AANUIN 3

€ 1
MINAFHIUTUIIAUSUAIADULAULEDITOIUR
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MAKUIN & MSHATAURNTIOUUDIADINATDSTREUG

aaweMTaTInaus  Suatntiienulasuenfauivimihfistnuaadauanessivna
' £ 4 ] ot
ametwis Tnendueduiivdutaiamuitinlumsssnaensfoulinnmaalvaiu « senslsd
snmheawaugasneusiwifitsmensSoubivrasvaf rameluvia asvibesssou
L1 :lI | o g o A [l -y :A |28
sasgunsnluan/feouenadoutinBestinnmnuiidey  mdiuiRldimmesausussous
TRIPAUIMIE TNEMGTAmeIN uasnhuluwiniema tRefienhimiseyne iiussuhansdou

Fangusnifvelulasames

11 30USAIAUATTUAIUNMISHATLTNOSTULIDIATU AW LRI TOLIUG
:: o c: ) wr = 1{ 1 Lr
TummeasdluasdiRenseasindasmamuen dnledvsmsmememuiausu Overal
heat transfer coefficient) UatUTEAVBHG (Effectiveness) Ta4ADUAMIDITNLUS TIHVIIIIEIANM
o A aa X 4 clua 1».., a X a.‘i"".’el a o " cL
Fugnuiefifienu sazdwabiims iwdsnuisduanmsfiadalshlusan vefinuiivioyalu
1 o
fnsoreanuuLsaLy tie Widauslonigaamidde
Yaarld rauaulgaIIneue Eva Formula 2W10 23 99 x 14 57 1M 3 WHIRAWN

punsniuueYnsN leasidnemclassaddiail

ANHTIIIATLING® (L) = 125  mm
SresvTMTReauna (L) = 15  mm
auugasaILngs (V) = 6
svesAuRGenAnnduinmseiunga (S) = 265 mm
vusRuAGELITeRInSa (S.) = 25  mm
seuzAnuasnSnasy () = 20  mm
ssupvivTeviwia (( 7,) = 2075 mm
emunawia (7)) = 475 mm
AAVWIBIRaY (), ) = 012  mm
ANNYDIANYiD = 190 mm
anNvIYaYie = 08  mm
HTDUNIARTY = 2358 °

Foagliihah Wueuivines (Centrifagal) watisdulvhilanlvariu
apwaugassaemalaalfmne 05 wswh. 0.37 kW (no wax) laefigamsmaaassieqUit a1 Tums

NAROLTAVIAROLABMAWEBS TOLURGING? ALARGIgAMAFDLNEMAUITD S TOBUA IO aUR
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NN oSl (Auto oFen) w13t Tno-73 Budnd iive Tasdiads lusumisiitngunas
mtﬁmmm%auﬁamnﬁam FINNERTBUMEILTEINU 10 (BUFNGT tﬁan‘l‘iﬁmmm%'auqafjﬂ

Tumamassusiazeds sinsgniudie lineardovamensdauisugUfesaudiveu
SYINE (Natural flow) Tmanivpiiviaidaeflutag 100°C - 135°C Wasmhavaunssis
a_mmnuﬁ'uaqﬁm’m%ua:aan'qﬂmﬁau aqﬂuam?::ﬂajnﬁua (Steady state) Folfnmidueasos
thzann 45 wift Sednfudaysesnimniih-sanmaselaufuanition asaaudammslya
muhilou laraufivdayalusasaiahaimnn 10 Wi Nammassaaismmaf 1.5 B
e 4.8

TummasaLmemadusnasasmaseuanEaamsau arlat Ruedammsverani
Hounastiufinuashaemadufisls

rhdemnadenmineianssouse ﬂaa'qﬂnmﬁau@ﬁ laulfayaninms
VOBDMALTFUIUTINTE o s ArBmsthememsiawsin Overal heat transfer
coefficient) uavLsvAviENA (Effectiveness) Tavnamamisadsnene Aauufmufumssuama
$OUIABUIATD IO 3 wd uanhaflfmSeudieusamauaneidanms
VRADILRLNIANIH I NN Tﬂum'immmmmqwﬁa:‘l%m'iiaagam?iaﬁ&lé’mnmwmam

C Ay A a\lu o LG Y a
vhiitoyatn i nmsinssnsouan biviu lamsi 1.1

Automotive condenser

Pump Flow meter

Water tank

1 9.1 garamengadi Fummasad
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GTNT 4.1 UWEGRENT lRInmsTe lummaand

;

FUAIDIHAATUF VUM TNAFD M-pés M-07 | M-31 C-120 |Average.
Fufvnmanomas 10-Japt02 | 11Jan"02 |12 702 | 153an-02
aampinanhilawdnssuy (°c) 2873 | 4196 | w3 | 32 | B3
anvpfiositiovsenszuy (°C) 6389 | 8118 | 7053 | 5604 | 6791
Samms vavanhilow (kg/s) 00314 | 00317 | 00320 | 00313 | 00316
aomnfivasigladedsuy (°0) 105 135 120 100 115
auvpinasialaiiueansau (°C) 70 825 775 60 73

wildayafitiufinldzmunsnihindmnamdennshomensiousaniton  logbi

vEnmIsNgandIU TR e aunatredivafin - dnanilaslfBfaenauandrgumniivu

[ [l E 2
Soniiu (LMTD) \@uRa150nven. F -(Coriéation factor) IOLAIS0LAMS MaLULSIanTians inaviy

ap9riia inauiu wdmmufasansome UA waahedviratasnouauwgnisnoud danms

vemed InenhendanaSaudfieniusmildandmommamqeiiuastnedioeamssmnonanald

A3l

Ghathamemuandt UA filaa1nmsnaaad

T INAR NI M TYIeaBd

Foyaft dnnmmaans
gonniizaaiwin (7)) 33.23
gumntivaniaen (7, ) 56.04

)

1 b (1 1%
ehamenanaureszaw C )

. v v
eensemasaurenh (C,

v
Sanns vazoaii iz, )

1AFNMINEANANNTEU

Qw = n.? wcp.w (Tw.i - Tw.o)

C-120
°c
°c
418  kJ/kg°C
101  kJ/kg°C
0.0314 kg/s

2.994 kW

= 00314 x 418 x (56.04-33.23) =

2 fmnnndemms varashasaunnaneandanm

ng' = mgcpg (T o Tgi)

-9 £ 1 L2
AUUNAIDIMTTOULN (Tg o)

2 1 & p
gompinesmesawan (7, )

= Q.=m0C,  T,-T.)

w.o

100

60
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Fnudamms Mazasmesou = 00741 kgls

3.60 LMTD
[(Th.in—Ta out)'—‘(Th our—"Ta.in)] _ [(100—5604)—(60—3332)]

LMTD =

(Th m—Ta our) - | [100'—5604j
(Th our—Ta H‘.‘) 60—3332
= 34.657

4 F (Correction factor) mrlrp-‘shﬂw Tuguhi w.3.4 () eu dmsumsnassonn

- e
sme UA awnaums O =UAFJILMTD)
2994 = UA x 0/8%x 34.657
UA = 93.90 W/C
6. nenseavdng RNENMT

0
g=2  Touii O =0inC,)

= Trax

gatiu O = 00741 x 1.01 x (100-33.32) = 4.997 kW
Ustfindea (Effectiveness) =2994 / 4.997 = 0.599

_T In)

min h il <,

foymfismuntldmumnngualumaei 1.2 washendanaIuufiuiueildan
FammannE shathimssmnumamauiuaasiuriada 4.3 maSaufieudm UA wasUssing

WA WAAIGIA TSN 9.3 AL 4.4 mNaI6L

o

4.2 dgileamsnaaas
121 &unlAvinsheumanadouny
NNMWOANAVOETUNDULAUTA STOUG Wanaseunen Sussdnsmsmem
anssausniu lémmiesanmsivaraniiion Tnndewhiy 0.036 kors saudanms mawes

a a Lo a & , : LA
ﬁ'l‘ﬂmﬂE}Lﬁuﬂ'l‘i‘lﬂﬁLLUUﬁiTN‘h"m JWLN ﬁNﬂi‘.ﬂﬁ?’lﬁﬂﬁﬂ?&lLﬂﬂ’}'lN%ﬂuiﬁuiuuﬂﬁﬁﬂ'iéﬂﬂ'lﬂ?i

maaomﬂumw Tﬂﬂﬂ?tﬂﬁ&lm'lﬂ‘l_l 110 70 W/ C LLaJ'D'lﬂm?ﬂiu’Jmﬂ']ﬁuﬂ‘j"ﬁﬂﬁﬂ’l‘iﬂ']E!L‘ﬂﬂ')'m

N

‘SBWS’]NGHNWETWI’NYIQE{] wmmmmnu 182 36 W/°C ‘mmmﬂmmmmmt.mnmnnu 39.30%

BWQQ“NWLWWN'IQ'Iﬂﬂ@lﬁﬂdﬂﬂltﬁﬁdﬂ’]’l&?ﬂ'ﬂm W ﬁﬂﬂuu‘ﬂ!ﬂu‘tﬂﬂTVHWﬂBUL‘ﬂG]‘IIBQ‘WTT]NLGIB‘%TG] ol

‘NﬂsﬂﬁdﬁlﬂQN%JJSJ‘BBGFTI?‘ISLHU\[NFMH rmawqmzﬁuua &J“fjl_lmﬂuﬂ&luﬂﬁNﬁﬂﬂﬁ@]ﬂm‘mmﬂﬁ‘ﬁuﬂ
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1.2.2 UstAvswa (Effectiveness)
dnh%%wamnm'm@maaLLa:msmmmwmwﬁﬂmmqwﬁﬁmm‘s‘;uwhﬁu 0.535
UAY 0645 snuaTL Fesndtanandidemauenainiu 17.05% anadiasmmaanmgiilie oo
. Tou mnﬁmmmé"m:wudmm:ﬁm%’uﬁazﬁmswLﬂuqﬂmrﬁuamﬂﬁammm%’auﬁm;mmh
amadouiandientflvallfoiesanmmw
4.2.3 aNuAUgIEY

laenlumnavierasnauauzaisnaudasinnadn dniumfasinsanenaduguide

o E
o

dl o= g d’ I ol | 2 n: é‘ a [ [} a
funeiu diasnazds imIliwdamuisananmsiiesiainh sinmmesasnenudiugade
THMIDINEUG 1 U WUNTSRIMTEATINS Masanh 0.0586 way 0.0242 kg/s aufnamssi
anATes 2 uaz 0.26 bar machel Fayadanmslvadu « uanslumi 9.9 indayawuh anu
[ i 5 Y & \l d\l ‘l ] [% 5 1 g [T 1 .
FusnaiarartuagiuamMaTzasadivatlivaluvia dainlumsvesasiizuliudoys lumstimue

“ b v ¢ 4 v = ¢ av o A
aﬂﬂmﬂwa‘nmmﬂau tta:n'l‘mawwqﬂn'imuamﬂaﬂumm'sau LWBUTSTHW@QﬁﬂlHﬂW)QHFﬁ&H

TN 3.2 *z'iaagaﬁwlé'mnm'smmm

M-08s T M-07

TN INARS NI M IMARDS M-31 C-120 |Average.
Hufhmavenas 10-Jan-02 | 11-Jan-02 [12-Jan-02 | 16-Jan-02
Sommamhumenssauimitleuldiu w) 4603.86 | 520099 | 44367 | 299831 | 4309.31
senmsmarastziady (kg/s) 0.130 0.098 0.103 0.074 0.102
LMTD 41.19 4686 | 4464 34.66
F (Cross flow sides unmixed) 0.92 093 - 0.92 0.92
UA( W/°C) 12150 | 11933 | 10800 | 9397 | 11070
Qmax (W) '9952.74 | 9217.00 | 8626.10 | 5001.59
effectiveness 0.463 0.664 0514 0.599 0.535
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TR 9.3 uaaamauBaudiouen UA meswnnildinmmeasamnnug

B

TWOUINANAUTIUIMIIARES | M-08s M-07 | M31 | C-120 |Average.
meummnes (W/°0) 182.36 18236 | 18236 | 18236 | 182.36
Ammanaaad (W/°C) 12150 119.33 | 10800 | 9397 | 11070
AMATNUANENY (%) 33.38 34,56 4077 48 47 39.30

TN 4.4 usaImI B HufisumUsEAvSNg M dinmeneasauamn]

T BAOVDIHERN UMM TVIAGRY M-08s M-07 M-31 C-12U Average. ]
[mmmmmmqwﬁ 0645 | 0645 | 0645 | 0645 | 0645 |
AMITNARDY 0.463 0.564 0.514 0.599 0.535
AMANIUANGTI (%) 28.22 12.56 20.31 7.13 17.05

T 4.5 NANMIVERDITULTIYIMSENINAFAUNTHA M-08s WaTuil 10 NATIPY 2545

Eﬁmﬁﬁuﬁﬂqmmﬁﬁwﬂamﬁw(°C) gamninhtlousan (°C) | Semnivaritlow (kgrs)
| 1400 286 62.5 0.0310
14:10 287 66.4 0.0323
14:20 289 615 0.0310
14:30 286 86.0 0.0318
14:40 287 648 00316
[ 1450 29.1 60.6 0.0323
mo 28.4 649 (.0304
16:10 287 62.0 0.0310
15:20 285 64.9 B 0.0311
—
15:30 287 66.1 B | 0.0299
15:40 291 63.8 0.0310
( 16:50 286 63.8 0.0323
( 16:00 28.9 633 0.0320
L duade 287 63.9 0.0314

Tegmmimasmhesoud 120 - 90 °C

hsguwniuasmesauaan 80 - 60 °C



m

MTWT 1.6 NANTMARDIIIEIIIIMTENINARA WIS M-07 WiaTui 11 NnTIeu 2545

L’)ﬁ'lﬁﬁuﬁﬂ qmmﬁ&qﬂam"ﬁq(o(j} Qmwaﬁﬁqﬂauaan {°0) 5615‘!01711»131::'}{]3“ (kg/s)
14:00 311 751 0.0312
1410 325 73.4 0.0323
14:20 348 775 0.0315
14:30 38.7 79.4 0.0310
14:40 384 78.9 0.0321
14:50 405 849 0.0316
15:00 42.1 B2.2 0.0318
15:10 445 83.1 (.0320
15:20 458 847 0.0319
15:30 478 82.2 0.0322
15:40 497 83.7 0.0321
15:50 50.4 B4.7 0.0318
16:00 51.2 85.6 0.0310

duadn 41.96 81.18 0.0317

fanmmniisasmaieuwdy 150 - 120 °C

TNV RYaITTIaUgan 90 - 75 °C

FTHT 3.7 WAMINAaDIINLAYIMSENIHARTETTHA M-31 WaTuh 12 dnTIaN 2545

nmﬁﬁuﬁn a‘mm“ﬁﬁqﬂam%(oc) Qmwﬂ”ﬁﬁ']ﬂauaan (OC) 5mﬂmﬂmﬁ1ﬂau (kg/s)
14:00 331 68.1 0.0323
14:10 364 £9.1 0.0313
14:20 367 716 0.0333
14:30 38.3 72.1 0.0313
14:40 384 71.2 (.0313
14:50 392 70.2 0.0333
15:00 394 715 0.0313
Anad 3736 70.53 00320

Frpumndivasmaiowdn 140 -100 °C - Fnguwniivasiaiauaan 85 - 70 °C
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TN 4.8 wamavaaasIneAmItIndaiumeia C-120 Waduh 15 unsiey 2548

