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      Abstract 

This study aims to investigate blood-based hybrid nanofluids in a Magneto-hydrodynamic (MHD) 

micropump for biomedical applications. The study examines three blood-based bio-convective 

radiating hybrid nanofluids (Ti2O, Cu2O, and Ag) and analyzes the influence of fluid, magnetic, 

and electrical properties on the radiation characteristics of the MHD micropump using 

dimensionless parameters (Rd and Re). Results indicate that Ti2O nanofluid exhibits efficient 

radiative behavior, affecting velocity distribution in the micropump channel. Cu2O and Ti2O 

nanofluids show minimal pressure drop during high radioactivity, ensuring smooth blood flow in 

microscale intravenous (IV) treatment. Ti2O shows high magnetic flux density for effective blood 

pumping, although increased radiation generation raises concerns for general IV treatment. Cu2O 

exhibits desirable electrical flux intensity, suitable for low radiative therapy. The study concludes 

that Ti2O nanofluid is most effective for blood-based intravenous treatments with potential 

applications in various therapeutic interventions requiring superior nanoparticle properties. 
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       Introduction 

The concept of “Magnetohydrodynamic” (MHD) is simply a beyond phenomenon of two 

established disciplines – fluid mechanics and magnetic effect – when the velocity field and 

magnetic field coupled each other for any electrically conducting fluid through a solid body with 

motion. The fundamental of MHD activity is the combination of electrical force and magnetic 

force to produce non-mechanical thrust or pressure gradient by the virtue of Lorentz force in order 

to transfer transport fluid particles [1]. Over the past 20 to 30 years different applications of such 

fluid flow have been developed and researched intensively. Material processing and other 

metallurgical process of steel, aluminum and various superalloys are revolutionized by 

magnetohydrodynamic (MHD) [2]. Interaction between thermal and magnetohydrodynamic field 

owes to a new type of domain termed as Thermoelectric magnetohydrodynamic which deals with 

the Peltier and Thomson effect to solve ab initio problems as well as to stir and pump liquid-metal 

coolant in nuclear reactors. Another success of MHD implantation is the MHD power generators 

which proves to be zero pollution power generation system with efficiency surpassing the 

conventional generators by 20-35%. Incorporating MHD effect in different kinds of microfluidics 

devices and systems such as – MHD pump, propelling and stirring liquid, assessing blood network 

and MRI are some of the most popular applications [3]–[5]. Extensive study has already been done 

and still ongoing to understand the applicability of nanofluids combined with MHD effect in 

different porous cavities, double diffusive convection, parallel flow medium and various 

application-based domain [6], [7]. 

One of the most widespread and variable application of MHD based fluid flow system is the 

Magneto-Hydrodynamic Micro Pump. Most common yet impactful applications of such MHD 

micropump in recent times are – micro-macro total analysis of blood analysis technology (𝜇 − 

TAS) [8]–[10]. Driving force of a MHD micropump is the Lorentz force developed perpendicularly 

with both the electric and magnetic field which themselves are applied at square of each other. Due 

to this force pressure gradient is created which forces blood to transport from inlet (source/high 

pressure area) to outlet (destination/low pressure area) without any mechanical actuation [11]–

[13]. Numerous studies covering both the experimental and computational arenas, show progress 

of MHD micropump for total analysis of blood technology over the years [11], [12]. Inspection of 

fully developed viscous flow of Newtonian bio magnetic fluid such as – blood under the influence 

of varying ferro hydromagnetic and magnetohydrodynamic effect has been done by E.E. 

Tzirtzilkakis in [16]. A new type of blood flow model termed as “Jeffery blood model” has been 

introduced by M.M.Bhatti and et al. in which blood is passed through a porous channel of MHD 

pump [17]. The outcomes showed that the velocity and pressure of the blood flow rises near the 

wall due to slip effect of the creeping regime. A similar methodology has been applied in order to 

simulate in a new type blood flow model termed as Casson flow through MHD micro pump by 

neglecting the inertial forces [18]. The results are plotted concentrating specially to the heat and 

mass transfer process through the MHD micropump along with the impact of magnetic and 

electrical field on related velocity and pressure profile. Interesting figures were found as the 

velocity profile exhibited contrasting attribute compared to pressure profile due the emergence of 

peristaltic wave. 



Bio-rheological non-Newtonian liquid such as – blood-based hybrid nano fluid are proved to be 

effective transport medium for drug delivery, blood transport through veins and many biomedical 

applications due to their potential thermal features, increased rate of heat transport, mechanical 

stability etc [19]–[24]. Hydrothermal features of an incompressible, unsteady and laminar flow of 

hybrid blood based nanofluid (GO + ZnO + Blood) are studied analytically which explored 

pertinent physical parameters with respect to varying strength of magnetic field, electric flux 

intensity etc [25]. Pulsatile Cuo – Fe3O4 blood based nanofluid is inspected under a body of 

acceleration in order to understand its effectivity in radiation therapy of lung cancer. Study showed 

that this hybrid nanoparticle provides better thermal performance, opposite characteristics between 

velocity and body force parameter and higher blood flow compared to normal blood [26]. A 

secured mathematical framework is developed for a tri-hybrid nanofluid (CuO-TiO2-Al2O3) in 

order to investigate its performance with respect to thermal radiation, energy emission, Ohmic 

heat, vicious dissipation etc [27]. Conclusion of the study shows that thermal radiation increases 

with the increase of magnetic strength while EMDH simulation estimated substantial impact of 

such nanofluid on magnetized drug delivery, hyperthermia therapy, magnetizer endoscopy and 

blood stream knowledge. 

Compound nanofluids have recently been incorporated into medical technology to cancel cells or 

to provide therapeutic agents for deceased cells [28]–[31]. Alternatively, many mixed 

amalgamated blood based nanofluids are being used as the transport medium as well as the 

radiating agent to destroy cancer cells of human body within a very limited range [32]–[34]. 

