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Abstract: In this paper, the slip and porosity effects on the channel walls are studied for the oscillatory flow of 

heat-absorbing/generating dusty nanofluid flowing through a porous medium. The channel is vertical and exposed 

to the transverse magnetic field and thermal radiation. The base fluid is water with silver as nanoparticles. The 

basic equations of the flow problem, which appeared to be dimensional, are remodelled in the dimension-less form 

with the help of non-dimensional variables. The obtained equations are solved analytically using the variable 

separable method. The graphs are presented to show the impact of these parameters on the flow fields, skin friction, 

heat transmission rate and discussed in detail. Results reveal that the flow velocities of fluid and particles for 

suction are greater than in the case of injection. The fluid velocity upsurges with the improved values of the 

velocity slip parameter. 

Nomenclature 
a  width of the channel T  fluid temperature 

0B  magnetic field 
0 , wT T  walls temperature 

pC  specific heat of the fluid , pu u  velocity vector components for fluid and 

dust particle in x  directions 

D  average radius of dust particle [
2/K a ] 0v  suction velocity 

g  gravitational acceleration , ,x y t  spatial coordinates 

Gr  Grashof number [
2

0(T T ) /f f fg a U   ] Greek letters 

H  Hartmann number [
2 2

0 /f f fa B   ]   thermal diffusivity 

k  fluid thermal conductivity   thermal expansion coefficient 

K  permeability of porous media   slip length 

0K  Stokes constant [
2

0 0 / f fN K a   ]   slip parameter [ / a ] 

l  parameter of particle concentration [

0 0 / f fN K a   ] 

  dynamic viscosity 

M  parameter of particle mass [
2

0/f K a ] 
  kinematic viscosity 

N  radiation parameter [
2 24 / fa k ] 

  density of fluid 

P  fluid pressure [
2 24 / fa k ] 

  electrical conductivity 

Pr  Prandtl number [
2 24 / fa k ]   Mean radiative absorptive coefficient 
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P  dimensionless pressure [ / f fa P U  ]   nanoparticle volume fraction 

q  heat flux of radiation   oscillation amplitude for pressure 

gradient 

*Q  
heat source parameter Subscripts 

Q  
 dimensionless heat source parameter [

* 2 / fQ a k ] 

, ,x y t  derivatives w.r.t special coordinates 

Re  Reynolds number [ / fUa  ] f  fluid  

s  porous medium shape factor number  s  nanoparticle  

S  suction parameter [ 0 / fv a   ] nf  nanofluid  

Abbreviations 
MHD magnetohydrodynamics RHF radiative heat flux 

NFs nanofluids NPs nanoparticles 

1. Introduction 

The inherent complexity of fluids in nature as well as in 

industry has encouraged researchers to introduce unique and 

innovative fundamental associations to analyze the 

thermophysical behavior of fluids. In the production of 

electronic devices with limited thermal conductivity in 

convection fluids such as ethylene glycol, water and gasoline, 

there have been a number of problems. Several researchers 

have focused in recent decades on incorporating nano or 

micrometre-sized objects in the base liquids to solve this 

limitation and improve the thermal conductivity. Nanofluid, 

which aims to enhance thermal conductivity, is formed by 

combining nanometer-sized particles into the base fluid. 

While the combination of milli or micrometre-sized particles 

(dust particles) in the base liquids creates dusty fluid, it, 

therefore, appears to boost the thermal conductivity of the 

base liquid. As compared to dusty fluids and nanofluids, 

Krishnamurthy et al. [1]  reported that dusty nanofluids 

appear to have significant thermal conductivity while 

examining heat transfer characteristics of dusty fluid 

condensed with nano-particles past an exponential stretching 

layer. Affected by the magnetic field, Naramgari and 

Sulochana [2] studied the flow of nanofluid concentrated with 

dust particles. They reported increased magnetic field, 

porosity and dust particle mass concentration parameters 

contribute to a substantial decrease in the friction factor. In 

the existence of heat and magnetic field, a numerical result of 

dusty nanofluid flow was found by Sulochana and Sundeep 

[3] along with a stretching/shrinking cylinder. They noticed 

that the rise in dust particles' volume fraction deteriorates the 

heat transfer rate. Prasannakumara et al. [4] discussed the 

flow, including dust and nanoparticles with porous media 

over an extending sheet with heat. They concluded that there 

is a substantial cooling efficiency of dusty fluid containing 

copper nanoparticles. Gireesha et al. [5] considered Hall's 

effects, including magnetic field and heat 

generation/absorption on two-phase dusty-nanofluid with the 

observation that on the thermal distribution, Hall and 

magnetic parameters have opposite effects. Raizah [6] 

