594 2 ) R TR ¥R \Vol.9 No.2
2009 4 4 H The Chinese Journal of Process Engineering Apr. 2009

MRS B FHRKNESESHNESRE
WO, DR KA, EZHE

(1 REERE ST ST R %, KRR R E 5 TR EBE, O 300457; 2. iH R LA, Jbat 100084)

Hi

EA 448

O W TR TR MR GRS BRSBTS S IR NIRRT
BRI, JFPE TR ik, SRR, AT S E N, 5SmSR RN T 0,025 mm i,
X 5 W NS AN R R R S U r B i A\ i P SRR, DAORIP IR Fuble, 8 S T AT Fht S0P JE8 Al 1 9 e A
A, SEHCNBEAEERES AR FEAEBAN P (R LR /N R S B R B BEAT DAL, AT SBRAE FEL S P L BHLUL S, A
TTARATF RS 055 W SR L. TS e 20 AT A 4 S DR SR BEAT FE A, #5380 T SR (B AR Ik 3V /s L AR

LSRR S

KA WA STk (9N (9% [F58E; HAEmh

fES%ES: TQ016.53 XEkERIRAD: A

1 W&

PREGVE N 0 2 BOEE T 2 AT N s F) T 22
MARBEAR. W RIRKBOARA T TR AR R ANA
JEETTRRVEMIL T PIAH L 3 AR 1 L PR RTA. et
PG S NAR . BUEEL R, ENURREAR, H 5524k
RGN, SRR, SO RE AL,
SO RA PR R LR, (BAEAER S mNAS, £
BERB L RE ) 22 BT 77 5 RS ML S ot e 45 e 1
V2T TR B RSk ikt Z AT R rh <
A7 B HOAT TR, SVRHE S R Sl
FEHIAE 0.02 mm LAY, /Iy 715 5 WM i i, 3RS
TR SRR S TR A PR A DO e B
WAL B S TR AR G v J7 VA AT B B A EE ) AT
SR Wu S 8 SIS )38 3h S RE 1A X<
TR, SINBEIE 7 B0 T R E 34k
TRERSIEAT . AR, DT RRE HL SRR AN
TIEMGE M 5 T (4 R 3 TR IE AR D>

ATAENH T — Rl LB o RErkEm . Hl
BB B U OO AT FL R SR I R D 3. BLSEER A5
By fs 5 A HEa, 456 iR Ee, WEREHRIE T,
DN L RRAE D7 5 =5 1 VR ML AT 115 5 o 1Y
UM, IR T SO S BRI, S TR
RS EI AT SRR L.

2 MARAH R Rk

2.1 WRst IR K RIFIETTIE
XA L PR 2L Rk T 20 T Id i SKH 4

gt HEA: 2008-10-08, f&[E HEA: 2009-01-09

XEHS: 1009-606X(2009)02-0222-06

B A rRR AT, RIAEATAR 4, BRI R B A 0.01~
0.03 mm FHER T /> Bt b, HARRMIIRA 2R
UF(r) Teflon 462k, S EL4A% 0.15 mm. 15 505 FEAkEr
SRR NEA S S EIMIME 0.3 mm [ T, LRAIF
PR R . Ol R, SRR, P AR R
HRR A R T 42 [k, JRORFFEIE. /N 4
GRSk, BRI A GAR N AT AN, IR
JEF 5, FREA 6 S ek, 2 NSRS e
SPEF SR T, (R 5 R 2k, B LR PR FEAR
TN 2 mm (AR SC T P, R e R
[EE H, FEORUIE P EARAE R — I, FHER AR IR
AN SCAE 5 A SR Sk 2 1 [ 3, HEORAE B 3 0.
B IR T L0l 515 S & AHIE, HI— S50
BN BESR AT, I 58 S ISR B SR Sk 25 1)
K1 BT, BGOSR P HRET % ki) ANl Bk
TN IR, BERRRET 1 5 R4 S P S

1.D.=0.3 mm
injector needle

1.D.=0.6 mm
injector needle

ettt
Stainlessl tube
with 1.D.=2.0 mm

A_T-Va H=1.125 mm

Connecting wires

Height of exposed tip
h=0.05 mm

Insulating_~!
varnish =——!

