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BEHAVIOUR OF TURBID WATER MASS RELEASED
INTO TWO DIMENSIONAL RESERVOIR

By Kazuo ASHIDA, Shinji EGASHIRA and Hajime NAKAGAWA

Synopsis

Turbid water with a prescrived volume flowing into fresh water, a turbidity current
like thermals is formed, which we call “turbid water mass”.

We carried out theoretical study on the behaviour of turbid water mass, and proposed
physical and mathematical model for the wave height, density and advancing velocity of the
head. Then, the parameters introduced in the model were investigated by experiments.
Using these values of the parameters, applicability of the theory on the behaviour of the
head was discussed.
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Fig. 2. Flow pattern of turbid water mass and definition sketch.
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I u 60 122.9(22.9/0.310{0.00193

15-561) « " 0 40 22.8(22.8(0.356|0.00222
O o« ! " 40 |22.9(22.9(0.348|0.00217
15-56 1) = " J 20 {17.5(17.5/0.488(0.00304
o " v 20 |18.2(18.2/0.352|0.00219

15-57 1| 1455| 29.10{1/200( 60 |20.2]|20.2{0.346|0.00216

) 1{ - u " 60 19.5/19.510.322(0.00201
15-58 1| = g u 40 122.0/22.0|0.506/0.00315
u " u 40 20.5(20.5/0.472|0.00294

15-591 « [ " 20(17.8(17.8(0.322|0.00201
I " " u 20 (18.6|18.6|0.320]{0.00199

15-60 1455] 29.10{1/200] * [20.2]20.2|0.318/0.00198

C+ ZEFHRK)
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Table. 2 Experimental results and various parameters measured at 0.5m
behind the leading edge.

