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Abstract: The project statement is to optimize the heat transfer 

in a compact heat recovery unit (Heat Recovery and Emission 

Control Equipment - HREC) using CFD with application in day 

to day life. In general, the outgoing exhaust gasses are released to 

atmosphere at over temperature of the dew point of water vapor 

in waste gases. Recovering a portion of the waste heat enhances the 

efficiency of the equipment and as well reduce the emissions 

providing energy savings and green environment. In this study, the 

potential of recovering waste heat emitted by any heat generation 

units in common day to day life and in industry is considered. The 

Heat Recovery and Emission Control Equipment (HREC) acts an 

intermediate unit at the exit of hot gas generation unit & feed 

water heating unit. As a result of the calculation, it was determined 

that recovery of the waste heat can be employed at many 

applications as like as a combustion air preheater by means of a 

recuperator. 
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1. Introduction 

Now-a-days, due to the rapid population growth and 

industrial growth has immense effect on the usage of energy. 

Enormous amount of power is needed to be produced to meet 

the world’s energy requirement. In doing so most of the power 

plants emits large amount of hot gases along with polluting 

agent. As the population increases, need for the vehicle is also 

increases hence more combustion engines to be produced and 

used to run a vehicle. During the process of power production, 

large amount of heat is liberated from the various processes and 

it is simply dumped into the nature without making use of it. 

Boilers, furnaces, ovens, processing plants and etc. are the 

various areas where we can get heat energy [1]. The dumped 

heat from these sources into the nature is called as waste heat. 

Waste heat from the sources is may be due to the 

thermodynamic limitations and economical factors related to 

the processing equipment. It is possible to get some usefulness 

from the waste heat by using special unit called as Waste heat 

recovery unit. 

Generally, recovery of waste heat depends upon two 

important factors those are [1], 

a) Quality of Heat losses 

b) Quantity of Heat losses 

 

a) Quality of Heat Losses 

Depending upon the type of processes waste heat emitted 

from the various sources will of different temperature. 

Generally, we can get the heat in three grades that is high 

temperature grade heat, medium temperature grade heat and 

low temperature grade heat [2]. Waste heat harnessed from 

various processes can be used for the other processes such as 

space heating, combustion air preheating, preheating of boiler 

feed water and etc. quality of the heat depends upon the 

temperature grade of the obtained heat, hence it is necessary to 

know the temperature grades of waste heat followed by its 

usage for different processes.  

b) Quantity of Heat Losses 

In any heat recovery situation, it is essential to know the 

amount of heat recoverable and also how it can be used. 

A. Classification and Application of Waste Heat  

High Temperature Heat: Almost all the waste heat of high 

temperature grade is emitted from the direct fuel burning 

processes. Temperatures of waste hot gases emitted from the 

various industrial process equipment contains high quality of 

heat [2].  

Medium Temperature Heat: The temperature of waste gases 

from process equipment are in the medium temperature range 

of 100-400°C. This type of waste heat is extracted from the 

exhaust of directly fired process units. 

Low Temperature Heat: This type of temperature range is 

usually not practical to extract work from the source, though the 

steam production may not be completely neglected if there is a 

need for low-pressure steam. Such temperature range may be 

useful in an auxiliary method for preheating purposes 

The waste heat extracted can be used for space heating, 

preheating air, feed water heating and drying purposes etc. 

B. Selection of Waste Heat Recovery Unit 

 There are many types of heat recovery units will be 

available, with this a common question will arises regarding the 

selection of suitable unit. 

1) Understanding the process  

Understanding the several techniques for the process is very 
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much essential for development of a Waste Heat Recovery 

system. This can be achieved by reviewing the process flow 

sheets, layout diagrams, piping isometrics, electrical and 

instrumentation cable ducting etc. The complete study of these 

documents will help in identifying:  

a) Sources and uses of waste heat. 

b) Upset conditions occurring in the plant due to heat 

recovery. 

c) Availability of space. 

d) Any other constraint, such as dew point occurring 

in an equipment etc.  

After identifying the source of waste heat and the possible 

use of it, the next step involved in the process is to select a 

suitable heat recovery system for extracting the waste heat. 

2) Economic evaluation of waste heat recovery system  

The evaluation of heat recovery system depends on financial 

factors such as investment cost, depreciation cost, payback 

period, rate of return etc. In addition to these factors, 

suggestions from experienced specialists and suppliers must be 

obtained for rational decision. 

