
International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,      Volume- 5, Issue-11, Nov.-2017 
http://iraj.in 

Parametric Studies on Thermal Regenerator for Benzene Incineration 
 

51 

PARAMETRIC STUDIES ON THERMAL REGENERATOR FOR 
BENZENE INCINERATION 

 
1SAURABH SHARMA, 2SUSHIL KUMAR MAURYA, 3ARUN KUMAR SINGH 

 

1,2,3Department of Mechanical Engineering, Modern Institute of Technology & Research Centre Alwar, Rajasthan-India 
 
 
Abstract – The present work deals with study of various operating parameters like particle diameter, bed cross sectional area 
and cycle time for different benzene concentrations. Temperature distribution in the bed for different particle diameters and 
bed cross sectional area is analysed. Effect of particle diameter and bed cross sectional area on regenerator bed length is also 
studied. Bed length is optimised in each case for attaining operative oxidation temperature of 9530C. Effect of cycle time on 
average exit temperature of hot gas as well as thermal energy recovery (TER) is also discussed. With increase in particle 
diameter regenerator bed length increases and with increase in bed cross sectional area it decreases. TER remains constant 
with increase in particle diameter as well as bed cross sectional area. Increase in cycle time increases average exit 
temperature of hot gas which in turn reduces TER. TER remains constant up to cycle time of 600s but after that it starts 
reducing. The increase in benzene concentration after 1200 ppm significantly reduces Thermal Energy Recovery as well as 
bed length for corresponding particle diameters and bed cross sectional areas. 
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I. INTRODUCTION 
 
In today’s Industrial developments, transport 
explosion, rapid urbanization of cities and excessive 
use of natural resources have adversely affected the 
environmental balance. It seems that the nature tries 
to maintain a balance in land, water, air and other 
living organisms in the world. Any amount of 
imbalance in the biosphere causes pollution in 
environment. There is no doubt that the new and 
modern technological developments have played a 
pivotal role in polluting our air, oceans, river set. It is 
a very important matter for whole humanity that our 
rivers are turning filthy. Obnoxious air is trying to 
choke the cities and towns, and toxic chemicals are 
finding their way into food. If the increase in 
environmental pollution is not being controlled, it 
could be very harmful and disastrous. It is very 
essential to aware the whole world about our limited 
natural resources and how we can protect and 
preserve our limited natural resources. It is matter of 
concern for the whole world and every human being. 
We know that higher rate of industrialization is 
adversely affect the whole biosphere as well as it also 
affects the earth’s atmosphere which can’t be ignored. 
Air gets polluted if there are any changes in the 
normal composition. There are various types of air 
pollutants like VOCs, their sources as well as the 
techniques and methods used to destruct them are 
discussed below: 
 
Air Pollutants: 
Air Pollution is basically the introduction of 
particulates, biological molecules or other harmful 
gases into the atmosphere of the earth causing death 
to human beings, and damages the natural 
environment as well as food crops. 
 

Classification of Air Pollutants 
Primary pollutants 
They are produced from ash or eruption of volcanoes. 
There are so many primary pollutant but major 
Primary pollutants produced by human activities. 

 Sulphur oxides (SOx) 
 Nitrogen oxides (NOx) 
 Carbon monoxide (CO) 
 Volatile organic compounds (VOCs) 

Secondary pollutants  
Secondary pollutants are the particulates produced 
from gaseous primary pollutants & compounds in 
Photochemical Smog. When a secondary pollutant 
formed by the reaction of UV light with industrial 
emissions comes in contact with primary pollutants 
then smog is formed. Peroxylacetyl nitrate (PAN) 
formed due to the reaction of VOCs & NOx. 
 
II. OBJECTIVES OF THE STUDIES 
 
 Review of literature available in the field of 

VOC incineration using thermal regenerator. 
 To develop a mathematical model for charging 

and discharging of bed. 
 Development of Computer Program of ceramic 

bed charging and discharging in FORTRAN. 
 To determine the operating temperature required 

for oxidation of the Benzene. 
 Optimizations of the Bed length with respect to 

the parameters like bed cross sectional area and 
diameter of particles so that operating 
temperature can be attained. 

