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10 o

O0000,0000(0000000)00000O0000ooODOOo0O,00o00
gbobbooggobbodagd.

1.1 O00oogn

gboogbbooboboobboooboooboobbg,boobbobbod
0000000000000 000 (Do0oooO,0000000000D00ODOO
0)000000,000,00000000LHOO0000O0OOOOO0O0OO. O
obobooboboobooboob.oboboo,obo0boboobob
gobboobbuoogooobbbobbbooooooobboobooooood
obooboobooboobboobooboo. opoboobooboob,
gbobboogogbbbuoogobbbodoooobboooobbobooan.

gbodobobooboobbooobuooboobbooboobobooobod
O00000000oooD((@oo00U0 r000¢t00O0O0OO)00OODDOOO
oboobon

Ooo0ooOo,000o0o0co0 pOOOOOOODDOO,POODODOOO OO
gb,gbbogbodbuogboboooboobobooboob.oob bobiod m
00oo0DO0o00O00OO00DbDO0o0oO0O0ObOOdDOwOO0ODOO0OOODODOOODODO
N, O pPOOOOODOODO »r0000,0POOOOOOO

p(r,t) = % (1.1)

gboooooo
O00 NO wDOOOOO0O¢t0000000000000, p(r,t) 000000, p(r,t)
gboo,0b0gboobgobobobobobobobob 20000000000,

e J00D0DDODOODO L (6v)/?>00000000000000000
oooata

0000000000000 0000000000000000.



14 g1g 00

e
EIN
o o

0111 00boobd pbodbobobbbobbo. 0 pOoooboob, P
gbgobobbobboboobooboobooboobooboooo.

oooo axb LOoO

A
K=% (1.2)

O00D0,K«1000000. KOOO KnudsenOOQOOoQoOd.

e 100DDDODDOOOT>»000000000DDODOOOOOOOOO?T.

O: dboobooooboobooboboobuooboooobooobooon.

0000,0°CO000 A~10""m T~107105
Oooag L=1~10km T ~12h
D000 (000000) L~103% km T ~ 10 day

gboobobooboobooobobooboobbooboobooooog.

1.2 0000

0000000000 0000 (fluid parcel/fluid particle) 0D 0000000O. O
Oo00O0OoODooOOOOOCOCOO00000oooooooooooDDoOO,dwOo0oO
gbobobobobopooobobobo.obob,0boboboooboobobog
gboboboodgboo,bogobobooobobbuooobbooob,bbooabbod
gbobooboboooooboooboboobob. oobooo,0booobooooboog
gobo,0bo0oooooobooooobooo,booboobooobooooboon
goooo.

D0000000000000000000000000000O0,00000000000
gbooooobooooooo.
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1.3 0O

ooogbo, NewtonODOOOOOO,00000000000000000000DO
gbooobooobooboo,boobooboobobbo. oboo,booboboobogon
gboboooboooooooobobobob.ooboooboooboobobobobobooon
g,00oboobobobooobooboooboooboobobooob,oooboob,onoon
gbobobo.ooo,bobobobooooobooooooo.
gobooobooobooooobooooo.

e 00O (body force)C 00000 DOOOOOOOOOODODOODODO.ODODOOO,O
O0,CoioisD 000000000, 00000000D00CDOO00O00O00OO.

e 000 (surface force) ] 00000000, 000000,0000000000.0
goo,b0booboobogoboobooogbooo,bobboobooobob
goboooboooboboo.boobobooooooog.

0000000000000000 (stress) 000. 000 MKSOOOOO Nm™2 O
O0000. “0”’000000000000,000000000NOO0OO0OO0OOOOOO
ooooooo.

000000 POOOOOOO,0 POOOOO SOOO,SO0 POOOOOOOO
0000000000000000 (00 n00000000000000)0000,T,
000.00000 T,0 SO0000,000000 nO000C00.00,0000000
00000000000000. 00000 T,0200000 10000000000
00.000,000002000000 (tensor)0000,90000, 7, (5,5 = 1,2,3),
00D00D000. 00000, 000000000000, ; 0000000000
0,z; 00000000000000000 ;00000 7, 00000.

O0000000O00oooO,

T n=-T, (1.3)

gooooo.
0000000000000000000000O00,000000000 (tangential

stress), 0 0 0 00 0O O 0O (shear stress), 0 0 00 (normal stress) 000 . 00000, O

0000000000000 (pressure), 10000000000 (tension) 00O .

