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000000 A7 @ 1s

oooo ¢ 1.0 x10*s

0000 : 00 (z,2%) = (1.2 x 104,5.0 x 10%), 0O 5.0 x 10> m,

000 z=+5.0x103 2 =1.0x 10° O
2000000000 (0 3.9)
0oo . 00 (300K)00,00000




g 30 goon

18

w—velocity
(m/s)
f"fn\.‘-.
= 0.2+ \'\ \ B
- [ ,/\ \ :
! \ / T
© 0.0 4 \ / AN =
o \ \ ./ —
o “\ ."I \ Xf 7
:l- 0.2 <% / N4 -
L
= Vo
—-0.4 < \\\ / -
- / T T T T
0 20 40 60 80 100
(s)
Time

gltool&/Faertrandn

dote: 4/ 1/29 poge: 1

0 35:case 1-1 00000000000, (z,2%) =(20x10%5.0x10*) 0000

gogoboobgoobog.

nondimensional pressure

LM

(x10;7% 1)
@ L L L L 4
(%)
@ \
o 6 \ L
o | N
- 4 - '.I f{r" \\ L \ -
o \ / \ .
- " \ / N\ TN
? \\ / \\ / S
) 24 ! / N4
€ o/
- . . . .
S 0 20 40 60 80 100
= {(s)

Time
gtool&/Fortrandn dote: 4/ 1,29 poge: 1

0 36:case 1-1 00000000000, (z,2%) =(20x10%5.0x10*) 0000

gogbbobuogoobbobooon.
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w—vel ocC oy
(m/s)
0.5 — #ﬁ '/g .
[ [ / \
|>: { \ |l.' \\. IIl.l
— |II I‘-, "J I\\ JII I"-I
) .'II ".\ IIII \\“ ,"I “.‘
o f / \ f \
Z 0.0 T .'I‘ \\-. ."I \ Y
L] \ III I". i | \
\‘. f \ ! ! \ ¢
0.5 \/ \/ % g
0] 20 40 60 80 100
{s)
Time

gltool&/Faertrandn

dote: 4/ 1/29 poge: 1

0 37:case 1300000000000, (z,2%) =(20x10%5.0x10*) 0000

gogoboobgoobog.

nondimens i

LM
(x10;7% 1)
Lip]

ona

pressurec

L L b L 4

0 1]
@« \ sy ~
;_ 6 \ ,-'f \I‘. f \-. I

| . o I

| | ! I | ’."l \\

1 4 ! |

1 { 1 { |
2 4 4 \ 'u‘l / | |
° \ A

| | / | ! |
? 2 | / ‘\, / \ I,.-f e
0] \\ / \“. fl \\ / Y
4 / Y
F .// .‘\._/j \\..-/
I3) T T T T
S 0 20 40 60 80 100
= {s)
ime
gtool&/Fortrandn dote: 4/ 1,29 poge: 1

038 case 1300000000000, (x,2*) =(20x10%5.0x10*) 0000

gogbbobuogoobbobooon.
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0310003.130000000,0000000000000000 a=2.5x10"2
goooooodb.obobobooogobos11iodt=sgboboboonon
gbogoobgooobo.bg,b 31300 t=9100s0000000000000.

039 000000000000000000000000000.000000,
00 (z,2%) = (1.2x 104,5.0x 10%), 00 5.0x 10°m, 000 z = /5.0 x 103, 2* =
1.0x10°0200000000000.

U 310: case 2-1 DU OUOOOODDOOUOO. UO00OO0OO0DODOOOOOODO,O0
t=00250s0,2=50x10000000-20000.

0 31l:case2-1 00000000000, O0DOODOOODOODOO,O00
t=90000 9250s0,2z*=5.0x10000000-z0000.

U 312:case 2200000000000, O0DOODOOODOOODOOO,O00
t=00 250s0,2*=5.0x10000000-2z0000.

