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Abstract: 

A heat driven thermoacoustic cooler consists of a thermoacoustic engine that converts heat into acoustic 
waves, coupled to a thermoacoustic cooler that converts this acoustic energy into cooling effect. These 
machines have simple structures without moving parts. The coupling of a solar concentrator and a heat 
driven thermoacoustic cooler seems to be an interesting alternative to the electrically driven compression 
vapour cycle. As the other solar refrigeration systems, even if the cooling demand generally increases with 
the intensity of the solar radiation, one of the major difficulties is to insure a frigorific power supply when 
there is no or low solar radiation. In our prototype, in order to guarantee a sufficient cooling capacity to face 
to refrigeration loads in spite of the production fluctuations, a latent cold storage has been considered. The 
aim of the work presented here is to investigate the behaviour of this key element under several design and 
operative conditions. A description of the future prototype is done insisting on the thermoacoustic 
refrigeration and the cold storage system. A modelling of the main elements of the prototype is developed. 
The results of simulations under real solar radiation as well as a parametric study considering the main 
design and operative parameters of the cold thermal storage system are presented.  

Keywords: 

Solar energy, Solar refrigeration, Thermoacoustic refrigerator, Cold latent thermal storage. 

1. Introduction 
Energy use for refrigeration has risen sharply in recent years. Nowadays, the major part of this 

production is provided by electrically driven vapour compression machines. Globally, the 

refrigeration devices consumed roughly 15% of the world electricity production. The forecasts for 

the refrigeration indicate an increase in the number of units in operation over the coming years. To 

ensure the refrigerating production in the next years while responding to environmental challenges 

(emissions of greenhouse gases and ozone layer) the future cooling machines should not be primary 

energy intensive and should use environmentally friendly refrigerants [1, 2]. 

Thanks to numerous possible combinations between solar thermal collectors and heat driven 

cooling machines, solar cooling equipment seems to be an interesting alternative [3]. Among these 

possibilities, the coupling of a solar concentrator with a heat driven thermoacoustic refrigerator is a 

promising technology. Compared to the other refrigeration technologies, heat driven thermoacoustic 

machines have several advantages with no moving part and environmentally friendly gas as 

working fluid like helium, argon or air [4]. During the last decades, experimental investigations 

have been carried out on these machines. They have proven their ability to reach very low 

temperatures compatible with the liquefaction of gases such as, natural gas, nitrogen or hydrogen 

[5-7]. Other studies have demonstrated the possibility to uses thermoacoustic refrigeration for 

higher temperature applications like for food refrigeration [8]. The couplings of thermodriven 
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thermoacoustic refrigerators and solar concentrators have also already been experimentally studied 

thanks to low power prototypes [9, 10]. 

Although the cooling demand is generally higher when the sun is shining, the intermittent nature of 

solar energy is one of the major constraints for using solar cooling systems. To meet the time-

dependency of the primary energy supply and end-use requirement, a thermal energy storage has to 

be used. Various configurations of the energy storage can be achieved; storing the hot energy for 

continuously supply the refrigeration system or storing the produced cool energy. This energy can 

be stored in the form of sensible heat (in liquid or in solid), latent heat of a Phase Change Material 

(PCM), or by chemical reaction. The choice of the storage system depends on various criteria like 

the amount of energy that has to be stored or the storage temperature. However for cooling 

application, the latent storages have numerous advantages: the technology is well known with a 

high energy storage density; the stored and retrieved energy is at a quasi constant temperature 

which corresponds to the phase change transition of the PCM [11]. 

The studied prototype consists in a one kW scale solar thermodriven thermoacoustic refrigerator 

supplied in primary energy by a solar dish concentrator. To ensure a low variability of the 

availability of refrigerating capacity, a cold latent thermal storage is coupled to the refrigerator.  

In the first part of this paper the project and the main parts of its development are presented. 

Secondly, the lumped model that has been built is described. Then, the first simulation results for a 

long period including days with various solar radiation conditions are presented and discussed. 

Finally, the results of the parametric study are presented, considering the above-mentioned different 

cold storage design characteristics and storage strategies. 

