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Report Title Performance Evaluation of Adsorbed Solar Refrigerator -

By Mr. Piyawut Tungsujaritgul ID. 46015539
Mr. Amon Musikarut 1D. 46015559

Advistor Mr. Boonchai  Chotiviriyavanich

Report for Bachclor Degree of Chemical Engineering

Department of Chemical Enginecring, Faculty of Engineering

King Mongkut’s Institutc of Technology Ladkrabung

Abstract

This project is carried out to evaluate the performance of adsorbed solar refrigerator whose
working principlc is based on adsorption. The initial phase of this project was to test the heat source
using infrared heater. It was found that increasing temperature of solar collector as well as increasing
volume of methanol led to a decrease in water temperature in a cooling chamber. It was also evident
that the temperature of the solar collector needed to be stabilized for a period of about 3-4 hours in
order for the refrigerator to lower the water temperature more efficiency. In a later phase of this
project, the energy source was changed to solar energy whcre similar trend was observed such that the
temperature of the solar collector was inversely proportional to the temp of in a cooling chamber. In

addition, painting the solar collector in block helped increasing the temperature of panel.
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2.2 ﬁxuuﬁmmmﬁmmngﬂ%’u (Adsorption refrigeration system)

° [ w o % ; ar | a A
IZUUMANUUULVUAAYY lﬂuizUUﬂ’]ﬂj’]NlUHﬁﬂ’]ﬂU “ﬂﬁ’]iﬂ’m']u” gR

9/ o o d . 1 a a
Usznevdvmsgaduuazasiinnuniu (Refrigerant) Taviimsgadueniuvewdeiiily

Qs o 3 - ' 12 w A LY
WU unsogatuaninnuounegluanuzmeld dsgaguitdonldauduuinie
1 o @ o an e o . [] ° (=9 4 . j
fufuiug FAnuea (Siliga gel) uazdla'lad (Zeolite) drua1siInmdy Feviminiy
¥
ar L] 'y =]
ﬁ‘lﬁQﬂﬂﬂ‘UUﬂ:lﬂu‘UﬂQlﬁﬁ? BU U B EIUDR U1 L‘Lluﬁ'u
o o @ a o Voo ) o &

ﬂ’l?“ﬂ'lﬂ'ﬂllluuﬂ‘lﬂ‘ﬂﬁqq']ullﬁx‘lﬂ'lﬂﬂﬂiﬂﬂ1ﬂfﬁﬁﬂﬂ’l‘i@ﬂ”ﬁ“ﬂ L‘:L‘Iuaﬂmuzﬂuwmiwu
o o Y 9/ 1 a [} A
Mnnubuuuugady szuvezlsznou lddsdmszneundn 3 dau fie

o d g
1. sma%’mmmmmmm:ﬁmqmu (Solar collector U@z Adsorber)

) = d a ! o o o W
l!HQﬁULlﬂQU‘IWﬁUﬂUﬂ’]Hﬁ'lﬁ‘iﬂﬂﬁ»ﬁ’luﬂ']11]%’@11%1ﬂllﬂﬁﬂ’l°ﬂﬂﬁ WAINUAITY
g 3 w o v A s o ) [ a - o =
Youtlozarumlldsigaduiegaanu moludiugady zusspdodagedu Feesiming

' 3
Qr o - =3 =

ABUAATUMS oA WF A IgRRFL WeguuglmeluAigaduaaaIv Iy

q o

2. 1A399AIVUUY (Condenser)
wmthinuiu lsvssigneaduimesunindgeaguiiogludiugadu
4
3. 1I99521HE (Evaporator)

ﬂ;. b hed o 4 1 A
ti‘.lummsumgnﬂﬂvﬁumnﬂmuuutfﬂummmaﬂﬂum?mmmmu %9

L
a

cr ﬂ @ o
younailvzszmuiluleunzgngadianais
o off LYY & L] ] ] A o o L} =
ﬂ'l‘iﬂ']i’llﬁ]::ﬂ.h&'lf‘]‘i]ﬂ'i mquuqﬁ‘lu 291N ﬁﬂ FINAANITSUIUMTANUYULDE Y NN
= ot ' Aa ot d’ ot ot A
WNANTESUIUNTIRA U ‘mqmﬂﬂnizmum‘smuqmuﬁ’mmﬂuwaqqmmm%’au °U~1ﬂ')'lll‘§"ﬁ]"lnl
g 8 o Y S 4 4 g a 4 ¢ A
Tlul‘ﬁ':luﬂ‘iSU'J‘Nﬂ'l'iﬂ'lU"lﬂJE]'Ii]ll'li]']ﬂﬂ’J']ll?E]ui]']ﬂhlﬂu'l’ﬂlﬂﬂﬂﬁlﬁI 'lﬂlf'fﬂi]'lﬂlﬂiﬂQU‘NﬂH‘iE]
s a o
ﬂ']'lll%ﬂllﬂWﬂWﬂﬁQ'ml&ﬁQﬂ'mF’IU
- o w o s [ I3 = o
i]']ﬂg‘lJ‘ﬂ 2.3 1NﬂQUﬂﬁ1Q1NLLHQ5U5QﬁTﬂiUWﬁQQWHﬂ?TN?E}H‘J']ﬂlLﬁ'QE]']’i’IﬂU A4

=1 = [

U & o 1Y d A a o 3
Foudutnei Iimgaduiiguugiigaivuazmemsianubueenindimsianmudun
o 1A A 1 A ia 4
uondeeniIzgnALIURINgpIn UL 1A Inaasginaasszive nszuaumshinaduly

> Y ' or L] Iy - 4
ﬂ]uﬂﬂuﬁﬁﬂﬂ?’] 32 UINNTIAIEYY (Desorption process) Gﬁﬁﬂizuquﬂ'l'juﬂxlﬂﬂﬂ]uslunﬁ'I

AT



Solar Heat

“ b

Solar Collector /Adsorber

l

Condenser

l

Evaporator

Heat

310 2.3 nazuaumamedy

Desorption

Condensation

1 ' o d a’ oy ¥ 1 s
1117 2.4 lenTzuaumsuenmisiinnuuInmIgaduiaiulus9naisiu

¥
o of o o P
uda vinduluasuitunaznansfivguugiiveseinaszanavi liifanisszuwnuiou

as oo o o o o Y us a
DONVIAUHITULTIDINAL ﬂqHa“11ﬁqm“%u'ﬂﬂ‘3ﬁ'1ﬁﬂﬂ°ﬁuLuuﬂjﬂ{'lllagﬁ.lﬁﬂﬂcﬁumzﬁllﬂﬂ

a 0 o ° a o 4 i °
HUNITNIA NN ﬁ‘l‘iﬂ']ﬂ')u]lguﬂgﬂﬂﬂ“ﬁﬂﬁ]ﬁiﬁ!ﬁﬂu'lﬂ'lﬂlﬂ?ﬂﬁi&’!ﬁﬂ ‘llfuﬁfﬁﬁ'l'iﬂ'lﬂ’ﬂll

o a 3 ) a 9 o ] 4 4
wusTimoaiu Tuzqaiernisunnfdwnadeuiiogiouq indesszmune 1 lunis

- - e d e ' ¥ a ¥ a o I -
TSIHUAD FINAHDUDINIANNIDUUULID 'ﬂ'QNﬁTﬂQﬂl'ﬂﬂuﬂTUﬂluﬂﬂﬁﬂTﬂ'J'IULUNﬂﬂﬂ'lﬂﬂ 17UN

Aa d - Y.
nI2UIUMITAAYL TUTUABUII PSZUIUNIGAYY (Adsorption process) 3 DATTUIUMS

. 4 o L
MAIIEU (Refrigeration process) N5zuIUMsHIzNAIN lUNINA1AY

Heat + Solar Collector/Adsorber

T

Condenser
Fy

Heat — » Evaporator

q' s
710 2.4 nszudUMITRATY

Adsorption

Evaporation



12

2.3 Igdnsmsimanveassuinmadulaslivdnmsqady

o @ ° = o d [ w a a1
pinsmainlugaupdvesssurienuu Invldudnnsgedu dmiugms

o ' w w d - ar =
A1 auiniug - wsuea ansnefuuTaeldusunn - T - X dwanalugild 2.5

022 7% f(2) 7% (3

PRESSURE P
I......_....,........._....._....._.....-._. s s —— o

o
8
N

g

s
~
o
o o}
o
o
-

-
=
-

i o ) Q ;
0.01 N ’;’ .

