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ARTICLE INFO ABSTRACT

Article type This study presents the design, fabrication, and experimental evaluation of a cost-effective micro
RCS.CaTCh_AmCIC gas turbine platform based on an automotive turbocharger for distributed-power and advanced
Article history combustion research [3], [4]. The thermodynamic cycle was modeled in GasTurb and optimized
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through a uniform random-search procedure to minimize specific fuel consumption while
maintaining a nominal shaft-power target near 100 kW. The optimized solution yielded a

Available online: 2026.03.29 pressure ratio of 5, a corrected air mass flow rate of 0.618 kg/s, a predicted shaft power of 110.93
Keywords kW, and a specific fuel consumption of 0.3356 kg/kW-h, providing the basis for selection of a
Microturbine Holset HXS55 turbocharger. The experimental system integrated the compressor—turbine
Automotive turbocharger assembly with a modular combustion chamber, an independent lubrication unit, a blower-based
Distributed power generation starting system, and a multi-sensor data-acquisition architecture. Propane-fueled tests were
Modular combustion chamber conducted through start-up, transient acceleration, imposed fuel-flow disturbance, and steady-

state operation [7]. The rig achieved a maximum measured air mass flow rate of 0.35 kg/s and
a peak combustion-chamber thermal power of approximately 225 kW. During steady operation,
the compressor isentropic efficiency stabilized at about 70%, while the compressor discharge
temperature increased from 332 to 369 K as the system moved to the higher-load condition. The
asymptotic convergence of calculated turbine and compressor powers at steady state supported
the expected single-shaft power balance. The modular combustor also remained stable through
the imposed transient disturbance. The results demonstrate that an appropriately selected and
integrated automotive turbocharger can provide a technically robust and economically attractive
high-flow test platform, with clear potential for future investigations of biofuels, hydrogen,
recuperated cycles, and distributed-generation concepts [1], [2], [6], [8], [9].

Introduction

Distributed power generation has attracted increasing attention because localized generation can reduce
dependence on extensive transmission infrastructure while improving system flexibility and energy-security
options [3]. Micro gas turbines are particularly attractive for such applications because their compact
turbomachinery, continuous-combustion architecture, and potential fuel flexibility permit integration into small
and medium-scale power systems [3], [4], [9]. Nevertheless, the acquisition or development of dedicated
microturbine turbomachinery remains a major obstacle for experimental research, particularly when high-pressure
and high-mass-flow combustion testing is required [4].

Automotive turbochargers provide a potentially economical alternative because the compressor, radial turbine,
shaft, bearings, and housing are already integrated into a compact high-speed rotating assembly [4]. Their
conversion into microturbine platforms, however, is not straightforward [4]. A successful system requires
thermodynamic matching between compressor and turbine, a combustion chamber capable of stable operation over
the accessible pressure and mass-flow range, reliable lubrication, an appropriate starting mechanism, and
sufficiently accurate instrumentation to characterize both transient and steady operating states [4,7,9].
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Fuel flexibility further increases the research value of such a platform [6, 9]. Previous experimental work on a
30 kW microturbine demonstrated that biodiesel and diesel/biodiesel blends could be operated without major
deterioration of thermal performance relative to diesel, although differences in fuel consumption and exhaust-
emission behavior were observed [1]. Furthermore, studies on bioethanol, biodiesel, and renewable fuels have
demonstrated their viability and environmental merits in substituting fossil energy carriers [2], [S], [8], while
extensive gas turbine trials have highlighted clean combustion characteristics with reduced NO, emissions [6],
[9]. This illustrates the importance of experimentally accessible microturbine facilities for assessing fuels with
substantially different physicochemical and combustion characteristics [1,9].

The present work therefore addresses the need for an experimentally validated, comparatively low-cost,
medium-scale platform capable of reaching pressure and mass-flow conditions relevant to practical microturbine
combustion [3,4]. The main contribution is not limited to the use of an automotive turbocharger itself, but
comprises the thermodynamic selection, mechanical and combustion-system integration, development of
supporting subsystems, and experimental evaluation of the complete assembly. Particular emphasis is placed on a
modular combustion-chamber architecture intended to facilitate future changes in air distribution and fuel-injection
configuration without reconstruction of the complete combustor.

Methodology

Thermodynamic Design and Turbocharger Selection

The system design was initiated using GasTurb to establish the thermodynamic operating requirements before
hardware selection. The preliminary design point assumed ambient conditions of approximately 288 K and
101.325 kPa, a corrected air mass flow rate of 0.5 kg/s, a compressor pressure ratio of 4, and a combustion-chamber
outlet temperature of 1200 K. The initial calculation produced a predicted shaft power of 82.45 kW with a specific
fuel consumption of 0.3814 kg/kW-h.

