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A B S T R A C T

This numerical work presents a geometrical investigation of a corrugated isothermal surface placed in a two- 
dimensional cavity subjected to unsteady, turbulent pool boiling 昀氀ows. The main purposes are maximizing 
the heat transfer rate between the isothermal surface and the surrounding water 昀氀ow, and the volume of vapor 
generated into the cavity. The geometric investigation followed the constructal design method, being the ratio 
Hi/Li (i = 1, 2 or 3) of the corrugations varied for three different numbers of corrugations: N = 1, 2, and 3, 
keeping constant the corrugations area. The volume of 昀氀uid (VOF) and Lee’s evaporation-condensation models 
are used to estimate the volume fractions of water vapor/liquid and interfacial mass transfer. The unsteady 
Reynolds Averaged Navier Stokes (URANS) continuity, momentum and conservation of energy equations, and 
volume fraction transport equation, are solved using the 昀椀nite volume method (FVM) available in software Ansys 
FLUENT. For closure of turbulence, the k - ε model is adopted. For validation of the model, the heat 昀氀ux and 
convection heat transfer coef昀椀cient obtained for a pool boiling bared surface case are compared with Rohsenow’s 
correlations, and differences lower than 7.0 % are reached. Results indicated a strong in昀氀uence of the ratio Hi/Li 
and number of corrugations (N) in the heat transfer rate per unit depth (qs) and dimensionless volume of vapor 
(Vdim) generated into the cavity. The highest intrusion of the corrugations led to the generation of few large and 
many small scales, bene昀椀ting the thermal performance, regardless of the performance indicator employed. The 
optimal con昀椀guration, N = 3 and H3/L3 = 2.0 improved 49 % and 188 % the Vdim and qs compared with the worst 
corrugated case, showing the importance of the geometry of the corrugation in this problem.

1. Introduction

Boiling 昀氀ows have been a subject of special interest due to the high 
heat 昀氀uxes involved in this process. Consequently, several thermal 
equipment such as heat exchangers used in industrial and commercial 
HVAC (heating, ventilation, and air conditioning), heat pipes, devices 
for cooling engines in automobiles, aeronautics and marine applications, 
and cooling of microelectronics packages, are designed to operate under 
boiling phase change conditions [1–4].

Despite the advantages in terms of heat 昀氀ux, boiling 昀氀ows are 
extremely complex and understanding the in昀氀uence of certain param-
eters such as the use of different working 昀氀uids, and surface conditions 
on the quantitative parameters like critical heat 昀氀ux and heat transfer 
coef昀椀cient is challenging [3,4]. According to Perez-Raya and Kandlikar 
[2], advancements in techniques such as increasing the density in the 
nucleation region, inserting 昀椀ns or re-entrant cavities, and employing 
porous, hydrophilic and hydrophobic surfaces can further improve the 
performance in the boiling 昀氀ows. Recently, Singh and Sharma [4] con-
ducted an important review outlining strategies found in the literature 
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to modify heating surfaces to enhance the heat exchange in pool boiling 
昀氀ows. Various strategies were discussed for designing heating surfaces 
using nanomatxerial deposition considering different materials [5–8], 
and incorporating nano and microstructures (micro 昀椀ns, microgrooves) 
in the heating surface [9–11]. Moreover, the study indicated recom-
mendations regarding the in昀氀uence of modi昀椀ed surfaces on parameters 
such as wettability, nucleation sites, critical heat 昀氀ux and heat transfer 
coef昀椀cients in pool boiling 昀氀ows.

Numerical investigations have also been developed seeking to 
improve the comprehension of the pool and channel boiling 昀氀ows. Chen 
et al. [12] performed a comprehensive review showing the advantages, 
disadvantages, and main applications of three different numerical 
modeling techniques: microscopic molecular dynamics simulation, 
mesoscopic lattice Boltzmann, and macroscopic computational 昀氀uid 
dynamics (CFD), the latter used in the present work. According to the 
authors, the CFD method allows the prediction of the 昀氀ow 昀椀eld at the 
昀氀uid/vapor interface and microscopic microlayer surface during 
boiling, being interesting for the investigation of engineering 
applications.

First numerical studies were devoted to understanding the different 
numerical techniques used to simulate the physical problem, seeking to 
reproduce qualitatively the 昀氀ow patterns and attend to quantitative 
aspects such as the conservation of mass and energy, partial pressure, 
properly tracking the 昀氀uid/vapor interface, estimate tension surface and 
phase transition among different phases [13–15]. For example, Tomar 
et al. [15] presented an approach based on the coupled level-set and 
volume of 昀氀uid (CLSVOF) method to simulate the growth of bubbles in a 
two-dimensional pool boiling 昀氀ow. Two working 昀氀uids (water and 
R134) were simulated for different excesses of temperature. Numerical 

results predicted the dynamic of vapor bubble, from generation to 
detachment from the heated surface as a function of the excess of tem-
perature. As time advanced, numerical studies were performed to obtain 
recommendations about the in昀氀uence of different con昀椀gurations on the 
physical behavior of pool boiling 昀氀ows. For instance, Zhao et al. [16] 
numerically investigated the effect of a modi昀椀ed surface, using a com-
bination of microstructures and wetting properties, on the variation of 
the vapor bubble behavior, 昀氀uid dynamic and thermal 昀椀elds, tempera-
ture of solid-liquid interface, and heat transfer coef昀椀cient. Later, Singh 
and Premachandran [17] performed numerical simulations seeking to 
understand the behavior of the liquid-vapor interface, instability in this 
region and heat transfer in a wavy wall for saturated horizontal 昀椀lm 
boiling. Among the author’s observations, results indicated that the 
wave surface in昀氀uenced the interface liquid/vapor for heater wave-
lengths larger than the critical Rayleigh-Taylor wavelength. Moreover, 
the in昀氀uence of wavy con昀椀guration on the 昀椀lm boiling heat transfer was 
dissimilar to that noticed for single-phase 昀氀ows.

Recently, Thamil and Premachandran [18] performed a numerical 
investigation of a saturated pool boiling water 昀氀ow inserting two inline 
cylinders into the cavity domain. The authors investigated the in昀氀uence 
of different liquid Reynolds numbers (ReD), different spacing between 
the two cylinders, and superheat on heat transfer rates. Authors noticed 
that, for lower spacing between the cylinders, a vapor column is 
generated in the space between the cylinders for lower spacing magni-
tudes. This behavior becomes unstable with the increase of the 昀氀ow rate.

