G Lt
) University

HEAT TRANSFER IN POROUS MEDIA

Lappeenranta—Lahti University of Technology LUT
Bachelor’s Programme in LUT-HEBUT, Bachelor's thesis
2025

Haoda Jia

Examiners: Associate professor Markku Nikku

Professor Runze Duan



ABSTRACT

Lappeenranta—Lahti University of Technology LUT
LUT School of Energy Systems
Energy Technology

Double degrees, In co-operation with partner university: Hebei University of Technology

Haoda Jia

HEAT TRANSFER IN POROUS MEDIA

Bachelor’s thesis
2025
30 pages, 1 figure 2 tables and 1 appendix

Examiners: Associate professor Markku Nikku and Professor Runze Duan

Keywords: Heat transfer, Porous media, Packed bed

Heat transfer in porous media is crucial for heat transfer research. This thesis starts from the
theoretical basis. The history of porous media, related concepts of porous media, and
working principles are studied. Heat transfer in porous media is studied in combination with
empirical equations. The thermodynamic properties of two packing beds are investigated
under certain assumptions. The thermal conductivities of 446 stainless steel and silicon
carbide are investigated. The thesis also analyses the effect of different material fillings on
heat transfer in the packed bed. Finally, the differences between theory and practice, the
assumptions made in theoretical calculations, and the conditions in actual engineering
production are discussed. This thesis provides learning aids and examples for heat transfer
in porous media.
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SYMBOLS AND ABBREVIATIONS

Roman characters

p pressure bar, Pa
m mass flow rate ka/s

T temperature < K

\Y volume m?3

Y specific volume m3/kg

Cp Specific heat capacity JI(kg K)
k thermal conductivity W/(m K)

Greek characters

Y kinematic viscosity m¥
a Thermal diffusivity m35
€ porosity

Dimensionless quantities

Re Reynolds number
Nu Nusselt number
Pr Prandtl number
Subscripts

1 inflow

2 outflow

p porous



f fluid

S solid

Abbreviations

FCC Face-Centered Cubic

EMT Effective Medium Theory

DEMT Differential Effective Medium Theory

PCM Phase Change Material
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Description of the use of Artificial Intelligence

I use ChatGPT for assistance in finding, for example, parts of the following standards:

Standards Institute of Finland (SFS), 2019. sfs-en iso 10070:2019 - Metal powders -
Determination of apparent surface area using the penetration method. Helsinki: The Finnish
Standards Institute (SFS), 2019. but finally, the original text viewed in LUT Primo.

Throughout the writing process, | occasionally use DeepL Translate and the Academic
Phrasebook to improve language quality and accuracy. To ensure clarity and fluency in

academic English.

The use of Artificial Intelligence tools was sporadic and supportive, and the content was

ultimately what | ended up writing as a result of my literature reading.
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1 Introduction

1.1 Research Background and Significance

The problems of heat transfer in porous media are frequently encountered in many scientific
and engineering fields. Such as mechanical engineering, electronic cooling, and improving
the performance of the system in heat transfer. In last ten years, fluid flow and heat transfer
in porous media have been studied by many scholars. A comprehensive review of this topic
is presented by Nield and Bejan (2013).

The significance of this study lies in the use of an empirical equation approach. A
comprehensive assessment of the effect of different material properties, on heat transfer

performance in porous media.

1.2 Review of Previous Studies on Heat Transfer in Porous Media

Heat transfer in porous environments is important for a wide range of technological
applications. These applications include thermal insulation, catalysis, filtration and energy
storage systems and have been extensively studied. In previous studies, models based on
heat transfer have been extensively investigated. These models use Fourier's law to describe
heat transfer in solid matrices. These models assume that the material is homogeneous. These
classical approaches typically use parametric models superimposed on each other. The
complexity of the heat transfer mechanism is simplified by calculating an effective thermal
conductivity value that represents the heat transfer mechanism. These models provide useful
approximations (Hagroo, 2016).

