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ABSTRACT

The accuracy of the numerical algorithm depends not only on the formal order of approximation
but also on the distribution of grid points in the computational domain. Grid adaptation is a proce-
dure which allows optimal grid redistribution as the solution progresses. It offers the prospect of
accurate flow field simulations without the use of execessively time, computationally expensive,
grid.

Grid adaptive schemes are divided into two basic categories: differentiall and algebraic. The dif-
ferential method is based on a variational approach where a function which contains a measure of
grid smoothness, orthogonality and volume variation is minimized by using a variational principle.
This approach provideds a solid mathematical basis for the adaptive method, but the Euler-La-
grange equations must be solved in addition to the original governing equations. On the other hand,
the algebraic method requires much less computational effort, but the grid may not be smooth. The
algebraic techniques are based on devising an algorithm where the grid movement is governed by
estimates of the local error in the numerical solution. This is achieved by requiring the points in the
large error regions to attract other points and points in the low error region to repel other points.

The development of a fast, efficient, and robust algebraic adaptive algorithm for structured flow
simulation applications is presented. This development is accomplished in a three step process. The
first step is to define an adaptive weighting mesh (distribution mesh) [1][2] on the basis of the equi-
distribution law applied to the flow field solution. The second, and probably the most crucial step,
is to redistribute grid points in the computational domain according to the aforementioned weighting
mesh. The third and the last step is toreevalute the flow property by an appropriate search/interpolate
scheme at the new grid locations.

The adaptive weighting mesh provides the information on the desired concentration of points
to the grid redistribution scheme. The evaluation of the weighting mesh is accomplished by utilizing
the weight function representing the solution variation and the equidistribution law [3]. The selec-
tion of the weight function plays a key role in grid adaptation [4] A new weight function utilizing
a properly weighted boolean sum of various flowfield characteristics is defined. The redistribution
scheme is developed utilizing Non-Uniform Rational B-Splines (NURBS) representation [5]. The
application of NURBS representation results in a well distributed smooth grid by maintaining the
fidelity of the geometry associated with boundary curves. Several algebraic methods are applied to
smooth and/or nearly orthogonalize the grid lines. Elliptic solver is utilized to smooth the grid lines
if there are grid crossing.

Various computational examples of practical interest are presented to demonstrate the success
of these methods. (1) Single wedge case. (2) Cylinder case. (3) Airfoil NACA 0012 case. (4) Viscous
missile case. (5) Slot cooled seeker window case. (6) Moving shock in converge inlet case. (7) 3-D
single wedge case. (8) 3-D viscous cone case. (9) 3-D f15 body and wing case. (10) 3-D helicopter
propeller shock prediction case. In case (1),(2),(4),(5),(6),(7),(8),and(9), PARC2D and PARC3D [6]
are used as the flow simulation code. In case (3), UBI [7] is used as the flow simulation code, and
compare to Peter M. Goorjian’s solution [8]. In case (10), MSUTC [9] is used as the flow simulation
code.

1091



N

TV ‘@masjung] ‘bBuriaauibug umoug aufipaj)aj
uey) *H uaydalg 4260y d ‘N
pue

SOISAHd XF1dWOD / AHLINOIO XT1aWOD

NOLLVINKWIS di3id
TVNOLLVLINdINOD

% H3LN3IO HOHVIS3H
L DNIH3I3INIDN3

1uog °y jeueyyqg ‘buef buissyH-uuelpy
hq

AOHLAW JIvigdD1V DNISD
NOILVYINAD AID FAILdVAY AIADLIONYLS

UCHEPUNO4 80usIog [euolEN / ALISHIAINN 31VLS IddISSISSIN

1092

\




NOLLVINNIS 01314
TYNOULVINGNOD

m HIUINIO HOHVYIS3H
L DONIHIANIONT

SIUI0g PLIL) A0 °C
SYI0 PIID) SIOIN PPV T

+:MOH

uonNjoS PIJe[NUIS IBINIIY AAOJA]

