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The effect of hot fluid and Nanotube-Water Flow Rate on the Efficiency of Nanofluid
on Gasket-plate heat exchanger

Omid Ramezani Azghandi*', Mohammad Ali noparast?
1- PhD, Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran.
2- Sana Mobadel Tose pars company, Mashhad, Iran.

Abstract

In this paper, the Carbon nanotube was stabilized in a water-based fluid by sodium dodecyl sulfate as a surfactant. Then, hot fluid
(water) was in contact with the nanofluids (carbon nanotube -weight percentage of 0. 01) on both sides of the heat exchanger plate
that has 13 plates. In order to investigate the functional groups and morphology of nanoparticles, obtained by FTIR, EDX, Raman
analysis, Transmission, and Scanning electron microscopes images were used. The effect of the flow rate of hot fluid and nanofluid on
the heat transfer coefficient and pressure drop was analyzed experimentally. The results in the range of laminar flow showed that the
heat transfer coefficient increased by the flow rate of hot fluid and nanofluid rising (53.47% and 43.4%, respectively) and decreases the
pressure drop of nanofluid, which are both positive effects. Determining the effect of nanofluid on the efficiency of the heat exchanger
compared to the state without nanofluid (water-water), it was found that the increase in the flow rate of hot fluid and cold fluid causes
an increase of 22.9% and 17.3%, respectively. It indicates the benefit of using carbon nanotubes in high stated flow rates.

Keywords

Carbon nanotube, Surfactant, Heat Transfer Coefficient, Heat Exchanger, laboratory set

omid_r64@yahoo.com ¢ g jl Sldo,y ol *

Archive of SID.ir



Archive of SID.ir

AR I Vo Lo [ limnn g b 0,90 NV F o) Jlo [ SslSe 4y 5

Jlwgib 5,5l Gledily g jlid el > Jlasil o 1o
oliel el clale olidl asm wools lid g azslo
505 555 o L2 2l ) il 5 e
OMEpS A4S 00,5 Gl o)l olpemay 1) caie g ode
Fleoads ool )5 Jols 8 ju G jo a5 Jlowsil oo
iz )00 Jlowgili cilé Sl e (gt
4 bgrye U iy 5IUT SaS" 4 (gl e
DVF] 6,500 callie 1o ol Cawsay +1+) 559 S,y
axio slaad b8l &b 5l (5l Jobs whaw s b
Jlwgib (20 Fl gy @ loydls ol S S ol yo
2 @y Jlw Glyie 0) (o5 cglgili-( RS % nn
Sl olealy lad il Jlnl (LS e o
oRllaS al Gasiie s wlsls  Slesy Gl g Jlewsl
Sleadly aldl el (5, > o ol 31) dao oloss
O eizes 30 8 (oo S ey g el
e ey Gialydl 4 azgi b amao (al8l il as wols
Lol S50 (S Slesily Sl (28 SRl STl oS
s o oS b SaS 4 i ol o
Sl Jwsil (o0 Soe e (hs)) Dldlgas Jwogo
as cl0) (Sig ey o oslazain 2n)S sdldlgil
& e ARGl ey o eatang Jlwgl ws
A adys e loyily Glamie oleS 5 ols
Cos S5 50 &5 Jlow o posd Sl aS 0l xw g
Te; sbaxmio sy dged le @) Cwl S Jols
Sl Koo s @S 63y » sl Gy 5o
O DS ey B aS 00,5 )y (03 sleaxio)
Jolgilb Jlw 50 & ST (g5, coniily (bg) ) allie
OB s g amis o .l saits somline b (b

) 89290 GlocS U awa 2D 4o Liwgh opl b

doddio—)
oyl 938! g [V-Y] Calises (sloo,d0ib 51 solaul
sy ol ol plglite sl Gl &
lao)] olos dgne S 5o [¥] 08 5 JsSOdIS 1L
oy S LF] Wloos Byme Jlwgil lere o aS
a5 bl &) Ll Sglate slas )57 s wgllas
Sl Dslite glagis, 3l ol s s, 5 0,350 £5
L 9y 02l Olise 15 sl 095 so oolittl (g5l sy
Y95 58 b (59,50ee) (omiVlgsS (gaiws 9o 4 |,
e, ,o a5 [0-V] o5 samatus (go,Ses n8)
(Sl yau) | o (go0sS Jled S5l 60 ,Ses e
MUQLASOJ;GA oolawl by Jlow £95 4wt
S50 sk Jbw )3 0350 7 s )lky 5 (xlaw S
ookl pogdle il ‘54.m¢¢;3)¢.[A—‘\] W N EY
ol sl ,S ol el Jnl sguge sl Jlosil
Collae bylpl g ol JEST o 1o S9ue (sl Dglitie
5 S5, iges olore 4 LV eV ] el sas solal
g lad cdl plie p OFdS Jlwgil 51 ol e
o ;0 138 bz o plrale o)l Jasl o o
Jlad el e a5 Wols lis g w08 pwyp S
DN et aaal g o1 b 5l i 135 b, e
5 o) sleamio JSo 51NV o) Ken 5 Jlas,
5 Sl JESI Gliee 2yl y8ls (2le)S S USs (S z
9 30,5 (owy 2 (555 Al 85 0 e (LS
€5) 4z ;0 YO 15,58 S5l b (slvamio a5 wisls ()L
S 618 51 g cnl gllao g aigy bl gl )l (M
Coms yd dllio oyl jo oolainl 090 Jlwgilo)ls bl 5
VY] 6,500 iz o o] ogr oo oaliiul a3 Jlew

