
 

1. Introduction 

The suspension of nanoparticles (usually ranging in size from  

1 nm to 100 nm) in conventional fluids such as water, oils, blood 

or ethylene glycol is known as nanofluid, and it is a crucial field 

of research in fluid dynamics. These nanoparticles may signifi-

cantly improve the fluid’s thermal conductivity and heat transfer 

characteristics, making nanofluids ideal for a range of technical 

uses. In this context, a promising nexus between nanotechnol-

ogy and biomedical research is blood-based nanofluid flow. Re-

searchers want to improve drug delivery methods, provide novel 

diagnostic tools, and increase the usefulness of blood for thera-

peutic purposes by utilising the special qualities of nanoparti-

cles. The integration of blood-based nanofluids  in  the  biomedi- 
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Abstract 
Biomagnetic nanofluids have attracted considerable attention because of their potential applications in biomedical engineer-
ing, particularly in drug delivery, cancer therapy, and thermal management systems. In the present study, a nonsimilar analysis 
of biomagnetic blood-based nanofluid containing multiwalled carbon nanotubes over an exponential stretching/shrinking 
sheet is investigated. The model incorporates several important physical effects, including a transverse magnetic field, viscous 
dissipation, suction/injection, particle volume fraction, particle radius, and particle spacing during nanoparticle–blood inter-
action. The governing partial differential equations are transformed using nonsimilarity transformations and solved numeri-
cally through the local nonsimilarity technique with the bvp4c solver in MATLAB. The effects of the physical parameters on 
velocity, temperature distribution, skin friction coefficient and local Nusselt number are analysed in detail. The results indi-
cate that increasing the magnetic field parameter, particle radius and nanoparticle volume fraction significantly reduces the 
velocity profile while enhancing the temperature distribution. Moreover, an increase in particle spacing improves both veloc-
ity and temperature profiles. Quantitatively, the heat transfer rate decreases by approximately 23.46% and 8.83% in the 
stretching and shrinking cases, respectively, when the nanoparticle volume fraction increases from 0 to 0.1. Moreover, the 
skin friction coefficient increases by approximately 24.15% and 23.9% with the increasing magnetic field strength, while 
increasing the particle radius from 1 to 2 reduces the skin friction coefficient by approximately 16.52% and 33.18% in the 
stretching and shrinking cases, respectively. These findings provide useful insights for the design and optimisation of bio-
magnetic nanofluid systems in biomedical and thermal engineering applications. 
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Nomenclature 

B0 – magnetic field strength, T 

Cp – heat capacity, J/(kg K) 

Ec – Eckert number 

h – particle interspacing, m 

M – magnetic field parameter 

Nu – Nusselt number 

Pr ‒ Prandtl number 

Rp – particle radius, m 

Re – Reynolds number 

S – suction/injection parameter 

T – temperature, K 

u, v ‒ velocity components along axial and normal directions, m/s 

 

Greek symbols 

η – pseudosimilarity variable 

  dimensionless temperature 

κ – thermal conductivity, W/(m K)  

λ – stretching/shrinking parameter 

 – dynamic viscosity, kg/(m s)  

ξ – nonsimilarity variable  

ρ – blood density, kg/m3  

σ – electrical conductivity, S/m  

 – particle volume fraction 

 

Subscripts and Superscripts 

nf – nanofluid  

w – wall 

∞ – free-stream 

 

Abbreviations and Acronyms 

CNT – carbon nanotube  

HAM – homotopy analysis method 

MHD – magnetohydrodynamic 

MWCNT – multiwalled carbon nanotubes 

SWCNT – single-wall carbon nanotube  

cal and engineering domains has intriguing prospects for im-

proving performance and efficiency and tailoring therapeutics as 

research progresses. 

Single-wall carbon nanotubes (SWCNTs) and multiwall car-

bon nanotubes (MWCNTs) are important components in the 

mathematical framework of blood-based hybrid nanofluid flow 

presented by Saeed et al. [1], which takes into account the elec-

tromagnetic field and coupling stress. The hybrid nanofluid 

model increased the heat transfer rate by 11.95%, according to 

previous studies. TiO2+Ag/blood flow was numerically analy-

sed by Alanazi et al. [2]. They discovered through computation-

nal use of the Runge–Kutta technique that the particle volume 

fraction significantly contributes to improved heat transmission. 

