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Design and performance of thermal devices are improved by optimizing their 
geometrical parameters. This study utilized numerical simulation to examine the heat 
transfer and flow properties of a rectangular corrugated channel at which nanofluid of 
silicon dioxide (SiO2) and water is flowing. It is determined how the height-to-width 
ratio (hc/W) and pitch-to-length ratio (pch/L) of a structure affect its thermal and 
hydraulic properties. The numerical simulations of flow include nanofluids with SiO2-
to-water volume fractions of 8% is accomplished by employing the finite volume 
method (FVM) with SIMPLE algorithm for discretization of the governing equations and 
coupling of the pressure-velocity system while the k−ε turbulence model was 
employed to resolve turbulence. The results demonstrate that, in comparison to the 
(Pch/L) ratio, the (hc/W) ratio has a stronger influence on the enhancement of heat 
transfer. In reference to the values at minimum Re (Re = 10000), the ratio Pch/L = 0.05 
offers the largest increase in Nuav over the Re range by 180.8%. At Reynolds number 
(Re) 30000, an increase in 99.5% of average Nusselt number (Nuav) is obtained when 
the (hc/W) ratio is increased from 0.0 to 0.05. The numerical results indicate that the 
hc/W of 0.05 with a Pch/L of 0.1075 are the optimum parameters and have shown 
significant improvement in thermal performance criteria (PEC). 
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1. Introduction 
 

Due to the urgent requirement to achieve great thermal performance while minimizing weight 
and cost, several sectors are searching for innovative techniques to boost heat transfer in heat 
exchange devices. In this regard, one particular technique for increasing thermal performance while 
lowering the thickness of the thermal boundary layer on heat exchanger surfaces is the introduction 
of corrugated surfaces. The main objective of this passive technique is to increase heat exchange 
between the fluid and the surface by creating a secondary flow close to the corrugation. Besides 
geometrical parameters, the use of novel heat exchange mediums such as nano-fluids is also 
introduced to further enhance heat transfer. Traditi onal convective fluids have restricted thermal 
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characteristics, especially in terms of thermal conductivity, which can be a significant barrier to 
attaining high thermal performance. Using nanofluids with superior thermal properties, as a heat 
transfer medium in such channels can improve the heat exchange process, resulting in improved heat 
exchanger thermal efficiency. Both numerical and experimental studies have been conducted to 
study the performance of corrugated channels as heat exchange devices with conventional fluids in 
their computational investigation of the flow field and heat transfer properties of a single-start 
spirally corrugated tube, Li et al., [1] found that the spirally corrugated tube could perform heat 
transfer more effectively than a smooth (non-corrugated) tube. A similar study by Rainieri et al. [2,3] 
focuses on flow a high-viscosity fluid in a spirally corrugated tube and found that the heat transfer 
characteristic of a spirally corrugated tube was superior to that of a smooth tube, particularly at high 
Reynolds numbers (Re). Other numerical work includes evaluation of turbulence models used in CFD 
simulations for various geometries. In their computational investigation on turbulent flow in a 
channel across periodic square grooves, Eiamsa-ard, et al., [4] used four different turbulence models. 
They discovered that the RNG and standard k-ε turbulence models have better agreements with 
available measurements data than other turbulence models. Finally, they found that the grooved 
channel improves heat transfer significantly. Ajeel et al., [5] used a computational model to 
investigate the effects of nanofluid flow across two different trapezoidal channel configurations: 
symmetrical and zigzag. The results showed that in terms of thermal performance, the symmetry 
profile outperformed the zigzag profile, and that the silicon dioxide-water nanofluid had the best 
Performance Evaluation Criteria (PEC) rate. Muhammad Asif et al., [6] used ANSYS CFX software in 
their study to analyze the thermal performance of the corrugated plate heat exchanger (PHE) in 
single-phase flow. The purpose of this study was to create a generalized Nusselt number correlation 
for two different chevron angle plates—30°/30° and 60°/60°—in a commercial plate heat exchanger 
PHE setup with single-phase flow. A steady state simulation was run for a Reynolds number range of 
500 to 2500 while maintaining a Prandtl number range of 3.5 to 7.5. The findings demonstrated that 
increasing Reynolds number and increasing the chevron angle both enhance Nusselt number. The 
Prandtl number had a negligible impact on the Nusselt number, though. For flow beneath a 
corrugated heat exchanger with corrugation angles of 30, 40, and 50 degrees, the heat transfer 
coefficient and friction factor of water, water+SiO2, are calculated by D.Anjibabu et al., [7], laminar 
flow experiments are being conducted at a bulk temperature of 60 °C. The experimental data 
demonstrates that an increase in Reynolds number increases heat transfer coefficient, and the best 
results are obtained with a corrugation angle of 50 degrees since considerable turbulence is produced 
at moderate speeds. The effect of corrugation arrangement on the thermal, hydraulic, and overall 
energy performances of nanofluid flows in corrugated tubes was investigated by Amr Kaood [8]. A 
thoroughly validated computational fluid dynamics (CFD) model was used to investigate several fluids 
(distilled water "DW," GNP-SDBS/DW, Al2O3/DW, and SiO2/DW) and tube geometries (rectangular, 
triangular, trapezoidal, and curved ribs). The largest overall performance improvement (around 37%) 
was found for GNP-SDBS/DW nanofluid flow in a curvedly ribbed tube at Re of 10,000 compared to 
DW flow in a smooth tube. With Reynolds values greater than 10,000, it was discovered that the 
overall performance improvement decreased for all fluids and tube geometries. Regardless of the 
fluid type, tubes with curved ribs function better at medium and high flow rates. Trapezoidal ribs can 
be employed to increase heat transfer rates, but, when pumping power consumption is not a key 
concern or when flow rates are modest. Veysel et al., [9] showed that circular cross-sectional rings 
with varying spacing ratios for heat transfer augmentation resulted in an 18% overall improvement. 
Experimental research was done by Aliabad et al., [10] on forced convective flows of various 
nanofluids via a corrugated wavy channel under a condition of constant wall temperature. Effects of 
several parameters, such as base fluid kinds, oxide nanoparticle types, and nanoparticle 
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concentration on various volumetric flow rates were studied. The findings show that for all flow rate 
values, the Nusselt number increases and the Fanning friction factor decreases as the concentration 
of copper nanoparticles changes. Furthermore, it is demonstrated that among the investigated oxide 
nanoparticles in deionized water, the SiO2- and CuO-deionized water nanofluids give the best 
thermal-hydraulic performances, respectively. Jin et al., [11] looked into the impacts of Re, the 
geometrical characteristics of corrugation (pitch and corrugation depth) and other variables on heat 
transfer performance. The impacts of the mentioned variables on heat transfer performance were 
investigated using numerical methods and validated by experiments. The findings showed that the 
heat transfer coefficient h and the Nu progressively decrease as the pitch increases. The secondary 
flow velocity and the vorticity of the longitudinal vortex both increases with corrugation depth.  

