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Abstract— Conjugate convection (fluid) and conduction (solids) heat transfer in enclosures has received
broad interest because of its wide importance in many mechanical applications, such as melting and
solidification in thermal storage system, the fusion reactors, heat protection of thermal transport systems,
solar collectors, the geothermal energy extractions, etc. Other situations including the conjugate heat
transfer are heat sinks. The conduction heat transfer is observed in the heat sink while the natural
convection is presented in the fluid medium. The subject of conjugate convection and conduction heat
transfer in enclosures were studied by many authors. This paper presents a literature review of this
problem for various geometrical enclosures, heat transfer modes, working fluids, enhancement techniques
of heat transfer, and thermal boundary conditions. Very important conclusions were submitted in these
literatures. Some of these conclusions are general for all literatures which addressed this topic. Generally,
it was concluded that the streamlines, isotherms and heat transfer rate depended on both the thermal
conductivity of the conductive wall, the thermal conductivity of fluid, and the thickness of the conjugate
wall. For enclosure contain fixed or rotation inner cylinder, improvement of heat transfer coefficient is
greatly affected by radius ratio between enclosure and cylinder, position of cylinder, and the rotational
value and direction.
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1. Introduction

Conjugated heat transfer and thermally driven flow in
differentially heated cavities and enclosures have
received important attention by the authors in the last two
decades, due to its wide applications in the industry.
Theoretical and experimental investigations on conjugate
conduction-convection heat transfer in different
geometries of enclosures have been conducted by many
authors. Many parameters such as Rayleigh number,
finite thickness of conductive wall, magnetic field, porous
media, position of heat source, system size, using of fins,
adding nanoparticles to the base fluid, and thermal
conductivity ratio were studied.

[11] Studied conjugate heat transfer throughout a
rectangular enclosure filled with water. The enclosure
was divided by two different horizontal conductive fins to
enhance heat transfer. It was observed that the
effectiveness of using fins depended on different
parameters such as the radius ratio of enclosure and the
number of fins.

[1] Studied the influence of MHD on conjugate
convection and conduction heat transfer in a shallow
rectangular cavity. Two cases were studied: enclosure

with rigid boundaries and an enclosure with a top wall. It
was concluded that at high Hartmann numbers, the
hydrodynamic boundary layer in the core is constant in
the out region of the two Hartmann layers.

[5] Investigated this problem in enclosures contained a
chimney with openings. The chimney consisted of a
vertical solid insulated and uniformly heated walls. The
horizontal boundaries were adiabatic. The application of
this problem was considered in buildings (see Fig.1). It
was obtained that the heat flow rate and the volume flow
rate depend onRayleigh number, the opening
dimensions, and the thermal conductivity of the wall.

[37] examined the fluid field and thermal patterns
resulted from the conjugate conduction-convection heat
transfer in square cavities encircled with centered solid
wall (see Fig. 2). It was noticed that average Nusselt
number for both cavities depended on of the aspect ratio
and the thermal conductivity.
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Figure 1: Physical domain of Bilgen and Yamane work
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Figure 2: Physical domain of Zhao et al. work [37].

[38] Studied this phenomenon in a vertical cavity with
cyclic temperature at the vertical wall. The cavity has a
hot body located concentrically. It was concluded that
increasing the body size and thermal conductivity ratio
caused a decrease in the resonant frequency.

[35] Studied this problem in a triangular enclosure
saturated with a porous medium. The conduction heat
transfer was across the bottom wall while the vertical
wall and inclined wall were insulated and isothermal
cooled; respectively. It was concluded that the
streamlines, isotherms and heat transfer rate depended on
both the thermal conductivity wall-fluid ratio, and the
thickness of the bottom wall.

[17] Used a rectangular cavity with existing the mass
transfer within enclosure under local heat and
contaminant sources to study the effects of Grashof
number, Buoyancy ratio and solute concentration on
stream function, vorticity, and isotherms.

[28] Studied this problem inside a cavity having a
partition at the middle to investigate the influences of Ra,
thermal conductivity ratio and partition thickness on the

characteristics of flow and thermal patterns. It is noticed
that the intensity of streamlines increases with increase in
Rayleigh number or thermal conductivity ratio. The
increase of thermal conductivity ratio gives lower
temperature distribution along the partition. The
conjugate convection- conduction heat transfer across a
hot bottom cylindrical cavity is important problem in
chemical and nuclear industries

[2] Studied the influences of materials thermal
conductivity of the disc and inner cylinder (conduction),
and geometrical shape of outer cylinder on the annular
cavity with centrifuge machines. The aim of this problem
is to obtain more uniform distribution of temperature in
the cavity. This was achieved by utilizing inner cylinder
made of aluminum metal with a constant temperature for
the bottom disc equals to 433K.

