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Abstract— Packed beds, due to their high surface area-to-

volume ratio, are widely used in a variety of industries, such 

as catalytic reactors, absorption towers, packed bed 

regenerators, high temperature gas-cooled nuclear reactors 

and heat accumulators, etc. Heat transfer in packed bed gas-

solid systems is an important operation in the chemical 

process industries. It is obvious that an extensive knowledge 

and thorough understanding of the heat transfer phenomena 

in the bed is essential for the successful design of such 

systems.In this experiment the macroscopic hydrodynamic 

and heat transfer characteristics in some novel structured 

packed beds (SC and BCC) will be studied, where the 

packing of ellipsoidal or non-uniform spherical particles will 

be investigate for the first time with experiments and some 

important results will be obtained. For present experiments, 

the interstitial heat transfer coefficient in the packed bed will 

be determined using an inverse method of transient single-

blow technique. The effects of packing form and particle 

shape will be investigated. Furthermore, it will be revealed 

that, both the effects of packing form and particle shape are 

significant to the macroscopic hydrodynamic and heat 

transfer characteristics in structured packed beds. With 

proper selection of packing form, such as Simple Cubic 

packing (SC), Body Cantered Cubic packing (BCC), the 

pressure drops in the structured packed beds can be greatly 

reduced and the overall heat transfer performances will be 

improved. These experimental results would be reliable and 

useful for the optimum design in industry applications. 
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I. INTRODUCTION 

Packed beds, due to their high surface area-to-volume ratio, 

are widely used in a variety of industries, such as catalytic 

reactors, absorption towers, packed bed regenerators, high 

temperature gas-cooled nuclear reactors and heat 

accumulators, etc. Heat transfer in packed bed gas-solid 

systems is an important operation in the chemical process 

industries. It is obvious that an extensive knowledge and 

thorough understanding of the heat transfer phenomena in 

the bed is essential for the successful design of such 

systems. The phrase, "packed bed heat transfer," is currently 

used to describe a variety of phenomena, namely: 

1. The convective heat transfer from the walls of the 

packed bed to the fluid;  

2. The convective heat transfer from the particles to the 

fluid flowing through the bed, sometimes referred to as 

the fluid-particle mode;  

3. The conduction heat transfer from the walls of the bed 

to the particles constituting the bed;  

4. The conduction heat transfer between the individual 

particles in the bed; this is sometimes referred to as the 

particle-particle mode;  

5. Radiant heat transfer; and  

6. Heat transfer by mixing of the fluid. 

In this experiment the macroscopic hydrodynamic and heat 

transfer characteristics in some novel structured packed beds 

(SC and BCC) will be studied, where the packing of 

ellipsoidal or non-uniform spherical particles will be 

investigate for the first time with experiments and some 

important results will be obtained. For present experiments, 

the interstitial heat transfer coefficient in the packed bed will 

be determined using an inverse method of transient single-

blow technique. The effects of packing form and particle 

shape will be investigated. 

 

 
Fig.1:  Modes of heat transfer in packed beds 

II. LITERATURE SURVEY 

Jian Yang et. al.(2010) [1] packed bed reactors are widely 

used in chemical process industries, because of their low 

cost and ease of use compared to other packing methods. In 

this paper, the flow and heat transfer inside small pores of 

some novel structured packed beds are numerically studied, 

where the packed beds with ellipsoidal or non-uniform 

spherical particles are investigated for the first time and 

some new transport phenomena are obtained. Three-

dimensional Navier–Stokes equations and RNG k–e 

turbulence model with scalable wall function are adopted for 

present computations. The effects of packing form and 

particle shape are studied in detail and the flow and heat 

transfer performances in uniform and non-uniform packed 

beds are also compared with each other. Firstly, it is found 

that, with proper selection of packing form and particle 

shape, the pressure drops in structured packed beds can be 

greatly reduced and the overall heat transfer performances 

will be improved. The traditional correlations off low and 

heat transfer extracted from randomly packings are found 

too verpredict the pressured ropes and Nusselt number for 

all these structured packings, and new correlations of flow 

and heat transfer are obtained. Secondly, it is also revealed 

that, both the effects of packing form and particle shape are 

significant on the flow and heat transfer in structured packed 

beds. With the same particle shape (sphere), the overall heat 

transfer efficiency of simple cubic (SC) packing is the 

highest. With the same packing form, such as face center 

cubic (FCC) packing, the overall heat transfer performance 

of long ellipsoidal particle model is the best. Furthermore, 

with the same particle shape and packing form, such as body 

center cubic (BCC) packing with spheres, the overall heat 
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transfer performance of uniform packing model is higher 

than that of non-uniform packing model. The models and 

results presented in this paper would be useful for the 

optimum design of packed bed reactors. 

