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Numerical Experiment Study on the Algae Suppression Effect of Vertical

Hydrodynamic Mixers

ZOU Rui'”®, ZHOU Jing®, SUN Yong-jian’, JI Xiao-yan*, YUE Jia’, LIU Yong
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Abstract: The main technology development on preventing blue-green algae blooms is moving towards developing efficient, ecologically
safe, as well as cost-effective measures. Using vertical hydrodynamic mixers to inhibit blue-green algae is a long overlooked approach
which deserves more attentions. In this paper, the algae suppression effect of vertical hydrodynamic mixer was studied using a
numerical experiment approach, which models the influences of mixers on three water quality constituents Chl-a, TN and TP within a
three-dimensional numerical nutrient-algae dynamics framework. The results showed that the presence of mixers had an obvious effect
on suppressing blue-green algae. As the number of mixer gradually increased from O to 20, the peak concentration of Chl-a totally
decreased 37.695 2 pg-L ™", and the magnitude of water quality improvement had a nonlinear relationship with the number of mixers.
The nonlinearity is manifested by the results showing that the marginal suppression effect on algae corresponding to an additional mixer
is significant when the number of mixers gradually increased from zero, and then became insignificant after the number of mixers
reaches a certain threshold value. Therefore, the number of mixers should not exceed an upper threshold value to avoid low economical
efficiency and non-optimal design. This study also found that the locations of mixers had significant impacts on the effectiveness of algae
suppression. Numerical experiment results showed that if the mixers were placed at proper locations, fewer mixers could produce
comparable or even higher algae suppression effect than more mixers that are placed at other locations. Especially when the number of
mixer was 12, we maintained the same number but optimized its location, peak concentration of Chl-a reduced 7.1726 pg-L™" by
comparing with the number of mixer was 20. In general, the numerical experiment results verified the findings of domestic and

international researches regarding the algae suppression effect of vertical hydrodynamic mixers, and discovered the important
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relationship between the algae suppression effectiveness and the number and locations of mixers. This study suggested that allowing

cost-effective algae suppression in a specific waterbody, site-specific conditions must be accounted for applying an intelligent design

approach with the aid of high-resolution numerical model to determine the optimal number and location of mixers. The numerical

experiment also shows that mixers would reduce nutrient concentrations in addition to algae suppression, though at a much less

magnitude.

Key words : vertical hydrodynamic mixer; blue-green algae; numerical experiment; quantity; spatial distribution

W K AR B IR AR AR BT T B e — R AN ™ E Y
TR R S H AT LA S A Ja — Bt i3 P 4 Bk A [A]
TAT I3 (1) B ROK A5 (0] B 2 — . AF o 3 76 1 i K A2 1Y
RANLR EEARKSHERF LR SR E
W B FERE L, BRI T 400 5 8 A O k) R it
JE R BN . BT B AR 2 A R
PR TT DU E TR i b B R 5, (LT AL 2 )
T IR A AL BEAN Y | BT 2 I e 7K A%t 7K BT 1)
R DRE, PR PR | A 25 2 4 I ] 1 98 7K A2 1Y ]
I AR R | S 4 J B0 W i K AR R R R R
SE- R

5 158 TR BE R TR Sl P sl 2 4 il e 4
SREEI 2 ROt KR SR s s E
INEALSE 4R 28 SR A T CHLIR e R S B L
FAE KRR 2R AR B £ 55 Bl P sh R 11
I FH , Lewis %51 S OG0 SR —Fh o ik, FH R
7K 128 PR S 7 g T PR 1 986 2 A K5 Jungo 45 7E fif
2% Nieuwe Meer 3811435 7 a BUBFST, K BK SN 7
P i Chl-a¥ 25 BRI FEAR; AMEC HiBR 5 BR
BN PR A 6 AR R K 2 R W U B
G LA W e A K R SO 3 T ARG (1) 52
JO 3 Hudnell 25" 58 aof K A8 5% % BAL, 47 K BH
REIRBIAYK 3 L BIHL Solarbee J&—Fh AT R4 il ik
IKA EFHARR R A I, 7T Be 8 7 AR 1K
FRES( >200 m) 7K A4 3R 2 40 30706 20 LA il e 42
IK B T3 R e 2 A K B BOR T 2%, 7R [ 4b
A RZ N L)1 (B A [ P AR S i 38 A
Xt gt

