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Method for Identifying Gas/Liquid Two-Phase Flow Patterns Using Conductance
Probes Technique and Noise Recognition of Conductance Fluctuating Signals*
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Abstract; For the identification of gas/liquid two-phase flow in vertical upward pipe ,a kind of measuring
system with multiple conductance probes was presented ,of which conductance sensors was composed by
three conductance probes, and data acquisition of conductance fluctuation signals came true by using
INV306 data collection card on the basis of measuring system. Owing to measuring the parameters of dif-
ferent kinds of production ,signals inevitably presented noise information ,conductance fluctuation signals
was supposed to low frequency signals ,of which the frequency was not over 128Hz , by means of wavelet
decomposition and the analysis of auto-correlation function . After eliminating noise with wavelet analysis
and Fourier transform ,we found the useful signals were well preserved by wavelet analysis , which had
more merit than Fourier transform,

Key words: gas/liquid two phase flow; noise recognition; conductance probes; auto-correlation function
EEACC.0545;5230

IO FH o, S IR BT AR R B R A I
BT R S PR SR A R BER
A" KERH R

L RIEEARFRBR SV TEYEB, B F4 1320125
(2- FAve 1R B TR, HAk Bk 132012 )

B EAMEEEAYHKBEFEERTRORAN BHUT -HEESKRAMBRE, ZHRR%h 3 M SHLARER
& RER  AENL ALY A INV306 RIBUERBRER TR FENESHBERE. b TEMESIBRHSBHTH N AT
BAE S PR (E B B XHE S SNBSS MBI AT RIS RN R S R BG5S BHAR - &
#i 128Hz, GEHME ST T /A Z BB M £ 2 I8 ZIUH BB #1715 S 8034 T LIRS R IR AR
S p A RS B B M AT A AT B A

KB  SORPIART R PHR B B BRXRE

hE %S P631. 32;0359. 1 XEARIAE:A X EHS:1004-1699(2008)10-1708-05

AREER PRSI RR T EFET BRFH
FET vt ReP. Bl E30 0 T . H%.
AMFNE ST T BB & P EY RBI B
WM ToL, PRSI RE RO, IR,
PR SB w  T AE  B FE F 40 K A0 AR AR B R A
th, R RE RS SR ERNEURTHRE

A ST A HF G B R BRI B $E 8 (20040513)
KRB RS 2008-04-16 & HHE:2008-07-17

AE TR . B SRMARREIR MR —E
EFHASEMNEN— N EEHR T E.

M PARRRMBEAN T EERARARE. —
REXARRTHEMEHREAE, H—LRREN
bikik e ok AL ok S S - W LA B2 R 10 b e
BRRMEREHRE . XFREHARITETERT



FUOBMAZLE RKEFF . AALCFRABK BN LAABAALE T XA L FAHETREGHR 1709

REFEEBREHARE WHEERARRRERL, R
FBRRE BFE—LER%, Bk, fRHH
BRI BT A — R E R T

2 B AR 1k R A SR R B E R B REER
BT R R e, (BB REHE B MR BUR 3R
SHELAER, TRMANSEEEERIEEN
SWHHRARE R B RTTRN BN AR,
BELERE, FEFUTHERBIRI % —%
REHEFHARIESNEAERRERY, mE
W BRI SRR BRIk OB
WrRURIE S s H— R %, Bl@E % R w A
T SR E R B 15 B AT A T AL B, SR B BU A
fiE, TR A F R

AR 7 R Bk LA R R RS BB A
Fi T ShARtE A0 2 I 3h 5 5 R0 I BUAFAE R 7 Bk R IR
HRBELREBETHLERNBRY, Bl
ERAEERSIABRRENRIRE, FHAH AR
BUNBEE B R AR K S A S R BN
1 B HAT B RHE R B, I Rl & #
R4 IR Bl R Z M %A Elman #2
W4 e R R X R B AT TR 9 BB T RAFAIBUR .
MRV EE S LR RESRFAER M EEESE
B, F /N RE B AR IE A R A% — R R R
W& LB I B A UK BhARAE , 45§ Kohonen #1 £
M4k | 3 n] AL SR R HEAT T REF BRI .

