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ABSTRACT

The study of refrigerant accumulator dip line tunnel and its mathematic model was conducted
with objective to gain insights on the relationship of natural film coefficient of environmental air,
environmental air temperature, and insulator of tunnel that effected to inside tunnel temperature and
temperature distribution as well as to study to save the energy and to improve the efficiency.

The inside tunnel exploration showed that the parameters which effected to film laminated
material were inside tunnel temperature and hot air velocity which must be very low velocity in order
to slowly dry the whole film laminated material of the refrigerant accumulator therefore type of film
laminated material fumigation was dip in very slow moving hot air. According to mathematic model
based on conductive heat transfer, insulator of tunnel and environmental air temperature proportional
effected to inside tunnel temperature that was in form of heat loss from inside tunnel to environmental
air.

From the study and analyses of temperature and natural film coefficient of environmental air as
well as glass wool insulator thickness, mathematic model give the result as follows:

1. Environmental air temperature in range 25 °C- 35 °C influenced to inside tunnel temperature about
1°c=2°C

2. Glass Wool insulator and air gap increased the difference of inside temperature profile that first
entry section of tunnel increased 1 °C =2 °Cand 3 °C =5 °C in middle sectionand 6 °C=10°C
end section

3. The increment of glass wool insulator thickness in every 50 mm increased inside tunnel
temperature in rage 0.5 °C-1 °C in first 3.3 m of tunnel and 2 °C-3 °C in middle and end section of
tunnel

4. The slop of tunnel temperature profile is steep in first entry section of tunnel and declined in middle
and end section of tunnel

5. The natural film coefficient of environmental air (10 W/m*K - 80 W/mz-K) was parameter which
was very less influenced to temperature and temperature distribution when compare to
environmental air temperature

Keywords Tunnel, Temperature, Relative Humidity, Glass Wool Insulator
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1. qu‘izfﬁ Fourier’s law
2. qutfﬁ Newton'’s law of cooling
3. ) Finite Difference WUy 2 Hf
4. Vli]‘]:rﬁ 1% law of thermodynamics (Conservation of Energy)
5. ‘Vlf]i:fﬁ Energy balance of moist air
6. Vlt]‘tfﬁ Mass balance on the dry air

7. ‘Vlm:rﬁ Mass balance on the water vapor
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AINENT 15,550 mm. LAZAINEY 5,210 mm. Ar Na xisalunisaudald 6 D9 60 m/min. foutls

AAYNTINNIANE A 9NN ARNTULAZAYNNLIITRINTTUNIANINF U TABNNTR1AEIULILINANNG L)

gevszuugeudsaallsunsy Airpak 2.0 wdwily 2 netll Ae netinutls nasaudsaeleungnsaludog
gruuisn 102°C 4 106°C nstiaas nisaudnfaelatnFausqnte Tudasanmnfigs 170°C s
190°C  WAAINNIAIABIMLLTEITLLIAEN SFaLTRLIEINaN199URN 3 lane U 6 lane  WudN

TugagauunAA19ndng 102°C 09 106°C NamdNIEI8INITUNIAINTaulugag 0.5 m/s T191.5 m/s



IHAg ) RuANFNgafntaN 2.49 % 13 3.39 % uardaegun)ge 170°C s 190°C Aida9Aa s 0.5

m/s 119 1.5 m/s FAgounnRunnsinaiuade 1.07 % 09 1.87 %

SUNAN AUNITEWIALAY UAL AR 18T N19ANHINATBINIIAA A ILNUILAZ ARINIEITDITAY

szunaa1niA Tulssnundnginsainisunmns

FUNAN gUNITRIUIALAY LAY AMF WNFIUT(I1LUNANITINE 2544) 1FnnI3ANIAaE (309
NNTANUIULAZILATIZHUBINTAAINNTZULNITIZLRAINALAZANITIBIAN TUNITRARLAZLALINEN
uanduel Tulsssugaangsy tealdnisAaunudsdamalu 3 85 luaninsiinga n1sanaeeuuy
v o 1 [~3 ‘ﬂl U Y o == = '8 v [
FEN1TANUIUIANANNLTINFBITZLN R NA NN AN LA ATIZHRa AN g AT uuuy
Tutlau wanliainn12a1aedutussLUnLIn LAAIA N3N LAZA LML TRITZLNERNNTA A9l
| A = 13 % a H " PR Al
douinila HUKAN17918899 UL LN 8N A AR ARY9ALNNGD b TIa9AdaINIAINLENaANTH

o

FRAARINARNAABINIATWIA 1 m x 1 m lneWaaNsesldinan 8  Fa udazfaidnsnisluasoas

v

5m3/s iaAdaINIARINANELaNEINN 1199 Y BATTANRAFIWNAANIZLNEANIAUWIA 1 m x 1 m 1ag

o a o

WaanFaa i nan 4 f9 wiazdalansn1slua 10 mS/s ivaasanniAdauannielulsaau aza uisn
daeangnmniniglulsssuain 32-35 °C i 30-32 °C daunass unan1sanaesssuuszUteINIA

Tulsaiunaningd TdMesnnainie e AAFINAANIZLIEaINIATUIA 1 m x 1:m taaihaxnsesldinan

o

1B 10 fa  usazfaRenInaslua 10md/s aligaeinipainanauenlssnuazaruisngonan

gunninglulsafivenann 36-40 °C 1l 32-34 °C
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a Qs
3.1 LUULNUNINNIFIE
o =2 v % ¥ dldﬂ o a o v td' td' %
1. vnnsAnmdeyalagnisAuadrannienanshafinrinidoinisluindeninendes
2. dhdudsifgetesiusruuanldafisuuudiaemapeniomesineagianisaiuanann
Tsunsusenann
3.2 Uszansuaznaumacing
nadaganldainnisauanilagldnisanaesuuuneediamans AuaaannAnssinigAnien
a 3 al v d‘ a
wazgnuupiresszuugliedevdluaninziandenimiuass
g o a
3.4 AUABUNITANLUUIIUY

=2 % b3 o ° & =
1. ﬂm;‘mﬂuﬂ@’]‘w@ﬂﬂ’]?V]’]\i’]N“ll’ﬂ\ﬁ‘Z‘LlU@qIﬂN?’Iﬂ‘l_l’&

a o

= % % & v - P v A a X A A o
2. V?im:f’]ﬂuﬁQ’]LL@zLﬂUﬂJ‘BH@LU@\mu VLF’]LLﬂ @ﬂ’]’)ﬁ:LLQﬁ@'BNVILﬂu@?ﬂuwuV}Lﬂ’WMQJ’WF;IVlWWﬂ’]i gl

v '
o 3 ar A

Tnaldainsniinaaiuisaan, anuninanaliiuglusdaudsanisanniangniaesaanainglusdaudg
UssennIANT8uan(Exhaust Air) Lmzfmmmﬁgﬂ@mmnmimmﬁmﬂu@ﬂ@ijimﬁ@ua(ﬁesh Air) NaL

5utles

a

3. afslsunsunisanassuuunspanianefiialdiia s iuasuansnisnszanafo1esguun

1]

(Temperature distribution) N eluszuugluederd Naenndesiuaninzuandesiiduaseneny vl

v
o

4. FmaziiAnuLlesi1eineds “Parametric - Study”  saNYIBLARIEHNELINN TN TR

wALIasERLRe s AN

a

5. a¥9llsunsunisanaeuuunpenianesina ldiinanziuazuaninianszatefaveg gl
(Temperature distribution) Neluszuugluefeud Naenndesiuaninzwindeniiuasmaalfulgs

6. AnmausaNtayaannisliuusiasmispeniaunes uaz innnsasziiaaindayai b

7. @31, AANLBNANIFN, LAZIIENTUKA



3.5 LATRINANI5IAE
1. Lﬂ?‘@\?ﬂﬂﬂﬁ')lﬂﬂﬁf "%'VLATL& A ﬁﬂ
2 1471lsunsn MATLAB 7.6.0 (R2008a)

3. gunsnllmasiitauavinaeeu (Isunsn MS Word, MS Excel, ndeasinegyl, printer)

a

4. 1P309RDTARUUNHN(RTD, 0-650 °C) WATAIINITITBIAINA

a

3.6 nanN1siIULRTTULalNsAaLRGIEzaNa1TIIANLE Y

NN9LARDULAZAURTIATANAINIA NN T Iz LN AN warn1sUfuennaa vu

'
o o

afty Tmaldazun Accumulator DIP line H AUANN19NIIUAINING 3-1 FuFIUANITUNE

o

y 4 4
Tunaunilan
o = = ° P = = @ P = ool o o

AZANANINIANNIAW(EWINN) NN Re LA (TUR) wFaudauauTinulinaaniua1aes aeniu
o A X g oA A > : = £ -

ANALNILTBLLLADLTIBINA ALLIUTINANA 198 AR WAATAAKIIUH 3 AT18 TUINTBITUINBULINITIW 2
WA AD TWIABNUAZTWIA TG TUIAENHUUEN 2.5-4 kg WAL 3 gNFa 1 AALLIU dauaunalun
WMIN 20 kg WI9W 1 gnsia 3 qALIY ANENIUATAENTNTWINUERIe LRI EANEY 0.45 m/min
Auaun ldlunseudlannaingamefindn Aasesumianaiua1au@il hot air circulation fan aW1A

100 cmm x 70 mmA x 2.2 kW granruataestusudimau@ednssaiios Iqanauasnseqdiu air

' |
A o

curtain fan UM 60 cmm x30 mmA x1.5 kW Laaa1tasase lSanssunun1suanas 4 15uanusanui

ldpaauau@udntldaanengussaanis
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A A

— [ ™

aufoumeeen

feazaNa1INI ) o
s % ¥ plusFauddeazanansinauiduluL INATANAITN
AL 3 R ’
ANENIUATLARI AYNLEURAN
ANIAN  —p]
luaiaf Fnmaslnin
A A

ANITDUNYULIYY

NN 3-1 UANN1ININIUTEIE IIRRLRLLILIAENIUR LA

3.7 MIALANMSTINNUTRITTULRINIARLA GazaNaNTIAMNLEY

1 v
=

HAAINNI9AIIAdAAINLTI AN Tesatan(Diffuser) 119 18 Anaann e lugluadaudnudnanuiia

1 [
a =~

an 04 Aundangeaniiunialugluedaud 40 cm auldiAftiasninT uansdnunnanieuseuiiazas

° @ A4 A A g gl ¥ 4y ° o = = =
@WimﬂﬁQWNLﬂuLﬂ@’ﬂuV}ﬁWNWﬂj LW@TW&Lﬂ@’ﬂ‘]_lLL‘M\?’ﬂEI’]\?‘TJ’]“]LL@ZZ’&N’WL@NEQEWQWQDQTQEW@MMQNﬂ’?ﬂ’lu

gluAauiNAnauANAat e fAdLANY WMy H(Temperature RTD) Ansivnntlutasaunduuazgnsiaal

Y]

1% 160 °C (Temperature Setting) AaanaINaALANNNINILIBERIRES AN Aauasslunini 3-2
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—~ [ ™

aufoumeenn

Arnenns waen

TUIU
UBIDINA \/

"W i

7 Anumasnin

A

AN 3-2 WAAININAALINUAZRAN9NNT AN LULB98 N ASR 1

3.8 nMadgranazuansiiudaya (auugd) tiasuy

o

nsdmatiaiuaauFeunelugtuefaudlnaldginsniinnanuien aiin RTD ARfAgUMYH
0°C 14 650 °C suAumaNIgdn NnuuslaafnilsnsuasdRuumangAuAzUNN A1 6,90 U6

ya :’/ o 1 a o Y < v a A @ v
@3"’2@1@@@]@@ ¥ sensor WA NRAKNIAUIM Uazunne 50 cm HNLTBHANNT 30 AU NN7LNUABYA

AananauLiailn 2 doe A FeeMuTUNLENA U 3 AALATTINA TN TUOBNAIUIN 3 A5 AININT 3-3
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Jw

<
e

O

O

6
®
X
2000 mm

5400 mm

2000 mm

AINA 3-3 N3FARY RTD (Overview)

500|m

1150|mm

2300

mm



Zenter line : : {

AT FLIUaRN

s

—enter line

 ———
Lo
\

18 L
MNOT TO SCALE

AN 3-4 LAASATWALNNITARGY RTD

13

TRIaN5D1

Tuanay

ANUNTUAALNNAR U

A

Y4

9097 6 909n7 4, 5

»
|
X

NINT 3-5 WAAININAULUUALTIANINNITIARE LT WL Tug Tuefa U@
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3.9 TayaNlAaINNITATIAIN

navineuaesy R udilFusernguunglin 160°C uaviiudeyanidurrgungiinielu

gleABLANAUMINT 1,2 uaz 3 (Anaasdoyasginianwan) andeyatininwafanswldaenini 3-6

~—~

O . \ o
< —e— siunivnsian 1
[(p=4 o f PV
§= —=— gunivnisian 2
H FwuiIn1T e 3
@

16:55:12 17:16:48  17:38:24  18:00:00 18:21:36  18:43:12

nan

1WA 3-6 uanansiFeusu )R luAumMlanIedad 1,2 uas 3

= v @ o Ao ' o = ° P 3 £ 2o ., A
AINAINA 3-6 UARS IALTALINNAIMEINIZTAN 1 WuAuNeEaInIdn TNHYUUNNAINIMN

]

