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ABSTRACT: Gravity currents, also known as density currents, or turbidity currents, are happened
by the density difference between the flow and its ambient fluid. The density difference can be due
to suspended particles, chemicals, soluble materials, and temperature differences. In dams reservoir

the position that density of both gravity current and ambient fluid is equal the gravity current abandon  Available Online: 2019-09-14
the bed and flows in ambient fluid horizontally. Therefore the density current into this reservoir maybe
intrude such as interflow density current.

This study investigates the inter flow density current in a stratification ambient. For achieve to the
objectives of this study, experiments were carried out at a flumes with 9 meters long by 4 discharge 1,
1.5,2 and 2.5 I/s, and 4 concentration 5, 10, 15 and 20 mg/l, that created density 1003.2, 1006.3, 1009.4
and 1012.5 respectively. Stratification was made by mixture water and salt with vertical gradient.

The investigation of velocity profiles showed that the flow is self-similar and velocity fluctuations
Continues maximum up to 2.5 times greater than current thickness in the lower layer. The front velocity
of currents in stratified environments increases at first then sizeable decreases. It shows that stratified
can limited the flow movement. In each three slope, increasing of discharge and concentration increase
velocity head of density current in stratified environment. As the slope increases, the current velocity
increases at the underflow stage, and in the interflow stage, the slope does not have much effect on the
current velocity. Interflow Travel Time decrease in increasing of discharge and concentration. Density
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current in weaker stratified can travel more distance in the slope and separate latter from the bed.

1. INTRODUCTION

Gravity currents, also known as density currents, or
buoyancy currents, are happened by the density difference
between the flow and its ambient fluid. Gravity currents are
one of the most active atmospheric and oceanic currents that
are a subset of stratified currents. Those currents which two
fluids are in contact with each other trough an intersection are
named stratified currents. In such flows the intersection can
be considered a surface whose fluid characters such as density
are different on other sides. Due to the difference in interflow
density with the reservoir, the current can move below, above,
or through the ambiance fluid, which is called the underflow,
overflow and interflow, respectively.

The complex dynamics of density currents have attracted
many researchers for many years. Imberger et al. (1976), Lowe
et al. (2002), Ahlfeld et al. (2003), Sutherland et al. (2004) are
the researchers who have investigated the interflow in their
experiments.

The deformation of underflow to interflow may cause
initial mixing and entrainment. Therefore, the density
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of interflow and underflow may be the same. Wells and
Nadarajah (2009) and Sangdo and Julien (2014) examined the
entrainment of density current.

Zhang et al. (2015) investigated the effect of thermal
stratification of the reservoir on the transient time of
interflow.

Heetal. (2016) investigated the effect of linear stratification
of the ambience flow and bed slope on the hydrodynamics of
interflow.

2. METHODOLOGY

The experiments are performed in a 9 meter long flume,
66 cm high and 35 cm wide. At different levels and in the floor
at the end of the flume, the pipes were installed for discharge.
A gate was installed at 80 cm from the beginning of the flume.
To provide ambient fluid, first, the salt water tank was filled
up of water and then salt added to the reservoir. Its density
was measured after complete mixing. Flume was filled of
ambient fluid in several times. After measure the density of
ambient fluid gravity current was flow to ambient fluid. In this
station the concentration and velocity profile was measured.
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For record the velocity profile was used a DOP2000 velocity
meter.

3. PARAMETERS

To investigate velocity profiles, because the intersection
between the density flow and ambient flow is not easily
recognizable, average velocity (U) and height (/) values
have been used [8]. Using of the momentum equation in the
condensed flow:

L

j u(z)*dz
U=t (1)

J'u(z)dz

B (Ju(z)dz)’
H=- 2

.[u(z)zdz

Where velocity profile u(z) record by velocity meter and
dz is height difference between points which u(z) is been
recorded at them.

The distance of probe from inlet gate has been shown in Table
1.

