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Numerical study on turbulent mixed convection heat transfer and pressure drop
of nanofluid in vertical helically coiled tube heat exchanger

Behzad Firouzeh”, Kourosh Javaherdeh

Department of Mechanical Engineering, Guilan University, Rasht, Iran
*P.0.B. 4199613776, Rasht, Iran, b_firouzeh@msc.guilan.ac.ir

ABSTRACT

In this study, turbulent mixed convection heat transfer and pressure drop of Al203/water nanofluid in helically coiled tube heat exchangers were
investigated. Thermo-physical properties of nanofluid and base fluid were considered temperature dependent and analysis for helical coils, with
curvature ratios of 0.1, 0.0666 and 0.05, and nanoparticles with volume concentrations in the range of 0-2% in various Reynolds number were carried
out. CFD analysis was done by 3D realizable k-& turbulent model in ANSYS FLUENT 15. According to the results, it was shown that by increasing
the coil curvature ratio and nanoparticles volume concentrations in a same Reynolds number, heat transfer coefficient and pressure drop of helical
coils both increased. Using numerical data, a correlation for predicting outer Nusselt number in terms of Rayleigh number in helical coils were
proposed. Thermal performance index were compared in various conditions and the maximum value was noticed for coil with a curvature ratio of 0.1
and nanoparticles volume concentrations of 2%. Results showed that using nanofluid and helical coils instead of base fluid and straight pipes,
improves thermal performance of the heat exchangers.

Keywords: Nanofluid, CFD, Heat transfer, Pressure drop, Helical coils
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Fig. 1 Schematic geometry of a helical coil
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Table 2 Thermo-physical properties of Al,O5; nanoparticles
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Table 3 Boundary Conditions of helical pipe

g ) oylge0 T
u 1-35m/s 0 aulfan-=0
T 30-C “KiT/on- B(T-T,) aT/an-0
P aP/an-0 aP/an-0 0

- o Y

]

1\
\\\\'\)‘2?“
Al
7l

77
L7

77
5 "

7
0

9%
10002
%04
%

55
<X
XX

Dpsess

oo

&L

9%
27
o
0%
K
SKS
SR
&
%
Y

.
v‘ 0.
SR

&

7
o

%
8

0
2!

2
=
=
=

2%
NRRSSSS

s

%
55
v,
7

%, AN
"”"‘."" ’0~0
11z

177

z
XSOk
S5
L)
I
[177

4
i

=

oil

wobe hsS chie mhw 4500 3 JS4
EURSIPCH SRRSO RERE SR 1] O RISy
S35 psiton S¥oles Jor sl Puunl ps0 asye ik 5 ad el
Oriared 3,8 oolatl (65,1 Alsles 5 ey ST £ ey i
Uslen sl 510 6 5 K dace oo o Ktagey syt oo (o Jlone
25 Drzots b ghil ly a3 Laly, s 43S ki 50 107 g5

Fig. 3 Grid at cross section of helical

o

o

W syl g e e

d. d c 3
Re=PY% =% pp=Zol oo GPATD
u D K av (1)
2,5 @) (2) alaly & jsods Sl jalsi, sae
Re,, =2300[1+8.6(8)"*] )
e S slos
| UcpTdA
b T (3)
i UdeA
gl abhaie mhavw S o Sk A3l clul sae
”d.
T @

Nu =——-—"»~1—
lLave Km(vam _Tb)
g v oo Jlw Sl colar oy wsa Qo T K oS
2] g0 Cowss (5) alady 5l 5 aiis Ay b S5y 5l L

2n
[ (pnAydg

¢m = 2n
[ (A
Wb @y T K byl 5l o o Wl @ 3 akal, o

()

Gl yial )l a5 sl o)les (ilse dil> S Sladl Coluw ca A yien

! SIMPLE
2 Second order upwind

19 3902 9 S Sluwl 5 ¢ sabedygud Slallyn (il paiS (yue9s wVlie dcgoze 13 o )leuis 16 ©)93 1395 Mo )30 Sl w i



03,819 G995 9 059 145 e

S390c E@le AL Gioha Jue )3 Juwwgib )3 Ylpa Hlisd wdl g us )5 Ll )b JUsl e aallbe

0.04 : . ; . x
—— =0
el B - .= $=05%
\
‘\ el h=1%
0.036 | 4 —-e— ¢=2%
0.034 |
Gt
0.032 |
0.03 f
0.028 |
0.026 ' : - . :
1 2 3 4 5 6 7

Re x10*
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Table 4 Comparison of Nusselt number and friction factor

Vs, Nu Nu [1] U f f[3] U
4.10* 270 265 1.8% 0.0367 0.0365 0.5%
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Fig. 4 Nanoparticles volume concentration effect on Nusselt number
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