]
w
]

!
0
o
1
N
IS
i
W
N

t
W
o
'
N
o

-2.6

¥
P

(-1/T)x1,000

5
=

4 o o o 1 w oo
7u1 25 wunm e - T- X dinSugmshauomfmiug - wsuea (s)

(1) Sensible Isoster Heating 1-2

4 4 & o = P w s 4 a
ﬂS%]J’JUﬂTiL'iiJ?TNﬂQﬂYI 1 NgUHY 30 DA AITUY NANAY 0.02 U135 w39z

Y dd o = o
anudndugegadiu x . iy 17 Wesidud Taoliunsiuuasorfinddludldanuion
& a a ¢ A o ¥ ¥ dy g Y Y & o
aaumadunmapmndoz dnuauduamisuuidmdnagadiunazaiuse inetlesdums
' 9 or P [} o 1 o = e -y
oA iauesnNNUAI VI 1ind dionmkiu lldiiRuns Sunmeerfiag figungd
o J A [ b L s o A J 3 A o ar
WudwiTeu q dwwalvianuaumoluuneiunaseifiadimuiiudae Wegunninoluuwnedy

a o a :r = o a J o ar P
I_lﬁQQTﬂﬁUIWNﬂNﬁQ 54 2IPUBTIHYT ﬂ'))u@umaﬁﬁzﬂ'ﬂ“:lwn‘uulﬂu 0.22 179 AIMILHUIN

e o 4

) o o of 1 o o o [ 1
(2) "IN‘TIZT'I11ﬁﬁ'15°ﬂ']ﬂ'J'IiJIUHﬂ']UEJE]ﬂ‘i]'Iﬂﬂ'nlﬂll1]11ﬂtlazﬂﬁuuuusluﬂ'm'lﬂﬁ?ﬂ‘u ']lﬂuﬂlﬂ?ﬂﬁ

AU



(2) Generation Isobar Process 2-3

o e { - ar i el o o a oy )
NIEIUMSMoFITUAYA 2 Ranudunii 0.22 MSillsunasuumnfindiiguug

“

Lﬁh‘i{méﬂﬂﬂ WELeaszIuARIBenYINTUA LTSNy 1uﬂauﬁym1mﬂ’fui’fummﬁﬁﬁ
Wi uaaasmudify wm:ﬁ’aqmwgﬁmamm%’mmqmﬁﬂﬁxﬁuﬁuﬁq 100 B3f
Lcuau'%uﬁﬁﬂ,ﬂf:ﬂnm’luffumaa@:msﬁnmimwu x_) fioya#t 3 $2anszuIUMs T uon
fuondreennindwfuiug 'n:gﬂmuuﬁutlum?mmuuﬁuuaﬂﬂamqim?'aﬁzmtlmzflu

¥ w [~
H2ININ UL

(3) Sensible Isoster Cooling 3-4

dionaaaasugeauadlunene seiimutlanuiuduanudouunznszoning

»

Asegfiuunsfuusinrfindenn Wumsszuisnnudoussnninunssuiaeorfindifien 1y
guvgivedn wiiuAana mm%’auﬁgﬂdwmaaﬂ'lﬂﬁyﬂ:ﬁﬂﬁqmﬁqﬁmaadmﬁuﬁué{éq
agmoluunsdumserindannanin 100 esruwaFoa ilu 89 esrusadud Anga 4 1u
5:11':'14%3111Qﬁmu“luuwﬁuummﬁnﬁaﬂaaﬂ’mmﬁ’ummﬁzuuﬁﬂ:aﬂawdwﬂm?qmﬂ

0.22 115 IMADAIINAY 0.02

(4) Isobar Adsorption 4-1

= -~

o a o = ar
AISVIUMIAATUISITUNA 4 LiJE]ﬁ\‘lﬂﬁﬁU']‘l—lﬂ'ﬁ"Mﬂ']’luwu ﬂ']’]uﬂuﬂ“lﬂiuﬁﬁuu

o ar q’ v a w 4
%:ammmﬁa 0.02 113 'ﬂﬂamﬂumuﬁ1uamzag1uﬂn1umawadmma ﬂ?ﬁﬂmﬂﬁ -10

a

]

v
2]

a A A d - Yo ¥ ¥ °
DI UG I YT IJJEILHﬁWNﬂﬁ'ﬂQﬂmUﬂ'IUIHI.ﬂﬁENﬁSl'HU vlﬂ‘illﬂ':l'lU‘iE]Uﬁ]"Iﬂ‘Hﬂ\iﬂ'HHNﬂg

1 LAY

s a; o r{:{ [ @
ansnszimednilulenmoldgungiidwazgagadulasdiufuiudiognioluunesy

¥ Ed
=2 = ] &4 1 o

naeprfindnimdn Sunnszuaunsiifaiuildned1milad nszuIugAd Y (Adsorption

=1

process) NIEUIMIPAFUIzAUTUAD 11hTou TasfinnwdAussnsfuasgunglvpaniufy
v I [l s a0 £ [ o £y
Huanognmoluumiunaseiiadluvnzifanssurumsgaguismidugungiiveus seng
Aoy s 30 DIFIRIATUN
ar =) o o ¥ n‘J A
nIEUIUMIRATUNS onszuIuMsRInIuIz ldalsz e 12 92 1u Feezdu
o - ) o o ny o v: o} = &

arsheluaeunaefiy dienssuruntsmanubudugaaasinee lddnoudSnanis

o = Q Ied q’: 9 o/ 1
mIMnuresszuuz eI uduihinu ldlvudnasilusowdvesiuas 11



14
=y o 4:;, q'. b
1.4 UIVHNINY VDI

mshmsgaduinzasgagadun [diduganihanlussumimnudusugady
et = o gr 3 a a9 @ ar cay
TafinmsAne1itoTauldgasiaunatnsiindrofudai
X P a u’ o LY o 4 9
- Pons and Guillem [6] 1AAMYWATNARBISTUUR MIUTINANS 1ML a0 1Tins Tao1d

o o d

o 4} A s 1 o e 4 W
ﬂiSU']Nﬂ'ﬁﬂﬂ"b’ﬂ"ﬂquﬂTHﬂiJ'lJLIFIﬂ‘ULlJﬁ'lLlE]ﬁlﬂufJﬁ'li‘ﬂ'N'lu ﬂ?lﬂ?BQﬂ‘iSﬂﬂUﬁJ')Ulmd'ﬁU

¥ ]
&oA

A d { o L3 = )
LARDINAHUUS G OUNLWUAT UL 6 1913MAs aunsoigunnl 14 -3 esmaaon
M nl'I of 9! = o o o
pazhniwdalduinda 3sf Tanfudou

¥ o = 3 o o ° :
- Grenire and Pons {7] v[ﬂ‘ﬂ'lﬂ"l‘iﬁﬂ'lel']5$U‘UTTIFI'J'11ILU1JLLUUQH‘)I‘U Tumsmunﬁ‘mmn

¥
L

» -
ar = Y e ] a Y = o
WALIUUAID IR0 N 1AM sl sufoundudszansysanisninnuduve sz oy
- " ey s 3 & =t = 1 g a o °
w8 sad e anTesiuundunisils suifousidudsednsvssnisfiin iy
[] ] a = =1 o o : [ o o o o é ] 1 as
sEHINgasie 2 ¥iia fe 3o laafui uae tuduinddvimsivea gy
o o aq ] o [
Buadumsiuealda cor AanmN
] = 3t d'l o =] o
- EE. Anyanwu and C.I. Ezekwe [8] MYNsAntnazadansesiinnutunnmd sy
a o 19 w oo w o O o q’] N o & ¥ o
wersonind lasldnszuaunisgaduiiomiuiug du wsea flugarswiom Faldunssy
o o = 1 a
UEDINAGLUY 1S 0UUUIA 1.2 413 19INAT DINATINARDINYTIAINIS DR IA1mEw 18 3

nor

- ¥ a A J 3 o a ¢ s v a
aaraFoe w lhiuad el T lddunedumimenisunnd lumjdwuiegmslnani
1931y
. 3 o = 3 A Y n"I of s o d 9
- A. Boubakri [9] v].ﬂ'fl1ﬂ'|5ﬂ'ﬂ'kl'lllﬂ3ff51~1!.ﬂ'iEN“fI'I'LI'IlHNi]']ﬂWﬂQQ'I“I.-ILLfNﬂ1ﬂﬂUIﬁU1'ﬁf
@ o e ¢ oo ! & & ar Qs )
NITUIUNTARTUY DIUNNNUA AL mmuami‘luﬁmsmam mq"l‘i'umsuwamuuﬁqamﬂrT
J o o &g =3 or 4 o : '
VUIA 1813 WNAT YITIDIUANVUADIUIY 20 ﬂIﬁﬂﬁiJ‘l]’lﬂ'l'iﬂﬂﬁﬂﬂlﬂ?ﬂd‘ﬂ'l‘l—ﬂll%ﬂ'ﬂﬂ'ﬂ
4 = c’ o ¥ a a1 G
lﬂ'iﬂﬁﬂ'lﬂﬂ‘iflﬂﬂﬂlﬂlﬂld‘lﬂ 6 n’iansmmnu
) s 9 o a o 4 a 4
- Indund iWhmed uaz mgmnd Usz@uingny (101 Winsnuuazadunies

faammbuninndanuuaseiing Iavldnszuinmsgaduiismiiudsowsmeaiing
3t Faldunssvumsefadriianouminnhanduauaannan’ie 1was 0171.4
ey inﬂnﬁwﬂﬁauwuimmwm’n"lﬁqmﬁgﬁﬂmﬁzﬂ?mm 4.5 aas ludeahnnudull
gunilanad 1ANINGA 9 oarnrarEu

- Critoph and Vogel [11] 1&AnY1Iginimames Iy launiinduesszuuyhanuiu
wuugaduiugleladuazowiuiug wazldmsinnududiu R-11, R22 | R-114 Gludu
Womgashanidiminz oy viaramsmagounyhins I suiudiy r-22 iugs
vanfimmnganfiqe Tastimdulseanivesmsmanuiudfigaviiu 0.2 dewn Critoph

Mg ¥ o d a = ’ a = § o o = a
v].ﬂ%m'luﬂlll]'um‘iju?ﬂ'iﬂﬂ"b"lJlﬂUw‘liJU'NlﬂU')!lﬁ%lﬂﬂﬂ1‘15ﬂﬂ'l'§ﬂ'lﬂ’l'lllltmﬁa'lU‘liuﬂiJ’lTﬂﬂ'l‘i



15

o a o

nagpuazHLIIfmIINLNARgeRe duduiuatuswea dulsyiniesanmsiinny

o
UG 0.5



=1
Unn 3

aulszneuueaszuy

3.1 130 9MANMEUDINNAINULTID AL

aw o - o [ o a d o
TnssandfoiiduTnssaudenisaninIndund wimes uaz mowail Yszdufwqny

& VYo ¥ P ° < ar = Y oo
[10] B ldvhnseenuuuiasaiuniosianuidunnwdssugseiiiad lagldudnniga
41 Tauns asdanaritszneudlodiudinn 3 6y Ae LHATULTIDNAS IATDIAILINLY LA

A 4 ' LY o < o o
1T IIBINUAINITYRY Iud oty Auaaslugli 3.

