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Abstract The purpose of this study was to compare the cooling and heating loads of liquid desiccant by maintaining
the sump concentration in a liquid desiccant system. Case 1 is a liquid desiccant system with a dual sump based
on solution exchange. Case 2 is a liquid desiccant system with membrane-based dual sump. Both cases are based
on a dual sump, but the technologies used to maintain the concentration of solution in the sump differ. The concentration
of the absorber and regenerator sumps in case 2 was similar to that of case 1. The results also indicated that case
2 required 71% lower cooling and heating load for solution than case 1 because the temperature of the absorber sump
was lower and the temperature of the regenerator sump was higher. Therefore, case 2 saves energy for solution cooling
and heating while maintaining dehumidification and solution regeneration.
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Fig. 1 Liquid desiccant system with dual sump.
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Fig. 2 Heat and mass transfer direction for liquid desiccant sump.
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0SS
P3 My, abs to regs My ,abs to reg Eq- 83 9 P3 My membrane Eq 11
. P3 My, abs to regs Moy ,abs to reg Eq- 83 9 P3 My membrane Eq 11
Gain
Regenerator P4 Mt regouts Mw.regout Eq. 4 P4 Mictregiouts Mw.regout Eq. 4
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Table 3 Initial and operating condition of each sump
Absorber sump Regenerator sump
Temperature 26C 26C
Initial condition of solution Concentration 30% 30%
Mass 25 kg 25 kg
Operating condition Solution flow rate 13 Ipm 13 lpm

Zo 2% YA 67 WEo R o o]lFS nHsto]of sh ZF vhgko 2 o] AlAF QA Table 201 A
Q‘ii‘:‘r 57 ol vz A AlGH 2 AAFE FANE ] Y8l Yok 8 ofgk & o] F (Pl and P5)Y}
A 9 AAF-E St 22 A FYEE FE&He ot & o] 5 (P2 and P4+ EE&FoZ AL
- 2}2“4 case 17} case 294 L3 Wl o g AArE T vbdE, P3Z) Peoll 23k & o]52 case 137} case 290 4]
g2 AAET case 1914 = w3E = 8ol 9t & o] 55, case 201 4]= &2 o] Fo o & o]F(P3,
Qo membrane) ™ T T 2=zt ot UlF 2 A% AP, Qremprane) s AP, Quemprane <= 3.55 &3
74]’&%‘ I Atk

zo] e A% BE WA Ve AR 22 5 Qok” AGRe AR S e A wste
“ﬁ}ﬂ*ﬁﬂr =2 UrToi =2 AR 4 9}\5—7—, TEE A3 FY HE AHS T8I HF AFoE Yo
5 = Arh AlGFH R ARE Fxo A% HAS5H 4L Table 15 7|¥Ho 2 AR 4= 9low, 329
z7] %E ’“ako Zﬂ"‘j 2D AT 2719 Al D A S a# s 30%, 25kg= 7HE P?ﬁ‘:‘r.“)

m;lc)l ,sump + Z mlzcl Z mlzcl
(i+1) _ Gain Loss [_] (1)

(mlul sump+mu sump Z) + ngl) - Em(sl>

sump
Gain Loss

(© SAREK 561

www.dbpia.co.kr



Z SUUL[) Z QSU”I{)

Ts(ij;ulj): Ts(é)mp"‘ Gain Z+1 Loss [QC] (2)

sump X O

3.3 Mg 2 MY Y S @ 2 2R MY

=

case 13} case 22| A5 2 A FAS E3 B2 A= AS L AN &8
21(3)S & vERd vRef o] A 2 A 28-S B AGTE E A

=

H1-=

A 4= i, w719 Adise 28 S8 AT B TS =28 ddH@). As 2 A 582
77} Chung and Luo®<} Martin and Goswami®7} A A&k R E A& A-8-3}8] T}

Wa,out — Wa,in — €abs or reg X (wa in weq) [kg/kg] (3)

Mups or reg =m, X (wa,in - wa,out) [kg] (4)

A D A FAS B3 AADTL o] BE WAAL g Aaa 5 9kt 5= A5, 26)e
AARLE 213t golo days EEss B34S Jehd, ANS 28 Aa 2 A4 oz Qs
TR Agy 9L aed Fgoo dges A 5 Q)

