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APPENDIX

B

THERMODYNAMIC PROPERTIES OF FREON-12

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

Specific volume, Specific cn:h..im). Specilic cntropy.
ft'lbe . Bulb. Bru(lb.i"R)
Temperature,  Pressure, — == —
i | Paia vy By h e Ay 5 1,
(L1 7243} 0011913 05589 21786 61643 BI409  DM6IB0 O ledTy
62 74 807 0.001947 054112 MW 61330 B1601 004704 016470
B 71.2M 0011982 052450 22676 GLII6 83792 0047903 016460
&0 79.729 0.012017 0.50848 23,133 60LN4D H3IO82 0048765 016451
63 82.279 0.012053 049305  23.591 60,580 84171  0.049624  0.16442
0 B4 B8 0.012089 0.47818 .05 6029 B4.359 0.050482 D.164M
72 B7.559 0012126 0.46383 23511 60035 B4.546  0.051338 D.1e428
74 90.292 . 0.012163 0.45000 24973 59.759  84.732  0.052193 0.16417
7% 93.087 0.012201 043666 25435 524581 84916 0.053047 0.16408
78 05646 0.012239 042378 25899 $9.201 85100 0.053%00 0.16400
B0 98.870 0.012277 0.41135 26,365 58.917 85282 0.054751 0.1639N
82 101.86 0.012316 0.39935 26.832 58.631 85463 0.055602 0.16384
B4 : 104.92 0.012356 038776 27.300 58.343 85643 0.056452 0.1637%
L1 108 .04 0.012396 0.37657 27769 58052 85821 0.057301 016368
88 111.23 0.012437 0.36575 2241 57757 85998 . 0.058149 0.16360
S0 113.49 0.012478 0.35529 28,713 57461 86.174 0.058997 0.16353
02 117.82 0.012520 0.34513 29187 57.161 86348  0.059844 0.16345
94 12122 . 0012562 033540 . 29.663 56.585 86,521 0.0606%0 0.16338
96 12470, 0.012605 0.325M 30,140 56551 E6.690  0.061536  0.16330
98 Tt 1284 0.012649 031679 30619 56242 86861 0.062381 0.16323
100 131 .86 0012693 030794 - 31100 55929 £9.029 0.063227 0.16M15
102 135.56 0.012738 029937  31.58) 55611 87.196 0.064072 U 16M%
104 139 13 0.01278) 0290106  32.067 S$5.281 87360 CO6NNG 0163
106 14118 0.012829 0.28303 32553 54.970 K7.523 0.065761 {0.16293
108 14771 0.012976 0.27524  33.041 54643 B87.684 D.066606 0.16282
0.067451  0.16279

o 1o 151.11- 0.012924 0.26769  33.331 54.313 87.844
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Table B-1 Saturation properties of Freon-12 (English units)® (Continucd)

Specitic volume,

Specific enthalpy.

Specihe antropr.

fthilba Bruw/lb,, Brw/(iba)i "Ry

Temperature,  Pressure,
F psia 7] L Ry iy hr 5 ¥y
112 155.19 0013572 026037 023 S1978 ERO01 OO06RIWN 016271
114 159.36 0013022 029328 4517 53,639 BS.156  0069H1 016264
16 163.61 0.013072  02464] 15014 $3.296 K830 DOGRIST 01625
118 167.94 0.013123 023974 35512 52949 B4.461  00TORI3 0162+
120 172.35 001374 023326 6013 52,597 ERAI0 0.071680 016141
122 176.85 0013227 62458 36516 52,241  88.757 0072528 (162N
124 181.43 0013280 02X89  37.021 51881  88.902 0073376 016226
126 186.10 0013338 021997 37.529  S1.515  BO.044 0074225 0 1610k
128 190.86 0.013390 020972 WO 51044 89184 0LOTSOTS 0 16214
130 195.71 0013447 020364 38553 50768 89321 0075927 016207
132 20064 0.013504¢ 019821 9069 50387 89456 0076779 (161%
134 205.67 0.013563 019293 33558 S0.000 89588 007633 0.1618%
136 210,79 0.013623  0.18782 40110 49608 89718 0078489 0.16177
138 216.01 0.013684 048281 40,634 49210 89844 0079346~ 0.16162
140 221.32 0.013746 017799 41162 48,805 R9.967 0.080205 0.16]59
142 226,72 0.013810 017327 41693 48394 O0.0R7  0.081065 016150
144 23102 0013874 O 6868 42277 47977 9O W D RIOR nojeps
144 237.82 0013041 @182 2765 47553 D038 DORLTHE D Qell
145 M35 0014008 015857 41306 47 1212 90428 (0083e6] 0 16i2
1500 2449 31 0.014078 015563 4IRS0 46684 GO S14 DOR4RNL D IAID
152 255.20 0014148 015150 11399 46,238 WO 63T DORSABd 0 lEre
154 261.20 0014271 04750 21061 45784 QO TIS  NDOBAISH 0 160R%
158 267.30 0014295 014358 45508 45322 90330 Q087159 O 16T
|58 273.51 0014371 D376  46.068 44 EB52 90920 0088041 U 1606%
| 60 279.82 0014449 D [ 3604 26633 44371 90006  0O0RNIT 0 J005E
162 286.24 0014529 0.13241 47202 43.B8S 91087 0.089¥17 Q. lodw
164 292.77 0014611 0.12886 47.777 43386 91.163 0090710 0.16027
166 199.40 0.0146095 012540 48355 42879 912 0091608 016014
165 06 1S 0 014TRY. On? WIS 42360 91.29%9 no92s Toay
170 313.00 0.014871 0.11873 49529 41830 91339 009318 0.15985
172 319.97 0014963 "0 11550 §0.123  41.290  §1.413 0054330 015969
174 127.06 0015058 011235  50.723 40736 91.460 0095248 013553
176 334.25 0015155 010927 51330 40171 91.501 0.09%I172 005936
178 341.57 0015256 -0.10625 51943  39.592  91.535 0.097102 015919
180 349.00 0015360 010330 52562 38699 91.561 00898039 01560
182 156.55 0.015468 0. 10l SIS 38391 91,579 OO0mE98 0 15ES]
184 364,23 0.0155%0 D.097884 - $3.822 37.767 91.589 0099933 0.15861
186 372.02 DOIS6%6 009810 54463 37.127  91.59%0 010089 05539
188 379.94 0.015816 0O00XNS? 55111 36469  G1.580 (110186 Q15517
150 387,98 0.015942 00818 55769 35792 91.561 NI028E 05T
192 396,14 0016073 D069  S6435 35096 91531 (0.l0ds2 01570
[R2] S04 44 0016209 0084218 ST 111 34377 91488  QI0482 015741
196 412 .86 0.016352 0081683 S§7.797 33636 91.43) 0J05E} 015713
198 421.41 DDIASO2? DOT9ISR  S§494 32969 91 361 D [D6SS 0 15A87Y
200 430.09 0.015659 0076721 59203 32.075 91.278  O.U0789 0 1565)
202 438.91 0.016826 0074301 -$9924 31.252 91176 0108%4 015617
204 447.85 0.017002 0.07 1903 60,659 30396 91.055 011001 015580
206 456.94 0017188 0069531 61309 29505 90914 011109  01584]