2 eholS Jlwsl (oo g cdale poss Bl ) @

V- Surface Active Agent

Archive of SID.ir



Archive of SID.ir

GOMJM leﬂ\bi]%" Ls")b? ‘J"OL> s
axbbge Jg o156 Jolbar o (oo Jaul) (xlaw

¢1)T@§@6oMJw \ gr‘».\:.g‘c)sﬁ.lﬁoi‘é‘ﬁ

ebliie (3e2 53, &5 o ol @l ) &
SeS 4 (FO MIN ok 4 g 94 o0 adlal woyls I3
BIRTAN:: G SV VR ONIR WGP R X SIPV SPIPE TRLAL )
SeaS a5 358 00 8L )l Dligiome 4y (0 S sl

min oo 4G Aee W u)..\S) )‘Qyj).% &A—’j—*&")—l-” ESJ

5 olely Jlwsil Lesslys g oo 005 oo 954 (T
L onsagd sloaisnl 3980 g +/0) (Jig 2oy
Doy ASEep g Sl b (GYsb Do 4 )
pled (Lidgh ol ,o s eaud lagl jo (ol sudsas
58,5 olgie wb b bl 24°C sloo yo o ioles]
gt ool o el Sl (sl 51 S &5
solai alulgSl slge i ley yo ST aS Wed ools
Jo8 4 10 00,8 (6l bl oo 60,3450 4 0090
) Sesilgminnl Jole S84 g5kt
o> NAY kg/lit =als QA grimol = JsSJge
FYA grimol = JsSge o) G5 ol g (A
V-V Cad 4 a5 (POZ ogls /T kg/lit =arusls
Sl Moplex lupRen o 9,0 wiilge (o>
293 00 shlo a8 Gek Ul SeS 4y 5 00 oo
5l a5 0gd e 0old giiud ojbgs ol b wl aids
sl 0 0, 4091 990,5 (5,le 5 oolas iaSTy slaanul
Ol al> o ol (o 5,8 ledl b andl T cawsa
(COOH-) JouS 32,5 oohad g Cawgos| slaog 5 sl
P 9 Sz 03936 )liS Lo 2 (OH-) JenS'g 000

D05 oo piion g)ll cel aS 00 5 o Jele 0,34

Vol / ybiue g b 0,90 N Fo ) Jlo /Sl 4 i I Vo¥

(@1 Jbw) 05 s (29 1 ool il o il 0 5o
Jlwsil b jLed il e )l JUisl S o 8 Oliee 2
plml o 10) (G35 woye sly Gtalejl 0,8 (o) 2
gy 45 35,5 Ladiie 5 el (s pmizman a0
&l JU sgae el oabsler Jloasgil 51 ool g
5o @lp S5 @Dl oS o0 S ol o ,Sles
(o) Jloglh 51 eoliial oass 5 Jhsslh Il

W P Sy

& g =Y

a9y 9 adgl Slge —Y-)

o lazsiz (o) $Alglgl sol> Jlwsl sats sl

B gr) Oladgw Jowdgd mds  daw goaus s
o lazaiz S slslel ll o3l 28 5 Jgarme
S5 Jypazme 9 (-1 pm Jobo o Y-V nm Ld)
U315 5l i gl o oyid 10+) e5iges ol VONL grd
Vsono nbiw (glooaiss Jlad 0,5 osliul ()
2310) Sagdg o (sloog S (gl a4 s T SLeS 5
Sebedg e sloog,S g o)l 1y Al g po a5 (o]
Sl el @ cplplo oo |y w25 aS (O] wdls)
Lol g Wgdoo Jo Jl g ol Pl 5o« JsUse
g go ol S e Jab o (xlaw (S (adeS
ablol T Juslo 53,501 o L bealgdgilic (39, ol 50
5 Sl Pl b s oy fasle Cmgass] idu g digd o
ladglglzban »lacdlisd gum (S5 oda Cl oo
S5 5l g 00,5 o5 ) ladlglgils (oedans (iST (o0)S
S s RSslr Jole L 5 S (o0 52T 5lr L)) sloosss
Jsse glnolS 235Ts o sionles b Lo Censl Sz

