APPENDIX

A

THERMODYNAMIC PROPERTIES OF WATER
AND STEAM
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Figure A-1 Mollier diagram for steam. (Based on dara in Ref. 6.)
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APPENDIX

B

THERMODYNAMIC PROPERTIES OF FREON-12

Table B-1 Saturation properties of Freon-12 (English units)*

Specific volume, Specific enthalpy, Specific entropy,
§1/1b,. Btu/tb, Bt/ (b, ){R)
Temperature, Pressure,
°F psia v vy Fy by hy 5 5
60 72.433  0.011913 0.55839  21.766 6l 643  83.409 0.046180 0.16479
62 74.807 0.011947 0.54112  22.221 6l 380 83.601 0.047044 0.16470
64 77239  0.011982 0.52450  22.676 61.1 16 83.792 0.047905 0.16460
66 79.729  0.012017 0.50848  23.133 60.849 83982 0.048765 0.16451
68 §2.279  0.012053 0.49305  23.591 60.580 84.171 0049624 0.16442
70 g4.888  0.012089 0.47818  24.050 60.309 84.359 0050482 0.16434
72 87.559 0012126 0.46383  24.511 60.035 84.546 0.051338 0.16425
74 90292 0.012163 0.45000  24.973 59750 84.732 0.052193 0.16417
76 01.087 0.012201 0.43666  25.435 59.481 84.916 0.053047 0.16408
78 95.946  0.012239 0.42378  25.899 59201 85.100 0.053900 0.16400
80 98.870  0.012277 0.4113§  26.365 58.917 85.282 0.054751 0.16392
82 101.86 0.012316 039935 26,832 58.631 85.463 0055602 0.16384
84 104.92 0.012356 0.38776  27.300 58.343 85.643 0.056452 0.16376
86 108.04 0.012366 0.37657 21769 58.052 85.821 0.057301  0.16368
88 111.23 0.012437 036575  28.241  57.757 85,908 0.058149 0.16360
90 114.49 0.012478 035520  28.713 57.461 86, 174 0.058997 0.16353
n 117.82 0.012520 0.34518  29.187 57.161 26.348 0.059844 0.16345
94 121.22 0.012562 0.33540  29.663  56.585 86.521 0.060690 0.16338
96 124.70 0.012605 0.32594  30.140 56,551 86.691 0.061536 0.16330
98 128.24 0.012649 031679  30.619 56.242 86.861 0,062381 0.16323
100 131.86 0.012693 0.30794 31100 55929 &7 029 0.063227 0.16315
102 135.56 0.012738 029937 31,583 35613 87. 196 0.064072 0.16308
104 139.33 0.012783 0.29106  32.067 55.293 87.360 0.064916 0.16301
106 143.18 0.012829 0.28303  32.553 54.970 §7.523 0.065761 0.16293
108 147.11 0.012076 0.27524  33.041 54.643 %7.684 0.066606 0.16282
110 151.11 0.012024 026769  33.531 54313 87.844 0.067451 0.16279
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Tabl_e B-1 Saturation properties of Freon-12 (English units)* (Continued)

Specific volume, Specific enthalpy, Specific entropy,
ft*lb,, Blu/lb,, Bto/(lb,}°R)
Temperature,  Pressure,
°F psia vr Vy A Fy h, & I
112 155,19 0.012972  0.26037 34.023 53,978 B8B.001 0.068296 0.16271
114 159.36 0.613022 0.25328 34.517 53.639 88.156 0.06%141 0.16264
116 163.61 0.013072  0.24641 35014 53.296 88.310 0.069987 0.16256
118 167.94 0013123 0.23974  35.512 52.949 88.461 0.070833 o, 16249
120 172.35 0.013174  0.23326 36.013 52597 88.610 0.071680 0.16241
122 176.85 0.013227 0.22698 36.516  52.241 88.757 0.072528 0.16234
124 181.43 0.013280 0.22089 37.021 51.881 BB.902 0.073376 0.16226
126 186.10 0.013335 0.21497 37.52%  51.515 89.044 0.074225 0.16218
128 190.86 0.013350 0.20922  38.040 51.144 B9.184 0.075075 0.16210
130 195.71 0.013447 0.20364  38.553 50.768 89.321 0.075927 0.16202
132 200.64 0.013504 0.19821  39.069 50.387 89.456 0.076779 0.16194
134 205.67 0.013563 0.19294  39.588 50.000 89.588 0.077633 0.16185
136 210.79 0.013623 0.18782 40.110  49.608 89.718 0.078489 0.16177
138 216,01 0.013684 0.18283 40.634  49.210 89.844 0,079346 0.15168
140 221.32 0.013746 0.17799  41.162 48.805 89.967 0.080205 O, 16159
142 226,72 0.013810 0.17327  41.693 48.394 90.087 0.08106% 0.16150
144 232.22 0.013874 0.16868 42.227 47977 90204 0.81928  0.16150
146 237.82 0.013941 0.16422 42,7765 47553 90318 0082794 0.16130
148 243,51 0.614008 0.15987 43.306 47.122 90428 (0.083661 0,16120
150 249.31 0.014078  0.15564°  43.850 46,684 90.534 0.084531 0.16110
152 255.20 0.014148  0.15151  44.399  46.238 90.637 0.085404 0.16099
154 261.20 0.014221  0.14750  44.951 45784 90.735 0.086280 0.16088
156 267.30 0.014295  0.14358 45.508 45322 90.830 0.087159 0.16077
158 273,51 0.014371  0.13978 46.068 44,852 90,920 0.088041 0.16065
160 279.82 0.014449  0.13604  46.633 44.373 90.006 0.088927 0.16055
162 286.24 0.014529  0.13241  47.202 43.885 091.087 0.089817 0.16040
164 262.77 0.014611 0.12886  47.777 43.386 91.163 0.090710 0.16027
166 299.40 0.014695 0.12540  48.355 42,879 91.234 0.091608 O, 16014
168 306,15 0.014782  0.12202 48.939 42,360 91.299 0.092511 0.16000
170 313.00 0.014871 0,11873 49.529  41.830 91.359 0.093418  0.15985
172 319.97 0.014963  0.11550  50.123 41.200 91.413  0.094330 0.15969
174 327.06 0.013058 0.11235  50.724 40.736 91.460 0.095248 0,15953
176 334.25 0.015155 0.10927  51.330 40.171 91.501 0.09172 0.05936
178 341.57 0.013256 0.10625  51.943 139.502 91.535 0.097102 0.15919
180 349.00 0.013360 0.10330  52.562 38999 91.561 0.098039 0.15900
182 356.55 0.015468 0.10041 53,188 38,391 91.579 0.098982 0.1588]
184 364.23 0.015580  0.097584 53.822 37.767 91.589 0.099933 0.15861
186 372.02 0.015696 0.094810 54.463 37.127 91.590 0.10089  0.15839
188 379.94 0.015816 0.092089 55.111 36.469 91.580 0.10186 0.15817
190 387.98 0.015942  0.089418 55.769 35792 91.561 0.10284  0.15793
192 396,14 0.016073  0.086796 56.435 35.096 91,531 0.]10382 0.15768
124 404 .44 0.016209 0.084218 57.111 34.377 91.488 0.10482  0.15741
196 4]12.86 0.016352 0.081683 57.797 33.636 91.433 0.10583  0.15713
198 421.41 0.016502 0.079188 58.494 32.869 91.363 0.10685  0.15683
200 430.09 0.016659 0.076728 59.203 32,075 91278 0.10789  0.1565]
202 438,91 0.016826 0.074301 59.924 31.252 91.176 0.10894  0.15617
204 447.85 0.017002  0.071903  60.659 30.396 91.055 0.11001  0.15%80
206 456.94 0.017188  0.069531 61.409 29.505 90914 0,11109  0.15541
(continued}
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Table B-1 Saturation properties of Freon-12 (English units)* (Continued)

