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030 0O00O0OO0DOO0O0O0(1)

21000,000000000bb00bO0bouobbbYb0bOoo0o0obb
g2uoodg,gboboobbboobuoogobooboob,o0oono, o
gobooobo,ogoobbobbooobbbobo.oobb,0o0oooao
gobooooboogob,bbbuoobobboooaobn.

3.1 0000

0000000000000 0000000000000000 DO (equation
of continuity) 00 0. 00 Lagrange 00000000000 O0OOOOO Euler
0000000000000 0000O00oooo

3.1.1 Lagrange U0 UOOQOQOOO

000000 éx, 6y, 8- 0000000 (00 6V =dadydz) 0000000
000000000 p00000000000000000000000000
0ooo00000oon

D(poV)
Dt

= 0. (3.1)
(31) 0000000

&_ LDM/

Dt~ 8V Dt (32)
D00o0o0o0Q
LD(?V . iDc?x_i_iDéy_i_iD&z
§V. Dt  Sx Dt oy Dt = 6z Dt
du  dv  dw
= E+@+g (33)
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0000000000 0(u, v, w)O 2, y, 0000000000006z — 0, dy —
0,0: > 00000000

1DV
5230, Gys0.5250 0V Dt '
goggopooobgood (3.1)[]
Dp
= _)V. 3.4
o = Vv (3.4)

O000OLagrange 00000000004 00000000000D0OO0

dp
=tV (pw)=0.0 (3.5)

00000000000000000000000(3.5) 00000 Euler OO
ooooooooot!

gooo:

1.(34)0(35) 0000000000000.

e JUOUOULODOODODO: DDDDDDDDDDDDDDDDDD,%:O,DD
goooodao,

V-v=0 (3.6)

gogo.

3.1.2 Euler DOOOOOOO

0000 (3.5)0 Eulee DOO0DOO0OOO00OO0DOODODOO0OOO0DODOOOOOO
0000000 sO0000.2 sOo00oooo0o vooo.oooooo vo

1(3.5)0 Largange 0000000000000 00000O0O0O0O0ODO =,y,2t000000
0000000000000 0OEuer0000O0ooOoonooOoOgd
Fulee 000000,00000000000000000O0O0O0O,000000.
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gob.doooboooobo voooooo,

d .
i /]
trt"/

ooob.0obooooobobooboboo vooo sogoo voodod
o0000O00000obO0o0obObOOo0.0DoobbooboOo dsooboooooo
O00,00dsS0O0 ¢, 000000000000 0000O0.DODO,»,00
0.00000000000D0 v, =v-n000(@3100). 000,000
OO0 SO0O0O0O voobooboooooooo

_/'/Sm,.ndg:_///vv.(pfu) av

O00.000 SOoboboobooo0obuobo0b0 nO00oOoOoOoooobO,bDo
0000000000000 b0b0bobobO0o0.00o0ob00o0n Gauss O
OOooo0(e600D0)0000.000000DOOO0OOOO

i f [ [rr== ][50
/.//V{%p+v'(/"’>} dv =0, (3.7)

oo0oo. (3.7)0000000oo0ooo00ooO Vvoooooo,0oo0o0o
gogbobobobbobobooobbobbbboob.obbob,0bon
gooobdn

ooo,

gfp+V (pv) =0 (3.8)

O00.(3.8)0000200p 00000000000 OOOO0OOOOO(3.8)
gbodgboobbobooooobobbuobbbuotbooobobboogoo
gbooogoooobdgobooboobn

O0000O0Db0 «, 0000000 F,OeDODODOODOD Q,0O

9,
9,

obooooooooooooooooooooooo,=0000« 00000
Oobbobooobooboboooubobbboboob 2300000 Lagrange
gobboouoooooooboobboooooood

4V F=0Q, (3.9)
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gooo:

1.0o0o00 (3000)bo0o0,0000 3.8)0oooooo.

