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! Artificial Neural Network (ANN)

2 Convolutional Neural Networks (CNNs)

3 Long Short Term Memory Networks (LSTMs)
4 Recurrent Neural Networks (RNNSs)

5 Radial Basis Function Networks (RBFNs)
© Multilayer Perceptrons (MLPSs)

7 Self Organizing Maps (SOMs)

8 Recurrent Neural Networks (RNNs)

? Generative Adversarial Networks (GANSs)
10 Radial Basis Function Networks (RBFNSs)
! Multilayer Perceptrons (MLPs)

12 Deep Belief Networks (DBNs)

13 Restricted Boltzmann Machines (RBMs)
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2 Correlation

3 Root Mean Squard Error (RMSE)
4 Regression

\Al


https://jeed.dezful.iau.ir/article-1-507-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-10-17 ]

OYlwgili 0 Sy Ias &y N ey pib dwlieo § ot 5y (Lgiuao wac baSid sloJbo (o [y b jy)

Slodls sloal b coae aSis sla oo oy cdon allie cpl j0 83 cpweds a0l Jlow g 0,390 4 b pe ledll
Colad o o e gl Hlattin )10, e )Ty 5 SV gb SowelisS aladl> aSli Jaw g Trainscy 5 Trainbr (Trainlm
‘sal.s))| 0)9.4 AS.’J@ LS")U 9 S8 u«:Lu.:‘ » 4\5 ‘wl Fezo3 ‘Tloz ‘CUO sA|203u_)‘)05.sLs l) uj 4)L5 » A_JYL.MJ}’L’ Ls’)‘)}

ool 00z plowil golioe Bdions gt 50 by, onl ST 1A 00K 18

Gei g Y

i byl gosls —)-Y

Sl syl o wilise b Sl & (So938l Dlsear S35l g aly Jlow G a5l Jlwsil S el pslate 4
351 5 (Al203) pgaiagll ST (FE203) ol 0T (TIO2) ool oS 5l iz e i Cbesl 4l Jlow olgicas
5SS 8,8 OB ygo (gl penls IS Caliee slales jo 5wl eolitul wo 0 Y B /0 Y ez glacdale (o (CUO) o
2l (FasSTy 1l il Sl 9,0 S35 )l 5 (ST Glien Vs ol 53 2 S5 e Jolse
S Sygo opl 5o ity BT O3gE Ggu,y g b Yo eglST L Sialil canl See cils CB e Al Jlaw 9,0
P120N. Jos jl ladiges (g jlwoslel (gly Gt ol jo aid) )15 a4 colon Sgad yidgl olKits o ool Sigul T plos
.59 Elmasonic

onl ol pll IS, .1 Decagon Devices «S i cilo a5 KD2 olfiws 5l oolawl b )l > coloa copd g u5e il
S oo oolaiwl LLU el £l s (g, 5l ol

3 smb lade S LAl 39 oo ookl (B) U (V) Laslg, 5l oiws cpl b Jlwgil @)l Jlasl o po dslrs gl

139 o0 Aidel (1) alayly & jsods oled Fwly wad oolo T1 asein Sloj 0,50 10 Si9 e s 4 Lo )T

AT = — 4mlEl(4Dt) 0<t<t, )
Ei(x) = [* L i—dt )
Tl ge (V) alayly & g0y ol whad Lo,S )L aS el 5l o Les i dlors
AT = — 313 [FiGH + ity ®
2
- e xp 2] 2 et (24

sl S5 5l g el o sl b daoe slos ial33 45 S5 o (58 I Lans sl (55, Sl (slos ot atalesT il

L onds ro)f ‘_;14.“9...»‘ Eo S5 (_glﬁ ls u.....bls slada>e J;LQ )5.’4:4.3 1) lalas )IS u—" 09 o0 oolaiwl )fib 0359 w...]a.u
el (F) adaly &y 00 Ot 036 40 Los ]33l g so 48,5 o5lal 4] 55 10,0 Lo a5 2D Job g @ glass

-2

AT = —ﬁ z(t—_tl)u exp(—u) exp [— —] (Zau) erf (r \/_) o)

4Dt

! Agglomeration
\Al


https://jeed.dezful.iau.ir/article-1-507-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-10-17 ]

