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In this study, the vibrations of carbon nanotube are investigated in which the inner fluid flow with
constant velocity and the widespread external harmonic force is applied to it. Also the nanotube is
embedded in an elastic visco-Pasternak medium and the boundary conditions at two ends of
nanotube are simply supported. In order to analyze the system and considering the small scale
effects, the couple stress theory is employed and the Timoshenko beam theory is used for
modeling the nanotube. The Hamilton's principle is written with taking into account all energies
and external works of system and consequently the nonlinear motion equations of the system are
achieved. Then with help of generalized differential quadrature method, the obtained partial
differential equations are converted to ordinary differential equations and the domain of the
beam is discretized. From the MatCont package in MATLAB software, the frequency responses of
nanotube are examined. To this aim, the second order differential equations are turned to first
order ones with appropriate transformations. So the small scale effect or equivalently the
differences between present approach and classical Timoshenko beam theory are presented.
Furthermore the effects of the size of nanotube, fluid velocity, applied transverse force and the
elastic foundation parameters are studied. It is observed that the dependency of frequency
response on each of these parameters is different and it significantly changes with these factors.
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1- Carbon Nanotube (CNT)
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13- Boron Nitride Nanotube (BNNT)
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1- Micro- and Nanostructures

2- Nonlocal Elasticity Theory

3- Couple Stress Theory

4- Strain Gradient Theory

5- Surface Elasticity Theory

6- Modified Couple Stress Theory
7- Modified Strain Gradient Theory
8- Lame constants

9- Length scale parameter

10- Stability

11- Gradient Elasticity

12- Critical velocity

28


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.34.4
https://mme.modares.ac.ir/article-15-7023-fa.html

[ Downloaded from mme.modares.ac.ir on 2025-04-24 ]

[ DOR: 20.1001.1.10275940.1394.15.3.34.4 ]

Ol 9 JLRIA (5 Lasl Ls,

o3ub Z3al Ji9F5 G5 $295 Gubwl s Sa¥l iy 1 s Gols oS Alglgils s bial wsbibles )l Juloxs

1 ow
0= =30+ 55)
oY 9w
<6x+ 6x2) ©)

7

X12 = X21 = —

094-"‘4“( ) )J“|3))°
ou o 1.9
“11‘(“2)(2 af 2(6‘:))
d
013 = kgt (a_w_¢) ()
9w
Mz =M1 =775 <6x axZ) ®)

{9) by sl szl (GByme L aslol o

A=@A+2u)A, B=puA, D= (A+2u)l 9
g2 aaalys (10) Lalg, b Vb 4550 g S5 (sl gl g g
N = aa= Al au ow\?
f = ax 2 (E) !
0= faBdA k B(— ¢)

M= fansz =— a—l’b

_ 61,[) %w
r= Lmlsz B _53 ax x? (10)

G5 (588 wlusly s (2255 (6553 (358 aslg) 4 azgi b onl b
)l W)L.C 0 C)Lo] J:gf

1, 2f f(a €+ myjxi; )dAdx
2f< <6x ?:))‘M@_f)

. ow 61,[)+ %w p
¢ (E_””) 2\ox " ax2) | (12)
Sy ;5 4 e Dyge 4 &S F(x, 1) ()5 0058 95w S

L

I = fF(x, t)wdx
0

(12)

S g g Sl oSy s Jlosl slog s 5l 2306, e
(14) 5 (13) Lls; bawgs s ol (aliee iy 5l ool (351 5 dglssls
[23] wsgis oo 1)

We’“—l ' —K,w?+ G, WaZW dx
2), ax? (13)

Dy =75 f ( )dx 14

abuly 5 (@15) alal) bawss i 5 4y Jlow 5 dgdsil it 655

29

1
i =5 Wi *+00);
Xij 2(911 0;:);

1
0=3 (curl(u)) ; (+2)
oy = Atr(e)d;; + 2ug;j, my; = 2ul®y;; «?)

abb e ool Job (wlite yal)l Lol U olwls oy gae Uy el jo
i o g A ol edle ol lie (3 iz GholS b ke oS
[26] 0T o ey (3) alayl 51 45" aien aaY SIS
_ Ev _ E