A blood-based Casson nanofluid flow that permits SWCNT and 

MWCNT particles over an extended sheet was covered by Mo-

hamed et al. [3]. According to previous studies, compared with 

SWCNTs, MWCNTs significantly affect blood flow. The hy-

brid nanofluid stagnation fluid flow exposed to an expanding 

surface was investigated by Samat et al. [4] using carbon nano-

tubes. According to the study, magnetic fields are crucial for 

fluid transport behaviour, and whenever the magnetic field pa-

rameter is smaller than 1, several solutions to the problem may 

be found. Kerosene-based carbon nanotubes (CNTs) exhibit 

greater skin friction than do engine oil- and water-based CNTs, 

according to the mathematical model of homogeneous nanofluid 

flow of Khan et al. [5]. A MATLAB-based bvp4c-technique 

stagnation point flow of a CNT nanofluid along a curved surface 

was quantitatively examined by Khan et al. [6]. According to the 

study, when comparing SWCNTs to MWCNTs, the rate of heat 

transmission increased noticeably. Using water as the base fluid, 

Das et al. [7] investigated the effects of radiation and an external 

magnetic field on the unsteady flow of a three-dimensional hy-

brid nanofluid exposed to upward and downward rotating disks 

in the cases of SWCNT+Fe3O4 and MWCNT+Fe3O4. The nu-

merical analysis reveals that, in comparison with that of 

SWCNT+Fe3O4, the rate of heat transmission for MWCNT+ 

Fe3O4 is less than 0.35%. 

A Levenberg‒Marquardt multilayer artificial neural network 

was introduced by Priyadharshini and Archana [8] to investigate 

SWCNT-MWCNT/H2O flows. The authors discovered that 

larger values of the volume fraction result in an increase in the 

thermal profile of the fluid behaviour system as a whole. Re-

hamn et al. [9] investigated the effects of slip circumstances and 

magnetic fields on blood/MWCNT behaviour while taking var-

ious fluid characteristics into account. Using the homotopy ap-

proach (homotopy analysis method  HAM), they reported that 

the Nusselt number increases in tandem with the volume fric-

tion, Eckert number and dynamic viscosity of the nanoparticles. 

Ramanuja et al. [10] investigated the effects of heat sources and 

thermal radiation on magnetohydrodynamic (MHD) blood-

SWCNT flow and discovered that resistive impedance in the 

flow direction validates better findings in SWCNTs than in pure 

blood. A mathematical framework of TiO2+Fe3O4+SiO2/blood-

based hybrid nanofluid flow subject to an extended curved sur-

face was proposed by Nagaraja et al. [11]. The investigation re-

vealed that the Prandtl number increases the system’s total heat 

transfer rate. A thorough examination of SWCNTs/blood and 

MWCNTs/blood subjected to unstable Marangoni convection 

flow on a stretched surface was performed by Rehman  

et al. [12]. Increasing the stretching parameter values reduces 

fluid skin friction with the use of a computational process.  

A mathematical model of blood based CNT flows under Joule 

dissipation and viscous heating was developed by Nasir  

et al. [13]. They discovered that higher solid volume fractions 

for both types of CNTs increase the heat transfer rate to the 

blood vessel wall. El Glılı and Drıouıch [14] investigated the 

principles of electrically conducting water-based carbon nano-

tubes on an expanding sheet and discovered that MWCNTs had 

greater normal and tangential velocities than those of SWCNTs; 

the temperature distribution showed the opposite trend. In their 

discussion of MHD Casson ternary hybrid nanofluid slip flow 

over a surface expanded with convective heat, Mahanta and 

Sharma [15] reported that when the suction increases, the thick-

ness of the boundary layer decreases. 

