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Regeneration Performance and Model-based Analysis of Microwave and Hot-air
Regeneration Modes for Solid Desiccant
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Abstract As the humidity load of an air-conditioning system accounts for 40% -60% of the cooling load of the entire system, exploiting
the advantages of solid desiccant can effectively reduce the energy consumption of the air-conditioning system. The major source of energy
consumption for the desiccant system is the regeneration energy consumption of the solid desiccant, and the traditional regenerative mode
is characterized by high energy consumption, low regenerative efficiency, etc. In this study, comparative tests were conducted on the re-
generation performance of solid desiccant materials under application of the microwave and hot-air methods. Hence, a model was estab-
lished, and analyses were conducted considering the regeneration effect and energy consumption. Solid desiccants in the same state were
tested under hot-air regeneration modes of 50-90 °C ( power; 857-1 204 W) and for microwave regeneration powers of 440-800 W. The
test results indicate that the maximum regeneration rate for the hot-air method is 49.89% -86.23% of the microwave technique. However,
the microwave energy consumption is only 25.2% -37.7% of the hot-air method. Thus, the average energy utilization of the microwave re-
generation method is 2. 51-3. 21 times that of the hot-air technique.

Keywords solid desiccant; microwave regeneration ; hot air regeneration; energy utilization
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Fig. 1 The hot air regeneration device
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Fig. 2 The principle of microwave regeneration device
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Fig.3 Dry basis moisture content curves of silica

gel in different conditions

2) AR

R A8 230 25 ] 0 (R B S A A S i
*ﬂﬂﬂﬁﬁﬁﬁzI{RTé’JﬂF% K R B ) ] 2 46 2

SRV, BT B K R B AT .

M, = AC—BTZ/IOO + C (2)

A7 REERTE], ming A B C R EE RS2
SR A

R A8 1 (AR R A ) 2
7%[1 Mr =0B, M. = M, (¥IHETHRA

JK R 1)y B A A
KR

M. =M, =A+C ;257> I, M, =0, U,
= 0, [ERBRIZATRE T35 7K RAS AR Ry
M, = M,e -Br2/100 (3)

R A5 S o 3 5 40 A5 B AN [ P A T A A
SHORA LA I, gk 1 FiE 4 s, AR
1SR FRAE T 00T BT S5 X0 152 25 i KR 25 T 45
& TOUF FEARRZE /N T 5% , % T3 & KR A
B BA B S Ve, BT 4 rp S R 3R R S PR SE B
FAF AR 0T A R TR L 7 AN ] B 20 ) 1 2
B K EARAR M 27 ) FH AR BR S A T 25 20
ARG H R ER A BHEAS 7] 00T fY 2
WARAAH , & 4 AT %0 iR B AR Ak i 2 5 52 0 A s

— 102 —

W5 B Ul IZ AR R A il 2 il AR G ) S RSB
A

1 AEABEIRTHEEESR
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Fig. 4 Results of fitting in different regeneration conditions

2.2 BAER

PR R ARG AR A B A [i] P BRLAS Jo
TR R AR ﬂ:,fr;%‘“ﬁijﬂ:
=t @

A SR M A% kg/ (kg min) ym_ A 7 B}
ZIBRIRAA B BT kgm0 T + AT B ZIBRITAS L
AT kg s m, ABRIEAEHSE 4 THRES T BB A,
kg ; Ar A FRAE BT E] B, min,

[E6] AR 53 10 AL Bl iple N ROXUF A 00 T B - 2E
AR B RS A AN 5 B, 24
iKY

1) 3 F AR 5% 26 A kP 2 56 2 32 1 385 K
TTSZE M4 DR, 224 1 K R SRR R AR BE 2950 0.5 1, [
PRERVATRL A SRR B B KA, S B A Y
B, PR A AR B

