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Application of Spatiotemporal Filter Velocimetry to Three-dimensional Multiscale
Analysis of Turbulent Bubbly Flow
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Development of an accurate turbulence model for predicting bubbly flows are in
demand for efficient design and development of equipment in which bubbly flow takes place. Understanding
turbulence structure in bubbly flow is therefore necessary for the development. In this study,
spatiotemporal filter velocimetry (SFV) is improved and coupled with photobleaching molecular tagging
velocimetry for highly accurate velocity measurement with high spatial and temporal resolutions to
capture turbulence structures in bubbly flows. The improved SFV is applied to measure turbulence
properties and turbulence kinetic energy budgets in bubbly flows in a vertical square duct. Effects of
presence of bubbles on turbulence properties and applicability of available turbulence models for
single-phase flows to bubbly flows are discussed based on the measured data.



B X C—19, F—19., Z—19 (GtaH)

1. WFZERRMA L PO 5

WETT N, RATEOBEEEY =%
NXTZ N, [laBREolFr 70 b,
~A 7 aNRNT ML DKBEGERELL D
T AR « VAT DBV TRIR MR
DR LI, FOFRENDFENN B C X LT
W VAT AOEFE, EiERe, Ao xov
b, KERE AN, SERREREE, AT A T
TNAEOEBICKESEIRTE 5. KR,
SIATRIZ BT 2 ELE T VO &R AT
OG- BRI 2 EE TR T EOR E
M EICHETHY, SR ORE - RO
BN FAL - IR A MEER D 72O DOBE DR
MEoTWND., HEELIL, V—YFRyTT
VOERFH-CMBERBE L7+ N T U —F 7%
+ & 7k O TSRIE T O L AR E LA =
FNFNLETET D &L bICEHE L E
B L, W O S EEE TR O ELIL D AR
BRI SR E DO K& WRINNFET D546
WZCBEFET VO PRI EME S, TR M
N BER VT D AWIFEERELILD AR &
Rl L ORaF RECELL O EER I
I ELAEE O BAL A B M T 52 82 h D
EDORMCEL., LEBR-T, LVEED
FEWEFT AL 7= DI, A EE N ELALE
FE X REWRIATROBE I ITEZ BT 5 8L
DA « JEH - HHGETER X 0L O o
SR TR AR TH D .

FREO XD RENOBEEZHET 572D
VR A R - 22RO R RE O G TR
ML, ELRHKEEPEN = RV XK & B
WX DN S 5. SO EFHITIEIT,
ERRGEF D D I A TH D L—F R
> 7 Z ik Et (LDV), - s Gk
(PIV/PTV) ~EREB LT/ ingo 1
HCORFHZMNTE TE 5 LDV T, PIV
VR R TSR D 22 R0 A & I E T & D 72 DT 4E
IEELSFAENTNS, LavL, HIKSEE, K
R - 221 fiReE, XA F I v o Loy, EHEEL
T~ AMEOE Tk, X722 LDV O 50
BN TWS. Dz, LDV O X 5 12 E R
IYRRE TN OFT R & ks & THlE T X,
232 PIV O X 9 (2B sk BE 0> 22 i) /3 A1 % 51
TEXAHFHIFEORERESEENTNA.
EF 5L, LDV W AROKSEE, 22N fies 4
L, WHEDOZEMSARZNETE S5HIFE L
L CHEZE[] 7 ¢ v 2 i Et (Spatiotemporal
Filter Velocimetry: SFV) % B L, & DFEAM:
AR LT, KRPEEREIEDLZEICK
O, RIAELT S DO EER DN SRS 723 EE EH I A3
sk 5.

2. WHEOHM

Rz G RNBIC BT B ELL O DFE
7R BRMEAR D S TWB D, BEAFEHITE
DHTIL, FOEBEMRES TRV, RF3E
T, FHHE OIS U ks B i G %
Th DM 7 4 VX fHE (SFV) % &R
b - EAkEE L U, EHEREN A B, EIRER -
Zef o fERE CHEERHAI CX B PRI RE S

