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NOMENCLATURE
€, mass concentration;
@ic:  mean velocity of the flow at exit from the slot;
ues free-stream velocity;
x,  distance measured along the wall in the free-stream
direction;
yo  slot height;
d,  thickness of the upper lip boundary layer;
%y, impervious wall effectiveness defined by n =

Cs - CG
Cc - CG‘
Subscripts

C, pertaining to the flow through the slot;
G, pertaining to the free-stream;
S,  pertaining to the wall.

INTRODUCTION

IN AN earlier paper [1), one of the present authors presented
measurements of the impervious wall effectiveness of a two-
dimensional wall-jet, made with a slot height of 0-25 in.
These measurements were reported in less detail in a sub-
sequent paper by Nicoll and Whitelaw [2] which also
described an explicit method for predicting the effectiveness
of the uniform property, two-dimensional wall-jet. The
measurements described in the above two papers indicate
that the effectiveness at any downstream station has a
maximum at a value of the ratio of the mean velocity in the
slot to the free-stream velocity, fic/u,, close to unity. The
magnitude of this maximum has beer found in [3] to
decrease substantially as the slot height is decreased. These
observations are in keeping with the trends indicated by the
measurements of Seban [4].

The cause of the decrease in the maximum value of the
effectiveness can be ascribed to several sources all of which
are associated with the geometry of the injection region or
of the region upstream of this point; the present authors
are presently conducting an experimental programme to

investigate these effects. As part of this investigation, the
effect of the thickness of the boundary layer on the upper
lip of the slot has been investigated and it is the purpose
of this note to present the findings. The situation considered
is shown schematically on Fig. 1.
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F1G. 1. The injection region of a two-dimensional wall-jet.
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PREVIOUS MEASUREMENTS

Two experimental investigations of the present type have
previously been carried out: the first by Chin et al. [5] and
the second by Seban [6] These investigations were carried
out by measuring the adiabatic wall effectiveness: in each
case the velocity ratio iic/ug, was restricted to values less than
unity. Although both investigations indicated that the effect
of the thickness of the upper lip boundary layer was small
(ie. a maximum of 8 per cent of unity) the trends observed
by these authors were opposite. Chin et al. observed that
the difference between measurements made with a thin upper
lip boundary layer (equal to eight slot heights) and those
made with a thicker one (equal to twenty slot heights) was
smaller for low values of the ratio, iic/ug, and tended to a
maximum as this ratio tended to unity. This tendency
suggested that the thickness of the upper lip boundary layer
might be significant in deciding if the effectiveness against
velocity ratio curve should have a maximum. Seban, on the
other hand, observed that the difference was a maximum
for low values of the velocity ratio at a distance of 100 slot
heights downstream: the difference appeared more constant
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at a distance of two hundred slot heights. Seban employed
upper lip boundary layers with thicknesses equal to one
slot height and equal to ten slot heights.

It should be stressed that within the range of measurement,
the differences reported in [5] and [6] were not much
greater than the experimental precision. It should also be
stated that the absolute values of effectiveness obtained by
these two experimenters were significantly different: the
measurements of Chin et al. being generally higher than those
of Seban. This is in keeping with the trends found by
Whitelaw [3] since Chin et al. used a 0-108-in slot whereas
Seban used a 0-063 in slot.

PRESENT MEASUREMENTS

The present measurements were made using the apparatus
described in [1] and [2]. The free stream velocity in all cases
was nominalily 68 ft/s and, as in the previous measurements,
the impervious wall effectiveness was determined by in-
jecting a tracer of helium into the secondary stream, sampling
the fluid at the wall at downstream locations and measuring
the mass fraction of helium in each sample with the aid of a
gas chromatograph. Considerable experience with this
technique suggests that the impervious wall effectiveness
can be determined to a precision of +1-5 per cent. The
value of the velocity ratio is obtained by measuring the
velocity profile across the slot and integrating the result: the
precision of this procedure diminishes as the value of the
velocity ratio diminishes but should not be worse than
+5 per cent. The measurement of downstream distance is
accurate to at worst 0-005 in, i.c. less than 01 per cent.

The slot height used for the present investigation was
0-074 in and the upper lip boundary-layer thicknesses used
were 0-18 in, 0-36 in and 0-75 in. The 0-18-in thick boundary
layer was obtained as a result of the design of the slot and
its upstream geometry. The other boundary-layer thick-
nesses were obtained by extending the upper lip of the slot
into the contraction of the wind-tunnel. In all cases, the
mean velocity profile of the upper lip boundary-layer proved
to have the normal turbulent boundary-layer shape.

Figure 2 shows the measurements of effectiveness obtained
from the present investigation and indicates that the effect
of the upper lip boundary layer on the impervious wall
effectiveness is of a second order for the range of values
tested.

CONCLUSIONS
The results of the present investigation show that the

effect of the thickness of the upper lip boundary layer on the
impervious wall effectiveness is not greater than 5 per cent
of unity in the range of velocity ratios 0-3 < #cfug < 2:05.
The tendency is for the effectiveness to decrease as the upper
lip boundary-layer thickness is increased. This confirms the
general conclusions of Chin et al. and of Seban for values of
the velocity ratio less than unity and extends this conclusion
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to higher values of the velocity ratio. The absolute values of
the effectiveness agree closely with those of Seban which
was to be expected since the present investigation used a
similar slot height to that of Seban.
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FIG. 2. Measured values of the impervious wall effectiveness.
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