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Abstract

Climate change is emerging as one of the most obdling
problems facing the world in the 2%century. In this research
work, a transient equation describing this phenonwn is
presented. We assume the dusty fluid to be flowmger a flat
plate while the other plate is at infinity. The dtysparticles are to
be uniformly distributed throughout the fluid. Théwo plates are
to be electrically non-conducting and kept at coast
temperatures. The equations to the phenomenon amved
analytically using a self similarly solution and FEbenius method.
The results obtained are presented graphically afidcussed. It is
discovered that temperature increases as the Harnraumber
due to pollutants increases.
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1.0 Introduction

Climate change is one of the most challenging ol facing the world in the 2Eentury. It is important
to note that failure to protect farmers from thexseguences of climate change is a violation of éasm
rights [1].The agricultural sector has a multipkdfect on any nation’s socio-economic and indaktebric
because of the multifunctional nature of the s¢2joft has the potential to be the industrial awbnomic
springboard from which the country’s development take off [3]. This sector remains the main sowte
livelihood for most rural communities in developioguntries in general. In Africa, agriculture prdes a
source of employment for more than sixty per cérihe population and contributes about thirty patasf
Gross Domestic Product[4].

When humans first started planting crops and rgisiattle thousands of years ago, the dependence of
agriculture on weather and climate was evident. M/there be enough rain for the crops to germinatk
grow? Why do only certain crops or plants grow iregion? Would there be enough grass for the dcattle
graze? These were probably some of the first questhat our forefathers asked when they plantegscr
or raised livestock. Of all human endeavours, adftice was perhaps the first sector where humaaiizeel
that there are strong interactions between th@saod the weather.

The study of the effect of climate change on adftical productivity is critical given its impact ichanging
livelihood patterns in the country. The issue @helte change has become more threatening not orhet
sustainable development of socio economic and @lgrial activities of any nation but to the totalibf
human existence [5]. Besides, the effect of clindtange implies that the local climate variabilitiiich
people have previously experienced and adaptesl ¢banging and this change is observed in a relgtiv
great speed. The threat that climate changes paagricultural production does not only cover theaaof
crop husbandry but also includes livestock andaict the total agricultural sector. African farmailso
depend on livestock for income, food and animadpots [6]. Climate can affect livestock both ditgct
and indirectly [7, 8].

Direct effects of climate variables such as aimgerature, humidity, wind speed and other climatdirs
influence animal performance such as growth, mitkdpction, wool production and reproduction. Climat
can also affect the quantity and quality of feadfstsuch as pasture, forage, and grain and aésedterity
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and distribution of livestock diseases and pardSiteHence the totality of agricultural sectorcisnsidered
by examining agricultural productivity.

The increase in the Green House Gases (GHGs) doatien like water vapour, carbon dioxide, methane
and ozone is blamed to be responsible for theindemperature of planet eart@reenhouse gases are
those gases that contribute to the greenhousée.€fiiee largest contributing source of greenhouseigthe
burning of fossil fuels leading to the emissioncafbon dioxide. When sunlight reaches Earth's seréa
part is absorbed and warms the earth and mosteofetimaining part radiated back to the atmospheee at
longer wavelength than the sun light. Some of thesger wavelengths are absorbed by
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greenhouse gases in the atmosphere before thdysaite space. The absorption of this long waveéarsd
energy warms the atmosphere. These greenhouseagdi® a mirror and reflect back to the Eartmeo

of the heat energy which would otherwise be losspace. The reflecting back of heat energy by the
atmosphere is called the "greenhouse effect.

2.0  Pollution

Pollution is the effect of undesirable changes im surroundings that have harmful effects on plants
animals and man. This occurs when only short-tetomemic gains are made at the cost of the long-term
ecological benefits for humanity. No natural pheraon has led to greater ecological changes thaa hav
been made by mankind. During the last few decageksave contaminated our air, water and land ontwhic
life itself depends with a variety of waste produd®ollutants include solid, liquid or gaseous tanses
present in greater than natural abundance proddiwedo human activity, which have a detrimentag@ff

on our environment. The nature and concentratioa @bllutant determines the severity of detrimental
effects on human health. An average human regabest twelve kilogram (12kg) of air each day, whigh
nearly twelve to fifteen times greater than the amiaf food we eat. Thus even a small concentradion
pollutants in the air becomes more significantamparison with similar levels present in food. Bihts
that enter water have the ability to spread toadisplaces especially in the marine ecosystem. Faom
ecological perspective pollutants can be classifisdfollows: Degradable or non-persistent polligant
These can be rapidly broken down by natural pr@asesSor example, domestic sewage and discarded
vegetables. Slowly degradable or persistent paoltataPollutants that remain in the environmentrfany
years in an unchanged condition and take decadeslonger to degrade. For example,
dichlorodiphenyltrichloroethan¢DDT) and most plastics. Non-degradable pollutafiisese cannot be
degraded by natural processes. Once they are edlé@at® the environment they are difficult to ecade
and continue to accumulate. For example, toxic efemlike lead or mercury.

