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Experimental research of oxygenation performance optimization for fine pore aeration system of rivers / ZHANG
Wenlong, YANG Xuemei, WANG Haolan, LI Yi ( College of Environment, Hohai University, Nanjing 210098, China)
Abstract ; Given the low reaeration efficiency of fine pore aeration system in rivers, the oxygen mass transfer coefficient was
used as the evaluation index to study effects of five factors, including the pore diameter of a fine pore aerator, aeration
depth, salinity, and the mass concentrations of BOD; and sodium dodecyl benzene sulfonate (SDBS), on the oxygenation
performance based on single factor test and response surface optimization test. Also, a multiple quadratic regression model
was established to optimize aeration parameters. The results show that all of the five factors can affect the oxygen mass
transfer coefficient, and the order of factor significance is as follows: aeration depth, the mass concentration of SDBS,
salinity, pore diameter, and the mass concentration of BOD,. In addition, there is a remarkable interaction between the
mass concentration of SDBS and pore diameter or salinity. With reasonable error between model prediction and experimental
results, the regression model is accurate and reliable.

Key words: fine pore aeration in rivers; oxygen mass transfer coefficient; oxygenation performance; single factor test;
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1 H5H®

1.1 AEKE

IR E AN A 1 s, HEAE—1 0.6 m x
0.6 m x 1.0 m AA PLBEE 77 A, Tldm T 1, oK
RN L2 — LIRS O S U i T R
TR SRR o TE/KAE K R A 5 —
AT AR R, TR LN, B 30 s TE SR — IR R
S TR RE o 7B P S BIAT ZK TR 0 S a2
AR, 3R K RS 0. 8 m,,

it
] -

0.8

1.0
EEHRH

A

v o LIRS A
~ 06
E1 ReEEREE(HSA:m)
Fig.1 Experimental setup (unit: m)

1.2 gE54EF

R 4 AL AR AR 100 mm , 32055 v ik H
AFLAE S5 5 m (10 wm 20 pm 40 wm £ 100 pum ;
ST REITMEES 1 ~ 10 L/min, 15 5

+2% ;R SIFRMEE R +2% ;2 T0I - 25 SR AE L
A 680 W, 25 F0 10 Ly B AU fife 4
(CLEAN, CS4751D) 534 £0.2% .,
1.3 RIeHH

e R A AR RN S K A Ak Ak
B TR T e SR R N (SDBS) L ¥ R 4y
Mrati ; 13058 7K R B kK .
1.4 KEH*

AR R AR RS BT R BOR R MALIR R S
FeAAERE , AT A AR A3 AR TR AR

d
& =Kulpr=py) (1)

K=K, 0" (2)
s p SR R K AR i foe SR T R T U
(B, mg/ Lt BESFIE] by K, S S8R RS BT R R,
eI BT R[] P i) B R BUK P A s S i
K WbrfE S IR BUE R R B0 pp MR KIR R T
IR A i S BT B TR B, me/ L py S BRRSCRIT W) 4
W SR BT MR B, mg/ L 0 D TRLEE 1B TE R B, — I
1.024; T Ak, C.

3 SCER IR B RN TR I 25 A, i T 5 A
XA SR AR R o 3 A A W 25 52 i R 3R, 43 9l
MRS ASALEE (d) BRESUKE () 3K R R 26 v
EREE (S) \BOD, T i MR FE ( pon, ) IR TS 73
THTE PEF] SDBS it e ( pspns ) o Z5 8 % JEHAL
WS ARHAR SR A K R0 R S R KA
RIS B EAE R 5 LW/min, A4S 1
250 3 h, KIBAELTE R 0.2 C , e ZAR P50 45
ST BRIE EUABUEL T RBGHEAT 8T, P 358 v mT
2 KR AR A AT R 6455 SR B B

VPRI T 7 (10 B AR FLAR T 2 B /e A
(R 7K TRAL , 1 KA v 550 48 in S4B L TG 7K s 28 4
e SDBS, #4105 F 7K i il Bl BT 75 e B, AR )5 % R
CJ/T 475—2015 fFLIE I /K E AL Bt rg i e ) i
7ok .

