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Abstract :  The present work details thermodynamic and emission analysis of a Brayton-Brayton hybrid gas turbine cycle for 

Auxiliary Power Unit (APU) in aircraft applications. Energy, exergy and emission analysis of the proposed brayton -brayton 

cycle has been considered in order to establish its importance in futuristic auxiliary power units in aviation sector. The 

analyzed cycle comprises of two-gas turbine cycles back to back with one acting as the higher temperature topping cycle and 

the other utilizing the heat of the topping cycle and acting as the lower temperature bottoming cycle. Component level 

thermodynamic mathematical modeling of components of brayton-brayton cycle has been done. A code has been developed in 

C++ programming language which is based on the thermodynamic model of cycle components proposed.  Results show that, 

the specific work initially increases with increase of pressure ratio (rp,c) at any turbine inlet temperature (TIT)  but it starts 

decreasing at very high values of rp,c,.  Gas turbine efficiency and specific work both increase for a fixed value of rp,c with the 

increase in TIT. The cycle is best suited for applications where power requirement ranges between 300-550 kJ/kg. The exergy 

analysis shows that maximum exergy loss of around 27% occurs during combustion in the cycle. The emission analysis shows 

that with increase in compressor pressure ratio NOX and primary-zone-temperature increase whereas CO and UHC emission 

decreases. 

Keywords: Brayton-brayton cycle; emission; equivalence ratio; exergy; exergy loss; hybrid cycle. 

Nomenclature 

cp = specific heat…………..(kJ-kg-1.K-1) 

gt = gas turbine 

h = specific enthalpy………(kJ.kg-1) 

 rH
 = lower heating value……(kJ.kg-1K-1) 

     m  = mass flow rate……….. (kg.s-1) 

Q = heat added/ removed during process 

rp = cycle pressure ratio 

p = pressure………………..(bar) 

T = temperature……………(K) 

    TIT    = turbine inlet temperature (K)  

W = specific work………(kJ.kg-1) 

Gr    = Gibbs free energy function =43890 kJ/kg 
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I. INTRODUCTION 

The aircraft industries have been trying hard to opt for a concept of More Electric Aircraft aiming at conventional systems in the 

aircrafts to be replaced by the electrical counterparts [1-2]. The replacement has resulted in terms of increased efficiency 

compared to the existing one’s. The study reveals that air passenger traffic is increasing annually at a rapid pace of 5%. The traffic 

growth and unparalleled jams have resulted in harmful emissions like NOx, CO and UHCs [3-4]. According to researchers, the 

pace at which the global air pollution is increasing; it might result in subsequent aviation emissions, if more efficient cycles would 

not be adopted. Also, search of leaner and cleaner air travel has led to an increase in the search of more efficient technologies and 

hence several attempts have been made to implement the same. One of those systems is Auxiliary Power Unit (APU) that consist 

of a gas turbine which is utilized for taking care of cabin cooling, lighting, starting the main engines and providing power for 

aircraft controls. APU systems are generally placed in the tails of larger jets and turboprop engines and these are used to provide 

auxiliary power for running above discussed applications when main engines are shut off and no other electrical supply is there. 

Many aircrafts APUs are also operated in-flight which provides backup power for the main engines. Traditional APUs have very 

low efficiencies and in order to increase the efficiency a hybrid cycle has been proposed here. Also, APU systems are responsible 

for ground level pollution especially NOx, which is responsible for acid rain as well. In the last few decades several attempts have 

been made integrating the APU with different cycles. The present paper represents a proposed APU cycle which incorporates a 

Brayton-Brayton cycle instead of conventional APU system. The proposed cycle is predicted to have an upper hand in terms of 

efficiency and reducing emissions. The present cycle further includes air-film blade cooling technique as the gas turbine blade 

cooling technique.  

Several research articles are available related to conventional APU and air-film blade cooling techniques.  