 To study the effect of different cycle times on the 
average exit gas temperature of fixed bed. 

 To analyze the performance of fixed bed with 
different Benzene concentrations. 
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III. MATERIALS AND METHODS 
 
Thermal oxidizers are capable to reduce emissions 
from almost all VOC and HAP sources, including 
storage tanks, process vents, treatment, material 
transfer operations, storage and disposal facilities, 
vessel cleaning operations and surface coating 
operations. Thermal oxidation systems can achieve 
very high levels of VOC destruction efficiency when 
properly designed and operated. 
 
Operating Parameters 
 
Temperature 
Temperature has a major impact on destruction of 
VOC among all the parameters. Generally, thermal 
oxidizers operate at a temperature range of 1400 to 
22000F. The exception is the treatment of flue gas 
stream containing total reduced sulphur (TRS) 
compounds. 
 

Residence Time 
Residence time one of the three Ts of destruction of 
VOCs. There should be sufficient time that must be 
allowed for the chemical kinetic reactions to occur. A 
residence time (RT) in thermal oxidizer ranges from 
0.5 to 2.0 s. Lower residence times corresponds to 
lower destruction efficiencies and vice versa. If the 
residence time is increased then the operating 
temperature of thermal oxidizer is decreased. 
Turbulence 
Oxygen and VOC molecules must be thoroughly 
mixed at the prescribed temperature for the complete 
chemical oxidation reactions. This is done by 
ensuring a high degree of turbulence within the 
thermal oxidizer. 
Oxygen concentration 
The oxygen molecules concentration is another 
important component of thermal oxidation reactions. 
Oxygen is supplied by the addition of combustion air 
oxygen is by the or in case of VOC contaminated air 
stream may be present as a part of flue gas stream 

 

 
Table 1. VOC destruction efficiency vs.Time and Temperature 

 
Physical properties of brick refractories 
Apparent porosity: Refractories with higher 
porosity have greater value of insulation and better 
thermal shock resistance. 
Abrasion resistance: Abrasion is usually a result of 
particles in the flue stream or the formation of 
particulate during the process of oxidation.  Greatest 
abrasion resistance comes from brick that is well 
bonded and mechanically strong. 

Cold crushing strength: This is one of the widely 
used parameters for evaluating the performance of 
refractory. It is estimated by applying compressive 
load to the sample until refractory fails. 
Modulus of rupture: It indicates material’s tensile & 
bending strength either at room temperature or at 
elevated temperature. 

 

 

 
Table 2. Physical properties of some common refractory firebrick 
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Table 3. Inlet temperature to bed during cooling period 

 
Table 4. Evaluation of effective thermal conductivity (dp= 0.0254m) 

 
Table 5. Evaluation of effective thermal conductivity (Ab = 1 m2) 

 
In the VOC incineration process, two beds operate in 
a continuous cycle mode. The desired oxidation 
temperature of 9530C is to be maintained throughout 
during the discharging period for all the benzene 
concentrations considered in the present study. The 
flow rate of flue gas will also be constant. Other 
parameters like the properties of flue gas and 
properties of solid will also be assumed constant in 
the present work. The parameters that are to be varied 
are particle diameter, cross sectional area of bed, and 
cycle time. Effective thermal conductivity will also 
vary as it depends on particle diameter and cross 
sectional area of the bed. Effective thermal 

conductivity based on the particle diameter and bed 
cross sectional area is evaluated in Table5. and Table 
6. If particle diameter dp is varied, cross sectional 
area of bed Ab remains constant as 1m2 and when 
cross sectional area of bed Ab is varied, particle 
diameter dp remains constant as 0.0254m. Length of 
bed is optimized for both cases with the help of 
developed FORTRAN code. Cycle time will be taken 
as 60s when these parameters are varied. 
Results are to be obtained for the different cycle 
times Cross sectional area of bed and the particle 
diameter will remain constant as 1 m2 and 0.0254m 
for all cycle times.  

