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Solid state refrigeration processes, such as magnetocaloric and electrocaloric refrigeration,
have recently shown to be promising alternatives to conventional compression refrigera-
tion. A novel solid state elastocaloric refrigeration process using the large latent heats of
shape memory alloys (SMA), specifically NiTi, could also hold potential in this field. This
paper describes the development of a scientific test setup to investigate shape memory
alloy based cooling processes. The setup allows for an independent control of the different
variables, e.g. strain, strain rate etc., which influence the process functions. An integrated
multi sensor system is used for synchronized measurement of mechanical and thermal
quantities. First experiments demonstrate the control options of the test platform and the
effect of each control variable on the elastocaloric cooling process.
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Nomenclature

T temperature K

AT temperature change K

Lo length mm

AL length change mm

€ engineering strain AL L (%)

Force N

Ao cross section mm?

o engineering stress F Ag* (MPa)

P density g cm 3

c specific heat capacityJ g * K *
1. Introduction

The conventional compression refrigeration is used in many
commercially available devices. The requirement for efficient
and environmentally friendly cooling systems leads to the
development of novel solid state refrigeration systems based
on ferroic materials. These materials show different caloric
effects, i.e. magnetocaloric, electrocaloric and elastocaloric
(Fahler et al., 2012), with magnetocaloric refrigeration being
the most established ferroic cooling technology today. After
the discovery of the giant magnetocaloric effect (Pecharsky
and Gschneidner, Jr., 1997) the number of developed magne-
tocaloric devices increased (Yu et al., 2010). An increasing in-
terest for the use of electrocaloric materials for cooling
devices could be observed after an adiabatic temperature
change of 12 °C was obtained in PbZrTiO thin films (Mischenko
et al., 2006). The investigations of Lu et al. (2010) show a sig-
nificant electrocaloric effect in relaxor ferroelectrics, further-
more Jia and Sungtaek Ju (2012) and Chukka et al. (2013)
developed solid-state cooling devices to study the electro-
caloric cooling process. The elastocaloric effect of CuZnAl
shape memory alloys (SMA's) has been investigated by Bonnot
et al. (2008). Quarini and Prince (2004) showed the potential of
NiTi-based SMA's for cooling applications. The usability of
NiTi wires for potential cooling applications were demon-
strated by Cui et al. (2012), in addition NiTi thin films have
been studied by Ossmer et al. (2013). The comparison of
different elastocaloric materials shows that NiTi-based ma-
terials provide latent heats of 22 J g%, which are considerable
larger than the latent heats of CuZnAl (6.2 ] g %) and CuAINi
(6.8] g 1) (Moya et al., 2014). The latent heats have a significant
influence on the efficiency of a potential cooling process
(Schmidt et al., 2013) and have to be taken into account when
choosing the elastocaloric material.

In addition to the adaptation of the material properties to
the specific requirements in terms of elastocaloric refrigera-
tion (Bechtold et al., 2012) a comprehensive scientific test
setup is needed to investigate the cooling process and opti-
mize the process cycle. In the field of magnetic refrigeration,
experimental devices have been developed to investigate the
influence of the operating conditions on the process functions
(work and heat) (Tusek et al., 2013), (Chukka et al., 2013).
Similar setups have been designed for electrocaloric refriger-
ation (M. Ozbolt et al., 2014a), (Ozbolt et al., 2014b). The anal-
ysis of different elastocaloric materials with various sample

dimensions requires a different type of experimental setup,
which is capable of handling various samples. Furthermore,
an independent control of the various process variables is
required to study the effects of the operating conditions on the
process functions.

2. Basics of an SMA based cooling process

For the determination of process relevant control variables a
suitable SMA-based cooling process, following the Bryton
cycle, is introduced (Fig. 1). This process is based on the
elastocaloric effect during a stress induced adiabatic phase
transformation from Austenite (A) to the tensile Martensite
variant (M+). The temperature change during the phase
transformation of pseudoelastic SMA's shows a strong rate-
dependency of the applied mechanical field (Shaw and
Kyriakides, 1995), (Chang et al., 2006).

The SMA-based solid state cooling process can be realized
without any additional heat transfer medium. The elasto-
caloric material itself, in the shape of a ribbon, can function as
a heat transfer medium. A heat source and a heat sink made
out of metal blocks with a higher heat capacity than the SMA
ribbon can be used to store thermal energy. Similar to the
conventional vapor compression refrigeration cycle, the SMA-
based cooling cycle can be divided in four phases, cf. Fig. 1.

1. Loading: The strain increase at a high strain rate leads to a
near-adiabatic temperature increase of the SMA ribbon
above the temperature of the heat sink. The large arrows in
tensile direction indicate an increasing tensile stress.

2. Heat transfer to heat sink: At constant high strain the SMA
ribbon contacts the heat sink. The heat sink absorbs heat
from the SMA, the temperature of the SMA ribbon de-
creases and the temperature of the heat sink increases.

3. Unloading: The strain decrease at a high strain rate leads to
a temperature decrease of the SMA ribbon below the
temperature of the heat source. The small arrows indicate
a decreasing tensile stress.

4. Heat transfer from heat source: At constant low strain the
SMA ribbon contacts the heat source. The SMA absorbs
heat from the heat source, the temperature of the SMA
ribbon increases and the temperature of the heat source
decreases.

This exemplary elastocaloric cooling cycle shows that,
besides the aforementioned control variables, additional pa-
rameters have an influence on the process performance. The
heat transfer between the elastocaloric material and the metal
blocks is strongly influenced by the thermal conductivity of
the materials, the contact force, the contact time and the
surface of the contacting parts. Furthermore, the cycle time as
well as the heat losses to the surrounding environment
strongly influence the process efficiency. Finally, the process
can be varied by bringing the elastocaloric material and the
heat sink/source into contact before or during loading/
unloading, i.e. changing the phase between applied strain and
heat transfer.
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