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ABSTRACT

Fluid motion caused by a convective flow of a réd@ gas was studied. Numerical solution for tenapere,
velocity and flow rate were obtained and graphs presented for temperature, velocity and flow raftgyas. The
results obtained showed that an increase in radagparameter shows an increase in velocity, theparature
decreases as radiation parameter increases antylgst flow rate increases as the radiation paraenétcreases.
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NOMENCLATURE
U Velocity of Gas
\% Axial velocity

é_|

Wall temperature

Acceleration due to gravity

Radiative flux

Co-ordinate axis normal to the channel
Co-ordinate axis horizontal to the channel
Temperature of the fluid near the channel
Thermal diffusivity

Stefan —Bolzman constant

Permeability

Axial velocity on x-direction
pressure in a gas
Mass density of a gas

o«
Py

RO’ "rmqQQi*T

Volumetric coefficient of thermal expression

Specific heat capacity

=}

Optical depth

Temperature distribution of a gas
Thermal conductivity of a gas
Shear stress

Radiant energy

width of the channel

Radius of the vertical channel
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INTRODUCTION

Radiation is the process by which energy can besteared from one body to another through electgmatc
waves in absent of intervening medium. If intervgnimedium is present, it must be at least partiaigsparent in
order for radiant energy transfer to take placeeréhare several kinds of radiation namely, Eletrgmetic, Visible
light, Ultraviolet (UV), Radio waves, Microwaves;rdy, Gamma ray, Alpha and Beta Radiation[1].

In everyday life, we recognize three states of emasolids, liquid and gases. Although liquid arases have a
common characteristic in which they differ fromide| they are fluids lacking the ability of solid offer permanent
resistance to a deforming force fluids flow undeg aiction of such forces, deforming continuouslyosg as the

force is applied. A fluid is unable to retain amsupported shape; if flows under its own weight takes the shape
of any solid body with which it comes into contdeiids are distorted by action of shear stress.

The interaction of radiation with mass transfertpas accelerated isothermal vertical plate withfami mass
diffusion in the presence of magnetic field andthsaurce has been studied. The effects of thermysigdl
parameters on velocity, temperature and conceottratie analyzed and the following

Observations were noticed\n increase in the radiation parameter resultsdorebsing velocity and temperature
within the boundary layeitncreasing

Magnetic parameter decreases the velocity. Theepie of heat source raises the temperature[2].

The unsteady free convection flow with radiativatieansfer of a viscous incompressible fluid @asimpulsively
started infinite vertical plate with Newtonian hegtwas investigated. It is found that the fluidogty decreases
near the plate and it increases away from the platean increase radiation parametgne fluid velocity increases
with an increase in time. It is also found that the fluid temperature deses with an increase in radiation
parameter. Further, it is found that the shearsstre lat the plate [(([J= 0) due to the flow decreases with an
increase in radiation parameter. The rate of haaster decreases with an increase in radiatioanpeterwhile it
increases with an increase in time [3].

An exact analysis is performed to study thermaliatazh effects on flow past an impulsively startiedinite
isothermal vertical plate in the presence of a éhahneaction of first order. The dimensionless gming equations
are solved by the usual Laplace -transform tectmidihe effect of different parameters such as #uation
parameter, thermal Grashof number, mass GrashobewB®chmidt number, chemical reaction parametertiama
are studied. It is observed that the velocity éasies with decreasing the chemical reaction paearoetadiation
parameter. The velocity increases with increadighermal Grashof number or mass Grash of nurmbenj flow
of an unsteadyMHD free-convection past an infinite vertical platgth time-dependent suction under the
simultaneous effects of viscous dissipation andatimh is affected by the material parameters waslys In
addition, an increase temperature profile is ationcof an increase in viscous dissipation. Whewaicrease in
radiation and magnetic field parameters led to@eadese in the temperature profile on cooling. Hguaboling of
the plate by convection currents with increaseshim radiation, magnetic field and Darcy parametedsto a
decrease in the velocity profile. Finally, incredigeoling of the plate and viscous dissipation Itegin an increase
in the velocity profile[5].

