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Abstract: With the continuous development of the metallurgical industry, kiln calcinations increasingly 
sophisticated technology, the kiln equipment technology more emphasis on performance. The rotary kiln is one 
of the most representatives of the furnace equipment, also put forward higher requirements in response to the 
call of the national energy saving rotary kiln, and want to be able to design the optimal energy consumption and 
stable performance equipment. To analyze the energy consumption of the rotary kiln and it is necessary to study 
the heat transfer process of the rotary kiln. The stability of the thermal system is directly related to the sintering 
material quality, and kiln gas temperature is an important factor influencing thermal system, therefore, it has the 
very vital significance to research air temperature distribution inside the rotary kiln. Firstly, to determine the 
flame temperature of the kiln and throughout the heat transfer coefficient, then analyzed air temperature field 
distribution inside the rotary kiln which using different fuels and different wind speed, found that change trend 
of rotary kiln internal air temperature field along the long direction of the kiln was basically the same when gas 
and methane as fuel, and the temperature of each part in the length of rotary kiln was also very close. The 
internal air temperature in rotary kiln is higher than of 2000 Pa when the induced draft fan discharge pressure is 
8000Pa, and to extend the length of high temperature calcination zone. We actualized the flame and the heat 
flow simulation for rotary kiln according to the working condition of the rotary kiln to simulate the combustion, 
which was indicate the method of the simulation of combustion flame was feasibility and accuracy.  
Copyright © 2013 IFSA. 
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1. Introduction 

 

Rotary kiln is one of the most commonly used 
thermal technology equipment in metallurgical 
industry, its thermal stability is directly related to 
burn into the quality of the material, the gas 
temperature of inside the kiln is important influence 

factors of thermal system [1]. So research the airflow 
temperature distribution inside the kiln, it’s very vital 
significance to understand the status of the rotary kiln 
in the heated, and real-time control the calcination 
condition of the materiel in rotary kiln. 

Martins M A, et al. [2] has done some research on 
the internal heat transfer process of the rotary kiln, he 
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analyzed the dynamic characteristics and flow 
characteristics of the materiel phase and gas phase 
transfer process, and their effect on the influence of 
internal heat transfer process of rotary kiln. With in 
the process of rotary kiln calcination material within 
the physical and chemical reaction process is also 
considered, and the semi-empirical formula is used to 
describe the high temperature flue gas, rotary kiln 
lining and material bed between the process of heat 
conduction, convection and radiation. On this basis, 
establish one-dimensional heat transfer mathematical 
model of a rotary kiln calcination process. At the 
same time by using numerical simulation method, 
within the rotary kiln on the material phase and gas 
phase and the axial temperature distribution of rotary 
kiln wall and rotary kiln in exhaust flue gas 
composition and its percentage is forecasted, the 
results of the predicted results with the actual 
industrial production measured are in good 
agreement. Industrial production process, the internal 
of the physical and chemical reaction is bound to 
have impact on heat transfer when the rotary kiln is 
running, the reaction process itself can not only 
accompanied by exothermic and endothermic but 
also makes phenomena of phase transfer in different 
interphase, so it is necessary to considerate the mass 
transfer process and its influence of incidental 
reaction the in analysis of the internal heat transfer 
process of rotary kiln. The model fully considered 
the influence on heat transfer for the mass transfer 
process, so that the model has a certain practical 
value, but also for future generations of research 
provides a new basis.  

Ma Aichun etc. [3] make alumina materials 
calcination rotary kiln as the research object, have 
the internal heat transfer paths of rotary kiln for more 
in-depth analysis and research, and comprehensive 
considerate the heat conduction, convection and 
radiation heat transfer of the high temperature flue 
gas, rotary kiln wall and material bed, established the 
one-dimensional heat transfer model of alumina 
material calcination of rotary kiln in this base. The 
Runge Kutta method is adopted to the calculate the 
one dimensional heat transfer model, it is concluded 
that the temperature data on any cross section of high 
temperature airflow and materials, research the heat 
transfer law of relative movement for the sealing of 
high temperature gas and low temperature material 
inside the kiln. It can be used for the temperature 
prediction and parameter optimization of the sealed 
section of the internal rotary kiln gas and material 
with this one-dimensional model, in the case of lack 
of experimental conditions is very effective. 

Obtained the flame temperature and airflow 
velocity of induced draft fan in the end of rotary kiln,  
then further simulated the temperature distribution of 
inner flow rotary kiln with Fluent [4] heat transfer 
model. In the course of the study, we transform the 
temperature influence degree of material for airflow 
into the heat convection coefficient [9, 10]; the 
induced draft fan was set in the end of rotary kiln, 
which has great influence on the airflow temperature 

inner rotary kiln. So we can transform the effects of 
induced draft fan into speed and applied to the 
boundary condition, and the heat convection of inner 
kiln belongs to the forced convection which applying 
the boundary condition of kiln end flow velocity. 

