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ABSTRACT 

 
Was obtained the radial profile of the catalyst volume fraction in a riser of the cold flow pilot unit of the Fluid 

Catalytic Cracking (FCC) unit, which  was used for adjustment of the entrance conditions of the catalyst in a 

simulation program by Computational Fluid Dynamics (CFD). The height of the riser of the Cold Flow 

Pilot Unity (CFPU) utilized is 6.0m and its inner diameter is 0.097 m. A radiation- source of 

Am-241 and a NaI(Tl) detector, with shielding made of lead, have been installed on a steel 

backing that maintains the geometry of the source-detector-riser and allows to vary the 

distance from the source to the detector and the radial position in a given cross section of the 

riser. The data associated with the simulation of volume fraction radial profile of the catalyst 

were: Fluent software, version 12.0; preprocessor GAMBIT, version 2.3.16; Eulerian 

approach; structured mesh, cell number of 60000; turbulence model used was k- and kinetic 

theory of granular flow (KTGF) was implemented to describe the solid phase. Comparison of 

radial profiles simulated and experimental of the catalyst volumetric fraction in the CFPU 

riser allowed the identification of needs adjustments in the simulation for the input of 

catalyst, with consequent validation for the proposed model simulation.  

 

 

1. INTRODUCTION 

 

Despite the advances in the development of numerical methods for high performance and 

large capacity data storage for personal computers, the computational fluid dynamics still 

presents itself with an accuracy inefficient for adequate description of the fluid dynamics of 
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circulating fluidized beds (CFB) [1]-[2]. This is because the simulations should show good 

accuracy with the interactions between particles in the annular region of the flow to give 

further information about an average behavior of the same flow. The individual velocity of 

flow of the solid particles can be used to estimate the intensity of turbulence and profile 

information radial velocities of those particles is important in establishing the dependency of 

the viscosity of the mixture with the gas-solid temperature [3[ - [5].  

 

In this work the riser of a Cold Flow Pilot Unit (CFPU) was assessed using numerical 

methods via Computational Fluid Dynamics (CFD). With the construction of a system of type 

CFB pilot plant in the form of cold-FCC[6], a later step to improve the accuracy of the data 

provided by the CFD technique required the adoption of well-defined strategies for the entry 

conditions of simulation program. The use of CFD technique requires an experimental 

database to be applied. Was then applied a mathematical model which was proposed by 

Beckmans base [7] for determining the velocity of entry of the catalyst in the riser. 

 

With aid of a measuring technique that used the facility of being able to observe the flow of 

solids, under the slow transport through the transparent walls of the return column (down 

commer), was estimated the catalyst flux. A computer program in Simulink/Matlab, estimated 

input fluid dynamic parameters for the CFD simulation. Measures of gamma radiation 

transmission were performed in the riser CFPU to check the catalyst volume fraction and to 

validate the simulation model used. 

 

 

2. MATERIAL AND METHODS 

 

2.1.  Cold Pilot Unity 

 

The cold flow pilot unit (CFPU) used in this study was developed to attend dimension 

requirement and final project included the knowledge acquired in former laboratory scale 

model operation [8].  Pilot init  (CFPU) is actually operating in Fluid Dynamics and Gamma 

Ray Tomography laboratory. Figure 1 show dimensions and schematically illustrates the 

operation conditions of the CFPU. 

 

CFPU whole is supported with aid of a metallic structure (A). Compressed air and cracking 

catalyst are in contact in base of the riser (B). The gas-solid mixture ascends through the riser 

under solids diluted transport, separating at the riser top by the action of a flash-like effect, 

when passing to a chamber (C) of diameter the order of 15 times greater. Much of the catalyst 

returns immediately to the lower CFPU through the return column (E), while particles smaller 

diameters are induced by the flow of compressed air passing through a battery of four 

cyclones in parallel (D), still inside of the camera flash. The catalyst particles are not retained 

by cyclones are collected with aid of a filter cartridge type cardboard; those that are used for 

purification of air admitted by Diesel vehicle engines type. On the bottom of this filter there 

is a PVC conduit which directs the finer particles collected by the cartridge filter, to the top of 

the return column. The collected particles leaving the flash chamber base back down the 

column to a feedback system based catalyst to the riser. This system consists of pipes, valves 

and hoses (E, F, G and H), connected to feed and catalyst in the riser feedback characterizing 

the CFPU as a circulating fluidized bed. 

 



INAC 2013, Recife, PE, Brazil. 