analysed hybrid nanofluid having dust particles moving 

through an enclosure containing two heated fins. He claimed 

that at the centre of the top sheet there are the lowest values 

for the local Nusselt number. Kaneez et al. [7] reported the 

numerical result of the flow of dust- concentrated micropolar 

fluid having hybrid nano-particles and presented the result 

that the parameter of the dust fleck association performs a 

crucial part in the fluid temperature field. Radhika et al. [8] 

formulated the mathematical model for the flow of dusty 

hybrid-nano fluid over a melting plate with the perception 

that thermal stability of fluid along dust phase improved by 

raising the concentration of dust particles. 

In estimating fluid flows in several industrial and 

medical systems, the boundary conditions related to the fluid 

field are quite significant. In polymer melting that often 

undergoes microscopic wall slippage, the dearth of the no-

slip condition is very clear. Slip condition performs a crucial 

role in cleaning interval cavities and artificial heart valves, 

shear skin, hysteresis impact and spurt. Hayat et al. [9] 

highlighted the influence of MHD and slip in a channel on 

nanofluid flow and obtained an analytical solution. Kamel et 

al. [10] worked on the two-phase stream of dusty liquid in a 

planar channel with slip boundary condition. The findings 

suggested that the condition of slip has a major impact under 

certain concentration ranges. Guria [11] applied the periodic 

suction on the vertical channel with radiation and slip 

boundary condition and found that the slip effect has been 

noticed to minimize the velocity. Panaseti and Georgiou [12] 

discussed viscoplastic fluid flow in a channel in the channel 

in slip regime with the observation that there has a huge spike 

in the mild slip region. The slip parameter reduces the radial 

velocity. This was reported by Kashyap et al. [13] while 

studying the flow of UCM fluid past a channel having a 

chemical reaction and velocity slip boundary condition. 

Saleem et al. [14]  investigated the peristaltic flow of MHD 
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Jeffery fluid over a tapered channel with velocity second slip 

and concluded that a rise in slip parameters decreases the size 

of the trapping bolus.  

In a series of diverse conditions, the heat 

generation/absorption examination is considered. In these 

cases, fluids undergo exothermic or endothermic chemical 

processes. Heat generation/absorption procedures occur 

when heat energy is collected from the waste of nuclear fuel, 

or water is heated in a solar collector. It also has applications 

in packed-bed reactors, radiative cooling of molten steel, 

semi-conductor wafers, recycling of food products and 

underground disposal of radioactive waste, electronic chips. 

The generation or absorption of heat determines both the fluid 

flow and the heat transfer rate in the moving fluids. Malik et 

al. [15] discussed the impact of thermal conductivity and heat 

generation/absorption on Williamson fluid flow over a 

stretching cylinder. They concluded that the heat source 

increases the temperature profile, whereas the heat sink 

shows the opposite behaviour. Pandey and Kumar [16] 

reported that the temperature profiles are expanded according 

to each heat generation/absorption parameter value while 

analysing MHD nanofluid flow through 

convergent/divergent channels under heat generation 

/absorption. With heat generation/absorption, Jha et al. [17] 

investigated fluid flow through the rotating channel. They 

found out that fluid’s temperature decreases with the rise in 

heat absorption while increases with heat generation. Mishra 

et al. [18] unveiled the effects of heat generation/absorption 

through stretching/shrinking channels on MHD nanofluid 

flow. The highest heat generation/absorption parameter 

values in the shrinking convergent channel caused a spike in 

velocity and thermal profiles. Prakesh et al. [19] performed 

an analysis on the MHD flow of viscous fluid within the 

vertical channel along with heat generation/absorption and 

variable properties. They reported that heat transmission rate 

drops in the left plate with the incorporation of heat 

generation/absorption and increases in the right plate. 

