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APPENDIX A

SAMPLE OF CALCULATIONS

Data from the experiment _

working fluid : =
outside diamet i 9.52x107° m.

inside diameter J7x1070 .

outside diamete el 5;,'”~:x“n_ 0.0209
F, \ 17.90
. 36.71
Toi 20.94
T, 23.10
3 20.92
25.71
8 3 25.00
T, - Tio @ = 30.00

AuLngmingns
QAATRIN ATV -

Physical properties of water at 38 ¢
P = 992.997 kg/m?

e =  4.1784 kJ/kg°cC



Physical properti,
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X = 0.623 W/m°c
M = 0.6783x1073 kg/m.s
rh = 17.% cm3!5

= 17.9%1075 n3/s

9

% 27| 1708, 1784x10°) (3.13)

P =
C =

e

= @3 com'/s

huﬂamﬁwﬁwaﬂnﬁ

= 1.64 “c

Qa = (998.234) {72.3::1(!'-5} {4.13191103} (1.64)

= 494.98 W

Qﬁﬁé\‘mﬁﬁmﬁﬂﬂmﬁﬂ
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Quv =  Q4*Qc =  232.46+494.98

2 2

363.72 W

2. Calculate the mber of hot and cold water

/A

AW<1073) = 2.719x107 w2

m/s

heat transfer periuu ar

ﬂuHQﬁHﬁ%ﬂﬂﬂﬁT“”

wet perimeter

4 (2.719x107%)

0.0114 m.

T (9.52%1073+0.0209)

Re = (998.234) (0.0114) (0.266)

3,021

1.002x10"3
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Re,' = (998.234) (0.0364) (0.266) = 9,646

c
1.002x1073
uy = 17.9x107° =  0.066 m/s
2.719x1074
Re, =  (992.997)(0.0114)(0.066) = 1,101

Rehl - i r Sl - 3,517

3. Calculate ivity of the heat pipe

A Efq’J ’ﬂﬁ%’i wen‘g
am@\mmummmaﬂ

4
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= - = ﬂ
AT o, T 1= S
Lﬂff = 0.5 m.
Kegg = (363.72) (0.5) = 359,849 W/m°

(7.118x107°) (7.1)

ﬂu83¥3w§ﬂggqg
AT NS

= 38.33-28.76 = 0.0263 9c/w

363.72
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Ry = Tyeo The
QE‘F
= 21.66-20.12 = 4.234x10°3 O¢/w
363.72

5. Calculate the

ﬁj: esistances using the obtained
correlations. - / _

a. Calculate™ M In 08 Pt = . of the evaporator section.
Huh
Twho

Assume

Tg

Properties of water g

"

= 0.0364

RIA

guﬁﬁnawéﬂawnﬁ

¢

3,126

(13.228) (3,126)0-381

Huh

283.8
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Nup, =  hop De
k

hyy = (283.8)(0.609) 4,748  W/n?%

0.0364

ATy = Qay

= ‘ 91/ _ 6.4 °C
Tpha =
Tph1 =
Thhl =

b. Calculate outifl fite—=e .n\llof the condenser section.
Tweco
Assune s‘ ol
Properties of wate
= 993 234 kg/m
L
“ﬂﬁﬂ?ﬂﬂﬂ?ﬂﬂﬂﬂﬁ
0.609 '

ammmummmaﬂ

up = 0.266 m/s

D, = 0.0364 m
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Re.' = (998.234) (0.0364) (0.266)

1.002x107°
= 9,646
Nu = 0.128 Re,'0-952

= 0.128 (9,646)9-952

By 13,299 W/n2°C
AT,
= 2.29 %
The2
The1

o 19 36

@umn&mmm N
’ﬂ ‘iﬂ’] ﬂ\‘lﬂ‘iﬂg lljﬂ'l’) NYIRY

whi -  Twho
Zkllu
Map = R7hy
1n &,

N
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A, = TWD.L = ®(9.52x1073)(0.4)
= 0.0119 n?
A = 1.47D,L
= 1.4 (7T)(8.96x10°°) (0.4)

=  0.0158 n?

0.0119

"ﬂuﬂﬁml NN
ammmtymfnﬂmaa

cp = i kJ/kg°C .

a.sﬁdxlu':‘ Q/A 6 9c

Cp (Typi~Ts)
A 11'1':1'1r

Ape | glp = py)
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(1.26x10%) (Typ;-Ts) =  5.654x107 363.72/0.0158
(179.345x10°) (3.497)1-7 (2.323x10™%) (179.345x103)
x (7.642x1073) 1.069

(9.8) (1,184-48.651)

8.364x107%  (Tp4-T,)

Tyni~Ts °c
Tyvhz = T

= 28.73
Tohr = Tyn2
Tep' = 25.81

d. Calculate th ficient in the condenser
section.
Tyei A i el

!7"

£8.7x10°)

P18 VLEJ PINBINT

Tocill = 21.69

ﬂmmmm;gmwmaﬂ

Propertied] of Freon-22 at 23.6

& :353’5:1c9 52x10"

=
b

R, = 43.532 kg/m’
P = 1.199x10  xg/m3
w = 2.362x107% kg/m.s
A = 183.169x10° J/kg
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k = 0.0856 W/m°c
é = 5.278x107° N/m
& = 1.246x10° J/xg°C

e
[}

5.331x1074 [ g p(p- p )k | 0-558

hy. = 5.331x107% [(9.8)(1,199) (1 199-43.532) (0.0856) 3 (183,169) |0-358

= 5,914
OHT = Q =
hA
Tyez = Tyei

25.81+25.60
-

-
) 2

ﬂumwmwmm
qmmmmmmﬂ

7,623 W/m2°¢

hy' = 363.72

(0.0158) (25.71-21.69)
5,726 W/m2°¢
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hnh !n
= 1

(4,748) ( 1) (9.52x1073) (0.4)

= 0.01761 Oc/w

0.0111 Cc/w

ﬂusqwﬂnjﬁﬂﬂnﬁ
ammmmwﬂwmaﬂ

363.72

= 8.2481x10"°  O¢/w
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RT = 1

hﬂﬂiﬂ

- 1

(13,299) (7 ) (9.52x1073) (0.4)

=  6.2854x10°° Oc/w

= &% 07> +0..0111+8. 2481107

AULINENINEINS
MAATUAM TN



APPENDIX B

PHYSICAL PROPERTIES

Table B-1 Properties of ”', B3, C,F4Cly (Ty = 47.68°C;

* ; b, rlv ql A
O¢ bar s .s/n? N.s/m®  W/(n.K)
¢ 1077 x 1073
-30  0.0283 89.4 1.670 0.0889
(o 0.05 16148 2By : 94.2 1.130 0.0844
0 o0.1500 150 2 L1 0.9 0.0822
10 0.2387 f ds5.0 0.780 0.0799
3o 0.5420 119. . 8.1 4.1500 1.554%104.0 0.590 0.0754
50  1.0943 ﬂ i E.l qiw ;] 0.475  0.0709
70 2.0120 ql‘ygl ?] ?I ﬂ: ﬂai 0.401 0.0664

s

— AT N IR

9
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Table B-2 Properties of Freon-22, CHF,Cl (T, = -40.8°C;

=l Q
1, = -160°C)
f P Y 6 P B % W A
¢ bar  kd/kg 107> Nl g/m> N.s/m? N.s/m® W/(m.K)

-100 0.0199  269.29 P =200NNNEOMINE0.0  6.00  0.1487
-80 0.1034  257.42 =3 | 7\\;?- 87.5 5.00  0.1385
-60 0.3752 245.42 Puec T WS, 950 4.14 0.1283

-40 1.0540 232.92 101.7  3.49 0.1181

-20 2.4560 219.40 110.4 3.02 0.1079

0 4.9830 204.28 285 118.7 2.67 0.0977

20 9.0970 1862

40 15.3150 165. "

4.8 2.40  0.0875

1.5 2.19 0.0772

W

3.3 111.65 1.030 ™42.1  2.00 0.0646

-y LY,

60 24.2360 139.9

AU INENTNYINT
AN TN INYAE
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Table B-3 Properties of saturated vapor, Freon-113
TricHLoRoTHFLUOROETHANE, Freon 113
Prorexries oF Satukaten Varon
Prossure Vulume Deensity [m';:.':“l“-:lg?, fmtl::‘tlnupg‘i'
T':'Iély. T:'?p.
i Alimulune Claise Lbsyuiand apmar TJulmI Vapur Tnguid Tatent Vapar Ldnguiad Vapor ¢
[T TR ¢ T fe.® fl .2 . Mis.. {23 Issi... 1.2 Mol | Bow. b, | Boodb, [Boe 1boF. [ Bew, ib2F.
» g B L [¥5 1] 1. g Ay hre Ay i oy

-30 | 0.2087 | 20.31% | 0.00047 | 82.26 10564 | 0.01216 1.97 | 72.68 74.65 | 0.0047 | 0.1738 | =30
=28 S214 | 2047 L0948 | T6.81 106,50 i R2 e T2.57 74.93 005G 1747 | =28
-26 34568 | 29.02¢ 00949 | T1.71 105.0% 72,45 7521 065 ATdE | 28
=24 A718 | 296" 00950 | 66.99 ¥ 7233 75.49 L0074 A735 | =24
=23 4005 | 20.11* L0952 | 6263 7221 15.71 D083 L1733 | =22
20 | 04788 | 29.05* | 0.00953 76.05 | 0.0092 | 0.1732 | =20
-18 AG00 | 2B.0B* Rl 76.34 0101 A731 | =18
=16 AU31 | 2Bg92e 00955 T6.62 0110 1730 | =16
=14 S380 | 2B.85* L0957 T6.90 0119 A729 | =14
-12 5652 | 28.97* 00958 17.18 0128 Jd729 | 12
=10 | 0.6046 | 28.69* | 0.00959 7747 | 0.0137 | 0.1728 | <10
-8 G462 | 28.60° L0960 T7.75 L0146 727 | =8
-6 6902 | 28.51° L0962 78.03 01556 A728 | -6
-4 JTa60 | 28420 00963 78.32 0164 AT26 | = 4
-2 J7860 | 28.3I* L0964 78.60 0173 1785 | -2
0 | 0.8377 | 28.21* | 0.00064 78.89 | 0.0182 | 0.1725 0

2 B934 | ZB.10* 00967 79.18 0180 AT24 2

4 Aol | 27.99* 0968 T8.46 0109 1724 4
5% 09802 27.51" 009649 79.60 203 A723 5t

6| 1.011 27.86* 00970 79.75 L0208 A72% 6

B | 1.075 27.79* 00971 80.03 0216 AT23 B
10 1.142 27.60* | 0.00972 80.32 | 0.022 0.1723 10
12| 1.213 a257.45 L0574 B80.61 L0234 LTE 12
14 1.288 a7.30° 00975 £0.89 0242 1722 14
16 | L3G6 271.14"° 00977 81.18 0251 J722 16
18 | 1.448 26,97 L0978 Bl.46 D358 A722 18
20 | 1.534 26.80" 82176 | 0.0268 | 0.1722 20
22 Luz2d 26.61% 82.04 276 2721 23
24 | 1.719 26.42* 82.33 0285 A721 24
56 | 1.B18 25.22* 82.62 0293 AT22 26
28 | 15922 26.01* G 5281 a2z 4722 28
30 | 2.031 £5.79* 101.36 | 0.07294 . 83.20 | 0.0318 | 0.1722 30
32 | 2145 25.55* lﬂ'l 21 AT67 I 14.49 83.49 0318 1722 a2
34 | 2264 25.31" 0807 ;. 83.78 0327 JA722 34
36 | 2.388 25.06* 07 0335 JA722 aa
38 | 2,519 24.78" .36 L0343 1722 a8
40 | 2.655 24.52¢ 10.68 ll'lﬂ 60 | 0.09361 16.16 | 68.50 f4.65 | 0.0352 | 0.1723 40
42 | 2.0 24.22* 10.18 IIIIJ,-IS‘ L9826 16,57 | 68.37 84.94 0360 1723 42
44 | 2.044 | 2393 .70 100.30%| .1031 1& 63.25 | 85244 .0368 | 1723 | 4d
48 | 3.008 ¥l " s TT 1724 46
48 | 3.258 ] Gy 0 o d v 85 2724 48
50 | 3.427 22 0.01002 B.426 99.83 | 0.1187 18.24 | &7. 85. 0383 | 0.1725 11]
52 | 3.602 22.59* 01003 B.044 99.68 1243 1866 | 67.74 86.40 0401 AT26 52
B4 | 3.784 2p.22= L1006 7.882 99.52 1302 19.08 | 67.61 BE6.69 0410 1726 54
56 | 3.073 21.83* L1008 7.342 99.37 1362 19.50 | 67.48 86.98 0418 1727 13
5B | 4.170 21.13" 01008 7.018 99.21 1425 19.93 | 67.35 87.28 D426 JT2T BB
6o | 4.474 21.02* | 0.01010 6.713 99.05 | 0.1490 20.35 | 67.22 87.57 | 0.0434 | 0.1728 ]
62 | 4.586 20.59* 01011 6.424 03.89 1667 20.77 | 67.00 B7.86 0442 1729 62
64 | 4.807 20.14* 01013 6.149 98.73 1626 21.19 | 66.96 83.16 0450 A729 64
66 | 5.036 19.67* 01015 5889 98.58 A608 21 62 | 66.83 B8.45 0459 1730 (i1
G8 | 5.275 19.18# L1016 5.640 98.42 1773 205 | 66.69 88.74 46T AT3L 68
70 | 5.523 18.68* | 0.01018 5.404 98.26 | 0.1851 22,48 | 66.56 89.04 | 0.0475 | 01731 70
72 | 5.780 18.16* 01019 5.180 98.10 1931 2290 | 66.43 80.23 0483 JAT32 72
T4 | 8.042 17.62% 01021 4971 97.93 2012 23.33 | G6.29 B0.62 0481 1733 T4
16 | 6.320 17.06* 01023 4.T60 971.711 2007 23.76 | 66.16 80.92 0499 1734 6
78 | 6.607 16.47* 01025 4.574 97.61 2186 24.19 | GA.N2 9021 SEng 17356 78

