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Introduction

Thermodynamic solar technology, also known as concentrating solar power plant (CSP), is based on the concentration of solar radiation on a receiving tube. The objective of this technology is to transform the solar electromagnetic energy into another more easily exploitable energy: thermal energy. By concentrating the radiation, the flux arriving on the tube is very high, and induces an increase in the temperature of the receiver wall. By convection, the heat transfer fluid circulating in the tube heats up to a high temperature and generates steam. This steam feeds a turbine and generates electricity via a thermodynamic cycle. Some power plants use water as a heat transfer fluid. The production of steam is then made directly in the receiver, these plants are called DSG (Direct Steam Generation). In this type of receiver, the water entering the solar field 0 This is an author's version, please cite: https://doi.org/10.1016/j.solener.2022.08.048 heats up to its saturation temperature and evaporates to create a boiling water/steam flow [START_REF] Dinsenmeyer | Etude des écoulements avec changement de phase : application à l'évaporation directe dans les centrales solaires à concentration[END_REF][START_REF] Dinsenmeyer | Volume of fluid approach of boiling flows in concentrated solar plants[END_REF][START_REF] Lobon | Modeling direct steam generation in solar collectors with multiphase cfd[END_REF]. The solar field is dimensioned to prevent the water from evaporating completely before it exits the solar field. Indeed, the thermo-mechanical stresses on the tube would be too strong and would lead to a deterioration of the system [START_REF] Aurousseau | Modélisation dynamique et régulation des centrales solaires thermodynamiques linéaires à génération directe de vapeur[END_REF]). SUNCNIM's power plant, is a Fresnel mirror DSG with a 9 MW turbine, located in Cerdanya in the French Pyrenees. It is the first and only commercial concentrating solar power plant installed in France. Another special feature of the plant is its thermal storage, which consists of nine cylindrical tanks of 120 m 3 each, placed in parallel. The excess steam from the solar field is stored in these tanks and can be used to run the turbine at full power for 4 hours. The tanks contain a mixture of water and steam at saturation. These are essential to compensate for weather-related intermittency and to limit stop-start cycles at night. This type of phase-separated storage tank (latent + sensible heat) has a very high energy density [START_REF] Steinmann | Buffer storage for direct steam generation[END_REF].

The operation of the storage of the Llo power plant can be broken down into several stages. Initially, the storage contains water and steam at low temperature. The initial pressure of the buffer is about 7-8 bar. The power plant is sized with a Solar Multiple (SM, it describes the relationship between the installed solar power and the power that the turbine can absorb) greater than unity [START_REF] Montes | Solar multiple optimization for a solar-only thermal power plant, using oil as heat transfer fluid in the parabolic trough collectors[END_REF], the steam production is greater than what the turbine can absorb, the role of storage is then to store the surplus production. During charging, saturated steam (from the solar field) at 70 bar and 286°C is injected into the bottom of the tank. As it rises through the liquid bath, some of the heat is transferred to the liquid (which heats up) and the steam reaches the top of the tank where the pressure increases [START_REF] Steinmann | Buffer storage for direct steam generation[END_REF]. The pressure of the vapour buffer and the temperature of the liquid thus increase continuously until the maximum permissible pressure (70 bar) is reached, which triggers the end of the storage phase. This typically lasts 6 to 7 hours. During unloading, the steam buffer of the tanks is connected to the turbine, whose inlet pressure is lower than the storage pressure.

The pressure of the buffer decreases below the saturation pressure inducing mass evaporation of the liquid [START_REF] Kuravi | Thermal energy storage technologies and systems for concentrating solar power plants[END_REF]. In order to maintain a constant mass of water in the storage tanks, the outgoing steam mass is replaced by liquid water returning from the turbine at low temperature. The temperature of the return water varies between 195°C and 135°C. The duration of the unloading varies between 4 and 9 hours depending on the choice of turbine supply. Unlike direct storage of superheated or saturated steam, latent storage maximizes the energy stored in the same volume. Indeed, the stored energy is proportional to the mass of the fluid. The density of the liquid is much bigger than that of the steam and therefore allows more energy to be stored in the same volume. The device in the Llo power plant is called a variable pressure accumulator or Ruth's accumulator [START_REF] Lyle | The efficient use of steam[END_REF]. It is characterized by a tank almost filled with liquid on top of which lies a small volume of steam. In this system, both phases are saturated. Figure 1 presents a schematic diagram of this type of storage.