Mathematical Formulation:

Following [1] the dusty fluid is assumed to be flog/ over a flat plate located y=0 while the other
plate is at infinity. The dusty particles are assdrto be uniformly distributed throughout the fluithe two

T

plates are assumed to be electrically non-condyetivd kept at constant temperaIT1 anc” 2. The lower

plate is assumed to be moving with a uniform vech while the upper plate is kept constant.
The equations governing the unsteady flow are:
The Momentum Equation

2
pa_u = a—”—iju

1)
The Energy Equation
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The initial and boundary conditions are formulated

u(,0)=0,u(0,¢)=U,u(0,t)=0

(2)

T(y.0)=T,.T(0.)=T,.T(e0.t)=T,

3)
In order to write the governing equations and #levwant boundary conditions in non — dimensionaifo
the following dimensionless quantities are intraghiic
T , ¢ _ l y( — Z l’ — %
-1 vt LT L’

(4)

where,

Specific heat at constant pressure

Magnetic field strength

Electrical conductivity of the fluid

Density of the fluid

Dynamics viscosity

Dimensionless temperature

Velocity of the fluid
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Kinematic viscosity
Temperature of the fluid
Thermal conductivity

Fluid time
Dimensionless coordinate axis
Conditions at the free end

¢= Velocity of the fluid
The momentum equation (1), the energy equatiorré2)aw respectively given as:

op 1 8% H’

o Redy Re’

)
o0 _ 120 Fe(og) H
ot Pedy’ Reloy Re

(6)

The corresponding boundary conditions in dimensismform are



#(3.0)=0,4(0,1)=1,(c0,7) = 0

0(y,0)=2,6(0,1) = a,0(c0,t) =

(7
Solution of the Problem
To solve equations (5) — (6) subject to the boupdanditions (7), we seek self-similar solutiontbé

form,

py.t)=1"f(x), x=pr

(.1)=1"g(x) X
Oy,t)=t"glx) x=yt™
)
From equation (8) we have
a¢ —a-1 pr
— =—oxt
ot /
(10)
a¢ —2a ’
—— =t
oy /
(11)
2
a_? — t—3afn
oy
(12)
From equation (9) we have
% _ _axt—a—l '
or g
(13)
% — t—2a ’
oy g
(14)
829 _ t73a "
oy* g
(15)

Self-similar solution exist when Therefore subsiitg equations (10) - (15) into equations (5) —{@)have
1 H’

- " __Ta — 0,

Ref Ref f(O):l, f(oo):O
(16)

1 " EC r? Hj 2

—g +— +—f",

P TRe! TRe! " 2(0)=a glw)=p

Using the transformation:

(17)
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z=e " (18)

Equations (16) — (17) become

1 ,,., 1 ., H: .
Re- ! TRe? TR T £(0)=0, £(1)=1

(19)
L 2 " L ' E 2 pr? H_j 2
pezg +PeZg +Rer +Ref ’g(O):ﬂ,g(l):a 20
20
Also, using the transformation:
m=2z-1 (21)
Then equations (19) - (20) become
1) f" )f'—-H2f=0
e VST e DI HP =0 )=, ()= e
2 ' EcPe 2 2 Hj 12 _
(m+1)g +(m+1)g+ . (m+1)f +Ef _O’g(—l):ﬂ,g(l):a 2
Using Frobenius method, we let
f — ianmnﬂ*
n=0
(24)
and
g= Zenmn+s
n=0
(25)
Taking the first, second derivative of equation)(@4d substituting into equations (22) give
agr(r=1m"? +a,(r + Drm™ + a,(r + 2)r + Dm” + ay(r +3)(r + 2)m"™"
+a,(r+4)r+3)m™ + ..+ a,2r—1)m™ +a,(r +1)2r +1)m"
+a,(r+2)2r+3)m™ +ay(r+3)2r +5)m™ +a,(r+4)2r +7)m"
+...+a0(r2 —Hj)m’ +a, [(r+1)2 —Hf}n”' +a2[(r+2)2 —Hj}n”z
+a, [(r +3) —Hj}n’” + a4[(r +4Y —Hj]m’*“ +..=0
(26)

