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Abstract

The aim of this investigation is to investigate the H,O turbulent flow according to the
nanoparticles, including copper oxide within a pipe outfitted by an innovative swirling flow
generator. For the purpose of determining width effect in turbulent flow for Reynolds
number, the results are analyzed. Moreover, relationships are obtained to estimate the
irreversibility component. It is observed that viscous reduces directly proportional to
pumping power. This means that following an increase in inlet velocity, differential pressure
rises. Because of higher velocity gradient, by increasing width Sgen¢ becomes greater. As

turbulator with larger b is used, stronger turbulence intensity will be generated.

Keywords: Swirling flow generator; Nanomaterials; Thermal performance; Computational

Fluid dynamic modeling; Entropy.
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Increasing energy consumption in recent decades, made scientists search on possible
solutions to face this energy crisis. In this regard, developing a heat exchanger with a more
inclusive efficiency and smaller dimension presents a suitable solution. Employing Swirling
flow generator combined with nanotechnology could be regarded as an effective way.

Chio [1] was the first to propose the term “Nanofluid”, which is suspension consisting
of nano-sized powders (1-100mm) within a liquid medium. Comparing to base fluid,
nanofluids have better thermo-physical characteristics which make them be regarded as
future working fluids. Nanofluids can be used as a solution of a variety of industrial problems
with comprehensive functions such as air conditioning, chilling of electronic instruments,
heat pipes, heat exchangers, oil recovery, drug delivery appliances, diesel-electric generator,
heating buildings, nano- lubricants of high-temperature pumps, and pollution reduction. In
order to prove the ability of nanoparticle several papers were published [2-13]. Wu et al. [14]
deduced Al203 — H20 nanofluid results in power penalty in pumping of micro duct.
Increasing inlet speed and volume concentration of nanofluid leads to a quick boost of the
mentioned penalty. Ahmed et al. [15] predicted a new model of a microchannel heat sink
with two layers of aluminum in shapes of rectangle and triangle, with alumina and SiO, —
H,0 nanomaterial. Their conclusion determined that the alumina had the finest efficiency

with two layered micro duct, in a triangle shape.

Wang et al. [16] analyzed the efficiency of heat pipes containing aqueous CuO
nanomaterial as the heat transfer fluid. In the case of unsteady state, while the working fluid
was aqueous CuO nanofluid, the startup time was declined. Heat transfer was improved
considerably by 40% along with a 50% decline in thermal resistance was observed, in the
cases which nanofluid was adopted as the working fluid, rather than utilizing D.l. water. To
predict thermal behavior several methods can be utilized for simulation [17-32]. The heat

transfer of four distinct nanoparticles, with various volume concnetration in trapezoidal plate



heat exchangers, was assessed by Abed et al. [33]. The impact of dimensional factors of
trapezoid channels was scrutinized. Based on the results, the largest Nusselt number is
observed for SiO2. Improvement in the heat transfer took place with concentration. However,
there was a minor rise in pressure loss along with the decline in nanoparticle diameter. There
was also an augment in the Nu for nanoparticle having diameters of 20 nm. The heat transfer

improvement was 35% more in comparison with water.

Forced convection under turbulent flow and friction of alumina nanomaterial, which
flows in a U-bend tube, once with helical tape in the inlet tube, and another time without it,
was scrutinized by Durga Prasad et al. [34]. They concluded that the rise in the Reynolds and
Prandtl numbers cause increasing of Nu. Compared to water, an improvement of 32.91% in
the Nu in whole pipes is observed for 0.03% concentration and p/d=5. The volume averaging
procedure in order to figure out the Buongiorno model for nanomaterial forced convection
inside a duct was applied by Zhang et al. [35]. They accomplished pore-scale scrutiny to
illustrate thermal dispersion as well as mechanical dispersion. The detailed expression of the
Nu for channel and tube flows for the analytical solution was demonstrated. Besides, another
ways exist for augmentation in heat transfer [36-77]. Asmaie et al. [78] studied a
thermosyphon with numerical analysis, by utilizing CuO /water nanofluid. The outcome
illustrated that the efficient concentration to bring about the best heat transfer improvement
was 1% wt. Furthermore, they recognized that by this concentration, it was feasible to acquire
46% excessive maximum heat flux when compared with water-filled thermo syphon. Xuan et
al. [79] carried out research about solar energy absorption by applying unitary nanofluids of
Ag and TiO2 as well as their hybrid. The results show that the hybrid nanofluid functioned
properly and resulted in increased temperature in comparison with TiO,. Furthermore, it’s

temperature was the same as Ag, nevertheless, the price of nanocomposite TiOy/silver is



lower. Accordingly, the research suggested utilizing nanocomposite rather than unitary

nanoparticles.

Although there is much research in this area, the nanomaterial irreversibility in the
pipe with a turbulator, which is the main goal of current research is studied in few
publications. In current work, the behavior of working fluid in turbulent flow as the single

phase one is investigated via a finite volume method.