Mg in S h‘s,in + Maps X hfg
hs,out = [k‘l/kg] (5)
Mg out
M in X hsw’n My xh
B = ki) ©)
' My out
Q{I,’)S or reg = mS >< hS [kJ] (7)
3.4 $8% mgte E5t ¥ ¥ 23 MY
case 19| 8 WS T3 =4 HIS FHFS 3l ARtk AGTol AYFE o]F 6‘}% G=-8-H(P3)}
AR A AFRZ o] Eahe £ 8UP6)] FHS 4 pmoz EAFA Y 7} Fgole] T3 gt H
o & sl o) ALtET] wEel th=r W}EW Z} ool x3kd st %4 Fow 74zt
A

Lrol o] F#E AT F(A®), 2(9), 72 B A5 9 AR st s st

Myl = Mg X Tgymp [ke] (®)
My = My~ Myjig) [ke] Q)
case 19| & W3S F3t A o]F(P3 and P6)> ol Fg &N dE&Fo R ALtHET
Q=m, X C;) s X Tyump [kJ] (10)
562 © SAREK

www.dbpia.co.kr



NAY A A2Re] FE FE 7 gl BE £ Yt R b R ua

il

A Z7F 92 F A 2 FHoz2 IFsti(p3,
Moy membrane). 0168 = 2 WHHRIY &4 AY A3 58d Yo Fo] A3t v &
d g 4= Ak 24 AE AnolA e AAH S22 AY Ao wka)dlel, WHgQle] WA} 428N
Y] S=5-9] H]?__roﬂ Al e 24 A9 48-e 350 sm= ik o P w1 o) o] WAL advantix AL]
A 5% A7)(LxWxH = 0.64x0.38x0.16 m))S ZH313}e] 0.06 m (WxH = 0.38x0.16 m)= 7F4 51k 549
U SR v&S 8 Frd we A o)l Als 2 A FA ] o3& wjAIzF Wit} o] 5ste
ol o3 W3l FEE(P3, Qumembrane)= case 12] WA FA3}A| o5t 5o d&Fo 2 ALkdAr)

=)
T
=)
ro,
Lo
—m
B=)
oX,
o
it
[-‘O
__(’)g
Q
o
&
[\]
o o
B

o
rlo
-y
oo

lo

5

i)

: AX(Csum abs Csum re )
My, membrane — pﬁsz me [kg/S] (11)
WEANE BT AULER6, Quoniran)® H8 GADAS, W) WA, o] L5 Aol ofa] TH
A(12) F8l A5 F Aok 5 Sd@AFE o PrQ] FE AtololA B sE diF SAEAS
(hsum,pﬂbs, hsumpng), Dtﬂllj——ﬂﬂ?_% %‘?:51' ﬁ};— Oéﬁ%% J_’_E%?S‘]'O:] E%‘g— ‘/F‘ 9\)\14'

AT AR ol WALE) A WA £, Aol AR whe o B kg
2 8 f0] AACRE MANEE JANFE nefsgon, A £8 B9 o GALAF
74]4—}033}“4’ eRle] A AADA S AALE034 Win - K3} FA0S mo) 75 Ak OM(”’
olgl e AMFES JElste] B AdDASFE 2(13)S 53 2424 W/(m' - Koz mg=ir. made
WAe B4 A% Aol ASE gt FUAHU, Fro] LRE 450 U] SR &3} EAsA dhAT

gk}
Qmembmnr hfof ><A><( sumprrg T@'u,mp,a,bs) [W] (12)
1 _ 1
h 0 ZTILFT?L brane
tot 1 I embrane 4 1 (13)
hsump,abs kmembrane hsum,p,reg
3.6 £8% W2 o s Ha
F7)9 A% 918 LD Al zBlol A S-S ARz Balaly] Aol oF 2074 Wzhath® niairix 2
gl AAe QM oF 0T AT 8L AT BAGEO case 19} case 2 BT AAOE
Q4R HGRAL AT A0 PRk WA AR Fx FEAS 20074 W2
v Aed Felolw A(HE Fal AT + Ak AasE ARAREE ANl o, A
Fxol FEAL TR et Bad BaE oua,
Qs,cooling Mg in X C >< (Tsump - ];,in) [kJ] (14)
Qﬂ;,hcating s in X q; s X (Ts’.in, - Ts’ump) [kJ] (15)
4. AlE8old 21t
4.1 & ol H[1 (1hr)
LD Al=8le] 2 e AT, AT, B4 ol o wstgitt. 53] LD Al=8o] gl uf
AGH % FEE FAL, AR 2 vt WA weha A% LD A28 £48 94 7

www.dbpia.co.kr



= 0.03 0.315

2 =

= 0.02 = 0310

g g

& 0.02 £ 0305

5 5

7 001 £ 0300

g &)

= 0.01 0.295

T A 0 time [S] 3600

= 0 time [s] 3600 ——casel_abs ~——casel_reg
case 1 eeeees case 2 ——case2_abs ——case2_reg

(a) mass transfer rate of each case (b) variation of the concentration

Fig. 3 The concentration of each sump.

