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NARES SAWA}.IGCHAN : TIEAT TRANSFER SYSTEM DESIGNFORAGRICULTURE

PRODUCT LOW TEMPERATURE DRYING BY USING IIEAT PUMP: CASE STUDY JAVA

WEED DRYING. TI{ESIS ADVISOR: SOMPONG THONGCHAI, M.Sc., PRASERT PHOLRAT,

M.Sc., WALLOP CHAIITRAK(JL, M.S. Tech. Ed., 199 p. ISBN 974-664-349-5

The purpose of this research was to study, design and constnrct a low heat dryer and to

find an effective drying system that used Java weed in an experiment to test it physical qualities

such as color, shape, moisture content and tensile shess. The low heatpump dryer was 1.2 meters

wide,2meters long, 1.1 meters high with avolume of 2.64 cubic meters. The 18 square trays

containing Java weed were 0.9 meter long 0.9 meter wide and 0.02 meter.high. The compressor

was 1.5 kW ttrat used R-134a refrigerant The internal condenser was 3.3 kW. The external

condenser was 1.2 kW and the evaporator was 3.6 kW. The drying temperature was 40" , 50" ,

and 60 "C with a velocity of 0.3 , 0.6 and 0.9 m/s.

The result showed that the physical qualities of Java weed after dtyi"g had not been

cbanged. The initial moisture content of drying was 970 % dry basis. The final moisture content

ofdrying was 14 % drybasis. The tensile stess was l.0g'2.15 N/mmz. The process showed that

the optimum drying was achieved as follows ; J[s temFeraflue was 50 "C , velocity was 0.9 m/s,

the final moisture content was 14 % dry basis, the tensile sfiess was 2.13 N/mm2 and it takes 18

hours for drying.

The low heat pump dryer can dry th" Java weed at the highest temperature of 60 "C and

can be applied for drying other agricultural products depending on the facton of temperature ,

velocity , time available for vegetables , frtrits , seeds and handicrafts. It can be used as a model

to develop a low heat pump dryer to be used for family use agricultural indusfiial and other

such uses.
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oc 

narrur$anru 0.3 n/s

stln{fi s-2 ficJo.r?.r'nnuv?1ild{nr:ourlri1r olfiqtuu4fi 40 
oc 

nrrrurfanru 0.6 m/s

enrl.:d .r-: drorfrnqilu?1iln'{n150:Jud{ oldqarnqfi 40 
oc 

narrur$anru 0.9 m/s

en:1{fi 'r-+ firo.:rinoily?r?rfr{n1ror.Ju#{ oufiqruu4fi 50 
oc 

narrurfanru 0.3 m/s

01:1{fi r-s frrorfi'nqilr?lild{nl:ollufit oufiqarn4fi 50 
oc 

n:rrur$:aru 0.6 m/s

en:1{fi .r-o fitowinqury?lild{nlrouu#{ oufiqarmqfi 50 
oc 

nttrut$anru 0.9 m/s

qr:rqfi .:-z firorfrnous?1un-{Rr:o:Ju#{ o:rfiqarmqn^ 60 
oc n?rilt3?nil 0.3 m/s

,'lr'rod.r-s fluos?Tnqils?riln-{n'rroilud{ oudqarnqfi 60 
oc 

narrurfaaru 0.5 m/s

r',r-rufi r-g fiEJo{pinnur?1?rfilnr:ouufi,{ oufiqnruqfi 60 
oc 

narrurfanru 0.9 m/s

14ril

t9

2l

23

48

54

7l

73

79

81

82

84

86

88

103

t04

r07

110

130

131

132

r33

134

135

136

t37

138
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v _l -dl5ilnJn1fl{ (sro)

Ifiu'l

t4l

142

143

t44

t46

t47

148

149

145

150

151

1s3

r54

or1{fi o-z {oryanarrufiuto.rffnqilsarilfirnr:oru#s oufiqnnt4fi so 
oc

d
n?'n rt?nil 0.6 m/s

,'rr'l0 fi o - a {o ry a n a rru du t o.r fin n :J s: ril dt n r: o u t t ti'.t o ufi q ar n 4 fi s o 
oc

r55

fl r:r{fr o-t nr:mrrirnarrudu6ruduuosf,nnus?rflel

fl r: r{fi o -z n r: u r ri'tu r'tu d, qrfi'r sJ I o { fi'n $ u ra rur?s

nr: rsfi o-: {oryn na rrudu olo.r rYn e :.rrya rmdr n r:or u#t o ufi qu r.r qfi ao 
oc

narrut$aaru 0.3 m/s

Ce&su9A
fl r: r{fi 0-4 do{an? lil Sil to{ frn qura rma'l n r:out ui.t o ufi q nr r'r qfi +o 

oc

narrurfanu 0.6 m/s

iq&vvetA
er:r{fi o-s rio ryn narilfru cror rin gu rya riln't n r: o tt t#t otfi qu m q n^ 40 

oc

narrut$aaru 0.9 n/s
inivveAqr: r{fi o -6 rioryan? ril Su u o'r tin fl il T? ril n'{ n ltou t tfi{ o ufr qu n 4ru- so 

oc

n?rill$?ail 0.3 n/s

n?lilI'?nil 0.9 m/s
jn&uvstA

qr: r{fi o -9 {o rya n? uJfiu fl o{ frn fl il s? 1il a'(r n'ltolJ t t#{ o ufi q tu n q ru^ 60 
oc

n?'lilrE?nil 0.3 m/s

iqEaerA
srrNfi o-t o {oryan?1ilSuro'tfrRCIilu?rilfr{ nr:orlu#{ oufr qu u 4ru^ 60 

oc

d
n?1ilIt?ail 0.6 n/s

i"SeoeA
en: l{fi o- t t lioryan? lil 8u u o{ rin e il s? 1fi a'{ R lto ll|tfi{ o Ifr q u m qru- 60 

oc

d
n?lilt'?clJ 0.9 n/s

orl{d o-l {oryarirn:riltdud{to.rnTnourarael

r-rr''o d n -z rlo ry n rirn a unslu 6,{ u o { ein n il s? I g'l R I t et o

n r: r{fi q -3 u 5 { o4ir du d n rlr dq l l a s n ? t il t du o'.t zu o l fr n q u u? t il n-{ R l s o u t t ti'.:
jaod

oufrqililQrl40 "c n?lilt5?ail 0.3 m/s

i a id eu
orrl{1r n-4 u:{Fr{ Truvr?ru'rsrn uavn?rillduo'{slo{f,nnuu?tila'{R15oultli'.l

iaodorfiqturqil 40 "c n?]ilt5?nil 0.5 m/s 1s5
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cnr:ficgen:r.r (eio)

o r: rfi n -s t t :.t o't du d rn rh d'q t r a v n a r ru r du pr'.m o r fi'n o u ra r m dr n r : o u r r r?r

oufiqtunqfi 40 
oc 

narrurfaaru 0.9 m/s

n r : r{fi q -o t t : { d.r ffu d n rir d's, t t a v n e r ru trlu o*{ r o q ?in n u ra r n n'q n r : o u u #.r

oudqtun4fi 50 
oc 

ntrrur$aaru o3 m/s

,lrlufi q-7 u:.rsl*r ffuiimrhd'sr ttavnarrurdusr'.rvorfinqurarudrnr:ouuri'.r

oufiqtumqru'50 
oc 

narrurfrnru 0.6 m/s

n r: Nfi q - a r t : { d{ ff,u ii u rir dsr t t a v n a r ru uiu sror cJ o { fr n q il rr r m dt n r r o u u r?'r

oufiqonrqfi 50 
oc 

narrur$rnru 0.9 n/s

,lrlod n -9 u : r n'.r ffuii n rirdq u n v n a rru rdu 6{ cJ o { fin n u m rn #r n r: o u url.r

oldqumqfi 60 
oc 

narrurfaaru 0.3 n/s

,',r'lod n-to tt:{d{ dudrtrl16'or uasnariltduoo.ts,o{frRnilr:rmfitnrrourtr?.t

oufiqnruqfi 60 
oc 

nerrur$anru 0.6 m/s

o r: r{fi q - t t u r { ds Sfu d n rh tfie' u a v n a r ru ulu er*.r cJ o s ?in n u ra r m dt n r : o u u #.1

oudqorr,rqfi 60 
oc 

neru$rnru 0.6 n/s

nr:rrfi r-t riorynqtumqfiiiqooil,{r 6l t o{?{otulolsfi 40 
oc 

natrutfanru 0.3 m/s

I q oC ' C,-o-
nr:r.:fi u-2 liorynqililQililqqnr{ 6l xo.r?.r0to1nrflfi 40 "c natrut$anru 0.6 m/s

,'rr'rofi r-r rloryaqtumqru^dqnsil{ dl cro{?.r0tul0lgd +0 
oc 

natrurfanru 0.9 n/s

qr:rfi r-+ {eryaqrumqfidqoroil,{ 6l to'r?{0:ornrgfi 50 
oc 

n:trut$anru 03 n/s

nr:r{fi r-s {orynqnrra4ru'fiqooir.t dl rlo{?{0rul0lcfi 50 
oc 

natrutfaaru 0.6 m/s

,',r'rufr r-o doryaqtunqfiiiqncir{ dl ilol?{orulolnfi s0 
oc 

natrut$anru 0.9 m/s

,lrlufi v-z r?oryaqarnqfidqooi'r{ dl qlo't?{0tulolad 60 
oc 

natrut$enru 03 m/s

srr:r{fi v-e riorynqnruqfiiiqoroir.t dl tfo{r?{0:ornrafi 60 
oc 

nrrrut$aaru 0.6 n/s

,lrlufi r-e {orynqrulrqrifiqnoir.t 61 1lo{?{0rul0lqfi 60 
oc 

nrtrut$aaru 0.9 m/s
I9 | qYr u

fl o iln a'l I Y0'l81l.t 14lJ 9lq

157

158

159

160

It
?1U1

161

163

183

184

185

186

t87

188

189

190

l9l

t93

t62

gt'tt1{T 6r
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,iraJAo
auT 3-5 flAO{4ilfl49{ilnto.rvrltvn4U

gilfi l-o rrrra{ndo{ail6od.rrnfe{n?uuriuuavfinan
,ialtcgne

Eljlr 3-7 il6t9r{rRlt9rOO{q:JRtflUiln?ltJ:0U

grJ{i t-a trf,FrwTrusu?un?lugoudori.rnru

grJii :-e udelrrndo{o ilr t#{qor il Qfi si rlsr sl #fl il n?ril go u

grJd l-ro uda{olekinrfinfrarq{

g:Jfi l-rr uf,er{rnio{n?ilqilqililQfi

grJd :-rz rrae{rilogfu fiurofioqilfl Qfi

grJii l-r I ndq{rnfo{ilirnarrut$ato{ilotqoflf,qnil
,iAud

ilJll 3-14 ilf,g1{ln:O{?An?1ilI:?nil{
grJii :-rs rraos{fforfisild Process color chart

,i A :'!
Ellvt 3-16 llfl9{lnt0ilu.tu1l4uR

grJfi r-rz ttdrt{tnio.tlloflolJ Universal testing machine

;rJd +-r urrn{rnltffntiusfrnn:Jrarlunrel
,iru

g:Jlr 4-2 ildn{gilvr'{10{FlflgruU?1

grJii +-l uf,a{R'lto:Jttti'rda{:vt vt?ntei1{dl

,irdtvidr
2il11 4-4 ltdg{ R]fl il4 UUll:Jn{fl O{fl nqil5? lnn?1il1:?Ailn'l.t dl

grJ{i +-s rrdo{n1ttilduuuiln{rrotfrnoumrfiqarn4fisir.r 1
,i A ilvret i

grlfi o- r rrdo{rnf,o.{rourni'r'lvhXrnqn?lilBu
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flr5ilquruilflil

ai a q aq'
Irflu0iln 1-l u?lo{lR:oljltu?nq tuRl:?0u

ufl u Qfifi 2-5 | rder.lufl u Qfrt txdu-toufinil (P-h Diaepm)

oi
ilfluQilm 4-5

tmuQfifi 2-1

I
1{U'l

)

ll
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t4
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r6

T7

35
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37

60
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89

llt

I I dFl.r R 1 r o u r r r?.r 1 u Eia.r dq r 1 R 1 r o rJ l l #{ n I fi t t n r n sr a s

ufl u Qil^ii 2-2 r ura{fi fin nr:drq ru uo.r:vu ufl rune rru 3o u

ruruuQfifi 2-3 udet{iqf,n:ffounfiucto.rnr$Iu

rurtil Qfid 2-4 udq{ ri? u il:u R olJfl o{ tvuufl ru na rru 
gouulldsr ulo

l mu Q 
il^fi 2- 6 u a o { n 1 l:J6 o u tfi u u lt q ot^ n t 5 il iJ o { iA f,n : m rt q ot u n fi t o.r fl ru n ? 1 il go u

oUl
uuuo$l [0

oAJ^oas
unuQr,il 3-1 llfl9'll,UglOU?rR1t?llU

I I au Q fid 3 -2 u da{ : v l :J qJ o { tnio.t o il | rfis q u u q fi r,i rlsr ul #fr il n ? fl $o u
ol

ilfluflilil 3-3 ilfle.:?{0rdr:rirnarrutdu{o.t:vililfliln?lilgou

t mu Q fi fi 3 -4 udet { t v u u l tn s d lutd li.t n r: io q ot ?t Q il^sJ o { tndo { o t t t #t q u u 4 n^d r

Iosl#flrunarru$ou

tmu0fifi 4-1 uryo.rfillildsuuila{n?lrudurndtlueinvn?1ilt$?arurTutanr

dqnntqfi +o 
oc

rmuQfid 4-2 uda{nrttil6uuttiln{n?lildurqduusiavn?lilt$?arufiutaar

dqnrn4fi so 
oc

ufl u Qil^fi 4-3 | tdo.: n 11il6 uu I tila{ n? 1ru du rn fi uuein vn ? 1il t$ ? a ru tTl tan r

fiqtuuqfi oo 
oc

nfluqil^fi 4-4 nr:nJduurrilnrnarrurdurr'{tqdutteinvn?lil1$?nilfiutanrrruaoo:ttt#.t

fiqtunqfi +o 
oc

n r : r:J d U u t r il n w o { n ludu o't r n 6 s t t si n s n e r il t $ a a il tYlJ I ? n I t fr o o I t t #.t

iao.
fiqnrnqfi so 

oc 
87

ufluQil-ii 4-d nr:rilfisurriln{cJornarilrduer'{tnduttsinsnarilt$?ailriul?attnaooutrr?.r

fiqoru4fi eo 
oc

unru4frfi t-t lld9lil Information flow diagram
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n?lill,tu1u

{; , ,
n-ufi (area) , --' ilfo ^'
nr rruiou d l|il tsfl o.t otR tfl

(Constantpres$ue qpecific heat) , kJ/kg oC

m

nt'

M

P

a

Q"

rduairuqudndl.t (Diamerer), m- ufo m
tl1CI:glutlli/.1 (Dry basis)

tt:.tpt4.tcio{pYnnils?t (Force), N

roufrail (Enthalpy), kJ/ks

narrufouu rh uo.l R'lrrsn4 ulJ o.rlil

(Enthalpy of latentheat) , kJ/kg "C

il?0 (Mass), kg

dn rr n r: 
ohrnrfi{il?n 

roiro rR lfl
(Mass flow rate) , kg/s

9)

n?1ilSu (Moisture), %db

n?1il91u (Pressure) , Pa mfo psig

dsr:rnt:'lnnrfi{il?urer:uo,{rorR'rFr

(Volume flowrate), m%

n?'ril dril 1:n 1 u n r:ri rnaTil6u qvrfr r o.r

Q"

tniouir:ytfitl (Refrigerlting capacity) , kW

n?1ilf, lil'lrolu n r:d rna rru9o u qvr iror

tnfolnautniu (Condenser heat rejecrion) , kW

qiu?tQfr (Temperature) , 
oC

l?fi'l (Time), hr

n?1il15?4il (Velocity), m/s

T

t
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ljorcngr?1lulau tJ?t't?1|u]agililna : rw. (rn nl uln?fi rulr"alrdo nr rrn'or ur n :-r um :) I t
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lJYrYr 1-

unut

t.t flru ruasn?'l uGhffq ro{flq ill
:J:vrilenlilurfluil:vrmgfifiqfirJ:vrrdlrnsdRlT'tQtt'otR'tf,tilil1vdttsionr:rir

IRUOtR:til
Aq ot e o d ! 4 l4r I v v I
clt.t IUil0qilUR1:lillRU9l:RtttllllU{l0U1{lOU? IUrf'|il1:0ttt {1,URilqn'19el'l.t

rJ:vrvrgld il:snourYudnlT,rvrl{rf,:ugfi'oToo:aru llavnltfrflurrl:vrvral6'rjqfiutToturorn

R'rrri lrnu qrn:5ilrfis{o drrrdsarurrflunr:fiCIurqfldrilnttilRllRser:rrflorfirurynrirto.t

flanRflqnR'l:lRH9l: drarrur:orirrurl#lilnn nrslu:J:vrvrqilforfroRttri{oo n nsiilarilr
, A i v I t . a q -----d-re^- a t

il:ynr:uil.rfirnuo:n:ilnil:udilogldil0flo l11lJ1{qqnlaril5u1fllrunruanT1{fllttRUel: lsil

ffry frn uasErnnhi fiurnrfiunerrudornr:ro.rfluilnnnrutu:J:vtils drl#:rnrnrnnrfinqnn.t

Inflrcilrvnnnrfis'doonnlilqqnmrfio'ilrr,rilrs1dhiilile1utanr6'una: ostfiqnr:nirtfiucJo.:

flfiqfla d{lunr:rfiruryarirrorruaflAoRr:rnsqr onoo0unr:fioturnnflfintnaonr:ri.roon 6.rfr

nerru,f,rduodrr0.rsionr:urlfltyrrnrav?nqnmNtn:ugfiotosil:vmaluiloqriu don*rd

1n il'runisnr'n n rnigrtnrto R su 1 #n a r ru d r rTrg l u n r: fiot u'lu 1 { R'l t t R U n : tJ rj q sr a't ?t R t t u
j dt ..<,.-iq-e1--- - -.-...^-.e-^i^.^--.q^.^l-^..^^-.9-.--v-Rr:rRUsrr ruorornrflun'rnqqd1fin::rurdsafi1drt:{{ruttnri'srqdunrulurJ:stytgtiluud'n

Inurynrirnr:risoonfiudrrnsfl:6nrfluf,oriau il:vrurru$os av r7.34 volqarirnr:ritoon

dlurur,ro'ujtslyrfl lufl rr.a. zsquiotJzvillttl 389,8gt druuril (t)

ilo q riu ff.u fi n run R t v vr u t o s rlo q n uiu ot t ru fru r n : fi ri rl 1
irn uy o vl 9 r
Yt tYtu t9Rtvvtl t?ilR

-laqouqrtA
owlnr:nr:rlrlan (World Trade Organization : WTO) lr{ilRltllJoglnrodrr'rilfrurirtnuq:tfro

rflurJ:ylsrrin'uflriroonlurio.rnrfiduroo uasRl:qoilqunr:riloon drl#'liluatilr:n
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{ostnalrustnr:6'rraiorrdsu (Asean Free Trade Area : AFTA) 'ldriruuorflrururslunr:nsl

nrfia.r1#rrndo$ouas 0 - 5 unyunra'Rilrornl:iifildnru'gnnrn:1u to fl (u.?t. 2536'2546)

Jnsfinfrnnr:rilfiunr:drmilfiudrsnt{ufrn:r? (Temporary Exclusion List) ldlrri frudr

fiusinv:J:yrmqaraufirihiannriJ'fan:ra usiosytsourirunenrfinrulu sfl Tsruriild'lusifl
9.
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flra Iqurnilrvfiudrrnsn:u:J:grl:J:ylRvrot4l: ttartnio.rq:JInnuilnn lsrslfinr:ari:rar1u

rflufirssdrilf,uqorarmn::rufirilvrnlulndnr:u:J:grJrur1d ,uoo'',odf,ufitflrururslunr:

fimu rq n ar?l R : t il R 1t [Rs st t I tn v E sl dllt R t t il qil uu lri'rfl uumri.r:osiuttnvtdoilIs{ nr:fl fiel

Inul?qorarilfl::rJRllRUerrrlayfl'rturJ:grJfiudlnUel: fiururrsionr:flfin:eiltosil:vtvts

,***,d, ri r'[Jqin r:rfi ru:rsld t rns nr:fi trudriloltnu n: n : aril aqu qqdlu n: til RlttRU el:

runynr:g:J:;rlfiurhrnun: loso'os{.trtonr:Hfiqfiudrrnss,trltutfluinqduto{qod1r4Rttil

rliuIn:.ra$rtnr: rufioqodl?iRt:tJlravu?nrl To u n r: rfi il fi on?'tu d'ltJt:n druim srarast f
ruavmnTula6qoarmn::ru Tqunr:rfi'ilil:vfimf;nrvlnr:f,ourttnvrJiurJq.rrvrnlulatnr:r'rfisl

nr:riqe?run't:a{vluItnynr:1#uro:grug.rlodrunr:tiu nr:nfrs drrniufion::runr:rifmur

runs n r: rJ iu rJ q.r rvr n Iu IaE n r: nrfi sl n r : o'n a $r.: : r u {o ry a r t a v t Et tt t t u d n a rru frr a r.t fi r 1 u

rvrnluTaEnr:flfio:yildr.rnrjruflnrfio:rrfrtnr:riruroertrnfuln6hJqiqfldl?rRt:iltu10Ra1{Copyright by Mahidol University
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I

n?]il?1
4
0{n?:

gnv{ula16n (3) -dsu:s:rryrflriazuotlt:vu1rdilt60il:rrdroqifi: irynrnfi g

?vrumranfirnvrvrnlulnd rfluflofrudrrTtylunr:afr{n?1ilto?iu{o{firutffo'1

ariuarluh?finr:dufiqmnTuIaEdrnilrydilrYlJnl?v unun?1ild0{lRttqro{iltvttrf,fl{u1#to.l

odrro?s,il'.r drarrur:ndufiprTdrurnrvirlsr ostflunr:rJ:vufrnrtnvEiauh?arilr:nrirl:J1d.rru

eir 1'lde dr.rn{r.:sraN0{duryi',tfu t+l

floqriunr:rf{ooRfrRunyr.rn'lfiolur{.r firtua}lruusretdaodrt:aortf a otnfl zsgg

firynrirnr:ri{roon 634.8 druurn unvfl zs:g firynrirnr:ritoon:ai 1,674.7s druurm Fqrflu

dn:lfiilIo3ooas 163.8 siofl (s)

nr:l#rvrnIuInEnr:o:lni'.r rfluif;nr:r,ru*sfiarrur:odEr:vtJstaarlunr:tfir.lfnur

rufinfi'orqih?ulud, doot:ru?6nr:o:tuf'rfirj:vlsmilunr:riaunuoilfnsrol?llt h?arrur:n

rfiuinsr'l{'ldurulos'hirfiu rfiosornormr:fitrrftudedr1#nr:ro?rgro^ulorto.rqfiurn?dfirtoo

ruaydaunniliilrn:unyli1ilfn nriradoormr:duf.rrtflaosfi:J?ilrq:ttavtirnfnaoral drlri'

errur:n no du4ulu n r:rfi lfnu rttasn r:cJ u ri{'ld (a)

ornrdrufi p,irurut:J:yrvrsnlvrul,f,rvrnTulntnr:outtri'.rlorslffi R1to'lRttoo ry{T{u

-?t -- s

flqr,rrnr:rJurdourJunyoolluarfio#orq{uasrfinflr::lJn?tt01Rttila{:?ruvTturmvdrrfroI:n

airr 1 6nd.rdo.rld:ysyr:arlunr:qrnuererrioutlNururirh?rfionrrqtgrfluqorrirvrl{ot?tt:

nrfiqfiarqftilrrfie uuoo',odfi.,fiflrgurro.rf,fudarr,riuR'r:er'tnttood.rd'or1dfiufirurn unvnhi

f,1rJ1: fl n?u qruqar n qfi n:rrudu tol rufi s' fril Ei^ld

sioilrfi nr:fisrrlurft'plurrirrvrnluln6lmri f rur1dlu RtvlJ?u Rr:olttr?.t

ndsuu grluu:i dx 1 rurl#rJ:vlsrrilu nr:outt#l rriu

ilun:vrrunr:otlttrft donr:rir

n r: 1 #fl0 u u#sild{{ ru t ra{ o rfi fl d

florfrrr froulorir unvflou'h'lfir (s) d.rrvrnluladsirs 1 finrirerurfiaru:nur1ilqillnl:

o11 g#.rTq uef; n r: sr r n u o o 
nld 

usiai d{ n rira o r il : v au fl ry n't,f u u n u.r n arru du l u u : : s 1 n lf, lu
r I g:A a4-------.^y-^-.-1^.^^ty^.yl^y^,.s^. 

- d
s?{qqilu vt{uluo.t0'tnn::ruif;nrruu,,r?uorduogiriufloffudrd'qdo qoru4fi narrutiann

,,urur1u#rluornrs dlflou6'lnciraqirsdufi{o'f,rfio6o nr:nalqru:J?rurarnarrufiu doo'tt

uru.1*rdulurrusouu#toydo.rl#raarlunr:orur?uurunsu finrndrl#du4unr:rufio4.t

ornfltynrriuoor'tuduno.:nr:ldrnfo{outtti'.lfi.lnrirecir{du frif,ufiuurfio1u

,fu.rnuuo11ir:yuufrunarru$ou (Heat pump) rur1#1unr:ourni's ,duoo,otruufluot't*,

$oufirniosrir:snrs (Evaporator) arilr:ndaso*.lur-trJduoorl01Ro1fl1gdl#lro'ttouttf.t

d.rrflurruuil"rionrus, d.rnrerdroyriauaoriltyn't,rouonuuu'rrrudulun-trouu#r'ld 0tnrnq!fln

6'lnrira{r{duffif,oo'saulovTwurn:suaunr:ouuti.tlsruldflilnarru$ou r{rnr:oonrtillltav

d.rrvrnluladsirs r fi nri'.rruldalu',:ntt rlilqurnr:
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agr.rrnio.rouur?.rqoruqfiaf,r Torsrirfrnourr-rilrrflu6'aodr.rvrndoil tdo{ornfrnnuverrflufru

dd*lu,,*irirdrnnosfia'lilarur:nuvrdrorofrufld:asrt$erutn dtf,odrrfluiuvt^ufic9rtnarru

fieffrsodrsilrn riol#rfinfliumrludrunmo'qnr:riilr,rn:uuri.rrir rEiu fisrzuaxnr:

A I o t d A@
tu tlj q 

E il u'rvl 1 0 u t 0 {u :uYl

v Jo
non noucrausrulr nrrTo uudr rj?ilrnrffnnuuarluuririrviriufinarrufiurttriutsfiugounv z.gg

t - r 3 rd d I v L--Y--.-
c1o{xirdr riauludrnao.rrolrjrurirvirQuiinatruiluruduuo{frRstus?1 rJ:vilrfl5osav 30-40

zuo{iilnno{ lufirr::runfifinrrruuurtniuclq{finnilir?1 :J:vrurot$os a! 25Iosfirjimarto.r
s a tl I _ ___ _te^___.-__ -^o!^^^.^-^_q-._,_._i---,_d^.q^.^o4^^ s d
nrnn:Jvarryilflllilaeruu:Jn{nlilqqnm rl?rurruto.rfrnorutrrluriruritvitiulufloqriu il

:J:vruror t.eg drudu rTnsrilryerrilrird ornrroruogjluulrri.rriruarnno{f,'l1l1si1{ r (e) d{lu

iloq:iuldfinr:uflflqrnrfrnn:rs?'r Iosnr:fioturrirpinnurarrurldrfluormr:frsti iluurTn iaq

lunr:rnrsuXov{r.r fifisrffrryfianln ,runf.trirrur:J:vdu$rfluzuo.rlddfiqnrrir t'fu nrryuskiilo.t

n:sdr srv n $r,,u, nuofr ,rdn rfl u du d{h?na rxl{rrumrt fi ndst rnvtfi oqot rirdrurJ: vlavrit #

aosluniariou uasarur:orir'lrj,ilrurirs tflunr:airsorfintfiotn^il:ru16'h?tT:Jvrarhu

do rfu n u a f r r u n v n or u u u,u rou u u l u rfl .r q nr m q fi ri r I o s 1 dfl ru n a r ru fl o u d.r 1 d

rinnurarrfludaodrrnnao:lovriol#rfio:J:slsvrflud'runr:frsurn:vu?un15outt#'t

ruavrt'wurqornrflrTneurr'rd1flu.r'rufionn::ru ttnvf,iarrur:arirl:J1#ouu#sflfion'ilq{du r
mNnr:tnugr:nld

uuu'ruur.,uri't dncJmrnr:lnuru.rrirlunaotra:J:smrurtnvtfiofltgnrlunr;1#rirlunr:

flfiqflfis{rulyhflrlun:dfififrnnuryarroityrfiulorluumri.rrirovdrlri'rfien'ltqetrnvssrns'lrJlu
- i- , i t a4

o'l R lf, (Evapotranspiration) fi dor:rq.r n'i 1 R 1: t u lil tl il o { d r n ril il n 6d'l

qiyrfi ufililodrrrunrarn (z)

o rn n r:dr: r o rJiil rtu frn q u rya rfi r t u 1 u 6'.r il ipr si r{ 1

t o 6| 9a
5.8 tvrl 1r1t14lRAfl1:

v

Copyright by Mahidol University



:lolcvto?110140 ruil1?nu'lautHna ?r.u. (rfl nlulatdutlryerrfrionr:rVfl urn:-ilnnr) / 5

1.2 R:ouuuafi srlunr:iffg

:hclusdnr:rirl:Jld{ru finsrrsrr rndo.roriu#{uactrui{un:leiolil

lonal; r{u'rdo drn
o- Ii e,

{'lu?0uy|tnu?floit

rinorurrr
Av

tflSO{OlJllt4.l

frnousuao
s J 69 ty{uq 1u19a1flu n?1iltu

lrodolJyn{R'luR11l

rincrusrr riouolur{.l
,

fl, g:Jn:r,nrufiu,
9A

n?'lrilnuo{

t-Elt-El
ffir t=ffir

nd.rmuTylfir

220V 50 lfz

?t9tdounlrrfl 1un1fl 10{fiRfl ury?1fi 6',{R15outrd{ d, ;:Jn:r, nrlrJdu, n?1uldu6.r

rue.rugfrfi 1-l rrder{R:ouuu?6alunr:ifrs
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r.s ior qrl :sarrflu n r :?'il'er

1.4 lrolJllrgln15fl nH'l

r.4.r rnio.rfiuiildlunt:if,u do tn?olottrdtqtun4fidrlstsl#fxrnaril$ou

:J:vnoudasl rniosrlilolRlf,q,ura t dunerrut6u (12000gtu/hr) niorvirfil3.5 kw llnv

rdenl#ar:l4rnarrur6uyu^o R-134a (Hydrofluorocarbons) rfluertdhidravnrudulolryu

r.4.2 ru fi sr fr 
'nr q{d r; r ru l fl u sr'a o d t w o a o r fiu t n $o t o u t r ft q ar m q ru^oi r I pr s l df ru

naru$ouooo rTnquyerornriru6'os drune::ilsr dlnoa::fl sr f,{ilinftlurm rfiednur

qararurio^vrxR'ltlR'ltlflolninsrtryar do A g:Jvr:.r o.',udu ttnvnnrutduo'.t

aatd
1.5 ilelrilnflm

t.s.t nr:ouu#rqarnqfidr mrursdr Rrv:J?uRlsoluri'sii1#qnn'r4ru^nhirfiu 60 oc

Iouldnr:drerrmnarru$ou d.rnarru$ouiildrflunruSounirurnfo.rneuttriu drlfinarilducros

finorurerqofirurildo 14 % db

t.s.z f,un.rru$ou urursdr nr:tirsrnnarrugouorntndo.rnautniu (conde'ser) 
ol:J

fin'nstilrar drldnarruduornfrnnuralQnqqillnsvnufrurniotdr:sttttl (Evaporator) d.r

I

nfrusTarfl uil undroo nilr Rluuo RtvlJ:J

1.5.3 pTnsrilrer fiilrudi ?inourerfirirrurornfirudou druad::vltlt rittnoa::l'tttt

f,.rnisrfiuuru drnr:rTordonsiorqilrviirdufifizuutordunitugudnnruJ:silliu 2 -2.5 cm

ruavfi narrustalosdrdu:J:vruru 6o cm

1.5.4 Fliu cTilrifiT r.: n ru n rfl qro q pTn nil m r fl il r sd.r qnr aru rifi uo{ frnq u rya r mrl dru

d , & ----..9-.+- -4--r. ' @ Y-
fr :ilvr:s nerrufrU ttnynarrutf,Urlt d.trirnr:Tqd0lJR0ullny:4n{R1:0Ull?l{

1.s.5 d nrurufi{ dnuuvfi fir nruuo nf fl u::ullo{frnq:Lr:rrdodr'hjrfi ul n'l

Process color chart

1.5.6 grJvr:s nrurufrl f,nunr vgrJvr:{Tn u:ail10{dueTnnil$?'l vlodolJfo snr:

1.3. I o o R uuu I tns a$xtnio.to urtr?lqu n q n^ri rlor u1 #f ru nlru $ou
4 e6 - a o 4r gr 4-l- - -..-9--

L.3.2 dnUrqrueruilflvt'l.tR1un1v't10itt{nnRiuqnRoullaviln{mflluRtvlJ?uR1:0lJll14{
4 | a a c,, oi S qrtfit.' - - -.9---