* Tnches of mercury helow ang atmosplcre,
1 stamland ton temperatures.
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Table B-3 (cont.) Properties of saturated vapor, Freon-113

Provewries oF Satunaten Varon, Fueow 113 (Confinued)

Presure Valuse Dewity poEutnt s
Temp, T
W, Hil
Awolute | G Linguicl v i v Bl ' :
| sty ( (Guee, | g | Yawr ekl | Jeeen | g, | SR | ftE, it ual el
] Wein Vy I’ 1LFy v k L H ] 3
80 | G902 15.87* | 0.01026 4.392 97.45 24.63 | 65.88 80,51 | 0.0515 | 0.1730 F-11]
gz | T.208 15.256* 01023 4.218 97.28 65.74 80.80 0523 737 82
84 | 7527 14.60* 01030 4.051 65.60 91.00 0531 J738 a4
86t| 7.856 13.93* 1031 3.893 65.46 91.29 A539 1739 86t
g8 | 8104 13.24* 01033 3.T42 65.32 91.68 0547 A740 88
00 | B.545 12.53* | 0.01035 91.98 |0.0555 |0.1741 90
82 | B.O0B 11.78* L1037 92.28 0563 AT742 92
04 | 9.281 11.03* 01039 92.57 0571 AT43 L2 ]
96 | 9.668 10.24* 01040 92.86 L0578 744 96
88 110.07 g.42= o104z 93.15 « | .0586 AT45 a3
100 [10.48 8.60*% | 0.01044 93.45 |0.0594 |[0.1746 | 100
102 (1001 7.71* L1046 93.75 0602 AT47 | 102
104 |11.35 g.82* L1048 24.05 JOB610 A748 | 104
106 |11.81 5.88* L1050 94.34 0618 A750 | 106
108 |12.28 4.03* J01051 94.64 062 1751 | 108
110 |12.76 3.95* | 0.01053 0.0634 |0.1752 | 110
112 |13.25 2.05* 01055 L0641 A763 | 112
114 |13.76 1.91* 01057 0649 1755 | 114
116 (14.29 0.83* 01053 65T 17566 | 116
118 |14.84 0.14 01061 D665 1757 | 118
120 |15.40 0.70 0.01063 0.0673 | 01758 | 120
122 |15.97 1.27 D10GS 0630 AT60 | 122
124 |16.56 1.86 01067 0688 ATEL | 124
126 |17.17 247 01062 D696 1783 | 128
128 |17.80 3.10 01071 AT04 1764 | 128
130 |18.45 374 0.01073 0.0712 |0.1765 | 130
132 1811 4.41 01075 0719 AT67 | 132
134 (110.79 6.09 01077 0727 1768 | 134
136 |20.48 5.8 01079 0735 JE'N 136
138 |£1.19 6.49 01081 0742 771 | 138
40 [21.93 7.23 0.01083 0.0750 |0.1773 | 140
%42 22.69 7.99 01085 ; o1 B8 K 0768 A774 | 142
144 |23.47 BT 9195 STy 35,98 |60.90 . AMT6S JATTS | 144
146 |24.27 9.67 . £1.80 379 39.45 a 0773 A777 | 146
148 |25.00 . 10.39 - g1.82 - | .T616 2092 |60.61 X 0781 AT78 | 148
150 [25.93 11.23 N (If EAm B 0.0789 {0.1780 | 150
152 |26.79 12.09 ‘ 6 ﬁ . . | - i), 4 0796 1782 | 152
154 |27.67 12.97 A1008 P . 6 0 12 _Js0. 0 . JA783 | 154
156 |28.56 13.88 .ﬂﬂﬂ 1.162 : . 41.797 |69, 017 AT | 156
158 |29.48 14.78 01102 1.128 , 5863 42.26 [59.73 . 1786 | 158
160 (30.44 1 iy ] . 1 _«'; : 0.1788 | 160
170 |35.53 20. 011) 60 ﬂ: FH 4819 (P 1796 | 170
180 j41.22 Eﬂ.ﬁa 01128 8183 88.6T7 ([lL.221 47.53 LdE04 | 180
100 |47.60 3za0 01140 L1134 87.72 |[L.40Z2 4997 |66.66 [106.53 L0840 18131 | 150
200 |B4.66 39.96 01153 L6241 86.76 |l.802 - 52.45 [66.62 [108.07 0978, | 1821 |200
210 |62.50 47.80 01166 S4TT 85.79 |1.B28 5498 [B4.54 [109.50 1016 1830 | 210
220 |T1.07 8637 0.01179 0.4827 g4.80 [2.072 57.49 |53.43 (11092 [0.1052 |0.1B39 220

* [nches of moreury below one stinesphere.
1 Standand tus Lo puratunes,
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Table B-4 Properties of saturated vapor, Freon-22
MoNociLORODIFLUOROMETHAKE, Furon 22
Prorenties of Satunaten Varon
Prissure Vulusine Diennity Enthalpy from —40* F. Euntrapy
Tutnifie, . £ - z 4 ~ &
P Almulute, Guge, Fdsguniad, Lo, | T Vapwr, Tinguid, Tatent, Varewr, Lngueiad, Yupaor,
: i, e 3 1T T 2 i, (P [ Thes. 11,2 M, 0.7 Lt Th, | Him ik, Bt th, | lea. b ®F . B, Ib *F.
t » #p 7 g Toep Lieg Ly Hia by ay a
=154 | DTl E - I T 158, 13 J -5 | 115,85 86.80 | —0.08073 | O.3RGE
TR T TR B [ETTH 5 115,15 §7.38 | —0.0GAT0 | O TusTE
NI 14,51 sr.on | — .0e265 R TT ]
TR o, 16 B, 53 — AN Ly
L0 Ta, B0, 13 — T R =
D1k g | — JANuS T
u. TS 00,31 | —0.035m | 027005
i ARG f VR LT — LG AT
1.0 g LAY = LAHYT iy =
1. o1 D | = LOHAE L]
1. G 2D = AN . 1y
— lxi 2. 3801 5.0 . 0. 0107 03, X — . (MR 0. 3630
- ui] 2.5 LT g8 | — 03357 AN
= 3.4173 s 84,40 | — kMG J25TRE
— &3] 40554 g 9. | — 02880 LB
= & 4.7671 Rt TET] 85.70 = 2551 28T
- Tk 50224 18.48 * 0, O [ ] = 02224 0.25130
- i 6.5711 16.55* Lo pa. M | — 015 L2404
- 04| TG540 14,30 .01 pr.e0 | = .0NATG
- b B B 11,80 * L0118 .24 5. 10 - A i
- A3 In.dy L B NITEE 98,7 - 3D BT
— 50| LT g.u2 = | Dol 09.30 | —0.00GE3 | 0.24745
- 45| 13.428 s 5. . 99.80 | — LI s
— 40 15, 3l (IR ish. 48 LN ] L
— 38| I7.201 .00l 101,07 L CHEEITD ST
- 30| 10.059 4.4 ul.65 o S
- T.517 a. 102, 23 0, e 0, 23531
- 20 0.2 i g 10251 L1237 LB
- 18 13.341 Bl 2 i, 34 NITRETE ~EJLES
] 1ii. 4 0118 #ETH B4.00 095.03 10t Angan ST
- 8 20251 LULIB - 81,45 : 95,13 10430 JAR133 1Y
u ETRE I -] 5 : Uy 1 J 03.04 | O.em3s | 0.s2053
5 .48 It 24 1 E 105, 58 A3 Laagn
| 4768 F.00 1 1. 1256 x‘.*.ifl 030t 105,91 s JEAGI
| as.00 Ak 30 TR 0. 9324 1, (0 E 0127 1 At JAnps
20| U7 . ﬂ‘qm 1y e 11 UG S
40| B3.72 ol I |4 3 o 0.0402 | DM
B0 | w40 MRS T ] 55T 78,015 A 25 T SRS 21064
pa| 11T.2 R R L] ARG LT &2.08 11k GO JO3E39 i iy
Ju | 137.2 NTHEET A0 TR A B0, 50 1.3 M R e (s ]
&o | T JABLET ST Td. 18 TLBG 111,05 LIS e
o0 | 184.8 1501 0, 01E705 0. i oS08 | 34148 37.43 75.00 112,48 0.07R30 | 0.212810
0 | 2 7.4 NETIE A5 Frase | aumn Aty 8l TE.08 112.88 LD - 11
TH | 2434 .7 R EERE 20T n0.THL | 40040 4. 17 6504 INEIN | s L0913
10 | #7.3 Wit i ANLARNS L1ETIm .o | 58451 47. 6367 113,34 LR I

Nute: Yalues uhove line == Felamury 27, 142,

® [ueles mereury buluw une stuanphiere.

Values behisw line—August 14, 1041,
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Table B-5 Density of water

VOLUME PROPERTIES OF ORDINARY WATER

G. 5. KeLL
Reprinted by permission of the American Chemical Society. publishers
ol Journal of Chemical and Engineering Data, 12, 67-68 (1967)

(Specific volume v, density p, thermal np-'lmivitrn;: = d In g/dt
= — d In g/di, compressibility x = — d In ¢fdp = d In pfdp)

10%z, 10%a, 105,
[ B o r, CejG. p. G/ML Deg.™! r, Cc G, p. G/MIL Deg.~! Bar™"
- 20 1.00658 0.99349 — 678 .45 0.988957 443.95 4415
- |8 1.00532 0.99474 0.988515 450.92 44,16
- & 100424 D.993E1 0958066 457 .81 4217
- 14 1.00332 0.99672 0.987610 J64.64 4419
=12 1.00254 0.99749 0.987 148 471.40 44.21
—10 1.001895 0.993137 0.986630 478.10 44 24
-9 1001614 0.9958417 0986205 484,74 44,26
-8 1.001359 0.998671 0.985723 491.32 44.29
=7 1.001131 0.998899 0985236 497 84 4413
—6 1.000926 0,999102 0.984743 504 30 4437
-5 1000746 0.999283 0.984243 510,71 4441
-4 1.000587 099944 0.983737 517.07 44 45
-3 100051 0.999578 0983226 533338 44.50
-1 1.000334 0.59996594 0.982708 529.64 44 .55
- 1.000238 9999790 0.982185 535.85 44,561
0 1.0001&0 0.9998568 0.981655 542.02 44 66