Ahmad et al. [16] examined transient electroviscous flow be-

tween squeezing plates via a ternary hybrid nanofluid composed 

of silicon carbide, aluminium oxide, and multiwall carbon nano-

tubes dispersed in water. Their study demonstrated that the in-
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corporation of multiple nanoparticles significantly enhances 

thermal transport compared with that of conventional nanoflu-

ids, particularly in the presence of thermal radiation and heat 

generation effects. Yasir et al. [17] investigated the radiative 

stagnation-point flow of cross fluid with gyrotactic microorgan-

isms and highlighted the important role of the activation energy 

and heat source/sink mechanisms in modifying the thermal and 

concentration fields. Ahsan et al. [18] analysed stratified biocon-

vective Williamson nanofluid flow over a curved stretching sur-

face under the influence of Joule heating, a magnetic field and 

nonlinear thermal radiation, and reported that the magnetic and 

Williamson parameters tend to suppress the velocity field, 

whereas the thermal parameters significantly alter the tempera-

ture distribution. Furthermore, Yasir et al. [19] conducted 

a comparative analysis of radiative magnetised flows of micro-

polar, Casson, and Maxwell fluids with melting heat transfer and 

demonstrated that thermal radiation markedly intensifies the 

temperature field, particularly in the Casson fluid. Kallem et al. 

[20] investigated magnetohydrodynamic hyperbolic tangent 

fluid flow over a nonlinear stretching sheet in a porous medium, 

highlighting the significant influence of magnetic field strength, 

chemical reactions and heat sources on flow and heat transfer 

characteristics. Biswas et al. [21] analysed thermomagnetic con-

vection and entropy generation in a wavy porous cavity filled 

with a Cu-Al₂O₃/water hybrid nanofluid and reported that mag-

netic field intensity and wall undulations strongly affect hydro-

thermal transport behaviour. M and De [22] examined electro-

osmotic Maxwell nanofluid flow in a Darcy-Forchheimer po-

rous medium considering the Soret and Dufour effects, and 

demonstrated that electromagnetic forces and cross-diffusion 

mechanisms play roles in controlling velocity, temperature and 

concentration fields. 

Motivated by the above studies, the main objective of the 

present work is to investigate the nonsimilar flow and heat trans-

fer characteristics of a biomagnetic blood-based nanofluid con-

taining multiwalled carbon nanotubes (MWCNTs) over an ex-

ponentially stretching/shrinking sheet. The analysis considers 

the combined influence of the magnetic field parameters, nano-

particle volume fraction, particle radius, and particle spacing 

during nanoparticle–blood interactions. The novelty of this 

study lies in incorporating the effects of the particle radius and 

interparticle spacing within a nonsimilar biomagnetic nanofluid 

framework over an exponential stretching/shrinking surface. 

The governing nonlinear partial differential equations are solved 

via a local nonsimilarity technique with the MATLAB bvp4c 

solver. The effects of the governing parameters on the velocity, 

temperature, skin friction coefficient and local Nusselt number 

are examined in detail, providing useful insight into biomagnetic 

nanofluid transport relevant to biomedical and microscale ther-

mal applications.  

2. Mathematical formulation  

A two-dimensional steady electrically conducting biomagnetic 

fluid with nanoparticles is considered along the exponentially 

stretching/shrinking sheet, as depicted in Fig. 1. For the current 

study, the following assumptions are taken into consideration: 

 laminar flow, 

 incompressible flow, 

 MHD flow, 

 blood is considered the base fluid, 

 multiwalled carbon nanotubes (MWCNTs) are considered 

to have a spherical shape, 

 slip conditions, 

 nonsimilar flow, 

 particle radius and interspacing is assumed, while interact-

ing with blood. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

These assumptions define the physical framework of the pre-

sent model and determine the range of applicability of the ob-

tained results. The laminar and incompressible flow assump-

tions are appropriate for small-scale biomedical flow conditions 

where inertial and density variation effects are negligible. 

Therefore, the results obtained in this study apply to biomag-

netic nanofluid transport systems, particularly in biomedical and 

microscale heat transfer applications where similar physical 

conditions exist. 

