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Investigation the effect of concentration and radius of bend curvature on
turbidity current body thickness in 90 degree bend

Abstract

Sedimentation in dam reservoirs, is the most important factor reducing dam service life. Turbidity
currents are sediment-laden flows, that move under clear water of reservoirs in the form of layer.
They are major and significant factors of sediment transport into the reservoirs, seas and oceans.
In this study, the effect of radius of bend curvature, concentration and flow rate has been
investigated on thickness of turbidity current body passing through 90 degree bend. For this
purpose, the experiments were carried out using sediment dense flow with characteristic
suspended sediment particles Ds, =1.93um and 0.5, 1.1 /s flow rate in four sediment
concentrations at flume entrance (9, 14, 19, 23 g/1) with 20cm flume width and two radius of
curvature (40 and 80 cm), under subcritical condition of input flow. According to the obtained
results, upwelling of the water surface in the outer wall and height reduction in the inner wall of
the bend by turbidity current passing through of 90 degree bend, due to the centrifugal force
caused by flow entry to the bend. It was also observed that with increasing concentration,
thickness of turbidity current body decreases at the inner and outer wall of the bend and with
increasing the flow rate, mentioned thickness increases. In constant concentration and flow rate,
by increasing the radius of bend curvature, the height of turbidity current body in the inner and
outer walls of the bend and also the transverse tilt of the turbidity flow, are reduced. With
concentration increase, transverse tilt created on the surface of turbidity current in constant flow
rate in steep 90 degree bend (R/B = 2) decreased.

Key words: Turbidity current, 90 Degree bend, Thickness of current body, Transverse tilt of surface
flow.



Lol 550 G & 85 ] grans o ) o8 Jlis B30
A Al s (S5 3 0 5l S o WSS Jos
Gl Ayt SO0 90 Hlid M| g9, a5 Jbb pd Conl
Jlw €S b Goils €85 o o Sy 985 93 solesdly
G S 4 S5 Sl g Lol el g0 4 paw 4 Sodp

(VoA Llely Pl 51 85 @) cosl o3 S5 B

P2 Bl gl o)n a0 Gl lradlas
oud pbxl (dn dw 5 iu 90 Djgo & e (S e
Uik sl pll L allilejl (claadlbs pl des ;I .ol
RS )9 b ey 4 o8 (ITAY) oo 5 oL
el pgwy Lde by an 5 Slin Cope )
Lale obyr gid Sl (upp 4 (IT) ol)lSan 5 535
lngy] izl bS] oy ] 5 5 |, Sad golie > S
Ly oibls an gl cwlale 5 cud (1581 L oS oy L
oler 5 (I b GRIEH Gn eli)) (o GRlE
wor S ble b Cepe sbdidgn (V)
S 3l s o] eloiale]] ol guls dles 5 53,8
5 i ORIPI L gl dn culrs 5 paSle co g gl
OBl by cald Gl L g SRl ogelin b SRS
cupd 3 e oyl (VW) len 5 3y0lis A8 o0 Iy
FoS ke lylyd ) ogw) Lle lagl x40 Cgwy Jo>
Ohlen g iS00y Y3 gy 390 |y Jo bl ]
A8 adlae 3y90 1) 215 by by g culius (VAY)
doupy (Sabil gyl polae iljel 8 assl ol ool
3909 215 ol clale polie (1B uman 5 (6399
g 215 Gl g Gl 5 Colis ials el
9 b Ol 13U gy 0 (VWWAD) ghlal g o3ljp 87 g
S Ble Glagb By ) Cope Gy pocbile
ol gain i)l Gials pli) glaasl dler 1zl
(WWAY) olSon 5 (oobljgpd adlyoo clale (I3l L Lale
allbs 3,58 ADV 5l olizal b 1y csim 4w S by 45
Sl pimgn ol 3l Jeols sl sy ol dles 1ol 1)
Lo adl il oploen ay glasyl Jlade (oo I3l L as ol
09 & (Blse )3 e b SRl 5 clale 38l
Of (WWAY) ol 5 (oS (sguse 5yl (Sl
038 oy ly Ghgdse gam aw S8 ol o20s

bl e 3 Ll (b )8, calis ogad

ol 023 plsl lainghs 35 (§ptae JUE 5 o Los]
Lae by JU8) (oyp & (WAY) (pied 5 (oMY &l
ol eyl a8 asl ) Ll sy as > A (3 (S
by Casl (JBI o)l I i (b (Sgpm o)l > Lads
5 w8l pials Lade (e culis (ugb lodl glad 38l