Air film blade cooling technique is most promising turbine blade cooling technique and several research papers have been 

published incorporating this. Sanjay et al. [5] investigated thermodynamic performance of combine cycle using air-film blade 

[AFC] cooling technique. Sanjay [6] carried out component-wise exergy analysis of gas-steam combined cycle using AFC 

technique. Kumari and Sanjay [7] calculated the 3-E (Energy, Exergy and Emission) performance analysis of gas turbine cycle 

adopting AFC as blade cooling technique. Mishra and Sanjay [8] investigated energy and exergy based performance of gas 

turbine cycle adopting AFC and predicted the thermal performance in terms of efficiency and specific work output. Shukla and 

Singh [9] predicted the thermodynamic performance of steam injected gas turbine based power cycle adopting air film blade 

cooling technique. Mishra et al. [10] carried out advanced exergy analysis of air-film blade cooled marine gas turbine (LM-

2500+) and found out that endogenous exergy destruction was found to be superior over exogenous destruction. The author also 

concluded that combustor is the main source of exergy destruction. Choudhary et al. [11] proposed SOFC-APU hybrid system for 

aircraft power generation. The authors investigated the proposed system on the ground of first and second law and predicted that 

efficiency can be increased upto ~ 62%. Few articles [12-13] have also been found which directly investigates about replacing the 

existing conventional APUs. Rajashekara et al. [14] carried out simulation of 440 kW APU system weighing over 880 kg. Freech 

et al. [15] and Steffen et al. [16] simulated 400 & 44 kW APU systems respectively.  The low NOx capability of the Micromix 

principle has already been  successfully  tested  in  a  gas  turbine  APU  GTCP  36-300[17].   

Review of recent technical papers by leading researchers has led the authors choosing Brayton-Brayton hybrid cycle for detailed 

thermodynamic and emission analysis. 

 

Though SOFC-APU system related studies are in progress but still it is not fully matured in terms of practical applications. 

Also, sizing and cost plays a vital role from design point of view and hence proposed model (Brayton-Brayton Hybrid cycle 

for APU) might be a fruitful candidate. The present paper carries out parametric analysis of Brayton-Brayton hybrid cycle for 

APU in terms of energy, exergy & emission performance. 

 

MATERIALS AND METHODS 

Thermodynamic analysis of the cycle had not been carried out earlier, hence in this work authors have attempted to fill up this 

research gap. The proposed configuration has various types of components whose parametric analysis is proposed to be done. 

The air after exiting the bottoming cycle compressor is passed through a gas to gas heat exchanger in order to increase its 

temperature with the help of energy/heat content of the topping cycle gas turbine exhaust.  Hence in bottoming brayton cycle 

combustor has been substituted by a heat-exchanger. Heat-exchanger heats the bottoming brayton cycle compressor exit 

stream which in turn saves the fuel that would have to burnt otherwise. The proposed configuration consists of two brayton 

cycle and a heat-exchanger (figure 1). 

 

http://www.jetir.org/


© 2022 JETIR September 2022, Volume 9, Issue 9                                                  www.jetir.org (ISSN-2349-5162) 

JETIRFS06017 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 98 
 

 

 

Fig. 1 Schematic representation of a Brayton-Brayton hybrid APU cycle 

 

A. Modeling of Components 

1. Air 

Air is the working fluid of the cycle in the compressor. Various properties of air including cp and enthalpy have been 

mathematically modeled as under: 

 The specific heat of air has been modeled based on polynomial given by Touloukian and Tadash Toulkinian and Tadash [17]. 

𝑐𝑝𝑎 = 1.023204 − 1.76021 ∗ 10−4𝑇 + 4.0205 ∗ 10−7𝑇2 − 4.87272 ∗ 10−11𝑇3   (1) 

The specific heat of gas has been modeled based on polynomial given by Touloukian and Tadash Toulkinian and Tadash [17]. 

