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Computational Domain

Handbook of Grid Generation

FEARZ A

Physical Domain
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x(EnC)

FIGURE3.2 Grids in computational and physical domains.
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AREFRZDER

« MEHDIEETEDFiEE LTIB0ERTTF, R"—a
V%, 72 k2XKE (University of Washington)
DOEE S (MJ.Turner, H.C.Martin) [Tk > TIRE
— {%B2 : I straight Wing: Subsonic Sl :‘_:‘/‘;‘4

ZA. =2 45 7= Beam Theory for Calc. of Load
i C [EXHGT at the Base of Wing

E15L i S

Boeing 747-100

— Swept Wing: Transonic-Supersonic
Beam Theory cannot be applied
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SZXmk (1/2)

- i T/HREBKIEMER FRETh) 1, Y4 T2 X4,

1999.

- TR, B, FH (BFRSHEIZFSER (8D

¥ BRERZOER] , FHFALHAR, 2003.

. B, AT HRMASFEXOMES S L—>a

F2h) , WKihR=, 2003.
- ENE RABEREEOLE

« B K< SBARERE] . A—Ltt, 2005.

— NJILLRILYAERK

« X, B THEREREICKDEENH-HV)—T -

2ARERENT) . YA TR, 1985, (mt])

« Segerlind, L. (JIIFHEER) TIABREZRMEHT 2

ARl . ALE, 1992, (MtD)
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BIREHRE

A Firal Cosfiee m Finite Efements.
FRPRIN P e 1

L A e g
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« Fish, Belytschko (IUH, k3,
HR) THEEFRZEl , 1T,
2008.

— J&% TA First Course in Finite
Elements |

— ABAQUS Student Editionh [t /E
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%%Kﬁk (J: l’) /\/T‘nJL '5'. H’)

- i, MEE THRERATLAMI . BERE,
1986.

- WA ITEHeaRERE] . AE, 2007.
- BHH, 75 NHERERZE] , HELE, 2004

« Smith, |. {2 TProgramming the Finite Element
Method (4th edition)] , Wiley.
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RS HREX DI UAERE

- fEIBYV, BRSIZETHAIUTOMD AERZHE <
_EEEZDH (EFRIERMRE)

L(u)=f

« MAPFHREXDEBRUDLLTD &L S E BB, TIELRIC
REINDLDET D (—RIER, BREHI)

M
u :Za,\y g L BRICBVDTESING, IBEE
" = b " DHEEENEEE, BV THD TR
- (trial/test function) EFE(XN 5, $ERHERIZ
BIT+HEE (basis) ITHHXT S

a; FRE(ERMEH)

1
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Method of Welghted Residual (MWR)

e« LUTIZRTEE (residual) RAOT HNILEEZR AR

ThHsd: F%l/ﬂ

R=L(u,)-f | N

« EATESHREATIIRERICEAEHW

(weight/weighting function) #%& L T, fElE2
KTHEALEENIZLGDIELSDLEHZEEZRD -

IwR(uM)dV=O

« BAMESHREZEIE, BRE=0DOFHZEEIZEL

T TRz BT ERETH B,
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ZniE (Ritzix) (1/2)

« Z< DEBEIZHWTIXAES (functional) I(u)H
FEL, BEEBDI(WEBEIZTSHIIE (T
B) haonctinhsd,
— AEAMAIBEEZEDEOICudE =T R EMAHERX
44 >— (Euler) AR &LV,
— (2, EulerARERZiE-I-0OIZIX, uddIl(u) 58
SETLRIERLY,

- FIZIE, BHEHFEOXEAERX (FEHAFEX,
RELEEDEFEE) CFMmAABEKE TmNKR
TUOVNRILIRILXDEE (VDIFTHIRILTR
INDERD) | TH S,
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ZniE (Ritzik) (2/2)

s UTOEPUBORZIuw)IZKRAL, I, =1(u,)h 1B
BIZHEAEDIZTTNIE, FREaH KO 5 Hu, HIR
ESNDd,

U, =Zai‘1’i

i=l1

« ENEIFIERMSAERNOEUZEELTE, E
WA, BEFER, MENGERABETHERELLY
FTLDTHLH, FELGESHEZRODEL I
Mo AREXTEWERATEERL
- ARETHEATEHRELZEZERT D
- BB, BARICEVLDEEZLOND
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EHFESEREZDH (1/3)
BT TR