K1 R L R R R s SR
Fig.1 Schematic diagram of the dual-tip electrical
conductivity probe

HEWH: FEXARPEESEBIH (45 : 20606021; 20676102); 4 E L 75 1 244718 SC/EE L 0% S % B H (45 200757)

EZE . #hHE(1983-), “, KW, WiHHIIUE, W TE R %,

IR A, E-mail: wangtf@flotu.org.



%2

ST UERET AL B IR S RO 5 5 i 223

2 ARE 5 AEAN S NN, TR 2
AT RN, 0P 2 Fros. SAEEHE AL TS P,
(BRI TE, AR A, R S F B 8 K
I, R Ug ILSE T IR U, Y8REH At
THAHPRS, [Pl FE, AR RE U, NS
PREFEBAH TR AR . AMEZFRIFPH . AD SRAEAR 52
HLBH A FLYE LS A G, R VO o ) PR RS2 MR 7
AF P (0 ) SR RO L 28 (R 5, ARE 45 2F Tl L 4%
M Re. FEADIAK ALER W 2 U =RpU/(Re+Ry), L
ReA AD KA S HREAEWOAH b 1 S5 R RH. Re PRI
BHAE, R Re=RpRy/(Rp+Ry)s Ry A1 AD SRAEHR 5525 L BH.
2 WA AT AL T A, P AR AT e I TH) 22 (1)
2 5MEYS, ERHE T AT A AR B RAR DG b, RA]
=RV SHAT NS, BARKRAE 722 W aCk[12).

AID —— Pc
Signal A
Signal B
Ro
Ro
[
= 5V

K2 ik s

Fig.2 Schematic diagram of measurement circuit
2.2 BRITURSTRSRKBIM =

I T XU F R SR IV B T e U, AR
LI NS 7S R TR 70 M a7 = =B AN RS =4 N EE 7SR
JF RN, JEHAE RS AR FR o, ik B2 2
sah b Mk Bl 5880, SREHFIEE HFR) 3 5 #0252
R e,

A T2 R XUER AT f R Skl i N B AR 23 )

5.0
| (a) P1 o h (mm)
\ —0.125
45 ----0.125
S 40
o
35
3.0F \
_______ ‘ | ‘ oo
6.10 6.12 6.14 6.16

t(s)

oA 0.4 F10.6 mm TSk, R T BRI NEAR
S 6T S K AR ANEAN S I I F, BT
o, P T RIS Ay, TR T XA I
TP, VA Sk BRSO RES, ATERE R TR 1
1K HLY NI 3 IR 0 S 5, T A
I RE AR TE. R B TR A U 5 3 14 54,
A T v ] e S ] R R AIRAT R P

2.3 RESBER

F SR T I I, DX BREH T AR R A
SURBRE TR /D — BER IR A S I HEIR Sl 3 2y, 8
SCZ 3 R B B A PR ET SR b, ] L PTR.
SHOHE S N AR ST E . B SR (S Y
TS M AR 1) IR, SR A S U R R T 0
SR TROKIR 2. IVRHE SR B R RSG5
M) I i 5 PR B e IR T 5K ) Rl S S S R
e PIER BN E; Hibiki 285 A5 SR
Je VAN BE U A TR RO BOK B e < T g 5
A8 T3 i s Shen 25DOTUA R ¥R EF IO BT R GG L &
IAEZE I IHUNGE S I AR T A0 AT e 56 W 55 Wi . R RS
RIS B AT R 5 Wi N3 i A 1 — 20 1 = EA

AR T T R S S S R D T
0%, S PR R RIS T i 5 R 3R LR LA ) 2 R R
2 TR PR AN BT A 45 #1337 2 R 26 R T R 1)
SEM 53 5l i TR 2E R R R 5 8 T, AN T AR TR
PSR T IR SR .

