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Abstract: Nonlinear partial differential equations governing a disturb model of magneto- hydrodynamic and heat transfer in a channel
flow have been treated by the weight residual method. The stability or other wise of the disturb system is our target to the effect of a
variable absorption coefficient of radiation mode of heat transfer. The results from tables, in spite of the unreliability of calculation at
law Reynolds numbers indicate quite clearly that, effect of a variable absorption coefficient is to increase any tendency towards stability.
The present stability analysis relates to only a simple case of flow pattern. A Further and useful development would be to consider the
influence of buoyancy forces and convective heat transfer upon the stability when the channel walls are differentially and non-
uniformly heated. It would also be profitable to seek to reformulate the reduction of the differential eigenvalue problem to an algebraic

eigenvalue problem by use of an alternative orthogonal function expansion.

Keywords: Nonlinear, MHD, heat transfer, channel flow, weight residual method and stability.

1. Introduction

It is under stood for some time ago, that the radiative MHD
is the interaction between the radiation field and the
magneto hydrodynamic field which itself is concerned with
the interaction of electrically conducting fluids and
electromagnetic fields.

It is also most of the heat transfer modes are through
conduction, convection and radiation. Usually the heat
transfer by radiation is ignored in comparison with
conduction and convections, especially when the
temperature is not particularly high and the density of the
fluid is not too low. However due to the international
societies developments and the wuse of magneto
hydrodynamic pumps and generator. Additionally they also
serve to enhance our broad understanding of motions
involving plasmas and conducting fluid generally.
Consequently, the thermal radiation becomes an import
mode of heat transfer; see for example Prof. Eric Fraga [12]
and Sreedhara Rao [13]. For a wide range of researchers
have a good article in this subject, such as, Qihua Zhang, Li
Cao [14].

1.1 Statement of the Problem

This problem is about a mathematical model for the
interaction between fluid flow , heat transfer and applied
magnetic field through a horizontal channel.

1.2 Objective of the Project

The mean objective of this project are:

1) Define a horizontal channel of fluid with a parallel wall.

2) Apply a magnetic field uniformly across the channel.

3) The fluid is with heat transfer by conduction, convection
and radiation.

4) Formulate as a nonlinear partial differential equations.

5) Apply a disturbance through the fluid and separate
mathematically.

6) Apply the weight residual method to transform algebraic
system, through which we have the results of the fluid
stability or otherwise.

1.3 Significance of the Study

We expect that this project is useful for the engineering field
work and implementation of the heat transfer by conduction,
convection and radiation specially in mechanic applications.
Also, we are looking to the systems which arise from the
mechanical applications and in part, the disturbances of the
systems and the stability of that.

2. Literature Review

The governing equations for the flow of an electrically
conduction viscous and heat conducting fluid are well
established, see for example Shercliff. The equations
relating to effects of thermal radiation and energy
conservation, whilst of more recent derivation are now also
well understood, and may be found in the book by Vincentia
and Kruger.

The basic steady state flow considered in this paper is that
described by Helliwell & Mosa [4], in which models with
both variable and constant absorption coefficient were
studied. "The flow is parallel to the x-axis down a channel of
great width in the z direction between walls distance 2h
apart parallel to the x-plane of a Cartesian coordinate
system". "The bounds of the channel normal to the z-axis are
taken to be electrodes of perfect electrical conductivity
whilst the walls normal to the y-axis are supposed of a
general electrical conductivity and perfect thermal
conductivity”. An external magnetic field is applied
uniformly across the channel in a direction parallel to the y-
axis the temperatures T of the walls are taken to be uniform
but possibly different.

The velocity and magnetic field are known analytically, see
[5], while the forms for temperature, radiative flux and
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radiative density are established numerically having been
computed for several values of particular physical
parameters. The same notation employed in [4] is retained
for the analysis of the present part, unless stated otherwise.