FA-AZ o AT Lo ¥ o,lels VY 0,90 «(JEED) 56! Jsoud & i o Loy o, g s oo 5 g0yl (o

Slaoluls gools -Y-Y

U')‘ (\) de} )o w‘ o OOLQ.».M.V‘ U,.JLDLA J.ul....: wﬁsf L_SLQOQ‘O )l JJ.A 603)5 L.S‘)" )Ju...u 6[@00‘0 u.».ATJ st.:
g oo odpline aosls

a5 Oygo (2 Oldlhae ) Joua

KAPKPHY b Jbw o @9,
CuO/ Al;0s3 ol Dol [ Ken g ogsgs] )
Fe20s ol V] Ken 5 055 Y
FesO4 ol [Yv] S 5 ool ¥
FesO4J/CNT o [vy] o)) Ken § Kl ¥
Al;0; JsSls st 1o [VF] oo 5 (o, 0
TiO; ol [vol o) Ko 5 J 2

odls (g jlw lasticw! —Y-Y

Oldos 1 s LSy foan (os2 Jow 4 (699,5 Slastin plu g ojlail ccdale oogae a5 pl 4 azg5 L
S e ool da s, cpl solad o 0,00 352y (g5lws laslinl gl alore la s, s )T plxl bosls (g5lu Sl
00l dcgozme 4y osls faud ,(gilws lasbinl sla g, o et 31 (S il andlo |y Hlass jae Loyl 10 a5 Wil oo oS
139 o olaiwl o abal, 5l jshate b (gl e wly 5 e ud g Wil s g (Sl &S Conl g0

¥ ="2(=12.,N) )

‘5)LwJ-\.n -Y-y

ol 0 e peedS Lo ln |y (295 (R b (2 S patine lasdg)g Sl 4 (egian Shge sladus
o yd el Jlow 53 0,590 o3l Jlwgl sles 0,35 cdale 0,35l o5 ol (egian ge oo slasog,s GuioS
Seizd cnl 50 09 vl Jlwgils &)l JESH o po Jald Joo (29,5 9 Sl &)l JUEST o 28 0,396 &> Jla
(Eyhan (mas 4D Jold o5l oslitl Jlawgil &)l U o 12 (enS S (egan Gha it Joo (paix |
ol g5 LSTM (oS sl (1) UK alino o oo ! sobed IS & largls s LSTM 5 bty 1o cy3mms S,
a1 G555k LSTM (e S o U |, RNN (S casaily galiil> S o5 sl RNN oSt |
L g Lai g oo o ;1,5 Cuglsl o |y Waasls g Jbeipee 1o 5 0t oo S, |y Sledbl 2 oS ol 3,1 ' oS ol
Jise gy b amd o yeee I g0, Usb 0o 1wt SleMbl 6dSds (S cyylty S o pus |y Lnosls Cbi
g ol

! Gate
Yy


https://jeed.dezful.iau.ir/article-1-507-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-10-17 ]

OYlwgili 0 Sy Ias &y N ey pib dwlieo § ot 5y (Lgiuao wac baSid sloJbo (o [y b jy)

e )

v

/ ools lg=1)8 /

v

O3l 9 Shigal 09,5 90 4 laosls (Gateamds

03551y g0l a8y

Q}A)T le.{bo.b‘.) Ja.wj.i J.AA ‘Sbl.l))‘

\ 4
Sl celae oo e
v

C e )

ST argil 51y JUESH g o (0T Joko gl ) JSC

Oyl JEl e o eess g LSTM aSlils 51wl ool ools L oolazwls jgo  omase Sl (55905095 (V) S5 50
O905] 4 09350 Lo 5l auo,e Yo slaws ol 5l aS ad eolaiwl Jae (635,5 sl (o) 00ls YOF 1o eoliiw] &Ylwgils
28,5l ools gl a4 s lalus doyo Ve g sols plas]

0 e ®

4 | ojlg o |:j VTR 4 +
| S°0s gl g
\h f I ! h 4 h
“ !® T N | R a ay
(D t ‘
L ® 1 @b ® b
|f : : :: ) | ' ! )
Uil Wl T It Y
Lo 1P &
@ @ @bI@ | | © b ©
Cerll | | MRY Crl
l‘l :I\ ,*| ‘ > Y P 1 4
J \|— 7 - ’ | \ y, \_ J

SYsb oo oS alidls slaaSid Juko g oo ¥ JSCi

Y¥


https://jeed.dezful.iau.ir/article-1-507-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-10-17 ]

