110

L] [

0000,0000 (D0O000UU0OD0)00D0000D000OUOOOUO, 000000
ggooobooooooog.

1.1 O0O0O0Oooo

gogodoooboboobboboooooooooboobooobob,bbbbbbbooooon
0000000000000 (booOU0,00000000000O00O0O0)0D0O0O0
g, gob,bgogoobobooooboboooobboooobo.obbboooboboobooog
gogoddd. ggoooo,0ooouodduddodddiddddoooooo o
goobboooobboooobbbooobbbooobbboooubbboooo
gyoodd. oo, U LUUL O
gogooooogoobooon.

gooboboooooboooobboooobobooooboboooobbooon
0000000000000 »000¢t00000)00000O0OODOOODOOOOO

000000, 00000000 POOODOOOOOOO,POOOOOOOYWW OOOO,O
ggoooooboooboboooooogooooooooboob. bbb bbb mOO0oooQoo
0000000000000000006V 0000000000o0oo0oo0o0o N,OPOOOOO
ood »-0000,0 POOOODOO

p(r,t) = 7 (1.1)

0000000
000 NOSVOODOO t0000000000000, p(r,t)000000. p(r,t) 00
0,0000000000000000000000 20000000000

e J00DDDDDOOOO L» (§V)Y*>00000000000000000000

13



14 O10 00

e °
P
o052 °

o [

011 0000000 p0b0COdDOUOOOOOOO. O POODOODOO,P
gboboobobobooobobooobobooboboooboobobon.

0*t .
0000 A0 L OO

A
K=2 (1.2)

0000, K1000000. KOOO KnudsenOOQOQOQOO.
e J0I0DDOODOOD T>»0OD0000D000D000DOO0ODOOODO* 7.

0 godoooooboobooooooonoobooooooooog.
oooo,o0°coon A~ 107" m T~10715
0ooo L=1~10km T~12h
0000 (000000) L~ 10° km T ~ 10 day

gbooboobobooboboobobooooboboobobooo.

1.2 O00O0OO

00000000000000 (fluid parcel 000 fluid particle) 000000000
0. 00000000000O0000C0O0O00C00OO0O0OO0OO0OOOO0GCOO0O000, 8V
O0o0oO0000o0O00000O000000000. 0000,0000000000A0
gooboboobbooooog,boboobobbbbobobbbbbbobooog,bbbbo
O0o0ooOoO000ooO0o0o0o0oO0000oo000. O0boO0o0,000000000

0000000000000 000000DOooDoooog.
2 000000000000000000000000000000,0000000000000000
gobooooog.



1.3 00
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goooddouo, 0o g, bbb O
gogoooooan.

1.3 00

oDooo0Od,NewtonOOOGOOOO,000000000O0O0O0ODOOODOODO
gooooooooooo,0bbbbb o000 og. oo, 00o0obbobooboooO
gogooboobbodooooobbbbooooo. bbb bbboooooo
gogo,bboobobbobboobobooooddddd0d0000ouuy, oo O
goguoodgobooog,obboogooboo. bog,gogboboooogbobooon
goooo.

gogobobooooboboooooboo.

e 000 (body force) 000000000000 OODOOOOODO. ODOOO,O
OO0, Coliois0000000D0O0O0,000000000000000O00.

e 100 (surface force)J0 0000000, 000000,0000000000.
ggog,bbobbbtbboodddooooouououooo,oo00ououooa
goobooobobbdoodb. ogobbooooooboag.

000000000000000O(stress) J100. 000 MKSOOOOO Nm™2 00
0DO00O00. “0”000000000000,000000000 NOOOOOOOO
ooooooog.

000000 POOOOODOO,0 POOODOO SOO0O,SO00 POOOOOO
D00000000000000000 (00 n00000000000000)00
0o,T,000.00000T,0 SO0000,000000 n0O0000. 00,0
0D0000000000000000000. 00000 T,0 2000001000
000000000. 000,00000 2000000 (tensor) 0000,90000,
7, (1,7 =1,2,3),0000000. 00000, 7; 000000000000, z; 00
000000000,2; 00000000000000000 ;00000 7; 000
oo.

