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Numerical Simulation of Heat Transfer Turbulent Flow for Non-Newtonian Nanofluid
in a Double Pipe Helical Heat Exchanger
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ABSTRACT: In this research, the thermal and hydrodynamic behavior of a non-Newtonian nanofluid
turbulent flow in the counterflow arrangement in a double pipe helical heat exchanger is numerically
simulated. A solution of carboxymethyl cellulose powder in water with a mass percentage of 0.1%
with a nanoparticle of aluminum oxide as a working fluid has been used. The computational fluid
dynamics commercial software Fluent was used to solve the governing equations, the results were
in a good agreement with experimental data. The effect of important parameters such as curvature,
Reynolds number and volume percentage of aluminum oxide nanoparticles on the heat transfer has
been investigated. The results show that as the curvature ratio increases in constant Dean (Dn) numbers,
the Nu number and the coefficient of friction increase. The addition of nanoparticles of aluminum oxide
to the base fluid for the flow with the constant Reynolds and Dn number increases the heat transfer
and increases the pressure drop in the helically coiled tubes. The centrifugal force generated by the
curvature of the coiled tubes results in a secondary flow in the heat exchanger so that the heat transfer
and pressure drop increased up to 35% and 30%, respectively, compared to the straight tubes. The
effect of heat transfer enhancement methods on the hydrodynamic index has also been studied, so that
in the helical coils, the amount of hydrodynamic index increased with decreasing curvature ratio and
increasing the volume concentration of nanoparticles.
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1. INTRODUCTION

The use of extensive surfaces and nanoparticles is an
effective way to increase heat transfer in the heat exchangers,
which attracted the attention of many researchers in the
last two decades. Nowadays, the recognition of the thermal
behavior of a double pipe helical heat exchanger is important
because of its wide application in nuclear reactors, food

simulated numerically with a nanofluid flowing in the annulus
side. The schematic of the DPHE is represented in Fig. 1. The
configuration details of the heat exchanger are presented in
Table 1.

The governing equations including, conservation of mass,
momentum, and energy are solved numerically using the
commercial software Fluent. A k-¢ turbulent model was used

processing, electronics, air-conditioning and etc. So far,
researching on thermal characteristics of nanofluids in
helically coiled heat exchangers are scarce. Majidi et al.
[1] evaluated experimentally the heat transfer in a double
pipe helical heat exchanger with a copper-wire fin around
the inner tube. The results showed an enhancement in the
overall heat transfer coefficient due to the presence of fin in
the annulus section. Narrein and Mohammed [2] investigated
numerically the effects of different geometrical parameters,
material, diameter and volume concentration of nanoparticles
on the hydrodynamic and thermal characteristics in helically
coiled tube heat exchangers for laminar flow. A review of heat
transfer in helical coil heat exchangers is provided in ref [3].

2. METHODOLOGY

A Double Pipe Helical Heat Exchanger (DPHE) is Fig. 1. Schematic of helical coil DPHE
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Table 1. Geometric parameters of the heat exchanger
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Inner pipe Outer pipe
Outer diameter (mm) 6.35 15.87
Inner diameter (mm) 4.75 14.07
Coil diameter (mm) 180-240-300 180-240-300
Coil pitch (mm) 31.74 31.74
Curvature 0.026-0.020-0.016 0.043-0.032-0.025
Flow rate (I/min) 2-5 10-25
Inlet temperature (°C) 50 20

to analyze the nanofluid turbulent flow. Further information
for mathematical and numerical turbulent modeling is
available in [4, 5]. The no-slip boundary condition is applied
to all walls while the outer surface of the annulus is assumed
to be adiabatic. Physical properties of nanofluid are a function
of the physical properties of nanoparticles and base fluid
which are calculated as ref [6].

The following equations and dimensionless numbers are
defined to present the characteristic of turbulent convection
heat transfer and pressure drop in a double pipe helical heat
exchanger [7].

Reynolds number:

_ pub,
7

Re (1)

where D,=D -D, hydraulic diameter and u is mean
velocity inside the annulus side. Heat transfer coefficient of
nanofluid h is defined as:

q
h=_—_ 4
(T;V—T;])

The local and averaged Nusselt number is determined as
follows:

2

hD,

1
, Nu,, :szuxdx 3)

The non-Newtonian power-law model is used to analyze
the dynamic viscosity of flow as Eq. (4). The rheological
properties of the non-Newtonian fluid are available in ref

[8]:
r=Ky" “4)

A helical DPHE was simulated numerically to examine
thermo hydrodynamic characteristics in the numerical
validation. So the well-known correlations were used to
validate the numerical process. Fig. 2 shows the comparison
between numerical results and suggested correlations for the
turbulent flow of water in the annulus side of helical DPHE.
It’s found good agreement with the maximum 5% and %2
relative deviations for Nu number in comparison with
Gnielinski [10] and Schmidt [11] correlations.
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Fig. 2. Validation of Nu number