7 Islam and Imran

doddo

2 b 2l el glie 4 (yied Codgiome cle &
OM (o g (Sl GBS g Camex M) 5 g Gl
Do b 9y 4 39y Seldl Of el 4 Sl el
I eailiagy yuws p3 dw @lis] jolais 4 (il s gloojyy
ol ol bis cly Ol wlio (o)l3 0500 (sla e, Cp e
&5 Jlasl 5 Ol mlie (58 asile 0pdd cudls
9 S HKge) fil d )3 e Pluwo J) (S Al (2B
Mo oz bl cel &l Cgwy l ibe b
Copde a3 oiBe Sl lul eslinal g8 e il
G by b J3 (6)iKgm, J5S piliee O plie
(YNl ohBen 5 (sl) ol g gl el

S Jlow gaY 9 on Cul i S TR e
OSeo BME! 1l 00,8 o dbul JBs 5 oS ML o
L og Joboo dlgs ¢ sliowd jolic ¢sleo dlgo dod 515U sl
s O] Mes oS bl 5 il ool Sy
prr BB ooy p JB QL 6 GBly o by pegase
o W wed e il a8 ol dbyl el Jogasw
aipudly BWSI ST 395 o0 423 oo T slagl > dagl >
boogl U5 slaglys daglp ool 4 22l 3o dlse e o
A5 5 slagle oIS lagle 205 e Gl 55 758
Wl G g adalyy dagwgildl )3 & sis gw) »
(VW E e 5 S)k) adl e

$2909 Juw pegase p ol J& sl
GIgy laghy awd dw 4 el Jle & Cons
P05 Sl > Lede S pedl I pj 9 )l
ol i oSl Jlow 4 G @395 e b sty
I oolnle @8 cSp il pillls gl o
sodos S Shg aler 5l 0 j5ee 005 5 g Sl e
SLJUE «obpp) basdl by 5 cud SHolsh)se
iliseo lagplie b Gile 9 b gldl pj gy8le oty
Joe S (I8 gl e Glpe 4 LS ool
S8 pj gl ol by 38 g 4 g WS

Al r9p8 b Clasiie p las

S By 98 92 Om SO pas jhyy olme slapd

GBS L Geile S S (o Joo (Slad e )3 93 2
bwgs odd dbul Sy il 3,5 so S o Sl 1) 4l
Soxs 9 sl 3She 5l (Ad pe> @ oSl cee Cope

1 Oehy et al.

2 Density current

8 Gravity currents
4 Turbidity current
5 Parker et al.

6 Islam et al.



wegpase px P e Jlw osase pa Pr ol 2 &S
AWSIAP 5 g S8 Clid (B kb G (Jaee Sl
b Jlw 93 O pegase p >

2905 e (bde gl ) pe syl (S
Wil e by cdls goaiS s &S Cunl G yoguusd

B Jghcos )

5 Ll gl W)l Rl bawgie cop U gl 3 oS
Aoy S il sl 0

dae ol @ S el g 4 sae ol 5 Jgliie g
S " gyl
1 ghcosf (¥)

— =927 R
iz U2 !

Jidgy olyer 0,38 5 lade b a6 les (V) UK 5o

ol 0 031 LS J clale 5 sy

@ Gl Jlw 5558 ol om Jobis Voo
o “. m“‘ 5 J{B &‘)

e ht
Uh = f udz = f udz =Uh, =q (f)
0 0

oo he
Uzhzj u2d2=f u?dz = B, U*h, ()
0 0
&S cwl ‘_§>l> 8[.0.:)| ht cslaads ey U ‘d] 0
by cepw Ia,uy»l_/‘wlplqd)a- \ -