D000000O0000000,

T_, =-T, (1.3)
gooooa.

000000000000000000000000,00000D0000 (tangential
stress), 0 000000 0O (shear stress), 00O OO (normal stress) 00 0. 00000,



16 O10 00

00000000000000 (pressure), 010000000000 (tension) 000,

A

012 0 PpPOODO z0000000C000O0.00C0,POO0ODOO T,,00
Uoob00o0b m3, 23 000000 733 000000O0.

14 0OO0O0O0OO

gog,boobbbbbbobbbbooooooooo,bbbbbbbbboboooOon
O,0000000000000DOO00DO: “0000o000ooDoOooooo,bogooon
0000000000000 00OO0oO0. oo, 00000000000 0DO00O00OO0
go.oodg,dgogoboooboog, bbb bobbooooooboob,bo
gobooooooboo. g, goboooooboboog,obbooobbooobo
goooog.

O0o00o0oo0b0o0b0o0obD0oOoboO. ‘b0, 0bo0obDbO0oo0bOoo0oDbOoo
0Oo00O0,000000000000OO0OD0ODOOO0Y ODOO,0000000 00O
g,dbobbodogbobbogogooboooobobooon.

[OoO]
[D000: )]0 POOOOO,000000000 PAB,0O0DODODOOOOOD
OO0. PA,PB, ABOOODOODODOOODODOO p1, p2, p3, ODOO. OO,
PA:ll,PB:lg,ZA:Oél,ZB:OQDDD.



1.4 00000
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e 000000 D0OOUOUUUDOD: UODODOOUUOUOD ABOOOOOO,
pilisin a; — pala sinag = 0.

gooo

sina;  sinas

lo lh

oo,
p1 = p2.

0o00d0oOoDooo pOODOOOOOODDOOOOO.

e JUDOODODODOODLDODODOU: UDOUOODOODOODODLDDODOODO
g O(l2)DDDDD,DDDDDDDDDDDDDDDD. Oo0000,lo00000o0o0o
oobo,d0obbooobobooobobbooobbOo0. boob,o0oboDbUoUooo
oo.

e N0DUUODON: DODODODODOO D'Alembert 000D OO0OO0OOODOOOODODOD
gooobgoooboobooobob. oboobobooboboob,bobooboobo
oooo.

[DoOoOo]

013 0 POOOOOODOOCOOOUOODODOOOODDOO.
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O10 00

1.5 00oO0oon

1300000000000 00DbDO000ODODOO0,0000b0bOo0o0ODDbDDbDO0On
ggooooobobo. oooobobobobbooboboboobobbbooooo,obbobbobobon
gobbogooooooobobooouobbooob,bbooobooobbo,oonboo
ooobObooood. bbb boooooobobobooooooooobo
gooboobooooobob pgbboooob,0bn N/m3DDDDDDDDDDDD
0D00000000000000,000000000 N/m?2000 pg0000000
gobboogoboboooobboooon.

gogobo,ddooobobobb,obbbbbbbobddooogoooobooobo,
goobooboood,gobbooodobboooobobbooonbboooon.

gdddboooood gddououououoog pbbobbbbbobobobobbbb. O
1400000000,00000000 (000 dS,00dz) 00000000, OO
DO000000,00 (000)000 (0DD00)00000. 00000000000
00000000000 p(z,y,2+dz)dS0O,0000000000000000000
000 p(x,y,2)dSODO00000. D0OD0ODDO pgdSdz00000000000000O
goooo.bbdoo, bbb obobuoooobboog,

—p(z,y,z +dz)dS — pgdzdS + p(z,y, 2)dS =0 (1.4)
000.d: 000000, p(z,y,z+dz) O
dp 2
p(z,y, 2+ d2) = p(w,y, 2) + 5=dz + O(d=7) (1.5)

O TaylorDOODOO. DDD,O(dz2)D dz02000000000000000. O
0000 (14) 0010000000000,

{—% + (’)(dz2) — pg} dzdS =0. (1.6)

00000000000 00000D00000 dedSO00,00dz—0, dS—00
O00000000000000000. 0000, 0(dz?)00000,

Op
“-r — 1.

goooo.

