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For displacement expanders, the irreversible losses include leakage, friction, heat
dissipation, and flow resistance. Currently, the research on the heat loss of expanders
is scarce, especially with regards to experimental studies. In this paper, the experimental
research on the heat loss of the single screw expander (SSE) for the Organic Rankine Cycle
was carried out under different working conditions, in the summer and winter, respectively.
In each set of experiments, there were five cases, and the temperatures of the working
fluids at the inlet of the expander were 83, 93, 103, 113, and 123°C, respectively. The heat
removed by the lubricating oil was also measured throughout the experimental period. The
experimental results showed that the amount of heat loss was not comparable to the
output power and enthalpy difference between the inlet and outlet of the SSE. The
proportion of the heat dissipated by the casing was only 30% ranging from 0.11 to
0.28 kW. Comparing the experimental results in summer and winter, the heat loss in
summer was lower than in winter, but the variation in output power showed an opposite
trend. It was also shown that heat loss was not a main factor affecting the performance
of SSEs.

Keywords: organic rankine cycle, single screw expander, temperature measurement, total heat loss, heat
dissipation of lubricating oil

INTRODUCTION

Organic Rankine Cycle (ORC) is one of the most important technologies for low temperature waste
heat utilization (Quoilin et al., 2013). Many experimental results show that the expander
performance is an important factor affecting the thermal efficiency of small ORC systems.
According to the principle of thermodynamics, irreversible loss is the key factor in expander
performance. For displacement expanders, irreversible loss primarily includes leakage, mechanical
friction, flow loss, and heat loss. Obviously, the influence of different losses is coupled. It can be seen
that the mechanism of irreversible loss for expanders is complex. Due to the adiabatic process, heat
loss is typically neglected for heat engines. However, the influence of heat loss in low capacity
expanders may be prominent, and compared with heat transfer in compressors, the research on heat
loss for small capacity expanders is insufficient and incomplete.

Currently, a great deal of research on heat transfer in compressors has been performed. C. Willich
et al. presented a new heat transfer model for a reciprocating compressor, and the influence of valve
actuation was considered. According to the simulation results, the exhaust pressure and velocity of
the piston shows obvious effects on exhaust temperature (Willich and White, 2017). N Stosic
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established the heat transfer model of a twin screw compressor.
When steady state was obtained, the axial temperature of the
compressor casing and rotor was close to a linear distribution
(Stosic, 2015). According to the geometric characteristics of a
scroll compressor, Pereira and Deschamps (2012) established a
heat transfer model “near the wall” in a scroll compressor using
the finite volume method and analyzed the results of the
convective heat transfer model of high and low Reynolds
numbers. Zhang et al. (2003a, 2003b) established and verified
the heat transfer model of a rolling rotor compressor and
analyzed the influence of various factors, such as inlet
temperature, evaporation, and condensation temperature, on
the heat loss between the casing and environment. Li et al.
(1992) studied the effects of oil atomization on the exhaust gas
temperature. In addition, Zhao et al. (2016) analyzed the heat
transfer of the single screw compressor under oil atomization
based on the fuzzy randomwavelet finite element methods, where
the oil droplet size affected the heat transfer between the gas and
lubricating oil, and as the diameter of the oil droplet decreased,
the exhaust temperature also decreased. Due to similar
mechanical configurations, these researches could be correlated
to the heat loss in expanders. However, heat loss plays different
roles in thermodynamics processes of expanders and
compressors, so the influence of heat transfer was also
different. For compressors, heat dissipation could reduce
compression work. For the expander, the temperature and
pressure of the working fluid was reduced by heat loss.