2. Prototype description 
The device considered here consists in a solar concentrator, a solar flux modulator, a solar receiver, 

a thermoacoustic machine composed firstly of a thermoacoustic prime mover linked to an acoustic 

resonator and secondly of a thermoacoustic refrigerator linked to a cool thermal energy storage 

(Fig. 1). 

Solar concentrator

Thermoacoustic

 prime mover

Thermoacoustic

 refrigerator

Loads
Solar 

receiver

Cool thermal 

storage

Solar 
flux modulator

Tfr

Tcg

 

Fig. 1. Solar driven thermoacoustic refrigerator experimental plant 
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The solar driven thermoacoustic refrigerator heat fluxes represented in Fig. 2 are described in the 

following sections. The direct solar radiation is collected, reflected and concentrated by a parabolic 

mirror. More details on this element can be found in [12]. A solar flux modulator is placed between 

the concentrator and the receiver cavity. This element regulates the solar power entering in the 

absorbing cavity; it thus allows controlling the temperature of this latter. The concentrated solar 

radiation is collected by an absorber situated in the receiver cavity. This latter transfers 

approximately 4 kW to the working fluid (helium at about 4 MPa), while being at a temperature 

close to 500°C. More details on this component can be found in [13, 14]. 
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Fig. 2. Solar driven thermoacoustic refrigerator heat fluxes 

The thermoacoustic cooler is composed of a wave generator, an acoustic resonator and a 

thermoacoustic refrigerator. Thank to the solar heat absorbed, the thermoacoustic prime mover 

generates a traveling wave with large acoustic power. This power is used into the thermoacoustic 

refrigerator to pump approximately 800 W of heat from the cold heat exchanger and reject it at the 

intermediate temperature exchanger of the refrigerator. A detailed explanation of the way these 

coolers work is given in [15]. 

To ensure a constant power supply at the cold exchanger, a latent storage is intended to be used. 

This later uses encapsulated nodules filled with an eutectic Phase Change Material (PCM). The 

storage tank is filled with these nodules and the cold transfer fluid which circulates in the tank 

ensures the heat exchange between the PCM and the cold production unit [16]. During the time 

where the tank is being cooled, the crystallization of nodules allows the storage of the energy. 

To produce a controlled thermal load, an electrical fluid circulation heater is placed between the 

storage tank and the cold heat exchanger. The power regulation of this latter allows generating 

different consumption and storage strategies. 

3. Modelling 
To predict the future performance of the prototype a lumped model of the entire plant has been 

developed. The time variation of the energy source and the frigorific power consumption imposes a 

transient approach. The solar part and the cold storage are treated by simplified transient models. 

For the thermodriven thermoacoustic refrigerator, a quasi-stationary approach it used. We describe 

the equations and the principal assumptions of this model in the following sections. 

3.1. The solar concentrator and the solar flux modulator 

The solar concentrator consists in a 8.5 m diameter parabolic mirror. For this prototype, the aperture 

of the dish is reduced at 13.5 m² by using non reflective bands at the concentrator periphery. Thanks 

to the sun tracking system, solar rays are always perpendicular to the collector aperture. The 

collecting solar power is calculated as following: 

=&
sol _collect collector _apertureQ A .DNI , (1) 
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Where DNI is the Direct Normal Irradiation and Acollector_aperture is the collector aperture area. 

Non reflective band
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Fig. 3. Concentrator aperture Fig. 4. Modulator geometry 

The Thermoacoustic machine, the flow pipes, the frame of the concentrator, etc… shadow a part of 

the dish (Fig. 3). The sun tracking system is considered to be accurate so that the useful area of the 

concentrator remains constant all along the day. A constant and uniform mirror reflectivity is 

assumed. According these hypotheses, the reflected solar power is expressed by: 

sol _ reflect collector _usefulQ A . .DNIχ=& , (2) 

Where Acollector_useful is the useful area of the concentrator aperture calculated by 

collector _useful collector _ aperture shadowA A A= − , and χ is the mirror reflectivity. 

