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Multiphase Flow Measurements by Flow Sampling
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Abstract; A flow sampling method and an apparatus for the measurement of multiphase flow rate
were proposed. The principle of flow sampling is similar to that of data sampling in data acquisi-
tion process. After a sample is extracted from the multiphase flow, it is separated into single
phase flows, which are metered with conventional flow meters respectively. The total flow rate of
each phase is determined according to the metered values and the sampling relation. Because the
sample is only a very small fraction of the total flow, the separator can be reduced greatly in size
to as small as a single phase flow meter. Experiments were conducted in an air-water-oil multi-
phase flow test loop. The inside diameter of the loop was 50 mm, and the superficial gas velocity
varied from 4.5 to 22 m * s ';the liquid superficial velocity was in the range of 0. 02-0.32 m *

s ';the oil concentration was in the range of 0. 0%-60% by volume. The flow pattern in the ex-
periments included stratified flow, wave flow and annular flow. The experimental results show
that the flow sampling method and apparatus could be feasible to measure the multiphase flow
rate, and the average uncertainty of flow rate measurements for each phase was less than 3. 82%.

Keywords: flow sampling; flow extraction; flow measurement; multiphase flow

TEATIN AT RIS 1 % Tl U P R 250 BRI R AR B0 B AT R 5380 Il IR
AR ZHR R R AL GlAnfE R B — R - R AR AR A AR
H E AP RO — M A R BRI ZRIR- W B AR R R D) LR A2 A LU
IKPARTRAR g T O VIO i 2RI e i R B . R 302 AR ST . 2

Wk HHA: 2008-04-11.  YEHRIA: FAR1960—) . 1.8z, EE&UH. EXRHKFEELTEIE (50776071).



104

543 5

TN EAA TIRKA LR BT 2R
IR 7 s AR 2RI | 28 R R Tk B R R
T RO L DA KA o T H A R S DG S A
TN Ty ) A IR R U A
S BT A ) 2 AR AR T I T 2 AR S
Tora gk Gshad R P SR S AR E A AL
P PRI 3 B0 B 3R 82 b T 1 3 A AN R Ik
& HOn e AR E PR 2 ME LADRIIE . L B ARAARE
A E R T R RS . AR
AL LAY — R i 7 252 0 1 % 2 A T A
PRI, 207 5 R A SR . S i
MZAHT 430 — /N R A3 (106 ~ 20 00) A AR AR
(2RI G (o idAD) o SR 5 H 3 88 LSRR T A
FH T L I i A AR R R P ARG HE 191
KA A BT Ui, o T HEA B A% i
PR AR AR A — 0+ DL i s o 8 45 19 A
FRAT UK WRJEE 455 /1N » 38 3] — >l A SR 1 R/ 31X
Ao B 22 AR DAL A 7 00 A B T AR R AR B A
Il AARAS B ARIE T ECR AR E 1 L nT SRk

OO oK R, [ B X H A RN R AR T, An-
dreussi 175 B 70 2 S5 B 1 5 AR Ot AR B

SR AT T AR R SCHETE T e i . Joie R A
29750 4t B B T AR A A — g AR AR
FEPE A S I R . HETR Y
Sy EEA , TR A = AR B A
R B AL P A () BEBURE X ) & Andreussi
4 B g 50 X433 AE — a2 Y L B B
5T EMMRCR. A T#— PR mSCR. Y
R 2 78 A SO A R A T SR A 4R
TP Z AR SRR 53 T v DUORAS B = AR
FEE A3 AR, DT 2 125 22 Tt A %) D S 00 S
ARSCE SIS TR I B A S B SRS Y T
XA 3 D ) S R Ty X A - 7K = A TS
U5 1M1 B L AT T SERR AT IR IS AT A T

1 RAE i U

AT R 2R A R SRA e A AT A I M 2
ZRIAR R IR G B 1a 2 RFET AR H
PEHIAS T — AR AEEIF . FERAE il e rp . oK
FEo A A —E W R T 8 2 AR B R 3 A 23
VL0 B BRI RIS Ac, FIRAE S5 T 1] 36 9 3t
T — A B I ) O i L an & 1 B
N X BT 2 T S AR A TR AR 1] 1b
Y2 FR AT — AT Q B Al By 22 AR O, (52

R R B BOR B S. th T A /N T
PR A 0 3 D] i 9 A L o O A AR 2D — i
G ARYERAEE Y HEERBER & TR 2
SRR IR 2 A5, Wl B U S el UG 5
MR . B SR A S B N A AR
AR 18 S e 72 A BB 22 ) Ao 28 SR AR A 74 2
8B U 1 21 S RE AR SR B A T 3 A3 A T L)
B B, X T TR R 2 B MR,
L AR AR LA R E B AR 5 1 3
AL A LR SRR AL ) B L

