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Abstract 

The increment of energy consumption in the world makes necessary to explore every kind of technology available to 

produce and convert each energy sources. Fossil fuels, currently, represent the prime energy sources in the world, many 

actual problems are associated at how the fossil fuels were used in the last decades. Fossil fuels do not exist in an 

inexhaustible supply; furthermore, the expected environmental damages such as the global warming, acid rain and urban 

smog due to the production of emissions from these sources have induced the world to start a hard environmental politic 

to reduce the use and consequentially problems associated with fossil fuels. These problems translate they in a new 

energetic politic addressed to explore other energy sources and to research new technologies reducing the environmental 

impact with a positive economy.  

During the last years, the utilization of a variety of renewable energy sources has been revealing the best way to reduce the 

problems associated at the use of fossil fuels. The renewable energy sources (RES) are less environmental harmful than 

fossil fuels, in addition, there are many ways where they could play a key role as energy source. The many opportunities 

shown from the use of RES make its study an important research field, where researchers have been studying to obtain 

two different goals: the improvement of the available technologies and the increment of sources to include into RES. 

This work is focused on the study of using biomass, one of the most important RES, improving a possible way where its 

use isn’t yet widely diffuse due to low energy efficiency. The use of biomass such as energy source is in constant growth, 

in that it is one of the most abundant resources in the world, in fact it represents waste products from the agriculture 

which can be obtained everywhere with regular cycles. Nowadays, there are several productive processes where the 

biomass can be converted to solid, liquid or gas fuels that are capable of creating energy in the same way that fossil fuels 

do. 

With exercise proper biomass conservation techniques, any form of biomass that is harvested to produce energy can be 

replaced over a period of time, while fossil fuels exist in finite amounts that will never be replaced.  
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Others advantages, relative at the use of biomass as a fuels concern the cost. The trend of the producing cost of energy 

from biomass shows a value lower than the producing cost of fossil fuel due to the additional cost associated with the 

processes of extracting and finding fossil fuels, which are growing with the time due to the exhaustion of reserves.  

Finally, the main problem is associated at the emission effects from the use of fossil fuels to produce energy. The 

combustion of fossil fuels produces 90% of greenhouse and other air pollutants, such as nitrogen oxides, sulfur dioxide, 

volatile organic compounds and heavy metals. Greenhouse like CO2 causes the global warming which carries to climatic 

changing. The goal of each energy program is the reduction of the emissions of CO2. By utilizing biomass to produce 

either energy or fuels, the emission of CO2 are reduced because the biomass starts from agriculture and it needs CO2 to 

grow up, thus the lifecycle of biomass can be considered hypothetically at 0-emissions , in reality there is still a production 

of CO2 but the global cycle is advantageous. 

Nevertheless, the utilization of biomass in energy section is limited to heat and seldom for power production due to the 

impurities presented into it. The current main way, where biomass is used, it is the gasification, where the biomass is 

converted into gas fuels or fluid fuels. While a new important way, where biomass has been starting playing a key role is 

the production of steam from its combustion. The produced steam is used in a turbine system to produce power. These 

kinds of plants, where there is a direct combustion of biomass, are not widely used in current power plants, due to the 

problems associated with the combustion system which cause low energy efficiency.  

This study was divided into two parts: the first part is focused on the study of the possible new use of biomass, by 

conducting an analysis of plants where a direct combustion of biomass is used to produce power, finding a feasible cycle 

with high energy efficiency, comparable with the power plant where fossil fuels are used. The second part was conducted 

through a CFD modeling to analyze how a new device, that it was thought to insert in the plant, works.     

The first part, described in Art.1, is addressed on the improvement of a conventional power plant, where biomass is burnt 

to produce steam, from the energy efficiency point of view. The presence of many organic compounds into the biomass 

produces many undesirable reactions which evolve making corrosion and pollutant production inside the boiler. If it is 

used a conventional boiler, these problems imply low useful life of the boiler. To reduce the effects of the corrosion, the 

boiler needs to work at value of steam data lower compared to the case where fossil fuels are used; this means lower 

energy efficiency that makes the direct combustion not enough productive. A biomass fired boiler operates at typical 

steam data, 320°C et 25 bars compared to 530°C et 60 bars in coal fired boiler, wasting valuable source of energy. 

The approach at the study of biomass power plant is conducted by starting from a literature analysis, and consequentially 

some biomass power plants were been simulated by the use of Aspen Plus, a chemical process simulator. This software, 

described in Art.1, was used to study two different power plants.  

The first simulated cycle was a conventional Rankine cycle, Fig.1; it was done to have a base case with which it was 

possible to compare the following cycle. Each simulated plants work with the steam data found in literature.  

The second simulated cycle, which is the proposed plant, shown in Fig.2 was made by starting from the Rankine cycle. An 

improvement was carried out by increasing the steam data in each block within the cycle. The increment of the steam data 

was done through the introduction of a new device inside the plant.  

The inserted device is an auxiliary combustor which works as a link between combustion section and power section. The 

combustor lead to advantages in both section because, in the combustion section it allows to work with a biomass boiler 

which doesn’t need to bring steam data at the same levels of fossil fuels stretching the useful life of boiler; while in the 

power section the auxiliary combustor allows to increase the input steam data which is accompanied with a consequent 

increment of efficiency. In other words, the auxiliary combustor shifts the boundary condition associated at the 

temperature from the output of boiler to the input of turbine system.  
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Inside the auxiliary combustor a reaction between oxygen and hydrogen is carried to increase the steam data; the reaction 

evolves in a steam environment transferring heat through radiation and convective phenomena. The study of the auxiliary 

combustor represents the goal of the second article, so the data received from the simulator were used as good.  

The device allows two kinds of improvement inside the cycle; the first one is associated at the increment of the 

temperature, while the second one is associated at the increment of the steam flow rate to the turbine system.  

To study how auxiliary burner makes the power plant better than Rankine cycle, the analysis was conducted by two points 

of view based on the laws of thermodynamic. The first was an energy analysis, while the second one was an exergy 

analysis; the real useful energy loss cannot be justified by the first law of thermodynamics which doesn’t differentiate 

between the quantity and quality of energy. Energy analysis presents only quantitative results while exergy analysis presents 

qualitative results about energy consumption.  

The results, shown in Tab.1,2; illustrate how the introduction of the auxiliary boiler renders the proposed cycle a good way 

to increment the use of biomass because both energy efficiency and exergy efficiency are increased. Starting from these 

conclusions, a study of the dynamic of the auxiliary boiler was required in order to explain how it works. This preliminary 

design was carried in the Art.2. 