1

anfitiudin anwpiitlowdn(°c) anmnfihilevaan °c) semmslvarintion ko/s)
10:30 317 54.3 0.0306
10:40 318 522 0.0313
10:50 325 B3.6 0.0286
11:00 321 51.9 0.0312
11:10 32.8 532 0.0333
11:20 329 58.1 0.0301
11:30 345 576 0.0303
11:40 349 69.7 0.0333 4'
11:50 346 59.8 0.0323
12:00 345 60.1 0.0313
Fuade 33.23 56.04 0.0313

Tagnnilaasmeiawdn 110 - 90 °C

egmiuasmasauasn 70 - 50 °C

FITIIN 9.9 NANINMINARBIMNANNAUANATONTDIFDULAWTDT 1 WS ﬁUﬁﬂﬂﬂﬁi‘ﬂﬂ‘?@Jﬂ]ﬂau

anuFuAanasDs (bar) Samms vaasiilau {kats)
025 0.0242
0.50 0.0348
1.00 (.0483
1.50 0.0576
2.00 0.0586




AANUIN

s Y-S ‘lnﬁ[ N v e ‘L 5
NIFaDNLUUSISUIWIATINZAUNINALNI LY uﬂ']ﬁquu‘lﬁaut'ﬂ'l“ﬂa 211

2’ 3 (3
Iﬁ#ﬂﬁﬂﬁ%tﬁ%ﬁ‘ﬁﬂiﬁ NHUR
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MAXIN 3 MsapnWLLTEUIhANNSaufianaysT 1F nsl

MTSOONULLNSIFNI T aasdiudayamaneaiia wazSoulafidnams Felurdduila
sanuLL L henaoufenaLan imianfesaudldnnssumardeilse Tanld
aowara Snenidifheisan iauemadaulumsthemanuiauliuriih nuasnduauasseuns
sl

Goulafidaams

faammirsaueannszuluBanes 21 ivmin fiamanndi 75 °C

Soyadlassuildlumsenuuy

4 pampfirasmadau 120 - 140 °C ansu5gasma3ou 0.16 m/s

¢ shfudsanfsanmsiva 21 ivmin figounnt ~30°C

¢ VNMIMARBUABWANTES T149 3 ue WU SseAvEnsthamenadanTas

(UA) Wil 110 W/K
¢ amnmendoutanh (C,) 418 kikg K

¢ enIRAMNTEUTEIEIMTIaY (C,) 1 ki/kg K

Sommahumemadeufisasiauliumitiowie W idanmpfmudaims
Q=mCp(T, —T,)
= (21/60) kgfs x 4.18 k/kg K x (76 - 30) °C
= 658 kW
sumEndIWRamwmManMTisashesaufteananTsy
a Mhilenlédy = a Aiatoutuwml
658 =(1x1x{130-T,)

T, =642 °C
e : ] L 7]
FIUU azmu\lﬂ'n
o] o
T‘}IL‘Z‘!"I = 30 C ' T\ETDDI’\ =75 C

Ts.r.= 130 °C Toep = 64.2 °C
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[(Tg,in -*Tw aut )— (Tg,out ‘— Tw.in )]

LMTD =
Tg,in - Tw,oul )
in
(Tg.uut _Tw.in j
LMTD = 547 °C
AMNHANOIWARIMU
UA[(T W T )—-(T -7, )]
Q — g.mg‘_w.nul !‘f‘“‘ w.n
n Tg.in —T\\-.out)
T —T.
2.out LI

65.8 kKW = UA (54.7) °C

UA = 1.20 kW/K

NNdeYAM VAT UA = 110 W/K (Pawedins 3 uwe)
UA = 1200 WK /110 W/K = 109 =11 = &
ponuu PidamsWnuasals 30%
St rramenga Hamsin 16 16 70 48 Uk
Fatha Waennamsnsaiumadiedouushioneis 3aldsonuuy wisandiu & g

TUFRLTAGOUHIULLBYNTH 6 LY IVIMNALGDIFAFIABULAMTDTIIUIU 48 LS
SN ..

R Ny oepo- . R
R Lo “ YL STy
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o - LY. . 1 2 [
MAKLEIN & 'ﬂEJa:Li]t!ﬂﬂ'lﬂlﬂi‘l:ﬂt‘.ﬂtﬁiﬁgﬁ'ﬁ{ﬂ‘immﬂ%ﬁﬂdﬂﬂﬂﬁi’lﬁﬁﬂﬂ‘i:ﬂﬂ

Lmsienziidadsrgmdaaiiasin

msaanuuThanssaundusn lvadluessil sents i hddsudanmsivasaani
dhszund 21 livmin wi seléhbioufignmnfigefa 75 °¢ fhiiulumufienanisiiasasnm

" A -4 Voo X
Temsiidaemsgmandineiu Laeo

2 e o : ar
1TEMUUANNYBA[LUDIAR

VeeAvsnwaamdialonh 82%
enlwheamiamdy 255  1nvsawiiag
winlovi ¥ty 16 F1lwaria
Auvhausai) 312 ‘fusiadl
e 861  wveaflanin

winlosh hshuminseathigomas flen HHV
Wity 10200 kealrkg
Y30 Iy 42,707.4 ki/kg
il lusay 15 kW

FnyeimnuazUaLugUne 40,000 1w/l

2 d\l o
fFayafildnnnaseussuy
) } 4 | ’.S g o W % [y
messnuuLsnhadaunduan lvdluadail mawdalihmieusonms
v 1 N N v
Iraganindhszuu® 21 ivmin i wwléhiaullgomgfigeds 75 °c Gefudulumadionevialiaz
sanstAemaiduessgenaa o alddemmathamansdouildmnundsansdauiishy
G 65.86 kW warlussuuidadimahioaeueuainsduinmnssumssihiumndun
Tvlaaihnauinhdaunawdimis lmhwarannsemsinanmnpiirashilowmdsnaudinsessuy
fmomndl 40 °C
deiuamsnInennuSanmImamemNSaufistuumuToLsmdale

QZrhCP(T_. —T

itloveominszuu SEUURUATUN AR
Q = 0.35 kg/s x 4.18 kJ/kg K x (75 - 40) °C
= 5121 kW
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a
haelaenhdanmIthemaTEaunnIEULIn 1 80% tasdiammstiamenusauiissy
aansovi gzl

Q=07 x{51.21}
= 35.84 kW
PbseAvE IR lavih 82%

L l’: v - o = G 1.2 l: o a
FRUU 'd%mmﬂﬂmawnaosmmﬂﬂﬂmuﬁamma‘umuﬂ%mmﬂﬂmawummumm 718

Q 35.84 kJ/s
HHV.T 42707.4 ki/kg x 0.82
= 368 kg/hr

| 2 + > | "
HRnsonluseasam 1 9 wldBunumalsniaduihdumi Flundalovh it

3.68 kg/hr x 15 hr/day x 312 day/year
17,244.2 kg/year

1

:’/ a o o L7 dy r-3 ‘-‘ o dl . 1 73 '] LA
vy ﬂ@tﬂut-&!ﬂuﬂ'lﬁhmﬂﬂﬁfﬂ Lwaamuuwnm::uummmiaum‘lﬂ [30))]
= 246605 x 8.61
= 148,472 1meinl)

13 FoY .IJ:: 1 ltw ’: ﬂ. nl w v |l: o t’.: 1 = 1 2
Tumssdiunuzasaunldiugas fnhamamdnuiiuniiillow saiudaadeen |

Dlugumasemdorm b liisuuntlinhnssuawih bitlah dil

amalni = mdlumsiedoukw) x e lumsesiums hr) x

ninfiadusawmiag, baht/kWh)

1.6 kW x 16 hr/day x 312 day/ year x 2.55 baht/kWh
19,094 4 baht/year A

Gatiu yaeduficinsodswdagnd aansneanlddai

148,472 - 19,094_.4 - 40,000
89,377.6 baht/year
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1 t 2 . 1% o LY ]

on z
;alaﬂ'wmsaonuwudumw%auaﬂéo 180,000 UM
Tnensznavluéoy |

1. POUAUTOTTNEUA 48 W
2. ‘quﬂ'Nﬁ'ﬁqmﬁnununaﬂﬂsﬁnau‘lﬁ
3, fivhawna 11 m° 1 i
4. sanvesahymRwMwaIan

5. SYLLAILAN

oM ENURTELM 15

[ w a € 1
shgeinmudeugynenl 40000 1nwiat]
fewamaanideumue 725 el (Guirassmienangs

v tw uft 16 Banew 2546)

f:‘mmmﬁm@uaehadw

AHTNEIUTUNN
v gl q..
. » arldswlunisasunsnisu(um)
daaImsfiunu = - -
HAARUINUENTI 8T (LAl
ok . u 180,000 .
FaUU ATIMTAUNU=—"" = 21
89377.6

WUMMsaanuULLALaRGITLM e NS auRsnaUn I v lueSail

annfuuluszzom 2 1

danimsfununien (Internal rate of return,IRR)
s Y ' ' v oo
FafumeraTan adaneandy firngamamaneuumifidaneandeiu Syadwh
fuyashmamsasmmed  watlaavhidudlasimafissensiifumsiasonatiummbifineamu

Y [RR msidgnhdanesnideildFumnmnms asnsodwnaldnn

N ONCRe (2.41)
ey 7
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(e

89,377.6
—[(1 +1)® =1 - 180,000 x (14i)" = 0

!
I = 0495 =%

4 1 3 1 1
nnsanilésonuuuliiu fldanmpfihdouisenanssuui 75 °c asvomamns

Funm 2 T uaeldammsaunumely 49.5%

2. msansiiadsusmansuisnnnasayssy .
"ﬁaﬁmummn%’auvatﬁauﬁuﬁmumﬁmmmﬁ uderumaenndududiu ooy ':} i
fayafldnnnareusuy

nneseUTLhasSewindun WinsiFemudsimmBinoaitiauit 21 desein
Wil wuhesvuedesms ravenirtlowdt 21 Aavowfiduefivsnzaniigadimneandunile
wptuhos lawangy 5.1 #sammsivarashilou 21 Snssiawnit Iddemmatemenadaudle
Surnunssamsdauficu g 7336 kW uscanmnivitlawidhdniuniy 811 °¢ sy
Grfimminoeewananaduihunsaumsgwhduenausn v laodhuasinhiounan
L%Mﬁaul.aﬁwLLasmnmimﬂﬁﬂqmmﬁ‘uaau’:xﬂautﬁuﬁauamé’iﬁ::uuflqmwnuﬁ 40 °C

SIS IuSITIMImaesSauRiTruuaTn ssrdala

Q:ﬁlCi_(T. -T _ . L.
wdouosmanszuy IZUVALABUMTANMN
Q = 0.35 kg/s x 4.18 ki/kg K x (81.10 ~ 40) °C
= 60.13 kW

ﬁwﬁmeumé’m‘mmhammm"s’amm'swum‘l%' 80% PREFATNMIMEMANNTBUATEUU
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Q 48.10 ki/s
HHV.T| 42707.4 ki/kg x 0.82
= 4.94 kg/hr

i [} E 7 1
HFrivamanluszuzam 1 1 aeliBanumalsavdadwmihduenilsluia o ¢l

494 kg/hr x 15 hr/day x 312 day/year
23,166 kg/year

:: o o Y o dv =Y l: & ﬁ‘ ) 2 I3 L A
ALUU ﬂmmuuu‘lum'sﬂsmuﬂvﬁamaamuummﬁwwwmm'saumvlm 20

23,166 x 8.61
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Lo v 1 i L4
futugUrasdmdsnulvih itlouurtaihnssualwih Winh i

aeeniih = hdslumeteiankw) x alumasfivms by x
(menlvifundiasioviiag, baht/kWh)

1.5 kW x 16 hr/day x 312 day/ year x 2.55 baht/kWh
19,094 4 baht/year

i

L 1 1
ganiu yamdufiaanmlssniagng annsaenunsleeil

199,056 - 19,094.4 - 40,000
139,961.9 baht/year
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Flariu sanImsAuu=——— = 1201

139,961.9
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139,961.9 :
——[(1 +i)* —1] - 180,000 x (1+i)"* = 0

1
i = 0777 =77.7%
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MARWIN & 729818NMTAIRIL

.

FDENIMI U HUYDUAAIGI AL NIMIF WIS aTINMS WMazanitloud 21 livmin

Iy Ay .
foyadoadunlilumsdman

afidnnesaie
sirilay
qquﬁmaaﬁwﬂaumwﬁw (T, = 30.8 °C
qmwnﬁmmﬁﬂaumaaan (T,.) = 81.1 °C
SommaInagasirlen (m ,) = 21 li/min
= 035  kgls
emaamasausasiilon €, ) = 418 klkgK
bEny!
grmniupsmMaTaumut (T, ) = 1378 °C
auvnfizasmesaunsean (T,,) = 774 °C
AnsTaIMTTauY,) = 014 mis
femsgeanasauhaiau C,,) = 10151 kiikg K
euvnuiueeITEEau (D) = 0.8608 kg/m’
AU madaurasrowau TR = 1032 m’

1. wdemmstamensiaurenitlewilemnmiaau an
Q waler = l'h w Cp,w (TW Sout - Tw An )
= 0.35 kg/s x 4.18 kJ/kg K x (81.1 - 30.9 )°C
= 7344 kW

2. wsaTmsHemensSauiimeseumew ivhiilou a1n

ans = mgcp.g (Tg_in _Tg.oul )
Toed damms vadeunadmaman

los  m=pPAv = 08608 kg/m x 1032 m’ x 014 m/s = 124 kg/s

falu Q = 1.24 ka/s x 1.0151 kJ/kg K x {137.8 - 77.4) °C

if=e
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= 76.03 kW
AlruFrenNUENE SRS NsauTwhahtulas s au
WU Aenamauansg 3.52% anadiamnnstiswananiaastaianianinmss iU neSadie

w |:'.; “I’ [ 0 :II : w c:ﬂt J ] -
Jo wewistiiiuenfsassudlaeffeanuuanshalsiiu 10%

diuemmamamaniawadaldhiy
= 7344 + 76.03 = 74.74 kW
3. dnwmn UA sasssuuhensdouindumnlilvsi an danmsmemenadoudaWioglug)

WIFATINNIANE DI IMANTERaNSu

Q= UAAT,,

Towft  AT_= [(Ts,m-T,..WI)—(TMA—TW )]: [(1378—5811) =(773-309)]
T, -T,w) L (B378-811)
- (77.3—30.9)

g.oul w.in

in

AT, =5136 °C
gratin

UA = VAT, = 74.74/51.36 = 1.455 kW/K
4. e UsEavisHa (Effectiveness) T03ssUuthamaSouiindusn g lvem dwonmn

co O UAAT
Q hC ) AT
rax P Soun max

WRELUAELIEN mC, YDIMFRLNTEUE

hitlau  0.35 kg/s x 4.18 kifkg K = 1.463 kW/K
Masau 1.24 kg/s x 1.0151 kd/kg K = 1.259 KW/K

yinmsfeudisy mC Mavafigauh nshaiouilevioatign fa 1.259
KW/K olauiu
Q. =1259 kW/Kx(1378-309)°C =13459 kW

aewU UssAnSuasseuushemasaunanaun Wl wiiy

€ = 7474/134.59 = 0.55
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MSAIKIAT UA WRUSNMINGL)

