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Introduction
The utilization of low enthalpy geothermal heat sources for electric power generation is seemingly plausible. Although, the realization of such a device is
fairly dicult, since the available temperature dierence is low, which limits
the theoretical maximum of the thermal eciency of the applied thermodynamic cycle. To approach this estimated maximum eciency, the loss has to
be minimized at each particular device which is part of the system. To achieve
these goals, a new inverse heat pump (IHP) has been developed. Along with
the development of the IHP, a novel swinging vane compressor (SVC) was
also introduced. The operation of the new SVC is illustrated by Fig.1. The
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Figure 1: Illustration of stationary vane compressor operation principle by
schematic of the cross-section at dierent crankshaft positions. 0o crank angle
is dened where the center of the rotation and the center of gravity of the
piston is aligned with the contact point of the vane
SVC was designed based on the common rolling piston compressor (RPC)
architecture. The RPC's are mainly used in low capacity household refrigeration or air-conditioning units. The RPC's are oil lubricated devices. In which
the oil is responsible for lowering the friction losses and also prevent from
the formulation of excessive leakage across the sealing gaps by lling up the
clearances. However, to avoid from contaminating the sensitive environment
of thermal wells, the SVC is designed to operate without oil lubrication. Because the absence of the uid lubrication, the eect of the sealing clearances
becomes more pronounced. Hence, the original design of the RPC had to
be slightly modied. The piston SVC is rigidly mounted on the crankshaft,
therefore the piston is always connected at the same point on its surface to
the cylinder. Since this point is constant in position, the size of the clearance
more controlled. The spring loaded vane in the common RPC, which divides
the compression and suction sides, was replaced by the swinging vane. The
swinging vane is positioned by a mechanism which is driven directly by the
3

crankshaft, as it is illustrated by Fig.2. By the use of the vane driving mechanism, the clearance size between the piston and the vane can be kept constant

Figure 2: Blueprint of the vane driving mechanism attached to one compressor
unit
To estimate the performance of the novel SVC design, numerical methods
were applied, which methods have to be capable to simulate the aero and
thermos dynamical processes specic for the given construction. Two distinct
approaches were used for the modelling the SVc performance. The is the
computational uid dynamical (CFD) model which is complex and capable
to capture the uid dynamical mechanisms. Another approach is the mechanistical model where the system is decomposed into a network of submodels.
In case the exact geometry of the investigated system is known, the CFD
can provide accurate estimations of the uid mechanical performance. In case
the CFD can be tuned to experimental data, the results can give detailed
information from locations where measurement is not possible.
In case of volumetric machines, the geometry of the modelled domain keeps
changing constantly along the working process. The change in geometry has
to be mapped into the numerical domain in accurate resolution, which is the
key aspect in case of the CFD modelling of the SVC. To accomplish this
mapping an adequate dynamic meshing solution has to be developed at the
lowest possible numerical cost.
The mechanical modelling aspects of the RPC's are discoursed in details
in the related literature. In case the architecture is not changed signicantly,
the nominal performance can be estimated at high accuracy with the available
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models. However, in case of the SVC compressors, the eect of the vane
driving mechanism and the excessive leakage has to be taken also into account.

Applied methods
CFD was used for the preliminary performance estimations. New dynamic
meshing algorithms were developed for the available ANSYS Fluent solver
which can accurately resolve the changing numerical domain of the RPC's.
Novel developed methods had been also applied which can signicantly reduce
the necessary computational resources.
The model of the SVC was developed and implemented into Siemens Simcenter AMESim. The modell is capable to take the eect of the joint clearances within the vane driving mechanism into account on the compressor
performance. The model parameters have been adjusted to the measurement data with the use of genetic algorithm based optimization process. The
adjusted model was also used to estimate the sensitivity of the compressor
performance on clearance sizes and leakage losses.
The available measured indication diagrams have also been approximated
with non-linear phase oscillators. Several methods to approximate the limit
cycles of the phase oscillators have been introduced. These approximations
can be eectively used to recapture the changing pressure during transient
operations.

