£33 o5l / p2ia JLa /\WAF Dl

Sl Sl wigo

I

& 5 m%
293 ool dolilad
Ol EIo pwigo

WWW.jsme.ir

Jbw Sl &5 oo 9 Cull (5 S Igil 1O (Sg70 g0 HUIST o

¥ Y . \
&\)Sv.b))\bc P e ¢ m}‘&@,ﬂ

nahvi@iaukhsh.ac.ir :J giue e o

Sl slaoily oS>

b SIS o zan Sl b 5 5 0T 0505 5 (e dl goSle O3 elie U ST Dl ) o
GB e (gogme S lls 33 bl 53 5,8 a5 ps g 358 Olejan ysb a4 ()5 5 HLAS o e
b @ s e IS bl s Sl oS 8 At e

3V sa b5 0la 8 53 65 Ll i (Il YL (Sl s (055 o

SS9 Coson i Ll G o IS Sbls Sl

olie Jles!l glpitish o S b 55 ol 0dd Hlgs 0T Lo Coow &S >

Jds 5l asluslbigl p godd 5,15 o5l dlaw &S > dslae 3 sl sue (Jlw 5

31 snlinal Gaalsl 55 1555 o olitad s b direa¥l (6555 51 pioman 5 abosil

Jo GiletianS oo Cansty &S > Wslas (S JE 55 0kl o B s,

B g e 4 b T 5 b (WIS E o G () 5 pees 50

02 2050 reb I B oile S IS 5 (650 Jlw slale e ST

O 4 e LSl e 5 b SIS S sk e stalie 5,8 1S

Fbl Gl LA gy sbay tlal aly SU pbds 5o b 5 ojle oIl

e S pal e RIEHL s wdl el b (WS (o e

s sl ol (6588 5 g 5 Rl

Olgiol Oyl g gt Aoty oDl 13T ol (SIS i 00ST85s )| wli )8 (5 smmtiils—)
Olginol O 1 e smast Aoty oDl 13T o8l (SIS punign 00Tl Ltils -
Olgieol Ol g gmast Aoty oDl 13T ol (ST g 01SC8515 b sl -¥


www.sid.ir

Jlw S8l &5 oo § a2 5 S dgI il 13 (3970 Fao JLiHI ulow 1A

duws ey ¢ YL T dlaelys e e byl il sl oS
ki Jlel oo atw sy sVl 6,45 &S Sl L
g gn db s o S B iy S o e

oS sbddst s Jib mae oLl (G ol o
hls 2,5 d 5l 5o framen 5 dbw 0 5 L o6
JA op 205m Gose Jw O3 5 b o ee IS
3lode sl o S ke 3155k oyt 28 8 al
Sl o 8 s gl 55 ek eslizul Jsb Sliles |
A 53 Slp y (Jome b g (5058 coSle 53 HU e
03 S 4 sl de (b )3 b ulie SIS 3 S
Vsl ‘_‘L>- P L;jb«:.wmf Sl romen gl o0
oslizal S I8 Sis ekile & g, § OS
25 st

o3lw 30 ol  wlio -¥

Gileans ad st SO ol ¢, Seslul gl p
LT 51 s il oo LS 5 diad ;8 150 51 (S5 Slslons
5 odony (a0 S Sl J S Sl sl o
cbf«? Jsba G{flﬁs Ghw s Slasy s (sl L0k
ol 3,8 e 5 eslimul 3y ge dizes Lawy
S ol (Ko Gown b $555 itV slags, 8
s 51 b Olpe g X (s i 3 25 0T Gib
@8 M s e 551 X daB a s S
Soa 056 Joaps o plel p [N]asi s