° ' ' dd‘ o 1 o dl a L3 aa a s
mLmu\iﬂmmimmuawmmmmmmmw 2ua¢ 3 Tmm’mqumuqumﬂuﬁmm@‘u@mmqmwgmm

o

ndguuRaasanFeunaumlanisdanie

Tuvieaifuaesianlin 160°C Tanaaziinanniafiglusday

=l a o ¥ A A 1 g 1% Y o 1% A ae [ vl
QQQ&IL'&EIW'Z‘]N’]HW)’]N?QNM?@EIWL[ﬂ@‘ﬂﬂ’&’]ﬂﬁi‘ﬂﬂﬁﬂLV]ﬂfJ']N'i“ﬂusLMﬂ‘LI@Nﬁ“ﬂuVlﬁ‘L‘Vlﬁ‘uﬂ@‘Llll’ﬂﬂﬂ
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180

160 ~ e 5 Sy RV
140

L e e R

—e— dnumidnsiad 4
100

)

aauund

80 —=— ghumivnsiadl 5

FuiIn1T e 6
60 -

40
20 -
0 ‘ ‘ ‘ ‘ ‘ ‘

15:36:00 15:50:24 16:04:48 16:19:12 16:33:36 16:48:00 17:02:24

nan

WA 3-7 wasnsifFeu LR lWa LT 4,5 uaz 6

al

AN 3-7 BAAS TN AAIIUINITTAN 6 HIUANLUUNTRINI988N BN UUNRAININ

q al

Aumiina g A UANAUMEINIIAN 4 waz 5 Tasann nguugine luglueAauAiA1g g a0
1 a % dl o 1 o A as i’ :Jz 1 s/d' dJ a dl &
ndrgumnRzetanFaunaumtian1sdnnieluiesifuasaai 1§ 160°C Eeanaaziinannisfigluefey
= = o % A A 1 ! % v o % A Ao o v
Agoyidenasnupninfeawizedameildannnsatramannfeulinuanieunsiisunaunnlean

S A

AINNITIATUIUNIAIGIUN)NE WA UMD 1 wazAUULAT 6 HA1 126,59 °C waz 118.54 °C

ANNANAL

=2

dl ¥ =3 k7 J 1 o 1 dl dl o a
ayaildannisivdeyaluudazdsanaiinimeiaaaiien il siiduaesgunginielu

©

'
a o

& a r-'ll = o ay 14 o 17 d‘ ¥ o I nj Y o A
@q‘immummxm@L'leiﬂumf;n_lm_lqmuqmwmﬂmmnmimmm ’Q’]ﬂ?.l@%ﬂ@ﬂ/]iﬂu’]ﬂqﬂ’]V’]’]L’ﬂ@ﬂiﬂﬂ\‘iu

QTR AT R e T ALaAn
1 108.18
2 149.64
3 148.85
4 155.02
5 149.62
6 116.21
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wenzastiluAILULaN 1 Heeiuenede 126.59 °C Tumuwmida® 2,3,4,5 Nszausneaen 160 °C wazlu

ANLULNT 6 NIzAUAN9BIN 118.54 °C WAANAINH 3-3 hay AMMNUsenauf 3-4 azifiudn LA azA LS

'
o e o

dl 1l o 1 aAa % a
N VINWVLNNIFI’WLLMU\?V]NﬂWLV]’]ﬂU?ZﬂU@’N@\?

2(°C)

anund

——aaipfiadn

0 1 2 3 4 5 6 7

sunUinn1sSa

i 3-8 uaasgnauniiea lusaumsnioniedn

al

NN i 3-8 gauugieasnielugliederdegn 137.92 °C uazuandliiviudngluadau@ay
Aag i nFauiudazanatsnifnmiululAazdaananTuuaaausadn ldaelua luefe ud
l )

=<K o 1 n:ll =KX o Y o o < a A g Yo ¥ QI é’ r-'ll o
AUAIALNLNN 2 ’NV]’WI‘VTU\?@Z@N@q?V}’]WﬂNLF_IuLL@;",ﬂLﬂ@‘ﬂllﬂ‘ﬂ?;l“] 1#5uAnfauinay Watlasdunis

"y '
a a K o a

{in thermal  shock ALAARRLUASTIAIWIN 2 gaun)Riis IuLaz e En SN IiAsauh
° i A o g ya A D] N =2 o ;A A o gua A G o

AUt 5 e liRiedetuiudodetjanguuugiasauisnumisd 6 wannlidindetdusaag
lountuimaziadaneanaInglusfesdusiatslaianinananin 3-8 ~uansliiindagililslndues

gomnimeluglusdeudlilulasuulasusgiug e ug lnefandiiArsndnsssudnede 9.6 °C
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d‘ o 1 J dl 1 % 1]
NN 3-9 LLZWN[5]’]LLﬂMQW@Wﬂ@@H@N?@H@@ﬂ@.Uﬁ‘i‘il’m’]ﬂ

P & A ] P = 9 ) = P a LA
RINNINN 3-9 q5L'Viu")qNWﬂﬂ@@ﬂﬂQ’]Nﬁ‘@uﬂiﬂﬂqﬂ’]ﬂi@u@ﬂﬂ@'ﬂ?iﬂqﬂqﬂﬂﬂ 3Na bINANNBNBE

dreuangadinlidnglu Wuviad 1, 2 uaz 3 pauardy AN ATAS

nian 1 Vian 2 vian 3
ANNLEY 1.0 m/s 0.5 m/s 3.2m/s
RV 54°C 42°C 63°C

o Py o oo A g X @ <
Q']ﬂm’ﬂuﬂ@'w‘lm@’]ﬂﬂqﬁ‘q@W‘UQ’]NﬁQuﬂﬂ@@ﬂﬂmi@umﬂ@@ﬂﬂ’]ﬂqﬂwfﬂ@Nﬂ'J? Lﬂu@ﬂmqmﬁﬁ!v‘u\jﬂ

M Wguugiianelumieud it 160 °C munissAnanly nesdoutisiesianasdnuagdiazaiuninan

1FunauANFaunlaasiazatinAauFaundaasiell tindudnun 1 lussuu ldansviza
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Famasiwdaun 60 kW

ARAINS DY

'qimﬁ'auﬁ Accumulator

A 4 \ 4 A 4
wANEs ¥ = ¥ = [ ¥ dew e
ANNsFaun L ANNTALGTYAY AsFaugruideliy AynFeuiiti 4y
An e . - A ¥ Ao
21 inadngluad AN aIn"ANgniani HAna]

NN 3-10 wARN1IRaANNTaLLee T Aa UAAT

3.10 AaA2INSaY (Heat Balance)

9 o

o % -ﬂld v 4 v Q‘Id a6 o 3| o % d‘ o 174
WA uANFaunEmnasAealiiuanFeunTinsunaunn aziunasanuainuFeusauinunld 14

dseTaminnelug lnsfau@nunasnuanufeungoidasanaing luaAoud Asaunish 3.1

Q(heater):ZQ +2Q (3.1)

Gain Loss

Q(heater) = Q(product) + Q(int ake — air) + Q(loss — wall ) + Q(exited — air) = (3.2)

Q(loss — wall) = Q(heater ) — Q(int ake — air) — Q( products ) - Q(exited — air) = (3.3)

upeue:  ANaNInnNstnANFeaureaudnlanda Rl dunuuduledaluneiy  (lud)  Hen

Taglszunnd 0.045 W/m-K

o o

annsAuraziiulddnAaniwnisinasFeusesauiulauialuilaqiiuiidran wnis

v ' |
o = v

ANFREIY 0.083 W/m-K TUANIUANNANNRAGED 10 T Awdn 84.44 % Tauamalifiiudnauanle
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a

winluilaqiiuunaaninniaduanauudainliigods annuieuiiuuisg ladeuAiinTm 84.44 % uay

@

azdanansznulnansssianisiinuarinmauginielugedeud

1 %3

3.11 MedraasuuulFinuaNNsaungadeiunlialnAaud

PR

nsAuILERNuAKFauninamainiing A uAswlunilgungiade 147.52°C ki

glusfaudduuanidguugdl 40 °C TnasgudwinglueAaudsiuluiarduuandawiuloufounndu

ladmdunds (lud) uun 2 Tin

Q(loss —wall) :@ (3.4)

_ (0.045 W/m - K)(58.55 m?)(420.52 -313)K
0.05m

=5665.85W  ~5.67kW

'
o =K

AMNNNFATUILAAS LT IUI N RAFAIauIN Tsa N THARA N T U4 LA N BHTITE AN
L I ] y A I o A N
Winiy 5.67 kW uazilAtdeandnannieungnideriunisluaniniaqiuaaiAmingy 7.6 kw tneh

grunniiedunie luglusfaudiaAmindu 147.52°C Taianau 9.6 °C angungiieasnieluglusfeud

lutlaqiiy
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UNN 4
m'a‘q"'\amLLuuwNﬂcﬁmﬁ'\am%mqumﬁ'auﬁ

4.1 AURAFIUNTATULUINADINNANAAFAS
1. wuusaeadu 2 8
2. nstnawmANFauduluy Steady State waz Conductive Heat Transfer
3. waemanaluglusdeuaimnuizatiasann
4. @m@uﬁﬁmqLﬁ@ﬁuimmﬁﬂﬁ%ﬁmqmemmﬂmﬁ'
5. Boundary Condition ngasiififuuazuresglnsdeudidlugnmniiagi

6. Boundary Condition Meusissuine uazmuLLinIsgrydenuian (Q

Ioss)

7. Boundary Condition N9l Convective Heat Transfer
4.2 NOHHUBINITINADIKLUNNANAAIEATIIRINIAD LT

AMNENYAFIUNaINATAULAREUTAREAYINIEATR NN A9 HANNITNNsENEmAINEeY

a9

wuunistpannFeuasgninn ldiun1sdnaemuunsadindiansuuy 2 15 Tnaluiuudnaeanig

polaAnaniaesglusAevdasiianiaunigumniaein 198°C Tunardnuaznsvanadallainuaesglued

o a ¥

aUA uarianuFaugoyderuniig eAe AN 1A uLLIe9E AR LA LA s N U NITIA WA 1SRN 1o

a g a

= o ) a P , A as ° P PR = ]
TNTUNNTBU ﬂqu‘ﬂqmﬁﬂq‘Nﬂ]ﬂq@N?@uiusﬂ'ﬂﬁ?LW?uqsgﬂﬂqﬁumﬁlﬂﬂﬂmuﬂNFB]\TVW] 151°C WAZHNITANEN

a

o '

ANINFERILILNNIN AN TR TN g TN A LA AduaAdluN NG 4-1

/ Q\oss = U A(AT)
Tr=151°C = . Convective Heat
v, WBENIN = 0 m/s <~
. Q. = hAAT)
Conduction
_UAAT) < Q.. Hdndnannnin Q_

pd

Tg=198°C
AN 4-1 WLLRNARINNATIAANEASI89 Conductive Heat Transferlas Boundary Conditions
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1 a ac 1%
DRAITNTUANTAU

Faan1adin-aan

/ s al
21999 lNARUA

e

=
AN

AR

NNA 4-2 wuuAnaesglnedaud 3 §5

14 Steady State Heat Conduction equation fiuainiAnaluglusfeuad

[Heat gain by Conduction in x direction] + [Heat gain by Conduction in y direction] = 0

l : Acqx - Acqx—Ax (4.1)
Il : Acqy - Acqy—Ay (4.2)
- QL =UA, (T(X,t)—TOo (t)) Theil Tw(t)Lﬂu Input Data (4.3)

Faths 1 AX = Ay

Aqx — Ach+Ax + Acqy - Acqy+Ay =0 (4.4)
qx B qx+Ax qy _ qy+Ay
FA| Y (4.5)
i e
J A 2 EARA .-
fhogann “domax 4, 0 cond :—kﬂ Foy 2omiad g, on iy 2 kg
AX OX AX ox\  oX
2
udald Equivalent Method dagazlsl K— Tneil K asiinaentasninuenaluuuinnu X 10eglued
X
A
aud unuAasluanng 4.5 LL@:%Imﬂlﬁmﬁﬁmaﬂﬁﬁu
y
2 2
kAT kAT g 46)
AX Ay
NT AT

+
AX® Ay
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AZT 4o 4 - AZT T —— 2T +T
war — A finite difference method aunsnulaswiy — = = Ln - m+Ln
AX AX AX
AT T -2T, 4T
Wy —s = — ! - mouasluannig 4.7
Ay Ay
At ann9N 4.7 anunsnidieneg gl Discretation Equation lésiail
Tm—l,n - 2Tm,n +Tm+1,n Tn—l,m - 2Tm,n +Tn+1,m -0 (4.8)
AX® Ay’® - '
Discretation Equation 284 Node n1gil1d (Conduction)
Tm—l,n - 2Tm,n +Tm+1,n Tn—l,m - 2Tm,n +Tn+1,m -0 (4.9)
AX? Ay? - '
1 i, j+l 2 3 —
—
Tr=151°C By Tij 1) -
4 Ti,j—l 5 6 | —*— Ta=25-35°C
g
——
Tg = 198°C

NN 4-3 WARINITNNUUAANFIUL SN 2B9ULILIAN AR NARIAAERAS 2 NN

Wulilsunss MATLABlUNN9ANMI RuAR83T “Jacobi Method”

o

al' o o d’l S a al' 2 & al
annnwdsznauin 4-3  AuuARLLIAYl Ta  Ae @mugmmmmmmmimmﬁmeqimmum