Tarna-2) *T2a+) (3)
o andllas 390 i el o ool plis 1 S e oS wieSilen
oS e E i o 5 p ISz oL Jsb A glhaio zlans b alglsil
Cop 5 Pp B2 Ap bz ghiie gl b pdieS1 it S of 2
I 5 a Jlw 5 U3 pg0 s j5bsS il o b o s 5 005 Ry,
By Cn " plee w0 y2 9 Gn " S cuyd Kin 28 S0l bawgs e
a5 bl ool oS el 35,5 Al (53 bl o3
Ol & oy Dige 4 g plene Job o 55 F(X,8) (215 03,58

Ole ) 5Sidigas 15 (6555 50 plmlr sladilse &5 (4) abl, Jl>
127] 55 e 65,5 s 55 5

uy = ulx, t) — zp(x, t), u, =0, uz; =w(x,t) @)

bl sasglii cusp wP(xt) swlx t) ax,t) ol o o
@ Sl gl 222 aly 5 5 (oo Slmle 8 Gl ghate Jsb
ookl b g sSidged )58 S 4 (nlply i (s3508 j97e
28] 551 comas 1y S o o Lol ol o0 3()”)[5 09 Ll
0y . 1(6_W) ou 61,[) 1 <GW) |
2

1= T2\5x) Tox %ox T2\6x
1 /0w
€13 = 2 (a - E[)) ()
258 g0 a5 (4) 5 (2) Ly, 5l uizmon
F(x,t) )
299 T~
S J
— —>
— —>
Z,uz ~ —
: :
L
X, Uy
Z,Us
Yl uZ RO

O (e 5 (SIS sla S5 5 aslllas 350 algleils 51 (6 o 1 SIS
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3- Von Karman equations

3 oolaib 15 055 1394 s 3 (Hurde Slle Swdise


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.34.4
https://mme.modares.ac.ir/article-15-7023-fa.html

[ Downloaded from mme.modares.ac.ir on 2025-04-24 ]

[ DOR: 20.1001.1.10275940.1394.15.3.34.4 ]

Ol 9 JLRIA (5 Lasl Ls,

o3ub Z3al Ji95 Ginis $985 ubwl g Saiae¥l iy 1 i Sols a5 Algloils s bial wsbiblas )l Jaloxs

gl ge g (19) Lls,

0%u 0%u
aﬁ+zl = Ioﬁ (uz”'lg)
o*w oY\ bco*w 3%
ksh(@xz _”ax) <6x4 +nﬁ)
f 0w ZBZW ew+ 0w
boxar U axz W T Imgyo
ow 0w
m at +f(x t) + ZZ - 10 atz (“—’-19)
aw aZu; be (3Pw 9%
ksbn (—"7"") +_<6x3 +"ﬁ)
0%y
=hLhom ©19)
Slas e 5 odg s pué Oz 25 521 ] 0 oS
_adwd*w 120
a= n dx 0x? (+20)
_a 6u62W+ 62u6W+ 3 <6W)262W
%2 = nlox 0x2  0x2 dx 2n\dx/) Ox? (20)

Shise 6550 bl s canl oo Lol 90 50 ool oFASS (sl e
e Cawd 4 oo yo 40 (21) Ly, sslas
d*u  ldwd*w d*yp 1d*w dy

—w=—+-———=—— =
=Wz ndx dx? dx? nddx? dx

2
_(d+bc)ﬂ—Ed——O (20)

Sde o> -3

S ibotinnS @ [24] Bl prans Lemilbis gy 3 5l eolial L
CYolae 5wl 5 anbs s Job op olitie L Yol
5 bl 5l aiels (giluainns @l ael walys Cosy Jpene Lewd i
39 oo oolatul

l
xi:—<1—cosn 1'[); i=12,...,n

-1 (22)
O il 5 Jsb o ead wd)S L s L sl mala, ol o
2 ook @bmlr polie Jols iy 4 S P s Wl sl s )50

Wigh o iy 5 (23) bl ol s S5 050 blES (45 2 4yl 5

u=1[u; u, ... u,]" (w-23)
w=[w, w, .. w,]" (+23)
V=0 ¥y o Yl 23)

Sx os S¥olee oud giluanns S5 GDQ (g, S L calnbe

aD@u+z, = I, (alk24)

b
ksb(DPw — nDWy) — n_j (DWw + nD®y)

