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1. Introduction

The solute transport is described by the advection-dispersion equation (in short ADE) (see for example
[1])
—+U—=D— (1)

where, C' is solute concentration distribution, the positive constants U/ represent the average fluid
(wind) velocity; D, the dispersion coefficient; x, the spatial domain and ¢ is time. The ADE is a
deterministic equation describing a probability function for the location of particles in a continuum.
The fundamental solutions of the ADE over time ¢ have studied in the Gaussian densities with means
and variances based on the values of the macroscopic transport coefficients & and D.

The extension of the Eqn. (1) is presented in the typical advection-dispersion vector equation as

oC
Here, the Eqn. (2) consists the scalar quantities C, D, and F', such that D # 0 and U, a vector

quantity.
We refer the principles of air pollution meteorology described in the researches [2-5]. Liu et al. [6,7]
presented various computational methods for solute transport in the advection-dispersion problems.

!palhemant2007@rediffmail.com; ?mapathan@gmail.com(Corresponding Author); *fredericayant@gmail.com
!Department of Mathematics, D. A-V. Postgraduate College, Uttar Pradesh, India

2Centre for Mathematical and Statistical Sciences, Peechi Campus, Kerala, India

3411, Av. J. Raynaud, Le Parc Fleuri, Bat. B Six-Fours Les Plages, Var, France


https://dergipark.org.tr/en/pub/jnt
https://orcid.org/0000-0002-9369-6152
https://orcid.org/0000-0003-3918-7901
https://orcid.org/0000-0003-0651-294X
https://doi.org/10.53570/jnt.1129890

Journal of New Theory 39 (2022) 84-93 / Distribution Formulae of the Solute in Transport ... 85

The study of wind speed conditions is of interest, partly because the simulation of airborne pollutant
dispersion in certain conditions is rather difficult.

In our paper, we determine the distribution formulae of the solute transport by the typical
advection-dispersion of air pollution problem (2) through separation in two dimensional space vari-
ables. We evaluate the solute distribution formulae of the air pollution in terms of Gauss and confluent
hypergeometric functions by introducing different values of the solute velocity and dispersion coeffi-
cients.

2. Theory and Methods of Solute Distribution in Advection-dispersion Equation by
Separate Variables

In this section, we plug the Eqn. (2) via the theory and methods of separation in two dimensional
space variables stated on the basis of the researches done in [8-11].

We suppose that, Va,y € R, the solute concentration distribution C' = C(«, y,t), the wind velocity
U = u(x,y,t)i +v(x,y,t)j; i and j are unit vectors; u(x,y,t) and v(z,y,t) are scalar quantities; the
dispersion coefficient D = D1 (x)D2(y), Di(x) # 0, Da(y) # 0,Vx € R,y € R, and the scalar quantity

0 0
F=F t li t) = li t)=nh =i 4 i
(z.yt), Jim Clw,y,t) = flz,y),  lim Clay,t) =h(z,y), V=igo+ig
Also, the concentration distribution C(z,y,t) exists and have non - zero values for Vz € R,y €
R,t > 0, and does not exist when ¢ < 0.
By above assumptions, we convert the Eqn. (2) in the typical two variables advection-dispersion
equation given by

DD 4 Oyt ) + 5 (Lo D00
= Da(y) 5 (Dr(2) 5 Cla ) + Da(a) - (Daly) -l ) + Flan ) ()

Theorem 2.1. If u(x,y,t) and v(x,y,t) are velocity components along unit vectors i and j Vx €
R,y € R,t > 0, and C(z,y,t) = Ci(z,t)Ca2(y,t), where, Ci(x,t) # 0,Co(y,t) # 0 and F(z,y,t) =
fi(z, t)Ca(y,t) + fa(y,t)Ci(z,t), Vo € Ry € R,t > 0, then by the Eqn. (3), there exists following
separate differential equations with variable coeflicients

