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ABSTRACT

The objective of this paper is to investigate the applicability of a suggestion operation method
applied to an liquid desiccant system (LD). The LD system which is divided into an absorber and
a regenerator needs heating and cooling sources for appropriate dehumidification performance.
To reduce the energy consumption of the heating and cooling sources in the LD, the suggestion
operation method unlike conventional operation method which operates absorber and
regenerator simultaneously was to control the operation of the absorber continuously and the
regenerator as on and off. the simulation of the energy consumption was conducted to estimate
the energy consumption of the LD operation with the proposed method using a commercial
engineering equation solver (EES). The suggestion operation method was applied to an liquid
desiccant and evaporative cooling-assisted 100% outdoor air system (LD- IDECOAS). As a
result, the suggestion operation method showed 30% and 33% reduction in the load of heating
and cooling source compared to the conventional operation method in LD-IDECOAS.
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Aol uijd U =4

BA| 4] AlFA|AEl(Liquid Desiccant, LD)©] 285 FZA| AR WO E ALS|E= 7]E
O] FZAILES A & 4= Y= AAIH SERAILR 02 M, A7 EiistA 1198 Folot
(Martin and Goswami, 2000; Abdel-Salam and Simonson, 2016). LD7} 285 -FXA| A
oAl LDE] A58 A Al A]1S] Adsol & FdS +HKim et al., 2013).
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LDE AUE 355= 3715 Alsohe e ot Algiet AlsTolA AR Alsr
S-S THA] A5 el = RhEola= 93 sk Al —"’r_‘% ME}(KIm etal., 2015). o232t
ARz AVIIOIA LD7} A& G21517] StoiA Aol Aol 212} wizkele]
1} 7tE B2 B oliorsith LD O] APEF-eF A5 R-2] Bof| AR = ol U A1 E &017] 9
A, Bzt o] E Rt Alg o= WA W sleE o185 7K (Kim et al,, 2015; Park et
al., 2016)2} AP Hof| A== 7 FH o 2 HHolU Bl E AAE, ArAx|e g2
A |2 E A-go= Oq——[L(Z: G+ AL, 2015; Abdel-Salam and Simonson, 2016)
=0 3t} E3L LDE| 2o e = (e, 3719 25, 3719 5k, Als-8
o] 2L, AlF-89] Fhe, A8 B 3719 FHE HAslehs d4Ee] RIaE L

ATk LD AREE= 7 2 7FE G Lol AR = ol U RIS E017] flsl thd’t 771 o]
—r017<]i UARE, 714 0 & LD O] A3t Ao gt 417t e stk

LD 2-7dof et Alofri o 24, ArIg] 9|(2012)= SH Y2 75 32| A|of| LDE
Agsto] 4Het J5 GAE ol AlsFet APFRE S0l 245181t Zhang et al.
(2012)= AlGFolA ARH FolRl Alg-8A] GRS AIFA AHIAZ]4L, AP
E2 5O Algr-§ AlSHO] A8 oA Alg-8919] 58 s

QAR 8] AYAT-E2 LD O] A2t A TS -S4l ofl 2d5h= WS ARSSHT
SHATE LDO] Al5/dsa Al € 4 T, AlsHe= dE54 o5 SHHA|T AP F = TH
g2 og plo] 7hssittal FekEnh weba] 2 Aol Alghie d540= 24
219k, AP R= AE o] e Aol M E = =2 Alo]iHS AIjFshlet. Rt A
HOF AlFH-E Aol 2Asks BR ) Hlawste], A= Alofie] 485 LDO] Wzt
J}edegle] st HAslgE

AL A A AT

A HESAIAH(LD) 7H2
A A ARFAIARNLD)= A Al AYF=2 Lrolzich /}:_]-LHE L e
]— oA =& T ol Algr-8d} 4 B S wehE Sk, Axtt 7171 Het bt
, Aol ARG 2 S5 O] Als -8 N2 AP RN F719t F 9 Rk F9
/\'] CHA| -2 5 o] Alg—8<lo] HthPark et al., 2016).

LDO| A5 2 A2 5719] 5571 24 Als-8-919] B 4571 24=telof 9f
A AT whebA Alg-8d1o] W 457] 22 2ot S Hsl] Eetitt Al
Z=8obo] T H +Z7] B2 Fumo and Goswami(2002)2] A5 =tef wh2f, A (1)1} 2o ]
A8 o] ,_EQ}—LEEE Fdo] Hrt Table 1> 4] (1)9] 741 S UEHlT). ot Alg=r
|olo] FH o] 527 BQES A (2)9} Zho] )] H o} o] TAETH(Liu et al., 2011).

