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Abstract  

With ever increasing cost of fossil fuels and natural gases, power generation with lower fuel consumption and capital 
investment cost is subjected to extensive investigation. Conventional combined cycle including a topping gas 
turbine and a bottoming steam turbine is the most efficient combined cycle configuration for power generation. 
However, having a condenser and heat recovery steam generator in the bottoming cycle results in high capital 
investment cost. Conventional combined cycle’s high capital investment requirements make it unattractive for small 
scale power plants. Air bottoming cycle (ABC) is one of the combined cycle configurations which can be 
implemented for small scale power plants. Nonetheless, ABC’s low efficiency might be the main reason preventing 
the commercialization of this novel idea. One of the possible modifications that might be a breakthrough in 
enhancing the ABC’s efficiency is the integration of pulse combustor. 
In this paper, integration of pulse combustor in ABC configuration is proposed. Two different configurations for pulse 
combustor incorporation in ABC are recommended including pulse combustor replacing topping cycle combustion 
chamber and pulse combustor integration as a supplementary firing in the bottoming cycle. Sensitivity analysis is 
performed by manipulating different design variables and study their effect on both thermal efficiency and net 
specific work out. Moreover, thermodynamic optimization is performed to achieve the highest power enhancement 
resulting from the implementation of pulse combustion for cycle configuration. Integration of pulse combustor in the 
topping cycle can improve efficiency to 50.8% whereas maximum possible ABC’s efficiency is 43.6%. Pulse 
combustor employment as a supplementary firing in the bottoming cycle maximum achievable efficiency is only 
41.8%. 

 
I. Introduction  

With ever increasing cost of fossil fuels and natural 
gases, power generation with lower fuel consumption 
and capital investment cost is subjected to extensive 
investigation. Conventional combined cycle (CCC) 
including a topping gas turbine and a bottoming steam 
turbine is the most efficient combined cycle 
configuration for power generation. However, having a 
condenser and heat recovery steam generator in the 
bottoming cycle results in high capital investment cost. 
CCC’s high capital investment requirements make it 
unattractive for smaller scale power plants. It is 
reported in (Poullikkas, 2005) that other combined 
cycle configurations might be competitive with CCC for 
50 MWe or smaller scale power plants.  
There are several alternatives that can replace steam 
turbine bottoming cycle for smaller scale power plants. 
These alternatives are subjected to extensive research 
in recent decades. The main criteria for selecting an 
appropriate bottoming cycle is its low operating 
temperature. This factor enhances the bottoming cycle 
capability to recover the waste heat available in the 
topping cycle gas turbine’s exhaust gases. One of the 
possible bottoming cycle is organic Rankine cycle 
(ORC). Because of its low operating temperature, ORC 
is a popular choice for bottoming cycle integration. 
There are several studies available in the literature 

investigating organic Rankine bottoming cycle. 
Different medium to small size bottoming cycles are 
investigated by Bianchi and De Pascale (2011) and the 
results indicate ORC technology as the most promising 
and well proven solution for bottoming cycle 
incorporation. Low temperature ORC is considered as 
the bottoming cycle in medium and large scale 
combined cycle power plants in Chacartegui et al. 
(2009). Results indicate ORC as an interesting and 
competitive alternative for integration with high 
efficiency gas turbines having low exhaust 
temperatures.  
Another popular alternative to exploit waste heat 
available in gas turbine high temperature exhaust 
gases is Kalina cycle. Kalina cycle is a modified 
version of Rankine cycle which resembles a reversed 
absorption cycle (Paanu, et al., 2012). Kalina cycle’s 
working fluid is a zeotropic mixture of ammonia water 
(Poullikkas, 2005). Its operating temperature is similar 
to Rankine cycle which makes it a strong candidate to 
replace steam bottoming cycle in CCC plants. A new 
solar tower thermal power system integrating the 
intercooled gas turbine top cycle and the Kalina 
bottoming cycle is proposed in Peng et al. (2012). Peak 
efficiency of the investigated combined solar plant is 

27.5% with turbine inlet temperature (TIT) of 1000  

under the designed solar direct normal irradiance of 
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800 W/m2. A comparison of two bottoming cycle 
alternatives, including a Kalina cycle and a transcritical 
ORC is performed in Yue et al. (2015). Transcritical 
ORC demonstrates noticeable advantages in the 
overall thermal efficiency, low operation pressure and 
simple components compared to Kalina bottoming 
cycle.  
Gas turbine’s lower installation cost and shorter 
installation time promote the idea of incorporating 
another gas turbine for waste heat recovery purposes 
as air bottoming cycle (ABC). While ABC’s high 
operating temperature is a significant drawback for 
waste heat recovery purposes, its simplicity in 
operation and maintenance improve the possibility of 
constructing power plants with ABC configuration in 
near future. ABC which is patented by Farrell (1988) 
and realized by wicks (1991) consists of a topping gas 
turbine and a bottoming air turbine cycles. The other 
main advantages of ABC are its lower start up time and 
compact size (Chmielniak, et al., 2012). Additionally, 
ABC has low capital investment cost, low operating 
and maintenance cost, short delivery, high flexibility 
(Khaldi, 2011). Moreover, its water consumption is 
relatively lower than other plant configurations, 
especially by incorporating air intercoolers, ABC can be 
implemented in regions with water shortages 
(Korobitsyn, 2002). Since there is no combustion 
process in the bottoming cycle of ABC, no toxic media 
is available in the bottoming cycle air to cause erosion 
on turbine’s blades (Czaja, et al., 2013). 
Several studies available in literature investigating 
different aspects of ABC power plant configuration for 
small scale implementation Ataei (2013), Bolland et al. 
(1996), Hirs et al. (1995), Kaikko and Hunyadi (2001), 
Najjar and Zaamout (1996), and Sandoz et al. (2013). 
Steam and water injection in ABC’s bottoming air 
turbine are suggested in Ghazikhani and 
passandideh-fard (2011) for power augmentation 
purposes. Results indicates the positive impacts of 
these power augmentation approaches such that 2.5% 
and 5% increase in efficiency is reported for steam and 
water injection, respectively. A comparison between 
ORC bottoming cycle and ABC is performed in Kaikko 
et al. (2001). ORC’s performance is superior at 