Fig. 3. The effect of curvature ratio on velocity distribution
a) annulus b) inner pipe
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Fig. 4. The effect of curvature on the friction coefficient

3. RESULTS AND DISCUSSION

Curvature is one of the main geometric parameters of the
helical pipes which induces centrifugal force in fluid results
in secondary flow. Fig. 3 shows the streamlines in the helical
coil for annulus and inner tube. It’s expected the secondary
flow established by helical coil causes more heat transfer in
comparison with straight tubes.
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Fig. 5. Annulus side heat transfer coefficient

Fig. 4 shows the effect of curvature on the friction
coefficient in the annulus side. The higher curvature ratio
causes greater friction coefficient in the constant Dean
number. Consequently, the increase in the curvature ratio
increases the amount of centrifugal force and secondary flow
intensity which leads to % 30 enhancements in pressure drop.

Fig. 5 indicates the heat transfer coefficient of the non-
Newtonian AL,O, / CMC (0.1%) nanofluid with the volume
concentration of 2%-1% and 0.5% based on the Re number
in the annulus region. Adding the nanoparticles increases
the thermal conductivity of the fluid, as a result, 10 %
enhancement in heat transfer coefficient was observed.

4. CONCLUSIONS
Convection heat transfer and flow characteristics of a
non-Newtonian nanofluid were investigated numerically

in a double pipe helical heat exchanger. 35 % and 30 %
enhancement was observed for heat transfer and pressure
drop respectively in comparison to straight tubes. Adding
aluminum oxide nanoparticles increased the heat transfer 10
% and pressure drop 8 % for ¢=2 % in comparison to the base
fluid.

REFERENCES

[1] D. Majidi, H. Alighardashi, F. Farhadi, Experimental studies of heat
transfer of air in a double-pipe helical heat exchanger, Applied Thermal
Engineering, 133 (2018) 276-282.

[2] K. Narrein, H. Mohammed, Influence of nanofluids and rotation on
helically coiled tube heat exchanger performance, Thermochimica Acta,
564 (2013) 13-23.

[3] S. Vishvakarma, S. Kumbhare, K.K. Thakur, A review on heat transfer
through helical coil heat exchangers, International journal of engineering
sciences & research technology, 5 (2016) 607-612.

[4] W.P. Jones, B. Launder, The prediction of laminarization with a two-
equation model of turbulence, International Journal of Heat and Mass
Transfer, 15 (1972) 301-314.

[5] Fluent 6.2 user guide, Fluent Inc, New Hampshire, Lebanon, 2005.

[6] M. Heyhat, F. Kowsary, A. Rashidi, M.H. Momenpour, A. Amrollahi,
Experimental investigation of laminar convective heat transfer and
pressure drop of water-based A1203 nanofluids in fully developed flow
regime, Experimental Thermal and Fluid Science, 44 (2013) 483—489.

[7] W. Aly, Numerical study on turbulent heat transfer and pressure drop
of nanofluid in coiled tube-in-tube heat exchangers, Energy Conversion
and Management, 79 (2014) 304-316.

[8] M. Reza Shamsi, O. Akbari, A. Marzban, D. Toghraie, R. Mashayekhi,
Increasing heat transfer of non-Newtonian nanofluid in rectangular
microchannel with triangular ribs, Physica E: Low-dimensional Systems
and Nanostructures, 93 (2017) 167-178.

[9] V. Gnielinski, New equation for heat and mass transfer in turbulent pipe
and channel flow, Int Chem Eng 16 (1976) 359-363.

[10] V. Gnielinski, Heat transfer and pressure drop in helically coiled
tubes, Heat Transfer, Proceedings of the International Heat Transfer
Conference, 6 (1986) 2847-2854.

[11] E. F. Schmidt, Warmeiibergang und Druckverlust in Rohrschlangen,
Chemie Ingenieur Technik 39 (1967) 781-789.

HOW TO CITE THIS ARTICLE

Mech Eng., 53(1) (2021) 59-62.

DOI: 10.22060/mej.2019.16033.6256

S.Sh. Mozafarie, K. Javaherdeh, Z.Z. Talab, Numerical Simulation of Heat Transfer Turbulent
Flow for Non-Newtonian Nanofluid in a Double Pipe Helical Heat Exchanger, Amirkabir J.