Presently, there have been some articles on heat loss of small
capacity expanders, but the work is still preliminary, especially for
experimental studies. The external heat loss of a turbine was
studied by Li, and the inlet and exhaust temperatures were 100
and 64.5°C, respectively, with a heat loss of 94.5 W, which
accounted for 2.9% of the turbine design power. Also, the
fitting formula of convection and radiation heat transfer was
generated (Li et al., 2011). Liu et al. established a thermodynamics
model of the working process for scroll expanders, which
included the heat transfer model and compared the simulation
results with the experimental data. The results showed that the
calculated output power was higher than the experimental data at
low rotational speed and lower at high rotational speed
(Guangbin et al., 2010). Ayachi et al. established and analyzed
a semi-empirical model of a scroll expander in the Brayton Cycle,
where the model included the effects of leakage, pressure drop,
and heat transfer. The model was then modified experimentally
(Ayachi et al., 2016). Lemort et al. (2009) established and
modified the semi-empirical model of the single screw
expander (SSE) for the ORC system, and the results showed
that the isentropic efficiency decreased about 3.75% compared
with the assumption of only negligible heat loss. It should be
noted that heat removed by the lubricating oil was not considered.
On this foundation, Giuffrida et al. fine-tuned the semi empirical
model, where they did not consider lubricating oil heat transfer.
The expander was assumed to be an isothermal wall, and the heat
transfer during the intake process, exhaust process, and the heat
transfer between the wall and the environment were studied, and
no heat was exchanged during the expansion process. The results
showed that with the decrease in the expansion ratio, heat loss

between the expander to the external environment gradually
increased, and the proportion was about 7%–67% of the ratio
of the heat loss to shaft power, and based on the data given, it
could be roughly estimated that when the expansion ratio was less
than 8 and greater than 3, the expander heat loss to the external
environment accounted for about 6%–24.8% of the enthalpy
difference between the import and export. However, this
model merely considered the heat loss of the working fluid
dissipated into the external environment, and the heat loss
caused by the leakage between the working fluids of each
screw groove was not considered (Giuffrida, 2017).

Summarizing the literature, the numerical analysis on the heat
loss of expanders primarily depended on semi-empirical models,
but the model did not directly conform to the actual working
process. For example, the total heat loss of working fluid should
include the heat carried away by lubricating oil and the heat loss due
to mixing of the working fluid during the leakage process, but the
model could not give the corresponding explanation (Lemort et al.,
2009; Giuffrida, 2017). SSE was one of the most suitable expander
types for a small-middle capacity ORC system. However, the
experimental research on the heat loss of the SSE is still lacking.
This paper has carried on the experimental research on the heat loss
of the SSE for the ORC system under different working conditions
and explored the influence of heat loss under different conditions on
the performance of the expander. This work could provide basic
data for further research on performance optimization of the SSE.

HEAT LOSS

Thermodynamics Process
In the complete thermodynamics process of the SSE, heat loss is
referred to as the heat dissipated into the environment and
consists of two components: one includes the heat dissipation
at the intake pipe, expander casing, and discharge pipe, and the
other is the heat dissipation of the lubricating oil. Due to
insulation on the pipes of the intake and discharge, heat
dissipation can be ignored. Hence, at equilibrium, the total
heat loss of SSE can be obtained by the formula as follows:

_Qt � _Qcasing + _Qoil (1)

where _Qt is the total heat loss, kW; _Qcasing is the expander casing
heat loss, kW; _Qoil is the lubricating oil heat loss, kW.

To investigate the effects of heat loss on the performance of
SSEs, we defined the ratio of the total heat loss to shaft power as
the heat loss rate:

ηQ � _Q
Pe

(2)

where ηQ is the heat loss rate; Pe is the shaft power, kW.

Calculation of Heat Loss
The Casing Heat Loss
The external heat loss of the expander casing included convection
heat loss, radiation loss, and conduction loss. Due to the small
contact area between the casing and angle bracket, the heat
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conductivity was small. Therefore, we have only analyzed the
convection heat loss and radiation loss.

The expander casing heat loss is the sum of the convective and
radiative heat losses:

_Qcasing � _Qc + _Qr (3)

where _Qc is the total heat loss of convection, kW; _Qr is the total
heat loss of radiation, kW.