1.4 00O0OOO

go,0bo00oboboooboooboboooob,booobbooobooooon
o,bgoooooogoooooo0oob: soobbobo0oooUDbLbO,b000DbO
ooooooooooooooOobooy Obbo,0b0o000bDbO0o0oUboooooDo
gb.oooo,bobobobobob,bobobobobobobobobgo,on
gbooobooooboooo. oo, obobbooboooboobo,obooboboobooon
goooboo.

oooooooooooboooooo. ‘gobob,0booOobocOobOoboooooD
goooo,boboboooobuoboboooooy bobo,0b00oo0bo0oDb oOO
g,0uogbboooboobooobboobooaobboon.
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A

01220 P0O00 200000000000.0000,PO0000O T,00
0000000 ms, 7 000000 ;s 000000,

OO]

[D000:]0 POOCOCOO,000000000 PAB,OOCOOOOODOODODOO
O. PA,PB,ABOOODOOOOOOOOODOOOO p1, pe, p3, DODO. OO,
PA:ll,PB:lg, ZA:OQ,ZB:O(QDDD.

eJ0000ODODOCODOOOOOOO:-OOOODODDOODODO ABOODDOOOD,
plllsinal—pglgsinagzo.

goog

sin o sin o

Iy I

oo,

p1 = Pp2.
00000000 POOOOOOOODOOOODOO.

e JUDOOOODOODODOODDO: bOOODDLOUOODDOODODOODOODOD
0O 00000,0000000000000000.00000,!10000
goboobooo,bogbbooboobbobbobobobobobb.oobonb, g
gbooabobaon.
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e JJIOODOU: 0DCODOUOODCO DAlembert 0000000 ODOOOODODO
gobooobooooobgoboo. bobooobobooboboo,obooon
gobogogadan.

oooo)

P3

0130 pPO0O0O0OO0OO0ODOO0ODOO0ODOODODODODOD,

1.5 00000

1.3000000000000000000000,000000000000000
00000O0000. 000000000000000000000,00000000
00000000000000000000000,000000000000,000
00000000000.0000000000000000000000000000
0000000000000 pg0000000,000 N/m300000000000
0000000000000000,000000000 N/m?2000 pg000000
000000000000000000000.
0000,000000000,000000000000000000000000,
0000000,00000000000000000000000000
0000000 p00000000000000.01400000000,00000
000 (000 dS,00dz)00000000.000000000,00 (000)000
(000)0000020000000000000000000000 p(e,y,z+dz)dS
0,0000000000000000000000 p(z,y,2)dS000000.0000

314000: 00000000000000000000.
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O pgdSdz000000O0OCOODOOOODOOOO.OO0OODO,ODO00DOOOO
gooooooooo,

—p(z,y,z +dz)dS — pgdzdS + p(z,y,2)dS =0 (1.4)

O00.dz000000, p(z,y,z+dz) O
dp 2
p(z,y,z+dz) =p(z,y,2) + adz—l—O(dz ) (1.5)

O Taylor 00000. 000,0W2?)0dz02000000000000000. 00
000 (14) 0010000000000,

{—%—i—@(dz%—pg}dzdSzO. (1.6)
0000000000000 00000D000 dedSO00,00d2z2—0, dS—000
DDDDDDDDDDDDDDDDD.DDDD,O(dZ2)DDDDD,

Op B
—5, —P9=0 (L.7)

gbooogo.

(1.7) 0000000 (hydrostatic balance) 00000, 00000000O0O0O0ODO
000000000000000A4A0000000000000000O00OO0. 0000
gboooboooboogobboobobooobobbobobonobooog. p,gbb0O00O0

DDDDDD(L?)DDDDDDDDDD?<ODDDDDDDDDDDDDDDDDD

z
O0000000000o0o000oo0@.7nooooooUo,00ooooooooo
ObOpO0000000O0OODOODODOODOO.DODODODOOOOO,0000
Ubd z,y OOOOOO0DOODOODOOOOODOOODOOOOO0O0 —%,—g—ZDDD.DD

gboooboo,boobooboooboobbooboboobboooon
-Vp (1.8)

gbog.gbobbooobuooboboobooboobobo,obbob,0booog
0 O (pressure gradient force) 00 00 O.

1.5.1 000000

gooobom

O00000000000000000000000OD0O000O (p0O 20000000
00)oooooooooooo (LL7)oooooooo

dp
P Py (1.9)

{000000000000000D000DDO. 00DO0DOO0OO0O0O0O0O0O0OOOOoOooOO,
Coriolis 0 0000000000000 O0O0D0O0O0O0O0DOOO (geostrophic balance) 00 O.
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. plz+dz)dS
z+dzf —
z | p(z)ds
ipgldSda......_
dS

O 14: 000000000O0ODO dS,00 20 z24+dz 0000000 pO0ODO
ooogo.

0000019 000 :0000000000000000z—0c0000000000
000000 p(z—o00)=000000

o) = [ " pgdz (1.10)

000000(1.10)000 200000000000 1m?0000 z2~0000000
gboboboboboooooooooooooon

gooo

00000 1000 hPa0 0001 M2 0000000000000 000000O000
0000000000000000 g=10m?%s~ 10000

gooboogon

00000000,000dS,00 d: 000000000000 /0000000
(000D0,000000000)000000000.0000,0000000 (1.4)0
Dooooo,

—p(x,y,2 +dz)dS — p'gdzdS + p(z,y, 2)dS (1.11)
O000.0 1000 3000000000 pgdSdz0000. 000, (1.11)0

(p—p)gdSdz (1.12)



20 g1g 00

O00.00,p>p 000,0000,0000000000000000000000
ooo,(1.12)>0000,000000000000.0000,0000000000
gboooboobbobobogbu.obooobooboobooboobobobog
googoboboobooboooboboon.

