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Abstract: An analysis of unsteady natural convective MHD flow of nanofluid under the presence of thermal 
diffusion and absorption radiation with the effects of chemical reaction on heat and mass transfer without a 
porous medium is discussed in the present study. The governing equations were implied and were solved 
analytically using perturbation technique. The velocity, temperature and concentration fields are obtained. 
Graphical results were presented for velocity, temperature and concentration profile for various values of 
parameters. 
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I. INTRODUCTION 

The study of unsteady natural convectional flow of a Nano fluid past over a vertical permeable semi-infinite plate moving 
with the constant heat source under various effects has attracted the attention of a number of researchers, because of its 
possible applications in Automobile, solar energy, Mechanical and electronics cooling. In view of these applications, a 
serious of investigations have been done by various researchers to study the problem of the free natural convective flow 
of a Nano fluid over a past vertical permeable semi-infinite plate moving with constant heat source. In this dissertation 
we have made an attempt to study the effects of Diffusion thermo, radiation absorption and chemical reaction of Nano 
fluids on the Magnetro hydrodynamics unsteady natural convective heat and mass transfer flow bounded by semi-infinite 
plate without porous medium. A constant velocity u0 is applied when the plated is moved. A magnetic field is applied 
uniformly along the y- direction. The temperature and concentration profiles are assumed to be varying with respect to 
time at the plate. Analytical expressions were obtained. Using these expressions, calculating their behavior and the 
different flow characteristics for various non-dimensional parameters are discussed. 
 

II. MATHEMATICAL FORMULATION 
We have considered two dimensional unsteady natural convectional flow of a nanofluid past over a vertical permeable 
semi-infinite movable plate with heat source as constant. The X - axis is acting vertically upwards which is taken along 
the plate and the y- direction is perpendicular to the plate. A uniform magnetic field of strength B 0 is applied externally 
along the y- direction. The temperature 𝑇ஶ

ᇱ remains constant for the plate and the fluid. The concentration 𝐶ஶ
ᇱ at the 

stationary condition is taken constant in both the fluid and the plate . The fluid we consider here is water based Copper 
Nano particles and Titanium oxide. Then it is assumed for both the fluid phase nanoparticles are in thermal equilibrium 
state as they have uniform size and shape. 
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Figure 1: Schematic diagram of the physical properties 

From the above assumptions the equation that govern the two dimensional unsteady natural free convective MHD flow 
of heat and mass transfer analysis for the Nano fluid occupying the plate are given below. 
The Continuity equation 

డ௩ᇱ

డ௬ᇱ
 = 0. (3.2.1) 

The Momentum equations 

𝜌௡௙ ቀ
డ௩ᇲ

డ௧ᇲ +  𝑣ᇱ డ௨ᇲ

డ௬ᇲቁ =  µ௡௙ 
డమ௨ᇲ

డ௬ᇲమ + (𝜌𝛽)௡௙𝑔(𝑇ᇱ −  𝑇ஶ
ᇱ ) − 𝜎 𝐵଴

ଶ𝑢ᇱ (3.2.2)  

The Energy equation 

ቀ
డ்ᇲ

డ௧ᇲ +  𝑣ᇱ డ்ᇲ

డ௬ᇲቁ =  𝛼௡௙
డమ்ᇲ

డ௬ᇲమ −  
ொᇲ

(ఘ஼௣)௡௙
(𝑇ᇱ −  𝑇ஶ

ᇱ ) + 𝑄ᇱ (𝐶ᇱ − 𝐶ஶ
ᇱ ) +  

஽೘௄೅

஼ೞ(ఘ஼௣)௡௙ 
 .