The method of calculating heat transfer is as follows:

(1) Convection heat loss
The convection heat loss was generally calculated by the

Newton cooling formula:

_Qc � ∑
i

αiSi(Ti − Te) (4)

αi � λNu
di

(5)

Nu � f (Ra)
Ra � Gr × Pr (6)

Gr � gβd3ΔTρ2
μ2

Pr � cpμ
λ

β � 1
Te

(7)

where Si is the area of each surface, m2; αc is the convective heat
transfer coefficient of each surface,W·m−2·K−1; d is the characteristic
dimensions, m; β is the thermal expansion coefficient, K−1; ρ is the
density of air, kg·m−3; λ is the thermal conductivity, W·m−1·K−1; μ is
the coefficient of kinetic viscosity, Pa·s; cp is the isobaric specific heat
capacity, kJ·kg−1·K−1; Te is the environmental temperature, K. These
parameters were obtained using the REFPROP software. According
to the geometrical characteristics of the casing of the SSE, it can be
divided into three typical surfaces: vertical plane, horizontal plane,
and horizontal cylinder.

1) Vertical plane
According to each vertical surface temperature and

qualitative dimensions, the Gr can be calculated, which is
less than 107, so the mode of heat transfer is the natural
laminar convection heat transfer. The Nu at each surface
was calculated by the experimental correlation formula of
the laminar natural convection heat transfer of a vertical
plate (Churchill, 1975):

Nu � 0.545Ra0.2 (8)

2) Horizontal plane
When the hot surface faced up, the Nu could be calculated by

(Li et al., 2011):

Nu � 0.14Ra0.33 (9)

and when the hot surface faced down (Li et al., 2011):

Nu � 0.27Ra0.25 (10)

3) Horizontal cylinder
The Nu of the horizontal cylinder surface could be calculated by

the following experimental correlation formula (Morgan, 1975):

Nu � 0.48Ra0.28 (11)

(2) Radiative heat loss
The SSE casing was made of gray iron. We could determine

that the blackness (ε) of this highly oxidized rough surface was
0.95 when the range of the temperature was between 40 and
250°C. Radiative heat loss could be approximated by:

_Qr � ∑
i

ε × Si × 5.67 × 10−8 × (T4
i − T4

e ) (12)

where Ti is the temperature of each surface, K; Te is the
environmental temperature, K.

Lubricating Oil Heat Loss
Lubricating oil heat loss was calculated by the temperature of the
oil inlet and outlet.

_Qoil � _moilcp,oil(Tin,oil − Tout,oil) (13)

where _moil is the flow rate of the lubricating oil, kg·s−1; cp,oil is the
isobaric specific heat capacity of the lubricating oil; Tin,oil, Tout,oil
are the lubricating oil temperatures of the inlet and outlet.

Heat Loss Proportion
We defined the ratio of the casing heat loss to the total heat loss as
the heat loss proportion. The formula is shown as:

ϕ �
_Qcasing

_Qt

(14)

EXPERIMENT SYSTEM

Circulation Loop
Figure 1 shows the circulation process chart of the ORC
experimental test. The photo of the experimental table of the
ORC system is shown in Figure 2.

Experimental Measurement
Sensor Parameter
(1) Temperature sensor: One type is a standard thermocouple of

grade A 100 Pt. It is used to measure the temperature of the
working fluid, cooling water, and lubricating oil in different
pipelines. The measurement range was 0–200°C and the
accuracy was ±0.25°C. Another type is a K-patch
thermocouple, and it is used to measure the temperature
of the casing. The measurement range was −50 to 150°C, with
an accuracy of ±0.5°C. The thermocouples were installed on
the surface of the expander using an adhesive.

(2) Pressure sensor: two pressure sensors of CYB-20S were
used; the measurement range of each were −0.1 to
1.6 MPa (inlet) and –0.1 to 0.5 MPa (outlet), with an
accuracy of ±0.5%.

(3) Flow meter: A Vortex flow meter was used to measure the
volume flow rate of the working fluid at the inlet of the
expander, where the flow range was 0–32 m3·h−1 and the
accuracy was ±0.5%.

