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Motivation

Two-tank molten
salt storage

Single-tank storage concepts

Cost reduction
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Challenge: Single tank at elevated temperatures
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Challenge: Single tank at elevated temperatures

 Stress decreases with
thicker walls
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 Stress increases with
thicker walls
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How big can a single-tank storage be built?



Methodology
Model development

Matlab modelFEM Analysis

Validation with
Faas et a.

Validation with
Kang et al.

Parameter 
variation
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Methodology
Model development
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 FEM: Rotationally symmetrical "pie slice" of a tank incl. base 
and roof.

 Matlab: Numerical solution of the 4th order ODE [1] for the 
rotationally symmetric deformation of a cylinder due to 
thermal expansion (boundary value problem):

[1] Timoshenko, S. and S. Woinowsky-Krieger, Theory of Plates and Shells. 1959: McGraw-Hill.

Bending stiffness

Radial deformation

Temperature difference
relative to origin

Inner pressure

Young's-modulus, tank wall
thickness, coefficient of expansion

Parameters dependent on transverse
contraction coefficient, bending
stiffness and tank wall thickness
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Methodology
Model validation

 Validation with 2 Experiments

 The model reproduces the stresses with sufficient accuracy.

Thermocline Filler Solar One [2]
(177 °C – 304 °C)

Model D

Kryogenic Tank [3]
(-169 °C – 20 °C)

Model E

[2]  Faas, S.E., et al., 10 MWe Solar Thermal Central Receiver Pilot Plant: Thermal Storage Subsystem Evaluation - Final Report. 1986, Sandia National Laboratories.
[3]  Kang, Z., et al., Experimental study on cool down characteristics and thermal stress of cryogenic tank during LN2 filling process. Applied Thermal Engineering,

2018. 130: p. 951-961.
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Methodology
Parameter study
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Position of thermocline 𝑥୘େ
Thermocline thickness 𝐿୘େ
Temperature difference Δ𝑇
Tank diameter 𝐷
Hydrostatic pressure 𝑝୦୷ୢ
Tank wall thickness 𝑡

Max stress 𝜎୫ୟ୶

Parameter variation matrix:

Definition of a simplified
temperatrure distribution



Results
Example for 76 MPa design stress

 Critical diameter identified

 Required wall thickness surchage
(WTS) increases at an accelerated 
rate as the critical diameter is 
approached.

35m

1m

560°C

20m

2.5m

560°C

10 Thermally induced tank stress in a single tank – SolarPACES 2025 – Freerk Klasing, DLR



Results
Parameter study

 Critical diameter identified for
variations in:
 Temperature difference 

 Hydrostatic pressure ୦୷ୢ

 Design stress ୟ୪୪୭୵ୣୢ

 Derivation of a generally 
applicable formula for the critical 
diameter:

𝐜𝐫𝐢𝐭𝐢𝐜𝐚𝐥 ୘େ ୟ୪୪୭୵ୣୢ ୦୷ୢ
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Conclusion

Optimized geometry

H

D

Heat resistant steel Inner insulation

S
a

lt

A
m

b
ie

n
t

In
su

la
tio

n

In
su

la
tio

n

Modular design Optimized thermocline
thickness

Thermally induced tank stress in a single tank – SolarPACES 2025 – Freerk Klasing, DLR12

 Comprehensive structural mechanical analysis reveals the general 
feasibility of large scale single-tank storage for ୡ୰୧୲୧ୡୟ୪

 Possible design improvements:



Paper available here:
10.1016/j.est.2024.113870
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