1.3.3 dnuril:vav|rfl auo{ R:su?u fl 'l:0lJll1r{qal il Qu$11 t g u 1trililn?lil:0u

oaod-3
lu R'l: ? 0 utl fl oullj 91 0.t u

d.rrnqdruflrtilfir
Copyright by Mahidol University



1ilcytgl?1lu1au lJil1?nulaul?loa

adetest
r.5.7 n?'ril uu il il lrlo{ dq:rtiau d tt4 fn$o{d rlu frn q ilrya rasrsiod rfl u-n pTn otra r

o u ut?r fi n rie enfl u nJe9rffu druror :gruttr?.r
s 4 4 4 u S qY A

1.5.8 n?1ilt6u9t{ ilil1ufi{ Rltvtgldou[[5{gt{gt1liltu?fjl?1,0{?.lRgrus?1l9u t$ln:o{

Tqdoil Universal testing machine finilaurflu N/mm2

t.s.g fi udr siunerrutdu ililrud{ n? 1il f, 'ril r: n 1 u n r:q er il il?ruru na rru 9ou t o ltnf o.t

rir:vrnu rvirnir 12000gtu/hr nforyirf,u 3.6 kw

a I lnYu
1.6 p.taYtnln?log lgl:il

t.o. t rnforo uur?tqot m 4fi ai r Io ol .f,fl ru n: rru 9o u fi qnr u 4 ru^'hirfi u eo "c rj rru rl,f,

:J:vlurfl u fl t v u ? u R'lto l t tfii rua nfi qm 1{ fl lt lRU st :
t. O.Z rf, r1 #vr : ru dl q or aru ffi n N n r I n rfl sJ o { ?in fl u ta r rio u t tn s u dl n : s il ? 1l R 1:

orur?rqa m afi drlo u1#firu nrtru$ou

t.6.: ryr^orfluuuautdrniunr:rir'hJldrJ:vqndf,unr:outtrftru6on'fl'dduil'l{R1t

rnuor:fitdqunqfi hirfiu 60 oc

avr.ru. ovrnIula6fi rfl iltceunfionr:r't'ouutytinutn:) i z

Copyright by Mahidol University
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:

I
EI

ltlrYr 2

YtltYr?u?Storfr::rl

R'rsyrlr?r?u?::orR::ilii*'a{ocirffquri.r1d'frsd

z.r vrquiinr:ouu#.r

z.z vrqufi nr:drsrurotfl runnru$ou

2.3 nr:rdonldar:rirnlrut8u

2.4 n::ru?6nr:r[rldu#t

2.s nr:rJiu:Jq.rn:rruTi nr:dr1#uri'.r

z.G il:srnnroqnforouut?.r

z.z rioryarTalilrdsafrufi'noilu?'l

2.8 qor aru:i6nr{ Rnrlasnlrmoreouiaq

z.s uu?f,sdrdsaclo{ilrsdrunr:l#mnlulndnr:ouur?s

clt
2.1 ilquan'l'outlfi{l

I
d

n?lillru

Rsvu?uR'rrfi narru$ougnrirurvrslauAGlnif; rau{.r'hJfr .riaqdfi

o o nTn sn rrrun4 r, ln uordsnerruSo udldilrfl unarru$ouurlr

lJo{Rlrrsrl,ru a^rddrrTtglunr:ouut?rn^o nr:tirutilnarru$ou'lrJff'riaqouu#.ronjr.rfi

rJ:yfivrf;nrvrd4o ovrfiernr:rirsrilnarru$ourtuunr:urnerru$outtavnr:udisfi Insd?l:Jfin

osldi6nr:nrnarruTouuasnauloudrufraornu'rn'''adi'eqldiuriauluqjovlfflunr:dr1fi

,i,runouunorniaq

nrrouut?t do

rfiotinerrudu
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n:yllda'1R1fl'lun
qJ A
flnilO1R1F{U.1

9)
o1Rlfl:ou
{-+-+-<-

tAa
Iil0?f,q

l. 9 | rr ior/ a(-u n? lil a luvl lu R 1: 0 1 ulT n? 1il : 0 ull ilail 0 1 f'l 1f[u.l

@ n:rrudrur1u n1tiilufl n?rilgoufi fieieog
v

@ narrudrurrunl:riltlrrn?'ril goulutu'oiaq

@ ,itdortt,no

@ narrudrurrunl:rirt trrj?nluru'oidel

@ narrudrurlunltdrsrril?afi fi?idE

'6 9 I ior/ A(, n?1il9r1U1r]U fl l:fl1UlTil?nTilnil01Rlflu.t

g il ii z- r R 1: l rfl d il o,{ il ? a 0 r n sr'? lJ o.r u fi .r'l:J f,.r fl o { hr n

2.1.1 n?tildulufnq
!, a v i - ..-,4^^-,"^.:--4-^---.3-.;.-- e^-de^ .^--s-- 4

n?lil8ilJuHtigtRilqloril1:llavtilnattsilll.:n2lilsulllRlu9lovlFl2lJo.l?flq !r{
rn ' & : h rur9 s - --- 

t t
dlr.J1r0 tan?'llJrll1loonl:Jldrailn IErsnr:hfln?lilgou nrrlflufiorolRlve'aoqiRtsluruf.:
e,, o r d i ' q ! t.-r--.14-!-------ta-'-----.d-.^--.61^ 

e

ellu tullolnn nogntuluru'oieqToruhiarrur:n"kinaurfrunruluiaqfilrinilq :Jiilrflnaril
I

{iuluiaq d1il1:0udet.r'ld z u:lr 6o
ra i 41 ..- ,--- . . 4- y--^-:^-.-!-^-^r^^. e

z.r.L.t iliruru nlrufiururn:grurfl 0n (wet Basis) do dn:Tf auririlrlnzuo{drlu

iaq oio rirn u-n iaq du dl ru'o q tu d': u I 00 0 vfi ri rrfl u r:J o fr6u d

(2-r)

tl?

Mw [ff - a)nr]xroo
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t4a!M- = t:JoitryudnrlilfrutJler:grutilun ,Yowb
Yr2,w = rirr,rrinr?ryduuo{ieqfru,tg
2r

d = rirnrinro.:iaqrrr?{, kg
vua da ctg,s 9,

Rlfl tdo{n?lil$uiluuuutJil ls luvll{R1:n1

z.l.t.z iliru ru n a rru du ru ro : gru r rfi{ (ory Basis) do 6'e:rrie u drnrin zuo.r ri rlu
vt!--l
? fl E $ro u r4u n a aq urir nrrirrfl unJoirru d Asif

Md : [fw-d/d] xloo Q-2)

tuo

Md. : nlofrryudnr'',u#uu'trrgruttr?1, ozat

& ir q rqv 9 ^v o 1 t

R'ttudA{n?]iltsUllljlJild?U tfiiU l,fT1{nlU{1U?0U llltlydltl'l:0nlu?iln1n1{ dl

firfieelio.t1ufI:y1J?ltR1:eIur?snldirudu rdo.roInrirr,rrinu#sto-riaqn.rd 1z)

z.l.z ilz'tagnr:$inr:ou#s (Dryrttg Phenomena)

n lr o ll t#{ Ftfi sr fr'nr q{d fi ln 5 { f, 91{ n t sl u fi d'n s fl v rfl u g u q u u ri {'ldlfl u z da.r do

2.1.2.1 d: sdn :rn t :o u ut{s n{d (Constant rate p eriod)

dxdo: r n r: o r u#rnrfi ilirurar oa rruryiuzu o'r nfi q fiil rfiiifi rirq.r ndr:Jirurnr
j o o do a v 4 d3 rd e '---ffoniruntyrtf,olRrflhhufrr

n?liltsu jnflsl il Fl:tolFlafl Riucvl osilu1ln]v0 gllJu 0 lu?uil1Rll

p.rfinriiuEi narru#oudruriaornornroovtirelvr'lrjftr.rn^ofiiuE{t,orrirorrr,?rtJ0lnflAntiiuqil:Jf,i
teoS't

o'lR1d fl 1r01rjtiln?1ilfouilasilaaovtfr srilutqnrvfi fiatoriaelldrriu

nr:rndoufirorTrurnqnore.rrirlur.rdsrfrnrq{ drl#rfiorn:rdsunr'tuduttnstn:tdsuqur,rqfi

2.1.2.2 daldn:tn t :o uu#{ana{ (Falling rate period)

de{dnnnr:ourr#{nqnr ilirurornlilducrosfifiqfr'ilq{ firirdrn'irrj?ruru
i^ a ! ' e --. 1-.--de^q^.^-^ e^q^^i^

n?truslt?nrler ut0slnfioufinrnnrflludanfiqf,ilqirurfifraTufrnuotvllo.lflo{tun? u5olorit
3 i^ u re .o qely 9 - s...- ---.2t-- I

snuu'rvrn?0urstfier nJf,sornrqdrl#o-q:rnr:outtt?{aqa{ttasQnn?ilqulounarrudrurrusio

nrulu arfi q fiflI,rifi rirq.rndrqfl u Qfi ntvtilrvtil unllo{otRtf,Copyright by Mahidol University
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I r r.r u Q 
fi d 2- 1 t tf, et { R 1: o u t r r?t 1 u ria tde : r n r: o t.l uri"r n lfi r tn v n o a {

rfi o fi o r: ru r n 1: o 1r I t#{ifl qrfi uwr d.r du u u dr fi dr url : {ifi 6vr fi vr a gio n r:

ouurfls d{d
9.

t ) q ar u qfi r In s n? lri du frru ri'vr f,t o'r o 1 R lfl n 1 t o u t I #{ o rn r :fi fi I n : { afi{ n r s 1 u

firirrfiruduunsdoannarrudurorornrf,ouu#.t ovdrl#nmilttqnsil{:vildr{o'q:r?iau
t - . ?t a ^^dd , o od rdr : J 

il r

narrudufirirr,fiud, oyfir.radrh?frrurJ:sfivr?nr:trn:iirirtfrrufrudau si{fuilrnfin1ttfiil
t , d ^^ 3

qarflQil^lrnyaon:urdudruu'vrf,sJo{otnrqoutt#{ttda ovfir.rarirlr?dsttln'lto:Jll#{tfiru{u

z) n a rru ri a au 6vr f; il a sJ o {r n ? ril lf ? n il si o n r : o u t r #.r drz i:r d?.: n t: o il t | #{ n.:d

nraorfirunarrur5:4ru fl f o dn : r n r : 1 u n r o I o r n r qo y fi r{ a d t 1 #n a t ru u u r sJ o s fl d:.J o r n t f, ual

(o-{1HuQfifi 2-t) ann{rfluflnh?narrudrurlunt:iiltltrn?tiliollllnuil?annas riaulnni

1u,fa{o-n:rRr:ouu#{nna{ r$orfirunrrrut$:nruovrith?n:rrururto.riildruornrau^qfirirnqn'l

rfl u nrn 1 #a : rru dru n ru n 1: d r uln n? 1ru io u r r a vru a n n o n { tdu t6 ua riu tuao t o t n n a tl dr u Yr ru fi

rrriuf,dl ornrgfi.rfirirfiourilaorilirJttffiuilriunaudrurrufiadu r s,'.:riunr:rvttxJn?txrt$?axl

(,

u)

h

c,

o()
()

a

z

rflugnqu rirulmqjorfirqflrsnr:olu#taoat d.rriurfferfiilqil?tQil-uo{otRlrloulr#sovdrhi'

n?lilsCIRei1.pJo{qor?rQfi:smdr.rfia,,uuduioqfrurndu rflunral#firurJ:vfivrf;'nr:uudnrrrudu

Time

6.rhifi nrnsio R 1: o lJll#{il1 nfn
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s ) n a rru du r o r iaq o u ur?r n r : tn fi o u fi t o'r rirl u iaq rie u }t qj o v o gil u g rJ zu o s

ltuo,rordurfluarnrurornnarilusrneir.ruo.rFr?rrurclilduro{narudu iaqiifinr''uduq{osfirir

dru rl : v fi vrf;h r:uu :'na rru fi uq.r da u

4) u u 1 et qJ o.r ia og o u u #.r ia o1 o r u r?.r fi fi r u r o n a r ru dr u m r u n r s 1 u rlo fl n'i r o v fi

rund r1#dq:r n r: o u t tt?sq.r ndr

rusi fl r n fi o r: tu r n r: o r u tft iaq u a r u 1 fi'u n 9o ru niu ufla do : r n r: o u urft Tn u: a il

orduogjfi'ro'or:rnr:nluntotornrgdau d.,alu'.lrunr'ldToudrRt:dilqnil?nttnvndwru (g)

2.13 Gruqafl ffsc t udt ?'tYun r:o uu#s @nergy Balance)

a 9t o ae r Y t iqYq !
luRrslj?uR1:01J1114{ l:1llRdilil9rRU?l n?lil:0Ull}l{l1l ls luRl:tvll4tlul0lR

A u J I v g v a oi rA r A ra' t -e y- a-&,.i--a
fl n n n fu qn lil 1 R il n ? 1 il t 0 u dil fl du 0.r q il ?r Q ri m lil a u u il u n { til 0 l fi a fl lu t{a 9 R Eu cl/r u u er{ ls, t u

ailnr:1dd'{fi

E- : ruaatotdrfiiSl?tu, kg

hr, = narru$outtnl{uo{Rlttrlnutilluioq, kl/ks

E" : il?n1o{o1Rrafi1#ourtri"r, tg

ca = nrrru$ou'f,r11l13, kJ/kg oc

Ti : qnruqfiro'rornrflgouriououtt#{idE,'c

Tr : qililQfiuo.rornrgmdrouu#{, oC

0rRf,rJRt: (2-g) oyrfiudrarrur:nurrirruenro.ro1nrflfi1#1un1to:Jttfi{1dunr6'rfa'r

iaqoru#.rnrerlufiiu unyluusinyiul#ranrlunr:oufifrTil{ {ruflut'r:nurdn:rnr:nlunto.t

-r, hr, = maCa(Ti - TJ

A
$JO

9r

Q-3)

ornrsfiovl#o:Lld (ro)
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4lo-
2.2 ilquAnrsdr{rlilto{fl i{naril#oiJ

R r:d r{ 1 u s, o.r fl ru n a rru 9o u u f o : v u u d r n a rru rdu Tn u{'ru

qnrm4fief,r unvdroriln?rru9ou1#uriuurisnrtru$ouqarilQfiq{ rsrufrrunmru$ouuav:vuu

" d S q I o a u d d ! | .9, -4 .9t ts
drnrrrurBulquila'RR'l:trdanr:drnuroriqo'n:dsfiriaurJ:vnouilaRdl r?tilor.tRu usidqeos

,-A-rdollr(Agryqy
:yu:J0uuerRoirsriufriorqrl:vardnr:rjr'lrJldsru Tprufirvutililn?tiliou0vrj.ruiu1,$

:J:vlsrrforR fl 'r:n'ru-n?rru#ou1#urittmrisnarru9ouq.t riau :vrrri'rn?rilrdu ovri{r#u1#

rJ:sTfl sdorn Rltqan?1ru$ouorntturi.rnatru$ouqnnr 4fi c{r

rrruilQfifi 2-2 udet{iln'Rnt:dlqrutotrruufiuo.rruTou

z.z.t iqiln:flounffucJosnt{Iu (The reversed Cannot cycle)

4qvvals"tt-4
nlrFiRU 1?40 R: g0U Rnil10{n'lt lu9l? ulilE runn{u

z.z.r.r rfiorfl uda:jsdd.:qnr n 4fifi osdruurfioh?ld:J:sfiufi nrnto.r:vuufi 6fi qn

2.2.r.2 rfio1#rfl u n:ouil1er: g'lulu nr:r:Ji erutfi utlfl rc?orlfurJq.r:v:lu

9l q 9v 4 4
0R]J0U t14RUtn:0{UU9l

narrufou nnsdrillr0drnarru9oulnufiar:drnrnl6urfludrnnrt 0rnttilri{n?rru$ou
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v
a-)

7)

L)
F

2

------ Atmosphere

Cold room

Saturated
vapor

Saturated
liquid

(Reversible process) lddsfi

flruLl?uRt: Z - g 6o n:yU?uR1:n10n?'lilgoufinarudullauqfl ilqfin{fi

R:su?uR1t 3 - q 6o Rtvlj?uRl:fl ulueT2llulj'lovr:ofln

(Isentropic process)

nrsll?u R1: + - t do RtslJ?u R1:ilnaurfloufi narruduttavqilil Qil-n{fi

d

il:smiltos:slJilfliln?trt#ou

:srufr runrrru9ouerrur:nllsRil:ulnYroo n'ldsTsfi

2.2.2.1 :sil:-l iiil n? rru#o utttluo-nolo

2.2.2.2 ttilufl iln?u$outt:ttlqsr nfru
d

2.2.2.3 :v!uf, iln?rru$outtu:ltrrro iIru6rnnvr?n
d

2.2.2.4 rvU:Jfl iln?rru9outt:.ttltlunfr?

2.2.2.5 : vllfr runa ru $ou tt:.tl tnfi

Entropy, k{kg ' K

unu Qfifi 2-3 llrro{iqo-n: dou nfriqlosnrilu

1 uq n dl n r y U? u R r: lu iq o'n : n lfTu d{ t I Flu q fi ii Z-l tfl u n : s u ? u R 1: t tl: U $o u n n'u

Rrsrl?ufl1: t - z 6o Rlvu?uR'l:nr:dodittuulotryun:ofln

(Isentropic compression process)
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riofi slin urdu I urin urfrtllt't=na

dutfl uiifr uru1 #tiu o drq rn dilnr g
v

iouuuudsr'lorvirriu -

:n.r. (rvrnlulatfituttrdlm^oRl:frournirqurnt) / 15

drriul u n r:io'un9{d0tfi nu rrru:rfr il n?ril

2.2.3 iqffntfruntrru io uuuuflorlornuqotnd (tu" ideal vapour camFression heat

pump cycle) fi ri:urJ:vnoundnsTsd

2.2.3.1 rnf o lo'pr'lo (Compressor)

2.2.3.2 tnfo lnauttilu (Condenser)

2.2.3.3 tnfo.tlir:vtlt tl (Evaporator)

2.2.3.4 ardanetnarrudu (Expansion valve)

sfl uQfi{id z-+ uenrri?u:J:sRoilcro.r5slufiiln?lil$ouul1udnlo

drr,liufgfrorfr uor -,u$ouuuuo'olonrrqorun6aru:nofr:rrs,ldTnsl#unru Qfi

na lildu-toufrail G-h Diaeram)

Evaporator
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.a)
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.tt
0.)
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u hril Qfifi 2:5 lldel{l t:'{du-rouf,nfl (P-h Diaemm)

flrsl,?uR'l:oir.r '1 r:o.riqfrn:fi*n:r*$outtuldsrulonrlqnunfiorn*aru4fifi z-s

n:yil?ufl1t yZ do RtY:J?uRltfi ar:drnarrurduluaaruvtfl u'lodouuil

'lorryur:0fl nda urnio{dq'lo l#loar:f rnarrutdufi qruu qfiilnvn:rilduq'rzudu

R r u U ? u R't: Z-Z 6o fl t yl., ? u R'ltfi 'lo Ar: d rn a rru tdu n fru sTa n n r stfl u fl o'1 l?l a'l

'rurfi 
tn6o.:naurtdu tfl un:suru nr:fi naurdunsfi

nrsu?uR1: :-+ 60 fl:ull?URl:fier:drnarrurdufianrurtfluzuostua?qnno

nmildud: uardat srudedutfl untturu nr:toufinfl n':fi

.- 4^ a ' arrurdudfl1uyflo{rptaaoytfioqnnrofrtvlj?uR.l: 4-1 nO R:vU?UR1:V1f,1:111n

rfl u'lo*nvqqn?lrJgour{r11{irnfolf r:vrfl u ttavtfl un:vlJ?uRrtn?1iln'un':fr

Cortdensation

.a

I
rr'l

Evaporation

Enthalpy, kJ/kg
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:riorfr slinora'u tutin ura ul fi oa
.:

: u.1.' Gt n l u la6fi til l t c ail $l-b n t rr'l'eu u t r iil tl l n 5 ) / 1 7

z.z.n i gffn:o3s clo { fril n ? I il Yo uttu ud'o'lo (Actual vap our compression heat pump

cycle)

qailnel

ig f,n : o?s zu o.r fi ru n r rru $o u I t:J rt de'l o rfi o r:Ji uu rfi ru n'u iq ff n : f r., n mil io u n rs

'fiuQfifi 
2-6 gder{Rr:r:Jis:Jffisuuqfin::ruro.ri'qo'n:vrxqailn6ilotlflr,naruSourtuuo'o'lo

olnuruuqfifi 2-5 ovttXunarrultfl neillfidln'ty 6o

2.2.4.r nnfirfisrdulpruhioroudnrdu{'16'uri narrudufinnn{1utn6otn:uttriu

ruasrn*osdr:srflrr iirfisrduluiqfrn:ri-.rd.ufluruadurdo{0'rRu5{tesnnru:vudr'lar:lir

nar,r6ufiu6rirviaunyluiq6'n:oi.r nr:o-orirlurnio.rdelooi.rdosndrrnioto-onlonx

a -.-4-^trnlun'atniolo'o'lo fitt:{tfiflo'l1llltasRltqtyrfludu1qarunqdlrl4elruo{r 
i-i* 

u"';;:::'___"::^-

2.2.4.2 r?rEflaurRq6uil ree10sru116'rrri nt:tfindn1?v 
nlo$oue,ao8l 

(Super heat)

llnyilo{uuarrduUaeE{ (Subcooling) uo{d'l:dlnarrurEufioonornrniotri'ltsl?tu ,,urtuiuu

nerurju flrildrdu e 
.l,nu1,riuuo'ro rfiohl'uill0'irar:rirnatrurflufioonorntnfo.ldr:vl14u

fiaorusrflu'lunionu" rn:rrdrzuo.rnra:r{r{rnfosdsr'lorsrirl#'irqor ttavtuioh?ttrilodr

ar:d rs r rru rdufi r{rt rd'l t fl r u eir fi aa ru s rfl u zu o s rr n a li.r n I o ( t t )

G

l4
7t

'a
t)

r7'

Enthalpy. kJ/kg

Copyright by Mahidol University



a
liltf, d?l{loilYl5 ltult?ux5t€ufittu / l8

2.3 nr:r6on'l#ar:rirnerudu

fl o qriufi nr: vruirar:d rnrrru rdu riohi'rfi or fl tyn r n'ulolryu lu #uu :: trro',s du

. eA ' ts &
u1?rulvr?roqil Innu h?fiuorni.rfidhq:rlalornsr nnrutfludo{Til'irr.roi'llnn 6.rfic1oflnn'l

:vm a'rsil :s rvr gnldn.r u rrulu fi6ar: ru o um5 o o n (Monteal Prorocal) rnao,f, rfiqiliruru nt:l #

olrd Tru,onrver:fifiotr{il:vnolzuo.rnaoiu (ct) v'lqoo6u (p) unvntgllou (c ) mied

rEsnriudr cFC (chlorofluorocarbons) uio.rornar:dadarrur:norndrrogjlu#uurrurnra'ld

u'r?u'ru lusriuvrdu?fiu6oydrarulolryulilldriou 1 uuoo'tofif,onrirafi'u'ir drl#naurgou

ornuarorfindfir{rilrfr{Ianavfiounn'loon'lrJ{uonlanldrioun.r dr1fi'lt:0'rRrf,qJorlanfr
Ia4

qilfiQilq{ilu

Z.g.f {ofir?rusrrdsan-lnt:1fat:naol:dgool:ntiuou (Chtorofluorocarbonq CFCs)

- o- i, s h9, a a - ! - I

uR?0 uvr? rn R lgerrsnu Ro{fl n R:svtruot nr:l#et: crcr fi fi nrnsio#uil:: u'lRtf,

s a l | -t ,1, I vlgv eo?- 
e

Ierufinr:il:vqrurolil:vmf,sr1{r 6'l r? tan unv terooflutaqqrrlo.rnunr:drortlfulolryu
.i . q ad d i dr -ee-.--.si.-er-.---ol-.-A-.--

tylo:?ila{lilltl tutrrdtrilour5ooa (Monfieal protocol) fr{rflufriar:frtrluufntdflariunr:

nauqrunr:1#ttnvnr:nfifl d1i cFCs ltdu Hologen

2.3.2 ?nln1il c70 d t ?ruel

qtu arurifiro {d1r cFCs fi drn uol ri'u n rfi n nrrl#sr ril c?o ririlu ern na{ d? il rYuslo{

I a s d JA
n1r:J:vqildil1tn il-f d1:uoull:0o0 n5{vl 2

t. ri r opp (ozone depletion potential) nilrun*{ riil taorsd{dn s n rul u n r:
I

f rn r u#u Tof ryu t o su: : m n1fl Ia n

z. rir cwp (Global warming potential) ilil r udl nilrasr{d{ f,n u nrillu n r:fi rh?
t9

In n 9ou du 1u #uIoIryu I o{lJtt u'l R rala n
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ljotcylo?nutnu lJfi 'l?nt'la g!iloa

nr:r{fi 2-1 ffryfi onr [av Gwp tosar:rirnnrtdu

an.u. (rnnlulatfiu,rrrrarurfiont:vtifl utvtit,'rulns) / t9

od
fl'r:m1n?1iltuu R-tl R-12 R-22 R-502 R-123 R-134a

(cFc-11) (cFc-12) Grcrc-zz) (cFc-s02) cHcFc-123) (I{FC-134a)

ODP 1.0 1.0 0.0s 0.n 0.02 0.0

GWP 1.0 2.8 0.34 3.75 0.02 0.26

fiu, ' .,ral:runfrn fld r: nrh{i 143 ilRtlnil zs40 (rz)

dlrdln?lilrdu R-tr+a (HCF-l3aa) '16'qnri'orurdururrfiol#umud'r:d1n?rilrdu

frarrird.rfiqnrarufi6rqnryvrrsrvroflru'lourru^ndlndtdu{riilar:dln?Trtdu R-12 iltn dttdl

n?rilrdu R-134a d,nulrd1#riurnfo.rrJiuolRlfl:oulrd rf,'rdu unv{uri rfio{ornritlunr

drnre,lolryu (oDp) firirrfluguS uavrirfidrlfrInn$oudu (cwp) firirdrrurn fi.rrflunrqfirflr

hi'r6onar:rirnarrurdudrfienr:io's ril:rvslo{druo{d{finn:vvtusiofi{ttandoruTnnttnv

rYil : :fl u v1 u R lrli 1.r lUfl O{dltdln? rUrdu

or'rudu rvlao'kinarruduuunlr,,rn'r:rsr?rtr Isruordunarrugoufildiltflunerrugouttnhcro{nr:

tvtl4u

nr:drorur:u#{fiflnrsii rsiu R1:g'rfluero nr:orttt?t nr:viualotJ (spray drying)

tu a v n r :d rh?r r #.r u u u rdu rdo n u {s (Freeze drying) rfl u du
j 4 cr/aaq dg a y,.- --4^^--g-9^{...9/- --

R't:yt0utnoR rurt rsrrido{fior:ilrtrn dnsotvuosuo{fiovdr1#rrv.r fl?'uJt,''ln{1u

dtu p-zzrfl uue ndfi ot r{tJ:s n ou t o{ol sln :to u (H) rfl u nfrn de o 6.ro giluna nfi

riun'ir HcFc (Hydrochlorofluorocarbon) dsovfirir oDp lrnv cwp drndr unvrfrolornl#egj

fiurn?osrliuo1flrf,lru'rsrrf,ndfi,fi'ruru,uduoun'rqlu o'.rfr.rn.r1#1#ogildeiolil6nrror*uou

nf o 1 ri r fi ufl a.d.203 0t ta v fi t tu a Idru r' t o ro o r q n d r frpr hJ r$ a n d rfi

2.4 n::ilef; nr:rir'l#rr#s

nr:drarmr:ttfiittttuoix 1

nr:frur?l do ntyu?uR1:finarruiouqndrurvrdaeli6loifinua.r'hJf,.riaqdfi

1 u n r : li r n r ril n 3o il sJ o.t tnio t fr o t t a v d'u 4 u 1 u n r: d r rfl u 6'u ( t :)Copyright by Mahidol University
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z.s n r :rJ YurJ qs n ::ru?f; n r :ri rlt?rr#s

n r:dro ru r: ur?.r rfl u?i n u o roru r:iiu dr fi fi rrildr fiu *,'roniol u rro'lrra:lru

unr:vd'uqnd1?rRrrrJ ?6nr:drormr:u#.rdfrflilflururnfiqo Isrerqilrvlu:J:vrvrgfifirtd{uea

,il'es'noe,#{iu 'lduri nr:srlRuaanrnsa;d,flua*i'irs avoan unsdunjdo.rrirtdrirudou

RrrouorJo'rr4r:Iquef;q',o,,rrd url'jrovdrfiuurururio,,riatialu:ruoud.rfloq:iufif,.rns1#
A.€ta urrr d ta | 914 qv<{ 

^ o 4 ------A-a5t9lil -liln0silR1:lJ:lJ]JE{ilrl 
llJ l?rAflUnO U101?l',l:1l0v9l'rRlrAnil'l?1{UU9lvltR:.lll:00'lo

Iorrlilfioyl:rJnflorudad-r'l{oun'irormr:rfuovur?.r'ldfi d.rrflui6tihiqnqtfinuilvuav

ornr:fiu#rufrafinosanrJ:nilurdoul:Jfiasn.r {uavoo.t n{of,oqo,,uo{ un uU uavfiq{tdu.t

:rJR?u lorsrnuryflrRl:srlRuaoriudo.:1#l:orqrRsr^ereiofiunntuiu t'fu ormr:utottfufiti

o1r{lrnyla rflud'u uiolun:tu'fidunn1u:vildtnr:nrnu#r ,uoo'.todf,uil!'irnr:trirtfiu

rorormr:f,qororfiordulstuuo{ornttrua.rrur1qid.rl{uarroityrdulqdunruilfi{nr:qrnttfi'.l

lurJ:srvra'Iiltlfr:rfl{rudr{iofiolddrfi nr:1#flr,}iruiln{viufiea{iluott4t: lutorvfirirrur

nrnu#{rfioflorfiunr::uR?rJqf o{tltJa.rd.rrirrfluouor:ruoiofruilnnotir.r0s 6'rmrnriro't?11:

rfu 1 :J iu :J : s vr r u Isr sd q vr t*zu o.r u r*i r t t ru a t rfu ft 'hi rdo ru aa r fl 'l il ( r +)

if; nr:urJ: grllo unr:rilrfi'rfi g ?6 6e

z.s. r nr:dlr#.rln uordgr::rumfi 'ldurinr:srrnuno (sun dry) ttnvnudrnru niu

nr:qrnHanhir.nrsu^niifirirorraogiq{ niu ndessrrn nr:tril:gila6dld;utttl:'ilnruluil:vmq

fifiuaurprorfisruo rflu?6drfiurir1#drudoo uoiqunrncro{rufion'nAdtAtriatilaruottatfifi.t

rdorJururn

z.s.z n'n"firu#.rlflulfttfriuasuprrr (solar dehydratiod ldfinr:rJ:vduffrourtr?.r
gl t | | s a.d o gl j q g o - dAa ----4t--r----c-t4i4

1#ud'.rrra.rrrnnrourffonr:rr:J:g:Jornr:IouTititttf.r frsh{nrnsrn'atq{fifiqnrntuGndrnr:1ffi

Rr:enfluoa ludruqrfrnuilylJo{0rt41: dsdrlfiormr:'hifrruffarTu{unvoo.r1uo1R1fittns

il:rarrnnr::iln?urlo{uiln{ uR uq unrfrorCrduodu 1 ormr:'ldiunlruSoueilrtcruoriudr

1dfiro{orilrrddu n{ufiori.uur:vsvraarlunr:qrnu#{'ldfr.r#ouav 35-40 flo{t:vt vranrfil#

lunr:qrnuosr nr:orn1u{olvrd.rua.ruErsrldufofifioun'ir tll:rvnrndounluldrraski'ilrrflu

6'o.rrfiuorur:r{roon rfioranrhifiua{treroiliodunndrh?nott:ttruatnld nr:fiqnrn4fi1u

flolraurororq.rndrqoru4finrsuon rirh?arrur:ndtnretqfiuvridtifiogiluormr:olilrurnnir

R'rre'rRuao Erfisr fr'ru q{d.trff u'l{lduru nir

z.s.g nr:rilrr?.rlesai afiificial dryine rflu?6{irirrorufrn?vrttavtilnfinrr'l

ivr rJ r areq fu n yiae n : : ru ar an fi{ril r1 # In ul #il frn n r: rir n lru So u 
nhl 

f,.r o tt r: rfi o d r1 #rirCopyright by Mahidol University



ricufi nirurdo !fi rifl urdurtrr'nn
i

r vr.r. (rvr n I u lafidtu ru t rewt'o n t :r4 fl u r m :-n u 1fl t) / 2l

nionarruduiifiugluuln1:rsrfir,oon'Iil Rl:dln?ril$ou1ffinr:drnarru9oil ( conduction)

flrr?tnn?ril#ou (convection) vfonr:urii.rfr (radiation) i6lqaGilud.lufodarufru rf.riiduogjti'u
A '3gt q !r 9. dltlltq-Y-.--4

Rt:ooRtnJljrn?o.rourrr?r (dehydrater) rfl.rfid'o{fnurqilnr1IUo.tflafldilq4"l5h{ilrnfrqo (ts;

n?rilunn9ir{:sfldr$ nr:nrnu#{ ffil nr:oilu#.t

er r rNd 2-2 nl3su rfi sun?'t il ttfl neir{rufi dr{Rt:nrn rt#tffun r:o rt il#{l

nr:nln$r{{ nlTou[[#{l
oa&".d4dr1. o'ldu5sttly'l$1fl vuun?1ud'l[t00{lflu0g

f,un'ng il v o 1 R lFtxo{tttsin svlo.r 6u

1. orfrunr:n?uqilqilu Qfiuavnarrufrulu
il J u9 a Aa d

1{0ilou qvuu0v Infl nfl flaililflil n1T{91

2. do.rnr:uiofi lu nr:qrnttri.rrurn 6odr:ra

$osav s ilo{tdofi turr:Jqnn^r

tn r fa d i g r'lt
2. liltila0{luovllllR lyltlvflllJltoerou l9l

I
iln1usu

3. rirurnlunrtn?uniln?'ltJdyolo

unsilaoofrs

:. hiriefl fi fl rUilrfo{n?rruenrJ:n mfo

r#ol:nsir{ 1 rntlpodlufi:Jnflo

4. do.:ldranrlu nr:sirtfiu{'tu ul? rrt:lv

do so rfruttc{tloolq tt'lvt?a 1n n1{iu

4. duJl:odrru^utrunldnnoo 24 stJ.

