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Optimal Design of Water Jet Nozzles Utilizing Independence Design Axiom
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Abstract

Water jet nozzle for LCD has been used as a wet cleaning process in many industries. It is necessary for

the nozzle to consider cleaning effect and flux.

In this paper, we applied the bubble dynamic

theory(Rayleight-Plesset equation) to improve the cleaning efficiency. Generally, Rayleigh-Plesset equations

for cavitation bubbles are used in analyzing computer simulation for caviting flows. Burst of bubbles causes

potential energies and we can use these energies to remove organic and inorganic compounds on the LCD.

Therefore, it is necessary to analyze the bubble generations and axiomatic design by computational fluid
dynamics(CFD). By comparing the weight matrix of neural networks to the design matrix of axiomatic design,
we propose methods to verify designs objectively. The optimal solution could be deduced by the regression

analysis using the design parameters.
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FR,) [x x o0 o 0](Dbp,
FR,| |X X x O o0 ||Dbp,
FR5!=|X X X O O |{DP; (6)
FR,| |X X X X o0 ||DP,
FRy| |X X X x X ||DPy

Table 1 Functional Requirements in water jet nozzle

Functional Requirements

IRy, Increase the velocity at the air intake
FRy | FRy;, | Increase turbulence energy in the upper nozzle
FRy; Increase pressure in the upper nozzle
R, FRy; | Increase turbulence energy in the lower nozzle
FRy, Increase pressure in the lower nozzle
Table 2 Design Parameters in water jet nozzle
Design Parameters
DR, The Flux of the inlet(A)
Dp | DP, The width of the Upper nozzle(B)
DP;4 The length Upper nozzle(C)
DP, DP,, The width of the lower nozzle(D)
DP,, | The length between lower nozzle and LCD(F)

Water jet ngléa” ’

L]

(rmamvemmn] \

FRI12: Turbulence energy
FR13: Pressure |

Upper nozzke

= FR21: Turbulence energy !
- 2y &
L et 'd\._u | F:pPzz || || FR22: Pressure
D:DP21 ‘ 1
Lower nozzie

(b) DPs and FRs of the nozzle
Fig. 1 Design and Parameters of water jet nozzle
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Aojtt. oF HellA el A ©g DP ¢} FR &
TerAnt. e AdAlel olg SerEES o838t
of, A@AAHA A g3t o]E CFD w£4&
Sato] B4 AsE FEAAT. o] AR upg
o2 A17we] BPN(backpropagation)ol] %83},
AEARAE Tk o4 T A A
I FElEAe] AARES Hlaste] T A7t
2ule AeAAEA AFAT. el A#E
sgos gzt 2 sehEES T8 5 A9
o SerlHES ol gstel, w3
surface analysis)S AF8-3 3| ARES A A5
o) dolH wAgL Ea
(response surface)? = ©]-§3lo] ==
4 98 Adstel Agaq. o
A3t s ApAs] Agstaat g

My

( stat )

3 !
5 B

\ Design of experiment
Plan of simulation

FEM or CFD analysis

Comparison and Analysis

Axiomaltic design
Design matrix

Neural nelworks
Weight matrix

1 |

{ Regression analysis J

Conslitulion of response surface

: !

Optimization of nozzke's parameters using ADS ‘

: !

( End \)

—

e

\

Fig. 2 The schematic of optimal design process
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Table 3 Values of DPs and FRs(A(y-direction velocity): m/s, B~F(length): m , FR11(velocity): m/s , FR12
FR21(pressure): N/ m?>, FR13 FR22(kinetic energy): m?/s? )

Fig. 3 Mesh generation of the 10™ of experiments

4.2 A& H =™ (Design Of Experiments)
SHAANAE AR eEe FEo] EE FR &

WE AL gvka e ol @ we
AdAFIH W FolA 3 5Ee] A
kgt 3 #E L,(30) ¥
273]9] Aoz 13719 fAujx7} 7}
A gl o8 AARE FFE(evel 0, 1,
2)oll we} DPs = thlste] CFD #2418 3333t
oluj thld DP 9] #t¥} CFD A4 F9 #h<el FR
Table 3 ¢} 2t}

