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Curves of pressure, lines of current, speed of fluid, fields and diagrams of kinetic energy, 

and plots of viscosity through a H2O/Al2O3 nanofluid-heat exchanger with recirculation 

promoters are studied by using a computational approach and a two-dimensional 

algorithm. The simulation used four nanofluid fractions, i.e. ϕ = 0.5, 1, 2 and 4 percent, 

with four flow rates, i.e. Re = 5, 10, 15 and 20 (× 103). Both the discontinuous-type 

deflectors and the detached-model bars are considered to reinforce the nanofluid field 

structure. The discontinuous-situation of these deflectors allows reducing the pressure on 

its front-corner by passing the fluid between their internal surfaces. In addition, the field 

is detached from the front-sharp-edge, forcing the creation of recycling-rings on their 

back-areas. While, the presence of the detached-bar model in both the top and the lower 

stations of the exchanger allows an improvement in the flow disturbance across the gaps 

through their interior-surfaces, and the formation of new recycling-cells near their right-

sides. These vortices constitute opposite-currents where their strength increases with 

increasing nanofluid concentration and Reynolds values. 
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1. INTRODUCTION

Important review studies of transport characteristics of mass 

and heat of nanofluids have been addressed by many authors 

(Ozerinc et al. [1], M'hamed et al. [2], Liang and Mudawar [3], 

Kakaç and Pramuanjaroenkij [4], Zayed et al. [5], Estellé et al. 

[6], Farhana et al. [7], Ahmad et al. [8], Akilu et al. [9] and 

Menni et al. [10]). Minakov et al. [11] used H2O-ZrO2 

nanofluids and experimental models to enhance the convective 

turbulent structure in channels and tubes with no promoters. 

Mohebbi et al. [12] used the LB (Lattice-Boltzmann) approach 

to simulate the convective-heat-transfer of nanofluids in an 

extended surfaces’ channel under many solid-fractions, flow 

rates, and obstacles’ sizes. Selimefendigil and Öztop [13] 

reported analyses of convective-transfer simulations of 

nanofluids in a branching-duct with annulus. Xu and Cui [14] 

investigated the case of a fully-developed flow in the mixed-

convection through a duct filled with porous-type mediums. 

Ameri and Eshaghi [15] improved the laminar performance of 

a porous-media flat-plate collector by using Fe3O4-nanofluid 

flows. Edalatpour and Solano [16] conducted investigations on 

different heat-transport parameters in a 3D flat-plate collector. 

Laminar H2O-Al2O3 nanofluid fields under various Al2O3 solid 

fractions were considered. Tomy et al. [17] studied the 

improvement of transport of heat in a flat-plate solar-collector 

by using the MATLAB. They confirmed the thermal 

performance in terms of exit-station temperature, coefficient 

of heat transport, and the efficiency by experimental validation. 

Anbuchezhian et al. [18] analyzed the case of nanofluids in 

laminar flows for solar applications. Anbuchezhian et al. [19] 

studied the MHD convective filed and thermal transport of an 

incompressible-model and viscous-type nanofluid through a 

porous media by using theoretical techniques. Using BBD 

(Box-Behnken-design) code, Ghorbanian et al. [20] physically 

optimized a corrugated-surface and porous-type cavity by 

nanofluid flows in the solar-radiation case. Khamis et al. [21] 

used the approximations of boundary-layer and Boussinesq as 

well as the model of Buongiorno nanofluid to simulate 

unsteady-type flows of H2O-Cu and H2O-Al2O3 nanofluids 

with variable-viscosity inside a porous-type duct with 

buoyancy-force. Meibodi et al. [22] theoretically studied the 

H2O-SiO2/EG performance in solar collectors by using 

experimental results. Khullar and Tyagi [23] investigated the 

importance of nanofluids in a solar-concentration system for 

water heating. Matin and Hosseini [24] reported analytical 

studies as well as numerical investigations on the nanofluid 

transport over an inclined-type transparent-model plate in a 

porous-type medium. Menni et al. [25, 26] used both the 

nanofluids and the vortex promoters to rise the performance of 

rectangular-duct heat exchangers, under the steady-turbulent 

conditions. 

Annales de Chimie - Science des Matériaux 
Vol. 44, No. 4, August, 2020, pp. 231-238 

Journal homepage: http://iieta.org/journals/acsm 

231

https://crossmark.crossref.org/dialog/?doi=10.18280/acsm.440401&domain=pdf


 

 
(a) MWCNT (TEM-image) [27]                 (b) Fe2O3 (TEM-image) [27] 

 
(c) Graphene (SEM-image) [28]        (d) Al2O3/Cu (SEM-image) [29, 30] 

 
(e) Ag-(MWNT-HEG) (TEM-image) [31]            (f) Titania (SEM-image) [32] 

 
(g) CuO/C (SEM-image) [32]          (h) Fe2O3-CNT (TEM-image) [33] 

 
(i) SWCNTs (SEM-image) [34] 

 

Figure 1. Various images of solid nano-particles used in previous nanofluid studies 
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Figure 2. Numerical-domain 

 

Also, excellent characterizations of solid nanoparticles 

(Figure 1) have been studied by many authors (Asadikia et al. 