C. Types of Heat Recovery Systems 

1) Innovative heat recovery system 

The reason for this strategy is to improve the proficiency of 

a heat pipe exchanger by using a phase change material. The 

upper piece of the warmth pipe, is covered in a copper lodging 

which is loaded up with paraffin RT-21. The warmth pipes are 

normally made of copper material and they use water as the 

working liquid.  

2) Regenerative burners 

Regenerative and recuperative burners shown in figure 1 

enhance energy productivity by consolidating heat exchanger 

surfaces to catch and utilize the waste warmth from the hot pipe 

gas from the ignition cycle. 

 

 
Fig. 1. Regenerative burners 

 

3) Plate heat exchangers 

Plate heat exchangers are the gadgets which are utilized to 

move heat starting with one liquid then onto the next to keep 

away from the cross pollution between the liquids. Between 

each two sequential plates there is a space or entry that has been 

actualized which makes the hot and cold liquids stream along 

and through the plane of the plates as shown in figure 2. 

 

 

 
Fig. 2. Plate heat exchanger 

2. Literature Review 

The ample quantity of heat is available from the various 

sectors and which can be utilized for the various processes by 

using a device called heat recovery unit [3], [4]. To analyses the 

flow behavior of heat around the device a special analytical tool 

called CFD can be used in various processes and studies [5]- 

[11]. For CFD analysis various models are available but RANS 

K-€ model is selected as it is very simple for indoor and outdoor 

flow simulations [12]. We can handle various fluid flow 

conditions and can achieve better performance with least 

percentage of error by using K-€model. ANSYS software will 

be used for the characterization of meshing in CFD. Tetrahedral 

and hexahedral geometries are available for the meshing 

analysis both the geometries are having disadvantages in terms 

of time consumption factor.in order to compensate these 

disadvantages tetrahedral geometry will be considered for 

meshing analysis.it is also examined that heat transfer 

coefficient is different for different types of tubes arrangement. 

3. Objectives and Methodology 

A. Objectives of the work 

The objective of the project is to be divided into two aspects, 

1. Evaluate various application for such HREC 

Equipment with application to a. Domestic use b. 

Industrial scenarios. 

2. Optimize the tube routing inside a HREC Equipment 

using CFD for maximum heat recovery by considering 

the tube layout submerged in feed water as in the case 

of a flue gas recovery unit. Tube arrangements are 

varied into multiple lay outing such as  

a. Inline arrangement  

b. U tube routing vertical plane  

c. U tube routing horizontal plane  

The approach followed in this investigation is to simulate the 

As-built condition to understand the flow behavior and 

thereafter suggest modification of the problematic area such 

that flow reversals are eliminated and heat transfer is optimized. 

Best tube layout is selected based on following criteria,  

1. Optimum heat transfer  

2. Minimum pressure loss  

3. No flow abnormalities and reversals to mitigate noise & 

enhance life. 

B. CAD Modelling 

The CAD Modeling of the heat recovery boiler is done by the 

top down approach, where the housing is modeled as shown in 

the figure and then the gas tubes are modeled with respect to the 
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dimensions as mentioned above and with reference to the 

housing. The headers are modeled with the specified 

dimensions and according to the cases differently. The inlet and 

outlet water tubes are modeled with reference to the headers. 

The auxiliary water tubes arrangements are made differently 

with respect to the cases specified. 

 

 
Fig. 3. CAD model of casing 

 

 
Fig. 4. Horizontal and vertical tube arrangement 

 

The casing of heat recovery unit and straight inline 

arrangement of tubes is as shown in figure 3. horizontal tube 

arrangement and vertical tube arrangement model is sown in 

Figure 4. For all these three different types of tube arrangement 

an investigation is done to determine the maximum heat 

recovery arrangement. 

C. ANSYS Meshing 

 

 
Fig. 5. Meshed model 

Here tetrahedral meshes are generated for analysis. Global 

and local edge sizing was used to control the mesh generation. 

Face sizing option was also utilized. Local mesh sizing was 

applied at the tubes and the header to control the mesh 

generation. Total element count is around 600k. Element 

quality is measured in terms of skewness and orthogonal 

quality. It was found that quality lies in the acceptable range. 

The figure 5 shows the density of mesh elements. Fine elements 

are required near tube walls. 