2 51

4.3 MR 5l A (Computational Fluid Dynamics)
Fig. 3 & CFD-ACE gt AgX 2307 2]
10 HA 3 29 vs](Mesh) FAolc) o] w4
314,755 71¢] A(Cell), 349,882 7H2] :==(Node)
T vk EE(Module)> Wb AnRE
old fr&s 7IHto = Sl frEe] W3KDPI)

uorr opot

# of Exp. DP11 DP12 | DP13 | DP21 | DP22 FR11 FR12 FR13 FR21 FR22
1 -0.3202 | 0.0032 | 0.004 | 0.0032 | 0.0024 | -0.488295 | 0.160782 | -139.659 | 0.019458 | 362.859
2 -0.3202 | 0.0032 | 0.005 | 0.004 | 0.003 | -0.652882 | 0.147094 | -261.26 | 0.00800336 | 233.022
3 -0.3202 | 0.0032 | 0.006 | 0.0048 | 0.0036 || -0.754894 | 0.138034 | -336.834 | 0.00433081 | 147.774
26 -0.48077 | 0.0048 | 0.005 | 0.0032 | 0.0036 |[ -0.842567 | 0.425021 | -531.21 | 0.0700217 | 179.488
27 -0.48077 | 0.0048 | 0.006 | 0.004 | 0.0024 || -0.64509 | 0.441001 | -404.687 | 0.0617228 | 548.952
Table 4 Result of BPN training
DP&FR DP11 DP12 DP13 DP21 DP22 FRI1 FR12 FR13 FR21 FR22
Result of Min -0.48077 0.0032 0.004 0.0032 0.0024 -1.33613 | 0.138034 | -616.64 | 0.004331 135.2
D.O.E Max -0.3202 0.0048 0.006 0.0048 0.0036 -0.37185 | 0.462255 | -139.659 | 0.080376 | 721.754
CFD result -0.95772 | 0.366057 | -448.124 | 0.041009 459.51
CASE# Neural N. 044871 0.0035 0.0055 0.0042 0.0028 -0.9159 0.3763 -411.890 0.0389 453.0170
CFD result -0.6986 0.2123 -394.380 0.0329 189.2590
CASE#2 Neural N. -0-36839 0.0042 0.0048 0.0045 0.0034 -0.6512 0.1927 -382.566 0.0312 214.6420
oo goldl v FA9 9 SEz
Fol Felth em, #7] FUTS wBo RE
S drlgre s AAEE. sde Y 8
gt ZHgeglan, H@)-@E o8-St T
o] AJES F3kal, ©]5 Re(evaporation phase)th
B
4.4 AZLnt 715 %l H(Weight matrix)
Table 3 °] AFAIE o] &3], 217472 BPN
training < TSI TE I3} A RH] AR

| Asg olgste] UA 2

gpop Al o A5t ApolE H A3}t

= B8E AAE AAZS e Bolh. o,
2 Z(input layer)o|== DPs & UWdsta, €5
(output layer)= 2} FRs & Ul¥sIsit. 245
(hidden layer)> 2 7Ho]al, ZF &4 5 9719 ==
s 7 o 7S 1%= skloen g5E

et = 0.6, BHlE FvEHE 0.8 2= FATH
28 AL, A 1Eo] = (sigmoid)®] 7]1&7]E 09 2 &
ST}, Table 4 o 4+= ©]2{3gt BPN training ©l| <]3+
A7E vepga ok A7) HEE S8, <
olo] DPs(H oA Hulgk Akele] A9 zHE o
AetS weo] CFD 4] Z 3¢} BPN training $-9J
5 A1 2 g2 oA vaL &k od,
Aol AIFER)7E 79 Aol7t glemw, Al
Fol Snt2A 48 =HASS & F AUtk

[e]
s
o

o, _l}l it

{a]
O

_ —

=
How & & Uk HEY=Z A}
Al(causality) & AFH oz Ao Z2H
S (global sensitivity)el] t3t HHE
APgdS AT 5 Aok

