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CHARACTERISTICS FOR GAS-LIQUID TWO-PHASE FLOW IN A UPWARD
VERTICAL PIPE WITH SMALL LENGTH-DIAMETER RATIO
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Abstract Many experiments about Characteristics for air/water two-phase Flow have been carried
in 2.2m long, 50 mm i.d. vertical stainless steel pipe. Flow patterns are obtained through watching.
The results also show that the increase of gas flowrate or liquid flowrate will cause the increase of
mean value and maximal value of pressure and differential pressure. Most distributions of probability
density function(PDF) for pressure signal show dual-peak distributions. However, there are some
single-peak and multi-peak distributions. Distributions of probability density function (PDF) for
differential pressure signal obey normal distributions. By contrast with pressure signals, distributions
of power spectral density (PSD) for differential pressure signal show wider frequency range and lower

amplitude.
Key words vertical pipe; flow pattern; pressure fluctuation; differential pressure fluctuation; exper-
imental investigation
1w & R, EEEEMGONNKPER TELRE

MMt (L/D <100) BER BT, ST
b AL AL PR A Tl o I — B 5,
EILHER, MINEEEASBRRHERTT
JrEHR Y, BEERTRKRILEE. REH
SHRshE AR P ZRETRERB/N (D <50
mm) , KBHEKX (L/D >100) BFHF THF X
#, MERATIMMAELEE MELEEERS
BRI EABR, M TiFEIERENML
B RELETRAEFERNENL.

2 RRARS
BMRRRES NS, WADZEHMT

R ENE: 2006-03-03; #1T B N: 2006-06-07

BAK22m, A4 0.05 m MEERFREL. X
BARATSK, RERELHET 11 § Keller
PA25e [ f1ARE3 (WWR 5 kHz) | BUIERER
%5 F| A National Instrument /& 7] ) PCI-6071E &
EREFREESNMRBRIES (REERBHEER
1.25x10% Hz) , S¢H Soltron-1H &5 3 & 523653
BhES, KEHBSYERE.

3 MBRFFR
RIS TR 0 1 B,

(1) R
WAL, HPHA AR mE

fERM AT THF (1969- ), & (W), LTXBA, P, ERELHRE, TEAEZHASHURBE TEOBEMARTHE.



190 T B A9y & % #

2T %

1(a) PR,

(2) R (BARER )

HRARE-RINTHAR, [THRBEER
RIURHR R, ERTEZE BT RER D
. Wl 1(b) Fi.

(3) ILER A

B, BRMORTEBER, K
FEBRAAN, BEGHEE. BEEENEA M
Li#izh, XA RTHS, RNEETRRANES, X
R—AdENAERE, mA 1(c) B,

(4) IR

BB BE R BORMLSh, AR L RS,
XL AFRALANSEEREE, E¥EFR
FHIRRA, WA 1(d) i,

(5) BIRFFRTFL

PO BB E R B
AR KT ELIR, WA 1(e) .

°°o° :\" "" \ ’ ¢
00 f
Rl
3 R

€)) (b) (c) @) (e)
1 BEH EAERAIAKHERYRER

4 &I shFE R AR T
4.1 FRHREENEDENFED

2 REHE LWEBMA o=¢1° , HEH
USL=0.566 m/s , ﬁﬁ:ﬁﬁ 1‘USG=4-935 m/s N 2‘USG
=7398 m/s, 3-Use=10.263 m/s , 4-Usc=14.075
m/s OFHBRER TR TEEEEAD 400 mm 4 F
T Besh £k,

MEHRATLUEY: EEEAOLENZRLRE
MR BRI, BEETESENOMM, EHiEsh
B 53R th AR S AR,

X ZRE &4 T B E N KREESHITHEIT
A7, FBRRERE 2 e & (PDF) Fzh R & (PSD)
WA 3 FE 4 Frw,

ME 3 ATLLEY, EAFESHBEEREESAK
W EMME i, BEERESTHMNZENT, B
s, FEWRBIRAP, OUET E T sh iR 8 4
T REB R IR B B E R,

HE 4 TLLEY, BEEAOLENESIKE
FHEMRD (0~2 Hz) , BAREEBK. MERESHE

fm, EOWESKBREREATE, BREHE
HARE T RAMER (22~60), EEHE A O LERIHE
BHMNBEE TIHE.

40
301
20
10 1

S S T WY I RS REVRETA

60 > 468 0> 406 18 2

100 2 3 6 8 [o 2 1416 8 20

80

A et it et WYYy

401 4

0 2 4 6 8 10 12 14 16 18 20
BE/ s

B2 EE R E A S

N 1
e’ .
e S
5 10 15 20 95 30 /3;5 40 _ 45
V" 2
AN

_a
a—n_n—s—s-2"" .

