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Abstract 
 

In present days we are much believed computer aided (simulation) results much more than our experimental results even though time 

consumption, low-cost processes and we can get the efficient results when compare to experimental results. In this task, I compared my 

experimental results with simulation results (Ansys fluent version 17.2) in the solid liquid reverse fluidized bed system. In this, I did this 

comparison using Gidaspow drag model and remaining parameters were same the particle diameter was changed. I found that the hydro-

dynamic behavior by experimentally and by simulation those were bed height profile, pressure drop profile and Voidage profile by changing 

the velocity profile 
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1. Introduction 

Fluidized bed apparatus have been utilized in numerous areas of 

technology and had to do in botanical healing of commercial and 

civic waste product (Nicolle et al., 2000). The fluidized bed appli-

cation entrusted a strings of assets contrasted to other sart of anaer-

obic systems (Diez-Blanco et al., 1995), those are way up biological 

loading rates and brief hydraulic holding seasons. Hence, a numeral 

of layout variations have been tried or followed in order to enhance 

the staging of the coordination. These apparatus inspected the cubi-

cles’ immobilisation on dead solids to expand the accessible region 

intended biofilm growth. The bed equipped a quiet conditions that 

limited effort of elevated fuel attentiveness inside the setup and a 

lengthy mean cell duration time short of hampering disputes (Shieh 

and Hsu, 1996).The downward flow bed or reverse fluidized bed 

apparatus has been illustrated for approach in the anaeroboic treat-

ment about effluent (Garcia-Calderon et al., 1998a). In their delin-

eation, of reverse flow fluidization, solids with a specific gravity 

slighter than the fluid were in downward by  

A concurrent motion of fluid. This journal illustrates the advantage 

of the flow (or reverse) fluidization application for the anaerobic 

absorption of red vino distillery effluent and shows good out-turns 

differentiated to other apparatus (Gangagni Rao et al., 2005). . The 

environment of the media utilized for biofilm fondness has kept a 

substantial issue on the apparatus potential. In this observation the 

bearer substance, exist perlite, an enlarged extrusive cliff. Perlite 

was an fascinating bearer when differentiated to others like cork, 

polypropylene (Garcia-Calderon et al., 1998a). Elaborate opera-

tions consist of fluidized bed application with immobilized cubi-

cles. Anticipated to the huge specific area of espousal solids con-

venient for fuel holding, this application assets in high-strength 

waste-water treatment by reduced area and shorter hydrodynamic 

holding time. Another application of reverse fluidization is the less 

energy essential with regard to conventional fluidization, by using 

support substances with a lower thickness than effluent (Garcia-

Caldero´n et al., 1998). This application has been mostly pre-owned 

by aerophillic schemes. Only a few suits of anaerobic reverse fluid-

ized bed apparatus (IFBR) have been investigated (Spiess et al., 

1991; Gonza´lez et al., 1992; Meraz et al., 1996; Garcia-Bernet et 

al., 1998). In malignity of the uses included earlier, there exist some 

key constants that limit popular advantages of this study like as: 

support matter choosing, installation of apparatus governing trims, 

and irreparable biofilm forming in a quick spell season. Span of 

biofilm establishment from [2] to [9] months (Lauwers et al., 1990). 

Many innovative researches were accomplished till today to look at 

the hydrodraulics of reverse fluidization. We can gain knowledge 

regarding the design of the stream in a fluidized bed in empirical 

investigations. Even though these approaches have shown to be of 

considerable concern, there are also restrictions and a complete can-

vas of the stream paddock is sometimes harsh to gain to avoid these 

problems computerized Computational Fluid Dynamics, oftentimes 

termed as CFD, is the approach designed model fluid stream utiliz-

ing a simulation. Till today, no CFD evolution has been done on 

reverse apparatus. Therefore, this one is essential to do a reproduc-

tion to take in the conventional flow activity much undoubtedly. A 

major benefit of CFD is extremely effective, subtle, effective mod-

eling approach with dominant visualization potentials, and one can 

assess the entertainment of broad assortment of setup geographies 

on the processing system without the period, cost, and interruption 

required to lead to genuine changes onsite. 

