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Tittle A Modeling of Heat Transfer in Cooling Coil using Finite Element Method 

Major Field Mechanical Engineering 

ABSTRACT 

In general for the refrigeration, the cooling coil is almost used to be the device to decrease 

the temperature. Thus, in order to design heat exchange, we should study the heat transfer into the 

cooling coil. This research proposes the numerical using finite element method for calculating the 

temperature at any position of the cooling point for considering to porous media. After that, to 

create an algebraic equation fmite element for writing the program to search the solution by 

estimating the temperature. The research demonstrates that the changing of temperature will be 

decreased to saturated condition, that is the temperature around the region of the cooling coil 

model edge will be decreased. The longer time, the lower temperature around each position will 

decrease respectively until the temperature at each position inside the model are the same as 

region of the cooling coil model edge. Therefore, this search result can be the basic for the 

comparison with the similar problem of others by using other method and can be proposed so as 

to consider in the real problems. 

Mr.Somjin Puangcharoenchai 
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tl1'HtJ~VlJ IItJ"-:I~W 'H iJiJ 

2.	 fftl'l:llflW 'fl'1J,j~~l-:1"l ~ tl~1''fl'fl~ijN''~ tl tl1~ ItJ~ VlJ lltJ'fl-:l tlW'H.fliJ 
q q	 q IV 

_to':!.d .ell tI j) C),Q.I 

3.	 IlJ'WUI'YIVUlm~1Im1~'HYm~tl1J"'illtltlld1'iW.. 



2 

'U 'f)'Ul'U~'U'f)'1 fll'j1~tJ 

1.	 'I11fl1fllHi1tJ1mH111'lJf'f)'U.fl1tJl 'U'U~'Vi'f)l"fl11'lJlg'UU'U'U1~'11ff''U 1'Uff\l1'U:::i1fli (Linear 

Transient Heat Transfer) 

2.	 1rn'YI1'1 ,~, 'U ~1'f)ii1'lJ'U ~1 'U fll'j 'I11f1T~W'11 fJij~~lU'l1 '11 '1~1'1'l .fl1tJ1'U 'U~'Vi'f)lhfl11'lJ1g'U 
'JJ 0 '0 d 

3.	 'f) 'f) flll 'U'U11'":::ff'j1'IU'U'U \11 ~W 'I 'U ~ 'YI 'f)mfl11'lJW'U 

lh::: ltJ'lnr'U'f)'1N"'fll'j1~tJ 

1.	 'ri11'I1'i'iln'fj9im'j'lJU"':::f11U1h'U'f)'1fll'j l1J~tJ'U U1J",'1~W '11 fJij.fl1tJ1'U'U~'Vi'f)'ri1fl11'lJ1g'U 
"~,,.l ...." I	 0 d

2.	 ff1'lJ 1'j f:l1'lfl'U'U'U'f)\!"''n'U!l'U1'Ufll 'j11m1:::'11 'f)'f)flU'U1J'U~'YI'f)mfl11'lJW'U 

3.	 ff1'lJ1'jmh l1J'jum'lJ'1Jl,*ti1J'f)'f)flU1J1J'I1'U~ij~fl1:IW:::l~'U1~tJ1ti'U'~ 
''I .., I 0 d 'I"'" .....:. .1

4.	 'lf1tJ !'Ufln'nI\l'U1'U~'YI'f)'YI1m1'lJW'U !'I1'lJflW.fl1'n~tJ'I'U'U. ' 

" ;J'U ~Hl'U 1'U fll'j 'ri11~tJ 
d	 'JJ ~~ 'JJ 

1.	 fffl1J1U"':::'j1'U'j1'lJ'U'f)\!""VUfltJ1'Um 

2.	 'I11ff'lJ fll'j1'Ufll'jtlltJ1'f)'U f111'lJ~'f)'U.fl1tJ 1'U 'U~'Vi'f)'ri1fl11'lJ1g'U 

3.	 un'i1W'l111~tJ1iii~i'U~l'f)ii1'lJ'U~ 
u 

4.	 1;itJ'U l1J'jum'lJfl'f)'lJfi11~a{ 
_I':! d .Q. ~" .Q.GI 

5.	 llJ'jU'U l'YItJ'Uu"':::11m1:::'11 N"''U 'f)\!'" \11 fl fll'j1 \1 tJ 

6.	 ff~1JN"'fll'j1~tJ 



'I' 

.
 
"" U'Yl'Yl 2 

..... ... 
f1QV'IfH1'};l'IJV~'VH;l~HU 

'" -di''''' i ' 'JI <!l 1 'I
'VHl1'HU1'i~UU'Yl 1J1Jf11'j "H'I'lJV~1J1l;l Hl'Ul'Ul'11'jVVVf1'illm~UU ~tJfl1tJ l 'U'j~UUU'j'j~ 

... • <!i 11) 'JI... 'JI 'JI -d .J "1 i "' .. 
ffl'j~1f1l;lHV~ l1JV'j~UU III 'jUfl111J'jV'U 'illf1fl1tJ'U Vf1 'illf1flt)'UV'Yl'l1 'U ~'UV~l'YlV'j 1J ~'U l1Jf1ff . ~ 

(Thennodynamics) m;'1ilh V~'jl'UV~f11'jltJ~tJ'UUtJl;l~~"'~~l'U'ti~'I11J~''U'j~uu 'il~ihimhtiu 
... -d 'JI <!l .J ~ 'JI 1 "" ... .:

~l;lHl'U'YlL'l.I1'11'jVVVfl'illm~'l.JlJ 9f~llJ'UHl;l1J1'illml'U11l;l~f1111J'jV'U ~tJ1JItJ11UUff1Jf11'j~~'U 

gt 1(pe + ~ pO.D)dV = lo.PdS + 1o.pidV - 1q".ndS + 1q"'dV 

'JI 'JI ~ ... -dd ~ 'I ' 'JI1~ til'YlV1J'Yll~~l'U9fltJLlJ'U ~l;l~~l'U'YlLflUff~ff1J'Yl~'I11J~ l 'U 'j~uu ff1'U1'YlV1J'Yll~~l'U 'U11ffV~ 

", , .
61~ do oQJ' , .c:I.c!Ii:tt fJ}.d,

1'Yl V1J 11 'j f1 'U 'U IlJ 'U ~1'U 'Yl m ~ 'YllfllJ'j ~U U ff1'U1 'YIV1J'Yl I'll l;lVllJ 'U f1111J 'j V'U 'Yl VVf1'llf1 'j~U U11l;l~ 

.1'" 'JI -d '" .1
lJ'j1JliUfl111J'jV'U'YlHl;l~'U'U1V~ (Internal Heat Generation) 

-d
 
fl1~'Y1 1 11ff~~'j~UlJfl1UfJ1J1J1l;l (Control Mass System)
 

1 



'I 

4 

.... ~ d d 1'" " " " -I q 1 .... 
~ ~'tJ 'tJ 1l1fl fflJ fll'rn I	 'iI ~111'tJ ~ 11 L'YlfllJ'Yl1~~1'tJ9l'lfJfl~ 'tJ ~lJ'\Jfl~rl1LLfl'tJ L'iI fJ'tJ fl flfl~ L'tJ 'Yl 

.... ~ q ~ ~ ~ 
(Lagrangian Coordinated) ~~'tJ'tJ 1l1fl'Ylq'lltl'\Jfl~L'W1'tJrI~'Yl'j1'tJffl1fl'Hpl (Reynolds' Transport 

Theorem) ii1fll'j Ll1~fJ'tJ 111 flrl 1LLfl'tJt\1fJ'tJ 1 flflfl~t'tJ 'Yltfl 'tJ flflmrlfl{t1 fJ'tJ 1 fl flfl~t'tJ 'Yl (Eulerian 

" Coordinated) l~fJihl1LL'lJ'lJff1Jfll'j~~ij.. 

2 

"	 ." 
'ill flU'tJ'~'Ylq'll~'\Jfl~tfll&' (Gauss' Theorem) tl1~fJ'tJ 'il1flV'tJ~fli'rI~llJf7'tJFh (Surface 

Integrals) tfl'tJV'tJ~fli'rlmlJLi~1Jlm (Volume Integrals) 

lo.PdS = 1UjO"un,dS = L~(ujO"Ii ~V	 4 ax, 

lq"·ndS = lqjnj dS = Laqjdv	 5aXj 

)I 

,)~!l1U'lJ'lJff1Jfll'j'hnj	 fi'~U'tJ 1l~ 1~ 

7 
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'JJ d4!l QI ~ Di ~Wff1Jfl1'i'U1.:1U'\.Jflfltl ff1Jfl1'i'UV.:I'VHN.:I1'\.J (Energy Equation) '\.J'\.J1tl.:l U~::'llflfltlfl1'i'\.J1 

f1111J~tl'\.J'Utl.:l'$w{ (Fourier Law of Heat Conduction) ri111i'ufl1nhfl111J~tl'\.Jl'\.J1ff~UU'!J 

1tli91'Y1'ivi!fl (Isotropic Material) 

q" = -kVT 8 

"i 1 "" "";0 1'"U~::'llflfltl'YI1.:1L'YItl'i 1J ~'\.J11Jflff'YIfl111'\.J~ 111 

9 

. . ... 1 ... 1"U'YI'\.Jff1Jfl1'i'YI 8 U~:: 9 ~.:I '\.Jff1Jfl1'i'YI 7 \I:: ~ 

Dh 1X72 III DP P (DP - -JP- = I\V T +q +-+<1>-- -+ pV.U 10 
Dt Dt p Dt 

... " U~::'llflfltltl~'iflll'YIH1J1~ (Conservation of Mass) 

Dp -_
 
Dt + pV.U = 0 11
 

12 

" . 
'llflir'\.J";1fl1'iL,j~tJ'\.J'i1JuUUff1Jfl1'i'Utl.:l'VHr.:l.:l1'\.J1l1'tldl '\.JL'YItl1J'Utl.:ltlWl1.tliJ 1~tJ1~f1111J 

IV IV.. IV 

...... " "" ff1J~'\.Jli'Utl.:lU1Jfl91n~~(Maxwell's Relations) 

1dh = Tds+-dP 13 
p 

Cp fJ 
U~::;'llfl ds -dT--dP= 

T p 
14 



• • • 

6 

1
dh = cpdT + -(1- pr)dp 15 

p 

Dh DT DP 
p- = IX -+(1-pr)- 16 

Dt P Dt Dt 

. 
'" 1l'VI'U fflJ fIl 'j 'YI ... .., .... 

flWl1fllJ 'U'Uflfl. .. 

ffll1 i'U'j 1J llUUfflJ fIl'j 'II fl.:J 'YH;.:J 'n'Uffll1 i'U1ffll 'Yi 'j 'U ffllJ l'j t1lltlflVi~l'j WlflflmlJ 'U fffl.:J ff1'U.. . . 
." , 

fiflff1'UlhlJ'Ud1fl1ffll nUff1'UvhlJ'Ufllfllff illrJ't)\PI'jlff1'UillrJfl11lJ'Yi'j'U'Ufl~1ffllffllJ1'jt1fhl1'U1l
" . 