temperatures lower than 680  whereas ABC is more 

efficient for higher temperatures. A thermo-economic 
optimization for ABC with and without an air intercooler 
in the bottoming cycle is accomplished in Saghafifar 
and Poullikkas (2015b). Results show the positive 
influences of air bottoming cycle implementation to a 
gas turbine power plant such that the operating cost of 
the plant reduces from 0.8779 $/s to a minimum of 
0.7316 $/s at the optimum operating conditions. 
Additionally, intercooler integration results in economic 
enhancement by reducing the operating cost further to 
0.7237 $/s. A comparative analysis of power 
augmentation approaches for ABC is presented in 
Saghafifar and Poullikkas (2015a). Supplementary 
firing and steam injection in the topping cycle 
combustion chamber are proposed. Thermo-economic 
optimization’s results suggest steam injection as the 
best power augmentation approach for ABC 
configuration in both thermodynamic and economic 
points of view.  

ABC‘s low efficiency might be the main reason 
preventing the commercialization of this novel idea. 
There are several approaches of power augmentation 
such as water/steam injection, supplementary firing, 
and inlet air cooling. One of the possible modification 
that might be a breakthrough in enhancing ABC’s 
efficiency is the integration of pulse combustor. Pulse 
combustor can replace the combustion chamber in the 
topping gas turbine cycle. Pulse combustion is capable 
of boosting both the thermal efficiency and power 
output with a reduction in carbon and nitrogen oxides 
emission (Gadalla, 2004). A detailed model for 
integration of pulse combustor in gas turbine power 
plants is presented in El-Gizawy and Gadalla (1997). It 
is reported that the maximum increase in the power 
output with the pulse combustion could reach to about 
42%. Integration of pulse combustor in simple gas 
turbine power plant is investigated in Gadalla (2004). 
Increase in fuel savings up to 19% is achieved by pulse 
combustion employment in a simple gas turbine. A 
numerical model for pulse combustion integration in 
gas turbine is presented in Janus, et al. (1997). A 
thermodynamic analysis of pulse combustion and its 
application to gas turbines with a detailed pulse 
combustor model is presented in Lampinen, et al. 
(1992). A control volume mathematical model derived 
specifically for aerovalve pulse combustor is presented 
in Narayanaswami and Richards (1996).  
In this paper, integration of pulse combustor in ABC 
configuration is proposed. Two different configurations 
for pulse combustor incorporation in ABC are 
recommended including pulse combustor replacing 
topping cycle combustion chamber and pulse 
combustor integration as a supplementary firing in the 
bottoming cycle. Sensitivity analysis is performed by 
manipulating different design variables and study their 
effect on both thermal efficiency and net specific work 
out. Moreover, thermodynamic optimization is 
performed to achieve the highest power enhancement 
resulting from the implementation of pulse combustion 
for cycle configuration. 
 
II. Proposed systems configurations 

Initially, ABC configuration is introduced prior to 
presenting two different configurations for pulse 
combustor incorporation in ABC. Referring to Fig. 1 
and 2, air is drawn into the compressor at state 1 
where it is compressed adiabatically into state 2. 
Compressed air enters the combustion chamber where 
heat is added to air fuel mixture in an isobaric process 
at state 3. Heated exhaust gases from the combustion 
chamber are expanded in a gas turbine adiabatically to 
state 4. Exhaust gases from the turbine contain 
considerable amount of waste heat that can be 
employed for the heating requirement of a bottoming 
cycle. Consequently, exhaust gases at state 4 go 
through a gas to gas counter flow heat exchanger and 
exchange heat for the requirements of the bottoming 
cycle air heating at state 5. In the bottoming cycle, air is 
compressed adiabatically in a compressor from state 6 
to state 7. Compressed air at state 7 is heated up by 
the available heat in the topping cycle turbine exhaust 
gases to state 8 before expanding in an air turbine to 



            7th International Exergy, Energy and Environment Symposium 

 

 -3- 

state 9.  
It is proposed to utilize pulse combustor instead of the 
conventional combustion chamber to improve ABC’s 
thermodynamic performance. Referring to Fig. 3 and 4, 
schematic of ABC configuration with pulse combustor 
integration in the topping cycle (ABC-PT) and its T-s 
diagram are illustrated. In this configuration, pulse 
combustor replaces the combustion chamber in the 
ABC configuration. 