Ajeel et al., [12,13] investigated the effects of geometrical factors on the performance of the 
system in terms of the performance evaluation criterion (PEC) in various corrugated channels. In the 
work, simulation results showed that the height-to-width ratio was more significant compared to the 
pitch-to-length ratio in terms of PEC (higher PEC). In addition, they studied the effect of nano-fluid 
mixture and found that different volume fractions together with Re alters the flow structures, 
thereby affecting heat transfer. In most existing studies, flow and heat transfer were assumed to be 
two-dimensional in nature. This may not be the case when the channel cross-sectional area is 
relatively small with the boundary layer developing on non-heated walls interfering with the bulk 
flow. The current work examines turbulent forced convective channel flow of SiO2-water nanofluid 
mixture with heated rectangular corrugated surfaces. This was done over the Re range between 
10,000 to 30,000 range and the effects of different design parameters are explored. This range is 
selected due to the large applications of heat transfer systems which exposed to such work flows and 
due to the lake of studies which deals with this sort of flows in conjunction with this geometry.     The 
objective of this paper is to evaluate the effects of channel geometrical parameters, namely the pitch-
to-heigh and the width-to-height ratios, on the channel heat transfer performance.  Heat transfer 
and pressure drop along the channel is represented by the Nusselt Number and pressure drop 
respectively. In addition, the performance evaluation criteria (PEC) are estimated to indicate how the 
relationship between the two parameters. 

