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Abstract— This paper presents working of tri-sector air 

preheter with performance analysis and optimization. The 

regenerative air preheater absorbs waste heat from flue gas. 

This absorbed heat transfers to cold air by means of 

continuously rotating heat transfer element of specially 

formed metal sheets. Tri-sector air preheater preheats the 

combustion air and primary air that is required to preheat & 

carry pulverized fuel to the burners. Tri-sector APH preheats 

secondary air for use combustion. The model enables studies 

of the flue gas flow through the preheater and the adjoining 

channels as well as the regenerative heat transfer and the 

optimization of pressure drop distribution in the matrix of 

the preheater for different primary air inlet opening. 

Key words: Air preheater, Tri-sector Air preheater, Primary 

Air Inlet Opening, APH, Temperature, Pressure, CFD 

I. INTRODUCTION 

Tri-sector air preheater is the main equipment used to 

recover waste heat from the exhaust flue gas in thermal 

power plants. For fossil fuel-fired power generators and 

industrial processes, the recovery of waste heat energy has 

proven to be one of the most effective ways to conserve fuel 

and lower operating costs. Fuel savings with the Ljungstrom 

APH are about 1-1½ % for every 40°F to 50°F increase in 

combustion air temperature, depending on the application. 

They not only provide the highest fuel saving efficiency that 

is available, but their simplified design and operating 

integrity assure continuous reliable service throughout the 

life of the Plant. Heat energy is captured and transferred to 

incoming air for combustion before it is lost to the stack. 

The result is a substantial saving in fuel that would 

otherwise be required to bring the air up to combustion 

temperature. It can be arranged in a large number of heating 

exchange surfaces with a small volume and can be easily 

maintained and operated. One of the challenges in the use of 

the Tri-sector APH is how to enhance the leakage-control 

and optimization pressure drop performance. It transfers 

heat from the hot fluid to the cold one by using a rotating 

matrix of compact plates and considering the important 

effect of the air preheater on the cycle efficiency, there are 

many studies addressing preheater efficiency. Warren [1] 

published his studies on Ljungstrom as a particular type of 

air to air exchanger and base on the experimental results 

confirmed a minimum reduction of 10% in power plants fuel 

consumption. Skiepko [2,3] investigated the effects of heat 

conduction in the matrix, Peclet number and the length of 

the matrix on the preheater performance [4,5] 

 
Fig. 1: Modular Rotor 

Jonathan Dallaire [6] optimized the thermal 

performance of a rotary heat exchanger considering internal 

structure as porous media. The objective is to maximize the 

rotary heat exchanger’s heat transfer rate per unit surface 

area, control air leakage and optimization of pressure drop 

of APH. Modern high capacity boilers are essential air pre 

heater. Air preheater is an important auxiliary of boiler 

which used improve the efficiency. Air preheater primarily 

preheat combustion air for smooth operation the furnace as 

last system of boiler heat recovers. If the incoming air for 

combustion is not preheat then more fuel consume which 

increase overall cost increase and decrease plant efficiency. 

There are many factors depend on air preheater performance 

like as high seal leakage, basket element fouling and 

plugging [7]. 

 
Fig. 2: Configuration diagram of tri-sector APH 

II. DESCRIPTION OF AIR PREHEATER 

The tri-sector design permits a single rotary Regenerative 

Air Preheater to perform two functions: Coal Drying and 

Combustion Air heating. For computational model of tri-

sector air preheater, the dimensions of rotor diameter and 
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height are 8.6m and 1.8m respectively. There are three 

section made in rotor for primary air intake (the air which 

dries the coal), flue gas exit and secondary air inlet (the air 

which goes to the boiler for combustion).This design, if 

there is a large variation in primary air flow, there is 

relatively little effect on heat recovery since heat that is not 

recovered in the primary section can be picked up in the 

secondary section. This is a highly desirable feature, since it 

minimizes heat losses when alternate fuels are burnt. 

 
Fig. 3: CAD Modeling for 50 PA Opening 

 
Fig. 4: CAD Modeling for 60 PA Opening 

 
Fig. 5: CAD Modeling for 70  PA Opening 

 
Fig. 6: CAD Modeling for 80  PA Opening 

III. GOVERNING EQUATION AND BOUNDARY CONDITION 

The air which used inside the chamber is assumed as 

incompressible fluid with constant properties. In this section 

summarization of the governing equations are given that are 

used in to solve the fluid flow and heat transfer 

mathematically. This solution is based on the principle of 

conservation of mass, momentum, and energy. CFD 

computational equations are: 

Conservation of mass: 

 
The equation of rate change of momentum: 
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Where velocity vector u (with components of the 

velocities u, v, and w in the direction of x, y, and z), 

pressure P, density ρ, viscosity μ, temperature T, and heat 

conductivity k. The changes in these given fluid properties 

can occur over space because this project works on only 

steady state condition. 