I < 1.000101 0.5999977 0981120 548.14 44.72

2 1.000060 0.999968 0.980580 55472 44.79

3 1000036 0.99%992 0.980034 56026 4485

4 1.000028 1.000000 0.979482 566,26 44,92

& 1 000036 0.999992 0.978924 57212 45.00

] 1000060 0.999968 0.978361 578.15 45.07

7 1.000098 0.999930 0.977793 8404 45.13

B 1.000151 0999877 0577219 589.89 45.23

9 1.000219 0.999809 0.976640 595.72 45.32

10 1.000300 0.9997218 0.976056 601.51 45.40
11 1000395 0999634 0.975466 €07.27 4549
12 1.000502 0999526 0974871 613.00 45.59
13 1000623 0.999406 0.974271 618.71 4568
14 1000755 0.999273 0.973665 62439 4578
15 1 000900 0.999129 0.973055 63004 4583
16 1.001057 0.998972 0.972439 635.67 4599
17 1.001225 0998804 0.971819 641.27 46.10
18 1.0014035 0.998625 0571193 646,86 46.21
19 1.001596 0.998435 0.970562 65242 46.32
20 1.00179%7 0.998234 0969926 657.96 46.44
21 1.002010 099800 S69286 663 .48 46.56
22 1.002232 0. 8640 668,98 45,68
23 1.003465 09 7950 674.47 46.81
24 1,002708 0.99 67335 67994 46.94
x5 1.002961 0.99 9-565'?4 685.40 47.07
26 1.003224 0996814 s | a]i"lﬁ 6590 84 47.20
7 100349 69626 4734

e} ] 1.0037 Kl J 701.68 4748
iy 1.00408 59 5 707.08 47 .63
30 1.004369 056 : 71248 47.77
31 1.004678 1I 0.993372 44 .67 I.ﬂ]ﬁﬂﬂ 0 m&ll 717.86 47.93
32 1004995 0995057 ! 44.60 1.039617 0.961920 72324 48.08
33 1005322 0993714 329.06 44.54 96 1.040372 0961222 T28.60 4824
4 1 005657 0.993403 3374 44.48 97 1041133 0960519 733.96 4840
35 1.006000 0.994063 M5 44 .42 98 1.04 1900 0959812 73932 43.56
36 1.006352 0993716 351.85 44.37 a9 1.042673 0.959100 74467 48.73
k) 1.006713 0.993360 361.89 44 33 100 1.043433 0.958384 750.01 43.90
38 1.007081 0.992997 369 81 44,19 101 1044239 (.957662 755.36 49.07
39 1 007457 0.9924626 37764 44.25 102 1.045030 0956937 T60.70 49.25
40 1.007842 0997247 385.36 4422 103 1.045828 0956207 76603 4943
41 1008234 0.991861 39199 44.20 102 146633 0955472 T3 39.62
42 1008634 0.991467 400.52 4418 105 1047443 0954733 T76.71 4930
a3 1009042 0991067 407.97 44,16 106 1048260 0953989 78205 50.00
44 1.009458 0990859 41533 44,15 107 1.049083 0.953240 787.39 50.19
45 1009881 0990244 432,60 44,15 108 1045912 0952458 792.73 50.39
46 1OI0Z11 09898 ¥2 4739 k0 44,14 109 1.050747 0.951730 798.07 50.59
47 1010749 098wVl 4369 4405 110 1.051589 0.950968 303.42 50.80
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Table B-6 Specific heat of water

SPECIFIC HEAT OF WATER

Hest Capaclty of Alr-free Water 8°-100°C at L Atmosphere Pressure
Tha heat capacity of air-fren water is given in International steam table
calories por gram aod in absolute jouls per gram. (1 abaclute joule—
0.218840 1.T. Cal.). : ; :
The enthalpy or heat eontent ia given for air-free water in LT. Cal. per

ahmal sl g N
B e o Suimeon s i) D. of 5. Jour. Ties. 33, 735, 1039,

Thermal Capacity ‘Thermal Cuapnacity Enthalpy
Temp. *C. — =
Cal. /g C Joulea/g/~C o8 v 5 g/~C Joulea/g/™C Cal/g Joulea/g

0 1.00738 4.2177 4.1807 50.0079 | 209.3720
1 1.00652 4.2141 4.1810 51.0065 | 213.55338
2 1.00571 4.2107 4.1814 52.0051 | 217.7350
3 1.00499 4.2077 4.1317 53 0039 | 221.9166
4 1.00430 4,2048 4,1820 54.0027 | 226.0984
5 1.00363 4,2023 4 1524 33.0016 230.2806
G 1.00313" 4.1999 4 1828 56 . 0006 234 4632
7 1.00260 4.1977 4,1832 56.9507 | 238 6462
8 1.00213 4, 1057 4 1836 57.9959 242.8296
9 1.00170 4.1939 4,1840 58.0082 | 247.0134
10 1.00129 4.1922 4 1844 59,9975 251.1976
11 1.00093 4.1907 4.1849 60.9970 | 253.3822
12 1.00060 4.18093 4.1853 61.0066 | 239.3673
13 1.00029 41880 4.1838 62.9063 | 263.7520
14 1.00002 4.1869 4.1863 63.9062 | 267.9390
15 .99976 4.1838 .00000 4.1868 64,9061 | 272.1236
16 .99955 4.1840 .00014 4.1874 #5.9962 | 276.3127
17 .99933 4.1840 i 4.1879 66.9064 | 280.5003
18 99914 4.1832 L 4.1885 67.9967 | 284.6855
19 .99897 4.1825 (W 4.1500 68.0072 | 2888772
20 .99883 4.1819 4.1306 69.9977 | 293.0665
21 99869 4.1813 4.1902 70.9085 | 297.2364
23 99857 4.1808 | = 4.1908 71.9004 | 301.4460
23 .99847 4.1504 | [HB3.055 530 4.1915 73.0004 | 305.6381
24 .99838 4.1500 | =4, 100.7196 | 74 4.1921 74.0016 | 309.8200
25 .09828 4.1796 : 1048904 qs p 4.1928 75.0030 | 314.0224
26 .99821 3 . o1 i 4.1935 76.0045 | 318.2155
27 .99814 N B | 1 R1: 4.1942 77.0062 | 322.4004
28 99509 1=l ; 1 7 ' B 4. 1949 78.0080 | 326.8030
29 .99804 L W6 ; 195 7 , 4.1957 79.0101 | 330.7902
30 89802 1297943 B0 b 1.00220 334.905%
3l .997 A 2 339.1920
az .99 - ) 343.3507
a3 .997 83| 1 347.5881
3 00795 : 84’ 1" 351.7873
35 .99795 4.1782 35.0353 | 146.6858 | 85 1.00327 355.9874
36 .99797 4.1783 36.0333 | 150.8641 86 1.00349 3601883
37 .99797 4.1783 37.0312 | 155.0423 87 1.00370 2643902
38 .99799 4.1784 38.0202 | 159.2207 88 1.00392 36%. 5929
a9 .99802 4.1785 39.0272 | 163.3991 §9 1.00418 37.7966
40 .99804 4.1786 4n.0253 | 167.5777 | 90 1.00437 377.0012
41 .99807 4.1787 41.0233 | 171.7563 | 91 1.00461 331.2068
42 .99811 4.1789 42.0214 | 175.9351 92 1.00485 385.4135
43 90816 4.1791 43.0155 150.1141 93 1.00509 389 6211
44 .99819 4.1792 44.0177 | 184.2033 94 1.00535 393.8297
45 .99826 4.1795 45.0159 | 188.4726 a5 1.00561 : 398.0395
46 -99830 4.1797 46.0142 | 192.6522 96 1.00588 4.2114 96.0750 | 402.2503
47 -99835 4.1799 47.0125 | 196.8320 97 1.00614 4.2125 97.0810 | 406.4622
48 - 09842 4.1802 48.0100 | 201.012C | g8 100640 4.2136 98.0852 | 410.6733
49 - 99847 4.1504 49.0004 | 205.1923 | 90 1.00669 4.2148 990047 | 4148895
100 1.00607 4.2160 | 100.1015 | 419.1049
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Table B-7 Thermal conductivity of water

THERMAL CONDUCTIVITY OF CERTAIN LIQUIDS

om.p. 1a K: H;u:au:mzwgcmm:mm:mm: CaHm, 178; HeD, 3773.1L

lllllllll

83

——

Hellum

us
FRNANNIWHN

o

wgk zzn=s guiss BR
mﬂmumumm“wmmm

‘Tha thermal conductivity, &, Ia given In the unita Milllwsty

.iﬂ.m“ u”"w”“ oﬂﬂﬂu ﬂﬂ o W =T 1= =3 [=] [=]=] [-1 -3 [=]
i TTTTT °7 S3R nauss gga:3 f2as 38°E2 S2RR% 3R08R £288% 38298 823837 3303 §388% 93898 ges 8

iUnder mturation rapar pressure |Approximate o.b.p. in K He, 4.3; 3y, 77; A, 88; OCl, 350; Cullis, 528; m-Cull, 837; p-Culli, 858; Crile, 384; HrO, 373).

T Extrapolated for the supercoaled Iguld. [A
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Table B-8 Viscosity of water

THE YISCOSITY OF WATER 0°C TO 100°C

Contribution from the National Buresn of Standards, net subjest to copyright.
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Table B-9 Properties of air at P = 101.325 kPa (M = 28.966)

K kg/m Ps.s m [s kJ/(kg.K) W/ (m.K)

100 3.5985 92.20 -04 0.787
150 2.3673 13.75 -03  0.763
200 1.7690 18.10 -03  0.743
250 1l.411%9 22.26 =03 0.724
263 1.3421 23.28 -03  0.720
273 1.2930 24.07 <03 0.717
283 1.2473 24.86 =03 0.714&
293 1.2017 - 25.63 -03  0.712
300 1.1766 18.53 -06 s . 26.14 -03  0.711
ﬁibfé. /4
303 1.1650 26.37 -03  0.710
13 11277 & REJ 27.09 -03  0.709
323 1.0928 1857 -06 T B 27.50 -03  0.708

o ﬁﬂﬁ”ﬁﬂﬁiﬁmﬂiﬁi S
i) mﬁnimm [ RE 1 -

363 0.9724 21.34 -0 21.95 -06 1.009 30.58 -03 0.704
373 0.9%463 21.77 -06  23.01 -06 1.010 31.26 -03 0.703
400 0.8825 22.94 -06 26.00 -06 1.013 33.05 -03 0.703
450 0.7844  24.93 -06 31.78 -06 1.020 36.33 -03 0.700

500 0.7060 26.82 -06 37.99 -06 1.02% 39.51 -03 0.699
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Table B-9 (cont.) Properties of air at P = 101.325 kPa (M = 28.966)

P

K kg/m Ps.s m /s kJ/(kg.K) W/{m.K)

550  0.6418 42.60 -03  0.698
600  0.5883 45.60 -03  0.699
650  0.5431 48.40 <03 0.701
700  0.5043 51.30 03 0.702
750  0.4706 54.10 03 0.703
800  0.4412 56.90 <03 0.703
850  0.4153 59.70 -03  0.703
900 0.3922 62.50 03  0.702
950 0.3716  gmag 10.98 L) 64.90 <03 0.705
1,000  0.3530 -@ﬂ_ B 67.20 -03  0.709
1,100 0.3209 4480 -06 15 00T 1@ 73.20 .03 0.705

o z-:immmwmns oo
- _ﬁﬁamsrmﬁﬂmﬁa’ —

1,600 0.2206 56.30 -0 25.50 -0 1.248 10.00 -02 0.703
1,700 0.2076 58.50 -06 28.20 -05 1.266 10.50 -02 0.702
1,800 0.1961 60.70 -06 31.00 -05 1.286 11.10 -02 0.701
1,900 0.1858 62.90 -06 33.90 -05 1.307 11.70 -02 0.700

2,000 0.1765 65.00 -06 36.80 -05 1.331 12.40 -02 0.699
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Table B-9(cont.) Properties of air at P = 101.325 kPa (M = 28.966)

T p u Y] C k Pr
B

K kg/m Ps.s m /s kJ/(kg.K) W/(m.K)

2,100 0.1681 13.10 -02 0.696

2,200 0.1605 13.90 -02 0.693
2,300 0.1535 14.90 -02 0.688
2,400 0.1471 16.10 -02 0.e81

2,500 0.1412 17.50 -02 0.673

Auganenineans
RAINTANIINGAE



Physical properties of metals

Metal

Melting

paint
-c-

Aluminum
Pure
Al-Cu {Duralumin),
94-96% Al 3-3%
Cu, trace Mg
AL-Si (Silumin,
copper-beuring),
BE5% AL 15 Cu
AL-Si (Alusil), TE-B0 3 AL
20-227% 5
Al-Mg-8i, 97% AL 1 5 Mg,
1% 8i, 1% Mn
Beryllivm
Bismuth
Cadmium

Copper

Pure

Aluminum bronze
95% Cu, 5% Al

Bronze 75% Cu,
5% Sn

Red brass 85 % Cu ol=
9% Sn, 6% Zn “

1277
Fir]
i

9 1

¢

0.122
0.231

968

AUy INENg

484

0.8

Thermal conductivity k, W/{m-*C)

O'C  200°C  JOPC 4D0°C 600°C

aC  1000°C

2135

194

152
175

M

i)

161

178

s

249

3ol 351

6Ll



APPENDIX C
PROGRAM LISTING

l. Program for calculating the experimental thermal resistances.

10 REM PROGRAM FOR CALCULATE EXPERIMENTAL THERMAL RESTISTANCE
20 INPUT " NO. OF DATA = " ; N

30{ ] DIM FC(N), FH(N), THI(N), THROWE JTCI(N), TCO(N), T1(N), T2(N),
T3(N |

40 DIM T4(N), TS5(N), T6
(N), QH(N),QC(N)
50 DIM RT(N), RI5(N), B R P i & (M) , REXPT7(N), UHP(N
) .NRH(N) ,NRC(N) ,REH(N) ,REC.S .