In the Art.2, Computational Fluid Dynamics (CFD) was applied to model and test the new device inserted in a 

conventional power plant, where biomass is used instead of fossil fuels. Into this device, combustion between hydrogen 

and oxygen occurs; the hot gases generated are used to heat a stream of steam that flows into the same device to increase 

its data upstream of the turbine. 

The apparatus was designed thinking to a Trapped Vortex Combustor (TVC), Fig.1: this is a typical combustor where the 

reaction between the main parts of the reagents occurs in a cavity creating a vortex. In this way, a stable flame is generated 

inside the trap and the hot gases produced go into the central part of the body where the remaining amount of the 

reagents is injected. These gases heat the reagents and increase the turbulence inside the combustor enhancing the reaction 

rate and thus the efficiency of combustion. 

Starting from this kind of design, geometry with similar characteristic from the combustor chamber point of view was 

thought and then developed and tested through CFD simulations.  

Hydrogen combustion is an exothermic reaction, meaning that it releases a significant amount of energy when carried 

through to completion. Oxygen was chosen as oxidizer thus the end products of the reaction include only water vapor and 

heat, based on the chemical formula expressed in Eqn.1. This reaction allows heating the steam and increasing its mass 

flow rate upstream of the turbine, improving the energy efficiency of the whole power plant. 

Geometry of the dispositive can be thought as composed by two different parts: the central body where the steam is 

injected and a circular ring, where the combustion occurs. Regarding the central body, this was designed as a simple pipe, 

where the steam flows and it is heated by the action of the hot gases originated from the reaction. Concerning the circular 

ring, this represents the cavity where the reaction is trapped, Fig.2, Fig.3. In this manner, it is possible to avoid that oxygen 

is dragged into the steam, this may cause problems downstream of the turbine, where a pump is installed in fact, oxygen is 

an incondensable substance and it could generate cavity problems within the pump; in addition, if part of oxygen goes into 

the steam, the reaction rate of the combustion is reduced since oxygen was inserted in stoichiometric amount.  

To reduce the computational cost, only a section of the whole dispositive was drawn in 3D-CAD and it was used for the 

calculation, as it is shown in Fig.4. Analyses were conducted to understand how the temperature of the steam was affected 

by the action of the combustion reaction. 
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A three dimensional, steady state, reacting flow system was considered and simulations were conducted to show the effect 

of turbulence on the temperature behavior of the steam. As combustion model for non-premixed systems was chosen 

Eddy Break-up (EBU) model that is based on the assumption that the reaction rate is controlled by turbulent mixing 

between the oxidizer and the fuel inside the combustion chamber.  

This was demonstrated by the results obtained in the simulations and shown in the Fig.5-9. Turbulence parameters like 

turbulence length scale and its dissipation rate were increased starting from the lowest values found from the Eqn.8 and 

Eqn. 9, in function of the geometry of the device.  

Increasing these turbulence parameters, the mixing inside the combustor augments, the reaction rate enhances and the 

heat distribution improves. The hot gases heat the steam and its temperature increases, in addition the heat is dispensed in 

a better way and not only the part of the steam surrounding the outer zone warms, but the distribution of the heat is more 

homogeneous. 

At the end, the geometry was changed inserting more cavities in series, where the reaction occurs: as expected the 

temperature profile of the steam shows the same trend in each geometry, but it shifts to higher temperature levels when 

more cavities are considered, Fig.10. These results show one possible design of the device but not the only one. 

These works are preliminary studies focused on the enhancement of the use of biomass as an energy sources. Initially, the 

analysis was conducted on the global point of view, by analyzing the properties and the advantages of the use of biomass 

through the study of technologies that have already a good level of knowledge. Sequentially, the done choice was that of 

to address the researches in a field where the use of biomass is stating now and it is not widely studied. It was proposed a 

new way to increment its use and update the technologies with innovative device. The subsequent step has been the study 

of the proposed device through the use of a CFD program which allows a fluid dynamics approach that shows how the 

device works. At the end, to confirm the results shown in these works, an experimental validation would be needed.  
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Abstract— This paper describes the potential improvement in a 

typical biomass power plant, which is used to create power 

through a direct combustion of biomass. The improvement is 

obtained by introducing an auxiliary burner in the plant. The 

auxiliary device takes advantage by the heat of reaction between 

oxygen and hydrogen to increase the steam data from the boiler. 

The increment of the steam data are needed in order to raise the 

utility of this kind of plant because the biomass boiler suffers of 

corrosive and fouling problems. These effects become strong 

when the temperature of the produced steam overcomes 593 K, 

consequently the follow power production system works with low 

energy efficiency. The auxiliary device allows to by-pass the 

temperature problem of the boiler by increasing the steam data; 

this has as consequence an improvement of the efficiency. The 

auxiliary device is placed before the power section. To check the 

effects of the auxiliary boiler, the proposed cycle is compared 

with a simple Rankin’s cycle which works at the same pressure 

levels. The comparison is given in terms of energy analysis and 

exergy analysis; the latter allows to view where the irreversibility 

are concentrated in the plant. The results show how the auxiliary 

burner enhances the global energy efficiency, which value is 

increased at least of 6%. Furthermore, the exergy analysis shows 

a better distribution of the irreversibility in the proposed plant 

than the Rankin’s cycle. These advantages give a good way to 

increment the use of the direct combustion of biomass in order to 

reach a level comparable with other kind of power production 

plants. 

Keywords-component; exergy, energy, steam power plant, 

biomass 

I. INTRODUCTION 

Currently, fossil fuels such as oil, coal and natural gas 

represent the prime energy sources in the world. Moreover, the 

expected environmental damages such as the global warming, 

acid rain and urban smog due to the production of emissions 

from these sources have tempted the world to try to reduce 

carbon emissions and shift towards utilizing a variety of 

renewable energy resources (RES) which are less 

environmentally harmful. The RES are playing a key role in 

the research to increment its use [1] [2] [3] [4]. 

The biomass is one of the main RES. Its use is increasing 

due to the rise of the cost of fossil fuel and the improvement of 

the innovative power production systems [5] [6] [7] [8]. There 

are several methods available to convert biomass into useable 

form of energy. The actual main way is the gasification, where 

the biomass is used to produce a gas fuel (syngas) or liquid 

fuel, while an attractive way is the direct combustion of it to 

produce steam, which is used to produce power [9] [10]. 

