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1.) The preliminary economic assessment neglected heat exchanger, piping, pump, O&M, and 

salt melting costs, as well as balance of system costs that are inherently necessary for a true 

capital cost study. These should be included in future investigations. 

2.) A plant level study that compares the electrical output and levelized cost of energy from each 

of the systems should be conducted.  

3.) An exploratory cost study on potential sensible heat and phase change materials would be 

beneficial. This should include recycled materials such as that found in Py et al. [93] which 

presents a very low cost material that can be used for high temperature applications. 

4.) Encapsulation methods and costs for high temperature packed bed LHS systems are still 

needed. There are many technical hurdles in developing encapsulation techniques that are 

robust enough to withstand thousands of thermal cycles. Until this has been established, SHS 

packed bed systems are likely to be technically and economically superior in the near future.  
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Appendix A. Nomenclature 

Bi  

Cp  

Cp,eff  

d  

Dp  

G  

h  

H  

hp   

k  

L   

Nu  

Pr  

Re  

vt  

ΔP  

T  

TL  

Tm  

TS  

U  

ρ  

μ 

ε 

Biot number, h(r/3)/ks 

Specific heat capacity (J/kg-K) 

Effective/apparent specific heat capacity (J/kg-K) 

Tank diameter (m) 

Particle diameter (m) 

Air mass flux (kg/m
2
-s) 

Convective heat transfer coefficient (W/m
2
-K) 

Bed height (m) 

Horsepower 

Thermal conductivity (W/-K) 

Latent heat (J/kg) 

Nusselt number, hDp/k 

Prandtl number, cp,HTF μHTF/kHTF 

Particle Reynolds number (GDp/ μHTF) 

Propagation velocity of thermocline zone 

Pressure drop (Pa) 

Temperature 

Liquidus temperature 

Phase change temperature 

Solidus temperature 

Superficial bed velocity (m/s) 

Density (kg/m
3
) 

Dynamic viscosity (kg/m-s) 

Average bed porosity 

Subscripts 

 

c  

eff  

h  

HTF  

s  

 

 

Cold 

Effective 

Hot 

Heat transfer fluid 

Solid phase 
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Appendix B. Supplemental Information on the SHS Packed Bed Prototype System 

B.1 Flow Conditioners 

The only design that showed favorable results for the flow from the top of the system was that of 

a commercially available CRV vane produced by Cheng Fluid Systems. A small prototype was built and 

tested by inserting the device before the elbow of the small-scale system. Figure B.2 illustrates the 

difference in velocity across the bed diameter when the vane is included versus when it is removed. The 

velocity exhibits a parabolic shape that is symmetric about the central axis when the vane is implemented. 

This is opposed to the situation when the conditioner is removed, wherein the velocity peaks along one 

wall of the bed, dips at the center of the bed, and rises slightly along the opposing wall. Due to the high 

cost of purchasing a large stainless steel CRV vane for the pilot-scale system, the flow conditioner was 

not purchased and the system was operated without any device.  

 

                                          
             a.         b. 

                                            
    c.      d. 

Figure B.1. Flow conditioners that were tested to examine their ability to uniformly distribute air flow. 

a)  a tube bundle made with ClearFlex PVC tubing was placed in the elbow, b) a Deflect-o adjustable 

4 inch diffuser was placed in the entrance plenum, c) stainless steel diffuser plate made with 

countersunk holes and placed at bottom of the lower entrance plenum, and d) handmade CRV vane 

made with aluminum sheeting. 
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B.2 Prototype System Components and Construction 

The following images provide details on the construction of USF’s SHS prototype system. 

 

Figure B.3. Two 24” flanged tank sections. 

 

 

Figure B.2. Measured velocity profile across tank diameter with and without CRV vane. 
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Figure B.4. Perforated packed bed plate topped with a layer of insulation and stainless steel mesh. 

 

 

 

Figure B.5. Final system setup prior to insulating. 
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Figure B.6. Omega k-type thermocouples (type XCIB) used in USF’s packed bed system. 

 

  

Figure B.7. Heater control system (left) and thermocouple board (right). 

  



122 

 

Appendix C. Copyright Permissions 

This section includes the permissions  obtained to use the copyrighted materials. 

 Permission to use Figure 1 in reference [3] 
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