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Numerical simulation of water pump forced water quality equalization basin
under different reflux ratios and reflux distribution pipe height
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QIU Gao', LI Jiawei', WANG Chen', QIN Qing'
(1. College of Architectural Engineering, Anhui University of Technology, Ma’ anshan 243002, China;
2. Nanjing Tech University Pujiang Institute, Nanjing 211200, China)
Abstract; In view of the influent water quality fluctuation in the process of sewage treatment, the rectan-
gular wave was used as the fluctuation type under the condition of certain influent mass flow and influent
fluctuation period to simulate the equalization process of the water pump forced water quality equalization
basin (WPFWQEB) using Fluent. The equalization function coefficient( y ) was introduced to the simu-
lation, and then the effects of different reflux ratios ( s ) and reflux distribution pipe heights ( & ) on the
equalization effect of the WPFWQEB were analyzed. Results indicated that s was the main factor affecting
the equalization effect of the WPFWQEB, with the increase of s , the y showed a trend of “rapid growth
followed by stabilization”. Firstly, y increased from 0.72 to 0. 82 correspondingly with the increase of s
from 0. 16 to 1.00 in the “rapid growth area” ; then s increased gradually to 6. 00 and y to 0. 92 corre-
spondingly in the “slow growth area” , indicating that the larger the s value, the better the equalization
effect; however, after entering the “slow growth area” , the influence of s on the equalization effect was
weakened. Further study revealed that the change of h had no significant effect on the equalization effect
of the WPFWQEB, because y merely fluctuated from 0. 81 to 0. 85 when h varied from 50 to 350 mm,
which only accounted for 3. 7% of the variation range; However, it was worth noting that when h was set

as 350 mm , the water mixing and flow velocity in the outlet area were enhanced because the reflux distri-
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bution pipe was close to the outlet, in turn y increased slightly to 0. 843. So, if it is necessary to improve

the equalization effect of the WPFWQEB, priority should be given to adjusting s . This study could pro-
vide a theoretical basis for the design and operation of the WPFWQEB.

Key words: water pump forced water quality equalization basin ( WPFWQEB) ; equalization function co-

efficient; numerical simulation; reflux ratio; water quality fluctuation

1 WREf st

IR T B 15 A A TR M LRSS 154 T 0 TR Y
M 2 — L 2 NI B AR Al S K Y
S, HE TG 7K Ak B 2 B8 5975 2K K B LT 4 ) 4 %)
WAE R BA R E R Y —J7 i, K
KB A AEAR AR b 5 25 5 K s Bz b
AR B PERE Y SRS IBAT A URE B0 S U
T LR RALEE = A ) AR R AR bR T
AR RSB AR S A B TR R K [T T 2 B
PO 07 T, 3K K T B 43 AR 5 K b BE T
LB THCR . Sharma 257 BIFST & B, FEIR A HL T
AN T REH R 48 T, 35 v () 7K A7 Ao 23 38 3 P AR
AL /E T T 5% 0 2 88 69 TN AL NH,—N f 225
Choi 251 75 FHTHROK A — DR S0 41 A 20 8 Ao 1 2y
e A AL 2 B, DR T A0 8 P R A 0 3
o RK R S 32 bR, 2850 Ak A vk e s ; kK
IR 1o T KR VIR £ 1 A A Ak B A AT
Fw ) REG KA BRI IR

IR R R < IR ) FH T Uk 58 A4
15K KK B, MK 268 Bt iR A Bk S e
SEEN G AL BE T2 BT, Al e R K B 3 ok
(75 7K AR BR T H KN IRl 2 A 4 A B 2R 05 15 5
Tl MR TR 4 7 3, 5 b AT 43y 25 A
X GAMMEh S RN — i 25 2
(LI BOn A E IR I Bon ) 2
AR 2 (Tt TR 45 g SR 384 Tin 7K 7 3R 4 R, (H 4 4R
(16t 750 55 4] JE TR AR 8 1 7K 2 800 8B 47 B 80, ML)
AR P P 2SR S RS2 A ) 2K R 55, PR G T 90
%o KIS R H R Tt 2 sh 1 2 Bt iy
7, LRI P 7 2465380 I3 G 0 P I I Al 1 21 o
P p TE KA 2 AT 4 S, T I E0 9 B L F R
] P/ G T2 81 55t Tt 280 £ 0 5 20, O R e e
e ORI (AR — 05T

ANSYS Fluent #cfh R H LA thfiE & | B i i i
DA S s v R B S s B a2
R P T 7K Ak B AR RLHT 1 4 B K SR I 15
B T . Neto 2520 i A (FF 5T

T A AR AR W FEE A A A K IR B o B
T, RWNIZ ARG T 7K i 2% F0H 13 B ; Ding
SV Fluent 5424, 38 1o B0 28 S0k B AN 4 4%
A, AP T 20 H B e, 5 Hh R R R
R PRISE S S AR 22/ N T 4% o A
FH AL 5 A7) 0t 1 U 20 B T ] A 1) £ i ot
T, X Lt 19 7K 3l 77 3R Bl 1 A g B R T AR
FE2Y L WA, A2 A Fluent FTF X IR
TEHE TR A BN % 0 L BH UR 4E Hh 28 B K T B RN
T R S ORI U8 ) 45 05 T RORT ST, P AR
BLAF ZKSR o il 9 B 2 J5T 3t vl P K 3 oy S i
i, VA BRI ME LIS, BRI AT LS A Fluent 1Y
BE B e X AT IR LA 5T .

