2018 48 114
F39% el

M R 2k (T

Journal of Zhengzhou University ( Engineering Science )

% ) Nov.
Vol. 39

2018
No. 6

NXEHS:1671 -6833(2018)06 — 0069 - 05
= i IR B 24 3R v 4% B B SR L 2R R B HY SE G F 32

AEW, g, b A, RES, B O, #HFA

(L R AL TG RB IR 2B, I g ABMI 450001 5 2. KZJH R 2 BB R G T REF AR 58 &/ 40 M LR BT
FE G, R KM 450001 )

O E: OATRERNABERBEALISEAMARAEAREIRARANKAE, ER LSRN LA RETEE A
BRE B NIEN 10% F2 20% 6945 i, R R AN 5 R il 6) I RAET L, mE 10% A
BReBEE, B RABREARSGRERS23 C,L236 C,AANAEREE M20% , AA5HERE
Yoty P EBE K 14% KA ARG 1.8% ;mE20% RZ2MEHGE, B KARENMRSHERE
#1111 C,k202 C,AAMEREEMS. 6% ,RA5 9B RMZ LA -FHMIU-F R E, KA E R E

¥ 25.3% P RRFTBEMHARAEREFBEBE, DRI BEVEAALERZAFATRS.
KR H A RMAER; EFEHRMK,; S A RA; ARk

HESES: TKIL'S XERARERD: A

0 3

2 Tl B 7= R T R K R K. i
R 7K BB AT LA A o R A R [
T 6K i 37 A% R 0 AR R[] 5. 34 4 AR A Ay Tl o )
JHAR it 37 BE R (9 — BB AR 7 11 v& 7 TG 9 F 9 4
RO 2R WA T R O 1
)2 S R A A BF S AR Bl = O R
) 5 R 0, X T IR A A A D 25 9 4 AR
] 5 R VA TR T R T K o PR £ N AR
ST I3X W A K TR R B B AR AR RV
PR | IR R E TESR B9 48 A Oktariani 25
A R b 06 X LB 45 o A B 2RV R G AR T B
YA 52 B 4 M. Xue 28170 7 M H B2 400 119 5L i
b T U R B AR 7 AR R A i B G AT T
ST, % BRI 80 °C 4K 5 7 B4 B i vl LA
J T 150 °C B R il € VR, IE 52 T M) A K 3K
15 b B R AR VR M AT AT, L I VRS E T
PEYE HE A 544 B T A SR A0 1 B o 4 kR o
A —SeRFag T (R T NG5 b e i A
I 1 R A 2 9 0 R R i TG S

TE W A7 0% BRI J2 m 5 R [R) R g £ 53 3
TR 5 o 388 A 26 VR 2B T 5 B S ). 2% 58 £ R

il

W B H:2017 -05 - 06;f&81T H#3:2017 - 08 - 20

doi:10. 13705/j. issn. 1671 —6833.2017.06. 027

JE , ZETCH 0 Ak 3l 88 0 A O R A AR AR A
S 0 S I SF- 5 0% B B AT 0 AT L IR A
14 £ 5 3d 3 R, S Al S B as ik iR S 2%

1 LN E

1.1 XBMBE5ERE

SR 13X A o W B L, PR R i A e
K, H 5K b T B SRS k. WA P BAR R
2.2 mm. R g8 A EBGE, MR 304 R
B Sk A AR R B Sk R N AR R R .
kR BEIE T 3 Sk, R PRI AN 5 0 R 45
oL 28 3 Bz . RN 4R AR K 80 mm , #4115 mm , BE
JEH 4 mm, #E7K HH 3 > DN8 #5245 41 . 1% ot 8
EHILIE ¢ =0.613 mm A ANFHHI H £ 3 im
B, R 2 W AT T A B 88 AT A Ak B
I A ANEE 43 ) S R 30 mm (1) i IR 4 £ 4
F120 mm (1) 3R 2K 2, 0 O AR £ T

SEG RS E AN 1 BTN SR T K A B A A 0 I
FE W R P I v 8 IS Y 28030, GL220 i 45 2K
B SRAIE SR . SR 7 N A H A 4 A R 2 BT
TN T s Ty 53 50 R ) 173 273 A0 300 6 A Ui
JE3 T, 5 Tspn, T, 53 0 R ) 173 .2/3 4b TH0ES

O FEIRR .

