
Australian Journal of Basic and Applied Sciences, 5(12): 746-751, 2011 
ISSN 1991-8178 

Corresponding Author: Jamshid Khorshidi, Department of Mechanical Engineering, Hormozgan University, Iran. 
746 

Experimental Study of Temperature Variations in Fluidized Beds 
 

1Jamshid Khorshidi, 2Hassan Davari and 3Nima Moallemi 
 

1Department of Mechanical Engineering, Hormozgan University, Iran. 
2Department of Mechanical Engineering, Islamic Azad University Roudan Branch, Iran. 
3Department of Mechanical Engineering, Islamic Azad University Roudan Branch, Iran. 

 
Abstract: To show the rate of heat transfer in a fluidized bed dryer, an experimental setup was 
established that the warm air combined with particles belonging to D groups of the Geldart 
classification (Geldart, 1986) and make up a Fluidized bed. In each test with maintaining the inlet gas 
temperature, the temperature of solid particles and outlet gas during time was recorded and then using 
the experimental data and the Least-Square Method, a correlation to predict the solid and outlet gas 
temperature changes were presented. The results of this study has shown that the maximum variations 
are occurred at the beginning of fluidization, so exponential functions has shown  the best 
compatibility with such thermal variation during time due to experimental result .Finally the best 
correlation are presented due to several experimental data. 
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INTRODUCTION 

 
Fluidization is the phenomenon in which solid particles are transferred into semi fluid format through 

suspension in a gas or liquid and they operate as a fluid. 
If a gas is passed through a bed containing small particles, the fluid passes the empty spaces among 

particles which are known as fixed bed. As speed increases, particles are separated and start vibration which is 
defined as expanded bed. As gas velocity increases gradually, we will arrive to a condition at which all solid 
particles are suspended by gas flow or uprising fluid in the bed and fraction force between solid and gas would 
be in opposite direction of particle weight and equally between fluid and solid. In this condition pressure drop in 
every point of bed is equal to fluid weight and particles partially that is known as minimum fluidization and the 
gas velocity which cause this case is named as minimum fluidization velocity (umf). In this condition, the bed is 
at the minimum fluidization and the pressure drop remains approximately stable as primary speed increases. In 
figure 1 you can see the pressure drop variation as gas velocity increases. 

In solid gas regime as flow velocity increases, after the minimum fluidization condition, we will see 
different reaction from fluidized bed and the most significant mentioned parameters which effect fluidity system 
could be gas flow velocity at inlet, gas and solid density, solid particle diameter. Generally in solid-gas bed, it is 
possible to observe homogeneous fluidization, bubbling fluidization, slugging fluidization, turbulent 
fluidization, Pneumatic transport and the fast fluidization. 

Geldart (1986) evaluated particle nature fluidization and categorized his observation based on particle 
diameter in comparison to density difference of solid and fluid phase and relatively four areas which had 
fluidization properties were described clearly. Geldart diagram is presented in figure 2. 

Group C contains many small particles which are adhesive and their fluidization is really difficult, group A, 
B contain particles with greater size and lower density which have tendency toward bubble regime and 
frequently are used in physical and chemical operation. Group D contains particles with greater size and higher 
density which have tendency toward slugging regime, by this group of articles it is only possible to produce 
bubble regime in low velocity.  

One of the most significant reasons to apply fluidized bed in physical and chemical operation and 
agricultural proceeding is the high rate of heat and mass transfer in these beds. Heat transfer coefficient depends 
on many factors and one of the most effective parameters is the type of fluidization regime. Looi et al., (2001) 
proved in his research that heat transfer reduced by fluidization regime variation from bubble to slugging 
b/whose reason is reduction of contact surface between solid particles and gas in slugging regime. So, bubble 
regime has higher thermal efficiency. Vitor et al., (2004) evaluated drying process of particles belonged to B 
group of Geldart classification. First according to performed tests, datas like temperature in different bed 
sections, inlet temperature at different specific time registered and after differential equation salvation 
containing three phase modeling equation, 2 correlations presented for calculation of heat and mass transfer 
coefficients on the basis of Reynolds number. Rizzi et al., (2009) analyzed heat transfer phenomena in a fluidize 
bed dryer containing grass seeds with very low humidity. perfumed tests has been done by inlet gas temperature 
of 30 to 55 degree of centigrade and different velocity in every test, inlet gas temperature, solid particle 
temperature, outlet gas temperature and wall temperature were all measured on the basis of time and finally 2 
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correlations presented for calculation of heat transfer coefficient and heat losses from the bed on the basis of 
Reynolds number for the particles belonged to D group of Geldart classification. In numerical modeling the 
three phase model is used And finally a comparison between experimental data and numerical simulations have 
been made. Khorshidi et al., (2011) Modified three phase modeling by using appropriate relations with the Rizzi 
et al., (2009) experimental data and examine the phenomenon of heat transfer in these dryers. 