AAIFGE I Gambit XJ I8 il AT = 2 gL, il
FH Fluent H iR A AR 015 7K 7 55700 P AR I 2R 1 7
BCAEALALL, SR J5 1 FH 25 AR AR FR 3-8 T A A
FN BRI VR B AR S, RS [R] IRD 3 L R ] 3 7K
1 BE N BRSO, T A S RIOR T 9 B AL
P, B iR 5 2 RE £ s B T A T, SR /K s il 4G
IR ot Y T AR 5 el R AR
2 BRIy
2.1 HEiRE

TEHE AR ) 11 %% ( computational fluid dynam-
ics, CFD) h , ZAH SN A HIR T8 RS FE A =
AL TEZ ARG B, BT VE A1l LUE S BAT A
RIZE SRR . o T 5 7 (o i DA 7K 2 3 o 07
I 2] o (Y R B SOR , 7R FLARBR IS K A Z b,
BN AR S R AR R 5 AR R TS K -
7 R B L

3 Fluent 32409 Mixture #7127 G krEk - &
i P S AT R, AR U T A RS Y
A H A8 R W RE T A 0T B8 48 ARE THT 5 Yt PN PR AH
Z ] Ry LA LI 14 % LA 5 AR It AR R R A AN AT
Ak, Hr Mixture #8813 TR G A0 3 2% 07
B R B T RE LSRR R A B
X L AT RN 7 72 R Fe AR A A
SEA , PRAH () JO AR X 2R VRS R, 35 B 7K - IR
EEFIRCRH TR . ARfE b — & im BB BRI i & Oy



3

ST RS, A AN IS b S ALK S T K AR A AR b (A 117

i EhEE o WABHUR, R RGBT EE™ .
2.2 % Gambit E7 &

TR S i 1) A A =R Jo L 1) — 4 SR B SR
Gambit FE57 . W EARK BN 1250 mm, 5 Bk 600
mm , A ROKIE R 400 mm; i#F  HKE HAREH 25 mm,
[l A EAR N 30 mm, [ FCK A I ECKFL (8 4S) B
R 16 mm, 5K AE M S, —EB4r 28 iR
A — BB R RS B P AR B, SR TS
II5K IR RE , 76 M — AL S - e e nt 1X7
R A THS S A JE 2 7 A B HE 7 A [ 3 A N K O
[i]_L- Az Sfak ik 20 B B ), R AR 4 e 300 AN [H]
82/ N 3] 21 b= ol 5 1 s e e Rl e Y NS
B IR (BRI s X)) R ] Hex /Wedge FLIG, JF
K Cooper 775 ; M e % X SR FH Tet /Hybrid 5T,
TGrid 7%, Mg X /3453 el 1 s .

by |
-
Z=400 _

1 kERBRBITEIAR A Bt B EAR S = 4 MA& % 5 (B AL mm)

2.3 Fluent KRIEE

A SCHAERTUR i 25 R A Fluent 19. 0, (A% 3C
PSR A A A G E T R = HEXOR &
KA (3ddp) , X T AT He 4 ARG FH AR 5 oK i
v, KA T R T B e R B AR . 1R
B PR, A ZEBN BT SR A H (mass-flow
inlet) , tH 1 A 1 R Coutflow ) | 2 X Z J7
] (4 b 3 58 N 2 B¢ (interdor ), [A137R BE 7K 457 1
IKFLAZ M TE A interface $1 5

FEIE U PR BSOR  UL R A AR 7K B 7K B8 Bl A B
BB — P A S A K 1 9 S R A
191120 min (HESEPRREL, B E M 0. 12 ke/s, 718
BRI R U HE N 25. 77 o/ L, /MR EE N 15. 16
g/ L, A 3R 5 0] o5 K BT & Wk S 0,003 18
ke/s, /DR E R 0. 001 85 kg/s, H T Fluent
A TR S Ak 0 aE 7K PR AR, AR SOR I KPR R 1E
SETLHEK 78 R 9 #E K i A UDF B P B €
SCRRECE AT 9 AR HE K 24
2.4 FRVMEIFEMIER

H AT, X T 45 2808 it 14 98 B SOR RN 2
fdE R PEVEH , e LA AR 22 1 0 o b A ] B8R .