U 313 case 22 0000000 OOOO. UO0OODODOOOOODDO,O00
t=90000 9250s 0, 2*=50x10000000-20000.
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3.23 0O0OO0OO0OOOOO

00000000 w,r, 0000 (250)0 (251)000. 03300000000

g

1.25 x 10°,
3.125 x 10*

vy, <
<

Uy

gobo.odobby0Oy,ooboooo,gbbodbboobbooboo
ggbobuoooobbod:

case 3-1: 1, =0,1,=0(0000000000).

case 3-2 : v, = 5.0 x 103, v, = 1.25 x 103 .

case 3-3 : v, = 5.0 x 102, 1, = 1.25 x 10? .

case 3-4 : v, =5.0,1v, = 1.25 .

case 3-1 0 34000000000 0OOO0ODO33000bO. 0000 bLOObDOOD
gbogoob,boboobgobgobob.

0 33:case 3-10320000000000O0.

goboobog
gboogog
000000 Ax
O0OoooO Az*
O0Oooog At
gogo ¢
gooo

googd
good

2.4 x10* m

1.0 x10* m

1.0 x10° m

50x10°m (z* 000000)

1s

10,000 s

00 (x,2%) = (5.0 x 10%,5.0 x 103), 00 5.0 x 10?m,
000 z=+5.0x10% 2 =+5.0 x 10° O
2000000000

100m/s (OODO)

Om/s (0OO)

031400 3170, gobobobobbbddd v, =501, =125000
gboobobgobgo.boboooobobosisgo3iroogo,bouoon
googo31irgoo. gs31bode=50000000000000000O00O0
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gooobgooobo. o 3s1edb t=700000 ODOoDOoO0obOO0o0DOO
goooob. 0o31edb31rooobg,doboobooobuooooboon
goooo317oo0d.

scalar, scalar, scalar, scalar

(m/s)
1 G B S S S [ S | | B S -
\
[ \\\
[} \ -
0.
©
3] \
[7)] .,
0. - = =
| T ' |
0] 5 10 15 20
(%1000 m)
X—coordinate
gtool4/Fortrandn dote: 4/ 1/27 poge: 1

U 3.14: case 3-1 DUDODODODOO0OODOO. O0OO0DOOO0O ¢t=0,t=250,t=
000,t=750,t=1000 s DO OO OODOO0ODOO0O-2zO0000.




(m/s)
| | 1
10 - f\
.‘1| | I!l
- ."H | | I:‘ ) /\\
° R O VN
8 0 _.l I.I ":!l'l_x;._ ,J___I'.'_ e e
(7] ) |
I'| .-f \ /
|/ \ |
¥ b
—10 4 | - | ' | B
8] 5 10 15 20

{(x1000 m)

X—coordinate

gtoal4/Fortrangd dote: &/ 1/27 poge: 1

U 315 case3200000000000. 0000000 ¢t=0,t=250,f=2500
sbOgobogbobobobob-zxob00.

scalar, scalar, scalar, scalar
(m/s)
C e b e
AN A \
AN \ / \ N\
0.8 - S X %/\
/ AN / Y Y,
."l A Y ," AR Y
o fl N NN \
0.4 - /X oA\ \ -
o / foo AN NN N ™,
© L NN N N NN
. ~ SN N TN L
“ 0.0 -efé'\ix( ,\;( \\f““ e
N '}"’
< S
\\__},'\ !
| “ff ' |
0 5 10 15 20
(x1000 m)

X—coordinate

gtoal&/Fortrangd dote: &/ 1/27 poge: |

U 3.16: case 3-3 U0 UO0O0O0OO0O0O0O0O. 000 ¢=0,t=250,t=
500,t=750,t=1000 s DO OO OOOO0ODOO0O-zO000O0.
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scalar, scalar

0 5 10 15 20
{(x1000 m)

X—coordinate

gtoal4/Fortrangd dote: &/ 1/27 poge: 1

U 317 case 34 00000OO0O0O0ODOO. OOO0ODOOO t=0,t=250,t=
500,t =750,t=1000 s DO DO ODOOOOOOODO-zx0000.
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3.24 0O0O0OO0O0O0O0O

gooobobobbbooggo

goobbobobbboooooooooobon,

googoobbbbbob. oogoobbobbbboobobbbboooougod
000000.00000000000000 (10,50, 100 m?/s) 0000

case 4-1 : K, = 10m?/s
case 4-2 : K,,, = 50m?/s

case 4-3 : K,,, = 100m?/s

case 4-10 43000000000 OO0O0OO 34000. b000bbooOoOon

gogboboog ogbn.