9(N), TIO(N), QAV(N), UA

60 LE = .4 : 'm. :

70 LC =.4 2"m.

80 DO = .00952 : 'm.
90 DI = 0087 :'m.
100 D = .0209296 :'m.
110 PI = 3.141592654

120 FOR I =1TON
130 READ FC(I), FH
1)

. TCO(I), T1(I), T2(

140 READ T3(I), T4( T8(I), T9(I), T10(I)
150 TH = (THI(I) +

160 T =TH

170 GOSUB 910

180 DLH = DL : CPH =

190 QH(I) = DLH o)) * 000001
200 DEQ = D-D0 e -

210 A =PI * (D+§ A

220 NRH(I) = DLH *mFh 700! )

230 REH(I) = ((DP) / DO it )

240 TC = (TCI(I) +

qfo{lilfz

£ AU INENINGING

280 oC (1) * FC(I) * Cqu* {TCG{I] - TCI(I)) * Q00001

: RN MY

320 (T1(I) + T2(I) + T3I(I) + T4(I))/4
330 TWHO = {TTEI] + T8(I) + T9(I) + Ti0(1))/4
340 UA(I) = QAV(I)/(TWHO - TWCO)

350 REXP1(I) = (TH - TWHO) / QAV(I)

360 REXP2(I) = LOG(DO/DI) / ( 2 * PI * 386 * LE)
370 REXP7(I) = (TWCO - TC) / QAV(I)

380 REXP6(I) = REXP2(I)

390 RT(I) = (TH - TC) / QAV(I)

400 R3I5(I) =1/ UA(I)

410 UHP(I) =4 * UA(I) / ( PI * DO"2 )
420 NEXT I

430 BEEP

440 WIDTH "LPT1:",132
450  LPRINT CHRS(15);
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460  LPRINT CHR$(14);TAB(25);"DATA FROM THE EXPERIMENTS":LPRINT
470 LPRINT :

480  LPRINT CHR$(15);"NO. OF DATA = ";N
490 LPRINT :LPRINT "*aksskkhhkdkhhhkhrhkhhhhk kAR KA RAAKARRARRRAR KRR AR KRR

tt*t*t*t#t**#***!ttt**t*****tttt**t*tt*t****!tt#*****tt*i*******t*t***
e e g e v e o o e o ke ok e 1Y

500 LPRINT CHRS$(15);:LPRINT
510 LPRINT " FC H.u  PH
Tcﬂ tl; i Tl L1} :. (1] Tz -
L1} : " T? " :'H TE 3
520 LPRINT :LPRINT :

i e ok e o ek ke ok ok ok ok e ek ok b
hkkkkkkkkkkkkhkhkhkix®'

([ | ] THI i F (1] THD ll; " TcI H; "
¥ ‘ll:l! T4 II:II T5 ‘"; (1] TE
T10 i

kkkkkkkkkhkhkkkhkhkhhkkkhkhkhkhkik
kkkkkhkhkhhkhkh ket khhhkhohkkkk

530  LPRINT

540 FORI=1T0 .

550 LPRINT US} WL EHI (I);THO(I);TCI(I);TCO
(I);TL(I):T2({I);T3(1)Z T8 (1) ;T9(I);T10(I);

560 LPRINT

570 NEXT I

580 LPRINT : LPRIJ4
590 LPRINT CHRS(14J);
600 LPRINT :LPRINT :
610  LPRINT "**%xxx

XXX AXAAA AN RE R R R kA k%

Ts"

L5 %k e g e o do g e o vk e ek & v ok oo o e o o ke
Bkt kkk kR k kR kA A AR R AR LR R LR E

ek

620  LPRINT

630  LPRINT " UA RT 5:0-Hi R3i5
":" REXP1 ":" REXP7 .

640 LPRINT

650  LPRINT : A L
khkkkkkhkkEkkkkkhkkihxrn b R R T

ke kkkkkkkhk ki

660 LPRINT

670 FOR I = 1 ‘a g

680 LPR ﬂgj g%ﬁ'ws"w&lﬁrﬂxﬁmm ,R35(I) , REXP1
(1), REXP2(I), IRikpd (rh=

690 LPRINT

% SERARINIMANIAINLIANL....

L b S T TP T T E P eIl o e g 3 vk ok &
e ke i 1

730 LPRINT :

1‘4‘] LPRIHT LLI Qc " :_. LU QH L] : " Qﬁ? " : L] REH
H:ﬂ REHI ";Il REC ﬂ;ll‘ REC'I '||;

750 LPRINT :LPRINT
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LT L Bt bbbl b A b et B S T R S R
kkk "

770 LPRINT : LPRINT

780 FOR I = 1 TO N

790 LPRINT USING "##.8884% "~ ‘¥ L;QH(T) ;QAV(I) ;NRH(I) ;REH(I) ;NRC(
1) ;REC(I);
800 LPRINT
810 NEXT I
8§20 DATA 89.7,27.7,38.8 sy 3 ) eSS 02 (04,20.98,22.36,31.32

:32.59,30,55,36,36,37. 5=
830 DATA 89.7,38.5,3970%°
,27.71,27.04,36,38.5,
840 DATA 89.7,53.9,3¢
2,31.61,29.55,37.5,
850 DATA 89.7,65.8, 33
2.59,30.55,38,38,39
75.6,
5,39,
4.5,

D¥w22.04,20.98,21.85,29.35
23.05,20.98,22.87,31.3
.56,22,22.87,31.81,3

860 DATA 89.7,
0.63,30.55,38,
870 DATA 89.7.8
,34,.54,34,06,38.5,38.5 4
880 LPRINT :LPRINT :LPE
890 LPRINT CHRS(18);
900  END

910 REM SUBROUTINE FOR CALCHEZNSINSZ

920 DL = 999.8466% ~t.0f it i 2T 2 +.00006389052%
* T 3-,0000003029 2 M -

930 CPL = 75.98544i54 AT J+.0001721228% *T°3-.
000003097828#*T" 4+, (is)0 —

940 CP =(CPL*1000) /1816
950 LOVIS = (1.3272 = !?a -T}- 001053 * (T- 201‘ } / (T + 105)
960 VIS = 10" (LOVIS)

uEI’JVIEWI?WEJ"Iﬂ‘i
QW']&\‘Iﬂ‘iEHNWYJVIEJ']MI

W24, 19.96,21.85,29.85,3
3 \
N 92.04,19.96,22.36,33.29

THE END "
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s Program for calculating the constant of the condensation and
pool beiling correlations.

10 REM PROGRAM FOR CALCULATE CONSTANT OF CORRELATIONS

20 INPUT "NO. OF DATA = ";N

30 INPUT “TYPE OF FREON : FREON NO. ":M

40 DIM Q(N), TWHO(N), TWCO(N), TWHI(N), TWCI(N), X(N), Y(N), BR(N),
BL (N)

50 DIM CR(N), HC(N)

60 PI = 3.141592654%

70 6 = 9.8 :' GRAVITY ACCELERATION (m/s"2)

80 GC =1 :'CONVERSION FACTOR m/ (N.5°2))
90 LE = .4 :'EVAPORATOR LENGLN

100 LC = .4 :'CONDENSER LEI

110 DO = .00952 :'OUTSIDENEN

120 DI = 0087 :'INSIDE Ve

130 AT = PI*,00896%.4

131 AQ = PI*DO*LE

132 AM = (AO-1.4%AI) /L

140 FOR I =1TON

150 READ TWHO(I)

160 TWHI(I) = TWAO(4F

170 TWCI(I) = TWCy

180 TS = (TWHI(

185 T =73

190 IF M = 22 TH

200 PR = CPLF*VISLE

210 BL(I) = CPLF*( .

220 BR(I) = (GC*SURF I)/(1.4*AT*VISLF*LAF)
230 HC(I) = Q(I)/((T5- .

240 CR(I) = (VISLF*(TS-TWCI(I))*LC)
250 NEXT I

260 WIDTH "LPT1:" 4%
270 LPRINT CHRS(15 ﬁg
280 LPRINT CHRS$(14)%
290 LPRINT : LPRINT | I}
300 LPRINT "NO. FO DR ﬂ = ":N,"TYPE GF FREON :
310 LPRINT

320 LPRINT ""*ﬁ e e o o e e ok 9 ok g e e
nmmmﬂmimmw
Tk Aok

330 LPRINT

o W‘Eﬁ\‘iﬂﬁmﬂﬂ"f“ﬁ NUVRY . -

r
L1}

]

REON ";M

350 LPRIHT

JA0 LPRINT MRkttt kR A AR A AR AR AR AR A I A AR R R A IR AR AR A AR AR AR AR AR AR R
AEEAE R A AEAA AL XA A AR AL EEEE A AR R L AXEA XA LA R AR A A A AR A A A R AR AR A AR AL A A kA kA kxR kkxk
kkx "

370 LPRINT

380 FOR I =1TON

390 LPRINT TAB(15) ;USING "##.8#8° """ ";Q(I);TWHO(I);TWCO(I);TWHI
(I);TWCI(I);BR(I);BL(I);CR(I);HC(I);

400 LPRINT

410 NEXT I

42.0 LPRIHT W0 e o ko ek ok ok ok & 7 ok ¢ 7k 7 ok 7 o v ok o ok e o ok ok ok ok ok v o ok ok ok o ok o ok o it o ke o o ot o e o o o ok ok ok ok
kA kA kdhhkhkktkdxhhdxhkhkatashhdrd kbt krtkkkkkkkhkhkrkkhtkkkkki
ki

430 LPRINT : LPRINT
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440 LPRINT CHRS$(14);TAB(20);"CORRELATION OF POOL BOILING"
450 LPRINT
460 FOR I =1 TO N

470 X(I) = BR(I)
480 Y(I) = BL(I)
490 NEXT I

500 GOSUB 3000

510 LPRINT : LPRINT
520 LPRINT CHRS(14);TAB(20);"FILM COHDEHS&TIDH CORRELATION"
530 FOR I =1 TO N
540 X(I) = CRII)
550 Y(I) = HC(I)
560 NEXT I

570 GOSUB 3000

580 END

1000 REM SUBPROGRAM FOR
1010 DLF = 1621.0384-3%
1020 DVF = 1.260348#+.05
0000365982564%T" 4+.,000
1030 LAF = 160606.6#-26¢
19554*T "4
1040 VISLF = .0009420137 4.
18649284* T 3+1.430161D *]
1050 KLF = .1173633#-.000§
*3-.000000054291558*T 4 (2% N 5

1060 SURF = .02200656%-.00/ 264 = allhe 00 AR 370794 *T " 2. 000000054799
634%T" 3+,0000000007125223 " il He *M5-2.56327D-13*T°6

1070 CPLF1 = .1824871#+.000919 m432) -, 0000075178658* (T*1.8+3
2) “2-.000000042155324* (T*1, 2 105747758 (T*1.8+32) "4-4.1
829384D-12* (T*1.8+33 M

. 2+.000099557944T"3-.0
I 0248049247 3+.000231
Q1727834#*T"2-.00000000

r*T"2+.0000028918844#*T

1080 CPLF = CPLF1*4 Mo
1090 RETURN V. A J
2000 REM SUBPROGRAM F(fj CA A

2010 DLF = 1285#-1.9450834*T-.09° §*T 2+.006ER5484*T"3+.0000480120
14*T°4- ﬂﬂﬂﬁﬂﬂZTﬁﬁ?dE# p2= ﬂﬂGODGGEZE 9 5#*T ﬁ+ ﬂﬂﬂﬂﬂﬂﬂﬂﬂdlBEZQSS*T 7

+5.434099D-13*T

2020 DVF = 21. 2 29139#*T'3

2030 VISLF = ﬂ 0 9546 TBTZE#*T'2+5.945
7

386D-11*T"3- 1 4 6U 12*T 4+32. JT%EGBD#IS*T

2040 I:lF m T 1 3+.0002059
2050 KLF-—q 000624 T 2=, 0000000458314

T#*T"3

2060 SURF = .0117#-.0001121023#*T-.0000029087054*T" 2+.00000004846874%*
T°3+44.495216D-11*T 4+6.411755D-12*T"5-1.551813D-13*T 6

2070 CPLF = 1168.869#+2.867799#*T+.04272785#*T"2-.0018561984*T" 3+.0000
32697114*T"4

2080 RETURN
3000 REM SUBPROGRAM FOR LINEAR LEAST SQUARE FIT
3001 X1 = 0
3002 X2 = 0
3003 X3 =0
3004 X4 = 0
3005 X5 =0



3006
3007

jo1o0
3020
3030
3040
3050
060
3070
ioso
090
3100
110
3120 R
130
il40
3150
3160
3170
3180
3190
3200
3210
3220
3230
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Y1 =10
Y2=10
FORI=1TON

X1 = X1 + LOG(X(I))
X2 = X2 + (LOG(X(TI)))"2
X3 = X3 + LOG(X(I))*LOG(Y(I))
Y1 = Y1 + LOG(Y(I))
NEXT I
FORI=1TON

¥4 = X4 4+ (X(I)-X1/N)*

X5 = X5 + (X(I)-X1/

Y2 = Y2 + (Y(I)-Y18
NExT I -~

= X4/ (X5%Y2) " —
B = (X3- x1tY1!H}f{ *r*'**‘"

A = EXP((Y1-B*X1)
LPRINT TAB(20);"
LPRINT TAB(20);" A
RETURN
DATA 32.3,24
DATA 32.6,24.
DATA 32.2,24
DATA 32.8,24.
5,24.
7,24.