I[V]b}.fs@ Syl 53 &y sea

2
N —(e,a)’ % =EAs
M)
£ = 6U(x,t))
OX

doddo —

sl 5 S5 S Gladigad S glad st
5 ke Ao i Skl b S sled S I S
o) s Sles gla Sy s 4 [V] dmes ools
B S Slogas oy Jog sl
S Sbd IS LT Gl s (SS (SIS
e 5 62,0 Slaptuen 51 6ok 53 ealizul LB
5 Vo Jom 5 MK ol Ol Oleys ilus
sl K Sty S it Sla gt Y] 5,15 JUis!
e IF1,1 15,808 b 35ln 5 IS 5 (S5 5
S, (3> agrw S o3l ol o5l (glas )8
Sy o s s ssoplil o)l LOT S
aleSalus 5 syl gl ST Ll BT SSK
ol g 5b50 s JB Doson 0556 Laejle
SUIFIOLSr 5 0s edlie Ol gie 4 ol 03 5 Sl
Sladl J 5 LG 5 55T Slale )l 1, Jsls oL
OLis LT sls J13 w3550 |y Jbw el S
SV e s Lalal Jsls Jlw oS > &7 Wisls
Ul Gl 3 S e WS e dle 0L
G gl b b Gl Gl J 56 Gl o et
LS LG 0] oL 5 Kty sl 5685
g5 dee Sheslial b 1) dlw sl o)l 95 gladl J U
U a8 Wsls Las 5 dsls 15 ey 3 ee $SaaY)
S 03 5 by (SOl s len0ls a8
g BB o Vb Sl Com SV
2 g S g L [F] Kl omen s sl
s (6555 Jhsl &S sl Ol S slad S
A osle S S olde 35 5 55 gkte 4 oSl

C.ALL)J6}‘“‘)M‘}>-Cjﬁ)m‘aj>uﬂwj&\§


www.sid.ir

44 £95 0 3lodd /iy Jlul 1FAF O/ Sloly il  switigo 5895  ooke dolilas

UG:EJ. ngdizlaxng:
274 2 )

1_ U :
- A = ["(N"U, Jox

Jsb by o i Up s UoeM (0) dolas o
Jow 0L S 5 Aol o o 5 b
S iy 25 S eslital bl e 05l 0953 1 (65 50
wobel Sl il s O fol dlesl 555 ok
5 o IS sl Sl st OS o doles
23 Do b oy o el Jle sl

T e Cawdas

o°U oU ) oU
m, -+ 2u, +U; — |+
ot otox OX w
2 2 2
m, aL2J+2ufau+ufaL2J —ﬁ=o
ot otox OX OX

bl Sl I 50 b iz o 43 8 5y (550 ol 2
33 Ot bl po o Job &S o s sl 56
ols 4 5 biys Lgnl g3 55 (Js)) aade gosle JEuSS
S sl Jsb &S o gyls Gd I b, 50 4o oS
o> pwkin (g0 b d Olgea 5 eddHles OT o
(o sk (650 b 5 OT Il y St 5 355 0 8 8

350k 25 Dosen0ls o b S il b ol

ULt
von-o ,  MEY_, W
OX

Jlw 50 96 wlée -Y
))‘) ajl.w » ny k5>)l> L;Lo&‘ 6)):3 L@.J l>;.._:.‘ BE)
0905 3 s Jlw b Sl enjly a8 0 sh
‘d’\"")"Fext Q)ya\{‘\f:}&@ 4:.59;)25).5 dJ g0
BE) 61)]:5 Q)y‘\{ }J.._J U’-’-‘ ol o 0l u:.\._:'LM (Y)

il (IS S 0 S Do b I sl

e Dot 5035 (J55 () e 558 N 0T 5o &
J}.fu‘sa b,d_;ja}' QL«.“ By ol >)|3 LSLQJ:“‘:"
o3logl iz 4 by o o e € (N = [0, dA)
L;,;d;w);w.@|&|st,ba,e>ﬁ
c]a.»@hncdi?\igj)h;d\g%j‘\gé') UA E

Mu;q;jéj‘}aA&\:ub-cdaL
— gl sl b s gi a3 8 b s LAl dsb S
olas 53 O0<x<L,s &S cdslas g.?l;\}

gl 5 g 4 bl A 50 6l ESDS

oN U (x,t
_+F =m L

aX ext c 6[ 2

)

‘_,’JL«.G\ngﬁJ Fextjdjjjsud}bbbfﬂ mC QT)JS
() 5 (V) SV¥sles 1 eslazal b gl Sl s
3 Sy DLl 6l o S d d gl OS> dsles

