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Abstract

In this study, lock-exchange gravity current experiments and numerical models are used to inves-
tigate the effect of saline concentration and bottom roughness on gravity current dynamics. The
Particle Image Velocimetry (PIV) system and a digital camcorder are employed to obtain the evolution
of gravity currents on sediment beds. Spatial-temporal evolutions of the current speed, height and
macro-structures of current head are analyzed. The results show that bottom sediments play an
important role toward the current kinematics, particularly in decreasing the front velocity and
vorticity, and changing the front shape. Using the Re-Normalization Group (RNG) k-& turbulent
model to simulate the gravity current motions can obtain good agreement with the experimental
data. The simulated horizontal current velocity can be used to explain the acceleration, constant
speed, and deceleration motions. At the interface between the two different fluids, a negative ve-
locity can be observed due to the entrainment phenomena. Bed sediments change the horizontal
velocity profiles of current, entrainment phenomena and inhibit the occurrence of the negative veloci-
ty in the horizontal direction. The velocity fluctuation becomes less pronounced on the sediment beds.
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1. 518

S E ORI, A AR P AR DL R AR R B N 2 R BT AR A IE B, R EONTEKE T
RSN, ZI%R CEAEIR 2 M BRI A0 50R Tk SRR A3 BB [1], B KRR IR, 7559
KA TP IR SR T R E R A se Bl i T EF A0 5 B 7R AR 2 KB N B 77,
I 22 LA S0 2 ARADL I e B R 70 PR & IO R RR R AR B B2 [2] [3] [4]. Hor, Wl ResmcA ot 7t
= B P T S B IR A P A T, R S EE R S o AR T E RSk K30 1 SRR RN 45
XK 20t S 25 IR AA (RISl R P B B AR AR A

Britter A1 Simpson [5] & &R F L 8h &R & 5 o6t 4 5 B Sk T i KRB I AL, X SRR R
B U AR S AL T AR R IRAS o (FRTEIR 2 SEPRIE B, S BB R AT E I Fr DABE & AR IR 30,
AU R S R . B E AR AW R SO . S0 =08 R T ) SRR v R IR s
ZJ) , MR b 2B A K PRI A (B A B ) R TS N 35 FE /N AR, T DA 7= A — g 2R [ R LA [3]
[6]c BRI, SR iE o % N Z R 3 K 3] — AN e . XA PR 4R — MR 1 ) 2 5
FRENTEI B, Huppert A1 Simpson 25 H T — MRl 2457 SR LR 5 SRR HE /N T 0.075
IR O T 2 B [2]. 2 )5, B S IPE, SERENT BN B, 5558 =AM E,
R 73 KT Sy, SkEBIs s ks 28— 25 18N

H AT &G 1R 2 FI I EUE  Hr BRI 70 57 IR RS2 56 [ 7] [8]. Sl fE M BRI LR JE DAL R
I B RN 25 N . kLT EIGE 5 (Particle Image Velocimetry, PIV) S 24 H S HIE 8300 S B3R A
Y, Bl He Z5[91FIFH PIV #Ri R &5 /KA T T B UT 2 s iiniss Lk Yy, 520 % [10]8H PIV
W5 S H YK~ 3R 5 I 55 DR 9 I I 5 | /K T Bl 1) R it o bk, PIV 5 AR & 7 E k&
48 mT DL R I S s A2 B, G PIV APPSO 175 5 98 6 B R (Planar Laser Induced Fluorescence,
PLIF) B & 18 HI[9] [10].
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Figure 1. Schematics of the experimental flume
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Table 1. Experimental relevant parameters
1 XWHEEXSHRRTE