Radiation absorption increases the flame speedeatahds the flammability limit. This enhancemerfeef also
increases with pressure. The spectral dependeidticad absorption needs to be included in any dtetive
predictions of flame speed and flammability limiithv CO2 addition. The present radiation model caell w
reproduce the theoretical radiation flux at hollsphere boundaries and the measured flame speedadia¢ion
absorption effect increases with flame size andquee. The theory based on gray gas model overetsetthe
radiation absorption by two-orders. The effectiveltBmann number is extracted from the present tiadia
modeling and can be applied to flame let modelmturbulent flow. Effects of radiation absorption tame speed
at different pressure and equivalence ratios[6].

When a fluid is at rest, there can be no shearorget acting and therefore all forces in the flmdst be
perpendicular to the planes upon which they acthlgh there can be no shear stress in a fluiekstt shear
stresses are developed when the fluid is in motfahg particles of the fluid move relatives tochaother, so they
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have different velocities, causing the original mhaf the fluid to become distorted. If, on the estthand, the
velocity of the fluid is the same at every poird,sheer stresses will be produced, since the flaiticles are at rest
relative to each other. Usually, we are concernil flow past a solid boundary adheres to it anti, wierefore,
have the same velocity as the boundary [7].

When a force on a fluid, the fluid continues towfléor as long as the force is applied and will retovered its
original form when the force is removed.

Fluids are in two states of matters; that is ligaidl gas. Gas is one accept of fluid which willthe main focus in
this work.

A gas is comparatively easy to compressed, chaofjgslumes with pressure are large and cannot nigrrba
neglected and are related to changes in temper&u/en mass of gas has no fixed volume and exipfand in a
containing vessel. It will completely fill any vedsn which it is place and therefore, does notrfa free surface

[7].

Gas had known fixed volume but occupy the volumésofontainer. Gas had low density and viscosiue of a
gas will change with change in temperature or pmessA gas had a characteristic that it will difuseadily,
spreading uniformly to fill the space of any conti There are various kinds of gases, namely iges|liquidified
petroleum gas, syngas, trace gas, toxic gas, mgisie].

There are some gas which are not stated in abale gases are nitrogen, oxygen, carbon (V) oxideban (i)
oxide and hydrocarbon gases.

The transport of energy by radiation can occur betwsurfaces that are separated by vacuum [8].

2.0 FORMULATION OF THE PROBLEM AND ITS SOLUTIONS

In this study, velocity, temperature distributiomdaflow rate model of gas are formulated. These etwtad been
solved by using Newton’s fourth order scheme .lalso expected that the same result will be obthifhdinite
difference, trapezoidal rule and computer programaneeapplied in the models. We analyzed the maddeislation
to radiation effect on a radiating gas in a vettatennel.

2.1 MATHEMATICAL FORMULATION
Radiative Flux

aiR:—EJTSd_T

2.1.
ay 3a dy @1)
Momentum Equations
X-component equation
2 2
g, ou__1op,  [OU ou @.2)
ox oy  pox x> ox’

Y-component equation

v ov_ 10p v 9%
U—+V—=—-——+ U —+— (2.3)
ox oy p oy ox= oy

Energy equation
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oT _ 0°T 1 dgR
U—=0_—F-——— (2.4)
ox gy pc, oy
Continuity Equation
pa_u + pﬂ + a_’o =
0x dy ot
=
ou _ ov 0

— =0, —=0, /=0 (2.6)
ox oy ot

(2.5)

Wall Temperature

T
T =T, +| — 2.7
w=lo (b)x (2.7)

Temperature gradient

oT 1 _

O_y Y R} AT Bp

AP = -[oAT

As AP - P,AT - T,AT=T,-T (2.9)

Body force
Po=Lo(T, -T)g or -PgfpTg (2.10)

2.2  ASSUMPTIONS
In order to treat the problem already state abawopgrly, we assume the following,

(i) The velocity field is fully developed on y-axithat is v=0.

(i)The flow field and the temperature field arerspetrical about the central of the channel.

(iii)The temperature of the walls is the same araintained at a constant temperature gradient.