𝑐𝑝𝑔 = [15.276826 + 0.01005𝑇 − 3.19216 ∗ 10−6𝑇2 + 3.48619 ∗ 10−10𝑇3 + 𝑥0(0.104826+ 5.54150 ∗ 10−5𝑇 − 1.67585 ∗

10−8𝑇2 + 1.18266 ∗ 10−12𝑇3)]/𝑉            (2) 

Thus, the enthalpy, entropy and exergy of the gas and air can be calculated as under: 

ℎ = ∫ 𝑐𝑝(𝑇)
𝑇

𝑇𝑎
𝑑𝑇    (3) 

𝜑 = ∫ 𝑐𝑝(𝑇)
𝑑𝑇

𝑇

𝑇

𝑇𝑎
      (4) 

𝑠 = 𝜑 − 𝑅𝑙𝑛(
𝑝

𝑝𝑎
)    (5) 

𝐵 = ℎ − 𝑇𝑎 . 𝑠 = ℎ − 𝑇𝑎𝜑 + 𝑅𝑇𝑎𝑙𝑛(𝑝 − 𝑝𝑎)    (6) 

2. Compressor 

Air is modeled to enter an axial flow compressor at ambient conditions. The temperature and pressure of air at the exit of 

compressor are calculated by the relation, 

𝑝2 = 𝑝1 ∗ ᴨ𝑝           (7) 

 
𝑇2

𝑇1
= (

𝑝2

𝑝1
)

R

ηpc*cpa         (8)   

Compressor work and exergy destruction in compressor are determined by energy and exergy balance across the control volume 

of the compressor. 

Compressor work is given by: 

 𝑊𝑐 = 𝑚𝑒ℎ𝑒 + ∑𝑚𝑐𝑜𝑜𝑙,𝑗ℎ𝑗        (9) 

The concept of polytropic efficiency (ηpc) has been used to account the thermodynamic losses within the compressor. 

Exergy destruction in compressor has been calculated by the relation as under, 

         𝐵𝑑,𝑐 = 𝑊𝑐 +𝑚𝑐,𝑖𝑛𝜀𝑐,𝑖𝑛 −𝑚𝑐,𝑒𝜀𝑐,𝑒                                 (10)  

3. Combustor modeling 

The combustor has been modeled to experience a loss of 2% of the entry pressure at its exit. Natural gas has been modeled to burn 

in presence of excess air. The excess air used during combustion has about 1.5 times the required amount of air needed to 
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complete the stoichiometric reaction. The products of combustion at high temperature are led into the expansion turbine. Mass 

balance in combustion chamber is given by the relation: 

𝑚3 = 𝑚2 +𝑚𝑓   (11) 

Energy balance in combustor has been given as under: 

𝑚𝑓. 𝛥𝐻𝑟 . 𝜂𝑐𝑜𝑚𝑏 = 𝑚3ℎ3 −𝑚5ℎ5  (12)  

Mass of fuel required has been computed given by mass and energy balance of the combustor:- 

𝑚𝑓=
[𝑚3ℎ3−𝑚5ℎ5]

[𝜂𝑐𝑜𝑚𝑏𝛥𝐻𝑟−ℎ3]
  (13) 

The enthalpy of air exiting the combustor is given by:ℎ3 =

[{15.276826(𝑇𝑅𝐼𝑇−𝑇𝑎)+0.01005(
𝑇𝑅𝐼𝑇

2−𝑇𝑎
2

2
)−3.1926∗10−6(

𝑇𝑅𝐼𝑇
3−𝑇𝑎

3

3
)+3.48619∗10−10(

𝑇𝑅𝐼𝑇
4−𝑇𝑎

4

4
)}+𝑥{0.104826(𝑇𝑅𝐼𝑇−𝑇𝑎)+

5.54150∗10−5(
𝑇𝑅𝐼𝑇

2−𝑇𝑎
2

2
)−1.67585∗10−8(

𝑇𝑅𝐼𝑇
3−𝑇𝑎

3

3
)+1.18266∗10−12(

𝑇𝑅𝐼𝑇
4−𝑇𝑎

4

4
)}]

𝑉
                                (14) 

Exergy balance in combustor is given by the relation:- 

𝐵𝑑,𝑐𝑜𝑚𝑏 = 𝑚𝑓 [△ 𝐺𝑟+𝑅𝑓𝑇𝑎 ln (
𝑝𝑓

𝑝𝑎⁄ )]
𝑐𝑜𝑚𝑏

− (𝑚𝑒𝜀𝑒 −𝑚𝑖𝜀𝑖)𝑐𝑜𝑚𝑏                (15) 