]

o a

NAAALN 25°C D4 35°C 491 Tg A gruunivesanioudmneui 198°C AugumnIninlaase uas Tr

a o

Ae gouunHaedaNFaueanaingeAe LN 151°C AANgamRNdnlaase laasaan 1 a6 lduen

AULIUNANNIIN 1 D9 6 ATNANNITTI9819

o

1 Node m =0 (Left Boundary Condition ) : aaunRaIkarANTawg s NIualgludeLd

0,n+1

Qcond
qloss m.—l_) e < o

0,n m+1,n
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1. T=160°C
U
=| — T T
qloss (kAXJAS( a On)
et

S a £ 'S 2
U Aduilsz@nsnisdremansnFausanaesgluedeud, W/m K

A Node m =M (Right Boundary Condition ): Heat Flux

M,n+1
[ )
\2
Qcond Qconvection
e — o < hA(AT)
m-1,N m,N
T
o
m,N -1
Zaus,ide Q =0
Tyan—T Toaw =T Ty =T
h T —T + M-1,n Mn o k n-1,M n,M + k n+1,M m,M — 0 410
Ac ( a M ,n) kA: AX A: Ay A: Ay ( )

Tpei?

a £ 2
h = dudse@nsnisnimanndan, W/m™K

i Node n =N (Top Boundary Condition ): A2Mu5augayLAtIHUNIIILEN

qloss

\

Qcond Qcond
e > e « e

m-1,N m,N m+1,N
T
m,a -1
ZausideQ:o
T . =T T ., —T T .-T UA
k min  Tmn | M oM mi MM T -T .|=0@.11
'% AX k&|: Ay :| kA:{ AX :| k [a m,N] ( )

Tmein

N7 a2 £ - 2
U Anduisz@nanistnamannudeusanaesgluedeud, W/m K
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# Node n = 0 (Bottom Boundary Condition ) : §rungasi

T=198°C
Input Data
Pair mean in tunnel T, anmpiuandenluaasie
Dair intake 30°C %RH:Relative humidity lutaa1sine

N ¥ q 16
C,air A1AINAANTEY

kz-1ir mean in tunnel AN 191 ITAUTBIDINA

Umdnenaansunu
SRIPATUM UNIVERSITY
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UNN 5
NAN1SIAE

5.1 wanMeinurasruualiiAauddiszanansinanuLEy

NIFAADULALALRTIALANA1IN1 AN TN M luszuunIsNIA LYW wazn1lfuannia il

dunauniiandnary Tnaldseuu Accumulator DIP line { AMANNIINNIUAINING 3-1 BUAILANNTUNL
3 < .i’ 3 A = = < ¥ .: auzll o =

AZANANINIANHITUEWIIY) N 1IN1ARBLATUR) 1AFaUAuI0WTUIUINAINIUATAEN AnenIL
o = dsl 1 &ﬂl = :j/ 1 I Q’/ 1

anaes il uuuuAelia HaARIURIINA 198 97 WAATALIIUN 3 I¥a 1UIATBTUINWLLNTW 2
11 A8 TIAENUAZILIATILY TUIAANRUWIN 2.5-4 kg WU 3 gnsie 1 qauLau deusualund
WUUiin 20 kg W9 1 gnsia 3 ALY ANENIUATAENENTLUEAaURRIEANEY 0.45 m/min
AuFaunldlunisaudldunaingmmaflnin Ansesnumbsnaamnau@il hot air circulation fan 1A

100 cmm x 70 mmA x 2.2 kW @18WIuaaeaTudmaudetiisiaies qaneueensedtiu air

A o

curtain fan 1A 60 cmm x30 mmA x1.5 kW kaaaasasa llsanssuaun1suandu A usuainusaui
lndaueududatldeasangussainia

5.2 MIALANMSINNUTRTTULD INIAR LR IRz ANENTI AN LEY

1
=

HARINNNIAIIAdAAINITIANITeatan(Diffuser) 119 18 anaann e lugluadaudnudnanuiga

1 ¥
a A

ax ol suvaigeaniiunne lualueAeud 40 cm auldAntesmnnT uansdiifnnaniauseuiansan

o = =

o o 4 A A §oua A D] oy S e
@qﬁ‘mqﬂQWNLﬂuLﬁ@@uW‘ﬁqN"lﬂﬂ LW@SLW@LﬂﬂﬂULLﬂ\i@ﬂq\iﬁquLﬂxﬁﬂJqL@N@’ﬂﬂq\imqﬂ\ﬂﬂﬁmﬂqmvfﬂmﬂﬂqﬂiu

glAeuiadaruAnsat e fATLANY UM (Temperature RTD) Ansiun e lutaaunduuazgnsiaal

a

137 160 °C (Temperature Setting) AaanaWaALANINMINMIeEAWaFINAN Aauansluning 3-2
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5.3 AALUsNARININITILASTIZI

nsArLANEAaLLIsNN3INUIesg IR UATazana AL IdnsanassuuumsatinAan s

a

1% o ' v ° v . o a a o
ARVNANNITONLLNAITINTALLLLNITUIAINTDU(Heat Conduction) muﬂa‘ﬂ%ﬂumm bATITUABYIUUN

a

'
a o

waznianszansfavesguu)isudunansenuniainguugiaesiug luAaudnei, guugia

a

=)

Aumbstasanfeuluanay, gumgiuazandnilsz@nsnisniaanfersasainiAnsuaniadgluss

o & = a

aud,  JanauiuwazAINnuItesauIun g TueAeuduargruunAussaaniAseugTued nanns

]

Anvifaulsniginaueesgluedeudteazanansinanuiiu dasveundasiallil

180

160

140
o 120
fi 100 —— N1INARDY
T 80 —=—vanj (Matlab)
Ea 60

40

20

0

0 1 2 3 4 5 6 7

A1LUUINBINSNAARY

DN 5-1 uaaenaRELiEUsTUINeA TN IMAaesiuAT A NN (MATLAB) MIAnumiaikenriu

AUAUMRNATINIAREY
uaa i 5-1 wudalisisuasgaingiinasluglusdeudnldaannisuiuanasanig

amaAanfiulA IndlAasiuTl s lWfresgunginie lug TsAaudnldannnisasaadnazalnenums

'
K A

UDIAGNBIANAING 3-4 TIHAAMNEANAINGIAA 8:57 % NAWMNUIT 4 tHasaINNAMMUINITTAT 4

'
al

Wumesue9 RTD IASuansa uiInndIn1Lutian13dnaw s shHBmananANEa1a9a 5a 1uideqans

y = ° | o o
anfauLTuAWLINIaN 4 wnald
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180
160 5 z
140 -
120
100 - —

80
60 N
40 \i

20

0 T T T T
0 10 20 30 40 50

Column Number

——ualfi 8

—=—yaafi 12

wadit 15

Temperatre(°C)

i 5-2 wassansnzgluuuaesllsinduesnisan uisuisuseudnaunai 8, 12

WAZU9N 15

i 5-2 uaesdnsuegluuupesiUsindrasniseu Wi LIzudunai 8, 12 uazunad

= ° o

15 Ineunat 8-15 luduaesgun)RNEeNa 1 AuaINGun indnuniiig TnaAau@suun (wauglues)

~ = aa v o X o=t ! ¥ Y o 'y =l &
Fesasnauiviuresgunganindiuineesy nedm Tuunasnannfeuliniug usdeud anllslwa
WARIINE (Accumulator) BiuANFaURTaINIaELEL column 7 50 udngmuugRazgeaniasli]

andneleantnedaeusnnIsiNauesg M) HAzBaNINUAZN TN 1999 M) HAs TR ATaN A

-

s o= A as A = a a = ol ~ pry
@INQﬂquﬂQ'ﬂm?LW?um columnn 10 LL@zL?N@ﬂﬂmV@JN@\T‘Quﬂ\iﬂﬁwq\iﬂﬂﬂ@ﬁ“\?ﬂw column % 50 LUA3AN

&

o a & | an o ZJ/ 3 o ZJ/ ledil/ =
UULRIAINNATIAANEATITIN 2 HF muu‘lﬁﬂﬂwmmummﬂul,m:mumqumunmwwuﬂimm:u

al Q
£
o

a g Qﬂﬂl 1 d? g 1 v a -jé/ k73 =K 9
g Rgand duresguu)Rneggeanll uansinnetnamanudeinauanntding el naine

au

INIALATANANTLLY
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160
140
120
100

—e—Ta=25
—=—Ta=28
-~ Ta=30
——Ta=33
—x— Ta=35

Temperature(°C)

gounninielugluad

1 dl 1 k73 s (3
41 Ta Ndeaneidglus nne 197848 TH9A

Udnenaansunu
SRIPATUM UNIVERSITY
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160 —o— k=0.0045
—a— =0.009
140 A e I SO S o k00135
ol i e ke0018
~ 120 —%—=0.0225
&J —e—k=0.027
& 100 —+—=0.0315
5 — 0,036
2
g 80 e k=0.0405
E‘g_ 60 k=0.045
k=0.0495
g k=0.054
= 40 . k=0.0585
e k=0.063
20 e k=0.0675
~ k0.072
0 k=0.0765
10081
o k=0.0855
=009

inineluglueAdes 1 m wen

Udnenaansunu
SRIPATUM UNIVERSITY
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154

152

150
148
—eo— Node=633

146
144

Temperature(°C)

142
140

R luue 633

17A11 AN 5

Udnenaansunu
SRIPATUM UNIVERSITY
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180
160
140
120
100

—e— Thickness=50 mm

—s— Thickness=100 mm
Thickness=150 mm

—¢— Thickness=200 mm

Temperature(°C)

Tunnslimanuiauunglus #1489 il ansnansiunulunis

NARAUANRINN LS

Udnenaansunu
SRIPATUM UNIVERSITY
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156
1565.5
155
154.5
154

—e&— Node=640

Temperature(°C)

W/mK LazA

A

71

WANAIINMLNTR9919 U el Wl AeaiuAaIninislFauieuan

AN LA NN LA NTINAN TN LN AN TR URAZ I AN TRIR 1L e LA

Udnenaansunu
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Temperature(°C)

160
140
120 +

—e— No Air Gap - No Glass Wool

100
80 -
60
40

—a— No Air Gap - Glass Wool
Air Gap - No Glass Wool
Air Gap - Glass Wool

20 -

600

n i 5-8 uamsdnsnighlslndaasguungidunavgiedeudlae nFaunauaiuduiusesanu

AINnnA 58 uansanmuzlilslndesgmuugidunangludeudlnensauinaunnudy

9211319 Air il Glass wool

o

WUD

-

2R9DUIUTZUINN Air 1U Glass Wool aziinan No Air — No Glass Wool, No Air — Glass Wool, Air — No

Glass Wool uaz Air - Glass Wool #Angauugiinielug uadaudssussnlinngesnasu uanaliiiiug

N1slauIuya Air gap WAz Glass Wool 1l vinliglueAaudainisninmamuginieluglusfeudléin

£97u 1agandaeannnA (Air Gap) sEmdnauHuManiUarIKlenia (Glass Wool) HANN1IHNANTDY

AnnvinliAnuFauga A Ui A uaR Ao naq
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160
140
G 1% —e—hA=10
T 100 —=hA=20
g 80 . hA=40
"éi 60 . hA=60
lu_a 40 —x—hA=80
20
0
AINA 5-9 ) NaaNg

5N19NIANNFR(N) 7
980 Wim* K Gaifludaeh

BINIALBILITENE ean 1 I5 T mninielugTusfaud

Udnenaansunu
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180
160 -
140
120 -
100 —e—Tg=198
80 —a—Tg=215
60
40
20

Temperature(°C)

600 610 620 630 640 650 660 670
Node

n i 5-10 wansdnsnsglilslidaasg g lnsnFauniaudAigungRaesiug lusfninliass

P4
=

(T, = 198 °C) fiLgouMgHeR9NLYINIATIAN set point (T, = 215 °C)

actual

NAANANG 5-10 Lmad’]@mmﬁﬁﬁu@‘tumﬂ%aLﬂuwmm’m%’fﬂumfﬂmimﬁ’fﬂuﬁﬁ%m%mfﬁi@‘lﬁﬂi
I daesguunfinigluglndendludasnanieirsreslfeudednwnn uadsasgnugiaziia
anntulaniannzdag 2.4 m qndeamnadigluefnieges 3.4 m 1099 lHeANNARN 199NN 12 °C usl
Tud99 0.1 m usnandesniadnginesllslnsaasgningiinig lugluefeudinasinsesgninn e 1
°C fla 2 °C Tatfeennnidle WauiunanegTnsdeud

5.4 auuDAN I lun1sAILAN

v
o

HAAINNNIRIIR ALl AaUANL g RTALIA AL ANELR 160 °C wiannasdnsiae TRD i

v
o a

1 v 1 1
ANUIMNARAAINLIIINNINTEALAITR 9 un ) R D nias | Tuaz g nann Ansumistesanielia

al

o

- - 0 o e e 4 »
NALNYMUUNN 151 Cc ilavanaalugluedauainisinasunaaseiniAtesuinineianiyly

a

M09ANgIN Az At AnMEua LAz quag luanFau dutlssAnnasnnanuFeuarinasiaguingd

al

a % 'y a v dl' = o d' a
LL@$ﬂ"]ﬁ‘ﬂﬁ‘t’ﬁ’]EI'E;MMQNﬂ]’a\‘i@N?@uﬂ’miu'ﬂqimx‘lﬂ’ﬂﬂﬂu'ﬂﬂN'mLN@L‘V]?;Ii_lﬂ‘l_lﬂWiLﬂ@ﬂuLLﬂ@\iﬂl'ﬂ\iﬂmwﬂmN‘ﬂﬂ\i

v
- o o

anAluA IN1adng I A iz ) RN LY TR LA ASAINANG 5-3 WAL NG 5-10 uaaS 1

Windngunginatuanguuniniglug nefeudasgungiassenialudiumianiadig Tuadpasiien

§9nd1 30 °C wsildAa9iiu 35 °C uazgninpninivug uedeudaasiAnaesgimniin 215 °C

q q
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5.5 tasasnawazllsunsunldlunisaiasicy

a

wispailangnadnAngungiinialugluefaudaa RTD (Remote Temperature Detector) NFmsly
AU Ind 3-4. insesilensaadngmuuginieuenglusfevduazaaudazesainianialy