(iv) The viscosity, the thermal conductivity ancesfjic heat capacity are independent of temperancethe
essential is included in the body force term.
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Fig2.1: Diagram showing the flow of a radiating gain a vertical channel[9]

Where,

U=velocity of gas

g=acceleration due to gravity.
T=Temperature near the channel
Tw=Temperature of the wall.

2.3 Formulation of Model Equation

2.3.1 The velocity model

We formulated a model equation for velocity of gae,used momentum equation (2.2) and (2.3), sirm@entum
is define as mass*velocity. We shall test for puessgradient in equations (2.2), to enable us ® apropriate
equation, since pressure gradient is vital in dismn of fluid.

Since velocity field is fully developed on y4fiedirection, that is v=0 and# 0 on x-field direction.

@ :O,@ # 0, respectively. (2.12)
dy  Ox
Since

0
a—p # 0, in equation (2.2), we shall use this conditiorotiiain a model equation for velocity of a gas. Wik
X

introduce an appropriate body force term into eiguaf2.2), in negative direction. That is —pg.lpresent the body
force exerted on a gas in negative x-direction.

By substituting (2.10) in equation (2.2), we have
u, v (@) ou a_j
p[“ ox +V0yj =P )T Mokt Y ay? )P (2.13)
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Divide through by to obtain

au d%u 62 10p
u—+v——
0x AT P( ZJ (p 6XJ

Recall from (2.1.4b)

6u0

o0x

Since at the wall v=0,

ou 0°u
V— 0 a2 =0
oy oX

Then, we have

2
£oT +,ua ( 1 apj 0 (2.14)

U 9 _d o _d 9*> _d* 9*> _ d?
=py, u=¢ —,T =-1Q,— = —,— = —, = , = 2.15
YRR Ry ayox dxod e a? dy &

To transform equation(2.14), we will use transfo(gh15)

d%u 1@
AT Hay (pdx}

- B+ u

@ - (1@]

b’dy? | p dx

3
Multiplying through by—— to obtain,
Ha

d2U b3 1d b*
w5 e
au pdx ) ua
Take
3 3
R:ﬂg[‘b— and y=- (l%j b_
au p adx ) ua
d’u _
ay’ =RQ-y (2.16)

2.3.2 The temperature distribution model

Base on definition of temperature, that, it is tlegree of hotness or coldness of a body. It iptbperty of a body,
which determines the direction in which heat wiw when in contact with another body. Heat is mrf@f energy,
which flows as a result of temperature differencEsen we used energy equation to formulate temperat
distribution of gas.
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oT _ 92T 1 4gR
U—=0—5—
ox oy’ pc, Oy

Substitute equation 2.1 and 2.8 in equation 3.6

3a 3a

2 2
uL— aT-i(—Eﬁs?j—Tj ,ur:aba—T+i(EUT
y

b T3y’ g

1 (16 ]
K=——| —o0 |b,
pe, \3a
0T dT

~+KT®—
oy dy

ay* e,
Take

ur =ab

Divide through by &  to obtain
2
ur _ 0T LLT? ar

ba oy’ dy

Since

L=—
ab

By using transformation 2.16 in equation 2.19,wilehave

Ur _0*(-m),  (_ ~pdm)
) LR ey)

Further simplification of 3.9 gives

2
Ur __0*(mQ), Lo+ 9Q
b? b2ay? bdy

2
Multiplying each term in 2.21 by—
[

2
U= _O_Q + bLQ3T3d—Q

ay? dy
Take
R=bL7®
d*Q dQ
U=-——ZS+RQ—
dy? < dy
2
aQ ? -r@r 99y
dy dy
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2 dT
dy

(2.17)

Jo

(2)20

(2.21)

(2.22)

(2.18)
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2.3.3 The flow rate model

2 1
=< I Udy (2.23)
r 0

3.0 . MATHEMATICAL ANALYSIS
Numerical methods is used to solve equation (2.28,2.23) to find temperature distribution, velg@nd flow rate
of gas. The numerical methods used are trapezaithfinite difference method. Computer programnsedritten.

