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CNTs are employed in energy storage, device modelling, automobile parts, water filters, 

thin-film electronics, coating, and more. The continuous three-dimensional (3D) 
magnetohydrodynamics (MHD) rotational flow of water-based nanofluid comprising 

SWCNT and MWCNT past a stretching/shrinking sheet under magnetic field and 
homogeneous-heterogeneous chemical processes is examined in this study. Heat 
transport is also examined with thermal radiation and heat source/sink. The governing 

partial differential equations (PDEs) are transformed to non-linear ODEs using proper 
similarity transformations and solved numerically using MATLAB's bvp4c package.  
Graphs and tables show how magnetic field, rotational, suction/injection, thermal 

radiation, heat source/sink parameters, nanoparticle (NP) volume fraction, and 
homogeneous and heterogeneous reactions affect velocity, temperature, 

concentration, skin friction coefficient, and Nusselt number. For larger rotational 
parameters, the main velocity declines and the second velocity increases, and MWCNTs 
flow more than SWCNTs. 

Keywords:  
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1. Introduction 
 

Most effective nanoparticles are carbon nanotubes (CNTs), cylindrical structures comprised of 
one or more graphene (lattice) layers. SWNTs and MWNTs have average sizes of 0.8 to 2 nm and 5 
to 20 nm, respectively, despite MWNT diameters exceeding 100 nm. CNT length ranges from 100 nm 

to 0.5 m. Carbon nanoparticles are used in biosensors, pollutant removal, food, pharmaceutical, 
gene, and drug delivery safety detection. Also used in gene therapy and tissue regeneration. Whitby 

and Quirke [1] explored carbon nanotube and nanopipe fluid fluxes. Alessio and Kassinos [2] studied 
carbon nanotube water density. Jiamei et al., [3] studied carbon nanotube diffusion. Hui et al., [4] 
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investigated a water-based carbon nanotube-based hygroresponsive actuator with negative 
hydrotaxis. Shi et al., [5] studied CTT nanotube water under heat and mass transfer effects. Yacob et 
al., [6] studied carbon nanotube-rotating flow across a stretching or shrinking sheet.  Gul et al., [7] 
compared CNTs between rotating discs. Kim et al., [8] studied nanoreactor-based graphene 
nanoribbon edge vibration. Many recent studies focused on fluid flows due to revolving discs. Due to 
its many applications in rotating equipment, computer storage devices, thermal power producing 
systems, aeronautical science, and air. Power law fluid flow over a revolving disc was shown by 
Anderson et al., [9]. Nazar et al., [10] studied fluid rotation over stretched surfaces. Sharma [11] 
examined the rheological impact of forced convection ferrofluid past rotating disc. Slanted stagnation 
point flow across a revolving disc was examined by Sankar and Sahoo [12]. Farooq et al., [13] studied 
water-based Ferro nanofluid axisymmetric flow past a rotating disc. Carreau fluid past a spinning disc 
was studied by Ming et al., [14]. 

Amplification of sun and star behaviour is possible with magneto hydrodynamic flow. The solar 
corona structure is well described by MHD. The ability of MHD to spin the magnetic field, which 
causes fluid currents. MHD is used in blood pumps and plasma equipment. Electromagnetic forces 

pump liquid sodium to cool nuclear fission reactors. MHD flow of spinning electrically conducting 
fluids in a magnetic field is used in many geophysics and astronomy applications. Gholinia et al.,[15] 

discussed MHD's effect on Ering-Powell fluid past a rotating disc. The Cattaneo-Christov effect on 
inclined MHD micropolar fluid over a stretchable spinning disc was studied by Doh et al., [16]. The 
effects of Navier slip and aligned MHD on carbon nanotube free convective radiative flow were 
discussed by Sreenivasulu et al., [17]. Sharma et al., [18] studied MHD boundary layer flow over a 
porous rotating disc. Swain et al., [19] examined how homogeneous and heterogeneous chemical 
reactions and exponential heat sources affect nanofluid MHD flow past an elongating sheet. Thermal 
boundary conditions affected the 3D MHD rotating flow of nanofluids via an elongating sheet, 
according to Mishra et al., [20]. Many studies studied MHD's effect on inclined or non-inclined flow 
across a spinning disc [21-25]. 

