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1niroduetion

A number of hydraulic structures like sluices and
sluice gates sometimes work under submerged flow
conditions. The fluid streams issuing from such
outlets could in general, be analysed as turbulent
jets. If the confining boundaries are sufIiciently
far off from the outlet, the jet can be analysed as
a free turbulent jet, about which extensive infor­
mation is readily available [lJ. If on the other
hand, the jet occupies the full width of the channel
and issues tangentially to its bed, then it could be
treated as a turbulent wall jet [2, 3, 4, 5, 6J.

If the full width jet enters the channel at a cer­
tain height above the bed, the flow pattern assumes
very complex forms. As a first attempt, Rajaratnam
and Subramanya [7 J studied the diffusion of a full
width jet issuing horizontally into the tailwater
channel at a certain height above the bed with the
drop being located at the nozzle outlet itself, as a
restricted form of the reaUached wall jet. Haja­
ratnam and Subramanya [8J also studied the clif­
fusion of a jet produced by a sluice gate over a drop.

In this paper, the drop in the bed is located at a
certain distance downstream of the nozzle, (see Fig.
1 a) so that the forward flow has the profile of a
wall jet before the drop.
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REATTACHED WALL JETS

In Figure 1 a, a jet of depth of !/o and an almost
uniform velocity of Do enters the channel. under
conditions of deep submergence. Sorne dIstance
after the end of the potential core, it grows as a
fully developed plane turbulent wall jet. At the
sudden drop, the wall jet curves down, towards the
lower bed due to the creation of lower pressures
(this phenomenon is known as the Coanda. effect
[9, 10J) and impinges on the bed at a certam sec­
tion creating a zone of eddying flow of length Le'
The forward flow after some distance from this
reattachment line (where the separated wall jet
reattaches itself to the bed) grows as a wall jet
which could be termed the reattached wall jet and
an experimental study of the same is presented in
this paper.

Experimenis

The experimental arrangement was essentially
the same as that used in the earlier studies [7, 8 J.
The velocity distribution in the fOl'ward flow was
measured by means of a commercial 3 mm external
diameter Prandtl-type Pitot-static tube. The bed
shear stress "0 was measured by means of a Pres­
ton tube [11 J of external diameter of 3 mm and an
internaI diameter of about 1.8 mm. The calibration
curve used was that of Patel [12J. The reattach­
ment line was found using a tuft probe. The pres-
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Table 1 1 Experimental data

Uo 1l V 1l L L L R = VoU oExpt. No. 0 c ~"
(in) (in) ft/sec Uo (in) h Uo Q

~---

FIHST SEHIES

lA 1.00 1.GO ~ ')~ 1.69 4.50 2.Glj 12.50 5.27 X 10'1,.-,
1 B 1.00 l.G0 0.75 1.69 4.75 2.81 12.50 7.07 X 10'1

2A 1.00 :3.ll8 8.84 :\.08 7.75 2.52 12.50 6.'11 X 10'1

2B 1.00 3.08 7.14 3.08 7.50 2.44 12.50 5.18 X 10'1

3A 1.00 5.14 8.55 5.14 11.50 2.24 12.50 G.19 X 10-1

'lA 1.50 3.29 7.80 2.19 8.25 2.50 12.50 8.4G X 101

5A 1.25 3.25 0.11 2.GO 8.40 2.58 12.50 8.25 X 10 1

SECOND SEHlES

6A 1.00 3.0G 7.94 3.0G 8.50 2.G8 63.50 5.75 X 10-1

GD 1.00 3.04 8.72 3.04 8.50 2.80 50.00 6.32 X 104

Ge l.OO 3.05 8.14 3.05 8.25 2.71 :~9.75 5.90 X 101

GD 1.00 3.2:"5 7.97 3.25 8.50 2.61 30.00 :"5.77 X 10'1

GE 1.00 3.24 7.8G 3.24 8.50 2.G2 20.00 5.70 X 101

sure on the bed was observed by means of a large
number of piezomoters located on the bed.

Two series of experiments were conducted. In
the first series, the length before the drop L was
kept equal to 12.5 Yo and five sets of experiments
were conducted with the height of the drop 11
varying from 1.69 to 5.14 times Yo. In the second
series, keeping 11/yo almost constant at about 3.0,
L/yo was varied from 20 to 63.5. The important
experimental results are given in Table 1. In aIl
the experiments, the velocity distribution just before
the drop was measured and the reattached wall jet
was explored in great detai1. Figure 2 is a typical
example of the velocity distribution in the forward
flow and Figure 3 gives the results of the bed shear
stress for the first series. In Figures 2 and 3, x
and .r are respectively the longitudinal distances
from the nozzle and the reattachment line and II

is the turbulent mean velocitv at a normal distance
of y from the becl. .