SR 2 M SR T IR B SR H sk
PLFIP2. HIOGA% WAREEN1S P1 PR EF il R 2514 0.125
mm, P2 Pt 1¥) Sl EE 25 23590 4 0.05 i1 0.025 mm. 7EAH
AR, 430 PL A P2 JEATRAE, b A P2
SKRE, K SEEE S 4 0.05 mm IEREAL T 3, 0.025
mm FEREHL TN, SRR IR 5 R o 1 3
FoR.

45| ©P2 - h (mm)
! — 0.05
! ----0.025
40 :
> :’ '-.
> 35 ! '.
3.0 i |
o[ TR T ‘ i
15.04 15.06 15.08 15.10 15.12
t(s)

B3 REF PL AT P2 JUAS ) S IAE 5
Fig.3 The typical signals measured by probe P1 and P2



224 U = B

09

XFELIE 3 T LLE H, Rk PL AR A7 e ] 2
[ R RIS, PR = ME, P2 Wi {E SN
ETHEFR B AR T PL AR ST R BRI, $EAE T5
W GRS B A S A R, S R
K, A5 5 N3 e R A 2. 1] 3(b) R P2 IR A 5 i .
W AT 225, PSS 0.05 mm 18 FHERE 1S S iR
W G TS EE B 0.025 mm B R ERREE, (H T RIER
(I PR B AR AR/, PTRAZERIA B3, AT LAY
SFHEE/NT 0.025 mm B, BT B RO NS T
JERC M SN R R, P2 5 PR IR
U FEBE AR UESE T IX— 8, T AR IR R 5 vl i
B 25 5 1) Bl A K

3 U R B 6 B

3.1 BBHRL SN IR N i Y 1

XGRS RS 2R Sk B 00T FL i N i )3 3 500
(EREb R e S IR/ SR IS I IEINS SIPS -8
PREE g I L A\ S LE AT . AR AN 5 i
L, BEESMIN R A I R S R T, A<

5
(a) The initial; 4
period
4+ 1.0
0.9
2/ 3+ Magni‘fying of local §ignals )
o] 4 6 8
1 | ’ ‘ ‘ ‘
i H
0 2 6 8 10

t(s)

BTGB, TR AR B S P B AR A R ik, A
BRI, D T AR 5 R 2, Wil 4 s,
FAL R AEVTUGT, SREHHEIR ARG T LA B, Sl af
G R, RIS RS S W 4@) s,
HIL T BRLEB IS, HERETE 0.8~0.9 V Z [y,
ERHEZELE 1.2~2 V Ju[ AR . BEHEH 30 min
i, BEHRIANT RPN, R e BN, [F

JEUAR AR 5 Y BB 8 A S R B B ATk o A5 5 2K,
47, BRI ERE OV E B, AREF TR

RIBEFE.

I R e P A A e i 0 SR P A O P 5 9% »
RIS F AR AR A A S P St A R et AN ST IR L RRE
PRET AR It L i N\ i DR 4 . AR AN 5 1A
HHE, BERET R AN, REERET. BEAh, X5
ARSI B S AL, AT ERCR M BRI, o
NG  HUBE T8I 55, AR e B SRR S 4R Y. R
ARG B AR B R S8 B, UESE T iE T g 4
THERGAET AR TS, I TR A F O AR LR

BRI 5 Jo A 7 58 1) i
2.0
| (b) After 30 min
18 1.00 |
16
N [ Magnifying of local signals
i’ 14 0.96 ‘ ‘ ‘
L 33.6 33.7 33.8 33.9 34.0
12 -

1.0 W‘WWMWM

08 L 1 L ] J\ L 1 L 1

Kl 4 HIEaM BAIERSL AT 30 min 515 S5
Fig.4 The signals measured in the initial period and after 30 min

(@) P2 (R,=0.5 MQ) R=1.0 MQ

5 L

4
S
)

3 |

2 |

L | L | L | L | L | L
0 3 6 9 12 15 18

t(s)

