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ABSTRACT 
Pressure gain combustion (PGC) is widely considered to 

improve gas turbine thermal efficiency substantially. 
However, there is no consensus on the modelling in gas 
turbine performance simulation. Even though it remains the 
main tool for design studies, the steady-state 0D 
representation has difficulties in modelling the inherently 
intermittent behaviour of pressure gain combustion. Selecting 
the optimal gas turbine design is therefore difficult as common 
PGC models tend to under- or overestimate performance. In 
this paper, an algebraic combustor model is inferred from 
published CFD data and varied to have an optimistic and 
pessimistic representation. These models among others will be 
used in an optimisation to identify the best gas turbine design 
with respect to thermal efficiency. The consideration of the 
secondary air system and blade metal temperatures ensure a 
realistic case study. At the end of this paper, sensitivity studies 
shed light on cycle design at uncertain combustor 
performance. The selected PGC models achieve an 
improvement in thermal efficiency between 3.8 – 6.6 
percentage points compared to conventional isobaric 
combustion. However, this is less than half the 13.3 
percentage points gain promised by ideal isochoric 
combustion.  

INTRODUCTION 
Pressure gain combustion is a technology that has the 

potential to substantially improve thermal efficiency for gas 
turbines. The benefit of isochoric combustion is associated 

with the reduced production of entropy during the combustion 
process compared to conventional constant pressure 
combustion. Though, this comes with a substantial drawback, 
namely an intermittent process which increases complexity. 
This is not only true for associated physics of PGC but also for 
modelling PGC in conventional steady-state gas turbine 
performance simulations. The principal question is what 
representative pressure at the combustor outlet should be used 
to describe this inherently unsteady process. Without a 
profound estimate no accurate cycle design is possible.    

In the past a gas turbine with PGC is approximated by the 
Humphrey cycle, the Zeldovich, von Neumann, Döring 
(ZND) cycle (Heiser & Pratt, 2002) and the Fickett-Jacobs 
(FJ) cycle (Vutthivithayarak, et al., 2012). Apart from 
assuming isentropic component behaviour, the assumption of 
idealistic isochoric (Humphrey) or detonative combustion 
given by the Chapman-Jouguet condition (ZND and FJ) 
overestimates overall performance. This is because neither 
model correctly captures the non-uniformity of the exhaust 
flow (Paxson, 2010) (Paxson & Kaemming, 2014). According 
to the same authors, PGC converts the usual Brayton / Joule 
cycle to something approaching an Atkinson cycle. Therefore, 
constant volume combustion is just the ideal case realisations 
such as pulsed detonation combustion or shockless explosion 
combustion aim to achieve. More realistic models of PGC 
were presented by (Nalim, 2002), (Endo, et al., 2004), 
(Paxson, 2004), (Goldmeer, et al., 2008). All of them are 
suitable for steady-state 0D gas turbine performance 
simulation. Therein, it is already assumed that the total kinetic 
energy at combustor exit during exhaust phase is not 
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thoroughly available for work transfer in the turbine 
(Kaemming & Paxson, 2018). However, the models’ 
performances deviate from each other. Furthermore, these 
models were investigated in a gas turbine engine from a 
thermodynamic perspective such as in (Snyder & Nalim, 
2012). Studies on the integration into a gas turbine using 
realistic side conditions have been performed by (Grönstedt, 
et al., 2014), (Xisto, et al., 2017), (Sousa, et al., 2017) and 
(Stathopoulos, 2018). Still, complete gas turbine optimisations 
regarding thermal efficiency for various combustor models 
and their comparison using realistic constraints are not yet 
available.      

For this paper, different models for the representation of 
a PGC were implemented into the gas turbine performance 
code GTlab-Performance (Becker, et al., 2011). On the one 
hand, models from the literature ((Goldmeer, et al., 2008) 
(Nalim, 2002) (Paxson, 1992)) are implemented, on the other 
hand a model named Mix was created, which matches 
published CFD data of (Paxson, 2010). For this created model 
an optimistic and pessimistic version were included. For each 
model a cycle optimisation study was conducted using the 
representation of a real gas turbine. This includes modelling 
of the secondary air system (SAS), the additional compressor 
in the SAS, blade temperature model for the first nozzle guide 
vane (NGV) and effects of cooling air mass flow on turbine 
efficiency. The optimisation identifies optima with respect to 
thermal efficiency at constant NGV metal temperature and 
power output. The optimised cycle designs will be compared 
to each other and sensitivity studies will be presented at the 
point of optimal configuration.  