6rarrur:o du:ssstanrlu nttr{ttfi u{1u

n.r'ld'rurn

dAar
5. 010lJR'l:ldoildn11I1'O.lFlAflflA :sil?1{l

I
R1:9t1Rll?1.1

Irr.i A | 9!l

5. lilil R1:ldoilqAl RlTl:U?f ?'l{ R15OUll14{

A4tgtdd
tTt51v f't:tu?fr olJll?l{5?9ll:?llnviln15

A
n2ilqilqilfiQil

a a t 4 ll | ! ! -e- ol
6. aorilu?ta10ou1{td0lJ Iilil1R luu ?glltJucr

g
u

rlas [o [TltlvQ nvl{olRldllnvltd{tl9l9l

e. fnu r?sr rru^u'l{'ldru t n n a'r n r:strn t t#'t

ru:rv frrufraornrqusitfi u{td nfio sttnv

lnr
tilQRilfl{llt9l9

z. fi orur:6 ndrnr:outtti'.t z. fideundrnl:$lnu#{

g.'hide{nr:tniorfiorurn
9'A4A

8. 60{ n 1:lnt0.liloyllflu

q. rfiurirldiirufiog
c fA I q9t & r t,--1..-

9. dlltilrio{n'l l'!,01uil1R 1l{nlqilRtiullav
I

AA
tuolv{n{

firur ' lnr;nd t::ilisrd:rRn,zsgz 0e)
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Ita:y
2.6 il'9|,nil 1|0{ tn 50.t olJ tt?t{l

tdorornnerruusrneir{fifiogjrutnrurulugrJvr:s uavqnrerurT6ouud{uo{ieqds'f,rrflu

dorfirnfo.rouurftfinru 1 uurl rfiolfrrrurvdilfiuryu^eruo'riaopiu r ?ieni 6'rumvnifirqn'

2s2s (13) lfilirnr::rilt?illlnvflq:Jil:vrnmrounfoso:lrr?rdldlurruuqorarmnrtruTeru

airur:nf,sruri{ld I rl:vtnvrmdn 1 d'.rii

z.e. t rnfororur?ruuuurnarru$ou

a'nu il vc,o.rrnio.toutt#trJ:vrnvrd In:ra#rr oyfi nr:drun uau riunarru$ou

ttrrisrittfisraru$oufnovrflu#o.ru.rr'lnfi nfonododrnarruSou udaaruiouovqnqorr,rfo
.t 9 t-g 4 s) A ^ 

jg .v s a
llJ1l{1qil0.1il'0q0il Fr?111fl'ltj'ltolJo{ln:o.rtru91lfl110gRU 0lu?u?dq nnuiuv5r:lts19110(l

iaqfiovouu#.: lrnvdnr?vo'rRrf,R'uruon g:Jrruuruu,ufuouuutfturuvrrnarru$oufi

ldluqorarun::ru 'ldrrri tn#o.rouuri'.ul:Junra (The Tray-Dryer) rnfo.roru#.uluilrnflTnu

(Belt Dryer) tnio.rouu#.utuuilt{u (Rotary Dryer) ttnrtniuooutrr?{u:Jumilyail

(Pnuematic Dryer) rfludu

sr'anar{ rdu nnrafin mfo R:voR ,,urouuduudrlrJqrilornrafifiogjnrfllu lflulilfinr:l#

urmvln 1 rfluriadau*l ,uduouuur?.rfirnruuXulufloq:iu1u:ruuqorarran::runlduri rsrro:r

rua.rorfinsf rfludu

z. o.z rnio.t o t t tr?.t t t u u d rn : rru 9o u (Conductive Dryers)

uA,)uAry
n fl uflt s10{ln50{ 0ynnluRiltn:0itoLJlt?t.iltlj:JTt'ln?lil:011

Itru44
srl{Ruillnr0{

ouurftuuudrnarrugou osfisianarsdriliurirurilnarrugou rqiu rrvi.rrudn n:rruSoufi'ld
I g : i - Ag I v v v q .y r A

noucTr{erildilo rfro{0rniaolfidornr:ouu#sovdruriafilsTannr{Iorlsr:.r g:Juuutounsoq

ouur?ruuurirnarru$0ufil#luqnaluR:m lduri lerloilqqqln'rf,, rnforouur?urullvrr{r

n:vuon$ou (HorCylinderdryers), tnio'rolur?suuurryufrhi'nrrruflouvrx6'oru (Indirectly

Heated Rotary Dryer) rfludu

z. o. g,udu o o u tt #q t tu u u rii.r d (Radiative dry"n)

ciru1nqjrin ov1#rord'.r.rrunarru9ou ornr::rurr6 narru$ou ovrndoudrniru
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n r :r{{i 2-3 n r :lil€u l rfi u r qota-nu olsto{ rn6o{ o u u#sm-s 3 utt u

ga
qildiluel

4tt
lFt:oiloult?t(l

ryfionrn:u{ou AoI
utJolllfl?1il50u

A IUA
suott9,l:{ld

1. rvrjv[?n]lunr:ou nu nu u'tu
ao9/

2. qiufi nil lilR1:oulll4.l ailrraruo adrraruo hiarirraruo
Att

3. 5ln1ln:O{lOUll14.l ilrunnx uil{l NRq

6l

4.n?lilrr1il1:O lURltn9l
I

A
n?'til$u

6t{ d{lo ilrunnrs

AA
5. R1:gtogt{l

card Ae,
tST'l1lVlU0U

q il& A e)
tlriluvlu0tl

6t trd d
tTvtuvltllR

6. q il n 11'l lf o.r nfi sl n'il q{
d
a

4
$l :Jrunax

7. nr:f,on1:drq.rinur {'t8
t

{1U IJlR

fiul , ai*tf frarmsurfivQn :2525 (13)

0rnqilflilf6'il0{rnfo{oilur?srJ:rrnmoitl flrovfior:otra$rttnfototuf.t

druirovrjunl,filusruiflsd fl0fi'u,,rodurrorfior:otr:'arufiu 660 t1nlilo{tniq{t ttnvn?'til

dlil1ro1un',rurur,uduololtndototttrft d{tfu tfiofi'or:urflof,umr{drutlnllld?

rnio.rouur?.rfiriroyrdonl# na:osrfluruiu.routt#{rfinr{rnarru$ou nfornfo.rolttti'trfio
taa 'A o d q ----.3^. ..^^.yt-v-.A-. - -l--.^^^. 'rrdi.td ttsitfrofror:il'ln={tn?lilryril1:alufl1:aon?ril5rtu unuil00u0u 1 :J:uRolJ :v?f?1.1
,9

rnio.rorrrr?rilrc z rfio llnyiludl rn$o{ourrti'.:rfinurnarru9ou iinarrutururvdilillnn'il

rnfo.:oulr?.rrfieurii{d 6'.rrfuffi{'u6.rrdonl#rnio.roru#sil:vtnrilln?'lrufou rflu;rJurLlfi

o vri rru r1#1u n 1t o o n I tilila'it's
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,

ll

z.z {o 4afr'a'hJ rd s a ffurYn nil r2l
v,'

2.7.1 n? lilfifi safru?Ynnumt

lnl?t?u?ttolR55! / 24

'r
finqurarfi fiart{iyttlldrafl fdr Eicbhornia Crassipes (Mart) gelms.. duuo, 1

dofrnnils:r aasrTnilon ffnsr! finl:n ur:r ?Tn6loet frnIiJ.T frnriaaos ffn{Jo.r frni.r

rflurfi#roityur'ulrraouogifufi roiqri'u{1d6'aunltrlnnndoorndrdu :J:snoufieudrdu

- fifiria:rn (rhizomatous stern) lUrflundu#u (rosette of leaves) ttns:rnfi#orlfloualludl

fi oo n fi ria.rfi d? u{1il d{t tae{:relavr6 ufl'lfflu pJfr z-z

A podion of the plant showing slmpodial branching

B-Leaf blade, F-Float, I-Isthmus, L-Ligule, R-Rhizomerh-Roothairs,rc-Root cap,S-Stolon

nJfr z-zriruil:s nourirdu ffnnilmrq

fia:rn (rhizomes) fitursrrdunhuqudnnNluqjldd.: 5-6 cm unr0ranld6{ 30 cm

eirdu (storon) fifirja{uo{fi{ulouernsilrn'uoon'l:Jduuroorolt1dfr.r so .- lufirfiuar{u riu

dor, (float) fin'nuturuquunstut firurprrdurirugudnaNld'd{ a cm ttsilutJr{ldR1?utl?odoil

piufifinr:roitgrrr'ulnodrrmururiu ffnsruraroroos'hiagrsriunou usiovfiifiulufisrandr

:Jnfi :rnluqirflurduureohiustnnflu{ (unbranched) unvfi:rnalouttnnoanilr d.roroovur:'ld

dr z0 cm:yuurlRor0osfirirnrind{9osar so ,uurilnu-nr{{fiilnflraouogjlurir trciorduilrn

nrnrnityrfiulorogjr.rulnnu finquryeriiduogiluriutil#t:',rirtiufisovfinatilq{n'.l 7s-100 cm

gsifi:rnfioe, Cdro;'t 20 cm) rfio{ornflolilltqoildilq:ai lur4ruo':ndufrunrnogiludld':fi

orilr:fiounu,iriirdunydundr 20 cm uaso;fi:rnur:ndr 60 cm sronrflufinrtautelof

(lavender) miodzurafia?u{'lu luilsinsdonvfinonil:vru 1u 4-26 non (17)
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rjsufi-oin urdu r ur?nordm toa r n.r. 0n n I u IaE fi rur u er mio n r :rigu u r r in u :rirt) t E

du rTn s' u rya rd{ il il 0 r 00 kg il fr{ o r n q r n *lu h?t, ti'u udt o v fi rirv rin nr do il : v ru rnt

5 ke n^srrflurirurinilo{rnlnrr#{rqdu-ld3oflnv s sro.rlilnrind.rurun ludu{i t tsnrtilf

(10,000 -) ovfiffnrrurarro?qror'lTs'ldei{u$i 140-1,200 er'u rion^sufluririltincJosnrnu#.rld

rj:yruru z-oo 6'u unvfio'sr:rnr:mitgr6uTnil:silrru 35-875 ng drilfnrrr?.rnsnrtvrf-iu lqu

du o gj fi:r a n ra yt ta qdoil rirt 1 Wol'verton, B.C. (r z) dr.r d.r 1 u qt il a enur{ rfi t
o r n n r:?f,uil u'i rfi uu n fi ri ufi f,u'lu Iq : to u (nitogen fixing bacteria) o rdoo gjfi : r n

uayluzuotfrnflUs?'t t,liu A"otobacter cbroococcum ltdy Azospirillum lipoferum rrsiodrr'l:

fisrrlfrnsruv?ldtilliorirtrqluTn:toulugrJ€6ed (reduced form) tliu ttoruTrutfierufifiogiludr

ilr1#ldleuor:.rogjude qarnqfifirnrurraruogjlu ,ix nto oc unsovuqernr:toityt6ilInrfrefi

qnprqfidrndr t0 oc nfoq'rna'r 40 "c o1li1ld;il (nutients) d'nrrflu ldrrri

nluln:rnu (N) yloavloia (p) uayhluoardsru G) rdurdsrf,uffrri'r t'hJ Tnsilldrfinaut

r{lqluqrosorur:ra?rufininnur:rroiryrfirLlqldfifrqor lduri nlulq:tou 2s-100 mg/l ttnv

yloayleia 20 msl. druirrirnarilrs?il{uilo{rloadofa,ti't{iqt d.rov'ilrrTonr:roityrfiulor

rvirfii 0.1 me/l finqurararruutrm?rgr6:rloldludrfifrrilfit6ntvu'irl a d.r a woherton,

B.C. and Mcdonald Rc. (17) dr'rd.rluq:un arsurfiry

fin stil rm'ldlo?tgrfi ulnunvuudrf,u {'l:J rurn ndr so rJ: stnalurcr qfi fi o r nrs$ou

ri.rlnn loufiogjorrruuilri.nirdosirr 1 niu a:v rio naos eir'rtfiuti, ,t*itit flnoooutu:vru

m1:y1,11usi'1s r do 1 fifinnu^rd,u"sor,flufiffinunvrtndn:soruornqodrrfioff.rhid.rraud{$ou

flornnr:dr}J:Jqnfi{dei}r 6't qro{ilqsd oun:sfr{luflnqriurirlddlfluiirioh?rfiofltymrrurn
ai

lld9lyu9l?lu{t

fin numr rfl ufirff,urfi o{cto.tmiilorru?n r1 6' fl o qfiudffrno drt t tniu nrufi:In n

u | & a 3l
sns0er?lfi1lryrsurvrriol#rfioflqnrrro{iqt luiJ zqz+ ryr:sivrdfi:Jnn:ol:J:vtvtn6'ulorfrrdu

'16'rjrrs?rilrilqnlurJ:vrvrsdulprfirfiflrvraorflu'lfirJ:vd:r tfio{otnfioonaestrru'ld:Jqnrdusl{

odr.r6luaaunqnumn'firfiosI:Jnof sioorndulilutufittudn:vorunlilqrilr{rrhsirs

:rnrf r lui| zqu ldfi nr:rjrfrnnilmrornduTsrfi rfr ur{rrur:Jq nlui.rarvil:r4ru

rirvierui.ra:vrJ:vvgru fi n o u ra rdl il q n n CI s q I il ti'r l tt ri u ri til ii r n n o t u a y u n d n : y n r u'hJ vTr

il:ymaodl:ap1$r oun:yfr.rfl z+se 6.r1dfivr:r:rrrirg{fidrf,Erfrnstur?tooRlJl uavll:utlry

fdl 0t t,i

R1U?lA{

fiiu{fidfi{fi nnu-r rTul#sr :rl tuvl niud r r zl
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vd
2.7.2 nflHOlvYll{l$lqnuflrcrn:

ffnqurrrrflufivrirrj:rrnvrlurds.rrdua aeudl'ld'ron'rrru'ldTsrslildo{fifidsrrnrv

arrur:nuvrdfru{1d:anr$arurn {'nrfluisrfivtilfi49loo.rufiunsh?d'unr:ryail:suru

nr::J:vrur Rlttns ert R 1:d1t1til qt ttnvdrura:u gfi orfl uo rirtrurn

lurflulil16sa uniulundrugrJrTalo rfluriunur #ruluuo.:oonsr:{'foqnarr

n r s 1 u fr dn s or r rfl u g u q u,du nil'tu rie urnr q.r ri rdu 1 ri'n o udtl d

o o n fi fin s ar v r_fl u rio o o n do uu sin v o e n fi fi rX ro ru ria t u n ru tu n^o.r'hifi rfi u do e o n fi

nfiu e ndil qoufioonf,.:'hiuruovfilur.rrfruogj rruaooronoonfrulut.t oonoslrufrufi sronfi

frnsrusur{rfisr.irsndunar fiudrufltfido{c,oudria.rniru rirl#pronfiflf,ttd?t {'ltt Inud'?lil

udre nrn ua srdo ru niu :J:ym qnlil uhirio sfi rilf, t li'td rvr : rshifi n lt fl flrtrRd: usiu r{nf{ fi fi
adl

R 1: Frrtil trav n orilnn tdrruf; srfr qlurn tf, n fi rirfl rarflil

I
2.7.3 R]:[[Tl:R5vil'lU

rinqurar roiq'ld.iru unyuudll'uft6'iro til:rvfinqurnduogjuoiluuririr

iirnnor uavnooogj::u+,,{rtil1dudrs6a:s unvrJildaro{nldnrilanr:v tEiu nur:.rfiosnhioru

nslil1uri,r rvr:ryfi:rntiaruran:.:daogild rfiofinruu:sfiovl:J$rilnllvtttvfilulnqjorhifiiu

rn ru:rviirdufin:ynlrvnqsogjturir finn:Js?rhindrdroclilfiomiornrvfiufi.rlo uril:J

fioogjfifiIonra'ld roiqrd*rdfiruorure uasrsii:rnfiu{ttt:.rriu unsmf,.rn'rhJ1urirn"nrflufr

o$rosrJarld'6nd'an rJnrfiordauundr{uffinnu!r?'r olnrvdrdrhJorfrsrirlfi':rndu

avrfiou unvcyfioudul:Jd{riauxir6'u dr1fiur6q{idrd'.ruride.ra.rrjr tflunr:ttndfiufhJ

ludr o'ufioi{udanr:durf,u{ro.rainru".l#, rJ:rmnroroqjfiefruriildulfdu nioovr5erndr

finqur:rfi:villJRr:Rsuorur{u{ldodrsaruq:nidqn nriran^o frnqumrdurf,u{Ioovrr.roon

gn d viu {Ior sm r{ ril 6 n un v du fiu {n io n : v o r elrl-u {Io uvn.r d rdu uion rl :'.r 0 d'r d

2.7 .3.1 n r :f; u fr'u qta sm t{etoR

A
rilo frnnuuarfi orqeruna:1u nr:oonero ntrd'e ovh?oo naafl {lilil'lR rfl u

flrflreiourJuriar unsrrdo.rrfluqo riouualfiil:vurnr 3-7 aoR drhi'uqjurua{so:Jfloililln

,*qd,u.,fluriorfiqu?i.lnt:dlfiu{vrt{ooR 1urnr.:fiafiryfiosl4r1Y?rfioril6odunru?d'l
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rv dg c
2.7 .3.2 n lTUT{5Tmq lnsmr{rilAO

d- | rq ,i o tn h | ,l d r

uiu vlr FtR9rlJT?'l_n0{n0 so g lurtilu'rnlnno{ J?f a Iilil'lo guu lilnn 0v:?,r
9,9

nriun.rrirrflunirn:m nr:firrufioda{n{luuridrdrnnos urqni.rfidurfiu usiuilufitilfiqrv

.ronnduf,{ef{ogjrnu 1 :ruyr4d{ drtmognr:rirueu douildrdtnaotolmndver?R tilf,nrinqurar

rmrirdfioyro?ry.run,rrruduvTuln riruuririrrirnnordutr^uunvu#{flrRru6srfi'nsrumrfiil.rsTa
rr I o r I t 4o d---'--i-

oqjrduriu uavfiorqogiuluil:yilrar rs fl usidrfiIonrar'uttrdiolo utdntunrfrov{oR{'nl

fiufirfluffnquryernlilonhjs,rildld'{drduflurflurJ:v,f,r luuarvrdflan'urTnnrrarol0R:v0ru
v Ja i urra I

vtufr luvtl.tou 100fl9?u

v6v
2.7.3.3 R1:R:sO'lUTlUqilO{runnU$?1

rflufivr:ruf,uleruli'?lilir rTnsrilrrrrio{nounlilnrilti'uutittit4ol{uuntt?i.t

uavuXua'rrnAru,firuaururndu 'l lurnryriornouogjriu fi'noilrar*himqonr:to?tglonrrru ttfl

orrri'uuuuugjf,.rarrur:ournrdfru{1ffindao d'sniurfrefioon finr6quda fnsmrrr::ilrrfi
' e o{o i 4 4 A

ffnouryrrovfr'luavroorrfluflruurrn{dr rrnvtfrpriludnnouutflioilnls 1 no d.rqrfrru'ilruau

od o o - A o 9a !l-l-.--. t
yriiuq1ild1olJ oufi oit nr:dtyor "[rlrum1{d1Q ntil n?uil'lR01R frRo:JT?1

: s :.r e{l u n r : ri r flo fi n o il v? I fiu du il o u 1 u si fi 6'o t ei o u q?o riu hJ 1 u ii qo

ud
0ufl5vll{ilR1:

fi.:ufidrryrirnrut#tailqriurflul:Jldsrn rtsinr:firJ6oe,I{lilriro'ntfiurnufiov

du:nq.ri,r'lrJvlnuris rfluo'uq:rsoionr:dtyo:'hJrurvrr.rri't unvrfluq:Ja::n1unr:il:vrul
.i9
0fl9?u

fin srumrtfl ufimir arru r:oo gjluri'l1d4 o ool* r,{.rturiranrf fl ttnu rYv o lel

, A<- C t ,! !--..- -' vtsE--..-^-d -y^-------4-e^4-.q^.*-9- t

:trqttrirvrfrnt'RgtlJs?1{il0rdaogilu illtlvor$rlFra?ut14Eu e.lrl9llJs?1{l.lilRau lunl9uulRttR

n r : d r f,Er Au.r ln3.r 1 t'rfl u ta n r u r u riu rfl u r do u n fi u 0 v 0'l.t n {
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z.t .t ilzvlarriqrot nt-nn u t: t

rJ : vlsryfto{ rin sruryar aq il 16'd'{ d

2.7 .4.r 1 dl u n r : ri r il-s, rirrfi u riluo a a il a dl: (potlutants) si r.r 1 d fi o gj 1 u rirr fr u 1 filir
Jo oJ

riu fi q tu n r n 6 r-u o u fl t ru r: n ri r 1 rJ 1 #rJ : v I u r#1 d6 n

2.7 .4.2 1 #rfl u ior qdl 1 u n r : r fn rfr o n fi n fi'rryfi a n rn (bio-gas)

2.7 .4.3 rfl u{ udrr.riufit

2.7.4.4 tfluornr: (food) orilr:f,n{ (feed) ormr:tdiu (nutients)

2.7 .4.s rfl u rl : s Turridru du 1 rEiu rfi o ri rsr o n url # 1 #rfl u iaql u n r::J g nutn

lduvrurduls flfiqn:ooonmfin rofiauoanoaod ririr'nar:fisluuilriutitii*lul^fittil

rjrvilr qnq

2.7 .4.6 rirrurrJ:vduf finarurfl unra^nfril q{ (tz)

oAv
2.8 qordill,gtYl1{fla[[AvRl5Ylodou?flel

2.8.1 n?riltrYu (stess)

:i:,Jfr z-z ttao{nr:tfirinlrutdu

P= 6'4.

+++$

II
+

F
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ornailfi z-e rfiofiortilrrli.tiflqdunuosfidudr,rrirdq e oginruldus{n4{ F drt:t r
firirhirurnrin i'rrqnvdooonrf,nrlouudahidosiolil6n flrt:tdn section a-b inqovogjlu

dn1?udilqafld ovdesfiu:{dluu:{ F ro1'l{ u:tarue;ad p dn:vdrnrt lurduiaq tSonr'rtr:.r

nrulu uny0yRrs0ru'l:-l$aoeduiinrlrdsr irr.rfin:vdrorlntnrfin r lurdoiaq mionarrutrlru

flu sJ o.r t t :.r fu n^o r r : { ei o du fi fi rlr sr'o 6{ fi n e r ru d r rity ru r n

P : "i 
= :" risn'ir narrtdu (stess) {itfiorduluiorq

rz)

narrurdufirfioudufi g finsilv 6e narrutduo*.t (Tensile stess) narrutfi'uo'o

(Compressive s6ess) unyn?liltdutdou (Shear stess) (tg) d{nr:?o-ulun9.riitffio'uldrdenl#

n ? 1il lr{u o..t ru r1 #l u n r:m o f, o lJ

2.8.2 n?tilrnYuds (Tensile stress)

n?lr,tdu 6{tfi odur{ioisr qe gj n ro1 ffrr:.ro''r d.r grJfi z-+ dlarru r:nd ru a ru'ld

d
01RdilR15Vl2-4

FF

A

,Agla
zillt 2-4 llcYq{n?1iltau9.l

Ot : F/A

or = natrutdud'r, N/mm2

F = Ur{R'lUuoflfiilrn:s{rsioiaq, N
&aA = ltuvrnfirdgrtotidq,--t

(2-4)

A
rilo
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2.9 .r r u?d's fi rfi er a {o { fl r { Fl'r u n'r :l#rn nlulad n r : o l u#r

i:r'1efi d'ruor:vqa (te) 0lRnlsrerfluu,uduuuuu#{ua{orfiorduul{Toero'lfl rd

'lnnrifluqrilr::nvrsr^d?{u?a'r 8.00-16.00 u. d'afr'liid'aoh16'o fidu{i;uua.rorfiod 2.6 mz

nuirnr:ouu#rttuuuryuriuuldraarlunr:ouu#rrnds.reprnv z iu rfluranr s7 hr 0y
9'/9J

fiurrJdo{ild.ttrunarru$oufr'ofiu lgz Milkgwater evaporated unviiil:yfini^nrnnqdofir,ruor

lJo{:vur.Jourrr?rdeuttarorfiordrrurflasolnlfl.lilariuuqrilr::rurr6rqdsrvirfiu t 1.t %

rnioqouurfl{uruflTorerornrsulrnliuuenrurrrruslfiunv1# lpc rflurdourfi.r- riaflii16'ru

nouniq druuuro.rflrtnvrJ:vqdruurhrirdasf,.rnvfiqunar vrudrnrrouu#ruuumqurirlu

1#renrlunr:o:lr#{rqfis (r?onv 3 ,4 unv 5 i'u rfluranr 46 ,45 uav 45 n ovdunjdo.r
gr'9t

ndrrrunarrufoufi.rfru to.2 ,8.6 uas 8.4 MJ/kg water evaporated ttasfiil:vfrnf;nrnnqdofi

,duruorruuouufisdaoua{orfiqduuufrIoruornrn'lrarisusrlrur::ilinfirvirnlu 23.6 , 28

uay 30 oz nrildroiu rnforo:lni'ruasorfindrruu{Torori.rriunr:nlnncrosornrgdarranr

9.00-16.00 u. dr{lirdaufi.:nvfi:;unuu fidufi;uua'rorfiqd 23.! m2 nudr nr:outt#.r

uuuu4uriuu l#laarlunr:ouuflttndeNaonv s iu rfluranr ++ h, ovdur:Jde.rvrds{tu

nrlru#oud.r du ,o.g MJ&e water evaporated unvfi:J:vfivlf;nrungrlofinuoonu.rrnrol,

o u u ri'{ da u u a{ o rfi q str r u u frI ot u ris n-u n r : l il n sJ o r u', 0', e, o fi u,vi r fiu t s. g z
frnfrorr nou6:rqn (zo) 1d'dnsr6rfrflnclo.rsi:uil:oir.r 1 rdu qtunqfr ttnv

narrur$anru iifinrnsiodq:rnr:ouurftflo{ qyr:r nvryor o'iu unvilvurJ Touldqumqfilunr:

ourr#rlud:x 5s-72 oc narrur$anru 0.6 uav t.z m/s uudr o'o:rnr:ouuri'.tto{flfiflrTar.d

rnsn:fifinslniunu, o$luda.rdor:rnr:ouut?rfinonr o'q:rnr:ouur?.rosrfiruduqrmcfi

^ A { e, ^ A a u I e 6t tl? yt 4- a o J
qiluQillililllu 6lqot?tflilllrilq{tnu lr.JCIy1r1 ll,ilR9rJiu14lnl:rcTotJ9lorR1Tl1J0{flnflRfllcvllRU9l:

narrurf aaruoyfi6vrf;nnrf,nrlossiodfl:rnr:orur?tto.rqvrtl usiosfi6mfrilnsioo-q:tnt:ottttfit
I

ilo{nvqollaso{u

ufi'Safi qufi fzrl'ldri'orur:v:tuoutt#lrunlfiTeret1#ilfr{{rutte{orfin11 rflu

fla'{.rruraiilIoernr:1#ndaurfluiaqlunr:monor uudr qruRttrqJo.rndesoiltt#{or6{iqorfi

qnrnqfi 60 oc drmiuultL,firaowrrntfiqflaqf ,du,,urrlulunr:oltt#tfi,n*,lrau lpru

nr:rr:J:rirdq:rnr:nlun'illulvflo,{ornra dq:rriauornrqriuundururttnvqatu4Ll^ nua'r na:

or.uni'.rfiqarm4ru^ 60 oc 1#o-sr:rnr:'lma*firtn'rsqloto'rRldil:vruru to.s fiInnitornrgttt?{sio

#alrus-fiInniilndauounri"r dsr:rriauornrsdounfii gl-gs % rufiefr'arq{ii16'fiqnrnrndranr
.iq cro "t 

! 4 .4....- r+- --..e- -^-.^.-.-..--.5-'--i.
vr 1 f 1 u n r : 0 u t t t4.t m s eu I ta u n ? 1il du lil a 0 { T{ a {'{ 1 u 0'll1'l'l s il n'l I 1Copyright by Mahidol University
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quqd qrln (22) 16'finurnr:oilu#{ndaurilild'ru,,o.rorfied rfierj:vrfiu

f,il:tnuv{o{tnfo{ouu#{rfio1ftifii.rru01nud{olfiqduns ,rc ,.urtofisurrur'f,1no{r1.r
A J Lt lrtnilqfl]dgr: flo{t31JlJoutl14{Ra?uulrrdautta{otfiqd ttnyil:vrfrun?liln4il1yflilil'l.r

J sa A J,lr i v Jrlfl:ugfllf,ot 0'lflRl:1r9dolj:{dt?ulrdrro'r1t9ttJiln'ltqnu 706.3 ?gtgtsto9t1:1.1$Jgt: (337-840

ieeleioqr:r{rilerr) de:tnr:ulilnrfi{ilanro{ornrf,firi1 0.27 kgls qililQfiornlf,u?edoilfiri1

rqdu :z.e oc (zB-37 "c) rj:vfirf,nrroruo{s1aili.rfifirilq du z+.t x d.rsirndrrirfioldornvrr.r

ilquA^ rdonqaou nudr :J:vfivrf;nrnnq{ofiiluoscJo.r:r:riloluri'{drura.rorfiflfilnv Lpc

uil:qriln?rudurndsuo{ndau ttavdn:rnr:nlun,ilrrurvuo{ro'rnrfllufrnutuvrfiqdu Isrsfi

?6nr:or z i6 6o oiluUuilqurisul#ranlnduudnvs:o 6 iu iunv o nr uayouuuu

sierfio{1#!anrrqAsusinv{eo 6G tu n1:ouu#{urlrsiorfio{ovdunJfie.rndwrururnn'irurl
-4{tAgraarrd!,,a

ur;uriuu fr{urusiorfro.rov{ruv;unrslu zil usiurrmrluriuuovd'ru4unroluranr g iJ

f,ilufl o::ur?nrc unvnorv (23) rirnr:mono.ragr'r{ourr#luluaonr'.tudu

Iors?f;nnluflor rJ:vnoudrudurl.riaq e #u rJ:rqrflsrflo finosdrdu uaynosdgou :yuru

olnrf,goud?s,fronilnruuuoiuuu,*rarryof drnr:vlqno{ounflauIq0l#nflisdl{riiqnuod

rirhluriluar:avnrulmduilrun:'ludnlvld fifinmrurs1il{u o.t z rfluraar:o urfiornriurir

hJo:Llufloiluuilafln?lufiu aolrrdoul#qoruqfr z cia{ da{u:nqnruqfi{i1#0il 40-s3 oc

nrfinfr'ru.d16'riouch{ufi{unvil?rufiog daraorqumqfitildou 47-49 "c uudr de:rnr:

o u u #.r fi d.r ao r Eie r 6o dsr : r n rr o u uri'r nsfi u n s dq : r n r : o r u #rr?o sn.r

iio :Lld 6o rJ :vru ru zo % dbnfi sr fi'il'lirdldo vfr rdo rn fi ur fi 6 un v: fl il ? 1u

qured aio.rd116sn Q4) ornnr:dnurfi.rrJ:vfivriR'rrluo{;vuudrrir$oudas

firunarru$ou :eilv{{nr:?tn:rvv{nrrdriltdrugflldn$ovnXudr:yuudrrirgoudrsf,rnarru

9ou osfirJ:rfiminrilcJo.r:v:ruirrir$ouq.rn'jr:v:rrdrrirgoudaerua{orfisrd rfio{ilrornrir
utojA"!"t.vor',r

ryilil:vflvrtflo{dil::0usflorun:o{vrrur:ousirn'r 3.8 drnirnr:rJ:vnf,ordornfiqfrorir