Exp.15-47
t | hg | Ug | te-ty | AC¢ kg . | Re | Fr? K [Bog(t) | Xg(t)-Xg (to)
(sec)| (cm) |(cm/s) | (sec) (%) k'i;qe (cm) |Bpf (to) hf
165 [14.3 [ 2.451 0.1079 3305(0.638 | 514 1.000 0.00
222 {15.3 | 2.350(222-165]0.0958( 0.0144/3596{0.617 | 650| 0.890 8.89
289 [15.1| 2.222|289-222{0.0857|0.0120|3355(|0.625 | 800| 0.790 18.94
358 |16.0 | 2.096|358-289]0.0672{0.0305/3354/0.669 | 957| 0.623 27.69
435 |14.9| 1.915]435-358(0.0593|0.0135|2853|0.680 | 1112| 0.550 40.13
492 [15.0 | 1.709{492~-435(0.0522(0.0209|2564|0.611 | 1212 0.484 46.53
289 |15.1 | 2.222|289-165(0.0857|0.0142|3355(0.625 | 800| 0.794 18.94
358 (16.0 | 2.096 |358-222|0.0672{0.0240/3354(0.669 | 957 0.623 27.69
435 [14.9 | 1.915/435-2890.0593/0.0237/2853(0.680 | 1112| 0.550 40.13
492 |15.0] 1.709[492-358|0.0522{0.0188|2564]|0.611 | 1212| 0.484 46.53
Table. 3
Exp.15-48
t h¢ ug ta-ty | ACg |k «| Re | Fr? Xe [Apg(t) | Xg(t)=Xe(to)
(sec) | (cm) |(em/s) | (sec) | (3) ?ﬁzqe (cm) [ B0 (£0) )Y
285 [12.3( 1.709 0.0583 2102(0.611 | 647| 1.000 0.00
377 113.0| 1.636(377-285(0.0501}0.0141]2127{0.673 | 810| 0.859 12.54
465 |11.7| 1.544|465-377[0.0405| 0.0204|1806(0.824 | 950 0.695 25.90
568 | 9.5| 1.399|568-465/0.0360|0.0082|1329/0.937 | 1108} 0.617 48.53
652 | 9.5| 1.254|652-568|0.0350|0.0024/1191|0.775 | 1210/ 0.600 59.26
735 | 9.6 1.101]735-652|0.0249|0.0331|1057{0.831 | 1310| 0.427 69.06
465 |11.7| 1.544{465-285/0.0405|0.0185|1806]0.824 | 950| 0.695 25.90
568 | 9.5| 1.399|568-377{0.0360|0.0139(1329/0.937 | 1168| 0.617 48,53
652 | 9.5| 1.254|652-465(0.0350|0.0064[1191/0.775 | 1210| 0.600 59.26
735 | 9.6 1.101|735-568|0.0249|0.0230] 1059|0.831 | 1310| 0.427 69.06
568 | 9.5| 1.399|568-285/0.0360/0.0149] 1329|0.937 | 1168| 0.617 48.53
652 | 9.5| 1.254|652-377/0.0350/0.0119}1191|0.775 | 1210| 0.600 59.26
735 | 9.6 1.101/735-465|0.0249]0.0202[1057[0.831 | 1310| 0.427 69.06
Table. 4
Exp.15-49
t | hg | uUg ta-t; | ACE %Q_Q* Re | Fr? Xe [AP£(E) | Xg(t)=X£(to)
(sec) i (cm) |(cm/s) | (sec) (%) s4C (cm) £(to 3
218 [12.6] 1.969 0.0364 248111.385| 517 1.000 0.00
290 |11.8] 1.782[290-218)|0.0362| 0.0005[2103{1.218| 650| 0.995 11.27
390 |14.7| 1.654|390-290(0.0268/ 0.0312{2431{1.137| 822 0.736 20.75
479 |13.7| 1.546|479-390{0.0250| 0.0070(2118|1.143| 969| 0.687 32.99
578 |14.1| 1.373|578~479(0.0226| 0.0110[1936|0.969| 1117| 0.621 42.55
390 [14.7| 1.654(390-2180.0268|0.0185/2431/1.137| 822, 0.736 20.75
479 [13.7] 1.546{479-290(0.0250{ 0.0204[2118|1.143| 969| 0.687 32.99
578 |14.1] 1.373]578-390{0.0226{0.0102[1936]/0.969] 1117| 0.621 42.55
Table. 5
Exp.15-53
t | hg | Up | to-ty | ACE _]t_gq* Re | Fy® | Xf [Apg(t) |Xf(t)-Xf(to)
(sec) | (em) |(cm/s) | (sec) (%) S4 (cm) [APE(Eo) he
164 [11.0] 2.364 0.1293 2590 498] 1.000 0.00
221 [10.5| 2.395|221-164{0.1112{0.0125|2515/0.805| 632| 0.860 12.76
279 [10.8| 2.250(279-221{0.0960|0.0131|2430|0.800| 768| 0.742 25.00
344 |11.0] 2.036|344-279(0.0778/0.0194(2236{0.796| 907| 0.602 37.18
416 | 9.9| 1.837{416-344{0.0692|0.0093{1819|0.807| 1043| 0.535 55.05
496 | 8.6 | 1.747/469-416|0.0610|0.0125[1502{0.953| 1140| 0.472 74.65
279 [10.8| 2.250|279-146(0.0960/0.0145|2430|0.800| 768| 0.742 25.00
344 [11.0| 2.036)|344-221{0.0778{0.0188{2236(0.795| 907| 0.602 37.18
416 | 9.9| 1.837|416-2790.0692|0.0152|1819/0.807 | 1043| 0.535 55.05
169 | 8.6| 1.747]469-344]0.0610|0.0114{1502{0.953| 1140| 0.472 74.65
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Fig. 6. The relation of time and the

BREEREICT B HEE, KBSHORESHTON advancing distance of head.
ERRIVEDONIEREEEMEICT B HETEH

EIoNb, BEIHLTIE BRKEBEOE%ORERTICT 20MBHEETH S0, LT TE, BEXZO
WEROBEKEEDS5%THHKELREEHS LERL, TDTURAEELOL I BHIEHD 2HFARTH
X5, Fig. 7 1Ti3, FEAROTHRBIRE, BEHA,SBONATEIIRINTHLS, RBOELHE,
HAEFOTEBREZEDL L TEYD, EVRBABVSH I LDICESELEFOREETHOREIA SN,