61






VEe B YY) @lao AP v Jlo o) o)lodd OY 093 ¢y puol SlSo  uoio & s
DOI: 10.22060/me;j.2019.16033.6256

Sl8I90 (Lo S Jomo 5o (S g Jlow il aidis] b yo slo S JUT (goue (3 Lwdmis

T obo

b £)l5 iy Fooymlez 0,95 (6 yakae Clods

Sl e, LS o8zl (Sle 6 oaSasls

162910 Az ;U
IFAY-IY-YY wils o
WWAA--¥=0 0 16 5550
WWAA--F-VF 50l

AWAA- F—o Vo odT sl

(euadls wlals

le sllglss ole)S Joe
6o (6 5lwars

Jbogil o5 Jlal

wasl by

Wl by Gyl )8 (Hgmim Sl aisl by (Saolisg,nne g olo S )18, ragh cnl o il
ok e S50,5 351 Uolone 31 el ot (53t 5306 S0 4 oo (sMlglas oS S S5 0
38 ey 5l el oo solaiwl Jole Jlw Glgie 4 anSToguingd] 0,356 Lol o Z4/V oy dojo b O o
5 sosls b goue Jo cpl gl aF ouls eolau] SYolee Jo o cgld Slowlsee OVl Sl
doyd g slgi; dae g ylo slizul ails e slo el 5l g pd ol atils o LS cdslae Coadey
G 331 b oo o )l gl el 48,5 )13 ) 15090 Lo)S Wil (55, dumnSTp g T 113536 com>
salg) Lol 515U 35 0 5l 35,5 (59 by g0 il 38l Sanl y pb g Sl sae (ol cpo slael o Ll
X 5 IYD L o ay jlad 2l 5 Loy JEl e a5 555k 4 0t Joe 30 56 (b2 ol o o
Sl guiaglT 1,366 40,8 adlol a5 aas o ylid bt sl 00,5 loy iol38l pubiivs sladlg) & Cans
2 ol A 8l Gl g Loy Il al 3l el b o 006 5 jalyn, v b oz sl b Jlow 4
245 Go9b A al g 5 (Sesludg i (el LoyS LT Gl sla sy 109l o0 g be slaaly)
e 35 (Seelindg oed atll jlade O34l ez clale ol g Lowl o a5 bz e slahisS

] 00

doddo —)

15 Ciioes mipe Dlesdge 5 S g Yl o el 36 5oles
JG ol (il38l OYLawsil diws 10 o jo il oo sl ano g
Lol Shey 6 Gl 50 52U Gl JLS o LS
@l slss oleS slaume b s aslllas g5040
SOy YL plendl) wilioe Lo)5 JUH psle 59, Bluwe 51 (S
ol Joe g55 onl glacuje dlaz 5l ol loanie 5 Joe
as 4351 il oo Ol ) iz mlio o Q] By O )5 aS
prime G 4 Cond 1) @ale slglss be)S Jows
5 2l oby> ol b a5 conl o] gyl slissl siso o 55
ollae 0> b1 L yS JUl Gl wilgico 0l 2 50 (omd (S2ai]

Ol 2be)S g (Swludgyuue L3, gudod cpl )0 aisy Seue

($ife aile Vb G3leSS b mlie el ol

Sl Ao 55 g lagilly b B 5 Ja 5 S Sl San
o JUIS 5,50 g 00 5 slans 3l oolainl . aiiws axlse L5 Jlal
Oly IR el LS Jlml alidl pow e slagy, Gloie @
Pl donte g bt SVl dang b 1A Wisdi oo ceny 5518
09 YU .l caws 65V ol )5 o Sles s ylg5 oo b1 (ol )5
g ool OVlew b aslie jo Slasl> ob,S Sasls, J18
Pl Sse b ol OVl jo el Olyd 10938l L oS was 6
ol o Sl e ) 1 LS J e Sl le

Javaherdeh@guilan.ac.ir :olsiss lsonge ooy *

(Creative Commons License) oo o (Sosis 31 Luilacd o allie oyl .ol 00 0010 1S ol ol8ils ol )Ll ay 126 B g S ot g5 4y el (358>
Auileyd s hittps:/www.creativecommons.org/licenses/by-nc/4.0/legalcode ol 5l uilucd cpl bz gl sl 48,5 )8 Loy o 2 10 BY NG

AAD!