Table 1. Probe’s distance from inlet gate (cm)

Probe number |1 |2 3 4 5 6 7

Distance 95 | 185 | 275 |385 |480 |550 620

Table 2. Comparison between maximum and average value

Experimental C L b U
condition ase max/R | Umax/
Altinakar et al.
0.3 1.3
(1996)[9]
Unstratified [ 6o (1994)[10] | 03 13
environment
Hosseini et al.
under flow 0.384 1.3
(2006)[11]
Khavasi (2012)[12] | 0.268 1.28
Stratified
environment Probel 0.33 1.31
The
under flow
— present
Stratified Probe4 0.94 1.29
) study
environment
. Probe7 1.45 1.32
interflow
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4. RESULTS AND DISCUSSION

Dimensionless velocity profile are compared with each
other. The relationship between maximum value and average
one in comparison with other researchers has been bring in
Table 2. Moreover relationships for dimensionless velocity
profile are fund through these experiments. The formation of
equation is same as Altinakar equation for jet and wall region
in underflow density current.

In addition, the head velocity of flow in the layered

ambiance and interflow differs from head velocity in the
uniform flow and underflow mode. In underflow, density
current moves much faster and the head velocity reaches
its peak then decreases slowly. In the layered fluid, the head
velocity first increases and then decreases substantially,
meaning that the layering can limit the movement of the
flow.
Since the passing time of density flow in the layered
ambient is especially important in predicting the process
of contamination or turbulent flow into the reservoir, using
SPSS software and the dimensionless parameters for time
prediction of flow passing is developed.

5. CONCLUSIONS

In this study, the velocity structure of the density current
with 48 experiments was investigated. Examination of the
dimensional profiles velocity showed that these profiles
overlapped, so it can be concluded that the flow is self-
similar.

Also, the maximum velocity value in the dimensionless
velocity profiles at each cross section showed that this
value is about 1.3 times the average velocity in all currents.
Comparing this value with the work of other researchers
shows considerable similarity

The shape of the dimensionless velocity profiles showed
that for the underflow in the layered ambient, the equation of
velocity profile in the wall region is the same as the underflow
flow in the uniform ambiance with n = 5.

Asthe discharge increases and the concentration increases,
the passing time decreases. Increasing the concentration also
reduces the layering parameter (R). Density flow at a weaker
stratification (smaller R) can slip further and separate later
from the bed.
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Table 1. Distance of velocity probe from the inlet gate (cm)
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Table 3. Comparison of maximum flow values with average values

i ;‘Z‘“" i el Ll

VY - ] ) Sen g 5]

VY - V] Lo, 8 S5 5 ok,

VY - YAY Dol o § (s onis o Y ysel s Jlow
VYA - YFA D] ol

VY ¥t oot S o9l Jlow 35 25 0k >

o9 odd (g Y

\.Ta - Voled S rol> O3l Jlew )35 0le Ol >

VY V.0 Y oojlads Ka ol g 4

Soria b loo Conty a5 o)l laKus sl /F
el oo pmalS Gl Gy cules psld Job o 38 Gl b~

bz 3l slaie ams jo .l o eS8 b Ce e B0

=

Sl 950y ode (nlpli 095 (oo gl Jlw o)y JKx
o (09 00 5wS o 4 oS il oo 3l 55 (Sl g
W8,5 558 oy 0590 ;00 (ShgR y0 Aoz Ojgay Sy
]

5 <> 4>l 9o 0 Copu wne o Ldom owin S
Slde 4 S silizo ablie ;o ol Cublop slo Ly o)l
051900 § L Caomnd s Al Sy o 55 0500 CoaS Aty
A oyee sl fedgmm (andn Copw Sl 9 @YU Cend)
15t pes by saloles SPSS l58la s 5l eslitsl L 5 o 5K
RO PRV ORI Y 27 P