2) YRR BRI ATRHE R 2o 7 bk 3 AR [ H4E



$38% F5H

BB IR M B RIE S AR B E R RAER ST

Vol. 38, No. 5

2017 £10 B October, 2017
e BB00W  ——HUR80 C 37.7% . 36.1% .34.6% .33.1% 31.2% ; *§ 44 &
—~—BR6I6W = HURT0 C 1.0 BF,800 W T2 fis F- A= REAFE 5311 90 .80
0.016 f = HBA0 W ~—HK60 C 70,60, 50 C # X Ff 2 fig FE (9 34.19% | 32.2%
Z 0.014 | TR0 C_a o HAS0 C 29.4% 25.3% 25.2%
E 0012} s
2ol 3) PR B A A AE U A A P 2 S B
2 0.008 | [F B 725 b WL, - 2 AT ) R PR 24 B 20 S 0 K
- 0.006 fEE-
b I
0.004 50 —— THIEB00 W
e 0.002 —— 616 W
: : : : ‘ ol —— fhUk440 W
0 02 04 06 08 1.0 240 — gﬁ% C
TR 53,0 L —— #R80 C
= T 2 ot = = —— #X70 C
B 5 ARBE IR TEEEREMBERE i, | e HURL60 C
BEEMMBERERTL % : —— HR50 C
Fig. 5 Speed of regeneration curve for certain regeneration 1ol
degree achieved of silica gel under different
regeneration conditions 0 0'2 0‘4 0I6 OI8 1'0
FEI S DIRAE 440 ~ 800 W I -4 3 2 e FER
50 ~90 °C IR A SR, M HAEE R 0.5 E 6 AEBE IR T EEBREM B AR —E
F, T3k 800 W AY B % 5 A= i R N 0.014 13 BEEREREBNTL

ke/(kg-min) , B3N 440 W 1Y 00 F 2R R Ny
0.007 60 kg/ (kg min) ;90 °C iR PN, 2[4
BRIG AT BE A2 B R 0.5 B, FE AR 3R 0,006 80
kg/ (kg-min) , HFA AR 440 W R0 B U
89.47% , 800 W TRk A #4148, 22% ; 4 [ A
TR BE M 1.0 BF,90 °C i iR ROV 3 R 2
440 W IR A B 2R 1K) 33.33% ,800 W ARk F-A
R 17.73% .

3) sl P A B B R AT A (AR B T A R
DAL T T i, AR R A R 3R T 0 1) 5K
B ] — 35, A R T K 43 48 PR A 2 5 DA
PRERIBAA R SRR AT A $AL 5 18] 5K 439 807
1A 52, ANF T oK A 4, Ul WA 72 B AR ] 2% A
T, R A B A R T IR A Y AR R
2.3 AR

BN BRI AA AL P A B AR 2 R R T o [ AR R I
WA REAE P 3 R S 38— A T2 R ) T T AR A
Al A% S0 BN JUT k] AR 53 Y A R A B AR R P
A T AR FE F SR AR B AR A BT 6 T, 43
Hras R nr 15 .

1) 224 [ A B T2 R Ak 3 S [) P2 B e, oot 7
A= REFE L PP AR REAEAIG , e B A - FE L i /N T
PRS- P RE H i 10 B B P A AR T RO A
HA BT RERR

2) YA R 0.5 B ,800 W B Mk FAE B
FE43 92 90, 80.70,60.50 C # XU 4= BEFE 1Y

Fig. 6 Regeneration electricity required curve for certain
regeneration degree achieved of silica gel in different

regeneration conditions

2.4 gEiIRFI AE

RE R ISR 48 B BR A B E FF A ot R v oK
3 B BR RIS AR 20 e i 5 AR i AR SE BRI AR Y
Mgz I, IRy .

Q. WAH
0T 0 )
K. n, NREERIHZR, % ; Q, MIEREREH B

KAk EE TR REE k) Q, JEARRRIE A K
FRAE R S BRIH AR MY BRI kT AH K 53 ff AT
W B8 B3 000 kJ/kg

AR ST T AR o3 1 A Rk SR FH R JRURI i -2 3K 3
AN AR B2 I A e R T3R8 A an 181 7 B, i ]
5.

1) Bt 2B A 3G I RAXUF A R0 B0 P AR A
SR B REIER T FR S0 S K | Y AR FE A 3
70% W}, BEVE A FH 2 FF 1R 580 T B

2) MR F A B, SO A AR A D T T AR
T AR FHRREA S T ORI A R,

3)VHAREAE 0.1 ~ 1.0 JE BN, ol A e TR
800,616 440 W T.I0L T B-F- 35 B IR 2430l
33.43 % 32.94% 32.21% , #RBFAELEIRE N 90 |
80.70.60 .50 °C T #Y-~F ¥ 6e I8 ) H 253 0 Sk
12.81% .12.20% . 11.62% .10. 85% . 10. 40% , 1 I

— 103 —



$38% F5H
2017 £ 10 A

Hl% F |
Journal of Refrigeration

Vol. 38,No. 5
October, 2017

PR D AAE =R 00N B-F- 25 BE TR FH 23 S BAUX
AR AL B9 REIR A AR A8 2. 51 ~ 3. 21 4,
DO FAE L XA Y RE TR A T 1

701 o PWBO0W  —e— HRK80 C
6ol —— Miel6W  —— HKT0C
—— 440 W —— HYR60 T
50l —— #R90 T —e— K50 'C
L
401
B
@’ 30+
é}%zo .
10l M
0 02 04 06 08 1.0

AR
7T ARIRTEGRREM I BERRRFRAEREL

Fig.7 Energy utilization rate curves of silica

gel regeneration in different conditions
LS
3 &g

AR S AR A R A BERE T T X ek
() Bl P DA XU DEA T L S BRI ST, A AR
4598 .