(4) Torque and rotational speed: both were measured by AC
electric dynamometer. The measurement range and accuracy

Frontiers in Energy Research | www.frontiersin.org November 2020 | Volume 8 | Article 5877263

Wang et al. Heat Loss of a Single Screw Expander

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles#articles


of the torque are 0–8,000 rpm and ±0.5%, and of the
rotational speeds are 0–200 N·m and ±0.5%.

Temperature Measurement
SSE prototype is independently developed by our laboratory. The
main structural parameters of SSE prototype are shown in
Table 1.

According to the characteristics of the symmetry of the casing,
the casing could be divided into eight parts, A–G, which are
marked in Figure 3.

Details of each area are shown in Table 2. The surfaces of A
and C were connected with the gaterotor bearing. The B
surface was one of the surfaces of the working chamber.
The surfaces of A, C, D, E and F were in contact with the
exhaust working fluid. The H and G surfaces were connected
with the screw bearing. Due to the symmetry of the expander
casing, the temperature of the casing also presented a
symmetrical distribution, so the arrangement of the
temperature sensor could be simplified symmetrically. In
Figure 3, the A, B, C, D, E, F, G and H surfaces were each
installed with a temperature sensor, to measure temperature
locally.

FIGURE 2 | The experiment table of Organic Rankine Cycle system.

TABLE 1 | Parameters of the SSE prototype.

Parameter Value Unit

Diameter of the screw 117 mm
Diameter of the gaterotor 117 mm
Internal volume ratio 4.86
Maximum element volume 0.043 dm3

FIGURE 1 | Schematic diagram of the experimental Organic Rankine Cycle system.
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Performance Parameter
(1) Shaft power

In the experiment, the shaft power was typically obtained by
calculating the real-time data of the torque (N) and rotational
speed (n) of the expander:

Pe � π

30000
· N · n (15)

whereN is the torque, N·m; and n is the rotational speed, r·min−1.

(2) Shaft efficiency
Shaft efficiency (ηs) is equal to the ratio of the actual shaft

power (Pe) to the ideal work of the isentropic process.

ηs �
Pe

_mw(hin − hout,s)
(16)

(3) Expansion ratio
The expansion ratio is defined as the ratio of the pressures at

the inlet and outlet.

τ � pin
pout

(17)

where pin is the inlet pressure, bar; pout is the outlet pressure, bar.

RESULTS AND ANALYSIS

In this study, R123 was used as the working fluid. To investigate
the effects of environmental conditions on ORC performance,
two sets of experiments were carried out in winter and summer.
In each set of experiments, the inlet state parameters of the
working fluid were varied, and the working conditions of other
components remained unchanged. The time of the summer
experiment was from 4th August 2017 to 26th August 2017.
During the experiment, the ambient temperature was between 32
and 34°C. The time of the winter experiment was from 20th
January 2018 to 3rd February 2018. During the experiment, the
ambient temperature was between −2 and 1°C. Based on the
above experimental conditions, five groups of experiments were
carried out in each season, and the temperatures of the working
fluids at the inlet of the expander were 83, 93, 103, 113, and 123°C,
respectively.

Thermal Equilibrium
Figure 4 shows the variation of temperature with time at different
measuring points, and the experimental condition was 123°C at
the inlet temperature in summer. From the figure, it shows that

FIGURE 3 | Surface area division of expander casing.

TABLE 2 | Introduction of each area.

Surface Name

A Large window cover of the gaterotor chamber
B Outer casing of the screw
C Small window cover of the gaterotor chamber
D Gaterotor chamber surface on the exhaust side
E Gaterotor chamber surface on the inlet side
F Side of the gaterotor chamber surface
G Window cover of screw bearing on the inlet side
H Window cover of screw bearing on the outlet side

FIGURE 4 | The variation of temperature with time at different measuring
points.

TABLE 3 | Parameters of working fluids at different experimental conditions.

