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Japan Atomic Energy Research Institute
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(Received February 14, 2001)

Recently, improvement in the best-estimate (BE) code predictive capability 1is
attempted by incorporating the interfacial area transport model (IATM) into a one-
dimensional two-fluid model to represent gas-liquid two-phase flows in detail with less
uncertainty in the flow predictions. Internationally, the nuclear regulatory commission
(NRC) and Purdue University in the U.S.A. and CEA in France have promoted the
renewal of their BE codes such as TRAC, RELAPS and CATHARE, by introducing the
IATM in cooperative manner. In Japan, JAERI is underway to develop a one-
dimensional code based primarily on the IATM against the licensing procedures of next-
generation nuclear reactors.

The TATM has a possibility to correctly predict flow transient along flow path for
such flows as developing flows, multi-dimensional flows, transitional flows, boiling
flows, which are difficult to accurately predict by the two-fluid models employed in the
current BE codes. The newly developed code with the IATM would dramatically
improve the accuracy in the flow prediction. The model, however, is under
development and needs great effort to overcome many difficulties with plenty of
theoretical considerations based on much of data bases to be acquired further. This
study attempts to measure interfacial area in air-water two-phase flows in a large-
diameter tube to understand the characteristic of multi-dimensional flows that usually
appear in large-diameter tube flows, and provide data bases, to contribute the
development of the IATM.

The results obtained by such institutes as Purdue University and CEA France were
reviewed first. Clarified are the current status and problems of the IATM, basics and
practical methods to measure the interfacial area using multi-sensor miniature local
probes;, metal needle electro-resistance probe and fiber-optic probe. It was found that
the applicability of the IATM is limited mostly to a one-dimensional bubbly flow, and is
far from satisfactory for multi-dimensional flows such as slug and churn fows. We
have studied further the flow characteristic of large-diameter two-phase flows with
multi-dimensional nature. The interfacial area measurement methods were found to be
premature especially for the multi-dimensional flow patterns. The obtained results will
be utilized in the experiments under planning.

This work was performed as a contract research in FY 1999.
* Kyoto University Research Reactor Institute (KURRI)
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PLEOBFZEIZ. WTRD RY 7 875 v 7 AETAZESIS DO TH LD, LI
kot X5 s, KAORE TP A AE L, SRR EN D THENED
%50.ﬁ@ﬁuéﬁlﬂTéKmﬁﬂmn®ﬂh\1&m%}7b77/&xm
B, KRN OEEREENT bD L RT I ENTED, ZOL ) 4L R
Sk ORENTE AR OFEMEE BT S5 A@&*éOMMAmmwm
@ﬁ‘ﬁ%@#%%ﬂé@&f%é B 51X, AR 200 mm O L/D = 61.5 1281T B3

BEE RO RDEEELRIT > 2, A RESMERBEOUE iﬁ%m
fm*7;i0 SIEE L FORL FRERENR Y T v — - e =TI
F0. ¥, WHEELZOROERE Y b7 4A - TREA-ZEZRAVTHE

L7, EBFERIY ., /D < 20 OFESIIEHRDE LY Hl L TBEROREZ R L
THY . KRAREE I~ LD > 20 OFERCiEREiFadk L TR
MEEINT, TOFEK TR, BENROE TREBKRIIR T ZIRTHLR, K

ORSCIIRS ZIRTCIERL Fr—riiThotlz, TOZ Lid, Kataoka-Ishii 72 &,
MOFRZOERL L—H LTS, 20X RABOEBHOLIIFIEL T, 44
ARG, BELEIZE— 7%ﬁo\ﬁm6¢%t — 7 DHAA~OEDBE I NI,
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T(ﬁkf&)i@ﬂ”/f REROSHAIRITIENL L TR, —F, Leung 6 OFER TIX
FAUCI » TRIFEN D AT T RAELT DI, BEE— poPRE—T L
%ﬁﬁkmgmbfw B, TDOXHRBEY— 2 ONMIE, KORE TR, FHRA
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Akimoto DELEE L7 e % Fig 16 IZmRT, 2O LI, LRTLHROELIZE
DS/ ORE & B RORE TR, k%é%%ﬁ%ﬁbﬁﬁ@ﬁﬁfb 5
I T RARNAE 5T 2 RBERRNHFEATHY . Rk~ TP —
Fra—T7 EOFMED S L2 o ARG SR waTiER K E N, T
DL D RBENOEFEER Iz BV TR, 2 5Mdb D \WiE3 m 4t P — - T
—FREDL D, L0EHRHEEACALEMNELIENTEIND,
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PMETHEOZENT v 7 RORFNTa—T RO 72 v 7T o T\ 5,
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o TEREVEER!

HA Z o—t /L R(10DE4312AKD3), HEREMEEH N THY . BRIE 1.2 mYh,
HAE 513 420 mA TH D, FBEITIE 0.5~07 m/s TH0.8%RD., i 0.7 m/s UL I
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o FEIERIGH
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o E=N—HPpLa—F
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7o R ERRES MV THIE Lz, 727 LEEFMNEER 20 us LI E
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ThDHIH, TOMEAL EICKOEEREZRET HMLEN D >, AEOER
TIE 150 ps AR E TROEEREL @O CHIE L7, EREREINIA ALY ¥ —
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ARETHY ., v v ¥ —AE— KX 1/20,000 THD, Flxi@d0mEBrz oL, &
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o T —7
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27 a—7of (AAKD )<y 7 28K A K77 —7 MODEL 0729-01 &) %
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Tablel.  Hirao 5IZ&B RUT b7 5w 7 AR
Average Velocit
of Mlxgtur: 9¢%Y | pressure Tube Dia, Drift Veloclty
L(m/s) p (ata) D (m) Vgl
j <028 | psi180 [(Dg0.61) ﬂ{lﬁﬂﬁ}m
y) pﬂz 1
D < 0.05 /T{O__L___EL_' (Pg-Pg) }”“
Pg2
P <15 a1
0.05 < D o.sz[g""(p‘ ) }'/2
P2
D S 0.02] same as P < 15 ata vgj*
j > 0,24
- Vgj* + [o.oua [O.zug[pl- Pg )lm
Pg
15<P<180] 0.02<D<0. 24| - J’z‘l"'g‘(pﬂ - P9 ]w]
< o7
2
D12 _
x 0.406 {(373;—) 1}
0.245D<0.46 | 0.048 {Q'—D'—(—fp‘—‘—ﬁg—)} "
g

Average Valocity of Mixture

Distribution Parameter

] (m/s) Co
P9
-3.5 1.2- 0.2 | ==
s oy,
*3
0.9 + 0.1 ’__159
3.5 ¢ } < -2.5 Pg
- = [75
-0.3 (1 - == ) (2.5+})
0.3 ( o ) ( ]
2.5 ) < 0. 0.9 +0.1 [ =2
Py
Pg
0 < 1.2-0.2 | —
| Pe
*3

The range of the tube diameter in the

experiments employed by Zuber for drift

flux model evaluation is shown in (

).

Zuber indicated there was no effect of
insidediameter of test tube on driftr flux
parameters for churn flow.

*#1  Zuber's Eq..
2
¥3 Ishii's Eq.
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