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Abstract
This paper presents the results of an electrovibrational investigation of the expansion unit in a micro-CHP
ORC power plant. The study demonstrates that a maximum electrical output of approximately 0.64 kW
was achieved in the ORC system at an HFE-7100 flow rate of 0.06 kg/s and a heat source power of 16 kW.
It has been determined that, for any given working fluid flow rate, there is an optimal heat source thermal
power at which the electrical output of the ORC system reaches its maximum. In contrast, for any preset
heat source power and working fluid flow rate, there is an optimal generator load at which the electrical
power output of the ORC system is maximised. It has been observed that, irrespective of the working fluid
flow rate, changes in thermal power cause the electrical power output of the ORC system to vary along the
generator’s load line. The research also included vibration measurements, which showed that the operating
conditions of the expander unit, including the electrical load on the generator, influenced the vibroacoustic
behaviour of the machine.
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1. INTRODUCTION

Sustainable development (Weerakoon and Assadi, 2024),
along with the environment and energy resources, has neces-
sitated the search for ways to improve the efficiency (Ahmed,
2022) of existing industrial systems (Belousov and Ovchin-
nikov, 2022) or the development of new energy technologies
(Weerakoon and Assadi, 2023; Sanaye and Ghaffari, 2023).
Therefore, systems are being built to recover waste heat
(Zhang et al., 2023b), e.g. from internal combustion engines
(Di Battista and Cipollone, 2023), and convert it into electric-
ity, and these are becoming increasingly popular. An example
of this is the construction of hybrid systems (Ahmed, 2024)
that operate in conjunction with renewable energy sources
(RES) (Montazerinejad and Eicker, 2022), thermal energy
storage (TES) systems (Kolasiński and Daniarta, 2021), com-
pressed air storage systems (Guan et al., 2024), nuclear power
plants (Tauveron et al., 2024), direct-fired hot water boilers
(Feng et al., 2024), or conventional energy systems (Kruk-
Gotzman et al., 2023). The use of clean hydrogen technologies,
including fuel cells (Pielecha and Szwajca, 2024), in the power
industry is another example of energy development.

Recently, there has been a strong emphasis on low-
temperature heat recovery (Hasan et al., 2022) for the produc-
tion of cold (González et al., 2023) and electricity (Hossain
et al., 2024) in organic Rankine cycle (ORC) systems (Sun
and Peng, 2025). The thematic literature shows that studies
and analyses of ORC system components (Ma et al., 2022;
Zaniewski et al., 2023) include circulating pumps (Kaczmar-
czyk et al., 2019; Kaczmarczyk, 2024), expansion assemblies
(Huo et al., 2022), heat exchangers (Abbas et al., 2022),
and the selection of working fluids (Aziz et al., 2024) used

in the cycle. In ORC systems, two types of expansion units
are used for electricity generation, namely volumetric (Wei et
al., 2023) and flow (Witanowski, 2024; Wu et al., 2024), i.e.
single-stage (Li et al., 2022a) and multi-stage turbines (Peng
et al., 2024a; Wang and Peng, 2023).