The present work investigates the in昀氀uence of the height/length 
ratio for one, two and three symmetrical rectangular corrugations over 
the volume of water vapor generated into the cavity and the heat 
transfer rate in the light of constructal design method [19–22]. All cases 

Nomenclature

Acav Area of the cavity, m2

Acor Area of the corrugations, m2

AS Area of heat exchange of the lower surface of the cavity, m2

BoH Bond number, g(ρl – ρv)H2/σ

Cp Speci昀椀c heat, J⋅kg-1⋅K-1

Fv Force per unit volume caused by surface tension, N⋅m-3

g Acceleration of the gravitational 昀椀eld, m⋅s-2

GrH Grashof number, βg(TS - T∞)H3/υ2

H Cavity height, m
h Convection heat transfer coef昀椀cient, W⋅m-2

⋅K-1

hlv Latent heat of vaporization, kJ⋅kg-1

Ja Jakob number, CP(TS - T∞)/hlv
k Turbulent kinetic energy, m2⋅s-2

L Cavity length, m
N Number of corrugations, -
p Pressure, Pa
qs Heat transfer rate per unit depth, W⋅m-1

T Temperature, K
TS Temperature of the bottom surface, K
Tsat Temperature of saturation of the 昀氀uid, K
t Time, s
u Velocity in the x-direction, m⋅s-1

v Velocity in the y-direction, m⋅s-1

Vdim Dimensionless volume of vapor generated in the cavity, -
Vv Volume of vapor generated in the cavity, m3

Vres Volume of the cavity, m3

Pr Prandtl number, µCp/k
qʺ Heat 昀氀ux, W⋅m-2

Sm Mass source representing the mass transfer rate between 
phases, kg⋅m-3⋅s-1

u* Friction velocity ((τ/ρ)1/2), m⋅s-1

x Spatial coordinate in free stream direction, m
y Spatial coordinate in the normal direction to free stream, m
y+ Dimensionless wall distance in the boundary layer (y+ =

yu*/υ)
Greek symbols
α Volume fraction of phase, -
β Thermal expansion coef昀椀cient, K-1

ε Dissipation rate of turbulent kinetic energy, m2
⋅s-3

λ Thermal conductivity, W⋅m-1⋅K-1

λt Turbulent thermal conductivity, W⋅m-1
⋅K-1

μ Dynamic viscosity, kg⋅m-1⋅s-1

υ Kinematic viscosity, m2
⋅s-1

φ Fraction area of the corrugations, Acor/Acav
ρ Density, kg⋅m-3

σ Surface tension, N⋅m-1

μT Turbulent viscosity, kg⋅m-1
⋅s-1

Subscripts
m Once maximized or minimized
mm Twice maximized or minimized
o Once optimized
oo Twice optimized
l Liquid phase
v Vapor phase
i Spatial coordinate or number of corrugations in the 

problem
1 One corrugation
2 Two corrugations
3 Three corrugations
Superscripts
̶ Time-averaged variables
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considered a turbulent and two-phase water/vapor 昀氀ow using Ansys 
Fluent, version 14.5. Previous applications of constructal design for the 
geometrical study of intruded 昀椀ns or blocks in lid-driven cavities [23,
24] or 昀椀ns of phase change material (PCM) intruded in cavities [25] 
have been investigated.

The innovation of this work lies in combining computational 
modeling with the analysis of how geometry in昀氀uences bubble dynamics 
and heat transfer ef昀椀ciency in pool boiling. The main contribution is the 
application of the constructal design method to investigate the in昀氀uence 
of the height-to-length ratio of corrugated surfaces on vapor generation 
and heat transfer rate during pool boiling. While the constructal design 
has been previously explored for surfaces with added 昀椀ns or blocks in 
cavities and phase change materials (PCM), the study of isothermal 
corrugated surfaces in cavities for pool boiling 昀氀ows using this method, 
to the best of the author’s knowledge, has been limited in the literature. 
This approach offers new perspectives on the design of corrugated sur-
faces in cavities and signi昀椀cantly advances knowledge in the 昀椀eld of 
boiling heat transfer.

2. Mathematical modeling

In the present study it is considered a pool boiling 昀氀ow in cavities 
with inferior bared and corrugated surfaces. At the beginning of the 
process, water is completely in a liquid-saturate state, and it is heated by 
the inferior surface leading the water to boil. It is assumed the domain is 
two-dimensional, the 昀氀ow is transient, incompressible and turbulent, 
and the gravitational 昀椀eld is in only one direction (-y) of the domain. 
Firstly, it is presented the problem description and how the geometrical 
investigation is performed with constructal design. In a second moment, 
it is presented the mathematical modeling of the physical problem 
applied for all studied con昀椀gurations.

2.1. Problem description and geometric investigation

The computational domain is a rectangular 昀氀uid region, as 

illustrated in Fig. 1, with dimensions H = 80 mm and L = 40 mm. The 
length of the cavity has the same dimension investigated in the work of 
Sun et al. [26]. Some preliminary tests have also been performed trying 
to identify the length and height that did not in昀氀uence the 
time-averaged q′′ and h for validation purposes, and L = 40 mm and H =
80 mm were the minimal length and height that did not in昀氀uence the 
variables for a bared cavity. The 昀氀uid is heated by the inferior solid 
surface, made of polished copper material, and maintained at a constant 
temperature (Ts) with a magnitude higher than the liquid saturation 
temperature (Tsat = 373.15 K for absolute pressure of pabs = 101.325 
kPa). It is adopted here Ts = Tsat + 18 K. The lateral surfaces have 
non-slip and impermeability boundary conditions, i.e., velocities in x 
and y-directions are null (u = v = 0 m/s). Concerning the thermal 
boundary conditions, the lateral surfaces are modeled as thermally 
insulated, i.e., ∂T/∂x = 0. The lateral walls are insulated to force the 昀氀uid 
昀氀ow to exchange heat only with the inferior surface. In the top region, a 
null pressure gauge (pg = 0 Pa) and local thermal parabolic condition are 
assumed. This boundary condition is also similar to that used by Sun 
et al. [26] and it is employed to avoid the vapor condensation, pre-
venting any in昀氀uence of the condensation in the boiling process into the 
cavity. For the initial condition, t = 0 s, it is assumed the water is 
completely in a liquid state and at Tsat, i.e., a state in which most of the 
liquid slightly exceeds the saturation temperature.