This paper contributes a new PGC model which is fitted 
to CFD data. Uncertainties of PGC and their effect on cycle 
design of a real gas turbine are addressed. Optimisation results 
shed some light on possible gas turbine designs.  

PRESSURE GAIN COMBUSTOR MODEL 
For this study, only pressure gain combustor models are 

presented which support an implementation in 0D gas turbine 
performance simulations. In general, the combustor outlet 
temperature is defined by the energy balance around the 
combustor. The main challenge for steady state performance 
simulations is to infer the combustor pressure ratio (Paxson, 
2010) which, according to the theory, lies in between a purely 
isobaric and ideal isochoric change of state. 

Published models 
Models provided by Paxson (Paxson, 1992) and 

Goldmeer (Goldmeer, et al., 2008) calculate the pressure ratio 
(PR) from an enthalpy ratio (HR) which is given by the fuel 
flow. The model is repeated here. First, a non-dimensional 
heat is calculated giving the enthalpy ratio from an energy 
balance around the combustor (eq. 1 and 2). The pressure ratio 
is then derived in eq. 3 using a tuning factor, which is 0.12 
according to Paxson and 0.105 according to Goldmeer. 

𝑞   (1) 

𝐻𝑅 1 𝑞 𝛾 1 1 𝑝𝑓  (2) 

𝑃𝑅 𝐻𝑅   (3) 

The purge fraction pf will not be used in this analysis and 
is set zero throughout this paper. However, this could 
represent a handle for off-design operation. 

A different model is defined by Nalim in (Nalim, 2002). 
Outlet temperature 𝑇  and isochoric combustion temperature 
𝑇  are calculated from the energy balance around the 
combustor (see eq. 4). From this temperature the isochoric 
pressure 𝑝  is found using an isochoric change of state (eq. 5). 
The isochoric combustion is then followed by isentropic 
expansion to the outlet condition. The outlet pressure 𝑝  is 
calculated using the outlet temperature 𝑇  and the isentropic 
relation in eq. 6. Both models are compared among others in 
Figures 1 and 2 in terms of PR over TR (Temperature ratio). 

𝑄 𝑚𝑐 𝑇 𝑇 𝑚𝑐 𝑇 𝑇  (4) 

  (5) 

 (6) 

Figure 1: Performance of combustor models at hot 
inlet condition  

Paxson presented in a different work (Paxson, 2010) other 
combustor models suitable for gas turbine performance 
studies and compared them with CFD simulations. The results 
of the CFD simulations are also plotted in Figures 1 and 2 and 
serve as benchmarks in this paper. The complete setup of the 
experimentally validated, one-dimensional, time-accurate, 
reactive, computational fluid-dynamics Euler solver is 
presented in (Paxson, 1996). Two different CFD data sets are 
available. The difference is associated to the fuel distribution 
within the combustion tube. For the data denoted Paxson 
CFD1 the tube is completely filled with air fuel mixture, 
whereas an air buffer is present at the tube outlet in the data 
set Paxson CFD2. The presented combustor models by 
Goldmeer, Paxson and Nalim are not in good agreement with 
the CFD data regarding pressure ratio as depicted in Figures 1 
and 2. In both graphs, combustor pressure ratio is plotted 
against combustor temperature ratio. The first uses inlet 
conditions of 24 atm and 792 K which are identical to the inlet 
conditions of the CFD simulations. The second plot shows the 
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same models at inlet condition of 14 atm and 677 K. The CFD 
data points are unchanged for both plots, since only values at 
higher inlet condition are available. Lines labelled Mix will be 
introduced later. Generally, at cold inlet condition less fuel is 
necessary to achieve the same TR compared to hot inlet 
conditions. Paxson’s and Goldmeer’s models result in a lower 
non-dimensional heat addition parameter at cold inlet 
condition. Consequently, HR and PR are also lower. The 
difference between hot and cold inlet condition is almost 
negligible for Nalim’s model. The small difference is 
associated with the combustion temperature ratio of Tout/Tb. 

