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A Study on Backflow Simulation of Rainwater for Automotive Body

Jungwoon lee*, Jeadeuk Yun*, Sungbac Park** and Yoongho Jung¥**

ABSTRACT

Large number of part design such as for aircraft and aulomotive development is preceded by [unc-
tional or scctional design groups for efficiency. With the assembly development of large number of
parts, interferences and gaps can be found when the parts and sub-assemblics by those design groups
are to be assembled. When rainwater come into the space among parts and is not be drained suffi-
ciently, rainwater within the structure can backtlow to gaps or unexpected outlets, which may causc
severe problems of part corrosion and eleetric shock. This rescarch has developed a method and a pro-
gram lo simulale backflow of rainwater within space among parts. which can find unexpected outlets
and gaps as in real sitvation. The developed program can not only simulate up and downstream of lig-
uid. but also the flow with multiple channels of division and joining. The developed method can also

be applicd to aircratt and ship design process.

Key words

LM B

GZol 87HY
47§71 W E-
A sfelof g,

A 2A) 71702} A2 7) 8
LT, e Fe RES

A7} FA AAS
b EA A S £E2 1T 3
M iERe B Qo] whapstz itk
Mo} ¢ gke BT #Y TE §
'4—“-Hl AR} 38 T s o
/Hi *A‘“ 712 ShR|n ARk fdl
FOI 3R = Bk ol BA A4
Zo} )iz RE Oolrl‘— =

ZEpsi), 271y oelsk vl
'}xl 2y 73S 9§77} *‘“.!Joloi
ou} *3711 SR s 9w

ERRE N B o4

ko)
X

LYY
=]

o’

iﬁ

HAl
23

<)

% |o
n'ﬂo
'119[30

yordlo1o o gk i
(R

_]}. o

1
ol do, oh]
04

)

fLfet

=
=

7} 2l
=27} ol

Ny
!

H

=

i
o =

3.

+ERAI S]]
i Rl fe PA AR
s ALY 2} TAB) 9] WAt /) H)28)
- =FEIY: 2011, 06, 24

- AARSERY: 2011, 06. 29

PRt e 71 A

[5]

1B
T

323

: Automobile, Backtlow, Drainage. Gap. Octree

e
ol
lo

+ e

5 o 3t
=
o ok
o M
“Jo X

NN

C
e
=

=

fo de &

2
o
i
.i

"

r
g
[3
_
ol
_pq.

}71 1
b & l ‘-?-;le oAz 01] LHaH 0]L 5.]
919 R PAOZ FEale] HA 2
slx) 9, o e.um}oi Hi& A as El,-‘_lal-b
e 'G}E]r

oly{gh ¥
A WAE R AR gk =g A
Helu) -5 Al&adleld, AL
c,ﬂ/ﬂ ':o] UJ-}:HO o]g] 0]:’12?{ rﬂq
eaAsle wHon walg %3} o}_
(Convex hullye 73+ & =1 B2 749 AHozy
g el B4Z B9 24 S Boolean subtraction)
sl 2@ 715 A # (Tentative trapped volumers: #

QRE QARG HEY S A, FEUY ¥

7 2
'.O

xx
aln

°]

ri’. tlo )7 ik o ol o 2

oy _r.

7"}_1_35.1:\1} 01.1_,1-1_]_ _li#_ 7)3/0 _;_x{ )\}o ol __711‘—_ EJ-AH
87] wgel 2 278l Sl AN ek 45

AEY ol HEAA W= 7 (Particle



324 IR, AT, 2, BGE

method)?'# A2 (Grid methed)ell &) -5 a4
Bzt £E2)(Octree)s ©1€F A9 -5 sfAEH
o] e, AlE JEFRAM 2 A g dXst
2 EARsE W= ghoid RN (Lagrangian) 2 7}
Zgeig @ defelKEulerian) 227190, Ze] 2
ALE(Arbitrary Lagrangian-Eulerian) 7138 ®e] =]yt
olZjgt W& #A 2 =t G4 rEY 5 ohst
WS sk s 4stke WEeEA 2 Q7Y K
Hollz AYstA] Go. gk o] RESR o] Fo]
2 ZA AR F A Aol Hyt 85 HEE
HLE2)9 ZELE ALg-std ol wWylie] X
v o] ARE BAME F gloRz B dyde 4
%‘5}7 o3},
& AFoM = 253 i]'i']]"‘i": olF AF JH