2 B ARSRAE S 5 AT B4 B I B 47
A L - T A B e B G i T L AR
SR BB I Z T H R RN g AnTAT 2
iR, ARE B S AE O 2R L n] RUR I — SR S )
PNIE A3 ] ) 22 AR A (P& 1b A 2 Fh g

B2 maD
Am; = At Q; = Tg; (D
B = (D AT DA S S o AR = DG R
T
Q=q (2)
TE LAY H R
_ A
p== (3)
E s
EZ N
i 43 it [] g%
() RSB
Q
O At T 2IT 3‘T 41T 5:T 6:T t

(b) i B AL i £ 5 RAE 51
BT SREE MR A

K 2

GV [T 3%+ 14 9 A P 1] A2 £ th £



414

FHR S AR R L A0 14 SRR A3 TR T 1 105

B ORAK(R) LIS F

sz%ﬁ #:%:k’] (4)

P&y 58 SCR 3 I B sl U 2R 850 B0 i MR A
5 R B FO (R (D R S0 H 5 000 O AR AF
— HfE T 0 e AT IR () i 23 iR
g BE SR Q. i TR WA L o SR B AR/
— B3 DAL AT R — AR /N 20 15 2R 20 7
BRI SR GRS B f L e DT B & R AIE 2 A
VAR AR R 2U () BARSRIR B S B
B HE  (EX T TR SE PR Y R ZH R - th
T AR A A AT LA Ty HL TR B RO —
B[] A AP 2 3 6 PR 2 R x5 () PR P 2
{E AR AT LA R 703 i 1 5 G R 2 ) R Y
KRER. TR I SRAE i Tk DN ek 22 RO AR O B
LA Ji B,

2 RS RR R SE BT

TP 1 Al SRAE e — R S AS imi ik
FEZAPLARTE A ] % 2 [R] AN W A7 U038 T 53X
PO R0 LA A 05 AT A ) e ad 7 v AN
Xt 22 AR AT A B4 T AN 52 w0 2 O 2R
TRV Uil — Fif g B AL SE BRI — T fiE L 2
SRAE ST ULVE T EAR R OGS (R, 8] 3 SR AR SO
FRISRATE 0 IAL A A8 7 T BT R — e R T 1 48
FERC 3 AT I S BRI IE 2 AR, 20 AR AR G 5 v
AN HRRIE » PR A2 LR H 3 1] 5 22 R X A8 5
HOBIEN. P, Shg BRI DAL E g E T 2 A0
VP FRO AL 1] 5 36 5 A ) T st T L S B 2 AR U A
P [0 6 2 6] S SOt A DA, 5 8 Bk T LAy L
YRB) AT Ly Z AR A B ffEsh. & 3 A LUA
M AE— N TERe RIS PN 22 RHRT AR 1) AL S 3% 18 3
PR ]+ L L2 RAE ST 8]

At ~ Re &))
Ui JE A
3 B
B
NG
" 439151

K3 SREMA AR R

T=1x (6)

A (3D 73S A

Sl 7 = S
AP L o3 SO IE YA SERE G s R %%
At o AR MAEE. WX LIE T, 2
I L SRR T 5 58 0 S % 18 T A LA 250 T 5 5
AR PETC O, Y AR AT e e ) S A
ST R 2 AR A AR A3 B LU AT R —fE (. AR
RO BYRERHE T Wi 7o ke, 3
g ) AR BAE S AF R AR BB X TS br i 2 »
3 28 R 7k — 23 i SR E

3 LEAL

WA 4 BN 23 il 2 2 e fE— A5 U ;Y
BT, 3 U B HAE KT 5258 M, 7
5] U BUAS I PR ST 100 (580 K A B, 52
YRR R AR 50 mm, 43I 7 HE I A D PR
L=15.71 mm RBHE (7 , 43BF He i HD A BR IS
HAET 0. 05, FEA0 i iR B 0K 8h 7% B 5 1R
BV IE . 7ESE R N L ok H s iR R
(1) 7 ¥ LB 3] 1) 2 3 R 400 ~2 000 r/min (i
R T=0.15~0.03 s). fEMRIMERAIRE TS
Wy B SR B LR . &30 e A i
P fe AR o] A AR B AR AR
B AGHR A P T AR E IR M A . Y
A ORI R N R R I . S
Y IE N AR 45T 50 mm. 5% % B A WL B B 4
P, B TSR AL, SE36 A i 28 <L KR 10 5
BLIH. S0 ] % v ) 28 AR It B R P I A I i 0
N 7K R P F LR 0 00 S 3 o 1o A
W R R IT R SR WP E R E Us 15 B A
4.5~22 m -« s ' AP TE Us Y5 R 0. 02~