REBAMRRARSHEBNHEC LG TR
KRR M AR SFELENELAERILERT
B BRI  BR B AT SRR M 0
BEA B E R BN . Lucas™ ' % H| 7
PRI G R R 6 MU NRIE B AR LAY SN R
RRHEFFEN IR T H/ERHERORE. X
PORIT SR T 4R I RY I e A e A R Y K
PRI E ., &TE SR AN N\ Bk
5l SR AL BB N B RERE KPR
B RS, RGN RS TE B X f A LA
HEMEETT oW BB TRENIRIBR.
Fossal'"J SRR . R A MR T X FFBAR
HEEENSEPFHR AN PR SR ERHT T
R RARAARFHEEHAR At MEERS
HGEMREE SU RN, ERRRT TR EE
SEYM BHEREHEST THFS, RRER - SIRET
KUFH AR A ERNRAHE B EH
FHEER A, T Berglest® i A Sl ki FT T
WA, LRBRARRER,

A SCEE X IR ARET MR PE IR AT AT B YR RE RO 4%

KGR T RASHE SIS0 8 R 5k R A
HATIRA, R T B R HEK R IR G R B A FAR.
[rlE SR 48 B B LR P AR TR L R BB R SRR 2
AT e B A THR TR0 K RIBITHBIE IR0
5N REAR, U ERRE A SN WET 5 &
RIMRFS 4, XD TR 27 ER M AER AT HH
BERER, BRI XS P BEAMEE EFEFHS
BRI T B 3017 5 B9 R A TR BR 1) L AT 4
. X — (AR SO /N 4 3 HE 3 BB
RS HEATAL TR ARG A B AH 2% B B0 A () 3 R 43 B
B—HITHE IS T —EREGR, UGB E S
1T /DB G M R B R, X A B T A
BARE R .

1 ERFHNEETIZRNERE

A 1WA HTELRFRANELS
HEREHABERRZESRINAEREIFA
B, KRPHTAESEH AEE BH, RENLH
A iREH .

AR AR

SSSSSNS” 1_4_9?91"”'
N T

L‘HF'EI AR Rk
0. Imm AR

(@) LHFRHALEHE

L

(b) FRELFHRU4MERALY
Bl 34 RH4RNEALTER
HEELSBOT R—RERLRN 0.1 mm A
FRMLERETBAR  F A BN L — Im BT UBLIR R
B, REEZRBABRRS EEFEREMET
HERFHEERTHEXE 10~30 pm; HEA
BRI IRLEBZRHF R T RISHRE DO IE
A—NEBER K ARERIER T, AEREH
AsMER 1.3 mm, XEME EHKEZRIETENR
HAERMFET RGP/, 54
ZBRFEMAR, RIEBRGIIRZERBLEE.
AR5 FIR SR B SR AU B B E AR LA R S 515
EEHTR. B BRIREEHET BT KD
HOERHRBE M EREN T EER. 3K
AR TRELREEH.
W PR T8 BT IR AR



1710 % &

2008 %

BRI T AR ERFR BURATEHR
R ERIE. A TH LB SHEK LG Edm
BB K L RS AR A BB DA R — R &
JREE K P EEAE Ry 55— AN WA » O R URE Ao B
R SRR AR, Ho A i IR IE AR 5 8 1 P BE A
B XM TR R LA B R, A%
FEREXREREHHER FWBERS YR M
BAHR RS SE B A, B R i BLR e 5 4R
B AR R ET 5B BET T, R FH R b B
TPUT AR S A YRR U B R I 38 e T A 7
A 55 A O 0 7 B A () B o 7 £ 55 5 ik 15
{65 AL HH R B b HOR 32 B AR AT LA X e BHL B B9 R 6]
R EE S TR S 44T

B FATAN LR R EE A NEEER
AES BT AL B REAE 0 53 — A s AR A, R b A
XHYSE R RTEA HLBCHE I N B — SedR 2 R B
WEE M B R & R E B RS — B MIER.
XELH 44 5 B B A (R PAT IR S H R AR R A
IERHE. ACRANEZHPEFEHRH = E
FRETA R B RS, B BE B AR R 25 mm, 7E
[ R IR L 2E /3 B X E B R B IRk
SREERA AN ERRFRFEHERT
WHREHREES .

