
 

1. Introduction 

The need to move away from the exploitation of fossil fuels [1] 

necessitates the use of low-carbon fuel cells [2,3], the develop-

ment of new environmentally friendly energy technologies [4], 

the decentralisation of power generation [5] and the utilisation 

of biofuels and unconventional fuels [6]. Therefore, technolo-

gies that enable integration with renewable energy sources 

(RES) are of considerable interest [7]. One such technology that 

meets the above requirements is the organic Rankine cycle 

(ORC) system [8]. ORC systems can be powered not only by 

RES (e.g. biomass [9] or solar energy [10]). These systems can 

be supplied with low- [11], medium- [12] and high-temperature 

[13] waste heat [14]. The utilisation of waste heat to generate elec-

tricity [15] increases the operational efficiency of these systems 

[16]. The literature indicates that ORC systems are associated 

with energy storage [17], air storage [18] and thermal energy stor-

age (TES) systems [19], nuclear power systems [20], refrigeration 

systems [21,22], trilateral flash cycle (TFC) systems [23], partial 

evaporator–organic Rankine cycle (PE-ORC) systems [24], or-

ganic Rankine cycle–vapour compression cycle (ORC-VCC) sys-

tems [25]; as well as engines, including gas engines (GEs) [26], 

internal combustion engines (ICEs) [27], thermal engines [28] and 

direct-fired hot water boilers [29]. 
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Abstract 

This work presents the results of an experimental study on a 1 kW scroll expander in an organic Rankine cycle (ORC) 
system. The low-boiling, non-flammable hydrofluoroether HFE-7100, was used as the working fluid. The research was 
conducted at heat source power levels ranging from 10 kWt to 18 kWt. The flow rate of the working medium was in the 
range of 30 g/s to 60 g/s. The generator of the expansion unit, on the other hand, was loaded with electrical receivers, with 
a load ranging from 200 We to 2000 We. The study shows that, for the same working fluid flow rate and expander rotational 
speed, an increase in the thermal power of the heat source resulted in higher voltage at the generator terminals and increased 
electrical output power of the ORC system. It was found that, regardless of the HFE-7100 flow rate, the inclination angles 
of the electrical power and voltage curves with respect to the expander’s rotational speed axis increased as the thermal 
power of the heat source increased. Thus, for each level of a thermal power, there is an optimum generator load at which 
the electrical output power of the system is maximised. The research conducted shows that the maximum electrical output 
of 635 We was obtained for a heat source power of 16 kWt and a fluid flow rate of 60 g/s. In addition, it was found that for 
the tested ranges of heat source power and HFE-7100 flow rate, the optimum load for the expander generator was between 
3.5  and 4.8 . 

Keywords: Scroll expander; Heat source; ORC system, HFE-7100; Experimental research 

Vol. 47(2026), No. 1, 125‒136; doi: 10.24425/ather.2026.158664 

Cite this manuscript as: Kaczmarczyk, T.Z. (2026). Experimental investigation into the influence of heat source power on  

the performance of a scroll expander in an organic Rankine cycle system using HFE-7100 fluid. Archives of Thermodynamics,  

47(1), 125‒136. 

http://www.imp.gda.pl/archives-of-thermodynamics/


Kaczmarczyk T.Z. 
 

126 
 

Nomenclature 

I – current, A 

m – mass flow rate, kg/s 

n – rotational speed, rpm 

N – power, W 

p – pressure, kPa 

PR – pressure ratio 

R – resistance,  

T – temperature, °C 

U – voltage, V 

x – vapour quality 

 

Subscripts and Superscripts 

e – electrical 

t – thermal 

 

Abbreviations and Acronyms 

AC – alternating current 

DC – direct current 

ORC – organic Rankine cycle 

RES – renewable energy sources 

TES – thermal energy storage 

WHR – waste heat recovery 

 