LD9] F-3+= Packed bed tower, falling firm tower, ZL2] 1! spray tower”} 1.0 A|55
F A Hof] ALt WA 0 2 ARE-E = A8l ASEE(Caleium Chloride, CaCl2),
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BE5} 2]E(Lithium Bromide, LiBr), 98F2]&(Lithium Chloride, LiCl), 1311 E&]old
d=2]Z(Tri-ethylene glycol, TEG) 5°] Ath 75| ¢}, 2012).

Table 1. Coefficients of equation (1)

Model Dehumidification process Regeneration process
a, 4.58208 16.294

a, -0.159174 -0.8893

ay 0.0072594 0.01927

b, -18.3816 74.3

b, 0.5661 -1.8035

by -0.019314 -0.01875

I 21.312 -226.4

¢ -0.666 7.49

cy 0.01332 -0.039

P, = (ay+a, X Ty+ayX T7)+ (by+ by X T} + by, X T7) < C

1
+(co+ e X Th+ ¢y X T}) X C* (1

PS
We=0622951 335~ p, @

1714,

P, : Alg-809] ZolF57I(KPa)
T, - AR89 2(°C)

C : AET-EHO 55 (%)

W, : equilibrium(kg/kg)

A 2 s
ARsE= A2 B35 379 428 A7sk= AA]o]t) Figure 13} 7o), A5
H| WA 52 55 O] Al5-glo] AR, AGRE S35 = 579 A8 4

A HEsto] dip pEargho] Hr ofufl, 57] Z9dRte]of whet A8 HHO| 457

U2 3719 5571 wdEo @] "i7ell, 3719 o2 Algr-8H o= o] F gt (Park

et al,, 2016). T3 Al5Ho] HHe AlGAdeS FAlek, ATy 5 Had-soz Qg

W2]517] Qlel, Wzt Ho] E asiet. webA AlgFo] Als

He ARG, 15-30°CE A =] ofofeitt. Azl Al 3 Als

824 (3)% 4 (42 ZtHKim et al., 2014; Abdel-Salam and Simonson, 2016).
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Mdehum =m X (

air Wb, inlet — wab‘outlet) (3)

Wap,inlet — Wab,outlet

€abs — “)
e wab,inlet - we

7] A,

My = AEE ARETE (kg/s)

Mgy : 5719 fedikes)

Wapsoutier - =1 5 5719 DG (kg/kg(DA))
Wops imier © ST 58712 A5 (kg/kg(DA))
w, : equilibrium(kg/kg)

€abs : AlGE &8

LDY] Zﬂ% 5= -FAIBH ] flollAl, WIF-= AR SR St o2 32 FE o] A
FT-8NE A5 ] Algr-8 02 TEET Figure 1). o], A2 Aol F5 =]
=372 %E’Fﬂr AgLol| ARSEl= Alg-g R o] o] F S W=t Y R=HE
S AIFE Ao oA 718 B Y-S ol-8ste] A8l 7Hdsk= Zlo] B asitt

(Kim et al., 2015). ©WEpA] Ao A= &5 71 0F45-80°CS] Alg-gollo] A
et al., 2013).

ob
e
=
=
5

[¢]

<4— Solution

Air Air

Solution Tank

Figure 1. The absorber and regenerator diagram

AR Iz A5 0 o], Ml Hhe o] Aol AW R s B A 4
Z5to] 9 9 SHALFL SHHA AL o), ARs4-§ o EA| $57] Heke 31l
457] Bep zw}. o 437 1—3 Aol mﬂ}xﬂﬁﬁwoﬂﬁf 1 Aol *}%54
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M’egen = My S (w‘reg‘outlet - wreg.,inlet) (5)
¢ _ wr’fiy‘()utlet - wreg,’i,nlet (6)
red we - wreg,inlet
o171 A,
Mregen : H}\H "] ZH}\HEI:(kg/S)
ma’i,r : %7 O _n_aof(kg/s)