251 e (%) JEE PR HE [ (=D50) (mm) i E A7 g (cm/s?)
1 21 0 2.2
2 5.0 0 4.1
3 8.0 0 6.0
4 2.1 2.6 2.2
5 5.0 2.6 41
6 8.0 2.6 6.0
7 2.1 5.2 2.2
8 5.0 5.2 41
9 8.0 5.2 6.0
10 2.0 51.2 2.2
1 5.0 51.2 4.1
12 8.0 51.2 6.0
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K 2 R B SR E A E T LG, 2% b /K S BRI IR A AE 7 (Us) /e AT, T 8%o k7K 5+ L i
SRR AR, BRI FEENIAE 8 (Us)AiA, AT UL /KIR FERE KR, S5 Bk RIS sl i 2>
EWN, FEARTES R
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Figure 2. Velocity and vorticity field in different environments (the vorticity field is positive in clockwise direction and only
shows vortices with absolute vorticity values larger than 0.5)
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Figure 3. The s"-t" relationship in different saline concentrations
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Figure 4. Velocity and vorticity field in smooth and rough beds (the vorticity field is positive in clockwise direction and only
shows vortices with absolute vorticity values larger than 0.5)
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Figure 5. The s*-t" relationship in different sediment beds
5. REIRKRISHAZR s -t KR E

M5 T IR, SRR TR I IEA [F SR AR AR L N A A A R k. [RIRE, S =FoRifRie
8"t EHHT LS, HRE =R FRRBIDRARRIR R 558 410 (Dsy = 2.6 mm) Ky 1.02, b
(Dso=5.2mm)y 0.89, Hb(Dso = 2.6 mm)>y 0.79. Bl JRRKATIIIG R, R ZANWIRNG, RFH
PRI, S ALK R (13 B P g, DAL R UK o 7 B 70 T Rl B 8 0Bk, {EL R D/ )
KRN, RIS =FoRiR ) s -t LG BRI RA A S G RIDHI/N . Bk rTEn, Jevbxt 55 i Sk %
FEA — IR, BEE VRV RARARWIE R, X 5 2 T id A Bt s, BT LS L S
FEEAH EE T  JR R b 0 5 S Sk S /0, AEUR MR AR I R B — e FR RS, YR VDRl Sk 5 380 R (1 5 Mg
T A,

4. WIERESHHRER

ASCFIA Fluent BT U, S5 K F 2L £ (Re-Normalization Group, RNG) k-¢ #5838, W#%
NIEAZ YIS RHE, RS S Hh 55,200 (IR K40 0.05 705 JHK), 58 R ol i P B i SCAE s 4 1) o
O, BIEE K 0.05 750 XF Bk ATt A SR i A [F) S5 AR EAT BB SR R, HRIBUEMLSE R . Wk, BEUES
RIS RLPAT IR, ARSI FErh =M 3R TEES BB S, Wil 6 Fias. WEHRTLLE

DOI: 10.12677/ijfd.2017.54016 146 PRS-


https://doi.org/10.12677/ijfd.2017.54016

[ EICIE

100 .
oo SEES R YD, Eh T 5%0
o SZES TRV, EE FE 5%
=Y, Eh B 5%, .
100 ORI, $h 5%
X : ///
(%) %
//0/2’
1 L //Q//’
<& ///’
Ve
7
Ve
R 2
0.1
0.1 1 10 100
t*

Figure 6. The s"-t" relationship between the experiments and numerical
simulations for different saline concentration
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Figure 7. Velocity profiles in gravity current over a smogth bed: (a) within the distance of nine lock lengths s = 7 (accelera-
tion region); (b) at*the distance of the nine lock lengths s* = 10 (constant velocity region); and (c) beyond the distance of the
nine lock lengths s = 10 (deceleration region)
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Figure 8. The s"-t" relationship between the experiments and numeri-
cal simulations in 5%o saline concentration over a sediment-covered bed.
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Figure 9. Velocity profiles in gravity current over a rough bed: (a) within the distance of nine lock lengths s” = 7 (accelera-
tion region); (b) at the distance of the nine lock lengths s = 10 (constant velocity region); and (c) beyond the distance of the
nine lock lengths s* = 10 (deceleration region)
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