£ 2 ) 1 4 w b
T.mumsﬁm’xmmmﬂuﬂisawﬁmswwmmﬁaumamﬁ‘lwamunqum (hy) WRRAULALLLY

BYIHING

fmuasBundase Uil
it idmasara’e
tirflou
qmmqa‘imaaﬁwﬂauﬂmﬁw (T,,) = 309 °C
qquﬁmqﬁwﬂaumaaan (T,.) = 81.1 °C
S navaaniiiou ( ) = 21 lit/min

= 035  kg/s

mmuﬁgﬂfnu%’awaaﬁwﬂau (C,.) = 418  klkgK

anssiGranihtlouigumniinds ©1.1 + 30.9) = 56°C

p, = 984.83 kg/m"

v, = 49340 m's

Pr = 318

k = 649 x 10° KW/m K
Miau
anmpivasmeiaumadn (T, ) = 137.8 °C
aniirasmasounndaan (T, ) = 774 °C
ansnvaITETou(v,) = 014 mfs

fmenmaanNTauTIou (C, ) 10151 kJrkg K

0.8608 kg/m’

It

ANEVMIWLTaIMETBU (D)
AR euTRIREMAMTATS UGS 1032 m]
Anuesifupshosauitonmnfindy (1378 + 77.4) = 107 3°C
p, = 0.9201 kg/m’
238%10° m¥s
Pr = (.69t
k = 3227 x 10° kW/m K

A%

il
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Mo el1 dayavssaamamzaisonus

NHRDEN U@ (mm)
pEMEMTDS MssLS U melusneud f¥ia Formula
ATIHATI 356
NN 584
AN 19
vviineu 2 kg /s
Vionan 12.7
viamsnan 9.53
ATINETAIRILINGA (L) 125
SERIEANTIIRRLINGS (L) 1.5

weizAnvaansaady (F) 2.0
YHSVNTIW TS (T,) 2076
FNUNTINIDMD (T,,) 4.75
SEHEYBIATY (F) 2
FNIMNTBIATY (F..) 0.12
amuanTasYie (T,) 19.0
eMuYaIa (T.) 08
yuraansaesy (0) 23.68°
SumsNATUINGR (N) 6
seesmiiGaUsIhsesuNga (5) 26
s R AnmE et () 2.65

3 »
Aduszantmsmenanadansmmimged dansnduaclasn

l__l+l+tm

UA TMh,A, hA kA,
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Lo &2 Ar ) 1] 1 “ o
m‘immrummauﬂszﬁ'ﬂﬁmsmmm%’awaems‘lwamunama (hy) WAL INANMT

983 Shanoun and Webb {1992) fhuituain
NbA, =N, hA + NesibsAs +nf,52A52 +hA,

Tuusazamaansov leeal
¢ P X
1. shdusrdvamswmanasauiurismihinia (Interior Louver, h, ) anInenanle

PN

_ 0.664k, Pr”

1 0.5

VRe

Lp

NMIeIR anauhimedou u,) 014 m/s

F, —F
u, =u,_ *F =u, Fﬂ—~y———"’-——
F cos(e)'—F
] th
F—F.

c
D F cosg —F
P tle

u,. —=——

e
o= (TP —_T\V)(FP —Fm)

(Y

pth

W G anaNmsn 217 wdnhasuliuvuen ugumsii 2.16 Wem v, wdnieh ug
lynienluanms 215 women v, WilUnen Reynolds number Wofiaglimen h, Tuasmsh

212 Meauduadsn Wi

0.02075—0.00475)( 0.002 — 0.00012
= ( )( ) = 12.080

(0.02075% 0.00012)
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0.14
U, =—— = 0.01159 m/s

12.080

0.002 —0.00012

u, =0.01159x [ ] = 00127 m’s

0.002 cos(23.58" ) — 0.00012

mwinsnyseinsmwmslva (F)

loef I F Re, ,Re,  widam

0.23

) L, 0.0015\""
F' =095 = = 0.95 = 0889
F, 0.002
X 200 2(23.58%) "™
Re, =828 — =g = 32959
oo T
uL, 0.01159% 0.0015
Re = = S - 0730
Vv 238x10"

wuele ©) tNaduIMS F,

—1.33

—0.510
. —G . 1.1 I—ly 29
Fe =Fe —37.17X10 (RcL—ReL) — —

E, s
e L 0.0015Y 2023582\ T
Fe=0.889—37.17X10 {329.59—0.730) —_—
0.002 T
Fe = 0.883

u, =u_ *F = 0.0127 m/s x 0.883 = 0.01121 m/s

i ac

0.01121 m/s x 0.0015m
Re,p =—————— = 0.7065

238x10° m° /s

oy 0.664ku Pr'”’
AU hI = T s
VRe,
Lp
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0.664 x3.227x10" kW /mK x 0.01121 m/sx 0.6991""
1, —

I

238x10°m” /sx0.7065>°
= 11346 Wm’ K

- ﬁ‘ : ‘.‘ £ | *
aduszdnsmsmansfauiuiidursiuniunazans (b Jamsoduanldan

0.664ku, Pr"’
hy =
VRe,
4 u S, 0.01159x0.00265
Taet Re, =~—— = P =129
Vv 2.38x10

- 0.664 x3.227x10" kW /mK x 0.0127 m/sx 0.6991""

ko

238x10° m’ /sx1.29"°
= 8935 Wm K

‘ 1 d' = o »
ardszRnimswianafauRsEILYRIMasInad (b, JEIBSOATRIN LGN

_ 0.664ku, Pr'”

h, =

VRe,
y wS,  0.01159x0.00265
lawsi Re, =——% = - =129
v 238x10

_0.664x3.227x10” kW /mK x 0.0127 m/sx 0.6991

hsz

238x10 m /sx1.20"
= 893 Wm'K

g I . .
mdlssdninswanafauruivinaaega (b ) swsadmanddan

< n¢

k

=7541(1— 26104, +4970A; =5.119A, +2.7024] —0.5484,)

Towst

thannnd 1 Wi A=1/A,
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fﬁg___ 4(TP Ty 7L, )(Fr —Fm)
p o 2lt -T,—L +F~—F,

Dhe =
WIUEN

0.02075—0.00475—0.0125
=- = 1.862

Af
0.002—0.00012

EfldmnseuImT A, 3ann 1 i
A, = 1/1862 = 0537

i D,

__4(0.02075—0.00475— 0.0125) (0.002 — 0.00012)

2(0.02075 — 0.00475 — 0.0125 + 0.002 — 0.00012)
D, = 245x10° m

Wwiuen A uaven D, Wasms 2.2t tawe h,

h, (2.45x10") : 3 a
T S = 7.541(1 — 2.610(0.537) + 4.970(0.537)” —5.119(0.537)° + 2.702(0.537)" —0.548(0.53

k

h, = 4362Wm K

munnulstaninwaaseiuludiusssiufidwindunia ()

1 l

n”th| ] 1 ni, 5

— tanh(mea) ——————————+——sinh (m _a)tanh(m, (H/2—a))
| m, m_ cosh(m a)sinh(m a) m

e
- 2(ah, +(H/2—a)h,

. T —T,—L,  0.02075—0.00475—0.0125
Toei a=ft— = = 175%10°m

2 2
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2h, 2(43.62) 5
m, = {— = ———— = 6409 m
kF, 177(0.00012)
2h, / 2(11.346)
m, = = —_— =
k,F, 177(0.00012)

3269m’
2

2(8.935) )
= 2900 m
177(0.00012)

2(8.933)

——— = 2900m”

177(0.00012)

el ¢ uaumsh 2.24 aels

N, = 081
N,s = 0986
n{.SE = 0985

FuraimavanuAsuenadaulumnamsti 2.7) wiesndhs 4 dnsasdion 2.7 uar
AnSOERINAUA [dnaEm
n. %uﬁﬁvuﬁ@um%ﬂ {The Louvered area, A )
A, =2LL, (N] +1)
= 2 x 00125 x 0.0015 x {6 + 1)
= 2625x10" m°
9. vﬁuﬁx’%uuu’%nmwua:a’m (The plain leading and frailing area, A st)
A, =4LS,
= 4 x 0.0125 x 0.00265
= 1325 x 10" m°
Q. TUREUBIGSINGY (The plajﬁ middle area, A ,)
A, =2LS,
= 2 x0.0125 x 0.0025
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= 626x10°m’
3 WufiTnonaiean (The end region area, A, )
A, =1IF, [(Tp -1, -1, )+ (e —F, )l
2 x 0.019 {(0.02075 - 0.00475 - 0.0125) + (0.002 - 0.00012))
2.04 x 10° m’

AURTIUNTAATUTDINAUAUEISTOIUG 1 W TWInNSaasy 4500 wiu

SudszAnimsthsnanafaumenan Aunan
NhA, =7, bA +1, b A, TN, A, ThA,
WLe
=0.981x 11.346 x 2.625 x 10™ + 0986 x 8935 x 1.3256 x 10"+
0985 x 8933 x6.25 x 10°  + 4362 % 2.04 x 10°

Nh A

o *Forced

i

0.01249 W/K 6D 1 \nTRaTY

56,205 W/K 69 4500 In3@aTU ¥i38 1 AULAUWTATIOHUR

i

337.23 W/K 619 6 PaUeUTDTIneMe

il

3
mamuwnsnaddsrdnsmsmansfauramslvamiungsmia () wysssuTd nax

15984 Elenbass (1942) @1420421N0

3/4

] S 35
Nus'--_-—Rz:\S — Rl—exp ———

24 L Rag(S/L)
3
2P (T, — TS
Rag = ———————
oL
h.S
_ D
NuS -
k

VUG ILNOY Rag
Toer
S =0002 m

L = 0.019 mAMNETTALEWEEY, m
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- emaseiudissnnusitigaaslanien 881 mis’
= goavndfawiuEey 56 °C

= gonfioIme 107.6 °C

=282x10°K’

=3070 x 10° m'/s

= 2144 % 10° m'ss

=30.35 Wim K

9.81 x 0.00282 x (107.6 - 56) x (0.002)°

3036 x10" x 21.44 x10°

17.32
Ra, &4 lUaANMT
/4

1 0.002 35
Nug =—x17.32x I —exp —

24 0.019 17.32(0.002/0.019)
Nu, = 0.076
Nu, asluanm3

0.076 x 30.36 .

h,= ————— = 1183 W/ ' K

0.002
B A, g = 1-078 X 249 x 10°

0.00288 W/K ¢ig 1 InSAeTL

1296 W/K @ 4500 (N50a3y vi5a 1 AauauEasTnee

7775  W/K §p 6 aauaulsassnaue

g [}
fduyssBniniswianusouraans luami luve (h,)

T

RePr(f\l H, h.D,

8/ M, K

Nu =
X
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172
) £
x =1.07+ lZ.'](Pr”la—I(—)
8

lagfi n @ 0.1 dewsewanufeuamudougneanuuuliiuamsou
L, fademsvilefiquvpiinierasadiva (kg/m s)

L, faeanamiiafiguvnintiiame (kg/m s)

v D
Re :p =
il
AUnNfamIn(m’) 5
D, = » =5334x10 " m
1fusaygil(m)

fomms washilawdhsisszuy 21 livmin
varrLudeaulaugaisnaus 8 10 LansailSaTIns WMahiiu 0.04375 kgfs denali

e lulsiasgATaInwauEa sYTTL 0.811 m/s

Pv D 98437x0811x5.334x10"

Re = = 8792.97

I 48428x10°
ﬁ?ﬁﬂ@1ﬂ%ﬁﬂtﬁ§ﬂﬁuﬁdﬂtﬁ (Galvanized iron) £ = 0015 cm
£/D, = 1.5 x 10% 5334 x 10°
= 0.028
G Re=879297 €D, = 0028 anTwagld { whify 0.057

172
0.057
x:l.07+12.7(3.18m'-1( j = 2.316
8

Hoguoe = 49340 kg/m s

Heesoc = 351 kg/m s

8792.97x3.18 / 0.057 Y 493.40 \""'
Nu = = 89.34

2315 & 35l

h, = 89.24 x 649 x 10° /5334 x 10”
= 10.85 kW/m’ K
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= 10858 W/m'K
wudmuly Dusfwduniud cowewsas 1w danuennn 5184 m
A =2 x{0.00475-(2 x 0.0008)) + {0.019-(2 x 0.0008)) x 51.84

A =213 m" @0 POUAIZATTOLUG 1 UK

1278 m” 6i0 ADULAULEDTIOLUR 6 LW

il

AL

MSINANNSINTDIADWLATDITOUUR
anuuwaa (T,) = 0.0008 m
ehamuSaurasviaynamagidies ( k)= 177 Wm K
Fufidvio (A,)
A, = 2x(0.00475+0.019) x 51.84
A, = 2.46 m’ MOMAWTOTIONUA 1 WA

A, = 1476 m’ AOWAULAIITOLIN 6 UN

£
AdutlssAnimsdemanatansiumangsd amandnamldan

1 | 1 t
——= + + =

UA MhA  hA kA

N ] g . } oA = [{ ]
MIAWIUIAT UA 'YI'N‘.!ﬁﬂ?l'IWIE}S}ﬁ Iﬂﬁlﬂﬁﬂ"lu’)mwlﬂ'lﬂﬁﬂ‘iﬂﬁﬂﬁﬂW'SW'lﬂ'ﬂN%’E]WUENﬂﬁ‘LWﬁN'Iu

nawvia (1) uuutiadt leematstuns|§aumsvad Shanoun and Webb (1932)

] 1 1 0.0008
—= - —
UAa 33723 10858x12.78 177x14.76

= 2973 x 10° K/'w

UA = 336.38 W/K @RUAUEoTT0EMue 1 70

UA = 2691 kW/K fanauaigassnumun 8 ganassuy

£ v ‘
mseMInMen UA mavanmanisf] leemsdnumeandnssdrsmanansiauroms manu

ndavin () UULBTSNNA IaumLsen@l§anm 3189 Elenbass (1942)
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1 1 I 0.0008 .
—=—+ + = 2729 % 10° KW

UA 7775 10858x12.78 177x14.76

UA = 77.70  W/K Gaapmauigaisngva 1 50
UA = 621.6 kW/K darunwaaisneus 8 gamassu
agluamsAiuIns o Sasmalvazanirilaud 21 lit/min
& UA ABRINMTVOROUSIAIL UA 1.455 KW/K
¢ UA Aldmnmsdnana b, uwoisiulaulfamumsens Shanoun and Webb (1992) 3
fwhiiu UA = 2601 kW/K
& UA Plsmnmswneh b, wussssmalauismsens Elenbass (1992) iy
UA = 0621 kW/K
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e € Ly A w
MaANUIN &l MITAATIENR UANUAMIMERIWTDINEAN m.'ﬁ

WRNALAZUIANS

msaanuuumAmnassrilifiesdesdimerason s swuﬁaanuuu‘lﬂt':’ufht%awammgm
thesedildivuatfludasndell defulumaivediddéniuioysanmnfmmunmwiog
iaiisethy  Welsldihia i Saunfeufudoyansnnildansssumhasdaufionn
nssummsthandumn fheiicdadusion  oilalenaihsuuinaninaniudomswiou
wasmshumumwiasraainmoniaedieslovioaglutiiivassulivieli Tavasinmaufeou
Fenelaulismennsimemeand biuanehatuatheiloddmeaaa fsviuemaudaiidon
ar 95 (P<0.05) @am mdernld, 2540) lnafiudoyaanmsiiensiguantimamenmwaainie
Fsmlsnnnasummsthaiu athdlsfmandninriimdssmdminsordaldfniioustin ma
TnrsmsieléBanmmsniniiignéfienudoimannigramdushothslumsfiutoyaluedel

whtiu nmsdsatayaalssnuwuh wdafueidummniaiuuy fondasiom C-15

AnasAMIMEMWTa TN’

