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Orthogonal Grid Generation Using Linear Grid Generating Equations

SIS, AFHY |, ALFEY
S. W. Lee, J. H. Kwon, O. ]J. Kwon

A method of two and three dimensional orthogonal grid generation with control of
spacing by using the covariant Laplace equation is presented. An important feature of
the methodology is its ability to control effectively the grid spacing especially near the
boundaries still maintaining good orthogonality in whole field.

The method is based on the concept of decomposition of the global transformation
into consecutive transformation of an approximate conformal mapping and an auxiiary
orthogonal mapping to have linear and uncoupled equations. Control of cell spacing is
based*on the concept of reference arc length, and orthogonal correction is performed in
the auxiliary domain.

It is concluded that the methodology can successfully generate well controlled

orthogonal grids around bodies of 2 and 3 dimensional configurations.

1. A &

HulE @A AuE B §5FdA 33 A8 AMslne H4Pez g 78 F
fem ol FF FAH WHE ALl FFEAL PTG £XAHoE FFAE s
BE RTE v AAHEES F5FN BEEAINR o4 diFN AugAHAE HLEd HE F

EAE 2 HAo o ojFoixin] HAH A
g & vAYz g3A o (1]

AN g 2 A Fo Uz dEAd g3 oy E gy
wdo] gloigtel &3] Bl Y E 7—'11} PBARAAE Agsle A
% ThompsoniZ] & Sorenson[3] T WHL& 713 by 2o
deojel P gl ARES “”‘*%‘ F AR ANEFE A =
IEL £ Y FHol Ut aY AL gEe o
5t71 s e Ao+ @ *"E“?SH"FOPE“‘ 3] AANM Amste
& P43 Y9ME A4 E SR Fajokstng 3xkde A el Aol o

3 4ol BEZE A FEA AU J{T AAE &‘“3}1] g 5z Ao
Mobley & Stewart[4)e AArG DA Cauchy-Rlemann 238 =3 Laplace A2 &
EE =8l HudAE g% BHE AUGHes Ryskin & Leall5)E A BARE &
71 9% covariant Laplace YA 2& % 39t} Kwon[6]2 Mobley & Stewarte ol A

Az F4LAHAN G Frslgdon A F4EEe AMgsle AP AAZRAES FHoEH
Btz g 2l ARAAE 4T ¢ AT FH Kang & Leall7]2 H4] -2 e
covariant Laplace %34 o] dlsiA A H@g 4R Andfgoz o 4&s-o AHAAY
A AdAde d¥ssdon ZAALANBEMIES A3 A§gE FAzZAS Fgezx vEEx
¢ 2zt AwAAE HAAHA.

Kwon# Kang & Leal«l we A2 Jeivdes PSR ot EEdse AAA
2xo wE& FAz Fate HelM 2 xols} ok Kang & Leal® BEME Al g3t &g
Sg¥gg 7 ﬂib} 71]’.‘_“]2}0] A gol 2E2H= @@l Ak o)l Bl Kwore A
SR8 L o) 4oz o$ wE Ao ¢ Ax AXE FA4E + YUt

}

[
r

>

o

of

rl

[N

o
suz

rZ rx oXx
JU. ot

) =i VAT EY eI AET dd
2) B Hsrled AT FFTLTFITEATFT (Tel : 042-869-3715)
3) gxHAsred AT B3 +FTHAT (Tel & 042-869-3720)



Jox

@1@0 H22HY PFRAFAZ 83
]

[m% HAS

[*3

2ol Jeong[8]2 Kang & Leal?] W 3xpdoz2 &Fslad oo Fio tair] AuzA
A2 gAs9 ey Kim[9]& Kwonel ¥y& o83l T4 X4 FF59 HE ol &34 3
2l 3Fz] F4d dEiA AaAAE F4sdoh 28y KimE 19 =®94 A Fel
covariant Laplace %34 & o] &3l AAE YAY F AR 1HHE HHE A = U &
Aol velyttt Tamamidis{10l= ZR3E AolE& Y8 distortion® & PlAFR 3= Poisson
WA A S AT covariant Laplace A A ¢4 gtEZ o2 F& PHS Adsdey APH
A AR 7vA Aoy GEXL, ALALe] Eojve dHe] AUk

ot 2 dFoME A dF3AE THT An AAYAY $PS ASsdd £ AFA
ALEE W e 24 5ZE8S AMEEE Kwond A¥3E AAZPLHE olgdgeny 7&EA
AZAE FYstd AFHeZ AAURAE A + UEES