‘- MWCNTs
Y- Micelles

Archive of SID.ir



Archive of SID.ir

yo¥ I Vo Lo [ limnn g b 0,90 NV F o) Jlo [ SslSe 4y 5

Dolite baze 95 50 Dglite JsSge g0 50 ogasa
soleislo b Joso g0 ol cplply ails )3
b e Ole 4 bope Bl Qi glite
R0k cads VS e cad aslice 30,8090k
P soslazaiz u)S sdlgdol Gl w8 b
ol ;f.o.a gS; ARRE ‘_,7J|9:> L) LQ-’-‘ RO PRV
L 5 des Coro ol C-0 W Judods a5 05 0
S 5 (65,065 el Cawots yliisee IS L anslis
YA Jle o ol Kes g gas g Vol Yoy o Lo o
rocieb LT oSy olulis 5 gy 4 [V
58 ol s> cnl o o5 a3y 468 50,8090k
ol e o) Aydgil pls gosle o ST 092>

] oo; u*’)‘)f |) (L.s‘”?’

g
g
E
=
c-0
3900 3400 2900 2400 1900 1400 900 400

Wavenumber (cm™)

5 SV (ST 41599 30,8390l gimwiinb 3IUT - S
oyluuie
looy)l5 el 51 (S Tl mreca oY
oS sbytelugh o o bl el
s slaogS 4 ol sloos S s 0 Ko
S SHPL 5 derae 2)S gl e Sl
Sloog 5 abadlal 5 caul SPY (YU Losls sl,lo)
Osmld ysd ks g bl (Lol sl 4y Lele

i sodslinod jog N cwbibcsy, Ca
R0k el () J902) Sel 6550 SBn
ngas 9 (V IS0 ol) miwcil () JS2) 49

05 pll (F JS2) (6 08 (39 48] oSy ;S

el 5 4525 (sl T Solg5 5 (6581 Gl o)
Ol b jlaiged olerd Slogas 5 g L5y
ol saly p (>hb Jsol ol eolitul (uSGlss 5 (655!
Sy 6o el 5 alises gLl 50 diged 4 WSolgs
&5l Gl i Vs el o GGG L

A2 oo LS 1y ()8 salglgil uSGlss 5,

5 Wil gl @ wSSlei p (655 ol (il ) g

O)'d?d.;a
olass cdale cdale
N alas e ol

T el T sl

5 C oS AfEY o ary
sl
e

ooz A O Sl OYY 1A

ko maeadb Ta,8 a8l mieca Y
5 s plulis ln o3, 38090k )5
el DS 550 29290 ale laog S ogata,
WS oo Jolo ) S5 Sy i b a5 el
F33 Dol a4 b e 80k mocab oy S
b slosle ja 098 s0 oilsS flegidy Sl SO
CiSilEl alen g o)ls 095 4y pgate 30,8550k
o 2 Glo Wgm o ez il J9Sge 295 Lt
Sy Ko 09z 3 5 el ol b il

- Morphology
Y- EDX
¥-FTIR

f- Raman

Archive of SID.ir



Archive of SID.ir

Bk g wms e wdil 1) 353 (6551 S (oo joee
Gamho Sy 59y raie ol LB @51 L aiged 00
Gled T )5 50 g 0als ool yioled yoy90 b Sl
Olgiss Ysane sk o i Vo S8 ol 5 VL
slagais (b5 sldgdol 4 ba e glanSe )
OolisS ld (IRl L als mhaw 65; 2 29290
ngbal ¥ JSE 50 08 sy p |y e 5 sk
b hye 508 (S9SN sSagy S il onsliussay
gh9lnd jlam g oo gojlazaizr (05 sladldsil
ol 5l W e & el gleoalls

ol 0ile Wl SlS o iz 20,5 slaalglsil

o &l
5 SV 3l raae (9 I gy oy glad ¥ IS

S3bwpalls 5l am ojla (o) (salglgili-ll

iy ol e 4 Alglgil-o

PSS iy X
ol i 5 olfis Sled O 5 F sl JS
Jlad adl s ol JUl IS oo oy ez
ol oLl bz 35 0 ()8 s Wglgl) Jlwsil

Vol / ybiue g b 0,90 N Fo ) Jlo /Sl 4 i I Vot

g se SPY 4 o] bas g 0,8

SIS 25 sl ,o (bal D) las o slaog 5
Jolis (Lails G) (cwlow sloog 5 5 SPY (gmmslas ot
Sz 5o shele 09,5 ol sl SPY gl
5 Aol JLSle o 9s2se Slagy sl Moo 50
aS olge plo b STy glp canlie Jled blas ol
el SPY @ SPY slawy jr 5l solawy s slise @
ot LSl sl Sgz Ol b ms
odalie ¥ S jo adgl g0 laais 0,5 sdlelgils
DY el gllin seunlin b doys Como 55,5 0
wcinb gl U5 sbay el covsay VAl gois
Dt o0 & dnd Gloly 5 50,8590l (54558 Joas
S0 ) 1y (85, Sledbl bl (il Jy
RSP VA EZ0 | EE VR