 
2. Geometrical Parameters of Corrugated Channel  

 
Figure1 shows the geometry of the corrugated channel used in this investigation. The channel is 

made up of three main parts: an upstream section, a corrugated section, and a downstream section. 
The upstream section is four times the length of the downstream section, whereas the total length 
of the corrugated wall is twice that of the downstream wall. The channel's height (H) is 10 mm, while 
its width (W) is (5H). hc and Pch denotes the corrugated height and longitudinal pitch, respectively. 
The current study is carried out on a total of four channel geometries comprising one straight channel 
and three rectangular corrugated channels with varying geometrical properties as described in Table 
1. A constant heat flux is applied to the surfaces (top and the bottom surfaces) of the corrugated 
sections with the remaining surfaces kept adiabatic. 
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  Table 1 
  Place Design criteria used in the present study 

Channel Geometrical Parameter Symbol Value 

Height H 10 mm 
Sectional length L 4*W 
Pitch to length ratio Pch/L 0.0750,0.0625, 0.050, 0.1075 
Height to width ratio hc/w Non-corrugated, 0.05, 0.04, 0.03 

 

 
Fig. 1. Configuration of: (a) Computational domain, (b) Test section, (c)Corrugation 
geometry 

 
3. Mathematical Model and Boundary Conditions  
 

The Newtonian flow along the test section is assumed to be steady, incompressible, three-
dimensional and fully developed. The governing conservation equations for mass, momentum and 
energy are shown below [14,15,25] 

 
Continuity equation 

 
▽ . (𝜌𝑓𝑉) = 0              (1) 

 
Momentum equation 

 

▽ . (𝜌𝑓𝑉𝑉) = − ▽ 𝑃 +▽. 𝜏            (2) 
 

Energy equation 
 

▽ . (𝜌𝑓𝑉𝐶𝑝,𝑓 ) = − ▽. (𝑘𝑓 ∇ 𝑇 − 𝐶𝑝.𝑓𝜌𝑓v�̅�)          (3) 

 
where V is dimensionless velocity vector, ▽P pressure gradient and ▽T temperature gradient, ꚍ is 
wall shear stress, ρf is nanofluid density and Cp is specific heat at constant pressure. These equations 
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are solved with boundary conditions shown below, which are set at the inlet, exit and corresponding 
wall sections.  

Inlet velocities are set at the inlet boundary with fluid temperature of 300K (Eq. (1)) while a 
pressure outlet boundary condition is set at the exit of the channel (Eq. (2)). A no-slip condition is 
imposed at every wall section (Eq. (3)). The corrugated surface of the channel is subjected to 10,000 
W/m2 while the remaining walls are set to be adiabatic. 

 
  Table 2 
  Summary of boundary conditions 

Boundary conditions Hydraulic Thermal Kinetic energy Turbulent dissipation rate 

Inlet u=uin , v=w=0 Tin=300K K=kin ɛ= ɛin 

Outlet 𝑑𝑢

𝑑𝑥
=

𝑑𝑣

𝑑𝑥
=

𝑑𝑤

𝑑𝑥
= 0 

𝑑𝑇

𝑑𝑥
=0 𝑑𝑘

𝑑𝑥
= 0 

𝑑ɛ

𝑑𝑥
= 0 

Wall u=v=w=0 q=qwall - - 

 
where u,v,w are velocity components along x,y,z directions, q is heat flux. 

A two-equation turbulence model, namely the k-ε is adopted in this simulation. The turbulent 
kinetic energy (kin) and turbulent dissipation (εin) at the inlet are calculated using the turbulent 
intensity I using the following recommendations by Muhammad et al., [16] 

 

𝑘𝑖𝑛 =
3

2
( 𝑢𝑖𝑛𝐼 )2             (4) 

 

𝜀𝑖𝑛 = 𝐶𝜇

3
4⁄ 𝑘

3
2⁄

𝐿
              (5) 

 
where I is the turbulent intensity given by 

 

𝐼 =
𝑢′

𝑈
= 0.16 𝑅𝑒−1/8 %             (6) 

 
where u’ is the root-mean-square of the velocity fluctuations and U is the mean velocity. 

The dimensionless numbers characterizing flow and heat transfer are Reynolds number (Re) and 
Nusselt number (Nu) respectively, which are defined as [13] 

 

𝑅𝑒 =
𝜌𝑢𝐷ℎ

𝜇
               (7) 

 

𝑁𝑢𝑎𝑣 =
ℎ𝑎𝑣𝐷ℎ

𝑘𝑓
               (8) 

 
where ρ is density, μ is the dynamic viscosity, Dh is the hydraulic diameter, hav is the mean heat 
transfer coefficient, and kf is the fluid thermal conductivity [13]. 