The governing equations, relevant to the present problem for
unsteady flow in three-dimensions, retaining the Boussinesq
approximation, may be written as follows.

The equation of state takes the form

p=m%—$ﬁ—ﬂ%mn

1
The conservation equation for the mass is

diwv =0.(2)
The electromagnetic equations are Maxwell's equations, viz.
divB=0.(@3)

VxB=ud, @4
VXEZ——E ; (5)

And Ohm's lam without hall effect
J=c{E+VxB}. ()

Elimination of the electric field vector E and the electric
current density vector J from (4),(5) and (6), leads to the (
so-called ) magnetic vorticity equation

6—% =curl(V xB)+ ivzg. (7)
€
Equation (7) may be written in the from

( VNV -B(V-V)-(V-V)B+V(V- B)+ﬂ%v2§-

®)
Equation (8) together with equations (2) and (3) yield

S_(B-VNV -V -VB+——VB- @)
o2
e
The momentum equation takes the form

pl{%mi- grad)\i}=i><§—gradp+uv2\i-
(10)

Take the curl of the momentum equation (10) and make use of equation (4) for J .
It follows that

o {St (curlv )+ curl](v - grad)\/]} =

—curl{(curlB)x B}+ weurv?V |, 1)

e

The equation for conservation of energy can be written as

PC, {ﬂ +\LgradT} =
ot

Where @ is the contribution from viscous dissipation.
The radiative transfer equation in terms of the radiative flux

g and radiative density 2 are
aCs +divq = 46aT *, (13)
VCE +3aq =0. (14)
The equations governing the present analysis are therefore

equations (2),(3),(9),(11),(12),(13), and (14), together with
the from for variable absorption coefficient

a=K_ p/"T", (15)

3. Formulation of the Linearized Stability
Equation

As a first study carried out in this paper only two-
dimensional disturbances without z-variation are considered.
The primary velocity, magnetic field, temperature, radiative
flux and radiative density are now considered to have
superimposed on them two-dimensional infinitesimal
disturbances. Steady state quantities are indicated with a bar

p{;(curlv)+cur1[(\/ grad)/ V grad)\/]}:

(curlB)* +® =0, (12)

e
super-script and are known functions of positions, whilst
perturbations are denoted by a tilde. Therefore we write

V =V +V(x,y,t),
B=B+B(x,y,t)

T=T+T(xy.t), (16)
q=gq+a(xyt)
S =%+2(x y,t),

Where x, y are the dimensional spatial coordinates and t is
the time.

Direct substitution of (16) into the relevant equations,
described earlier, generates the set of equations governing
the present stability problem. After subtracting the terms
corresponding to the steady flow and neglecting squares of
small quantities, the linearized equations are

divw =0.
divB =0.

(17
(18)

B-vV - -VB-(-v)B+ 2 v?B.q9

HoO

VI

—curl{(curlB)x B+ (curlB) B} + ;Nz(curl\Z) (20)
MU

e

Volume 6 Issue 11, November 2017

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20177755

DOI: 10.21275/ART20177755

228


www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391

plcv{zt—T +V -gradT +V - gradT} = kV2T - divg +%(cur1§XcurlE)+%, (21)

Where the @ denote contribution from viscous dissipation.

- uo

ok, T"'TCE + pik, T"cE + divg = 4(n +4)Gp,k, T"°T . (22)

VZcZ +3nk, o, T Tq + 3k, T"G =0. (23)
The system of equations (17) — (20) is the basic set

previously investigated by Lock [1] in ordinary

magentohydrodynamics. It can be noted from (17) — (20)
that certain of these equations are implied by the others and
that no difficulties result from the fact that there appear to be

more equations than variables. Stuart [11], in the case when

the magnetic field is parallel to velocity, commented
explicitly upon the matter in relation to the analogous set of
equations in his analysis. The particular relationships
between the equations for the present analysis will be
discussed in detail at a later stage of this development.

