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Research on the Optimization of Dehumidification/Air

Conditioning System Using Solar Energy

Jong Soo Woo

Department of Refrigeration and Air-Conditioning Engineering,

The Graduate School, Pukvong National University

Abstract

The installation of air-conditioning systems for providing a
better living environment has become a common practice. As
the demand for air-conditioning is greater, however, the energy
consumption has also surged up, which in turn may cause an
imbalance in demand and supply of electricity especially during
hot summer. The development of air-conditioning systems
using substitute energy sources such as wind and solar heat
has drawn a particular attention in an effort to balance the
demand and supply of electricity. Along this line, this study is
aimed at proposing an energy-efficient air-conditioning system

using liquid desiccant by first investigating a variety of element
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techniques required for achieving the main goal of maximizing

systems performance.

The primary experimental apparatus has been set up, and
then experimental data have been collected to examine the
performance of individual components. The main focus of this
study is laid on the regenerator and dehumidifier, which are
confirmed to be among the most important components of the

system. The organization of this thesis is as follows:

First, the overall introduction to this study, including research
background, motivation, and objectives, is presented in Chapter
1. The experiments on the regenerator are outlined in Chapter 2,
where the effects of height of packed layer materials, flow rate
of liquid desiccant, and airflow on the regeneration rate are
investigated. The dehumidification process is scrutinized in
Chapter 3, where the solid and liguid desiccants are first
compared and the optimum operating conditions of dehumidifier

are examined. Based on the experimental data obtained in the

= Xii -



previous chapters, Chapter 4 proposes a unique approach to
systems optimization, so-called response surface methodology
(RSM), which has widely been recognized as an efficient means
of optimization by combining the experimental design and a
variety of optimization techniques. Chapter 5 provides a
non-dimensional analysis of the proposed air-conditioning
system using solar energy. Suggestions for improving the
performances of regenerator and dehumidifier in practical
situations are presented, and conclusions are drawn in the last
chapter. The experimental and analytical results outlined in this
thesis may be helpful when developing energy-efficient
air-conditioning systems with the objective of systems

optimization.
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Photo. 2.1 View of plastic packing material packed
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Table 2.1 Mcasuring instrument

Kind of mstrument

Thermocouples (.2

TR 72U Japan?

Ful)i Ultrasonic Meter (Japan)

NetDAQ, FLUKE (LL.S.A)

Flex-tube, Dwyer (US.A)

FExpenditure

Temperaturc

Temperature
_Humidity.

Air velocity

- Density of

desiccant

Data acquisition

Pressure

Photo. 2.4 Data acquisition system (NetDAQ)
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Photo. 2.5 Ultra concentration meter
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Table 2.2 Experimental conditions

Item

Condition of experiment

Inlet air temperature &
humidity

30C, 50%

Air volume

100m*/h. 145m°/h, 190m°/h

Temperature of desiccant

40°C, 50T, 60T

Desiccant flow rate

6 ¢ /min, 104 /min, 14 ¢ /min

Packed layver height (0.3m, 0.4m, 0.5m
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Photo. 2.6 View of experimental apparatus
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Fig. 2.4 Mass transfer model between air
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layer height (in case of 40T)
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Fig. 26 Changes in regeneration rate against packed
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Fig. 2.9 Changes in regeneration rate against flow rate
(in case of 50T)
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Fig. 2.10 Changes in regeneration rate against flow rate
(in case of 60T)
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Fig. 2.11 Changes in regeneration rate against air flow
(in case of 40T)
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Fig. 2.12 Changes in regeneration rate against air flow
(in case of 50T}
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Fig. 2.13 Changes in regeneration rate against air flow
(in case of 60T)
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Fig. 2.14 Changes in regeneration rate against desiccant
temperature (in case of 6 ¢ /min)
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Fig. 2.15 Changes in regencration rate against desiccant

temperature (in case of 10 #/min)
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Fig. 2.16 Changes in regeneration rate against desiccant

temperature (in case of 14 2 /min)
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Fig. 3.1 Experimental schematic for dehumidifier
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Table 3.1 2912k A3 el Q12 7)1 4l 214 ##8 vehuslc)

Table 3.1 Levels of factor { L (2"))