a. FHZERY, R FRG R H R —
SERAE DL T, 4 ) 00000 e < FL AR (5 pum L 10 pum
20 wm .40 wm, 100 pum) | B K % (20 em, 30 cm
40 cm 50 cm 60 cm) EbF(0g/L 1 ¢/L 2 ¢/L 3¢/L.
4g/1) \BOD; Jit #t ¥ & (0 mg/L.3 mg/L.6 mg/L,
9 mg/L .12 mg/L) .SDBS Ji ¥ & (0 mg/L .1 mg/L .
2 mg/L.3 mg/L . 4 mg/L) % A i S8 1A FRAL I3t 22 50
SR, 45 R 28 I U ¥ R AL AR EE AR
ZBUA BT A3 AR S PR B R

b. i B A P A 5 AR BE 0 B AT
(central composite design,CCD) J5ik, %il 5 HE S
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Table 1 Factors and levels designed for response surface test

L S/ Prons / Psops /
EEvieE d/pm h/cm (g'L’I) (mg-L") (mgoL'l)
-2 5 20 0 0 0

-1 10 30 1 3 1
0 20 40 2 6 2
1 40 50 3 9 3
2 100 60 4 12 4

c. BIRIEIE, R S ZEMNA/KEE, 7350 I 2 HAR
J& \BOD; [ SDBS JFri ki, il i LA 2 o Hr 5 21) f
HRALBR LA SR UK TR PRI Z R S HCT it
AT, TR BRI A A UL T R R

2 HREITE

2.1 BEZVNRHABSEZEEEENZMN
B Z AR E R AR BUL B R KR Nk 2 By

TRo FEBESIKIR A 60 cm  EL R 0 ¢/L BOD, Jii it
W HE )y 0 mg/T SDBS Jrt ik 2o 0 mg/L B Z64F T,
FEE A LA K Y2, i3 2 nl i, B L
FLIR LR RIS R, K B8 LR AL
T BRSP4 R TEAR TR B U R
FLARBOR, W= A i RSP R . Rk, —J7
THT 2335 K AR B 2l 5 B2, o ik 4807 7K A4 v B 7 1K
VEHT, e eS8 A%R 3T, 55 — T3 T vl /N VRO BEE )RR B
AR Ry, RRE AR T S8 A% d A s Rl A, <
WO, HUERIAB/ IS, SO o 5 T T AR/, 23
MR AAL U R, BEE FLAR B, L o
T T ER A N o A T i R R W AN 3, A
EB AP  DAE K PR 0 3 K T
/N ARIRET R IR T A e — 2L

®2 ARBEZRMEERERRYHZM

Table 2 Effects of different factors on K

EN K/h™!
7K d h S PBODs PSDBS
-2 2.93 1.45 2.73 2.73 2.73
-1 2.92 1.78 2.89 2.55 2.55
0 2.70 2.17 3.06 2.48 2.53
1 2.85 2.27 3.20 2.34 2.23
2 2.73 2.73 3.46 2.30 2.16

FERLFL R AR FLAE O 100 pm 1 Bk 0 o/L,
BOD, i 24 J& y 0 mg/L . SDBS Ji 5t ¥ J& 24 0 mg/L
MIEAET , B SRR K 520, i 2 nl Al
MOKIRH 20 ecm BEANE 60 em, K |y 1.45h "Bk E
2. 7307 AR . YIRS T RN
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K H T RS IKIERE R 20 ~ 60 em KBRS R G0, KR
T IATAT LR K 45 B IR 8] LA S S22 i i 1]
B0, MK RGEAE RS BA AL SO
SIAE T, RS BH 77 AR, e 45 0 2R TS BT R0
P, 7R 7 T Ry SR RE R S 1 AR B R

TERI AL R 48 FL 12 4 100 pum | BE K IR Ky
60 cm .BOD, i £ 1 B 0 mg/L SDBS i E & H
0 mg/LIg55AF R, B AR EXT K 580, i 2 7]
A K ARER BB RRS , K A7 B i b TR, 48 B
Og/L M RE4g/LE, KB2 730" TR
3.46h7', AE I A B, BERE R A K, WA
O T AR5 51 1y N L = Yt U1 K 10 N
N, TR A SR I T AR S b Tyl 32 fig ik 1
WAL AER , AR5 i 45 S 5% 4518 — B