Jol 55 s 4 Jowe i ezl () 5 ol

:"J‘:@
oU o'U  o°F
EA—- +(g,2)°(m, — =
OX ot“ox OX ")
U
0
-m, e +F,=0

Ly Gosee &S o Glyls dd sl ¢l &S = OVYslee
Cwddy Q\j}@ R Sl O gheon Jv\ S eslatal

I))_}T
H= L (8T () - SU°(t))dt = 0 %)
(V) SVl 55,87 (6550 5 (T) (i 550 0T 5 &8

g oy 5 S04 S S

1
T(t) =ELL(mcuf +m,u; ) ®)


www.sid.ir

Jlw S8l &5 oo § a2 5 S dgI il 13 (3970 Fao JLiHI ulow 1

o b 035 S5 olie ;36 VCF 3o

A dal g Jlesl (6 5
oS o OVl -F

v 05k 5 &b @;L;ud)};u oy Dlale
Wlw O b 51 Jhel (69,5 09 Jg (F) dslae b

R

U (x,t oU (Xt
EA—()Z(’ ) +(e,a)°m, —Z(X’z )
OX ot“ox <))
o’U
— rnc M =0
atZ

dsln Wb 05,5 oz b B35k s L
Pahe Oy 25 D) pe 4 e b )

L U (x,1)

f
ox?

(EA-m, (VCF)’u

U (x,1)

—(m,+m,) 2 —-2m, (VCF)u,

oU (x,1t) ) o'U(x,t) (Y)

'U(x,t) Q

+(e,a)"2m, (VCF)u, =0
X

shyls Lsg;&bd}]_,}lj Sk Slal )l gdlslae iomen
sokd S5 Clllas bl (b O3 5 () me &S

I)}fhuﬂ ﬁ‘)\ﬁj@)ﬂ@(\’)} (\)QV)\&A)\ o)L&:.wH;'

2, 2,
U (x,1) im, U (x,t)
ox? ot?
U (x,t U (x,t
+2m.u, Uy )—(eoa)zmc gux1) Z(X’Z)
otox ot ox ()
U (x,t)
4

~(EA-m?)

+(e,2)°mu?

4
t
U

+(e.a)’2mu
(&,2) 0 atox®

U’“L“"J" ‘LS?)B Lg)\.:.é 9 k.f:“:“j LSLA}}:" 9 le>‘:

T r Szt 5 S0 4 [IY] e sl Dl

2 2,
0 U(z<,t) 2 0 U()Z(,t)
at OX @)
o’U
otox

=-m,(

ext

+2

oo Lo g Uy Jlew Jgb Sl pm My OT S &S
Lol 0955 51 65508 b O 2 Lo 50

AT 05 Wlusil @l sl sde (35 s L
aeslons 1y 03l gl 51 (6o 58 b Ob > S S e
Jlest b 015 oo A} OL80a 5 iy i Gib .3 500
SU olie S 31 (VCF) dawn 2o oo Dol 556
35 @l 586l Hlie .25 5 L 55 b (gl )
53 a0l o b st Loy Cod D) gty (G ()
oL 3 0k by Lo ey A G5 e b
Db a8 5 S 4 alpe

VCF = uavg—slip

uavg—noslip (\+)

1 ( (2—aj( Kn j ]
= 4 - +1
Cr(Kn) o, 1-bKn

(S153)) oI5 wu e Sob Cr(Kn) oT 55 «
J o (Solys o) o S0t 5 035 Il

Il o ¢ K Ssleas 13550 iy o (SUIU)

b N 5o A5l 095 5l o b 55 poled
A ssd o i m sl sae 1 Al O sea
Fhe 93 5 Sl culan pgan Bkl Cy b O romes
KN 5[8]558 00 45,5 Jaiys 2V Ll 63,0, Colal
Sl — 56 (6l dlw uim @ a5 Sl sl sus
o ol L 56 (gl 5 /0N B /e (gl e

Syl Y B/


www.sid.ir

1 £95 0 3lodd /iy Jlul 1FAF O/ Sloly il  switigo 5895  ooke dolilas

(M, (1+(e,2)°k?) ) o” +
(2mu k(1+(e0a)2k )+ OA)
((EA m.u )—((eoa)zmcufk“)):
((m,+m )L+ (e,a)’k?)) 0" +

(2k(mu, +m, (VCF)u,)

(1+(ga)’k?)) o+ (19
(((EA-m.u2 —m, (VCF)*u})k*) -

((e,@)*(muZ +m, (VCF) u})k*)) =

5oS I8 S ekl B gy 5l eslizel bl s
bl o Jlw Olge 4 OT B8 0 b
(V) d_gub- BERR R 45‘)‘ sﬂv\;ﬁ 9 L;JLA Ql:..p}.p}