பమେᇲ

ப୷ᇲమ  (3.2.3) 

The Species equation 
డ஼ᇲ

డ௧ᇲ + 𝑣ᇱ డ஼ᇲ

డ௬ᇲ =  𝐷஻ 
பమେᇲ

ப୷ᇲమ − 𝐾௟(𝐶ᇱ − 𝐶ஶ
ᇱ ) (3.2.4) 

The boundary conditions are given by, 
𝑡ᇱ < 0, 𝑢ᇱ(𝑦ᇱ, 𝑡ᇱ) = 0, 𝑇ᇱ =  𝑇ஶ

ᇱ , 𝐶ᇱ =  𝐶ஶ
ᇱ  

𝑡ᇱ ≥ 0 , 𝑢ᇱ(𝑦ᇱ, 𝑡ᇱ) =  𝑈଴,𝑇
ᇱ =  𝑇௪

ᇱ +  (𝑇௪
ᇱ − 𝑇ஶ

ᇱ )𝜀𝑒௜௪ᇲ௧ᇲ
, 𝐶ᇱ =  𝐶௪

ᇱ +  (𝐶௪
ᇱ − 𝐶ஶ

ᇱ )𝜀𝑒௜௪ᇲ௧ᇲ
 𝑎𝑡 𝑦ᇱ = 0 

𝑢ᇱ(𝑦ᇱ, 𝑡ᇱ) = 0 , 𝑇ᇱ =  𝑇ஶ
ᇱ , 𝐶ᇱ =  𝐶ஶ

ᇱ  𝑎𝑠 𝑦ᇱ →  ∞  
All physical and parameter are defined in the nomenclature section 
Then , 

𝜇௡௙ =  
𝜇௙

(1 − 𝜑)ଶ.ହ 
 

 

𝑘௡௙ =  𝑘௙ ቆ
𝑘௦ + 2𝑘௙ − 2𝜑൫𝑘௙ − 𝑘௦൯

𝑘௦ + 2𝑘௙ + 2𝜑൫𝑘௙ − 𝑘௦൯
ቇ ,  

 𝜌௡௙ =  (1 − 𝜑)𝜌௙ +  𝜑𝜌௦  , (3.2.5) 

(𝜌𝐶𝑝)௡௙ = (1 − 𝜑)(𝜌𝐶𝑝)௙ + 𝜑(𝜌𝐶𝑝)௦ , 

(𝜌𝛽)௡௙ = (1 − 𝜑)(𝜌𝛽)௙ + 𝜑(𝜌𝛽)௦ ,  

 𝛼௡௙  =  
௞೙೑

(ఘ஼௣)೙೑ 
 (3.2.6) 

 𝑣ᇱ =  − 𝑉଴ (3.2.7) 
 Where -V0 constant indicates the normal velocity at the plate that is the positive suction (𝑉଴ >  0) and the negative 
suction represents the blowing injection  

 ( 𝑉଴ <  0). 
By applying 3.2.7 in (3.2.2) – (3.2.4), we get 

𝜌௡௙ ቀ
డ௩ᇲ

డ௧ᇲ − 𝑣଴
డ௨ᇲ

డ௬ᇲቁ =  µ௡௙ 
డమ௨ᇲ

డ௬ᇲమ + (𝜌𝛽)௡௙𝑔(𝑇ᇱ −  𝑇ஶ
ᇱ ) − 𝜎 𝐵଴

ଶ𝑢ᇱ (3.2.8) 

ቀ
డ்ᇲ

డ௧ᇲ − 𝑣଴
డ்ᇲ

డ௬ᇲቁ  =  𝛼௡௙
డమ்ᇲ

డ௬ᇲమ −  
ொᇲ

(ఘ஼௣)௡௙
(𝑇ᇱ −  𝑇ஶ

ᇱ ) + 𝑄ᇱ (𝐶ᇱ − 𝐶ஶ
ᇱ ) +  

஽೘௄೅

஼ೞ(ఘ஼௣)௡௙ 
 .

