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Microscopic and macroscopic analysis on local pressure field at bubble collapse taking account
of liquid compressibility
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Numerical prediction of cavitation erosion caused by bubble collapse is sometimes required in nano-scale, so we have
to understand the collapse behavior of nano-scale bubble exactly. We obtained local pressure distribution, which is based
on a mechanical definition, around the collapsing bubble simulated by molecular dynamics (MD) and compared it with
the fluid pressure expected by unsteady Bernoulli equation taking account of liquid compressibility in order to understand
the difference between microscopic and macroscopic perspectives. As a result, both results fairly corresponded except
the time just before/after collapse, which indicates that the liquid pressure field even around a nano-scale bubble can be

mostly described by continuum mechanics.

1. #E

Xy T —va VRIAOREZ L VBl E R SnAM o=
—Ua O, AR OFMER T 2R 2 b, < L E
RENTND L LB, TETETZE—Y 3 U FRIOT-DOKIE
FHETFEOB LRIED SN TE TS, T Y BT
— gz ;5Iu~yayfiv47mx&~w®ﬁ@%ﬁ
K BRENRKREL, FRcma—Y 3 VOMIEFHETIED,
ACHNERHES 17 GRS OEIET179) 123D @Tb‘bé.
LAL, 7o & ZIRRAARERHRIAEE RIS SN ARKIRSAD
£ 91T, AEEEAT AL DIEEN D IRNRIRTIZT ) 2 r—
NVOTIERREDORENTN AR H Y,  ROBIEF IR TE
WZ%F U CEGHARDITED EORREERRNL T 5008 ) MO, R
FEL TR BERH .
ZOXHIRERBEZ, T A L ORINEEN T D
RSO S G AT SN2 L & 9 &4 A0esidThoh
TETCWBHEQ, LynLaenn, tr—ya U HHIlBWTEI Y E
T2 RIARRBEIRF SR B RVER OIE 5024 1 A i A
FTUAHTOIL TR, 22T, FELOTHIFEOCIL, T8
% (Molecular Dynamics : MD) '3 = L—3 3 UK VR 73k
TET I T OIS 155 28t AR D IGEN S L 723 H Bemoulli
DOENFLNDEFIG L L, AR O 24 M2
PLT-. ZOFER, KHaOFESEE SRR A, MD &iEgt
RSB ROIZESII AN T2, Zo—RE LT, AifR®

TIHERBHARTI W TIRABOIE M2 1E L < BB L TV o
RTINS, £ 2T, AWETIEMD 12 & 0 KiaHrsERio
JEFRAE S 8 A M NS ER SN E ) & LR BT
WARDENEE 2 Z B LI IEE R~ L X —A DX BB
3% (Fluid Mechanics : FM) FOES IS & OREIE AR Lz,

2. BEFE
2.1 MDYEalL—Yavik

ARFIETI, WIRT V2B 5 ) A r—))VRIaDpiE
EE AR R R L L, TAITONFEIRT ik
Lennard-Jones (12-6) AT < ¥ VA LT-. 4y 1550 % 87,808 (@
LU, BHEREE ARSI AR LR 16nm oSk E LT

Copyright © 2018 by JSFM1

V-3
w@%%@ BRI R 2 b— a VHIRIZLL T OM ) TH 5.
FT, TOIOE SN AE TORLEREE MDIZL Y I =
L—F ,.:Jrﬁ,ﬁw CRIAEAR S D, ZhUCk Y, KR
REEICH DT VT RKILEEET D, Fi2, TOBOKIIEL
ﬁ#%ﬁ@@ TFHNTHRD L 91T, EERSE Tk Ta
DT EVATRENSETEBL . 2O LT, HEAESOBHSS R
WXV EBEEENA R L, SURERESE5. ok, Ao
%ﬁfi,%ﬁf%%® JORREEER 2 L 508, Z R
ITT_TNVE (78N, K68V, WEB=x/L¥ E) —ED MD
PIal—ia itk L

2. 2 RFFEHDEE

JERRDIEINT, BEBOIFEE LTHHNTWD, N oRE
1 2395 5y - O R &/ 110 D3RS B A0, BRI,
BB < T Kk J51E) OFE P L, Q)DL )i
FTLNTES.