Turbines used in ORC systems are of radial-flow (Alshammari
et al., 2025; Witanowski et al., 2023c), axial-flow (Kaczmar-
czyk and Żywica, 2022b; Kupka et al., 2025), or radial-axial-
flow (Rusanov et al., 2025; Witanowski et al., 2023b) design.
Much of the thermal literature concerns design (Abdalhamid
and Eltaweel, 2024; Li et al., 2025) and optimisation (He et
al., 2025; Li et al., 2022b) methods for turbines and their com-
ponents, such as rotors (Lu et al., 2023), blades (Ping et al.,
2022; Witanowski et al., 2023a), nozzles (Liaw et al., 2023;
Serafino et al., 2023), and stators (Gunawan et al., 2023).
In ORC microsystems, where a high pressure ratio (PR) is
required at a low flow rate of the working fluid (Daniarta et al.,
2022), partial-admission microturbines are used (Włodarski
and Piwowarski, 2024; Sun et al., 2024). This group includes
Tesla turbines, which have an efficiency of approximately 42%
at a power output of around 1.2 kWe (Zhang et al., 2023c).
Similarly, the efficiency of classic microturbines with a power
output of up to 3 kWe ranged from approximately 12% (Colak
and Arslan, 2024) to around 43% (Peng et al., 2023). For
example, a numerical analysis by Peng et al. (2024b) indi-
cates that the efficiency of a 1.5 kWe supersonic turbine was
approximately 46%. Meanwhile, a study by Sun et al. (2024a)
determined that the efficiency of a 0.8 kWe axial-flow turbine
operating in an ORC system with R1233zdE as the working
fluid was approximately 36%. In contrast, the efficiency of
a single-stage, partial-admission, supersonic impulse ORC tur-
bine with a power output of 1.5 kWe was approximately 42%.
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In the second group, i.e. volumetric expansion units, the most
commonly used devices are scroll expanders (Zhen et al.,
2024), multi-vane expanders (Daniarta et al., 2024), Wankel
expanders (Sprouse, 2024), screw expanders (Mukherjee and
Seshadri, 2023), and piston expanders (Gopal and Seshadri,
2022; Wołowicz et al., 2021). Tests of these expansion units
are conducted in systems operating with either a single (Kacz-
marczyk and Żywica, 2024) or multiple (Ekwonu et al., 2023)
expanders under mechanical (Kottapallia and Konijeti, 2022)
or resistive (Zhang et al., 2024) load of the generator. The
efficiency of volumetric expanders with a power output of up
to 3 kWe reached approximately 50% (Kaczmarczyk and Ży-
wica, 2022a), while the thermal and Carnot efficiencies were
9% and 20%, respectively (Zhang et al., 2023a). For example,
a study by Murthy et al. (2022) found that the efficiency of
a 0.03 kWe four-intersecting-vane expander operating in an
ORC system with R134a as the working fluid was around 35%.

The paper presents the results of an experimental investigation
of a volumetric expansion microunit in an ORC system using
the low-boiling fluid methoxy-nonafluorobutane (HFE-7100).
The novelty and originality of this work lie in the current–
voltage characteristics and vibration measurements of the
expansion unit, which are virtually absent from the existing
literature. The present work fills a gap in the literature con-
cerning parametric, thermal, flow, and energy analyses, as well
as the vibration characteristics of micro-CHP ORC expansion
units. The research shows that, for each level of heat source
thermal power, there is an optimal generator load at which
the electrical power output of the ORC system is maximised.
It was determined that, irrespective of the working fluid flow
rate and heat source power, the electrical power characteris-
tics are linear and directly proportional to the voltage at the
terminals of the expansion microunit’s generator.

2. EXPERIMENTAL TEST STAND

Tests of an expansion microunit with a rated power of 1 kWe

were carried out on a specially designed test stand, with
a photograph and a measurement diagram shown in Figs. 1
and 2, respectively. The expansion unit consisted of a scroll
expander (E15H22N4.25 from Air Squared), a magnetic

coupling, and an AB30L generator (WEIPU) supplied by
Voltmaster. The technical data for the tested expansion unit
are shown in Table 1. A system consisting of two induction
modules, each with a rated power of 2× 24 kWe, was used
to heat the thermal oil. Only one module of the induction
thermal-oil heater was used in the research. The heating
device is a prototype unit made to special order and powered
by a 3× 400 V AC supply, with a maximum power of 24 kWe.
According to the manufacturer (Table 3), the measurement
limit error for electrical power supplied from the power
grid for a single 24 kWe module is ±0:12 kWe. The heater
simulated a low-temperature heat source.

Table 1. Technical parameters of the expansion unit.

Parameter Unit Value

Scroll expander

Nominal power kW 1.0

Maximum pressure kPa 1 380

Displacement cm3/rev. 12

Maximum speed rpm 3 600

Maximum inlet temperature ◦C 175

Expansion ratio – 3.5

AC generator

Rated power kW 2.4

Maximum rotational speed rpm 3 000

Rated voltage V 240

Maximum current A 10

A specification of the primary components used to construct
the test rig, along with their technical parameters, is provided
in Table 2.

The heat source allowed the thermal oil to be heated up
to 400 ◦C, with the temperature adjustable in increments of
0.1 ◦C. The flow rate of the thermal oil was controlled by
varying the rotational speed of the pump’s electric drive using
a frequency converter.

