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Modeling and environmental applicability of solar solution grading
collector/regenerator system with heat recovery

PENG Donggen, LUO Danting, CHENG Xiaosong
(School of Civil Engineering and Architecture, Nanchang University, Nanchang 330031, Jiangxi, China)

Abstract: To improve the collection and regeneration efficiency of strong solution under extreme conditions, this
paper reveals a solar grading collector/regenerator method with inter-grade and same-grade heat exchangers.
Based on heat and mass balance in the packed reservoir, a model of solar grading collector/regenerator system in
which pre-dehumidification solution parameters could be adjusted is established. Numerical simulation shows that
there are critical points in regeneration efficiency of grading regeneration under variety of outdoor situations
compared with single-stage regeneration. Grading regeneration is preferable to single-stage regeneration while
outdoor environmental temperature and relative humidity are above the critical points as well as sun radiation
intensity is lower than the critical point. Finally, the applying ranges of grading collector/regenerator system on
environmental parameters and solution concentration are comprehensively provided in this paper and it is found
that the situations of lower radiation from sun and higher temperature and relatively humidity are beneficial to
regenerate solution of high concentration by grading collector/regenerator system.
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Fig.1 Schematic diagram of five solar solution collector/regenerator systems
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Table 1 Five modes of solar collector/regenerator

Mode Name On Off

A single solar collector/regenerator without heat V1, V4,V9,V10, V13, V14, V15, V16 V2,V3,V5,V6,V7, VS8, V11, V12, V17
recovery

B grading solar collector/regenerator without heat V4,V8,V9,V12,V14,V15 V1,V2,V3,V5,V6,V7, V10, V11, V13,V17, V16
recovery

C single solar collector/regenerator with heat V1,V2,V4,V6,V7,V13,V14,V15,V16 V3,V5,V8,V9,V10, V11, V12, VI2, V17
recovery

D grading solar collector/regenerator with their V4,V6,V7,VI11,VI12,V14, V15 V1,V2,V3,V5,V8,V9, V10, V13,V16, V17

own heat recovery

E grading solar collector/regenerator with all heat
recovery

V3, V5, V6, V7, V12, V14, V17

V1,V2,V4,V8,V9, V10, V11, VI3, V15, V16




8 1 www.hgxb.com.cn * 3245 -
experimental Ta.ou/C
! from packed bed 21 20 23 24 25
{p,out,Tsp ! 14 T T T T
’ +0.5C 125
l 12| Tw=242-252C 0%
_— ms, 1 &5 Ty ms=300 kg *kg-! 5o 5
— T p £in=0.33kg - kg ! 2 44 P
) to first grade C/R Zn 1.0 Ta_:u:IS— 2%)"0 £ -0.5C \g
to packed bed 3 Yam=103-110g-kg L Y B~ % &
Mepr 5Ty S : o)
. 5 06f g
from first grade C /R g : =
by = — = 122
B2 o i R I e 2 ul o e
. L. ’ —0.5° Ta.ou
Fig.2 Schematic diagram of heat and mass balance 05¢ ¢ faou
in solution tank 02 04 06 08 10 12 13
experimental mg/kg<h!
(VAR E DR BRIB A% R 0 IV VR A R (a) packed tower
W 2 Frs e TR VA VRO — 20 P9 A VI AE fr e experimental AT/'C
M 1 £ B o NS S S L N L LR L
HHH A2 e R T RS ' '
B 1.4
e B 7R .
= 13 AAT
ms,pcps (T; - T;,p) = ms,lcps (T;,l - Zs) (8) J,f,:_,! AAT‘S‘
. < 12t &)
K3 o SR £ g
S1ar <
1- 1- 1-& 1- 8 Z 1108
ms p§ ép,oul _ é — ms 15 é _ é:l,oul (9) b 1.0F S ) ,%
S U B A - Ra=213-285C {8 Z
’ = = ’ 209+ ms=13.7kg-h"! le 2
24 BEMEMGAHENEER sl f0iglg! |
. a,in= —29.
TERFHRE S HERF ARG, BT —HEHR e Yum=103-114 g-kg-1] 2
e £:=550-690 W 7|

[FHAETH R N R ARG R & — 2
N RER AR TR TS, R
T R BARR . EAF A=A e N
WIRRIE RS B . R 8 UiZ RS
AR BRI R AR A T AR R, 8 X ERE A
BEE R TR SRR P AR Ky 25 R P R AT S
N B B AR AR THIAR L K PH RefE S RE 2 bk, DL
X (10). X (11D NRGEME AR E L

m, Hhy,

ev,2

= — 10

=TT (4 4) (10)
m,hy,

== 11

n T4, (11)

2.5 1EBVIHIF

F R B A S K BH e A R F AR AR AN
TR, IR AL IEf T, @ —6
20m (K) X1.0m (%) X0.035m (F) WA
FHAEE AR —E 0.5m (%) X0.5m (F) X
0.3 m (KD ELRMFA 368 m?-m~> [N SER} B4
&, LA ENERZE N £3.9%, ST
R iR 22 R £ 2%, K BH % 5 B IR B /N T
2%, BEERBMNERZ 02T, RRGKIREN
W RER (BREE) REN 10.3%. KLihst J
BB EE RS R T, i 3 Fror. B 3(a)

07 08 09 10 11 12 13 14 15
experimental mey /kg-h!
(b) solar collector /regenerator

B3 Ol Ao AN S 06425 SRxt Bl

Fig.3 Comparison of numerical solution and experimental data

BRI RS I SZIRIRAE, BonERRIER R E, W
HAEE 5%, T3 REHZEE£0.5CTH.
P 3(b) Ao PH RESE F0 AR 253 1 B R R S 36 435 SRt
b, B R FAE 2R R B BB 5 SR L SEIH B KA 10%,
7RI A ZEAE-S5% AN . & 3(b)iEXT b T RN
A PR MBS IO S R, BRI A
ZEE 0.7°C Y o IR X b 45 FE 1 B B AR A0 285 SR A0 5
YRR AR A, IRAE T BRI ) IE A

3 RGAMRE AT

BRI — JM — B A/ R A R
TRBRUE A8 M SRR 2.5 47, PR AR B PR AL 2340
NI, RGHEBCR I SACBRIE R — gk
AP A YA VR, R AR FEE A 2R G4 o o AR A R
el YRR A TR BT i R R BEAT A8 s A ASEAD)
VHRZHOLE 2. UL RRER AR, 2
B R G AR AT T, i AR
LIS sd Y .



© 3246 ¢

T

L

68 &

®2 BEENGESH

Table 2 Initial parameters of numerical simulation
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