Wall impact on efficiency of packed-bed thermocline thermal energy storage system

Introduction

Results and Discussion

Packed-bed single-tank thermal energy storage (TES) is a low-cost alternative to the conventional two-tank system for concentrated solar power (CSP) plant, which using cheaper solids as heat storage medium in direct contact with the heat transfer fluid to convey heat. In single tank, hot and cold fluid are separated by buoyancy force due to the different densities, forming a thermal gradient zone called ''thermocline". As an indicator of thermal performance of the TES system, thermocline thickness can be effected by wall heat capacity through inducing fluid temperature inhomogeneity. Thus, it's necessary to comprehend the wall impact on thermal performance of packed-bed TES system for improvement of system efficiency. ► Computational domain of control volume of packed-bed TES tank in discharging. ► Heat flux peak height and span increase over discharging time, reflects an increment of thermocline thickness since wall heat transfer from wall to fluid in discharging.

Problem:

•Wall heat capacity spread the thermocline?

• Energy stored in wall before discharging reaches up to 8% of total system energy, that can not be ignored.

• Wall heat capacity can cause thermocline degradation in discharging process. Baoshan XIE (1) , Nicolas BAUDIN (1) , Jérôme SOTO (1) , Yilin FAN (1) , Lingai LUO (1*)

Conclusion

► Energy equations

  𝐸𝐸 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐸𝐸 𝑓𝑓,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝐸𝐸 𝑠𝑠,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝐸𝐸 𝑤𝑤,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝐸𝐸 𝑖𝑖𝑖𝑖𝑠𝑠,𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ►The maximum energy stored in the wall before discharging can up to 8% of the total system; ►After discharging, the energy in the wall and insulation all decrease for two tanks, which means heat transfer to fluid or ambient.
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