2 MEES

RS SHL BE 5 SRR
PHERERSFNTMER. HPESAEMERE
BER el 2 SR A R 1R A0 I I = R
o

B R F 2 INV303~306 RIS fEfE 2
RELNBRGIH 16 MEE, HRARSREHN
IhEE. B BRI REHIIEETT LSE LR BRAY
BB AR Ak, SCB 7 08 37 7E R 58 LM 2% i3 B A3
BT EIRE. KRR R AR REEBR, AT LASE R
RN B RIThEE.

3 XBWRERTE

LRRESKFHEALEEZHN, TRRR
Wl 2 . ERTERRAZSHK, Z2R8%
PLIAEMLRAR T B EEARBRERS %,
KHKEM S, AR R THTRERH<HEMHEER
B NBRAR S8 LR SKIBEY, A%
BERHTETERMES  HEATER B HES
ST B RFHFEA K, BT 097K It (2 K A 4 5
.

ligIA 7y 84 3%

LA B it

B2 ZE-KAERBALRAS

HPLRBRREHATE, NRHM 29 mm HHH
BRI, KB H2 000 mm, SEFAHRE S
HES i B O HIEN S S 2 R G TR,
Frei INV306 BUE BERIR R ER#FTRE. RHM
3y 256 Hz, REESEN 2 048, LW HFRMNSHGE
Bl : 7 0. 1~0. 5 MPa; TJRIBE 3~42°C ;LB h 2
SWEHR 0~25 m*/s, JKHIFLE K 0~4.5 m* /s,
3.1 INESR

B T RBFMTE S E SRS Z &
T, e B AT R B T T8, A R SR B K
R ERNRSDF, MXETHESEEW
LU TR R, BREMNHESEHE
SHTERESTUARBRUZA. BEENB R
BAMESHITIREAL R . AXERME S/ PES R
JE R EHXSHRLH.,

HEMNRENBR S EDESHTREMES
B RRBERREIE MK E B 6 4
PR BB HESHFE. EoMmEmmE 3 iix.

0,0)

W o
(Lmn

(3.0 [EX))
(4.0) @1
(5,0 (5.1

B3 IREESMENTER

B3 ) REBIBWE NTAE. B,
i=0,1,2,3,4,5; B MW EBRE—ENESH
fiE, 2, (0,00 WERRFEHES S, (1,00 F 44
FNESBFR—BRERAERE X0, (1, FER
FKMNESBHIBE—BRRRE X110, 5,00 H &
RDESREFELRESE O M AR X0, Kt
UL,

BRI o R R BT E W, 5 T 18 B & 4
WSS . L S50 TR Xs.o WEMIEE,S;,
A Xs WEMES, MK,

TEMNE 3 FrR # R B S 3 315 5 /Nt



BRIOBMBEL KEFF . LALFHEABARALATIRAAYN ST R L FRHMETRAEGHRR 1711

HIBRARIE R 0 Hz, B EG 4% Y 256 Hz, R EUY

6 MRF A FTRK IR E S 5 H (0~8 Ha),
(8~16 Hz),(16~32 Hz),(32~64 Hz),(64~128

Hz),(128~256 Hz),
3.2 BHEEH

HHAXRBRRBTE (1) REER x(¢t+10)
(AR R R ST’ () RIER «(¢+
o) (B i B ARK RS 1 A E 0 B, AT LA K 2R
B 2(t) REER (e +0) LT,

TR SFANETFREENBIEN A
HMXER re WIHTESE . FLRMEERES o (KE
B ), FAMKBEELN:

