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Optimum Design of Air Nozzle System for Automatic Car
Wash Machine using CFD and DOE
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ABSTRACT

An optimization approach is investigated for the design of new nozzle system in a automatic car wash
machine. Three-dimensional computational fluid dynamics and design of experiment methods have been
employed to know the mutual interaction between the nozzle shape in the automatic car wash machine and the
airflow velocity distribution on the vehicle surface. The performances of air nozzle system were defined as the
velocity magnitude and the uniformity of the velocity on the surface of the car. Predicted jet velocity
distributions for the optimized geometry were compared with experimental data and the comparisons showed
generally good agreements. Also, the performance of the dryer was improved with the optimized results.
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Fig. 4 Geometric parameters of the air nozzle system

Table 1 Summary of 2* factorial DOE set and CFD results
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40
40
0
2k 05| 20 | 10 [120| 40(37.2] 31.14 | 0.9% | 30.79 | 0.99%5
0
0
40

2k 08[100| 14 | 120 445| 3550 | 0.993 | 32.30 | 0.9%

Center

Point | 80 | 12 | 100} 201409| 3409 | 0.997 | 33.75 | 0.99%

5L BV B2 50] BE OIS 32
o}ur, 2279 Aot AERE) Yot 49
2o Y= FoF AANGT Dok ASF o
B2 014 & gokn ud Lsing U 4] &
£V ASE Fig 4ol UEslnh $3nge) 9

i A7 Bl Phe R WL B

%
< W2 %* sl 2829 AA dol=1L1087 F
5

PR, 27 AA FAdelE L2, Ax7] A FA4
Fole L3, A F /N9 27 #E234] e
A wole He, 4271 25 €3xEE #2
Fgol S0l BEY Fole H €3xER £59
AR Py (d2Y AAFERY ADE Ac
2 eIt Xﬂf&% A F3 AZA A AA

A7) "ol L1, L2 9 L3& mAsgith =5 Wid
w2e] AdiE Bzt ‘&_u.ﬁ]":]'_l_ #LdEo &RxF
% Wig 24%e We £5 Faa9c

36

2.3 dAe7xA

AEN2HY] A7) € ndolM ves AE
f50] AFEAS wet ol FatdA AFRHY &Y
€ AAske Aotk oju AXAARLE A7 mHolA
o 200mg 5 ol XA ol AFxW
E715 &3] AAstHE AFel FEe AESE
7t BEH R oF 30"kl dE RAIGHEA, AERFO|
TEH SEEEE 7HA o} gk AERTO] oFatd 2
2807 A #Hd 2718 AASH] oHA Hx
AERFO] LA @2 AFole AFRE £7]
é%ol HA 5| dojA|A ] 2l

= A}k Zopr

_4

Z—lﬁl_.‘l'~
of vlete] Fw-g FAst »101 *Z HIE%?OM k=
o]2 A E AAA Eli o|Z & E7] AA o
Lo] 9o AAE o AT 8do HFYA
(uniformity)©] io}olt Ak

:10
d
H

2.4 FXjsiM|Y

2 A7 FAEA oAM= Fig. 5ol vebd A &
o] sldahz AlZIZWY 7F¢ Jdy, BERE, &3
E RIS D AERETIY FECE aA A B
Z (block) 22 F-Eato] 42 Adsigith Al239
7] /5% 4 xE22T7N4Y K57 Eﬂ“o}ﬂ
Aol HgEA FRAE AdS A8 3Ad 3
Navier-Stokes®73 42 A8 oH, *‘%Eil%‘?l
ANSYS CFX 10& AH-ated aid& s3skgivh At
of AbEE At fFRANHeE olats HY
on, ojatst YO RE 27} o] HEEE V&
I3 E71Y (high resolution scheme)& AM&-84T

e S f8 AMRE dREEEE 489
@ 5o HEE A-$Yold (shear stress
transport) k-0 2A7g AMgEIGIh

BAAZASE YFR-8 AERFTISG 3t (B1H)
o #dd A trihe, dFHANE S
3550mm e 2 TANAAN S FHE, AR
AE BTY F71E AHach A2zd 78 &
HxZE 752 vA3E AAAE A AAE 74
FRoH, AERFFHTES AERFTY A& 75
S FEAE 5017] A8 48 AxAE AHE
o £ AAYELE Yol7] A% AR HAEE A
2 F 100949 AAEE HA7FECR Ak &

FHIIANE:H10&, W55, 2007



CFD ¥ DOEE &#8% XEMA| EAAR e &HMA

Point Type -
Cormes Main Effects Plot for V-
—=— Center | Hc W2

5
32 / /

314

: 100 10 12 14

Ac

Mean of W+
8
-]
-]

34
33

H
w
32/ /

314

.

