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Abstract 

Nowaday the mostly air condition are use the air for reducing the temperature at the 

condenser unit. Moreover, many dusts are adhering in area of fin coil. From this reason, the heart 

reduction efficiency is decreased and increasing the energy consumption. Thus, the aim of this 

research is to design the finned-tube condenser unit cleaner machine for increasing the heart 

reduction efficiency. From the results of experiment, it found that the finned-tube condenser 

cleaner machine is desirable when comparing with the performance before used. By the original 

performance, the refrigeration effect, coefficient of performance (C.O.P) and energy efficiency 

ratio (EER) is 34,179 Btu/hr, 2.62 and 8.9 Btu/hr.Watt. On the other hand, the refrigeration effect, 

(C.O.P) and (EER) is 39,766 Btu/hr, 3.12 and 10.7 BtuIhr.Watt respectively when the condenser 

unit cleaner machine is used. Based on this condition, the value of the refrigeration effect and 

(EER) are increase to 16.35% and 19.19% respectively. Thus, the heart reduction in condensing 

unit can be aided the performance and prolong the life time of air condition by depending on the 

cleaning of condensing unit. 
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 1'0'''' ~ P ~ b ~~ I ....
 

O£ .r.Gilolrt~mGYt'Hl1~LG::,l;!rtltYlU.t'l~.r.LUt'~11,
 
po" I'tI 

ULULGI1£ftt'G:Ylt'Gn.~rtlJ.r..trt.L!!ll8::.r.flrt~t'~.L!116'17 ., 
6Z .r.GJlolrt~mGYt'HT1~l@~.L!rtltYLU.t'l~.r.LUt'~11, 

po" ",. 

ULUW 11£ flt'G ~ Y1t'@n.rtglrtlWL!,A.tLUrtl, lJ .r.Lrtl,l;!rtlWt'~.L!ll g't 

6Z ;Gilolrt~mGYt'HT1~LG::.L!rtlU!l!,AH}t.r.LUt'1211,UlULGI1£flt'@~Ylt'@n.
 

(Zl-l1) .trmm@rtM,WrtHT1rtl1rtf1trtLtYlU..r.u&(jtt'~.L!11 L"t
 I' pP 0 I'D ~ 

LZ .r.GJlolrt~ltI.GYt'H11~lG::.L!rtltYlllt'l~.r.lUrt@U 
I' 0" I 

rtgtrtltYL!,A .r.LUrtl, lJ .r.lrtl.L!rtltyl1~;GJlom.tM.1rtG YI1,(,l.~ l,WffJ-tLt'12 l Vt'~.L! 11 9'17 

9Z .r.GJlolrt~lrt@Yt'H11~LG::,l;!rtltYlllt'l~.r.lUrtGU 
p C1" • 

ULUl@l1.r.fl t'G.r.Ylt'Gn.rtmrtLW11,l .r.LUM.W!lll.L!~.tflt'~.L!n ~'v
11)1'" f' p " b ~~ I'" 

~f1t 
ltUi,
'" 

(@~) rt£fu,ltf.U~ 

tl 
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..,j 
1.J'Yl'Yl 1 

1.1 fllu.nihnn'UtNlfl'HHu 

'jJ I Q	 .d .d I ~ tl 
'il1n ilty 111't1 tI·:nY .fll1:: 1""n~ tI'U 'W 'U 11fJ W11 tJ1J 'U~ ~ tlln lffl~ tll~"" tl1Jfllt'W 1J '1[.:1 'tI'U 

~.:Iif'U f11~ ~~i.:llf1~tI.:ItJi''Utllf11f11i4t1ffl11i''Uf11~ i oN.:Il'U l'U fftn'U ~~1.:I'l ~.:Iii1L'U1 1U1J'1[.:I~'U 

'tI w:: 1~ tI10'U ~N i\~ ff1 'U i 11 qj i ~.yh f11~ tI tin u'U 1.J Ll",,::i~ 'U1Lfl~ tI.:ItJ i''U til f11 f1i Mii tJ ~:: ff'VI i .fll'W 

'I Y d.J.l I I 11) d 4. I .... .... ='t • I "11) •• I-~ fi i Y
f11~ 1'l1f1111JW'U'VIff.:l'tl'\.J (EER) U~tltl1.:I l~n~11Jlmtl.:llJ~'UtI1f11f1t1.:11lJ'UtllJmW ITfnlll 'b' 

~ . 
ihn.:l.:ll'U i vl~l '1[.:ItldlrltllmtI'U l'fitl'U O'UfJtJmw1vl~l~'U'l ~.:ItJn~1L~1f11~~ ~ 'U lt1f1111J!tI'U 'tItI.:I 

lf1~ tI.:ItJ i''UtI1f11f1ff1'U'l'I1qj,j'n ~~ 1oNUN.:IfltI'Ul~'U1G)1t1{'l 'U f11~ ~ ~ 'l.J1t1f1111J!tI'U ~ 1nf11~ fff1'l:ll'Yi1.J 11 .	 . 
4 • "l ... 14 ... I 4!1 Q,I' '4.d 'jJ

l1J til1"" lNl'U IlJ ff.:lffnlJ~ n11~ tI~'U ""~tltI.:I~.:In"" 11~~lnl::U 'U 'U 'U~ l1W fI ~'U ~ ~ 'Ult1f1 111J ~ tI'U 

oY 'I Y	 .. Y ... .t ... m1'I1f1 111Jffl1J1Hl I'U f11~~~'Ul{lfl111J~ tI'U 'tItI.:IUN.:IfltI'U1~'\.J1G)1t1~""~ 'U tI{lM ln~ f11~ ff'UltJ ""t1.:1 

'Yin.:l.:ll'U i vl~11';41J1Jln~'\.J ~.:Iif'Uli4t11~\J f11~",,~f1111Ji'\.J LtJ~tI.:If11~ i oN'Yin.:l.:ll'U i vl~1~.:Imh1 

~.:I i ~tltlnu'U'Ulfl~ tI.:I't11f1111Jff::tI1P1UN.:IfltI'U1~'U1G)1t1{1i4t1,h{l i 'UnnU11.:11f1'l:nUN.:I f1t1'U L~ '\.J LG)ltI{ 

1M'ffl1Jn o't11.:1 l'U i~~l1JtJn~ 't111M1f1~tI.:ItJi''Utllf11flffl1Jn0't1Hl'\.J i~tldl.:11~1JtJ~~ff'VIim'Yi 

1.2 l~Qt1"d::a'~~'Ut).:Jlfl·HHU 

1.2.1	 fff1'l:n'l1nnf11~'t11f1111Jff::tI1P1UN.:JfltI'Ul~'U1G)1t1{ 'tItI.:I1f1~ tI·nJ i''UtI1f11fl
 

4 'jJ;'0 tI
 
1.2.2 l'Yitl tI tInu'U 'U U",,::ff~ Hlf1~ tI.:I'VIlfldl1J ff:: tI1~UN.:IfI tI'\.J 1P1 '\.J1G)ltI ~ 

• I':!	 d ... .. Y
1.2.3 llJ~ {l'Ul'V1{l'UU",,::11f1~1::'I1N",,'lJtl2J"" ~lnf11~'VIPifftl'U 

1.3 'Ut)1.J''U~'UtHlf1"d.:JHU 
'I Y....	 .. 4 .I.....J Y Y

1.3.1 ffl1Jl~ 0 I'b'n'UUN.:JfltI'U1P1'U1G)1t1~'lJtI.:Jlm tI.:IlJ~'UtI1f11fl'VI~ ::'l.J1{lfl111J~ tI'U~ 1{ltl1f11fl 
.. 

"hir'U 

1.3.2	 ffl1Jl~0't11.:Jl'U 'R'i.:lU1.J'U~.:I6911'U,j'~u",,::u'U'U6~ 1\J,j'~
 
4 Y,Y
1.3.3	 ffl1Jl"lOLfI""tI'U{l1{l Plff::Pl1n 
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.
 
1.4	 'lh~lfJ'U,1nftU'r;h;):::,~n/1J 

~", .: 1 .,j "'11'"0

1.4.1 llJ'U'\Jfl1J"'VfUj1'U 'U fll~ flflflUiJiJlfl ~fl'l'Yl1f111lJbl':m~UH'IfW'Ul~Ul"lfmL~ 

1.4.2 eMl11 1l¥,,~ fll':i iu lU ~ fJ'I'VHr'l'llU i yJ vhn1fl 'I '11 fllfl tfl'lUi''U fIlfll ffbl'llJ 1~ fin I'll 'U1~ 
, d .. 1	 Q Q 

mJHtlPllJu':i~bl''YI1im'Vf 

1.5 ,rl!\il8l!1l!fl11~11iil!'I1'" 
-=1	 ", dd ",

1.5.1 "fl1:l1tm~ ':iliJ ':illJ'\.I fllJ"'YIlfllJ1'\.1fl'l.. 
" , 

1.5.2 flUflLtiJiJU":::~~~'Itfl1fl'lui'iJmfllff 
JJ ~	 0 tJ' 