1) e T 3R AR 53 W A 1 1 5 5 KR
AR AR K P ] R RO o R
PRBR AL B Y T 55 5 7K 3R Y A8 Ak 3 8 B 5 2F I EE
T 2 T 3 G, T 3 4 K R BB R R AR
b A IS B 3 15 K 3R A AR R B B A ) S
FPE

2) Tl P A HE AR RU R AR R e [ R BRI A R
TR FIAH R P A BE S ARXU A S5 A 3 R R i
440 ~800 W Il ipl P A= dpe R T4 TR 1) 49. 89%
~86.23%

3) S FRAE T BB RO 3, EAR R AR B R,
P T FE FLBE S BOXUEE AR T FE FLBE Y 25.2% ~
37.7% .

4) [ AR B T 790 A 1 30 AH [ P28 B B, I8 P
AT EAE =R 00N (957 X R IR A H 23R 0 $OR A
FRP T F BE A R IR A 260 2,51 ~ 3. 21 %, Bk
AR P2 EE AR A ) RE VR A R

SR HRAE 2015 AL 4550 H (B—4it) (2014A010106031)
JIRAR TP R R A g A T A 5 1 e T 4 T e 3 T H
(2013B091500094 ) K% Kk 1 2020 fff 53 #0617 5t 4: 5 F (734340-
DEW-COOL-4-CDC-MSCA-RIS) % B, (The project was suppor-
ted by the first batch of Public Welfare Program in 2015 in Guang-
dong Province (No.2014A010106031) , the Competitive Allocation

— 104 —

of Special Funds in Guangdong Province China Academy of Sci-
ences Comprehensive Strategic (No.2013B091500094) and Orizon
2020-Research & Innovation Framework Programme ( No.734340-
DEW-COOL-4-CDC-MSCA-RIS). )

S 30k

(1] 2558 VTAZ BRIGEPR , S5, W50 50 10 23 1A S pRats i <7 Ak 1
VARG )] B, 2003, 33(6): 26-30. (LI
Zhen, JIANG Yi, CHEN Xiaoyang, et al. Liquid desiccant
air conditioning and independent humidity control air condi-
tioning system[ J]. Journal of HV & AC, 33(6) : 26-30. )

[2] LIX H, LI Z, JIANG Y, et al. Annual performance of
liquid desiccant based independent humidity control HVAC
system[ J]. Applied Thermal Engineering, 2006, 26(11) ;
1198-1207.

(3] Wk, Bk, 82, 55 1A IR 50 75 3 26 T A 1k
AIRHFIE[ T ], b5 RAE 524k, 2008, 42(1):138-
141. (YAO Ye, LU Zhi, LIAN Zhiwei, et al. Experimen-
tal study on the feasible application of ultrasonic in regener-
ation of solid dehumidizer[ J].
Tong University, 2008, 42(1) . 138-141.)

[4] SAITO Y. Regeneration characteristics of adsorbent in the

Journal of Shanghai Jiao

integrated desiccant/collector[ J]. Journal of Solar Energy
Engineering, 1993, 115(3) . 169-175.

[5] TECHAJUNTA S, CHIRARATTANANON S, EXELL R H
B. Experiments in a solar simulator on solid desiccant re-
generation and air dehumidification for air conditioning in a
tropical humid climate[ J]. Renewable Energy, 1999, 17
(4) : 549-568.

[6] SAN]J Y, JIANG G D. Modeling and testing of a silica gel
packed-bed system [ J ]. International Journal of Heat &
Mass Transfer, 1994, 37(8) . 1173-1179.

[7] TAWEEKUN J, AKVANICH V. The experiment and simu-
lation of solid desiccant dehumidification for air-condition-
ing system in a tropical humid climate[ ] ].
2013, 5(1) :146-153.

[8] PRAMUANG S, EXELL R H B. The regeneration of silica

Engineering,

gel desiccant by air from a solar heater with a compound

parabolic concentrator [ J ]. Renewable Energy, 2007, 32
(1) 173-182.

