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Dynamics of Conservative Inclined Therma [ Numerical Analysis and Image Analysis(]

Y usuke FUKUSHIMA®, Masanori TAKAGI**, Masato ENOMOTO*** and Toshihiko ETO****

The negative buoyancy of a conservative gravity current is kept into constant in the travel direction. On the other hand, negative buoyancy changes
in the travel direction in a non-conservative gravity current. The saline thermal belongs to the conservative one. The particle gravity current belongs to
the non-conservative one. The objectives of this study are to investigate the flow properties of the conservative inclined thermals by experiments, to
obtain the velocity vectors using the image processor, and to compare the experimental results to the numerical ones of velocity fields. Also, the
experimental results of the travel speed and the maximum thickness are compared with the numerical ones. The numerical model is based on the k€
turbulence model and the SIMPLE model to discretize the partial differential equations. Those experimental results are explained by the numerical
analysis. Three typical velocity vectors are found out, i.e. the roll up vectors in the front region, the strong vectors in the travel direction and the

entrained vectorsin the back region.

Key words : conservative inclined thermals, k€ turbulence model, numerical analysis, image analysis, powder snow avalanches.

gbooog

gboobooooboobobooobobobooo
O0000000dOOBeghinetd" T 0000000
gbooooboobobooboobooboobooboobobo
gboooobooboboooboobooboobgobo
gboobooooobobooobobobooooooo
gboboooobooboboooboboboooboobo
O0000000OHopfinger" O O0O0O0O00Ooooono
gboooooooboboooobooboboooooo
gboboooobooboboooboobobooobooobo
gboooobooboboooboboobobobo
obooooooboooboobooboobooobog
gbooooboobobooboobobooooboooa
gooboooooboboooobobooooon

gbobooooooboooobobobooon
gboboooooboobobobooboorgood
go"dogoorgoorgooogoboooooo
gbooooooobooboooobooboboobobo
gbooboooboobooboobooboobo
gbooooobooboboooboboooobgoobo
gbooooooobobooobobobobooobogoobo

0ooo0ooo14050170
*D0000000000000
0000
***DD
0000000000 0000000000

000000240 020020

gobobooooboboooobooboooogooo
goboooooboooboboooobrbooraa
gooo™@poooboooboooooooooooo
gbobooooooobooooboobooogonog
OooDkOe DOODODDOOOODOOOOOOOOOO
gooobooobooboooboooooMooooo
gobooooobobooobooooboooboobooog
gobooooobooooboboooobboooo
gogobobooooboobobooboooboobooo
gooboooooboboooooobooogoo
00000000000 DoOooookoe 00O
goboboooooboboooooboobooogoobo
gooboooooboboooooboboboooooo
gboboooooboboobooboobooobogooo
gobobooooobobooooobooooobogoobo
goobooooobobooooboobooogooo

ZT .

cC Surface

I

6

X

Fig.0 O Veocity and concentration profiles, and coordinate

system.



gooboooooooooooooooooooo

gbobooooobobooobooboboobobo
gboboooooboboooobooboboooooobo
gobooooobooooobboooobboooobo

OO0foe DOoOooOoOoOoooooooooOog

oooooooo
00000000D000wDO0O00D00O0O000o
0000D00000000000
Fg0OOOODOOODOOOOO0ODOOODOO0O0ODODOO
0000000000000 000D0D0ODODODODDOD
000000000000000000000000
00000 cO0DODDOOOOp ,0000000p
00D00D00D00D000DOO0DOO0DO0DOO
p Up JUORcO ooQ
O000ORODDODDODDODDODODODODODOORED
O0ooooOAp/p 0000DO

gbooboooooboobooooboboooon
ogo

@ Pu fDW

O ox 0o 000

odbubwlO Xxbzooooooooooood

gboboboooboobobooobobooooon
obooooooobooOoXoob zoboooooo
ggo

PuU_ PU_ Puw 9p
ot Dox U oz Upgs®U,
9°u _ 9% 5
Ou o2 Doz D@pu D]ﬁ;pUW'D
$W @mN @W p
ot ox []ngcmﬁ[
E@ f!, I P T
O 505 |0 Sppuwin Gpewo

0000g00000006 0DOO0OO000OpO
00000y 000000000u'0OwW'0 XO zo
yavy yav, 7
00000000000 MmMp u? Mp uwmp w20
000000000000
000000D0000D0000000000000
0oooooo

ac dﬂucm @ch D[azc azc]

ot ot X NG : 022
a U a \ 1]
— - 0ooo
O ax cud 57 c'w

DDDDDDDDDDDDDC'DU'DDC'DW‘DDD
gobobooooboooobbooooon

gbobooooobooooboboooon
0oo00o0oo0oOoooooov,oooooo Do
gboooboboobobooobooboboo uy
gobooooobooooobbooooon

_ F) 2
Ouy Oy, | 240 Y026,
J XJ aX| 3 goo
Ocouw 0D, %€
i taX|

0000okOoOoDODODODODOOOOOOOOOO0O0O
OD0v,0kOe 00DODO0OO0ODDOOOODODE OO
goboooooboovyioboooobobogog

2
vdc, — ooo
' Cps

DDDDQJDkDS gooooooobooooa
0000000 oooooooooooooo koo
good0boe ooooooooooooooooo
oo

ok _ @ uko dmmkq] [w ak] P) [\qak]
ox 0z

OtD ox o, 0x )~ 0z oy 9z

2
au
o M o% ooQ
DV‘[az] ORgc @08 azDs
& auwn @w w@]aw@
ot X g, 9x 0z \o, 9Z
€ au V; 9cC €2
DC};k[Vt[ }DDDDC@ERQCO 0z Dczk
0100

0000, 0C,0C,0C, 0000000000
000000000000000000000000
0oO0o00o0o,000000000

o.0—=
t D’[ 0110

gbobooooboobobooboobobooo
gbobooooobobooooboobooogooo

oooooooo



ooob0oo0o00ob00D0D000000000000000

Table-d O Parametersin KOE  turbulence model.

(of} Ok O¢ Ce Cx Cx Ot
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Fig.0 O Experimental tank.
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