1.5.3 UflflUiJiJU"~ bl'':i 1'It~ ':i fl'l'YI1~11lJ bl':m~UH'I fIU'U l~ 'Ul"lffl':i 

o A 0	 0' 
1.5.4 'YI~fffliJ fll':i 'YI1'11U'\.I fl'ltm fl'l'Yl1f111lJ bl'~ mlPlUH'Ifl flU!~'lJt"lffJ':i 

At:! od Q "'JJ 
1.5.5 t1J111iJt'YIlliJtm~1!f1':i 1::l1H"'\JfllJ" 1I1flfl1':i'YI~bl'U'U.. 
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ci 
'U'Yl'Yl 2 

Q"I Q,I 0 CI 

2.1 l{J;lfl1fl11'Yl1l'llUUf.l'J..!	 (The Refrigeration Cycle) 

l'{) ~fl 'J flU 't11f1111H~'UU11 'Ufll'J ~~ 'fl'YlH~~11f19il~'U l'{) ~m flU 't11f11111 l~'U ~ '$Ii''U 

~ Q,I Q,I d' Y Q,I ... , 91	 tI0'1 
fll'J 'WWl 'U 111 1~ 1fl1{) ~fl';jf'I1'J 'UflU'U'Utlfl'UflCl'U'Yl1.:1 lJ'J :::flfl'U~1t1 fI fl11l'W HYlC)j'fl'J (compressor) 

.. ...... ".1"
f1fl'Ul~'UlC)j'fl'J (condenser) 11Cl1Cl~f11111~'\.i (expansIOn valve) UCl:::fl11lJfll'Jlflfl'J (evaporator) 

T 1 

I	 2 

L __ 
---------t.~ S 
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"hl1 i''U n1'j 't;"now '\Iij~1!) \l'm n1nhtl111J1g'UU'U'Utlnfl~LijVlH~~1Jtl~ l~1J'lltlffn 'th 

tl 111J1g'U ~ ffm1~ 1 (L ij~1J;1) \ltlfl~;1 ~h'U tlij1Jl.... 'j fflClfij1~111m~'U 1'UtlnLmClf'U VI'j ijiltl 

~ 4 ~ "I 'JJ ~ .d ~ 0 d d ~ I 'JJ I 

'l'Um:::VI~1Jffm""lU'U lmij'U1I1~1I~Vlffm1~ 2 'lltl'U'Uffl'j'Yl1tl111IW'UVlffm1::: 2 'l::: r1H'lHl'Ul'\ll'Q; 

Q,ItI, 'JJ =It ~ d '" 
tl ij'Ul~'UlClfij'j tl1'UU'U'U (tl1l1tl111J'jij'U ijijtl) 1U'U '\Iij~m ft1ij1J911V1 ffm1::: 3 ~111m ~'U1'U tln 

QJ .d ~ 0 d .d tI QI' tI Q,I 

tl 1 l1J ~ 'U tl ~ VI 'l1 tl'U 'U ff1'j Vll tl111J W'U Vlijij tl'lltltl ij'U 1~'U lClfij'j '\I 1I1 1I91 1Hl'U 11ft 1ft ~ tl 111J ~ 'U 

.,,,,, :11 '" ~ "" ~ ~I "" U\ I ~ 11.1 ft lI'UlU'U '\Iij~ Hff1Jtl111J~'U 9l1V1ffm1~ 4 ~111m :::'U1'Un1'j1ij'U 'YI1ftl.l tl~ VI Uft~ l'l1 ft Hl'U1 '\11 

d .... 1 tI Q,I QJ 'JJ 'JJ ::'I "I .d. 'JJ .dQ,I Q,I

V111.1 tm 191 vn::: m 1I911 ('j'Utl111J'j V'U l'\11) tlft1mU'U lVV1J911~ 111m:::'U1'U n1'j tl 111J~ 'U tl ~ VI 

nv'U 'l::: L'11 ft1,j'l~tlV1Jl""'j fflClfV1,;v Ltl ffl'11i''Utln~1'U1W1!)\l'm n1nhtl111Jlg'UU'U'Un1'jfl~LV 

ff1'U1Jltl:Utl'l~Ull1Jl,*uH'Um .... P - h '\Iv~ffwthtl111J1g'Ul'Un1'j~1'U1W Ldv~'lltlijtl111Jff:::~1tl 
91 ~ I I 

Uft:::l'\l11'l~111tl11 

p 

r 
\ 

\ 
/ 

(' 
/

3 2 

h 

'ill tl tlU ,j'V~11rl ~'\IV~l Vlv111J '~'UliJmYffl11i''Un1nh~l'U'\IV~fJtlm W,; 1~ ~ '\IV~1U \l'm 

n1 nhtl111JLg'UU'U'Un1Hr~ LV'YI1~fJ~1JfI~ ffl11i''Um:::'U1'U tll'j ffm1:::tl~;1-tll'jL11 fttl~;1 
.Q ... 14 ... 1 Q,I tI Q,I QI tllC! 1 'JJ .4 

(m::: 'U1'U tln SSSF) .... 'l11 Wln1'j11.1ftll'UUl.In~ .... ft~~l'U 'lft'Uun::: .... n ~~1'U fftlll1Jtll'U Vti1Jl m1JV 

lilll'U ti'Utl~1J1W tl111J~V'UUft:::~l'U1'U1!)~m l~lIVi 'l nw lLn'U .... nHl'U ,;vwu1111J 1ft (kJlkg) .. 
'" '" U\ ~ 
~~'U'U'l::: l~ 

q-w = Mz 2.1 
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w c = h 2 - hI 2.2 

?t 91 191 ... d '" 
n1zUlufll1 2-3 tlJUm:U1ufll'HlltJfldllJ'nnUlltJ ~f111lJ~'Um'Yl (fHI'Ut~'UtC)fO'I) 

q H = h 2 - h 3 2.3 

n1:'lJ'lUfll1 3-4 t~Um:U1'Wfll'I'lJfJltl~1H1J1HO'U'Yll"i1f1'1~ (11~1"~f111lJ~U) 

h) = h 4 2.4 

n1z'Ulufll1 4-1 t~Um:;U1'Ufll'Ii'1Jf111lJ~OUfI1tJ1~f111lJ~'Uf1'1~ (fl11t1omll 01) 

ffl'l1 i'1J ElJ t1 'I:; ff'Yl i"C'J'lJ 'I 'I flUZ 'IJ 0'1 '1{J i m on 't11f111lJl~'UU1J lJ fl1 'I V~ , 0 'Yl1 ~ f.J ~ lJ f1 ~ 

'C\'llJl'It:l'l11 ,~~ lf1'C\'lJfll'I 

'Uoo~lf1ifl'U'Yll'1t1fi~~fl1'Il,* liquid to suction heat exchanger t~OH"mt1~tJU 
y • I ,d,4 Q 

f111lJ 'I O'U 'I:; 'I111'1'Yl O'IJO'll'l1"1 (high pressure) 'YllJfJW 'I1iJlJ~ 'I f1lJ'Yl O~ ~ (low pressure) 
. . " 

iiihJw'11 iJiJ~l 'il:;ij~,,'t1-ll-H'~"'lJ0'lfll'I't11f111lJt~'U (Refrigeration Effect) 'lJo'll{}im ~'1~U 

UUtfliJ 

(~).. 

2.6 
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2.7 

iYnt i'tl n'lJ lh ~ iY'Yli-rr'lJ'I 'I t"I 'U~ '\J fl~i{} ~m 01'j 'l'11f111'lJl~'Ulltltl on li~ i fl 'Yl1~1.J!l u~ 

""1'1Jl'Imn i~\110""'lJfll'I 

4• 0 d ClJ.-1 • _I 111 <I.Q.Q	 Q.Q

2.2 'U'\.!1~'Utl.:Jlfl'H).:J't11flll'lllfJ'\.!iJ'lI'U1::tT't11itT'lI11Q'\.!:: Ut1::'U1~iJ't11i.fllftOl".i 't'Iflll'lllfJ'\.! 
• d 

2.2.1	 'II'U1~'IIfl~tflifl~n1f111'lJW'U (Capacity of Refrigeration) 

Q,I d .cS' .a	 I Q,I d 
1 1l'Ufll1'lJW'U'lJfI1 12,000 BtuIhr 'H'Ifl 3.5167 kW 'H'lJ1tJfll1'lJl1 1 lPl'Ufll1'lJltJ'U 

1rJ'U f111'lJlg'U ~ i ~\110 fll'I In tlfll1'lJ!fl'U i l.Jl '*1'U m 'j 'H "fl lJ ,,::mtlJ'l11~·m,r0 

o °c	 'H11~flltJ''U 24 i1111~ 
.. 

