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ABSTRACT

The main purpose of the research is to rearrange and devise a design process of LD-IDECOAS
based on previously conducted researches. The brief design process are as follows; First, the set
point for indoor condition of the building spaces are determined, and the peak and hourly
thermal loads of the spaces are calculated. Next, design flow rate of the supply air is determined
and air conditions at each point of the system are estimated to determine the supply air set point.
Based on the results above using a commercial engineering equation solver program (EES), the
sizing of the components is specified. Last, the energy consumption of the system is analyzed
based on the peak summer load specifically developed for designing the LD-IDECOAS. The
results were compared with the data from the previous researches and showed similar tendency,

through which has verified the reliability of the suggested design process.
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Z| vl=t o 2]/d(Department of Energy, DOE)of|A 3% & a7 xo]] [ﬂrEEﬂ B 4]
AREAI AR FEYZS o] 87t 7eo] 7129 571 954 IF Al2Es tiAld & A=
A $271e T ShE AFEIH. ot 7 d= B 2= LD-IDECOAS
(Liquid desiccant and evaporative cooling-assisted 100% outdoor air system) (Kim et al.,
2012, 2013, 2014), DEVap system(Desiccant-enhanced evaporative air conditioner)
(Kozubal, 2012), LDEOS (LD and dew point evaporative cooling-assisted 100% outdoor
air system) (Ham et al., 2016) ‘5 -2 Thet Fefj o] AlG5 8 W2t A A’ S0 A= 9

Journal of KIAEBS Vol. 12, No. 1,2018 * 61



Development of the Design Process of Liquid Desiccant and Evaporative Cooling-assisted 100% Outdoor Air System (LD-IDECOAS)

o} Kim et al. (2012, 2013, 2014)°]| 2J5}] AIQHE LD-IDECOAS+E= 7]&9] -F2A|ARET}
=22 100% 2715 AF8ol= AlsEdd 2718t Ae)7] S5A1 28] M E2FLD-IDECOAS
= AlEelold ATE 55to] AlAR A DAlA Y oY 2] A5 BAsIlom, A
TE 5ol 71E HEd S 2AI RO 23 o | A] 4| B WS PO% °F30%2] 2] 4
7 a3 gept 7l o 2 Slel HME]'(Klm etal., 2014).

& Aolre AEITe] FelS B 2.2 LD-IDECOAS o] A28 AAIE ZeAlAs
A|Qetal, 5 LD-IDECOAS 2| Al -8 5= QI ot Ak Al2=10] AAE 4
eh IS tvdte H AWEAEEA A%, 715 B A el Fed, 47 |r1=Ade
e A B718 A, Al2Re) F7VIH A%, Alj AlAEle) 7k 4 g 4 S
o= st
ASS A2 |8 19|7| BRAAH HL

HeSLLL7 | Hel7| S2ALHR| 114

ABZ Y2719 A7) FZAAR(LD-IDECOAS)S AAA Al Al2H(Liquid

desiccant system, LD)¥} 7Fg4] S 7 7|(Indirect Evaporative Cooler, IEC), 21744 &
1 y7F7](Direct Evaporative Cooler, DEC)Z A5 4 WZhS o= HIS 7| Y5715 -532A4]
2AHElo|thFigure 1).
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Figure 1. LD-IDECOAS configuration(Kim et al., 2014)
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Figure 2. Design process of LD-IDECOAS
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A2EE AE 912417171 S1of tlde & She 7120l vt RS AT
5l AT Table 12 A28 A A T2 Aot fHeisto] 4

Table 1. Simulation building information

Parameters Conducted values
Location Seoul, Republic of Korea
System Description LD-IDECOAS
Building Size 30m X< 20m X 3m
Room condition 24°C, 50% (Summer season)

20°C, 50% (Intermediated, winter season)
Schedule AM 6:00 - PM 24:00 (ASHRAE Standard 90.1)
Occupants People: 25 (Sensible, Latent heat: 75W/person)
U-value Exterior wall: 0.4724 W/m’K, Roof: 1.712 W/m’
Lighting 25 W/m’