Additionally, the sheet is considered to be stretched expo-

nentially with velocity uw(x) = cex/l along the axial direction x, 

whereas the radial direction is denoted by y, where the stretching 

and shrinking cases are indicated by c > 0 and c < 0, respec-

tively. The free stream velocity is represented by ue(x) = bex/l, 

where b > 0. Furthermore, the wall mass transmission is shown 

by vw(x) = v0ex/2l, in which mass suction and injection are indi-

cated by v0 > 0 and v0 < 0, respectively. A strongly applied mag-

netic field in an exponential form is given by B(x) = B0ex/2l, 

which acts perpendicularly to the surface. Considering all these 

assumptions, we extend the work of [15,23,24], and the pro-

posed mathematical model is given by: 

 
𝜕𝑢

𝜕𝑥
+
𝜕𝑣

𝜕𝑦
= 0, (1) 

 𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
= 𝑢𝑒

𝑑𝑢𝑒

𝑑𝑥
+
𝜇𝑛𝑓

𝜌𝑛𝑓
 (
𝜕2𝑢

𝜕𝑦2
) −

𝜎𝑛𝑓

𝜌𝑛𝑓
𝐵0
2(𝑥)(𝑢 − 𝑢𝑒), (2) 

 (𝜌𝐶𝑝)𝑛𝑓  (𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
) = 𝜅𝑛𝑓 (

𝜕2𝑇

𝜕𝑦2
) + 𝜇𝑛𝑓 (

𝜕𝑢

𝜕𝑦
)
2

, (3) 

with boundary conditions [23,24]: 

 at 𝑦 = 0: 

 𝑣 = 𝑣𝑤 ,        𝑢 = 𝑢𝑤 ,         𝑇 = 𝑇𝑤 = 𝑇∞ + 𝑇0𝑒
2𝑥/𝑙, (4a) 

 

Fig. 1. Physical view of blood/MWCNT flow. 
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 as 𝑦 → ∞: 

 𝑢  = 𝑢𝑒 (𝑥),         𝑇 = 𝑇∞, (4b) 

where the velocity components along the axial and normal di-

rections are 𝑢 and 𝑣, respectively. Additionally, blood density, 

viscosity, electrical conductivity and thermal conductivity are 

denoted by ρ, μ, σ, κ, respectively. The subscript symbol (…)nf 

indicates a nanofluid, which refers to a base fluid with nanopar-

ticles. The proposed model is shown in Fig. 2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The effective thermo-physical characteristics of the applied 

nanofluid model equations are given in [25−28], where  is the 

particle volume fraction. Additionally, the symbols Rp, h denote 

the particle radius and interspacing, respectively. 

 
𝜇𝑛𝑓

𝜇𝑏𝑙𝑜𝑜𝑑
= 1 + 2.5 + 4.5 [

1

ℎ

𝑅𝑝
(2+

ℎ

𝑅𝑝
) (1+

ℎ

𝑅𝑝
)
2],  

 𝜌𝑛𝑓 = (1 − )𝜌𝑏𝑙𝑜𝑜𝑑 + 𝜌𝑀𝑊𝐶𝑁𝑇 ,  

 (𝜌𝐶𝑝)𝑛𝑓 =
(1 − ) (𝜌𝐶𝑝)𝑏𝑙𝑜𝑜𝑑 +  (𝜌𝐶𝑝)𝑀𝑊𝐶𝑁𝑇 , (5) 

 
𝜎𝑛𝑓

𝜎𝑏𝑙𝑜𝑜𝑑
= (1 − )𝜎𝑏𝑙𝑜𝑜𝑑 + 𝜎𝑀𝑊𝐶𝑁𝑇 ,  

 
𝜅𝑛𝑓

𝜅𝑏𝑙𝑜𝑜𝑑
=
(𝜅𝑀𝑊𝐶𝑁𝑇+2 𝜅𝑏𝑙𝑜𝑜𝑑)−2 (𝜅𝑏𝑙𝑜𝑜𝑑−𝜅𝑀𝑊𝐶𝑁𝑇)

(𝜅𝑀𝑊𝐶𝑁𝑇+2 𝜅𝑏𝑙𝑜𝑜𝑑)+ (𝜅𝑏𝑙𝑜𝑜𝑑−𝜅𝑀𝑊𝐶𝑁𝑇)
 .  