3.1 Finite Difference Method

d_Q — Qi+1 _Qi—l (3.1)
dy 2h
d_U= U, -Uiy (3.2)
dy 2h

d’uU _Ui, -2, +U

= d (3.3)

dy h

2 -
d Q — Qi+1 2Q| +Qi—l (3-4)
d y2 h?

The finite difference method is used to solve toaipn (2.22) and (2.16) simultaneously. Since &qod2.16) and
(2.22) are system of two second order ordinary Ihwewr differential equation then we have two saftsnitial

condition one on U and Q and the other on the dévies. ThatidJ), = 0,Q, =0,Q, =0,U, =0,h=0.1

To find value for Q
We rearranged and substituted equation (3.1) &) (n equation (2.22), we have

2
RQ’3 ﬂ _ d_Q =U
dg ~ dy,
h
hu; -2Q +Qi—1[2R —1_1j
Q. = P (3.5)
?RQ?—I _1
To find U
Substitute equation (3.3) in equation (2.16)
U, ..=(RQ - y)h*+20,-U | (3.6)
To find F
F:n_zr(U1+U2+---+Un—1) (3.7)
n-1
F= — U .8
nr Z‘ ' (3

Computer program was written using Pascal programgr@inguage to solve the numerical equation foptrature
distribution, velocity and flow rate model of gd$e result are also presented in a tabular formgaaphically.
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RESULTS AND DISCUSSION

The numerical results obtained from the computeg@m are presented in table 1.The correspondiaghgr
obtained from these tables are presented in figiBdelow.

Table 1: Numerical values showing the pattern fdafof radiant energy
(R=1 to 30) on temperature distribution, velocftgyw rate of gas at optical depth=-1, r= 0.3m,(h%

RADIANT TEMEERATURE VELOCITY FLOW BATE

ENEREY (EJ) DISTEIBUTION (M/5) (CUBIC METEE/SECOND
{KELVIN)

1 0.0000000 0.0000000 0.00000

z 0.0000000 0.0100000 0.06667

3 -0.0001000 0.0300000 0.20000

4 -0.0005000 0.0599370 0.39993

5 -0.0015000 0.0999740 0.66649

5 -0.0034997 0.1493760 0.99917

7 -0.0069321 0.2095620 1.39712

g -0.0125923 0.2737702 1.35247

g -0.0209741 0.3569649 2.37977

10 —0.0329255 0.4432720 2.85515

11 —0.0493092 0.53623686 3.57524

12 -0.0710531 0.6338771 4,22585

13 -0.0991252 0.73259413 4,.83628

14 —0.1344364 0.8251151 5.52745

15 —0.1730046 0.9164628 £.109789

16 -0.230282z2 0.3871180 §.53079

17 -0.2913239 1.0309220 £.37281

g -0.3599493 1.0352009 £.90134

19 ~0.4329219 0.9346388 £.564589

20 —0.5046337 0.3615101 5.74807

21 ~0.5677139 0.6481517 4.32128

22 ~0.6153553 0.3252534 2.163386

23 —0.6469026 -0.1231730 -0.82115

24 —0.6622636 -0.7103871 -4.73581

25 —0.65644235 -1.44654586 -9.,64364

26 —0.6543375 -2.3388100 -15.55207

27 —0.6332450 -3.35813322 -22.60388

g ~0.5974216 -4,6043305 -30.6928

29 —0.5426070 -5.9756068 -35.83738

30 ~0.4593941 -7.45837352 -49,.585326
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Fig.2 GRAPH SHOWING VELOCITY OF GAS AND RADIATION PARAMETER
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Fig.3 GRAPH SHOWING FLOW RATE OF GAS AND RADIANT
PARAMETER

The temperature distribution of gas decrease dstiaid parameter increase as in figure (1).The aigloof gas
increase as radiation parameter increase as irefig).Here as seen from figure (3), flow rate af gncrease as
radiation parameter increases.

CONCLUSION

We conclude that an increase in radiation paranséi@s an increase in velocity, the temperaturteilligion
decreases as radiation parameter increase andtlastflow rate increases as the radiation paranietecases.
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