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Abstract The main objective of this study was to analyze the dehumidification performance of a centrifugal
atomization-based liquid desiccant (LD) dehumidification system and compare energy performance. Dehumidification
rate and effectiveness were evaluated to determine dehumidification performance. A parametric study was performed
experimentally according to five variables: air temperature, air humidity ratio, solution temperature, solution
concentration, and liquid-to-gas ratio. Cooling load was also compared with a packed-bed-based LD dehumidification
system via experiment results and simulations. Results indicated that the dehumidification performance was improved
at low solution temperature and high solution concentration. The dehumidification rate was also higher in hot and
humid air than in a mild air condition. As liquid-to-gas ratio increased, dehumidification effectiveness also increased
while dehumidification rate decreased. Finally, the proposed centrifugal atomization-based LD system could achieve
the same dehumidification performance at a lower liquid-to-gas ratio than packed-bed-based LD system while saving
72% system cooling load.
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(a) liquid desiccant system diagram (b) absorber

Fig. 1 Liquid desiccant system.

ol WA Ag AZD AL AL WBIE FE 28 Ao F SHOE ool I TEF J|ue]
A 2o},

NAA A A2E e Fgost B9 AF WA GFS Wl Wil Fig 1b)sh 2ol A
AR Fol AR FHAT U o
Sgow Qg 447 F1A o 4ol
A PR o TolA Qo] F& Hul ] e BWAS Hud 5 9w, olol] uhet AG/ Al FEE B
WA sk gola.

AHAQl AN A A=wle] AF/AY e TGk 58 Afole] A} B AR Ao AltY
a9 e u$ BgstnE we A8 ATsdA A1)

o Aoste] APL B3 AF AE o5 BAL MG Ax A5 w9 T
2 ol A& Aol AkR Ay af o

S5, e 2 9w, A Fol e gy

2

We,in — Wa,out
Egop = — (1)
o wa,in _weq
Edeh :f(Ta.,in7 wa,in’ T;,im Xs.,in’ L/Gratio, Va) (2)

Aol A Asol ALgE e Fig 29 Lk F71E 9)7] mAL W] o8] AY 2lo] v 24 W
FYES F AGTE WRE FYECh o F, AT WA A4 BRI o3 v A BAE A%
gl GEshe AGEHIL WA PAE 98 BuUEE Shsle] AGY HE EEA feoe
YANE B BE 2EA W7Ee] ABR U] AN AN B FERE FAY FRE
FUE FEAe AUA Bl oa) WA AAZ FAHY, AE HF oF FHel ola AGY
ahefol A wol Wi B Wi
(© SAREK 83

www.dbpia.co.kr



o231, ol A2, AL

@ Temperature sensor
@ Humidity sensor
@ Velocity sensor
@ Density sensor

e ety
SRRy et

S A T
St
S IS S S o

Air Cooled
Chiller

Code Tester

P E“\
Ol P | | ...

@ Environmental
Strong Diluted Chamber
Solution Solution

(a) Sensor locations and equipment arrangements

Dehumidifier

Centrifugal
Atomizer

Solution
Outlet

Solution Tank

(b) Counter-flow type absorber (c) Environmental chamber

Fig. 2 Experimental setup.
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Table 1 Sensor specification
Parameter Type Range Accuracy
temperature [C] NTC -20 to 55 +0.4
Air humidity [%] NTC 0 to 100 +2.0
flow rate [m/s] Vane probe 0.1 to 15 +0.1 (#1.5% of mv)
. temperature [C] Pt100 -50 to 250 +0.5
Solution - 3 — -
density [g/cm’] digital density meter 0to3 +0.001
Table 2 Experimental condition
Parameter Minimum Maximum Level
inlet temperature [C] 20 34 2
Air inlet humidity ratio [kg/kg] 0.010 0.025 2
flow rate [m’/h] 45 400 5
(L/G ratio [-]) (0.003) (0.02)
. inlet temperature [TC] 20 28
Solution - -
inlet concentration [%] 20 38
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Table 3 Overall uncertainty
Parameter U, Parameter U,
inlet temperature [C] 0.62 Solufi inlet temperature [C] 0.69
olution .
Aj inlet relative humidity [%] 1.70 outlet temperature [C] 0.48
ir
outlet temperature [C] 0.49 Results dehumidification effectiveness [-] 0.069
su
outlet relative humidity [%] 1.70 dehumidification rate [g/s] 0.051
4.2 HE ME Hds
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(a) Condition 1: solution temperature (b) Condition 2: solution concentration
Fig. 3 Effects of inlet solution conditions on the dehumidification performance.
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Fig. 4 Effects of inlet air conditions and liquid-to-gas ratio on the dehumidification performance.
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Fig. 5 Effectiveness and solution cooling load of each L/G ratio and droplet size.