 

 
 

Figure 1: Schematic with CFPU components 

 

 

2.2 Prediction of the Initial Catalyst Velocity 

 

The standard equation for mass flow of catalyst which reaches the base of the riser is given 

by [9]: 

 

                                                         
sm

kg
 UG

2pppp


                                               (1) 

         

where: 

p  = catalyst volume fraction - 

p  = catalyst density, 
3m/kg  

pU  = catalyst velocity, m/s 

 

When solid catalyst is injected with pU  equal to zero, or very close to this value, finite 

values of pG and p of the Equation (1) predicts infinite values for the catalyst volume 
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fraction, p . The strategy proposed by Beeckmans [7] to resolve this impasse was to model 

an expression conveying for the entry conditions of the solids in a system similar to a 

pneumatic line. A numerical solution for the estimation of the catalyst volume fraction at the 

entrance of the CFPU riser was possible with aid of a computational program in Simulink 

Matlab software using the Algebraic Constraint block. 

 

 

2.3 Catalyst Flow in Return Column 

 

By leaving the flash vessel traverses the catalyst column return under fluidized sliding and 

falling (downcommer) towards the base of the riser. Based on the transparency of the walls of 

this column injection of a colored tracer was initially planned, using himself spent catalyst 

(dark gray), since its virgin state in color tone is beige. However, the first tests conducted in 

this sense have demonstrated a high degree of dispersion as not to visually identify the layer 

of said tracer for a period of time required to obtain a meaningful measure of their transit 

time.  

 

A second option was to install a quick closure type valve, splitting the return column into two 

regions, allowing, by closing it, the speed of the free surface of the column of the catalyst 

could be monitored visually and make records of transit times of said surface. A plastic hose 

connecting the top of lower half column to the flash vessel was fixed.   In this case, when the 

ball valve is closed during the measurements of transit time of the free surface of the column 

of catalyst, a possible reduction of pressure at the top of this column not interfere with the 

average velocity of flows of solids.  

 

To estimate the flow of catalyst in the return column outputs measures were necessary transit 

times of the catalyst in an axial length of the return column equivalent to  z = 0.10 m, from 

which was calculated the average speed of the respective catalyst (Figure 2). 

 

To obtain the measurements of the rate of circulation of the catalyst, the UPF was 

preliminarily set in motion, waiting for the operation thereof in steady state, observed by 

maintaining the height of the column of catalyst in the return column as shown in Figure 3.8. 

Upon reaching this operating regime, the valve located above the test section for measuring 

the transit time of the catalyst in the return column was rapidly closed. Since the walls are 

made of UPF of transparent material, the displacement of the free surface of the column of 

the catalyst was then monitored ( z = zi - zf) through time, thus allowing estimates of mean 

velocity in this part of the catalyst UPF. 

 

It was also necessary to estimate the average density of catalyst in the return column 

(Equation 1). These estimates were performed using a cylindrical container made of a tube 

composed of the same duct acrylic used for making the return column. To estimate the 

density of solids, these were dropped by gravity until there was overflow the container. 

Retrieved excess catalyst with a spatula system was heavy and took up the tare container, 

kept up with the mass of the corresponding the catalyst. The container volume was assessed 

with measures of its dimensions through a digital caliper, whose precision scale is one-

hundredth of a millimeter. 
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Figure 2: Schematic with indications of parameter estimation used in the average 

rate of circulation of catalyst in the return column UP 

 

 

2.4 Catalyst Volume Fraction in the Riser 

 

The volume fraction of solids in the riser, was calculated according to Xiao-Bo, Zhu and 

Wei-Xing [10], for:  
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                                     (2) 

 

p  - specific mass of the catalyst particle, kg/m
3
 

  - catalyst volume fraction, - 

p =  coeficiente de absorção mássico, m
2
/kg 

iD  = diâmetro interno do riser,  m 

Iv e If = as  intensidades da radiação gama no tubo vazio e com fluxo de catalisador, 

respectivamente, cps 

 

In the implementation of mitigation measures range to calculate the volume concentration in 

the CPFU riser was necessary first to understand the software interface used in the process - 

the Genie. Genie software is used by CANBERRA interaction in the system log of the 

interactions of radiation with the detector. Through it is made for data acquisition, saved as a 

report in PDF format. Settings like, region of the spectrum to be analyzed (photopeak area), 
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counting time and information generated to maintain control over the experiment, and several 

adjustments in the spectrum as a whole, are made by Genie. 

 

A -ray source of Am-241 and a NaI(Tl) detector with lead shielding was installed in a steel 

support that maintains the geometry of the source-detector-riser and which allows to vary the 

distance from the source range detector and the radial position in a given cross section of the 

riser (Figure 3). The shield the gamma radiation source was fabricated with a thickness of 

0.05 m, to block the action of radiation in the environment, while allowing the flow of this 

radiation passes through a single opening (collimator) and has its intensity measured by meter 

coupled to the detector. The shielding of the detector has a supporting structure of steel 

whose dimensions are 0.2 m long, 0.2 m wide and 0.25 m long.  