G};?nd
i
1D band |‘\ 2D band
= | ﬁ\
Ao A
AN NN , o g

55 P (gl ool g LT Y IS

oy P yme S9Sl CgSag Sea ¥
odliinl (g 908 (S9,8] CoSng e I (ulibsn,
Gy Sun sladiges (gilwoslel IS jeboas o
ilaosle] sals o g5 Jetie s ypme oigyiSIl
Al slo by, @ diges 2ls 0SS0 g adyl
3 (038l 55 5) bagyg mSUl oS oSin (aly,s ol

(paie) dgei 9,0 3l Gyge (S9,8) LeSwg Son

\- TEM

Archive of SID.ir



Archive of SID.ir

V0 I Vo,lods /liny g 5wl 0,90 N Y Jlo /Sl 4y i3

oo 3T oKt Slots —F S

LS W Glasas VY- Yol Joo) Glasas 5 Jols -)
by Ceannd =Y (4 30 FO (9,50 sargly b Jowe
(RY¥ 55 gol> o+ Vhpd g5 cay g6 ooy aoin)
sl izl i ditVYYD ) 6,5 (50,050 auio =Y
3y (50> anin -F (ol )S codl 4 jpme Y-
W) s =0 (Y F ool Luliiwl i AY i)
-V (Ge) ol )S slecal =2 (Ve e ol o g
B -A b @955 99959 9 (29 pelaS slo et
o lads Ve eSS U Glogur g, Lid
Sp fegile) g )ldd VY 00 (o p Cuz y8S
55

Ao g diged bl Az 10 VY (0aed -V -°Ce

S5 X)) yeges VY (oaef -—mbar\f-

Hlad slgebl i V0 &> VLl

ool 3 yg0 (21K bo 3T s —0 S

o ey (b IS e Gl plaS e oS
oz g (S ol 5l am g J8) Lo g jlid (5 505l
SoSoslal cga el Jlow (20 s pSojlal 4y by e
Sl 00l i s 50 38 JSGU Jiegile jLid il
3l el o 4o Oyl B sl J8las 4 6l g
Comd [0 yizmed Sl 00l oolaiwl (6 pegiw¥! Sile
oL 5l am (Jlewsgil) 8 o Jlows (slos aSil gl 0l
s 3 ey gl gles @ S oS s Sl
So Sl e Jlw g0 gte 5 RS g e Sl

s 50 0083 o Jlw SiS  Slod (omyp S
aS Sl b ol ool and 50 0,53 SOU 4y 5laos
e 5l b g 0l 5l 1l s pp Jlow sedgl slod 4
53,5 Jiie 0,55 gn 4 5l
amao \V ghls ole,S S Jols daiolesl ples jo
@0 S0 S e 69559 (20 e b AT
e 9 S s el ghalojl 2 Sl (atiie
S )0 odldpsd Glapd SS9 Jlw (20
E9r% 5l b 00,5 o )15 lo tolesl g oo eols s
S SOl Jlow b ol o Jlwsil glagsialos]
e b aslie g oSy ooiw Lol Cyz) 05d
Olgie ) Jlwgil b a0y gl 5o 50 Jlowogils
hy aolol laialesl (05 Jlw) o 5 (0 Sl
b 5 T °C 00 Jlw slos (30iod (nl 5o 035 o0
Ll £0 °Cp )5

Archive of SID.ir



Archive of SID.ir

Il 90 lp ey Gl ) galal; SS @ izen
|) (JL..wyL’ )‘ oolawl O999) s.j‘—g_j 9 A_AT—JLo.ijJL‘

W, /’lﬁJ Py 2

Wi \_(# | 2o M

(WJ (ﬂb (pﬁ ]
Sl o Slee b ‘5’.1)[5 OlFse ¥ osaka, N
olasl Ll 5l aSenl glp 08 amilone | (0lo S
Jusl sloals oo cans b il 48 o 9,80
5heslitul Sl g8 9 Sle oy Cons @ Ol >

Dyal sl G 5 i Jlawsilb ot 5 %yt
hﬂ
by,
n= 7 %)
W,

s OlF 5 wlalr Ol Jll e o (g9,

oialel LIS e a8 Jds nl & e 6l
Hade 51 Blul 5 0gd o colainl (1Sl Hlaie
5 2l hte 2By Cote 2l Cul (See (Kb
solatul Jlae M 51 00,5 yao plp lagl lwge
aS lae Slyodl 5l A cunl Jolae (Jg w005
solatwl ¥V gall, db el Lae S| jgdme
Vgakl) 5l 5 olfiws slas gaulre sl 00 5
o mSoslail olaws n coll ¥ (galal, jo Mo solawl
Conbad pas sl Giolesl oSl Jlade TX
solaul TSSO S-S gadal) 5l 5 o ioles]

Vol / ybiue g b 0,90 N Fo ) Jlo /Sl 4 i I AR

1) ooliial 350 5ol (guwaie layiel )y ¥ Jsux
e by sl lamas 3 Jold aes o lis
olad) ol S5 U jp sl 5 amio VY 0855