Among recent experiments, one based on EMHD (electromagnetohydrodynamic) and thermal 

radiation case shows that the usual radiating nanofluids when mixed with bloods can exhibit non-

linear thermal radiation and the attributes vary according to the particle sizes, shapes, amount in 

the base fluid etc [35]. Investigation of such radiation effect of industrial water based nanofluids 

has been carried out by Zahir Shah et al. to comprehend the influence of flow, magnetic 

characteristics on thermal radiation containing ferrous and graphene oxide particles for various 

industrial building such as – ships, chemical devices, electronic devices and medical plants. The 

outcome of such computational work provides a contrasting strata between velocity profile and 

thermal field [36]. A completely novel numerical method – Spectral Relaxation Method (SRM) 

under the opportunity of Cattaneo-Christov model theory has been developed to understand the 

behavioral change of blood-based hybrid nanofluids when they are allowed to pass through a 

stretchable area. While conducting particular focus was provided to the thermal radiation effect of 

the nanofluids which conduces outcomes into greater electrical field enhances both velocity and 

temperature profile whereas opposite is seen for increased Pr number [37]. Similar yet relatively 

new research of radiative heat transfer of such blood-based hybrid nanofluids transporting under 

MHD flow has been carried out for different applicable small scaled domains, such as – rotating 

thin disc, stretchable cylinder, moving heat source and sink, non-uniform heat flux, vertical porous 

flat plate etc [38]–[40]. 

Although a lot of scientific contribution has been provided to radiative characteristics of different 

nanofluids, MHD flow through various medium, feasibility of micropump for biomedical 

applications and so on; however, a comprehensive demonstration of radioactive impact analysis of 

such blood-based hybrid nanofluids within the domain of MHD micropump still lacks in available 



literature. And therefore, the proposed paper seeks to explore this research gap and signifies the 

outcome as contribution to the field of biomedical engineering for transporting blood and 

delivering drug in human body. In order to inspecting the radiation behavior of MHD pump three 

different blood-based bio-convective radiating hybrid nanofluids are used as transport medium – 

BL+Ti2O (Titanium oxide nanoparticles), BL+Cu2O (Cuprous oxide nanoparticles) and BL+Ag 

(Silver nanoparticles). Due to their self-radiating nature, the blood based nanofluids are coupled 

with an external heat source (Cu) and heat sink (Al) to protean and amplify the outcome of the 

computational study. Two dimensionless parameters Rd (Radiation number) and Re (Reynolds 

number) are introduced in this paper in order to present the outcomes under the scope of three 

fundamental criteria – fluid properties, magnetic properties and electrical properties of the MHD 

micropump. To observe the deviation of fluid properties such as – temperature gradient, velocity 

distribution and pressure drop along the flow channel of the MHD pump, the dimensionless 

numbers are considered within the range from one to five for Ra number. The other two 

rudimentary properties – magnetic flux density (MFD) and electric flux intensity (EFI) are also 

being showed within the given range to understand how the nanoparticles behave inside human 

body during drug delivery and blood transportation. 

Methods 

Domain Setup 

A conceptual schematic of Magneto Hydrodynamic (MHD) Micropump has been provided in Fig. 

1 The pump which is simply a combination of magnetic field, electric field and fluid transporting 

channel works based on the generated Lorentz force. The illustration provides directional guidance 

for the working MHD pump which has fluid flow, magnetic flux density and electric field intensity 

along x, z and y-direction respectively. The developed Lorentz force due to orthogonally applied 

electrical and magnetic force thrusts the fluid through the pump channel without any mechanical 

intervene. Fig. 2 (a) provides a complete set up for an experimental MHD micropump and Fig. 2 

(b) displays an exploded view of the s1ame pump. The pump is mainly consisting of three distinct 

layers – the lower layer holds magnetic source (in this case the Neodymium solid magnet) while 

the middle layer holds the fluid transport path of the pump. The upper most layer is the layer which 

protects the pump channel with a transparent glass cover and facilitates pressure measurement by 

holding two pressure measuring holes. There are also one inlet port for allowing the fluid into the 

pump and an outlet port to discharge the volume flow. Finally, Fig. 3 captures a cross sectional 

view of the same MHD micropump to demonstrate the parts at micro level – a guide plate to 

separate out the magnet source (at lower layer) and acrylic plastic base (at middle layer), a thin 

copper film as grounding for setting series of copper micro electrode and finally an external voltage 

to provide just enough amount of current for the pump to work. A transparent glass cover is to 

protect the core flow channel of the pump from any external harm without disallowing outer 

supervision. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. A conceptual design of the proposed MHD micropump. 

(a) (b) 

Fig. Isometric view of the distinguished parts of the MHD micropump – (a) A full setup, (b) 

Exploded view of the setup. 

Fig. Cross sectional view of the MHD micropump. 



      Governing equations 

Backbone of the applied mathematical modelling forums can be divided into three different 

categories – 1. Equations of electromagnetic system, 2. Conventional fluid dynamic system 

equations, 3. Thermal system of equations. 

3.2.1 Equations of electromagnetic system 

The electromagnetic system of the applied MHD micropump domain is contributed by three 

parameters – current density, magnetic flux density and electric field. Although allowing electrical 

conductance through the micropump channel induced magnetic effect on the overall geometry 

however, that effect is neglected due to negligible value of the associated magnetic Reynolds 

number Rem as abundantly found in available literature. 