The operating data show that the reservoir levels fluctuate during unloading. In this study, the operating data will be presented first and then, by means of numerical experiments, the origin of these oscillations is investigated. Part 3 presents the numerical tool used. Part 4 highlights the physical phenomenon at the origin of the oscillations. Finally, in part 5, a "simple" solution will be proposed. For a simplified CFD simulation of the storage system, this will reduce the difference between the largest oscillation and the average of the others by 45%.

Operating data analysis and down scaling

A particular feature of the Llo solar power plant lies in the fact that it has nine latent storage tanks. The latter are arranged in parallel. Thus, during the loading or unloading phases, the fluid outlet or inlet pipes between the tanks are common, this arrangement is shown in figure 2. During loading phases, upstream of the storage, a separator tank is present to separate the vapour from the liquid that comes out from the solar field. This steam is used to fill the nine tanks with thermal energy. A problem of liquid level fluctuations between tanks during the unloading phase was identified by SUNC-NIM. An important part of the work carried out was to study the device to extract the parameters that cause the level fluctuations and to understand the dynamics of the system. The latter are a real problem for the operation of the power plant, as they limit the maximum liquid level allowed in the reservoir and therefore the amount of energy stored. Figure 3 shows three liquid level sensor readings, oscillations of several hundred millimetres over several hours can be observed. However, the average level in the nine tanks does not oscillate. The objective of the study is to model, identify and understand the physical phenomena responsible for these fluctuations in order to maximize the storage capacity. The study does not aim to represent exactly the same oscillations. Only the reason for the creation of the instabilities is sought. By understanding their origins, they can be reduced or even eliminated.

Several measurements are made at the plant, the first being the pressure leaving the storage facility. When the solar fields produce less steam than the turbine consumes (e.g. during a cloudy day or by the end of the day), the pressure drops and causes the storage tanks to depressurize. When the pressure in the storage tanks falls below the saturation pressure of the water contained in them, the water gradually vaporizes and feeds steam to the High Pressure (HP) collector. This manifold serves as a pipe and connects the steam outlets of each tank to each other. This same steam is then sent to the power block. The flow of steam produced is directly related to the pressure imposed by the turbine. During this phase, the pressure decreases as time goes by, Figure 4 shows this phenomenon called Sliding pressure. This depressurization generates a flow of steam out of the storage system that is not constant over time: an increase of the steam outflow is observed during the first few hours before a gradual decrease.
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During the unloading phases, the steam supply line to the turbine is connected to the HP header between the outlets of tanks 5 and 6, while the feed water inlet is close to the first tank (figure 2). Expansion hoses are also installed between different tanks to avoid mechanical problems due to thermal expansion. No control valves are implemented in the circuit to balance pressure levels. The valves shown in Figure 2 are only there to isolate the tanks during maintenance. The expansion lanes of the HP header cause high pressure losses that evolve quadratically with the steam flow. Following this reflection, the installation has been 1 8 : 0 0 : 0 0 1 9 : 0 0 : 0 0 2 0 : 0 0 : 0 0 2 1 : 0 0 : 0 0 2 2 : 0 0 : 0 0 2 3 : 0 0 : 0 0 0 0 : 0 0 : 0 0 0 1 : 0 0 : 0 0 0 2 : 0 0 : 0 0
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Feed water flow rate Steam flow from storage . By observing the water levels in tanks 1, 5 and 8 (all three of which are located in one of these zones) along with the tank's average, our decomposition choice appears justified (figure 6). Each zone oscillates differently in relation to the mean: z1 oscillates around the mean, z2 above and z3 below.

