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Effects of Built-in Heater Arrangement on Melting Heat
Transfer and Thermal Storage Performance of a Single-Tank
Molten Salt Thermal Energy Storage System
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Abstract: To address the difficulty of cold restart caused by molten salt solidification in single-
tank molten salt thermal energy storage systems after shutdown, low-load operation, or
excessive heat discharge, Hitec molten salt was selected as the thermal storage medium, and
a three-dimensional transient numerical model equipped with built-in electric heaters was
established. The enthalpy-porosity method was employed to simulate the remelting of
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solidified molten salt. The effects of heater number, vertical position, and input power on
remelting heat transfer and thermal storage performance were investigated, and the evolution
of heat-transfer stages was characterized using the heater-scale effective Rayleigh number,
liquid-phase Péclet number, and dimensionless melting rate. The results show that the
remelting process successively undergoes three stages: local thermal diffusion, natural-
convection enhancement, and late-stage local heat-transfer limitation. Increasing the number
of heaters from 4 to 8 groups shortens the complete melting time by approximately 5.0%,
while improving the spatial coverage of heat sources and reducing residual unmelted regions.
Increasing the installation height from 400 mm to 800 mm prolongs the complete melting time
by approximately 25.9%, indicating that the vertical heater position significantly affects
residual-solid distribution and final-stage melting. When the input power increases from 260
kW to 300 kW, the complete melting time decreases by approximately 9.6%, whereas the
normalized energy-utilization coefficient declines from 1.00 to approximately 0.96, indicating
that higher input power accelerates remelting but reduces the energy-utilization level. The
results demonstrate that the cold-restart performance of an engineering-scale single-tank
system depends not only on heat-input intensity but also strongly on the spatial configuration
of internal heat sources and the resulting heat-transport paths. Rational optimization of heater
number and vertical position can promote liquid-region connectivity and improve residual-solid
evolution, providing a reference for the cold restart and built-in electric heater configuration of
single-tank molten salt thermal energy storage systems for industrial hot-air drying
applications

Keywords: Molten salt thermal energy storage; Single-tank thermal storage; Built-in electric

heater; Remelting of solidified molten salt; Natural convection; cold restart

Gig. DG AR BN AT LR AT

Bl S8 ML RUBEIE Eh A B AL . Bl R Gt it e
WERIMHIT A, ENSNCITRE TSI, 2Rk
Ve SEO B BE SR Fh A RE B R G T X TE S

I Befil Ay I BORE#y, AT B A oMk A3
AUA, iR BAT TARIR G 58 il A3 B e A
MAE MR SR R @ T R Tk A I
s AR, BT B ARIEERA T BT TR R
gl JIXRARA AR . A GUUUE R 1 i A
ARG T A B TEAMIAGE, FFRCEMAEE . 78
R RERE M, W&EMED . HHmREK. M
FEZ ™, BRGNS h it B R G0 P AE [F] — R P9 58 A
[FHRALIE SR A2 S ARG, RA4WESE. &
()R 3w SRS R, B B A 2 IR A 23 i ol
FIFAI 550, it — R e I A ke B AT A P
i, AT AN E N R S IR E B, e R
G . (HERGKEEENL. R T eid
FETRCHINT I PN A 56 7T R 2 KV B ], AT 1
TN R BIAEE -

L, Wk T B A AT AT, HH4aH
J R VR 3 RD ARG P R 1 R AR AT P R R E
fR 1) R, Li Z58I7E 20 m3 MV 2 Sh il e i B 2 41
HUINAARE, PR T IR ERIG LN, B0IF T 2 #Wg
SN KRB AL TAE A7k, (AT E
T B TR RS L RE K IB AT B SRS
Ouyang F5 1 Klasing &7 7] MG IR BvRe 14 . B
T 45 74 S F R 7756 75 TR 7 1 B0 R G (M8 47 MR
Hghiiy e b o LiZEME— 0 7 7 40 A 2R B HR
K N Bl ) o7 BT R iy A R B A M N T IR R
EAR WS B 58 A e [0 4 6 P I AL F2 o (UM X 3 e
5 . Wang 55250 8T T 45 B fifh 0 TR %
A EVREE B B R IR TR SR, I LA T A R L
75 A g E R RE 2, LRI 90 B TR T A A
TR A B N ACGERE . Zhang 25X [ SR B B



