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Modern gas turbines are a significant source for power generation and prime
mover for marine propulsion. The depleting fossil fuel sources have provided
a cue for broader implementation and usage of renewable energy. Biofuel has
been touted as a substitute for natural gas to power gas turbines. To confirm
the dependability and reliability of this attempt in a complex multi-domain
system, for example, the gas turbine, the fuel system of the micro-gas turbine
is designed and modelled using MATLAB Simulink. The model simulates
the transient and steady state of a gas turbine’s nominal functional situations.
Evaluations between the field data and simulation outcomes validate a high
degree of correspondence. The fuel system in the micro -gas turbine
simulation model is also optimized with the experimental data.
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1. INTRODUCTION

On the global context, the oil crisis, the growing demand of electricity, which has caused many
technical issues for the power systems, and tighter control on the greenhouse gas emission have forced industry
experts and researchers to think of numerous alternative energy resources.During the Climate Change
Conference in Copenhagen in 2009s, the subjects discussed were carbon capture, and storage, biofuels,
adaptation financing, emission targets. The ever-rising cost for fossil fuels is another major driver for
considering alternative fuels in gas turbines. The International Energy Agency has reported that energy needs
will rise about 1.6% per year from 2006-2030s .with increasing demand of gas power and renewable energy
resources as shown in Figure 1 [1]-[5]. The need to ecofriendly fuel becomes essential worldwide task when
global calefactory and airport air quality problems are to be diminished [6]-[8]. the efficiency improvement of
gas turbine units lead to decrease emissions,therefore the Biofuel is in the process of being put into usage.The
operational flexibility of these systems is one of the leading problems for the industry [1]. The results of the
Gas turbine (GT_Se) can be used to estimate pollutant emissions and carbon reductions by biodiesel in power
generation industry [9]. the preliminary surveys were conducted on turbine related burners under atmospheric
pressure and temperature transducers along with high-speed predicting techniques can provide a better
understanding [10].
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Figure 1. The world energy demand of fuel [11]

2. NUMERICAL MODEL

An accurate gas turbine model integrated with experimental data from the Capstone C30 microturbine,
which is located at Lab, is designed and simulated in MATLAB Simulink [12]. The gas turbine model
developed, named “GT_Se” will be simulated and run on gas fuel and biofuel settings, with all the important
parameters and characteristics recorded and analysed. “GT_Se” represents a real industrial gas turbine with
built-in control loops, turbine components and various operating dynamics. The fuel valve positioner settings,
i.e. @, band c (for biofuel) and d, e and f (for gas fuel) will be optimised using MATLAB Simulink’s Optimizer
block [13]. The fuel valve positioner settings will determine the type of fuel gas characteristics in the “GT_Se”.
The data obtained from “GT_Se” gas turbine model is then validated with real experimental data from the
Capstone C30 [14]. Neat vegetable oils are not appropriate as gas turbine fuels; they must be improved to bring
their combustion-associated properties nearer to those of diesel oil [13]. This fuel variation is chiefly aimed at
decreasing the viscosity to mitigate flow associated problems Panchasara et al. [15] indicated that the viscosity
of mineral diesel is lower than biodiesel by 45% to 55%. The higher fuel viscosity of biodiesel could affect the
outcome in poor atomization and may clog the fuel nozzles.. Esterification is one of the proven methods is
the same active technique to adjust the vegetable oil structure and decrease its viscosity [16]. Tan and
Palanisamy [17] in their work conducted numerous performance tests to study the combustion distinguishing
of biodiesel resulting from Waste Cooking Qil (WCOQO) chiefly from palm oil resource in a 30-kilowatt
microturbine. BD20, i.e. biodiesel blend of 20% (a mixture of 20% WCO and 80% diesel) reached the
maximum efficiency as compared with other blending ratios. Thus, the biofuel discussed from this point
onwards is based on the biodiesel of the BD20.

3. RESULTS AND ANALYSIS

The industrial gas turbine constructed from compressor, the combustion chamber and the turbine
sector [18]. “GT_Se” has its fundamental design constructed on the Rowen’s model [18] and incorporate D.
N. Gaonkar’s microturbine model as shown in Figure 2 [19].
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Figure 2. Rowen’s gas turbine model [18]
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The Rowen’s model has been widely referred to and used to study the effects of the governor on gas
turbine systems. The Capstone C30 is liquid fuel and gas fuel capable, and laboratory tests were done on both
gas fuel and biofuel. Experimental data obtained include the turbine exhaust temperature, pressure, turbine
speed, torque, and power. These data will be used to optimise “GT_Se” valve positioner settings, and to validate
the accuracy of “GT_Se” gas turbine model. Centeno in [20] offers a more comprehensive interpreting and the
importance of the various control; loops as shown in Figure 3. “GT_Se” is modelled and simulated in
MATLAB Simulink and can provide power output information and parameters such as turbine speed, exhaust
temperature, load torque, fuel flow, and fuel control signals. It is developed to know how to represent the
steady-state conditions and transient behaviours of a typical gas turbine operation.
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Figure 3. Fuel control block diagrams in “GT_Se.”