More complex analytical and numerical methods have been developed to address the
limitations of models based only on conductivity. Maxwell's model is one of the most widely
used theories for predicting the effective thermal conductivity of composites containing a
porous structure. The model was originally used to estimate electrical conductivity. It was
later modified to calculate thermal conductivity assuming that there are impurities dispersed

in the matrix material. Extensions of this approach include effective medium theory (EMT)
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and differential effective medium theory (DEMT), where the Maxwell model was further
developed to account for higher-order interactions and continuous phase transitions. This
model is widely used to estimate thermal conductivity of multiphase materials in porous

structures where conduction is dominant (Kiradjiev et al., 2019).

1.3 The main research of this thesis

This thesis studies heat transfer in porous media. An empirical equation methodology has
been utilized in this study. The effect of different material properties on the heat transfer

properties of porous media is comprehensively evaluated.

The main contents of the thesis include the establishment of a computational framework for
the empirical equations, the analysis of the effects of different parameters (porosity,
temperature, flow rate, etc.) on the heat transfer characteristics, and the comparative study
of the applicability of different empirical equations. The contents of each chapter are

summarized as follows:

The introduction chapter presents the background of the study. The current status of heat

transfer in porous media is reviewed. And the research objectives are presented.

The chapter working principles of porous media explains the definition of porous media.

And details the empirical equations used to simulate heat transfer and pressure loss.

The chapter of empirical correlation-based methodology for heat transfer in porous media
uses empirical equations to compare the heat transfer performance of different packed bed

materials.

The chapter of results theoretical and practical differences are analysed. The conclusion
chapter summarises the results of the study and discusses the applicability and limitations of

the empirical equations.
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2 Working principles in porous media

2.1 Definition of porous media

A porous medium is a material that has a stationary solid and a fluid(Bergman, T, 2017).

The material that contains interconnected pores or voids inside. These pores allow fluid flow
and heat transfer. Porous media are widely found in natural environments such as soils,
biological tissues (Mehran Sharifi,2025) As well as in engineering applications such as
thermal insulation, filled bed reactors. Heat transfer in porous media occurs mainly through
three mechanisms, thermal conductivity, convection and radiation. Its effective thermal
conductivity k¢ is influenced by factors: porosity, pore structure and phase distribution
(Bergman, T, 2017).

Figurel shows a schematic of a porous medium in two situations. In the left image, the pore
space is completely saturated by a single fluid, water, shown in light grey. In the right
diagram, the pore space is partially occupied by two immiscible fluids water and oil or air.
They are shown in light and dark grey, respectively. The solid matrix, which forms the rigid
skeleton of the porous structure, is shown in white. This representation emphasises the

multiphase nature of flow and transport in porous media (Bastian, 1999).
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Figure 1: Porous medium with single-phase and two-phase fluid saturation.
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2.1.1 Classification of porous media

Depending on the saturation state, structure, and thermal modelling. Porous media can be

classified differently, and this thesis will follow the following classification.
Saturation-based classification

a) Saturated Porous Media: When the pore space is completely filled with liquid or
gas(Bergman, T, 2017).

b) Unsaturated Porous Media: When the pore space at the same time the presence of

solid, liquid and gas(Bergman, T, 2017).

Structural classification

a) Granular porous media: The pore space is mainly composed of the gap between the

particles in contact with each other (Abdallah et al., 2024).

b) Fibrous or insulation porous media: Like thermal insulation materials, its pore
structure is formed by interwoven fibers, commonly used in thermal management
applications (Lu et al., 2021). (Lu et al., 2021)

c¢) Nanofluid-impregnated porous media: In the fluids interact with nanoparticles to

form enhanced heat transfer mechanisms (Kasaeian et al., 2017).
Thermal modeling classification

a) Packed Bed: A porous medium consisting of a stationary solid phase through which
a fluid flows(Bergman, T, 2017).

b) Uniform porous media: Porous media with a uniform distribution of pores(Bergman,
T, 2017).