Hence, theoretical analyses [30] and experimental studies of 

complete ORC systems or their components [31−33] are con-

ducted to improve their operating efficiency [34]. Volumetric 

expanders [35,36] and flow expanders [37] are used in ORC sys-

tems. Flow expanders include Tesla turbines [38], radial inflow 

turbines [39], axial turbines [40], radial outflow turbines [41], 

radial-axial turbines [42], or combinations thereof [43]. Tur-

bines are built as either single-stage [44] or multi-stage [45] 

units, which can be manufactured as partial admission turbines 

[46]. The literature indicates that research [47] and optimisation 

work are being carried out on turbines, such as blade [48,49] and 

nozzle [50,51] shape optimisation, with a focus on thermody-

namic cycle efficiency [52] and mechanical aspects, such as ro-

tor vibrations [53]. 

In contrast, the most commonly used volumetric expansion 

units include Wankel expanders [54], scroll expanders [55], Stir-

ling engines [56], vane expanders [36], screw expanders [57] 

and reciprocating engines [58]. Volumetric expansion units are 

often analysed and studied in parallel [59] or in series [60] op-

eration within ORC systems. Pumps [61] used in the working 

medium cycle are also the subject of investigation, owing to 

their significant influence on the back work ratio [62]. New 

working fluids (fourth-generation refrigerants) [63] are also be-

ing analysed and studied [64] in terms of thermal stability [65] 

and ORC system efficiency [66]. Expanders are tested mechan-

ically [67] or electrically [68] to determine, among other factors, 

their efficiency. 

For example, a study by Murthy et al. [69] found that the 

efficiency of a four-intersecting-vane expander prototype, oper-

ating in an ORC system with R134a as the working fluid, was 

approximately 35%. The electrical output power and the rota-

tional speed of the expander were approximately 33 W and 

500 rpm, respectively. A similar efficiency of approximately 

36% was achieved by an axial turbine operating in an ORC sys-

tem with R1233zde as the working fluid [70]. In contrast, the 

microturbine’s rotational speed and electrical power were 

8000 rpm and 812 W, respectively. The recorded thermal effi-

ciency of the ORC system was 2.15%. As the electrical power 

of the expander increases, the thermal efficiency of the ORC 

system also increases. Research on the scroll expander using 

HFE-7100 fluid showed that, at an electrical power output of 

approximately 980 W, the efficiency of the expander and the 

thermal efficiency of the ORC system were 49.3% and approxi-

mately 3%, respectively. In contrast, research conducted on 

a scroll expander by Sun et al. [71] indicates that the maximum 

thermal efficiency of the ORC system and the shaft power were 

approximately 6.4% and 1.8 kW, respectively. 

This paper presents the results of an experimental study of 

a scroll expander with a rated power of 1 kWe, using the low-

boiling fluid HFE-7100. The study was conducted parametri-

cally, based on the heat source power, working fluid flow rate 

and electrical load of the scroll expander generator. The para-

metric current-voltage characteristic curves of the expansion 

unit address a clear gap in the existing research and literature. 

The novelty of this work lies in the interpolation of the test re-

sults based on the inclination angles of the lines representing 

electrical power and voltage with respect to the expander’s rota-

tional speed axis. Based on the study conducted, a methodology 

is presented for estimating the optimum load of the expander 

generator, depending on the heat source power and the flow rate 

of the low-boiling fluid. The generalised conclusions will allow 

the research findings to be used by a wide range of readers for 

both practical and theoretical purposes. 

2. Experimental test stand 

Research on a scroll expander with a rated power of 1 kWe was 

carried out in an ORC system using the low-boiling fluid HFE-

7100. The tested expansion unit, comprising a generator and 

a scroll expander connected by a clutch, is a commercial product 

manufactured by Air Squared. The technical data for the scroll 

expander and the generator are provided in Table 1.  

Table 1. Technical parameters of the expansion unit components [60].  

