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3D simulation for the influence of a feed baffle on the density current

behaviors caused by temperature in a radial sedimentation tank
WEI Wenli, BAI Zhaowei, LIU Yuling
(State Key Laboratory Base of Eco-Hydraulic Engineering in Arid Area, Xi’an University of Technology,
Xi’an 710048, China)

Abstract: In summer or winter, temperature differences between the inflow water and the water
in a pool will cause density flow phenomenon, whereby affecting flow pattern and flow speed in a
Radial Sedimentation Tank. The Realizable k¢ model is used to carry out 3D numerical simula-
tion of density current evolution regulation under the operational conditions by setting different
temperatures between the inflow water and the water in the tank with two different forms of feed
baffles near the inlet in summer or winter. The results show that: low-temperature inflow water
can produce gravity flow in bottom region in summer while high-temperature inflow water pro-
duces the gravity flow in top region in winter; the higher velocity water is in bottom region of
sedimentation pond, and counterclockwise vortex is obviously formed in summer, while higher ve-
locity water is in top region of sedimentation pond , clockwise vortex is obviously formed in win-
ter. The impact of the longer baffle on the density currents in winter is more obvious, and make
velocity field more uniform in the tank.
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Fig.1 Region of the sedimentation tank of 90° arc
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Fig.2 Transverse section size of

the sedimentation tank
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Fig. 3 Three-dimensional computational mesh of

the sedimentation tank
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Fig.4 Streamlines distribution in summer and winter

3.2 WHEBRESHSH

B 5(a)~ () BR T4 HZE 500 s qth Py 45°#
T B A A . BT AR SO E A N KR A
8C, HEMNAE R 25C, Al E N 18C, WA
5Ca) (b)) AT L& BE , 523t P /KO B B W = T AU
TR . AU B AR AN S BE — 1 R O Bl . 7 F A
5 U8 3 v B I A IS 1) S O R QA T
T L, — BRI R B s X U
FAWIER T H BN T S ER. SRR, K8
M E 5228 65 ¥k B 3 1 53 ) L AR AR AR R P AR S A o
A 2 B ARIR K I 10 15 U8 Sk 5 3 B K 4 AR BE T
ZW AT FEATGR . IWE 5 (DA LLE
AR R KR B B S g I o KR BE AR R
MAT 28 P A v J TV b R IR K — B TR
PIR I eRE by 1 ) B EU N A I A i
TS, U R 2 7 A 0 R 25 (A TR K A2 B
TR FE IR Y R B S i) I 5 B 2 L ik v B A&
AR T BN ERER. KRGS AR S
RGBT AU 5 K TR 4B A5 B TR 4 AR

et T BT B B T R R AR R B A — BT
TE ML 5 2 T8 AT — B 70 AU L4 A KR i

HE(C):18.5 19.520.521.522.523.5 24.5

(2) EEEHR

1R E(°C):18.519.520.521.522.523.524.5

(b) EE:K PR

i E(°C):8.510.0 11.513.0 14.516.0 17.5

(QESESESE 4

5 (°C):8.510.011.513.0 14.516.0 17.5

(d) #FKHEAW
B 5 A& E i E I A

Fig.5 Temperature distribution in summer and winter
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Fig. 6 Velocity contour in summer and winter
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Fig. 7 Diagram of measuring lines for velocity

distribution in sedimentation tank

=T

ML

F o BEK AR

(9 4 40)
I e KR PR
e R B )

0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Vi B/ (m/s)
(a) A [12m

)

Y B HK L)
i CECET
e KK PR

e KB )

0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Vit 3#/(m/s)
(b) EEAH5m

M3

HF(E )
—oem— X BRI
—— X F(EHE)

Tt % /m

6
5
AEIAE HEE PR
3
2

0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Vi 3%/ (m/s)
(c) BEAH8m

W 24

----- HEEKHR)

B (50 £0)
e KK PIR)
e & F(E i)

¥t I /m

0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Vit 3/ (m/s)
(d) BEAMIIm
B8 ORI 2 i 4 B3 2 ik L A R
Fig. 8 Compare the velocity of the four measuring

lines in summer and winter



BLSCHL - 45 < 8 O D0 b P M R T L 22 S R U K D R B ) = 4 A A 17

TR R

ARAE B CED # 44 fluent6. 3, % B Realizable
ke i AR B JF A RE 7 B L B 5T 10 AR A [
B 20 4 U 205 i oA i 3 L R 7 FNR R
SER I A H AR DUTE M W IR BE 25 e S B b
JKUL T 2 S 4 o (T b 9 R AR 7 A e O B
o AFEMANKIREB G AWIEAWA S AT 7
HOR IR 2 2=t K IR, 5 77 A b R
EE