 

ℎ𝑎𝑣 = 𝑞".
ln

(𝑇𝑤−𝑇𝑚.𝑖𝑛)

(𝑇𝑤−𝑇𝑚.𝑜𝑢𝑡

(𝑇𝑤−𝑇𝑚.𝑖𝑛)−(𝑇𝑤−𝑇𝑚.𝑜𝑢𝑡)
            (9) 

 

𝑞" = ṁ𝑐𝑝(𝑇𝑚.𝑖𝑛 − 𝑇𝑚.𝑜𝑢𝑡)/𝐴                                                                       (10) 
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where A is the corrugated section surface area and Tm,in, Tm,out are the working media's average 
temperatures at the inlet and outlet. Additionally, based on the Reynolds number, the inlet velocity 
can be calculated as follows [13] 

 

𝑢𝑖𝑛 =
𝑅𝑒.𝜇

𝜌𝐷ℎ
                         (11) 

 
Through the use of the cross-sectional area (Across) and the wetted perimeter (Pw), the hydraulic 

diameter in the corrugated section is computed. As Mohammed [17] stated 
 

𝐷ℎ =
4𝐴𝑐𝑟𝑜𝑠𝑠

𝑃𝑤
                        (12) 

 
The pressure drop can also be calculated using the friction factor as given by [17] 
 

∆𝑝 = 𝑓
𝑙𝑐𝑜𝑟𝑟 𝑢𝑖𝑛

2

2𝐷ℎ
                                     (13) 

 
where lcorr is the corrugated section length, f is friction factor, defined as follows [17] 

 
𝑓 = 4𝑐𝑓                         (14) 

 
with the Fanning friction factor (Cf ) given as [16] 

 

𝑐𝑓 =
2𝜏𝑠

𝜌𝑢𝑖𝑛
2                          (15) 

 
Finally, the Nusselt No. enhancement ratio (Nuer) and thermal performance criteria (PEC) are used 

to compare the corrugated channel to non-corrugated channel [18] 
 

𝑁𝑒𝑟 =
𝑁𝑢𝑎𝑣

𝑁𝑢𝑎𝑣,0
                        (16) 

 

𝑃𝐸𝐶 =

𝑁𝑢𝑎𝑣,
𝑁𝑢𝑎𝑣,0

⁄

(
𝑓

𝑓0
⁄ )

1/3                         (17) 

 
4. Nanofluid Properties 
 

The density, the specific heat and the viscosity of the nanofluid are given as [19-21,26] 
 
𝜌𝑛𝑓 = (1 − ∅)𝜌𝑏𝑓 + ∅𝜌𝑝                      (18) 

 
𝐶𝑝𝑛𝑓 = (1 − ∅)𝐶𝑝𝑏𝑓 + ∅𝐶𝑝𝑝                     (19) 

 

𝜇𝑛𝑓 = 𝜇𝑏𝑓
1

(1+∅)0,25                                                                                                                                          (20) 
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where Ф is volume fraction of nanoparticles, ρbf  is base fluid density, ρp is nanoparticles density, Cpbf 
is specific heat at constant pressure of base fluid and Cpp is specific heat at constant pressure of nano 
particles. 

An empirical correlation that considered Brownian motion was utilised to determine effective 
thermal conductivity, as shown below [22] 

 
𝑘𝑒𝑓𝑓 = 𝑘𝑠𝑡𝑎𝑡𝑖𝑐 + 𝑘𝐵𝑟𝑜𝑤𝑛𝑖𝑎𝑛                       (21) 

 

𝑘𝑠𝑡𝑎𝑡𝑖𝑐 = 𝑘𝑏𝑓 [
(𝑘𝑝+𝑘𝑏𝑓)−2∅(𝑘𝑏𝑓−𝑘𝑝)

(𝑘𝑝+2𝑘𝑏𝑓)+(𝑘𝑝−𝑘𝑏𝑓)
]                     (22) 

 

𝑘𝐵𝑟𝑜𝑤𝑛𝑖𝑎𝑛 = 5 × 104𝛽∅𝜌𝑏𝑓𝐶𝑝𝑏𝑓√
𝐾𝑇

𝜌𝑝𝑑𝑝
𝑓(𝑇, ∅)                   (23) 

 
where kp and kbf are particle and base fluid conductivity respectively, K is Boltzmann constant (K = 
1.3807*10-23 J/K) and β is a factor which is a function of ∅ and dependent on the type of 
nanoparticles, as shown in Table 3. 

