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» BKE Tensor Notation

» $2#l75 %2 Governing Equations
- BRIz 52 Generic Transport Equation
« J&C Sources and Sinks
- 3 H54MIE Diffusive Transport

» R 75%E PDE
» 1R % Boundary Conditions

» #ITEE1E Initial Conditions



gk& Tensor Notation

» OpenFOAM® FRAFEHALIRR
Right handed Cartesian coordinate system
» SKEBF A EFKAM K
Tensors with different ranks and orders
« FRE Scalars in lowercase:
a (rank 0) (first-order)
« R& Vectors in bold:
a = (a1,ag,a3) , or @ (rank 1) (second-order)
« 5K= Tensors in bold capital:
T =T, or T (rank 2) (third-order)

T T2 Tis
T=Tj=T1 Too T (1) E: AFEALIRR
T3 T30 T33




AR SN »

» CFDH X ZHIEHIFIER W7 HTE (PDE), ?izﬂ]%'ﬁ'ﬁﬁﬁ%lﬁlfﬁ—ﬁb In!
FIRSETE AN . R E I ﬁugaﬁ%uﬂ TE#HITKS, AT

YREEF
of +9) _0f 99 )
or  Or Oz




EASK S B

» CFDHgEXZHITHIFIERRM 7T HTE (PDE), B EEAEHERBM—LER
HRSEHEAN. MRBDEHI fMgpFaxt B L E#TRKS, AT

LAEE:
¥ o +9) 05 0 o
dr  Ox Ox

> AR R BRI TR S, WA LS TEFR:

ofg _ of .9
ox g@x ox



EASK S B

» CFDHgEXZHITHIFIERRM 7T HTE (PDE), B EEAEHERBM—LER
HRSEHEAN. MRBDEHI fMgpFaxt B L E#TRKS, AT

LAEE:
? o +9) 05 0 "
dr  Ox Ox

> AR R BRI TR S, WA LS TEFR:

ofy _ 0f | 0
ox g@x oz

> MRBFEUA—NEHI, BATTLUSE]:

oCfg
or  Ox




MR E T nabla

- WIHHNETF V

03;1-

vai(?(@&@)

9y’ xy’ Oy




gk& Tensor Notation

» ZFEHMESKFIZIRE Einstein's summation convention (Einstein notation):

3

aibi = Z = albl + ngg + a3b3 (6)
=1

8ui 8u1 (9u2 8U3

(9.'171‘ Vu 8551 + 8.1’2 + 81’3 ( )

» RFE (FERY) FnhFR (HFY)  Inner and outer product of vectors and tensors

+ Scalar product: ab = ab;
« Inner vector product, producing a scalar: a-b = a;b;

+ QOuter vector product, producing a second rank tensor: a@b = ab”
+ Inner product of a vector and a tensor

« product from the left: a- T = a;T};
¢ product from the right: T -a = a;T;;




gk& Tensor Notation
» #EE Gradient of s

Js 0s O0s
el Gt o

Gradient can operate on any tensor field to produce a tensor field one rank higher.

s is a scalar = Vs is a vector (9)

s is a vector = Vs is a second-order tensor (10)

[&]: #BE source from Wikipedia



gk& Tensor Notation

» BE Divergence of a
Oa Oa Oa

L, 032 0% (11)
8m1 5’3:2 8%3
Divergence can operate on any tensor field to produce a tensor field one rank
lower.

V-a=

oT: oT oT:
no, Ohe | dhis

21 + 22 + 23

31 + 32 + 33

0y 0o




gk& Tensor Notation

» BEEE Curl of a vector field a (related to vorticity)
i j k
o 9 0
V xa= 9z, 01y O3 (13)
a; az as

Jdas Oay Oay Oas Oas  Oay

- - - - 14
(81’2 81’37 81'3 81}1’ 61’1 8112> ( )
» RIERIETEF Laplacian: related to diffusion; transform a tensor field into
another tensor field of the same rank
2 2 2
V2a=V-Va=aa+aa+aa (15)

2 2 2
Ox{ Ox5 0Ox3

Laplacian operator is equivalent to. “the divergence of the gradient field".



gk& Tensor Notation

» BJB]S# Temporal derivative: change with time

s .. Do A¢
total or material time derivative: Dr = Alglo At (16)
s .. Do 09
t | t P e—_— = — . 1
spatial time derivative i = o +u-Vo (17)

uB N LB RN IR




£#75 % Governing Equations

> R ERRBF AR L TR T ERE:
- RRETIE
c HWME_ER (HETFE): EJJEEPC%:F:JJL 0
- RNFE—ER BEETIE): EETHUFTREBTHNMINIZH

> ORIRI SRR, BERT T




JRE5F18 Conservation of Mass

Rate of increase of mass in a
C.V. = net rate of mass flow » Unsteady, 3D:

into the C.V
dp  9(pu)  O(pv)  O(pw)
LN i =
"4.@.‘_5}, az/ 2° 1,,—'ﬁ418y 375 * (932 + ay + 82 0 (18)
Y LD

[&]: $55$14A%2, Control Volume,
Cv, C.V.




