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Abstract 

The integration of hydrogen into gas turbine systems offers a promising path toward 

decarbonization, yet it introduces new safety challenges due to hydrogen’s high 

reactivity and wide flammability limits. In particular, the potential formation of 

flammable mixtures in the exhaust section under certain operating conditions raises 

concerns about deflagration events and the resulting overpressure, which can 

threaten structural integrity. This study presents a cost-effective numerical approach 

for assessing such risk scenarios and the related impact. A simplified, yet reliable 

CFD-based framework is proposed to predict the overpressure associated with air–

hydrogen ignition events in gas turbine exhausts. 

 

Introduction 

The decarbonization of power generation has accelerated the integration of hydrogen 

(H₂) into gas turbine (GT) fuel blends [1]. While H₂ enrichment enables significant 

reductions in CO₂ emissions [2], it also introduces new safety challenges, 

particularly due to its high reactivity, low ignition energy, and wide flammability 

range [3–5]. In H₂-enriched GT exhaust systems, flammable fuel-air mixture can 

accidentally accumulate if some operating sequences are not handled in the 

appropriate manner, potentially triggering deflagration events that pose overpressure 

risks to surrounding structures [6]. As a result, this work proposes a tool for assessing 

the consequences of a potential ignition and deflagration event. 

This study builds upon the authors’ previous work on the characterization of 

deflagration phenomena in GT exhausts, where a tabulated chemistry approach was 

first calibrated and validated using literature test cases [7], and subsequently applied 

to a real-scale GT exhaust system developed by Baker Hughes [8]. In contrast to the 

initial effort, the present study incorporates more realistic, time-variant boundary 

conditions at exhaust plenum entry, capturing the dynamic evolution of mass flow 

rate, temperature, and residual H₂ concentration during an actual turbine emergency 

shutdown sequence. This enhancement aims to quantify the sensitivity of the 

numerical setup to the boundaries under representative transient operating 

conditions. 
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Computational Domain and Numerical Setup 

The computational domain corresponds to the full-scale exhaust plenum and stack 

of the Baker Hughes NovaLT™16 industrial gas turbine as installed in the test bench, 

with a total height of approximately 14 meters. It is discretized using a light hybrid 

mesh consisting of 1.8 million polyhedral cells (Fig. 1). Simulations are performed 

using the pressure-based solver in ANSYS Fluent 2023® R1, employing a Large 

Eddy Simulation (LES) framework with the RNG sub-grid scale model to handle 

unresolved turbulence. At the exhaust plenum entry, spanwise profiles of radial and 

tangential velocity components are imposed, coupled with time-varying unburnt 

mixture mass flow rate, temperature, and mixture fraction. The dynamic evolution 

of operating conditions during turbine shutdown sequence has been simplified by 

assuming the initial temperature equal to the exhausts one just before sequence start. 

For turbulent combustion modeling, a tabulated chemistry approach (FGM) is 

employed. The source term of the mean progress variable (PV) is computed using 

Zimont’s Turbulent Flame Speed Closure (TFSC) model [9], opportunely calibrated 

in the authors’ previous validation campaign. The laminar flame speed curve used 

for table generation was obtained by solving freely propagating premixed flames in 

Cantera [10], using the ELTE H₂ reaction mechanism [11]. 

 

 
Figure 1. Computational domain and time-variant boundary conditions 

 

Deflagration and Overpressure studies 

In the authors’ previous work [8], the domain was filled with a perfectly premixed 

flammable H₂–air mixture at a given equivalence ratio (ϕ), and forced ignition was 

applied at different locations to study the overpressure generated by the deflagration. 
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In the present study, two more realistic scenarios are investigated, both using time-

variant BCs derived from actual shutdown transients.  

In the first scenario, the domain is initially filled with expanded combustion products 

(Z = Z0, PV = 1), into which a fresh H₂–air mixture (Z = Z(t), PV = 0) is injected. In 

this configuration, the PV gradients at the interface between products and reactants 

act as an ignition trigger, as the TFSC model computes the source term of the mean 

PV based on its spatial gradient. Upon ignition, the flame anchors in the recirculation 

zone just above the diffuser, where the flow field resembles that of a bluff-body 

stabilized flame. The flame self-sustains for approximately 1 second before 

extinction due to fuel depletion. Locally richer mixtures compared to the previous 

study are noticed, as well as a peak overpressure nearly three times higher. Proper 

filtering highlights a different time-varying pressure signals between the two cases, 

however closely aligned in filtered peak magnitude.  

In the second scenario, the domain is initially filled with hot air (Z=0, PV = 0), and 

the injection of the fresh mixture does not trigger the ignition. This simulation is 

used to identify regions where the combination of 𝜙 and residence time (𝑡𝑟𝑒𝑠) could 

lead to auto-ignition. Selected locations in these regions are finally ignited, and 

results compared to the simplified case explored in the previous work.  
 

 
Figure 2. Normalized contours of progress variable, temperature, and 𝜙 at t = 

0.07s for the first scenario (left). Overpressure signal comparison (top right) and 

ignition delay time map (bottom right). 

 

Conclusions 

This work presented a cost-effective numerical approach for the characterization of 

deflagration phenomena in GT exhausts. The study focused on the risk severity 

assessment of deflagration events during a hypothesized operational sequence, 

evaluating possible relationships between the H2 concentration within the domain 

and the entity of overpressure upon ignition. 
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