(sl gl 2 2 555 Sl slozs > 5999

Yol S Jols wasd sbaasin-Y Jous

Sl b
JEYA m (L) s Jobo
Yo m (W) axio 5,
H/TeV'm (Lp) sk @m0 selols
/*Tm (Lw) co,e & ypmyg galold
/+¥Ym (Dp) «Jlws 55 5 99,5 silao
/+++®m (1) bamio cuwlbrs
ARRI amio plS
/+¥im i)V (sl A(LC) S Jols b 50 salols
/mENt amio Vil -(AL) JS Jobs mlaw
eesYorm

5 bails) 5 oadays callinlesl i i eslazul L
ceilosl S8 @ [V F] Slas, Ly saiasl) Jgus
Tors 9 9909 0 £S5 9 o Jw lp JLad g L
Py Jlow 2 639)9 )0 oandid sla g g S Jols
wig sleS Cudib (S i) Jlw 2 (Kb
o0 sy ((C3) G950 5 9 Sl colan co o
Sae Galeh; dde gy, g 89,9 sailes yo 9 JUB o
JUST o o wcdil sas (S5 9 (o> 1S (Sl
oyl Dyl Jll IS ol s ol o)l
Sl g Eg g JUIS sl Lad el (SKals S\Slasl
03,5 (0 drmslone o (29, 4 J5,L05

V- Efficiency
Y- Bechwith
Y- Kline and McClontock

Archive of SID.ir



Archive of SID.ir

VoV I Vo Lo [ limnn g b 0,90 NV F o) Jlo [ SslSe 4y 5

oy g g li-Y

ey Lwt cdale s Jlwsil 5 ol cgasillas o
O-Y Ipm 5,5 Jlw 595,9 slo oo .0uo,5 ool
sl o sl ol o allisle;] s cas gl .ol
SHPHL Sl s 5 20355 ool laalesl G-l
s o a8 gl s pll b byl Wl- S
Gl 5l s Wload opdlS bizS sl e iles
SrS sl slp (W Sl gled cole) L) (g pegiVl
s Sy uue slaces i eolaisl &yl O )
5 20,5 bl GalosT o 5l amy S ol (sl
Ple> B8 pdy 50 1S5 ape T L e ales] plos
Sl Grizmen 005 Jol> jiin S8 b (Sundee
o503 (59, ezl 5 Uas Slay o ggame bl Coxo

035 o)

L oo slo i ) sasliwnsa s & S o
Sl Sl 6l oz (o5 iy Sl L
s, YVipm o5 Jlaw ez (00 ol 00l g,
Soges 3l odalcuwsds zulis (sdmslio b .l oo 428 5
b Jbw o> (28 oz &)l Jlil (IS oo
Dolas a5 ws 8 asive [V ] e g b s
Dol jlade Wld g 09)0h sagly 4 bgpe Sl
sl (@ g 5l) O garly Jlws Pl 5o SzsS
V2L 2l lajloges (o0 sl (sodgame (izeon

] 00 Ll

sla> (go0g0xe WXn Q\ 40 aS (O sadaly) o

Ive-vyl col Xn il by s 50505l
oo (ZETD; o
n

1

%ﬂ:[(le )2+le )2+_“+l;)n )2]5 )

x x1 x2

Ox
— W

o 2 2 a 2
Wv—\/(a;‘lwn) HG ) et G )
it ol oaal ¥ Jga jo iolesl 1SS g blug
FIYY Jlp sae Coalad sae aS o)ls ol 5l S b
FIVA &)l sl ol co o FIO cdul sae
30 2l S ol sy olg ¢ O SKlasl o 5o

el oy Vel S

Salo3l 1555 g ddpwg Coalad pos - Y Joax

thog SoalS pac bl poe L el
(%) (%) 153 s
VA Y/ev (°C) 0955 Sy sloo
Y/¥ VAY (°C) (75,5 %o slo
AN o/A% (°C) 3509 < sles
Y/ VA Y/ (°C) 29,5 <l sloo
VAR =5k;
= o e Y/av (Lit/S) syt o
V/eY
\R v/0n Sy S lid B

(kPa)

Archive of SID.ir



Archive of SID.ir

(p 5 Jbw aseie (28) 8y Jlw 9 (O Jlow 20l

2958 Jlwgls &)l JU! (S5 o b 0gne sl

aile ¢p )8 Jlow (asein 20 S5 045 W )5 jasin
FYIY7 as pin el Jlawgll oo iol33l & Ipm
SO e el ol Ol > sl IS g e
S o5 al38l L 8 Ipm) Jlaglb et s
sl & JUEST S 5 OY/FVE 2130 05
sl oo (Il b as cal cpl Jdo 09l co doecs
Feder Jbwgl JoSse o sroye3 (o>
Ol ar g sy sae Gial3¥l ol gams o5 05 o
Syl sl co po yad pion a5 )0 g el sas
T Ty SRRV [P DU P FRUNC DR FE SCHPL IO
I @ be e VOAF K WmY) ol > Jlsl IS
Flpm azx> 209 VYT °C glos jo Jlowsil a5 ol
Olsie 4 STL Gules o 5 Jols gammbo G S
Sy o0 Ipm ez 00 970 °C los ;05,5 Jlew