2. Methods 

2.1. Natural properties of particles 

LDPE (Low thickness polyethylene) was a fascinating bearer when 

contrasted with others as plug, polypropylene (Garcia-Calderon et 

al., 1998a). The watched physical properties of LDPE solids were 

utilized as a part of this test as takes after: The determined natural 

assets of LDPE solids were used in this test as attends: Density: 

835kg/m3, Diameters were 0.0025m, 0.0033 and 0.0042m and 
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shape of solids was spherical, and water is used as fluid media and 

density was 1000kg/m3 

2.2. Experimental set-up 

The reverse fluidized bed setup comprised concerning section ac-

companied by an aggregate stature about 0.7m and 0.05 m in meas-

urement. The stream merchant also the fluid discharge has been put 

at the eradicable top passing over the base segment. The inverse 

fluidized bed apparatus consisted of column with a complete height 

about 0.7m and 0.05 m in breadth. The flow supplier and the fluid 

discharge section have been kept at the dismissible cap containing 

at the bottom section. The water inlet from top of the column was 

connected to liquid Rota meter. In the reactor distributors ware con-

nected at bottom and top of the column because these were used to 

pump the water uniformly throughout processes and its acts as pro-

tect the escape of the particles, pressure tapping were mounted on 

the top, bottom and center of the column and those were connected 

to u-tube manometers to measure the pressure drop which was filled 

with carbon tetra chloride (CCL4). 

2.3. CFD model setup 

The experimental setup was designed in CFD with reactor size 

(0.7mX0.05m), and coarse grid (50X600) where the cells were 

more than 10 times the particle diameter. Gidaspow drag model was 

used with first order upwind scheme was used. The time step size 

is 0.01 with number of time step size is 20 and total hydrodynamics 

were calculated within in 0- 10 sec. The velocity of water boundary 

condition were (0.014-0.09)m/s used, Initial volume fraction of sol-

ids were adapted in the region was 0.7(initial bed height=0.05m)  

 

 
Fig. 1: Schematic Mesh of Inverse Fluidized Bed. 

 

 
Fig.2: Computational Domain with the Boundary Condition. 

 

Parameters used in simulations. 

 
Parameters Numerical value Units 

Reactor size 0.05*0.7 m 

Grid number 50*600 - 

Convergence criteria 10^-3 s 
Maximum iterations 1000 s 

Time step size 0.01 s 

Discretization method First order upwind scheme - 
Model precision Double - 

Initial volume fraction(solid) 0.7 - 

esw 0.9 - 
Operating pressure 1.013 × 105 Pa 

Granular viscosity Gidaspow (1994) Pas 

Granular bulk viscosity Lun et al. (1984) Pas 
Solid pressure Lun et al. (1984) Pa 

Radial distribution Lun et al. (1984) - 

Drag model Gidaspow - 
ess 0.9 - 

Φ (specularity coefficient) No slip condition - 

Velocity(liquid) (0.0014-0.9) m/s 
Particle diameter 0.0022,0.0033,0.0.0042 m 

Density of particle (ρs) 835 Kg/m3 

Density of water(ρl) 
Initial bed height 

1000 
0.05 

Kg/m3 
m 

 

Modeling equations in fluent CFD code 

 

𝜕/𝜕𝑡(𝛼𝑞𝜌𝑞) + 𝛻. (𝛼𝑞𝜌𝑞𝑣𝑞
→) = 0 Continuity equations 

 