FA-AZ o AT Lo ¥ o,lels VY 0,90 «(JEED) 56! Jsoud & i o Loy o, g s oo 5 g0yl (o

oolaiwl galizes slo azli 5l Jluwgil 5l Colan yade Cya ool oolaiwl sla Jow <5 yoss 5 2 5)) Hshatea
,33,8 axiws MAPE s slhe oSl o, g RMSE Gl e (nKke [ slas (R? g ) o po Juolis a5 0
S50 Joe o5 il 5 S0y yae 4 MAPE s RMSE olie g ail 500y G sae 4 (amw S ) oo o e
Ivel el oass @il obs ) sla asls aculxe Jge,8 (1) B (V) Lalg, 10 Conl yign 5
R2 = 1 _ Ea(rp=xo)’ W)

Z?_l(xo —%X,)?

n R
RMSE = /Z—f=1(": %) )

z:‘~-=:I-|.7Cox—xp
MAPE = ———x 100 Q)

i 00D e 9 (o20lg slaesls Jlade oS a4y XP 5 XO ol jo a8

sl 5035,5 1)) LSTM &y bgy po e a5 51 o lie (3] Covgny Cromad 5

ool bagygy5 51 (29,5 Jold Y p2 098 o0 LSC23 T 85105 5 (29,5 1599, 4Y Al gian (s a0 Sy
5 (bl Gloa slagg g plo b4 o laog,s Jy wiws bLS,I S Ko slaa¥ slagys)s 445 L boges o5
Y e cai plnil ey [Sos 4 o] (0,5 Jiiie 5 laisog,s C8b 0 szas 5,5 45 Sl plagyg,g Jolis ' 50959 4Y
saY aijls )18 Jaw gg5 4 ais (loy gAY (29,5 5 99955 Y Gl NS oo i | WS Sy sz e
Josl laT (59, asog s JWl 51 G 1y o oleiy Y 53 ygysh s oo iy)93 3l (xpmog o099me ol oy
Sgb o o3l cuae Vel Joo cnl Gloiy 0¥ )0 cceae gty Jold (53959 Y aalllan 3550 (o5t (cuas 4S8 S o
Ooygal Halateds .ol oo sols lis ool 8,90 emas 4D (6 lexs (V) UK jo sl e § Jolss 29,5 aY
Oyl JES g o aedS gl a5 ol solaul trainscg 4 Trainbr Trainlm g;le Jlas ol aw 5l ooac 4l Joe

S oo LS (29> plere |y SYLwgl (b
4 Y A 4 eI N

ST

N J . J
Gz (] 30 ouls edlaiwl cmac aSl (5 )loro Y IS

Shil & bty o Ggem S5 oo 5o el oad ool (las (1) JS& )0 5 ity Sl oem S5 oo 55lone
S b allio ol 50 1) w8 sl ek Joe s (g] dlaz aiz g wsS aelad o ot ,5) calizee sl 5,5
D oy b

" Input layer
Yo


https://jeed.dezful.iau.ir/article-1-507-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-10-17 ]

OYlwgili 0 Sy Ias &y N ey pib dwlieo § ot 5y (Lgiuao wac baSid sloJbo (o [y b jy)

Bias b
> KSt(xixl)
> KSt(x’xz)
Input Vector x Pl Koo (x, x3) Output Vector y
m
y=flw)= Z(al' —a;) e Ksp(x,x) + b
i=1
> Kst(x' xm) ()Ol.i FENRY w)@) l_@u)s

(Sl lajlo ) lasy slee 5

by 103 g )5y LSl :F S

-y

saalie ANN-TTAINIM Joo b Jlowsib &)l JESH o po gl (o28ly polie fpo (Sasad o yo s (0) Ko 50
L s s (K) solae o)l > Jisl co o slp ilo e 5 (2520 00lo YEA alis Jloga 4 olas| () IS5 098 0
sloosls e S5y ol las oas o plas |y ulae &l JESl Co o goges Lo g ol laools sl Sl loges a8l

) S 5
O Data o.-O
-/4 i
. eIA
;’ RV
19 S
3. 30;?, e
e -0
%: fI) ./f
3 S
55
) AT
</
: 1 O 1 1 1 1
. -IY - /¥ - /5 /A \
Target
iy Colod Co o (b ool
ANN-Trainim Juo b Jlawgil culud &yl JUS1 o pb Gl 52815 59 0lio (y oS s g o Lis 0 S