DS )8 dman S0

Syl JUl o po pogdle Sl sla S Jols o

Sy 4o ot poe Hlws 3 S Jols yo las cal
Jew g 25 Jlow (20 Gl a5 305 asuine oS0l
s A U I8 Jlwsil Lad cél 6,5 az o

=

NVRPLY

T=60°C and C=0.01 wt%

1
09
]
L J

08

0.7
F
~ 06 =
g ®Vh=2Ilpm
= 05
@ ®Vh-3lpm
F] L} N
g oa V h=4 lpm
&

03 . @V h=5 lpm

02

[ )
0.1
o
1 2 3 4 ) [ 7
Volume flow rate, Ip

Jlowgil L il 320w 9 255 Jlow (20 F1-A JSCb

Vol / ybiue g b 0,90 N Fo ) Jlo /Sl 4 i I AR

y =39.684x+ 424.08
R10F908 -
G "v(
® theoretical
o ~weees Linear (experimental)

15 2 25 3 35 4 45

Volume flow rate (Ipm)

610

@ @ «
@ N o
<) 3 3

oefficient (W/m2.K)

@
@
S

® experimental

Overall heat transfer c
IS @
I} =
3 153

IS
S
S

IS
&
3

09350 $4913 b IS (61 ovol sy gyl (gdumn Lo —F S

Ol sl Jlow 12 65955 bulg,y b ax o FO

B e 2 S Jhw @0 Sl pabazie sy
Jbgil g 2l )5 S Jsls 5l lad cél g o)l > il
oy oS Jhw 20 51V UK 05,3 oolatul ST
sl oo ;0 (0 Jlw) Jlwsb o)ly> Jlasl IS

T=60 °C and C=0.01 wt%

—e—V h=2Ipm
—e—V h=3Ipm
1100 Vh=41pm
—8—V h=5Ipm

Overall heat transfer coefficient, W/mZ2 K

g 8 2

1 2 3 a4 5
Volume flow rate, Ipm

o
~

@l JUE! (5w o 2 )5 Jlow wgliste slago 51 -V S

Jlwgil

Sl st s £+ € 2t o a3 s

Jlw b wles ;0 2=V Ipm slo o0 g 272V Sig 00,0
2 &S eboles 285 13 V-0 Ipm sl o L 65

) 5 Jhw 20 Gl el jastvine oV S

Archive of SID.ir



Archive of SID.ir

AR I Vo Lo [ limnn g b 0,90 NV F o) Jlo [ SslSe 4y 5

05 s o G138 & w3, anite A S5
SIS S Sgrtr el ool it 3 S, 3
caels Ol Jlawgil 5l eolatwl Koo &ile 4 b 05,5 o
ol s a5 Shey acans S Jols LTS s
‘oo)fsn (w‘ g_j ;JOLJ LSLQW Comw 50) oolawl
Y Ipm o cob oo lp iged Glaie 4ol sales
5D 5 o o0 Gialidl 5 sanlice Jlowsil
SJols LS YY/AL aoldl el aids p xS0 aY
paseie Sl aizmes ol gllae 4T 04l 0
2 g el 50 Jlwgl oo iuli8l a5 s
O Ipm cob oo 0 6,5 Jhw 1) 00,5 o ;S Jols
b o 0, Slos oy o (S VIV T s3] ol oyl
sles 1o 0.5 Jlow Glgze 4 ST 0 Ipm as” el Sloj 4
Jhwgb FIpm L poles ;0 )5 Jold Caos S 0 7+ °C
OY) asl FJols )50 e 0 YT °C sleo o
5 b mb slaes 0 we S atie (izes
Sy Al gllas 15 Jlawsil 5l solau!

S 5 azii—¥
sl Sl oz )5 sl 2l S s
o cdale gooS Jlad S /) LWt o O
Flsmn Sz S jlal Slilg Jowsgd maows
JLO.U‘ w)..a).:?’oc wb Lgl.o.)).) (u]) ro)f Jla.w &
Glaxao ol )5 3 Jols 5l Jlawsil jliud cdl g o)l >
) @l 5 (0 gloamio 55) Jlwgl a5 oyl
250,5 oolaul wiis > > 0 (zg) slbaxas
Sl s o ag s p SO LY eS8 Jlw oo
ol el )5 Jlaw o0 Gialdl as ol las b
cel guizmen g Oyl Jlsl IS oy O-/FVE
90 ;2 a5 00,5 o Jlwsil Ceows jo Jlid cdl yialS