EEWE HEKARFAREEH T H (51506187 ) 5 M FA BH T FHAHORAT T H A5 H (14A480003)
BAEIEE B0k (1982— ), 53, 40 B KB JH A, KR M IR 2 PRI, 19 o, 3 B8 A S5 02 B 34 22 F ¢, E-mail: xuebing @ zzu.

edu. cn.



70 BN K 27 2 4R (T 22 J)

2018 4

1.2 K E

Tl AE 2 110 mm {)f% 38 18, B A2 D 43
9 8 mm (SN g NARH) 10% ) (16 mm ( J I ¢
WARI 20% ), 43 50 7 R ZRARFR Y 1% ,4% . G
A J5 368 S IS T 2 SEL W A7 360 g, A% 5 I T
2 R 7 3 S R A A YRS IR R ERUAH N T
WA A I AR T R 80 °C.

ST R e AR R TE IR K R A, SR R K T
LSRR P N BV . MR S v S =i
FIIF K45 B, K T B 2.2 L/h, IR )5 4K
P10 S AT 4 R 4R 45 R o5 85, O 47 JF % e
. REA R R R B, B 15 s I R ZE R E
.Y TR 0 IR A UL RE IR B K Wk R0 R L
T OGP K L 0 SR i A 7RV L HE R
IO N E K TS RS TR A O R Il
I5 J A R L T 7K R S5 2 WA DA s I YR S N 1Y)
KK .

1 XBRERETEE

Fig.1 Schematic diagram of experimental setup
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Fig.2 Thermocouple distributions inside of packed bed
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Fig.3 Temperatures and steam quality

variation chart without mass transfer channel
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Fig.4 Temperatures and steam quality variation chart

with mass transfer channel at 10 % of inner diameter
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Fig.5 Temperatures and steam quality variation chart

with mass transfer channel at 20 % of inner diameter
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Tab.1 The average value of steam temperature and

mass ratio under different channel diameters

D/mm T./C m_../m,
0 212 0.064 4
8 235 0.073 5
16 212 0.069 7
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Fig.6 The mass change of steam quality in different

mass transfer channels with dimensionless time
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Tab.2 Steam quality and error in the three groups

of experiment

D/mm m, ./ kg m, ./kg E /%
0 24.32 21.45 11. 80
8 29.59 27.06 8.55
16 24.42 22.65 7.25
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Experimental Study on the Enhancement of Steam Generation by Utilizing Mass

Transfer Passage in a High-temperature Adsorption Heat Pump

LIU Zhouming' , SHENG Zunrong', YE Song', YAO Zhimin', XUE Bing', WEI Xinli'*

(1. School of Chemical Engineering and Energy, Zhengzhou University, Zhengzhou 450001, China; 2. Engineering Research
Center of Energy Saving Technology and Equipment of Thermal Energy System, Ministry of Education, Zhengzhou University,
Zhengzhou 450001, China)

Abstract; Mass transfer passage was used inside the packed bed of zeolite to enhance steam generation effi-
ciency in a novel adsorption heat pump by utilizing a direct-contact heat exchange method. Ratios of the pas-
sage to inner diameter of the packed bed were 10% and 20% . Experimental results from 10% passage showed
that the maximum generated steam temperature reached 236 °C, which increased by 23 °C compared to that
without passage. Meanwhile the mass of steam increased by 26% , mass ratio of steam to dry zeolite (m_ ./
m,) increased by 14% , and steam generation time increased by 1. 8% . Experimental results from 20% pas-
sage showed that the maximum steam temperature only increased by 11 “C; steam mass increased by 5. 6% ,
m, ,./m, was almost unchanged; steam generation time increased by 25.3% . Superheated steam generation
rate was faster for large passage, while the maximum temperature and mass of generated steam were higher for
small passage.

Key words: mass transfer passage; adsorption heat pump; non-equilibrium adsorption; superheated steam;

steam generation efficiency