10 15 J J5 30 35 {45

(STt 14 bl
bl

SO TOo v SOoU O
e P Totatatl "
-

BEEH
SOL 0D 00 D SOPES HEPLe

QDO == OO e OO DO L)

JJJJJJJJJ

vvvvvvvvvv

30 35 40 45 50 55 60 65 70 75 8O 85
E751/kPa

B 3 Usy tEERENBRMBEA

30& 0. 0.5 1.0 1.5 20 25 30 35 40

hE W E R

BES o888 o
ot TN =)

0 0.5 1.0 1.5 20 25 30 35 3o

0 0.5 L0 15 20 25 30 3.5 4.0

...
=it

L0 0.5 1.0 1'5 220 205 3.0 3.5 4.0
HFE/Hz

4 Usy fEEREH KSR EEE

4.2 FNSEEEME KD

5 RITHSAHE Usc=10.263 m/s , PrEEHE 1-
USL=0.146 m/s . 2-U5L=0.283 m/s N 3-USL=0.566
4-Us,=0.835 m/s Bf EHEA QALE S1 83D

m/s .

it £€.

MERTTLIES, EEEADLEHEREMA
SAYE BB BT, & SR P L HOE R AT K,



T 1 IBFS MEKEEERAARSISEI T 191
B 6 HIE 7 RURRAG FOENEHORE 5 52 PR R IR 40T
L GEEE e )

MR 6 TTLEY, THAEEENEREEAD
KeEE s R Rt R R, e %
gy, RN, BEEPTHBOEARE, KB EH
RGBS A 2 B

MR 7T ITUE], EHESINREERAS
FRNE/N (0~1 Hz) | B KB AL BE TR
s, EHBERAREEEA LA R A,
TR E A B E R,

16
12
8 1
Y T BT B M VAEVRSV R
241
[+ 18-
£ lz_w\NAWM
R o0 2 1§ & J0 1213 16 (82
B 451
30 A
151 i - =
. 2% 5 8 10 12 14 1% 18 00
f \ A\ M
A NMSANATIW ARG
697 «dANN/ERYAN ki

-
0 2 4 6 € W 12 14 16 18 20
e/ s

B 5 Usq {8ERE 30 #%

R - 1
. h A
0.10+ Vg s

S I

8%%1 B g 1})‘- 12 14 -

0. 10 Cal NS
i 8-83‘ na” L
5 0 153 10 15 20 25 30
,&é}_ .

g 0. 101 LN 3

0.051 e ™

8' ‘2’8 o 20 3 4 806 70

0. 15+ T 4

0. 101

0. 051 /./'/' \

0. 00 r——— —

40 50 60 70 80 90 100 110 120
E#/kPa
6 Usg fEENE s B a A

g ] 1

4-

2-

1%o.o 0.5 10 L5 20 2.5 30 35 4.0
12 A 2
B 81
m ]

B o400 05 100 15 200 25 30 3’5 40
R 30 3

20 1

18-

0.0 0.5 1.0 1,5 2,0 2,5 30 3,5 4.0

80

60 1 4

40 1

20 1

0

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
&/ Hz

B 7 Use EWE N RETR

51 HEHREERETEEKHE

REAHR 4.1, EEREsh#LME 8 fin. 7
LIEH, 2HEEEEZRXFAMUENBSIEE,. b
HRHEEOMN, FEHER RGOS,
EZERBAEBEEZ M (30~50 kPa) ,

ZRB &0 T EE BB ERE S )R
nEEILE 9 f1l 10,

HE 9 LR, EEEBREERMFESES
EREESSA, BAFESE, KRR/
BENE, HEEK. SENFESAANE, EERE
SRR A A LR B A,

R !
“3
01 »M\w\«*\,ﬂ\w

W T 33 T L ¢ T F 8 Jo

E# /kPa
r—-CaOub.rL —0IC0

OO OO0 DO
Fa P
% H

— G b
oMo wm
P L

0 1 2 3 4 5 6 7 8 9 10
AT/ s
8 Usgy 18EHEZUsh ML

0. 24 —
0. 181 7N !
0.129 7 .
..
0. 30 0 5 10 15 20 25 30 3
e ;
R AR
% 8:%{5 i) 5 o 15 20 55 30 ;55
¥ 03 N
0080 o eppan
03540 =8 0 510 15 20 J5 30 35 40 45
0. P4 4
T
0. 60 AL S
-5 0 5 10 15 20 25 30 35 40 45 50
K% /kPa