Sy @595 capd Py g dwys sho & Cepw & Gl b

9 Richardson number
10 Elison and Turner

Jlew g Lale plp Sy o )3 Lle (b o G |l
2 odd pbul gladdllas des 1 0gd 0 aolS 5 Sl
L (V) Tolen 5 s ol ale Tl Ul
BIF 5 S A sy sy & (S Ll 5l edlanl
5 g Jae Ko (Vo) ThlSan 5 ()5S by (b
ob s by, clayule Bl 3 ol il
5 or b @bry JUB glaes B (S S
9y 1y 353 latalel (Ve oA) (liasly pOlacl 60,8 auylis
0313 sl (5 pte (wgis JUI 55 (S )35 05 ol
9 S5 )35 Lade by g5 9 L (Vo) (e g 3]
P s S s b ghr oM R g S )
Tohen o lgal ols )15 )y 350 (25 slaJU
b U 0 408 Gl )i 55y 2 (V+0A)
U 1 (¥1+) 2o Kan 5 oyl 05,8 1S g
350 03U 108" (slal a6 805m) Sl 11 1) (gines
o Sllllas (VVF) YhlSan 5 sislo 53l )5 oy
20315 bl onelo (2305 JUB 55 B by g9y 2 ]y 095
936 S ooy @ & (V1) Mg 5 98 gadllae (imen
ooy JUS 0 S ol wsl LS p pedsnysS

Sl

2 odd plol Clidos ST mle y (gyepe & w29 b

o 33 gl JlB) yp i dale Gl posad
2y ol 48)S )13 4295 350 ol

P Spme Goy Oy 4 o bl lalS B ks
Dgdie Gl p) Oype 4 bl e zolae Bale >

g_g( Pa Pa

1 Submarine channels
2 Keevil et al.

3 Corney et al.

4 Straub et al.

5 Straub et al.

6 Channelized

7 Sumner et al.

8 Cossu and Wells



Jlw 33 Uy Cspw b asm 3510 51 8 Hy iyl b Sl fadé Ob o Slonl 1 Ll b o <O (Slos -1 IS

g 9 T SN 41 (ST B .S (0 (9 it A S4913 b bilo b 0 (95 3 Pa 0B S b Tl
(144 L OHKon 9 HLIT) WS o JWd 1y Sl ¢ C Lawgio cdalé 9 U tawgio S Y

Sl a8 el ooty FF g wdin Hlae Glool e

il oo 00l Dyg0 gy (091 CAIESS juE (godimd

2 e dade b sand e Siled )b (Y) S5 0
JY5 Ol pels dal el ods o3l lis pold 5 ol
S g2 205 g9 3 ool b Ble lyx by g0
Lopold (63959 > 5 3j90 clale 4 () sl b5 3y
Yo > LY d).’su LN DSO =1.93 um 9 GS = 2.65
LYST (gl o (iS5 a9 jod S S5 L uSle e
e 3 45 Sl 518 ol 81 5> gy | 5 pSole g iy
Lol Colin colf s (5t 4 S50 5l 125 ey Sl oslinal L
g o L pgld chl I (S iSu (2948 (40> S8
Ble ol e LS ) pld (glinl Lle by i
W e g S Bk sl il G 4 6299
T > SeS bl 2j90 (90 @il g b (35 5L L ol
PR 13,5 3)ly pold (gl &y g ad 485 ublizeg xSl
5 oSl O gli)] 4 d cudy bl ol el &S
Vo (SaBil el b o)lSe 4 (298 s ey
Ol 535 jb ol SaS' Lt el LS 1 a8 yia il
o pold slel )3 S (e pld Jobo ) S @ g9 e
CulS 5l xSl g Lade Ol sadss gl Sl iS5
Vo Jeolgs o a8 ola il 5l eolatwl b .ol odd auss OT
o yosd (2B 5 B go)lix g9y » NSy 3l g yre Bl
Cwls & Joy),o ul.’)> &qu)‘ 4((\‘) JS»)) dg o0 cual
OB g4l g 3lee O3 san b g jpe G Ol O
Sl Glp 35 calnl ede ©jge 4 pgs S I VL
lod 235wy 3lre dlge jaas I LU Lais ( SR OS]
led  oolizl b talesl 5o 0 oSl o 5 Ll b
0¥ §) Lt cled ML la el 5 (6505l i

95 5 bgialesl cpl )3 .xud LSS 6)bgd 5 2,5 s

L Altinakar et al.

