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Central Flow
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Blue: Central Flow Central Elow
Yellow: Side-wall Flow /

L H :'-
T a -
- datetats
Pl gttty
-l'l.i.'.l. L L
2% aaTe B 0 2TaTaTa%alal'n
i'-".-..'.._. '..‘.‘--..
.-'-"'-'..,- ..-'-'.'..,‘-.
L L et e L bt e S B e e
- R Nt et et s AR e
g e Sl - L
L O T
o L T T T T 4Ta%aSa Vel ara s a_ny B d b, o
R R T R R T
orlsnesetelatetotetetatetetsdetns Sesetetetagetelsatedaleleletsty,
T O R O O stetetetadelu e ace ala a e o b bty u,
ottt atatulatatetoletatoe olel ool T R S T S R
"l.l'l.l-l sgadetale e L E

ha b by " .
BBttty R R R O e O L N
S S R S O T alg BB b ¥ atalasnta h a b B 0 H b, 0y
siagstenateletotalotaledetotatotelatataleld ofadegagatetnlateloduln o 0 0 0,0y tatals”

spsislamnanhiinntahat s
e R R
R R R R
ﬁﬁﬁiﬁﬁziﬁziz;&? R R A

o ole
s 2alaSe e} LI N

Side-wall Flow it st ) t,=201

T At=



t, = 5.62
-) t.=2.01




0 = 60° 0 = 30°

}
[ T ]
L]
[ ] .‘."‘ ..........
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
L LR A A
L -'......-".......- "“.‘.‘."‘.‘.‘." .......
[ ] :“.“‘."‘.“‘.‘““: :“.‘.‘::.‘.‘.:‘ ................
oty "...-.-'-...-'-....- -."'-.-‘-..' ......................
it R B R X X
=-=.=.=.=.. .-.'.-'..'. -' 1] ".‘"‘. FTIXIT]) '...-.- .-.-‘. '. .. :....-l"...‘.. '. ........
.-.......=.=.. -'.'.....--.-.....‘...:I-. [ 1 )] ..l'..‘.'l..---.‘...l-.'...-
..........................................
st : B e o L o
l-.'.‘i.l'"=‘.'= =E=E=E==========l==:=: gy ... .'.‘-‘-' : .. i‘i‘i‘-.'.“-‘"‘:":-:':':': ':‘:‘: : -.' ] .‘.‘-‘.‘i.i. : lllllll .{:.
ul=i.-'¢.ci.l CHEHA ='=i=|"¢=i= el ::::::::.. |.. '. :'c.a..-n 'o .-.i .l.i.l-...-"._.-. ....-..._‘... .. :.-...-'-...‘= o
%ty .--'. : e i::‘::'.i.l- i=l'| - :':' ::::: :.:.:.:.:.. H™ -.i.‘.l'..i.l'-.i.‘-.'..l'....- ..'....-..'...-. ............ *
" .aﬂ::::::::::-::::::'.',::::':::-:':':: ::::=:::::E:E:E:::::::::::::::t:-‘-.. LT :..:..-':‘:{{{ .:.'. R -:-.
sngeled -i ataly --=.i=l='l===i.0 '::::. - seatgecale nte? etitgtetetettele] "‘..'. ol AR O CR X -..'...".::....-.":: :
B R R R R e T T B g R 000G #
ii=‘=.=i:===== == == :::: ==‘====:'='==:====.i :::::::::::::.::. :::::::::' '-:.-=..'i. a :.....-'...‘i ....-'l-'..‘. wes :...--...‘.:.. X
ci=.' .'.l‘=':"::-:‘::-..:.:‘:":::.::l - ::.'-========...=.=.=====: s .=.o ".........".:.:.:.:..- S23000000% .é
TeRnERHETE R X
............................................ - ‘.’ : .‘-. .‘.‘.‘.‘.‘.‘ .-.-. [ 1] -‘.-‘ [ ]
sl R X L
....................................

H
oooooooooooo
R Ra R Rl L S RARERRCRGELE B BLETT R e aa A e
-----------------
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
SO Shefefetefsls - asaeseentl e
.................................
efelei el se as Jate e P ey X T
...................

t,=5.62 t.=2.01 t.=3.80 t =3.62
At = (sec.) At = (sec.)
— I =

Not in real time.