The power plants with a direct combustion of biomass is 

not widely used due to the low energy efficiency associated, 

this is given by the composition of biomass which compared 

to inorganic fuel types is considerable variable. The presence 

of alkali, alkaline earth metals, in combination with other fuel 

elements such as sulfur and silica, facilitated by the presence 

of chlorine, are reasonable for many undesirable reactions in 

the boiler that evolve with problems of fouling, corrosion and 

pollutant production [11] [12]. These effects tend to increase 

with the increment of the steam temperature; consequentially 

there is a border limit in the steam production to preserve the 

boiler. This limit is established by the temperature of the 

steam which cannot overcome 593K. The steam temperature 

plays a key role in each phase of the power production plant, 

through its values the efficiencies are evaluated and the plant 

is designed.  

In order to overcome the boundary limit, given by the steam 

temperature, an alternative cycle is proposed. The alternative 

cycle presents an auxiliary combustor downstream of boiler. 

The auxiliary combustor exploits the heat of combustion 

between hydrogen and oxygen to increase the steam data 

before the turbine in order to shift the boundary condition 

from the boiler to the turbine. The increment of the steam data 

is defined by the boundary condition of the turbine inlet 

temperature which cannot be higher than 803K, which is equal 

a temperature difference between the steam data and the 

saturation conditions of about 300K at 25 bar, which means a 

higher enthalpy drop in the turbine.  

The combustion reaction into the auxiliary burner is 

conducted with the presence of the steam within the reaction 

environment. The auxiliary combustor was designed as a 

trapped vortex combustor, where the contact between oxygen 

and steam is avoided by the presence of a cavity where the 

reaction is conducted. The heat of the reaction is transferred to 

the steam through convective and radiation phenomena. The 

choice of hydrogen as fuel is linked at the operative conditions 

within the power cycle. The combustion of hydrogen produces 
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a colorless flame that reaches temperature above 2000K at 

which the phenomena of radiation associated at hydrogen 

flame evolves in the spectra of ultraviolet. At any rate, the 

reaction of hydrogen produces only steam, which is sent with 

the working fluid (always steam) to the turbine. In this 

manner, both the mass flow rate of the working fluid and the 

steam data are increased, producing an improvement of the 

inlet conditions for the power production system.  

In this work, the proposed cycle is compared with a simple 

Rankin’s cycle to understand and view the effects of the 

auxiliary device. The comparison is conducted through a 

thermodynamic analysis which is subdivided in energy and 

exergy analysis. The energy analysis is relative at the first law 

of thermodynamic and represents the main way to check the 

efficiency of the plant; while the exergy analysis is associated 

at the second law of thermodynamic, which takes the 

irreversibility associated at the physic transformations of the 

working fluid into account.  

The goal of this work is addressed to improve the energy 

efficiency of a typical biomass power plant, in order to 

increase the use of biomass in power plants economically and 

energetically comparable with the common power plants. 

II. ASPEN PLUS 

The proposed power plant and the Rankin’s cycle were 

simulated through the use of a process simulator which is 

Aspen plus [13] [14]. Aspen plus is a process modeling 

software suitable for a variety of steady state modeling 

applications. The system can be simulated by interconnecting 

some blocks which correspond to unit operations. The 

simulation is performed by specifying flow rates, 

compositions and operating conditions of the inlet streams and 

by setting the operating conditions in each used blocks. Based 

on these data, the program makes energy and mass balances to 

evaluate the output conditions of all streams.  

III. SYSTEM DESCRIPTION AND THE ENERGY 

ANALYSIS 

A. Rankin’s cycle 

The designed Rankin’s cycle works with a single working 

fluid which is steam. The basic schematic of the plant is 

shown in Fig. 1. The water is initially heated through two 

economizers and one deaerator, before the inlet into boiler. 

The economizers are simulated using a heat exchanger blocks 

into Aspen, and by setting the outlet condition of the cold 

streams. In the first economizer the hot stream is represented 

by the outlet stream by the low pressure turbine (LPT), while 

in the second economizer, the hot stream is represented by the 

outlet from the high pressure turbine (HPT). The deaerator is 

simulated with a flash unit, where the heat of the split stream 

is used to increase the enthalpy level of the water. The water is 

sent into boiler at 403 K and leaves it at 593 K at 25 bar. The 

boiler block is simulated with two blocks: the first one, B1, is 

a stoichiometric reactor where the reaction of fuel evolves in 

over stoichiometric conditions; the second block, B17, is 

represented by a heat exchanger, where the hot gases produced 

into the reactor are used to heat and produce steam. As fuel 

within boiler methane is used. The boiler is used to produce 

two streams (STEAM and STEAM1) of super-heated steam to 

WATEROUT WATER2 WATER3 WATER4 WATER5 WATER6 S TEAM S TEAM1OU S TEAM1HE S TEAM1 S TEAM2 OU S TEAM2 A S TEAM2 B S TEAMOUT WATVAP

Fro m B16 B15 B13 B10 B14 B7 B17 B6 B7 B17 B8 B9 B9 B11 B13

To B15 B13 B10 B14 B7 B17 B6 B7 B17 B8 B9 B10 B11 B13 B16

P h a s e : Liquid Liquid Liquid Liquid Liquid Liquid Va por Va por Mixe d Va por Va por Va por Va por Mixe d Mixe d

Te mp e ra tu re K 283 284 303 370 372 403 593 484 444 586 506 506 506 306 306

P re s s u re B AR 0,05 10 10 4 25 25 25 8 8 8 4 4 4 0,05 0,05

Va p o r Fra c tio n 0 0 0 0 0 0 1 1 0,97 1 1 1 1 0,89 0,86

Ma s s  En th a lp y KJ/KG - 15936 - 15931 - 15849 - 15568 - 15558 - 15427 - 12904 - 13091 - 13221 - 12885 - 13036 - 13036 - 13036 - 13661 - 13743

Ma s s  En tro p y KJ/KG- K - 9,30 - 9,29 - 9,01 - 8,17 - 8,15 - 7,81 - 2,68 - 2,53 - 2,81 - 2,14 - 2,10 - 2,10 - 2,10 - 1,85 - 2,12

Ma s s  fra c tio n

    H2 O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Ma s s  Flo w KG/HR 1500 1500 1500 1667 1667 1667 1667 1667 1667 1667 1667 167 1500 1500 1500

TABLE I. STREAM PROPERTIES FOR RANKIN’S CYCLE. 

 

Figure 1. Rankin’s  cycle 

. 

Boiler 

HPT

er 

LPT 
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send in the power production system which is simulated 

through three turbines. The first turbine is a HPT which works 

at 25 bar as inlet pressure and 8 bar as outlet pressure is a 

single stage turbine. The second and third turbines are used to 

perform a multistage turbine, in order to allow a split of the 

steam. The LPT works with 8 bar as inlet, 4 bar as split 

pressure and 0.05 bar as outlet pressure. This pressure 

represents the pressure level into condenser which is simulated 

with a heater. The stream data are shown in Table I. 