MR MMWINMEnY  TAdaumwaassEaiueriwnssuumeda didu
atheidudeniiumsensiamnmwmeiudu q umsmmsiaumywmamemwiinduisnei b
HAMTINATAEEAINTIAET  uasTUNA LA ustamaudu  SnlFiensiaumalusng

[l 2
nrvumeNas  gumnd fidudrtiumaidaumwesdninmioduaudnene e o 29
HARSUTARREUAY 1HW 1R Usnoienuau dnuusiladuds meiessid dmtin anavn
Wi uasentBanashdasy wan umadduasdasiienmiomantifmomeniv 4 aths &
o ey
- Catel

o MIAATIMEVIUTING

o dnuatodudE way

o UBHNMUAYTINGU
d‘ v o 0 w ‘!‘ a ﬂ. - v oa sl [l \Ll-'u
Frmeiedayasnaiazaidiesedian augasmnTINeT Avendudeslnn uaslady
FUUANAN D.ATATYN YRUSEN DR SHUTIMAININTINeIms AMLaRETANSTNNBAT
aivendudedlvid malassmslsrerauwszanun o lamatishy NeauBaanmsiensiguduia

Hérasin i

" (e g2y, 2543)
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U3nas wSamsingUs1euaauIa (Shape and size measurement)

UM IngUauaL N AN A U R A aTUTB N AR S NUT MUAEANTD
wansldsommat 1 laelElisvindmivinsreradhiandunundieos (Digital Vernier) ¥in
mineani e uaranNgs 1shathadaiusildnnmagy Lusiazafsloarmein
6 u uaz 2 a5 lnuTaenviovan 30 a1 uaskamaLTayAaRENIRMIMEMWB IR O,

| & '
nauuaevsnnmsaadsssmhensdauiandunl¥lmimnmsiaghasmnaussadioon e

.2 PNMTRETIETRdBUMaNNNSiRiud FymaTisseuemaBausorar 95 (P
008)  dwhatnemssumshathimamanuusnaasmadelaeds T-test apfléhmnauas

HEOATa C-15  Liflemauanenafiluddumeshiiifissiuanudaliiasay 95

TN .1 WEITAABSTUTHAR Tl VUR

TAUINRR NN C-15
NN {mm) 38-42

MANTW (mm) 9-11

a1l (mm) 8-11




TN 1.2 UEMIATDINARTMTTe C-15 MEMIAMAIINMISRARGITEIL
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Fhaehai rleumsdagszLy VEIMTanGTELY ]
e | @ | emavn | @nuen fanande | anwvn
1 4014 | 1183 10.42 40.21 10.78 10.23
2 40.30 10.67 10.33 39.87 11.26 9.97
3 39.40 11.28 10.29 39.97 10.87 10.50
4 38.67 10.93 10.50 40.56 11.12 10.17
5 40.39 11.29 10.27 3987 1089 10.69
6 40.03 11.18 10.65 39.56 11.31 9.98
7 40 .87 10.75 10.17 40.12 10.69 10.16
8 39.54 10.71 9.87 39.98 10.87 10.22
9 39.87 10.96 10.69 39.76 11.10 10.09
10 39.74 10.65 9.99 39.89 1069 9.96
11 40.28 10.68 9.94 39.94 10.85 10.14
12 39.67 10.88 9.3 39.78 10.69 10.28
dwdy | 3001 1098 | 1024 | 298 | 10983 | 1020
e | 00121 0.446 0.449

Move = Yoz = 2074

msienindsng

a (- a T e o N2 & o oA A o
§ anuausuningusnignandnaviansmn - Sanan iiludsiiiuaniagumwad

[ | 4 . o o . L a8 G [ o 2w ] v
ﬂm‘?ﬂﬂ W ATIUN-E2u UaY 5@1)‘1(8\1711‘51’1”111/1?}?1 ﬁ'NLUuﬂ'Q?)SJLLTﬂ‘:’INUﬂ]J"IY!ﬂ"lﬂQ,IGIE]ﬂﬁEIS&J‘SU

=y - = v € [ 1 X G 13 s a
vienmmiiwslundarriownatiuethann mawaatiuddanidu  Unngmsabmadaimennglu

heesfinnn  bildanmai@mamammiissethador  uiiisarasefuusnnssuiiog

aeviaurhusdivasneuardsiUnanes Ioe aensumasniuunmanhficensouastiudng

anigrsfiemuemedulutae 380770 wlwwes stuuflimsusafiuandnsosmaiudamEs

fosilustiwurasend ffonlachanfeneluilaiug 3 ssuulug q &

o SrUUATMWE (Muncell

color system)

o aniET-lo-d (CIE color system)

o sanAFweas (Hunter color system) WinsUUEaTaaM (Opponent system)
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%ﬁmﬁﬁuma%Lﬂu$wuﬁ1%ﬁuu1nﬁfgﬂ1uqmmwn‘s‘mawni (et qseTe, 2543) Fravi
e nainumimmemwiswasinsilfonassehidlaslfansuee ifman
Toenhrnmimnmsdusnasn Tumazdmiviod santheiaamdlig L a war b laold
(¢339 Color Quest II (Minolta Camera: Model CR-310, Japan) Ssmsnunadaiuia luglao s
8L . auay b lapmsin 6 u Tuay 2 a% wiassauiadd e 6 o ﬁauﬁwmﬁﬂnnﬂ%ﬁm
¥nms standardize (9e/lHWMANBNATIU (White Blank; illuminant D65 10, Y = 94.10, x =
0.3157, v = 0.3324 ) fUWNYU aperture TWIR 50 NARLNGS

M L dudasanssiuaranaiia

Guandena (L = 100) aufedd (L = 0)
& a  dhhadunade a Senfhaan )

vioRGusia a Senduay ()
@ b dueesivdends b finfunne)

viaafiidwile b Janiuay (-} (Giese, 1995)

nmsdnsniyadasdunun  Tenuidsmlasmsbifieiinenfuiaulufugn
safevmenud uaRasonestaumsniasenniwnremtinnulumaingula samsiensi
qmauﬁ&momumwo’w’mﬁﬁﬂﬁm uaswamsiivtoyaqusaifivismemweassiaiunnouay
mﬁmﬂmﬁaﬂéﬁzwﬁmﬂu%auﬁsné’um‘mmjmnmﬁwmsﬁﬁﬁﬂﬂngl,l,ﬂmﬁammﬁ W3 uay
'-mcﬂmqmmsnmﬂﬁau@hmmmn@mﬁﬁuﬁwﬁtquﬂﬁﬁﬁ‘saﬁumw;JL%aﬁu%auaz 95 (P<0.05)
splldmamaniuanaaimednlanis T-est anmaansiaflnngrasdairaia C-

15 Blemsusnenaiiudédpmeaidnssiuenndaliuiouay 95
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i o fata a o ] [ o ::
MTIA 1.3 UFAIMTIATEWRRUTINOMAA TR C-15 MouwaswdInnmIdassssn

| ghathafi feunsfindaszy v§ams@agaseun
L a b L a b

1 53.30 8.94 17.92 52.63 8.56 15.98
2 50.55 9.23 16.69 53.69 8.97 17.54
3 49.26 8.77 15.93 50.48 7.99 17.69
4 51.37 8.29 16.16 49 87 042 16.89
5 52.00 9,10 17.42 48.69 8.96 15.87
6 48.21 8.93 15,53 51.69 8.87 16.69
7 18.96 9.36 15.98 54.87 8.79 15.87
8 54.93 7.98 17.82 51.98 8.56 16.98
9 47.94 9.44 16.27 48.79 9.34 17.21
10 51.94 8.47 17.00 50.98 8.48 15.69
11 54.03 8.44 17.81 52.63 8.66 16.93
12 52.35 813 17.50 51.39 9.23 16.78

ﬂ"]LQ?;U 39.91 10.98 10.24 39.88 10.93 10.20
te 0.279 0.118 0.458

Mo = Yoosen = 2074

mﬁm-51:ﬁqmﬁuﬁ'ﬁmenwmwéﬁm&aé’uﬁa (Giese, 1995)
ﬁﬂﬁm&tﬁaﬁuﬁﬂﬁmmﬁuﬁuﬁﬁummﬂﬁauuﬂaagﬂ%n MIUANVN ‘iwﬁgatﬁmﬁuqmﬁuﬁa
meivavesamsmeldusedn snstinnesilaslfiesaatas g Tnuodurmediniusssunah
win e wassstene dulwaiwdiemuniia (Viscosity) sufhidnendladrirnseamm
vinewnsnlvale  dmdnunedudioduls (Texure) anfhwasonnauds meiaiaddiams
WAV (Stress) WaMNARER (Strain) IMmeISetiardiensdnenemiy
Ussymadniininasgiilnn fe mafiauasatn famsiiaamesaLusadan (Shearing)
Tnelisauaniumavasoy  doudaslugdi w1 sumsdeldmmageuwsing
(Compression) sugaslugUit 2 Enwnisusing (Compression) umamssur@niauishaths
Toenhrdrinirisnatie svinmaindieiaies Insiron series 5505 éwdlimedouuaiang

VARIUM TR 40% 5@17!L%’ﬂuﬂ'l‘iﬂﬂ 200 mm/min izaxmﬂuminmaot.ﬁaumwﬁu 20 mm JeRan
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sniuengay Compression peak load luitunsfingu laeviimsia 6 u  Huar 2 souluusiay
e 15 a%  wevINMYlenmiauanTimmumwidiadude uamamafiuiayeam
antiimamenmemnaiiadutarewanfuriauamdmnmstndesuheandoufiondumnly
Iinmekansiansmmeon i duiuAaeimTIf 4.4 LRERINMTIENINATIA
saumemauansnaileddymesBiarssiuemudaiutoray 95 (P<0.05) apilémemeany
uAneeseanlned®  Ttest Mnmvhemsiamastimamonwdtioduiavadniion

il C-15  biflenuuensnaitiuddnmistiinssiiuammdaiuiouay o5

N

a4 o~ at LY c; gf
ANHMIUTIUDAU ﬁﬂﬂﬂl:ﬂ']llﬂ.ﬂ'ﬂchﬁﬂﬂ'dﬂﬂ

7 1.1 Enwnisrossadiouuasiiauan lummaaaus@arineiinaghs

s - gviend garia, 2643

1 .2 Snwnzvsausanalimsvesaunaasiicnazhs

i’ - aiend v, 2543
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MINA 4 udsmIienisiquaniinumamwiuilafuid@ienoivewdaiueinie 15

TAUHAENRININMTAAGITYUL

$haehafh roumsdngiesviy wdmsfiessay
usdiou W3NG usaiau WS
(Shearing) (Compression) {Shearing) (Compression)
1 25.11 3202.54 23.15 3284.63
2 2592 3393.11 22.41 3059.36
3 23.17 3253.27 23.56 329875
4 19.66 3032.23 21.64 3212.21
5 20.97 3049.57 24.56 3498.65
6 2284 2998.63 22.14 3245.23
7 21.46 3517.90 19.98 351245
8 20.93 3270.24 21.56 3248.29
9 19.80 3625.61 24.89 326948
10 24.36 3237.74 23.68 3547.78
11 2556 3282.74 22.68 3286.54
12 23.08 3223.76 21.46 3267.90
Awan 22,75 325727 22,64 331094
tc 0.141 0.792

Mtogr = Yomn = 2074

mﬁmmﬁﬂmauﬁﬁmamymwé’mﬂ‘%mmmwéu

amafiv fasmiigydusenlUnnidaiuefoisemadonliutamnin - emudoudils
fua szt asssvenamendule w‘%aawﬂfiaarmms%ﬁa‘lﬂumsqmmm%u
{Dehydrating agent ¥i59 desiccating agent) n’%a‘lﬁmm%’au‘tuanwwa:yrmnm ﬁlwﬁn'?'\qrg
weltinawns Gl tenidadadfiunsiisumeldfmvaer  (total volatile matten)
fmoly o quwpit dummvissendasiiiviaogmirnmisavesenivueudy Gunh
“ypauTaomse’ (Total solid) mm%u‘lumwﬁﬁmwﬁwé’tysiammwmaﬂssms uEMIIaTIEivn
\Ranoweaiud e dengnetasinauinldienn

witegluewsil 3 pléun



i64

1. Bound water ﬁa{f‘nﬁﬂuaEu}ﬁum'iﬂiznauslummsﬁjaﬁuﬁ:mamﬁ wu (fhab
Frmehnatflundn

2. Absorbed water Lﬂuﬁwﬁqnq}mﬁuaa”iLﬂu%uﬁﬁwam:aoﬁwﬂsznau‘lua'nm'iti:.iu
MITINTUYNIMENW

3. Bulk or Free water Lﬁuﬁﬁﬂudauﬂsznnﬂumm*iﬁl.mﬂaz‘jLﬁuﬁa‘sma::

svenamoiiulolahy  dinhawsiay vayvi ik

ﬁqﬁu’ﬂuﬂﬁ%mmﬁﬂmauﬁaﬂmmUmwG’huu%mmmm%u&m::ﬁa'mzs’iaﬁﬂ ™ @
fngeiorivdeuranraadriomn Tambhéathawdaion foldvhmeusandoaudssnm
5 i Falildriwinfuniuen ldlunsslasagfifitn: (Moisture can) fehumsovukauasymini
winwiewd ilsulugoulwihiinwesgomnildniven Wardlutsaomni 100105 aeem
wades dhuamysznu 3 Filu sheannindauuanideslidululogaensiu Desiceator) u
Faiwwin wlowd vane q edaldibwingsd famiminsasiathaiivdany swanmmimiin

ety upsimanmniasidudenuiulanlignsmadunmdsil

¥ [
v o o A

wadSudanuiu = yndiafivighl x 100

v

1hMminalegMnNausy

yamaiam 6 Su Suar 2 Hlwesariiine 4 ek ANMITANHUNUTNNITTIUYBINES
Sl anuimuaasdasfienaBusnig 0.6%-1.4% WRYNAINMI AT IEARUESLTEYIIN LN W
FueuTaIRaaA e iauuamRInAsansUhamsdaufindusn Flysianmsiiess
Qmauﬁamamumwﬁmﬁmmm%uuamﬁommﬁ W5 UAZAME A TNATIRFEI LM AN
c;hof:ﬁaehﬁfymaaﬁﬁi’iﬁzﬁummﬁaaﬁu%’aﬂas 95 (P<0.05) ﬁw‘lﬁdwmmwmmummhwaaduaéu
0t T-test '-mmﬁmﬂ::ﬁqmuﬁﬁmomumwé’mmm‘%wuaawe‘imﬁmﬁ«ﬁﬁﬂ c15  hiflenu

uanehsiipddmah@nssauaNuEaiusaLas 95
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MT Y5 UFMTAATTAETIRIMEMWEIUAMNTUIaIGATITIA C-15 mauuammd

Anmsfndasan

F $hathafi FauMIBARITTLL oM sdndeTTUL
1 1.20 1.20
2 1.40 1.20
3 0.80 1.00
4 1.20 0.80
5 1.20 1.20
6 1.00 1.20
7 1.00 - 0.80
8 1.20 1.00
9 120 1.00
10 1.20 1.20
11 1.00 1.00
12 0.60 1.20