 

4. Gas Turbine 

The products of combustion exiting the combustor, enter the turbine rotor at a temperature being called here as turbine- inlet- 

temperature (TIT). High pressure and temperature gases expand sequentially in the expansion stages of axial flow turbine thus 

extracting the energy content in the gas. The blades of the turbine are modeled to be cooled using air film cooling technique 

discussed in author’s previous work Sanjay et. al. [5].  

𝜙 =
𝑚𝑐𝑜𝑜𝑙

𝑚𝑔
= (1 − 𝜂𝑖𝑠𝑜,𝑎𝑖𝑟)

𝑆𝑡𝑖𝑛𝑆𝑔

𝜀𝑐𝑜𝑜𝑙.𝑡.𝑐𝑜𝑠𝛼
∗

𝑐𝑝𝑔(𝑇𝑔,𝑖𝑛−𝑇𝑏)

𝑐𝑝,𝑐𝑜𝑜𝑙(𝑇𝑏−𝑇𝑐𝑜𝑜𝑙,𝑖𝑛)
∗ 𝐹𝑠𝑎   (16) 

The gas turbine blades of the bottoming cycle remain uncooled due to hot gas path temperature being lower than allowable blade 

temperature of 1123 K. 

 

The pressure at the inlet of gas turbine is given as under: 

 𝑝3 = 𝑝2 − (𝑝2 ∗ 0.02)  (17) 

Gas turbine output and quantum of exergy destruction in gas turbine are computed from energy and exergy balance across the 

control volume of the gas turbine and are given by: 

𝑊𝑔𝑡 = 𝑚𝑔,𝑖𝑛(ℎ𝑔.𝑖𝑛 − ℎ𝑔,𝑒) + ∑𝑚𝑐𝑜𝑜𝑙 (ℎ𝑐𝑜𝑜𝑙,𝑖𝑛 − ℎ𝑐𝑜𝑜𝑙,𝑒)  (18) 

𝐵𝑑,𝑔𝑡 = (𝑚𝑔,𝑖𝑛𝜀𝑔,𝑖𝑛 −𝑚𝑔,𝑒𝜀𝑔,𝑒) −𝑊𝑔𝑡          (19) 

B.  Emission Analysis 

The combustor of gas turbine has been modeled to burn natural gas having 86% CH4 and 5% C2H6. There is a 2.5% drop in 

pressure of working fluid between the inlet and exit of the combustor. The flow in the combustor has been modeled to take place 

in three zones namely primary zone, intermediate zone and dilution zone. Maximum temperature is achieved in the primary zone, 

which gets reduced due to addition of secondary air to the main gas flow in the intermediate zone. The gas temperature is further 

reduced to manageable level in the dilution zone by mixing the main gas flow with secondary air. The gas turbine emission model 

has been adopted after refinement from the work of Rizk and Mongia [18]. The parameters controlling emission in the proposed 

model are taken to be equivalence ratio (ϕ), primary-zone-temperature, combustor inlet pressure and temperature and residence 

time. The emission of gas species namely NOx, CO and UHC from the gas turbine that have been analyzed.  

The parameters controlling emission from stationary gas turbines are as under: 

1. Equivalence Ratio (ϕ) :- It represents the ratio of actual A/F ratio to the stoichiometric A/F ratio and is given as under: 

𝜙 =
(𝑚𝑓 𝑚𝑎)⁄

𝑎𝑐𝑡𝑢𝑎𝑙

(𝑚𝑓 𝑚𝑎)⁄
𝑠𝑡𝑜𝑖𝑐ℎ𝑖𝑜𝑚𝑒𝑡𝑟𝑖𝑐

    (20) 

2. Primary-Zone-Temperature (TPZ): - It represents the maximum temperature attained in the combustor and the 

combustor is generally designed to maximize this to attain superior thermodynamic performance of the gas turbine cycle. 