O31:000000000000000 VOOoOOooooooooooo dso
gooooogod.

3.2 0OOOOO

‘O0b0o0oooboOobO0obOoOo,DogboobobOoboDobobooobooor, o0
ONewton DOODOOOOOODOODOOODO,D000DO0O0O0DODOODODOO
gboboboobo.0obbobd Lagrange DO00ODO0O0O0DOO0O0OOOOO
OO0 Edder 00 0O0D0O0O0OO0OOOODOOD. 321000000000DO3.2.2
gooboobooobooobooooga

3.2.1 Lagrange U0 UOOQOQOOO

gboobobgoouoboooboooboboboosliogogoooooono
)V OO0OOO0OooOONewtonOOODODOOOOOOODOOODODOOOODO
gboooboooboboobodoboobuoooobbobboooooboo o
OoobobobooboooboooboooboobooboD xoooooooooobo
000000000000 -vpOOOOOO (1.8)00 00

D(pdVw)
Dt
‘0000000000000 O0O0O0O0n

= (=Vp)sV + poVK (3.10)
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gubgbbbodgo

D(pdV')

bt

Oo0ooooOoooo(s.10)0o
Do
Dt
00000(3.11)0000000000000000Euler0000000000
0000000000 ooooooooooo

_ vk (3.11)
P

K = —gk. (3.12)

3.2.2 EulerOD0OOOOOOO

gbouobboogbobbobbbobbboooobobooobboogn
O((3000)0000.00000000000 SO0O0O0.SOO00OO0OOO
O viooo.vV oobbooboogobo .ooboooo fvpvidVDDD.DD
ooo,000booob vogooooboooobooooo

d

il AV

dt///vp” '
OoQdno.

goobobobooobooboooooboo..00bb0oboboobo

oo »; 0004,
//T,'jnde
S

oooo. booooobobooobD sb00obOobooDb K, boogovoogo g

ogooooon
e
\%
gooao.

oooooobobooooobooobooo soboo voooooooooo
O.00000007000"0000000D0DODOOD0O0O0O0O. ODOO Euler
gogobobdobdgobodoobobuooobobboboob,

—//q (pvi) vim; dS
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00004 0000000 vVvOOOoOoooooooo,voooooo,sod
ooooboo sgooboooooooooobooboob.ooooo,

%///V,widv:/'//Vp;c,.dwr//jjnjds—//s; (poi) vyn; dS (3.13)

O00000000bO00 0600 GawssODOODOODODDODOD. DOOO,
gobon

//7’2]77] ds — // (pv;) v;n; dS = /// (1 — pviv;) AV

Oo0oO0o0ooO0. 0oooo (3.13)0

d 0
/// {(% pvi) — pK; — P ]TZ] + — i, (pu; U])}dV—O (3.14)

go0o. 000 vooouooobooooooobo,boobbuooboboboo
gbobouoo.bouoboo,buoabodgbboon

%(/JW)JF%(PUM) ZPKHF%TU (3.15)
ooooo.
0000000o0o0oooOoOo. 3)oooooooo:
0 0 ov;
E(P’W) = vy 5P+Pga
0 ov; 0

a—xj(ﬂl’i’vj) = /)Uya T U5 o, (pv;) -

DDDDDDDDDDDDDDDDDDDDDDDDDDDD(3.8)DDDDDD

O0.000 (3.15)0
802 (90, 0
( Ot Tt ox ) Ox; oa i Tk

goodd pdbboggn

c%l-_i_ 8vl~ 18

RS /L].

ot '73x pax
0000.0000000000000000. Lagrange00O0O000OO (3.16a)
gooooodoood

—7; + K, (3.16a)

Dv, 1 0
L= — 1+ K, 3.16b
Dt pOux Tii + ( )