Ay 1.08 1.07

tc 0.2167 0.1557

ita.df = t(l)l)?_{-{&) = 2074

dodnamsianzdnamenwrasndaiug

mARTsigmWmImamnaswanTiriTin C-16 msiduesall@emminnuani
YRamenv 4 azhs e mweviersnes &fuming Srwnstiodie wanBinnesiau Taglén
sthsnauasvismsdnsesuthensdaufnaisn ivalaglEaoummeaidmsusuusme
TusnemdifhueBauaniiauansiou spUkamTenEiIman IR e usihathy olia C-
15 darnmaft 1.6 o ldvimaunaudiouehlag Wismsiemsimememit bitaneotuaghadiie
dhanymaiia fazsuemudainiasa: 95 <0.05) sUaldd aumwmnemamweaaWARTu
e C-15 riauuaméam3&&5&3wuﬁiﬁﬂawuLL@1ﬂdwaﬁuaihss‘?ﬁ’amﬁmmaaﬁa fareumandasiv

Souas 95
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MTNN TY.6 FUNaN TR IWTasAR T iThath wlia C-i5

e ADANTWHAGTUT ravdadiseuy | wdsdedsuy te
£ (mm) 39.91 39.68 0123 |
1 [sUhiuazaue N3 {mm) 10.98 10.93 0.446
¥ {mm) 10.24 10.20 0.449
L 51.24 51.47 0.279
2 |8 a 8.84 8.82 0.118
b 16.75 16.59 0.458
3 Lé{aé’mﬁa (Texture)
- fNusA9au (Shearing) Ry 22.75 22.64 0.890
- f3aNG (Compression) 3257.27 3310.94 -0.792
4 |emaiu (%) 1.08 1.07 0216

*t‘x.df = t[t_‘: N3z = 2074
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Frasamemanauanaezasanaialagis T-test
MANAFDULUY T-test SINTOIN I UM IaTIREaUANILSNsB TR
sowhamiade 2 @ dwiuiathanadnlummesey feRasumvdnlummadatuuy T-test
rrufimanewauazaudsUs M taramadnlaveauwnna@aTes Degree of freedom
(df) &9 df Snaufhiefiou 1 sannnendaneroue dhathamadnnmarmsienst lduaaa
s it
Jumaumsewndudy te
1. MVUAENERF UMD
Hy, ‘W,=H,
HA |, # W,
FUUNTEFY OL-value = 0.05 W3 sxummdoiuathaiiibddumeaaafisssiuiouas 95
FIDENIMTAIU ’
M3t smamanaraUNARAiNa WS mINMsansssUTensdauandnly
Tl hilendnssiiuenehaiuolsl Tnelihoteimam 12 Sathahmalsuiugndnem: 109
WA HEMIALTE) Fwusazniamhmsadiu 12 -Ef'a;ﬂauamﬂum‘mﬁ W7

9197 1.7 AR IRATINET DI AR W

$hathad Aowingsan (om) wiafesasn (om)
1 40.14 40.21
2 40.30 39.81
3 39.40 3997
4 3867 4().56
5 40.39 38.97
6 40.03 39.66
7 40.87 4012
8 3354 39.98
9 39.87 39.76
10 39.74 39.89
11 40.28 - 39.94
12 39.67 39.78
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2. fURALEMTLURALEAlIENTLINAMUMIB AR TAM IMARBLT 61 ud sy
dhathanzldienaiusagammasay

i; = 1/12 (40.14+40.30+39.40+...+ 39.74+40.28+39.67]
= 39.91

iz = 1/12 [40.21+39.87+39.97+...+ 39.89+39.94+39.78]

= 3988
3. Mgasmsdmm trest
x i
tc=
n S +n S
\ n, + n, —2

Wa  n, = a'm'mﬁ':aahﬂuqﬂnﬁm‘mﬁaunﬁé‘mﬁas:w
, = Tuushathlugamsndavdmsiiadsseuy

7= e ulugamnAanaumsfiasaTzuy

> -

S,= mwuﬂsﬂﬂurlwqmmmﬁwé‘ams?\ﬂéﬁmu
AU Sl2 Way Sj
! = nIX - X F
= 1712 {(40.14-39.91) + (40.30-39.91)" +...+{40.28+39.91)"
+ (39.67- 39.91)
= 0.567

2 = 1m2 X - Xf

1/12 [(40.21-39.88)° + (39.87 - 39.88)° +..+(39.94 - 39.88)"
+ {39.78- 39.88)

0.382
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a4 weh te lnumsuud ugas
39.91—39.88

[(12)(0.567)+(12)(O.382)1,: 1 N i J
124+12—2 Az 12

= 0.1021

=

toa = Yo = 2074 =eflnenTaf 7 dmussiuamdiaymeadian 0.05 ua
Degree of freedom (T 12+12-2 = 22
L, < Ty

¢laviu ALBRISUEUNATIU H,

fosgduazmsutlaansvang
NIRRT AR AT AMIMEMWIBINERTMTNEY LAEMERINMIHAGS
L 1 4
ssuLMemNTaufnaLI e uﬂmanwmzﬂaluLmn@"naﬁua&hauﬁué1ﬁagmaﬂﬁ@imzﬁumma%a

siusavar 95 (P<0.05)
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matwn g masiiuaanunessamEsd (Sensory Evaluation) 729gu3lna

wwa'mmmLi,xjauanﬂmﬁﬂwm:'uaﬁwimq laznavnzndndnmiawnsidlasaiensmn
Ui lun nisifssameusuendnuasLinng wee § ensdfnnnmsduiasuode wis
weruilodre Ussamdniamsayn WtisuennAu wazatiasisa wennAuse miveasyiiGy
WINFUNTY Organcleptic test Gafiemmsnuhinadaia ﬂaqﬂuaqﬁmmmmmzm‘naaﬁﬁgam‘%m
Iadddaamuees malssivaumwmadssam@s (Sensory Evaluation) 1 @838mavg
InenenaniiiioTa Slemsd uanaemseusiensdAnmalssamidalaemsdiu msldngu
msfsa misdulla waemslatu %'aqzﬁmnmmun"muazﬂ'iamquﬂ:h Organoleptic test #aaL
sansndrd iU Rnnsydueinsdnts Ssmmnanuandnunsiiodia wazgon (e
msthaduaomwnatsssvdels  Sudnmegumwmedan earlfmudiweiosfianaseu
wesnaigunsailumsiasmaeiviamimummwiaiumsinqmmnmense EMAFILUWD
st fnsowdn wsweumanm Senauanshsssrharadeudiutu foafne mmsaniu
metinaduiimelaumakuiulaslnpdduesasdathiiudas vhmalaaduh &)
Ussfusnnmg (20 - 50 e glsnfiumanagaudnssaniudasn uuieth
Misthssde MWL e e ﬁqm;jmmmﬁ'a thzifunamaudanaia  uasAIAMW
yRNGhio ﬁmtﬁanmQ’ﬂmaau%uﬁﬁmmmmm AnmstanTugummRiaurie L
FrmeadiuE s muiinUssamdearumiida ldmand wasmenm  dnsegmadiu
SmnWAaig  AnnanTURaNTEUMEREs  Ussiugumn  uarSnwTeauaunwanIEe
o wenenuaedurumsndn dnnuiiSovesiuinelumenenumenussmsseniy e

maWaWARTI N TIULL M uazmsusUs T WL

11 mslfss lomfanmayssfiuamniwmessamaued
masdugumwmnassavdudnansniash Wedaiarianudwendneol  viod
AmaaeINWATIUTEY ¢ u.az;‘imméiﬁrwiamwam%wuaaé’u’%ﬂﬂa Togselemilénnms
Usudunpamwmaszamandado dnnatemsiuing dovnmsiugrantum mavnsuwiimes
Anfluama marvuanuanEn uasmInUnNaUMZTR AR MaUSUgasnEniT

MPNRALNWIDITOINARUT MsnasauMsUaNTUKEA; T
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5.2 Indeffinacomerlssifiuamawmalssamdusi
1. @mufinadey
Tumamedauviataramdis funndoy uasiadimasay dufiudosding
gy Vamodiumsseaadunsinasoy Tnosndild lumamasaunsaglusionilivese
svanawne ey uarlimsifsunu Wy Eeameniu Gudu Susme muluwibmesaudod
Ansdaauitwe eisuaumaumINTEIuarEmsan mamuSumesmed asfiviansy
£1Mel annnfiLlszanis 22 ~25 BvIATHE AmsfusniviLszanos Sauas 44 - 45 mImainias
VPRV R MU LS MaRa LN NN AT B NGBS Frsmviizay Tu
maReLvaLsrEmANTENsEIA 10.00 W WAy 1500 W wavdNnET imshmmesay
fo drarawsurszyuemns 1 $ibu uaswdesuussmvasudn 2 #alu
2. Gty
mawussathaf inasatmUssemindaavdiod ¥ aunaniitaay
au shutkaunivi bidaemaad umamasariy mewslimmdut viadhmetay Lienadu -
wanafin meugansavae ersiden ifinfuntenann  wdniishathafignesay [éuasdas
Shindnrnemianemiawi aredasimin W ua viawalidiu dio indaiuueiiuem
wuialumanagoy gomnfresietharosmuan o ludnwoemsslnaund  WSnawesén
pthafilimadaLemaman:  nadsMIMAFELeNNMENT R DwTae M B et aios
16 faAns TosaniTTITusana uanfinm 27 nduasdaiueiurods mmasey

AMNTALMIDMILANTY e Finudathatiu 2 wh

3. Aveda

froseranluasiigumd asswiummesouiuduslnadidulsafien
fumadwngl  ansduannguiteummaseu 1 - 2 ki msanmadsmIndS)
VADRMRNITIA LazmMAMTIIssUusviamstwathaion 30 wifi towSmhmavacey ¢
vesaLfAesRaa LR unaatoR munsnaaua MmmesaUFusa
afald Ehdflemaeula femanadasadulummasen Taevialumansnusaanidiu 4 ngudsil

nap 1 dualne dunduenaaauitliealdumstindu uwiihnguiimansgsasly
vesBUMsRNSIVEaRTNTaL St fasnnn 100 o

nas 2 gudlnedsan@entu aunfundudsTnaffidnsmzederiu i nauiin
dmnbarrinend ngwene gndnslulsanm vaengasusnadhmng Swauiiliazarens 40 -

100 &
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ndi 3 dnesautwiaalfidms Dundudnacauitlizumatinduliiionn i
maUssimaszamddiauarienaduasiusdafusithmasuens  SwouitFlindudaann
2190/ ME29 § ~20 au

nait 4 Gideomy Duwdfsveumsol Sensswnydiufiesmaragdadigg

Fuuiilsasiaea

13 Fmssndiundsramdad

mdenmmesaumalssmidEislasbdvogi Fanussasdsammmesauuario
yefigaIms Sememaseumstssaminiauieandu 3 Sl diafh

1. mIvessuRMNTaLvIaMvasaumItasiy hAtmaTaerumey lag
Foanamadindndhuasmesesfafirausuesandaiusidathdimmesey

2. mweseumansuansiy Wlimmegetmenuuansafilnng undasisishots
fir&meray dnesauarbignaunnniimasaumuenainmesemuerimouvie biveuhundasin
Sathafmamaaainiu dvwarnenuindudnuasdnaseunygninly

3. msvedaUEmeTon Wlummaseuilasiossumivamiatog Wy nau

Snuuatlodutla viasamnd wudu

1.4 msdudunaseumarsandud

1. dhlainussasdsasmmeadou
T e ssiwinamadiuau
Wi sfumInsauMmasey
Fhedunndanbifuaumnzasunmmasey
vnlernuameadavtiasiian
WlFshacrannifuldemmeaaaumiinty
aanuLumespu Wi suiwAnenud I Busianfige

YnlARUs s TU T

© @ N D O s N

A myensiasmaihasenammadou Wi stivEmmwanniiaa

25 Tunsnlumaadoumssadumalszamuds
1. fvuadudnuotlisnachs Wu A, B, C..v38 1, 2, 3.... asludas

2. dmwesdvedaunsigasgnagou
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duviaiaa 3 winWusagsnathdaelfmneduinanianagumineiasdsia
Jasdiumainauasathmsiuhwushathwihmemagay

Genisviadinathamnlutiuiinas lumausiladshaeha

@ oo os W

wRssUMaRR LN dendanBnion i i A uazarIiEh

DEN

7. whonhatheaslumasieduty

8. wvafnatalifugnagoy wiasshéwsumhn nssensdehn tham fude uay
WL

9. wuashatbiundvereudiebinasausuiusothy  TauSusmsddumanad
NAFOL

10. ywrndayauaznansvamalunu

11, Whiayan eI tssdiung uasaqig

Gom wmneitudn SeldhmsussdusamnarmelaemsUsufuradszam
Sl shuasndasiont fo wiafunt C-15 Soldvhmaiundaiusisothirauasmasnnns
GasmsBthay 3 fhathe Sevualuusdiude sotha 1-3 wARRiRaUMTRRsITILL
uaz hathaf 4-6 wasTEivdsmsdasuy  Tnelindsshathametsudu fe tnfnmme
Inmaluladawns encaeavinssunees oninandodudvl o 50 eu lealinsisadiu
WU Hena (Hedonic scaling) auanaluanmIuuL uasdsmensiasivuati Liuane
ﬁua&haﬁﬁaé1é’mmaaﬁﬁﬁszé}’ummﬁaﬁu%'aaax 95  wamIsuiuIALIEaNDuRG DN
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1.6 ustsnfumalsyamanda A ldnnuiisluadel

wuuneEILnHYsERnRuN AN T IusIERD C - 15

FOEMINFOTEN. ..o 11 O NO..oo.

lihadnsathsnaii laevieiasuny o adutas suemadineesiuivay vio b

o [ 1 a  ow £
LWHﬂﬂHG!’JE) ENIHAGNIUN

gﬂ"mﬁnum: {Overall Appearance}

AT @70t (sample)
1 2 2 4 5 6

*ﬁaumnff"lqm — e

TAUNN — S R A

gauthwman L . e

gaudmisn | . | e | e

REe|

tiimudniay -
Bisathwoans | . | | | L
Bgoven | . | . b
Ligovsnniige T O O

néuua:ﬁmﬁ {overall Flavor)
QNTOL ¢t (sample)
1 2 3 4 T 5 ]

-ﬂaumnﬁqm .......... —

TauUxNIN . v— e e
gavthunaw | ... | .. S T

FauANay - 7 L o
e S S RV [ N

Yitoudmion | ... P (T IR
Tt mna S —
{aigaunn —
Jﬁﬁaumnﬁqm e e e I
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mmﬁauTmus‘m (Overall)

ATNTDL ¢t (sample) :
1 2 3 4 5 6
souwnnge | .. | .. S T
FOUMIN — P N R A
gauthuna™ | ...
=3 9

FOUIAMUDY USROS U (R I
e — —

n o t
Ligaudnmian — e L
{yigatunan —
Lsigauson —
Ligownnfigen | .. | e e
FaEUDUUY
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2.7 agwamsysedlumedssamdudd

Toeluomideiimmma safivdaiu 3 Snumsde NAMLAYIATR UM
uAzANTBULALTIN LLa:'il'amdawaoml’ﬂszu’immm‘lﬁﬁaﬁ
aauf 0.1 dayafidmnmmeseumassE M UNAuA ETRTaINARTTM $aE C- 15