To obtain a more suitable operating point, a uniform random-search optimization was subsequently performed.
Pressure ratio and corrected air mass flow rate were treated as design variables over ranges of 2—5 and 0.05-1.5
kg/s, respectively, while shaft power was constrained to the required power class and specific fuel consumption
was minimized. Because the zero-dimensional cycle calculations were computationally inexpensive and the design
space contained only two primary variables, 100,000 evaluations were distributed over the permissible design
domain.

The resulting optimum corresponded to a pressure ratio of 5 and a corrected mass flow rate of 0.618 kg/s.
GasTurb predicted a shaft power of 110.94 kW and a specific fuel consumption of 0.3356 kg/kW-h at this point.
These requirements were subsequently compared with available commercial turbocharger compressor
characteristics. Considering both thermodynamic compatibility and hardware availability, a Holset HX55
automotive turbocharger was selected as the core rotating assembly.

Combustion Chamber and Auxiliary Systems

dedicated modular combustion chamber was developed to interface the selected turbocharger with the
experimental facility. The liner architecture was divided into replaceable sections, allowing the distribution and
effective area of the primary, secondary, and dilution-air passages to be modified without manufacturing an
entirely new combustor. The configuration permits more than 120 possible air-distribution arrangements,
providing substantial flexibility for future combustion-development programs and reducing the cost associated
with iterative liner modification.
An independent lubrication circuit was developed because operation as a microturbine subjects the turbocharger
to thermal and operational conditions different from its original automotive duty [4]. The subsystem incorporated
an oil pump, cooling arrangement, pressure monitoring, and dedicated supply and return lines to maintain reliable
lubrication of the high-speed rotating assembly.
Starting was achieved without mechanically coupling a conventional electric starter directly to the rotor. Instead,
three industrial blower units were employed to establish the initial airflow and accelerate the turbocharger. Once
the rotor reached approximately 20% of its nominal operating speed and stable combustion became self-sustaining,
the external starting airflow could be removed.
A dedicated data-acquisition architecture was also implemented using temperature and pressure instrumentation
distributed throughout the system [7]. The recorded measurements were post-processed to calculate
thermodynamic quantities including compressor work, turbine work, combustion thermal power, air mass flow,
pressure ratio, and compressor isentropic efficiency.
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Experimental Procedure

Propane was employed during the experimental campaign. Testing was organized into an initial start-up phase
followed by operation at a higher fuel-flow and pressure condition. The fuel mass flow rate was approximately
0.00425 kg/s during the starting phase and was subsequently increased to approximately 0.00642 kg/s during the
main operating phase.

The starting system first established sufficient compressor airflow to support controlled ignition and an initial
combustion-chamber pressure of approximately 1.5 bar. Fuel flow was then progressively increased as the
turbocharger accelerated toward self-sustained operation. During the second stage, the chamber pressure was
increased toward approximately 2 bar, allowing the system response at greater airflow, pressure ratio, and
combustion power to be evaluated.

The experimental sequence was deliberately retained long enough to examine both transient and steady
behavior. In addition, a short manual adjustment of the fuel-control valve during the test generated an imposed
disturbance, enabling the coupled response of the combustor, turbine, compressor, pressure ratio, and air mass
flow to be examined.

Results and Discussion

Start-Up and Transient Response

The start-up measurements revealed a distinct thermal transient during approximately the first 20-60 s of
operation. During this period, fuel was already supplied to the combustor whereas mechanical rotor inertia
prevented the compressor from immediately reaching the airflow associated with the eventual operating condition.
Consequently, the temporarily reduced air supply produced a richer combustion state and elevated turbine inlet
and outlet temperatures.

As rotor speed increased, the compressor delivered progressively more air, the temporary fuel-rich condition
diminished, and the temperature response decreased toward stable values. After approximately 60 s, the principal
measured quantities approached a substantially more stable operating regime. The observed progression from
external starting to self-sustained operation therefore demonstrated successful aerodynamic and combustion
coupling between the automotive turbocharger and the purpose-built combustor.

Response to Fuel-Flow Disturbance

A particularly informative system response occurred during the approximately 360—380 s interval, when the
fuel-control setting was momentarily adjusted. The resulting fuel-flow increase was immediately reflected in
greater combustion thermal input and increased turbine work. Rotor acceleration subsequently shifted the
compressor toward a higher-flow operating condition.

During this response, the measured air mass flow reached approximately 0.35 kg/s, representing the maximum
value recorded during the experimental campaign. The pressure ratio increased simultaneously, demonstrating the
expected coupling between increased turbine power, shaft acceleration, compressor pressure rise, and compressor
throughput.