Figure 1. Test rig for the expansion microunit: 1 – scroll expander, 2 – clutch, 3 – generator, 4 – generator load system, 5 – heat source.
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Figure 2. Measurement diagram of the ORC system with a 1 kW scroll expander: PE – pumping engine, F – flowmeter, n – rotational
speed measurement system, EV – expansion valve, B – electrical bulb, A – ammeter, U – voltmeter, G – generator, T –
temperature measurement, p – pressure measurement, 1–10 – state points.

Table 2. Main components of the test rig (Kaczmarczyk and Żywica, 2022b).

Component name Type/model Parameters Producer
Evaporator plate heat exchanger A = 4:1 m2 Secespol
Regenerator shell-and-tube heat exchanger A = 2:3 m2 Secespol
Condenser plate heat exchanger A = 3:2 m2 Secespol
Heat source – 2× 24 kWe prototype

Fan cooler TDR 01 06 53-C
50 kWt

pmax = 6 bar
GEA

Pumping engine (HFE-7100) 4030–710-B-DM
pmax = 12 bar

mmax = 20 l/min
Scherzinger

Pumping engine (ethylene glycol) 25 POeC100 Mega
pmax = 11 bar

mmax = 11 m3/h
LFP Leszno

Pumping engine (thermal oil) L018-03R-NF-00-T
pmax = 16 bar

mmax = 36:3 m3/h
TopGear

The same method was used to control the flow rate of both
the working fluid and the ethylene glycol solution, namely by
adjusting the pump rotational speed through regulation of the
supply voltage frequency to the pump drives (electric motors)
using a frequency converter. A specification of the sensors
and measuring equipment installed on the test rig is provided
in Table 3. The thermal oil, heated to the set temperature,
was directed to the evaporator, where the working fluid was
evaporated. Once the appropriate operating parameters were
achieved, the working fluid vapour was directed via a bypass
to the regenerator and then to the condenser. Heat from the
condenser was dissipated into the environment using a fan
cooler with a nominal capacity of 50 kWt. The condensed
fluid was first directed to the regenerator, where it was
preheated, and then to the evaporator. The low-boiling fluid
vapour, once the required pressure was achieved at the set

flow rate, was directed to the inlet of the expansion unit.
The expansion unit comprised a scroll expander connected to
the generator via a clutch. The generator was connected to
a specially designed resistive (R-type) load system. The load
system was equipped with an AC/DC converter, to which
a set of 10 DC bulbs was connected. The rated power of
each bulb was 200 We. Each bulb (electrical receiver) was
fitted with an on/off switch, allowing the generator load to
be adjusted from 200 We to 2,000 We.

The combined uncertainty of the electric output power of the
AC/DC converter in the ORC system was calculated using
the square error propagation rule, based on the following
relationship:

‹Ne =

s„˛̨̨̨
‹Ne

‹u

˛̨̨̨
‹u

«2
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The output power of the ORC system was calculated using
the following relationship:

Ne = U · I (2)

where U is the DC voltage [V] and I is the current [A].

Based on Table 3, the limit (maximum) errors of DC volt-
age and current measurements were estimated to be ±1:5 V
and ±0:08 A, respectively. For a nominal power of the scroll
expander of 1 kW (Table 1) and a maximum voltage at the
generator terminals of 240 V (Table 1), the load current is
4.17 A, and the uncertainty of the electrical output power of
the ORC system, determined from Eq. (1), is 1000±20:2 We.
In contrast, at the maximum power of the scroll expander
of 1 kW and the maximum load current of the generator
of 10 A (Table 3), the voltage is 100 V. The uncertainty in
determining the output power of the ORC system is then
1000 ± 17:0 We. Based on data provided by the manufac-
turer of the Coriolis flow meter, the calculated uncertainty of
the working-medium flow rate measurement over the range
of 30–60 g/s was ±0:5 g/s. In the ORC system, HFE-7100
was used as the working fluid. The fluid was selected on the
basis of thermodynamic and energy considerations, taking
into account environmental and safety aspects. HFE-7100 is
a dry fluid (Fig. 3) that protects the flow components of the
expansion unit against erosion.

