and Control, 27(4), (2022). https://doi.org/10.15388/namc.2022.27.26741 



326
EEJP. 4 (2025) G. Durga Priyadarsini, et al.

[7] H.A. Nabwey, A.M. Rashad, W.A. Khan, S.M.M. El-Kabeir, and S.A. El Naem, “Heat transfer in MHD flow of Carreau -hybrid 
nanofluid over a curved surface stretched exponentially,” Front. Phys. 11, 1212715 (2023). 
https://doi.org/10.3389/fphy.2023.1212715 

[8] L. Yu, Y. Li, V. Puneeth, S. Znaidia, N.A. Shah, S. Manjunatha, M.S. Anwar, and M.R. Khan, “Heat transfer optimisation through 
viscous nanofluid flow over a stretching/shrinking thin needle,” Numerical Heat Transfer, Part A: Applications, 
https://doi.org/10.1080/10407782.2023.2267750 

[9] A.S. Alsagri, A. Hassanpour, and A.A. Alrobaia, “Simulation of MHD nanofluid flow in existence of viscous dissipation by 
means of ADM,” Case Studies in Thermal Engineering, 14, 100494 (2019). https://doi.org/10.1016/j.csite.2019.100494 

[10] M. Ramzan, P. Kumam, S.A. Lone, T. Seangwattana, A. Saeed, and A.M. Galal, “A theoretical analysis of the hybrid nanofluid 
flows over a non-isothermal and non-isosolutal multiple geometries,” Heliyon, 9, e14875 (2023). 
https://doi.org/10.1016/j.heliyon.2023.e14875 

[11] J.S. Goud, P. Srilatha, R.S.V. Kumar, K.T. Kumar, U. Khan, Z. Raizah, H.S. Gill, et al. “Role of hybrid nanofluid in the thermal 
distribution of a dovetail fin with the internal generation of heat,” Case Studies in Thermal Engineering 35, 102113 (2022). 
https://doi.org/10.1016/j.csite.2022.102113 

[12] H. Alrihieli, M. Alrehili, and A.M. Megahed, “Radiative MHD Nanofluid Flow Due to a Linearly Stretching Sheet with 
Convective Heating and Viscous Dissipation,” Mathematics, 10, 4743 (2022). https://doi.org/10.3390/math10244743 

[13] S. Jayanthi, and H. Niranjan, “Effects of Joule Heating, Viscous Dissipation, and Activation Energy on Nanofluid Flow Induced 
by MHD on a Vertical Surface,” Symmetry, 15, 314 (2023). https://doi.org/10.3390/sym15020314 

[14] M. Yaseen, S.K. Rawat, A. Shafiq, M. Kumar, and K. Nonlaopon, “Analysis of Heat Transfer of Mono and Hybrid Nanofluid 
Flow between Two Parallel Plates in a Darcy Porous Medium with Thermal Radiation and Heat Generation/Absorption,” 
Symmetry, 14, 1943 (2022). https://doi.org/10.3390/sym14091943 

[15] Guedri Kamel, Arshad Khan, Ndolane Sene , Zehba Raizah, Anwar Saeed , and Ahmed M. Galal, “Thermal Flow for Radiative 
Hybrid Nanofluid over Nonlinear Stretching Sheet Subject to Darcy–Forchheimer Phenomenon,” Mathematical Problems in 
Engineering, 2022, 3429439 (2022). https://doi.org/10.1155/2022/3429439 

[16] F.I. Alao, A.I. Fagbade, and B.O. Falodun, “Effects of thermal radiation, Soret and Dufour on an unsteady heat and mass transfer 
flow of a chemically reacting fluid past a semi-infinite vertical plate with viscous dissipation,” Journal of the Nigerian 
Mathematical Society, 35, 142–158 (2016). https://doi.org/10.1016/j.jnnms.2016.01.002 

[17] S. Manjunatha, V. Puneeth, B.J. Gireesha, and A.J. Chamkha, “Theoretical Study of Convective Heat Transfer in Nanofluid flowing 
past a Stretching Sheet,” J. Appl. Comput. Mech. 8, 1279–1286 (2021). https://doi.org/10.22055/JACM.2021.37698.3067 

[18] A. Asghar, L.A. Lund, Z. Shah, N. Vrinceanu, W. Deebani, and M. Shutaywi, “Effect of Thermal Radiation on Three-Dimensional 
Magnetized Rotating Flow of a Hybrid Nanofluid,” Nanomaterials, 12, 1566 (2022). https://doi.org/10.3390/nano12091566 

[19] E.O. Fatunmbi, A.S. Oke, and S.O. Salawu, “Magnetohydrodynamic micropolar nanofluid flow over a vertically elongating sheet 
containing gyrotactic microorganisms with temperature-dependent viscosity,” Results in Materials, 19, 100453 (2023). 
https://doi.org/10.1016/j.rinma.2023.100453 

[20] H. Waqas, U. Farooq, R. Naseem, S. Hussain, and M. Alghamdi, “Impact of MHD radiative flow of hybrid nanofluid over a 
rotating disk,” Case Studies in Thermal Engineering, 26, 101015 (2021). https://doi.org/10.1016/j.csite.2021.101015 

[21] M.R. Eid, W. Jamshed, B.S. Goud, Usman, R.W. Ibrahim, S.M. El Din, A. Abd-Elmonem, et al. “Mathematical analysis for 
energy transfer of micropolar magnetic viscous nanofluid flow on permeable inclined surface and Dufour impact,” Case Studies 
in Thermal Engineering, 49, 103296 (2023). https://doi.org/10.1016/j.csite.2023.103296 

