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• Present Model
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INTRODUCTION

• high ratio of solid surface area to volume.

• packed beds applications: 
– Catalytic reactors, heat recovery systems, heat exchangers, heat

storage systems, and insulators

• regular packing: Simple Cubic (SC), Body Center Close (BCC), and
Face Center Close (FCC)
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MOTIVATIONS AND OBJECTIVES

• existing models can be categorized into: 
– numerical (FEM) models:

• Buonanno et al. : time consuming, B.C. must be fed into the 
code for thermal contact resistance

– analytical models:
• Slavin et al. : a point contact between spheres assumed
• Ogniewicz & Yovanovich and Turyk & Yovanovich: limited to 

smooth spheres

• develop compact models for determining 
effective thermal conductivity that account for:
– roughness
– gas rarefaction effect
– contact load
– gas temperature and pressure
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REGULAR PACKED BED ARRANGMENTS

• solid fraction is defined

VVs /=ε
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HEAT TRANSFER MECHANISMS IN PACKED BEDS

two main paths for transferring thermal energy in packed beds are:

• conduction through microcontacts
• heat transfer through interstitial gas
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THERMAL RESISTANCE NETWORK
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• macro-constriction, RL

• micro-constriction, Rs

• microgap resistance, Rg
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CONDUCTION THROUGH CONTACT SPOTS

• macro-constriction resistance, 
R, Bahrami et al. [17]
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CONDUCTION THROUGH INTERSTITIAL GAS
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CONDUCTION IN BASIC CELLS

steps to determine the bed 
conductivity:

• calculate the relation between the 
apparent load and contact load

• break up the unit cell into contact 
regions

• calculate the thermal joint resistance 
of a contact region

• determine the effective conductivity
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Buonanno et al. [3, 5] 
experimental apparatus
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Length of the bed = 15 cm
D = 19.05 mm
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COMPARISON WITH EXPERIMENTAL DATA
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COMPARISON WITH EXPERIMENTAL DATA

σ µm

k e
W

/m
K

10-3 10-2 10-1 100 1010.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Buonanno et al. [3] data, SC packing
100Cr6 stainless steel spheres of radius 19.05 mm
ks = 60 W / mK
Es = 200 GPa, νs = 0.3
Hmic = 8.32 GPa
air at 1 atm pressure, T = 20 °C
kg = 0.027 W / mK, Pr = 0.7, γg = 1.4
αT ≈ 0.78
Fc = 0.983 N

F N

k e
W

/m
K

10-1 100 1010

0.1

0.2

0.3

0.4

0.5

0.6

Buonanno et al. [5] data, SC packing
100Cr6 stainless steel spheres of radius 19.05 mm
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SUMMARY AND CONCLUSIONS

• compact models are proposed for determining 
effective thermal conductivity in regularly packed 
beds, SC and FCC arrangements

• present model accounts for thermophysical 
properties  of spheres and gas, load, roughness, 
gas temperature and pressure, and gas 
rarefaction effects

• the present model is compared against 
experimental data, both SC and FCC, over a 
variety of packed bed conditions and good 
agreement is observed 
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