HFE-7100 is a low-boiling liquid with a boiling point of ap-
proximately 61 ◦C at atmospheric pressure and a reference
temperature of 25 ◦C. Further information on the physico-
chemical properties of HFE-7100 can be found in reference

Figure 3. T–s diagram of the scroll expander test cycle.

(Liaw et al., 2023). HFE-7100 is also non-flammable, non-
explosive, non-mutagenic, and non-toxic. The global warming
potential (GWP) of this fluid is approximately 320, and its
ozone depletion potential (ODP) is zero.

3. RESEARCH PROCEDURES AND
METHODOLOGY

The research procedure involved setting an appropriate heat
source power and working fluid flow rate, and achieving
stable operating parameters for the ORC system. The
research was conducted at six different heat source power
levels. The minimum preset power of the heat source was
8 kWt, which was increased in 2 kWt increments up to

Table 3. List of control and measurement apparatus.

Device/sensor (type/mode) Range Accuracy
K-type thermocouple, Class 1 tolerance, manufactured by
CZAKI Thermo-Product

–40–600 ◦C ±1:5 ◦C∗A)

Pressure transducer, manufactured by Trafag (NAH 8253) 0–1 600 kPa(a) ±0:15% of full scale
Pressure transducer, manufactured by Trafag (NAH 8253) 0–400 kPa(a) ±0:15% of full scale
Smart differential pressure transmitters manufactured by
Aplisens (APR-2000 ALW)

–160–200 kPa ±0:10% of full scale

Smart differential pressure transmitters manufactured by
Aplisens (APR-2200 ALW)

–16–16 kPa ±0:10% of full scale

Smart differential pressure transmitters manufactured by
Aplisens (APR-2200 ALW)

–180–200 kPa ±0:10% of full scale

Smart differential pressure transmitters manufactured by
Aplisens (APR-2200 ALW)

0–250 kPa ±0:10% of full scale

Coriolis mass flowmeter manufactured by Siemens (Sitrans
FC Massflo Mass 2100)

0–5 600 kg/h
±0:1% of the measured

value
Prototype rotational speed measurement device (based on
electromagnetic induction), custom-built (M1 TG-3)

0–300 Hz ±1 rpm

Prototype electrical power measurement system, custom-built
(M2 TG-3)

0–16 A DC
0–300 V DC
0–2× 24 kW

±0:5% of full scale
±0:5% of full scale
±0:5% of the power

∗A) – the maximum measurement error of the thermocouple, according to the PN-EN 60584 standard
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a maximum of 18 kWt (Fig. 4). The range of heat source
power tested corresponds to that of gas boilers installed in
single-family houses. Tests were carried out for low-boiling
working medium flow rates of up to 60 g/s.

At the minimum heat source power, superheating of the
methoxy-nonafluorobutane fluid occurred only at a flow rate
of 20 g/s. In contrast, at a heat source power of 18 kWt, the
minimum flow rate of the working fluid was 50 g/s. This was
due to the temperature of the low-boiling fluid being above
the design temperature of the ORC system and the critical
point of the HFE-7100. Hence, the ranges of variation in the
flow rate of the working fluid at the set heat source power were
determined by the possibility of achieving superheating of the
working fluid while ensuring the safe operation of the system.

Once stable operating parameters were achieved for the ORC
system at a constant and preset heat source power and flow
rate, the fluid vapour was directed to the inlet of the scroll
expander. The start-up of the expansion unit took place with
a maximum load of 10 bulbs, which was gradually reduced.
The minimum load to prevent the expansion unit from diverg-
ing was a bulb with a rated power of 200 We.

4. RESULTS AND DISCUSSION

Below are the performance characteristics of the expansion
unit, illustrating the effect of rotational speed (Section 4.1)
and the load voltage and current of the expansion unit
(Section 4.2) on the electrical power output of the ORC
system. Section 4.3 presents the vibration measurements of
the expansion unit.

4.1. The effect of rotational speed

Fig. 5a shows that, at a constant working fluid flow rate of
20 g/s, regardless of the heat source power value, the elec-
trical output power of the ORC system was approximately
150 We. It was observed that, with a heat source power of
8 kWt, the maximum electrical power was achieved at a rota-
tional speed of approximately 1 650 rpm. In contrast, with
a heat source power of 10 kWt, the maximum power was
achieved at an expander rotational speed of approximately 1
800 rpm. Hence, for heat source powers of 8 kWt and 10 kWt,
the optimum generator loads were approximately 4.1 Ω and
5.5 Ω, respectively. The voltage at the generator terminals
was directly proportional to the expander’s rotational speed
and increased as the speed increased (Fig. 5b). It was ob-
served that the average voltage at the generator terminals
was independent of the heat source power.