2.2.2	 n'lJl.J'I::iY'Vln""m'It"I'U~<Coefficieient·of Perfonnance) 

nmJ'I:: iY'Vl i""m 'I t"I'U ~ lrJ'Ufi 1~ 1'*u""~ ~1.J 'I ~ iY'Yl nfllWlJfl ~f11'I 'ti1fl11'lJ19'U 

COP.	 = Qin
R	 2.8 

W;n 

2.2.3	 ,.h~iY'Vlnm~f11'Il'l1'm1'lJlii'U(Energy Efficiency ratio) 

trJ'U fi 1Uff~ ~ ti11 'I 1tY1'Ul.J 'j ~ iY'Yl n m~ on 1i'~ ~~ ~ 1'U 'IIfl ~ lfl~ 6 ~ 'ti 1fl11 'lJ1VW1" ~ 
Q,I.dt	 QJ ~.cS.cS ~.a lit ~'iJ .a 0 d 

1m fl~l.J'I tltJ1t11ff l~ 6 11.J 'I tl1H'YltJ1Jfl1111""'Ut1.J'Cl6~ I'U t11'j I'Jf'l"HH~l'U 'lJfl~lm 6 ~'Vllf11111W'U11'Cl:: 

1fl ~ 6 ~ 1.J i'tl m tl1 ff 11 n,j'U l'U 1.J 'I:: t'Vlffi 'Yl tl 1 ~ tlff'U U'Yl ~ ""t) tl H~ ll.nw ent) 11 "" 1'H 0 'I 'I 'lJ (ff'Vl.)•	 v • 

ow ~Q.ltI	 4.aQ,l 

ffl'U 01J191'I!1'U H'Clll fiW enQll ff1'H m'I 11 (ff11 fl.) m ::'Vl'I 1~~11""1'H m 'I 11 1J f11'I 'Vl~ fft) tl t~t)'Itl'I t).:I 

'lJ1m!1'U'IIt).:Ilfl~V~nlf1111Jlii'Ull'Cl::lfl~v~1.Ji'lWlf11ff \110fil EER ijmhmrJ'U iH1Qlil11J.:I. 

ill~ <1'U'Hlhml.:lmrw) 'Hiv ill"/ill~ <1'U'H'u1tJ SI) 1~tJmh'I::~tlt11'I1~~~.:I~1'Uv6mrJ'U 
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OJ 

'.i:~'lJ 

•(l'lJ8'.i) 

QJtllQ~ 
'.i:::~'lJ '.i:::anJifl1ft 

, 
fl1 EER 

, 
...... OJ 1 .., •

('lJ'YIg/'Vl 'jH.l\l1\l1) 

'~t Q.I tJ QJfl1n Dl\l1\l1/\l1U 

1 
; 

111 ~ 6.6 ~ 1.82 

2 'Ywi,* ~ 7.6 ~ 1.58 

3 tJ1'UfH'l1.:1 ~ 8.6 ~ 1.40 

4 
.. 
~ ~ 9.6 ~ 1.25 

5 
.. 
~1Jlfl ~ 10.6 ~ 1.13 

2.3 fl8Ul~U&Clf8'.i• (Condenser) 

". v.d v • d i ?t
fl fI U 1~ 'W1CJf fl 'J 'YI1 'H tJ1't1'J :::111tim11J'J m.HlfJfl \11fl ff1 'J 'Yl1 fl111JwtJ \11 flff.fll 'VI fJllJ tJ '\.I fI.:Im ft 1 

o	 ~ ", • iV ..... " ..c:::.d
fll':i 'illUUflflfl'Wl~U1CJfflHn1J11ifll'J'J:::111t1fl111J'JflUff11Jl'JOU'lJ.:Iflflfl ~ 3 U1111 ~.:IU 

1.	 fll':i':i:lJ1t1fl111JrflU~1t1mfllff (Air Cooled Condenser)
 

v v •"
 2. fll':i':i~111t1fl111J':ifltJ~1t1tJ1(Water Cooled Condenser) 

" 
2. fl1':i':i~111t1fl111JrflU~htl\h&m~mfllfl'(Evaporative Condenser) 

•2.4 m'.i:::'U8~fl8U&~Ul"lf8'.i (Condenser Load) 

~ 5'1' SI ~ .d 0 d i S'Q,I t I 

.fll':i~'UfI.:Ifl flUl~U lCJff!':i llJtJfllfl111J'J flU 'J 11J't1.:1'H1J~'t1ff1'J 't1lfl111lWU ~ ':i11~.:IUll fIfI fl \11fl 
'JI "	 t 

~U ft~fl111J~U 'iltJ m ~'t1~fl~'li1.:1iiflflfl\11flflfl1Jl'Yt ':ifflCJffl1 i ~un .fll'J ~':i 11lnln~ 'ill fl.fll 'J ::: 'il1flfll'J 

o 4	 0 ~ ~ oQ .I i' . 
't1N1tJ'UfI~ 1m fln:::m tI tl1':i~ \11flfll':i't1l.:l1U'\.I8.:1flfl1Jlft ':ifflCJ1f!':i Uft~.fll':i ~'t1lfl~'\.IU U 't1f1 ff1':i 't11 

fl111Jl~tJPi'lU~~ (Suction Line) 

ri1'H i'1Jflfl1Jl'Yt':i fflCJ1fl1u11111}'1Jli1~
 
~ Js 0 d.c:l.c:l ~,.
 

m':i~'Ufl.:lflflUl~U1CJf8':i = 'UU1~'U8.:11m8.:1't1lfl111lWU [1J't1~/'M1 i2H] 

+ (BHP x 2545) [iintll~111l.:l]	 2.9...
 

ri1'H i'1Jflfl1l1'Yt':i fflCJ181umJl}'1Ji1~
 

fl1':i~'Ufl.:lflflUl~U1CJ181 = '\.ItJ1~'lJ8.:11fl~fI~'t11fl111l1~U [iiYi~/.j111l~]
 

+ (kW x 3413)[iin~/.j111l.:l]	 2.1 0 
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2.5 A111JilTl1Jl'lfJ1ufl1'l,hnu'Utl.:.tAtl\UYI\UClftli (Condenser Capacity) 
0 e(oICi.l t Go" , ,. -CIo 

fI 11l/~11J1'.ifli 'U mnnn'U '\Itl.:JfH)'Ut~'UtClftl'.i~.:J'\I'U tl~m..JfIlfl111n t~fl~l.:J '.i:: 'H1H ~tU 'H fJ l/'\I tl.:J 

~1'.i 'ti lf111l/t~'UUtl:: ~tU 'H fJiJ'\I t1.:J~1'.i';1fltl1.:J ~i.n 'U m'.i '.i::'U1 t1f111l/itl'U ~llJ1'.iflm 1 ~~.:Jrl' 

Q =UA6.T 2.11 

.. . 
... ..., '11 2 

A = .... 'U'YI 'Um'.i'.i~'U1t1f111l/'.itl'U (ft) 

6.T = ~tl';l.:J'\Itl.:J~tUl1fJiJ (F) 

2.6 m1J1W'Utl~t1'1'l11-cltltij'Um,nUAtlUtYlUtClftli 
'j) .d " 91 0 &i .rQ ... IQ • d .r:i" J'i 'U fl 1'.i '.i ::111 t1f1 11l/ '.i fl'U 'YIf1 tl'Ut~'Ut C)ftl'.i 91 U.:J fIl'U .:Jfl.:J u '.i l/ltU '\I U-:l 'i:l1'.i 11 tl flW'U 'YI91 fl.:J 'i:l.:J ~1'U 

.. ,,; i'JI 'JI o'll\ 'JI ..; '11 1 '11 
f1fl'Ut~'UtC)ffl'.i t....U 11 'i:l1l/1'.im::1.J1t1f111l/'.ifl'UflUfl'il1flflfl'U l~'UIC)ffl'.i 1~911l/'YI11'1 fl.:J m'.i ~t1~::11'1fl.:J 

"I vi : '11., 1lJ ' d I ~"" 
ttl flfl'\l'U 1f1'\1 fl.:Ji]l/'U l''U fll'.i 'i:l'.i l.:Jflll'1'.i 1fll'.i I 'Htl'\lfl.:J 'i:l1'.i 'H tlflW'U ~1'U fI fl'U 1"'U1C)ffl'.i t"1I'11l/1I'1 fl.:J fll'.i 

9J QI ~ 
'i:l1l/1'.ifll111~~.:J'U 

m =.ilL 2.12 
c.6.T 

rdfl.:J 'il1fl i 'U 'YI H tI {jU'9i ~11tlU1l1 llJ fI fl'U 1fI 'U 1C)ffl{~ '.i:: lJ 1 tI f111l/!fl'U 1fI t1' '*fl1 fl1ff~:: 

n1l1 'U ~tI~l/ 1tU fl1mff~ ~1'U fI U'U 1~'U tC)ffl {I'll 'U tl fllJ 1ffn'Yl 11'1 ~ U'U 1Vi (CFM) utl::f1 fl'Ul~'U lC)ffl{~ .. . .. .. . 
'.i ::1.J1t1f111l/!fl'U 1~ tJ ''*'ll1'il::n1'H'U ~tI~l/ltU 'lllVi ~1'U f1fl'Ut~'UtClffl{d~'UL1fltltltl'U9i fl'U 1Yi (GPM) 

CFM:::l Qc 2.13 
1.086.T 

GPM:::l Qc 2.14 
5006.T 
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2.7 fl1:::'Ul'Ufl11'111''U01fl1ff 

m :aJ l'U fll~ ,H''U Vlfllff 1~ 'U fllHl1'UtJ1HHlll::: '\/U,HI1 fllffl oHm 1J 1::: ff1J n'U ff ill .... 