More than one phase stream analysis, in which solid 

particles are scattered in a base liquid is of enormous interest 

because of their usefulness. Examples of such flows include 

solid-fuel rocket nozzles, crude oil cleansing, nuclear reactor 

cooling, hydro cyclones, electronic devices, cryopreservation 

and cancer therapies. Suction/injection of the fluid across 

boundaries is very essential in several fields and practical 

considerations like aerodynamics, space sciences, film 

cooling, and control of boundary layer. Taking these 

applications into account, the purpose of this analysis is to 

assess the impact of the oscillatory flow of dusty-nano fluid 

in a channel. Porous media, heat generation/absorption and 

the slip boundary condition are also considered. 

2. Problem development 

The laminar flow is considered under the impact of radiative 

heat flux in a permeable media, saturated with incompressible 

dusty fluid. The medium is drawn along the x -axis and y -

axis is kept perpendicular to walls (Fig. 1). The magnetic field 

strength is parallel to the y -axis. The fluid temperature on 

both walls is different. fT  is the initial fluid temperature. 0T  

is the left wall temperature whereas wT  is the temperature at 

the right wall. Re  is very small and hence the induced 

magnetic field becomes insignificant. The fluid is drawn from 

the left wall and injected from the right wall. With these 

assumptions the flow equations are 

 
Fig.1: Geometry of the channel. 
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with initial and surface constraints  
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where  0 0 .i t

w fT T T T e    

Assuming fluid to be thin optically and having low density 

relatively, the expression for RHF is given as [20] 
2

04 ( ).yq T T     (5) 

The forthcoming non-dimensional quantities are used. 
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The expressions for  , , , , ,     nf nf nf nf nf p nf
c  and 

nfk  

are expressed as  [21]
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Table 1: Thermo-physical properties of NFs and NPs. 

Liquids and 

nano 

particles 

3( / )Kg m


 

( / )

pc

k kg
 
( / )

k

wK m
 

5

1

*10

( )K

 


 

( / )S m


 

Pure Water   997.1 4179 0.613 21 5.5*10-6 

Silver (Ag) 10500 235.5 429 1.89 63*107 

The flow equations along with the surface constraints in non-

dimensional form can be written as  

1 1 2

2 2
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Re

,

t x y yy

p

u P S u u
Q Q Q

H Q s l l
u u Gr Q

Q Q Q Q Q

    

 
    

 

  (8) 
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with surface constraints as 

   

   

   

0, 1 at , ,0 ,

0, at , 1, ,

, 0, 0 at , 0, .







 

p

i t

p

y p

u u y t y

u u e y t t

u u u y t t

   

   

   

 (11) 

The bars are discarded for simplicity. 

3. Method of Solution  

The solution of the Eqs. (8)-(10) is obtained for pure 

oscillatory flow by letting  
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Substituting the values from equation (12) into equations (8)-

(11) we obtain 
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On solving equation (15) with constraints (16), the expression 

for fluid temperature is obtained as  

   11 12

1 2, , Q y Q yi ty t e C e C e     (17) 

The expressions for fluid and dusty particles velocities are 

obtained after solving Eqs. (13) and (14) respectively along 

with the constraints (16) and given as   
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The quantities of interest for engineering point of view are 

surface friction 
fC  and Nusselt number Nu , which are 

expressed as  
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where  f yu  at 1y a   and 0y   represent the shear 

stresses of fluid at the right and left walls of the channel 

respectively, and  

 

11

12

1 11

0,1
0 2 12

,

Q y

i tw

y Q yy
f

C Q eaq
Nu e

k T T C Q e

 
         

 (25) 

where 
w yq kT   at 1y a   and 0y   represent the heat 

fluxes at the right and left walls of the channel respectively. 

The Appendix contains the constants that appear in the above 

expressions. 

4. Results and discussion 

The expressions for the velocity of dust particles as well as 

velocity and temperature of fluid are obtained by solving flow 

equations with the surface constraints analytically using the 

method of separating variables. Graphs are generated to 

demonstrate the influence of the various parameters on the 

velocity along with temperature profiles. 

Figure 2 is designed to present the behavior of fluid 

velocity u  and particle velocity pu  with the variation in .S  

The Fig. shows that both u  and pu  is increasing with an 

increase in suction parameter  0S   however u  decreases 

with a raise  in injection parameter  0S  . Fig. 3 displays 

the variation in u  and pu  with   for two values of .S  It can 

be seen that both velocities u  and pu  increases with the 

increment in   for both cases of suction and injection. 