Surfaces emit electromagnetic radiation in all directions as thermal radiation. Radiation is crucial 
in high-temperature and space technology. Polymer industry heat transport is largely controlled by 
radiation. Surface thermal radiations are important due to the convective heat transfer coefficient. 
Radiation affected Maxwell nanofluid past a stretched porous rotating disc, according to Zhou et al., 
[26]. Hussain et al., [27] examined MHD and non-linear radiation on 3D rotational nanofluid across a 
stretchable surface. Bashir et al., [28] described thermophoresis' effect on radiative flow past a 

porous spinning disc. Shama [29] studied radiation and dissipation on FHD flow past a porous 
spinning disc. Recently, Sobia et al., [30] explained radiation and Cattaneo-Christov heat flow on 

ternary hybrid nanofluid between double rotating discs. Arif et al., [31] studied tri-hybrid nanofluid 
viscoelastic radiative flow past a spinning disc. Swain et al., [32] recently examined radiation's effect 

on 3D Maxwell nanofluid beyond a permeable stretching sheet. Nagalakshmi et al., [33] modelled 
Williamson Nanofluid flow using hybrid carbon nanotubes for 3D entropy creation over a stretched 
sheet. 

Biochemical, catalytic, and combustion systems use homogeneous and heterogeneous reactions. 
Chemical reactions are homogeneous or heterogeneous depending on whether they occur in fluid or 
on catalytic surfaces. The interaction between homogeneous and heterogeneous reactions that 
create and consume reactant species at various rates in the fluid and on catalytic surfaces is usually 
complicated. Chaudhary and Merkin [34] published a simple isothermal model for homogeneous and 
heterogeneous processes. Nandkeolyar et al., [35] examined chemical reaction and transverse 
magnetic field effects on stretching sheets. Renuka et al., [36] showed homogeneous-heterogeneous 
interactions between stretchy rotating discs. Al-Kouz et al., [37] explored homogeneous and 
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heterogeneous chemical reactions on hybrid nanofluid with an aligned magnetic field and 
exponential space-based heat source. Sadiq and Hayat [38] examined how chemical reaction affects 
Reiner-Rivlin nanofluid Entropy optimise flow past a rotating disc. Kumar and Sharma [39] studied 
Stefan blowing's effect on Reiner-Rivlin fluid flow past a revolving disc. Nanofluid flow over 
stretching/shrinking sheets has been studied by several researchers using a variety of theoretical 
approaches [40-46]. 

The authors believe no research has considered thermal radiation and heat source impacts on 3D 
MHD rotational flow of nanofluids across a stretching sheet with homogeneous-heterogeneous 
chemical processes. This work uses water as the base fluid and SWCNT and MWCNT as nanoparticles. 
The current study is motivated by: It is generally known that boundary layer flow separates in 
negative pressure gradients. Stretching the plate, rotating the fluid mass about its axis, diffusing 
carbon nanoparticles (SWCNT and MWCNT), and homogeneous-heterogeneous chemical reactions 
that involve both the flowing fluid and the solid boundary's heat and mass transfer properties 
complicate boundary layer flow. So, the upcoming research is a real-world boundary value problem 
that involves numerical skill and intelligence. The solution has intriguing results, as stated in the 

findings and discussion.  
Below are the research questions: 

• What impact does the electromagnetic force have on nanofluid and nanoparticle flow 
through a stretching/shrinking sheet? 

• How does rotating fluid mass about the z-axis impact three-dimensional problems? 
• What impact does the heat source/sink have on the thermal boundary layer? 
• How do homogeneous and heterogeneous reactions affect species concentration? 