 
Fig. 1: Schematic Diagram of air bottoming cycle 

configuration 

 

 
Fig. 2: T-s Diagram of air bottoming cycle 

 
Another possible pulse combustor employment is to 
use it in the bottoming cycle of ABC configuration for 
supplementary firing combustor. Referring to Fig. 5, 
schematic for ABC configuration with pulse combustion 
integration in the bottoming cycle (ABC-PB) is depicted. 
Additionally, this configuration T-s diagram is presented 
in Fig. 6. In this configuration, heated air from the heat 
exchanger at state 8 enters a pulse combustor where 
heat is added to air fuel mixture to state 9. Additionally, 
air fuel mixture’s pressure at state 9 is greater than 
air’s pressure at state 8 which can result in significant 
thermodynamic enhancement. Exhaust gases from the 
pulse combustor at state 9 are expanded adiabatically 
in a gas turbine to state 10.  

 
Fig. 3: Schematic Diagram of air bottoming cycle with pulse 

combustor integration in the topping cycle 
 

 
Fig. 4: T-s Diagram of air bottoming cycle with pulse 

combustor integration in the topping cycle  
 

 
Fig. 5: Schematic Diagram of air bottoming cycle with pulse 

combustor integration in the bottoming cycle 

 
Fig. 6: T-s Diagram of air bottoming cycle with pulse 

combustor integration in the bottoming cycle 



            7th International Exergy, Energy and Environment Symposium 

 

 -4- 

 
III. Mathematical formulation 

In this section, a detailed mathematical model for each 
component of the proposed configurations is presented. 
Air and exhaust gases heat capacities and entropies 
are evaluated based on NASA polynomial curve fits 
(Kayadelen and Ust, 2014; Turns, 1996; Kee, et al., 
1990; Burcat, 1984) as follow: 

 (1) 

 

 
 

(2) 

where  is the specific heat capacity in kJ/kg.K,  is 

the gas constant in kJ/kg.K,  is temperature in K,  

is the temperature dependent specific entropy in 
kJ/kg.K, and  are dimensionless NASA 

polynomial curve fit coefficients. 
Developed models are implemented in MATLAB for 
simulation requirement of this research work. All 
thermodynamic assumptions, constraints and design 
parameters employed in this paper are tabulated in Tab. 
1. 
 
III.1. Compressor 

Proposed configurations consist of two compressors 
for their topping and bottoming cycles. Both 
compressors are identical with air as their working fluid. 
Their compression ratios depend on the required 
topping and bottoming cycle compression ratios. 
Compressor’s outlet temperature and specific work 
input are calculated as follow: 

 
(3) 

 

 
(4) 

 

 

(5) 

 

 

(6) 

where  and  are the corresponding entropies of 

the compressor inlet and isentropic outlet in kJ/kg.K,  

 is the air temperature at the compressor inlet in K, 

 and  are isentropic and actual air 

temperatures at the compressor outlet in K,  is the 

specific heat capacity for average air temperatures 
across the compressor in kJ/kg.K,  is the compressor 

pressure ratio,  is the turbomachinery  mechanical 

efficiency,  is the compressor isentropic efficiency 

and  is the compressor required specific work input 

in kJ/kg. 
 
 
 
 

Tab. 1: Thermodynamic assumption, constraints, and design 
parameters 

Parameter Assigned value 

Sensitivity Analysis  
Fuel low heating value (kJ/kg) 50142 
Reference temperature (K) 298 
Combustion chamber efficiency 98% 
Combustion chamber pressure drop 4% 
Pulse combustor efficiency 98% 
Pulse combustor parameter  1 
Precompression parameter 1.1 
Supplementary firing temperature rise (K) 100  
Turbine inlet temperature (K) 1400  
Topping cycle pressure ratio 14 
Bottoming cycle pressure ratio 4 
Mass flow rate ratio  1 
Net power output (MWe) 50  
Compressor isentropic efficiency 85% 
Compressor mechanical efficiency 99% 
Turbine isentropic efficiency 85% 
Turbine mechanical efficiency 99% 
Generator electrical efficiency 98% 
Heat exchanger pressure drop 4% 
Heat exchanger pinch temperature (K) 9  

Optimization Domain  
Mass flow rate ratio 0.00-2.00 
Topping cycle pressure ratio 10.0-25.0 
Bottoming cycle pressure ratio 2.0-10.0 
Turbine inlet temperature (K) 1000.0-670.0 
Pulse combustor parameter  0.00-1.00 
Precompression parameter 1.00-1.20 
Supplementary firing temperature rise (K) 50.0-400.0  

 
III.2. Gas turbine 

ABC consists of two turbines with different working 
fluids and pressure ratios including a gas turbine and an 
air turbine. Consequently, full regard must be given to 
different working fluid’s specific properties calculation. 
Turbine’s outlet temperature and specific work out are 
determined by:  

 (7) 

 

 (8) 

 

 (9) 

 

 

(10) 

where  and  are corresponding entropies of the 

turbine inlet and isentropic outlet in kJ/kg.K,   is the 

temperature of working fluid at turbine inlet in K,  

and  are isentropic and actual air temperatures at 

turbine outlet in K,  is the turbine pressure ratio,  is 

the turbine’s isentropic efficiency and  is the 

turbine’s specific work out in kJ/kg. 
 