? v(x
1 802(y’t) %U(xvyvt) _
" Di(x) 9t Di(w) Ca(y,t) =0 (4)
and
? u\xr T
_ 1 0Gi )  gpulmyt) o
Dy(y) 0Ot Ds(y) Ci(z,t) =0 (5)

PRrOOF. Consider the Eqn. (3) and set

u(:r, Y, t) = ul(x7 t)UZ(yv t)a U('x: Y, t) = u:;(.%', t)U4(y, t) (6)
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Then, under the conditions given in the Theorem 2.1 and in Eqn. (6), the Eqn. (3) becomes as

O, ) P2 4,0 PB4, 000 (0,1) 5 (O e 1)
+Crla ualin ) 2 (Caly. us(v.0)

= Cal)Da(0) 5 (Da(2) 51 Ca(w.0) + ol )1 (@) (Dalt) 5 Caly )

+ f1(z, 1) Ca(y, t) + faly, 1)Ci(x, 1) (7)

Again, we write the Eqn. (7) in the form

Oy (1) [W T us(a, t>§y<c2<y, Hualy. 1)) — D1<x>§y<D2<y>§yc2<y, 0) — faly, t>] T

ol )| 2 a0 0) 5 (Cala s 02) = Do) 5 (D) - Catent) = Alant)| =0 (8

Since in Eqn. (8) Ci(z,t) # 0 and Cs(y,t) # 0, then V z,y € R, ¢t > 0, here the equality holds if
following equations satisfy

9%2(9:8) | ., t)gy(@(y, thus(y,t)) — Dl(x)aay(Dz(y)aag/Cb(y» t)) = f2(y,t) = 0 )

ot
and
LD 4l 1) 4 (ot (2,1)) — Daly) 5= (D1 (&) - Cra,0) ~ fi(w, ) =0 (10)

By the Eqn. (9), we obtain

a(jga(ij,t) + us(z, t){CQ(y7 t)(aayu4(y> t) + ua(y, t)aang(y, t>}

2

- D1<x>{Dg<y>§y2c2<y, 0 %ny)a@ycz(y,t)} Ryt =0, ey R0 (11)

Then, for z,y € R,t > 0, by Eqn. (11) we find

2
8028(?’0 — Dl(x)Dg(y);;QCz(y,t) + {D1(33)88yD2(?J) - u3(x,t)u4(y,t)}(%(72(y,t)

0
- Ug(:E, t)aiyuﬁl(yv t)CQ(ya t) + f2(y7 t) (12)
Further in a similar manner, Vz,y € R, ¢ > 0, by Eqn. (10) we find

T 2
‘9018(75’” _ Dz(y)Dl(a:);xQCl(m) + {DQ(y)aaxDl(l“) - “1(%”“2@’”}82;01 (@)

—wa(y, 1) e ()G (@, 0) + fia 1) (19

Note that Vz,y € R,t > 0 the Eqns. (12) and (13) may be written as

§ v\T
D) = D) oty + { g 0at) - N D atnn

By V(2,9 1) fo(y, t)
— T@)CQ(% t) +

(14)
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and
L oGt o) O 0 u(e,y,t)) 0
Doly) ot gt g D) =T e f et
o)
%u(aj7y7t) fl(x,t)
- S Cile,t) + 15
Doty 1@ o,y 19
Finally, by the Equs. (14) and (15) we obtain the Eqns. (4) and (5), respectively. O

By the Eqns. (4) and (5), we may obtain various distribution formulae of the solute in the transport
of advection-dispersion of air pollution on setting different wind velocities and dispersion coefficients.