RHAS VLR RE

INTBIAILLUY

¥ o o
HaINTANUNLOU

Yusrvuqoonnm

4 4 ° < w o d at ar
51 3.1 TassadranTerianuduninandnuussering lasldndnnisaadn



dninntemyanald wesooundmanszly 17

3.1.1 um%’mmamﬁﬂﬁuﬂ:ﬁmgﬂﬁu (Solar collector and Adserber)

Tenuusduraalugli 3.2 Ysznoudaoumsiuumeindrinasumissininauau
ERVUIANIIT 1 AT 613 14 193 $1U3U 20 80U YIIANAIE 0.05 18AT U1 | 11INT 90.04
a3 uansaoussiivesdadadiniuussidgadt Audavesunsaougnioudadiy
pnauAuRaRTAINT 14 was 019 1 a3 g4 0.11 was Tasfinvauaummioudn
B 19BAIADY R LINYDIHIRE LA AR miTeuntaBuAAG R ouHLINTE I

: H or o o v of d’ o ¥ o o [ = d
2 ¥4 IﬂﬂﬁILNQ‘J"]JLLENE)'IﬂﬂUllf\SfT'J‘L!ﬂﬂ“]iUUﬁ]S“ﬂ'WIH'I'ﬂ'i'U'W'ﬂ\ﬂﬂ'ﬂll'?ﬂll%']ﬂl!ﬂﬁﬂ']'ﬂﬂﬂ

]
A

»
wannudoutinedom hdidmgadunegandunoludmugaduszusiyiaenigasu

H ar a d 1 as
510 3.2 Tasaadnursivnaserfrduazdugasy

62653



3.1.2 i399AIUINY (Condenser)
[ ' ° ] ' as : 1 d os - o Y oA '

Uszneudae vieviile venruuduuazduimaewu de51li 3.3 Taoimhinasuuiu
Tevesiagngaduimedunndgaduiiegludiugadu

1 - D v :: or ";ﬁl (=9 = [ =

newle mtimdiuanizlevesusueasiniifigav gl 65 ssrrusaidva Tvde

o = [ o E W [ : 1 o :: =
gavniilszanm 35 asrurasen lnuodonanmsuanildounudeusuimanidu Aun
A lunsuannldouanuiouveanoth lomiidu 0.057 msramas 017 0.82 was

vealuudy Hanyuniuveasitovuiuiunaie vie lavfiuanzoszgnisanneia

¥ S w 1 P ' = ; - e 3

HazMuINUNBgames UuLaza e dRunumsuanaldouniiudeu 0.5 a151uuas lay

] £ [l o L] o
wenvensauaiiviaduriugudnataniolu 0.02 was idukuguinalaniousn 0.022
AT 817 0.7 IHAT $1UIUI3 Ve laudoudad 1 Lasd N 10UBInen 1ULULUA U e

o ] [ o 5 [] o

1EAA DT UNIa AU IAdUATHEHIN19A10 11 0.0508 A (FuUAIUgUINA1INILUEN
0.0512 1AT U177189% 0.8 JUAS

(¥ : L] o ar : 4' A o Y .:;

Sahwaediy HuduniliFimuseduanudouvesnisulfouanmzeslowsiuea

¥
o 8 ¥ o

vnaouzlelitivvsavas daihmaatuiauia 0.9 1was X 1105 X 0.6 a3 HATAINY

¥
@ @ v g =
OUIHD DN 540 aRT

5111 3.3 Iasaafranieanruwiu

¥



19

3.1.3 1n309321M0 (Evaporator)
sauriumpumgUTmdouiudn Taohurumeunadinumun 0.002 was ansa
o o = s - o » A - o o v o [l
vsspensninnmin1d 4.8 das dagUfi 3.4 TawimdhidlufseaSudgnaaduiignaiuniv
4'1 [ ] d’ Y o W e :
duvsumnarlasnissniuniu veanadrflvszmodulonazgnandulavigadudnni

P
HHI

51 3.4 Tnssadhaniesszive



20

1 L}
=y q

3.2 gz peuniunu@N

3.2.1  WRaYRRAnINIeu

° ¥ Aq ¢ ¥ ) o a o ¥ ¥
Ainuan Idanuseuunuratunaesining dsenoulddronasnnliudou
¥ .
fda’ W 1000 Watts 977U 6 Haoa uazursdInSuARRItaanLd oy e ldauYousy

o o o o d e s a
LH3 DU ID RO BN UL TIDTNALD T Llﬁﬂ%ﬂﬁéﬂ“ﬂ 35

31 3.5 Tnssadaumsnasanimieou



21

322 ¥AIAUDSAIUQUYUNLI]

Y

o 'v 4 o o o
Y iagungiiuaazganeluniadiinnubunaza 3uguguniives

Ll au

Hq ¥ a GRS = Y Y @ ow
Hﬂﬂﬂﬂ’nﬂgﬂuﬂiﬂLLﬂtLFNiULLﬁQﬂT“ﬂUiﬂuqmﬂQﬂﬂ]ﬁﬂﬂdﬂﬁ ﬂi:nﬂu"lﬂmumm

asmnil Aanuquamungiivazme’ lufihda daguf 3.6

517 3.6 Tnssasagainuaznrugugungdi

Y



22

323 VOUIINGIUGA

Hmihfusspusueartuaiesszme iNemulTuavsausiuealasiits Tudes

A o o 3 o 3 ' ] o =
f0ALRTOITSINEDEN ﬂﬁzﬁl!ﬂﬂﬁ'l "I’I'Inlﬁﬂ']ﬂ']'iﬂﬂaﬂquﬂﬂlﬂﬂﬂﬂluﬂq ﬂ\‘lgﬂﬂ 3.7

c; 9 1
5Un 3.7 Iassardanoussumsiuea



23

acd A -ﬂ' o -] =Sy o
2.3 IBIATHUIATEIN A NHEULAZIFTNINTTNAADI

ao o dll o 5
3.3.1 153UUATINANUILY

1.

o T [ ar I'd - 1 d’ ﬂ’: o 1 w s s o
i uduiua lewde lannudu sndmbhauduiuaussyIuunedy
o o o [
wersoMag szum 22 Alaniy
o’ ' ] =
Usznouglnsailudiudien vessuulidouie
a v 3 4 ! 4
winsannnuduvesszuulaolduguoinis (Fezaisaannuiuoensin
af
SEATSIlet)
o ' = w
waszuug luldlisevia
= -:i & 3 :l d‘l
usTpusHoaa Y sinuiidesmainiiniesszive
1 4 »
o ' ° = 2 o
vssprhaslusinit dseunm 4.5 as melureshanudu

»
=S o Qs - ]
winih lufaviaowy

31.3.2 Tinansawnlindsnuainnasnn i ou

o J = aq w = oy W = 9 Y
fadiu Tasiinsaaugugumpiiursiunaseiadldadiamimuauaz Iidiguugii

a I A A ~
ﬂ']ﬁﬂﬂﬂﬂdi].‘:‘,l]ﬂ'lﬁ'ﬂﬂﬂﬂ‘illﬂ11]5‘Ll’lﬂ-l£llﬁ']uﬂﬂ1ulﬂ‘jﬂi‘j 3L'HUE'W’Elﬁﬂ‘H THON

il

L]

' ; » ¥
ﬂ\‘lﬁlﬂul’lﬂﬂ’lﬁ1ﬁuﬂ VUABUNTITNADRDIAIY

1.