A coupling of several phenomena therefore takes place: the feed water mass flow fluctuates over time (subsequently, simulations have shown that the oscillations are not due to variations in the inlet flow), the steam outflow is not constant, the pressure losses due to the expansion hoses and the piping on the liquid and steam sidewhich cause an unequal distribution of the flows -and finally a stratification of cold and hot water takes place in the tanks. CFD simulations allow all these phenomena to be coupled. Indeed, the resolution of the equations governing the physics is done on the entire mesh constituting the geometry of the system. Two-phase numerical fluid mechanics is very complex in its resolution, the modeling of physical phenomena are sometimes uncertain and unstable. However, in this study, we are not interested in a very small scale resolution, but rather in a global resolution of the system that allows to properly model vapor generation at the interface. The measurements obtained by the sensors of the power plant and analysed in this section allow setting the initial and boundary conditions for the simulation. For the sake of simplicity, and in order to reduce the computational time, our simulations consider only three low-size accumulators.

Numerical method

Description of the n-phase Euler Euler approach

The numerical fluid mechanics simulations were carried out using the version 6.1 of NEPTUNE CFD. This software has been developed by French actors specialized in nuclear electricity for few decades and is one of the most advanced software for the numerical simulation of two-phase flows using the n-fluid approach. The latter is an n-phase extension of the two-fluid model of [START_REF] Ishii | One-dimensional drift-flux model and constitutive equations for relative motion between phases in various two-phase flow regimes[END_REF] It is a multiphase flow solver powered by the open-source software Code Saturne. Modifying the Neptune source files allows extracting computational information or to apply very specific boundary conditions. NEPTUNE CFD uses the Euler-Euler two-fluid model [START_REF] Ishii | Thermo-Fluid Dynamics of Two-Phase Flow[END_REF]. The governing equations in the software are discretized using a finite volume technique with co-located variables. In this approach the conservation equations, namely the mass, momentum and energy conservations, are solved in each phase with a single pressure assumption. The momentum transfer between the liquid and the vapour phases is considered using the Generalized Large Interface Model (GLIM) [START_REF] Fleau | Multifield Approach and Interface Locating Method for Two-Phase Flows in Nuclear Power Plant[END_REF][START_REF] Mer | The emptying of a bottle as a test case for assessing interfacial momentum exchange models for Euler-Euler simulations of multi-scale gas-liquid flows[END_REF][START_REF] Merigoux | A generalized large interface to dispersed bubbly flow approach to model two-phase flow in nuclear power plant[END_REF]. The model distinguish dispersed gas phases (DG) and large interfaces (LI), i.e. interfaces between liquid and vapour that are larger than the size of a cell. For LIs, the resolution of friction along with capillary effects. Thermally, heat and mass transfer is considered through a direct contact condensation model. For dispersed bubbles, the momentum exchange is reduced to a viscous drag, an added mass force -reflecting the growth of the bubble -and a lift force [START_REF] Mer | The emptying of a bottle as a test case for assessing interfacial momentum exchange models for Euler-Euler simulations of multi-scale gas-liquid flows[END_REF]. This software is therefore the one used to solve the problem given the nature of the system (two-phase and sliding pressure). The main advantage of using CFD for this problem is that the resolution of the system will be complete, locally, thus allowing the cause of the problem to be identified and subsequently a macroscopic model to be made.

