8-7. Flow in a Convergent Channel (Hamel Flow)

Two-dimensional flow in channels bounded by nonparallel, planar walls was investigated
by G. Hamel in 1916 [see Schlicting (1968, p. 102)]. We consider here the convergent case shown
in Fig. P8-7(a), in which the flow is directed toward the narrow end of the channel, the fluid
being withdrawn though a narrow slit at the intersection of the walls. The dynamic conditions are
assumed to result in irrotational flow in the center of the channel and a boundary layer at each
wall. This is one of the few problems in which analytical solutions can be obtained for both the
irrotational and boundary layer regions.

(a) Show that in the irrotational region, where the flow is purely radial, the velocity is given
by
vin=--L,
! anr
where g (>0) is the rate of fluid withdrawal per unit width. It is assumed here that the
thickness of the boundary layers is negligible.
(b) Referring now to the boundary layer coordinates in Fig. P8-7(b), show that

ﬁ(f)z —‘}.

How must the velocity scale, U, be defined?
(¢) Use the Falkner-Skan analysis to show that
(R +1=0;  f©0)=0, fl(e)=1, fi()=0,

where f{n) is as defined in Eq. (8.4-24). Notice that £0)=0, which corresponds to the
no-penetration condition, is replaced by f"(s0)=0 (see Example 8.4-3). Determine g(%).

(d) A first integration of the differential equation in part (c) is accomplished by multiplying
by f* and noting that [(f")?)’ =2f"f" and [(F)%) =3(f)*f". Show that

f=F -

(e) Noticing that the differential equation in part (d) is separable, show that the final expres-
sion for the tangential velocity is

Vi pris ol o 2]
> f'(m)=3 tanh [\/i+tanh 3] 2

as given in Schlicting (1968, p. 153).
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Figure P8-7. Flow in a converging channel. (a) Overall view; (b) enlargement showing boundary layer (BL)
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