"o}?-l HAE Ateloll HYshe E3e g 37‘}%
s @A Ele 7P 3Ea, 34% v P kg
e S BARECEN AAA7} ’"741 A o
A Frel o R {5 7dln9} AXE vl2] zotat
A A E + e WU =8 ApEskial g

2. 94F DAL Yo 2

1 2454 A3 $EE Aelo) st
g0 Z]—‘é" R gk, ol F F vj4s} B
RAREO 24 ”l"’OMQ 27} A
WHE %C’JHE 1‘3 B ste WS spdslaLa) g
=R A %fﬁ. el gke B
AHejnz, °1 Lib WHFE Atold AAEE 7
A Pl E 5 Atk olHG B g4 ¥
& AFoE RS g F-S RALSE] fl3ll, & |7
e @ade) B3de) Alghe wiz) oo Aile
HEE =Y F A L (Discrete) R RE) 3
7He FETTE YR A4S 1Y YR f¥she
AR W= B A (Voxel)#t 2 EFE o] &5l=
Hhdo] ot B it REF Alo] F7H
A B AL 288 28l Aitor7t A|SHE 2 ER)
o} B2 Eabgh ylie ARgEe, AAHQ ¢
&2 Fig 134 2ol

Fig. 10 VEPd wie} 2be], o1z o4l =e)8. STL
el Yow QY Ve 2 o, 4 REE Y
o 3 W 2§ A GAS thdow 2
2 A Ahid] KEIR 2Rt 2 O, &
EgE ¥y 2 REg 7011} aﬂx}ggglg] A
2 Egurh Sue)e H9E 2 RES ) 7YY
arle] B4 RYE RYsl Fhshs olfE O

,4!
[ J}!I

2,

FFCAD,/CAMEE =& All6d A5E 20113 108

Aol A 2pAE] Ayt Sz RUE RE RFF
& Zpale] )l uj|sled AFE} x}A 2] —r-%} =d
& st & RES Alo[d] W IR 2 F 3¢
4 ol%e ’.a_% FEUE shAetez, w4

2] o] S & WAL P S 433k
4 A oS B 23S 2

Input STL data

v

Discrete model generation

v

Divide inner and outer space

A 4

Inner space visualization

v

Backflow simulation

End

Fig. 1. Overall algorithm for backflow simulation.

3. 88 7t

Szt 71t

io

ol
dr

T
%
tlo
== of
n_I:
P

I
o
L

O g Y ol oo AN

. 3742
A A IS B EE REE Nls| 2

}]:ac}

—

128 25 44

A PAe e vdz2 FHae FAQ Wy
F 9% 219 B4z F¥ske Py daas



APgat adelA] BlEe] AF ZApl ek

2= Fig. 29t 772 ZAo] tis) Fig. 2(b)et 7o)

EAE TS HA9e HAY wa g4

(Root Octant}ys 30 olF oY 719l itz
7

L el

(Octant)i2 $E2H3 v, Zh2ke] g 49 2| 9be) £

=
WS il AR rsh - Empy)
(Pamal) gA4e Basich 2 T

s W A9l Bz 2eos
ol 4P wslel Yot AT 2E7A LB

Otk SEe] WL RE 240 Slehe dahe &
77 SR Sl Vo 02 S 2 5
R A NG FQ £ 2l olHo] Sk ey
Mo AR AL 9. e ols] @A
Heple Sx2) dEnct 209 208 2a2 F

N el uoh A0 T HHE Qe ol dol
AT B AFME o Y ulel 4G vF 3

Uol- i
&7) Y8l pex 7o wuloz B pdo
sol, olshE ¥71 91 5 7
A Wy ol Qe Fee Hudi

(b) Root Octant

OEmpty
© Partial
@ Full

(c) Octree structure

Fig. 2. Octree generation.