\t4


https://jeed.dezful.iau.ir/article-1-507-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-10-17 ]

FA-AZ o AT Lo ¥ o,lels VY 0,90 «(JEED) 56! Jsoud & i o Loy o, g s oo 5 g0yl (o

Sl eslae co o

Y ' ' ' ' .

 oalo olows
Trainlm gl b Jlwsil olod @yl JUEG co po 510 ANN polio g o28lg pwolio oy (gldu Lo :# S0

soalice ANN-TFRINDE Jos b Jlowsl &l o JUl gy (gl cnbly polie oy (Siamrad oy gl (V) UK o
L s )ls (K) olae &l > Jil o po lp g5l ae g (225 00ls YA aslie jloged 4y (plais! (A) JSo 0ed o
slosls aise S5, o1 b sas e lii | culae &yl sl co o (050 b3 5 ol lnosls slows Sl jloged a8l
[ OFY JAOFF s s Jaw ol sl MAPPE RSME (R? ,olie .o oo oyLis |y ANN o jian jum bas g a8l
RETIRYI SRE

7 R oy (o S
Output~=0.75'Target+0.095

1 1 1 1

. Al A id <IN \
Target
oy Celad co o (o5 00ld
ANN-Trainbr Jowo b Jluwgl Ol o JUEG! o o comod 5l 9 (2319 1 0lio (o (Soimmod gu Ui 1Y ST

\A4


https://jeed.dezful.iau.ir/article-1-507-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-10-17 ]

OYlwgili 0 Sy Ias &y N ey pib dwlieo § ot 5y (Lgiuao wac baSid sloJbo (o [y b jy)

Sl slas oo

‘ O Yoo V0. Yoo YO Voo

L ool olows
ANN-Trainbr Jos b Jbawgil lad )l y> JUS! oo b oS g x8lg o 0lio gl oy dma Ulo A S50

ANN-Trainscg Joo b Jlwgl &> JEsl oo gl o28ly polie o (Suon copo s (1) S5 50
(K) soloe &l Jasl co o 6lp gilwdae 5 (0,25 00ls YPA dslie loged a5 olas] (V) IS 050 oo oolie
&)@T L sas oo plis |y e Ol Jl oo o (s950e Lt 5 sl aools slaws [ Sly Jloged a8l las o jls
i 4 Jae opl sl MAPPE RSME R? olis .aas oo oyLis |, ANN o s jew bas g oa8ly (slaosls Laise
il oo sl Mol Ceond ol onal Cowsay gl ail oo M/ F5 5 +/1120 o+ /VAF)

Output~=0.75'Target+0.095

Sl Calad oo S S

. Al A -1¥ < /A \
Target
P Clad o (o225 0010
ANN- Trainseg Jow b Jbwsib &)1y JUsl e 558 gy (2815 polio (o (Smod g lis 4 S

YA


https://jeed.dezful.iau.ir/article-1-507-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-10-17 ]

FA-AZ o AT Lo ¥ o,lels VY 0,90 «(JEED) 56! Jsoud & i o Loy o, g s oo 5 g0yl (o

Sl colos oo

L ool olows
ANN- Trainscg Juwo b Jlawgil gulod &yl JUG cu b cruosd g (o28lg pwolio gu bt oy dun o Ve &

Obaidy oy Gse S5 b Jlwsil &l JBSH o gl (28ly polie o (St o po mls (V1) JSS o
Db sa 0arlin (SVR)

bl s ol (K) lam &) JUl oy sl (g3l Joko 5 oy 00l YA dulio jlogas 45 olazsl (VT) U
Soslsy aire KU bla e oo lid |y culae Ol Jl co o sogee L g Conl bools slaws [ Kilo jloges
ol 00 03ls Lis Jow ol sl MAPPE (RSME (R? Lolis .aas o olis |, SVR o jian K5j50,8 blis 5 2l
e 08Y g+ [- QYA JAAY (o iy Sy ke 45

O Data i
«/ar it e E

AAAAAAAAAAAAAAAAAAA - (@]
Y =T 8(5530

0.75'Target+0.095

Output~

) Calod cupo (S

. <IY Ay -7 <A \
Target
il Colod oo (o piodlo
SVR b Jlowsil (s &)l y> JUsil o pb (s (o8l 323l (omt (Somrnd c pb gl 1Y JSCid

va


https://jeed.dezful.iau.ir/article-1-507-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-10-17 ]