https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

VE BYYY domio VF e Jlo o) o)lad OF )53 oy peel SlSo usine &y

23 5000 5 925 Slagizd aiilse oS s ST geis]]
Voo 5l a8 Lagie ojlail) dsle o35l g 45 ams e LS
el 5o 5 o b5 Calbe Gl carge (Jlw ;o (egil
o @ S Jlowgil sle ) Jlil slaaasuin (il coge
JStze Jlw 48l anags SIS 5 ol gl IV] spioe aly
5 eolatul b 88l sanes sladlyd 0 ALO, Jlwgib 5 o1
8,5 )5 adllae 050 [A] jpeolian § L peST bawgs (Koo Juto
il o35l Cale 4y daz g b 45 ams o i T s el
G985 (oBh 5 098 0 STl als Ceely (g,5les (slag
oL SWasl wal GBS e Gl S e sosled
$b s 5[] Y 5 ST ab oo ialidl o)bgs il )S sue
el ol 0 ol 5 (Seslnsg,iee gladasie g5, o)
ol odmas dg) Sy o /) cdile b ALO, -0l Jlussil
Jowe leslarwl L1, OVE. il S sae 9 FFA jalsn, sae o
oS wols las (Ul Wsged gy 55 w2 B9, 9 S5 50
o b 33 (690 Sy oS (590 0 59l LB (]
ot LS az s pizmen 5 agl Ol wwdul sas s
sl p slabade BB 51 oldgl s lidl ol wbide o
Ol ilwaned ;5 53,5 (B8 (Res A 3 W)l bz
oy Jlisl sl slazel LB 5 o cVlwgilh bols ol
ALO, - T @ldgl gl o] glyz i o )bz olrals
bwgi sgaoe Gladl by 5l eslitul b (GaS5k o3 b 4y S 0
il ams o i gl ad ulos g ayes [Ve] Sl 5 s
Songr 4 Jlowgil oy slo S Sl g Juiln sae g jalgn; sue
5 ol sae 4l (by> 4 g b asS o0 SeS LS ]
il gl (29,5 5 53959 0 Sl sas 5l iy SSL oS
sbes JUsl sla Sy [N ] Sitogn Josl 5 Siinsa Jo o5
Syge 4 |y msle @ldss ol Jae o je el bz
b e ST 5 33l dpanST 3636 LT 050, sy 2 (g0
ot rol Va8 g UN/e 0 oz il o T aly Sl
e ST 409381 g0 40 aS Al sdalive iole;l Cpl )8 058403
A Ol @ el 1V sgu LS Jlasl Sl Y cdale o
odd ool ade a4 YL lacdale o olyd Ll b e o33

e 5 Sl W T e aleF o ,Shes ialS s )

Yy

Sllglss pleS Joe S5 50 ALOL - OF (5 s Jlowsils
a5 el o (53lurdind (g308 )90 4 gunet pué )T b )le
g @l G b8 JUl Gl (o8 5 slagty, 5l el ek 4
el 00l 435S 0 40 e Jriin sl Glorn Jlewsil
oelS jelate 4 VAVY Jlo o L ol (] JoSbe
@l Calae oy b oVl olp LS Jsl glcgsgame
loax a5 0,5 zrhae 1) 4l Jlow 55 aelr D3 @595 pordo «omb
1 s ytels slul 4o b3l eslanad 1220 Jle o [Y] Lo
=S sl sz o1 418 (o addllas 550 55T o oSty
Slale ;5 Ol,59l slagygemibinsm slp Jlw $U L) 5l a5 5
(S99, ele> hils (Yl iz a5 5,5 el g g5 colaiul
Sldllas aiil oo oYL plraly slos Jsl cu o 5 o)l
6oy Jelss & SVLwsilb (olo)S Culaw oS ilesls (las o2
3 S 5 03l oz puS oSy odims LS5 osle g4 il
Jisil oleogas [¥] o1)Ken 5 525 0)ls (S 4l Sl g5 5
e 5o 1y ALOL - O Jlw 56 jlad 2ol plral> sbe)S
by 0o)S (o o Do 4 gybe llslss (le)S o
ST L aslie )0 Jlwgl gl Jlanl Sial o il 1150
prle grio Olpgad Al )8 6j9 50l LAisgal cdalie all>
180 S e gl 1y Loy Uil Jobs jo Lol i plrarls
o Gl gl o e b eYlowgil 45 59,
il celie Lo Jlanl lapinen )0 )bl glo S J
s 42 (05 ,Lad Z8l Dl 350 o ) ey Al e
ORIl slals) ple 4 o (5 S Wl oe 45 35800 0
LS Jsl cwyp @ (0] o 5ee 5 Sles L] wsl L5 Jla)
ol b @l Wy Sy e ALO, — O sl jlad cél 4
b oS JUl oy Linliél 5l Sl bl gl sl obde
i 4 [F] 21555 5 0980 il go Jlowsil oz oS 38
Jd Gisy 99 50 ple)S oo g3, » oad bl o ey
ol (o le ladly) wiile (poie sladlgd glgl yo Jadie
b 51l 5o 5 58 ST by )0 Geile e ladly)
SlaJane () $lp e Glyie 4 |y (Ul Sl ol e )
dwlio ;o Yl b )F colie 5 job a4 . il oS



