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Chsiicon= 712 J/Kg-K

T= 2080
T,=460 °C
m= 05kg

1NTUMST Q =mC(T,-T))
=0.5x712x (60-25)
=12,460J

doansmanainnuTou 24,920 J melu 20 Jun
12,460
20

=623 W

V| o ' y ¢ A dat ya o 1 y
ﬂ'Jﬂsnﬂfniﬂ]u’]mﬂ1ﬂ]ﬂ?1u§9um@QllNQlcﬁaﬁ!lﬁﬂa]ﬂﬂﬂmuﬂﬂﬂﬂﬂﬂﬂﬂﬂ')]uiﬂu

Tédoyavosiui 12 Huiny w.e. 2554 1ie1a1 12:00 1R

Tambiem = 346 OC
T'lﬁ'um = J2R.°C
U =02m/s
2
AI.I.FNI 1 m
(Tdume+Tambient) (52.3+34.6) “
T ™ - = = =43.45°C N30 316.6 K

91NV AVLIA Element of Heat Transfer 9 18
V=17.55 x10° m’/s
k=27.53x10" W/(m-K)

a =23x10° m%s

Pr=0.706
Uxx (0.2x 0.49) e T -
91N Re = = — =15,584 mnaamnﬂumswmummwsmmmsiwm 1N
17.55 x10~6
gcos15°BATX3  9.81xc0515°(1/316.45)x(52.3—34.6)*0.493
r: =
v2 (17.55%10~9)2

Gr = 202448680.4
Gr/Re’= 6.49
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&1 Gr/Re” >>1 Worsan i)y Free Convection
f1Gr/Re’<<1 134131 Force Convection
ﬁﬂlfu Gr/Re’ = 6.49 111! Free convection
91NFAT Incline Plate 171 Hot Surface Facing downward
Nu = 0.54 (Grx Pr ><coslS°)0'25

= 0.54x(209590269.6x0.706 X cos15°)"**

=59.04
, Nuxk (59.04#27.53x10—-3)

B : 0.49
ﬁiﬂﬁu Q= hA(T'la"um-Tambiem)

=3.31 W/m’K)

=3.31x1x(52.3-34.6)
=58.58 W
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Medumsinnammaseuvesemeihilaou nsalddmnumieduinais

AuaNAveIeIMATQUNAT 45 °C 9214 V = 17.7x 10° m¥s, Pr=0.70448, ke 27.632x 10°
W/m-k

V=0.2m/s

gunnildum= 60 °C

gaumgiauadon =30 °C

q

a 4 A
QUNQUNAY =45 °C 139 318 K

q Y

1 a a Q‘
mmﬁuﬂszﬁmmsmmm%’au 1N

UxD 0.2X0.0286
Re s — =i
% 177 X10-%
gcos15°BATD3  9.81x cos15°x(3.14x1073)x(60—30)x0.02863
GreZ 3 = = 66,652
v (17.7%1076)2

Gr/Re’= 66,652/(323.12) =0.638 ﬁJu ForceConvection

1/2p.1/3
NuD =O_3+0.62R6D Pr (1+ ( Rep )5/8)4/5

(1+ (%)2/3)1/4 282,000
_ 062><323 11/20 7041/3( (i 523.1 )5/8)4/5
: (1+( )2/3)1/4 282,000
=55
5.5X%27.632xX0~3 5
= =5.36 W/m -K
0.0286

MIMUIUAIVANUS DU
AMUHUIVDIATY 0.001 m

AVY1IATU = 0.07 m

Y =
ANUNINATY =0.07 m

'
=

Y ' v [ 3y
whsuifisuiuiinhdavesnsunuudmasuigialiinuindhdauuurenauiiedioaens

AN
T[DZ v
=319 X 817
4
W 4x0.07 X0.07
- _ =0.0789 m

T T
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@UrUgUINA1INBUBNYDINONBILAT = 0.0286 m

o & = Y o :
muummmﬂizmmﬂm"lﬂmu

r2 = 0.03945
r1 = 0.0143
R,= 0.03945 m
R,=0.0143 m
Thickness 0.001
R, =R,~—————=003945- =0.03895 m
L  =R,-R,=0.03945-0.0143 =0.02515m
Thickness
L, =Sy ——'—2—'—— =0.02515+0.001/2 = 0.02565 m
A, =L xThickness = 0.02565x 0.001 =2.565x10"
R 0.03895
2€ _ 26,722
R, 0.0143

h  =5.36 Wm'-K
K

alluminium

= 285.4 W/(m.k)