JRE5F18 Conservation of Mass

Rate of increase of mass in a
C.V. = net rate of mass flow » Unsteady, 3D:

into the C.V
1 dp  9(pu)  O(pv)  O(pw)

a1,
Tt g% = T + + =0 18
ty,+?.l_8y az/ ’ 1,,-@15), at ax ay 82 ( )
y 2 2 dy 2
P 1 \ : 2 La
P=a 2 A — 2z or
e . s dp LV (pu) =0 (19)
e L x So-————--——-2 N aﬁl —_— . u) =
o 25 z -4-....‘..\\\ Tt o 251 6t p
RN T - .
’ g T g, » if incompressible, p = const, then

[&]: $=#48%H, Control Volume, V.ou— ou Ov Jw

Vv, C.V. _%+a_y+$:0 (20)




HiGfRHEE RTT

RTT stands for Reynolds Transport Theorem

» BIAEMEIERIR NS - TR EE
Reynolds transport theorem is also known as the
Leibniz-Reynolds’  transport theorem.

- RS S EE S S 3R RS A
ZHEET
It is a 3D generalization of the Leibniz integral rule
which is also known as differentiation under the
integral sign.

» It can be used to assemble the standard transport
equation for a generic property ¢




HiGfRHEE RTT

RTT stands for Reynolds Transport Theorem

> ST EERARBIIESIAFR:
REH oM T U RS TIEHIFRN M TR M L
B s RE RS R E

i/ <;$dV=/ Edv+f é(n - u)dsS
/¢v /[—+v } dv (22)




SHErE Gauss' Theorem

SHEE: WA (surface integral )33 A AT
43 (volume integral)

o(n - u)dS = / V- (owldv  (23)
Sm 1%

» EXPu KERITRIEE (convective velocity), i
ANEHIAFRRRZE (flux) Afa, EHElu-n<0

ure X TRTE A1 =S B AY iR 25




o EB L

form)

BIEBBERFREER 7R (integral form), AR ATLAE B 573 #23K (differential

W %4V (ou (24)
continuity p=p % = % + V- (pu)
x-momentum | ¢ = pu C%u = % + V- (puu)
y-momentum | ¢ = pv % = % + V- (pvu)
z-momentum | ¢ = pw d@'% = 6'(;;;0 + V- (pwu)
concentration | ¢ = ¢ de _ 0c + V- (cu)

dt ot




= 1E Momentum Equations

1 Oty |
Pty Y ; >y 7Y du dv dw
_.L.:, . + =5

I i‘___:i—i-%&' %Em R N i
. 5‘_4 """ PUCT T ZHA g

. ‘I e Wl e - H71: EHI(pressure force). FhtEFI(viscous

’ W 5 7 force). FM3K I (surface tension force)
N - {73: EF(gravity force). Ei1l>FI(centrifugal

\/: %%/MZF A, Control Volume, force) BHERFI(FHEERFH7, Coriolis force). EBHEL

71(electromagnetic force)SF



= 1E Momentum Equations

MRA4HE_EE, ShEREKRER

T+ 22 L, tﬂ-ﬂ.i —_— = S 25
R ;8\ 2 a’azsy Pt Ox Jy * 0z 5 (25)
o i +2 Lox
P57 - . i Pt dv 07y O(—p+Ty) 0Ty
- VA —_— = S 26
P T et s pdt ox + Jy + 0z T oMy (26)
: i S ) d 0 0 o(—
Y v Trz Tyz ( p+7—zz)
y + .. — = S 27
G g pdt ox + dy * 0z + oM (27)
[&]: $=HI4K%2, Control Volume,
v, CV. > Sute Sary, Sar- VBB, FTRERENZ

> ENHERINGSRETEX TRMBENAILE




skERNHELIE

Hrho 2FriB#IH 7 N2 F15K = (Cauthy stress tensor), a rank-two symmetric
tensor( ZFKIFFRIHKE) given by its covariant components

Oxe Tay Taz
Oij = | Tyz Oyy Tyz (29)
Tzx Tzy Ozz



WK E

9 B AR IR
Ove Tay Taz p 00 Oz TP Tay Tz
0ij=\|Tye Oy Ty | =—10 p 0|+ Tyz Oy +D Ty (30)
+ T

B AT BAIEERE (identity matrix), T2 115K = (deviatoric stress tensor). JE7I
FET I FIFIE K J1(normal stress) .