VE B YY) domio 0Fee Lo o) o)lad OF )53 S el SlSo stine &y

L D J

N

= di.i >

Z
AN

Tl sl4gled (2l )S Juwe I (led ) U
Fig. 1. The view of a double pipe helical heat exchanger

Sial33l 45 ans s i UT gl is,8 ssliul L3S alg ole
oo Sy jpax )3 (IS sl )S Uil oo yo o lala>dle LB
VJLC as C/_‘!L:)Q U‘ykSA u.».m.».a ‘_gLQbu’_w)).’ )| L] 0l culie
il oo (g OYlw b p SYLwgil aal po HRime Blegoge
sl a5 o YLl a5 il ol [Vl S g S Ll
By O LgLasu,w; 0dgde ;O I r°9"-’L‘-’-' S | g.s‘)é
- < - o I s A N e . " -
sl B8, (55 5o it Gl L g W)l (s L8, S
S als bl ke (5 58 on (g et ool ol
Sl b g s L8, Gl ez sboale L oYLl
o938 1 VT aies oo olis 095 51 (i5gw pé Jl3, YU o>
5 oM SVlew (S5l JB8) g ajeSiny )0 s b Sli3eL
lple S oo Jais ) i me OYLwsil adllas Cooanl
sl glo )T Jil slo S5y asdllas ols tagh 5l Gom
Joee o wkSl 0l 3 (56 e Sl il 5 9ST pgeiagl]
Aol oo e oz glacbale bz o Sldglgs L5'~L'°)§

©ode gilw oo =Y
Cowl oo ools Hlas ) UK jo i 0590 obe )T Joe dwain
o2l adllon ;3 ol o le 55 een 54 30 3 e o5
bz e Gilwans sl (X YZ) 5,55 Slatke gl
0 5 Ll g bl o Joee sladly) b d el oas oolitl
gbe p8 H 5 L8 D s )ls o)lal Sgm 9 (S9,5 ) & a2

oal V sz 5 (silotand byt g piin slo ol ly il os

Yy

Soes a3 ALOL =0T Sl 6T by 53 VY]
09 el ooz Jles cdl g LS Jasl ) 1y ale e
@lp oalel (l Woged gy (275 s5b 4 gale sladil>
FY mmg Y mm go pow o8 9 Ve 9 Ve slil cos b oS
N5 ek sl 0 plowl Jlwgils 1Y B 70 ¥ slacale
i il g LS il Kl dacbile ples o E¥Vlowgil dagy]
s @le 42,0 Gl L alpegdle aiyls OTL auslis jo 65V
Sl bz 4 o g 4zl 09 Lo S Jlanil Seal o Saes Cod
JU 555 75 sy whise Gl XY s g
geste Gy po (it 5 e Vb )T lyr gleS
plosl DY Il 5 513k basgs Los o2 o g Lo oo Loyl o
Hsn DYl plsie 4 Of =SS5 Jalome 5 O Sl o] s
Vs plyie 4SSl s g 3lske Jite (onS0yS o
S b g8 Y (sl @l 05 ooliisl (talojl (slpy (925 e
oy 5 il 808 e glyy D0 g [+ FF - VOY sl
$Fo DVl lp "M o (2 00 e Le)S il basgie
GialesT bl b DVE] Jlgablos g 5lsl Lilee o 1) i5gmi et
2 SEhel oyl gl daly, wlie sladhss 5 ol 9,
Dol e 5 sauzme ssls a1l al,T oL, sl M sas o
75 Oge & | male Glalddss ol S Joe S o L5 i

95 e Sl 5l LeyS Jil il sl ol wioged o) 2

1 M=Re***/[(0.26)(a/R)*"]



TEe BYYY domio OFee Jlo o) ojlad OF 093 yueS ool SilSlo i 4y i3

(18] (b ¥ Jomo qwaidr b el sy ) Jouur
Table 1. Geometric parameters of heat exchanger [18]

Sl oy o>l algd
AR VOIAY @m) >, ki
IV VE/.Y (mim) s s
Yeo—=YFe —A: Yoo —YFe — VA (MM) g oms i3
YV/VE YVIVE (M) gy e o5
EPYRS KRR 44 TR »
e R
A\ f/0 49 Slass
o o) 4J5Ju~.3.2-
6-v Yo—1- 2 ) ol Sl
(aa8o
- (PC) 2955 oo

[19] (o (s 3udg05 (Pls5 .Y Jgor
Table 2. Thermophysical properties of copper [19]

p (kg/m’)

K (W/mK)

Cp (J/ kg K)