" 9i 1-:1 '1 ;I11J~ U.:l fl1~ 1~tJffl1J lHlll'lJ.:llh:::lil'YI,\/U.:lm:::'Ul'U fl1nJi''Umfllff'~~.:l ij 

1. m:::'Ul'Ufll~ 1-2 l~'Um:::'Ul'Ufll~'oHfI111JrU'U 

2. m:::'Ul'Ufll~ 1-2' l~'Um:::'Ul'Ufllnhfll11Jl~'U 
. " 

3. m:::'Ul'Ufl1~ 1-3 l~'Um:::'Ul'Ufll~loW1Jfll11J'M'\.J 

" 4. m:::'Ul'\.Jfll~ 1-3' l~'\.Jm:::'Ul'\.Jfll~"~f1l11J41'\.J 
. " ?t 'SI SI SI SI ... ...

5. m:::'Ul'\.Jfll~ 1-4 l1J'\.Jm:::'Ul'\.Jfll~ l1f1l11J~U'\.J""~U1J~ltJfll~l""1Jfll11J'lf'\.J 

,?t 0 d SI SI ... " 6. m:::'Ul'\.Jfll~ 1-4 l1J'\.Jm:::'Ul'\.J'YIlf1111JW'\.J~~U1J~ltJfll~"~f1111J'lf'\.J 

-. -• 

fl1~ oW '"J 1~ Wlfl~::: 'Ul'\.J 9i 1~'l 'U U.:l fllnJ i''UU lfl1ff~:::Yi ~1~ w11~ 'U U'U'U m::: 'U 1'\.J fll ~ ff illl::: 

" f1.:1~l-fll~ 'l1"fl.:l~l ~.:IU'\.J'"JlflfltlU'4i'mr1Jl"ffl~U":::fltlU'4i'm:r""";~~l'\.J ~:::,~ 

rm a j = rm a,e 

rm a,i (fJj = rm a e (fJe 

2.15 

2.16 

2.17 

2.18 
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.. 
• d So' So' 4

2.8 fl1::'lJ1Ufl11'fllfllUUl.lUVn8lJYll1.1011"t'1Y1fl11lJ"U 

Yi\l"HU1\llfl1'!.J~ 2.6 UCl::~U~ 2.7 m::'IJd'Ufll':i~~flrlrJ \l::,yhlM'mfllffijfJw'H!Jil 

m::L'!.Jl::UM'~Cl'lCl~ r,db 2 < Tdb I) UCl::flm"i;'h'UmllJ~'UCl'lCl~~dV (OJ2 < OJ I ) l!'Ufifl\l::ij 

. " " 
fll':i L'!.J~ V'UU '!.JCl~l1~'!.Ji lJltufldllJ~fl'U fflJ Ht'l''!.JilJltufldllJ~fl'UU~~ (flW'H nil UCl::fldllJ;r'UCl'lCl~). .. 
\l 1fl fl tl ~ fl ~ 'H it ~ 'IJ fl ~ L'Yl fl nlJ 1 'I 'U 1 iJ tl 15 ~ 1'H i''IJ fl ':i :: 'IJ d 'U tll '1 t'l' nl d :: fl ~ ~d -fll ':i 1'H Cl fl.:j ~d 

" (m::'IJd'Ufll':i SSSF) ~~u'U\l::1~ 

Qs = maCpr,\ -T1) = ma<fza -h2) 

Q, = ma(OJ1 -OJ2~g@O'C = ma(h\ -ha) 

refrigerant 

I
 
I
 

m I m 
(J0 I jj


hI ~ h 2
I -t---c=
I CO2 
I 
I 
I 

COl U

I 
~

I~wCD (2)hw 

2.19 

มห
าวิ
ทย
าล
ัยเท
คโน
โลยี
ราช
มง
คล
พร
ะน
คร



..; 
'lJ'tl'tl 3 

fll'Hltlfl11'lJ'lJ1U1:: tlTUlOA 

. ... 
3,1 fll11HUN'Ufll'H1l1'U\U1'U 

1~ fl 1,ron~hll1u ,nUlilu'119111J 191 il•11 ':i:: if~fi'~~fl~m':i OflUon ~9l iffH ~11 ilu~fl~ fYmn 

'JJ I d .J 'JJ ,~ 'JJ 0 0'1 Clod ... I Q ~ ~ ... I 
'U fl2J "91 He'] 'YI10fJ1'Ufl~ l"l1U 'UU 9lflUm':i"1~'YI1fl111Jif::m9lUFHfI flUl~U1C)ffl ':i 9l fJ11i 11 091 'YI 1 L11 

31	 d " .4 0 d''' . 
QIQI	 .:t 

'U fl1J" 10fJ10'Um':i flfl OU'U'UU"::if':i Hlf1 ':i fl~'YI1fl111Jif:: m~ 'Ufl~UFHfI flU 1~U1C)ffl':i 'U fl 2J"lOfJ10'U.. 
~ 11 m W~h~e'] ~1 ~ff1'H i''U1f1 ~ flnhfl111Jif::mflU~HfI fl'U1f1U1C)ffl { 'Ii'fl 2J "1~fJ1ti'U ':i ::'U'U hHh 

t ,	 " 'II 

f11'U f11Jlil ~ffll'1 i''Ulf1iflnhfl111Jff:: m~UN~f1flUlf1U1C)ffl{lilu ~u \l1m!u rilon9ifl~~u,,::• 
o 4 "J do'" 0 .:::ttl) 71.Q tI 0 1 ' 

'YIf1 fffl'U m':i'YI1~lU9111J1~ flU L'U'YIm'HUf1U"1U1N"m':i'YI9lfffl'U'YI Lfl1Jl1!m 1:: 'H m ':i 'YIl~ 1U f1fJU'U~ 

.. . 
~ Q.I	 4. _IV 

3.2 fll1tltlflU'lJ'lJUa::9'I~\Jl~1f11tl~'U1'lJtl1fllfi 

3.2.1	 m':i'H1'UU1~'Ufl~1f1~fl~11i''Ummfl''H~~ \l10~'~ffOl:l1,j'o)J"~He'] ~ 1~fJ1,j' fl~U't\'1.. 
~	 ~. 

'\iU91 flU~ fl' 111ilumnll'Uu 1fl'Ufl~1f1ifl~11i''Ummfl' 1~W'H1\110m ':i:: f111lJ f flU ':i 11J11~'H1J~ 
~	 ~. 

~llm!uti1'HU~~lU'H'I1~nl':i9i~~~~11mw~1~'1lil'H1J1::ff1J 

3.2.1.1	 m':i'Hl1111J1Wm11JfflU~cl1m'YI~lu~n!~ 

fh U 'Ufl~fl~1I1ilfJ1J = 0.56 Btu/hr.ft2 'F 

fh U 'Ufl~m::\lO = 1.06 Btu/hr.ft2 'F 

fl1 U 'Ufl~fj11ci1J == 1.02 Btu/hr.ft2 of 

fl1 U '\lfl~~U == 1.27 Btu/hr.ft2 °F 

fl1fJW'HtJ1Imnlff.fllfJUflO = 93 •F 

fl1fJW'HfJ1Ifl1nlfl'flflOU'U'U.fllfJlu = 72 •F 
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29.~2ft 

.. . 
4.l... ..

'Y1UYlO1::;)O 

I I I I I I I I 

mr~~U~lUal~ 3, ) 

2ft 

8ft 

, JJ • " 

3t1fi 3.1 Uff~H-n'UViiiff1lfUm1~1111~ 

A d ~ ~ )
Yi'U'VI'lJD·U..I'U~m::tlfl~l'UtJ'U (4.92 x 29.52 = 145.24 ft2 

t1i1J1Wfl1111~V'U (145.24 x 1.06)x 21 = 3232.99 Btu/hr 
Q;' "I 'JJ Q 4 

- ~'U~ \l'U~l'U'VIff1lf'UV 

'JI • 

..!I d QI "I "1 ( ) 2Yi'U'VI'lJtI~~'U~ \l'U~ltJC1H = 3.28 x 29.52 = 96.83 ft 

t1~1l1Wfl1111~t1'U (96.83x1.27)x21 = 2582.35 Btu/hr 
'JI , 

~~ir'Ufl1111~t1'UYiciltIL'VIFh'U~ir~~1'Uiiff1l1Utl 'i111 5,815.34 Btu/hr 

:::;lQ l:;:::l/> 

2/1 

8ft 

.; ..: J
'YtUYlO1::;)O 

I I I I I I I I I I I.... 
"tmh::~ 3, )tlQJJIUrJJJ .... 

