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ABSTRACT 

Elastocaloric cooling is a promising new technology with 

proven potential to provide efficient, environmentally 

friendly cooling power. Here we design and characterize 

elastocaloric cooling devices using shape memory alloy 

(SMA) films made from TiNiCuCo, which are currently the 

most prominent elastocaloric materials due to their ultra-

low fatigue properties, significant latent heat and low 

hysteresis. Mechanical loading/unloading of the SMA film 

and separation of caloric heating and cooling power is 

accomplished by periodic mechanical contact between a 

freestanding elastocaloric SMA film and solid heat sink and 

source elements. The temperature change achieved by using 

a single cooling device is limited by the adiabatic 

temperature span of the elastocaloric material. In order to 

outflank this limit, we propose the concept of coupling 

several cooling devices to a cascaded system. First 

demonstrator systems based on three cooling units reach a 

maximum temperature span of 14.8 °C, which corresponds 

to 85 % of the materials adiabatic temperature span. 
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INTRODUCTION 

In recent years, interest in solid-state cooling technologies 

based on either magneto-, electro or mechanocaloric effects 

is increasing considerably due to their potential for energy-

efficient, eco-friendly cooling and heat pumping. 

Elastocaloric cooling is particularly interesting due to the 

high adiabatic temperature change observed in superelastic 

SMAs. It is based on the latent heat of the stress induced, 

reversible phase transformation between martensite and 

austenite in superelastic SMAs. To advance the field of 

elastocaloric cooling the following main challenges are 

addressed: (1) Development of shape memory alloys 

(SMAs) with large latent heat, high elastocaloric efficiency 

and ultra-low fatigue; (2) Engineering and characterization 

of elastocaloric devices. 

Recently, SMA films showing promising elastocaloric 

properties and ultra-low fatigue have been developed 

[Chluba, 2015]. In the same time a number of elastocaloric 

cooling demonstrators have been developed ranging from 

macro-scale devices aiming at refrigeration and air cooling 

to micro-scale demonstrators for lab-on-chip systems and 

microelectronics [Bruederlin, 2018]. However, most 

applications require temperature spans exceeding the 

adiabatic temperature span of common elastocaloric 

materials, making advanced device concepts necessary. So 

far, the concept of active regeneration has been 

investigated [Tušek, 2016]. Here we present an alternative 

approach based on coupling of several SMA-film based 

elastocaloric cooling devices to cascaded systems. 

SMA FILMS 

TiNiCu-based films are used as active material in the 

present work. The large surface-to-volume ratio of films 

enables rapid heat transfer between film and surrounding 

medium, which is crucial for elastocaloric cooling. In the 

present work, freestanding Ti54.7Ni30.7Cu12.3Co2.3 films are 

fabricated by sputter deposition and subsequent wet etching 

of a sacrificial layer. Magnetron sputtering allows for tuning 

of chemical composition and microstructure to tailor 

material properties. Film thickness is 30 µm, while the 

width and length of films are 3 and 20 mm, respectively. 

The films are electropolished in a final step for highest 

surface quality. TiNiCuCo films are currently the most 

prominent elastocaloric materials due to their ultra-low 

fatigue properties withstanding more than 107 load cycles 

[Chluba, 2015] and high coefficient of performance of the 

material (COPmat) up to 15 [Ossmer, 2015]. The superior 

fatigue properties can be attributed to a small grain size, 

coherent Ti2Cu precipitates and a high lattice compatibility 

between the austenitic and martensitic phase called 

supercompatibility [Gu, 2017]. 

 

Figure 1:  (a) Schematic setup of a single stage SMA-film 

based elastocaloric cooling device. The movement to load 

(pos. 2) and unload (pos. 1) the film is indicated. �̇�𝑖𝑛 and 

�̇�𝑜𝑢𝑡 represent the heat fluxes between the device and its 

environment that can be used for cooling or heat pumping. 

(b) Coupling of several cooling devices to a cascaded 

system that allows for higher temperature spans. 