AAYA

YAV/$

YA

IS5 @ plyse |y Gllglgs glo)S Jome yo sl 5 LL oLy
Iyl caiload ol @) 5 (V) &¥olae 15 a5 «adgs p3 (5 gl

f s dolas
M
:C,S).> o)’\..\jl aJoles

0 du;  Ou 2 Ou
— | (u+ Lt —L -5, ——~ |- puu,—S5,P|=0
ox |:(,u M)[Gx ox, "3ox, ] PUH =% }

i i

™

55 aolas

Ou

Ox,

C
i K+& a—T—puJCpT—,ul
Ox; ; o )ox ) j

J

Ou; | ou,
+
Ox |\ Ox

. ”‘ 63}3‘K4_]°Lu

s Zaukj_pg}om

13 ox

\AR3

Faow
gl Gllgdss (alo)S Jows (600, 55w Baiod (nl )0
gl 50 (O éls Jlow sl 00 (g5l Jon alisee sla ks b
3 ol 4l )3 (Hgwpe Jlwsil) 0w Jlow 5 (I
JUsh (28,5550 b (obo)S Jame b Ol Abke cuz
2 0 Jlew & (B male dlgl )0 005 b 5l zeose bo)S
b @be)S Sk 5l (ol Aol ojlgns 09d oo Jolod (s9il> 4l
wilge o 3l O iz g Sl osds S (2l 5 (L3S Sl

Sl 00 43‘)| Y J9d.> 5 UT ‘si:).oﬁjao).: ué‘? as

Sy bl g oSl Yol Y
S5 Jae 5l sl 0l SYolee o sl ol G o
Jolss ol o ol oals ool k-g aasl b,> 30
Yl 5 0Lz bshs gl wgl by> ular (Gis >
Shls b Jas plo & Cond g oo kog wiasl Ja (50508

2 oS Sl s S¥oleo VY 5 Yol sl o s 5Gds Slg



VE B YY) domio 0Fee Lo o) o)lad OF )53 S el SlSo stine &y

Sio by ¥ Jgur
Table 3. Boundary conditions

ol 9> $99,9 o
O-Y adds b od PR
ou Y2 o ;o
—= YO aids p u
on \ >
5-°C oT 5-°C PEN
—_— T
v-°C on v-°C e
oP oP ,
on on
g (P =) 39,9 y Lol 00l Joo SL5LLOI D90 4 (585 a(pku)a]:(#+MJ%1|+#[[aui+au.i]auipg 49
ox; Yo o, )ox, o, Ox, ) ox,

ool 00l 003 e (V) aloles b (595,9 ahaio ;o &
3
3 2 3 kA
kO :E(MOI) Y 80 = CﬂAT (V)
W] )y O ygo A b_i,.n..ﬂ Sad (V) doles (o
I= %XIOO% )

sl 5555 Ay Jobjl aslgi oo baasls 5 a8 cnl s &

Alp L oaas] glbaasie Job o (e ol adllas jo
Jsb aneiny e elulys +/+V 656 asl o +/-V(d /) |
oo 48,5 L o atid] catil dawsi Sl b,z 40 bl
Tor> e )0 Lpiie (oled (sl 39 slo)lt o295 5o Eun]
1 g0 Slalte Cys godimd Hlis M g Cuwl 00l 5,8 yao

ai(u,m ke £)=0 QY
n

2l Ol hg, 90 @ oyles Kooy Al glp gilw Joe
coy Gl a5 J sleasl (lgs &) Jsl (hg, yo cul

b o b e les wils oyl sl g el o Jaw aiily oo

taan] i 650 Ol Kol £ aolee

0 0 4, ) o¢ g

Zpeu)=—|| u+ | |4 pC, —E— o

axj(p ’) axﬂ” ngﬁxjil P P K ++Jve @

&3P @lp Sl soe Glys @ oS5 4 0.9 0,00, &S

i8] i (6551 ot a3 5551 5 Il il i

02 b & dolee yo wiasl co ) Go,b 5l (€) o] @Ml Kl 4 (k)

il bl

k2

u,=pC,— *)
&

C,=19,0.=0850, =1.0,0, =12

@ aly slo prie oled (gl CSeSS g n (59959 50

u=u,, I'=T1T,,k=k, s=¢,

e g9 5l (g3 «(995,9 Lk s £95 51 (69959 (50 Ll p

AL C R PRV JU g~ N i PR VR e

ool 02,3 by )bzl alralr sladelos sl 550 Ll

ol oleas 5 el 185 laalg) ojleas (55, 34 pae byb

Yo



VE BYYY domio VF e Jlo o) o)lad OF )53 oy peel SlSo usine &y

2 _ 2
dh:4A(-mss :4(ﬂ'd (“-/4 7Z'd i,o/4):d0i_di0 (\\)
P ”(do,i +di,0) ’ |

et s D9 a 2leyS L s LS W] caogs sl p
D9 s

_me(Ti_Tu)