S5 o3Il as Jlwgils JLad il i jloged A JSS
U IRV POV VN FCUVR Y PR\ L] D OO |
el Jhwsl 20 Sl (asin a5 jsbles
VIpm (61) Concd ogllac a5 00 5 o lid 23l 2l
OF Y7 il el Jlawgil (oo Gial38l o )5 Jlws
Jw @0 (RPN Jg (035 o0 S0l po jlad o
S ) 99,5 o0 S ol yo JLas il rals el p S
e Jbw (20 (Rl E Ipm) Jlwsll patein (20
(55,5 2 YA2I0Y0 1504 sl aiBs 2 J O @ Y
aaly> e ooy ple DL o g Sl Cgllas Lo oS
M3 o 8l 5 L33l b aS el ol s 06
Gl 45 0gdioe fhie S Jlow Te 5 2959 Sled
Ol Sals el a5 00 5 e anjeSiany elS el
Ol (Jlwsil (20 SRl L &S s w05l oo L2S
e halS o] Az oS ead iy jalsh ) sae
o] Pyl L 2l olsal 5 Kals SISl

Sl s 5 e N 5 ¥ (slo IS 145 ,sbsles
Jhwgib o)l JEsl ogue el (0D p 57 Sl (20
30 Alaad a5 305 o Jlwsil G o jlid il
i &S gl el Gollae Sl oS Jols
ool paaw Gl 4 Jlwsil 5l soliiwl a5 80,5
A JS8) w)ls S ols oShee b 2T 5 6,36 42
Bl ool by w)

T=60 °C and C=0.01 wt%

105

z
H —a—vh-2lpm
g
= —e—Vh=3Ipm
b
Vh=4 lpm
—e—Vh-5lpm

SIS 2T )8 Jlow 20 519 IS

Archive of SID.ir



Archive of SID.ir

&l yo 9 2lo—f

[1]Giwa, S. O., Sharifpur, M., Goodarzi, M., Alsulami,
H., & Meyer, J. P. (2021). Influence of base fluid,
temperature, and concentration on the thermophysical
properties of hybrid nanofluids of alumina—ferrofluid:
experimental data, modeling through enhanced
ANN, ANFIS, and curve fitting. Journal of Thermal
Analysis and Calorimetry, 143(6), 4149-4167.

[2] Das, P. K. (2017). A review based on the effect
and mechanism of thermal conductivity of normal
nanofluids

Molecular Liquids, 240, 420-446.

and hybrid nanofluids. Journal of

[3] Ali, N., Teixeira, J. A., & Addali, A. (2018).
stability,

properties. Journal of

A review on nanofluids: fabrication,

and  thermophysical

Nanomaterials, 2018.

[4] Naddaf, A., & Heris, S. Z. (2018). Experimental

study on thermal conductivity and electrical
conductivity of diesel oil-based nanofluids of graphene
nanoplatelets and carbon nanotubes. International
Communications in Heat and Mass Transfer, 95, 116-

122.

[5] Shanbedi, M., Amiri, A., Zeinali Heris, S.,
Eshghi, H., & Yarmand, H. (2018). Effect of
magnetic field on thermo-physical and hydrodynamic
properties of different metals-decorated multi-
walled carbon nanotubes-based water coolants in
a closed conduit. Journal of Thermal Analysis and

Calorimetry, 131(2), 1089-1106.

[6] Ramezani Azghandi, O., Maghrebi, M. .,
& Teymourtash, A. R. (2016). Modification
using Pt/MWCNTs

electrode and optimization by application of

of Glucose biosensor

taguchi method. International Journal of Nano

Dimension, 7(3), 231-239.

Vol / ybiue g b 0,90 N Fo ) Jlo /Sl 4 i I AN

ST SNSRI I P S g N S R TN PP E
a8 Sloj s Jlwgll 1005 paseine el gl
el (a0 4> (g:l—;‘;—l) Gl 00uis oolawl Jlewgil
Wl ybly slasan olo)S ,5 Jols p Jlwgil o, Slos
Ghat dd o L aS 00,8 o YY/AL 0ggy el p 5
Jrs090 s s (goaiiS Jld S5 4y Jlowsil
Jlw 55 (525 el (g9l end ol g 9 Sl g
Oyl JES g e Bam a5 il o (] b
33,5 00,5l 3gug0 (g0 LI AS W0 T sy jus

e s -0
My 535,55 3 4ilos ,lad D
KW/mY Slals o)l Jlsl ey h
M« Job 3550 b 55 0 galold L,
M (o5, 3550 B 35 0 salals L.
S5 glranio 5lo,35 | la ol slaws Ny
olazaiz 0,8 salgdgils MWCNTs
ey D yud \\Y
Sl @l
kg/m¥ . J&> P
Cp «s551,5 n
o)
(& Jbw) b Jlow b
(5 b)) Jlogils nf
(5 Jb) &1 Jlws w

Archive of SID.ir



Archive of SID.ir

AR I Vo Lo [ limnn g b 0,90 NV F o) Jlo [ SslSe 4y 5

Using Taguchi Method. Amirkabir journals of

Mechanical Engineering, 3(54),8-30 (in Persian).