[34] Studied three-dimensional conjugate natural
convection in a cubic cavity. The enclosure had one hot
sidewall with time-periodic pulsating temperature,
isothermal opposing sidewall, and adiabatic parallel
horizontal walls. It was shown that the flow field which
change with time periodically and the performance of
conjugate conduction-convection heat transfer of the
cavity were strongly affected by the thermophysical
properties of thickening walls.

[12] Studied conjugate conduction-convection in a
square cavity having a concentric polygon object with
different types and thermal conductivities. It is concluded
that the heat transfer rate across the enclosure remains
stable by varying the polygon types and the number of
polygon sides. It was only depended on the inner body
location, inclination angle, and rotation angle with
various angular speed.

[9] Used two partial enclosures, connected by
refrigerator/heater to investigate the effects of Rayleigh
numbers, conductive walls to fluid thermal conductivity
ratio, aspect ratio, and refrigeration coefficient on the
isothermals and streamlines. It was concluded that the
characteristics of thermal patterns and fluid field were
unaffected by aspect ratio, while the convection increases
with increase in aspect ratio.

[6] Studied this phenomena in a square enclosure with
isothermal partially hot left wall and cold vertical wall,
and insulated horizontal walls, as shown in Fig. 3. It was
concluded that for a given thickness of vertical hot wall,
the heat transfer process enhances as Rayleigh number is
increased and as the thickness of the bounded wall
decreases.
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Figure 3: Physical domain of Belazizia et al. work [6].

[10] Used water as a working fluid to study the heat
transfer process by natural convection within rectangular
cavity. The heating source was a computer device CPU
located on a vertical plane wall of cavity, while a heat
sink was mounted on the other vertical plane wall of the
cavity, see Fig. 4. The turbulent air flow was driven by
using an exhaust fan inside the computer compartment. It
was observed that the chip temperature declined with
increase in the size of the enclosure. The temperature was
decreased by 38% when the cavity was filled with water.
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Figure 4: Physical domain of Gdhaidh et al. work [10].

[13] Submitted another study of conjugate natural
convection inside a square cavity having thicken walls, as
shown in Fig. 5. It was observed that the fluid field and
the thermal distribution were affected by the conduction
heat transfer in the bottom wall and the thermal-
conductivity ratio. The average Nusselt number is
increased as the natural convection effects increase and
the conduction heat transfer through the thickening wall,
and it is decreased as the wall thickness increases.
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Figure 5: Physical domain of Habibis and Ishak work
[13].

[18] Studied this problem in a cavity having rectangular
geometry with a local heat source which was represented
by a gas infrared radiator over the inner surfaces of
enclosures. It was concluded that the radiation heat flow
rate was affected the intensity of heat transfer.

[3] Studied the effects of both the thermal conductivity
in a vertical wall and MHD on the natural; convection in
a square enclosurecavity subjected to horizontal
temperature gradient and filled with liquid gallium. It was
observed without magnetic field that natural convection
increases with increase in both Rayleigh number and
conductivity ratio. For low conducting wall, the most
average heat transfer rate was by conduction and it was
relatively constant with small values if compared with
high wall thermal conductivity. While, in the presence of
a magnetic field the average Nusselt number is decreased
with increase in Hartmann number (Ha) at a certain value
of Rayleigh number.

[14] Used the lattice Boltzmann method (LBM) to
investigate conjugate heating process in a heterogeneous
medium having a microstructure with random behavior
inside porous enclosure. It was concluded that the results
proved the accuracy of the mathematical model in
simulated complex both fluid and thermal dynamics in
complex geometrical shapes.

[31] Analyzed conjugate conduction-natural convection
heat transfer in an inclined square cavity containing a
porous medium and adjacent to having conductive walls
with finite thickness. One of the inclined walls of the
cavity is hot, and the other inclined sidewall is cooled at
constant temperature. On the other hand, the horizontal
parallel walls are insulated. It was concluded that the
local Nusselt number of fluid phase is increased as the
thermal conductivity ratio increases and it is decreased
along the heat source with increase in the thermal
conductivity ratio. Moreover, the average heat transfer
coefficients for both the solid wall and fluid are affected
by the angle of inclination.