A uniform solar concentrated flux is assumed in the modulator plan (Fig. 4). It is also considered 

that it has no impact if it is totally opened. The solar modulated power is determined by: 

mod ul _ aperture
sol _mod ul sol _ reflect

mod ul _ opened

A
Q Q

A
=& & , (3) 

Where Amodul_aperture is the area of the modulator aperture and Amodul_opened is the area of the 

modulator aperture when it is totally opened. 

3.2. The solar driven thermoacoustic refrigerator 

We consider in this modelling, a uniform wall and fluid temperature in all heat exchangers of the 

thermoacoustic device. The temperature of the hot exchanger of the thermoacoustic generator is 

also assumed to be equal to the temperature of the solar receiver cavity wall. 
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Fig. 5. Absorber cavity and hot exchanger heat 

fluxes 

Fig. 6. Absorber cavity geometry 

The cavity absorbs the solar concentrated flux. Thanks to the hot exchanger, a large part of this heat 

flux is transferred to the working fluid, the rest is exchanged with the surroundings (Fig. 5). The 
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cavity walls are considered as an equivalent mass of the hot exchanger. The energy balance of these 

elements can be written as:  

cavity hg
sol _ abs loss _cavity hel wall _ hg

dU
Q Q Q

dt

+
−= + +& & & , (4) 

Where sol _absQ&  is the absorbed solar power. The absorber cavity absorbs the major part of the solar 

power which passes through the solar flux modulator. The rest is the solar loss by overflow. This 

loss is due to the diameter difference between the solar focus point and the cavity orifice. If the 

diameter of the focal point is larger than the one of the cavity aperture (as it is the case for the 

studied prototype, in order to limit the thermal losses through the orifice) a part of the solar 

radiation cannot enter in this later. In this model, the solar overflow losses are evaluated considering 

a solar overflow rate (τsol_overflow). This rate is equal to a constant value when the solar flux 

modulator is totally opened and equal to zero when the modulator is partially closed. The absorbed 

solar power is calculated by: 

( )1sol _ abs sol _mod ul overflowQ Q . τ= −& & , (5) 

The cavity exchanges with the surrounding by the orifice, the lateral wall and the back wall. The 

cavity thermal losses _loss cavityQ&  can be determined by: 

loss _cavity loss _or loss _lateral _wall loss _back _wallQ Q Q Q= + +& & & & , (6) 

_ _loss lateral wallQ&  and _ _loss back wallQ&  are calculated considering that radiative heat exchanges are 

negligible compared to convective ones from the insulating material surface. The convective heat 

exchange coefficient between the orifice and the surrounding is estimated from [17]. 

The two others cavity losses are determined using the various thermal resistances except the thermal 

resistance of contact between the cavity wall and the insulation which is neglected. 

Qevac

Qech hel

Qloss_wall  

Fig. 7. Heat fluxes in the ambient and cold heat exchangers 

The cold exchanger of the refrigerator as well as the heat exchangers at intermediate temperature, 

(Fig. 7) transfer on one side with the helium and on the other with a heat transfer fluid. The cold one 

is submitted to heat transfer with surroundings while such an exchange is neglected for the other 

ones because of the low temperature difference between these exchangers and ambient air. 

Applying the first law to the wall and to the heat transfer fluid of these elements gives: 

( )

wall _ exch
fluid wall _ exch hel wall _ exch loss _ exch

fluid _ exch
wall fluid _ exch fluid _ exch fluid _ input _ exch fluid _output _ exch vis co_ exch

dU
Q Q Q

dt

dU
Q m h h Q

dt

− −

−


= + +


 = + − +

& & &

& &&

, (7) 

The convective heat transfers between the heat exchanger walls and the fluids are given by: 

( )fluid wall _ exch fluid wall fluid wall fluid wall _ exchQ .A T Tα− − −= −& , (8) 
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Where the heat exchange coefficients (αfluid-wall) are calculated thanks to a correlation for a fluid 

flowing across a bank of tubes proposed in [18]. 

The viscous dissipation inside the exchanger is calculated by: 

fluid _exch
visco _ exch exch

fluid

m
Q P

ρ
= ∆

&
& , (9) 

Where ∆Pexch are the pressure drops inside the exchangers. They are calculated thanks to a 

correlation for a fluid flowing across a bank of tubes determined by [18] and ρfluid is the density of 

the fluid. 