B{Eﬂ'}}" R = ".‘TR

DATA 32.
DATA 32.

ﬂ'NEI’WIEIVI‘iW 8N
qmmﬂmumaﬂmaﬂ
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3. Program for calculating the constant of outer film correlations.

10 REM PROGRAM FOR CALCULATE CONSTANT OF QUTER FILM CORRELATIONS

20 INPUT "NO. OF DATA = ":N

30 DIM Q(N), TWHO(N), TWCO(N), TWHI(N), TWCI(N), X(N), Y(N), THI(N),
TCI(N)

40  DIM THO(N), TCO(N), REH(N), REC{N), NUH(N), NUC(N), FC(N), FH(N)
50 PI = 3,141592654%

60 D = ,.0209296 :'INSIDE DIAMETER OF JACKET (m.)

70 LC = .4 :'CONDENSER LENGTH (m.
80 LE = .4 :'EVAPORATOR LENGL
90 D = .0209296 :'INSIDE I

iﬂf J/ _EET (m.)

100 DO = ,00952 :'ﬂﬂTSIP , m.)
110 DI = .0087 :'INSID& R O
120 RO = PI*DO*LE . e 4

130 DEQ = (D - no}*{n'-*’:
140 INPUT "Do you want f
E GOTO 190

150 TIF ANSS = "Y" OQuetlill ot s

> iy Ak EWor reinput";BS$

A A G s QA FOR APPEND AS #1 ELS
180 GOTO 200 %

160 INPUT "Print A fo
170 1IF B$ = "A" OR &
190 OPEN "B:DATAF1" Fg

2000 € =0
210 IF TS = "Y" OR 5
220 C = C+1

230 INPUT "FC = ", FC(C]
240 INPUT "FH = ", FH(C
250 INPUT "THI = ", THI(C)
260 INPUT "THO = ", THO(Gs
270 INPUT "TCI '
280 INPUT "TCO
290 INPUT "TWHO =
300 INPUT "THCO =
310 INPUT "Q =

320 INPUT "Do yom wanfy correct itg':

330 IF as ="

340 WRITE #1 ﬁﬂaﬂ;%w '5/ 'ﬁ[ﬁﬁ'rcmci, TWHO(C) ,
™CO(C), Q(cC)

350 INPUT "1Is 1 out of data "grs$

K ﬂma»&mmumwmaﬂ

nnn

il| »

380
i%0 IF EG?[I} THEN CLOSE : GOTO 430
400 C = C+1

410 INPUT #1, FC(C), FH(C), THI(C), THO(C), TCI(C), TCO(C), TWHO(C),
T™WCo(C), Q(c)

420 GOTO 390 .
430 N =2¢

440 FOR I =1TO N

450 TH = (THI(I)+THO(I))/2
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460 TC = (TCI(I)+TCO(I))/2

470 DELTH = TH - TWHO(I)

480 DELTC = TWCO(I) - TC

490 HOH = Q(I)/(AO*DELTH)

500 HOC = Q(I)/(AO*DELTC)

510 T = (TH+TWHO(I))/2

520 GOSUB 1050

530 REH(I) = DLW*DEQ*FH(I)*.000001*4/(PI*(D"2-D0"2)*VISL)
540 NUH(I) = HOH*DEQ/KLW

550 T = (TC+TWCO(I))/2

560 GOSUB 1050

570 REC(I) = DLW*DEQ=*FC(I)*. D" 2-DO"2) *VISL)
530 NUC(I) = HOC*DEQ/KLW

590 NEXT I

600 WIDTH "LPT1:",132
610 LPRINT CHRS(15);
620 LPRINT CHRS$(14);TAB(25);
630 LPRINT : LPRINT
640 LPRINT "NO. FO DATA = "
650 LPRINT

660 LPRINT "**xkxkkxxkxkkkkxk
ook ook ok e e ok ok ok ok ok ok ko e

kkkkkh

Mk kk kR R EXRRK R KR KRR
T

670 LPRINT

ﬁﬁﬂ LFRINT TAB [151 =" \ Thi ||:'I‘I

T’hﬂ II:TI Tci II;II .l;ll’ Twcn II:
] Qav ": '

690 LPRINT

TOO LPRINT "#**kkkkkkihkkhrkkhhiss Mo = kkkkkkAkk Ak kR ARk Rk kR k k&

khkkkkkk kAR kR kkthkkt kA nk
d ki ¥

kkkkhkkhkkhkkhkkhkkkkhikx

720 FORI =1 TO N

730 LPRINT TAB(15);USIf : » FHR) ; THI(I) ; THO(TI)
;TCI(I);TCO(I);TWHO(I) ; TWCOLE) ;Q(T); -

740 LPRINT

750 NEXT I ‘a 4

760 LPRINT "*******ﬁuﬂ%ﬂﬁ:ﬁﬁtﬂﬂqﬂ* Akdkdkkkk Rk
HEkkhkkhkkhkhkh kit ki kk * b k3 * & R e e & i e gk ke kR
ko T

770 LPRINT : qlﬁ ¢ Y of

= 2 SRR RANINEIN Y
dhkkkbkhkkhdkkhk ik ok ® k% ki ik * ok k4 kkxk®hkxk o e ok v i o o e o ok ok ok
o o ok ok ok 'Y

790 LPRINT

800 LPRINT TAB(15);" Nuh o Reh s Nuc " o

Rec i

810 LPRINT

820 LPRINT Mkddkk kst ket ke kAR AR R AR R AR A A AR AR AR R AR R AR R AR A ARk Rk kR
et i s st sttt Y Tttt I TIIII M kkkkkkkkxhkthkhkx
AN

830 LPRINT

840 FORI =1TON

850 LPRINT TAB(15);USING "##.#8% """ ";NUH(I);REH(I);NUC(I);REC(
I);
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860 LPRINT

870 NEXT I

B80 LPRINT "hkkkkxkdhkkkdhhihkrihkkthhkdhhhdhhhhhhhhthkhihathkhihhhhk
Akkkkhkkkhkhhhhhhkhkhkkhhhkhhk bkt kR ah ek khk t*tt***t?tttttt*t*****
ok &

890 LPRINT : LPRINT

900 LPRINT CHRS(14);TAB(20);"OUTER FILM CORRELATION OF EVAPORATOR"
910 LPRINT

920 FOR I =1 TO N

930 X(I) = REH(I)
940 Y(I) = NUH(I)
950 NEXT I

960 GOSUB 1130

970 LPRINT : LPRINT -
980 LPRINT CHRS(14);:TA ‘~w="ﬂg MIF T stV ATION OF CONDENSER"
990 FORT =1TON —~— ,

1000 X(I) = REC(I)

1010 Y(I) = NUC (a
1020 NEXT I
1030 GOSUB 1130
1040 END

1050 REM SUBPROGRAM F
1060 DLW = 999.8466+6. 34
L029236E-07*T" 4 :
1070 CPW1 = 75.97694-46" 580 0N oG8 12 o dr % W% 3% T~ 2-5 ., 0656 34E-05*T" 3+
5.74074TE-0TXT " 4-2,7036} T A\
1080 CPW = CPW1/18.016%10(
1090 LVIS Il 3272%(20-T
1100 VISL
1110 KLW = .551999842.750
.043016E-09*T" 4
1120 RETURN e 2
1130 REM SUBPROGRAM Sd N

T 2+6.389052E-05*T"3-3

(T+105)

I
—
'l'.".'r
l."'
-
H
1

*
I-I-
D
o
]

H’
D
=

R=054T"2+2.502208E-07*T"3~1

1140 X1 = 0 1

1150 X2 = ¢ -

1160 X3 = 0

1170 X4 = 0

1m0 AUEINENTNGINS
1190 Y1 =0

1200 Y2 = 0

1230

ﬁ;zmz! SR UM INYAY

1240 = xa + LOG(X(I))*LOG(Y(T))
1250 = Y1 + LOG(Y(I))

1260 HExT I

1270 FOR I =1 TO N

1280 X4 = X4 + (X(I)-X1/N)*(Y(I)-Y1/N)
1290 %5 = X5 + (X(I)-X1/N)“2

1300 Y2 = Y2 + (Y(I)-Y1/N)"2
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1300 Y2 = Y2 + (Y(I)-Y1/N)"2
1310 NEXT I

1320 R = X4/(%5*Y2) .5

1330 B = (X3-X1*Y1/N)/(X2-X1"2/N)
1340 A = EXP((Y1-B*X1)/N)

1350 LPRINT TAB(20);" Y
1360 LPRINT TAB(20);" A
1370 RETURN

A*XB"
“-R:-TAB(40);" B = ";B;TAB(60);" R = ";R

Auganenineans
RIANTUNMINGIAY
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4. Program for calculating the theoretical thermal resistances.
10 REM PROGRAM FOR CALCULATE THE THEORETICAL THERMAL RESISTANCE
20 INPUT " NO. OF DATA = " ; N
30 INPUT " TYPE OF FREON : FREON NO. " ; M
40 DIM FC(N),FH(N),THI(N),THO(N) ,TCI(N),TCO(N) , TWHO(N) TWCO(N) ,Q(N)
50 DIM TWHI(N),TWCI(N),TVH(N),TVC(N),TBH(N), TBHN(N),TBC(N),TBCN(N)
60 DIM R1(N),R2(N),R3(N),R3N(N) ,R5(N) R6(N), RT(N) R5N(N) RT(N), RTN(
N) ,RHP (N) .
70 DIM HOH(N) ,HOC(N) ,HIH(N R0F FJHN(N) ,HICN(N) ,RHPN(N)
80 DIM DELE1(N),DELE2 (N)g "]" P#¥ 4(N) , DELES (N) , DELE6 (N)
90 PT = 3.141592654% : .
100 G = 9.8 : 'GRAVIT i AN o VN
110 GC =1 : 'CONVERSICE e L. 5 2)
120 LE = .4 : 'EVAPG rTHL A
130 LC = .4 : "CONR =
140 DO = .00952 : -rﬁ’ﬁl
150 DI = .0087 : ' WS TF FFNETS N
160 = .0209296 7 T U 0 RECURIERREN R ORET, m .
170 AI = PI*,Q0896* \ N
180 A0 = PI*DO*LE
190 AM = (RO-1.4=AI) ROt
200 OPEN "B:DATAT1"#% 0]
210 ¢C=0
220 IF EOF(1) THEN CH -a
230 C = C+1 '
240  INPUT #1, FC(C), FH =2 {c), TCI(C), TCO(C), TWHO(C),
TWCO(C), Ql(C) ; ]
250 GOTO 220
260 FOR I = 1 TOoggie———=—=
270 TBH(I) =&%
280 TBH1 = TBH =4
290 A= 13.22788
100 B = .3808254
310 T = (1)
= oHugIinIneIns
330 DEQ (
340 Rerp (Y = 4tnEQ*DLH*F§IIl= ﬂuoﬂulftPI*{n+nol*{D DO) *VISL)
350 EHP(I) "B
xRN INYINY
370 DOALE
380 SrBH2 = TWHO(I) + DELTMH
390 El = ABS(TBH1 - TBH2)/TBH1
400 IF E1 <= .001 THEN GOTO 430
410 TBH1 = (TBH1+TBH2)/2
420 GOTO 310
430 TBEN(I) = TBH1
440 REH(I) = DO/(DO+D)*REHP (I)
450 TBC(I) = (TCI(I) + TCO(I))/2
460 TBC1 = TBC(I)
470 A = .1280409
480 B = .9516121
490 T = (TBC1 + TWCO(I))/2
500 GOSUB 1680



510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
630
700
710
720
730
740
750
160
770
780
790
800
8§10
820
830
840
850
860
870
880
890
300
910
920
930
940
950
960
970
980
990
1000
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RECP(I) = 4*DEQ*DLW*FC(I)*.000001/(PI*(D+D0Q)*(D-D0O)*VISL)
NUC = A*RECP(I)°B

HOC(I) = NUC*KLW/DEQ

DELTMC = Q(I)/(HOC(I)*PI*DO*LC)

TBC2 = TWCO(I) - DELTMC

E2 = ABS(TBC1-TBC2) /TBC1

IF E2 <= .001 THEN GOTO 600

TBC1l = (TBC1+TBC2)/2
GOTO 490

TBCN(I) = TBC1

REC(I) = DO/ (DO+D)*RECH
TWHI(I) = TWHO(I) . D@-DI)/(2*386*AM))
THNCI(I) = TWCO(Ig VPSP / (2*386*AN))
TVH1 = {THHI{I; -

T=
IF M =
GOSUB 1760
CSF = 7.02062
R = .962137%
GOTO 740
GOSUB 1860
CSF = 5.654
R =1.0694

= Q(I)/(
DELTH = CSWPLM
TVH2 = TWHI(
E3 = ABS(T
IF E3 (= .001 YPEN=
TVH1 = (TVH1+TVH2Y
GOTO 650
TVH(I) 'UH1
HIH(I) cAl) / LITWRT (T
Tvc1 =T
= (TWCI yi;.