III.3. Combustion chamber 

Methane is taken as the primary fuel for combustion 
purposes in the combustion chamber and the pulse 
combustor. Complete combustion is considered for 
analysis of this paper with relevant specific heat 
capacities and entropies of exhaust gases calculated 
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based on the following molar contributions: 

 (11) 

Required amount of fuel addition for achieving the 
predetermined TIT and exhaust gases mass flow rate 
are calculate by: 

 

(12) 

 

 
(13) 

where , , and  are fuel, exhaust gases, and 

air mass flow rates in kg/s,  and  are 

temperatures at combustion chamber inlet and outlet in 
K,  and  are average specific heat 

capacities of air and gas,  is the combustion 

chamber efficiency,  is the fuel low heating value 

in kJ/kg and  is the reference temperature state 

associated with the fuel  in K.  

 
III.4. Pulse combustor 

In conventional combustion chambers, combustion 
occurs in an isobaric process such that outlet exhaust 
gases’ pressure are equal to incoming air ’s pressure at 
the combustion chamber inlet. However, pulse 
combustor has the capability to increase the exhaust 
gases pressure which will have a significant impact on 
the gas turbine’s performance. Mathematical model 
presented in (Gadalla, 2004; El-Gizawy and Gadalla, 
1997; Lampinen, et al., 1992) is selected to be 
implemented to formulate the performance of the pulse 
combustor in ABC configuration as follow: 

 

(14) 

 

 

(15) 

 

 

(16) 

where  and  are the pressure of air and 

exhaust gases at inlet and outlet of the pulse 

combustor in kPa,  is the specific heat ratio,  and 

 are dimensionless internal temperatures ratios,  

is the dimensionless pulse combustor parameter,  is 

defined as the precompression parameter. In principle, 
pulse combustor is modeled as series of isobaric and 
isochoric combustion processes.   indicates the 

share of compustion heat release that takes place in an 

isochoric process.  is associated with the case 

which combustion fully occurs at constant volume, 

whereas  models an isobaric combustion 

process (conventional combustor). Consequently, 
maximum self-compression pressure ratio corresponds 

to the case of . On the other hand, 

precompression parameter has considerable influence 
on plant performance as well. Greater the 
precompression parameter value, higher the pressure 
wave of the nonreacting gas medium which maximizes 
the self-compression pressure ratio.  
 
 

III.5. Air heat exchanger 

ABC configuration consists of an air to air heat 
exchanger which is responsible for heat recovery from 
the topping cycle gas turbine exhaust gases for the 
bottoming cycle air heating requirement. The most 
important factors in heat exchanger design are high 
effectiveness and low pressure drop. On the other 
hand, low heat transfer coefficient, high temperature 
gases, significant pressure difference and low density 
of gases involved in this heat exchanger complicate its 
design procedure (Sandoz, et al., 2013).  
Pinch point analysis is selected for modeling purposes 
of the air heat exchanger in this paper. Pinch 
temperature difference is located where the minimum 
temperature difference between hot and cold fluids is 
achieved. For a counter flow heat exchanger, location 
of the pinch temperature difference depends on the 
fluids’ mass flow rates as well as their specific heat 
capacities. If hot fluid’s heat capacity ( ) is greater 

than cold fluid’s heat capacity, pinch temperature 
difference occurs at the hot stream entry and cold 
stream exit. Otherwise, pinch temperature difference’s 
location shifts to the other end of the heat exchanger. 
In the case of equal heat capacities, pinch temperature 
difference can be attained on both ends of the heat 
exchanger. Based on the presented explanation of 
pinch point analysis, air heat exchanger is modeled as 
follow: 

 (17) 

 

 

(18) 

where  and  are temperatures at the air heat 

exchanger inlet and outlet associated with lower heat 

capacity fluid in K,  and  are temperatures of 

higher heat capacity fluid at the air heat exchanger inlet 
and outlet in K,  and  are higher and lower 

heat capacities for fluids involved in the air heat 
exchanger respectively in kJ/K, and  is the 

pinch temperature difference for the air heat exchanger 
in K.  
 

 

 

III.5. Plant performance 

In order to connect topping and bottoming cycle 
thermodynamic analysis, a new parameter is defined as 
the ratio of air mass flow rate at the bottoming cycle 
compressor inlet over air mass flow rate at the topping 
cycle compressor inlet. This parameter will be referred 
to as mass flow rate ratio (MFRR) and is determined by: 

 

(19) 

where  and  are the topping and bottoming 

cycles mass flow rates in kg/s.  
Net power output and overall efficiency of the plant can 
be calculated: 
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(20) 

 

 

(21) 

where  and  are the topping cycle specific 

works of turbine and compressor respectively in kJ/kg, 
similarly,  and  are the bottoming cycle 

specific works of turbine and compressor in kJ/kg,  

is the generator electrical efficiency,  is the total 

net power output in kW and  is the plant’s overall 

efficiency.  
 