W (i) 9 dlge
St g Sond ladie sRileil > iegg ol
pledl )'19.:::] Olyes A ol gj pole wdige (goaSuiild
Ve )l e gle Yoo o a (oasld ) latlefl
Elad 4 42> Ao 08 )0 w2 )d jho S il b g e le
(2) o (sl o 15,5 ol o il A 5 ¥+ (sl
P R B R R O R S
2 Bde gl ang Gly edlitel 350 g, Bl el
Lol oo ab oo oS cadl K g daislejl cpl
oy ol (V) UK 53 g glysctol b e olSiwd 31 oalitul

ol o

0.01 0.1 1 10 100
(siessSn) &

G0 3099 (S il o —Y IS

3 odlatwl Dyg0 K 39y iy Al s 1 ool b
2 iy il g (0g) (wsin Jhme Sl (il

0 9=(Dgs/D16)°°



oS w3l SIS Sl b sy 5 o bglie (Sudis )
poloo (VAY ol (21a3) (3) 5 (A) bl 51 ool b

WA0,5
Pm = p[1 + Gy (G5 — 1] ()
Um = u[l+ 2.5C, + 6.25CZ] @)

S8 gl ol Gisu oz oy e P dagl o &S

g gy oz clale Oy sl cansy ol (slod  oolizl L

Sy o) Uwlitl 590 Sligw) ogase p2 G

Cawds by slod Jloslitul b & cul )8 ol 5 O iso
Al o gy oo el Cy g sl

[y

Corratant Hew! Tank

chle ¥ ast p g VY g o0 pol 4 (639)9 Lade by
R . o .

5 =) a5 e A od e o blE ple gan (0)
ablbomdﬁilﬁﬁﬁﬁj\/\ 6)39).“])4?)?“\““]41;[4(2

Gl 0l

e polie Sl pald (639)9 30 by w3y e Hokie 4
5 oolitol (V) ey gty oY) Al 1 S yiogauds 39,8

— Pm UOh
Um

Re

(v)

h «599)9 )JS ub)> ]4.»9,.4 sy UO ‘dJa;.l) O‘J.‘ )
(Jol it oo 53 by €] bl > &850 Gl i)
ol plis Wy Ml ) ol w2 g p> P

Flow masay
Vaive

0

L —=
<-'“=t~t—_ ._,j Tank
/:Canmnw’ Pump

77N
L\_ _./

Cloar water

A
Vave '/._h\)i'_l_\_‘)\"u':v
== ’—l't" lﬂ

FLUME
Side View

ol
LVaive Ve,
|

1,".-.“. 7

Bulé Ol 2 4 O P 9 pold Sl T UCH



T I 3 E -S| K E Sy (W) o9 518 soslue ()

£+ SUoul Elad b 438 4 ugd >l 8 AS15 SaosIA (59 y oAb cudd (Sl L —§ S

. st

P

o 9 @b
A gls 4y (63909 135 Sl ke Jlos 5l oozl L b sl
)L'.:J \/\ 9 '/b JK? ulg)> 90 )1 s):LJ)J‘D)f“\“ﬁ VA NYF

oud plnil Sl s lo T Dlaskin (1) Joue oo A g o slizdl sloglad b wg 9 3 sl
R
eH [ c® | pn | Frp | Re <5 el (= 24
9 1001.2 | 0.46 | 3119
05 14 1004.4 | 0.42 | 3095
19 1007.6 | 0.39 | 3069 asb 1 10 o b iy sleesls
23 1010.3 | 0.37 | 3042 24l 2 VY (00 g ote Bl ¥o (glioml glad L pogB
9 10016 | 0.75 | 6646 B sy dy9e yra il A g ¥o (gLl glaglad b oo
1 14 1004.7 | 0.68 | 6644 JOCK 1
19 10075 | 0.67 | 6828
23 1010 0.64 | 6827




Lule b o (20 g CLald 9 Y (i (Sl Elrd b 450 A+ o5 3T (Sogee Ladd O > (S -0 IS
Wl g I V) g g 95 YT pold 4 (53959

VI Dogis clalé o e8 b oS ol per Sl glis)) ol
(GBI gy g clale p it b obr weujSle )]
Q) il V¥ 3905 53 3 clale (pjiaS’ b 5uS Ol el))
Olie 4 cdale (Il Ll consy clale oppuin b obp
4 b il slagys ol & 4 g 03933 (5399 pioge L
5 (AT () 5 (ieSo (s5wge) 358 2l S8 b
Ol ol o g 4B S Clib ol el (9,8 GRIENL
gyl pEals b (Rl pba gl o 53 9 Wb
M) e saalln 3 sl il b Lale sl sk
I ey adllas )3 g a3 Qe o3 55 (WAY) (o23
s (558 (W) )lSen g 3lpe fsls gl alox
Oben g 02lj 5" (d (WAY) gliSen 5 jl50is” (114 +)
Cusl 01 plo 55 (WAY) ghlSen 5 o3Ll39y8 o (VYAQ)