ar 4 4 3 ' o =

TuaounanTuilaniesldanuiowie innudoundunsivurseriind uaz
9 o - ﬂ a ar : d‘. LY ¥
auguidgunginsfidunmmuimuamdmminlianiedianuiou
. »
\ ar o o 1 @ <
Tuszninansnaassinguugineuniotssme ilusrnwluiesinnubu
: ' o . T d 4 &

w3esnduniy urasuauieon i ludmdenn uasfiussuinia yoq $2lus

ADBA 24 ¥ 119

o or & ¢
333 lgﬂﬂi\ﬂﬂu'ﬂ ﬂjﬁﬂﬂﬂﬂ"ﬁc‘ﬂ'lﬂ!lﬂﬂﬂ'mﬂﬂ

¥ ¥ o
TUABUMIINARDINTUADUANT
5 A o g A [ ] @ 4 Var 9/
aupTaaiianuwuRnatune IiunurISunaIonad 1asuanuiounin
o f
a0 1nag
ar oy ] u” ] 9 o o d'l ]
Faguugiivounioaszive hluguneludesiinnutu insesnrvuiiu
o’ : ar -] a ' -
uraFunwiou hludmaniu narAussnima yna $11ue000 24 $2 109
a ar = o 4 1
A BUIIUIZHINITODANITZINA M ULUDILHIS ULAITIAHaDN HDY 18TV

a o o
ﬂ'.]'llljyﬁ]u‘l'l'IﬂLlHQ'ﬁ.lElfI\‘IE]"I'I’]ﬂU



a
unn 4

a d
HanmInaaaytasAfIcHHaAnIINAaoaU

4.1 MINAABLIATBINIAIINEY

AIINATOVIZVMMNIATIMBUNINGINURA 10 R0 laolgndnnisgady Tums
‘wﬂﬂam:ﬁwmﬁi’ﬂqmﬂqﬁﬁgﬂﬁuq wa fmuuilSanaiamuidu fi
L. qmngﬁﬁﬁm‘nﬁmﬁﬁaf‘:
1.1 gunpivesnudussyenshaanntu
1.2 Qmﬂqﬁuadifwﬁﬁmﬂnﬂﬂamﬁaﬁufnﬁu
1.3 gungilveuniasAauiiy
L4 gamgiumTuuaeeIiad
L5 quugivenimaeiu
1.6 QUUNIVBILTIUINA
2. mstuadinainuiy
0 = mCpAT
Q =vYSuaianudu KJ)
M =1hminveniiins syagludesimanuiiu =45 Kg

=Y

Cp= fhmm?ﬂuwnfﬁqmﬁgmnﬁu =42 KI/KgK
AT = ?hmml.mnehwmqmuqﬁﬁfquﬁ%umm&znﬁm'nmﬁu auds gumgiidgadt
niseiAnuBuaIseR 18 (K)
4.2 janiinaaay

smsnaaay laomsildoulSiamswsantewddsz vy ouvnigsgavoaun
o 9 LY U

) s =

o a o s a o A
funasemiag uazaTigamnaligagaveak L findned TAnamsnameudall

“

4.2 1 namsnagauvnmsnaaos Jaoldwdsauanudeuninnasannuiou
1 wan1snaandIaemsntaouySumusieasiniingd 4.1 -4.2
2. wanmsnaaed Iasmsulfougan piinemsei 4.2 - 4.5 0y 4.6-4.9

¥
o1

3. wan1snanss lasnsildsusanafigungiinaiigagedaisan 4.2 - 4.9

4.2.2 Hamsnagovsnmsnaa lasldndsunnudeusiniaieiing

fam19199 4.10 - 4.11



i o 4 a ja a
M1713N4.1 HanIsNAT L ANTIoULYeIszUUTIAIUAUFImm s Iuea 3 Bns

pounQigann 99 aaruraLod AgA 3 F21ug

- gungi
qungy L -
j yaaUn PUUYUYDI i . .

489ABLR . A gunnivad quHgy aungy

17 U N3DY . P
U3 4 . HHITY WOWIMAD | VBIDIMA

) . 4 | nedowm¥e | AIUnuu .. o

AT | | o . wiraaInau ') 1bu (") (")

MATIIMEY (")
() )

0.00 23 24 27 28 29 28
1.00 24 24 27 29 29 28
2.00 24 24 26 29 29 28
.00 24 23 27 29 29 28
4,00 23 24 27 29 29 29
5.00 24 24 27 29 29 29
6.00 24 23 27 29 29 28
7.00 22 24 26 30 30 29
B.00 26 26 26 32 30 29
9,00 26 26 28.5 48 30 30
10.00 26 27 28.5 56 30 32
11.00 26 27 30 75 30 32
12.00 30 29 30 87 30 35
13.00 30 29 30 99 30 35
14.00 30 30 32 99 30 34
15.00 30 30 31 99 30 35
16.00 30 30 29 93 30 34
17.00 30 31 29 83 29 kY
18.00 30 30 29 58 29 32
19.00 29 29 28 41 29 3
20,00 27 27 27 32 29 30
21.00 27 27 27 30 29 30
2130 23 23 28 29 29 30
22,00 23 23 27 28 29 29
22.30 23 23 27 29 29 28
23,00 23 23 27 29 29 28
23.30 24 24 28 29 29 28

25



26

(Lupr)Luct

00'ST 00PT OOEC OO'ZZ O0'[Z 000 006l OOSI O0LT OOSI 001 00'¢] O0E! OOZ] 00'LI 000i 006 008 OOL 009 00§ 00F 00E 00T 001 000
L 4 1 L L ! 1] 1 1 l 1 1 -l 1 1 1 L L 1 i i L . . 0l
- st
- 0T
14
A ko
- S€
- or
- S
- 0§
- §§
mutarzneannlumnb-ol g - 09
:ﬁawﬁ.ﬂ_»armaxavnn._.lxl -
ouuLarannceHmeanaOumi=pL - 0L
RANMCUEGLURGRNDNEE=CL .. ... - §L
:wse».:_.p.?epmp:avuﬂlll - 08
npittugeinbienpooutlumd=11 _g— - 58
- 06
- %6
L o001

(% Jsbumb

31 Ca) AU (WIRnT)

4
duiussEnIngungl

LA

jUf 4.1 anw



e ° d o ia a
A9 4.2 HAMITNATOUTUTTAOULYDISSLUNIAMIEURUSINML B 1M D 4 anT

UUNNYIER 99 BeFUTAITOE IR 3 T2 119

I guMgl Mgl | goungiives | gmgiives Ul gungil
) | vewesd | venhd (34 upad venintde | vesemn
UTTYAS vinn AU weaniad 1w o) o)
\AGERT naou (") (")
1B ) e
s Ca)

0.00 21 22 28 28 29 29
1.00 22 2 27 29 29 29
2.00 2 22 28 29 29 29
3.00 px) 2 28 29 29 29
4.00 23 22 28.5 29 29 29
5.00 24 23 28 29 29 29
6.00 24 23 28 29 29 29
7.00 25 24 28 30 30 30
8.00 25 25 29 38 30 30
9.00 25 26 29 45 30 31
10.00 26 27 29 55 30 32
11.00 26 29 30 78 30 32
12.00 27 29 30 87 30 34
£3.00 27 3] 30 99 30 35
14.00 29 3 32 99 30 35
15.00 30 3 31 99 30 36
16.00 31 31 30 9% 10 35
17.00 31 3l 29 84 29 34
18.00 30 30 29 59 29 3t
19.00 29 30 29 42 29 30
20.00 27 27 29 36 29 30
21.00 27 27 29 30 29 30
21.30 20 20 28 30 29 29
22.00 19 19 28 29 29 29
22.30 18 18 27 28 29 29
23.00 18 18 27 29 29 29
2330 21 21 28 29 29 29

27



28

(LuMLn) Lees

00°5Z DOFT 00'ET 00'TT 0O'IT 0UOT 00°G1 0081 0O'L] 00°91 00°51 00K 00'EL DO'ZI OO'I1 0001 006 O0'B 00°L 009 00'F O00'F 000 OOT 001 000

L 1 t 1 i L 1 1 J . i 1 | I 1 IS SR P N Y S Y Y SV W T 1]
|

HLUBLLALORRTKIBA=0L —g— A L o
:msw:..._._.»o__.ma:aunﬁ . / 5
DVULOLATINLIMMEGRITUME=PL e H ”
RANRCEEEEUIORTTHmE~CL o
:w_on“—:c.wum?maxaannr - / L
ngmLeuLpsLpbesngneutlunb-11 o - 08
- 3

- 06

56

- 001

(%) nlumd

Aunal (WIkn)

T

»

1 4.2 anuduiuisznhequngil

Ui



] ° of 4 = hing
ﬂ]‘a’N‘ﬁ 4.3 Nﬂﬂ'l‘i‘l"lﬂﬁﬂﬂﬂll‘j50143‘118053‘1J1Jﬂ1ﬂ'31muuﬁﬂ‘jll'lmlllﬁ'ILIE]I’I 4 A3

RUMYIIgIgA 99 DR uF AT A9 4 Falua

guvipll
gl veuind - - - .
s . quugl | guVQuvey | gmuqQil | amvgl

voameun | v 3 . e
i YOAUNTBA HAT L LGNy ve4

UITYNT | MAdDL , - . g
M) . A . AU umaIMag LGLIT AL

WA e R \ ) )

it (") L'i'nﬁ'm ) 0 0 %)

(')