IV. Results and discussions  

Initially, sensitivity analysis is performed to 
demonstrate each operating parameter’s impact on the 
plant’s efficiency and net specific work out. Sensitivity 
analysis is conducted based on the values presented in 
Tab. 1. Afterward, an optimization is carried out to 
maximize each configuration’s efficiency.  
 

IV.1. Sensitivity analysis 

Topping cycle pressure ratio (TCPR) is one of the 
design variables which its alteration can be effectively 
employed for plant’s improvements. Results 
concerning the effect of TCPR on the plant’s efficiency 
are depicted in Fig. 7. Addition of a pulse combustor 
regardless of its function (ABC-PT and ABC-PB) has 
positive effects on the plant’s new specific work out. At 
low TCPR values, ABC-PT net specific work out is 
considerably higher. Nevertheless, net specific work 
out for ABC-PT is more sensitive to TCPR elevation 
such that its value reduces with greater pace compared 
with ABC-PB’s efficiency. For any TCPR value greater 
than 23, ABC-PB and ABC-PT result in approximately 
identical net specific work out. The main reason behind 
ABC-PT’s net specific work out decline is the pulse 
combustor’s self-compression pressure ratio 
dependency on the temperature ratio across it. 
Consequently, higher temperature air entering the 
pulse combustor reduces its capability to boost exhaust 
gases pressure.  
Results concerning the effect of TCPR on the plant’s 
efficiency is demonstrated in Fig. 8. ABC-PB and ABC 
configurations benefit from increasing TCPR where 
their efficiencies increase by almost 2%. However, this 
impact is less significant for greater TCPR values. 
ABC-PT’s efficiency does not follow the same pattern 
as its efficiency rises slightly and falls afterward. In 
general, ABC-PT’s efficiency is not noticeably affected 
by TCPR variation. This type of behavior can be traced 
back to the conflicting effects of increasing TCPR on 
ABC-PT’s efficiency. On one hand, increasing TCPR 
has positive impact on the efficiency as ABC and 
ABC-PB’s results indicate. On the other hand, pulse 
combustors are sensitive to the temperature ratio 
across them. Therefore, higher TCPR increases the air 
temperature entering the pulse combustor and reduces 
the temperature ratio across it. Reduction in the pulse 
combustor’s temperature ratio causes a decrease in its 
self-compression pressure ratio and plant’s efficiency 

in its consequence. Therefore, an optimum value exists 
which balances the positive and negative influences of 
TCPR growth in ABC-PT configuration. With specified 
operating parameters, optimum efficiency of 43.22% 
for ABC-PT is achieved at TCPR of 13.  
 

 
Fig. 7: Effects of TCPR on the plant’s net specific work out 

(BCPR=4, TIT=1400 K, MFRR=1, =1.1, =1, SFTR=100 

K) 

 
Fig. 8: Effects of TCPR on the plant’s efficiency (BCPR=4, 

TIT=1400 K, MFRR=1, =1.1, =1, SFTR=100 K) 

 
Results concerning the effect of the bottoming cycle 
pressure ratio (BCPR) on the plant’s net specific work 
out are illustrated in Fig. 9. At low values of BCPR, 
ABC-PT has the highest specific work out. 
Nonetheless, ABC-PB produces the highest specific 
work out at BCPR values greater than 6.5. Net specific 
work out for ABC-PT is the first curve to reach its 
maximum value approximately at BCPR of 3.5. 
ABC-PB’s optimum BCPR value is the greatest among 
all the configurations at BCPR of 6. Results concerning 
the effect of BCPR on the plant’s efficiency is 
presented in Fig. 10. Efficiency of ABC-PT is constantly 
greater than the other configurations’ efficiency 
regardless of BCPR value which indicates the positive 
impacts pulse combustors can have on ABC’s 
efficiency. Additionally, efficiency curve associated with 
ABC-PB configuration manages to surpass ABC’s 
efficiency curve at BCPR values greater than 8. Similar 
to net specific work out results presented in Fig. 9, 
optimum BCPR corresponds to ABC-PT efficiency 
curve is the lowest while ABC-PB’s optimum BCPR is 
the greatest. It is worth mentioning that ABC-PB shows 
lower sensitivity to BCPR variation at values greater 
than 4 compared with other configurations.  
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Fig. 9: Effects of BCPR on the plant’s net specific work out 

(TCPR=14, TIT=1400 K, MFRR=1, =1.1, =1, SFTR=100 

K) 

 
Fig. 10: Effects of BCPR on the plant’s efficiency (TCPR=14, 

TIT=1400 K, MFRR=1, =1.1, =1, SFTR=100 K) 

 
Fig. 11: Effects of TIT on the plant’s net specific work out 

(TCPR=14, BCPR=4, MFRR=1, =1.1, =1, SFTR=100 K) 

 
Fig. 12: Effects of TIT on the plant’s efficiency (TCPR=14, 

BCPR=4, MFRR=1, =1.1, =1, SFTR=100 K) 