LG uiias s 220 B 3 3 AW R s 4 AR B
B4 SR



106 (LT /I N S S 14 5 43 %
0.32m s ', MR EIIZHRURFM L o) ZLTE R 0.08F v
~ ~ > S O
H70%~60%5. SLB R B S DR 0.07F samonoos © oot Sy
° [
SR RIFRAR L. 76 550 5 1Bl « b F A 3R 8 2006k | o
B ZE ] K Z AR 24 T ARG RS R IK & 0.05p—2— o
KA I B I AT K B2, S H BRI K A R P :‘ i Ke(Usg™17) w K (U=17) AK(Uy=22)
v { 1% IR BN 1 IJLA{ Vi 7] Z\‘)L . 0.041 _o_g(:;"(@U%:ZZ) ‘KL(Usgzlz) OKG(Usg:IZ)
4 g;gﬁg%% 00 0.06 0.10 0.14 0.18 0.22
Ug/m-s™!
LI EEHE T A B G DL R A GRS SER v E S

Pl N AR BT A s i Re 8 se i T 2 AR IR
PRV SIASER B P i e B i) b oy, R SEIG YL L PN L %k
SIRA YT T RUSIE . FE B EEAE R T 4
TARIAERYE X L T o3 AR T R S 0T R 22
S TR R SRR R U S 2 A T AR I R Y
P, SRJ5 I T o3I an i 2 ik R EUE . OF S5 3e
BT 7% bb 225 0 T WORR 5 T % 0 T R 4K
(SR B Je PR A8 B 43T 2R B FA T S ik i o
FEME T I 1R 2.
4.1 HREHRERNE

&5 RAMmARI T E X, S#0TE X, ik
Btk WEIH AT LUE L ESC R u N X/ X0 1R
PR T 1. E R R2ZEEARE T 2%, XUl s
PR 22 AR AR B — ARG B R 88 Y
R

1.8
T~ 1.4f
b
23 e TT L L S
1.0 = T . LR ] =
0.6 1 1 1 1 J
0.00 0.05 0.10 0.15 0.20 0.25
Xl

KI5 2 Il i B Sk R LR

4.2 HRRHFE

&l 6 S AH S R A K RV 0 i R4 Ko
) SEgRZE AL, SEU RO iR A T 0. NIRRT LA
F LKL fil Ko B 5 BSE (0. 05) A —E I B,
il YRORE T S0 T G R PR A A A O U AR
FEAE VAR TR e BHE AR K. X — B4 ] LU e 4
T o T8 AARAE 2 P ad B ol 1 5% 48 5 FE A
Z B F T BR GRIE PR AL B ok 1.5 mm) B 5%
ize | I v i S YN T S 7 T N B U A
VOAE. VORI A A KA s 55 % L 461 A A X s
1B, 53U AR Bk U Ao 0 (AL Rl B2 =
TAGRE 48/ N e S e iR 2 (Rl TE] B 2 080N
S5 EERZ A 4R 5 2 U R BORS FE Y. NI R T LLE

H o SCRHIRT T 730 2R BB B S 5.
4.3 ISR REBHZI

7 73 T 5 i 25 SRR 233 28 00 i
B NPT LA Y 2 ST 50 0B A 2 fl
Ko 29 TR 1020, 1024 Sl A48T 50 Y0 mhx Ko 5A
B2, P 8 il T & RO 70 U R A 5
M. DAPEHR AT LA Y B 53 3 60 06 Y 9236 5 (IR
TV A A S5 S ARVE TR ] — 2Rk L

Fy RSB A5 A 20 2R BT LI R A Y
s L » AR A 8 WO 5 UM R SR, S IE 1o
TR IS L AT LRSS X (O B 2 B SR 4
FAUEWT B T AN E BE AN 3. 8200,

0.08 o+
R Aad 8 % *s
- R At ﬁﬂx* 4
0.07 JURSL 2
- .
& 0.06fs*
=0 mp=60 4@=50 xp=40
0.05 . .
A Q=30 ¢ @=20 + ¢=10 -e Fip(H
0.04 1 1 1 1 1 J
0.02 0.07 0.12 0.17 0.22 0.27 0.32
Ug,/m-s™!
BT e X SR 53 R B 5
0.071
L IS ¢
0.06[ % X, ¢ @
* A
M—I * A A X n l{
0.05 ¢ 0=0 n 9=60 A 9=50 X ¢=40
0.04 X 9=30 e ¢=20 = FipfH )
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Ug /m-s™!
B8 i Fe XA 43T 2 A 5 )
:l_: N
5 én T

fo
il AR S A A SE SR A ST . T AR AR
ghie.
RAE I P R T — R B R e A AR
T AL R S B IR AT B 20 TR SR e B AR
e 8 3 I 3O AL R 8 5 S B 22 A 14 B