Specific volume, Specific enthalpy, Specific entrapy,
ft31by Bru/lb, Btuo/(lb. ("R}

Temperature,  Pressure,
F psin ¥r Ve by by hy 3 5
208 466.16  0.017387 0.067179 62175 28.574 90.749 0.11220  0.154%9
210 #7552 0.017601 0064843 62959 27.59% 90.558 0.11332  0.15453
212 48501 0.01713 0062517 63.764 26573 90337 0.11448 0.15404
214 49465  0.018079 0.060193 64,591 25.4%0 90.081 0.11566  0.15349
216 s04.44 0018351 0.057864 65444 24341 89.785 0.11687  0.15290
218 51436 0018651 0055518 66.327 23.113 89.440 0.11813  0.15223
220 s24.43  0.018986 0.053140 67.246 21.790 89.036 0.11943  0.15149
222 53465 0019365 0050711 68,200 20350 83.559 0.12079  0.15064
224 S4s.02  0.019804 0.048200 69.228 18.757 B87.985 6.12223  0.14966
226 §55.54 0020327 0.045550 70.320 16.958 B7.278 0.,123717  0.14850
228 56620  0.020078 0.042702 71519 14.854 86.373 012545 014705
230 §71.03 0.021854 0.030435 72.893 12.229 85122 012739 (0.14312
232 588.01 0023262 0.035041 74.651 8335 82986 012987 0.14191
231.6 596.9 0.02870  0.02870 .78.86 0 18.86  0.1359  0.1159

{Critical)

* Tables B-1 and B-2 from data of E. L. du Pont de Nemours and Company. Freon is a registered trademark

of du Pont.
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APPENDIX

C
THERMODYNAMIC PROPERTIES OF AMMONIA
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THERMODYNAMIC PROPERTIES OF SODIUM
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Figure E-1 Mollier diagram for sodium. (Based on charts,

Entropy s, Btu/ib,, °R
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Table E Thermodynamic properties of sodium*
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A T umxm-f 1.5512 % 104
190 PRI -1 X 92073
(6.1599) 1 09040 15041
fornnee | 21840 X 107 0004
A A e 2304.1
5 1.0i108 1.8530
2.1686 5 10+ 188
849.7 2312.1
1.8174
umx 1] 38,338
2321.0
H om 1.788%
2. msx o) AN
1 osas 1.157¢
Ferrrenn 2.9604 3 16| 17100
2400 £ s 2314
©8.219) # 1.0878 1.73%%
....... 2.9000 % (0} 12,388
P1 Y I A T84 23824
(80,2309 o....... 1.0808 1111
' Jasmexrt] oo
2800 RN 2x.1
1. 1114 3¢ 107 b 1ok 1.8618
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* fiom Ref. 191




Sugperkraled Yupor, *IL
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2931, 24047 2309,7 54 26006 2617 3
T 2.7083 3 aass 3287 L] 2.9940 2,3083
140605 100 | 1.5823 X 10° | 1.7408 % 10° | 1.01285¢ 10® | 3. nua 42 10° | 2.184 5¢ 100
238K, 7 2348.0 087 2545, 4 26115
2.1102 2.1583 2,1708 2.1060 Ey 21« 2.20%8
ngi‘l X107 | 6. ssvs >< 07, nmx ] g 4&3} x10f ] 8. :sﬁ xlso* 9. max 10
e 7 nm 2 it 1% 2.14%8 P tm
3. mz x 104 1 8. maa X104, um >< 197 43&& X 108 4.&;&)(910*
s asae : nsn z oem 2. nm 2.08k%
1. sassx 106 | L9107 10% | 5.1908 ¢ 107 | 3, amx 100 | 2.4394 X 100
595 51,8 2818.3 5993
1 m«s 1.6701 1.0006 3 m:s 3.0360
105483 10t | 1188 e | 1 aoaax 1080y, mex 10t
FUOR 98,0 2588, b
1,607 1.5408 b nm 1,970
80,485 1. 78,547 0,85
2392.9 2469.0 24519 2878, 5
1.6485 1. 1.0184 1.9284
48,930
2563.3
1.88i1
81,163
2535, 0
1.E356
40,580
4928
17080
14,083
2465
1.7801
o, 5320
$418.1
1.5

801




APPENDIX

¥ 1 Py [ T ¥F IS i W i i 3 T 1 T w
Pl JJHM AN CH i
mw.m,rfwm e 2 g3 0 AN
Eaxt i ] _.Im - H J o

g WJ/ ! {1 -

Y A__/._/K/Z WA .

] 1 i f i

IR NN :

ERESEN H/Jﬁ/vyz ™
[ ! } 3 _
u__Jw/w_/f“/ﬂ/m/fm/ J NI AV Q
0 o
OISR :
Tr i - I "l M, nu./ N ¥
[ 3 ;s h (=
RN j I . i |
me/\HJ/% IDSNEVANY WVANY 5
] »
AT DL A 2 A A $
7 <]

BSOS SN
AL S o . O 2 o
a5 0 NS N F

&y ﬁ :
8@ N P, ™
T —— > Y i
J...l.l.f.l.lr e ~
fff/Va/\/ /VVV\ P
i i i i 1 L] ] L] 1 1 i
S g 2 2 g 8 g 8
“aymay e

Entropy s, Btu/lh, °R
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Table F Thermodynamic properties of mercury*

Temperuture of superhenled vapor, 'R
('ge‘mpenwm. ;l’lS !i':m_.d Bat,
1. .y iH! k{
Presty paix 4 oner BOO 20 1680 11113 1200
0.0012 3007 3 M 1 3,581 3 M0F | 3,005 3 000 1 4,430 ¢ M | 4,888 ¢ 10 5,337 X 100
104 [ 20,28 160,04 159,21 151,48 13,77 158 .08 168,30
(1.2061 3 103 4 0.00008 0.2824 0. 2854 0.2982 0.3028 0.2048
0.00122 3150 % 43,00 48 95 BE.20
B & 32.50 154,75 164.31 168,50 18,80
(LSt i s ..., 0.3 0.2634 0.2085 0.2707 o277
...... 0.00m3g 02,670 60,85 76.85 83.81
900 A IR -1 162, 54 44 82 167,11 189 41
0.76687 ¢ ......0 0.1088 0,2450 02504 0.2536 0.2557
14,570
165 32
{3,2040) ¢ 0.2479
3,684
Hw 168, 1o
(10.415) 0.2201
2,240
1304 170, 84
(27.4560) 6.
...... 0.060128 1.1%2
1300 It 48,70 173.00
w2007 8 .. 0.1200 0.2i62
[] 0.00129 0,8038
1400 A 51,97 176,51
(LM Xy ... 0.1225 g.214
? 0.00131 0.3859
1500 A 45 37 §15. 36
(2.2508 ¢ 10% » 0. 1247 0.2075
’ PR 0.00132 D.2338
100 k 68,61 182,25
@reaaxy s ... 0.1288 0.2042
o 0.00193 0.152)
1 700 A §2.00 185,10
(.00 % 1% g .. ... 0. 1348 02014
...... 0.00138 4. 167t
1800 A o5 #4 189,18
(0481 X 10 8 0L 0.1308 0.1991
...... 0.0 36 0.0705
1000 hoo. 68,04 100,23
(L27GE X 109 5........ 6.1328 0.1572
........ 0. GOray 000078
2000 Ao, 72,81 104,35
LT X 10% 0.,...... 0.1348 0. 1888
| 0,018 0.04788
2100 k... 70.18 197,58
{20483 X 100) 4., 0.1364 0.1943
2 0.00140 0. 03500
3200 k. 76,80 00 B3
50468 3 10 &, 0,1382 0.1931
] 0. 014t 0.03166
230 A......}] BT M. 21
(B85 X 1 »,.,.,... 0. agh . 1028
........ 0.00143 0.0209%
230 k. ‘e a7.04 207.483
I e, 0.14)5 g.ans
[ G 00144 0.02308
2800 4 91.87 211,27
{5.5050 % 10%) », o, 132 . 1006
. L] 000148 2003
2600 A, - 5.82 2,97
B 0N ..., 0.1448 0. 1808
........ 0.00147 0.01764
2100 [ U 109. 1 4B, 70
(RADSE X 0% o, .. .. 0. 1484 0. 1004
* From Ref. 191, {cantinued)
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Table F Thermodynamic properties of mercury* {Continued)