The thermophysical properties adopted for water and vapor in the 
present problem as density (ρ), dynamic viscosity (μ), speci昀椀c heat (Cp), 
latent heat of vaporization (hlv) and surface tension (σ) are represented 
in Table 1. The Jakob, Bond and Grashof numbers adopted for all cases 
studied here are also presented in Table 1. These dimensionless pa-
rameters are given by [27]: 

Ja =
CP(TS − T∞)

hlv
(1) 

BoH =
g(ρl − ρv)H2

σ
(2) 

GrH =
βg(TS − T∞)H3

ν2 (3) 

where β is the thermal expansion coef昀椀cient of the water at 100 ◦C (K-1), 
and the subscripts l and v represent the liquid and vapor phases, 
respectively.

Note that it is considered the thermophysical properties of the liquid 
phase as constant because, for the temperature range evaluated, the 
variation of these properties is less signi昀椀cant compared to the vapor 
phase [28].

The speci昀椀c heat of the vapor phase (in J⋅kg-1
⋅K-1) is modeled using a 

partial polynomial function of temperature for a speci昀椀ed range of 
temperature (300 K ≤ T ≤ 1000 K) as follows [28]: 
Cp,v(T) = 1563.077 + 1.603755 T − 2.932784 × 10−3T2 + 3.216101

× 10−6T3 − 1.156027 × 10−9T4

(4) 

Fig. 1. Computational domain of the cavity with one rectangular corrugation 
and imposed boundary conditions.

Table 1 
Data of thermophysical properties and parameters used in the present 
simulations.

Variable/Phase Liquid Vapor
Density (kg⋅m-3) ρl = 957.9 ρv = 0.5956
Dynamic viscosity (N⋅s⋅m-2) μl = 2.79 × 10–8 μv = 1.34 × 10–5

Speci昀椀c heat (kJ⋅kg-1⋅K-1) Cp,l = 4.217 Cp,v = f(T)
Thermal conductivity (W⋅m-1⋅K-1) λl = 0.6 λv = 0.0261
Surface tension (N⋅m-1) 58.9 × 10–3

Jakob number (Ja) Ja = 0.031
Bond number (BoH) BoH = 1020.43
Grashof number (GrH) GrH = 2.2 × 1016
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Concerning the geometrical investigation, three different cases with 
different quantities of rectangular corrugations mounted at the base of 
the reservoir are studied in addition to the bared surface, which is used 
for veri昀椀cation/validation of the computational method. Each case 
presented in Fig. 2 has a de昀椀ned number of corrugations, N. The 昀椀rst 
with one corrugation placed in the center of the inferior surface, Fig. 2
(a), the second with two corrugations, Fig. 2(b), and the third one with 
three corrugations, Fig. 2(c). The geometrical investigation is realized 
using the constructal design method [19–22], following the steps 
described in the 昀氀owchart of Fig. 3.

The problem is subjected to two constraints, the total area of the 
cavity (Acav) and the area occupied by the corrugations (Acor), as given 
by: 
Acav = HL (5) 

Acor = N⋅(HiLi) (6) 

where Hi and Li are the height and length of the corrugations (m), the 
subscript i is an indication of the case investigated: (1) one corrugation, 
(2) two corrugations, and (3) three corrugations. The area of the 
corrugation can also be represented in dimensionless form by: 

φ =
Acor
Acav

(7) 

The magnitude of φ = 0.03125 is adopted for all con昀椀gurations, 
regardless of the number of corrugations investigated. It is worth 
mentioning that the total heat exchange area (As) is the total bottom 
surface of the reservoir, as given by: 
AS = L + 2HiN (8) 

For this work, the performance indicators adopted are the dimen-
sionless vapor volume, Vdim, and the heat transfer rate between the 
isothermal surface and the surrounding cavity 昀氀ow, qs, as written by: 

Vdim =
Vv

Vcav
(9) 

qs = hAS(TS −Tsat) (10) 

where Vv is the volume of vapor generated along the time interval of 
each simulation (m3), Vcav is the volume of the cavity (m3). For the two- 
dimensional domain, it is considered the areas of the generated vapor 
and the reservoir.

The geometric investigation performed here consists of two steps, as 
depicted in Fig. 4. In the 昀椀rst step, the degree of freedom H1/L1 is varied 
in the range 0.25 ≤ H1/L1 ≤ 2.0 for the con昀椀guration with N = 1. The 
highest magnitudes of Vdim and qs are the once maximized dimensionless 
generated vapor (Vdim)m and heat transfer rate (qs)m. The corresponding 
height/length ratio is the once optimized ratio H1/L1, (H1/L1)o. In the 
second step, the same procedure adopted for N = 1 is repeated for the 
other cases (N = 2 and 3), obtaining the magnitudes of (Vdim)m and (qs)m 
and the corresponding optimal con昀椀gurations (H2/L2)o and (H3/L3)o, 
where subscripts 2 and 3 refer to N = 2 and 3, respectively. For N = 2 and 
3, it is adopted a symmetrical variation for the different corrugations 
mounted in the lower surface of the cavity. The highest magnitudes of 
Vdim and qs among all studied cases are the twice maximized dimen-
sionless generated vapor (Vdim)mm and heat transfer rate (qs)mm, and the 
corresponding optimal con昀椀gurations are (Hi/Li)oo and No. Despite the 
notation used here, the analysis is restricted to a geometrical investi-
gation, seeking to obtain the trend of the corrugations design in the pool 
boiling cavity problem. An optimization study is not performed here, 
since an optimization method is not associated with the geometrical 
investigation. Moreover, the number of investigated cases is limited due 
to the physical complexity and computational effort required for the 
problem. A total of thirteen simulations were performed, twelve varying 
the ratio Hi/Li in the range 0.25 ≤ Hi/Li ≤ 2.0, and one more simulation 
with bared surface, which is simulated for problem validation and to 
compare with the cases with corrugations.

2.2. Governing equations of the boiling 昀氀ow

The volume of 昀氀uid (VOF) method is used to tackle the two phases 
(water liquid and vapor). The unsteady-RANS (URANS) time-averaged 
conservation equation of mass, the momentum equation and energy 
equation for the transient solution of mixture liquid/vapor of water can 
be given by [27,29]: 

Fig. 2. Schematic illustration of the cavity domain with different numbers of corrugations in the inferior wall: a) N = 1, b) N = 2, c) N = 3.
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Fig. 3. Flowchart of the geometrical investigation employed in the present problem with Constructal Design.
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∂ρ

∂t +
∂

∂xj

(
ρvj

)
= Sm (11) 

∂ρvi
∂t + vj

∂

∂xj
(ρvi) = −

∂p
∂xi

δij + (μ+ μt)
∂

∂xj

(
∂vi
∂xj

+
∂vj
∂xi

)
+ ρgi + Fv,i (12) 

∂ρE
∂t + vj

∂

∂xj
(ρE) = (λ+ λt)

∂2T
∂x2

j
+ Sh (13) 

where ρ is the density of the mixture (kg⋅m-3), v is the time-averaged 
velocity (m⋅s-1), g is gravitational acceleration (m⋅s-2), μ is the dy-
namic viscosity of the mixture (kg⋅m-1⋅s-1); μt is the turbulent dynamic 
viscosity (kg⋅m-1

⋅s-1), t is the time (s), T is the time-averaged tempera-
ture (K), λ is the thermal conductivity of the mixture (W⋅m-1⋅K-1) and λt 
the turbulent thermal conductivity (W⋅m-1

⋅K-1), Sm is the mass source 
representing the mass transfer rate (kg⋅m-3⋅s-1), Fv,i represents the force 
per unit volume caused by surface tension (N⋅m-3) and Sh is the heat 
generation per unit volume (W⋅m-3). In addition, the suf昀椀x i and j refers 
to the Cartesian components and the upper horizontal line, overline, is 
the time-averaged operator.