7 f ) tromiinaed)
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Table B-1 Saturation properties of Freon-12 (English units)* (Continued)

Specifie valume, Specifie sathalpy. Specific entropy.
ft'(lb., Buylb, Brw(ib"RY
Temperature. Pressure,
F psia ¥ vy hy hiy Ry 7 5y
208 w616 0017387 0067179 62175 2851 80749 0.11220 015499
210 i55:  00ITENl 0064843 62959 2759 9053 O 11332 0.153853
a2 485.01 0017713 0.062S17 63764 26573 90337 011448 0.15404
214 45465 0018079 0060193 64591 25.4%0 G008l 011566  0.15349
216 ios4a 0018381 0057864 65444 2434 89785 0 11687 0.15290
218 S1416  DOIBESI 0.0S5518 66.327 23113 89480 01181 0.15223
220 53441 0DISIB6 0.053140 67.246 21.7%0 89.036 0.11943  0.15149
222 33465 0019365 0050711 68.209 20350 88359 012079 015063
224 1502 0.019804 0.048200 69.218 18757 B7.985 0.12223  0.14966
226 55564 0020327 0045550 70320 16958 87178 012377 014850
228 %6620 000078 0.042702 71519 1485 86373 0.12845  0.14705
2 $77.03 0011854 0039435 72893 12229 gm0 12739 014512
232 SRR01 0023262 0035041 74651 8335 81985 0.12987  0.14191
2336 596.9 002870 002870 TR86 O 7886 0.1359 01359

({Critical)

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

2700 — L T T T T T S S 1
| | Camsran) re-r-,era!we--x I
[ I
J_-_ ! 7 o S e
YO [ S N D . o (W £
] #TH” -1 2000
// J - - _.-r'
- | B ;/ i 7 1800 -'7’!
i } “|f A
! # " A
2300 . ! e ‘-‘°——-—-—1
/[ | llm‘= quality 4
| | | |
- I l S f i e A48 == S S
| | | ||I — 95 %
| |
E 2100——- ! = | - N e fig A | T
r | z 0
= ' [ EASI J | 4
2 pe—do. AgRRF LN Y W
2 VS ! o8
: T SN 7
= :: "?
& 1000 éi s
A “ 7"{ o
4
Tox ]
5% Il
1 : 1 - 1 |  FRE) TSl
18 20 22 24

Enlropy s, Blu/Iba *R

Figure E-1 Muollier diagram for sodium. (Based on charis, courtesy Ff&gh f‘urpm’smrl fﬂb}rumry and the

" General Fleciric (‘wﬂ,\unv I

e



Tuble & Thermodynamic properties of sodium®*

—

Temperature, "l |
[5al. pred , [His) |

Sat

ligusd

!

(3
Nl A
18 MR
Fius
A A
ER-TUS S L e
r

00 L
A0 10 107N

10080 A
(12809 X 10°% 1

-

1100
11,0619 X 107%)

1200
BT X 1075 4.

-

1300
{2 30153 1079}

1400 A
{3 AMT X107y

-

1500
13 3350 X 1073

-

L]
5 B25 107

100
7o

-

1500
2 TIH:

=

1500 L3
(3.1525)

2000
(9183

2100 &
(k5 362
nm A
[EXR
el ] L]
[EERE]

o0 kI
(NN 5.

-

2500
(50 553

-

2000
(1 1Ld X 107

oo | HPEERS
(1 5032 X 104 »

; 3 1e3
T T ot a8
21T 8
2 94
150 w10 1 35 e
| 223 7
ERt
D‘l ] ‘m ':( Ll
3 sm
!\'l* ii!’anW'
2 m:
I.!lZﬂ);lD‘ 2. mxle-
0 8507 ! 50'1
G4 3 L0 T BTGE X 10
438 4 3
0 9031 20109
16740 M 10| 2 3 K 10
465 5 e
0 5238 21280
20077 X 1070 | 11988 10
¢ 434 5 2% .0
0 M1 2 0867
3 ua'.i" >c W s sg-sx 10
o sa a 15048
20708 3 10~2] 2 §200 % 10¢
555 4 20911
0 TG 1 41
23024 3 10| 18812 X 10
468 ¥ Pl ]
0979 1
Jereoxes| %091
519, 1 2304 1
1.0108 1880
RERL TRl £ 185
T 7 2312 1
1817
36 04
234 0
178
M 4N
2807
1.7574
17.109
418 =TT}
1 0673 1.7
2.20%0 M 102 13 384
7762 a2 ]
| 0305 17
I
| 13
| 1 6813
L]
] 2378 §
1 1081 | 16751

Temperatuse of
| 503 1000 100 %0
247 maet | mea 20808
al  Tmn 3 sl ey FiTH
| - |
398 x 100 | 93745 % 104 | t‘lﬁw LS A
B Sl e R 2255 5 |
1 les 3158 l a0 l 3146
400" | Q4TI X 10T | 4 ETED W ID"
[T S - 2145 4
THa0 | 2em FR
]
2 t--'.l( ‘A 100 | 4 0243 % 100
i 288 B
Fan | 2
saann . ! v I.!Q.i:?xl\r
| I 2281 7
i, J 2 474
1

* From Rel. 151



et —_—— e
rleatid A ger .
e . -
(e Tl [ Wi ‘ | R ]
| R |
sy TR BT 5 03 & 2| ases 2603 4
3t 340 FET 30 1748 LMy | 3T
1ad w 1= FATTEOCISY | 1 MO 0 | TSR | IS 1 | 22X 1 | 281 %1
2112 7 2484 | 2442 1 | 2503 4 244 1840 % 2011 4
1 g5 BTN 33887 et L -1 B T
SORNON AN 4 WM T RSN W S INRMI | AIKI0 | B TR 10T 1B XU | 1 o
: Je52 1 2184 4 ye | paw 2540 4
| 3 n I 314 | 31511 FRET
TN | TIG N | hati e | 330505 108 | 9 085 1
7463 3 J WA T 2501 8 2011 4
2 592 2ems | e | TR | 2w