Non — dimensional variables are now introduced precisely
the same as in [4] with the addition of

Ut

&=xh, E:T (24)

Two-dimensional perturbation are considered of the from

ud =1{U,().U, @) lexpik(£-ct) (25)

b =b.0n.b, () Jexpik(—ct) (29)
6 =y (mexpik(s-ct) . @)

1d db

1 d?

X =gn)expik (£-ct) , (28)

The assumed forms of the disturbances imply a spatially
periodic wave where k is a dimensionless wave number and

is therefore a real quantity. the complex wave speed is

Ez C, + iCi. A positive or negative C; implies growth or
decay of the disturbance , respectively.

This study is concentrated on the change of sign of C; to
separate the different regimes of fluid behavior

By substitution of the forms (25) - (28 ) into the relevant

Non-dimensional governing equations , the final set then be
obtained.

Equations (17 ) — (20) yield

——+lkb U, -U, —+
Ry, d "dn

R |dn® dn

Where u, b are denoted steady state values.

It can be noted , as remarked earlier , that the number of the
equations is more than the number of the dependent

b, However

variables which are U, ,U, b y

X

elimination of U, and b, from the equations ( 29 ) — (31)
yields an equation which is the derivative of equation (32).

i d* |2ik® d?
—— +(C-u) [+
Rdn R dn

R, d7°
2
[iikb}uy+{i d
R, R, dn
3 2
147 1K ke —u 2o, +
Rdn R dn

2 2 2 2
M—{d +ikmei}bx—M?{ikdi—kRmb—Rmgb}by _0, (33)
7 7

. du
ikU, + ] Y -0, (29)
n
. db
ikb, + —~ =0, (30)
X d77
k? . du
_R +|k(C—U) bx+by—: O, (31)
m
k2 .
—R—+|k(c—u)}by= 0, 32

—ik d* ik®

2
+—+k*(C—-u) d u}Uy+

?dnz R dn®

2

Hence these equations are not independent and one of
equations (29) — (31) may be omitted.
The remaining system of equations ( 29 ) — ( 33 ) can be

reduced to a pair of differential equations in Uy and by
alone. These are equation ( 32 ) together with the following
equation resulting from the eliminations of U, and b,
between (29),(30) and (33):

1,2 2
k{%+k(6—u)}—kg ‘j}uy+
n
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2 3 2
M- i d —kR b—> d —ik? — d
R | d7® dn? d77

Equations analogous to these have been studied in the
analysis of the stability of the associated non-radiative

problems with negligible R, , by Lock [1 equations (21)
and (22) ] In the case of R # 0 problem has been

investigated by Sagalokov [2] and Potter and Kutchey [3]

The influence of radiation upon the stability is restricted to
equations (21) , (22) and (23). for two-dimensional
perturbations these reduce to four equations relating

U,,U,,b.b,,w,Q,,Q, and ¢ , such that.

d? d . FR. | ] dQ ]
{dn RelTI YEclk(U C)}W NF{ an}
2M2F db, —ikb @—ZF v, kU v =0,

dn dn d77 d77
(35)
nwo"* Y ® =4(n+4)wo" %y,
(36)
ikg+3wo"Q, = 0,

d¢ n n-1~ (1)

q +3w6"Q,+3nwo"Q 0, (37)
n

1
Where 6 ,Z() and Q(l) are the steady state

dimensionless temperature , radiative energy density and
radiative flux , respectively.
From the equations (35) - (37) Q, can be eliminated and the

system reduced to the following set of differential equations

2
4y i—kz—ﬂlk(u )y —NFs—~ Q k¢ -
dp®  ’dpg  E. dy SWH"

oF du, kU du M2 db, db _ 0
dn dn dn ' dn

db

+kR,—+kR b}b =0. (34)

2 d
nwo" YOy +| wo" + K ¢+&=4(n+4)W9n+2‘//’
3no" dn
(39)

g—9+3W9 Q,

n

+3n6"'Q%y = 0. (40)

Therefore a system of seven differential equations governing
the present stability problem for radiative flow may be taken
as equations (24) , (30), (32), (34), (38), (39) and (40). Thus
, with radiative effects present , additional equation arise.
Moreover , since the system of equations (29), (30), (32),
(34) can be solved separately from the system (38) - (40) ,
thermal radiation therefore cannot provide a stabilizing
influence on the first system.