¢AHM

\

uonepunoOs BOuUSIOS |euoileN / ALISHIAINN ILVLS IddISSISSIN

1093



[euodoyjioun) °
Jjoowisup) °

Jseq -

POYIIA d1eIqas]y °

[euo3oyyi( °

qjoows *
MO]S °

POYIRIA [BNUWIIII( *

IWALSAS ATIID
@z TALLAVAV A0 SATIO9ALVD OML

/ NOLLYINNIS 01314
TVNOLLVLNdWOD

J

mMumhquMW_m_Wm.mw uonepunog sousiog [BuolleN / ALISHIAINN 3LVLS IddISSISSIN

1094



o1 =9+ o) — B + Bo = g b

40190f uoynquIsip = Jsip
10100f 1YS1om = fim
(aamgpaun)) ) 4y 40 5y = ¥
( quopvary ) +b uo b = b
( uonoang b 40 3 uy ) *mM 10 S = M 249Yym

1=/

1sYyso < 1sso1=%%
N

1=/
Jop {fm [(Hd@Po) Y {l+1})=m
N

uonouny JY3IMN

:

NOLLYINWIS aT131d
TVNOLLYLNAWOD

\

Mumu._._‘mw_mw_m%m.mw uonepuno edusiosg |eUuolEeN / ALISHIAINN ILVLS IddISSISSIN

1095



wR)SAS HonRIIWIN prIs) aandepy dreaqad[y 1o wyjLiody

BOISAH XITINOD / AHLIWNOID XITdNOO

NOLLYINWIS a13id
TYNOILVLINAWOD

mvn H31N3O HOHV3S3H

L ONIHIINIONIZ.

"T Jm3yy

NOLLNTOS HIVIOdYALNI MAN
ANV dIIO FALIVAY MEN AADIFA

3

HAAD INTId5-H
Af SHANIOD JAVHS JdTH

mudm.mﬂ.wngz Xq

RO JHLIVAV MAN HIVIINAD

LONIOYHANOD NOLLNFTALSIA

[ NOLINMANISIA AN A0S |

NOLLNTOS MAN HIVIOdIALNI

HSHW NOILNATIIRSIa
MAN HLTTdNOD

SIHOIIM AT TVOS ANV
SHALIVARNAQ A1V 11D TVD

ON

{ NOLIVIAVaV
TIVD LSHIH V 11 S1

SSHOOUd HALLIVAV

OLLVLdVAV JO:
HONONH AOOD YOIAVHIAA
OLLNTOS SI

LAVAV OL AQvad

SSHO0Ud NOLLVINNIS MOTA
m \

SHIAVANNOY 4HL NO
SYHNAOD dYVHS ANIH

UN

ON

1096



"pLI8 yioowss jeIousF 03 20eymMSs SAUNN 25N
"1 31y

urewop [guoneindwo)) urewop [ed1sAyg

AL Y A O W W
T NAALLUL T 0 5 T
RN NN O W WA —
R A NN W W W W 0, o
MY e
R RN O Y SN X
) GO TR S e W s Vst
RN S R ““‘ —)
T NALL R SR T o$$‘$muna%¢%?w%ﬁvfi’ e W s s
R SN e NSO
WL R R TS vt
N LT T
EEBRAL A\LR R -
IRARRRLI
T RS -
< R VRSB
O R S
Nnseam -t %%%%ﬁ%ﬂ
N T e
T R
WITRU ! WSSANSE RSN ‘!/////A/Wﬂﬁ, //ﬂﬂﬂﬂao
Ntnwmt e W 'S WS AT e
ol43 s M- I SO TRRRINRS
7

-\-M

\N\\::\\::\::\::::::: ,. .il‘lh\hl\\-\\-

—

S

S5

NS

NN

AN

o
S

N

D

AHLINO3I AHL3INO33

1097



dZD¥Vd : paliddy I19A]0S MO[]
61 = Yyoew
0G X 08 : 9ZIS puD

aseD) abpap a[buIg

1098




"SUOBINE 0000 2 00 191 SuonN[oS 2 SPLIF [BRIUT 3Bpam [Julg
'7 am31y

s13037 N

il oy

M
ﬁ

N

$13nat

ool cewelE

FREILY
1y
1

i

Vi

1
10y
11
110
IPEE

1333

ALY

ATEREISUATAN
RRRtReal

IR Y RY

JLALSLLTTINELLININYY|
HAUR TSN
IERUARRRILTTALARN

=
i
X

I

i
I
— 0143 Ds»pe

1099

o=



'$5900.1d UOBIAEPE PLIS 9BPIM I[BUIS
"¢ 9mB1y
SIMOJuU0d 2SS SpLDH

HH R
A 1 :
T T T
SESE:
1 1 3
: s n
£ 3R2R0Y
22 TS
=% " FI
3 s anse NNy o= i
Eee FEEE H s
22 SEsiasc:
3
geosas HH =
£ FEE 2 SEES
- + s T e
£E f £ 3
gz HE S8
B 7 3 = =
c : &
£ 1 3 ;
1 1 1Y 3
1 -+
1 11 %
it
1
¢
}