—k, DDOW — v2D@Dw — k. w

+gmD@wW — ¢, W+ f+ 2, = [,W (-24)

3 oolaib 15 053 1394 s 3 (Hurde Sulle Swdise

23] wyioe ol (19)

(%‘f) } dAdx

2

Tsz{ztl at)

[ Gy (5 + (%) a
=3 at at) | (L)
I _1f f <6W+VOW)2
720y 1y, PP \Vae T ax

(2% ) Yana

(Ge =730 +V) )aarax
_1J‘L " <6w+VBW)2+ 4 <6u)2
=2, \Pror\ae ™ ax) TP ot
. ou aP\?
Ogideor ol 5l oolail b

ty
f (8117 + 811, = 811, + 611, + Wt
ty

—8D,dt) =0 (16)

557 % 2 65 IS0l (16) daly o (15) b (11) ks, )3l
4 oS bl Vol SYP 9 OW SU ol ol JIE s uly

..\JT‘SAWQ
oN 0%u
6( 6W) 0Q 10%Y
— |+ =+
d 0x 0x 2 0x2
A 2V—62W +V? 0*w K.
“PrAr\ Y atax T axz )T %
0w ow 0w
gz ~Cmg = (pA+ PfAf)ﬁ (17)
oM 1aY 9%
_ = 17
Q=% 295 = P prl) 5 @17

alaly wn g sla sty el Caws @ Lly, (gloan g j5liie &

g oo iy (18)

,_x , t]A .. (u,w) X
XED UL fpa W)= ¥R
L 12 {A, B} D

U:E, C:W, {a,b}:T, :W’
:pA + prAy :p1+pf1f
0 pA 2 pAhZ '
2p:AFV A FI?
ky = 2ps AV Py Prevy. f= -
[ApA A A
i _KmL2 _ Gy Gyl
m /I v Im = /I’ Cm_\/m (18)

OYolrs azyis )0 055 o0 L8 o * slad I Clgpm gl Alie aalsl o
28 Jlw ol (o5 gl am g &8> p oSl (o pus JigS
Gk wgie Jlael o & (2 )5 o 5 a5 E Sa¥l gy S

30


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.34.4
https://mme.modares.ac.ir/article-15-7023-fa.html

[ Downloaded from mme.modares.ac.ir on 2025-04-24 ]

[ DOR: 20.1001.1.10275940.1394.15.3.34.4 ]

Ol 9 JLRIA (5 Lasl Ls,

o3ub Z3al Ji9F5 G5 $295 Gubwl s Sa¥l iy 1 s Gols oS Alglgils s bial wsbibles )l Juloxs

-7 7
@l cure s G 1} 10 (i cayd @y o 551X 10

@ Agdgl Jsb S o p ogdle ol muye yio p 4l Qs%;lxlo_S
46 e 500 gt (9,0 Sl Sy 5 10 phatie gl ()15 glad
56 Jloel Sigoyla (55,0 atals g (Sl oz Sl e poo 51 05)
Ang Job (elidie izan el o0k 8, a5 10 e 555 O il
OSan 5 oY o el S5 4y 0¥ pgas ol 53 il e 3 sas (I/h)
L1716 1, 5,50k bl )0 55 S (sl Jsb ol o)l (225 5lade [16]
@ly 275 ke aigSomn oyl 4 U Jlo b ailesged il ey il
Ly ool 5l vcwl oaid (Bxe 95290 alie j0 5l olal jo yelily ol
5o s Blod polie 5 [16,15] jo oas (e amig locns 4 425
S llis aolsl s o5 o Jlas! Lol ol 6lp 3 e alie sl o [23]
aSST % ol oads eslasul bl o)) cows 4y (gl oas S olas
Al odd leie (6,50 polie
Jol> mlis b ol imgh 50 odel sty gl duglie jglate 4 loml ;o
2 el 00 03,91 2 IS 9 1 Jguz (Siigers 5 SeadlS (5,95
olie Gl d s O oS b 58 sl 1 Jgur
e Guizmen g eSS 395 o (/) amio Jsb (oo ilizea
Fols Jloged 55 2 S el sad eols ylis SedMST (6,55 0 ol
o s B jgme (] 0 a5 wms e Gl ) et (53
s 5 25lee O (s (ol (8 sl & et (215 S8
A oo Ol 1) s alle jo LBled )l asels (s0gee
oS3 sk e polie solos gl 4 45 09 e alixdle 1 a0
DS SIS 6,55 5l i Slde yole gyex l Jole b
S ezl Gl S 1) Ayl b G ulS B SedlS 5095 calnl
@ S97ge (5,95 @l wiloe dgdel ol Gl L bl oS ok
Jsb ke Gl b ol oSepr 5 o9 Soo3 Kbl (5555
e o alold ST (5595 5l a uilS 8
polie 4 ()5 S5 uilS 3 aSalSin o g oo onaline 2 S 4o
55 Wle Slalas)| aels cdusypo e adgl (ol WSS S0
alS Tosme e ol 3l ysee 5 m 5 s gllimde LB sl
Sl B 5o aals (bl cnl s e Jsb (wlidie (Rl L b e
o 5y ailee anels it b opl 0 o] L egdle B e &y 55V
D9