B. Proposed  cycle 

The designed biomass power plant works with one working 

fluid, the steam; the basic schematic of the plant is shown in 

Fig. 2. This plant cannot be considered closed due to the 

presence of a steam source in the auxiliary combustor. The 

water is sent at 25 bar and 403K into the boiler that is 

simulated with two blocks: the first is a stoichiometric reactor, 

where the combustion of biomass is conducted, while the 

second block is a heat exchanger where the produced hot 

gases from reactor are sent to produce super-heated steam. 

The outlet steam temperature of the boiler is 100K higher than 

the condition of saturation. To decrease the amount of heat 

needed to produce the super-heated steam within the boiler, 

the water is sent through three economizers, each economizer 

is simulated as heat exchanger. After the boiler, the steam is 

sent to the auxiliary combustor where also hydrogen and 

oxygen in stoichiometric conditions are sent. The reaction 

evolves at the pressure of the reactants which is set at 25 bar. 

The heat of combustion allows increasing the steam data to a 

temperature of 300K higher than conditions of saturation. To 

increase the efficiency, the steam produced by the auxiliary 

combustor is used also to increase the temperature of the inlet 

stream of second turbine. In other words, the auxiliary burner 

is used to produce two increment of temperature, for HPT and 

LPT turbines. This heat recovery is conducted through a heat 

exchanger. The turbines system is simulated with three 

turbines in order to simulate a split fraction within the second 

turbine. The pressure levels are 25 bar for HP, 8 bar in LP and 

0.05 bar in the condenser. The condenser is simulated with 

heat exchanger block to evaluate only the heat lost. The stream 

data are shown in Table II.  

C. Energy analysis 

To evaluate what are the differences between the two 

cycles, the respective energy efficiencies are evaluated [15] 

[16]. The global energy efficiency is calculated through the 

Eqn.1:  

                
g
 

Pe

q  i
                                        (1) 

Where Pe represents the produced power by the system of 

turbines, while the product q  i represents the amount of the 

heat equipped at the global system and it is evaluated by the 

Eqn.2 [17] [18] [19] [20]. The amount of heat was evaluated 

by considering the use of methane in the boiler. Methane is 

HOTS TEAM HYDROGEN OXYGEN S TEAM S TEAM1 S TEAM1HE S TEAM1OU S TEAM2 S TEAM2 A S TEAM2 B S TEAM2 OU S TEAMOUT WATER WATER2 WATER3 WATER4 WATER5 WATER6 WATEROUT WATVAP

Fro m B3 B2 B5 B7 B6 B5 B9 B9 B8 B11 B15 B13 B10 B14 B7 B16 B13

To B5 B3 B3 B3 B6 B5 B7 B8 B10 B11 B9 B13 B15 B13 B10 B14 B7 B2 B16

P h a s e : Va por Va por Va por Va por Va por Va por Va por Va por Va por Va por Va por Mixe d Liquid Liquid Liquid Liquid Liquid Liquid Mixe d Mixe d

Te mp e ra tu re K 955 298 298 593 803 639 670 801 700 700 700 306 283 284 303 385 387 403 283 306

P re s s u re BAR 25 25 25 25 25 8 8 8 4 4 4 0,05 0,05 10 10 4 25 25 0,05 0,05

Va p o r Fra c tio n 1 1 1 1 1 1 1 1 1 1 1 0,99 0 0 0 0 0 0 4E- 04 0,96

Ma s s  En th a lp y KJ/KG - 12094 11 - 6 - 12904 - 12439 - 12768 - 12703 - 12423 - 12634 - 12634 - 12634 - 13430 - 15936 - 15931 - 15849 - 15506 - 15496 - 15426 - 15928 - 13507

Ma s s  En tro p y KJ/KG- K - 1,62 - 13,25 - 0,85 - 2,68 - 2,02 - 1,96 - 1,86 - 1,48 - 1,44 - 1,44 - 1,44 - 1,12 - 9,30 - 9,29 - 9,01 - 8,00 - 7,99 - 7,81 - 9,29 - 1,37

Ma s s  Flo w KG/HR 1792 13 100 1679 1792 1792 1792 1792 179 1613 1792 1613 1500 1500 1500 1679 1679 1679 1613 1613

Co mp o n e n t Ma s s  Fra c tio n

    H2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

    H2 O 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

    O2 5E- 04 0E+00 1 5E- 05 5E- 04 5E- 04 5E- 04 5E- 04 5E- 04 5E- 04 5E- 04 5E- 04 0E+00 0E+00 0E+00 5E- 05 5E- 05 5E- 05 5E- 04 5E- 04

Figure 1. Proposed power cycle. 

TABLE II. STREAM PROPERTIES FOR PROPOSED CYCLE. 

 

Boiler 

Auxiliary combustor 

LPT 
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used both to simplify the system of combustion in the boiler 

and to know only the amount of heat needed to produce the 

wanted steam data. In the alternative cycle, the amount of heat 

is evaluated by considering also the amount of hydrogen sent 

in the auxiliary burner as it is shown in the Eqn.3: 

 q  i RC qC  
  C  

                                  (2)                                                                          

 

  q  i ProC qC  
  C  

 q
  
    

                               (3)                                                           

The net power produced is evaluated by considering the 

stream data tabulated in Table.1-2. The power produced in the 

alternative cycle is evaluated as sum of three contributes as it 

is shown in the Eqn.4. Each contribute is associated at the 

enthalpy step in the turbine: 

  Pnet PRC PinM P T                                 (4)                                          

Pnet can be evaluated by the Eqn.5:  

             Pnet   ise m   h p-h pro                             (5) 

While each contributes are evaluated by Eqn.6, Eqn.7 and 

Eqn.8 respectively: 

                 PRC   ise m rc  hinl-h s                          (6) 

In which, PRC is the power by the Rankin’s cycle and the 

subscript s indicates the outlet conditions associated at an 

isentropic transformation. 

           PinM  ise  m -m rc   h pro-h pro                     (7) 

In which, PinM is the power associated at the increment of the 

mass flow rate of steam; the difference between the mass flow 

rates is linked at the source of steam within the cycle, while 

the enthalpy step is evaluated at the proposed cycle conditions. 

 P T  ise m rc   h p-h sp - h -h s                 (8) 

Where P T is the power associated at the increment of the inlet 

temperature in turbine and the enthalpy difference is linked at 

the increment of the temperature reached in the proposed 

cycle. 