M3, STL #0798 yhe zhrjo) REL 2 o
2le FAL o) 7F £Fo] 2HEHE 90 YAl 8]
A3 Lig. 3% 2ol A 2@AS =36 AL
NA (g 3elM= ARFEE Me] 4R AT,

FFCAD/CAMES] =57 A 164 43

325
ol AWY 4w FE7A £ Fig 3ib)ot
2ol NE 1% SEZ HdYT o, BE 1
RE PR 245 ¥k A2 A0l {AR
ohall. Fig. 3(c)oh ol S=ele] Ha 2t 722
N9 @i & 542 FIaA T ofuf, -9
T EE W RLZFE 2YHE SAE RE 2
22 N-gol gt LRTAE & ofolulr| W&

Part 1
Part 2

X
(a) Root octant of assembled parts

Ll

III@-IV

O
o1
® Maximum point [ Partial
© Minimum point ] Empty
(b} Octree representation of ¢y Voxel representation of
part | part 1

.

(d) Octree representation of
part 2

(¢) Voxel representation of

]

o a

(g} Mapping

(11 Region defining

Fig. 3. Mapping all parts on assecmbly voxel maodel.

& 2001 10¢



326 o|F &, &7

RO 2 Fig. 3(H9t 4
BA vl ¥3eis - "124]

W - ’ ; °©
= A8 0}01 llg 3(e)o} 7o) BA 2 Tyl gic),
}o]
z 94 =4
@7 vhE, Fig. 3(gst el 7t EES 24 2y
By

55 eEehs 1A Wi (Mapping)dhe] 2 A ¥
2 R e, ofef, 7} 2 ‘é':. RS EA A -
e RE REE) 7w Gl ols AR A7slc

3.2 —'=r'- MOI-J = E!*—'i
A

8 EJ o}om m} Jr“"til ZP >

Ags = d7HES 2LF
o g gaTh olaf2) HolE 98| olabgle] HS-2
dach
Fig. d(a)?} 7o) Baln 838y o) MESo| 2
A B2 wdo] viy o] 918w =g B ol
o Halel e X & WEken gasie 338
Y & goR FaR e Fasth 2 4 ol of
ol X & 0o s gasly M2 Ogf LFe] R
S0 el 24E Aple] BAES BE 4R
37 (Inner Space. 18) 847 BFau}, o8 Sof,

.
~
R
L
ﬁ '
2

Lig. 4(a)°] otef l*ﬂ g sio] FE 6,
. 5

9= ,cm—p-] £ 13 0F 29 RE 94E o]

o 92,10, 11, 12908 e aaZe] BE 29

w59 e S Alel Ao.B% o5 g
x ’ s

+a
=
(=
R
10
—

g 4[0)9} dol A 4wl Qe AR FEE 4

P CAD/CAME D] =54 A6 455 20119 109

23
o

ot ¥

-lo

2

I 1|m -ﬂ

22 ol wo -y od
o 1o

ot BN o1g oA
e 2L o

i
il o

-
=

Part 1

Partial
L] Ewmpty
B Inner Space

—’H'@ 7= ok H oM o
BANE QeSS At

4
-
4]
~
-
cli
-
t—J

vy 5 ol 7 EAE ofr| Y
eb ARSI ole el

uAbstel o] 2% Qofok HA

11 2 3344

.

Py

{b} Inner space voxels in Y-axis direction

Part 1

Part 2

(¢} Result of inner space voxels

Fig. 4. Inner space vaxels among parts.

u] 7}; AJ?:I Q] u]

Jetat wey



AFz-A} 2ol A uhE-

=
-
py

;%

HE JA) LS Aole] wjzol
LL 5}.}_ 7lo| "’X-‘Oll‘li —q.
Fet el o9 Ag 52 aes
2ol AW wrzolHe AR
SAFsle daelde] slae Fig 5

A7
F ARE
o] 7]
o 24
- SN 3]

ht

B

e

ok g
ol il

o ore

=

o1

o A
fr

&

h rf.

'

o
M
o

il

Search voxels of Current Layer(CL)
at outlet

If any Inner Space(IS) voxe
below the CL

Change voxel type to ‘HO ;
CL =below of CL ;

If any IS voxel or ‘HO
above the CL

If other *HO’
at the same level of CL

Add the ‘HO’ to CL

&
«

Change voxel type to ‘CO” ;
CL = above of CL ;

End

Fig. 8. Backflow simulation on algorithm.
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