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Two-Phase Slug Flow in a Concentric Annulus
with a Rotating Inner Cylinder

Yoichi SHIOMI, Mamoru OZAWA, Hiroaki KUTSUNA,
Shigeyasu NAKANISHI and Koji AKAGAWA

Gas-liquid two-phase slug in a concentric annulus with a rotating inner cylinder has been
experimentally investigated. The flow patterns identified on the basis of visual observations are
classified into four categories, i. e., slug flow, spiral-slug flow, peripherally elongated slug flow and
ring-form slug flow. Such a flow regime map is expressed as a function of the total volumetric flux
and the rotational speed. The rising velocity of a large bubble approximately coincides with Nicklin
et al.'s correlation at relatively low rotational speed, while the rising velocity is lower than that of
Nicklin et al’s correlation at high rotational speed. This is closely related to the void fraction
distribution along the radial direction in the annulus. The ratio of the kinetic energy loss to the
potential one in the slug flow regime is well correlated by a linear function of the volumetric flux ratio
of two phases as in the case of a bubbly flow regime. This ratio of energy losses is well expressed
using the drift-flux mode! modified by taking into account the large bubble size in the annulus.

Key Words: Multiphase Flow, Vortex, Shear Flow, Concentric Annulus, Flow Pattern, Void
Fraction, Energy Loss

BIUEBNC L2z ANV F—BEREMBEL X LVF 15
KD AE/AEr $31/(1—8) o U T B CHIET &
NasZErHEsMLI,

1. #&

HEDEIER S 5 [E0 B E O BRI R 4

ROWMBFEIL, [ESTEPEERGEHBCEWTE
ol TH S, F—EHOWRE I DL D REET S
BLOZEMER OB IC B 5 QI "HE O HE
FEEBPT 2 L 2HNE LD DT, BV ¢
BAEISEEE S % RO BN O KR ER O FiEh
BRAB L UEHBL, ¥ —B5iontT 2 EiEK,
THTRB L CBHARKOEE I DL TR 2175
o, FRR LD, MEEBIC X > CHRRHESEEEL
5k, ¥, £HEHEK, £ 30 ¥F—HL 2 EEE
BHEINT 2 DN THBSKEIRETCIZIEF—ET
BHBD, AN FUFENBTER I NIED 5 LERH, I
L, SRR THTRIZ—E L K5I LT
Lz, 3o, 2anF—BRICODOVWTOMELRZES
MEEITV, AL IVFERB LY ¥ RN SB
G5 NF—HENBHEZY 7y a8 A L#HE
TV—FHFr BLXUABERIL g TEINB I L,

* FRZAE 1996 46 B 17 AL

OER, BEAKFEHEITYER (520-21 K@ ATESS
1-5).

¥ OER, BWAE ISR (@564 KATHILFHT 3 3 35).

*IEH, MEAY (662 HETIESHT 6-22).

% CTARETIE, SUEERMHE O % B8R L v
LIRL, [EHA 7 ZEg 2P0 & LTHEDS
B#ET 2RO CENEN TORBEYE v 5bb, W
g, KA FPERSH, ESEE, v F—BE
DLTHEEETY, ML O THET 3.

2. & =

Co i 5385 X —%
d . ANEETEE =R.—FR m
de  KITHHYERZR =2d=2(R:—R) m
Ds . KKWOETHAEX m
AEp  fIB T A ¥ —1B%
=(QroL+ Qcoc)gH W
AEr I 1 20 ¥ —8%
=4P(Q+Qs) W
JdEy I BBz X 22V F—4B%k W
Frit#H7Vv— ¥ =j./JgH
CENOMEE m/s?
HIENMHERBIREE m

Q

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1130 EHEELO ZH MBI B W 5 [BHA 7 7RO BN

JIBREBEE m/s
n: AR rpm
4Pr I £ f1B% Pa
4P; : EEERE1iE%  Pa
Q AHEHE m¥/s
rDREEFENE m
R IABFEE m
Ry AMEHE m
Re : @ifiv 4 / VAE =doj/v
Ro:uAtv—#¥ =R&Q/j=Rw/Re
Row . [OlEzV A4 /WA =d.R\2/v
Ta. W71 7 -8 =R/ i
TRV 7 MPEE m/s
DY Y7 ERHEE m/s
TRRELEAREE m/s
TN FRY =T RS
DRA N
CRBEEEL =i/t iL)
D EBEBRERR
7V v avi =2H/(2d.)
DERMERE m/s
CHE kg/m®
T AR
NEEERARE =271/60 rad/s

: SAH

: HiHH

~ O H BT o x s owow XSS&S

3. KBREKE - 5%

EREE B L OHRIERNC PR ERUTH
DT, TOHMKBOARELL THL. RBEMOBFS &
10m, BIEL TWOUBAFHRIRAR200mm D7 7 ) v
g 8, [EER 3 % A& AR 180 mm @ SUS 304
THY, AEEATOTEE JE10mm TH 3.
BHSOBSEEINELEL TEHEERT 22, £7-
VTR LD {To 7%, AEORE, Ehs LUK
A FRHEROY v 7R HEL, HEEHR XIS
RIMET 2 05mORBETCEERE Y, LRL» S
065m OB CTHERB 0 — 7LD FE A FRHE
1o 7.

FEREBH L, WEOEIEEE =0, 100~800 rpm, #
FETUR 2 BER® LRI U < /. =0.0628~0.262m/s & L,
—F, SAHEHIE, jc=0.161~0.510m/s T, Bk & »
LERDKED, IhsiEERETR, BHOEBRY 1/
W AB Re, =1180~5400, SGAHOETR L 4 / LV X
Rec=215~680 icxtiti L, 7287 1 7 -3 Ta

> T T T
E Mishima-Ishii
- 1L ’ N
[ /
05[  Bubbly /7 .
U
® o0 o/ 0o
e o0 ¢’ oo
= ' X O 00
0.1 Il
® oo (o] O O
0.05F ! ]
[ !
] Siug
!
'
01 [P | L t
0% o 0.05 0.1 05 1
ie (mi/s)

Fig.1 Experimental conditions
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(a) Slug flow (b) Spiral-slug flow

(c) Peripherally elongated (d) Ring-form slug flow

slug flow

Fig.2 Flow patterns
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Fig.3 Flow regime map
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Fig.4 Rising velocity of large bubble
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Fig. 10 Total pressure drop vs. rotational speed
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Fig. 14 Comparison between calculations and
experimental values of energy ratio
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