Graphical Results and Discussion




The non-dimensional equations of (9 - 11), representing the flow and thermal behavior of nanofluids between two concentric cylinders, are numerically solved using the BVP4C technique in MATLAB. These equations are non-linear and coupled in nature, using Table 2, Ag - C2H6O2 dimensionless BCs. The solutions are plotted velocity and temperature profiles Figs. (2 – 19) keeping parameters constants such as .

4.1. Effect of volume fraction  
From figures (2 & 3) provide the analysis of concentration of nanoparticles in velocity and temperature profiles. We observed that an increment in volume fraction velocity increases in Fig. 2 due to increased viscosity leads to overall density becomes higher due to the presence of heavier Ag nanoparticles. In buoyancy-driven flows, these changes can intensify thermal gradients and enhance mixed convection. The stronger thermal gradient leads to more vigorous buoyancy force, which contributes to increasing the fluid velocity. In Fig. 3 an increment in volume fraction temperature decreases because silver has an extremely high thermal conductivity with base fluid (C2H6O2) as a result in enhanced thermal conductivity allows the fluid to conduct and dissipate heat transfer, it leads to reduction in the bulk fluid temperature during heat transfer processes. These effects beneficial in thermal management system, microchannel heat exchangers, and electronic cooling.


4.2. Effect of Forchheimer Drag .
In the analysis of Forchheimer drag force with momentum and energy equations of Ag - C2H6O2 in figures 4 & 5. An increase in the Forchheimer drag force leads to greater inertial resistance in the porous medium. These causes decrease in nanofluid velocity, especially in dense and viscous fluids. As convective transport is weakened, the temperature distribution also drops due to less effective heat transfer. The dual reduction in velocity and temperature is a direct result of enhanced porous medium resistance and inhibited flow dynamics. This effects applicable in the cooling, thermal insulation, catalytic reactors and chemical filters.
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Fig. 2: Variation of  on velocity.
	
Fig. 3: Variation of  on temperature.
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Fig. 4: Variation of  on velocity.
	
Fig. 5: Variation of  on temperature.




4.3. Effect of Hartmann number or MHD .
In an Ag - C2H6O2 nanofluid, increment in Hartmann number (Ha) leads to decrease in velocity and temperature figures 6 & 7. This is due to the Lorentz force generated by the magnetic field, which opposes fluid motion and suppresses convective heat transfer. Since silver has high electrical conductivity, the fluid becomes more resistive to magnetic effects, enhancing the damping. As a result, flow slow down and heat transport is reduced, causing overall velocity and temperature drop. It is useful in the field of high heat conductivity, precise magnetic control, and stable thermal regulation, and medical systems.
 

4.4. Effect of Darcy parameter .
From figures 8 & 9 shows that variation of Darcy number with velocity and temperature profiles. In porous media, Darcy number signifies the relative permeability of the medium. Darcy number increases, it means the medium becomes more porous, offering less resistance to the flow. In Ag - C2H6O2 nanofluid, which combines high thermal conductivity of silver nanoparticles and low viscosity of ethylene glycol, the fluid can move freely through the medium as the resistance drops. This results in a noticeable increase in velocity due to enhanced momentum transfer in Fig. 8. As the velocity of nanofluid increases, convective heat transfer is intensified in Ag nanoparticles and rapid distribution of thermal energy. Thermal boundary layer becomes thinner, which allows better heat absorption from heated surfaces. This leads to an overall increase in temperature from Fig. 9. These findings are applicable in energy storage systems, medical therapies.
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Fig. 6: Variation of  on velocity.
	
Fig. 7: Variation of  on temperature.
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Fig. 8: Variation of  on velocity.
	
Fig. 9: Variation of  on temperature.




4.5. Effect of Reynolds number .
The behavior of Reynolds number (Re) in fluid flow analysis of momentum and energy is observed in figures 10 & 11. Reynolds number increases in an Ag - C2H6O2 nanofluid, both the velocity and temperature profiles tend to increase. This is due to the dominance of inertial forces over viscous forces. As the Reynolds number is directly proportional to flow velocity, an increase in Re gives a faster – moving fluid, which leads to less resistance due to reduced viscous effects. Temperature also increases with higher Reynolds number in Ag - C2H6O2 nanofluid flows due to improved convective heat transfer. The rate at which heat is transported form heated surfaces into the fluid, thinning thermal boundary layer and raising local temperature gradients. To improve overall thermal efficiency by boosting both flow rate and heat transfer performance in microchannel based cooling systems.

4.6. Effect of aspect ratio parameter .


The aspect ratio  plays a significant role in determining velocity and temperature distributions from figures 12 & 13. As  increases, it indicates that the space between concentric boundaries becomes narrower, thereby restricting the flow channel. A higher aspect ratio causes an increase in viscous resistance within the narrowed flow domain. This elevated resistance slows down the fluid motion due to increased wall shear stresses, leading to a noticeable reduction in velocity graph Fig. 12. As a result, less thermal energy is transported by the nanofluid along the flow direction, silver nanoparticles possess high thermal conductivity which enhances heat transfer capacity of the base fluid. Dominant conduction in narrow channels and reduced velocity suppresses leads to thermal boundary layer development and minimizes convective enhancement. It is used in microchannel heat sinks, cryogenic tank insulation, and thermal management in electronic devices. 
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Fig. 10: Variation of  on velocity.
	