3. Distribution Formulae of the Solute in Transport of Advection-dispersion of Air
Pollution for Different Wind Velocities and Dispersion Coefficients Involving
Special Functions

In this section, we determine the solute distribution formulae in terms of certain special functions
whose contiguity and analytic properties are described in the literature of the authors [12,13]. These
special functions are then applied in computation process of the related formulae. We present following
theorems for evaluation of our results:

Theorem 3.1. IfVz,y € (0,1),t > 0,¢1,c2 #0,—1,-2,-3,...,, Di(x) =x(1—x), D2(y) = y(1—y),
v(x,y,t) =[1 —ca+ (a2 + b2 — 1)y]{z(1l — z)}, and a partial differential equation is satisfied by
1 0Cs(y,t
Falust) = DN (a1 -aab)2(1-2)), wla,t) = [1-er (b= Dal{y(1-3)
CQ(yat) ot

and another partial differential equation is satisfied by

Cl(lél%t){fl(x’t) - 801(;:,1&} = (a1 +b1 =1 —arb){y(1 —y)}

then, by the Eqns. (4) and (5) of the Theorem 2.1, they also satisfy the simultaneous differential
equations

0? 0
y(1 - y)anyCYz(yat) +{cz— (a2 + b2+ 1)y}87y02(y’t) — agbaCa(y,t) =0 (16)
and
0? d
z(1— x)@Cl(x,t) +{c1 — (a1 + b1 + l)x}%Cl(x,t) —a1b1Cy(z,t) =0 (17)
respectively.

PRrROOF. Consider the Eqn. (4) in which by the statement of this Theorem 3.1, put D;(x) = z(1 — x),
Ds(y) = y(1 = y),v(w,y,t) = [1 = ¢ + (az + by — Dyl{u(1 — 2)} and set ot {fo(y, t) — 2520} =
(a2 + b2 — 1 — agbo){x(1 — x)}, we get the Eqn. (16).

Similarly, for the particular values u(x,y,t) = [1 —c; + (a1 + b1 — Dz]{y(1 —y)}, m{fl (x,t) —
8037&“)} = (a1 +b1 —1—a1b1){y(1 —y)}, from the Eqn. (5), we obtain the required Eqn. (17). O

Theorem 3.2. If Vz,y € (0,1),t > 0, in the relation Cl(lm{fl(:c,t) — 3Cg(t$7t)} = (a1 +b—1-

a1by){y(1—1y)}, it is assumed that Vz,y such that 0 <z < 1,0 < y < 1, C1(x,t) = e ' Hy (x,y), a1 >
0, then by Eqn. (17) of the Theorem 3.1, there exists a formula

Ci(z,t) = exp[—(a1 + b1 — 1 —a1b1){y(1 — y) }1]

X /t expl(ar + b1 — 1= aibi){y(1 — y)}7]fi(@, 7)dr + p1 2F) [al’ 1?1;33} (18)
0 €

)
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(1 is an arbitrary constant and o F} is Gauss hypergeometric function (see [12,13]). Similarly, for the

relation ot {fa(y, 1) — 240} = (ag+by — 1 —asho) {z(1—2)} and Ca(y,t) = e M1t Hy(x,y), b1 > 0,
there ex1sts another formula

Cs(y,t) = exp {— (ag +be — 1 — agbo){x(1 —x)}t

< [ ewp a2+ =1 - b a1 - el it o0 1B )

)

vy is an arbitrary constant.

PROOF. The relation of the Theorem 3.2 is written by the linear differential equation 9 B(t 2t 4 (a1 +

by — 1 —a1b){y(1 —y)}Cy(z,t) = fi(x,t), so that its solution is found by

Ci(x,t) = exp[—(a1 + b1 — 1 — a1b1){y(1 — y) }]

X /O expl(a1 + b1 — 1 —arb){y(1 — y)}7]fi(z, 7)dr + A (2, y) (20)

Now in Eqn. (17) set Ci(x,t) = e P*Hy(z,y), 51 > 0, so that Ci(x,0) = Hy(z,y), and then
A (z,y) = Hi(z,y) and hence we get

Ci(z,t) = exp[—(a1 + b1 — 1 —a1b1){y(1 — y) }1]

t
X / expl(a1 + b1 — 1 —a1by){y(1 — y)}7]f1(z, 7)dT + Hi(z,y) (21)
0
Again, by the relation Cy(z,t) = e P*Hy(x,y), 1 > 0 and the Eqn. (17), we get Hi(z,y) =