Parameter Unit Value 

Scroll expander 

Model − E15H22N4.25 

Nominal power kW 1.0 

Maximum pressure kPa 1380 

Displacement cm3/rev. 12 

Maximum speed rpm 3600 

Maximum inlet temperature °C 175 

Expansion ratio − 3.5 

Generator 

Model − AB30L 

Rated power kW 2.4 

Maximum rotational speed rpm 3000 

Rated voltage V 240 

Maximum current A 10 
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Hydrofluoroether HFE-7100 was used as the working fluid 

in the ORC system. The fluid was selected based on thermo-

dynamic and energy considerations, taking into account the 

environmental and safety factors. HFE-7100 is a dry fluid (as 

shown by the saturated liquid-vapour curve in Fig. 1), which 

helps prevent erosion of the flow components of the expansion 

unit. Its boiling point is approximately 61°C at atmospheric 

pressure. HFE-7100 is a non-flammable, non-explosive, non-

mutagenic and non-toxic fluid. It has an ozone depletion 

potential (ODP) of zero. Selected thermodynamic properties of 

the HFE-7100 fluid are provided in Table 2. 

A photograph of the ORC system is shown in Fig. 2, and 

a measurement diagram is provided in Fig. 3. The working me-

dium was heated using thermal oil. 

The thermal oil was heated using a two-module electrical 

system. Only one module was used in the study. The heating 

device is a prototype unit made to special order, with 

a maximum power of 24 kWe per module. According to the 

manufacturer (Table 3), the measurement limit error for the 

electrical power of a single 24 kWe module is ±0.12 kWe. The 

heating power could be adjusted in increments of 0.1 kWe. The 

heat source was equipped with a PID controller (propor-

tional−integral−derivative controller), which enabled the oil 

heating temperature to be set up to 400°C in increments of 

0.1°C. The flow rates of the working fluids (thermal oil, HFE-

7100 and a 40% ethylene glycol solution) were controlled using 

inverters mounted on the drives of the circulating pumps. 

During the heating stage, the working medium was directed 

from the evaporator via a bypass (Fig. 3) directly to the regener-

ator, and then to the condenser. From the condenser, the medium 

 

Fig. 2. Test stand used for testing a 1 kW scroll expander: 1 – scroll 

expander, 2 – generator, 3 – clutch, 4 – system for measuring pres-

sure and temperature at the expander inlet, 5 – system for measuring 

pressure and temperature at the expander outlet, 6 – converter  

system, 7 – resistive load system, 8 – heat exchanger unit. 

 

Fig. 3. 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, E1 and E2 – valves 

at the expander’s inlet and outlet, B(1–10) – electrical bulb, 
A – ammeter, U – voltmeter, G – generator, T – temperature 

measurement, p – pressure measurement, 1–10 – state points. 

Table 2. Properties of HFE-7100 fluid at 25℃ [72].  

Property Value Unit 

Molecular weight 250 g/mol 

Boiling point 61 ℃ 

Critical temperature 195 ℃ 

Critical pressure 2.23 MPa 

Liquid density 1510 kg/m3 

Surface tension 13.6 mN/m 

Dynamic viscosity 0.61 mPa s 

Heat of vaporisation 112 kJ/kg 

Vapour pressure 27.0 kPa 

Coefficient of expansion 0.0018 1/K 

Kinematic viscosity 0.38 cSt 

Absolute viscosity 0.58 cP 

Specific heat 1183 J/(kg K) 

Thermal conductivity 0.069 W/(m K) 

 

 

Fig. 1. Temperature-entropy (T-s) diagram of the test cycle with 

the scroll expander unit; x – vapour quality. 
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is directed to a tank that supplies the circulating pump. The 

working medium pump supplies the regenerator, where the 

HFE-7100 fluid is preheated before being directed to the evap-

orator. Heat from the condenser was dissipated to the outside by 

means of a 50 kWt fan cooler. In the second stage, once the 

working medium had reached the required pressure at the set 

flow rate, the HFE-7100 fluid was directed to the scroll expander 

inlet. The scroll expander was connected to the generator using 

a clutch, forming an expansion unit. The generator was loaded 

using a resistive load system, which consisted of 10 DC bulbs, 

each with a rated power of 200 We, connected in parallel. The 

load of a generator was varied by disconnecting or connecting 

the bulbs using switches fitted to each one. Hence, the generator 

was loaded using electrical receivers (light bulbs) ranging from 

200 We to 2000 We. A list of control and measurement instru-

ments, as well as sensors mounted on the test rig, is presented in 

Table 3. 