Our purpose in this research is to analyze thermal variation in a fluidized bed dryer containing Colza seeds 
belonged to D group of Geldart classification, in order to present temperature changes which show high rate of 
heat transfer at these dryers.  

 
 
 
 
 

 
 
 
 
 
 
 
Fig. 1: pressure drop variation as gas velocity increases. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Geldart classification diagram. 

 
MATERIALS AND METHODS 

 
Experimental Setup: 

For experimental modeling in this research, an experimental setup which makes a fluidized bed was 
established, this device contains a compressor with 2 hp power capability that inters air with controlled pressure 
and flow in to an electric heater by 1KW power and then send it in to a cylindrical chamber in which there is 
fluidized bed. This system has controllers for pressure and temperature to measure and control them in different 
sections. The bed diameter is 3 cm with external diameter of 3.5cm made of glass with two holes that one of 
them is located to install solid particles temperature sensor at 2cm stature and second holes is located at 12cm 
height for outlet gas temperature sensor to receive data from the bed. By 4 thermocouple type K with Co1.0  
accuracy, the electronic heater temperature, and inlet gas temperature, solid particles and outlet gas temperatures 
are measured. To control inlet gas temperature to the bed a PID controller is used. To prevent thermal loss, fiber 
glass has been used as thermal isolation of bed walls. We use a distributor plate in the bed to make a uniform 
gas flow. This plate has holes reticulatedly with 1 mm diameter and 1 cm thickness. To weight solid particles a 
digital balance with 0.01 gram precision (model Scont Pro Spu 902) has been used. In following picture you can 
see schematic figure of this device 
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Fig. 3: Experimental setup. 
1-compressor 2- gage pressure 3- flow control valve 4-pressure regulator 5-flow control valve 6-flow 
meter 7- gage pressure 8-electrical heater 9- heater temperature sensor 10-inlet gas temperature sensor 
11-distributor plate 12-solid temperature sensor 13-outlet temperature sensor 14-glass column 15-gage 
pressure 16-flow control valve 17-orifice plate 18-heater temperature recorder 19-inlet gas temperature 
recorder 20-solid temperature recorder 21-outlet gas temperature recorder 22- temperature controller 

 
The physical properties of Colza seeds and the Geometric properties of the bed used in the experiments are 

shown in Table 1 
 
Table 1: Physical and geometrical properties of the bed and the seed. 

0.03 m column diameter 
0.2 m bed height 
0.91 particle sphericity 

1.78 mm Particle diameter 
1145.77 kg/m3 Solid density 

 
In Experimental modeling, solid particles temperature (TS) and outlet gas temperature from bed (Tgl) during 

20 minutes have been registered by keeping inlet gas temperature steady and fixed. Also we measure velocity 
and fluidization high and repeat tests for different inlet gas temperatures and velocity for 5 conditions and then 
registered the results. St should be pointed that all experimental data are provided in bubbling regime. In table 2 
you can see Operational conditions of experiments. 

 
Table 2: Operational conditions of experiments. 

 
Test no 

0.012 47.7 23 0.040 1.57 1 
0.012 42.5 22.5 0.040 1.57 2 
0.012 38.5 24.1 0.040 1.57 3 
0.012 56.5 24.1 0.050 1.96 4 
0.012 57.5 24.1 0.057 2.36 5 

 
Data related to solid particle temperature and outlet gas temperature from bed are obtained in a condition at 

which inlet gas from bed are obtained in a condition where inlet gas temperature is kept stable by controller 
system by 0.1 precision and because of bed isolation , there is no thermal losses from bed zone. 
 
Particle Characterization: 

To run tests we used a kind of oily seed named Kolza or Canola which is the scientific name of Brassica 
napus, the third oily plant in the world that was registered in1978 by Canadian west extracting institute and 
today this seed is used to produce several industrial and comestible oils. According to performed researches, the 
grain average diameter is between 1.70 to 2.30 mm .its density is928 kg/m3 to 1370kg/m3 and its sphericity 
coefficient is between 91 to 96%, so this particle if being combined by dry air to be like a fluid, the established 
regime is Geldart classification in group D. In this research Tallayeh type which is one of the most qualified 
types of this seed has been used to make a fluidized bed. 
 
Basic Model Equations: 

to According obtained results for solid particles temperature and outlet gas temperature through the bed 
which will be present in next chapter and because of high heat transfer rate between solid particles and gas, the 
suggestive solution for solid particles temperature changes and also outlet gas temperature is a function with 
following format which is exponential: 
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                                                                           (1) 
 
                                                                            (2) 
 
 
That  is the primary gas temperature from bed and  is the final outlet gas temperature from the 

bed. In next level by the use of experimental data for 5 series of the tests and substitution in mentioned equation, 
α and β coefficients have been determined by parameter estimation method (the Least-Square method has been 
used here) on a way to have the lowest deviation from experimental datas the determined tests domain. 
 

