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APPLICABILITY OF SIMILARITY THEORY TO THE ANALYSIS
OF THE MOTION OF A DENSITY CURRENT HEAD

By Kazuo ASHIDA, Shinji EGASHIRA and Hajime NAKAGAWA

Synopsis

When the behavior of a density current head is analyzed theoretically, the similarity theory
concerning to the velocity, density and shape of the head is often introduced. At first, previous
studies having used this theory were taken up, then the points at issue and applicability of these
studies were examined.

We presented conservation equations of volume, mass and momentum. By using similarity
parameters related to the velocity, density and geometric shape, analytical solutions were given and
compared them with previous studies for the maximum thickness, density increment and advancing
velocity of the head of a density current without suspended sediments.

Moreover, we guessed the values of these parameters theoretically and experimentally, and
by using these parameters, applicability of our theory was investigated by experiments concerning
to density currents and turbidity current surges.

In results, for not only density currents without suspended sediments but also turbidity current
surges with suspended sediments, our theory proposed here agreed fairly well with experimental
results by considering the net deposition of the suspended sediments if the currents are composed
of them.
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currents.
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Fig. 7 The displacement of the density current head as a function of time.
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Fig. 8 Temperature distribution at the head.
Here &' =xs—x.

Table 2 Experimental results concerning
to %, for a density current.

X | A dp2

. 4
) | @h) | (glems | (glomy | P

15 &4\&%w& 0.001559 ' 0.948

13 10.2 | 0.001465 | 0.001247 | 0,851
10 | 12.3 | 0.001224 | 0.001260 | 1.029
1 0.921

8 | 12.2 | 0.001242 | 0.001144
6 | 12.3 | 0.001232 | 0.000987 | 0.801
3.5| 12.6 |0.001172 — —
2 | 150 0.001059 | 0.001109 | 1.047

VAR dn=2u) ZRAVTHEDEEDRK

EfEDo BIHCH — P RIRS &, TARBABRI NG DS, ERIERASER CHBN TORKISEBT 555
BRETHOLN TV S, WRIZERKEDRBES KR TR L 3 BERRELLC LEBOHTT 2,

f gate

Vo:initial
volume
Co:initial

1320
. Ci
concentration m

Lo:distance from upper stream end wall to the gate

40 cm

Fig. 9 Sketch of the experimental set-ups.
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Table 3 Experimental conditions for turbidity

current surges.

RiZeFah» 7 TRE LR, $/, REICEE Exp. Lo Fo 1 Co i
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e R I
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BISEWTEI, Sai S 50,100, 250,300,400 35 & 213 ’ ’ 0.23 ’
O 600em HETH-T, Lo d 50em #%h 214 » ” 0.10 »
DU, WRIERIRICETE UL OEIIZIZERER 21-5 Vi y 0.05 Vi
WEEHEUIWHETH S, FESMHIC20TIE, 22-1 66 92449 0.23 Vi
VIR, MEESLUHRERRABOZAS & 22-2 56 78344 4 7
BE—lc e LIk MOERET, AfigmE 23 | 4 64239 ” ”
L& - TRHIS N, EBA&ME Table 3 02 2274 | 26 ) 36179 7 7
BOTH-T, HHOBES, Fig. 9 107 L ii; 3; 50154 Z ijggo
ZADERMIEL TS, b, BRIREEOEE 933 P P ’ 0
KTH b,

Fig. 10 i3, sesffpiE & wf & OBERER L

ebDTH T, AUYHMEEELET 2 HRMOEREROTRINTV S, AR OWLLELIIC, B
KT, —RICA—OYIEEEEH T 2 KROBHER L /NS0, i, BREHPOLN T
TFTROTUET 2.0, BHENPBLTE05TH S LERINS, ERERO—F% Table 4 [TUR
To RPUCIIER] ¢ KB ZHRBOME «, FHEEABS 4r, WEFEEREZE 4y, BEEE Uy, 141
JVAE Re BIURE7 v— VR Fr DEIRINTN S, Fig. 11 BLU121, 2heh, ERER
EBLUEEOBFNENERLIcbDTH S, BERSOHEMICE, MHREORVICIZHERIEERIY

WEITHB, BEIR, HTEESCRIERNCELT S, TIHBENKSOES,

B XN ToEHER

BHLTEAERET 55, AN DIBEAIIL, Photo. 1 (a)~(d) IRT LD ic, BEMSKBICED L,

15 [
r-. 2 Lo~ & s -8
S < B ¢ A i < S S
L Al I A e N
S B~ g« . U o Y- S
E L
> +
5 J_O_ 21-1 =0
3 pearl —o—21-2 01
-G clay—0— 21-3 --@---salt
HCR | 0J
Lo —6— 21-5-@
0|||||l||||||11|1||||:|L||n
0 200 400 600 800 1000
T(sec)
Fig. 10 The displacement of the head of turbidity and brackish current suge as a function of time.
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Table 4 Experimental results concerning to turbidity current surges.