 
2. Formulation of the Problem 
 

 
Fig. 1. Flow geometry 

 
Consider a steady 3D rotating flow of water and kerosene based nanofluids containing SWCNT 

and MWCNT as nanoparticles past a stretching/shrinking sheet in the existence of a magnetic field, 
homogeneous and heterogeneous chemical reaction. Further, the heat transfer phenomena is 
analysed in the presence of thermal radiation and heat source/sink. The flow is caused by the 

stretching of the sheet at 0z = along the x-axis with rate wu ax=
. The fluid is rotating at an angular 
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velocity   in the z-direction. The transverse magnetic field of strength 0B is applied perpendicular 

to the sheet (see Figure 1). Let 
wT  and T

be the temperatures on the surface of the sheet and 

ambient state. It is also supposed that a simple homogeneous-heterogeneous reaction model exists 
between the species A and B as proposed by Chaudhary and Merkin [34] in the following form 

 

2 3 ,A B B+ → rate = * 2

1 2 ,k c c                                   

   (1) 
 

Whereas, a heterogeneous first order, the isothermal reaction takes place on the catalyst surface, 
as  
 

,A B→ rate = 1sh c                                          (2) 

 

Where *k and sh are the rate constants. We assume that both reaction processes are isothermal. 

The governing equations and corresponding boundary conditions following Yacob et al., [6] are 
given by 

 

0x y zu v w+ + = ,                     (3) 

 

2

02 ,
n f

x y z n f zz

n f

uu vu wu v u B u
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* 2

1 1 1 1 1 2x y z zz Au c v c wc D c k c c+ + = −                        (7) 

 
* 2

2 2 2 2 1 2x y z z zBu c v c wc D c k c c+ + = −                        (8) 

 

0 1 1 2 1, 0, , , ,
z zw w w A s B su u ax v v w w T T D c h c D c h c = = = = = − = = = −  at z = 0,                  (9) 

 

1 0 20, 0, , , 0u v T T C C C→ → → → → as z → .                            (10) 

 

Where 
*  is the Stefan-Boltzmann constant, 

*k , the mean absorption coefficient, 0w
is the 

constant mass flux with 0 0w 
 indicates injection, while 0 0w 

 is for suction. Further,   is the 

stretching or shrinking parameter with 0   for stretching, 0   for shrinking and 0 =  for the 

static surface. 
Using the following similarity transformations (see ref. [34]) 
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The Eq. (3) – (10) become, 
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1 2
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−
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                                           (14) 

 

( )2

cSc f k h  = −  −                                    (15) 

 

( )1 2

ch Sc fh k h − = − +                                                (16) 

 
(0) 0, (0) , (0) 0, (0) 1, (0) (0),cf f g k  = = = =  =                                                                     (17) 

 

( ) ( ) ( ) ( ) ( )0, 0, 0, 1, 0.f g h  →  →  →   →  →                                                                         (18) 

 

(where ck , measure of the strength of heterogeneous reaction).  

Assuming the equal diffusivity of chemical species A and B i.e. 1 =  (see ref. [19,36,37]), we have 

 

( ) ( ) 1h  + =                                    (19) 

 

Using Eq.  (19), the Eq. (15) and (16) reduce to 
 

( ) 2
1 ,cSc f k  = −  −  −                                  (20) 

 

Also, the corresponding boundary conditions are reduced to 
 

( ) ( ) ( )0 0 , 1ck =    →                                   (21) 
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The thermo-physical properties such as density, viscosity, heat capacity and thermal conductivity 

of nanofluid are given in Table 1. Further, the thermophysical properties of water and nanoparticles 
are given in Table 2. 

 
2.1 Physical Quantities of Engineering Interest 

 

The force coefficients ( ),f x f yC C  and local Nusselt number ( )xNu  are defined as 
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where 

Re w
x

f

u x


=

  is the Reynolds number. 