W BT R R IR 2ZE SR R ERALR .
el 45 32 2= U UE W P TR i T S 6% 39 B B UL L A R
P B R B T AT T8 0 o % T 8 35 0 R 8 37 1) A5
0L [ B350 B o 4% 2t R 65 v 1 R R K i T T AR
T )t AR U Sh L T 2R ) Mt RS T 1) S
HEH

B R 1AR 3 R AR A Rk — PR
Yy it B 3 B G B 37 ) 52 W) e B B A S Y ) 2%
e A i b S TR R R B B 60 v N R 3 B
P57, PRt P A S Y 2 5 B T UE T 45 A
A T4 m PUIE M AROR

B E Wk

[1] FAN L, XU N, KE X, et al. Numerical simulation of
secondary sedimentation tank for urban wastewater[ J].
Journal of the Chinese Institute of Chemical Engineers,
2007, 38(5): 425-433.

(2] XV E 3, 5k B SOl 4 ol =X T 0 T U 22 S 7 A e 1k 1)

BUEALLT ] K BEUR 5K TR %4, 2015 26(3): 142-
146.
LIU Yuling,ZHANG Zhen, WEI Wenli. Numerical sim-
ulation of density current caused by temperature on the-
hydraulic characteristics in the radial flow sedimentation
tank[ ] ]. Journal of Water Resources & Water Engineer-
ing. 2015 26(3): 142-146.

(3] B SCHL . 2800 Aiv. W8 B¢ T 300 = 4k K i B A L 0F 5T L) .
K BTIR S K LR, 2014, 25(3): 43-47.

WEI Wenli, CAI Yaxi. Research on 3D numerical simula-
tion of flow on submerged spur dike[ J]. Journal of Wa-

ter Resources & Water Engineering. 2014, 25(3). 43-

47.

[4] SHAHROKHI M, ROSTAMI F, MD SAID M A, et
al. The effect of number of baffles on the improvement
efficiency of primary sedimentation tanks[J]. Applied
Mathematical Modelling, 2012, 36(8): 3725-3735.

[5] SHAHROKHI M, ROSTAMI F, MD SAID M A. Nu-
merical modeling of baffle location effects on the flow
pattern of primary sedimentation tanks [ J]. Applied
Mathematical Modelling, 2013, 37(6): 4486-4496.

[6] BAJCAR T, GOSAR L, SIROK B, et al. Influence of
flow field on sedimentation efficiency in a circular set-
tling tank with peripheral inflow and central effluent[J].
Chemical Engineering and Processing: Process Intensifi-
cation, 2010, 49(5).: 514-522.

[7] TARPAGKOU R, PANTOKRATORAS A. CFD
methodology for sedimentation tanks: the effect of sec-
ondary phase on fluid phase using DPM coupled calcula-
tions[ J]. Applied Mathematical Modelling, 2013, 37
(5): 3478-3494.

(8] E R s FIM . Xk 5. Vi X R UL E W b 5 i 4

WEFELT ] IR BB . 2007,20(2) :24-26.
WANG Xin, HUANG Libin, LIU Yongliang. Research
on density current phenomenon in rectangular sedimen-
tation tank [ J]. Jiangsu Environmental Science and
Technology ,2007,20(2) :24-26.

[9] Sk, = 3CH, £ B R, PUUE W i 5 5 3 iz 3 ek L) .

[ 25 K HE K 2003,19(1) :43-45.
ZHAN Yong, WU Wenquan, WANG Huimin. Density
current motion characteristics in sedimentation pool[ J].
China Water & Wastewater, 2003,19(1) ;43-45.

L1070 XA . 3 It T 50 (% H (B AL 00 2 3t 3 D =2 [ D . W3 7R
I W R DAl K2, 2009,

LIU Baicang. Modelling and flow field measurement of
sedimentation tanks[ D]. Harbin: Harbin Institute of
Technology,2009.

[11] WELLS S A, LALIBERTE D M. Winter temperature
gradients in circular clarifiers [J]. Water Environment
Research, 1998, 70(7). 1274-1279.

[12] EARZE. THERAARS) %4001 CFD 4 J5 21 5 5 ]
M. dbst A I Rt A R A Rl 2004,

GifEg%E B #