Tin pin Tout pout _mW

°C bar °C bar kg/h

Summer 123 11.99 80.1 2.83 1,770.00
113 9.75 76.09 2.33 1,613.97
103 7.44 73.55 1.98 1,140.86
93 5.95 64.22 1.75 1,093.00
83 4.89 57.90 1.65 837.00

Winter 123 11.8 75.35 1.8 1,430.00
113 9.4 68 1.51 1,280.00
103 7.35 62.5 1.32 946.00
93 5.82 55.8 1.11 931.00
83 4.73 50 1.08 901.10
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the temperature of each point was stable when the operation time
of the expander exceeded 2 h. At this time, the heat transfer
process of the components of the expander could be considered
stable.

Performance
The parameters of working fluids at various experimental
conditions are shown in Table 3. It can be seen that the inlet
pressure and outlet temperature in summer are slightly higher
than that in winter. The outlet pressure in summer is obviously
higher than that in winter, so it is indicated that the expansion
ratio in summer is lower than that in winter. Because the
condensation temperature in winter is relatively lower, so the
backpressure in winter is lower than that in summer. The mass
flow rate in summer is higher than that in winter, except for 83°C
condition. Due to higher expansion ratio, the volume flow rate in
winter is higher than that in summer. With the decrease of inlet
temperature, the density difference between summer and winter
conditions becomes small. In the condition of 83°C, this
phenomenon occurs.

Figure 5 shows the shaft power variation with inlet
temperature in summer and winter. The relative error of shaft
power is 0.71%. With the increase of temperature of the inlet
condition, the shaft powers of the two seasons increased. Under
the same inlet conditions in winter, the shaft power was higher
than in summer. From Table 3, the mass flow rate of the working
fluid in winter was lower than the same working conditions in
summer, except at 83°C. It indicated that the leakage of the SSE in
winter was lower than the same working condition in summer.
For the above reasons, this indicated that the SSE had better
performance in winter.

Figure 6 shows the variation of the expander ratio with inlet
temperature in summer and winter. The relative error of shaft
power is 0.71%. With the increase of the inlet temperature, the
expansion ratio increased, and the expansion ratio in winter was
significantly higher than in summer. Also, in summer, the growth
rate of the expansion ratio decreased gradually, and the growth

trend tended to be flat. However, in winter, the changing trend of
the expansion ratio had an inflection point when the inlet
temperature was 100°C, and its value increased significantly.
Unlike other displacement type expanders, the expansion ratio
of SSEs was significantly affected by back pressure. The
phenomenon of “under expansion” did not occur in the actual
conditions (Lei et al., 2016). For a SSE with definite structure, the
internal volume ratio was also fixed at 4.86. However, the
expansion ratio can exceed six in winter. Due to the unique
structure, the thermodynamic system of the SSE was closer to an
open system, so back pressure was the key factor for the
expansion ratio. The main factors affecting back pressure
included condensation pressure and flow resistance of the
exhaust pipelines. First, since the ambient temperature in
summer was higher than in winter, the condensation
temperature was higher in summer, and the condensation
pressure was also higher. Second, owing to the higher exhaust

FIGURE 5 | The variation of shaft power with inlet temperature.

FIGURE 6 | The variation of the expander ratio with inlet temperature.

FIGURE 7 | The variation of shaft efficiency with inlet temperature in
summer and winter.
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pressure in summer, the flow loss of the exhaust pipeline was
greater. Moreover, with the increase in inlet pressure, the trend
was more obvious. Hence, the expansion ratio in winter was
higher than in summer, and the rate of increase was also faster in
summer with the increase of inlet temperature.

Figure 7 shows the variation of shaft efficiency with inlet
temperature in summer and winter. With the increase in
temperature of the inlet conditions, the shaft efficiency in summer
increased rapidly and then decreased slightly, while the shaft
efficiency in winter increased gradually. Under the same inlet
conditions, the shaft efficiency in winter was higher than in
summer. From Figures 5 and 6, the increased rate of shaft power
and expansion ratio in summer gradually decreased with the
temperature increase at the inlet. If the increased rate of shaft
power was lower than that of ideal work of the isentropic process,
the shaft efficiency could decrease. According to thermodynamics
principles, the increase of ideal enthalpy difference was faster than
actual enthalpy difference with the increase of inlet temperature.
Therefore, the shaft efficiency slightly decreased in the 123°C
condition of summer. Summarizing the above experimental
results, it could be concluded that the performance of the SSE in
winter was better than in summer.