G585 59 S 65l w5 63k Dlio g (V) g

0T 09,3 3l
Sl Ay sl b
3 Tpa E PR S R PR
Y/f nm Rout @;A}J,;u o tl’wf
| nm h RV FRCIRE
s gem? D S SIS
-3 D =
cm )
| g P, T I
o g s -f

TH O 4 (b il P i -V -7

b S led dsb o) mme mloel Jlisil idu ol 5o

5 G IS bl slad st e ol
s v ol o S Gl sladdst
5 b sde polie uman (258wl I3 )
@ 8 a5 00 5V by e e e bl
1y b 5 i s e sLasl (1) S8 5 o

Mca&f&dbwﬁwd)wowwjﬁ

alslas W56 0555 3 S8 o 35 ki 5ol
@ Gose b Gsle 5 Gooee S ol AL
T r Lewdty 15 D s

—(EA-mu?-m,u )8 U(X Y

oU (x,t
(x )Jr

+(m,+m,) >

U(xt)
atox OF)
o'U (x,t
2( 2 ) +
ot“ox

(2mu_ +2m, (VCF)u,)

(e,@)*(m, +m,)

(e,2)(m.u? +m, (VCF)?u? au(f 9

+2(e )" (mu +m (VCF)u,) d U(X;t) =

SJLBI (51 ol Yl (G bk § Jo 0
Tl
DV 1es S s 5 daly & pon 015 o

U(x,t) =U(x)e'™* (10)

i‘=-1, g 3te Koglasls 55 @ 07,5 &
() &S = SYslee 53 (10) dslae (K b b ol
5 s K mse sae lalp SVl ol (VF) 6
Sl g @S 5 Dopes S5 4@ g IS
s
EAK® +m o’ (1+(e,2)°k*) =0 (%)
(=(m, +m )L+ (e,a)°k?) ) *
—((2m, (VCF)u k)(L+(e,2)°k?)) @
+((—(EA-mf(\/CF)2u§))k2+
+((e0a)2mf(VCF)2ufk4))=O

V)


www.sid.ir

Jlw S8l &5 oo § a2 5 S dgI il 13 (3970 Fao JLiHI ulow 1y

T 09 31 s g S -T-F

(zoe Co) B o wabin Sl 4 5
SL(V=afk) g sie & 653 S S
254 5B S Sl ol A3l )3 058 o
A mor 200 e G AL D3 Zae dde
SRIA e 5 e 0y (1) JS 3 T35k 0les 3,8 e
A ol b 2l 0T B s e oz e sus
et b gl g se LB 6 sl m 3o 51 o
g G Al e 5 200 Dose 45
Sosboles Ll Fal e b Loy el
Shils slddgl js 55 5B Lo 558 e db>da
el ey 2 (6115 Sl O3y (5 30 &S
Gy 5B Ce e b e ey (1) IS5 oS bolen
S bl S eldidsl s ghme Dlil)l
5l ol gy ome ES Gyl Gladl I 5L g s
T > Lo Jie Ulgea b ol b sladl b
e ¥ ANy Ry s s
SUPEHN S ANV 10 e ey il
Loy PO g sde 53 s ladly e 0/001x)C
RCI USRI VAT SPE PPN JARE P PR 7 NS P Py
Cos ol ¢ b Gide dle &ST das e Ol yi5lae oy
3G S o LG5 5o mas e a sl 56
05 Gogoe S o b slad b 4 o Jl (651>
& S b ol b SA IS 55 5 A0V UL
TR 5 Wl sl Sypme IS b (slad I gt
B e 'C) u.’ulf

038 Tan e B 538 3503 LLuul U5 o s 0l

P50 o S 5 Al el ojlu 0555 51 b

[rad/s]

Imaginary part of c,

sdalie &5 55b0les das 0 Ol 7 g 2de DX 4
b S5Vt e 3 3 b IS o A 05
e b AT IS Do 4 e
e a5 b W e 48 3L OIS
Jow O3 5 Gogee &S b 2 S Sd J 5l 55 2
Slr b S 3 S 50 D 5y dal s
SLd Il 5 S Jlw ol Lol (2 Sslad 5L
Wl dbw ol oo OS> ils (oS
S 56 0555 5 650 I Yol sl Sl Ol g e
S B s s b WS R e
R (o G5 5 e SRl 5 A SU ) s