0.00 2] 21 27 29 28 29
1.00 22 22 27 29 28 29
2.00 22 22 28 29 28 29
3.00 22 22 28 29 28 29
4.00 23 23 28 29 29 29
5.00 23 23 28 29 29 29
6.00 23 23 28 29 29 29
7.00 24 24 29 30 29 30
8.00 25 24 29 38 29 30
5.00 25 27 29 50 30 31
10.00 25 27 29 67 30 31
11.00 26 2% 29 86 30 32
12.00 26 29 30 99 30 34
13.00 27 31 30 99 30 34
14.00 29 31 31 99 30 36
15.00 30 31 31 99 30 36
16.00 30 30 30 95 30 35
17.00 30 30 29 86 30 15
18.00 30 30 29 60 29 3
15.00 29 3 29 41 29 30
20.00 26 26 29 37 29 30
21.00 22 2 28 30 29 30
21.30 19 19 28 29 29 30
22.00 17 17 28 29 29 29
22.30 17 17 27 28 29 29
23.00 17 17 27 29 29 29
23.30 21 20 27 29 29 29

29



30

00°¢Z 00'+Z 00°LT 00°TT 00°IT 00°0T 00°61 OO'BI OO°LL 00°9F 0O'ST 00°FD 00°CE GOT) OQ'11 0001 006 008 OO 009 00 OOy OOC 007 00'l 000

L L i L L L

1

{LUMLI) Loty

L [N ORI SR TSRS UV N SN SN PU—

NLULRSSMMARJITUIBE=01 o
REIOUKLILMG AIRmA=C L
GUULEMRIMEEHNEARET =L e
P -~ -
unnLuragutanginmb=cl
nagite hp:ﬁpﬁoepmn:aauﬂ -

npne sy sl conpaoudunl=11 _o—

S

R U

ceda mlk — L

-l

4 0
%

of

- §i

174
5T
[
113

- OF
4

0§
113
09
134
0L

- 5L

1]
[2]
06

- 56
- 001
- £01

(s ) lurcd

(H1KM)

Ce) Aua

N

o o

1 4.3 ANUTUNUTITNINQUY

3



4 o d d |- =
ﬂ'ITN‘ﬁ 4.4 HANINATOUTNITINUSYDITZUUMANVIUNUT U MILEIUDA 4 [117b]

gUNYUYIGR 99 DIAUFAUTUT 79N 5 T2 114

. | qumgdl
NN ra
v - . - -
yaq . QUMY | qUMOUYEd | gl | guugil
i 4 . M
i ABUA YBUATDY WY vonh G
nAgoY , o, ,
(w) | uggas 4. ATUUY | uxdeAd | wasdu | enA
. Man . .
e | s (") (") (o) ("}
“ Hn
1wy Car)
(")
0.00 18 18 27 28 28 29
1.00 18 18 27 27 28 29
2.00 20 19 28 27 28 29
3.00 23 2 28 27 29 29
4.00 25 24 28 28 29 29
5.00 26 25 28 28 29 29
6.00 28 27 28 29 29 30
7.00 29 29 28 30 29 30
8.00 29 28 29 35 29 30
9.00 29 29 29 58 29 30
10.00 30 30 30 72 30 30
11.00 29 29 29 99 29 32
12.00 29 10 29 99 29 34
13.00 30 30 29 99 29 35
14.00 30 3l 29 99 30 34
15.00 31 31 28 99 30 as
16.00 31 32 29 53 30 kY]
17.00 32 32 28 35 29 30
18.00 32 32 28 29 28 0
19.00 31 32 28 29 28 29
20.00 31 30 28 28 28 29
21.00 28 27 27 28 27 29
22.00 24 23 27 28 27 29
23.00 20 20 27 28 27 29

31



32

{upLnioe

OO ET 00°TT 00°1T 0U'DZ D06 0081 0O'L1 00°91 00'SL OO’ OO'CI OO'ZI 0011 0001 006 008 OOL 009 006 00 00'E 00'Z 001 000

L. 1 1 AL L 1

1 1

1 i L

A,

sLuLarantlumb=01 —o—

:m_nmu:_..ﬂ;m_rmw:avun._. —-—

geuLorenngeHmontinnb=rL 5
RRNMLUraLuIRaRguml=E1

ngITLLULUaMIaAULTLRULIL GARDUIY 7] g
Vo

ngimeviusLabeenpeouranplinnb=(L —e—

L 1 [ R EpS | 1 - L 1 . L Q

—
(s )l umd

§0¢

%wn1)

an

Co) AU

QU

o« o

1l 4.4 anuFuWusIZH QNN

1



1 ° [~ i & =
11N 4.5 HANISNATBLTNTTOUZYDITZTUUNIANNIBUNTINaUNs DD 4 BAsaun

qaqA 99 BAMLTATLE AIA 6 TI TN

guul
il vouii R - -
¢ . LR gunQu - | Rwvgu

vadmeon | N A . IR
N yBaIAIad | v v ¥D9

UIIYMNT | NAadY . - .| veudbmds
() . 4. RV TE LAV S DIMe

nanu wan . ., wu () .

duewy | s o o o

(")

0.00 18 18 27 28 27 27
1.00 17 17 27 28 28 27
2.00 23 19 28 28 29 27
3.00 25 24 28 28 29 27
4.00 25 24 28 28 29 28
5.00 26 2 27 27 29 29
6.00 28 28 27 27 29 29
7.00 29 29 27 27 29 29
8.00 29 28 29 31 29 29
9.00 29 29 29 58 29 30
10.00 30 30 30 99 30 30
11.00 29 29 29 99 29 30
12.00 29 30 29 99 29 32
12.00 30 30 2% 99 29 34
14.00 30 K} 29 99 30 34
15.00 31 3 28 99 30 35
16.00 3l 32 29 55 30 34
17.00 32 k)] 28 36 29 33
18.0¢ 32 31 28 30 28 29
19.00 30 3 27 29 28 29
20.00 26 26 27 28 28 29
21.00 24 24 27 27 28 28
22.00 24 21 27 28 27 28
23.00 2 19 27 28 27 28

=y

nu

W

i3



34

(Lupine
00CZ 00TC O0'IT 000 OUSL 0081 00Ul QU9L 005l OOFl QUEr 00T OCIL 000l

L 1 I Looe _ L 1 L 1 P 1 [ I S L ..

0F6

1

NuLasenranlumb=91 o

NEIGRHLALGARITHA=CL
-
-
mcmrnqu__a.m_.z__oa__.._._::aetv._. —_—
GLUTIT ew:.uepma_._.auum_. e
...m_En___E.é&:_.r.ﬁsa__.m::aenﬂ —

ngmLesLe B eLnuacubnmb=11 —e—

P Ho Ko

[

0oL

SR RS

009

U

(LY

0o'r

SN N

oot

[

00T

J

001

RS E

000

) |

(eo)elinmd

#n)

(\n

Auran

()

i

o
NUTTEHINQUNYL

FUN

jun a5



H o d o e Y
ﬂ]'ﬂ\iﬁ 4.6 Hﬂﬂ]iﬂﬂﬁﬂuauﬁiﬂu:i‘llﬂ\‘l‘i5UU“’]ﬂ'TIﬂJlUuﬂ'IJSH'IﬂHHﬁ'IUEﬁ 4 007

gUUNIFITA 87 BeiTaiTod Ash 3 32111

- | awmgil
qungil 2
VYBIUIN - - - -
o . guvnd | geungiives | guvnd | qumpil
Hnn i . p
na1 | neud Ya4IATBY uHaTY vanit 484
NARBY . .. g
(W) | visges 4 . ATNUUY | UENRTMAY | HaDIIu 2INH
. o )
vwnw | s, () (") ) (")
. TCE
wy (x)
(")
0.00 22 21 27 29 28 28
1.00 22 22 27 29 28 28
2.00 23 22 28 29 29 28
3.00 24 23 28 28 29 28
4.00 2 23 28 28 29 29
5.00 25 24 28 28 29 29
6.00 25 24 28 29 29 28
7.00 26 25 28 30 29 29
£.00 25 26 28 40 29 29
9.00 26 27 28 56 29 30
10.00 26 27 28 69 29 EY)
11.00 27 29 29 75 29 32
12.00 27 29 30 85 29 35
13.60 29 30 30 87 19 35
14.00 29 30 30 87 28 34
15.00 30 30 30 87 28 35
16.00 31 31 30 85 28 34
17.00 31 3 30 73 28 34
18.00 30 31 30 62 28 32
19.00 28 30 29 50 29 31
20.00 28 28 28 41 29 30
21.00 26 25 28 34 29 30
21.30 23 23 28 31 29 30
22.00 22 22 28 29 29 29
22.30 21 21 28 29 29 28
23.00 21 21 27 29 29 28
23.30 22 21 27 29 29 28

35



36

(LupLn) Loet

00°bZ OO'EZ OOZT OO'IT 0007 00°'61 008} O0°L! 0091 0O'ST 00Kl DO'Cl DOZTI 0011 0001 006 OO 00L 009 005 00F 00C 007 OO0l 000

A i : RO T ) . i e L TR R | o
s
- 01
- ¢l
o7
st
ot
43
ob
. sb
ﬁ BLULRLENCOREEHMbB=0L —g— m‘. - 08
:w_a._uE.m:érm..-:avuw._. . \.\M - 58
puuLornLEHItaRiEiued=pL 5 / / @
RN UEeLUtaARUHb=CL \ %
' T X L oL
:wsahﬁﬁ.w»nrmw:aauﬂlll // \A. |«
namte ULk Lnnoautumb-1t —g— \ / o
N A .