 

𝑓(𝑇, ∅) = (2.8217 × 10−2∅ + 3.917 × 10−3) ( 
𝑇

𝑇0
) + (−3.0669 × 10−2∅ − 3.391123 × 10−3)                   (24) 

 
 Table 3 
 Place Nanofluid properties (dp = 20 nm and ϕ = 0.8) 

β  Concentration % Temperature(K) 

1.9526(100𝜙)- 1.4594  1% ≤ 𝜙 ≤ 10% 298K ≤ T ≤ 363K 

 
Thermophysical properties (Table 4) of nanofluid (Water + SiO2) are derived using the previous 

empirical formulae from the literature [20] 
 

  Table 4 
  Place Nanofluid properties (dp = 20 nm and ϕ = 0.8) 

Property Unit Value 

Density, ρ kg/m3 1094.344 
Dynamic viscosity, μ  Ns/m2 0.004795 
Thermal conductivity, k  W/m.K 0.643072 
 Specific heat, Cp J/kg.K 3622.483 

 
5. Numerical Procedure 

 
The governing equations with accompanying boundary conditions are discretized using the finite 

volume method in a commercial CFD program, ANSYS-FLUENT (V16.1). The SIMPLE algorithm is 
contrasted with three other types of algorithms by Han HZ et al., [22] for similar flow conditions: 
SIMPLEIC, PISO, and COUPLED. All algorithms have the same accuracy, but the SIMPLE algorithm has 
the fastest convergence rate. Therefore, the velocity and pressure fields are coupled using the 
SIMPLE algorithm, and a 2nd order upwind scheme is used to handle the convective terms. The 
standard k-model in FLUENT is the most extensively used turbulence model because it strikes a 
balance between computational economy and level of sophistication. Its prevalence in industrial flow 
and heat transfer simulations can be attributed to its robustness, efficiency, and reasonable accuracy 
over a wide range of turbulent flows, therefore the standard k-ε turbulent model is used, with the 
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diffusion term in the momentum and energy equations approximated by 2nd order upwind. Residues 
of 10-5 are forest for convergence of the continuity, momentum, and turbulence equations, while 
residues of 10-8 are set for convergence of the energy equation. The correctness of numerical 
methods findings is largely determined by the optimum grid test. For this purpose, five groups of grid 
sizes are evaluated on the non-corrugated channel, with water+ SiO2 as the working liquid, as shown 
in Figure 2. It is seen that Nuav is constant beyond 251980 grid count, hence this grid size is chosen 
for simulations in this study. 
 

 
Fig. 2. Grid independence test 

 
The empirical correlations of Pethukov et al., [23] and Dittus-Boelter [24] are used to validate the 

friction factor and average Nusselt number. Figure 3 demonstrates that the numerical forecasts and 
the empirical correlations agree relatively well. When the Nuav and f values for the current straight 
channel are compared to the standard correlations, they demonstrate good agreement with average 
relative error of 4% and 6%, respectively. The results of the corrugated channels were normalized 
using the straight channel's values.  

 
Pethukov                                            𝑓 = (0.79ln (𝑅𝑒) − 1.64)−2                                                (25) 

 
Dittus-Boelter                                     𝑁𝑢𝑎𝑣 = 0.023𝑅𝑒0.8𝑃𝑟0,4                             (26) 
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(a) (b) 

Fig. 3. Comparison between predicted (a) Friction factor (b) Average Nusselt number with 
the empirical correlations  

 
6. Results and Discussions 

 
In a rectangular-corrugation channel with Re ranges of 10,000–30,000 and volume fractions of 

8%, numerical modelling of turbulent forced convection flow of SiO2-water nanofluid was conducted. 
Four distinct height-to-width ratios (h/W = 0, 0.03, 0.04, and 0.05) and four different pitch-to-length 
ratios (Pch/L = 0.075, 0.0625, 0.05, and 0.1075) were taken into consideration in the current study. 
 
