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ABSTRACT

This is a brief report on some experimental measurements of flow of two fluids over an ob-
stacle in a channel. A comparison is made between theoretical predictions of upstream
disturbances and measurements of the height and speed of the upstream jump and
the depth of the lower fluid over the obstacle crest. The results indicate substantial
quantitative agreement between theory and observations when the lower fluid has a
depth less than that of the upper fluid. When the lower fluid is deeper than the upper,
the predicted upstream disturbance does not occur.

1. Introduction

This is a brief report on some observations
of upstream disturbances in & two-fluid system
in a long channel when an obstacle moves along
the bottom of the channel. The geophysical
motivation is interest in the flow of the atmos-
phere over a ridge.

In previous papers, Long (1970, 1972) con-
sidered the theoretical problem? of the flow of
two fluids over an obstacle as indicated in Fig. 1.
The corresponding experimental arrangement
has an obstacle moving along the bottom of a
channel containing two fluids initially at rest.
The theory contains a number of assumptions,
of course, and the purpose of this note is to
show how experimental observations compare
with the predictions of the theory.

2. Theory and computations

The theoretical analysis is developed by Long
(1970) and in the present paper we will only
write down somewhet different forms of the
algebraic equations to be solved together with
some numerical computations. Observations
indicate that the obstacle sometimes causes an

1 Additional recent work along these lines is con-
tained in three papers by Mehrotra & Kelly (1972)
and Mehrotra (19734, 19735).
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* upstream disturbance of the kind shown in Fig.

1. It is assumed that the upstream wave ig in
the form of a hydraulic jurop or drop with
energy loss but with conservation of horizontal
momentum in each layer. The latter assumes
an interchange of momentum between layers
only through the action of normal pressures on
the interface, and the pressures are assumed to
be hydrostatic. The conditions at the crest are
assumed to be critical. These assumptions lead
to three equations,
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Fig. 1. Schematic drawing of two-fluid flow over an obstacle.

The condition that energy does not increase
during passage across the jump yields
r S(1-7)
(r—-R)|—; - 2 <
R(R+7r) (1-R)"(2-R-r)
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In these equations we have changed notation
from that of Long (1970) and defined

N 2 2 h h

Pt o R- R

g H g H H H

b - 7
B, s-2, g-flce)l heo

H 401 €, H

The Boussinesq approximation assumes S =1.

Some numerical solutions of these equations
for § =1 are given in Long (1972). In Figs. 2-4
we present solutions relevant to certain experi-
mental measurements. The solutions are repre-
sented by the solid curves.

3. Experiments

The experiments are not exhaustive and were
performed mainly to find out if the theory is
at all useful in predicting upstream effects. A
similar investigation of a single-fluid system
(Long, 1970) yielded good agreement with an
analogous theory but additional, more ques-
tionable assumptions had to be made in the
theory of two fluids.

Experiments were performed in a channel

600 em long and 16.4 em wide. The fluids were
immiscible with a value of S =0.90, approxi-
mately. The channel and the obstacle were those
used in the one-fluid experiment referred to
above.

As in the one-fluid experiment, the channel
sloped 2 mm per meter so that the total height
H of the two-fluid system varied by 4 mm over
the two meters of the test section which oc-
cupied the middle of the channel. The initial
heights of the two fluids A,, and H are measured
at the center of the test section. The obstacle
was 2.1 cm high at its crest and 18.6 cm long.
It was formed from sheets of plexiglas folded
over cross ribs to form an easy shape. Since
the obstacle was only 15.9 cm wide, there was
some leakage on the sides between the glass
plates of the channel as the obstacle moved
along. There was also some leakage beneath
the obstacle and these two effects cause some
error. The obstacle was towed by a fishing line
wrapped about a cylindrical winder driven by
a variable speed transmission and motor. The
speed of the obstacle was measured with good
accuracy by timing its passage through the
test section.

The obstacle was started up from rest some
distance from the test section so that it was
moving at constant speed when it entered the
test section. All depths were measured with an
accuracy of +1 mm and all time durations with
an accuracy of +0.2 sec. Since the speed of the
upstream jump relative to the obstacle was
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Fig. 2. Non-dimensional speed of jump relative to obstacle r=0.2, S =1.0.

considerably less than the speed of the obstacle,
the measurement of I' was less accurate than
that of F. This is probably reflected by the
data in Figs. 2 and 3 for a shallow lower fluid.
In Fig. 2 there is a considerable difference be-
tween the predicted and measured values of T'
although the variations of the speeds with B,
and F are in qualitative agreement. The ratio
determining the height of the upstream jump
is shown in Fig. 3 and the agreement with
theory is quite good for the indicated experi-
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mental conditions. Fig. 4 shows the thickness
of the lower fluid at the crest and again the
agreement is rather good.

Experiments were conducted for the case of
a deep, lower fluid. In this case, the theory
predicts the existence of a hydraulic drop up-
streamn ahead of the obstacle with the peculiar
behavior that the strength of the drop increases
as the height of the obstacle decreases. It was
clear from the observations that the predicted
hydraulic drop did not oceur in this case al-



316 R. R. LONG

0.40 o+
/F= D5 '// P

~
AN
N
\
'
o

0.2

w \"

IRy T 06
0.30 7 3 _ L
/ / 5o X2 C/ . E_-n3i1116
20 L~Tad 6~ U104
/ ,// ;,//y-/w/x/C» F:012
/ A T F-0.1C
{ P
/ ///f/}l/-lo /
0.20{ L\ Ao T
0 0.10 0.20 0.30

Be

Fig. 3. Ratio of height of jump to upstream depth of lower fluid, » =0.2, § =1.0.
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Fig. 4. Non-dimensional height of lower fluid at crest of obstacle, r =0.2, § =1.0.
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though no data are presented here. Inspection
of the experiment in its initial stages revealed
that it created a bulge of the lower fluid over
the obstacle at the beginning of the experi-
ment and this began to propagate upstream.
However, such a disturbance moving upstream
on a deeper lower fluid will tend to flatten out
rather than develop into a shock because higher
parts of the disturbance travel more slowly
than lower parts. This may have something to
do with the seeming irrelevance of the theory
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to cases in which the lower fluid is deeper than
the upper fluid.
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HEKOTOPBIE 9KCIIEPUMEHTAJILHBIE HABJIOJJEHUA BOSMYIIEHU B
HABETAIOIIEM IIOTOKE OBYCJIONHOI JKUIKOCTU

Haerca KpaTKOe NBIOMEHHEe DKCIEPHMEHTAaNb-
HHX M3MEPeHN NOTOKA NBYCIOHHON KUTKOCTH
HAJ, NpPenATCTBUEM B KaHale. TeopeTHMYeCKHe
BHIBOJLL O BO3MYIL[EHMAX BBEPX MO0 TEYEHUIO
CPABHHBARIOTCA C H3MEPEHHAMM BHICOTHL H CHO-
pocru ckauka B HaberarmomeMm IOTOKe, a TaKKe
TTyOMHHE HUKHeH KUNKOCTH HAX IpPeIATCTBHEM.
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PesyabTaThH mOKASHIBAIOT XOpolIee KOJIUYe-
CTBEHHOE COrIacue MeAy Teopueil u Habmone-
HMAMM, KOTJA THyOuHA HIKHel HUZKOCTH
MeHbllle, 4eM BepXHeii. Horga HmKHAA mug-
HOCTH TIay0:ke BepXHelf, IpeACKazaHHOe BO3-
MylleHue B HaberaolueM I0TOKe He Ha6JIO-
aaercs.