)

w1 2Fy [alc’ ?1; x] Therefore, we obtain
1

Ci(z,t) = exp[—(a1 + b1 — 1 —a1b1){y(1 —y)}¢]

X /t expl(a1 + b1 — 1 — a1b){y(1 — y)}7]fi(z, 7)dT + p1 2F} [ a1, br; } (22)
0 C1;

9

Similarly, we have for Cy(y,t) = e “'Hy(x,y),a1 > 0, then by Eqn. (16) we get Hs(x,y) =
v1 oF) {azc, l.)Q; } and by the relation & (yt {fg(y, t) — 8028(;”0} = (a2 + by — 1 —agbo){z(1—2x)}, we

get

2

Ca(y,t) = exp[—(az + ba — 1 — agbe){x(1 — x) }]

t
s ba;
) / exp(az + b2 — 1 — asbo){z(1 —2)}7]faly, T)dT + 11 2By [%62.2
0 Y

y} (23)

O]

Theorem 3.3. If Vz,y € (0,1),t > 0, all conditions of the Theorem 3.2 and 3.3 are satisfied, then
there exists following distribution formula of the solute as

; b2 b1
C({E, yvt) = G1($,y,t)G2($,y,t) + VlGl(xa yat) QFl |:a202,2 y:| + N1G2($7y7t) 2F1 |:alc ! $:|

)

az, by; az, ba;
+ v QFI[ Lo x] QFI[ b y} (24)

I 9
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Here in (24), it is given that
Gi(z,y,t) = {exp[—(a1 + b1 — 1 — arb1){y(1 — y) }]
< /Ot expl(ar + by — 1 — arby){y(1 — y)}7)fi (e, T)dr (25)
and
Golz,y,1) = {oxp|—(az + by — 1 — azba) (1 — 2)}]
< /0 Cexpl(az + by — 1 — asba){w(1 — )}l fo(y, T)dr (26)

PROOF. Apply the results of the Theorems 3.1 and 3.2 in the result C(z,y,t) = Ci(x,t)Ca(y,t) of

the Theorem 2.1 to find the result (21). O
Theorem 3.4. If Vz,y € (0,1),t > 0,¢1,c0 #0,—1,-2,-3,...,, Di(z) =z, Da(y) =y
1 802(y7t)
t)y=11—(y— — t)p = 1
] B UL ] S CRRE
1 801(1’,t>
t)y=1[1—(z— - t)p = 1
W) == @y o] SR - A0 = @ Dy
then, by the Eqns. (4) and (5) of the Theorem 2.1, they also satisfy following differential equations
8720( t)+ (c2 — )EC( t) —axCs(y,t) =0 (27)
yayQ 2\Y, 2 Z/ay 2\Y, 202Y, -
and
0? 0
x@Cl(:z,t) + (1 — a:)a?C'l (z,t) —a1Cy(z,t) =0 (28)
respectively.

PRrROOF. Consider the Eqn. (4) in which by the statement of this Theorem, put Di(z) = x, D2(y) = v,

_ g @ut) _ 1 [ ocsw) _
v(x,y,t) =[1 — (y — c2)]x, then 2*——— = —1, and TR 50— — f2(y,t) ¢ = (a2 + 1)z to get the
Eqn. (27) as
2 0
yaT]QCz(y,t) + (c2 — y)@cz(y,t) —azCs(y,t) =0
iu x

Similarly, by the Eqn. (5) in which on putting u(z,y,t) = [1 — (z — ¢1)]y, to get w = -1,
1Ex) { 0et) _ fy(a, t)} — (a1 + 1)y, gives us the Equ. (28). O

Theorem 3.5. If all the conditions of the Theorem 3.4 are satisfied and V¢ > 0, let
Ci(z,t) = e 2" Ky (z,y) = e K1 (2)K1(y) = e “*' K (z) ( for Ki(y) =1), 02 > 0;
Cay(y,t) = e_’BQtKQ(x, y) = 6_’82tK2<1‘)K2(y) = e‘ﬂQtKg(y) ( for Ky(z)=1),p2 >0.