[14] Ramezani Azghandi, O., Maghrebi, M. J., &
Teymourtash, A. R. (2021). The Effect of Plate
Numbers on Optimal Condition of Gasket Heat
Exchanger by Graphene-Carbon Nanotube Hybrid.
Journal of Solid and Fluid Mechanics, 5(11), 149-163

(in Persian).

[15] Goodarzi, M., Amiri, A., Goodarzi, M. S., Safaei,
M. R., Karimipour, A., Languri, E. M., & Dahari, M.
(2015). Investigation of heat transfer and pressure
drop of a counter flow corrugated plate heat exchanger
using  MWCNT based nanofluids. International
communications in heat and mass transfer, 66, 172-
179.

[16] Shanbedi, M., Amiri, A., Zeinali Heris, S.,
Eshghi, H., & Yarmand, H. (2018). Effect of
magnetic field on thermo-physical and hydrodynamic
properties of different metals-decorated multi-
walled carbon nanotubes-based water coolants in
a closed conduit. Journal of Thermal Analysis and

Calorimetry, 131(2), 1089-1106.

[17] Amiri, A., Maghrebi, M., Baniadam, M., & Heris,
S. Z. (2011). One-pot, efficient functionalization
of multi-walled carbon nanotubes with diamines
by microwave method. Applied Surface

Science, 257(23), 10261-10266.

[18] Amiri, A., Shanbedi, M., Eshghi, H., Heris,
S. Z., & Baniadam, M. (2012). Highly dispersed
multiwalled carbon nanotubes decorated with Ag
nanoparticles in water and experimental investigation
of the thermophysical properties. The Journal of
Physical Chemistry C, 116(5), 3369-3375.

[19] Amiri, A., Sadri, R., Shanbedi, M., Ahmadi, G.,
Kazi, S. N., Chew, B. T., & Zubir, M. N. M. (2015).

Synthesis of ethylene glycol-treated graphene

[7] Ramezani Azghandi, O., Maghrebi, M. J., &
Teymourtash, A. R. (2021). Investigation and
optimization of heat transfer coefficient of MWCNTs-
Waternanofluidsinaplateheatexchanger. International

Journal of Nano Dimension, 12(2), 104-112.

[8] Xian, H. W., Sidik, N. A. C., & Saidur, R. (2020).
Impact of different surfactants and ultrasonication
time on the stability and thermophysical properties of
hybrid nanofluids. International Communications in

Heat and Mass Transfer, 110, 104389.

[9] Moradi, M., Abouchenari, A., Pudine, M., &
Sharifianjazi, F. (2021). The effect of polymeric
surfactant content on the mechanical properties of
Al/GNP nanocomposites. Materials Chemistry and
Physics, 257, 123831.

[10] Bhattad, A., Sarkar, J., & Ghosh, P. (2018).
Discrete phase numerical model and experimental
study of hybrid nanofluid heat transfer and
pressure drop in plate heat exchanger. International
Communications in Heat and Mass Transfer, 91, 262-

273.

[11] Demirkir, C., & Ertiirk, H. (2021). Convective
heat transfer and pressure drop characteristics
of graphene-water nanofluids in transitional
flow. International Communications in Heat and

Mass Transfer, 121, 105092.

[12] Ramezani Azghandi, O., Maghrebi, M. J,,
& Teymourtash, A. R. (2021).
investigation of forced convection heat transfer
and pressure drop of GNP-MWCNTs hybrid in a

Experimental

plate heat exchanger with different plate chevron.
Nanomaterials, 47(13), 184-194 (in Persian).

[13] Ramezani Azghandi, O., Maghrebi, M. J., &
Teymourtash, A. R. (2022). Experimental Study of the
Effect of Flow Rate and Concentration of Graphene-

Water Nanofluid and Finding the Optimal Conditions

Archive of SID.ir



Archive of SID.ir

Esfahani, J. (2019). Experimental study on thermal
analysis of a novel shell and tube heat exchanger with
corrugated tubes. Journal of Thermal Analysis and
Calorimetry, 138(2), 1583-1606.

[22] Demirkir, C., & Ertiirk, H. (2021). Convective
heat transfer and pressure drop characteristics
of graphene-water nanofluids in transitional
flow. International Communications in Heat and

Mass Transfer, 121, 105092.

Vo,lod [ biane 9 ol 0,90 N Fe ) Jlo /SOl 4 s I VY

nanoplatelets with one-pot, microwave-assisted
functionalization for use as a high performance engine
coolant. Energy conversion and management, 101,

767-777.

[20] Tiwari, A. K., Ghosh, P., & Sarkar, J. (2013).
Performance comparison of the plate heat exchanger
using different nanofluids. Experimental Thermal
and Fluid Science, 49, 141-151.

[21] Milani Shirvan, K., Mamourian, M., & Abolfazli

Archive of SID.ir