9 Usy tHEREZRSIRER

ME 10 ATLLE S, EEFESHESIBREE
(0~30 Hz) 8k /15 5 (0~1 Hz) 5, T HWE{E (0~2)
HEEHESHEENMIZ, MATHIE, EE
ESEBIEERIA SR AY, EREW
FIRERER/, HEsiH SR EAREHES,
5.2 HWKBEEFHTEZRNHE

B 1145 42 ARRE &G TEEEEZRES)
Mk, BEEFEAEOHEM EEEEERAEMN
X,



192 I8 # 9 BB % # ‘ 7%

2.0 T
1,51
b
3 i i
g:g ; 10 15 20 25 0
1. 51
1 04
R . N——
ﬁz'o 5 10 15 % 2 30
-8‘1:5 3
1.0
5 Y—
2.0 10 15 20 25 30
L. 5 4
1. 01
0.5 1 ‘
0.0 y v
) 10 15 20 25 30
Hx/Hz :

B 10 Usy fEER EE MR il

B 12, A 13 5iFRR &G THEEBESHRE
BRI BB EE,

HE 12 TUUEY, EEFSHERFLLULE
Ao, BEFTS RN, BRI, B
BRET A, HE 1B ALEY, EEESEHKE
R (0~20 Hz) KT MMM F I 000 R S
(0~1 Hz) , JOWE (B4 5 0% & 18 oA B3 K,
FF HL H SR (B 00 1 5 398 i,

1g T
0-
P TR T T T A T T M T
s 1
~
™ 2 5 3 5 & 7 8 5 10
H?Q:MMM
S 12 3 1 F 5 753 1
45 4
301
151
0

51 2 54 65 8 7885 1o
BHiEl/ s

B 11 Usc tEEMEZBE ML

et aaVag

t
=a
o4
&
o
joO4
o

BETH
CEoo0 PPooe Poopod oo o

246{?1’01‘21‘41’6;

/—I
s
0
P

838 g Esas
N\
N
4
J

 S=83,
™ [
|

9 10 15 20 25 30 35 40 45

10-5 0 5 10 15 20 25 30 35 40 45 50 55
E%E/kPa
12 Use HEi EEHDMERE

2.0 7
8
0.5' N i l
g'g 5 10 15 20 25 0
"z ] 2
EE
o ois#m, \ |
ﬁ gg 5 10 15 20 25 g‘o
&1
0.5 n l
g'gb 10 15 20 25 0
. 4
g
0.5 . J
0.0% 5 10 15 20 25 30
' $i%/Hz
H 13 Usc HEN EEHDKBFE
6 & »

MR (L/D=44) BH ERESHM
RS HRRRR, SENTEESR:

(O /e EEEARTOARRA, ERAE,
HARA, FRAABORIFRA,

2) BLaTEAZRBRBOER, H5HR
HEMELPHAE AR YLEREEEAD
SEEE B sh AR K E 3 m, Bt
BRRENLETEHATEE.

@) MrEHEH EMEENESHBEEES
A E XN, HWIFELMHTEN, K
{5 5 BB B 2 PR BE 4 U 130 K T 3R,
MTH B E I RA T E ORI AR,

(4) EHEEEEFSHBRRBRERFTIESNIA,
EEFESHDIRETEAATAREEER, BH
ANECTEN

$8 £ X ®

(1) Tutu N K. Pressure Fluctuations and Flow Pattern
Recognition in Vertical Two Phase Gas-Liquid Flows.
Int. J. Multiphase Flow, 1982, 8(4): 443—447

[2] Matsui G. Identification of Flow Regimes in Vertical Gas-
Liquid Two-Phase Flow Using Differential Pressure Fluc-
tuations. Int. J. Multiphase Flow, 1984, 10(6): 711-720

[3] Nishikawa K, Sekoguchi K, Fukano T. On the Pulsation
Phenomena in Gas-Liquid Two-Phase Flow (Relationship
Between Pulsating Pressure and Flow Pattern In Upward
Two-Phase Flow). JSME Bulletin, 1969, 12(54): 1410-
1416

[4] Langford HM, Beasley DE, Ochterbeck JM. Observations
on Chaos In Upward Gas-Liquid Flow. In: R A Nelson,
Jr T Chopin, S T Thynell. Proceedings of the ASME
Heat Transfer Division, U.S.A: ASME, 1998. 247—254

(5] XE, £8, AXE, % ®HEASTHAHBRIE
B. (LT, 1999, 50(6): 792-798