For closure of turbulent 昀氀ows, the classical model k - ε based on the 
Unsteady Reynolds Averaged Navier Stokes (URANS) approach is used. 
In this modeling, the turbulent viscosity and conductivity are given, 
respectively, by [29,30]: 

μt =
Cμρk

ε
(14) 

λt =
Cpμt
Prt

(15) 

The turbulent kinetic energy (k) and the dissipation rate of turbulent 
kinetic energy (ε) are obtained with two additional transport equations, 
given by: 
∂k
∂t + vj

∂k
∂xj

= τij
∂vi
∂xj

+
∂

∂xj

[(
υ+

υt
σk

)
∂k
∂xj

]
− ε (16) 

∂ε

∂t + vj
∂ε

∂xj
=

∂

∂xj

[(
υ+

υt
σε

)
∂ε

∂xj

]
+ Cε1

ε

kτij
∂vi
∂xj

− Cε2
ε2

k (17) 

where Cμ = 0.09, Prt = 1.0, Cε1 = 1.44, Cε2 = 1.92, σk = 1.0, and σε = 1.3 
are ad hoc constants of the closure model. These are standard co-
ef昀椀cients used by the Fluent software, already employed by other au-
thors in studies involving phase change [31–33]. According to Zhang 

et al. [33], for phase change boiling 昀氀ows, the k – ε closure model led to 
a better agreement than k – ω with experimental results for predicting 
void fraction and temperatures. Considering it is also less 
time-consuming in comparison with other URANS modeling as k – ω, 
and Reynolds Stress Tensor, the k – ε is selected to be used in the present 
study.

Here, the liquid/vapor interface tracking process is performed using 
the VOF method [34]. In this model, the transient mass, momentum and 
energy equations are solved for the mixture and the volume fraction for 
each phase is estimated by one additional transport equation.

According to Hirt and Nichols [34], the volume fraction of all phases 
adds up to the unit in the computational cell. Depending on its value, the 
speci昀椀c properties and variables of each problem are assigned to each 
control volume within the domain. The sum of the water and vapor 
volume fraction is given by: 
αl + αv = 1 (18) 

For a condition where the cell is empty of liquid water, the αl = 0.0 
and αv = 1.0. Conversely, for the cell empty of vapor, the αl = 1.0 and αv 
= 0.0. In the interface tracking process, a transport equation is solved for 
the volume fraction in each phase. The volume fraction of liquid water 
(αl) in any position and time of the domain is de昀椀ned by the following 
transport equation [34]: 
1
ρl

[
∂

∂t (αlρl)+∇⋅

(
v→lαlρl

)
= Sαl +

∑n

v=1
(ṁvl − ṁlv)

]
(19) 

where ṁvl is the mass transfer from phase v to phase l and ṁlv mass 
transfer from phase l to phase v (kg⋅m-3⋅s-1). The ṁvl corresponds to the 
condensation process and the ṁlv to the boiling process.

To quantify the mass transfer through the interfaces, the model 
proposed by Lee [35] was used. In this model, the process of transferring 
liquid-vapor mass is governed by the following equations and temper-
ature conditions:

Tl > Tsat – evaporation process: 

ṁlv = coef ⋅αlρl
(Tl − Tsat)

Tsat
(20) 

Tv < Tsat – condensation process: 

ṁvl = coef ⋅αvρv
(Tsat − Tv)

Tsat
(21) 

where coef is the coef昀椀cient interpreted as a relaxation factor of mass 
transfer in unit of time (1/s). Some empirical values for coef were pre-
sented by Sun et al. [26], as well as theoretical formulations obtained 
from Fourier’s law that can be used to overcome the limitations found by 
the use of expressions and empirical coef昀椀cients. In the numerical study 
by Machado and Cabral [36], the results of seven combinations for the 
coef昀椀cients were tested and presented. The authors highlighted the 
values of 0.1 s-1 for evaporation and 1.0 s-1 for condensation as the ideal 
combination for the nucleated boiling problem in a thermosyphon. The 
recommendation of coef = 0.1 s-1 for boiling problems is also indicated 
in the work of Chen et al. [12], being used here.

The mixture thermophysical properties are obtained from the vol-
ume fraction and can be written by [37]: 
ρ = αvρv + (1 − αv)ρl
μ = αvμv + (1 − αv)μl

(22) 

In the VOF method, the surface tension is calculated using the Con-
tinuum Surface Force (CSF) model proposed by Brackbill et al. [38]. The 
divergence theorem is used to express the surface force in terms of a 
volumetric force. This force appears as a source term and is expressed 
using the following simpli昀椀ed equation for two phases: 

Fv = σ
ρηl∇αl

1
2 (ρl + ρv)

(23) 

Fig. 4. Scheme of simulations de昀椀ned with Constructal Design for geometrical 
investigation with varied number of corrugations (N).