WBlodds maww i (F) S p> a8 by glaealy I edlansl
2l b aiy gl Gl e ) S b sialie
gl (Saell g adle (B wsd J) i (25 (ogd
2 gl Saloml g o (2B oix o ke b
s cpl bl cle a8 cul oad Sl wed I3 (goylin
5 JU losl 5 gl Jolsi 05 by daw ) (oos
2 2l Lol iz Al ol J 26 Spe 5l 35 oy
P2 U e U claple gl 2B sl
9 5 (V7)) WSer 5 oS bawgi §3piiae s U
OhSen 5 pMaal (Y2 oA) plyoly pMaol (V4 27) oy Sen
(Vo) ohlsan 5 ol ¥+ A) Ghlen 5 il (VA)
(V+)0) g 9 9l8 sl oad iy 5 (V2NF) Gy 5 yioles
S JU 5 (8 b p edesS by S ewpn b
() omdonssS ey sl o 30l (L gisms (2325
dos QLS Ca 3 S p0 3l 155 9 eddgnysS gy e
QI (2B 3 Bk 4 Side Jab cud g WS
b 5 oMYl et (sanllan Lauwgs £lis) a8ls] ol o
3 Sel e gl elimul b oaeyy A 3 0 (IYAY)

Ll 0445 sdlio

w9 30 Lulé Ol > ShW Cwbro gy cdald ST
YY o0 OF A pols 4 (639y9 cdale [y b ile)]
2ol oald L gl jlgel s as s b b )T pldil 1) e S
i)l wwlale il b coli o5 50 a8 wd sdalie (F) JSK
oS ud ()l 5 (J3h (gojley o ble b saiy
0998 50 sl i VY g /D (00 93 3 a8 (S & b o



—o— 9g/l, Inner wall
—A— 14 g/l , Inner wall
—#—19 g/I, Inner wall
—+— 23 g/I, Inner wall

—{1— 9g/I, Outer wall
—¢—14 g/I, Outer wall
—0—19 g/I, Outer wall
—e—23 g/I, Outer wall

—o—C= 9g/l, Inner wall
—+—C=14g/I, Inner wall
—#—C=19 g/I, Inner wall
—+—C=23g/I, Inner wall

—O—C=9g/l, Outer wall
——C=14g/|, Outer wall
—0O—C=19 g/l Outer wall
—e— (=23 g/I, Outer wall

120 120
- m o
100 100
g £
£ 80 € 80
<70 <70} > S NS S
—
40 4 } } } 40 3 1 } }
0 30 (=) @ 60 90 0 30 (am3) aGO 90
R l R l .
2=24Q=1.1-(v) 2=29Q0=0.5- ()
B s B s
—o— C=9gr/lit, Inner wall —{1— C=9 gr/lit, Outer wall
—A— C=14 gr/lit, Inner wall —— C=14 gr/lit, Outer wall
100 —¥— C=19 gr/lit, Inner wall —O— C=19 gr/lit, Outer wall
—+— C=23 gr/lit, Inner wall C=23 gr/lit, Outer wall
90
80
IS
€70
<
60
50
40 + } } } } } t } } |
0 10 20 30 40 50 60 70 80 90
(a3 Q
R l

lizeo GBCIAE 55 (wed Sl I d9l) 4 Cums Ladé Ob > (U Cmlbo - ISY

Ol (V) JS8) dbe (Rl (b ()l g B> (g0l
parSlo gl il Jlax b 3 &S ol (glisS & Ll
Lle gl (b b (2B oilmd 2 03 ol s
PN ol ).:)...J -1 & ).3]).3 MY dgd> 5 456 » )4.:) A
MY (L 08 b gan Culsus wel B (so)lesn
ol adlas 3 (o Gl L BlE ol gain cebis
A o 0 (WWAF) Ladad g oMVl Fd by (S Lagle
ul)&.o.m 9 ‘_5)95 ‘(\\Nﬂ') u‘)&njb 9 ‘_;.)‘)A Ol g9 4>y