IF M = 22 THEN GUTO
GOSUB 1760
€l = 1,7050158 45

EET;EI‘lTE’I’JVIEJﬂﬁw BN

GDSUH Qs60
€1 = 5.331091E-04

W8 / (G* (DLF-DVF))) *.5
31°R/CPLF

IRIAENFAUNBIANUIE B0

§IC(I) = C1*B2°C2

TVC2 = TWCI(I) + Q(I)/(AIC(I)*1.4*AI)
FRINT"TVC2 = ";TVC2

E4 = ABS(TVC1-TVC2)/TVC1

IF E4 ¢= .001 THEN GOTO 1010

TVC1 = (TVC1+TVC2)/2

GOTO 840
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1010 TVC(I) = TVCl

1020 PRINT"TVC = ";TVC(I)

1030 IF TVC(I) = TVH(I) THEN GOTO 1180

1050 TYA(I) = (TVC(I)+TVH(I))/2

1060 DELES(I) = (TVH(I) - TVA(I))/TVA(I)*100

1070 DELE6(I) = (TVC(I) - TVA(I))/TVA(I)*100

1080 HIEN(I) = Q(I)}/(1.4*AI*(TWHI(I)-TVA(I)))

1090 HICN(I) = Q(I)/(1.4*AI*(TVA(I)-TWCI(I)))

1100 RIN(I) = 1/ (HIHN(I)*1.§

1110 RSN(I) = 1/(HICN(

1140 DELE1(I) = (TBH (1) *100

1150 DELE2(I) = i (1) -TWHO(I))*100

1160 DELE3(I) = ¥'%100

1170 DELE4(I) = JEERT) -TBCN (I) ) *100

1180 R1(I) = 1/

1190 R2({I) =

1200 R3I(I) =

1210 R5(I) =

1220 R6(I) =

1230 R7(I) =

1240 RHP(I) = -

1250 RT(I) = R1{y OM) +R7 (1)

1251 RHPN(I) =

1252 PRINT "RHPN Ay

1253 RTN(I) = B /WRE (1) +RT (1)

1254 PRINT "RTN =

1260 NEXT I

1270 BEEP

1280 STOP '

1290 WIDTH "LPT 1S —

1300 LPRINT CHRSE'Z Y |

1310 LPRINT CHRS(T=d’ -

1320 LPRINT CHRS(18W;TAB - oM THE ${PERIMENTS"

1330 LPRINT : LPRIN

1340 LPRINT "NO. OF SA® = ":N:" @IPE OF FREON : FREON ";M

s o GRS N INEIAS

1350 LPRIHT % K & i v i i e e o gk ok ok ok ok ok kR

t***tttttt!t* t*ttt!*tt**tt‘kttt!t**t**tttt*t*#t**#***t*t*ttt*t***t*#

**ttt!*****tt*tz#*t****t"

@m’] ﬁﬂﬂ‘iﬁu URIIRYIA

1380 LPRI oF HO: Mi®

TCI *; TCO ":" TWHO ";" TWCO “;" TWHI ";" TWCI
"o QRV  ";" REH' "o " REH L "REC’ i REC ";

1390 LPRINT

14ﬂn LPRIHT "ﬂ*t#ttt*t*:*t*tttt!ﬂ****tttittttt**t*tttttt*t*:***tttttt

**!tt***tt!t*********tttt******tt!t*t*t***tt**#*****t*ttk*****tttttt!*
kkkAEkE Ak kxR h ke

1410

LPRINT



193

1420 FOR I =1 TO N

1430 LPRINT USING "####4.4%8 ";FC(I);FH(I);THI(I);THO(I);TCI(I);T
CO(I);TWHO(I);TWCO(I);TWHI(I);TWCI(I);Q(I);REHP (I);REH(I);RECP(I);REC(
I)

1440 NEXT I

1450 LPRINT : LPRINT : LPRINT : LPRINT
1460 LPRINT CHRS$(14);TAB(40)"THEORETICAL THERMAL RESISTANCE"
1470 LPRINT : LPRINT : LPRINT

1480 LPRINT "*kxakixkdkkkkihkakhdkdiathdhhkhihdhtihdthhhhdhhhhdhothdd
AEkAARAR AR AhkkhkRA AR kAR AR AR R A AR AR ARRRAR AR AR AR A kA kR kR kA kAR AR AL R XXX
o v ok o ok ok ok ok ok vl ok ok ol o ok ok o ok o ok ok ok ok o ok e ok

REkkkkkkhkkkhkkkeRRR ek nkkkk Rk g bH
kkkhkkkkkhkhhkkkhkiki '

1490 LPRINT .
1500 LPRINT TAB(4);"RT": &) ; "RHP" ; TAB (40) ;"RHP'"; TA
J |.3|n TlB{lﬂﬁ},"R5" TlE{l

PR "HOH" ; TAB (160) ; "HOC" ; TA

1510 LPRINT
1520 LPRINT "*axixa

kkkkkkhkkhkhhhhhhhhihd 4
Ak AE Ak kA kAkkkk kAR kX
hkkhkkkhkhkhkhkhkhhhhkhihi"

Akkkkkk Ak kkhkhkkhkkkx ki
ek kdkk ik hkddkkkkkkk
e e e ok ok e ok vk ok e ok ok ok ke vk ok ok ek ke ok

1530 LPRINT

1540 FOR I =1 TO N , \

1550 LPRINT US ¥ & Sider % W™ (T) ;RHP (I) ;RHPN(T) ;R1(
I):R2(I);RI(TI);RIN(T) ;R ! PR HOH (T) ; HOC(I) ;HIH(I) ; HI
HN(T) ;HIC(I) ;HICN(I) hre -

1560 NEXT I '

1570 LPRINT:LPRINT ﬁ

153“ LPRIHT "********‘****lﬂgféﬁz_:é e oy g o ok e e ok g g gl gk ok gk gk e ek ok ok ko

kkkkhkkhkkhkkkkkhhkhhkthkk e e e ke e o e o d ok o o ok ok ok ok e ok ok ok ok ok ok e
o e e e e de e ok g ok ok ok o ok ok ok ok LS : ok JEE RS EEREE LS

bbbt bbbt b LA Ix”i
1590 LPRINT - -
1600 LPRINT TAB(4); ¥ibh";TAR - LAD (29| "Tbﬂ",TlBl:llﬂl :"The'";

TAB(52) ;"Tvh"; TAE (64) ‘"TVC" TP.B[TE},"T\FH",TEBI: ;"Thbh'-Tbh"; TﬂB{lﬁﬂ}.
"DELTH/DELTH' "ﬁﬁ “.12 :&%bc'-The" ; TAQK 24) ; "DELTC.J'DELTC' "-TAB(136):"T

e B HEINUNINYIND

1610 LPRINT

1620 LPRINT v Q) g*tt***t*ttttttttt*tt*tt*tt***tt*ttttttti*tt*!t*tt*t*
T e T P P PP T t*:::z**tﬁ*:***tt*ttut*t*tt*tttttt

A RIRNAT AR INYTREY

1630 LPR it

1640 FOR I =1 TO N

1650 LPRIHT USING " ##24.44 ";TBH(I);TBHN(I);TBC(I);TBCN(I);TV
H(I):TVC(I);TVA(I);DELE1(I);DELE2(I);DELE3(I);DELE4(I);DELES5(I);DELEG (
I)

1660 NEXT I

1670 END

1680 REM SUBROUTINE FOR CALCULATE WATER PROPERTY

1690 DLW = 999.8466+6,340783IE-02*T-8,42725TE-03*T " 2+6,389052E-05*T" 3~
3.029236E-07%T 4

1700 CPW1 = 75.97694-6.542445E-02*T+2,480525E-03*T"2-5.065634E-05*T"3
+5,.740747E-07*T"4-2.703634E-09*T"5
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1710 CPLW = CPW1/18.016*1000!
1720 LVIS = (1.3272%(20-T)-.001053*(T-20) “2)/(T+105)
1730 VISL = 10°LVIS*1.002*.001

1740 KLW = .5519998+2.750176E-03*T-2.959454E-05*T " 2+2.502208E-07*T" 3~
1.043016E-09*T"4

1750 RETURN

1760 REM SUBROUTINE FOR CALCULATE FREON-113 PROPERTY

1770 DLF = 1621.038-2. 171899*T- 34 SP1E-03%T"2

1780 DVF = 1.260348+5.430738% ! }i DB 3I2E-04*T"2+9,.95579E-05*T"3-3

.698256E-06%T" 4+4.329166E-08
&2-243&4923-02*?‘3+z.311

1790 LAF = 160606.6-260_8
955E-04*T" 4 - a2

1800 VISLF = 9.420137E-02 S 3K 3 4E-07*T" 2-1.864928E-09
*T°3+1,430161E-11%T"4 -

1810 EKLF = .1173633-8
5.429155E-08*T" 4+3, 2907
1820 SURF = 2.200656%
AT°347.125223E-10*T " 4+1 . = 13*T"6
1830 CPLF1 = .1824871 4F. LF I I -C O 0r* TNER W) 085 17865E-06* (T*1.8+32)
*2-4.215532E-08* (T*1 4 £ Fooiomp e B~ (T*1.8+32) "4-4.1829384
D-12* (T*1.8+32) "5 M, \ \

1840 CPLF = CPLF1%418
1850 RETURN

1860 REM SUBROUTINE FO¥*C|
1870 DLF = 1285!-1.94573
-05%T"4-2.782948E-07*T"5-2.
3*T"8+4.44025E-14*T"9-1. 4602525 :
1880 DVF = 21. 284934 7 bt 1 4529189E-04*T"3
1890 VISLF = 2.670 : S P5-09%T " 2+6.945386E-1
1*T"3-1.47996E-12*T @w AY

1900 LAF = 204280.1- o> m5331E-02*T " 3+2.059711
E-04*T"4 Ly i

1910 ELF = 9. 7599953--3 -5, 4415333 04*T+2 624762E-06*T"2-4,583147E-08*

Tio s - g SITABIINT WA Fosorr v

1930 CPLF = 1168086942, BETTB.‘J*T-I‘-A .3T2T85E- G‘E*T a=1. BEEUE 03*T"3+43.2
69711E-0

AR AN TN AN INYNY

T 2+2.891884E-06*T" 3~

E-06*T"2-5.479963E-08

. 6

2.2548B-04*T"3+4.801201E
4.199209E-10*T" 7+5.434099E-1
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5. Program for calculating the required number of heat pipe in heat

exchanger design.

10 REM PROGRAM FOR CALCULATE HEAT PIPE HEAT EXCHANGER AREA

20 REM WORKING FLUID OF HEAT PIPE : FREON-113 OR FREON-22

30 REM INPUT THE CHARACTERISTIC OF HEAT PIPE

40  INPUT "Type of Freon (Freon-113 or Freon-22) : Freon No. " M
50 INPUT "Outside diameter of heat pipe (m.) : ",DO

60  INPUT "Inside diameter of heat pipe (m.) : ",DI

70  INPUT "Length of evaporato A . ", LE

280 INPUT "Length of condense ] ' LC

90  INPUT "Effective surf : :?ﬁ--rator (m.) = ",ACH
100 INPUT "Effective su . ser (m.) : ",AOC

110 INPUT "Thermal cond¥® o ' tube (W/m.C) : ",K

120 INPUT "Outer film T0F E —hrrrtor (W/m°2.C) : ", HOH
130 INPUT "OQuter filweeee ol 8, S (W/m“2.C) : ",HOC
140 REM INPUT THE PRCS
150 INPUT "Inlet teliper + THI

N ", THO

160 INPUT "Outlet tey

170 INPUT "Inlet tempry . u ¢ Tl
180 INPUT "Outlet te : ", TCO
190 TINPUT "Mass flo® rgfe A s " MH
200 INPUT "Mass flow Bec) : ", MC

210 INPUT "Heat capalitgl flhofertaty (ANAN ", cpy

220 INPUT "Heat capacij : ".CPC
230 DT1 = THI-TCO A

240 DT2 = THO-TCI P

250 IF DT1 = DT2 THEN GU' o

260 LMTD = ((THI-TCO)- {Tﬂrﬂg;;gggﬁ’ -TCO) / (THO-TCI))

270 GOTO 290 _
280 LMTD = (DT1+IjEeSds
290 QT = MH*CPH* ({73
300 TBH = (THI+THOTH
310 TBC = (TCI+TCO)¥}

320 DT = TBH-TBC

330 UAF = 1/(1/ (HOH*ACH&NLOG (DO/DI) Al2*3.141592654#*LE*K) +L0OG (DO/DI)/

a0 éﬁi"‘f*‘iﬁﬂﬁﬂ’w’ﬂW§W aAIA)

d

nu

dF

350 HOP1*L0G (DO/DT) / (2*3.141562654#*K*LE) -QP1/ (HOH*AOH)
360 PRINT " P ,
éﬁaﬁ%mmw%mmww
380 :

390 Yrs+Ten) /2

400 IF H = 22 THEN GOTO 450

410 GOSUB 940

420 CSF = 7.020683E-03

430 R = .9621316

440 GOTO 480

450 GOSUR 1040

460 CSF = 5.65438E-03

470 R = 1.06921

480 Bl = QP1/(3.141592654#*DI*LE*LAF*VISLF)*(SURF/(9.8*(DLF-DVF)}))".5
490 DELTH = CSF*LAF*(CPLF*VISLF/KLF) 1.7*B1°R/CPLF
500 TR = TWHI - DELTH