6.1 Effect of Corrugation Pitch-to-Length ratio (Pch/L) on Heat Transfer  

 

The Nuav and Nuer variation with Re for various rectangular corrugation channel (Pch/L) ratios are 
shown in Figure 4. Here, the ratio (hc/W = 0.05) is maintained while the ratio (Pch/L) is examined for 
0.075, 0.0625, 0.05 and 0.1075. For all Pch/L scenarios investigated, the Nuav linearly increases with 
the increase in Re. In reference to the values at minimum Re (Re = 10000), the ratio Pch/L = 0.05 offers 
the largest increase in Nuav over the Re range by 180.8%. This is followed by Pch/L = 0.0625 (176.9% 
increase), Pch/L = 0.1075 (172.1% increase) and Pch/L = 0.075 (165.7% increase). On the other hand, 
it is the largest ratio Pch/L = 0.1075 that offers the highest Nuav among all cases investigated here (Nuav 
= 508.5 at Re = 30,000) while the smallest ratio Pch/L = 0.05 offers the lowest (Nuav = 401.2 at Re = 
30,000).  At Re = 30,000, the channel ratio (Pch/L) is increases from 0.05 to 0.1075, resulting in a 15 
percent increase in Nuav. The ratio of the Nuav of SiO2 -water nanofluid in the tested channel to the 
Nuav of pure water in the flat channel with various Pch/L ratios is shown in Figure 4(b). For all cases of 
Pch/L, Nuer increases as Re increases, with the biggest ratio Pch/L providing the largest enhancement 
ratio.  
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(a) (b) 

Fig. 4. The impact of various values of pitch to length ratio (Pch/L) of  rectangular- corrugation 
channel on (a) Nuav,  (b) Nuer 

 
Stronger turbulence is produced by the symmetry rectangular-corrugation channel with a larger 

Pch/L ratio. Over the evaluated Re range, the rectangular-corrugation channel with highest ratio Pch/L 
delivers the highest Nuav values. The velocity and temperature contours for these two cases are 
compared in Figure 5. It can be observed there that a larger recirculation zone is present in the case 
of Pch/L = 0.1075, resulting in higher flow mixing and thereby increasing heat transfer, the velocity 
contours show substantial recirculation zones. On the lower surface, flow separations and 
recirculation take place at the cavity's border, but on the upper surface, the majority of flow 
separation takes place at the roof peaks and rear edges. The isotherm contours show the influence 
this has on the temperature contour. At the above-mentioned locations, bigger temperature change 
zones can be seen in channels with smaller pitch corrugations. 
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Fig. 5. Velocity and temperature contours for flow of SiO2-water nanofluids through rectangular –
corrugation channel for largest and the lowest heat transfer enhancement corrugation ratio (Pch/L) 

 
6.2 Effect of Corrugation Pitch-to-Length ratio (Pch/L) on Pressure Drop and PEC 
 

In Figure 6(a), the influence of the corrugation ratio Pch/L on pressure drop is demonstrated. For 
each value of the Pch/L ratio, it's possible that ∆p rises as Re rises. This reveals that the pressure loss 
will be greater in channels with a higher Pch/L ratio. This has to do with how recirculation zones work, 
how the corrugated channel's flat length is changed, and how the longitudinal pitch is increased at 
the same Re.  
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(a)  (b) 

Fig. 6. The impact of various values of pitch to length ratio (Pch/L) of  rectangular- corrugation 
channel on (a) Pressure drop (b) PEC 

 

The fluctuation of PEC versus Reynolds number with varies Pch/L ratios for the channel under 
study is shown in Figure 6b. For all cases, the results reveal that PEC increases in lockstep with rising 
Re. For example, at Re between 10,000 and 30,000, PEC increases of 4.76 percent, 3.2 percent, -0.66, 
and 4.2 percent are seen for Pch/L = 0.05, Pch/L = 0.0625, Pch/L = 0.075, and 0.1075 respectively. The 
PEC appears to be better at large Pch/L ratios, with the maximum value being around 1.59 at Re = 
30,000. It is possible that the largest Pch/L ratio design provides the best PEC and fluid mixing for this 
particular corrugation geometry than the smallest Pch/L arrangement shown. 

 
6.3 The Effect of The Height to Width (hc/W) Corrugation Ratio on Heat Transfer 
 

The effects of various height to width ratios of the channel under study on the flow and heat 
fields have been assessed at the ideal value of Pch/L ratio (0.1075) and φ =8 percent. The channel 
width (W) denotes the channel's width, whereas the corrugation height (hc) denotes the 
corrugation's total height. The non-dimensional corrugation ratio (hc/W) in this study ranges from 
0.0 to 0.05. The Nuav for various (hc/W) ratios is shown in Figure 7(a). For all corrugation ratios of 
hc/W, the Nuav grows with Reynolds number. Furthermore, the Nuav increases when the hc/W ratio 
rises at a given Re. The development of the hc/W ratio from 0.0 to 0.05 at Re = 10,000, which results 
in a 53% increase of Nuav of that of non-corrugated channel and this improvement developed to reach 
60% at Re=30000 which represented the peak value. At all Re values, the rectangular-corrugation 
channel with the largest ratio (hc/W = 0.05) produces the highest Nuav values. 