Wyog outier - BT 5 5719 AiEE(kg/kg(DA))
wreg,inlet : ?;;L%%7]"’] X_IEH E(kg/kg(DA))

w, : equilibrium(kg/kg)
€reg : Xﬂ%’]—:l]— ——é_-%(-)
Aoy

MZ2 LD A|o] & HE ot

2 AFAE AlsTie d54 o= 2R AYT= Aol E et B ol T
Aoz A= Az LD Alofikiol theh AES SRR A28 LD Alof 7
= AESP| 915l LDE A-8et T2 AT AR Al LYA7 IR A ef7] F2A1~

_>.~‘_,

Bl(Liquid desiccant and evaporative cooling-assisted 100% outdoor air system, LD-
IDECOAS)°]| & &Aof| 4 AAGF 2L LD Alofih -2 21-851thKim et al., 2015) o}
2t LD-IDECOAS ]| LRFAQ1 LD Al A 22 LD Al i< 2851, Als:
Aol Baghyztael Poiel rlaael Hokg vlwshrk

=31 BE Ao Y
LD-IDECOASE LDE Agslo] AUz Tg2ws T712 Al&ske, [EC (Indirect
evaporative cooler)?} DEC (direct evaporative cooler)2] 7Fg 4] W 21734 4] SHMAZFg LS
olgsto] AUz FHE= 3719 =5 A 57257 YZAXITh LD-IDECOAS
oA W7 B AAIG7 2% (e.g. 15°C)E F-AI5H] SloliA LDO Al54s
o 27 12 A AHKim et al., 2013) 0] LAFHAH, &2 5= A8
oA AL2rhERt 975 Alset 7, ATiA o & W F o] Als-gllo] H
AE5r-8HE A5785S FAsE | ol WIR-E FetaA 23 3E]e]
o}, webA AlgRet APETT A2 0 = 2R 7] wioll, 4 ARt izt 71 7tag 9]
Fop7p gttt
27112 LD+ cross type 2] packed bed 1-5-0|tHFigure 1). =% 19 LD=Al57], A1
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24 2 1 242 on & off A[0]

27 2= LD APH-E THE A 0 2 xdsh= Ao oot 27 2.9] Ao th3att
Zti(Figure 2). ©2] LD-IDECOAS 2] A4 B7|& o] AetAl-S A5t LD, IEC, DEC
E = SR 3717 HEEE7 IR E O] Adte 2tsA] o= HflelklE, LD AlsH
of| A ARE AlE-8 A2 AT A AEsER] @t Al Aieghenh web AAHE7 e
O] AFeha-E 16°CE A |, LD-IDECOASO|A] THE{% 7|7 16°C Hr} 22

73 5ol ARG Alg-8 A2 AR AP =] A] 1 Akl et fHeF 571257 16°C

Zt 7%, AYFE ARESto] W2 5o A8l 271 71| APFAIRITh

Air Air Air Air

Absorber « » Regenerator
Solution Tank I Solution Tank |

Figure 2. The liguid desiccant system applied with Operation 1

o

7 29 A8 4= Tt Zo] LDE A, AW, 7HE 9 W7 1Y =] 3719
Tank 2 7|0 Qlth(Figure 3). 4 2= 24 13 2], AlGH= 95402 7o)

= 7o) F]Z]
o AV A0 2 g asly| 2ol AmE|E A B4 glek £ 29 £ e
o2 ZthFigure 4).
(1) &7 29] LD= APYH-2] Tank 13} Tank 29 2 5=9] Xﬂj\—n—g"ﬂg vl z|skar, A48

o] 274 glo] Tank 19] AG-§H-& A=gkoto] 57
Q) B71ewrt uja] A4 Fr1ew A 2315t 49 Tank 14 11]?’?%0—11% A8
= SJollA YRR o] FokL, AlGH= Tank 29] AlG-8H-S AR8Sto] AlGgict.
(3) AYF=Tank 19] Y= W2 0] Algs-8He A3/ o] A58 H=7kA] A
YRR &, APBES] Tank 301 s =2 5 9] 4808 ThA] AAYHE] Tank 191 35
it

O _4
mlm
rol
_m
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[ Absorber operation ]< ...................