510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
630
700
110
720
730
740
750
160
170
780
730
800
810
820
830
840
850
860
870
880
830
00
910
920
930
940
950
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IF ABS(TS-TR)/TS <= .001 THEN GOTO 540
TS = (TS5+TR)/2

GOTO 390

HIH = QP1/((TWHI-TS)*3.141592654#*DI*LE)
T = (TNCI+TS)/2

IF M = 22 THEN GOTO 610

GOSUB 940

C1 = 1.705018E-06

C2 = .7437863

GOTO 640

GOSUB 1040

€l = 5,.331091E-04

€2 = .5580585

B2 = 9,8*DLF*(D {TS-TWCI)*LC)

TS = (TSP+TsS)
GOTO 550

R3 1/(HIH*3 41"
R5 = 1/(HIC*3.144"
UA = 1/(1/UAF+F
QP2 = UAXLMTD
IF ABS(QP2-QP1) /4
QP1 = (QP1+QP2)/2
GOTO 350

I on

N= QT/QP1

R1 = 1/(HOH*AOH)

R7 = 1/(HOCHaAt

R2 = LOG(DO &_..__.
R6 = LOG(DO/ %

PRINT "Number Jf heat
LPRINT "Number™6f heat pipe = ";N
PRINT "Thermal Rgsistance of Hegj Pipe"

o ST TNEN S

PRINT "R2™= ";R2,"R6 = ";§6

AR ING 1AL

END
REM SUBROUTINE FOR CALCULATE FREON-113 PROPERTY
DLF = 1621.038-2,171899*T-3.504691E-03*T"2
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960 DVF = 1.260348+5.430785E-02*T+7.819232E-04*T"2+9_95579E-05*T " 3-3.

698256E-06*T"4+4.329166E-08*T"5

970 LAF = 160606.6-260.895*T+2.443325E-03*T"2-2.480492E-02*T"3+2,3119

55E-04*T"4

980 VISLF = 9.420137E-04-1.45653E-05*T+1.727834E-07*T"2-1.864928E~-09%

T 3+1.430161E-11*T"4

990 KLF = .1173633-8.310745FE-04*T-4.276443E-054T"2+2.891884E-06%T"3-5
.429155E-08*T"4+3.290212E-10*T"5

1000 SURF = 2.200656E-02-1. 264531E-D4*T+1 u47ﬂ?93-0£*T 2-5.479963E-08

*T°3+47.125223E-10*T"4+1.37607 30

1010 CPLF1 = .1824871+9.19%
"2-4.215532E-08* (T*1.8+3

D-12*(T*1.8+32) "5

1020 CPLF = CPLF1*41¢8

1030 RETURN

1040 REM SUBROUTINE r

1050 DLF = 1285!-1 ¥ 1 & , 2548E-04*T"3+4,801201E

—05*T"4-2.782948E-0T*T4F £ ¥ P L R AMERI 209E-10*T " 745, 434099E-1

I*T " 8+4.44025E~-14*T A - - “ '

1060 DVF = 21.28499+.

1070 VISLF = 2.67004F%

1*T"3-1.47996E-12*T 4+§ =% ' W\

1080 LAF = 204280.1486 3 SLIHN 33 AR N 326331E-02%T" 3+2.059711

JTTS#*{T*1.3+32]'4-4.1329334

RN +1.529189E-04%T"3
W 22E-09*T" 2+6.945386E-1

E-04*T"4 s AN AN

1090 KLF = 9.769995E- - 43100 - le T+ A% Ml 6 2E-06*T " 2-4.583147E-08*
T 3 e/ % \

1100 SURF = .0117-1.12182 30058844 % SER06*T 2+4.8468T4E-08*T 3+4.
495216E—11*T‘4+E.4111553-125;_— E “E-13*T"6

1110 CPLF = 1168.869+2.8Ea 4
69711E-05*T" 4 \

1120 RETURN - -
[ |~' d

202%T"2-1.856198E-034T"3+43.2

ﬂ’LlEI’JVIEWIiW BN
Qﬁ']ﬁ\iﬂ‘iﬁuﬂﬁ’]‘lﬂmﬁﬂ



APPENDIX D

HEAT TRANSFER CORRELATIONS

1. OQuter Film Correlations
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2. Heat

k. FD DA

|
=
L1}

3. 585E+2
3. JB0E#DZ
LT52E+02
STIER0D
LS1LE#L2
LATZE+DT
LTaUER]]
oA LY
2.302E+02
2.819E+02
3. T2REHY
LS1EH0Z
LHAZE+DT
AOTERN
. 146E=03
5316402
LT2ER2
173E+02
LIATESQ2
LIE#)Z
.358E+02
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. 35eE+02
I7E+02
J41E+02
LA1E02
. S2aE+02
4, (45707
3. 6U0E-02
2.7B8E+02
2,.575E402
2. 3T3E+02
2. 340502
1. LSAE+02
4.055c02

T T T L

Pl b D e e Bl e b PO Ged fad RO RS B RS Be
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Transfer Correlations Inside the

Sections

a. For Freon-113, tilt angle 50 degrees,

FREQY

TYPE OF FREDN : F3E

TiHD

Evaporator

and Condenser

£fill ratie 30%

R R R R R R R R R R R E RN RER R R R £

YH b in LM

L agddiadidadisaddiidadadadiida adiiii o aiiiaiity

35008401 2. {.B80E-03 L.921E+12  3.531E+03
35108400 2. 1.5226-03  1.GTBE#IZ 3. L64E+03
3.550E401 2. [.980E-03 1.SS0E+12  1.45LE+03
3.640E401 2. A\ LO00E-03  1.851E+12  1.26ZE%03
T.060Ef00 2. M WGT™ . 2.7086-07  L.b4eEe1Z 12396403
3.7I0E+0L 1. 01 2.25TE-03 LLA0TE4IZ LLSTTESOS
T.BI0EH 2. (-0 LISE-0F LAOFERI2  2.17SERS
3.880E+01  2.200+01 W A0E-0L  T.4476-03  1LSHSE#12  1LBOLEH3
3.850E+01 2. 200E+01 [.752E-01  2.494E-03  1.508E¢12  1,777E+03
3.9008-01  2.260E+01 O1E-0L  2.4S3E-03  L.SSAE¢12  2.173E+03
3.8506:01 D N 2.038E-03  LLBITEMZ  3.37E+03
3.740E001 A 2.2096-03  1.4BBE+1Z  3.774E+03
.950E+01  Ineall B 2.53E-03  LLSI3E+12  2.1276403
3.9806+01 2. 3OOl . POSTER  2.525E-03  1.S33E+12  1.B2CES
39606401  2.38k01  3.958E+ ".; S2Ev0l  1.6118EM1  2.453E-03  1.580E#12  1.6TAE+D3
59906401 13108 L 3.38BE+01  T.31ZE:01  L.976E-01  2.530E-03  1.3MEMT  1.592E403
3. 4408+ STE-03  1.B09E+12  3.362E+03
s.naﬁajiil 'iﬁ! 4155!&;59"“]:0 Ef‘*‘ 'E]E?:iti?] lgigﬁ“E_ﬂs 1.787E412  2.915E403
3,510 3.5 0 55 047E-03  1,745E412  1.B84E+03
samaw 1aﬂﬂm S.SMEMY  LOTIERL L LMTE-DL 2.0SFHT  LTASEID  1.TSOEH03
§ g L. THSEHI2  1L62TEXD3

ﬁ’j ﬁ:ﬁ] ;‘m uﬁ’;ﬁﬁgjj %J LT 2856
&90E+01 078 [.795E412  3.883E+03
WBH0EHDL  Z.330E+61  3.B30Ee01  L.330E400  LAGE-01  2.24BE-03  1.TOZEMIZ  LLABLEMDS
3.606+00  Z.400E+01 3.853Es00 Z.A0ZEs00  L.TSHE-01  2.1906-03  L.7HAER12  2.039€+03
T.3906-30  2.330E-01  3.FEBER01  2.3925e00  1.340E-01  Z.430E-03  LLAITESIZ  1.AZ2E+03
0108501 2.400E+01  4.008E<01  2.40ZE401  1.30%E-01  Z.451E-03  1.505€+12  1,995E+03
TAI0EA01  Z.220EeGl  G.A27EM01 D.223E400  Z.GSE-0L 2.0286-03  L.BIFEHIZ  3.55eE+03
T.640E500  DLIGOE#OL  T.5T7E<01 2, 163E+0L  2.AME-01  2.1206-03 1.728E+12  3.098E+03
T0EsOL  RATOE+6  3.TOBE-0!  Z.7EESRl  Z.OIE-D!  2.225E-03  L.S6LEEZ  2,302E+03
30 Z.060E#0l  3.TIEEs01  2.162E+0t  1.BB9E-01  2.288E-03  1.819E#12  2.073E+03
3.380E+01  2.2508e001  S.3TEESIL  2.292E+dl  L.TTFE-01  2.538E-03  LL3ZEe12  1.7BE+03
3.A906401  Z.UR0E+D!  3.58BE+DL  2.14ZE#01  1.709E-01 2.229E-03  L.G40E+IZ  1.920E+03
T30+ Z.480Es01  2.8056+01  Z.4BLER00  B.166E-02 4.49BE-0R  T.TSIESM2 4, 448E+03
T.200E+01  2.330E+01  3.9EEs01  2.932E40L  1.495E-01  9.522E-04  3.BIGE12  3.F18E+03
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INPUT DATA

TYFE OF FREDON : FREON 113

ER PR R R R R R R R EREREREREEEEERERERERERRERLEREREEER

FEREE SRR R E R R R R R R R RN R R R R R R P PR R R R LR R R LR R EREE

gry THiHD Twil
R R R R AR R R IR ER R R R ER AR R

IH YH it YT
Pt EEEEEEEEEEER B EH TR R R FE R E R e

2.435E402  3.ZM0E+01 2. E-00  L.012E-03 3.ADTE#12 &, 379E4D3
1.4B35E+02  3.2B0E+01 2. ~01  1.083E-03 3.455E+1E  2.554E+03
l.oe9E+02  5.250E+01 1. LOSIE-03  3.547E+12  |.BBBEHOI
1.253E+02 3.Z2b0E+0L 2. 1.045E-03  3.500E+12  1.1B3E+03
L.59IE+0Z  3.280E«0l  Z.53 L.O43E-03  3.S0ZE+12 ° 2.TT4E+D3
9.067E+01  2.B10E+01 2. 3.296E-04  1.0H4E€1T 5. IMOE+S
1.037E+02  2.710E#01 2.5 1.216E-04  2.871E#13  |.38TE+D4
LO7O0E«02  L.750E+01 L. 3390604 1L0ZZE+1T  5.4B4E+03
L.OFAE4DZ  D.E0QE+D1 1. RE-02  J.691E-04  9.450E+12  5.182E+03
LAZOERGZ  2.700E+01 1, N 2.35ZE-04  [.LRIE#13  6.SI0E«D3
2.3BAE+07  3.220Ee L. EGE-01  9.815E-04 3, FLIE#IZ  4.410E+03
T.5BAE#0Z  3.200E+D) GE-0!  9.108E-04 4, 00aE+1Z  5.350E+03
1. 706E+07  3.352E«0] 3.027Ev0 268E-01  4,903E-04  7.991E+12  b.TIRE+0D
1.843E+02  3.354E+01  3.050E+D »394E-01  4.593E-04 B.5EBE+1Z  T.UT3EHDS
2,765E407  F.ITAECDD T 14AER0D 3RS 7 1.B00E-01 3.46ZE-04 1.ISZE+IS  1.338e+04
2.T35E+02  3.374EH01 g2y 073E-0)  4.367E-04  9.087E+12  1.Z1BE+04
IAF0E02  3.IFTEH G . 395E401 -.Jf! J.049E-04  LLIZ5E#1T LLTETESDA
2.022E402  3.327E+01 V. iy} 5-870E-04 [.015E+13  1.010E+(4
2.9BRE#D7  3.309E+0L S 3.939E-04  1.007E+13  L.4TEE+D4

D
B FIGEH01  3.344E+01  S.OWEi0t oe i . .04 :: 07 4.B03E-04  B.I51E+12  2.5976+03
; JOE+02  3.362E+01  3.0MPEs01  3.3808+01  3.0B2E+01  1.751%R01  4.263E-04  9.265E+1Z  1,054E+0M

