
1. HYBRID SYSTEM EMULATION DEVICE DESCRIPTION 

  The test rig shown in Figure 1, designed for hybrid system emulation, is based on the coupling 

of a commercial recuperated micro gas turbine with a modular volume. This volume is located 

between the recuperator outlet and the combustion chamber inlet to study different fuel cell sizes 

and technologies. 

 Particular focus is made on the connection between the machine and the volume, performed 

by a carefully designed set of pipes, and on the physical emulation of machine start-up and 

shutdown. Figure 2 shows the test rig equipped with a modular vessel, designed for experimental 

tests on the coupling of the machine. The effect of these innovative components can be emulated 

through the correct number of vessel modules to couple the real volume dimension with the 

micro gas turbine. 

      The emulation of thermal and flow composition aspects can be carried out through the 

management of test rig valves and through hardware/software coupling based on real-time 

models. 

 

2. THEORETICAL REAL-TIME TRANSIENT MODEL DESCRIPTION 

 This section of the poster describes the real-time transient model showing each correlation used during 

component development. The model is based on a component named “Plenum” which is able to simulate 

vessel size. Moreover, this component calculates pressure and temperature considering inlet/outlet mass and 

enthalpy balances. 

 This entirely new transient model was developed in the Matlab®-Simulink® environment and the 

validation was carried with experimental data available from TPG laboratory, located in Savona (Italy).The 

“lumped-volume” approach was implemented when developing this model. This means each component 

excluding plenum is based on a steady-state off-design model, coupled with a constant section duct for the 

thermal delay. Considering the aim, which is the analysis of long transient operations (in the range of several 

thousand seconds), with equations related to small time scale phenomena (e.g. the transient mass flow rate 

equation) were not included. Excluding plenum, each component thermal transient equation for the duct 

(Eq.1) is coupled with a second transient equation essential to ascertain temperature of component material 

(Eq.2) including the heat loss. 

   

 

         

 

 

 

Model steady-state part 

       The steady-state part of the models is based on the following approaches: interpolation of performance 

maps for the compressor and the turbine, log mean temperature difference for the recuperator. For the 

combustor it was necessary to calculate outlet temperature considering both fuel and air inlet enthalpy and 

the global thermal effect of the combustion reaction (fuel LHV and a combustion efficiency coefficient). 

 The plenum model is based on the unsteady form of continuity and energy equations. The shaft simulates 

the time-dependent behaviour of a rotating spool where positive and negative torques, expressed as powers, 

are applied. Finally, the electrical generator model was developed and included in the entire emulator model 

to take into account the electrical losses. For this purpose, a polynomial efficiency expression was included. 

Control system model 

 The exact approach and the control system parameters implemented inside the T100 control unit by the 

manufacture are not known. However, a Proportional Integral (PI) was used and validated against 

experimental data. This controller is able to calculate fuel valve fractional opening considering the error 

between shaft speed set-point (67550 rpm) and its measured value. 
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3. MODEL VALIDATION WITH EXPERIMENTAL DATA 

For steady-state validation, five referent part-load operating 

conditions (electric power) have been considered, between full load to 

zero. The calculated results were successfully  validated against 

experimental data (see Fig.3 for the turbine outlet temperature 

comparison) obtaining a 1.6% average error related to the main system 

properties (Fig.4).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For Transient state validation, parameters verified were thermal 

losses and pressure-drops of the entire network, recuperator behaviour 

and micro-gas turbine performance. 
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4. MODEL RESULTS DISCUSSION 

•Good results obtained in comparison from other models (<5% 

steady-state errors). However, wider validation field were 

considered (from 0 kW to maximum load). 

•Significant agreement with experiments was obtained at transient 

conditions too. 

•Control system was developed and validated obtaining a good 

agreement with experimental data. 

 The next step of this work will be the model modification 

by introducing a boosting system powered by a turbocharger to 

increase compressor outlet pressure (necessary for some fuel 

cells). However, this will require some modifications to the 

emulator plant used in the TPG laboratories.  

 

Figure 1.Emulator plant layout Figure 2.Modular vessel coupled with the machine 

For Control System Validation, Fig.6 shows a good agreement between 

calculations and experiments for the rotational speed obtained with a power 

step increase (from 40.2 kW to 59.6 kW). This comparison was essential to 

validate the fuel valve and the PI controller included in the model. 

Figure 4. Percentage errors at steady-state conditions 
  

Figure 5. Temperature at the interconnecting pipe between volume and 

micro turbine (TVCC1) at transient conditions (calculated against 

experimental results)  
Figure 6. Comparison of calculated with experimental data for the 

rotational speed behaviour over time 

  

Figure 3.Turbine outlet temperature  comparison at 

steady-state conditions 
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 It took about 8 hours for the model transient results validation. 

Steady-state condition was present at time 0 when the turbine electrical 

power was 20.3 kW, and then a load step to 40.2 kW was carried out, after 

6780 s from the initial point, a second electrical power step was carried 

out to reach 59.6 kW. Finally, at 15920 s, the load was gradually increased 

to 73.2 kW. The highest difference between calculations and experiments 

is present when the microturbine is at 40.2 kW load as shown by Figure 4. 

However, this error is lower than 4%.  

  Figure 5 shows the temperature at the interconnecting pipe 

between the vessel outlet and the combustor inlet. Also where the 

calculated results differ from the experimental results due to the steady-

state errors in Figure 4, the model is able to calculate the transient trend 

with reasonable accuracy. 

 
  