I Level
Symbols Level 1 Level 2
Factor
Height of packed layer A 90 40
(cm)
lasti schi
Packed laver (-) B Dds_lc raq.c ®
packing ring
Concentration of . -
desiccant (w.1.%) c 30 s
Temperatuieuc(;f desiccant D 20 o5
Solution {low rate
] E 10 20
( £ /min)
Air volume (m*/h) F 80 100
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Agos dgsigor, old Wt A4 +32% 2detn USEE

olgelA ez A5 EA2 ot dAsrch

Table 3.2 [Lg(2") Factor arrangement

Number of Number of line
experiment 1 2 3 4 5 6 7
1 0 0 0 0 0 0 0
2 0 0 0 1 1 1 1
3 0 1 1 0 0 1 1
4 0 1 1 1 1 0 0
o 1 0 1 0 1 0 1
6 1 0 1 1 0 1 0
7 1 i 0 0 1 1 0
1 1 0 1 0 0 1
Basic a b a C a b a
b c C b
arrangement
Arrangement| A B AxB C AxC D e
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Dehumidification Rate (kg/h)

3

4

5 6

Experimental run number

Fig. 3.2 Changes in dehumidification rate

oJgA sl AF Yoz ¥

ARE A &)

ARLEER 6 7E§.—,

£ Table 3.3 YeblAH.

Table 3.3 Analysis table of variance Lg(2")

Factor S ¢ Y Fo | p(%)
Concentration of desiccant Al 34063 1 34063 |17.332| 39.2
Temperature of desiccant B| 27319 1 |27319(13.901] 30.9
Air volume D| 12417 1 12417 6318 1 12.8
Error e| 7861 4 119653 - 17.1
Total T| 81660 7 - - 100

Rt Aol DA% N Ee AGDE s FaAAY

- 75 -



S—¢.-V
p = —g_——x100 (%) (3.1)
T
o] 714, pi= 713 &, S& WE, 0u ARE, Ve w4k Srs @ s ek

Table 3.3°14 ¢ = A<l AFEe] AFsHA FFE A= 7
ol gh Q1A= A(LICL ¥ %), BLICI &%), D5 & fdA ¢+ o
E A R2gel ATl M daE AT AT BdEE
oL 71 E& & 392% e, DL v Ve S ndth <A

DEFPI) A%, Aggel FelatAE @Y FAR £ A oz

A7k vhebd, o) B dyel AEd AL oW dFz A7)
b el FHadold A Eolol Wlald FuEel ¥ol Wshsh Lrhx
%) eb7] WRelth el A FHE o) B AT 3
A FRARE gl AR WE T FDATE Aol
vjali: gepel Al ulssted wuzt s @] @Bz A

Fig. 3.3, 34, 35204 Folsttt by §laks, 5 LiClT&9 ¥k
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035
Col30w £ %) C.(35w %)

Fig. 3.3 Main effect of factor A
(concentration of desiccant)

LiCl&&9e] Fx2E B, CoB0w.t%)d o AlFFFe] 0.45kg/h,
Ci(35w.t.90)d o 0.6kg/h& vhebwtut. Fig. 33004 & & Slikeol LiCl

Ggele] pEol w22 Agel fARE & 5 Ak
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Dehumidification rate(kg/h)

0.35

Do{20°C) D, (25°C)

Fig. 3.4 Main effect of factor B
(temperature of desiccant)

LiCIF£d e 258 HH, Dy(200)d o A5 #o] 0.6kg/h, Di(25T)
d 9 0.45kg/h&E vHEFSTE Fig. 34004 & 4 9150l LiCl&9e) &

7 Her s Agd HATE & 5 Aok

_78_



07 e e <t e

065 |

06

055

05

045

Dehumidification rate{kg/h)
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035 E
Fo(80CMH) F1{100CMH)

Fig. 3.5 Main effect of factor D (air volume)

LiCle=gole] Zekg RW, FRmy/hd o A Zol 0.45kg/h,

Fi(100m*h)2 = 06kg/hz vreEbTh Fig. 350014 ¢ ¢ g%l LiCl

opp
2
o

% 9 gess A5 fe¥e ¢+ Aok

G998 cxbEe] RUAEHES Hol & 5 o), LICIFEY B &
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35 AFH +d A% G B 43
351 AMMAES o] 88 AYSA A A4
Boage Aol AFAEe WA JHAeA RAL Hshey

o mAo] glema ool WY L)W AmuAdRE e 247

i}

A9 dag R Al folg dEg nAE Qg thate] &
EFTE BN F LGN AZMEEE AR 3FE 298 Yed
oh 35 2ol ol ¥ oy B BAEYe 258E A9 A

of FelshA @ahaom, Table 349 324 4ol 914 715 & 214

F#EEe Yrhid

Table 3.4 Levels of factor (L:(3"))