Maxwell equations: 

∇. 𝐷 = 𝜌                (1) 

∇. 𝐵 = 0                (2) 

∇ × 𝐸 =  −
𝜕𝐵

𝜕𝑡
                     (3) 

∇ × 𝐻 = 𝐽 +
𝜕𝐷

𝜕𝑡
               (4) 

Ohm’s Law:  

𝐽 =  𝛿(𝐸 + 𝑢 × 𝐵) =  𝛿(−∇∅ + 𝑢 × 𝐵)            (5) 

By combining with Ohm’s Law: 

𝐽 = 𝛿(𝐸 + 𝑣 × 𝐵)               (6) 

The Lorentz force: 

𝐹𝐿 = (𝐽 × 𝐵)                (7) 

3.2.2 Conventional fluid dynamic system equation 

Fluidic part of the modelling system is consisting of simple continuity equation, momentum 

equation and energy equations. 

Continuity equation: 

𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0                           (8) 

Momentum equations: 

𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
=  −

1

𝜌𝑛𝑓

𝜕𝑝

𝜕𝑥
+

𝜇𝑛𝑓

𝜌𝑛𝑓
(

𝜕2𝑥

𝜕𝑥2 + 
𝜕2𝑢

𝜕𝑦2)                 (9) 



𝜕𝑣

𝜕𝑡
+ 𝑢

𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
=  −

1

𝑝𝑛𝑓

𝜕𝑝

𝜕𝑥
+

𝜇𝑛𝑓

𝜌𝑛𝑓
(

𝜕2𝑣

𝜕𝑥2
+

𝜕2𝑣

𝜕𝑦2
) +  

𝜎𝑛𝑓𝐵0
2

𝜌𝑛𝑓
𝑣 +

(𝜌𝛽)𝑛𝑓

𝜌𝑛𝑓
𝑔(𝑇 − 𝑇𝑐)          (10) 

Energy equations: 

𝜕𝑇

𝜕𝑡
+ 𝑢

𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
=  𝛼𝑛𝑓 (

𝜕2𝑇

𝜕𝑥2 +
𝜕2𝑇

𝜕𝑦2) −
1

(𝜌𝑐𝑝)
𝑛𝑓

𝜕𝑞𝑅

𝜕𝑦
                         (11) 

3.2.3 Thermal system of equations 

The thermal energy equation is presented is below here: 

𝜌𝑐 (
𝑑𝑇

𝑑𝑡
+ 𝜇∇𝑇) = 𝐾∇2𝑇 +  

|𝐽|2

𝛿
             (12) 

Thermal system of the domain is related due to flow of electric current through incorporated fluid 

medium used in the MHD micropump.  

Boundary conditions 

Similar to the governing equations of the modelling system boundary conditions are applied for 

implementing the basic fluid flow through the domain as well as interaction of electricity, magnetic 

and heat system with the pump’s wall. The boundary conditions for the fluid-pump interaction are 

provided below. 

3.3.1. Boundary conditions for fluid-pump interaction 

Inlet boundary conditions 

𝜕𝑢𝑥,𝑖𝑛

𝜕𝑥
=  𝑢𝑧,𝑖𝑛 =  𝑢𝑦,𝑖𝑛 = 0                 (13) 

𝑃𝑖𝑛 = 0                (14) 

𝑇𝑖𝑛 =  𝑇0                (15) 

Wall boundary conditions 

𝑢𝑤𝑎𝑙𝑙 = 0                (16) 

𝜕𝑃𝑤𝑎𝑙𝑙

𝜕𝑛
= 0                (17) 

𝑇𝑤𝑎𝑙𝑙 =  𝑇0                (18) 

𝜕𝜑

𝜕𝑛𝑤𝑎𝑙𝑙
= 0                (19) 

Outlet boundary conditions 

𝜕𝑢𝑜𝑢𝑡

𝜕𝑡
+  𝑢𝑥,𝑜𝑢𝑡

𝜕𝑢𝑜𝑢𝑡

𝜕𝑥
= 0              (20) 

𝑃𝑜𝑢𝑡 = 0                (21) 



𝜕𝑇𝑜𝑢𝑡

𝜕𝑥
= 0                (22) 

𝜕𝜑

𝜕𝑛𝑜𝑢𝑡
=  0                (23) 

Electrode surface boundary conditions 

𝜑𝑎𝑛𝑜𝑑𝑒 =  𝑉𝑖𝑛𝑝𝑢𝑡               (24) 

𝜑𝑐𝑎𝑡ℎ𝑜𝑑𝑒 = 0                   (25) 

3.3.2. Boundary conditions for basic fluid flow through MHD pump 

For t = 0: u = v = 0, T = 0, p = 0 

For t > 0: u = v = 0, T = 𝑇ℎ   at  y = 0,  0.25𝐿 ≤ 𝑥 ≤ 0.75𝐿 

𝑢 =  𝑢0, 𝑣 = 𝑂, 𝑇 = 𝑇𝑐  at y = L; 0 ≤ 𝑥 ≤ 𝐿 

u = v = 0, 
𝜕𝑇

𝜕𝑁
= 𝑂  at x = 0, L; 0 ≤ 𝑦 ≤ 𝐿 

u = v = 0, 
𝜕𝑇

𝜕𝑁
= 𝑂  at y = 0, 0 ≤ 𝑥 ≤ 0.25𝐿, 0.75𝐿 ≤ 𝑥 ≤ 𝐿  

3.3.3. Jeffery- Hammel boundary conditions 

Another fascinating aspect of the computational work is inspection of the impact of contraction-

extraction of channel shapes when the blood-based hybrid nanofluids pass through different 

arteries and veins of human body. To realize such effect through the MHD pump a “close to” 

numerical output is harbored using Jeffery-Hamel dimensional analysis which is the direct 

implementation of Tiwari-Das nanofluid method [41]. 