104300000000000.

O 3.4: case 4-
ooooog :

gogbooodg
oo0ooo0gd Az
OOOoDOoOg Az
oo0ooog Ar
OOoOoDooO At
goon ¢
goon

ERERN

ggbbbudl o
Uobobobooodn v,
ggboobobooodgn v,

2.4 x10* m

1.0 x10* m

1.0 x103 m

50x10°m (z* 000000)

2s

10 s

2.0 x10% s

00 (x,2°) = (1.2 x10%0.0), 00 5.0 x 10?°m,
000 z=+5.0x10% 2" =+/5.0 x 10° O
2000000000

»=5000m 0000000000000,
Z=5000m 0000 z*=5000m 00000
00,00000

2.5 x 1072

5.0

1.25

U 3180 0O 33200000, 000000000000000000000A0.
case 4-10 430000 ¢=500s 0000000 OOO0OOOOO0OOOOOO

. ¢=800s0000O0OOU
gogbobobooggoboogad

oo z*=5000m 0o, ¢t=800s 00
gogooboggd.
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U318 case4-1 000000 t=0sU00000O00OO0O0O0.

0 319 case4-1 000000 t=500s000000000O.

0 320: case 4-1 000000 t=700s000000O0000O0.

0 321:case4-1 000000 t=800s000000000O.

0 322: case4-1 000000 t=1000s00000000O0.

U323 case4-2000000 t=0s000000000.

0 324: case 42000000 t=500s00000000O00O0O.

0 325 case4-2000000 t=700s000000O0000.

0 3.26: case 4-2 000000 t=800s000000000O.

0 327:case 42000000 t=1000s00000000O0.

U 328 case4-3 000000 t=0s000000000.
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0 329 case4-3 000000 t=500s0000000O000O.

0 3.30: case 4-3 000000 t=700s000000000O.

0 33l:case4-3 000000 t=80sU0000D0OO0O0O0O.

0 3.32: case4-3 000000 t=1000s00000000O0O.




U440 ERERE 28

40 OO0

gbbod,uogbobobboooboobobuoobbuoobboobbooboo
goooobooobooboob. bbooboobooboboobb Klemp and
Wilhelmson (1978) OO0, 000000000000 (1999) 00000000
gob.bogobbuogobbooobb,goobbuooobbooobboo
00, Asselin (1972) D00 OO0OOOOCDOOOO.

00000, Klemp and Wilhelmson (1978) 00000000000000000
000000000.000000000000000000000000000
0000 (2.18)0 (2.19) 0, Klemp and Wilhelmson (1978) 0000000000
000000.000000000000000000.

googobobboboda,bbotoduggg 2000000000000000
gobo.ogobobooobbooobooobooobboobobo.oobobo
ggbbobuoooobbboooobb,ooobbboogai:

e Az =1,000m,A7=1.0s000,000000000 a=25x10"200
gogoo.

e Az =1,000m,A7=10s000,000000000 v, =5.0,v, = 1.25
oooooo.

000, Klemp and Wilhelmson (1978) 00 (2.18)0 (2.19)0000000000
00000. 00,0 (218)0000000.0000000000000000
00000000000000000.0000000000000000000
0000000000000,000000000000000000000.0
0000,0(218)00000000000000.

00,0 (219900000000000. D00O0ODODOODOOOO L,000OD0OO
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000000000000 KOOO.0 (219900000

0K, \? K2
dii | —=] ~O|— 4.1
(%) ~o(%) )
000.000,0 (2.15) 00 Klemp and Wilhelmson (1978) 000000000
500000,000000000

19°K2 K2

00000, 0 (21900000000 60 (42)000000D000CDO. OO0
00000 (2199 0000000000.