NouuazniIdineaseLLNEnAEaLFY 50 AU

Emadouy $hatioi CHATIM
1 2 3 4 5 6 B
1 9 8 9 9 9 9 63 |
2 6 7 7 7 7 7 41
3 6 7 8 4 6 8 39
4 8 8 7 B 7| 8 46
5 7 7 7 7 7 | 7 42
6 6 8 8 8 8 7 45
7 8 6 8 8 8 8 46
8 6 | 6 6 7 7 7 39 J
9 7 3 4 6 7 6 33
10 6 6 6 7 6 7 38
11 8 8 6 8 7 7 44
12 7 7 7 7 7 7 42
13 5 7 6 3 6 6 36
14 6 7 7 8 6 7 41
15 7 7 7 7 7 7 42
16 7 7 7 7 7 7 42
17 6 7 —[ 7 6 6 6 38
18 6 6 5 9 g 6 40 .
19 7 8 8 8 8 8 47
20 7 4 6 5 6 7 35
21 7 4 7 | 7 4 4 33
22 7 7 7 7 7 | 8 43
23 7 g 8 8 9 8 49
24 4 7 5 6 8 9 39
25 7 7 6 8 9 8 45
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fnasaudy dhathd HATIM
1 2 3 4 5 6
26 g 7 7 B 5 7 43
27 B g 7 8 8 9 49
28 g & 5 6 7 5 37
29 8 B 8 g 8 B8 48
30 8 8 7 6 9 8 48
3t 7 5 8 7 9 7 43
32 7 7 7 8 8 8 45
33 7 7 8 B B 8 46
34 7 7 8 8 .8 B8 46
35 7 7 7 7 7 7 42
36 8 8 8 8 B8 8 48
37 7 7 7 ki 7 7 42
38 g B 7 8 8 7 47
39 5 6 7 7 8 6 39
40 7 B 9 9 g 9 50
41 7 7 7 7 8 g 45
42 7 5 5 6 7 5 35
43 4 6 6 5 6 § 32
44 7 7 8 8 B 7 45
45 6 5 7 & 5 5 34
46 5 5 7 5 8 5 35
47 7 5 9 7 8 6 42
48 7 7 8 8 7 g 45
49 8 7 7 5 7 6 40
50 8 7 3 2 8 3 31
WaTIN 346 339 349 354 370 356 2093

v - C A r-\lu | -~
NUME] @Bt 1 - 3 TUHASNMNNIANNARITTARGTELL

v o 6 oA wu t-"ly o -~ v
SIIUMN 4 - 6 WHNARNUNMIOTNUAINTIAAF TLLUL
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TN 2 FayafldnmmesoumassamiEamedmdTeaRLnngaWRaie dhotis C- 15

NeuLAIMEERdILLIAINEMaEELTN 50 AU

| dracouts éhathefi T HaTI
1 2 3 4 5 6

1 6 9 8 8 9 B 48
2 6 7 7 7 7 7 41
3 7 7 7 7 7 7 42
4 8 8 8 8 8 8 48
5 7 7 7 7 7 7 42
8 g 8 8 8 8 8 49
7 8 8 8 8 8 8 48
8 7 7 7 7 7 7 42
g 7 7 6 7 6 7 40
i0 7 7 7 7 7 7 42
11 9 8 B8 8 8 9 50
12 5 5 5 5 5 5 | 30
13 5 7 7 5 5 7 36
14 6 6 6 6 6 6 36
15 7 7 7 7 7 7 2 |
16 7 7 7 7 7 7 42
17 6 6 6 6 B 6 36
18 6 3] 6 7 & 7 K}
19 7 8 8 8 8 8 47
20 6 6 5 6 6 6 35
21 6 6 6 6 5 5 34
22 7 8 7 B 7 7 44.
23 B 8 7 9 8 7 47
24 6 9 7 | 7 9 7 4
25 8 8 8 8 9- 9 50
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Fathah

v - & e :“\lu o -~
FIDEWN 4 - B WMHAANTUNI G INUAINIIRAFSLLIL

gmaaauin WATIN
1 2 3 4 5 6
2 8 7 7 7 7 7 43
27 8 9 7 7 8 7 46
28 7 7 7 7 7 7 a2
29 7 6 8 7 8 7 43
30 7 7 7 7 7 7 42
31 6 5 7 8 9 5 40
32 5 5 5 5 5 5 30
33 8 8 8 B g g 48
34 5 5 4 6 7 8 35
35 6 6 g 6 8 8 42
36 6 5 6 8 8 8 a1
37 7 7 7 7 7 7 42
38 7 6 6 7 7 8 a1
39 6 B 7 7 7 8 41
40 8 8 8 8 g 8 48
a1 8 7 7 7 9 8 46
42 7 7 7 7 7 7 42
43 5 5 5 5 5 7 32
44 5 5 8 8 g 7 41
a5 5 5 5 5 5 5 30
46 7 8 B 5 8 5 39
47 7 8 6 7 5 9 42
@ 9 9 8 7 8 8 a9
49 6 6 6 6 6 6 36
50 7 7 7 7 7 8 43
HATIN 339 346 343 350 360 361 2078
vanEme  Sheted 1 - 3 Hhidesiiieanteuns@adi




181

- [y - o w v o - € o4 s
TN {]3 1]aaaﬂ\lﬂQTﬂnmﬂﬂaLmNﬂfgﬁmaNHﬁﬂ“ﬂWHﬂﬁﬂaHm‘[ﬂmN‘ﬂaﬁNﬁGL"im"ﬂ #9um C- 15

HauuaIvAIRasNIRLAINEVaAaLEN 50 au

EnagaLEy $hathaii NATIN
1 2 3 4 5 6
1 8 g 8 B 9 8 50
2 7 6 7 7 7 7 41
3 6 7 8 6 7 8 42
4 B8 8 7 8 7 8 46
5 7 7 7 7 7 7 42
6 7 7 7 7 7 7 42
7 B 6 8 8 8 8 46
8 6 7 7 7 7 7 41
g 6 3 4 2 6 4 25
10 7 7 7 7 7 7 42
11 8 7 7 7 7 7 43
12 6 6 6 6 6 6 36
13 5 5 5 5 5 5 30
14 6 6 6 7 6 7 38
15 7 7 7 7 7 7 42
16 7 7 7 7 7 7 42
17 7 7 7 7 7 7 42
18 5 5 5 6 5 7 33
19 7 8 8 8 8 8 47
20 7 5 6 5 6 5 34
21 7 4 6 6 5 4 32
22 7 7 7 7 7 7 42
23 7 9 8 8 g 8 49
24 4 8 5 6 9 7 39
25 8 8 7 8 9 9 49
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FnLWh

HRADLN NATIN
1 2 3 4 5 6
26 9 6 6 7 5 8 a
27 8 9 7 8 8 8 a8
28 8 6 5 5 7 5 36
29 8 8 7 8 8 8 a7
30 8 8 7 6 9 8 46
3 7 7 7 7 9 7 44
32 6 6 7 7 8 8 42
33 7 7 8 8 8 8 46
) 7 7 7 8 8 9 26
35 7 7 7 7 7 7 42
3% 7 7 7 7 7 7 42
37 7 7 7 7 7 7 42
38 9 8 7 8 8 7 a7
39 5 6 7 7 8 6 33
40 7 8 9 9 8 9 50
a1 7 8 7 7 7 9 45
) 7 5 5 6 7 6 %
43 6 7 4 7 6 5 25
44 7 7 8 8 a 7 45
45 5 5 6 5 5 5 31
26 6 5 7 5 8 5 3%
a7 7 6 9 7 5 8 a2
48 7 8 9 8 7 8 47
49 8 7 7 7 7 7 43
50 7 6 3 6 g 7 37
wavim | 346 | 339 | 240 | 346 | 363 | 357 | 2070

A [
VAV $aET 1 - 3 dueEniouii e nrounsdasisL

$rathaf 4 - 6 HunaafunlFmminanssa
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1.8 medensitioyad ldnnmssdiu

fumaulimsiemsiamnainnn SnemenauasaEna
1 anfoyamusudulumei 01 Jayalamnmsmsesuisnuaraodnt viildnas
huusiasuniuazusiazaadin
2. ﬁmuw’ﬁaﬁuagﬁj‘lumaaﬁﬁuuﬁuywmaﬁmﬂizﬂaéﬂaamﬁﬁnm
Ho:{A=UB=[C=UD=HE={LF
Ho:UA% UB# UIC# LDZEUE# UL F
'-hl.l.uni:oﬁ’ummﬁﬁuéwﬁtymmﬁt?\ﬁ oL = 0.05 vi5a%aLay 5
3. dmnnidpyaiiiiuduradlummedheed

v v 2

3.1 MUY (Correction Factor) = (WATIMUAIIANAYINNG)

(Mvmdpyarimug)
= 2.093°/50%6
= 14.602.16

32 HEYINTIFIFE ST MASBUTN (Sum of Squares for Panelists, SSP)
= Naﬂuﬁﬁaﬁaawaﬁa;&aﬁ”’mumam:’maau%ﬂumﬁa:ﬂuma«ﬁmahmmm
msthudinlusagshaeha) - (@uiu)
SSP = ((63°+41°+39+...+40°+31°/6)- 14,602.16
SSP = 213.00

3.3 WATINMAIFEITBIIDLN ( Sum of Squares for Sample, SSS)
= Naﬂurhﬁaaawaﬁaa&aﬁmumaaLwiazﬁ’maham?éi’)mhmwnaaﬂﬁﬂmﬁu
fuusazshaeh) - @iy
SSS = ((345°+337°+336°+350°+366 +3507)/50) -14.602.16
SSS = 8.54

3.4 NaTIMMSIEDITaDYAVIVA (Total Sumeof Squares, TSS)
TSS = (9°+87+9"+.. +8°+3%) - 14,602.16
TSS = 448.84
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3.5 WATINMAEDITDIANINAAIARAY (Error Sum of Squares. ESS)

ESS = 448.84 - (213 + 8.54) = 2273

36 FueUANDFTE (Degree of freedom, df) = IMMVRITRANY - 1

df Tsshathaf 1 =5
df 9DINVAEaLTY = 49
df PRaTIAR = 299
df PR MNAMALAEY = 245

3.7 MaRumMAsEed (Mean Squares = MS = SS/df

MS 299618 =854/5 = 1.708
MS teneasauT =213/ 49 = 435
MS Error =22730/7245 = 093

3.8 #1 Computed F value (FC) = MS 989%1ae19 / MS PRIPMNARIALARDU
FC = 1.84
Ft = ¢ F aMeTIafisssiy O firnviun wag df eaatiidondniumeisdm (df1)
uaz df 9836113 (df2)
Ft = Fy = 0.05 ; df1 = 5 df2 = 49
Ft = Fo df, df, = Fiype = 2.21
4 FeeneieTEATALT S0 Fail

FITILATIEA KLU0 (ANOVA)

TN AT ETIRT ol e Tal! df S MS Fc Ft
LN 5 8.64 1.708 1.84 2.21
ARG 49 213.00 4.35 4.68 1.22
AaNAEILAADY 245 227.30 0.93
Vv 299 448 84

*enuiipddnmeahiffisziusouar 5

FNHEM UMW Fe < @ Ft 3909850 Ho shvanuamaiishathavs 6 shathals
fenauansinaiu Jeenmnanagllénh mavhensdounduanlEliiubifinadagmumwroadasim

Tumsvassumasduilnamesunduraysamaathdliluddgmesdiafissiuanudiodu 95 %
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Furaulumsliensiamuislyin dnsusivnng

1.

2.

nnfoyamstzfiulumeed 02 ogalasimernanmurimuazeadn vivli idann
luusiazuonuazudasaadnl
ﬁwmwﬁ’aam{c‘e‘@‘mmeaﬁauw‘iuywnaq’z’mqﬁixmﬁﬂmm's?mm
Ho:MA=B=lUC=UD=HE= LF
Ho: A # UB# JUC # W D# UE # JLF

Munseiuemuiiiudmaymeahian o = 0.05 viasawas 5

3.

anndayafisuiiudiouanitummadiisasl

3.1 MUY (Correction Factor) = (&ammiagaﬁmm)z

(Eudayarivne)
= 2,078750%6
= 143936

3.2 WATMEIED YD INNARDLTN (Sum of Squares for Panelists, SSP)
- (waramdresasdayaivmatosnaseUi sz e
wnurasmmbsuiimluudaziieeha) - (@)
SSP = ((48%+41°+42%+..+43"+36°)/6)- 143936
SSP = 228.387

3.3 WATINMAIFDINIINEN ( Sum of Squares for Sample, SSS)
= mmuﬁné’aaawaafﬁa;daﬁewumam,wiazﬁaaaham'sé"m;hmu‘umms
Usafiulusiazsinogha) - (ehusu)
SSS = ((338°+344°4+340°+346 +355°+355)/50) -14,3936
SSS = 5307

3.4 WATINMAIEDITDIIDYEYINNA (Total Sum of Squares, TSS)
TSS = ((6°49°+8%+..+7°48") - 143936

TSS = 354.387
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3.5 NATINMAEDITIANINOAANARU ([Emor Sum of Squares. ESS)

ESS = 354.387~(228.387 + 5.307) = 120.693

3.6 TEAUaNMNDATY (Degree of freedom, df) = Twauraellade - 1

df Tashothafi 1 =5

df M annaEBLEN = 49

df Bevavan = 299

df gsAmemaLEan = 245
37 duadtmdEas (Mean Squares = MS = SS/df

MS 98361881 =5307/5

MS townaRauEy = 228.387 / 49

MS Emror = 120.693 / 245

I

1]

1.061
466
0.493

3.8 #1 Computed F value (FC) = MS 993670810 / MS Fa4anNAmIeLARaU

FC =215

Ft = M F 9Inen5iTeeiu O IMviue uay df 2o dasilaudnsumi s

d7u (df1) Uay df 0edms (df2)
Ft = F, =0.05; dfl =5df2 =49
Fi = Fo df, df,= Fy. =221
4 euemaiensienaum fi

MTNRaTMA LTSI (ANOVA)

| uwdsemanleos df SS MS W Fc Ft
GBENN 5 5.307 1.061 2.16 2.21
BneRa LTy 49 228.387 4.561 9.46 1.22
MemNAMaAEaY 245 120.693 493

ﬁgmm 299 [ 354.387

L*ﬂ’nuﬁﬁaéﬁmmaaﬁﬁﬁszﬁﬁauas 5
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TINEAMSEMIURLTIE Fo < ¢ Ft 2969050 Ho thamnuanuinehaeavis 8 shating

Y s T e & \lp ' . L " ‘ll—‘l Lo \»tzja ' =
WHNENHLANENINU Qdﬂ’l“'ﬁﬂﬂﬁ:ﬂ A NI TIHIDUNRUIN L LANUU RINNA AR DA TWABIHRE

U =3

FusilumsvansusasiiAlnamedudneneiunng athafisiudédgmoaiffiseiuamnugodin 65%

TueauMILeNHENNILTLI MSYaNTUTIN
v a o " . H v € a5y
1. mﬂ‘na;dammszmuhmmw 03 ‘aauua'[mamnﬁﬂmsuuumu,muazﬂaa;m ¥ Wldnasiu

Tuusiasumuanisasaodu

2. ﬁmum%’aawgﬁgmmqaﬁauuﬁuyuwaaﬁ’mﬂs:mﬁ'ﬂmm'sﬁnm
Ho: WA=UB=UC=LD=UE=LLF
Ho: A UB# UC# W DZ UE# U F
ﬁwttunszéiua')mﬁﬁaéﬁrgmaﬂﬁﬁ'}"ﬁ O = 0.05 v33auay 5