{

𝜕𝑢

𝜕𝜃
= 0,

𝜕𝑇

𝜕𝜃
= 0, 𝑢 = 𝑈

𝑢 =  −𝑁1𝑣𝑛𝑓
𝜕𝑢

𝜕𝜃
,   𝑇 =  

𝑇𝑤

𝑟2 −  𝐷1
𝜕𝑇

𝜕𝜃

    |
   𝑎𝑡  𝜃 = 0

    𝑎𝑡  𝜃 =  𝛼
}              (26) 

Dimensional analysis 

Following variables are converted into non-dimensional form in order to reduce the number of 

available variables and also to make the governing equations into non-dimensional simplified 

form. Non-dimensionalization is done for both the basic fluid flow and Jeffery-Hamel flow 

variables provided below respectively.   

𝑌 =  
𝑦

𝐿
, 𝑋 =  

𝑥

𝐿
, 𝑈 =  

𝑢

𝑢0
, 𝑉 =  

𝑣

𝑢0
, 𝑃 =  

𝑝

𝜌𝑛𝑓𝑢0
2 , 𝜃 =  

𝑇− 𝑇𝐶

𝑇ℎ− 𝑇𝐶
                      (35) 

𝜂 =  
𝜃

𝛼
, 𝑓(𝜃) = 𝑟𝑢 (𝑟, 𝜃), Θ(𝜂) =  𝑟2 𝑇

𝑇𝑤
            (36) 

 

 



     Nanofluid properties 

As per the earlier mention, four different blood-based hybrid nanofluids have been used as the 

fluid medium for the micropump. To include the different fluidic properties such as – specific heat 

(𝐶𝑝), viscosity ( 𝜇𝑠𝑡𝑎𝑡𝑖𝑐), effective density (𝜌𝑛𝑓), thermal expansion coefficient 𝛽𝑛𝑓 and thermal 

diffusivity (𝛼𝑛𝑓) of these nanofluids into the modelling system formulas are used and provided 

[42]. 

𝜌𝑛𝑓 = (1 − 𝜑)𝜌𝑛𝑓 +  𝜑𝜌𝑠                (26) 

(𝜌𝐶𝑝)𝑛𝑓 =  (1 − 𝜑) (𝜌𝐶𝑝)𝑓 +  𝜑(𝜌𝐶𝑝)𝑠                       (27) 

(𝜌𝛽)𝑛𝑓 = (1 − 𝜑)𝜌𝛽𝑓 +  𝜑(𝜌𝛽)𝑠                        (28) 

𝜇𝑠𝑡𝑎𝑡𝑖𝑐 =  
𝜇𝑓

(1−𝜑)2.5
               (29) 

𝛼𝑛𝑓 =  
𝑘𝑛𝑓

(𝜌𝐶𝑝)𝑛𝑓
                   (30) 

For the present study both the static and Brownian thermal conductivity of the transport fluid 

particles are included in order to inspect the heat transfer performance of the nanofluids on the 

micropump where as 𝑘𝑒𝑓𝑓 is introduced to the model input for ultimate purpose. 

𝑘𝑠𝑡𝑎𝑡𝑖𝑐 =  
𝑘𝑠+2𝑘𝑓−2𝜑(𝑘𝑓−𝑘𝑠)

𝑘𝑠+ 2𝑘𝑓𝜑(𝑘𝑓−𝑘𝑠)
𝑘𝑓                 (31) 

𝑘𝐵𝑟𝑜𝑤𝑛𝑖𝑎𝑛 =  
𝜑𝜌𝑝𝐶𝑝,𝑝

2
√

2𝐾𝐵𝑇𝑟𝑒𝑓

3𝜋𝑑𝜇𝑠𝑡𝑎𝑡𝑖𝑐
                (32) 

𝑘𝑒𝑓𝑓 = 𝑘𝑠𝑡𝑎𝑡𝑖𝑐 +  𝑘𝐵𝑟𝑜𝑤𝑛𝑖𝑎𝑛                  (33) 

In a similar manner to thermal conductivity, effective viscosity of the nanofluids are also looked 

out. 

𝜇𝑒𝑓𝑓 =  
𝜇𝑓

(1−𝜑)2.5 +  
𝑘𝐵𝑟𝑜𝑤𝑛𝑖𝑎𝑛

𝑘𝑓
×

𝜇𝑓

𝑃𝑟𝑓
                (34) 

     

 

 

 

 

 

 



(a) (b) 

(c) 

Fig. 4  Different views of discretized mesh parts of the proposed MHD pump – (a) Cu electrodes, 

(b) Neodymium magnet, (c) fluid domain.  

   Mesh generation and convergency test 

The total magneto hydrodynamic (MHD) micro pump system has been separated out into four 

subsystem – 1. Magnet domain, 2. Electrical domain, 3. Plastic domain (for pump construction 

purpose), 4. Fluid domain. In order to smooth the computational process of the MHD system all 

these subsystems except the acrylic plastic domain are discretized into free tetrahedral and 

triangular element. Fig. 4 represents different views of the MHD micro pump with all of its distinct 

meshed parts. Close observation opens up the case that – coarse mesh is applied for the magnetic 

portion of the pump whereas fine mesh is implemented for the thin electrical Cu wire. A finer mesh 

has applied for the fluid region to study the heat transfer, velocity, pressure and temperature insight 

of the medium. 