YT
A
3
HHH
HH
1
)
t EE=E
ESNNSEEE
1 e
EE H
Rmmas RS
e N
B SEEss
= R
J SSESSeNNE B
3 SR mwma NI
H o 335 ; (1
BE2E8 T B EEEsETas
£5 28 8
e £
B2 i3 ESSEERNE
22 3 ; t Bi%
e 4+ 13T =431
+
o 5! -4
H EEES 3
S8 £+
¥
arLs g3
SEE2 $
H
w ;5
3
8 g

o

H
H

T
e

SR
A res)

140

H
]

ATV
IRYLYIYD
LY L1

et

SETRININTRAR IRIN TSI

i
:
N

41
B
seEy

HE]

HHH

MR

$13n3108

geg e |

B e T T e oo pe e spymemageoward

]

Q
X
(L]
T

11 1

N
H4H3 T

=
=2
2E5
T T S s
Smas! St=
EH T R3TEE
T SSasE
=& et L
- B EEEnsssosus: 2
i ) HI A e
| HHHH H
| =
I 225 22355 § B
| ] H 2
s 2Ee £ 7 2
TR I3 neEESNS 2
i H : res. 22328 27T 2
| : 1 2 SRS Es - H
m s - pe=s = UH
REE i Sebe FrAA
- 8222 5 3 RESE 1+ 9=

Fi =
| SR

i~ ++

i | piyg EE35 3
$73n37 SS= I 11 2

i M : HRE
j ! = 19 B anau)

OF POOR QUALITY

OZICINAL PAGE B8

1100




"u0TI8aI JOOyS JeoU JOO[ JNOJUOD JIQUINU YOBJA JISOTO ‘9Fpam o[3urs

'y 281

U1y 9 OARP fpaes

Sttt O 11y 10 Y 2 ittt s ettt

HfogabT

By ol i A

|
"

1101

oe!

10INAL PAGE (8
OE ROOR GUALATY

e



"s1ou100 dreys dosy 03 9amo surds-g 9sn
"¢ 231y

N //A

R SN——

IR

N \ , wm,,,,,z”z'll
-ln..-n-..-..nnum»,v,,,”,,z#///
I -..\n-./ 0
| 2 NS
R ——

RS

Y

1 e e \.. 7 “I-.,;;”IIII
NN
NN



AzZDUVd : paljddy I9A[0S MO[]

0°€ =UoBW
001 X 08 - 92ZIS PUD
aseD) IapuljADd

1103




GRID

\
N

W

W

Ny

= 2
o 2%
), %A
2 %7, “
Y, %%, 7%
///4, %%
G
Ui
P AN
iy (P!
A s
sty o 05
7,

¥ il
UL g
E S TENEITITENN fn, st
A 55
N .
R
TR

AR “ui‘:,
A tANTI S S,
IR i
et St e,
AT T et
1\\\1:\\“\'\‘;“\:3\,,‘.;‘\V;,';\-“; »

A 1 SRR G
“\“\':“““‘“t“\‘s"g“:::““‘\:!h A
\ IR R AR
R

SV 3%
i
SRR

Adaptive grid simulation

S
\\“\\x\‘::\‘\\\\\‘(\\\\’)\;«-\‘; X
R Al
RN
Rk
A
AR
R R A
R e
R R IR A

I;l
b
ik

Y
g

LA IS T A 5 TS e o T T e TETHITIT 8 T T A e o e  —

Figure 6.