 
Table 1 
Effective nanofluid properties [32] 

Density ( )1n f f s   = − +  

Viscosity ( )
2.5

1n f f  
−

= −  

Heat capacity ( ) ( )( ) ( )1p p pn f f s
c c c    = − +  

Thermal conductivity 
( )
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2 2
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Table 2 
Thermophysical properties of H2O, Cu and TiO2 [17] 
Physical property H2O SWCNT MWCNT 

( )3/kg m  997.1 2600 1600 

( )/pc J Kg K  4180 425 796 

( )/k W mK  
0.6071 6600 3000 

( )1 1m − −
 

0.05 4.8×107 3.3×106
 

 
Table 3 

Comparison of results with existing literatures when 
0cM R Q k = = = = =

 
𝛾 Nazar et al., [10] Hussain et al., [27] Mishra et al., [20] Present study 

0 -1 0 -1 0 -1 0 -1.000062 0 
0.5 -1.1384 -0.5128 -1.1384 -0.5128 -1.13837 -0.51276 -1.138374 -0.512760 
1.0 -1.3250 -0.8371 -1.3250 -0.8371 -1.32502 -0.83709 -1.325028 -0.837097 

2.0 -1.6523 -1.2873 -1.6523 -1.2873 -1.65235 -1.28726 -1.652352 -1.287258 

 
3. Methodology 

3.1. Numerical Analysis 
 

The Runge-Kutta fourth order approach and shooting technique are used to solve the nonlinear 
ODEs (12), (14) and (20) numerically with the required boundary conditions (17), (18), and (21). Bvp4c 
in MATLAB conducts the solution procedure. The solution has intriguing outcomes, as described in 
the findings and discussion. In a transverse magnetic field, this also bridges electrically nonconducting 
and conducting flow. This approach reduces the governing equations to first-order differential 
equations. A computation with an initial mesh and a guess for solution values at mesh points must 
specify boundary condition guess values. To improve accuracy, self-correction is performed. 

 
3.2. Validation of the Study 

 
To confirm the code, we obtain the results for the skin friction coefficient when 

0cM R Q k = = = = =
for various values of   which are shown in Table 3. These outcomes are 

found in good agreement with the results reported by Nazar et al., [10], Hussain et al., [27], and 
Mishra et al., [20]. 

 
Table 4 

Numerical values of skin friction coefficients for Pr 6.2.=  

M        SWCNT-water MWCNT-water 

(0)f   ( )0g  ( )0f   ( )0g  

0.1 0.5 0.1 0.01 -0.369817 -0.083489 -0.371695 -0.083903 
0.5    -0.382311 -0.079428 -0.384371 -0.079783 
1.0    -0.397625 -0.075042 -0.399908 -0.075338 
 1.0   -1.061734 -0.115941 -1.067485 -0.116441 

 1.5   -1.913576 -0.146453 -1.923686 -0.147110 
 0   0 0 0 0 
 -0.5   -0.227739 0.898060 -0.228995 0.901598 

 -0.8   -0.575541 3.403416 -0.578729 3.419571 
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 -1.0   -0.833488 6.142418 -0.838025 6.172188 

 1.0 0.5  -1.312439 -0.430608 -1.320650 -0.432056 
  1.0  -1.588544 -0.682885 -1.599056 -0.684990 
  2.0  -2.037970 -1.032574 -2.051993 -1.035580 
  -0.5  -0.985802 0.633149 -0.989241 0.637614 

  -1.0  -1.105762 1.054124 -1.109263 1.061690 
  1.0 0.05 -1.637198 -0.689869 -1.690582 -0.699750 
   0.1 -1.710738 -0.702165 -1.820488 -0.720500 

   0.2 -1.908999 -0.739084 -2.147472 -0.770976 

 
Table 5 

Numerical values of Nusselt number when  0.5M = = and Pr 6.2.=   

      Q  R
 

(0)−  

SWCNT-water MWCNT-water 

0.01 0.1 0.5 0.1 0.1 1.0342644 1.0329818 
0.05     1.0772132 1.0709307 

0.1     1.1313735 1.1191899 
0.2     1.2424881 1.2200340 
 0.5    1.0825595 1.0298784 
 1.0    0.8486581 0.7331277 

 1.5    0.5109763 0.2250330 
 0.1 1   2.0195617 1.9998053 
  1.5   2.5716963 2.5512781 

