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Prediction of the void fraction profile in the subcooled flow boiling region is of considerable practical
importance in evaluating the two-phase flow instabilities in boiling channels and the neutron moderation and
fuel burnup in nuclear reactor cores. In this study, bubble dynamics in water subcooled flow boiling was
investigated through visualization using a high-speed camera. The test section is a vertical rectangular channel,
and a copper surface used as a heated surface. Main experimental parameters are the pressure, mass flux, liquid
subcooling and surface wettability. However, considering the high-temperature and radiation environments in
nuclear reactors, the surface of low contact angle is more practicable used as the heated surface. On the surface
with low contact angle, several experiments were conducted under low void fraction conditions close to the

onset of nucleate boiling. It is observed that no bubbles stayed at the nucleation sites at which they were formed.

Depending on the experimental conditions, the following two types of bubble behavior were observed after
nucleation: (1) lift-off from the heated surface followed by collapsing rapidly in subcooled bulk liquid due to
condensation, and (2) sliding along the vertical heated surface for a long distance. Since the bubble lift-off was
observed only when the wall superheat was high, the boundary between the lift-off and the sliding could be
determined in terms of the Jakob number. Based on the bubble behavior in high wettable surface, discussion
was made for the possible mechanisms governing the bubble dynamics. Using visual investigation, mechanism
of net vapor generation is developed for low pressure and moderate pressure condition.

In low pressure condition, at high liquid subcooling close to the condition of the onset of nucleate
boiling, all the bubbles were lifted off the heated surface immediately after the nucleation to disappear quickly
in the subcooled bulk liquid due to condensation. It was found that the void fraction did not increase
significantly unless the liquid subcooling became low enough for some bubbles to be reattached to the heated
surface after the lift-off. When the reattachment took place, the bubble lifetime was substantially elongated
since the bubbles slid up the vertical heated surface for a long distance after the reattachment. It was concluded
that in the atmospheric pressure conditions tested in this work, the bubble reattachment to the heated surface

was a key phenomenon to cause the sharp increase of the void fraction at the point of net vapor generation.

Observations in moderate pressure show that as bubbles nucleate on the heated surface, they depart
from nucleation sites and slide on the heated surface. In the course of sliding, some bubbles grow and travel to
the downstream flow and some bubbles collapse in subcooled liquid. Near the condition of ONB, because only
few small bubbles nucleate on the heated surface, vaporization rates and therefore void fractions remain in low
value. It is found that when the condition of OSV is reached, the vaporization rates vigorously increase while
condensation rates remain low. The measurement results reveal that, the volume of the collapsing bubbles is a
small fraction of whole bubbles volume, owing to their small size. In contrast, the production of few big sliding
bubbles in a wide ranges of bubble size make the vigorous increase of vaporization rates, right after the
condition of OSV. In following, it is revealed that the big sliding bubbles are mainly formed in the wake region
of the preceding sliding bubbles. Therefore, the significant increase of the void fraction at OSV is contributed
to the formation of big sliding bubbles which is induced by the wake-effect of the preceding sliding bubbles.

Finally, the influence of contact angle on bubble dynamics and void evolution is explored in visual
investigation. Close to ONB condition, it is observed that bubble behavior is essentially different as surface
contact angle is changed. Bubbles stick to nucleation site in hydrophobic surface, and they depart from
nucleation site in hydrophilic surface. In hydrophobic surface, bubble departure as a preliminary triggering
mechanism is observed at NVG condition. In atmospheric pressure condition, it is observed that in some
nucleation sites bubble departure follows by bubble reattachment to contribute void fraction increase sharply
when the condition of OSV reaches. In elevated pressure, bubble departure coincides with the wake-effect of
the preceding sliding bubble to cause void fraction significantly increases at OSV.

WXEBEEORRNDEES

MBI T 7 —VBBIC BV TR A RRST 2 ERICTEIT 5 2 L1, AR O Si FIRE R e E I ON I T 5
DZHFAREEDTEICHRED TEETH D, AP TEERE ©F 4 & BRI & o TRESHTEY 7 7 —VBlgic s
IAERDFIAFIv I AEHFE LD THD, RREIIEE LME OERRE TH Y . GREICIIRE A, £k
BERNT A—FFEN, BERE, WOV T 7 —VE, FRAEORMETH S, RTFFICBT 28\ ERERE & B
PERRSTEREE 2 E M L CREE ORIV L LTS WESA Db D2 AW, T 9 LIREE % AV CRUBHEBR A R IR
WEWRA REFEECERE T, ERFERCIIBBRZICIIRERL LELRVI EMBRESNE, EREMFICE-T
&b:o@ﬁ{f@ﬁ@é@ﬁﬁéénte—ouﬁ@ﬁﬁmﬁ%%nfﬁia—ww¢ﬁﬁﬁmlD%ﬁmﬁﬁfb%
D, b ) —DIHMEEEICE > TREMEY 22856 ERT 20 TH S, [IADOEEES b OMBIIE WV EREEBREICE
WCORBEISN, [IEOBH L GREEZIEY 2055 ERTABEE0OERMIY 2 7HIC Lo TRE S, HhviED &
WEBE TOKIAEH OBEENOREDO T AT I v 7 AEXET 5 AN = AAMIOVWTEELITV, ZHICESERER
SNCHREENCBIT 5 ERORETERMELRET 2ETVERR L,

IRETY 7 7 —VERKEWBE T BRBAE % ORIV TT_TORIMIMEEE 2 B U CBEREIC XY ER
Liz, 377 —NVERNDEL RY DL ODOKAPMERECENET S L5 CR2ETRA FRIZAL - L7 %2 Leh
otoﬁﬁ%ﬁﬁ:é&ﬁ@mﬁﬁﬁ%@5<ﬁbﬁ%ﬁmmorﬁwﬁ%ﬁbﬁﬁatﬁ¢éi5K&otoKﬂ%t
B3 L9 RAKEDEVVENEN TIIETNRERERMLETORAS FEORELR EFRIKEOBRE~DOEMNEIC
IBbDTHBEZLPHALNLRST,

B DOE S CIEBERE ) bR A L KIBIHGERE IR > TRV 225 LR Lz, TOBRICBONT—HOKIEITRE
LoD TR~ TWE, —EORIRITY 727 —/VIRF THR LTz, BRMRMERAER T/ E RKRIBOSHBMEEE IR E
LRA REENE WD, KIENEERL L TRRE 2B Y 1) 5 L RBRIIRBICKRES Y, RERKBHBENICEITTS
KEORFHESECHRE L, A FRIAEICKE  Rotc, )

[EEMEDIENE OB OWTIE, PIERMGAER Tk, BAEOERE CIIRRERREZICHE LIZEETH IO
St L. SAMEOEEE TIIRRITRIAE» LEEL LTz, - O RERAEORIETIEENREBRERICOREREEER



—8€G—

ETZEBRALR LRI,

PED & 5 Ic, ARVIEFIFEOHRERGERICR Y 2REEY 7 7 — A0 R A PR LGB L ERICTH
FTHFBEERLTS & L bIC, TREEET 2~ OB 2FEREMA L, FARETAVZRELTVD, ZO/KR
RIS EFICB VT, R EROEB~OBRBICBNTHED THARbOTH D, Lo THRRIITELRHRIT
LLTESH 2 D LBD D,





