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The combination of Hierarchical Cartesian Mesh and Solution Adaptive Mesh Refinement (AMR), and its effect on CFD
analysis is tested. In analyzing high-lift flow around High-Lift Devices (HLD), the region far from the HLD should be

resolved sufticiently. However, Hierarchical Cartesian Mesh tends to be coarse in that region. Therefore, the accuracy of

the analysis of the Hierarchical Cartesian Mesh tends to be inferior to that of body-fitted Structured Grid. To solve this

problem, AMR based on flow field variables is introduced. First, proposed AMR method is validated, and it is shown

that flow features such as shock wave or wake region can be detected automatically. Then, AMR is applied to the CFD

analysis of HLD using Hierarchical Cartesian Mesh. As a result, the wake region is highly resolved, and the accuracy of

the analysis is improved.
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(a) Hierarchical Cartesian Mesh with 265,266 cells

I

(b) Multi-block structured grid with 260,909 cells®
Fig.1 Examples of a grid around a HLD.
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2. Adaptive Mesh Refinement (AMR)
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(a) Refinement (b) Coarsening

Fig.2 Example of a cell operation.

PLEDZ EaEE 2T, AW TIMET S AMR /L—F 13K
nroickEND ;
1. kAl B OFEIAT
2. klEIHOFERERD By, 055
3. FMETHES Tk + 181 H OFEIC AW DR 2 K

B2 EAPERAAEL VRO L
c12-1
4. k+ 10 HOHEE, kEIHOYBEE AW Tk tE
5. LLEEFIZIIC, PSR T5 & Chit b ik~
708, AW ClImABEmEaI DR NG (O ORE X
LT, BMETIBAX i RS LUTF ORI TH720 .

3. AMR FEDWELE

FIFd 2 AMR FHEORGFHE & LT, RAE2822 FAUH V) i
FIEGHRNT &, DSMAG661 ZRVE  OELFAHTE1T 5 . %9 A5
7T E AT 5 2 b ORISR AMR FiEEEHT 2
L& T, FAHZAN UL CTE B Z L GRS . TR
BTIIANIZEE TRIFE T UTCant10-24 iV 4, FHEITET 2R
TEEFMAIGE L, HETHHETIES Tb. 1 1ORT. BNt
PRETFORETT. F72, AMR &kl L7480 & &k
A TV T L NFRT 5.

Tab.1 Numerical methods.

Spatial discretization Cell-centered finite volume method
Gradient reconstruction WLSQ (G)
Inviscid flux SLAU (3rd-order MUSCL)
Viscous flux 2nd-order central difference
L . LU-SGS al time-steppi
Time integration (Loc c-siepping)

Courant number = 50
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(a) Tnitial grid with 80,967 cells

(b) Computed Mach number distribution
Fig.3 Result for the flow past a RAE2822 with initial grid at
M =0.75 and a = 3 deg.

(a) 6 cycles adapted grid with 185,514 cells

(b) Computed Mach number distribution
Fig.4 AMR result for the flow pasta RAE2822 at
M =0.75 and a = 3 deg.
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(a) 1 cycle adapted grid (b) 2 cycles adapted grid

(c) 3 cycles adapted grid (d) 4 cycles adapted grid
Fig.5 AMR history at Shock Wave location.
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DSMAG661 FHUJE O OELTARNT 24TV Y, AMR FHEDME At
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Fig.6 (b) 1T/~ L7E IS IC R TR E L &ET S, 2L
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L, W02 BT LT 4 3 A 7 VAR TIL 24 v
Th-o72. Figure6 (a), (b) TITHRFR TR LT=x/c = 1.01, 1.05,
1.200 3 D HT CEEOx HAE U/ ue, B L, BE7 a7 74
WK & Fig 7 X915, BIEREFR L LT CFL3D (I L 58
RS T ORISR Z 7 1 » M2, UTCart 2051
& [RIERE R LT A 5.
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5 HLD T3 % 30P30N Ol ZA — 7 &ATVS, MMl 54
I C,D7ay b (Ca7 vy N 2155, A RANS
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T, REESEAT v M7 T v TR ORO 2 — FRc L,
B/ ME TR % Axpin/c = 1.0 X 1074, —#fif~ v " EEM_ =
0.17, —HEIEEAT = 29556 K, cZHUEL L7-1LA J VA%
ZRe =1.71x 106 &£ T 5.
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(a) 4 cycles adapted grid with 313,879 cells

(b) Initial grid with 79,999 cells
Fig.6 Grids around a DSMA661 and probes’ location.
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Fig.7 Velocity profile at each probe location.
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Figure 8 |27~k L7z coarse #%1- & fine 48 1I B /VEUTHI 4 FOZEN
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Tab.2 Grid settings.
Grid AXpmin/C Vio Cell number
Coarse 1.0 x 107* <74 231,735
Medium 5.0 x 1075 <39 458372
Fine 2.5% 1075 <19 913,616
T +—t
+ 4 i -
(@ Coarse grid with 231,735 cells
T I
m e + +
(b) Fine grid with 913,616 cells
Fig.8 Grids around a 30P30N.
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Fig.9 C—a plot for the flow past a 30P30N without AMR at
Re =1.71%x 10%, M = 0.17.
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Fine 11e N

AMR (Ave.) —+—

y P
LA \
e \
iRt e et

0 5 10 15 20 25
a deg

¢ i~
|||||||||

Fig. 10 C—a plot for the flow past a 30P30N with AMR at
Re =1.71x 105, M = 0.17.

(a) Farview
i e

(b) Nearslat
Fig. 11 4 cycles adapted grid for the flow past a 30P30N with
751,791 cellsat Re = 1.71 X 10%, M = 0.17,and a = 14 deg.

(¢) Nearflap
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(a-1) Near slat (a-2) Near flap

(a) Coarse grid

(b-1) Near slat (b-2) Near flap
(b) 4 cycles adapted grid

Fig. 12 Computed Mach number distribution at & = 14 deg.

(@) Coarse grid
—4.7e-01
— 4.00e-1

3.00e-1
tz.tms-l 2
~ 1.00e-1
— 0.0e+00

(b) 5 cycles adapted grid with 836,799 cells
Fig. 13 Computed u distributionat a = 20 deg.
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Step No. (x10%)
Fig. 14 C,—Step No.plotat a = 20 deg.
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4. 3. AMR OEFRFIZE L ANIEDESIZDINT
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HH UIERETH AR, —EORMERIETIREIL T\ b, 2o
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GRS H T 5 & Fig 17 O X517 %. Figure 17 () O 1 o
7 GRS T CIIRNAS A T MEBROBERH TN E -3 <t
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TWDD, 2O X DR A R VDN ED 2 R TR
DIHFH— L7200, FERE U GEEERIENAETL EEZ L
D.

2.94 T T T T T
2.92
2.9
O 288

2.86

2.84

| | | | |
2 4 6 8 10
Step No. (x10%)

(a) Overall history
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(b) Near terminal step
Fig. 15 C,-StepNo.plotat « = 5.5 deg.
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(a) Farview

' 4.3e-01

L 3.00e-1
— 2.00e-1 =

t 1.00e-1
0.0e+00

(b) Near slat trailing edge

Fig. 16 Computed Mach number distribution for 4 cycles adapted
gridat @ = 5.5 deg.

. 2, R4 | o8
(@) 1 cycleadapted grid (b) 2 cycles adapted grid
Fig. 17 Grid and computed Mach number distribution at a slat
trailing edge of a30P30N at @ = 5.5 deg.
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