D. Exergy analysis 

 

The increasing demand of power has made the power 

plants of scientific interest, but most of the power plants are 

designed by energetic performance criteria based on the first 

law of thermodynamics only [21]. The real useful energy loss 

cannot be justified by the first law of thermodynamics, 

because it does not differentiate between the quality and 

quantity of energy. Energy analysis presents only quantitative 

results while exergy analysis presents qualitative results about 

energy consumption [22] [23] [24] [25]. To start the exergy 

analysis, both cycles are represented such as closed box, in 

order to evaluate the inlet exergy stream and outlet exergy 

stream, the global exergy balance is given by the following 

equation, Eqn.9: 

E in E out I irr                               (9) 

In which, the term      represents the exergy flow 

associated at the fuel and it can be evaluate as shown in the 

Eqn.10: 

E in  q   i                               (10) 

Where   is defined as the ratio between the specific 

exergy and the low heat value for each species presented 

within the fuel [8]. While E out is evaluated through the net 

power produced within the plant; thus, the global exergy 

efficiency is given by the Eqn.11: 

 
g
 

E out

E in
  -

I irr

E in
                  (11)  

At the end of the analysis, the exergy balance is conducted in 

each block of the power plant, in order to check the global 

value of efficiency and to view where the irreversibility are 

concentrated [25]. 

IV. RESULTS AND DISCUSSION 

A. Energy analysis 

Through the equations (2)-(8) the energy balance is 

evaluated in the turbine system and the relative amount of heat 

for each cycle. The calculation results of energy balance are 

shown in Table. III, while the power analysis is shown in Fig. 

3. 

1) HP Turbine: 

 

The first turbine works at 25 bar as inlet pressure and 8 bar 

as outlet pressure, its isentropic efficiency is set at 0.72. 

TABLE III.POWER ANALISYS FOR 1ST TURBINE. 

Power evaluated [kW] %of       %of            

     86.34 65.89 - 

      131.44 - - 

     6.5 4.95 11 

    38.34 29.16 89 

              131.44 - - 

 

The results for the first turbine shows how the power 

production by the increment of the steam data is about the 

30% of the total, while the increment of mass flow rate 

represents 5%. The effective increment associated at the effect 

of the temperature, respect the Rankin’s cycle, it is   %, and 

while associated at mass flow rate is 7%. 
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2) LP Turbine: 

 

The second turbine works from 8 bar to 0.05 bar. It is 

simulated with two turbines in order to make a split fraction in 

the turbine. The pressure of the split stream is set at 4 bar. 

 

TABLE IV.POWER ANALISYS FOR 2ND TURBINE. 

Power evaluated [kW] %of       %of            

     71.98 66.57 - 

      105.03 - - 

     7.33 6.96 20.9 

    27.78 26.47 79.1 

              105.03 - - 

 

TABLE V.POWER ANALISYS FOR 3RD TURBINE. 

Power evaluated [kW] %of       %of            

     264.28 73.01 - 

      356.64 - - 

     19.62 5.5 20.38 

    76.61 21.49 79.62 

              356.64 - - 

 

In the second turbine, the amounts of energy produced by the 

increment of temperature correspond at 26.5% and 21.5% 

respectively, while the amount of the effect of the mass flow 

rate is 7% and 5.5%. The relative associated increment is 40% 

and 30% by increment of temperature and 10% and 7.5% by 

the mass flow rate. 

A. Exergy analysis 

The exergy analysis is carried on by utilizing the relations 

 9 …     .  

1) Rankin’s Cycle 

The relative quantities about the exergy inlet and exergy 

outlet are: 

E out                                      (12) 

While E in         ; thus the total irreversibility are 

I irr         , the global efficiency evaluated is: 

 
g
 

E out

E in
  -

I irr

E in
                                      (13) 

The relative development of the exergy within the power plant 

is shown below in Table. VI: 

 

TABLE VI.EXERGY ANALISYS FOR RANKIN’S CYCLE. 

Rankine cycle Exergy analysis [kW] 

Item Ein Eout Irr %suItot %suEin 

1st Heat exchanger 0.957 0.53 0.427 0.04% 0.03% 

Degasator 33.87 15.63 18.24 1.77% 1.26% 

2nd Heat 

exchanger 20.61 14.15 6.46 0.63% 0.44% 

Boiler: 

     Burner 1452.27 1035.61 416.66 40.47% 28.69% 

Heat transfer 973.39 529.82 443.57 43.08% 30.54% 

Exhaust gases 62.21 0 62.21 6.04% 4.28% 

HP turbine 107.72 86.34 21.38 2.08% 1.47% 

LP turbine 373.14 336.26 36.88 3.58% 2.54% 

Condenser 23.84 0 23.84 2.32% 1.64% 

   

1029.7 100% 70.90% 

 

How it is possible to see in the Table VI, the sum of the 

percentage of the irreversibility respect with the inlet exergy 

represents the complement of the global exergy value of 

efficiency verifying the global balance. 

2) Propesed Cycle 

The relative quantities about the inlet exergy and outlet 

exergy are: 

E out                                      (14) 

While E in         ; thus the total irreversibility are 

I irr         , the global efficiency evaluated is by the 

Eqn.11: 

 
g
                                        (15) 

The relative development of the exergy within the power 

plant is shown below in Table VII. 

V. RESULTS AND DISCUSSION 

The results show how the temperature increment tends to 

decrease its amount in the production of power by decreasing 

the inlet pressure level, which means a drop of the 

improvement of the proposed cycle. The development of the 

temperature contribution is associated at the temperature 

levels reached by the steam in the inlet of the turbine, which 

decreasing in each inlet. Instead, the development of the mass 

flow rate is enough smoothed. The amounts of the heat 

equipped at the system are 1640 kW for the alternative cycle 

and  375 kW for the Rankin’s cycle.  
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TABLE VII.EXERGY ANALISYS FOR PROPOSED CYCLE. 

Proposed cycle Exergy Analyis [kW] 

Item Ein  Eout Irr %onItot %onEin 

1st Heat exchanger 1.117 0.6 0.517 0.05% 0.03% 

Degasator 44.38 21.15 23.23 2.13% 1.38% 

2nd Heat exchanger 16.9 7.63 9.27 0.85% 0.55% 

Boiler:           

Burner 1278 910.07 367.93 33.70% 21.83% 

Heat transfer 855.84 460.69 395.15 36.19% 23.45% 

Exhaust gases 53.22 0 53.22 4.87% 3.16% 

Auxiliary Burner 414.05 228.84 185.21 16.96% 10.99% 

HP turbine 172.67 163.77 8.9 0.82% 0.53% 

3rd Heat exchanger 108.45 96 12.45 1.14% 0.74% 

LP turbine 505 496.18 8.82 0.81% 0.52% 

Condenser 27.23 0 27.23 2.49% 1.62% 

   

1091.9 100% 64.80% 

 

The different is given by the presence of hydrogen within the 

proposed cycle. The global efficiencies in the analyzed cases 

are: 

- Proposed cycle 

 
g
 

Pnet

 q  i 
 3 .   % 

- Rankin’s cycle 

 
g
 

PRC

 q  i RC
 3 .3 % 

 

Figure 2.Power analysis. 