U VI Ve
- 06

- §6

(® ) glund

31 Can) Auat (WIKRnT)

L

4.6 AFURUT TEHI W Qg

31]?;



YUNYUFITA 87 DIRUFUTUA 1IN 4 F21u9

1 ° d 4 1= =
ﬂ]i]\iﬁ‘-‘:f Haﬂ]iﬂﬂﬂﬂuﬁuisﬂuz‘d53'353‘”‘”“']ﬂ'ﬂumuwﬂﬁn']mluﬁ']uaa 4 afg

MUY
guuqil et . - -
. . JumY M ives gunqil -
YDIABUA ALY : . M gounqll
LRGN LHA3Y YoM
nan () | ustgans NANoL , . , Y48 INH
. i, ALY iereaImal Haniu
MNIANY iwam . N . (")
(v () ﬁ’mﬁa o o 0
(")
0.00 22 21 28 29 28 28
1.00 2 21 28 28 29 28
2.00 23 22 28 28 29 28
3,00 24 23 28 28 29 29
4.00 24 23 28 28 29 29
5.00 25 23 28 28 29 30
6.00 25 23 28.5 29 29 30
7.00 26 25 28.5 30 29 30
8.00 25 25 27 16 29 30
9.00 26 27 28 43 28.5 33
10.00 26 27 28 48 28.5 32
11.00 27 28 29 75 28.5 34
12.00 27 28 30 85 28.5 34
13.00 29 29 30 87 29 is
14.00 29 29 31 87 29 35
15.00 30 30 3l 87 29 36
16.00 3 30 30 87 29 35
17.00 30 30 30 85 28 35
18.00 30 30 30 56 28 33
19.00 28 30 29 40 28 3
20.00 27 28 29 34 29 30
21.00 27 27 29 31 29 30
21.30 20 20 29 31 29 29
22.00 20 20 28 29 28 29
22.30 20 20 28 29 28 29
23.00 20 20 27 29 29 28
2330 22 21 27 29 29 28

37



1B

00'SZ 00'bL 00'EZ 00'ZZ 00'1Z 00°0Z 00'61 D01 0021 GO'91 GO'ST 00'B! 0O'EI OO°'ZI 00°IT 0001 006 00’8 00 009 00F 00 00 O00C 00l 00°0

L 1 1 1 "t i

(Lupin) Leer

i 1. L L 1 1 1 1 L. N — 1 1 i 1 L L ]

-
MLULREERARATADL=OL — o
NBRUHLNELGRADHIOL=CL e
L]
QUULGEIIIEHNE A=l
:Eu:pcoewmsnrmw:aoun._.
=__w=.a¢=_.r.._=.orm::aa =71 g

naiLcuug sl ssnpoeununb=1L —e—

\ ] |
/.. / H

\ / H

0

g

ol

1

or

T

b Of

i1

or

sr

0

133

o0

£9

0L

SL

3]

06

- 6

(&) plumd

)

WM

(o) AULIAT (U1

]

4.7 anuduiRuissneguv

i



A15190 4. 8HANMTIATBUTNTTON Ve T U U RSN s e 4 Bas goangil

FI7A 87 DIFUSAUTUE AT 5 F2Tua

. | qumqil
QUMDY g
LLETFRLY - - . .
104 . aungh | guugilves | awwgll | quwgd
, T - . p
nm | Aowd vounIBs | uHasy voatll LE
naol ] = o v_ood
o) | wsIges | 4 ALY | waeednd | waslu | ewnA
. e ] i )
A | . (o} (") %) (")
« il
s o)
(o)
0.00 2 22 28 28 28 28
1.00 22 21 28 28 28 28
2.00 23 22 28 28 28 28
3.00 24 22 29 28 29 28
4.00 25 24 29 28 29 29
5.00 26 26 28 29 29 29
6.00 28 28 29 29 30 29
7.00 29 29 29 30 30 30
B.00 29 29 29 35 30 30
9.00 30 29 29 41 30 30
10.00 30 26 27 40 29 30
11.00 31 27 28 87 29 32
12.00 32 28 28 87 30 34
13.00 32 29 29 87 30 35
14.00 32 29 29 &7 30 33
15.00 32 29 29 87 30 32
16.00 31 30 30 63 30 31
17.00 31 31 30 41 30 31
18.00 31 31 29 35 29 30
19.00 31 3 29 30 29 30
20,00 30 29 28 28 28 29
21.00 27 26 27 28 27 29
22.00 25 25 27 28 27 28
23.00 23 23 27 28 27 28




40

(LuptLrKBE

00'ET 00°TT 00°IT 00'0T 00°61 0081 00°L] 0U'9F OU'S1 O0'F] O0'EI OOLL 00°E] 00°01 0076 008 00'L 009 005 00'¥ OUFf O0Z 001 000

L L ) ] L 1 L il L i S QPO NEVREPINS SV Wwepep—S It ) i 1 i 1 L L

stuLarennlund=o1 o
:wa.c:ﬁ_.n__.mw:aauﬂ —
DUULAERIMAEENEORRTHmE-PL
:?.ancoe_wczépmw:aan. B

:.&=_.EF__E“._nauc:_.a_.ww_..??ma:aauﬁ -

RETLLULKELEBEENRRAUtaRElUmD=11 —o—

0

<

ol
st
114
sz
of
5t
o
14
s
113
a
9
oL
17)
03
5%
06
$6

{no)tlumd

#n)

3 Car) et (i

4.3 ﬂ']'lllﬁllﬂﬂf‘izﬂ’nwﬂ}mﬂi‘]ﬂ

L.

11]?‘1



o - ° d d (= o =
ATT1dN 4.9Nﬁﬂ15ﬂﬂﬁﬂuﬁﬂffﬂux‘uﬂﬂﬁ3””“1?]'31”!(]”7]'1]5HWﬂlLuﬁ’]u’ﬂﬁ 4 any gy

QI 87 BIRUATUA AIN 6 HI 19

gungl
quupll | vewiWm . . .
. . TR YUH QI GRATIT -

YDIRDLD W 4 . p AN
nm vaanied HHISY LLEM

UTTYET LERE , - e D VeI INIK
(W) . i . ALY LI Imay ooy

NIl VLR . N . ("u)

1oy ) I

()

0,00 22 21 27 29 29 28
1.00 22 22 28 28 29 28
2.00 23 23 28 28 29 27
3.00 25 23 28 28 29 2
4,00 25 24 27 28 29 29
5.00 26 26 27 27 29 29
6.00 28 28 27 27 30 29
7.00 29 29 29 29 30 29
8.00 29 29 29 35 30 30
9.00 30 29 28 41 30 30
§0.00 31 29 28 56 29 2
11.00 33 30 29 87 29 32
12.00 32 30 30 87 29 33
13.00 34 30 30 87 30 34
14,00 34 32 32 87 k] 35
15.00 kL 32 32 87 33 k3]
16.00 33 32 30 87 k1| 34
17.00 32 32 29 61 29 32
18.00 30 31 29 55 28 30
19.00 28 31 29 28 28 30
20.00 27 29 28 18 28 29
21.00 26 26 28 27 28 29
22.00 24 24 27 28 28 28
23.00 22 21 27 29 28 29




42

{LuMtRaac
007 O0'ZZ OO'IT 00°0Z 0061 00°8T O0LT 0091 OO'SI OOFL OOET 00Z1 OOII 0001 006 O0R 00L 009 00F 00F 00°C 00T 001 000

i —1 1 t

L 1 1 1 1 1 i J e L 1 1 1 R — 1 1 L 1 |

-

({3

sLutpeentonitinmd=9] —o— ;
¥ - 85
AOIGEULILARETUd=CL —— / 09
3 .
/
mmm_.auu__:muz_:é;m_.._raanﬂ. —e— J/ \ k 5o
npuneutoguenitumb=cL /, ; .o
/ :
ngrepnjLcantiund=zL o / / _ 5t
- I ;
. - 08
nginLLuLpeLodcengaounbumb=11 —o— i / ﬁ
J / |- 58
I et IS S
106

- 56

)

(W

AuLI™

()

ol

w7

1 4.9 ANUTURUTTENI19gUN

3



4 a o o a
ﬂ]i]@ﬁ 4,10 AANTTVNATOUTUTTIOUIVDLS 51]1]ﬂ1ﬂ'J1NlUuTﬂUi%WﬁQQ’IUHﬂQﬂ']ﬂWﬁ

Juh 18 HuInY 2549

guungll | qungll
wor | veniii QUM . - .
. . gugil | guvgll | qungll
fnBwd gy vy . ¥
1 i vodumasy | veanl LLE
usTy | neaeu | ndes R
(M) . 5. .| nmeiad | wamdu | enw
i | e | Aty . . .
vy | e (") o ) ™
() ()
0.00 27 25 28 28 28 28
1.00 27 26 28 28 28 28
2.00 27 26 28 28 28 27
3.00 27 26 28 27 28 27
4.00 27 26 28 26 28 27
5.00 28 26 28 26 27 26
6.00 28 26 28 25 27 25
7.00 28 26 27 25 27 25
8.00 29 26 27 30 28 30
9.00 29 26 27 38 27 30
10.00 3 27 28 54 27 32
11.00 32 27 28 6] 28 33
12.00 32 28 29 71 28 33
13.00 KX) 30 30 79 30 33
14.00 33 29 29 79 30 34
15.00 33 32 32 71 33 34
16.00 33 31 3 65 3 34
17.00 KX) 30 30 52 30 32
18.00 30 30 30 48 30 32
15.00 29 29 29 40 29 32
20.00 27 26 29 32 28 30
21.00 25 25 28 30 28 29
22.00 24 24 28 29 28 29
23.00 25 25 28 29 28 28

43



44

(Lumtn)oct

00°€Z 00T 00°1T 00'0Z DO'6l DOl DO'ZI DO9F QO'SI DOl OOEl OOTI QO'TT 000!