‘03100.000000000,V0000000000000D0D00O0O000O0OO,000
Oe,dSOO00O0OO0C.0D00DOOOOO0O0OODOOOO,VOODODDODOOOoOoooooo
oo00gd.,.00o0o0 »,dSO0O00000 ppO0O0D0OOOCOO.
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e DI ODOOOO UDOODODOOOODO,O000000000000
T = —POij (3.17)
o0oo0,00000 (3.16)0
ov; ov; 1(9p

— ; = IC; 3.18

ot o dx; pox; + (3.184)
O000.(3.18)D000O0O00OO0DOODO

a-i-'v V)v= lV +K (3.18b)

ot o b ’ '

ggg.

e NewtonJ OO O OO 00OO00O0ODODO (1.16)00000 NewtonOOOO, O

0000 (3.16)0
v Ou _ 1op P 1 (fﬂ) LK (3.19)
Jz; \ Ow; ‘

1
o0 Y Ox; __pé)x,-—i_yaxz T3

J

goobboogod

ot

0000.000 v=p/p000000 (kinematic viscosity) 000 O O . (3.19)
0 Navier-Stokes 0 0 O (Navier-Stokes equation) D 00 0, 000000000
gboogogbbooobon.

0 1 1 :
( +v- V) v = —;Vp +rvAv + gl/V (V-v)+ K, (3.19b)

3.3 Ouooog

gbobooobobooogob,gogoboobuoboboouooooobn.
0000000000000000000. (3.16a)0 py; OO0 OO,

Ovi + pvv; Ovi U'iT"-l- v IC;
Plcge TP Gay T Vg, T T P
00000,
Q 1 Vi U; —|—i 1 VvV ) — 1v 3p + apUJ
ot \ 27" ) T gy \ 2P ot " o,

—,_/
gooooooD
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guogobob.booooood,

aTZ“ 0 (TZ']'U,') E)vi

Yge. T Tae

J J J

a(TZU,)

= 8—7‘7] — Tij€4 (320)
oooooooooo ;0000000000 (r; =m;) 000000.00,
== 3.21
“i 2(axj+axj> (3.21)

god.bogogb,bboougoobobogboobn TZ%UZ'UZ'DDDD,D
goobbon

o(pT)  O(pTwv;)  O(mjv;)
Y + oz, or, + puiC; — Tijeij, (3.22)

goo.

gobooboobooboodboboodoooobooooboboobobo,boo
Oooo,0000000(0000)00000 KODODDOUOOUODOD (Doooo
Oo0o0o0o0o0ooOo0oOoOoOoO0),0ooo000oo0O00ooUboOoooooooo
gooogbooob.ogobooobbobbobbooobo,oonooon
O000o00ooO0oOO0O0O0OO0OO0oOoOo0. (322)0000oO0o0,0000
gbobobboooooboobobooubobbobobooo.bbooog,bbo
oo  OOooooodoooooogn.

e IO ODUOUUO OO0ODLOLDOOODLO,0000DbO0OUUObDO
Tij = —pdij
oo0, (3.20)0

000.00000, (3.22)0
d(pT) +3(/JT+p) v;

ot Jz, = puiK; + peps, (3.23a)
gobooogoboobd
d
%+V'{(PT+P)U}=PTJ'K+])V-’U, (3.23b)

goo.
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e NewtonJOODODOD 0000000 (1.16)00000 NewtonD OO DO, (3.20)

aag,
0 1 1
37] —pvj + 2 | ;v — gekkvj —Q —peji +2u | eie — gekke]—j
goo.oog,
2 1
(67:]‘ - _ekk5z‘j>2 = €46 — _ekk6ij + —€LkCkk (5ij5,-j
3 3 9 ~—~——
=3
1
= €i€ij ~ 3CkkE i (3.24)

00000, (3.22)0

2(pT) 0 1
(gt ) + a—x] {(/)T—i—p) v — Q,u (eijvi — gekkz}j) }
= puiKi +perr — @, (3.25)

1
(I) = 2/1(6,] — gekk&;j)Q (326)

® 00000 (dissipation function) D 00 O, 000000. 0000000COO
gooogoboobobobbuoobooo. gboobbboooooaooboboo
goobogboobbobouboboob. gbodgbboouoooobobooo
gbbbooubobodgbbododgboood.