Then, there exists the formulae

Ci(z,t) = exp [(a1 + 1) yt] /0 exp [— (a1 + 1) y7] fi(z, 7)dT + po 1 Fy _ - a:] (29)

and

Ca(y, t) = exp [(az + 1) xt] /O exp [~ (a + 1) 27] foly,7)dr +v2 1 F | i y] (30)
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ProOF. Consider the assumptions of the Theorem 3.5 and make an appeal to the Eqns. (27) and
(28) to get the confluent differential equations (see [12,13])

d? d d? d
$@K1($) + (c1 — ) %Kl(iﬂ) — a1 Kq(r) = 0 and yTngz(y) + (c2 —y) @K2(y) —agKa(y) =0

respectively. Then we have their respective solutions

ai; as;
Kl(l‘) = U2 1F1 |: 011' x] and Kg(y) = V9 1F1 |: 02. y:|
Again due to the conditions of the Theorem 3.4, we get the linear partial differential equations

86’1 (x, t)
ot

802(:% t)

= (a1 +1)yCi(,t) = fi(z,t) and —

- (a2 + 1) $C2(y7t) = f2(ya t)7

respectively. We obtain the solutions of these linear partial differential equations

Ci(x,t) = exp[(a1 + 1) yt] /0 exp [— (a1 + 1) y7] fi(z, 7)dT + Ki(z,y)

=exp[(a1 + 1) yt] /0 exp [— (a1 + 1) y7] fi(z, 7)dT + K1 ()

and
t
Calyot) = expl(az + 1) ot] | expl= (aa + 1)) faly 7)dr + Kafi,)
0
t
—expl(aa-+ 1)at] [ el (aa+ 1ar] faly, 7)dr + Ka(y)
0
respectively.
Finally introduce the values of K (z) and K3(y) in above solutions, we evaluate the required results
(29) and (30). O

Theorem 3.6. If Vz,y € (0,1),t > 0,¢1,c0 # 0,—1,—2,-3,..., all conditions of the Theorems 3.4
and 3.5 are satisfied. Then, by the relation of the Theorem 3.4 there exists then solute distribution in
the form

I I

Ole,9.t) = Gy (.4, 1)Ga(w 1) + Gl (x,9.6) 1 Fy [jy} + G,y ) 11y [Z;?m]

at; az;
+ voug 1 Fy Li@"} 1Fy [C;Z/} (31)

where .
G .0t) = expl(on + o] [ expl—(ar-+ Vel (o) + B[]
0

)

and

7

t )
Gy (x,y,t) = expl(az + 1)zt / exp|—(ag + D)a7|fo(y, 7)dT + 12 1 F} [?"y]
0 2

PRrOOF. Consider the relation of the Theorem 2.1 that C(x,y,t) = C1(x,t)Ca(y,t), in which by making
an appeal to the Theorems 3.4 and 3.5, we find the results of the Theorem 3.6. ]
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4. Special Cases

Example 4.1. In the Theorem 3.3, Vz,y € (0,1),t > 0,¢1,c0 #0,—1,—2,-3, ..., set fi(z,7) = 7%
and fo(y,7) = €297, 01 < 0,02 <0, a1 + by > (1 + a1b1). Thus we get

b2 b1
C([B, y7t) = Gl(x7y7t)G2(‘ray7t) + VIGI({B? yat) 2F1 |:a202,2 y:| + /J'lGQ(‘:Uayvt) 2F1 |:alcl.1 $:|

at, bi; az, by;
+ v 2F1|: 161.1 gj:| 2F1|: 262.2 y:| (32)

Here in (32), it is given that

1
G0 = b S 1= ab) (i = )} + ous)
x {exploiat] — exp[—(ar + b1 — 1 —a1b1){y(1 —y)}t]} (33)
and
Ga(z,y,t) = !

{(az + by — 1 — agbo){2(1 — 2)} + oy}
x {exploayt] — exp[—(az2 + ba — 1 — agbs){z(1 — z)}t]} (34)