0°T o°T
A + +0=0 in fBEYV
£8x2 ayzj o "
A BMRER (FEBVT—HR), 0. KAEBEHI-URE=
T=0 atERS g
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BHT S HRERDHE (2/3)

- EABE¥w EELTES
IwiR dv =0

- EAE#w, P EOERLGLIE#MTHS LTI,
EXIEnBDEILI—RFERXEGT S
« ITRABROH=FHFEBDOHK

n °Y. 9J°Y, .
Zaj;‘:wi/{ 8x2J+ ay;)dV=—J‘wiQdV (i=1,..,n)
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BHTETEREZEZDH (3/3)
« FTHIDOHRATEL EUTOESIZHS
[Bl{a}={0}

¥, P
BU.:jw,./l( Ly f}dv, 0 =—[w,Qav
\% \%

2

ox dy’

ERIEINEIEDLENS
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PRRIGEATESTHRER

EHBABDERDHEANEL S

E A% (Collocation Method)
m/N_%;% (Least Square Method)
Ho5—Fx ik (Galerkin Method)

31
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E 5% (Collocation Method)

s TATYIDTILABEBMEEABME L TES
— 5l#=0D & ZTEEX, TNLUNTIIODEZE S
—-BHT HE=1

8(z)=c0 if z=
8(z)=0 - I i

if z#0, j dZ T

w,=0(x—-%,) x:EAERIRL T

e TILABEBOHMEZFALT, nfBDES (collocation
point) THERERMNOIZHELSELDICESD, nZiENNEE
B EICE-THEBEARTHERE=0LEL S

o
o

X—X; )= at X=X,
X—X;)=0atr x #Xx,

jR5(X—Xi)dV =R,
Vv
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/N_% ;% (Least Square Method)

- EABEMELT, UTZEEZS
_®
Wi_aal.

c UTDEHDERMNE q, (CDOWTER/MET S -
I(a)= j [R(a,x)} av

dR(a.,X)

a;

a%[l(ai )]=2 l {R(ai,x)

'

j {R(a,-,x) aRga"’X)} dv =0

a;

}deO
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HS5—Fx ik (Galerkin Method)

« EAEHM=31TER

w; =‘Pi

« Galerkin, Boris Grigorievich
— 1871-1945
-AY7, BYEI MEMOIRE, #
FEICLTHEIME
— 1906 F ~1907F [T RFEUK E L THRE
RICHS—FVEDTATATEER
OL\T:E) LL\O
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BleE (1/2)

« XEEAHFER
d’u

2
X

- IBEREH
u=0@x=0 ETERFH(E—EERFH,
DirichletB 5 R &4 EEFE L)

+u+x=0 (0<x<I])

u=0@x=1
RBEZEHDOWABRBUINEREHELT
B zonbi58% 8 ZFE=ENeumann®!
BREHEMES)
- HERE (EMDTHEK)
[ = sin x .y

sin 1
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HlzE (2/2)
« ELBZEUTOLSITRET S -
u=x(1-x)(a, +a,x)=x(1-x)a, +x*(1-x)a, = a,'¥, + a,"¥,
¥ =x(1-x), ¥,=x’(1-x)
RITEH: u=0@x=0,1%i#1=7
« REIFUTDEIICRIND

R(al,az,x)=x+(—2+x—xz)a1 +(2—6)c+)c2—363)cz2

s COMBICEHDETREZDRZFEZHEALT
H(J: 5 (o]
- kA TR $a, o,M2DHDT, (hiL
7)) BEAEHEH2DIZE S
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#E53% (Collocation Method)

e n=2THADT, x=1M4, x=IR ZERET HE

1 1
R(alaapZ) :0, R(alaapE) =0

R(al,az,x)=x+(—2+x—x2)al+(2—6x+x2—x3)a2
e LT=AoT:
29/16 —-35/64||a 1/4 6 40
= » a =—- O4y,=_-"-"
714 7/8 a, 1/2 31 217

=X _7’“) (42 + 40x)
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&/ _F;% (Least Square Method)
- EEIZKY :

oR > oR
w=——-="2+x—x", w,=
da, oa,

R(a,a,,x)=x+(2+x—x")a, +(2-6x+x" —x")a,

e Lf=A>T:

=2—6x+x’—x°

ol el
R(al,az,x)a—Rdxz R(a,,a,,x)(—2+x—x")dx=0
Jo 3611 Jo
rl aR rl 2 3
R(a,,a,,x)— dx=| R(a,;,a,,x)(2—-6x+x"—x")dx=0
J0 aa2 J0
202 101 ||q, 55 46161 41713
= a, = , a, =
{707 1572}{%} {399} - ' 2461377 7 246137
u=9"9 461614 41713x)
246137
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H5—F ik (Galerkin Method)

