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2) 1% order consistency (semi)
n n

n
Zaiijij = Zbl] Ayl] = ZCU AZij =1
j=1

j=1 J j=1

3-1) Alignment (in 2D)
aijAyi]- — biijij =0
3-2) Alignment (in 3D)

{aijAyij — biijij =0
bijAZij — CijAyij =0

3ol nAle T s AA" 24 i oE kA
ol §F Akl BRF W ¢ Aol B HAAF A

#2298 ofel st gk,

il

i
(o]

AX =B
_[D E
A_ET 0
d 0
D=
0 d3nx3n
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-

1
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WiijijAZij Z WUAyUAZU Z WijAZij
=1 7=

-
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€1
enl3nx(6+2k)
([t 001000 Ay;; 0 0
[[0 1 0 0 1 00 —Ax;;  Az;; - 0 | (jEK)
e = 0 010010 0 —Ay;j 0
100 1 0 0 0 0
010010 0 - 0]7GeK)
001 0010 0

K = {Connectivity € Cloud | Need Alignment}

B = [wiyAxiy, Wig Ayiy, WigAZiy, -+, Win AX i, Win A, Win AZi,, 0,0,0,1,1,1,0, -++,0]"
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ARy = 1.0

ARy = 1.0
ARy =5.0 AR; = 5.0

1% 11. Aligned connectivity selection

o] WAl HAA a9 129F o] o] B]th& (Anisotropic)d}
(Curvature)®t =41k wf w9 g3y oz 2FslATF A 20

L= afeto] wrAsty] wiiel wthA
S e W3 (Shear transformation)d}e] cancel out 3= F7}

£27F B a8t

1) Anisotropic

2) Curvature

+
3) Skewness EE— _—

/ Curvature & Skewness

19 12. Geometric characteristic of point cloud

H T3 cancel out vt Ze A2 Ay},

hu)

2
Hir

5 2 TN NS A= d9E AARE
HrAFHE o] 83 Supporting planes T%3Fil W& F3H] H| &S

A= A4 AAHEY REoRRE HAAFHS o]&3] Supporting
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lines 7%ttt

3l Supporting plane & lines 7|92 HIEAE Aot WH3ksh &
(ty) > @m) Bsd (@m) A oA o A9 #4423 9S
sdetA A& FAA ATE AL
Jacobian< &7 1 o|B=E W Wi or 7|& HiA (ry) oA 9

FAA AFE A5

Supporting Plane

_—;;;?'-‘ B —
i Supporting Line i
“1¥] 13. Skewness cancel out
HEAoE 2 AFNANE ¢ HE&S EF ALd 7S A4
718kstd HE FARE 7] (Aligned GC-LSM, ©¢]sF AGC-LSM)E
Awstgon Fojzl AhAe e AR A% AN £MF Aels
19 149 2
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1) Search Minimum distance 7;; yy

2) Calculate relative Aspect ratio of all connectivity AR; = - L
ij.MIN

3) Mark Low AR & High A.R connectivity

4) If point cloud is isotropic or Marked numbers not satisfy the condition,
calculate original GC-LSM and exit

5) Cancel out skewness
5-1) Construct supporting plane from High AR marked connectivity
5-2) Construct supporting line from Low A.R marked connectivity

5-3) Calculate shear transformation matrix and transform point cloud

6) Calculated Constrained LSM on transformed coordinate

7) Inverse transformation of AGC-LSM coefficient

13 14. Computation sequence of AGC-LSM

71 A Ay dig dAzR 2 T8 FES JHAE FVM
AAS 719 o 2 cell centerd]l HAFHES wIAA|7]L At} FAIE
AAAGS Fost AHA e 9 AGC-LSM 71He A&

AAE = M gdAet 7€ GC-LSMoe =z AL E 71 gdA =
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FAA AeE MHE 3283 Aom A WEHE FVM Als, w1k
#E = GC-LSM A=, st&A #El= AGC-LSM Aol

2203} FAsHAl GC-LSM AlgE 58 sAUTEe=z da9
717 Wk AGC-LSM A% FVM Al5E # Balsts AS

A=A GES  AHIsA HAEy] Y B AfolM  OE

H

Z 8 ~(Convective flux)E& A2st7] 93 71H-E Kim et al.[9]9] <] 3]

AkE AUSMPW+ Z8 2 71HS 483813t
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gel e
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AH 5 A= 2 order time accurate Dual Time Stepping
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-

Method with LU-SGS sub-iteration
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j=1

cloud

4 v\ (i HUr 2
()i = z [max <3Pu pl]) (PTL +P_7'T) (”nij'LSMHZ) ]

n,]LSM [Za”, 2bl],2Cl]]
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Qn+1 — Qn + AQ"