பమେᇲ

ப୷ᇲమ  (3.2.9) 
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డ஼ᇲ

డ௧ᇲ − 𝑣଴
డ஼ᇲ

డ௬ᇲ  =  𝐷஻ 
பమେᇲ

ப୷ᇲమ − 𝐾௟(𝐶ᇱ − 𝐶ஶ
ᇱ ) (3.2.10) 

Substitute (3.2.6) in (3.2.9) 

ቀ
డ்ᇲ

డ௧ᇲ − 𝑣଴
డ்ᇲ

డ௬ᇲቁ  =
௞೙೑

(ఘ஼௣)೙೑
.

డమ்ᇲ

డ௬ᇲమ −  
ொᇲ

(ఘ஼௣)௡௙
(𝑇ᇱ − 𝑇ஶ

ᇱ ) + 𝑄ᇱ (𝐶ᇱ − 𝐶ஶ
ᇱ ) +  

஽೘௄೅

஼ೞ(ఘ஼௣)௡௙ 
 .

பమେᇲ

ப୷ᇲమ (3.2.11) 

𝜌௡௙ ቀ
డ௩ᇲ

డ௧ᇲ − 𝑣଴
డ௨ᇲ

డ௬ᇲቁ =  µ௡௙ 
డమ௨ᇲ

డ௬ᇲమ + (𝜌𝛽)௡௙𝑔(𝑇ᇱ −  𝑇ஶ
ᇱ ) − 𝜎 𝐵଴

ଶ𝑢ᇱ (3.2.12) 

డ஼ᇲ

డ௧ᇲ − 𝑣଴
డ஼ᇲ

డ௬ᇲ  =  𝐷஻ 
பమେᇲ

ப୷ᇲమ − 𝐾௟(𝐶ᇱ − 𝐶ஶ
ᇱ ) (3.2.13) 

 
We define the following dimensionless variables  

 𝑢 =
௨ᇲ

௎బ
 , 𝑦 =

௎బ௬ᇲ

௩೑ 
 , 𝑡 =

௎బ
మ௧ᇲ

௩೑ 
 , 𝜔 =  

௩೑ ఠ
ᇲ

௎బ
మ , 𝜃 =  

൫்ᇲି்ಮ
ᇲ ൯

൫்ೢᇲ ି ಮ்
ᇲ ൯

 

𝑀 =
ఙ஻బ

మ ௏೑

ఘ೑ ௎బ
మ  , 𝐷𝑢 =  

஽೘௄೅൫஼ೢ
ᇲ ି஼ಮ

ᇲ ൯

௄೑஼ೞ൫்ೢᇲ ି்ಮ
ᇲ ൯

 , 𝑄௅ =  
ொ೗ 

ᇲ ൫஼ೢ
ᇲ ି஼ಮ

ᇲ ൯

௎బ
మ൫்ೢᇲ ି்ಮ

ᇲ ൯
 , 𝐾𝑟 =  

௞೑௩೑

௎బ
మ  ,  

𝑆𝑐 =  
௩೑

஽ಳ 
 , 𝑄 =  

ொᇲ௩೑
మ

௄೑௎బ
మ  , Pr =

௩೑

ఈ೑
 , 𝐾 =  

௞ᇲఘ೑௎బ
మ

௩೑
మ  , 

𝐺𝑟 =  
(ఘఉ)೑௚ ௩೑൫்ೢᇲ ି ்ಮ

ᇲ ൯

ఘ೑௎బ
య  , Ψ = 

(஼ᇲି஼ಮ 
ᇲ ) 

൫஼ೢ
ᇲ ି஼ಮ

ᇲ ൯
, 𝑆 =

௏బ

௎బ
 . 

The governing equation (3.2.11)-(3.2.13) together with the dimensionless variables becomes: 

𝐴 ቀ
డ௨

డ௧
−  

డ௨

డ௬
ቁ = 𝐷 

డమ௨

డ௬మ +  𝐵𝐺𝑟𝜃 − 𝑀𝑢 = 0. (3.2.14) 

𝐶 ቀ
డఏ

డ௧
− 𝑆

డఏ

డ௬
 − 𝑄௅𝛹ቁ = 

ଵ

௉௥
ቀ𝐸 

డమ௨

డ௬మ −  𝑄𝜃ቁ +  
஽௨

௉௥
 .

