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Abstract: The adsorption thermal energy storage (ATES) is one of the most promising
approaches to realize the efficient thermal utilization of solar energy. However, the existing
reactor-level heat and mass transfer theories focused on the evolution of individual reactor
physical processes fail to elucidate the mechanism behind nonlinear dependencies between
multiple physical parameters. In this study, a numerical model of an ATES reactor using
zeolite-water vapor as the adsorption working pair was established. The evolution of multi-
physics fields within the reactor was analyzed. The multi-parameter adsorption reaction-wave
model was proposed. The results indicate that a multi-parameter reaction-wave arose within
the reactor during the adsorption process. The adsorption rate of adsorbent, axial temperature
gradient and axial concentration gradient within the reactor all exhibited wave characteristics,
corresponding respectively to the adsorption reaction, the heat transfer and the mass transfer.
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The movement of reaction-wave across the reactor was analyzed to elucidate the reactor
thermal output characteristics. When the packed height of adsorbent in the reactor exceeded
the wavelength of the reaction wave, the reactor operated at a stable output temperature.
Correlations between multi-parameter adsorption reaction waveforms were quantified using

the dimensionless waveform analysis.
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ATES reactor

WRYE LA IRB ST RE W PR 700 A B B < el 3
T2 F B WRBR R T VS A 2 5 2 B B 2 TR ) 22
AR RE . FEBIEM, 2T K 2R BRI
FLR PR R, S0 PR 5 B~ T B B e HL 3l
JI2E 2B/ o DRI, 50 A R B 70 S PR B3 3 A
o FEBRRMN,  WRBR 7 8 I A I T] A R B o A
Fo B B R B R DI IS AT A IR B T A ST PR
B, 3 08 R M W B 7R PR W B R /s o A
A Pl QU pr e S R 41 DY 2 NS

MR B 3R AR 1 W P S ML A, HEON S B
B “ BB BLRAIRIE. [FIRE, MRS
fe il Ut A AT 73, PR HIARAL I RE A
A 53 R PR FEE A PSR JBE Mo 2 o Rt 52 B 4 5
Rtk R EEE L R P I O W B e I 3 R A A% A

B FE R R M . AR TAEWG W MR 23 . %
FIR LR B NI b “ I B . IR SRR, =
AR I REYE” J3 i) DA [R) B (BL 96 O K AN
PV A 5T AR S)FNE R B E (u) 9] B2 H T
%30,

1.2 “RNCES R NEE BRI BL &

2 i 1l S A S B S A R OF s AP
FEARARL, P B 3 6 8 O e o7 s P B B e
7 BLRRIARIE . R, A AR AR B8R )% A 151
KICRIRIE “ B (E R Ngs N IR s R, I
55 I 87 2 ) B R PR AR DG B

MR AR 52 IS 245 PAT R A 770 P S A v R A 5 DR T e R
CRNETET BT, AR RN AR I A AR Y
e e B H s B 2% DA R AR A i S RE AR T 2 0
gh 1 B I R AR IR PRI I N A% A A Bt
FE, TR OB A P A N H
AT o 21 i PR PR 751 P A vy P A T WO o e
RPNy, N AR EARER S, WwE2(a)pr
Ne X THRUEHIH RN A, 750 s 2 (0.5Mu) s W
BRI B PN, B 3 2 R R 3 N S % o 7E BB B
W, U RN A N B R AR XK N T W B
WA, (HN 2SR Frs o R K 28 S8k I B 4
DA R PR o 551 8 A I B, B B 2 3 P 9 [ AL
T 58 B B T 3R 8 O (R TR AR ST bl T e TR) B
P s N A DX K R (D R o ol 2 g 1) 8 K e 0
L 3 6 9 P 8 TR AR A, 3 PR O T R g U
1B B B vy T SE B B R e T WA . B o W B
R RFSEHEAT, S SLAR PYIB T I 56 R 1 R B
FRPWI . 1T RS2SR 52 A 520, 1%
N T) B PN e o7t R B B T T 5, e AR e (i
KAE, BP AR € % & E(T,.). £ (0.5Mu) s F|(L-
0.5A) u s W BB TR] BE PN, W A 338 236 30 DA 56 B ) 8 T
B R B O3 . (R BN, A
AT R R E 5, BN O 2SSO B 2% 3R 15 E
TE BB, e R ) TR B R AE T, o E(L-
0.5Mu) s B(L+0.5A)/u s W B IsF I 5 Py, WG i 5k 26
PR IR N2, B2 BB T 2R 20 8 PRI
S U SLAS TR R PR AR . R P e e 4
B BRI, WIS R R .

2 2L 2 DA WG A 700 R MR s /N T R 3 5
IR, SR ToR et , Wi 20)R. &
AEAe e o Y S LA Y, PR o 0 A e B A A A%



% 3 4

A TR B S8 RN RHERT AT

965

2 R 5 A S L A A% Bl I R AR AR A AL
7£0 s % (L-0.5A/u) s W PRI T Be A, TR B o A<
HREN SNEA T 18] B AR B3 =R 38 )9 1 AR 2
T e BB TR S 7E(L-0.5Mu) s %1, Wt
TR AR VERS BB S s Y, S s i i
BB AR, HAZIEEMRT T, #£(L-0.5Mu) s &
(0.5A/u) s Inf H] Bt AT, W By 4 35 1) 98¢ U6 A0 328 37 7%

O B, BRI N 2%, 1E 1% I [A] B
P SO g PAY WG R 2 8 (1) 08 T AR I B A, 2
IR IEC, SFEUNM M BRE T %, 7
(0.5A/u) s B (L+0.5A)/u s W B a1 B Py, W Bk 26
WIBE R R NLAS, N A BRI R — P %
%, SEURMN AR E DR RS, JFEAD

P
B

SRSk B i R o
G 2AM
_[q 0.54
t=[0.22]
0 X2 -
5 .
: ' m 0.5A L-0.5A
‘531‘ —i-» t= [u_’ u- ] I N
=z , |
= 0 X - % )
(iif) y
_[L=0.5A L+0.5A1 [
Aﬂm%mmt{ R AP
-
X1 L (3])
(a) FasEimth B2 (L > A)
SRSk B i R
1 m M H R
#[o’ L- 0.5/\] - ::'
\\ >

— /
#[L 0.5/\,@]

= [0.5}\ , L+u0.5)\]

u u

awiL

(b) AR LA (L < A)
2 TREXRBBMERRREA “RECK” Hahidiz

Fig. 2

2 HEHEA

=H 1R
NTBAERNEARA L SH RN IR, A
TAR@ES. 7V EERAREIERE fAad e, feiid

2.1

“Reaction wave” movement process in different types of ATES reactors
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Table 1 Physical parameters of zeolite 13X and

moist air
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