2. 28
2.1 34 384 $A Y

B Al AEE AuAR F4& 98 43 FAYAE YL covariant Laplace %72 oo
dutx 9l 334 curvilinear coordinated] A ©H&3 ZTHg]

9
an * 4
E»g3 _d ’ gufxn d ’ Enfn\_ 1
)+ 3'7(y” g )+ 3?(” g3 ) 0 W

o714 g ;¥ covariant metric tensor o1® Th-&3 o] Hejd

=y (& )+<—l)+( 2)
gn"\/( )+( )+( ) 2)
gn=y (% >+<—l>+< a§>

o

9] 4 1)& metric tensorE2 s Z# 8Bl HYHE& JEbAY, Z7)o) Ryskin & Leald #H83

A B ol& AAYAE ARAFeY FEE BFE £ AT, AFAYL 28 Fye
2o RS wEaA we AFAE(6], [7], 8] AEstd ANF A UL 7AAA H
Ak

22 A& 4 Ao A3st

Jeong® 344l U A Bl EAYTHT AR o) MUY e MY see
g 43t 28 49 (x,9,2)3 AQ 4F (£7,0M0)9 HAA Wy T, E99F (x,y, 27
Bz 49 (u,v,w) Aole 24 4 H8 T, 9 22 99 (w0, w)T AN 99 (£, 2,09 2
oA T,9 g$Adoz AZEH (Fig. 1) T, £ 453 o] & 5 gl

T,=T¢ Ty (3)
ZAF 52} W] dislA distortion 471 1ol A EH
f=fc"fa'=fo' (4)

wt Azl g4 HAAL ogF Pe] e F Ut



BRHARA 8] H2EHY 101
[ s 3 em
- - - - - @ -
¢( 7’55+% 75)+¢'( TW+ ¢/¢:’ r,,>+w( 7’;—{"‘— 7’;)"_"0
o 71 4
¢=‘/ (uﬁ+ﬁ+w?(u§+v§+w2
u%+ vze+ w%
¢=J (+ vi+ w? (b + v+ w? )
u§+vg,+ w%

w=d (b+ i+ w? b+ 2+ wﬁ
u2§+ v%-i— w%

vavEnl)
w=w(E.n.4)

B e ———
To': Auxlliary Orthogonal Mapping |

uz=ul n.g)

Fig.l Decomposition of 3-D Mapping into an approximate conformal
mapping and an auxiliary orthogonal mapping

of W Aw AAE A7) HMAE T4 ¥R UFIHE (11,28 (wv,w)d BAE Look
gt Kang2 BEME o] €3t 2xdolX (2, 1)& TR 2™ Jeong Kangd $HE 3ado2
g3t o5 Y FEY Hx 9492 78 F UAve FYol Yoy BEME AHgEo
A A= A MRS 22HPY # dPAAE Kwonol At 239 24 52 HEE o) f
3ted 32k (uw,v, w)E SALH 22 T

23 Ax 37 Ao
covariant Laplace WA & ol &3l9 AAE HA3le A Aol FH3e XA Fx 70
o] Holxj= ZF97} wAST11] I o f e sl = A

AR 94 $AA CEERIEE
walrl A8l g,=0,(i#/) B FE2AL sl GBolth AN ARME TAH HFeA
43 SEALHS] 4AE 7HAA Hof M2 AusAT BAE P2 FHol BolAFol A
FHE ol A B old et FNAHA APHY hyo) @ & YomE AR AL Ao

s de ATsa



>
o

17 H S8

C:

@ 102 H2ZHY LT
[ms X 2= J

Leal 2 distortion & f 7t Eeld oA AR 712 A2 & dugied st Azl
A G AT £ Y AANHY 27t F4F AL distortion ¥4 FA ¥ R =@
7t o Redle BXE 7HE Aolth aatA AAA & distortion ¥4 f 9 gE ol &3td
WAt ol FE Dirichlet ZA 219 distortion F4ol B WolR WAL FE= yy Foz
29 RoA distortion FrE T WYL AAAG o€ o]&% whdo] Tamamidise|
Wolt}, Tamamidis{10]= fo #§ Poisson WAAE A3 olet Ax A3 w4 g wEzy
o2 EoA Au AzAE FAHsc $HE Agstdtt. 2@y Tamamidise] WH & ZFolof & #
o WA st sy o Eold o2 AT AZteAM Be Boldg @A HIUth 3
source & ZAA s Aol AF3] Yol ol Yuisteied Be AU AU

foll did 2do] f> 0 % "R=E2 2XE 713 2" 8B RE 8% 998 =% 3R
FAo AN B o R ¥& AXMY A & B 499 574 Ao #AAA U=
Y (g, A T ZAAM A& g T stogs WREdA (», )7t Ax
3 gow Anz Jelde AAE AnAE 23E £ A 99 F 22 990N (4,09 &
e AuAe g ol m=2n AR AJHE f= ?J—JX—‘]‘”i 248 + g1 Aase
(w,v) o A z2do o3 FAHof A}k walA f) 03 "= £XE 7Hd A'olgte
Z2A& AN AZE YAF) loiAd B8 =4S HAY AW R FR 4L HX gevh

B @FdAE 7E FA 3FAE ol&std A AL AR BE: dYdM  (x,0)7t
harmonic conjugate®] @A AS-& st Ao AuwAde RAFFAI12] d3te FA 13
& ds, & B adA wHE ANA Y AA 3HE 45T 8tE eAE g gol & 4 ot

eﬂ=%§ )
ol 2t disiN 2x FH (w,0)E BAS Folok ¥t £ ATMNE w3 2L WP
d4E Algste BAE 3 FA.
dv= constx sinh(err) +1.0 (8
te] £xAQY HHANM conste] gtel 0201UlY # HAHoz ARAHYN FHEALAEL dEUA D,
THEYG ¢F AHE BATH

F4E AR AnAHdE BRI HH8A (v, I G s =g BAH Fojof gt
(u, v)= Cauchy-RiemannZ3A-& %3+ harmonic conjugated] #A¢] st} walA o #AE
ol&3td F£AH (£, ol dalM Amate wéNE 78 F At AR AL Aode HAL
o33 o] dE ¥ 4 Qi

(s

D B 499 AAME BEXd R@gee BE 999 (i, )8 AANAN Fch
2) Transfinite Interpolation 59 Wy o2 U9 oA (u, )& F¥

3) Azl dA WAE FoiM AAES YA

4) Reference Arc Length®} vl o€ 7)E ATt

5) A9 (& el thallA Harmonic Conjugate®] A e w(é n)E T8
6) il FHAHS wEIY.

SHE AdE £ BEE FH4 e 4 oD sub iterationoE AY A% F4 P
Zold AAE P4y GRol MUY LA HaAA A APl F dHAE 2
Fgol #AH Uk



HIHAGHZS M2EEHEY 103

[ wE  ers]

3. 44 94 4

B d7dA Agdg wyez 3T detxe Fad dE AAE FAADG 1" 2=
NACAQ012 C¥ AAlAol: 2 3)e AdUd F99 HE FA At 27id) X FANAM Bol
dold Yyl FAAMEo] Aol & BAAA Foz2 A4 UIJY A& £ F Utk 2 4)-aE RAE
wing-bodyel #4elm 28 4)-be FAE AAA ANHez Aagds F94 T F uF
5 Ued ¢ 5 I

E D& #yHE FAxe MDOMaximum Deviation from Orthogonality)®} ADO(Average
Deviation from Orthogonality)d Weld Rejg, AMAHoz2 ¢ud AwnGES el F2)&
BEMZ ALE# Jeongd A4 AZta vlad Aot TAG T WEE o&FozZA HAY 3
RS FASIANE o 8500t ol 4 AL AE dEHE £ AU