20 measurement visualization with
Exp. I15-49 of concentration 16 mm film
?::z50501/sec o — t=218 sec X¢= 5.17 m
At=20sec ° . > -
=) —_— 390 8.12
] —— 479 9.53
® e 578 1.0

Z (cm)

Fig. 7. Visualized shapes of turbid water mass obtained from 16mm cine-film. On the figure,
the height of interface defined by the measurement of concentration are shown.
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NPEFHIC X AR, 133, CORARNICHS,

SeBEE X DML C ORI 5 b MBS, EEALHNEN T, 72, Fblgsiiic X

LT, BEEHUASE D 5 3. 1m B HOHEE TUHH SN THRLOT, e S AR S ORI
T LT VA5, IR ST 5 &, HBIMEIEEITBMEEM R ST AT Edhh b,
TEAL & AR OIRE LT & OTEREEVEDMIRIZ, Photo. L BXU20L5THS, Tbb, i
DR, RIS EERTH 505 BIIEORBHER LEvii] T\A’J’Cb‘ b0 —H, JE
BT OB AT, LIS & EHIEHKD S 570w, Rl S 1L O3 KEREICE TEL
LR h B

Photo. 1 An example of turbidity current
which is formed in supplying a
prescribed amount of turbid
water. We call such a current
“turbid water mass”.

Photo. 2 An example of turbidity current
formed in case of constant sup- Photo. 3 A head of turbid water mass.

ply of turbid water.

Photo. 3 {3, IKMEHICTRLIcDDTH S, Tk b, MLOBR 5 4 —2 5T 5, [,=0.8m,
hp=0.2m, hp=0.1m BLT A,=0.12mF EF5EKNT 4 -2 BRAO LD ZHES D,

koy=hao/hs=0.5, keo=1;/h;=4.0

Ru=A,/h2=3.0 b= % 1;/h,=2.0

3.4 REHIVBREIH

Fig. 8 13, /KM L& » x=6.5m Hifc %R Lo AHEGIERAEEITIC & » T S N Bk oF s
HERLIbDTH S, HELY, TS SHHTO BEHBINI B> TS, §70, RADH

VRSB O T, ATIERMED XUTHW S, 2T, HENMTOMHEWEE A B0, Kiaz
BT & - TSN AU S THS 2 2oL U, s KiE T imion b U T A m 2 EZR U
Lo Fig.9 THb, MMED, LEBEEZRTE, RHEFTEILEZY ORMUESALNE, Lichs
> T, BITMARBOTRIEMGOMIMNEEROE L LORFMEMREINLETL LD T, Hatici
T505 4 =% b LTI, WREOREPI, 0.7<h BETHELEDNS,

Fig.10 {3, ¢/Cooe ZBEENT, 2/h, ZHHHIC & > TRKO BIE AR UL SOT, Mho HhKIE
£=390 sec ICH1F B 4 DOMMICBOTHEINKLSDTH B, RINOETREYD, MHERIZIZIZHLILE
HoTORODbMD, S, HEIKMT M T A =4 ke 13, AKNOERKE Fig.11 2821 L

TkdbE, 0.7<hk, <1 RIEDORPHARI D 5 LMD S,

3.5 SIREMOBEESH

2.4 ITBWT, ST oM I, RATEUTE2b0EME LT,

Qom @R gU p worseremsens e (26)

, ANV EE d=ahy LETR E OIS B B KON T

Tbb, SIICET BuifTic
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Ts3a43" ST tezs03 EI teqrnz tea'za3"
Exp. 15-24 N1-20 N 20
Q=1.4551/5 1
i=1/60 1
At =60sec
10 -
i ] N ol
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. mE X B
Xt- X=2.8m Xt~ X+36m Xt- X+5.0m 1 X Xe66m
T=5'04.3" Te5'343" T=6'243" t-7'24.3"
120 -20 l-20
N 1o -10 N 10
AT ot I N A W - A R 74PN I
Outemsms) 5 O utcma) 5 0 u(emss) 5 Oufem/ss) 5

Fig. 8. Velocity profiles of

the cold water mass in various sections behind the leading

edge. (Some experiments of cold water mass were carried out to investigate

the velocity distribution concerning the turbid water mass.)