¢) Non-uniform porous media: The pore structure is randomly distributed(Bergman, T,

2017).
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2.1.2 Effective thermal conductivity classification

According to the effective thermal conductivity. Heat transfer in porous media can be
classified into the following three types. Series resistance model, heat transfer occurs
through alternating layers of solids and fluids. Parallel resistance model, the solid and fluid
parts transfer heat independently. Maxwell model, which is used to describe the equivalent
thermal conductivity of a solid matrix embedded in a spherical fluid region (Bergman et al.,
2017).

2.2 Properties of Porous Media

The properties of porous media are influenced by multiple physical properties. Those
properties decide the capability of conduct, convect, and radiate heat. The key properties of

porous media include the following:

Porosity is defined as the ratio of pore volume to the total volume of the medium:

(1)

Where V¢ is the volume of the fluid-filled pores, and V; is the volume of the solid phase.

The thermal conductivity of porous media depends on the thermal conductivities of the solid
k¢ and fluid k.

Series thermal resistance model:

1
Keff min = w (2)
ks kf
Parallel thermal resistance model:
keff,max = Skf + (1 - s)ks (3)

Maxwell-Eucken model:
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ke + 2k — 2e(kg — k)

Kefr = k
off = 7S ke + 2kg + e(ks — Kp)

(4)

K - effective thermal conductivity of the porous medium
k,: thermal conductivity of solid phase

K¢: thermal conductivity of fluid phase

€: volume fraction of solid

Valid for low porosity (€<0.25).

Influencing factors: Higher porosity reduces kg if k¢ < kg.Contact thermal resistance
affects granular porous media. Nanoscale effects are significant in low-porosity materials
(Bergman et al., 2017).

The overall specific heat capacity of a porous medium can be estimated as:
Cpeff = 1- E)Cp,s + €Cp ¢ (5)
where c, s and c,, ¢ are the specific heat capacities of the solid and fluid phases, respectively.

This property is crucial in steady-state and transient heat conduction analysis. (Bergman et
al., 2017)

Thermal diffusivity is defined as:

k
a=-0 (6)
PCp
It influences transient heat transfer behavior, such as thermal wave propagation in porous

materials (Bergman et al., 2017).

2.3 Heat transfer processes in porous media

Heat transfer process in the porous medium, which includes solid particles in contact with
each other and the fluid in the gap in the thermal conductivity process; convective heat
transfer in the fluid in the gap. This convective heat transfer can be forced convection, but
also for the natural convection, can also be a mixture of the two coexist convection. Also

includes liquid boiling, evaporation and condensation of vapor and other phase change heat,
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solid particles or gases between the radiation heat transfer. Heat transfer in porous media
involves conduction, convection, radiation, and phase transition mechanisms (Zhao et al.,
2011).

2.4 Overview of Previous Research Methods

Classical Period: Fourier’s proposed law of heat conduction laid the foundation for heat

transfer analysis.

dT

qx = —k& (7)

It describes the relationship between the density of heat flow and the temperature gradient

during heat transfer (Bergman et al., 2017).

19th - 20th century: Darcy’s law described the flow behaviour in fluids by porous media.
The relationship between the volume flow rate in a porous medium and the pressure gradient
is under specific conditions. This law laid the foundation for porous fluid dynamics (Esence
etal., 2017).

In its one-dimensional form, Darcy’s law is expressed as (Nield and Bejan, 2013):

KdP
U= (8)

Maxwell (1954) developed a theoretical model for the effective thermal conductivity kes
for porous structures. Considering the solid-fluid interactions. This model has been widely
used in the fields of composites, nanofluids, and engineering heat transfer. (Kiradjiev et al.,
2019)

Modern Developments and Emerging Applications: With the development of nanofluids and
nanoporous materials. The heat transfer performance of porous media has been newly
enhanced with new avenues. Porous media research is also applied in renewable energy
systems. Such as geothermal energy, fuel cells and thermal storage. Multiscale modeling has
been introduced to the micro- and macro-heat transfer behavior of porous structures
(Nabwey et al., 2023).
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2.5 The Role of Heat Transfer in Porous Media