@Imﬁ@uaﬁ@ multi-meter Usznavufqe anemometer, thermometer, WAL humidity meter. Tsunsuinldlu

aa

N2 ULUANAINNATIAAERTAR MATLAB Program uagaah i luuAtloym (Solving Method) Aad
Iteration (Jacobi Method)

a [ %3 ) [
56 °l|ﬂﬂ')']N'&'\N'\?ﬂ"ﬂ@ﬂ‘igu‘].lﬂjuﬂﬂo’ﬂuaﬂﬂﬂﬁﬂ&lﬂq‘iﬂ'\ﬂ’}nNLﬂu

= & a :// o % o tﬂl =3 ° a
71mmwmmimm%uuqimWa‘uzwummmﬂmimimmwwmwm‘nmmﬂwmmmm

v
1 -

ARSI wazamu)RIevaNFaunNue T Aa LR WARINIFITBIANIN WA NALNKE A DUTTA s R Id NS
AuANENTesg INeARLd, AuInTeINARiTT waznMINIzatLgu)Raesaniaunie uglneAaud a9
AziinasaANUiNIasAAA D LLATAN TN BHAR e AetuluTlaqiupAaIFIra 9 B NIUA ALY

v
a o o g

HARsDUTREN 0.45 m/min uazgnumnRvesanFaunug luedauAgnLusan 198°C

q a
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uN" 6
asUuan1sidauaslalduaL Uy

6.1 agUaan193e

nad3Un193danudnanuzaesgtnsdeuddvazanaisnianufinluilaqiiuvseaninnaunns

' '
a

diuilgeatluanineiideaniwuliainaninsfinms uan naesulumanidasansaniou, dnaaunven

UadadansanFauiiaaNIanwELanY, Fames A iR IAAe LA LNNAAMFAIAAIANILEAAIH

= '

Fou, nstlaezeiniaieunisnnninulifianustiinasanislindnvaesdnmesiniuazanininaes
S - ’ 5 1 P 4 v
nARATTuaziIuaiilasnnannisldulaaaaanistingeineetinsaiiiasdnrivananlauiaes
ol AR UARBNAUNIN 84.44 %  AINNTIANABIULLNWATIAAIARTNLFIAINUUILAZ ATUNTNTBY
¥ A ' a ¥ & =
awulaufalinansznusenisnszaagungiredanieunieluglusdevalagatiuunizesausuiiu
o ! o o dl o a 3 eldlo ' Aa a 1
dndaulnenseindeniianuguuginielugiuefauanmumislauazauninaesauinianinasalils

Wdnesgingiinialuglusfetaunniganizdsainanauaziinaguefe uduasnaiumislaannin

v '
o

wppundudndouindsaasivguuninialugiuedauaanisgumgiassenAndesniadng luedeu

2

'y

= aad SNaa a ] - a e ,
@LL@zﬂqmﬁqNV]WuﬂTN\i ﬂﬂU'&N@VIﬁW@W@Iﬂ?VLwaﬂﬂ\iﬂmﬂqﬂJﬂqﬂluﬂIN\iﬂ@ﬂq\iﬂqﬂtﬁﬂ LRNWNETINNAN

'
a ¥

o s = s A @ o 2 Ao , a
LL@zV]’]EJ@qIN\Tﬂ@UZQ @mﬁﬂNLLqm@ﬂNmﬂQ@qINQﬁﬂUmLﬂuﬂﬂﬁ@’Wﬂﬂu\iﬂﬁJN@W@ﬂq?ﬂﬁ\z@qﬂ@mﬁqﬂmﬂﬂ

a

1
o o =

' al 1 A 2 é’ 1 % 3 = a
ﬂqiﬂ\?ﬂ@ll@LLW@quﬂW?ﬂuﬂﬂTu@ﬂ“ﬂur)@@Wimuﬂﬁi@?’]\iﬂjﬂ\?ﬂﬂﬂﬂtﬂﬂL’ﬂ‘W’]xﬁqqﬂﬂuq@uquuﬁzﬁuﬂ"ﬂﬂﬂ
AU

L s
6.2 Tat@uatuzlun1slsuilsa

o

HARINNIIAEIMAZNNIATIAsaLLazdarda s e lue AeuA R duide auauus Assialli
1. wneudldannsninmanugin 160 °C tnunserenld inlidnnasseswinau

= o = = o = 2 ) oo .
[ﬂ@’ﬂﬂm@’]‘ﬂﬂLﬂumﬁmuLﬂ@@\‘i‘W@\N’]uiWﬁ"IN’m ANTAAFAIAUIU NN LN UAUIULANUAIAINAUIULNN

AANAN N
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o

Ao = o a A - a o o Iy o & o o a

2. dnmestleredindaLinnziasiAdeURaresnadanlinAnFauni lWaaan e
AonFaudamaanfeuliiueinialdliunidunani g amniaesainianinan 215 ‘Ciadupnnias
AARNuuis cut Off  inldananiliannanFaunnanuuazldnssug lifinnannnan AiuAInIAMN

o a £ % dl £ % o a £ % ¥ o v

grannainnilnANFauie WadaniiannFauannis dnasauls

3. fnnsdassmanufeunisunniinly (0.33 kg/s) masraatinANFautinaunn M luszuuan
" - - x
yireanFuiaeniAidassfalns lidnanssnuduan

4. Hnnsuanuiaazangisinanuiugnidnasuiugnlng) asliasnsndiussrngungiiuas

(=3 o = a o s & al v 1 o 91: A 1% '

AuLsITesanaa A tenanduginte lugluedaudldatramunzan A ldEuaeswaseulneilan
sz lerml

5. luszudneiiunaiinewii dunamiudndawausnseg uaeud Wesanatsniuly
o a 1l & o ° 1 o é’ o 9;;’ Yo % a 1 v
AdgvaanuIusgneasiaaauet Tuanwuziiasinliuoulaiumnsdausnnniiulyl aosdaesli
ANENIUAALNTUINUE A NNIDENA B LTIBIIH e TR A 191LNR

6. wluw@n (Cover Plate) a84testaatanian (Diffuser) nelugeAaudgndsazanansii

<3 dl |al| [ =l 1 o o £% 1 =3 %’/ al dl a % dl ¥ &
AHEUNLIRURE A NIUANABUAWTIUYN TR WImEN A T anszuaanfeunas lnading Tued
avdnliisnnmiuiguuginndsunauuaziiuaginlillsiidresgamnilaaullanifads
danann i an Lt lavindu
E Ry A v Ao = | a ) )
7. FueuntiunnreududiusdouiianwaduedauliGay lnaenaaviinanndesilaesas

Faunnetesdngadenaiesanniilukuman (Cover Plate) anaansiiaanniinszuaanfaulvansau
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UTTTUIUNTH

SUNAN QUNITEUNALAY LATATE. 2549 N159LASIERAILUS FNRDILLLSTUL wazilfuilga
14 L a o a o = v A
Aaudn luEawI e N nrInendemalulagnszaenindnszuasiviie.
FUNAN GUNITUUIALAY WAL ARF NN, 2544 NSANHINATBINITANINANUUNUILAE
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AANNLFIVRITRITELNERNNA TUIFINUNA mqﬂnezﬁmmwmé.ﬂgq NN INNA Y
mATulafnIsaaNINAINILIATNTLS.
A9 wlanne uaz nusiss I1idszAnail. 2551 n51E MABLAB &5 LINUNIIAINGSN WA
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Cengel, A Yunus. 2006 Heat and Mass Transfer. 3 ed. USA: McGraw Hill.
Fausett, V Laurene. 1999 Applied Numerical Analysis using MATLAB. USA: Prentice Hall.
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Wiley and Sons.
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MARNUIN N

s18azIAATAYANITHUTNNDURNAAIULIN

Wisco Datalogger

Al210

Store Time 0:00:30

Start Time 27/12/2550 17:17

Record Count 140

Date Time InFront(C) INTop(C) InMid(C)
27/12/2007 17:17:35 0 0 0
27/12/2007 17:18:05 108.7 148.6 147.7
27/12/2007 17:18:35 108.4 148.7 147.7
27/12/2007 17:19:05 108.5 148.7 147.8
27/12/2007 17:19:35 108.6 148.7 148
27/12/2007 17:20:05 108.3 148.6 148.2
27/12/2007 17:20:35 108.5 148.5 148.2
27/12/2007 17:21:05 108.3 148.5 148.1
27/12/2007 17:21:35 109.3 148.2 148
27/12/2007 17:22:05 109 148.1 147.9
27/12/2007 17:22:35 108.6 148 147.7
27/12/2007 17:23:05 108.6 148 147.6
27/12/2007 17:23:35 108.8 147.9 147.5
27/12/2007 17:24:05 108.8 147.8 147.3
27/12/2007 17:24:35 109 147.9 1471
27/12/2007 17:25:05 108.4 147.9 146.9
27/12/2007 17:25:35 107.7 148 146.8
27/12/2007 17:26:05 106.9 148 146.8
27/12/2007 17:26:35 107.5 148 146.9
27/12/2007 17:27:05 107.5 148.1 1471
27/12/2007 17:27:35 107.2 148 147.2
27/12/2007 17:28:05 107.4 147.9 147.3

42



Date Time InFront(C) InTop(C) InMid(C)
27/12/2007 17:28:35 107.3 147.7 147.2
27/12/2007 17:29:05 107.3 147.4 1471
27/12/2007 17:29:35 108.1 147 1 147.2
27/12/2007 17:30:05 108 147 1 147.3
27/12/2007 17:30:35 108 146.9 147.3
27/12/2007 17:31:05 108.1 146.8 147.3
27/12/2007 17:31:35 107.8 146.8 147.5
27/12/2007 17:32:05 108 146.9 147.6
27/12/2007 17:32:35 108.1 147 147.6
27/12/2007 17:33:05 107.6 147 147.5
27/12/2007 17:33:35 107.5 147 147.7
27/12/2007 17:34:05 107.4 146.9 147.4
27/12/2007 17:34:35 107.2 146.9 147.5
27/12/2007 17:35:05 107 146.7 147.5
27/12/2007 17:35:35 107 146.8 147.6
27/12/2007 17:36:05 106.9 146.9 147.7
27/12/2007 17:36:35 106.9 146.9 147.7
27/12/2007 17:37:05 106.7 147 147.8
27/12/2007 17:37:35 106.5 1471 147.9
27/12/2007 17:38:05 106.4 147.1 147.9
27/12/2007 17:38:35 106.6 147 1 148.1
27/12/2007 17:39:05 106.7 147.2 148.2
27/12/2007 17:39:35 106.7 147.2 148.2
27/12/2007 17:40:05 108.4 147.3 148.2
27/12/2007 17:40:35 109.3 147.3 148.2
27/12/2007 17:41:05 109.3 147.2 148.2
27/12/2007 17:41:35 108.3 147 148
27/12/2007 17:42:05 107 147 147.9
27/12/2007 17:42:35 106.2 147.2 148
27/12/2007 17:43:05 105.5 147.2 148.1
27/12/2007 17:43:35 105.4 1471 148.1