In the situation in which perturbations U y and by arise the
stability criteria arise from the homogeneous equation (32)
and (34) alone which, as remarked, earlier, have been
analysed by Lock and others. should however U y and by be

identically zero these two equations are automatically
satisfied. Also equations (29), (30) then show that

U, and b, must be identically zero as well.

When thermal radiation is a present , should disturbances in
temperature , radiative energy density occur , equation (38 )
- (40 ) enter the analysis. But should velocity and magnetic
filed not be disturbed , then the final set of equations (38) -
(40) become homogeneous and supplementary stability

criteria may arise from their solutions. the variable Qy may

be eliminated from them to yield a pair of equations for
@gand i . These are;

(38)
d2 nd 3nwe’QY a4 +12(n+ 4)w?e*"
{d . —Ed——[k2+3wzez"]}¢+ dr w =0, (41)
g g +2nwo" — 3w TO
d 2 2 FR - — n+3 n 1) n
>~k — ik(u—C)—-4(n+4)WNFO™™ +nFNE" 2% iy —NwFO0"¢ =0 (42)
dr vE;
Equations (41) and (42) are the equations be finally analysed o+ i -21Q, = 0, at n=-1 (43)
for the purpose of the present stability problem. The steady € Y
state boundary conditions 'see [4]' remain unchanged for the
present problem. Those relating to the radiative flux and b+ i—2 Q = 0 at n=1
energy density become. e, y ! =2
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Using equation (40) , these two boundary conditions (43)
may be written as :

dg  3we,
——— 1 4=0at n=-1 44
dn 2(2_e1)¢ n (44)
dp  2(2-e,)

The other two boundary conditions on the temperature
disturbance take the form

v = 0, at n==1. (45)
4. Stability Analysis of a Disturb System Using
the Weighted Residual Method

Equations (41) and (42) define an eigen value problem. ‘If
the imaginary part of the eigenvalue C is positive, the flow
will be unstable’.

An approximate solution to the stability problem may be
produced using Weighted Residual Method. Finlayson [8]

and Sukanek [9] give examples of Weighted Residual
Method, applied to other stability problems. The variables
¢ and i are expanded in series in terms of complete sets of
orthogonal trial functions which satisfy the boundary
conditions (44) and (45) and an approximate formulation
obtained by appropriate truncation. The coefficients of the
various terms in the series expansions are chosen by
adjusting the residual errors resulting from the substitution
of these truncated expansions into the original differential
equations to be orthogonal to the trial functions in the
domain of interest.

The radiative energy density disturbance, ¢, subject to the

boundary conditions (44) may be expanded in a set of
function, see for example Chandrasekhar (10), as follows:

It is well known that a simple Sturm-Liouville problem over
the domain |77| <1 is associated with a differential equation
of the form

2
ngJr/lng =0, 1)

with appropriate boundary conditions at 77 = £1.

The solution in terms of a complete set of orthogonal
functions may be written,

¢=Z{ar cos A, +bsin 4,7}, )

Where a, and b, are constants, are A, and the relevant set

of eigenvalues.
A typical term of equation (7.2) is

@, =a,cosAn+b.sinAn.) ®3)
Fit the boundary condition, (6.44) , to this typical term and
one may obtain
a [cosA, +2,4, sin A, ]

3a) b, =—= ,atnp=-1(@
32 sin A, —z,4, COSA, o 32
p & [zz/lr sin 4, —cosﬁ,r]’ at =1, (@)
sin A, —z,A, COSA,
Where

. —3we, , 3we, 0"
' 2(2—61)’ i 2(2_62).
Then, it follows from (3a) and (3b) that
(L+2,2,22 )sin 22, +(z, —2,)4, cos24, =0.  (4)

The equation thus yields the set of internal eigen values A, .

