Towards real time transient mGT performance assessment:
Effective prediction through efficient adaption of component maps
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mGTs need to operate with flexibility

in the future energy mix

The increasing demand of heat & power in the industry coupled with the today’s emission
reduction targets has led Micro Gas Turbines (mGT) to perform transient operations as
part of a flexible power grid. It is essential to enhance the fidelity of dynamic simulations by
performing fast calculations and including experimental data.

Mean hourly 240 -

Electricity & heat demand an average day

demand in May of 140 Belgian dwellings
[kW]
]70 o mGT
Heat
100  —===------=mmmmmmmSmmm S oo Ef;riciw
Electricity
‘demary\
30 ) 1 : 1 y 1 iy | y | . 1 g 1
00.00 04:.00 08:00 12:.00 16:00 20:00 24.00
Time [hour]

Map adaptation for Compressor & Turbine
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Compressor

Three cases are applied to determine the
relation between Reduced mass-flow and
Pressure ratio. Each regression parameter
Is estimated at the available corrected

speeds and can be interpolated to any other. relative RMSE [%]

This is depicted in the figure for Case 1.
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Case 1 is preffered as it minimizes the RMSE

procedure is followed for the efficiency curves.

Turbine

Here an exponential rotated function (Case 1)
is compared to 4th and 5th degree polynomial
fitting functions. Case 1shows minimum error
in the low shaft speeds and 5th polynomial in
high speeds. A hybrid function is adopted that
uses Case 1 at speeds below 1750rpmK?®- and
Case 2 for the rest.

The same method is pursued for the turbine
efficiency and is presented as a function of
expansion ratio and shaft speed.
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Objective

Enhance the acurracy of dynamic mGT cycle modeling by
computational efficient incorporation of experimental data
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Produced perfomance maps of Turbec T100 engine

Conclusions

The data provided by the manufacturer or extracted by experiments are effectively adopted in the

dynamic model of the mGT. The map adaptation provides a fast technique to include perfomance
maps not only for the T100 but also for other mGT engines. The experimental data of the
recuperator proved beneficial as it increased the fidelity of dynamic prediction of the component.

Experimental data is used for recuperator
performance determination

Heat transfer coefficient (UA) depends on the flow velocity and the temperature
difference across the transfer area. After the implementation of experimental
data from three operating points, the effectiveness is calculated and the UA is
presented as a function of the working fluid mass-flow.
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Preliminary dynamic results

The described methods are included in the dynamic model of mGT. Then the
behaviour of specific parameters are compared with results from experiments
and with the simulation before the adaptation. Before the adaptation the
model used a constant UA value and a constant isentropic efficiency for both
compressor and turbine. It also assumed a choked turbine in all operating points.
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Future work

- Tune the perfomance map parameters to match the actual T100 of the lab
- Test the effectiveness of the map adaptation method to other mGT engines
- Determine the impact of performance parameters on the compressor surge margin
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