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ABSTRACT 

Elastocaloric cooling based on elastocaloric effect (eCE) in 

superelastic shape memory alloys (SMA) is emerging as 

one of the most promising alternatives to the nowadays 

widely used conventional vapour-compression cooling 

technology. In this work the most interesting SMAs for 

elastocaloric applications and the state-of-the-art 

prototypes of elastocaloric devices are reviewed. The basic 

operational principles of elastocaloric cooling devices are 

briefly explained. In addition to very positive aspects of 

this novel cooling technology, such as high efficiency and 

environmentally harmless, solid-state refrigerants (SMAs), 

two future challenges that need to be addressed and solved 

to bring elastocaloric technology closer to the market are 

discussed. One of the major obstacles that prevent 

practical elastocaloric applications is structural fatigue of 

elastocaloric materials, in particular for tension loading 

when high strains (related with high temperature changes 

in SMA) are applied. The second precondition for an 

efficient and commercially relevant elastocaloric 

technology is an efficient driving mechanism with an 

efficient work recovery mechanism. 
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INTRODUCTION 

Nowadays, virtually all refrigerators, air-conditioning 

devices and heat-pumps are based on vapour-compression 

technology. In the last decades, the global demand for 

cooling and air-conditioning are growing exponentially 

[Isaac, 2009], which due to relatively low efficiency 

(exergy efficiency up to 30%) and usage of 

environmentally harmful refrigerants calls for new cooling 

technology. Among all potential alternative to vapour-

compression technology, the US Department of Energy 

[Goetzler, 2014] selected the elastocaloric cooling as the 

one with the highest potential to replace vapour-

compression cooling for wide range of different cooling 

applications in the future. The elastocaloric cooling is still 

in early stage of development, but theoretical studies (e.g., 

[Tušek, 2015b], [Qian, 2015a]) and the first prototypes of 

elastocaloric cooling and heat-pumping devices ([Schmidt 

2015], [Qian, 2015b], [Ossmer, 2016], [Tušek, 2016], 

[Bruederlin, 2017], [Engelbrecht, 2017]) show that 

elastocaloric cooling can be potentially more efficient than 

vapour-compression technology and environmentally 

harmless, by applying solid-state refrigerants (SMAs).     

ELASTOCALORIC MATERIALS 

The basics for the eCE are exothermic and endothermic 

processes during the martensitic transformation. During 

forward martensitic transformation the heat is released 

from the material to the surroundings, while during the 

reverse martensitic transformation the heat is absorbed by 

the material. If the martensitic transformation is performed 

at relatively high strain-rates (above 0.1 s
-1

), which 

approach the adiabatic conditions, the transformation heat 

does not have enough time to be released or absorbed to 

(from) the surroundings and the materials heats up (during 

the forward transformation) and cools down (during the 

reverse transformation). In this case we are talking about 

adiabatic temperature change (ΔTad) of material, which is 

one of the most important parameter for characterisation of 

elastocaloric materials. Generally, all SMAs can be 

considered as potential elastocaloric materials when they 

undergo the stress-induced transformation, and their 

transformation temperatures are below the operating 

temperature for the desired application in order to assure 

fully reversed superelasticity. The adiabatic temperature 

changes during loading and unloading with the 

corresponding applied strain/stress of the most promising 

elastocaloric materials for near room temperature 

applications are presented in Table 1. Recent and more 

comprehensive reviews on elastocaloric materials can be 

found in [Mañosa, 2017] and [Sehitoglu, 2017]. 

 

alloy shape* 
ΔTad_ 

load 

ΔTad_

unload 

strain/ 

stress 
ref. 

Ni-Ti 

wire 
(ten.) 

24 K -19 K 
5.2 % / 

800 MPa 
[Tušek, 
2015a] 

sheet 

(ten.) 
18 K -16 K 

5 % / 

550 MPa 

[Ossmer, 

2014] 

tube 
(comp.) 