Tempenature of superhested vapor, "R

g’g::::mlum. !15
il
press B 1400 1800 1800 700 2400 2600
e Ll sancion | 7102 % 10 | 7,980 X 100 0083100 | 106 1D | 11840100 | 1.
e & .l imiy 177,61 182,47 18189 201,41
(208 X 10y L0000 0.3084 0.3015 0.9043 0,309 Fedtty 0.3i%0
v 5677 10 | 8,531 1o | 7.884 3¢ 100 paorsim | oromRx 0 | Lao |
TR DAY a2 (1} 17815 19781 1029 150,57 30118
(LZBE X 0 ) ¢ ..ol o.9788 0.3754 0.293 0.2609 0,250 o.2008
PR 47,80 418X 10 | 12575100 | 130 LETX I | LB X e | 1816 % ov
wo A ..l 170 178,00 18353 12,74 107,48 202,30
©.7083T) Y .00 o 3562 0.2612 0.2681 5.2608 0.3719 0.9728
...... 2319 26,51 .8 30,44 30,76 13,07
oo & Ll i7aes 178. 1 183, 83 193,24 197.98 203.78
Bom e .. 2467 0.2i58 0,381 5 2563 0.2 2.3
...... 7,187 8.425 5,253 1,31 12,34 13,37
R N A ] 170,83 124,31 1.7 19847 26328
(0.418) 4 ... 0.3347 0.9578 0.2408 0.2183 0.24 0.2i0
ol 2 3,191 8 K1 4,391 4.6 5.071
ok 1 T 180. 14 184.80 191,92 198,98 5
@1AB0) 1 .. 0.22 9.2387 0.23514 9.2 0,238 0.2i03

$300 A
(62.007) +

]

1400 A
(A IR 1 I S
1500 [
(2,2688 % 108 1

11180 [
(1.7043 X 10%) o

1700 P
(5.9340 X 109 &
¥
1500 A
(8.0481 X 109 «
¥
1500 4
(t,2795 % 10%) 4
L D

2000
(L7817 X E07) o,
]
2109 N
R MBI K 1) e

2200
{3.0443 X100 5.,

200 F
[3.8538 X 109 2.0

v
hoo.
. me 109 2

2500 1y
(5.8058 % 107} &...

2600 Ao g .
(G-I UL I TR [P

pajril .
18.1083 X% 0% .

A
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*From Ref, 191,




APPENDIX

G

THERMODYNAMIC PROPERTIES OF HELIUM

Table G Thermodynamic properties of helium*

Tempersture, °F

Pressure,
psia 100 200 300 400 500 800
oL 102.23 120,487 138.743 157.00 175,258 103,515
14.608 P 0.0087820 | 0.0082097 | 0.0072076 | 0.0083694 | 0,0057050 | 0.0051678
’ | 707.73 827.56 §52.38 1677.20 1202.02 1326.83
- 6.8421 7.0472 7.9233 7.3778 7.5140 7.6386
TR 30,085 35.451 40,817 46.183 51.549 56.915
5o 2 e 0.033236 | 0.028208 | 0.024500 | 0.021653 | 0.019399 | 0.017570
hooooo 703 .08 827.90 952,72 1677.54 1202.26 1327.18
Bovun, 6.2342 6.4393 6.6153 6.7897 .9070 7.0307
v, 10.063 11.8522 13.6407 15.4263 17.2183 19.0608
150 8- 0.089372 | 0.084372 | 0.073310 | 0,064812 | 0.058078 | 0.052610
b 704 .08 828,91 " 953.73 1078.55 1203 .37 1328.19
Bt b.6886 5.8937 6.0698 8.2241 6.3814 6.4852
U 3.8062 44775 5.1487 5.8197 6. 4005 7.1618
400 P 0.26273 0.22334 0.194225 | 0.171831 | 6.154072 | 0.139633
oo 708.58 831.42 956.24 1081.06 1205 .88 1330.70
&t 5.2013 5.4065 5.5827 5.7371 B.8744 5.9981
U 2.5546 3.0023 3.44906 3.8973 4.3440 4,7923
600 8 0.39146 0.33308 0.28988 0.25658 0.23016 0.20867
oo, 708.49 833.33 G58.15 1082, 07 1207.79 1332.61
g, 4,9998 5.2050 5.3813 5.5357 5.6730 5.7068
B, 4 1.7200 2,0187 2.3173 2.6157 2.91390 3.2124
oco P 0.58130 0.49537 0.43154 0.38230 0.34317 0.31129
| 710.29 835.38 960. 40 1085. 42 1210.42 1335.38
8. 4,781 5.0035 5.1797 5.3342 5.4715 5.5053
(continued)
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Table G Thermodynamic properties of helium* (Continued)

Temperature, °F
Pressure,

poia 100 200 300 400 500 600

Poivans 1.05192 1,2314 1,4108 1.58504 1.7650 1.9483
15807 " 0. 95064 (.81207 0.70880 .62897 0.56528 0.51328
! | T 7i6.54 840.77 96588 1090.92 1215.93 1340.97

- o] 456437 4.7475 4. 9287 5.0801 6.217¢ 5.3414
Yoo 0.65044 0.76847 0.86635 0.97410 1.08176 1.18047
9 500 P 1.538741 1.31845 1.15427 1.026569 0.92442 0.84071
' Boooues 724.37 849.73 074.95 1100.10 1225 .22 1360.29

Bovins 4.2887 4,4928 4.6712 4.8258 4.9634 5.0873
Poouaos 0.42377 0.48161 0.55832 0.62694 0.69444 0.76191
40007 " 2.3598 2.0341 1.78789 1.59503 1.44000 1.31248
! hoooun. 736,48 862.24 987.70 1113.12 1238.46 1363.73

- P 4 . 0531 4.2576 4,4363 4,56012 4.7287 48630

* From Ref, 177
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APPENDIX

H

THERMODYNAMIC PROPERTIES OF
CARBON DIOXIDE

Table H Thermodynamic properties of carbon dioxide*

Temperature, °F

Prossurs,

pain

50 100 166 | 200 | 300 | 400 | aoo | 806 | w000 | 1200 § 1400 1600 | 1800

Povriaae 12.38 [13.81 {14.84 [18,00 |1%.51 [20.06 26.85 130,73 [35.61 [40.40 [45.3¢ |50, 24 55,11

1.0 A.,.... 307.3 1317.7 (328.2 [330.0 [961.3 [3m4.8 [434.4 [487.1 54%.4 [509.0 |858.8 [718.8 780.0

[ R 1427711 440711, 4045]1.4813[1. 5190{1. 5512]1. 68201, 6384(1, 6700 1.7168(1. 749411 77091, 8084

[ 3.119 [8.778 |7.407 {B.016 10,247 [10.47 12 9% [15.36 |17.80 20.24 (22,08 [25.11 127.55

W0 A...... 306.8 1317.3 [327.0 [338.8 [361.1 {384.5 1434.3 |487.1 [542.4 580.6 858,60 |718.8 [780.0

[ TS 1.3064[1.41464]1. 43321, 4500(1 . 4813 1. 6GE611 . 5017{1.0071]1.647711 . 6R45[1. 7181 1.¥486[1. 7771

Bovinans 3.0563 13,303 |3.088 [3.003 [4.015 [5,230 |6.458 17.688 |g.001 10,12 |11.37 [12.56 {13.78