2 oslite Jsb sloubiie (1) @y s (b3 (gl 53 51 L Jgur

S5 (5,95 0 5 S 5 6098

/= Jyss 5 9% Jol b (b 553

5 1/4969

4 1/3400

3 1/1889

2 1/0572

1 0/9637

01 0/9293

SN 5555 09163

31

ksbn(DDw — ) + dD@y

b .
+7C(D(3)w+ DY) = L (24)
()T o as
7, = %(wa) - (D@w) (lF25)

2= ((DVu) « (0®w) + (D@u) o (DOw)
+%(D(1)W) o (D(l)w) o (D(Z)W)) (_~25)

ibee 5 Job )0 (2 sy polie Juld silon flals, cl jo o8
Seseyle Doge @ s p Sly o o ol aslllas o
O oo amy o IS5 azi (o 4 vgd e Bl f(x, t) = Fycos(wt)
S SloglS 30 50 Ly, ool s ol (0,8) = focoS(0)

FoL? R _ A .
a(fo= ;_h) B 9 slaals fo 9 Fo (Q=wL %) g

Sy daly s o g am b OVl S 5
L, 3l 5 05 GDQ 45 ol 7 a0 32 b s e DO o ol

H;L:l,kqti(xi = Xi)

D;® = :
(0 = %) TTc e (3 — 1)
Lj=12.n,i%] (&I-26)
™ -y @ _ D"V
r) — r—
Dy* =r{ Dy~ Dy _ij) ,
ij=12..,n,i#j r=23.,n-1 (=-26)
n
;" =~ Z D;
J=T i
ij=12...n,i=j r=123..,n—1 &-26)

&y by 5l eoliul wab e sdmlie (24) Lulg, 0 o5 sSilen
il JsS (as e dloles 3 asserme 4 dlyrani lewdl i
OS5 B s L benl e sl ead e pgd A (Jgese
Sl wsite sss 5l oolinal s X =[uT wT ¢T T
Vaicr =X yui=X; i=12..3n @7
s ol 4 Jgere eilpine dolae 2x(3n) 4y 95250 ¥olas
JSs a8 el 1 (27) Lailgy 5 39290 Db Jlael Judo oy asalys
ol d sl il b Jyems eeilyins ¥ols sl 4y
iy 1 03l b g5 o o a5l oo 39290 sbo 3l 35T 10 E¥oles
Slogaly 5 wSloy gl Jlos 4 e Jidley o [25] oS
P JCOPRVE JR W L gt

BOT Judox g ool Cwsd 4 i -4
Jose il )13 cnl & oslitul 590 Jlow 551> (2,5 dolgils Dloogas-
2 pSokS 2330 J&s 025 euly cans (JSubly 1 asny!
Cyizmen . iegils 07 B gl g gl 0/35 N ER ST O
Shn g s 5 caSege p eSS 1000 s Sl JS
A cal Gl ead aid S L s SUyrelm oSns e ool 0/83

3 oolaib 15 055 1394 s 3 (Hurde Slle Swdise


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.34.4
https://mme.modares.ac.ir/article-15-7023-fa.html

[ Downloaded from mme.modares.ac.ir on 2025-04-24 ]