3 h e b WS B IH el e
S o a s Ak (WSS s g abse Ol e
5 Sogme LS o bl S eddst 5o (e se
3 Gopee OS bl Gd ISl 4 S Jlw ol
Sl b i S A I 56 53 5 TNV L e 05
Jhw sl 5 OS5 o Ghls IS0 4 G b

Aas e Ol el 7¥0/4 b,u Sose

=== ONT conveying fluid
| = Axially moving CNT | |
- ... Axially moving CNT
conveying fluid

H;\'e mnnbir. k[ m: ]
S iy o S LA I 5tk Wl 5 i (V) s
5w sl ) oen &S 1> SA S 5L ) e
DLl )l (5l g 248 4 S el (S5l b 0 S s P51

(S


www.sid.ir

1y £95 0 3lodd /iy Jlul 1FAF O/ Sloly il  switigo 5895  ooke dolilas

b o g5 a3 b S MR ST
6hcy:49 D3 i) 90 /0 /Y Jowa e (gla el ks
Sd Sl ol polae ol ssd oo sbwl Jol o £33 (3
NNl S 5 Sgme S s S
S 5L gl ol (1ps) O/FVIXY 5 VYRV
23 ol 5 e ol s o S L (S
5 rps) 8V TxN T g #0vExy T A /Reaxy Y s se
bl oo e sl Lol (2 Sslad S50
sl e (1pS) Y/RATXYT 5 wavex) T iMex)
) doa s eyl Slie Sl a LS 308 e daSe
Hldas (o £ 5 A A D a0 g N
ETSOA VL SPVAN.YA N PURPS SR L S NP

Wbl dal g

Ghls o S 5l b W85 Sl (F) S
b S sbd st 5 dw ool o S
b lasde Gl g mse dde 4 Cod | v 3l
Ol Jsb Slaleyl 53 /00 5 o/0) o) Calies
&S sl sde a1 580 L 4S5 g0 alam D Ol g e B o0
il 5 Jhw w B Gia bS S GRS e 0
Jol 550 man s P s S el
sde Gl LS s gl odalie pummes S dalgt
S o sty @At sl /) /Y Sl st
Sis eJlw g5l ol gd I b 5 Jbw (g3l (5 ee
ENTH VA AT ALY S IV S L g S T
GAIHL /00 4 /0 Sl sl sde Rl L s adls
Gl b sl Il 5 v sl o S > L
oy KPRV I RVAR VA SEPRVA JL SR I P | W

s dal g Jsa |y b WSS

5B e e y3 Cpiman 5 ek WS s Rl Bl o g

D (o

768646 P= = uall
Uz === (NT conveying fluid |~
l\ —— Axially moving ONT

... Axially moving CNT ==
conveying fluid

Phase Velocity, v [m/s]

ave nw-r;ber. k [1;1'3]
S o gy S A S 56 56 s Sl (V) S

‘ﬁd_’.‘jU)J\:&:&}l’-‘;)_’mQ{F6‘)‘364},‘;}\556)}’;&

(Sogme DLl Sl o g0 2ue & o s (g5l ol S
2 Gope Jhw 9 03l 0091 pliegil W 17
b P

oot Sy S5 B8 B s b dlie ol )
Gl 5 odd s €8 ot el 5 Ko
on O bl 5 oS plie JI IS
yd g

Ghls oS ddsl b W85 Sl (1) S
S o S b Gd JsU g S
338 ok & o | o Sl Sub S50 5 b
Vs /) ey sl Caltiee e 4 b e
b1l 5905 abSle Ol o S b0l das o OLES
35 Mie S 4 b (5 (e e L3
(et bl RIBIL el oo SRS e oy
23 oo 3 3L el b IS5 S e e )
234 Hsbolea duy oo Hldas sl a6 5wl T e