Using (3a), the truncated eigen function expansion for ¢
(expressed as a truncated Fourier series) may be written as

p
¢, =D Alsin A, (n+1)- 2,4, cos A (n+1)} ()
r=1

Where
A = o

sinA, —Z,A, CosA,
and A, are the sequence of roots of equation (4).
The set of solution
{sin 4, (7 +1)—Z,4, cos A, (7 +1)} possess the

orthogonal property, such that

, forr=21,2,...,p

1
[{sin 2, (7 +1)-Z,4, cos 2, (7 +D)}isin A, (7 +1)- Z,4, cos A,(n +1)}dn = 0, for r =5, (6)
|

Where S =1,..., P, as may be easily verified.

In a similar way, the temperature disturbance i , subject to

the boundary condition (45), may be expanded in a Fourier
series. The truncated expansion is

p
v, = Z{Br cos%(Zf—l)mﬁCr sin ””7}’ ()

r=1
Where B, and C, are constants.

1 .
Both {COSE(Zr —1)7177} and {Sln rmy} form
orthogonal sets on the

interval [— 1,1] , such that

1
1 1 0, forr#s
cos—(2r —1)rncos—=(2s -1 =
_Il 2( )m? 2( )7”7 {1, forr=s.
L ) 0, forri#s
J.sm rznsinsdn =
he' 1, forr=s.
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1 ! . .. .

1 ] Then denote by R the residual arising from equation (41),
_[cos—(Zr ~1)znsin szn = 0. ) (10) YT J q 4
he 2 and by Rp that arising from equation (42).

If the series approximation to ¢ and i , equation (5)and

(7), are substituted into the left hand sides of the differential
eigenvalues equations (41) and (42), there remain residuals.

It follows that

R, = zp:{— [{ 22+ 2 +3w20™ Ysin 4, (7 +1)—Z, 4, cos A, (7 +1) 1+

r=1

ngr fcos 2, (7 +1)+ 2,4, sin 2, ( + 1)} ]A +

o) _
K:%nw@“ dd& —3nw?0?"2® +12(n + 4)w?o>" >coc%(2r ~1)n - MW@“Q(D sin %(Zr —1)7;77}
n

()
B, + [<3nw0“ dd& -3nw?6"z® +12(n + 4)w202”+3>sin rzn +3nrawd"Q® cos r;m}C, } (12)
n

P
R, = Z{{nNFH”Zm —4(n+4)WNF " —%(Zr ~1P 7% - &? —}}

r=1

%ix(u —éj }Br cos%(Zr —1jm{nNF9“z“) A %ix(u —(_:)—4(n +4ij|:9”*3}

C, sinrzn+WNF@"[sin 4, (7 +1)-Z,A, cos A, (i +1)]Ar} (12)

An application of Weighted Residual Method requires that L o ) )
the constants A, B, and C, be such as to satisfy the _[Rp {sin 4, (7 +1)=Z,4, cos A, (17 +1)}dn = 0. (13)
equations - 1

jl_l R co&;[ls—l];‘ﬂ;= 0. (14)

L R"sin ran=0 (13)
Equations (11) and (12) are substituted into equation (13) —

(15) and the integrals evaluated. It is useful to define the
following integrals.