[ DOR: 20.1001.1.10275940.1394.15.3.34.4 ]

Ol 9 JLRIA (5 Lasl Ls,

o3ub Z3al Ji95 Ginis $985 ubwl g Saiae¥l iy 1 i Sols a5 Algloils s bial wsbiblas )l Jaloxs

0.1

Fy = 0.10 N/m

Fy =0.07 N/m =r=r=:=

0.08 B
Fy =005 N/m s=w==es

o
o
&

g5 aleo amy gy Sliles )| adls
o
o
=

0.02 |

B S5 Ay alise polie (gl 4 s (il B sl B IS
p3Y S ed oloml QAT LS, o pwpezme Dol Sl Gl Sy
sl e Sl L5

S Ll 4 U ol gy Gl S0 4 azgi b o (6,500 g5o9e
Ol il oo iunds dalllae 890 gl (S 8 15, 45 el ] 095 e
o gz 18 L8, saias lis oS by jiovie o Cusd 4 axgi b alles
Olyts a5 35 o0 odmlie (pizred Osd e odls i wCol
Slal)l o st GlBl n 6l 5 ead Gilejl (sla el
SIEF e Sl g5l dolsil

ol (ol oot 418 5 i 0 StV i Syl Caand ol o
i Sediee By (gl curd g (Bp cupd 8 il adlge 4w
1z &g o b 5ell cal 5l Koo S B B (slo IS 4o s

A dale>

0.12 f

o
=

o
o
13

o
o
~

Al a3 dilis w9 Dliles )| assls
o o
o o
N 1)

-OO

flad 4 5 Jsb S cilizs polie gl @ s (odlS 5 ly 4 S

3 oolaib 15 053 1394 s 3 (Hurde Sulle Swdise

012 ; ‘ ‘ —
S o9

I/R=1 LS 25 st mumemem
| /h=2 s S s e
A /h=3 LS s

o
i
.

o

o

o
;

oot Olales el ;5 ailes wsy gy wlilss )l
o £
o o
= >

o
o
N}

0.8 1 1.2 1.4 1.6
Ser gt (S8 s
DR (695 5 Sglie Jsbo slaubiiie 13l & e (il 3 il 2 IS
S (5955 55 9 kS

3ol ey gbloged aled &S wd (i e JS (nl yo Grizpen
Ol S oo Sl S (558 & bguye Joged I Sl pol 5 e
aals SedlS (595 aiie (ol 8 S S 0 a5 Culie ol
39S (oo GBI Ak e &y Cudly yo a4 azsl il SVL | dgdgil Slalas )
O Suop 4 e Job e als A Jsax asle o JS )
05 plsie OlFon maes 425 S0 plgie 4 nlply 09d o0 (6555 90
55 3l eslial (I/h 5,30 polie) aily SzsS glsils slal azsliz o5
15 el ol a5 Ll col ol pan prs B sllas L S8
@l 5 005 ceslie S (555 5l eolial (I/h SzsS palia) il
g aelys Js3 LB o 5l el

5 Aol (52 Ealy p UsS sla el SISt aslsl o
B Sax Fles g liee 3 S 100l aalss s alllas 050
Gl 45 553 e sanlive Cenl o sl LS s 00l Jlosl
25 il gals Taass Gl S b ol 4 e 58 Gy
S a2 ) anels (Al 6 5 omb Se S Sl lS B 50 i
ST S e Glil al 00 Ul oS ezl Bllao ]y ogdle
Olye 4058 0k 6 pSatar S8 4 Slile | aiels 4 g oo sl
aib oo 0093 wlols )| acins o p g 0110 (5,0 amsls jo Jle
ool 01046 Jlaie ol o 5 3905 0105 (g 5 aisls o 4> o

4 sk S Sglite polis ;5 sl il slagealy 4 US55
Ll 5o a5 090 00 o wilond dylie ;K0S L alabe o glad
AY 355 5 bMlasl a5 ghile mhaw slul 4 Jsb oYL Ces
5 a8 Gl (3l YL Gl 4y piasn (3L )] diels 05 o0 00als
5Ll 8 sl 4 ghate mhaw olal 4 Job SsS Cos sl