 
Results concerning the effect of TIT on the plant’s net 
specific work out are depicted in Fig. 11. Specific net 
work out is constantly rising regardless of its 
configuration. Additionally, ABC-PT’s specific work out 
rate of growth is greater than the other two 
configurations’. Results concerning the effect of TIT on 
the plant’s efficiency are demonstrated in Fig. 12. At 
low TIT values, ABC has the lowest efficiency; however, 
ABC’s efficiency curve manages to surpass ABC-PB’s 
efficiency. ABC-PT’s efficiency is continuously greater 
than the other configurations.  Additionally, increase in 
TIT results in a rise of self-compression pressure ratio 
in the pulse combustor which explains the greater rate 
of growth in ABC-PT’s efficiency curve compared with 

other configurations. It can be concluded that pulse 
combustion implementation in ABC configurations can 
result in more than 7% efficiency improvement at high 
TIT values.  
The most effective operating parameter on the heat 
recovery capacity of ABC power plants is MFRR. By 
selecting a proper bottoming cycle mass flow rate and 
MFRR, identical heat capacities of hot and cold fluids 
in the air heat exchanger can be obtained which 
maximizes the amount of heat recovered from the 
topping cycle exhaust gases. Results concerning the 
effect of MFRR on the plant’s net specific work out are 
presented in Fig. 13. By taking MFRR to be zero, 
simulation’s results are associated with the case of 
zero bottoming cycle mass flow rate which in principle 
is a simple gas turbine cycle. Comparing ABC and 
ABC-PT’s results at MFRR of zero, one may concluded 
that integration of a pulse combustor can enhance the 
net specific work out of a simple gas turbine cycle by 
more than 30%. Increasing bottoming cycle air mass 
flow rate results in an increase of net specific work out 
for all three configurations. ABC and ABC-PT net 
specific work out rises until MFRR value reaches its 
optimum. At the optimum MFRR, heat capacity of the 
topping cycle exhaust gases is equal to the heat 
capacity of the bottoming cycle air. Consequently, 
amount of heat recovered is maximized by attaining 
pinch temperature difference at both ends of the air 
heat exchanger. It is noteworthy that ABC-PB’s net 
specific work out remains approximately constant after 
MFRR reaches its optimum. This behavior can be 
explained by the presence of the supplementary firing 
in the bottoming cycle. Increasing MFRR affects the air 
temperature at the bottoming turbine’s inlet; 
nevertheless, having a pulse combustor reduces the 
impact of the bottoming turbine inlet air temperature 
drop by increasing the air temperature at the air heat 
exchanger outlet by 100 K.  
Results concerning the effect of MFRR on the plant’s 
efficiency are demonstrated in Fig. 14. At MFRR of 
zero, simulation results resmble a simple gas turbine 
cycle model. It can be concluded that integration of 
pulse combustor in simple gas turbine cycle can result 
in more than 8% efficiency enhancement. At the 
optimum value of MFRR, efficiency enhancement of 
the pulse combustor incorporation in ABC’s topping 
cycle reduces to almost 6%. Additionally, optimum 
MFRR for ABC-PT is slightly smaller than the other two 
configurations’ optimum values. At any MFRR value, 
efficiency of ABC-PT is the highest while ABC-PB’s 
efficiency is the lowest.   
To solely focus on the pulse combustor’s performance 
in ABC-PT and ABC-PB configurations, effects of 
varying precompression and pulse combustor 
parameters are investigated. Results concerning the 

effect of pulse combustor parameter  with different 

precompression parameter values on its 
self-compression pressure ratio for ABC-PT 
configuration are depicted in Fig. 15. Pulse combustor 
parameter of zero with precompression parameter of 
one resembles conventional combustion chamber 
because self-compression pressure ratio of one is 
obtained. Self-compression pressure ratio 
enhancement resulting from precompression 
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parameter is independent of the pulse combustor 
parameter value such that the distance between curves 

remain constant with variation in . It is understandable 

that increasing  causes a growth in self-compression 

pressure ratio. Noting that curves with greater 
precompression parameter have higher 
self-compression pressure ratio. Results concerning 

the effect of pulse combustor parameter  with 

different precompression parameter values on its 
self-compression pressure ratio for ABC-PB 
configuration are depicted in Fig. 16. Results for 
ABC-PB self-compression pressure ratio are similar to 
ABC-PT’s but in a smaller scale. Since the temperature 
ratio across the pulse combustor in ABC-PB is smaller 
compared with ABC-PT, self-compression pressure 
ratio is lesser.  
 

 
Fig. 13: Effects of MFRR on the plant’s net specific work out 

(TCPR=14, BCPR=4, TIT=1400 K, =1.1, =1, SFTR=100 

K) 

 

 
Fig. 14: Effects of MFRR on the plant’s efficiency (TCPR=14, 

BCPR=4, TIT=1400 K, =1.1, =1, SFTR=100 K) 

 

 
Fig. 15: Effects of pulse combustor parameter  with 

different precompression parameter values on its 
self-compression pressure ratio for ABC-PT configuration 

(TCPR=14, BCPR=4, TIT=1400 K, MFRR=1, SFTR=100 K) 

 

 
Fig. 16: Effects of pulse combustor parameter  with 

different precompression parameter values on its 
self-compression pressure ratio for ABC-PB configuration 

(TCPR=14, BCPR=4, TIT=1400 K, MFRR=1, SFTR=100 K) 

 