7.863E407  J.3RZE+O1 3. ﬂnrts:h. 33608401 3.Qf5E*01  2.008E-01 4.3S9E-04  §.0S3E#12  1.1BBE04

LR AR R R R R ERERERERERTE {-H-nqﬂ u 8‘3 lﬂ W?WBqﬂTi EEAFEE TR R R R R e R R R A LR R R R E

ARSIy

FILM CONDENSATION CORRELATION
Y=h+I'B
4= |.70S01BE-d6 B = .T4I7EAS R= .5023314



f. For Freon-22,

k. FD DATA = 47 TYFE OF FREON @ 7R

R Rt R R LR R R LA Ao R R R R TR TR R R E R

tilt angle 50 degrees,

204

fill ratio 16.4%

ey T i Il T

YH {8 YL
EEREEREEE R R R R R R R R R R bbb a5

5.657E%02  2.876E+01 1. 2.953E-03  4.513E+12  &.555E+03
4,250E402  3.195ERD1 L, 3.809E-03  3.265E+12  5,B85E403
3.017E602  3.381E401  2.3! 4.360E-03  2.B0BE+1Z 5. 143E+03
F.ECAE+0]  3.28SE+0l  1.2M4E I 4.268E-03  2,520E+12  4.317E+3
LA7TERO]  3.3RIE+0L  2.317E%0L WOW-UL 4.3BFE-03  L79UE+12 4.47IE+03
J.0ITE+02  3.483E+00  2.7R0E+0) O -0l JL02BE-03  3.TAIERIZ 4, 35TEsDS
§,098E407  3.341Es0L  2,483E+0] WG4E-01  3.388E-03  3.34TEH12 4. 10SES
£, 384E<0  3.Z7BE+01  2.244E+01 SWAE-01  4.107E-03  5.08SE+iZ  5.4B8E+03
4,324E401  3.M2E+01  Z.163E401 3.410E-01  4.505E-03 2.820e+12  5.116E+03
LARTEANZ  3.3M0E#0l 3. [47E+01 :E-ﬁl ?.ﬁi&E-ﬁﬂ 1.432E+13  8.364E+D3
b.249E+01  3.269E401 3 W )7.029E-04  L.240E+13  3.704E+03
2.087ERD2  3.227E+00 2. i 9.817E-04  |.157E+13 1. 138E+04
Z.414E+02  3.200E+01 2, 9.752E-04  LLIT3EMIS  LL324E+04
LIESEAI2  3.3ISE#01 3. BEg 7.224E-04  1.520E413 B.BI3E+03
1.778E+02  3.315E401 3. 3.314E401  3.090E401 2 T A2UE-08  1LITHEHI3 L. 010E+04
LEBAE+0Z  3,254E+0! 3. JE4E+' JI53Ee01  S.06584Pl  DLIBTE-0L  TOBO3E-04  [.41EI3 1.275E404
174402 3.239E+) oy IE-04  1.338E+13  1.3826+04
1.822E+02 3, EE?Eﬂ}ﬁ wﬂ i%i-m ﬁ w ﬁﬁ ﬂ ?BF-M 2.7T46E+1S  2.379E404
L.28ZE407  3.297E+) . 295TH + 0JE-04  1.438E+13 |, 558E+04
2.476E+02  3.390E+L 3 ladE+0]  3.3BBE+0\g 3. LBE+D) ASTE-0L 9. e5RgQR 1. ISBE+LT  1.530E+04
L.750Ex02 L365E+13 L. 1B3E+04
AN YIRS
LB4ZE+02 5 T4E 3.056E+ 3.078e400  J.03TE#01  2.458E-01  5.904E-04  1.925E¢13  1.T76l1E+04
LATIE-02  3.IATE+01  3.029E+01 3.245E+01  J.0FLE401  2.748E-01  9.054E-04 1. 2445413 1.2 JE+04
2.2TRER(2 3.EEIE+0! 3004401 3,292E401  3.05BE+D1  2.585E-01  F.977E-04  [.I1BE#13  1.223E+0d
1.782E+32  D.267E01  3.026E+01  3.2bSE01  3.029E+01 2.508E-01  1.004E-03  1.120E+13  {.OSEs04
T.038E+02  L.274E+01  3.0ZBEe0!  T.I7IEe0L  3.030E+01  2.379E-01  (.024E-03  1.098E+13 L. 063E=04
LIZ8ES)]  3.279EeDl  2.9ZSE+01  3.277E01  2.927€+01  2.889E-01  L.479E-03  7.357C+17 7.49BE~03
1.36BE+02  J.ATSE#OL  2,759E+0l  3.ATIEXOL  2.7B1E+D1  3.234E-01 L.TITE-03  &.B44E+12 7.9446E+03
14053602 S LBEeOL  ZosedEsdl  3.100E+0l  2.866E+01 I.0BAE-O1  LLBSIE-05  6.370E+L2 0. 719E+03

ATZERT  FAOT0EH0L 2.690E+Dl  3.0BFE+0L  2.671E40L  1L44BE-01  1.ATEE-03  7.203E#12 3. 670E+03
1.8ZIE#02  3.CBEEXDl  2,363E+01  3.0RAE+01  2.583E#01  3.340E-01  Z.190E-03  S.A1IE+12 &.873E+03
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INPUL

TYPE OF FREDN » TREOGN

. . i __—-r“ 1
FEEER R R R R E R R AR R R R R LR R R R R AR ERE R AR - oy FEFER iR EE R bbb e R R RN PR E Rt RERFEERERHRE£S
GRy TdrRD THET y L Y NN TH [t ¥C

B e T L i i ittt aa) PR PR E LRSS FEF R R E A SRR E R EERREE

_L.B44ER0  3.Z34EML 2.91632 1. 330E-03  B.624E+12  8.812E403
27358402 3.478E+0!  1.2088W0L : o 0T ARY L.3DBE-03  T.IMIESLZ  3.338E403
30426402 3.SIE401  Z.oodErl RS A NN 2.0316-03  5.518Er1Z  B.002E+03
T.065E07  .108E0l  2.5995H UG 0pS RS A 2118603  5.753E+l2  7.23BE+O3

J.A53E402  3.093E+01  2.585E+0L S Mer——t ‘ Z.111E-07  G.BO0E+iZ  B.733E+D3
13476407 3.003E+01  2.64SE+0EF U LE AN ol LATIE-03  B.348Es12  R.IGMEHS
2GTIEHIZ  3.09BE=01  Z.BH3E+D! 7 JE-01  1.814E-03  &.575E+1  7.883E+03

3.915E+07  3.178E+01  2.685E+01 = 3.0086-01  2.053E-03  S.BM4Es1Z  7.587E+03
2.550E+02  3.ASIESDE  L.ATSEM!  3.SENI L 3,2076-01  L.9TIE-03  5.085E#12  5.F1ZE+03
2.5728+02 3. 151E+01 - it e R0 o 2.0785-03  5.33UER12  A.4SIE+03
2.53854027  2.9576+01 2 /GareiEHE o )i .207E-03  5.70SE+12  7.356E403
2,781E402  3.083Es0t 2. 8YS Ry )2, 115603 S.BOSE+IZ 5. FATEHS
2.597e+02  3.005E+01 = 0 018E-03  5.198EX1Z  6.865E+03

LIETExI?  S.A15ER0L - . OLIERM  2.LI0E-03  S.7ETEHIZ G.UGTE+S
1.289E402  3.128E+01 Sia 01 3 l:TEH}i 2 STREED!  LAI9E-MT I.327E-03  G.E4SEe1Z  1L9STEOD
R e L e e lﬂ{'{*iﬂi!iift'Eli:“{»ti-i-ili-liH!iiHiH»HHhi-H-iiﬂ-:iitifiliii{-iiil{»ﬂiiitli

ﬂuEl’JVIEWI?W JRIAR)

‘m’l AINIAUNRITINYIAY

FILM CONDENSATION CORRELATION

T
] ||

L]

B EIB
= 5.3710%1E-04 B = .35B0SES R= .965L718

X =
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b. For Freon-113, tilt angle 50 degrees, fill ratiec 18.5%

INFUT DATA

k0. FO DATA = I3 TYPE GF FREDM : FREDN 115

FEEERERE R b E IR CREERERFETEAE AR RR RN R IR AR R RN PR T TR R R R R R R R R SRR AR T e R TR AR R R iR iR H

ERY THHD THED T, 3 o L YH it Li¥
CetbREEEREREREREREERARRERRRESENRRERERRILEES é""’ TETE BEFR S TS FEHEEER PR PRI E LR R PR L AR R RS R 45T

7.0Z8E+02  J.I82E#01 3. £.5933E-04  Z.330E+13  1.525E+0M
LO082Ex)]  S.IMER0L 3. 2.380E-08  1.a29E+13  1.5425+04
LUTER0Z  3.IZ7E+O) 2.285E-04  [.7I9EH13 |, GGREVO4
27RTE=(Z 3. 154E4DL 2.290E-84  1.5BIE41IS  2.29BE+0
LISIE#0Z  3.1B%E+0L [.305E-04  L.00%E+13  J.221E+04
27195402 3. 163E+0L 1.G67E-04 Z.05eE+13  Z.761E+Hd

I IZDE+0T  3,709E+01
.463E-02  3.265E+0L

1.365E-04 Z.495E+13  3.349E+04
-1 2.839E-04 1.305E+13 1.ATOEHD4
.501E40F  3.0459E+0 W OWE-01  2.574E-04  L.DI2E+IT  L.BTSE+04
2.553E402 3.284E+0) > WDi2E-01  DLA9TE-04  BLSTIERLS 2.0BLE+0d
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c. For Freon-113, tilt angle 50 degrees, fill ratio 9.3%

INFUT DATA

|
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d. For Freon-113, tilt angle 50 degrees, fill ratio 4.9%

INPUT DATA

NO. FO BATA = IB TYPE OF FREDN : FREON 113
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e. For Freon-22, tilt angle 50 degrees, fill ratio 307

INPUT DATA
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For Freon-113, tilt angle 50 degrees, fill ratio 30%, T -T = 40-20 C.

h e
DATA FROM THE EXPERIME
HO. OF 3aTh = &  TYPE 3F FREON : FREOM 113
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es, fill ratio 30%, T -T = 40-20 cC.

For Freon-113, tilt angle
h e

DATA FROM THE EXPERIH
W0, OF §ATA » & TYFE OF FREON @ FREON 113

T SRR AR AR .. LLLELLL AL
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For Freon-113, tilt angle 50 degrees, fill ratio 30%, T -T = 40-20 cC.

h ¢
DATA FROM THE EXPERIMENTS
M). OF DATA = §  TVPE CF FREDN ¢ FREdl |03
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SASE-GD 1MEDD LINREDD LEUBE-0 TOVE-DD TIIMEE LSO LIISIE-0R LANE-0 DAsk-? 770460t 1 TGMED] BTERT LUISIEAN 555556403 1. T0RSENDT 3.9TSE0AD 1. LA0EEeD
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For Freon-113, tilt angle 50 degrge fill ratio 30 %, T, - Tc = 40-20 %

h

DATA FROM THE EXFERIH

MG. OF OATA = 5  TYPE OF FREIN ¢ FREON 103

e e T R R LT L]

FC i Tl T TCi Tco L] el - REC
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For Freon-113, tilt angle 50 degrees, fill ratio 30 % Th

DATA FROM THE EXPERIMENTS

M. OF BAIA =+ &  TVFE OF FREIN ¢ FREDN 113
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For Freon-113, tilt angle 50 degrees, fill ratio 30%, Th-JI'c = 40-20 C
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For Freon-113, tilt angle 50 degrees, fill ratio 30%, T -T = 35-25 c.
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For Freon-113, tilt angle 50 degrees, fill ratio 30%, T -T = 30-25 C.
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For Freon-113, tilt angle 50 degrees, fill ratioc 30%.
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For Freon-113, tilt angle

egrees, fill ratie 30%, T -T = 35-30 C.
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For Freon-22, tilt angle 50 degrees, fill ratio 16.4%, T -T = 40-20 cC.
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For Freon-22, tilt anad WFF Mgl ratio 16.4%, T -T = 40-20 c.
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For Freon-22, tilt anglg ill ratio 16.4%, T -T = 35-30 C.
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For Freon-22, tilt angle 50
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For Freon-22, tilt angle 50 es, fill ratio 16.4%, T -T = 35-30 C.
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For Freon-22, tilt angle 50 degrees, fill ratio 16.4%, 1 -T = 35-30 C.
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For Freon-22, tilt angle 50 degrees, fill ratio 16.4%, T -T = 35-25 C.
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For Freon-22, tilt angle 50

g, fill ratio 16.4%, T -T = 35-25 C.
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For Freon-22, tilt angle 50 degrees, fill ratio 16.4%, T -T = 35-25
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For Freon-22, tilt angle 50 degrees, fill ratio 16.4%, T -T = 35-25 C.
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