5. Fi, AFEEZHO R G
WO ELITERAE 2 SEAMICERA L, &I 2N AR EL
AU KIFTREEZ BRI 5 & & bICRIEELR
ETNERAET DI EEAMETS.

3. WFFEDIikE
AIFTETIXFICEHE S 7 b NRILELIE 2 T
Gl L, FONHOEDICHZERT V25
WitemE Lz, £9, 8o A r—1F
WREEZH D720, LAY MV ERLND
BEHEH CRET A LENRDD. 207D
I%, SFV O 5@ E LB LS T — 4
L— MERMETH S, L, bL—3h
FRRBE LIZEHITIE, b L—W R0
TE AR & i 5 5 REZ) 2 Il T & e,
T PAREMRIZ2D E LB, T—FD
RGN L, ELIRARY ML o @ EE
WCRELRNENNETHD. 22T, &
OB L7 4 TV —F I b &
AW T=001% 7IERE E SFV ZflAaa b,
T —F L— b - SRR R R A JEEL L
7= (1), 55F% TIHMEERZL, EENMEIC
T2 ZENAfETH Y, HEHERIC—E
REERIR CX 72T TE 5. ZORE, &
T — 4 L— N CERFRIMEOEE T — % 0345
LS.

Time-series tag images RIE R (5_0) mm

SFETD & ==T~T¥
83528 GLLLLEEFFEFEFITY oo
v, 2]
M (L HITE S £ X N
1) = =
[t &EDEE I /75,y
iy e
2l | OERBH ZRDLEYY
<4§3}§7"§§;§:& iﬁm muﬁmﬁm@r;g VR

JE BB ST B A} Dx: 74 )L 3HE
1k o0 1

]

%

1 d l ]

RS AR 0.01 0.02 003 _pigh
(Hz—TLyhER) t[s]

AR AR E R L Lo TR T L L

v () A
MRS

t[s] ’ Low

1 74 JZER 7 4 v 2 St E!

W, RJAFZB T 5 LT rL KU G
WEFHET 5728, L TRHRE LS4
& SFV oG bR EIGEL, HEB IO
AR ORERNE FIEERE L. KAFE
W, IEFEHmNIZ 2x2BH T4 >DyF 4 7
(EAL40 pum, > F 100 um) L, &
HWE D AT Tee LT-tk, TogEign o459
X T ONERXOEEL SFV THIET S
(B 2). 7ok, & VAERKALE % RIS
Lz, AL XICHT D L—F DA
00 &2 20 S CHEAmIZI T DY 6
N (2 ZHERR) OFBEt AR L7 (1
2 ZM) . WIABICBWT, ZOEL D dr B
NI OBE VIR TEED.

V =V, + Adr (1)

Z T, VolTELODOME, A(=(VV ) ) IZEE S



BT YL ThbB. 4 SONTFEZ T THEN
T2 AR RN TT, FiRdLds 2 IRoeh> A 3 —
EEPETDHE, VBIOdr 2 2 ALLETH
ETE, RO VoBXO A ZRETE
5. KRR TIE, 4 SIZBVWTHIELZ VB
T dr OB/ ZREEZHNT VoBLUA
ZEMHLEZ. AFEICLY, MHEBEICEY S
FHTOEENS A ZEHT 20 TIEIC
A ELAL T R L S A A& +15% 70> 6
+10%\Z ) _EC X, ALERIERE] & 50%MKJH C X 7.

Laser(tag)

Laser(sheet)

High speed camera

40pum

B2 Bl RV FICEHAE DR

SFV I3 MRAEMERE AW 5728, T
FEERE (x-y) IR DARWRE H L < 1ZBER A
TELTHA, R/ R e WAt 2R
SEANVE L, BITERSEE - 22 ARRErm b3 R
CRBBAENRD D, Fim, FEICK L CHER
b L < VREEIRT 1 00380 45 A7 R0 FE A0,
S L7 EEE s BRI L Ok D 2 L <,
RS NEEINT 256082, 22T, ft
ST B DL 5 S OB A & s L U E
L1z, SFV Z B S Ekic T 5
FEFHRTFEICHE L-. ATFETIE, RE/
BERATIS - T T3 OMA IR % fERk L, RS
Tz T T v MEER (En) ITHER L
T WFZER 7 4 L2 Fse(E, m, )& EZEROME
BERRIC B L (I 3 B IR) FEOMEEE 1e 23R
%. ZOBE, EEIKOMRAERELRIC T 2
ERGCT D0, REEENEHIT 5
7 4 VA B My, 1) (RRETRESRIN : 1, FEi
4:0) 2D L I ZRTEETE S,
Lo = [ 106 Y OM (%, Y, D) Fee (B0 y,0),m(x, Y, 1), t)dxdly

(2)
I C, MotEI AR A AT TR
OETH D, Fiz, Kl BERSERAIC
BEIT 5851, MBI Fs 2 50,/ R
WCEELTBEITSZ Lok, fm/ R
\ZEE LI JERER IS BT Dl ENR RO b D.

