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A research on hydraulic characteristics of a funneling vortex reactor
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Abstract: To enhance the mixing effectiveness of water and agent and to improve the efficiency of water treatment, the numerical
simulation and hydraulic characteristics of a funnel vortex reactor by the hydraulic mixing were studied. The results showed that the
stable vortex could be obtained by means of the tangential inflow and height difference between inlet and outlet of the reactor. The
aditus laryngis could effectively enhance the backmixing function. The flow regime was between continuous flow and plug flow, and
the mixing efficiency was only dependent on the velocity of inflow. When the inlet velocity ranged from 0.1 m/s to 1.5m/s, the vortex
size was close to the diameter of agents particle, in favor of the collisions and mixing among the vortex.The best effects of mixing
could be achieved when the inflow velocity was 0.2 m/s. Meanwhile, the reactor only needed to be controlled by the pump, and then

the energy consumption would decreased considerably.

Key words: funnel vortex reactor; numerical simulation; hydraulic characteristics; back mixing function
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Fig.1 Schematic diagram of funneling vortex reactor
1.2 FFRBEHER X
A FLUENT $k£R% R S2as A IR B O 1) g7k
P T PR A TR, BRI 8 B AR Y
BIET-HRAEM: (Finite Volume Method, FVM)
FLUENT6.3.26 #ATHUE L, iR B4 A #B K
A sl B ERARSE T A R Rah, JF BT R
AT sl , HAERIR R k-epsilon X7 F2{mi
PR, SLiss AR AR R R
o(pp), 2(pue), 2(pve) 2(poe) _
ot Ox oy oz

i(l”a—(oj+i(l”a—¢]+i[1“a—¢j+b’
ox ox oy oy 0z 0z

itl:lj: U, vy, @w 53\5']%7 Xy Vy Z ﬁﬂgﬁ}g%%y S
R P & SCHITEAH .

MFESAHIK, R L5 R 2 A
B, MmmBECR k — & RUOTRBERL; XFF EA R
KETROH, AERAE B H AR TR A BEHLELIE R
FEBZME. WHHHEIEM T SIMPLEC 43,
REOTTFRMRMFRA T Guss-Seidle 3EARE . FURLAH
P T B R — 2L i D #2, R Gill 3.
1.3 RERESHEE

R SXT51 Hy G A & HL T2 . iR B ik A
HKK, fEHKERERE, MK OPGERM NaCl
ol 23 P epii ) & S X PN Sl bri ) N B B
BB, FIMER K P AL B R BRI R R BRI .

] FE 45 88 I 18] 43 75 (Residence Time Distribution)
K53 M RIS 2 97K 1 e, DA Danckwerts 25 AP
SEH R LA SR R AT . K R R R 43 A
BB E(@)=0C() m#FEmx, Hrb: Q R (L),
m RENWREF B (2), C(1) )& ¢ W% 7k Hr NaCl
WHE@L). AT EEWHRBARF HRT 44Tk
B 25 M A TR) K D E 25 SR T T B N (3 — 1K),
B AR

ORHEALHSE . C(0) = C()/C, , b
C(t) B R BT ] O RS EEFI IR E (/L) , C,
SRR 1) RS S RER AR (/L) .

Qkriffbii: @ =1/ HRT , H: ¢ R
PP EURERT ], HRT 387K )15 8 i) (min)

@ik o =[] (~T) Bt , FrAPPH(
) BT RURE

(5) N A Z R 2R, BT 2RA T3
TS, N=1/0?. NE#K BHEAIEHL, W
TR, Rz, B TFEeRa. Ny 1,
R ERAN, N#Tohf, REnx.

(6)1/Pe &7 BV il 17) 7 FU A% 328 A1 P 3 X 4
TN BIHXT RN BRIRFLE, Pe=2/0".

(7) EAXWlky: V=1-1/HRT.

2 HER5THE

2.1 H{EtEl

AP 2B IR7) ) L3 D N 1 M g v R BVAR A
&, FB R AEAER M. TR —A 5
BB R AR TR, N AT A B
A, PR AR R A A A AL B, 85 R 20 °C I
VRS B B Bk P, B 1.0x10° mYs.

H1 T4 10 3K T DA oK 38 55 — e A i
HEAR I BT, IRRCE LM EIE, HE KoK
JI45 5B i ], WOk B K , ELERFE B KN,



55 2 ]

B, & Tk R B K ) RS 267

XS TN R 25 T RIK S0 AT B SR, ATk 2

6690002
630002
5900002

5630002
5280002
4500002
4230002
3g7ee2

| B

ERT)

2800002

2460002

(©) V=02 m/s

() V=04 m/s

A KR AT BUE AL AN B 2 B

4
4
4
E
3

I

1460002
1390002
1326402
260e02
17ee02

V=15 m/s

(8) V'=2.0 m/s

& 2 Rl KR B RSB 2o
Fig.2 Agent trajectory at different inlet flow rates
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Tab.1 Hydraulic parameters of funneling vortex reactor at different inlet flow rates

WK /mes™! HRT/min Vit 1/Pe N B X%
0.1 3.36 1.06 0.53 0.94 85.12
0.2 1.62 0.96 0.48 1.04 58.85
0.3 1.14 0.71 0.36 1.41 41.52
By 0.4 0.84 0.52 0.26 1.92 4.76
0.5 0.67 0.62 0.31 1.61 5.97
0.6 0.55 0.65 0.33 1.54 7.27
0.1 4.18 0.61 0.31 1.41 84.05
0.2 2.05 0.49 0.25 2.04 57.35
0.3 1.39 0.40 0.20 2.50 40.05
ik 0.4 1.04 0.34 0.17 2.94 3.85
0.5 0.83 0.42 0.21 2.38 3.61
0.6 0.69 0.47 0.22 2.22 3.33
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Fig.3 Response distribution of the tracer
at different inlet flow rates
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