[22] G. Ramasekhar, S. Alkarni, and N.A. Shah, “Machine learning approach of Casson hybrid nanofluid flow over a heated stretching 
surface,” AIMS Math. 9(7), 18746–18762 (2024). https://doi.org/10.3934/math.2024912 

[23] M.K. Nayak, “MHD 3D flow and heat transfer analysis of nanofluid by shrinking surface inspired with thermal radiation and 
viscous dissipation,” International Journal of Mechanical Sciences, 124-125, 185-193 (2017). 
https://doi.org/10.1016/j.ijmecsci.2017.03.014 

[24] Asjad Muhammad Imran, Muhammad Zahid, Fahd Jarad, and Abdullah M. Alsharif (2022), Bioconvection Flow of MHD 
Viscous Nanofluid in the Presence of Chemical Reaction and Activation Energy, Mathematical Problems in Engineering Volume 
2022, Article ID 1707894, 9 pages https://doi.org/10.1155/2022/1707894 

[25] A.S. Idowu, and B.O. Falodun, “Variable thermal conductivity and viscosity effects on non-Newtonian fluids flow through a 
vertical porous plate under Soret-Dufour influence,” Mathematics and Computers in Simulation, 177, 358–384 (2020). 
https://doi.org/10.1016/j.matcom.2020.05.001 

[26] Biswas Rajib, B. O. Falodun, Nazmul Islam, Sarder Firoz Ahmmed, S. R. Mishra, Mohammad Afikuzzaman (2023), 
“Computational modeling of Prandtl-nanofluid flow using exponentially vertical surface in terms of chemical reaction,” 
Engineering Reports, 2023, e12747, 1-23 https://doi.org/10.1002/eng2.12747 

[27] V. Sitamahalakshmi, G.V.R. Reddy, and B.O. Falodun, “Heat and Mass Transfer Effects on MHD Casson Fluid Flow of Blood 
in Stretching Permeable Vessel,” Journal of Applied Nonlinear Dynamics, 12(01), 87-97 (2023). 
https://doi.org/10.5890/jand.2023.03.006 

[28] M. Nagapavani, G.V.R. Reddy, H.F.M. Ameen, and H. Singh, “Finite element analysis for sand and paraffin wax nanoparticles 
in propylene glycol–water mixture-based hybrid nanofluid flow over a swirling cylinder with Arrhenius kinetics,” Numerical 
Heat Transfer, Part A: Applications, 84, 1518-1536 (2023). https://doi.org/10.1080/10407782.2023.2177215 

[29] T. Gladys, and G.V.R. Reddy, “Contributions of variable viscosity and thermal conductivity on the dynamics of non-Newtonian 
nanofluids flow past an accelerating vertical plate,” Partial Differential Equations in Applied Mathematics, 5, 100264 (2022). 
https://doi.org/10.1016/j.padiff.2022.100264 

[30] A. Al-Zubaidi, V.S. Sajja, R. Gadamsetty, G.R. Reddy, M.J. Babu, and I.L. Animasaun, “Dynamics over an inclined surface 
when entropy generation, Ohmic Heating, and Lorentz force are significant: Comparative analysis between water-copper 
nanofluid and water-copper-Iron (II, III) oxide hybrid nanofluid,” Waves in Random and Complex Media, 1-23 (2022). 
https://doi.org/10.1080/17455030.2022.2089368 



327
Magnetohydrodynamic Casson Hybrid Nanofluid Dynamics in Circulating Blood...   EEJP. 4 (2025)

МАГНІТОГІДРОДИНАМІЧНА ДИНАМІКА ГІБРИДНОЇ НАНОРІДИНИ КАССОНА В ЦИРКУЛЮЮЧІЙ КРОВІ 
З УРАХУВАННЯМ ТЕПЛОВОГО ВИПРОМІНЮВАННЯ ТА ХІМІЧНИХ РЕАКЦІЙ 
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Метою цієї роботи є дослідження актуальності теплового випромінювання та хімічної реакції в тепловому та радіаційному 
аналізі динаміки гібридної нанорідини Кассона. Фізична модель базувалася на суміші гібридних наночастинок золота та 
срібла (HN), які суспендовані в крові повз розтяжний лист. Динаміка рідини повз розтяжний лист є визначним аналізом для 
теплових та імпульсних граничних шарів. Він знаходить застосування в різних технологічних галузях та промисловості. 
Модельні рівняння досліджувалися за допомогою системи диференціальних рівнянь з частковими похідними (PDEs). Для 
перетворення цих PDEs у повні диференціальні рівняння (ODEs) було використано прийнятне перетворення. Пізніше систему 
рівнянь було розв'язано за допомогою алгоритму Рунге-Кутти разом зі стрільбою. Аналіз, описаний у цій статті, пояснює, що 
гібридні наночастинки мають високу продуктивність у радіаційних та теплових процесах порівняно з нанорідиною. 
Спостерігалося, що швидкість рідини відштовхується зростаючим магнітним значенням через силу Лоренца. Порівняння з 
попередньою роботою показало близьку відповідність. 
Ключові слова: термічний аналіз; радіаційний аналіз; гібридна нанорідина; теплове випромінювання; магнітогідродинаміка 