R 715K &

» BATRKES R4 BURMEsNRIEHEI T2, BHla0Navier-Stokes equation

> Bk, FAVFEE XTI (shear stress), HlanA—NEENRER
B (rheological model)E X 7;




R 715K &

» BAVR BSR4 BURAEsNRIEHI T FE, BlA0Navier-Stokes equation

» Bk, HANEEE XY SI(shear stress), BHlanA—NEEMRER
B (rheological model)E X 7;

» STFHERAE, RERENREZEMHERE: < g—Z

ou;  Ou; A Ouy, ou;  Ou, ouy,
r]r _ ] LR — ] D sl 2
H <8xj + ox; +5”,u83:k) a ((%cj * axi) +5U)\8:ck (32)

mLEKESRNIKEZ LEXR



R 715K &

» BATAERB4BURASEEEIEHIHFTE, BHlANavier-Stokes equation

» FEitk, FHANFEE XY FI(shear stress), Flanf—

B (rheological model)E X 7;;
- ST, BEBOREREIRE, £ 2

T= <8ui N Ju; +5”)\8uk) iy (8% N

833]' 81’1 Z];(ﬂ_xk ('3xj

REERESEN NKEZ2uFEXRER
M R BE Y (viscosity):

MEERRER

8W)+@¢&% (32)

> dynamic viscosity(ZI HEEME R 1: KD 5N TR X

» second viscosity(SBEZFAMERE)N: N AOSFHRELEHEX, KR EERARND, &

TR EGERENE, BT =0, VA EET




Navier-Stokes equations

BHURAEXRBANETRE, BN LUSE AT ELERIEN-SHIE

dp
a‘l‘v-(pu)zo (33)

p (%—1: +u- Vu) =-Vp+ V- (u(Va+ 7))+ pg (34)




Navier-Stokes equations

BHURAEXRBANETRE, BN LUSE AT ELERIEN-SHIE

ap B
E-I-V-(pu)—o (33)
p ?9—1; +u- Vu) =-Vp+ V- (u(Va+ 7))+ pg (34)
B AT S A A E4ERIFN-SF5 12
V-u=0 (35)
?9—1: +u-Vu=-Vp+V-@w(Vu+ ") +g (36)

v = p/ pre B EFAE R 2 (kinematic viscosity), FESKPRELIESR, FAIE4E7HIET
HpBE BRI EEp



Navier-Stokes equations

BHURAEXRBANETRE, BN LUSE AT ELERIEN-SHIE

ap B
E-I-V-(pu)—o (37)
p ?9—1; +u- Vu) =-Vp+ V- (u(Va+ 7))+ pg (38)
B AT S A A E4ERIFN-S 512
Vou=0 (39)
?9—1: +u-Vu=-Vp+V-@w(Vu+ ")) +g (40)

v = p/ pre B EFAE R 2 (kinematic viscosity), FESKPRELIESR, FAIE4E7HIEF
HpBE BRI EEp



B A mE G

> OpenFOAM® FEZ XX K@ AMIE H iz TEE
» OpenFOAM® FIERISIZRAIGERE S, SBZNE//LI, BEREAERXZE
—HH

» TRAREAT, EXELBEEFEXL—HEEF: BIHEHES (temporal
derivative)\ %6 (gradient), &UE (divergence), hiZhiflfi(Laplacian). HE
& (Curl), EH—LIF (source) /L (sink)I

99

+ V.(pu) —V-(AVe¢)= Sy (41)
ot —— N——— ~—
M convection term  diffusion term source term
temopral derivative S 5RIR B0 JETR

At B8] S



JRFNC

/% (volume sources) FAA[R (surfce sources)