'Ufl.:J1J~lJl\PI'j'Ufl.:Jfllfllff~fl1J~lJl\PI'jli.:Jl1lJlIt!'Um.:J 

Ap 
J" , 

(Ylklvnkl~'JklYi 

L{jkl'1J'1l~l\.1rl) 

A-A p 

(~kl~1kl~'Jkl~ 
!'I J' ­LlJklLklmM) 

" -..... / 

i 11 tJ fflJ fIl'j 'Ufl.:J'Yi'ti.:J.:J l'U ffll1 i'ml1'Uli, I~ 'WIij
" 
WJffll. fi fl 

17 

18 

19 
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" " V'Unfli''l (Integrals) ~'lV~11,nJ~1J1~'j'\Jv,mjv1'l'~ 

20 

22 

23 

24 

" 
V'Unfli''l (Integrals) ~'lV~l1,nJ~1J1~'j'\JV~mfl1ff 

25 

26 

" 4 . 'JJ 'JJQ,I QI

1l1fl'U'U')1lJ'l'lJfl1')'Yl 231m:: 26 1'\Jl~1tJfl'U 

( ) aT aT ( aT)l-f/JPscs-+f/JPtcpf-+f/JPtCpt u­at at ax 
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'I' 

2 ... 
'H'H:I = k a: _ t/Jp,Cp,(u aT] + q'" 29 ax ax 

t/JP,cp, + (l-t/J)ps cshw~ a = 30 
p,cp( 

k = t/Jk, + (1- t/J)ks 31 

q'" = (1- t/J'I!; 32 

"'111 0' ...ffllJl'HU'IIlI\J \J1 nf11~tl1 (Vector Fonn) fltI... 

33 

~~ d4 
1:::'U'UUf1\JVifWmlf1 (Rectangular Coordinate System) f1f1t1 

l1t1\J1'II'11t1'Ul'11~U(1:::fil1~lJfi''U 
~ Qlo'" a \r] I~Y 

f111 'H 1~(11l1 (111'11 tI'I 'ftlJ f111 1'jj' '1t1\JVi \J 1i 11 1~ tlHI1 l'Ul'1 tI\J t'll 'II tI'Ut 'II~U (1 :::fll11lJ ~ \J• 
(Boundary and Initial Condition) ~'1ffl1J11tH1i1l\J1,rtld1\J111'~~'1if... ... 

T(x,y,z,O) = To(x,y,Z) 35 



9 

o Q..c::::IQ..c::::I·	 . 
1.	 m'l1'\.J~HJW'l1fJ1J'Vlmfl~'Vl (Constant Surface Temperature) 

T(O,t) = Ts 36 

•.1'" 0' v .d
2. Tt~f)C)ffl111J·H)'\.JfI-:I'Vl (Constant Surface Heat Flux) 

2.1 ~"'f)ctffl111J~V'\.J1jfh~ln~ (Finite Heat Flux) 

37 

2.2 ~~1~hj1jm·H"flItihJfl111J~V'\.J'I1~V~~1l'\.J1'\.J(Adiabatic or Insulated Surface) 
'" u 

aTI _ 0 38 
aX x=o 

..c::::I " 40Q
3. 1Jm'j~1f111mV'\.J'Vlm(Convection Surface Condition) 

- kaT = h[T - Tal	 39s ax x=o 
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illfll 'I , vJ'U ,;'1fl~ LlI U ,;' 

11ifll'I'vJ''U,;'1fl~LlI'U,;' (Finite Element Method) Liluillfll'IL;~,j":m'l'IJL~V'll1fhf.lmlHUJ 

1~tJ1h:1I1W'lJV~,j'1U'lh~,~rfh L'lfU f11111~'U f11111L~1 VW'lUlij Lilu~u l~tJ'yhfll'IU,j~~mIW~.. . .. 
II. J1 t I 

'I tH H'lJv~ilt:U'H1VVfUilu;'Uff1'U~mJ .yh~ tJfl-;h (Elements) m'l:1'UU';"":;'Uff1U~VtJ1l:L~mJti'UVi 
.. u 

1l~';VL~tJfl':h (Nodes) ~~lil'U';lU'H'll~~L'I1~V~fll'I'H1rl1f.1""m""tJ 1~tJ1hZ1l1wl!'U1fl~ 1~Wff1111'IfI
• 

" "" ff~thil'U,ju~VU';l~'1 ,~ 7 ,j'U~V'U~~ij 
tJ 0 "1 0 ~ .Q tit 

1. ff'I 1"111.J1.J1l1""V"'lJV"'I~ 1.J1.JLHl1U1NU'lJ1.J1l1""V"LlJ'U LV""LlIU~tJVtJ '1 
,., Q tI 
L~tJ11~"":1fl""LlI'U ~ 

m1lij~fll:lW:LHl:'IJ'U1~~';1" tiu'tJ 

y 

x 

... ~ "'" _I 'I"''' 'i .d I '" 2. HlVn-n"fl"lfUfll'IlJ'I:1I1Wfl1tJ L'U1fl""l1J'U~ (Shape Function) L~tJ'YI11~"":~~~V1l:lI 

YJ"ni''U~H'Ufll'ItJ'IZ1I1Wrl1,j'1UtJ'I';1'' '1 ~ijfl1111ffllvr'Unti1.JYiti~u';""Z1l~';V l~tJ~mIW~fll'I• 
m ~ 'il1tJ'IJ V",j'1 ,~ rrl11.J'U 1fl ~ ~1I'U~ ff1111'IflL~tJ'U v~l 'U 'I tJ'IJ v"YJ" ncM'U fll'ItJ 'I~1I1wmtJ1'U m~ L:IJ'U,;'.. .. .. . " 
LHl Z,j'1UtJ'IVi 1l~';V 1 ~ tJih tJLl1.J1.J~"ij. .. 
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41 

~ !' 

fA 

¢(x,y,z) = \!V1 N2 N3 N4 J ¢2 
¢3 
¢4 

rP4 

v 

x 

V .ell ~ .c:S" 1 cS_10

3. ff·.n:jff1Jfl1'i'Ufl.:jltH'lI1J'U~ (Element Equations) 'YI~fl.:jfl1'i'YI'il'Um~fl'U ~V1JllJlL'U'U 

'" cS" 
ff1Jfl1'i~.:j'U 

<II!I .ell tI .ell ~.c:S,l • Go' .ell ~ 
fl fltfl "11J'U~ 11JmflCJf'YI'U'Ufl~fl'U'If'U ~'U fl.:jtlty'YI1'U 'U (Element Matrix) 

<II!I tI ~ ... I 111 ,,,,.c:S • 
flflnfll~fl~'Ufl.:j~1lLlJ'i l1J'im'YI"~~fl (Vector of Nodal Unknowns) 

... .
 
... 0' 1 .d I 

flflldfll~m'Ufl.:j 'YI"~'YI~~~fl (Vector of Nodal Loads) 

ttl " 

ffl'Y1 i'11lfl~ IlJ'U ~ffll1 ~V1J.yjl1J~flfl'U~1V 4 "~~fl ff1Jfl1'j'Ufl.:jlfl~I1J'U ~"dhl111'U'U~.:jtj. ... 

kll k12 k13 k14 

k21 k22 k23 k24 

k31 k32 k33 k34 

k41 k42 k43 k44 

¢1 
¢2 
¢3 
¢4 

=
 

~ 
f 2 

f 3 

f 4 

42 

43 



12 

."	 " 
4.	 lUtN'illflfll':i li tJ~~1'IJv-:j~'\..rd":l'\.J~mJ1'UU1.J1.J~lClV-:j 'il:: 1,j'IJ'U1'U'Hiv~-:jUlflfi1.J':i::1.J1.J 

" 
ufl'U':i11Jlmy x - y (Global Coordinate System) U';'il::ii~uvtJ-:j11Jm1J~1Jil-:j'IJV-:j~'Uri1'U~VtJ .	 " . 
'HivvhitJfl11':i::1.J1.JUfl'U~VtJ ; - 1] (Local Coordinate System) ~-:jir'Ul~VCl~fl111J~-:jtJlfll'U 

1', II 1	 1 I' 

fll':iv'UVilflHl (Integrate) 1.J'U~'UVi'IJV-:j~'Uri1'U~VtJvhvtJ-:j11J1Jll'UVifi~ X - Y ~V-:j11J~tJ'U~'Uri1'U 
• , I	 I' 

~VtJVilVtJ-:j11J1Jl111'vdl'U~1Jill'H~tJ1Ji~i'ffl'UVifi~; - 1] l~tJijl'lf'tH~-:jtl-M'U (Shape Function) ~-:jij 

1 
Nt = - (1 - ; Xl - 1])

4 

Nz = ! (1 + ; Xl - 1])
4 44 
1N3 = - (1 + ; Xl + 1])
4 
1	 iN4 = 4(1 - ; Xl + 1]) 

5.	 illff1Jfll':i'IJV-:jU';Cl::LViil1J'U~1J1':i11Jfi'U lrl'Uff1Jfll':i':i11J'lJV-:j':i::1.J1.J (System Equations) 

" 
l~tJij~1JU1.J1.J~-:jU 

45 

x = x(;,l) 
y = y(;,l) 

x = x(l,1])y 

y = y(l,1]) 

x 

I	 I' • • 

filYill 6 Uff~-:j~'Uri1'U~VtJ~1Jffl'H~tJ1J~1'U1,j1't'hl'UVifi~ X - Y 
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(-1,-1) 2 (1,-1) 