43



Date Time InFront(C) InTop(C) InMid(C)
27/12/2007 17:44:05 105.4 147 1 148
27/12/2007 17:44:35 105.8 147.3 148.2
27/12/2007 17:45:05 106.1 147.7 148.5
27/12/2007 17:45:35 106.3 148.1 148.7
27/12/2007 17:46:05 106.7 148.1 148.7
27/12/2007 17:46:35 107.2 148 148.9
27/12/2007 17:47:05 108 148.1 149.2
27/12/2007 17:47:35 108.2 148.2 149.6
27/12/2007 17:48:05 107.8 148.3 149.7
27/12/2007 17:48:35 107.7 148.4 149.7
27/12/2007 17:49:05 107.8 148.4 149.9
27/12/2007 17:49:35 106.9 148.5 149.9
27/12/2007 17:50:05 107.1 148.5 150
27/12/2007 17:50:35 107.8 148.7 1501
27/12/2007 17:51:05 107.5 148.7 150.2
27/12/2007 17:51:35 107.4 148.8 150.2
27/12/2007 17:52:05 107.6 148.9 150.5
27/12/2007 17:52:35 107.7 149 150.7
27/12/2007 17:53:05 107.5 1491 150.8
27/12/2007 17:53:35 107.5 149.1 150.8
27/12/2007 17:54:05 107.7 149.2 150.8
27/12/2007 17:54:35 108.2 149.3 150.7
27/12/2007 17:55:05 108.6 149.6 150.6
27/12/2007 17:55:35 108.3 149.8 150.5
27/12/2007 17:56:05 107.9 149.6 150.1
27/12/2007 17:56:35 107.8 149.4 150.1
27/12/2007 17:57:05 107.6 149.5 150.2
27/12/2007 17:57:35 107.6 149.8 150.4
27/12/2007 17:58:05 107.9 149.9 150.4
27/12/2007 17:58:35 109.2 149.9 150.6
27/12/2007 17:59:05 109.7 149.9 150.8
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Date Time InFront(C) InTop(C) InMid(C)
27/12/2007 17:59:35 108.7 149.8 150.9
27/12/2007 18:00:05 107.6 149.6 150.9
27/12/2007 18:00:35 107.4 149.4 150.8
27/12/2007 18:01:05 107.5 149.3 150.9
27/12/2007 18:01:35 108.4 149.5 150.8
27/12/2007 18:02:05 109 149.9 1511
27/12/2007 18:02:35 108.8 150.2 151.2
27/12/2007 18:03:05 108.6 150.2 151.1
27/12/2007 18:03:35 108.4 150.1 151.2
27/12/2007 18:04:05 108.5 150 151.2
27/12/2007 18:04:35 109 149.9 151.1
27/12/2007 18:05:05 108.9 150 151.3
27/12/2007 18:05:35 108.6 150.2 151.2
27/12/2007 18:06:05 109.2 150.2 1511
27/12/2007 18:06:35 109.8 150.1 151.3
27/12/2007 18:07:05 109.4 150 151.3
27/12/2007 18:07:35 108.7 149.8 151.2
27/12/2007 18:08:05 108.3 149.7 151
27/12/2007 18:08:35 108.1 149.8 150.8
27/12/2007 18:09:05 107.7 149.6 150.6
27/12/2007 18:09:35 107.2 149.7 150.5
27/12/2007 18:10:05 106.7 149.8 150.5
27/12/2007 18:10:35 107.5 149.7 150.6
27/12/2007 18:11:05 108.4 149.9 150.9
27/12/2007 18:11:35 110.1 150.1 151.3
27/12/2007 18:12:05 110.3 150.2 151.3
27/12/2007 18:12:35 111 150.2 151.4
27/12/2007 18:13:05 1114 150.2 151.6
27/12/2007 18:13:35 110.8 150.1 151.5
27/12/2007 18:14:05 110.8 149.9 151.5
27/12/2007 18:14:35 110.6 150 151.6
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Date Time InFront(C) InTop(C) InMid(C)
27/12/2007 18:15:05 1104 150.1 151.5
27/12/2007 18:15:35 110 150.4 151.6
27/12/2007 18:16:05 109.7 150.5 151.6
27/12/2007 18:16:35 109.7 150.5 151.6

Date Time InFront(C) | InTop(C) | InMid(C)

27/12/2007 18:17:05 109.4 150.3 151.6

27/12/2007 18:17:35 108.9 150.3 151.5

27/12/2007 18:18:05 109.1 150.2 151.6

27/12/2007 18:18:35 108.8 150.2 151.4

27/12/2007 18:19:05 108.5 150.2 151.1

27/12/2007 18:19:35 108.3 150.2 151.3

27/12/2007 18:20:05 107.9 150.4 151.2

27/12/2007 18:20:35 107.8 150.4 151.1

27/12/2007 18:21:05 108 150.2 151.3

27/12/2007 18:21:35 108.3 150.1 151.3

27/12/2007 18:22:05 108.6 150 151.4

27/12/2007 18:22:35 108.5 150.1 151.7

27/12/2007 18:23:05 108.2 150.3 151.9

27/12/2007 18:23:35 108.9 150.4 152.1

27/12/2007 18:24:05 109.4 150.6 152.2

27/12/2007 18:24:35 110.6 150.7 152.3

27/12/2007 18:25:05 110.5 150.8 162.5

27/12/2007 18:25:35 110 150.8 1524

27/12/2007 18:26:05 109.3 150.7 152

27/12/2007 18:26:35 108.5 150.7 151.9

27/12/2007 18:27:05 108.3 150.6 152
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Max Value | At Time Min Value At Time
InFront(C) 111.4 | 27/12/2007 | 18:13:05 27/12/2007 | 17:17:35
INTop(C) 150.8 | 27/12/2007 | 18:25:05 27/12/2007 | 17:17:35
InMid(C) 152.5 | 27/12/2007 | 18:25:05 27/12/2007 | 17:17:35
Alade
InFront(C) 108.1777
InNTop(C) 148.8532
InMid(C) 149.6446
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MARNUIN €
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Wisco Datalogger

Al210

Store Time 0:00:30

Start Time 27/12/2550 15:45

Record Count 128

Date Time OutFront(C) OutTop(C) OutMid(C)
27/12/2007 15:45:40 119.6 157 151.2
27/12/2007 15:46:10 117.5 1571 151.5
27/12/2007 15:46:40 117.7 157.3 151.7
27/12/2007 15:47:10 118 157.6 151.8
27/12/2007 15:47:40 117.8 157.2 151.3
27/12/2007 15:48:10 118.4 1571 151.2
27/12/2007 15:48:40 119 157.2 151.3
27/12/2007 15:49:10 118.8 157.1 151.2
27/12/2007 15:49:40 118.9 157.2 1514
27/12/2007 15:50:10 118.6 1571 1514
27/12/2007 15:50:40 118.8 157.5 151.8
27112/2007 15:51:10 118.7 157.8 152
27/12/2007 156:51:40 118.4 157.8 152
27/12/2007 15:52:10 118 157.9 1521
27/12/2007 15:52:40 1M7.7 157.8 152.2
27/12/2007 15:53:10 118.2 158 152.4
27/12/2007 15:53:40 117.9 157.8 152.3
27/12/2007 15:54:10 118.1 157.5 152.1
27/12/2007 15:54:40 118.1 157.6 152
27/12/2007 15:55:10 118 157.8 152.2
27/12/2007 15:55:40 118.2 157.7 152.2
27/12/2007 15:56:10 117.3 157.5 152.1
27/12/2007 15:56:40 116.7 157.7 152.1
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Date Time OutFront(C) OutTop(C) OutMid(C)
27/12/2007 15:57:10 116.9 158.1 152.4
27/12/2007 15:57:40 116.5 158.2 152.4
27/12/2007 15:58:10 116.1 158.1 152.6
27/12/2007 15:58:40 116.1 157.7 152.3
27/12/2007 15:59:10 116.5 157.4 151.9
27/12/2007 15:59:40 117.2 156.9 1514
27/12/2007 16:00:10 117.4 156.4 150.9
27/12/2007 16:00:40 116.7 156.4 151
27/12/2007 16:01:10 116.1 156.4 151.1
27/12/2007 16:01:40 115.2 156.6 1514
27/12/2007 16:02:10 114.8 156.7 151.3
27/12/2007 16:02:40 114.7 156.4 151
27/12/2007 16:03:10 115.1 156.6 151
27/12/2007 16:03:40 115.3 156.6 151.2
27/12/2007 16:04:10 115.6 156.7 151.2
27/12/2007 16:04:40 1154 156.6 151
27/12/2007 16:05:10 115.3 156.6 151
27/12/2007 16:05:40 115.6 156.4 151
27/12/2007 16:06:10 116.3 156.3 151
27/12/2007 16:06:40 116.5 156.2 151.2
27/12/2007 16:07:10 116.7 156.2 151.1
27/12/2007 16:07:40 1171 156.3 151.2
27/12/2007 16:08:10 116.8 156.2 151.1
27/12/2007 16:08:40 116.6 156.1 150.9
27/12/2007 16:09:10 116.6 156.2 150.9
27/12/2007 16:09:40 116.8 156 150.9
27/12/2007 16:10:10 116.4 155.7 150.7
27/12/2007 16:10:40 115.9 155.7 150.5
27/12/2007 16:11:10 1151 155.3 150.2
27/12/2007 16:11:40 114.3 154.7 149.7
27/12/2007 16:12:10 114 154.3 149.2
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Date Time OutFront(C) OutTop(C) OutMid(C)
27/12/2007 16:12:40 115 154.3 149.1
27/12/2007 16:13:10 1154 154.5 149.2
27/12/2007 16:13:40 115.7 154.7 149.3
27/12/2007 16:14:10 115.7 154.7 149.4
27/12/2007 16:14:40 116.1 154.5 149.3
27/12/2007 16:15:10 116.7 154.6 149.2
27/12/2007 16:15:40 1171 154.6 149.1
27/12/2007 16:16:10 117.2 154.5 148.9
27/12/2007 16:16:40 117.4 154.5 149
27/12/2007 16:17:10 117.4 154.9 149.3
27/12/2007 16:17:40 1171 154.9 149.3
27/12/2007 16:18:10 116.5 154.7 149.3
27/12/2007 16:18:40 115.7 154.8 149.3
27/12/2007 16:19:10 115.7 154.7 149.3
27/12/2007 16:19:40 115.8 154.5 149.3
27/12/2007 16:20:10 115.2 154.2 149
27/12/2007 16:20:40 115.7 154.2 149.1
27/12/2007 16:21:10 116.4 154.4 149.4
27/12/2007 16:21:40 116.7 154.8 149.7
27/12/2007 16:22:10 17 154.8 149.8
27/12/2007 16:22:40 116.3 154.8 149.7
27/12/2007 16:23:10 115.8 154.7 149.6
27/12/2007 16:23:40 115.8 154.8 149.6
27/12/2007 16:24:10 115.9 154.7 149.5
27/12/2007 16:24:40 116 154.2 149
27/12/2007 16:25:10 115.9 154 148.7
27/12/2007 16:25:40 115.5 153.5 148.2
27/12/2007 16:26:10 114.8 153 147.7
27/12/2007 16:26:40 114 152.7 147.6
27/12/2007 16:27:10 113.1 152.6 147.5
27/12/2007 16:27:40 112.6 152.7 147.6
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Date Time OutFront(C) OutTop(C) OutMid(C)
27/12/2007 16:28:10 112.6 152.9 148
27/12/2007 16:28:40 113.1 153.1 148.3
27/12/2007 16:29:10 113.7 153.3 148.4
27/12/2007 16:29:40 114.2 153.3 148.3
27/12/2007 16:30:10 115.2 153.3 148
27/12/2007 16:30:40 115.6 153.3 147.9
27/12/2007 16:31:10 115.5 153.1 147.6
27/12/2007 16:31:40 114.8 152.8 147 .4
27/12/2007 16:32:10 114.7 152.3 146.9
27/12/2007 16:32:40 114.4 152 146.7
27/12/2007 16:33:10 114 151.6 146.3
27/12/2007 16:33:40 113.7 151.7 146.3
27/12/2007 16:34:10 113.5 151.9 146.3
27/12/2007 16:34:40 113.8 152.6 146.8
27/12/2007 16:35:10 114.3 153.4 147.3
27/12/2007 16:35:40 114.4 153.6 147.7
27/12/2007 16:36:10 115.1 153.6 147.9
27/12/2007 16:36:40 115.5 153.7 148.2
27/12/2007 16:37:10 116.1 153.7 148.2
27/12/2007 16:37:40 116.1 153.7 148.3
27/12/2007 16:38:10 116.1 153.9 148.4
27/12/2007 16:38:40 116.1 153.8 148.4
27/12/2007 16:39:10 116 153.8 148.3
27/12/2007 16:39:40 116.2 153.6 147.9
27/12/2007 16:40:10 116.1 153.5 147.9
27/12/2007 16:40:40 116 153.3 147.8
27/12/2007 16:41:10 116 153.1 147.7
27/12/2007 16:41:40 116.3 152.9 147.5
27/12/2007 16:42:10 116.6 152.7 147.2
27/12/2007 16:42:40 116.4 152.4 147 1
27/12/2007 16:43:10 116.5 152.9 147.5
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Date Time OutFront(C) OutTop(C) OutMid(C)
27/12/2007 16:43:40 117 153.4 148
27/12/2007 16:44:10 117.3 153.7 148.4
27/12/2007 16:44:40 117.3 153.9 148.7

Date Time OutFront(C) | OutTop(C) | OutMid(C)

27/12/2007 | 16:45:10 117.6 154 148.8

27/12/2007 | 16:45:40 117.3 154 148.7

27/12/2007 | 16:46:10 116.8 153.9 148.6

27/12/2007 | 16:46:40 116.6 153.6 148.4

27/12/2007 | 16:47:10 116.2 153.4 148.2

27/12/2007 | 16:47:40 115.7 153 148

27/12/2007 | 16:48:10 116 152.9 147.8

27/12/2007 | 16:48:40 116.4 153 147.6

27/12/2007 | 16:49:10 116.5 153.1 147.6

Max
Value At Time Min Value | At Time

OutFront(C) 119.6 | 27/12/2007 15:45:40 112.6 | 27/12/2007 16:27:40

OutTop(C) 1568.2 | 27/12/2007 15:57:40 151.6 | 27/12/2007 16:33:10

OutMid(C) 152.6 | 27/12/2007 15:58:10 146.3 | 27/12/2007 16:33:10

FnLade

OutFront(C) | 116.207

OutTop(C) | 155.0195

OutMid(C) | 149.6211
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Electrical Heater
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Hot Air Return
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Refrigerant
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Fresh Air
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MARNUIN 3

19N 1 UAAINITTELIELANG UMY RTIAGNI89ATIATWIIAATN MATLAB uazAfildannsdn

] q

SREEN Matlab | HA&FN9 Error
a1 | 10818 | 107.05 113 | 1.044555
a2 | 14964 151 | 136 | -0.90885
a3 | 14885 | 141.72 7.13 | 4790057
a4 | 15502 | 14172 13.3 | 8.579538
a5 | 149.62 151 | 138 | -0.92234
a6 | 11621 107.05 9.16 | 7.882282