40.0 h...... 305.% 316,58 1327.4 [338.4 (300.0 |384.3 }434.2 l487.0 |542.4 59%.6 |0BB.0 |718.8 [Y80.0

Froiinnn 1.3042]1. 383411, 40141, 4184{1. 449011 . 478711, 5308 1.57560)1. 810500 .0533(1. 686011, 7174|1. 71459

[T ++f1.408 {1,057 1,828 [1,082 12,208 |2.608 {3.220 [1.830 [4.448 5.066 {5,870 [8.281 6,887

BO.O K, ..... q04.1 [315.1 1320.4 [337.7 [360.2 |383.9 j434.0 |486.9 B42.3 1508.5 [0B6.0 |718.8 [Y50.0

£ o1 D284 2400{1. 307001, 38551, 417711 446851, 4081]1  5é4a 1.58562:1,0220(1. 0568]1.6881)1. 7140

Voousl BTG 0BB 3.208 [1.310 {1.525 |1.734 [2.148 |.'559 2.086 [3.373 [3.781 |4.188 (4 502

126 k....,.[302.2 [313.8 1326.4 I337.0 [358.7 |383.5 433.8 1480.8 |542.3 [509.5 [688.6 {718.8 |780.0

T 1.3080)1.3207}1,3488]1.3000[1 . 30931 . 4285(1 . 46080 _ 5203 1.56609]1,803711. 637301, 6678]1, 6003

[T 0.7207[0. 80330, 8080(0. 6700[1. 158 [1.207 11.e10 |1.018 2,924 2,530 |2.838 |3.14) [3.445

160 &...... 300.4 [312.1 [324.4 1330.3 [360.1 [383.1 }433.8 |488.6 5422 (698.5 [669.8 [718.8 ({T80.0

[ DA 1.20281 3154]1,3350{1.3520{1. 38571, 41561 (1, 467511, 5133]1 . 6530 1.5907]1,6243(1. 8548{1.8833

Veurnn, 0, 5652|0. 0370[0. 712510, 7748[0. 90751035 |1.287 |1.534 1.770 §2.024 (2,266 (2.518 {2.757

W M., .. 268.8 |31G.6 [323.4 [3356.6 1358.6 |382.7 [433.4 l488.5 [p42.2 50G.5 [056.5 |718.8 [78G.0

[ JORN 1.2B0511. 3038{1. 32300134211, 876251 . 4040 1.4874(1.5033]1.6430(1. 580711, 0143]1, 0448 1.68733

Beiagnn 0,4814/0. 52370, 58860, 840710, 7532i0, 8804[1. 071 1.273 [1.482 j1.687 |1.801 {2.008 |2.207

240 A....., 296.7 [300.1 1322.4 [334.0 (358.0 |382.3 1433.1 1480.4 542.1 |699.5 165B.5 i718.8 [780.0

[ PR 1.2094]1.2040{1. 2145]1.3330(1,3871{1.3983 1.4480[1.4948(1.5358{1. 572411, 6080(1. 6365 1.6880

N 0.3563[0.4100{0.4630[0. 5065i0, 5085]0. 6868)0. 8556]1 . 021 1,188 1,345 |1.813 |1.676 {1,638

30 A...... 264.0 1308.9 1320.0 [333.0 [367.1 l3B1.6 {442.8 1480.2 [542.0 500.4 [86E.5 [V1B.7 [YB0.0

[ AN 1.35682(1, 2813]1.3020{1.3218 1. 35601, 3862[1. 4380 |1 . 4848]1 . 5256 1.5824(1. 5080)1 . 6265]1. 6580

v...o.. . f0.2858)0.3341/0. 37B0{0. 41710, 4858]0. 5603,0, 721 2[0. 850210, o874 L.125 11,200 11.397 [1.633

360 AL 261.2 {304.6 1310.4 [352.8 |356.3 [381.0 [432.5 (486.0 541.9 |580.4 |63B.5 |T18.7 [119.0

.00, 1.34306[1.2090(1.2025(1.3124]1 . 3475]1.3770]1 . 4307 14706} . 617411, 554%]1. 58781 . 6183]1. 8468

{continued)
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Table H Thermodynamic properties

of carbon dioxide® {Continued)

Prosuire,

puin

Temperature, °F

1600 | 1800

440 A,

510 hev...

800 ALl
5.
a0 Ao

Purewss
1800 ho.....
I

1.142 {1.265
718,06 [7760.9
1.6002[1.8377

0.0672{1.002
718.6 {179.9
1,801001, 6301

0. H385]0. 9202
718,68 1776.8
1.50511.6238

0, 52920, 6906
508.8 {658.0 (Ti8.4 779.7
1.4812/1. 51801, 6B16}1 5621 1.6108

0.3547 0.40490. 4545|0, 50370, B626
540.6 |50B.5 |667.8 [718.3 779.6
1.471%1, 5080]1.5410]1.5721 1.4066

* Prom Ref. 193




APPENDIX

I

AIR TABLES

Table I-1 Ehthalpy and isentropic pressure ratio for dry air*

7, A, T, h, T, h,
°R Bwib, Pr R Buu/lb,, Pr °R Bulb, Pr
450  107.50 0.7320 760 182.08 4.607 1070 258.47 15734
460 109.90 0.7913 770 184.51 4.826 1080  260.97 16.278
470 112,30 0.8531 180 186.94° 5.051 1090  263.48 16.838
480 114,69 0.9182 150 189.38 5,285 1106 265,99 17.413
450  117.08 0.9868 BOG 191.81 5.526 1110 268.52 18.000
500 119.48 1.0590 810 194,25 5,715 1120 271,03 18.604
516 121.87 1.1349 820 196,69 6.033 1130 273.56 19.223
520 124.27 1.2147 830 199.12 6,299 1140 276,08 15,858
530 126.66 1,2983 840 201.56 6.513 1150  278.6] 20.1§
540 129.06 1.3860 850 204.01 6.856 1160  281.14 21.18
$50 13146 1.4779 860 206.46 7.149 1170 283.68 21.86
S60  133.86 1.5742 870 208.90 7.450 1180  286.2. 22.56
370 136.26 1.6748 880 211.35 7.761 1190  288.76 23,28
580  138.66 1.7800 850 213.80 8.081 1200 291,30 24,01
590 141.06 1.8899 500 216.26 8.411 1210 293.86 24.76
600 143.47 2.005 910 218.72 8.752 1220  296.41 25.53
610  145.88 2.124 920 221.18 9,102 1230  298.96 26.32
620  148.28 2,249 930 223.64 9.463 1240  301.52 27.13
630 150.68 2.3719 940 226.11 9.834 1250  302.08 27.96
640 153.09 2,514 950 228.58 10.216 1260  306.65 28.80
650  155.50 2.655 960 231.06 10.255 1270  309.22 29.67
660 157.92 2.953 970 233.53 11.014 1280  311.79 30.55
670  160.33 2.953 980 236.02 11.430 1200 314.36 31.46
680  162.73 3111 990 238,50 11.858 1300  316.94 32.39
690  165.15 3.276 1000 240.98 12,298 1310  319.53 33.34
700 167.56 3.446 1010 243,23 12751 1320 322,11 34.31
716 169.98 3.623 1020 245.97 13.215 1330 324.69 35,30
720 17239 3.806 1030 248.45 13.692 1340 32729 36.31
730 174,82 3.996 1040 250.95 14.182 1350  329.88 37.35
740 17723 4.193 1050 253.45 14.686 1360  332.48 38.41
750 179.66 4,396 1060 255.96 15203 1370 335.09 39.49
(continued)




Table I-1 Enthalpy and isentropic pressure ratio for dry air* (Continued)