4. WFFERLE

BIR D SFV Z &AL L= FiEEZ K INELTRIC
WAL, GLREFEZFEICRE L, [Iu2diK
MLV RIT T RREB LT, £, EBE
AT S AL T T /L ORIa R~ D5 AV %

ATz, B A L TIRT.

X 4 38hE X 7 PNRILELIZBWT, 7
+ b7V —F U TRISEFA LTI
JEAIRIZ TR LT 5312 7 DR % SFV Tl
ETHIELICLVEELEERANT hro
—BITHD. X TIEESFVY EMETDHZ
LIZEY, WRIRWAF— )L TEGEARY b v
PG TEDZ ENHERTED. AFEICEK
DHEJEART M HT 2 U C, A3 Txf
Gl UT-FEBREHN T, LA o
EREEI T O ARLIE-5/3 FAl & Rk E S B
LRI &, BROEMRICHE TR O 4
BRI 2N BE NS IS 2 0 REPEECE 33 < 722 %
EMNH D Z L NbroT-.

x-y coordinate &-n coordinate

\
NS
VTI
y
Coordinate
transform
X
Fsp (&1, t)

FSF(E(x!y): 77(36'}’)' t) ex. sin(an + bt)

B 3 WFZE[E] 7 )L 2 Wi G OB R A
JE BRI~ DYLHR

T
Bubbly flow

wy0®
10°
107101
Il 1
108 10> 10® 10%
k [m™]

B4 $hEY 7 PNEIATLOELTEA~T kv

ST LELIE, KA E R A & o
X EENC L 0 2O FE IR T D iiE Ik
N9 2. ZZT, BIZ L= Rl tEk
WZHEBE L7 SFV 2 W, B—ERIB ik
% X G R N A 53 AT % FER I E
L7=. X 5 3R F o OFRHHE &



SFV IC LW RIE LTe BT iRt 5t
ETEECIE, SHEICEA LA E A
TEY, FEUreEE a2 o5 Am i35G

nNoZenbmnsd. £z, ER»S FRIZH
73> THARKL A ISTR N U 7= S H 15 M i FE A3
Bl 2o THEY, ERIFREEERINA- T
WRUVDIEER, TERIIPREOHERE, T
TR N OB ZITE LS 72 558275
PR THD. K6 138K T D K imEEHE
DOFEFAGAAZ R L TEY, 0=0deg. Ltk
ki, 0 =180 deg i LAk # A R

4 5 WAKITJE D OFBIR & HER 7 oL

08 T T T T T
Measured Theory
Case 1 ° —
Case 2 =
0.6F Case 3 v .
Case 4 A —_—

1 1

0 30 60 90 120 150 180

0[deg.]
6 HL— kI O S E (Case 1157,
Case 2 ~ 47593 ,2—4 ONEIZIHYLE A E)

F72, Ko ITEE R L OBEARL 12
MNTHEWmMAETHDL. ZNHOFERND, B
FOE A R TEI S IRE L= SFVIC L 0 #h R %
I 2 F S O & MR T ek R HE
TEHT &, TO/RE, RmEE, Rmicks
LRI )17 E BRIFICFHMICE A 2 8, 72
5 ONTIHYE B WIZ X 0 RISk 3B 5
WS NENT D Lotz

