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Abstract

Thermochemical energy storage is an effective method for achieving long-term stable use of solar
thermal power generation, and the thermal chemical energy storage reactor is the core device for
achieving heat storage and release. In thermochemical energy storage systems, the efficiency can
be improved by optimizing the structure of the thermochemical energy storage reactor. Therefore,
a detailed investigation of the performance and structure of energy storage reactors can help im-
prove the reactor form and optimize its performance. Using numerical simulation methods to
study the effect of fin arrangement in the heat carrying fluid channel inside the reactor on the heat
storage/release process of Ca0/Ca(OH): system. Among them, the flow channel on the heat carrier
channel side adopts semi cylindrical fins, and the fins are arranged in two ways: parallel and stag-
gered. The simulation results indicate that enhancing convective heat transfer capability has dif-
ferent effects in different reaction processes. During the hydrolysis process under the condition of
0.5 porosity, the reaction time of the symmetric and staggered fin reactors was significantly re-
duced, with a 27% reduction compared to the plate reactor. During the hydration process, the
strengthening effect is not as significant as the hydration process, and the staggered fin reactor
reduces the reaction time by 7% compared to the plate type. I hope that simulation research can
provide guidance for the design and application of finned structure thermochemical energy sto-
rage reactors.
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1. 518

T [ i IR B s Sy T 3 S A BRI R ST SR B, A\ 2T OGP RR S O AR K
Jek” , HAEAM 2 RSB AR [ A BRI 510 x 10° 1l CO, K EAIR =S 4E “15%E” Ho[1]. @
TULSLIAEE ) D RBUR 5 BN, TRESERJE O A4 2 100 th 2 #% (2] [3]. APHRE VR AR I K
JB KK T X T AT BRI A AR, IR 22 [ SR X FF R R o (EAE R A BH B 10 3k A% Hp A7 76 1) Bk
PE. ARERRUE FRE LN R, g RE R AR R MR X — 1A 0T K [4]. TERRGEGFHE AR T, 1Bk R
BA RGN, Fld2oiaimsh, BAmEBASEIK, B s iR s EREAE G B
PPEAR . FROEtELr . RV R AR AR S L s A SR R, TR R R BH B Sa#i Rk R 1 E 254
12[5] [6]0 WERAEAFBAEIE T AORMARAR IR, A MR T2 iR e E % ERm IR AL 2k
AERER AR T N LR R R R, Fling @B a ik R([7]. A EER[8] B4k R[]
WIS 36 7k R [L0] AR AR R [11) 55 [12] [13]. 578 #GRD 52 #0756 75 v AH LR, A pb 22 6 BE B R
(Thermochemical energy storage, TCES) B A fifi e f v, v ALK i fE R, IF HIERIR/D, i giT
P B I8 S SR SN A [14] [15] [16] [17]

Ca(OH),/Ca0 & —FPE A TCES 1A R, H TR —MAE 623.15~723.15 K Z [A]. 7EWR T FE
o, IE B LR (Heat transfer fluid, HTF)MOKBHAE & S A6 F] TCES M g%, filik Ca(OH), %
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R CaO FK[18], wnx(1)IEM AR, EBFGEREF, CaO H/KMIR M= E#E, B HTF
s Bk, R NV . Z0RE R RN, HZAVRORAESS A, I R L% 3 ) RR 5 Cao
KA ON[19] [20] [24] [22] [23], G (1) 1) SN s o

Ca(OH), &2 CaO+H,0 AH =104 kJ/mol @

FEXF T SRR RIS, Yan S [2410F 70 T AEBKE AR A, KBRS TG R iR . Sy T 4
CaO HHi A [A] Ca(OH),, & RILE T EIAF] 900°C, HIE LR RMYILF= RGNS, NI 2L
IS TEBIREIR, AR T RS Rk, Yan S8 7 Mo ik, BIFEAT — S miR ks
RGN G, AT — MR R B PE R, TS S B Rk 2 FL 4K . Dai SE[25]8F AL T
Ca(OH),/Ca0 14 R AL 2=t B S SR AE 20 IRAEH A TBCRRRYE . BEFR I, e REd, iR
IEF) 510°CHT, s W AR FF AR 2218 ¥ N, 75 50 2] 180 438 i 1H] B Y » AR PROE IS K, 1A 3] 1318 kI/kg.
FEREFEI 5T S S 28 AL PR RE RIS MR N, 368 {5 P BB AU I 708 . Wang S5 [ 2644 R A T ARG v F >
[ A BRI 2 B AR e . 2 PR AR IR AR B TE PN - 7E 2 AL2R 0.5 IRARAE T s KR SR [R198 /D T 33%
IKE RPN AEA HR A . fEZFLE 0.8 MM, BKRBEAEHEAZN, (HIEKE MY, BT
PRI PR Z R 22K, RSB D T 20%.

