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S, B FE RSN A R S A VR TR
WA TV 7 o 8 SHE IR IR AT 2, 85 2 S ) e
ey HK AR EIRIE, b TSRS MK
R AE TR P RVAE R FH R IR 5 2R o A o BRVBVAR 30 1 A U 4
AR 24 99%, KR4 AT IA 10~20 mg/L . 7k
FAROEHGE T — AR RSB EIR AR, EBUE & T
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b g, TR K KR E DP18-Y M AOBIRE S,
HKE B BRI K, S /M AR R .
WARARI IR YSI pro R4 TR EAL AR
TR A ARG [ P R PR3 5 A

1.3 REPTE

L R A ENTE KR eI T

2) R EAGER R TR B GRS IR k7K
T 20 cm);

3) A SALES (CoCly, Z3ATal) FG /K MV fim I B
(NaSO,, Tbal) HEAT WA, ¥ — BE A 45
s

4) FIIFEAIREAAA, JFR R soe e It
RV, FRE AT AR AR R A 18 mYh;

5) FREEACEEOTS LTS, B 1 mindsg LIKEE
1.4 HIEHE
1.4.1 dEKRMMAHHE C,.. CoAnKLa

FRPE B EE 1S, PRI AR AH 2 18] (S AL i S AR T R mp
fihik = (1

C,=C,—(C,—Cp)e 2! (D
Af, Co MR 2RI IR IS, mo/Ls A IFE], min;
C. oA R R R S TR B (t =0, ZKAA Y IR A 4
SRR , mgll; Co IR AR A IRIRE (t= 0 (1
WKL) , moll; Kakh%EmEER A%, mint,

TR T, B L min e K P AR IR EE, Bn]
32— R C—t Hdi . AR5 Matlab 7.0 #4445 %41
AT AR LA 19 3] 3 AR AL C.n Co Ml Kia I
HE.

1.1.2 3R H

PR T I H SRR ) Qo RTEARUMES AT (20°CIK
W LABRUERASRD LRI ) P 7K A Hp 3 i 4 1 48 o
B9,y () Mk

Qs=Kiagg * V+ Coap - 1072 2
X Kiapgh 20C K41 F AR 25,
X (3) e
Kia (o = Kiam/1.0247 20 &)
A, Kiam R TR 75 AR
PEALA SRS, Y TORKKIER, Cs Vv itk
TRAERL, Mm% Cooo WARTEIRZS T AR IE VORI MR S IR I
(t= ol VAR , mg/L, %X (4) M
Curtn) = Con /(T:€) (4
L, Com IR AME R I HEIS R AR ¢ i
BIER%, X (5) Mt
7=p(0)sm Ip(O)s20) (5
A, p(O)yn MARHER L (101.325kPa) T, AHXW
B 100%, JKiEAH T CCH W, SALERE AR H
WHREE, malLs p(O)gaoy WARAEIRA N (20°CIKIR, 1 4
FRUER SR, AHAHEE 100%), SAE#2 WA K
AR, mo/l; Q WIENBIERY, % (6) M4
Q=P,/P, (6)
A, Py MIRIGAME TR SRS, kPas P M ARiE RS

& (101.325 kPa) .
2 ZER59H

2.1 HitbEmitg

Wikt (gasliquidratio, G/L) $EV4%E: 7 TAEIR
AN AL R ]y JE S K AL EE AR R LA
DP18-Y 7 % JFis i bk 2 4 s B e /K AL B4 18 mfh,
7 G/L1: 100 F1 1.5 100 B 4cF T, Hab< &0 54
3.0 f1 45 L/min. Wil 2 s P calie v, a5 i
P 3 NV SR e s YA (L B IS TR) A 1) 2 1 A A
Z=03 HIAE 0.09~0.78 Al 0.06~0.61 JulHl N (ChZR i,
PR b LG5 T 4 5 min T SR AR S B, S PRl ik
b % L minidsk 170,
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Fig.2 Changes of average dissolved oxygen concentration vs
timein the testing pool