35" 40" 45"
MDO 10576 7.662 7.346
ADO 2.387 1.484 1.257

Table 1 RAE wing-body 2 &2 MDO, ADO

Ax £ A AEA ZE H] 31
Jeong 38 X10X15 1310sec CRAY C90
Present 81X49x25 5.58sec Pentium-1I

Table 2 A4k A7+ ¥

H4d AR AFS A vhats 09 w3 1059 §E4E dAHE 2o 219 bE ¥4
e 4 As EXoln a9 6)& 2 B dHdAMe 4 A EEXEelt A Agd

v 105x57x33x2702 Jeonge] A& AAF2] 58% FEolA T APAe} dutzlez o
T 2%E Boln 3o & ez gAY AAE F FFH F2 ULk

4 B

24 57 WSS olgaE MY AR ¥4 YHHE Aeded HAm AE 4, 4
Adg WAL £ e wde ALt £ 94D ANE o g3 AATA 2ga ¥
ozM ANAE BFHA

o ZAL 54 BMEL o1&t HAEY AR IS AAHEMR AA G ALE ¥z ©
Z3lgieh

oAz AL Adlr] YA Z1F AAE =YsAn 2R oA Aold FAAe HAuAde
BRI

oBAHE AAE olfsled AA EAd HEd Bozd £ WyoE YA4E AXE FEH B
123

Fngd
[1] Joe F. Thompson, et al “Boundary-Fitted Coordinate Systems for Numerical Solution of
Partial Differential Equations-A REVIEW” , J. of Comp. Physics 47 (1982) pp. 1-108
[2] Joe F. Thompson, et al "A General Three-Dimensional Elliptic Grid Generation on a
Composit Block Structure”, Computer Method in Applied Mechanics and Engineering, 64



104 H2EHY FAZANRASEE

WE N A

(1987) pp.377-411

3] R.L.Sorenson “A Computer Program to Generate Two-Dimensional Grids about Airfoils
and other Shapes by the use of Poisson’s Equation”, NASA Technical Memorandum
81198, 1980

[4] Mobley & Stewart “On the Numerical Generation of Boundary-Fitted Orthogonal
Curvilinear Coordinates Systems”, J. of Comput. Physics, 34 (1980) pp.124-135

[5] Ryskin & Leal “Orthogonal Mapping”, J. of Comput. Physics, 50 (1983) pp.71-100

{6] J.H.Kwon "Numerical Grid Generation for Cascade with and without Solution Adaption”
Ph.D Thesis, Cornell Univ. 1986

[71 1S Kang and L.G.Leal "Orthogonal Gird Generation in a 2D Domain via the Boundary
Integral technique”, J. of Comput. Physics, 102 (1992) pp.78-87

[8] HK.Jeong "A Three Dimensional Grid Generation Method For Nearly Orthogonal Grid
Near Boundaries Using The Covariant Laplace Equations”, CFD Journal 6-1 (1997)
pp.111-128

(9] Kim, Jae Wook “A Stduy on 3-Dimensional Grid Generation using Linear Uncoupled
Equations and Conformal Transformation”, 4 A} &% =&, KAIST, 1999

[10] P. Tamamidis and D.N.Assanis “Generation of Orthogonal Grids with Control of
Spacing”, J. of Comput. Physics, 94 (1990) pp.437-453

[11] Lee, Sang Wook "A% Az A WRAYE o488 Am Az Fgdd BT A7, A4 &
9 =&, KAIST, 2000

{12] Kwon, J. H. and Lee, S. W. "Orthogonal Grid Generation for Three-Dimensional Bodies
Using the Covariant Laplace Equation with Control of Spacing”, 7th International
Conference on Numerical Grid Generation in Computational Field Simulations, (2000)
Accepted to Publication



B2 UARH 283 H221g% 105

[ |

(@ A% 27 Aol A (b) A 27 Aol ¥

Fig. 2 : NACAQ0129 W& CH AAA

@ A4 BA Al () A% 7 Aol #

22

Fig. 3 4¥dd F99 AAA

(a) Configuration (b) Generated Field Grid
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