To mathematically handle this proposed model, the follow-

ing nonsimilarity flow is introduced [29,30]: 

 𝜉 = 𝑒𝑥/𝑙 ,            𝜂 = √
𝑏

2𝜐𝑓𝑙
𝑦𝑒𝑥/2𝑙,   

 𝜃(𝜉, 𝜂) =
𝑇−𝑇∞

𝑇𝑤−𝑇∞
,         𝑢 = 𝑏𝑒𝑥/𝑙𝑓 ′(𝜉, 𝜂), (6) 

 𝑣 = −√
𝑏𝜐𝑓

2𝑙
𝑒𝑥/2𝑙 (𝜂𝑓 ′(𝜉, 𝜂) + 𝑓(𝜉, 𝜂) + 2𝜉

𝜕𝑓

𝜕𝜉
),  

where ξ is known as a nonsimilarity variable, while η is known 

as a pseudosimilarity variable. 

Equations (2) and (3) are reduced into the following nonsim-

ilar system through the use of Eqs. (5) and (6) as follows: 

 𝐴1 𝑓
′′′ + 𝑓 𝑓 ′′ − 2(𝑓 ′2 − 1) − 2𝐴2𝑀(𝑓

′ − 1) +  

 −2𝜉 [ 𝑓 ′ 𝜕
2𝑓

𝜕𝜉𝜕𝜂
− 𝑓 ′′ 𝜕𝑓

𝜕𝜉
]  = 0 (7) 

 𝐴3𝐴4 𝜃
′′ + 𝑃𝑟 [𝐴4𝐴5Ec𝑓

′′2 + 𝑓𝜃 ′ − 4𝜃 𝑓 ′] +  

 −2Pr 𝜉 [𝑓 ′ 𝜕𝜃

𝜕𝜉
− 𝜃 ′ 𝜕𝑓

𝜕𝜉
] = 0, (8) 

along with: 

 𝑓(𝜉, 0) + 2𝜉
𝜕𝑓

𝜕𝜉
= 𝑆,       𝑓 ′(𝜉, 0) = 𝜆,       𝜃(𝜉, 0) = 1,  

 𝑓 ′(𝜉,∞)  → 0 ,         𝜃(𝜉,∞) → 0, (9) 

where prime (…) denotes the derivatives concerning 𝜂.  

Additionally, the physical nondimensional parameters are 

given in Table 1. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Additionally, we have: 

 𝐴1 =

1+2.5+4.5

[
 
 
 
 

1

ℎ
𝑅𝑝
(2+

ℎ
𝑅𝑝
) (1+

ℎ
𝑅𝑝
)

2

]
 
 
 
 

(1−+ 
𝜌𝑀𝑊𝐶𝑁𝑇
𝜌𝑏𝑙𝑜𝑜𝑑

)
 ,       𝐴2 =

(1−+ 
𝜎𝑀𝑊𝐶𝑁𝑇
𝜎𝑏𝑙𝑜𝑜𝑑

)

(1−+ 
𝜌𝑀𝑊𝐶𝑁𝑇
𝜌𝑏𝑙𝑜𝑜𝑑

)
,  

 𝐴3 = 
𝜅𝑛𝑓

𝜅𝑏𝑙𝑜𝑜𝑑
,           𝐴4 =

1

(1−+ 
(𝜌𝐶𝑝)𝑀𝑊𝐶𝑁𝑇
(𝜌𝐶𝑝)𝑏𝑙𝑜𝑜𝑑

)

,  

 𝐴5 = 1 + 2.5 + 4.5 [
1

ℎ

𝑅𝑝
(2+

ℎ

𝑅𝑝
) (1+

ℎ

𝑅𝑝
)
2].  

Two important physical quantities under the proposed model 

are the skin friction parameter and the local Nusselt number: 

 (2Re)−
1

2𝐶𝑓 =
𝐴1

𝜉
𝑓 ′′𝑓(𝜉, 0),  

 (2Re)−
1

2Nu = −𝜉𝜃′(𝜉, 0). (10) 

 

Fig. 1. Flow chart of model simulation. 

Table 1. Physical parameters. 