| | 1 |
LR ES 8 LU T U105 5 100 | 8 7908 % 104 or,.':-!x:a'l 105825 100 | | LO3T X 100 | | JETE X 10e
. Ponse | 482 3 235 4 2304 4 501 & 7413 4
e | orew: | 2em 1524 I T un 1 7801 LRI
PRI XCTOY L DTS | ¥ ea3ie 1o | 1 6IRI M0 | 1 AL 08 b on a7 100 | 204 N 10 | 201987 X% (g0
WP ] ®BaI LI 24427 2508 4 i 1545 4 551 & 2613 4
1 | rmw | 2ma 2 5874 187 18 PR 2 6218
2outsein | amncie |3 s0es 500 | 3 w10 | dasatxone | 4savcior | soms x| s 2088 x 100
1323 bl | 24 2461 7 2508 1 25435 2591 2000 4
Taas | 24 2 aa 2y 14ne 7 497
TA s w102 % 100 | 1 A0 10 | 1 2618 e |1 T 8450 5 100
£ i P | 4Me 2 75112
7 T 1 20 1 2 2 1

| 5398 w10
2612 &

1438 0 fu 1 6820 W 107
! T A 5 2 v
2382 783 H

L8823 % 107 | ) T w0 g 1 913w ot
2445 0

2
B
-
.~
2
&

FobRAS 3 ful B |::w}x1u- 540 K1Y . O3S X0
B 2540 7 2909 3

| LNEE | LT |
= | Wk | | 2 wal | T 21519
T UL R S T R T ¢ B89 % (02
2403 3 e 4918 2505 §
4 [ 104 o | 7 0882
| s LASIEXC 100 | 3 BISTH 10 | 9 1298 X 100 23K 10
24 5 Pl 2804 8 2500 3
1 258 18 ) e 3 0309
| | | weeeainis | D OSAICbO | P sIA X MR 1.353% % 100
| W74 Mo 2855 9
[ ES 1e780
! | 50 583 ts oy 79 854
1371 9 144 ¢ 2871 5
| 18488 [ .
| S
¥ | 1 Rs1]
' | L ) HIRLY
. . 2435 0
1889
+ 20 4%
z | 49 4
= | Lim -
| N 1woon
L 3630 8
I | [ 3 1.7%01
| . l szt “ LT
X 1710
l ‘ l |
5 ‘ [
l | |




APPENDIX

F

220

200

T T
”%%m
B
e 7 |
'-u’ !\L;
| f“‘f‘.l'-.f
|
;_If I~
|
H\‘ ,";
q: 2
| (I
N
i
[ ] h
i B

J\j;(
3
a

180
i 7%51‘ [

120 / V4

B Q 6% |

e 50%
papuciiy

100 ~<

[ " % quality J
sol—t 1 1 i \ P4 L \ 1 I

017 c.19 0.21 023 025 027

Entropy s Biulb,. °R

Figure F-1 Mollier diagram for mercury. (Based on charis, courtesy Flight Propulsion Laberatory and
the General Elecrric Company. )

L2



Table F Thermodynamic properties of mercury®
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Table F Thermodynamic properties of mercury* (Continued)
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THERMODYNAMIC PROPERTIES OF HELIUM

Table G Thermodynamic properties of helium*
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Table G Thermndynamic properties of helium* (Conttiucd)

Temperaturs, °F

Fressure, o MR P

pais 100 200 300 400 so0 | Goo
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9 5o BT | 1.53741 131845 1.15427 1.026549 092442 0.84071
il T 724,37 §40.73 07495 1100 10 1225 22 1350.29
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* From Ref. 177
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Table H Thermodynamic properties

IC PROPERTIES OF
CARBON DIOXIDE

of carbon dioxide*
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Table I Thermodynamic properties of carbon dioxide®* (Continued)
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APPENDIX

I

AIR TABLES

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

43 h. . T h, T. k,
“R Binlba Pr R Bu'lb,, Pr R Bru'lb, Pr
450 107.50 0.739 760 182.08 4. 6i17 1070 258 .47 15734
460 109,50 0.7913 770 184.51 4,826 1080 260.97 16.278
470 H2.30 0.8531 TR0 186.94 5,05 1090 263 48 16 238
480 114,64 09182 T 189.38 5.283% 1100 265.99 17.413
450 117.08 0.9868 800 191.81 5.526 1110 268.52 18 000
500 11948 1.0590 810 194.25 5.778 1120 271.03 18.604
510 121.87 {.1349 820 196.649 6.033 1130 273.56 19.223
52 124.27 1.2147 830 169.12 f 299 1140 276 .08 19.858
530 126.66 1.2983 844 201.56 6 573 1150 278.61 20.15
30 129.06 1.3860 850 204.01 G 856 1160 281.14 2118
550 131.46 1.4779 860 206,46 7.149 1170 28368 21.86
560 133.86 1.5742 870 208.90 7.450 1180  286.2. 22.56
570 136.26 1.6748 830 211,35 7.761 1150 288.76 23.28
580 138.66 1.7800 890 213.80 8.081 1200 251.30 24.0
590 141.06 1 8399 500 216,26 8411 1210 2831886 2476
600 143.47 2.008 910 218.72 B.732 1220 296.41 25,53
610 145.83 2124 920 221.18 9.102 1230 208 96 2632
620 148.28 2249 910 223.64 9.463 1240 301.52 2713
630 150.63 2379 940 226.11 9834 1250 302.08 27.56
640 153.09 2.514 930 228,58 10.216 1260 306.65 28.80
650 155.50 2655 560 231.06 10,255 1270 309.22 29.67
660 157.92 2953 970. 233.53 11.014 1280 31179 30.55
67 160.33 2953 Q30 236.02 11.430 1290 314.36 31.46
680 162.73 3l 990 238.50 11.858 1300 316.94 31.3%
690 165,13 31276 1000 240.98 12.263 1310 319.53 3334
700 167.56 3436 1010 243.23 2 e 1320 3221 3431
710 169.98 3623 1020 24597 13,215 1330 12169 35.30
710 172.39 3804 1030 248.45 13.692 1320 32729 3631
730 174.82 3996 100 250,835 14,182 1350 129 88 37.3%
740 17723 4.193 1650 25343 14 688 1360 KRRNESY 3541
750 179 66 4 96 1060 285.06 15203 1370 33509 3949
{x .--t:r.";..'.-fl
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Table I-1 Enthalpy and isentropic pressure ratio for dry alr* (Continued)

T h, r. k. T h.