Y

[ IEC & DEC operation ]

Regenerator Switch Off
Y (Solution Recirculation)

Sensor :
[ Supply air Temperature ]

Figure 3. The operation algorithm of the Operation 2

(2)
Air Air 4 5 Air Air

Ailr Absorber | I Regenerator Al“ Air Absorber | Regenerator Alir
Solution Tank 1 In' i Tankl

Solution Tank 2

i

Solution Tank 2

(a) Absorber operation (b) Absorber and regenerator operation

Figure 4. The liquid desiccant system applied with Operation 2

AIBH[O|4 W U AAR By

= =]

Ofl-3] 48| % M 7454 7} ok

2 AFo= M2 LD Ao o] A8 7Fsde HESH] 9, £52= 2%
LD2] ¥zt 4 71d g o] HolE 24513tk LDO] 719 g ¢ HZtE o] Bob= Al
w2 J&sflA o] 7H55H -8 equation solverQ! EES(engineering equation solver) =2 131
= ARgsto] Akkstink

rr

QUA|A A A2 2

&7 13} 200 ARG-ER=71HE B W2 A U o] Bt At oA, Als-o] Als st A8
Ho| MRS of| =51 Zlo] Wasltt whebA B Gl A Liu et al.(2011)2] APS &
Sl &, LiCl -89 ARGt A= AlSste BE A (7)1 4] (8)y& AH8SISL
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o A7) 4] (8

cross flow type 2] packed bed towerol 4] At Al

0} AR B

o]}, Table 2= 4 (7)) (8)2] ¥ipet 7t ¥i=0] 30 WIS vrebilich,

MVVI LiCl.dehum

><t 2.3911 ><Cl 7919

041649

=0.454 X 108 ><m0.406 % u)2.2478 < m

0.6499

’ ™

Myl it regen = 66025107 5 >xmd 104 s 40T o g 94818
D% t3 223 Cs 2.9341 (8)

7] A,
My : s 2 AWVEZ (s)
m, 5719 FHke/s)
w, 5719 Ais(gke)
m, : AlET-SA] Fke/s)
t, AETEAY 25(°C)
¢, ARS8 FE(%)
Table 2. The range of physical parameters
Model Absorber Regenerator
m, 0.29-0.50 (kg/s) 0.24-0.4 (kg/s)
w, 9.8-20.4 (g/kg) 10.5-22.0 (g/kg)
t,V 26.9-35.1 (°C) 30.3-36.6 (°C)
m, 0.23-0.42 (kg/s) 0.26-0.48 (kg/s)
t, 21.8-29.0 (°C) 48.5-59.4 (°C)
¢ 27.8-36.7 (%) 23.7-40.7 (%)
VIt means the outdoor air temperature

LD-IDECOAS 27 7Fd AFgt

Z17}9] LD 9] -2 A o] 289 LD-IDECOAS 2] 74 24 9 S 0 Aa) o1z
nA 9], 2016)2 vlEHo 2 thea} o] 714519t LD-IDECOASO| AR IEC, DEC]
T2 717} 70%, 95%2 7H51al, LD-IDEOCAS 2] A 371k 9 4457 2m0] 4
SHA-S ZF2E 15°C e} 16°CE AT Tt 29t 2412 97| %0 AT Ag]e|

=
&9t 2 H Tl 715}, heating coil ¥} cooling coil 2] F61E A& 04 514
%%1 137} -27 29] 7H4 ARFEE YERd Aok
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Table 3. The assumption of physical parameters

Mode Absorber Regenerator
Air temperature 30.4 (°C) 30.4 (°C)
Air humidity ratio 20.4 (g/kg) 20.4 (g/kg)
Solution temperature 28 (°C) 59.4 (°C)
Solution concentration 36.7 % -

Air mass flow 0.167 (kg/s) 0.4 (kg/s)
Solution mass flow 0.333 (kg/s) 0.333 (kg/s)
Tank size 100 (L) 100 (L)

oz ds Eot 22

221222 29| Aoy 2A
LD7} 271 22 9 ARE g9t 23d0] = 734, Figure 59} o], Algi= A&02 2410]

=)0 AP H= 5 43] on of f7 FEITE. E39F Figure 5+ 141727 5912 LD-IDECOAS 2]

----=— Absorber
— Regenerator
ON
OFF . . .
1000 2000 3000

Time [s]

Figure 5. Absorber and regenerator on-off in the Operation 2

<= Supply air temperature

~- Dehumidification rate

D ——— e ———— —
13 H H 2

Supply air temperature [°C]
Dehumidification rate [g/s]

1000 2000 3000
Time [s]

