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KD tree method for efficient wall distance computation of mesh
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2. Shanghai Institute of Astronautics System Engineering, Shanghai 201109, China)

Abstract; In some fields of computational fluid dynamics, the nearest distance from a certain point in the flow field to the wall surface is

usually required. In order to improve the precision as well as the efficiency of the computation result, the KD tree method was applied to the wall

distance computation of unstructured mesh, and then the wall distances of several three dimensional configurations were computed. Results show

that the method computing wall distances based on KD tree can achieve the capability of great robustness, high efficiency and precision, and is

suitable for complex configuration. Besides, the method has good universality so that it can be applied to many other types of mesh.
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kdnode

-vec: T

-leftChild: kdnode*

-rightChild: kdnode*

-parent: kdnode*

-split_dim: int

+kdnode()

+~kdnode()

+leftChild(): kdnode*

+rightChild(): kdnode*

+Parent(): kdnode*

+Sdim(): int

+Vec(): const T&

+set_split_dim(sd: const int&): void

+set_left(L: kdnode*): void

+set_right(R: kdnode*): void

+set_parent(P: kdnode*): void

+set_vec(val: const T&): void
A

kdtree

-root: kdnode*

+kdtree()

+~kdtree()

+build(points: const vector<T>&): void

+find_nearest(goal: const T&, inout dis: double&): kdnode*
+destory(): void
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Fig.1 KD tree node class and KD tree class
B, T ORS00, KD e 32 244
FLA5 -

1) build( const vector < T > & points ) ; N—1~
255 WY IR points HE N KD 4 o X FARSSH A%,
FUERIBUA B A B T8I T8 T A PG A

2) find_nearest( const T & goal, double& dis) :
BRI IR 1] 2 45 58 5 goal BE B F T Y 45, TA]IRF R
] 5 e B

3) destroy () : 5% KD ##

BT SOOI S5 A B 1 s A 1 DL g
VER Mg MM . SIS 1, 5 T e 8.

3 EBIRIE

N T AR AT SEE , A Se bRt B
SRR, R T R ORI A A U ER
ZERKHL L% DLR - P4 AN BE TR B
3.1 EiEtk

FIAEAR A AR 9 0.2 m, 25 A A% A D T

PR = BAE IR & A% . b, UTIHAR ST H
94 037>, =HHEFICHH H 22 580 A4~ K[

BB N BET , BE T T TR H o 2258 4>, 153 BE
TR A 2 s,
0.1 I
L BT JEBS /m
0.09
0.08
B 0.07
0.05 0.06
\ 0.05
\ B0
0.02
£ L=k
/
i /
-0.05 /
-0.1 I
L1 1 L 1
0.1 0.05 0 0.05 0.1
x/m

K2 SNBSS
Fig.2 Result of cylinder configuration
XF IR R, BE T B S A AR AT, K iy v = 0
REk b A BE T BE B TS S AT (AT L, &
RANE 3 Pros. K 3 AE S, #TES KD #
JTEAF IR A R & KA, NTIEW] 173155
JIEEER T o

oa PR
, ~ " KDp
| | /\ Aep
0.08 |
E , ,
B
] R T L R G
=
#
0.04
poz AT
=37 563 0 005
x/m

B3 KD AR5 f) B T -5 A AT (ELX L
Fig.3 Comparison of wall distance computed by

KD tree method and theoretical value

3.2 XUHEKIME

XUEERIME Q& 4 e, & 0 g 250
DU A, BRITELH S 479 939 A, BE IR CECH A
50 5254, ZHHIE, KD BT as R S5 & A 4k
LR e —8 IES FE 6 tal LIE H, 7
P A5 20 ) B B SR E R B o8 & — 3 L, J5
SRR HUR IR KD A 5 1A i 45



24 e AN o 4 %539 &

K4 WHhERIMNE
Fig.4 Configuration of dual ellipsoid

-0.15 -0.1 -0.05
x/m

K5 ZRiEA ke

Fig.5 Result of liner search

0.15

0.1

BEVE i /m

. 0.05F RS 8.63E-02
> = : 6.91E-02
I 5.19E-02

OF 3.47E-02

1.76E-02
____________________ 3.74E-04
-0.05

-0.15 -0.1 -0.05
x/m

K6 KD ffitia4s
Fig.6  Result of KD tree method

3.3 ZXRTEHIME

BETT AR AN IET 7 Bz, f A A% 2 o 254
PR S AL B AR S R N TR A o A SR H
669 546 A, BETH [ LK H 9478 4>, T HAR
I RE T AT RS AN AT 8 P

K7 2K KHSMNE

Fig.7 Configuration of space shuttle

1. 781-01]

/8 88E-0
L7.40E-02
4.44E-02
96E-02.