[27], Balaji et al. [28], Suresh et al. [29, 30], Baby and Sundara 

[31], Akilu et al. [32], Aghabozorg et al. [33] and Terrones 

[34]). All these solid particles are presented for preparing 

nanofluids. 

In this numerical simulation, a nanofluid of H2O-Al2O3 with 

0.5, 1, 2 and 4 percent fractions, is presented as fluid of 

transport of heat inside a 2D rectangular-duct heat-exchanger. 

The duct has two types of vortex promoters, i.e. discontinuous-

type deflectors and detached-model bars, to reinforce the 

turbulent nanofluid field structure. The finite volume and 

SIMPLE approaches are used for calculation and a variable 

flow-rate, Re, [5×103 to 2×104] is applied to reinforce the 

turbulence.   

 

 

2. PHYSICAL MODEL  

 

2.1 Case study 

 

The study proposes a new structure for a simple finned air-

heat exchanger [35] by introducing new vortex promotors, 

namely, intermittent deflectors, rather than straight baffles. A 

2nd model of promoters has been added, namely, disconnected 

bars (Figure 2). The combination of the two promoter models 

enables improved dynamic performance in order to improve 

heat transfer.  

All engineering data were selected from the experience of 

Demartini and his colleagues [35] received for a rectangular-

duct air-heat exchanger consisting of simple promoters within 

disconnected bars.  

 

2.2 Al2O3-H2O nanofluid 

 

In addition to the developed promoter technique, a 

nanofluid is used as an alternative to conventional fluid (air) 

to further enhance the heat transfer. The proposed fluid is the 

conventional liquid (water) dispersed with nanometer solid 

particles of Al2O3 (aluminum hydroxide) according to a 

variable concentration from 0.5 to 4 percent.  

Mathematically, the various physical properties of the 

developed fluid can be determined using the equations shown 

by Pourfattah et al. [36].  

3. NUMERICAL MODEL  

 

3.1 Limit conditions 

 

Four boundary conditions are adopted in the simulation, 

namely, the regular inlet speed (u = 0 and v = 0) with an outlet 

subject to Patm (atmospheric pressure) [35], as well as, both of 

the two horizontal axes of the exchanger are hot at a constant 

temperature (of 375 K) [37], while the solid walls are subject 

to the non-slip-and-impermeability-boundary conditions [35]. 

 

3.2 Resolution methods  

 

The mathematical equations describing the turbulent flow, 

i.e. mass and momentum conservations, are solved using the 

finite-volume technique [38] and the SIMPLE [38] algorithm. 

The standard model of k-epsilon [39] is used to model the 

turbulent field structure. This model has proven its 

effectiveness in many studies received for baffled heat 

exchangers, as stated in the numerical study of Chamkha et al. 

[40] who compared (i.e. validation) the considered model with 

other models as well as with the experimental results reported 

by Demartini et al. [35]. The comparison showed the existence 

of quantitative and qualitative convergence between the 

standard model and Demartini’s experimental data under the 

same conditions.  

 

 

4. RESULTS AND DISCUSSIONS 

 

4.1 Pd field 

 

The presence of intermittent deflectors and disconnected 

bars inside the exchanger has a significant effect on the Pd 

(dynamic pressure) values. There are high values across the 

gaps between the interior faces of each deflector, as well as 

near the front-sharp-edges of each bar. The most stressed 

regions are those areas adjacent to the upper faces of the 

deflector, especially near the top exchanger wall (Figure 3).  

In addition, there is a direct correlation between the Pd 

values and Re number with ϕ (Al2O3 particle volume 

concentration), as shown in Figure 4. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
 

Figure 3. Pd field (in Pa) field for ϕ = (a) 0.5%, (b) 1%, (c) 

2%, and (d) 4%, Re = 50×102 
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Figure 4. Pdmax for various Re numbers and ϕ concentrations 

 

4.2 Ψ field  

 

As expected, the nanofluid-flow is disturbed due to the 

presence of these deflectors inside the exchanger, as shown in 

Figure 5. The Al2O3-H2O current flows from the inlet and then 

disturbs as the nanofluid approaches the first intermittent 

deflector. As a result of the presence of this promoter, a part 

of the current is stagnated on its upper-left-side. Another part 

of the current crosses the gap between the upper and lower 

sections of the same promoter, while the majority of the flow 

deviates towards the bottom of the deflector.  

The intermittent configuration of this promoter allows 

reducing the Pd on its front corner by passing the current 

between their internal-surfaces. In addition, the flow is 

detached from the front-sharp-edge of the promoter, forcing 

the creation of recycling-rings on their back-areas.  