Heat Loss
Casing Heat Loss
Tables 4 and 5 show the average temperature of each surface
under different inlet conditions when the temperature reached
steady state.

The trend of casing heat loss with inlet temperature is shown
in Figure 8. The casing heat loss in winter was higher than in
summer. From Tables 4 and 5, the average temperature of the
casing in summer was higher than that in winter at the same inlet
temperature, but because of the lower ambient temperature in

winter, the heat loss in winter was higher than in summer. From
Figure 8, it was shown that the casing heat loss was 0.11–0.19 kW
in summer conditions, and 0.18–0.28 kW in winter conditions.

Lubricating Oil Heat Loss
Lubricating oil heat loss was an important factor in heat
dissipation from the working fluid. Since the lubricating oil
and the working fluid were in contact with each other and heat
exchange occurred, the energy of the working fluid itself reduced,
thereby affecting the working ability of the working fluid.

The trend of lubricating oil heat loss with inlet temperature is
shown in Figure 9. With the increase of inlet temperature, the
lubricating oil heat loss increased accordingly. It was obvious that

TABLE 4 | Each surface temperature at different inlet temperatures in summer.

Parameter Surface Case 1 Case 2 Case 3 Case 4 Case 5

Summer Measured temperature distribution/°C A 61.5 65.5 73.6 80.3 74.5
B 67.4 71.4 81.9 86.5 85.0
C 53.5 54.1 61.3 66.5 61.5
D 63.5 65.3 74.7 81.5 77.0
E 70.2 69.5 81.4 89.2 90.5
F 59.3 62.3 70.1 76.1 73.5
G 65.3 70.4 77.2 85.2 74.1
H 51.5 55.5 60.6 64.5 59.9

TABLE 5 | Surface temperature at different inlet temperatures in winter.

Parameter Surface Case 1 Case 2 Case 3 Case 4 Case 5

Winter Measured temperature distribution/°C A 59.0 64.5 68.2 70.5 77.5
B 74.5 77.7 81.8 88.0 91.5
C 44.3 48.1 49.7 51.2 55.7
D 57.3 61.5 67.0 71.2 76.1
E 70.3 77.5 83.6 88.9 94.9
F 56.9 60.7 66.4 70.4 74.5
G 46.6 73.8 81.9 88.1 90.4
H 46.6 49.2 53.4 55.7 58.3

FIGURE 8 | The variation of expander casing heat loss with inlet
temperature.
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lubricating oil absorbed more heat from the working fluid and the
structure due to higher inlet temperature. For similar reasons of
casing heat dissipation, the lubricating oil heat loss in winter was
higher than that in summer. From Figure 9, it shows that
lubricating oil heat loss was 0.27–0.5 kW in summer
conditions, and 0.35–0.64 kW in winter conditions. This
indicates that the heat removed by the lubricating oil was
significantly higher than the casing heat dissipation.

Heat Loss Proportion
The change in heat loss proportion with inlet temperature is shown
in Figure 10. With the increase of inlet temperature, the proportion
of casing heat dissipation to total heat loss slightly decreased
whether in summer or winter. At the same inlet conditions, the
proportion in winter was slightly higher than that in summer. From
the figure, it shows that the heat loss proportion was 27%–29.5% in
summer conditions, and 30%–33.5% in winter conditions. For

different working conditions, the rough number of the heat loss
proportion was about 30%. It can be seen that the heat loss of
lubricating oil is main heat loss of the SSE, and the influence is also
increasing with the improvement of working conditions. It is
indicated that the influence of lubricating oil heat dissipation
should be considered in the irreversible analysis for SSEs, even
for other type expanders with lubricating oil.

Performance Impact
The change in heat loss rate with inlet temperature is shown in
Figure 11.