23 K -19 K 
4.3 % / 

1000 MPa 

un-

published 

Ni-Ti-Cu-Co 
sheet 

(ten.) 
8 K -10 K 

3 % /  

500 MPa 

[Chluba, 

2016] 

Ni-Ti-Cu-V 
sheet 

(ten.) 
n.a. -18 K 

4.6 % / 

580 MPa 

[Schmidt 

2016] 

Cu-Zn-Al 
block 

(comp.) 
n.a. -6 K 

10 % / 
120 MPa 

[Mañosa, 
2013] 

Fe-Pd 
block 

(comp.) 
3 K -3 K 

3 % / 

200 MPa 

[Xiao, 

2015] 

Ni-Fa-Ga-Co 
block 

(comp.) 
n.a. -10 K 

4.8 % / 

300 MPa 

[Zhao, 

2018] 

Ni-Fe-Ga 

sheet 
(ten.) 

n.a. -10 K 
10 % / 

220 MPa [Wu, 
2017] block 

(comp.) 
n.a. 

-13.5 

K 

3 % / 

650 MPa 

*ten. – tension loading; comp. – compression loading 

Table 1: The most promising elastocaloric materials for 

near room temperature applications. 



ELASTOCALORIC COOLING 

DEVICES 

Till now a few working prototypes of elastocaloric cooling 

or heat-pumping devices were developed and successfully 

tested. In general, one can distinguish between a single-

stage ([Schmidt 2015], [Ossmer, 2016], [Bruederlin, 

2017]) and a regenerative ([Qian, 2015b], [Tušek, 2016], 

[Engelbrecht, 2017]) elastocaloric device. Single-stage 

devices are based on an elastocaloric material (usually a 

plate) loaded in tension and a contact heat transfer between 

elastocaloric material and heat sink/source. The 

temperature span of this type of devices is limited with 

adiabatic temperature change of the material and can be 

for example used for micro-cooling applications. To date, 

the largest temperature span measured in single-stage 

device is 13 K [Bruederlin, 2017]. On the other hand, a 

regenerative elastocaloric device is based on a porous 

elastocaloric structure through which a heat transfer fluid 

that transfers heat between elastocaloric material and heat 

sink/source is pumped. The advantage of regenerative 

principle is that it enables an enlargement of the 

temperature span that can be several times larger than 

adiabatic temperature change in the material. Till now two 

different types of regenerative elastocaloric devices were 

developed and tested. One is based on a set of Ni-Ti tubes 

loaded in compression and so-called heat recovery 

principle with a by-pass between elastocaloric structure 

and external heat exchangers with an aim of increasing a 

temperature span [Qian, 2015b]. The maximum measured 

temperature span of this device was 4.7 K and the 

maximum specific cooling power was 600 W per kg of 

elastocaloric material. The other regenerative elastocaloric 

device is based on set of Ni-Ti plates loaded in tension and 

an active regeneration principle ([Tušek, 2016], 

[Engelbrecht, 2017]), where an elastocaloric porous 

structure (also called elastocaloric regenerator) has double 

function. It works as a refrigerant (it contains elastocaloric 

material) as well as a regenerator and enables an 

enlargement of the temperature span along its length. This 

device operated as a heat-pump and the maximum 

measured temperature span was 20 K, with a 

corresponding specific heating power up to 800 W per kg 

of elastocaloric material and maximum COP (coefficient-

of-performance) values of up to 7 (excluding driver’s 

losses and assuming perfect work recovery). A schematic 

presentation of a regenerative elastocaloric device with IR 

image of active elastocaloric regenerator in operation is 

shown in Figure 1.  

 

Figure 1:  A schematic presentation of a regenerative 

elastocaloric device with IR image of active elastocaloric 

regenerator in operation [Tušek, 2016]. 

FUTURE CHALLENGES  

Even though the developed prototypes do not yet reach 

commercially relevant cooling or heat-pumping 

characteristics, they show a great potential for further 

development. However, there are two crucial challenges 

that need to be addressed and solved to make elastocaloric 

technology commercially interesting. The first challenge is 

to develop an elastocaloric material (porous structure) with 

sufficient fatigue life (several million loading cycles), 

while maintaining high elastocaloric effect and highly 

efficient heat transfer geometry (for regenerative devices). 

In general, the elastocaloric material (regenerator) can be 

loaded using tension or compression and they both have 

some pros and cons for elastocaloric cooling. The second 

challenge is to develop an efficient and compact driving 

mechanism to efficiently load the elastocaloric material 

and at the same time to efficiently recover the work 

released during the unloading. Efficient work recovery is 

crucial for efficient elastocaloric technology.  
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