> KR REFENMFR

- HR: {ERERES (tkanm#A), B REEE
IR

14 / oV = [ qvav - f(n-Tas (82

5 EﬂLV (¢u) =qv — V- ¢& (43)




¥ 8 # Diffusive Transport

LUEEEEOC /G IS




¥ 8 # Diffusive Transport

LUEEEEOC /G IS
> ERBAIRE ZR T HENMZEE




¥ 8 # Diffusive Transport

LUEEEEOC /G IS
> ERBAIRE ZR T HENMZEE
> BE—NREREUAR—NHFZE, i a6
BRIENESREXBMBIRKERSE, BEE
A S




¥ 8 # Diffusive Transport

LUEEEEOC /G IS
> ERBAIRE ZR T HENMZEE
> BE—NREREUAR—NHFZE, i a6
BRIENESREXBMBIRKERSE, BEE
A S

» VoRKENNE/MHE, IBSLEEER
A




¥ 8 # Diffusive Transport

LUEEEEOC /G IS
> ERBAIRE ZR T HENMZEE
> BE—NREREUAR—NHFZE, i a6
BRIENESREXBMBIRKERSE, BEE
A S
> VoriKENHME/HE, BBSXEERERT
[E, EE IR A

7 = Vo (44)

v B AR (diffusivity)




B A mE G

d¢
4 ¥.(u) ~V-(\Vg)= S,
ot —— —_———
Voo convection term diffusion term source term
temopral derivative i 5RIR HE0IR JETR

Bt ) e




B A mE G

9¢

- + V-(pu) —V-(A\V¢)= S, (45)
ot —— —_—— ~—
Voo convection term diffusion term source term
temopral derivative i 5RIR 200 JETR
B e RS

> BHElR S =i R G RYIR



B A mE G

a9

+ V-(pu) —V-(A\V¢)= S, (45)
ot —— —_—— ~—
Voo convection term diffusion term source term
temopral derivative i 5RIR 200 JETR

Bt ) e

» KBRS ZIERGRIRM
> 5(-."/)11. J\EJ’EE%HEF%%/EZE’JX‘L;.LE? &, izlﬁﬁﬁi)lﬁ (hyperbolic) "ll'#"‘i
-Il—l_u_.\;Egl—.l 5 /EijXTI}Z;{ ﬁsr‘_ﬁr_]



B A mE G

a9

+ V-(pu) —V-(A\V¢)= S, (45)
ot —— —_—— ~—
Voo convection term diffusion term source term
temopral derivative i 5RIR 200 JETR

Bt ) e

> B AR S RIERGHIRM

- S(T}ﬁls EEFERE I AR REIE, XBIEBXNWH (hyperbolic) %4 :
;EQHL, EX A RIRE 756

> #ﬁ*‘ﬁ et EHE, BEBAWE (eliptic) $Hit: TERATEMEHSRRTZ

BHEFRAMERR



B A mE G

a9

+ V-(pu) —V-(A\V¢)= S, (45)
ot —— —_—— ~—
Voo convectlon term diffusion term source term
temopral derivative i 5RIR IR JETR

Bt ) e

> BHElR S =i R G RYIR

> 5(-."/)11. 2 B MEE AR AR RXTRME, XIMEBWE (hyperbolic) #¥i%:
BEXRBEAL, EXAMNREESE
- ?f“ﬁﬁ%?a’l‘%l"iﬁﬁé, BEEME Celliptic) $51%: ZFENEEMNEHSFRHZF
ZHERBMNENZI
» RIS EMIEEE, BEBZT BN ¢RI E Ak (production) 3 & A& 3 (destruction)



i 5> FFEPDERY 4 3£
PDE: partial differential equation

> Elliptic IHEZE: #HAXMIRFREFRLR, BEZXHEH, SREFE
1, N, RENRESHFEMRNERETSE, FEERTHRTSEERA
UAMEE M2 5FE (elliptic PDE) TR

» Hyperbolic AR : #ARMIMKREAIFER RAR, BEMBTREFAE, &
RBEEIFAZFEN, EEIEEEM, tbanBEiE

» Parabolic #48!: E—MZIRANEHE, EBRESEB/FEEANHE, Fl
UNK 3 75 7% (wave equation)

e HRERE | HiERE i mRe=ia) | BRieE
) WEE [ V-Ve=0 b HA=S 8 | SE

FREBHNELR | WhE | 22 = V. Ve | Mh. AR | FHE=E | TeeIREs

BHRBNAR | PR | 2 =0V Ve | ¥ R | FHEE | B




RS HEPDER &2

» —“MPDE (2D):

% [opt0) *¢ 0 ¢
a8x2+b6x8 +c 57 5 +do+ a—y+f¢+g—0 (46)

> IRIBFFIESZARETHE, FlanFzI=R* — dac:
« b2 —4ac < 0: elliptic #EEIEY

« b?> — 4ac = 0: parabolic 4!
« b2 — 4ac > 0: hyperbolic X #HE!