Relation between I" and the time difference
0.8

'=aAtY2+f3
o=0.26
3=0.0090

Time difference At



Central Flow

P
.i=i=i
®
& 8 &
02¢%+,.%,
e?e%%
0%e%0%¢%5%: %2
0202020202000
%e%s%:%:%

2. 9%0%%%0%:%:0%: %

o0 et 0o 020 000

0. 0500050000056 003050%
4 & i

s2ele -':'-.
020%0%020%0%0205°,
et 0t 8t t0% %,
4 20%:%0% % e 020 0 0 "
St 0 %% % e 0 e 0 0
0. 0e%%:%:%:200020 00 0 0 000 0 000,
l-59@@a.-.....a‘-...='=.=.='=_=.=.=.=.'
B0t 0t et 2e 020000000 00000, o
0e.".":%0%0%2% %20 a0 000 00000 0 0 0, 0,0,
RN S 0, 0 0, 0 _0_9_08_#§ 2%s%a
BRag 1.0, 8 800200000 000 a0 0 0 0 0 0,0,
ale, 0%0%0%0% %0000
aeoes SRR RARERN R e I R R R R RIS
R e R T L R R T
o e 000 e0%0%0% %% %e 020000 0 0 0 YO oot 0 0 0 0 0,0,
050.000%0%0%0%0%0%0%0%0% 000 0 000 0 0 00g 0 70000000 0 0 0 0 0 0 0, 0 0 0,0,%:%
L OOt s i S S e 5 T e 0Bt % lategsteosn 000 0 0
000 0%6%:%0%0% %0 a0 00 0000t et 00y 2 00 eSalnzos e e o acec e o n 0%
00000%:%6%6%0%6%0%0%0%0%000%e 20 276%:% % alelele stetat s,
S S OO OO O OO O OO O O OO0 OO N s
G0 0o 0060000000 0 0 B 0 0 B R0 CLl e 0 0 0 0 Gt B 0 0, 0%%e%0 0
et 0%eeSeletoe 0 n _0 0 0 _ 0 _0_ 00, ", "0 et 0 0 _8_0_0_0_0_0 . R 0 9279
L 00 = 0 3l el b el el L e R b L 0 L L A IS OO
076%2%%0%0 0% 0 0t es 00 000 0g 0 00000 000000 0 0 R0 0 0 0 0,
S S S O OO OO O O4ES T OO0 %%,
M L T L S S S IR e e S L S L OO O OO0
R T R R R R I R R I e R e
02000 %0%a%e000000000000% 400 2,00 05%e%a300 .|=t=i..’,
o%e%% i'i't'I't'i'="E%ﬁf“.'.'. 2%e"e%6%:%%:%Y
020%6%a% %00 %00 00t 05 07e%% 0% 200000000
e ® &
.‘==:===::::::EE;§32%5;=::-:-::::‘.
i s2elelase A a%e%2le
Side-wall Flow L T X RAAKIO R 33 O
o000t g%,
..:.'::. YYD i=t"
e 8800000
(Y Y31 1L

ase oo
2 s age e e
0000500000080 808 00000 0 0,8,0,0,0,24°
Pegstelsescsossnetes®



]
lii
-lilii'
l'lliiillllllii
g ] Iilliililillilili
ililillllilll - ’
...................:..:::::::::::::::::*
i-lll.illliilllilllllilii---illiillli
llliii‘lllIlliliIllllllillliilllilli'
lil Ill ) ’
ll lilllll il llilllillilllilili
illllilllllilliillllillllilillliili
l.lllil-illiliilllllilli-ll-llliil
lilI-Illlllllllillllllllili-llili
lllIilllllllliiilllilllillilliil
llllilIIllllillllillllliliilli'
iIiIll'llllilillllilililillli'
iIill-llllililllllllllilillii
lllllliillililllllilllilllii
illi-liiilliilllililllllil’
llllIlililllllllllllillllj
lilllliilllillllllliliil}
liillilililliiilli-lill;
illllilillllililllilllj
I-llillilllilllillilij
lillilllllllllllllil
illillililllllllll
illillllllilllilll
illlllllllllllllli
llili‘iiliiililll
llllilllllill‘il
illlllilllillll
lliilllllili

iilillilll

llllllill

lliilli

lil-

e






Relation between I' and avalanches
0.8

0.6

|
[ 04 /
By ['=an+f

0.2 =0.0023
B=0.14

0.0
0 30 60 90 120 150 180

Number of grains undergoing surface avalanches n



2000

1=1 1000

stuty
-'========='l
.= ..................
'''''''''''''''
iiiiiiiiii
---------------
A O H
iiiiiiiiiiiiiiiiiiiiiiiii
-------------------
aguteteletulegage ta eyt tetotagonalosco s,
Jotetsetetaledetatatas tactateteteltalatntelects
iiiiiii
''''''''''''''''''''''''''''
llllllllllllllllllllllllllllll
.':===le;===:==========I========:‘=:======:=======:='='='='=:========'-
.........................................................
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
...............................................
.............................................
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
llllllllllllllllllllllllllllllllllllllllllllll
..............................................
---------------------------------------------
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
-------------------------------------
":::::':':':':':':‘:':':'::::::::::::l====':‘::::::::::====:=====:===i='='='='-
-----------------
------------------
L1 Sagagnse e e b e et teleleotelelnls

"Hsdeetst -2000




Blue: Central Flow
Yellow: Side-wall Flow
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