R Buwlba Pr “R Hiulb, Pr R Btwib, " X
1380 337,39 40.59 1550 193.07 70.00 1ROG 449,71 114.03
1390 340.29 4173 1600 395 74 M7 1810 452 44 116.57
400 342,90 4288 1610 98,42 73 49 1820 455,17 11916
1410 34552 3406 1620 40 .09 75.29 1850 457.90 121.79
1420 34814 4526 1630 401,77 77.12 1840 460,61 124.47
1430 350.7% 4649 1640 406 45 78.99 1850 46137 127.37
1440 353,37 47.75 1650 409.11 80.89 1860 466,12 129.56
1450 356.00 19.03 1660 411.82 E2.83 1870 468.86 13217
1460 358,63 50,3 1670 414.51 E4.80 1880 471,60 135.64
1470 361,127 51.68 1680 417.20 #6.82 1890 474,35 138.55
1480 363.89 5304 1650 419 89 88.87 1900 477.09 141.51
1490 366.53 54.43 1700 422 59 %0.95 1910 479 85 144.53
1500 369.17 55.86 1710 42529 93.08 1920 482.60 147.59
1510  371.82 57.30 1720 428.00 95.24 1930 48536 15070
1520 374.47 58.78 1730 430.69 97.45 1940 488.12 153 .87
1530 3717. 11 60.29 1740 433.4) 99.69 1950 490,88 157.10
1540 379.77 61.83 1750 436.12 101.98 1960 . 493.64 160.37
1550 382.4% 63.40 1760 43R 83 10430 1970 496.40 163 69
1560 385.08 65.00 1770 44 .58 106.67 1980 499.17 167.07
1570 387,74 66,63 1780 444 26 109.08 1930 501.94 170.50
1580 390 40 68.30 1790 446 99 111.54 2000 5471 174.00

* Abstracted from Ref 8
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Table I-3 Enthalpy and isentropic pressure ratio for products of combustion with
400 percent theoretical air®

h, h, hoo
TR Brwlb.-nl Pr T'°R Brwlb. maol Pr T.'R Illu'!h_'nml " ;
1500 - 1OKTS 6 59,80 1970 14662 6 18050 2440 18608 9 445 5
1510 10954 4 61.39 1980 147453 18431 2450 18604 | 4517
1520 110331 631.01 1990 148277 188.23 ° 2460 18779.5 461 7
1530 L6 64 67 2000 14910 3 192.21 2470 18564 9 a6 9
1540 1119907 0637 2010 14993 2 19624 2480 189502 478 |
1550 112696 6510 2020 15075 8 200,35 24%) 1)35.7 446 5
I 560 11348 6 .86 2030 15158 7 204,51 2500 191214 4594 9
1570 11427 .6 T1.66 2040 152416 208 76 2510 19207.2 5035
1580 11506 8 73.51 2050 153247 21306 2520 19292 4 5123
1590 | 1586.3 75.39 2060 154076 21745 2530 19378 4 521
1600 11665.6 77.30 2070 154900 22180 2540 19464.2 530 0
1610 11745.2 79.25 2080 15574.0 226.42 2550 19550.1 539 1
1620 11824.6 81.24 20090 15656 9 231.04 2560 19635.9 S58.3
1630 11904.4 83.27 2100 15740.5 235.7 2570 19721.8 5517
1640 11984 | B5.35 2110 15740.5 2405 2580 19807.8 5671
1650 12063.8 §7.46 2120 15907.5 1453 2590 19893.7 576.7
1664 13143 8 89.61 2130 15990.7 250.2 2600} 199797 Sk 4
1670 122238 OLE0 2140 16074 2 2551 2610 200659 596 2
1680 12303 9 94,05 2150 16157.9 260.2 2620 200520 66 3
1) 12383 ¢ 96 33 2160 16231.7 265 4 2630 20238 1 68 S
1700 12468 3 Y8 6 2170 16325 5 270.6 26x41) 203243 626 6
170 12544 .6 101 02 2180 16ed 4 1759 2650 204106 fin G
1720 126253 103,43 2190 16443 3 281 3 2660 AM9T 0 647 3
1730 12705.5 105.89 2200 16577 1 IR6 7 2670 ° 205815 6581
1740 12786 .4 108.40 2210 l666] 3 923 2680 20670.0 668 0
1750 12867.0 11096 2220 16745.4 297.9 2690 20756.4 679.8
1760 12947.8 113.55 2230 16829.4 303.7 2700 20842.8 6.9
1770 13028.6 116.20 2240 16913.6 3094 2710 20925.2 702.1
1I80 13109.4 - 1 18.90 2250 ° 169980 3353 2720 21015.7 7133
1790 131940.5 121.66 2260 17082.3 3213 2730 21102.4 725.1
1800 13271.7 124.45 2270 170666 327.5 2740 211892 7368
1810 - 13353.0 127.30 2280 17250,7 3336 2750 21276.0 T48.5
1820 13434 3 130.21 2290 173354 400 2760 21362.6 760 5
1830 13515.5 133,17 2300 17419.8 5.2 2770 21449 .4 7726
1840 13597.0 136,18 2310 175046 352.7 2780 215).2 7849
1850 11678.5 139.23 2320 17589.0 159.3 27%0 216227 797.3
1860 13760 3 142.35 2330 17671 6 165.9 2800 21709.8 809 9
1870 138420 145.53 2340 17758.4 e 2810 217969 8228
1880 139236 148.76 2350 178432 5 3795 2820 21884.0 B35S
1860 14005 .6 152.05 2360 17928 1 386 5 2830 21970 9 B48.8
1500 |4087.2 155.39 2370 18013.0 3936 2840 22058.0 8618
1910 14169.5 158.80 2380 18098.0 - s00.7 2850 221453 875.2
1920 14251.3 162.26 13%0 181829 4080 2860 22232 % BRZ 8
1930 14333 .4 165.7¢ 2400 18268.0 415.3 2870 22319.8 ke
1940 14415.7 169.37 2410 18351.2 4218 2880 224066 9164
1950~ 14498 0 173.02 2420 184384 % 4302 2890 22494, 9304
1960 14580.3 176.73 2430 18523.5 4380 2900 22581.4 To044.7
: = 5
o " . . ;
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Table I-3 Enthalpy and isentropic pressure ratio for products of combustion with
400 percent theoretical air* (Continued)

h. h, h,

TR Brwlb,, mol Pr T°R Brulba mol Pr Ti'R Btu'lb.-mol Pr
2910 22668.8 9591 3110 244336 12865 3310 26191 .6 1695 1
2920 227563 §73.7 3120 245118 1305.0 3320 262803 1721.1
2930 22843.7 G885 3130 24600 1 13236 3330 26369.0 1744 5
2940 21931.2 1003.5 3140 246882 13425 3340 26457.7 17680
2950 23018.5 1018.6 3150 24776.5 13617 3350 26546.8 1791 6
2960 231059 1033 8 3160 24864.7 1381.0 3360 26635.9 1815.6
2970 231936 1049 4 3170 24951.0 13005 3370 26724.9 1840.0
2980 23281 3 1065.0 3180 250414 1420.2 3380 26813.6 1864.7
2990 23368 .9 1080.9 3150 25129.6 1440.2 3390 26902.3 1889.5
3000 23456.6 10968 3200 25217.8 1460.4 3400 26991.4 1914.6
3010 231544 3 1113.2 3210 253063 1480.8 3410 27080.7 1940.0
3020 236320 1129.7 3220 25394.7 1501.5 3420 27169.8 1965.7
3030 23719.7 1146.3 3230 28483.1 1522.4 3430 27258.8 19916
3040 23807.7 1163.1 3240 25571.6 1543.5 3440 27347.9 2017.8
3050 23895.6 1180.1 3250 25660.1 1564.9 3439 27436.9 2043
3060 21983.6 1197.4 3260 25748 .5 1586.5 3460 27526.2 2071.0
3070 24071.7 1214 8 1270 25837.1 1608.3 3470 27615.6 2098.0
3080 24159.6 1232.4 3280 259258 1630,4 3480 277047 2125.4
3090 24247.5 1250.2 3200 260143 1652.8 3490 27793.8 2152.9
3100 243355 1268.3 3300 261029 1675.3

