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INTRODUCTION tives with respect to n and 

THJXE is a lack of literature on wave instability of strong 
buoyant flows in the presence of a weak forced flow in the 
free stream. The paper by Carey and Gebhart [l] appears to 
be the only one that has dealt with such a problem. They 
solved the standard Orr-Sommerfeld equation with coupling 
of the temperature disturbance amplitude equation for a 
buoyant flow with forced free stream along a vertical flat 
plate under the uniform surface heat flux condition. Numeri- 
cal results were presented for Re,/Gr:“4 values of -2, 0 
and 4 for air (Pr = 0.733) and -0.8, 0, and 1.6 for water 
(Pr = 6.7). Based on their results, they concluded that for 
gases an aiding forced flow reduces the amplification rate as 
compared to purely natural convection flow (i.e. it has a 
stabilizing effect on the flow), whereas an opposing forced 
flow tends to destabilize the flow, and that the effect of an 
aiding or opposing forced flow is almost negligible in water 
(Pr = 6.7). However, their results also reveal that an aiding 
forced flow decreases the critical Grashof number for air 
(Pr = 0.733). 

a, = -v, a2 = -2cr*-iI(au-m), 

a, = a2v+v” 

The purpose of this investigation is to examine the free 
stream forced-flow effect on the wave instability of strong 
buoyant flows along an isothermal vertical flat plate. An 
efficient and accurate finite difference method proposed by 
Lee et al. [2] is employed to solve the modified Orr- 
Sommerfeld equations, with a coupling between the ampli- 
tude functions for disturbance velocity and temperature, in 
which the nonparallelism of the mainflow is taken into 
account. Stability curves are presented and characteristics of 
disturbance amplification are also examined for Pr = 0.7 
and’ 7. These results cover the forced flow parameter, 
r = [2(Cr,/Rep)“2]-‘, in the range of 0 < r < 0.45 (or 
buoyancy parameter, Gr,/Re:, in the range of 
1.235 $ Gr,/Re: < 00). 

a4 = a4+ictl(x*u-oa+u”), a, = 1 (4) 

b, = Pra,, b2 = -a2-i Pr ,?(au-o) 

bS = -PrR, b, =ial Pr 8’. 

The dimensionless quantities are defined as 

4 = &WC, s = S/T,, 0 = (T- T,)/T, 

U = zi, u = u/u,, o=Ciks/u,, ?/=y/6 
(5) 

v = vqu,, I. = 4(GrX/4)‘14, 6 = J2xlGrJ14 

R = 26 Wax, UC = 2(v/x)Gr$*, T, = T, - T, 

where d(n) and s(q) are, respectively, the dimensionless 
amplitude functions of the disturbance stream function and 
temperature. The tilde ‘-’ denotes dimensional quantities of 
the disturbances. The wave number CI is a complex number 
(i.e. a = a,+ic+), and the wave frequency w is a real number. 
The quantities U, and T, denote the characteristic velocity 
and the characteristic temperature, respectively. It is pointed 
out that the present analysis is performed only at a certain 
streamwise location x. Hence, 6(x), a measure of boundary 
layer thickness, can be treated as a constant in the dimen- 
sionless transformation, equation (5). 

For the problem of strong buoyant mixed convection 
boundary layer flows along an isothermal vertical flat plate, 
with an aiding forced flow in the free stream under study 
here, the dimensionless mainflow quantities, u, u”, v, II”, and 
Q in equation (5) are expressible as 

ANALYSIS 

For mixed convection flow along an isothermal vertical 
flat plate, the modified Orr-Sommerfeld equations based on 
the linear theory and the quasi-parallel flow model (in which 
the nonparallelism of the mainflow is taken into account) 
have the following dimensionless form [2] 

~+a,~“‘+a,@‘+a,&+a.+f$+a,s’ = 0 (1) 

s”+b,s’+b,s+b&‘+b,4 = 0. (2) 

The associated boundary conditions are 

Q(0) = 4’(O) = 9(a) = @(co) = 0 

s(0) = s(c0) = 0. 
(3) 

In the above equations (lt(3), the primes stand for deriva- 

u =f’, lil = f”’ 
v = sf’-3f+25 afiat 
dc = sf'"-.f"+ 25 af"jat 

n = -(48’+25 asjag) 

in which the quantities f, f', f", B and 0’ are obtained from 
solutions of the following system of equations [3] 

f”‘+3ff”-zf’2+s=25(f”afag_faaf/a5) (7) 

B” + 3 Prfl’ = 2 Pr 5(@ aflag -y aejat) (8) 
and 

f(6,O) =f'(<,O) =f'(5,a)-5 = 0 
e(c,o)- i = e(t,m) = 0. 
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Note that when the forced-flow parameter 5 = 0, both the 
mainflow problem (equations (7k(9)) and the modified Orr- 
Sommerfeld problem (equations (lt(3)) reduce, respcct- 
ively, to those presented in ref. [2] for the case of pure 
free convection along an isothermal vertical plate. Strictly 
speaking, the amplitude functions 4 and s depend on both 5 
and n in boundary layer flows, because such a flow is non- 
parallel (see, e.g. Gaster [4]). However, as a preliminary 

(6) 

(9) 