WE Y7 PN Ex G E LT, a0
FAFIZB W TR L2 27 2% T
WEfE SR EE A, ELFERE R &, v xv
FUNK, RA RFa, KA E2HIE LT,
F LIS THRICBIT D EI = RV FIRNFZ O
HIERRZX 7 127”77, Case 0 IZHMEKE TH
D, Case1~3 X FEHEINEL d DR 2 K100
ThD. BREICB T 2HE/ERNS, 45D
TR T DOME R SFV TR+ 25 Z L2 kv,
L= RN E BIFICFHMIiCE 5 2 &M
R C& 7z, £, [ERcB T 5= =x
JLX K DERE P, 1R D, YE8FEeI 0.1%
FRE DRV R A RRTE ZRINDIFEEIS
KOERTHZ L, KJamicB W T AR
WX DEN T VX DOARRER &R L O
WHERDOBTIINT A LR ERbho
7o, $HRAEE, KIEHEBLELNLOARE Pg 2
FETAZEEZRLTWS, T42bb, AF
FEIZ X0 PE LRl = 2 L UK DR
b RIAHEELEN O AR B LI T 5.
SIS ELIRE OEME TR BT LIE LITH
U DA D RS PEAR E O 4 M & a4 5 7
D, WMELIZLVA VRSN SE LT
RS PERR S E AR LA 2 NV ZXEO ke BT L
THEHEINDw 0T A E R L (X
8). ZZT, EFTNAKFDK &l FERE
ZRAL TS, ZORER, KYaiticks T
b IEERE & ke BT LD E T LRI
NEBTHDLZ PR TE. EL, B

# 1 EBREM
Ju[m/s]  Jg [m/s] d [mm]
Case 0 | 6.0x 107 0.0 -
Casel | 6.0x10% 1.0x10* 0.51
Case2 | 6.0x102? 1.0x10* 0.83
Case3 | 6.0x10% 1.0x10* 1.14

Jut IRFREREEER, Jo: SARIRREITR

MZS
=L
S
S
o
—
x|
o?oy S
a 3
6 c
o S
ST 38
g ] i
rarard | O 6
1 5 10 50 100 S

7 &L kL UL O M E B



R L2858 12l TR Tldwe
%ﬁ@ﬁﬁ#é@ﬁ%%@ X5 DFEE
i%ﬁgm%ﬁbﬁ%k%z%ﬂé

L Measured Model
giCase 0 o ---- —1.2?
__ |Casel o© — 0. 00d &
» [Case2 © — 2% % 1 3
°g [Case3 © _— 0.9 £
o 3f 1 8
S . 106 &
X .. {1 =
= 2 | ©
g Case 1 10.3 g
—— Case 2 ;
:ﬁﬁﬁzfi><£?\k -
B 5 10 , 50 100 0
y
8 AR E O % S PR
FARIZHIET —# Z W TRIEmIc BT %

KL A 2 ZEH k-e BT VEHDET L

NOZEMEZRM A~/ —fFlE LT, P& D
xS HEE LT ARO KA ENE

X9 LK 10 12T, B ORER, WIth
DOET AL KIATRICB D TEIED TIER
HmE2RB<ELTEY, EEMICHEIT
RUWMEZ 5252 btz 2120, &
KT RNCIIR A DM E L I L-EF L
DEENLEEND. K[IdFHELELIELA DA
FE P IZBE L TH, BEFOET L TEMER
EIITHIE 2 55 A, P &2 KEHM 4 5 1tH
MR Z O IEMR B OE AN EEND =
& BLOZOMIEFREITIREREERA R
IRTET A Z b noTz.

0.6 —— —
L Measured Model
0.5+ CaseO L ---- -
Kl . Casel o —
©o4gl Case2 o — 4
NE | Case 3 o —_— ]
o 0.3+ ° e
o
Q L |
2.0.2
o L
0.1+
01
X9 Fi TR FARERD
0.5 —— — .
Measured Model
Case 0 . m---
& Casel © —
Y 0.25- ° Case2 ©° —
NE Case 3 ° —_—
o
o
—
R
o
@
- N PRI BT | M |
O'251 5 10 50 100
+
y

X 10 FLIv= RILFPLHER O L

WCEEE A = — R & ERk L, BEFELIE
T/l/ R R AT S Z 2T XY, ﬂi’j
VDR 38 X ONEL N A & 4 B 4TI
HITE L RIAHLNELND Z L& &R Lt.