* Abstracted from Ref 8,
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APPENDIX

J

THE ELEMENTS

Table J Alphabetical list of the elements

Atomice || , Atomie
Element Symbol | numbier, Element | Symbol nuu'}he-r,

Actinium., Ae 3 Moreury _ g 80
-\Iummum - Al i Malybdenum Mo 42
Americinm . Am a5 Neodymium Nal 60
Antimony . 8h 5l Neon. ..., Ne 10
Argon...., ... A 18 Neplunium Np' w
Arsenie, ., ., As - 33 Nickel .. .. Ni 28
Astatine. . At &85 Niohium. .., ... . .oiss Nb 41
51T ) e e Ba & Nitrogen ... ... ..... N 7
Berkelium, Rk o7 Nobelium, | No 102
Beryllinm Be 9" Osmiurm (s 76
Bisimth I oni = Oxygen 4 0 5
Boran ) I H 5 Palladium | 1d A
Hramine | = | Br A | Phosphorus i (R 15
('a-iminm_ ; d 48 | Platinum "t s
Caleium (&N 20 | Plutonium | Pu 04
Culifornivm. or a8 I Poloninm A &1
Carbion C | i Puotassiom K 19
Cerium , L ., L a8 | Praseodymim I’r bl
Clesium (s 55 Fromethium J Pm il
Chlorine Cl 17 | Protactinium | Pa L]
Chronugm r bt Fadmm Itu 58
Cobal,, ., . o G 127 Radon ... .. i Bl
Copper. | €u 29 Ithenium . Ite 75
Curium . . r Cm i Ihodinm Rh 15
Dysproginm Dy fifi Rubidiuem . , Rh 4T
Frnstermium | 0 Es 0 w0 b Ruthenaum : | Itu 44
Krbium, . . | Er [i5] Samarivm.., . ... ..... Sm fi2
Furopinm , Eu 03 Rumdmm J Se 2]
Fermium, | I'm 10 Selenium ., Se 3
e F U || Silicon . Si 14
Francium ., | | Fr 87 Silver. . Ag 47
Gindolinium , = Gd 64 Sodium. . Na 11
Gallium . . . . ] Ga 31 Strontium Sr a8
[Rermanium, Cie 32 Sulfur, .. . B {1
Gold ... .. Au 79 Tantalym Ta el
Hafnium . . A M 7 Technetium Te 41
Helium, ... J  He 2 Tellurium Te 52
Helmium . Hao 07 Terbium. . Th 65
Hydrogen, , 2 B 1 Thalkum Tl 81
Indium. - 11 I Thorium . ., Th )
Toddine . 1 54 | Thulium Tm it
Iridium . . g Ir v Tin.. i Sn 50
Iron.. .. ] ‘e 26 Titanium. . 5 Ti -
Krypton. . .. Jd  Kr 36 Tungsten (Wolfram) W rE ]
Lanthanum L.a 57 Uraninm \! 0?2
17 T e I'b 82 Vanadiom 3 v 23
Lichium . Li 3 Xenon. ... o X 54
Lutecium, ... .. Lu 71 Yiterbium ..., .. .. 4 ¥b il
Mpgnesium, . . Mg 12 Yirmom. ......... i X a4
Minganese . i Mn 25 Zinc............ A %n 30
Mendelevium . . Md | 1o Zirconium..... . . Ze . 40
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AFPENDIX

K

TUBES
Table K Properties of condenser and feedwater heater tubes
Outside Inside Tube mass,
diameter, Gage, Thickness. diameter, Surface area, Waterflow. Ibft
in BWG in n ft/ft gpm/(frys) {Admiralty)
16 0.065 0495 D.1536 0.600 0.435
5 17 0.058 0.509 D.1636 0.630 0.393
18 0.049 0.527 0.1636 0.680 0.337
20 0035 0.555 0.1636 0.750 0247
16 0.065 0.620 0.1963 0942 0.532
34 17 0.038 0.634 0.1963 0. 980 0.480
18 0.049 0.652 0.1963 1042 0.4110
20 0.035 0.680 0.1963 1.130 0.299
16 0.065 0.745 0.2291 1.360 0.630
T8 17 0.058 0759 0.2251 1.410 0.567
18 0.049 0rn 0.2291 1.480 0484
20 0.035 0.805 0.2291 1.560 0.352
16 0.065 0.870 0.2618 1.854 0.727
1 17 0.058 0.884 0.2618 1.910 0,653
18 0049 0.902 0.2618 1.994 0.557
20 0.035 0.930 0.2618 2.120 0404
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Fioure M-1 Psychrometric chart at 1 standard atmosphere.



APPENDIX

N

CONVERSION FACTORS

Table N-1 Some SI basic and derived units

of interést
Type Unit Symbal Formula
Length meter m
Mass kilogram kg
Time second 5
Temperature kelvin K
Force newlon N (kg) fmys®
Pressure pascal Pa N'm®
Energy, work jonle i Nm
Power watl W s
Table N-2 Prefixes of multiples
and submultiples
Factor Prefix Symbaol
1o aito a
1o femio f
1ot pico p
10* b nano n
108 micro Ty
10-* il m
103 - cent ¢
1ot deti . d
10 deka da
10° N hecto h
1 kilo k
0% e M
10° il G
10" tera T
loll Pﬂl P .
10" ' €xa - E
£

822




“rARET Ve 2

Table N-3 Length

light m
A f1 in year mil meron (statute) m
S LS o . .
3 280840 3937008 1.087021 1937008 1 OO0 6213712 [N ET]

] E-10 E-0 E-% E-U6 E - 04 E-18  E- M0
ERITRE R - 1. 200000 _::_:_’nwr' 1 200000 3045000 1.893939 -:r.u;rm
E o+ 9 : E + 0l E-1i E+ E#0s E -0 E =10
‘.’_;:(@ §.333311 2.684839 (R LEVE ] 2540000 1 578283 1530000
£ - D8 E-D I E=18 E+ 03 E+ 4 E-05 E-=02
;_14;5—\0 3 103848 3724618 o 1724618 9 460530 5 H78501 FRT IR
E 2% E* 16 E#+ 13 I £+ 20 E.+:2] E+R2 E #+ 15
2 540000 5 333333 1. 000K 1684839 25300040 1 S7R2E3 2 840000
E + 08 E— 05 E-03 Eo=21 I E<+ 01 E - (8 E - 05
Tme_ ) .’€_:'80H-10 —3.93?003_.-7{]:;“;3_ -.;;';ms 621312 | Q00000
E-M £—-0h E- 05 f=idz E =02 ! E-10 E - D6
| st 5280000  6.336000 1701114 6336000 1609344 1 6093
E -~ 13 E + 03 E+ 4 E = 1) E+ 07 E + 08 l E o+
1. 000000 3 280840 3937008 | DST013 3937008 1000000 6.213712
L+ 10 E+ 00 E + D1 E-1b E o+ W E + 6 E -0 l
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Table N-7 Density

Ib/gal Iho/gal
gem! gl b gt (us) Gmpenaly  in’ tonyd? kg'm!

