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1. Stefan-Boltzmann constant a = 5.6697xIO-8 W /(m2 . K4)
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3 20
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,..• "" ~U1 1"1l'El-~~fl :i'~~ .

-n'El 1) ~'"l1nU1bb~k\bfl~~.yhm~-:I ~-:I~1k\~i-:l"ll'El-:lbb~k\bfl~~~~~IJE]'Uk\IJk\bUk\'Elt.h-:l~ f-:l~r11J1~¥'Elk\j;]n,

n:i'~'VlUUk\eJlJ~i.hbfl~~~IJE]reij;]n 2,500 W/m2 b(;1E]500 W/m2 bln~~Vf'Elk\'El'ElnhJ'"l1mb~k\bfl~~ 'Elb'l.,mJlij
OJ , OJ

"ll'El-:lbb~k\bfl~~b'Vhnu 127°C bbfl~~1k\Uk\"ll'El-:lbb~k\bfl~~bi 1EJb'Vlr11J1~¥'Elk\1~n1J'el1m fllb(;1E]m:i''Vi1 r11J1~¥'Elk\

'El1mflln~ru~1Jij TCL) = 27 °c bbfl~i~u:i'~~'Vlim:i''Vi1r11J1~¥'Elk\ h = 15 W/m
2
K ~1mb~k\bfl~~'El~1k\

~Jl11J~ steady '"l-:l~1,"h~'El1u~

1) reij;]nm:i'bi1EJb'Vlr11J1~¥'Elk\b(;1E]m:i''Vi1r11J1~¥'Elk\

2) Absorptivity

3) Emissivity

4) Radiosity, J, (m~1ruf-:l~r11J1~¥'Elk\:i'IJ~~'El'Eln'"l1mb~k\bfl~~)

2,500 W/m2

\:;0 W/mjPlate

--tU'W':J'W
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••• '" V1~1 2"1l'el-~~~ ~V1~ .

~ ~
O]'el2) ~'We:i'd~lJ"lI'W1~m'd~.J1n~'llti (~'We:i'diJ~ru~~midj'W diffuse gray surface) fOl'lVl1rl1view factor

F12 F21 bb~:::F22 "lI'el'lltl(;]'elltie

2.1



,
~'el-~n~ ~'lX~.......................... V1ih 3

q

-if'el 3) n1~~'lf")'d1~~'el'W"'l1nl'elb~m..I1H'lJ~::;t~"ll,r t(9l~n1~Hvl'elVl'el'lbb(9l'l (k = 386 W/moC) "ll'W1(9l

b~'W~1Pl'W6n~1'lJl1~b'W, ID= 25 mm bb~::;b~'W~1Pl'W6n~1'lJl1~'W'eln,OD= 28 mm ~f")'d1~m'd 4 m ~'l~~ ~
11 !/ I I

~11V1~~hmr(;l~1 0.2 kg/s b'Wvl'elt(9l~'P.)ruVlJJij"ll'el'l~11V1~b-ifl'Vl30°C l'elb~~Vl'P.)ruVlJJij500°C lV1~~1'Wvl'el

~'d~ m1~ b~'d5 m/s ~'l~'lJ "'l'lVl1~

2.1) i~'lJ~::;~Vlfn1~~1mVlf")'d1~~'el'W~'d~ (U)