TORARBIFFE P ) U i 0 I B ROR 34T E BV,
AT b S T RE Ry VR IR R AR
JIT A ] o 98] 5T D) BE R Ay BT 1, DU R
U o B S bR — B R] I SR Bt g | K B vk 2
B, SR ARSI SR i L KV B SR | oK
K B PPN TR AR VR AR E 22 , BE i3580y, BT
BT

o, -0,

y = =
g,

J" (cr, - cy’ /ﬁ(col—cof
n-1 n B n -1 (1)

Ko, BRI ERRE kg/m’; o, Wil KR BE
PR kg/m® s n g3k 7 HH KK RE SR 4R RE A BB
CI, 955 i AR K REIIVR B  kg/m” 5 CI R HE K K RE
Y BE P, ke/m® s CO, S5 i AN KK RE IR BE
kg/m’; CO g KK REVR B (19 - 218, ke/m” .

3 PBETRILGHIE

e UE T (4 K S S A PR B e A 2 R
F 2R Gambit 57 59 BUE Y RSF — 2, KR
Weah K AR 2 R FH UL LA AT s K 5T I 3 kAR
PR AT LA A T A K AR AL R A I
AR RIRE K 5 S5 ki 56 130 % 7K 35 3 J 91 O 120
min , JE PR 8 B0 e R S RUE AR Y — 2, [l
Ui 5 PR R AR TR, [ A KA R 200 mm;
RHIZRERF (LL880K , b sehfe (4RI A BRA 7)) e
JFEAE gt KK BRI 8 A , 5226 73 ot B2
TH(722s, LHpAG BB 2 A A A FRAS R ) il i Al s
BRI ETE , A 7R R R, Bl 5 i o A rh R
BT e 2 A TA] 2 B o

26_—32%/J<?7§}E —o— B AKIRE - R H AR E

~ 24}

-

W22r 1
w20 ;/“ E/’\

iw- 4

%16}

& 14-:/

50 100 150 200 250 300 350 400
B} [Bl¢/min

2 SR R RER T IR




118 KPR 5K TR

2022 4

P 2 AT UL, 356 5 Fluent BT H 718 555 e
JEE B (8] A AS PR AR BN, 24 ¢ BE/INIE, H R
AFaE BBV, B ¢« B3R, oKW TiE B
TE17.5 ~22.0 g/L NS, KB Pl , ik
565 AU J3E 257 2 R T s PR R — 2 N 1] B g 9 R
Bl I , BRI PS8 N B AR A, I PR R s B 1
Kbty 2z g — Bt ) A4 n] RLEA oK K E
PN BE AR A IS i T R K e B AR AL AT
5, TR AL ) H 7K 7R B3 50k BEAE ¢ 185 60 min
TR . g SRS i S R,
A1) 75 HRALADLHH K R 7K A 3 Jo D E &
o5 0.82.0. 78 AXUAHZE 5. 1% o ik, A ST
Bt iy Fluent #5184 AT B2 Sz WK A2 53 H 5 ER 2L
Jt A E | KRB -5 TR BRCR

4 iR Hrhne

4.1 EREIMEEFARMHFARYEE

S T ARSI FH 7K 35 a4 2 X8 ot 1 90 B8
0T X K BRAK AR PR B A I R Tt 2R A TR, T
PGP A5 JR O K B B . ORI &
A B AE KB B N T 2y 60,66 .75 .86,100 F
120 min B @8 T DI E R EL y WKL 3 s .

60 7I0 8I0 9I0 I(I)O liO 150
W 3 B BT/ min

B3 ZEMEEFERGHKEDNEARTS

R RE y WX RHEZ

HIPE 3 nT LA, K B s 30 T 7 60 min Al
66 min Fif , i T2/ Bh A B, B HE/K 5 B
(40 min) 30T, WK AE 1 A JRL30 P9 B S B0 58
BrEd R R K SR G BN AT TR K e
WERZTUIRES , AT BEK A3 2R G, IR )
REAR KL y Al ik 0. 80, i JJT 1k AE K 4, i A 41 Jo 1t A
JEANINAR B i 5 11 O B A B B g — i 1 g
735 BEAE LI B J 0 0 4 R R S ) fE AR Ry A
0.80 [ 2 0. 60, i JFr R I I A2 22 , 3 Al e T
Sl RIS, KA o e B2 ARk B B I [] A
1, T4 B IS TR, 7K JCTE AR TRt N TR A2 44 5
AL 4, A9 St 1 I B RE ) B AP B T 2 120

min [y 33 F I A, 1 o TC A PR35 48 ] S5t 1) 30
FRASCRAT R T 25 8], PG T 2R 2 7K 7K B
A 120 min AHETE JEE K EA T 7 % i 1l A7 B
A B RIS
4.2 JKRFSRHEIA I BTt AR AR B S 1T P

BT AR A A Bz SRS, FIHT Fluent
() UDF BRI [ 52 CeR BN RE A A4 5, £ [P HE
RIS BLT W N B K A T RO T
AR ECN 2 026 ~5 250, /N EREBCR THEIE
W TA S22 L 2l 1 e S R TR R STS TR, B AL
FEHRK I A ZE AR o