[32] analyzed this phenomenon in a rotating cavity, its
walls have a finite thickness, as shown in Fig. 6. The
results show that stability of the convective flow field and
heat transfer oscillation were affected by reducing the
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thermal conductivity ratios or/and rotational speeds. The
average heat transfer process is increased with increase in
the conductivity ratio and it is decreased with increasing
the wall thickness for a certain rotation speed.

Figure 6: Physical domain of Saleh and Hashim
work [32].

[33] studied the turbulent conjugate conduction-natural
convection in a square cavity with conductive right
vertical and top walls. The distribution of local heat flux
and the local heat transfer coefficient along the vertical
wall was analyzed.

[39] Investigated the influences of Rayleigh number
(Ra), system size, ratio of thermal conductivity, number
of blocks, and heat flux profile, on the inverse solutions
of conjugate conduction- convection phenomena inside
enclosure with different heat fluxes. The results show that
these solutions submitted with simulated thermal
measurements produced persuaded results for the
functions of unbeknown heat fluxs. These results are
significant to design the electronic cooling.

[20] Studied this problem to find the best location of the
radiation heat source that produces minimum entropy
generation in an enclosure filled with air (see Fig. 7). The
internal surfaces of cavity were gray, opaque and diffuse.
The effects of natural convection and radiation on the
entropy generated inside enclosure and the best location
of the heat source were discussed.
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Figure 7: Physical domain of Mohammad Amin and Ali
Safavinejad work [20].

[7] Studied the effects of heat transfer by radiation on the
conjugate conduction-convection between fluid and solid

media inside two geometries: two infinite parallel plates
and square enclosure. It was concluded that the system
thermodynamics strongly affected by the surface
radiative heat transfer. As a result, the fluid-solid
interface temperature will increase (see Fig.8).

(a) Two infinite parallel (b) Square enclosure
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Figure 8: Physical domain of Carlo Cintolesi et al.
work [7].

[21] Studied the influences of the wall and partition
thicknesses of two square enclosures; respectively, on the
streamlines and thermal field as shown in Fig.9. The
results show that modifying the wall thickness relative to
the thermal conductivity ratio produced the maximum
heat transfer rate. The heat transfer rate of the cavity
increased under the same conditions.

Y Enclosure A 4\," Enclosure B

v

Figure 9: Physical domain of Marhama Jelita et al. work
[21].

[16] Investigated this problem in a porous enclosure
saturated with a fluid and having two partitions with the
same thickness. The results show that, using a solid
partition inside the cavity decreases the Nusselt number.
Moreover, the heat transfer rate is proportional to the
ratio of thermal conductivity for solid wall to porous
region.

[40] Studied the influence of MHD on conjugate heat
transfer in a rectangular enclosure. The cavity was filled
with copper water nanofluid. The enclosure had
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uniformly heated conducting vertical wall as shown in
Fig.10. It was shown that average Nusselt number
increases as the solid volume fraction increases.
Moreover, the Nusselt number increases with increase in
natural convection effects and decrease in Hartmann
number.
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Figure 10: Physical domain of Zahan et al. work [40].
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[22] Studied the conjugate heat transfer of polyurethane
nonadecane particles (phase change material) suspended
in a water inside square cavity. Two different layers fill
the system: porous and clear layers. The heat transfers
from the conductive hot wall to cold wall through the
porous layer. It was concluded that the average Nusselt
number enhances as Stefan number decreases and
nanoparticles volume fraction increases.

[36] Investigated the influence of the solar radiation on
the conduction-convection heat transfer characteristics
through the cabin seat fabric. The decreasing of conjugate
conduction-convection and radiation heat transfer
produced decrease in emissivity and the energy absorbed.
This produced an enhancement of the cabin thermal
environment.

[8] Studied the influences of radiation on the interaction

thermal conductivity between the solid wall and the fluid
in a cavity. Three cases were considered, radiation-
conduction heat transfer, conjugate conduction-forced
convection-radiation heat transfer, and conjugated
conduction-natural convection-radiation heat transfer.
The results show that, the system thermodynamics was
strongly affected by the surface radiative heat transfer.
This produced an important increasing for the interface
temperature between the fluid and solid.

