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ABSTRACT: In order to study the turbulent flow characteristics of nanofluid, this paper establish the
nanofluid turbulent flow model in a spirally corrugated tube. In the condition of a certain temperature differ-
ence between import and export (AT = 60 K), different concentrations of nanoparticles (o= 0.01, ¢=0.03 and
¢= 0.05) of Ag-Ga nanofluid turbulent flow characteristics is simulated in the spirally corrugated tube. Con-
sidering the change of temperature, pressure, velocity and so on in the spiral corrugated tube. Resistance loss
is studied under different concentrations of Ag-Ga nanofluid in spirally corrugated tube. The research results
show that compared with smooth tube, tube resistance loss coefficient of Ag-Ga nanofluid in the spiral corru-
gated tube resistance loss coefficient is larger, and it enlarge with the increasing of nano silver particles size.
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1 INTRODUCTION

Since the 1970 s, the energy crisis appears. Experts
and scholars must accelerate the study of new type
of high efficient heat transfer working medium to
deal with the challenges, and research how to
strengthen heat transfer performance (A. Koca et al,
2007). With the rapid development of computer
technology, methods to simulate the heat transfer ef-
fect of the nanofluid with the use of software attract
the attention of people (M. Sheikholeslami et al,
2014) . Maiga and Gines (S.E.B. Maiga et al, 2005)
(R. Gilles et al, 2004) used FLUENT software to
analog compute the influence of components of the
solid nano dispersed phase to forced convection heat
transfer at corresponding working medium in Al2Os-
H20 and AL2Os-ethylene glycol nanofluid. Heris etc.
(M.M. Rashidi et al, 2014) also used FLUENT to
study the influence of components of CuO and
AL2O3 nano-particles to corresponding water-based
nanofluid heat transfer performance.

Nevertheless, when refer to the metal-based
nanofluid turbulent flow numerical simulation, there

is few research results at present. This paper takes
gallium metal base fluid and silver nanoparticles as
study object, to research its pressure loss in the spi-
ral grooved tube.

2 METHODS
2.1 Physical model.

This paper adopted the nanofluid with concentra-
tions of 0.01, 0.03, 0.05, whose physical parameters
are shown in Table 1.

This paper established the spiral fluted tube model
(Fig.1).Tubeline is Lo = 200 mm long, whose spiral
fluted tube is L = 100 mm long; Tube diameter is D
= 20 mm wide; Spiral groove pitchis T=D /4 =35
mm; Spiral groove depth and width area=D /10 =
2 mm. Silver- gallium nanofluid (Ag - Ga) was tak-
en as a heat transfer medium to research the influ-
ence of different composition of silver particles on
the flow.

Table 1 Ag - Ga nanofluid physical property parameter

volume density . ) Thermal conductivity dynamic viscosity Coefficient of thermal
fraction (p)  (ke/m’y  Specific heat (Jkg'K) (Wm?K) (ka/m-s) expansion (K-)
0.01 6134 429.9-0.275543T 31.6422 0.001935936 0.00009803
0.03 6222 429.9-0.275543T 32.9536 0.002037275 0.00009409
0.05 6310 429.9-0.275543T 34.3023 0.002146199 0.00009015
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Fig.1 Spirally corrugated tube schematic diagram
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2.2 Mathematical model.

The magnitude of silver nanoparticles in nanofluid
are nanoscale, which makes the properties of the na-
noparticles are similar to the characteristics of metal
base extremely. It means that nanofluid can be treat-
ed as a single phase fluid. Liquid metal based
nanofluid flow is affected by the control equation.
The basic control equations are as follows (Y. He et
al, 2009).
Continuity equation

a

%+V-(p,vl)=0 (1
Momentum equation

dpNV

%+v'(plvlvl)=_vp+v'-l-l+plg (2)

Among them, p is a fluid pressure, stress tensor 77
are defined as follows:

2

T, :ﬂz[VV1+VV1T]_§/11V‘V1| 3)

Among them, w is the dynamic viscosity of liquid
metal fluid viscosity, / is the unit tensor.

Energy equation
plc{ﬂ+vl ~VT} =V [kVT] 4)

ot

Among them, c is the specific heat of liquid metal
fluid. 4 is the thermal conductivity of liquid metal
fluid and T is the temperature of the liquid metal flu-
id.

The flow of the spiral fluted section pressure loss:

()

Among them p-s is the pressure of x = 5 in the
tube, and p-0s is the pressure of x = 105.
Loss coefficient:
= 2A}27 D
pV- L

Ap=p_s — Dyos

(6)

3 RESULTS AND DISCUSSIONS

In this paper, Ag - Ga nanofluids in 0.01, 0.03, and
0.05 components were simulated, and get a series of
cloud image.
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In order to study the nanofluid heat transfer char-
acteristics, temperature distribution cloud images of
different components nanofluid in the tube are made
(Fig 2).It shows that, with the increase of the com-
position of nano fluid, in the high temperature area
at tube from high temperature to low temperature,
temperature change range narrow and the thinning of
the laminar boundary layer from figure 3, which
means that heat transfer accelerate. Nanoparticles
sped up the heat transfer rate, and improve the coef-
ficient of thermal conductivity.
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Fig.2 Nephogram of temperature for different components of
nanofluid
(a)0.01; (b)0.03; (¢)0.05
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In order to study the speed of change in the tube,
the velocity distribution cloud images of different
components nanofluid were made (Fig.3). It can be
seen from the Fig.3 that the velocity of 0.01 nanoflu-
id is the fastest, and the velocity of 0.05 nanofluid is
the lowest. Nanoparticle influenced the movement of
the nanofluid in the tube, which makes friction force
increases, speed decreases, and flow velocity slows
down. Velocity is larger in tube center, and edge
speed is smaller.
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Fig.3 Nephogram of velocity for different components of
nanofluid
(2)0.01; (b)0.03; (c)0.05

In order to study the stress change of nanofluid in
the tube, pressure distribution cloud images of dif-
ferent components of nanofluid were made (Fig.4).
It can be seen from the Fig.4 that nanofluid inlet
pressure is larger in the tube, and outlet pressure is



smaller to zero. Nanofluid pressure change rate is
faster in thread area, but nanofluid pressure rate
change is slower in excluding thread area. The big-
ger composition of nanofluid is, more quickly the
pressure change.
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Fig.4 Nephogram of pressure
nanofluid
(2)0.01; (b)0.03; (c)0.05

4 CONCLUSION

This paper established the Ag-Ga nanofluid turbu-
lent flow model, and simulated Ag-Ga nanofluid
turbulent flow on the smooth tube and spiral
grooved tube respectively. The conclusions are as
following:

(1) With the increase of nanofluid composition,
physical characteristics of nanofluid in spiral
grooved tube are obviously different, which makes
heat accelerated, speed decreased, pressure trans-
formation was accelerated.

(2) Compared with smooth tube, Ag-Ga nanoflu-
id in the spiral grooved tube resistance loss in-
creased.

(3) As component of silver nanoparticles in Ag -
Ga fluid increases, the resistance loss increases
gradually, and the biggest difference appears at the
Re =25000.

(4) As Re increases, the spiral fluted tube re-
sistance loss coefficient is on the decline.
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