Pl 4 Ry 7Kk i A R 2 ot P i 7K BT R R R
Ko il 4 dn] DU 2R AEA DA R,
K B VRS b S AL, it R 1] [ TR A
55 AR Bl 5 i AR B R A LG, AT S
ES RIS WK S TG W S e ¢
TR Z /N FR L X, ] — 2 i AN [ K o ik 7K
(B HORIE KR B s AR A T IS, — 4 2
oK FEA R SAE BB, 55 — &8 o0 AR IR 2 [T i
5 o3 IC B S5 b T S B R, 5 5 2 A kK
AT A, [T L /N el AR AT 4l

B4 kFREHFEARXBARMEEKRATELTEE

4.3 [T ARMRN D

ISR HAE R 3 b s SRy I3 O O 5
RS A K T A PR, 2 0T 9 B v 9 5T 1 e Y
— S fehn . e X % ol 35 .80 Fil
125 rad/s B X5 7 (4 18198 B s 49900 R 0. 16.,0. 42 Fl1
0. 71, LAAT [l it b s A/INZR R 3 L 0. 16,
0.42.0.71.1.00.2.00.3.00.4.00.5.00 Fl 6.00 %
9 AMAE, ZEI b th /K AR e (BT 6 h) B AIUR
EE TR B A R B 347537

Sk 7 AN 7K T Ak 8 7K B BE A 0, Atk =
A Z =362.5 mm 5 ALY XOY #0m (E 1 H
FR ) VE s R AR R - B . &5 b ik
O FhIEIAL LAY Z =362.5 mm b XOY #TH #7515 5]
AR EOr A . IS (a) ATRUE Y, 24 W



553 1]

U1 T A N T | b= s e 8 W A2 N Rt g LS 1Y

119

0. 16 i, [&1 Hp B €0, 2 S K, o ) R T 40 O e 2
O, 76 A P 1) 7 (i, 10 IR IR A
TET ) 7 S J3E A6 J3E K, 33K 2 DR S 7 L A A2 1 g b A
PO, P S ARYT K, S B 1 B I 2 S
IR T TS SRR A K B e o P8 At P v A SR
() AR P 1 AR SR AR AR A H K IR, PR H
KK e A L L [R] AE 388 R, A &L 5 (b) (5 (e) 5
(d) JI 7R, 7N R J3E 8 R ml 7 BE i, Pl o 0 0 22 S A
R, e LA BE BRI BUGRAMIRAT A, (ELIL A A 251 €
OIARAREL TR 2%, AN BRI 0 9 B0 2 S K,
TET H P [ A 2 5 P ., 38 T A P A T e 32 ) 2 /K T
A EL A Ak, TR TITHEIN T A R SR K TR 28R
WEAE IR 0. 71 3 — P38 2 2. 00, A i A
BB O (5 (e) (S(F) ), USSR IR HR Tt
PR R, I 4 i R R R AR B K Ay

rf%?fu 00152 0.0165

[

0.0179

My B0 3 A 45, R HOK K B . H Kl
5(g)5 (h).5 () ATLAEH, 7E s =4.00.5. 00,
6. oom‘ 73 3 0 e B Ak T v IR v BE ALY 50% |, 7
AN, R ek tn 5 4, AR o0 A XA K,
i‘%%ﬁéﬁ@iﬁﬁfﬁ@ﬂkﬁw\,EﬁmﬂtﬂmD&iﬂ@
WK BT — 2P RR0E , KR BE B8 /0, I AR
Bl ZF BRTIR, [RIAL L A 388 T LA 5 2R 58 N AS
() v B ) 35 7K TR B VR, IR Lok, K iz 3l
B TR, 15 7K B B A ASOR BT
K6 Ay bk 9 Fpalif it Z =200 mm 4k XOY
T (B A5 AR O 38 2 6] 2K T Sy [ T 7K 7 4%
BE KL Ol ) B XOY ST, AT B0 7 [T 7K Y
BEEN . TS, Sk 4 B A6
FRFHEEEST | 2 550 o AT I, 357 Sk 28 19 K S B AR 3
PR N
0.0193

0.0206  0.0220

(2) s=0.16 (b)5=0.42 (c) s=0.71
/_ﬁ 0.0152 0.0164 0.0177 0.0189 0.0202 0.0214
HH A
&
(d) s=1.00 (e) s=2.00 (f) s=3.00

00152 0.0171

0.0191

0.0211  0.0230  0.0250

(g) s=4.00

(h) s=5.00

(i) s=6.00

5 AEEFKET Z =362.5 mm B EKREFERSESH

W 6 (a) frzs, A 0. 16 B, AT AR
/I, DRI L 3 Jo b 2R 7K i, 8 4 [l 9 e 7K 4 e 7K
FLCRUR AR BoAK L) B3 i [RIRRAR DN, et el T
A U E 3 AR X SO B O, 813K R
SHEFURFAHEAR T 2T P ERR X, {H
TS K F G | [T A A 55 S A BOK R
SRR /NPT 0T 50T AKX, thk 1 X