 
 

2. Rotary Kiln Temperature Simulation 
of the Internal Flow 
 
It is necessary to considerate the kiln end induced 

draft fan and flame radiation and the high 
temperature airflow by it which simulate the inner 
airflow temperature distribution of the rotary kiln.  
It is need to determine the boundary condition of 
flame temperature and the heat transfer coefficient 
which simulate the inner airflow temperature. 

 
 

2.1. Determined the Initial Flame 
Temperature 

 
The flame temperature of different size under the 

condition that different fuels and different import and 
export conditions, the simulated flame temperature 
ranging from 1200 K to 2330 K, we can choose a 
value, 1800 K, as the initial flame temperature 
conditions to simulate. 

 
 

2.2. Determine the Heat Transfer Coefficient 
 
The heat convection of inner kiln belongs to the 

forced convection, and equation of forced convection 
heat transfer was: 

 
3.08.0023.0 rfefuf PRN   (1) 

 

f
ef v

d
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  (2) 

 

d
kN f

uf


  , (3) 

 
where 

efR - Reynolds number; 

rfP - Prandtl number; 

fv - Flow kinematic viscosity, /sm2 ; 

f - Thermal conductivity, mkw / ; 

 - Airflow velocity, m/s; 

d - Kiln diameter, m; 
k - Correction coefficient; 

 - Convective heat transfer coefficient, kmw 2/ . 

From the reference [1]: rfP =0.725, 

f =0.086 mkw / , because d =3 m, so k =1.06. And 
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from the air temperature plot in reference [2] we 
know that the average air temperature is 1000 oC in 
the kiln, and under this condition calculated flow 

kinematic viscosity fv =20.35e10-6 m2/s. The air 

velocity initial value  =5 m/s, and calculated the 
convective heat transfer coefficient was 

 =31.37 kmw 2/ . 
Due to the flame radiation was difficult to as a 

boundary condition for apply directly, in the project 
will be converted radiation heat convection into 
convective heat transfer coefficient, which the 
equivalent heat transfer coefficient was determined 
by the formula [3]: 
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 (4) 

 

where: 

1 - blackness; 

b - Stefan-Boltzmann's Constant; 

1T , 2T - the two radiation point temperature. 

The temperature of different calcination zone in 
kiln wall has great difference, should be calculated 
separately. Generally speaking, along the length 
direction of the rotary kiln that can be divided into 
dry section, preheating, decomposing section, 
exothermic reaction section, firing section, cooling 
section [4]. In the premise of the results is not been 
affected, the calculation of radiation heat transfer can 
be divided into three typical temperature section 
(preheating section, the firing section and the cooling 
section). For the rotary kiln calcination section of 
each different, the length was not the same, this study 
assumes three typical temperature segment of the 
same length, were 20 m, air temperature curve kiln in 
reference [2], take average temperature for three 

section were yT =1000 oC, sT =1400 oC and 

lT =1200 oC, respectively. According to the reference 

[1], the gas combustion flame blackness was 0.213, 
and Stefan Boltzmann constant is 5.67e-8. Equivalent 
convection heat transfer coefficients of the three 
sections were calculated as follows. 

The preheating section: 
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=143.38 kmw 2/   

 

Comprehensive convection heat transfer 
coefficient of the preheating section: 

 

ryry h =187.75 kmw 2/   
 

The firing section: 
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=200.96 kmw 2/   

Comprehensive convection heat transfer 
coefficient of the firing section: 

 

rsrs h =232.33 kmw 2/   

 
The cooling section: 
 

4 4
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=169.56 kmw 2/   

 
Comprehensive convection heat transfer 

coefficient of the cooling section:  
 

rlrl h =200.93 kmw 2/   

 
After determine the boundary conditions and 

parameters, obtained the internal airflow temperature 
distribution of rotary kiln which was shown Fig. 1. 
Further extracted the distribution curve of 
temperature along the length of the kiln which was 
located the internal air flow and the kiln wall contact 
side, as shown in Fig. 2. It can be seen from the 
figure that the change trend of internal  
temperature directly. 

 
 

 
 

Fig. 1. The cloud picture of internal airflow 
temperature in rotary kiln. 

 
 

 
 

Fig. 2. The distribution curve of airflow temperature along 
the length of the kiln. 
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3. Comparative Analysis of Internal 
Airflow in Rotary Kiln with Different 
Fuels 
 
Different fuels will result in different flame 

temperature, which generate different airflow 
temperature [8]. Comparatively analyze the two 
kinds of fuel that gas and methane [6]. With the same 
energy consumption, the high temperature airflow 
was generated by gas that was 1700 K and by 
methane was 1800 K, which as the initial condition 
for analysis. 

The airflow temperature distribution which 
simulated gas combustion as shown in Fig. 3, further 
extracted the distribution curve of temperature along 
the length of the kiln which was located the internal 
air flow and the kiln wall contact side, as shown in 
Fig. 4, we can see from the graph that was three 
sections of smooth curves apparently, and the 
temperature mutated in transition. This was because 
the research process of rotary kiln was divided into 

three typical temperature (the preheating section yT , 

the firing section sT  and the cooling section lT ), in 

actually it without the three temperature mutations. 
So can be ignored when analysis the results, instead 
of smooth curves. 