3. funnaysfisuiusuandlummedaanai

v

3.1 enU3U (Correction Factor) = (aammiagﬁﬁim)z

(undiayariine)
= 2.0707/50°8
= 14,283

32 waﬂumﬁaaawaqbﬁ:ﬂﬂaau%u (Sum of Sguares for Panelists, SSP)
= { Nsmurhé’aﬂawao%’auuaﬁ’mucﬂ‘naargwmﬂau%ﬁluu.siazﬂumﬁﬁw
Smramaiadinliudasdache) - (@)
SSP = {(50°+41°+42"+. +43%+37°/6)- 14,283
SSP = 250.33

3.3 WATINAAIEDITANOLN ( Sum of Squares for Sample, SSS)
= { wfmmhé’mawaaf’u’agaﬁ%uumaaLwiﬂ::éhamam‘sé’amhmu'uaomi
hafulwisiazsiatihg - eusu)
SSS = ((345°+337°+337°+3427+352+351%)/50) -14.283
SSS = 6.84
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34 WarNMdEaInTayaYivue (Total Sum of Squares, TSS)
TSS = ((8%49%8%+..+8%7% - 14,283
TES = 418

3.5 WATINMAIEDITAMNARIAIARIU {Error Sum of Squares. ESS)
ESS = 419 - (250.33 + 6.84) = 161.83

3.6 seauaNNDaTY (Degree of freedom, df) = Sty - 1

df 096pENf 1 =5
df FovrnaFaLiy = 49
df ‘ZIEN'PII:MNG! = 299
df FaIAmMNAMIAIAGEY = 245

3.7 enaauidsdns (Mean Squares = MS = SS/df

MS 999619 =854/5 = 137
MS Tadinadatdy =213/ 49 = 511
MS Error =22730/7 245 = (066

3.8 & Computed F value (FC) = MS 9091708 / MS JAIPTHARINLARDU
FC = 2.07
Ft = ) F @nmaNissi O, ifnviun uae df sasaaiidendhamiemen {df1)
Uay df UeeeIms (df2)
Ft = Fo = 0.05 ; dfl = 5 df2 = 49

Ft = Fo df, df, = Fopgue = 221



189

4. #hamndlanmianaudsyio dofl
TPENa NI (ANOVA)

s a0 df sS MS Fe Fi
GNDENY 5 6.84 1.37 2.07 2.21
RGO 49 250.33 5.11 7.74 1.22
femuaaIaAaau 245 161.83 0.65
viav 299 419

*enuiiludhdmeaiffszauiasas 5

PINUANTIMUIUWLTIEN Fe < e Ft eaNTY Ho TUaanuienaLavi 6 enaehd
= 1 [ r=3 } 20 . | 7 " " 3 14 ' o
Bifenuuanenaiu aqﬁ1mmﬂ:ﬂ1ﬂ11 mmmmmaunaum‘l"ﬂmuu&mamaqmwwwamam

Fugtumsuaniumedmumseaniurmasiisinaethediuidymeatitfissduannaiu 95 %

anamaplin mahensdeundumn i vaitiubifiuasaqumwonwdaiuei umseen

SumedumsLsusvlssamdudaastidineachailiiudmenmesdiaimeduanniativ 95 %
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UnAaLa
swdiplundildvitnsosnuuunasaiszumihanuiouiia
névanldlnilaolfronawsafseoudilwniswanmuiounnu
-?auuuun's:ﬁ'ﬂi‘m’im'lﬁ&'\u'luﬁaavaa‘mua:ﬁ-nmgn dhaeias
wanaowanuioududumslaunduiianms  laobhamuiou
ﬁom\ﬂnﬁﬂnns:mumm‘énﬁaglugﬂwaaﬁwfauﬁqquﬁ
Utsinm 120-140 °C fisousnimadusitumdnnnaten vl
vasfamedulunssuaunstvuuuueiism  Tnedl  Gudam’i
i Tmdadiwu hua’a’tbi’ﬂugnﬁ‘m"ﬂlﬁuﬁﬁ’:ﬂauﬁgndﬂdd’q
wiglohAganmilua 21 aardowiii waINnIMARaUWUIAR
xf‘\i]aunhzjmuqﬁ 230 °C  dammrinadsaie 21 nsdowd
TnrdunauasTa oo 0.356 Was x 0.584 AT fidd
VUK 8 1A lAULARTTAFDRUUBRNTNTASE 6 W Iirdoud
aanmmzuuﬂqmﬁqﬁm&ru 81°c uasdrldsolunvrainszuud
fivdn lavruniofunilumeolusserioas 117 7 wENTINTIL
dasnArfnlszinEnsdamnauiousuildnnaimesau

WisuifiouiudaIf lanmsd i arnaunisimuualioing

- 64

Insuyudifuiassuionnuianiididindy 118% udsiingani
54% 1iaifpuRvd A ldnamIfuImInauMIA iR A
Faulvauvustsnmifd g aamsluuurdafniuunwIoufis
amnpinef uRsYRifAUEEnE i omaneiouTenl:
intuavasnanamsaiseonanlflurzuudfdszann 1,32 kwiK
uRz 0.56 ke dndanmilwazoniidan 10-25 &aisio

uh

Abstract

The main focal points of this research work are to
design and build the heat recovery system using automotive air
condenser as an allernalive heat exchanger unit due to the fact
that such the air condenser is inexpensive and very much
commercially available. The implementation of the system is
carried out in the biscuit lined-oven from which wasted heat is
released as naturally buoyant hot aic plume with the temperalure

of 120 - 140 °C inside 2 fadility of Thai-Nichi industries Ca. LTD,
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Lamphun, To reduce fuel consumption of the boiler used in the
food processing, recovery heat is transfered to boiler-fed water.
At the waigr flow rate of 21 literfmin the lemperaiure of the water
increases from 30°C to 81°C zRer passing through a sal of
0.356x0.584 m’ condensers.  This

6 condensers connacted in

results to iess fuel
consumption in boiler, 8 sets of
series are paralleled. The system is evaluated to have a payback
vericd as low as 1.17 vear. However, such implementation is
reversed as the condenser is doesigned to be a cooling system,
not the heating system, for the fluid within. It is found nui from
the experiment that the overall heal transier coeificient of the
condanser is 118% less than czlculated from heating the
compact heat exchanger with forced convection air flow with the
same velocity and 54% large than that calculated from heating
with nalural convection air flow. In the range of hal water flow
rate of 10-25 litar/min the overall Leat transfer coefficient and the
effectiveness of automotive air condenser are found lo be

approximately 1.32 kW/K and 0.55, respectively.

1. unwn

' nnoAaauieizdu  Mavainisliwsimluziuuudne g
iRvtuatumais  nuldwdamotuilsintuamuiieg
arwduiuatneba ua:tﬂuﬁnﬂuﬁuﬁagua"ri‘mé'anun'nu'?au
srmilsasgyiolnontindelond Wesnihsnamnuminiass
QARIMNITUIELE  WINRITIRRIRASUR TR EmENALIN
'l-n"tﬁtﬂuﬂfzfmsﬁmnﬁqn‘lﬁﬁa:tﬂu'ﬁ'zuaﬂﬁuqumwa‘m WREAN
VimoaFamasiltlulsemasdld  winudlumalfiacudasls
L‘&uan‘nu'lun‘nﬁaé.'n:uqﬁauﬁuga aniwAomusImalumsaa
ﬁmgu'lum':ﬁﬂé:n:uu lurwddvidseanuuuuazaessumin
anufaufindunlslwilasldrawmawsaidmivszuuydy
anmatusaswaiwniasuaniounnuiownndududunals
undufianis  lessanfvuianszhieia (Compact Heat
Exchangar) Env‘?’aﬁﬂmgn warmiwturasnme Salaoialuuda
AOWAWTBE RINEIT i M AT BRI InueInefi na
luria Tepordoniuidiudnufivinfinslunmasmnoanuion ade
'l':ﬁmulunu’:a"u-.{a:'lﬁ'ﬂaumuma{:nuuﬁ:’ii‘:az_ﬂuﬁammam
YwihAssueeuioubicrivosinamoluve  Swiiunitldon
ndvfiamas  lapasdianuisufisninmaenlnivesiavedy
{LPG) Iunszurumandanduunldlng n'nu%'auﬁdﬁ'lﬁa:ng'lugd
22981 T o%IINAE NI TRL AR BUFITURLLTITUTIR VA LT EN
oG dudan3 i Sawmdadigu Winiowurivrsuilouss
'lué'mﬁ'a'tmf'l%a'iié'ﬂﬂm:i]auﬁﬂuﬂ'agﬁulmﬁmm 21 fnvie
uii Tnuzjaui’mmﬁmmt%alw‘éqﬁlﬂumﬂm'mﬁ mtanaivi
ﬁ?aﬂs:fwn'l.ﬁml'na'meumuuﬂav’muusﬂi«wtﬂu'::uuuan
tﬁt‘iuuna'lu'?auluqﬂmunﬁm’m uasfamdnlssaninastamn

auTouTIY (Overall heat transfer coefficient) ual3=&ndua

, e 2 a [
(Effectiveness) -umnamauwa'nnuuﬂngnﬁwmlﬁnunaunﬂ““
Taeaduiibyaannimases Tﬂua:mTlﬂ’mumuunuanﬁ[ﬂu
l¥run1Tr03 Szhnoun and Webb [3] I ldnesuininng

. o I .
asnauiaunuvssninianinaeruifuiel Srugnang
- .~ L « - - u - ¥
FouliyaslvanlasluiaundsauuunianlStundodiagug
£ e e g X . .
TumymimskgiEsidirlunnnsRsnowewsafidhdny
a - - -
i arsasvitaTsiuaraessgnEad  taduumomaung
Yizgndltlumtsanuusszuuiianufoufianfuntelnly,
Anwmzou 9 doly

2. NTRVNLUUTEYY
n'naanuuuua:aﬁmummN'm"zi'u'luﬂ?u{qﬂnm&‘énnau
Iummnntﬂﬁ'uuﬂ'z‘m:“am:u’i'mf'lﬂauﬁqmuqﬁﬁaaﬁ'uﬁ'nn‘au
arndinlizing 120 - 140 °C fa foutamea Fineuddofrune
0356 m x 0584 m MM 610 1 Fuuulnteeiuvce
ﬂaw.am-nafé'an:i'nﬂﬂngé'egﬂﬂ 1 fikufimsdatiomanuion
dawmibinBinniddnlszun 940 mim' smdiulduseavgs -
anwautratingudsinnaindoldiniurissaradisuning
Jaurmen  1NAIA (Compact heat exchanger) untidszyndls
a:fnﬂau.mumas’umué”amﬁawmua:aq.mur‘.‘u Taodauny
TR & 18 Tauuda:qadauuuam}nmma: 6 uamﬁ'agﬂﬁ 2
ﬁadﬁuﬁlun’ni’umwﬁuﬁanfiﬂ‘lﬁgnlﬁan\i'l“’z‘xﬁnum:mm:
gus eMIRanaT It uUS a8 sd AT aulidatu
AOLAULTES ruuﬁﬁhqﬁuﬁﬁm’_]uﬂumunwfﬂuﬁm';'a 180,000
vmuanusunda m'umagﬁnmnuﬁa'lamfnﬂ-s:mm 80 (A3
winsiasaanuuuszuukanidsuauioulaolformmudanats
'lummamu‘f'iﬂum'tus'aua:ﬁﬁmgeﬂq 140 UneaeIWa dos
1Guamuuimnu 250,600 un SnnstifywuusiuazeTand g
é’a\':v:Liu'lﬁiﬁ:uuﬁ’l'ﬁnaumuwa"f'snﬂuﬁa:ﬁ-ﬁmgnn'h
Iumsaanuuu::uu'{uﬂg'n{ﬁﬂua:tﬁummqﬂnmﬁuﬁmﬁ;
A 3 Taolthnbwwe 2 wssifediduliisdoufigmpd:
Ussuu 30 °C ‘l'nati'm-qﬂﬂaumw*na"s'muuﬁﬁdauuuueunmu
ﬁ'mam'lu;sﬂﬁ 2 Ian'qw‘s'un'nu%'aué'anti'rn:ﬁavi:‘l’?uutmdw";
finnuisufisordiuuusimma (noiedsminu 1 m)
-nua:mﬁua-uan;emammuwaﬁnuuﬁﬁlﬁuaad\xm-mﬁ 1 lauos
nawtewtratmiin st nau iineiabiisunusealinloy
muusnaziinTuinTauuubu (Corrugated fins) ﬁﬂﬂ"aag‘ waiklun
nagauIzi M fuildoudarimilnaranirdoud inads
noMAWTDIT 5 TTAU A 12, 15, 18, 21 uRr 24 ARIEWIN LAS
Jadngmnnil aaTn1Ine vasaiouuazainaion FanTINAN
gn_n&u'uan’fwﬂauﬁiﬁamuqmﬁaau WEHATIZRRIAANTION:
e o imdos
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1 Aowawsainpudithzgnalsluizuy
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— o T Py -
an Ia:mumqﬂlﬂmﬁuﬂtﬂmﬂﬂuuﬁmu:'a::nmmuam*nu
. o X
astdualdarusuntIdsi
Dot =MRCPETkin — Thiou) (&)
: : ) Qo =M P, (Tc.aut "Tc.in) {2)
3 i P £ ) - -
i : WA TIDRLATINIREIT UL ua:wﬂl'.\m‘.‘lugﬂa;mv\gumn
H i AWN19aDG13Y W3D Logarithmic Temperature Difference, AT,
: S =l
T H ualt, . —T.. J—\T . ~—T..
R S e Tug WpanInszuy a= Alhin ~ Tein o e 3)
g —-T
= o= - <. - & Th,in ‘¢,out
E-Jn 2 ANBUZ NI TS IND AT a TTRNUATIR RIS IATZUY b ————
Th_oul - Tc,in
/r \ ﬁ'ﬂﬁn’nd‘wmmm‘i’auga 8 (Qpax) TWHIMIDUKAT AT
. -~ aaa - o - . -
( | fou shanimsinsuuvanunuemuluinTasanuliowauiaud
P ) b . A - -~
) liedd tosuwniimaanvosrsdthilow tivuaamnluut
Boiler  Wvater tanik w . . o
I Hot gas out vaarwiau (T, =T,;0) 9216
. L ASdA AN A
I N ) 52 5 o
—t Pressure gagde A & A A A A Qrax =[me]min AT, - @
S .
- Hot gas in
Water tank  Pump I o A de o . 1 L
. i H] [me]min AITMUBBNFATEU T YD AMANIRDI UST
Air Condenser A -
Trmax = Thin ™ Tein

U 3 MwanBuavesgdniciifieadiuzyy

AITWA 1 ENBULASTWIAYE InpwARITa Y oUW AL T luTsuy

aatuAilszAndus (Effectiveness) vadaTosnanifouna
J0% (€) fa

FIUITUABULAULTATIODWG 48 a7

I'J-ﬁa Fermula Y4 58.4 mm x 35.6 mm

ANULTTUINTINNTA (L)) = 125 mm
THUTHNITWINATUINSA (Lp) = 15 mm
cozdnupaninniu (Fy) = 20 mm
USRI WM (Tp) = 2075 mm
AMUNTIBaIS (Tw) = 475 mm
ATWUUIVBIATY (Fu) = 012 mm
AMuinuaIvia (T,) = 190 mm
ALMUIVDIVIE (Ty) = 08 mm
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F1uauveIRTUINIa (N) = 6
TUTRWAG LU UINSE (S = 25 mm

szorRuAGourTamautnseesniuinia ($,) = 2.65mm

Q UAAT,,
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ABSTRACT This work focuses on the feasibility study to inversely use
automebile’s compact air-conditioning condenser as a waste heat recovery
system. Such utilization is promising as it is shown that the effectiveness
of the inverse use is about 0.57 which is sufficiently high in terms of heat
transfer performance and the compact heat exchanger is designed to
withstand high pressure as well. The price of the unit is also attractively
low, approximately $US 15, and this compact heat exchanger is widely
availabie in the market. In this investigation the heat exchanger is meant to
retrieve waste heat from hot air plume naturally induced upward from food
processes for which electrical heater is used to simulate. However, it is
clearly pointed out that the heat transfer characteristic of such phenomenon
in terms of convection heat transfer coefficient is still yet to be well

Chiang Mai University
Chiang Mai, Thailand 50200

1. INTRODUCTION

Heat released from combustion processes is the
source of energy which can be retrieved back, instead of
wasting it into the environment. . Waste heat is available
in the processes ranging from the cases of complex
processes found in the industries to the cases of very
simple ones found in the household scale. Each portion
of retrieved wasted heat reclaimed means a reduction in
fuel usage, thereby saving cost. Therefore, heat recovery
system has been a subject investigated in the field of
encrgy conservation involving to thermal systems for
years. The challenge is to build an effective and
inexpensive heat exchanger to efficiently extract energy
as much as possible from the wasted fluid.