Figure 6. Supply air temperature and dehumidification rate in the Operation 2
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[
o

--<- Solution conentration in the absorber

w
3
i

--=- Solution conentration in the regenerator

w
3

“w

a

0
,

\ /-\ / '\ / N\

N N/ N/ /N
N AL AL AL
\VA VA VAN

[
h
n

w
QN

Solution concentration [%]
w
(-}

v Vv

w
o
n

1000 2000 3000
Time [s]

Figure 7. Solution concentration in the absorber and regenerator in the operation 2

F712 §ste}t AlGH-o] A5 Heks Uehlict. AlGRolA Alsa-giS 71714
O BHE ARG 79, AlsRko] 7hAstal, Azl ot LD-IDECOAS 9] 3712571 &
T2t G712 A7) SR 732 AR = o] A

Al A-2/3ej7t Het. Figure 7-2> Al A 3ol mb2 Ay &=
SN S HSHE Ve §HE, 23 12 Al5Ret AR50l 250 Hof, Al5E-
AYH] Al54-8N 0] e, ARz QAT 42 Helrh T3k LD-IDECOASS] 37
2= 15°C)| 7Pk B2 FA = 3l

u

713 A 7ol 251 |

LD-IDECOASO|A LD7}-&4 1324 22 &4 E 7-Sof dhAsh= Wzt 9 71 d H919]
F5H= Figure 83 2t 27 2004 Alg-go-2 ARYE7F AR R] o8-S wf, Al A
ARSI AlGeg o] AlGE S92 = AlguPgsete] Wdukg-o g Q15] oF 32°C
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TR ARE-8H 0] 2= oF 50°C7} &]7] whzell 7FE sk A PRI A2
H 790 APgHROA A YH ) s = THEol AlGa-§o] AlGHollA A 2
SEZHEAYSHA| ot HhA, 24 12 Al Fet AP Afele]
w7 E FRt Al54-8H-2 pre-cooling Y pre-heating©]

o AlGHF Y52 RLe=37.15°C, AT U750 2= 47°C7 A 24 12 A%
20 2 YR} RS T2 H7] whzol, 27t 2 9l /A B U o] Fepr i geict. ok

© 2 LD-IDECOASE 1A7FsE 24 A, 24 2= 24 19] 1]

Mo
L of

Ho

et

g
El
riok
N
N
N,
i)
)
o
X9
R
ral T

rol

g
=
o
Wl
Ho
2
5
Ao
rad
:

292

Journal of KIAEBS Vol. 11, No. 4, 2017



Energy Consumption of an Liquid Desiccant System depanding on Operation Method

45000

40000
E 35000
M 30000
= 25000
2 20000
% 15000
o 10000
5000
0 : :
Operation 1 Opertaion 2
® Cooling coil load 31289 18490
m Heating coil load 40864 20758

Figure 8. The cooling and heating loads

2

& fellAte YRS HE A 0 2 2= =22 LD Alofd el tisl ZAsi Rt
MZE LD Ao} e AES] S5, LDE 283 524282l LD-IDECOAS®] & ¢1
oA AR =22 LD 3

IDECOASE= Aol 57125 detl(ie, 16°C)°l mhebA 1A B AlGH = 5o r 2
A3, AV F= F 42] ondttof {7} AT AE2 LD7d2 AVR-S H A 0= 27T
Soh AP 2 Al PSR ARG 275 Al -8 ] 2ok A7k o= A
EAP7} 71 27dg el vl 217] whZe], LD-IDECOAS 9] LD et 7} 9l iz
O] F5h= 710 AT 2 ARG TS S Aol 2ATsh= Ao el HIsl 22t 49%, 40%7
A=A whebAl 71E0] LD Ao el wish, A5 1t A0 2 2sh= Alofe
LD-IDECOAS 9] #38et 5o RASIAA, SAlef A28k & o Q= o=t &
= AT SRAIRE 2 A7l AR Al ' AVEES eSSt g

o
Mz LDE] o] Algdold =317] whzell, 241 AME& LD 20 2 A1y

u

.

o] =2 20169 % ] aolio] Ao 2 St AtAfThe] 2| ¢S Hhof 4=80% ¢
T2 (No. 2015R1A2A1A005001726). T3 20170 S EWFH87 |78 2 &0
7S ATAY Aol oJof Y= $1=(17CTAP-C116268-02).
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