Jedon aolee ool ¥ Jbw o ,38555 b Gl

ASb oo (VY) abayly &S0 s 0)lgn0 4l o Ce pus

N gl p ol Slpidioy polin .f Jouo
Table 4. Suggested values for n

n 38 oilesl bl
§ ] o Sen g 5Ll Y il
saz so Y ogel J
BA | DAl o) Kan 5 siammasi oF
AL (Al o) S
‘U) s ol (gais Y (ygelyy Jlw
5 P2 sy,

e

0 S osalive b .oitws Guaio oo p b loges (iolejl Ll
ad S8 Gl )0 S Glakdgn 45 29 o0 Lain ()
Bz Oy yo wies ojlens g cr Gl e sl bdgn &
Sl S0 w0)lgns 55, S35a) pas ol wlul pr ys 69,0 s e
S oo ool SV 5 (ol i 90 ) e JuBg yy caiion
o 4 B wl g ol g yaia G cdiiog Sade ol 5l e
AL sloglis )l o adade 1 )3 52 li (65180 (sl adlon
39 o0 sl @ g 0 3 )lge BUSE ;0 098 o0 i (ke S e
S )35 25 Gl e S sla JBgr (2VL S 0 &S
Q@ Al Jlade )l G oYL e wibe ol e jo L
Ol Wl 5o dhaie o 50w jho 4 09l e oS N
(VA3F) Lw)5 5 (VA9) 5Ll 09 oo 3 (hie Cafps 5
ologilesl 0y5e JBa lyz aein polie o5 wilo S 5158
@l by Ly, ol a5 i)l hes lawgie polie b s,
laiilel o ams e i |, Sy e b iale] saan
Shod 0 ahafie B ;3 diiin Cat a oCal 03l pligl LT oS
e oy daly, ool bsgte Gl VY Loy lagl >
T i By Gl s 4 35 e s

P S8 511 ooy 55 550 Jlws gl STl oo T33!

VY S5 hoe —H, Sl lade wgd o5 ahadie

h




YEY+ B YFoV dio YRR JL.: N b)l.au» HY 0)92 x).:.S).:.nl u‘)o& L;-»A.I.Q(c 4.:)“..\

abayl) 51wl 9 V) o am b 10 38 loe Sl jo Ce s Judg

A5 s Gom (VT)

QAD)
u

max

;
u z
——=FXP —a( ]
Zmax
W) 45‘)‘ (a_:LC)Ua‘ GALOJ u.&i:l.:«o) I\ J5J> o B g a Jg'éLs.c
u‘..\.ﬁl.w.n 9 \))‘..\5 J}.‘?j o)‘a.l.) J“jjj’ ..\fuLuo ULP ).) w‘
O b b ol oles mhaw Judg 0 a5 sls las  cal8asles]
il oo ca by ailie
< 9,38 5 ol Al sly ce g v g n £S5

el oo ooy lis ouls (gas Y Jlew ;0 35 b b=

Sliw ey Y-V
S 3 g ot o a4 bame o S8 by Slin cope
8 5l g eSS bame 5o ()b Slig Ce o b )35 (Le
S e b3 S8 Gl G305 ol e el glite
A g Sy o0 T8l 4 @ Ol Sl S g WS e
VO USS S vgase |y by &S, ailed oo a4 a5 el
G 42530 31 620 YUY alolé 5l & b > sligy coyu

2/5 ® Experimenal Data

— Fitted Equation

u 7z Ly
— EXP(—.. At ( )
Umax Zmax

PN
0/5 - =EXP<—~_.W< ) )
Umax Zmax
0 T T T T T
0 0/2 0/4 0/6 0/8 1
u/Umax

Psa yolio.d Jour
Table 5. The values of a and 8

B a itlejl Ll
\RAY <Y wwb)df)x)ubf
F.O\_FEY RYNRRIN TR T O o
(=YL
o ab 35 b b
A CoFAe VY TETEOT O o
(=)