(-1,1) 4 

n 
n=l 

3 (1,1) 

c = 1 

I tI • t 

.fll'Vfri 7 LLn'~.:J~tHhudvtJ~1Ji1L'H~tJ1J.o~i'n"'U~fi~; - TJ 

fll"i n'~"'~ n'1J fll"i hn'U,;'lV~ l1J 'U ,;'fi1Jil \lJ'H 1~1'Utl111J ~V 'U.. 
lrlVVI "i11J O.:J n'1J fll"i l~.:J V'4 ~'U';Vl1.:J ~1'U tl111J ~V'U UCl:: liV'U i '\l'\l V1Jl'\l"~ L'H 1J 1:: n'1J U~1 

l"i1n'11Jnfln'~1.:jn'1Jfll"i '~i 'U ,;'LV~l1J'U,,1li~tJtltlr~.:jni''Ulff1:mflti'1.:j (Residual Function) R ~1tJ... 
JI JI JI 

l'l.:jni''Ulh11iifl (Weighting Function) N ll~1'ri1fll"ifl'Uillm""Clv~'ti.:j l~L1J'U (Domain) 'il1flii'U 

ti111 'U ~ NCl ~, ~(hfijfl1l'rhfi1Jf1'U tJ ii''U ~~V 
'U 

r ((a2T a2TJ (aT aTJ (aTJ"']hIe) k --2 + --2 - p,Cp,cP u- + v- - pfCpfa - + q N cJ:>. = 0 47ax ay ax ay at 

, " 
l~tJ''Ul'YIv1Jmfl'\lv.:jn'1Jfll':iYi 48 tJ'U 'illflfltlV'4~'U';'\lV.:JNClt!tu l':il'il::'~ 

46 

49 



'I' 

14 

'11'"'HI 

50 

. ."
u"znl'U t1~1~tJ1n'U 1eMflt)t1'4 'W'U£'tJ t1·U·Hlf.JW ntH'YIt11JVi~t1~'tJtI'H"1Jm'rYi 48 ~~l!'U llZ1f1' 

= Na2T~(NaTJ + aN aT 51 ay ay ay2 ay ay 

'"'I1~t1 

52 

~ 1 ~ 
U'YI'U~1Jfll~'Y1 50 u"z 52 {j~ 'U~1Jfll~'Y1 48 

r (k~(N aTJ + k~(N aTJ] cl:2 _ r (k aN aT + k aN aT] GO 
.h(~) ax ax ay ay .h(~) ax ax ay ay 

- 1,.) (Pt e,..¢u ~~ IN cD. - 1,.) (pte,..¢v ~; ~ cD. 

- 1(~) (ptepta ~~JN cl:2 + L~) (q"''yv cl:2 = 0 53 

. . " 
1l1m'YItl1Jmfl'tJtI~~1Jfll~Vi 53 ~11Jl~mtJiitJ'Ul~'UU'U.yjni'''~11Jfl'U~1 l~W'~'YIfl'l:J~'tJtI~ 

0' c:.. 4 

lfll~ 'U'Ufiti 

kaTSinB=O ay 55 
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56 

.... 1 ...." ""1" '1 _I ~"'"f11'I m ~ \'11 t1'\Jfl-3fJtlI 'H iJ1J.fl1t1 'LJlmU1J'LJfI ~11J1'If:l~1J1lfl 'H fl~ 'LJ ~lJ'\J fl-3l1-3fl'Jj''LJ f11'I m ~1l1t1 

.fl1t1''LJm~l1J'LJ~ (Element Interpolation Functions) U"'l:~lfJW'HiJij~~~~fl (Nodal Temperature) 

" '" d 
~-3'LJ 

T(x, y,t) = LN(x, y)J{T(t)}	 57 
(lxm) (mxl) 

LN(x, y)J 
{T(t)} 

rl1'LJ~lfl111Ji''LJ'\Jfl-3fl1'Im~\'I1t1fltll'Htlm 'LJf1fl''YI1-3 X lm:f1fl''YI1-3 y ~l1J1'If:ll~t1'LJ '~fl-3i1. ..	 " 

aT = laNJ {T(t)}	 aT = laNJ {T(t)} 58 ax ax (mxl) ay ay (mxl)
 
(lxm) (lxm)
 

" . 
~-3U'LJ\'I1fl~1Jf11'Ifi 56 \'I~flmtl1J1l~'LJ 

J(~) hTa l~k1J: - J(~) h (~~ h~~ or(tl)- 1(~) [{~~} k l~~H~; }k l~; J] 
(mxl) (lxm) (mxl) (lxm) 

GO ({T})- L(~) ptePtr/JU({N})laaxNJ GO ({T})- L(~) pteptr/Jv {N} laaNJ GO {T}
mxl mxl mxl (mxl) y (mxl) 

(lxm) (lxm) 

-l(~)PteptCT{N}INIGO{aT}+r(~)q"{N}GO= 0	 59
(mxl)~xmi	 at.h (mxl) 

mxl 
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'!' 

aT) [aNt aN2 aN]

jax ax ax ax 
aT = aNt aN2 aN] 
ay ay ay ay 

= [s{x, y)] {T{t)} 60 

" , . , 
~,:nr'U l~f)l~lU'YI'U~lIf11~n 60 ~.:j''U~lIf11~n 59 'il::U"h 

J<"lhTa {N}ar- J<"lh{N}INlar{T}-l<"l [sF k [Sld2{T} 
(mxt) (mxt)ltxmi (mxt) (mx1) (2xm) (mxt) 

- r<"lp,cpfq} {N}Lu vJ[sl d2 {T}- ~<"lP,Cp,O" {N}IN 1d2{aT}
.h (mxt) (tx2) (2xm) (mxt).h (mxt) ltxmi at 

(mxt) 

+ l("lq'" {N}d2 = 0 61 
(mxt) 

62 

rc] ~ ""''' 'j/r l1J'Ull1~~fl9ffl111lvmlll~f)'U (Capacitance Matrix) 

= 1(,,) Pr Cpr(J"{N~N Fn 63 

[Kc] d1'Ull1\Pl~flCJff11'jillfl111l~f)'U (Conduction Matrix) 

= 1<..) [sr k [s}n 64 

[Kh] 1~'Ul1l\Pl~flCJff11'jTIlfl111l~m.J (Convection Matrix) 

= JI-) h{N~N jar 65 

[Kv] l~'Ull1\Pl ~ flCJff11'j TIlfl111l rf)'Uli1f).:j'illflf11~i 11~'lJf).:j'IJf).:jm~1 

= l(e) PrCpr¢{N~U V JS}n 66 

{T} l~'Unm\Plf){'lJf)-1'fJWllfJij~V\Pl~f) (Vector of Nodal Temperature) 
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lQQ J IrJU h'''~l1fHfltl{f1111lftlU~~~fl~UltFJ (Heat Generation Load Vector) 

= lIe) q'"{N}en 67 

[Qh] IrJU 1...,"fll1fHfltl{fllH-nfl111lftlU (Convection Load Vector) 

= lIe) hTa {N}ut" 68 

. ~ 

1UfllHhu1W ""lltl~lllU~lllfl~tlCJ1 l'ntl"flfl111l~~t11tll '\.J'UUfltlUfll'ifhu1WlJUltl~lllU~ 
, " JI , • • 

nijpHh...,~t11l~lUhiI'til ~~iru l'il~ tl~'t11fll'iI1J~t1U IrJU Itl~lllU ~11JrYm ~t1ll~Cl'~i'Cl'lrYmltlU 

1 fl t1fll'i Cl'1l~ ~ '"tl1:J w:: fll'i m:: ~ lt1'Utl~fJW""iJiilJUItl~lll U~ ~~ u 
~ 

= LN(~,1])J {T} 69 
(lx4) (4xl) 

ff1U f1111l.gU 'Utl~ fll'im::~lt1tlw"" fliilUiiff'YI1~ ):... ~ 
~ 

tl~\1tllCJi (Chain Rule) 1~t1ij11JlllJlJ~~U 

aT aT ax aT ay
-=--+-- 70 
a~ ax a~ ay a~ 

aT aT ax aT ay
-=--+-- 71a1] ax a1] ay a1] 

.. 

.. .. .. 'I _I ......... iI'" .. 
~
 

'JltlCl'llfll'i'YI 70 ll"::Cl'llfll'i'YI 71 Cl'llll'ifll'UtlU LU'iIJlllfl'jtlCJ1 lfl~~U 

"'! 

""'itl 

aT 
-
a~ 
aT 
-
a1] 

aT 
-
a~ 
aT 
-
a1] 

=
 

ax= (2J r~;
 

ax 
-

ay 
a~ a~ 
ax 
-

ay 
a1] a1] 

(2x2) 

T 

[j 

'II 

=l~f) 
(2Xl) 

4 aN± aN,x,-- LY, a/
1=1 a~ '=1± aN, ± aN,x,-- y,-­ IE)1=1 a1] !=1 a1] 

(2x2) (2xl) 

) (2x2) 

(2xl) (2xl) 

= [ill !12]
hI 122 IE) 

"'! .... 0' 1 ..lflfJ~ [j] f1tllllfl'itlCJ1t11 f1lJ {Jacobian Matrix} 

72 

73 
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aT 
a~ 
aT 
a1] 

(2xl) 

74 

1~[J~ Ur fi~U1J~~f1tJ1Hf1~"'Wl1flU (Inverse Jacobian Matrix) 

7;aNI aN2 aN3 aN4 

T2a~ a~ a~ a~1 [ill -i12] 
aNI aN2 aN3 aN4 7;= Dl - i21 ill 

(2x2) a1] a1] a1] a1]l~n T4(2Xl) (2x4) (4xl) 

= [B(~,1])] {T(t)} 75 
2x4 4xl 

~ . 
~·nrlJL1J~~f1; [B(~,1])] nUff~~fl111Jil1J~lJ£~:a1'~h~fl111JilJ'Uij·HJf.U~tJ~'lJVifl"YIl~ 

~ U'1:Vifl'V11~ 1] titJ~w~tJ~~~~9iij9il~"l ~fiij 

aNI aN2 aN3 aN4 

a~ a~ a~ a~[B(~, ,/)] = ~[J»; -i12] 76aNI aN2 aN3 aN4I) I - hi )11 
(2x2) a1] a1] a1] a1] 

(2x4) 