The study is based on a two-phase water storage system, so the system is relatively stable with a liquid phase at the bottom of the tank and a vapour phase at the top. The flows inside, i.e. the vapour outlet and the water inlet, will be mainly single-phase and with reasonable velocities. This type of two-phase system is called "free surface". In physics, this means that the fluid surface is subject to zero parallel shear stress. Now that the system is defined, the main equations solved by NEPTUNE CFD (EDF R&D, 2018; [START_REF] Guel | NEPTUNE: a new software platform for advanced nuclear thermal hydraulics[END_REF][START_REF] Lavieville | NEPTUNE CFD neptune-cfd user guide[END_REF][START_REF] Mimouni | Modelling and computation of cavitation and boiling bubbly flows with the NEPTUNE CFD code[END_REF] in relation to the study can be explained:

• For each cell, volume fractions α k must satisfy the condition:

k α k = 1
(1)

• The conservation of mass for the field k is expressed :

∂ ∂t (α k ρ k ) + ∂ ∂x i α k ρ k u k,i = p k Γ c (p→k) + Γ nuc (w,k) (2) 
with u k,i the average velocity according to

x i ; Γ c (p→k)
the mass transfer term at the interface from the p phase to the k phase; Γ nuc (w,k) the mass term from wall-induced boiling to the k phase.

• The closing law for mass transfer is as follows:

Γ c (p→k) = - Π (p→k) + Π (k→p) H σ (p→k) -H σ (k→p) (3) 
with Π (p→k) the interfacial heat transfer independent of the mass transfer and will be calculated thanks to the boiling model and H σ (p→k) the enthalpy jump at the interface linked to the mass transfer.

• The conservation of momentum for the field k is ex-pressed :

∂ ∂t α k ρ k u k,i + ∂ ∂x j α k ρ k u k,i u k, j = -α k ∂P ∂x i + α k ρ k g i + ∂ ∂x j α k σ k,i j + p k M p→k + α k Ω k (4)
with σ k,i j the viscous stress tensor; Ω k the external source term (e.g. pressure drops) and M p→k the interfacial conservation of momentum term including drag, lift and added mass dispersion forces.

• The energy conservation for the field k is expressed :

∂ ∂t (α k ρ k H k ) + ∂ ∂x j α k ρ k H k u k, j = α k ∂P ∂t + Π k - ∂ ∂x j α k q k, j + Φ (w→k) (5) 
with :

H k = e k + 1 2 u 2 k + P ρ k (6)
with H k the total enthalpy; q k, j the heat conduction defined by Fourier's law: -→ q k = -λ k ---→ gradT k where λ k represents the molecular conductivity; Π k is the global interfacial heat transfer and Φ (w→k) is the heat exchanged with the boundaries, it describes the boiling model.

• The closing law for momentum transfer depends directly on the exchange in question. If it is a continuous gas-liquid exchange (LI), the expression is :

p k M p→k = M f p→k + M s p→k (7)
if it is an exchange between a dispersed gas and a continuous liquid, the expression is :

p k M p→k = M D p→k + M L p→k + M m p→k (8)
with M f p→k the friction force at the interface; M s p→k the surface tension force expressed by [START_REF] Brackbill | A continuum method for modeling surface tension[END_REF]; M D p→k the drag force expressed by Ishii and Zuber, 1979 ; M L p→k the lift force expressed by Tomiyama et al., 2002 and M m p→k the added mass force expressed by [START_REF] Zuber | On the dispersed two-phase flow in the laminar flow regime[END_REF] For the purposes of this study, the two phases p and k are obviously liquid (l) and vapor (v).

• The law of closure for the transfer of energy is expressed as:

Π k = p k Π p→k (9) 
with :

Π p→k = Γ c (p→k) H σ (p→k) + Π (p→k) (10)
with Γ c (p→k) , H σ (p→k) and Π (p→k) defined previously. Note that Π (p→k) is an independent boiling model for each phase.

• There are several boiling models implemented. For the simulations, the relaxation time model was chosen :

Π (p→k) = α 1 ρ k C p k (T sat -T k ) τ k (11)
with τ k the relation time given by the user. For boiling in a two-phase tank, this can be easily calculated [START_REF] Stevanovic | Prediction and control of steam accumulation[END_REF]. This model has the advantage of being very stable numerically and allows to easily control the speed of boiling.