1.000000 6 242795 B 5403 1.002240 A6IITIR B 427773 1 000000

E+ 0) E40 £+ 00 £+ 01 E =2 E - Q1 E + 03
1000000 6 242795 §.345402 1002240 1612728 B 427773 I.(ﬂmﬂ;i
E ~ D03 : E - D2 E =03 & =R E:~ a5 E- E + 0
I 601847 1 601347 1. 336806 1.605435 5987037 1 350000 l.hﬂ_I;:;
E-02 E+ 01 l E—m E - 0i E-08 E- 02 £+ 01
1.198264 1198764 7480519 1.200G49 4329004 1009870 1198264
E-=-D1 E'+ 03 E+ 0 l E + 0 E-m _ E-0l E +D2
9977648 9577648 6.228841 8.326750 3 A02654 &405933 9.977650
E =2 E+ 0 £+ 08 £ =0} I E-M E~02 E <0l
2 767991 2767991 1728000 2 310000 27091 2 j_msu:I 2 ?h?‘f:f_.

1
E + 01 E+ 4 E+ M E+ 02 E +02 £+ 01 E 4+
|. 186553 ;.ERbSSJ 7407407 G064 1.18921) J__‘I:;‘;Mb'.: __II_b:“—‘
1

£+ 00 E+ 03 E+ E + 00 £+ 0l E - @3 E + 03

1 DOO00 1000000 6 242798 §.345403 1 002240 3612728 E427772

E-0 E+00 £ =D E =03 E~-02 E-05 E-4

Table N-8 Time (mean solar)

day h ms min lunar month year 3

2400000 § 640000 1,440000 3.386319 2.7379%09 8640000

E+0l  E+10 _E+03 E - 02 E-03 E+0
4.166667 3600000 6000000 1410966 114096 3.600000
E-02 | Es 00 £4 00 E-0 E£-00  E+0
1157407 2777778 1666667 3919351 3168876 1000000 <
E=H E-W l Fo.oog E -1 ES M E-o%
o = (continurd) .
ilg - 2 829
z .




Table N-8 Time (mean solar) (Continued)

day h ms Mmin lonar month year 5
6. 944445 1.666667 6. 000000 215161} ! %1326 6. 000000
E -4 E-02 E+ 0 I E-D5 E =06 E 40
2.953059  7.087341  2.551443 4.252408 8.0e5207 2551443
E + 0l E + 02 E+ 12 E+ 04 ' F:'_—Uz .*:':Cﬁ
3652422 B.765811 3.155693 5.259488 1.236427 3 1s556m
E + 02 E+ 01 E+ 13 E + 05 £+ 01 1 E+ 07
1.157407 2.797778 1. 000000 1666667 39151 3108876
E - 05 E- N E+ 06 E - 12 E-07 £~ 08 '
Table N-9 Speed
fth fus n's kmvh kn mih mi/s s
2777718 3333333 3.048000 I.64578% 1 893919 526043 8 466-0;
; E -4 E-03 =0 2-00 x-m Fow E_
3.600000 1.200000 1.097280 5.92484) 6 818182 1 893939 3. 048000
E + 03 : E + 01 E+00 E-m1 g-gq E-6 -
3.000000 8.333333 9. 144000 4.937367 5.681818 1.578283 2.540000
E+ 02 E - 02 l E -0 E-m E - 02 E-05 E-m
3.280840 9113444 1.093613 3.399570 6.213412 1.726031 2171118
£+ E -0 £+ 01 ! E-0 E-0l E-04 E-q
6.076112 1.687809  2.02537 1.B51999 1.150779 3.196608 5 144444
E+ 03 E + g £+ 01 E+ 00 : £+ 00 E-04 E-0
5. 280000 1 466667 1. 760000 1 609344 B.689765 2777778 4 470400
E+ 03 E + D) E+ 01 E + 00 E-m j E - E-m
1. 90080 ,'i-_.’m.n L1l B 116000 5791639 3128 EREEE T [T
E + o7 E-t;_w E+ 04 E + 01 E+ m £+ 03 : E +m
1.1P1102 1.280840 1.155693 3600000 1943845 22496 6.213712 y
E + 04 E 400 E 1+ 4 E+ 00 E+m F o+ m £ - '




{0+ 3 -3 v+ 3 W+ 3 - A oo+ 3 vwo-+3 L+ 3
_ 167508 00000O'L  00096ZT  BOOLEG T 9IL810'1  OVEOBTE  TOMBYL 69615T°F
-3 0-3 00+3 -3 -3 -3 00+3 £0 + 37
HLLIPT'| : QLIbT] ' oCE00T1  GRsESET  G9IS9TL WLORLOY LS99 000085 -
{0+ 3 o+ 3 w+3 "woed o+ 3 €4 3 0+ 3 o1+ 3
L0 | LLbTE0 ¥ : DOUD6T | BRILEL L Glintod Ov808i L TOLIHITY [ 18
s =3 10 - 0 =3 L q (3 RE) = F 0 -3 0.+ 3J
GR9ILL TILELTY  esO9LLL _ CIHLOY  USIR9E L TISLES'T  pprCil’e OFBOST'E
=3 0+ 3 s =3 o+ W -3 w—3 w0+ 3 90 + 3
CoOOPS T SSESTOT  0000RST  OPBIGTE : 6LOC6S T EEECEL'ST  0O000O'E  DOOORU'M
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(K990%°6  OLSE609 DSOS 6 CROOLT OHE0YS € # SOPLIZ € 99T0SU°1L  LSLE9T'®
-3 0+ 3 -3 €0+ 3 o~ 3 w- A 0+ 3 L+ 3
COORMY'E UPSRSET  OOOBFO'T  HOTOSG'E  (0000T L SeRDI ﬂ 000009 0009671
s0 - 3% -9 o+ 3J .-:_ o g0 - 7 M =3 f0+3
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Table N-11 Volume flow rate