 

 

Figure 3.Irreversibility flows within plants. 

 

 

Figure 4.Exergy efficiencies in each equipment. 

 

In the Fig.3 it is possible to view the power analysis; the 

increment of temperature and the increment of mass flow rate 

raise the power production by 42% compared to the associated 

Rankin’s cycle. This enhancement is dropped by the increment 

of the heat needed to reach the steam data. The heat needed is 

  % greater than the heat needed in the Rankin’s cycle.  

While by showing the development of the exergy efficiency 

shown in the Fig. 4, it is possible see how the irreversibility 

values in each equipment follow the same development. The 

irreversibility in the boiler in both cases represents the main 

values. In the proposed cycle the irreversibility associated at 

the boiler are lower than the Rankin’s Cycle, but the presence 

of the auxiliary combustor tends to increment the global 

irreversibility.  

The relative efficiency in each block is shown in the Fig. 5. 

It is possible see how the efficiency of the first part of the 

boiler in the Rankin case is the same than the proposed cycle, 

while in turbine system the proposed cycle shows a lower loss 

of exergy. The efficiencies for the exhaust gases and 

condenser are not represented because their value is 0.  
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VI. CONCLUSIONS 

The biomass power plants are not widely used to produce 

power through a direct combustion due to low energy 

efficiency associated. The proposed work is addressed to show 

a possibly way to increment and improvement the use of 

biomass such as modern fuel. The improvement is conducted 

through an increment of the steam data upstream the power 

production system, in order to increase the inlet enthalpy 

levels within the turbines. To achieve that, an auxiliary 

combustor is inserted within a plant, after the boiler. The 

combustor used is a TVC (trapped-vortex-combustor) which is 

designed to operates both combustion and heat transfer. The 

heat transfer is obtained both from convective phenomena, 

which are given from the mixing between steam produced 

through the combustion and steam sent; and from phenomena 

of radiation associated at the high temperature of the flame 

within the trapped.  

The reaction of combustion is conducted with oxygen in a 

steam cavity in absence of nitrogen. The hydrogen was used as 

fuel in order to have only steam like a product while the 

absence of nitrogen avoid the formation of pollutant like NOx 

within the system. The study of the proposed cycle was 

conducted through a comparison between the proposed cycle 

and a Rankin’s cycle which works at the same pressure levels. 

The comparison was evaluated by a thermodynamic analysis 

which is split in two sections: energy and exergy analysis.   

The increment of the energy efficiency associated at the 

presence of the auxiliary combustor is given by: 

- The increment of the inlet temperature of steam in 

each turbine, which increases the power produced for 

34%. 

- The increment of the mass flow rate of the steam in 

each turbine, which increases the power produced for 

20%. 

- The production of only steam in the combustion.  

These increments are hampered from the increment of the 

heat needed to increase the steam data.  

The final result shows, how the global energy efficiency is 

increased of  % respect the associated Rankin’s cycle. The 

exergy analysis shows how the irreversibility associated at 

each part of the cycle are better distributed within the cycle. 

The boiler in the proposed cycle works with less fuel and 

less air, thus the associated irreversibility are lower than the 

Rankin’s cycle; however, the exergy efficiencies associated at 

the plants show how the principal differences are concentrated 

in the turbine system and in the second heat exchanger. The 

exergy efficiency in the second heat exchanger of the 

proposed cycle is lower than the Rankin’s cycle because the 

mass flow rate of the hot steam is higher than the case of 

Rankin’s cycle while the cold streams are the same. The 

difference between the global exergy efficiencies is 6% 

however the irreversibility in the proposed cycle are better 

distributed.  

The exergy and energy analysis show how the use of an 

auxiliary combustor represents a good way to explore and 

increase the use of direct combustion of biomass, overcome 

the problem associated at the boiler conditions. 
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Abstract—Computational Fluid Dynamics (CFD) was applied to 

model and validate a new design of a device where the steam was 

heated through the heat generated by the combustion between 

hydrogen and oxygen. Nowadays, the use of biomass is limited to 

heat and seldom for power production since the steam produced 

in a boiler where the biomass is used as fuel doesn’t allow 

achieving high energy efficiency due to the low output steam 

temperature reached in the boiler; for this reason, an auxiliary 

device was thought to increase its data. A new combustor was 

considered to improve the steam data upstream of the turbine. 

This device was designed and numerical simulations were 

performed to characterize the heat transfer from the cavity, in 

which the combustion occurs, to the middle of the body where the 

steam flows. The numerical evaluations were conducted through 

the use of  STAR-CCM+, as CFD commercial simulator, in which 

different turbulence parameters were investigated to show their 

influence on the results obtained by using Eddy Break-up (EBU) 

as a non-premixed combustion model. In addition, numerical 

studies were focused on the effect of the presence of one or more 

cavities in the geometry of the combustor.  

Keywords-component: combustor; standard EBUcombustion 

model;k-  turbulence model, CFD simulation. 

I. INTRODUCTION 

The use of biomass has been becoming a hot topic in the 
world of energy generation: waste products from the 
agriculture and industries can be converted to solid, liquid or 
gas fuels that are capable of creating energy in the same way 
that the fossil fuels do. Biomass is a renewable resource while 
fossil fuels, on the other hand exist in finite amounts that will 
never be replaced. Furthermore, while coal may be 20% less 
costly than biomass right now, coal is also responsible for 
producing the most carbon emissions and other pollutants than 
any other fuel source[1][2].  

Nevertheless, using of biomass in power plant is still 
limited due to the impurities presented into it. These impurities, 
at high temperatures, make the environment highly corrosive 
therefore  the temperature of the produced steam from the hot 
gases generated from burned biomass in a conventional boiler 
can’t exceed 593 K. Consequentially; the energy efficiency of a 
biomass power plant is lower than a plant where the fossil fuels 
are used (Abbassi T., Rev 2010). 

A previous study was made to find the optimum 
configuration of a modified Rankine cycle to improve the 
efficiency of a typical biomass power plant in order to increase 
the use of biomass in the energy generation field. To do that an 

auxiliary device was introduced in the plant to increase steam 
data upstream of the turbine.  