The results of the research
A new dynamic meshing method wass developed which can accuratrley map
the changing geometry into the numerical domain. A new method is introduced which can resemble the 3D results with a 2D simulation in appropriate
quality (N RM SDf rom3D ≤ 0.06) at signicantly lower computational cost.
Anew mechanistic model was developed which could provide high number of
simulation results within short period of time at the available computation
resources. With the application of the optimazition a set of unkown parameters had been dened with wich the model can resemble the experimental
results at high accuracy (N RM SDf romexp. ≤ 0.05). Based on the results,
the excessive leakage and the reverseow from the failing discharge valve was
found as the reason of the lower than expected performance. Because of the
oil-free operation sensitivity of the compressor performance on the lsealing
clearance sizes are more signicant than in case of commonly used oil lubricated compressors. Based on the szimulations it was found that the leakage
across the side wall clearnces has the most pronounced eect. It was also
found that the joint clearances at the valve actuating mechanism, which are
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the results of the manufacturing and assembling errors, have also signicant
eect on performance. It can be concluded that the new construction is not
viable in the recent from.

(b) Variation of pressure in func(a) Phase diagram representation

tion of crankshaft position

of the pressure variation

Figure 3: Phase diagram of the target and the model start-up process,
N RM SD = 0.0131
It was proved that with the application of non-linear harmonic oscillators,
the RPC indicator diagrams can be regressed with high accuracy, along the
whole operation domain including also the transient operations as it is also
presented in Fig. 3. It was also shown, that the method can resemble any
predened transients which can occur during normal operation. Also, the applied oscillators also provide continuous signals in case the transient between
dierent working conditions is not dened in advance.

Thesis statements
1.

Thesis:

Novel model to predict the perfor-

mance of stationary blade rotating piston compressors with radial discharge port
In case when Computational Fluid Dynamics (CFD) is applied to predict
the performance of rotating piston compressors the 3D model can be reduced
6

to 2D with the application of the porosity model. The hydraulic resistance
generated by the sudden drop in the cross-sectional area at the intersection of
the cylinder and the discharge port can be simulated by the addition of the
inertial (SI ) part of the porous source term Eq.1.

1
SI,i = −C2 ρ|v|vi
(1)
2
For the denition of the C2 inertial resistance factor, the dynamic pressure
is assumed to be equal along the outlet part of the cylinder surface, to satisfy
the equivalence between the 2D and 3D cases. Based on the considerations
above, the circumferential distribution of the C2 (r) inertial resistance factor
can be calculated by the following Eq.2 correlation:

C2 (r) =

w
h(r)

2 

2
1
1
−1
αc
∆n

(2)

The C2 (r) inertial resistance factor dened by Eq.2 along the circumference represents the eect of the cylinder to cylindrical discharge port interaction in case of the 2D CFD model in the function of the angular position
of the piston. The porous layer model applied in the 2D simulation produces
equal ow resistance to the 3D case when discharge port with cylindrical
cross-sectional area is considered.
Nomenclature:
C2
αc
h
r
SI,i
vi
∆n

inertial resistance factor [−]
contraction factor [−]
chord length [m]
radius of the cylindrical discharge port [m]
Inertial component of the source term in the i direction
component of the velocity in the i direction [m · s−1 ]
extension of the porous layer along the direction of the discharge [m]

Published articles related to the thesis :
P1 B. Farkas, V. Szente and J. M. Suda. A simplied modeling approach
for rolling piston compressors. Periodica Polytechnica, Mechanical Engineering, 59(2):94-101, 2015. doi: 10.3311/PPme.7936
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2. Thesis: Dynamic meshing method developed
for the Computational Fluid Dynamical model of
rolling piston compressors
In case of rolling piston compressors the following method can provide adequate numerical resolution of the continuously changing numerical domain
for unsteady simulations.
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Figure 4: Representation of the meshing process: P piston centre, O cylinder
centre, A node point on the piston, A0 radial projection of A on the surface
of the cylinder and V and V 0 are the edges of the vane on piston surface
To accomplish the numerical resolution presented in Fig. 4, the equidistant distribution of the node points on the piston is projected radially to the
cylinder. In case of vane with nite width is modelled, the distribution of
the node points on the cylinder surface can exceed the maximal change in
neighbouring cell size or growth rate which is requested by the solver, if the
above method is applied. The abnormal growth rate however can be corrected
as it is presented in the owchart in Fig. 5. After the piston and cylinder
surface node points are dened the opposite node points can be connected
and divided equally in order to dene the node points within the numerical
domain between the piston and the cylinder.
To complete the 3D resolution, the numerical domain has to be divided by
parallel planes perpendicular to the axis of the cylinder. Then the distribution
of the frontal node points presented in Fig. 4 can be projected to the parallel
planes.
The presented method can be applied for various range of rotating piston
compressors.
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Figure 5: The owchart of the meshing algorithm
Nomenclature:
i
t
θ