Y beawgili 10 (I &yl JU] g 6 dslo 3 o Syt (o giucro s SlbaSuds slo o ot ) (A Sy)

\ '7'( T T

% Actual Data

* *
-/9 RS * Predicted by SVR
* # i
B * +* %* i 4
K %
*

v < >
1

ey o o o S e
&

ARE ’ o 1
' *
iy 1
£ |
‘fY g‘
A ]
*

e Colad co o o pioole
SVR b Jlwgss 552148 )y JUS1 o3 (ymois 5 (528l 1 5Uin g5 o g lin Y IS

5 o0 sl LSTM Uy Jlowsil oo JUisil oo sl osBly ool (oKimod ey s (V1) S5 4o

Adbgs [ A g [ YV /AVEF s s Jow ol sl MAPPE RSME R? ,5lis

>

=

Output~=0.93'Target+0.026
&

Sl Calas oo (S e
> 3 X

-

Al Al 4 /A \
Target
S Calad o g (0225 001
LSTM L Jlwgil (ol @l JUSH e pb (6l (2819 p20lie (o (Koo o pd guls IV S


https://jeed.dezful.iau.ir/article-1-507-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-10-17 ]

FA-AZ o AT Lo ¥ o,lels VY 0,90 «(JEED) 56! Jsoud & i o Loy o, g s oo 5 g0yl (o

.)5.4.4‘54 oddlico (el s Ml.?m LSTM JJ.A Lv 451) K UM L .'05.»).0 le.(bc\b‘é )‘ S ) Le‘,.u (Y) JBJ.’?)Q

LSTM buwgi ouds 00 cymosii gdoold digai :Y Jeuo

(1) 0,3 ol clale °C) Lo H p Knp K
-IYf 00 i ¥/ “IA /A
\/Y YO VY fIA V/+Aa -/
Al \At Yy \iA¥Z N\ A
\/Y \ig VY A} Ve AR
- 100 fY YA FINY \ AR
A\ f- YY f/-A V-0 /¥
-[7 Yo Y \ikg A Y
-/f0 YA YA Y/fa V¥ JAM
SR \ig YA fIYY a Yy
“IAO V¥ 'Y \TAN -IYe AR

dnlome 9 meds sl LSTM oSl Jow ol anlino 039> cpl )0 (g Slool b ol gadiod ol (V) Jooo 0

Sl 0595 5 psllas Cds 5l solae Ol > Jlasl o o

ol G b alldS Olidiod ol awglio i Jous

MAPE RMSE R2 6O b9 &
.YS ¥ .29 O Y M eotas eac aSs | Y] L o Slaly)
- Y NLLRY A gmas aS [vf] oo 5 Zlos
-- </-\0Y4 NEERIN EFan omas A [V#] oo 9 555
— — -/aay 095 Y M Egbas coac b Dol o) Kea 5 1)
NRVNE [YNY - /AVEF LSTM s Sol> i
& 35 azis -F

olons] 438l s 908 (5318 w1y e (Slo Sl (sl (Sl S8 a3 S5, Wi pdl Bk

Slypao o ¥ g hjgel Bro doyo Ve aS (o o5 by Jow (69959 lsicds o) 00ls (6, YEA g0 jo .l 00l
ANN-Trainbr ANN-Trainlm s;lo s a6 b coras omac aSis Jold calitee el i b o ooliiwl (yge;]
s 0l 951y s5leJoe (RVS) laias o yeuw S, 5 (LSTM) SYsb GaelisS alasl> asis ANN-Trainscg
$las (R%) Gsem sy wmyd Jolis ()] molie 125 w05 (025 slaosls b s osllan s 3l LSTM ol ol
aly oAV g o[ YVY o JAYEF Llie oo s (MAPE) Lot 3l (oSiks 00,5 o (RSME) @l o eSilos i
RSME R? s LT b, polie b Trainbr jloJls b b egine cwas aSes hlis akais o g wisls olais| sy
AL LLMST g5l as 5l Jols zmbs uimpd 05l cos Joud BB ol V-8 5«1V 120 o+ /VAFY o3 54, MAPPE

M


https://jeed.dezful.iau.ir/article-1-507-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-10-17 ]

OYlwgili 0 Sy Ias &y N ey pib dwlieo § ot 5y (Lgiuao wac baSid sloJbo (o [y b jy)

o155 5l el ey S (5l S 83 51 0l Je 6,8 S g5 e 9 05 el (g Sl slo Js

£

eSS e
Kgep 2
°C Lo
m s

P P B e |

W.m°Ch 5> il co o
Cp (J.Kg.°Ch) ceals JLed ys 059 sl )5

g e
P kg/m3. J&>
MPa.s a5 g

&=l

[1] H., Babar, H. M., Ali, Towards hybrid nanofluids: preparation, thermophysical properties,
applications, and challenges, Journal of Molecular Liquids, 281 (2019), 598-633.

