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Artificial neural network 2


https://link.springer.com/chapter/10.1007/978-1-4615-0377-4_5

A9 roke

S o oprge Glite Sb; mly S 4 e
Syl e sabaly oo o ol bl a4 e Sl
5 05 o> 09> Sjsar |y Plew o Lo il

[yv] s J> 1, Jsles

Ly g gl [YAL s BT Lawgs Tal bg, ol
o 9y S IS sk OGP L8l 5y 1s8 (o SB
DYl 5l (e 5l ) S jskay oS Sl (5 o 05
e (S5 Slles olasl 5 gl slaasly g
0oLl Jluws o g oduzmy 9 (somr wiz slagois (33l
=S 5 b salex o Sy Sldes ) elate S o
Biog 05 LS Jeadys (e Oyl ) e

Sl ool e algs 51 (SSL glyls &8y o aelyy oyl
L 9% 9 63959 syl oSl (3L, Ly, &5
e SSL 0 sezge @ilgy Sl colaiul Lo 0o (presw
S ldoles g ool 1E e LS (LYol
o Aralass oo al)l Lo 4y cilisee slacys g aolgs 5l JSCicie

Sl 00 o0ls ul.mJ &».».a) Y 4.4[.3).3 6)Lm Y Jiw

S (o o doliy gy Glaiddgy :V i

oA

I adio (M o lws asol idigiauns (g pLunc/Is

16w Joo g 5l90 (gou y (sla s - Y

lgd ey o yiws —V-Y

e so odalive jladgoayy gl s g5l N S yo
Hbt patin jlale Gyl sls g Cuns SO 5l LT Le mle
Sl 6920 A oBiws giue oKiws 35l S0 Ceow
9 098 4By, Lé ol slgp (g9, ol lylad aS cowl oo
Gz Gakeg ool obml e 5l RS o e
ol a4 Jle o3 b ol el uled mhaw o655,

-0 Sk mlb huy e DS Gds e g Al

Lyy] S
2le 009 | H > za

‘ P
N
. |
i

‘ 3 :

3 9959 - —
‘ l ! . } -\_‘;f".—d
g Blzys

33§00y phams Sy g5k ) JSC

09,590 & Olien Iy sy Jse oyl (IS sk
Bged el 65 Lo prie 5 g3l 5 6 L3 sla el
o ke Gl cll ojle ol g gl sla sl
Jsb by gld)l 5 (Ro) s ()5 ,had
ol el 4 Glgee 1) G sl 5 (L) 9
QD5 5ke mbe 25 «Qodsssys 5 (o2 «Ci)sos)s

‘(R|)M

4 (69959 dl:.a ubé o)"..\j‘ 9 (OJ)oli‘;....m s ‘53‘)50 C£

Lreyy] soes punds (AP) pitaes

WS ) omgd 4ol -Y-Y

. 4 -
Ermas her sl be, 5l So GPT L SLisy pwags aslip
9 oduzy ‘_,,_»L..,..al:u Sl )’1 oolatwl L oS el

Genetic programming *



i ausgi doli s 9 il 0 lsiaw] b sl9 S50 A ay (510 pinws S JUl S (S ilwlds (5o

J& e 50 9 FE80 lagwl 4 b cuns Gl g e

Ll len 51 g 9 008 D2 L VD o550l cosezmny yieS
oS Slds ol cwl Oyle s dlaws ¥ Jaa o
Ol 89y » o) Slbos plod g 0gie slml oz Cnex
sy ol &dly 10 Comex ojlal uimen 9l oo pl]

el Juud 2 89,8 s 4l

St (o g8 doli 50 oud plonil wloudass:¥ Jguor

ol olyl g6 00gao
s Slas Yeoo Voo
Camaz o5l Yooo —Voun
G £ CF— - IYA
Sl oelS V= A¥
(g WSl pts o slasy iSlas 7 -A
Gos ,iSTas o-A
Say o s (9o a5 33 Sl gao ) No
Sigtn Jisi
9§l Seegi )58 -10

P o 4 el (S5 e S i ] st
Sy o3be Jols gl (ul,S 083 oo s | 4595 S 01
S Sl pgigegyS Kol @laciend G Jro g (b o
Slawi JiSTa> 098 oo oS 5 (p9)909,5) () obml 4 e
aS cwl glagyy olaws iSlas goams lid 5o s o
oy |y doles K Sa5 5 o mon ;%0080 b aiiles e
S cwl oo Ges Sl (Ges iS5l shate
ol e as cnl S e 0l oyl Ca e S o ailsie
Sl eess Qo s 2 381 o e 5l s o 003y gy
$lr Ok Saeghyg | rizen Wighes (o S s
o5y dobus b Jisbil 6 5slr (sl o 5l (Sl i
Ol EBs o ke b g dalee B3l oloy oS

AN IOW PR R FEO

Pareto Turnoment °

o9

U el yogy-Y
(K55 3 ali g 1T

2k @d plealy eedS Sz sladolee (8L jslate 4
Ve 5l )5 (gools OF) Egemma o lgdg00sS T slo s
o Jolos jslite 4y g 0 sl [¥8-1Y] 5 [YV]
00l auws g9 4y by ool couds olowl Jaw CBS pwy g9 (GO
G o (] A (G0 el Ced 5 Sjeel (sl

— e okt | o zlse slaesls gbel Julos V Jso

ADO

o ‘5)9]—.5; Sedld sodguo 1) Jgua

i ol Ol 00guze Fobily plge
A <NY RV VAR N (1))} ) ls gt
YYD YA YO (M) (Tl gled
e Y Seb = - /¥ (m) (es50 Jsbo
«[-Y «[-YY o[+ N = /£ (m¥s) Cholys clale
o[-Y AYd oo — «/f (Mms) Q)5 oo