Fig. 11: Variation of  on temperature.
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Fig. 12: Variation of  on velocity.
	
Fig. 13: Variation of  on temperature.

	[image: ]
	[image: ]

	
Fig. 14: Variation of  on temperature.
	
Fig. 15: Variation of  on temperature.
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Fig. 16: Variation of  on temperature.
	Fig. 17: Comparison of thermal conductivity model on temperature.
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	Fig. 18: Effect of Skin friction and Hartmann number on Reynolds number.
	Fig. 19: Effect of Nusselt number and Hartmann number on Reynolds number.
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	Fig. 20: Effect of different nanoparticles on velocity.
	Fig. 21: Effect of different nanoparticles on temperature.






4.7. Effect of Eckert number, heat sink , thermal radiation .
In Fig. 14. We observed that Ec increases temperature increases, due to internal friction during the fluid flow arises by viscous dissipation. This friction converts kinetic energy into thermal energy, in high viscosity fluids. Silver nanoparticles enhance heat absorption and thermal conductivity, amplifying temperature increment. From Fig. 15 analyzed the heat absorption parameter, as Q increases temperature profile decreases due to absorption of internal energy of the fluid it leads to lowering its temperature. In thermal radiation facilitates energy loss in the form of electromagnetic waves. Silver is one of the best thermal conductors, faster heat dissipation from hotter to cooler regions is observed in Fig. 16 and its applications are in biomedical devices, solar thermal systems.

4.8. Comparison of thermal conductivity models.
From the Fig. 17 we analyzed Bruggemann model gives better thermal performance compared to Maxwell – Garnett model by varying radiation parameter. As R increases, the temperature decreases across the domain, it shows stronger radiative heat loss leads thermal radiation cools the system more effectively. Bruggeman model predict higher temperature than Maxwell – Garnett model, as a result greater effective thermal conductivity, allowing smoother heat distribution.



 
4.9. Effect of Skin friction and Nusselt number.
In the Figure 18 & 19, analyzed effect of skin friction and Nusselt number by varying Reynolds number with Harman number. As Reynolds number increases with Hartman number skin friction coefficient decreases because inertial forces dominate, reducing wall shear stress in Fig. 18. In contrast, Nusselt number indicates heat transfer coefficient in Fig. 19 observed that magnetic field enhances wall shear for higher Reynolds numbers suppress heat transfer rate and it is applicable in MHD cooling systems and heat exchangers. 
 
4.10. Effect of different nanoparticles.
Analysis of different nanoparticles such as Silver (Ag), Copper (Cu), and Copper Oxide (CuO), on velocity and temperature profile in Fig. 20 & 21. In Fig. 20 observed that Ag - C2H6O2 is high velocity than Cu - C2H6O2 and CuO - C2H6O2 due to high density and thermal conductivity of Ag comparatively Cu and CuO. In contrast, CuO nanofluids are more viscous and less conductive, which reduces the fluid flow. From Fig. 21 shows that Ag - C2H6O2 is less temperature than Cu - C2H6O2 and CuO - C2H6O2 because of silver has superior thermal conductivity, which promotes efficient heat dissipation and cooling. On the other hand, CuO nanofluid retains more heat, resulting in a higher temperature distribution. The importance of nanoparticle in thermal management systems such as cooling jackets, microchannel heat exchangers, and nanofluid based energy devices.
  In Table 3 shows that comparative study of existing work in the absence of Darcy number, heat sink parameter, and Forchheimer drag force results shows that are in good agreement.
     
Table 3: Comparison of the work for velocity and temperature Re=1, Ha=1, Ec=0.1, R=0.2, Da=0, Q=0, Fr=0.
	
r
	Velocity
	Temperature

	
	Ghasemi & Hatami [24]
	Peng et al. [26]
	Present study
	Ghasemi & Hatami [24]
	Peng et al. [26]
	Present study

	0.5000
	1.0000
	1.0000
	1.0000
	1.0000
	1.0000
	1.0000

	0.5072
	0.9772
	0.9772
	0.9773
	1.0001
	1.0001
	1.0001

	0.5286
	0.9128
	0.9128
	0.9129
	0.9962
	0.9962
	0.9963

	0.5628
	0.8167
	0.8167
	0.8168
	0.9781
	0.9781
	0.9782

	0.6079
	0.7010
	0.7010
	0.7011
	0.9342
	0.9342
	0.9343

	0.6613
	0.5776
	0.5776
	0.5777
	0.8562
	0.8563
	0.8564

	0.7198
	0.4558
	0.4558
	0.4559
	0.7438
	0.7439
	0.7440

	0.7801
	0.3423
	0.3423
	0.3424
	0.6049
	0.6048
	0.6050

	0.8386
	0.2415
	0.2415
	0.2416
	0.4535
	0.4535
	0.4536

	0.8920
	0.1564
	0.1564
	0.1565
	0.3063
	0.3063
	0.3064

	0.9371
	0.0887
	0.0887
	0.0888
	0.1784
	0.1784
	0.1785

	0.9713
	0.0396
	0.0396
	0.0397
	0.0809
	0.0809
	0.0810

	0.9927
	0.0097
	0.0097
	0.0098
	0.0203
	0.0203
	0.0204

	1.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
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