The uncertainty of the electrical power output of the ORC 

system (after the AC/DC frequency converter, which converts 

an alternating current input voltage to a direct current output 

voltage) was calculated using the square error propagation rule 

from the following relationship: 

 𝛿𝑁𝑒 = √(|
𝛿𝑁𝑒

𝛿𝑢
| 𝛿𝑢)

2

+ (|
𝛿𝑁𝑒

𝛿𝑖
| 𝛿𝑖)

2

, (1) 

where u is voltage and i represents current. The output power of 

the ORC system was calculated using the following relationship: 

 𝑁𝑒 = 𝑈𝐼, (2) 

where U is the DC voltage and I is the current measured after 

the AC/DC converter. 

Based on Table 3, the limit (maximum) errors of DC voltage 

and current measurements were estimated to be ±1.5 V and 

±0.08 A, respectively. For a nominal power of the scroll ex-

pander of 1 kW (Table 1) and a maximum voltage at the gener-

ator terminals of 240 V (Table 1), the load current is 4.17 A, and 

the uncertainty of the electrical output power of the ORC sys-

tem, 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, and the uncertainty in determining the output 

power of the ORC system is 1000 ± 17.0 We. 

3. Research procedures and methodology 

In the first stage of the tests, the preset thermal power and the 

flow rate of the HFE-7100 working fluid were adjusted (e.g. 

10 kWt and 30 g/s). Next, the working fluid was directed 

through the bypass (with the EV valve open and the E1 and E2 

valves closed), as shown in Fig. 3. It circulated within the cycle 

without an expander until the ORC system reached stable oper-

ating parameters (i.e. temperature and pressure). The tests were 

conducted at five heat source power levels (i.e. from 10 kWt to 

18 kWt) and for HFE-7100 flow rates ranging from 30 g/s to 

60 g/s (Fig. 4). 

Once stable operating parameters were reached, the second 

stage of operation began: the EV valve was closed and the E1 

and E2 valves were opened. The working fluid was then directed 

 

Fig. 4. Research procedure used for the scroll expander. 

Table 3. List of measurement apparatus. 

Instrument 
Type/ 
Model 

Range Accuracy 

Coriolis mass flowmeter (Siemens) 
Sitrans FC Mas-
sflo Mass 2100 

0–5600 kg/h ±0.1% 

Thermocouple (tolerance class 1, 
CZAKI Thermo-Product)  

K-type -40–600 ºC 1.5ºCA 

Pressure transducer  
(Trafag) 

NAH 8253 0–1600 kPa(a) ±0.15%B 

Pressure transducer  
(Trafag) 

NAH 8253 0–400 kPa(a) ±0.15%B 

Rotational speed measurement 
system – a prototype design (based 
on electromagnetic induction) that 
was ordered and subsequently 
manufactured 

M1 TG-3 0–300 Hz ±1 rpm 

Electrical power measurement sys-
tem – a prototype design that 
was ordered and subsequently 
manufactured 

M2 TG-3 
0–16 ADC 

0–300 VDC 
0–2⨯24 kW 

±0.5%B 
±0.5%B 
±0.5%  

(of the power) 

A – the maximum measurement error of the thermocouple, according to the PN-EN 60584 standard. 
B – full scale (of the measuring range). 
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to the scroll expander inlet. During the start-up of the expansion 

unit, the generator was always loaded with energy receivers with 

a maximum power of 2000 We (i.e. ten light bulbs). The preset 

parameters (settings) for heat source power, generator load and 

working fluid flow rate were maintained at a constant level 

throughout the entire measurement series. Then, at a con- 

stant/preset heat source power level and HFE-7100 flow rate, 

the generator load was gradually reduced in steps of 200 W. This 

procedure was repeated until the minimum load of the expander 

unit’s generator, 200 W, was reached. Then, with the heat source 

power kept constant, the flow rate was increased according to 

Fig. 2 (e.g. 10 kWt and 40 g/s), and the procedure was continued 

until the maximum HFE-7100 flow rate was reached at the 

preset power level. This research procedure was applied for each 

thermal power level of the heat source until the maximum  

settings were reached, i.e. a thermal power of 18 kWt and an  

HFE-7100 flow rate of 60 g/s. 