Primary-zone-temperature is given as [19]:- 

𝑇𝑃𝑍 = 𝐴𝜎𝛼 exp(𝛽(𝜎 + 𝜆)2) (
𝑝3

𝑝0
)𝑥

͙͙
(
𝑇3

𝑇0
)𝑦̽ (

𝐻

𝐶
)𝑧̽                              (21) 

where 
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                              𝜎 = 𝜙                  when ϕ ≤ 1 

             𝜎 = 𝜙 − 0.7               when  ϕ ≥ 1  

           𝑥 = 𝑎1 +𝑏1𝜎 + 𝑐1𝜎
2                                                  

 𝑦̽ = 𝑎2 +𝑏2𝜎 + 𝑐2𝜎
2                                                            

         𝑧̽ = 𝑎3 +𝑏3𝜎 + 𝑐3𝜎
2                                            

3. NOx Emission:- Oxides of nitrogen are generated due to oxidation of nitrogen at elevated temperatures within the combustor. 

Mass of NOx generated is also dependent upon residence time and equivalence ratio which is as under [18]:- 

 

If ϕ≤1.08 

𝑁𝑂𝑥 = 1𝐸13(𝑝3 ∗ 10
−5 1.4𝐸6⁄ )𝑎𝑎exp(−71442 𝑇𝑝𝑧̽)(7.56𝜙

−7.2 − 1.6)𝜏0.64⁄   (22)         

else, 

𝑁𝑂𝑥 = 1𝐸13(𝑝3 ∗ 10
−5 1.4𝐸6⁄ )𝑎𝑎 exp(−71442 𝑇𝑃𝑍⁄ )(5.21𝜙−2.99 − 1.6)𝜏0.64 (23)      

Where 

𝑎𝑎 = 11.949exp(−𝜙 5.76⁄ ) − 10.0   

4. CO emission:- Carbon-monoxide (CO) emission from gas turbine has been modeled to be dependent upon various parameters 

as under [18]:- 

                           𝑚𝑐𝑜 = exp (−
𝐶𝐸

𝑇𝑃𝑍
) 𝐶𝑝ℎ (

𝑝3∗10
−5

1.4𝐸6
)
𝑎1

(𝜏 0.5⁄ )𝑎2                                                                   (24)    

                                      Where, 

𝐶𝐸 = 6.23𝐸4𝜙3.8exp((−𝜙 0.56⁄ )1.75) 

𝐶𝑝ℎ = 4.54𝐸3𝜙4𝑒𝑥𝑝(−𝜙 1.02⁄ )2.23 

𝑎1 = −0.0447𝜙−1.87 + 0.2 

𝑎2 = −0.362−1.9 + 0.2 

5. UHC emission model:-  Unburnt hydrocarbon emission from gas turbine combustor has been modeled to be mainly dependent 

on value of primary-zone-temperature attained in the combustor. Other parameters affecting UHC emission are residence time, 

combustor inlet pressure as well as pressure drop in combustor due excessive turbulence (induced in the combustor to enhance 

combustion). The mass of UHC emission has been detailed as under [18]; 

                         𝑈𝐻𝐶 =
0.755𝐸11exp(9756 𝑇𝑃𝑍⁄ )

(𝑝3∗10
−5)2.3𝜏0.1(△𝑝3 𝑝3⁄ )0.6

 (25)   

 

RESULTS AND DISCUSSION 

 

The performance of the proposed cycle has been analyzed based on the mathematical modeling of cycle components as discussed 

in previous sections. A computer code in C++ language has been developed based on the mathematical modeling proposed 

earlier. Input data for the performance analysis has been listed in Table 1. The result has been validated with author previous work 

[7] and found within ±2% error.  Based on the results obtained, graphs have been plotted and discussed. 
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Table 1:  Input data for analysis for proposed Brayton-Brayton Cycle [5] [6] [7] [8] [9] [10] [20] 
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Figure 2. Effect of cycle pressure ratio on plant specific work for 

