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In his paper a global representation to different phenomena in case of two-dimen-
sional viscous flow past a solid body a large Reynolds number is obtained. In parti-
cular a mathematical representation of spiral formation is discussed. It has also been
shown that different phenomena can be studied without the usual matching
techniques employed in asymptotic problems.

A. Two-DIMENSION TRANSITION EQUATION

Eliminating pressure term from the two-dimensional Navier-Stokes equations in
Cartesian coordinates, for incompressible, viscous flow, without heat transfer and in
the absence of external forces gives

V% +RF ) VH) =0 = - (1)

where i is the Lagrangian stream function, R the Reynolds number and 7(y, V %)
.is the Jacobian of ¢ and V7 %}, with respect to x and y. Two critical points of eqn. (1),
which can be interpreted as transition points (Seth 1942, 1964) are:

(1) when R is small, (2) when R is large.

Case I—When R is small, the limiting form of eqn. (1) is YV %/=0. This corres-
ponds to the slow viscous motion, usually referred as creeping motion. In this case
fluid just creeps over the surface and no boundary layer separation takes place.

Case I—When R is large, the limiting form of eqn. (1) is
J @ viyg)=0. . . 2

Physically this corresponds to the region in which inertia forces are large as compared
to the viscous forces, which we call as transition region. Equation (2) has same limita-
tions as pointed out by Reid (1966) and holds good at all points of the fluid except
very near the boundary, where viscous forces dominate the inertia forces.

Evidently eqn. (2) is satisfied when

Vi =f) - . (3)
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where f(¥) is an arbitrary function of ¢ and also at points of zero velocity. Only
restriction on f () is that | f ()1 should be finite.

B. Sovrutions oF Two-DINENsION TransitioN EQUATION AND SPIRAL FORMATION

Solutions of eqn. (3) when f () is either a constant or a linear function, exist in
literature. Numerical integration has also been carried out on digital computer by
Greenspan and Yohe (1963). We consider a nonlinear form of f(). The particular
case when

fw =2
n

, €%, n being a constant. .. . 4)
This form corresponds to the Boltzmann distribution and also Weymann (1961) has
used the corresponding equation to discuss the electron density distribution from

argon plasma in shock tubes. Since f (i) is vorticity, we may expect it to approach the
form given by eqn. (4) after a sufficient lapse of time.

A general solution to eqn. (4) is
2% exp (—ny) = [4' (2) B' ()17} Sinh% [4 (2) + B (2)]

where 4 (z), B (Z) are arbitwrary functions of z and Z respectively and ¢ is a constant.
When the arbitrary constant ¢ — 0, we get the particular solution in the form

M =24’ (2) B' (3) [4 (2) + B (3)]2 , . (5)

Case I—By choosing 4(z)=In (z), B(Z)= —In (Z), z=r¢*, the stream lines as
given by equation (5) are r22=const. which are hyperbolic or reciprocal spirals.

Case II—By choosing 4(z)=(z)™™ B(z)=(z)*™, m being an integer, the stream
lines are given by r cosm8=const and r sinm @=const. These are Cote’s spirals. The
types of spirals as given in Cases I and II arenoticed in the wake of two-dimensional
flow past a body at large Reynolds number. The spirals of Case I are visible for
flow past a circular cylinder and of Case II in the neighbourhood of an oscillating
circular cylinder (Schlichting 1968).

2 U [ . 2
Case III—Taking 4 (z) = -U-(z +“_), B(z) = — __.(z + ﬁ_) and
P Z 2t 1\ z
considering the limiting case when i assumes large positive values, we get
2
U ( r— i_) Sin 8= ﬂ This stream line pattern is same as in Lamb
r ne

(1932), which corresponds to the cylindrical vortex.



834 BAKHSHI ;| TWO-DIMENSIONAL BOUNDARY LAYER TRANSISTION

If Y assumes large negative values we get r*—2a%2 cos 20 -+a*=0. This gives the
stagnation points (4, 0) and (—a, 0) if the flow is past a circular cylinder of radius 4.

CONCGLUSIONS

It has been shown that equation ¥/ 2=f (1)) is a global representation of different
phenomena which occur in a flow past a body at large Reynolds number. Besides
known results this equation gives stagnation points and spiral formation. These two
results are new and not given by the existing boundary layer theory. It has also been
shown that different phenomena can be studied without the usual matching techni-
ques, as employed in asymptotic problems.
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