i by
Uy

PR o

ORI
gt beht,
ity Mg Higy Yy iy o4
o
iy

it
it it
=2 ,i';“f;"”h?ﬂ},’;:,‘I:’flmﬂf:j:z’»:{,g‘lﬁgf’:z,~

Wi gt s gt Tt
g gt ,ﬁfllf‘%ﬂ,{ ""‘;ml"‘;:;"‘#
bl

i3 ititner,
ARttt s
L4 E g b

s
¥ Y ot
R AR
A !
X \\\\“u*@\s*‘\e“‘.&.“. S
SRR (,6:\‘.\\\*\“. 0

Initial grid simulation

TN
R
R R R
R R
R
R
R

3

5
7, %
7
i
gy
W
’7:

27

lq’

)

7,
2,
Yy
1,
3
47
7

/]

It

'y

,
e
Y
7,
s

7

%

%
iy
7
i

7
i
7%
{7

%
7
0

7

i

i

7
W,
iy
X
¥,

Wy

63

&
7

#

7
s
L,

5/

4
z

Y

!
/A
]

iy,

[X]

1104 A

Flow around cylinder initial/adaptive cases.



"UoI891 JOOYS JedU JOO[ JOSOTO “IIPUT[AD PUNOIE MOT
'L amB1y

T i

00418 st b 411

o by

\
i
|
I
i
i
H
i

n
}
+

N

x« \\\L \\n w
- i 513an31 N .u

HHOAN

e e 2 4l 510 16 O L 1 LT e L 5, P 5 AT s

.:
e e

iRy S

£ S W 1Pt et ) N A et o et P —————"

0

uy
iy

g

pra8_oe¥FR Julllus

1105

L PAGE B8

PSOR QuALLTY

S B
IS

104

o

Pt

Y



19D : paljddy 19A[0g MO[]
GZ'1 =D ‘g'0 = yoew
001 X 021 : 9zIg pUD
°S) ¢I00VIVN [0y

1106




'STT =080 =1U%N
‘uonynos/puE sandepe/oandepe-uou ased ZI00VOVN MOHTY
g am31g

,.\ ’ T 11T
oS0 of8% e P SR==:
; /s 1
,uoy3oBaIp | ..:\.\2 _vcbnn 3 7 Hﬂmhmu%.:u
L _ \‘ .Jmﬂmwu
— \\\\\ \\ \\ 3 \
i d \\\ \,\\ 4
: ! \\\.\\M\ / =S
s \_\ 7 \ / ..\\.\ aar =
zmwum w &mnm i ,....”.. | \ \\ \\\\\\\ \ | —— _
: ! / ! y (=4
wervamags v o/l Bt )/ ] ]| Roie
T i
ey
T W
_ \\\ \\\\\ Jm M_
N g s . S===
o ; ————
Tos w.:& \ e
. ; S s e oy

1107



'STT = 080 = YorN 10[d 9/x 5A d) 9580 ZIOOVIVN [10J.TY
‘6 M3y
/X

80 90 v'0 | ¢0

T T T I ! 1 i

uoun|os Y[V ‘ao0fms 1amoy o
uoynyos aandopp puz '220fms 19M0] e—a
uoINIOS 1YY ‘2OD[ NS JIMO] v— v

uonnyos Yy ‘aapfins 4addn o
uoynjos aaydopp pug ‘aovfins 45ddn e——e
uoynjos oMy ‘aapfins taddn «—

. |

.

A

U0u22.1p! "p14D OOTXOZI ‘000€=41! ‘ST [=0ydip ‘g 0=yoO )
i

2100 VOVN 40f s1ua1o1ffo00 24nssady prosiauf

St

1108



AZD¥Vd : pallddy 19A[0G MO[]
o01X8GGH'Y =9 ‘0°E = YdoeW
0G X GOI : 9zIS pUD

ase) J[ISSIy SNODSIA

1109




(=]

o =

[~ 4 [- =y :ad

(1] p = ¢4
[ =]
e
X

g o

& 8

Aec“on
ol&im
A

¢
KRR
ed ™
A
, 8% M
- =) ,::...g
‘:95 »a—
£ 8o ¢85
A 165
[Z _‘in. H
- F hett-%
[
P ; X
hey -

Figure 10.

©

[

-]

-

= = 3

[ S » -

T <Yy W O

e SIS ITTINN 0
[~ CSSITTIIR =

W SO i

we Ve

(=1 FYV R

w - gx

®c €

-

1110

Viscous missile case, whole field view.
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