77 

[c] = i i ptepta {N(~,1])}LN(~, 7J )Jild~d7J 78 
1 1 (4xl) (lx4) 

79 
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[Kh] = 1h {N(;, 17)}LN(;, 17)Jj\d17 80 
1 (4xl) (lX4) 

81 

[QQ] = LLq"' {N(;, 17)}ljl d;d17 82 
(4Xl) 

[Qh] = LhT {N(;,17)}ljld17 83 a 
(4Xl) 

.,; 1!II ...... " " 1l1mUJfll'i't1 78 - 83 t'ilffl1Jl'if:) 'lf~flHI'U't1tfl'jfl'IJtl.:ltfllff- mtllltl.:lf\ (Gauss - Legendre 

.,j ... " 1fJ1fJ""'''''''' I !II 1'"Integration Fonnulas) t'VW'I11 fHH'~1i'IJtl.:l 1vll'Uflttl'U1J'Uflt1JfI'jfl9l''IJ tl.:lfll'if:llfU't1f1111J'j tl'U f\lI1J 
J/ 

l'lht'lJ'lJ~.:I{j 

1f\lI~ ~, Wj llY1'UJ1'11lrn UCl:: ;; , 17 j 

d "Q,I 0 0' 
't1fftlflf1Cltl.:ln'lJ1l1'U1'U'lJtl.:l~f1If11ff (Number of Gauss Point) 
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+1/.[3 
o 

-1/.[3 - .fQ.6 

I W, =W2 = 1 W, = W3 = 5/9 • W2 = 8/9 

- .fQ.6 0 +.fQ.6 

Ul'H ~1JihlJ'Hl1;':Uff1Jl1Jffm1J:::i1f1~,f1J n~ijtJ1J10n1J fll'j uti'ff1J fll'j'~' 1J~lfl~l1J1J~~f'ifl u • 

.cu::l QI QI tid, QI <Il:'4 1 d t fJ} 4Q 

1li'Ufl.:Jfl111Jff1J'Yi1Jlil1tJ1J1J.:JlfWI (Recurrence Relations) ~tJ'YllT"l tn 1J1J 1'jl1fJW'H!J1J Tn 

~l1fl,f1Jl'jl'i1:::1,*'li1.:J11~1 (Time Step) 8t 114ml11J1W'Hl Tn+1 ~11~1 tn+l eit.:Jffl1Jl'j\lfln1J1tJ 

'~~.:JfI1'Yi~ 9 

......
tlN 1-lJ;]).JV) 

'Cill11~1(;l1 Ta 

I ..... 
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"
 ~nmnJm'I~ 77 til'Hi'mnJm'I'vJ''U~LViiuJ'U~~n,n fa ffl)Jl'Im;jrJ'U'~~~ij 

90 

91 

92 

Ut [cl+e([Kcl+ IK.I+ IK, DJ {r}.., = Ut [cl-(l- eX IKcl+ [K.l+ IK, DJ 
{r}n + (1- 0 X{OQ} + {Oh})n 
+o({OQ}+ {Oh})n+l 

...... d
11im'I'YI til e ..,j ... 

'JllH'IrJfi 

1 0 
0' 

uumClU'I (Euler) 

2 1/2 um~n--U1f)C1ff'U (Crank Nicolson) 

3 2/3 
0'... 

mmU'If)'U (Galerkin) 

4 
I 4 4; tJJ Q,I 

~C1~l~ff'lJl'UmrJU'U'HCI~ (Backward Difference) 

94 
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" tll'H~Dtl'lh:lL1~l ~t ir'\.Jlldh·m~Dtll'ifil'\.J1WL~'\.JD~1~1l1tl tll'iL~Dtl'lb~L1~l ~t -Yi~;, 

Lfl'\.J'tJO~U,j'\l::'~ H~li'Vi,r~riD'\.J'U'l~U~'\.Jfh U~~1l~afftlL1~1~1 ~L1~11 '\.Jtl1'ifi1'\.J1WL~'\.JD~1~1l1tl 

1~ fJL \1 'Vi1::m W~U 'l1'l1~l~D~ 1vi''\.J~LDi\Lll'\.J~tJ'i::tlD'l1~1fJ~~~D~ij ~1'\.J 1'\.J1l1tl 1'\.J 'YI1~~'i ~ti'\.J'U'lll 

tll'i 1~'li1~L1~1 ~t ~ff..~1l1tlLfi'\.J1tJ \l::t1D 1...rLfi~H~li'Vi,r~flm~Lfl~D'\.J 1tJ\lltlfl111lLlI'\.J\l~ ~u~:: 

g~ 1 tJ tl·:h,r'\.Jm\l'Vi'l111H~li .... ,r~D~DW'H flfiJ'\.Jll::ijlitllIW::~'\.J~~ l~fJi'\.J (Oscillation) L~'\.J'itJ. .. .. 
,J QI ,. .c:i ~ ".c:i ".c:i' Go" .4,. c:, 1_ It..c:ll.c:l " 

VJ'\.JtJ~lVlUtJ'iH'\.J~lllL1~l ~~fJU~~::11itll'i'j)::llVl~~D~1L~::~DLfffJ~1~'1 tl'\.J tJ C1f~ l~fJVl1 IJU~1 

,,,. ... 1""''''' 1 1 "i] 1 iJ .J.1 ....L'i1 llff11l1Hl'l1Dtl ~11fl1Jll::L~Dtl 'lf11itll'i ~ L'Vi'i1:: '\.Jtll'iUtl ty'H1 ~ ty'H1'H'\.J~1l:~'\.Jtl'l1 

" 
iJ\l~fJmtlfJ'1" D~l~ L'li'\.J fl111lei'l1~D'\.J~D~U'l1'l1~1~D~ 1v1''\.J~LDi\Lll'\.J~ ~1'\.J1'\.J~~~D";~'H1l~ 1'\.J 

U'l1'l1 ~ l~D~LDi\Lll'\.J~ J'\.J tJ~1l1W 'H U 1fJfl111l~ 1U~:fl111lL~1~D~flDllii1L~D{~1eN~1'\.JDd.. 
'\.J Dtl \lltl,r'\.J if~'i11l'tJo~ ~ 1'\.J 1'\.J L1~1~flDllii11~D{1 eN1 '\.J tll'i fi 1'\.J1W u ti'iJ W'H 1 ;~,r'\.J LJ 1fl1'i . . u 

1,rcu:s. '.:S.cl QI ~ .cS " 
Vl~~ D~ 'tf11itll'i ~1~'1 Vlllfl111lLl11l1:fflltl'l11J ty'H 1Vll'i l~D~tll'i 

....... ..."
 
fJWffll'l1~~D~mtllff')f'\.J 

" 
flltllff;;'\.J (Moist Air) 'H~Dmtllff1'\.J'l1'i'ifJ1tllff (Atmospheric Air) LlI'\.Jti'lC1fHffll~~llfl~ 

~tJ'i:tlD'l1~1fJmtllffu...r~ (Dry Air) u~:1mr1fl111l,r'\.J~1 (Water Vapor) 1~fJ1'\.Jri1'\.J~D~ 

mtllffU...r~tJ'i::tlD'l1~1fJ1'\.J l~'il\l'\.J 78.10 % DDtlciL\l'\.J 20.95 % m{tlD'\.J 0.92 % 

1~fJ 11l~ ~Ll1~DLlI'\.Jti'lC1fg'\.J '1,r~,r'\.JLrlDii\l1'iW1mtllffi'\.JL~'\.Jti'lC1f~~llfl~ 1l:L11'\.J 1~11fl111l~'\.J 
" 

~D~mtllff;;'\.J (p) \l:ijtl1L'rhti'l1fl111l,r'\.JtiDfJ~D~mtllffU...r~ (P ) 'i11lti'l1fl111l~'\.JtiDfJ~D~a 
" . 

1mh (p ) U'\.JLD~v 

l~fJ~ Pa flDfl111l,r'\.J1'\.Jri1'\.J~m::ihl~fJ 11lmfJ~~D~mtllffu...r~~ijDd1'\.Jmtllff4'\.J 
I II I )I 

P flDfl111l~'\.J1'\.Jri1'\.J-Yim::n1l~fJ 11lL~fJ~~D~ 1Dlh-YiijDd1'\.Jmtllff;;'\.Jv 

6~'i1ri1'\.J~D~fl111J4'\.J (m) 'H1l1fJ~~1J1~~D~ 'mr1~ijDd1'\.Jmtllffi'\.J~D'H~~'HU1fJ 
1l1~~D~mtllffU'H~"

m = 

l~fJ~ Ra = 0.287 kJ / kg.K U~:: Rv = 0.461 kJ / kg.K 

95 
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m = 0.622 Py 

P a 

= 0.622 Py 

P-Py 

96 

" fl111J;1\Jff1JiYlli' (rf» "" lf1J1tJg~V~'jlri1\J'\ltl~1J1" 'mh'1\Jtl1fl1ff~tl1J1"'mh~~"1"'1 \J 

97 

" "	 .
fl111J~\J 'tl'\ltl~ 'mh'1 \Jtl1fl1ffV1J~1n~wlffJijl~tJ1n\J ..r\J1tl~ 

~ d'V'Olflff1Jfl1'jYl 96 ml~ff1Jfl1'jYl 97 '0:: " 

rf>	 - mP 
- (0.622 + m)Pg . 98 

0.622rf>Pg 0.622Pv(j)= = 99 
P - rf>Pg P - Pv 

"	 ,,,.
~WlffJij~"lh/il~ (TdP ) lf1JltJO~~WlffJijn'tllh '1\Jtl1fllffli1Jfl11JU'l1\J oW'Ol"SW1'Olfl 

f)l'VfYl
.d 

10 'Olflffm1::1~1J~\J ('0" 1) tl1fllff~\J()mh'1..rlg\J,,~mtJ'1~fl111J~\Jfl~~~\Jm::,t~o~ 

~WlffJij'\ltl~ 'mil~~" 2 fifitl~tulffJij'0" 2• ~~11l\Jffm1::~'mil1 \Jtl1fl1ffl~1Jfl11Jll'11\J'Vitl~ 

T 

p= constant 

. P = constant 

s 

~ 

I	 ,. " 

flWl~ 10 Hff~~fllnh1\1'mfl1f1L~h.Jfi1"~fl1tJ '~fl111Ji'\.m~;\'ill.Jg~~W'HfJij~1l,h~1-3 

