010

L] [

O00000000o0obo0oDo0obD,0b0ob0ob00000b0Ob0d NewtonOOQOQOO
goob.oobooo, bbb boodobbooo,obbooooboobood
gogo.ooobo,boodbbtoooobbooobob,booobbboo0bnbbUoon
gogoooooo,0oodddiddd0UU0. oo Ood
gogobobooobobobo,ggobobobooobbobuooonobbooan.

1.1 O0O0oO0Oooo

gooooobobbobbbotboooooooooboboobb,bbbbbb000ooon
go,bbbboboboooodooo,bbbooooooooobbbobbbbbboobooo
ggoboooooobooooboobouo. gobbooooboobo,o0obobooboo,
ggoddoooooooooooooooooboboboboob.bbbbbobbobob,0000
goobboooobbtboooobobbooobobbuoooob bbb boog
ygjodddoodddd. oo L, 0000000000 UUUOQ
ggobobooooboobooooboboag.

mO000o0ooo o0oo0oo,00000000 POOOOOCOOOODO,POOODO
OO0 6V O0OOO,0000000000000000000D0O0O0D0OCOO0O0. OO,00 m
O00000oooooooooooooooooo,édV Oooooooooooooooooon
00 N,OPOODOODOO «0000,0 POOOODOOO
Nm

r,t) = — 1.1

plr,t) = S (L.1)
oooooo.
000 NO 6V ODOOOD t0D0000000oooooa, p(re,t)000000. p(r,t) OO0
0,00000000000000000000D0O0 2000000000A0.

e (0DODOUODUOUDODDO L)>>(6V)1/3>>(DDDDDDDDDDDDDDDDDDD



o100 00

P
IR
o ]

011 0000000 p0b0DOOCOO0O0OODOOD. O POOOODOO,POO
gboboooboboooboboooobobooobobooooboo.

oot ).
0000 A0 LOO

K=72 (1.2)

0000,K<1000000. KO KnudsenOODOOOO
e (00D0DOOODOOOD T)» (000000000000000000000% 7).

0: D0000000000000000000000000000000.
oooo,0°coon A~10""m T~1075
0ooo L=1~10km T~12h
0000 (000000) L~ 10% km T ~ 10 day

goboooobgoobooobobdoo,booboboobobobooobg.

1.2 O00O0OO

00000000000000 (fluid parcel 000 fluid particle) 00000000
obO.0d0b,0b0o00boboobooboboboobooboobobobooboooboaon,d
00000y OoOoooooooooooooooooooooo. oooo,o0o0o0o0
gbhodbboobgobodbboobo,guboooboobbooboaoobd
oboobg,oboboooboobooboobooobooboobo.booobooaa,
gboboodoobbooobobooo,obobbuooobobooobbooa,0o0obooa

*l0p00000000000000Do00o0ooOoooon.
*2 000000000000000000000000000000, 0000000000000000
gopooooo.



1.3 00

gogoooob,ddgooooooobobbb.ocoooouoooobobobbobobobooo
ggobobooooboobooooooo.

1.3 00

oooobDO,NewtonOODOOOOO," DOO0OODOODOODOOOOODOODOOO
ggobooboooooogr ,boggoobooboooooboobo.obob,boogoooood
goooboobouoooooobbobbodo. bbb Uo bbbbooooo
god,bbobobbobooooodddddd00r oo UuUuuL, oL LoO
ggoooooo,bbdogoooouooboob, bbb oo0. gggbobooog
000000*®oooo0o0o0oo0oooooo.

ggobobboooooboboooon.

e 000 (body force) D0 DD D0DDOODODDDOOUDOOOODDOO. ODO,000,
Coliois 000 O00DOOO0ODO,000000000D0DOO0DOOO.

e 00O (surface force) D00 0O0O0OD0O,0000000000000OOOO.
ggoo,bbobbbtbbooodddooooouououooobo, o0 0ouuooa
goboboooobobuooob. ogoobooooboobog.

0000000000000000 (stress) J00. 000 MKSOOOOO Nm™2
0D00O000. “0”’000000000000,000000000 NOOOOOOO
0oooooo.

000000 POOOOODOO,0 POOODOOSOOO,SO0 POODOCOOO
000000000000000000 (00 nO00000000000000)00
0o,7T,000.000007T,0 SO0000,000000 nO0O0000. 00,0
00000000000000000000. 00000 T,0200000 1000
000000000.000,00000 2000000 (tensor) 0000,90000,
7, (1,5 =1,2,3),0000000. r; 000000000000, OOODOOO,
00000000000,z 00000000000000000 ;00000 7, O
0000.0000,200000000000,200000000000000000
y00DODOO00 7,00000.0

00000000000000,

T =T, (1.3)

ggoooo.

*0pD00000000000000000000.



o100 00

000000000000000000000000,000000000 (tangential
stress), 00000000 (shear stress), 0000 (normal stress) 00 0. 00000,
00000000000000 (pressure), 10000000000 (tension) 0O0O.

z

o yZ
sz:

X

012 0POODO z0000000D00D00.O00D00,POO0ODOO T,,O000O
UbobO0 ., 7y, U000 », uoogog.

14 ODOOOO

gd,booobbbbobobbbbobobooooog,bobbbbbbbbbooooon
O0,000000000000D0DO: “D0bo00oO0oU0DoOgoo,00boOooo
O00O0000b0o00O0bO00o0. o0oO,0000000D0bOOo0oOOobOoOooDOO.
gooo,bdgoobboooo, bbb booooboboo,oooboo
gooboooob.ob,bogdoboboooooboob,bgooboboouobbooonboo
goo.

oo0oo0oOoo0bOo0ob0oOobDoOoboO. “obbo,0bo0obobOoobOoobOoo
Oo0o000O,0000000000DOO00O0OOOY

0]
[l:ll:ll:][]:]l:ll:ll:] POOOOOOO POOOOODOOOOODOOOOODOOOOO.
O POUOOOO,000000 PABOOUODOOOUOD 10000ODOOO (0130
0). PA,PB, ABOODDOOOOODO0O0D0O00000 pi, po, p3, 000, OO,
PA=01,PB=1Il, /A=01,/B=a 000.