BET 8 /m
3.55E-01
2.66E-01
1.78E-01
8.88E-02
4.00E-06

@

K8 R WHUIMEITRSR
Fig. 8 Result of space shuttle configuration

3.4 DLR -F4 5pf

DLR - F4 J& 55 — Ji FH J7 300 2 L SN .
DA% R FH DU T AR A%, B0 H oy 947 793 4, )
A CEL H o 30 462 A~ 115075 31 1 BE 1 I 25 4n
B9 Bz, P A R s i S8 (R DB P 3, 7%
BYPESLRR

BEH B /m

6.66E+00
1.02E+00
1.55E-01
2.36E-02
3.61E-03
= 5.50E-04

K9 DLR - F4 SMEITHRES
Fig.9 Result of the DLR - F4 configuration



54 1)

SRAIN A R RO R B TR B RS 1Y KD A7 ik "25-

3.5 HEHRESN

R T LR A R SRR X AU
BRIME 2 K RHINE , 53 553 T — R 5 BE ]
A% A EL H AR AT B BE T BE 2, et T 7
B, AR A E 10 R,

mmn 723 i
———
1E+06 5 (’%
—— éﬁigﬂ
¢ BE+05 ity r
X = ‘
e ) - )
i 6E+05 = =0
2 e
B ymros i
2E+05 RS UK . |
. fé%%iﬁa TE+06
0 V7Y ™ e I
0 2E+05  4E+05  6E+05 8E+05 1E+06
BEH ECH A
&1 10 AS[RRETH A 50 E B34 A Rk gk

Fig. 10  Average search time of different number

of wall elements

1P 10 AT LA 2 X 52 PRl s, KD A5
LR AR USER T 0(log, (n) ) YL, H
R/NF 0(n®?) B, HRe /N FEAE AR 0(n)
B, — AR AR TR =R ,
UL KD A4 4807 i AE R ACR A W 2 AL
Feo TP IR 00 B ) A% BT H ML
FPULATTASE, Al BRI SR AT 7 AR, 0 T3
R Wg i, rER AT T 24k

4 #ig

SR T T KD AR 25 44 A BE 1 o g
ST VR T AU ERFI A K KL DLR - F4 4§
SN BE TS , LA L [R]— SN AN [R) 4y 1 % H
(R4 Bk T AR P IORS L RICR AR . TR
SRR GLMEE R R o8 & — B Rk AT
DAMER = RO SR AR SN 1) AR BE TR

WA, 277 10 FU JIE P A7 BE T A% A5 A Al
bR, JOAR i SR NG R AL A BOE , PRt ] LA
EFEAS A 2 B4 1Y CFD B3 b, HAN(GE
TSR G WA, T ELIE T 25t A%, b ]
IR L S E B A O RS A 22 T A% 2 22 b
DA -4 DS TR PR T 8 5 L R P 22 18] P 3
ol S, BAT T R (I 5%

S % 3k ( References)

(1]

(2]

(3]

[4]

(5]

(6]

(9]

[10]

(1]

[12]

[13]

Spalart P R, Allmaras S R. A one-equation turbulence model
for aerodynamic flows [ C]//Proceedings of 30th Aerospace
Sciences Meeting and Exhibit, AIAA 1992 —439, 1992.
Launder B E, Spalding D B. The numerical computation of
turbulent flows[ J]. Computer Methods in Applied Mechanics
and Engineering, 1990, 3(2) . 269 —289.

Menter F R. Zonal two equation kappa-omega turbulence
models for aerodynamic flows; NASA-TM-111629[ R]. NASA
Technical Reports Server, 1993.

Spalart P R, Jou W H, Strelets M, et al. Comments on the
feasibility of LES for wings, and on hybrid RANS/LES
approach[ C ]//Proceedings of Advances in DNS/LES, 1997,
1.4-8.

Tambasco M, Steinman D A. Calculating particle-to-wall
distances in unstructured computational
models[ J]. Applied Mathematical Modelling, 2001, 25(10) ;
803 -814.

Boger D A. Efficient method for calculating wall proximity[ J].
AIAA Journal, 2001, 39(12) : 2404 —-2406.

FER, S, WIS, IRE ARG R T RE AR R Y
POk [T]. P Tk K22 4k, 2014 (4):
511 -516.

WANG Gang, ZENG Zheng, YE Zhengyin. An efficient

search algorithm for calculating minimum wall distance of

fluid  dynamic

unstructured mesh [ J]. Journal of Northwestern Polytechnical
University, 2014(4) . 511 -=516. (in Chinese)

Tucker P G, Rumsey C L, Spalart P R, et al. Computations
of wall distances based on differential equations[ J]. AIAA
Journal, 2004, 43(3) : 539 —549.

TREREE, TR, VAN A W SR RS Oy AR T RE I B
B, BRI, 2011, 32(2) : 135 - 143.

XU Jinglei, YAN Chao, FAN Jingjing. Computations of wall
distances by solving a transport equation [ J].
Mathematics and Mechanics, 2011, 32(2) . 135 -143. (in
Chinese)

Bentley J L. Multidimensional binary search trees used for

Applied

associative searching [ J ]. Communications of the ACM,
1975, 18(9) : 509 ~517.

Elias R N, Martins M A D, Coutinho A L. G A. Simple finite
element-based  computation of distance functions in
unstructured grids [ J]. International Journal for Numerical
Methods in Engineering, 2007, 72(9) : 1095 -1110.
PR WMAVBME AR SR M. JE5T: R T
Mt i, 2007.

LI Suxun.
appearance [ M].
2007. (in Chinese)

Levy D W, Zickuhr T, Vassberg J, et al. Summary of data
from the first AIAA CFD drag prediction workshop [ C]//
Proceedings of 40th ATAA Aerospace Sciences Meeting, ATAA

Paper 2002 - 0841, 2002, 3. 1 -31.

Hypersonic  flow characteristics of typical

Beijing: National Defense Industry Press,