:vuudrririoud.rau.runjiuurfisufii:vurrirrirflouoias'lorirnrnnfioti iit#tirrir6,ru

rflurdormfis :yuudlirieudauflilurrrugouosil:vnf,puQurirrdorufi'rq.rna'r unu:rn1
udt

ila{{luRqRR?1
d

Rossi et at. (zs) dns r n r: o iln#s frn Isr ul #fl runa rru $o u rfi n do'lo o uuti'r frn t ru u

oroogjn'rfi l#ar:frnarrur6u n-zz tu1oaleoqfrrfisiln{r{ 0.2 m u1? 0.2 m {.r 0.08 m

{ouu#.rr::qaTn'ld,ilruru 1.3 kg qnrnqfrornrsnru$oulu#orouur?t 55 oc nluS:aru

v49)
llnyn?]:J5uqoil1u

3ou t.zs r/* nuoru#rrflu:vrLutflprdo olRrf,u?erdoruairur{r rndotdr:vtilu rirutnio.rCopyright by Mahidol University
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n?ilttlilt ttnsaitut{r#o.tolttftudarJioud{u::urRrf, Tqsfir{ou'hnr:vrsrnorri.rd r) rjiu
qnrmqfitotornrqtr:qdorurr?rfi tndo{{r:vrils z) :Jiun'rrrudufirur{vrfiinirrnfo,rdr:sr?rrr

:) rJiuqruu4fifirnio.rdl:sl?ts +) iliuo-rr:rnr:nlfins,orornrsfiu?rrnfordr:srner flaRr:

nnnowudr frau:J:fifinrnsiorirailttnuvtlo{lnfo.rouuri'.rlersl#firunarru$ou6o ur'rudu
.t. .@ a .A cr__^{_ --, 6 j

tTllT'tylfr uo{oIR'ldlltljllnt0.nit:elil u qil il QilcJo.:tnTo.nit:yll4 tl uuoo'',odo'olirnrr

nl6uurfr uu nr:1#fl d{{ru:yudrrnfotouur?ruuunru$ou i ts o o
r rnsrnFolo r.t r ni.r I o u1 #fl il

narruflou nldr tnfo.rouurt{IErul#flrunrrru$ouf,ru1rCIilrymfinnd-rquld go-+o x 6nr{.r

-.e-^-^.-{g-:-^.---^-...-9-44^-,---.-4 t aJ
nd'fl n'il,li fr ni lu R 1r o u I t#{ fi il q ru n ru 6 u n y ra n rfi 1 #1 u n r: o u u r?r fr du

grfrod riligruud (zo) dnurnr:ourr?rTprul#frilnaril$oulu:vdrqqdlilRrm

u::q:nrduld + n'u :arurirrrinErfinfi'ilE{ 600-700 kg ouufi'rlosnarr,#ur?rudu 86 % db
Ajv'

o:toutufionarrufruqovirv 14 % au qnruqfrrqds ss oc ldraarouu#.r lz nt uudr fidn:r

nr:ouu#r o.zgz fiIaniilrir:vnrusiofiTaind-#'rI*,.r na'',uduriln^orndrrru,ilrrury rilrfru

4.92 ril ny ga eio fi Tn n fildlrsnd u rirfrru:J: yfivr f; aru : :n u v (cophJ rvirriu g.+

chou unvnils (n) dnurnr:ouurftfin'lfiTqflldfiilnaril$ou d.rarrur:old

nd.r.rru'ldodr.rfi:J:vfininrvr unndlnfo.rouu#.rToufr'?'lrttit,ffflr,r nforirrTurflurdorvrfi,:

:v:tlil:vnoudaurnfo{iliuornrorfrprmrhsir{ rurnlirnarrurdu t du (3.517 tw) il$oildag

slnaan'ldfl'r {u'ro l5 kw rfludarairurfiol#16'qnrrqru^orrrudorR'rr Rlrmonoroydrlu:vuu

rflo (tuilv open system) ttnv:vuutflsrurtriau (partially open system) Tsrs:yuutflo otRtfl

Soudurr.rri.uduuno'totnio.touttdt orqnrJnoud.rrju::urnrc riaudrn6oosniruhJfi.:
ioioluAl''

tnioldr:vttttJ tfroflrnr:rJiudunarru$ou (heat recovery) r[.rlurirutornarrufouf,rufra rray

natruSouur.l.rriouorgn:Jfiourju::urnro 1urruvfiornrsuasrdoruRruuoR0uqnril{nrr

nattru IoflFirurnfornaruriu rfrodrnr:rfirqanr4firiouci.rr{rr?o.ro:lrr?.rsio'hJ rfau:yur

tflorrt.:riau ornrq$ouduufr.:outrr?ruxriauovqndo4urru',ors riaufiu,rfiorvqnriuunn'u

u1#1r,rri Inoorqnrir'hJnqnarildufirnio.rdr:su,lsriouovFrerurTuornrauan#oilnruuon

udad.rniru'lrJf,.rrnio.:nauur.iurfiorfiruqtunqfioiohl r'$ou1zunr:mnoouflud.rd l#ndrsuay

durfv:nrfluiaqouur?.r lprondaefitumtdunitugudnnr.r 27 mm t{u't 10 mm unsf,iilv:n
udt3tos)

ovqnootilufru 1 uur 10mm nr:orut?tvTtdo{rvllrJ0vn?ilqilqflmqfrornroiouriou

ourrrft rvirfiu 6l oc ,,ururludu f,urfu# +z n :vs,vrenrlunr:orrrrft 6 hr nrnfloRrt

monotaqilld'a'r U o-er:'rR'rtoilrrr?.rovfirirqslu.rir{duuornr:ourrrft unvoyriou 1 uru.t,ffu

mnrairu'l:J z) dor:rnr:ouu#tovqsrtuvfiiaqorut?.rfirirne',udrqo uns0'rRRr:5rn:rsf
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9tJ
1l 1.1 9t 1U tfttu g dlf, 9t t

/r--- ?n.u. (rrn Iil la6iirilrlisalrdooufrorurr iil rnn r) / 33

// .,
/til <f

6{'r nr n h1l' e' n 1 #fi il n a r il 9o u 1 u : v u u rfl o u r r da u o v

rJ : v n u'sr n d rr n f o I o I u #r Io u 1 dfl fr{ { r u u a{ o r fi q rl

clements, Jia un v Jolly (28) dnu rn r:o rr r#.:uu:t sioruao { In ul dfi ila? u goudl

nr:nJEuurfisuflaRl:vtoao{ffuurlll,f,rno.rnrrntfrflfleqf iaqfiolu#.rrfluil:yrnm en{ ld
ruz tfluil:drnarrutdu qnrugfioutr#.rq.rqor 70 oc ilornogrnfo.:o'n'lorfioqnqusas

ilornoflf,oarurdf rornrs:Jirnarrur$a:ould ornrunnr:dnsr nudr nn{oqnornnr:

nonotrTlrunnr:riruaur$tdolJuuuriraornrrnfrqgranfh?flnlndrdsJ{n'uilrn rir sMER

(Specific noisture extraction) ogj:vudrs l.s-2.5 fiInnirurir{i:yu,rssiofilnisrd-falrur rirn-.r

nr:atfiqurtoutt#.::J:vru1il 20 fiTaniilsiofaTru.: unynudr dru:J:dfinrasioFirailrrnusuo.l

:su:toutt#tlo01dfilnarru9ounoo t) narrudufiruu'uf,irorornronirurchrnfosdt:vms0.rfirir

qr rir cor (Coefficientofperformance) tfrruqtqrruhjfiau z) fradtudn:rnr:nlraro{01n1flfi

airur'flrrniosrir:vttttl d,nulrou do eo-zo % clo{o'n:rnr:nlrnzuo.rorRrf,r?ru l) o'or:tnr:

1mntfr.:ruaauo{otRtrfdrriu#0.:outtti'.tcJurq n{rr t m u'r? 4.1 m (,r 0.5 m nirdnnrursaru

rdrriu 0.63 ke/s uas 4) na rrurf a: o:.rclo{r,orqofinie.: dsr'lo

o rn n r:dnu r.rruio-sfird se tlot uudr m nlu Indti 1 #lu n rro uu#r nfi q rinr q{vnr

nr:tnsorlufloqriufinarui6 d.r{?o'uaulndnurmnlulndnr:ouuri'.rIos1#frun:rru$ou

ttuila'qnlo tuuotorntfluttuudlfiufloq:iu 6rfiuuen:rrufinrdomruuanxlunrrooRuuu

nr:rirutnnrrrugourfronr:ouutitqotmqficfirlorul#firun:rru$ou uasldar:r4rnarilrdusfie

R-134a ,run{uotrnrrj:vfivrt^naflo{Rtvrl?unrrouur?rdrniunfinritudmrrnr:rnsm do

ntnua-tdtovrflurJ:vJuvrf unvarrur:nrirhJl#frtlnr:otu#rrufion'erqivrr.r,o"r,rdu r siolil

,54649 ilorstq?s
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d
ult?r 3

A4 au
?fin15?0t

lu n r:?fiunfufi rfl u o'trdnsrnr:oo n,ruu,oiuoour#rqtu r afir,irIoul#fi runarru$ou

-o.__ -y_ ._l_ -. _ .f,q 1ly- .. a 44 I @ S d -s aflll4:UUtuqRn lURUflAfln9il1{n'ltlRu9: R:tltfiRU'l0ljlll4{HnOUT?1 l9Utilun1:idUrli{

ilano{ (Experimental research) rffodnurqnraru:i6nr.rntsnrilriourrnvnfi.rfiairunryu?uR1t

outt#r ttnvdnsril:sfiilf;flac,o.rR5slJ?uRrsontr#r dofiolmr.runusirrfiunr:ifis Iosrni.r
9gst

dunou nr:e{rrfruuuoonrfl u s dusrou nrilxirdild{fi
9rtd

g. t du qo u fl 1 r o o fl | ru lJ rnf o t o u ur?t q nr r,r 4 fi ri r Io s 1 #fl ru n a rru 9o u

g .z liu sr o u n r : a 9r.r r n io'r o u u #r q ru r q n'r{ r T n u 1 dfi ru n a r ru $o u
grrd

- u 9 A 9,, ao s q9o4 I
3.3 vt9 do lJ I lt 9r lt { 0 { tn : 0.1 0 lJ I I 14 { q il fl Q tJ 9t 1 I $t u t,ril il n ? lil 5 0 u

s.+ du o o u R rt? 1,u l fl u uu r", u u o,du.r 6'u tfi o u r ri? ir : v u v n a'r (screen tesr)
L

t.s dugrouR1t?'r{trnuItavunaostffomr:J:vd'vrr^rua6uo.tRtylJaunr:orttti'.t

qar :a qfi rdrln sldfl runaru$o u
,

g.e dufl ou Rrrr?lJr?iltrnv?tn:rvf{oryn
AaJ ad au e 6r oC- a vgt-!
d.rfr sJu o o u TE n r:Tdo sTr uao.: 1 u u nu q n-fi 3 - 1 f, 'uJ 1: o o f; u r 01dO{ g
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3.1 Rr:oonuuumdo{oull#r

qorilfl fi gi ila sl#$run a ur #o u

nrqki'rufinfr'tu,fi

3.2 nr:dg"r{rnrdoso ur#.r
ois or."qilil fl il'ei iln sl #fl ru n a I ru ffo u

nrqkiflfinfiota{

rr^or oi'r q rJ n: nifi ru n a r u #o u

99
qilnu?uFr?'uJ:ou

orrqtv 9, A t, aoS Glr,rea ,)
33 mOdOUfl UgrlJfl 0{rn:0{rolJttil{qil?rfl il91'r l9ru lTUilfl ?'ril:o1l

3.4 R r :? Nttnuilasnna o{tttaorsYu

tnao urdr.r:rgvtad 1 (screen test)

oru#vinnumr

(s ltou'h : dr:'ur 27 nrsrnao.:)

d

14'153U&r?n1lqAUlo{n1501.|

3.6 :?u:?iluar?tn:rvr{{orya

ry

rraru 4fifi 3- 1 urYa{duqou nt:eo'u
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3.1

- ulrf, air.riunf

t-!-rdlu
r=u n o u n r : o o n uil ilrn do s o u u#r q ar u 4 fi ei rlo al#rfr.r n a r ru 

go u
---:- -..---..-d- ---...-y---.----e.J-s- q v--4-.- --, e)- , I vy - !R1:0OR||Uljtfit0,{0lJ|tl.t{qotilgilst1I9ttJ I5ililn?lil50uItil.t{ugtouooR16 o.lu

3.1.1 R1roofl ilUuryuufir,naru$ou

3. 1.2 R lroo nuuljolfl kinrfifl rTfl q{

3. 1.3 R]roo nrtuu{'ourni"r

3.1.4 R't:ooRiluurvuuail
a - od -:

:1Un3r0 uan.{iltf,a{rqliluFtu CIu1l 3-2 9t.ru

2tR15?00 / 36

CHECKVALVE

SOLINOIDVALVE,

REFRIGERANT

PRESSI'RE GUAGE

<- UQUID LINE

:i= AIR LTNE

WTru INSI,JLATION

EXTERNAL

CoNDENSER(3.3 kW)BLOWER EVAPORATOR (3.6 KW)

!li coNDENSER(r.2kw)

CoMPRESSOR{I.6 kW)

r---t___l; -r____r:-_ ---l

L
I

I

J

\
N

fr

@

ili

ur.ru gfifi 3-2 ufler{reuiluo{rn+o{ouu#{qiluqfidrloro1#firnarru9ou
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ufufl n?ilurau uil]?l1u]nrruilfl a

-ct
.ty

3.1.1 Rl:OOnilUlJ5vUUUiln?1il:OU
grva!,40'

R 1r00 Riluu:u:J1j:Jiln?1il50ilil1U910U R1t00 RllU! nO R1:n]U?Ot fi 'ln'l

r J v a a r J 4! t !
qilRriufi n R llas R1:nnln0 nqlJR:01 xJuu910uo{u

q

3.1.1.1 n r:riruaalfi rrirqrln:ainfln

lunr:drurfl fl rfl urafiiln?1ilgou tvdo{tfi uua{0tdtttitn?tillduzuo{
S, y .iq yq .t -J-4.<.-.-,- -. J- -.- ^r4-s4t---.-rsuuljiln?lil5ou1r Iu tufi'l:?0un:{ulflgRou cr{lldgl{ t? |ullflunil'fi 3-3

Q6

:vr.r. onnlulaifirulr:artfionr:n'oturnitrutnt) 7 32

Evaporator

ildgl{?{ 0 tdr:drna rru tdu u o.ttv:J:J fl iln? lil gou

4

-iuflugilfl 3-3

0 1fl? {r 0 r drtd rn rrru tdu $ o.l : s u tt fi il n a rru io u fi 'ldrTl u nr u qfi {i g -g d.r rfl u in 6'n :

frr,nrrruSuuuuudsrlo urfiuun.:lulu.ruQfrn?tilo'uttnsnnfnfl sisflr:r{lunlnfiu?R n Iqs

rirnuolf

r) qruuqfifinourauurof eo lc d.rrfluqnrnqfitolornradruiuo:turl.rnfisl

f,ru q{un v n rr o o R u u lJ : y u u fl ru n a rru $o u'hinr : 1 fiq u :a q figl ru r n d.r o v rfl u du n : r uei o tn tao.t

o'o'lo uasdrhi'qoru4fiiirniorn:uuriusirrfiuhJnsdth?nr:ouur?.r1#:vusl?n'Iil'lu

Drier 
e"i

Sigbt glass

Q"

I qfrfirnfosriltstl,t u 8 oC tfl uqott 4n'10{olnlf,druilrirnr:nd'usir
9o
;4aaul

fl o{u?4il lYltvt?l u0 0 R 01R fl aq fl il ryl

Copyright by Mahidol University
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t'rR er 1r1{o? ril d'uun v ro ufnil sTs n rn r{u? R R fl lilr:n€iru rilo n ii'afl fi Ee ei1.r f lrtfir d

4 : roufraflfivrrtrflrroqnio{dqulo, (a05 kJ/ kg)

L, = rouf,aflfivrr{ooRflo{tnfo{de'lo, (aao kJ/kg)

q = roufailfivrrsuunuurtndorna:ruriu, (2gokJ/ke)

h. : roufatlfivrr.rrqh'uo{rnio.nir:rtuo, (290 kJ/kg)

urn{urynrdu.rdud.rnriraerrur:nriru?ilErurnrvlllfi*rnrrru$ou ldrrri {ulaflo{rnfo.ro'nlo
A , l.rJ -:

ilnvfl uln[n:o{n?uiluu €r{ilcju9louglilu

3.1.1.1.1'uilrnflo{lln6os6'n\o (Compressor)

riruru'ldorndilnrtfi 3-l

w [q"(q- \)] / [n"q.q- h4) ] (3-l)

A
Iil0

%
rt
\g

siurqrndordqnlo, kw

n? ril f, 'm'rrndrna rrutduqvrf; t o.r rnf ord t:vttt o,

(3.6 kw d.r'ldo rn cJ o utt ortruin'o;

rJ: vfivrf; n rilil 1{ R auo { Iniordo'lo, (0. eo d{16'n rn (29))

rJ :y fivr?n rnil orfl o f'lrhfl 't, (0. 8s d.r'ldor n (29))

rouf,nfl fi vrrr{rrortniordnnlo, (a05 kJ/ kg)

roufrafl fivrrouoooruutnfordnnlo, Qay w / ke)

ro u r-afl fi vr rsr{tsl o{rnfotdt: vttt u, (290 kJ/ kg)

Q"

1'.I^

hl

\

h4
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uvrudrludilnlrfi g-t os'lddr

w" : [l.o * (M0 -+os)] / [o.ao * 0.85 (40s - 2e0)]

: 1.6 kW

d'sriu6.:rdoRtu1rrilo.:lnio{dn'lo r.o kwdri'o Maneurop Model MTz l8 JA 5 vE

turour{du z2ov narrud 50 Hz Rrsudq{qo tz a ldrYrar:rirnerrurdurfio R-134a

3.t.1.t.2 
"ul"roduooauuil 

u (condenser)

,uduouru,,riulu:vurfluurlu3uu z q, dornio.rnaruriuqolu rflr

udrdhflnrugourjrufinf,arc{,,uaoiuonruuriuqouon drmrhn^:vlrsnarilgouooR0'rR
il 9 di a - , A. U94 4 - -o----- t-4
qoilil?r.r nrilvrqilil0ilq{n?1mn1fl ilo l? iltlsael0uelRl:n1u?tlle.lu

n) turoto{tnfo{n?iltriluqolu (hternal Condenser)

riru rar'ldo rnail nr:fi (g-z)

e6 : --"crAr, Q-2)

4
IilO

Q"1 : turntottnfolnauttiluqnlu, kw

-', : dst:rnr:nlilauo{o1R1f,, (0.65 nys d'r'ldornnr:

r{ru:ot (nrnaluan t)

cu = rirnarru$ou'ilrtflrvzuo'101n1fl, (1.006 kJlkg "c

d.r'ldo r n n r: tit n or r: x qnr ail ffi I o.t o 1 n tfi (3 0))

Aro = narilttqneir.rqrunqfitou,nduuutu,ttiuqolu,
-t

( 5 "c fr.r16'orn (gr))

rumurirluarun r:fi (g-z) nslddr

Q.i : 0'65x1'005x5

: 3-3 kWCopyright by Mahidol University
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4
tilo

Q"i = 6rjl.l'lollo.ttndornaltniuqorlu, (3.3 klu)

r4 C-
rrvtufillildiln1rfi (s-g) nvlddr

Q* = (1.6 + 3.6) -3.3

: 1.2 kW

fl ) uu tn I a{lnf o{ n ? illtilu qn u o n (External condenser)

r{ru: nr'lslo rn fl il nlrd (g -, 6'r d

Qo = (W" + aJ - Qot (3-3)

Qo

%

At= fl1J191J0,{lnt0{n?iltlililq01J0R, kW -

= uu'lgu0srnfo.rri'er'lo, (1.6 kW)

Q" = n?1ild1ilt:ndtn?tuduqvrfizuo.:rndolrir:sr?tu, (3.6 kW)

0 1 n run R 1r rfl r u ? ru rd'r u u l or rn f o { n a u n ri u l u : v :Lr fi ru n a r ru io u ds o v fi o gj n'.r

2 qq 60 tndoqntuttiluqolu (Internal condenser) firurn 3.3 kw ltnytndo{n?uriluqauon

(External condenser) ficlure r.2 kw durf.t z qorriorururTurisunruqfiii g-z

3.r.1.2 nr:ffnrdo nqrJn:ai

n r:rTn rdo n q rJ n : nid 1 fi u r ru u fl u u, -,ru 
Yo u il : y n o il dr u

t) nr:n'ordo nqrJn:nindnlu:suufi runarru$ou

t. t) rnio.rr{ttvlt{ g (Evaporator)

tn f o t d t : s tfi elil u r r u u zu o vi o t tn v ni u (Finned-t'be coil evaporator)

fislurq 3.6 kw

1.2) dl:liln?liltdu (Refrigerant)

rdo n 1 #ar: d rn a rru r du ru^a R- 1 34 a (Hydrofluorocarbon)

Copyright by Mahidol University
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z) rTnrn^o n qrJ n :nirJ:y n o u 1 u :yur.rfl ru n : ru $o u

z.t) lryduosd:rda (Solenoid Valve)

1uflou

nrfisrfiflq{:r:J 168 kg doldolooln?{u?R r uavdordrilueu€oulqlfirurfiru 6o crurqorel

n{x o.go m ur? 0.09 m d.rrfluorurnd,nulreu nfisrfiar,fdl#oru#.rnuo.rdu ficlurel

n{rt o.ogz m CI'r? 0.079 m firirnrinrndnsiedu 0.06 ke
A U e/ r - e o J J -:

0 r n lTo u l fl ri'.l R ti 1 ? fl 1 r, 1 : fl ri r u a ar m r'il r u ? u n 1 q fi'.n t il n q ru riu gt o u n'.t fr

nl ffluiirndnro{flfinrinrririunuood, = 0.032 m x 0.079 m

.{:d,dfl) T{UTlnnflno?ru{n191

-" "i: 2.53 xl0' mlYU

= 0.9mx0.9m

= 0.81 .'
,g

= ( 0.8t m'zlfru) /2.53 x t0-'m'

= 3zo du

n) nrond.rfl 1e?1{ ruAo rYnr q{ldrdruii

16l f A @Al4 r a a Ja v d
ilgrluvtl{ilail9 1ilfl1u1:fl?'l{flnqRilfllroRilil1R tT{tly0yut{nflo:vuut?n1

9 o qtt A c /dt t r a v J t v a u d 4 3
Rl:oulll4{ nlfiua luR'15?'l{flaqRflcyllJUo.{?1{tv?t?1{l9,tn9RflIcntll'lRLJflnoRfllcyt?fit{uu llay

MoilelMP604 flulotrr.t9t'ltlyhflr zZO V n?1il6 50 Hz n?tildu

4{qq 500 psig xtJ19flo{1lo{uet{t 3/8 fra lriludoil ,il1ueu Z 6'r

z.z) e'dtilunfii (Check valve)

rfluard:n'unfiiuura:J?t ruro 3/8 d? uf,ruru z d'a
9)

z.g) st'an:o{n?rufru (Filter drier)

drn:ornarrudu ldn'uaudrnarurdusu^a R-134a ,f,ruau t d'a
g

2.4) ntsonilo{ttjlt 1 (Sight glasses)

orroouuori,uloytflultullud$fq (Fhre nuO ,f,ruau t da

2.s) ardrn:uqililtdm?lutdil (Expansion valve)

a rda n n n a rru gTu tfl u t tt t u TEV (Thermostatic expansion valve)

'iruru t sTa

3.1.2 nr:oon ur ua mldnrdsr ffar.d

druueruuroilo{nlqilttqnfiorriturf, fqerr{ruo{n'{rJ?rursr:rrnyfinsiuynr:f,nriu.r

_4-^__ry{01RR1rn1u?flI?t',lolu?lJO101Jr:EftnOnflcyt d]illrail'l lf, lquorduilrilun

a e |l,ttetd 3
d1:J1:0?t{flnnnilfl lgtTttj.l 160 uu/01f1Copyright by Mahidol University
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ur5f, f,?1{0ullt

- o .{ a a rg'.l) 0111?u:ruflaflRi[cyt1l{14il9 =

?tft]:?0u / 42

168 kg/ (0.06 ke/fru)

: 2,800 frU
,9: 2,800 fru/ (tOo frulnro)

: L7-5 fl19
o a - lJ
01u?ufilgturrqftafl Rfl cnvhlfi uo 1 8 ntgl

- o) dru:uolnfi{ililn

I s a e tA A ltI 4
01RR1rn1U?01 ?t1111r41r RlJO{ fl nq ROt cnTtntO.t0lJdlil1:OOlJ lAq{qA :?il0{

o r I r t 4 o h to
uu]gruoitfl19 ltay0tu?u0lat?il uo{?1{:vl4?1{fl19rttonyo]a cr,{0gu1 tunlu?fltfiril?ilrst:

m{flou f, 1ru'lror{ rui il il rqr u rqflo uuri"r ri rnu n clu rooir.r 1 d'.rrio hJfi

( :vuvrfiodori.rnrur{r rrn;oo norn$')

= (2 x0.9) + 0.1 + 0.1

-2 m

I

dhiu o r n ara nrrriru ?ar dqilld'ir

Tsrerfifum.rarq 2 qa qanv 9 0ro :ruayr6e,norurllu IIeD - t0 lunrnruuan n

3.13 R't:oonuuuflolufis

,ilru'ruoro t8 o1o tniroonrflu z go

- :vuvl,i'l{:v1ri1{rfi'ro 8 cm

- l,OlJO1Ad{ 2 cmq

' i s4 ! t J- 1vu1-11't{01nfluq fl{d?il41{su?1.:a1q 10 cm

t 9t J- :vtJg?tl.t0tnlT'tqluqfl?uuuuu?1{019t 10 cm
.qJetal- tu8cil'l.t01RFtu{ll{d0{9rlua{su?'l{n'lft l5 cm

A r r 9t 9tl- tflo:3rJsllOd{nilttlilavOOR0lRq nluav 10 cm

o'.rriuarrurrnrilu?ilfi rllulndoillr#.r16'd.ruc
9t

3.1.3.1 n?1ilq{uo.r#uaNnrsr = rvtuil'r.r:vild1{or9rsioaro x,ilruauorsr

:0.10x9

=0.9m
v9

3.1.3.2 n?1il4{nlsluflou : n?1il4{fu?1{fl1e + tvuvil1{0rnffu{'n'r
' , 94 , J

ri'rurirrror#uarroro + :v0v?i'r{r01nriln1u{ fiqriauuulro{fu?t{arrl

= 0.9 + 0.1 + 0.1

:1.1 m
99

3.1.3.3 n?lilU1?R1U1UflOU = ('f,rUaU#U:1{O1A x n?1ilR{',1.1flO{fu?1.r01n) +

Copyright by Mahidol University
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3.t.3.4 n?1ilnfi{nru1uflo:r = narildnslordurxnro + ryrlvl,i'rsornnni.wi.rf,o{d'lu

= 0.9 + 0.15 + 0.15 m

: 1..2 m

dsfuornflaRlrrilil?fldqillddr urn{ouur?rnlslu nir'r t.z m u'r? 2 m

q{ 1.1 mr10avr6flno1ilil1jU }IPD-OZ lunrnnu?R n

3.1.4 Rr:oORttulrtuilUAil

R'rsoo Ruuu : vlJilail0vrflo{r{ruaorfi rsJurofioniluavil'rrulprruornofdonxJ d{d

3.1.4.1 c,uro{a{finail (Btower)

R1:r{ruil10uo{TTenil0vdordru'rn'rnaurduqtgrfi s,:eil1u:vuufi milau

rflu pu unydo:rR'r:olrntfirrurnto{o1R'rf, fiilriaurflu ke/s unsovdrliltiitJuflr:r{nr:
It

rdo n rflo n ru Tn ufi du o o u R 1: ]r 1q, u'r er rf,q a il d{ si o 1 il fi

Rlnfiu?R 1l

3.t.4.l.tnri?nii'n:rnr:'lfi ar8sil?mer:lf o{orRrfl

- o'n:rn r:nlila tfi{il? n{o{o lR'lf, 1-'u = 0.65 ke/s) d,'ldoln n't:r{ruaru

-n2lillfu1ltilutotornrg (Pu: 1.09 ke/m) ldornnr:rflon1t'l{

quarurifiro.rorn1f,fi qaruqfi 60 
oc (30)

n'rn{oryarrfutduarrur:oriru:fl ilro'sr:rnr:nlmatfi{iliilrq:to{ro'rR'rf,
o ttc, i- -Afilu?fli lel0lRdilRl'Yt 3-4 a{u

4
mo

Q, = ^rlPu 
(3-4)

eu = o-n:tnt:'lilntfr.rrJirurn:uo{orR1fl, (.t/r)

.'" = dn:rnr:nlilntfi{ilaato{olR1fl, (0.65 ke/s)

p^ = narrunurttriuxCI{o1n'Ifl, (1.09 kg/d)

rumurirluauo.'td :-+ ov'lda'r

Qr : 0'65i1'09

: 0.6 -t/,Copyright by Mahidol University
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3.1.4.1.2 nir#rurJ:sfurdnrtqqrdo Gitting loss coerricient, C)

d.rnr'ldorn n1rfl aqltr.r lu asm.as (:z)

3.1.4.1.3 nt:riruaotnerrud'uqsyrfiu{iqrln:nioi",.r1 turndusouu#s
,tdo 4t

ti9l{u

l) narru6'uqqtdsrfio{otnflolrr#'r :rsnvt6uost'tlltllJlI IIPD-o2

(nrnruurn n) dsrfisurir fitting loss coefficient S-t lu ASHRAE (nrnruuan n)

co - rirfrrurJ:vfivrf;hr:qtYrflu

Ao = ffuiinfirdsrto.r{ourrr?.r , (1.2m x 1.1m = l-32 mz)

. Ar = ffudnrir6'r'frrufraotnrsoil, (1.2m x0.92m - l.l mz)

e = ryrut6w, (180 o{d1)

A.A, : 1.3U1'.I

: l-2

N2

rfisurir co : 0.26

urrirnarrut$?nil olRdtJ R'ttd g-s

A
nJo

v : Q"/A, (3-5)

v : n?lillf?nil, m/s

Qo = dst:rnr:nlilat8{il?ilro:1o{o1R'1f,, (0.5 m3/s)

rrmurirlu arunr:fi r-s nv'lde'r

v = 0.6/l.l

= 0.55 m/s

urrirn a rru du qq rfi urfi o.r o r n flo u u ri'.r 0 1 R dil R'l : {i : -a

Apr = {c"p,'f)n (3-6)

Copyright by Mahidol University
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Pl = n?lileiuqqrfiuuio.rornflauur?r, ra

P^ : n?1ill4u1uilu1o{o'lR'1f,, (1.09 kd-)

ilmuri'l

APr : f@.ze x l.oe x(o.sfi'zf tz

= 0.04 Pa

(nrnnuan n) rfiuurir fifiing loss coefficient z-s lu ASHRAE (nrnamn n)

Ao : ffudnfirdqilorilaru, (0.15m x0.7m:0.105m2)

z) n?lilduqiyrfiurfio{rrnflarqof 5'lsayl60nntiltruu lrpD-og

(3-7)

4
Iuo

Ao, = Sfuiinrlrd'nfirufraornrso?s, (0.02 .-' {oryaornu?fvrivl?In,fl rn'Er)

srtraldn : 09:1d?U5O.l?1{1l0.11IAl0O:

A
Itlo

n : AIAoro

= 0.07i0.105

: 0.67

N 0.65

dr-t?iuunl c = 0.75
o

urrirnarrur$?nilorRdilRt:fi g-s

v : Qu/ Ao. (3-8)

v = n?1u15?4il, m./s

Q" = o-o:tnr:oluatfrl:Jitro:uoitolRtf,, 0.6 t'/s

4
il0
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ur:r airrf,uvrf i?nr:io"u I +e

(3-e)

I

uTunl

v = 0.610.07

= 8.6 m/s

mreirnarrusrlu4rgrfi ordo.rornfl nrnofotndil nt:fi 3-9

AP2: 1c"prrl1n

Ap2 = n?rueTuqqrfisrdo.rornilarorof, ru

pu = n?1ilfiu111iluflo.:o1Rlf,, (1.09 kg/m)

uvruri1diln1rfi 3-9 ovlddr

aP2 =

tdi
ilmln? 1ilt:?ail 0'1fl dil R'lrYr 3- 1 0

[o.zs * l.oe x (8.O'f /2

= 30.23 Pa

3) n?rrJeTu {qrfi sruao{ or ndo ld.:ri.raru,ilruau z da :r unsr6 rlnqril

Ituu HPD - 04 (nlnflurn n) rfit,ufil fittine loss coefEcient 3-5 lu aSnnaE (nrnnuan n)

w : nariln{r{c,e.rviold.rri.rnrurtr{r, (0.15 m)

H = n?1r,q{uo{vioTrl.rri.raru, (0.7 m)

R : isfiriauTrl.r , (0.225 m)

WW = 0.22510.15

1.5

fVW : 0.710.15

4.67

N5

rfisurir c = 0.16o

v - Qu/(HxW) (3-10)Copyright by Mahidol University
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rffo

v narrut$anru, m/s

eu = o-q:tnt:nlmarfi.r:J?rurgr:uo.lo.lRtfi, (o.o m%)

'juvruritflilRl:fr 3-10 oy'lde'r

v : 0.61(0.7x0.15)

