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THE GENERATION OF INTERNAL SOLITARY DISTURBANCES 
BY GRAVITY CURRENTS IN A TWO-LAYER FLUID 

By Hiroyuki HONJI* and Masafumi恥 MACHI**

The generation of internal disturbances (solitary bulges and waves) 
by a gravity current entering a two-layered water has been investigated 
by means of flow visualization in a 2 m water tank. It has been observed 
that a gravity current evolves into a solitary internal bulge, which 
eventually leads to the generation of a solitary internal wave. The 
solitary wave was found to form more effectively when a gravity current 
head is forced to collapse at a mesh screen placed transversely to the 
flow direction. 

Keg words: Gravity currents, Two-layered water, Internal solitary 
bulges, Internal solitary waves, Flow visualization 

1. Introduction 

Many papers have been concerned with gravity currents and internal 
waves in the ocean. These are reviewed in several recent monogra-
phs1>-1> and review papers•>-iu. Gravity currents and internal waves 
seem to have been investigated rather separately, although both are 
closely connected with each other. As reported in a preceding paper12>, 

for example, some sediment gravity currents on a sloping floor give rise 
to a characteristic internal wave of sediment material. The gravity cur-
rent entering a two-layer fluid was recently investigated by Holyer and 
Huppert11>. Internal solitary waves, which have been investigated by 
many authorsu>-2o>, also seem to have a close connection with the gravity 

currents. 
This・ paper reports the results of experiments on the generation of 

solitary internal bulges and waves by a single gravity current entering 
a two-layer system of fresh and salt waters. 

* Professor, Research Institute for Applied Mechanics, Kyushu University, Fuku-
oka 812, Japan. 
** Graduate Student, Department of Hydraulic Civil Engineering, Kyushu Univer-
sity. Fukuoka 812, Japan. 
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2. Experimental methods 

The experiments were carried out using a water tank illustrated 
schematically in Fig. 1. The tank inade of acrylic resin was 200 cm long, 
15 cm wide, and 25 cm high. The tank was equipped with a lock at one 
end of it as shown in Fig. 1; the flow direction length of the lock was 
less than 15 cm. The depth of the lower layer of salt water was bet-
ween 5 and 11 cni, and the total depth of water was about 20 cm. Gravity 
currents were formed in the following way. A two-layer system of 
fresh and salt waters was first prepared without a gate of the lock. 
Then an acrylic-resin plate as the gate was submerged slowly, and the 
fresh and salt waters in the lock were mixed up fully. The locked water 
with an intermediate density was released by pulling up the gate quickly. 
Immediately after the opening of the gate, a bulk of turbulent water of 
the intermediate density rushed in the interface of the ambient two-
layer water. As time went on, a gravity current with a head・ region 
formed and began to travel along the interface. The salt concentration 
in water ranged from 0. 8 to 3. 6 %, and the water temperature from 7 to 
14•c. 

HOT FILM 四 CAMERA MESH ↑LOCK 

I ぞ 1
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叫I← 
l' ーへb • 1l 

WAVY GRAVITY FLOW 
DISTURBANCE 

恥 LLELBEAM 
OF LIGHT 

Fig. 1. Experimental apparatus. 

An eight-fold mesh screen made of iron with a single square-mesh 
size of 0. 2 x 0. 2 cm, was used in some experiments to promote the tran-
sition from a gravity current head to a solitary wave. This screen was 
placed at a position about 60 cm distant from the lock gate. This dis-
tance was needed by the gravity current head to shape itself clearly. 
Current ・and wave patterns were visualized by means of the methods 
of direct shadow and dye (methylene blue) injection. The visualized pat-
terns were photographed with a camera which was at rest with respect 
to the tank. Velocity fluctuations were detected using a hot-film anemo-
meter, and recorded by an oscillograph. A hot film probe of the anemo-
meter was located at a position about 43 cm distant from one end of the 
tank, as in Fig. 1. The probe was made to point fo the lock, and the 
velocity fluctuations were measured correctly only when some distur-
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bances approached the probe from the direction of the lock. 