Parameter Expression 
 

Stretching/shrinking parameter 𝜆 =
𝑏

𝑐
 

Stretching whenever: λ > 0  
Shrinking whenever: λ < 0  

Static whenever: λ = 0 

 
Suction/injection parameter 𝑆 = − 

2𝑙

𝑏𝜐𝑓
𝑣0 

Suction whenever: S > 0 
Injection whenever: S < 0  

Magnetic field parameter 𝑀 =
𝐵0
2𝜎𝑓𝑙

𝑏𝜌𝑓
 

Prandtl number Pr =
𝜐𝑓

𝛼𝑓
 

Eckert number Ec =
𝑏2

𝑇0(𝜌𝐶𝑝)𝑓

 

Local Reynolds number Re =
𝑏𝑙

𝜐𝑓
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3. Numerical procedure and validation 

3.1. Local similarity technique 

It was suggested that the nonsimilar boundary layers may be 

solved by applying a local nonsimilarity approach, which was 

initially presented by Minkowycz and Sparrow [28] and then de-

veloped by [29–32]. The local similarity form of Eqs. (7) and 

(8) associated with boundary conditions is obtained as follows 

by removing the terms associated with 𝜕𝑓 𝜕𝜉⁄  and 𝜕𝜃 𝜕𝜉⁄ : 

 𝐴1 𝑓
′′′ + 𝑓 𝑓 ′′ − 2(𝑓 ′2 − 1) − 2𝐴2𝑀(𝑓

′ − 1)  = 0, (11) 

 𝐴3𝐴4 𝜃
′′ + Pr [𝐴4𝐴5Ec𝑓

′′2 + 𝑓𝜃 ′ − 4𝜃 𝑓 ′] = 0, (12) 

along with: 

 (𝜉, 0) + 2𝜉
𝜕𝑓

𝜕𝜉
= 𝑆,            𝑓 ′(𝜉, 0) = 𝜆,          𝜃(𝜉, 0) = 1,  

 𝑓 ′(𝜉,∞)  → 0,            𝜃(𝜉,∞) → 0 (12) 

3.2. Local nonsimilarity technique 

3.2.1. First truncation level 

To achieve first-level truncation, Eqs. (7)–(8) are kept without 

approximation and substituted: 

 {
𝑔 =

𝜕𝑓

𝜕𝜉

𝑚 =
𝜕𝜃

𝜕𝜉

. (14) 

Therefore, one can obtain: 

 𝐴1 𝑓
′′′ + 𝑓 𝑓 ′′ − 2(𝑓 ′2 − 1) − 2𝐴2𝑀(𝑓

′ − 1) +  

 −2𝜉[ 𝑓 ′𝑔′ − 𝑔𝑓 ′′]  = 0 (15) 

 𝐴3𝐴4 𝜃
′′ + 𝑃𝑟 [𝐴4𝐴5Ec𝑓

′′2 + 𝑓𝜃 ′ − 4𝜃 𝑓 ′] +  

 −2Pr 𝜉 [𝑓 ′𝑚 − 𝜃 ′𝑔] = 0, (16) 

along with: 

 𝑓(𝜉, 0) + 2𝜉𝑔 = 𝑆,         𝑓 ′(𝜉, 0) = 𝜆,        𝜃(𝜉, 0) = 1  

 𝑓 ′(𝜉,∞)  → 0,         𝜃(𝜉,∞) → 0 (17) 

3.2.2. Second truncation level 

Now, we differentiate with respect to 𝜉 and remove all the terms 
𝜕𝑔(𝜂,𝜉)

𝜕𝜉
, 
𝜕𝑚(𝜂,𝜉)

𝜕𝜉
 and their derivatives. In light of the above, the 

system of the 2nd truncation level contains Eq. (18)–(20): 

 𝐴1 𝑔
′′′ + 𝑓 𝑔′′ + 3𝑔 𝑓 ′′ − 6𝑓 ′𝑔′ − 2𝐴2𝑀𝑔

′ +  

 −2𝜉 [ 𝑔′2 − 𝑔𝑔′′]  = 0, (18) 

 Pr[2𝐴4𝐴5Ec𝑓
′′𝑔′′ + 𝑓 𝑚′ − 6𝑚𝑓 ′ + 3𝜃 ′𝑔 − 4𝜃 𝑔′] +  

 −2Pr 𝜉 [𝑔′𝑚 −𝑚′𝑔]+𝐴3𝐴4 𝑚
′′ = 0 (19) 

with the following BCs: 