0000000 [oooo|joboooo,

O00: (buoyancy force) “000 (DO0OO0O0O0O)00,00000000000000
gboboboobooboooo,bobobooobobobob.bobooooo.
000000000 000,00000000000O00O0O00UOOOO0OO (OO
oooooogo)y?

O00.00000000000,(1.1)0000
—p(z,y,z + dz)dS + p(z,y, 2)dS (1.13)

O00.(1.13)0000oooooooooog,
—p(z,y, z +dz)dS + p(z,y, 2)dS = pgdSdz (1.14)

goo,0bbo0obooboboooboooboobooobooboooboooboobo
ob0.0000000000b000000b00b00b00b0o0ob00obon.

1.6 0OOOOO

gbobodboobobob,obooobobooboboaoboaoobobooog.

1.6.1 0040 oooond

gooooobogoboboboboboboo,b0obobobobooobooooDo
00000000 (viscosity) 00 0.5

e 0000 (inviscid/perfect /ideal fluid)00 000000, 000000000000
gobogoooo.ooboooboo,0oboobogoboogooobooo.oboo,

Tij = —Ddij. (1.15)
dooodoboooooud,togoooooooooo.

e 000D (viscous fluid) D0 DO0O0O0OOD. O0O0O0O0OO0OO0OO0OOOOOODOO
00,000000000000000000000. oo0o0oo0ooOoO00000O0
000 Newton O O (Newtonian fluid) 000 000000O0. 00000000

‘000000000,0000,0000,00000000000000000000000
gbooOo,0bobooooobooboooboooooboobooooo. ooooooboooboon.



1.6. 0OOO0OOO 21

0ooooobobooob0oboobobOobDOon. NewtonOOODOOoooo
NN

1
Tij = —p(sij + 2M <€ij — gekkéij) (]_]_6)

1 Guz 8’LLj

O000000. 0000 (coefficient of viscosity) 0000 0. Newton 0000
Ooooo0oOoooooooOooooO. (.l booob O oOOoOoO,00
0 (.15 00000000000.

oo : (ll)0DoOOO,0000000000.000000,0000000
O0o000ooO0o0ooooUo. (11600000, 00000000000
gboggbooboobbobo,booboobooboobooboobd
0.5000000000000000,00000000000000,00
gboboodboobobobuooboboobda. bbobuoobobooog
gboobooboboooboooboooboboobooboo,boboo
0D000000000,00070000,000000000000,000
gbobooobooboobobobooboboobooboo. obooooboaoog
gobogobobooooboobobo,0obo0oobooboboobobobobn
gboooooboooobooon.

1.6.2 0O0OU

ggbobodgbobo,ggobooobbuoaooboboodg,oboboaobboooon
goobood.bboobooboobooboba,bbooboobobooboooooboooog.
gbooooob,obo0oo0booboobobooboboobooobobooboooDb, oo
goboooboooboooboobooooo.

0000000000000 D0O0D0O0D0000000.820000000000,000
gbooobo,oboooboobob,ooboboobooobooboooboooobo. oo
gooboooboooooon,

e 00000 (compressible fluid) 00 0000000000 OODO.

e 000000 (incompressible fluid)0 000000000000 0OO.

‘00000,000000000000000000000000O0O0O0O0O0O0O00O0O0,000
ooooobooo,0b02000000000000000O000O00O0DOO0O0OO0O0OO0O0,
obooobOoboooooboooooboooboon.

"D00000000D0D00D0D0D0DD.000000000000000000000000
oobooob1i1oooooboooboooogooo,oobooobooooo0100b00bo0oo
oooooooogo.
8[||:|\/C|:|[| entropy 00000, 00000000000000CO0OC0O0C0O0O. OOO

O c=" (0p/0p)s-
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00000 0000000000 OODO,00000000000000000000
00000000000000,00000000000000000000D00.19

ugboogde:

1. 0000000000 p=pRT, 0000000000 TdS =c,dT+pd(3) 0
000,0000000000p0 00 p0000000000 p=Cp" (Poisson
0000)000000.000,7, S, ¢, R, CO0000000,000000),
0000,0000,00000,7y00000 ¢ 00000 ¢,=¢,+RO00O,

Y=c¢p/c, O0ODO.

2.000000000,00300KO0O000000000000 ¢= <@)SD
ooo.

) /(2) DooDoDoODOOODOODOOOODOO.
BpS

(b) cv=3R, ¢, =IR, R=287JK'kg ' 000,c00000000.(0C
000000000000000,000000000000000000
ooooooog.)

‘0000000000000 00,000000000000000.

POooDOoDO00O00D000000000000000000000OBussinesq00000000O
oboboo.ocoboobooboobo,0ooobooboobobooooboo0. obobobooooo
gboooooobooooon.