\Y
7d, L on

q

Gy ) Dhge 4 bo,S Jl ooy ol )5 L 5l el b

D9 50

q
h=——1= VY
(T, -T,) o
Nu:% Of)

Colas oy kg plralr lof Jal copo b T e o8
ol gl S
AP ] 15 o5 55 co dmsles 1 aolae j1 f STShaol g 5
S Ay o Jlw Sl oyt g L Jsb plas jo ,Lad
Lol (gl axb Ly

_ 2Apd,

VO
L (Vo)

CMC Jslxo 3 Jbmwgili (59 5udgo 5 9 (S 38ls) (olss -0
735 |y Jlw (So5dge 5 elem il Jlow 4 13 96 o

Colas cops o Ol uss a5 s oo ol EPR PRy AR o
Gl Sl el )l S ol Con bglire (lsd Sl i) s (abe S
Jhwgl Glo,S a0 5 com> oS wojlail (IS i ales
Al (8 lvtond 31,3 5 338 o b SVLasils ol s
Sormnl s 5o Vb 3B 4 a2 g5 b Jlowgil (Sajedgn s ol
5 Sloed 20 Glaosls ols asllae jo .l jlo e 0 g0l
Sadeey Lolys el 43,8 18 sslitl 8,50 [YA] o ISen

s xBTS 4l 5 lses s bl olml sl 23l 31 e
oS alabls g 0uijlop a3 i, onl bl 5l IYY] Wy, e
sba¥ S5 sbS JUl seo slaShg 4wz 51wl
&lF gy nlple ol oais axgi i) slaaVn; o (i
o Lo,S il g o,les i3 @ipm gy gile e sl s
s gmlie Sl Syl

(Ol Lryase s sue b aasl glaoe) pss s
arng 0>l g 09500 I 4 0)lpne So5 (b ilede Gl
2 P30 Ubsy w3 e |y Jlend (somn gz plad jo il Jus
@l LS JUsl 5 o)lpns Suop i sbaY sl siledse
shbie §eid (nl ) pgd by, Sl eslitul (nlply g wa0 o0 s e
IVl wsb o

ool V7 23l8 el (5,05 1381 0 55 5l el 0l 5o
Ol il oo o)lgss o Slee iuli8l ol (slaiy 3T sl aS eull
Jlosl g cosl o)l Soo5 4l )0 iledoe () S5 b5
Gk 5o oS (VO atlce 65900 4l (al )0 ) sanaSd
sl s Ll 5l

gode gy, -F
GMslss Jome o Lo Ul 5 ol ol oSt o¥oles
Sgazme Jolas wie jloslawl b op 35,15 Slaisee piowaw )0 )b
Ave] ISl Jow b alis g 31,5 69 clatiml b J 08 axe
GilwdinnS g0 a0 b S > ojlail O¥olee ol 00l >
o G951 )18 5 S o sl piiite (D S sl g Wilons
w35 o lsie 4 Lo slaals) (g1 a5 ol o ooliial oo
&5 Woles sl [YV] el ous sl (goas Jo 50 cwslis
Flae jlivn ;o a5 Cusl aid) )5 4 pous a0 SusS ok 5
o9l b [YAL atlco (J5d 5 283 5 ol Son Tyl SVl
ool blod M1 Sial g anan] s 65,5 wVoles sl Sl
03l 4.»_‘3; )Ja.; 3 ).l LCD)M (SALQJ 6‘).: d‘)io.lb )LM ]

wiloals Byxe (Vo) dolas jo gam 9 o 2l )l

C
Rez(m‘_‘l’r),g:ﬂ,pn=Re(3‘/2,pr= [ O+
7 D K

c

v



VE B YY) domio 0Fee Lo o) o)lad OF )53 S el SlSo stine &y

[30] 135 S5 pls F Jsi
Table 4. Thermo physical properties of nano particles [30]
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Table 5. The rheological properties of CMC-water solution with a mass percentage of 0.1% [24]
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Fig. 2. The mesh of double pipe helical heat exchanger
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Fig. 5. Comparison of Nusselt number in the inner tube with experimental data
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Fig. 6. Comparison of Nusselt number in the outer tube with experimental data
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Fig. 7. The effect of curvature ratio on velocity distribution in helical coil for non-Newtonian nanofluid (Q, = 4 Ipm, Q=20
Ipm, 6 =360, ¢ = 2%)

dJy) phis mhu Job ;o 450 slool,z » Wlgee S Oy~
b bzl el oo ol 8l e yle Hlad 4 K o A 3
25l 25 gy i o) (nl 5ls wlior G Lz s,
do Sl Co e o ¥V USB095 o0 15508 0l sla Sy
g s Ayl yoe /Y g [T e e[S sl s s b g o
5 65 Alols lan 3 soil asli 3 o/ FY 4 o[- TY +)0YF
WDl g0 0030 aS jehailen .ano oo lis | O=vs.° &=l 69959
93950 S0 5l 25 Go Gl 4 e Ll s I