When the flow rate of the working fluid was 30 g/s, a maxi-
mum electrical output power of approximately 300 We was
obtained at a heat source power of 14 kWt (Fig. 6a). The
optimum generator load for this power value was approxi-
mately 5.5 Ω, achieved at an expander rotational speed of
around 2 000 rpm. In contrast, at power levels of 10 kWt and
12 kWt, the maximum electrical output power was 280 We.
The maximum electrical power for this case was achieved at
a rotational speed of 1 900 rpm and a load of approximately
4.5 Ω. The voltage at the generator terminals increased as
the load decreased, leading to an increase in the expander
rotational speed (Fig. 6b). For a low-boiling fluid flow rate
of 40 g/s (Fig. 7a), it was observed that the electrical output
power of the ORC system increased as the thermal power
of the heat source rose.

Figure 4. Research procedure used for the scroll expander.
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Figure 5. Performance characteristics of the expander at a working medium flow rate of 20 g/s.

Figure 6. Performance characteristics of the expander at a working medium flow rate of 30 g/s.

For heat source powers of 10 kWt, 12 kWt, 14 kWt, and
16 kWt, maximum electrical powers of approximately 380 We,
415 We , 420 We, and 430 We were obtained, respectively.

In contrast, the resistance values loading the generator for
these power levels were 3.8 Ω, 4.0 Ω, 4.1 Ω, and 4.8 Ω,
respectively. The rotational speeds at which the maximum
electrical output powers of the system were obtained
increased with the increasing heat source power (10 kWt,
12 kWt, 14 kWt, and 16 kWt) and were 1 970 rpm, 2 040 rpm,
2 070 rpm, and 2 150 rpm, respectively. As with the working
fluid flow rates of 20 g/s and 30 g/s, the average voltage at
the generator terminals increased linearly with the increasing
expander rotational speed (Fig. 7b). When the heat source
power was 10 kWt, the maximum electrical power was
approximately 400 We (Fig. 8a). When the heat source power
was increased by 20%, 40%, 60%, and 80% from 10 kWt

(i.e., to 18 kWt), the maximum electrical output power of
the ORC system increased from 400 We by 20%, 25%, 35%,
and 40%, respectively, reaching 560 We.

This means that as the thermal power increased, the incre-
ments in electrical energy became progressively smaller. In
contrast, the optimum load values for the power maxima in-
creased with the increasing thermal power of the heat source
and were 3.3 Ω, 3.7 Ω, 3.8 Ω, 3.9 Ω, and 4.0 Ω, respectively
(Fig. 8b).

When the working fluid flow rate was 60 g/s, a maximum
electrical power of approximately 640 We was achieved at
a thermal power of 16 kWt, while a minimum power of approx-
imately 560 We was recorded at a thermal power of 14 kWt

(Fig. 9a).

Hence, it can be observed that, for a given working fluid
flow rate, there is an optimum heat source power at which
the electrical output power of the ORC system reaches its
maximum. The optimum generator load values for heat source
powers of 14 kWt, 16 kWt, and 18 kWt were 4.5 Ω, 4.7 Ω, and
4.7 Ω, respectively (Fig. 9b). Optimum loads were achieved
at expander rotational speeds of 2 150 rpm, 2 250 rpm, and
2 225 rpm, respectively.
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Figure 7. Performance characteristics of the expander at a working medium flow rate of 40 g/s.

Figure 8. Performance characteristics of the expander at a working medium flow rate of 50 g/s.

Figure 9. Performance characteristics of the expander at a working medium flow rate of 60 g/s.

4.2. The effect of generator load

It was found that, at a flow rate of 20 g/s and the expander
generator’s optimum load, the current and voltage at the
expander terminals for a heat source power of 8 kWt were
approximately 2.5 A and 60 V, respectively.