(9]  BRTRAK, SR, RAELE 4 R S HL% 0 R 58 5 BRIB AR BE
RS H R4 [ )], BB 25, 2002, 32(4):53-55.
(CHEN Peilin, ZHANG Xu. Integrated motor cooling and
desiccant cooling for bus air conditioning system[ J]. Jour-
nal of HV & AC, 2002, 32(4) . 53-55.)

[10] s2ARH A2, It 8. R BHBE AR BRI He 24405 3h
APV T[T ]. KFAAEA i, 2011, 32(4) . 530-
536. (PENG Zuozhan, DAI Yanjun, LA Dong, et al.

Transient dehumidification performance of a novel regenera-



$38% F5H
2017 £ 10 A

BB IR M B RIE S AR B E R RAER ST

Vol. 38, No. 5
October, 2017

tive desiccant heat exchanger[J]. Acta Energiae Solaris
Sinica, 2011, 32(4): 530-536. )

(11] 57, TR Bz, AR U IR BRI 2 P R
5[ 1], #1824, 2015,36 (2):83-88. (LYU Ning,
ZHANG Hui, CHEN Zhengian. Study of dehumidification-
regeneration performance of an internally-heating regenera-
ted dehumidifier[ J]. Journal of Refrigeration, 2015, 36
(2):8388.)

[12] MINA E, NEWELL T A. Electroosmosis for dehumidifica-

tion ( Proof of principle study) [ C]//Proceedings of the

21 st International Congress of Refrigeration Arlington Vir-

ginia. Washington: Bulletin of the International Refrigera-

tion Society, 2004 .281-287.

kA XA M ) I 5 TR I 0 5 W B L 3

SHRBHAERCRIUIGET]. #8224 ,2014,35(1) :8-13.

(ZHANG Guiying, SHAO Shuangquan, LOU Xiangming,

[13

[

et al. Investigation on the adsorption mechanism and elec-
tro-osmosis regeneration of common solid desiccants [ J].
Journal of Refrigeration, 2014, 35(1) . 8-13.)

T e B P I A A 2 R BN 5 P A v 8 TR
PERE[T]. Y824 ,2012,33(6) :12-18. (YAO Ye. Re-

search progress in the application of ultrasonic technology in

[14

[

the regeneration of desiccants for air-conditioning[ J ]. Jour-
nal of Refrigeration, 2012,33(6) :12-18. )

[15] kMg, BhaE 2, 55, TR BRI 8 75 i AR T A7 1
SRR T ], 1 sCE RAA 4, 2008, 42(1) ¢ 138-
141. (YAO Ye, LU Zhi, LIAN Zhiwei, et al. Experimen-
tal study on the feasible application of ultrasonic in regener-
ation of solid dehumidizer[ J]. Journal of Shanghai Jiao
Tong University, 2008, 42(1) . 138-141.)

[16] YAO Ye, LIU Shiging. Ultrasonic-A new regeneration
technology for dehumidizer [ C]//The Fourth International
Conference on Cryogenics and Refrigeration. Beijing: Sci-
ence Press, 2008 984-990.

[17] YAO Ye, LIU Shiging, ZHANG Weijiang. Regeneration of
silica gel using high-intensity ultrasonic under low tempera-
tures[ J]. Energy & Fuels, 2009, 23(1) ; 457-463.

[18] YAO Ye, ZHANG Weijiang, LIU Shiqing. Feasibility
study on power ultrasonic for regeneration of silica gel-a po-
tential desiccant used in air-conditioning system[ J]. Ap-
plied Energy, 2009, 86(11) : 2394-2400.

[19] YAO Ye, ZHANG Weijiang, LIU Shiging. Parametric
study of high-intensity ultrasonic for silica gel regeneration
[J]. Energy and Fuels, 2009, 23(6) : 3150-3158.

[20] YAO Ye. Using power ultrasound for the regeneration of
dehumidizers in desiccant air-conditioning systems: a re-
view of prospective studies and unexplored issues[J]. Re-
newable and Sustainable Energy Reviews, 2010, 14 (7).
1860-1873.

[21] ZHANG Weijiang, YAO Ye, WANG Rongshun. Influence
of ultrasonic frequency on the regeneration of silica gel by
applying high-intensity ultrasound [ J ]. Applied Thermal
Engineering, 2010, 30(14) . 2081-2087.

[22] YAO Ye, ZHANG Weijiang, HE Beixing. Regeneration of
silica gel by power ultrasonic: models investigation [ J ].
Energy Conversion and Management, 2011, 52 (10):.
3319-3326.