SRR K 6(b) 6(c) 6(d) ATRIFH,
/I EESE ORI 3AE U B 1m0 97 A 38 K, IE K L
R AL s [FII, B fre A7 MU P BE K FLAN, 224 6
ANBCAK LI K 1) ZE M A28 1) i Bz 3, S
JELP, ERAR [ AL e WA 3K, L [ 3 T 7K AR 8 (o]
T2 T — 52 A RERE, T BOE I 2 , [ I [ 37
ket 8 AHCK LI BL) , B ECKFLAY H K R A



120 P S QSRS S N o 14

2022 4

et /N (O BE KRR 1/8 ), IR BEK I
BRE T DAL /K I8, KU A , D) P g )N
SERIK [ HEK T R SRR , KR > PR IH 7R
WARZE M A Az Tt A A O A 30 R L [l 3
0. 16 WA PR, [AIRE D) 7 AR AEAKIX. . 4RSI K [l
PSR A B, 25 KL A Sd W R, KR AE B VR
PN b BE IS 1) 7 A PN 2300 (P 6 (e ) (6. (F)
6(g) ), I I HE MR BE R R, Il ok
BREERE R Al b s =4 B (B 6(g)) , &l
TG FOHEK R B9 —2, Bl 0. 06 keg/s, AT
fii N KR ) IE Sl 3 e [Ttk 325, BE— 234 1

Vi (m/s)

AN[RTHR BE 75 K BITR 50 s ZEMZK A5 W A HE A i — 2
R IAE 426 i, £ 77 B9 A B AR TR 39 5 T K R R
A A X I R A R K VR R R TR A i
X SOKKAEAFAE, 2 s =5.00.6.00 B (] 6(h)
6(i)), Bk T AHFEK 5B AL K XIS 2 0 i
RT3 DX Al 1 T O Sk O (02 A i €4, TS /K AL
DX L O e T Sk R BT (0 2R, EE R B0
LT, Fo M5 K B2 325 1 8 Bt K i Ay 36
UL A 5 S BG4 A R AT DX ) O R
ANFEAHIE (BEK L KRBRSM) 2T R IX,
B A TR T Bt A 1 BTCR o

0.10
0.08
0.06
0.04
0.02

M (m/s)
0.10

0.08
0.06

0
(a)s=0.16

FiE(m/s)

R (m/s)
- 0.70

0.56
0.42
0.28
0.14

0.04 0.04
0.02 0.02
(b) 5=0.42 ’ (¢) s=0.71 ’

Fik(m/s) s (/)
0.30 0.40
0.24 0.32
0.18 0.24
0.12 0.16
0.06 0.08
0 0

P (m/s)

Y (m/s)

0.70 0.70

0.56 0.56
0.42

0.28

0.42
0.28

0.14 0.14

0
(g) 5=4.00

(h) s=5.00

0 0

(i) $=6.00

Eo6 AEMEFmEET Z =200 mm HEHRSIERELEE

B 7 St be s 5 9 B D AE AR 80y (ELAY 5 AR
2, m] DAL 7S HH A A% g o 47 B A o ) 34 o
RORBE I LE s BZE AT AR R 25 5% o

PO BRI KK

y

0.95

.

> 0.90 -
Sy

7
¥ 085t
<Jm

R o.80f
iy

Eorst

[= S S

0.70 L . !

0 2 3 4 5
B ¥ tos
E7 Eiftk s STERNERE y WX RML%

t & 7 BT LLE L, ASTR] [R13 He 8 5 2 BE 22 8k
y (EAEAN A X (8] N AN, v (ERE S [R5 EL 438 K
AW s R 0. 16 B y {EHAIK, 2 0. 72, L [R] K

Ji g R R TR B A R Ty IR T
20% , PRk 19130 7K 38 149 7 6 PT80S 3t 1 3080 ol 2
Fo s PO, 16 G F] 1. 00 ],y {HAH M 0. 72
B F) 0. 82,5 MG KT 0.84, 1 y fHAHX G KT
13.9% B BRI, ATRR D “ RS R X &
ZX s 5y B —WRB KRR y = 0.1275s +
0. 6985 (SZAHKFR K 0.990) 5 4[] 37 LA 1. 00 1§
K26.00 B,y (EHAHXHERT 12.2% A s (HHEKT
5.00, PR UL X300 “ G2 3K X7 I X3y fE R
s (ELI IR MR FE AR %, £ B0 A8 /I, [ HE Ry 6. 00
B,y (EIRF] 0. 92, A %X s 5 y I IR RECE R
Xy = - 0. 002547s> +0. 037295 +0. 7831 (A%
FECH 0.986) NI AR L A 5 (R