1/n
u _ z (\Y)
umax Zmax
w‘ OMT f Jj..\? )o LSLJ (_gLQu,M.Qj).' l.: MLM )o n )‘-\M
‘59 .la.wy o 4.‘:‘)‘1'1)‘..\.0.@ lJ)..al.‘> M )on )‘..\M usL‘u
Beios o JB> ol,en oS cul sl 4 [AL(Y 1 9) o) Ko
J& b= &8l po .ol olesl Jsb o ol oo Gl ol
a5 Ji> 50 Conl 0o pold o)1y Giolej] Gae Job jo ol oo b
Sy Sl ©yge 4 a5 1) by 5l patie > iy ebioe
Ry oe)f )R Sl 00 ,ajlé
aol) b axl 0 )05 55 b 0 ey g, dlolee

doles a5 ols lis yrogh cpl )0 b cwyp 08l oo le (VY)

all ® Experimental Data
8
— Fitted Equation
7 u 7 AR%Y
= EXP(—+.Y ( )
6 Umax Zmax
z
g5
N
N 4
3
2
1
0
0 0/2 0/4 0/6 0/8 1
u/Umax

35 lae by 10 8 1) e i@l ceud (gl Y Jlw )0 s s o0 dry o Judgy F S
Fig. 6. Dimensional velocity profile in stratified fluid, a. underflow, b. interflow

Yy



YEV+ B YEY doxio OYAR Jlo Ve 0)loud @Y 093 ¢S ool (lpos suoito & pis

10 9 ®QI1C1082.5
®Q2C582.5
9 8 AQ1.5C1082.5
u AQ2C10S2.5
cf m 7 [ X Q2C1082.5
Spmgm XQ2C1582.5 Enm
; 6 X Em mQ2.5C1082.5
WQ2C20S2.5 X
XXX X
6 £ EXIXXX S L XXX
A A A
—~5+1 @ AL LA _ Aa , ,
E oo E ¢ o
S 4 L4 o0 S L o o
& o o = 3 L] Y
) 5
3
2
2
1
1
0 ey L L S
0 50 100 150 200 250 0 50 100 150 200 250
Tim(s) Time(s)
Obo) & Comd b y2 (Fliey ey ¥ IS
Fig. 7. Head velocity over time
800 T 10 1 - AQ2C582.5
§ E AQ2C1082.5
700 £ AN DAE O HA ) AQ2C1582.5
5 5 AQ2C20S2.5
= rINY W | ®Q2C583.25
600 1 8 & AA
3 Aaaza ©Q2C1083.25
2 ASBIUE OAE  @(QICI0S3.25 :. ©Q2C1583.25
500 § & ®Q1.5C1083.25 4 0 ©Q2C2083.25
] [ ]
2 snan 0Q2C1083.25 S e 220 ®Q2C554
400 Pr——— ®Q2.5C1083.25 ¢ “ &i mQ2C1084
AQIC10S2.5 . A WQ2C1554
300 AQI.5C1082.5 BE R AL " Q2C2054
tanébm AQ2C1082.5 R m
AQ2.5C10S2.5 L
200 o r | BQIC10S4 4 e A A-A.
u n & & Ag
BQ1.5C1084 o i
100 - mmm mQ2C10S4 3
. BQ2.5C1084 ) Time(s)
0 100 Time(s) 200 300 0 50 100 150 200 250 300

Fig. 8. Right. Head position, left. head velocity over time on the three slopes tested

ol Sl e o s tal381 L 45 am o i A S
Al e )3 a5 s opl 4 ool azily LalS WS ol <l o
b o0 P S8 plyr S e 59 ot (RIBIL G35 5
Lol azmeid y 5 (Sl (9)0 Gl s S e 59508 Gl
2 Sl Sl 93 ol (25 5 S Sl 09h (oo psiiege S
g o0 Oy Slin S
Fa VIO 5D coed Gl b e 135505 ol (85 S5k
ol ol 09l oo plp VIO 0l S e (59 @3B adlge (o)
sl Y 8y iS5l s o 3l ey S8z 0y 45 905 (o0 s

slo YL & bz 9,55 2 098 il S L (9ol Sl ]