6QJJlUrJJJ 

I I I I I I / 

11.4611 6.~n 11,4811 
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" a..cI. QI 'j/ ( ) 2-WU'Yl'\.lv.:Jf./U.:Jm::1IfWl1UtlU 4.92 x 29.52 = 145.24 ft 
" 0

~uVi'liv.:J'lh::~ (3.28 x 6.56) = 21.32 ft2 

'lJ~1J1WTr:111J!vu (166.56 x1.06)x 21 = 3728.61 Btu/hr 
Q,lo!il .QQ 'j/ Qi!ll 

- f./U .:J'Yll~1tJV~1JtUtJ1J~lU'YlfY ~ 

" 0

~UVi'\.ltl.:Jf./,:r.:Jv~ijt;jtJ1J~lUrll.:J (3.28 x 22.96) = 75.31 ft2 

'lJ~1JlWf1111J!VU (75.31 x 0.56)x 21 = 885.65 Btu/hr 
" 0

~.:J,:rUf1111J!vuVirilm'Ylf·huN,:r.:J~lU.yjfYi~ 'i11J 4614.26 Btu / hr 

1'~.68fl 

.. . 
~.... .. 

'W'U'nn1::'iIn 

..... 
~.f) \1)JI'Ut/)J 

I I I I I I 

2ft 

8ft 

, ~ I ~ 

3tJii 3.3 UU~.:J~UVi~lU.yjfY~::1UVVm;.:J'H1J~ 

" "'l'". ... ( ) 2!II-WU'Yl'\.lV.:JNU.:Jm::1IfWl1U1JU 4.92 x 19.68 = 96.83 ft 

'lJ~1JlWf1111J!VU (96.83 x1.06)x 21 = 2,155.35 Btu / hr 
QI 0 iI .Q4'" Q QI 

- f./U.:J'Yll~1tJV~1JLUtJ1J~lU'YlfY~::1UVflf) 

" 0

~UVi'\.lV.:JN,:r.:JV~ijL;jtJ1J~lUrll.:J (3.28 x 19.68) = 64.55 ft2 

'lJi'1J1Wfl111J!flU (64.55 x 0.56)x 21 = 752.33 Btu / hr 
" 0GlQI !II.ct. , OI".Q QI 

~.:JUUfl111J'iflU'Ylmm'YlN1Uf./U.:J~lU'YlfY~::1Uflflf) 2,907.67 Btu / hr'i11J 
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1H11 1Wfl 1111~ tl'U~ ri1m'Vl ~h'Ur'fu ~~1'U Vifflld''U ~ f1
 

'ill 11 f lJ ~1 'U Vi ff~:: l''U ~ f1~fl OlJ..rtl~ ~1'U~1~ ~ ii f11'i 1J f lJfJW 111J ii tl1 f)l fftlllJ '1 'U..rtl~
 . ~ 

d ~ 10 ~ '" ".... 0 ... !11 '"1'iH 11.1 'ill1lJ'U'Vl'il::W1tl~flflm'i ~ mWlfl'l11'i'Ufl1'U'U 

lJ~111Wfl111.1~tl'U~ri1m'Vl~h\.Hnr~~1'UlJ'U (1'Vlfll'U) 
~ . 

.w'UYiNlr~~l'UlJ'U (1'Vlfll'U) (29.52 x 19.68) = 580.95 ft2 

lJ~1J1Wfl111.1~tl'U (580.95 x 1.02)x 21 = 12,444.04 Btu/hr 
~ . 

1l~U'Ufl1l11rtl'UYirillJ1'V1~1'UflU~~1'U1J'U (1'Vlfl1lJ) '111.1 12,444.04 Btu/hr 

pq~Pfl 

l'WftlOUihJiJJ 
19 &Sit 

.1.... 11 !II !II 'I !II 
3.2.1.2 fl1'i11lu'i1.llWfl1l1.l1tllJ 'il1f1tl1f11ff'itllJl'U11.111'U11tl~ 

~ . 
Yl'UYilJllJlJ'i~~ 2(3.15x7.84) = 49.39 ft2 

lJ~1J1Wtl1f11ff~~11~1..rtl~ (O.5cfm / ft2) (49.39 ft2) = 24.69 cfm 

'ill f1f1'1.1f11'i Qs = 1.1 x 24.69 x 21 

= 570.478 Btu/hr 

'illf1'C)flml1.1~~f1·ln{'Vl~ 93'F db, 72 OF wb'~ Wo = 84 grw/lba 

~lf1lctflfl'H1J~;n'lfl{l1 ~72 of db, 50 of rh ,~ Wj = 58 grwj/ba 
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~l1mn.Jfi1'i QL =0.68x24.69x(84-58) 

= 436.625 Btu/hr 

.. 
....... 1""	 ""
"	 '1"~H'IJ'IJ 1J 'i:lJ1Wfl11:lJ 'i f)'lHll fl m fi1ffHl'l.mmn 'IJ"" f) ~ 

Qr = (570.478 + 436.625) 

= 1007.103 Btu/hr 

3.2.1.3	 fi1'i,..",ji:lJlWm1:lJ~f)'IJ\llfl""~f)~'vlUff~~,";h~ 

0'" WI ••1• .1 .. • 1 " .. oJ 0 '1" WI • .1
ff1""'i1J""'Clf)~ rrtTt'~f)f)i'ifflC)f'IJ~ 1J'i:;flf)1J~1t11J1'Cl1ff~ C)f~\l:;'YI1 'H""~f)~ LTI 

vi 'Cl f) f) l'i ff i C)f 'IJ ~ '1 M' fl11 :lJ ~ f) 'IJ f) f) fl:lJ 1 :lJ 1 fl fl11,.., 'Cl f) ~ , vln 'i 'i :lJ ~ 1 tl fl 20 1,j f) {1 ~ 'IJ ~ 
OJ .. 

~~ir'IJ ,ji:lJ1W fl11:lJ~f)'IJ\llfl""'Clf)~vI~f)m'iffi=JI'IJ~ijfhl'yhn1J (18 x 40)x 3.4 x 0.85 x 1.2 = 

2,496.96 Btu/hr 

3.2.1.4	 fi1'i,..",ji:lJ1Wfl11:lJ~f)'IJ\llflfl'IJ
 

fl11:lJ~f)'lJff:lJNff~'~i'1J = 230 Btu/hr
 

fl11:lJ~f)'lJUH~~'~i'1J = 190 Btu/hr
 

uvlfli~f){l 'H'Cl~ml:lJili'IJd1,..,i'1JfI'IJ = 0.15
 

~1'IJ1'IJfI'IJ 30 fI'IJ
 

\llflff:lJfi1'i Qs = 230 x 30 x 0.15 = 1,035 Btu/hr
 

'illflff:lJfi1'i QL = 190x 30 = 5,700 Btu/hr
 
.. 

~~ir'IJ,ji:lJ1Wfl11:lJ~f)'IJ\llflfl'IJ = (1,035 + 5700) = 6,735 Btu/hr 

.. 
_14 " Q,I3.2.1.5 1J'i:lJ1Wm1:lJ'if)'IJ'i1:lJ'YI~"":lJ~ ..	 .. 

~~tr'IJ,ji:lJ1Wfl11:lJff)'lJn~"":lJ~ = 36,020.373 Btu/hr 

. ..	 .. 
fl~l-n:lJtlfl 20 % ~~ir'IJ,ji:lJlWfl11:lJ~f)'IJ'i1:lJn~"":lJ~ijfill'yhn1J 

(36,020.373+ 7,204.074) = 43,224.447 Btu/hr 

43,224.447 = 3.60 ton
 
12,000
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.. .
 
lQ Q,I 4 ... 1'"

3.3 nT'JfI~V1~&fl'18~'U''J1.J81fl1ft 

JI I ." • 

n1'i~'h&'uu m'i~f1~'Ufl16,aH'11V1mff li1J~ln~~~~f.JtJmW~l~'l ~11JU1111Vifin1u~ 1~ 
~ . 

~n m!u vh mH~un m1'1 nllfl111Jlgu 'i:; 11111-W-Mlfl111fJ 1J ~n ~ ff611 nl'i i'1CJf1J 'U 6~ n:111.1 
~ ~ . 

~11 m!u~~ l11m'i&~1Jffln11fl111JlgU&~U';u~6U ~~ Vi'1 tl ti6 Uthfl16~1-Un~ ff611 m n11~ lU 

~ ~ Q3tJn 3.5 Uff~~U-WUfl6tl't1~U~(Fan Coil Unit) 
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3.4 fll~f1~U'8'lJflT'.inN1U'U8-l1fl~tl~t1~'l.Jtnfllfi 
~ ~. 