30 32 34 36 38 40
t(s)
5.0
(b) P3 (R,=5MQ) R=1.0 MQ
4.5
s
> |
m‘
3.5 1 1 1 1 1
0 3 6 9 12 15 18

KI5 RIS 2 AREREF RO RS 5

Fig.5 The signals measured by two probes at optimized circuit resistance



%2

ST UERET AL B IR S RO 5 5 i

225

3.2 AL
3.2.1 HREFHIAERHE P

PR TR0 AH (1 e A P s 22 A A5 5 iR
(K1 AN SCER bR, 0B E RS B R A H 2.
RRAEORET L PR (RS B, I r s 22 5 PR AE
SRR P ) B 22 B AR DG, MR L B, K
FEL B P et 1 P 2 B FRLBELAEL 2 R 210G AR

AU=Ug-U, =U-RpU/(Rp'+R0)=U[1-Re/(Rs'+R0)], (1)

Hdr, Rp'=RpRu/(Rp+Rp), 4 AD MAERLHLFH Ry 2t KT
BREF LB R 1, 3 (L) il Ay

AU=Ug-U,=U[1-Re/(Re*R0)]. (2)

SRR 2 ANEZK R BAT AN [R] 5 4% r BELE PR RUAR
B Rk P2 A1 P3, HLFH 3 MIZ10h 0.5 15 MQ, AD
KRR AR B2 0 100 MQ. HEFHZT A 0.5 MQEAHE
3k P2 @t LA AN FL B LR, AT B K LR 228 3V
M50, Wik 5@)FTn, MERAMERILY 1 MQ, 18
AR QX IRZE N T 8%. X210 5 MQF P3 HEAT A1
Wk FLBEALAL, T Re A i KL R 22/ T 1V,
Kl 5(b), UL AMERRT AN 1 MQ, HZ(@) T 5EAH
SR ZE/NT 10%. [ T3, — Bk ik i R 22

KT 1.2V, Dl NEIRAE S Esgm. Kk, 757
bR H AL R T Ak b, ISR R ZE BRI K5
5 RS PR FBH R Sk AR R RSk D)
KA AD BT = K, — BT AD BRI A5 L RH
PR B s 2 AN B Ll b 594k, i mT DUB R E Y
38K T 00 B LAk N B, (H— e R A
5 1R M 3R
3.2.2 A HA B A M B 9 LR

AR T R 22 54 5 R L A M B LR Ry
A% MR ET F PR SL IR S B B, 2440
FE PR FELRELR /NI, ERET RO IAIC L R A 2 W 5 AR
K, FESAHP I L AESEASE T R i R, B Ug K
INEARZEFRHYER L, 1 UL BEAAKR, MAU=Us-U_
PN, AN BRI LR I, T ARE A 5 AR,
ST CASEAE A v ) PR A PRI P Y P T A2 5 PRI
TORH P s il NAS TS B Ug 9y, T U 2240 AR S, )
AU=Ug-U_ 230/, A2 B Fa B BUGIEAT T 5 &
SR, DMEPL A A2 L . S0k FHERET FaBE A 0.5
MQIFHRL P2, A FLBH 735k e 0.11, 0.61, 1.0 £ 3.0
MQ, BRPRER L BH S M BRI B LL 20 320 4 511, 101,
1:2 F11:6, 192 OSEHE 5 WK 6 Fis.

5 5 4
4
4 3l
2 3
D
3
2
(a) Ro=0.ll MQ (b) RO=0.61 MQ (c) ROZI MQ (d) R0:3 MQ
3 L | L | L | L | L 2 ! | ! | ! | ! | ! 1 ! | ! | ! | ! | ! 1 ! | ! | ! | ! | !
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25

t(s) t(s)

t(s) t(s)

6 #EF P2(HLFH 0.5 MQ)FEA I AME RLEH T ) GEAE
Fig.6 The signals measured by probe P2 (R,=0.5 MQ) at different Ry