డమఅ

డ௬మ  (3.2.15) 

డఅ

డ௧
−  𝑆 

డఅ

డ௬
=  

ଵ

ௌ௖

డమఅ

డ௬మ −  𝐾𝑟𝛹 (3.2.16) 

The boundary conditions are given by 
t<0: u=0, 𝜃 = 0, Ψ =0 

t≥ 0: u=1, 𝜃 =1+𝜀𝑒௜ఠ௧ , 𝛹=1+𝜀𝑒௜ఠ௧ , at y=0 
 u=0, 𝜃 = 0, Ψ=0 as y→ ∞ 

 
III. SOLUTION OF THE PROBLEM 

Equations 3.2.14 – 3.2.16 are joined non-linear partial differential equations which are in the closed-form whose solutions 
are difficult to obtained. To obtain the solution of the equations, we are converting the non-linear partial differential 
equations into ordinary  
differential equations. The expressions for velocity, temperature and concentration are considered as follows, for the 
reason that the unsteady flow is placed on the mean steady flow in the neighbourhood of the plate . 

𝑢(𝑦, 𝑡) =  𝑢଴ +  𝜀𝑢ଵ𝑒௜ఠ௧ (3.2.17) 

𝜃(𝑦, 𝑡) =  𝜃଴ +  𝜀𝜃ଵ𝑒௜ఠ௧  (3.2.18) 

𝛹(𝑦, 𝑡) =  𝛹଴ +  𝜀𝛹ଵ𝑒௜ఠ௧  (3.2.19) 
Where 𝜀 ≪ 1is a parameter. 
Equation 3.2.14 - 3.2.16 are reduced to  

𝐷𝑢଴
ᇱᇱ + 𝐴𝑆𝑢଴

ᇱ  −  𝑀𝑈଴  =  −𝐵𝐺𝑟𝜃଴ (3.2.20) 
𝐷𝑈ଵ

ᇱᇱ + 𝐴𝑆𝑢ଵ
ᇱ − (𝑀 + 𝐴𝑖𝜔)𝑢ଵ = −𝐵𝐺𝑟𝜃ଵ       (3.2.21) 

𝐸𝜃଴
ᇱᇱ +  𝑃𝑟𝐶𝑆𝜃଴

ᇱ −  𝑄𝜃଴ =  −𝐷𝑢𝛹଴
ᇱᇱ − 𝑃𝑟𝐶𝑄௅𝛹଴      (3.2.22) 

𝐸𝜃ଵ
ᇱᇱ +  𝑃𝑟𝐶𝑆𝜃ଵ

ᇱ −  (𝑄+𝑃𝑟𝐶𝑖𝜔)𝜃ଵ =  −𝐷𝑢𝛹ଵ
ᇱᇱ − 𝑃𝑟𝐶𝑄௅𝛹ଵ     (3.2.23) 

𝛹଴
ᇱᇱ +  𝑆𝑆𝑐𝛹଴

ᇱ −  𝐾𝑟𝑆𝑐𝛹଴  =  0        (3.2.24) 
𝛹ଵ

ᇱᇱ +  𝑆𝑆𝑐𝛹ଵ
ᇱ −  (𝑖𝜔 + 𝐾𝑟)𝑆𝑐𝛹ଵ = 0        (3.2.25) 

The boundary conditions are  
𝑢଴ = 1, 𝑢ଵ = 0, 𝜃଴ = 1, 𝜃ଵ = 1, 𝛹଴ = 1, 𝛹ଵ = 1 𝑎𝑡 𝑦 = 0. 
𝑢଴ = 0, 𝑢ଵ = 0, 𝜃଴ = 0, 𝜃ଵ = 0, 𝛹଴ = 0, 𝛹ଵ = 0 𝑎𝑡 𝑦 = ∞. 
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Equations (3.2.20) –(3.2.25) were solved and the solution for fluid velocity, temperature and the concentration was given 
by: 

