HoKFE AR 2025,44(2) :198-207,215 Water Purification Technology

! [

JEHEK S ANEIT R E B R R B |

S {

PIBENS, GO, 1, . B TREHKEABE RN IO FVE R )]. HoKEAR, 2025, 44(2) ; 198-207,215.
SUN X P, BAO S J, WANG M, et al. Analysis of sludge flipping problem in secondary sedimentation tank based on tracer tests and numerical simulation
[J]. Water Purification Technology, 2025, 44(2) . 198-207,215.

— g3k A 3k \ — = 3 B 51 B
B T RIS A E R LAY =i it #0 8] 2 43 4
PVEEME > IR, E BT S0 XUJEEE BB ERS B A
(1. F B HKEE RS 0 IR FS 26600052, F 5 HRKEFARRAF, ILARES 26600033, b i B T RE
PSR S BE <GB IS IR F], LI 200092 ;4. 75 5K S EHARAF, AT 266000;5. 7 5% H A KIRAGRA A, L
RS 266041;6. F 5K S EHAMERERAE RAHR, ILAF S 266000)

i E (B8] O I RIESR I iR A B N AR 15 e v B T S 20 — Ui e ml i, [ 73k Fedtx
SR K TR AR IR S IO RS ) S 7 U8 e B AN IO R AR A5 R HEAT TR BRI, IR SR AT R
27127 (CFD) Jr i R IR AR TR BE 25 1R T U0 A AR i S b AT TR, [ R ] BTSSR WoR  7E 3R T s
0.92 m*/(m’-h) IZRME T, 4047505 R T s B 5 500 mey/ L B, #3007 A H /K R 8 77 0K ( SS) B8 i, JF HL 10t
PAAEAE — 5 R B 108 T DXl 5 > 4 5 8 BT B ViR B2 A 4 300 m/L B, B AR IR s Akt K 1 SS 6 2 DA 10 o i /K R fH
TAPL PR U ) ST S I, i — A W R T PR SR TS R B IR O 5 500 mg/L R R R T AT £ 0. 82
m’/(m?-h) 00K SS il A SRR AR PR R H 0 YA I (]S B A, (H A BEK d ORIk B BT R,
X BRI, 8 CFD BRIl 1S m — Tt A B AR TR BE X G il — Ot IR MR OCR . [ S8i8]  S9RRI] TEsF A
W5 PSRN 5 500 mg/L 2T, 24 U0 PRI Lt 0. 6 m SERCE 1.2 m WK il BT RERCR WL, KL i
JE TR o] b A BRI | IR T A Y T BB, TR BN AR L 20 /K T A e — 9o R ) 38R, AR5 285 2R % ]
UL R E T SR TR AR SR B

K A E R T R RmGAsT BV TR % (CFD)

FESES . X703 XEkFRERD: A XEHS: 1009-0177(2025)02-0198-11

DOI: 10. 15890/]. cnki. jsjs. 2025. 02. 023

Analysis of Sludge Flipping Problem in Secondary Sedimentation Tank Based on Tracer Tests

and Numerical Simulation

SUN Xianpeng'*>* , BAO Sujun’, WANG Meng”*, WANG Jian"*, LIU Xuyang’, TANG Mingyue’, GU Ruihuan®
(1. Qingdao Drainage Operation Service Center, Qingdao 266000, China;

2. Qingdao Hairun Water Supply Group Co. , Lid. , Qingdao 266000, China;

3. Shanghai Municipal Engineering Design Institute <Group> Co. , Ltd. , Shanghai 200092, China;

4. Qingdao Water Group, Co. , Lid. , Qingdao 266000, China;

5. Qingdao Baifa Seawater Desalination Co. , Lid. , Qingdao 266041, China;

6. Qingdao Water Group Environment Energy Co. ,Lid. , Qingdao 266000, China)

Abstract [ Objective] To address the issue of sludge blanket disturbance in secondary sedimentation tanks caused by maintaining a
high sludge concentration at wastewater treatment plants( WWTPs) under low winter temperatures, [ Methods ] this study focused on

the actual peripheral influent and peripheral effluent radial-flow secondary sedimentation tank, conducting tracer experiments under
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different system sludge concentrations and secondary sedimentation tank surface load conditions, and using computational fluid
dynamics( CFD) methods to numerically simulate the hydraulic flow state in secondary sedimentation tank under different skirt depth
conditions. [ Results] The results showed that under the condition of a surface load of 0.92 m’/(m’+h), when the system sludge
mass concentration was 5 500 mg/L, the suspended solid (SS) values of the water at various monitoring points were high, and there
was a certain degree of short-circuiting in secondary sedimentation tank ; when the system sludge mass concentration was 4 300 mg/L.,
although the SS values of water at various monitoring points meet the requirements for influent to the filter tank, the short-circuiting
problem in secondary sedimentation tank was more serious. Further research showed that keeping the system sludge mass concentration
at 5 500 mg/L constant, and reducing the surface load to 0. 82 m*/(m”+h) , the SS values of water at all monitoring points meeting the
influent requirements for subsequent advanced treatment, and the short-circuiting problem in secondary sedimentation tank was
alleviated, but treatment volume could not meet the design requirements. To address the aforementioned issues, CFD numerical
simulation was used to evaluate the effect of increasing the depth of the water-blocking skirt in secondary sedimentation tank on
alleviating the problem of sludge turnover. [ Conclusion] The results show that under the condition of a system sludge mass
concentration of 5 500 mg/L., when the depth of the secondary sedimentation tank’s water-blocking skirt is extended from 0. 6 m to 1. 2
m, the energy dissipation effect of the influent shock was significant, the upward angle of the water flow after touching the bottom was
reduced, which reduces the possibility of short-circuiting, and can solve the sludge resuspension problem in secondary sedimentation

tank without reducing the process influent volume. The research results provide experience and theoretical basis for the operation and

reconstruction of peripheral week-in week-out radical-flow secondary sedimentation tank.
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Fig.3  Simulation Section and Flow Field Simulation Domain of Secondary Sedimentation Tank
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Fig.4 Variation of Tracer Concentration with Time at Various Test Points in Secondary Sedimentation

Tank under Operation Condition One
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Fig.5 Variation of Tracer Concentration with Time at Various Test Points in Secondary Sedimentation

Tank under Operation Condition Two
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