75 ool SlSo (owigee g pui

WYY BAYOY Sloio AF+Y Jlo ) oyl DO 093 S pual SSlSo puwdines 4yl
DOI: 10.22060/me;j.2024.22621.7652

aidls 4w bawgd Al Gy (10 sre 40 48,5 108 buwd 0,5 Algiw] Cuwgd DS iy
Slyd el w59 Jawgs dows Ak (Gaes e 8ligS' Y ob

&;L.CL@.»A‘ Ls.o.h.a.n ‘*\Lﬁ) u,a.u»}).a.o‘

ol Sl STy ixio oSl (SilSe usige 03Stils -

ul))l ‘ul){) 460))1? olKiisly 4@.)..\..9(0 9 LS*B 0uSisly 5&)&@ ‘_gw.».g(o bs)f -y

1891 au )b
VeV 0/ redl )
NRATA R
VYo YIYA : ol
VXX 2o ST )

1605 Clols

Clwg dae

oo 5 Ol Jolbss

al,S (hi) il (86 clils)|
o obgS  SYob alals ases
@l el (il dige o sl

Sl (ko d31te 55 cilises plio > &l JBS) Slasite i sl (Sgtae s 8 Sepe iAW
B g (69l S o ol B 1y (6551 B e yialS g 0uiS S (et (gjlodinge )l JWE! LIS 233l o5l
Slae > a5l a5 0ss p )3 wilgial (g, p axadl by 5l 56 Liles ) s > g dae Sloj )b (o i gl dllie
calisee (592 )l duw 3 lgial Jobo g (o2 slaglrle (sle g S (i Al o S o Glugi 0550 9 Job
srobe ol 003 pLSl Y 9 X (S 5 (93959 Cales 20 5 Y Cae bl 93959 X Caa 3 2bml 939)5 ol
g0 sl 005 Ahage Sy o3l o9 bauogs o (sl el ol g (5 lone &5 Grae it oligS SV gho dlabls 4Sd bags
St VL 8 do ST o glate (Slas3g)g b odd diny SRS CuiBge (paimd (LS gl Cuwl 43S
L g1y 92939 b X (92939 b sloaSed el s i )3 (Stusod g ol ool Casts Y 5 X (55 slaadgyg b
ol dalllan )3 00 a8 )5S0 g 5l (655 0y b Nilodd duoloee /AVD 5 +/AFY /UYLl i 4 Y 9 X (sleade)s

Sg0d St [ Ol 08 yxe 3 485 )8 (sl ol &l Jlasl wlaseiie (g5 0

Sy 5l b by el o w4 cluy dae (il
Sl odomy daly (ol S50 8 10 g pSadin yob 4 Sl oo il
{¥] el )98 (potine S s 2L 5 Sk S5lo aie
@ al)S (il o6 Ll aej 3 clug das gt
Pl iz )8 5l loa i b > ol geme (18
il g o8 mliel o cley dae 380 oo Gl Cuodl
sldlgul Glbl o)l Jasl sl soie ol glawn
ok bS5l exSsle g aime GloSs I pluabl (gl iniye
ot (Jolold (pwdine 0jg> )3 i jobo 4 [B] Cunl (690 >
Ay > Cuglio 4 B &S bl gajlisle sk 4 clog slacl
S8 Atk ol slalase > Jlw Jlidle ooy oYkl ¢ b
Glinl hb wdug dlael i in «Seludgpl 0je> 3 [F] 18 o
IV S o g s )57 (50 31 (o0l Slale )] bl o ) Laglon

doddo —)
by sy 5l sl clils)l ane; oyl Jsl addlee
SVl Kol dlor I Sl g (wdige cilidee Jluwo 05,5 50
So & Sl adle ()l pele g Bl Gl (Sl
Sl JiSeny 298 (0 9 dbot Jbw (b Sy 0ad )5 jailew
4 algiol (Sealn> gy 9 Jlow 1 (Byon Ol JI G (6l oo
ol oty ol LS o 39 o ST Jlow §1 o8l lisbe,) L
bl sladie (b ) owiine ilisee b5 sl (ot
S oyl Jasl gl Spe [Y-V] o) Jlos 4 (slulp slaojle
s o 398 a8 a8 33y 31 ol wlilsy) cov il
2 P b & lojle <S> g Jhw S odomy Jols
Hyon Ol Janl 5,158 o b itk aw SLbl > L @y
dgd o asuie Clwg dae b g o Colia Jw ¢S lawg &

1 Vortex-induced vibration (VIV)
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1 Flow-induced vibration (FIV)
2 Artificial neural network (ANN)
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2 Long short-term memory (LSTM)
3 Particle swarm optimization (PSO)

4 Recurrent Neural Network
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1  Random forest
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Fig. 2. Schematic of the elastically-mounted heated cylinder
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Table 1. The first validation case: turbulent flow around a stationary cylinder with Reynolds number of
7190 and comparison of the Nusselt and Strouhal numbers obtained from the present study with the results
of the Scholten and Murray study [46]
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Table 2. The second validation case: turbulent flow around a cylinder placed on an elastic bed with one degree of
freedom and comparison of the maximum transverse vibrations (in the lock-in region) obtained from the present
study with the results of Penn et al.'s study [41]
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Fig. 3. Schematic of deep LSTM network optimized by PSO algorithm
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Table 3. Mean square error and correlation coefficient for different LSTM networks in two parts of training
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