 
Fig. 17: Effects of pulse combustor parameter  with 

different precompression parameter values on ABC-PT’s 
efficiency (TCPR=14, BCPR=4, TIT=1400 K, MFRR =1, 

SFTR=100 K) 

 

 
Fig. 18: Effects of pulse combustor parameter  with 

different precompression parameter values on ABC-PB’s 
efficiency (TCPR=14, BCPR=4, TIT=1400 K, MFRR =1, 

SFTR=100 K) 

 
Results concerning the effect of pulse combustor 

parameter  with different precompression parameter 

values on ABC-PT’s efficiency are shown in Fig. 17. 
Increasing pulse combustor and precompression 
parameters enhances ABC-PT’s efficiency. 
Considering that with precompression parameter of 
one and pulse combustor parameter of zero, 
conventional combustion chamber is modeled, 
efficiency improvement with a pulse combustor can 
reach to more than 8% for ABC configurations.  
Results concerning the effect of pulse combustor 

parameter  with different precompression parameter 

values on ABC-PB’s efficiency are illustrated in Fig. 18. 
Because of small temperature ratio in ABC-PB’s pulse 
combustor, efficiency enhancement is considerably 
smaller than ABC-PT configuration. Moreover, 
maximum efficiency enhancement from implementing 
a pulse combustor instead of a conventional 
combustion chamber for supplementary firing is 
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approximately 1.1%. In addition, precompression 
parameter has more significant impact on ABC-PB’s 
efficiency compared with pulse combustor parameter.  
Another design variable only applicable to ABC-PB 
configuration is the supplementary firing temperature 
rise (SFTR). Results concerning the effect of SFTR on 
ABC-PB’s efficiency and pulse combustor 
self-compression pressure ratio are demonstrated in 
Fig. 19. Increasing SFTR has conflicting impacts on the 
plant’s performance. On one hand, increasing SFTR 
results in higher self-compression pressure ratio in the 
supplementary firing pulse combustor since 
temperature ratio across the pulse combustor will be 
greater. With 400 K temperature rise in the pulse 
combustor, self-compression pressure ratio of 1.2 can 
be achieved. On the other hand, higher SFTR 
associated with greater fuel mass flow rate required in 
the supplementary firing. Consequently, higher 
self-compression pressure ratio enhances the 
efficiency whilst higher fuel mass flow rate degrades it. 
Nonetheless, negative impacts of fuel addition 
outweighs positive effects of higher pressure at the 
bottoming cycle turbine inlet causing a constantly 
reduction of efficiency by approximately 2%.  
Consequently, one may conclude that addition of a 
pulse combustor supplementary firing can only result in 
dampening the plant’s efficiency. 
 

 
Fig. 19: Effects of SFTR on ABC-PB’s efficiency and pulse 

combustor self-compression pressure ratio (TCPR=14, 

BCPR=4, TIT=1400 K, =1.1, =1, MFRR =1) 

 
IV.2. Thermodynamic optimization 

Pulse combustor incorporation within ABC power 
plants enhances the efficiency. To better understand 
the maximum achievable efficiency for each proposed 
configuration, a thermodynamic optimization is 
performed. Sensitivity analysis provides a platform to 
better comprehend the optimization’s results and the 
impacts of each variable on the plant’s efficiency. 
However, variation in one of the design variables might 
alter the optimum value for the other design variables. 
Sensitivity analysis cannot take into consideration 
these impacts since only one or two variables can be 
studied simultaneously. Thus, optimization is required 
to calculate the maximum efficiency achievable and its 
corresponding design parameters’ values. The 
mathematical models developed for the proposed 
power plant configurations are utilized to execute a 
thermodynamic optimization in MATLAB. One of the 
optimization methods provided by MATLAB is the 
genetic algorithm which is preferred for the optimization 
requirement of this research work (MATLAB and 

Optimization Toolbox Release, 2012). Genetic 
algorithms only require the function values in the 

search process for the optimum conditions (Arora, 

2004). Furthermore, continuity and differentiability of 

the objective function are not necessary requirements 

(Arora, 2004). 
Optimization’s objective is to maximize the efficiency of 
each plant configuration presented in this paper. 
Design variables are MFRR, TIT, TCPR and BCPR. 
For ABC-PT and ABC-PB, additional design variables 
including SFTR, the pulse combustor and 
precompression parameters are considered. Assigned 
range for each design variable is presented in Tab. 1. 
In Fig. 19, it was demonstrated that the addition of a 
supplementary firing only reduces the plant’s efficiency. 
Consequently, the optimum SFTR value to achieve the 
maximum efficiency will be zero. In order to distinguish 
between ABC and ABC-PB with no temperature rise in 
the supplementary firing pulse combustor, optimization 
is carried out with taking into account a lower boundary 
of 50 K for SFTR. This restriction enables the 
optimization results to signify the impacts 
supplementary firing pulse combustor has on different 
operating conditions and thermodynamic parameters. 
Thermodynamic optimization results for ABC, ABC-PT 
and ABC-PB are presented Tab. 2. Understandably, 
increasing TIT enhances all three configurations’ 
efficiency which can be clearly perceived from the 
results. Optimum MFRR is approximately similar for all 
configurations because the differences in air and gas 
temperatures at the air heat exchanger does not have 
a considerable impact on their heat capacities. 
Optimum TCPR value is lower for ABC-PT 
configuration because of the self-compression 
pressure ratio of the pulse combustor. Optimum value 
of BCPR for ABC-PB configuration is the greatest 
whereas ABC-PT has the lowest optimum BCPR. 
Precompression parameter constantly improves 
cycle’s efficiency and its optimum value is the upper 
boundary of the assigned optimization range. Optimum 
value for the pulse combustor parameter  is almost 