L 1 L 1 L L 1 1 3 1 |

s

1

08 O0L

1

L]

Iy

00§

N

._ pLutsencanalnmb=ol o 3
:mswz_.m:épmwxawnﬂ. — /
g msmsqusn..nqz:%mexauuﬁ 3 ./
nncucaguaninmd-cL \

narenn|LreRITARE-LL —u— \
-

ngnecsneLrbeenpeaurliml=1L —o— .

00t

00e

Wz 0T

0o

O A N R N (1

|
Lg

- ol
+ 51

0T

(o) plrursd

J

~

Juh 18 Turay 2549

e

o) AUNAY (IO |

A(o
u

J
3

HINPUHNY

4
os
s

ar

1410 ANUTUNUES

i



a ° d W -
17191 4.11 Ham'i"nﬂﬂaufm‘iinuzﬂum's::uummmLuuTﬂu“l%'wmamuﬁmmﬂJ

Juf 19 Hiuay 2549

il | guvgi
¥
w91 | veuh | gomqil - . -
¢ | A QUAQN | QUMY | RavQu
pega | Mimwn | ued . >
1) 4 vaakaiy | venin | wes
Us3y | nAaey | 1A5ed N
(u.) . 5. | waeeing | vdewu | A
a1 | e | A . . X
Y o4 . () () ()
AL U (=)
Uy | C)
0.00 23 21 28 29 27 27
1.00 2 22 28 29 28 27
2.00 24 24 28 28 28 28
3.00 24 24 28 28 28 28
4.00 24 24 28 28 28 28
5.00 25 25 28 27 28 28
6.00 25 25 28 27 27 29
7.00 25 25 27 27 27 29
8.00 27 26 27 30 28 30
9.00 29 26 27 38 27 30
10.00 31 27 28 54 27 32
11.00 31 28 28 73 29 31
12.00 32 29 29 83 29 32
13.00 13 30 30 93 29 34
14.00 34 30 30 90 39 34
15.00 34 30 29 80 30 33
16.00 3 31 29 71 30 33
17.00 30 31 29 6l 29 31
18.00 30 30 29 48 29 30
19.00 28 30 28 37 29 32
20.00 27 26 28 33 29 30
21.00 25 25 27 30 28 29
22.00 25 25 2% 30 27 21
|
23.00 24 23 28 30 27 26

45



46

(LupLn) Loe!

00°CT 00°TT 00°1T 00°0T 00°61 00'81 0O°LI 0091 00'S1 00'FI Q0'E1 00'TI OO'IT 0001 Q06 008 00L 009 00S O0F 00C 00T 001 000

| . . . |

l L 1 L H M 1 i 1 1 i . 1 1

:manm:%vnamw:aanﬁ —_— \
GUULAMRNMEEHNEARTTUDE=PL . 3¢ /
HAMMLUrBLUNAAITHIE=EL
=w_3h.=¢.ﬁsepmm Hmb=71 g

ngmteuLueLebeenunouplnmnb=1L ——

o

114

63
1

§9
14

SL

- 08

N ,

§8

¢6

001

(o) glumd

!

=

Car) frutaa (WIRN1) (U 19 Tuiaw 2549

htY

o

N4.11 ANUFURUTIZHIIQUN

i



4.3 35 ierinanmIinanes

4.3.1 MmsnagpuinylrndInuanuisuaInHaBanNuS oY

4.3.1.1 nageuwlasudSunanusiuea

47

MnRanIInaTaVataadlua1sed 4.12 WonldoudSuanusiueanin 3 ang il

= 4 o o s = = o o
4 A9 ﬁqmﬁquﬁﬂf{ﬂﬂaﬁlLNQS‘IJM?NE)WW]U 99 IS REK O T smznmﬂqmﬂquqaqﬂﬂw 3

A ] = a =y @ 4 =Y :‘ 1'd 0 d ¥
#21ne wudnlSmauusean 3 ans swsavhidguugiveniiludesiinnuguaaasld

[ »
Wi 7 oammFoa naRuSinanusiuen 4 das mnsoiitgangiveniiudeis

o ¥ 1 o a 4 o ¥ ) 5 o ¥
ﬂ'J']iJLUuaﬂvalﬂlﬂ'lﬂ‘U 13 DI USRI UT "]N“ﬂ'ﬂﬂﬂ5']U'J'l"l_"ill'lmlll‘ﬁ'll.lﬁ)ﬂlnﬂﬂ]uﬂﬁi“?i'ﬁ

= uy = o d J
Qmﬂquﬂaqu1ﬂﬁﬂQﬂTﬂ’JTulUuaﬂﬂ\ﬂﬂJ1ﬂﬂu

M151a7 4.12 nSoumoumsnagou laodsuilsinounsiuea

gamgiivenilufeai .
Snauusiven . FSumanudiv
AN
3Ry 7°C 132.3 kJ
4any 13°C 245.7kJ




48

4.3.1.2 naaounfaougamgiigagausaunsunaseriar

VIDHANTSNATOUAINAAITUAITIIN 4.13 disnlAuuguungiiqegayssunsiy
= =y T = 5
war3efindoin 99 asrrusaidoa 1y 87 sernaaifon AT uuwsIuea 4 Ansuazinain

. 1 [ ¥
gunniaagana® 3 42 lue wuniaunnd 99 ssrnsadoa muso it ennaiveaitiy
LT L] L] Ll L} LT}

¥ °

o o = ~ o I
Heshinrubuanas 1dviiiy 13 ssruvaiFoa Aguugd 87 seraaiFuat aunson i

=3 : o o Y o1 ow =1 4 o v 4 =
gungivoniludosinnuiduanasldniiu o swurmFua Fohlinsiuiutlogungi
w o ¢ & o a o dw o o s &
EZNfIﬂ‘UEl*ﬂLLFN'JULL'L’NB'WIﬂUq@ﬂ]uﬂzﬂ'ﬂﬁﬂﬂlﬂqu‘uE]\'lu']"l’lﬁﬂ\iﬂ']ﬂ')']llwuﬂﬂﬂ'\leJ']ﬂﬁJ'lJ
&

MITIDYUY

aog (Y o o .3 a e [ (5 k1 = o 5

Dk v matguezi Ivmgadumsdusomniduin veiinai v
] a w o ar Iy A:g & I 9 o :’ 1 o o °

Tugrsfigagunazgadulfnniy Fuedwalfgangiveni ludesinnuduassiasnn

4
U

’ =y 1 <3 o a o
M99 4.13 WsuifisumsnaaenTaonldouguugiigagaveumsiuuaieiiing

PN N VBN ITY gungiivenilutesh .
o . YImnamaniu
CRLAT Y ANMEY
87°C 9°C 170.1 kJ
99°C 13°C 245.7kJ




4.3.1.3 nageunlasunangamgigiganai

49

nNHaNsnAToUAaAdlum1s 1 4.14 Haldounaifiguugigeganedion 3, 4,

510% 6 97104 NSuIsuusuead Aas WU

=y (Y] A da = o
YUAGHUBILAISIITI0ITIAGH 99 Bamwatiiod ausniligun

a d 1 o - 4 o b
ﬂ1ﬂ11uLUUﬂﬁaﬂ1ﬁtﬂ1ﬂu 13, 14, 14 ung 14 9agusdLHOT "]N"fl'ﬂﬁﬂ'i']U'T][ﬁﬂnﬂ']ﬂﬂmﬁﬂu

nivenilude

¥
o

Lo

.

r-

L] »

o 4 ' & o 9 3 - o a o o v e
AIAALLINNTT 4 $2 139 ‘ilzﬂﬂﬁqmﬂ:;m‘umumﬁ'awm’nmuuaﬂm"lmﬂﬁuuuﬂm Ty

A o ] oy a/ ¥d 4 & ¥
DIVUUDININTLOSLIINT 4 ‘ﬁ']jll\l l'ﬂu‘lﬂﬂnﬁ']‘ﬂﬂﬁ:'].l')uﬂ’]?ﬂ‘lU”ﬁ‘UllﬂlﬂHﬂﬁiﬂﬂanﬁﬂ'nzﬁllﬂ'ﬁ

Y as a a4 = o e
QUYTYOIMHITUUAIDININ 87 DarnwaiFoa lanamisnaaonioudud

RUUHL 99 DIRUTATYL

M3 4.14 Wisuhsunsneney lasdvunaigumg

]
= ~

UYITARIN

L q

, y _ | snpiivesinlu | gumaiiveninu . .
YHOMQNYN | . . . 3 Wnwanudy | dsnaainudu
4 HKOIMANULDH HOINTIAITHIEH R .
gaganat ) . (99°C) (87°C)
(99°C) (87°C)
3 ¥4 13°C 9°C 2457 kJ 170.1 kJ
4 %214 14°C 10°C 264.6 kJ 189 kJ
5 9314 14°C 10°C 264.6 kJ 189 kJ
6 %2114 14°C 10°C 264.6 kJ 189 kJ