M2 PR BV, BARAEAE 0~9 mo/L a2
MK, 9 mgL PUEHKARZE, JFE S fshde
18 mg/L £i47. 7F GIL 1.5 1 100 TAESAE T, WiRE K
MR, 4 130 min 35 #] 17 mg/L; i 4
G/L 1: 100 41 FIF5 245 220 min. ARFEAX (D 4
;3 AN A AR K (-0 AT R
LRSS B RS 75 ek T R, Wk 1 Fr. (Hoh R 4

AT 5 by C—t I vue 240

£1 M%REHE
Tablel Fitted regression equation

AU (GIL) by ESewir YE R R
A C;=18.08—18.50e %034 0.934
1:100 B Ci=17.60—18.02¢ %042 0.929
c C,=17.83-18.01e 2042 0.931
A C=19.56-19.54¢ 0014 0.967
15:100 B C,=18.77-18.93e 16! 0.964
c C,=19.48-20.12¢ 001 0.967

e COMVAMRATUIREE, mo/L: t I, min,

MRHEILA TR (D) BIR A3 Comys CoFl KLa,
PG AKX (2) ~ (6) BEATHe S B AT 45 HH BiA: Il e
bR A RE ), RAREEE g 2 PR

PTG S &5 T BLE 20 (GIL) A
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1:100 &3 1.5: 100 5, BRI TR IR
Copo ETHT 1.2 mg/L, FrUERE4RET) Qs 208.7 g/h 4 1m

P77 245.8 g/h. 3 ANl S HTHRESE R LR &, YR
7= (D RN 2.76%.

F2 FRAEEERE
Table2 Standardized oxygen transfer rate

mooH I (GIL) 1100 AL (GIL) 1.5 100
KR (T)/C 19.8 204
SR (Pp)/kPa 100.5 1015
IKAARBL(V)/m® 138 138
WA Wi B W T C ¥ifE WA W B W C BIfE
HB AR (C)(mg - L™ 18.20 17.72 17.96 18.0 195 18.74 19.44 192
SRR R H(Ka)/h™t 0.81 0.86 0.86 0.84 091 0.95 0.91 0.93
FRAERTAEBE T (QN(g - ) 202.93 210.09 213.06 208.7 246.36 246.91 244.14 245.8
SAH AR 2 (HAXHE) % 2.76 0.67 2.09 0.23 0.45 0.67
2.2 AR EHMEIM G TR ), U247 40~60 min, FRE ARG

TEMF SR EE AR, ol T 3 ke, K
RN AR A IER S DL E] 3 Frar Ch KRR I, GIL
1: 100 Y45 T Bk 4 min id s 1400, G/IL 1.5 © 100 X4
T AE 3 min SRR, T SEBR R R v B R R AR
B ehid sk L) WIS AT SOk vt AT, A

12

=

HMWWW
i AR

4

PSR R / (me- L)
R R / (mg- L)

8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
f @] /min

a. Sl G/L 1:100

0

ROETHR] 9Omg/L IS5, KT RTEUE H, GIL 1.5 1 100
AT TN 3 AN AR A I = R EAE XS T G/L 10 100 B
nkasE, FrEZEVEELE 0.10~0.42, 1 G/L 1: 100 44
Nk F] 0.04~0.78.

O k% 1
@ ks 2
W k3

Jmﬁmmm
s LA

4 8 12 16 20 24 28 32 36 40 44 48 32 50 o0 o4
I 1] /min

b. Sifikk G/L 1.5:100

B3 RE AR TR A T ¥R 8T 5 K5 AT 18] AR L
Fig.3 Changes of average dissolved oxygen concentration in the testing pool vstime with different G/L ratios

A 3 AN ) Co—t I 4k, 23l vk S bR
WA R I RN 3 k. GIL 11100 44 F 3 Ik
AR AESE S RE I IR = AT 3.2%, G/L 1.5 100 K
ANt 5.2%.

