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Central receiver CPS Plants i :NREL
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Molten Salt Thermal Energy Storage

e Hot tank: 347H stainless steels, 565°C. F'Tl‘f

Electric

e Salt composition: 60% NaNO3 -40% KNO3
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e Lower intermittent operation for the power cycle [Gen2 CSP Plant. Central Receiver, two-tank molten salt thermal

energy storage, steam-Rankine power generation cycle] NREL | 2



Problem Definition / Motivation L.:NREL
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Several Failures have occurred in molten salt tanks in commercial CSP Plants around the world
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In general, in-service hot tanks in the CSP industry have been
generally designed based on American Petroleum Institute’s \
(API) 650 and ASME BPVC Section Il standards. ’

API 650 SN Gwdglmes about dimensions and fabrication
for oil storage tanks up to 260°C. . X ) : : . . .

Number of Issue Occurrences

ASME BPVC s Allowable stress values for various materials

. [Mehos et al. 2020. Concentrating Solar Power Best Practices Study. NREL/TP-5500-75763]
Section Il at a range of temperatures and conditions

API 650 and ASME BPVC Section Il seem to be limited for hot tanks design where
high temperatures, thermal cycling, and transient conditions are expected!



Problem Definition / Motivation i.:NREL

Transforming ENERGY

Project 38475 — “Failure Analysis of Molten salt Thermal energy storage tanks for in-service CSP plant”
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Most tank failures have occurred in the tank floor and are mainly associated with improper design and fabrication
procedures of the floor, leading to high residual stresses after welding fabrication, high stress during operation, stress
relaxation cracking (SRC), buckling, and creep


https://www.nrel.gov/docs/fy24osti/89036.pdf

Molten Salt Hot Tank Modeling L:NREL
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The hot tank model has been validated. It incorporates computational fluid dynamics (CFD)
models for the sparger ring and molten salt and a mechanical model for the tank shell and floor. NREL | 5



Representative Tank Design L:NREL
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Tank Floor Fabrication Modeling i iNREL
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The tank floor is the most critical component due to the large loads and

High stresses have a negative
friction forces between floor and foundation during cycle operation.

impact on the tank lifetime.
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Under current floor design, fabrication, ° - . L
and operation our model pred'Cts a (a) Residual stresses in the floor after fabrication;
lifetime lower than 3 years! (b) Maximum stress in the floor during operation.

The floor is typically fabricated from several thin
rectangular plates that are welded together.

Failures in current plants have occurred in less than 3 years of operation!!



Stress Distribution in the Tank Floor
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Comparison in stress in the tank floor. (a-c) Residual stress & distortion considered. (d-f) Flat floor
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Stress Distribution in the Tank Floor *»:iNREL

Transforming ENERGY

580

(5,
@
o

w
B
=)

520

Inventory Temperature (°C)

500

480

445 -

Inventory Temperature (°C)

430+

Von Mises Stress contours. (a-c) Clear sky and (d-f) Partly cloudy sky operation conditions

440 |-

435 -

[MPa]
— 1000 : : : : 1250 —— Salt Outlet ,—— Salt Outlet ,— Salt Outlet
: | oo (a) (b) (c) 250
= 41000
i @ 7o 3 200
= | & =
750 2 T 3.
- 3 St w 150
{502 &
= 1500 E o
B £ 2 O 100
B losg 30
50
— a : : : : J10
0 100 200 300 400 500 600 700 ; . .
Time (mins) 60 mins 300 mins 660 mins 0
[MPa]
500 . . . i . 1500 36 — Salt Outlet — Salt Outlet — Salt Outlet
"‘H‘_f—--‘
I~ Inlet Ternperature\\/_ N (d) (e) (f) - 000
a0 1T y Inlet Flow ," - >
%) A \ ! 1327 X
-~ r) | ! 1000 @ > @
o | \ ! 54 = > 150
3300 i H = T T
© I ]
o -] 1 ; % 28 § g
a ! : i > = 100
E 200 -1 I ] T o (&)
t ! -"'II' .......... i 1 500 © S )
kT ; Pl Inventory Level | - = L
= 1 A | 4245 @&
1001 7 | | o w50
[ 1 |
I_/ |I | i
b !
1 1 \
0 T 30 20 50 60 ~20 - : : 0
1 min 30 mins 60 mins

Time (mins)

Friction coefficient = 0.5 NREL | 9



Stress Distribution in the Tank Shell :*:iNREL
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Von Mises Stress contours. (a-c) Clear sky and (d-f) Partly cloudy sky operation conditions
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Stress Distribution in the Tank Floor *»:iNREL
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Stress Distribution in the Tank Floor
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Stress evolution in the tank floor for different friction coefficients
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Inventory level = 2m, Tinv. = 400°C, Tin = 560°C, inflow = 1200 kg/s NREL | 13
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Sparger Ring Position

Tmax — Tmin radial line

A significant reduction in
the temperature difference
is observed for a sparger
ring located at 1.90 m above

the floor
25 a ' |l1 . hl
I/\ Il'.:ll IiLI ’ \I\l\‘l Ilr

— 20 : I’ I'*l\‘\ ,-1| M/_\I". J' v
E_) Ih'l / II I".I # f.' ,I '.H‘ ," 3
£ 15 LY
E ;I,r}-j ) i 'J\-\_.g_.-'
* _r___.-'"'ij ’-"'_"FH
E 10 L .
= "_‘-x__/f : -

/ T —— SR height 1 m

S a R ———- SR height 1.5 m

——= 53R height 1.9 m

0 5 10 15 20 25 30
Time (mins)

Tmax-Tmin [°C]

Cum. Avg. (Tmax-Tmin) [°C]

15

-l
o

w

10

SR height 1 m
SR height 1.5 m
SR height 1.9 m

10 15

Time (mins)

20

—— SR height 1 m
——=—: SR height 1.5 m
——= SR height 1.9 m

10

15
Time (mins)

20

25

30

10

—— SR height 1 m
—~——. SR height 1.5 m
—.=:= SR height 1.9 m

0 5 10 15 20 25 30
Time (mins)

Cum. Avg. (Tmax-Tmin) [°C]
@

The Sparger Ring should be
optimized to reduce
temperature variations

Tmax — Tmin tank floor

NREL | 14
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Operation Design Design/Fabrication  Implementation Design/Material  Design/Fabrication  Implementation

Post Weld Heat  New Welding | Improve Tank
Treatment Filler Re-design Preheating

L] If:: LLE
Failure Low-Cycle Stress Relaxation
Mechanism Fatigue Cracking

Failures in hot tanks can be attributed to multiple mechanisms, including low cycle fatigue, stress
Q relaxation cracking, excessive deformation (buckling), and creep.

- Safe Operation Sparger Ring
Protocols Optimization

Improve Welding

Procedure

Current failures in hot tanks are strongly influenced by their design, fabrication procedures,
Q material characteristics, and challenging operating conditions.

Q The residual stresses and distortion of the tank floor after welding fabrication
- exert a strong impact on the stress levels developed during operation.

NREL | 15



Final Remarks

Design changes such as floor thickness and sparger ring
Q location (height) could be improved to reduce stresses.

A definitive solution to tank failures requires
addressing multiple issues during tank design,
fabrication, implementation, and operation.

Take a picture to
download the
final report

https://www.nrel.gov/docs/fy240sti/89036.pdf
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