Exp.15-24
Q = 1.455 £/5ec
is1/60 Xg-X (m)
/h' at » 60 sec 005
©0.95
o5
©2.0
036
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0.5 ‘&ﬁ%ieee °
0% e >
.mm’%eés og
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8%, go
o
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|I.",,yod>.‘..o
1
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Fig. 9. Non-dimensional

velocity profiles

obtained from the results shown

on Fig.8,

Exp.15-49

t=390sec

Q = 1,455 {/sec
i=1/100
At =20 sec

05
C/Cmax

Fig. 10. Non-dimensional concentration

profiles.



278 EAPKAETRER $245B-2 (HE56. 4)

S

o S B ]

Xe =Xt

Fig. 11. Change of the temperature difference in cold water mass.
(4T is the temperature difference between T, and T,
where T, is the temperature of the surrounding water,
T, is the lowest in the cold water mass.)

o measured

0.20 O 1 1 T T 1T
— 1 1 | .|
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~ 0.l = io——1 Simp Keulegan -
& '%:-2 — gzg?ﬂ. a=0.125 /. a=0.13 1]
% g | } } 1

0.10 T Eq.(44)

>
0.08 < '>>>,>>
0.04 o]
10? 10° 10* 10°
Re

Fig. 12, The relation between « and Re. (a=ah,/hs;, Re=Uh;/v)

Yo TCHAIETEREDEEL, TOMTIE, A—1N—N"VI/ B dLEE b LD a BEDKD
REEED, TAPBEFRICEDLIBHEERKIZLTVEHEEET 5,

Fig. 12 i3, #—/N—"V/EE d LAeHKEE hy O d/h/(=a) & Re BEDBFRESILSEDT
b5, Rzt Simpson®2sig R U7 BEAK

d/h,;=0.61 Re=0-2850.0 (Re=U, hs/v, 300<Re < 10000) «ererrerereeseneecrneernes (44)

Keulegan!® 3 X 7¥ Simpson!®’ 5 p8$27R L BRABREIN TV S, LN O OHIREHBRBIAERE, FEHLH
BRERERETEEUTOLSTH S, ERIER, Re ¥031000~4000F DR WFEHDOSDOTH 2ha
120. 1020, 2BEOHENICH Y, UHRRBREThODEID /MK LFEHEIN TS, T/, Keulegan
MREL a Of% Re ¥ 1000BECETHHTE2b0E Lt &, EBRERZOFLCHEELTY
%o

OEK, BREEFRICOVTETEELLY . BHE~OHETRESZ 5 20 XOMLE Ush, Tho
TERTALT 5 LIRKXOEEREDRILT 5,

QA= QU JU B = veesesssssesenisssss s st et st st (45)
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Zhid, A==V IEILEREEE LWL d/h, THY, 1312 0.1<a<0.2 THo 1o

—%, EREEFERQHRIBVT, dA,/dt=0 LT5E, q=rq &7120, ZhEQ)RIKKAL, =0
L UT Ushy TERTALT 5 ERROBFEBRD LD,

g =l kyhy ( ddj, )
¢ Ushy kodp,U,\ dt

WEXD, q=ahU; BV dA,/dt=0 SEFICRY LO%HE, UKL UORIFEICILZ, COC
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U RDAENABEHERIVFHET 2 L RRBTH 20T, ARE>¥DLIKERT 5.
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Fig. 13. The relation between k,/k.-q* Fig. 14. The relation between k,/k,-g,*
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Fig. 15 (a)~(d) The change of the head density in flow direction. The full
line on the figure is obtained from eq. (37B).