cm's in%s fi'/min galtUSymin  gal(imperialVmin L/min m'
6.102374  2.118880 1 545032 1.319816 6.000000 1000000
! E - 02 E-03 E - 02 E- 02 E-02, E-06
1. 634706 3472222 2 597403 » 162792 9832238 [ 638707
E + 01 : E-01 E-01 E - 01 E -0l E-DS
4719474 2.880000 7480520 £.228841 2831685 4719474
£+ 02 £+ 0] ! E+ 00 E + 00 E + 0l E-04
6300020 3.850000  1.336806 8.326748 342 6020
E + 01 E + 00 E-o0 j E -0l E+00 £ -US
;‘;;:ﬁl I 4623654 1605436 1. 200949 4 536087 T.S?bi!l_l
E + 0l E+ 00 E-0 E -0 ] £+ F - 05
;;666? 1017062 3531467 2641721 2.199695 1666667
E+ 01 E+00 E-O E -0l E -0l I E - 05
1.000000  6.102374  2.118880 1.585012 1.319816 6000000
E + 06 E+ 04 E+00 E+ E+04 E+04 T
Table N-12 Mass flow rate
@s kgh BJmin  Ibah ton(metric)/day  ton(shorh  kg's
3600000 1322774 71936642 8 640000 3.968321 1,000000
I E + 00 E-0 E+ 00 E -0 E-m E-m
2717777R 3674371 2204623 2400000 11023 27778
E - by I E -0 E o+ E-m E- 03 E-o04
7559873 2.721554 & (00000 6511730 3 000000 7 559873
E o+ 00 E+ 0 I E+ 01l £ - E-m
(condinmed)



Table N-12 Mass flow Tate (Continued)

£ ih b Jmin Thah toni metric)'day tontshortvh kp's
| 25909 4535924 1.666667 | OERA22 & 000000 | 259979
E-01 E-O E -0 E-0 E-o £ - 04
115747 4 166667 1530988 9185923 -1_5;2%4 1 132407
E -0l E+ 0l E+ 00 E o+ 0 I E - @2 E - 02
2419988 A0TI847 3333333 20000 2177143 2519953
E+0 E+Q E + 0l E+ 0 E+ 01 1 E-™
I_E-:wm 160000 1.322774 7.936642 8 F0000 3.969321
1
E+Di E+0 E + 02 E+ 0 E-01 E + 00 .
4
Table %-13 Force
) kg'force
dwn tor kib) Ih-force poundal N
fgrm) - amel kg kip Iby (ba - frs?) [(kg)mi's?)
1019716 2248089 2248080 7233014 P
1 E - 06 E-09 E-06 g~ 05 £-05
§ S0eesy : 2 204623 z.:m? 7.093165 9.806650
£+ : £-0 £+ Q0 E+O E+ 0
4443222 45809 1LOOD000  3.217405 Py Pra)
E + 0§ E + 02 ] E+ 03 E+ 4 E + 03
4480 4535924 1.000000 3217405 4.448222
E+ D E -0l E-03 I E+01 E 400
1382550 1409808 3108095 3108095 1.382550
E+4 E-m  F-0s £ -0 : E-ol
1 oo "i 1 r;;r;'rm 1 :r.-nn.nn 2_:;;;;_: : e s aliy .
£+ 08 E-01 E-04 E-01 ErQ I
I
¥ g
¢
Lo}
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Table N-16 Energy flux
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Table N-17 Specific energy
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Table N-18 Power
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Table N-19 Power density
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Table N-21 Thermal conductivity
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Table N-23 Specific heat and specific gas

constant
Bu/(Ib XF)  calig’C) 1o Igd0bLCRY) WGETO)
1. 000000 7.835679 4. 1865800
: E+ E+ 02 E + 00
| OO0000 7835679 4 186600
E + 0 I E + 02 £+ 00
1.276214 | 37;-2!-1 534328
- E — B3 E- M : E =03
2. 18R459 2 IB8459 1.E71819
£ =) E-m E - 02 :
-

841



REFERENCES .

. El-Wakil, M. M.: “Nuclear Power Engincening,” McGraw-Hill Book Company. New York, 1962
. El-Wakil, M. M.: "Nuclear Heat Transpon,” American Nuclear Society, LaGrange Park, 111, 1981.
- El-Wakil, M. M.: “Nuclear Energy Conversion,” American Nuclear Society, LaGrange Park, lIl.,

1982

. Oben, E. F.;: "Concepts of Thermodynamics,” McGraw-Hill Book Company, New York, 1960,
. Sonntag, R. E., and G. J. Van Wylen: “Introduction to Thermodynamics,” 2d ed., John Wiley &

Sons. Inc., New York, 1982,

“Thermuodynamic and Transpon Properties of Steam.” The Amencan Socicty of Mechanical Engincers,
New York, 1967.

Camot, 5. "Reflecuons on the Motive Power of Heat,” R H, Thurston (trans., 1924), The Amenican
Soctety of Mechanical Engineers, New York. 1943,

. Keenan, J. H., and J. Kaye: “"Gas Tables,” John Wiley & Sons, Inc., New York, 1943,
. Franck, C. C.: Steam Turbine Developments. “Proceedings of the Amenican Power Conference.” vol

16, pp. 130--147, 1954,

Bennett, S. B., and R. L, Bannister: Pulvenzed Coal Power Plants: The Next Logical Step, Mech
Eng . wvol 103, no. 12, pp. 18-24, 1981

Steam Generator, Power and Sream, vol B, no 5, March 1856

“Steam, lts Generanion and Use,”™ 37ih ed and 38th ed trevised), Babcock and Wilcox Company,
New York, 1963 and 1975.

Singer, J G ted ) "Combustion Fassil Power Systems” Combustion Engineening, Inc . Windsor,
Conn . 1981

Hotel, H C.. and A C. Sarafiim® "Radiative Heat Transfer.” MeGraw-Hill Book Company, New
Yok, 1907

“ASME Boiler and Pressure Vessel Code,” sev 1, "Power Bolders Addenda,” The Amencan Society
Vs

’ T . .- v epmn
B T L Cuk, June 1970

W

Speneci, BT Design of Double Keheat Lurpines tor Supercritical Pressures,” preseaded at the 12
annual mecting of the American Power Coaference. Chicago. 111, Apnl 1980
“Fan Engineenng. An Engineer’s Handbook.” Tth ed. . Huffalo Forge Co., Buffalo, N Y., 1970



POWERPLANT TLCHNOLOGY B4

18. "Power Plant Fans: Specification Guidelines,” Publication 801, Air Movement and Coriteo] Association
(AMCA), Arthington Heighus, LI, 1977,

19, “Test Code fur Sound Rating Adr Moving Devices,” Standard 300, Ag Movement and Control
Association, Arhington Heighrs, 11, 1967

20. Stern, A C. ted ). “Aar Polluton,” vol. 1, 2d ed., Academic Press, ., New York, 1968,

21, Carson, J. E. and H. Moses: The Valudity of Several Plume Rise Formulas, J. Air Podlur. Central
Asroc. ol 26, na 11, p. 1089, 1976 ‘

22 Bnggs. G A "Plume Rise” Atomic Encrgy Conumission Critcal Heview Senes, TID-25075,

i Washington, D.C . 1% !