TERL AL B S Ar fL A2 S 100 pum | B SR IR
60 cm ERE K 0 ¢/L SDBS & W 5 0 me/L 45
P8, % % BOD, Jit f MR 2 X K 52, 3k 2 o]
A1, K Bl7K AR BOD; J5T 5 Vi B % 38 o i 328 357 0k /N o
RS INEIREE P BT S e — B, HR P AT BE
SR AT 2 VS N I 7K ] 26 B K 0 1 K A& BODy
JoT iR B, I o 2 W TR B XGRS ) b R
R AR T IO R0, B R 2
AR RITAE  FEm A AR R As K, T
RN, K AL

TERL AL B A fs FLAE O 100 pum | BB SOK IR
60 cm ERFEE S 0 g/ L BOD; J5i 51 % B2 24 0 mg/ L F) 2%
T, %% SDBS Jit i i FEXT K 5200, f 3% 2 Af
1,24 SDBS Rk E H 0 mg/L J1 5 £ 4 mg/L B,
K B2/, B35 T ORISR T &
[RERESAIPO R EIN Sk k=R e A 0f AR
B, SDBS Joi £ i B O 1 mg/L i A fi E 48 4% o,
SDBS )&k 1 ~5 mg/L I, Fif & #e B (19 3,
K[, AWF5Er, K7 SDBS i ik Eh 1 mg/L
ISP IF A B0 s, T2 BE SDBS JiT ot e B2 119 35 K
RN o 77 A 3 S g 32 it R 2 2 T 9% 1 591 [+
B 5 A SR K A R K FE AT, 257K 3L A1 5 T A K
A, B 7K I A1 2 /KA, 5 SO E A i R 4,
FFTEARM I TP W — 2 W, feli 75 3R 1k 7 BA, BHL
RS, T T A i /8
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IR IR, AR WK 3, fLAR BRI R

J& \BOD; ¢ SDBS Ji i B 5 A~ A 2 1 7K

i RS ETIE I NN A S i Bu . 7 S C DR F R e Sl

FrZ TG 230, 75 31006 T bl SR R AL B R

BE R ZKPER — R Z I mE T2 (20(3) ) .

K =2.23-0.0418x, + 0.3087x, + 0.084 7x, —
0.0068x, — 0.0923x5 — 0.0253x,x, +
0.0009x,x; +0.009 1x,x, + 0.0409x x5 +
0.0259x,x, — 0.024 7x,x, + 0.023 4x,x5 +
0.004 1x;x, —0.037 8x;x5 —0. 012 2x,2x5 +
0.0029x; +0.0317x; + 0.041 7«3 +

0.0392x; +0.014 247 (3)

[l REHY Y 5 28 53 B S S 5 PEAG S 46 R an 3k 4
Fin o BB REKFE a= 0.05, U4 P < 0.05 i}
NRE AR, H13R 4 TR, R AL )
F At} 23.87,P < 0.0001,35/MT0.05, % [E]7
REARIE R 2 BRI UL E BB R N0.9427 A5 57
RRC, = 4.32% ( <10% ) , F W% n] DL fig ke
94. 27 % Wi BB S AL, S5 BERG R o RIS T 22 00 B
() F A RT, 2% PR 3R 52 ) 1 J & 7k | DR 30/ e
y BESUK IR SDBS Jot 9k i R i iR R ALAR
BOD; ik

*3 HBWEHARRER

Table 3 Experimental design schemes and results

i Xy Xy X3 Xy Xs K/h™! 2 Xy X X3 Xy x5 K/ h!
1 0 0 0 0 0 2.25 26 -1 -1 1 -1 1 1.98
2 -1 1 1 1 -1 2.97 27 -1 -1 -1 1 - 2.09
3 1 -1 -1 1 1 1.99 28 0 0 0 0 0 2.25
4 -1 1 1 1 1 2.56 29 -1 1 1 -1 1 2.78
5 0 0 1 0 2 1.91 30 1 1 1 -1 -1 2.79
6 -1 -1 -1 -1 -1 2.43 31 -1 1 -1 1 1 2.66
7 1 1 -1 -1 -1 2.60 32 1 -1 -1 1 -1 2.05
8 -1 1 -1 -1 1 2.63 33 0 0 0 0 0 2.23
9 0 0 0 -2 0 2.23 34 1 1 -1 1 1 2.45