80 100 120 o 20 10

Fig. 6 Main effects plot for VT

Pokt Type Main Effects Plot for U
—a&— Coiner
~—m— Center i Hc w2
- -
0.996 4
0.994 4
0.992 - e
osso|
s /
5 08 1 .
M 20 60 100 10 12 14
3 H Ac
- -
= 0.996
0.994 4
0.992 ] e "
0.990 - / /
0.988 -

80 100 120 ° 20 a0
Fig. 7 Main effects plot for UT
e fEad Ade gEdz 94" 30GHzY

Pentium4 ZZAA A oF 124249} CPUAIZIO] &0
3k

2.5 2% QolAlIy

ARAELS A SAEE 7o s MEe
7P B 99 FolM T2 498 42 nge
Z ARSI I 83T AR SAske ot
T2 Al 7 FF ol AAE ez slof
as9 asE A A+ o 2 A7l

Hoz &
o o s

FH AR 2 99

o
0,
wx

]
Ae HH4AE 4
% (factorial designs)™ ¥H5-d7] (response surface
method)?] AFAIIHE A3 T, By TF2E

2443 2 7 Me) Minitab® -2 1%6}@@
B =EAE 34 e A 5

AP £ uE A} 5 33} _,]u]7
9 AEAEEE BAAA B AFE FA s
HAAVAA (fractional factorial designs)® 2¢ Q914

_,d
)
rlo
=
Y

FHIIHME M0, M55, 2007

Pokit Trpe Main Effects Plot for V.
—&— Coiner
e Centr | He W2
3%
- .
33
32 .
- /
= 31
5 . . , . .
2 20 60 100 10 12 14
o
o H Ac
= 34 - =
33
32 " S~
31 / \
80 100 120 ° 20 40

Fig. 8 Main effects plot for VL

Point Type Main Effects Plot for U,
—e— Comer
= Center | Hc W2
0 0
0.99
P ——— PRERR—————
0.98 -
=
w 007
put 20 60 100 10 12 14
3 H Ac
z - ]
0.99 /
———
0.98 - /
0.97 4 ’

80 100 120 ° 20 20

Fig. 9 Main effects plot for UL

o
4
o
R
_u

FAAEA L Y EE NFELE
45Z& wetER govy 23k A%
ﬂ%‘% FEHZE AR F M= 7Y £
A& AT &k 24PN HeEe
=5 P T Aol 9FE nE R
+ WeE & H He, Ac ¥ WZE A8
Hae Be Jge AE &%
TANLDE A2A2H A4 2718 A
AH AAZIF 800 m=E THS stk Ea
71 =29 HHPYIe Faste] F 29
o] AANEHS A3tk HAE “74]71—%}0&
+ 100 mm, Hev 60 mm, AcE 20mn 2 W2& 12 mn
2 294F Y A5EY] WshEYE HE 20m,
Hee #40mm, Ace #20mm % W2& £2mo = A3}

o
N
X

N
2

.
e
=2,

i -{l> 1%
wl

J% flo gi'