Numerical set-up

The power plant storage tanks have a volume of 120 m 3 each with a diameter of 2.9 m and a length of 19 m. A CFD simulation of the entire system would involve a very large geometry and represents a computational effort out of reach in the scope of this study. To limit the computational time, calculation were performed on small scale accumulators of 2 m 3 each. The simulated tanks are cylindrical with a high aspect ratio -height to diameter ratio of 2.55. Having a large free surface area, in the real system tanks, tends to lower the frequency of the oscillations. By considering high aspect ratio accumulators -resulting in a decrease of the free surface area -the oscillations' frequency is increased, resulting in a reduction of the required computational time to capture the latter. To avoid simulating nine tanks as in the real system, only three will be represented. However, the philosophy of the system remains the same, each tank will represent each of the zones (z1, z2 and z3). For this purpose, virtual pressure drops representing the expansion lanes of the real system will be added to the pipes connecting the tanks to each other (areas circled in red on Figure 7). This virtual pressure drops, are imposed in a given volume by forcing a positive pressure drop coefficient tensor ξ. In the simulation, this term has been chosen large enough to enforce the disparities between the tanks and thus amplify the oscillation phenomenon. The pressure drops are considered by adding a source term Ω in the momentum balance in the specified zone. The source term writes as follows:

Ω k,i = - 1 2 ρ k ξ k,i j L |u k,i |u k,i (12) 
with L the length where the pressure drop is applied, ρ the density and u the fluid velocity. As in the real system, our simulations are performed with water. The physical properties of the fluid taken by NEPTUNE CFD are taken from a very comprehensive library implemented in the code CATHARE. The steam compressibility is considered in the simulations and the tank walls are assumed perfectly insulated. Indeed, the insulation of the tanks is very consequent on the real system. The large volume and compactness of the storage tanks also justifies the fact that the losses are low. Moreover, the temperature changes during the depressurization of the tanks are much more important than those due to the losses towards the outside. The simulations are initialized using the operating data of the power plant. Prior to unloading, the system pressure is at 68 bar and the fluids are assumed at rest and in a saturated state. The initial volume of water in the tanks will be assumed to be 2/3 full.

The boundary conditions applied to the system during these simulations are: the outlet pressure and the inlet flow. Depressurization allows evaporation to take place and governs the outgoing steam flow. In order to limit the physical time of the simulations, the dynamic is intensified by forcing the sliding pressure imposed at the outlet by a coefficient β:

P(t) = -β t + 6 800 000 [Pa] ( 13 
)
The sliding pressure was applied in such a way that a high evaporation rate was observed at the beginning of the simulation [0:310s] and then a lower rate at the end [310:810s], as shown in figure 8.

The inlet feed mass flow is chosen to keep the mass of water in the reservoirs as constant as possible, although in the real system this same mass gradually decreases throughout the unloading period. However, our simulations allow confirming that this liquid mass decrease is not responsible for the oscillations. In the SUNCNIM system, the feed flow has a lower temperature than the one initially present in tanks, and it will therefore be fixed at 460 K in the simulations.

In order to represent the inconstancy of the flow rate, it will be managed as follows: either zero or equal to a percentage of the outgoing mass flow rate so that the feed rate is directly dependent on the outgoing mass flow rate and varies around it in order to represent the variations observed in Figure 5. These variations are represented in figure 9; the outflow rate is dynamically calculated during the simulation and is also represented. 