10 2 0 0 0 0 2.13 35 1 1 -1 1 -1 2.35

11 0 0 0 0 0 2.23 36 -1 -1 1 1 -1 2.28

12 1 -1 1 -1 1 2.03 37 0 0 0 0 0 2.24

13 0 0 0 0 0 2.25 38 -1 -1 -1 -1 -1 2.16

14 0 0 0 0 0 2.24 39 0 2 0 0 0 3.01

15 -1 1 -1 1 -1 2.66 40 -1 1 1 -1 -1 2.97

16 1 1 1 -1 1 2.79 41 0 0 0 0 -2 2.57

17 -2 0 0 0 0 2.26 42 1 -1 1 -1 -1 1.97

18 1 1 -1 -1 1 2.49 43 0 0 0 2 0 2.45

19 0 0 -2 0 0 2.13 44 1 1 1 1 1 2.59

20 1 -1 1 1 1 2.00 45 0 0 0 0 0 2.24

21 -1 -1 -1 -1 1 1.94 46 1 1 1 1 -1 2.74

22 -1 -1 -1 1 1 1.88 47 -1 1 -1 -1 -1 2.68

23 -1 -1 1 1 1 1.97 48 1 -1 1 1 -1 2.34

24 1 -1 -1 -1 1 2.01 49 0 0 2 0 0 2.57

25 1 -1 -1 -1 -1 2.04 50 0 -2 0 0 0 1.61

x4 EEAERHATESTMEZERE
Table 4 Variance analysis and significance test of regression model
JrERIE mEEM BB Yo7 2% F1H p TrERIE I A A ¥ F {8 P
A4 4.840 0 20 0.242 1 23.87 <0.000 1 9%y 0.019 5 1 0.019 5 1.92 0.176 1
X 0.069 7 1 0.069 7 6.87 0.013 8 Xy X5 0.017 6 1 0.017 6 1.73 0.198 4
Xy 3.8100 1 3.810 0 375.89 <0.000 1 X34y 0.000 5 1 0.000 5 0.05 0.8211
X3 0.287 3 1 0.287 3 28.32 <0.000 1 X35 0.045 8 1 0.045 8 4.51 0.042 3
Xy 0.001 8 1 0.001 8 0.18 0.674 8 XyXs 0.004 8 1 0.004 8 0.47 0.499 1
x5 0.340 4 1 0.340 4 33.56 <0.000 1 x% 0.000 3 1 0.000 3 0.03 0.870 1
X%, 0.020 5 1 0.020 5 2.02 0.165 8 x% 0.032 1 1 0.032 1 3.17 0.085 6
X053 0 1 0 0 0.958 4 x3 0.055 6 1 0.055 6 5.48 0.026 3
LN 0.002 6 1 0.002 6 0.26 0.614 6 xi 0.049 1 1 0.049 1 4.84 0.0359
X)X 0.053 6 1 0.053 6 5.29 0.028 9 x% 0.006 4 1 0.006 4 0.64 0.4320
Xy %3 0.0215 1 0.0215 2.12 0.1559| &k 0.2942 29 0.010 1
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HRAJE (0] AR i 2 A B 4 2R, 2y, 0 e X
NI P <0.05, KHIfL42  BE UK IR ER B (SDBS Ji
RSO R RTE S A I NN A
XFILHY P <0. 05, RIFE# 5200 KR i) 32 BAE T, fL
FEHN SDBS [k & 5 B SDBS Joii e & LA Jz —
URITH BE BOD, Jo7 3 9K B2 X K W AFAE 25 52
Wi o T HABITON Y P> 0.05, B X LI5S K 1Y
AR, PRI B IER K BBy
K=12.23 - 0.0418x, + 0.3087x, + 0.0847x, -

0.092 3x, +0.0409x, 25 - 0.037 8x,x, +

0.0417x; + 0.0392«; (4)

HE HK AR Y B2 BOD, Kz SDBS Ji7 & ¥k Ji7
IF, BIEC(4) vy oy oo 5 (EL, 082 SR A 0T pREK
(R f AR, AT A5 2 LB R G 0 e AL A S22 3
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SEIALBRE LR G s A RE R AL o
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Fig.2 Response surfaces of factors
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