: 5.7 m/s

! q .t 4^--__--r_S9l, I e o j
fi 1n 1 n ? 1 il A U 4iU tf, UtUo { 0 1 R 1l O | f, { d{ n il'[ lU XU 2 FtX 0'l n fl il R 1 : ?l= 3 - I 1

AP3 : 1c"pr,|y n (3-l 1)

rfro

Ap 
q d A r <d_.3 : n?ild'uqiurdurriorornviokird.rnru,firuau zdt,pa

p. = n?1il?tu-lltiluuo{o1Rtf,, (1.0g kdd)

,i
llyrudrdilnlrfi 3-l I ovlddr

Ap r- 2 -*3 : [0.16x1.09x(5.7) x2]/2

= 5.67 Pa

. ' --.v-.-.-.,a,..i A ' A " J4) n?]il9til(iutdutuoit0lRtnr0{n?ililuuttastn50.llilrytilu frrur
nldornor:rt 

Pressure drop of air flowing tbrough a finned coil gTtqr:r{fi 3-r (33)
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ur:fl d,it{o-urf

100

90

nn

70

60l
I

sol
I

40l

o

o

z?,.4 3 I
Face velocity, m/s

d

n'rtl.ryl 3-l llff9l{l Pressure drop of air flowing though a finned coil

L3

nrrirn:rtri? o'lR6nJfn: fr l- n

txro

A

n:

v:

a":
rrvrurit flilnl:fi 3-12 ncld.ir

v = A6/02475

: 2.4 mls

ejrurirnarrdugqrfiuororlr.lfi r-r ldrvirtir 30 palrow

4.t) n :rru riuqqrfi urfi o.r rr nrn do,: n.tur niu, Ap^

duii u rir dn dru fiao r n.raoi.r, (02+zs m2)

6ru:uyioroqndosn:luriu, (z vio)

Q"/a (3-t2)

Ft?.nJlt?otJ, m/s

s-cr:rnr: lfi arfis:Jirurn:fl o.:o.tf.t.lq (0.6 m3/s)

?6nr:?r'n la8
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riorfi n ?n sra's uu r?nsrds rn^n n rn.l. onnluladfi rulrsrl,ionr:n'arurninsin:) /49

N:

a:

d.r riu n?lildu qq rdsrdo.r ornm#o.: n au uriu, Ap^

At" : nxn?lildildsurdu,(pa/row)

= 2x30

-: 60 Pa

42) nrufiuqqrflordos 01fl mdo{fi 'Dy n{u, Ape

A = ffuiiurhdnfiruriaornrnri.r, (0.138 m2)

druruyioclssrndosfir:snnq (: vio)

dsnrnr:ulilnrfir:Ji:rrsr: {o{orn'rf,fi lnnrirurndor

fir:yprurflu g0 m qro,:dn:rnr:1uar8ril?ilrn:1or

ornrg:rru (29)

ruyrudilR'r: fi g-tr

a : 0.3 X Qa (3-13)

: 0.3 X 0.6

: 0.18 -%

urrirn:rru#?nil o'rndrJ fl r:fi r-t g

v Q/A

= 0.18/0.138

: 1.3 m/s

eirurirnarrud'uqqrfiurrnnrNd r-r ldrvirfi:r 12 pa/rcw

v-d-dioa
n?TJ9ilqqlduruo{0'lRrn:o{li't:g rfi u, ape

At" = n xo?lildurJqrflu(Pa/row)

: 3xl2
: 36Pa

Copyright by Mahidol University



I
ul;9f fl?]{olJlt'

v J uy e I

d.r riu o v "l dna rru o'u qrg rfl s: r il r o { rnf o r n a u uilu un v r n f o { d r : v nr o, Ap,

AP : AP+ AP^4 c e

= 60+36

= 96Pa

?fR]5?il0 / 50

v--4A,AoJAo45) n?lltnuqiurflutu0.t01RRn0{ilflan{tfiro{lllrytilu rlsnyt0uFl

orutnjlj I{PD-05 (Rlnflil?R n) rfisurir ftdng loss coefficient 4-31u eSHnee (nrnruuan n)

A" = ff,uiinrirdodtuotntqt{r, (0.15 m x 0.7m = 0.105 m2)

Ar = fiuiinrhd'ndruornrqoon, (0.4mx0.7m : 0.28m1

e : qilt6u{, (45 0.1f,1)

A,/d = 0.28/0.10s

: 2.6

N3

rfisrLrir co = -0.60

tdi
il1n1n?1ilIt?ail01RdrJ R1:11 3- l4

v : eu/a (3-t+1

A
ItJ0

v = n?'lilt;?nil, m/s

e o = dsr:rnr:nlilntfr{iliruro:uoitotRld, (0.6 m%)

'iIrvtlJritdriRlrfr 3-14 ovlddr

v : 0.5/0.105

5.7 m/s
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uotqtn?n0lnu nill?Ytomsililaa ?n.!. (lnfl lula6drulr"mrdonrrfr'orurninomr) / 5l

(3-1s)

ultufildilnrrd g-t+

urrirnarrurYuqqrdurfio.r0rnn6io{dAErsi.rrndo.rdrryu4u0lRdrlorrd r-ts

AP5 = (co p^i) tz

4
IilO

At= narruduqryrfl srdo'rornnrio.rdfind.rrnfo{rir:cr?rn, pa

pu : narrumultriuuo{lo'lR'1f,, (1.09 kg/m)

AP5 = [o.oxl.oex (s.D'zfz

= 10.62 Pt

-udArq4l6) n?1rlouqiutff utlto{r0'tRvros,r,1uT'hrooRl,o{fl onilrlunvtoCIo

etltllrlju I{PD-07 (nrnnuan n) rfisufir fitting loss coefficient +-q lu ASHRAE (nrnnuan n)

4 = dudufirdsrtl{t, (0.3m xo.27m=0.081m2)

Al = dudnrhdo,El'looR, (0.7mx 0.15m=0.105m2)

e = r1tt6ot, (30 0.1f,1)

o"o' 
: l.lo"oot'
N 1.5

drlilt:Jnl Co = 0,42

tdl-,
ilmln?lilt'?nilolRdilR1r 1l 3-16

v = e"A, (3-16)

v = fl?lull?OlJ, m/s

ItJO

Q " 
: dst:rnr:lilnrfrlrJirursr:to{o1R1rr, (o.o m%)
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ur:n a,irqo'unf

ruyturit dilnrfi 3-16 oslddr

v 0.6/0.105

= 5.7 
'm/s

urrirnrrrurTuqrg6u[do{ 0rfl viocrrl'ruvl'r.:oofl ro{rfiqnil rrneun..,:d :-rz

At, : (crpr,f1n
A

nJo

At, : nerrrYuqqrflulfio.:ornyiorr,ruilrroonc,o{rVoail, pa

p" nfluuurr$iuto,qo.lR.lf,, (1.09 kg/m)

'jrunurirerunr:fi t-tz oyld.ir

AP6 fo.ax t.oe x (sfiln
: 7.M Pa

s.r.4.r.4narrua-ugqrf hr:arulurnduouuu#ofsno"

AP = Aer+ Ar, + Ar'+Aro+ Arr+ Aeu (3-18)

olrfruqq6s:'llfiwiln, pa

nrrru du qgg rilerruao r ornf,ou r#.r, (0.M pa)

nrrruriuqqdsrfi o,r ornfl a rnoi (3023 pa)

n audu 4q rfi uruoo.: olnyio }1.: rita ru, (5.67 p a)

nrrrduqryrfiurudo.: ornroduouru,,riuuayrndorfi r:s ruu, (96 pa)

arrnduqrgrfi srdo.r ornnrio.rii fi nd.:rnforrir:y r uu, (10.62 pa)

?5R15?0tJ /52

(3-17)

<- iilo{u

A
luo

AP:
aPr

Ar,

Ar, :
Ar,

Atr :

A-. v-.{dre
n?lilou46utftutlto{l 0lRytocJUluyl'litooR?'{na:J, (7.tA pa)
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ltturyttt?ltula8 !il1?ltulnuuilga en.l. (rnnluln6drurrcdu$donrrfrorurrinulnr) / 53

uvrudmilnu{i 3-18 rslddr

Ap = 0.04+30.23+s.67+96+t0.62+7.u

= 150 Pa

a-4qrearvJ!
n?1il4'uqqtf,u:aruIu:suunirflu 150 Pa ttionirrTu fr narruduafin (sratic pressure)

15.3 mm.WG llasdotlnl:luarfrrrjiillertt o{otnlf, (Air volume flow rate) rvirfru 0.6 n%

mfo' rdrfiu l27l cFM 0lRnltl{ruf,o.rdru:tousro.rrf,nnru6do Nationat uull Forward

curved blade os'ldzuurotduniruqudnar.rr{onru nirriu to frr ttacldnarilr$rrourorfrnaru

850 roll siourfi drnrnnu:n n

3,1.4.2 R I :fi 1 
6uil rO ilO tSt O dTt-O n il

riru:orrnrruroruorooffroau'ldornaruorrd g-t q

P_ = Q,aP / (rlol'l- ) (3-le)

NO

Qo = dst:rnrrlilnrfrtrj?ruro:uo{o1R'tf,, (0.6 m3/s)

Ap = narrurTuqtgtfls:aruto.t:silil, (150 PJ

tlu : rJ:vfinf;nrvwo{fiqnil, (o.e dwrrldorn (6))

t'l- - rj:sfimGnrnc,o{ilotqoffinail , (0.85 d.rnrldorn (go) )

unurirdilnrrd (g-rs) ov'lddr

1400 rpm

P. = 0.6x150(0.6x0.85)

= 176.5 W

sT.rrfu6.rrdonruoroofrndCI?dr ilulo lDlrP 4Pote Tlpe sF-JR 50 H2220/380v

0'rn fl n R 1r r{'ru ? or dlil r: a aqil : ron v t6 uo t o t flo I t tr?t t ta v q rJ n :nfiJ:s n o u

d{ueo{luqlrlofi :-z
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I

l

I

t

ur:n adrqfiunf
Tinr:?{s lsa

nrrl{fi 3-2 ufla{flsaurdse{or{'ouu#.r'avqrln:oirJ:vnou

3 a frusr u uol :a#r.r rn do.r a u r r#r qo',r 4 nA rlo al fif,un a r u fiu u

nr:a9r':rniorouu#.rqruu4fi drlnuldrunrrrugou rnrrl:ao Gururfunou lrtft d
ffusrsufi r nr:a$x{o:lrr?s

ffsrm i rfl 5aq *ar mrdo,rfi o niu'.rd n d{ nc d rndo.r fior nrd n*u*oduo duu

rfludu drrfiunr:rj:cRoilariluuufioonurul{ druaos:rensr6unurulff}unrnp.rurn n
4 orr- a r s
4.r'tdd.:ns?iorqirnsrfiurfluanisfl uncd$rqorfl:r':e.rfinfiarq{Inuldoqfirfiuur'ruduuormu'[{

Ioruafu{ourr?E cluron{rr 12 m u'r? 2 m q{ 1.1 m iliun: 2.64 m' l#nadnnrior

clurn f 50x 50x t.5t mm rirrfluln:.rfl Tool#d.rncfi ruo$ ra rfluani.rfl d.rgrJid r-r

:1gR]t :rsayrdsn

r. f,ouurfl.r n{rr t: m u1? 2 m {{ r.l m

qrurorrJilrol 2.64;
2. fl1n?1{Frfrsrriruqi n{r{ o.g m u1? 0.9 m d-ruru 18 CIrel

t6L
uu{looft[lJu 2 Tn 1 Ay 9 n.lel

:. fionru dsr : r nr: tiln rfrs:Jiilr n : I o {o r R-rf,

Lz7r cFM., nrrru6'ua6fl 15.3 mm. wG.

rduairugudnar.rdofrsraru to d.,,u,
vfinlufroluld.rnrir

+. ilorsroffioail ilorno$ldrflrrilfiurdr fifi'o vz np

u:rdu 22a}go v n:rru6 so*z
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riarfi ninurda unriilurds!fi na

v41 9.tfi{noilil 2 f,:l{ytod.:ail

rn.l. (rnnluln6fi rrurgclrnrsnr:riaurninoru) /ss

grlfi Ir urrn{flr:dglt{ouur?r

nr:air.rrioriqnrt In ufi rnr:finfr,rvio:suuililn?rru9oufiu{ouur?q lnu?io

rilaruriur4rrurmndtnsdfidnuarvgrJil:{n:{ Id{ nrrfiooruuul$,riorurfirnr:findrf;nnldru

dqnr:aftvisriqailil:snoumdoqouurlsqaruqfi cirlnut#fi runnruiou fi 6ruru z 1n 6'rd

t. riorirnur{lmcoon 6ruru z qn d'rgild r-z

grJfi r-z rcn.:?isriffiu{runcson
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unr cdxfrunf 1!nl:?0u /56

z. yis}lsri{nil{1u?u z qn dqrlii l-r

d r-r usrqriolftri.rnrsil

3. yior u'ruyrrroonr{nnr d.rgrlii r-+

grJfi r-+ uen{rislurunrssonfrnnru
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rior fininsrdo nninura'orr-na :n.u. lrnaluladdrrrryaudonr:riauril:-ilt, 1ni\ | s7

4. nrio{ailfind{mdocfir:crilu dlgrlfr r-s

lrJii l-s $dn{ndo{nufi nd{rndoq?ir:s $ru

s. nriosnilfindrrnfomrumiurmsrisrnu drpJd r-e

lrlii m udn{ ncio{rau fi ud.,ndurnaurniurmc finail

Copyright by Mahidol University



uFfi ffil{fruni iinui{u tst

cirurl: c noufrun u, z du*qii narrur ft rurn lnoas 6 un nrru uuudr uam't{

lunrnnuan n uns taqiildfie frsnsfi ruof t8 rurn 12 m x 2.4 m drriunrirmJnul#

rnf,nqrn rum L 40 x 40 x ri r* unsdndruivrxurn 8 mm :ctl iNufruilnuto{daciiail

fiu*uoii r o'nd.rqrln:nifirunnru$su

nr:findrqrJo:dfiuollu$su osrillnunrrfindqrnfo{dr:s*rurfi ldlu
r43Ao-,--,aJAl

nriocnrnndqmisqfirtslflonlil?furumr$ulJ HPD_05 (nrnnurn n) uasdnd{rn5olnuuriulo

tu uarfinaulundsmrr'ndu,odssnruniu unv firrnu nlilfi rJlum t rluu lrpn-oo (nm ilu?n n)
.JoaaJ-AetAr

H n{r]fl uunllillrfl 1: nnn{g'lu:a{:u19n: o{on [o [n: o{R?ljrruulnilon

unsusmsfi{nau nlorrriofindq:suu?iocr:rirnlilduro.r:cuufiue,nrulsu d.r1rlfi :-z

1ilit r-z usnsnrfin&qilntofilrnnufau

{uneufi I rfrunurunerrulou

nr:drnurunmru$ou1#nuru10ufir (Micro fiber) uuufir'loduoqfi rfi ul

drurdsr rumn?lil?rurmiu n kgr, uur 40 mm rimr:rflruftfi

n) rirunururioeisarvln r 6it dru Inur{rnr:rfru louilrnrrur.rdruiihi

fir'ledufinfiu$rriqriorisau uagt#doduoqfirfiuutfinfinrrdnfindruuoRnril:oodotoslio

ci.rnr dqrlii r-t
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uilayln?n0]au ufi 'l1Ylu1a0lJfl na ryl. rJ. (rnnlul n6fr rxrLrcal,rdonr: frruu ryrilrurni ) / 59

grJft r-a rrder.r?irJeu?un?1il$oilyiorisnru

t) rfru au r u {ou ur{'r In ur{ r nr: rfru o { n: r nax : v u'lr.r r.rrT.r {fr ao,r

drurdorfrunuru6'.rnrirru#r firvldrndosouur?.rfirJ:snoura$04ru1:ni 6'rgrJ{i r-g dr

drrur:orrda{:ylJUl,o{rnforouur?.rqtun4fi drlnuldilnrrilisu d'suruu4fiii :-+

grJ{i ll,,auu,"f uuuu ur{rqruu 4fi pirlsr uldrnlruiou
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riorfi n?yurrfis uur?norfiuufi nn :n.1. (rnnJuln6firurncalrdonr:fruurniuuln:) /61

ffrmouii s n1r€rft .rornlciHfinfrerd

fl1:dg1{olnleir.rfinfituci vr:qfirufiuu {utn 0.9 m ul? 0.9 m ({ 0.02 m {turu
18 ntn uri'rosntflu 2 En.los 9 r]'rn Inufido{'iro:yn'il.r#u 0.08 m ldoqfirfiuunriol

t^.*.drI so * 50 x 1.5 *- rirrfluln:{rasnrnl#nsffi:,rnrdruoqfirfrul d.rtrrlfi :-to

grJii r-ro udn{nmlrinfinfiruqi

3 J ilncrou #udu m.r rn da.lau uft qu n q fi d *rut,f$un ? r il ia il
drrfi unr: nrauu,uf uuou urft qoru qfi rir Inaldfi unrrruioulnernr: {unior t#

t:aril:srurat qo urfi Inunr:rJiuqaru4fi fi rnfountuquqannqfi (Ternperarure controtler) ft

qunqfi 40 , 50 uas 60 "c Inufirnr:inqwr4firh.rur{r{ouufrr nosrJiunlrur$rnilInsnr:

rliunnrufidtofuuotrqrunnrut$rrustnof (Inverter control motor) ud:firnr:isrnnrur$rlnu

1{rnfo{{nnnutiaau (Anemometer) {nuinarnart{ouur?'ri{nmrr$rau 0.3,0.6 uou 0.9rn/s

rrnynr:i'neilo:cue,odordnlo 7 A nnrufruro.rar:nrrrurdunlu6'ril:sruru 5Epsig

nrrrdutotei:r4rnarrdumr'rq.r il:srrru 24o psig indrqnrn4filurir,r 40,50 rrns 60 "c

uayiliun:rrurfrnutu{e$rJ:rrurru 0.3,0.6 rmy 0.9 rn/s nrldrdu
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Iut'f, rt?1q01J1tt ?ffi1t?nu / 62

s.t #un oiln u?r{ rtnrilllasilna o{do{ei'urfio ilrdaq :ssvr?al (screen test)

luRr::rsttruuRr:ilflno{dovl#nr:rr,{uFtllRrtvrqno,{ttuu Randomized complere

Block Design (RCBD) (ga) rflunr:?'r{uFrlrRlrrruuo,du{durfioursi?lr;vuvr?a'uqd0IgrJ

Rrrilono{ drfiflo6'sd.rd

floffu e 6o at = qrun4fi 40 oc

a2 qnrnqfi 50 oC

% : qnrmqfi 60 oc

floil's g 6o br = narrurfearu 03 m/s

bz : narrutfenru 0.6 m/s

b3 = nerrutfenru 0.9 n/s

Toufr g rtounlornr:vrqao.r n^o tu qruuqn^ 40'c netrut$anru 0.3, 0.6, 0.9 n/s

qrilxirdu nr qonrqfi 50 "c nmrut$:nru 0.3, 0.6, 0.9 otrudro'tt ttav ar qarm4fi 60'c

narrur$raru 03, 0.6, 0.9 m/s srrildrdu losrirmuoh? r rteulzuRltmnno{r ldffnnurar to tg

6'.rrfu q rtouh d.rdorldrinnus?l 90 kg ilrdrRlrmono,{ ,ilru'lu g dr 6{finr:noao.r

rfturuo 27 Rlrrnno.r d.rrfu nduolrrruo.rovdo.rldninqilr?l3,330 niru (3.33 kg) niorurir
h ro i s .- i d a'lildrnr:nsrnouuoldu (Screen test) ttiotornnr:iloao{ttsinvnr:mnaoliiqumgfrttat

d I a q J lqv 94 r o I 4t A lt t
n?1ilt5?ailo1{fiu 9t{uut?a1il ls0lJil?f .r0{$l'l{flu9r?u lljllRltvlottoulll0$lo{lR'15lf 'lv?{l

rruvr?a'rfl'r: outtti'.tttsiavnr:moao.rd.nvdo.rdrnr:urna',u#uGud, Oto %db) ttns
A d s | - I X ct aJ

narruduqofrrs; (t4 %db) zuostTnquyerriou prlnrnflu?R o d{nr:ilernottiiotduii{uqou
Iqd

o{u
va4v,ultYt I lgttuil9.lR$llJs?1

d e o v a - d< o Y .,-- ,.,-.tl- t - J
nt:rn5uilalnqilu?1li'lR1:fiottioRFlRglil!r?Tlunlaunt{l1u10lf,ufl'lufluunal{

2-2.5 cm nerrlsrriirdu:J:srurtu 60 cm rirrurdr.rrirn?rilflvore,,ur^*ouu ririlrfrsdlilfin

3,330 g rravfioris{ldnrnnrilttu?llouoloasil:sruru zz &u 'ilru:u + oro
9l

tufi z nr:oru#r rin quryarda srnfo'r o uu#sqar n qfi ri rTo sldfr iln: ril9ou ua'r or n

frrnisu?Tnnrrerkinrsrriuu$ouude ovdrnr:qutnfo.rriou:Jtvil'tfl 90 urfi rfiohi'ld

qarmqfiorrufi6'o.rnr: (40 , 50 uny 60 oc) udrdrfrnsrur:rfitislkinrnttda rurouuri'rfi
a d r d tv € 19' - --4--- a

qililQrtilnun?lilt'?ailq1{ 1 cr{n1:il:uqalilqil fl1ru15fl1j:lJll]R[n:o{n?uqilqilmqil

lgrJfi :-nl ti 65t uldao,rioltd6u. uq u:vuu lvh1 rTe udru riro r n moflrufi rno f 1g:Jd s- r zyCopyright by Mahidol University



riarfi oin urfi 0 ru r rin or6'ur n-"u'r1 - i
/rl" \'

(rvrnlula6fi rulrssrlrdonrfliotuminurn:) / og

EBntQfi 40 oc

qfl?t0il^ 50 oc

qflilOfr 60 oc

A
mo

ww

wt

d.tfi,oref{t{,iruru 3 Eo 1 nv 3 udG;drrururrirrqduluuoiavqn uayrlirnarrur$anruldorn

nuilfunnudruorufu{n?uqiln?lilrfrilornofduflu:yuuo^6oroa lgrJd l-n) unyrirnr:

innarrut$eailldloul#tnfo.risrnmrutfaaru (Anemomete.) QrJii 3-14) dtnffii'qdilrfiri{nnr.r
e e -3
Eouil?r{ o{u

Tprsdrnr:fi{rinninrJirulordldoon0ln6'0u 1#ldrJirurord,i'rua*oroauo'rrd (3-19)

ww q - [wgtrr,rr+l/(rrt +r1] (3-1e)

tirtrtlotirdoo n ornflouut?r, kg

d ru u-n r o.r frn n u ta rt?u du rio u o u ut?r, (3,3 3 0 g )

Mi u.ludrruufrnorvarao6rudu, 07 o %db)d.ruao{ef; nr:

mrnldornnrnflu?R n

Mr : olluduruofinnurymttfi{qndtu, 04%e)dluantidnr:

nr'ld'ornnrnflil?R o

.fiuirt g nrnaru n r:dr nrirrch{ du drurnr{lua ot m dirurat tilduu o olo{orurhld
i ra 3f I gla. | @ " A v 4

2,975 s rru^od?rurrudrfioonrurorn{olrn{.rfirirrvirfiu 2,97s s ovr4rnr:uqotnFosttastiunn
o r irnrr 9 o r ,. --- -d t

ranr ilrrirraarfi -l9I0rn nrrouill{ {illrilu?ru il]u?iltv usl?allq n u 3 5?{1241

n?lilr$?nil 0.3,0.6 rrnu 0.9 m/s orildtiil

narrutfanru 0.3,0.6 trnv 0.9 n/s srrruiirsiu

nrrrurfanru 0.3,0.6 rtav 0.9 m/s flrudreTu

+l .sffi, l+

5 4 8.n -gt
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Model Fcs lm rirnutmiuSr t 0.37o #rctnn inrirrflu "c d'rldirrufiu Thermocouple type K

,jia
ailfl 3-ll rrdn{ rfiso{n?uqilqililgil

uroflufi rno{uuuil:ovr {nqortrqfi ldgrqn 100 "c

grlii r-rz nanrmsfTrfi rnofierqn*rqfi
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u8l0ytf, ?tlg1a0 lJil'l??lt'lnor,?lRn rl.r. (rnfl Jilln6firuurcfirrdsnr:farurninoln:) /65

Modet FRAIoo uxduh,lfirr,1r{1 220 v u:r6'uh,lfirc,1oon zzolgav n?lilfixrCIon l-120 Hz

n?rilrrriil8r ! 0.2o/otorn?rrld r,loof]

grl{i s- r I uao'rrndo'rilfinerrr$rto{ilBrnoffrfi nil

Mod€l DA-43 eirnmrurniuilt tzt+t ufrn Inuirrrirrflu rolt

,jioC
IIJY| 3-14 lrfln.ilnro{?nfi?llJ[:?nil
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?tfl1:?0u i 66
;- eul:f, d?l{nun:

9-

In un r:ilono.rfi fl o o'udtfi

flo'i'u a 6o at : qarr,r4fi 40 "c

lorJfi g rtou'lnnr:vrnnos do u qtuuqfr 40 "c natrut$anru 0.3 , 0.6 ,0.9 m/s

9t

3.5 ffu n o u n r :? r{ tp.f u rta sn n a o s tff o u r rJ :sfr vr G rua to r n : sil ? uR r :o u ut?s

oonrn fi si rlo efl #fl iln a r ru3o ucl q,

az : qtumqil 50 oC

_ % = qruugfi 60 oc

6va-d
iloou B n-o bl : n?'lillt?nil 0.3 m/s

bz : narrutiearu 0.6 m/s

b" = n:rrut$enru 0.9 n/s

nrildrdu nr qnrr,rqfi 50 "c natrutS'rnru o.g , o.o , o.g nrildrdu llav ot qatmqfi eo "c

narrurfanru 0.3 , 0.6 , 0.9 m/s qrildrgTil llau0rnruaR.,rrruuu,dutdu (screen test) trsinv

r$ouh uri.:oonrflu r sirqranr d'.rriud.rfif$ounltnr:uono{ 27 Rltilqao{ Ioetririluoh?iluos

riounhnr:ileno{ l#fingils?l l0 kg dsriu6.rdo.rldfinn:Jrar z7o kg uloilolrrruuo

,flruau g dr dsfinr:vronu.rn{onurt 8r Rlrraaot Tquuu*rR1tilqao{ovdo{1#frnnuuar

3,g: o n iru (3.33 kg) lsr sfi du qo u n r:r fl ao.l eT{ sio lil d
vadc
ltllYt 1 t$ttt uFtR$rljs?1

d e a e 4 - 4e" Y .---21- | J
nr:rsr5uil Frnqils?tli'lRltnotrio Rfl nqil!r?rllila19u9lt,{tilloldu ruluqyu el

RAl{ 2-2.5 cm Ft?1ilCI'tarirdUrj:yru1il 60 "- drrurdrrrirnerruavu,r,,urdouu rirur#s

rirnrin 3$30 g(3.33 kg) unyfisrriu{ldornsniluu?uoufl1onv:J:vruru n &u 'ilruau 4 nrn

Vufi z uneoumrrdrunrsnrilriououtt#.t

Rlsnodouyrrrdrunrsnrnriou nr:ouu#r fo onr:drfrnsrumr{i'ldrhuusrl{

ornnr:drrnduunulu'ilru:u g du nhjdtnr:mnaol d qrJvr:.r ttavnarrutrYuo'l drni:-t
e e e Jo -J

nr:mrnarufru osmrorndrilfnfrnn:Jtrrrfrtulo frtfi nr:rneoldrii

r) drufl rirnr:tfimfiInu1#{fi0 Process color chart 1g:Jfi l-rsl d.rrflu

nr:rrunfi:suu CIE Cbromaticity System Tqsdrnr:rfisuflriourtavun'{nr:outtr?.1
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d s s aurrig A ld 4 ,t,-- c -!-
ril u 3iq n nu ru 

-[?Yi 
s1 u tilo tlj : ulj tvl ulj ? tJ 1l : il ?t o il fl '15 o lJ t t?l il

rirn rin ln uld,u f u u#od.ru rin (pJii r- r o) frnnus?'r riouuas fl dso il u#{ ttns fi rrurdru?arfi l
, I t hy

rirnrrrufiuqnviru'[dtrnflilnl:fi (3-20)

Mf (wi - d/d (3-20)

A
nJ0

d e o j,
n?rrufiuqnfiltlno{ frfl nus?1fr Fi1ufl 1:o1Jltfi{, %db

ltr
oq.i3|vr1,
illilUn[: ilnuro{t{flnilT?lnououltfi {, g

v

rr?oro{finnils?lu#{ (hifinrtrdu), g

rndosf{drmrintnuldmr.irurfl u g rirnrtrunarntndou t I g

d. ra do116r
tilufl Sofr lf lu:vutl CIE Cluomaticity systern

grJfi :-rs nanwjfrorfiuufi Process color chart

z) rirugr.lvr:t lnunr:frinngilvt:'1c,o{frnnuslrisuoll travfi ltndo{fi ilru

3) drunnruf,u dru: nfi rnrrufrutolfrnntsrldlnoifr nr: nJi uu tfi uu

Mf

w.

d

,i A l',! o
?lJ?1 3- 16 rldn{lft: oilr{u'l?luflCopyright by Mahidol University



ur:c adr.rf,unf iinuii'u rce

+) drunnu dud{ nrt ylndounmududq no.r frnnumrriou unc il droil$#,r

dlultnnnf,ou lersnr:ilrfrnnuylrfirflu6'ruvruri{ g du ru1fi1nlrflndoun?lilrdud{Ino

nr:firtorndn;dutrfirnr:frnsonrflu 3 ri:'r n^s ri:rdu d:snnrs unsrirsilnru drsnc 20 crn

udrfi rurnnaounnutdu6{ tCoil rnrril rdu6{radurfsdulnuf rlilyrnaauriun$ornnasu

universat testing machine tlrJii r-rzl ar r?onJfrrifinr:ivrurdurnnfinc:ur1i Inflfrriunou

n'r rn n f, 0 il n arru rdu 6.rdr i o hJ ii
a. r) {n rdu dru qu rlnn rr du vr n eou In uldrrsfrfr sf uderiu n*ndr

a.2) rir8uvrnaouldrTrffun$o.ryrnaou lnstfi:c us ?Trf,uld I 3 crn

43) ffiruur,rrun:sfiqdufl adoilmnrrnfiurlufi nriru:rfi ld,
a.a) gonfiuyrnf,ouoono',n,ofuunoeuu

rilr: qii ldrfl urilr: {fi n: c rirsiodu{iu rhdn finnumr fi u r.irurfl u N rda do,r nr:
nrirn:.tdqrisduiiurirfrn uio nrrrurdudq (rensile stress) rorfinnuvn drurarldaunr:fi
(3-21)

(3-zr)
A

ruo

nnrrdud'rroq frRnrml, N/mm2

dorv
tr: {Yt R: g vllno }'tR9tu,u?'1, N
il ev v
frufr urirdnroq finnuret. mmz

q F/A

or

F

A

Model wE-50 rirnmrunsdantunr:in 0.02 kN/Div n?lilnnlnrfldurruurnfo.r t t z
r or lroo g-rqn Inonr: nndoun ?'ruriun'{ nrirs{fl ri rrfl il N/mm2

plii :- r z rreuuroduoonfl ou universal tesring machineCopyright by Mahidol University
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o?utt I,fus'ounl:outt#.1

n 1: o il r r#{ I g u n 1r fro r€ u{ fi'n n u m r1 dn rn q ril t ru ? u o u o I q a v rl : v ru ru zz &u

,ilruau + fl'te lg,sfioius,ounr:ejurnfo.rmiurdsarYilnt:tit Screen test llavd'lnr:olttfirfi
a 6! r t td

qiu?r*tr n?'rilr5?nil 

Jf,,*lil; ffitnil 0.3 ,0.6 *nv 0.e nois, 3'fastaar

qililqfi 50 oc, n?lilt5?nil 0.3 ,0.611n3.0.9 m/s,3 dxtrar

- qarnqfi 60 "c, n?lilt5?ail 0.3 , 0.6 llnv 0.9 m/s, i 'fattaar

drnr:o:rttti'.t ,ilruau g ,fi
9r

ffufi I mneotmxdrunl0nluild{outt#.t

Rr:yrerryollyrrdrunrernrililfrrouur?{ Isr sJnr:dtffnqilrarfi drrofuoru,u

,flruau g du rirnr:Tadorl d grlvr:.r ur.,udu ttavnar:ltduo't dlfinr:neaortliutdflariil
9l

IJUV| 2

lt'ufi s rJ:vfivriErntoilRtvu?uRltolJl[#{

n r:rr:J : s fi uf; n a n r y ua u n r: o :.tt tt?q noo n t:d t nn 0'l R R'15 Yl o ?to u rin o I rya r

riououur?,r unyilfisouur?rrurr:Jis:Jrfisrrfiomrrirflofrufinamvarufiunr:o:lttfi{rTnqurar

I

s.o frunoufit:t?ut?ruuav?tn:rv#norya

nr:?rn:rsr{r1oryaffio'oldrirriorya{ildn1RR'l:iln4CI{il'l rflrnr:itnrrrr{r?oryn

rfi.rrj?rurnr (euantitative analysis) tilunr::au:mr{oryaornRltiloao{R:slrunr:olttfi.t

qorn qn^oirlo ul #f, il n1il$o u dsl#fin nil rr rfl u nriru da o dxr qrro u dfi fi fi 1 #n^o rirrn d s

' o,udld 6o r:rilrrsnvr6uqdrnr:ilornor4nt€ou1tor16'rirqot nrnmrtdru

RtJRlTrlJo{finnurerdru d ;:Jvr:o urludu ttavnlrurdustol qaonourslun*{nltru

rur rv arudruiu n r:o uttfi{ ffner rar

Rt::lu{r'luFtadrug:Jvr:.r1ffif;nr:fr.rtno ttasl#nlt'l{llflrl{flnr?oryn il:vnou

R'l:otultJ
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ur:n aa'rsffuflf Hanr:frnsr / zo

ililfi4

flaRl5flRH1

0rnnlrdnur tfo'r R'rrooRuulJ:yurnr:drutmnarilgounlAonr:onur?.rqmr4ru'a{r

Iorul#frrunarru$oudrrniuflnflfiqrr{n'r:rRUerr n:ddnsrouufrfrnourar errur:ourirnn

nr:dnsroonrflurl:srdusir{ r ftd
Irt.rgtAr4

4. I fl A R l tvt I A O { tlj 0.1 9t U t}l 0 t4 1 S? { : s U V t? A 1l q n U

dqasavr
4.2 fi A R 1'f, nU lq il dil U glYt'1.1 R 1 [J R 11Al I O {l Fr R 9t ].J S? 1 R O U I tA s il A { R ]t Ft'lU

I
R:VU?UR1tOUu14.l

+.: nanr:dnur:J:sfrvrf;flaRrs1J?ufir:ouu#rqur,rqfioirTerol#ilrunmru$ou

' 
Tpr ufi : r un v 16 0q r o { fl a n rrdn u rl u u sin s:J : v rd u d'q si o l il d

4.1 F{aR riilnaos tdoqs1urfro ?rr daq:vs vraarrodet (S creen test)

nrnnr:dnrdonfrnsrilrar rursriirdu :J:sruru 2-2.5 cm n?'msl? 60 cm rir
rurdrsdrnnildyolsr uavdrnr:fistinrtin 3330 e frorirr{kinr* ,oduulrn, zg du

,$ruau 4 nro ruaol#'ldrirnrinsrrilrntu,r,ifirirnun'l{ uncar{?Tnqurar'ldhiuriuourfiulrj

d.rgrJii e-r
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ualfl n?n8lau lJ?t'l?1lg1a0l,H9a ?n.x. (Iilfl Jul n6fi rN rrcalrdonr: frflurniilurn: ) /7 I

grJfr +-r rrdn{nr:ffnriuqfinnumrlunro

rirnr:#rrJ?ul*tflfi uunmn{aulnuldrnda{ft uuu{r,rirnrin nirfiu /e7 s g

riunonrirnnrfi ldrrnnr:ou dqnr:rrfr +- t

at.t 4{a9 I A Int:l{il 4-I udn{t?a1nln01nR1inaao{oilrni{rr.lo,r6il

qrur,r4fi fc I nrrrutfraru (nys) tanriil#osu#.r (rr.)