RESULTS AND DISCUSSION 
 
In this research relation between temperatures variation estimation inside the fluidized bed dryer with 

experimental method has been presented and obtained results declare high rate of heat transfer in these dryers. 
As mentioned before because of high rate of heat transfer in such dryers, the best function for temperature 
variation is exponential. In figure 4 experimental test data related to test number 2 in which Tg0 represents inlet 
gas temperature to bed, TS represents solid particles temperature and Tgl represents outlet gas temperature from 
bed has shown. experimental data have been gathered about different temperatures during 20 minutes. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
Fig. 4: Temperatures measured results for test 2. 
 

As obvious in the figure related to performed test, inlet gas temperature has been kept with high precision. 
Accuracy in obtained datas shows that solid particles enhancement speed is really high to the point that 
maximum solid particles temperature variation is at the beginning of fluidization. Such phenomena has been 
observed about outlet gas variation from bed too but the difference is that solid particles temperature variation 
speed is more than outlet gas temperature. As shown in figure 4 after a short time, solid particles temperature 
and outlet gas temperature are inclined to each other which show equality of temperature in the bed and heat 
transfer speed is high in such beds. according to mentioned points in previous section  and related to 
experimental data obtained from table 2 , β and α  unknown coefficients have been calculated and finally 
following equations will be presented for prediction of outlet gas and particles temperature variation from bed: 

 
                                                                                (3)        
 
 
                                                                                   (4) 

 
 
In figure 5 such simulation for solid particles temperature accompanied with exponential datas drawn for 

test number 1 and 4: 
In figure 6 you can see similar results of simulation for outlet gas temperature from bed accompanied with 

exponential data: 
As it is seen in the figures, there is a proper conformity between obtained results through this simulation 

done by experimental data. The considerable point among these equation is that the most significant and 
effective parameter on the temperature variation are inlet gas temperature and solid particles primary 
temperature while other parameters like fluidization velocity has lower effect. 
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Fig. 5: Comparison between experimental and simulated data for solid particle temperature: (a) test #1; (b) test 

#4. 
 
  
 
 
 
 
 

 
 
 
 
 

 
                                        (a)                                                                        (b) 

 
Fig. 6: Comparison between experimental and simulated data for outlet gas temperature: (a) test #1; (b) test #4. 

 
Notation 

inlet gas temperature 
 

outlet gas temperature 
 

solid particle temperature 

Initial solid temperature 
 

Final outlet gas temperature 
 

Initial outlet gas temperature 
 

particle diameter 
 

particle density kg/m3 

gas density kg/m3 

inlet gas velocity 
 

minimum fluidization velocity 
 

minimum bubbling velocity 
 

solid particles weight 
 

bed high 
 

Parameter in numerical modeling - 

Parameter in numerical modeling - 

 
 

Conclusion: 
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In this research we have used a laboratory apparatus to prove high rate of heat transfer in solid-gas fluid 
bed, this device enable us to mix air and solid particles together  in order to make fluidization regime and fluid 
bed internal thermal variation has been analyzed by 5 series of tests fulfillments . In every test inlet gas 
temperature is kept stable with high precision and outlet gas and solid particles temperatures have been 
registered during time, results show that: 
1- Because of high rate of heat transfer, the maximum variations are occurred at the beginning of fluidization, 

so exponential functions are the best to present such thermal variation during time , results obtained from 
numeric simulation have proper conformity with experimental data.  

2- Solid particles temperature enhancement speed is very high to the point that maximum variation in solid 
particles temperature is at the beginning of fluidization. 

3- We can have similar conclusion about outlet gas thermal variation but the difference is that solid particles 
temperature variation speed is more than variation speed related to outlet gas temperature.  

4- After passage from unsteady condition, solid particles temperature and outlet gas temperature from bed 
inclined to each other. 

5- The most effective parameter on temperature transferring velocity, is the inlet gas temperature to bed and 
solid particles primary temperature and inlet gas velocity effect is lower. 
 

Suggestions: 
According to high effect of particle diameter on heat transfer coefficient, it is suggested to do similar tests 

on particles with different sizes belonged to groups A, B, C, D categorized by Geldart and to compare results. In 
this research, gas temperature range is between 20 to 60 degrees centigrade, which is advised to run the test in 
higher operational temperature too and results being compared with this condition. On the other hand, to present 
bed losses effects on solid particles thermal variations, it is possible to repeat the same test by not insulated glass 
bed and compare the results with each other. 
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