In contrast, for a heat source power of 10 kWt, the optimum

values for current (Fig. 10a) and voltage (Fig. 10b) were
2.1 A and 72 V, respectively.

For a flow rate of 30 g/s and heat source powers of 10 kWt and
12 kWt, the average current (Fig. 11a) and voltage (Fig. 11b)
values for maximum electrical output power were 3.0 A and
94 V, respectively.
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Figure 10. Performance characteristics of the expander at a working medium flow rate of 20 g/s.

Figure 11. Performance characteristics of the expander at a working medium flow rate of 30 g/s.

Fig. 12a shows that for thermal powers of 10 kWt, 12 kWt,
14 kWt, and 16 kWt, the voltage values were 98 V, 112 V,
117 V, and 127 V, respectively. In contrast, at maximum elec-
trical output power, the generator load currents decrease as

the thermal power of the heat source increases. For thermal
powers ranging from 10 kWt to 16 kWt (Fig. 12b), the op-
timum current values were 3.9 A, 3.7 A, 3.6 A, and 3.4 A,
respectively.

Figure 12. Performance characteristics of the expander at a working medium flow rate of 40 g/s.
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It was observed that, for a flow rate of 50 g/s, the current,
regardless of the heat source power value, was approximately
4–4.1 A (Fig. 13b). In contrast, the voltage values at the
generator terminals increased as the thermal power of the heat
source increased.

For thermal powers of 10 kWt and 12 kWt, the optimum voltage
values were 98 V and 117 V, respectively. In contrast, for heat
source powers of 14 kWt, 16 kWt, and 18 kWt, the voltages at the
generator terminals were 127 V, 132 V, and 135 V, respectively.

When the working fluid flow rate was 60 g/s, the same currents
of approximately 4.7 A were obtained at maximum electrical
output powers for thermal powers of 16 kWt and 18 kWt

(Fig. 14b). In contrast, the average voltage values were 135 V
and 133 V, respectively. For a thermal power of 14 kWt at
maximum electrical power output, the average voltage and
current values were 123 V and 4.5 A, respectively. It follows
from the above that, irrespective of the flow rate of the low-
boiling fluid, for a given generator load, an increase in thermal
power causes the power to move along the load line.

4.3. Vibration measurements of the expansion unit

Based on the analysis of the vibration spectra of the expander
and generator shown in Figs. 15–18, it can be concluded that
the vibration distributions were rather chaotic.

The expander tests also involved vibration measurements
conducted under various operating conditions. Such mea-
surements allow for the assessment of the dynamic condi-
tion of a fluid-flow machine and facilitate early detection
of various types of faults, such as bearing or rotor damage.
Vibrodiagnostic testing involved measuring absolute vibra-
tions on the bodies of the expander and generator. The
measured quantity was the root mean square (RMS) value
of the vibration velocity (Vrms). In addition to measuring
the overall Vrms value, the vibration spectrum was also
recorded over the range of 1 Hz to 1,600 Hz. The figures
below (Figs. 15–18) present selected measurement results
obtained at four rotor speeds (ranging from 2,028 rpm to
2,364 rpm) and various generator loads (from 550 W to
1,150 W). The measurement results confirm that a char-

Figure 13. Performance characteristics of the expander at a working medium flow rate of 50 g/s.

Figure 14. Performance characteristics of the expander at a working medium flow rate of 60 g/s.
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Figure 15. Frequency distributions of vibration velocity measured on the scroll expander housing (a) and the generator (b) at
a rotational speed of 2 028 rpm and a receiver load power of 550 W.

Figure 16. Frequency distributions of vibration velocity measured on the scroll expander housing (a) and the generator (b) at
a rotational speed of 2 172 rpm and a receiver load power of 750 W.

Figure 17. Frequency distributions of vibration velocity measured on the scroll expander housing (a) and the generator (b) at
a rotational speed of 2 280 rpm and a receiver load power of 950 W.
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Figure 18. Frequency distributions of vibration velocity measured on the scroll expander housing (a) and the generator (b) at
a rotational speed of 2 364 rpm and a receiver load power of 1,150 W.

acteristic feature of the tested scroll expanders is irregular
knocking operation, as evidenced by numerous spectral lines
visible in the frequency distributions of vibration velocity.