[2] 1., Tlili, Impact of thermal conductivity on the thermophysical properties and rheological behavior of
nanofluid and hybrid nanofluid, Mathematical Sciences, (2021), 1-9.

[3] Z., Said, L. S., Sundar, A. K., Tiwari, H. M., Ali, M., Sheikholeslami, E., Bellos, H., Babar, Recent
advances on the fundamental physical phenomena behind stability, dynamic motion,
thermophysical properties, heat transport, applications, and challenges of nanofluids, Physics
Reports, (2021).

[4] D., Dey, P., Kumar, S., Samantaray, A review of nanofluid preparation, stability, and thermo-
physical properties. Heat Transfer—Asian Research, 46(8) (2017), 1413-1442.

[5] A., Kapicioglu, H., Esen, Experimental investigation on using Al.Os/ethylene glycol-water nano-
fluid in different types of horizontal ground heat exchangers, Applied Thermal Engineering, 165
(2020), 114559.

[6] H., Ahmad, K., Al-Khaled, A., Hammad, Experimental investigation for automotive radiator heat
transfer performance with ZnO-Al,Os/water-based hybird nanoparticles: An improved thermal
model, International Journal of Modern Physics B, 37(05) (2023), 2350050.

[7] Rahul Jibhakate, Nilesh Nirwan, Yogesh Nandanwar, (2023), Thermal analysis of hybrid nanofluid
flowing inside the automobile radiator, https://doi.org/10.1016/j.matpr.2023.06.200

[8] M. H., Esfe, M. H., Kamyab, D., Toghraie, Statistical review of studies on the estimation of
thermophysical properties of nanofluids using artificial neural network (ANN), Powder
technology, (2022), 117210.

[9] C., Kamsuwan, X., Wang, P., Piumsomboon, Artificial neural network prediction models for
nanofluid properties and their applications with heat exchanger design and rating simulation,
International Journal of Thermal Sciences, 184, (2023), 107995.

[10] A, Pare, S., K., Ghosh., A unique thermal conductivity model (ANN) for nanofluid based on
experimental study, Powder Technology, 377 (2021), 429-438

AY


https://www.worldscientific.com/doi/abs/10.1142/S0217979223500509
https://www.worldscientific.com/doi/abs/10.1142/S0217979223500509
https://www.worldscientific.com/doi/abs/10.1142/S0217979223500509
https://www.worldscientific.com/worldscinet/ijmpb
https://www.worldscientific.com/toc/ijmpb/37/05
https://doi.org/10.1016/j.matpr.2023.06.200
https://www.sciencedirect.com/journal/international-journal-of-thermal-sciences
https://www.sciencedirect.com/journal/international-journal-of-thermal-sciences/vol/184/suppl/C
https://www.sciencedirect.com/journal/powder-technology
https://www.sciencedirect.com/journal/powder-technology/vol/377/suppl/C
https://jeed.dezful.iau.ir/article-1-507-en.html

[ Downloaded from jeed.dezful.iau.ir on 2025-10-17 ]

FA-AZ o AT Lo ¥ o,lels VY 0,90 «(JEED) 56! Jsoud & i o Loy o, g s oo 5 g0yl (o

[11] M., Hemmat Esfe, M. H., Kamyab, D., Toghraie, Statistical review of studies on the estimation of
thermophysical properties of nanofluids using artificial neural network (ANN), Powder
Technology, 400 (2022), 117210

[12] S., KhosroJerdi, A., MirAbdollah Lavasani, M., Vakili, Predicting Thermal Conductivity of
Graphene Nanofluid with Artificial Neural Networks Multilayer Perceptron, Mechanical
Engineering of Tabriz University, 47(3) (2017), 319-323.

[13] A. M., Ghahdarijani, F.,Hormozi, A. H., Asl, Convective heat transfer and pressure drop study on
nanofluids in double-walled reactor by developing an optimal multilayer perceptron artificial
neural network, International Communications in Heat and Mass Transfer, 84 (2017), 11-19.