Vg A= dithel=r Age] fixIskar okl 7Pdsiglod, 971 713 Hlole=
TRNSYS 17914 Algsh= A-&2] 9] 7VdtolH & 71Hro 2 Z-g51qltt. thd =] =2
71%= 712 30m, A2 20m, 0] 3m= 1800m’e] 715 7AW, 7AE0] S A8 27t
olgfal 75ttt AU A7 25 AdEis W7 telle 25 24°C, A thE T 50%, W
77t 5% 20°C, ATIEE 50%= st A AA1ES ASHRAE Standard
90.1 (2013)°] AR} AAIES FHA1sto], @74 6A1HE] 5 124712 9] A7k 285131
T}, ol A sl Fo) AWt 4= 257 o™, A ALe] QIA g Rol= @ g R ot d4E
HalE Al 242 75WR 71513t 22 1m™g25W el 2 anleictal Ad7gatct

STEP 2. 73&2] o] by o} 4+

Table 10]4] A 2AEE B O = =2 FoleZ ALterelt). A38%
2017)0llA Aktel e Folagat 2] Aokt Holag AlxtkS $lall e dd 2
= 52el4 2 7321 TRNSYS 178 o]-8ato] Altstgl om, A 7ray-ste] 49 317
of oJgt gk MefotA] Ykt 7AEC] Fot stk ﬁ{h‘& L}Emm Figure 3ﬂ+ et
At Al 22] Ao Hagh o WS
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Figure 3. Building thermal load behavior
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Figure 4. Air Condition of LD-IDECOAS

1) LDA|I2EIS] &7 & 37|27 4
LD-IDECOAS 9] 2 VJHIE A7st7] ol 412 02 A4 Al A AFY(LD) 2] Als
BE(ep, )< Chung and Luo(1999)2] Aol A AlRb el &2 2-S 5ol Alktet A A+
(Kim et al,, 2013)°l] @} 70%= 7Fgeich. LDAIARIS] 2% 8-8(e,, )0 AGaSE
(erp, wre AR O = FUSH k& 7H S o Stk A8+t 2K (Katejanekarn, 2009;
Katejanekarn and Kumar, 2008)]] ©2kA] 2](3)2 55I] LD/\]iF;iJPJ BE(e,p = BFT
T U AQ2)yE 3l AV IRE(DBT ), 78N U = 25( T juier), LDAILFIS &
ey 1% L LDASTIN S5 B0 LEDBT,, )8 AT 4 Sle)
FAS), (05 B 2719 = (Wo.), LDALRI ARG B e, )2 T LD*V‘%“ﬂ
K EEEE B0 SV, ) 2T 5 95, oF7]4 LDA AT 588 o]
I 93t equilibrium humidity ratio( W, )= 2(4)E 5ol AP = Stk Al 48 9] s}
e o] E2(p, )= Fumo and Goswami(2002)°l4] AIQFet 2(5)2] 22} thelA]-& ARg-oto
Alireet. 22} thebA]of] E g 9t Hp-=of Tt 212 Table 20 A 2okt Egt 2 AtollA]
ARG AGSRNO) LI T,=T,, 110r) D 55Oy A AF(Kim et al., 2013)04
717g_H HEeE o] 25°C , 40% = 7HSITE. o5 Bl Alttet A} LDAIARS SRt 39|
LE=26.8C, 5+ 0.008774kg/kg®|tHFigure 4. State @).

DBTp,out = DBTo4 — €1, T(DBTOA =T, inlet) 2

Wip.out = Woua = €rp, W( Woua— We) (3)

W= 0.622% — 5 @)
€ ' 101.325 —p,
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p. = (agra, Ty +ay T7)+ (by + b, T, + by T7) C+ (cy + ¢, Ty + ¢, T7) CF 5)

A7\X, DBT, .= LDAIERION EER= 5719 2%(°C), DBT v 71k
(°C), £1p, 7= LDALRL (%), Ty, juier = T8 Y75 25(°C), Wip g LDA]
2AEOAN EERIE 5719 S5kgke), W £ 2712 S (kg/ke), e, p, = LDAIAF]
A5 EE(%) L8]31 W, = equilibrium humidity ratio®|ct.