On making an application of the results (32)-(34), and by conditions of Example 4.1, we find that
Gi(z,y,0) = 0= Ga(z,y,0) and tlim Gi(z,y,t) = tlim Ga(z,y,t) =0,

hence by Section 2 we get
. . ay, by; az, ba;
iy O, p0t) = Jim Covit) = o) = hlog) = v 2|5 e om0 )
t—0+ t—00 C1; C2;

Example 4.2. In the Theorem 3.6, Vz,y € (0,1),t > 0,¢1,c0 # 0,—1,—-2,-3,..., set fi(z,7) =
e P and fa(y,7) = e P2V p1 > 0,p2 > 0,(a; +1) <0 and get

az; ai;
C({L‘, yvt) = Gll(xvzht)G,Q(l'ayat) + V2G,1(:E7 yat) lFl |:Czy:| + N?G/Q(xvi%t) lFl |:011£U:|

ar; as;
+ oo 1Fy Lil’} 1By [C;Z/} (36)

Here in (36), it is given that

' = 1 — exp|— X
Gi(x,y,t) = {(al+1)y+plx}{exp[(a1+1)yt] p[—p1xt]} (37)
and
G2,y 1) = 1 {expl(az + 1)at] — exp|—poyt]} (38)

{(a2 + Dz + poy}
On applying the results (36)-(39), and by conditions of the Example 4.2, we find that G| (z,y,0) =
0 = GhL(x,y,0), and limy_,00 G (z,y,t) = limy_,oo Gh(x,y,t) = 0 and hence by Section 2 we get

. _ ay; ay:
iy (o, 90t) = Jim Clovi0) = fe.9) = hlog) = v 13| | 11 [22) (39)
t—0t t—00 €13 C2;
Remark 4.3. Various elementary functions for example (1 — 2)™% = oF|(a,b;b;2),In(1 + 2) =

z 9F(1,1;2; —z), Legendre functions of the first and second kinds, incomplete Beta function, complete
elliptic integrals of the first and second kinds, Jacobi polynomials, Gegenbauer polynomials, Legendre
polynomials, Tchebycheff polynomials of the first and second kinds are generally represented in terms
of the hypergeometric function 9Fj(.). By the Theorem 3.3 and Example 4.1, the solute distribution
may be expressed in the form of these known hypergeometric functions,(also see [8,10,14]).
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Remark 4.4. Various special functions like Bessel functions, Whittaker functions, incomplete Gamma
functions, Hermite polynomials and Leguerre functions etc. are represented in terms of the confluent
hypergeometric function 1F;(.). By the Theorem 3.6 and Example 4.2, the solute distribution may
be expressed in the form of these known hypergeometric functions,(also see [9,15,16]).

5. Conclusion and Discussion

Air pollution meteorology, atmospheric diffusion models for regulatory applications, volume method for
transient simulation of time- and scale-dependent transport in heterogeneous aquifer systems are other
related topics which can be connected with our present study. A recent work [10,14-16] on obtaining
Voigt functions via Quadrature formula for the fractional in time diffusion and wave problem, on
a bi-dimensional basis involving Special Functions for partial in space and the time fractional wave
mechanical problems and approximation, are such examples. The study of wind speed conditions
is of interest, partly because the simulation of airborne pollutant dispersion in certain conditions is
rather difficult. We have determined the distribution formulae of the solute transport by the typical
advection-dispersion of air pollution problem through separation in two dimensional space variables.
Several other methods are available. We have evaluated the solute distribution formulae of the air
pollution in terms of Gauss and confluent hypergeometric functions by introducing different values of
the solute velocity and dispersion coefficients.

We can determine the solute distribution formulae in terms of certain special functions whose con-
tiguity and analytic properties are described in the literature of the authors [12, 13].The equation (2)
via the theory and methods of separation in two dimensional space variables stated on the basis of the
researches done in [8-11] may be useful by simply connecting relevant special functions in computation
process of the related formulae. By the Theorem 3.6 and Example 4.2, the solute distribution may
be expressed in the form of known special functions,(also see [9, 15, 16]). As a consequence, by in-
troducing different values of the solute velocity and dispersion coefficients, we can evaluate the solute
distribution formulae of the air pollution in terms of various known and unknown special functions.