X O(sr)=I% A2 +K2 +3w?07 Jsin 4, (7 +1)— 2,4, cos, (n +1)]-

16
P feoss, 1+ 104 22, (1) K sin A,y +1)- 22, cosn (1) Jam,

o
YO (sr)=1"{ [Snwan ddL —3nw?*" 3P +12(n + 4)W292”*4}c05%(2r ~V)zn -
n

17
Mwel sin %(Zn ~Dn Hsin A (n+1)-Z,4, cos A, (n+1)id7,
1 1 dQ(l) 2 n2n v (1 292043 | 1)
Z%(s,r)=[ {| 3nwo" ==—3nw*6™ £V +12(n+ 4?6 [sin rzn +3nrz0"Q" cosry
- dn (18)

{sin A,(n +1)-Z A, cos A, (n +1)jd7,
X @(s,r)=wNF Ill{sin A (n+1)-2,4, cosi(cos)%}cos%(Zs ~1)zmdn, (19)
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YO(sr)=]

{%(Zr ~17 7% +k? +4(n+4)WNF 0™ —nNF Z(l)}cos%(Zr ~Drn

(20)
]cos%(Zs ~Dmadn,
W (s, r)= FRK u cosl(Zr ~Vzn cosl(Zs ~1)rmdn, (21)
JE. 1 2 2
2 (s,r)= fl {4(n +4WnF o™ —nFo" > }sin ran cos%(Zs ~1)zn, (22)
F(s.r)= [_11 .[4[”4_4 heNFg™ —F?.?\JFS':EEIII}CDE%[EJ'—1],-‘1'?}5]'11 samn.  (23)
X9s.r)= wf".F[l sin A, (77+1)— 2,4 cos A (n+1)}sin sy, (24)

Z29(s,r)= j{r n +k2+4(n+4)wNF¢9n+3 nNFo" 3¢ }sm rzn.sinszndn, (25)

(2) — i i
w (s,r)_ 3 Lusm rzn.sinszndn, (26)

In this way , the differential eigenvalue problem is reduced
to an approximate algebraic problem expressed as equations
(13)-(15) which can now be written in the form.

z{ WA +YOB +2% =0, s=12...,p @7)

i{[ym i

v, B, + 2%, —x?A }=0,

- s=12,....,p (28)
> OB, + [z 5,k - XA }=
r=1

s=12,....,p (29)

ic"Rk
Where V =
yE,
It should be noted that equations (27) do not contain the
eignvalue V.

and J, is the cronecker delta.

The coefficients A, can thus be determined from the system

(27) in term of the coefficients B, and C, and inserted in
to equations (28) , (29). Then the latter two equations thus
become the governing equations for the problem which is
@ 2
Y@ @1)+ Y W(a, 1(1))x (x2)
X ® (1)

Ymanx@un
X D@,1)
Since the stability , or otherwise , of the flow depends upon

Y ®@1)+

- [
the sign of the imaginary part of C and V =

,interest
yE,

is centered on the sign of the real part of V. For the

particular mode associated with an eigenvalue, if this has

positive real part, the flow will be stable, but if is negative,

the flow will be unstable. As already remarked, this simple

+iw®@1)—vz®@@1)+

®@1)+

reduced to the classical form. for example in the first
approximation with S =r =1, Equation (27) yields

A= g V608 2] e
Equations (28) and (29) become
[ 81 Glh B SR |
[} (11]’ (0D (11) 131+[31}
le.:.ﬂm z(u1 )x ][ ]]c_.:.

{Y(S)(l,l) " 1([1)X ! )}Bl

x9(L1)
+ {z ©(L1)+ 2" (;,13))((1?)(1,1) +iw?(L1)- v}cl -0,

(32)
The matrix of coefficients of the homogenous equations (31)
and (32) is

ZzW11)X @@a1)
X D(@,1)

(33)

z9a1)x @) iw®(11)—v

X D(@,1)

example is, however, just a first approximation to the
solution to the full problem.

As opposed to the differential eigenvalue problem, which
possesses an infinite set of eigenvalue, the approximate
algebraic problem, vyields only a finite number of
characteristic values. The number of eigenvalues depends on
how many terms are used in the orthogonal functions
expansions approximating the radiative energy density and
temperature disturbances. If the real part of any one of these
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eignvalues is negative, the flow in large will be unstable.
Therefore, in a search for a mode of the eigenvalue of the
least positive real part.