PREF R Ry S AMERR I Ro LUy 511 I, ¥R
A e, AR O IR R, 98 T R
W 6()FTR. T LRI f e R A AT, R A
22 PR F BEL DA MR BT P S 1 L. 9K R, A Ry 5
Ro FLZ2h L1 B, YRR I RIS /N, ACAFRS L 1 F
FEATPTREAG, A5 5l R BB EE O 50 I/l T
FLBEL LE 9/ 31 1:6 B, 4538 TR F IR AN 3 L S
FH R B BRI S 5. X 3 PR P I AR S

BIARE LB AR RO A R, e FHEE ) 1.2 I, 3R
37 B ZE KRR AME T, MO FEEHC M IR R
I, AL BHAE 2 9 SR ET FBEAE 2 A5 (K A B A 3

4 BERET K

U L R S U T ALK
ANSYATRS SR T2 N ) 22 EL AT AR A
Sl BT AR TR, SRR P (M A o



226 U = B

09

L

SEHG I F S E BH 25433k 0.025 F110.05 mm. HE!
HIFH 0.5 MQIHk P2, EAHFIMERAESIE T, Al
1 YR 2 Hedb st X0l 4 AR A7 B 2 7] 1) AC6010A
KAMCH 2 B/ A5 ST AL, S0 R, Hdl R A 7
X 2 B AE S AT A RO . M AEH 1 8 AD R
EERIRIT X 2 B A5 5 AT RFERT, 2 P15 5 [RIAF A5 B 2

(a) Single AD board
4.5

[—— Upstream probe

4.0

u(v)

\
\
'
i
v
t
1
1
i
i
1
|
i
1
1
i
Il
|
ll
i

AT, 1 T@PEA, 5 AD AR B o
b, T4 2 Ye AD TSRS BIRE 2 B3 AT
AR, f5 AT T ARME AN B, LI 7(0),
e, A TR AD AN, S T A A LA
TR 2 B 5, AEDURI 2 ORI BIRE 2 B4
HATRIE,

u(v)

7 BRI 55 5
Fig.7 The signals measured with a single AD board and two AD boards

5 &% @

OF 53 M AR T PG RSk I AL 5 o () TR 3R
HEAT TREAL, I T OB R I =45 5 U= 1 i
FELRWT:

(1) I SIS S RE R IE T2, R T
PR ARE s A I I e R Sk R P

(2) TP B OGN A R, S
BN, AF S N R B R, I EREh 0.025 mm
(X L R ET SRAT T 0 058 R BRI 7 A

(3) BREH M L e 3y A0 ARG S R
PE LRI E, BRI 5 F B IE A& T, PRER
Oy R AR AR T o 3R, DRI L A 0 e 7 OBk
ERET 5 Ha i SR A

(4) MR R A e BRI P BRI JE R 545 5 T )
FHOG, R PR BN ER Sk, X I L g 411
PR BT OLAL, LAIRAS 1 R ZE B R kA
7. SEEGH 0.5 MQIERER, 784z BRI HURH -5 B HaBH
Ee 2.1 I, A4S T i R 2208 3V A S

(5) AD SRR EL S A F B AH VEC , JCA5 A% H BEL Y,
PR BHR 2 AN DL B RN, B
TH 2 8555, HUCKH 2 B AD RN TE 551
P KA.

h P HREH I EE ES (mm)

H P PREFEE PR (mm)

Ro AR BRI LB (MQ)

Rp AD R (MQ)

Rp L SFEREE WU I 53R (MQY)

Re' VRET AR AD SRAEBR 25250 BELIK S E IR HLPEL (MQY)
U HJHEE (V)

Us AL PR AL T B A (V)

Uo L SRET AL TN LR A (V)

TR
G Uk LWk
S 3 Ak:

[1] B, skngiz, FREss, 5. SR AIEIRIE A ik BER ST [3].
{22 TRE, 2002, 30(5): 34-37.

[21 W, XIE, E—1, A AR R SR E R = A 5h
RBN 1547 R isgm [J]. 4L 123, 2005, 56(4): 627-633.

[3] Kataoka 1, Ishii M, Serizawa A. Local Formulation and Measurements
of Interfacial Area Concentration in Two-phase Flow [J]. Int.
Multiphase Flow, 1986, 12(4): 505-529.