 

 
 

Table 6. Evaluation of effective thermal conductivity (dp= 0.0254m) 
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Table 7. Evaluation of effective thermal conductivity (Ab = 1 m2) 

 
IV. RESULTS AND DISCUSSION  
 
Temperature and time are the two major operating 
parameters which plays a pivotal role in defining the 
destruction removal efficiency of thermal 
regenerators. In the present work, it is considered that 
to attain 99.99% destruction efficiency, oxidizing 
temperature should be 6500C above the auto ignition 
temperature and the residence time should be 2 s. 
Benzene (C6H6) is considered in this work whose 
oxidizing temperature is 9530C which is to be 
maintained in the preheated bed so that complete 
incineration can take place. The flow rate of flue gas 
stream is considered constant as 1000 cfm for all the 
VOC concentrations considered in the present 
analysis. The length of the bed is optimized to attain 
the operative oxidation temperature of 9530C from 
the heated bed. 

The effect of particle diameter & bed cross sectional 
area on regenerator bed length is described with the 
help of graphs. Variation of cycle time with exit 
temperature of gases is also being discussed. 
Comparative analysis is done to find out the effect of 
different Benzene concentrations on: 
 Variation of bed cross sectional area with bed 

length and TER. 
 Variation of particle diameter with bed length 

and TER. 
 Variation of cycle time with exit gas temperature 

and TER during charging and discharging of 
ceramic beds. 

Benzene concentration – 1000 ppm 
Figure 1 to 5 shows the gas phase temperature 
distribution inside the bed with variation of particle 
diameter from 0.005m to 0.0254m. 

 
Fig1. Gas phase temperature profile for benzene concentration of 1000 ppm (dp=0.005m) 

 
Fig2. Gas phase temperature profile for benzene concentration of 1000 ppm(dp=0.01m) 
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Fig3. Gas phase temperature profile for benzene concentration of 1000 ppm(dp=0.015m) 

 

 
Fig4. Gas phase temperature profile for benzene concentration of 1000 ppm(dp=0.02m) 

 

 
Fig5. Gas phase temperature profile for benzene concentration of 1000 ppm(dp=0.0254m) 

 
From the above figures the Table 1 has been prepared to show the inlet and exit temperatures of flue gas stream 
for benzene concentration of 1000 ppm for various particle diameter. 
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Table 9. Inlet and exit temperature of flue gas stream for different ceramic  particle diameter with 1000 ppm benzene concentration 
 

From the above table and figures it can be observed that as particle diameter is increased, exit temperature of 
flue gas from preheated bed increases which implies that lesser amount of fuel will be required in combustion 
chamber in order to attain operative oxidation temperature of 9530 C. Increase in inlet temperature of the gas 
during discharging period is observed as the particle diameter is increased.  
 

 
 

Table 10. Inlet and exit temperature of flue gas stream for different bed cross sectional area with 1000 ppm benzene concentration 
 

It is observed from above given figure and table that as bed cross sectional area is increased, the inlet 
temperature of flue gas stream in heating zone increases whereas exit temperature from preheated bed increases. 
The increase in exit temperature of flue gas stream is a good consequence as it decreases the amount of fuel 
required in combustion chamber for attaining operative oxidation temperature. It is observed that the outlet 
temperature of flue gas from preheated bed is more when bed cross sectional area is increased and particle 
diameter is constant as 0.0254m. The temperature difference between inlet and exit temperatures of gas during 
charging and discharging is almost same.  
 

 
 

Table 11. Variation in bed length with increasing particle diameter for different benzene Concentrations 
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Table 12. Variation in bed length with increasing bed cross sectional area for different Benzene concentrations 

 
CONCLUSIONS 
 
 Increasing bed cross sectional area is good option 

to have a compact thermal regenerator which will 
require less space. 

 TER obtained up to cycle time of 600s is 
relatively constant but after that it starts 
reducing..  

 Though the increase in benzene concentration 
reduces the use of external fuel sources by 
supplying required thermal input but at the same 
time it also reduces TER.  

 The present work suggests that 1000 ppm of 
benzene concentrations are sufficient in order to 
have good heat recovery as well as complete 
incineration. 
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