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Abstract

This paper develops a transient simulation model based on the finite difference method to analyze
the steady-state and transient characteristics of the world first flue gas-molten salt thermal storage
system. At rated conditions, steady-state temperatures are 301.46°C, 388.82°C, and 317.05°C for the
flue gas outlet, molten salt outlet, and average heat exchange tubes bundle, respectively. Using the
rated flue gas flow, startup preheating to the target temperatures requires 279.9 s for thermal stor-
age and 812.6 s for thermal preservation. During shutdown, cooling to 200°C takes 59.8 h (thermal
storage) and 101.3 h (thermal preservation); cooling further to 25°C requires 588.8 h and 736.0 h,
respectively. This work provides theoretical and practical guidance for the design and operation of
such systems.
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2. ASBEABRARMREEERERENR
2.1. S - HRREREREMREE

RS FT RIS, - 45 35 33483 (Flue Gas-Molten Salt Heat Exchanger, FMHE) R4 5 A A EE F R4
TR - IS SR AR R B RN 28 VR AE R . FEX AR E A, AR ICEIA BRI RS, BEnT DASEI
FEARERAE, 0] DASEI SRR 9]

Figure 1. Schematic of the CFPP coupled with the molten salt TES system
1. $BAIARLEL TES ARG aYAIEE [ (Coal-Fired Power Plant, CFPP)/R &= [&]

K 1R TR - $a 3 A EE % 77 (Thermal Energy Storage, TES) RAHIAL B . (EAEHGTFEF, (RIEE
RN FMHE, WISEAE, SRIEH 51 T B RERRESAT A7 AECERT B, A0 A S sl R s S ok AT 4 i
AIRRKAEBIA S TG 8Kk TR LR E RS, FTHIER 3%/min () 5407 TEIH A

2 JEIR T AR RO E AN A . ARG RN ERE . — & TS XL
JRE S A IR R o MR SRAEE N FMHE 2 RVR G, fE S o B AL B 5 I8 28 g R4 R S,
Y EN TR SR 8] 2135 18 1 (i A i (SCR)ZE B N 1T, 38 sk 1 9 B A b g v DA N R B

N T EHIRZE A5 B AL BT R, #8887 —> 300 kW 1L H TES skie-F & . 2wt —
AN ST R BT B A i, I B AR L BT RR A B A A NS IR RE /) o AN B v SIS
HANHEE R (N = 6)d ik, FHEEE 34 NMEEWV>.=34). MHAVEE LW 2 MR R FEE 10 mm, 7o
VR AGE I B )l TE . e B A R <) 1400 mm x 360 mm x 6140 mm, K H B8 F DL B % i
fEFMERE
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Figure 2. (a) 3D structure of the FMHE; (b) Section A; (c¢) Section B; (d) Section C
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Figure 3. Schematic of thermal storage and preservation processes
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Table 1. Experimental condition [9]
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Figure 4. Outlet temperature evolution of flue gas, molten salt, and tubes bundle over time
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Figure 5. Axial temperature distribution of flue gas, molten salt, and tubes bundle at steady state
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3.1. RIEMARSEITEREARE

K2 BRT 9.7 MW /RyE RS H Y FMHE S5 MBCE . 233438 60 HEEEE (Vi = 60)41AK,
BHEA 46 NMEE W2 = 46). HAMER SN 1800 mm x 3600 mm x 8308 mm. HWEAESHEIE: WAMA
BALPHII 1510.70 m? (A, ), FEERMA AL HEIAR 265.75 m? (4,). MM AL AR 0.8 (e,), H#
BN 1.0 (e,)o #2 5 ,;.T%DW%I&E’J%%UT’%&

N TSI R, BRI SR AR RS 1 I

TESNAEA, RGN VIR /AR T /ﬂiﬁﬁhﬁﬁr‘ Jilal, JEAELE N ETE) 500°C 4L
PEARAL B ) 150°C s I $hils 2 [RIREBGE N AR A, MO 235 CREIREIH 1) 175°C . #rFAE R
AR IR EER E #5028 200°C, N3k 3 fis . XSS RS AR 4 7 e BMWILRIRE S . 1Ak, THE
R I BB SR S HO RTE R 4 .

Table 2. Design basis for the FMHE under rated conditions in the demonstration project

%2 2. /RJEWIE FMHE £ E LR THIE R

ZH (]
JWRNOEE, C 500
IRENNRRE, C 235
A DR, C 300
JEERH R, C 390

SN DR R E, ke/s 20.61
IEEHBNORERE, ke/s 21.99

Table 3. Boundary and initial conditions applied in the transient simulation of the FMHE

% 3. FMHE BaS B N A F RS

S B
AN IR, C 500
BTN, C 235
eV DR, C 175
JHAYIEH DR, C 150
HIERIIRIRSE, C 200
Table 4. Thermophysical properties of the materials and working fluids in the FMHE model
Fz 4. FMHE 128! fh i L0 TR AY A ER 14 R
ZH H
ST, Ji(kgK) 1176.6
JEERHAAE, Ji(kgK) 1423.2
HANORERE, kg/s 20.61
AN DR E, ke/s 21.99
BIE R LT, Ti(kg K) 550

Wi 6 P, RERNEL 850 BikBIRad. T, F8EAE 317.05C, T, 5% 388.82°C, T, faiEfE
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301.46°C.
AR — AL BT RSN D T AT, B 7 8o, BRETESM 500°CHKEE 301.46°C, JEZEM
235°CH 2 388.82°C, & RIRE NI 400.24°C [F 22 ¥4 243.44°C.,
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Figure 6. Temperature variation under rated conditions
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Figure 7. Axial temperature distribution at steady state
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Figure 8. (a) Average tube bundle temperature at 50% flue gas flow; (b) Preheating time to 200°C vs. flue gas flow rate; (c)
Axial tube bundle temperature profiles during preheating
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WERA, N 372°C R EFHE] S00°C . N T e REEILRAL G BRI R E LKA, T T
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B9 R 1R SRR P IR AR . S8 TR AR, B AR SR — O AR IR B T A
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Figure 9. Transient temperatures during thermal storage startup
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R TR RS2 SR L IR Ty~ Ty~ T WLy o BIAGIR SR A B0 A /S 318.46°C
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Figure 10. (a) Average tube bundle temperature; (b) Heat dissipation power; (c) Axial temperature distribution during thermal

storage shutdown
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Figure 11. (a) Average tube bundle temperature at 50% flue gas flow; (b) Preheating time to 360°C vs. flue gas flow rate; (c)
Axial tube bundle temperature profiles during preheating
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Figure 12. Temperature evolution during thermal preservation startup: (a) initial axial distribution; (b) transient before outlet
reaches 392°C; (c) transient after outlet exceeds 392°C; (d) axial distribution when inlet reaches 390°C
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Figure 13. Heat absorption power of molten salt during thermal preservation
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Figure 14. (a) Average tube bundle temperature; (b) Heat dissipation power; (c) Axial temperature distribution during thermal
preservation shutdown
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