[30] Studied numerically the effect of aspect ratio of
partitions on conjugate heat transfer of water-
(AL,O3) nanofluid in a cavity with two vertical conductive
partitions. It was concluded that, the average Nusselt
number increases with decrease in the height
and thickness ratio

[15] Studied this problem in a cavity saturated with fluid
and porous medium, see Fig. 11. The enclosure had two
isothermal vertical walls, insulated horizontal upper wall,
and horizontal partially heated lower wall. The effect of
Darcy number, Rayleigh number, heat source length to
the bottom wall ratio, the amount of thickening wall

thickness and its height, and inclination angle on the
thermal patterns and fluid field were discussed. The
results show that the average Nusselt number was
unaffected by inclination angle.
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Figure 11: Physical domain of Hassan et al. work [15].

[23], 2021 studied numerically this problem in a cavity
with a thicken partition having different thermal
conductivities. It was found that the effect of the partition
thickness on heat transfer is significant mainly when
the partition-fluid thermal conductivity ratio is small.

[24], 2022 investigated conduction- combined
convection generation in a square cavity. With internal
heat. The moving air was driven by a moving the cold
upper wall of enclosure and rotating the inner cylinder
which located at the center of enclosure. The bottom wall
of enclosure was kept at a constant hot temperature. It
was concluded that the solid cylinder's rotational speed
and its direction have unaffected greatly the thermal
performance of system.

[4], 2023 investigated numerically improvement the
conjugate heat transfer in a cavity containing H,O-nano-
encapsulated PCM . The enclosure contained a hot
cylinder located centrally inside enclosure. The aims of
this work were studying the influences of the cylinder
radius, cylinder’s location, the rotation speed,
the Rayleigh number, the thermal conductivity ratio, and
the NEPCMs concentration on the heat transfer process.
It was concluded that improvement of heat transfer
coefficient is greatly affected by the rotational direction.

[25], 2023 submitted a numerical study of the effect of
entropy generation on the conjugate heat transfer in a
cavity saturated with a HO-NEPCM suspension flanked
by thermally conductive solid blocks along the bottom
and top walls. The results show that the Nusselt number
and generation of entropy increases with increase in
increased thermal conductivity ratio and NEPCM
concentration.

[26], 2023 studied the unsteady conjugate heat transfer in
a hexagonal cavity. The cavity has a multi-blade flow
modulator rotated adiabatically to generate the forced
convection. The natural convection was resulted from the
bottom heated wall. The results show that a modulator
produces best serves with low values of Ra and high
values of Reynolds numbers.
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[19], 2024 examined the influences of wall conduction
on conjugate conduction-convection (CNC) in a
horizontal annular enclosures. It was remarked that when
the solid wall is quantified, the overall heat transfer will
be reduced inside the cavities. Correlations were deduced
to obtain the overall heat transfer inside both enclosures.

[27], 2024 used metallic phase change materials in
thermal energy storage systems used in the technology of
mobile applications. The numerical model analyzed the
transient conjugate heat transfer. While, the experimental
work was used to validate the numerical simulation
results. The discharge time and total heat flow show good
agreement with the experimental data, indicating the
model's successful validation.
[29], 2024 studied the conjugate heat transfer (CHT) to
understand the combined effects of CHT, mixed
convection, magnetic fields, and viscous dissipation on
flow and thermal field, and local skin friction over a
vertical plate. A new correlation for local skin friction
and heat transfer parameters were deduced.

2. Conclusions

1. The streamlines, isotherms and heat transfer
rate depended on both the thermal
conductivity of the conductive wall and fluid,
and the thickness of the conjugate wall.

2. Decreasing Stefan number and increasing
nanoparticles volume fraction produced
higher heat transfer rate inside enclosure
filled with phase change material and
nanoparticles.

3. Stability of the convective flow field was
affected by reducing the conductivity ratio in
addition to reducing the rotational speed for
the rotating enclosure.

4. The chip temperature declined with increase
in the size of the enclosure.

5. In the presence of MHD, the average Nusselt
number decreases as Hartmann number is
increased at a certain value of Rayleigh
number.

6. The heat transfer rate is increased as Rayleigh
number and thermal conductivity ratio
increase, and it is decreased with increasing
the wall thickness.

7. With the presence the perioding time, the
performance of flow field and conjugate
conduction-convection inside the cavity were
strongly affected by the thermo-physical
properties of conjugated wall and its
thickness.

8. The characteristics of thermal patterns and
fluid field were unaffected by aspect ratio,
while the convection increases with increase
in aspect ratio.

9. For low conducting wall, the most average
heat transfer rate was by conduction and it
was nearly constant with lower values if
compared with large conducting walls.

10. For enclosure contain fixed or rotation inner
cylinder, improvement of heat transfer
coefficient is greatly affected by radius ratio
between enclosure and cylinder, position of
cylinder, and the rotational value and
direction.
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