Yy

bgio (Slin Hoe pllin Sl 4z g b des (o s ploj @
Pl o Slin Zepw )l Gloy Slii 093 Ze iy S
e Giolesl gl 5l ey 4 4z b g S j2 4 (3w,
o (20 g cdale moldl aS es el YOS Ll sall
ol woad g 4y Jlow 5o Bz bz Sliny ce iy SR
2sd oo (R) o &y el als o clale 2ol ool
(Szs8 R) ams gona¥ b oo bme o oby> copu
ol oo 2B FF R a5 alfin Jlo e 4oy o il
ol oo Gl AYE 8 by Sliy cepw (VYIS & YYIVS)

(a5l e (Bl FY/Y 4 YT/ 51



YEY+ B YFoV dio YRR JL.: N D)LM HY 0y9d x).:..s).:.ol U‘)A'c L;»A...Q(c Ai).uu

300 1

o

[ T

2

250 T &

[ =

Q

2

200 172

L=

i @)
150 1
100 4
50 1

[ Experimental Time(s)

0 50 100 150 200 250 300

edguzo yo (1F) abayly €8S oy Ve SO
Fig. 10. The accuracy of formula (14) in the range of + 20%

Ol 35 ole sl 4l asnngy alolas Y-V

2 Logasto oo gui Y Jlows 10 olyz jee oy o5 Ll |
Sl Bl 350 4 0901 IS oy 99,9 b (Sogll Wi (o e
&l alaly am o sloyzally o SPSS I3l 5 5l solital b wiund
o 0ol ZV0 5ol 00ls dxwss by jeee lo) s i Ca
oolazl dolae s jghaie 4 Ll ZY0 g dolas arwgs jolaie 4
Al o (OVF) alal, & joo 4y Lol aloles

T :(1+O.1Ri)[£J—l.3(R +Ri (S-1)) (%

S

b § g psld el bl 5l by )38 Gl T eyl 0
Sy Up w599y9 4z 5l alold X' wao s sy iy
sae Rit g gana¥ jullh R385 55 a0 ol Sla
ds byl shie 4wl J3S 5 Dl o Gl el
olel Jaloss 5l ol glis 008 oslial (sl sl Lone 3l alas
NG WG J AR PRESIN

polie g olBiale;] ;o 0ol (605 o3lail polie oo Vo IS o
awslio 20% osog0me ;0 (VF) adal, Lawgi ool oo i
S 09gdte D9l oo oddline Vo S axgi bl ol pladl
Ve ogao Cewl a8 13 o) 990 03k 5o @S 5l Jo3 L
A5l 1,8 220% o3L 0 abal,y cans al> o 40 W sols 5l

800
e C10S2.5
700 L m X A °
[=}
600 § 2 X 4 d
8 X A °
500 g mXA o
&
400 .X A [
300 XA © ®QIC10S2.5
200 t mae AQ1.5C1082.5
100 £ me XQ2C1082.5
mQ2.5C10S2.5
0 gy
0 50 100 150 200 250
Time(s)

oloj 2 Commad (il CBgo 4SS
Fig. 9. Head position over time

(OF) absly g ol Julos 51 Jool> s # Jguar
Table 6. Results of statistical analysis of the formula (14)

RMSE(s) E% a R
.4 Y\ RN Y4

B9 (oo gaie (ol )3 Ol Slin S 18U o 5 &S
ol cl 3555 Al 55 g e 595 Gl &S Sl b
Obz o5 Sloj Llogh (oo b > S om0 (595 Gl o s
Olz 095 JBa b ply ol S8z a5 T jlogs 00,35 (s

25 (g0 o5 @l 4S8l 5 S (oo j5ee

Sl Comdae gy (20 RIS w80 (oo Glas A JSS
69939 A0 & S Sliy Codse )b 6 I8 oL~
@ Gl el clale Sy s clond 655 ojlal S8
3 ok a3 Sl oad JBs ol e Al el
ey o0 55 ojll hale 4 (68 s