Reproduction of level fluctuation

The simulation is performed for 810 s. Figure 9 shows that the sudden change in pressure imposed at 310 s has a direct effect on the evaporated flow rate as discussed in the section 3. The liquid level evolution observed in the three tanks are presented on Figure 10 along with the averaged evolutions. As in the real case (see Figure 6), the liquid height of the zone furthest from the feed water inlet (z3) oscillates below the averaged level whereas the liquid level of tank 2 -which is the zone closest to the steam outlet -rises like the zone (z2) of the real case. Tank 1 fluctuates well around the mean. The first objective is thus achieved: our small scale numerical case is able to reproduce the oscillation mechanism.
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Tanks' mass balance

In the simulation, due to the pressure drops in the liquid pipe between tank 1 and 2, the feed rate favours the first tank. The pressure drops between the tanks on the steam pipe will cause a depressurization of tank 2 compared to the others. In order to understand the phenomenon that causes the differences in liquid height, a flow balance was made for each reservoir. The vapour flow rates from the three tanks are approximately the same and depend directly on the sliding pressure imposed on the system. The evaporation rates, once boiling is initiated, are roughly identical. The cause of the differences in liquid level is due to the transfer of liquid between the different tanks, as shown in the simulation results in figure 11. Initially, tank 2 fills up while tank 3 empties. Tank 1 fills or empties depending on the feed rate imposed on the system. In the second phase -for t ≥ 310 s -, the depressurization decreases and the opposite behaviour is observed. As mentioned earlier, due to liquid pressure losses, tank 1 is strongly influenced by the flow rate imposed on the whole system, while tank 3, being the furthest from the inlet, is only slightly influenced by this flow. Figure 12 shows the relative volume pressure in each tank compared the average pressure in the whole domain. At start-up, boiling is controlled by depressurization and takes place in each of the tanks. The flow rates in the steam lines increase. The pressure losses in the steam lines cause pressure differences between the tanks. Tank T 2 , being closest to the outlet, has a lower average pressure than the two other tanks. Tank T 1 is the closest to the inlet, where enters the "cold" liquid flow, the average pressure of this tank increases, so it has the highest pressure of the three. Finally, tank T 3 is the furthest from the inlet, but equidistant from T 1 for the steam outlet, so it stabilizes at an intermediate pressure level between T 1 and T 3 . By transferring, the system naturally tends to balance the pressures between the tanks. Thus T 2 fills and T 3 empties. The level of T 1 depends directly on the mass flow rate imposed at the inlet. After 310 s, when the slope of the sliding pressure changes, the evaporation rate also changes in the three tanks, which implies a decrease in the flow rates in the steam lines and thus a reduction in the pressure drops that depend quadratically on the steam flow. Thus, T 2 has the highest pressure level, due to the transfers during the first phase which led to a filling of this tank to the detriment of the others. The hydrostatic pressures of the tanks now take priority over the pressure drops in the steam line. T 2 therefore empties, while T 3 and T 1 fill up. The oscillation cycle is complete.

Simulation and real plant comparison

In the reality, this change in the sliding pressure slope is gradual, but the phenomenon observed remains the same. This can be seen by observing the time at which the steam flow out of the system is maximum (figure 5), and it is at this time that the pressure drops are also maximum in the vapor pipes. In the simulation, this point corresponds to 310s (decrease in steam outflow). The liquid levels corresponding to the z2 zone between real and simulation are then similar, it is at this period that the liquid level in this zone reaches its maximum. It should also be noted that the real tanks have very large volumes and that the fluctuations take place over several hours. The transfer between tanks is therefore much slower, as the volumes of water to be transferred are much larger. In addition, the hydrostatic pressure depends only on the water height and not on the volume, which increases the transfer times and therefore the fluctuations.