AICH, SR BV, 25 BTN 2% N A A i TE P9 3 HEA R Ca(OH),/CaO 14 # fifi/
ARG FR ISR o AR T 80y G5 AR B R ST K AR S R 7K SR Is FR FRD  me ARD BA 2 B 5 T Fe ) 5
M, Nk Ca(OH)./CaO A R 7E AL 4k At R G H IR B IR IEHE R 18 SRS %

2. RR#RJLITEER

AR BLAS LA B DL Wang 5 [27] /0B FeAE ki, BARSEManl 1~3 Fram . XFmFp s fr 2544
TR B2 2E1T COMSOL @b, 7255 — M s B a8 h R Al T I BL#s), 38 224 . EEE oA T
PR RIER N, B AN TR T RN AL E 5 mm &b, R (R EE 20 mm,  Exf
)3 KPR EE O 10 mme R8s BRI [RBIR ), Hd i\ Ca(OH),/Ca0 Fiik. 7EfifFid e
B, BARIE ARG GRLRRTE, R R B N R BIRE . RN IR CaO/Ca(OH), Rk 5 A
FIK &S M, Ca(OH), 2N CaO Il H,0, #E LAk 2 RE I sQ A7 A% 78 I B AR b o R
PO R, PRI 8 A SN R 2 [FRE 2 BB S SRR 28R, CaO AEfiE /KA Bk Ca(OH),, 7L
TR AR, R ETHE FA R AR 3B 45 v B I T8 (1) VR AR [27] 0 75 28 ZFh 25 4 1 S 2 288 vh (O 51 20 Je
RigE), P IRIIE PR AR B A, S A TEEN T 5 mm &b, [RIUE (A1 EE 20 mm, i
BB PSS U OSES B RBOE AR E] . BT RO AR T A AR, BB R RIE R E T
) b, AR SN BT A E ), DR AR SC Aok e R o = 4R 5 M iAo iS50 . LRI R 2 40
1R,

TEMIR RIS 1, #E COMSOL #R A P EBAE A 1 B o “ AR SN 12 WkE Wk R o i e BN “ 4
L7, BRI/ 2.2 x 107 me FERGRIAR R AR — W, 52 S 30 JE L A Z M,
T FBAR R TN 1.5 7R — M 48 BETH B 0L 10 JEAEHGA RZ MRS, AR 7% 1.1, 5
RIS a0 4 Fros o

TEQT B, SR K-e T A 2 A B A AR 7E L A T8 P (T e e 200, R FH [ 4 5 Y 1) A B
PUB BN [ S35 AL BB L, R IS T s R AU /K 28 <. Ca(OH),/CaO Rtk i sh il it . 4 7+
FPEEE T PRESIR B (293.15 K, 1 atm). B Y b FR A BRI WT T : (1) EZFUREBERIESLAN R,
SR FLBRZAE RO SR P EERE G (2) A MSRARBE LG (3) MlfA S B % Lk
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T IS A AR K R T AR 5 (4) AEHS T B L AR A UL (K AR AT 202 s (B) AEANRIIR AN S /1T
PEAR IR ENAL T 4RSS . 4 2 0 ERU AL S AR 211 [28]
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Figure 1. Structure of the reactor
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Figure 2. Staggered fin reactor
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Figure 3. Parallel fin reactor
3. AINRBRH R MR
Table 1. Geometric parameters of the reactor
1 RERLASH
ZH Hf#/mm
SRR 8 JEE (W) 15
TUIE 95 FE (W) 3
SREE (L) 200
R EA2(r) 0.5
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Figure 4. Grid division of the model