Analysis of Results

Length of the eddying region.

If Le is the length of the eddying region, for large
values of the Reynolds number:

R = UoYo
v

it has been shown earlier [7,9, 13, 14J that:

(1)
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where v is the coefilcient of kinematic viscosity of
the fluid. The variation of Le/il ,vith il/yo finalised
in referenee [7] is reprodueed in Figure 4 along
with the present results for the two series. The
present resuIts agree fairly weIl with this curve,
thereby showing that Le is not very much affected
by the non-uniform veloeity distribution Just before
the drop.

Reattached wall jet.

The velocity distribution measurement in the
fOl'ward flow region after the reattachment line
were tested for similarity by plotting the dimen­
sionless velocity lI/Um against 'c) = y/01' where lI",
is the maximum velocity at that section, and 01 is
the value of y at which II = lI,,/2 and OlI/OY is nega­
tive (see Fig. 1 b). (lI m is generaIly called the velo­
eity seale and 01 the length seale.) Ii was found
that for both the series, after a distance of about
18 Yo from the reattaehment line, the velocity dis­
tribution is similar and agrees well that of the plane
turbulent wall jet issuing into a stagnant surround­
ing on a smooth wall with zero pressure gradient,
often referred to as the classieal wall jet (CWJ).
Figure 5 a shows a few typical plots of the first
series and Figure 5 b shows a few typieal plots of
the second series.

Velocily Scale.

The variation of the climensionless velocity scale
(lI1n1UO) is studied in Figure 6 a for the fiTSt series
and is compared with that of the classical wall jet
[15 J. It is seen that for any given value of il/yo,
after the drop, lIm is very small, increases slightly
due to the favourable pressure gradient after the
impingement region and then merges with the curve
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of the classical wall jet. The cune for l'uns lA
and 1 B is shown by a dotted cune in Figure (j a.
The section at vvhich un/U" variation merges with
that of the dassical wall jet cune is farther l'rom
the section at which the velocity distribution beco­
mes similar.

The results for the second series are shown in
Figure () band they also show that after some dis­
tance, the velocity scale varies in the same manner
as the elassical wall jet.

Length scale.

The results of the dimensionless length sc~de

8dUo for the first series are shown plotted in Fi­
gure 7 a. Il is seen that just before the drop, the
length scale points fall on the C\VJ cune [15] and
in the region influenced by the drop the values are
much higher. After some distance, the experimen­
tal curve merges with that of the C\V.J cuneo The
curve for l'uns lA and lB is shown as a dotled
line. The section at which merging with the cor­
responding C\V.J curve takes place is farther away
than the section at which merging takes place for
the veloci ty scale. The magnitude of these dis­
tances is roughly of the same orcIer as obtained by
Hajaratnam and Subramanya [7]. The length
scale results for the second series are shown in
Figure 7 b. The same trend is noticable, but ,vith
more scatler.

Bed shear stress.

Bed shear stress variations have been given
earlier in Figure :3. Following the method used
earlier by Hajaratnam and Subrmnanya [7, 8J,
these profiles were plotted with "O/"Om against X/el'
where "Om is the maximum value of "" in any given

l'un, el is the value of x' al which "0 = "om/2 and
d'to/dx is negative. Figure 8 a shows the results
of the first séries and Figure 8 b shows the results
of the second series along with the similarity curve
of Haj aratnam and Subramanya [7]. Il is seen
that the present results agree very well with the
cune of reference [7] thereby showing that the
shear stress distrihution is not afTœtcd hy thl~ na­
ture of the velocity distrihution existing before the
drop.

For the bed shear plot, the results of the dilnen­
sionless shear stress and length sc~des are shown
in Figures Ç) a and b. The present results for the
shear stress scale are lower and higher for the
length scale, when compared with the curves of
Hajaratnam and Subramanya [7J.

Conclusions

An experimental study has been made of the dif­
fusion of submerged full width reetangular out1ets,
when there is a drop in the bed after some distance
l'rom the outlet. This could also be considered as
a study of plane turbulent reattached wall jets. Il
has been found that the length of the eddying re­
gion below the drop is not afl'ected appreciably
hy the nature of the velocity distribution existing
before the drop. The velocity distribution in the
reattached jet has heen found to be si mi laI', which
agrees dosely with that of the classical wall jet.
The velocity and length scales merge with the varia­
tion of classical wall jet after certain distances l'rom
the reattachment line. A study has been made of
the bed shear stress in the reatlached fiow.
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