Importantly, the modular combustion chamber accommodated this transient without the destructive instabilities
that would prevent continuation of the test. After the temporary disturbance was removed, the dependent
thermodynamic variables converged again toward stable operating values. This behavior supports the suitability
ofthe developed combustor and supporting hardware for controlled studies involving varying fuel-flow conditions.

Steady-State Thermodynamic Performance

At the higher operating condition, the compressor outlet temperature increased from approximately 332 K to
369 K, consistent with the simultaneous increase in compression work, pressure ratio, and airflow. The maximum
combustion-chamber thermal power calculated from the measured fuel flow reached approximately 225 kW.

The compressor isentropic efficiency stabilized at approximately 70% during the steady portion of the
experiment. This result is particularly significant because the compressor was originally developed for automotive
turbocharging rather than as a dedicated microturbine compressor. The measured behavior indicates that
appropriate thermodynamic matching and operating-point selection can enable commercially available automotive
turbomachinery to function effectively in an experimental microturbine environment.

The compressor and turbine power histories provide an additional consistency check. During the transient
phases, the difference between turbine power and compressor demand drove rotor acceleration or deceleration. As
steady conditions were approached, however, the calculated turbine- and compressor-power curves converged
asymptotically. This behavior is consistent with the mechanical power balance expected for the single-shaft
rotating assembly when no substantial external mechanical load is imposed.
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Collectively, the stable 0.35 kg/s airflow, approximately 70% compressor isentropic efficiency, 225 kW peak
combustion thermal power, and steady-state turbine—compressor power convergence demonstrate that the
developed system reproduced the principal aerothermodynamic behavior required of an experimental microturbine
platform. The results also show that the data-acquisition and post-processing framework produced physically
consistent responses across sensors based on different measurement principles.

Conclusions

A complete micro gas turbine research platform was successfully developed by integrating a commercially
available Holset HXS55 automotive turbocharger with a purpose-built modular combustion chamber, lubrication
system, blower-based starter, fuel system, and data-acquisition architecture. Thermodynamic optimization
provided a rational basis for component selection rather than relying solely on turbocharger availability, with the
optimized GasTurb cycle predicting approximately 110.93 kW of shaft power and 0.3356 kg/kW-h specific fuel
consumption.

Experimental testing with propane confirmed stable operation through start-up, transient acceleration,
externally imposed fuel-flow variation, and steady operating conditions. The system reached a maximum measured
air mass flow rate of approximately 350 g/s, a peak combustion thermal power of approximately 225 kW, and a
steady compressor isentropic efficiency of approximately 70%. Convergence of turbine and compressor power
under steady conditions further supported the thermodynamic consistency of the measured data and the expected
mechanical balance of the single-shaft assembly.

The principal value of the developed configuration is its combination of comparatively accessible hardware,
high airflow capability, modular combustor geometry, and experimentally demonstrated stability. The platform
therefore provides a practical basis for future high-pressure combustion research without requiring purpose-built
turbomachinery for every development iteration. Nevertheless, the intrinsic limitations of using components
originally designed for automotive rather than continuous microturbine service must be recognized, particularly
with respect to long-duration operation and off-design behavior.

Future development should consequently focus on long-duration endurance testing, incorporation of exhaust-
gas heat recuperation, closed-loop fuel and speed control, and adaptation of the modular liner and fuel-injection
system for biofuels and hydrogen. These developments would allow the present platform to progress from a proof-
of-concept experimental microturbine toward a more versatile facility for investigating fuel-flexible distributed-
generation and advanced combustion technologies.
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Figure 2- scheme of gas turbine with free turbine [17]
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Table 1-input for design point in gasturb software

gasturb ;1381 5 5 559,9 >/ yb Wlasin-) Jgu=

parameter quantity unit
ambient temperature 288 kelvin
ambient pressure 101.325 Kpa
corrected mass flow rate 0.5 kg/s
Pressure ratio 4 -
combustion chamber outlet .
temperature 1200 kelvin
fuel natural gas -
fuel heating value 49.7365 M]/kg
ratio combustion chamber pressure 0.97 -
efficiency overall mechanical 0.98 -
compressore efficiency 0.82 -
turbine efficiency 0.85 -
power turbine efficiency 0.89 -
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Table 2-Thermodynamics result of design point calculation

parameter quantity unit
Shaft power delivered 82.45 kw
specific fuel consumption 0.3814 kg/kW-h
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Table 3 -optimization parameters and target parameter table

optimization lqw?r upper unit target
limit limit parameter
pressure ratio 2 5 - minimizing
corrected massflow rate 0.05 15 kg/s | Specific fuel
shaft power delivered 50 130 kw consumption
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Table 4-optimized thermodunamc cycle specifications