IV. NUMERICAL SOLUTION 

For analysis of tri-sector air preheater for different PA 

opening, the whole created in preprocessor ANSYS 

DESIGN MODELER. After creating the geometry, meshing 

was done in which a uniform hexahedral mesh for the entire 

domain was selected. The mesh can be refined near the inlet 

surface to satisfy the standard inlet function conditions but 

because of the complexity it is avoided in this work and a 

uniform mesh is formed over the entire model. Meshing for 

all these cases is accomplished by using ANSYS ICEM. 

 
Fig. 7: Meshing for 50 PA opening Node and Elements: 

16146 and 13056 

 
Fig. 8: Meshing for 60 PA opening Node and Elements: 

16263 and 13152 
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Fig. 9: Meshing for 70 PA opening Node and Elements: 

16263 and 13152 

 
Fig. 10: meshing for 80 PA opening Node and Element: 

16263 and 13152 

The computations had been done with the help 

Fluent 14.5 software in which the governing equations were 

solved using finite volume approach. The overall accuracy 

of the model was selected as second order upwind coupling 

was ensured using SIMPLE algorithm; the model was 

solved for velocity field. Initial conditions i.e. inlet flue gas 

mass flow rate, inlet flue gas velocity, turbulence intensity 

and viscosity ratio were kept same for both the cases. Run 

the solution by giving 2000 Number of iteration for solution 

to converge using I-3 PC with 4 GB RAM 

V. RESULT 

This chapter presents the predicted airflow pressure 

distribution and temperature distribution of different 

opening of primary air inlet of tri-sectional air preheater 

which was considered for analysis. ANSYS FLUENT 14.5 

included the temperature data and pressure data for the 

temperature distribution and pressure distribution of tri-

sector air preheater. 

A. Analysis of air pre heater for 50  primary air opening 

 
Fig. 11: Temperature distribution for 50 PA Opening 

 
Fig. 12: pressure distribution for 50 PA opening 

B. Analysis of air pre heater for 60  primary air opening 

 
Fig. 13: Temperature distribution for 60 PA Opening 

 
Fig. 14: Pressure distribution for 60 PA Opening 

C. Analysis of air pre heater for 70  primary air opening: 

 
Fig. 15: Temperature distribution for 70 PA Opening 
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Fig. 16: Pressure distribution for 70 PA Opening 

D. Analysis of air pre heater for 80  primary air opening: 

 
Fig. 17: Temperature distribution for 80 PA Opening 

 
 

Fig.18 Pressure distribution for 80 PA Opening 

Primary air 

angle 
50 60 70 80 

Primary/second

ary air inlet 

temperature, K 

303.15 303.15 303.15 303.15 

Primary air inlet 

velocity, m/s 
4.2537 3.5447 3.0383 3.0383 

Secondary air 

inlet velocity, 

m/s 

1.82455 1.97657 2.15627 2.37191 

Flue gas inlet 

velocity, m/s 
4.79 4.79 4.79 4.79 

Flue gas inlet 

temperature, K 
623.15 623.15 623.15 623.15 

Primary air 598.92 589.43 582.47 573.10 

outlet 

temperature, K 

Secondary air 

outlet 

temperature, K 

535.40 531.55 527.97 528.37 

Flue gas outlet 

temperature, K 
395.94 394.31 393.07 392.34 

Primary air 

gauge pressure 

drop, Pa 

10451.1

3 

9598.87

2 

8899.74

51 

8331.11

7 

Table 1: Result for Different PA openings 

VI. CONCLUSION 

A three-dimensional CFD simulation was developed to 

analysis of tri-sector air preheater for different primary air 

inlet opening. The calculation domains were discredited 

with a hexahedral meshing for the entire domain was 

selected. Using ANSYS FLUENT 14.5 software a finite 

volume code was used for the numerical implementation of 

the models. 

 As primary air opening increases pressure drop across 

primary section of air pre heater is reduced 

significantly, as a result loading on primary air fan get 

reduced thus we got margin on PA FAN. 

 By increasing primary air opening thermal performance 

of air pre heater is improved, as flue gas temperature 

drop across air pre heater is increases with increased 

primary air opening angle. 

 Increase in primary air opening angle lowers the 

pressure drop across primary section of air pre heater 

but it lowers PRIMARY AIR temperature also. 

 Primary air has two purposes i.e. it absorb the moisture 

in pulverized coal & it lifts the coal from mill brings it 

to boiler. For this reason we get optimum results in 

between 70 primary air opening. 

 Temperature distribution of air pre-heater indicates 

highest temperature  achieved neat to centre of rotor  

and at cold end chances of corrosion is high   thus 

suitable material  selection is done  with keeping this 

facts in mind. 
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