7] _—“‘—Ck
BT L -
a,Xa,H,

Hp . BEArE éhﬁﬁ 6 Mns RIESH
L P YO0 ST

0))

= n—ki
1 nk _ 1/2
6 = [n_kg;(x,-x,)z:l (3
nk _ 1/2
Gur = [ﬁ;(l}yz—lm)z] 4)

PIREHRR IG5 A HHTAE. B
A7 S RI/INE S AN K i S S 2 6 4
BEA R IEE S, R /MR HHTE S8
HHBEFERS BRI EFFE S AR R
SRHEEMAYE, BT E THAMXRED,
B 4 AR RS S S R —UGEE] 0 B BT R A9 3E
REFE]. E5RWMAE 4 FR,

[——\ Bubbis flow
easenent Slup flow
]_ — \ Plug flow

LB A

of P T S

30 100 [ 200
B AN LR

B4 BEEME—KEE O M6 ILR B

4 S FAWARF R R T L R B
FE AL RLEBRMSER. NE 4 PAILIREHE
(128~256 Hz) B35 A5 N ZER B (A3 8 1 Ar, 3k
RiRBAMN(128~256 HO BB H HAMXREE—
WEH T 0, WRAT LAA R 128 Hz L HHRRHIES
FBEHLAE 5, B 7 35 47 08 I AL R B N R BB R
128 Hz UTHEE. MEXHESEHES R
AEHRNEGR, K ARE S EE SRR~
#RAE 128 Hz LUF CKURANRAE i B FE 3L R T b = 9

PR 300

FEEAD , BT LART AT 128 Hz B F 8155 B4 8T 14
&%, B 5 MRENEREFESFESERAA
X REZE B Het EER AR SRR
SHEX.

SRR %

) 200 400 600 800 1000
HI O XA Ia i

% 200 400 600 800 1000

B5 BRARBETEAAAMXEAKLELFENESE
M EBEREL RN LUE S 23t/ B s fn
B B MR REZ— b E 5 SRR R R
RIFHRBICR T A FRAE . 81 T EMLR R
B TIHTHURERIRSE5 RHEFERER
S HEATAL B B LA 4R R T LUE 1 SRR R
H—HHBRRAERERRCRT.
3.3 WM EHRENMNEEROHER
RE f(1) € L'(R) MEsdsr MR seE XA

F = [~ exfwad (5)

M F(w) ML 3R E Y

f@ = [ @ 0
T —co

INEB BB EXER3] FERER, EH]
AEHR AR T HEE I ERTFERABER
43, VB (o) 7E R LB B MEDRITE X AR
4. XEERNTFT LASHE S e st A7 o M35 e, iR
S 5 8 (R A9 B P A AT AP S P 5 A e 3 B L 48 R
55 HERZERME 6 FiR. /B RIERSE
B RS 35 S8 AT i GRS N B R i, it
()3 P9 43 B A, R Z IR, 1 6 B/ T
W5 15 S BN sym8 /MNEHT T =B WA
heurure R FEH T/ MEREHRHEBLSBAB
E 5K,

DERRIENES

0 200 300 1000
FEAE o ok 57 4 T () B

27

26
2,
@ZJ

23

0 200 400 600 800 1000

B6 PRBERPELITEREREGAY



1712 # B

B R ¥ R

2008 4

M BTG R AT LUE R R S A
BTN BB EENESSRGEESRAES
KEE 5, HARRMRIFHERREESHRNER.
T F/NB AT AT THR G BI1R 5 L ROR (R SRR
27, A5 THESHEE-LHERIZREME. 5
EXAE LR IRE R EEM R A ANES
B T AR 2 PR 7 5 R A R BT P AR B X
Gr. B/ TR RE STHRBREL .