S oo G250 o] 35 e 3l Ee S A jeerme |y At Sy

b g Shol u sy boS szl coms 5l -4
Lo)f Js!
a8 a8 i ol gy Lo dlg) Ky o sl el b S5 L

AAR

Tl o 0 5 LY US| jiSlas a4 09l o cdwlie and o
308 3525 [Y0] (Suid8 5 coet] 220 dolas b ol so0e
S8l 0 gl oo peiiinss sladlgd L (so0e gl auglio b pioren
Al 0 el lin 30 mm)be gleddy o LS Jlasl e oS
ol &S cunls Jlebl g co g0 o ol gl duslio 4y ax g b
o9y e olgie g Sl (Jo8 B Sds il goue J> )
Al oo clin e ldglgs ol o axdllas gl (goue

Jbw by sleaazidn -A
Slss @le)S Jowe S 5o (bl (i sl el 51 (S
s g s e bl (0 =d/D) Ll ol oo Ll e o
3lssil slad 5 (Als J3 5l (5,0 Ayl (gl o5 oo g le
303 55 955 2 S L Lol 398 e ool Sy a3



TEe BYYY domio OFee Jlo o) ojlad OF 093 yueS ool SilSlo i 4y i3

0.04.

0.04 N

«~ 0.0354

0.03

(@l
---e--- Coill 5-0.026
—.—@—— Coil2 5-0.020
4 Coil3 5-0.016
.
R
.

0.025 T T
0 500 1000

0.0.

Dn,

T T T
2000 2500 3000 3500

i

0.045 .

0.04

0.0354

0.03

---4--- Coill 8=0.043
—-—@—— Coil2 8=0.032
—a—— Coil3 6=0.026

0.025
0

T T T
500 1000 1500

T T T T
2000 2500 3000 3500 4000
Dn,

©, = 1-—Yo Ipm,Q, =Y-0a Ipm, $=Y%) ALO, /CMC(-/1%) = 38 5& Jmwgili sl 2 (2,5 A9l (o (o dlgh (Al S Bldasol o p 5 Uil 1A JSb
Fig. 8. The effect of curvature on friction coefficient a) inner tube b) outer tube for non-Newtonian nano fluid ALLO,/CMC
(0.1%) (Q_=10-25 Ipm, Q,=2-5 Ipm

b el bl g yle yld 4 g cos a5 d/D=6
Slade Lol o Gl b sl oo Gl Lol s g sl
et el Cep pLF g ead fdn 5550 5 25 90
sae plply 0ed co b3 Ll oo o (iulidl el 4,96 o)L >
Ol 5o a5 oo Gl Cul (o 5o sl Cond Al L el

Sl 00l sanline Lo )3 il o oy (iul8l /YO U sabos

5 oyt JUS oy Slygll pan L ST -
Sl co o
b Jlosil s 5 Jh 5 lin sl ol 05 ooz

30 aLsdS Slalllas 4y 4z 55 b .l jadet, dae 4l s dslie sl

Sboe G20 0l 9, mle bl ek oo Gl g le
Dgdisn oS Gl sleaasiie g9, 35 e 5l 52,5 oy SR
gobe SLosl S a4 gt (Kidly Jlowsil (L2 jLad 4
SBlasl oo s, bowl 36 5 284 g A Gl JSs s 5,k
oo dde o bl iy bl a4z ol ool sols ol
Gl sy byl g welss 155 58 SKasl o o polie (il
L asl ol ool g 5550 5l 52,5 sy slade bl Cos o
Sled cdl o8l Coge MY U Gadow ol jo 4 des oo il
Ll 00
73 b gl 4l g o) b slasl (g5 Lzl cns 51

L?u‘ww)xdabfl)wlaw @u)ﬁ@i)l,a}.]aé)a

Yy



VE B YY) domio 0Fee Lo o) o)lad OF )53 S el SlSo stine &y

210
180 .
EJ e
a .
a e
s .
150 . e
= 7
4
120
---&--- Coil3 8=0.016
—-—@—-— Coil2 =0.020
90 —A—— Coill  5=0.026
60 T T T T T T
500 1000 1500 2000 2500 3000 3500 4000

Dn

10 Algd el vus p Lol 150 .4 s
Fig. 9. The effect of curvature on inner tube Nusselt number
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Fig. 10. The effect of curvature on outer tube Nusslet number
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Fig. 15. 1 values versus Re number for non-Newtonian nanofluid turbulent flow of Al,0,-CMC(0.1%) with a volume con-
centration of nanoparticles $=%0.5-%2 in coil 2
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