T, h, T, h, T, h,

R Bto/lb,,  Pr R Btu/lb, Pr ‘R Ba/lb,  Pr
1380 33739 40.59 1590 393.07 70.00 1800 449.71 114.03
1390 340.29 41.73 1600 395.74 71.73 1810  452.44 116.57
1400 342.90 42.88 1610 398.42 73.49 1820 45517 119.16
1410  345.52 44.06 1620 401.09 75,29 1830 457.90 121.79
1420  348.14 45.26 1630 403.17 7712 1840  460.63 124.47
1430 350.75 46,49 1640 406.45 78.99 1850  463.37 127.37
1440 333.37 41.78 1650 409.13 80.89 1860 466.12 129.56
1450  356.00 49.03 1660 411.82 82.83 1870 468.86 132,77
1460  338.63 50.34 1670 414.51 84.80 1880  471.60 135.64
1470 361.127 51.68 1680 417.20 56.82 1850 474,35 138.55
1480  363.89 53.04 1650 419,89 38.87 1900 47709 141.51
1490 366.53 54.43 1700 422.59 90.95 1910  479.85 144.53
1500 369,17 55.86 1710 42529 - 93.08 1920  482.60 147.59
1510 37182 57.30 1720 428.00 95.24 1930  485.36 150.70
1520 374.47 58.78 1730 430.69 97.45 1940 488.12 153.87
1530 37744 60.29 1740 433.41 99.69 1950  490.88 157.10
1540 379.77 61.83 1750 436.12 101.98 1960 493.64 160.37
1550  382.42 63.40 1760 438.83 104.30 1970 496,40 163.69
1560  385.08 65.00 1770 441.535 106.67 1980 499.17 167.07
1570 387.M4 66.63 1780 444,26 109.08 1950 501.94 170.50
1580  3%0.40 68,30 1790 446.99 111.54 2000 504.71 174.00

* Abstracted from Ref. B,
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Table I-3 Enthalpy and isentropic pressure ratio for products of combustion with
400 percent theoretical air*

h, h, h,
T°R B/l mol Pr TR Bru/lb,, mol Pr TR Btu/th,mol Pr
1500 10875.6 59.80 1970 14662.6 180.50 2440 18608.9 445.8
1510 10954.4 61.39 1980 14745.3 184,33 2450 18694.1 453.7
1520 11033.1 63.01 1950 14827.7 188.23 2460 18779.5 461.7
1530 11111.6 64.67 2000 14910.3 192.21 2470 18864.9 469.9
1540 11190.7 66.37 2010 14993.2 196.24 2480 18950.2 478.1
1550 11269.6 68.10 2020 15675.8 200,35 2490 19035.7 486.5
1560 11348.6 69.86 2030 15158.7 204.51 2500 19121 .4 494.9
1570 11427.6 71.66 2040 15241.6 208.76 2510 19207.2 503.5
1580 11506.8 7351 2050 15324.7 213.06 2520 19292.8 512.3
1590 11586.3 75.39 2060 15407.6 217.45 2530 19378.4 521.1
1600 11665.6 77.30 2070 15480.9 221.90 2540 19464.2 530.0
1610 11745.2 79.25 2080 15574.0 22642 2550 19550.1 539.1
1620 11824.6 81.24 2050 15656.9 231.04 2560 19635.9 548.3
1630 11504.4 83.27 2100 15740.5 2357 2570 19721.8 557.7
1640 11984.1 8535 2110 15740.5 240.5 2580 19807.8 567.1
1650 12063.8 §7.46 2120 15907.5 245.3 2590 19893.7 576.7
1660 12143.8 g9.61 2130 15990.7 250.2 2600 19979.7 586.4
1670 12223.8 91.80 2140 16074.2 255.1 2610 20065.9 596.2
1680 12303.9 9405 2150 16157.9 260.2 2620 20152.0 606.3
1690 12383.9 96.33 2160 16241.7 265.4 2630 20238.1 616.5
1700 12464.3 98.64 2170 16325.5 270.6 2640 20324.3 626.6

1710 12544.6 10102 2180 16405.4 215.9 2650 20410.6 636.9
1720 12625.3 103,43 2190 16493.3 281.3 2660 20497.0 647.4
1730 12705.5 105.89 2200 16577.1 286.7 2670 20583.5 658.1
1740 12786.4 108.40 2210 16661.3 292.3 2680 20670.0 668.9
1750 12867.0 110.96 2220 16745.4 2979 2690 20756.4 679.8
1760 12947.8 113.55 2230 16829.4 303.7 2700 20842.8 690.9
1770 13028.6 116.20 2240 16913.6 309.4 2710 20829.2 1021
1780 13109.4 118,90 2250 16998.0 315.3 2720 21015.7 713.5
1790 13190.5 121.66 2260 17082.3 3213 2730 21102.4 725.1
1800 13271.7 12445 2270 17166.6 2135 2748 211892 736.8
1810 13353.0 127.30 2280 17250.7 333.6 2750 21276.0 748.5
1820 13434.3 130.21 2280 17335.4 340.0 2760 21362.6 760.5
1830 13515.5 133.17 2300 17419.8 346.2 2770 21449 .4 772.6
1840 13597.0 136.18 2310 17504.6 352.7 2780 21536.2 784.9
1850 13678.5 139.23 2320 17589.0 359.3 2790 21622.7 797.3
1860 13760.3 14235 2330 17673.6 365.9 2800 21709.8 809.9
1870 13842.0 145.53 2340 17758.4 372.6 2810 21796.9 822.6
1880 13923.6 148.76 2350 17843.2 379.5 2820 21884.0 835.5
1890 14005.6 152.05 2360 17928.1 386.5 2830 21970.9 848.5

1900 14087.2 155.39 2370 18013.0 393.6 2840 22058.0 861.8
1910 14169.5 158.80 2380 18098.0 400.7 2850 22145.3 875.2
1920 14251.3 162.26  23%0 18182.9 408.0 2860 22232.5 888.8
1930 14333.4 165.78 2400 18268.0 415.3 2870 22319.8 902.6
1940 14415.7 169.37 2410 18353.2 422.8 2880 22406.6 916.4
1950 14498.0 173.02 2420 18438.4 430.2 2890 22494.1 930.4
1960 14580.3 176.73 2430 18523.5 438.0 2500 22581.4 944.7
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Table I-3 Enthalpy and isentro
400 percent theoretical

pic pressure ratio for products of combustion with
air* (Continued)

k, h, h,

T.°R Btw/Ib,»mol Pr I'°R Biu/ib,, mol Pr IR Btu/th,, mol Pr
2910 22668.8 959.1 3110 24423.6 1286.5 3310 26191.6 1698.1
2920 22756.3 973.7 3120 24511.8 1305.0 3320 26280.3 1721.1
2930 22843.7 988.5 3130 24600.1 1323.6 3330 26369.0 1744.5
2940 22931.2 1003.5 3140 24688.2 1342.5 3340 26457.7 1768.0
2950 23018.5 1018.6 3150, 24776.5 1361.7 3350 26546.8 1791.6
2960 23105.9 1033.8 3160 248647 1381.0 3360 26635.9 1815.6
2970 23193.6 1049.4 3170 24953.0 14005 3370 26724.9 1840.0
2980 23281.3 1065.0 3180 25041.4 1420.2 3380 26813.6 1864.7
29495 23368.9 1080.9 3190 25129.6 1440,2 3350 26902.3 1889.5
3000 23456.6 1096.8 3200 25217.8 1460.4 3400 26991.4 1914.6
3010 23544.3 1113.2 3210 25306.3 1480.8 . 3410 27080.7 1940.0
3020 23632.0 1129.7 3220 253%4.7 1501.5 3420 27169.8 1965.7
3030 23719.7 1146.3 323¢ 25483.1 1522.4 3430 27258.8 1991.6
3040 23807.7 1163.1 3240 25571.6 1543.5 3440 273479 2017.8
3050 23895.6 1180.1 3250 25660.1 1564.9 3439 27436.9 2044.3
3060 23983.6 11974 3260 25748.5 1586.5 3460 27526.2 2071.0
3070 24071.7 1214.8 3270 25837.1 I608.3 3470 27615.6 2098.0
3080 24159.6 1232.4 3280 25925.8 1630.4 3480 27704.7 21254
3090 24247.5 1250.2 3299 26014.3 1652.8 3400 27793.8 2152.9
3100 24338.5 1268.3 3300 26102.9 1675.3