Table 2. Coefficient of vapor pressure equation(Kim et al., 2013)

Dehumidification Q a ) by by
process 4.58208 -0.159174 0.0072594 -18.3816 0.5661
by 0] ¢ Cy
-0.019314 21.312 -0.666 0.01332
Regeneration Ay ! ay by by
process 16.294 -0.8893 0.01927 74.3 -1.8035
by Co ¢ Cy
-0.01875 -226.4 7.49 -0.039

IECY] @LYZ B8 p0)e B9, IECOIN EEE= 3719 R%(DBT1pc privon S &
A(6y& B3 AFgE 5= Qlek IBC] 22 2 A7) HT-L5 WBT 10, o imier = S
AAsIek IECO] E8(e;p0)> ASHRAE Handbook HVAC
Application(2015)°ll4 g% HEel o] 80%= 7FYSIGI). ol & v o= Akl At
[ECY| &7 & 37] A2 E+=20C, F 12+ 17.8C ©|Hh(Figure 4. State @).

rlo
>
1
BN
rY
=2

DBTIEapm:,out =DBTp out — SIEC(DBTLDA,out — WBTpc sec.inlet ) (6)

Oq ]/\—] DBT[EC pri,out 8— IECOﬂ :l %H%% ]9’] —‘%E(OC) SIEC}E- IEC'QJ E‘%(%) -1
ELL WBT[EC sec,inlet == IEC'J 21]— % '4 5 Q.E(OC)O]E]—

3) DECO] &1 & F7|1ZA 44

IEC?t WIZEX]2 DECO| @&l Folx|¥, DECO EZFe= 3719 2%
(DECppe,p)E A& S0l AXYE 4= Qltk DECOA EZSH= 3719 12k
(WBT 150 pri.0u) e A ARTRE 1S ETR 2)(3)8 018519 Al & 5= Qlct. DECOIA]
EEe 3719 dHle w7] Hea710] deiet g o n g o) Fl 5] AHE vehd 4
At} DEC2| F-8(e ) = ASHRAE Handbook HVAC Application (2015)°114] <13 v}
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15 v o & Altet Aut A= 57| == DEC?]
SDEC(DBT[EC,W i,out

o} o] 95% 2 7Hgst Tk

19] AF 2= 15T, &
DBT[EC.]}H out

Q

[¢)

EZEE 3719 25(°C), eppe= DECY B8(%), WBT 50,0 0n = IECOIN EEEE
/\]/\Eﬂ/] 7} :rL/\—lgLiBﬂ uJ_(L)L
U, Al

£ DECOW EZ %= 3719 25(°C), DBT 56,14, o= IBCOIA

1o

DBTDEC. out
047]/\—1 DECDEC' out —
T O 1
5719 HFFLE(°C)olrt.
STEP 5. LD-IDECOAS®] 74248 §2F A4
STEP 59]|41+= STEP4 9|4 Al GF&-& o|-8-5] Aot A|Ag]e
S 445191tk LD-IDECOAS ©] ZF 4 @4 =7 W, B, A48 71 E
8ol W7t 50 2 o]F oA QJrt.
2 HA AAE G715 o8t Akt Hl=d] A
= ofl, S O] pressure drop, 2715
2 AL Kim et al., 2013)°]| ot
SIS 73 1200Pa0|, W] T8-S
S APgolS o 8.9kW
®)

1) W(Fan)
ol HIF o= o]

LD-IDECOAS ] #8414
97| Y AR oA AlteliFSict o &
&, WMo §-8-5 o] gsto] AFESHITt IO pressure drop
gt A A0 7} LA Q AW pressure drop=
Kozubal(2011)°]] e} 50%= AlFetct.

FEKkg/s), Pp,, > WO o Z|(kW), A P=Pressure drop(kPa)

olct,
V., ' 'z'rnAP
Pf[m _ desig
’ nfan

TN, Vo &

= W] TE(%)°l.
< 2|l e 285t 741*}*} At HILo] -§Fgell
mo] ofd Wio] §.8-8 ARSle] A=ST) A

AP ATH(Kim et al., 2013)E HIFCZ 20m

O

j"a]i nf(m
2) HX(Pump)
LD-IDECOAS 9] Hx §aFiHy
I R R
Aol BIO] s|l=do], Hiol 582
60%= A7got3ir). whebA] HIo] 85k 21(9)= Aktet Axk= 1.4kwo[tt.
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__pgVH
PPU mp 1 00077[m mp (9)

AL £, HEES] SIAAW, o 3] Wk, 9 T ),
{Hmle), = B FHm) T3 1, S B TE(4)°Ick

3) Als5-82 719 ZY(Solution heating coil)

LD-IDECOAS 2] HA|A] Al A|AB(LD)ofA] Eol= AU faFstE A2str] 9
SlAl= LDA|AH Y] A8 (Regenerator)7F AR-ER=H] o]uf] A5t o] Fol 48
O g2 Sl 7Hdo] sttt o] F flo 719 R E-Z AR oM =t 7tE R el B agh
G ARET-8N 9] i, APEFC] -7 -8 & Zpolet AlE-8-9] H|FS ©]