&
0.3

0.6

0_9

42

39

36

50

0.3

0.6

0.9

24

2I

l8

60

0.3

0.6

0.9

l5

12

9
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ornqrl{fi 4-z wdl,fat:vervtrnrfil#1unr:oltt#lrutnfiqo noo 42 tuoutt#.t

iiqtur,rqfi 40 "c n?lu$anru 0.3 m/s ro{ra{il'r 6o :q n ouu#.rfiqnrn4fi 40'c netrutfaaru

0.6 m/s uaysi:{:vuyraarfil#1unt:outtr?.rrloufiqer do q h, ourt#{fiqnnrqfi 60 'c

narrurfraru 0.9 m/s

4
4.2 ruaRr:fi nurqaranffiilrsnrsnrfl {osrYnnurarriouuavfiffsnr:airun:su?ilnr:

9)
0lJu?,t{

orn{oryn olr"rouu,durdu drtrarfi'ldornnr:elu#.r t,t.r g t$ou:lu rurttrir

oonrflu 3 deuanr tffodrnr:ouu#'rlnsl#rinqiltr?t 3,330 g drnr:mnnot 3 'tt Isro

4 I | -dt .,.,Y- y-4
dnu'rvt-hl f, lu R 1 u R 11I fl o u ua v ?l n {T Fl lu R : v u ? u R 1: o u t t 1'l { 9l { u

flnnr:dnsrdru nrs nrilcJo{?inq:Jrar

4.2.1 ruaRr:f;nursirufrrorpl'nnumrriouunvmfrsnr:nitun:suaunr:ouut{t

rioudrun:sraunr:ouur?r 0rRRltvrodounr:outt#rfrnourtrttsinvsia.r

Rr:maao{ ldnnnr:dnurdruficJo.rfi'nnrrar loru{rnr:rfisildzuo.rFr'nnuserrisudt

nr:ourr#rTorol#qin'o process color charr clo{?Tnfluvrrriourirnr:o:ttt#t f;flo.uinquvrrosfi

firfluadou d.rorrru{ff0 process color chart litttuo:fialftflu rco %Yellow 20 %B?ack

(40 % M 50 % c) :r0nvr6snd'{tltlufi +-z
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snn{d 4-2 udn{d{o{ ?Ynn il T? r Ha'$n :uu ? un I :o lJ urf{t

alnilYl qiluQfi ('c)

narrut$aaru (n/s)

t?a11un1:

oiltl#{ (hr)

find.rou

I
40

0.3

"c

m/s

T4 Pale Green

100 Y 20 B (40 M, 50 C)

28 Pale Green

90Y 308(40M,50C)

42 Pale Green

90Y 308(40M,50C)

2
40 "c

0.6 m/s

13 Pale Green

100 Y 20 B (40 M, 50 C)

26 Pale Green

90Y 308(40M,50C)

39 Pale Green

90Y 308(40M,50C)

3

40

0.9

"c

m/s

t2 Pale Green

100Y 20 B (40 M,50C)

24 Pale Green

90Y 308(40M,s0C)

36 Pale Green

90Y 308(40M,s0C)

4
50 'c

0.3 m/s

8 Pale Green

100 Y 20 B (40 M, 50 C)

t6 Pale Green

80 Y 30 B (30 M,30 C)

24 Pale Green

80 Y 30 B (30 M,30 C)
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i.^,t-dvv1,,
9f 

'f :l{Yf 4-2 (no) udo { dno { 9.f nn il T?'t ?tci.i fl :ulj ? un I :o u ttfi {r

a19UVl EililQfi ('c)

narrut$anru (m/s)

daqanrlunr:

outtfi'{ (hr)

flma{ou

5
50 "c

0.6 n/s

7 Pale Green

100 Y 20 B (40 M, 50 C)

T4 Pale Green

80Y 30B(30M,30C)

2I Pale Green

80Y 308(30M,30C)

6
50

0.9

"c

m/s

6 Pale Green

100Y 208(4OM,50C)

T2 Pale Green

80Y 308(30M,30C)

18 Pale Green

80Y 308(30M,30C)

7
50'c

0.3 n/s

) Pale Green

100Y 208(40M,50C)

10 Pale Green

70Y 20 B (40 M,30 C)

15 Pale Green

70Y 20 B (40 M,30 C)

8
60 "c

0.6 m/s

4 Pale Green

100 Y 208 (40 M,50 C)

8 Pale Green

70Y 20 B (40 M,30 C)

12 Pale Green

70Y 20 B (40 M,30 C)
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fl r :r {fi 4-z (sio) uan r fr r o s pYn n il T?l fi ir'{ n :srt ? u n r ro il lr?Yir

A
IilO

il

M : tl'l[01to1 (magenta) flrierttgr': (tto.t + rirriu)

c = etrtf,u (cyao) firirriunndo.r (tfiur * ti't,Qul

Y : fitnaoo.t (Yellow)
d6B = dd1 (BlacD

01nnrr1{fi 4-2 fl nfl o{qil m Qfiunvn?1r,r$?ailfi dr}i'flror frnnur?rfi nllrJd uuuila{

drnr:moaoufrzuolfrnoumrlo gl# Process color chart otRRltiladoilfifrnquramor osfi d

Pale green nrjru t oo % Yellow 20 o/o Black (40 % M, 50 % c) uavva'torn nr:oilttfi{d:.t
tt

,yUyt?ntqt{ dl Ttil?l

n; rffoqnr u 4fi n.rd lu dar:v uvraaroirrl ovdrl#fi nr:nl6 suu:Jn{fi uo{ pineur:r

6o tu qunqfi +o'c n:rrur$adil 2 m/s ,ria{ranrfi t eia{ranrfi z uavdeuaarfi 3 Rrt

rrJduurrila{fiuo{finqil"r.',odu do prt green 100% Yellow 20% Black (40%M,50%c)

90%Yellow 3O%Black (40%M,50%C) ttav 90% Yellow 30% Black (40%M, 50%C) oltJti'letu
, j d , A : J cq

rf?Uiln?1il1:?nil 4 m/s ttnv 6 m/s Rl:VlOttolJTllJ?lllJO:vtJU[?n1[TlUlJU0vUft#fitO.t

rTnsrrrarfinr:nJfisuuila.rrf;nr?os drmiuqont4fi so "c rtav 60"c osfinl:nJdsuurJn.rd

AlNUT qnrmEfr 1'c;

narrutfanru (./r)

da.rt:arlunr:

ourrr?.r (nr)

dfin{ou

9
60 "c

0.9 m/s

3 Pale Green

100 Y 20 B (,+0 M, 50 C)

6 Pale Green

70Y 20 B (40 M,30 C)

9 Pale Green

70Y 20 B (40 M,30 C)

ilo{rTn o us? rlufrns u vrd sa fiu
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.jaidrvrdltrdo
cl) $J0qfl fi qiln{n n?]ilr:?nilnl{nil0'1fl R1:vrfif,ou vtu?1 n?1ilr:?nil tililflavn

tr?finr:njfiuuuiln{xo{#nnumr6o riousuu#.:frnnuverrvfifirfiur€iou rfiuufifi! process

color chart ovtd pate green 1@ % Yellow 20 % Black (40 o/oM, 50 % C) rdoouurf,s

il qilfiqfi 40"c n?ttrfrnru 2, 4 LLaso rnls rfiorfiouftovleifi Pale green 90 % Yellow 30 %

Black (4o vow, s0% c) rirufiqfllflQfi so "c unsdqalilAfi oo "c rfluludnuurniurfiorfru
- A d i ar s a oolla rj | .{ v

n) ru0n?]il[:?niln{il qfl fi 4ilnl'tnu ilnnYtl n{iln1:[lJauurlua.{dto.Qfinnus?1

6o ru qunqfi a0, so tlns 60'c rfiuuftosld Pale green 90 % Yellow 30 % Black (40o/oM,

50 % C) 80 % Yellow (30 % M,30o/oC) ttnc 70 % Yellow 20%;oBlack(40o/oM,30yo C)

4,2.2 NanfiFinurdru grlilr{m{eYnnilu?rfiourmvmfiinr:nirilRiuu?t{Rr:ouu#.1

riourir frnsrrsxrlilfi rn1: ou u#{ehu;ilvr : wl frnnusrrfi rin rfi o n In ornfi u

dtdufi rduriruqu dnnrnJ: s ru rnt 2-2.5 cm fr nrrruurr 60 cm uas fi #numc {o.:d rFTu oru

n:{ilnruriur fifrnunrsnr:o?ufi1 d'rgrJfi +z

grJ{i +-z ucnr;ilvr:rxs{ frRnusrl

e 9al r air e r a
n r uH d'{r n1 ? s u ur{.r ludx r?n 1 r rn s q il tr4fi fi ri r.r flu y{ u'it fr n1: nJfr uu uil a s

ro'r;rJvr:r drd
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n) u :vdlqililgfiii 50 "c uagnlrurirnufi 0.6 rn/s turhqrsusnnrirsriu
, A o I <* o,nu'i1 tfrofirnr:orurftlnuld:susr?n1il'ru ocfinr:lrlfruil$iln{xo.tldil:cfrnnuy}r fio

drdufifrnunrcu#{ac lnurnilrcilnrudrdu
-,in{IilYr+3

unv fi grln: rfi n lfi{drudaluriou{r{urn

gr.lfi +l udn{f'r1:ouufsrirr:cocr?nrir{ "l

$) ar :gduqanrqfifi 40 
oc , 50 

oc 
rmc 60'c nerurirnil 0.3 , 0.6 tlas

0.9 m/s nur'r:cfiun'lrrurianufi 0.9 rnls ftnr:nJiouutfnrldvr:rfrnnuvtr 6o fi

dnuarvlrlvr:cfin1ds #ruilauroritrdufrdnsars$#{unfiqnn'ireirudu :oqn{ur ldnri

nrurfraru 0.6 unt 0.3 rn/s nrrudrfiudctrrli{++
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unn cdrqduvrf

1ild ++ udn{nr rdd uurrilnwo,r frnnumrdnlrutf rarudt 1

n) fl :sdLln?rrur$tnru 0.3 , 0.6 rras 0.9 m/s nudrdu qoruqu^ 40, 50 uns

60'c nu'ir ar :rduqanr4fi eo "c rvfinnfirl#1rJvr:'rnorfrnnusnnJfiuuurJn'rrurnfiqn

6o fifinuarsfinltlcdruilnru u?rlErjarudrduufi{uns{o drdulna:rilriou{rsu#{ :sc

nrrurfiqur4fi so "c uas 40 'c nrrudrdu 6'.rlrlii +s

mnr:ilnur/zt

,i ,J
qrJfi +-s rnnr nr: rilfr uu$iln{ ro.tfrnnumrfi qnru4fi e{rr 1Copyright by Mahidol University
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9t

si'ruiu tunr:r:Jdeuu:Jntgilvr:mro.uinqilrar n1sufi{dtnt:oilu#{ uudr
yt v o. - ia o qg I v ri I a d
ilo{'udrrTtyfi fi nradrhigrJrr{ frneilsarrilfi uuuiln{ fro n?lilri?nil ro{a{il'l n'o fl o o'ae1ru

AoA
qil?lQil rlayr?n] n]iln]au

423 ruant:fi nursYrunarru#uc,oseYnnur?rriouuas?rff{nr:Bitiln:sil?unt:ouuf{

0 1 R R'ttm n n o {r n r : o u l ni1t rTn o u rya r 1 u r t sin s d?{ r: a'l U n n 1 :il o a o { 0 vti 1 R lt
fsrirmrinrieulirnr:ouur?.r d{driluql#fidlilrinrvirfiu r,gso e Toufinarilduriildurndu

9.

970% db unsn?lilfruqofirurndu 14% dblqudrnr:ouu#{ il qilm4fr 40'c n?liltF?nil

0.3,0.6 u6rv 0.9 m/s ldnranr:finurvrr.rdruririlu-Rrtnvo?rruduclo{finflily?'t fi:runvr6sgt
Ud
O.l$lltl.lVl 4-3

r9<t_a
9n51{Yt +3 Udo{n?'tilTl{{o{?Ynn il u? r fi 6'{n5sil? un r:o rJ ufi{ il Eil?rfl fi 40'C

Ar
01RSt1t1{Yt 4-3 ?t1J?1

il qililQil'40'c nrrrur$anru 0.3 n/s rffoourrr?.r1ur?at t4,zg Lray 4zbr

isr:Jirurornaur#uld 33s.72, 94.08 ffiv 14.07 % db n1ild1eT!

nr qnrn4fi 40'c narrur$aaru 0.6 m/s truioorur?tlilr?al t3,26 tras 36 hr

afl?ltt[:?4il

(n/s)

#:qanrlunr:our#{r

(hr)

oVUurfiunua{oil

(s)

Av
n?tilTuila{ou

(% db)

0.3

t4

28

42

1,356

604

355

33s.72

94.08

14.07

0.6

t3

26

39

t,345

s48

355

332.t8

76.09

t4.07

0.9

12

24

36

980

396

355

2t4.89

27.25

14.07

inrjirurrunaurduld 332.r8,76.0s trrrv 14.07 %db qrildrduCopyright by Mahidol University



J
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il qililQfi 40'c n?'lllifruu 0.9 nc/s tniootlttti'slul?a1 12,24 llne 36 hr

q fa i vrY A, 11 --^.i^-?olj:rf liun?1il!tru le 2L4.8g, n.25 tlns 14.07 % db gllXltiM'U
, ?! -. - -. '

Tosgao{nr:nJfisurrila.rnaurdun'ul?a1 il :vdln:rrut$eailsir{fiu rT.runruqfifi +-t

182022?42628

Drytng time ftr)

500

450

g ,CI'

*
Y 3s0
tr
Q)E 3oo
otf
9xoa

o 200

_tuS lso
o
i roo

50

0

rmuqfifi 4-1 uf,n{R'r:r:Jfisuuila{naudutqduusiavn:rrtt$:arutiut'lar fi qnntqfi +0 'c

olnurluqfifi 4-1 nudr nr:oilur?{frnnluarfiqtunqil' 40 "c n?liltf?ail rdrniu

0.9 m/s d1rJlrner4{nrl*,duuuoolnrTnoils?lril6otfiu{ 14.07 % db ldranrrloe,fiqor 6o

ge faTil{ :o{a{u'ldurifinrrrur$?ail 0.5 nls l#renr gq falil{ ,,urfiorlu,ianru o.g tl,
l#r:nr +z frlrus srrruiirsT:t
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fl r:r{d 4-4 udo{n? ur dums tYnfl t.t r? lfi fi{tn :vil? uRl 5o uu#s fi qol?rfl ii 50 "c

dr
01R9t1r',hl1t 4-4 TrlJ?1

R?1ilt:?4il

(rVs)

#Nraarlunr:oilufi{

(hr)

.Vv
ul?tuRfia{ou

(s)

Av
n?1ilTUilA{OU

(% db)

0.3

8

t6

24

1383

422

355

34./.39

35.s9

14.07

0.6

7

l4

2l

1539

610

355

394.52

96.00

14.07

0.9

6

t2

18

1284

452

355

312.s8

45.24

14.07

il qflmqfi 50 "c nrrrur$anru 0.3 m/s rffooluri"rlut?nl 8, t6 ttnv 24 hr

isrrjirursrnarruduld' 3M.3g, 3s.sg tlav 14.07 x ou qrildrel:J

il qruilQfi50"c nerrur$aaru 0.6 m/s truAootttfitlut?al 7,14 tnv 2lhr

iorjirurnrnarru#uld 3s4.s2,96.00 unv 14.07 %at qtildtdr

ru qrumqru^ 50'c narrutfanru 0.9 n/s truaoouttr?tlur?al 6, 12 unv t8 hr

ieril?nrnrnarru#uld 3r2.s8,4 .24 tnv t4.07 xat ntildteTil

n'rrru drufiu fslo{ nr:o uuri'{ ffn fl ! ryarfi qor n qfi so "c fi narilt$aa ilsir{ 1 unosld
oaAq{ilfluQrJvr4-2
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500

450

€ 400€
v 35{l

€)E 3oo
e-
! zsot
0
E 2oo

(,
S lso
(,

i too

50

0

03 m/s

2 4 6 E l0 12 14 16 lE 20 22 24 26 2t 30 32 34 36 38 40 42

Drying time (hr)

oi rj , & -i--..^-'-ImuQfifi 4-2 uf,etilRr:nJdsuu:Ja{n?lilfrurqdelueinvnatilt5?ailn'!t?at fiqiluQfr 50 "c

trnuruuqfifi 4-z'trfld1nlrouu#{efnntlu?1dqflJilQfi 50 "c narrutfaoil 0.9 m/s

d'nJlrorf4{narruduoonorn?l'flsruu?lffdotfiss r4.w %db ldranliosfiqo 6o tg fraTil.l

ra{a{ill ldrrriiinarrurfrnru 0.6 m/s l#rrnr zt falil{ uavfin?lilt$aaru o.g us l#raar

z+ falru.r nrudTTil

nl:Nd +s udo.tn? r u duc,oc ?Ynn!s? rilfi{n :sil? uR I 50 uur{s fi qatu46i oo'c
dfl?lill:24il

(m/o

fistaatlun'r:ouu#.1

(hr)

rirutYnua-lol

(s)

Av
n?1ilTl{ila{oil

(% db)

0.3

)

10

15

tn0

405

355

308.08

30.14

14.07

0.6

4

8

T2

1609

521

355

417.01

67.4r

14.07

0.9

aJ

6

9

1787

640

355

474.21

105.65

r4.07Copyright by Mahidol University
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01nq1r1{fi 4-5 ilu',i]

il qiufiQfi 60'c n?lrul5?nil 0.3 n/s rruioolrr#.:1ut?nl 5, t0 tray 15 br

ieiliilrtunrlun4rld 308.08, 30.14 ttav 14.07 %db slttJdrdil

il qililQfi 60'c n?liltiaaru 0.6 no/s rfroolrni'llul?nl4, 8 ltnu 12 hr

d ra 4 tnt,
?n:J:il1iln?1il5u IFr 417.01, 67.41 ttns 14.07 %db n'Iild]d'u

il qililQ1'60'c natrut*earu 0.9 m/s truioouttr?qlul?nl 3, 6 llav t hr

e ra i ray --- -- --^.i -
?qil:il1iln?1il5u Is 474.2!, 105.65 llav L4.07 % db Sllilti]9l-il

5{t0

45[t

€ 4{X)

sv 350

q,

E sxloI
! zso
ag 200
II
oH lso
Lc

imo
slt

0

lunuqil-d 4-3 udn.:n1:rilfiuuu:Ja{n?lrufiurnduusiaun?1ilt9?4rufi::nnrfiqililQfi 50 "c

olnufluQfifi 4-3 ilildt nltoult#{?inqus?tfiqililQtJ^ 60 "C narrut$anru 0.9 n/s
I

rnil1:od{aarruduoo notn fiRqil52ltildotfi u.: 14.07 %db

rry ,j d ^ - , q2.-
50{n{il1leilRnn?tiltfaaru 0.6 m/s l#raar tz fr:Trul

ts #aTl.r nrildreiu

l#ranrrioufiqo 6o q falil.l

uurdor,u,fan* o.: us l#lanr

v v 4 I - ,---d-^- a 6- 4i d t

n?tildrJvt'udtotnr:oUtlf{rinnils?mqolilQxl 60 -C mn?1rul:?nilnl{ dl llda{

1d6'.ruaruqfitii q-z

16 l8 20 t2 a 26 28 30 32 34 36 38

Drying time (hr)
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4.2.4 Nafl1:6r'n s rYr un a r ru rrYuds ro s pYn n r ta r rio u ua stla-qd oi', uo rru a uR t :o l ur{r

0 1 R R lril a f, o r n r: o u nr?s fi'n q u re rt tsia v'f r.r tr a r q n n 1: T n a o.r'l dar a n r:
4 I 9- 4 o. ,,- 4- ---- .4^.- ---4r{RUTn1{el1un?riltnun{uo.ifl R9lus?'l 1l:luavlotjn 9lilu

srr:rsfi +6 trdn{rn?rru rrYudsqrosffnnl re ruffsn rsua un t:o uut1s fi qonr gfi co "c

oautS:at (mls) #:srea rlun t :o :lu{{ (hr) nrtrltdua'srqds Nlt"-1

0.3

L4

28

42

0.62

0.8s

1.95

0.6

L3

26

39

0.6s

0.90

2.00

0.9

T2

24

36

0.68

1.09

2.13

o',or',r'lufi 4-6 ude{n?rilrrfluFr'tzuo{frnoutarfiourtovnn'{n:sreunr:outtr?r
I

vl9 0 4l
tqflnR1:man0{ 9t{u

u qumqru'40'c narrur$rnr 0.3 n/s rfroourni'.r1ur?n'r 14,28 rtas 42 hr

vrgldoiln?1rurdugr'.r16' 0.62, 0.85 rtav 1.95 N/mm2 nriliiro'u

ar quu4fi 40 "c naru$:nru 0.6 n/s rfioouurftlur?nl 13,26 Iny 39 hr

vrerdoun?'nlr1u6.rld 0.65,0.90 unv 2.00 N/mm2 srrildrriu

or qtunqfi40"c narut$earu 0.9mlsrfroorLu#.r1ul?a'r Lz, 24 uav 36 br

Terroiln?1rurduds'ld 0.68, 1.09 rnu z.t3 N/mm2 nruiirriu

na ru frru fiu f,r o r n a uldu o'r u o { rin n il ua r o r fi q u m q fr +o " c fi n a rru tf a n ru oi x 1
!t 9o oi

ildo{ lan{rrruuRilil 4-4
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riorfi'nin urdu ru rrnurdwn'na :n.1. (rnolulaifirtlr"aldont:fisrurnft{urnrj I as

?i
L4

22

€LoSla
g r.6
q)

ErA
q,Au
gut
€,

i' oa
ID

i 0-6

0.4

02

0.0

2 4 6 E l0 12 14 16 18 20 2:2 24 26 28 30 32 g 36 38 6 42

DryfngtfneGr)

rrnu4fid +-+ uasr.rnr:rildsuuilnsls.rnarrutdust"trndsusintnnrutfanrufiutaartfroouttti'.1

fiquuqn- +o'c

ornunuqfifr +-+ nudr nr:ouur?rfiqnrmqfr +o "c finarrutianru 0.9 n/s l#ranr

lu nr:ouur?s ge fiaTrur naurr{ud.rclo{rinnus'lrrndsrrirn'u 2.13 N/mm2 :ota{ilr 6o d

naur$earu 0.6 m/s l#ranrlunr:orufri :g fralil{ neriltducroqrsfiuilo{rinnus?l rdrflu

2.00 N/mm2 uardor',u,fanru o.g us 1#raarlunr:ouu#l +z #alruq narruu1uo'.:rndsnirrYil

1.95 N/mm2 oudrdu
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en:Nd 4-? rrdo{n? urrYudsclos pYnst! ta rfifisn :cua un I rou ur{{ d qaruqfi so "c

o'ror'lr'rtd 4-7 rtda{n?rrurdudlto{rYnqilrarriouttnvufrtn:vlrunr:outtr?.t

'ldnrnnr:mnnor dsd

tu qarr,rqfi 50 "c natrutfaaru 0.3 m/s tuaoolrtfiilul?nl 8, 16 llau 24 hr

vrolf, oiln?1rurdu gr'.rnl6' 0.7 0, l.z4 ua-- z.l5 N/mmz strildrdil

tu qtunqfi 50 "c natrutf rnru 0.6 m/s rfloolurislut?al 7,l4 uav 2l hr

llprdoun?rrurdud.rld 0.7s, t.zs uav 2.06 N/mmz nrildrd'u

or qnrm4fi 50'c natrutEearu 0.9 m/s rfreolufi.rlut?nt 6,12 ItaY 18 hr

flaf,oiln?ludusr'{nld 0.76, t.zg uau 2.04 N/mm2 nriliireilu

onru f,u fiu fc, o { n a ril rrtu sro{ qJ o { frn n :J ra r o ufi q u n 4 ru^ 5 0 "c dn a tru t$ a n ru oix 1
u9)q od

rrrYn{ le$r{ilfluarin 4-5

neutSraru (ws) dast:a tlun r :o uuf.r (tr) nanurfudsrods (Nlmm1

0.3

8

L6

24

0.70

t.24

2.t5

0.6

7

l4

2T

0.75

1.25

2.06

0.9

6

12

18

0.76

t.29

2.04
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2 4 6 E l0 12 14 16 l8 20 22 24 26 28 30 32 v 36 38 N 42

Dryingtime (hr)

L6

L4

2J

€Lo
Sr.e
616grA
q,

EL2
EgLo
(|)

B" oa
c)

I 0.6

0.4

02

0.0

oi'raird-As)
lufluQfrfi 4-5 ufla{fl'l:nJderuila{ro{n?1ilrduo-{tndfltteinsn?1ilr5?nilnr-ilr?nlrfroorllf{

fiqnrn4fr so "c

olnufluqil'd 4-5 iludl nr:ouur?sdqililQfr so "c finarrutfaaru 0.9 m/s l#l:ar

lunr:ourr#r tg #alil{ narudugr'.rrndertto{frnnils?1ouu#{r rdrn'u 2.04 N/mm2 ro{a{ill

do finarrri?nil 0.d mls lfienrlunr:ouur?r zt f'rlil{ n?1ilrdila'{tqdsto{?Tnflury?1

o:.lur?{ rvirnb 2.06 N/mmz ,,urfiorlu,3anl o.g nts l#ranrlunr:outtfir z+ f:Iils naril

rfiu o'{ rq 6 u il o { pTn n u v: r rvir rTl 2. I 5 N/mm2 q tilii rdil
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I ur:a a'irliunf
I

\

flanrrflnsr / ea

etl:Nd 4-8 uflo{n?rilmYudwospYnctu ta r?ra-{fl :sil e unl:o u rfi{ fi qonn4 fi oo "c

fl?'lr{r5?ail (r/s) daqearlunr:orlrr?h (hr) nerrurYudriqds Nhml

0.3

)

10

15

0.78

t.46

1.53

0.6

4

8

T2

0.77

1.30

t.42

0.9

J

6

9

0.52

0.98

1.09

0 1 n orNfi 4- 8 r t f, n { n? ril tdu Fl'r'u o t rin sr u ua r ri o u I t a v il d'{ R : v u ? u R 1t o u I l#{

'ldnanr:uono'r d.rfi

or qnrnqfi 60 "c n?lrur$:nru 0.3 m/s rfroouuri'.r1ut?n'l 5, l0 ttau 15 hr

Todoun?1ilrdugr"rnl6' 0.78, l.4G tlnv 1.53 N/mm2 nrilxirrlu

or qarnqfi 60 "c netrutfaaru 0.6 m/s rfroouurl.rlut?nt 4, 8 ttnv lzbr

vfodoiln?'rruuYudrld 0.77,1.30 tnv 1.42 N/mmz srTtdrdu

or qnruqfi 60"c natrutfaaru 0.9 m/s rfioourr#.rtut?nl 3, 6 ttas t hr

Tadorn?rilrdud.rld 0.52,0.98 ttav 1.09 N/mmz sttudrgiu

na rru dru rf,u f,r o r n a rru tdu sro.t I o s frn n il ua r o u fi q u n 4 fi oo "c fi n e rru tf a n ru dx 1
lll 9o oi

rldq{ lao{ilfluflilil 4-5
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2 4 6 8 r0 12 14 15 lE! 20 22 24 .26 28 30 32 34 36 38 40 42

Drylng time (hr)

L6

L4

22

€Lo
SlJ
2 r.6
€)grA
cat2
gLo
q)

i' oa
1ll|

i(t6
(L4

M
0.0

rufiu0fifi 4-d nr:nJfi0uu:Jn{s,osnarilrduer'{tsdsttsiavnerilt$aarurTutaardooutt#.t

orRuaruqn'fl+-o nudr nr:ourtr?.rdqnruqfi eo "C finerrutfaaru 0.3 n/s l,f,r'lar

lunr:ouu#r ts #rlru.r narrurduo'.rrnduclo{frnnils?1 rvirfi't 1.53 N/mm2 :otnlrur 6o fi

fiqoruqfi eo "c

narrur3.raru 0.5 n/s 1#rrnrlunr:ouur?r tz #:Iru.r narrutdust'ltqdssJo{eTnn:.Js?l rvirrTu

142 N/mm2 ,,urfiut'.l*,,$enru o.g rl, ldraarlunr:outtr?t g falil.: nerrutduo't,odutuu

rTnnurar nirfii 1.09 N/mm2 nrildrdu

43 rua R t i fi nu r:J :y?vrG am n :su a il R t s o u u#{ qon'r 4 fi ei r lor sl#fl *r n ? 1 il 3o il

lunr:dnurrj:yfivrfrnrnro{R:yu?ufl r:otttr?lIo01#frnqilryarrfl udao dr.r fi ilofru

fi 1#rfl urnnr ryinrrfi or:onrhsfiYrf; nnuo{ Rtsu?u nr:our r#l'16'rrri

drufiro.rfrnflur?t grlvr:l narrudu ttnsnautduo'l n:.ldt floo'tJdrufr grJvr:.r

,,urur,*drflo{pinnlsarnrerilfi{nr:ouurft il :rrTlqtun4fittnrnaut5aarusir{riu hivrl

narilrrqneir.rlu4aralrifinJu I il:rrdudr.:du drr,ririfloo-trdrunarrutdust'r ornnr:finsr

nliuilrfisu Insdrfrnflurarfirirunr:qlRlroe,f,ruru 3,330 g l4rnr:ntnttele'f:{trnr 3z ht

rrnvrirnr:dilsr:otjr{ dru:u g du drilrdsuflu : viou 1av 20.-'ld'ilruaunrirud':odxCopyright by Mahidol University
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nion*r zz sr'rodr{ drrurionarrutdud.rdasrnduo uoirrersal testing machine 
nldrirnrrilrduel"s

rsdu r.89 N/mmz ornrfurirrirnarrutdusr''t,odufildo'',onr:olttr?tIq01#tnio.toilu#s

qmuqfiairlorr,l#flilnaril9ou1:Jr:Jie!rfiuun':Jrirnatrutduoo.ttneiu{ildo'toRtsellRttoa nudr

nailufluo'srodotifiri',,i'rndrrirn:rruidud.rrqds 1.89 N/mm2 6o nrroutt#'rludasqarilqfiii