A grid independence test is conducted to understand when the applied numerical process achieved 

convergency. The convergency test is mainly carried out to reduce the computational load of the 

commercially available software and the computational time as well. Fig. 5 represents guided 

convergence test of the paper for constant values of Ri =1, Ha= 5, Rd=1 and 𝜑 = 0.05 while two 

rudimentary parameters – average magnetic flux density (Bavg) and average electrical current 

intensity (Iavg) are chosen to illustrate insights of the test. It is to be found from the paper that the 

ultimate grid independence of the numerical procedure is achieved for element number around 

21000. Trend lines of both the parameters show steady increase with the element number while 

the average magnetic flux intensity exhibits a more protean pattern compared to the magnitudes of 

average electrical current intensity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

      Validation 

Accuracy of the present study is analyzed against two different sets of numerical values obtained 

from Kosuke Ito et al. [43]. Fig. 6 holds the relationship between electrical current, I and volume 

flow rate of transport liquid, Q under a constant magnetic flux density of 0.32T. The graph shows 

the difference in trends of the flow rate for present paper against both the experimental and 

numerical values of Kosuke et al [43]. A negligible amount of divergence can be seen for the 

proposed work when compared with validated paper at the initial small values of electrical current 

(~10 mA) however, the discordance is noticeable when the current value surpassed 15 mA or more. 

One core reason could be the formation of bubbles due to which velocity of the fluid flow decreases 

in the experimental set up of the project. However, the simulation might just ignore the bubbles 

formation for which the velocity of fluid flow maintains higher magnitude for numerical analysis 

of both papers while good proximity in outcomes can be observed within them. 

Fig. 7 illustrates the change in maximum temperature against electric current for constant magnetic 

flux density of 0.5T. The outcome showed in the graph is for the MHD pump system devoid of 

any external uniform heat source and heat sink. Numerical analysis for both the paper shares sheer 

contiguity in term of generation of maximum temperature with respect to a continuously but 

steadily raising current. Looking at this plot along with the previous one it can be deduced that the 

present work is in nice accord with the one that has been pursued in Kosuke et al. [43] and therefore 

the computational procedure followed in current study is retained to advance further. All the 

necessary numerical conditions applied for the validation of the work is tabulated in Table 1. 

 

 

 

 

Fig. 5 Grid convergency test for the represented value at Ri =1, Ha = 5, Rd=1 and 𝜑 = 0.05 



Fig. 6 Comparison of the flow rate Q between 

present paper and Kosuke et al [43] . 
Fig. 7 Comparison of the maximum 

temperature between present paper and 

Kosuke et al [43]. 

 

 

 

 

 

 

Table 1 

Working fluid PBS (Phosphate buffered saline) 

Magnetic flux density Bz 0.32T – 0.5T 

Initial temperature To 300 K 

Applied electric current I 0 mA – 30 mA 

Time step 𝜕𝑡 5 × 10−6 s 

 

          Result and discussion 

This corresponding section presents the radiation effect of three different blood-based hybrid 

nanofluids – Ag, Cu2O and Ti2O upon fluid, magnetic and electrical properties of the MHD 

micropump. To present outcomes of the study velocity distribution, pressure drop and temperature 

gradient along the flow path of the micropump for different nanofluids are numerically 

investigated under the scope of two dimensionless parameters – Rd and Re. Radiation number 

(Rd) is the parameter that denotes the emitted thermal radiation from the radioactive fluids which 

are used as transport medium in the study whereas Reynold’s number (Re) signifies the forced 

convective heat transfer due to the bulk motion of the hybrid bio-convective nanofluids. Focusing 

on these two parameters, two other fundamental properties of the MHD micropump – MFD 

(magnetic flux density) and EFI (electric flux intensity) along with fluid properties are tabulated in 

three distinct kinds of visualization techniques. Line and surface plots are referred for visualizing 

the results for one-to-one correspondence of the data as well as their distribution along the pump 

surface. Volume plots (3D plots) are also conferred here in this study to provide the readers a more 

meaningful insight about how the properties behave when blood based radioactive bio-convective 

nanofluids are used as the transport medium in human body for advanced biomedical applications. 

Also, line plots infers comparative performance analysis of the selected blood based nanofluids 

with respect to mentioned MHD parameters while the surface and volume plots confer 

interdependence between forced convective heat transfer and radiative heat transfer of the 

nanofluids upon the same parameters.  

 



6.1. Effect of radiation on average velocity distribution along flow channel of the MHD 

micropump 

 

 

 

 

     

          

 

 

 

 

 

 

 

 

 

Fig. 8 depicts the line plot, surface plot and volume plot of velocity distribution through MHD 

micro channel of the pump when considering both the radiative and convective heat transfer. Fig. 

8 (a) illustrates impact of radiation parameter on average velocity distribution, Vavg for three 

different blood-based nanoparticles – Ag, Cu2O and Ti2O. From the line plot it can be seen that 

maximum average velocity is observed for Ag and Ti2O under the maximum radiation number of 

5. For Cu2O maximum velocity of 4 mm/s is obtained when Rd = 3. Although all three of the lines 

show positive quadratic correlations between the average velocity and radiation parameter, their 

behavioral curves are different from one another. Ti2O and Ag exhibits steady progress in their 

velocity magnitude with respect to Rd as Ti2O saturates with its maximum value of 7.77 mm/s for 

Rd = 3 to Rd = 5 while Ag provides a steep increment to a value of 7 mm/s for the same range. 

Cu2O starts to exhaust its average velocity magnitude from Rd = 3 to Rd = 5 after reaching its peak 

value which showcases debility of Cu2O in transporting fluid medium under heavy radiation source 

when used along with blood for any intravenous treatment. The other two nanofluids – Ag and 

Ti2O show decent transportation feasibility while Ti2O being came out as the steadier one between 

the two under a range of radiation values. 

An understandable relationship between forced convective bulk flow and thermal radiation over 

velocity distribution for the micro channel of MHD micropump has been exhibited in Fig. 8 (b) 

Fig. 8 Effect of Radiation number Rd and Reynold’s number Re on velocity distribution. 