B4

FHR S AR R L A0 14 SRR A3 TR T 1 107

T m T A R S B R R AR ARy DB
0 B A AR RRURE RT LA W 88 3t 4 /) » S A
R T B/, AT H SRR M AR 25 1
] B JB AR ] AR L RERS SC PR FE 2T I Y T AE. 73
U AR PSR RO T 4540 28 5 e ORI A
HUE7/ o/ ve S Sl 3 7 Y O i R LS T [ R s -9 LN A s
TR S e R 2 8] A [ B A i — 0 20 A
55168 3 73U ] 3 e S Br pA  B ve T EAL JE
AR 23U A B4 TR A M) T X o 5 B 11
SO » AT (5 0L 2% SRR T2 ARG e R 2. A
S PR SR RIS 55 3ih 300 U R 0
AW BIR2MEL. AR SCSE 0 Y IR Y L B RE 19 73
Ui 2R B0 E AR TR B S B O E BN T
3. 8200, A G5 AL A PR R NI e 4 22 Y 52 L I
AT T4 E ERARIPIF.

S 30k

[1] THORN R,JOHANSEN G A, HAMMER E A. Re-
cent development in three-phase flow measurement
[J]. Measurement Science and Technology, 1998, 8
(7):691-701.

[2] CHAJE, AHNY C, KIMM H. Flow measurement
with an electromagnetic flowmeter in two-phase bub-
bly and slug flow regimes[]]. Flow Measurement and
Instrumentation, 2002, 12 (5/6):329-339.

[3] GYSLING D L, KERSEY A D, PADUANO ] D.
Fluid parameters measurement in pipes using acoustic
pressures; US, 6354147 [P]. 2002-03-12.

[4] WANG Dong, LIN Zonghu.
flow measurement using ESM[ J]. Experimental Ther-
mal and Fluid Science, 2002,26(6/7) :827-832.

(5] EMR ARSI, S PR S A & 149 43 i 40 A )
(1. PUEATlRAEAA4, 2001, 35(5) - 441-444.
WANG Dong, LIN Zonghu. Extracting and separating

Gas-liquid two-phase

[6]

7]

(8]

[9]

[10]

[11]

method for gas-liquid two-phase flow measurement
[J]. Journal of Xi'an Jiaotong University, 2001, 35
(5); 441-444.
TG PREE ARERIE. R T 28 =58 W2 SO P A L 1A
AT B L], AR ) TR, 2002, 17 (4) : 336~
338.
WANG Dong, LIN Yi, LIN Zonghu. Measurement of
flow rate and dryness of a vapor-liquid two-phase fluid
by using a T-junction[ ] ]. Journal of Engineering for
Thermal Energy &. Power, 2002,17(4) :336-338.
EAR AR ARG R BORE A B 53 i 0 R 20 T A I
PRI ] TR B A4, 2002, 23(2) - 235-237.
WANG Dong, LIN Yi, LIN Zonghu. A ESM type gas-
liquid two-phase flow meter with sampler tubes as dis-
tributor [ J ]. Journal of Engineering Thermophysics,
2002,23(2):235-237.
FM MR RO P e S50 I 40 AR 2R AR I R I
R BT [T ], 7O 22 2858 K 2% 4k, 2002, 36
(5): 457-460.
WANG Dong. LIN Yi, LIN Zonghu. Extracting and
separating method type gas-liquid two-phase flow me-
ter by using rotational drum as distributor[ ] ]. Journal
of Xi'an Jiaotong University, 2002,36(5) . 457-460.
PIRAE TR, PRORIR. 55T 480 BE IURE (09 S0V 0 A T
[T, VU238 38 K 2= 254, 2008, 42(1) : 52-55.
LIANG Fachun, WANG Dong, LIN Zonghu. Gas-lig-
uid two-phase flow metering with pipe wall sampler
[J]. Journal of Xi’an Jiaotong University, 2008, 42
(1):52-55.
ANDREUSSI P. Method for measuring the flow rates
of the single phases in a multiphase fluid stream and
relevant apparatus: US, 6546809BI [ P]. 2003-04-15.
ThE . B R S A BIHOR[ M. 2 . P22 P4 258
i KA AT L 2005: 10-29,

C i

IR E)