However, the flow field for  0S   is higher relative to the 

flow field for  0S  . It is also observed that the variation in 

u  takes place near the left wall  0y   as the velocity slip is 

considered only at this wall. Fig. 4 presents the changing 

behavior of u  and pu  with   for both cases of suction and 

injection. It is clear from this Fig. that an increase in   

accelerates u  and .pu  The flow field is greater when suction 

is happening. The graphs show that the flow field is parabolic 

in nature and the axis of the parabola shifts towards the right 

wall  1y   for the case of injection. Fig. 5 presents the 

change in u  and pu  with the change in .Q  The Fig. shows a 

rise in u  and pu  when fluid is heat generating  0Q   while 

a decrease is noticed when the fluid is heat absorbing 

 0 .Q   

Fig. 6 shows the effects of , Q  and S  on fluid 

temperature  . Fig. 6(a) presents the decreasing behaviour of 

fluid temperature with an increment in   for both heat 

absorbing and heat-generating fluids. However, the 

temperature field for heat-generating fluid is greater than the 

heat adsorbing fluid. Fig. 6(b) is plotted to present the change 

in   with the variation in .Q  A rise in   is noticed with an 

increase in  0Q   while   reduces with  0 .Q   The 

suction and injection effects on the   are plotted in Fig. 6(c). 

Fig. clearly depicts that suction boosts   while it reduces 

with injection. 

Fig. 7 is graphed to present the variation in fC  at both 

walls versus  0S   for both heat absorbing and generating 

fluids. Surface friction at the left and right walls are presented 

in Fig. 7(a) and 7(b) respectively. It can be observed that an 

increase in   raises the magnitude of surface friction at both 

walls of the channel. fC  also enhances with suction for both 

heat-absorbing and generating liquids. Surface friction at 

both walls versus  0S   with the rising values of   are 

plotted in Fig. 8. An increase in slip reduces the friction at the 

left wall while it enhances the magnitude at the right wall for 

both kinds of liquids. Heat transmission rates versus  0S   

at both walls for various values of   are presented in Fig. 9. 

An increase in   boosts the heat transmission rate while S  

declines the heat transfer rate for both heat-absorbing and 

generating liquids (Fig. 9(a)). Fig. 9(b) shows that the 

transmission rate is higher for heat-absorbing liquid. Heat 

transmission rate at the right wall shows an improvement with 

 0S   while is reducing with .  The transmission rate is 

higher for heat-generating liquid in this case. 

(a) 

 

(b) 
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Fig. 2: (a)  ,u y t  (b)  ,pu y t for .S  

(a) 

 

(b) 

 

Fig. 3: (a)  ,u y t  (b)  ,pu y t  for  . 

(a) 

 

(b) 

 

Fig. 4: (a)  ,u y t  (b)  ,pu y t  for  . 

(a) 

 

(b) 

 

Fig. 5: (a)  ,u y t  (b)  ,pu y t  for .Q  

(a) 
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(c) 

 

Fig. 6:  ,y t  for (a)   (b) Q  (c) .S  

(a) 

 

(b) 

 

Fig. 7: 
fC  for   at (a) suction wall (b) injection wall. 

(a) 

 

(b) 

 

Fig. 8: 
fC  for   at (a) suction wall (b) injection wall. 

(a) 

 

(b) 

 

Fig. 9: Nu  for   at (a) suction wall (b) injection wall. 
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5. Concluding Remarks 

 Analysis to examine the effects of slip on the 

oscillatory flow of a nanofluid in the presence of dusty 

particles is carried out. The radiative flux is also considered 

to explore the heat transmission characteristics of heat-

absorbing/generating liquid. An exact approach is developed 

for the flow system. The numerical values are expressed in 

the form of graphs to demonstrate the impact of the associated 

physical parameters. The summary of the findings is as 

follows 

 The velocities of fluid as well as dust particles upsurge 

with the enhanced values of slip and nanoparticle volume 

fraction parameters for both cases of injection and 

suction. 

 The fluid and dust particles velocities grow for the case 

of suction and heat generation while they fall for the case 

of injection and heat absorption. 

 Improved values of heat absorption, injection and 

nanoparticle volume fraction parameters reduces the 

fluid temperature while an opposite response is observed 

for suction and heat generation. 

 The drag force at both channel walls enhances due to the 

nanoparticle volume fraction and suction. 

 The improved value of slip lessens the surface friction at 

the suction wall of the channel. 

 Heat transmission rate at the suction wall tends to 

increase with nanoparticle volume fraction while it 

reduces at the injection wall.  
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