;19797 2 U@ANITTILTE UAg M) RABIUNAT 8, 12, UaT 15

0.08325 | U@ 8 | wpan 12 | uaan 15

1 90.62 113.05 146.84

2 92.71 119.32 152.52

3 94.56 124.22 156.7

4 96.23 128.05 159.82

5 97.7 131.05 162.17

6 99.01 133.41 163.95

7 100.15 135.27 165.32

8 101.14 136.76 166.38

9 101.99 137.94 167.21

10 102.71 138.89 167.86

11 103.33 139.65 168.37

12 103.85 140.26 168.77

13 104.29 140.76 169.09

14 104.65 141.15 169.34

15 104.95 141.47 169.54

16 105.19 141.72 169.7

17 105.38 141.91 169.82

18 1056.52 142.05 169.91




0.08325 Lm'ﬁll 8 LLO"J‘ﬁI 12 LLO"J‘ﬁI 15
19 105.61 142.15 169.97
20 105.67 142.21 170.01
21 105.69 142.23 170.02
22 105.67 142.22 170.02
23 105.61 14217 169.99
24 105.51 142.08 169.94
25 105.37 141.95 169.86
26 105.18 141.78 169.76
27 104.93 141.56 169.63
28 104.62 141.28 169.47
29 104.25 140.93 169.26
30 103.79 140.51 169.01
31 103.23 139.99 168.7
32 102.56 139.37 168.33
33 101.76 138.61 167.88
34 100.81 137.7 167.32
35 99.68 136.6 166.65
36 98.33 135.27 165.82
37 96.74 133.66 164.81
38 94.85 131.71 163.56
39 92.64 129.34 162.02
40 90.03 126.46 160.08
41 87 122.95 157.63
42 83.46 118.67 154.5
43 79.39 113.44 150.44
44 74.72 107.05 145.1
45 69.44 99.27 137.92
46 63.54 89.87 128.1
47 57.06 78.66 114.42
48 50.07 65.61 95.24
49 42.71 50.95 68.9
50 35.15 35.3 35.65

60



61

AN3799 3 LAANNIFLLFHLWLLIAN Ta = 25-35°C NELANa1L WAITNNANNUINANLAN a1 THLUI LN X

LazAn k = 0.08325 W/m-K

0.08325 25 28 30 33 89
611 108.02 109.53 110.54 112.04 113.05
612 114.67 116.06 116.99 118.39 119.32
613 119.86 121.16 122.04 123.34 124.22
614 123.9 125.15 125.98 127.22 128.05
615 127.07 128.27 129.06 130.25 131.05
616 129.56 130.72 131.49 132.64 133.41
617 131.53 132.65 133.4 134.53 135.27
618 133.09 134.19 134.92 136.02 136.76
619 134.33 135.41 136.14 137.22 137.94
620 135.33 136.4 137.11 138.18 138.89
621 136.13 137.18 137.89 138.95 139.65
622 136.77 137.82 138.52 139.57 140.26
623 137.29 138.33 139.02 140.06 140.76
624 137.7 138.74 139.43 140.46 141.15
625 138.03 139.06 139.75 140.78 141.47
626 138.29 139.32 140 141.03 141.72
627 138.49 139.52 140.2 141.23 141.91
628 138.64 139.66 140.35 141.37 142.05
629 138.74 139.76 140.45 141.47 142.15
630 138.8 139.83 140.51 141.53 142.21
631 138.82 139.85 140.58 141.55 142.23
632 138.81 139.83 140.51 141.54 142.22
633 138.75 139.78 140.46 14149 14247
634 138.66 139.69 140.37 141.4 142.08
635 138.52 139.55 140.24 141.27 141.95
636 138.34 139.37 140.06 141.09 141.78
637 138.1 139.14 139.83 140.87 141.56
638 137.8 138.85 139.54 140.58 141.28
639 137.44 138.48 139.18 140.23 140.93
640 136.98 138.04 138.75 139.8 140.51
641 136.44 137.5 138.22 139.28 139.99




0.08325 25 28 30 33 35
642 135.77 136.85 137.57 138.65 139.37
643 134.97 136.06 136.79 137.88 138.61
644 134 135.11 135.85 136.96 137.7
645 132.83 133.96 134.72 135.85 136.6
646 131.42 132.57 133.34 134.5 135.27
647 129.71 130.89 131.68 132.87 133.66
648 127.64 128.86 129.67 130.89 131.71
649 12513 126.39 127.23 128.5 129.34
650 122.07 123.39 124.26 125.58 126.46
651 118.35 119.73 120.65 122.03 122.95
652 113.8 115.26 116.24 117.69 118.67
653 108.25 109.8 110.84 112.4 113.44
654 101.47 103.14 104.26 105.93 107.05
655 93.21 95.03 96.24 98.06 99.27
656 83.23 85.22 86.55 88.54 89.87
657 71.34 73.53 75 77.19 78.66
658 57.48 59.92 61.55 63.98 65.61
659 41.93 44.63 46.44 49.14 50.95
660 25.32 28.32 30.31 33.31 35.3
AN3197 4 uanensFeuFenen k = 0.0045-0.09 W/m-K
35-50 0.0045 0.009 0.0135 0.018 0.0225 0.027 0.0315
611 137.42 127.52 123.09 120.56 118.93 117.79 116.94
612 140.96 132.08 128.15 125.92 124.48 123.48 122.73
613 143.66 135.6 132.07 130.08 128.79 127.9 127.24
614 145.74 138.31 135.1 133.3 132.14 131.34 130.75
615 147.32 140.41 137.45 135.81 134.76 134.03 133.49
616 148.55 142.04 139.29 137.77 136.8 136.13 135.64
617 149.49 143.31 140.73 139.31 138.41 137.79 137.33
618 150.22 144.3 141.86 140.53 139.68 139.1 138.67
619 150.79 145.09 142.76 141.49 140.69 140.14 139.74
620 151.23 145.71 143.47 142.26 141.5 140.97 140.59
621 151.57 146.2 144.04 142.87 14214 141.64 141.27
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35-50 0.0045 0.009 0.0135 0.018 0.0225 0.027 0.0315
622 151.83 146.58 144.49 143.36 142.66 14217 141.82
623 152.02 146.89 144.85 143.75 143.07 142.6 142.26
624 152.16 147.12 145.13 144.06 143.4 142.94 142.61
625 1562.26 147.3 145.35 144.31 143.66 143.21 142.89
626 1562.31 147.43 145.52 144.49 143.86 143.42 143.11
627 1562.33 147.52 145.64 144.63 144.01 143.58 143.27
628 1562.32 147.57 145.72 144.73 14411 143.69 143.39
629 1562.28 147.59 145.76 144.78 144.18 143.77 143.47
630 152.2 147.57 145.77 144.81 144.21 143.8 143.51
631 152.09 147.52 145.74 144.79 144.2 143.8 143.51
632 151.95 147.44 145.68 144.74 144.16 143.77 143.48
633 151.77 147.32 145.58 144.66 144.09 143.7 143.41
634 151.54 147.16 145.45 144.54 143.97 143.59 143.31
635 151.27 146.96 145.27 144.37 143.82 143.44 143.16
636 150.95 146.71 145.05 14417 143.62 143.24 142.97
637 150.57 146.4 144.77 143.9 143.36 143 142.73
638 150.12 146.03 144.43 143.58 143.05 142.69 142.43
639 149.59 145.59 144.03 143.19 142.67 142.32 142.06
640 148.96 145.06 143.53 142.72 142.21 141.86 141.61
641 148.23 144.43 142.94 142.15 141.65 141.32 141.07
642 147.37 143.69 142.24 141.47 140.98 140.66 140.42
643 146.35 142.8 141.4 140.65 140.18 139.86 139.63
644 145.16 141.74 140.39 139.66 139.21 138.91 138.68
645 143.76 140.48 139.18 138.49 138.05 137.76 137.54
646 142.11 138.97 137.74 137.07 136.66 136.38 136.17
647 140.15 137.18 136 135.37 134.98 134.71 134.52
648 137.82 135.03 133.92 133.33 132.96 132.7 132.52
649 135.06 132.45 131.41 130.86 130.51 130.27 130.1
650 131.76 129.34 128.38 127.87 127.55 127.33 12717
651 127.8 125.59 124.71 124.24 123.95 123.75 123.6
652 123.05 121.06 120.26 119.84 119.57 119.39 119.26
653 117.33 115.56 114.85 114.47 114.24 114.08 113.96
654 110.42 108.89 108.28 107.95 107.74 107.6 107.5
655 102.11 100.82 100.31 100.03 99.86 99.74 99.65

63



35-50 0.0045 0.009 0.0135 0.018 0.0225 0.027 0.0315
656 92.17 91.12 90.71 90.48 90.34 90.24 90.17
657 80.4 79.61 79.29 79.12 79.02 78.95 78.89
658 66.78 66.25 66.03 65.92 65.85 65.8 65.76
659 51.54 51.27 51.16 51.11 51.07 51.05 51.03
660 35.31 35.31 35.31 35.31 35.31 35.3 35.3

35-50 0.036 0.0405 0.045 0.0495 0.054 0.0585 0.063
611 116.29 116.77 1156.35 115 114.71 114.46 114.24
612 122.16 121.71 121.34 121.03 120.77 120.56 120.37
613 126.73 126.33 126 125.73 125.51 125.31 125.14
614 130.29 129.93 129.64 129.4 129.2 129.02 128.87
615 133.08 132.75 132.49 132.27 132.08 131.93 131.79
616 135.26 134.96 134.72 134.52 134.35 134.21 134.09
617 136.98 136.71 136.48 {£e16.8 136.14 136.01 135.9
618 138.35 138.09 137.88 137.71 137.57 137.44 137.34
619 139.43 139.19 138.99 138.83 138.7 138.58 138.48
620 140.3 140.07 139.89 139.73 139.61 139.5 139.4
621 141 140.78 140.6 140.46 140.33 140.23 140.14
622 141.56 141.34 141.18 141.04 140.92 140.82 140.73
623 142 141.8 141.64 141.5 141.39 141.29 141.21
624 142.36 142.16 142.01 141.87 141.77 141.67 141.59
625 142.65 142.45 142.3 14217 142.06 141.97 141.9
626 142.87 142.68 142.53 142.4 142.3 142.21 142.13
627 143.04 142.85 142.7 142.58 142.48 142.39 142.32
628 143.16 142.98 142.83 142.71 142.61 142.53 142.45
629 143.24 143.06 142.92 142.8 142.7 142.62 142.55
630 143.28 143.11 142.97 142.85 142.75 142.67 142.6
631 143.29 143.12 142.98 142.86 142.77 142.69 142.62
632 143.26 143.09 142.95 142.84 142.75 142.67 142.6
633 143.2 143.03 142.9 142.78 142.69 142.61 142.54
634 143.1 142.93 142.8 142.69 142.6 142.52 142.45
635 142.95 142.79 142.66 142.55 142.46 142.38 142.32
636 142.77 142.61 142.48 142.37 142.28 142.2 142.14
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35-50 0.036 0.0405 0.045 0.0495 0.054 0.0585 0.063
637 142.53 142.37 142.24 142.14 142.05 141.97 141.91
638 142.23 142.08 141.95 141.85 141.76 141.69 141.62
639 141.87 141.71 141.59 141.49 141.41 141.33 141.27
640 141.42 141.27 141.15 141.05 140.97 140.9 140.84
641 140.89 140.74 140.62 140.53 140.44 140.38 140.32
642 140.24 140.1 139.98 139.89 139.81 139.74 139.68
643 139.46 139.32 139.21 139.12 139.04 138.97 138.92
644 138.51 138.38 138.27 138.19 138.11 138.05 138
645 137.38 137.25 137.15 137.07 136.99 136.93 136.88
646 136.02 135.89 135.8 135.71 135.65 135.59 135.54
647 134.37 134.25 134.16 134.08 134.02 133.96 133.91
648 132.38 132.27 132.18 132.11 132.05 131.99 131.95
649 129.97 129.87 129.78 129.71 129.66 129.61 129.57
650 127.04 126.95 126.87 126.81 126.76 126.71 126.67
651 123.49 123.4 123.33 123.27 123.22 123.18 123.15
652 119.15 119.08 119.01 118.96 118.91 118.88 118.84
653 113.87 113.8 113.74 113.69 113.65 113.62 113.59
654 107.42 107.36 107.31 107.27 107.24 107.21 107.18
655 99.58 DO 99.49 99.46 99.43 99.4 99.38
656 90.12 90.08 90.05 90.02 90 89.98 89.96
657 78.85 78.82 78.8 78.77 78.76 78.74 78.73
658 65.74 65.72 65.7 65.69 65.67 65.66 65.65
659 51.01 51 50.99 50.99 50.98 50.98 50.97
660 35.3 35.3 35.3 & % 356.3 35.3 35.3