[4] Kataoka I, Serizawa A. Interfacial Area Concentration in Bubbly Flow
[J]. J. Nucl. Eng. Design, 1990, 120(2/3): 163-180.

[5] Tavera F J, Escudero R, Finch J A. Gas Holdup in Flotation Columns:
Laboratory Measurements [J]. Int. J. Miner. Process., 2001, 61(1):
23-40.

[6] Lo C S, Hwang S J. Local Hydrodynamic Properties of Gas Phase in
an Internal-loop Airlift Reactor [J]. Chem. Eng. J., 2003, 91(1): 3-22.

[7] Zhao D J, Guo L J, Lin C Z, et al. An Experimental Study on Local
Interfacial Area Concentration Using a Double-sensor Probe [J]. Int. J.
Heat Mass Transfer, 2005, 48(10): 1926—-1935.



%2

ST UERET AL B IR S RO 5 5 i 227

[8] #hRIER, MRefR, skngim, 2%, WAk L SHEM AR B
PHTECIR L R S5 [J]. VR4, 1999, 20(4): 297-303.
[9] MiERH, FHEER, JiJyH, % R B SEREEM e S [J]

[13] ¥z, £—T. TREASFIMREAR [M] KE: KEKEHR
#t, 1990. 33-37.
[14] BARAR, BRIF, F78t 5 MR SO e Saa s n o

2 RN TS T2, 1992, 8(1): 105-110.

[10] #gl, skmgi, Jpfkse, A5 ACHERDRAUR SR Z M
ik [3]. 24, 2002, 53(8): 871-874.

[11] Wu Q, Ishii M. Sensitivity Study on Double-sensor Conductivity
Probe for the Measurement of Interfacial Area Concentration in
Bubbly Flow [J]. Int. J. Multiphase Flow, 1999, 25(1): 155-173.

[12] E8kiE, Ea48, B 1LE, & =HIERRAAKR RN & H
IIATIIEREATST [0, b L2344, 2001, 52(3): 198-203.

ZH ). RN TS T2, 2003, 19(4): 344-351.

[15] Hibiki T, Hogsett S, Ishii M. Local Measurement of Interfacial Area,
Interfacial Velocity and Liquid Turbulence in Two-phase Flow [J]. J.
Nucl. Eng. Design, 1998, 184(2/3): 287-304.

[16] Shen X Z, Mishima K, Nakamura H. Error Reduction Evaluation and
Correction for the Intrusive Optical Out-sensor Probe Measurement
in Multi-dimensional Two-phase Flow [J]. Int. J. Heat Mass Transfer,
2008, 51(3/4): 882—-895.

Signal Quality of Dual-tip Electrical Conductivity Probe for Measurement of Bubble Parameters
HAN Mei!, SHA Zuo-liang*, WU Qian', ZHANG Nian?, WANG Tie-feng?, WANG Jin-fu?

(1. Tianjin Key Lab. Marine Resour. Chem., Col. Marine Sci. Eng., Tianjin Univ. Sci. & Technol., Tianjin 300457, China;
2. Department of Chemical Engineering, Tsinghua University, Beijing 100084, China)

Abstract: A dual-tip conductivity probe for measurement of bubble parameters in a gas—liquid flow was studied. The effects of the probe
structure, measurement circuit and sampling method on the bubble signal quality measured with the probe were investigated, and the
measures to improve the signal quality were proposed. The experimental results show that the signal response is faster when the
conductive length of probe tips is smaller. This effect becomes insignificant when conductive length is smaller than 0.025 mm. The probe
tip should be connected to the cathode of measurement circuit to avoid the electrical oxidation corrosion that caused damage of the probe
tip. The better bubble signal response is obtained by using optimum electrical resistance in the measurement circuit with smaller
electrical resistance of the probe tip. The improved signals with large difference of 3 V, fast response and little noise are obtained with the
optimal conditions.

Key words: dual-tip conductivity probe; signal response; output difference; signal noise; electrical oxidation corrosion