Figure 2: Performance of combustor models at cold 
inlet condition 

Developed model 
For this gas turbine cycle analysis, a model having a 

closer agreement with Paxson’s CFD data is desired. The 
setup of such a model named “Mix” will be presented in the 
following section.  

In reality, PGC can be achieved by various devices. This 
paper focuses on pulse detonation combustion, because it 
eases the introduction of the model. A typical pulse detonation 
tube can be split into two combustion regimes. First, some sort 
of ignition source initiates a subsonic deflagration. The flame 
front encounters blockage bodies to eventually form a 
detonation, which consumes the remaining fuel towards to 
combustor tube outlet. The first part of the combustion can be 
modelled as isobaric combustion with some pressure losses, 
the second can be modelled as isochoric combustion. 
Depending on the deflagration to detonation length (DDT), the 
whole process is more isobaric or isochoric. This idea is 
implemented in the combustor model.  

The combustor outlet temperatures are calculated from 
the energy balance around the combustor using data tables as 
for the other models. The gas turbine performance code 
GTlab-Performance uses combustion tables computed from 
Cantera. Secondly, a portion of the fuel denoted r is attributed 
to isobaric combustion qcp. Again, combustion tables give the 
temperature rise till Tcp for this isobaric combustion (eq. 7). 
This represents the temperature at the end of deflagration.  

𝑞 𝐹𝐴𝑅 ∙ 𝑟 𝑐 𝑇 𝑇  (7) 

A pressure loss 𝑑𝑃  accounts for losses due to friction 
and heat addition as in eq. 8. 

𝑝 𝑝 ∙ 𝑑𝑃  (8) 

 Finally, outlet pressure is calculated using eq. 9 and 
assuming an isochoric change of state.  

𝑝 𝑇
𝑇 ∙ 𝑝   (9) 

The model parameter r and the pressure loss were selected 
to agree with the CFD data by Paxson. A value of r = 0.3 and 
a dPLoss = 0.8 match well with the data at the same inlet 
temperature of 792 K and 24 atm as depicted in Figure 1. 
However, the model deviates at higher TR from the data. Here, 
stoichiometric combustion temperature limits at 2500 K are 
reached leading to lower combustion temperatures. Indeed, 
the deviation in excess of TR equal 3 is negligible, because 
they were not encountered throughout this study. The mix 
model shows a better performance in terms of PR at cold inlet 
condition because of the constant relative pressure loss. Thus, 
the absolute pressure loss is smaller and PR higher. 

Model variations 
In order to assess the sensitivity of the gas turbine design 

with respect to different PGC implementations, an optimistic 
and pessimistic version of the developed model with regards 
to combustor performance will be created. For the optimistic 
model (Mix opt) r = 0.24 is selected and for the pessimistic 
(Mix pes) r = 0.36. This means, that there is 20 % more 
isochoric combustion for the optimistic case and in the 
pessimistic case there is 20 % more isobaric combustion. The 
pressure loss is kept constant. A change is not investigated as 
the effect is expected to be identical in PGC and conventional 
cycles. The effect on PR is also depicted in Figures 1 and 2.  

From Figures 1 and 2 the following conclusions can be 
drawn:  

a) Paxson’s, Nalim’s and Goldmeer’s models perform 
quite similar. Nalim’s model gives a lower PRs at 
TRs below 2.7. Paxson’s model gives the highest 
PRs. 

b) Compared to CFD data, these models over predict 
combustor performance in terms of PR. 

c) At TR below 1.7 the developed model should not be 
used because it under predicts PR.      

d) Pessimistic and optimistic model variations border 
the region of CFD data points, whereas the reference 
model captures the trend of the CFD data. 

e) Ideal isochoric combustion is far over predicting the 
combustor performance. That is especially true for 
high TR. 