Yvet oy efe ™ srer —oanvef(m¥s) Qbhgle oo

A Yy VO —¥- - (rpm) (@) Sysd e oo
SRS NSS L IYED —OOY (um)  dp)l,d o5l

adgs slapi, sl Sl dagile Joo plnil cqa waslsl )
S sk s ssliiul R20218 asens cibis Lagme o oo
prlie SG5 w4l slapt oSl calie 3 Shos
g Wgise S 5 e oS ool o ially I el e
¥ sz ail ails pSadar 5l esel Cussy slagly
Sapgh cpl jo colaiwl 050 Sledaly s yioge 5l glasds
olar Ol Lo 4y a8 el S5 4y a3Y e o ol |
@ e asly >l b ye (S cagh aslip o5
Sfles 85 Cuz 5l b zuly (nl wsdie e Slagly
Shasgline Souss b bges dogl Sz oeizes



A9 roke

Ay ol 5o i adlas 4 late aBdle aiSe Ly

S g9, [V ] gallis 4 asilyi
rll g co-¥
Yol zl ymwl-1-¥

5o oad Jlasl Slopdais g oy owags 4ol 3l oolaul b

Iy Sz 5eS g bz op S oS dolee Jlz culy
oleo Loz (ol ol anslie ool g 0nls C‘ S asils

el 00 08,51 ¥ Jgaz ;o

GP lawg ool zl 5wl gdlolo jla iV Jouo

Wslre gabuls

449*|og(abs(sin(sin(abs(abs(floor(W)).~L).~(1/5))))) -
(2795*(sinh(asin(L))).~(1/2))./(W - 17).7(1/2) -
7.46*cos(log(atan(Qg./Ci))).*sin(log(Ql)) +
7.46*sin(log(atan(Qg./Ci))).*cos(log(Ql)) -

s (543.94*sin(log(ro)))./log(log(abs(W)))-

- (331729231729443*(Qg).~(1/2))./(900719925474099
2.*tanh(ri) - 9007199254740992*(Ql).~(L/5)) -
45.2*exp(-dp).*sin(log(abs(sin(log(L))))) +
(349522*Qg.*Ql.*asin(L))./dp - (93413.*ri.*exp(-
dp))./(ro.*W) - 11.85;

449*log(abs(sin(sin(abs(abs(W)."x(:,3)).(1/5)))))-
(2795*abs(sinh(asin(L)))."(1/2))./(W - 17).7(1/2) -
7.7*cos(log(abs(atan(Qg./Ci)))).*sin(log(abs(Ql))) +
7.465*sin(log(abs(atan(Qg./Ci)))).*cos(log(Ql)) -
(544*sin(log(abs(ro))))./log(log(abs(W)))-
(663256856542055*(Qg)."(1/2))./(180143985094819
84*tanh(ri)-18014398509481984*(Ql).~(1/5)) -
45.19%exp(-
dp).*sin(log(abs(sin(log(L)))))+(349545*Qg.*Ql.*asi

;n(L))./dp - (93418*ri.*exp(-dp))./(ro.*W) - 11.8

99

(4388*Ql)./dp-
(6166*abs(atan(sin(sin(abs(W)."(1/3))))).~(1/4))./W-
248.74*((abs(tanh(dp))./(Ci)).~(1/3)-ro).~(1/4) -
5372.717*(L."2)."(1/9)-11.4*cos((abs(dp)

Ao J(asin(Ci+Ql))).~(1/3)) + 4388.2*(L-Ql).~(1/3)-
(7849441574175785*cos(dp))./(4503599627370496*
Ci-4503599627370496*log(abs(log(abs(Qg)))))-
(2080145781520547*tanh(cos(dp)))./(274877906944
*W-39962295345286) + (1.243*tanh(dp))
sin(Ci.*cosh(L))+7.97*L.*W.*abs(tanh(tanh(Ql))).»
(1/2) + 1519.2;

175.04*log(dp)+
175.04*atan(dp+(QI).~(1/2))+2*sin(1./(Ql).~(8.1791))
+(6716700513913677*(dp).”(1/3))./(68719476736*fl
oor(W) + 68719476736*floor(dp)) -
6898.28*(floor(W +(W.~2).A(1/5)))./(1/12)
+(2.72*L)./dp - 23895.64*(dp.~(1/3)./(W +
2.38)).7(1/12) + 200.1*(ro + dp -Ci./dp).~(1/3) -
(3.09%(Ci.*(dp)).~(1/3))./(Ci.*dp) +
915*L.*Ql.*W.*tanh(Qg) + 25402.2;
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Separation modeling in rotating packed beds using Genetic

programming method
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ABSTRACT

ARTICLE INFO

In recent years, the high efficiency of dust removal from
gases by Rotating Packed Beds has attracted the attention of
various industries. However the design process of this
equipment using experimental methods and their
computational fluid dynamics simulations, Due to the
complexity of these beds and the number of parameters
affecting their efficiency, using experimental methods for
design will be very costly and time-consuming. This research
evaluated the performance of Genetic Programming method
in modelling these beds. Based on this, with 561 experimental
data and using genetic programming, various equations were
developed to estimate the system's efficiency. Among the
created models, an equation with the least complexity and the
most accuracy was selected. Results showed that the obtained
equation, with a correlation coefficient of 0.9714, a mean
square error of 3.79 and a maximum percentage of error of
1.51, had high accuracy for the design of these Rotating
packed beds. Sensitivity analysis of the selected equation was
also conducted and the results showed that particle size,
rotational speed and liquid flow rate would have the most
positive effect on efficiency of these beds.
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