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Double Pipe

Hoon-Ki Choi™*, Yun-Seung Lim’
“Schoo!l of Mechanical Engineering, Changwon National University
(Received 09 March 2021; received in revised form 01 April 2021; accepted 20 April 2021)

ABSTRACT

We compared the heat transfer characteristics of the parallel and the counterflow flow in the concentric
double tube of the AlLOs/water nanofluids using numerical methods. The high- and low-temperature fluids flow
through the inner circular tube and the annular tube, respectively. The heat transfer characteristics according to
the flow direction were compared by changing the volume flow rate and the volume concentration of the
nanoparticles. The results showed that the heat transfer rate and overall heat transfer coefficient improved
compared to those of basic fluid with increasing the volume and flow rate of nanoparticles. When the inflow
rate was small, the heat transfer performance of the counterflow was about 22% better than the parallel flow. As
the inflow rate was increased, the parallel flow and the counterflow had similar heat transfer rates. In addition,
the effectiveness of the counterflow increased from 10% to 22% rather than the parallel flow. However, we
verified that the increment in the friction factor of the counterflow is not large compared to the increment in
the heat transfer rate.

Key Words : Al,Os/water Nanofluid(ZF0[tt LE=F&|), Counter Flow(CH&-7&), Parallel Flow(E & 7S),
Volume Concentration(®| & &&), Overall Heat Transfer Coefficient(Z2 LME H ), Heat

Transfer Rate(@HEHE)
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Fig. 1 Definition of numerical domain
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o} FEd wFstER o]g9 = Yt
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21L& Ag3al, EAEEE Vajjha & Das®71 Al
Q3 A AE AT
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= 04491+ s 405746 — 016340 (14)
¢ 3
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2 3
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1% < ¢ < 9% 293 < T(K) <343, 13nm <d, < 131nm

Table 1 Properties of Al,O,

Property | p,[kg/m’] | ¢,,[W/kgk] | K [W/mK]

3900 785 36

Value

-84 —



AE), JE

7| Al7FE 88 A A20A, Ales

Table 2 Properties of NanoFluid at 25C

o o, kg/m?] w, lkg/ms] |k, [W/mK]

0 1000.916 0.000869 0.60620
0.02 1058.897 0.001151 0.67079
0.05 1145.870 0.001309 0.72473
0.08 1232.842 0.002752 0.78304
b= kp +2kf — 2(k:f —kp )¢) .

"k, 2k+(k— ke Y

' wT
+510'Bgp,c, Ao FTE
(15a)

=
+(—3.0669 <10 2¢—3.91123 <10 %)

f(T,¢)=(2.8217x10*2¢+3.917x10*3)( T

(15b)
(3 =28.4407(100¢) 107304 (15¢)

1% < ¢ < 10%, 298 < T(K) <363, 29nm <d, < TTnm

Table 19 Mohammadpourdard52'e] QAo Ab
S5 A YA ALO:Y EHAE UERAAT

2(16)-08)= 712FA] 29 dHEE®R), ¥
Ep) B AAAR)E AT FoE AAY 5
Jout AEEE fdte 229 2 Uil 4
ojtt. HIA(e, )& AT A 4200kI/kg K12 F2
.

pp=—31x10 *T*+1.5917T+801.92 (16)
k; =—0.5981+0.00653 T—8.354 < 10" °T° (17)
py =0.1917¢” M1 T (18)
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Fig. 3 Comparison of axial evolution of the
convective heat transfer coefficient with
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