4. HEBIHARR 7

Table 2. Setting of boundary conditions
F 2 BREHEE

Eifipa AT %
KE T REVIIRIRE Ture (%, Y, ) = Toeq (X, ¥, 1) = 623.15 K
TR TR GG IR Tare (6 Y, 1) = Theg (X, Y, 1) = 723.15 K
PEIRAKAR K AL TR R R Tinp = 863.15K, Tin = 623.15 K
2Pt 5t q (x, £ (Wbh+1/2Wc), ) =q (L, y, ) =q(0,y,t) =0
PERARE O AR 1 (0, —1/2Wc <y < 1/2Wc, t) = 25 m/s
FREriSubs y = +1/2Wc
KA KA FEKZE SIS R Po (X, y, t=0) = 13,300 Pa, Py, (X, y, t = 0) = 3000 Pa
KR AR T Pp (0,y, t=0) = 13,300 Pa
KE AR AR E S P4 (0, y, t = 0) = 198,000 Pa
ToKES KB E P(x,y=+(Wb+1/2Wc), ) =P (x,y = +1/2Wc, ) =P (x =L, y,1) =0

3. WA SRR NSRRI RN
3.1. KRBIEFKERENFLRSH

w5 fw, WK FR[29] [30]H 2 LR RLR JZ I~ 35030 B 5 ) A R A Ak 28 T R = ANB B 7E
F—Pr B, B RGRIVIGGIE RN 723.15 K, /K AR AR HP S AN AR, 7EIRTE N AL B 863.15
Ko SOREPR A 52 IS4 T 250 il FEE 4 TR N #4224 22 AL SSE PR PR PRk e o s %2 P P S B, J8OR T
WA KRR . TEEE BB, BEE KRS R R R, RBRIR R FERTNE T 158 =B, K
fil SR NE NI, N ZE AR ISR, TR S PR AR T ek, B S R MR IR B S TP AR, S
BWIMARREE S . S BB SO (AR R R B S a2 3 AL 4 B o

)
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Figure 5. Changes in average bed temperature (T) and average conversion rate (X) over time in plate, staggered, and parallel
fin reactors (hydrolysis process: ¢ = 0.5, u = 25 m/s)

5. 1 ZERBA HIRXB A K R85 M R BLKR B F 95 E (T) A E 198 0 R (X)RER E L (K Fid #2: 6 = 0.5,
w=25m/s)

Table 3. Reaction time and corresponding temperature for the first and second stages

F 3. E— ZMERERREEIFIX AR E

FLES B 7] (min) B (K)

TS WEIA 25.5 825.7
pdiEw YIS 18 811.5
X PR B e B 2 18.5 813.0

Table 4. Reaction time and corresponding temperature for the second and third stages
F 4. B =R REEFIX R HRE

GES fisf 8] (min) T (K)
ENSITA 241 861.0
AT B S 178.5 861.0
X PR s R 178.0 861.3

32. REKREAANREAELKBITIZNER
N T VEANZE G Py G5 RS S A B FA S DRI RE R, AT 0 BN 2 A 2% IX S e AROR, 2 SR PR Y 7B
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Table 5. Specific positions of probes in the reaction bed

5. REKARSHEFLERR

e P1 P2 P3 P4 P5 P6
X (mm) 5 10 5 10 5 10
Y (mm) 15 15 100 100 185 185

T T T T T
875 - 1.2
T T T T T T T T T
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Figure 6. Changes in temperature (T) and conversion rate (X) over time at monitoring points P1 and P2 in plate and symme-
trical fin reactors (hydrolysis process: ¢ = 0.5, u = 25 m/s)
6. IR AN R K2R N S Py P2 IR (T) R L R (X)BERTE R (K BRIZFE: €= 05, 1= 25 mls)

i 6 fiw, AR, R )G, TREIAR I R SEAT B EE PR (PL). MR AT P1
P2 RIS IR K G, S RIER] 1 I, PLAI P2 BN 20 s/ T 39%A1 36.8%; ik F] 50%(H)
AR P E], P 2 k2> T 51.7%F0 52.5%, PRI ARE 30E s I A= PR R P A e 2 () i SO S I ] 4 o RV
W SRR T P2 STE R BET BRI R, (AU RO FERE, PL R RO L, X
& RN IR SLIR A s ) G A P 2, S B T A 7 B R IR R B