—

Level
Symbols| Level 0] Level 1| Level 2
Factor
Concentration of desiccant .
A 25 27.5 30
(w.t.26)
Temperature of desiccant
. B 15 20 25
(T)
Inlet air temperature (TC) C 26 28 30
Inlet air humidity (%) D 50 60 70
Solution flow rate ( #/min) F 10 15 20
Air volume (m*/h) G 100 175 250
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AE o FL = gls 2% 15THAA 25T ¥ WalN F3=8 A
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o
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& 7ol 24 A
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pick

}J‘d
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Table 351 L,,(3") Amu]dms o]

LFER L
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Table 3.5 (Lx(3")) Factor arrangement

Number of line

13

12

]

il

e

10

9

8

F| A B

e

bZ

e

e

A

1

Number of

experiment

10

11

13
14
15
16
17
18

19
20
21

22
23
24

26
27

Basic
arrangement

Arrangement| C | D
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352 ARMARE o] & AY AF
2F A¥3 FUsHA 2AP NG o|&dd feofsivtn AehE=
olzte]l & FAFHE T F Ay HY ¢HAxAE 7. Fig.

360 3% AP o3 2+ ZAAY ALFFS Yz v}

05

- ' i

Dehumidification rate{kg/h)

Experimental run number

Fig. 3.6 Changes in dehumidification rate
e zZ+ ARAFANA T AHFHE BEUE BAENS ARE
Table 3.6°) vtetiict. BAR-A Aa 245 Ay At FU3HA
LiCIggdgl Sako] A& nas oae 79 oen, olg
g EYEre AU AgEd ddg A nHvUdE HE ¢

T AT
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Table 3.6 Analysis table of variance L.;(3")

Variance
Factor Fluctuation Degree of Variance
freedom rate
Concentration of desiccant A 0.38 2 0.19 6.08
Temperature of desiccant B 3.25 2 1.63 o2
Inlet air temperature C 2 2 1.00 32
Inlet air humidity D 2.42 2 1.21 38.72
Air volume G 1.61 2 0.81 25.76
Error c 05 16 0.03 -
Total T 11.41 26 4.87 -
Assel Awdsel FoF dag AL A4 ALCEEY 5

%), BLICIF &9 &%), C(ESE7] &%), Dy s7] i), G

}

ol
rl

(F5e) KQEHRE FA

aelagux=E 747k Fig. 37, 38, 3.9,

3.10, 3.11e0 e AT
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Dehumidification rate(kg/h)

02

AD(25w 1 %) A1{27 5wt %) A2(30w t %)
Fig. 3.7 Main effect of factor A
(concentration of desiccant)
Fig. 3714 & 4 sl5o] LiClF&de 528 2y AN25w.t.%)Y
o 0.8kg/h, AL(275w.t.%)d W 09kg/h, 18] AZ2(30w.t.%)d u

Likg/h & 357} 285 A 84 Uetds & & Jdoh
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Dehumidification rate(kg/h)

02

BO(15C) B1(20°C) B2(25%C)
Fig. 3.8 Main effect of factor B

{temperature of desiccant)

LiClEfde 258 vy BN15C)Y w Aol 1.35kg/h, B1(2
0T o 09kg/h, B2(25C)Y o 05kg/h&E LERWCE Fig. 3804 &

& glEol LCIH&9e) £57F 3252 g #2038 & & Aok
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Dehumidification rate{kg/h)

02

Co(267C) c1(287¢) C2(307C)

Fig. 3.9 Main effect of factor C
(temperature of inlet air)

Fig. 39914 R v} o] kR]F 7] 25+ CO26T)Y W A&
o] 06kg/hE YEelgton C1E8T)Y W 10kg/h, C230C)Y i,
1.25kg/h2 el ol 23 91879 257 oW 842

A gol 2Ee Rzt
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Dehumidification rate{kg/h)

02

DO{50%) D1(60%) D2(70%)
Fig. 3.10 Main effect of factor D

(humidity of inlet air)