5. Analysis, Results and Recommendations

Before describing the calculation solution of the algebraic
eigenvalue problem, as a whole, it is necessary to determine
the solutions of the steady state variables ,viz.velocity
,temperature , radiative flux and radiative energy density, as

well as the internal eigen value X ..

The value of the physical parameters in this part of the paper
are the same as those of paper[4],unless it is stated
otherwise. For variable absorption coefficient n is taken to
be five, whilst for constant absorption coefficient n is
identically zero.

The numerical results of the solution of the algebraic

equation (7.4), for >, are dependent upon the wall
emissivities ,Bouguer number and the temperature ratio of
the walls. Although it can be solved for any value of these
parameters in Table 1, the first positive half a dozen of the

values of X4 , for different values of e,are listed for

fixed values of € 1, €zand w. The results are arranged in a
matrix from, which in its final derivation after elimination of

the coefficients A,. has complex elements. The complex
matrix is first reduced to upper Hessenberg form using
stabilized elementary similarity transformation. The
eigenvalues then found using the modified LR Algorithm for
complex Hessenberg matrices. It has been found that the
output of the calculation used to calculate the integrals to
within a reasonable accuracy became unstable as r increases,
due to the oscillatory nature. For the sixth approximation (r=
6), the convergence of the result fails. However if the
modulus is examined the solution for the leading
eigenvalues shows a good agreement between the third,
fourth and fifth approximations and convergence is
indicated. However one notes the rapid increase of the
computing time required as r increases.

Thus it seems that a good compromise between computing
time precision of results should be obtained by taking r as
four. This means that a total of eight eigenvalues are
calculated for each case.The present problem was solved
numerically by Helliwell [1oc.cit]. In the absence of thermal
conductivity (f — e, in the present notation) and constant
absorption coefficient. The results suggested that the thermal
transfers under consideration are always stable. However, it
was remarked earlier, [4], that it is very difficult to obtain
the steady state distributions for extreme values of some of
the physical parameters.

Thus a direct comparison with the earlier work of Helliwell
cannot be made. Attention is paid to the sign of the real parts
of the eigen values. If the least positive real part of an
eigenvalue is approaching zero, the solution then indicates
an approach to neutral stability. For given values of k the
Reynolds number R is justed to determine the neutral

stability appropriate point to appropriate accuracy. Although
the computation may be carried out for a wide range of
values of the physical parameters, a selection of them is
taken as indicated in the Tables. The results of calculation
are presented in Tables 1- 8, for both variable and constant
absorption coefficient. It should be particularly noted that
the results calculation are not reliable at low Reynolds
number, because of the difficulties in the convergence
calculation methods.The main object of the present analysis
is to examine the effect of the introduction of a variable
absorption coefficient upon the stability in comparison with
that of a constant absorption coefficient. The results form
Tables, in spite of the unreliability of computation at law
Reynolds numbers indicate quite clearly that, effect of a
variable absorption coefficient is to increase any tendency
towards stability. The present stability analysis relates to
only a simple case of flow pattern. A Further and useful
development would be to consider the influence of buoyancy
forces and convective heat transfer upon the stability when
the channel walls are differentially and non-uniformly
heated, viz. examine the stability of the complex flow
configuration studied in the first part of this paper. It would
also be profitable to seek to reformulate the reduction of the
differential eigen value problem to an algebraic eigenvalue
problem by use of an alternative orthogonal function
expansion.
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Appendix
Table 1
The values of the internal eigen values >\1.,. ; equation