« EEITEY :
w =% =x(1-x), w,=%,=x"(1-x)
R(a,a,,x)=x+(2+x—x)a, +(2—6x+x" —x")a,

e LEAHDT:

ol 1

R(a,,a,,x)¥, dx=IR(a1,a2,x)(x—x2)dx=O
JO 0

ol 1
R(a,,a,,x)¥, dx = jR(al,az,x) (x*=x")dx=0
J0 0

(3/10  3/20 |[a 1/12 71
L - »alz—,
3/20 13/105}{%} {1/20} 369

x(1—x)
U=

(71+63x)

a, =
>4

7



FEM-intro

ETHEIERD LB

41

X Analvtical | Collocation | Collocation | Least-
y 0.25-0.50 | 0.33-0.67 | Square

0.25 0.04401 0.04493 0.04462 0.04311 0.04408
0.50 0.06975 0.07143 0.07031 0.06807 0.06944
0.75 0.06006 0.06221 0.06084 0.05900 0.06009

HS—% UENRERBE L,

— AEENHLBBIZDONTIE, EFEEHTI—FUER
BEAN—HT S (-FiH - EE, X)I - BF)
« —FEDRFRINEG

ZL{DEAI—FTHTI—FUiEZEFER,
KIRETHLSRAT—FUEZERS,

=LA /)L X#Navier-Stokes FRe i &, m/MN=
REZTERALTREILT SEELHD.
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(B) E7ix (Ritziz) (1/2)

« Z< DEBEIZHEWTIXAES (functional) I(u)H
FEL, BEEBDI(WEBEIZTSHIIE (T
B) haonctinhsd,
— AEAMAIBEEZEDEOICudE =T R EMAHERX
44 >— (Euler) AR &LV,
— (2, EulerARERZiE-I-0OIZIX, uddIl(u) 58
SETLRIERLY,

- FIZIE, BHEHFEOXEAERX (FEHAFEX,
RELEEDEFEE) CFMmAABEKE TmNKR
TUOVNRILIRILXDEE (VDIFTHIRILTR
INDERD) | TH S,
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(B) £7ix (Ritziz) (2/2)

s UTOEPUBORZIuw)IZKRAL, I, =1(u,)h 1B
BIZHEAEDIZTTNIE, FREaH KO 5 Hu, HIR
ESNDd,

U, =Zai‘1’i

i=l1

« ENEIFIERMSAERNOEUZEELTE, E
WA, BEFER, MENGERABETHERELLY
FTLDTHLH, FELGESHEZRODEL I
Mo AREXTEWERATEERL
- ARETHEATEHRELZEZERT D
- BB, BARICEVLDEEZLOND

44



FEM-intro 45

EIEIC K DELIERE (1/4)
+ B

- 15

< S
i
+F

u=0@x=0
u=0@x=1

« AR ELEDERZHDL LICEEBSE Du
EROH &K
- RET A T—HARRXBIUTTHD (EHMTEHERE
ERL)

2
d’u +u+x=0 (0<x<1) (B-1)
dx?
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DIERICZK Bl EEEl (2/4)

o 2EEHGMOYATREERESuIIx LT, nROFITEEK
ZUTDEDIZIRET S :

( ) (a1+a2x+a3x +---+anx”_1) (B-2)

. EKﬁFasEly&O)zkx&n”éi%hDéﬁé:&l:J: Y, uldE
DEulZIE DL T EM L, NBEBIWE(u)ZL>T
WTLB[RETH 5
— l(u )P EBI NI [(WBEBT D

o RENFZEHqIZHLT, UTOEEBEFGZHI=J a7
KONIERLY :

ag(”")=o (k=1~n) (B-3)
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1) (Ritz) &

o I(B-3)[Xa,~a, XKML T HEIL—RAEXELD
c COEEARB-2)ITKATHZEIZKY, I(u)%EE

SHLE (TabhbA A4 7 —AEKB-1)Em=-J #
DELfE) NFEohd
— ERRTIEH SN, EREGERFICHIT

s COEKDIS, EBuzAREOHITEMDIIICEEL,

ZTDRICEASNDAIRMERICL > TRERZFE
T OMERDDOTEE) vY (Ritz) ZEMES



%501 & BRI (3/4)