1.5 00000

e JI00I0ID000D0OUODODOUDOUD: DODODDOUOOOUODO ABOODOOOO,
plllsinal—pglgsinazzo.

ooon

sin o sin oo

lo I

0o
P1 = p2.

oooooDooo pOODOOOOOODODOOOO.

e JUDU0ODUUDUODDOUODLOU: UDDUDODUDUODDUOUUDUODDODO
O O(l2)DDDDD,DDDDDDDDDDDDDDDD.DDDDD,ZDDDD[IDDD
gobo,00bbooobboooobbooobbo0. booob,00bbOoOooon
go.

e N00UUODO: DDODODDODOUO D'Alembert 00000000000 OODOODO
gooobgooboboobob. oboobobooboobobo,bobobooboobo
gooo.

P

P3

013 0 POOOOODOODDOODOODOODODOODO.

[0ooo]

1.5 0O0Ooon

goobboooobbooo, bbb ob bbb bboooobboo.



10 o100 00

151 DO0DDOO0O0O0O0

000000000000000000000,00000000000000000
00000000 (viscosity) 000 .

e 00 OO (inviscid/perfect/ideal luid) 00000000, 0000000000
0000000000. 000000,00000000000000000. O
ooo,

Tij = —p52~j. (14)

goobooooboboboo,ggoobooooobooo.

e 00DDO (viscous fluid)0 0000000000 O0O0OO0OOOOO, 00000
000000000000 00D00. 0000000000000 00 Newton
00 (Newtonian fluid) 00000000 0O0O. 0000000 OO0OOOOOOO
OO0D000O0O000D0O0D0O0Ob0Og. NewtonOOQOGOooooooO

1
Tij = (=p + xerr)dij + 21 (eij - gekk5ij) (1.5)

1 (9% a’l)j
* 2 (690] + axl) ( )
000000. p 0000 (coefficient of viscosity), x 0000000000, O
00 p0 x=¢+2400000000.000¢000000000. Newton

0000000000o00oooUooUoooo. (150000 w,¢O 0000

g,oog (1.4)DDDDDDDDDDD.

o0 : (1.5)0000,0000000000.000000,00000000000
0000o0o00oooo. (b)) 00000,00000000000000000OO0
000000,000000000000000000000..*

152 00O

ggddoooog,bbbbbboboooo00oooo,bbbbbbobboboOon
gooob. bbgoooobbboooo,boooooobobbboooooobboooa.

* 000000000000000,00000000000000,0000000000000000
goboboobo. oobooboobboobboooboooooooboobobooboobooOooooooDo
goobo,bo0booooobo,0cobo0booooobooboobooboboooobbooobooboooOoDbo
gobooooooob,00oooobooooboooboooooooooooooooDoog.



1.5 00000

11

gogooodoo, bbbl ooouooooonoo, o
gogoboboooobooboooooo.
000000000000000000000000. 0000000000000
000000000,00000000 (compressible fluid) 00000,0000000
00000000000000000,000000000 (incompressible fluid) O O
0 e e T
000000000000000000000* 0000000 0000000o0, o
000000000000000,000000000000000000000.*7 *8

goone:

1. 0000000000 p=pRT, 0000000000 TdS:CUdT+pd(%)D
O00,0000000000 pO0 00 pO00D0O0O0OODOOO p=Cp?Y
(Poisson 0000) 000000, 00O, T, S, ¢, R, COODODDOO,
gooood,gooo,bobo, bbb,y 0Db0O0O ¢, ODbDOO
cp=c+RO0O0O,y=cy/c, OODO.

2. 000000000,0030K00000000000000 ¢= (g—T;)S

O0000000.000200000000000.
0 all (%)SDDDDDDDDDDDDDDDDDD.
ObOc, =2R, ¢,=IR, R=287JK 'kg~' 000,c00000000.

Uecdoobooooooo,0obon

¢ = 331.5 + 0.61¢,

gboboboooooobo. gbo,tooooboboo. ooo, oo
goobd e00boobobooboboobobooboo. oOoo
OooDoOooToOoOooobD +ooooOo,T=T+t000. OO0,

To=27315K000. 00000000000000 ¢/Thy<k1000. O

00 ¢c0O0 entropy OO OOO0O, 0000000000 00O0O0OO0O0O0OOODO. bOOO ¢=
V/ (3p/9p)s.

*BDDDDDDDDDDDDDDDDDDDDD,DDDDDDDDDDDDDDDDDDDDD

*7DDDDDDDDDDDDDI:ID[II:IDI:II:IDI:IDDI:IDDDDBussinequDDDDDDDDDDD
g.ooooboooooo,bbbboooooobobbbbo0. bbb bo
goooo.

B O0poooooooooon pU0O00O0O0O0OOODOO zDDDDDDDDDDDDD:pNe_%.DDD H
gooobobooooob,0oooboda e~ l0D00DOD0DO0D. O0DO0ODO0OOODOOOO HOO
00oo0oo0o0Oo,0000000000o0DoOooDOoD, 000000000000 HOoooo
gooboboooo,00bbooobbooobbooob.



12

o100 00

00, vIy+ zx/To(l—l—ﬁ)DDDDDD. gogoooooooboo
goobod. boogoobbooooob. O