SLal)l anals wldy 4 borpe uilS B s (ol RIBIL (aizeen
wbge o 5

il sl (B Sl S ps 36 Glie yp 4 D S
i 355 o alimMa 45 3sSlod el 0l onls (olazs! allis

1- Resonance

32


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.34.4
https://mme.modares.ac.ir/article-15-7023-fa.html

[ Downloaded from mme.modares.ac.ir on 2025-04-24 ]

[ DOR: 20.1001.1.10275940.1394.15.3.34.4 ]

Ol 9 JLRIA (5 Lasl Ls,

o3ub Z3al Ji9F5 G5 $295 Gubwl s Sa¥l iy 1 s Gols oS Alglgils s bial wsbibles )l Juloxs

0.1

Gn=1x10"7N

G =2%1077"N mvmemem
0.08 | g

G =3%X 107N weerrreren,

0.06 |

o5 alo amy gy Slile )| asdls

0.02 +

0.6 0.8 1 1.2 1.4 1.6
S 9 (oelS 8 e
SVl oy (o gy hliso ol Sl &) s (oudlS 8 ly 7 S

-3 -3
Olyadd 0ol oy y Gyl ple DB a5 cal o] Ko azg

T Sz 093 Sl e wadS W20 56 m e o
2,138
GLUSE 13 00l gwyy gl 4 azgi b aS sl S5 4y p3Y Lxyl yo

I (653U s o s

S 5 4o -5

Gl )5 Aeleil S )l SOy cod olilel )] ol aslllas o
3 skie ol 6l el 0 gy eB T 18 oWl iy 3 o Lo
75 Olgie 5k 500 alglgili g ond solitiul euds Mol J1sS (55 (595
A s OS> @S s e OYolae el ool Joe $Sidigens

0.1

Cp = 1% 1073 Ns/m?

Cr =2%1073NS/M? mimrmem
0.08 | |
Cpp = 3% 1073Ns/mM? sxevararan

g alo amy ey Sliles )| asdls

0.02 -

0.8 1 1.2 1.4 1.6
S 9 (oelS 8 e

StV e gy ilie polie (gl 4 s (uilS B ey B IS

33

0.1

V=0m/s

V =1000 M/S mmrmem
0.08 t

V' =2000 M/S rerararan

!
1
1
i

g5 aleo amy gy Sliles )| asdls

1
1 .
0.02 | 1.0396 ]

I I

0.8 1 1.2 1.4 1.6
S 9 (oS8 e
e Olyz S oo il jpolie G5l 4y s (udlS 3 sty S S0
"3y e i Sl U e o5 09dise cvalin 6 S5 o
wz e wbboe pSede iz (25 ddel (uilS B aul » STl
A ymie 5959 B ol Jlade Gl astie wilS )8 Cod G o a5
oS e a4 Gl3El cpl ioren 058 oo i DLELT )| atels talS
bl wales ool wass LWl ,8 sl
& SVl iy (e 2l S sas e lis T S
L oS glaisS a4 ans oo 2ol 1) dlelsil oLl ) anls prgd LB S
-7 -7 i
aals i (e 2 X 10 4 51X 10 Jladie T il
WS oo law iels 00077 4 0/093 51 L5 wile ams g0 ol
R{FRSSERERV. X SypoiL S RPSTRW-Se] R ¥ S| [ FRPLR YW PPIPE SCERVEE IN'Y
90
Gl ciyd e 4z e Gl &5 0d e oanlin 8 US4
S9s0 JUAL! &5 aigSilon 5 998 0 DLl )| 3,5 Gaed 4 j2xle e
azpliz diged gt 400 oo (EalS Db 4 1) i 8 > aisls

0.1

K,, =1 %107 N/m?

