= Jm BRI & B s & EDKE) AR 2 WO

sk FH TR ISR EBERT

Amx !l g omA g

(1 HFEBEERE 120500, dE50, 100190, Email: pdcheng@imech.ac.cn)
Q HER R RS TRER2EE, JEET, 100049)
3 JeEHE T K, Jbai, 100081, Email: wangxiaoliang36@bit.edu.cn)

WE: AEASNAFE, HERRTRNEXRZEANMIARAGEERNMAZ —o AXET
KELZRARRENAELREE, B LBAR-BHRE-FEINEEAFER, £
FEARIERELGT, HEENRERHBRFIBRULTENBEHIR. 2RI
WARERRE SRR, REEE, BAGRSE. FEWKE. WL E %S5
HzEEERFR. ARAKA, FRUFEREREAFERRE, HARKRARFEH. R
e (Re) AR, Mifrmny ®ERAET LM EIBRTRAE. Bk AFF
B RRGFFEIBEEAENEENRR, ] AMEBEXBOKT AR H T,

KRR JRIRE R RE; wmAlek; FARRSH KE

1 5

ol

IR AR K ERYEY R . BRI KA AR IR 4L B RSk A 1A
TSR N KR G 2 TOR BRI T T 128 = &, (RIS R R I & AR . fEK
T2 LU BRI I X, 3235 B e 1 P SR TN R B 528, e vb BE K it 112 30
FEHE R, BAMRKKIBENE, TSI &5 & BV R RE TR I e KR T g s L 2 .
— I3, KRS IEE . i B E TS RN S A S5, TS RkE
e TR RIRIR T, UV e B TE R [ 25 Qe sy, MAE — € (/K sh J1dsh A
A T RAIR . B R K3 e B R e - /K S TS 2o SoE
WM EEY BN ER, SR —J7 98 7Y /K I i MLy AR & 871 5 —Jrmmie
K G KA I Y I R Bl 9 2 3 BUOR SR 3215 QeI MORL 1 i, 0t MG ey s e 1)
FREOKE KRR DA RIS SR iU 78 32 24 rh AR S A Kk R ep, HL
OF T RGEMANKI IR TE . SRR XTSI o RV TS RV ROt se b, HoK
2R IEIERIBE T, S @R, B 5 G R RS S S RN 5 R AR
NI T RRKAR RV TS G SR I D B R AN LM R 2R, A SO AL 18 DK AA-TE e

- 1252 -



= Jm BRI & B s & EDKE) AR 2 WO

SRR 1R, ERANFRDRSI 26T, Tk imsh e 5 EFRIDIRE . 5
QIR LT AR R, [BRSEYIBEBOER SiRmaferE (EE0 KRR, e
BRI BOA A IR B KRS Gk BE 52

2 BRI S

2.1 EHIGE

£ BB KAR- -1 RV R, S Ry — M B, 2T RESSRHIE Y
BT 77, R B T AR R A ORI AR S R . R, ORI (-
BURD BATZEWNER (BIInss AR (s sk . AT OFRRM 1%
FERBUEE . QILEHFNIE 1. 5 EWGBNHIN ] REEA L, BUhL b IR 8] 5 .
ARV S RE ANt 2 733 el R A H

p=(1-9)p+op,:  u=(1-9)u,+ou, (1)
K, prs po R g, o 4 S TP RO [ 25 S RO B, o0 2 IR A AR A B0
5 HE B BT UME N LA R AN EE, % e AN AT T 45 5 R B B SR T R

V-(pu)ZO; p(%—?+u-Vuj=—Vp+V-T+pg )
R, w B, p REBFBCEE, ¢ ZANE, p ZIES, o« REMWENTMEENJRA, g
SEEIEE . =y, Hb g REIFREE, y=VutVu'e A TS, AR
k-¢ WOTFEIRTRAER, 6=1.0, 0=13, C =144, C,=1.92,

JE VR Bk ) fris 7 FE R 2 e

a—(p+u-V(p=—V~N

o 0 (€))
K, N, s Bh T AR Bl &
T R FE B dnis TR i T sUOE -
%+u-Vc=—V-N+R 4)

A, ¢ BRAXKE, ATLENSH, NRKERSY BulE, R EFEMITH.
JER VR ATURLE VIR 1 8 5 5 N BURL A B 2y By ek 8 ™10 AR SCR A MPQ AL,

-2
ﬂ=M[—£J ©
0

m

N o A2 BABURL R KIH TR, BUE Y 0.62.