  0   0.5102789 0.4870901 
  -0.5   -0.6137176 -0.6141259 
  -1   -0.3965665 -0.3965981 
  0.5 0.2  0.8294231  0.7852637 

   0.3  0.2446973 0.1356846 
   0  1.5720091 1.5600178 
   -0.1  1.8516770 1.8458683 
   -0.2  2.0978923 2.0962389 

   0.1 0.3 1.3046514 1.2778626 
    0.5 1.3599534 1.3286406 
    1.0 1.4743859 1.4310499 

 

4. Results and Discussion 

4.1 Analysis of Results 
 

Analysis of graphed results: The velocity profiles decrease monotonically with space variable and 
reach potential far off the bounding surface. About the main velocity. However, the secondary 

velocity's quick surge and decrease indicate flow instability. Metallic and metallic oxide nanoparticles 
have opposite primary and secondary velocity responses. Magnetic parameter decreases primary 

velocity but increases secondary velocity beyond surface layers. In addition, the magnetic parameter 
raises flow domain temperature. Increased rotational parameters lower primary velocity for both 

nanofluids. Secondary velocity rises with rotation. Nanoparticle volume fraction affects temperature 
in an intriguing way. Without nanoparticles, temperature is higher on the boundary but lower for 

non-zero volume fractions. This shows that nanoparticles cool the border. This helps cool electronics, 
reactors, etc. The effect of the Biot number is interesting because metallic nanofluid generates heat 

whereas metallic oxide absorbs heat. This affects electronic device heating/cooling when needed. 
Also, the heat source raises the nanofluid temperature while the sink lowers it.  
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4.2 Discussion of Results 
 

Following discussion reveals the effect of characterizing parameters, particularly, those 
parameters which account for the novelties of the present study such as the heat source parameter 

( )Q
measuring the thermal power per unit volume, thermal radiation parameter ( )R

 that 

contributes to the transfer of thermal energy, nano fluid volume fraction    and homogeneous ck -

heterogeneous chemical reactions. The flow analysis brings to its fold the effect of body forces like 

electromagnetic force (M) and rotational force ( ) due to the rotating frame of reference. 
The impact of electromagnetic force (M) on axial velocity and transverse velocity are depicted in 

Figures 2 and 3 respectively. The magnetic parameter M is the ratio of electromagnetic force to 
viscous force, it acts as a Lorentz, so the larger values of M reduce the viscosity of the fluid due to 
this fact the axial velocity of the fluid increases with an increase in the electromagnetic force. Also, it 
is noticed that the velocity converges faster in MWCNT than the SWCNT. The opposite behavior is 
noticed in the case of the transverse velocity of the fluid.  

The axial and transverse velocity profiles for different values of stretching parameter s 
( )

 are 

shown in Figures 4 and 5 respectively. Since 0  for stretching, 0   for shrinking and 0 =  for 

the static surface. From Figure 3 it is noticed that the axial velocity of the nanofluid (SWCNT)  
decreases in the stretching case and increases in the shrinking case. Also, it is evident that the 

transverse velocity of the fluid decreases near the surface and increases away from the surface in 
stretching cases while it shows the opposite behavior in the shrinking case. 

Figures 6 and 7 describe the role of rotational parameters   on the velocity components. The 

radial velocity (Figure 6) of the nanofluid decreases with an increase in the value of the rotational 
parameter and the azimuthal velocity decreases near the surface and increases away from the 
surface (Figure 7), due to the fact that   defines the ratio of the swirl rate to the stretch rate and it 

gives us a measure of the swirl rate to the stretch rate. The temperature of the nanofluid increases 
with an increase in the rotational parameter (Figure 8) and it is noticed that the impact of MWCNT is 
more than the SWCNT.  

Thermal radiation impact on temperature is shown in Figure 9. The temperature of the nanofluid 

increases with increases in the radiation parameter R. Also it is noticed that the temperature in 
SWCNT is larger than the general base fluid, due to the nanofluids having more thermal conductibility 
than the base fluid. 