* Abstracted from Ref, 8.
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APPENDIX

J

THE ELEMENTS

Table J Alphabetical list of the elements

Atomic Atomic
Element Bymbol nu:%ber, Element 8ymbol nurr:zber,

Actinium, .. ..o ovv vt Ae a9 Mercury .. .o.ovoerraess Hg RO
Aluminum............... Al 13 Moiybdenum . .......... Mo 42
Americium. . ......... ... Am 05 Neodymium. ...........- Nd 60
Antimony. ... c.oocivens gb 51 Neon......... e Ne 1
ATEON. .uvvrr v iennonnen A 18 Neptupium. ............ Np g3
ArBenic. .. ..oouvuiinnien As 33 Nickel....c.ooovvvianns N1 28
Astatine.............. ...« At 85 Niobium. oo vrvnrnnnrns Nb 41
Barium.,.......00c0vvens Ba 56 NETOZEN. ..o vvn e iran N T
Berkelium............... Bk 97 Nobelum...........ccon No 102
Berylium, .............. Be 4 O, .0 cvvee v inos Os 76
Bismuth, .....co0veveans Bi 83 OXYEED. ..o v eriree o 0 8
Borofi...oooveennrans R I - 5 Palladiam. ....occo0ohove Pd 46
Bromine................. Br 35 Phosphorus, . ........... ¥ 15
Cadmium............00-n Cd 48 Platinum, . ............ Pt 78
Caleitdn, .o vvenevnnnsn Ca 20 Platonium . . .....ovveees Pu 94
Californiam. ............« Cf o8 Polonjum.......cooovnun Po 84
Coarbott., oovveeiinr s C 6 Potagginm, .. ..ooovvvees K 19
Cerium. ..oovvriveerennes Ce 58 Praseodymiom, .. ....... Pr 59
Ceslum, . ..o.vvvv v ieneen Ca 55 Promethium............. Pm 61
Chlorine.....oocvverevnen Cl 17 Protaetinium......... ... Pa ul
Chromium............... Cr 24 Redivm.............0nn Ra 88
Cobalt, . ..vvoveenrivnin. Co 27 Badon,......oocvvivnenn Rn 86
COpper. ..oovvveioreen Cu 29 Rhemium. . ......o0oevons Re 75
CUrUmM. oo oevvvraern s Cm a6 Rhodium............... h 45
Dysprosium. ... ........ Dy 66 Rubidiam............. .. Rb 37
Einsteinium . ............ B 99 Ruthenium............. fu 44
Erblum. ......oooevevesn Er 68 BRMATIUIN ., .. oo irren s Bm 62
Buropium. .............. Eu 63 Seandium............ 00 e 21
Fermium........... ... ... Fm 1460 Belenfum., .. ....... ... Be a4
FIUOTNa. . oo v e enennn F ] BICOM. ovr v res s enes fiH 14
Franciom. .ovov e i o Fr 87 Bilyver. .o ie e Ag 47
Gadolinium, ... .......... Gd 64 Bodium. .. ..c.ocvvnrenne Ns 13!
Gallium, . ...ovev i iiens Ga 31 Strontium.......... ..o Br 38
Cermanium.............. Ge 32 Bulfur.,...ovievuenon B 16
Gold, . .oo i Au 78 Tantaslum............... Ta 73
Hafpium. ........ Hi 72 Technetium, ............ Te 43
Helium...o..oon s He 2 Teallurium. ... ...ocvvevnn Te 52
Holmium,...... Ho 87 Terblum,......coovvvins ™ 65
Hydrogen...... ... H 1 Tholllum........... ... Tl 81
Indium,.......... veveet In 49 Thorim, .o oo v versrinns Th 90
Joding, .o vvrvrnarnnnnn i 53 Thulium. ..o v v oo cn e Tm 69
Tridiuam, o oo v e in v ae Ir 77 Dy e e e ienr b e fn B
TEOM. v v nvevnar s non Fe 26 THANUI, . oo e on oo Ti 22
Krypton.....ooooinennes Kr a8 Tungsten (Wolfram). .. .. w 74
Lanthanum,............. La 57 Uranium, oo oo rinenns U 92
LBl . e rrr e cinasirns Pb 82 Vansdivm. .. ..cooe.0 s v 23
CAchivme, o oo veans Li 3 b D Xa 54
Lutecium. cooov v cianns Lu 71 Yiterbium..,...........1 ¥Yb 7

Magnesium,.......ov e Mg 12 YErium. v res Y 39
MANEARESE , . v vvvvearvrns Mn 25 ZABC. . yreaarreinnnseens Zn 30
Mendelovium, ... .. e Md 141 ZArCOnIUIN. .y oy oo o Zr 40
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APPENDIX

K

TUBES
Table K Properties of condenser and feedwater heater tubes
Outside Inside Tube muss,
diameter, Cage, Thickness, diameter, Surface area, Waterflow, Ib.fhi
in BWG in in ] gpm/(fo/(s) {Admirnity)
16 0.065 0.495 0.1636 0.600 0.435
58 17 0.058 0.508 0.1636 0.630 0.393
18 0.049 0.527 0.1636 0.680 0.337
20 0.035 0.555 0.1636 0.750 0.247
16 0.065 0.620 0.1963 0.942 0.532
314 17 0.058 0.634 0.1953 0.980 0.480
18 0.049 0.652 0.1963 1.042 0.4110
20 0.035 0.680 0.1963 1.130 0.299
16 0.068 0.745 0.2291 1.360 0.630
78 17 0.058 0.759 0.2291 1.410 0.567
18 0.049 0.711 0.225% 1.480 0.484
20 0.035 0.805 0.2251 1.590 0.352
16 (.065 0.870 0.2618 1.854 0.727
1 17 0.058 0.884 0.2618 1.910 0.653
18 0.049 0.902 0.2618 1.994 0.557
20 0.035 0.930 0.2618 2.120 0.404
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FRICTION FACTOR
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APPENDIX

N

CONVERSION FACTORS

Table N-1 Some SI basic and derived units

of interest

Type Unit Symbol Formula
Length meter m

Mass kilogram kg

Time second 8

Temperatuse kelvin K

Force newton N

Pressure pascal Pa N/m?
Energy, work  joule ] Nm
Power walt W Irs
Table N-2 Prefixes of multiples

and submultiples

Factor Prefix Symbol
1018 atto i
figd femto f
o2 pico P
10? nano n
10-¢ micro i
or? milli m
102 centi ¢
10! deci d
10 deka da
102 hecto h
10? kilo k
0% mega M
108 giga G
1ot tera T
104 peta P
10t exs E
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Table N-3 Length

light mi
A ft in year mil micron (statute) m
3.280840 3.937008 1.057021 3.937008 1.000000 6.213712 1.600000

l E - 10 E ~ 09 E ~ 26 E -~ 06 E ~ 04 E - 14 E - 10
3.048000 1.200000 3.221807 1.200000 3.048000 1.89393% 3.048000
E+ 09 I E + 01 E-17 E + 04 £ + 05 E - 04 E ~ 0l
2.540000 8.333333 2.684839 1.000000 2.540000 1.578283 2.540000
E + 08 E - 02 I E -~ 18 E + 03 E+ 04 E ~ 08 E - 02
9.460530 3.103848 3.724618 3.724618 9.460530 5.878501 9.460530
E + 258 E + 16 E+ 17 ] E + 20 E+ 21 E + 12 E+ 15
2.540000 8.333333 1.G00000 2.684839 2.540000 1.578283 2.540000
E + 05 E ~ 05 E—-03 E -~ 121 : E + 01 ‘E“‘OS E - 05
1.600000 3.280840 3.937008 1.057023 3.937008 6.213712 1000000
E + 04 E - 06 E-05 E -2 E~Q2 l E ~ 10 E —~ 06
1.609344 5.280000 6.336000 1.701114 6.336000 1.609344 1.609344
E 4+ 13 E + 03 E + 04 E~ 13 E + 07 E+ 09 : E+ 03
1.600000 3.280840 3.837008 1.057023 3.937008 1.090000 6.213112
E 4+ 10 E + 00 E + 01 E - 16 E + 04 E + 06 E - 04 :
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Table N-7 Density