2.2) 'fi'(;lnn1~~1mVlf")'d1~~'el'W

"2.3) 'elruVlJlij"ll'el'l~11V1~'el'elm1nvl'el
q ~

"
~~~~b,n'elb~~~~ru~~~bVlij'el'W'el1n1Plbb~::;~~ru~~U~~'lr;l'ell'lJu p= 0.6423 kg/m3

, Cp =
° -51.0392 kJ/kg C, J...l = 2.848x1 0 kg/m's, k = 0.0436 WI m'K , Pr = 0.680

" "
bb~::;b~~ru~~~r;l1'l1"ll'el'l~1~",h~'lU p = 996.07kg/m3

, Cp = 4.17925 kJ/kg °c, V = 0.745x1 0-6

2 0 IV ~~ 11 '1~'" .c:J IImis, k = 0.620 WI m'K , Pr = 5.01 ~1V1~ui~'lJ~::;~Vlfin1~~1f")'d1~~'el'W bVlb"ll~~n1~Vlbb'WUb'WVl1~

T, = 30'C 5 a~ril =.O.2kg/ s

r r r r



,
••• •.. Vlir1 4'Jl'fl-'Gl~1;'l ~VI'Gl .

ojf'fl 4) ~,r-:l1J1'W'Jlile;}~b~~tln'fl'flmbUUb~'flH''Gl¥1':I1J1'W1'WVl~b1;'lVl~1tJbe;}tJ~,r-:liJin~lli~~-:I~tl .r'Gle;}~H'v'h
'IJ 'IJ ,

"~,r-:l~-:I'Gl'fl-:l~h'WiJrhmnl1,",'d1~¥'fl'W k = 1.5 W/m.K iJm1~VI'W1 5 mm (;lNn1;'l1-:1iJ"ll'fl-:l~1-:125 mm be;}tJ

iJ,",'d1~nrJ1-:1bb1;'l~'Glwv'hnu 1m X1 m bb1;'l~Jl1tJ1'W"ll'fl-:l~1-:1iJ'fl1m~U~~!Ol'fl!J1'W"ll'd-:ln1;'l1-:1.r'W'V'li-:l-:l1'W!Ol1n
'IJ , 'IJ

bb'Gl-:l'fl1Vi(;l6(;lnm~Vlu~,r-:l1'Wt[(;l~1 800 W/m2 v'h~~ 300 nU~~'W1U"1I'fl-:l~,r-:l 'fllliVlJliiu~~mm~bVhnu
, , 'IJ

~ "
500C 'fl1 m ~Jl1tJ1 'W1J1'WiJ'fllliVlJlii 250C i~tl~~~Vlfim~'V'l1 ,",'d1~¥'fl'W~~VI~1-:1'fl1m ~ nu ~,r-:l~-:lJl1tJ1 'W

, 'IJ

bb1;'l~Jl1tJ'W'fln1J1'Wb'Yhnu10 W/m2.K .r'Gl{;J~H''111~,r-:lilrh emissivity bb1;'l~absorptivity b'Yhnu 0.8 bb1;'l~

effective sky temperature ~'fl 285 K (Vl1nhJ~'fl-:lli1e;}m~bb~f-:l~rl'd1~¥'fl'WJl1tJ1'W1J1'W) !Ol-:lVl1

3.1 t[(;l~1mnhmVlrl'd1~¥'fl'W~1'W~,r-:l1J1'W

3.2 'fllliVlJlii T1, T2, T3 bb1;'l~T4
, 'IJ

1'Wm ~';jb,",~1~Vl1'IX ~~ ~'W'Gl~~~i~tl~~~Vltm~'V'l1 ,",'d1~¥'fl'WbbUUfi~~~'Jl1~1 'W"ll'fl-:l~1-:1'fl1m ~ bU'W,
"1.9 W/m2.K bb~'d~-:lVl1'fllliVlJlii ~-:I 4 !Ole;}

, 'IJ ,

5mm

I,
I

~:
, I,

30 a

G=800W/m' ~

To = 50
0
C

h= 10 W/m
2
.K Ti =25

0
C

h= 10 W/m
2
.K
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oir'el5) bri~'el~bb'6'lmi.J~t.I'W,",'l'l~~'el'W"JlUr?1shell and tube bb'lJ'lJone tube pass ~nH,",'l'lJbbt.l'W1'el~'l~~I?i'l~
11 I I I

~ruVl.1JiJ 1500e (h
fQ

= 2,114.3 kJ/kg) br?1t.1t·ifthVl~ruVl.1JiJ 300e biJ'W'z.l'l~VI~'elb~'Wb,",1'el~bb'6'lmi.J~t.I'W,",'l'l~

~'el'W~ ~'l'W'l'Wvl'elb'Vhri'lJ 50 vl'el ~b~'W~'l'WPl'W6n'6'l'l~ 0 = 2.5cm (vl'elCnr~'lJ'l~~'ln) b,",i'el~bb'6'lmi.J~t.I'W
'lJ

~ ~
,",'l'l~~'el'W~,",'l'l~t.I1'lvl'elbiJ'W 10m t[j;jnn1~1V1'6'l"1l'el~-W'l1l'lt.lt'Wvl'elbvl'lri'lJ 30 kg/s ~'l'W1'el-W'l1V1'6'l1l'lt.l1'W