Lanfrey et al. (2010) [7] recently have developed a 

theoretical model for the tortuosity of fixed bed randomly 

packed with identical particles. They found that, the 

tortuosity was proportional to a packing structure factor, 

which could well capture the balancing effect between 

porosity and particles phericity. As porosity or particles 

phericity decreased, the tortuosity increased and it did not 

depend on the particle size. 

Nijemeisland and Dixon (2004) and Reddy and 

Joshi (2010) [8] reported some other recent studies for 

random packing. On the other hand, the investigations for 

structured packing were also popular, and the flow and heat 

transfer characteristics were found to be quite different.  

Susskind and Becker (1967) [9] have 

experimentally measured the pressure drops of water in an 

ordered packed bed of stainless steel ball bearings. It was 

found that, as the relative horizontal spacing of balls 

increased, the pressure drop in the packed bed would be 

greatly decreased.  

Nakayama et al. (1995) [10] have numerically 

studied the flow in a three-dimensional spatially periodic 

array of cubicb locks. It was discovered that, the 

macroscopic hydrodynamic correlation obtained by their 

model could fit well with that of Ergun’s equation (Ergun b, 

1952) [11], but the inertia coefficient was much lower.  

Calis et al. (2001) and Romkes et al. (2003) [12] 

have investigated the flow and heat transfer characteristics 

in a variety of composite structured packed beds of spheres. 

It was revealed that, the flow and heat transfer performances 

in the composite structured packed beds were significantly 

affected by the packing form. With composite structured 

packings, the pressure drop could be greatly lowered and the 

traditional correlations (Ergun c, 1952; Wakao and Kaguei, 

1982) [13] were unavailable for structured packings 

III. DESIGN AND DEVELOPMENT OF EXPERIMENTAL SETUP  

The experimental system for investigation of heat transfer 

performances in the structured packed beds is shown in Fig. 

2. It consists of an air flow  

 
 

 

circuit, a test section and several instruments. In the present 

study, air will be induced to the wind tunnel by a centrifugal 

suction blower and the inlet temperature is read by a 

thermometer. Before entering the test packed bed, the air 

flow will be heated by passing through a removable electric 

heater and then transverses the test packed bed, where the 

particles inside will be heated by the hot air. When the 

packed bed temperature will be stabilized, the cold air will 

be passed into the channel and the packed bed is cooled 

down until its temperature decreases to the ambient 

temperature. During the cooling process, the experimental 

data will be measured and recorded simultaneously. The 

volumetric flow rate through the test section will be 

measured by a parallel flow meter system, which will be 

situated at the downstream of the test section. This flow 

meter system is composed with rotameter. The static 

pressure difference across the test section will be displayed 

by a micro-differential meter combined with a U-tube water 

column manometer. The air flow and particle temperatures 

will be measured by PT100 thermocouples. 

A. Test Section 

As shown in Fig. 3 the test channel is made of Acrylic Sheet 

plates (thickness of 10mm) and the particles are orderly 

stacked inside. In present study, the test packed bed is 

composed of 08(x) X 5(y) X 5(z) packed cells, which would 

guarantee the fully developed flow and heat transfer inside.), 

three different structured packings are constructed, including 

SC (simple cubic packing with uniform spherical particles), 

BCC (body center cubic packing with uniform spherical 

particles) and Random Structure (Packing of particle with 

random structure) packings.  

The non-uniform packing (BCC-1) is composed of 

eight big spherical particles (dp¼12 mm) at eight corners 

and one small spherical particle (dp¼ 9 mm) at body centre, 

where the small particle is closely contacted with all big 

particles. 

