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Liquid-Solid Contact in Microbubble Emission Boiling through Void Signals

W No. 00-1375

Satoshi KUMAGAI** Tsuyoshi UHARA,
Toshihiko NAKATA and Masaaki IZUMI

* Department of Machine Intelligence and Systems Engineering, Tohoku University,
01 Aramaki-Aoba, Aoba-ku, Sendai-shi, Miyagi, 980-8579 Japan

The high heat flux in MEB far exceeding CHF should be considered a result of violent growing
and collapsing behavior of coalescent bubbles in that region, which strongly introduces subcooled
liquid to the heated surface. This bubble behavior generates a high pressure in the vicinity of the
surface. In this study, a measurement of the pressure fluctuation in the liquid near the surface was
performed synchronously with a recording of the bubble motion by use of a void probe set close to
the surface. In high liquid subcooling conditions (S-MEB I), the void probe signal in the vicinity of
the surface shows regular cyclic behavior synchronous with the pressure waveform. Under a medium
subcooling condition (S-MEB II), there appear three different modes in the void signal in sequence.
The one looks random and does not synchronize with the pressure waveform. The another is very
systematic and similar to the signal in high liquid subcooling. The other shows a constant void
fraction of a high value, indicating the surface to be covered with a thick vapor blanket. The time
fraction of the second mode increases gradually with increasing the heat flux.

Key Words: Phase Change, Boiling Heat Transfer, Microbubble Emission Boiling, Void Signal,
Pressure Fluctuation, Bubble Behavior
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regime for ATsub = 60 K including S-MEB I

HOFEERAZDDTH 5.

3.2.2 S-MEBI 4(c) iX S-MEB 1 (ATsub =60
K) OHERERREICBII2HEEHRTHS. ZIT
ORI, CHF OZ L EEHLNIRE>TH
0, [LBOEHNAKESELLEIENDNS. Tk
bb, WEMENEROSKEOBAINER - Hilk
ThH5. ZHEEEVIROBEN S DERINEZ. &
A0 EERAD S AREE TOREIL 0.4~3.3ms TPP
BRH 5.

X 4(d) X S-MEBI OEZRRTOH DT, (c) It
NIEFITHRWERNEE D - TRIEBPER - REL TS
D, ¥EFOHEENEINLTNS. ZOLEREDE
ERBN S REE TORMIZ09~14msBETH 5.

3.2.3 S-MEB II 5 (i)~(iii) IZ S-MEB II
(ATsub = 30 K) TORIEMHREEZRT. INS5ORII
SENEGELEBBTORETHSD. ZITIEHREL
SFTE=D0RENBEERINSE. £9 0~40 ms TR
5% () ARRAIZRKIEOEBZ /R TIRE, K240~
7ams iZRon B L S57 G)ASEORVWIREE, £L T
85~119ms IZR 5N 5 (I)RKEICEOLN TN SIKE
T%D,zh%@%%%ﬁ@ﬁbﬁﬁ%@ﬁﬁﬁ%ﬁ
Rz TN 5.

ZOREHRICBNWT, 5.12 BOY T TREO
FTFNZTNORENED DEIEIE, (1) #1525 %
(i) 78 27.5 %, (iii) 2120 B TH O, TNENDIRED

100 T T T T T T T T
[ MEBII(ATsat = 116.3 [K], g¢=9.76 [MW/m?]) i) ]
% [ 8§=0.10 [mm] 1
S or
8
o
>
_100 I ' L i I " L n ) 1 1 " n L 1 L i I L
0 10~ 20 30 40
Time [msec]
100 L S L B AL

Voltage [mV]
o
1 et i

-100

100 T - .

Voltage [mV]
o
T —

-100
80 90 100 110 120

. Time [msec] -
Fig. 5 Void signal of the electrode probe in S-MEB II under
ATsub=30K '