Lol 045 oamlin

Ol YL o ©95 00 odalie (g =) JS5 )3 &5 jghailen
WY e by (03 9 F (s sliodl glad b ogd o Lade
950] sl oo 5 peySlo b wx> gl @l )
B b Ed uSM oby Vb el e o s
e @ by I L g ble ol Bb sbgse

il ok S0 5 (slaolgnd

o098 08 Lulé Uk SdN Cwbro g g8 1Y
gl b g 53 4l g VY @ /0l oo Gl L
P bde gby gdn coelis (A5 ugd) ¥V s gl



—0—Q=0.51/s, Inner wall
—B8—Q=0.5I/s, Outer wall
—A—Q=1.11/s, Inner wall
120 ——Q=1.11/s, Outer wall

120 —»—Q=1.11/s, Outer wall

—0—Q=0.51/s, Inner wall
——Q=0.5 /s, Outer wall
—A—Q=1.11/s, Inner wall

70
°0 ojo—vn o o—7
50 W 50
40 40
30 & } } } 30 % } t t
0 30 (1)) a0 90 0 30 (a3 @ 60 90
= 149" =99" (.
c=14 Lt (<) Cc .. (1)
—e—Q=0.51/s, Inner wall —e—Q=0.51/s, Inner wall
—O—Q=0.5 /s, Outer wall —4— Q=0.5 /s, Outer wall
—A—Q=1.11/s, Inner wall —{1—Q=1.11/s, Inner wall
120 120
—%—Q=1.11/s, Outer wall —x—Q=1.11/s, Outer wall
110 110
100

0 30

60 90

(a>33) @

60

50 W

40

30 3 : : :
0 30 (+.3) %0 90

— 939"
c=23%)

=199
€=193 @

23 98 Sl 3 agly Bl 38 wed (il 9 18 Soslua 53 Lalé O o SUN Cmbo Y SO
s =098

Buld Ob 2 G culbes p (g Elad FI-Y

logld g 4B ) VY oy dby slesls
2 oS 2l s (A) S5 5 (2= 24) ¥ 5 ¥ s (sl
8y i) (agh (sliol plad Ll Ll o g clale
il wd (2l 5 B so)lpd 3 (agwy e (L
eles Gl L 300 51 525 9y Ll (o e &8l e
laly Losl gl b S50 5l 5205 69y Ipj dloe Ldl
b g oY) G ccadllan b 4l ) )l yogSas
Sy Sleseen (VYAY)



—=o— R/B =2, Inner wall
—8— R/B =2, Outer wall
120 — —#— R/B =4, Inner wall

110 __ —»— R/B =4, Outer wall

o E—E/E/E\w
%0 F

—o—R/B =2, Inner wall
—O—R/B =2, Outer wall
120 —4— R/B =4, Inner wall

—»— R/B =4, Outer wall
110 m
100

90
‘Eso ‘Eso
£ ’&*‘XVA@&W £
< <
60 % °0
50 ;- 50
w0 ¥ 40
30 E t t } 30 % } } }
0 30 (ax,3) A 60 90 0 30 (4> ,5) Q60 90
l g l g, .
Q:1_1;5C:147(9) Q=1.1;5C=97(uﬁ|)
—=o— R/B =2, Inner wall 120 —o—R/B =2, Inner wall
120 —B8— R/B =2, Outer wall 110 —B—R/B =2, Outer wall
110 —a—R/B =4, Inner wall —&A—R/B =4, Inner wall
100 —— R/B =4, Outer wall 100 ——R/B =4, Outer wall

0 30 (x5 a 60 90

30 4 : : :
0 30 (o)) a 60 90

Q=11:5C=235()

l
Q=11-5C=197(¢)

38 o Slail 31 41913 blo 53 wed (2o 9 51D Soslux 0 Ladd Ol > (U Calbro A S
ilisee Sbayas

Clale Gl g ) 10 (g7 = 2y e
P 2By b solwd gl sun glis)) S
2y G oS Canl (glaigS 4y LialS pl gy b e Ll
Rlr 9 ()5 VY) €lalE ppyiin 3 3 Ol daw
@ 3 o e 3 MBlee () p)S Q) Clle o oS
DIl b gl OS] talS g, ol by V)
15 glis) O] a5 4 gysb 4y 0dd jieS o clali
R - & . P P4 . . n
7= Loes g Ml yiede O Clale oS g (it
2 obp o (9855 b Glgice @l p VY (5 9 4
o Sl cd sl el Ly cble (ulpl L,
il S ol gaw (p8ye e CllE LIEIL Ay e
Ged sadlas 3 )8 Glgies (IS 605 am Ll b
elis) G gnlS elalé gl (WAY) _itid o oMol