! 1 ! * A
Forward Sweep : DAQ; = —R} — zz [(AFL);AS;; + (1) ;10Q;]
TeL

1
Backward Sweep : DAQYT = DAQ; — Z 3 [(AF);AS;; — (1) ;10Q7]
jeu

o]7]A F numerical fluxo] L =—§ flux jacobiano]th. 9] AF
¥HLS flux jacobian® &E3 AXS HEr] s A FALSH

FHo= offe}

AAQ = AF = F(Q + AQ) — F(Q)

AF¥l Convective, Diffusive, Source 359 & gro|t},

—

o O~
5 HTeE=z A4t

9] e obeet At

V;
D= EI + = (Ac)l + (Ay); — L6Q| S : Source
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Euler Explicit, Runge-Kutta®} & Real Time Stepping 7|H -

BE AR W) allowable AtE AlREeE & HA oz AA AR
gk A7 ARS8t} o= At o R HA A} A7] HH

Ag HAE H3Y AR AS
o B RE Sxel ud sl
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N

ime Stepping 7]W-2 Jameson[12]°] 2J&] 7B AZFAZR
ZIMom F =94 AIRE HF th o™t AbolE TP ARE 1 0
o 08 W3 T HAAAHHAS Sl FHAA =YF A Az
Fst= 7otk meEb B AR A Ac7E AP 71 9
stable region°l F¥&A  Ha fF AR A2 Local Time
Stepping® #& t}%3F time inaccurate FHZFE 7|WS A -85}
FHAZIE Ao] 7heetr] wwol] ZHgk AR MY 254 e

3] & ARt A e ® AT 5 A drh
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Dual Time Stepping 7] A 2] olgjle} 2o}
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ot +

R'—R+3 2 n+1 n-1
B 2AtQ AtQ 2AtQ

if R" < tolerance : Q"*1 =Q’
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9 4% gele] A A PeE FEE £AANE v B

Gradient Reconstruction
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Z1Z49l LSM 71Me olgste] ANsRn A wEe 9 e

2" order MUSCL Reconstruction

Convective  Flux9 AILEE AsA7171 98l MUSCL
Reconstruction WHS A&ttt HAHE FVMeA dubd o=
A 8% = Mono-solpe Reconstruction(Z& thatd AdxpH= 219
interface &2 vertex®] AEE Q737 wEel FHA 7Hel=

JUL Hgo] Brbssit.

uteb A" AxAlo A det¥owr HEE = Multi-slope
Reconstruction(Z& 13 A3AHE o] &3to] A== A5AF (6]

9] Reconstruction®] A A 2% Extrema”’} WAst= AS WX 8}7]
A3l Minmod LimiterE #4-83Ft}. &3k Reconstruction W+

HERFTE ofbd AARF W = [p,u,v,w,p]"E AH&3I3IHH

1% 18. Schematic representation of TVD limiter for meshless
method[6]

MUSCL Reconstruction 42 oz 213} 2t}

1
wW,=w,+ EqsL(wj -W;)
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1
Wg =W, +§¢R(Wi -w;)

for Minmod : ¢, = max(0,min(1,r;))

S/ S
_ ik ki
T = = —cos(@ku)
SJL

W, -W;

Spi =7—————
C e = xll;
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19 21. Mach contour for 2D cylinder

vsk=  contour®
M FVM 2= &
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potential theory
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potential theory
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1% 22. Surface Mach distribution for 2D cylinder
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19 23. C, contour for 2D cylinder
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19 24. Surface C, distribution for 2D cylinder
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719 26. Surface C,, Mach distribution for 2D cylinder (2™ order)
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State P u p X0 t

Left 1.0 0.75 1.0
Right | 0.125 0.0 0.1
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19 27. 2D shock tube numerical test overview

13 28. 1D view of 2D shock tube result
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N,=50/AR=100|
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% 31. N, =50,4AR = 100 result
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3 1. L2 norm error of flow variables for N, =50