11"~ 1l1nyh~fl~~1f1 ~tJ~'I.1i''I.Jt)1nlf(l ff~ llii till !tJtllni'1 'I1'W ~tJ' Ull~l-tJ'W nl':i ~11ij'W nlnlflfftJ11 

n 1ni 1~1'W 'IJ tl ~1f1 ~tlnJ i''l.JtJ 1nlff ~~1 ~'W nn \Pl':i1 ilfftl'I.Jfl111J ~n,rtl~ '\J tl~ n nn 1~ l'WUCI~nl':i 

~l'Wri~ (Liquid Line) fI111J~'W (Psig) 300 . 
~Wl1!JiJV1J~1 (OF) 131 

i'I.J~CI (oF) 7 

~l'Utl~ (Suction Line) fl111J~'W (Psig) 70 

~Wl1!JiJV1J~1 (OF) 41 

CJiulUtlf~~ (oF) 10 

ti1,,~1vHh n1C11~~ (kW) 3.82 

~ .., .. 
fI~'W
 

4 ~
0 

3.5.1 nl'j tl8nU111Jlmtl~'Yl1f1111Jff~t:llflU~-lfltl'\.Jtfl'W tCJl'tl':i 

o QJ 9J ~ ~~"ICj}0 

ff111 'j1J nn tltlfUt1J'l.JUCI~ ff'j 1~ tfl'j tl~'Yl1f1111J ff~ fllfl LL~~ ml'Wtfl'\.J tCJl'tJ ':i 'W 'W ~ fl 'f) tln U11'lJ 
., " I

1fill1~1J tltfltl{U1J1J,ji'1J f1111J 1~1'j 'f)'I.J i~~fl~~t,j'ltimi1~fltn ~tl111 ~'\.JtVltlfl11JfJ1J n n lfl t1 tJ'W ii 
J .., .. 1311" "" ?t.., • : 1 0'IJ'\.J CI-l'IJtl-l'l!flU~-l111~f1UCl~ 'l1 CJl'CI'\.Jtlll~11C111J11lJ'W f11f11'I.Jf.)1Jnl'j 1l1ll'\.J1 '\.J m'j'Yl1f1111J ff~ mfl 

3J .A 0 tI 4 .. IQI
3.5.2 m'jff'j1~lfl'jtl~'Y11f1111Jff~mflU~~f1tl'\.Jt~'\.Jt91m'\Jtl~tm'f)~1J':i1Jmmff 

fl n ~ 1tij'W n n ff!1~ tfI ~tl~ n1f1111J ff~ t:l1fl LL~~ fI 'f) '\.J lfl 'W 1O)f'f) {'\J tl~ 1fI ~ tl~ 'I.1i'11 tl1 n1f1' 
• y " " 

t~ 1J 'l1 nnnff!N 1m -l ff~ 1-3 1l1nU'\.J ~ ~~~1Jtltfltl{U Cl~'l!fltn~ll111~'\.J 111Ufl'Vi! tJ1J 'j ~ 1J1J'Yi8tJ1 

91 ~ 11) ~ ca ~ ~ 1 4l:ll ~ '1 _~ d 
'Vi 'j 81JfI'j1ilff81J m 'j'j1 ll1 CI il1n'\.J'\.J f1flm~'!.Jm Wf11~'1 IICl~f1~f1n~1J1J l'vhn'Yl ff11J1'j t1f111J f.)1J 

mniH1'Wi~J~U111J~~tJ'f11'\.J~~LLCl~LL1J1JtJ'f11'\.J~~t-tJ'\.J~'\.J~8'\.Jffflihtlf18'\.JtJ1tfl~8-l1'!.J'Yl~ff'f)'I.J• 
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, w 

3t1fi 3.9 L1ff~~'Il~nr1~~'Vlrt:l1J'I:::'U'U'YitJth 
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... 
'U'n'n 4 

4.1 fl11'n~in)'lJ 

f)1 'j'Yl ~ ffV'U f)1'j 'thaw '\I v.:) tf1~ v.:) Vi 1f11111 ff::m~ UH.:) fI V'Wl~'W lC)fV{'\Iv.:) tfl ~ v.:) tJ i''UV1fllf1' 
II. • 

u,j.:)fI1 'j 'Yl ~ ffV'U VV fl1 ~ 'W ~.:) ij u 'U'U-n 1 fln 'Yl~ ffV'U1~mntJ 'j:: ff'Yl n fll'YHl1'j Vi H 1'W '\I v.:) 

lf1~v.:)Vi1f11111ff~f)1~UH':)flV'Wl~'WtC)fV{ U'U'U~ 2 fll'j'Yl~ffV'Ul~mntJ'j:: ff'YlnflTYW1'j1,rfl1ui 

tg'W '\I v.:) 1fI ~ V.:) tJ i''U V1f11f1' (ttJ~ U'Ul-n U'U ti V'W f11 'j ~ 1,:) Ull:: 'H ~.:) f11 'j ~1,:) Vi 1fl1111 ff:: v1~ UH.:) 

0'. 
flV'Wl~'W1C)fV'j ) 

.
4 4 QI Q 

4.2.1 lf1'jV':)1JV1~fJW"UJ11 

4.2.2 lf1~V~ij~1fl'Yl1':)'~vh 
.. .,. Go' d 

4.2.3 lf1'jV':)1Jf)1~fl111Jl'j1111J 

4.2.4 'W1Wflli'U11111 
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" 
4.3 'lI,.U~;tl~fll1'flVlin)'lJ 

4.3.1 'fl":i l'il 'tHllJfll1lJii fl1J~mJ'Ufl-:JMfl'l'Yl~'tH)lJ 1~m~fl-:Jti''WU~lJ1rufll1lJ~fltJ 'il1fl.fllV'W flfl 

1,j'llJl1'WMm'Ylfl n'fllJ 

4.3.2	 'fl":i1 'iln'fllJfll 'j vh 'l1'W'U fl-:J lfl~ fl-:JuilJfllfllf1Ll'O::lfl~fl-:J 't11fl11lJ n'~ fllflllH-:J flfl'W lfl'W1GJfV{ 

II	 • • 

25°C	 'llfl,r'W 1MY11fll'I'YI1In'fl'l.lfll'IY11-:J1'W'fl1lJl~fl'Whl'Vinl'l1'WlI 

... I '" tI 'jJ ..e::t. .... 1 d do I lj/ 0' ~ 
4.4.2	 111fllfJWlUJ1Im ~l l~lllN11'O~fJru'11 fJ1Im~11J1~11J flfl 'YI'l1tl-:J'Yll'll'U1'Utl-:J 11vl'W fI flV'O ~'W 'fl 

I I f:j) 0 I d 

11'fl'O~'lftl.:JU'01'W 1111'l11flll'Q 'OV 

4.4.3	 111fh~w l1 fiij m ~ lU l~llM.:J 11'O~ vru'l1 fiiJ m ~l tl1~11JVfl ~'litl'l'Yll'l Vtl fl'Utl':uL vl'W m)fJ~q ~ q eu
 

~ • I 'jJ 0 f ~
 

~'W'fl11'fl'O~'lfV'l1l'01'W 1111l11fl11lQ"V 
Q,I I ~ .... J ~I ~ tI oJ '" " 4.4.4 111f11fJWl1 fJ 1Im~11J1~11JVfl1m~ fJW '11 fJ1I m~l 1~1l'l1.:J1J 'j l1wmv'Wflfll1fl-:J'Ylfl n'fllJ 

. 4.4.5 111f111111~ 1'01I~'l1tl.:J'Yl1.:J tlflfl'Utl.:Juvl'W fltlVrl'~U'flU91'O~'lffl-:J11~lU 1111'111tl11'Q ~ fl 

4.5.6	 ~1'W tl1f11111~'W~1'\..1fl1111~'W t1'llm~tl1f11111~'W~ 1'W m111~'W ~1'1lfl-:ln'11Y11fll1111g'W 

ll1fl~l'W 'l1fl1f1'l111m111~'W 

4.4.7 '\.11 H'0 f11'I 'YI11 fffl1l ~ hi'l tI fi 1'W 1W '111 tl1~'W "1 1'If'W fll1lJ n'llJ1 Hl1 '\.J f11 1 Y1 1fll1111g 'W 

ff1ltl1 ~ff'YI tn'1I1 HI'W~ 11'O~tI'I ~ff'Yli .fIl'Yifll":i1Mfl11111g'W lrJ'W~'W 

"" "'" 4.5 'U....f1flfJi:lfll'jflVl"flU 

4.5.1 fll 'I 'Ylfl fffl1l 1~ tll1l'lh ~ ff'Yl i fil'Yi 'Ufl'llfl ~ tl 'lY11fl11lJ n'~ fllll11H-:lfl tl'Wl/fl'\.JlGJftl1 
1rl '\.J fl1 'I 1tI~ V11 1'Vi V11 fl1111 n' ~ VHIU '0 ~ 11'0 1 ~ '1 i''1 '\.J fl n Y1 1 fl11lJ n' ~ fl HI 'U tl 'l 

0' , ""'" 0	 0' ... 'I"11H'lflV'\.Jll1 '\.JlGJtfl 'I 'I~l111'lfll'I L'lHfl'I tl'l'YI1m1lJn'~m/flUH'l fl tl'\.J 1/fl'\.J1GJttl'I fl'llfll'I L'lf11'I -:J~1'\.J fI'W 