25.1 Functionality of Heat Transfer in Porous Media

Conduction, convection and radiation are the three mechanisms of heat transfer, and the
same applies to heat transfer in porous media. In porous structures, special structures
optimize the heat transfer process. This increases the partial efficiency of the heat
management system. This characteristic can provide a more ideal choice for thermal energy

design in practical applications. (Liu, Fan and Huang, 2006)

In porous materials such as aerogels and ceramic foams, the pore structure traps air and
reduces losses in thermal conductivity. This results in better insulation performance.
(Bergman et al., 2017)

In a filled bed, fluid passes between the interstices of solid particles. Heat conduction within
the particles and fluid heat transfer within the pores work together. Convection promotes

efficient heat transfer in a filled bed. (Bergman et al., 2017)

Radiative heat transfer between solid surfaces within porous media becomes significant at
high temperatures. This is particularly the case in thermal insulating materials and high

temperature reactors. (Bergman et al., 2017)

2.5.2 Advantages of Using Porous Media for Heat Transfer

In heat transfer applications, due to the specificity of the porous media material structure.
Porous structures can increase heat transfer surface area while reducing material weight. For
heat exchanger applications, solid-liquid-gas multiphase interactions can enhance heat
exchange efficiency. For electronic equipment cooling, metal foam can improve the heat
dissipation and temperature regulation of the equipment. With the development of 3D
printing and nanotechnology. Engineers can optimize the design of porous structures more
suitable for specific scenarios based on specific heat transfer needs. (Bergman et al., 2017)
For the thermal insulation advantages of porous materials, materials like aerogels and

ceramic fibers have a great advantage. Thermal insulation properties are affected by
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thickness, density, porosity and thermal conductivity factors. Literature shows that these

materials have very good thermal insulation properties (Chaturvedi et al., 2024).

2.5.3 Efficiency Enhancement through Porous Media

Nanofluid-filled porous media with high thermal conductivity nanoparticles can form more
efficient heat transfer channels in the porous structure, thus enhancing the effective thermal

conductivity and improving the heat transfer efficiency (Bergman et al., 2017).

An optimized pore structure can increase heat transfer efficiency while reducing flow
resistance. Porous materials such as metal foams, aerogels, and ceramic foams provide large
heat exchange surfaces. Heat diffusion can be enhanced while maintaining lightweight
construction. This property is widely used in electronic cooling, industrial heat exchange
systems, energy storage systems, and other applications to improve heat transfer without
significantly increasing energy consumption. In specific extreme environments, porous
materials can enhance radiant heat transfer, thereby reducing thermal resistance. (Bergman
etal., 2017)

2.6 Solution methods

Generally, the solution methods for heat transfer problems in porous media can be divided
into the following three types:

2.6.1 Analytical solution

For certain specific problems consisting of the basic equations described earlier. The
analytical solution method is adopted according to the nature and characteristics of
mathematical expression. For example, the integral method. Applicable to classical
problems with regular structure and simple boundary, such as one-dimensional steady state

conduction. The advantages are clear expression and generality. However, it is limited if
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there are complex geometries, boundaries or nonlinear characteristics. Hence it is less

applicable in engineering practice (Liu, Fan and Huang, 2006).

2.6.2 Numerical solution method

This method is very suitable for solving problems with complex geometry and boundary
conditions. For example, the finite element method. The approximate solution with higher
accuracy is obtained through numerical discrete calculation, which is the most commonly
used method in engineering thermal analysis at present. Attention needs to be paid to
numerical stability and computational resources. The method used in this thesis is empirical
equation calculation. Based on the analytical formula and empirical correlation equation
calculation (Liu, Fan and Huang, 2006).