(a) (b) 

(c) 



and Fig. 8 (c). The former contour graph features a range of Reynold’s number that are obtained 

for velocity distribution through the channel and Rd values ranging from 0 to 5. It is to be noted 

from the plot maximum velocity is obtained for maximum Rd value of 5 and maximum Re value 

of 3.6 which implies that velocity through micro channel is largely dominated by both forced 

convection and thermal radiation. However, moderate nanofluid flow can be seen for Re = 2.4 to 

Re = 3.6 even when Rd = 5 and so it can be anticipated that the fluid flow is mostly influenced by 

the forced convection phenomena. Alternatingly a contradiction to this anticipation is found when 

nearly maximum magnitude of velocity is observed for Re = 1.8 to Re = 2.4 while Rd remaining 

at its highest value. Similarly, lean velocity profiles are noticed for low to moderate values of Rd 

(Rd = 1 to Rd = 3) even when forced convection is highest and the velocity distribution gets 

stronger as the Rd value increases. Considering both of these observation, it can be deduced that 

average velocity distribution through the microchannel is largely controlled by the radiation 

number and thereby more susceptible to radiative behavior of the nanofluids that are used in blood 

flow compared to the forced bulk flow of those. Fig.1 (c) provides a more robust demonstration 

of the interdependence among forced bulk flow (Re) and radiative nature (Rd) and average velocity 

distribution (Vavg) for the applied nanofluids in this study.  

6.2. Effect of radiation on average pressure drop along flow channel of the MHD micropump 

 

        

 

 

 

 

 

 

 

 

 

 

 

 

 

The functional pivot of MHD micropump system is generation of sufficient pressure drop by 

Lorentz force so that transporting medium can flow through narrow and shallow paths. Such 

(a) (b) 

(c) 

Fig. 9 Effect of Radiation number Rd and Reynold’s number on pressure drop across the flow 

channel. 



pressure drop characteristics of a MHD micropump is of great interest as it dictates how efficiently 

the micropump will operate under conditioning circumstances. This characteristic for the proposed 

MHD micropump has been illuminated in terms of forced convection and radiative heat transfer 

for three different blood based nanofluids – Ag, Cu2O and Ti2O in Fig. 9. A comparative 

performance in pressure drop for the mentioned nanofluids is presented in Fig. 9 (a) which avails 

a liner regressive relationship between pressure loss through the pump microchannel and its 

radiative parameter. For all the three nanofluids maximum pressure is observed for Rd = 1 whereas 

minimum value for Rd = 5. For minimum value of Rd, Ti2O is found to be the most expediting 

nanofluid among the three whereas Ag is the least however, while considering radiative impact on 

the same nanofluids – Ti2O suffered relative pressure drop of 25% (3 kPa to 2.25 kPa) while Ag 

has the most with 60% (1.25 kPa to 0.5 kPa). Cu2O follows a mediatory value in between the 

earlier nanofluids with a relative manner of 22% (2.25 kPa to 1.5 kPa). Larger pressure drop across 

the microchannel will nothing but only increase proportionate pumping power of the MHD 

micropump which in turns will require higher magnitude of Lorentz force. This will correspond to 

elevated demand of electromagnetic force which is fairly intricate to generate in a MHD pump of 

micro scale. Evaluating the performance of the selected nanofluids under this circumstance, Cu2O 

and Ti2O are proved to be the most equipped nanoparticles in blood transportation for their 

relatively less pressure loss while Ag renders maximum of its kind. 

Fig. 9 (b) corresponds interdependency of forced convection (Re) and radiative flux (Rd) on the 

average pressure drop through microchannel of MHD pump. From the contour plot it is found that 

maximum pressure drop occurs for maximum value of Rd and minimum value of Re (Rd = 5 and 

Re ranging from Re = 1 to Re = 1.25). However, when Re value increases from Re = 1.25 to Re= 

4 and Rd remains constant at Rd = 5, average pressure drop seems to get dropped significantly. 

Similar phenomena can be seen when pressure loss becomes moderate to negligible for increasing 

value of Re (Re = 1 to Re = 3) even when there is sufficient rise in Rd value (Rd = 1 to  Rd = 4). 

Reflecting over the interaction between these two non-dimensional parameters it can be stated that 

– at lesser radiative environment the pressure drop is mostly dominated by radiation flux whereas 

at higher radiation value it is dictated by forced convective bulk motion of transporting medium. 

A good insight out of this observation is to use nanofluids with moderate radiation nature while 

maintaining a decent in channel flow through the pump for proper intravenous sedation treatment. 

Fig. 9 (c) dedicates the interaction among the three parameters in a more rigorous manner. 

Maximum pressure drop occurs (~2.95 kPa to 4.89 kPa) for Rd = 4 to Rd = 5 while the flow 

seeping through the channel with Re = 1.01 to Re = 1.98 as can be seen from the three-dimensional 

volume plot. 

 

 

 

 

 



6.3. Effect of radiation on average temperature gradient along flow channel of the MHD 

micropump 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Investigation of average temperature drop along the flow channel of MHD micropump is of great 

importance. Higher pumping of fluid through the microchannel increases pressure drop which in 

turn increases temperature non-uniformity along the flow path. Temperature gradient of higher 

magnitude will make the MHD micropump hotter during operation and radiates heat. This will 

make the pump quite vulnerable to system failure. Fig. 10 (a) represents temperature gradient of 

the proposed blood based nanofluids during their bulk motion along the channel. It illuminates that 

maximum temperature has been observed for Ag while minimum is seen for Ti2O with value of 

309 K and 303 K respectively. However, temperature gradient is found to be least for Cu2O with 

a relative value of 0.98% while both Ti2O and Ag transcendent value of 1.65% and 1.29% 

respectively. A relatively moderate maximum temperature with the least temperature gradient 

makes Cu2O the desired bioconvective nanofluid among the selected threes. However initial 

temperature rise during injection of the fluid is much less for Ti2O, moderate for Cu2O and higher 

for Ag. Initiating temperature (temperature during injection) reflects the temperature variation 

within human body which signifies the suitability of amalgamation of nanofluid with human blood 

as a moderate to optimal temperature is required for proper combination of any nanoparticles with 

human blood – an important prospect to consider Cu2O as the transportation medium coolant. 