Figure 7(b) shows the Nusselt number enhancement ratio for a channel with various height to 
width ratios. The figure clearly shows that adjusting the hc/W ratio has a significant impact on the 
Nuer. The influence of Re is slightly more dominating for higher height-to-width ratios, and the Nuer 
is seen to be the same for all Re. Nu is enhanced at Re=30000 by 15.5 percent at hc/W = 0.05, and it 
was the most enhancement ratio. 
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(a) (b) 

Fig. 7. The impact of height to width ratio (hc/W) of rectangular corrugation channel on (a) 
Nuav, (b) Nuer 

 
6.4 The Effect of The Height to Width (hc/W) Corrugation Ratio on Pressure Drop and PEC 
 

Figure 8(a) shows the pressure decrease as a function of Reynolds number for various hc/W ratios. 
For all height to width selected ratios, the pressure drop increases with increasing Re. In comparison, 
the channel with a higher height to width ratio caused a significantly bigger pressure drop than the 
same channel with a lower hc/W ratio especially at higher Nu about 14.9 percent. This might be 
explained by an increase in fluid velocity, which heightens shear stress along corrugated walls and 
raises the pressure as well as the intensity of recirculation zones to the main flow. As illustrated in 
Figure 9, for low hc/W ratios, the presence of the corrugation has less of an impact on the main 
stream flow. Flow separation is also visible at the back half of each corrugation's bottom wall. The 
separating line continues toward the following corrugation when hc/W = 0.05. In conclusion, the 
recirculation zones and fluid mixing are less in circumstances where hc/W = 0.04, 0.03, compared to 
cases where hc/W = 0.05, which also explains the previously discussed thermal characteristics. 

The PEC is illustrated by Figure 8(b), as Re is increased, PEC is likewise shown to increase gradually. 
For example, at Reynolds numbers between 10,000 and 30,000, 4.26 percent, 4.36 percent, 
4.65percent, increment in PEC are observed for hc/W = 0, 0.05, 0.04, and 0.03, respectively. As a 
result, for a given pressure drop, the symmetrical rectangular-corrugation channel with a high hc/W 
(0.05) ratio can provide the best PEC with the largest heat transfer improvement, allowing for a more 
compact design for a given heat load. 
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(a) (b) 

Fig. 8. The impact of height to width ratio (hc/W) of rectangular corrugation channel on (a) ΔP, (b) PEC 

 

  
  

  
Fig. 9. Velocity and temperature contours for the flow SiO2-water nanofluid through 
rectangular corrugation channel for different corrugation ratio (hc/W) 
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7. Conclusions 
 
In the current work, turbulent flow of SiO2-water nanofluid in a rectangular corrugation channel 

was computationally examined using the finite volume method. With a nanoparticle volume fraction 
of 0.08, the five Reynolds number varies from 10,000 to 30,000. The average Nusselt number, 
pressure drop, enhancement ratio, and thermal performance factor of the tested channel are 
displayed and examined in relation to Reynolds number, pitch to length ratio, and height to width 
ratio. The following are the study's main findings 

 
i. The results show that when the Reynolds number and corrugated height to width ratio of 

the tested channel increase, the average Nusselt number improves, but the pressure drop 
increases as well. 

ii. Additionally, as the pitch to length ratio of the corrugated channel increases, the average 
Nusselt number increases, resulting in a slightly pressure increment. 

iii. The hc/W ratio has a bigger influence on thermal performance than the Pch/L ratio. 
iv. For hc/W = 0.03, 0.04, and 0.05, respectively, increases in PEC of 4.26 percent, 4.36 

percent, and 4.65 percent are seen at Reynolds numbers between 10,000 and 30,000. 
v. The hc/W ratio of 0.05 and the corrugation ratio Pch/L of 0.1075 are the best among the 

design variables examined, and they have a big influence on the PEC. 
 
Finally, the current study can be recommended as a useful reference for designing more compact 

heat exchangers with high thermal efficiency. 
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