parameter quantity unit
ratio pressure 5 -
- fuel heating value 49.73648 MJ/kg
optimized -
combustion chamber .
cycle 1200 kelvin
X . outlet temperature
specifications ted
correcte 0.617949 kg/s
massflowrate
L. power delivered shaft 110.9305 kW
optimized specific fuel
cycle result P . 0.335572 kg/kW-h
consumption
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Figure 3-performance map of bestseller turbochargers of holset [18]
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Figure 5- oil module for microturrbine based on turbocharger system
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Figure 6-air blower of starter unit for microturbine based on turbocharger system
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Figure S-precision instruments and precisions
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Figure 7-final arrangement of microturbine based on turbocharger
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Table 6-properties of propane fuel
Obon cSgw s ShgF Joux

propertie amount unit
chemical formula CsHs —
lower heating value 46.4 MlJ/kg
higher heating value 50.3 MlJ/kg
density at 15 celsius 493 kg/m?
vapor pressure at 15 celsius ~8.4 bar
boiling point —42 °C
flash point —104 °C
auto ignition ~470 °C
flammability 2.1-9.5 Vol-%
stoichiometric ratio 15.7:1 air/fuel




\OY OF+0) Y o los IR 0,90 ¢4/ 9 S guw oly)Ke g I w35 wle

o3l Tk g Sua
5 Seeloge s iludoe b ol @llad Gomios 5 0ad P s Soe 0 Shos las )l talesT slpz! 5l Bas

5 0l plnil g2 slaosls gliial 5 gadly Ll 5 s U85 (o) 2 5505 b Glalesl Gl il (b g i

Wigd ge s 3 S ygods ol sl

Gl aldizee 5 (5 gmeppeS ol (Lol T3zl 03l 5 5055 Ol )t -

Sllos Lulpd 5 s Sl il 5 6O slos Jebow T

Gl €955 5l omssSn (eobiogt 5 5 ubsgt ekl ol Y

Sk 3 ,Shoe il 51 IS al> 5o 0 @ Jl8; ()

WIS s 0,8Lae b5l 5 s3luoslel )5 pasia & Al 0 oS ol onds (b g Al e 90 el y505T b
taPssSen S (595150 £ oy (sl Oyl Jaile el o ol o aly JLad St g adgl (sjhalel, sl al> e )
ol Baw 35 ol 3 3l anT s 9,8 gl adsl Lalpd 5 00,5 1508 y5meaS 51 (B (slgn (b2 b 09 50 ooliciul
Sl ST s s kB3 OISl o (5 Led sl JL VO Sga 5 Gl alaisme ) adgl L &y (lews (i
S0 slrpY il g 039 JlubogS e Comdy )3 joan s >0 pl Sl 50 S5l o ol B 1 00 ]S
Sy gn hgals 5l 5 sy oo (65 Sl & s g B35 I L 4 35 g0 el (25 e

28 o 5190 (S y908 (507 (29 abaizes Olgs Bl 5l VL (oxbaw 4y 355 jLe8 GRol8l g 83 iped Al e

Ot 97 9350 (51535 Sl 9 (Soladgo gl o Slos (o1 2 Judoxd

5.699,9 soled ;o a4l Fe LY. Slojoil jo |y ogpine Sl ol S SO Y S o eosls Gy (g gy
pae 5l bl sl pgge Uy5is) 625590 1L 4 5 m e slaygise 50 45 ey cnl amdse (LS 5 ey 29y
W05 oo arazs o ly (M = 0.00425 kg/s) <ol &5 b cogw a5 o j0 il cnl )0 cul soy> o9 labasd 3ollas
wolie )3 (1Mg) 639)5 Slop (sar7 (29 @ )3 9000 (U 193 4 s9m oS (5398 o 5l e )59, (Sl (oo

_ (mf/ma)actual
(mf/ma)stoich (\ Y)
Gl @iz b ogtige (ples Sy ol 5 (Qeomp) LS ilwsli] 5 G wrge o 4 S g S (2l

295 OBl 08 o DLl y5g) 5 (Tr > Tp) 03,5 aude jgus a8 psli gllS  (gudg gblS (g8 bawgs (U]
A5l 5l e s ol lasl g Lo il Coled jo g @ ialS bgliue dsume ai3.8, dop soelal 1Ko 4 e (il
o%go &

! Spool-up Lag



oy Ol Mg ygkiho 4 55)Lg2595 (Lot ity g 95590 05es (2l g Sl 215k

performance chart-only propane
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Figure 8-mictrotubine based on turbocharger performance graph based on directly measured data
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Figure 9- mictrotubine based on turbocharger performance graph based on calculated data
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