3 HEEERNESEHREITESER
Table3 Standardized oxygen transfer rate by repeated tests

g-h?
S E(GIL) 1 © 100 W EL(GIL) 1.5 ¢ 100
b= gE

W1 W2 W3 Wikl W2 wes

A 2138 1967  200.6 240.7 2457 2606

B 2119 1945 2070 2324 2460 2624

c 2053 2076 2179 2561 2310 2615
34¥MH 2103 1996 2085 2431 2409 2615

PRt 2 45 71 87 12.0 86 0.9
YR 206.1+5.7 2485+11.3

RIG RIS R AR

T AR 22 T v A, R it K Ak Y R A 4EL K
SPAERE E T AR UGS e ZE— B “ 5l ” BhiE. frLL,
i ONEN o Y G R (FRTR Il N L (SN ESTE (S U GEAE N
ANEARE A, ARG T LA Nt A TR 34 R A
WRE. fE 2.1 LR ma iR gt h il b A ¥ A 480 KT A
0 mg/L A44TH8] T 16 mg/L LA_E. BILLZA B/ A
Wt ARG A (0. 1. 3F1 6 mg/lL) I
BUOHATAR i UG, THE AR MER A Re . 1S4
B 4 iR,

B o, AN LA s vl RS A,
a0 LA ST T 0 mo/L, A7 MM S A e I b
HESE S RE )W, 1) Bl A Bk, 1
W, ), Rk S 0~16 mg/L X [A) T 545 52 Ja)
IR ZEAR /N

2.3
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Table4 Standard oxygen transfer rate with different starting
points g-ht

X A/(mg - LY

ﬁﬁtwgﬁ
6~16 3~16 1~16 0~16
A 202.1(1.0%) 203.7(1.8%) 203.7(1.8%) 200.1
1:100 B 2162(43%) 213932%)  212927%)  207.3
C 218.7(4.2%) 214.9(2.4%) 213.8(1.9%) 209.8
A 2517(27%) 2457(02%) 2437(06%) 2452
15:100 B  2414(37%) 2460(19%)  248409%)  250.7

C 229.7(5.3%) 230.9(4.8%) 234.4(3.4%) 242.6

T 55 WECT I Z D S BRI S RE 1 5 0~16 mo/L X [l it 5
FRRAERS SURE ) Z I ROAT R 28 (LEXTHED

2.4 RWERSHIFMD

TR0 45 AR A R RAE b ih Bt 5 B 4 2 1 B
e RS . B E T RS P il SR I A,
PRI 3 PRI T 30 2 T /K150 T 79 A 1 T IR A ARK
YEH o R T 2% Bl 25 o RO TR AE RS R ) T E 4 )
BRI, [FIRE DL 2.0 0 b 5 ma ik i 2o 7 ik, 4y
SIERE 6. 10, 13 F1 16 mg/L A ki 45 R 5 1 ) LA Hodie
BHATAR LA i e &, TR AR ER R Ty . &5 R
* 5 7R,

#5 ARSRSITEHRELESRE

Table5 Standard oxygen transfer rate with different end points

g-h?
ST -1
/?g/ﬁl_l’—)t - FEXE/(mg - L)
0~6 0~10 0~13 0~16
A 187.7(62%) 196.7(L7%) 200.30.1%)  200.1
1:100 B 177.3(144%) 1945(6.2%) 200.7(32%)  207.3
C  1950(7.1%) 207.6(11%) 207.1(13%)  209.8
A 2517(27%) 2457(0.2%) 2437(0.6%) 2452
15:100 B 2414(37%) 2460(19%) 2484(09%)  250.7
C  2207(53%) 2309(48%) 234.4(34%)  242.6

VE: 5 B SRR LR 1) 5 0~ 16 mg/L X
F e R L 2 AR

M 5 AT LLE HIFR GIL 1.5 100 H ) A il S A
FriX ok, BEETHE XK G 45 R i a1
16 mg/L), RIS Tt AR R AU RE ) th B W K, T
WeBlo 4B 45 R ik #1) 13 mg/L 5 0~16 mg/L [X [
THE AR S e D B IR X G, K AR
FEAE 3.4%. MRWIE, BRI 45 d s i T B I i AU i
R, VR AR HESS S0 R ) BRI T ST .