Hudnell "' 4 H 3 [ 7K 3h 1 S shpLE A A —
FRPEAERS 22 NAE BB AR, B TRIBILIE
= ZRGe BRAR B B 5, A N 52 BN 2R 1
ZAN. 25 Rk e E B b TR A B R 3 4 1 2k
WF 5T R FH 0 RS2 1 496 100 25 17 00 000 45 40 1 0 2 vy
25, RIFEAS ) (9 W10 5K 22 42 36 s AL I W ¢ &
BEH R /K A 5 K WA ek AR (H T AR B A
JUHE R PR AR i 2 A 5 b R B S AL AE — 2E K
PR AR BT T AE 55— S KA B A B A
S BE A B XoF O DAY A B A R AR

XS OF P 8 235345 T 125 % K J5 A8 BRI AA) R 2 A S
32 T A LA R A o] S8 RS St 42 AR 2 1) 2
L SEEN

2 SUD I E =  N T SIS DG B X
RSSO A9 R SR S, 5 B IR L B R 5
BT BRI e T 5 R e AR RO BOR (40K
JRAE L) Sk RGUHLAEIE 4 K B L shHLE 2
AR A B A RICR DESh LAY K RS e 75 %o
WP RO A WL 2 M AR
WS 0 , AT5 A 0 8 X5 I8 Sl ML At 50 R 7 8 AT O
PELMEA R TR H A AT BE R AR BEAL
AT UL S SRR R AR FE PR
PA=HER AR T ) S0 T EFDC = 4R & JF
Hh-BR BN F A RIME SRR R T T (Rl K 3 1 LSl
Xof AR R R SE I ISR IR Sh ALK 5 o X R
AR SOV AR, LU O A7 007 16 W e K AR G
K SRR R TR SR S F
1 W
L1 KfEseny

AWK H EFDC (environmental fluid dynamics

code) VENBUERAU R &5, EFDC J2& H 36 [ 6 5 2R
TR SR HERE T T 52 e b RAKBERUIT 5 1) v o 7K
JR-KBh IR A R G A0 A K B A R R Vb A
e 35 9L W) R AR R A K AR B, ] LT ) P T
R TIRRTINS R N3 TE Y iy EOR B8 28 00 i MNP
RAVTEE SN T2 B 72 EFDC ASEALR
o MR NI =K TR e x y DTSR TTRR
S E T B RS O B R OK i AR RS 5 AR
‘F[l7,18] .

d,(mHu) + 0, ,(m Huu) + 9 (m Hou) +

a.(mwu) — (mf +vd m, —udm,)Hv

=~ m Ho,(al +p) - m,(9.h -

20, H)dp + 9. (mH'A0.u) +Q, (1)

d,(mHv) + 9, (m Huv) + 9 (m Hov) +

a.(mwv) + (mf +vd,m, —ud m, )Hu

=-mHd (gl +p) -m(dh 20 H)dp +

a.(mH'A,0.0) +Q, (2)



1542 2N 5%

B 33 %

d,(m{) +9d,(mHu) + 9, (mHv) +9,(mw) =0

(3)
p =p(P,S,T) (4)
d,(m,m He) + 9, (m Huc) + 9 (mHoc) +

a.(m,mwe) = d,(mmw,c)

mW mx
= ax(—"HKHaxc) + 6,,(—H1<Haycj +
m, m,

K
az(mxmy ﬁ"azt,‘)*' Q. (5)

K,z = (2" +h)/ (L +h),z" Fon T[] 1Y) BEAR
B, -h ¢ A3 TR A FR K TH S FE  H =k + {2
SRR w Fl o 32 fh R IE A A A R v« Fily T 1)
(T o3t w [ R B0 m, R m, 2 B oK
RXT TR T R, m = mm, AT AT
K, p BRAE,p BAKBYEEE, TS 43 52 i B A
. Zhm R fRENC IS8, A, RTEmZED
SURBERGEE, Q, 1 Q, ZEN R IEILI, ¥ T7 b & LK
bR S . fEK A ER A R e R
KRR EE , K, K, 43590 o 38 ] A 7K SF- 19 35 5
PRRE, Q. FIEILI, A5 2 A4 A L
a7/ e WAL TAT