RO W g0 l)

B 9 10 wed Sl I WS oy -¢
Bale 0L > e

eyl goad cusldy glodld I oolatwl b ccuomd (ol o
4l g Ble Sy Al o e ) e Gl g
B g GBI g gl BB pgls iS5 YL iy
o b Ol 5 Cle 4 by ble b e
gyl OB jolate (pds 9o (yp ) Ol e
pose g w8 (2B Golpd Ak Cubs pe Sl
oY) ‘g =21 woB pd e meB 31 (go)lsd 13 Ay Cuelius
» bl paSle Lusio ¢lis) BMS| == 4 | s
o> ) Blulus porise bawgio 5 o usd ()5 o)l
3)5 w5 (V) JSK8 ) (g (3D

5 F i 3 e F1 4



©Q=0.51/s, R/B=2
42 0Q=1.1 |/S , R/B=2
(o4 AQ=1.11/s,R/B=4
38
o
34
30
g <o
£ 26 m] O
< m]
< 22 A
A A 3
18
14
10 + t t t t t t t t t t t t t t t t |
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
C(g/1)

SLoxil Elad 9 B od 38 CLAE gl y 38 Ll Ol > (SHN sl § SIS wad £l B3 (1) UK
S9liio (omd

S dm

P YW sV AY A chle oo Sl pwyp b Gabios ol o
93 9 4l p 1 VY g o/ ogw) bade by (03 93 )
b ol 5 @l (Sl g ek (639)9 Ol llps

ol > gy Lale plp s gl (bl o 5 -
Lol ol sl ogd (JBI> g0yl Sl i og ()
Sop e 4y gl 2B ojlix 40 ok sdaliie &L&S)‘
Gl U glisol 5l b 3850 5l 5,8

Lle ol i gy wlile (a3l L cgb o s -
S Moo (R g (2B g (B o)l 1 29w,
a9 cale GRIEIL Gl) g GlH o] ele
ol Gl i) Gl (T e ar g gl oy Sal381

Lle ol ety cobs (oo Ghll b cob bl s -
bior GRlRl (e (2B 9 (B> 505l )5 (9w
08 (2B g (B o> 3 gy e (b sai
b S50 5l 205 o ptels ol cle o wbe lals
5l Lol gled il

ol bl oo 50 §= 2) A5 gda A o5 0 -
Ol gy Ble ol e oy b il

P b gaw (o b b sliosl gl Rl L -
Pghade oS lacdale o el b e Slals

SO F e 3 (20 FE-Y

liool glads b wod 4 bayye badd Coand pl ,5 ol
w2l VY w0l oo 58l bbb e (A5 ywed) ¥ s
gaw s0)5 cud b gl MB] ie (098 (] > 4l
S slacdals ) (ial ol Glise bl oo 1 ) by
Ol b osmlio 93 ol ) aShl dg2g L ((R)JS) ol i
S5 Ll il (ials )08 by aw (08)e a2
28 g S

o2 F e 3 o £ -4

o)l Ble ply sy gy AMB] ganlie )
g 35 o (35 58] ¥ (oo (sl glas b g
(o 098) ¥ (s Lol glad b (pogd 2 ol )3 by
PS5l RS G P e Cle 4 &l 039y Jl
Slis Cle 15 25yl SasS slisdl gla b ogd
@B g BB ogles o bl fla gy gl S
W65 & b o (IS F o ¥ s sliool glads 90 0 o yugd
P 2)s e e (i) g ) VY) Clale gyt > oS
ol b ogla))l Ml el cwl o 4 o5 el g2
ied g (Y Fd gl 3 (g8 (s sldl glad
Gl 04 sdalin g% (\\”‘W’)



&b

Clle bylpd ) gy Ll lishn @ Cgy o> (s S50 oyl oy AT p o Slondin (gygate 5 p ool ag gl =)
IV oY) V0 oyl wtie g pole dome . o cud bl j2eS

e - gy Ll Gl Sy 5 Sy g g9y 2 S (6305 5 o B AIKELT gy IYAY L eB 5w gy (DS ep el <Y
MY (V) Y ool i g pole