 𝑔(𝜉, 0) = 0,         𝑔′(𝜉, 0) = 0,         𝑚(𝜉, 0) = 0  

 𝑔′(𝜉,∞)  → 0,          𝑚(𝜉,∞) → 0. (20) 

4. Results and discussion 

This section presents a visual representation of the computa-

tional results of the physical parameters that affect the fluid ve-

locity, temperature, skin friction and Nusselt number. We used 

the bvp4c approach, which is based on MATLAB, to handle this 

computationally. Table 2 also presents a comparison with exist-

ing research to determine the accuracy of the numerical ap-

proach used, which was determined to be within acceptable 

bounds. Additionally, this study used MWCNT particles to sim-

ulate blood numerically. Consequently, we conducted further re-

search [34–37] and considered the information shown in Tab- 

le 3 to produce realistic simulations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this study, we present a comprehensive comparison of the 

following: 

(i) blood/MWCNT behaviour in the stretched case, 

(ii) blood/MWCNT behaviour in the shrinking case. 

Figures 3 and 4 illustrate the influence of the magnetic field 

parameter on the velocity and temperature profiles for both the 

stretching and shrinking cases. Increasing the magnetic field pa-

rameter reduces the fluid velocity while increasing the tempera-

ture distribution. This behaviour is attributed to the Lorentz 

force generated by the interaction between the magnetic field 

and the electrically conducting nanofluid, which acts as a resis-

tive force opposing the fluid motion and suppressing the veloc-

ity field. The reduced fluid motion weakens convective heat 

transport and promotes thermal energy accumulation within the 

boundary layer, resulting in an increase in the temperature pro-

file.  

Figures 5 and 6 illustrate the effects of nanoparticle volume 

fraction on the velocity and temperature profiles. Increasing the 

volume fraction reduces the fluid velocity while enhancing the  

Table 2. Comparison of values of 𝑓′′(0) when M = φ = ξ = Ec =0, λ = 1, 

Pr = 7 for various values of 𝑆. 

S 
Present outcomes 

(local nonsimilarity solutions) 
Gorla and Sidawi [33] 

0.7 0.72250 0.72252 

0.4 0.83418 0.83420 

  0.0 1.01441 1.01435 

  0.4 .2313 1.23180 

  0.7 1.41879 1.41884 

 

Table 3. Physical properties of blood and MWCNTs. 

Properties 
Base fluid: 

blood 

Nanoparticles 

MWCNT 

Cp (J kg−1 K−1)  3.9 × 103 796 

𝝆 (kg m−3)  1050 1600 

σ (s m−1)  0.8 1.9 × 10−4 

κ (W m−1 K−1)  0.5 3.7 
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temperature distribution. The reduction in velocity occurs be-

cause the addition of nanoparticles increases the effective vis-

cosity of the nanofluid, which strengthens the momentum re-

sistance within the boundary layer. Conversely, the temperature 

increases since a higher nanoparticle concentration improves the 

effective thermal conductivity of the nanofluid, thereby increas-

ing heat transport within the fluid.  

Figures 7 and 8 present the influence of the particle spacing on 

the velocity and temperature distributions. Increasing the parti-

cle spacing enhances both the velocity and temperature profiles. 

Physically, a larger interparticle spacing reduces nanoparticle–

nanoparticle interactions and agglomeration effects, which pro-

motes more uniform dispersion of nanoparticles within the base 

fluid. This  improved  dispersion  facilitates  more  efficient  mo- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Influence of M on f(η). 

 

Fig. 4. Influence of M on θ(η). 

 

Fig. 5. Influence of  on f (η). 

 

Fig. 6. Influence of  on θ(η). 

 

Fig. 8. Influence of h on θ(η). 

 

Fig. 7. Influence of h on f (η). 
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mentum and heat transport within the boundary layer, resulting 

in enhanced velocity and temperature distributions.  

Figures 9 and 10 illustrate the influence of the particle radius 

on the velocity and temperature distributions. Increasing the par-

ticle radius decreases the velocity profile while enhancing the 

temperature distribution. The reduction in velocity is attributed 

to the increase in effective viscosity and particle inertia associ-

ated with larger nanoparticles, which strengthens the momentum 

resistance within the boundary layer. Conversely, the tempera-

ture increases because larger particles increase the effective 

thermal conductivity of the nanofluid, promoting improved heat 

transport within the fluid. 