3 it it

3.1 HIRTFIERYIER

VA SR I S e K P R Ao i o)
DR B K BRI BER e e (BN fRIAR A
EAHIR) o ZEHIEBARRIR, RO B, AENS LLE) T
AR E A SERE T o (H B T SE PR N i B
PRS2 AT R AR, JeidAte i RO A 10 4 W

Hop, RIS e RE . KRB 2 AL P R VLA
PR A $ i 5 6 B AR G H R el A, i HARE 15
G W IR TIRE . B BIE, szl tbit.

AERT 22 (B 0 13 22 5 M K R L o CJROK
TRIRE ), AN SCIR IR ARG 735 T I i AR AR 56
JiiE GRIG RGN IR RA A, th P 5 A S0 P52 B
IFRTIAR ), (2 sk. Kn RS, RAIELN
JHEAT A R 15 2 1 R e B B B R
SREEAVE R S REAR S 4%, (BT 20 IR Hi vl 11
THE &5 JnT LR R I IR A FFRHEIR A (20°C, 1 AN KA D
[FAH EL G4, A TR 1 LEGE R SEIAR VAL o

s Timmond ™4 A 514 LW FRESIET
(KA 1.01X10° Pa, /Kili 20°C, /AR 3
99%), low head oxygenator (LHO) 7Lt (G/L)
1100 [ TAESAF F RIS R AL, 80%, 1.5 100 i
210 66%. %455 IS TR I s RIEA 8, i
SCAUERH T ARG J7 721 ] SEPE R T o
3.2 [EVAFEHGIERE

X RIE L ER:, Bl R PR Zetk [l
FHAEL PR . 28 BRI S A ek 7 kb,
TAE UGG A, MR B AT D A4 F, BRIk SE
] DA M ST, THRS RO T T
VAU, AT ST LA T AR SR A, e
R 2Bt /0L AR AR & N IR TR 45 TR 4
fRre AR, TEVEREAT PR, DR AN e A e 1 v
HHATHLA o ARZRPERUA I AW IR AR A A 5 B G
BT Tocbrthde . BARTFEE AN R 2%, (2 THE
KSR LL LR PERLA S s X AR S ST BRI A 1, R
A TARCATRMARG . 1 H B LB AR R,
N AV R 58 A AT DL TR AR, TR R LT
n LA AT, Fk, #BUER .

3.3 R EHKKESHIERNTN

(i) A B AR vk LA B0t P ZK AR 5 4 1)
WA BUE A BT, DR A A B At 2 iR R i Y
(RIK A RE M IR Ar, RIS A,

WM OKEERD SE AL T KA AR 4
FLAT ARSI 2V U8, ol Y PRl K A% 1A P A 4
W B, RBPEARES . IER Wk, BT
RER IS 7 A O E SR A A s, H 3 MR
SKIIZRE R RAEREAN K AR N IR R AE AT . WA —
RN HFEIR K FRIE R e, AT, /K
BFHERMANRE SH A AR5, ERABIRS G
WMAFEI M . T3 — 3K — K TR, X
TR B FERE 7 AH 2 221, o] S BI/K (A VA 4L 1
K5y o3 A K

BRI — ) A T v A T 2 R T Bk T DL
e B, BRI AR A 40 om, R kK SR T ) 26
JiT), At A KA T B i R, T R AR AT
K, AR5 /K S JBCE AR A T e o i v e
I R 7K AR 5 AR 53 A AR IR A H 38 /0, 3 it 4 1) 35 K AT
PN, DR, KK I Hh S mT DA R R X A )
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B B LRI DY R R SR, S KRR
Blo HTHAMIRSG &5 L, WA SRR, K
TR AR AR 20 A0 2 i A DU g vt ) S22 66 B B AR
FEE RGN T E 2 R HERR AL . SR, 51 S KIR
)l PO TR, R GE KRR A S R B TR L
PIRLSR o I DL X TR By, 43 9t 1A 345 A S0 FE R
FEALRFF— 5.
3.4 RIGEIASFILE R S AL