Brayton-Brayton cycle at TIT=1500 K
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Figure 3. Effect of cycle pressure ratio on plant efficiency 

              for brayton-brayton cycle at TIT=1500K

O
v
e
ra

ll
 p

la
n

t 
e
ff

ic
ie

n
c
y
 (

%
)

Cycle Pressure ratio

 BBGT

 

Figure 2 depicts the effect of cycle pressure ratio on plant specific work for a fixed value of Turbine-Inlet-Temperature of 1500 

K. Result shows that plant specific work increases up to 393.07 kJ/kg at rp,c of 15 after this peak point it starts decreasing and 

reaches a minimum value of 302.33 at rp,c of 45. Hence the result shows the nature of curve is parabolic.   

 

Figure 3 illustrates the effect of cycle pressure ratio on plant efficiency for a fixed value of Turbine-Inlet-Temperature of 1500 

K. Result shows that the overall plant efficiency increases rapidly up to rp,c 20 and after this rate of increase of efficiency slows 

down reaches a maximum value of  37.58% at rp,c of 30.  Hence figure shows that the plant efficiency increase with increase in 

cycle pressure ratio up to rp,c of 30 and after this it starts decreasing slowly and reaches a minimum value of 36.69 at rp,c of 45. 

This is due to parasitic compression work increasing steadily with increase in compression pressure ratio and thus effecting net 

gas turbine output which in turn affects overall plant performance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Component Parameters 

Gas property Cp= f(T) 

Enthalpy h= ∫ Cp(T) dT 

Ambient condition Ta=288K 

Pa=1.013 bar 

Relative humidity=60% 

Inlet section ∆ploss=1 percent of entry pressure 

Compressor(Topping 

and bottoming cycle) 

Isentropic efficiency (ηc)=86% 

Mechanical efficiency(ηm)=98% 

Combustor ∆ploss=2% of entry pressure 

ηcc=98% 

Fuel C11H21 

(LCV)f= 43370.596 kJ/kg 

Fuel inlet pressure = 110% of compressor 

exit pressure 

Gas turbine(Topping 

and bottoming cycle) 

Isentropic efficiency (ηt)=86% 

Mechanical efficiency(ηm)=98% 

Exhaust pressure=1.08 bar 

Heat exchanger ∆ploss=2% of entry pressure 

Effectiveness(εrec)=92% 

Exhaust temperature for topping 

cycle=650K 

Compressor(Bottomin

g cycle) 

Pressure ratio=5 

For Exergy analysis TIT=1700K & Pressure ratio=25 
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Figure 4: Variation of gas turbine efficiency and gas turbine specific work 

            for different value of rp,c and TRIT in case of BGT  

Figure 4 depicts the performance map showing the effect of TRIT and rp,c on gas turbine efficiency and specific work for BGT 

configuration at Tb=1123 K. At selected values of rp,c, the gas turbine efficiency increases with TRIT, reaches a maximum value 

and then decreases. So, there is an optimum TRIT for every rp,c i.e., at rp,c =20,  the optimum TRIT is at 1550K at which the gas 

turbine efficiency has been observed to be around 38.83% and specific work is approx. 383.84kJ/kg. Beyond this TRIT, the drop 

in gas turbine efficiency is very sharp. The prime reason that can be assigned to this behavior of the curve is that, at higher values 

of TRIT, the blade coolant flow rate becomes so high that it affects the gas turbine performance negatively. The maximum 

efficiency has been observed to be at rp,c =28 and TRIT=1600K at around 40.47%, whereas maximum specific work (405.91 

kJ/kg) has been found to be at rp,c =26 and TRIT=1750K. 
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Figure 5: Influence of TIT and cycle pressure ratio on thermal efficiency,
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Figure 5 demonstrates the performance map of brayton-brayton cycle illustrating the variation of specific work and plant 

efficiency for a different value of pressure ratio (rp,c) and turbine inlet temperature (TIT). Result shows that for any value of TIT 

specific work increases upto rp,c 20 after this it specific work starts decresing.  Also the plant efficiency for different value of TIT  

increases with increase in pressure ratio upto rp,c=25 after this point it starts decreasing. Hence for different value of TIT both 

plant specific work and plant efficiency increases with increase in pressure ratio reaches a maximum value after that it starts 

decreasing. Overall plant efficiency and specific work increases with increase in TIT for different value of rp,c over the plotted 

range.  