6 TN RS B, B A G 2 ALK E T IR AR, XA DR S A R A B
MK RSN, RN — KA, ZFLIKZE A IR R T, AEAEAS R DX ekl B R a4 0
DU o B SN RIH 4 W T TR B Ak P I e T T 28 R AN TR B AR i (M) R AR 5, M s R B
PEIARAL BB LG R N RS R N AR B AR BT, RISTFARREN T 28 B Bt S s 23 A1
Eb, 78 PL A P2 A7 EAL, AR SR B ZR A M S BT L R B 20 S B 1 K% 30 K AT 40 K [
Wz Ah, HECH S, M OSBRI T 10 min 45 . DA RIS ERE R, W SRR T K R SN
AUEBHER, RIAESE BN B

7 5K 8 B TIRIRAN T 1A A [FIA B R AL R S S B R AR A L. R AT, ARG
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Figure 7. Changes in temperature (T) and conversion rate (X) at monitoring points P1, P3, and P5 near the wall of a symme-
trical finned reactor over time (hydrolysis process: ¢ = 0.5, u = 25 m/s)
7. SR RBR R AL E M AS PL. P3, P5 (L BIRE(T) S5 ERX)RERTE AL (K RIZEZ: £ =05, 1 =25mis)

T T T T T
875 +
’’’’’ 1.0
850 +
825 —
< o
~— 800+ - 0.5 %
o 3
og
775 ﬁ
750 i — —P1 (T
- =B M| 4,
— — P5 (T) )
—P1 (X)
725 —P3 (X)
——P5 (X
T T T T T T T T T T "
0 50 100 150 200 250 300

1] (53

Figure 8. Changes in temperature (T) and conversion rate (X) at monitoring points P1, P3, and P5 near the wall of the plate
reactor over time (hydrolysis process: ¢ = 0.5, x = 25 m/s)

& 8. WRARNAFRIERMEN A PL. P3. P5 (I EIRE(T)SHEUERX)BEITERZELOKERIIE: ¢=05, ux=25m/)

SRR O SN 2% A A X A AR R A FE A ] . odb, RSN AR, 5 R i 2R AR 5 MY
(0 BE R A o S BT R RN Il VAT 1Y, B8 it e s, (EURR s B 38 7 PR BN 1 A e
X3, BJLF R — B E 5. EXFRAH A RSN, 76 PL. P3PS fidl, 58S S [A] 43 A4k
110 min. 130 min F1 135 min. 7EMREUNER N, KA S VAR IFAG, [N L ARAE e, (HAE OB
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AN B3 2 245 A o S A 2R (AR BE SR A ] . E P57 B AL, M58 RN[A] 9 160 min, 7E P11 P3 4
BEAL, [N TE R E] Y 210 min. S EUX Rl G 5 DR B N~ I Bl o s SR J2 N IR 0 T BT T B
AT 2 18248 9 HH 11 30T () R 7 PR P o S AT e I3 248 o o e 2 PR it P88 ) s $e o il 9 mp
H1, PS5 A SRR B, HAPERR SRS, SRAIXPIT IR, bR g K g FE A Ak
UG M AEX R A [ Nk, P3 AH B PLP5 A7 B i IR Tl e85/, HLAE S B P1 > P3 > P5,

DAL I s 7 S22 0 5 07 268 7 i 8 A R AR A e DR PR i . 1] 94 &1 104 1 11 AL 12 b v S N 2 K il
RN B R Sl ], o] DASE I B tH K AR S SR N, i) 545 1) b e #3284k
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Figure 9. Conversion rate cloud map of reactants in the reaction bed of a symmetrical finned reactor at 40, 80, and 120 mi-
nutes (hydrolysis process: ¢ = 0.5, u = 25 m/s)
9. WMHABE RFUERMKEREY 40, 80, 120 min FIAYEEL R EE(KRZFE: £=05, u=25m/s)

Figure 10. Temperature cloud map of reactants in the reaction bed of a symmetrical finned reactor at 40, 80, and 120 mi-
nutes (hydrolysis process: ¢ = 0.5, u = 25 m/s)
& 10. WFRNBA RN R RARE R4 40, 80\ 120min BHAVEE = E(K#EEFE: ¢=05, x=25m/s)
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Figure 11. Conversion rate cloud map of reactants at 40, 80, and 120 minutes in the plate reactor bed (hydrolysis process: &

= 0.5, u =25 mls)
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Figure 12. Temperature cloud map of reactants at 40, 80, and 120 minutes in the reaction bed of a plate reactor (hydrolysis

process: ¢ = 0.5, u = 25 m/s)