Include thermal simulation, hydraulic simulation, electrical simulation, experimental
observation, etc., which are used to validate, supplement or replace numerical and analytical
calculations, and are particularly suitable for scenarios in which the system is complex or
non-modellable. In modern research, analogue, numerical and experimental methods are
often used in combination to improve reliability and engineering adaptability (Liu, Fan and
Huang, 2006).
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3 Empirical Correlation-Based Methodology for Heat Transfer in

Porous Media

This chapter will compare two porous media materials for use in a filled bed. Using empirical
equations and correlation methods the study compares the better material to use within the
filled bed.

3.1 Initial and Boundary Conditions

In the analysis of heat transfer in packed beds, in order to ensure physical relevance and
computational accuracy. It is important that the initial and boundary conditions are properly
defined. As shown in the study by (Anderson et al2015). Efficient simulations were carried
out using a one-equation thermal model under simplified assumptions. A packed bed system
using alumina spheres and air as the working fluid was used. The initial conditions here are
defined as a uniform temperature distribution across the packed bed domain before the

charging or discharging process begins (Anderson et al., 2015).

In this thesis, air properties were assumed at 25<C and 1 atm. It is assumed that at the initial
moment, the solid particles and fluid temperatures within the filled bed are uniform and
equal. The fluid is at rest with zero velocity at the initial moment. The velocity and
temperature of the fluid are set as known constants. The filler particles are ideally arranged
in face-centred cubic. Empirical correlations for Nusselt number and Ergun’s equation for

pressure drop are assumed effective for the flow conditions considered.

The thermal behaviour is further influenced by temperature dependent thermophysical
properties. These thermophysical properties are incorporated into the model to account for

the thermal conductivity of the fluid and the solid phase.

3.2 Properties of Porous Materials Calculation

Before performing the empirical equation calculations, the first step is to collect the material

data. Sinosi Group, 2014.) Below is a table of the specific properties of the two materials
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that will be compared in this study, the ceramic filled material, and the metal filled material.
As well as more specific parameters regarding the fluid (air) required. The air properties
were assumed at 25<C and 1 atm. We have compiled the following parameters from our

database of Air Properties .See in Tablel.

Table 1. Different properties of different filled bed materials

Material | Thermal Conductivity | Density | Specific | Thermal Particle | Kinematic | Prandtl

W/m K kg/m3 | Heat Diffusivity | diameter | viscosity | Number
Jkg K m¥ mm

Silicon 0.69 1585 678 0.64 3 ~ ~

Carbide

powder

Steel 22.928 7600 460 6.56 6 ~ ~

stainless

446

Air 0.025 1.29 1004 19.4 ~ 18.37 0.707

x 107°

According to 1SO 10070:2019 Section 6.2, the packed powder bed must be prepared such
that the bed thickness is not less than 50 times the mean particle diameter, and the bed
diameter is not less than 100 times the mean particle diameter, to ensure minimal wall and
end effects. (1SO 2019)

For porosity, since the way the particles are arranged and assembled with each other within
the filled bed has a great influence on the porosity, we assume that particles are Face-
Centered Cubic in order to idealize the way of study. The FCC has the highest space

utilization with a packing density of ¢ = 0.7405 corresponding to a porosity of:

e=1-¢ 9

Next use the porosity € = 0.2595, and complete the calculations:

To calculate the heat transfer through the packed bed. The effective thermal conductivity of
the porous medium was estimated using a Maxwell model. The model is suitable for systems
with relatively low porosity and uniform particle distribution, such as the FCC packing

model. Effective thermal conductivity k.g(Bergman et al., 2017) :

ke + 2kg — 2e(ks — k)
s kf + st + S(ks - kf)

Kegr = k (10)


https://www.engineeringtoolbox.com/air-properties-d_156.html
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To calculate the convective heat transfer in a packed bed. Next, the Reynolds number (Re)
is calculated. The Reynolds number is a dimensionless parameter that describes the state of

the flow. laminar, transitional or turbulent (Bergman et al., 2017). It is defined as follows:

=pf'V'dp
u

Re (11)

Convective heat transfer in packed beds is estimated using empirical correlations
recommended for gas flow in spherical beds. The effective range is 90 < ReD < 4000,
assuming Pr=0.7. The correlation is taken from a heat transfer textbook (Bergman et al.,
2017).