7hsA AN S HdURs]

ol O,
vy
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e gl 9o BPN & mE@th o714 w, A DP o ARWAZ APsFa ok AEAY
2wy e A7 99293 2 ey Hel 820 s sefadve) ast vad 5
gsad AEdolt Aedd AeAe oy N ClE &7 A7l Qlela FeAAA e
ol gusl EEE vrhly) s AgHey, o I8 AW WS W A el
oA EE pRomnE A oYz pd &4 dlfﬂt—‘%ﬂ)jiﬁl‘] 91?1 @ﬁlﬁﬂ'ﬁfﬁ BPI:I
AusE N5 g ten g training < &3+ 7FsAPHS vlustal ok A

s =1l ) 10 Bop 2 ghol QIadAE Avkar 7Hg 3o

Y 18] 22 DP11 ¥} DP12, DP13 7} & dhehn| g e}

AR 5 A S, §2 ARz s

A71A, 5, & dEze mE FE¥ o9 - He 24 FaA AAAT Lah AR Eel
WA w2 Ajolo] EASE =X Z7)9] aolry, o UWE BATE F Avhs Al =gtk 5, 7t
o olgetol guFel W yromyE A U] DP2 2 DP2 o A A} B2
a9 Ase Ane Gen Do Gl nc A o= geldAe] AA Gl A

A#BAZE Avk= Z(0)S Yujstmz o]elst
Sl depn = Ao A2 JEFS F= AL & T
A e O) ShEk.

4.5 53|72 (Multiple Regression Analysis)
FI AT AAILAE Afole] Al st

QelZo] A FEo W Asel T 2(10)3 RS AASk=d AFEET Table 5 & =59 3
2, 48E9 84 FEG 2939 kdd 7 ThEAC S Aos dEdial sigk FRIL A
2 Abele] #A AAEA BFe Aanz vepd A Resquare 7} 0.9891 f A= AAE 7k A gl
t}. e WP o 2 FRI3 9 FR21, FR22 A= Adj R-
square 7} 0.95(95%)RE.tF & AS & 5= 3t} Table
v 5 of|A] P-value 7} 0.05(5%)%.t} 2tom =2 o] 3|7

Hy =)y (10) A3l AFFE ¢ 5 Arh

i=1 2(13)ol 2] Al 9(coefficient) 5= Fig. 4(b)2] 7}
FAPE [, 19 HlaE] Badrh A (13)01A
H, DPI1 2} DP12, DP13 7} <14 (couple)® &<] A4
7V 3A veidE As 4 F Q. ayeE, A
(13)0] AAYE 1efa, 7texdde] AdT f

2(11)E A7 3H(normalization)A] 71 & 2] i-H AFES oF 2= o)
A FEL 959 kWA FE Alole] A%H T e o dlo
L= = = T " r
A#AAZ U THEA Pl do A, i N [ ‘m“l
A= A Z] X 12 ot - 12
LARE A (197 Tt FRist=|x X X0 ollpp,
FRy| [V ¥ X X 0 mg]l
1
T, FRy| | X X Xix X||DP,,
ty = —% 12 2 .
ik N ( ) (a) Design matrix
Z T;k DP11 DP12 DP13 DP21 DPEZ2 SIM
i=l1 FR11 | 12 308 En F4ET » a0 . 100
FR1Z | 1
FR13 | 12
- -7 = - FR21 3.
A7 M Tg AFEARLE FHAANA T A o [T [T o e
AL FASE AdS A3 =, FR of ol (b) Weight matrix

Fig. 4 Design matrix and Weight matrix

1245



2003

FR,, =—4.934x D} ~701.001x DB DB, +476192x DR ,DP,,
—6856713xDR,DR; —14560x DR,DP,, —0.097

FR,, = —67.471x DB, —73.542x DB, + 2.222x DF,
+16543x DR,DPy, +0.21740

FR,; =—871.765¢ DR +322534< DP,, + 68352304« P

—46769680< DR,DR,; +1402178% D}
~8035287%DR,DP,, +510541x DR DP,,

+187809% DR, DP,, —355.438 13

FR,, =0.525x DR, +5.775< DR, —~11.07x DR,

+4.156x DPy, +1.052x DP?, +0.09479

FR,, =—5787307x DB, + 522057 DB, 114887 DR,
+327036<DPy, +212512¢DPy,
+544702< DB, DR, —23697% DB, DB
—92952865 DB,DPy, +1199114< DB, DP,,
—2132488