[14] H., Maddah, N., Ghasemi, Experimental evaluation of heat transfer efficiency of nanofluid in a
double pipe heat exchanger and prediction of experimental results using artificial neural networks,
Heat and Mass Transfer, 53(12) (2017), 3459-3472.

[15] A. A. A, Arani, A., Alirezaie, M. H., Kamyab, S. M., Motallebi, Statistical analysis of enriched
water heat transfer with various sizes of MgO nanoparticles using artificial neural networks
modeling. Physica A: Statistical Mechanics and its Applications, 554 (2020), 123950.

[16] M., Zarei, H., Ansari, P., Keshavarz, M., Zerafat, Prediction of pool boiling heat transfer coefficient
for various nano-refrigerants utilizing artificial neural networks. Journal of Thermal Analysis and
Calorimetry, 139(6) (2020), 3757-3768.

[17] I. O., Alade, M. A., Abd Rahman, Z., Abbas, Y., Yaakob, T. A., Saleh, Application of support
vector regression and artificial neural network for prediction of specific heat capacity of aqueous
nanofluids of copper oxide. Solar Energy, 197 (2020), 485-490.

[18] N., Chavda, Effect of nanofluid on heat transfer characteristics of double pipe heat exchanger: part-
Il: effect of copper oxide nanofluid, International Journal of Research in Engineering and
Technology, 4(4) 2015, 688-697.

[19] I., Nurdin, I. 1., Yaacob, M. R., Johan, Enhancement of thermal conductivity and kinematic
viscosity in magnetically controllable maghemite (y-Fe>Os) nanofluids, Experimental Thermal
and Fluid Science, 77 (2016), 265-271.

[20] S.,Vinod, J., Philip, Experimental evidence for the significant role of initial cluster size and liquid
confinement on thermo-physical properties of magnetic nanofluids under applied magnetic field,
Journal of Molecular Liquids, 257 (2018), 1-11.

[21] L., Shi, Y., He, Y., Hu, X., Wang, Thermophysical properties of Fez0,@ CNT nanofluid and
controllable heat transfer performance under magnetic field, Energy Conversion and
Management, 177 (2018), 249-257.

[22] M.M., Rashidi, M., Alhuyi Nazari, I., Maharig, N., Ali., Modeling and Sensitivity Analysis of
Thermal Conductivity of Ethylene Glycol-Water Based Nanofluids with Alumina Nanoparticles,
(2023), https://doi.org/10.1007/s40799-022-00572-7

[23] W., Cui, Z., Cao, X., Li, L., Lu, Experimental investigation and artificial intelligent estimation of
thermal conductivity of nanofluids with different nanoparticles shapes, Powder Technology, 398
(2022), 117078

[24] M., Vijh, D.,Chandola, V. A., Tikkiwal, A., Kumar, Stock closing price prediction using machine
learning techniques, Procedia computer science, 167 (2020), 599-606.

%%

cle

close all

%Standardize Data

%For a better fit and to prevent the training from diverging,
Y%standardize the training data to have zero mean and unit variance.
%Standardize the test data using the same parameters as the training data.

%
Data=Input(:,1);
mu = mean(Data);
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sig = std(Data);
data = (Data - mu) / sig;

In=Input;
data=data’;
clear IN Data

%Data Prepration

numTimeStepsTrain = floor(0.9*numel(data));

XTrain = In(1:numTimeStepsTrain);

YTrain = data(2:numTimeStepsTrain+1);

XTest = In(numTimeStepsTrain+1:end-1);

YTest = data(numTimeStepsTrain+2:end);

%%

%Define LSTM Network Architecture

%Create an LSTM regression network.

%Specify the LSTM layer to have 200 hidden units.

inputSize = 1;

numResponses = 1,

numHiddenUnits = 50;

%%

layers =1 ...
sequencelnputLayer(inputSize)
IstmLayer(numHiddenUnits)
fullyConnectedLayer(numResponses)
regressionLayer];

%bidirectional

layers=1 ...
sequencelnputLayer(inputSize)
bilstmLayer(numHiddenUnits)
fullyConnectedLayer(numResponses)
regressionLayer]

%%

%Specify the training options.

%Set the solver to 'adam' and train for 100 epochs.

%To prevent the gradients from exploding, set the gradient threshold to 1.