G.M. Freire et al.                                                                                                                                                                                                                                International Journal of Heat and Mass Transfer 236 (2025) 126334 

6 



where ηl is the surface curvature of the interface, calculated by local 
gradients of the volume fraction from the normal phase to the surface, 
given by the following relationships: 
n = ∇αv

n̂ =
n
|n|

k = ∇n̂ = ∇⋅

(
∇αv
|∇αv|

)
(24) 

For all phases, a single energy equation is solved in the estimation of 
the temperature 昀椀eld, as shown in the following equation for each phase: 

E =

∑n
q=1

αqρqEq

∑n
q=1

αqρq

(25) 

For the two phases considered, the energy is given by: 

E =
αlρlEl + αvρvEv

αlρl + αvρv
(26) 

where El and Ev for each phase is a function of speci昀椀c heat and tem-
perature. In the work developed by Sun et al. [26] an expression is found 
for each of these variables, described as follows: 
El = Cp,l(T − 298.15)
Ev = Cp,v(T − 298.15) (27) 

3. Numerical modeling and code validation

For the numerical solution, the conservation equations of mass, 
momentum and energy, as well as the volume fraction transport equa-
tion, are solved with the Finite Volume Method (FVM) that is available 
in the software Ansys Fluent, version 14.5 [39–41]. The following nu-
merical procedures, available in Ansys Fluent, are adopted in the present 

simulations: 

(i) The second order upwind spatial interpolation scheme is adopted 
for the momentum and energy equations;

(ii) The geo-reconstruct scheme is used to tackle the reconstruction of 
the interface liquid/vapor distribution;

(iii) Residuals of 1.0 × 10–6 are used for the mass, momentum and 
energy equations to achieve the convergence at each time step;

(iv) For the pressure-velocity coupling solution, the SIMPLE algo-
rithm is employed;

(v) The explicit 昀椀rst order scheme for advancing time with interval 
(Δt) is adopted, based on the Courant number of 0.25, for the 
volume fraction transport equation;

(vi) In the modeling of turbulence of the regions close to the wall the 
enhanced treatment ε-equation method (EWT-ε) is used.

It should be noted that the calculated value for y+ maintained an 
average of approximately 10, which is recommended for the use of k - ε 

model with the employment of the law of wall [29]. The dimensionless 
distance of the turbulent boundary layer is given by [29]: 

y+ =
y ̅̅̅̅̅̅̅̅̅̅

τw/ρ
√

v =
yu∗

v (28) 

where y is the normal distance to the wall (m), τw is the surface tension 
in the wall (N•m-2), υ is the kinematic viscosity (m2•s-1), and u* is the 
friction velocity (m•s-1).

All cavity problems are simulated along the time interval of t = 1.0 s. 
The heat 昀氀ux in the lower surface is monitored (q”) along the time in-
terval 0.5 s ≤ t ≤ 1.0 s. The volume of vapor generated is monitored 
along all time interval, but the 昀椀nal instant of time (t = 1.0 s) is used to 
calculate the Vdim for each case. For all cases, a constant time-step of Δt 
= 1.0 × 10–4 s is adopted. The simulations were performed in a com-
puter with an Intel Core i7 @ 3.3 GHz processor and 16 GB of RAM. The 
computational effort for the performed simulations is nearly tproc = 2.6 ×

Fig. 5. Grid composed of rectangular surfaces used in the cavity without corrugation: a) whole domain, b) detail of the stretched mesh used in the near wall region.
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105 s (72.2 h) for the case with bared surface and around tproc = 4.3 ×
105 s (119.4 h) for the cases with corrugated surfaces.

It is worth mentioning that, in the present work, it is considered a 
small domain and the initial condition with the 昀氀uid at saturated tem-
perature. These conditions speed up the boiling process, allowing the 
achievement of the fully developed boiling state for the time interval 
investigated here.

For the validation of the numerical tool, it is 昀椀rstly performed the 
study of grid sensitivity for the case of the cavity with an inferior bared 
surface. A structured grid with rectangular 昀椀nite volumes is generated 
with the software Ansys Design Modeler available in Ansys Workbench – 

version 14.5. In Fig. 5(a) a general view of the mesh is presented, while 
in Fig. 5(b) a detailed view of the mesh near the inferior wall, where the 
mesh is more re昀椀ned due to the generation of the boiling and steps 
gradients of velocity and temperature in this region. In this region, a 

stretched strategy for the mesh is employed using a growth ratio of 1.05 
from the minimal volume (near the surface) towards the region less 
affected by the wall. Near the wall, at least 20 vol layers were used to 
re昀椀ne the mesh.

The appropriate mesh is obtained by successive re昀椀nements resulting 
in meshes with different quantities of elements until the criterium 
|
(

qʹ́ j − qʹ́ j+1
)
/qʹ́ j|< 1.0 × 10–1, where the subscripts “j” represents the 

heat 昀氀ux obtained with the coarse mesh and “j + 1″ represents the next 
re昀椀ned mesh. The heat 昀氀ux is calculated in the software by the predic-
tion of the dimensional temperature gradient at several points of the 
inferior surface, and an average of these gradients is taken. Based on this 
value and on the local volume fraction, the software applies the Fouri-
er’s law to the wall to calculate the instantaneous heat 昀氀ux in the lower 
surface of the cavity. Table 2 presents the results obtained from the grid 
independence study for the heat 昀氀ux (q′′) and the magnitudes of h in the 
inferior surface are also presented. A mesh with nearly 32,000 vol is 
considered independent in the present investigation, and the re昀椀nement 
characteristics are used for all studied cases. Since the domain is rela-
tively simple, it is possible to keep mesh quality parameters as skewness 
and orthogonal quality in magnitudes as 0.10 and 0.98, respectively, 
which is considered excellent in the documentation of Fluent software 
[41]. The mesh parameters of re昀椀nement and mesh quality are used for 
the corrugated surfaces, leading to slight increase in the number of 
rectangular volumes generated in the domain.

To validate the present model, the results of the heat 昀氀ux (q’’) and 
convection heat transfer coef昀椀cient (h) in the lower surface of the cavity 
are compared with experimental correlations of Rohsenow [42] for the 
same thermal conditions, which are respectively given by: 

qʹ́ = μlhlv
(g(ρl − ρv)

σ

)1/2(Cp,l(TS − Tsat)
Cs,f hlvPrn

l

)3
(29) 

Table 2 
Mesh independence study for the case of cavity with inferior bared surface.

Number of 
volumes

h (W.m-2.K- 
1)

q’’(W⋅m- 
2)

|
(

qʹ́ j −

qʹ́ j+1
)
/qʹ́ j|

Computational 
effort (h)

7140 23,899.06 430,183 0.136 12.4
15,040 27,166.33 488,994 0.363 30.6
31,680 37,049.60 666,894 0.054 72.2
63,000 35,032.06 630,577 ——- 251.7

Table 3 
Comparison of q” and h obtained with the present method and the correlation of 
Rohsenow [42] for ΔTe = 18 ◦C.

Variable/Method Present work Rohsenow [42] Deviation ( %)
q” (W⋅m-2) 666,894 714,035 6.60
h (W⋅m-2⋅K-1) 37,049.6 39,648.4 6.55

Fig. 6. Volume fraction of vapor (α) in the cavity without corrugation for ΔTe = 18 ◦C and different instants of time: a) different time steps, b) t = 1.0 s (more scales 
of volume fraction), c) detailed view of the initial steps of vapor generation.
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h = μlhlv

(
σ

g(ρl − ρv)

)−1/2( Cp,l
Cs,f hlvPrn

l

)3
(TS − Tsat)

2 (30) 

where Cs,f = 0.0128 and n = 1.0 for the polished copper surface of the 
cavity with the water as the working 昀氀uid.