4.5.1.1 flU 1tI~ V'll 1'Vi V'll n"l~ 'I i''l '\.J flU Y1 1fl11lJ n':: fl111 'I ~ 'l11N flU 'I i'1 fl ~ tlni 1 

m111 ff~fl1~ LLH~fI tl'W 111 '\.J lGJtfl 1ti'llfll'I 'I~11 'I 'l-:ll'\.Jfl'\.J 

n~1.n'\.Jfll'IY11m1lJn'~fll/fl ~1 "1 0nm'Yl '11 '\.Jfll'j'YI1m1lJn'~fl1fl '"('\.J1'Yl) 

, 'jJ 4 D Ii' 
1. fll1 'lflf1'Ifl'l'YI1f11111ff~tl111UH~fltl'\.J111'\.JlGJffl'I 6 

2. fll'I l~m'l~l'\.JfI'\.J 10 
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4.5.1.2 
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a AI "" '" '1 91 ~ a AI ~ 
4.5.2 flU 'YI ~ ~H) 'IJ I'YHJ l1llJ 'j ~ '1''YI 'Ii fll'YH1 U 11 fill 'lJ W'U '\I tJ·H f)'H) ~ lJ 'j 'IJ U1 fll f1 

_1"2 d' 91 QI iI 0 tI 
(AlJ'j U1.H'YI U'IJ flV'U fl1'j~ l~U~~l1 Cl~fl1'j Cll~'YI1f)ll'lJ'1'~ Ul"'UH~flfl'U 1~'U1C]fV'j) 

lil 'U fll'j lui U'Ul,yj tJ1JfI 1 1'lJ '1'l'lJ1 'j () '1 'U fll 'j 'ti lflll'lJ1V'U ff'lJU'j ~ n'YI f'1''lJ 'j 'j () 'U t 

d 
A I ... '" '1 91 I;j ... I oCl I 91 Q,I jI 0

U~::: lJ 'j::: '1''YI1ifll'Yi fll'j 11 fI 11 'lJW'U (llJ'j U'lJ1'YItJ'lJfltJ'U fll'j in:Ul~tl1 M fll'j Cll~ 'YIlfll1'lJ '1'~fll~ 

0'. 
UH~fI V'Ul~'UlC]ftJ'j) 

4.5.2.1 HCl fll'j 'YI~ '1'tJ1Jfl1'j'th~l'U'\JtJ~lfl~fl~Ui'1Jfnfl1ffnv'U flU ~N'ti lfl111J '1'::: tJ l~ 

~ 
f111Hn 4.4 

d 91 
mfl1f1'Y1'Y11~l'\Jl. ~Wl1lJijmfl1f1 

"' .. 91 
n~l'YIl'li 

1~u'jtJ'IJ 
l'Ufll'j'YI~ '1'tJ1J 

(h) 

9.00 76.1 61.3 58.1 74.564.4 85.6 

10.00 75.2 63.5 61.7 87.1 77.757.2 

11.00 75.2 63.5 62.6 58.1 88.3 78.1 

12.00 76.1 64.4 60.8 57.2 79.389.6 

13.00 75.2 63.5 90.5 79.461.7 57.6 

14.00 75.2 63.5 62.6 58.1 90.7 79.6 

15.00 76.1 57.264.4 60.8 79.690.7 

16.00 75.2 63.5 58.1 79.962.6 91.0 
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.J SI Q,I Q,I' S1 ... 1 SI 
9I"~HYI 4.5 11 'ff~-3 HCl'\Jfl-3fl1'1~f1111J'HI\Hf1JH'ff fl1'1 ::fl111J':ifl'UUI'I-3 UCl~m'1 ::f1111J'1 flU ':i 11J 

'\J fl-31fl ~ fl-3tJ i'UVlfllfl'nfl 'U n1'1 ~1-3'thfl111J 'ff~ Vl~l1H-3f18 'U IflU lCJffl{ 

d1 J/nCll'Vl 'if 

1'Ufll':i'Vl~'ffflU (h) 

fl1':i~f1111Jffl'UIL~-3 

(Btu/hr) 

J/ QI QI 

fl1':i:: f1111J':i fl 'U Cl'1I HCl' 

(Btu/hr) 

J/
fl1':i:::f11111':i flU '1111 

(Btu/hr) 
9.00 29,144 6,081 35,379 

10.00 26,700 8,055 34,791 

11.00 24,976 5,109 30,084 

12.00 30,294 8,732 35,478 

13.00 26,760 5,954 32,760 

14.00 24,934 6,246 34,730 

15.00 30,311 8,737 35,498 

16.00 24,920 6,243 34,710 

9111 H~ 4.6 11 Cl' f'l-3 f11111 Cl' l1J 1Hl1U t11 ':i 'til f1111J IgU ti 1ft-3 hHh~ H/,jU fI 81J 1'Vf ':i Cl'l CJf fl { 

" . 
«1ItJ ':i ::ff't1 i Cl'1J '1 ':i UU: 11 Cl~tJ'1:ff't1i f11'Wfll':i 1~f1111J'\Jfl-31flifl-3 tJi'umnlfl' 

nflU01':i ~1 ~ 'tilf1111J Cl':: m~UH-3f1flUlf'l 'U19ffl{ 

nCl1~'~ 

, Ufl1 ':i 't1f'l Cl'fltJ 

(h) 

f1111JCl'11J1':i U,U 

o ~ 

fll':i't1lfl111JltJU 

(Btu/hr) (kW) (cop) 

'lh::ff 't1 i 111'Vf 

01'1hffl111JlgU 

(Btu/ hrWatt) 

9.00 35,379 3.88 2.67 9.1 

10.00 34,791 3.75 2.72 9.3 

11.00 30,084 3.80 2.32 7.9 

12.00 35,478 3.83 2.71 9.3 

13.00 32,760 3.75 2.56 8.7 

14.00 34,730 3.88 2.62 9.0 

15.00 35,498 3.83 2.72 9.3 

16.00 34,710 3.86 2.64 9.0 
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."'" 
1. 

.;.u IWI lUll lau IDI 

.,
... till _ 

IJJ' .... ...' .... ...., ::: 
..... ..._-_ .. 

>II' 

""'" 
,. 
... ..... 

"" 
... .-i·... .....,.., ... .." J: ,.

"'",.'"..., ... ,~ ... 
1JIII .'~. 

.,,"1 

......",.I»lo/ 

+100.00 

TI 95.00 

t 90.00 <fl. 

t85.00 

+80.00 

I 
75.00 

1 2 3 4 5 6 7 8 

~A,~t~un;~~~aDu(h~ 

36,000 

35,000 

34,000 

33,000 .. 
.J: 32,000 
:J - 31,00010 

30,000 

29,000 

28,000 

27,000 
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,.----

280 T

l
I 1 2 3 4 5 6 7 8 

. .; 

J'l.In 4.4 Un~·HY1J'l.I'J~ff'Yln"nJ'J·H)'U~'\Jt'l.:jLfl~t'l.:j'l.li'1Jmmff 

rit'l'Um'J~1.:jVilfl111Jm:t'l1~UH.:jflt'l'UL~'ULClft'lf 

I 

1 
2.70 

2.60 

Q. 2.50 ~ 
0 

2.40 j0 

2.30 1 

2.20 ~ 
I 

i 2.10 ~' 

t100.00 

I
i 95.00 

90.00 ?fl. I 

t85.00 

I 

t 80.00 
I 
[ 

75.00 

1" 00 

--, , 

; tT 100.00 
I 10.80 

roo10.60 
98.00 

97.00 

ffi 10.40 96.00 ~ 
W : 

10.20 
t 95.00 

t 94.00 

10.00 t9300 
92.00 

9.80 91.00 

1 2 3 4 5 6 7 8 

na,91t1l1un''''''fOIi11DU (hr) 
--~ 

Iii. .. 
f'lt'l 'Um 'J 'fll.:j'Yllfl111Jn~ t'll ~UH.:jfl t'l'U L~ 'U LClft'l ') 
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3.90 l 

3.85 

3.80 

~ 
3.75 

3.70 

3.65 
1 2 3 4 5 6 7 8 

36,000 

35,000 

34,000 

33,000 

32,000 1: 

31,000 i 
30,000 

29,000 

28,000 

27,000 

_lei • '" 'J _:H "''1'' '" 'I 00' '" c:1llJ'n 4.6 U~~~m1H L~l"tl'Y1 L'If'\J1Jflf.l1J1Vi1~1C)ff.l'H11Jfl111J~11J1·Hl L'Um1'Y11fl111J1r.t'U 

~ QI , ~o ~ 
'\JO~lfl1f.l~\h1Jf.l1mfl f)f.l'\.Jm1-"1~'YI1fl111J~::f.l1~mNflf.l'Ul~'\.J1C)ff.l1 

0' 
11fNflf.l'\.H~'U1C)ff.l1 

ei 
m1H'n 4.7 

"', "rnn'YI 'If 

''Um1'Y1~~f.l1J 

... "f.llmfl'YI'YI1~1'\J1 

0'c:1 
flf.ltH\1t1'\.J 

(h) DB 
(0 F) 

WB 
(oF) 