4. Results and discussion 

The performance characteristics of the expansion unit, illustrat-

ing the influence of the scroll expander’s rotational speed on the 

operation of the ORC system, are presented in Sec. 4.1. The cur-

rent-voltage characteristics, on the other hand, are demonstrated 

in Section 4.2. 

4.1. Effect of the scroll expander’s rotational speed 

It can be seen from Fig. 5 that, at a constant thermal power of 

10 kWt for each preset and constant HFE-7100 flow rate, there 

is an optimum rotational speed of the scroll expander at which 

the electrical output power is maximised.  

For a thermal power of 10 kWt, the optimum rotational speed 

values for flow rates of 30 g/s, 40 g/s and 50 g/s were 1820 rpm, 

1960 rpm and 2000 rpm, respectively. In contrast, the maximum 

electrical output powers of the ORC system were 282 We 

(marked as I), 390 We (marked as II), and 406 We (marked as 

III), respectively. By connecting points I, II and III, the optimal 

load line (in terms of maximum electrical power) was obtained, 

inclined at approximately 68° to the rotational speed axis. 

The same methodology for determining the optimal load line 

was applied to the cases analysed below. The study found that 

an increase in the flow rate of the low-boiling fluid from 30 g/s 

to 40 g/s, i.e. by 33.3%, resulted in increases in PR and electrical 

output power of 19.7% and 38.3%, respectively. In contrast, the 

increase in HFE-7100 flow rate from 30 g/s to 50 g/s, i.e. by 

66.7%, resulted in increases in PR and electrical power of 26.2% 

and 44%, respectively. 

On the other hand, it can be seen that, irrespective of the 

working fluid flow rate, the voltage at the generator terminals 

increased linearly with the rising rotational speed of the scroll 

expander (Fig. 6). It was found that the inclination angle of the 

voltage line at the generator terminals was approximately 20°. 

When the power of a heat source was 12  kWt (Fig. 7), elec-

trical power maxima of 282  We, 420  We and 480  We were ob-

tained for HFE-7100 flow rates of 30 g/s, 40 g/s and 50 g/s, re-

spectively. In contrast, power maxima were recorded at the ex-

pander rotational speeds of 1920 rpm, 2020 rpm and 2070 rpm, 

respectively. This means that as the HFE-7100 flow rate in-

creased, both the electrical output power and the expander’s ro-

tational speed increased. The electrical power maxima lie on the 

load line, which has an inclination angle of approximately 75° 

 

Fig. 5. Effect of the scroll expander’s rotational speed on electrical 

power for a heat source power of 10 kWt. 

 

Fig. 6. Effect of the scroll expander’s rotational speed on voltage  

at the generator terminals for a heat source power of 10 kWt. 

 

Fig. 7. Effect of the scroll expander’s rotational speed on electrical 

power at the generator terminals for a heat source power of 12 kWt. 
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relative to the expander’s rotational speed axis. This signifies 