*314000: 000000000000 DOO0ODOOOO.



1.5 00000

(L7)000000000000000000 (hydrostatic balance) 000000, O
0000000000000 00D0O0O00DD0DO0O0O00O0.* 00000000000
gboobodob. obooboobbobbobboobooboobuoobadaod
DDDD.p,gDDDDDDDDDDDD(1.7)DDDDDDDDDD%<ODDDDD
0oo0o0o0ooo0ooo0oo0ooo0oo0ooUoooooo(l.Hoooooo
ugb,bod0bbooboobobg pbbobboobboobooboboabob. ob
gbooobdobod,bubbdbd eyydbbodbooboboobobbobaan
EEERN —g—s,—g—ZDDD.DDDDDDDDDD,DDDDDDDDDDDDDDDDD
gboooodoaod

—Vp (1.8)
goobo.ooboboobobboooobboobbooobobb,boooo,bbboOon

0 O (pressure gradient force) 00000, (1.8) 00000000000 DOO0OOOOO
gogobbooobbbooobbboooobbooan

p(z+dz) dS
z+dz— .
Z4 p(Z} ds
lpgldSdz
dS

014 00000000000 dS,00 z0 z24dz 0000000 pO0000OOO.

* 0000000000000 0000000. 00000000000000000003d, Coriolis 00O
000000000000 000D00000O00 (geostrophic balance) 00 0.
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O10 00

151 ODO0O00O0

oooo0oano
0000000000o0O0o00O0O0o0o0oD0oUO0Oo0oO (p0O 20000000
00) 000000000000 (1.Y)00o0o0ooooo

dp _

_ 1.9
P pg (1.9)

00000(1.9) 000 »0000000000000000z2z—0000000000
0000000 p(z—o0)=000000

o) = [ " pgdz (1.10)

D00000(1.10) 000 200000000000 1m?20000 z2~0c0o00000
gobobooooobbooobboooobobooa

gooo

00000 1000 hPa00001lm? 0000000000000000000000
0000000000000000 g=10m?s~ ' 0000

ooooooooo
00000000,000dS,00 d:000000000000 ¢/ 0000000
(0000,000000000)000000000.0000,0000000 (1.4)0
oooooo,

—p(z,y,2 +dz)dS — p'gdzdS + p(z,y, 2)dS (1.11)

O00.0 1000 3000000000 pgdSdzO000O. 000, (1.11)0

(p—p')gdSdz (1.12)

O00.00,p>p 000,0000,0000000000000000000000
0o00,(1.12)>0000,000000000000.0000,0000000000
gobbbooooogobobod. gobobbooooobobobbboooooboon
gobobooooboboooobobooa.

0000000 [0ooo]jooooo,



1.6 00000

00: (buoyancy force) “000 (00DD000)00,0000000000000
00000000000000,00000000000000. 0000000
0. 000000000000,0000000000000000000000
(0oooooooo)

000.00000000000, (1.11)0000

—p(z,y,z + dz)dS + p(z,y, 2)dS (1.13)

000. (l.13)0ooooooooooooog,

—p(z,y, z +dz)dS + p(z,y, 2)dS = pgdSdz (1.14)

gogo,djgoooooboobbobobodddooooobobL bbb buo0oooUoOon
gd.dogooboboogobbboooobbbooobobooooon.

16 0OO0OO

ggobobooooooboodo,goboboooobobooooboboooooboobooag.