B 12. /RN RS RRKE R R4 40, 80, 120 min BTHIRE =EI(KMRITFE: £=0.5, u=25m/s)

4. BREMFKE R MIIZRRE

4.1. IKETEPEKREBENELENIH

W 13 fizn, CaO/Ca(OH), 7k & /K& N [31] [32]WEER RIS A=A B, LI, REH
VIMEIEE 5 AR AR EE N DAL RIR R 623.15 K, X AME R T SN (AT IR, BRI S B R 2 IR RS
FTHER, KERNWHBER T . B8 B, BEE PRI R SOSIR A R AE e, NIRRT
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Figure 13. Changes in average temperature (T) and average conversion rate (X) of reactants over time in plate, staggered,
and parallel fin reactors (hydration process: ¢ = 0.5, x = 25 m/s)

E 13473 ZENB R HFRA A R M FRAR BT ER E (T) FEHE LR X)MERE R (K Edi2: ¢ =05,
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e 13 fivs, FEKG RNEFE A, i U A, AT 3G R e B R T VE R K RS R
ARSI IRARCR . (B8, MECTRGUR RIS, SR 2R A S a5 0 AR Ul A S B4 9 2 LI JZ 1L
JEHAR. MBI EEFF . KGR, MR RM R EHEAEG R, RE SRS )8 B
) RO e TR REAR I o, EL S PR PN (14 [ A s I 3 A R BRI, F B MR V= [ < Je B (14 3 P A
B, ULE T ORNHAT e A B SN AN B G, L SRR T S50 B BRI, S S8 ] ) R 45 b
H1 P 13 A g, SR O SN as AR RE Bt S ARG MR AR L, S N 8% (1 S ML TRLRR D T 7%

42. REREARREAKEEIZNER

W 14 Fros, FEKERET, FIE A R Fr G5 R TR R A AN FRAR A B R, AN E XS SRR
DUREIRE/N, =R S N 2 25 1) P SR B B MR 3 A ), 5L PSR e AR P 1) A2 A S TR ] ) 32 AE AR 7 A A AH
AR FEARI A s B, FEI eI AL B AL IR R S TR, X F BRIV Ay &R R A IR R K
SRNE, TR TR T AL AR RIE H R 2 BRI . R BRI AL, OSAA B A WTHICR BvE,  HL AR
RN RNERLZE, NEEDA AR TSR, DRI S B P B s

FER )77 0] L, R AN T RE TR 70 396 B B fiiE, DR K Al R B AE N b AT . 2
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Figure 14. Changes in temperature (T) and conversion rate (X) at monitoring points P1 and P2 in plate and staggered fin
reactors over time (hydration process: ¢ = 0.5, u = 25 m/s)
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Figure 15. Changes in temperature (T) and conversion rate (X) over time at monitoring points P1, P3, and P5 near the wall of
the staggered finned reactor (hydration process: ¢ = 0.5, u = 25 m/s)
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Figure 16. Changes in temperature (T) and conversion rate (X) over time at monitoring points P1, P3, and P5 near the wall of

the plate reactor (hydration process: ¢ = 0.5, u = 25 m/s)
16. R\ B 28 iM BE T Ml == P1. P3PS (U B KR E (T) SE MR X) MR BT (K EEFE: e = 0.5, u = 25 m/s)

1
0.9 0.9
0.8 0.8
1 0.7 0.7
1 0.6 0.6
10.5 05
1 0.4
0.4
- 0.3
0.3
0.2
0.2
0.1
0.1
0
(a) 20 min (b) 40 min (c) 60 min

Figure 17. Conversion rate cloud map of reactants in the reaction bed of a plate reactor at 20, 40, and 60 minutes (hydration
process: ¢ = 0.5, u = 25m/s)
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Figure 18. Velocity cloud map of reactants in the reaction bed of a plate reactor at 20, 40, and 60 minutes (hydration process:
e=0.5, £ =25 m/s)
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Figure 19. Average heat flux density (Q) of metal wall surfaces in three reactors (hydrolysis process: ¢ = 0.5)
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Figure 20. Flowline diagram of the thermal carrier fluid channel after 300 minutes of hydrolysis reaction (hydrolysis process:
e£=0.5, u=25m/s)
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Figure 21. Changes in conversion rate over time at inlet flow rates of 25 m/s, 30 m/s, and 35 m/s in a staggered finned reac-
tor (hydrolysis process: ¢ = 0.5)
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