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Experimental Study on Performance of Liquid Desiccant Air Conditioning
System with Precooling Dehumidification/Preheating Regeneration

Liu Zexiao,Wu Wei,Zhai Chong, Xu Mengjie ,Han Haibin
(School of Energy and Mechanical Engineering, Nanjing Normal University , Nanjing 210023, China)

Abstract :In this paper,a novel precooled and preheated dehumidification air conditioning system is proposed. This system
utilizes the low-grade thermal energy from a heat pump for solution preprocessing and employs a solution characterized by a
temperature of 18 “C and a concentration of 27% for dehumidification. Experimental investigations are conducted to assess
the effects of precooling/preheating the dehumidification/regeneration liquid on the dehumidification/regeneration
performance of the system. Additionally, the system’s comprehensive performance alterations post the implementation of a
low-temperature and low-concentration solution are evaluated. Key findings include: (1) An decrease in temperature of the
liquid desiccant after precooling results in a 16.3% rise in difference in air moisture content and a 6.4% enhancement in
dehumidification efficiency. Concurrently,an escalation in the solution flow rate leads to a 22% and 20% increase in the
difference in air moisture content and dehumidification efficiency, respectively. (2) An elevation in temperature of the
regeneration solution increases after preheating causes the regeneration amount to surge from 0.132 g/s to 0.414 ¢/s,and
the regeneration thermal efficiency to augment from 0.196 to 0.397. An increase in the inlet solution flow rate of the
regenerator results in nearly a 13% rise in the regeneration amount of the solution and approximately 6% enhancement in
regeneration thermal efficiency. (3) Relative to high-concentration solutions at ambient conditions, the dehumidification
capability of the system remains largely consistent post the adoption of low-temperature and low-concentration solutions.
There is a noticeable increase in the temperature differential of the air pre and post-dehumidification, which couples with a
marked reduction in the operating cost. These findings provide a feasible solution for improving the overall performance of
solution dehumidification systems in high-temperature and high humidity areas.
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Table 1 Summary of types and mass fractions of dehumidification solutions
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Fig. 1 System schematic diagram
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Fig.2 Schematic diagram of system performance test

B3 mEgiEselliikumasiywE
Fig.3 Physical diagram of system performance test
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Table 2 Experimental testing instruments
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o e R VAR 5 R T A AU-120L T2 :0.01~120 g/cm’ s MEREFE  £0.001 g/cem?.
TRIE AR A% HMT330 B HHXHEEE 1~100%RH ;W BE . —40~80 °C 5 A EE . +(0.015xill & H%RH) ;0.2 C.
KL IRAR 25 4% CP218-BO HHE0~99 999 m®/h; I EAE BE . +29% > &= A
JE S 787628 HM20-1-A1-F1-W2 R 0~2 MPa; U EAF B £0.5% < F2.
ZH DM A AN§721PV2 T :0.012~ 12 kW ; I EDRERE « £( 0. 1% A +0. 1% x 22 ) .

2.2 HEEITFMIER
TEERBRIES R, S RSB RAAERIRSRN S K AP RIS, kgl A S OB E 2 Aw
VUK BRIR AR n, R ILFE A PR 25 S5 W RS L R 8 b

Aw:wa,in_wa,uut’ ( 1)
wa,in _wa,out

M= . (2)
wa,in_we,in

R o, AU AR o/ ks, AT AR, o/kg o, WA RSB R, o/
TR T o BT SL R ] P 2 S M AR P A 1K A W PR i
R 4 R



XUPET 2 TR BRI/ TP AR LA VR BRI 25 8 AR G ST 5T

Mr(‘:ma(wa,out_wa,in)' (3)

VS VRFT A 2o R T AR A B DL P A BRASR AR AR S R e R AR R FE .
™

n="g (4)
SO r K AR KD/ kg 0. S FIZE TR A 9 54 BE RERMES KW,
ROEHERE R B COP, Ny

a mu(hu in (e_ha out,ev )
COP_ = ¢ = e e (5)
Nt N TN N .tN . +N

by AHEBRIR AR 2 SR E kI kg3 by o N 2R R AR 2SS, k) kg Ny, BTN, 53900 R KUBIL RS
WA BT kW, T2 R KL S R FE Z I AT, N, 8 R 4a LI FED)  kW.
23 RESW

FETIREARL A, AR B T R S HOR W .

RGP AT e, oo, SUHERIE, SO

PS>

An,:J 4AW> . 4 Ar’+4c Arl o)
n, A (o, 0,0 [e, (=t )+, (t,,=t,) ]
REERE RBORZE TR AKX N,

ACOP_.  |Am 4AR? AN?

COP,, =J w2y ) N 7

AR 2 v A% DN A gk B DO R B DA SR 22 TR TR R G B A R m, DA R G B AP RE R
H COP WRZET N 3.60% 4.47%.

3 IR

3.1 WRERESHITRRIR 4 RE R 0T
VHE TR 5 7 R S B0 A X R 1 fi 19 52 M) B B, 43 01 BRIV I 5 R IR NS W 12 A i 5
M SIS TP TR VA TR A TR B ) R AT A RTS8 43 B , e BROER — 41 T050 S V5 T 008 I Y R iR
FEAKIR A 14.85,15.85,16.90,17.90, 18.90 °C, 5% 241 T4 T % U5 1 7 & 4391~ : 0.091,0.103,0.117,
0.131,0.145 kg/s. SLE BRI T S8 0E , BRI T.00 L3 3.
*3 MABBRIR

Table 3 Experimental conditions of solution after precooling
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Fig. 4 Effect of precooling solution parameters on dehumidification performance
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Table 4 Experimental conditions of solution after preheating

m, ../ (kg/s) tew/C o, ./ (&kg) & i/ % m ./ (kg/s) tyw/C
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Fig. 5 Effect of preheating solution parameters on regeneration performance
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Table 5 Experimental conditions of two dehumidification solutions

m, ../ (kg/s) tew/C o, ./ (&kg) & i/ % m ../ (kg/s) t;w/C
i Yl i A FEE A TR 0.13 33.11 22.75 35.2 0.09 27.63
RIS TR JE 7 v 0.13 33.36 22.93 27.0 0.09 18.45
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Table 7 Experimental conditions of outdoor air
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S e ), FR G0 0 P A R A R 2 Y, B VA TR i 0.075 ke/s S INE 0.135 ke/s,
A R T 13% , PR SSCRAR T 6% 2 47

(3)#EH 18.45 °C M FEN 27.0% MIARIRAR MR BEV W AR 27.63 C VR FE Ry 35.2% 1) ik i Vi 5 V4 VR
Jei , BRI S 25 Sk SR A RIS S SRS U H RGBT A B AL, 1 2
23%. M TS RREE W RL, AR RS ISR B R G R MR REORIESE &, AR
TIREWE T, 18 A T X R B | R A N D K X T AU R S R TS .
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