L (kAp)'” = 0.02565°7(5.36/285.4 x 2.565x10°) " = 0.111
auuAdszansmmasuanuiou =97 %

Overall Surface Efficiency

TIUIUATY = 30 LHY

FLULUNTLNINAITY = 0.01 m

A, =mx0.0286x(0.40 —0.001x30)=0.033 m"

A, = 2Ty %17 2) =2 x 1 x(0.03945%-0.0143° ) = 0.008247 m’

A, =NxAH2TTr( H-Nxt) =30 x 0.008247 + 2m x 0.0143 x(0.4 —30x0.001) = 0.27
NAg 30%0.00824

My =1-— =Gl ) = 1= e 0.97) = 9682
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ANUIIINANUAYDIVIONDAL = 1.5 m
yunAdUHIUUINAINBUDN = 0.0286 m
AUNUIVDIND = 0.001 m

yunaduruguina1eaniolu = 0.0286 - 2 x 0.001 = 0.0266
ANVYIINBAIUIITLNY = 1.1 m

ANVYIINBAIUAIVLUY = 0.4 m

T =60°C
evaporator
Tcondenscr =26°°C
K = 395 W/(m-k)

copper

K‘lhcrmal Grease = 197.5 W/(m—k)
ﬁﬂd’)uﬂﬁlﬁnﬁﬁﬁ%ﬂu 40% ‘lI’ENﬂ'ﬂiJElTJ’L"(Tlu‘V‘I"ISSMU
A = m XDXL =TT x 0.0285 x 1.1 =0.0984

Evapcrator_

Acontensea= AX 1]y =0.27% 0.96 = 0.2592

Z, —0K/W
1 1
z, = - = 0.719K/W
thcondenser 536X0.2592
0.0286
ln( 0.0266 ) -5
Z, =In(D/D)/QTT1k )= : =2.66x 10° K/W

2XmTX1.1X395

0.0286

( )
0.0266
Z. = In(D./D)/Q2Mlk.)=
3 n(Dy/D) / QTLk) =5 0.4x395

=7.33x 10° K/'W

Z i seaegy = 0.719+ 2.66x 10° +7.33x 10° =0.719 K/W
AT (60—30)

Q = =41.67TW
Z(149+2+8)  0.719
Z;+zg+z
0 =Ts;+[(7 8 9)]AT
(0.59+7.33 x107°)
=25+ x( 60 -25)

0.59
=60°C

v Y
gl R-134a 91 60 °C mApuauiianieg laaeil

P, = 1.68 MPa
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P, =1,053.7 kg/m’

p.= 87.64 kg/m’

L =426.86x10" J/kg
LL=138.6x10 " Pa.s

Ky 130, = 65.8%10° W/(m-K)
G=3.81x10" W/(m-K)

B =15

C,= 1663 J/Kg-k

Lk3pi2 025 (426.1x10%)x(65.8x1073)°x10532 (5
I h - yh

] = =992.7
Ui 138.6x1076
0.3
CD _pZO.GSAl Cplo.7 52)0'23
3 pvo.25L0.4ul°-1 P,
1053%-650.0658°31663°7 (1680000)0 2 g
= X = Aol |
87.640254268600-4(138.6x1076)01 101325
Z3f _ (CQ(I/S))/D4/3g1/310®24/3
6)
0.235x165'3
= I 1 T=6.319% 1073 K/W
0.02863x9.813x1.1 x992.73
, 1
3p _d>3g°-2Q°-4(1'tDle)°~6
1
= =53x 1073 K/'W

62.11%9.819-2x165%4X(mx0.0286%X1.1)9-6
Z, 5252, =7,

3f >

Z,=6319x 1073 K/W
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1
ggie 0.235x1653
7T p4/3 g1/31.0,%/3

2 . 4 1 7L 0.0173 K/'W
0.028639.8130.4x992.7G
Z,.; =0.719+6.319 x 107+0.0173 = 0.742 K/W
AT (60-30)
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gUUYNAINNIZINY 60 DIRUFATYA  QuMANTIUAIULLY 30 DIRIFAITYE