9.00 76.1 64.4 

10.00 75.2 63.5 

11.00 76.1 64.4 

12.00 75.2 63.5 

13.00 75.2 63.5 

14.00 76.1 64.4 

15.00 75.2 63.5 

16.00 76.1 64.4 

, 
d 

mmfl'YI'Yl1~f.lf.lf) f.lWl1fl1Jmmff. .. Q 

0'c:1 
flf.ltlmtl'\.J 1~tl1f.l1J 

DB WB DB WB 
(oF) (oF)(oF) (oF) 
59.9 57.2 58.1 56.3 

58.1 56.359.0 56.3 

57.259.9 57.2 59.0 

57.2 55.458.1 56.3 

56.358.159.0 56.3 

59.0 57.257.259.0 

56.3 57.2 55.458.1 

57.2 59.0 56.359.9 
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nm~',* tl11:::f1111J!m.JUH~ " '" '" "tl1'i:::f1111J'Hl'Wff1JHff tl11:::fl111JHI'W 111J 

i'W O11'Yl~ffV'U (h) (Btu/hr) (Btu/hr) (Btu/hr) 
9.00 32,094 8,056 40,198 

10.00 32,023 7,296 39,300 

11.00 32,076 8,051 40,176 

12.00 33,820 5,475 39,322 

13.00 32,129 7,320 39,432 

14.00 33,858 6,224 40,095 

15.00 33,896 5,487 39,410 

16.00 32,094 8,056 40,198 

4.9 11 ff~~ fl111J ff11J 1Hl' 'W 011 Vi 1fl111J I~'W ti H;~ hHh~''*'li'U fl V1Jl 'W1 fflCJ1V 

n1J1J 1::: ff'Yl(ff1J 1 1f:l'W::: Un:::1J1::: ff'Yll fil'W 011' l1'fl111J'\JV ~ Ifl~V~1J i''UV 1m

)11H~ 

nm~',* 
, Ufl11'Yl~ff~'U 

(h) 

g

• dO11'Yl1f1111JltJU 

(Btu/hr) 

'" 0''\J'Ufl~1Jl'W'ifflCJ1~1 

(kW) 

ff1J1'i f:lU::: 

(COP) 

'" d011 '11 fl111JltJ'W 

(Btu/hr.Watt) 

1 
ff 

9,00 40,198 3.80 3.10 10.6 

10.00 39,300 3.82 3.02 10.3 

11.00 40,176 3.75 3.14 10.7 

12.00 39,322 3.68 3.13 10.7 

13.00 39,432 3.75 3.08 10.5 

14.00 40,095 3.70 3.18 10.8 

15.00 39,410 3.68 3.14 10.7 

16.00 40,198 3.68 3.20 10.9 

มห
าวิ
ทย
าล
ัยเท
คโน
โลยี
ราช
มง
คล
พร
ะน
คร



29 

... 
"., 

~.f-7't'"-r-1 "'" .... 
,.. __f1ll!f!i_wmmg'''''.... '"~ "'"• - 1:10 

It,
 
~ltCI Hill lllG ,,3 1W J:lotll 1:;iIU La lSI! JDJ 1310 .310
 - ..... 
~,[).J&cJ 

40,400 

40,200 

:
It 100.00 

40,000 -+ 99.50 

39,800... 
.c 

39,600 l-;:, 
CD 

39,400 

39,200 

39.000 

38,800 

- 99.00 

-l.. 98.50 

1- 98.00 
i+97.50 
i 

-t. 97.00 
I 

96.50 

*' 

1 2 3 4 5 6 7 8 

nA,~t~un'~M~.DU(h~ 
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30 

3.25
 

3.20 

3.15 

Do 3.10 
o 
o 3.05 

3.00 

2.95 

2.90· 

+100.00 
It 99.00 

t 98.00t97.00 
96.00 ~ 0 

T 95.00 

+94.00 
1 93.00 

92.00 

91.00 

2 345 6 7 8 

nA1~1,nun1'\I1~UIiUJ (hr) 

3tJ~ 4.9 lLff~'HY'lJlh~ffYltff1J'I'J(l'U~'lJfl~tfl~fl.nH'1.Hl1fllff 
'" "0 .'t"''1.:Jfll'I CI1.:JYllf111'lJff~ 01~lLH~fl o'U t~'U tClffl'J 

,

I 
I T 
I I 

2345678 

L"lA"lii\1,"u"''5\1" ;lDU (h r) 
, 

.. 

... IJ .Q ~ 3J d .a Q,I.Q

111'n 4.10 Uff~~lh~ffYl1im'VHll'J!'I1ml'lJW'U'lJfl~tmfl~llnwlfllff 

QI 310 " '11" ~ fll 'J"HYllml'lJff~fllf1lLH~flfl 'UlfI 'U tClffl 'J 

It 100.00t99.00 

1 
98 

. 
00 

-t 97.00 

+96.00 of!. 
I+95.00

I:~~ 
I 92.00 

i 91.00 

1100 1I 
I 

10.80 

I 
10.60 ~i 

I 
I 

II: 
10.40 ~ w 

w 

10.20 

10.00 

9.80 
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3.85 

3.80 

3.75 

~ 
3.70 

3.65 

3.60 

1 

1 2 3 4 5 6 7 8 

l'1irlfit1l1un''SMSU(DU (hr) 

40,400 

40,200 

40,000 

39,800 

39,600 

.. 
.t: 
~ 

39,400 

39,200 

39,000 

38,800 

lt1~ 4.11 Uff~~fhl:t~ ""h~1~H;rtlfl61l1""1ffL9f6{n1Jfl111lffl1l11t:1 tUfl11nlfl111l1gU 

~6~lfl~6~1Ji't161fl1fl' 'Hl:t~fl11~1~nlf1111lff:61~Ufol~fl6Ul~U1CJ16{ 
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..,
'UfIfI 5 

5.1 O'lU,n,m"lflflO't)'U 

o .... 0 tI I .A 0 

~)ln nn 'VI ~ fffll.Jnn 'VIH1'U '\lfl~ Lmfl~'VI1fl1nH"::fl1 ~ mHflfl'Ul~ 'U lClffl:i 'W 'U 11lfl:i fl>3 'VI 1 

.. 0 '.:11' 11'J~~ 0fl111J ff:: fl1~WH fl fl'U1~'UlC]ffl:i ffUnHl'YIH1'U L~UU'UfltJH~ ~tJ nv'U m:i u H 'VI 1fl111J ff:: flHI 

lfl~fl>3l1i'l.Jfl1n1ffOfl111Jff11J1:itl''Unl':n;'fl111JL~'Um~m';ln1J 34,179 BtuIhr U1Jl1:i::ff'VIi 

ff1J7"j tl'U::LU ~ [I 0fl1l ';ln1J 2.62 ua::th ::ff'VIi fl1'Wnl"j 'l~fl111J1~'UL\l ~tJihh1'; 1nl.J 8.9 

'" ~ 0 .. .,j AI'"
BtuIhr.Watt ua:: 'M a>3 ~)lnnn uH'VI1fl111Jff:: fl1~UN>3flfl'U1~'ULC)$fl"jLfl"j fl~ lJ"j 1Jfl1nlff 

iifl111Jff11J1"j tl ''Un1"jYi1fl111JL~'Um~m';ln1J 39,766 Btu/hr U1J11"j::ff'YIiff1J77tl'U::m ~tJOfi1 

l'; 1 n'U 3.12 Ua:: 11"j:: ff'VI i fl1'W nn'~ fl111J 1~ 'U 1\l ~ [Iii ~ 11'; 1 n'U 10.7 BtuIhr.Watt 

4 ... ~ Q 0 ~ .. IGI • Y QI 91 0 

Ua ::11Jfl1lJ"j [1m'VI tJl.Jn1"j 'VI1>31'U'\lfl>3Lm m lJ"j 1.Jfl1n1ffnfl'U n1"ja H ua:: 'M a >3 n 1'.i a H 'YI1 fl111J ff:: fl1~ 

.. I , 0 ~.Q .1 AI "" "" 
UN~flfl'Ul~'UlC]ffl"j ~::'W'U11fl111Jff11J1'.itl 'Un17'V11fl111JW'U1n1J'\l'U 16.35 % ua::lJ"j::ff'VIYifl1~ 

, " ~.Q.l ... ~ ~'11' , .. ~0n1"j 'Mfl111JW'U1'Yf1J'\l'U 19.19 % ~>3'U'U~::l'M'U ~11 'Un1'.i'Vl1fl111Jff::fl1f1UN>3flfl'U1fl'U1C)$fl"j'U'U~:: 
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1 Structure 1 II 

2 cover aluminum profile 40x40 12 i 
3 cover aluminum plofile 30x30 4 i 

I 4 control box 1 ~ 
5 cover control box 1 : 
6 Distributed I 1 i 

7 closer1==__- ~_:~=~_====:==-I__ ~_. __~li 
8 base nozzle 1- 6 I 
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I ---------------.- ----·---1 
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19 Icoupling ----------------- 2 ' 

20 !coupling female 1 ----J 
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1 
---, 
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