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Preheating analysis on molten salt storage tank based on CFD method
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Abstract: Construction a modern power system to pursue carbon neutrality need the support of energy storage technology.
The preheating for molten salt storage tanks is an important link to ensure the safe operation of thermal storage system in
CSP plants. Taking the molten salt storage tank of a CSP plant as the research object, the temperature distribution in the
tank during the equal-step preheating process is numerically simulated based on the computational fluid dynamics (CFD)
method. The influences of the preheating gas injection angle and tank size on the preheating process are explored. The
results show that the temperature at the junction of the bottom plate and the side wall is the lowest during preheating.
Decreasing the vertical injection angle of preheating gas or increasing its circumferential angle can effectively shorten the
preheating time of the storage tank. Under the same preheating gas inlet and outlet conditions, the increase in the inner
diameter of the storage tank can result in a substantial increase in the preheating time.
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Fig.1 Schematic storage tank model
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Tab.1 Properties of tank and insulation materials

SgE| A R PRI
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LR - (kg K)'] 309.3+0.437 3T 640
FHENW - (m-K) ] 73.857-0.043 OT 0.042+0.000 2T
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Fig.2 Grid division of a storage tank
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Tab.2 Preheating plan on site

HERU ] /b PEASIRREZ/C BRI/ (m® - h )

0~9 150 6 000
10~21 200 6430
22~40 250 6890
41~54 300 7320
55~79 350 7750
80~104 400 8180
105~128 450 8 600
129~172 500 9050
173~245 550 9480
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Tab.3 Actual and simulated average temperatures of

the tank at each time point

FEREARIREE/C AR /C X R22/%

AR [A]/h

25 76.56 89.32 16.67
50 111.63 132.59 18.78
75 156.44 172.12 10.02
100 183.75 206.73 12.51
125 223.31 239.57 7.28
150 258.35 273.94 6.03
175 269.04 297.48 10.57
200 312.43 323.94 3.68
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Fig. 3 Preheating gas temperature and tank average

temperature varying with time
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Fig. 4 Maximum temperature difference and temperature rise

rate of the tank varying with time
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Fig. 5 Temperature distribution of storage tank
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Tab.4 Time required for tank preheating under

different vertical angles

NIV B AR R SR )/

TET- R/ C

35° 45° 55°
50 33 3.4 3.4
100 7.8 8.2 8.1
150 14.2 15.1 14.9
200 22.8 245 24.0
250 33.3 35.9 35.0
300 45.5 49.4 48.4
350 59.1 65.3 64.4
380 66.5 72.9 73.1
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Fig. 6 Maximum temperature difference and temperature rise

rate of the tank varying with time under different vertical angles
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Tab.5 Time required for tank preheating under

different circumferential angles

PR 1 AN i R R T [/

30° 40° 50°
50 34 34 32
100 8.3 8.2 7.8
150 15.6 15.1 14.4
200 249 24.5 228
250 36.2 359 333
300 49.9 49.4 46.2
350 66.1 65.3 61.4
380 73.8 72.9 69.7
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Tab. 6 Size of the tank

T T S Y
A HEN A2 /m 23.22 25.00 29.04 36.38
A 3 fm 11.61 12.50 14.52 18.19
PRIz 5 B /mm 500 500 500 500
BRI 1/mm 30 30 46 72
AR 2/mm 26 26 40 64
FAHREE 3/mm 20 20 34 56
AR S 4/mm 16 16 28 48
AN EEEE 5/mm 12 12 22 42
HAHFEEE 6/mm 12 12 16 34
MR 7/mm — — 12 26
AR 8/mm — — 12 18
AR E 9/mm — — — 12
AN JEEFE 10/mm — — — 12
AN 5 B /mm 1980 1980 1980 1980
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Fig.7 Changes of tank temperature with time under different

inner diameters
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Fig. 8 Changes of the maximum temperature difference of the

tank with time under different inner diameters
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