35-50 0.0675 0.072 0.0765 0.081 0.0855 0.09
611 114.06 113.89 113.74 113.61 113.49 113.39
612 120.2 120.05 119.93 119.81 119.71 119.61
613 125 124.87 124.75 124.65 124.56 124.48
614 128.74 128.63 128.53 128.43 128.35 128.28
615 131.67 131.57 131.48 131.4 131.32 131.26
616 133.98 133.88 133.8 133.73 133.66 133.6
617 135.8 135.71 135.64 135.57 135.51 135.45
618 137.25 137.16 137.09 137.03 136.97 136.92
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35-50 0.0675 0.072 0.0765 0.081 0.0855 0.09
619 138.4 138.32 138.26 138.2 138.14 138.09
620 139.32 139.25 139.19 139.13 139.08 139.03
621 140.06 139.99 139.93 139.88 139.83 139.79
622 140.66 140.59 140.54 140.48 140.44 140.4
623 141.14 141.07 141.02 140.97 140.92 140.88
624 141.52 141.46 141.41 141.36 141.32 141.28
625 141.83 141.77 141.72 141.67 141.63 141.59
626 142.07 142.01 141.96 141.91 141.87 141.84
627 142.25 142.2 142.15 1421 142.06 142.02
628 142.39 142.33 142.28 142.24 142.2 14217
629 142.48 142.43 142.38 142.34 142.3 142.26
630 142.54 142.48 142.44 142.39 142.36 142.32
631 142.56 142.5 142.46 142.41 142.38 142.34
632 142.54 142.49 142.44 142.4 142.36 142.33
633 142.48 142.43 142.39 142.34 142.31 142.27
634 142.39 142.34 142.29 142.25 142.22 142.19
635 142.26 142.21 142.16 142.12 142.09 142.06
636 142.08 142.03 141.99 141.95 141.91 141.88
637 141.85 141.81 141.76 141.72 141.69 141.66
638 141.57 141.52 141.48 141.44 141.41 141.38
639 141.22 141.17 141.13 141.09 141.06 141.03
640 140.79 140.74 140.7 140.66 140.63 140.6
641 140.27 140.22 140.18 140.14 140.11 140.08
642 139.63 139.59 139.55 139.52 139.48 139.46
643 138.87 138.83 138.79 138.76 138.73 138.7
644 137.95 137.91 137.87 137.84 137.81 137.78
645 136.84 136.8 136.76 136.73 136.7 136.68
646 135.5 135.46 135.42 135.39 135.37 135.34
647 133.87 133.84 133.81 133.78 133.75 133.73
648 131.91 131.88 131.85 131.82 131.8 131.77
649 129.53 129.5 129.47 129.44 129.42 129.4
650 126.64 126.61 126.58 126.56 126.54 126.52
651 123.11 123.09 123.06 123.04 123.02 123.01
652 118.82 118.79 118.77 118.75 118.73 118.72
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35-50 0.0675 0.072 0.0765 0.081 0.0855 0.09
653 113.57 113.55 113.53 113.51 113.49 113.48
654 107.16 107.14 107.13 107.11 107.1 107.08
655 99.36 99.35 99.33 99.32 99.31 99.3
656 89.94 89.93 89.92 89.91 89.9 89.89
657 78.72 78.71 78.7 78.69 78.68 78.68
658 65.65 65.64 65.63 65.63 65.62 65.62
659 50.97 50.96 50.96 50.96 50.96 50.95
660 35.3 35.3 &15.8 35.3 3518 35.3

AN379% 5 LaAaN13LFauiisFn K = 0.0045-0.09 W/m-K fiansaunnanuuida i

RN AUALANINIIS A3

633 Wumnuwmda

35-50 0.0045 0.009 0.0135 0.018 0.0225 0.027 0.0315
633 151.77 147.32 145.58 144.66 144.09 143.7 143.41
35-50 0.036 0.0405 0.045 0.0495 0.054 0.0585 0.063
633 143.2 143.03 142.9 142.78 142.69 142.61 142.54
35-50 0.0675 0.072 0.0765 0.081 0.0855 0.09

633 142.48 142.43 142.39 142.34 142.31 142.27

A13719% 6 waead Nl Indln e Faumsua NN et wlawia

0.045 50 100 150 200
611 123.85 127.84 131.38 134.54
612 130.43 133.94 137.06 139.86
613 135.56 138.68 141.46 143.97
614 139.57 142.37 144.88 147.15
615 142.71 145.25 147.54 149.63
616 145.18 147.5 149.62 151.56
617 14713 149.28 151.25 163.07
618 148.67 150.69 1562.54 154.26
619 149.91 151.81 1563.57 155.2
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0.045 50 100 150 200
620 150.9 1562.7 154.38 1565.95
621 151.69 1563.42 1565.04 156.55
622 152.33 154 1565.55 157.02
623 152.84 154.45 1565.97 157.39
624 1563.25 154.82 156.3 157.69
625 153.58 155.11 156.55 157.91
626 153.84 155.33 156.75 158.09
627 154.03 155.5 156.89 1568.21
628 154.17 155.62 156.99 158.28
629 154.27 155.69 157.04 158.32
630 154.33 155.73 157.06 158.32
631 154.34 155.72 157.03 158.28
632 154.31 155.68 156.97 158.2
633 154.25 155.59 156.87 158.08
634 154.14 165.47 156.73 157.92
635 153.99 155.3 156.54 157.72
636 153.78 155.07 156.3 157.46
637 1563.52 154.79 156 157.14
638 1563.2 154.45 1565.63 156.75
639 152.8 154.03 155.18 156.28
640 1562.32 153.51 154.64 166.72
641 151.73 152.9 154 1565.04
642 151.02 152.16 153.23 164.24
643 150.16 151.26 152.3 163.28
644 149.13 150.19 151.2 152.14
645 147.89 148.91 149.87 1560.78
646 146.39 147.36 148.28 149.15
647 144.58 145.51 146.38 147.2
648 142.39 143.26 144.09 144.87
649 139.74 140.56 141.33 142.06
650 136.52 137.28 137.99 138.67
651 132.6 133.3 133.96 134.57
652 127.83 128.46 129.05 129.61
653 122 122.56 123.09 123.59
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0.045 50 100 150 200
654 114.9 1156.39 115.84 116.27
655 106.26 106.67 107.05 107.42
656 95.82 96.15 96.47 96.76
657 83.39 83.64 83.88 84.1
658 68.92 69.09 69.25 69.4
659 52.68 52.76 52.85 52.92
660 35.35 35.35 35.35 35.35
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1397 7 wanenisnfzauinauANnaeeuulaufogamninsumialuun 640 Iaefie k = 0.045

W/m-K
0.045 50 100 150 200
640 152.32 153.51 154.64 155.72

1397 8 uassdnenuclisiidrasgnuuniingBFaufiaumudNR LS 1a9RUINIE 9 Air Gap 331

HMANT899 THNABLA U Glass wool

No Air Gap - No Glass No Air Gap - Glass Air Gap - No Glass Air Gap - Glass
0.08325

Wool Wool Wool Wool
611 103.4 106.3 111.28 113.55
612 110.86 113.41 17.77 119.76
613 116.77 119.02 122.85 124.61
614 121.45 123.43 126.83 128.39
615 125.15 126.91 129.95 131.36
616 128.09 129.67 132.41 133.69
617 130.42 131.86 134.36 135.54
618 132.29 133.6 135.91 137
619 133.8 135 137.15 138.17
620 135 136.13 138.14 139.1
621 135.98 137.04 138.94 139.85
622 136.77 137.77 139.59 140.46
623 137.41 138.37 140.11 140.95
624 137.93 138.85 140.52 141.34
625 138.34 139.23 140.86 141.65
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No Air Gap - No Glass No Air Gap - Glass Air Gap - No Glass Air Gap - Glass
0.08325

Wool Wool Wool Wool
626 138.68 139.54 141.12 141.89
627 138.94 139.78 141.33 142.08
628 139.14 139.96 141.48 142.22
629 139.3 1401 141.59 142.32
630 139.4 140.19 141.66 142.37
631 139.47 140.24 141.69 142.39
632 139.49 140.26 141.68 142.38
633 139.48 140.23 141.64 142.33
634 139.43 140.17 141.56 142.24
635 139.34 140.07 141.44 14211
636 139.2 139.92 141.27 141.93
637 139.02 139.73 141.06 141.71
638 138.78 139.48 140.78 141.42
639 138.48 139.17 140.45 141.07
640 138.11 138.78 140.03 140.65
641 137.65 138.31 139.53 140.13
642 137.08 137.72 138.92 139.5
643 136.39 137.02 138.17 138.74
644 135.55 136.16 137.28 137.82
645 134.53 135.11 136.19 136.72
646 133.28 133.84 134.88 135.38
647 131.77 132.3 133.28 133.76
648 129.92 130.42 131.35 131.81
649 127.66 128.14 129.01 129.43
650 124.9 125.34 126.15 126.55
651 121.52 121.92 122.67 123.03
652 117.37 117.74 118.41 118.74
653 112.28 112.61 113.21 113.5
654 106.04 106.33 106.85 107.1
655 98.42 98.66 99.1 99.32
656 89.18 89.37 89.73 89.9
657 78.14 78.29 78.56 78.69
658 65.26 65.36 65.54 65.63
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No Air Gap - No Glass No Air Gap - Glass Air Gap - No Glass Air Gap - Glass
0.08325
Wool Wool Wool Wool
659 50.77 50.82 50.91 50.96
660 35.3 35.3 35.3 35.3

19797 9 uamsaneuzllsindesgaumgilnefseumaurdnlss@nanianimanniat = 10-80

wW/m” -K

35 10 20 40 60 80

636 14179 | 141.78 | 14178 | 14178 | 141.78
637 14156 | 14156 | 14156 | 14156 | 14155
638 141.29 | 14128 | 14128 | 14127 | 14127
639 140.94 | 140.93 | 140.93 | 14093 | 140.93
640 14052 | 140.51 140.5 140.5 140.5
641 140 | 139.99 | 139.99 | 139.99 | 139.99
642 139.38 | 139.37 | 139.36 | 139.36 | 139.36
643 138.63 | 138.61 138.6 138.6 138.6
644 137.72 137.7 | 137.69 | 13769 | 137.69
645 136.62 1366 | 136.59 | 136.58 | 136.58
646 135.3 | 13527 | 13525| 13525 135.25
647 13369 | 13366 | 13364 | 13363 | 133.63
648 131.75 | 131.71| 13168 | 13168 | 13167
649 129.39 | 129.34 | 129.31 129.3 129.3
650 126.52 | 126.46 | 126.43 | 126.42 [ 126.41
651 123.03 | 122,95 | 122.91 122.9 | 122.89
652 118.76 | 11867 | 11862 | 118.61 118.6
653 11355 | 11344 | 113.38 | 113.36 | = 113.35
654 10718 | 107.05| 106.98 | 106.96 | 106.94
655 99.43 99.27 99.18 99.16 99.14
656 90.06 89.87 89.77 89.73 89.72
657 78.89 78.66 78.54 78.5 78.48
658 65.87 65.61 65.47 65.43 65.41
659 51.24 50.95 50.8 50.75 50.73
660 35.61 35.3 35.15 35.1 35.08




19797 10 uansanenuzllsndresgnnilnensauiiaus Tg = 198°C Aiu Tg = 215°C

0.08325 198 215
611 113.05 121.27
612 119.32 128.16
613 124.22 133.56
614 128.05 137.78
615 131.05 141.1
616 133.41 143.7
617 135.27 145.77
618 136.76 147.41
619 137.94 148.72
620 138.89 149.77
621 139.65 150.62
622 140.26 151.3
623 140.76 151.85
624 141.15 152.29
625 141.47 152.64
626 141.72 152.92
627 141.91 183113
628 142.05 1563.29
629 142.15 153.41
630 142.21 1563.47
631 142.23 153.5
632 142.22 153.48
633 14217 1563.43
634 142.08 153.33
635 141.95 15319

0.08325 198 215
636 141.78 153
637 141.56 1562.75
638 141.28 152.44
639 140.93 152.06
640 140.51 151.59
641 139.99 151.02
642 139.37 150.33
643 138.61 149.49
644 137.7 148.48
645 136.6 147.26
646 135.27 145.79
647 133.66 144.01
648 131.71 141.85
649 129.34 139.23
650 126.46 136.05
651 122.95 13217
652 118.67 127.44
653 113.44 121.66
654 107.05 114.6
655 99.27 106
656 89.87 95.62
657 78.66 83.24
658 65.61 68.82
659 50.95 52.63
660 35.3 35.34
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AMMARNUIN

ANNITNITINRDILULNIIANAAIEASH LE bulilsunsy MATLAB

Ao

X K( Ay K ( Ax U
U (Ay + Ax) h_h - T AV + A
( y+ X X+AyJ i, Z(AX i+1,j (ij 2( y+ X)Ta
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2
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N |-

T ..-T. I AXYT o -T
U (AV)T T k i, j+1 ij k(A i+, i j k ij-1 VI !
Uy, )+(2)( Ay j+(y AX j+(2j( Ay j
K[ AX Ay  AX Ay AX
222 Ay)+k T =K== T, -k — T =U(A
Z(ij i,j+l [ ( y)+ (AX ij] (AX] i+1,] (AVJ Lj-1 ( y)Ta

)

T .,. =T . I A T.,.-T . T =T
k(Ay)['l" "‘J+k(Ax{"J+l "’]+k(Ay)('”" "’]jtk(Ax)["‘1 "‘J:O
AX Ay AX Ay
K| 2X im+k(ﬂjn_l. _| o BY A i.+k(ﬂ)ﬂﬂ. Y e, Ay
Ay )" Ax ) ! AX Ay )M Ax) Ay ) ™

T. —-T . T..-T . T..-T .
k(Ay i1, j ij +k(AXj i, j+l ij +(Ay)ha(Ta_Tij)+k(AXj ij-1 ij ~0
AX 2 Ay ' 2 Ay

k{ AX Ay Ay  AX k{ AX
———rr.. KT+ K 2R | (AayFhA) T - 2T
2 (Ay i, j+1 (ij i-1,j +( [AX + ij_l_( y )] i,]j 2 (Ay] i,j-1