G Q

Wurhuguinananioluveanie (D) = 0.002m
ANVEITIUINILNE (L) = 030m
ANueNTUAUANNS U (L) = 000m
ANEIAIUAIVLUY (L) = 020m
gunglaIuIseme (T ) 0, 10
QUNYNAIUAIVUUY (T) S0
HaAgUUANdIUAIUIIUAUdIsEME = 30 °C
unavhyuiuiszauilug (B) = Ms°

S TRuavve e (N) = 10 Tdudnn

ANUNUMUUYBIN TN (p,) 1,411.395 kg/m’

Il

anuauveIm s ludmaIuuy (P 109,583 N/m’

Il

ANuAUYEIMsUludIusTIvY (P) 285,899 N/m’

aumilavanl () = 333x10"Pas
A1NNMIANNITOU (C,) = 1.0451 ki/kg-K
amsihanuiou () = 7.10x 10" kW/mK
louMaTveunaIduda (h) = 8456 kl/kg
umatlvealedud (h) = 24728 kl/kg
anuTounns (b, = 162.72kJ/kg

#1171 Karman number (1azA1n 1481152 an5wa 310
Fie 0.5 (L 26 ) T,
1,411.395 x 176,316 x (0.002)3
(3.3374)2x 0.25

Kay,, = =71,582,382.24
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¥1A1 Prandtl number

1.0451x3.33x10™%
7.10 x 105

= 4.90

Prliq =

namANuIounds mnnuyanuieu nazkadvosgamglduhssmedud NI

HIIMIA1 Jakob number

162.72
Ja= =
1.0451 x 30

Se19

o Iy [ A o E) ' Y b

HINT AN Vlmu:)m"lﬂmtmuﬂmm’nm’e)u"lﬂ

Q = mx0.002x10x2x 0.30 x 0.54(exp(0.261))°48(71,582,382.24)%474.90°275,19143 10027
=986.79 W

ilesninrennufenludiniunnudouduimunuraduasorfing fvsveuvienaiy 10%
voudusoulvearie uazanmsanaanonnuou lildFuRaunsradiasefinran
Fuaifios 60% vesmunTuanudeuvosienudoutmun suky

Q=98.68W
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1. 353n512¥mAunu516T (Annual Cost Method)
AC = (TIC)(CRF) + OM — S(SFF)
Taoft  CRE = [i(1+ I/ [0+ 1) - 1]
SFE=1/[(1+ 1) - 1]
o AC - mldswgnianeativesszunrinideundeniing ()
TIC = y‘amﬂwﬂ’mmﬁumnuﬁwm ()

OM = maniiuanuuazingsnysel) (unAal)

S =yamEINURIITUY (V)
Y
1 =daneenilusoll
Jd a J
n =0y ldauvesszuumadugsetiad (1)
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CRF = Capital recovery factor

SFF = Sinking fund factor

d’ ° 1 Y 9y =
ATTNNUINN 3.8 swmiﬂm'smmmhmﬂmunmwﬂ

TIC CRF OM S SFF AC
WAl
lufadaneanuiou 19,375 0.09 194 1,940 | 0.015| 1,903.39
n3u 22,775 0.09 228 2,280 | 0.015 | 2,237.41
ARAY
| Msu+viean | 22,975 0.09 | 229.75 | 2,297.50 | 0.015 | 2,257.05
NOLINDI
Tulawou -
AU+ A | 24,325 0.09 | 24325 | 243250 | 0.015| 2,389.68
IbRY 20,675 0.09 | 206.75 | 2,067.50 | 0.015| 2,031.10
ARAIND
, N3N+ Waay | 21,275 0.09 | 212.75 | 2,127.50 | 0.015 |  2,090.05
ANUIDU
sy
NI+ A | 22,325 0.09 | 22325 | 2,232.50 | 0.015 | 2,193.20
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a L4 1 Y a
2. MIUATILHYanJagiugnT (Net Present Value, NPV)

NPV = (TIC) + (OM)(USPWF) — S(SPPWF)
Tagit USPWE = [(1+ 1) - 1]/ [i(1+ 1))
SPPWF = 1/(1+ 1)’
Lfl@ USPWF = Uniform — series present worth factor