Fig. 3103 o] k)& 7]e o7t D050%)Y = 0.6kg/h, DI
(60%)d W 0.8kg/h, D2(702%6)d W) 1.3kg/h& veEdRtth ol =3 7)

of dolgkvt &5 AsFo] Bolds RoErh
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Dehumidification rate(kg/h)

02

GO(100m /h) G1(175m /h) G2(250m' /h}

Fig. 3.11 Main effect of factor G (air volume)

Fig. 3119 #o] F&o 79 GO100m/n4d W 085kg/h o], Gl
(175m*/hY w 0.9kg/hel™, G2A250mYhe w) 1.25kg/halth, o) = =

Ec,

,_
L
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Ak e 8dEAE HopA & & %], LiICIFE9 Fx(RlA}

AZh o5 Alg ko] waton, ofst Wi LiICIF& o 215(0x}

©

Ir
AL
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<
-

fr
ofid

of Bk B =97 LREIA O% =97
7) AWEEERIA D1z 2 oghe] 45 29379 AdFEsT Licls
g9 o] sl Yoo Fof Aggel wol AT &

T AT a8z =F37ie] FEA G2 AW (carry-over)
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o
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Al 43 gFE o] & AsF/IT A=l A3 4
31

4.1 AF 3 71He AL

$7): 49 A oW AYg SR & G 1 AAot A
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1% whebel, oopyeR Ao mi gresl
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sk,
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qzde Fobs WS 492 Agsus A9 2AL pahe Pol

olth o] A 2 #AAe) 29y EARNE oA o R Helsie] A FH

Aeze] ARl FYANYE AR P, IARAL A
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A8 A 8 (Design of experiments)< A 2] Al 43¢E mal=
A 717 QlAE MAea olEe #AE Lelr7| 9% AFE &
stol Age] HAxAL AAF oz ol 7ol

dlolel ] g2 tylels B 59 Wil vjH g 73] AAEe
A AnE AFHoz HrlsteE EMEAM(ANOVA @ Analysis of
variance), WH2 ¥ W  EA(Response analysis), # 4] (Correlation
analysis), 37 %4 (Regression analysis), 29! Wiz &4 (Factorial
design analysis), 3% ¥4 (Mixture analysis)5°] 1o o]& &4

71

Mo

X
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]_

2

ba A

Ol

alade] A HAxF AP=de 44

ol
._{

AYAE EESPT
A Aol Betel Hag T bxol dew AR 9 (Principle

of randomization}$} ®kE-e] 98] (Principle of replication)”} St}

II.

Azt fele A48 eMdA A7le 78 Hadte] A

o7 fze dlolElo] Atgro] && 9l wk=A] oyt Ay, AEY
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42 SR AHo EH 91 A4

AntH o2 FEH $aAsd 5O oel A HANFES 9
Fg won, oF Alold) HEWAS EoE AAw AAH7} Ase

of. s, die] A5o) QoA ol d HEuAe YA dX

N
o

7

4

E}
o

=

A waets) FolAmE, A2de A e Aol gol

rir
i

at2] gt} 7124 o2 RSM(Response surface methodology)7] &

ol

g Azgle] A L 8 BANA ALY A olo] B vl

/Y E Atole] FdAE FAHSa, o] A e )88t Aiade] HAHR

e FAste AL HREE Frk RSM7IH-2 Box and Wilson(1951)0l]
o3 A& Aete old= sehEAd, AF7ty, AR T Aokl

T sS85 skav, FgALde] HA5E A AA A £47)

S FHEAHA = FAEAH(Central composite), HrA& w2
(Box behnken), W% 4 %4 3% (Create response surface), th%
£ # #HH(Multi response optimizer)so| ¢lct

FAHAHE EEHORE 13 238E S A T wWe HAE
281 5e] 4 Wb ol oW JE&S v A=A duA T AHe WE

g HAMsHA7]7] kel .dEE HAE FFol @ol AR

e
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X1 Xo, Xeoll 2le) AR E e & wf, Alag deat dADES Abo] 9]

w0 % The AT @ol yebd #7b glrh

Y=f(X,X,...X,) (4.1)

