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A NUMERICAL STUDY FOR IMPROVING PERFORMANCE
ON PAINT DRYING SYSTEM OF A VEHICLE

Seung Jae Lee! Jongrak Choi! Nahmkeon Hur and Heesoo Kim?®

In this study, three-dimensional transient numerical simulations were carried out for a paint drying system of
vehicle. The vehicle on assembly line passes through the drying system consisting of hot and cool air blow region.
For the moving motion of the vehicle, moving of inlet boundary condition and MRF technique are used. The
transient distribution of temperature and velocity in the drying system were predicted numerically. In order to
validate the numerical results, transient distribution of the vehicle surface temperature was compared with
experimental data, showing a good agreement. As a result of present study, optimal operating condition of the
drying system are to be suggested.

Key Words : =7 713 A]~=%l(Paint Drying System), %4H4%8{CFD, Computational Fluid Dynamics),
H1 ARG 84 (Transient Analysis)
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Fig. 1 Schematic geometry of paint drying system
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Fig. 2 Computational domain and boundary conditions
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Fig. 5 Section view of transient distribution of temperature in the
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Fig. 4 Velocity magnitude distribution around the vehicle surface

6‘]— 70

Ao
Fig. 4} 2t
)
WA wH, e

Akl ok
. Z}E‘OH

300

K T

60

of

Fig. 6ol =k
e A

b

O

i}

N
I~

o N pH i N
fo H1 4

2 o o 4r @

£ ool (T
re o oz

T*=0.323

0.0

T*=0.784

HH] qq 22988 A7
CAE 7oA 89w
fk gk abekel 3
o] XIO&EVM(Fig. 5 (b))

of
o

E

-

T

22 rio
ol o

Lo

-
i}



A164, A23, 2011. 6 / 79

AN A7

3

kcls

4

[e]

Pl

[e)

L

g =4 1= 4

A

] T o~ o B OBE
, < T T e W T T
. ? o e P e T o o N
= = X N A = T
- 2 ST T o W o T
a 5 3 ‘ul,mulﬂo‘mﬂ 7K ‘_fc.L ‘WI
E - 1o Nr K o —
g E o o I o e X -~ T =7
gé £ 2 S o 3T g o B 2T %
O . s E = - N Y o o 10
1 C S s i Bl N AR %o o Mg
i & B ol H T o] %erAH
o G P9 Ex o it 5.‘“ Nt o:n_ %o W o
L4 S L= G- i
= ¢ % 8E momn%@oi EQ%%EW
: €2 W [ R -
. S E = A Urﬁ ﬁ o T Ol A aui ™ N s
H L g » = T O Iy X | 7o ) j— .
N e 28 L_Lk%mﬂwi%. W%ueﬂmwo? N
S EIN L B 23 K T o] R LE T S S
D amy & S 2 o9 an 5o w ! BRI — ap X 0|
. > g n W0 - o 30 = £ X R ©
: £s ﬂ%%%ﬂ@cmm L E T
: 58 =D =K o %1% IXWL R
£ = B o X O .AloXJlL s f
37 P 8 eg AOJWJME@1%% RO B W R _
. e B3 Pivrestd 0 % % ®
‘18 S - %%@M%%qw '
s . 3% yTIhEait Maziize
8 = o o T —_ —
L2 TREEEIET 3Vsmant
. 2 ERr & 5 s N !
$ 8 %8 8 8 8 8 % b8 m_,__e,ggs: il oA S w
13 sunyesacduso —_— =0 ‘:.._ a
@ o) X ;OJI il
W o oy o CE e o B O
o e FEANUNEELZE MMW%%HM@
T -0 f —_—
=S 3 = ‘wﬂmuﬂm_vﬂropt - I ﬂk ,WE&Lqut,._MI]ML
X © € ﬂz_a%wﬁo}ﬂgmf&x TEE LT w R
+ IO g Ca Ry %m#% X 3 B ® O
IS . i o ) HE o Ko o K = ,WL N o o @ Nn ﬁﬂ
D f S —
2 %%ﬁnwﬂmﬁwr#mﬁ%ﬂﬂ %ﬂ;.ﬂmmww
A o 25 IgrtPleidEl pETsedry
3 S TE EToga g B g X AT B Mmoo
© = TR — ~o o N =y ol oy X
S i FE FEldzaxmiyg NI g R
. = et wmurw%wﬂ%ﬂ%%ﬂ TIN5 g
R = = =2 MAEL MR B gL A
S S = s m_x_i?ﬂ%ﬂﬂﬂmwﬂ%ﬂ mﬂmmao.ﬂﬂﬂluq
e 5 prRURHpe g KT ﬁglﬁaﬁaﬁ
S ﬂ:,_otﬁroquﬂum_mo mmt ﬂu_ﬂ_-iooﬂwozlmﬂi
E S R S R I EVR S = B
2 = D X e B o L — o T H T 5 H
=< 2 o A Y Qr_xﬂzib%ﬂ%u..
= z 9 .
_ ‘N 3 gz %%%ﬂ#%%ﬁ%%wﬂoﬂ ﬂ%mﬁm%%%i?%
= d D _/‘_Ilyl. 1_|1rE) B —, © _— < =
S VARN < £ 2 &%mmwo,wmmli.iux? Mnmar.frﬂmrwﬂ_%ﬂ
YGRS - S ERZE g > ™ ° o] oy LA ™
£ OTRYW = O N A 7 L V2B e D
= P = ~ © oo N NI A.wunZ_/‘l L e = J N2 =
— /./ﬂ\ 8 o o) o.#.._mﬂﬂﬂh ) 2] B o T N Ho T
) LY g 2 ﬂﬂﬁﬂﬂo_uw Q‘Wﬂﬂﬂﬂyﬂ o _!H_ B
k Lo ‘aogaz_aﬂﬂo,._‘mﬂ_r