SPPWF = Single payment present worth factor

@ a

M3WHINT .9 Srwmsmrayandagiugns

q

TIC | USPWF | OM S SPPWF NPV
(‘UTVI)
ludadaneanudou 19375 | 11.15 194 1,940 0.16 21,217.01
nsu 22 TSk 1115 1| 2288™ 29%0 0.16 24,940.25
L T
, . | nIu+weaw | 22975 | 1115 | 229 | 2,297 0.16 25,159.27
NOLNDI
Tulavow ————
nIu+RAUn | 24325 | 1115 | 243 | 2432 0.16 26,637.62
nsu 20,675 | 11.15 | 206 | 2,067 0.16 22,640.60
aARINe
- nsu+wWaaw | 21,275 | 1115 | 212 | 2,127 0.16 23,298.00
AINUIDU
duesou I o 3
nIu+aadl | 22,325 | 1115 | 223 | 2232 0.16 24 447.47
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3. szﬂznmﬁunu (Simple Payback period, SPP)

SPP

First Cost

" Cost Saving

d a Jdo o | @ 9 1
3.1 ITUUEHDAUTIDINAYNINIU 10 ‘B'JINQG\E]')U (®aus113a1 8:00 . 50 18:00 U.)

a 4 @ o { a a
3.2 ﬂmﬂuwmamﬂmmu‘wmam"lvl%ﬁﬂl‘ffhluiwu Electric SWH U5z @nsan 80%

3.3 amaanu Idhnlsendaldaet) @1 1Wih 3 vinkw.h)

] v
3.4 Wi ndszndalanet] auoaaldat

@aduaaenag 1 ume Wndsnuanu Wi 130 w (468 kizhr)

N hazaunldnaon 10 ¥ Tueneu TAnaay = 4.68 MI/ U (474.5 Kwh/tl)

WA N UNANUNAIY 1WA 111U 210 Electric SWH  U52@N50 W 80%

1101 593.13 kW.h Al

A Iihinilsendaldastl @119 3 v/ kw.h) = 1,779.36 1Al

MINHUINA 910 TI0MIAUIUNITLOZOINAUNY

NA991Y

mlWihndsendaldas Slunaazi

SPP
TIC oM (/) Q)
@i fidsenda’ld - arduiiums)

hifanareanudou 19,375 | 194.00 1,585 1299
fAana fisy 22,775 | 228.00 1,552 14.68
viomosTu'ly | fisw+vaaw | 22,975 | 229.75 1,550 14.83
ou fisu + B | 24,325 | 24325 1,536 15.84
Aanarion sy 20,675 | 206.75 1,573 13.15
Sounvudu | #idu +Waan | 21275 | 21275 1,567 13.58
23501 ity + e 22:325wm223.25 1,556 14.35
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4. BATIHAABUUNUMIAUNY (Internal Rate of Return, IRR)

NPV = YN, (1”“" —TIC=0

+IRR)"

A a a A & a L&Y
1ile NCF, = nszuaiuaagnsvesili n (um) Falumsimsizvdaswanouunulums
) 4 o a 1 é 1 1 { o a 1
asunineienszuaRuaa I8 ugns luuaazdl Fa'ldun a1 ldihndszndaldesslundaydl

@ 1 { [~
sawnuyamaniulasuiusel

NCF, = a1 IWfhnisendaldvssluuaazdl + S(SFF)
IRR = 8A5IHaRBUUNY UMDY

@ [ a o
N =015 1FuveszuunaInussdeiag ()

MINHUINN 411 TWNMIMUIUNITATIHAADVUNUNITAUNY

A Wi
S SFF | Uszndaldse | Ncr, | mic | _TIC | IRR
s NCFn | (%)

Tuuaagil

Al
liifenarionuou 1,940 | 0.015 1,585.63 1,614.16 | 19375 | 12.00 | 6.90
AR fisu 2,280 | 0.015 1,552 1,585.54 | 22,775 | 14.36 | 5.09
viemoiTu | #isu+waan | 2,297.50 | 0.015 1,550 1,583.80 | 22,975 | 14.51 | 4.9
loWou fisu+aath | 243250 | 0.015 1,536 1,571.78 | 24,325 | 1548 | 4.37
Aaaio fitu 2,067.50 | 0.015 1,573 1,603.41 | 20,675 | 12.89 | 6.17
anudou | fisu+waan | 2,127.50 | 0.015 1,567 1,598.30 | 21,275 | 1331 | 5.85
dunsou | #isw+dmh | 223250 | 0015 1,556 1,588.84 | 22,325 | 14.05 | 5.30
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