- 1253 -



= Jm BRI & B s & EDKE) AR 2 WO

2.2 JUHREL, HhESH. BREZHRNEEY

FERTHISEIG T, KRESE )Y 0.25 m, KIEN 0.1 m, JEIBIEE A 0.08 mo HE R 4 ]
(LRI 5 sy RSF — Bt 1, s 78 K AT Y1 S T 40 2 8 B R AR AR SR . FE 3K
R, AR IR 25 BE 43 518 997 kg / m® f1 2650 kg / m®. /KB E A
1x107°Pas. JRIBHHRKIAE (Dsp) N 0.03mm, /K& 57.5%.,

0.25
/\ Flow direction —>

0.10m Overlying water
008m] | Contaminatedsediment
| |
3.00m

IEPIRGE: 2|
2.3 MR FMFIEEMH
BB KAl BE T A I RS I, TSR T AR AR I T o 15 Ik FE S Brp, /KR B T
TR 3 B A TCIE R R A AL TR R I R A, RIS, S5 Pk g,
SRR, MR TR S RE R S IR FERCR . X TR, WIGhIE 1% e R
HE MK, WIEHEEBEN 0o 15 IR HBRAAR 2 E0R e N 42.5%, FEKMA A
RARFUTHON 00 15 Y RYE 5 YRR E N 1, B KA X IR FE B E A 0.

3 SRR

FEAS SR PR UE Galerkin 5 BR 7 B Bk 753 SRAR A A0S Yk 537 1, H5 S, 5
AN s T FEK AR E Galerkin B EUL T RE R EUETIIRY . Ik, 75 ELIERR D XU =X
KANFNX LA FRAR Y, A SCHK ] Hughes 251U 1Y Galerkin /b 3k . M5 %
FH 82800 /™ HLTCHILE ALK, 1M A AR — R FI KA ST AR 2 fE e 1 .

IR SRR KRS R E 4%, BRAIRKMBENE, R~ 7 EEs T, JAT9IANF
TEE CPIIRAR A E AR B A i il Be RS T

C:'[O ucds; q)=I0 uqods; U:J-O uzds;KZIO ukds;
UH UH ﬂyﬁ UH

(6)

R, C AR EE, RN, U AV CRAL: m/s), K A P31 HE (m7/s™),
O NP, u ATRHIEE CAAL: m/s), k NITREIRE (mP/s™).

- 1254 -



= Jm BRI & B s & EDKE) AR 2 WO

TEEC LA p KR A O TR T A A AN B, RIS R 7 KA Y
B A TE) AR AL I B 2 s Horp Casel-6 H-F34038 & 43731 0.03m/s, 0.08 m/s, 0.13 m/s,
0.23 m/s, 0.35 m/s F 0.50 m/s. JERVBAZBNHIIH, AR TOLRI KA EEIR /)N, Bl [A]
BN, KA 2 S R ST 0 - 7 R BT [ PR B AR E

—0O— Casel
—O— Case2|
—A— Case3

T (min)
B 2 BRI A Iyt L ek P I A

1M Case3 FlCased B, 7041 A [F] I 18] JoS Y Sk (A AR 7 078 6 B 7 I A o0 AT, W3
JEVE T BIF WA, A FEUE KA N BRI 2035 70 A AR, . B I (R3S 0, SR
B KR A R AR AR A BORGEIE N, FRITE2 B IR B R — MR E, X SRR — 5.
Ve VD3 A YA FE 1) 43 A TR FL A AN [B) e Bt FE AN — A o T4 ik i JE (D50=0.03mm),
HA AR A3 5, JURL ) b R AN ) T TR IS Bl 2 A (1 P4 5 35T BURLAR AR 43 5L
AP . KB IR EE R, X PP AN T . 2 REAHURL YR YD BT A S A
MU B eR S, SRBURIJEVD AR LG, DIREE/N, TR RIORE PR AR 23 B K R 23 A S N5 2]

0.30 0.30
—0— 0.1min —— 0.1min
0.254 O— 0.5min 0.254 —O0— 0.5min
—4— 1.0min —~— 1.0min
—v— 2.0mi —— i
0.20 min 0.20 2.0min
« 0.154 « 0.154
0.10 0.10
0.05 0.05
0.00 0.00 T T T T !
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10
z (cm) z (cm)
(a) Case3 (b) Case4