0000000000000,t=70s000 (O 3.20,0 3250000 3.30) O
gbobooobooobbooob. t=1000s 0000 3.22,0 3270000
33200, 00000000 bbo.goubboboooooboobooboa.
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HRN

gobboooobbooobbbuodobbbuooobbbooobboon.

gddooooooououooooobobbbobboouuoo, gooooooo
gogobobboooodgb. gooobbobobodoooobbobooooon,
gobbboodgbbbuoodgbo,buoodobbba,obbbooodgbbbod
gogbobobooooobbbobooo. oobbbbbobbbbobooodoogod
gogoggobbobbbbbbobbbbboouodgoooooobobbbb. O
goobobbobbbouodooooobobbobbbouoooooobobobbboogd
gbbodbbodobooobooboboboo,buoobbuoobbodgbobo
gd. bobobotodduooooooooooooobboboobobobbbbood
gogoogoobbbbbbbbbb. obbbobbobobbbbbbooodaaoao
goobobbobbouodooooobobbobbouoooooobobobbboogd
gobbog,bboogbobbuooobbuooob.booobbboooboo
CReSSOODOOODOODOOODOODOOODOOOODOODDOODOODODOO
gobbooobobboodobbbuoodbbbooobbbooobboad.

gogoobbobobobodoooooobobbobbboooooobobobboogoa
gbbogobooobbodobbuoobboo1l1booobboobodg, oo
goboobbooboooboobboo.bbooboooobbboobobo
goboboobbooobbbooobboa,bbboobobboodob.bod
gogbooboooooo.

O00000bO0o0o0b0o0b0obO0o0obO, 0Dbo0oboDbOd Fujitsu Fortran & C
Package ver 30 00000 O0ODOO. OO, 00000000000000 gtool4
Fortran90 00 0000000 (http://www.gfd-dennou.org/arch/gtoold/) O 0O O
ggbooogd.
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0 OA 0O000000ooood
oot

gbobobo20b0b0boboboboboboooooobooboob. oon
g,0boggobbobduooobobooogobon.

Al ODO0OO0OOOUOOOOOOOOOOn

gbogobob,obooboobobbobooboobobb,boobon
goooboooob. bogbooboooboboobooboobboooboboon.
000000 (24)000.000000 (26)000,000000000000
gboobuooboobon

) 0

O00000.000000((28)000.000000000000000 D,,;,Dy
0000 A300000.000000000000D0 (2)ODOoOoOoOoOOQ.

A2 JO00OOoooog

ggbobobboooooboboboooobbobobuooooob,boa,bodd
gogbbobooaoobn.

00 (1999) O CReSS (0D DO, 2001)0000,00000000 (2,y",2%) O
r = x
Y=y

= z*(az,y,Z)
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000. 20 (220000000 (0 2.1).

00000000000000 (u'v,w)OOODO,000000000000

. Oz . 0x ox
u = u 8x*+v 8y*+w8z*’
v o= u*ay v*ay +w8y
Ox* oy* 0z’
, 0z , 0z 0z
YT v oy* +w0z*

0000.00 (A2)-(A4)0 v v, 0000000,

G = uJi. + v wdy
1/2 % Yz 2T Ty
GV = wJ¥. o wI.
1/2 _ Yz 2T Ty
Gw = udgy + 070 + Wy

goo0.000 JO02000000000,000

Yz —

GO0 3000000000

G

ox

ox*
dy

ox*
0z

ox*

oz,
A(x*, y*, z*)

Jy
8*
-

oy*

Y, 2)
Ox
%
o

dy*

I(y, 2)
ANy*, z*)

oy

oz*
oz |’

0z*

ox

oz*
dy

0z*
0z

oz*

(A.2)
(A.3)

(A4)

000000.00000(22000000000000,00000000000

ERERE

gooo.

w
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0000000000 bOooooooboooooD,00dn o00O0Ooon
o6 99 138¢

9o Oqﬁ 230</>
3 = oy + 6P (A12)
9o 1 3¢

goo.