𝑢(𝑦, 𝑡) = (𝐵ହ𝑒ି௠ఱ௬ + 𝐵ଷ𝑒ି௠య௬ + 𝐵ସ𝑒ି௠భ௬) +  𝜀(𝐵଼𝑒ି௠ల௬ + 𝐵଺𝑒ି௠ర௬ + 𝐵଻𝑒ି௠మ௬)𝑒௜ఠ௧  (3.2.26) 

𝜃(𝑦, 𝑡) = (𝐵ଵ𝑒ି௠య௬ + 𝐴ଵ𝑒ି௠భ௬) +  𝜀(𝐵ଶ𝑒ି௠ర௬ + 𝐴ଶ𝑒ି௠మ௬)𝑒௜ఠ௧    (3.2.27) 

𝛹(𝑦, 𝑡) = (𝑒ି௠భ௬) +  𝜀(𝑒ି௠మ௬)𝑒௜ఠ௧         (3.2.28) 
 
Shearing stress  
The dimensional form of the shearing stress at the plate is given by 

 𝜏 =  ቀ
డ௨

డ௧
ቁ  𝑎𝑡 𝑦 = 0 

 =  (−𝐵ହ𝑚ହ−𝐵ଷ𝑚ଷ−𝐵ସ𝑚ଵ ) +  𝜀(𝐵଼𝑚଺−𝐵଺𝑚ସ−𝐵଻𝑚ଶ )𝑒௜ఠ௧  (3.2.29) 
 
Heat Transfer Coefficient 
The non-dimensional heat transfer coefficient in terms of Nusselt number is given by  

𝑁𝑢 =  − ൬
𝜕𝜃

𝜕𝑡
൰  𝑎𝑡 𝑦 = 0. 

=  (𝐵ଵ𝑚ଷ+𝐴ଵ𝑚ଵ ) +  𝜀(𝐵ଶ𝑚ସ + 𝐴ଶ𝑚ଶ )𝑒௜ఠ௧(3.2.30) 
 
Sherwood Number 
The non-dimensional mass transfer coefficient in terms of Sherwood number is given by  

𝑆ℎ =  − ൬
𝜕𝛹

𝜕𝑡
൰  𝑎𝑡 𝑦 = 0. 

 =  𝑚ଵ +  𝜀𝑚ଶ𝑒௜ఠ௧  (3.2.31) 

 
Figure 1.Velocity profile for Suction Parameter S 
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Figure 2 .Velocity Profile For Suction Parameter S 

 
Figure 3. Velocity Profile For Radiation absorption parameter QL = 1,2,3. 
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Figure 4. Velocity Profile For Radiation absorption parameter QL = 1,2,3. 

 

 
Figure 5. Velocity Profile For Magnetic field parameter M= 0.2, 0.4, 0.6 
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Figure 6. Velocity Profile For Magnetic field parameter M= 0.2, 0.4, 0.6 

Figure 7: Velocity profiles For Dufour Number 
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Figure 8: Velocity profiles For Dufour Number 

 
Figure 9: Temperature profiles for Radiation absorption Parameter QL = 1,2,3. 
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Figure 10: Temperature profiles for Radiation absorption Parameter QL = 1,2,3. 

 
Figure 11. Temperature profile for Dufour number Du = 1,2,3. 
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Figure 12. Temperature Profile for Dufour number Du = 1,2,3. 