DENTRAE: A B IR AT BN Gk AR I 1A% TR B A BV EE R FR) ST 3

ARG RG, WEA T MASREE. friE
K ESHOT IR SRR R, B TS5
IS TR) R 38 ) B R # vl s Zhua 25094y
M T R IR T B EEE B P FE RS B
IRRTRAT e BIRWFFIR I, Tl R i S
ZH N E IR, & B # O Atk 2 g — i
Befith, HIA TAEFEREIBATEE] . B 7
AR 22 4, 0 58 Ak [ 8 B A T AT
P B AR 2 ) T L ] ) R A A A S AR AT e =
REGHE .

TEVREEWE SRR 7 TH,  SEHEAS S5
TE N HEAERGFA TSRS AR, R IR AL
B RSPy REELWEBEAHXY & Zhang
UM T E B R E SRR B Bl S A R
Te RS . T AN R SR 5 IR 4 IR (1)
HEKZ; Prieto ZUER X LA 3 A& IR AR IS
RKFIREENR G, BIREREHE, LR TE
PR S B AR S SR PTG E T,
T T ARG R R N RS R E I ReRES AT AT M. 7E
FHARFA AL BRAL T, Uddin 25038 B B SR 57 AE
i 312 YA X VR & A% A FE T HE 2 s Bouzennada
SEROFN Ebrahimi &0 HE— D4R AN E L BE K
JRUPE S AR A DX AL R AR A A R . SR, I
KW 2 AT/ NREAZ R, He el EHER
fIE T A2 RO B b 22 4 ) B R RIVE R N ITE D
PRI RN B 2% [ AR VA o

gL, TR mEAte. 2RI, s
PR S Ha AR 2R e B Ak O 2R — e W 2l
Tl RUBE I 3 ot % B PN FAR AT B AR B AR A
TH. WEMRZREEFEREHN. BB &
Pk BATIERIE A, T S AR e
AT, N E VRS B a0 520 Jm A T S
B F RS RS R AR E AR B, =
G —HRNES R ARG LI AR, IS
E ] o7 B -5 %\ D 250 58 A A0 18] & g R F K
SERIARRAE A it — D B . R ) B R
FIE R RS A S E B ERE L B i #gs
TR E .

BTk, ARSCPATE A1 A TR R
WA SREE IR GL T B, T 58 4t ] Hitec 14 374
BB RER =4S BUERT, REE MK
AR TENAT B ALE AN IR . WA

L RBNRFIE . 58 AR AN TR RO % P i B R FH ZKF
{03220 I EB v o = N 1 N BTN L [ N E F A
TR SR AR AL AR, b AR = A B S
AR N 5 S X A R R e Ie S B AR AL PR RE Y
M, B EREIE SR A R GRS H R LA EH
MG S BRI SE

1 AT

1.1 YBEIRE

FET I T AT IUE BRI TT R, 2
LTSS ERAE AR G =R BEALR, 1 R
2 5 4t LA Hitec J& £ i B v o, CREINA A3
B IR Bt B 5 T RE AR B T A — (B Py . BP9 AT B
WERBINMAG, HRGUENLEST H LU0 T EUE ikt
[ J R AE A R 8 X R P ek ] e R AT I
e kL A R IR s, AT S B 2R G i

HJH
e

JA¥AE :>mm%

| WwiE2

/
B f o A

E1 REBEREARGELLARE
Fig. 1 Simplified geometric model of the single-tank
molten salt thermal energy storage system
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Table 1 Main structural parameters of the single-

tank molten salt thermal energy storage system
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Table 2 Thermophysical properties of Hitec molten

salt®™
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Table 3 Variation of Hitec molten-salt density with temperature and applicability assessment of the
Boussinesq approximation
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during molten-salt remelting in the single-tank
thermal energy storage system
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