> Rab,cHURTxy, BXFEAURRA “HELM” quasi-linear.




RS HEPDER &2

“HHEIZY. AR, WEhEY” SRR N




RS HEPDER &2

“HHEIZY. AR, WEhEY” SRR N
» — RN LABFEHIE:

ar® +bry +y +dr+ey+ f=0

(47)




RS HEPDER &2

“HHEIZY. AR, WEhEY” SRR N
» — RN LABFEHIE:

ar® +bry +y* +dr+ey+ f=0 (47)

» IRIBEHESZRRFITHIE, HlanF3)
Ab? — dac:
« b2 —dac < 0: [F§ErNLZ 2IHE
o b2 — dac = 0: [REIHEMLZIMYIE ~
o b2 —dac > 0: [REIEMZ N ERZ [%]: source: wikipedia.org




WRIEY S FE Elliptic equations

- REWEHEERES, BENEHSN(0/0)




WRIEY S FE Elliptic equations

» R EMRBERT, RAENERSH(0/0t)
> 19'] *%/HUE‘_H,]%'/}IL\ *%u_. mnl'"ﬁ"ﬁ?-f}




WRIEY S FE Elliptic equations

» REBEMHLMERTS, REIERSING/0t)
> fil: RENER, BERESTHHF
> RIE N FEFRERFFE(potential flow equation) 2—PMNEEMWMER FE, EX
IR E P 8E(velocity potential)pHu = Voo SFARAEL RE, V- -u=0, BN
EREEFEBRGIE:
Vi =0 (48)
EIRTth 2RI EHET5FE the Laplace's equation



WRIEY S FE Elliptic equations

» REEMEBERS, REMNERS
> 19'] *%/HEH,]%/}IL\ *%u_. Imf"ﬁa\?ﬁ-f}

> RIE N FEFRERFFE(potential flow equation) 2—PMNEEMWMER FE, EX
IR E P 8E(velocity potential)pHu = Voo SFARAEL RE, V- -u=0, BN
EXEEBIBRGEE:

I(0/0ot)

V=0 (48)
[E] BTt 2R E R Hr 7532 the Laplace's equation
» RFFZEIBRAFEDREZN, TEEVREMN



WRIEY S FE Elliptic equations

» REBEMHLMERTS, REIERSING/0t)

> 15 *%/EE,]?%/}IL\ *%n_. umr_ﬁj\xﬁ‘ﬁ'

» IR D ZEFRERFEE(potential flow equation)@—MNEEZEMWHEEFIE, EX
IR EE (velocity potential)pAu = Voo MTFAAELEREN, V- -u=0, AN
EREEFEBRGIE:

V2 =0 (48)
[E] BTt 2R E R Hr 7532 the Laplace's equation
» RFFZEIBRAFEDREZN, TEEVREMN

- FEHM: DR EREEEHERT, ELLEELERN




IR 532 Parabolic equations

- BEFH (80 mIERSE-
> Bl JERSHIEIR. IFRSEENTF
- REFGIE ”

Fr vV3p (49)

> REEZE) R EEN A S FIE &
- EEHE: MRAE—ERAEENE, FH TR SEBEmTis

Solution for instantaneous step function for x <0
T — T T T




W HhA! 5 %E Hyperbolic equations

- BESEESL (ED MIERAA T
- Bl EKSIR. SEEhSTE e
% =c*V?¢ (50)
- SRIBZIE) B FIRTE S R &G &4
- FEHEY. BUEGESESY, KBESEs 0
i & S ERE

flow over a hump

Z, Zsu




B AR %Y Boundary Conditions

B & FHRER




B AR %Y Boundary Conditions

B & FHRER
- BARFHRRRRERD, MRRBLFFHE, BEEEFE




B AR %Y Boundary Conditions

B & FHRER
- BARFHRRRRERD, MRRBLFFHE, BEEEFE
» AR UEMBHANZFHREFTE—LTIEZRAM, NeHNBFREST
PoRMRSEER “BEBE”, FIanBE MiaFgERRERENAXE