Exp. | ks APf Uy ;
No. | (sec) | (cm) (cm) glem3) (cmfs) Re i Fr
- 1 - i - -—
176 794 12,20 0. 000728 2.723 3322 | 0.923
21-1 243 955 11. 00 0. 000555 2,222 2442 0. 908
317 1103 10. 00 0. 000423 [ 1.887 1887 1 0.927
| 411 ‘ 1253 9.76 0. 000315 | 1.515 1479 0,873
178 640 13.75 0. 000548 ;‘ 2.308 3174 0. 849
21-2 252 802 12.00 0. 000388 1,758 2110 0. 823
343 948 10.00 0. 000297 1.518 1518 0. 890
455 1094 9,50 0. 000212 1.230 1107 0. 876
285 506 10.00 0.000217 1.072 929 0. 789
342 561 9.00 0. 000191 0,887 798 0. 684
21-4 392 605 6.62 0. 000125 0. 805 533 ©. 893
442 642 — 0. 000121 0.725 — —
482 672 5.00 0. 000085 0. 689 345 1. 066
L \o
F oz2l-1
B o 2i-2 201
0.l b \ ®20-3 - o 21-1
L " o ®2-4 L © 21-2
~ | [ ®21-3
32 2t % ® 21-4
5 i £~ | \
©.
L 0 \O
10}~ o
005 \ AN \a\ ° \"\o\oi&\a
L e 0\\ L
[ o
Ol o 1 LT\m N 0 lyp— 1 b -
g 5 X(m) 10 0 S X(m) 10

Fig. 11 Concentration of the head asa

function of the distance.

Fig. 12 The maximum thickness of the head
as a function of the distance.

FRBET U TR LR BB BENH 5. T, TROEFERROBHIME OO TRIELN

TH5bo

Fig. 13 (a), (b) BL U (¢) 13, seih 57124 50, 100, 250, 300cm, (400, 600cm) #HORTEICE T 5

BEAHTH 5,

A, SEREICESES D 50em B OWEIC B 5 BEE MO FEEE AL, 100

om BHEOBEEEHENTICED AiEE LT 4 %I EL, Table 5 OX5THb, AIFTHELL
X IiC, b BONGEWVEER LD T ERBDPE,
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(1) (2'58.90"" past since removal of the gate) (b)Y (4712.55” past since removal of the gate.)

() (5'51.34” past since removal of the gate.)  (dY  (7°43.57” past since removal of the gate.)

Photo. 1 Transtormation processes of the head of a turbidity current surge.
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FKBI KB FEE SR SH255 B-2 (57, 4)

4. FELEROBRAM lof Exp. [7-4
TTTE, 2.3 THESNISASIEEL S I t=x38x75(e«:)
2 =4 BLUERICK - THBRENSHICIN = I T
TEEFEH B LT EHHELL T A -2 %, 2.2 ﬁ ¢ s lgg
DO FENCER U, TORRISEREERS 5 R 2388
JURABOEENSIEE S OREHET 2 05K I © 600
9%,
Fig. 4 3, ©REFRICHT 2RANE, ® ]
BEEL KU FEEOB M & RREE ZHEL I
72bDTH b, aHIL, DEFDOLSNUEHTITD ol . . L
Nice THDB, ba~ku KIZADRDIEE, A iC 0 01 (o) 02
id Table 2 |C/R LIcEDSEEHE R, £ 12H ©
LT, LAGOML LERNTN S, ST Fig. 13 Concentration profiles at the various
DEEKROI D AALRICET S5 4 =4 o, sections from the leading edge of the
RE & U EEISHREICE T2 H Cr(=Co+ks current.
(fi+fe)) BER, L4/ VZEROBMTS 34,
IR SOBEAIRII—ElEELTEL, Table 5 Experimental results concerning to 2,
2REN, @=0.02, Cr=0.3 &5 EABHOTH for turbidity current surges.
%, Exp. 174
E N ET 3 N N5 t h ] 4 4
[RIG & ‘9 Hald, WA, ?EJ:%E%J:U‘S‘}E (se0) | (mg) : (g/cfr{?') (g/é’;"lz) 2,
CHTSRBREEPBO L CHBT LT DD 790151 | 0.000333 | 0.000300 | 0.901
%o 305 | 14,1 0. 000304 0. 000262 0. 862
DEE, JEKBICET 2 EROBHEILOVT 387 | 12.6 | 0.000237 | 0.000214 | 0.903
BE Uk Do BSOS 5 8
2.0
| Exp. 13-17 5
£ i=1/100, Q=0.68 2/
§ : ! ) 5 ht/hfo
>
] £
QU
d PS [
n:i' 1.0S L4 \'\
< Ut/Uto
. b =)
e ~]
< R
< ko = 0.934 7O:ht/hg - =
= a =0.02 meas. @ : Bt/ APy, APs/5Pyg
[ Cr=0.30 ®:Us/Uto
ol . ey
0 50 200

0 150
Xx(= X/ hto)

Fig. 14 Comparison between calculated results and experimental ones concerning to the
maximum thickness, density increment and advancing velocity of the head of a

density current.
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1.0 Exp.21-1
e 0.06 1.0
0.8
0.8
o 0.6 L iaqn 0. -
5 i=1/100  C170.3 ~- & 0.6 €1=0.4 =
. . £ T
£ 0.4 k=10 kepe4.0 O : measured T ooql k1710 kg2et.0 O measured
o.z’_ ks372.0  kgqe3.57 : calculated ks3°2.0  kg4=3.57 == calculated
0 PR USSP I MR B
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2
T e
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“ ng
(b)
&
2
T
E>

20 30
Xy (=X/hgo)

Xe(=X/hgo)

Exp.21-4 a

i=1/100 C7=0.5
ke1=1.0  kgp=4.0 °
0 keq=3.57 O measured
75 calculated

Fig. 15 Comparison between calculated results
and experimental ones concerning
to the maximum thickness, density
increment and advancing velocity of the
head of a turbidity current surge.
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