100 
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" . 
'1111 1fJ 5'H~W '111JiJ'II tH V1fl1 r1~'U Vi 'ff111 l'Hri~ i ~111fl 

. 
..e::t. QI d..e::t. 

m ~1J1'U fl1'HnJ~ 1B1J 1JUVl~fJU1J~ fl 

.1 «!I .1.,.,,, " 
f11111 'If'U '11 ~Vfl1111 'If'U 'ff1J'rl 'VIli 'II V~ V1fl1r1i~ 

T 

t Liquic:l water
 
atT:z
 

s 

., " 1I1flfltlV'L!~fl'l:J 1I1~ 'ff1~ 

o ., " 
'ff1'11~1J1I1~'IIV~V1fl1r1U'I1~ 

101 

" ~h'l1f1J1I1~'IIV~ imh 

ti7V1 + ti7w = ti7V2 

ti7w = (ti7v2 - ti7v1 ) 

ti7w = ti7AOJ2 -OJ1 ) 102 

I ti7,h, = I ti7e he
 

ti7ah1 + ti7W h'2 = ti7ah2
 

ti7ah1 + ti7AOJ2 - OJ1 )h'2 = ti7ah2
 

hi + (OJ2 - OJ1 )h'2 = h2
 

(Cpo7i + wthgJ+ (lO2 -lOt )h'2 = (CpoTi + (j}2 hgJ
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103 

tI • 

~w'HtJijm::L1h:aiJtJfl (Twb) 'H'1J1tJil~ 'H1J1tJil~~W'HtJij'UV~mfllff;i'Ufhn'lJl'HI1~ 1~ 

'il1fl1't1v{l'lJijL~v{~ihhihr'lJV~ (Sling Psychrometer) 1~tJi11tIvw'H .flij~'lJ1Pi1UVL~ tlUtJ~flU~:: 
~ '"	 . . 

VW'H.flijm::Ltll::LiJtlfl'il::ijri1'lin11ti'U U~ffl'Hi'tJVitl11'lJ~'UtJ'J'J tnfllffrilvw'H .flijn~ffm'il::ijril. '"	 
• . . tI 

tI 

LV'U 't11~iJ'UV~mfllff;i'U (H) fim'I~'J 1m::'H'h~tv'U'YI1~iJ'Uv~mfllffu,r~U~::LV'U'YI1CliJ 
tI 

'Uv~'mh 

104 
... 

'H'JV 

l~tl~	 ha = CpaT = 1.0035T
 

hv = hg@o'c + CpsT = 2501.3 + 1.88T
 

h =1.0035T + w(2501.3 + 1.88T) 105 

" 'U Vfl'illflfll'J 'HltlW ff'lJ,j~'U{Hmfllff<H'U~~flri11 iJ~ffl'lJn(l'H 11~'il1flUH'U.flij1C)fltl'J 

t'lJ~~fl (Psychrometric Chart) 1~tlUH'UtJiJ1C)fltl'Jt'lJ~~fltl'J::flf)tJ~1mff'Uml'rl~n~ ., ~~Uff~~ 

''U.fllVi~ 12 
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Dry-bulb temperature 

. 
fI1'Yi-n 12 11'Ml'Uff'UmlvJ~H 'l11'U11~'U.fJij'CJ11!l·H1J~~fl 

.,l <!I" .....,,,1fltl'Yl T f16 lt1'U~tu11.fJ1Jm::::lul::::U'IN 

Twb fl6 lff'U~tu11fJijm::::l'l11::::1iJtlfl 
4 ".~ 0V f16 lt1'UlJ'j1Jl~'H)11'Yil:::: 

71
 
4 "01' <!I
 m f161t1'U6~'jlff1'Ufl111J~'U 

<!I" ':Q1Q1t1¢ f16 lt1'Ufl111J~'Uff1J'Yi'Yl1i 

<!I" ";;'1 0h f16 lt1'Um'UnlnlJ~11'Wl:::: 

<!I ....: " 
f16 ~W11tJ1J~~'Ulf1HTdP 

• 71 , 

1fltl1'U fln1cN11~'UfJij'CJ11 m l1J~~ f11VhJ111fJtu ff1JU~'\l6'Hl1f11ff;f'U-n~6~f11'j ~111j'U ~fJ ~ 
':..1 0 " 01......... I ..... "
 

'Yl 'j l11fffl11::::'\lfJ~mf11ff'Jf'U CJ1~ 1I::::f1111'U~~1tlfJtu ff1J11~fJff'j:::: 2 6tll~ 1'l1''U ~W 11 fJ1Jfl'j::llh:::: 1111 ~ 
71 - ­

timj'mlri1'Uf1111J;f'U, 6w11flijm::l1h::::11M~ti116tu11fiijm:alh::::iiJtlfl,Fltu11flijm::::llh::::11M~tl11 
• cy. • CY '" cu 

.J 01 tI ?i "..1 " "1 ...., 1 .....:,01 
f1111J~'Uff1J'Yl'Yl1i l1J'U~'U CJ1~ffl1Jl'j\lfJl'U ~ ~tl~H1l1fl11~'Ufi1J CJ1 ml1J~'jfl'U'Um~.. 

m::111 'U fl WU i'11 til f11 ff 

fl 'j:: 11 1tJ f11nH11 tll f11ff dJ 'U f11 'j f1111f11Jff fl11:::: '\l fJ ~fJ lf11ffl M1111J1:::: ff1J tl11ff fl1~• 
111-:1 'lm1J.Jltl-:lf11'j 1f1tlffl1J1'jml,j-:llh::::1fI'Yl'\ltl-:lm::::111'Uf11nJi'11fJ1f11ffU{~~rl' 

L m::::111'U f11'j 1Mfl111J~6'U 
• d 

2. m::::111'Uf11'j'Yl1f1111J1tl'U 

. ".... <!I 
3. m::::111'Uf11'jL~1Jml1J')j''U 
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~k-.,L-/--'--I----bL----=1 

,.......".1~---=::::k--I-----,;::L:.-t------l 

f-"""==,oof""'=:=-"~----::::>'I-"=---+--b-=':::"""""---:""-l----I----+---=1 

E=t:::==t===~::::::=t--I-t-4'""":-t-TI.002 

d"" " o	 "'I6. m~1Jd'U'YIlf1dl3JW'U'VfH)1J~dtJfl1~"~f1dl1J'll''U 

.P4d----------,~-¥_-+___f_J .028 

~~.,4.-~k--I-t---+-.,L----i .026" ~ 

;J .A--"';L-.4_"4~I-r:--.~k---++---1.024 ~ 
~ rn~ ~~k:--I--.j..,L--::;,L--+----=~--1 .022 .lo: . 

f...'t-~ A-------J<~..:¥J.~....,.L.j-__l~Jr.,.L._j-~ .020 i 
~~'li 80'~---l--~~~+--,..L..::"'k---~--+-----l .018 ~ 

~~-\ .016 ~. 
~ "E 

0" 60	 .014 !? 
.012 a 
.010 ,g

f.! 
....=I--.-~>--~ .008 ~ 

';....<:+--+--~---l .006 ~ " 

.004 ~ 

-.. 

o 5 10 15 20 25 30 35 40 45 

Dry bulb temperature °C 

t11~Yi'ill~Wlt1~:::1Jd'U')1~'l 'IJtNfl1~,H'1Jmfl1ff'il:::~'ilnW1L~'ULL1J1Jm:::1Jd'Ufl1~ffflld::: 

" f1~~h-fl1~il1"f1~~d ~~ir'U'illt1t1f;Jtl'4~mj'1JT~ffnLL":::t1f;Jtl'4~mj''Vi~~-:jl'U 'il:::i~ 

" 1Jd"'IJtl~ imh 

- 106 

107 

108 

109 
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~l'_ 

• d Y Y '"" 
m::UTU f11'.i 'VI1fl 11:JJW'U ~'.i fl:JJ~ 1t1f11 '.i"~ fI 11:JJ'lf'U 

Vi'ill'.iWl'll1f1m~~ 14 Ll,,::m~~ 15 m::u1'Uf11'.i,j·mcl11 'il::,hh1fJlf11ffiit2Wll1JiJ 

m::1Vl::m1'~,,~,,~ (Tdb2 < Tdb1 ) lm::U\PI'.ilri1'Ufl11:JJi'U"~"~~1t1 (m 2 < m1 ) tT'U~fl'il::ii 
. " " 

f11'.i IV ~ tI'U 11V,,~n~ V~:JJlW fl 11:JJ r fl'U if:JJH"'V~ :JJ1W fI11:JJrfl 'U 11~~ (t2W ll1J iJlm::f1 11:JJ:M'U ,,~,,~) 

y d .J "''' 1tJ "" '" • ... ... 1tJ ...
'illf1f1~'lJfl'VIll'U~'lJfl~I'V1fl'j 1:JJ l~'Ul:JJf1'" "'111'.iUf1'.i::U1'Uf11'.i"'fIl1::f1~\PI1-f11'.i 111"f1~\PI1 

" 
(m::U1'Uf11'.i SSSF) ~~l!'U'il::i~ 

Os = rhiJCp(~ - 7:"2) = rha{ha - h2 ) 

12, = rhAm1 -m2 )hg@00C = rhAh1 -ha) 

Cooling coils 

T,= 14'C T,="'"d®.Q9-®~-!
 
f2=100% I "", I ;1=80%--'- "I' ,'......... AIR-.;- • . 3 •
 

I " ,";' ~ Condensate I V1= 10m /min 
~ • _ J 

~ 14.C Condensate 
removal 

d • d Y Y .: 
m~'V1 14 11"'\PI~f11'.i'VIlfl11:UW'U'W'.i{):JJ~1t1f11'.i"~f111:JJ'lf'U 

¢1 = 809£, 
I 

I 
!--I----Jl 

/ I 
/ I¢z =100% I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

14·C 30·C 

110 



-'-1'_- _ 

.
... 
lJ'YI'YI 3 

""'" ........
 