5. ERFERLHE
(MEsGam ) (R 1 1)

O M) SErE, IS, REZEf 7 ¢ v & i
HWEFZ W T2 IR AR O 3B Sy AR I, Ak
L, ARilE, 80 & 8 5, 2016, FlkH

@ Shigeo Hosokawa, Shudai Fujimoto, Akio
Tomiyama, Gaslift Pump making use of Phase
Change of Working Fluid, Applied Thermal
Engineering, #&#¢f, 2016, In print

@ AvrmARBh, MO SERE, BILBE, RF2ER
o IV B IR F A T T I PN 5 A

Ot s O MIE, H A 25 08, &
#it A, Vol. 81, No. 822, 2014, 14-00597
DOI : 10.1299/transjsme.14-00597

@ Shigeo Hosokawa, Kosuke Hayashi, Akio
Tomiyama, Void Distribution and Bubble
Motion in Bubbly Flows in a 4 x 4 Rod Bundle,
Part I: Experiments, Journal of Nuclear
Science and Technology, # #t/A, Vol. 51,
Issue 2, 2014, 220-230
DOI:10.1080/00223131.2013.862189

(® Shigeo Hosokawa, Satoru lkeda, Akio
Tomiyama, Measurement of Bubbly Flow
using Spatiotemporal Filter Velocimetry
coupled with Molecular Tagging, AIP
Conference Proceedings, &t ,Vol. 1592,
2014, 224 — 231
DOI : 10.1063/1.4872108

© MISERE, JbEARE, RAtE, EILBS
IRF 2210 7 ¢ /L 2 PR TS & 2 H— 1
TER 3 2 5t o Wt ) O FEAT, 722340,
A HeE, Vol. 33, No. 6, 2014, 509 — 512

@ Yasunari Maeda, Shigeo Hosokawa, Yuji Baba,
Akio Tomiyama, Yoshiyasu Ito, Generation
mechanism of micro-bubbles in a pressurized
dissolution method, Experimental Thermal
and Fluid Science, ##t A, Vol. 60, 2015,
201 - 207
DOI:10.1016/j.expthermflusci.2014.09.010

Shigeo Hosokawa, Takaaki, Matsumoto, Akio
Tomiyama, Tomographic Spatial  Filter
Velocimetry for Three-Dimensional
Measurement of Fluid Velocity, Experiments
in Fluids, &#if7, Vol. 54, 2013, 1597
DOI : 10.1007/s00348-013-1597-0

@ Shigeo Hosokawa, Takaaki, Matsumoto, Akio
Tomiyama, Measurement of Bubble Velocity
using Spatial Filter Velocimetry, Experiments
in Fluids, & #if7, Vol. 54, 2013, 1538
DOI : 10.1007/s00348-013-1538-y

Shigeo Hosokawa, lkumi Mikihara, Akio
Tomiyama, Development of a Submersible
Small Fiber LDV Probe and Its Application to
Flows in a 4x4 Rod Bundle, Nuclear
Engineering and Design, ##tH, Vol. 263,




2013, 342 — 349

DOI: 10.1016/j.nucengdes.2013.06.009
Shigeo Hosokawa, Akio Tomiyama, Bubble
Induced Pseudo Turbulence in Laminar Pipe
Flows, International Journal of Heat and Fluid
Flow, ##¢4, Vol. 40, 2013, 97 — 105
DOI:10.1016/j.ijheatfluidflow.2013.01.004

(23] G2 0ff)

)

Shigeo Hosokawa, Hiroki Karasawa, Ryosuke
Iwai, Akio Tomiyama, Effect of Bubbles on
Turblence Kinetic Energy Budget in Vertical
Duct flow, 18th Symposium on Applications
of Laser Techniques to Fluid Mechanics,
Lisbon 2016, 2016.7.4-7., Lisbon (Portugal)
Shigeo Hosokawa, Yuya Masukura, Akio
Tomiyama, Experimental Evaluation of
Surfactant Concentration at an Interface of
Single Spherical Drop, The 9th International
Conference  on  Multiphase  Flow,
ICMF2016, 2016.5.22-27., Firenze (ltaly)
Shigeo Hosokawa, Yuya Masukura, Akio
Tomiyama, Evaluation of interfacial shear
stress of single drop using spatiotemporal
filter velocimetry, 7" European-Japanese
Two-Phase  Flow  Group  Meeting,
2015.10.11-15., Zermatt (Switzerland)

M ERE, ReZ2f 7 ¢ v 2 JiEEE O e
OGS, MRS e S (AR
{i#) ,2015.11.27., %A % > TR (BOR
#)

A NERE, HEHESLE, ANIEEE, LS,
2x2 ® v RN ROVNRIEIRIZ BT 5 L
TR, 55 93 ] A BRI A A T2
PRI 23, 2015.11.7 - 8., HURERL K (K
HUHR)