0.010 kg/kgZ7hAl A%317] 98] <F 0.89] ol7ju 2 $-Astolof @k Alekd A x~Blo A FrE Frre W7

A7l B38H91.41 WhE st as 59U Al AeS 9557 93 =8 fEko] gy Zo} Aty

A 2Elo A= oF 8.54 Whe] 4= WztRelr) @ FHTh Wb, 7]E Alxwlo A= oF 355.56 Whe] &9
=

Q2R aElel ARk AAEe oF v WARaE 47 ArkFig SO).

5.4 B

AT S8 GARAL T)%e] HEH AAA A s AGTE Adetn 232 el 2 W
A A5e BASAT. #1937 24, F89 28 2 ¥R, Ayl B2 A&F L AG BES
BAGT A8 2%E veew F047F A48 LD AL 5o AGHE ) aTHE Wares
Hmetglth 4F A3, £ LEt ¥R O ¥ WY AUFER 8l AGF AL dasA,
EEE FHE 4TS At £89 FEE $24E AGN AS BE BT TGN, mets
S7] 2ol E BPH o 07089 AG BES HEINLh thh ALART £AuT LTS
204 B We AGFS nylom, Avnsk Skl uhet Al el ZAaselth, vk, A7t F7hedel
weh A% EEE ST Y A0S igon $AT 3] L% L 5, F FEY S8 U FEo)A
g0l fw kS ), L ALFS Bely] A3 FUEY LD 2T A A7) 080 ek
89 fraol aErh npebA AR} 710l A LD A28 AERI B AL £ fe Ba
317] wEol o 720%0] AR Azte] Fbs et B AT 89 QARAL 7% 4§ A 2 U

A 7bsAe B e hk el og A 2
AR AG AEo) Ao A AGE B of
#41e] @zt

= 7

ATe ST Ador x4 e SAFATY ARAY 229 PG A o}
FE AT HA PYTHRE202103243).
References

1. Goetzler, W., Zogg, R., Young, J., and Johnson, C., 2014, Energy Savings Potential and RD&D Opportunities

88 (© SAREK

www.dbpia.co.kr



SOl GARA TE] AEH AAA AL A2 AL L AU Fsel E BPA AT

for non-vapor-compression HVAC Technologies, Inc. for the U.S Department of Energy(DOE).

2. Dai, Y. J.,, Wang, R. Z., Zhang, H. F., and Yu, J. D., 2001, Use of Liquid Desiccant Cooling to Improve the
Performance of Vapor Compression Air Conditioning, Applied Thermal Engineering, Vol. 21, No. 12, pp. 1185-1202.

3. Conde, M. R., 2004, Properties of Aqueous Solutions of Lithium and Calcium Chlorides: Formulations for Use
in Air Conditioning Equipment Design, International Journal of Thermal Sciences, Vol. 43, No. 4, pp. 367-382.

4. Chung, T. W., 1994, Predictions of Moisture Removal Efficiencies for Packed-bed Dehumidification Systems, Gas
Separation & Purification, Vol. §, No. 4, pp. 265-268.

5. Martin, V. and Goswami, D. Y., 2000, Effectiveness of Heat and Mass Transfer Processes in a Packed Bed Liquid
Desiccant Dehumidifier/Regenerator, Hvac & R Research, Vol. 6, No. 1, pp. 21-39.

6. Gomez-Castro, F. M., Schneider, D., PaBler, T., and Eicker, U., 2018, Review of Indirect and Direct Solar Thermal
Regeneration for Liquid Desiccant Systems, Renewable and Sustainable Energy Reviews, Vol. 82, pp. 545-575.

7. Gommed, K. and Grossman, G., 2007, Experimental Investigation of a Liquid Desiccant System for Solar Cooling
and Dehumidification, Solar Energy, Vol. 81, No. 1, pp. 131-138.

8. Abdel-Salam, A. H. and Simonson, C. J., 2014, Capacity Matching in Heat-pump Membrane Liquid Desiccant
Air Conditioning Systems, International Journal of Refrigeration, Vol. 48, pp. 166-177.

9. Lim, H. and Jeong, J. W., 2018, Energy Saving Potential of Thermoelectric Modules Integrated Into Liquid Desiccant
System for Solution Heating and Cooling, Applied Thermal Engineering, Vol. 136, pp. 49-62.

10. Lee, S. J. and Jeong, J. W., 2022, Dehumidification Performance of a Solution Atomization Based Liquid Desiccant
Dehumidifier under Various Operating Conditions, Korean Journal of Air-Conditioning and Refrigeration Engineering,
Vol. 34, No. 2, pp. 83-90.

11. ASHRAE Guideline 2-2010: Engineering Analysis of Experimental Data, 2010.

(© SAREK 89

www.dbpia.co.kr



	수용액 원심분사 기술이 적용된 액체식 제습 시스템의 제습 및 에너지 성능에 대한 실험적 연구
	Abstract
	1. 서론
	2. 시스템 개요
	3. 실험 개요
	4. 실험 결과
	5. 결론
	References