(a) (b) 

(c) 

Fig. 10 Effect of Radiation number Rd and Reynold’s number Re on temperature gradient along 

the flow channel. 



The contour surface plot presented in Fig. 10 (b) manifests variation of forced convective flow 

with respect to radiation parameter and average temperature gradient. It is to be found that the 

average temperature gradient is sharply regulated by Re number rather than Rd values as higher 

Re value (Re = 1.8 to Re = 2) corresponds to maximum temperature drop of 309~310 K. The 

outcome seems to be remained same even though Rd values rises from Rd = 1 to Rd = 5. The 

temperature gradient drops considerably for lower Re values however maintains a relatively stable 

temperature dissipation (116 K~238 K) for Re = 1.4 to Re = 1.8. Since the results show that 

temperature gradient through the channel is mostly dominated by Re number, it can be declared 

that a moderate forced convective bulk flow of the nanofluids should be considered through the 

pump for smooth dispersion of heat as it is much sensitive towards forced convection and any 

contemplation regarding radiative flux can be ignored for this purpose. Fig. 10 (c) provides a more 

insightful and details knowledge of how temperature gradient being a strong function of Re 

number as can be seen and it is also noted that the relationship among all the three parameters 

follows a positive linear relationship.  

6.4. Effect of radiation on average magnetic flux density along flow channel of the MHD 

micropump 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

(a) (b) 

(c) 

Fig. 11 Effect of Radiaton number Rd and Reynold’s number Re on average magnetic flux 

density. 



Magnetic flux density (B) of a MHD micropump denotes the magnetic behavior of the pump when 

Magnetic nanofluids are used along with blood as transport medium. Fig. 11 (a) showcases such 

performance of the established pump for three different nanofluids. Form the graph it is to be noted 

that up to a certain range of Rd number magnetic flux density (B) of all three nanofluids rises. For 

a very specific value of Rd magnetic flux reaches a maximal point and then decreases with the 

reduction in radiation flux although that inflection point is different for different nanofluids. The 

magnetic flux density characteristic curves for all the nanofluids proximate “bell curve” or “a 

normal distribution curve”. Maximum magnetic flux density is achieved for Ti2O with a value of 

0.95T while Ag and Cu2O follows it with values of 0.712T and 0.5T respectively. Higher magnetic 

flux density implies added strength of the generated magnetic field within a channel for any 

particles, in this case – the nanofluids used for transporting blood. Richer magnetic flux density 

corresponds to stronger electromagnetic flux and thereby providing more enriched Lorentz force 

which is the source of operation of MHD micropump. For the present paper – Ti2O is supposed to 

be the equipped nanofluid to provide sufficient magnetic flux density out of the three nanofluids 

for proper operation of the nanofluids. One of the good reasons behind this might be the dipolar 

moment within the Ti2O atoms and when combined with the externally applied static magnetic 

flux – it amplifies the electromagnetic force of the domain. The other nanoparticles – Cu2O and 

Ag bestow relatively lower magnetic flux density however magnetic flux loss is the least for Cu2O 

which results in a more stable electromagnetic force. 

Fig. 11 (b) represents surface plot of the microchannel which describes the interrelatedness among 

two dimensionless parameters – Rd and Re with average magnetic flux density. The illustration 

confers variation of forced convection (Re) and radiation behavior (Rd) with respect to each other 

and magnetic flux as well. Magnetic flux density of highest magnitude is obtained for maximum 

Rd value of Rd = 5 while Re ranges from Re = 1 to Re = 1.2. Contrarily, least to moderate level of 

magnetic flux is showed up for Re = 1.25 to Re = 1.5 for Rd = 1 to Rd = 4. An interesting point is 

to be spot that average magnetic flux density is mostly governed by radiation parameter and 

relatively less by forced convective flow the nanofluid. This simple phenomena can be carried out 

to understand the fact that nanofluid comprised blood flow through MHD microchannel might 

engender stronger magnetic flux and thereby stronger electromagnetic field if their magnitude of 

self-radiation is higher; however, the related compensation to human body is to be sincerely 

acknowledged. Fig. 11 (c) corresponds to a more insightful exposition of the abovementioned 

discussion and showpieces a three-dimensional contour plot to visualize it. It refers to maximum 

B with a value of 2.94T which is obtained for around Re =1 and Rd = 4 to Rd = 5. 

  

 

 

 

 



6.5. Effect of radiation on average electric flux intensity along flow channel of the MHD 

micropump 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12 (a), (b) and (c) demonstrates the line plot, contour surface plot and contour volume plot of 

average electric flux intensity of the MHD pump’s microchannel for three different plasma based 

nanofluids. Fig. 12 (a) illustrates the comparative performance of the selected nanofluids with 

respect to Rd values – Cu2O and Ag are among the highest generators of electric flux intensity 

with proximate values of 160 nA and 123 nA. Ti2O provides relatively lesser electric flux with a 

magnitude of 67 nA. However, while comparing the intensity drop of the electric field it can be 

found that the flux density drop is maximum for Cu2O and Ag follows it to the second with a value 

of 75% and 72.59% respectively. Ti2O is the least considering drop of electric density with a value 

of 60.33%. Lesser electric flux density droppage refers to more stable generation of electric force 

and thereby more consistent generation of electromagnetic force. Effective electromagnetic force 

will help the pump to overcome frictional and mechanical losses within the system and increases 

its efficiency. However, operating at higher radiative environment it is more important to provide 

sufficient electric flux even though a rapid change is seen in flux density for the nanofluid as it 

requires higher flow of electromagnetic force which in return demands higher magnitude of 

electric flux. Considering this – Cu2O is supposed to be the most preferred nanofluid among all 

the three due to its highest level of electric flux generation for Rd = 5.  