@



80 / =i M7 S5 A| ol &

2L

Azg-Hda-48%

20090083510)" 4tetol-§ Aol Ao (F)Ed7|otAtEAt
y W o] Aglg et 59 A7l
A=
1o [1] 2007, Dhib, R., “Infrared Drying : From Process Modeling
to Advanced Process Control," Drying Technology, Vol.25,
pp.97-105.
[2] 1997, Blanc, D., Laurent, P., Gerard, J.F. and Andrieu, J.,
Tg7F Axd u Z=Usy] 98] €A 5 o)t dgo) "Experimental Infrared DryingStudy of a Model Water-Based
S7Hk Fig. 8914 YERH nRe} o] A7t ARFAES B Epoxy-Amine Painting Coated on Iron Support” Drying
FehHA wke dddere] Ry s r3lo g AXFAA FH Technology, Vol.15, pp.1787-1799.
RS mg o= 4 9l g & F gxo] A & [3] 2004, Dufour, P., Blanc, D., Toure, Y. and Laurent, P,
o]F olmyl Iy Qliio] thE x| B ulg] [k "Infrared Drying Process of an Experimental Water Painting
= QoUA|7} 2o} Ax FAA FHs = ok AA9 of Model Predictive Control,” Drying Technology, Vol.22,
B2 Bl Golo] uigwe] okEuW Ed dgore] wol Pp.269-284.
ARk o9} e BEL HaTgHo] opung FAE [4] 1997, Parrouffe, J.M., Dostie, M., Navari, P., Andrieu, J.
Sy and Mujumdar, A.S., "Heat and Mass Transfer Relationship
in Combined Infrared and Convective Drying," Drying
4.4 2 Technology, Vol.15, pp.399-425.

[5] 1998, 2747, FFT A, AR, 2 e 1L

B APAE 2] T Az AN AT mu E=w A3 7ter] AzAlage] HAA7 - 4 3 2hPEE
FA AT % Lo A e WaE FAHNS 5 A IFAxA 547 SV ZPIETA ANE
3 AT =g A% FAL AP FHAM AN & H 8], pp.27-32
T 9 BeEge] 2 oJSkS njH: ule Zadk 3ot o [6] 2009, &3 oA=&, AZ4L “Ovend HZX 2 IFAX
of we Mike A B R A A% AE RE aee of o g 9 Az S A A e
= SR e SRRt o8 WFE] sl 2 ST A00WE SRS =R,
Qo g WY sk, Agssh vuskch A pp-1429-1434.

o) 7} Hojw ewHyE wwa AL Az TAA HokHo [7]1 1999, Avci, A. and Can, M., "The analysis of the drying
2 A To] W mgo] HHojxe] LERT- AdA process on unsteady forced convection in thin films of ink,"
e} A x| AT Bl Applied Thermal Engineering, Vol.19, pp.641-657.

235 o] Eflz AN $x 279 Wl w2 =3 7 [8] 2009, Hur, N., Park, J.-T. and Lee, S.H., "Development of
2 459 A dZsta 7 olxpd dade wrlste] 7] a semimicroscopic heat exchanger(SHE) method for a
= Au) 7FEA] oux] A7 Wele AAlsR=Y] B8 7FsE) vehicle underhood thermal management,” Progress in
o) w3k e A S5 ZoiAluph up) 71EY BEE A% Computational Fluid Dynamics, Vol.9, pp.141-146.

2o nol= Au 94 2AL d=aromm A oA 2 [9] 2009, o=, oY, sz, A9, xS “AsA
Ao gist 7tol= glole ATEle] £ A% Aol sk & FHA sholu) FFEgel et A AT o
w9o] & Ao} k7] A8k3] 2009 H = FAeta ) 3], pp.2093-2098.
[10] 2008, CD-adapco group, STAR-CD Methodology V4.08.
5 7| [11] 1921, Thoma, H., "Hochleistungskessel," Julius Springer.
[12] 1993, 41, =F3, 4% AL, “8xed =44

o] wRO 00T WATII| SR Ao HEAT 9o APl B3t A gig]AEks] =, Vol

kel Ae W oA CFD ATAE (N No-10, pp.2624-2633,