 
 

 
 

Fig. 3. The airflow temperature distribution  
of gas combustion. 

 

 
 
Fig. 4. The distribution curve of airflow temperature along 

the length of the kiln. 

Obtain the airflow temperature distribution as 
shown in Fig. 5 which simulation methane 
combustion in the same condition, further extracted 
the distribution curve of temperature along the length 
of the kiln which was located the internal air flow 
and the kiln wall contact side, and as shown in Fig. 6. 
 
 

 
 

Fig. 5. The airflow temperature distribution of methane 
combustion. 

 
 

 
 
Fig. 6. The distribution curve of airflow temperature along 

the length of the kiln. 
 
 
Comparative the Fig. 4 and Fig. 6 can be seen, the 

airflow temperature change trend along the length 
direction of the kiln is basically the same which was 
produced by gas and methane, and the each section 
temperature of the kiln was also very close. So the 
gas and methane can be used as alternative fuels are 
used interchangeably, and two fuels mixture 
combustion has little effect on the calcination.  

 
 

4. The Analysis of Internal Airflow  
in Rotary Kiln with Different  
Induced Wind Velocity 
 
Different velocity of induced wind will influence 

on the inner airflow velocity of rotary kiln, which 
have a certain influence on the heat transfer of kiln 
inner wall with air flow and the material. It can 
obtain the degree of effect on velocity of induced 
wind for inner airflow through simulate temperature 
field distribution of inner airflow under different 
induced wind speed [5]. 
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The velocity of induced wind depends on the 
exhaust capacity of induced draft fan of rotary kiln, 
and different speed fan generated different gas flow 
velocity. The fan was connected with the end of 
rotary kiln through pipelines, so the simulated 
airflow velocity should further transform into the 
outlet airflow velocity of rotary kiln ends. At the 
same time, the exhaust gas flow of rotary kiln and 
induced draft fan output was the same, so it can be 
through formula (5) to convert. 

 

2
2

21
2

1 vrnvr    (5) 

 
where: 

1r - The inner radius of the rotary kiln; 

1v - The airflow speed of rotary kiln end; 

2r - The inner radius of induced draft fan pipeline; 

2v - The inner airflow speed of induced draft fan 

pipeline; 
n - The number of induced draft fan. 

Take the simulated airflow velocity which the 
exhaust pressure of 2000 Pa and 8000 Pa as initial 
condition to carry out contrast analysis [7]. If use  
of 4 induced draft fan, though the formula (5) 
convert, the airflow velocity in rotary kiln end is 
1.44 m/s and 5.32 m/s respectively. 

The simulated temperature distribution as shown 
in Fig. 7 which the fan exhaust pressure of 2000 Pa, 
further extracted the distribution curve of 
temperature along the length of the kiln which was 
located the internal air flow and the kiln wall contact 
side [8], and as shown in Fig. 7. 

 
 

 
 

Fig. 7. The inner airflow temperature distribution of kiln 
fan with exhaust pressure of 2000 Pa. 

 
 

The simulated temperature distribution as shown 
in Fig. 9 which the fan exhaust pressure of 8000 Pa 
further extracted the distribution curve of 
temperature along the length of the kiln which was 
located the internal air flow and the kiln wall contact 
side, and as shown in Fig. 10. 

Comparing Fig. 8 and Fig. 10, can be seen that 
the highest temperature of kiln located in the place 
where far apart from the kiln head of 8 m which the 
fan exhaust pressure of 2000 Pa and the temperature 

was about 1700 K, kiln end temperature is about 
1480 K, and the highest temperature of kiln located 
in the place where far apart from the kiln head of 
20 m which the fan exhaust pressure of 8000 Pa and 
the temperature was about 1750 K, kiln end 
temperature is about 1580 K. Further analysis 
showed that, fan exhaust pressure increases, the fan 
speed was accelerated, and the internal flow of rotary 
kiln temperature went up, and the maximum 
temperature of the kiln moved to tail for some 
distance, extending the length of high temperature 
calcination zone. 
 
 

 
 
Fig. 8. The distribution curve of airflow temperature along 

the length of the kiln. 
 
 

 
 

Fig. 9. The inner airflow temperature distribution of kiln 
fan with exhaust pressure of 8000 Pa. 

 
 

 
 

Fig. 10. The distribution curve of airflow temperature 
along the length of the kiln. 
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So for the different calcination requirements, 
should adjust the velocity of fan end to improving 
calcination effect. 

 
 

5. Conclusions 
 
Through the analysis the inner airflow 

temperature distribution of the rotary kiln which 
using different fuels and different induced wind 
speed, founded that temperature effect on the internal 
airflow of rotary kiln was basically the same when 
gas and methane as fuel, so the gas and methane as 
fuel reserve are used interchangeably，and the fan 
velocity was greater and the internal airflow 
temperature of rotary kiln was higher, and extend the 
length of high temperature calcination zone. So for 
different calcination requirements, should adjust the 
end of fan speed, provided the theory reference for 
the optimization of energy consumption in 
production of rotary kiln. 
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