The device works as a combustor where the steam data are 
improved by the action of a combustion reaction that occurs 
inside: the fuel was hydrogen which reacts with oxygen. 
Hydrogen combustion is an exothermic reaction, meaning that 
it releases a significant amount of energy when carried through 
to completion. Oxygen was chosen to prevent the problem of 
formation of NOx that occurs at high temperature using air as 
oxidizing agent [4][5]. The end products of the reaction include 
water vapor and heat, based on the following chemical formula 
Eqn.1. Thus, the steam was fed into this device to increase its 
temperature above 593 K by the action of the heat generated 
from the reaction; moreover its mass flow rate was increased 
thanks to the water vapor produced. 

    O    O   heat                                          (1) 

The attempt was to develop a device with geometry useful 
for this kind of problem: to do that, a trapped vortex combustor 
(TVC) as shown in Fig.1 was considered[6].TVC is a staged 
combustion system with a trapped vortex pilot and a main 
combustor where the main air and fuel were injected in counter 
current respect with part of them, which were injected into the 
cavity to create a vortex and ensure the formation of a stable 
flame into the combustor[7][8][9][10]. Based on this type of 
design, geometry with similar characteristic from the 
combustion chamber point of view was proposed.  

A new design for the alternative combustor was developed 
and tested through the Computation Fluid Dynamics (CFD) 
simulations. Numerical studies were focused on how the 
temperature profile of the steam changes, by the varying of 
turbulence parameters and considering the presence of one or 
more cavities in the geometry of the combustor.  

 
Figure 5.Examples of TVC. a) ENEA TVC; b) GE (General Electric) TVC 

sector ring 
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II. GEOMETRY 

A.  New design 

In a typical TVC, the main part of the fuel and the air were 
injected in a cavity, while the remaining part of them was fed 
in a central part. This kind of dispositive allows creating a 
vortex into the cavity where the combustion takes place 
producing hot gases which enter in contact with the remaining 
part of reactants. In this manner, the increased turbulence 
inside the combustion chamber raises the reaction rate and 
consequentially improves the combustion efficiency.  

Geometry with similar characteristic was thought in this 
project to ensure that part of the oxygen is not dragged into the 
central part where, in this case, only the steam flows. The 
presence of oxygen in the steam flow could cause problems 
downstream of the turbine; oxygen is in fact an incondensable 
substance which could cause problems of cavity in the pump. 
In addition, in this manner it could be ensure that all the 
oxygen injected reacts and there are not losses. Thus, as it is 
shown in Fig.2, the device was thought as composed with two 
different parts: the central body where the steam was injected 
and a circular ring, where the combustion occurs.  

The central body was represented as a simple pipe, where 
the steam flows and it is heated by the action of the hot gases 
originating from the reaction trapped in the cavity. The 
diameter dimension was set as 25cm, considering the minimum 
dimension of a pipe inlet into a steam turbine.  

The circular ring  represents the cavity where the vortex 
was trapped ensuring that a stable flame occurs. Hence, the 
injection holes are located in the way shown in Fig.3 to form 
the vortex: both the fuel and part of the total amount of oxygen 
(50%) enter through 16-holes, in counter-current to the steam. 
The remaining amount of oxygen is injected through 16-holes 
in co-current with respect the steam both to create the vortex 
and to complete the reaction; these are shown in the Fig.3 as 
grey circles to denote that they were not in the same plane of 
the other[11][12]. 

B. Computational Domain 

The geometry used for the calculation is that described in 
the previous section but only a quarter was drawn in 3D-CAD, 
a package of STAR-CCM+, to reduce the computational cost. 
The number of the cavity, where the reaction between 
hydrogen and oxygen occurs, was implemented from 1 to 2 in 
series. In this way two different geometries were obtained; the 
computational domain was discretized using polyhedral cells as 
it is shown in Fig.4.  

A poor quality mesh would affect the accuracy and 
efficiency of the solution obtained, thus it was made a full 
diagnostic of the created volume mesh to check different 
parameters, such as the cell and boundary skewness angles, 
face and cell validity metric and volume change metric [13].  

 

 

 

Figure 6.Representation of the longitudinal section area of the combustor. 

 

 

 

Figure 7.Representation of the cross section area of the combustor. 

 

 

Figure 8.Discretization of the computational domain for a device with only 

one cavity. 
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III. MODEL 

Three dimensional, steady state, reacting flow system was 
considered to conduct simulations, using Star-CCM+. 

As a combustion model was employed Eddy-Break-up 
(EBU) model for non-premixed systems; it is based on the 
assumption that the reaction rate is controlled by turbulent 
mixing between the oxidizer and the fuel inside the combustion 
chamber. It is assumed that the reaction occurs instantaneously 
upon micromixing; thus, the turbulent mixing that brings 
reactants together at the molecular scale controls the reaction 
rate [14][15][16].  

The reaction rate is modeled through an expression that 
takes the turbulent micromixing process into account; for a 
reaction of the form expressed in the Eqn.2, the rate of 
depletion is assumed to be as it is shown in the Eqn.3  

 FF  OO  P P   P P  ...  P P                                (2) 

 

RF  
 

MF

 
 

 mix

Aebumin  Y F,
Y o

so
                               ( ) 

The     operator indicates that the concentration of the 
limiting reactant it is usually used to determinate a mass 
fraction scale when calculating the reactant consumption rate. 
Eqn.4 indicates the variable that takes into account the 
turbulence mixing, expressed as the ratio between the turbulent 
kinetic energy   and its dissipation rate  : 

        
 

 
                                             ( ) 

                                                      ( ) 

As a turbulence model was used the k-epsilon model, that is a 

two-equation model in which transport equations were solved 

for the turbulent kinetic energy k and its dissipation rate 

 [17][18][19][20]. 

    Estimating the turbulence model variables directly is often 

difficult; in fact parameters like turbulent energy or dissipation 

have to be valuated through the Eqn.6 and Eqn.7 respectively. 

It is easier to think in terms of variables like the turbulence 

intensity   and turbulent length scale l; these properties are 

more intuitive to understand and can more easily be related to 

physical characteristic of the problem. 

 k 
3

 
 UI                                                ( ) 

  C 

k
3
 

l
                                                 ( ) 

Where    is a turbulence model constant which usually 

has a value of 0.09. In this project the first value of the 

turbulence intensity and turbulent length scale was found 

through the following equations, Eqn.8 and Eqn.9 

respectively; then they were modified to understand their 

effects on the results[21][22][23][24]. 

The turbulence intensity indicates the turbulence level of a 

fluid into a device; for fully developed pipe flow it can be 

estimated as: 

  I  .   Redh
-
 

                                       ( ) 

 

Where Redh is the Reynolds number based on the pipe 

hydraulic diameter dh  

The turbulent length scale is a physical quantity describing 

the size of the large energy-containing eddies in a turbulent 

flow; in pipe flows it can be estimated from the hydraulic 

diameter as: 

  l  . 3 dh                                           ( ) 

The boundary conditions adopted are the same for all 

simulations, that is to say: flow-split outlet for the exit plane, 

where the hot steam goes out, velocity inlet for all the inlets 

and wall for all the remained surfaces; in addition periodic 

interfaces were created.  