3.4 U0U0OO0OOOOOOOOO

“00000000000000000000000000000,00000
0000000000,0000000,0000,0000000000,00
000000000000000000”,00000000000000000
000000000000000000000000. Euer000000000
0o,

00000000000 SO0000.S00000000VOD00.voOoooo
0000000000000000000000(000000)0 f,p (T +U) dV
000. 0O00,0000000000000000000000000000
7,40000.0000000 VOOOOOOOODOOO0OO000000000

T[] Loruwa
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gbb. ggboboobobobobobboooooodg. obboboodad
Ovoooooog,boooooo

\ S

0000 SO000 VOOOOODOOOOOoOOoOO,Euee0000000O0
goboogoogooogoogooooon,

- [[ 40T+ vynsas (327)

gugob. oo, gggboobgoobbobob,bbooobbbobbood
O00000.000000 (thermal diffusivity) D 000 ,0000000000
ooboooooooboooooobooboob. ooboooboo e sSogo o

vioooooo.ooooo
s
opooo.s

go,bgobooboogbooobn Jooo. boboobooboboboo
OO0 voooboooobooboo,vioboooooooboob,soboooo
ooooooooooo,SOo0bob voooooboobooobooooo
goo,gubobboogobbbbooogobbobbaobo,

i ///p (T+Z/{> dv = /// pU,}C,d‘/'i‘// U,'T,'jn]'ds
dt J J Jv Jv s

- [ [ o T +wye;+01ns0

+///V pJdV (3.30)

OO00ooDoOo,0boobDo600 GaussODODODOOOODODOOO

0
- ///V 07 (,OTU]' + pZ/{Uj — U;T;j + 0]> dv (331)
J

‘0000 FOOOODOOO,0D0O0OO »0000000000000,F-+»000.
‘000000000000000000000,0000 FourierJOOOODDOOOOO0O
O00. Fourter OO OO

0 =—kVT (3.29)

gogbb. 000000000404,
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gooooooo.0ooobo vooouoooooooooo,ogoogd
ogoooooo

9
3:1:]-

d (vitij) (%’j. + puilC; + pJ  (3.32)

(T +U)v;} = o, i

0

= U

o T+ +
O00.000000000000(3.22)0(332)00000,00000000
guoodboboooboboboboga

9 0 - o0 |
e (pU) + aT,j{(PU) v} = Tjei — D2, +pJ (3.33)

O00000.0000000000000,(3.33)0 Lagrang0 OO 00O

Dy 1 1%

= = Sre; — - J 3.34
Dt pT’]ej p Ox; + ( )

gggd.

e 000000000 DO0ODOOO00O0,0000000 7 =—pdy; 00
0,(334)0000000

ov;
Tl-je,-j = —pejj = —]96—x7 (335)
J

gogoob.goboooboboboooobo

1Dp v
p Dt Oz,
00000 (3.34)0
DU D (1 1
= — | -)===V -0 .
Di +th (p) pV +.J (3.36)

0D00.006000000,(3.36)0,00000000 6U +pd(t)=4Q 00
00,000000000000000000000000 60000 Lagrange
00 2000000000000 0000000

e NewtonO0OOOOO NewtonOODOOOOO, (3.39)0000000

Tij€i5 = —PE€jj +o (337)
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000.00000(3.34)0
DU D (1 1
“Z(Z)=p_2vV.0 .
Dt+th<p> V647 (3.38)

gggobooobbgbbbdoboogudg,bbuogboobooouoobbo
Ooo,0o0b0bo0b0obobo0oboobooooboDoobon e, 000
O0o000ooooooooo.o(s2s)00.o



