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ABSTRACT: One of the disadvantages of microturbines, which are used as combined heat and power
units, is the constant ratio of thermal power to electrical power at each operating point. A method that has
recently been employed to address this issue and enable a variable thermal-to-electrical power ratio at
any rotational speed is water injection into the microturbine. In this study, the Turbec T100 microturbine
has been investigated. Initially, the performance of the Turbec T100 was simulated and validated against
experimental results. Subsequently, by adding a heat recovery steam generator after the compressor
and converting the Turbec T100 into a wet microturbine, the simulation code was upgraded, and the
off-design performance of the wet microturbine was simulated. The results indicate that, with water
injection, the electrical power and efficiency increase at all rotational speeds, while the thermal power
and efficiency decrease. The maximum steam injection rate into the engine at 67,940.67 rpm is 0.03769
kg/s, which leads to a 33% increase in electrical power and a 62% decrease in thermal power. Therefore,
by injecting different amounts of steam at each speed, it is possible to achieve a variable electrical-to-
thermal power ratio.
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1- Introduction 2- Methodology

Microturbines have attracted the attention of researchers
in recent years, and many studies have been conducted
on their performance. Kaiko and colleagues conducted
a thermodynamic and economic study on microturbines
with and without heat recovery units [1] . Karsana and
colleagues used a simulation code to investigate the
performance of the TurbecT100 microturbine under various
environmental conditions and then validated their results
with experimental data from their previous study [2],[3].
Prentice studied the evaporative cycle of microturbines
combined with a heat recovery system. Montoro converted
the Turbec T100 microturbine cycle into a wet cycle by
installing a saturator between the compressor and the
heat recovery unit, as well as an economizer after the
heat recovery unit. Rael and Sanino proposed a new cycle
by injecting water into the air exiting the Turbec T100
compressor and injecting a small amount of steam into the
combustion chamber[4].

The amount of heat and power produced by the
microturbine at each rotational speed is constant. Our
objective is to achieve different heat outputs while maintaining
a constant power output. To this end, water is injected into the
engine. In this research, the Turbec T100 microturbine has
been studied as a case study.

*Corresponding author’s email: tousi@aut.ac.ir

By placing a heat recovery steam generator unit after
the compressor and before the heat recovery unit, and by
utilizing the heat from the turbine exhaust gases, the water
injected into the cycle can be converted into steam. Thus,
the dry microturbine cycle is transformed into a wet cycle. A
schematic of the wet microturbine is shown in Figure 1.

In this research, the Turbec T100 engine has been studied.
Initially, a code was developed to simulate the performance
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Fig. 1. Wet microturbine schematic
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Fig. 2. Performance curve of the Turbec T100 microtur-
bine compressor
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Fig. 3. Performance curve of the Turbec T100 microtur-
bine turbine

of the Turbec T100 engine, and the simulation results were
validated against experimental engine data[S]. Then, by
adding a heat recovery steam generator unit to the cycle and
upgrading the code, the off-design performance of the Turbec
T100 engine was simulated under wet conditions.

The governing equations for the microturbine under off-
design conditions are divided into two categories: component
equations and compatibility equations. The set of component
and compatibility equations creates a system of equations.
Solving this system yields the various performance
parameters of the engine at each speed, resulting in the
engine’s performance curve The performance curves of the
compressor and turbine are shown in Figures 2 and 3 [3].

3- Results and Discussion

the performance line of the Turbec T100 turbine under
dry and wet conditions is depicted in Figure 4. As observed,
with the injection of water into the engine, the performance
line shifts toward the surge line. This means that for each
rotation with water injection, the airflow rate passing through
the engine decreases, while the compressor pressure ratio
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Fig. 4. Performance line of wet and dry microturbine
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Fig. 5. Operating point of the microturbine under dry
and wet conditions at 40, 60, and 90 kilowatts

increases. When the turbine outlet temperature remains
constant, the generated steam flow rate depends on the mass
flow rate of the turbine exhaust gases. Therefore, at lower
speeds, where the turbine exhaust gas flow rate is low, the
amount of steam produced and injected into the engine
decreases. Consequently, the increase in pressure ratio and
the decrease in airflow rate due to steam injection are reduced
at lower speeds, causing the wet engine performance line at
low speeds to approach the dry engine performance line.
Conversely, at higher speeds, the gap between the wet and
dry engine performance lines becomes more pronounced.

In the dry mode, an electrical power of 90 kW is achieved
at67,774.91 revolutions per minute (rpm), whereas with steam
injection, the same power output of 90 kW can be attained at
a lower speed of 63,068.39 rpm and with higher efficiency.
The engine operating points at speeds corresponding to power
outputs of 60, 40, and 90 kW are indicated on the dry and wet
performance lines in Figure 5. This demonstrates that in the
wet microturbine, the desired power can be achieved at lower
rotational speeds with improved efficiency compared to the
conventional microturbine
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4- Conclusions

The maximum steam that can be produced using the heat
of the gas exiting the turbine leads to achieving the highest
electrical power and the lowest heat per cycle. If the amount
of steam injected in each cycle is varied from the minimum
to the maximum amount that can be injected, different values
of the electrical power-to-heat ratio are obtained, which
allows the engine to be flexible according to consumer
demand. Other results of steam injection include increased
power and electrical efficiency per cycle, increased pressure
ratio, reduced flow through the compressor, and the engine’s
operation approaching the surge line. Additionally, the
consumer can achieve the required electrical load at a lower
speed and with higher electrical efficiency (compared to a
conventional engine without steam injection).
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Table 4. Validation of Simulation Results for turbec T100 Using Experimental Data
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Table 5. Comparison of Dry and Wet Microturbine at 67940.67 rpm
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Table 6. Comparison of Dry and Wet Microturbine at 90 Kw
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