—156—

NII-Electronic Library Service



S LB Ic B U 2 4 FESED JEREMOEE 2307

P O EHEE (1) 51.6 ms, (i) 38.0 ms, (iii) 41.1
ms, TS5 QHBERKT () 52E], (i) 37E, (iii) 25
THolz. BoOLRMt FIEINL0BEBEROE N g
=7.0MW/m? TiZ, (i) DIREEDRFFEIEIE B L O Frfehy
MM, 3di) & (i) TENSREALE. Ll
2REL THEHBNT L HEFEROEMIML T (1) TD
NSO E (i) TOBWMERD S5Nsho/z. —
H, (ii) DWW TIIEAFREOEIIC N T ORHE S
BLOFEHEREOBEMMAKR SN, (i) 04D
HIEMEIE SAREOBERER 61RT. ERHMEN
THAINEBESRD SN, ERIOEEO (i) O
IREEIX, ATsub = 60 K ([ZHBT 5 EBAFHREDS-MEB 1
TOREOEEFHEFELUL B0 THS. [IEDERER
WS HEE TORMS 0.8~1.7 ms TH D, SR
HROS-MEBI EFBEDOHDTHD. ZDIEMS,
(ii) DIKERIZ BT HEEMEEAY S-MEB T UL 2D
DOTHDEHPTES. Tiabb, MEABOHEMIIH
LTEIT (i) OFEESNIEINT 52 & T, RERR
ENERTEZHDEEZOSNS.

33 KA REFSELENZEEBOREAE

3.3.1 ATsub=60K DY T —NEHTOE
HEEEIC BT 2 RHAEBORA REBLENEHD
EHIRIERARZR 7IRT. K7 @) I3KBEOD DT
H5. BEMEALINIRIEICHIEL TWS EEbR
HEHEENIR SN, K 7 (b) 13 CHF  TORR
T, ¥14msHh523ms &ES5ms/NS 64ms IZBNWTE
BISEHRIEBEREZL THEN, ZHITHETIHSN
EHEEIR SN, ER—RRBOEEITHIEL
TWaEEONBEAEEHBHRE L.
K7@c)3S-MEBILIZBIFTHMERTHD. [ADRE
RICEINRERLTWB I ERNDNS. ZDOEE,
BREAHDBRICELIEDE I L ERTEEORRT
BN S 0.1~0.2 ms BN TEANRLERL TS,
ZRRSIENMEREICMM - THRETAHZ EITLS D
DEEZBEND. [UEARERIZENNBBT 50,
FRBIEWRERENCHEICEHRT S I EICEEL
HbOEHREEINEY, JOLEEREHNS 0.5 mm

’T‘ 0.4 I T I T I T I T I

a i ° o
~ L .
~ 03 N
=g i ®
s 0.2 =
g 5
= o9
E 0.1 T ~
Q
E ol IR T R
&= 7 8 9 10 1

Heat flux ¢ [MW/m?]

Fig. 6 Time fraction of mode (ii) vs. heat flux

FH R HDBRAERIMNEEICEL LD T NMRITENN
P—ZICETDHEND T EE, BE@EICMMSREO
BE2EMTTVEHDENZS. FHOE—VidE
ﬂﬁ@%ﬁ??@%@@ﬁ@é%ﬁ’&me XD &
IEBAEPLOTEBMNRARIIRELENEGOD
%%ﬂ—ﬁbfm5_&m,@%ﬁi iﬂ-@w@
NEETDHIEEZRLTED, INEVIROBERT

BINTNW5.

332 ATsub=30K  [X 8 (i)~(iii) 1 S-MEB I {Z
BUFSERETHS. KO3) WER1E D S-MEB Il DIET
RUE () FHAVKEESEZRTREICHES.
IREHDOE—-IRAE SN, DPHVWERERTED
AZHH DM, [ROFEERTEEES & OMINITH
BETIdRWn. BEES, EAWEHLLIC, BRERDOHE
izt U TREESORAMMNEL a5 EmER L.

H@mnmmw%@%ﬁ”ﬂﬁﬁﬁﬁéa:%f@
HEBRTHS. BENLKJUEEZEZATZERICENNE

100 —r—r—r——T——"—1—p————————— 100
(a) Nucleate Boiling

Voltage

[34]
=}

Voitage [mV]
(o]
Pressure [kPa]

b Pressure
100 peemr
I ATsat =26.7 [K], g =5.45 [MW/m?]
[ 8§=0.25 [mm] ]
~ PP P IO DI Y
200 0 5 10 15 20
Time [msec]
200 T T 1T T T T 100
L ATsat=33.0 [K], g =11.0 [MW/m?] (b) CHF 1
L 8 =0.25[mm] ]

(=

Voitage [mV]
o
I
P BT
[¢)]
o
Pressure [kPa]