Ib,/gal Ib,/gal
glem? gL b6 us) (imperial}  Ibyin’ ton/yd? kg/m?®
1.OODOCO  6.242795  8.345403 1002240 3.612728  8.4277173 1.900000
I E+ 03 E + 01 E + 00 E+0 E~ 02 E - ¢l E -+ 03
1.000000 6.242795  8.345403 1002240 3.612728 8.427773 1.000000
E - 03 ‘1 E - 02 E~-03 E -0 E - 05 E - 04 E+ 00
1.601847 1.601847 1.336806 1.605435 5.787037 1.350000 1.601847
E — 02 E + 01 ! E -~ Gl E -0 E - 04 E - 02 E + 0]
1.198264 1.198264  7.4805)9 1,209949 4.329004 1.009870  1.198264
E -0 E+ 02 E 4+ 00 l E + 00 E ~ 03 E - 0i E + 02
9.977648  9.977648  6.22884) 8.326750 3.604654  8.408933  9.977650
E -0 E + 0l E + 00 E -0 I E - 03 E-02 E+ 0l
2.76799] 2.767991 1.728060 2.316000 2.774191) 2.332800 2.767991
E + 0l E + (4 E+ 03 E+ 0 E + 02 : E+0 E4+ 04
1.186553 1.186553 7.407407  9.902264 1.1892]) 4.286694 1.186553
E + 00 E + 03 E + 01 E + E+0 E - 02 : E+ 03
1.000000 1.600000 6.242795 8.345403 1.602240 3.612728 8.427773
E -~ 03 E + 00 E -~ 02 E -~ 03 E -~ 02 E — 05 E—-04 :
Table N-8 Time (mean solar)
day h us min lunar month year 5
2400000  8.640000 1.440000 3.386319 2.737909  B.640000
! E + 01 E+ 10 E +03 E - 02 E— 03 E+ 04
4.166667 3.600000  6.000000 1.410966 1.140796  3.600000
E~0 I E + 0% E+ 0] E - 03 E - 04 E+ M
1.157407 2.7177718 1.666667 3.919351 3.168876 1.00000¢
E - 1] E - 10 I E -~ 08 E- )3 E - 14 E ~ 06
{continued)
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Table N-§ Time {mean solar) (Continued)

day h 8 min lugsar month yeat 8
6.944445 1.666667 6.000000 2.351611 1.901326 6.000000
E —~ (4 E~- 02 E + 07 i E -~ 03 E -~ 06 E + 01
2.953059 7.087341 2.551443 4,.252405 8.085207 2.551443
E + 01 E + 02 E + 12 E + 04 l E - 02 E + 06
3.652422 8.765813 3.155693 5.259488 1.236827 3.155693
E 4+ 02 E+ 03 E + 13 E + 03 E+ 01 i E + 07
1.157407 2711778 1.000000 1.666667 3.919351 3.168876
E — 05 E —~ 04 E + 06 E ~ 02 E - 07 E - 08 i
Table N-9 Speed
fth ft/s infs km/h kn mi/h mi/s mfs
271777118 3.333333 3.0480600 1.645789 1.893939 5.260943 8.466667
i E -~ 04 E - 03 E~ 04 E ~ 04 E - 04 E ~ 08 E - 05
3.600000 1260000 1.097280 5.924841 6.518182 1.893939 3.048000
E + 03 l E+ 01 E+ 00 E -~ 01 E - 01 E —~ 04 E- 01
3.000000 8.333333 9.144000 4.937367 5.681818 1.578283 2.540000
E + G2 E - 02 1 E - 02 E - 02 E - 2 g - 05 E - 02
3280840  9.113444 1.093613 5,399570 6.213712 1,726031 2.711778
E+ 03 E - 01 E+ 01 1 E ~ 01 E - 01 E - 04 E ~ 01
6.076112 1.687809 2.025371 1.851999 1.15071% 3.196608 5.144444
E + 03 E + 00 E + 01 E + 00 i E + 00 E ~ 04 E -0l
5,280000 1.466667 1, 760000 1.609344 8.689766 2.7717118 4,470400
E + 03 E + 00 E + 01 E + 00 E -0 1 E-~04 E - 01
1.900800 5.280000 6.336000 5.793639 3.128316 3.600000 1.609344
E + 07 E + 03 E+€)47 E+ 03 E + 03 E+ 03 i E + 03
1.181102 3.280840 3.155693 3.600000 1.943845 2.236936 6.213712 .
E+ 04 E + 00 E + 04 E + 00 E+ 00 E + 00 E-04 1
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Table N-11 Volume flow rate

cm?/s in'fs f*min gal(US)min  gal(imperialymin  L/min mls
6.1023714 2.118880 1.585032 1.319816 6.000000 1.000000
l E - 02 E - 03 E - 02 E -~ 02 E - 02 E - 06
1.638706 3.472222 2.597403 2.162792 9.832238 1.638707
E+ 01 l E - 02 E - 0] E -0l E - 01 E — 05
4.719474 2.880000 7.480520 6.228841 2.831685 4719474
E 4 02 E 4+ 01 l E + 00 E + 00 E+ 01 E - 04
6.309020 3.850000 1.336806 £.326748 3.785412 6.309020
E + 01 E + 00 E -~ 01 i E - 01 E + 00 E ~ 05
7.576811 4.623654 1.605436 kl .200949 4.546087 7.576811
E+01 E + 00 E — 01 E + 00 l E+ 00 E - 05
1.666667 1.017062 3531467 2.641721 2.199695 1.666667
E + 0f E + 00 E - 02 E -~ 01 E - 01 1 E - 05
1.000000 6.102374 2,118880 1.585032 1.319816 6.000000
E + 06 E + 04 E+ 03 E+ 04 E + 04 E+ 04 l
Table N-12 Mass flow rate
g5 kg/h Ib,,/min /b ton{metric)/day ton(short)/h kefs
3.600000  1.322774  7.936642 8.640000 3.968321 1.000000
: E+ 00 E —0i E + 00 E - 02 E -~ 03 E - 03
2977178 3.674371 2.204623 2.400000 1.102311 2717718
E - 01 1 E - 02 E + 00 E - 02 E-03 E - 04
7.559873 2.721554 6.000000 6.531730 3.000000 7.559873
E + 00 E + 01 1 E + 01 E - 0] E - 02 E - 03
(continued)
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Table N-12 Mass flow rate (Continned)

g/s kg/h tby/min Ib,/h ton{metricy/day ton(short)/h kg/s
1259979 4.535924 1.666667 1.088622 5.000000 £.259979
E-0 E ~ 01 E - 02 1 7 E - 02 E -~ 04 E-04
1.157407 4.166667 1,530088 9.185928 4.592964 1.157407
E+01 E+0 £+ 00 E+ 01 l E-0 E~-02
2.519958 9.071847 3.333333 2.000000 2.177243 2.519958
E -+ 02 E+ 02 E + 01 E + 03 E+ 01 l E - 01
1000000  3.600000 1322774  7.036642 8.640000 3.968321
E + 03 E 4+ 03 E + 02 E + 03 E+0 E + 00 !
Table N-13 Force
kg/force .
dyn {or kib) Ib-force poundal Newton
[glm) - covsy] kg kip I (b, - ftsH N
1019716 2.248089  2.248089 7.233014 1.000000
l E - 06 E -9 E - 06 E ~ 05 E - 05