 

 
Figure 13. Concentration Profiles For Suction Parameter S. 
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Figure 14. Concentration Profiles for Schmidt number Sc 

 

 
Figure 15: Concentration Profile for Suction Parameter S 

 
IV. RESULTS AND DISCUSSION 

 In order to get physical insight into the problem, we have carried out numerical calculations for dimensionless variables 
for velocity field, temperature field, spices concentration field, shearing stress, heat and mass transfer coefficient at the 
nanoparticles by  
assigning some specific values to the parameters entering into the problem and the effects of these values are confirmed 
graphically. In this study, the values of the parameter , t, and Pr are taken fixed at 0.02,1, 1, 0.71 respectively and the 
other parameters are chosen arbitrarily. 
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Figure 1 and 2 represents the effect of Suction parameter (S) on the velocity at an point in the fluid whereas Schmidt 
Number Sc, Chemical reaction parameter Kr, Heat source Q, Dufour number Du, Permeability Parameter K, Magnetic 
Parameter M, QL radiation absorption parameter, Grashof number Gr were taken as constant. From these figures, it was 
observed that velocity of the fluid across the boundary layer decreases with an increase in the suction parameter S for 
both regular fluid and nanofluid with cu and Tio2 nanoparticles 
Figure 3 and 4 illustrates the effect of Radiation absorption parameter QL on velocity at any point in the fluid. From these 
graphs we arrived that the velocity profile increases with an increase in the radiation absorption parameter QL for both 
the regular fluid and nanofluid containing Cu and Tio2 nanoparticles.  
Figure 5 and 6 exhibits the effect of magnetic field, parameter M. It was observed that the velocity profile decreases with 
an increases in the strength of the magnetic field for both the base fluid and the nanofluid with Cu and Tio2 nanoparticles. 
Figure 7 and 8 demonstrates the effect of Dufour number Du. It indicates that the velocity profile increases with an 
increase in Dufour number for both the base fluid and the nanofluid with Cu and Tio2nanoparticles.It results in the 
boundary layer thickness.  
Figure 9 and 10 represent the effect of the Radiation absorption parameter QL on temperature at any point in the fluid. 
From these graphs we arrived that the temperature increases with an increase in the radiation absorption parameter QL 
for both the regular fluid and nanofluid containing Cu and Tio2 nanoparticles. It results in thermal boundary layer 
thickness. The nanofluid containing Cu –nanoparticles have thicker thermal boundary layer than the TiO2 – nanoparticles. 
Figure 11 and 12 depicts the effect of Dufour number Du. It indicates that the increasing values of Dufour number, the 
temperature was found to increase for both the base fluid and the nanofluid with Cu and Tio2 nanoparticles. It results in 
the boundary layer thickness. 
Figure 13 exhibit the effect of the Suction parameter S in the concentration profile. It shows that the concentration 
decreases with increasing the value of suction parameter(S).  
Figure 14 exhibit the effect of the Schmidt number Sc in the concentration profile. It shows that the concentration 
decreases with increasing the value of suction parameter(S).  
Figure 15 exhibit the effect of the Chemical reaction parameter Kr in the concentration profile. It shows that the increase 
in the value of chemical reaction parameter(Kr) will decrease the concentration for both the base fluid and the nanofluid 
with Cu and Tio2 nanoparticles. 
 

V. CONCLUSION 
The two dimensional unsteady natural convective flow of a incompressible nanofluid past over a vertical permeable semi-
infinite moving plate with constant heat source. The governing equations are solved analytically by using simple 
perturbation technique. The effects of different fluid flow parameter on velocity, temperature, the species concentration, 
rate of heat and mass transfer coefficient and the skin friction coefficient are derived and discussed through graphs. 
The fluid velocity increases with an increasing value of Radiation absorption QL and the Dufour number Du and decreases 
with an increasing value of Suction (S) and magnetic field M for both the nanoparticles Cu and Tio2. 
The temperature of the fluid increases with an increasing value of Dufour number Du and the radiation absorption QL for 
both the nanofluid containing Cu and Tio2 containing nanoparticles. It results in the thermal boundary layer thickness. 
The species concentration decreases with an increasing value of Chemical Reaction Kr, Suction Parameter S and the 
Schmidt number Sc. 
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