8ol ALretint. AR -7 Algr-8 =& 2o et Algr-8-H ] v A3ie
THKim et al., 2013)E 51T 21(10)= &off ANttt A3t Als4-8 7t Aol 2
g8 92kwolth

Erﬂm

I
Fo

Qmmng: M solution Cp(frcgcn,ouzlcz - tTcgcn,mlft) ( )

AT, Qponting = ATEH FFLOANARIKW), 1101002 ASSEA] G2 kes),
CPJE— 7\-"%_/[\‘%_@‘49’] H]OF'E’ reqen outlet‘— ZH E«Oﬂj\i ]”]-7]'1— —I"Q'OH"] 'QE(OC) j—a]
t?eqen inlet = XHAHJ—:']— 1]\1 —5017]-—113 *l—g'O—HJ %E—(OC)O]E]'

4) Al Yz} I (Solution cooling coil)

LD-IDECOAS 2] Al&4=89 W7 -2 L DA AE] Al5H absorber) ol 4] Al54=-8oH
O] Yztol| ARGt YrollA] Altet Alg-8l 7 P FUS R o = Albsielct ¥
7} Fho| B U7t I AP Alg -89 Hdiid, AlsFe S -2% &

olo} Alg-8Ho Hd& 01%0H Altsigiet. Aol &7 2ol Adde o+
(Kim etal., 2013) 5 st 2l(11)& Fof Altet A Al -8 H 7 o] Zagt
|2R2 g5kwoltt.

Qeooting= ™ sotution Cyp(Eavsor, outter = Lapsor,inter) (11)

o ]/\—1 QmolmgL_ Ag-8t %AM]];]Z](I(W), Mg olution L A&l —rrak(kg/s)
Ci= AFT-EA BID, toor outiers Aiold Whe 4899 25(°C) 181t
tu.l)sm sinlet ‘— ] ]/\—1 017]-'15 _/F_%_@']_O,] '%E(OC)O]E]—
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LD-IDECOAS @] "dA| Lz A 2o whet Alitet i), A2 0] 2 21 2+ = 5719
ZSEiet Al A Age] ZF A @4 R Table 33} 2o 2] & 4= Sl
Table 3. Design results of LD-IDECOAS
. DBT HR RH Enthalpy ~ WBT Capacity
Location 0) (kekg) %) (kI/ke) 0) Components (kW)
State © 312 0.019186 73 80.4 26.1 Fan 8.9
State @ 26.8  0.008774  39.6 49.4 17.8 Pump 1.4
State @ 20 0.008774 58 424 14.8 Solution 92
Heating Coil

State @ 15 0.010412 99 414 14.9 Solution 85
Cooling Coil

2E

H A= APATENA AEE LD-IDECOAS 2] AA| Z2AAE AlRtetHt. A
Al AFSoAs A maA Ao nfet AR ol AS aste] oful] 4HHEA 2 vl
of| 2734-& WA Aol LD-IDECOAS 9] ZF A AR Safabdo] 248 2
o} A mRAE oI,

LD-IDECOAS @] AdA| Z2A| 2= HA], & Aol A td o= she e B A A7
& 27sIaL, ol E vie® st 120 Fd) Wiy Fo1E APASIAH. o] FgellA
AEe] FoliFe AR AAIE skt 2loiA Bagt 229 ghe AhEsl AntEgel i
oI5t the o 7 AT 20 w2 A A 2722k A5t E3HLD-IDECOAS
o] 57| ZeE 27gs7] Slel Al2|le] 2t /121 E F7] e E A= sto] A3 et Blal
sl 571 Gei7t 2t Z& 213l o8 S5l LD-IDECOAS 9| 2t 7 845 e, H,
B, 489 74 T, -89 47} ) 0] G ARLS DALY, G2 ATA A
A AL Bt B ke A Z2A|IAE FYshe Y T AlgEllolde Sl Al
2R O] o 2] AI7A] ehmsto] A A7tet vttt 11 A F Ut gho] = A
= &9l A ZEAI20] B e BIskelnt. & d7-e] A= &% LD-IDECOAS 2] 4
A R itz TR Aol E-8-d 4= QS Aotk
%7
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