(a) (b) 

(c) 

Fig. 12 Effect of Radiation number Rd and Reynold’s number Re on average electric flux 

intensity. 



The surface plot in Fig. 12 (b) reveals the contour plot of the microchannel as a functions of two 

different dimensionless parameters – Re and Rd with average electric flux intensity (I). Maximum 

electric flux is observed for Rd = 4 to Rd= 5 while the forced convective flow Re is in between Re 

= 1.90 to Re = 3.24. On the other hand, electric flux becomes much lower at higher Rd value but 

less Re value (Rd = 2 to Rd = 5, Re = 1 to Re = 1.72) which dictates that the average electric flux 

intensity is independent of the radiative flux at lesser forced convection that is to say the lesser 

electric force is achieved whenever the forced bulk motion of nanofluids is relatively low. The 

concept is even true for higher Re values also (Rd = 2 to Rd = 5, Re = 3.20 to Re - 3.87) however 

the electric flux becomes moderate at this range. Following the overall scenario, it can be said that 

the microchannel pursues richer electric field intensity in a relative manner to the radiative nature 

of the flow which is higher for higher radiative nanofluids and less governed by certain changes 

in Re. Fig. 12 (c) repeats the same incident however with more focused details – obtaining highest 

level of Iavg (nA) at nearly 160 nA while Rd ranges from Rd = 4 to Rd = 5 and Re = 2.15 to Re = 

3.87. 

          Conclusion 

The study carried out focuses on the radiative behavior of different blood based biological 

nanofluids – Ti2O, Ag and Cu2O when used in MHD micropump. Qualitative analysis for the 

proposed subject has been performed in terms of fluidic properties – temperature gradient, velocity 

distribution, pressure drop, magnetic property – magnetic flux density and electrical property – 

electrical flux intensity. The ultimate outcomes from the study can be outlined into the followings 

– 

1. Velocity distribution analysis provides Ti2O as the most efficient radiative biomedical 

nanoparticles when used with blood stream. Average velocity distribution along the micropump 

channel is dominated by the radiation characteristics of the nanoparticles rather than its forced bulk 

motion. 

2. Cu2O and Ti2O are found to be the nanoparticles generating least pressure drop while operating 

in high radiative surrounding in MHD pump. The pressure drop plots recognize a moderate 

combination of radiation flux with forced convection is fine for a smooth and efficient blood flow 

during microscale IV treatment. 

3. From the study particularly focusing on average temperature gradient, it is found that Cu2O is 

the one with lest temperature gradient for a range radiation values which makes it a relatively 

stable nanofluid to unify with blood. Temperature characteristics contours reveal that temperature 

gradient in the presence of radiative environment is strongly governed by the forced convection of 

nanofluid amalgamed blood flow over their radiation strength. 

4. Magnetic flux density curve showcases that Ti2O instigates maximum magnetic flux density 

among the three other nanofluids and assists in generation of higher electromagnetic force in 

pumping blood as IV fluids in maintaining hydration, fluid balance and necessary nutrients. 

However, the contour surface plots of same study also conforms with higher magnetic flux density 

necessitates higher radiation generation which is a concern for general IV treatment. 



5. Cu2O is the most desired nanofluid as per the exploration of electric flux intensity due to its 

expediating electrical nature under radiation circumstances as it follows observable attribute with 

respect to changes in radiation values -  which is to be negotiated sincerely while providing low 

radiative therapy. 

Considering the computational excerpts provided – Ti2O is thought to be the most effective 

nanofluid for blood based intravenous treatments such as – IV chemotherapy, IV coagulants, IV 

pain medications etc. due to its superiority over other nanoparticles in terms of the properties 

defined earlier.   
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       Appendix/Nomenclature 

 

𝑀𝐻𝐷 
Magneto Hydrodynamic 

𝐵𝐿 Blood 

𝐶𝑢2𝑂 Copper oxide 

𝐴𝑔 Silver 

𝑇𝑖2𝑂 Titanium oxide 

𝑀𝐹𝐷 Magnetic field density 

𝐸𝐹𝐼 Electric field intensity. 

𝑅𝑑 Radiation parameter 

𝑅𝑒 Reynolds number 

𝐴𝑙 Aluminum 

𝑥, 𝑦, 𝑧 Dimensional cartesian coordinates 

𝜌 Density 

𝐷 Electric displacement field 

𝐵 Magnetic field 

𝐸 Electric field 

𝐻 Magnetic field intensity 

𝐽 Electric current density 

𝑡 Time 

∇ Vector differential operator 

𝑢, 𝑣 Velocity components 

𝑛𝑓 Nanofluid 

𝜇 Dynamic viscosity 

𝑃 Pressure 

𝑇 Temperature 

𝛼 Thermal diffuisivity 

𝜗 Kinematic viscosity 

𝑞 External heat flux 



𝐶𝑝 Reynolds number 

𝐶 Cold system 

𝐾 Thermal conductivity 

𝜑 Non dimensional temperature 

𝑉 Applied electrical voltage 

𝐿 Length of pump 

𝑈, 𝑉 Dimensionaless velocity components 

𝑁 Any direction 

𝑋, 𝑌 Dimensionless cartesian coordinates 

𝑎𝑣𝑔 Average value 

𝛽 Thermal expansion coefficent 

𝑠 Solid 

𝑓 Fluid 

𝑃𝑟 Prandtl number 

𝐼 Electric current 

𝜂 Dimensional optical thickness 

𝜎 Electrical conductivity 

𝑖𝑛 Inlet 

𝑜𝑢𝑡 Outlet 

𝐼𝑉 Intravenous 
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