i − th circumferential node point [−]
number of circumferential divisions [−]
the central angle of the cylinder [rad]
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Vane, Oil Free, Rotary Compressor, Periodica Polytechnica Mechanical
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3. Thesis: Development of mechanistical model
to investigate the performance of the newly designed swinging vane rotating piston compressor
The following method has been developed to investigate the performance of
the oil-free, rolling piston compressor equipped with a vane which is directly
actuated by a crankshaft driven mechanism.
The leakage losses were estimated by the method presented by Yanagisawa
and Shimizu [1]. This method was originally developed for rolling piston
compressors with liquid oil lubrication. The method was further developed in
order to be applicable in case of oil-free operation in the investigated range
of pressure ratios.
The performance of the compressor was investigated by the newly developed algorithm whose owchart is presented in Fig. 6. The leakage losses and
the unknown and directly non-measurable discharge valve properties were dened based on the high temporal resolution exit pressure measurements by
parameter tting, with the use of genetic optimisation method to adjust the
parameters of the newly developed mechanistic model.
Based on the parametric sensitivity study performed on the compressor,
it is proved, that the oil-free compressor is highly sensitive on the sealing
clearance sizes, and therefore on the precision of the assembly. The results of
the parametric sensitivity study is summarized in Table 1.
Table 1: List of volumetric eciency sensitivity analysis results on clearance
sizes and piston-vane phase delay (PHD)

Leakage Path (LP)
Sensitivity of volumetric eciency ηv
I. Cylinder-Piston Radial Gap
0.21
II. Piston-Cylinder Side wall Axial Gap
0.85
III. Vane-Piston Radial Gap
0.54
IV. Vane-Cylinder Radial Gap
0.54
V. Vane-Cylinder Side wall Axial Gap
0.27
Phase Delay (PHD), Vane-Piston
64.75
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Unit
% µm−1
% µm−1
% µm−1
% µm−1
% µm−1
% deg−1

Figure 6: Simplied owchart of the mechanistical model
Nomenclature:
m
ṁ
p
t
x
vi
δ

mass [kg ]
mass-ow rate [kg · s−1 ]
pressure [P a]
time [s]
valve position [m]
velocity component in the i direction [m · s−1 ]
clearance size [m]

C
in
leak
out
S
V −P

compression
inlet
leakage
outlet
suction
vane-piston gap

Subscripts
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4.

Thesis: Mathematical correlations to repre-

sent the change in pressure within the cylinder
of the rolling piston compressors
Series of functions (p → p(θ(t))) has been dened in order to represent the
change in pressure (p) within the cylinder of a rolling piston compressor with
high accuracy based on measurements. To dene the function the mathematical description of the non-linear phase oscillators (Eq.3) was used.

ṗ = Θ̇S (θ)ω + γ (ΘS (θ) − p(θ))

(3)

The steady period, i.e. the quasi-steady state of the pressure change,
which denes the limit cycle (ΘS ) in Eq.3 can be approximated by polynomial
functions. For the accurate approximation the pressure functions were divided
into subsections. The functions approximating the dierent subsections were
blended by tangent hyperbolic functions.

1
(tanh (α (θ − Ti )) + 1)
(4)
2
The function dened by Eq.(3) can provide continuous answer between
two quasi-steady state, even if the mode of the transition is not dened or it
is not known beforehand.
In case the transition between the quasi-steady states are known, the transient function (Eq.5) can be eciently produced based on the method presented by Ajjallooeian et al. [2].
The shape of the convergence is dened by the h(t) function. Based on the
available measurement data the h(t) function can be prepared based on the
method developed by Schaal and Atkeson [3]. The owchart of the applied
method to dene h(t) by approximating the measurement data is presented
on Fig. 7.
!
ḣ(t)
˙
ṗ = f (θ) + γ −
(f (θ) − p)
(5)
h(t)
bi (θ) =

The achieved correlation based on Eq.5 represent the measured data at high
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Figure 7: The owchart of dening the convergence function h(t) based on
Schaal and Atkeson [3]
accuracy (N RM SD v 0.013 (Farkas and Suda [4]), although it proved to be
rigid and therefore highly sensitive on the initial conditions when solving the
dierential function.
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Nomenclature:
Ti
b
h
M SE
N RM SD
p
t
ΘS
α
θ
γ

transition time point [s]
blending function [−]
transient function [P a]
Mean Square Error
Normalised Root Mean Square Deviation
pressure [Pa]
time [s]
limit cycle
tting coecient [−]
crank shaft position [rad]
convergence coecient [−]
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