Equating the coefficient of the least power of nzépo to obtain the root of the indicial equatian i
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ayr(r—-1)=0=r=0,r=1,a, #0.

when?” =0 equation (26) shows th 9 s an arbitrary constant.
Equating terms in powers 77 | we have,

r=0:

aon —4q

L [3(aOH§—al)+a,(l—Hj)j
o 6

(27)

(28)
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(4_Hj)(a0Hj_a1)

_615 Bla,H? —a,) +a,(-H)]+

2
a, =-—
) 12
(29)
Then
H} -
fim)=a, +a1m+[%]mz —a,m’ —a,m” + ..
(30)
Fof =L b =0
b :_(6b1+(l_Hj)b0):_(1_Hj)bo
2 6 6
(31)
15(1— H2 ),
b3 =_—\ "TaJ0
72
(32)



20x15(1-H2)p, (0-H>J1-H? ),
6

b - 72
e 20
(33)
Then
_ 2
fz(m)zbom—mm3 Jrl—s(l—Hj)bom4 +b,m’ + ...
6 72
(34)
By hypothesi;b0 =a, =1
Taking % = gince % is an arbitrary constant.
f(m): le,(m)+C2f2(m)
(35)
H? -1
f(m):C]{1+m+[ “2 sz—%m —a,m* + }
1-H’
+C2{m—[ "jm3+l—(l—Hj Y+ bm’ + }
(36)
H -1
f(_l)zcl{ a2 J+a3 04}
1-H?) 15
+Ca—1+ “ N+ —U-H2)-b, +..;=0
e[S et nz)ne
(37)
H? -1
f(l):Cl{2+( ”2 )—a3—a4+ }
1-H;
+C, 1—( “)+£(1—Hj)+b4+... =1
6 72
(38)
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Let



_ 2
E:I—(l H“J+%(1—Hj)+b4

Substituting equations (39) — (42) into equatid@i®) @nd (38)give
AC, +BC, =0

CC, +EC, =1
Multiplying equation (43) by E and equation (44)Bwnd solve simultaneously give
B
C=-F——
(AE - BC)
A
C,=7———=
(4E - BC)
Let
o B
Po == =" 4E—BC)
H? -1
by = >
3 3(aOHa—a,)+al(l—H3)
Py =a; =~ 6

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)



(50)
~ A
Ps _((AE—BC)]
(51)
_1-H!
Ps = 6
(52)
15 ,
)z _E(I_Ha)
(53)
20x15(1-H2p, (9-H>i-H2 ),
72 - 6
py=b, =

20
(54)
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Substituting equations (47) — (54) into (36) weaitnt
f(m): po(l +m+ plmz - p2m3 - p4m4 + )
+p5(m —pem’ + p,m* + pom’ +)

(55)
Also,taking the first, second derivative of equatig25) and substituting into equation (23), weaobt



e,s(s-1)m*? +¢(s+Dsm** +e,(s+2)(s+1)m°
+e,(s+3)(s+2)m** +e,(s+4)(s+3)m**?
+...+e5(2s-1)m** + ¢ (s+1)(2s +1m°
+e,(s+2)(2s+3)m** +e,(s+ 3)(2s+ 5)m**?
+e,(s+4)(2s+7)m* + ..+ g,8?m? +d, (s+1)° m™?
+e,(s+2)’m*? +e,(s+ 3 m*?
(s+4)

s+4)m™ + .. E;Ze(m +2m+1)(f )2+Hé:e(f)2:0

+e,

(56)
Equating the coefficient of the least powe!”? to zero to obtain the root of the indicial equatioe.
eos(s—l):0:>s =0,s=1

and
e, #0

s=0

when > equation (56) shows th € isan arbitrary constant.

Equating terms in powers of m, we obtain

For s =0
EcPe 2 H Pe ,
7(po+p5) + Py T¢
_ Re Re
e, =—
2
(57)
EcPe H’Pe
74(170 + ps )2 + 7(1’0 + ps )2]90 +6e¢, +e¢
e = Re Re
’ 6
(58)
Then
g, (m)=e, +em+e,m® +e,m® + ...
(59)
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For s=1