that the inclination angle of the line representing the voltage de-

pendence on rotational speed for a heat source power of 12 kWt 

has increased compared to that for 10 kWt by approximately 

10.3%. Additionally, it was observed that the line representing 

the voltage dependence on rotational speed has an inclination 

angle of 22.5° (Fig. 8). Thus, the inclination angle of the line 

representing the voltage dependence on rotational speed for a 

heat source power of 12 kWt, relative to that of the line obtained 

for a heat source power of 10  kWt, has increased by approxi-

mately 12.5%. Meanwhile, the increase in thermal power from 

10 kWt to 12 kWt was 20%. In contrast, the increases in electri-

cal power at the same working fluid flow rates — i.e. 30 g/s, 

40 g/s and 50 g/s — were 0%, 7.8% and 18%, respectively. This 

means that, as the thermal power and HFE-7100 flow rate in-

crease, the energy losses in the ORC system decrease. Thus, for 

a given thermal power of the heat source, there is an optimum 

value of the working medium flow rate and the generator load 

of the scroll expander at which the electrical output power of the 

ORC system is maximised.  

For a thermal power of 14 kWt, an increase in the flow rate 

of the working medium resulted in an increase in PR and the 

electrical output power of the ORC system (Fig. 9). The maxi-

mum electrical powers for HFE-7100 flow rates of 30 g/s, 

40 g/s, 50 g/s and 60 g/s were 304 We, 426 We, 502 We and 

560 We, respectively. The electrical power maxima lie on the 

load line, which forms an inclination angle of approximately 76° 

with the expander’s rotational speed axis. Consequently, the in-

clination angle of the load line with respect to the expander 

speed axis increased by approximately 11.8% compared to that 

at a heat source power of 10 kWt, with a 40% increase in work-

ing medium flow rate. In contrast, the inclination angle of the 

voltage line with respect to the rotational speed axis increased 

by 25%, from 20° to 25° (Fig. 10). Hence, for the same working 

medium flow rate, as the thermal power of the heat source in-

creases, higher voltages can be obtained at the generator termi-

nals for the same rotational speed of the scroll expander. 

When the power of the heat source was 16 kWt, compared to 

the base power source (i.e. 10 kWt), there was an increase in the 

inclination angle of the load line (Fig. 11) and in the inclination 

angle of the line representing the voltage at the generator ter-

minals (Fig. 12) with respect to the expander’s rotational speed 

axis, of approximately 13.2% and 30%, respectively. As a result, 

for the same HFE-7100 flow rates, an increase in the rotational 

 

Fig. 8. Effect of the scroll expander’s rotational speed on voltage  

at the generator terminals for a heat source power of 12 kWt. 

 

Fig. 9. Effect of the scroll expander’s rotational speed on electrical 

power for a heat source power of 14 kWt. 

 

Fig. 10. Effect of the scroll expander’s rotational speed on voltage  

at the generator terminals for a heat source power of 14 kWt. 

 

Fig. 11. Effect of the scroll expander’s rotational speed on electrical 

power for a heat source power of 16 kWt. 
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speed of the expander was noted, along with an increase in the 

electrical output power of the ORC system, as the power of the 

heat source increased. For example, at a flow rate of 50 g/s, the 

increase in the rotational speed of the expander was approxi-

mately 9.5%, and the increase in electrical power was about 32%. 

It is worth noting that at an HFE-7100 flow rate of 40 g/s, the in-

crease in rotational speed with respect to the base heat source for 

maximum electrical power was approximately 9.2%, with 

speeds being 2140 rpm and 2190 rpm, respectively. In contrast, 

the increase in electrical power was approximately 8.7%. Since 

the rotational speeds of the expander were similar at flow rates 

of 40 g/s and 50 g/s, it can be assumed that they had little effect 

on the electrical output power of the system. Thus, an increase 

in electrical power was a direct result of the generator load cur-

rent. At a heat source power of 18 kWt, it was noted that for 

a low-boiling fluid flow rate of 60 g/s, the maximum electrical 

output power was approximately 620 We (Fig. 13), while at a 

heat source power of 16 kWt, it was approximately 635 We, i.e. 

2.4% higher (Fig. 11).  