Finally, Figs. 11 to 16 examine variations of the skin friction 

and local Nusselt number with physical parameters such as the 

particle radius, particle volume fraction and magnetic field.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Influence of Rp on f (η). 

 

Fig. 10. Influence of Rp on θ(η). 

 

Fig. 11. Influence of M on f (0, ξ) against ξ. 

 

Fig. 12. Influence of M on –θ 
(0, ξ) against ξ. 

 

Fig. 13. Influence of  on f (0, ξ) against ξ. 

 

Fig. 14. Influence of  on –θ 
(0, ξ) against ξ. 
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According to the study, for both the stretching and shrinking 

scenarios, the magnetic field parameter improves both the skin 

friction and the Nusselt number. The skin friction is shown to 

improve by 24.15% in the stretching case and by 23.9% in the 

shrinking case over a range of magnetic field parameter values 

from 1 to 3, whereas the Nusselt number improves by 0.36% and 

0.68% for the stretching and shrinking situations, respectively. 

Both the skin friction and the Nusselt number decrease as the 

particle radius increases. The skin friction decreases by 16.52% 

and 33.18% for the stretching and shrinking scenarios, respec-

tively, for particle radius values ranging from 1 to 2. The Nusselt 

number values are decreased by 0.53% and 0.96%, respectively, 

for the stretching and shrinking scenarios. The skin friction and 

Nusselt number decrease as the particle volume fraction in-

creases from 0 to 0.1. According to the study, the skin friction 

decreases by approximately 4.2% in the stretching case and by 

approximately 4.97% in the shrinking case. The Nusselt number 

likewise shows a noticeable shift, decreasing by approximately 

23.46% and 8.83%, respectively, in the stretching and shrinking 

scenarios. 

5. Conclusions  

The present study investigated the nonsimilar flow and heat 

transfer characteristics of a biomagnetic blood-based MWCNT 

nanofluid over an exponentially stretched/shrinking sheet under 

the influence of magnetic field, particle radius, particle volume 

fraction and particle spacing. The governing equations were 

solved via the local nonsimilarity technique with the MATLAB 

bvp4c solver. The key findings are summarised as follows: 

 The velocity profile decreases significantly with increasing 

magnetic field parameters, particle radius and particle vol-

ume fraction, whereas the temperature profile increases un-

der the same conditions for both the stretching and shrink-

ing cases. 

 Increasing the particle spacing enhances both the velocity 

and temperature distributions, indicating improved nano-

particle dispersion within the base fluid. 

 The skin friction coefficient increases by approximately 

24.15% in the stretching case and 23.9% in the shrinking 

case when the magnetic field parameter increases within 

the considered range. 

 The heat transfer rate (Nusselt number) decreases by ap-

proximately 23.46% and 8.83% for the stretching and 

shrinking cases, respectively, when the nanoparticle vol-

ume fraction increases from 0 to 0.1. 

 Increasing the particle radius from 1 to 2 reduces the skin 

friction coefficient by approximately 16.52% in the stretch-

ing case and 33.18% in the shrinking case, while also 

slightly decreasing the Nusselt number. 

From a practical perspective, the results indicate that mag-

netic control and nanoparticle characteristics can significantly 

influence heat transfer behaviour in biomagnetic nanofluid sys-

tems, which may be useful in biomedical engineering applica-

tions such as magnetic drug delivery, targeted thermal therapy 

and microscale cooling technologies.  

Although the present analysis provides useful insight into bi-

omagnetic nanofluid transport, the model is developed under 

simplified assumptions such as constant thermophysical proper-

ties, Newtonian fluid behaviour, and steady laminar flow condi-

tions. In real biomedical environments, additional phenomena 

such as ferrohydrodynamic (FHD) interactions, variable viscos-

ity and thermal conductivity, non-Newtonian blood rheology, 

and radiative heat transfer may significantly affect the flow and 

heat transfer characteristics. The incorporation of these effects 

in future studies would provide a more realistic description of 

biomagnetic nanofluid transport in biomedical and microscale 

thermal systems. 
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