B2 P AR 3 R R 1) 78 Ak 35 FN 43 BT A — 2K
VLR Ty (B4R R ] 0 A R AL PP de b i 1T



3

SlTEE, A AL L SACK A S K ARG IR U it S (BB, 121

A7 o (RIS R B TR0 0L L 5 i) 7K 258 s il 906 B il o
W BT DI RE A EE R R, SR RO — A, AT
] b DA i 780 ot %) 9% o 2 S , L 48 T 1m0 3 bE T
BECIM KK EE Wiz 4T 4, BRIV AEtBE = 38 K . [
W, A SHUEN s 5y MWRECR, 456 TRLR
SIB AT ARG DX G A s b B T IR
4.4 [EIREKESEXERYROZIG

HRAE LA 5347, £ 2% 18 o b 74 Jo3 580 R F g
TRIEFESF 2R e s ¥ 1,00, E47 [l K 45 5
JEE X8 TSR S e A4 [ B 7K 45 e B b SR [
TRECZKAE TG XOY T B RS 55 5, 0 B N
50.150.200.250 #1350 mm, H:H A =200 mm {94
FRCORE S 4.3 45 s =1.00 BYRCRE AL, A&
TEFSCE9 AT 10 rhERik, IR EC /K4S & B b 430
750,150,250 #1350 mm i} Z =362.5 mm &b XOY
AT CHR AR D) (7R B AR R 43 0o A n &1 8
7~ K8 EDULR IR T M 11 48 T b 0 ) A R e i
h F0zs [ A AT L

8. 5(d)al L, h =50,150,200,250 #1
350 mm B, Y E T A S 240K B 4 o i

REEF 00145 00158  0.0171  0.0185  0.0198  0.0211
KRSE R |

0.0185.0.0189 0. 0192 0. 0184 #1 0. 0193, & K {H
S/ MEAH 22 4. 7% RT3 BB AAR /N, B 0]
AL TC A A 0 B2 1 A8 A 6T 7 B AR R B i 448 /8 o
B8 &5 (d) AR 3 Fi2s AL TR i X 38l 22
T ZE M FE T K 1T, M X SR 45 A, fli A5 7K 3 78 4
25501, 7 B 2 i e AR K ] R R 9 T A
B R AR T K B A AR T, AR R o i —
Al AN X IR T K O AR X AR
PRFRATH0 53 A7 A X 28947, U WA V8 R R0R R 6 b MK
50 mm AR E 350 mm [ A 8 A R AR AR
OB X T RESE R R B b O, IR B K A
R AR K 11, 35 T O IR A K R TR A3
FAUK R 5 A W R W, 75—, KR
VAR K, AR e AR, R
[F] A B 7K E XA R S0 85 A B L e 1 &) 1A
WA B

[l BE 7K A8 & B b 4351 ok 50,150,250 F1 350
mm 45 (A1 FC /K48 FRoCs XOY 31 T 9 1R A A It 2R 2%
UL 9, 3 1k i PR AT LU B 3] 4% 3] T 1 9 K
Wi 2 ] 7 5 - T 8 AR O

fﬁ?ﬁi& 0 0.0046  0.0092  0.0138  0.0184  0.0230

(a) ~=50 mm (b) =150 mm

(¢) h=250 mm (d) ~=350 mm

B8 AREREKESET Z =362.5 mm BHEKTERAERIHSH

I (m/s)
0.10

0.08

0.06

0.04

0.02

(c) =250 mm

M9 RREREAEEETEEREAS L X0 AENRS

(&)‘1;;35(-) om
MERE



122 K ¥R 5ok LR E R

2022 4

HIEL 9 K 6 (d) AT LA, AT A2 M 7K 3 3k 3K
Tk A M, 5 8 5(d) M br s R —2.
W h =50 mm B (9 (a)) , 227K 3 A P25 3
0.025 m/s, Al 7K it (14~ F- 23302 4 0. 015 m/s, [Al I
FEM A VE FA R 2 i T KRR A, 8 4
B K AL H A 0] T YA 33 S KTt P R A DX Bl A
L (AN ATE SR PRI, A 7 A2 3F T 3 A
15 AR TR B, 24 h =350 mm B (&9
(d)) , A i B ST /K 1, [ /K Al B4 5 K
TR TR TR ST, PR TR fef

&1 10 Rl B K B h SR RE R A y (E
MR S, EDWE R 1 7K S s il 96 P12 o ) o
R I RCK S = B b AR Z 25 72

100 150 200 250 300 350
[B] 3% i 2K & 6 Bk / mm
B 10 MREkESE L SERNERY )y HXRBE

H & 10 AT LAE 1, BE b 50 mm ZRETHE N &
350 mm, HIHFIIRE R AL ¥ 76 0.81 ~0. 85 Z [ 4E4k,
AT I A VR Bt 7 =120 min TAY y {H(0.60),
VAR T RIE 35% ~40% , Fi— VR DA [ 7 158 4%
X5 R G SUSCR A BOR B4R THEH o v (EAE A
AR EBUIEL T B PN 2R AR R R 3. 7% , M HE s BUEL TS
PRI (27. 8% ) I BE AR , X 156 RH [m 3 A5 i
T o X 8 JR 365 R 14 5 M 2 K [ 3 b o8 5 3k
REEEN . LA, 2 b =350 mm 5, y [EAHXTECKR,
DOV T % E 4T, i 2% B AR B A
= BRI BT s R

b g LB K A i A A 20 S5t TT R
HOAM K T B A 4R T R S b R B T
I, T IR R KA — A, DU A L B A T
PHHEE FLYRRE [ BC K S R N 5 Ik B 4R TR
RO G T AL PG 51 %5 1 8 4 7 S i ) 47 2 =X
A B ) [l L o