(7,4),for different values of e
0.5 1.0 15

1.41352
2.83573
4.27238
5.72558
7.19482
8.67840

1.36835
2.75032
4.15504
5.58578
7.04126
8.51805

1.27346
2.59616
3.97808
5.40766
6.87185
8.36084

DU |WIN|F-

e=1.0w=0.1

Table 2
The real part of the eigen values, v.
F = 0.0025 B0 =100069=0.5
w=0.1 M=1.0 K=0.0

e=10v=5/3 E .=0.001

10 10° 10°
K
2.0 | 0.9021 | 28.4463 | 28.0784
1.6 | 0.5955 | 26.9106 | 26.6383
1.2 | 0.3445 | 25.5836 | 25.5183
0.8 | 0.1564 | 24.1925 | 24.7182
0.4 | 0.0396 | 20.7119 | 24.2379

Variable Absorption Coefficient Always Stable.

Table 3
The real part of the eigen values, v.

F=0.0025 BO =10 (=05

w=0.1 M =1.0 K=0.0

e=1.0 Y=5/3 E =0.001
R

0.1 10
K
2.0 0.0001 | 8.2462
1.6 0.0001 | 6.2511
1.2 0.00004 | 4.6297
0.8 0.00002 | 3.4359
0.4 0.000004 | 2.7066

Variable Absorption Coefficient

It seems that there is a tendency towards instability at low
values of K and R. The computation becomes unstable
however at these low values.

Table 4
The real part of the eigenvalues, v.
F=0.01 B0 =1000 £5=0.5
w=0.1 M =1.0 K=0.0

e=1.0 Y=5/3 E =0.001

10 10° 10°
2.0 9.8099 28.5887 | 26.3475
1.6 6.9167 27.1427 | 24.9071
1.2 4.3788 26.0098 | 23.7871
0.8 2.2224 25.1730 | 22.9871
0.4 0.6151 24.4936 | 225071

Variable Absorption Coefficient Always stable.

Table 5
The real part of the eigen values, v.
F=0.0025 B0 =10 E&3=0.5
w=0.1 M =1.0 K=0.0

e=1.0 v=5/3 E =0.001
R

1 10
K
2.0 +0.0246 -23.5159
1.6 - 0.0597 - 46.5593
1.2 +0.1576 -81.4367
0.8 +0.3336 -114.8629
0.4 +0.5183 -139.1288

Constant Absorption Coefficient

There is an indication of stability at low values of Reynolds
number. The computation becomes unstable however at
these low values.

Table 6
The real part of the eigen values, v.
F=0.01 B0 =10 &=0.5
w=0.1 M =1.0 K=0.0
e=1.0 Y=5/3 E =0.001
R|1

10
K
2.0 +0.6330 - 223.2128
1.6 -0.5521 | -325.1491
1.2 -7.0433 - 4613715
0.8 - 22.2400 - 593.5934
0.4 -32.8725 - 690.4365

Constant Absorption Coefficient

There is an indication of stability at low values of Reynolds
number. The computation becomes unstable however at
these low values.

Table 7
The real part of the eigen values, v.

F=0.01 B0 =10 &3=1.5

w=0.1 M =1.0 K=0.0

e=1.0 Y=5/3 E =0.001
RI|1

10
k
2.0 +0.3202 12.6306
1.6 -27.3751 | 313.9828
1.2 -227.6479 | 2291.0284
0.8 - 408.6000 | 4094.6538
0.4 - 603.1960 | 6007.2109

Constant Absorption Coefficient

There is an indication of stability at low values of Reynolds
number. The computation becomes unstable however at
these low values.
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Table 8
The real part of the eigen values, v.

F=0.25 B0 =10 E&5=0.5

w=0.1 M =1.0 K=0.0

e=1.0 Y=5/3 E_=0.001

R 1 10
k
2.0 - 36.0376 -393.6033
1.6 - 890.7216 -9411.2733
1.2 -539.5492 -11863.8890
0.8 - 598.0973 -5904.9493
0.4 - 626.6697 -6147.6863

Constant Absorption Coefficient

It is always unstable, but there is an indication of decreasing
stability at smaller values of Reynolds number. The
computation becomes unstable however at these low values.
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