Oy yoS @0 Lo GhalesT a8 05 (oo oanline 4 US5 )
sanaY 0 J& ol e ) pold slel 4 pan; ol
WS bt 5 |y s i Al Wl o0 (22T R 5 nd
25 A o Gl Sortey S 098 i 5l S0
S5 ol Sloj po bz Az o el )35 ol Sl I iy
Ol 10 (05 5l cod rizmed ) (o0 (paTtie Cusdee 4

Syl ol A8

YUA



YEV+ B YEY doxio OYAR Jlo Ve 0)loud @Y 093 ¢S ool (lpos suoito & pis

(4l 5 e 5l FYIY & YFN 5D
Al oo 2 Lz )38 pley ke alilg o L
D98 (oo (R g ¥ el )l falS o cale (20138 (o
Ay oo (3SzgS R)pdhns o ay » J&s by

e

sl o

i yaw Jawgie u

eyl lavwgie H

T a8y oKd Jasgh 00l (6,05 o3ll e u(z)

ela I s zd

J& ol g

asl, Shals Jas ol g

Oyl dae iR

Cowl iy Gy ol oS ela ) h
ok el
obr chile

JUE s ol

h

C

bz @ Q
S

pold bl B ol 51 )b 2 )35 oo T
605)3 4.?:9.).) )‘ c\.l..alﬁ X

2 5 Al o ol Sliy ey £,
s Y b R

N n

oy m

sbs oM

3m/gk ‘£5!l§_> p

JU S sl 0

Y4

a6 i S o o5 (VF) dles Comlas 5]
Shakald pals 5 Sl (glig copn all 4 by o5 5
OOl S b gy cnl )3 Bl (oo Slig Sy Bl g Ay
S 50 el (2Bly Jlade -0 g 74D+ sdgame 10 yiel b S lade
Jlade 95 (gl (29,5 Hlaie il co ol b fel )by pyolie oS
sl Jgo 8 5l 4l i el Conlas a3l 5 aidly s
30,5 dlme abogy o

& S ai- ¥

FAL L8 ohe S8l o Cop LSl Gragly (ol 5o
OLis Sy 00 day (2 slo by (guiyp 0 (g il
axl Olg oo cnlpls i8S 18 e g9, b Jdgn cnl ol
ol ailicie 055 by a5 C8 S

oad a2 sl den 0 dde ey e (e
b, 6 4o ;o Jlade ol a5 ol lis alade o 0 Cep
ol L ke ) deglio g el Lasgie e s ol VY Lo
a3 oo Ol | (42 BB ALAS (eia

Slp a5 ol Glas Cepn ot dm o sle B9 n S5O
2 Sy Jedgn aoles oad o ¥ Jlw 0 53555 by
N=5 L coleSy o 5o 535,05 ol wbbe oylss a4l
o axl 0,35 gl b o Cepn 8y Aol g Ll
P8 50k b b 10,08 05 b o g sl s 2V
A e yln By polie ol oglite gy Jlw
YU a4l 0 35 ol Sl gl AIVY 5 oNY g 4
@ sl cx 4l 0 )08 Gl a5 DA g A i
Sl oo “VIAY g [-VY i

FB ol Al e (Sla S ol g Y Jlw 5o
Wy oo gy a4 cul g ol 4l il o sl Al
ol dw 5o 0 oo g cdale sl aaS sgase | > S >
sy Jow o JBs ol Slin e RPN cen
R oonay ol Gials coms clile iyl ol oad ond
R) i o ¥ b ol bz j0 (Ly> Copm 090 (o0
) ol o ialS ZFE R oS alSim ol o LialiEl (iSasS
0l oo LRl TYE J8x by Sliy Cepm OY/FG YTV



YEY+ B YFoV dio YRR JL» N D)LM HY 0y9d ;).:..5).:.91 U‘)A'c L;»A...Q(c Ai).uu

flows, Journal of Fluid Mechanics, 6(3) (1959) 423-448

[10] M. Sadeghi Askari, M. Ghomeshi, Experimental
investigation of velocity profile in interflow density
current, Journal of Hydraulic, 13(1) (1397) 58397, in
Persian

[11] J.S. Turner, Buoyancy effects in fluids, Cambridge
university press, 1979.