K, =2%10" N/M? mimemun
0.08 | N

Kp =1 %108 N/M? seeeneeens

o
o
1)

g5 aleo amy gy Sliles )| asdls
o
o
=

0.02 -

0 I L L
0.8 1 1.2 14 1.6

S g (oelS B S
SVl s 6 Eolf aliie polie (13l 4 e uilS 3 sy 6 S

3 oolaib 15 055 1394 s 3 (Hurde Slle Swdise


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.34.4
https://mme.modares.ac.ir/article-15-7023-fa.html

[ Downloaded from mme.modares.ac.ir on 2025-04-24 ]

[ DOR: 20.1001.1.10275940.1394.15.3.34.4 ]

Ol 9 JLRIA (5 Lasl Ls,

o3ub Z3al Ji95 Ginis $985 ubwl g Saiae¥l iy 1 i Sols a5 Algloils s bial wsbiblas )l Jaloxs

[7]1 V. Garcia-Gradilla, J. Orozco, S. Sattayasamitsathit, F. Soto, F. Kuralay, A.
Pourazary, A. Katzenberg, W. Gao, Y. Shen, J. Wang, Functionalized
ultrasound-propelled magnetically guided nanomotors: Toward
practical biomedical applications, ACS nano, Vol. 7, No. 10, pp. 9232-
9240, 2013.

[8] K. T. Kim, S. A Meeuwissen, R. J. Nolte, J. C. van Hest, Smart
nanocontainers and nanoreactors, Nanoscale, Vol. 2, No. 6, pp. 844-858,
2010.

[9]1 G. Hummer,J. C. Rasaiah, J. P. Noworyta, Water conduction through the
hydrophobic channel of a carbon nanotube, Nature, Vol. 414, No. 6860,
pp. 188-190, 2001.

[10] A. C. Eringen, On differential equations of nonlocal elasticity and
solutions of screw dislocation and surface waves, Journal of Applied
Physics, Vol. 54, No. 9, pp. 4703-4710, 1983.

[11] R. A. Toupin, Elastic materials with couple-stresses, Archive for Rational
Mechanics and Analysis, Vol. 11, No. 1, pp. 385-414, 1962.

[12] R. Mindlin, H. Tiersten, Effects of couple-stresses in linear elasticity,
Archive for Rational Mechanics and Analysis, Vol. 11, No. 1, pp. 415-448,
1962.

[13] E. Aifantis, Strain gradient interpretation of size effects, International
Journal of Fracture, Vol. 95, No. 1-4, pp. 299-314, 1999.

[14]1 M. Gurtin, J. Weissmiller, F. Larche, A general theory of curved
deformable interfaces in solids at equilibrium, Philosophical Magazine A,
Vol. 78, No. 5, pp. 1093-1109, 1998.

[15] F. Yang, A. Chong, D. Lam, P. Tong, Couple stress based strain gradient
theory for elasticity, International Journal of Solids and Structures, Vol.
39, No. 10, pp. 2731-2743,2002.

[16] D. Lam, F. Yang, A. Chong, J. Wang, P. Tong, Experiments and theory in
strain gradient elasticity, Journal of the Mechanics and Physics of Solids,
Vol. 51, No. 8, pp. 1477-1508, 2003.

[17] AR. Askari, M. Tahani, Presenting a size-depending electro-mechanical
model for rectangular plates-based resonant micro-sensors based on
modified couple stress theory, Modares Mechanical Engineering, Vol. 14,
No. 8, pp. 121-130, 2014. (In Persian)

[18] A. Bakhsheshy, K. Khorshidi, Free vibration of functionally graded
rectangular nanoplates in thermal environment based on modified
couple stress theory, Modares Mechanical Engineering, Vol. 14, No. 15,
pp. 323-330, 2015. (In Persian)

[19]J. Yoon, C. Ru, A. Mioduchowski, Vibration and instability of carbon
nanotubes conveying fluid, Composites Science and Technology, Vol. 65,
No. 9, pp. 1326-1336, 2005.

[20] H.-L. Lee, W.-). Chang, Vibration analysis of fluid-conveying double-
walled carbon nanotubes based on nonlocal elastic theory, Journal of
Physics: Condensed Matter, Vol. 21, No. 11, pp. 115302, 2009.

[21] F. Liang, Y. Su, Stability analysis of a single-walled carbon nanotube
conveying pulsating and viscous fluid with nonlocal effect, Applied
Mathematical Modelling, Vol. 37, No. 10, pp. 6821-6828, 2013.

[22] L. Wang, Vibration analysis of nanotubes conveying fluid based on
gradient elasticity theory, Journal of Vibration and Control, pp.
1077546311403957, 2011.