. 3(a)E LD A 2=ES
< wgst= )\]/\Eﬂ

aQ

A 1 HellA FA A AE ahH, o= =4 o] 5ol &l A Et. Fi
Kl T2 TE FA Wk mE EF ol 5 #o|tl case 1> &
o3l case 2= =W o|F3l= Al&Ho]7] Wi B o]FHS case 19| U] Bl W3 case 12 A5 H

ar

gul (¢}
AR T2 X Zpol7t AA] U etE A AE I FAlOl 4 lpmS wBSHE WA, case 2 TE9
Hol| e} w5 zpol7t ALGTEF o B2 49

12

o] ot

Fig. 3(b)= 1M7F &¢ke] 2 = Waks Yehdl Tefojny, A2/ 2xdo] AlzhEm Al A A
B slo] o]a) AlGH FEE sl AN FEE F7hel ol w7 fxe

s Apol7E A Sk
&= apel= o ol S7FskA
Aol 7] mjel Apo]7}
E A 8 8 wstelnR ¥ W

i 5
o] %, AFF AAE, B olsFEo] 43
il dA FE Aol & FrASHTE BT case 13}
EAA T s fAbsHA W
&S ol 5 oF case 29 =T o] 53t

4.2 5

P

<
[

H1
|'II
_|<')£
2
oj
2t

S u o 2% WIS YEAY case 13} case 2 BT
el LE 27| 25 26T AFFo AAF2 FE= & HA
oo A Ed A o)k ulel f£x L) v, o] EdlE ko] AL4E A o]Fo] 0|5
ol 2 2= AETet AR FaEE SR A 25220 20T 50Tl Y5 /A e 5
Atk Wk case 101419] &9 o]F O] case 26141 9] o] frFETE U B7] wZol case 29 WHH QIS

3 AAES 1HSEBE case 19 AGH 257} case 29 AlGE 22HT Ea1, AR 25 ] 3

FEAo Wz g TS 9k 2 Bk 2149 A5)0l vERY AAH & FrE Zd H, $9
2% Aol vl @k, webA case 13} case 2°] &N FHFS FAeI, FxolA U Fgolo] 77t 7}
2 7tE ZYE A AFE A BAE ] wiEe] o] ko wel Y Felrt 2AHrh 59
AEFH 52 25 G575, AT T2 255 5275 7899 W7y 7tdel dast Fats 29
ATk wepa "Bl 7|hk olF Fx2E AFEE A, &Y w3k 7Nk olF F£xE Algdte AS-HT
AFHT Fxo 2E& dornz Fgdo] Wzt Ralg oF 71.14% AoFst 4 ok AR 2 25 A
Aul 7|9k o]F FxE AFSE A7 9 E7] "ol ¢F 70.86%9] 7Y F-atE deks 4 k. o5 FH
717F &< LD A|=ES A1 Al 8o Bzt vhdel] Fadk ek Fig. 50 WERUSITH
564 (© SAREK

www.dbpia.co.kr



AAN A A2 FE FE A e e 59 Y7}

0}
N
N
12
1z
o
E
El

50 35

O 7 T YT TR T
= 45 30
P I Y TR I TR T e
2 40 = 2
5 35 = 20
5 30 2 s
o g AR I st s bbb T 10
5 NPPT T N WP NP T U P TV
»n 20 0
0 time [hr] 2920 case 1 case 2
——casel_abs ——casel_reg = heating 15.1 4.4
——case2_abs ——case2_reg = cooling 14.9 43

Fig. 4 Variation of the temperature for each sump. Fig. 5 Heating and cooling load for liquid desiccant solution.

5. 2 B
Aol A AF ALTE 2gstety] s A8H olF xR F8AE AY washs P
(case 1)} WBQ] 7]ES d8sto] Rt o] EA7]= FEl(case 2)¢] &4 W2 9 7FE RetE H s

= :
case 18] &4 o] Fo| case 29 E4 olsHEU W BHol®= B F case B LD A 2HS AT
o AFH-e AT 2 FE=7F A9 FARE Ao ® UErth BE_J, =4 o]lFFo] AE5TE d olv ¥R
A7) Wil Fx 2re AEE 2 ANEE FEE 78N A 2o 7l gtk webA case
29] AlSHE F£F 25E case 19 ASH FF 2210 Yl case 2-4 HAE FZF 5 case 19 AAYH-
T 2EEY 52 A%E YERt —/FZ: e FEde W7k g st Fspel] ARA] FEs WA
AGH S SE= Qor2 gAR £z & Zgoalo] Uz} B slal Baz dokal 2= glr)

