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Fig. 1. Schematic of single-walled CNT conveying fluid under viscoelastic foundation sub-
jected to the thermomagnetic field
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Table 1. Trigonometric shape functions for different boundary conditions of single-walled CNT conveying fluid
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Fig. 2. Comparison and verification natural frequency changes to the thickness of CNT present
work with Ref [8] aspect ratio 10
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Fig. 3. Phase velocity dispersion curves for a steel pipe with outer diameter of 220
mm and wall thickness of 4.8 mm
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Fig. 4. The surface effect on the non-dimensional frequency at mode 1 to 3 of single-walled CNT conveying fluid
with S-S boundary condition
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Table 2. Non-dimensional three lowest frequency and critical fluid velocity of single-walled CNT for
different boundary conditions
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Fig. 5. The surface effect on the non-dimensional frequency at mode 1 to 3 of single-walled CNT conveying fluid
with C-S boundary condition
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Fig. 6. The surface effect on the non-dimensional frequency at mode 1 to 3 of single-walled CNT conveying fluid
with C-C boundary condition
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Table 3. The coefficient of regression equation of critical fluid velocity and natural frequency of single-walled
CNT conveying fluid under thermomagnetic field for C-C boundary conditions with response surface method

Yoloo el omlles el
Cep s S s | e odsp abE e il
S Js! P Py S Js! Py Py
£IVOY e SAIVE YYa/a AIYY YV F £9/.9 VY- /AY i o b
By NS 1 N N NI e oYY Sy ey N
Sl VBN CeeYVYE e ¥e¥ RN ST R NN <[ $OA o
41214 S[+0AOA  +[-AYAQ NI Y504 R SNYEEY NI Jsb
EIRY Y1) LY’ YIYES CIVY- YA SY/VA- YIV-Y o2l ks
“leYY —efeeV _— —IFF AP ee¥ —l-A - IFY hmo et o pd
S gm.o.bLuuw 5
IEERRV L [+ e85 [+« =AY [++\) [+« -\YY [+++04F [++-qYY [+« 1) ’ ) e
DY S Y OO Y Y PO Qe Y IERYEEREE Y WY AP Oy PO VAP PONPERE Los 5o Lo
B Y O Y IR Y NEREEY Y YRR Y eee) NPT I A 1% Jeb 55 Job
S G s
R Y -VY JNENE IVAAY R “VAVA Y4 R 8 "?’. s
B
K) ;L:u JOTRW.
—leYYY Joe YR —«I\YA /oY [+ ¥ —efeyy ZeIAYY ’ "‘"’
RN Y PN eee oy NN 2V NERRREY Sy PO NI ERREE Y PRPS & SR PR TSR 2 ¥ SRR
) g..u.lobaww 5
[+++\¥ [o+sYEY [++ 55f [++-¥YYQ ofeeeeAF [++-Yfa [+« OAD [o+-YYY ’ ) e
Jeb
Cfe e YEYY oo eQFF e VEEA oAV | el VYY) e YER VST DY Loy menblie cu b
) g..u.lobaww 5
/ I R RETLE L TN VIR (AP P Joeyq TR
DY 2Ry R 7 SRR PR X SRS PR TL U IR Y S AR L R TR L W R Jeb 5o Lo
Y L AN & o[ ATY GfeeqAY | e/eeY Q] SefeeBYEE —e[NeAY —[AYVD o5 ks o Lo
e YRR Cefeeeny YN 1 e N NIEERYN NIRRT Sloxo o w5 30 boo
Sl YAYY efeeBYAY e[ sq8YE e[ ANYAY | oo ¥YES el ANYeE e AASeY ey o5 ki 50 Jsb
e e S oo OA NER 7Y N eero¥f NN e YEA Lo pué s pid 30 Job
i g 33 o5 ylad
J R YA IR A 2 A A e ""m""'?’.’m
(xo s

YAAL



YA+ U YAVD dxio MY o Jl.w:; b).:s o)Lo.w HY 0)9> ‘).:.As).:.nl \.iu&n L;\JW 4.4).».._»

bos Sl J1 5 039 (b e () dglgili ()b Jhad 5 (punblise
Gl cge s ol (publite (lae (lEl .l (b Lo i
39 oo e (i il Coge Yhled WYl 3 Lo yiulisl o b
ol ()8 gl )lul aaw (Al g (Ll cage 25g) 93 cnl &S
w3 b (W8 ialS g (il Wg) (pimen Nede Sl
9 ORIl > 4 5o bod Ol g (ublite (lige Olyd s 2 390
9 Jsb LRl BIL oren cal )96 93 (nl o s (o S
(st 381 2 s a1 31 Jlw ol ()5 il jlad ialS
GBIl Jbw Sl o p Gl cago ol (ol &S 00d piey e
56 Y S5 glaiio 5 K9y ol g e o b ialS 5 gl Jobo
ﬁal&o o)‘l.g 0 (8999 dba”:flé O )‘\ O'.’.I » 59)4:— Lol oaliv J.»ls
ey Slas 1y 353 s cp VL ()8 dglgls Jobo e
SIS A Gl & a8 (0 ol 58V S adllae )y Jlew Sl
ey p gl 1o 55 pgus U ol sl puils )8 2 0399 (sloysiSTe
esd pelily 390 JS8 Il oS gl (ol b conl s Sl
&5 ol P9 b (58 il Caa 3 (hd e e 4 S
Sl b duolio )3 (Jg dgptio ()5 dglgili pgw (58 sl y3)
56T (el it 4y dags bl Jlaicd o BB (639)9 (slapsiS16 S0
Yhlos G cybles b (gl Lod lys 45 bl s oo Yblod
2 Gl Gl g Sl o p Sl Cute ad (5
Ol abdy Cud Yhlod cls o bod &lpuss (618 51 e Cpimen