 
Fig. 3:  Image of Structured packed Bed SC and BCC 

B. Validation of Experimental Setup  

It is require validating the experimental system before going 

to use it for structured packed bed with the help of the 

standard correlations available in the literature for steady 

turbulent flow through rectangular channel. Once the 

experimental set-up is validated, it will be used to further to 

investigate the proposed work. For the sake of validating the 

present experimental data, it has been compared with that 

reported in literature Ergun (1952), Wakao and Kaguei, 

(1982) for the steady flow. According to the previous 

studies the friction factor (f) and Nusselt number (Nusf) in 

the packed beds can also be formulated with following 

correlations 
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Packing Mode dp ‘mm’ dh ‘mm’ a ‘mm’ b ‘mm’ c ‘mm’ Lp ‘mm’ Wp ‘mm’ Hp ‘mm’ ∅ 

SC 12.49 7.600 12.50 12.50 12.50 100 50 50 0.4770 

BCC 12.49 6.759 12.50 12.50 12.50 100 50 48 0.4119 

 

Table 1:  Geometric parameters for the test packed beds 

Particle 

Shape 
Material 

Material Density (ρ) in 

kg/m
3
 

Material Specific Heat (Cp) in 

J/kg.K 

Thermal Conductivity 

W/mk 

Spherical 

particle 

Bearing 

steel 
7810 553.0 40.1 

Table 2:  Particle properties for the test packed beds 

 

   
  
  

    

           
 

 ⁄   
  

  

  

∅   

where c1, c2 are the friction factor constants, with c1=133 

and c2=2.33. a1, a2 and n are the heat transfer model 

constants, with a1= 2.0, a2= 1.1 and n= 0.6. 

IV. RESULT AND DISCUSSION 

 
Fig. 4:  Variation in heat transfer coefficient of SC 

structured packed bed with volume flow rate 

Fig. 4 shows the variation in heat transfer coefficient of SC 

structured packed bed with volume flow rate. It is observed 

that the heat transfer coefficient of SC structured packed bed 

increases with increase in volume flow rate. 

 
 

Fig. 5:  Variation in heat transfer coefficient of BCC 

structured packed bed with volume flow rate 

Fig. 5 shows the variation in heat transfer coefficient of 

BCC structured packed bed with volume flow rate. It is 

observed that the heat transfer coefficient of BCC structured 

packed bed increases with increase in volume flow rate. 

 

Fig. 6:  Comparison between heat transfer coefficient of SC 

and BCC Packed bed. 

 
 Fig. 7:  Variation in friction factor of SC structured packed 

bed with volume flow rate 

Fig. 7 shows the variation in friction factor of SC structured 

packed bed with volume flow rate. It is observed that the 

friction factor of SC structured packed bed increases with 

increase in volume flow rate. 
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Fig. 8:  Variation in friction factor of SC structured packed 

bed with volume flow rate 

Fig. 8 shows the variation in friction factor of BCC 

structured packed bed with volume flow rate. It is observed 

that the friction factor of BCC structured packed bed 

increases with increase in volume flow rate. 

 
Fig. 9:  Comparison between friction factor of SC and BCC 

Packed bed 

V. CONCLUSION 

The experimental investigation was carried out on two types 

of SC and BCC structured packed bed. The effect of source 

temperature and mass flow rate of hot and cold air streams 

on heat transfer coefficient and frictional factor of SC and 

BCC structured packed bed is experimentally investigated. 

The heat input to band air heater was varied from 200 W to 

800 W and hot and cold air stream flow rate varied from 200 

LPH to 800 LPH. The effect of variation in source 

temperature and mass flow rate of hot and cold air streams 

on heat transfer coefficient and friction factor of packed bed 

is experimentally studied. The structured bed in 

experimentation is specially designed for heat transfer 

application. Conclusions from studied experiment are as 

follows, 

1) Heat transfer coefficient of structured packed bed (both 

SC and BCC) increases with increase in source 

temperature. 

2) Friction factor of structured packed bed (both SC and 

BCC) increases with increase in source temperature. 

3) Thermal performance of BCC structured bed is better 

than SC structured bed. 
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