9.806650 2.204623 2.204623 7.093165 9.806650

E + 05 l E - 03 E+00 E + 01 E + 00

4.448222 4.535924 1.000000 3.217405 4.448222

E + 08 E+ 02 ] E + 03 E+04 E+ 03

4.448222 4,535924 1.000000 3.217405 4.448222

E + 05 E - 01 E -~ 03 l E + 01 E+ 00

1.382550 1.409808 3.108095 3.108005 1.382550

E + 04 E - 02 E —- 05 E - 02 ] E - 01

1000000 1019716 2.248089  2.248089 7.233014

E + 05 E - 01 E—- 04 E -0l E + 00 l
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Table N-16 Energy flux

Ba/(h)(ft)  cal(s)em®)  erg/(s)em®  ft - Ibd (D hpi? Wiem? Wim?
7.534608 3.154589 7.781696 3.930150 3.154588  3.154589
1 E - 05 E 4+ 03 E+ 02 E-04 E—~ 04 E + 00
1.327209 4.186800 1.032794 5.216129 4.186800  4.1B6BOO
E+ 04 l E 4+ 07 E + 07 E + 00 E+ 00 E+ 04
3.169984 2.388459 2.466785 1.24585] 1000000 1.000000
E - 04 E — 08 1 E — 01 E - 07 E - 47 E - 03
1.285067 9.682478 4.053860 5.050505 4.053859 4.053859
E ~ 03 E — 08 E + 00 l E - 07 E ~ 07 E - 03
2.544432 1217130 2.026641 1980000 8.026641 B.026641
E + 03 E - 01 E + 06 E 4+ 06 1 E - 01 E+ 03
3.169984 2.388459 1.060000 2.466785 1.245851 1000000
E + 03 E - 01 E + 07 E+ (06 E + 00 ! E+ 04
3.169984 2.388459 1.000000 2.466785 1.245851 1000000
E -~ 01 E - Q5 E+ 03 E + 02 E —~ 04 E - 04 l
Table N-17 Specific energy
MW -« dayfton
Btw/lb,, cal/g kwh/kg (metric) Jkg, (W - s/kg)
5.555556 6.461111 2.692130 2.326000
I E - 01 E~04 E — 05 E+ 03
1.800000 1.163000 4.845833 4. 186800
E + 00 1 E ~ 03 E— 05 E + 03
1.547721 B.598452 4.166667 3.600000
E 4+ 03 E+ 02 : E - 02 E + 06
3714530  2.063618 2.400000 8.640000
E + 04 E + 04 E + 01 1 E+ 0
4.299226 2388459 2777778 1.157407
E - 04 E -~ 04 E-o7 E - 08 1

837



Table N-18 Power

Brwh calls ergfs eVis ft - lb/min hp kw W, (Jis)
6.999884  2.930711 1.829191 1.296948 3.930143  2.930711  2.930711
l E -2 E + 06 E + 18 E + 01 E -~ 04 E-04 E-01
1.428595 4.186800  2.613173 1.852813 5.614583  4.186800  4.186800
E + 01 i E + 07 E+ 19 E+ 02 E ~ 03 E-03 E + 00
3.412141  2.388459 6.241457 4.425367 1.341020  1.000000  1.000000
E — 07 E - 08 1 E+ 1 E - 66 E-10 E - 10 E - 01
5.466898  1.826765 1.602190 7.090278 2.14856%  1.602190  1.602190
E - 19 E -2 E - 12 ‘ E - 18 E-22 E~22 E-19
7710415 5.397200 2259700  1.410382 3.030303  2.259697  2.259697
E -0 E - 0} E + 05 E+ 17 : E - 05 E~ 05 E - 02
1.544437  L781076  7.457010  4.654261 3.300000 7.456999  7.456999
E + 03 E + 02 E 4+ 09 E+ 21 E + 04 ‘ E -0 E+ 0
3.412141  2.388459  1.000000  6.241457 4.425366 1.341020 1.000000
E+ 03 E+ 02 E + 10 E + 2} E+ 04 E + 00 : E+ 03
3412141  2.388459  1.000000  6.241457 4.425366 1.341020  1.000000
E + 00 £ -0l E + 07 E+ 18 E + 01 E - 03 E -~ 03 l
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Table N-19 Power density

Bru/th)" cal/(s)cm®) MeVis)em®)  Wiem?, (kWIL) Wi
2.471986 6.459728 1.034971 1.034971
I E - 06 E + 07 E— 05 E + 01
4.045330 2.613173 4.186800 4.186800
E + 05 f E + 13 E+ 00 E + 06
1.548053 3.826765 1.602190 1.602190
E - 08 E - 14 l E - 13 E — 07
9.662106 2.388459 6.241457 1.000000
E + 04 E - 01 E + 12 ! E+ 06
9.662106 2.388459 6.241457 1.0G0000
E —0 E - 07 E+06 E - 06 I
Table N-20 Specific power
Bru/(h(ibn)  cal/(s)gm) Rt IoyAh)(ib,)  hpiibi Wig, (kWikg) Wikg
1.543210 7.7816%3 3.930148 6.461113 6.461113
l E - 04 E + 02 E— 04 E ~ 04 E - 01
6.479999 5.042536 2.546735 4.186800 4.186800
E+03 I E+ 06 £+ 00 E + 00 £+ 03
1.285067 1.984456 5.050505 8.302965 8,302965
E -0 E -~ 07 i E - 07 E - o7 E - 04
2.546136 3.929223 1.980000 1.643987 1.643987
E + 03 E - 01 E+ 06 I E+00 E+ 03
1.547721 2.388459 1.204389 6.082773 1.000000
E + 03 g - 01 E + 08 E - 01 i E+ 03
1.347721 2.38845% 1.204389 6.082773 1.000000
E - 00 E - 04 E+ 03 E - 04 E-03 l
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Table N-21 Thermal conductivity

Btw/(h@CF) Bt - infh}f)(F)  cal/(s}em)(°C)

keal/()(m)}°C)  Wi(m)(°C)

1.200000 4.133787 1.488163 1.730734
l E + 01 E~03 E + 00 E+ 00
8.333333 3.444823 1.240136 1.442279
E-02 1 E - 04 E - 01 E - o0t
2.419088 2.902906 3.600000 4.186800
E + 02 E +03 1 E+ 02 E+ 0
6.719691 8.063629 2777778 1.163000
E -0l E + 00 E - 03 l E+ 00
5.777894 6.933473 2.388459 8.598452
E-ol E + 00 E-03 . E -0l 1
Table N-22 Heat-transfer coefficient
B(ECH  callemdOCC)  WHend(C)  WHmCC)
1.356229 5.678260 5.678260
l E - 04 E- 04 E+ 00
7.373386 4.186800 4.196800
E + 03 l E+ 00 E+ 04
1761102 2.388459 1,000000
E + 03 E-ol 1 E + 04
1761102 2.388459 1.000000
£ - o E - 05 E - 04 :




Table N-23 Specific heat and specific gas

constant
Bwib,)(F)  cali(gn)C)  ft y/(b)CR)  Kkg)CC)
1.000000 7.835679 4.186800
i E + 00 E+ 02 E+00
1.000000 7.835679 4.186800
E + 00 1 E+ 02 E + 00
1.276214 1.276214 5.343251
E - 03 E - 04 l E - 03
2.388459 2.388459 1.871829
E ~ 0t E - ol E - 02 1
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