To facilitate the interpretation of the results, a histogram
was prepared (Fig. 19) showing the overall Vrms vibration
levels recorded at different generator loads. It can generally
be stated that the vibration level of the expansion unit varied
according to the power of the connected electrical receivers.
A certain tendency towards an increase in the high-frequency
components at lower power levels of the energy receivers can
be discerned, but it was not observed in all cases studied.

However, it is difficult to discern a clear trend, as the analysed
values initially decreased and then increased. Similar trends
were observed for both the generator and the expander. How-
ever, the fluctuations in the overall vibration level were not
large, ranging from 3.77 mm/s for the expander at a power
of 750 W to 7.35 mm/s for the generator at a power of 550
W. It can, however, be noted that the lowest vibration levels
of both the generator and the expander were observed at
a receiver power of 750 W (at a speed of 2 172 rpm). The
operation of the expander and electric generator unit can
therefore be regarded as most stable within this load range.
No signs of damage to the expander unit were detected based
on the vibration measurements.

5. CONCLUSIONS

The research on a 1 kW scroll expander in an ORC system
shows that, irrespective of the heat source power and work-
ing fluid flow rate, the voltage at the generator terminals
increases as the generator load decreases. It was determined
that, for each thermal power level of the heat source, there
were optimum values of the working fluid flow rate and the
generator’s electrical load at which the electrical output power
of the ORC system reached its maximum. It was found that,
for each heat source power level, there was an optimum ro-
tational speed of the scroll expander at which the electrical
output power of the system reached its maximum.

The research conducted indicates that, for heat source powers
ranging from 8 to 18 kWt and methoxy-nonafluorobutane flow
rates between 20 and 60 g/s, a maximum electrical output
power of approximately 640 We was achieved at a thermal
power of 16 kWt and a working fluid flow rate of 60 g/s.
The research conducted also confirmed that the scroll-type
volumetric expander is a highly flexible expansion device.
During the research conducted, it operated properly across
a wide range of heat source power and working fluid flow
rates, as well as under different generator loads, enabling the
conversion of thermal energy into electrical energy.

Figure 19. Overall vibration levels of the expander and generator in relation to the generator load.
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The research shows that for HFE-7100 flow rates of 20 g/s
and 30 g/s, the maximum electric output power of the
ORC system was approximately 150± 6:2 We, obtained for
generator loads of 4.1 Ω and 5.5 Ω and heat source powers
of 8 kWt and 10 kWt, respectively. In contrast, for a working-
medium flow rate of 30 g/s, the maximum electrical power
of approximately 280 ± 10.0 We was obtained at a heat
source power of 14 kWt and a generator load of 4.5 Ω. At
an HFE-7100 flow rate of 40 g/s, the maximum output
power of the system was approximately 430 ± 11:5 We,
obtained at an expander rotational speed of 2 150 rpm
and a generator load of 4.8 Ω with a heat source power of
16 kWt, respectively. When the flow rate of the low-boiling
fluid was 50 g/s, the maximum electrical power produced
by the expansion unit was 560 ± 13:1 We, obtained at
a heat source power of 18 kWt and a generator load of
approximately 4.0 Ω. A similar maximum electrical output
power of the ORC system was obtained at an HFE-7100
flow rate of 60 g/s, with an expander generator load of
approximately 4.7 Ω and a heat source power of 16 kWt.

Vibration measurements indicate that a notable drawback of
this type of expander is its high vibration level, which results
in relatively noisy operation. The research shows that the
recorded vibration level of the expansion unit ranged from
3.77 mm/s to 7.35 mm/s, measured when the expander gen-
erator was connected to receivers with rated powers of 750 W
and 550 W, respectively. This drawback can be significantly
mitigated through the appropriate selection of the support
system and enclosure, i.e. by ensuring adequate vibration and
acoustic isolation.
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SYMBOLS

I current, A
m mass flow rate, kg/s
n rotational speed, rpm
N power, W
R resistance, Ω
T temperature, ◦C
U voltage, V
Vrms root mean square of the vibration velocity

Subscripts

e electrical
t thermal

Abbreviations

AC alternating current
DC direct current
ORC organic Rankine cycle
PR pressure ratio
RES renewable energy sources
TES thermal energy storage
WHR waste heat recovery
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