Table 3 shows the results for q’’ and h obtained with the present 
method and those predicted with the Rohsenow correlation [42] for an 
excess of temperature ΔTe = TS – Tsat = 18 ◦C, which is used in the cases 
of geometrical investigation. As can be observed, differences in the 
range of 6.6 % were obtained, which can be acceptable considering the 
complexity of the physical problem.

In the performed simulation, the physical mechanism of pool boiling 
昀氀ow is reproduced. To illustrate this behavior, Fig. 6(a) shows the vol-
ume fraction for different instants of time (t = 0.2 s, 0.3 s, 0.4 s, 0.6 s, 0.8 
s, and 1.0 s). Fig. 6(b) shows the volume fraction at t = 1.0 s for more 
scales of volume fraction. The simulation time is enough to capture some 
patterns of the pool boiling as the initial nucleation of the bubbles, 
coalescence, detachment of vapor bubbles, and the stabilization of tur-
bulent boiling 昀氀ow. The 昀椀rst points of nucleation of vapor bubbles arise 
around t = 0.2 s and 0.4 s. Later, the 昀椀rst coalescence among the vapor 
bubbles happened generating larger scales of the bubbles followed by 
detachment and displacement of the vapor bubbles in bubbly and slug 
regimes toward the superior part of the cavity. Fig. 6(c) illustrates in 
detail the initial patterns of the vapor generation, from the initial bub-
bles up to the formation of a superheated steam bag. This behavior is 
quite similar to that observed experimentally by Mukherjee and Dhir 
[13], demonstrating that the present computational method is able to 

represent qualitatively the vapor generation in pool boiling 昀氀ows. The 
bubbles’ detachment and their rise in the pool boiling were also 
compared with numerical simulations of Son and Dhir [43] showing 
resembling patterns.

4. Results and discussion

Firstly, it is investigated the transient behavior of dimensionless 
volume of vapor generated in the cavity (Vdim) for different ratios of H1/ 
L1, and spatial averaged heat 昀氀ux (q′′) in the lower surface of the cavity 
for extreme ratios of H1/L1, when N = 1, Fig. 7(a) and 7(b), respectively. 
In Fig. 7(a), it is noticed a small ratio of increase of vapor generated at 
the beginning of the process, 0.0 s ≤ t ≤ 0.2 s, followed by an increase in 
the variation of Vdim with time, regardless of the ratio of H1/L1 applied to 
the corrugation in the lower surface. Despite of similar trend, the 
augmentation of the ratio H1/L1 led to an increase of the magnitude of 
the Vdim for the different periods analyzed. The differences are more 
prominent when the corrugations have the highest intrusion into the 
cavity, H1/L1 = 1.0 and 2.0. Moreover, the change of the ratio of Vdim 
with time is hasted with the increase of the ratio H1/L1, which is an 
indication that the coalescence of initial bubbles, generation of higher 
structures and detachment of bubbles in bubbly, and slug regimes is 
intensi昀椀ed with the insertion of the corrugation and increase of its ratio 
H1/L1. Fig. 7(b) shows the spatial averaged q′′ as function of time for H1/ 
L1 = 0.25 and 2.00, and N = 1. It is possible to notice a step decrease in q′′ 

in the interval 0.0 s ≤ t ≤ 0.2 s followed by a stabilization of the mean 
magnitudes of heat 昀氀ux, especially for t ≥ 0.5 s, regardless of the H1/L1 
ratio. Results also indicated that the mean q′′ does not suffer strong 
variation for the different ratios of H1/L1, q′′ obtained for H1/L1 = 0.25 is 
nearly 7.0 % superior than the ratio H1/L1 = 2.0. This behavior bene昀椀ts 
the highest ratios of H1/L1 since the heat exchange area for H1/L1 = 2.0 
is 36.5 % superior than that reached with the lowest ratio H1/L1 = 0.25, 
compensating the difference of heat 昀氀ux and increasing the heat transfer 
rate when the corrugation has the highest intrusion in the cavity.

Fig. 8 shows the effect of the ratio H1/L1 over Vdim obtained at t = 1.0 
s, the last instant of time analyzed for all cases. For the lowest ratios of 
H1/L1 = 0.25 and 0.5, the performance in terms of maximizing the 
volume of vapor generated is quite similar. After this point, there is an 
increase in the range 0.5 ≤ H1/L1 ≤ 1.0 followed by another growth, 
with a smaller ratio, in the range 1.0 ≤ H1/L1 ≤ 2.0. The case with H1/L1 
= 2.0 led to a magnitude of Vdim 30.6 % superior to the case with H1/L1 =
0.25 (with the lowest intrusion). Fig. 9 illustrates the volume fraction of 
vapor generated in the cavity for different ratios H1/L1: H1/L1 = 0.25 
(Fig. 9(a)), H1/L1 = 0.5 (Fig. 9(b)), H1/L1 = 1.0 (Fig. 9(c)), H1/L1 = 2.0 

Fig. 7. Instantaneous magnitudes for the con昀椀guration with one corrugation (N 
= 1) and different magnitudes of H1/L1: a) dimensionless volume of vapor 
(Vdim), b) heat 昀氀ux in the lower surface (q′′).

Fig. 8. Effect of the ratio Hi/Li (i = 1) over the dimensionless vapor volume 
generated in the cavity (Vdim) for a cavity with one rectangular corrugation (N 
= 1).
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(Fig. 9(d)). It can be noticed that the size of the detached bubbles of 
vapor in the bubbly regime increases with the augmentation of the ratio 
H1/L1, i.e., the increase of the intrusion of the corrugation intensi昀椀ed the 
multiplicity of scales of vapor generated in the cavity, intensifying the 

occurrence of bubbly and slug regimes. This behavior agrees with the 
constructal law principle that states the 昀氀ow system structures organize 
themselves in few large and many small to bene昀椀t the whole system. In 
general, it was veri昀椀ed that the deformations of the bubbles occurred 
mainly due to the coalescence of the vapor bubbles associated with the 
natural convection of liquid water 昀氀ow. It is also noticed that the vapor 
generated along the gaps interacts with the bubbles generated along the 
isothermal vertical walls of the corrugation, leading to a more intense 
interaction between different bubbles. Consequently, the bubbles’ 

detachment towards the upper and lateral regions of the cavity is also 
intensi昀椀ed. Another interesting aspect is the space between the lateral 
surfaces of corrugations and the cavity. For the lowest ratios of H1/L1, 
few nucleation sites were found due to the restricted space between the 
lateral surfaces of corrugation and cavity in comparison with the higher 
intruded corrugations.