Nu = 2.06 - Re®>7> (12)

Then, the convective heat transfer coefficient is then derived from the Nusselt number using
the following relationship (Bergman et al.,
2017):

h = ke (13)
dP

From the calculations, it can be seen that although the 6 mm particles are larger, the h-value

decreases due to the reduction of the heat transfer area.

For the packed bed model, we will use Ergun's equation for pressure loss calculations
(Esence, Thibaut et al.).

—¢)2 . — 2
(E) _ 150(1—¢) -&-i- 1.75(1—¢) pvi (14)
1

. 3 2 3 .
L € dp,i € dp,1
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4 Results of Heat Transfer Parameters in Packed Beds

4.1 Results analysis

The results obtained from the calculations are clearly summarised in Table 2. The main

thermal performance parameters of the two materials studied are highlighted.

Table 2. Comparison of thermal properties results

Parameter Silicon Carbide (SiC) Stainless Steel 446
Effective Thermal Conductivity 0.464 W/m K 15.04 W/m K
Heat Transfer Coefficient 249.84 Wim=K 138.73 W/im=3K
Pressure Loss 2624.77 Pa/m 446.63 Pa/m

From the above results, it can be seen that the effective heat transfer rate of silicon carbide
particles is lower than that of stainless steel 446. However, the heat transfer coefficient of
SiC particles is significantly higher compared to that of stainless steel 446. The main reason
for this phenomenon is the smaller particle size of SiC. The heat transfer surface area per

unit volume is therefore larger, which enhances the convective heat transfer.

The effective thermal conductivity of SiC particles is low, which means that its steady state
thermal conductivity is average. The heat transfer coefficient of SiC particles is high. So it
is suitable for high efficiency air heat exchangers where convection heat transfer dominates.
Stainless steel 446 particles have outstanding thermal conductivity, which is more suitable
for steady state conduction in high temperature working conditions. It can be used in waste
heat recovery devices to store heat. Lower pressure loss reduces the energy consumption of

the system. It is suitable for long-term stable systems.

Specific engineering application analyses are given based on the calculation results. In
applications where convection heat transfer is predominant. If fast and efficient air
preheating or cooling is required, SiC particles can be considered. If in conduction heat
storage, heat stabilisation conduction is dominant. For example, in high temperature heat
storage systems, stainless steel 446 pellets are more recommended. If the system operating
costs and energy consumption are sensitive. Special attention should be paid to the high
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pressure drop due to SiC particles, which may require adjustment of the particle size, filling

method or selection of supporting equipment.

Of course, there is a gap between the limitations of the calculation model in the calculation
process of this thesis and the engineering reality. It needs to be noted in the actual
engineering application. This theoretical calculation model uses idealised assumptions of
FCC structure, room temperature air properties. There is a deviation from the actual filled

bed situation of random accumulation and temperature change.

For the actual filled bed, uneven fluid distribution may occur. Localised hot spots. Particle
wear or clogging. Engineering design needs to consider the safety factor. In the future,
practical experimental validation is carried out to correct the model and ensure that the

theoretical prediction results are closer to the actual engineering application scenarios.
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5 Conclusions

This thesis uses an empirical correlation method to study the heat transfer performance of
different porous media materials in a packed bed. The main content of this thesis includes
the establishment of a theoretical evaluation framework based on the Maxwell model,
Nusselt number correlation and Ergon equation. The thermal conductivity, convective heat
transfer coefficient and pressure drop of silicon carbide (SiC) and stainless steel 446 are
systematically compared through analytical calculations under ideal assumptions. The final

conclusions can be summarized as follows:

From the results, it can be seen that the effective thermal conductivity of stainless steel 446
is significantly higher than that of silicon carbide. However, the heat transfer coefficient of
SiC particles is significantly higher than that of stainless steel 446. This is mainly due to its
smaller particle diameter, which increases the heat exchange surface area. This makes silicon
carbide more suitable for air convection heat exchangers. The effective thermal conductivity
of SiC particles is low, which means that its steady-state thermal conductivity is low. The
heat transfer coefficient of SiC particles is high, so it is suitable for high-efficiency air heat
exchangers with convection heat transfer as the main method. Stainless steel 446 particles
have excellent thermal conductivity and are more suitable for steady-state conduction under
high temperature conditions, and can be used for heat storage in waste heat recovery devices.
Lower pressure loss reduces the energy consumption of the system and is suitable for long-

term stable systems.