A3 0OD0ODOOOOOOOoboboOO

0000000000000 00000. 00000000, 00000000
000000000000000000000000,0000000000 (O
000000000000000)000. 000000000,0000000
0000000000000 00000000000,00000000000
00000000000000. 00000000000000,0000 A=
u,v,w,7,0,¢,¢,¢,) 0000000000000000000 (A)000000
0000 (40000

A=A+ A"

gogbboboogobboboooobob.oooobobobouooooboon

s
\
=

Y

B+ ATD",

N

[lsy
|

SIS

gogoo.

0000000000 000000,0000000000000000000
0o,

ot; ou; ~ o 0
a +u Ja + Cp@ aixz = (513g [@ 1]
—Eispfur — ;Cu”u”, (A.14)
j
op Opu,
— e Al
ot Vo, T (A.15)
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000. 00000000000000000000,00000 60 600
0

0.00 (A14)00000 3D—a—u” W00 (24)00 D,, 000 . Klemp and
Xz

Wilhelmson (1978) O O, DDDDDDDDDDDDDDDDDDDDDDDDD
oood D, oboo.

gobbobuooooboboooaooh,

00 00 -
i -7 g Al
8t +u]3xj 8xj U]9 ( 6>

Lj

o
0 (A16)00 - 6" 0,00000 (28)0000 D, 000,

(A14)0000300 /4, (A16)0000 ¢ 000000, W,7,0,q,, 7.4,
gobboooobooobpooo.gooooboogn, Klemp and Wilhelmson
(1978) DO DOOO0O0OOOOOOOOOO1,00000000000000DOO.
0000000 Klemp and Wilhelmson (1978) D0 0. 0000 wfw) O v/6" O

gogbooogoon:

) ou; O\ 2
i j
_ 0
W = thm. (A.18)
J

E K, U000 K,0O0OooOoooogooooo.

A4 0OJO0OO0OOOOOOOOODOOOOOOO

000000000000000000000000000000000000.
00000000 (227)000. #,y,-*000000000 (2.28)0 (2.30), 00
0000 (232), 000000 (2.33)00000.
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0 OB 000000000000
Juoogd

gbooboobobbo3oobuoobooboobobn.

gogoogooobo,3bboboobboooddgdoooo, oo og, d
gbbodboogbbodboobobud. zyy bbb oobbuogbbo
gooobb. 000 LUO00noboobbo,bdddgoooboboobogad
gbbodbooobuoobbooboooboobboo,uougbbuoobbo
goooo.

B.1 0000 0O0OO0OO0OO0OO0OOoOoOoOooog

ggbbobuooobobbooogboboooobbod.

B.1.1 0OO0odd
gobbooboogbbboo

000 200

000 yOO

000 200

00000000 (0000000)
00

. 0oooooon

¢ : 000000

¢ : 000000

S Hs <

>Q
<
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000,00000 2,9, 000000 +000.

goooooooobobbn
p = pR4T (1 +0.61¢q,) (B.1)

oon
Rg/cy
H:<&w0 (B.2)
Po

00000000000. 0000000 p00000000000. 6,000
00
6, =0 (1+0.61q,) (B.3)

gogoo.

B.1.2 0O00O0O0Ooodnd

0000000000 0D0ooooooO0. 0000 ((00000)000 (a=
v=w=0)00000.00000000000000000OC,0000000
gogbo,uoodn

0, =0(1+0.61q,) (B.4)
O00.00000000000000000000
81:[_ g

iy (B.5)

goo.

gdooooooooo, oo oooad:
p=0+¢.

000 ¢ =u,v,w,1L0,q, ¢, ¢, 00, p 000. 0000,00000000 ' =7
00,00000000000 ()00000
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B.1.3 0OOOOOO

gbooobuo,ugbuooboobgoobooboo,oobog,uooboa,
goooobgobooo,oobuoobob,oboobuoobobboboobon
gb.0obooboobooboobooboobg.

godoodo
du; _ Om
3 61}7
dt Cp 8%
0
disg [9 —140.61(qy — @) — qc — QT] — ik fur + Dy, (B.6)

oo0.:=1,230,0000 z,y OO0 00000, fOD00ODODODOO
gooo. b, 000000bOO000bO00bo0oobo0ooooB300bOO.