X gl o dute olEils L] . ogusy JE3 Slgyin Llos 5 (6ol o IYAY p iy el =T

el 0,58 pramtin Ll (sla by 53 ey g (2SS adllan NYAD p (ol g p s sibgd Shdgadme iy dlj p)S e -F
Oy 0SS ¢ ye S oKD (5 e (tine
Oz g ol wlig, iz llall (i jlisons (pamd a2 )3 Ao o3 0 Lale a8y sy IVAY B g p DY) e -8
jlgal
o s Sealtys il S e ADV Sl oozl b gy s S (o (2575 (swp ATAY p 0l 5 p o e 520 (5350 i oolljgpd =7
Sy ol
VE Sy O i gl by ey ey 5 cobies Kilejl uyp SYAY . s3Uljopd 5o oo 03l) ol wp olSass =Y
NAYY-Y VY )
(b e 5 GipgliS 098 5 pole abmo Lale Gl 50 S SladiBgn bS5 4 AT (B g p e o (RIS e (IS A
AO-YA:(0) V5 S g Ll pgle
oy sl LSan ablie o Ll ola ol bS] G g ainy @lyis aKle]l uyy PR o @l 6ygpms 5o csiad ol (golpe =1
0 el Gt S5 5 s (o S nges 5 Ml e
Wl Sgpiep (LS ey Ghpdie in aw JB Gl (2 o5 VAT o olyg o i dblisnd o) p o S gy )
ey il s oSzl

11-Altinakar, S., Graf, W. H., and Hopfinger, E. J. 1990. Weakly depositing turbidity current on a small
slope, Journal of Hydraulic Research. 28 (1), 54-57.

12-Corney, R. K. T., Peakall, J., Parsons, D. R., Elliott, L., Amos, K. J., Best, J. L., Kevil, G. M., and

Ingham, D. B. 2006. The orientation of helical flow in curved channels, Sedimentology. 53 (2): 249—
257.

13-Cossu, R., and Wells, M. G. 2010. Coriolis forces influence the secondary circulation of gravity
currents flowing in large-scale sinuous submarine channel systems, Geophysical Research Letters. 37
(17), L17603.

14-Elison, T. H. and Turnrr, J. S.. 7959. Turbulent entrainment in stratifiedflows. Journal of Fluid
Mechanic, 6:423-448.

15-1Islam, M. A., and Imran, J. 2008. Experimental modeling of gravity underflow in a sinuous submerged
channel, Journal Of Geophysical Research. 113, C07041.

16-Islam, M. A., Imran, J., Pirmez, C., and Cantelli, A. 2008. Flow splitting modifies the helical motion in
submarine channels, Geophysical Research Letters. 35, L22603.

17-Keevil, G. M., Peakall, J., Best, J. L. and Amos, K. J. 2006. Flow structure in sinuous submarine
channels: Velocity and turbulence structure of an experimental submarine channel, Marine Geology,
Volume 229 (3-4): 241-257.

18-Oehy, C., Cesare, G. and Schleiss, A., 2010. Effect of inclined jet screen on turbidity current. Journal of
Hydraulic Research, 48(1): 81-90.

19-Parker, G., and Fukushima, y., and Pantin, H. M. 1986. Self-accelerating turbidity currents,Journal of
Fluid Mechanics. 171: 145-181.

20-Straub, K. M., Mohrig, D., Buttles, J., McElroy, B., and Pirmez, C. 2010. Quantifying the influence of
channel sinuosity on the depositional mechanics of channelized turbidity currents: A laboratory study,
Marine and Petroleum Geology. 28 (3): 744-760.

21-Straub, K. M., Mohrig, D., McElroy, B., and Buttles, J. 2008. Interactions between turbidity currents
and topography in aggrading sinuous submarine channels: A laboratory study, GSA Bulletin. 120 (3/4):
368-385.

22-Sumner, E. J., Peakall, J., Dorrell, R.M., Parsons, D. R., Darby, S. E., Wynn, R. B., Mcphail, S. D.,
Perrett, J., Webb, A. and White, D. 2014. Driven around the bend: Spatial evolution and controls on the



orientation of helical bend flow in a natural submarine gravity Current. Journal of Geophysical
Research: Oceans. 119 (2): 898-913.