4 £k

OHEEEAEPEYT ZHPHHERSR
HIPIHTLIN B R 5 LR REN X0 B R X
AR BRI FER IR BRI A B b 9 0 e
Ptk

@ [THWPARBESFEFRE . AXMEE L
FHE PP T R WA SHAT T B R
SHAT, A TE S R IR B 2 T (MR IR FE IR AR Y
HE), BREHE S HEBES, BHAE—RAR
£t 128 Hz,

@ ¥ B 31752 B /D 5 28 e 0 4 57 o
AT T VR I IE R 45 R R BLR/NBE S # AT
55 MHR AT LIE O REE SHRARBS H
BHE AL AT AR

@ MTFHERMF TSR 128 Hz A L
MERENESRENEFFES, FELUFHE—
PHIBR . EHREARREEBR A EMHREZ A
ST PR B HEA T E » B A AR B0 A 15 st —
HHIFRIT .

B3k

(1] #HRE SHEHERSHBERM]. BR.BEXEKESY
K4t , 1987,

(2] zEH. FARSERNZAMAIM]. M. 3L K% R,
1991.

[3] Az ok BA ¢ SBAMRE RINSIEL R %M. 4t
R iRt , 2007.

(4] RAZR.BEC IR 2T RIS BB SR B LA SR
MFR A ARLAHI0) . 4T 238 ,2007,58(9) ; 2232-2237.

BAZ=X(1960-), B ,1991 £ FHEZE
REME L, BRI KEHE,
HEASW FERFSHREWHER
75 G BT » zyl@mail. nedu. edw. en

[5) Rz B M. & FERLATM Elman 742 R 4% 60 S
B RS0, BRI LB ¥#],.2007,(29):108-112,

(6] AzZk.BE¥. IR BTFERR/EEORESHMREHZNEH
SHIPEHR ARSI &30 T, 2008,29(1) : 115-120.

(7] &t Az %% BT/ KA Kohonen H14/ %
S m AR H AR Sk ()], $eE3h 0 &, 2005,20(1),
48-52,

(8] W&k A=k, AFE% ETERESIRAEEMLMSEHY
SBFHER R ARSI F L) FEE TR %R, 2007,27
(17),:72-77.

[9] 7M. Rz . 2 FXFFm AL/ 8L & AE B 4
WFRRH %] P E PR ,2005,25(17):93-99.

[10] . AR, BT/ DEakRSENSHBHER ARSI
#5010, fb2 18,2006, 34(2) : 33-36.

[11] Lucas G P, Cory J, Waterfall R C. Loh W W, Dickin F J.
Measurement of the Solids Volume Fraction and Velocity Dis-
tributions in Solids Liquid Flows Using Dual Plane Electrical
Resistance Tomography [J]. Flow Measurement and Instu-
mentation, 1999, 10;249-258.

[12] Lucas G P, Cory J C, Waterfall R C. A Six-Electrode Local
Probe for Measuring Solids Velocity and Volume Fraction
Profiles in Solids Water Flows [ J]. Measurement Science
Technology, 2000,11;1498-1509,

(13] Xiyed. # T/ KFHRMEID). B/RETY A%, ML
3. 1996.

[14] &7E FEE A% EELATPSBERER LSS
A SRR BT ()], s ER Y AR, 2006,49(5),1552-
1560.

[15] Fossa M. Design and Performance of a Conductance Probe for
Measuring the Liquid in Two-Phase Gas-Liquid Flows[]].
Flow Measurement and Instrumentation, 1998, 9(2); 103-
109,

[16] Bergles A. E. Electrical Probes for Shady of Two Phase
Flows[C]// 11th Nat., ASMF/AIChE Heat Transfer Confer-
ence, Minrlpolis, 1969;70-81.

[17] PHE BRERE. RHIL A S H AN B SHRHER
RIFEFSHI]. ¥ 1999,20(4):297-303.

(18] T & FPE{Z. BEHUKXHEIM]. SR R AR K% AR,
1998.

(19] Rk A=E BEE S-BRBEHREEZRNES PRBH
JA[J]. 2005. 26(6) ;636-639.

[20] WM B, TAES. BREMFTET /MW BR8N
FfE Sy ]. £ AR, 2008,21(6) :1007-1009.