𝜕/𝜕𝑡(𝛼𝑙𝜌𝑙𝑣𝑙⃗⃗  ⃗) + 𝛻. (𝛼𝑙𝜌𝑙𝑣𝑙 ⃗⃗⃗⃗ 𝑣𝑙⃗⃗  ⃗) = −𝛼𝑙𝛻𝑝 + 𝛻. 𝜏�̿� + 𝛼𝑙𝜌𝑙𝑔 + 𝐾𝑠𝑙(
𝑣𝑠⃗⃗  ⃗ − 𝑣𝑙⃗⃗  ⃗) Momentum equation  

 

𝜕/𝜕𝑡(𝛼𝑆𝜌𝑆𝑣𝑆⃗⃗⃗⃗ )+ 𝛻. (𝛼𝑆𝜌𝑆𝑣𝑆 ⃗⃗ ⃗⃗  𝑣𝑆⃗⃗⃗⃗ ) = −𝛼𝑙𝛻𝑝 − 𝛻. 𝜏�̿� + 𝛼𝑆𝜌𝑆𝑔 + 𝐾𝑠𝑙(
𝑣𝑙⃗⃗  ⃗ − 𝑣𝑠⃗⃗  ⃗) 
 

𝜏�̿� = 𝛼𝑙µ𝑙(𝛻𝑣𝑙⃗⃗  ⃗ + 𝛻𝑣𝑙⃗⃗  ⃗
𝑇
) −

2𝛼𝑙µ𝑙

3
(𝛻. 𝑣𝑙⃗⃗  ⃗)𝐼 ̿  

 

𝐾𝑠𝑙 =
3

4
𝐶𝐷

𝛼𝑠𝛼𝑙𝜌𝑙(𝑣𝑠⃗⃗⃗⃗ −𝑣𝑙⃗⃗  ⃗)

𝑑𝑠
𝛼𝑙

−2.65 For 𝛼𝑙> 0.8 Gidaspow, model 

 

𝐾𝑠𝑙 = 150
𝛼𝑠(1−𝛼𝑙)µ𝑙

𝛼𝑙𝑑
2
𝑠

+ 1.75𝛼𝑠𝜌𝑙
(𝑣𝑠⃗⃗⃗⃗ −𝑣𝑙⃗⃗  ⃗)

𝑑𝑠
 For 𝛼𝑙 ≤ 0.8  

 

𝐶𝐷 =
24

𝜀𝑙𝑅𝑒𝑠
[1 + 0.15(𝛼𝑙𝑅𝑒𝑠)

0.687] For 𝑅𝑒𝑠  ≤  1000 0.44 For 

𝑅𝑒𝑠 >  1000  
 

𝑅𝑒𝑠 = 𝜌𝑙𝑑𝑠
|𝑣𝑠⃗⃗⃗⃗ −𝑣𝑙⃗⃗  ⃗|

µ𝑙
   

 

Where Re is the Reynolds number and CD is the drag coefficient  

 

𝑃∗
𝑠 = 𝛼𝑠𝜌𝑆𝛩𝑠 + 2𝜌𝑆𝑔𝑜,𝑠𝑠𝛼𝑠

2𝛩𝑠 (1 + 𝑒𝑠𝑠) Solid pressure 

 

 𝜆𝑠 =
4

3
𝛼𝑠𝜌𝑆𝑑𝑠𝑔𝑜,𝑠𝑠(1 + 𝑒𝑠𝑠)(

𝛩𝑠 

ᴨ
)1/2 Bulk viscosity 

 

𝑔𝑜,𝑠𝑠 = [1 − (
𝛼𝑠

𝛼𝑠,𝑚𝑎𝑥
)

1

3 ]−1 Ding and Gidaspow 

3. Results and discussion 

When I getting the simulation results by comparing the simulation 

results with my experimental data I found that the following 

a) Bed height profiles 

1) Diameter:0.0022m 
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Fig 3: Comparison of Bed Height Profiles By Simulation with Experimental 
Data at Dia: 0.002m. 

 

2) Diameter: 0.0033m 

 

 
Fig. 4: Comparison of Bed Height Profiles by Simulation with Experimental 
Data at Dia: 0.0033m. 