5 & ®

X6 K A PR R v i KK B 3 ), )
H Fluent X 7K ZEAE I 2 I8 Joi b 9 50 0 3 3E A T AR 4L
IRBOREEHERF I B i s S R 2 K1, 51 A

A R D BE R B0 R RO UEA T R AL PR, 15 B 458
wr

(1) [ 900 B 5 M 7 25 it ot 478 2 X378 Joi st 980 i
FORRFENE ., YEFEAE 0 ~ 1 XA, )
i 2R 0B [ 7 b P 348 DR PR 4 K, D b AR T 1
B R D e R K0T 3 0. 82, I IX 1] P 184 K (1] 975 1 Al
R W P g R SR T i 2R 50, IV i s ) R S Ak
e S 1 1 i = o el W O 1 5 P 4 b A O
KARGE s 4 Im1 b KT 4 B, 38 Jo 2 i 2 5506 1 37 L
AR I B O — A0/ o JRBE [ 3 HE R 25 5 % 18 as
F1 A T S U e R A R TR

(2) IR/ A8 o 3 %o 0] J55 it 1) 9 5 5 SR TG B
TR, VT RE R B [ R K R A 50 ~ 350
mm Y8 P9 B9 2R AR AR 3. 7% , AH LE 8137 He U
0 TN AR AR BE (27. 8% ) KA/, LK 5
JEHEE K TR 3R o 2 AR O /NI R ER BOKE
(o] 7 /K A 18 v B 5 K R AR, R EAR T
o b P R SRR B, IO S0 B R R 2%

(3) JCi B £ 1) 18 Jo Tt A B HLA— 2 1 8 I
A1, AR 2 2 T et I8 sl R R 1S K, Tl Bh ik a5
It ) VR AR S A AR o K B SR i A P
5t T O A S ) R R, — AR AR A
KA K B8 S R o R 4

S 3k

[1]KIM M, KIM Y, KIM H, et al. Evaluation of the k& — nea-
rest neighbor method for forecasting the influent characteris-
tics of wastewater treatment plant[ J]. Frontiers of Environ-
mental Science & Engineering, 2016, 10(2) : 299 -310.

[2]LUO Tao, YANG Min, HAN Jingyi, et al. A novel model-
based adaptive control strategy for step-feed SBRs dealing
with influent fluctuation [ J ]. Bioresource Technology,
2014, 167, 476 —483.

[3]WANG Xiaodong, KVAAL K, RATNAWEERA H. Charac-
terization of influent wastewater with periodic variation and
snow melting effect in cold climate area[ J]. Computers &
Chemical Engineering, 2017, 106 202 —211.

[4]SUN Yan, CHEN Zhuo, WU Guangxue, et al. Characteris-
tics of water quality of municipal wastewater treatment plants
in China: Implications for resources utilization and manage-
ment[ J]. Journal of Cleaner Production, 2016, 131: 1 -9.

[5]LI Wei, ZHENG Ping, ZHANG Jigiang, et al. The effect of
substrate concentration fluctuation on the performance of
high-rate denitrifying reactor[ J]. Bioresource Technology,
2014, 167: 53 - 60.

[6]NIWA T, HATAMOTO M, YAMASHITA T, et al. Demon-



3

SWTEE, A  ANRILR L S ACK A ST K SRGEA U it S (BB, 123

stration of a full-scale plant using an UASB followed by a ce-
ramic MBR for the reclamation of industrial wastewater[ J .
Bioresource Technology, 2016, 218 1 -8.

[7]SHARMA P K, TAKASHI I, KATO K, et al. Effects of
load fluctuations on treatment potential of a hybrid sub-sur-
face flow constructed wetland treating milking parlor waste
water[ J]. Ecological Engineering, 2013, 57, 216 - 225.

[8]CHOI G, KIM H, LEE C. Long-term monitoring of a ther-
mal hydrolysis-anaerobic co-digestion plant treating high-
strength organic wastes: Process performance and microbial
community dynamics [ J]. Bioresource Technology, 2021,
319 124138.

[9]ZHOU Xu, JIA Lixia, LIANG Chenglong, et al. Simultane-
ous enhancement of nitrogen removal and nitrous oxide re-
duction by a saturated biochar-based intermittent aeration
vertical flow constructed wetland ; Effects of influent strength
[J]. Chemical Engineering Journal, 2018, 334, 1842 -
1850.

