
Magnus Schober

Numerische und experimentelle 
Analyse des energetischen 
Wirkungsgrades von Flüssigkeit- 
kolbenstirlingmaschinen

Sc
hr

ift
en

re
ih

e 
de

s 
Le

hr
st

uh
ls

 f
ür

  
Pr

oz
es

sm
as

ch
in

en
 u

nd
 A

nl
ag

en
te

ch
ni

k

M
ag

nu
s 

Sc
ho

be
r 

  
  

N
um

er
is

ch
e 

un
d 

ex
pe

ri
m

en
te

lle
 A

na
ly

se
 d

es
 e

ne
rg

et
is

ch
en

 
W

ir
ku

ng
sg

ra
de

s 
vo

n 
Fl

üs
si

gk
ei

tk
ol

be
ns

tir
lin

gm
as

ch
in

en

35

ISBN 978-3-8440-5991-5

35Hrsg.: Prof. Dr.-Ing. E. Schlücker

Band 



Numerische und experimentelle Analyse des

energetischen Wirkungsgrades von

Flüssigkeitskolbenstirlingmaschinen

Der technischen Fakultät

der Friedrich-Alexander Universität

Erlangen-Nürnberg

zur

Erlangung des Doktorgrades Dr.-Ing.

vorgelegt von

Magnus Schober

aus Hutthurm



Als Dissertation genehmigt von

der technischen Fakultät

der Friedrich-Alexander-Universität Erlangen-Nürnberg

Tag der mündlichen Prüfung: 12.04.2018

Vorsitzender des Prüfungsorgans: Prof. Dr.-Ing. Reinhard Lerch

Gutachter: Prof. Dr.-Ing. Eberhard Schlücker

Prof. Dr.-Ing. Michael Deichsel

Prof. Dr .rer. nat. Andreas Hornung



D 29 (Diss. Universität Erlangen-Nürnberg)

Shaker  Verlag
Aachen  2018

Schriftenreihe des Lehrstuhls für Prozessmaschinen und
Anlagentechnik

Band 35

Magnus Schober

Numerische und experimentelle Analyse
des energetischen Wirkungsgrades von

Flüssigkeitkolbenstirlingmaschinen



Bibliografische Information der Deutschen Nationalbibliothek
Die Deutsche Nationalbibliothek verzeichnet diese Publikation in der Deutschen
Nationalbibliografie; detaillierte bibliografische Daten sind im Internet über
http://dnb.d-nb.de abrufbar.

Zugl.: Erlangen-Nürnberg, Univ., Diss., 2018

Copyright  Shaker  Verlag  2018
Alle Rechte, auch das des auszugsweisen Nachdruckes, der auszugsweisen
oder vollständigen Wiedergabe, der Speicherung in Datenverarbeitungs-
anlagen und der Übersetzung, vorbehalten.

Printed in Germany.

ISBN 978-3-8440-5991-5
ISSN 1614-3906

Shaker  Verlag  GmbH  •  Postfach 101818  •  52018  Aachen
Telefon:  02407 / 95 96 - 0   •   Telefax:  02407 / 95 96 - 9
Internet: www.shaker.de   •   E-Mail: info@shaker.de
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Abstract

The stirling engine has some advantages like, working from any heat
source, high theoretical effiency and quiet operation. In Order to solve
problems of actual Stirling engines, like poor heat transfer between the
working gas and surrounding walls, difficulties in sealing low mole-
cular weight gases at high pressure and efficiency losses due to conti-
nuous cylinder movement with overlapping cycle steps, the liquid pis-
ton concept is intended to improve the efficiency of compression and
expansion steps in the Stirling process. Within this concept a liquid pis-
ton instead of a solid piston is utilized to compress or expand a gas,
to realize near isothermal processes. The liquid piston shows good sea-
ling characteristics, arising from the perfect adaption of a liquid to an
arbitrarily shaped wall, while the high efficiency stems from intensive
heat transfer, between working gas and surrounding walls during the
process, due to a low volume to surface ratio.

In order to obtain design guidelines for liquid piston Stirling engines
with maximum power and efficiency, a simulation model is developed
in this work. The heat transfer between the working gas and the sur-
rounding walls is an important information for the simulation model.
For this reason a computational fluid dynamics (CFD) model is pre-
sented in addition, analysing the heat transfer by the influence of com-
pression time and diameter of a cylindrical working chamber. In order
to verify the CFD-model, the results are compared to measured experi-
mental data from a testing device. The results showed a good match in
local temperature and pressure between CFD-model and experimental
data. Results display heat transfer coefficients of 80 - 340 W/m2/K at
different working chamber diameter and cycle time. These results were
applied to the simulation model for liquid piston Stirling engines.The
considered application scenario involves the use of waste heat from
a gas engine to power the liquid piston Stirling engine for additional
electricity generation. The case study analyses the operation for an en-
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gine configuration with eight working chambers in shell and tube heat
exchanger design. After optimizing the hydraulic components, pipes
and valves the results show, an electrical power output of 32,5 kW and
an efficiency of 45,4 %.
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