 

Figure 6 depicts histogram illustrating exergy performance of different components of proposed brayton-brayton cycle for a 

fixed value of  rp,c=25 and TIT=1700K. Result shows that gas turbine of the topping cycle has the rational efficiency of about 

37.26%, whereas 1.53% for  bottoming cycle. This is because TIT of bottoming cycle is constrained by turbine exhaust 

temperature of topping cycle. Combustion chamber exhibits highest value of exergy loss of about 28%. Overall stack exhaust gas 

exergy loss is about 15% and unaccounted exergy loss is about 8.25%. 
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Figure 6: Component wise Exergy and Exergy loss  
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Figure 7: Variation of NOx emission and Primary-Zone-Temperature 

With Compressor pressure Ratio  

Figure 7 depicts the nature of variation of NOX emission and primary-zone-temperature for the proposed cycle with increase in 

operating parameter rp,c. The graph shows that with increase in compressor pressure ratio there is increase in NOX emission as 

well as primary-zone-temperature. NOX emission varies almost linearly with a slight curvature in the mid compressor pressure 

ratio range between rp,c =21 to rp,c =23. The behavior is due to the fact that at higher rp,c, the average temperature inside the 

combustor increases due to increased combustor inlet air temperature and hence higher Tpz. NOX emission for the proposed cycle 

with a gas turbine having a compressor pressure ratio of 22 is around 13.89 g/kg of fuel. 
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Figure 8 illustrates the nature of variation of CO and UHC emission for the proposed cycle with operating parameter rp,c. The 

graph shows that with increase in compressor pressure ratio there is decrease in NOX emission as well as primary-zone-

temperature. UHC emission varies almost linearly with a slight curvature in the mid compressor pressure ratio range between rp,c 

=21 to rp,c =23. The behavior is due to the fact that at higher rp,c, the average temperature inside the combustor increases due to 

increased combustor inlet air temperature and hence higher Tpz.  

 

0 20 40 60 80 100 120 140 160

0

5

10

15

20

25

30

=1.3

=1.25

=1.2

=1.15

=1.1

= 1.05

=1

=0.95

r
p,c

=28

r
p,c

=26

r
p,c

=24

r
p,c

=22

r
p,c

=20

r
p,c

=16

r
p,c

=18

Figure 9: Emission performance map for Brayton-Brayton gas turbine cycle
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Figure 9 shows an emission performance map illustrating the variation of the NOx emission for Brayton-Brayton gas turbine cycle 

for different compressor pressure ratio (rp,c) and equivalence ratio(Φ). The performance map shows that for a chosen value of   

rp,c,  on increasing the value of equivalence ratio, NOx emission initially increases, reaches a maximum value at Φ =1.2  then starts 

decreasing. This is mostly due to the higher value of primary-zone-temperature at Φ =1.2. 
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CO emission has been observed to increase at a variable rate with an increase in equivalence ratio. The rate of  increase has been 

observed  to be almost constant upto Φ=1.2, where after on increasing equivalence  ratio, the rate of increase in CO emission 

decreases due lower values of primary-zone-temperature which leads to lower level of complete combustion.  

 

CONCLUSION 

The thermodynamic emission analysis of proposed hybrid cycle has been carried out. Based on the results following 

conclusion have been made: 

1) Brayton-brayton cycle provides the maximum available energy (about 40%) 

2) Brayton-brayton cycle gives maximum work output between 450-550 kJ/kg. 

3) Exergy loss in combustor is approximate 29% which is maximum. 

4) Mass of NOX emission is increases with compressor pressure ratio whereas mass of CO emission decreases with increase 

in compressor pressure ratio. 

5) Primary-Zone-Temperature increases with increase in compressor pressure ratio. 

6) UHC emission decreases with increase in compressor pressure ratio. 
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