goooon
om cal O R
o — % (i) = f. B.7
ot oph o, (PBrs) = £ (B7)
or  Rgm Ou, ¢ db,
S i B.
f ujf)xj ¢, 0x;  c,f? dt (B8)

god. D, 000bo0obooboboboobooobog,eboob

2 = g, (B.9)

Co

0000,c0000000000D0. 0000O0 (BRYOODOODOODOOOOO
gbogbouoobooboobo

ap 0

gooooo.

gogboo,ggbgboogbo,ogbgbuobogbobobogbo,gbon,

0
a = Dy + My, (Bll)
dgq,
dqt = D, +M,, (B.12)
dq.
d‘i = D, +M,, (B.13)
dgr

dt = Dq'r + MQT (B14>
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Ooo. 0000000000 My, M,,,M,, M, O0000000000000
oooo. Dy, D,,D,,D,, OOOOO0OOOOOOODOOOOCODOOOOOO.
gbooobgoboobB400, 00000000 B30OOoODOO.

gobboboodgbbobdad

po 11/ Ha
"= R, 6,

(B.15)

gbooobgo.

B2 000000 0O0OO0OOO0OO0OOO0OO0OOOOOU

gbbg,buogbbodbooobuoobbogbooobuoobboobobo
gd.bbobuoggobboboooobobobog.

B.2.1 0OO0O0O0OOO

00000000000000000000000 (B.6), (B.8), (B.11)0 (B.14)
0,00000000000000000000000.

ooooooon
811__(?”?9

B.16
0z by ( )

ggo.

googod

ou ou ou ou - (O 13 0
el .= htind - — — | = D B.1
8t+u8m+vf9y + w82*+cp9v<8$+6’ 82*) fv+D,, (B.17)

ov ov ou ov - (O 93 OT

AT P a0 il 9T) = —fu+ Dy, (B
8t+u8:c+vay + w@z*+cp9”<8y+G 82*) fu+ D,, (B.18)
6710 n 8710 (‘Lw N ow N cp, O

o  or oy Yo T G2 9z

0
= g [é —1+0.61 (QU - (,Yv) —(Gc — QT] + Dw (B19>
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0ooo.o0o0o D, D,,D,0 B300000.

goooon
on &2 (0 (ﬁéy@ 0 (ﬁévv)
ot * cppﬁg{ Oz * oy
d ( pb, d (ph, 1 0 (pb,
e (gﬁ@ e (gZ*v) s (gz*w)}
= fr (B.20)
on on on
f7r = U777 V7 —

ox oy Yo
+Rd7r{8u+8v (G13+G23+ 1 )8w}

c |0z = Oy * GY/2) 9z

A (86, 90, 00, [y s 1\ 06

— — . B.21
cpb? { ot * oz * oy * <G O G1/2> 0z* ( )

Klemp and Wilhelmson (1978) OO0 f,=00000,00000000000
o000, f,=000000000000000000 ((B21)ODoOO 30)0
goooooobobobn.

gbogboa,uggbgbgbo,ogbobobogbobobodoboa,obdao,
00 00 00 00

o Von oy T = Mot Do (22)
88? —|—uaa(f; + vaaqy” +wgg: = Mgy, + Dy, (B.23)
%ic “aa(ff N U?;;c tw gg: — M, +D,. (B.24)
%qtr . u(’;i U%er o g‘z: - M, +D, (B.25)

0000. 0000000000000 Dy, D,,,D,.D, 0B300,0000
My, M,,, M, ,M, 0 B400000.

ggb,bogdgobobodo

_po 1T/
Ry b,

(B.26)

gogbboobooooon.
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B3 000O0OODODODOOOOOO

gogbboboooboobb,gobbobuooobbb,oobbooogbbboo
goboooobobooooobobooo.bbuooobbooobboboono,od
gogbbobooogbobobooooooh,

ou; ou; _ o7 0 ~
U;— — = dp39|=—1 .61 — — Q. —
ot + Uj Ga:j + Cp@v Ga:z 5@39 [@ +0.6 (CIv Qv) qc Qr‘]
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