Each equation relative to the exchanger walls has a term of transfer with helium. A stationary model 

is used to determine these heat fluxes at each calculation time step of the quasi-stationary model 

[19]. 

3.3. The cool loop and cool thermal energy storage 

The cool loop is mainly composed of flow pipes, an electrical load, a pump and a cool thermal 

storage.  

3.3.1. Flow pipes  

The flow pipes insure the connection between the elements. For this model, only the two longer 

pipes are considered (between the pump and the cold exchanger and between the cold exchanger 

and the cool storage). The temperatures of the fluid and the wall are assumed uniform inside the 

pipes. They are also considered perfectly insulated. The pipe walls are considered as an equivalent 

mass of fluid. With these hypotheses the energy balance on these elements is: 

( )fluid wall _ pipe
fluid _cool _circuit fluid _input _ pipe fluid _output _ pipe visco _ pipe

dU
m h h Q

dt

+ = − + && , (10) 

The viscous dissipations visco_ pipeQ& , are calculated by (11) with the pressure drop determined by: 

2

2

fluid pipe
pipe fluid

int_ pipe

V L
P K

D
ρ λ

 
∆ = + 

  
∑ , (11) 

With K the local coefficients of pressure drop for valves, changes of direction, …and λ the linear 

coefficient of pressure drop. 

3.3.3. Circulating pump and electrical fluid circulation heater 

We assumed that there is no variation of the internal energy of these elements. They are also 

considered adiabatic. 

Applying the first law to the heat transfer fluid of these elements under these hypothesis gives: 

( )elec _ heater fluid _cool _ circuit fluid _ output _ heater fluid _ input _ heaterQ m h h= −& & , (12) 

Where elec _heaterQ& is the electrical power which feeds the heater. 

A constant efficiency (ηpump) is considered for the pump. Considering these limitations, the energy 

balance of the fluid inside the circulating pump is expressed by: 

( )1circuit
fluid _output _ pump fluid _ input _ pump pump

fluid

P
h h η

ρ
∆

− = − , (13) 

Where ∆Pcircuit are the total pressure drops of the circuit. 

3.3.3. The cool thermal energy storage 

The model which has been already described in detail in a previous paper [20], considers the 

aspects of both the surrounding heat transfer fluid and the phase change material packed inside the 
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nodules in the charge mode as well as in the discharge mode. Only the main hypotheses and 

equations are presented here with a special adaptation to the selected configuration. 

In order to simplify the physical model of the latent heat storage, the following assumptions were 

made: 

▪ The tank is vertical with flow from the bottom to the top for the charge mode and the discharge 

mode; 

▪ The flow in the tank is axial and incompressible; 

▪ Variation of temperature of the heat transfer fluid occurs only along the axial direction, i.e. as 

checked experimentally [16], the temperature is independent of the radial position; 

▪ The insulation of the tank is considered perfect; 

▪ Heat transfer by conduction is neglected in the heat transfer fluid; 

▪ Kinetic and potential energy changes are negligible; 

▪ The tank is divided in several control volumes according to the height (Fig. 9); 

▪ The nodules are considered as exchangers. The energy flux exchanged is proportional to the 

difference of temperature between the fluid and the interior of the spherical nodule; 

▪ The supercooling phenomenon is taken into account. 

▪ The variation of the internal energy of the tank elements (metal wall pipe, flow diffusers, etc..) is 

neglected. 

▪ The pressure losses are considered for the flow inlet and outlet, the flow diffusers and the nodule 

bed thank to local coefficients of pressure drops. 