A8 g A9 Bk GEA A7 He A, o3 GRS

o] g8l FAste Aol HAS Y. aznz Aiy A A

Apole] B RAE T A2 e wEor FRHE Aol Ynk
olc}.
Y= ﬁ{,+§]ﬁlx,+2§]ﬁ XX +e (4.2)

i=1j=1

HADAA By, B, B, AT AR AR 2 olAae) A5E vheh

hl

), e FARHA ME ] ob eaES vpeRdith B Aol M=
HEANEE Bl A& £AEL A4 A4sh E RSMAMS HE
goms 9 Aol 7 ASES #4% £7b Aok 1 A3t RSMAEE

g5t} e s A5 ANFE Aels) DA ol g3l o
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7L 4]

Max Y= ﬁﬁZ@%ZEﬂXl/‘}“ (43)

i=1j=i

subject to (X, X, X,)ENR (4.3.1)

A3 DAA ok AAESe g Aot Heidc

B ATl A HYY ddmelA dojA: dUs AAFEAY A
g ez AgsE A/ A5 AASsE HY2US FY)
slokel RSM7)8 & Agato] H(U3)% 2 A3 298 A gkat s
weh 2B o A4s 23 A9 FooM A4ee ANE

A A7 HA FHdsds 44T 7 v
43 v Ao g F AAY A 43

Aguel A =0l APET A4S0l AeFEel ne 43S

dste] Table 4.1°0 deld wpe} & A5 ¢3dvh A¥Ed5E HE
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sk, A

Table 4.1 Regeneration rate in process levels

Air flow rate(m’/h)

100 145 190
) 6 0.97 1.24 1.42
Solution
flow rate| 10 1.09 1.31 1.53
Co/mind |y e 1.18 137
Azl e] 8 dolA oyA] Aule] FE&AHES Huslr)

Sl Et

el uefd Havt vk 9 AP Aol &l

Sohgel ek Aol FHBS BAY S A A

82

P FdevIEFd gAEF

433t Table 4.2¢] #2]std o).

Table 4.2 Electricity consumption in process
levels (Watt)

Air flow rate(mB/h)

100 145 190

Solution

flow rate
{ £ /min)

10
14

34.94 98.44 111.94
108.56 122.06 135.56
139.50 153.00 166.50
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Table 4.1 Ael® A28 §9EF7) 2] 190m’/h, 53]
ZFol 104 /ming W ATl Aol Aoz JAY £ o} A
olglgt AEL 97 Melpa 2 F syt HHe 2d 2holge

AR Wastn ok v wald, flgl ko] 104 /mind w Bl

rl

Z
;
o
ne
o
+
H
L
lo
=
o

9¢/min Y} 11 ¢ /min¥ s F
deA ojok7]stA 104 /ming] EAEshadol A zyolatm &

T Wt AE B, dddaaNe fA5:8%0] 64 /min, 104 /min,
142 /min?d ] A A F2 242} 1.42ke/h, 153kg/h, 1.37ke/holebe A S
& 7 At el G @ QM Fe] FEAAsE Fig 417 2o

A FS Aoishets

op

HeEFE 104 /mine] obd Azt & § )
thooleidt A 2 Qs AT Abel2] SeuAE & 5 AUt
W ol NESERY O Ue 445 wol= HHe Anirze
o ¢ AUk Wk ooluel, olelg HzASE AdEA) 9siA
135.56Watte] dele] 4v]HE Table 42258 <& F ) whof 4 &
SV FE 120Watt ofst= A stsl nAt st A -golle ol 2xx

e AAY 24 QA Bt
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(kg:hy

U
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e e - -

e e e

[ Kt

I Solution cycling rute
(£mm)

Fig. 4.1 Function relation of regeneration and desiccant rate
(inlet air temp. of 60T, air volume of 190m°/h)

Table 4.1°) Foi AFHF}E Edl =2 AQFE o] & vH=
ARlE Alele] FAAE &3] s, AL Yo} st 9
ek, BANEEEE 7h7 X, Xoth 3hab 41" el A AR RSM7IH

g Aagond gei 2 rulE £EY & A

Y=—0.4321+0.0095.X, +0.1499.X,

+1.73¢” "X - 0.0084.X;~6.94¢ "X X, (4.4)
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Fa o9 waAgane ang
e e Aoz BAMEM(Analysis of variance, ANOVA)S E3}o

TR w4 4 glen, o @3k Table 4391 Hald nps} 2

r

o} BARE A AR R ghel 988% % e 2AE mge Az)e vl

THENH, FAeTF Alole] FFAAZ £E3 Atk M FH 4|
FE5 Web & o, RSM2 g A48y g 22 4048 £59
T U