The effect of the insertion of more than one corrugation over Vdim and 
instantaneous q” are obtained in the 昀椀rst moment keeping N = 2. Fig. 10
(a) shows the Vdim as a function of time for different ratios of H2/L2, 
while Fig. 10(b) shows the q′′ as function of time for extreme magnitudes 
of H2/L2. It is worth noting again that the corrugations are symmetrical 
in the present investigation, i.e., the ratio H2/L2 represents the height/ 

Fig. 9. Volume fraction of vapor generated in the cavity with one corrugation at t = 1.0 s for different ratios of Hi/Li (i = 1): a) Hi/Li = 0.25, b) Hi/Li = 0.5, c) Hi/Li =
1.0, d) Hi/Li = 2.0.

Fig. 10. Instantaneous magnitudes for the con昀椀guration with two corrugations 
(N = 2) and different magnitudes of Hi/Li (i = 2): a) dimensionless volume of 
vapor (Vdim), b) heat 昀氀ux in the lower surface (q′′).

Fig. 11. Effect of the ratio Hi/Li (i = 2) over the dimensionless vapor volume 
generated in the cavity (Vdim) for a cavity with two rectangular corrugations (N 
= 2).
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length ratio for both corrugations. A similar trend observed for the case 
with N = 1, Fig. 7, is obtained for the con昀椀guration with N = 2. The 
differences are the magnitudes of the volume of vapor generated along 
the time for different ratios of H2/L2 and more homogeneous differences 

of magnitudes of Vdim for different values of H2/L2. In general, the 
magnitudes of Vdim increased from N = 1 to N = 2. For the heat 昀氀ux (q′′), 
a similar behavior obtained in Fig. 7(b) for N = 1 is also reached for N =
2, Fig. 10(b). The magnitudes of q′′ also stabilized for t ≥ 0.5 s. However, 
the time-averaged magnitudes of q′′ for H2/L2 = 2.0 is slightly superior, 
0.5 %, than H2/L2 = 0.25, intensifying even more the difference of heat 
transfer rate in favor of the case with the highest intrusion.

Similarly to that performed in Fig. 8, Fig. 11 shows the effect of the 
ratio H2/L2 on the Vdim for t = 1.0 s. It can be noticed again an increase of 
Vdim with the augmentation of the ratio H2/L2. Here, for the lowest 
magnitudes of H2/L2, the difference between the H2/L2 = 0.25 and 0.5 is 
more pronounced than that reached for the case with N = 1. One 
possible explanation is concerned with the few gaps that the insertion of 
two corrugations with lowest magnitudes of H2/L2 caused among the 
lateral surfaces of the corrugations and lateral surfaces of the cavity. 
Fig. 12 illustrates the vapor volume fraction for different magnitudes of 
H2/L2. Fig. 12(a) corroborates the previous observation that the increase 
of N for lowest ratio of H2/L2 conducted to a narrow gap among the 
corrugations and cavity, generating a vapor 昀椀lm region that acts as 
thermal insulation. With the augmentation of H2/L2, like the behavior 
noticed for N = 1, the size of the vapor bubbles also increases using the 

Fig. 12. Volume fraction of vapor generated in the cavity with two corrugations at t = 1.0 s for different ratios of Hi/Li (i = 2): a) Hi/Li = 0.25, b) Hi/Li = 0.5, c) Hi/Li 
= 1.0, d) Hi/Li = 2.0.

Fig. 13. Instantaneous magnitudes for the con昀椀guration with three corruga-
tions (N = 3) and different magnitudes of Hi/Li (i = 3): a) dimensionless volume 
of vapor (Vdim), b) heat 昀氀ux in the lower surface (q′′).

Fig. 14. Effect of the ratio Hi/Li (i = 3) over the dimensionless vapor volume 
generated in the cavity (Vdim) for a cavity with three rectangular corrugations 
(N = 3).
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mechanism previously reported for N = 1 (nucleation, integration 
among different bubbles, increase of bubbles size, detachment in the 
corrugations and anticipation of bubbly and slug regimes). Here, as 
depicted in Fig. 12(d), some interaction between some slugs in two 
different corrugations is noticed.

Fig. 13 illustrates the Vdim as a function of time for N = 3, Fig. 13(a), 
and the instantaneous spatial averaged heat 昀氀ux for the extremes 
magnitudes of H3/L3, Fig. 13(b). Fig. 14 presents the effect of the ratio 
H3/L3 on Vdim for t = 1.0 s. The behavior is like that noticed for N = 1, see 

Figs. 7 and 8, respectively. Here, the lowest ratios H3/L3 = 0.25 and 0.5 
led to the worst performance due to the formation of vapor regions in the 
gaps among the corrugations and the lateral surfaces of the cavity, as 
illustrated in Figs. 15(a) and 15(b). Even in Fig. 15(c), for H3/L3 = 1.0, 
the nucleation of bubbles in the gaps interacts in such way as to form 
some vapor 昀椀lms in this region. For H3/L3 = 2.0, Fig. 15(d), bubbles of 
large size detach in slug con昀椀guration from each corrugation. In general, 
results demonstrated that, regardless of the number of corrugations, the 
lowest magnitudes of H3/L3 generated vapor 昀椀lms due to the bubbles 

Fig. 15. Volume fraction of vapor generated in the cavity with three corrugations at t = 1.0 s for different ratios of Hi/Li (i = 3): a) Hi/Li = 0.25, b) Hi/Li = 0.5, c) Hi/ 
Li = 1.0, d) Hi/Li = 2.0.

Fig. 16. Temperature 昀椀eld for extreme ratios of Hi/Li and for different N in the instant of time t = 1.0 s.
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nucleation in the gaps among corrugations and cavities. For the highest 
magnitudes of H3/L3, generated bubbles in the vertical walls of corru-
gations intensify the scale of generated bubbles, anticipating the bubbly 
and slug regimes and bene昀椀ting the system. Other interesting advantage 
with the penetration of the corrugations for the present problem is the 
conducting of higher temperature surfaces further from the basis of the 
cavity. Fig. 16 illustrates the temperature 昀椀elds for the extreme mag-
nitudes and different N for t = 1.0 s, corroborating the advantage of the 
intrusion of corrugation in the distribution of thermal 昀椀elds. Moreover, 
the slugs generated in each corrugation can interact with each other, 
increasing the size of the detached vapor structures. Fig. 13(b) shows 
that q′′ for N = 3 has similar behavior to that achieved for N = 1, Fig. 7
(b), N = 2, Fig. 10(b). Here, the performance difference between the 
cases H3/L3 = 2.0 and 0.25 increased to around 16 % that associated 
with the increase of heat exchange area conducted to a signi昀椀cant dif-
ference in the heat transfer rate between the extremes for N = 3. It is also 
important to mention that the transient results obtained in the present 
work for bubble patterns, Figs. 6, 9, 12, and 15, and results for the heat 
昀氀uxes, Figs. 7(b), 10(b), and 13(b), indicate the achievement of 
continuous bubble formation, and stabilization of the heat 昀氀ux in the 
isothermal surface, which are characteristics of fully developed boiling 
for all studied cases.