%Specify the initial learn rate 0.005, and drop the learn rate after 125 epochs by multiplying by a factor of 0.2.

opts = trainingOptions(‘adam’, ...
'MaxEpochs',1000, ...
'GradientThreshold',1, ...
‘InitialLearnRate’,0.005, ...
‘LearnRateSchedule’,'piecewise’, ...
‘LearnRateDropPeriod’,125, ...
‘LearnRateDropFactor',0.2, ...
‘Verbose',0, ...
'Plots','training-progress');

%Train LSTM Network

%Train the LSTM network with the specified training options by using trainNetwork.

net = trainNetwork(XTrain,Y Train,layers,opts);

%%

%Forecast Future Time Steps

net = predictAndUpdateState(net, X Train);

[net,YPred] = predictAndUpdateState(net,Y Train(end));

numTimeStepsTest = numel(XTest);
for i = 2:numTimeStepsTest
[net,YPred(1,i)] = predictAndUpdateState(net,YPred(i-1));
end
%Unstandardize the predictions using mu and sig calculated earlier.

YPred = sig*YPred + mu;
%The training progress plot reports the root-mean-square error (RMSE) calculated from the standardized data. Calculate
the RMSE from the unstandardized predictions.
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rmse = sqrt(mean((YPred-YTest)."2))
%Plot the training time series with the forecasted values.

figure

plot(data(1:numTimeStepsTrain))

hold on

idx = numTimeStepsTrain:(numTimeStepsTrain+numTimeStepsTest);
plot(idx,[data(numTimeStepsTrain) YPred],".-"
hold off

xlabel(*Month")

ylabel("Cases")

title("Forecast")

legend(["Observed" "Forecast"])

%Compare the forecasted values with the test data.
figure

subplot(2,1,1)

plot(YTest)

hold on

plot(YPred,.-"

hold off

legend(["Observed" "Forecast"])
ylabel("Cases")

title("Forecast™)

subplot(2,1,2)

stem(YPred - YTest)

xlabel("Month™)

ylabel("Error")

title("RMSE =" + rmse)

%% ANN

cle

close all

clear

load('Data.mat’)

X = Input';

t = Output';

%%trainscg

Y%trainbr

trainFcn = 'trainbr’;

hiddenLayerSize = 50;

net = fitnet(hiddenLayerSize,trainFcn);
% Train the Network

[net,tr] = train(net,x,t);

% Test the Network

y = net(x);

fit=y;

%% plot

figure,plot(t(1,:), linewidth',2);title('Heat Capacity")

hold on;plot(fit(1,:),".-r");legend(‘Actual Data','Predicted by ANN’)
hold off

figure,plotregression(t(1,:),y(1,:))

%%

figure,plot(t(2,:),'linewidth’,2);title('Thermal Conductivity')

hold on;plot(fit(2,:),".-g");legend('Actual Data','Predicted by ANN")
hold off

figure,plotregression(t(2,:),y(2,:))

%%

figure,plot(t(3,:), linewidth',2);title("Viscosity")

hold on;plot(fit(3,:),".-y");legend('Actual Data','Predicted by ANN")
hold off

figure,plotregression(t(3,:),y(3.:))

Validation
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Evaluating the effectiveness of artificial neural network models for estimating
and calculating the conductive heat transfer coefficient in nanofluids
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Abstract

In this article, it has been tried to develop the data related to nanofluids using artificial intelligence models and
introduce an optimal model to estimate and calculate the coefficient of thermal conductivity for nanofluids.
Therefore, the experimental data of experiments based on Al,O3, CuO, TiO,, Fe,03 nanoparticles in the base fluid
of distilled water for volume percentages of 0.2 to 2 were measured at different temperatures and were used as
input to the models along with library data. The type of nanoparticle, temperature, density and viscosity were the
input data to the models, and the thermal conductivity parameter of the nanofluid is the output of the models. A
total of 268 data series were defined as input to the models, 70% of which were used for training and 30% for
testing. It was investigated with five different modes including artificial neural network with activation function
ANN-Trainlm, ANN-Trainbr, ANN-Trainscg, long short term memory network (LSTM) and support vector
regression (RVS) for modeling. The results showed that LSTM has a much better match with the experimental
data, because the values of regression coefficient (R2), root mean square error (RSME) and mean absolute
percentage error (MAPE) values are 0.9764, 0.0313 and 0.0819, respectively.
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