L] UASJ—).; (80, O,{‘ u,ul)Lo.) s dl).g 45&5)3 pro L_;.».JoLM

& 5 am ¥
ST o 4y Jsise sl (oot 5 Jao bl ol 5l
Jolbs WY ()8 gl Jlw Gl cop g (il Conls
Al GilwJde o Cwlons asly SawVlsSuny s 59y Jlw
gl ly ublitagey (e idaw dlpwgio¥] g Slowy 35
B8 b 5SS by Cudors BS 55 3 s S SNl
03l )3 5 codlw—odlw dyluliwl (g0 balpd b blie Sllie S
5y90 SMpiwl 9 (b cpy> oy ylo glyctnl (gly j55—500,5 4
Jobo ded il pamblize ol ud Cusloss a3 )5 J1\5 solawl
(53935 lys plgicdy o iy 5 Al 5 b eyl

YAAo

Olee polie Cuwlodds ooy Lisles & 9 0 F sl JSb o cui i a b WS
Caolodds 8,8 a0 polS ds > Yo Lod s g Ml Vo ublize
5 ol o IS s Si¥] 55,5 43516 )
2 sl o Jolo 4 S5 )5 gyl ol (sln S 3 15
FIaS o ol 518) ol Cunl dgeio MolST (o) 2 3590 (550 by Ao
s (S 2 Cute (651 g AL e (e RSl o ge gl
s ilS 3 g Sl Ce g polie odimd LS Y Jads psmen W)l
ool adlllan )50 (i byd aw sl gl 390 w3 s (b
CpyieS odlw—odlw (g0 byd a5 WS o ol odddl) polde ddlas
Sire lalpd & a1y (b 5,8 3lie (iS5 (g)l0L e
NS oBasS cunle Jud 4 gol cpl )b Jla 5= 1,5 5 )b S0k
BaSS b 0)S dodgl Lo ed a4 sl gl (2w 1580 0
2,0 00l 15,5 DB AT 4 Cuns (6 5YL gyl Haw Hb 5 b S

M £+ b yao 05b )3 pwmblize e cawlas 3JUT oo (¢l
).) L;Lf; 4]9]95[3 J?]D 3 ‘}'{915 4?).) Voo b )1.249 b}‘.{ ).) La.) k_’)l)a:»..’t) 3
S5 5 agls ) 6 o ol )3 et iabl el Y- b 1o ol
$2959 $loygS plgisas yiogl Ve BV o5l 3 (S dlggil ()15
)J.)Lo.o Lﬁu] u»lm‘ P9 0AD Ju.]y 5399 Lthb)ysL@ ):.)l.o.o Awd g Pl?u‘
bys il Jhw Glow cop g Jgl 290 a0 )3 (b sl 5
03liznl b s 5105 dule 1INV} o 51 L I3 08— 15,8 (6550
Sl awslis ol Culosds a3l Cawlue oo a5 5 due 38l 5 5
dglio )3 ool 51 e 085 (S e 5 93909 sl B 5 S50
5 Jo oy et Sl 5 03 03dles Loy ) S8, |
S S 53 03 03l (51a5516 o s (s (£l S 3
5 Jbw Gle o b bl g S @y culpe Cuslord mpw
losds GLIY Jgdor )3 (S gl pow b Jsl slapuils ;3

5 Jbw Sl o puo ool 3T 5 s (gl A 5V sla IS
Sl Jlw Jols VS5 (25 s paw b Jgf b cslo S 9
Caolodds glyoinl pdaw B 58,8 )50 b pobiled 5 Yhled Caxsg g
Job (sl ,giSe aS" cdl o (g oV USUS p osis )] sla sowio 3illas
b g lod Sl g Cute Sl glyls bbbz e ud g (505 delgil
2 sty el oS Jlops s (e Sl ()8 dglgl ()6

Ol s ¢ Jobo il 3l yioron ol 3l o Jlw Slyzo s &l



YA B YAVD axbo Yo JLos;' 05_15 b)Lo..fS LY 0)93 s)..S)ml t.ﬁ:a&.a (ewdigee 4 3lS

[
=

Non-dimensional flow critical velocity ( Voo )

Non-dimensional natural frequency at mode 1 ( w, )

! | L L I 23.5V ! | . .
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Normalized of input factors (B, AT,L,e a,d_ ) Normalized of input factors (B, AT, L, e a,d

out out

-

Non-dimensional natural frequency at mode 2 ( w, )
N
~

Non-dimensional natural frequency at mode 3 ( wy )

66
65
64,
63 . . . . . . . . . 124 . L . L . L . L .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Normalized of input factors ( BO’ ATL, €y dou[ ) Normalized of input factors ( BO’ ATL, €y dou[ )

s 2 o Uidoge i baoee 3 Jlw Jolo ()5 gl ¥ U Y 90 53 (ab (uil8 53 9 Sl (10w S 0 s s ol LTV JSUS
Yhlod Sl 33 13,5 15 (550 by (512 2590l0 3 (639,59 510,688

Fig. 7. Sensitivity analysis of non-dimensional critical fluid velocity and frequency at mode 1 to 3 with normalized
of factors for C-C boundary conditions in the case of high temperature
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Fig. 8. Sensitivity analysis of non-dimensional critical fluid velocity and frequency at mode 1 to 3 with normalized
of factors for C-C boundary conditions in the case of low temperature
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