In simple thermal processes such as those in
food industries with wasted hot air plume naturally rising
upward have a potential to make use of high-effective
and Iow-head-loss heat exchangers, however,
constructing a heat exchanger means additional investing
cost. There are several types of heat exchangers
available to choose from; direct contact, indirect contact,
shell-and-tube, double-piped, and even the compact
ones. It is possible to look for inexpensive heat
exchanger available in some processes which might be
applied for others. With its highlighted compactness
(over 700 m*¥m>) and inexpensive price, compact heat
exchanger used as a condenser in automobile's air
conditioning system is one of the possibility which is
feasible to be used as a heat recovery system.
Nonetheless, it is primarily designed to cool the water
within its tubes so some analyses and experiments have
10 been made to see how well it can be used inversely,
This work focuses on investigating the performance of
an inversely used automotive water condenser made in
Thailand with low price available in the nationwide local
markets in terms of overall heat transfer coefficient and
effectiveness Such compact heat exchanger is fested in

established and further study has to be carried out.

the test rig in which hot air plume is naturally induced to
simulate the what mostly happened in food industry
processes involving broiling,

2, FUNDAMENTAL THEORY OF HEAT
EXCHANGER

Heat exchangers are classified to be compact
when its heat transfer arca-to-volume ratio is larger then
700 m*m®. Designed to be used as the condenser for the
automobile's air conditioning system, the compact heat
exchanger studied in work is able to withstand high
pressure up to 400-500 psi and comes with low price tag.
Its surface is so large as to efficiently transfer heat from
the refrigerant to incoming air. Fig. 1 shows the
compact heat exchanger used in this study and Its fins
are corrugated and louvered. The geometric dimensions
of each fin are shown in Fig. 2 and 3 and listed in Table
1. Aforementioned such compact heat exchanger is
inversely used specifically in this investigation such that
water is chosen to be the working fluid in the tube side
and warmed up by hot naturally-induced stream air
instead of being cooled as specifically designed. Heat
exchanger rated is, therefore, definitely altered

Fig. 1 Automobile's condenser used in this study
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Fig. 2 dimensions of corrugated and louvered fin
(Sahnoun & Webb, 1992)

Fa=T

l:—/////_\\ \._)lI
eI

Fig. 3 dimensions louvered fin

Table 1 Geometric Dimension of louvered fin

Geometric Dimension

Louver Length (1) 12.5 mm
Louver pitch (L) 1.5 mm
Number of full louvers over flow depth

(N 6
Nonlouvered inlet and exit fin regions (8;) 2.65 mm
Redirection length (S;) 2.5 mm
Depth of fin array in flow direction (Fq) 20 mm
Tube pitch ( T;) 20.75 mm
Tube width (T,) 4,75 mm
Fin thickness (Fy,) 0.12 mm
Tube depth 19.0 mm
Tube thickness 0.8 mm
louver angle 23.58°

When the temperatures of water inlet and outlet are
known, the heat transfer rate can be calculated from

Q=1,C, (Tuon~Tuia) ()

Similarly, if those of hot air plume is known, the heat
rate can be determined from

Q = rhacp.a (Tl.oul = Tc.in) (2)

Using LMTID method, heat transfer can also be
formulated as

- T\v,om) - (Ta.out - Tw,in )]
[n [Tl.in - Tw.ou‘l J
T:,out - Tw.in

The overall heat transfer coefficient UA is accounted for
all related heat transfer resistance. The air condensor
used in this investigation is simply Louver finned flat
tube of which UA is obtained from

Q=UA (.

3

1 1 1, _t

- + @
UA nh,A, hA kA,

Petokov ‘s formulation (Holman, 1989) has shown that
the heat transfer coefficient of forced convective flow
may be determined as

Nu = hiD, _RePrffp, ©
k x 8{u,

where
[

. f 7
x =1.07+12.7(Pr*?-1}| = 6
G CIC

Shannen and Webb (1992) shown that the efficiency of

corrugated louver attached to rectangular channel ¢an be

estimated from

nh A, =1 A + 1 ghgAg +...
Me.solsaAse HhA,

)

where A, Ay, A,z and A, as hinted by their subscripts,
are Louvered area, léading and trailing area, the plain
middle area and the end region area, respectively. Fig. 2
shows all of the areas necded for the calculation of Eq.
(7). Further detail of sizing the corrugated fins can be
obtained directly from their publication.

Heat transfer coefficients corresponding to each
area are also required. Puhlhausen's experimental work
(Shannon and Webb, 1992) shown that by, the convective
characteristic of the flow over the interior louver is
predicted for constant temperature flat plate as

_ 0.664ku, P

h (8)
: vRep?
ule
where Re;, = ”

" As the velocity of the flow over the louver is related to
u.; the accelerated flow velocity caused by the louver
angle such that
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ul uache = 3 Fp COSB—Fm) (9)
where
o= (TP—TW)(FP '—Fth) (10)

and the accelerated flow velocity F, is flow efficient
through the louver and can be retrieved from the
correlation:

L 0.23
E = 0.95(—"J -
FP

) 4(T,~T,~L,)(F,-F,) "
2(T,-T, -L,+E -F,)

The correlation to determine fin efficiencys presenting
the heat transfer characteristics in all regions mentioned
above is also suggested in the same publication such that

1 1
kﬁnF!h 1 -
tanh(m.a) Y
.= : 5
et =T (ah, + (H/2-2)h.) @
where

= ;:—-cosh (m,a)sinh(m.a)+...

20\ 0H 11 L 1.3 o610 M,
37.17x10°° szs(-) -Re, | |2 [—J m, .
) E, e Fsmh"" (m,a)tanh (m. (H/2-a))

(11)

The remaining convective heat transfer
characteristic over the louver fin arrays are divided into
hs, hs;, and h, which are corresponding to the inlet/exit
and redirection louvers and the end region, respectively.
Eq. (11) is also applicable to determine hg; and he; but
the Reynolds number referred in the equation has to be
modified to Reg; and Res; based on the distance S1 and
S2, correspondingly. To arrive at b, Shah and London
(Sahnoun and Webb, 1992) suggests that for fully
developed larminar flow in constant-wall-temperature
rectangular channel the heat transfer coefficient can be
approximated from

heDhe

=7.541(1-2.610A, +4.790A7 - ..

S.119A +2.702A% - ..
0.548A7)
(12)

where the aspect ratio is defined as

(13)

However, if Ar calculated from Eq. (13) is greater than
one, the inverse of it has to be used in Eq.(12) instead.
Meanwhile the hydraulic diameter (Dy.) of the end
region is defined as

L

e

(16)
. TP -T, ~L, an
- 2
m, = 2h, (18)
) krFm
m, = zh, (19)
" ykF,

Fin efficiency of each area; namely, ngi, Teht, and nepo,
on the louvers can be determined from Eq. (16) when h*
is substituted by hy, b;;, and h,, respectively.

To measwre how good the heat exchanger is,
effectiveness is calculated. The effectiveness € of such
the compact heat exchanger is the ratio between the
actual heat and the maximum plausible heat that the heat
exchanger can be transferred such that

_ Q
T (I’th ).m., (Ts-in - TW-'m) 0

It has be shown rthat the effectiveness of the heat
exchanger is a function of NTU (number of transfer unit)

and the Cin/Caax ratio where
NTU = UA @2n
Crnin
and C, = ri‘l.Cp'a (22)
C, =m,C,, (23)

Crin/Cennx, 1atio is simply the ratio between the smatler
and the larger amounts of Eqs. (22) and (23)
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3. EXPERIMENTAL SET-UP '

Waste heat in several processes especially from
food-processing industries is usuaily induced upwardly
due (o the density difference causing buoyancy between
the warmer air closed to the heat source and the cooler
air far above. As the compact and commercial car
condenser is inversely used to retrieve heat from this
buoyant hot air, its heat transfer characteristic is needed
to be known for predicting the rate of heat transfer. The
mass flow rate of the fluid in the tube side of the heat
exchanger as well as the direction of heat transfer might
affect the heat transfer rate. . It is interesting to see that
how much the heat transfer performance is reduced.

e
By pass
e’ iye e |
Water — vzl ,
tank Thennocou’?}e \‘.
®  Thermocouple yd \_«‘:.'t,
£ p

Fig. 4 Apparatus for the experiment set up

The experimental set up for this investigation is
shown in Fig. 4. Hot air plum is induced from the heat
source made of 1000 W electrical coil whose power
output is adjustable; however, it is fixed to yield
naturally induced hot air mass flow rate of 0.14 kg/s(35
%) which is sufficient enough to be recorded by
available instrumentation and not too large to be induced
by electrical coil.  The inlet and outlet water
temperatures as well as air temperatures are measured at
the locations as seen in Fig. 4. The measurements are
accomplished when the system reaches the steady state.
Deviating water mass flow rate can also be achieved by
bypassing valve. The range of the flow rate studied is
adjusted between 1.5 - 4 liter/min.

4. RESULTS AND DISCUSSIONS

One of the objectives of this investigation is to
investigate the effect of the water mass flow rate to rate
of heat transfer of this compact heat exchanger. The
experiments are conducted such that the inlet water and
air temperature are kept at approximately 28 °C and 98 °©
C (at the induced air mass flow rate of 0.14 kg/s)
respectively while 'water mass flow rate is varied
between 2 - 4 liter/min. The corresponding heat transfer
rate calculated from the water side is shown in Fig 5.
The results shows that the water mass flow rate between
24 kgfs does not significantly affect the heat transfer
rate although, at high value of water mass flow rate, it
might sugpest the slight decreasing heat transfer rate,
The hot air temperature is difficult to be controlled such
that the inlet air temperature slightly drops at the higher
value of mass rate, therefore, it might results to the
decrease in heat transfer as seen in Fig. 5.

6.0
5.5 — .
e ®
~~ . P P
g s0 *
<
45 *
40 v r v
1 2 3 4 5
Water flowrate (kg/s)

Fig. 5 Relation between heat transfer rate Q (kW) and
water mass flow rate m, (kg/s)
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Fig. 6 Relation between overall heat transfer

coeflicients from this experiment in comparison with

that of forced and free convection over the same
compact heat exchanger

Q

. The corresponding overall heat transfer
coefficients at different water flow rates are plotted as a
function of water flow rate as shown in Fig. 6. In this
figure, several kinds of UA are included for the sake of
comparison as well. Using correlations from Shannon
and Webb (1992), the overall heat coefficients of the
compact heat exchanger when it is used for cooling is
determined by using the velocity from this experiments
to calculate the relating Reynolds number. The UA
calculated from correlation for forced convection, as sec
in Fig. 6 is found to be much larger than what is found
from this current investigation. This is due to the
different mechanisms between forced and free
phenomenon. Equation (8) is supposed to simulate the
characteristic of forced convection heat transfer but what
occurs in this study is just pure natural convection from
hot air plume. When Eq. (8) is modified by using the
famous Elenbaas ‘s heat transfer coefficient for natural
convection (Incropera and De Witt, 2002), UA can be
recalculated and plotted again back into Fig. 6. Now the
plot is closer to the results from the experiment but a bit
lower. This is because of the fact that Elenbaas work
does not account for the effect of corrugated fins with
fouvers. Moreover, the imposing condition for his work
is such that the fin and hot air temperatures are constant
as the air plume passes through the fin. In the
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experiment the temperature of hot air plume decrease
significantly as it passes through the fin. It is interesting
that heat convective coefficient between the hot air
plume and constant temperature plume has, never before,
established. In this case, the input parameter for the
Nusselt number would not be Reynolds number as
forced convection or Grashoff number as free convection
but it might be a function of the power of input heater
below. Such further study is promising.

0.65
2 0.60 a
B s 22t "
2 055 —&—5
&
LH

0.50

0.45 — Y T T

0 1 2 3 4 5

Water flowrate (kg's)
Fig. 7 Relation between heat exchanger effectiveness e
and water mass flow rate m_ (kg/s)

0.70
0.65
off \
ect 0.60 A ¥
ven 55 S o aop »
0.50 _imvcnmﬂ
w
0.45 4 = :ﬂ'cﬂivc_nﬁ(bo:h fluids
A effective ness (one Nuids mixed)
0.40 r
0.0 0.5 1.0 1.5
Cmin/Cmax

Fig. 8 Relation between heat exchanger effectiveness €
and heat capacity flux ratio (Coz/Corax)

When the effectiveness of the compact heat
exchanger is observed as seen Fig. 7 in corresponding to
water flow rate, the results show the increasing
effectiveness responding to high mass flow rate.
However, in order to be able to compare hdat transfer
characteristic of this compact heat exchanger with some
other standard heat exchanger; possibly cross-flow heat
exchangers, effectivenesses of heat exchangers at
different values of NTU and C.;/Crax have to be
plotted. NTU of compact heat exchanger in this study is
a constant approximately about 1.  As the air mass flow
is kept constant in this investigation, the ratio between
Cmin/Cmax is a constant It is also revealed from Fig.7
that the effectiveness of this current compact heat
exchanger is about 20% higher than that of a single pass,
cross-flow heat exchanger with fluid mixed and the other
unrqixed and about 5% higher than both fluid mixed
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{Incropera and De Witt, 2002). Hence the car condenser
is attractive in terms of the performance; moreover, the
price of this compact heat exchanger (35.6x58.4 cm®) is
about $15 a piece and can be readily obtained from the
market.

5. CONCLUSION

It has been suggested in this work that
condenser of automobile's air conditioning system is a
compact heat exchanger which can be used as the
alternative choice for constructing heat exchanger for
heat recovery due to its high effectiveness (about 0.57)
and low price tag. However inversely using car
condenser to heat the water in the tube side bears some
penalty as well. Its effectiveness reduces significantly in
comparison with when it is used as the cooling heat
exchanger. Convective heat transfer coefficient between
the naturally induced hot air plume and a cooler fin is yet
to be well established, This leaves an opportunity for
further investigation in the performance of this compact
heat exchanger.
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