TA T = ST ‘/“F T 272 T A
SRR WEAel 1) o)F FE A58 A4 Af AATE AEE A% FE B A
Fgale) J7h % b pEE A £ JE Ao FANA S £ 4H wdste Fu
o)F FxAA WF FF AN Fol D o5 HrssAL Wl Sl uhe @S B Aol
F71E SE 10 5 Aol Sgole) W7 B sl Rala ALseun Av A5s FA5) A
0% %27t 488 AAY A Axge] A4 A @ Aol YAAE FUd Bast Uk

7

ob

E A 202005 v zatste] Ao sl FAde] A
R1A2C2002514).

o

5 o} 4233k 77U THNo.2019

References

1. Mazzei, P., Minichiello, F., and Palma, D., 2005, HVAC Dehumidification Systems for Thermal Comfort: A Critical
Review, Applied Thermal Engineering, Vol. 25, No. 5-6, pp. 677-707.

2. Pahlavanzadeh, H. and Nooriasl, P., 2012, Experimental and Theoretical Study of Liquid Desiccant Dehumidification
System by Using the Effectiveness Model, Journal of Thermal Science and Engineering Applications, Vol. 4, No.
1, pp. 1-9.

3. Kim, M. H,, Park, J. Y., Sung, M. K., Choi, A. S., and Jeong, J. W., 2014, Annual Operating Energy Savings
of Liquid Desiccant and Evaporative-Cooling-Assisted 100% Outdoor Air System, Energy and Buildings, Vol. 76,
pp. 538-505.

4. Lee, J. H., Dong, H. W., and Jeong, J. W., 2019, Development of Heat Pump-Driven Liquid Desiccant System
for an Apartment Building, Proceeding of Korea Institute of Ecological Architecture And Environment 2019 Autumn
Annual Conference, Vol. 19, No. 2, pp. 142-143.

(© SAREK 505

www.dbpia.co.kr



o
>
>,
o
EY
e

10.
11.

12.

13.

14.

566

. Advantix System. Liquid Desiccant Technology. Available from: <https://ashraemadison.org/downloads/Meeting

Presentations/jan_2014 tech presentation.pdf> [accessed 27 July 2020].

. Schofield, R. W., Fane, A. G., and Fell, C. J. D., 1987, Heat and Mass Transfer in Membrane Distillation, Journal

of Membrane Science, Vol. 33, No. 3, pp. 299-313.

. Qtaishat, M., Matsuura, T., Kruczek, B., and Khayet, M., 2008, Heat and Mass Transfer Analysis in Direct Contact

Membrane Distillation, Desalination, Vol. 219, No. 1-3, pp. 272-292.

. Chung, T. W. and Luo, C. M., 1999, Vapor Pressures of the Aqueous Desiccants, Journal of Chemical and Engineering

Data, Vol. 44, No. 5, pp. 1024-1027.

. 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.

Duffie, J. A. and Beckman, W. A., 2013, Solar Engineering of Thermal Processes, John Wiley & Sons.
Mahmud, H., Kumar, A., Narbaitz, R. M., and Matsuura, T., 2000, A Study of Mass Transfer in the Membrane
Air-Stripping Process Using Microporous Polypropylene Hollow Fibers, Journal of Membrane Science, Vol. 179,
No. 1-2, pp. 29-41.

Abdel-Salam, A. H., Ge, G., and Simonson, C. J., 2013, Performance Analysis of a Membrane Liquid Desiccant
Air-Conditioning System, Energy and Builds, Vol. 62, pp. 559-569.

Zhang, L. Z. and Huang, S. M., 2011, Coupled Heat and Mass Transfer in a Counter Flow Hollow Fiber Membrane
Module for Air Humidification, International Journal of Heat and Mass Transfer, Vol. 54, No. 5-6, pp. 1055-1063.
Cengel, Y., 2014, Heat and Mass Transfer : Fundamentals and Applications, McGraw-Hill Higher Education.

(© SAREK

www.dbpia.co.kr



	액체식 제습 시스템의 수조 농도 유지 방안에 따른 수용액 냉각 및 가열 부하 비교
	Abstract
	1. 서론
	2. 시스템 개요
	3. 시뮬레이션 방법
	4. 시뮬레이션 결과
	5. 결론
	References