46 ADS € ALS

EELREEEER
Hom e wEsgch old@ sebveE
3 B¢ Qolz AREE FR 5& FHeel 3
Asfo] A galth. 1Y EE, FRII ¥ Re_upper,
Re_lower ¢] 3 7|9 HAIFTZ FEAS 5T
T AT FRIN(y WFER)o HAigs 3+
Y¥ = 3719 s soAFAN ol 27]E7]
=9 A71E A "9 FT} Re upper &
=Z e AAFORE, FRI2 I FRI3 9
o] gt Fhgrolt}t. HSF Re lower © FR21 ¥} FR22 9]
Frolth =, Re = oy A e ¢h=le] x9ko

=45 = Ak Agrelar, oo Hugks
= Aol 93] 7o Ao FES o
% 9Tk CFD & olg3te] Autg FESAT 1
g3 1 A% ol gdte] HARAS mEach
I A3E 2149k Zrh FRI1 ZF Re upper,
Re lower 9] HA#2 HF37+e E e 7]59]
tE=o aueg, ofE Hlusty] i HarsialA
of gt} WA 2149 72+ =] AAUS T
Bk A4 5ke] ARG (FR) . Relpy + Refp )=
717} (-1.33840, 7.8290143, 3.0971259) ©]t}. o] = 7|
T3 A E vt o2 AtgE A2 A
(Y)—g T3 = 9t} EA S H A= ADS S
ARgERit ol A= DPs o At
Dpps” kil 8}1, a ﬁur AAsE denEH=
table 6 ol 4] YER

o
M
[
10
ﬂ
Ja
x
X

,
N

Minimize

FR,, =—4.934xDP}

~701.001xDP,,DP,,

+476.192x DP,,DP,, —6856.713x DP,,DP
~14560x DP,,DP,, —0.097

1

=1/(~18.341xDP|, —224.292x DP,, —40.585x DP,,

Reupper
-92.981xDP,, —612.147xDP;,DP,,
—6073.413xDP;,DP,; —0.855)
=1/(205.239xDP,, —1054.38xDP,;
Clower
+178.627xDP,, —17528xDP,DP,; +2.32)
Minimize (14)
_ FRI* L Re:pper n Re;ower
FRy; Reype  Rejuer
_ —1.33840 + 7.8290143 N 3.0971259
FRy, Re,pper Re e
Subject to
—-0.48077 < DP;, £-0.3202
0.0032 < DP;, <0.0048
0.004 < DP;; <0.006
0.0032 < DP,, <0.0048
0.0024 < DP,, <0.0036
Table 5 Result of regression analysis in FR11
Root MSE 0.02486 R-Square 0.9912
Dependent Mean -0.72917 Adj R-Sq 0.9891
Coeff var -3.40927
Variable DF | Estimate Error tvalue | Pr>|t|
Intercept 1 -0.09694 0.03599 -2.69 0.0136
DP121 1 -4.93388 0.19679 -25.07 | <.0001
DPy; xDPy, 1 -701.001 32.37186 -21.65 <.0001
DP,, x DP,, 1 | 476.1915 | 24.29896 | 19.60 | <.0001
DP;, x DP;3 1 | -6856.71 | 1452.9481 | -4.72 | 0.0001
DP,, xDPy,; 1 -14560 1816.1851 -8.02 <.0001

Table 6 Design variables optimized by ADS

DR, | DR, | DP3 | DPy | DPy
Lower |, 4808 | 0.0032 | 0.004 | 00032 | 0.0024 | OPF-
bound func.
Upper 1 3500 | 0.0048 | 0.006 | 0.0048 | 0.0036
bound

ADS | -0.4808 | 0.0032 0.004

0.0048 | 0.0036 | 3.184

Table 7 CFD result of optimized variables (DPs)

FR11 Re_upper Re_lower
Optimized result -1.31793 7.51794 2.93382
Initial design -0.744879 5.13609 2.00906
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(a) Initial design
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(b) Optimized design
Fig. 5 CFD result(Re) of optimized variables(DPs)
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