M SERE RN, BB T, 55 50 A5
IRFZE[# 7 4 /L 2 G EE & S i v P e B
AT DR A, B AREEAK R 2O E 0 B =
RC263 % 6 [nl5yFt=, 2015. 9.18., f5iRHT
PRI (REHR)
WRAEG, MR PR, EILS,
BRI W 5t~ oD S vE A1 O W 5 12
T HHFZE, AR 2 H 5 2015,
2015.9.26 — 28., HFUR LHEKYF (HAH)
AN SERE, S W, K22 7 ¢ v 2 i
WEF &G, B A2 2015 4R
HERORE (FfFaERD) | 2015.9.14-16., b
B RS (dbifEiE)
WEARG, MU SERE MRt EIL S,
15 YR — R AER T 5~ T 2
=S O EERAIFHE, B AR YT
2 2015,2015.8.4—6., mEI LERF (5%
)

EEDGE, NIBEE, H)RE, & LY,
2x2 ® oy RNV ROVNAIR A8, 55 20
[lE) )« TR AF—HifF R T A,
2015.6.17 —19., HALKF (EHIR)
Shigeo Hosokawa, Akio Tomiyama, Liquid
Velocity Distribution in Turbulent Bubbly
Flow in a 2x2 Rod Bundle, 9th Korea-Japan

6
(1

Symposium on Nuclear Thermal Hydraulics
and Safety (NTHAS 9), 2014.11.16-19.,
Buyeo (Korea).

Shigeo  Hosokawa, Akio  Tomiyama,
Evaluation of Interfacial Shear Stress of
Single Drop using Spatiotemporal Filter
Velocimetry, 17th International Symposium
on Applications of Laser Techniques to Fluid
Mechanics (LISBON 2014), 2014.7.7-10.,
Lisbon (Portugal)

FEEEGLE, AN SErE, EILRY, SREX s
 NSRTEIRIZ 31T D ELit = R L FUL S
M, 25 92 WA Lo G 2, 2014. 10.
25-26., BILRF (& L)

A SERE, AbImARBY, PRnth, &L T
P22 7 4 b 2 PERFEHT & 2 Sl i 5 #
FERTE, PRAmIGCH ekl =, 2014.9.26 —
28., WU LR (RAEHD)

M SERE, AbARBY, PRoath, E LT
IRF 2210 7 ¢ /L 2 PR T & 2 B— R
YERI 2 5t 85 it ) O FEAT, B A4
JIHHAES 2014, 2014.9.15 — 17, HIEK
¥ (ERIR)

ANNBBEE, HSERE E IS, 2x2 = v ’
2N RV AR RS O IR FFE FE I E
19 [AE ) c =T RAX—HR L L RY Y
2, 2014.6.26 —27., 7AW (#EFHE)
Shigeo Hosokawa, Satoru lkeda, Akio
Tomiyama,  Photobleaching ~ Molecular
Tagging Velocimetry and Its Application to
Bubbly Flows, International Symposium on
Measurement Techniques for Multiphase
Flows, ISMTMF2013 (Keynote Lecture),
2013.12.15., Xi’an (China)

Shigeo  Hosokawa, Akio  Tomiyama,
Photobleaching Measurement of Bubbly Flow
Using Spatiotemporal Filter \elocimetry
Coupled with Molecular ~ Tagging,
International Symposium on Measurement
Techniques for Multiphase Flows,
ISMTMF2013, 2013.12.15., Xi’an (China)
AeImASE), A)I%ME, IS, =M 7 4
Jb 2 FHT £ 2 B PN 4 o
i, AR/ FR42 2018, 2013.9.12 -
14, HO (ROCHR)

M SErE, & IS, SdflEIC BT D
#r L7 7 1 —F —Imaging Spatial Filter
Velocimetry (iSFV)—, #f 13 [EIBHFE{=E &
F— (FEF5#E) ,2013.96-7., #F (k
JHE )

. WFFERH AR

)W FEAR R

MJI j%kE (HOSOKAWA, Shigeo)
MF R « KFBE TENER: - HEHdR

Fges &5 : 10252793

(

Mot &S

2) e

EI B% (TOMIYAMA, Akio)
MF R « REFBE TR IER - %
30211402