▪  
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Fig. 9. Tank control volume. 
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Fig. 10. State of nodule and way of 

crystallisation and melting 

 

Based on these assumptions the energy balance equations in transient state in each control volume 

for the heat transfer fluid and each spherical nodule i are: 

 

( ) , _

1

nodN
fluid

fluid fluid in fluid out nod fluid i visco storage

i

dU
m h h Q Q

dt
−

=

= − + +∑ & &&  (14) 

, ,

,

nod i nod i

nod nod fluid i

dU du
m Q

dt dt
−= = &  (15) 

With 
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( )
( )
( ) ( )

, ,

, ,

, ,

1

0 1

0

ref PCM solid nod i ref nod i

nod i ref PCM solid melt ref solid nod i

ref PCM solid melt ref PCM liq nod i ref nod i

u Cv T T if x

u u Cv T T x L if x

u Cv T T L Cv T T if x

 + − =


= + − + < <


+ − + + − =  (16)

 

Even when the heat transfer fluid temperature is considered uniform in each layer, all the nodules of 

each layer do not simultaneously pass through the phase change at the melting temperature Tmelt 

during cooling because of the supercooling and the erratic character of the crystallisation. The 

nodules can be in different states (non-crystallised, entirely crystallised or partly crystallised) 

according to their own value of the beginning of the crystallization (Fig. 10). 

Applying the nucleation laws, the number of new crystallisations and the corresponding fluxes can 

be calculated at each time t [20]. 

Considering a nodule of inner radius rint (Fig. 11). Uniform cooling of its surface will result in a 

spherically symmetric crystallisation-front, r = rinterface(t) the inner radius of solid PCM, propagating 

inwards from r = rint with liquid at Tmelt for 0 ≤ r ≤ rinterface(t) and solid for rinterface(t) ≤ r ≤ rint. 

Assuming constant thermal properties in each phase, the steady-state solution of the heat conduction 

in the solid phase has the form (θ is the temperature of the solid PCM): 

int

( )
1

( , ) ( )
( )

1 1

interface

melt fluid melt

interface interfacePCMsolid PCMsolid PCMsolid

env ext ext env ext

r t

rr t T T t T
r t rk k k

k r r k r

θ

α

−
 = + −     

− + − +   
   

 (17) 

The interface conditions here have the standard form: 

,

2

( )

( , )

4 ( )
interface

nod fluid i

PCMsolid

r r t interface

Qr t
k

r r t

θ
π

−

=

−∂  = ∂ 

&

 (18)  
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SolidLiquid
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rinterface
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Fig. 11. Crystallization inside a nodule (left) and melting inside the nodule (right). 

The determination of nod fluidQ −
&  before crystallisation starts and after crystallisation is finished is 

done considering the uniform PCM temperature and it is possible to write that the internal energy 

variation in the PCM is equal to the flux that leaves the nodule. 

The heat transfer coefficient between the nodule and the fluid is determined by a correlation [20] 

and so depends on the flow rate and on the fluid temperature. 

Supercooling occurs only upon crystallisation but never upon melting. So, all the nodules from each 

layer simultaneously pass through the phase change at the melting temperature Tmelt.  

According to a simplifying assumption, the melting-front is considered to be concentric (Fig. 11) 

and equations for nod fluidQ −
&  are the same than for crystallisation. During the melting process, heat is 

transfered by natural convection and conduction. Only the heat conduction equation is kept into 

consideration but an apparent thermal conductivity [21] is used in order to take the natural 

convection into account. 



284 - 9 

4. Results 
From the model described in the previous section, numerical simulations of the experimental plant 

have been carried out assuming a constant ambient temperature of 20°C. The solar radiation 

conditions that have been used are the DNI measured between the 1
st
 and the 7

th
 of July 2006 by 

PROMES laboratory at Odeillo (South of France) (Fig. 12). The main parameters that have been 

considered for this simulation are summarised in Table 1.  
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Fig 12. DNI 

Table 1. Main simulation parameters 

Solar concentrator aperture area (m²) 13.5 Hot heat exchanger mass (kg) 30 

Shadow area on the concentrator (m²) 3.5 Ambient heat exchanger mass (kg) 1 

Reflectivity of the concentrator 0.92 Cold heat exchanger mass (kg) 1 

Cavity orifice diameter (m) 0.1 Electrical power of the heater (W) 350 

Solar overflow rate 0.1 MCP nodule diameter (mm) 77 

 

4.1. Standard case 

A standard case for design and operating parameter of the cool storage has been considered (Table 

2). The simulation results of this case are presented in this section.  