IV. RESULTS AND DISCUSSION 

A. Simulations 

The simulations were made with the aim of investigating 
the best design of a combustor to achieve a good level of 
turbulence inside it; this means ensuring that the reaction 
between the oxygen and the hydrogen was near to be complete. 
In addition it was considered a geometry in which no oxygen 
was dragged and mixed with the steam avoiding that part of 
oxygen was lost and the reaction rate was slowed down, 
meanwhile ensuring that the steam was mixed with the hot 
gases produced by the reaction enhancing its temperature. 

First of all, several simulations were conducted to check the 
optimum conditions for the position and the dimension of the 
injectors, by knowing the mass flow rate, to ensure the 
formation of the vortex into the cavity. After that, simulations 
were run to improve the results and know the effective 
behavior of the steam, the mean fluid, inside the proposed 
device. The input conditions for all streams are shown in the 
Table I. 

Two different simulations were carried out for the first 
geometry, where only one cavity was considered: the cases 
analyzed are shown in the Table II: different value of both 
turbulence intensity and turbulent length scale were considered 
by starting from the values obtained by the Eqns. 8 and 9 
respectively. 

TABLE I. INPUT DATA 

 
Input data 

Temperature 

(K) 

Mass flow rate 

(g/s) 

Velocity inlet 

(m/s) 

Steam 593 466.4 0.98 

Hydrogen  298 3.6 1.18 

1.Oxygen 298 13.8 0.53 

2.Oxygen  298 13.8 0.53 
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TABLE II.SIMULATIONs 

 
Cases under study 

Turbulence Intensity 
Turbulent Length Scale 

(m) 

Case1 0.037 0.01 

Case 2  0.37 0.1 

B. Results 

The temperature field through the entire combustor is 
different for the two cases under study due to the effect of the 
hot gases produced by the reaction trapped in the cavity, as it is 
shown in the Fig.5. Increasing the value of the turbulence 
intensity and turbulence length scale, the effect of the heat 
generated by the exothermic reaction was more visible on the 
steam temperature.  

EBU model, as cited above, is based on the assumption that 
the reaction rate is controlled by the mixing between the 
reactants; in the case2, the higher values lead to a better mixing 
which results in a higher reaction rate and consequentially a 
major heat released by the reaction. This heat remains near the 
cavity, in the first case, because of the bad mixing inside the 
combustor. This is possible to see also in the Fig.6 where the 
temperature profile is shown along a line at three different 
heights: the temperature in the middle of the combustor is 
equal to the inlet temperature, Fig.6 a)-b); while near the cavity 
the temperature reaches values higher than the second case, 
Fig.6 c). A greater mixing leads to a better distribution of the 
heat inside the steam reducing as well the maximum 
temperature reached in the combustor.  

 

 
Figure 9.Temperature field on a plane across the section of the combustor. 

       
 

 
Figure 10.Temperature profiles along a horizontal probe line across the 

combustor at different heights. a) y=0.01,b) y=0.06,c) y=0.11. 

 

In the Fig.7 is shown the turbulent viscosity ratio (tvr) 
profile along the combustor, and as the previous case, at three 
different heights. This is defined as the ratio between the 
turbulent and laminar viscosity: 

    
  

 
                                                 

The turbulence viscosity    represents a flow property, it 
depends on the local position and the turbulence intensity; the 
laminar viscosity is a fluid property instead, it depends on the 
temperature and pressure of the fluid. The trend of the 
turbulence viscosity ratio is the almost the same at each 
heights, but what is different is the numerical value.  

It is possible to see in the Fig.7 how the behavior of a 
turbulent flow near the wall approximates a laminar flow; in 
fact, the values of the tvr decrease as it approaches the wall. In 
the case1 the values of turbulence were too small and 
consequentially the tvr is approximately zero in the whole 
combustor. 

In Fig.8 is shown the distribution of the oxygen in a plane 
across the entire device to demonstrate that no oxygen was 
drag into the steam fluid.  This is realized in both cases under 
analysis: the effect of the ma or turbulence mixing doesn’t 
affect on the oxygen flow that remain inside the cavity and 
reacts a little bit more in that the blue part in the figure, which 
represents the water vapor is bigger than the case1. 

In addition, three different geometries were analyzed. It 

was thought to insert either two or three cavities in series and 

view how this affects the temperature of the steam in the 

middle of the device. The section of the exit plane seems the 

same from the distribution of the color point of view, as it is 

shown in Fig.9, but the values are different. 

As it is possible to see in Fig.10, with three cavities the 

reaction between the oxygen and the hydrogen is able to 

increase the temperature of the steam more than the other 

cases. Major amount of reactants were fed with 3cavities, thus 

more heat was generated by the reaction. 

 

 
Figure 11.Turbulence viscosity ratio profiles along a horizontal probe line 

across the combustor at different heights. a) y=0.01,b) y=0.06,c) y=0.11. 
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Figure 12.Mass fraction of oxygen field on a plane across the section of the 

combustor. 

 

 

Figure 13.Temperature field on the exit plane of the combustor the three 

geometries analyzed. 

 

 
Figure 14. Temperature profile in the exit plane along a vertical probe line for 

the three geometries analyzed. 

V. CONCLUSION 

This work was made to model a new combustor to enhance 
the temperature data of the steam upstream of the turbine. 
Using biomass inside the combustor, the temperature of the 
steam produced was bound at 593K; to increase this 
temperature a new device, where the reaction between 
hydrogen and oxygen occurs, was developed. The turbulence 
inside the combustor was the main property that affects the 
final results. 

Low values of turbulent length scale and turbulence 
intensity allow reaching high temperature of the steam at the 
exit plane only in the external part that is closer to the cavity; 

the mixing of the steam with the hot gases is very poor thus the 
difference of the temperature between the central part and the 
external part is very high. Increasing the turbulence value, the 
reaction rate enhances in according to the EBU model that was 
used to simulate combustion, furthermore the increment of the 
turbulence values mean a better mixing inside steam flow and 
consequentially the output temperature of the steam is more 
homogeneous.  

The temperature profile at the exit plane for the combustor 
with one, two or three cavities has a similar trend, but 
considering a combustor with more cavities in series it is 
possible to achieve higher temperature. 

Concluding it was possible to see that the increment of the 
turbulence mixing leads to a more homogeneous distribution of 
the heat inside the steam. 
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