T 56 L R BRI 25 R R 3 BT T4 o 6 N )
B DRUETRIS HERA S AR B 2 . 75 G A
PRI T RIS — MK AR U TT 4R, B Al AR FE IA
F 7~9 mg/L, e R ARF 5 ) 75%~100%R[ Hf
ghf e 2R AU A JE o 2 B LI S S AR I AR
ATLURH 4K a) ke fli SR I o] o (H, AR5 7
BT R IR AR A T AR R, 7R R A
PAAT T, N I ER R AR AR S Coiie KT BA
AR IS B BRMEVLRIR B, it FLAS [0 2 AR 4 3
AR P AR R AN [ B e 38 21 (0 M Rt AN ) AH
[, B LUZE N AT o ) Tl Be i 4 A, W AT S
FriRaa gh AR0H, an SAIG ) AR B5K, UR R AE 0~
6 mg/L i il O T 45 BT AN S IE AR R s, B
KIRZEN 4.8%. (HAE, 43R5 I FAS L DL 0 it oK 44
PN T R O B BV RN T, R G A 0 PR 1% 22 0 2 T
BRI . PR, A iUl T US K AT IR o % T
RIS AR, W R MARIG A P R R R, WiaT SCRT
I N DUBREE T T BEAS T FIS AA e R B ey . (R, H B
FPRIG A 0GR, G USCR A B W R R A AR o 2
1) 70%TE A ik 06 45 TR i o AU A L 20 AE i A — 28 I ik
T2 56 >R SR AT 4 R 00 2 P S T RN I R R . i LA
DP18-Y 5, I3 i v FI i A T IR FE Y 18~
19 mg/L, ik, 545 R mdE A 12~13 mg/L v .

4 2 it

ASSCHE T T () TR R A 1 26 10 3 H T
AR B G A RE ) e ik . T IIKIE], %k
HENS B S A S R S B TARRE ST, 45 R m] DLAE IR IR
ASTIRREARAS Z AN T 4, AT LR ki K
2 RE AR B, AR S OB O m/L A, SR
IR AR AT i SR P 1Y) 70% . 15 AR P A4l
REEBLEAAR R BT

(& £ x #
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oxygen in intensive shrimp aquaculture{J]. Fisheries Science,
2008, 27(8): 401—403. (in Chinese with English abstract)
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English abstract)
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rate estimation in oxidation ditches from clean water [J. TIEFHKEEK, 2005, 36(4): 39—41.

measurements]J]. Water Research, 2001, 35(8): 2058 —2064. Li Weijie, Ding Zhigiang. Time control in testing of clean
(18] BUIEMRR, XUDLIH, SR45, 4. FRAIME KR AR SR 2 water oxygenation capacity of aerators[J]. Industrial Water

BWrsE[d. KFERHEE#R, 2009, (6): 297—299. and Wastewater, 2005, 36(4): 39—41. (in Chinese with
[19] By, TSR, MR TR AT EUPE RS IIRA I ] 22 English absiract)

Evaluation of the oxygen transfer rate of oxygenator based on inter mittent
non-steady state method

Zhang Yulei?, Ni Qi*, Liu Huang!
(1. Fishery Machinery and Instrument Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China;
2. Laboratory of Fishery Equipment and Engineering, Ministry of Agriculture, Shanghai 200092, China)

Abstract: According to the shortcomings of general method such as nonstandard operation and big test errors, atesting
method based on intermittent non-steady state method was put forward to evaluate the standard oxygen transfer rate of
the oxygenator. The paper introduced the facilities needed for the test, the testing step and the calculation method in
detail. Using this method, DP18-Y, a multi-stage trickling oxygenator was tested. With two different G/L ratios 1:100
and 1.5:100, after about 130 min and 220 min running period separately, dissolved oxygen concentration (DO) in the
testing pool had reached 17 mg/L, standard deviations at three DO probe positions were less than £0.78. To verify the
repeatability of the method, the test was repeated three times with the two G/L ratios, and the standard oxygen transfer
rate calculated as a result was (206.1+5.7) kg/h and (248.5+11.3) kg/h, respectively. Calculated by different ranges, it
was found that the calculation result would be more precision with the start point closer to 0 mg/L and the end point over
70% of theoretical DO saturation concentration. The results show that the method has good stability and repeatability
and is feasible to evaluate the oxygen transfer rate of any oxygenator.

Key words. oxygenator, testing, oxygen supply, oxygen mass transfer coefficient, oxygen transfer rate, intermittent
non-steady state method