161 DO0DDOOODOOO

000000000000 000000000,00000000000000000
00000000 (viscosity) 00O .*

e 0000 (inviscid/perfect /ideal fluid) 00000000, 00000000000
00000O0000. 000000,00000000000000000. 00
oo,

Tij = —p&;j. (115)

gbobobooobobobuoodg,gobbbooobood.

e U0ODODO(viscous fluid)J 00000 UODO. DODODO0D0O0OODODODOOOOOOO
oo, bgduboboooboboooobobuoobobooo. bbooobooaobo
0000 Newton OO (Newtonian fluid) D00 O000000O0. 000000
ODO000O00D0O0OO000O00000DO00DOO0OO0Db0d. NewtonOOOGOGOOO

000000000, 0000,0000,000000000000000000000000000,
gobooooooobooboooooooboobooooobooo. boboboooooooboog.



22 010 00
oooo
1
Tij = —Pij + 2p | €5 — gekk&j (1.16)
1 8%1 an
ij = o 1.17
i 2 <8.’13J + 85C1> ( )

O000000. o 0000 (coefficient of viscosity) 0 00 00O . Newton O 00O
00000000000O00O00000O. (11600000 kDO 0ODODO, O

0o (1.15)[][][][][][][][][][][].

OoOd : (l.16)0000,0000000000.000000,000000000O
0o0o0o0oO0ooOoo. (1.16) 00000, 0000000000DOODOODODOODO
0000000,000000000000000000000.* 00000000
goboooboo,bo00oo0booboooboo,ooboooboooboobOoo
gooooob. booboooobooboboobboobbooobooobooobo
00000000000, 000000000000000,000*0000,000
googooboob,booboobooobboobooboobooboob. oo
gooobooobooboboooboooboobobo, bbb oobooobo
oooobobgoooobooooo.

162 0O0OO

gdddodoooo,bbbboooo0d00ooog,bbbbbboobooOon
goboboo. dgoooooboobobooog,boooooooboooooooooboon.
gooododoo,bbbbbbbbbbbbbbboooooooooooooog, bo
gobboogoooboboooooog.

000000000000000000000000.* 0000000000, 00
goboboo, bbb boo,jodbbbobbooobbooooooo. o
goboobooooboooboooag,

e 00 00O (compressible fluid)0 000000000000 0OO.
e 000000 (incompressible luid) 000000000000 OOO.

*00000,00000000000000000D0000000000000000, 0000000
ooooob,00200000000000DOC0O000DOOODOO0OO0ODODOOOO0OO,D000000
goboboobooooobooooboog.

*00000000D000000000. 000D00000000000000000000000000
ogloooooboooobooooobooob,0oboboobo0obobob0 10b0b0obooobooOoDbOobo
gooo.

*¥ 00 c0O0 entropy 000DO0D, 0000000000000 00000000. OOO0O ¢=

v (9p/0p) -



1.6 00000

00000 0000000000000, 0000000000000000000
000000000000000,000000000000000000000.*10

googes

1. 0000000000 p=pRT, 0000000000 TdS =c¢,dT+pd()0
000,0000000000 pO 00 p0000O0O0O00O0OO p=Cp?
(Poisson 0000)O000000. 000,7, S, ¢, R, COOO0O0OOO,
0D00000,0000,0000,00000,00000 ¢, 00000

cp=c+RO0O0O,y=cp/c, OODO.
2. 000000000,0030K00000000000000 ¢= <%L
0ooo.
0 aD @@SDDDDDDDDDDDDDDDDDD
ObOc, = 2R, ¢, =1R, R=287JK'kg™' 000, c00000000. (O
0000000000000000,00000000000000000
ooooooooo.)

00000000 00000000,000000000000000.

*10 0000000000000 000000000000000Bussinesq 000000000000
. boooobooo,boobooboooboobobooboo0o. bobooobooobooboobooDbo
gooog.