D. Numerical Modelling 

This includes the geometry required for the simulation, mesh 

generation, case setup and solver settings. Case setup involves 

selection of mathematical models that governs the physics of 

the problem, defining material properties, cell zones and the 

boundary conditions. After the solution, the results were 

evaluated in the post-processing step which is discussed in the 

next chapter. The Fluent solver in ANSYS software is used for 

solving the problem which is based on Finite Volume Method 

(FVM). 

 

 
Fig. 6. Model for CFD analysis 

 

In figure 6, it can be seen that only the half of the actual 

geometry is considered for CFD analysis. This is due to 

symmetry in the geometry as well as boundary conditions. This 

will help to reduce the mesh count as well as computational 

time. 

1) Materials used and their properties 

In the present case, the hot flue gas enters into the furnace at 

750°C and 5bar whereas the water enters the tube at 20°C and 

0.5bar. Therefore, the properties of fluids are evaluated at this 

temperature as shown below in table 1. 

 
Table 1 

Properties of materials 

Properties Water Flue Gas 

Density (kg/m3) 998.435 0.51572 

Viscosity (kg/m-s) 0.0010014 0.00004407 

Thermal conductivity (W/m-k) 0.5987 0.06902 

Specific Heat (J/kg-k) 4183.24 1146 

4. Results and Discussion 

In this section, the results from the CFD analysis for three 

configurations will be compared and the best tube design will 

be selected on the basis of the following factors: 

 Highest heat transfer rate 

 Highest heat exchange between fluids  
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 Highest temperature rise in water 

 Pumping power required in water tubes 

 

 
Fig. 7. Comparison of heat transfer rate 

 

 
Fig. 8. Comparison of total heat transferred 

 

 
Fig. 9. Comparison of water temperature rise 

 

 
Fig. 10. Comparison of pressure drop 

 
Fig. 11. Comparison of tube bundle mass 

 

From the above charts, following important points were 

made: 

 Horizontal U-tube configuration is best among the three 

configurations in terms of heat transfer rate. Its heat 

transfer coefficient is 2636.16W/m2-k which is 26.8% 

higher than the vertical U-tube configuration & 561% 

higher than the inline-tube arrangement. 

 Vertical U-tube configuration is best among the three 

configurations in terms of total heat transferred. 

Accordingly, it has highest rise in water temperature 

which is 5.74°C. This temperature rise is 25.3% higher 

than the vertical U-tube configuration & 63.8% higher 

than the inline-tube arrangement. 

 In terms of pressure drop, inline configuration is good 

but it does not matter because its heat transfer rate is very 

low. However, the pressure drop in horizontal U-tube is 

51758Pa which is 6.7% lower than the vertical U-tube 

configuration. 

 In terms of mass of the tube geometry, which includes 

tube bundle, inlet and outlet headers, configuration 2 is 

much lighter than the other two configurations. Its mass 

is 261.82 kg which is 46.42% lighter than vertical U-tube 

configuration and 136.5% lighter than the inline tube 

configuration. 

5. Conclusion  

In this research study, three configurations of heat recovery 

and emission control system (HREC) were numerically 

modeled using fluent solver in ANSYS 19.0. The heat recovery 

system is a type of heat exchanger which recovers heat from the 

hot flue gas and utilizes it to heat up the cold water. The 

objective was to optimize the tube routing inside a HREC 

Equipment using for maximum heat recovery. After simulating 

the three configurations it was observed that the inline-tube 

configuration has very low heat transfer rate as compared to 

horizontal and vertical U-tube configuration and also it has 

highest mass among the three configurations.  

On comparing the horizontal and vertical tube 

configurations, it can be concluded that the horizontal U-tube 

configuration is better option on the basis of following points: 

 It has 26.8% higher heat transfer rate than the vertical U-

tube configuration. 

 Pressure drop in this arrangement of tube is 6.7% lesser 
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than the vertical U-tube configuration. 

 The mass is about 46.42% lower than the vertical U-tube 

configuration. 

 The cost of material will be less for horizontal U-tube 

configuration. 

 Total heat transferred in vertical U-tube is higher than 

the horizontal U-tube due to higher heat transfer area. 

But much higher total heat transfer can be achieved for 

horizontal U-tube configuration by making its heat 

transfer area equivalent to vertical U-tube configuration. 
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