Scheme AR I Aull Order E IAv |l o Order i IAp 1l 2 Order i I Ap |l Order
25 | 2.049E+00 - 1 8.239E-01 - 1 3.588E-01 - 1 4553E-01 -
FVM 50 | 2.898E+00  0.5000 ! 1.167E+00  0.5028 ! 5.07SE-01  0.5003 | 6.442E-01  0.5006
100 | 4.099E+00  0.5000 1.653E+00  0.5014 7178E-01  0.5002 9.112E-01  0.5003
25 1.706E+01 - E 2.067E+01 - i 5.822E+00 - i 9.287E+00 -
GC-LSM | 50 |5228B+01 16159 6216E+01  1.5885 1.820E+01  1.6444 2843E+01 16143
100 | 1.401E+02  1.4221 1.642E+02  1.4010 5370E+01 15608 7.677E+01 14330
25 | 1.300E+00 - I 1.580E+00 - 1 4421E01 - 1717E01 -
AGC-LSM | 50 |1.839E+00  0.5010 !2236E+00 05014 | 6259E-01 05015 | 1008E+00  0.5014
100 | 2.602E+00  0.5005 3.164E+00 05007 8.856E-01  0.5007 1.426E+00  0.5007
3t 2. L2 norm error of flow variables for N, = 100
Scheme AR I Aull Order E AV |l Order i IAp Il 2 Order i IAp |l Order
25 | 2.313E+00 - 1 9963E-01 -1 4709E-01 -1 5576E-01 -
FVM 50 |3271E+00 05001 | 1.410E+00  0.5014 | 6.660E-01  0.5002 ' 7.887E-01  0.5003
100 |4.627E+00  0.5000 1.996E+00  0.5007 9.420E-01  0.5001 LII6E+00  0.5002
25 | 2218E+01 - 2212E+01 - 5.797E+00 - 9.831E+00 -
GCLSM | 50 |6.583E+01  1.5698 6.534E+01  1.5626 L720E+01  1.5694 2911E+01 15661
100 | 2.020E+02  1.6241 1.908E+02  1.5464 5394E+01 16485 8.919E+01 16153
25 | 1.759E+00 - 1 L756E+00 - 1 4595E-01 -1 7.827E-01 -
AGC-LSM | 50 |2489E+00  0.5005 §2,484E+00 0.5007 6.501E-01  0.5007 1.107E+00  0.5007
100 | 3.520E+00  0.5002 3514E400  0.5003 9.197E-01  0.5004 1.567E+00  0.5003
42 H 2T



3t 3. L2 norm error of flow variables for N, = 200

Scheme | AR | llAull, Order | AV, Order | l8pll, Order | IlApll, Order
25 | 2.839E+00 - LIS6E+00 - 1 6.110E0I -1 7.227E-01 -
1 1 1
1 1
FVM S0 |401SE+00 05000 | 1.636E+00 05007 | 8.641E-01 05001 | 1.022E+00  0.5002
1 1 1
1 1 1
100 |5.679E+00  0.5000 | 2314E+00  0.5004 | 1222E+00  0.5000 | 1.446E+00  0.5001
1 1 1
25 | 2.968E+01 - i 2.350E+01 - 1 6.324E+00 - i 1.112E+01 -
1 1 1
1 1 1
GC-LSM | 50 |8490E+01 15164 16775E+01 15275 1 181IE+01 15176 | 3.186E+01 15190
1 1 1
100 |2.498E+02  1.5567 |2.001E+02  1.5625 |5351E+01  1.5633 |9.419E+01  1.5640
25 | 2.388E+00 - I 1.891E+00 - 1 5.087E-01 -1 8.964E-01 -
1 1 1
1 1 1
AGC-LSM | 50 |[3378E+00  0.5002 !2.675E+00  0.5004 ! 7.196E-01  0.5003 ! 1268E+00  0.5003
1 1 1
1 1 1
100 | 4778E+00  0.5001 ! 3.783E+00  0.5002 ! 1.0I8E+00  0.5002 ! 1.793E+00  0.5002
1 1 1
a7 35% 9 %o AyE 2o AAY adEZs Zdd gom
= Zx 3 =] O =] S
Al ZiRtel 71 71 WiWl FA¥el AxsA wbsske As
S o] =
501 5}9] 0},
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Abstract

Improved Meshless Method in
Point Cloud with High Aspect Ratio
and Curvature

Jun Seok Oh
Department of Aerospace Engineering
The Graduate School

Seoul National University

In this study, cause analysis and improved meshless method
were developed to solve the problems that existing meshless method
show non-physical and inaccurate results under point cloud with large
aspect ratio and curvature.

Based on the characteristics shared by geometric conservation
least squares method(GC-LSM) and unstructured finite volume
methods, the Lagrange multiplier was used to develop aligned
geometric conservation least squares method(AGC-LSM) that impose
direction constraints on problematic connectivity in the least squares
process, and the proposed method can be effectively applied to any
multidimensional point distribution and connectivity.

The comparison and verification of the numerical results of the
proposed method, the existing method, and the unstructured FVM
were performed under the mesh that have high aspect ratio and
curvature, propsed method shows improved result compare to existing
method and shows sufficiently comparable results to those of FVM.

In general steady-state turbulent flow analysis, where high aspect
ratio and curvature point distributions inevitably occur, the proposed
method could be applied to obtain the accurate and robust turbulent

boundary layer analysis ability of the meshless method.
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