A solution to dampen the oscillations

In the previous section, we demonstrated that the liquid level fluctuations between tanks are mainly due to pressure drops in the steam pipe network connecting the accumulators to the turbine. The most elegant solution to this problem would be to balance the network by: increasing the steam pressure drop at the outlet of tank 2 and the liquid pressure drop at the inlets of tanks 1 and 2 to obtain a perfectly balanced system. However, dynamic network balancing of the network is complex because it depends directly on the flows that pass through the pipes, the pressure drops evolve quadratically with the mass flow which itself depend on the turbine feeding pressure. A regulation system would then be mandatory and might be expensive and quite complex to set up. A simpler solution consists in connecting all the tanks with a second steam line. The objective is to reduce the pressure difference imposed by the steam outlets. By adding a pipe that connects the nine tanks (with the minimum of singular PDC), this allows for a faster pressure exchange. It should be noted that this will not completely solve the problem as there will still be some pressure losses caused by the flows through the pipes as well as the liquid side pipes. In addition, it is advisable to install the widest possible pipework so that the pressure losses are as low as possible. An overview of the geometry is shown in figure 13. The addition of a tube allows the fluctuations to be reduced quite easily. Figure 14, shows fluctuation levels observed while implementing this pressure connecting pipe. One can observe a decrease in the largest fluctuation thanks to a better pressure distribution between the tanks: the maximum level reached in tank T 2 decreases from 920 mm in the initial case to 850 mm while the proposed solution is implemented. As the fluctuation level amplitude is reduced, the nominal liquid filling level can be increased, resulting in a rise of the storage capacity. This first solution, which is simple and quick to implement, would thus improve the system. In the simulated example, it reduced the difference between the average and the highest fluctuation by about 45 %. In this example, this solution would allow a gain in the amount of stored energy which is directly dependent on the storage capacity of the superheated water. The solution for this case, assuming that the small-scale model has the same sensitivity as the real system, would allow an increase in storage capacity of about 8-9 % (to reach the same maximum height of the fluctuation h T 2 without the solution).
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Conclusion

Many DSG concentrating solar power plants use two-phase storage tanks to compensate for weather instabilities and to continue production at night. In order to have a large storage capacity, several of these tanks can be placed in parallel. However, operating data from the Llo solar plant shows that liquid level fluctuation might occur during unloading phases. Reducing these fluctuations is crucial, as they force operators to limit the liquid mass in the tank and thus deteriorate the storage capacity of the system. In this study, CFD simulations were performed to identify the cause of the oscillations. The latter have shown that it is necessary to balance the pressures between the tanks so that the liquid levels remain as stable as possible during unloading. Solutions exist. For the installation of this power plant there are several, the one presented in this article -which is very simple as it only consists in implementing a pressure connecting pipes between the tanks -allows the oscillations to be reduced by 45 %. More sophisticated solutions -aiming to dynamically balance the network -are also possible, but might require greater research and development investment. If a new storage system with several tanks in parallel were to be built, it would be necessary to design an initially better balanced network with different pipe diameters or with balancing valves provided for this purpose. The two-phase CFD used in this study makes it possible to quantify the reduction in oscillations and therefore the gain in storage capacity. Future work will aim at reducing the complexity of the model to decrease the computational time associated with the simulations and make it possible to simulate the real system.

  AbbreviationsCFD Computational Fluid Dynamics CSP Concentrating Solar Power DSG Direct Steam Generation GLIM Generalized Large Interface Model HP High Pressure LI Large Interface SM Solar Multiple Greek symbols α volume fraction [0 : 1] Γ interfacial mass transfer term (kg.m -3 .s -1 ) Π heat transfer independant of mass transfer (W.m -3 ) ρ density (kg.m -3 ) τ relaxation time (s) τ viscous stress tensor

Figure 1 :Figure 2 :

 12 Figure 1: Schematic diagram of a "Ruth's accumulator"

Figure 3 :

 3 Figure 3: Fluid level oscillations of the tanks (only three are shown here)

Figure 4 :

 4 Figure 4: Slidding pressure leaving the storage facility

Figure 5 :Figure 6 :

 56 Figure 5: Feed water flow rate and steam flow from storage
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 7 Figure 7: Geometry of the simulated system: 3 tanks (from left to right: T 1 , T 2 , T 2 ) each representing the zones z1, z2 and z3
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Figure 11 :Figure 12 :
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 13 Figure 13: Proposed solution: add piping between the tanks to minimise pressure drop on the steam side
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 14 Figure 14: Simulation -Liquid level in the tanks compared to the average of the three for the basic simulation and the one with a solution
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