o ) wYik@ERA, n=2

U, =x-(1—x)-(a1+a2x)=x-(l—x)-a1 +x° -(l—x)-a2

1
) D l_x_xz)(l_gmz)dx}al
0

da,

1

+ _1[{1 2x)2x —3x7) (1—x)2}dx}a2_IXZ(I_x)dXZO
{

al(uz)zoz> {1

0

1-2x) 2x 3x (1-x) }dx}al

+ﬁ (2x—3x2 +x° )(2)6—2)62 —x’ )dx}az2 —jx3(l—x)dx =0
0

0



(3/4) DR (1/3)
o ) wWikiEH, n=2

u2=x-(1—x)-(a1+a2x)=x-(1—x)-a1+x2-(1—x)-a2
1 2
I(u)=I l(d_uj —luz—xu dx
o | 2\ dx 2
1(duj2 1 ,
—|— | ——u" —xu=
2\ dx 2

1[1 2x)a, + (2x 3)6)0]2 [x (1-x)-a,+x*-(1-x)- a2]2

[x 1 x) a, +x° - (l x) az]



(3/4) DfE (2/3)

1(du) 1 ,
—|— | —=u —xu=
2\ dx 2

2

%[(I—bc)a1 +(2x—3x2)a2]2 —%[x-(l—x)-a1 +x° -(1—x)-a2]
—[xz -(l—x)-al +x° -(l—x)-az]

Al (u,) _ 0— (1-2x) =2 -(1=x)" =[1-2x+ x-(1-x) |[1-2x—x- (1-x)]
aal =[1—x—x2][1—3x+x2]

ﬁ {(1 —2x) —x*-(1-x) }dx}al

|

{(1 — 2x)(2x —3x’ )— X (1 — x)2 }dx}a2 — j‘ x*- (1 — x)dx =0

0

O'—;’_‘



(3/4) dfEE (3/3)

1(du) 1 ,
—|— | —=u —xu=
2\ dx 2

%[(I—bc)a1 +(2x—3x2)a2]2 —%[x-(l—x)-a1 +x° -(1—x)-a2]

—[xz -(1—x)-a1+x3 -(l—x)-az]

oI (u, )
da,

=0=

v
+ﬁ{2—3x2) i '(1—x)2}dx}a2 _j‘x3 (1= x)dx =0

0
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EoiEICK B LLEER (4/4)
s INFEEBITLHELUTNDEOIZHS :

3/10  3/20 [aq,] ([1/12 ' 71 7
= a =——, = —
L/zo 13/105}{%} {1/20} 7360”4

_xd _9x) (714 63x)

« COBRIIAT—FUEEHTS
—- RLTEATIEZL

52
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H5—F ik (Galerkin Method)

« BEICKY : BTES u=0@x=0 %7
w =% =x(1-x), w,=%,=x"(1-x)
R(a,a,,x)=x+(2+x—x)a, +(2—6x+x" —x")a,

e LEAHDT:
] 1

R(a,,a,,%)P, dx:IR(al,az,x) (x—x2) dx=0
J0 0

ol 1
R(a,,a,,x)¥, dx = jR(al,az,x) (x*=x")dx=0
J0 0

(3/10  3/20 |(a,] [1/12 ' 71 7
= a:—, a, = —
13/20 13/105}{%} {1/20} b3697 74l

x(1—x)
l/t —

(71+63x)



)y REAS—FUE (1/4)
U, = x-(l—x). (a1 +a2x): a,w, +a,w,
3 o 2 ] () )

a1 u
- u2 } ~ 2 (01T1 +a2l112).wl

—_

da, | 2 aal
ala(u2)20:> i[xu] xa__x‘P
“ da, ’ ada,
Li(aw, Y d¥Y. dW¥
L‘)‘{( dxlj a, + dxl dx2 a, pdx |— _(‘;‘I"l{(‘l’lal+‘{12a2)+x}dx -0
al(uz):o:>
da,

0

2 |
{dly] a¥, a1+(%j az}dx}—{[\{'z {(Tlal+‘P2a2)+x}dx}=0
X
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T & (2/4)

ol (u, ) _ 0
da,
1 2 |
4y, d¥, dV, )
oozl o e
d d¥,\ d¥, d¥, dZ‘PI
w, :‘Pl =x(1—x), a(‘l’l I j— I dr +¥, =
W, = \Pz = x2 (1—X) i(‘yl d‘sz: d¥, d¥, o dz‘Pz
ox dx dx dx e

