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Bubble Generation in Oversaturated Liquid-Gas

‘Solutions Subjected Pressure Variation

Tomoji Tsunno, Kenjiro Inoug and Mitsuharu Horr *
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The study of champagne phenomenon has received considerably attention in relation to the development
of Compressed Air Energy Storage plant. In this paper, the density of bubble number and bubbling
phenomenon under the condition of decompression are clarified by using the experimental apparatus which
makes oversaturated liquid-gas solutions in a high pressure vessel. Then the experiments about two phase
flow of oversaturated liquid-gas solutions are conducted. The microbubbles with 20-100 xm in diameter
are observed behind a triangular exiter set in channel flow. It is found that the growth rate of microbubbles
is influenced by an additional gas pressure.
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Fig.1 Schematic diagram of experimental apparatus about oversaturated liquid-gas solutions
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Fig.2 Schematic diagram of experimental apparatus for two phase flow with channel

X 21, FABEBRWAET v v ANVEREREELRT. TOF v AOVEREIREE I, ME
RO ZMHRENFFEOMITICH VS, GEAFOIC TER SN -®HEBMARI, SEEFHEID
260mm FILICEPIIZBERT ¥ v AV EHE o TR T A, WEEHTF v~ AVO ERIZIIES
60mm DS % BT, MHLOENEMFI L CWa. &b, BERSTIICHD 1) - ERE
WA 10mm X 10mm T, #0113 200mm TH 5. PG OIOKHREIL, &% 3mm XIE
Imm TH Y, WEIHTF ¥ Y AN ICHEEESNTVD, TOF ¥ 2 FIVATRICIET 7 U VL= fykE
IEHA % — (BE 3mm, WHEFIZEL 3mm X5 1.5mm) 2 FEHESICER Y i Tn b,
ZONEZ, Fr AV ADORS 10mm ONETH S, Kl AHENOBEIIE, Bl el
BEET VW, ZOEEE, 3-CCD Y T —ETFH X7 OEmIC, EMREMELIUT, 55
NWBET— 21, EFFE=4 = 2L 0§45, BBEEIZE, ZHOT77A4N7 795
7 % ERGEEEE 7 7 A NREAE 2 FH o, fEENRAORE - MEOHIENICIE, K TEED
VUTNA UN=FBIOT - INVT RV, 2, R HRNWOFERHLSEL, T-5—
RIATHED AT EM, PIRER4 s OFER b ORE RIS S 2R GERFIC X




7 A s BRI AR vh D S A K 53

5.

MENT WP ORIWERICET 2 EBEOFIEL L TFIORT. #EEPOEROEE & RIS,
T9, A BEAEAEAR - RBREE T VW THEBERZ BT 5. RWT, BEAHRONE K
SJIELTHELE, Fr 2 VNEREI S, ART2RB RN OEREIT- 72, ED
HlEE, EMBEFOTRICHEBE L 2R Y 7T LNV TIC L 5. ﬁ%%f: HE S Py D5
KEIX 2MPa, &/NEIZ0.3MPa & LTWwW5b., F ¥ Y AVHADOFEFHEIL, v=0.5m/s ~ 2.3m/s,
BERTEAR D WL 293K ~ 205K CTH 5.

3. RREREER
3. 1 BIERPOREBEEICRIETMENDE

77 A EEANHARA N, - BREREEE 2 T, Vﬁ%%%MHé%imﬁﬁfﬂifémﬁﬁ@ﬁ
Befiole. TOMRERIITIRY. S TRHBEHABARIIBRTH LS. HOHEIIKIDHEE N,

3 T T T | —
25 L e Pg=3MPa R L
n"i: E ° Pg=2MPa
> 2 v  Pg=IMPa 3
& r o .
(2 L R
.E L o v p
_8_, 15__— N o v -;
2 r v b
2 1 E . . o o —1:
T 5
0.5 ¢ o v -
- °
0 L= & o ! 1 ! ]
0 20 40 60 80 100
AP[kPa)

Fig.3 Relation between decompression 4 P and bubble number density N (air)
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Fig4 Relation between decompression A4 P and bubble number density N (CO2)
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Fig.5 Comparison of number density between air bubble and CO2 bubble (Pg=1MPa)

DEEL, FORJAMBENIZIAP OINE L 12HMNT 5. 72, AP =90kPal2lBiT3
TERMLRFZFOTIBBFENIEZROGEITHNRT, H20%EML Twb, “BILKREZEOF G
ENPERIDORELRLERE LT, BRTOBHETNAENREVWI LIZLALEZON
5,

6 T T T T
o
e Air

- 5 ; o CO2 ° ]
gt ° ]
& 4r .
° s y
= L 1
8 3 7
0w - ] 4
= i ¢ 1
X 2 - o . —:
z b ° . ]
1 ° .
E_ Q ° ° ¢ :1

0 F ot ° ] ]
0 20 40 60 80 100

AP [kPa]

Fig.6 Comparison of number density between air bubble and COz bubble (Pz=2MPa)
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Fig.7 Comparison of number density between air bubble and CO2 bubble (Pz=3MPa)
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Fig.8 Relation between bubble number density N and ratio of maximum pressure Pr
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Fig.9 Histgram of the size of generated bubbles
(air, AP=90kPa )
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Fig.11 Cloud of air bubbles
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(a) AP=10kPa (b) AP=50kPa _ (¢) AP=90kPa

Fig.12 Cloud of COz bubbles
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Fig.13 Behavior of microbubbles
(v=2.3m/s, Pg=1MPa)
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3. 7 RBEETICHET3MMERTEBDORRICRIETINENDORE
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BOBEZAT) 2LV BOoN, BMMlAEOBRERBEOMELH 14 1R F. 2720, #HR

)L B e S S Dt e S e S S B e
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Fig.14 Effect of additional pressure Pg on the growth of microbubbles
(v=0. Sm/s, do=24 pm)
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bh, R, BELZERICHESZREY T2, 1> 3s OFPFATIX, WBNO > <) LRE
T5IEDbDS.
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Fig.15 Effect of additional pressure Pg on the growth of microbubbles
(v=1m/s, do=24 ym)
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[ 15 13 FHHE v = ln/s 1S BT A EAREOERTTE g LM L OBBRTRYT. 22T,
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FRRET L, = 4s TCRUEMMBEREDEDOR 6 FEORS STk 5. ‘
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Fig.16 Effect of additional pressure Pg on the growth of microbubbles

16 (& FH5E v = 2.3m/s, DIET Pe= 0.5 ~ IMPa, SJEMIAER do = 24 um 2B 55
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TERILIRF I ZERUTHART, KBANOBBENKRE 25720, SIaEEIIEZICHENT 5.
BT AP EROBE, BEFE0.5mm = d < 1.5mm DK X XOKAPBEIN L. B
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