   

       

 
          

Figure 3: Experimental arrangement used in mitigation measures 

-radiation in the riser of CPFU 
 

The beam was collimated radiation- to be transmitted between source and detector, aligned 

diametrically opposite to the riser. This was fabricated collimator to be coupled to a shield 

also in lead, which clothed entire detector. The opening of this collimator was 0.0055 m 

diameter, while the dimensions of the collimator itself were 0.075 m in diameter and 0.035 m 

long.Equations should be centered and sequentially numbered to the flush right of the 

formula.  That is, we write for example the steady-state equation of continuity. 

 

 

3. Results and Discussion 

 

The values for average density (840 ± kg/m
3
) and the average velocity of the catalyst in the 

return column of the CFPU (0.00071 ± 0.00003m/s) were measured for the following 

operating conditions: 

Absolute air pressure: 203,000N/m
2
 

Temperature = 27°C 

Air Volume flow rate  = 0.00833 Nm
3
/s (500 NL / min) 
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Mass of catalyst in circulation = 7.5 kg 

Average particle diameter of catalyst = 0.000072 m. 

 

Under the conditions mentioned earlier calculation of flow rate or average circulation of 

solids in the UPF, was 0.602 kg/m
2
/s, which led to the computer program (Simulink/Matlab), 

yielding the following operational data on the input UPF riser: 

volume fraction of the gas phase ( g ) = 0.9931 

volume fraction of the solid phase ( s )  = 0.0069 

gas phase velocity (Ug) = 1.2590 m/s 

solid phase velocity (Us) = 0.0581 m/s 

 

The data obtained previously served as the input values for simulation, CFD, the radial 

profile of the catalyst in the riser CFPU, shown in Figure 4. The simulation conditions were 

used: 

- Software: FLUENT version 12.0 

- Preprocessor: GAMBIT version 2.3.16 

- Approach: Eulerian 

- Mesh type: Structured 

- Number of cells: 60,000 

- Turbulence model adopted: k-

- Bases Model: Kinetic theory of granular flow [11]. 

 

These volume fractions were simulated points in the corresponding axial heights measured 

from the base of the riser corresponding to 0.580 m, 3.424 m, 5.308 m and; 5.640 m (Figure 

4). It can be observed in said figure that after initial contact between the components of gas-

solid flow, the radial catalyst distribution tends to homogenize in proportion to the distance 

from the base of the riser. This radial profile of volumetric fraction measurements were 

obtained at a height of 0.580 m, for a total of nine determinations, corresponding to the 

relative radial distances to the center of the riser given by: 0.00, ± 0.21, ± 0.42, ± 0, and 63; ± 

0.84 (Figure 5). 
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Figure 4: Simulations of radial profiles of volume fraction of the catalyst at 

different axial positions in the riser of CPFU  

 

Similarly to the simulated radial profile of the volume fraction of the catalyst (Figure 4), the 

experimental profile of the volume fraction of the catalyst (Figure 5) showed some 

characteristics of flow as follows: 

- it is a flow with a parabolic distribution of solids concentration, and the curvature of 

this parabola indicates that there is a minimum concentration around the central region of the 

riser, ie apparently annular; 

- the manner of distribution of the volume fraction of the catalyst confirms what is 

observed visually (transparent riser), that there is an accumulation of the catalyst along the 

walls of the riser due to the friction of the solid particles and these walls and; 

- once the distribution is not homogeneous the catalyst in the axial direction, it is 

observed that the accumulation of solids can characterize clustering. 
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Figure 5: Profile of radial distribution of the volume fraction of the catalyst to 

0.58 m from the base of the riser CPFU 

 

For better visualization of the foregoing has been prepared in Figure 6, where the profiles 

were plotted both simulated and experimental, in the riser of the UPF, the same height of 0.58 

m. In that figure we observe that both profiles are very close, with growth trends of volume 

fraction along the walls of the riser. Discrepancies between simulated and experimental 

values in axial positions away from the center of the riser, are likely to be caused by the 

instability of these clusters that form and disappear, transmitting this instability to the 

experimental values. 
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Figure 6: CDF  simulation and gamma ray experimental volume fraction of the 

catalyst in the riser of CPFU 

 

 

 

3. CONCLUSIONS  

 

It was possible to validate the CFD simulation model, proposed for the fluid dynamics of the 

riser, using the technique of gamma transmission radiation. This technique showed 

considerable accuracy in relation to the experimental values. These latter, in turn, shows the 

great importance of non-intrusive techniques as tools for the study of fluid dynamics models 

in reactors CFB type. 

 

A suggestion for future step is an accurate modeling of the solid segregation toward the wall, 

with prediction of solid volume fraction in critical riser points, with aid of gamma 

transmission technique. 
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