11ifll~"H)t1 

fll~~11ihJfll~1itl 

........ .1... _I " ... ~ '1 'JJ 1 I 1
0
1'U fll~1,W'U lH)~lJ~~ 'C1' .:Jfll'VHH1fl'l:llfll~mtl V'Ufl111JH.l'U fIlti 'U '\l~'YI V'YIlfl111J 'UlllJlJ• 

1;.:Jl~'U'C1'm'U::i1fl~.. 1~miie~1fl11ifll~'~''U~lViil1J'U~ (Finite Element Method) l'Ufll~l11fh 

f-HmnW 1~t11J~~1J1W'\lV.:J~Wl1fJij l~t1Yilfll~l~t1'U l1J~l1m1Jl11fh~Wl1fJij~~111l1'll.:J~1.:J'1 flltll'U 

I 0 d ~ fJ/ dllJ '" _~ .c:. tI0 d 

'\l ~'YIV'YI1fl111JW'U 1I1fl'U'U 'Ul'\lV1J~'YI L~1Jl1lJ~ t1lJl'Y1t1lJll~~11ml~l1 ~~ 

'JJ '0 d 
fll~'C1'~1.:J'lf~'YI~'C1'VlJ'\l~'YIV'YIlfl111JW'U• 

" " 
fll~~11ij'Ufll~'C1'!1.:JCJI~'YI~'C1'VlJ'\l~yjvYilfl111J1~'U1J~~flVlJ~1t1,j'U~V'U~1.:J'1 ~.:Jij 

~ 'JJ 'JJ '0 d 
3.1 fll~Mfl'l:l1'\lV1J~fll~'C1'~1.:J'J!~'YI~'C1'VlJ'\l~'YIV'YIlfl111JW'U 

l'Ufll~~11ij'Ufll~ff!1.:JCJI~'YI~'C1'VlJ'\l~yjVYilfl111!1~'U ~11fl'U~v.:JYilflnfffl'l:l1;rV1JMh.:J'1 
.c:l fJ/ t fJ/ .d QI QI~ fJ/.d QI '0 d" 
'YI ~::lJlJ~V.:Jfll~ 1'lf'U '\lV1J~!fltl1fllJfJW 'C1'1JlJ~'\lV.:JV1flltY '\lV1J~lfltl1fllJ'\l~'YIV'YIlfl111JW'U '\lV1J~ 

1~t11tilJ~1Jmw~1.:J'1 l'U~::lJlJ 11~::;rV1J~1~t11tilJ~::lJlJ'~vhfl1lJfJ1J lfl'U~'U 
'JJ '0 d 

3.2 fll~VVfllllJlJ'C1'~1..:J'l!~'YI~'C1'VlJ'\l~'YIV'YIlfl111JW'U 

ml.:JlIlfl~i~fffl'l:ll;rV1J~~l.:J'1 ~1~t11;rV.:Jmh ~'U~V'U~Vi1Jlfl'Ufll~VVfl11lJlJff!1.:J 
'l!~'YI~'C1'VlJ'\l~yjVYilfl111J1~'\.J 1~m~1J~:nflfll~fh'\.J1Wl11fll~::flnYilfl111Jl~'\.J11~1till1'U~'\l'\.Jl~ 

'\l~yjvYilfl111Jl~'\.J 1I1mf'\.JvVfllllJlJll~::f11'U1Wl11'\l'\.Jl~'\lV.:JfJ1Jmw~1.:J'1 1'\.Jri1'\.J~1l1iiv 
" .

11~::till1'\.J~~111l1'll.:J~~~.:J'\lV.:JV1Jfl~Wiill11Jl::ff1J• 

T = 35°C 

~=80% 

I 
I 
I 
I
I:.. I"I I 

T = 25°C 

~ = 100 % 

I IiI I I : I I I I I I I I ~ 
Cooling Coil 2 Liquid water 25°C 

d Go' 0 d ,: 
fll'YfYl 16 UUll~lHmf11'rYllfl111JltJ'UU~::~lIfl111J'tl''U 
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fi1l1'U~hi' vWl1.f)ijmtl1f1'~'Vl1,mj'1 35 ·C fl11:u~'UiY':UW'Vl1l 80 % U'l~VWl1.f)ij. . . ~ ~ 

~ 

mtl1f1'Vi'Vll~vvf) 25 ·C fl11:utjf'UiY':UW'Vl1l 100 % 

, 
d ~ 

~m1~'Vl 1 V1tl1f1''VllWU1 

PVl = (APgl = 0.80x5.628 = 4.50 kPa 

Pal = P - = 101.325 - 4.50 = 96.825 kPaPVl 

COl = 0.622 PVl = 0.622 4.50 = 0.0289 kgv 
Pal 96.825 kga 

= ¢J2Pg2 = 1.00x3.169 = 3.169 kPaPV2
 

= P - ~2 = 100 - 3.169 = 96.831 kPa
Pa2 

CO2 = 0.622 PV2 = 0.622 3.169 = 0.0203 kgv
96.831 kgaPa2 

Ocv / rna = (1.005X25-35)+0.0203(2547.17)-0.0289(2565.28) 

+ (0.0289 - 0.0203Xl04.87) 

= - 31.57 kJ / kg 

9J. " ~ ~ QI .e:::t. Cl. d 
'IJ'U1~t~'Um'UfI''Utlf)'l1~m~1JVf)~1J 39.57 :U'l'lI:UIWJ 'j~t1~'lff) 12.55 :U'l'lt:um fl11:ut'j1'jV1J.. .. 

I d 'I ~... lIJ _!!t 'i 0' "" 0'... Z 'I "'i 'I ~ d .;, 0'
2,850 'jV1J(;lV'U1'Vl ~'lff)1J ~'Vh'l1 1 IvJ~ 220 n'l(;l 50 UJ'j'Vl9f ~~'U'U ~'Utl1'jmVf) ~'lflVf)1l'Vf'U'If'U11'l1 

~ ~ "" • d dllJ~"'i lIJ~~ ~ & "'i 'l~ 
1l1f)'lJV:U'l'IJ'U1~'lJV~flV'Ut~'U9f~t1'U(;lU'l~~1'j'Vl1fl11:UW'U R-22 'Vl ~~mVf) ~ 1'IJ1~(;l'U ll~mVf) ~ 'If.. .. 

d .;, 0' ~ 5'1 .1 0' ,
tVf)1l'Vf'U'If'U11'llU1J1J (Thermostatic Expansion Valve) GA-1.5 9f~tlJ'U~lJmWfl11JfJ:utl1'j l1'l 

'IJ V~~ 1'j Vi 1fl 11:U 1~'U 1~ t1tl1'j Vi 1~ 1'U 11 ~ til 'U tl1 'j fl11Jfl :U9f'lJ ItJV{~(;l ~ 'Vl1~ 'Vi V~ ~ (;l 'j ~'Vll~ VVf)'lJV~. . .. 
thl'um'i tllV{ ~~ tl1ni 1~1'U1mYtl'l:lw::rl~:: 1M'~lfl11lHn1J1'i(ll 'U tl1'ililfl111JttJ'U fl~~U~fll'i:: 
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'\J tl~ ~f1~tl~ 'il~ijf11':i L'u~m.J mJ'l~ ffl'H i''lJ'\J~yj mhfl1l1JlfhH~tlfl'~'\J~'Yitl (Tube) ~ijL'ff'W Nl'W 

ff'W~flm~ 10 ii'lill1Jm lflfJfil'H'W",..r"'m:lw~'\Jtl~mi1J'Yitl (Tube) mtJ''W~~1l~l~tJ~U'lJ'lJU'W1 ... . .
.:!t lU d.' I Q,I Q Q d. 1 'QJ' c:a e:t. " d I • Q,I

1'l1'ltl1Jfl'W ST 1JfI11'Y1lfl'lJ 25 1J'l'l11J1I':i U'l~ SL 1JfI11'Yl1fl'lJ 25 1J'l'l~1J1I':i ff1'WfI1 NT 1JfI11'Yl1fl'lJ 6 

lm~Th N
L 

ijrlll'Yilf1'lJ 5 U'l~ijUN'WfI~'lJ'\J'Wl~ 350x80x282.5ii'lill1Jm ~~1l~1~tJ~f1'W91l1JU'W1 

" 
f11l1JtJ111~tJij':i~tJ~lh~ 6 f1~'lJ~tlib 

. 
d Q,I d " 