3. Results 

As described in §2, gravity currents were generated by releasing a 
salt water with an intermediate density at one end of the water tank. 
After releasing, a gravity current head traveled along the interface of a 
two-layered water. When the whole length of the tank was traveled, 
the head was reflected at a wall of the other side of the tank and be-
gan to retrace its steps. Thus the disturbance continued to travel by 

repeating the reflection at the tank walls until it died away. It was 
observed that the traveling disturbance changes gradually from a current 
head to a'bulge','·1•i which changes further into a solitary wave as time 
elapses; the bulge is here distinguished from the wave by the existence 
of an inside vortex pair. Such a process of changing from current to 
wave is displayed in Fig. 2, where t is the time passed after releasing 
the lock, and a=(p,-p1)/p1, p1 and p, being the density of upper fresh 
water and that of lower salt water, respectively. The scale unit for all 
the presented pictures is cm. 
Figure 3 shows the dependence of traveling speed V of a gravity 

current head on a of a layered water; V are normalized by the head 
speed V,。atthe smallest value of a. The head speed increases with 
the increase of a. A travel-time curve for a gravity current head is 

shown in Fig. 4, where X is the distance traveled by the head. A re-
flection point of the head is indicated by an arrow. The head speed de-

2,5 

2.0 

1.5 

1.0 
0.01 a. 0. 04 

Fig. 3. Dependence of gravity current speed on water-density 
difference; volume of intruding water=l. 5 l. 
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Fig. 4. Distance traveled by a gravity current head before and after its 
reflection at a tank wall. a=O. 036. 

creases only slightly after the reflection. 
A series of pictures, Fig. 5, shows the transfiguration of a rightward-
moving current head when it collides with a similar leftward-moving 
head, which is not dyed however. Figure 5(a) shows the current head 
which is not much influenced by the other current approaching. The 
vertical thickness of the current increases abruptly when the two heads 
collide with each other, as seen from Figs. 5(b) and (c). The heads 
turn back after the head-on collision, but some mixing of both currents 
occurs as in Fig. 5(d). 
The mixing of fresh and intruding currents takes place most actively 
at the rear of the head of a gravity current. This will be seen from a 
direct・shadowpicture of Fig. 6, which is similar to the photographs ob-
tained by J. E. Simpson (Holyer and Huppert13>). Figure 7 shows a sym-
metrical bulge dyed with methylene blue ; the interfacial layer had 
been dyed by a preceding gravity current. 

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked

library2
ノート注釈
library2 : None

library2
ノート注釈
library2 : MigrationNone

library2
ノート注釈
library2 : Unmarked



INTERNAL SOLITARY DISTURBANCES 

: l. . ・I I.. .. . - -.'. 

l—| ̀  - ［ 
.... -- .. .・.ー"...-• 

.... ..... - ..  -... ... --... - -. 
..•一・・ ー ・・
．．．．幽~．．．．

... ... - - -
.．・ • • 一・・→ 一． ．． ． . -・・・ ・- --..  -..一 9 -..．．．.. -. "..“ 

—•””’•. -.  -..  .. -・-．→ •....“-..一・. ----・ -.. 

I 
．．．曇•・

~L,; 
.: ＿十一．．`.: .. ・, -... ~-... : 

上
ー・ ・．． ．．： 

●●. ！ 一ー・ .. ・・-・ 

t 
... -..... 

: ~ 
-... --........... 
+ -...·~”— 

ヽ

~l~ 
ご
・:―. :・ •こ E. ．·••一.．．． llul•一:．．て:．ー.．-• ・● -・●・. 

！ ．； .. ．． ......  -... +—. -・

―・t .. .： ・ • ！ 
... - -・ ~ -.~ ー ・ー ・ー．．

l 
●● - -• .. .. --- ヨー

嵐
一鴫•— • --．- .． ”-．． 

！ 
- .  -.. ~ ..  - -....  

．！・.・.． -― .r; リ 直
--- - -• 一・.... --....  

ふ．こ ー．．．t：―t圭．．， ..l • ：． . --.. ••·一 -: . ・・. ~. .: _ •こ ．-:. ---.:. .. . :--・: .:ー・・
!.. ::i :. :..．で.z -•一• .J . -・ ・・・・・・・・---... .. ．．．．．．．．．一．．
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Fig. 10. Variation of out-put signals while. a gravity current head continues to 

travel in the tank without the mesh. screen; vertical scale is arbitrary. 
Time increases from right to left, and the lower trace continues from 
the upper. a =0. 036, Time scale= 16 s. 