equal for both configurations. As it is explained 
beforehand, supplementary firing does not have any 
positive impact on the efficiency of the cycle; thus, the 
optimum value of SFTR is its lower boundary of 50 K. 
Considering the thermodynamic results for each 
configuration at its optimum operating conditions, 
topping cycle air mass flow rate decreases by pulse 
combustor introduction in either topping or bottoming 
cycles. Consequently, net specific work out which is 
calculated per air mass flow rate at the topping 
compressor increases such that ABC-PT’s net specific 
work out is the highest and ABC-PB has the second 
best net specific work out. Additionally, lower topping 
cycle air mass flow rate implies lower bottoming cycle 
air mass flow rate required considering that their 
corresponding MFRR are approximately identical. 
Moreover, lower air mass flow rate results in a more 
compact power plant. Additional fuel required in the 
supplementary firing pulse combustor degrades its 
efficiency. 
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Tab. 2: Thermodynamic optimization results for ABC, ABC-PT and ABC-PB configurations 

Parameter ABC ABC-PT ABC-PB 

Optimization Results    
TIT (K) 1670 1670 1670 
MFRR 1.30 1.28 1.29 
TCPR 25.0 18.8 25 
BCPR 4.65 3.98 6.2 

Pulse combustor parameter  - 0.84 0.87 

Precompression parameter - 1.2 1.2 
SFTR (K)  - - 50 

Thermodynamic Results    
Topping cycle air mass flow rate (kg/s) 83.6 68.3 76.0 
Fuel mass flow rate (kg/s) 2.29 1.96 2.08 
Supplementary firing fuel mass flow rate (kg/s) - - 0.31 
Exhaust gases temperature (K) 482.3 460.1 526.5 
Bottoming cycle air exhaust temperature (K) 688.7 654.2 699.8 
Net specific work out (kJ/kg) 598.0 732.5 658.0 
Available heat recovery in heat exchanger (MWth) 50.2 36.1 40.5 
Bottoming cycle power output (MWe) 10.3 6.4 14.0 
Bottoming cycle efficiency 20.5% 17.6% 25.0% 
Self-compression pressure ratio - 2.03 1.04 
Overall efficiency 43.6% 50.8% 41.8% 
Heat rate (kJ/kWh) 8257.8 7083.9 8619.5 

On the contrary, integration of pulse combustor in the 
topping cycle can improve efficiency to 50.8% whereas 
maximum possible ABC’s efficiency is 43.6%. 
ABC-PB’s maximum achievable efficiency is only 
41.8%. Integration of pulse combustor in the topping 
cycle reduces the share of power generation in the 
bottoming cycle to 6.4 MWe from the plant’s net power 
output of 50 MWe. It also reduces the bottoming cycle 
efficiency to 17.6%. On the other hand, incorporation of 
pulse combustor in the bottoming cycle as a 
supplementary firing combustor increases the 
bottoming cycle share of power generation to 14.0 
MWe and enhances the bottoming cycle efficiency to 
25.0% 
 
V. Conclusions  

In this paper, incorporation of pulse combustor in ABC 
configuration is proposed. Two different configurations 
for pulse combustor integration in ABC are suggested 
including pulse combustor substituting topping cycle 
combustion chamber and pulse combustor utilization 
as a supplementary firing in the bottoming cycle. A 
thermodynamic optimization is carried out to obtain the 
greatest efficiency enhancement due to the 
implementation of pulse combustor. Sensitivity analysis 
is executed by varying different design parameters and 
investigate their impacts on both thermal efficiency and 
net specific work out.   
Sensitivity analysis points to the importance of TIT in 
ABC-PT configuration self-compression pressure ratio. 
Additionally, selecting a proper value for MFRR 
equates heat capacities of hot and cold fluids in the air 
heat exchanger which maximizes the amount of heat 
recovered from the topping cycle exhaust gases.  
Results concerning the effect of SFTR on ABC-PB’s 
efficiency indicate that addition of a pulse combustor 
supplementary firing can only result in dampening the 
plant’s efficiency whereas the specific work out is 
improved. 

Inclusion of pulse combustor in the topping cycle is 
capable of enhancing efficiency to 50.8% whereas 
maximum achievable efficiency for ABC configuration 
is 43.6%. ABC-PB’s maximum achievable efficiency is 
only 41.8%. Incorporation of pulse combustor in the 
topping cycle abates the share of power generation in 
the bottoming cycle to 6.4 MWe. It also degrades the 
bottoming cycle efficiency to 17.6%. On the contrary, 
having a supplementary firing in the bottoming cycle in 
the form of pulse combustor improves the bottoming 
cycle share of power generation to 14.0 MWe and 
enhances the bottoming cycle efficiency to 25.0%.  
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