50

4.3.2 nageulagl¥wainuugseing

vnransadeudaantluaIIei 4.15 WonfSvuivuanuduvesFveansiu
wmapfiad AUSwsarsnen 4 fas wuhuwsiusasofiadiiguugiigage 79 uaz 93 vam
FTOX AINAIAY uﬂ:m‘u1iﬂﬁ11ﬁqmﬂgﬁﬂmqﬁy1°luﬁmﬁwmmxﬁuaﬂm%’ﬁmﬁ’u 5uUaz 9
asmuador awddu Fohlinsuhanuduyesdiuwduuasoifindinarenisaady
wasnuaNuioua ffdHa”‘lﬁunﬁvmm%’auﬁqmﬂQﬁqaﬁmmzmmmﬁ11ﬁqmﬁgﬁmm

by W ° o yad oy w o
u'ﬂuﬁﬂ\‘lﬂ'}ﬂ'ﬂﬂwuﬁﬂa\‘lulﬂﬂﬂlUﬂ'JU ARIT 1IN 4.15

M3 4.15 1WSvuieunsvaaou laoldndanunasoiing

L. . . | esumgliveawaiu | gamgivesihiludes | dSinwaauiu
Tunaiuuaserfing

=y d B -]
aenag MANTUEY

1 79 C 5C 94.5kJ

Al 93°C 9°C 170.1kJ




=]
UnNns

ﬁiﬁﬂﬂﬁﬂﬁ‘ﬂﬂﬁﬁ]‘ﬂﬁu‘i‘iﬂuzﬂlﬁ]ﬁizﬂﬂlm%’ﬁﬁ}@lﬁumlu%

5.1 aglwaminaaey

v =iy o 3 '
nndeyah ldvinmsnacoulasldrasaninuion nuh

o ¥
=y =]

A [ 2 det [ [ - ° Y o o
Lol s Unaaomeas g Qugauy ‘i]zﬁﬂﬂﬁiﬂﬂmﬂﬂﬂﬂlﬂﬂuﬂuﬂ‘ﬂd“ﬂ’lﬂ')TLILU‘LI

u L o
} 4

° :; = o a A
DAADIUINUU wardIuua nomHLTU

- a P4 :E‘ ' Vg ¥ o : 9 a o N
2. dinTinausiusamuin swdana v iguvgivesiluresinuwuaadng

ré%’ o o - ‘3
YINVU naz T uaMUIBUIRLAY

= dl

r ’ : = 1 = P o = :
3. dioranmiguupiigaganaiiuiuouiaranmyte szi iigungiiveaiu

A U

.

o 2 °
Houanuiuaani s

%

¥ A ¥ 9 a o ] A
‘Tﬂﬂ‘ﬂ@gﬂ‘ﬂiﬂﬁnﬂﬂ'lS“ﬂﬂﬁB“UTﬂUnl‘]iWﬁﬁ\‘]"mﬂ']'lllSﬂuﬂ1ﬂll’d~‘l'ﬂﬂ‘1ﬂU WU ATTHUE

1
o =

w a Jg ¥ W 4 o 3 PN o Y Y )
?\'W]LLHQS‘IJL!?NE]Wﬂﬂui“ﬂmu‘uuﬁ]xﬂﬂﬂqmﬁJ;]lIﬁJENHHQS‘ULLﬁJG"I‘ﬂ‘r’]th\i"du “]N“flﬂﬂl'iﬂ"l'i’l‘ﬂ

] a oA o s oo N = : g a =] M ¥
NEARuRIAN AR DUt irai Igun give aih ludevihwmrmduasataanniy

Y
Z2iPl)

5.2 ValarHaNU

A 3 d a’ A 3 o Y
NAHANTSNARDLIASBIMIANUTUIINE I G Tan lFudnnmsgaguhaing
1 d

= r -:; ar t:'l. ﬂldC; ’ = 9 1] @
Juwunawsansziawgussouzveunioslnagainiuau laonisudlunazUsulga

W
aunsnid A9 fana Tl

521 waluumaniiond
= oA o 3 [ P a o [
1) ﬂ']'iLﬁ‘ii]ﬂ”luﬂ“u‘inmﬁ']uﬁ'l@ilﬂQELFN‘i‘]JLLﬁQﬂ’IT]ﬂUL‘ﬁ'Gﬂ@ﬁﬂUﬂTSQUﬂﬂﬁJBJMHQ‘iU
o o & e g% A o v o 8 A4 q o Y aa
HE3BINAY '-'H&fllz“ﬂﬂﬁlﬂ‘iE’NTIN']HU‘,?!‘I"I'F]’J’INFIN‘FI'IEN ma‘lmu'ﬁmaa'j:mu"lﬂwqmﬂgumm
o a e o ~ o ] 1 ° o
2) ﬂ’J'i‘I’]"Iﬂ')'luﬁﬁinﬂimtTI'IfTTIlI.HQEULLﬂQﬂ'I“l’IﬂULﬂu‘lJS&’5]1 lﬁﬂﬂ"liﬁllﬁﬂﬁﬁ

W
g fiafenuisaganuTouINLaamBad ldniy

5.2.2 IA3BIATVUUY

» 3
1) ASMIANUAZBIADTIIMRURINYUDNYDIYAN BAIILL Y 1IDdAT VAN

= {,s’" e‘i ar t % dl ¥ v r
@adu wetloanu ildanuaunsalunsuanulaouanuisuveganesarninanns



52

5.2.3 HBarn iy
W - o ar o = = t A 1
1 arsadginisiiaszaulSmaveassueaiinmniuaaneInni oLy
A A ¥ a4 1= A A 9 oa
tonaz lannudasnavsausiweaniwlunisszinoiumag
2) AsimsingurnlveansiusatioflumiodTzivy

§ 3 A i 9 LI 4
3) A25DDNLNLAT oL ZIMETRU RLanidtuAUIDUWINHYY



53

Vo
DG EPTANRY]

(1] adle¥mi yeman uazgyiat Tlsodtuos, migaduiaefiaudiadinimadleladuiia
HZSM-5 azdleladviia HY. InodlwutiSuanimnssumanituha arwnis
Aranssundl anniuma Tu Tadnszseundiaiansziia. 2543,

(2] 423 wanind nazmoly wsnauysel. wovesmsazmedadnaelsd laRuunaslsd uaz
msazmepmIIEnINdaanae lsanulufuunas lsdrnemswanmveumniudain
prauzni.  InoiinutlSauadtanssumaasvadia mvndeiaanssuail
anmumaluladnizveundiaianiziia. 2541,

[3] http://www.ped.go.th

[4] Robert H.Perry and Don Green. Perry’s chemical engineering handbook .6 cd.
Singapore: McGraw- Hill.

[5] Sridhar, K. “Studies on Activated Carbon — Methanol Pairs with Relevance to Ice Making”
Master of Engincering. Energy Technology program Asian Institute of Technology.
1987.

[6] Pon M. and Guitleminot, J.J. “Design of an Experimental Solar Power Ice Maker” Joumal
Solar Energy Engineering. Vol. 108. 1986.

{7] Grenier and Pons. “Experimental and Theoretical Result on Use of an Activated Carbon
Intermittent Cycle for Application to a Solar Power Ice Maker” In : Szokolay, S.V. (ED)
Solar World Congress. Vol. 1. Pergamon Press., pp. 500 -506.

(8] Anyanwu EE “Review of Solid Adsorption Solar Refrigeration 1l : an overview of the
Principle and Theory™ Energy convers manage. submitted for publication.

[9] Boubakri A Guilleminot JJ, Meunier F. Adsorptive. “Solar power ice maker: Experiment and
Model Solar Energy” 2000.

(10] Tnduns iwhnea wazaiogwatd tszAuingnil. Seumhanud e isauaering
Taeldudnniamsgadv. InoninuiilTayanimns sumanstiudia audmnssy
0wl vyhainady aaituma TuTadnszrounduhnunmsamansziis. 2547,

[11] Critoph, R.E. and Vogel, R. “Possible Adsorption Pair for Use in Solar Cooling”

International Joumal of Solar Energy Engineering, Vol. 108, pp. 332 - 337. 1986.



54

1PNE15919949 (619 )

= = w o Pz - o o
[12] finon gy AungY WuNgldus vozanfosn @misgando. ssuumaaneduuny
oy [N} -f; = = d | a o o = a
lﬂ’l:ﬂ‘l«!ﬂ\l‘uﬂﬂluﬂd ']’ﬂU'I'U‘WNﬁﬂ‘iﬂgﬂﬁ?ﬁ‘]ﬂ‘iiuﬂ“]ﬁﬂﬁ‘ﬂmcnﬂ 1V
= o 3 Y o =)
Franssumaad wiena doniuma luTalwizaoumndisu. 2535.

{13] J.P. Holman, Heat transfers .7 " ed. Singapore; McGraw — Hill, 1992,
p



	Title Page
	Abstracts
	Contents
	List of Illustrative
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Bibliography