Based on the calculation results, a specific engineering application analysis is given. In
applications where convective heat transfer is dominant, if fast and efficient air preheating
or cooling is required, SiC particles can be considered. In conduction heat storage, thermally
stable conduction is dominant, such as in high-temperature heat storage systems, stainless
steel 446 particles are more recommended. If you are sensitive to system operating costs and
energy consumption, you should pay special attention to the high pressure drop caused by
SiC particles, which may require adjusting the particle size, filling method, or selecting
supporting equipment. Of course, during the calculation process of this article, the
limitations of the calculation model are different from the actual engineering practice, which

needs to be paid attention to in actual engineering applications. The theoretical calculation
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model uses idealized assumptions such as the structure of catalytic cracking (FCC) and the
properties of room temperature air, which deviates from the random stacking and
temperature changes of the actual packed bed. Future work should focus on adjusting these
empirical models using correction factors. To consider irregular geometry, particle
roughness, and thermal non-equilibrium. The actual packed bed may have problems such as
uneven fluid distribution, local hot spots, particle wear or blockage. The engineering design
needs to consider the safety factor. Actual test verification will be carried out later to correct
the model and ensure that the theoretical prediction results are closer to the actual

engineering application scenario.

The research results of this thesis provide theoretical support for the material selection of
porous media heat exchangers and packed beds. The heat transfer performance of different

materials is compared.
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Appendix 1. Calculation process

From the calculation, then we can assume that: H=0.0125m, D=0.025m.The total bed
volume is calculated using the cylinder formula: Viy,.qc = 6.1359 X 1079m3, Vigia1a46 =
4908 x 1078m3.

Dimensions of packed bed:
Hpin = 50 X d, = 1.25 X 10™°m
Dpin = 100 X d, = 2.5 X 10™%m
Volume of media:
Vigralsic = 6.1359 x 10~°m3
Viotal-aa = 4.908 x 1078m3
Porosity:
e=1—-¢=1-0.7405 = 0.2595
Effective thermal conductivity:

0.025+4+2-0.69 —2-0.2595 - (0.69 — 0.025)

k =0.69 - = 0.464
eff,SIC 0.025 + 2 - 0.69 + 0.2595 - (0.69 — 0.025)

0.025 + 2 -22.928 — 2 - 0.2595 - (22.928 — 0.025)

Keff Stainless = 22.928 - = 15.04
eff,Stainless 928 5025 + 222,928 + 0.2595 - (22.928 — 0.025) >0

Reynolds number:

re L 129-05-0003
1= "1837x105
1.29-0.3 - 0.006
Re, = = 126.40

1.837 x 10>

Nusselt number:
Nu; = 2.06 - 105.339575 = 2998

Nu, = 2.06 - 126.40%57% = 33.29



Heat transfer coefficient:

_2998-0025 s
1= ""9003 m
332900025 o,
2= ""0.006 % m

Packed bed pressure loss:

L 0.43 0.0032 * 0.43 0.003
= 861.09 + 1763.67 = 2624.77 Pa/m

(AP) _150(1 - 0.4)? 1.837x107°-0.5 1.75(1—0.4) 1.29-0.52
1

(AP) _ 150(1 — 0.4)?> 1.837x107°-0.3 4 1.75(1 — 0.4) 1.29-0.3?
L/, 0.43 0.0062 0.43 0.006

= 129.16 + 317.46 = 446.63 Pa/m
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