(1012 st Tesh bt B i i ()] 45

JKHEK ,2015,51(6) :40 —42.

[TT]FERET, B o, kb, 55, ShH A AL KK BT 1 FoR
Wi [T]. 1480 77,2012(1) :59 - 62.

(12 )55 E, o 0, T &, 55 SRAL IR AR TR 2 Ho R WP 5T
[Cl7 & e KR RS BKEESF AN 2,
H 5 ,2009.

[ 13]DING Jing, GAO Qingwei, WANG Yuhan, et al. Simula-

tion and prediction of electrooxidation removal of ammonia
and its application in industrial wastewater effluent[ J].
Water Environment Research, 2021, 93(1);: 51 —60.

[ 14 220, 2T, PR ST FLUENT (90 AR
WS AL PERENTIE 1], 2 T LML, 2021,39(6) :81 - 85.
[15]LI Chao, DENG Tong, WEN Zengguang, et al. Evaporation
experiment and numerical simulation study of desulfurization
wastewater in high-temperature raw gas[ J]. Chemical Engi-

neering Research & Design, 2019, 146 117 —129.

[16] STANKO S, HRUDKA J, SKULTETYOVA I, et al. A-
nalysis of seasonal temperature influence on hydraulic
processes in a waste water sedimentation tank[ J |]. Monat-
shefte fur Chemie, 2017, 148(3) : 489 —495.

[17] NETO G L O, OLIVEIRA N G N, DELGADO J M P Q,
et al. Hydrodynamic and performance evaluation of a por-
ous ceramic membrane module used on the water — oil sep-
aration process; An investigation by CFD [ J]. Mem-
branes, 2021, 11(2) . 121.

[18] &K = kW, ¥ 5. ST FLUENT A3 K Bt $1 a8 £
{EREAU LT . WL Tl R 241, 2017,32 (1) :93 - 96.

[19] BXRESR, BLLFe, T 20, 55 IR R K 225 T 2 /%L
AL e o7 AR BB R 5 [0 ] KBRS K TR
42,2021,32(1) ;117 - 124.

[20] NETO G L. O, OLIVEIRA N G N, DELGADO J M P Q, et
al. A new design of tubular ceramic membrane module for
oily water treatment: Multiphase flow behavior and perform-
ance evaluation[ J]. Membranes, 2020, 10(12) : 403.

[21] PATZIGER M, KISS K. Analysis of suspended solids
transport processes in primary settling tanks[ J]. Water

Science and Technology, 2015, 72(1): 1 -9.

[22] J& . B A SRR A 19 S50 3 M A B AL [T ] 74
LI EBE R (A RRRERR) ,2018,21(5) :9 — 12 +53.

(23] EhWPS%, 2= B¢, 2= 4, 55 BT Fluent (HERIR G SN A5
LSO ] AR, 2021,49(3) - 111 - 116 +124.

[24] SAHA R K, RAY M, ZHANG Chao. Computational fluid
dynamics simulation and parametric study of an open chan-
nel ultra-violet wastewater disinfection reactor [ J ]. Water
Quality Research Journal of Canada, 2015, 50(1) . 58 —71.

[25] PAN Kai, SU Kuizu, ZHANG Shuai, et al. Hydrodynamics
and permeability of aerobic granular sludge: The effect of in-
tragranular characteristics and hydraulic conditions[ J]. Bio-
chemical Engineering Journal, 2016, 113 133 - 140.

[26] T 5. FLUENT Al TSR M]. st Ut TR
i, 2008.

[27] X £, E B, BRI T, 55 M 2288 25 14 2 500 i
Y i W EE AU L) ] KBTS 7K TR 41,2018 ,29
(4).162 - 167.

(28] WRARLR , AT, X 77 AR E it 1 Be 7K 5 A B B A
MR A ARALT]. KFEIE 5 K TR % 4R, 2020, 31
(5):120 - 126.

[29] sxtte, SRELAR. WK FE AL = 45 W AH A4 B (A 40
[J]. AR K FIK HL,2014(10) 159 - 162.

[30] KHUDENKO B M. Development and analysis of equaliza-
tion basins [ J ]. Journal of Environmental Engineering,
1985, 111(6) : 907 - 922.

[31] skres, Wiistt, Shifrse, 55, — R BOb i BT RevFH s
TSV :CN 105574664B[ P].2019-11-29.

[32] E & KEK BT sl & A g BT S b K R it 2 i
5T D], Dz ZRCTlRA%,2015.

[33] whak, Juilh B, 5Kua s, 55 . WA T DDAl A 15 Ve Y
S SEAUMISE LT ] R R S 5 HR,2017,40(4)
136 - 140.

[34] FESCH, PRGOS, . B PR EURHBORLTE /K A0 B it
RG] P E 47K HEK ,2017,33(23) 183 - 86.

[35] TRrfl, £& . FLUENT 14. 5 Jifs 2t A AT 2
HiE [ M. b st iAo ik, 2014,