Thermodynamic analysis 
The combustor model performance within a 

thermodynamic cycle is presented next. It aims at 
demonstrating the basic effect of the different PGC models on 
gas turbine thermal efficiency. The compressor pressure ratio 
is varied at a turbine inlet temperature of 1400 K. Results for 
a turbine inlet temperature of 1500 K are also depicted for the 
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developed model. A simple gas turbine model is selected 
which consists of compressor, combustor and turbine, in order 
to work out the thermodynamic behaviour. The results are 
depicted in Figure 3. As for real Brayton cycles, the thermal 
efficiency rises with pressure ratio and decreases beyond a 
maximum. An increase in TET rises thermal efficiency and 
shifts the point of maximum efficiency towards higher 
pressure ratios. PGC moves the point of maximum thermal 
efficiency to lower compressor ratios. Nalim’s model and the 
developed model give similar efficiencies at higher pressure 
ratios. This is because TRs across the combustor are around 2 
which give according to Figures 1 and 2 similar PRs. In Figure 
3, at lower compressor pressure ratios, TRs were close to 3.8. 
Consequently, published models lead to higher efficiencies 
because of the elevated PR across the combustor.   

 
Figure 3: Thermodynamic analysis for varying 

compressor pressure ratios 

OPTIMISATION 
Thermodynamic analyses compare different combustor 

models usually at constant TET (Figure 3) or constant heat 
input. In reality however, not the TET as such but the resulting 
blade metal temperature is limiting. Of course, the metal 
temperature highly depends on TET, but there is also the 
possibility to improve blade cooling. Increased cooling can be 
achieved by a rise in cooling mass flow or reduced cooling air 
temperature, which will have other effects on the gas turbine 
cycle. Therefore, system-level optimisations are conducted 
with an in-house software called IPSM (Interface for 
secondary air system and performance modelling, (Woelki & 
Peitsch, 2015)) to represent a realistic case study for the 
assessment of PGC in gas turbines. 

Gas turbine model 
A stationary single spool gas turbine equipped with 

current state of the art components serves for this 
demonstration. Constant key performance properties for the 
design studies are summarised in Table 1 and the modular 
setup is depicted in Figure 4.  

Table 1: Gas turbine design parameter 
Single spool stationary gas turbine 
Intake pressure loss 5 % 
Compressor isentropic efficiency 88 % 
Turbine isentropic efficiency 90 %+∆𝜂 
Outlet total pressure 102000 Pa 
LHV of fuel 42.6 MJ/kg 

 
Figure 4: Schematic view of the gas turbine model 

Additionally, to the gas turbine comprising intake, 
compressor, combustor, turbine and exhaust, a SAS and a 
blade cooling model are connected. The SAS contains a single 
flow from the compressor outlet to the turbine. Here, the 
assumption is that 30 % of secondary air is added in the NGV 
and contributes to blade cooling. The rest is added further 
downstream. The SAS setup includes a compressor to rise the 
cooling air’s pressure 5 % above turbine inlet pressure, in 
order to overcome the additional pressure rise in the 
combustor. This ensures a pressure ratio inside the blades for 
cooling which is similar to gas turbines with conventional 
combustors. The additional compression increases the cooling 
air temperature which is considered in the blade temperature 
model for the NGV. The thermal model originates from 
(Louis, et al., 1983). The blade temperature is calculated as a 
function of hot gas flow and coolant flow properties and a 
tuning factor c   

𝑐 ∙   (10) 

which was set to 0.098 throughout this study and derived from 
a study using 10 % cooling air.   

These optimisations allow an increase in cooling air, in 
order to allow higher turbine entry temperatures. However, 
higher cooling mass flows increase the SAS compressor 
power which is subtracted from output power and cause higher 
mixing losses within the turbine. Consequently, higher 
cooling mass flows will also lower turbine isentropic 
efficiency. This is captured by a simple literature-based 
exchange rate (Becker, 2001) as defined in equation (11).  

∆𝜂 20 ∙ 0.1  (11) 

Above 10 % of cooling air, every additional percentage 
point (PP) results in 0.2 PP lower turbine isentropic efficiency. 
Contrarily, the efficiency is increased by 0.2 PP for every 
percentage point of cooling air less than 10 %. No distinction 
is made between film cooling and convective cooling. 