r if iI II

shell ~~~i.J~~~'Vlfin1~'V'j'l,",'l'l~f'el'W 3,500 W/m2
. K VI'ln l'l'el~n1~,",'l'lJbbt.l'W1'el-W'lbiJ'W-W'l~~VI~ r?1"'l~VI'lt[j;j~'l

, ~
n1m'6'lmi.J~t.I'W'"''l'l~~'el'W bb'6'l~t[j;jnn1~1V1'6'l"1l'el~1'el-W'l(n'lVl'Wr?1ttrloif LMTD Method bb'6'l~1"lX,",ru'z.l~~"1I'el~,
~ ,
0'" 0

'W'l'Vl60 e)



,.. •... '"
"Jl'el-~~'C-l ~'M~.......................... 'M'W'l 7

....I 0 ~I
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1. ~~lh:::~'Vlin1~'I"l'lrJ'J'l~~'el'W ~'l'Mf1Jn1~1'M'C-l1'Wv1'elbb1J1Jturbulent

Nu = 0.023 ReO.8 Prn n = 0.4 for heating bb'C-l:::n= 0.3 for cooling

Fluid properties are evaluated at the bulk mean temperature Tb.

2. Heat transfer coefficient for flow across a single circular cylinder

Nu = (0.4 Reo.s + 0.06 Re2/3) PrOA,

Nu = hLlk
L = thickness of fluid layer; H = height of fluid layer;

Fluid properties are evaluated at the mean temperature (T1+T2)/2.

View factor for perpendicular plates with a common edge

F = 1+ (wj IwJ -[1 + (wj IWJ2]1/2
lJ 2
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Table B-1 Physical properties of gases at atmospheric pressure

1. Cp, jJ, v. k, ct,
kg kJ kg m2 W m2

m3 -- -T,K kg.oC m·s s m·K s Pr
x 106 x 104

Air

100 3.6010 1.0266 0.6924 x 10- , 1.923 0.009246 0.02501 0.770
150 2.3675 1.0099 1.0283 4.343 0.013735 0.05745 0.753
200 1.7684 1.0061 1.3289 7.490 0.01809 0.10165 0.739
250 1.4128 1.0053 1.488 9.49 0.02227 0.13161 0.722
300 1.1774 1.0057 1.983 . 15.68 0.02624 0.22160 0.708
350 0.9980 1.0090 2.075 20.76 0.03003 0.2983 0.697
400 0.8826 1.0140 2.286 25.90 0.03365 0.3760 0.689
450 0.7833 1.0207 2.484 28.86 0.03707 0.4222 0.683
500 0.7048 1.0295 2.671 37.90 0.04038 0.5564 0.680
550 0.6423 1.0392 2.848 44.34 0.04360 0.6532 0.680
600 . 0.5879 1.0551 3.018 51.34 0.04659 0.7512 0.680

Physical properties of water

p, ct" V, k, lX,
kg kJ m2 W m1

m3 --
t, C kg·oC s m·K s Pr

~ 107

0 1,002.28 4.2178 1.788 x 10:""6 0.552 1.308 13.6
20 1,000.52 4.1818 1.006 0.597 1.430 7.02
40 994.59 4.] 784 0.658 0.628 1.512 4.34

60 985.46 4.1843 0.478 0.651 1.554 3.02
80 974.08 4.1964 0.364 0.668 1.636 2.22

100 960.63 4.2161 0.294 0.680 1.680 1.74

120 945.25 4.250 0.247 0.685 1.708 1.446
140 928.27 4.283 0.214 0.684 1.724 1.241
160 909.69 4.342 0.190 0.680 1.729 1.099
180 889.03 4.417 0.173 0.675 1.724 1.004