EcPe H  Pe
2((]?0 "’ps)2 + Py (1+2p0p5))+ 2p0(po +p5)+d0
d. =— Re Re
, =
6
(60)
Then
g,(m)=dym+d,m* + ...
(61)
By hypothesisd0 =e =1, takingeo =€ since® is an arbitrary constant.
m)=C g \m)+C m
g( ) 1g1( ) 2g2( ) (62)
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ie.
g(m) =C, (1 +m+e,m’ +e;m’ + )+ C, (m +d,m’ + )
(63)
g-1)=C/(e, —e, +.)+C,(-1-d, +..)=p
(64)
g)=C,(2+e,+e,+..)+C,(1+d, +..)=a
(65)
Let
q, =6, —¢&
(66)
=-1-d
4, 2 67)
q, =2+e, +e,
(68)
=1+d
N 2 (69)
Substituting equations (66) — (69) into equatidd¥) @nd (65) give
Cq, +Cyq, =
4 +Coq, = B (70)
Cq,+Cq,=a
(71)
Multiplying (70) by ¢ and (71) by gand solve simultaneously gives
C = (‘14ﬂ_‘ba)
1
(9194 —49:45)
(72)
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C, = (%a _%ﬂ)

(9:9: — 4295)
(73)
Then,
g(m) =C, (1 +m+e,m’ +em’ )+ C, (m + d2m3)
(74)
with the values (CI and G, given above

3.0  Analysis and Discussion of Results

The system of partial differential equations ddsing the physical processes governing the effetts o
pollutants and atmospheric temperature rise oncAititire are solved analytically using Frobeniushodt
and seeking a self-similar solution technique. el solutions of equations (3.65) — (3.67) anenputed

for the values of Re = 0.3, 0.6, 1.0, #0.2, 0.4, 0.8. Ec = 0.1, 0.2 0.4 and Pe = 0£,@6.

1.10
1.09-
1.08 1
1.07
By} 1.06 1
1.05 -
1.04-

1.03 4

1024 T T T T 1

0 0.2 04 0.6 0.8 1
t

— Ha=D'2 Ha=0.-l- Ha=D.S |

The numerical result for the effects of pollutaatel atmospheric temperature rise and its implipation
agriculture are shown in Figures 4.1 — 4.6.

Figure 4.2: Variation of Hartmann number (Ha) with temperature against time t for H=0.2, 0.4 and
0.8.
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1.03 4
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Figure 4.1: Variation of Hartmann number (Ha) with
temperature against space y far6i2, 0.4 and 0.8.

Journal of the Nigerian Association of Mathematic&hysics Volume 35, (May, 2016), 115 — 124
Effects of Pollutants and... Aiyesimi and Salihu J of NAMP

Figure 4.1 indicates that as the Hartman number{iitagases the temperature increases. This may be a
result of an increase in the greenhouse gasesedserin temperature will likely result in decregsin
agricultural productivity. This may be that highmigerature depletes soil nutrient making it hard on
agricultural production generally.

Figure 4.2 indicates that as the Hartman number{htapases the temperature also increases. This may
militates against agricultural production.

1.104

8.y 1087

1.04 4

1.044

1.02

] 02 04 0.6 0.8 1
t

Ec=0 1 Ec=02 Ec=04]
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1.10

8(y.t)

1.051

1.00 4

0.954

] 02 0.4 0.6 08 1
v

— Ec=0.1 Ec=02 Ec=04

Figure 4.4: Variation of Eckert number (Ec) with temperature
against time t for Ec = 0.1, 0.2 and 0.4.
Figure 4.3: Variation of Eckert number with temperature

H(y,t) against spacey.

Figure 4.3 shows that as the Eckert number (Eckases temperature increases. This may be aslaatesu
an increase in the greenhouse gas concentratigmn¥y also reduce agricultural productivity.

Figure 4.4 indicates that as the Eckert number{areases the temperature increases. This may be as
result of an increase in the greenhouse gasesedserin temperature will likely decrease agricaltur
productivity.

Figure 4.6: Variation of Peclet number (Pe) with temperatugai@ast time t.
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Figure 4.5: Variation of Peclet number (Pe) with temperature

against Space y for Pe = 0.2, 0.4 and 0.6.

Figure 4.5 indicates that as the Peclet numberifiRgases the temperature also increases and higher
temperatures are harmful to agriculture. This nesjuce agricultural production.

Figure 4.6 shows that as the Peclet number(Peg¢ases the temperature also increases. This may also
reduce agricultural production.
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4.0

Summary and Conclusion

In this paper, the system of partial differentiqliations describing the effects of pollutants atnebapheric
temperature rise on Agriculture is solved analyifcasing Frobenius method and seeking a self-aimil
solution technique.

From the studies made on this work, we concludelbsws:

5.0
[1]

(2]
3]
[4]
[5]
[6]

[7]

(8]

[9]

As the Hartman number(Ha) increases the atmospterniperature increases.
As the Eckert number (Ec) increases the atmospteriperature increases.
As the Peclet number (Pe) increases the atmosperjwerature also increases
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