FE EFDC BA rh | | R i 7 R A PR 2547
oo i, DR B AR IS X G K AR U 1l He A
INERFRATE. 7810 ] EFDC #F587K 3 1 38 s HL I
W TR RICR S K AR AR X A L ) A B T4
WAL EH LAY EUK IR B 5 MK TR B LA R 3t AR 45 1
FEC1) F(2) Hoxd sh S PRI IRAE, - 7E K B
FE(5) o 7K BT IR TR A A i 48 Sh AL i
Q,WFEBUKAR R ITH Ak B T ARM PELiX 4
ANTT I Bl i oy i B A5 B RN B K I
Q/4. MR FERHOK R B ITT = A ) 4 A5 g
WU Bl oy, AT AN KR &R Q/4. 763K
i AR L3R R KL A3 B A T R RS i AR
KB E. BR8P 2 A, KI5 7K R R ISP
DL e 5 2 7K 8 5K % Bh 1 i B EZE EFDC
HhERIk  TE LA FREAR.

IE rl--:"F".is"'SL“J'l.'hdll'!ll'l.'1 T
HIIJHIJ\_..‘_I"-F [ohale Ll Tl | Joob TALETRT - TH00). ]

PN MINTENNOOSNN G LN l"ﬂLIﬂllflf IME ll '.||
FNNEENEMEOFIEEnaOE N NSO EE
HENJUETEEE YN 7 T P L T T I\l"’.’du“lﬂl\\\'-!l !‘ 8

1.2 BfHSER

ARG H EFDC X7 7K AR T 2 [m] 7K 511 77
P BIBLRT i A T R, P 51 S 3, S 3 7K AR 1T AR
K/NHA 100 m x500 m, IRKEN 6 m 4. KT 741
FIRIK T HIE R BEBILYE | A58 R HTBEAILAE 3 19 7
OB AS K TR AT T PR 3. T B AE S PR K AR
HK N R AT BRI 1) £ (HR AEAR TS ol 1
i LR BEYLIE S P BB . TEBOR #EA T TR A
WFFErh ARG /NGLR A TR B i & 145 2]
TR BB s 45 2R R FE & B
XS ) ) bR S5 At 23l FH ). AESC3 7K 3 14
ﬂ*ﬂﬂﬁﬁﬂuﬁﬁ%T%@lﬂ Solarbee Inc 2 &) B

e K FRIE IR 145 Solarbee ' F1EE 50 A FHREK
iﬁ@ﬂ%%wmm”.mmHzﬁxmﬁm £k
HBABE 5 (IPOCHS0S6-DH3F) | 3 7K 1 45 4 %
H DI12/25 $E/KZER A7 2 A ]l 37 98 1 o K R B
AFEZK 1, 23 45 44 2K F ADS95/21 RJ 375 i 25 11
WA A . X T THI0 AKPZE AT
ZKCUE Hi T3 T 0 KR Y KO Bl s R R A
U220 AT g AT A P Sh AL R AS S 0. 8
m’ s~ T IR S 1 4 s i R & DL
B ER R BE AR, 28 5 R B KR TS e i 5
TR PR H R IR T T Kk = 4K 3h 1 -E 3R
Eh-BER B BT K RS SR RO DU RE S
TR BT E EFRAKARN 3 I FFRE. B TR shpL
A RSE He 8/ DRI 22 v g DA 2 (1] I 3 35 JHL 2 i i
e 2 AR = PUAS 23 FE . AR 9T R F 1 A% 43 B3
710 m x 10 m, HFAEHE E 7 10 oK R 6 )2 LA
Fika E Oy KB ) oK BE A As i (& 1).