CONCEPT AND ENGINEERING 

Our basic concept for SMA-film based elastocaloric cooling 

devices consists of a freely suspended SMA film bridge that 



is loaded by deflecting its center in out-of-plane direction 

by a convexly shaped loading element (see Figure 1, a). The 

heat released during mechanical loading of the SMA film 

(movement to position 2) due to the elastocaloric effect is 

directly transferred to the loading element, which thus work 

as heat sink at the same time. When the film bridge is 

released, it is brought in contact with the nearly flat-shaped 

element used as the heat source (position 1). Owing to the 

simplicity of the design, this approach allows for easy 

miniaturization. Previous elastocaloric demonstrators based 

on this concept with a single SMA film reach temperature 

spans of up to 13 °C [Bruederlin, 2018]. 

Here, several single stage cooling units are coupled in 

series, where the heat sink of a given unit represents the heat 

source of the neighboring unit (see Figure 1, b). Although 

the temperature span of each cooling unit is limited by the 

adiabatic temperature span of the material the complete 

system is not. Figure 2 (a) shows a demonstrator of the 

cascaded system. Support structures are fabricated by 

stereolithographic 3D printing. Spring-like structures are 

used for compliance during mechanical contact of film and 

sink/source elements and to adjust the contact force. The 

sink/source elements are made from copper, with PT100 

temperature sensors integrated. The SMA bridges are fixed 

to a single frame that is moved cyclically forth and back by 

an ironless synchronous linear motor to load and unload all 

films simultaneously.  

RESULTS 

The demonstrator is characterized with one, two or three 

cooling units to investigate the impact of different cascading 

levels (number of cooling units). In case of the three-unit 

system, heat is transported step-wise from element 1 via 

elements 2 and 3 to element 4 in each operation cycle. 

Thereby, temperatures 𝑇1 and 𝑇2 are decreasing whereas 𝑇3 

and 𝑇4 are rising. Corresponding system temperature span 

∆𝑇𝑠𝑦𝑠 =  𝑇𝑖+1 − 𝑇1 (for i being the number of device units) 

increases with operation time and reaches saturation. The 

achieved temperature spans after saturation are summarized 

in Figure 2(b) for operation frequencies from 0.5 to 4 Hz 

and different cascading levels. The temperature span ∆𝑇𝑠𝑦𝑠 

increases with both, the operation frequency and the 

cascading level. For the system of three units, a maximum 

∆𝑇𝑠𝑦𝑠 of 14.8 °C is reached at a frequency of 2 Hz, which 

corresponds to 85 % of the theoretic limit given by the 

adiabatic temperature span of the material. The 

corresponding single unit device reaches 8.4 °C under 

similar conditions. The temperature differences between 

neighbouring elements in the cascaded system do not 

distribute evenly. The temperature span of the internal 2nd 

unit is the lowest. This is due to the fact that for the internal 

elements the cold and hot side are heated and cooled by the 

neighbouring units. Additionally, the temperature span of 

the 1st unit operating at lower temperature outperforms the 

temperature span of the 3rd unit. This may be attributed to 

the transition temperature of the SMA films that fits the 

operation temperature of the 1st unit better, hence causing 

an incomplete phase transition of the SMA in the 3rd unit.  

Zero-load cooling power is determined from the initial 

temperature change of the outer elements. The cooling 

power of the cascaded system reaches 5 J/g of active 

material. We find that the cooling power of the cascaded 

system is not influenced by the cascading level of the 

system. The maximum COP of the overall system without 

taking the efficiency of external actuation into account 

reaches up to 2.7. 

CONCLUSION 

The cascaded system presented in the given work reaches a 

maximum temperature span ∆𝑇𝑠𝑦𝑠 of 14.8 °C which relates 

already to 85 % of the theoretic limit for a single cooling 

device given by the adiabatic temperature span of the 

material. These results show that besides active 

regeneration the concept of cascading is a promising new 

approach to enhance the temperature span of elastocaloric 

cooling systems and to ultimately overcome the materials 

restrictions on the device temperature span. This may be 

achieved in the near future by implementing SMA films 

with transition temperatures tailored to the operation 

temperature range of each individual device unit. Besides 

serial coupling, parallel coupling will be investigated in 

future work to increase the overall cooling power. 

 
Figure 2:  (a) Demonstrator of a cascaded elastocaloric 

cooling system. (b) Temperature difference ∆𝑇𝑠𝑦𝑠 between 

first and final element of the cascaded elastocaloric system 

for various operation frequencies 𝑓. 
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