^vd
60 -C gt synun?lillt?nil 0.3, 0.6 ttav 0.9 m/s slrildtFTu dlttaO{slrilttruuqu^fi +-O

ru..td

6'rrfu 01Rn'rriloaosnr:our#rrinsruvarloul#rnfo.rolttrftqrur4n'drIsrslfrflil

nmru$ouqornqru^oirlnul#frrunerru9ou lqtfi-or:ilrornqnrarurifidrunrsnril ldrrri fi g:Jvr:.r

u.1udu rray narrurduo'r nudr nrrouur?tfifirJ:sfivrt^nrn 6o dtnr:oilu#.rluda.rqtur,rqfi +o

!o4i
uns 50'c or ryrTlnerrur$aaru 0.3, 0.6 uo3 0.9 m/s uonornfuna:fror:turn{:vt vtanrfr

J i doqro I |,.q-9-t--.^--of--..^d^^-^.iq^crr^.^^^^^,,,-E^,.^-,^l-^,5.^3
dunqor rs ruRrrouu#{ oy,riauhhl:vuf,qudlqrufi1#lunr:outtr?tttav:J:sfirfinanr:

oru#sfirururvarufiqo do dqnnrgfi s0 "c narrut$aaru 0.9 n/s
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rftufi ni n ur6'u r u ri n orir'uu n'ota :n.ru. (rnn]ula6d,nrlraudonr:froturninutnt) / 9 I

uilfis

ofirJ:rsp{anr:finsr

o r n n r:iffs,f u u o'tr u u o ttu lJ : u u u R r: rir sru n a rru go u rfi o n r : o u ttti's qu n qfi ai r

Terul#flilnnru3ou drniunranrfinrl{RlrRuer: n:ddnumuttrftfrnn:Jrar 'ldliorynEranr:

io's6'.rldn rira ru ruda arru r: n d rru ro fi il : r s aln n r: dns r 1 u u eia s rl : v rd u d.r d

5. I R'r r o o R t r 1J lJ I t n u d gt t tn :ao.t o u t t #t q nr r'r q fi ci r I Er s 1 #fi il n a r il $o u
qAervy

5.2 qildillj$lYr1{R1gR',l1l1'O{FlR91lJtr?',lfi0ultnvila{Rt3lJ?uR'ltolJlll4{

s.g il:vfiil?flnfl o{Rtsrl?un1:orlu#{qruuqfio{rloul#fiilnarru9ou

(yAyro'
5.1 Rrsoonurlxluasdfistnsosollttli{lqfl il4fi of, rloul#:1iln?ril3ou

d

5.1.1 Rr:oonttilil:urllfl runatruYou

orn nr:r{ruaru unvtfio n l #turo tortnfesdq'lo d.rfi rirrlir ril 1.6 kw t tavl #er:

drnarrurduufio R-tg+a dr?u tt"o"*op unsdlultCIrJir:vduqunqfr ldrir eo "c d'rq.rnr'r

rnio'rdolofildn'lar:rflrnarrutdu rfio n 12 uav r-zz
a qg A ' i a

nr:rfronlfrnTornauuliu fi{fi,ilruau z qo fio tnFotnauttriuqolu ilu1e 3.6 kw
A | - - --- o 4 a lq t o. v. 4 €e

rrayrnsorrnilutiuqouon ilu'tgl 1.2 kW RltnqrnoRqilRsrua{Rn1? rYl?t:lJR1:flRs'l?CICI

u9od 6?;ulddrflr.ruisiil 10.fi nirl orrTor drrfrunr:nfinrn:io{nriluriu1#firuroorilfi

riruaar tuao 1 #rfi o n a rruq n oto.r d uu t t u t'lu, tu ud t{ ru r ar ld
. s v a t Jt A 

d

flr4:1rR'rraqraonquRsaril:sRo:Jouc'l 1u:vuuilrunerru$ou fior:urorn

qrJn:ninfrn lqsr{ru'{d{ru',rdrnr,''veru nnsnldiunatrud'rruru^oornu?siT uour'loe 'iltrYo flrir
il A s u dt 9o

lzuln:o,{oe roriluryn1iluo{ilroflo{qrJn:ai ,f,ru:u qnrnrnfil# drrieu:J:v?tf,erdu4uunv

rfl u q rJ n.: nidfi ,fi ril ri r u1 urlos o nrel

s.l.z Rr:ooRttlnJ{'ouufis

nlioofuuruflo:lr#.rdru1u ficlurn n{rt t.z - tt'J1 2 m q{ l.t * fis,uro

ilirursr: z.o+ -' ltnvolfrlJ:tqnrfinrYare{ s,urnn{r{ 0.9 m u'l? 0.9 m {{ 0.02 m 'f,ruau

t8 n1o aur:ndrnr:ouu#rarfisrfriu'vfil:vrnil ndau duilv:er iluauRo qn{ ldq.rqn
Copyright by Mahidol University



?
ul5f, rt?l{oull: on'il:ronaRr:dnur / 9z

168 kg uraodrrurl#ouu#{pineils?1 dlrJ'r:ou::qldrfiu{ 25 kg tdo{ornffnnuu?1fin21ils1?
.c ! | a v Jq A - J

1#udlunrr?r{o1qil1RR?1flaqRilcvrsr?ou er{uu nt:ouufi{frnnils?11#ldil?rurtururn
v v ct | 4 t a a v. Jq-91-. 4

n?:0'Ft?1{frnfluu?llugillnlildu dl lsu Rr:tt6l,?1t ?f t0 0oRlltlllfl'lotlaqRilcvl l14u'l?llnsil
rg

6A
01u?usuillR1u

lunr:io'sn g{dtdqrJ otui 6o rud n ttavdsnyfi tfl uq:J n:nilu nrra$rsflouufir

tf.tfi,+iurflunr:il:yudoduqunr:rufisr d{nr:ldrndnunsd.rnvdrfluriauil:vnou tvfinrnsio

nr:rir'hj1#ouuri'.rarfisrfiorq{iifirndorfluorri:J:vnouudn orodrl#nnistnfssoutt#ttFqnr:

ryndo u ld if; nl:u r1lu n?:1 #ieq:J:vrnvroqfi tfi uu uio dtetil lnd I tvlu

s. r.l nr:a#rs miosouurl.t

ornnr:dnsro9od lunr:e$rsrniosoutr#t ffif,urirrfiunr:Iouh?u3{'na$r'r
3 I lJ|g I s g I t--!---. i^^.-9-i!a-.-o-.:?^.-- 

e d

fiuriau lduri Tn:.r{ouud.r unydodrnru Iou{ifrurilfiunr:il:vnouuavfiodl:vlufln

narrugouunvri'runuauluufla ruaorornq:Jn:trir,rfrn1unr:o^qei{rnfotoutt#s ,rufr'oru,,

oroqndorouurft fi ruroluqjn'iruavfi rirlrrin,fi rrfl udol1#rnfo.rfiodrslunr:iludrsttnv

6srsf{ d.rdo.rl#rr:{rrunu,ilru?uil'rR d{#u lunr:arttnfo.ro:lttr?s na:rflrfr'r6.rdu4u

rirldiirudrurirruri.r unsnirtt:rtrudau

drr,riu dunou n r:{ru n uau 1 su fia ffi o'ur6o n 1 #uu u fiovlodsdru rd s: Iot sd rn r:

,'',0'r.o'',udnni.rviodruuonuaydnnuauluurlad'rutihifirledsrlirliluavdrnr:6sr:oseio

dru u o n Io s 1 #rvr:J o g ilrfr uri sr-o n m

5.2 qordilt ffi fl N n r g n I il t o { rYn n u ry? 1 fio u tta s fi 6'{ n 5 s u ? u fl I t o u ut?s

0'rflR'rrilqno.r1#finquryarrflunfiqfiilq{oru#.r ornnr:if,uerrur:oofi:J:rufla1deT{d

s.2.1 nr:f;numYtufrc,o{?Ynnumr
4 Y A v I d d t . - -...-tl- f --.-9-ornnant:dnUr6fUritO.tFtRgtil!f?lR0UllAvfiA{nt{lUR:vU?lJR1:0Ulll4{ l9UYll

,A a d , I v o ^. ^-..^.,t4nr:ottn{.rfrqrur4ru narrutianru unytygut?alttsrRsn{Ru 01u?u 81 Rltroao{ ilil?ldclo{

finnuryelfionr:njdsuu:Jarornfiro{frnnuuarror riouol fifirfrue€iou too%Yellow 20%

Black (40%M,50 z c) ,fiuuuu#loyfifrrfluadoufior{n.rrflu 70 % Yellow ?.0%B?ack
tutC<tldtdv@

(40 % M , 30 % C) 0lnnlriloao{ TtlJ?1 gt?U:JtVltJ?{Anofl1flilauulliln{flfl0{P{nqils?1fi4{l

nr:ouu#r 6o qonrqfi :otarrurnlduri ranrlunr:o:Lurft rirunarrurirarufil#lunr:outtr?.t

'hifinnsionr:nlduuuila{flcro{?influrar rdo{ilrorneTnnusartflufirdl#nnel:finsilunr:Copyright by Mahidol University



riorfi'srir ur6'u rl il rifl srdu! il'on

a$r.rfi rffofinr:rfiruqflilQfiotn 40 , 50 ttne 60 "c qriliirdu drl

rn.l. (rnnluladfinrlracilrdonr:r{oturrin0mt) / 93

9satJa
l.tnao l:1!ao$o{ P'rRsr:Js?1

rfienr:ril6 uuuila{ drl#firuo{fi'nous?101{a.t

drnr:orufiidqrunqfi n?rilr$?nil rrav:vuvt?altron$i1.triu,f,ruau 8t Rl:Toao{ rjrhJ

s.z.z nrzdnu rrir u grln rs ilo s rYnst u ta r

0lne.rnnrfinurd'rugilvr:{cJowfRnilvar riouttavmfiinr:riruR:vlJ?uR't:outtfi"FP}Xsg
ao9tAad..-te
torlllln't:oun?t{mqilfiQfi nerrut$anil uavtsust?arttstRsi't{tiu'f,ruru 81 Rt:ltnnot nl'ir 

'{tng'

d'aurl:fidrh?grJvr:,rro.rffnqurar fiqnr:rilduuu:Jn.rrutnfiqor 6o narrut$anru :o{n{il1

lduri qnnrqfi unyranr nruiird:J rfiorrurorn frnqilr:rflufrrfirJ:vnou'lrJfiasrdulu unvfi

il?rurenirlurduloqrndruorrfindu rirl#riienirunr:ouuti'r rlirurturirlutfrulsnsratodr.t

:asrr$a ri.rnrah?;rJvr:{rfinnr:rilfieruiln{odr.ruXuldfo rtnvovt:Jfisuttilnotu^uu'todu 1u

dr{nr:ouu#rdesoarrur$rnruqsrn:rvil?rurtunrufou1uflouud'.rordas1ri'nr:o'.rrirlu
- aAC
rin fl u ra r: e q ri a d{,[u ri r1 ri'g rJvr :.rtrjf, su r r il a s rfi u u', n du

ornrunnrrdns ldruna rilduuu{ frns,ilrr'r dsdrnr: o uu#rIsr u1 #rnio.rouur?.r

qoru4fidrlnul#filnarru#ou ,ilruau B1 R'l:vrqao{ rfionl:JurrirrJ?rur*ut,udrdann{il0{
s r e j -----q-y.4^^-!r^.---^----^^^- -re-.--.^---.3--
rlRsrus?1 T{u?t tu:yoctTrJurn{o{rR'rsollRluldt3ou"lt4Rnrtilono{l ilirurrunarruSuovqn

d - A g - - -d--. q---e,, -vt- v,.2)--.- -,- a
d'loon0rnalngu5?lq{illR ilnvt'Unqil0Un{r9r'rlr:sUvl?n1mou ctl?ltu1J00uelluqot?lQtJ[[nu

d <, J ra d: e.,..--------.d-'-i-.^l-.g-. ..-'.J^^-.- a
n?ilr5?nilild1d1 :Jril]iln?'tu5u1r0oR0'rRFlfl9rlJS?10viln1q1lSURU ll0lil0qilfiQillln3

d d, C ra C; q 4 '..^4-..-e-^-.-^-^r--lnaril'anruiinlq{ilu ilirurrunarrusuvtooR0'rRFlflolJ!tr?'louilnlq{uu lu0ilu10lfl oTtflntoil

qnrrqfifir^rnsionr:ouufi{ drl#rTng:rrrrd'rTn:{air.rnrulurfluguqil rfiold:hqnrnqfi

rn^ruoiudorurfiqnariluqneirr:yndrfia,,ur,rfuioqr,',odu drl#rir:srvruornrdorurqifiar$a

Aud, ,i.uu?lilrf?ar,0urfludaqiasrr'orilfiuuou'',ornfi^rfinnilrar'hlrjornrold'r$aii.rdu

s.z.l nr:fi nursYrunarurYudsclo{ffnnur?t

01nflnnr:dnsrdrunarurdusro.rsJo.rffnsrurarriouunvmfr{Rtsu?uR't:o1Juf'rlsru

-(&e

t49Av
n'r :9iR g 16 1 lrn? 1 il 5U1|O'$runnil T? I

vtfifl o llfl ? 1ilrdu 6.: Igr gtnfot Universal testing machine
- I doqg I4

9r ? I tlJ:llVt 1 lil n? lil ln u fl {1fl oil
f

vtlJ?1

finnils:rrfionr:ril6eruurlnsrfiililrodu du ,.u't ,duoorn rinsrusarriouttncild'{nr:o:tttfi'.t

firj?rurnnirlurdule,ilrnrfierir'hjvroeoun:rurdusr*tovfirire{r ttnvdoairuRtvu?uRttotttt#.t

5 464s
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a
ultf, d?1q0il1|t on'il:ruflanr:dnsr / s+

'- ^dilu a d { A ohr lygvt/
rj?rurnnirlurdulelann{ drh?frnst:Jrrrfinarrutuuu?ru1R{u niorir'l:Jvrsrdoiln?tiltfiuor.r"td

' 3 A o etrr -- -!-- ' -.--4--.-.^--a!^-^.n1q{flu uayruolllRl:ouilfi{lil0uR:ur[{n?1ilfru10{fr'nflils?lfiosfiqa ovrirlr?nrrru

rdu sr".r n o si ra q tdo r r r n fr n sr u ve r t fi sr n r : n : o u [ | n t I il t 1 v

o q a d d e4-9_ 9-.4--' -9a' .- .a-..'
rnfi'ilqililCIililaen?1iltt?nil ilnnvtltfin?lilrnu0.l1r0.rFlRflu$?'ln9nrl tuo.illJ'l

trn qililQfiuaun?rilr$?auluritrq.r r os{r1#rJ?rurturirlunTnnus?r l?raorfiadruilonqn

o'.roonhlodr{r?ar$? drh?firdruuoRflo{t?YRqils?lu#{n:0il rfrorir'hJvrof,oiln?1iltrlue4,{

ovnldrirnarrurr1uo'.r firJsrurnrdrndrrfrerjrlrJortrr?.rdauqurqfrunvnarilr$aail1uda'roir 1

ss rJ:sfiilGna torn:sil?unr:ouu#sqont4fi of, rloat#rfunar*r#ou

ornnrdnurdru:J:vfivrf; nazuornr:orurft lproldtn$oroutt#rquu4fioirlerold

f runarru$u u dw^or:anqnr arufdmr.r fl r0 R 1ltr do fi grJvr : u urlr,du unv na rru ufluoo.t uu'ir

nuoru#sfrnqilu?l na:1#qarn4n^ludes 40 'c dr s0 "c tfl:rvrcdrh?rTnsrurafinarru

rmfisauorurury hir:J:ryu#.r arrur:ndrnhjldnrfiqflfinfituq{vnrdrurTnon::ilnldu.nnvan

druiudrufi g:Jvr:.r u.ludu'hifinariluqnsir{fiudrmYunr:ouu#tlu.iasqtur.rqfisir'r 1

ruavlunr:rdonqornqfirornr:o:-nrrftfinourrr ,rur{uu.'tut$rnrudtuurvaru riolfirfisrrJ:v
A a qriai 4 qg
durnnnr:olur{.rfrdvrqn no R'rr ruqnrnqfiluda{ so'c narrutfanil 0.9 m/s tuaoqotnnt:

1#qnrn4fid'.rnrira fir.rn1#qorarurTfito{finoilmrdru grJvr:r A o.ludu nariltduel's 'ld

illerrslu navfidrrirgl#:yssraarlunr:ouur?trlouiiqo d{finralqso:rriodurlunrrl#
- i9)

V{A{l.l]Un1A?U
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fnrfi srinor6'u uilrinurdu!finn : rn.l. (rm 1 u la6fi rnl w aundo n r :r'l'fl urn iil um t) / 95

ililfi6

aqrl am n r :?o's ila s {o tdl{ o tll.ls

o- A , _-__.y^_. .,{^^-__^-..^tl__--_-^e-i-
a1nn15T1'Utiolnr:OOnltU:J:UUlJflltfl'lt tYlfl?1ilf 0U lTfORl:0Ullil{qAIfiQilSl1

.d d4 9t u I au

Tflul#ililnarru$ou drniunaa6'$Tr{Rr:rfluer: n:frfrnu10urtli{iinous?1 f,qilflnnl:a{tl
o nr- 3

ilnvlJ0trtl{ollus lnq{u

6.1 dq:Jflanrrif,u

6. 1. I R1:ooRulluunvdgr'rrndo.ro:.lur?.rqal n qfidrInsl#fl run?lilgou
sa a I v | ,---9!-

6.1.2 tl0tdilt]gr=nrSnrgn'lTlt0{fiR0lJU?'lflo1lltn3iln{R'ltFl'lURtvll?uR1:olJllt4{
rd

6.l.g il:sfim8nntoIn:vil?urt'ltouufi.rqontqfidrleru1#ilrun?lilgou

6.2 flotauouuv

a.z.t ilotctuo u u v dr u iu R 1 : ri 1 fl n R 1 : 6 d'u 1 il 1 ft | : v I tl vri

e.z.z ilonuo t tu v 1 u n'l: Ttrun 9r ff

e.z.z ftonuo uuvlu n1ti6'un9{dold

6.1 aqrlaranr:?ffs

6. 1. I R r :o o fl rru u ua ucr#r.r rndo { o u u#s qor r,t 4 ru^dlt" nt t'$u n ? 1 il So u

r n f o.r o r u r?r q ru n q fi cd rlo s l #f ru n a rru $o ufi o o n r t il u ua v fl gl.r 
Tor ul dru f, n n rio.r

c1urn ! 50 x 50 x t.s 
t m- nrrisflrflufrsnsfi ruof tg qdaunuaulsufi'a nulan?lil?lurttilu

3zKellr, fiill40mm ficlurndruluflouu#.r n{x t.z* il1'Jlm {.1 1.1m :Jirurn:

flourrt?.r rrirfiu 2.64 ; nrofildar.rnrfinfiorq{tflu,,uuulrd,nfisl ln:qrfluoqfirfioru fiulor

tflusrstrn:tnrdru flu1onfi{ 0.9 m tl'l? 0.9 m {rl 0.02 m 'f,ruau 18 a'la Inufideldrt:vua'r't

#uruuu'ror 0.08 m duolruuo,,uurdonsluror{ouu#r'ld1ffinr:rirumrrirtirmu-nd,ruulrau

rirl:Jriruanrnrrurerflorurft ldlffinr:cftnrrirrirnfnfittrurvaru rirhJriruaruil'llru'le

un v,il r u a u n r o r fi e ri r 1 :.i rj n r : n r t u r n zu o.r {o u r t ri'.r
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ur'f, d2litolrlrt aid r.raor:i6'uuavc?orduouuc / s6

vuloqlo.rrvuuf,unarru#ourl:vnordaurnio'to'o1o uulo 1.6 tw ldriuar:dr
d6ArqAl

n?lurBusue R-134a flurorn?o{reailuiluqflliluu1fr 3.3 kw rniotnautttiuqouoRtulel

1.2 kw rnfordr:vn4urfuro 3.6 kw ttnsdorirnru4ndudru6'auqil?u1uufi? dunulrnuo

,ruufluu.,ru9ounr'ld'Ioruor#efff,nduglu*',u,vroffu'lnurfind orrumqufinr:drqrutos

fir,ur',ru$ou

d.l.2 Flo{dilrYfivrxnrshrn{o{elnnumrriouuavud'snr:airun:su?ilnl:olu#s

6.r.z.rdrudro.rffnnilu?1 nu'ir rioudrnr:ouuri'{rTnnuryar fiflrfisadou

t:J5uurfie,uqril Process color chart ogi{i:rTa Pale Green \oo %Yellow 20 %Black

(40 % M , 50 % c) ffiorirnr:ouu#.r nr :vnluqnrn4fiunvnarrutfaailqir{n'u vrildr ficlo.l

rTnsruvrrmfisnr:ouu#rfifrrfiur€iou usifrdnuruvirtat lsrgfinr:rilfiuuuiln{rir:ficsrtr

Process color chart 6o gO % Yellow 30 % Black (40% M, 50 % C) 80 % Yellow 30 %

Black (30 yoM,30%C) tlnv 70 %Yellow 20%Black (40o/oM,50%C)

6.t.2.2 drugrJvr:s vrudr rioudrnr:ourrr?trinquuar fid'nsotvxirdusr:.r uruti,

nruiln'{drnr:oilurftT'rudr ;ilvr:.mo.rffnorurrfidnsilvn{rsr^rJ drdurni'{fiuutntdnn.t

uiraru:Jnrsrirdufiq{old.r d{ornnr:dnsruil?'r sr-auil:fififlnsionr:til6uunrla.rgrJr:{to{

rinquuarrurniiqor noo narrur$aail :o{n{ilr 16'rrrisr'errtJ:d'ruqnrn4ru^ttnvtanr nrildrdu

6.r.z.3drunarrudu uudr daurj:dfi nrnsiorj?rurar narrudulu nr:our#rfinqurar

lduri qnruqfi narrurfanil unvr?nl Isrofinmildu6ruduriounrtoil 970 % db uavnrlud,
9)Vqnfluiln{nl5ou 14 % db

6.1.2.4 drunerru rdu o'.r nudr sYauil :d fi fl n sio ne rilrdu d{ro{ ffnnu rar nr sfi fi.r

nr:ouurft n'o qurqfi d'rqnn'r4fiiiu.trurvarudruilnr:o:ttrr?.r de qunqfidar 40'c ds

50 "c n:rilrdud{rsnauda.r t.gs d{ 2.15 N/mm2

o.t.r rJ:vfiyrBalactosR:srl?unr:ouur?sqcun4ficiilnsl#fliln: trufou

rJ:vfivrfr.rnd6fiqnro.rnr:ouufitfrnoils?1 6o nr:l#qarm4filurie{ s0 "c

naru$anru 0.9 m/s 1#r:nrlunr:ouurft 18 hr rinnilrarildsnr:ouur?rfifirfiua€iounr.r

80% yellow 30% Black (30%M 3o%c) g:Jvr:.rn.rgrJfitursrtf;nn{ riauilnruu^o{otf,nfiou

n. ru du qrdr srvir rTu | 4.07 %dbt tavfi ri rn a rt t6'u n't t o 6 s 2.04 N/mm2
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uolcytgr?llu]au lJ}fl ?fl 0lagunna - 
? lr.lJ. 0nnluln?fi rulr"eust"on r:r4snu rnifl urn t) / 97

e.z r?orauouuv

o.z. t {o rauo uil fitr ?rYtl R r :r:t tf a n I :?ffs\rfl #rJ :vlu rd

6 . z. r . l 0 1 n n r : i f,s n f.r dr n f o.r o u u ri'.r q ru n q fi ri r Io s l #fl ru n a rru 9o u dwir n r:

mnnorourrr?rpTnn:Jryer Inudrnr:TotaouurtdruR'lt R'tll lfirri fi grlvr:.r urlud, ,,u,

nlrrdu6{ vrudrrnio.rou,,*?uuia.lur:nrir'16' rrsioro'hitfluvaurT:Lfrddo.rnr:rir'hJourni'.r

:rurjosd{rflunr:ounr?rrJiuorrlos ovrirldhi{rufiunr:n14u rdo.rorntnfu.,uuur?.rfi'filfi

: r n r ri o u r1r r 4r u n v do r 1 #rru fii.r r u'l vhil r tfl u H fin

6.2.1.2 arrur:ndrruanr:if,uffruqnrarurifrvrr{fl 'ruRlrwospTnqurmtfl ururor:gru

drniunrfisf f,ruq{rfionr:finonrrru lsrudffiuqlr?uerruduqnfirulo{frnqurarfidt v wdb ei'r

nlilrdud{ rvirfru t.og d{ 2.15 N/mm2
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sn:'t'{{l n-2 uGna{rir Fitting Loss Coeflicients

15 Elbow, Smooih Radius without Vanes, Rectrngulai

Rln?{U?fi'R / 104

Co = KyKRTC;

fi
Coefficients for 90" Elbows

H/W'
tlV 0.5 0.5 0.75 1.0 t.5 t.0 3.0 r.0 5.0

0.5 t.3
0.75 0.17
t.0 0.27
t.5 0.-
1.0 0.:0

l.l t.2
0.52 0.{t
0.u 0.:3
0.:0 0. t9
0.r8 0.16

0.39
0.12
0.10

@
0. t{

r.2
0.+r
0.:t
0.17
0. r5

t.t t.t 0.9E 0.92
0.10 0.19 0.19 0.{o
0.t9 0.tt 0.t3 0.t9
0.fJ 0.13 0-t: 0.tt
0.14 0.13 0.tl 0.lJ

o.tJ 0.83
0.43 0.&r
0.27 o.:r
0.t7 0.t7
0.lJ | 0.tJ

+3 Ptane Diffuser, Rectangutar

/A
2
4
6

0.37
0.68
0.76

0.38 0.35
0.70 0.66
0.83 0.80

/,rlifgl l+ar-l

O. degrees

_I4 20 30 4_i 60 ,, ,r0
0.09
0.16
0.r9

0.tz
0.25
0.30

0.2c
0.42
0.48
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+9 P.r-ramidal Dif fuser at Fsn Outlet wilh Duclwork

rn.u. (rnnlulnifi rillrctuldonrn{oturrifl tnnt) / 105

]t TT
Hfr-dW

At

C

AlAo

r0
t5
20
25
30

0.t8
0.3 3

0.43
0.49
0.5 3

0.21
0.3E
0.48
0.5 5

0.59

0.10
0.23
0.3 r

o 16.6.T\
tv ., Lt

0.23 0.24
0.40 0.42
0.53, 0._56
0.58 0.62
0.64 0.67

oilJ
0.i44
0.:5 E

0.64
0.69'
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$1 Contraction, Round & Rectangular

Rlitt{u?fl fi / 106

0, degrees

ArlAo l0 1540 s04 90 120 rE0150

2
4
6

t0

0.05
0.05
0.05
0.05

0.05 0.06 0.r2
0.04 0.01 o.r7
0.04 _ 0,Q7' 0.18
0.05 0.0E 0.19

0. r.8
0.n
0.28
0.29

0.24 0.26
0.35 0,4i
0.36 0.42
0.37 0.43

c',

0, degrees

Ar/Ao 15-40 50-60 90 180150r20

2 0.CI5'. 0.05
4.,.0.05 0.04
6 a.0.05 0.04
r0 0.05 0.05

o.l8 0.24 @0.27 0.35 0.41
0.28 0.36 0.42
0.29 0.37 0.13

0.06
0.07
0.07
0.08

0-r2
0. r7
0.t8
0.19

7-E Obstruction, Screen in Duct, Round, and Rectangutar

n:'Aor/Ao
where

n = free area ratio of screen, dimensionless.
Ao, : total flow area of screen, 662 1is.2).'Ao : area of duct, mm2 (in.z ' .:
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Ir4 : 250o/odb,Mr: 50% db

: 24hr

c, : 1.006 kJ/kg'C, (Ti-Tr) = 4"c

:2358 kJ/kg

: 3.6kW,h= 2358 kJ&e

(T"-TJ = AT.= 5oC, cu: 1.006 kJ&g:C

Mi = 250Yo db, M, : 50% db

W (arurufirirr?rudu)

I

| *^*, (au:lourirtel^il)
Y

u?luqfifi 1-1 ltflrl{ Information flow diagram

0* = [w,{tr,t,- Mi]/(Mi+l)

amw = \/t'

-t u"u 
(Ti - Tf) : -'*4

ttu: o'30 xmtu

aa
Q" = 0 

"cn 
(T"i-T*) *- *hr,

\**)=m *,ou"rrxt

W,r*r = [n*o*r*(N4+1)]/M, -M)
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{.+ lYunounr:riturslosl{:^f; Trial and error

R1nflU?R { / 112

t " j j+ q r

ilunounr:firuaruvlttan{il tilun?0ul{R1:fllu?0tt1lu.t?u:01J11 I lll1uu cr{il

daa
:'lgasloua9{u

,r

l. il?aftfi:vt?rulrnflAofinrq{ ornailRl:s,o{ Excell 1980 (6) ovnldarunr:fi t-t

hw(ord) = [* nr, (Mi -Mi]/(Mi+ 1) ({-1)

Iuo

!-r6qi
rv, r-,,r : ull4fntriluo.lg.ldndolcyl:?tJ, (dililfirir so tg)

l (olsj

SArasMt : n?1ilfiutiilduclosflnnn'iu qt,Qso % db)

Mr : urluduqn vlru{o{fin-oR'luo{, Cso % db)

m*(olo : il?ndlfitvlttutrirslo{flfisrfiorqi,te

rumurirluau o'ttd u-t ov'lddr

Dw(old = [so (z.s - o.s) ]/ (2.5 + 1)

= Zg.S7 kg

,l

z. dsr :r n r: t v ril u cJ o { il ? n ri rfi o o n o r n nrfi sr rYnr q{ n v 
nl 

dn r n aru n r:fi t -z

a
m w(old- mw(ota) / t (fl-z)

^dtuo

aqtAul^
Ew(old= Oq:fnt::vt?tUlR110{flAflflfllcVl'kgis

t - r:arfildol ttfli, 24 hr

uuurirarunr:fi t-z ovlddr

o 
^^'E w(old)= 28.571(24 x 3600)

: 0.33 x 10-3 ke/s
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3. dq:rnrtlunrfislanfl o{ro1n.lf,

fi#otougrit{rnr:aruqann'ltrudrmiunr:oltr#t (Enerry Balance) lu

R:yu?uR:t:ouu#{ d.rr:rrTnaruru6riudr narru$outtnl.rfildlunr::vtttstirornnrfistfituc{

nirrYu narru$oudrufrarorqnrmqfidnJduuurJn.rtfro'lnanirunrfiqfiorsi erilr:ntfluutflu

arunr:'lddr

aa
m * (oH) hre = m-" cu(T, - T) (1J-3)

oloau olrd il -g ffq eil n r: hn ri ov'l dd'q: r n r:'l u n t8t ru a a I o { o'lR lfl dtaru n r:

-', = m w (old) hrE/ [cJTi-Ti] (il-4)

-'" = dsr:rnr:'luarfirruaato.rornradl#outt#t, ty,

-'* = urunuurilfilull4u, ( 0.33 x l0{ kglO

\s = nrrrugoutoool,,,,no,il1unrfinfifld,

(2,3s8 nYB d.r'ldnln (30))

narru$0u,fi llr'lslto{o'tntd, (1.006 Hlng "c dlld

rrnnr:tilqnr:tqotarufduo{olnm (30))

(T,-Tr) : n?'lilttqneil{flo{qflilqfiornrctrt{rttavoonorn

r?olourr?t ,(4 "c d.rldorn (6)

*'. : (0.33x10'3xn58)l(1.006 x 4)

'- 0.1937 kels

d n-a

A
ItJO

ca=

rumurirarunr:fi c,-+ nvlddr
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q Ul a dt A
4. Ogt : 1 R lt lilnt${il? ACJ o{to 1 R lf,Vt Fl1il In :O {11 1: vllf tl

^-dt I v !l ir i
01RR'.l:?0uvrFtluu'tT{u?1 09t:1R1: lilnu0{u?aolR'lf,vtFt'lutn50{7t1:vn4rl

rflu :o % uo{o'olrnr:nlunrfirru?nqlo{ornrs d.rldorn ( zg) Firdud{rfisuailnr:fi u-s'leh'r

aam : 0.3xmea (1-s)

IilO

uvruFilfliln1:fi sl-s os'lddr

dilqaild{{ludruiurnio{dlrsrilrJ d.rnarru$oudrnio.rdr:nilu Hirn'il
9 v - odu r d o 9) Y I e o

fla:?ilto{n?]iltoudilFtf,lj0{qBr?rQilT lilnfl1u[nro{1r'ltvll4uRiln?lil50ullFl{R'ltRaufl?

llo{ o'r R r f, n n 1 srfl u fi uo rir d.ufl su rfl u aru n r: d t -o o s'l dr' r

o q u ,d, A o

m ^ : 091:1R1t lilnU0.lil?n01n1d1l?{liltnt0{1i'l:vl14U, kg/s
e

.'" : dq:rnr:olilauo{il?aotntf,, (0.1937 kg/s)

ams = 0.3x0.1937

= 0.0581 ke/s

s. dn:r n rrruril e,$o{ruanriror n nrfi o fr'ar q{

Q" : -tucu Atu + -tor(o"*,; hfg (1J-6)

,
o'lndilnrrfi u-6 ,ir'qdilnr:lnri ovdlill:0tilu?ilo'nttnts:ulfigt o,{tuaadiorn

nfinrTil qi nldornaru nr:fi r-z drovlddr

m *(n"w): (Q" - -'"crAr/nu (t-7)
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A
tlj0

! e 3 ^ v t-
nI __. 7_ __.1 = o0:1R1:tyltf uljO{il?nu'101Rfl no Rflt c}l' kg/s

w (trew,

a
m

O^ = n?'uJdTrJl:01unl:fln?rilrduqTfito'rtnfo.rrit:vntu,(3.6kw)

\, = n?lil$outmlttolnr:tvlilud1, (2358 Hftg)

= o'q:rnr::vrilsro{ilanrirornarfinfifl a{, ( 0.0581 kg/s)

ca = n'ltrufou'Ertilrscjoro1n1fl, (1.006 kJikg"c)

Atu = n?luuofleilrrtsmdl{qfluqfitrr{ruovs,looRlndoldr:stmu,

(s 'c d.rldotR ARI coil standard (31))

ulruri1diln1rfi u-7 ov'lddr

Ew(nm) : [:.0-(0.0581x1.006xs)]lz:st

= 1.403 x l0'3 kg/s

d s q r h9t
0lfldtJR'l:Yt il-2 09l6filR1t l?ril09 l9?1

m -t, .xtw (new, w (new,

mw(nuw) : ru:arird:vrrsturitornfiqtiolqi (kg)

am=w tnewJ

(r-s)

til0

dn: r nr::srr4 ul ilrisJo.r Frfi q f,or c{, (1.403 x t o'3 tg/s)

uvrurildilnlrd r-s os'lddr

t - ranrfi1#ourt#.r, (z+ hr)

mw(new) 
: 

tr-!jt-irn-24x3600
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ornf,ilnrrd r-t f,qailnr:lnri ov'lddr

wi(o"*) = [-.(ou-r*(Mi*rl]ltrra, -vrp (u-9)

j
Itl0

wi(o"*) = rirnrjnlmricjo{flfiqn'ott{:aru' kg

mw(new) = u.urilfirat4fllilri, (121.2 ke)

Mt = narruduriruduilo.rnrfiqn'il oi,(zso %db)

Mr = nrrrurnuqo,firs{o{fifintTiuni, tso % db)

runurirerun''rd n-q ovlddr

wi(ou*) = ltzt.z (2.s + t)l / (2.s - 0.s)

= ZIZ.I kg

orn nna'nd nr: ri rua ru lu :orfi r ovl#rfl urirriudulu n r:riru aru ro ufi z
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R]natu?n n
I.{A?)