Table 2. Main storage tank design and operative parameters 

 Standard case Variation for parametric study 

Tank volume (m
3
) 0.2 0.15 and 0.25 

Masse flow rate (kg.s
-1

) 0.1 0.05 and 0.2 

PCM melting temperature (°C) -21.3 -18.8 and -26.2 
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Fig 13. Temperature of the hot exchanger of the generator 
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As shown in Fig. 13, when the sun is shining, the temperature of the hot exchanger of the generator 

increases extremely rapidly to reach the temperature threshold for wave generation. Actually the 

machine starts only if a sufficient temperature gradient exists between the two heat exchangers of 

the engine cycle. According to previous experiences, the starting hot temperature (and also stop 

temperature when the exchanger temperature decreases) of the generator has been set at 600 K. The 

solar power available is very large compared to the one consumed by the acoustic wave generation 

and the thermal losses so that the temperature of the hot exchanger continues to grow rapidly to 

reach the regulating temperature. This regulation is ensured by the control of the absorbed solar 

radiation thank to the solar flux modulator. When the DNI is important, it can shut up to 45% of the 

reflected solar power. At the end of the day or during cloudy periods, the hot exchanger is cooled 

due to the power consumed by the acoustic wave generation (if its temperature is higher than 600 

K) and due to the radiative and convective heat losses. The hot exchanger behaviour is roughly the 

same for each simulated days with variations in function of the solar radiation fluctuations. 
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Fig 14. Electrical power of the fluid heater 
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Fig 15. Solid fraction in the storage tank and temperature of the cold exchanger of the refrigerator 

 

The operative conditions corresponding to the frigorific loads have been set as follows: a constant 

heating power if the fluid temperature at its outlet stays lower than -18°C and no heating power if 

this temperature is higher than this limit. To ensure the cooldown of the storage and the loop 

elements the heater is turned off during the first 30 hours (Fig. 14 and 15). During this period, when 

the refrigerator works, the temperature of the cold exchanger of the refrigerator decreases to reach a 

temperature close to the melting temperature of the PCM (Fig. 15). Due to the adiabatic assumption 

and no heating power, the temperature of the storage remains constant during the first night. At the 

beginning of the second day (close to 32 hours after the beginning of the simulated 

experimentation) the tank temperature continues to decrease below the melting temperature of the 
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PCM. Due to thermal resistances between the fluid and the nodule and due to the supercooling 

effect, the temperature of the fluid has to be a few degrees lower than the melting temperature to 

initiate the crystallisation. Even if the refrigerator continues to produce a frigorific power, the 

temperature of the cold exchanger remains quasi constant after the initiation of the crystallisation 

thank to the isothermal behaviour of the nodules during this phase. At the end of the second day, the 

majority of the PCM is solid. During the following night, a large part of the solid PCM is melting to 

supply the loads. During the next four days, the system reaches a quasi periodically steady state 

condition, the storage tank solid fraction evolves between the same levels from one day to the other 

and the temperature of the cold loop stays close to the melting temperature of PCM. Due to a low 

insolation during the two last days, the solid fraction of the tank decreases and there are periods 

where the storage cannot provide the cooling capacity within the imposed temperature condition.  

4.2. Parametric study 

From the standard case described previously, we consider the effects of the variation of the 

principal parameters of the cold thermal energy storage on the temperature of this storage and on 

the global performance of the experimental plant. The effect of the supercooling is firstly analyzed. 

Then the effect of the storage tank volume, the melting temperature of the PCM and the fluid mass 

flow rate, are successively considered (Table 2). 

Supercooling effect: A simulation has been made considering no supercooling effect. As expected 

the lack of supercooling allows the initiation of crystallization of the PCM at a temperature higher 

than when this effect is considered. This temperature difference can be observed (Fig. 16) during 

the first crystallization stage. During the next four days, no difference can be observed because a 

large number of nodules remain constantly partially crystallized. Because of the total discharge of 

the stock during the night preceding, this phenomenon is again perceptible on the last day.  
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Fig. 16. Temperature of the cold exchanger of the refrigerator with and without PCM supercooling 

 