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0 10 20 30 40 50

T
he

rm
al

 e
ff

ic
ie

nc
y 

[-
]

Compressor pressure ratio [-]
Mix ref CP
CV Paxson
Goldmeer Nalim
Mix ref 1500K



5 

Optimisation setup 
The optimisations aim at representing the first stage of a gas 
turbine design procedure. The customer has declared a shaft 
power requirement and investment volume. The latter may 
result in some form of technology level and might be broken 
down to an acceptable NGV metal temperature. A 
conservative metal temperature of 1100 K was selected based 
on data provided by (Cerri, et al., 2014). Additionally, the 
secondary air is limited to a maximum of 35% of the engine 
inlet mass flow. The three constraints are listed in Table 2. 

Table 2: Constraints 
Output power = 6.63 MW 
Turbine NGV blade temperature  1100 K 
Cooling mass flow / engine mass flow  35 % 

 
For this optimisation, the two variables are engine mass flow 
and compressor pressure ratio. The parameter spaces are [2; 
50] kg/s for engine mass flow and [2; 50] for compressor 
pressure ratio. Engine mass flow as a variable was selected 
because it represents engine size. Furthermore, engine mass 
flow directly gives information on specific power, because the 
power output is held constant. Compressor pressure ratio is 
selected as the main thermodynamic parameter of influence. 
Since NGV metal temperature and power output were selected 
as constraints, this setup calculates TETs which deliver the 
required power output and does not exceed any blade 
temperature margin. The objective function of the 
optimisation is thermal efficiency, defined as follows: 

𝜂   (12) 

The workflow applied for the optimisations is sketched in 
Figure 5. It includes the optimisation loop providing the 
degrees of freedom to the gas turbine performance model in 
order to maximise the thermal efficiency ηth and an embedded 
iterative process. The latter ensures the coolant flow to match 
the defined metal temperature. The required cooling flow is 
calculated using eq. 10. Input parameters are directly taken 
from the performance simulation results. The calculated mass  

 
Figure 5: Optimisation workflow 

 
flow is used as a new input to the performance model. This 
loop is iterated till convergence is reached. The optimisation 
combines two different types of algorithms sequentially. First, 
an in-house developed evolutionary algorithm is applied to the 
optimisation problem in order to browse the parameter space 
for promising regions. Subsequently, a gradient based 
algorithm continues the optimisation on a set of the best 
solutions found by the evolutionary algorithm. 

RESULTS AND DISCUSSION  
First, thermal efficiency will be plotted within the 

parameter space for gas turbines with conventional isobaric 
combustion, ideal isochoric combustion and the reference 
version of the developed model (Mix ref). Here, main features 
will be analysed. Second, a back-to-back comparison of all 
analysed combustor models and their effect on the engine 
specification for optimal thermal efficiency will be given. 

Thermal efficiency within the parameter space 
In the following plots thermal efficiency is plotted over 

engine mass flow (abscissa) and compressor pressure ratio 
(ordinate) for the whole parameter space. In total, more than 
2000 different engine configurations were evaluated during 
the sequential optimisation for each combustor model. The 
following three remarks are valid for all combustor models: 

a) No results were obtained at high pressure ratios and 
low engine mass flows, because the necessary 
cooling flow to keep the NGV metal temperature 
below 1100 K was in excess of 35 % of the engine 
mass flow.  

b) The space at low engine mass flows remained blank, 
because the required power output could not be 
obtained with engine mass flow.  

c) At high engine mass flows and low pressure ratios, 
no cooling air is required since the TET is below the 
maximum NGV metal temperature. 

d) The colormaps are tailor-made for each plot. No 
direct comparison is possible. That has been accepted 
in order to better represent efficiency changes close 
to optimum. 