BUETT 9 2 H AR AR ZOK S IS HLTE 5%t ik
PR A A IHIE, LAR X TN A TP 2 547 s A

. it —20 R K S s B B LA K AR
¢muﬁfﬂﬁﬁﬁfﬂﬂ%mgwyﬁTiﬂL
RAFGT HAR , A58 B 022 B TR A L /i B e AN
A B AS A7 B TR A LIS B 7K B 10 2 s 38 7K S
AT TR IET a BRI BEBLET FH %) 2 1f0 301 AL 5%

Uhll‘@\l l'\l;‘-
Nl l | | l 7

B1 ZEsHNMBESEANERES NEELBKEMERE

Fig. 1 Schematic plan about finite difference grids and topographic map of the experimental waterbody
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Fig. 2 Spatial placement of different numbers of mixers in waterbody
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Table 1 ~ Simulated peak Chl-a and average TN and TP

concentrations with different numbers of mixers

. e RAIL KA G Chl-a TP TN
B e
LS SES /A /pg-L7! /mg-L~! /mg-L"!
FEATE 0 157.6 0.17 2.01
FEATE 1 147.2 0.17 1.95
SEATE 4 122.9 0.16 1.91
HAE 8 122.8 0.16 1.88
A E 12 120.9 0.16 1.86
A E 20 119.9 0.16 1.86
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Fig. 3 Impact of the number of mixers on water

quality improvement effects

B S RE AR Chl-a Y ¥R W (8. {HJ2 55— J7 T, AXUAY
LR 157.6 pg-L~" FEIKE 147.2 pe- L7 B
SRMNELAE b2 Fe A B 2 1 (HR XA ROR I B
IREILGE 1 AT DLLEE B A FE B 5 s Ab ) BV i A
RECREAT /K B RAE W, AL P 5 PR Ay M 00 4 85 AN

5 B R RE/ TR 22 1 JCIEB E FLROR. ] i
Fe5 1 5 L B PE SMLAE — Sk pA b s AT B SR
(D AL AR AT RS2 R A sh LS e AN 83 i, 28R
VFIRA Hofh—28 [ 2 | (H X B AN TE AR A 5T 118l
FlZ . #E—FR 1| fE 3, S pLsg s 4 4>
i, Chl-a ¥ B I T R 8 122.9 pg- L™ ML CE
A NRE T 2935 pg-L7", RIS T K2 22% M H15
Ry AR FERIRE R KR TR 4 AN PEShHLE Bk
T Ak AR BA S ). &l 4 TR ZECE AT 2
THIE T KR Chl-a%s (8] 73 A 22 5 B 2 (& 4) . A
YL LI, #& A4S 7K A4 Chl-a K35 20 46 7E 130 ~ 150
pe - LT ZEG U B IR, A 4 ARSI HLET, 34K
AChl-a i B2 W B 5 R B, KA 43 4R T 7E 100 ~ 120
g L ZE AT AV BV L G S AR 45 SR RE AR U b B
F|Chl-adf B2 1 R R, RSB Chl-a )52 i 2 22
AR XF HOCE 1A 4 A4S AILXT ik 43 21 10 79 0
VEFHULRA T ZEARAS 21 AR A 58 2 R ROR , b 4012
SR EE L BIHL. S ke, an SRAE 5L BRI %
FANTTE LR 4 DR BHLA ™ A= W] AR 7K
I PR E RS, Hse 1 GRshplm 5t
BRAZ WL A A 355 S ), vl RE A 2538 A A
PEBIALX W5 B A RO, AR XA SRR T
SR B AR R R B SR . X R
BT FEEA T AR S e ol S 56 1) 18 1 Hb I 5 o Y
g T HAS S 5L 50 R 2L

M2 1 P25 SRR TT A, B e sh A LB f 38
Chl-a¥ft BEWE(E A TP TN ~F- 273k B2 S0k 52 Bk /b
e LAChl-atie i W I, Bl 35 R S ML O 22 ¥ 4 in )
20 4>, HyR B (A AL T 37.70 pe-L7'5 Hiksh
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Fig. 4 Comparing Chl-a distributions between 4-mixer and no-mixer scenarios
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Table 2 Simulated peak Chl-a and average TN and TP concentrations under 1-3 placement schemes

75 CE B Pl g 4 Chl-a/pg-L~" TP/mg-L"" TN/mg-L "
1 FEA 8 122.8 0.16 1.87
2 HAE 12 120.9 0.16 1.85
3 AR TT LR 8 119.3 0.16 1.86
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Table 3 Simulated peak Chl-a and average TN and TP concentrations under placement schemes 2,4 ,and 5
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Fig. 8 Impact of mixers placement on peak Chl-a and average TP
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