TR, TINS5 4 —ZDEHIL, ERHPOHIEERD L ENTEIY, AHOEBRTIIINDS
DERBEE L RO B EMTEL P oTco LT, TTTROEDX S BHEICE » THRHOBAY:
ERIT B0

3T, ABIOBEICEL TR BRHIKEEAEEMALEBNZERD, b=0 L UTUTEEBIURK
THEEKBELUERT S,

D4, BEAERIIGB)REL LY, ChEHLTLERROLITHS,

A0,/ A010=€XD( byl ) s+vsersrsarsassensensensessasssssas s s (37B)

Fig.15(a)~(d) 3, EAKBEHBHEOEHNENERLICODTHS, MRLD, BEIRHHEL
THBHKELLTH300bh 5, EREOZOLH IERI, G7B) R D#EEI NI BELRLOMERM
E—HTBLDTH-TC, EROBRYUUETTODOTH B, X5, Khicid, AKHOEEBRER (Exp. 15~
6 22 8 16, 17, 19, 20) d#HESH T3, ANELYD, AKRERBOBEORAR, BAOZLE
HARTHEDREODONBDIS . AKBOESIE, BTRKXZEEROINC, KEER MESIUK
BEBODE —F 4 V& BBEORSD, HTBERIBY 2 FHEKDLORCHICL Z2EERDE LM
HBIRBTHAD .

T, BABRICEL, RNBEOBEOEESHS b OEERDSE, Exp. 15-47, 48, 95Xk U580%h
ZHICBNT, by=—0.0146, —0,0110, —0.0114HB X —0.01114725,

DXL, ERMBOKTEE U/Uy KBELT @8BX, 371b5,

(U /U o) 2=2bs/ (b +2b¢) «Fis* exD(botn) + {1—2by/ (by+20by) - Fii’t exp( —2by24) -+ (38B)
CEBEEEREL LS, 4k, FROBERIKEL, b BERPOBONETEDE, £i=0.5, k=
3.0, ko=0.8, tang=0.01DBEDEEMAS5LGHRLY, &, 0.03&72D, bICBALTI, HAZE
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Fig. 16 (a), (b) i3, Exp. 15-49 BXU 53 LDV TERME L C8B)ROMREELB LI DTHS. |
K& b, (38B) Rid, WO THEORIRMEEZL RO UIHERTH L DY 5,
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Fig. 16(a) Comparison between theoretical curve with eq.(38B) and experimental
results concerning the advancing velocity.
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RTBELEDI, B4 DRE - BREEBREZE L,
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2 BASOER, FESICEENH BARSELECEBAZBOTERRNEEET » 1R, Bk
BLTiR, BHRORBBESLLEOICHE L EAEANE L MicEh, BRYS A — & OBFESRD LN
Too Tio, EEHTOEER, AROEREBRCEONCTRINENCSTOELLZNT ESbhoT, HES
FUBEAHICELTIE 5AEEHEMENEDON, <72 —% b BXT k 13, ThTh 0.7<kL],
0.7<kp<l BEICIE BT LDsbho T, BABEKIBLTE, BHBEE,OA — -V /&I ETTOR
DOEFEKOIRD ABDBEENTHEEELT, 3, A—N"—N"V/BILEETEEEOY a & Re ¥
L DOBERAHENZ, ZORE, a I3, 1000<<Re<C4000 iz T, Re B & ZEERIC, 0.1~0.2 KH BT
EMBELMICEI NI, I, Re/kueg* & Re HBXU Fr EDBRLD, ko/ky i3 Re HBXU Fr ¥k
& REBHRIC, WRDLSIRENT,

8) KA OREBICET 2HBOBAMEIRE I N, ZOKE HEOBEELITVELEOE
ESfHBIURTEEOMARD, ERLOEONIHAOEEYE & LB TIT EMBbhT,

ZD&IIC, RAKBOBEEEELSHEVHE ST NI, 4B ORI NEMEESEZTLTEUTO
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