B AR %Y Boundary Conditions

B & FHRER

- ARFHRRARRERD, MRRELEFN, BE2EFE

» AR UEMBHANZFHREFTE—LTIEZRAM, NeHNBFREST
PoRMRSEER “BEBE”, FIanBE MiaFgERRERENAXE

> AR FARNIE R R E T XIR R A R G IR R




B A %Y Boundary Conditions

BFFHEER
» MR FHRRKRRERN, MRRBLREY, BREEH%
MR EREANERRERE— e TIRARIN, TRNNLRERET
POKMESEIER “BUERE”, BB H OaFRER O RERENE X
> IR FHREFERE T IR R A R G 4 IR
HEEBEHE LS FFMG
> Dirichlet B.C.(B8—358 K7 & ): fixed boundary value of ¢
» Neumann B.C.(8 =358 B £1M): zero gradient or no flux condition:n - g, = 0
» Fixed gradient or fixed flux condition:n - g, = g5, Generalisation of the Neumann
condition g = —vV¢

» Mixed condition: Linear combination of the value and gradient condition




G398 F 51 (cyclic, periodic)

» BB R K (cyclic, periodic), EEEEJLE
By ERTARRaNEE, AJLUAXMAREK
BT E
» ARRXMIEIF M (periodicity), BESIZE—M
" B#E " (self-coupled)
» BFEBERAT, TERETEEMRAEMBE, Tt ‘
M7 N & RRshFHIE IR E: R ARIBRREN

fully developed channel flow




B.C. in OpenFOAM®

> For a passive transport (#{B#IiZ) of a scalar variable, physical meaning of the
boundary condition is trivial (FEZE). ¢ # u

X4V (o0 - V- (AVg) =8, (51)




B.C. in OpenFOAM®

> For a passive transport (#{B#IiZ) of a scalar variable, physical meaning of the
boundary condition is trivial (FEZE). ¢ # u

X4V (o0 - V- (AVg) =8, (5)

» In case of coupled equation sets or a clear physical meaning, it is useful to
associate physically meaningful names to the sets of boundary conditions for
individual equations. Examples:

« stationary wall: no slip condition for velocity, u =0

« moving wall: movingWallVelocity

« Turbulent inlet: turbulentinlet

« Slip: zeroGradient if ¢ is a scalar. If it is a vector, normal component is fixedValue
zero, tangential components are zeroGradient



B.C. in OpenFOAM®

> For a passive transport (#{B#IiZ) of a scalar variable, physical meaning of the
boundary condition is trivial (FEZE). ¢ # u

X4V (o0 - V- (AVg) =8, (5)

» In case of coupled equation sets or a clear physical meaning, it is useful to
associate physically meaningful names to the sets of boundary conditions for
individual equations. Examples:

« stationary wall: no slip condition for velocity, u =0

« moving wall: movingWallVelocity

« Turbulent inlet: turbulentinlet

« Slip: zeroGradient if ¢ is a scalar. If it is a vector, normal component is fixedValue
zero, tangential components are zeroGradient

Most boundary conditions are implemented in
$FOAM_SRC/finiteVolume/fields/fvPatchFields



AEHBCIRE

» Under-specification of B.C.s 5 HIXME—H## (unique solution)
» Over-specification of B.C.s R SHAAIBAIARE
f33n: o
S HT=0 (52)

EXHBEUR T8 A &

1. T(x =0) =0, T(x = 5) = 1:tH ¥ unique solution T'(z) = sin(z)

2. T(x =0) =0, T(x = m) = 1: over determined, JTof#

3. T(x =0) =0, T(x = m) = 0: under determined, Ft35#&, T(z) = csin(x)



#FI& & Initial Condition

» MREHRITEA G ETEEEBAN DS
- BEIER, VIREHAEE, tkfatSitE
>Tﬁ§ERT,WW§#$%EE




#FI& & Initial Condition

» MREHRITEA G ETEEEBAN DS
- BEIER, VIREHAEE, tkfatSitE
>Tﬁ§%RT,WW%#$%EE

OpenFOAM® r
» BABEEHRIFIEE
» SRR EER B setFicldsFET R, EBCHIE



Thank you.

MADFATAER, BT LR, 55!



	内容要点
	张量 Tensor Notation
	基本求导规则
	纳布拉算子 nabla

	控制方程 Governing Equations
	质量守恒 Conservation of Mass
	雷诺传输定理 RTT
	动量方程 Momentum Equations
	柯西应力张量
	偏应力张量
	 Navier-Stokes equations
	源和汇
	扩散输移 Diffusive Transport
	通用输运方程

	偏微分方程PDE的分类
	椭圆型方程 Elliptic equations
	抛物型方程 Parabolic equations
	双曲型方程 Hyperbolic equations

	边界条件 Boundary Conditions
	循环边界条件(cyclic, periodic)
	初始条件 Initial Condition