Volume of the storage tank: The variations of the tank volume have significant impact on the cold 

exchanger temperature (Fig 17) and the PCM solid fraction (Fig 18). With the smallest tank there 

are periods where all the PCM into the tank is solid, thus the residual energy have to be stored as 

sensible heat. This generates very low temperatures in the cold circuit. Considering the largest tank, 

due to higher mass of fluid and PCM, a larger part of the energy is stored as sensible heat. The solid 

fractions are thus in this case lower than the other one. Due to this, with this configuration, there is a 

large period of time between the two last days where the storage cannot provide the cooling 

capacity. 
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Fig. 17. Temperature of the cold exchanger of the refrigerator for different tank volumes 
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Fig. 18. Solid fraction in the storage tank for different tank volumes 

Heat transfer fluid mass flow rate: Simulations have been made for different heat transfer fluid 

mass flow rates. The obtained results show that in the simulation conditions, this parameter has only 

a slight effect on the operation of the cold circuit (Fig. 19). 
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Fig 19. Temperature of the cold exchanger of the refrigerator for different mass flow rates 

Melting temperature of the PCM: For these simulations the thermophysical properties of the 

PCM (except the melting temperature) are considered identical. Because of the low temperature 

difference between the expected temperature at the heater and the melting temperature of the 

highest PCM melting temperature, the major part of the energy is stored as sensible heat (Fig. 20. 

and Fig. 21). Due to the difficulty of the refrigerator to reach a low temperature to initiate the 

crystallisation of the lowest melting temperature PCM, the variation of the solid fraction in this case 

is low. In these two cases the temperature stabilisation which is expected with latent energy storage 

is not assured (Fig 21).  
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Fig 20. Solid fraction in the storage tank for different PCM melting temperatures 
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Fig 21. Temperature of the cold exchanger of the refrigerator for different PCM melting 

temperatures 

4. Conclusion 
A solar driven thermoacoustic cooler which consists of a thermoacoustic engine that converts solar 

energy into acoustic waves, coupled to a thermoacoustic cooler that converts this acoustic energy 

into cooling effect, has been studied using a numerical model. The designed prototype would be 

able to deliver a refrigerating capacity of about 1 kW at -30°C.  

In order to guarantee a sufficient cooling capacity to face to refrigeration loads in spite of the 

production fluctuations, a cold storage using encapsulated PCM has been considered. It stores the 

excess cooling power when the sun is highly shining and restitutes it at night or during cloudy 

hours. 

The developed model permits to determine the future performances of the prototype but also to 

choose the best configuration of the storage tank which has to be adapted to the loads. The main 

design parameters for the cool storage are the tank volume, the crystallization and melting 

temperature of the PCM and the mass flow rate of the heat transfer fluid. 
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Nomenclature 
A area, m² 

C specific heat, J kg
-1

 K
-1
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DNI Direct Normal Irradiation, W m
-2

  

h enthalpy, J kg
-1
  

k thermal conductivity, W m
-1

 K
-1

 

K local coefficient of pressure drop 

L length, m 

L latent heat of the PCM, J kg
-1
  

.

m  mass flow rate, kg s
-1
  

N number of nodules in the tank layer 

∆P pressure drop, Pa 
.

Q   heat flux, W 

r radius, m 

t time, s 

T temperature, K 

u specific internal energy, J kg
-1
 

U internal energy, J 

x solid fraction of PCM 

Greek symbols 

α  convective heat transfer coefficient, W m
-2

 K
-1

 

ε  emissivity 

χ  reflectivity of the concentrator 

λ  linear coefficient of pressure drop  

ρ  density, kg m
-3

 

σ  Stefan–Boltzmann constant, W m
-2

 K
-4

 

τ  rate 

η  efficiency 

Subscripts and superscripts 

abs absorbed 

amb ambient 

collect collected 

collector solar collector 

env nodules envelope 

exch exchanger 

ext external 

fluid heat transfer fluid 

hg hot exchanger of the generator 

hel-wall exchange between the helium and the exchanger wall 

int internal 

interface interface liquid/solid of the PCM 

liq liquid phase of the PCM 

loss yhermal losses 

melt melting of the PCM 

modul modulated or solar flux modulator 
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nod nodule 

or orifice 

PCM Phase Change Material 

ref reference 

reflect reflected 

sol solar 

solid solid phase of the PCM 

visco viscous 
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