o NP
>

p
k

e o>
'R
i
olN
oX
ol
¢

ao Lo
p

2o o oo o b 0L O (B St pL N ¥
[ J
FN :L of

.ﬂmi—



ERRET
Overlaid Contour Plot of Vr, Ur, V., UL
a0 :
/ K Vr
; 34
---------- 35
U
0.99
1
Vo
; 33
{ [ 34
S T
191 | S — 0.99
\ R R 1
[ T T T
10 11 12 13 14
w2
Fig. 10 Overlaid contour plot
Table 2 Summary of RSM set and CFD results
No [W2w)|Acwm [Quvw | Vrwy | Ur | Vs | UL
RSM 01| 10 0 377 | 329 |0991 | 330 | 0973
RSM 02| 14 0 4472 | 354 10992 337 [ 0973
RSM 03| 10 40 | 378 | 327 1099% | 315 {0.9%
RSM (4| 14 40 | 442 | 350 10994 319 | 09%
RSM 05| 10 20 | 378 | 331 109%| 339 | 0993
RSM 06| 14 20 | 443 | 356 {099 | 343 | 0994
RSM 07| 12 0 407 | 340 |0991| 332 | 0972
RSM 08| 12 40 408 | 336 [0.997| 31.8 | 0995
B AL Z AAAAMY AA X FNAM £R9 #U4
(Upelth. =3t Asate] Sd5-9 o4& %‘%%PO%
EAPLN & X = 0~150molA e BaFEEar] (Vo
o} 7Y (U F71esith $E329 74942 *ﬁ
(D7} 2o} Aossith
V;TCB
= )
Vinass
Q7NN Vmw MABT FEE, Voo © AFP TR
A !
CFDAM = Table 104 Vp, Up, Vi @ ULE A|A]
S}5itt. Table 18] A#ghel gt FE% EF (main

effect plot)E ©]&3fo] 47 AAFe| ¢ Y3 & EAs)
o Fig. 6, Fig. 7, Fig. 8 ¥ Fig. 99 A2t} Fig.
6oA = AR P HaSEd nx = ezl FadE,
Fig. 7oM< AATE 7% g9 ux= A=
FANE, Fig 8oxv SAFN Hd5=E nAE=

=

38

M.
=

A

2% . 048
New W2 Ac
2 (1%'8 {2 )5 o0c ]
cur . 2 4]
0.94740 1o 10.0 0.0
Vr
Targ: 35.0 [T N R R
Y = 34.7299
d =0.94597
U 7/:3‘§' """"" N
Maximum
v = 0.9869
d = 0.96891
Vi _:yz,.%,—.} ,,,,,,,
Targ: 35.0
y = 33.8054
d=0.76109
S SMRRAU— S R e |
U
Maximum
Vv =0.9968
d=0.96814

Fig. 11 Plot for response optimization

A FAME, Fig. 9dX e SATL 75 494
o mx= VH FEAE HAFL % FEH §
% BAEH S4T30 490l B2 92 A=
A AcE Alsta WA G99 BARE5T 294

of FFE A= QA YFHS A=} AA gk
ot mebq A os S AATIRM dY
el B& FEFS vA= AcE FRJAXE A3,
A shel jESEVIY e AATRe] Ha
ol B2 FFL HAE W2E FAAE AR
A" Fodxte eyl SR AL
g3kl
2.6 HSHIIY

BRI old sht B 1 o)Ak whEHS
AFAA AP £ A AEA BAE 778
o AHEshE AFA|HeE weHseE FF
& e AR 23S Fed F40) Qv 2 =
M 2 2PN 2 F53 YR B

TS oA 27FA F2AA (Ac, W2)E FHEA
(central composite)s AMHESH] 1371 A4 A

Z23& AP 293 21 A3 X
FES 2%k QAAEE FEA 2 At FolA
o] A vt HAVIERLE ARt AT &
°rr17]t,§ & ﬁ%}‘s}@u} Table z—t— t&%‘aﬂ‘ﬂi &

O_>L 0_4..
ororE_olr (% o oE of Mo fi o fo

v 'a—
TAEHE ‘ﬂ%‘&ﬂ‘ﬁ T ST AQF‘%‘—’F% 13
sjQld, 1% 57l 5 A RS 5474

FHIANME M0, M55, 2007



CFD ¥ DOEE 28t ASMIAT| =EAIARIY AHMH

Fig. 12 Experimental apparatus using traverse system

Table 3 Summary of CFD and experimental results
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Center Point EXP | 40.767 | 09955 | 36836 | 0.99%4

Optimization_ EXP | 41.141 | 09951 | 37.859 | 0.99%0
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