[23] A. G. Arani, M. Bagheri, R. Kolahchi, Z. K. Maraghi, Nonlinear vibration
and instability of fluid-conveying DWBNNT embedded in a visco-
Pasternak medium using modified couple stress theory, Journal of
Mechanical Science and Technology, Vol. 27, No. 9, pp. 2645-2658, 2013.

[24]C. Shu, Differential quadrature and its application in engineering:
Springer, 2000.

[25] A. Dhooge, W. Govaerts, Y. A. Kuznetsov, W. Mestrom, A. Riet, B. Sautois,
MATCONT and CL MATCONT: Continuation toolboxes in matlab,
Universiteit Gent, Belgium and Utrecht University, The Netherlands, 2006.

[26] S. Timoshenko, J. Goodier, H. N. Abramson, Theory of elasticity, Journal
of Applied Mechanics, Vol. 37, pp. 888, 1970.

[27] J. Reddy, Nonlocal theories for bending, buckling and vibration of beams,
International Journal of Engineering Science, Vol. 45, No. 2, pp. 288-307,
2007.

[28]J. N. Reddy, Mechanics of laminated composite plates and shells: theory
and analysis: CRC press, 2004.

3 oolaib 15 053 1394 s 3 (Hurde Sulle Swdise

mr sy b ysSie c¥oles sl ond gl sihen ol oS
il EYolas s ilodds (6ot Bl mrasd ol iy
@ e (58 lagal 5 0ol 00 Sl w4 Jol> (Jgens
JCIU PSS JCOR

dlie S (6,55 b ol egh ) Jols mls asbl o
@l g Job ol S5 polis Gl 4 a5 Wb asie g o S
ooleie Gl Sy polie po Ll isdge Suo5 SedS (555 & S92se
15 s oog Slice gl il e gyl SasS ool b bl o5
g1 2lyi celin Sl ol (gl ST (5955 Az

o Jed 5l e (oS Glagaly n NS,E6 Jelse Lo
S syl g Jbw pbyr Cepe @dal slul (Jlesl (21>
Saldl 45l ond oamlie el 5 J1E ) Sy9e 55 Sl
Slal )| aels alila e gl slal 4 Job o 5 ()5 595
aald cplae oo g Sy e Gialidl S cwl Jl s ol iaisd e
RUPSSPRIINT S JRCK JUEp Iy
RSl ol s @ Lulsy 4z ST AT w08 akie Grizes
Ll asloe b ed ©)g0 4 Jlw 55l (0,5 A5l )zl wlils)
Gl s s b i 15, Conle 4 wins e i Jol> gl
Oemen 39 g0 03l i o gomis o oS 4 ax g b el (ol &S
alales)l p S8 e e ial )b Olnss o5 col ool canlin

2,8 o0 Sl 6830 O 8, g (S e Gl et

Kis g pud -6
- 7095@6.:@9}1 b 5 g yols dlis o5 il S5 a4 a3y
olRzsls ciwgh Cogles 3l aiild e p3Y 95 allle Basng il

iled Glo a8 5 Sas sl 8 coles 550 1) )5S e 5k a5 (IS

&l -7

[1] S. lijima, Helical microtubules of graphitic carbon, nature, Vol. 354, No.
6348, pp. 56-58, 1991.

[2] P.J. Harris, P. J. F. Harris, Carbon nanotubes and related structures: new
materials for the twenty-first century: Cambridge university press, 2001.

[3] C.Ru, Effective bending stiffness of carbon nanotubes, Physical Review B,
Vol. 62, No. 15, pp. 9973, 2000.

[4] R.Rafiee, R.Pourazizi, The effects of structural defects on the mechanical
properties of CNT, Modares Mechanical Engineering, Vol. 13, No. 13, pp.
165-175, 2014. (In Persian)

[5] R.Rafiee, Analysis of nonlinear vibrations of a carbon nanotube using
perturbation technique, Modares Mechanical Engineering, Vol. 12, No. 3,
pp. 60-67, 2012. (In Persian)

[6] D. R. Kauffman, A. Star, Carbon nanotube gas and vapor sensors,
Angewandte Chemie International Edition, Vol. 47, No. 35, pp. 6550-6570,
2008.

34


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.34.4
https://mme.modares.ac.ir/article-15-7023-fa.html
http://www.tcpdf.org