[12] M. Altinakar, W. Graf, E. Hopfinger, Flow structure in
turbidity currents, Journal of Hydraulic Research, 34(5)
(1996) 713-718.

[13] M. Garcia, G. Parker, Experiments on the entrainment
of sediment into suspension by a dense bottom current,
Journal of Geophysical Research: Oceans, 98(C3) (1993)
4793-4807.

[14] M. Sadeghi Askari, M. Ghomeshi, Experimental study of
concentration profile in interflow density current, Journal
of Irrigation Sciences and Engineering (JISE) 10.22055/
jise.2018.24246.1715, in Persian

[15] M.H. Garcia, Depositional turbidity currents laden with
poorly sorted sediment, Journal of hydraulic engineering,
120(11) (1994) 1240-1263.

[16] S. Hosseini, A. Shamsai, B. Ataie-Ashtiani, Synchronous
measurements of the velocity and concentration in low
density turbidity currents using an Acoustic Doppler
Velocimeter, Flow Measurement and Instrumentation,
17(1) (2006) 59-68.

[17] E. Khavasi, H. Afshin, B. Firoozabadi, Effect of selected
parameters on the depositional behaviour of turbidity
currents, Journal of Hydraulic Research, 50(1) (2012) 60-
69.

[18] Z. Nourmohammadi, H. Afshin, B. Firoozabadi,
Experimental observation of the flow structure of turbidity
currents, Journal of Hydraulic Research, 49(2) (2011) 168-
177.

Ol 4 bgiye d
ol

Sl lsonge odiun gl

&L

[1]J. Imberger, R. Thompson, C. Fandry, Selective withdrawal
from a finite rectangular tank, Journal of fluid mechanics,
78(3) (1976) 489-512.

[2] R.J. Lowe, P. Linden, J.W. Rottman, A laboratory study
of the velocity structure in an intrusive gravity current,
Journal of Fluid Mechanics, 456 (2002) 33-48.

[3] D. Ahlfeld, A. Joaquin, J. Tobiason, D. Mas, Case study:
Impact of reservoir stratification on interflow travel time,
Journal of hydraulic engineering, 129(12) (2003) 966-975.

[4] B.R. Sutherland, P.J. Kyba, M.R. Flynn, Intrusive gravity
currents in two-layer fluids, Journal of Fluid Mechanics,
514 (2004) 327-353.

[5] M. Wells, P. Nadarajah, The intrusion depth of density
currents flowing into stratified water bodies, Journal of
Physical Oceanography, 39(8) (2009) 1935-1947.

[6] S. An, P.Y. Julien, Three-dimensional modeling of turbid
density currents in Imha Reservoir, South Korea, Journal
of hydraulic engineering, 140(5) (2014) 05014004.

[7] X.-f. Zhang, S. Ren, J.-q. Lu, X.-h. Lu, Effect of thermal
stratification on interflow travel time in stratified reservoir,
Journal of Zhejiang University-SCIENCE A, 16(4) (2015)
265-278.

[8] Z. He, L. Zhao, T. Lin, P. Hu, Y. lv, H.-C. Ho, Y.-T.
Lin, Hydrodynamics of gravity currents down a ramp in
linearly stratified environments, Journal of Hydraulic
Engineering, 143(3) (2016) 04016085.

[9] T. Ellison, J. Turner, Turbulent entrainment in stratified

J. Civil Eng., 52(10) (2021) 2607-2620.

DOI: 10.22060/ceej.2019.15923.6084

M. Sadeghi Askari, M. Ghomeshi. Velocity structure in interflow density currents, Amirkabir

o gl lin (3l 4y wisSr

v