Bl 3 A [ 1] b 7 AR A JORE A AR 3 B 2 ) 23 A
SO i /AN o -\ LNE )G 8 1 D O o - S eI LS R e S B AL Bbei Tinp - ALTE S MERZ L 7/ i =2
. i Casel. Case3. CasedFlCaseSHIEHE, M AFGLE R, P33 sh5e s 4«9 AH
XU EE S AR R . B T4tk e b Ui B BE R/, JEN KRG, BORARAR S
BURPUIR RSP, FRORFRRROE . A7RAE T ZHR0R e b FL IR /K o 175 Gy thodvigt ik A\ 21 B K

- 1255 -



= Jm BRI & B s & EDKE) AR 2 WO

A, FFARPRIE B F — P EIKEE . ERAEERRE, FEimsh R R Ie HRTRLJE V) el 5 1A
P, RJFIEFRAR, JFREN [RIZHARIRSE . W, msheehE g, AR
5 Qe ik BT K N T AR . BB KARYS R s BT R R, AR F R RS
HUE 2 AR T 4 B I ok

0.5+ - 100 0.5- 4100
0.4+ 180 4 1
7 o o %
o —2—K] o
R4 A
03+ 160 < 031 160 <
& 5 o 5
(=] (=]
0.2+ 140 0.2 140
o o
M M
0.1+ 420 0.1 420
A
EJAM‘ B EL N
0.0+ ; : 0 0.0+ = — / —]
0 5 10 15 0 5 10 15
T (min) T (min)
(a) Casel (b) Case3
0.5+ - 100
180
o o
160 & 2
g g
= =
140
~ ~
M M
N
R P!
AN
: 0
5 10 15
T (min) T (min)
(a) Case4 (b) Case5

4 DS 23R FE - 31 BE- I 18] 5% 22 T £&

FEANZG F&5 G 55 JEG e AU RURL e v P W B AR B A P IS, SRR A P A 3™ J8C A P 2405
EEOKEIG RE BT R A SN . M B KRS ik BT AR, ¥R R
N (FUEENr, SRIEENe iRy HOEENy) SKRETE GEEHRe) ZRIFKRAE
50 XFFARRMEA T, VoA Ay s BB L MG N, O RDRE S F R .
WU (0<Re<35000) , i5HMY HOLREF, XHRATRALY BOOTREEAR — Bl 5l
BRI (Re>35000) , iy BOoTikidvs T, V5 9499 B 2l e i £ 5

- 1256 -



= Jm BRI & B s & EDKE) AR 2 WO

0.25 9

0.20

0.15

0.10

0.05

0.00 : : T !
0.0 2.0x10*  4.0x10*  6.0x10*  8.0x10*
Re

B 5 15 QR OE RS R O R

JRIETS BRI R, 2t B KRR -T5 R AR A B I A, e
BN Ja B A T RS P SRV F SR 05 G i L B R 3K . ARBDRL IR T 5 32 21K
YRR ST, iR SR AR T 5], TR RV, PRI BB K A g vb Bk 72
IRAEIF Y (<2min) FEREIA ST, JEORFFRE . Ml N EBKIRIRIRIERURL, 52m 1
A KA SRR, BE TR BTG RV RE S P i B REAE SR e 4R RIURL e Vb S 3 Je 1A 2
AR, ARJARGEREAR, JFRER BB WA BIREE . WG, TwahRERE 2 G, ARk
5 QIR BV (R I ]t B AT o XA P A 37 BV FH 220 B 7K A T e is 31147 1)
AT M TARRMA B, EEBEVNE (0<Re<35000) , 539 B A X
AR Y BOOTREE A — B MR IR EBUORI (Re>35000) , it HLoTiRIRE N R, 54
Yy i E E R .

gt
ARG T BEAR%ES (11602278, 11432015, 11802313) Fn “Ih mE T AFF
EHFFARB TR W HF, FElERTF R

& % X M

1 Zhang C,YuZ G, Zeng G M, et al. Effects of sediment geochemical properties on heavy metal
bioavailability.[J]. Environment International, 2014, 73(4):270-281.