 

3) Diameter: 0.0042m 

 

 
Fig. 5: Comparison of Bed Height Profiles by Simulation with Experimental 

Data at Dia: 0.0042m. 

 

From figs 3, 4, 5 I found that different diameter of particles the bed 

was expanded for different velocities for large diameter of particles 

the bed expansion profiles were high. The bed was expanded the 

fluidization velocity was reached the minimum fluidization velocity 

at that time the fluidization was termed as onset fluidization. The 

bed expansion profiles by simulation and by experimental data 

trend was almost same but bed expansion by simulation high than 

experimental because in the processes experiment there was some 

water leakages and for uniform flow uses distributor.  

b) Bed Voidage profiles 

1) Diameter:0.0022m 

 

 
Fig. 6: Comparison of Bed Voidage Profiles By Simulation with Experi-

mental Data at Dia: 0.0022m. 

 

2) Diameter:0.0033m 

 

 
Fig. 7: Comparison of Bed Voidage Profiles by Simulation with Experi-

mental Data at Dia: 0.0033m. 

 

3) Diameter: 0.0042m 

 

 
Fig. 8: Comparison of Bed Voidage Profiles by Simulation with Experi-

mental Data at Dia: 0.0042m. 

 

From figs 5, 6, 7 the void space between the particles was increased 

by increasing the fluid velocities from the experimental and simu-

lation the trend was same 

c) Pressure drop profile 

1) Diameter: 0.0022m 
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Fig. 9: Comparison of Bed Pressure Drop Profiles By Simulation with Ex-

perimental Data at Dia: 0.0022m. 

 

2) Diameter: 0.0033m 

 

 
Fig. 10: Comparison of Bed Pressure Drop Profiles by Simulation with Ex-
perimental Data at Dia: 0.0033m. 

 

3) Diameter: 0.0033m 

 

 
Fig. 11: Comparison of Bed Pressure Drop Profiles by Simulation with Ex-
perimental Data at Dia: 0.0042m. 

 

From the graphs 9, 10, 11 I observed that the pressure drop 

was increased with increasing the velocities in both simula-

tion and experimental. In Experimental the pressure drop 

was increased continuously but in simulation pressure drop 

increased up to one point and then constantly increased due 

to this in experimental setup there was a fluid leakage  

 

 
Fig 12: Comparison of Bed Expansion Profiles with Different Diameter of 

Particles by Simulation with Same Velocities 

 

 
Fig 13: Comparison of Bed Expansion Ratio Profiles with Different Diam-
eter of Particles by Simulation with Same Velocities. 

 

 
Fig 14: Comparison of Bed Voidage Profiles with Different Diameter of 

Particles by Simulation with Same Velocities. 

 

 
Fig 14: Comparison Bed Expansion Profiles of Inverse Fluidized Bed Re-
actor with Respect to Time(S). 
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Fig. 15: Comparison of Bed Pressure Drop Profiles with Different Diameter 

of Particles with Time by Simulation with Same Velocity 0.00142m/S. 

 

From the above graph at velocity 0.00142m/sec the pressure 

drop was changed with respect to time (up to 10 sec) for dif-

ferent diameter of particles. For small diameter of particles 

the pressure drop have the positive & negative and for large 

diameter particles the pressure drop was almost constant 

4. Conclusions 

When I compared Experimental results with CFD Simulation 

results I observed that Bed height, Presuuredrop, Voidage 

profiles with respect to velocity was almost same.in the in-

verse fluidization the bed height profiles was increased by 

increasing the velocity after reaching the minimum fluidiza-

tion velocity, In the pressure drop profiles the pressure was 

increased up to minimum fluidization was reached after that 

pressure drop was constantly increased. By changing the di-

ameter of the particles the results was also be changed at low 

diameter of solid particles the bed height was high when 

compare to high diameter of particles because the bouncy 

forces were acting on the upward direction and we have to 

give the some of forces counter to that upward forces to 

achieve the fluidization 
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