Comparing real engine efficiencies in Figure 6 with 
results from simplified thermodynamic analysis in Figure 3, 
maximum efficiency and location of optimum efficiency 
deviate substantially. The thermal efficiency is lower and 
optimum efficiency occurs at lower pressure ratios in Figures 
6-8. This is surprising since TET is roughly 200 K higher in 
the real engine cycle as in the thermodynamic analyses. 
Usually, higher TET move optimum cycle pressure ratio to 
higher values. Apparently, the consideration of SAS and blade 
cooling shifts this to lower pressure ratios. Furthermore, the 
blank space to the left is large, leading to the conclusion that 
the specific power is small. In contrast, the blank space to the 
top is small compared to the following results for ideal 
isochoric combustion and the developed model. This shows 
that blade metal temperature and secondary air mass flow 
constraints are less limiting.  
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Looking at results for isochoric combustion in Figure 7, 
these constraints are reached at lower pressure ratios. This is 
because PGC cooling air is further compressed, thus driving 
up its temperature. Higher cooling air temperature increases 
NGV metal temperature. The maximum thermal efficiency is 
encountered at lower compressor ratios. This is straight 
forward since combustion further rises the cycle pressure. 
Therefore, compressor pressure ratio is decreased. 
Interestingly, the engine mass flow is almost identical for both 
setups. Apparently, specific work is not affected by PGC. In 
general, maximum efficiency could be increased by 13 PP 
compared to isobaric combustion. This explains the high 
interest in PGC technologies. Unfortunately, this case 
represents only the ideal form of isochoric combustion and is 
too optimistic as shown in Figure 1 and 2. A more realistic 
case will be investigated in Figure 8.  

Figure 6: Optimisation results for isobaric 
combustion 

Figure 7: Optimisation results for ideal isochoric 
combustion 

In Figure 8, the developed model with reference settings 
is used. The thermal efficiency gain is still 5 PP compared to 
isobaric combustion. As already seen in Figure 3, the 
developed model represents a change of state somewhere 
between isobaric and isochoric. This is still true after the 
optimisation since compressor pressure ratio for maximum 
thermal efficiency is in between pure isobaric combustion and 

ideal isochoric combustion. Again, the engine mass flow is not 
altered.   

Looking at the model sensitivities, the upper 4 PP in 
thermal efficiency are encountered roughly from light grey to 
light red. This area encompasses a main portion of the 
parameter space for isobaric combustion and less space for 
isochoric combustion. From this it can be concluded that 
thermal efficiency is less sensitive for isobaric combustion. 
For this type of cycle, the design space is broad in which 
relatively higher efficiencies are achievable. The parameter 
space is narrower for PGC.  

Figure 8: Optimisation results for Mix ref 
combustor model 

Optimal engine specification 
The optimisations lead to gas turbine specification for 

maximum thermal efficiency for each combustor model. Now, 
the resulting specification will be compared based on selected 
parameters. The gas turbine with conventional isobaric 
combustion serves as a reference case and the relative changes 
to this reference are given in percentage. Table 3 summarises 
the absolute values for this reference case. 

Table 3: Summary isobaric combustor 
Thermal efficiency 37.34 % 
Engine mass flow  21.35 kg/s 
Compressor pressure ratio 24.03 
TET 1603.14 K 

 
The first set of specifications comprises thermal 

efficiency, engine mass flow, compressor pressure ratio and 
TET. Since the combustor model of Paxson and Goldmeer are 
similar, only the original model of Paxson is shown.  
Figure 9 depicts the effects of PGC on the gas turbine design. 
The following conclusions are true for all analysed combustor 
models. Not only does PGC increase thermal efficiency, it also 
reduces compressor pressure ratio and lowers TET. For ideal 
isochoric, conventional isobaric and the developed models the 
engine mass flow remains constant for maximum thermal 
efficiency. However, using Paxson’s model the mass flow for 
maximum thermal efficiency increases and for Nalim’s model 
decreases. This can be explained by looking at the TET. Here, 
Paxson’s model results in a large TET reduction, which in 
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return lower the cycle’s specific power. Consequently, engine 
mass flow is increased in order to match the power output. 
Nalim’s model leads to a TET reduction of only 4% compared 
to isobaric combustion. Hence, the specific power is higher, 
lowering necessary engine mass flow to meet the target of 6.63 
MW. However, thermal efficiency is only marginally reduced 
moving away from the point of highest thermal efficiency. 
This can be seen in Figures 6-8. A change of ±3 kg/s in mass 
flow alters thermal efficiency by only 0.1 PP. 

Figure 9: Comparison of global engine 
specification 

Figure 10 focuses more on the combustion and 
consequences for the SAS. TRs and PRs across the combustor 
are plotted using the right axis and the percentage of secondary 
mass flow referred to engine mass flow and SAS compressor 
power referred to engine output power are plotted using the 
left axis. 