To compare the in昀氀uence of the height/length ratios of the corru-
gations for different N, Figs. 17 and 18 show the effect of the ratio H2/L2 
over Vdim and qs, respectively. In Fig. 17 it is possible to observe that, for 
low magnitudes of H2/L2 the N = 1 conducted to a better performance in 
comparison with N = 2 and 3. This behavior is related to the narrow 
space in the gaps among corrugations and the cavity that generated 
vapor 昀椀lms in this region, preventing the generation of new bubbles and 
vapor detachment. For the ratios H2/L2 = 0.5 and 1.0, the best perfor-
mance is achieved when N = 2, while N = 3 is the best only for H2/L2 =
2.0, i.e., the highest intrusion of the corrugation. In general, results 
indicated that corrugations with the highest intrusion in the cavity 
domain and more thinned possible, to prevent the generation of vapor 
昀椀lms in corrugations and cavity gaps, conducted a better performance 
considering the generation of vapor as the performance indicator. The 
optimal con昀椀guration No = 3 and (H2/L2)oo = 2.0 led to the formation of 
multiple-sized vapor structures (slugs, bubbly, and bubbles) associated 
with the natural convection 昀氀ow of water from the inferior to upper 
regions of the cavity, improving the system performance. This case 
behaved nearly 49 % superior to the worst case with corrugation (N = 3 
and H2/L2 = 0.25). For the heat transfer rate per unit length, Fig. 18, 
contrarily to that seen for Vdim, for all ranges of H2/L2 the highest 
number of corrugations conducted to the highest magnitudes of heat 
transfer rate per unit length (qs). One explanation for this fact is that, 
even with the insulation caused by vapor 昀椀lms in the gaps among cor-
rugations and cavities, which is more prominent in the lowest ratios of 
H2/L2, the increase in the number of corrugations increases the heat 
exchange area between the lower isothermal surface of the cavity and 
the 昀氀uid, compensating the presence of vapor 昀椀lms. For example, the 
perimeter increases from per = 50 mm to 68.28 mm for N = 1, per =
54.14 mm to 80 mm for N = 2, and per = 55 mm to 82.43 mm for N = 3, 
when the ratios Hi/Li = 0.25 and 2 are compared. For qs, the increase in 
the number of N and Hi/Li ratios led to the improvement of the thermal 
performance for all studied con昀椀gurations. Results also indicated that 
the bared surface led to a heat transfer rate per unit depth of qs = 26,675 
W⋅m-1, which is quite close to the performance reached for the worst 
con昀椀gurations with N = 1, e.g., for H2/L2 = 0.25 it is obtained qs =
27,200 W⋅m-1. For the global optimal con昀椀guration, No = 3 and (H3/ 
L3)oo = 2.0, the heat transfer rate per unit depth is (qs)mm = 51,300 W⋅m- 
1, which is 1.88 and 1.92 times superior to the worst corrugated case and 
bared surface.

5. Conclusions

In the present numerical work, it was performed a geometrical 
investigation of a corrugated isothermal surface placed in a two- 
dimensional cavity under turbulent pool boiling 昀氀ows. The geometry 
is analyzed in light of the constructal design method, investigating the 
effect of the height/length ratios for three different numbers of corru-
gations. The cavity and corrugation areas are the constraints and the 
dimensionless volume of vapor generated (Vdim) and heat transfer rate 
per unit depth (qs) are the performance indicators.

Firstly, the numerical method used here was validated with the 
correlation of Rohsenow [42] for the prediction of heat 昀氀ux and con-
vection heat transfer coef昀椀cient for a cavity with a bared isothermal 
surface and considering one excess of temperature of ΔTe = 18 ◦C. It was 
achieved differences inferior to 7.0 %, which is within the uncertainty of 
the correlation. Moreover, the nucleation of bubbles, columns, and slugs 
of vapor generated agreed with the behavior described in the literature 
for the thermal conditions investigated [13,26,43]. Therefore, the pre-
sent numerical method was employed for the geometrical investigation 
of the corrugations in the lower surface of the cavity.

Concerning the geometrical investigation, results demonstrated the 
insertion of corrugations bene昀椀ted the system, regardless of the per-
formance indicator (generation of vapor in the cavity or heat transfer 
rate per unit depth). For example, the qs obtained for the optimal 
con昀椀guration, No = 3 and (H3/L3)oo = 2.0 was almost two times superior 

Fig. 17. Comparison of the effect of the ratio Hi/Li for different numbers of 
corrugations (N) over the dimensionless volume fraction of vapor (Vdim) in 
the cavity.

Fig. 18. Comparison of the effect of the ratio Hi/Li for different numbers of 
corrugations (N) over the heat transfer rate (qS) at the inferior surface.
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than the case with bared surface. Results recommended avoiding cor-
rugations with the lowest ratios of Hi/Li, mainly for N = 2 and 3, since 
these con昀椀gurations can induce the formation of vapor 昀椀lms in the 
narrow gaps among corrugations and cavity, preventing the generation 
of slugs and columns of vapor and restricting the vapor generation and 
heat transfer between the isothermal surface and water 昀氀ow. To improve 
the performance, results indicated for the present conditions that cor-
rugations with the highest Hi/Li and N led to the best thermal perfor-
mance in terms of Vdim and qs, i.e., thin, and intruded con昀椀gurations. 
Moreover, the best con昀椀gurations were able to allow the generation of 
large-size vapor slugs and columns of vapor for each corrugation, which 
interacts with bubbles transported by natural convection and vapor 
structures generated in other corrugations. In general, the best perfor-
mance was reached when the multiplicity of scales of vapor structures 
increased, i.e., few large and many small structures, which agreed with 
the constructal law distribution that bene昀椀ts the 昀氀ow system.

The investigation of other corrugations and conditions for the pool 
boiling in the cavity 昀氀ow should be investigated in future works.
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