With the increase of inlet temperature, the values gradually
decreased whether in summer or winter. The reason for this
phenomenon is that the performance of expander was improved
with the working condition, and the increase of power was faster
than that of heat loss. For the same inlet conditions, the value in
summer was slightly lower than that in winter, expect for the case
of 80°C. The reason is that the case in summer was worse, and the
expansion ratio lower than 3. It is indicated that over expansion
occurs, and the situation in summer is more serious than that in
winter. In this figure, the casing heat loss rate of winter and
summer were 4.25–8.79% and 3.68–10.25% respectively, the
lubricating oil heat loss rate of winter and summer were
9.76–16.89% and 9.90–24.63% respectively. From the result, it
can be seen that the heat loss rate was almost the same in most
working conditions, and the rough number of the total heat loss
rate was lower than 15% near rated condition. It was indicated
that the influence of ambient temperature on the heat loss rate
was very small, but working condition as very significant.

Summarizing the above experimental results, for the amount of
heat loss, it was found that both of working condition and ambient
temperature could influence it. On one hand, low ambient
temperature increased the temperature difference of heat
transfer, and then enhanced heat dissipation. Meanwhile, since
the surface area of heat dissipation and the heat transfer coefficient
were constant, the temperature difference between the surface and
ambient environment increased with the inlet temperature.
However, for the value of heat loss rate, it was found that
working condition was a key factor for the performance of

FIGURE 9 | The variation of the lubricating oil heat loss with inlet
temperature.

FIGURE 10 | The variation of heat loss proportion with inlet temperature.

FIGURE 11 | The variation of heat loss rate with inlet temperature.
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SSEs, and ambient temperature was not an important factor. On
another hand, low ambient temperature could increase the
temperature difference of heat transfer and the amount of heat
loss. But low ambient temperature could also decrease back
pressure and increase expansion ratio, so the output power
could increase accordingly. It was indicated that improving the
expansion ratio was far more important than increasing the
temperature difference between the casing of the expander and
ambient conditions. So, it could be experimentally concluded that
heat loss was not the main irreversible loss for SSEs.

CONCLUSION

In this study, experimental research on heat loss of a SSE
prototype under different working conditions was performed,
and the main conclusions were as follows:

(1) The performance of the SSE in winter conditions was better
than in summer conditions, but the heat loss trended in an
opposite manner. It was indicated that heat loss was not the
main factor affecting the performance of SSEs.

(2) The heat removed by the lubricating oil was higher than the
heat dissipated by the casing. The proportion of casing heat loss
was around 30% in various working conditions. The amount of
casing heat loss was from 0.11 to 0.28 kW in these conditions.

(3) At the same inlet temperature, the heat loss rate in winter was
slightly different to that in summer. It was indicated that the
influence of ambient temperature on the heat loss rate was
very small.

(4) When the SSE reached rated condition, the heat loss rate as
less than 15%, and the proportion of casing and lubricating
oil were less than 5% and 10%, respectively.

(5) Decreasing ambient temperature could reduce backpressure
and increase the heat transfer temperature difference of the
heat loss, which could then increase the expansion ratio and
heat loss amount. Comparing various factors
comprehensively, reducing backpressure was the most
effective measure for performance improvement of the SSE.
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NOMENCLATURE

Variables
cp isobaric specific heat capacity (kJ·kg−1·K−1)

d characteristic dimension (m)

Gr Grashov number

m mass flow rate (kg·s−1)
n rotational speed (r·min−1)

N torque (N·m)

Nu Nusselt number

Pe output power (kW)

Pr Prandtl number

Q heat flux (kW)

Ra Rayleigh number

S area (m2)

T Kelvin temperature (K)

Greek symbols
α convective heat transfer coefficient (W·m−2·K−1)

β thermal expansion coefficient (K−1)

ε blackness

η efficiency

λ thermal conductivity (W·m−1·K−1)

μ coefficient of kinetic viscosity (Pa·s)
ρ density of air (kg·m−3)

τ expansion ratio

ϕ heat loss proportion

Subscripts
c convection

casing expander casing

e environment

i surface number

in inlet

oil lubricating oil

out outlet

r radiation

s isentropic

s shaft

t total

w working fluid
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