It was observed that the inclination angle of the line repre-

senting the voltage at the generator terminals with respect to the 

rotational speed was the same for heat source powers of 16 kWt 

and 18 kWt, i.e. approximately 26° (Fig. 14). Similarly, the ro-

tational speeds of the expander were nearly identical — approx-

imately 2190 rpm in both cases. It is noteworthy, however, that 

the inclination angle of the line representing the electrical power 

with respect to the expander’s rotational speed axis was 85°, 

which was approximately 10.4% greater than in the case where 

the heat source power was 16 kWt. Therefore, it follows from 

the above that for any given value of the working fluid flow rate, 

there is an optimum heat source power at which the electrical 

output power of the ORC system is maximised. 

In summary, it should be noted that, irrespective of the work-

ing fluid flow rate, the inclination angles of lines representing 

electrical power and voltage with respect to the expander’s rota-

tional speed axis increased as the thermal power of the heat 

source increased. 

4.2. Effect of the generator electrical load 

It can be seen from Figs. 15 and 16 that the maximum electrical 

output powers of the system for HFE-7100 flow rates of 30 g/s, 

40 g/s and 50 g/s were obtained at electric currents of approxi-

mately 3.2 A, 3.6 A and 3.7 A, respectively. For a heat source 

power of 10 kWt, the inclination angle of the line representing 

 

Fig. 12. Effect of the scroll expander’s rotational speed on voltage 

at the generator terminals for a heat source power of 16 kWt. 

 

Fig. 13. Effect of the scroll expander’s rotational speed on electrical 

power for a heat source power of 18 kWt. 

 

Fig. 14. Effect of the scroll expander’s rotational speed on voltage 

at the generator terminals for a heat source power of 18 kWt. 

 

Fig. 15. Effect of electric current on the voltage at the generator 

terminals for a heat source power of 10 kWt. 



Kaczmarczyk T.Z. 
 

132 
 

electrical power versus generator load current was approxi-

mately 62.5° (Fig. 16). On the other hand, the voltage-current 

characteristic curve (Fig. 15) shows that, for a thermal power of 

10 kWt, the optimum generator load at which the electrical 

power was maximised ranged from 3.8  to 4.0 . 

For a power of 12  kWt, the inclination angle of the line rep-

resenting the maximum electrical power with respect to the gen-

erator load current was approximately 60° (Fig. 17), which was 

about 4% smaller than the angle obtained for the case with a heat 

source power of 10 kWt. It was observed that, for a working fluid 

flow rate of 30 g/s, when the thermal power was increased from 

10 kWt to 12 kWt, the electric currents at maximum electrical 

power remained the same. In contrast, for 40 g/s and 50 g/s, the 

electric currents obtained at 12 kWt were higher than those for 

a heat source power of 10 kWt by 2.8% and 8.1%, respectively 

(Fig. 18). The research indicates that the optimum generator load 

for maximum electrical power was in the range of 3.8  to 4.0 . 

When the power of the heat source was 14 kWt, the inclina-

tion angle of the line representing the maximum electrical power 

with respect to the generator load current was approximately 45° 

(Fig. 19), which was about 28% smaller than the angle obtained 

for a heat source power of 10 kWt.  

In contrast, the generator load currents for HFE-7100 flow 

rates of 40 g/s and 50 g/s were 2.8% and 10.8% higher, respec-

tively, than those obtained at a power of 10 kWt (Fig. 20). At  

a flow rate of 30 g/s, the electric current was approximately 

9.4% lower. The research showed that, with a heat source power 

of 14 kWt, the optimum generator load value was in the range of 

3.5  to 4.7 .  

The research indicates that an increase in the power of the 

heat source from 10 kWt to 16 kWt resulted  in  a 32%  decrease  

 

Fig. 16. Effect of electric current on the electrical output power 

of the ORC system for a heat source power of 10 kWt. 

 

Fig. 17. Effect of electric current on the electrical output power 

of the ORC system for a heat source power of 12 kWt. 

 

Fig. 18. Effect of electric current on the voltage at the generator 

terminals for a heat source power of 12 kWt. 

Fig. 19. Effect of electric current on the electrical output power 

of the ORC system for a heat source power of 14 kWt. 