(o DLl 6l canl ol enls Olas (F) S


www.sid.ir

Jlw S8l &5 oo § a2 5 S dgI il 13 (3970 Fao JLiHI ulow 11¢

S b edaliie (238 15 g 250 Jl 5 03l 03
Lslad S5l s zan sde a3 (b W3 o 20
o5 Jow M 55 dal 5 Jlw ks 5 Sy 590 LS~
3355 b BB A e IS0 0505
s S5 5 e GRIE 5 A e IS~
D5 e peb T I el IS e ot
Sl e T sde 55 a5 Ud esls Ol piomen
Cor e AP oo IS oy el Cebojlu 00
b oS sboles 355 o e S8 L 53 a5
Ao 4y (b 3l e e 1L sl s 5
bty opl 5o 6l o S a5 odawy 35 ldia
b R S e (e bl Rl
e ol a5 oml T 34 ﬁ“‘:"‘ﬁwl—l el
oS sl sde I L 55 g e e ST

A dal g ool (65655 7 ge 5 ialBl pes

&>l

[1] lijima S., Helical microtubules of graphitic
carbon, Nature, 345, 1991, pp. 56-58.

[2] Hummer, J. C., Rasaiah J. C., Noworyta J. P.,
Water conduction through the hydrophobic
channel of a carbon nanotube, Nature, Vol 414,
2001, pp 188-190.

[3] Craighead H.G., Nanoelectromechanical
Systems, Science, Vol 290, 2000, pp 1532-
1535.

[4] Yoon J., Ru C.Q., Mioduchowski A., Vibration
and instability of carbon nanotubes conveying
fluid, Composites Science and Technology, Vol
65, 2005, pp 1326-1336.

[5] Wang L., Ni Q., Li M., A reappraisal of the
computational modeling of carbon nanotubes
conveying viscous fluid, Cumputational
Materials Science,Vol 44, 2008, p 821.

[6] Wang Q., Wave propagation in carbon
nanotubes via nonlocal continuum mechanics,
Journal of Applied Physics, Vol 98, 2005, p
124301.

v / rud/j‘ 7

Imaginary part of o,

1

R —
Lo ey '
i e

Axiallymoving CNT

Axially moving CNT
conveing flud

- )
SR e ST 0 R
il LLE T FItriete) ANV RAE ]

R T L T Y

|
}Ta\'e nm;zber, k [;n“' Ji
(Sogmn oS glyls S J 5 a8 (1) S
ol S @ISl sl g e S glyls g I 6
e a8l 565 e DLl 53 1 50 3e 4 Lo (Il 651~
ot bl ke

frnraginary part of @ . frad/s]

| | | | | | |

%

Ware nuz}zk;eg k [m1 ]

o 8 o S5 (i S Gl J 56 a5 3 (F) S
03 e e 4 S il (5l ol (2 S A J 50 5 Sl 55l

ool e Cilien e (5 5 6 s LS|

&5 o Y
=S GBIt oSl Sy SVslas dlas pl )
95 53 Gogme OIS o hyls oS d gl 5 ot
ea s w655 bl b Ok 5 b D
Jlw DI S JE )8 ) &S L 5 T sy

rliesl 35 s A8l GHeme OIS o)l s


www.sid.ir

110

P9 o lad /iy Jlo/ 17AF O/ Oluwle <Cilko  wign (9 R (ool dolidad

[7] Reddy J.N., Nonlocal continuum theories of
beams for the analysis of carbon nanotubes,
Journal of Applied Physics, Vol 103, 2008, p
023511.

[8] Rashidi V., Mirdamadi H.R., Shirani E., A
Novel Model for Vibrations of Nanotubes
Conveying Nanoflow, Computational Materials
Science, 51, Vol. 1, 2012, pp 347-352.

[9] Kaviani F., Mirdamadi H.R., Wave propagation
analysis of carbon nano-tube conveying fluid
including slip boundary condition and
strain/inertia gradient theory, Computers and
Structures, Vol 116, 2013, pp 75-87.

[10] Aydogdu M., Longitudinal wave propagation
in multi-walled carbon nanotubes, Composite
Structures, Vol 107, 2014, pp 578-584.

[11] Eringen A.C., Nonlocal continuum field
theories, Springer-Verlag Inc, New York, 2002.

[12] Paidoussis M.P., Price S.J., de Langre E.,
Fluid-Structure  Interactions:  Cross-Flow-
Induced Instabilities, Cambridge University
Press, New York, USA, 2005.

b2 $555 el Jbw sl (ST ladl st

Ay oDl ST oty ST wdigs oSl

Avay e g


www.sid.ir