Author Contributions

All authors contributed equally to this work. They all read and approved the last version of the paper.

Conflicts of Interest

The authors declare no conflict of interest.

References

[1] S. Salsa, Partial Differential Equations in Action. From Modelling to Theory, Springer, Switzer-
land, 2016.

[2] S. R. Hanna, Review of Atmospheric Diffusion Models for Regulatory Applications, World Mete-
orological Organization (WMO), Technical Note No. 177, WMO No. 581, Geneva, Switzerland,
1982.

[3] S. R. Hanna, G. A. Briggs, R. P. Hosker, Handbook on Atmospheric Diffusion, Technical Informa-
tion Center U. S. Department of Energy, Technical Report No. DOE/TIC-11223, United States,
1982.

[4] R. M. Harrison, R. Perry, Handbook of Air Pollution Analysis, Chapman and Hall and Methuen,
New York, 1986.

[5] T. J. Lyons, W. D. Scott, Principles of Air Pollution Meteorology, CBS Publishers and Dis-
tributers, New Delhi, 1992.



Journal of New Theory 39 (2022) 84-93 / Distribution Formulae of the Solute in Transport ... 93

[6]

F. Liu, I. Turner, V. Anh, An Unstructured Mesh Finite Volume Method for Modelling Saltwater
Intrusion into Coatal Aquifer, Korean Journal of Computational & Applied Mathematics 9 (2002)
391-407.

F. Liu, I. Turner, V. Anh, N. Su, A Two-dimensional Finite Volume Method for Transient Sim-
ulation of Time- and Scale-dependent Transport in Heterogeneous Aquifer Systems, Journal of
Applied Mathematics and Computing 11 (2003) 215-241.

H. Kumar, On Three Dimensional Legendre Sturm Liouville Diffusion and Wave Problem Gen-
erated due to Fractional Derivative, Jnanabha 48 (1) (2018) 129-141.

H. Kumar, S. K. Rai, On a Fractional Time Derivative and Multi-dimensional Space Evolution
Bessel Sturm Liouville Diffusion and Wave Problem, Jnanabha Special Issue (2018) 61-71.

H. Kumar, M. A. Pathan, S. K. Rai, On Certain Solutions of a Generalized Perl’s Vector Equation
Involving Fractional Time Derivative, Montes Taurus Journal of Pure and Applied Mathematics
1 (2) (2019) 42-57.

H. Kumar, S. K. Rai, Multiple Fractional Diffusions via Multivariable H-function, Jnanabha 50
(1) (2020) 253-264.

H. Hochstadt, The Functions of Mathematical Physics, Dover Publications, New York, 1986.

H. M. Srivastava, H. L. Manocha, A Treatise on Generating Functions, John Wiley and Sons,
New York, 1984.

H. Kumar, S. P. S. Yadav, Application of Generalized Polynomials of Several Variables and
Multivariable H-function in One Dimensional Advective Diffusion Problem, Bulletin of Pure and
Applied Mathematics 4 (2) (2010) 353-362.

H. Kumar, M. A. Pathan, S. K. Rai, Obtaining Voigt Functions via Quadrature Formula for
the Fractional in Time Diffusion and Wave Problem, Kragujevac Journal of Mathematics 46 (5)
(2022) 759-772.

H. Kumar, H. Srivastava, S. K. Rai, On a Bi Dimensional Basis Involving Special Functions
for Partial in Space and the Time Fractional Wave Mechanical Problems and Approximation,
Jnanabha 47 (2) (2017) 291-300.



	Introduction
	Theory and Methods of Solute Distribution in Advection-dispersion Equation by Separate Variables
	Distribution Formulae of the Solute in Transport of Advection-dispersion of Air Pollution for Different Wind Velocities and Dispersion Coefficients Involving Special Functions
	Special Cases
	Conclusion and Discussion