The effect of the heat source or sink parameter on the temperature of the nanofluid is depicted 

in Figure 10.  The temperature of the nanofluid increases with an increase in heat source or sink 
parameter (Q). Also, it is noticed that the temperature of SWCNTs is higher than the temperature in 
the general case. Since with an increase in the heat source parameter, the nanofluid becomes 
warmer by this means adding to the temperature of the nanofluid.  

Figures 11 and 12 show the variations in the homogeneous and heterogeneous reactions over 
the concentration profiles. The concentration of the nanofluid reduces with the larger values of 

homogeneous reaction which is shown in Figure 11. Also, it is noticed that the SWCNT produces 
higher values than the original fluid. The same behavior is noticed in heterogeneous case (Figure 12). 

The base fluid and the nanotubes are in the same stage in the homogeneous reaction and in case of 
heterogeneous reaction.  

The impact of Schmidt number Sc on the concentration profile is shown in Figure 13. Since the 

Schmidt number defines the ratio of viscosity and mass diffusivity.  It is observed that the greater 
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Schmidt number results in the enhancement in the concentration of the nanofluid, due to an increase 
in the Schmidt number leading to decreases in the mass diffusivity of the fluid. Also, it is noticed that 
the concentration is high for higher values of the rotation parameter.  

The influence of engineering quantities such as ''(0), '(0)f g  and '(0)−  for various physical 

parameters for different carbon nanotubes such as SWCNTs and MWCNTs with water based 
nonofluid is shown in tables 4 and 5. Table 4 displayed the variations of the surface skin friction along 
the axial direction as well as the transverse directions for various physical parameters such as 

magnetic parameter (M), Stretching/ shrinking ratio parameter ( ) , rotational parameter ( )
 and 

nanotube volume fraction ( ) . From this table, it is noticed that, As the rise in magnetic parameter 

results the velocity gradient in the axial direction ( ''(0))f  decreases in both SWCNTs and MWCNTs 

and the opposite behavior is noticed in the transverse velocity gradient ( '(0))g . Also, it is noticed 

that the velocity gradient decreases with an increase in stretching parameter increases while the 
stretching parameter decreases results the axial velocity gradient decreases and the transverse 
velocity gradient increases. The same behavior is observed in the case of the rotational parameter. It 
is depicted in the table that the velocity gradient decreases with an increase in the volume fraction 
parameter. The temperature gradient for various physical parameters is depicted in Table 5. It is 
evident that the temperature gradient increases for higher values of the volume fraction parameter 
or radiation parameter or stretching/shrinking parameter while the opposite behavior is noticed in 

the case of the rotational parameter. The temperature gradient falls down in the stretching case and 
rises in the shrinking case.  

 

  
Fig. 2. Axial velocity profile versus M Fig. 3. Transverse velocity profile versus M 
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Fig. 4. Axial velocity profile versus   Fig. 5. Transverse velocity profile versus   

  
Fig. 6. Axial velocity profile versus   Fig. 7. Transverse velocity profile versus   

 

  
Fig. 8. Temperature profile versus   Fig. 9. Temperature profile versus R 

 



Journal of Advanced Research in Micro and Nano Engineering  

Volume 21, Issue 1 (2024) 112-126 

123 
 

  
Fig. 10. Temperature profile versus  Q Fig. 11. Concentration profile versus ck  

 

 
 

Fig. 12. Concentration profile versus tk  Fig. 13. Concentration profile versus Sc  

 
5. Conclusions 
 

A 3D MHD rotating flow of nanofluids across a stretching sheet with homogeneous -
heterogeneous chemical processes is investigated in this work, taking thermal radiation and heat 

source into account. Physical aspects are discussed using graphs and tables, followed by some key 
findings:  

i. The velocity profiles decrease monotonically with space variables and reach potential 
conditions far from the bounding surface. 

ii. Magnetic parameters diminish primary velocity but boost secondary velocity after specific 
layers near the surface. 

iii. As the rotational parameter increases, primary velocity drops for both nanofluids, but 
secondary velocity increases. 

iv. Nanoparticles cool the border by lowering its temperature. 
v. Heat source raises nanofluid temperature, whereas sink lowers it. 
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