= (Ay *hAJT,
(6)
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MARNUIN R

wuAwnsauldswnsnlaaldas “Jacobi”

EFY

Y

NMUAAIAIULIANT 11 Ta,Tg,Tr,delx,

dely,hA k L1

\

(‘

fnzAuanslae 19U sunssn MATLAB Aqgl

) xnew + 1
Jacobi Method

1 (xnew-xold) <= 0.001

BAAINA
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NANUIN o

RAaagi9N1sLaaullsunsn MATLAB (Sample Source Code)

function x = Jacobi_f(A, b, x0, tol, max)

% Solution of the system of linnear equatiion
% Ax =D

% using iterative Jacobi algorithm

% Inputs :

% A coefficient matrix (n-by-n)

% b right-hand side (n-by-1)

% x0 initial solution (n-by-1)

% tol stop if norm of change in x < tol.
% max maximum number of iterations
% Outputs :

% X solution vecter (n-by-1)

%% % % % %% % % %0 %o %0 %0 %o % % %o %0 %0 Yo %0 %0 %o %o %0 Yo %o %o %o %0 %o Yo %o %0 Yo %o %o Yo %o %o Yo %o % Yo %o % Yo %o % Yo

delx =0.1; % (m)

dely =0.1; % (m)

Ta = 35; % Assumption temperature at atm. (C)

hA = 20;

Tg =198; % Combustion temperature (C)[471K]

k =38.728%(10"-3); % Thermal conductivity of air at 471K

Tr '=151; % At temperature return (C)

L1 =0.002; % At thickness of SUS. 2 mm.
k1 = 16.968; % Thermal conductivity of SUS.at 423K (150C)

L2 = 0.05; % At thickness of glass 50 mm.

k2 = 0.08325; % Thermal conductivity of glass wool
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.3 = 0.0005; % At thickness of SPG. 0.5 mm.
k3 = 115.85; % Thermal conductivity of SPG. at 303K (30C)
% k3 = 114.35; % Thermal conductivity of SPG. at 333K (60C)

L4 = 0.047; % At thickness of SPG. 47 mm.
k4 = 26.522*(10"-3); % Thermal conductivity of air at 303K (30C)
% k4 = 28.742*(10"-3); % Thermal conductivity of air at 333K (60C)

L5 = 0.0005; % At thickness of SPG. 0.5 mm.
k5 = 115.85; % Thermal conductivity of SPG. at 303K (30C)

% k5 = 114.35; % Thermal conductivity of SPG. at 333K (60C)

h6 = 10;

U = 1/((L1/k1)+(L2/k2)+(L3/k3)+(L4/k4)+(L5/k5)+(1/h6));

%% % % % % %0 % %0 % %o % %0 %0 %0 %0 %o % %o % %o %0 %o %0 %o %0 Yo %0 %0 %0 %o %0 %0 %0 %o %o %o %0 %o %0 Yo %0 %o %0 %o %0 %o %0 %o %o

A = [((1/2)*((U*(dely+delx))+(k*((dely/delx)+(delx/dely))))),-
((k/2)*(dely/delx)),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,-
((k/2)*(delx/dely)),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0;
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0.0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
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0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0;...

0,0,0,0,-((k/2)*(dely/delx)),((U*delx)+(k*((dely/delx)+(delx/dely)))),-
((k/2)*(dely/delx)),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,-
(k*(delx/dely)),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0;...
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0,0,0,0,0,-((k/2)*(dely/delx)),((U*delx)+(k*((dely/delx)+(delx/dely)))),-

((k/2)*(dely/delx)),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,-

(k*(delx/dely)),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0.0,0,0.,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.,0,0,0,0,0,0.,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0;...
0,0,0,0,0,0,-((k/2)*(dely/delx)), ((U*delx)+(k*((dely/delx)+(delx/dely)))),-

((k/2)*(dely/delx)),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,
(k*(delx/dely)),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0.0,0,0,0,0,00,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0;0.,0,0.0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,
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0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0;...
0,0,0,0,0,0,0,-((k/2)*(dely/delx)),((U*delx)+(k*((dely/delx)+(delx/dely)))) -

((k/2)*(dely/delx)),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,-
(k*(delx/dely)),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.,0,0,0,0,0,0,0,0,0,

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0;...
0,0,0,0,0,0,0,0,-((k/2)*(dely/delx)),((U*delx)+(k*((dely/delx)+(delx/dely)))),-
((k/2)*@dely/delx)),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,-
(k*(delx/dely)),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,



82

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0;...
0,0,0,0,0,0,0,0,0,-((k/2)*(dely/delx)),((U*delx)+(k*((dely/delx)+(delx/dely)))),-

0,0,0,0,0,0,0,0,0,-
(k*(delx/dely)),0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0;...

%% % % %% % %0 % %o %0 % %0 %0 % %0 %o %0 %0 %o %0 %0 %o %0 %0 Yo %0 %6 %o %0 %o %o %0 %o %o %0 %0 %o %0 %0 Yo %0 % Yo %o % Yo %o % Yo



b =[((U/2)*(dely+delx)*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);...
(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);...
(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);...
(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);...
(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);...
(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);...
(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);...
(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);...
(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);...
(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);...
(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);(U*delx*Ta);...
((1/2)*((dely*hA)+(U*delx))*Ta);...
(U*dely*Ta);0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
(U*dely*Ta);0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
Tr;0;0;0;0;0;0;0;0,0;0;0;0;0,0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
Tr;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
Tr;0;0;0;0;0;0,0;0,0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0:;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
(U*dely*Ta);0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
(U*dely*Ta);0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
(U*dely*Ta);0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
(U*dely*Ta);0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
(U*dely*Ta);0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
(U*dely*Ta);0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0:;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
(U*dely*Ta);0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
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(U*dely*Ta);0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
(U*dely*Ta);0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
(U*dely*Ta);0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
(U*dely*Ta);0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;(dely*hA*Ta);...
Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;Tg;1g;Tg; Tg;Tg;Tg;Tg; Tg; Tg; Tg:...

LcHIHIcHIHIcHIHIcHIHIcHIcHIcHIHIcHIHIcHIcHIcHIHIcHIcHIcHIHIcHIcHIe]}

x0 =[0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;. ..
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0,0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0,0;0;0,0,0;0;0;0,0;0,0;0;0;0;0;0,;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0,0;0;0;0;0;0,0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0,0;0;0;0;0;0;0;0;0;0;0;0;0;....
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;. ..
0;0;0;0;0;0;0;0;0;0;0,0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;....

0,;0;0,0;0;0;0;0;0,0;0,0;0;0,0;0;0,0;0;0;0;0;0;0;0;0;0,0;0;0;0,0;0,0;0;0;0;0,0;0;0;0;0;0;0;0;...
0;0;0,0;0,0;0,0;0,0;0;0;0;0,0,0;0;0;0,0;0;0;0;0,0;0;0;0;0;0;0;0;0;0;0;0;0;0,0;0;0;0;0;0;0;0;. ..
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0,0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;. ..
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;. ..
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0,0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;....
0;0;0;0;0;0;0;0;0;0;0;0;0;0,0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;...
0;0;0,0;0;0;0;0;0,0;0,0;0,0;0,0;0,0;0,0;0,0;0,0;0,0;0;0;0;0;0,0;0,0;0,0;0;0;0;0;0,0;0;0;0;0;. ..
0;0;0,0;0;0;0;0;0,0;0,0;0,0;0,0;0,0;0,0;0,0;0,0;0,0;0;0;0;0;0,0;0,0;0,0;0;0;0;0;0,;0;0;0;0;0;. ..
0;0;0,0;0;0;0;0;0,0;0,0;0;0,0;0;0;0;0,0;0;0;0,0;0;0;0;0;0;0;0;0;0;0;0;0;0;0,0;0;0;0;0;0;0;0;...
0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0]

tol = 0.001;
max = 5000;
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[n m] = size(A);
xold = x0;
C =-A
fori=1:n

C(i,i) = 0;

end

fori=1n

fori=1:n
di,)=b

end

while (i <=
xnew = C *
if norm(xnew-
X = Xnew;
format bank;
disp(* Jacobi metho
return;

else

UrnananasAsunu

i=i+1;

SRIRATUM UNIVERSITY

disp('results after maximum nummber of iterations');

X = new;
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AANUIN I

o [ [ % o [ ¥
SIENTAIUINADIUZNT LTNAINULIRIRTIAD LR AIREANE15YIIANLE UL LB

nsAuFunuANNsaunlaaslanaig Q (Exited Air)

a9 1

m= pou A
= (1.080524 kg/m’)(1.0 m/s)(0.155 m )*
= 0.026 kg/s
Q =m C,AT
= (0.026 kg/s)(1.007482 kJ/kg °C)(54-32) °C
= 0.5763 kJ/s
= 0.5763 kW

a7 2

m = oA
= (0.12358 kg/m’)(0.5m/s)(0.155 m )*
= 0.0014845 kg/s
Q = mcpAT
= (0.0014845 kg/s)(1.00669kJ/kg°C)(42-32) °C
=0.01494 kJ/s

=0.01494 kW
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yiaf 3

m:pumA

(1.048232 kg/m’)(3.2 m/s)(0.3 m )

0.30189 kg/s
Q =m C,AT
= (0.30189 kg/s)(1.008076 kJ/kg°C)(63-32) °C

=0.4342 kJ/s

=0.4342 kW

Q(394) = 0.5763 kW + 0.01494 kW + 9.4342 kW

=10.02 kW

o

A nnisAuamaNIsauen tddaAtlTNIsA N Feunlaesivaanguesainas Al

a9 1 = 0.5763 kW, 189 2 = 0.01494 kW, 7187 3 = 9.4342 kW, ANFa139: = 10.02 KW

v

nsAuanlsinuANNsaunaadldlun1saudzuaiu Q (Product)

8519178 0INIATHNUGIGA AN TTWINEUA 20 kg TaiTu@nsun g uazwiinignlunisuan
I e a o 42 4
19H1R9LFEN  IneaanIulEns 139 0.45 m/min 138 0.0075 m/s uar sveziduwInwAfaunnely
[ a [ dl o a a IQ‘I
glugABUAYINAL 10.8 m (2x5.4 m) A9 o 1A le) Melug TneARLAAT AW 33 AALTAUUATIINY
1110 20 kg Fasld 3 qauauaeii a0 1anelug I AeLAREHTUINUIUIA 20 kg TI9UNA 11

A’l d‘ 3| o ay dl dl 1 & al o aal/ 1 d’/ d‘ a
mumusﬁ\‘lLﬂummumuamwmﬂmm W 1N mﬂmmﬂu@‘immu@ mimmmu@guuwuﬁmwimm

% lﬂl v o o = a & a a dl 1 ° 1
ANNNFAUN LA ENIUA AL LL@%‘QMMQNﬂ’]ﬂA‘Lu‘QTNQﬂ@H@ LADETUAL AN LA RS ALY



m=( 22 615 kg
1440
Q = rhcpAT

= (0.15 kg/s)(0.45 kJ/kg°C)(137.92-32) °C

=7.15KkW

o I 2 a v a a . .
msmmmﬂﬁmmmﬁmﬂuwmaﬂ{ﬂumsmuqmugummﬁQ (Intake Air)

dunaNia (Mass Balance)
m(in) = m(out)
m(in) = m(out) = 0.026 kg/s + 0.0014845 kg/s + 0.30189 kg/s
=0.33 kg/s
Q = mcpAT
= (0.33 kg/s)(1.008 kJd/kg °C)(137.92-32) °C

= 35.23 kW

5u1iAnusauandninas Q (Heater)

Q (Heater) = 60 kW

ngAuauSnANNSaungn R unlialneAaud Q (Loss from Wall)

AINNITNANAAAINTDU

Q(loss — wall ) = Q (heater ) — Q(int ake — air ) — Q( products ) — Q (exited — air )

Q (Loss-Wall) = 60 kW - 35.23 kW - 7.15 kW - 10.02 kW = 7.6 kW

88
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N15ANRIULAZUSE LA UM ANEAIWNITUIANINSDULRIRUIU LEILLAQ LURN1IZLLRIAY

Q _ kA(Tl _Tz)
X
= &
A(Tl_TZ)

_ (7.6 kw)(0.05 mm)
(58.55m?)(410.92-333)K

=0.083 W/m-K

PUIEUUNR: ANENINNITENANFaNTedRw L e AR T uuudu e dadunty (Iud) HanTasilszunn

0.045 W/m-K
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MARNUIN

s 2 a a
NTRITEAUBANANUABIAUUNAN

NNIMNITAUAN9BITRI UMD H A UMUAT 1

Qf-ﬂnmﬁm

/ML(ATmnmi

149.62 - 116

NNTUITLAT

UmdnenasAsunu
SRIPATUM UNIVERSITY
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Q

a1 28
Uszinsiagiae
AT, ANAZ NAUNNA
29/06/2512
AUINFFTUNS
33 . 8gUaNA 0.4NERNT AULAI NTIVIN
7 o a = =i
2141581523 NATTIIAINTTULATRING
a -4 a [ P
ANMEAAINTTUANAAS NUNINENARATLNA

USyaian AAINssNAIERS A1AIIAINTINLATRING
University of Pittsburgh-Pittsburgh, PA, USA.

13 In AAINTTNANEAS F1UNAAINTTNLATRING

Bradley University-Peoria, IL, USA.
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