The fuel gas control scheme in Figure 4 is consisted two valves, the first in the series is the valve
positioner , which controls the pressure between the two valves as a function of speed. While the second
valve has a linear area against lift characteristics and to attain fuel flow velocity. If the valve position is
continued related to the Vce signal, the remaining result is a flow rate of fuel is relative to the multiplication
product of Vce and turbine speed [21].
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Figure 4. “GT_Se” gas turbine model in MATLAB Simulink
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The fuel demand signals from speed, temperature and acceleration control are consider as the input
request signals to the fuel control . Whereas the output signal is the fuel flow WF that will flow into the gas
turbine system [22]. The valve positioner transfer function is:

Ei=——Fd 1)

T bs+c’

moreover, the fuel scheme actuator transfer function is:

Wf = —

T Tfs+1

@

The valve positioner settings for biofuel (a, b and c) and gas fuel (d, e and f) are optimised by using
the “signal constraint optimiser” block in MATLAB Simulink. Simplex method was implemented to compute
and optimise the valve positioner values as shown in Figure 5.
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Figure 5. Optimisation of valve positioner settings

Table 1. Value Positional Setting for Biofuel and Gas Fuel
Notation Value

0.1788

0.0354

0.2254

0.1199

0.8419

0.0859

TMOOwW>

A more accurate micro-gas turbine simulation model is completed by incorporating values from Tablel into
“GT_Se”. Further studies and research can be done in terms of the response and dynamics of the micro-gas
turbine operating on both gas fuel and biofuel. The first test is to operate the micro-gas turbine model “GT_Se”
on biofuel and gas fuel parameters, without introducing any load torque disturbance. As discussed earlier, the
primary fuel of micro-gas turbine is natural gas, which is considered the optimum fuel for the micro-gas turbine.

Figure 6 demonstrate the micro-gas turbine fuel flow when running of fuel gas
and biofuel. Figure 7 shows the difference in turbine speed during gas firing and biofuel firing. While Figure
8 shows the torque generated on the turbine rotor.
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Fuel flow comparison between fuel gas and biofoel (Without Disturbance)
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Figure 6. Fuel flow comparison between fuel gas and biofuel (without disturbance)
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Figure 7. Turbine comparison between fuel gas and biofuel (Without Disturbance)
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Figure 8. Turbine torque comparison between gas fuel and biofuel (without disturbance)
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A load torque disturbance is introduced to “GT_Se” to test and study the dynamics of the micro-gas
turbine, as shown in Figures 9 and 10.
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Figure 9. Load torque disturbance in “GT_Se”
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Figure 10. Disturbance signal

Figure 11 shows the fuel flow into the gas turbine during the disturbance. The gas turbine controller
is capable of controlling and maintaining a constant and steady fuel flow, which is vital to prevent flame off
(air-fuel mixture is too lean) or over-temperature (air-fuel mixture is too costly) [23]. These situations will trip
the turbine and cause severe damages.
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Figure 11. Fuel flow comparison between gas fuel and biofuel (with disturbance)
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Figure 12 represents the turbine speed during gas turbine startup sequence under load torque
disturbance. Both controllers for gas fuel and biofuel respectively were capable of maintaining the turbine
speed at more than 0.8 p.u. in the presence of the load torque disturbance.

Figure 12. Turbine speed comparison between gas fuel and biofuel (with disturbance)

Figure 13 shows the variation of turbine torque during load torque disturbance. A sharp drop of torque
is observed at the 20s due to the sudden surge of torque disturbance. However, both micro-gas turbine fuel
models can adapt and contain the fault. Overall, “GT_Se” micro-gas turbine simulation model showed that the
performance of biofuel is comparable that of natural gas. A disturbance signal was introduced to study the
response, and all simulation results imply that biofuel can be theoretically used as an
alternative fuel.
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Figure 13. Turbine torque comparison between gas fuel and biofuel (with disturbance)

4.  CONCLUSIONS

Evaluation and data validation showed “GT_Se” is practically accurate and suitable for dynamic
studies. By optimising and incorporating gas fuel and biofuel valve settings, “GT_Se” reflects actual turbine
operation and provides an insight into the performance and response of a real industrial gas turbine. The results
and performance of biofuel in “GT_Se” illustrated desired dynamic response and fuel consumption
characteristics. To further prove the feasibility of biofuel usage in a gas turbine, a load torque disturbance was
also introduced in “GT_Se” model. “GT_Se” was able to respond to the fault. Additional, the fuel flexibility
and diminishing operating cost are a required feature to meet all the characteristics while in gas turbines.
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