2 CHENG Pengda, ZHU Hongwei, FAN Jingyu, FEI Minrui, WANG Daozeng. Numerical Research for
Contaminant Release from Un-suspended Bottom Sediment under Different Hydrodynamic Conditions [J].
Journal of Hydrodynamics,2013,25(4):620-627

3 CHENG Pengda, Zhu Hong-wei, Zhong Bao-chang, Fei Minrui, Wang Dao-zeng . Sediment rarefaction
resuspension and contaminant release under tidal currents[J]. Journal of ydrodynamics,2014,26(5):827-834.

4 Zhu H W, Cheng P D*, Li W, et al. Empirical model for estimating vertical concentration profiles of
re-suspended, sediment-associated contaminants[J]. Acta Mechanica Sinica, 2017, 33(5): 846-854.

5 EJRED, £ mREERVD BRI ELREE P SR AT T]. KRR, 1984(4):3-12.

6 J.J. Stickel , R.L. Powell , Fluid mechanics and rheology of dense suspensions [J]. Annual Review of Fluid

- 1257 -



= Jm BRI & B s & EDKE) AR 2 WO

Mechanics, 2005, 37(1):129-149.
7 E.J. Hinch , The measurement of suspension rheology[J]. Journal of Fluid Mechanics, 2011, 686:1-4.
8 M. Krieger , T.J. Dougherty , A mechanism for non-Newtonian flow in suspensions of rigid spheres [J].
Transaction of the Society of Rheology, 1959,3:137-152.
9 Maron S H , Pierce P E . Application of ree-eyring generalized flow theory to suspensions of spherical
particles[J]. Journal of Colloid Science, 1956, 11(1):80-95.
10 Quemada D . Rheology of concentrated disperse systems and minimum energy dissipation principle[J].
Rheologica Acta, 1977, 16(1):82-94.
11 Mendoza C I, Santamari A-Holek I . The rheology of hard sphere suspensions at arbitrary volume fractions:
An improved differential viscosity model[J]. The Journal of Chemical Physics, 2009, 130(4):044904.
12 Shewan H M , Stokes J R . Analytically Predicting the Viscosity of Hard Sphere Suspensions from the
Particle Size Distribution[J]. Journal of Non-Newtonian Fluid Mechanics, 2015, 222:72-81.
13 Ignat L, Pelletier D, Ilinca F . A universal formulation of two-equation models for adaptive computation of
turbulent flows[J]. Computer Methods in Applied Mechanics and Engineering, 2000, 189(4):1119-1139.
14  Franca L P, Sérgio L. Frey. Stabilized finite element methods: II. The incompressible Navier-Stokes
equations[J]. Computer Methods in Applied Mechanics and Engineering, 1992, 99(2-3):209-233.
15 Hughes TJ R , Franca L P, Hulbert G M . A new finite element formulation for computational fluid dynamics:
VIII. The galerkin/least-squares method for advective-diffusive equations[J]. Computer Methods in Applied
Mechanics and Engineering, 1989, 73(2):173-189.

Numerical simulation of pollutant release during sediment starting
in dynamic water environment

CHENG Peng—dal , ZHU Xin—guangl’z, FENG Chun', WANG Xiao—liang3*

(1 Institute of Mechanics Chinese Academy of Sciences, Beijing, 100190, pdcheng@imech.ac.cn)

(2 University of Chinese Academy of sciences, Beijing 100049, China)
(3 Beijing Institute of Technology, Beijing, 100081, wangxiaoliang36@bit.edu.cn)

Abstract: In environmental hydrodynamics, the release of pollutants from sediments is one of the main
problems. Based on a large number of experimental data provided by water channel experiments, a coupled
mechanical model of overlying water body, sediment and pollutants is established in this paper. The process of
sediment starting and pollutant release are numerically simulated under different velocity conditions of overlying
water. The quantitative relationships among velocity, particle volume fraction, pollutant concentration, turbulent
kinetic energy and time are obtained by analyzing the relationship between flow field characteristics and pollutant
concentration distribution. The results show that contaminants are released rapidly with the suspension of
sediment particles and quickly reach equilibrium concentrations. When the flow field characteristics (Re) change,
the contribution of convection and turbulent diffusion to pollutant release process is different. Establishing a
quantitative relationship between hydrodynamic conditions and pollutant release can provide support for

constructing water pollution model in Lake and reservoir areas.

Key words: Sediment pollutants; Velocity; Turbulence kinetic energy; Particle volume fraction; Concentration;
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