The same structure is presented next to the second 

intermittent deflectors by forming the recirculation zones in 

their left and right faces. While, the presence of the 

disconnected bars in the upper and lower stations of the 

exchanger allows an increase in the nanofluid disturbance 

across the gaps through their interior-surfaces, and the 

formation of new recycling-cells near their right-sides. As 

shown in Figure 5, the strength of these vortices is increased 

by enhancing the nanofluid flow in larger quantities in terms 

of the particles of Al2O3 aluminum oxide. The result analysis 

also shows that the recirculation regions’ intensity augments 

with increasing of flow rate in terms of Re number (Figure 6). 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
 

Figure 5. Stream-function field (Ψ in Kg s-1) for ϕ = (a) 

0.5%, (b) 1%, (c) 2%, and (d) 4%, Re = 50×102 
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Figure 6. Ψ max for various Re numbers and ϕ concentrations 

 

4.3 Speed field   

 

There are very high mean-velocity (V) values across the 

gaps between the interior-faces of the intermittent deflectors, 

due to the high Pd on their left-sides, due to the reduction in 

the flow-area in this exchanger region (Figure 7).  

The V value is also increased in the regions between the top-

edges of the intermittent deflectors and the exchanger walls, 

due to the strong deformation of the nanofluid field, due to the 

presence of these promoters. While, there are very low speeds 

behind the intermittent deflectors and disconnected bars, due 

to low-Pd on their back-sides and as expected, the V augments 

with the ϕ fraction. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
 

Figure 7. V field (in m s-1) for ϕ = (a) 0.5%, (b) 1%, (c) 2%, 

and (d) 4%, Re = 50×102 

 

The axial-speed values (u) are very low near the intermittent 

deflectors, especially near their right-sides. This reduction is 

due to lower Pd values, and the emergence of cells of reverse 

nanofluid-flows with negative-speeds. These opposite currents 

constitute recycling-units, where their strength increases with 

increasing ϕ and Re values, as shown in Figures 8 and 9.  

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
 

Figure 8. u field (in m s-1) for ϕ = (a) 0.5%, (b) 1%, (c) 2%, 

and (d) 4%, Re = 50×102 

 

The results also show a rise in u values through the last 

intermittent deflector as well as near its tip to the exchanger 

outlet, neat its upper wall. 

 
 

Figure 9. umax for various Re numbers and ϕ concentrations 

 

4.4 K field  

 

The kinetic energy of the turbulence (k) is high next to the 

sharp-edges of the intermittent deflectors and near their upper-

right-sides, as well as, next to the front-sides of the 

disconnected bars (Figure 10). The k value is improved by 

increasing the value of Re and by augmenting the Al2O3 

concentration in the base fluid (H2O) (Figure 11). This 

improvement in k value is observed on the upper-back of the 

second intermittent deflector, as well as, near the upper-front-

side of the last disconnected bar (Figure 10). 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
 

Figure 10. k field (in m-2 s-2) for ϕ = (a) 0.5%, (b) 1%, (c) 

2%, and (d) 4%, Re = 50×102 

 

4.5 μt field  

 

In Figure 12, there are high μt values (turbulent viscosity) in 

front and behind the upper part of each intermittent deflector, 

and on the back-area of the disconnected bars, as well as, at 

the exchanger exit. While, their values are very low across the 

gapes, and next to the promoters near the exchanger surfaces, 
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as well as, adjacent to the top, lower and front sides of each 

disconnected bar.   
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Figure 11. kmax for various Re numbers and ϕ concentrations  
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Figure 12. μt field (in kg m-1 s-1) for ϕ = (a) 0.5%, (b) 1%, (c) 

2%, and (d) 4%, Re = 50×102 
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Figure 13. μt max for various Re numbers and ϕ concentrations  

 

Increasing the concentration (ϕ) of Al2O3 solid particles in 

water with high values of Re number improves μt values 

(Figure 13), especially between the second intermittent 

deflector and the last disconnected bar on their upper-part 

(Figure 12).  

 

 

5. CONCLUSION 

 

The nanofluid dynamics simulation under various Re and ϕ 

cases in a 2D rectangular-duct Al2O3/H2O-heat exchanger with 

intermittent deflectors and disconnected bars has been 

conducted. The discontinuous structure of the deflectors 

allows reducing the Pd on its front-corner by passing the 

nanofluid between their internal-surfaces. Also, the field is 

detached from the front-sharp-edge, forcing the creation of 

recycling-rings on their back-areas. While, the presence of the 

disconnected-bar model in both the top and the lower stations 

of the exchanger allows an improvement in the flow 

disturbance across the gaps through their interior-surfaces, and 

the formation of new recycling-cells near their right-sides. The 

strength of these vortices’ cells is improved by improving the 

nanofluid in larger quantities in terms of the Al2O3 particles, 

and by enhancing the flow field in larger rates in terms of the 

Reynolds number. Increasing the ϕ concentration of Al2O3 in 

the H2O with high Re values improves the Pd, Ψ, V, k and μt 

values. 
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