2. Modeling Heating unit for the simulation

A view of the studied pipe which is fitted with turbulator is shown in Fig. 1. K-e model,
proving to be the best solution [80] was applied in this study. In order to reach a desired y+
value for this model, unstructured meshes with inflations on facades are used. Single-phase
fluid with relation similar to [81] was implemented to reduce the computational cost.
Selecting Mixture of nanoparticles and H20 is based on [81]. Moreover, in order to reduce
the computational time and cost, single-phase fluid with relations such as [81] are
implemented. To avoid further complexity, Gravity forces and heat loss can be neglected.

The equation considering k-¢ model is written as follows:
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the turbulent dissipation rates and kinetic energy are specified as follows:
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As previously mentioned, in the presence of turbulator in a pipe, k-e model is regarded as the
most precise model. Conceding the turbulent fluid model superimposed two scalars as

follows:
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The available CFD solver ANSYS FLUENT 18.1 has been utilized for simulation according
to ref. [81]. Setting up the simulation as an important step is based on [81]. Single-phase fluid
with relation similar to [81] was implemented to reduce the computational cost. Selecting

Mixture of nanoparticles and H20O is based on [81].

Sgentot €N be derived by sum of Sgenth and Sgen s as expressed by Eq(15). The definitions

are as follows:
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3. Results and discussion

In current numerical paper, Forced convection of nanofluid for the pipe outfitted via
turbulator is investigated. The studied case is heated with uniform heat flux imposed at the
wall. Since the behavior of thermal irreversibility is reduced by utilizing nanoparticles, a
water-based nanofluid consists of copper oxide as carrier fluid was implemented in the

current article.

The outputs reveal that the fluid motion enhances and stronger swirl flow produces,
following the turbulator insertion. We repeated the simulation by applying different width
tapes in different Reynolds number ranging from 5000-15000. The results of current
numerical work have been compared with the output data of [82] based on h(x). As it is

evident from Fig 2, close agreement exist between the results.

Figs. 3, 4, 5, 6, 7 and 8, show contours for different values of b and Re. Following
turbulator insertion, entropy generation declines and enhancement of convective flow is
observed. As Re number increases, the pressure loss rises and as a result, greater convective
flow can be achieved. For cases which include greater flow rate, reducing the inlet velocity
resulted in more uniform temperature distribution. Sgenn increases with the increase in vt .
Improving convective flow leads to increasing Differential pressure. Thus, Ap increases by

increasing amounts of Re and b. On the other hand, since at lower b and Re, turbulence



intensity is weaker, Nuselt number reduces following the reduction of b and Re. With
decreasing the Nusselt number the parameters b and Re will be reduced. It can be attributed

to lower turbulence at lower Re and b.

Turbulent intensity is directly related to width as well as inlet velocity. Thus, utilizing
greater input velocity and width increase the turbulent intensity. As a result of increasing b,
thermal boundary layer will be more disrupted which resulted in more viscous loss. By
increasing the width of turbulator, residence time enhances and it is also observed for
Reynolds number. The effect of Re is more remarkable compared to b, in view of disrupting

boundary layer.

The effect of changing Reynolds number and width on Sgens and Sgentn is shown in Fig. 9.
The correlations in association with active factors are proposed in equations 10 and 11
respectively:

S =0.02+0.017Re" +5.14x10°b + 4.38x10°b Re"+1.495x10°h? (10)

gen,f

S genn =18.69—15.05Re™—0.250 +0.28h Re"— 0.24b (11)

gen th

The strength of vortex is augmented with increasing b and this causes larger amounts of Ap.
The greater Ap means that the higher Sgen¢ Will be provided. Following an increase in width,
temperature gradient declines. As a result, Sgenin decreases. By improving flow rate, more
uniform temperature distribution is observed which leads to decrease of Sgenm. Since
tangential velocity augments with increasing Re, the larger Re causes higher Sgen¢. The effect
of Re on Sgens IS more remarkable comparing with width tape. Besides, in lower pumping
power, the impact of b on Sgen ¢ is more noticeable. In lower Re, impact of b on Sgen s is more
noticeable. Also, width tape demonstrates a less influence on Sgenn cCOMparison to Re.

4. Conclusion



The analysis of thermal features of the pipe outfitted by a turbulator has been carried out
using computational fluid dynamics. It was observed that using complicated turbulator in
addition to nanoparticles as testing fluid is helpful to detect better efficiency. It is also
possible to apply this configuration to energy recovery units. Dimensional characteristics of

turbulator are investigated and the results can be summarized as follows:

e Following using turbulator, inducing turbulence happens and this impact is more

predominant at small Reynolds numbers.

e Concerning greater residence time, Using larger width and inlet velocity leads to

turbulence intensity increase.

e Convective flow and turbulent intensity are directly related to width of turbulator.
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Fig 1. Present pipe and sample mesh.
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