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Development of a rotary chamber compressor for use in the air

cooling process

Further development of a rotary chamber machine based on Schukey technology

C. Schmitt, K. Becker, U. Liidersen, M.
Gottschlich, Institut fir Verfahrenstechnik, Energi-
etechnik und Klimaschutz (IVEK), Hochschule Han-
nover

» Development of a novel rotary chamber machine
based on Schukey technology.

» Transient CFD simulations

* Moving and highly deformed meshes

Climate change and the associated higher peak
temperatures, especially in Europe, increasingly re-
quire the air conditioning of workspaces, homes and
houses. As already decreed by the European Com-
mission in EU Regulation No. 517/2014 (F-Gas-
V) [1] "on the regulation of fluorinated greenhouse
gases", the use of air-conditioning systems contain-
ing CFCs or other refrigerants with a greenhouse
effect is to be dispensed in the future. For this pur-
pose, other environmentally friendly alternatives, e.g.
the use of natural refrigerants, must be investigated.

The objective of this project is the development
of a compact and economically efficient air condi-
tioning system for room air conditioning using the
natural refrigerants air and water. The use of air
or water as a working medium represents a non-
toxic and environmentally friendly alternative that
can sustainably protect the ozone layer. The project
thus contributes to the reduction of fluorinated green-
house gas emissions and to climate protection. The
project also investigates the suitability of the tech-
nology described below for generating energy from
residual renewable energy sources.

As a basis for this application, the Schukey tech-
nology further developed at the Institute for Process
Engineering, Energy Technology and Climate Pro-
tection (IVEK) was modified for the demanding appli-
cation and a compact new cooling machine was set
up on the laboratory scale and tested under real con-
ditions. The technology is a compressor/expander
system, hereafter referred to as a rotary chamber
machine, in which the working medium can be com-
pressed and expanded for the process-related steps
of the refrigeration machine.

The rotary chamber machine is based on two in-
termeshing rotors, each with four blades, which per-
form a phase-shifted motion relative to each other

by means of special toothed or eccentric gears (see
Fig[T). Both rotors rotate in the same direction and
are driven by a common main shaft. While one
rotor accelerates, the other rotor decelerates and
vice versa. This results in volume pulsation between
the vanes, which form the working chambers of the
machine where the suction and compression of the
working fluid takes place. The changing angular ve-
locities of the rotors and the working chambers are
shown over one main shaft revolution in Fig[2]
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Figure 1: Structure of the rotary chamber machine with its main
components
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Figure 2: (a) Angular velocities of rotors wgr1 g2 and main shaft
wn=const., (b) chamber volume profile V¢ during one main shaft
revolution.

A total of 32 working cycles take place in one
main shaft revolution. These ensure a high volume
throughput, which is necessary for the circulation
with natural refrigerants. The machine continues
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to operate oil-free and without valve mechanisms
according to the slide-valve principle, and is thus
characterized by low-maintenance operation over
the long term. The operational requirements and op-
timization potentials of the machine are supported by
numerical calculations and simulations with a com-
mercial CFD solver (Computational Fluid Dynamics)
(cf. figure[3) in order to obtain more detailed knowl-
edge of the physical phenomena taking place and
to optimize the machine according to its key perfor-
mance indicators.
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Figure 3: Simulated pressure and velocity distribution during the
inlet and outlet process in the working chambers (left outlet, right
inlet).

For the calculation of the highly transient flow be-
haviour occurring in the machine, high spatial and
temporal resolutions are necessary. In addition, the
description of the pulsating working chambers ac-
cording to the function in Figl2] which are described
by moving meshes, is required. The distortions of
the moving meshes cause a difficult convergence
behaviour, which makes a high resolution indispens-
able for the compliance with the topology. Therefore,
meaningful parameter studies can only be computed
on clusters due to the high computational capacity
required.

In previous work [2], extensive CFD parameter
studies have been successfully implemented using
the computational capabilities of HLRN. More than
50 design points with a computing time of 11 hours
each were computed in parallel on several nodes in
a few days.

A PhD thesis [3] prepared as part of the project
provided data on efficient operating parameters, key
performance indicators and the main optimization
variables. The study showed that the delivery ef-
ficiency of the present prototype is strongly speed
dependent, with a local maximum of 86.8% at a
speed of 1200 rpm. The numerical investigations

also show that increasing the blade widths and thus
reducing the dead space has a positive effect on the
above-mentioned key parameters. Employing the
CFD calculations for guidance, experimental mea-
surements for operation as a compressor were suc-
cessfully collected, validated and presented [4].

To achieve higher efficiencies and fluidic optimiza-
tions within the inlet and outlet ducts, further develop-
ment of the compressor is necessary. Currently, due
to increased compactness, the outlet and inlet pipes
are to be combined into one outlet and one inlet
pipe. This requires geometric changes that preclude
periodicity of the model, necessitating simulation
of a full-circle model, which requires four times the
computational capacity.
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