[23] ZHANG Weijiang, YAO Ye, HE Beixing, et al. The ener-
gy-saving characteristics of silica gel regeneration with high
intensity ultrasound[ J]. Applied Energy, 2011, 88 (6):
2146-2156.

[24] YAO Ye, ZHANG Weijiang, YANG Kun, et al. Theoreti-
cal model on the heat and mass transfer in silica gel packed
beds during the regeneration assisted by high-intensity ul-
trasound[ J |. International Journal Heat & Mass Transfer,
2012, 55(23/24) ;. 7133-7143.

[25] YANG K, YAOY, LIU S, et al. Effect of applying ultra-
sonic on the regeneration of silica gel under different air
conditions[ J |. International Journal of Thermal Science,
2012,61: 67-68.

[26] JBUV-IE, BRIK, 1K &, 5. m R K o BORTER 4
FRIBHLFAE RGN A T]. &5 5P, 2008 ,24(5) .
70-72. (GU Pingdao, QIU Ran, DIAO Yongfa, et al.
Brief introduction of the high-voltage electric field applica-
tion to desiccant wheel dehumidifier regeneration system
[J]. Food & machinery, 2008, 24(5): 70-72.)

(27] XUy, Shie ity 3512 | 4. 6 I o 30 10 ol e 1 e e
Jedh Iy 1], Bl i, 2014 (10) 1936942, (LIU
Haili, MA Xiaoqian, GUO Pingsheng, et al. Microwave
drying characteristics and kinetic model of food waste[ J].
Chinese Science Bulletin, 2014 (10) : 936-942. )

[28] SOYSAL Y, OZTEKIN S, EREN O. Microwave drying of
parsley: modeling, kinetics, and energy aspects[ J]. Bio-
systems Engineering, 2006, 93(4) . 403-413.

[29] OZBEK B, DADALI G. Thin-layer drying characteristics
and modeling of mint leaves undergoing microwave treat-
ment [ J]. Journal of Food Engineering, 2007, 83 (4):
541-549.

[30] B, BRgr, bt ds 2. FEARRGE TR I [ )] Rl
ML 2, 2007 ,38 (3) :99-101. (ZHAO Chao, CHEN
Jian, QIU Bing, et al. Experimental study on microwave
drying characteristics of Chinese prickly ash[J]. Transac-
tions of the Chinese Society of Agricultural Machinery,
2007, 38(3): 99-101.)

[31] KAASOVA J, KADLEC P, BUBNIK Z, et al. Physical
and chemical changes during microwave drying of rice[ J].
Chemical Papers, 2002, 56(1): 32-35.

[32] MEKHTIEV M A, TORGOVNIKOV G I. Method of check

— 105 —



$38% F5H
2017 £ 10 A

LR

Journal of Refrigeration

Vol. 38,No. 5
October, 2017

analysis of microwave modified wood[ J]. Wood Science &
Technology, 2004, 38(7) . 507-519.

[33] MIURA M, KAGA H, SAKURAI A, et al. Rapid pyroly-
sis of wood block by microwave heating[ J]. Journal of An-
alytical and Applied Pyrolysis, 2004, 71(1) . 187-199.

[34] OZKAN I A, AKBUDAK B, AKBUDAK N. Microwave dr-
ying characteristics of spinach[J]. Journal of Food Engi-
neering, 2007, 78(2) : 577-583.

[35] WANG Z F, SUN J H, CHEN F, et al. Mathematical
modeling on thin layer microwave drying of apple pomace
with and without hot air pre-drying[ J]. Journal of Food En-
gineering, 2007, 80(2) ; 536-544.

[36] FRHGAM, 4R AL, Z24E K. WA RERI oK BH B 72 r B
FELI]. AL RhEBE 2, 1987,1(5) :3747. (ZHENG
Ruipei, TANG Yucheng, LI Xiangfa. The study on regen-

— 106 —

eration performance analysis of solar solid desiccant[ J].
Journal of the Hebei Academy of Science, 1987, 1(5):
3747.)

BIEEZEN

WM, 95 W B, AR Tl KA R A Tl TR A B
13580343059, E-mail : gdyangwansh@ 126. com, WL T7 1) . BB
23 RFUTRERIAR A

About the corresponding author

Yang Wansheng, male, Ph. D., professor, School of Civil and
Traffic Engineering, Guangdong University of Technology, + 86
1358033059, E-mail ; gdyangwansh @ 126. com. Research fields:
heating ventilating & air conditioning, building energy conserva-

tion and green building.