W= 33.235+0.300X, +2.245.X, +0.229X? (45)

@ 100%% Vet 98 RYe SAHoR @e Aow yuhg
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Table 4.3 ANOVA Table ( R*=0.988)

Source DF o5 MS F
Model 5 0.3689 0.0738 129.56
(Linear) 2 0.3294 0.0145 2544
(Square) 2 0.0389 0.0195 34.16
(Interaction) 1 0.0006 0.0006 1.10
Error 3 0.0017 0.0006
Total 8 0.3706
Table 4.4 ANOVA Table ( R?=1.000)
Source DF SS MS F
Model 5 5585.48 1117.09
(Linear) 2 5bh&.69 2792.85 -
(Square) 2 26.79 13.40 -
(Interaction) 1 0 0 -
Error 3 0 0
Total 8 5580.48
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44 A AsS A HAAEA =4 =F

iz xT&H A7 HH A =21E =F37] st RSM
ARG #HBste] TE F5AAG ol Bl HAH KL vHY T
vt = A zule] ek Ao st A AQFE Aohshst= HAHS B

ge ted o] RAT 4 gk

Maximize y=-(.4321+0.0095.X; +0.1499.X,
+1.73¢ 75 X7 — 0.0084.X; — 6.94¢ "X X, (46)

subject to 100 X, 190, 6= X, <14

W= 33.235+0.300.X, +2.245 X, +0.220X; < W, (46.1)

max

9 AN Wi Tl 318 A2 Fg ZA, Yo We 4%

Y (44)3 (452 Folxth uwpebd HAH 3 1Y

o

FLEZH Winaol 8
of Aexnlz WA FE Ao A¥AE +E = gk A 3
4 " vl go] Watgte] we M & Table 459 Fig 4.2 A 2|8

.
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Table 4.5 Table of sensitivity analysis with respect to

Winax
W Optimum solution Regeneration
W) X, X, rate
(m'/h) ( ¢ /min) (Kg/h)
100 150.20 6.00 195
102 156.87 6.00 1.28
104 16353 6.00 1.31
106 170.20 6.00 1.34
108 176.87 6.00 1.37
110 182,28 6.08 1.39
112 186.82 6.20 .41
114 19000 | 64l 1.44
116 190.00 6.79 1.46
118 190.00 7.15 147
120 190.00 751 1.49
122 190.00 7.86 1.50
124 190.00 820 151
196 190.00 853 151
198 190.00 885 152
130 190.00 9.16 152
132 190.00 9.47 153
134 190.00 967 1.53
136 190.00 967 153
138 190.00 067 153
140 190.00 0.67 153
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Fig 42014 AM& A0 &8 A& ako] gt 2 ko] 120WattZ
At AL HAFHE LAEEe] 7517 /min, 93712l 190m’/h

ouf, o] W A AL F A= AALL o 140kg/hA S & & Ak

7
]
190 Attt ————
Air S
volume %0 ' !
(CcMIDH 170 « t
150 / !
¥ i
50 Ll s _— ; R
|
16 T
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Solution  * :

cycling 8
rate 7 X
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rate
(kg/hy 13 c}}/’f
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o 1 B 1R ME 1200 Y4 Y8 IR 1% M

Maximum permission electricily

consumption rate (Watt)

Fig. 4.2 Sensitivity analysis with respect to W,

§3, Fig 4391w Hd &8 2 hugFo] 120Watt2 012

QA kel i3t Contour plotS WERAT
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Air 150 \ ~ /
~
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1201
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| \ /
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6 T a g 10 1 12 19 14
Solution cycling rate £ /min

Fig. 4.3 Optimum solution when Wupax is 120

wRow AR BRe AdUyon FAE Aytsdds Yuhy

i AMoz FAE FRE Ak t)$ Contour ploto]th. o 7|4 =

rlo

A Fe Adststs #H87F SAEHEE 7512 /min, 7571 F
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A5 H BARL) 2 A

51 &3 Asgdd oA EdAdD 7]x o &

Fig 519 A5d" 2 A" 2o F050A4 AAEFA e} 537
b &St dolvbE 1 AAE(Ria) Zo] tefuleh o 7)) 71
Aol Ao} AolFid xie AddaldXA F571 o]lFolAH 714 &
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