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Abstract 

Numerical simulations of a cylindrical packed bed, containing 10 particles in a random arrangement 
with tube-to-particle diameter ratio of 1.4, were performed to understand the effect of particle shapes on 
pressure drop and heat transfer performance for Reynolds numbers in the range of 5000-25000. Five 
particle shapes (10 mm diameter with aspect ratio of 1) namely cylinder as the reference, trilobe and daisy 
having external shaping, 7-hole cylinder and cylcut including internal voids with equal particle voidage of 
0.4 were chosen. Results indicate that particles with external voidage offer lower pressure drop (∆P). Also, 
particles with surface area and voidage created through external shaping helps in better heat transfer 
performance per unit ∆P. In conclusion, the present study showed that the particles with external structures 
(or surface) have better performance than that with internal structures.  
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Introduction

Packed beds with random packing of particles are 
widely used in chemical process industries to perform 
single/multi-phase catalytic reactions and separations. 
These particles are often spherical or cylindrical in shape, 
but other shapes with different internal structures (voids) 
or external shapes are reported in the literature. The 
particle shape will have impact on ∆P, local fluid flow (in 
the vicinity of the particle) and therefore heat transfer and 
reaction performance of the packed bed. Due to this, 
significant research efforts are being made to develop 
catalyst particles with different shapes that can offer lower 
∆P and large surface-to-volume ratio.  

Spherical and cylindrical particle shapes have been 
widely analyzed in literature using computational fluid 
dynamics (CFD). Professor Dixon and co-workers (Dixon 
et al., 2012; Nijemeisland et al., 2004) have worked 
extensively on cylindrical particles with different number 
of internal holes to understand its effect on flow, transport 
and reactions in a wedge of packed bed with 12 particles. 
Lately, flow and heat transfer through packed beds 
containing fluted rings and cylinders with large aspect 
ratio were performed (Tabib et al., 2013). However, the 
impact of particle features like external shapes and/or 
internal voids on the flow and transport inside packed bed 
using CFD has not been explored in the literature.  

Therefore, the aim of the present work is to perform 
numerical investigations to understand and quantify the 
effect of particle shapes (external shapes and/or internal 
voids) on the flow and heat transport inside a packed bed.  

Methodology  

A cylindrical tube containing 10 particles in random 
arrangement, with tube-to-particle diameter ratio of 1.4, 
was considered.  Five particle shapes (10 mm diameter 
with aspect ratio of 1) namely cylinder as the reference, 
trilobe and daisy having external shaping, 7-hole cylinder 
and cylcut including internal voids with equal particle 
voidage of 0.4 were chosen due to their high surface area-
to-volume ratio (see Figure 1a). Mesh contains 1.4-7.4 
million cells depending on the particle shape (see Figure 
1b). Air and alumina were used as gas and solid phases. 
Boundary conditions (BC) for flow analysis correspond to 
Re of 5000-25000. For thermal analysis, 300°C inlet 
temperature, 15 kW/m2 wall heat flux and variable particle 
heat sink (depending on particle voidage for constant heat 
duty) was applied (see Figure 1c). The conservation 
equations were solved using ANSYS CFX 16.1 with SST 
k-ω turbulence model using 32-128 CPU-cores. Further 
details will be provided in the full length manuscript. 



  
 

 

Figure 1. (a) Particle shapes [(i) cylinder (ii) trilobe (iii) 
daisy (iv) 7-hole cylinder and (v) cylcut], (b) a section of 
packed bed with mesh and (c) thermal BC. 

Results and Conclusions 

Preliminary simulations using cylindrical particles 
were performed with two packing arrangements, three 
mesh refinements and using four different turbulence 
models for sensitivity analysis. Further details of these 
simulations will be provided in the full length manuscript. 

Due to external shaping or internal voids, the 
normalized ∆P (particle ∆P-to-cylinder ∆P) for all particle 
shapes was found to be much lower than that predicted for 
cylindrical particle (see Figure 2). In spite of having equal 
particle voidage, trilobe and daisy particles offered lower 
∆P compared to 7-hole cylinder and cylcut. This showed 
that the internal voids offer a tortuous path for the fluid 
flow. Due to increased area caused by particle voidage, the 
cross-sectional velocities were lower with less variation 
between minimum and maximum value for all other 
shapes compared to that for cylinder (see Figure 3a). The 
simulations performed at higher Re showed similar trends. 

 

Figure 2. Effect of particle shapes on normalized ∆P and 
heat transfer coefficient-to-∆P ratio at Re=5000. 

  

Preliminary heat transfer simulations were performed 
with only wall heat flux. Later, particle heat sinks were 
added to simulate heat transport occurring during 
endothermic chemical reactions. The surface temperatures 
of trilobe and daisy were lesser compared to that of the 7-
hole cylinder and cylcut due to better heat transfer caused 
by the external particle shaping (see Figure 3b). In order to 
estimate the combined effect of particle voids and surface 
area, the ratio of area-averaged heat transfer coefficient on 
particle surfaces-to-∆P was defined (higher the value 
better for heat transfer). Figure 2 shows that trilobe and 
daisy particles which have external shaping provide better 
ratio compared to particle with internal voids. 

 

Figure 3. Simulated (a) velocity contour (0 m/s (blue) to 
25 m/s (red)) and (b) temperature contour (300 °C (blue) 
to 350 °C (red)) for  (i) cylinder, (ii) trilobe, (iii) daisy, (iv) 
7-hole cylinder and (v) cylcut particle shapes at Re=5000.   

Therefore, the present work shows that voids and 
surface area created through external shaping offers lower 
∆P and better heat transfer characteristics compared to 
internal voids. The present study is being extended to 
include steam methane reforming reactions and results will 
be provided in the full manuscript. This work will pave a 
way forward in establishing a quantitative relationship 
between particle shaping and their performance 
characteristics. 
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