Figure 10: Results combustor model and SAS  
The optimisations result in TRs across the combustor 

close to 2. Here CFD data is available (see Figure 1 and 2). 
The combustor behaviour is therefore valid, and no 
extrapolation occurred. Furthermore, investigated combustor 
inlet conditions are close to the inlet conditions Paxson used 
for the CFD simulations. This stresses, again, the validity of 
the results. The SAS mass flows are reduced for PGC. This is 
a direct result of lower TETs. However, the additional 
compressor of the SAS consumes up to 5 % of the power 
output, which is a direct penalty for thermal efficiency. 
Regarding the product of compressor and combustor pressure 

ratios, turbine inlet pressures are almost identical for the 
different setups.  

Sensitivity study for optimistic and pessimistic 
model 

The ratio of isobaric to isochoric combustion was 
changed for the optimistic and pessimistic model by ±20 %. 
This can be interpreted as a short and longer DDT length. The 
effect on main engine parameters is given in Figure 10.  

Interestingly, there is almost no effect on TET. Contrarily, 
the power requirement of the SAS compressor is most affected 
and rises with isochoric combustion. Thermal efficiency is 
changed by almost ±2 %.  

Figure 11: Sensitivity study 

CONCLUSION 
An extensive literature survey on PGC models suitable 

for 0D gas turbine performance simulation has been 
conducted. Three published PGC models were compared to 
published CFD data und showed minor agreement. Therefore, 
a new algebraic model has been developed, which is in closer 
agreement with the CFD data. In order to account for 
uncertainty, models for less and more fractional isochoric 
combustion were added. A stationary gas turbine in the low 
power class segment has been modelled in GTlab-
Performance and serves as a vehicle for the analysis of the 
different PGC models. The gas turbine comprises the 
secondary air system including an additional compressor, a 
blade metal temperature model and a penalty for increased 
cooling air. This gas turbine was optimised regarding thermal 
efficiency under the consideration of three side constraints for 
each combustor model. The following conclusion can be 
drawn: 
 Real engine optimum configuration does not agree with 

theoretical thermodynamic evaluations (Fig. 3 and 6-8). 
 Realistic PGC increases thermal efficiency of up to 5 PP 

while reducing compressor pressure ratio and TET. 
 Temperature ratios across the combustor are in the order 

of 2 and pressure ratios are between 1.37 (Model Paxson) 
and 1.19 (Model Mix pes).  

 Thermal efficiency is more sensible to gas turbine design 
changes for PGC than for isobaric combustion. 
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 SAS compressor power may amount to 5 % of the overall 
power output. 

 The sensitivity study showed the effect of reduced DDT 
length. 20 % more fuel is burnt at constant volume 
condition which ultimately improves thermal efficiency 
by 2 %.  

Future work will consider the effect of different NGV metal 
temperatures on cycle design and assess the potential of 
intercooling and recuperation in conjunction with PGC.                           

NOMENCLATURE 
Symbols 

AFR Air to fuel ratio 
C Model parameter 
c Cooling coefficient 
cp Heat capacity at constant pressure 
cv Heat capacity at constant volume 
dPLoss Pressure loss 
ṁ Mass flow 
p Pressure 
pf Purge fraction 
PWoutput Shaft power / output power 
q Specific heat 
Q Heat 
r Model parameter 
Rg Specific gas constant 
T Temperature 
γ Ratio of specific heats 
ηth Thermal efficiency 

Indices 
0 Reference, engine inlet 
B Station downstream isochoric combustion 
cold Cooling air 
cp Station downstream isobaric combustion 
hot Annulus air 
in Inlet 
out Outlet 

Abbreviations 
CFD Computational fluid dynamics 
CP  Constant pressure combustion 

CV  Constant volume combustion 
DDT Deflagration to detonation length 
FJ Fickett Jacobs 
GTlab Gas turbine laboratory 
HR Enthalpy ratio 
IPSM Interface for performance and secondary air 

system modelling 
LHV Lower fuel heating value 
NGV Nozzle guide vane 
PGC Pressure gain combustion / pressure gain 

combustor 
PP Percentage point 
PR Pressure ratio 
SAS Secondary air system 
TET Turbine entry temperature 
TR Temperature ratio 
ZND Zeldovich von Neumann Döring  
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