Voltage

I Pressure ]

PN AL A ANA AN A A 2| O

-200 - 1
" 1 It L 1 1 L L n 1 n

0 — 20 40 60 80
Time [msec]

100
| ATsat=610[K), g =163 [MW/m]
| §=0.50 [mm] ()MEB'_

50
Voltage

F Pressure |
PO S YR SN ST WO S S S S S R 3

0 5 10 15 20
Time [msec]

Voltage [mV]
O
T
Pressure [kPa]

Fig. 7 Simultaneous void signal and pressure fluctuation in
each boiling regime including S-MEB I under ATsub = 60 K
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Fig. 8 Simultaneous void signal and pressure fluctuation in
each of three modes of S-MEB II (ATsub=30K )
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Fig. 11 Void signals measured synchronously at two different
positions on the surface in S-MEB I (ATsub =60K )
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Fig. 12 Void signals measured synchronously at two different
positions on the surface in S-MEB II (ATsub =30K)

— 159 —

NII-Electronic Library Service



2310 SIS = B 1 2 R4 FESICED { EREmMOEE

B ERANT, PO FRANCEE TS S WS E
MZzRL, ERAETFTRATRAMTS &g AL
‘ol BIZBNWT, ERACKEIIERmICE
£ -HEEZREOIRLTWADR, FTHRETIZEFRAEL D
HWENTEE - BELTBY, Z208/II94 D
SIEBEBERZ TS, I TIRENM %82 R
SIEMBRBAF DK E S ITHARTAE L, BEEICEH
BICEEL TOWSREBICH D E VRS, B (i) 135
£ (i) DEEBICEDNZEZ20b0T, EIZFMBY
WA OBEN 22 r FIDNRSEZBEL TS &
N5, ERAEONZD OFEEN T ORGKHICEDNT
N5D0HMN5.

BV D &, LEMIETFHRANE DI (1) ©
REBITIRD Z &3, EE6h—FHM (i) OIREE
TH5EEMAIT (i) ORMNEKRESORETH
BIEREMhoTE. IHIT, RiFEM, FEAlE s
(ii) DRBOKMMNEEL, 0 &LEWAETHELN
—HLTWa I eEns, [UENMEREOAES LEKE
EETRELTWEEDEEZ ENS.

4. ¥ B

K RBEIAATICH 77— K E#ET 2R TH
T DKIEMMLREICDONT, FHERICK 258
HEBEORIEEHORE, BLIUOETNEENLTE,
5 NTRBEE L OFAEDIREZLE & OFRIE &7
W, I OfERER”TE.

(1) S-MEBTIIHR#BMAVRI KIEDMERICE
AHELEORBREMEFT2IENS, ZOEERE
BEAOY T 7 — )R DFRA & BN s 5 &%
AbNb.

(2) FREOHEINE EBITKIBOEE - BiEITAE
D, Err0RMNTE< 5.

(3) S-MEBI TIIEWRE DB WEEAR £ T
£ BRRTOI[UEOHENKELRD, SRHERET
WMREAT B ICRIEN— DI BRI KR AR 5.

(4) S-MEB I Tid® 2 KERIET=DOREDE
DIREIND. T78bb, () FHRABSEESZRTR®
BB, (i) AR KIEE AR TIREE, (i) BREBEICE
ONRETHS. Z0H B, (i) DIREEIL S-MEB 1
EIEEIZEIBUTNS,

X #

(1) ey - AfR - I, #38, 64-627, B(1998), 3808-3813.

(2) HE® - AR, e, 65-629, B(1999), 296-300.

(3) AR RS - MBI, B, 65-633, B(1999), 1731-1736.

(4) FEAY - ) - FH) - BSE, HERR, 65-632, B(1999), 1383-
1388. ,

(5) Kumagai, S., Kawabata, T., Katagiri, T. and Shimada, R., Proc.
11th Int. Heat Transfer Conf., 2(1998), 279-284.

(6) fEH% - BAH - 8K - B, HMEHBERT DRI L
R, 1(1997-5), 279-280.

() #K - B - 8% - AAL - HAE, 65-637, B(1999), 3097-
3104. .

(8) fRH - /K, &R, 34-263, B(1968), 1247-1254.

— 160 —

NII-Electronic Library Service