 

Fig. 20. Effect of electric current on the voltage at the generator ter-

minals for a heat source power of 14 kWt. 
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in the inclination angle of the line representing electrical power 

with respect to the electric current axis, compared to the angle 

obtained with a heat source power of 10 kWt (Fig. 21). 

At a flow rate of 40 g/s, a decrease of approximately 8.3% in 

the electric current was noted compared to the heat source power 

of 10 kWt. Whereas, for an HFE-7100 flow rate of 50 g/s, the 

increase in the electric current was approximately 8.1%. It was 

found that the optimum load values for maximum electrical 

power were in the range of 3.5  to 4.8  (Fig. 22). 

For a flow rate of 50 g/s and a heat source power of 18 kWt 

(Fig. 23), an increase in the load current was the same, i.e. by 

8.1%, as for a heat source power of 16 kWt, compared to the 

base power (10 kWt). In contrast, the inclination angle of the line 

representing electrical power with respect to the electric current 

axis was 56% smaller compared to the angle recorded for a heat 

source power of 10 kWt. The research indicates that the load cur-

rent of the expander generator was in the range of 3.6  to 4.0  

(Fig. 24).  

Summarising the above, it can be concluded that for the heat 

source powers and HFE-7100 flow rates in the ranges of 10 kWt 

to 18 kWt  and  30 g/s to 60 g/s, respectively, the scroll  expan- 

der’s generator load should be in the range of 3.5  to 4.8  

(Table 4). 

 

Fig. 21. Effect of electric current on the electrical output power 

of the ORC system for a heat source power of 16 kWt. 

 

Fig. 22. Effect of electric current on the voltage at the generator 

terminals for a heat source power of 16 kWt. 

 

Fig. 23. Effect of electric current on the electrical output power 

of the ORC system for a heat source power of 18 kWt. 

 

Fig. 24. Effect of electric current on the electrical output power 

of the ORC system for a heat source power of 18 kWt. 

Table 4. Summary of the test results for the system’s maximum 

electrical output. 

Nt 

(kWt) 

m  
(g/s) 

Ne 

(kWe) 

PRav 

(−) 

n 

(rpm) 

U 

(V) 

I 

(A) 

Ropt 

() 

10 

30 282 6.1 1820 90 3.2 

3.8–4.0 40 390 7.3 1960 106 3.6 

50 406 7.7 2000 110 3.7 

12 

30 282 6.1 1920 90 3.2 

3.8–4.0 40 420 7.5 2020 113 3.7 

50 480 8.4 2070 122 4.0 

14 

30 304 6.4 1990 103 2.9 

3.5–4.7 
40 426 7.6 2050 113 3.7 

50 502 8.8 2090 120 4.1 

60 560 10.0 2120 125 4.5 

16 

40 424 7.3 2140 130 3.3 

3.5–4.8 50 536 8.6 2190 135 4.0 

60 635 9.8 2230 135 4.7 

18 
50 558 8.7 2190 135 4.1 

3.6–4.0 
60 620 9.9 2200 135 4.6 
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5. Conclusions 

The study indicates that for each value of thermal power and 

HFE-7100 flow rate, there is an optimum rotational speed of the 

scroll expander at which the electrical output power of the or-

ganic Rankine cycle (ORC) power system is maximised. In the 

research conducted, a maximum power of 635 We was obtained 

for a heat source power of 16 kWt and a working fluid flow rate 

of 60 g/s. 

It was found that, at the same working fluid flow rate, an 

increase in the thermal power of the heat source causes an in-

crease in the voltage at the generator terminals for the same ro-

tational speed. Consequently, at the same HFE-7100 flow rates, 

an increase in heat source power results in an increase in the 

electrical output power of the ORC system. Therefore, irrespec-

tive of the working medium flow rate, the inclination angles of 

the lines representing electrical power and voltage with respect 

to the expander’s rotational speed axis increased as the thermal 

power of the heat source increased. Moreover, it was observed 

that, for each level of thermal power, there is an optimum gen-

erator load at which the electrical output power of the system is 

maximised. 
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