1l:...i-il―•Iil―:］；『雁叶圃•l1.--：：日I+量田声·--t`.：.I.:

Fig. 11. Out-put signal from a bulge formed downstream of the mesh screen. 
a=O. 036, Time scale =4 s. 

There is a possibility that the sudden interruption of mass transfer 
by a current head promotes the current to wave transition. In the pre-
sent experiments, gravity heads were made to collapse at the mesh 
screen as described in §2. A solitary wave generated in this way is 
shown in Fig. 8, where an intrusion which has come through the scr~en 
and now died away is seen on the left side of the picture, and the wave 
traveling to the right is seen on the right. 
In Figs. 9(a) to (h), a process of solitary wave generation around 
the screen is displayed in more detail. Figure 9(a) shows an undisturb-
ed two-layer system with a transition layer, which was set up by a first 
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gravity・ current. Figures 9(b) to (h) show the collision of a gravity cur-
rent head with the screen, seen. as a dark vertical thick line, and the 
generation of a solitary transitory bulge and a wave. In the last three 
pktures, the variation of a time line made visible with dye is shown. 
In. Fig. 9(g), the time line is distorted considerably towards the traveling 
direction of the bulge, and indicates that the mass transfer is still 
dominant. Figure 9(h) shows the leftward-propagating disturbance after 
reflecting at a tank wall. The displacement of a new time line at the 
center of the picture is rather small, and the disturbance may be now 
regarded as a solitary'wave'. 
The process of solitary wave generation was observed by taking 
hot film oscillograms. A typical record taken when no mesh screen was 
emplyed is presented in Fig. 10. The largest spike in the upper trace 
shows the passage of a gravity current. As time goes on, the spikes 
decrease in height because of the reflection of the disturbance at the 
tank Walls and its gradual dissipation. At later times, their waveforms 
are quite symmetrical indicating that the disturbance is a solitary wave 
rather than a current. It should be noted here that, as described in §2, 
the hot film probe was directed towards the lock, and so the velocity 
fluctuations were measured correctly only when the flow direction was 
from the lock • to the. probe; the measurements were made correctly 
around the spikes. 
Figure 11 shows an oscillograni of hot film signals when the screen 
was employed. The largest spike in the oscillogram shows the passage 
of the first disturbance.. The spike form is symmetrical though disturbed 
by small-scale ripples. This symmetrical form may also justify the fact 
th1,1.t the transition from a gravity current head to a solitary wave is 
promoted by making the head collide・ with the screen. 
A boundary gravity current under the interface of a two-layer water 
was. visualized as shown・ in Fig. 12, where the current is traveling 
from left to right on a horizontal:floor of the tank. As・ will be seen 
from the pictures, the interface is distorted as the front of the current 
travels, and this distortion continues to propagate as an internal wave 
even after the current itself has died away. 

We would like to express our sincere thanks to Professors Y. ・ Naka-
mura and T. Kambe for stimulating discussions. We are indebted to Dr 
A. Kaneko, N. Matsunaga, and. Y. Shiraishi for useful suggestions and 
technical help. This work was supported. by a Minisry of Education, 
Science, and Culture grant, which is gratefully acknowledged. 
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(a) t=36 s 

(b) t=47s 

(c) 1=88s 

(d) t=159s 

Fig. 2. Gravity current moving along the interface of a two-layer water. a=O. 014. 
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(d) a=41s 

Fig. 5. Head-on collision of gravity current heads at the center of the 
tank. a=O. 011. 
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Fig. 6. A gravity current head visualized by the direct shadow. a=O. 027, t=27 s. 

Fig. 7. A solitary bulge visualized with dye. a=O. 012, t=34 s. 

・,. 

,.. 
一Fig. 8 . Generation of a solitary bulge by an intrusion which has come through a mesh screen placed on the left. a=O. 035, 1=29 s. 
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(a) t=Os 

(b) t=10s 

(c) t=12s 

(d) t=14s 
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(e) t=16s 

(f) t=23s 

(g) t=28 s 

(h) t=63s 

Fig. 9. Generation of a solitary bulge by a gravity current which has gone 
through the mesh screen. a=O. 054. 
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(a) t=O s 

(b) t=10s 

(c) 1==12s 

(d) t=25 s 

Fig. 12. Boundary gravity current and wavy deformation of the interface 
of fresh and salt waters. a=O. 025. 
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