1 ]
e —A—Atztm(vi—v) nl
L

Al

r—r

@

Z I T, AITEIHIDERE, ny 3 O¥EAERY MLEEL, m
IO TOER, v HRERZEET 25 HOEE, 7I3RER %
T D5y T ORGP CEARIAL), FYITMRAR 21
SATCHENMT 2500 Fi Lj DA, 1y, rjidoFi, jOME
T%é.ELﬁlﬁiﬁWM®ﬁ_@Eﬁ%LﬁféA%wﬁ@
FECHEN 2RO A, 8 2 Hixd SR m 205
STREAFI OREEWST 5. 72k, AWl i@at 5
R, TN EBICL AT v (5f) TEICHEL, At =
0.2ps & L7z, 7z, fmixsyah izl & LcEkiml _E&”E

F DRSO DES ) % 74l U 7. A ORI 345 F o D45y



L, Q) TREDENEHBROTEFAOI LA G2 ERE L 7= FM OJE
F T 5 2 8T, FM OB ZRS A 1E LT-.

3. FMIZ&BEIEFE
AEITIL, WA 1% FM) BICE 185 % T % 5iEa k5.

FT, AL ERUR L T ORISR T, ERRIFREZE
L7=EC, B GmMOEEE2r &35, ZOLE, (TEOMEr &
ST AT EEDONIEr = Ry 2 SRICINT, FEEFMEE
BLI=~ X —of ORINQD L H LRSS D. 22T, KR
HEOWFIBE RS 2r = R, r > RIZIHT BB AORRZY
LLTWA.

Tou

1 _ Tdp
Gt == [ 2 @

Ro

RQ)DOADHE 1 THIIKVLEfE S IFEFH TH S, 22T, K
BFETIENVE —ED MD 32 2 L—3 5 2575 T BT, A
o ho oL Y, STy bn B LA RET DL, AR
@MEFHID.

N p(r)
p(Ro)

L :Z—l:dr + %{u(r)z —u(R)?} = —c?1 @)

Z 2T, clTRRERO T TH 503, KM COTHEI MR
BREE L, Hitic 2 QA ADORMEDIMNIH T Z & T, A@)%
LTS, ARETOFECE, NVEPG 7 o3 7L & -
MD 2 = L—3 3 VORI L=, KR RO RIBE R
r = RICRIT HHEER, MEEZR LRI L, E@HA@)D
bis.

o) = p(Ro) - exp [ -5 K2 ()

1 . 1
Z 2 2 2p) =
+2u(R0) + (2RR?* +R R)r @
2RR? 4+ R2R
Ry

T, i COBEp(MITR@)D X HIcEEND. B, &
TERARNEDOEFRAHEENENH D0, AR TIIMD L hEbh
2R B OB EE A > S B S NTHAR & 7 LT RV BERAE
ICBWCHEERATEZEL, REZOBER, NNEREER 2@
952 ETFM 0D PRI ST AIFHOBEE i 3R T, 708,
AFETORIIR % 1ps DRI THLENITEIT 5 Z & TR, £ 72,
B R E S~ A Z L TFM TOESRE L, ZhE MDD
FERLHEET S I L L L. 22T, BENDE IS
FEE LTHEECIEH 275, WENEREO MD v al—ya %
BEEITVY, oy b B2 UIGOREE &R ORMRERDT-0. 72
B, Ry =8.0nm & LTW5%.

4. HERBLUER

FTMD v ab—a OfERE LTEDI, IHERAEE
DORIPERORIA LR Fig. 1 lORT. ZhE D, KIEBNKREIC
AR L TVE, —BEHIRL TWAD, T0%, FlET s Uy
v RBIXOEIHENAE LTV Z 58, £77, Fig.2 IR
TASHERED 6.60ps, 11.0ps & &UAEARRED 15.4ps, 19.8ps D 4 KEX

Copyright © 2018 by JSFM2

5 32 EBMEFR A HZE L DRI L
E06-3

Ve <L
10 20 il 0 0

Tune [

Fig.1 Radius change of a bubble in MD simulation.
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Fig.2 Comparison of density between MD and FM.
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Fig.3 Comparison of pressure field between MD and FM.
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