fll'rfYI 17 Uff~~f11':i'il~l':itJ~fl'11J'Yltl 

" • 0 cf
3.3 f11':iff':i 1~,\!~'YI~ ffV'lJ'IJ~'Yl tl'Yllfl1l1JW'W 

f11':i~h~il'W f11':i ff!l~~"'Yl ~ffV'lJ'\J"'YivVi lfl1l1Jlg'W l~1J'illflf11':iff!l~ 1fI':i ~ff!l~ 'illmT'W•
" ."

~~~~~'1Jmw~1~1 9ll1JU'lJ 'lJ,yj fil'H'W~ 1~ 'illm!'WVilf11':il~'W':i~'lJ'lJ'YivVilfl1l1Jlg'W ':i~'lJ'lJ 1~ytl 
." " 

f11'lJfl1J 91 ':i1 'il fftl'lJ fl1':i i'1'\JV~ ':i ~'lJ 'lJ 'illm!'W ~~ Vi1f11 ':i 1~ 1J ff1':i Vilfl111Jlg'Wl
-
~ 'W.u'W 91 tl'W ff~ ';],miV'W. 

l1l1f1~V~ 1'1J'Yl~ffV'lJ 
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.d I 0 d • 
fll'VfYl 18 Uff~H'U~'t10't11f1111J1tI\J {Cooling Coil} 

. 
fll'Vill 19 Ufffl·niml1J {Duct} 
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'I' 

d • 0 d my.,...1 20 Ufft;l.:J'ltt;l'YIt;lffD'lJ'Ut;l'YID'YI1f1111JttI'U 

o 0 d 
3.4 fl1 'I 'YI t;l ffD'lJ fl1 'I 'YI1.:J1'U 'U D.:J 'I:: 'lJ 'lJ 'YI1f1111J1tI'U 

o .e::to d' tI 
'U D.:J fll'I 'YI1.:Jl 'U U~:: fl1'I 1 tfI 'Il:: lffl111J ff1J \! 'IW'UD.:J'I::: 'lJ'lJ 

~ I 

t;ll'Uff.:J 

f1111J~'U (psi) 250 
, 

~WlffJ1Jfl1J~1 (oF) 117 

(Liquid Line) ~WlffJ1J (oF) 107 

ti''Uf.}~ (oF) 10 

f1111J~'U (psi) 50 
!J/
t;l1'Ut;lt;l.. 

, 

fJW 11 fJ1Jfl1J1P11 (oF) 26 

(Suction Line) ~WlffJ1J (oF) 38 

9ph1JDf~\PI (oF) 12 

m:::uff1vJvh UD1JU1J~ (Amp) 7 
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Q tJ 0 0 QI QQI 

ff1J 1J ~ iT l'U U(l::'Uflfll '\1 'U ~ ffl '11 ~ 1Jfl n1;) [I 
.. dd .. 

Q tJ 0 0 QI .c:rr.QI 4Q1 4 

ff1J 1J ~ iT l'U1m ::'Uflfll'\1 'U ~ ff I'll~1J fll~1;) [l1J~,:j 'U. .. 
1. 111 ijfl n\ilm'Ylfl111J f fl'U~:: '\11 H'Ufl'Yi fl'ti lfl111J ~g'U n1J ~,:j U1fl~fl1J i fl [lHU,:j i fl[l~ fl1Jl~ 'U 

'WI '4 4 tJ 
~'U1'U (Adiabatic Wall) l1J1Jfl1~t1~lff[lfl111J~fl'U 

2. \;;) 1~flI1H(l'Ufl,:jfl1~ltl~[I'U Utl(l,:j~W 'YI fJij~l1J 11(l1 

3. fJ Wff1Jllii'Ufl,:j'Ufl'Yifl'tilfl111Jlg'Uijrilfl,:j~1 'U'Jh,:jl1m~til"',:j\; ;)l~W 1 

4. ff1J fl1~ 1'U fl1~11ml:: M'\11rilflfll'\1flii 1~'U ff1Jfl1~'Ufl,:j'Vi"',:j,:jl'U ffl'\1i'1J')ff~'Vi~'U~ij fl1~ lfl~fl'U~ 
II IV II II 

'Ufl,:j'Ufl,:jl'\1(l1 
.. 

5. \;;)1~WlfJWff1Jllii'Ufl,:j'Ufl'Yifl'tilfl111Jlg'Ul~'UU1J1JlUfll~[l1n'U~(ltl~ (Homogeneous Material) 

4 ~lII!!I QI oCt! i. 

U(l::1JfJflI ff1J 1Jfll'\11J fl'U fl 'U ~ (l flfll'J fl'Yl R'Yll,:j (Isotropic Matenal) 

6. 1ii\;'l1~flI1fl1~'Vilfl111Jf tl'U i ~[lVff~:: ~,:jlnfl'illflfl1~lfl~fl'U~'Ufl,:j'Ufl,:j' '\1(lfl1[1l~u ~ ,:j(lflm;1 
I • II I I 

iil\;1J;j'U fl'U lUfl,:j1Jl;)lflfl1~ ltlii[l'U Utl(l,:jfl111J'YI'U lU-U'U 
I JI I • 

7. 'ii\;;)l~WIF·m'Ufl,:jfl1~ltlii[l'Uutl(l,:j1J1(lfl111J;f'U'UW::.y;ij fl1~ ltlii[l'U Utl(l,:jflW. '\1flii.. 

" 0 0 QI .c:rr.QI

'U fl1J(l 'ill1'Vi1:: ffl'Y1 ~ 1Jfl1 ~ 1 'l [I
'0 

", 0' '0 d 
- lff'U Hl'U fj'U[lfl(l1,:j'Ufl'Ylfl'Yllfl111JW'U 10 mm. 

tJ 0 • 0 d 
- fl111J fl11,:j'Ufl,:j U1J1J;)1(lfl,:j 'Ufl'Yl fl'Yllfl111J l[l'U 350 mm. 

o • 0 d 
- fl111J[ll1'Ufl,:jU1J1J;)1(lfl,:j'Ufl'Ylfl'Yllfl111JW'U 80 mm. 

o • 0 d 
- fl111Jt1,:j'Ufl,:jU1J1J;)1'lfl,:j'U~'Yltl'Yllfl111JW'U 282.5 mm. 

o • 0 • 0 d 
- 'l l'U1'U 'U ~'Yl fl'Ufl,:jU1J1J;)l(lfl,:j'U ~'Yl fl'Yllfl111J W'U 44 'U~ 

• 0 d 
- fl111J'Vi~'U'Utl,:j'U~'Ylfl 'Yllfl111JW'U 90 % 

, '0 d 3- fl111J '\1'U lU'U'U'Ufl,:j'Ufl'Ylfl'Yllfl111JW'U 2702 kg/m

- ff1J tl ~:: ff'Yl (flnUlfl111Jffl'U 'Ufl'Yifl'ti lfl111J19'U 237 W/m.K 

" 0 • 0 d 
- fl111J ~ fl111J~tl'U 'l11Vn::'Ufl,:j'Ufl'Ylfl'Yllfl111J l[l'U 903 kJlkg.K 

I 

- fl111J'YI'U1U'U'U'Utl,:jfl1fl1R 1.1614 kg/m 
3 

- ff1Jtl 'j:: ff'Yl n~fl1~U lfll11Jftl'U 'Utl,:jfl1fl1ff 0.026 W/m.K 

" 0- fl111J~fl111J'jfl'U 'l11Vn::'Ufl,:jfl1fl1ff 1.007 kJlkg.K 
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_ ~l' _ 

" , hi fll'j ff~HU1J1J ~ l~U,:j'U u,:j'U~'t1m;'f1111l1ghl tTl'l1 i'1J fll'j1~tJirhi 1~'t11fll'j ~1~U,:jU1J1J1l1 

'illfl'J!~'Yl~ffU1J'U~'t1U't11fl111l1g'U'U'U l~l~'\.Jfh'U fJ''U~fl~l,:j 10 ij~illll\9l'j i ~tJ~fll:l W~'UU,:jfl~ll't1U 

(Tube) mtJ''U~~11,:jl~tJ,:jU1J1JU'U11'11~Ullti'U'U'Ul~ 80x282.5x350 ij~illll\9l'j ~,:jUff~,:j''Um~~ 21 
~ ~ ~, 

~,:jir'U'illflU1J1J~1~U,:j'UU,:j'U~'t1U't11fl111l1g'U 24 ;f'Uff1'U 'fi1'jlfflll1'jflU,j,:jlrJhI~hI-,;h'UvutJ~1'U1'U
~ ~ . , 

lh~flU1J~1tJ~~~m1,:j'l11l~ 35 ~~~U i~tJ1rJ'U;f'Uff1h1VUtJU1J1J1Uillll'Ul9i'ff1'l1~tJll(Quadrilateral 

Element) ~lh~flU1J~1tJ 4 'il~~U ~,:jUff~,:j''UmYi~• 22 

. 
.q o.c:l' • Q,I 

1'j llU'j fl'UU,:jU1J1J'ill~U,:jllflll'Yl1fl'U'I1ll~ 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

. 
.do Q,I 0 I 0 d 

m~'Yl 21 Uff\9l,:j~fll:lW~U1J1J'ill~U,:j'U~'YlU'Yllfl111lW'U 
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n 

5 

~ 

3 

~ 

2 

~ 

~ 

,JI	 JI, JI 

flTrfYi 22 U~~.:I~'Uff1'\.HjVV1i1.:1'l ~1'U1'U 24 ~'Uff1'U fj1.J'i::flVlJ~1v~~1im1.:1'1nJ~ 35 ~~1iv 

~.c:I QI ~QI " 
1'6fl1mCl::'U'U~V'Ufl1'i1'iW 

, 'U flU 1~Vhfl 'If'11hll.:11-nl 'U 111vii11J 'U11'H Hi1fl1HlHI1V'U fl11lJfv'Uflltl1 'U 'U~"; V 

Vi 1fl11lJl~'U 1~ tlV1r'YVfJ1.JmWflt)lJYi11~v11 'Ufl1'ith'U1el'H1fJW'H 1Jii~~1U'H 'I1.:11iH'l fllV1'U 'U~'t'iv 
" " Vi1fl11lJ!~'U 1~vfl1'i1~v1.J'i::flVlJ~1v;r'U~v'Umrfl~.:Iil 

" 
I. fl1'i UoU.:Iff1'W'UV.:I l!lJlJ ~lClV.:I 1~tlVi1fl1'i UoU.:Iff1'W 'UV.:IUlJ lJ~lClV.:IVVfl1~'U~'W ff1'W dvv 

, JI	 I • 

fjij 'II 'U 1~1i 1.:1 ti'U 1~ vu1iCl:: ~'U ff1'U dVtI'il::!~ 'UUlJlJ!vii!lJ'U~ff!'H~ tllJ (Quadrilateral Element) 

"'.1 'J/ ,
'VJu'i::flVlJ~1V 4 'il~~V• 

}l	 'J/ "'''.1 ...." 'J/ _I 'J/
2. fl1'iIJV'U'UV~Cl'VJ ~ummlJflVlJ'V'l1!~V'i (Program Computer) ~V.:Ifl1'i IJ'i::flVlJ~1V 

" 
2.1	 ~1'U1'W'UV.:I~'W"hvdVtI (Number of Element) 

2.2	 ~1'U1'W'UV.:I~~~eJ (Number ofNode)
 

'JJ 0 0 QI J ~ " • I ~. 'JJ
 
2.3	 'UVlJCl'il1!'V'l1::~1'H'ilJU~Cl::"ll''W~1'UVVV (Element Data) 'il::!'ilJ~'U'HlJ1mCl'U'UV.:I'il~~eJ 

~ . 

- 8 12 16 20 2_ 

3 7 II 15 19 23 

2 6 10 I ­ 18 22 

1 5 9 13 17 21 

.. .. 

• 'JJ '. jI I 'jJ I 