1

1 2 1
J‘ (dlpl ) a, dx = allPI &j _I\Pl s
o |\ dx dx ), p

! 1
yﬂéiqu%}ﬂztyﬂézg
o [\ dx  dx e

0

4>V,

i

2
X

4>V,

dx

)

1

d*¥
de=fow | T

0

d’¥
lPl {722 az}dx
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ol (u, ) u
=0 +u+x=0
da, dx’

u=aw +a,w,

1 2 2
d™¥Y d"¥
_I\yl{[ dx21a1+ dx22 a2j+(‘P1al+‘P2a2)+x}dx=O
0

1 2
du
skt (ﬁﬂtz +Xj dx=0 Ho—FUEZTDHLD
- w, =¥, = x(1-x),
8282)=0:> w, =¥, =x*(1-x)
2
1 2 2
—J“PZ (d \1211 al+d ‘1212 a2)+(‘P1al+‘P2a2)+x}dx=O
0

1
—J"P{d u22 +u2+xjdx=(
i dx




)y VEENT—F UK (4/4)

« SEERLI-DIFFEREIZEHRLGHTIEIHSH, —
BRI EET 55, Ao—F ik
) wiEIF—8T S

o WAL TIEIH SN, 47 —HEK
FHWEBITH-LTWADT TEgEFRE] ITXYk
WEEAZXD
- A—FFED THRE] AU EH

s CHFEERLIFTHEYHATEZATHELTLLES
o FBEAMMEE LBEWSEIEEI LA
- RE, TERHEFOHEANDAT—FUENZRTHL
HEHHD
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HHZXDEE : Gauss’'s Theorem

I(@U oV W

jdv IUn +Vn, +Wn_)dS
)\ ox By 0z

« ZRFTLTHIL FERZE (xy,2)
o BOMGEAMESIZE > THEHENTZV &/
c VNTEERIND, 300D :EfEE
= Uxyz), V(xyz), Wxyz)
e HHESETHREFIZTILNELERY Filn
- n,, n, n,: FRRZK
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HHZXDEE : Gauss’'s Theorem
EEZREEBA (1/3)

BITTEERABRESRHE . O
W v = ”dydzj PN M)

2, 0x ox

_ ”U(xz,y,z) dy dz=[[U G, v,2) dy dz
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HHZXDEE : Gauss's Theorem
EE 7R EEBA (2/3)

c ARARASHOYIYIRSEIBEZISE

ITHE ,il__'

dydz=+n_dS (if n,20)

dydz=-n,dS (if n,<0) Xy X, X

« LT=AoT: ”
ade J‘J‘ddeXlgdx

n

:”U(xz,y,z)dydz—”U(xl,y,z)dde n=(nx,ny,nz)

:jUnde+jUnde
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HHZXDEE : Gauss's Theorem
RYEL7LEEBH (3/3)

s INZFEEEBITHIERT D& -

AVI:
W 4y - jUn ds 5
8x X x =x
e vzAMBIZHEHRRIZ L TLULTF AL m
I(aU+aV aW]dV IUn +Vn, +Wn )dS n
s\ dx  dy oz



JV)—2DERE (1/2)
C UTD&SIZRET B & -

U = Aa—B, V= Aa—B W= Aa—B
ox dy 0z
« UTHEMIMSD

oU av aw A[@B 9°B 8Bj (aAaB 0A OB 8AE)BJ

ox oy oz loe oy oz ) \axax ayay oz oz

. _*Lé‘iﬁ PLTHODRADERZERT HEUTH
"ToNd :

2 2 2
J‘A8129+8129+8129 dV+I 8A8B+8A88+8A8B qv
ox~ dy~ 0z ox ox dy dy 0z Oz

I(Un +Vn, +Wn, dS IA(?)B +2—Bny+gB de
X y Z

S
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J)—2DFE (2/2)

¢ ()
J‘A n n+a_BnZ S = AaBax aBay 0B 0z S
0z ox on  dy an dz on
jAﬁim B sprmrnam
on on

S

« BWRELTUTDEIIZHD

J‘ABB J°B BB i J'A dS—I 8A8B+8ABB+8A8B v
x> oy’ az J{dx dx dy dy 9dz 0z

fEM D D—FEMA~DESH;Z
iy

"R 7]

N =2

t|
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N FILEKREET S &

« THORDEHE

jv-wdvzijndS
\% S

« ) —2DFEHE

j vAu dV = j (vWu) n dS - j (Vv \Vu)dv

Vv
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