51 gA slo g 9t l[lJil ln to il ou tlt{il

Copyright by Mahidol University



urra d'irsnur{ nmflu?flfl / 118

Copyright by Mahidol University



rierfi nin urdu ! t rilutdoulr'na an.l. (rnnluln6firulrraurdontrfroturuitrumt) / I19

=:tF

ec
C

N N

=
GI
C'

C
F

No
Io

o-

at
o
Io

o-
I

so
I

o-
:E

|no
Io

o-

@o
Io

o-

rcl
Io

o--

@e
I

6
IL-

@o
Io

a!

rtt
I

al.

gr
ct

Io
o.
I

o(t
I

(L
I

o
Io

.L?

9
Io

o--

rr-cc
c-
r,.

.F

(:I
,6t

e(iJ
ct

a
F
a
c3
t?6F

7(q
'r<
5

.F

aF

c.F
Gl'lll'
G

D6
G

rf5
cl'(?
C

=<€
G!F
tl(€

t

=c
<I
(:t

'ltt
G

.r6
Gr6

.C€
c

7(B
6r=
c6
GI

cF
c
F(a.F

=c
G
GI'ttts

F
,ag.r.s=

C:l'lti-s

)(-'e
Gt

G(-
e

=(€
GrF

c,=
=sG
t5
(nz

G
6
(ar=

er<
6

tca3
oEi
c6

'r5
:aF

N 6 6 @ a\ q, (D o N

Copyright by Mahidol University



a
uttfr f,21{nuflt

n'ranum n/uo

Copyright by Mahidol University



risrfi-oinurdu lilrinord$rfi qa rn.ru. (rnnlulaiiinnntautdstrrrr{ourtiltuln:) / 12I

6
fl

t
6

c
cF7(3.E

.F

fl<l
zl

Eut4

-V
Copyright by Mahidol University



a
ultf, d:'l{0ll1l5 Rlfi?ru2fl R / 122

Copyright by Mahidol University



:ifl fi ninurri-u uilrin urduufi na : n.u. (mnlulnidnn r"aurdonr:rifl uin ingmt) / 123

'r.s
GIalFG

nf,
G

.85
Gl

'G3c

Copyright by Mahidol University



Copyright by Mahidol University



riorfi-o:'n urfi o uurifl srduu fi nn ar.r. (rnnlula?drulr"ttum^onrrfiourtinulfl t) / 125'

Copyright by Mahidol University



a
uttfl d?'lrttullt Rmr{u?R fi / 126

5

c.F
GlaeI
(3

f'7
.f
cG
6
d

l0zzl
3u

eJ l-ssgwl t-;l

=Jq
€l
(:ll.llrl

-9

4
H
FIzl
8lrl

at I

=t I
ifl|
u'lclEI
G['lit l(slt
€lD6l
GItEl
FI<l

s
e

rtg
---

'l rrrrrrrfl 
H

-l
!!{tl
2lol
sl

a
a
GI
a

'ilt.1
GI

o.E|
(sI

.Gi|

EI

'rlr

Copyright by Mahidol University



riorfr-oin ur dg u n rin u'ta'ulfi na enl. 0rnlulatfi ruurtrrlrdontrr{omtftnu n ) t r27

Copyright by Mahidol University



a
uttf, f,?1{nun' nrhflu?fi ni r28

;I JI,",I

l,..-l
ml

TT

'I

Copyright by Mahidol University



riorfininod'o rnrinordulfisra ?r.u. Gnolulnidrnlrcaurdoor:fiorurniflurflr)/ 129

nlnruu?fl il

2r4eto)rt
1,0ilacrt0.t FtR9tlJfl ? lfi a{R 1 :olJill'til
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r{ou'l" oufi qonrgn^ 40 
oc 

narrr5aar 0.s rrls

.l
R't:Tnao{?l daqear (nr)

AU
crfia{ou

I

2

3

t4

t4

100Y 20 B (40M,50C)

100Y 20 B (40M,50C)

l00Y ,20 B (40 M,50 c)

4ts
flmutqau 100Y 20 B (40M,50C)

1

2

3

28

28

28

90Y 30 B (40M,50C)

100Y 20 B (40M,50C)

90Y 30 B (40M,soc)

GIS .l
dtgtgtqag 90Y 30 B (40M,50C)

I

2

3

42

42

42

90Y 30 B (40M,50C)

90 Y 30 B (40 M,50 C)

90 Y 30 B (40 M,50 C)

I4lS .l
fltoutqag 90Y 30 B (40M,50C)

millullrtE : firiouou4RRlrmoaorr : 100 Y 20 B (40 M, 50 C)
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riorfi clinurdu lurinsrdonfi na

n l n{nj s-z dcto s ffnfl u r? r fi a'{n I ro rl $f,€

Arniao
r.r-oullf ouri qotfiflil 40 -c n?rilr;?ail 0.6 nrls

:n.1. 6nnlulafi firrlrcclldonr:frourninnfl r) / 131

d
R'l:TOAO{rn da{raar (hr) clv- crua{ou

I

2

3

13

t3

13

100 Y 20 B (40 M, 50 C)

100 Y 20 B (40 M, 50 C)

100 Y 20 B (40 M, 50 C)

AS
dtotJtflafl 100 Y 20 B (40 M, 50 c)

I

2

3

26

26

26

90Y 30 B (40M,50C)

90Y 30 B (40M,50C)

90Y 30 B (40M,50C)

.rs i
dlogtqas 90Y 30 B (40M,s0c)

I

2

3

39

39

39

90Y 30 B (40M,50C)

90 Y 30 B (40 M,50 C)

90Y 30 B (40M,50C)

A< 4l
fltoutflau 90Y 30 B (40M,50C)

ilil]srilel : firiouou4nnlrrqno{ : 100 y 20 B (40 M,50 c)
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oc 

nauriaaru 0.9 nr/s

ilillsn4E : flriououuRRlrrono{ : 100 y 20 B (40 M, 50 c)
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I
A

R1:YtOAO{il da.rraar (nr) dfla{ou

I

2

3

t2

t2

L2

r00 Y 20 B {40 M, 50 C)

100 Y 20 B (40 M, 50 C)

r00 Y 20 B (40 M,50 C)

ClSd
dloglflag 100 Y 20 B (40 M, 50 C)

I

2

24

24

24

90Y 30 B (40M,50C)

90 Y 30 B (40 M,50 C)

90 Y 30 B (40 M,50 C)

<S 4l
flt9tgtqag 90Y 30 B (40M,s0c)

I

2

3

36

36

36

90Y 30 B (40M,50C)

90Y 30. B (40M,50C)

90Y 30 s (40M,50c)

ASd
fl[outqa0 90Y 30 B (40M,s0c)
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:iI-5\

rdou'lr oud qorugfi s0 
oc 

n?riltE?ail 0.3 rr/s

.l
fllfllono,{11 daltaar (nr)

Av
dfiaitoll

t-00 Y 20 B (40 M, 50 c)

100 Y 20 B (40 M, 50 C)

100 Y 20 B (40 M, 50 C)

AS al
fltoutqag 100 Y 20 B (40 M, 50 C)

t6

t6

t6

80 Y 30 B (30 M,30 C)

80 Y 30 B (lO U,30 C)

80Y 30 B (30M,30C)

.tS A
dtoulflau 80Y 30 B (30M,30 C)

I

2

3

24

24

24

80 Y 30 B (30 M,30 C)

80 Y 30 B (30 M,30 C)

80Y 30 B (30M,30C)

I<sa
dtoutqag 80 Y 30 s igo M,3o c)

ilillCIt?rE r driououunnlsflaao{ : 100 Y 20 B (40 M,50 C)

54S49
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fl rn{d $s firos?Ynnur? Ififf{n rrouu#{

r€ou'lor oufi germgii s0 
oc 

neur5aar 0.6 nr/s

ilills,tilE ' frriouoil{Rnlrmoao{ : 100 Y 20 B (40 M,50 c)

ARl:ilnao{il drsraar (nr) dfia{ou

I

2

3

7

7

7

100Y 20 B (40M,50C)

100 Y 20 B (40 M, 50 C)

t00Y 20 B (40M,50c)

AtS 4
dloglaag 100 Y 20 B (40 M, s0 c)

I

2

3

t4

l4

t4

80Y 30 B (30M,30C)

80Y 30 B (30M,30C)

80Y 30 B (30M,30C)

I.lS
dl9rutflag 80Y 30 B (30M,30C)

I

2

3

2l

2L

2l

80Y 30 B (30M,30C)

80Y 30 B (30M,30C)

80Y 30 B (30M,30C)

c$l 4l
fltoutqau 80Y 30 B (30M,30C)
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r€ounlc, oufi qol?rflii s0 
oc 

n?rilr5?ail 0.9 m/s

I
d

Rt:nnao{Tl drqrar (nr) dfia{olJ

I

2

J

6

6

6

100Y 20 B (40M,50C)

t00Y 20 B (40M,50c)

100 Y 20 B (40 M, 50 c)

as 4-
fltoutflafl 10o Y 20 B (40 M, s0 c)

I

2

3

1.2

t2

t2

80Y 30 B (30M,30C)

80 Y 30 B (30 M,30 C)

80Y 30 B (30M,30C)

.tS
dtot lflas 80Y 30 B (30M,30C)

I

2

3

l8

l8

18

80 Y 30 B (30 M,30 C)

80 Y 30 B (30 M,30 C)

80 Y 30 B (30 M,30 C)

.tf
dtgtt tflafl 80Y 30 B (30M,30C)

rdillutfiE r flriouou4RRlriloaorl : 100 Y 20 B (40 M,50 c)
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r€ou'lor oufi qorugfi 60 
oc 

narrur5aar 0.s m/s

d
Rl:Tnao{tn dasraar (nr) - dna'sou

I

2

3

100 Y 20 B (40 M, 50 C)

100 Y 20 B (40 M,50 C)

100 Y 20 B (40 M, 50 c)

I4lS .l
dlogtqag 100 Y 20 B (40 M, s0 c)

1

2

3

10

10

10

70Y 20 B (30 M,30 C)

70Y 20 8 (30 M, 30 C)

70Y 20 B (30 M, 30 C)

cls
dtot tsag 70Y 20 B (30M,30C)

I

2

3

15

15

l5

70Y 20 B (30 M, 30 C)

70Y 20 B (30 M,30 C)

70Y 20 B (30M,30 C)

cls cl
dlogtflag 70Y 20 B (30 M, 30 C)

ilrJ'lrjrilE ' flriououlRRlrmaao{ : 100 Y 20 B (40 M, 50 C)
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n r :l{rfr. {-s fr l,os ffnn u ra r ufiin r :o r utl.t

Arniao
rTou"h ottfr qililflfr 60 -c n?'rilr5?ail 0.6 m/s

ilil1r,ll4E t driOUoUylRRl:nqaorr : 100 Y 20 B (40 M,50 c)
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Ayrzt< o)
911:1{Yr fl-1 XOilanrn?'1ilmilfl.!1,o{flfRglilu?1do

alail
4l
YI

rduairugudnars

(mm.)

q
nAs

(rm.)

A
d

lflau

(*-j

F (N)
F CI{)

j
tflag

ot

N/mm.1
ilu RA1,{ ilars

t
9tu nal{ ilars

I 20.50 18.s0 1s.00 18.00 252.72 84 60 48 64 0.25

2 21.25 19.7s 14.75 18.58 269.n 78 58 40 s8.67 0.22

3 22.00 19.00 14.50 18.s0 266.96 90 75 40 68.33 0.26

4 21.50 18.50 13.s0 17.83 247.97 86 60 42 62.67 0.25

) 20.25 t7.75 t2.50 r6.83 220.93 70 40 40 s0 0.23

6 20.50 18.00 14.00 17.s0 238.88 102 66 50 72.67 0.30

7 21.25 19.00 14.50 18.2s 259.79 80 40 35 51.67 0.20

8 19.50 16.s0 11.50 15.83 t95.46 80 48 36 54.67 0.28

9 r9.00 16.50 11.50 15.67 191.53 100 80 60 80 0.42

'ARlleagt?tl 238.r7 85.56 58.56 43.4 62.52 0.26
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0j
tqag

(nm)

A
i

tflag
, L'
[mm.,

F G{) F (N)
j

tflnu
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(Nlrt-.1
d'u RAI{ rlats

It
9tu nal{ ilarer

I 10.s 8.s ).) 8.r7 52.42 t20 90 80 96.66 1.84

2 10 8.25 ) 7.75 47.L7 110 80 80 90 1.91

3 10 8.5 5.25 7.92 49.26 120 110 100 110 2.23

4 10 8.5 6 8.t7 52.42 t20 90 100 103.33 1.97

) ll 9.5 6 8.83 6t.23 130 120 110 120 t.96

6 10 8.7s 6 8.25 53.46 120 90 90 100 t.87

7 11.5 9.75 6.25 9.r7 66.M 130 110 100 113.33 t.7l

8 T2 r0.25 6.5 9.5 70.88 t40 t20 110 123.33 1.74

9 ll 9.5 6 8.83 6r.n 130 t20 100 rt6.66 1.91

IA
nltflaul?tl 57.123 124.44 10333 96:66 10E.14 1.89
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I
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3
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t4

t4

80:93

88.67

72.15

116.13

t29.70

142.67

It4
fl]tQag 80;58 129.50 0.62

1

2

3

28

28

88.93

98.48

92.M

101.14

107.34

il8.39

I
tCt

RltOAg 93.15 108.96 0.85

I

2

3

42

42

151.@

t43.52

126.37

72.45

70-80

72.09

I
tcl

flltflag 14031 71.78 1.9s
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n1:Yloao{

v4
R:{YI

siruautanr (hr) u:.rds Gv) frufinrfrsYo (.-t 6t Nlmm2)

I

2

3

t3

l3

t3

99.22

89.93

79.81

t5923

131.54

124:,6I

tat
nllflag 89.6s r38.46 0.65

I

2

3

26

26

26

118.70

97.8r

89.78

131.73

t07.77

99.97

frd
Rrlaag 102.10 113.16 0.90

I

2

3

39

39

39

r39.19

t09.22

109.s6

69.00

s7.00

53.39

t.l
Rltqag t1932 s9.80 2.00
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cirueutrat (hr) 15{6{ CN) fiufit#rfisr (*-' 6t N/mm1

I

2

3

L2

T2

L2

79.81

69.52

s9.96

L'3.N

100.88

94.70

I
tcl

flltqacf 69.76 102.94 0.68

1

2

3

24

24

24

100.00

89.93

79.81

90.83

80.92

7s.96

f-a
fl1IOAs 89.91 82.s7 1.09

I

2

3

36

36

36

t39.44

129.74

119.85

66.48

59.81

56.15

rirro6sJ r29.68 60.81 2.t3
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nrrNd q-d ut{6{ dufi nrfr6'o mun?rilrr{udsnlospYnnil s?rfia-,{R ltorrtt#.t

oufiqorugfi so 
oc Raurfaar 0.3 r/s

nl:Tnao{

gr
v4

RS.llYl

druautaar gr) u:{6s (N)
& i trv , 2
[ltYl?llJl9l0 (mm Ot (N/-rrrt)

t'

2

3

79.89

89.70

69.8s

1r3.15

t31.43

98.29

I
fcl

RltqaE 79.81 tt4.29 0.70

I

2

3

L6

16

16

r09.93

r29.89

89.74

87.82

t02.02

76.29'

I
IA

Rltflag 109.8s 88.71 1.24

I

2

3

24

24

24

139.74

159.74

119.81

64.47

74.89

s6.00

l4
Rlrflas r39.76 65.12 2.ts
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VrUCIn:{n

riruauraar (nr) u:sds G,D
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I{1JYlfi1{'l9lO (mm ot N/mm1

I

2

3

79.59

69.70

89.81

104.54

90.67

I24.80

Ir4
nlt0ag 79,70 106.67 0.75

1

2

3

L4

t4

t4

109.78

89.8s

t29.89

86.24

74.80

t02.96

rd
flllsag 109.84 88.00 t.25

I

2

3

2l

2l

2l

129.8r

109.93

149.81

61.85

53.64

73.84

!al
R1[qAEl r29.85 63.11 2.06
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X A .yv 2
lll{Yl?11{19191 (mm ot N/mmJ

I

2

3

6

6

6

100.00

s9.8s

79.70

tn.76

84.21

tOs.26

t4l
R1lflAg 79.8s t04.41 0.76

I

2

3

t2

t2

t2

109.70

69.48

89.26

83.72

55.41

69.77

Ir<
R1[qAU 89.48 69.63 t29

I

2

3

18

18

l8

t29.52

89.81

t09.96

64.70

43.t4

53.92

I
lal

nltoasl 109.76 s3.92 2.04
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NIJYI?lU]9lfl (mm O't Nmml

1

2

3

100.00

79.74

100.00

t26.92

103.84

t26.92

I
t.i

nltaag 93.25 tlg.23 0.78

I

2

3

10

10

10

rr9.26

100.00

119.93

82.33

67.8r

82.87

ta
nlrqag 113.06 77.67 1.46

1

z

3

15

15

15

rig.sq

100.00

1r9.78

78.80

64.71

79.09

t.l
Rltoau 1t3.22 74.20 1.53
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A i vtv 2
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I

2

3

75J8

92.48

Ltt.26

100.s1

118.66

r43.69

td
nttqau 93.r7 t20.9s 0.77

I

2

a
J

8

80.48

100.00

Ltg.37

63.0'7

7s.38

92.30

I
tel

nllflag 99.9s 76.92 130

1

2

3

t2

L2

t2

80.00

100.00

119.89

57.74

69.01

84.50

I
t4

Rltflau 99.96 70.42 1,42
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dl I j yv , a u 9, ---.--tlu:iletit fl uyt ?tulelo uc sn ? ril lFTildwas 9vnfl u r? 1 Hfl{R uo il llrt.t
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oc 

a?rilr5?ail 0.9 m/s

+l .ffiSfr; l+

R-l:mAAO{

vA
Rt{tYl
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I
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3

3

3
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82.30

89.81

76.r9

160.83

t45.49

17s.18

I
tal

Rltflau 82.77 160.s0 0.52

I

2

3

90.52

93.74

92.52

96.39

87.06

100.37

I
t4

Rlt$ag 92.26 94.61 0.98

I

2

3

101.89

95.41
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94.74

84.22

86.s8

t<
fl'|lflae, 96.14 88.s1 1.09
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nur{d u-5 doqaqonrqfifiqooir.r 1c,o{nr:orlr#.rf,nnurar fiqoruqfi s0 
oc 

nrutS?ail 0.6 m/s

fi!1Ut?l9l : Ti = qoruqn^r{r{ou

quil4fioonorn{ou

^iqorfi 4uo o nolRtn: o.lvl 1: glfl u

ra9J
A Td = n?lUttslRgllilEolfiflll10{SOu

' a i e,---
A Te = n?lilttflRgll'lquilqil1o{lfl:o{vl1:gt?lU

Tf=

Teo =

Rr?noao{

Rtilll

dxraar (nr)
qon4fifinooir{ 1(oc)

Ti Tf Teo ATd ATe

I

2

3

7

1

50

50

50

48

48

48

35

35

35

z

z

2

13

13

13

t0as 50 48 35 2 13

I

2

3

L4

t4

l4

50

50

50

48

4

48

35

35

35

2

2

2

13

13

t3

4
toag 50 48 35 2 t3

I

2

3

2l

2l

2l

50

50

50

4

la

/+8

35

35

35

2

2

2

13

13

13

4l
mag 50 I 35 2 13
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en:lud o-e rioryaqormqfidqooir.r l clo{Rr:orrrfiu*'o"unrl fiqomqi s0 
oc 

n:rut5?6il 0.9 m/s

Rltnnao{

n:{n
drqnar (hr)

qartrqfifiqoofn 1{oc)

Ti Tf Teo ATd ATc

1

2

3

6

6

6

50

50

50

47

47

47

35

35

35

3

3

3

t2

12

tz

d
tsag 50 47 35 3 L2

I

2

3

t2

t2

12

s0

50

50

47

47

47

35

35

35

3

3.

3

12

L2

12

d
toag 50 47 35 3 12

I

z

3

18

18

18

50

50

50

(I

47

47

35

35

35

3

3

3

L2

t2

L2

4
roag 50 47 35 3 t2

?llJlul?'l9l : Ti=

Tf=

Teo =

A"Td =

qaruqfir{r{ou

qaruqfioonorn{ou

oAo
q U?l 8ll0 0 n0lRln: 0.1 Yl 1: &l?l U

n ?1 uuer Rei'rrtqor u 4 fu o I {o l

A Te = n11lll$lRsi'1.:qann4fitottndo.rr4r:gruuCopyright by Mahidol University
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{oqaqonrqfifiqooir.r 1.uo,qRr:outn?set-nnuutt iiqolnqfi 6o 
oc 

nrrudxail 03 m/s

Teo = qorn4fioonolntnio{fius!flt

A Td = n'rruunneir{qaru4fito.r{ou

r^AoA Te = nllilllglRgll{quu4ulo.:ln:0{11'l:gtl4tj

Rl:noooil

ot{tl
dr.rraar (nr)

qermqfiiiqoroiN 1(oc)

Ti Tf Teo ATd ATc

1

2

3

5

)

5

60

60

60

55

))

))

37

37

37

)

5

5

18

18

18

<l
tflag 50 )J 37 ) 18

I

2

3

10

10

10

60

60

60

55

))

))

37

37

37

J

)

)

18

l8

18

4
tsag 60 )) 37 ) 18

1

2

3

l5

t5

15

60

60

60

55

55

55

37

37

37

)

5

5

18

18

18

4
tsag 50 )) 37 5 18
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nr:r{d u-8 {oqaqonrgfifiqooir.r l r,oqRuouu#qfi'nsruuer iiqoruqfi 60 
oc 

narrltiral 0.6 m/s

flllurfi9l : Ti = qanr4fir{r{ou

Tf = qarnqfioonorn{ou

Teo = qolillxfioonorntnfslfit:srns

' A Td = nrrllttnngirsqnna4fito.r{ou

Rl?nnao{

R:{n
daurar Gr)

qouqfifiqoroir.r 1{oc)

Ti Tf Teo ATd ATe

I

2

3

4

4

4

60

60

50

55

)J

))

4

4

,4

)

)

)

11

11

11

A
mag 60 )J 4 ) 11

1

2

3

8

8

8

50

60

60

JJ

))

))

4

M

M

)

)

f,

11

11

11

.l
mag 60 J) M ) 11

I

2

3

12

t2

12

60

60

60

55

55

55

4

M

M

)

5

5

l1

1l

1l

tflos 60 )) 4 5 l1

A Te - nflruttnnsirlqatnqfitotrnfo{rir:crilsCopyright by Mahidol University
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flr:l{d u-9 fioryaqeruqfifiqooirs 1.uo{rRr:ouu#sffnnuurr iiqontgfi 60 
oc 

nrutS?oil 0.9 m/s

a9I
ilillurfiq : Ti = qotilqillfl1qou

Tf = qorfigil^oonolndoil

Teo =

ATd=

io
EUfi 4ilO Onolnlfl : o.lYl1: gl14 u

n 11ilu sr R gil.l qfl fi 4 fi fl o { do u

raAo
A Te = fl?lUllglRgll{qolil4il1o{[n:oilvl'EYtl'lU

Rt:nnao{

R:{n
drtnar (nr)

qonrqfifinneiN ,l(oc)

Ti Tf Teo ATd ATe

I

2

3

3

3

3

50

50

60

57

57

57

43

43

43

3

3

3

l4

t4

1.4

4l
tflag 60 57 43 3 t4

I

2

3

6

6

6

60

50

60

57

57

5'7

43

43

43

3

3

3

t4

14

l4

el
ts60 60 57 43 3 L4

1

2

3

9

9

9

60

60

60

57

57

57

43

43

43

3

3

3

l4

t4

t4

tsag 60 57 43 3 L4
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'}lnflil?n 
tr

ly tclrf ;'
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16,050

2,659

1,300

1,500

900

1,000

1,000

240

8,400

3,000

_L5294

16,050

2,659

1,300

1,500

900

1,000

1,000

24AM

2

15

t?uJ'l

(1) flsnr:rfi6Rgdn::ar

rufinnrios n so * 5o x 1.5t --
tndnqrn L 4ox4o x3.2t ^
tnf;nttuu E 50 x 2' mm

frrnsfi ruof 18 (1.2mx2.4m)

-g14?d9ldutilao{tt

:arttulunil?nfi 1

rld
@ :rsnr:qiln:ai:suuflrun?1ilgou

muqiln:#ldflr

(z.r) qrln:afrfrn

rnioqdnlo flulo 1.6 kw

fronurdn

ruo rqofu$orulufrprdrn iumiotnaut tilu

qnuon

rJornofilo{fronruufrn' Yz w
j

tnto{Yl1tulilt,
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nrn{d ry (sio) {oryaniriaquasriru:slunrm#',urn*osouur{sqotuqncdrlout#$runau$ou

:1Un'15

vl

A
so:1t o't: fi11?

U

{ruru 51ft'l9to

?tu?u

_ (u1Yr)

0'lu?ut{u

(u1Yr)

I

2

3

4

5

6

7

8

I

2

I

2

(z.z) qrJn :sieirilYur{o flir ur

Iry6uosdardr

ardafiundu
t

Rrv0Rt o{u1g'l

flnrnof n:rstoof
t!

?]n?n?ilflilu1u'r

rnoisrrt:rdu

liovrorunr uas{osio

ar:r{rnarrutdu

:?tl

lzsy qrln:oltdfl runsn?ilqil
A

Ean2uqilqorfi0il

{na u qru 1r,l fl rn 90ru qrJ n:ni

:2tl

(z.c) qrJnruidu 1

t[fl{R50{o'tRlf,

nU?U l{u'I40 mm fr?'tilt{UltilU 32 kg;T3

mrurtulunruaofi (z)

qo

qn

qo

qo

qq

qel

oil

qe

qo

nriu

2

2

I

I

I

flrqurr

I

I

2

I

4

1,500

340

444

2t9

1,758

300

tlfil1

5,000

9,000

7,580

500

400

3,000

680

444

2L9

1,758

600

1,500

5.000

t3:2!1

9,000

7,580

16580

s00

1.600

2100

56290
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nl1{d q (sio) rloqarirfaquavniru:$unr:a9tsurdo{oilu#.lqmr4fiof,rlou1#frrunaur#ou

51Un1:

d
vl

A
uo:1un1: 14U',lU 6ruru :'In19lo

I

14U?U

(rrm)

n'Iil?uhtu

(u1vt)

I

1

9-

ffuarsoromsaro

Tn:sar{orq llnvoto lilillri1o

:alriulumot"ii (r)

I i)t
(4) i1snltrilui{fl Y'l{tniotttnvtt:Jrg:Jiaq

:arurflufiun%du

qo 2 2,240

flrrnrrur

4,490

_44E0

r1-000

Ea0fll
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RINHil?R fU
I

r{ r uu sd r n r :lfrn?orsu u#q
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uotcngt?llulau lJil1?nulau!ilna

r{ r uusri r n r:t#rn6os o u $#.r

rn.r. 6nnlulatdrmur"aunraonrfl{suurninu vt ) / tgl

Rrgffir?n ot

rniorouu#ro"aruqru^oirlnerl#fiilnarru9ou 'ldoeo,,uu,duo,:ouu#r doa',*,',ru

:Jiuqanrqfioldd.r eo "c uasd'rillrnrJiunnrurfanrlu:ydusir{ r ld d.rduogjn'unrfiofr'nrd
C^^.^t^^.^^^...^*^ v^^4^.)^--^g^^- ' --., tl ra ea t - 3yro u ulrj'lo u I | il.t 9t { u u R 0 u Tt'lR 1r o lJ I I l4{ n ? : il Oil st fl ril fl u 9l o u d.: ii

1. noa?vrd sr ovdrl#frtgqrarlv,ldrfloradrr (r-r) drgild n

z. drnr:rjiun?1iltf?uo{ilornof Insnryu volume nraoiliunarudd +g }L, 48

Hz tlav $ rtz ovrirlt{ldnarrut$anrunruluflouuri'.ril:yruru 0.3 m/s,0.6 m/s tldy 0.9 m/s

d.rrnse.rrJiuna ru$aruornofarilr:n:Jiuna rruoild -:rzo Hz d'.rgrJd r

l l*z

speedAdj. C

gild n uao.r{'nauqru:sru'h.hflr gild n,,aro,ufotiliunrrrr$enruro.urorfloffinn1

3. nr:rJiurirqornqru^

:.t nnrfu (sEr) osrf,rl#sTarnililo{r sv d.rrfluf;drurJrlogd, rfluracr qudn

3.2 rau + nn'ndfi t nfrn dfiduilrna'rnn'ndu uanrdr rflumrun-ndugoruoy

drnrnliurir nnyd'rdos nr:iliurilnrmf,ndu fi lrflnor:1ru 
(

-tC0{g1j1r fl

LI

a
TCr

sl s3oo
s2 L2oA

hlfirsfias t rncrildn oionr:no:Jru ( r nrl dsgrJti.r

mclildn fi rv,nduuornnr't
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9s.
3 3 rrnriuo srjiurircro.rrar ndnriu fi }i'n orJra uilred{iliurirdu un,

frrnnrlru 
rY 

nrursd.rrJiurira.r d.rqrJd o

e+ rffo rliurirto.tto tttdnsir{ 1 ldn:uq n da ilfo n:{fl rurirddo { n rlrda
1 #n or rJru (sEr) rfiol ri'du qor n r: rJ iu rirq ar n q fi d ei{ 1 { d.r g ilyi n

+. nqa?vtd sz rflrlfidryrxrnr lvlflrfl raadr.r (l-z) rvruorirurdurnfo{o'olo uns
Ae o

$io d'o { n r : fi g or n r : d rt r u ll o s rn $o r o u u ri'.r 1 fi n o a?vr d s g

rJ
?:.Jyt n grJid,r gilid o

ri
euvr n

(gE!) <tl ?
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A
TO

iu r6ou flrfio
io

dcnuYrlno

rJ:sthnr:finur
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a qA llA(v
il5s?erfl?ot

ulgutrf, adr.rfiuvrf

I fiquruu zstz

frrrniorqn:dqd iltsrils'Iil s

ag
1t1{2ou

ei r u?,tlis ua rda rufh{Nt ufl tqrYu lr.fr. 253s - floqriu

?T srn'orilnfi na:rr;6 n:ruorfradns r

nrvilr?{dnurfinrr

sirttmrir : orot:d t :vet'u s

eaniurmoluladrJqruiu, fl .f, . 2s33-2s3 5

n q ar a or fq n f, tfi R t t tJ d1 a sr I ritu n^fl (1 v'l fl r ri rd{)

ililr?Tsrdurufroa,'N.?1. 2539-2543

iflurgrasr:runrriarfisr
s q al I e. .,-,9a

(vr n Tu I aEfr lil il'l v dil lll-o R 1 t$[ol 1l'lvl 5 il s 1 n t )

' v - -'-tTt'tu^T{ufur.rriauqrJdurJdquR'l:Yl1?1

rl:v,fl rfl nr:dnsr zs+l olnno{TlJtfferi.rrairu

nr:orlfndnds{ru drfntru not v rl::tl rl'lt

ulsrrsudtlruttrilrr6

5464e
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