1 mlJ~1V~~~V J mlJ~1V~~~fl k llCl::~llJ~1t1~~~V m 

2.4 Yiti~'UV.:I~lU'H'W.:l'UV~~~1ifl1iVJ'l (Nodal Coordinate Values) 

I 
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2.5	 ~llJ1lJ'Uv~i'\.fd':l'I..1tivtJ~ijV'4vrlJi'Uv':lliVlJ''U'U01H'U\9I(Number ofElement Sides 

with a Derivative Boundary Condition) 

2.6	 ~Wl1fJijl~1JUm~~~l9ivl9il~'1U'l::liVlJ''U'UV1JI'U\9I~ffil (Known ~ Values) 

2.7	 ff1Jth::iYl'Ii'Uv~~1UthllJ-,;,'1Jf11'Hi~V'4vrlJi(Material Coefficients) 

2.8	 ~llJ1lJn'l1~1~lJf11~'W"l'H.ul(Total Time) 

o .c:. o'.tQo'	 , 11 'J/
3. mlJ1WlmU1JlJ\9Il1J\9I~flt]j' (Element Matrix) \9Il~'1 'Uv~f11~mtJ VlJfl111J~VlJ 

NG	 NG 

[CJ = L L ~WjPfCptO" {N(~/,17J}lN(~/,17j )Jlj(~/,17j l 
1=1 }=1	 (4X1) (1x4) 

NG	 NG T 

[Kc]e = L L ~Wj [B(~/117j)] k [B(~/,17j )]lj(~/117j) I 
1=1 j=1 (4x2) (2x4) 

NG 

[Kh]e = L Wjh{N(~,17j)}lN(~,17j)Jlj((17jl 
}=1 (4X1) (1X4) 

NG	 NG 

[KvJ = LL~WjPfCpt;{N(~/117J}Lu VJ{B(~/117J~j(~/117j~ 
1=1 }=1	 (4x1) (1x2) (2x4) 

NG	 NG 

[QQf = LL ~Wjqm{N(~/,17j)}lj(~/,17j)1 
1=1 j=1 (4x1) 

[Qh J = L
NG 

WjhTa {Nk17j )}Ij((17j ~ 
j=1 (4x1) 

o	 .tQ 0' .tQ 0' • ~ 

4. lJl1V'll1JlJ\9Il1J\9Im9f (Element Matrix) \9IH'1 1Jn11JtilJl1JlJ-,;,'1Jf11~~11J'UV~~::1J1J 

(System of Simultaneous Equation) 

n 

[CJ = L[CJ 
1=1 
n 

[KcrS 
= L[KcJ 

1=1 
n 

[KhJ = L[Kh]e 
1=1 
n 

[KvJ = L[KvJ 
1=1 

[QQyrs = i[QQ]e 
1=1 
n

[Qh jrs = L[Qh]e 
1=1 
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_~~l' _ 

5. llVl'\.JfhflWl1flijl~1Jll·.ifl (Initial Temperature) ~ll~~fl~l.:.l'1 u":aifl'\.J '''''fl1JL''~q cu q I 

(Boundary Condition) ".:.11'\.Jff1Jfll'.i'.i11J"fl.:.l'.i::1J1J 

031 "i 131""'" <I...6. V11fll'.iUflff1Jfll'.i'.i11J"fl.:.l'.i::1J1J L~tJ 'lf1lifllmfl'.ifl'\.J (Galerkin Method) 

{r}n.' = Ut [C]+ ~ ([Kc j+[Kh]+ [K, DnUt [C]- ~ ([Kcl+ [Kh]+ [K, DJ 

{r}n + ~ ({QQ )+ {Oh nn + ~ ({OQ )+ {Oh}t, } 



'[' 

..;
 
'IJ'YI'YI 4
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~lfl~",m'j1~tJu ""fl~ 1M'IMu11 lrlV1M'fl11:U~VU lfltJ'jVtJUfiutJtJ~l"'V~~fJW'H tJ~~l~" . ~ 

35 °C, 40 °C 1m:: 45 °C fl1:u~h~tJ ~::'YitJ11m'jlt1~tJUU1J"'~'tIV~fJW'HtJ~.fl1tJllJutJtJ~1"'V~,rU 

~::ihrfl'l:lw::m'j"'fl",~ff"".fl11::g:U~1 Jufimrlvfhflntil'HUflFlW'Hfl~'H~m)fl'jlmHhtJlvu. .
~ 

" .d. ~ '0 d, ~.d: ~ '0 d d. r 
fl11:U'j VU VltJ 'jnw'tI VtJ'tIfl VI VVllfl11:UltJlJ fll't1V~fJW '11 tJ:u VltJ'j11W'tIVtJ'tIflVl VVllfl11:UltJU ~:::um 

"'fl"'~fll:U~l~lJ lm::ihimlm'j"'fl",~mh~""~11"":UV lrlvn"'lf·hu1 t1fl1'\lV~fJW'H tJ~.fl1tJ 1U'\lV~ 

UlJlJ ~ l"'V~ ~::ij Ti lfl~~ 'H'"~ ~lflJU11i11~::I.yi:U~llJ1lJnm:u1fl~ul-ntJ~ lfl~fll:uth'tlv~fJw '11 tJ~~ 

~lU 'H 'Ll ~~ 1~" .fl1tJ1UUlJ lJ 'ill'" V~~:: 11iijm'jlt1~fJlJ Ut1",~ lm::lrlmhm'jlmtJlJL'ritJlJTilfJW'H tJ~ 

~lfl~",m'jVlfl""VlJmHhlJ1WUlJlJ~ 1 tilJUlJlJ~ 2 ~::'YilJ111rlv lM'fl11:U~VU lfltJHllJunUlJlJ 

~l"'V~~fJW'HtJij35 °C TilfJW'HtJij~11L'11'Ll~fil~"~fillJ1W1~Uflflfil~tiU 0.40 % ~fJW'HtJ~ 40 °C 

TilfJW'HtJij~11L'H'Ll~fil~" ~filU1W1~Uflflfil~tilJ 0.45 % U"'::~fJW'HtJij 45 °C fh~W'HtJij 

~11L'H'Ll~~W"I ~filU1W 1~Uflfl~1~tilJ 0.51 % lm::lrlm;'fl1'jlmtJtJll1tJlJTilVW'Hfl~~lfl~",m'j• • 

Vlfl""VtJm'jfilU1WUtJlJ~ 3 tilJUlJlJ~ 4 ~::'YitJ111rlV 1M'fl11:ufvu lfltJ'jvtJunUlJlJ~l"'V~~ 

F1W'Hflij 35 °C TilVW'Hfl~~lU'H'Ll~~l~C'I ~fillJ1W1~Uflfl~1~tiU 3.26 % ~VW'Hfl~ 40 °C 
'" qjI q cu I q cu 

TilVW'Hfl~~11L'H'Ll~fil~" ~filU1W 1~Uflflfil~tilJ 3.72 % ll"'::~VW'Hfl~ 45 °C TilF1W'I1fl~ 
II eu II eu "eu 

, II I I 

~11L'H'Ll~fil~" l1filU1W1~Uflflfil~tilJ 4.18 % ~~,rlJ~::IMU 1~11flntil'HUfll~VU 1't1't1V1JL'tIfll1:Ul 
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fl11:ufvu11i Qfl~V~Urr1~::ff ~~",'ti 11M'filfJW '11 Qij~fillJ1W 1~ijfi lfl11:U~fl'Yi"'lflfll:U 1 t1~ 1tJ 

lfltJ~1u t1'j,j H., (Parameters) ~ij~~,j vml1tl~tJlJ lltl",~VW'H fl~.fl1tJllJ 'tIfl vi v'ti lfl111U~U 
>I 
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• I '0 d 
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I Y I 0 d 
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I d 
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..: .1 
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. " . 
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iifl111JUl9lfl,j1-3n\..l1J1fl-u'tltlloWtl-31191 

o I ,.,. 91 10 dtJ.eu=I.4i 
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l'YIfllU 1(1V11'lflJ~f1(1 ~.ff. 2538 U~qjqj1l'Y11f1'1fl11lJff1fffl1lJ'IllUtllcYifl ff1'tl11ff1m1lJ1fl~{Ntl(1 

ffm,jUL'YIfllu1(1V~1::lltllJ1tl~l'W1::UmmUtl~.ff. 2542 

l.h::~mnh~l'W ~.ff. 2538 ffmUU1'YIfllU 1(1~11'lflJ~f1(1 1nV1l'Ufl~1::Umll1Utl 

~lU'l1u'~tl11l116 1 ~.ff. 2546 ffmUU1'YIfllU 1(1V11'lflJ~f1(1 1'YW1l'tlfl~1::UmmUtl ~lU'I1'\.h 

,:r1'11,r1ff1'Ul1'lfl1ff1fl11lJlfl~tl~tl(1 'rtff. 2547 ffm,jUl'Ylfllu 1(1~11'lflJ~f1(1 1'Y1m1'Ufl~1::Um 

mUtl ~lU'l1'1l~m"116 2 ~.ff. 2547 ffm,jUl'YlfllUh~11'lflJ~f1" 1nV1l'Ufl~1::Uml'l1Utl 

~11m'll~,:r1'11,r1ff1'Ul1'lf1l"f11 Uh~lf1ttl~tl" 


	ปก

	บทคัดย่อ

	Abstract

	กิตติกรรมประกาศ

	สารบัญ

	สารบัญตาราง

	สารบัญภาพ

	บทที่ 1

	ความเป็นมาและความสำคัญของปัญหา

	วัตถุประสงค์การวิจัย

	ขอบเขตของการวิจัย

	ประโยชน์ของผลการวิจัย

	ขั้นตอนในการทำวิจัย


	บทที่ 2

	กฏอนุรักษ์ของพลังงาน

	เงื่อนไขขอบเขตและค่าเริ่มต้น

	วิธีการไฟไนต์เอลิเมนต์

	การสร้างสมการไฟไนต์เอลิเมนต์กับปัญหาด้านความร้อน

	คุณสมบัติของอากาศชื้น
 
	กระบวนการปรับอากาศ

	กระบวนการทำความเย็นพร้อมด้วยการลดความชื้น


	บทที่ 3

	การดำเนินการวิจัย

	การสร้างชุดทดสอบขุดท่อทำความเย็น

	สมมติฐานและข้อกำหนดสำหรับการวิจัย

	ข้อมูลจำเพาะสำหรับการวิจัย

	การสร้างแบบจำลอง

	การกำหนดเงื่อนไขขอบเขตแบบจำลอง

	วิธีการและขั้นตอนการวิจัย


	บทที่ 4

	ผลการวิจัย
	ผลการทดสอบของการคำนวณแบบที่ 1

	ผลการทดสอบของการคำนวณแบบที่ 2

	ผลการทดสอบของการคำนวณแบบที่ 3

	ผลการทดสอบของการคำนวณแบบที่ 4


	บทที่ 5

	สรุปผลการวิจัย

	ข้อเสนอแนะ


	บรรณานุกรม

	ประวัติผู้วิจัย