23 Wark, K., ard € F Wamer; “Aur Pollution, Its Ongin and Centml,” M ed | Haper & Ruw,
Publishers, Incorporated. New York, 1981 1

24 Shade, I} H ted ) “Metcomlogy and Atomic Encegy.” Atomic Encrgy Cemmission Publication
TID-14190, Washington, D.C.. 1963,

25 Cramer. H. E: A Pracucal Method for Estimating the Dispersal of Atmospheric Contaminants,
“"Proceedings of the First National Conference on Applied Metcorology.” Hartford, Conn., October
28 and 29, pp. C-33-C-55, The Amencan Meteorological Society. Boston, Mass., 1957,

26 Lambers, W.5 , and W T, Rewd, “A Graphical Form for Applying the Rosmnand Hammler Equation
for the Size Distribution of Broken Coal,” U.S. Buseau of Mines Curgular 736, 1946,

27, Diesel, Rudoll "Theory and Construction of a Retatioaal Heat Motor,” Bryan Donkin (irans. ). Loadon,
1894 ' .

28, Anderson, Joha: Pulverized Coal Under Central Station Boilers, Power, vol. 51, no. 9, pp. 336-339,
March 1920 (21w, other articles on the topic in the same issue.)

20 Blirzard, John “Tramsportation and Combustion of Powdered Cral,” U'S Bureau of Mines Bulletin
217, Gosernment Printing Office. Washington, 10.C., 1923

300 Nusselt, W The Combustion Privess 1 Pulvenzed Coal Fugraces, VI Zeitiekefi, wal 68, no b,
pp 12128, Februany 1924

3. Van Heerden, C, A BB Nobel,and 13 W van Krenelen, Stadies of Fiwdizsnon, 1 The Critical
Mass Vehiwity, Chem Eng St _val 1Lopp 37 49, 1952

32, White. P C.. R L. Zahradnik, and R E. Vener: “Coal Gasification.” Office of Fossil Energy, ERDA
Quarterly Report, Julv=September 1975

33 Kydd. P Ho “Imtegrated Gasiheation-Gas Turbine Cycle Performance.™ General Eleciric Compuany
Techmical Informanon Series Report No. 75CRDO2L, March 1975.

3. Othmer, D. F.: Energy-Fluid from Solids, Mech. Eng., pp. 29-15. November 1977,

35. "Environmental Development Plan Biomuss Energy Systems.” 'S Department of Energy Report
No. DOEEDP-M2, September 1979, . o

36. "JANAF Thermochemical Tables,” Thermal Research Laboratory, The Dow Chemical Company,
Midland, Mich., issued between 1961 and 1966

37, Church, E. F.. "Stream Turbines,” 3d ed., McGraw-Hill Book Compamy, New Yok, 1950,

38, Fowler, I E.,and E H. Miller: "Some Aspects of Efficient Last Stage Buckets for Sieam Generators,”
General Eleciric Company Repont No, GER-2630, preseated at the ASME winter annual meeting,
Los Angeles, Calif . Nowvemnber 1060,

39. Baily, F. G., and E, H. Miller; “"Modern Turbine Designs for Water-Cooled Reaciors,” General
Electric Company Repont No. GER-24527also in Nwcl. Eng.. January 1967,

40. Cowgill, T_, and X Rubbins: Understanding the Observed Effects of Erosion and Corrosion in Steam
Turbines, Power, p 18, Sepiember 1976 )

4l. Baily, E G, K €. Cotion, and R. C. Spencer: “Predicting the Performance of Large Steam Turbine-
Generators Operating with Saturated and Low-Superheat Steam Condutons.” General Electrie Com-
pany Report No GER-20534 presented al 29th annual meeting of the Amencan Power Conference,
Chicago, 11, Apnl 1567

22, Spenned, BOCLE T Ciran and © N Cannon: A Method for Predicting the Parformance of Steam
burtne-witiviaion 16,500 kW and Larger, “Transactions of the Amencan Socicty of Medhanical
Engineers,” ser. A, J. Eng. Power, vol. B3, p. 249, 1963,

43, Hohn, A Rotors for Large Steam Turbines, Brown Boveri Rev.. vol. 60, no. 9, p. 404, September

*1973. Y
i -
. <



844 FOWERPLANT TECHNOLOGY

a4,

45,
46,
47

48,

@9,
50,

|

54.

b 5

56.

57,

58.

59.

61.

62.

63.

&

Keller, C., and D. Schaudt. “The Helium Gas Turbine for Nuclear Power Plants,” A report of the
Brown Boveri Sulzer Tusbomachinery, Lid | The Amencan Socicty of Mechanical Engineers papes
No. 67-GT-11), March 1967,

Cohen, H., G. F. C. Rogers, and H. I. H Saravanamutico: “Gas Turbine Theory,” 2d ed.. John
Wiley & Sons, Inc., New Yark, 1973,

Shephend, 13, G "Prircyples of Turbomachinery,” Macmillan Publishing Co., Inc., Ncw York, 1956,
Gebhart B, "Heat Transfer,” McGraw-Hill Beok Company.-New Yoek, 1961, *
“Construction Standards for Surface Type Condensers for Ejector Service,” The Heat Exchange
Institute, New York, 1972, 3
“Standands for Closed Feedwarer Hearers,” i ne Heat Exchange Institute, New York, 1968,
“Standards of the Tubular Exchanger Munufl turers Association,” Tubular Exchanger Manufacturers
Association, Ine., New York, 1959,

. Cooling Towers, A Special Repont, Power, f 1. 5-1-5-24, March 1973,
52,
53.

Marks, R. H.: Cooling Towers, A Special Renart, Power, pp. 5-1-5-16, March 1963.

Kadel, 1. O.: Cooling Towers—A Technolog :al Tool to Increase Plant Site Potentials, “Proceedings
of the American Power Conference,” vol. 327 pp. 539-543. 1970,

“The Naise of Cooling Towers,” Enginecring Manual No. 251, prepared jointly by Baltimore Aircoil
Company, Inc., subsidiary of Merck and Co., Inc., and Bolt Beranek and Neuman, Inc., acoustical
consultants, 1971,

Sneck, H. J.. and D. H. Brown: “Piume Rise from Large Thermal Sources such as Cooling Towers,"
General Electric Technical Information Series Repon No. T2GEN025, November 1972,
Hollingshud, W. R.: “Chemical and Microbiological Corrotion, Cooling-Water Treatment, and Pol-
lution Considesauons,” the Caigon Corporation, Pitsburgh, Penn., Cooling Tower Short Course,
University of \\-"s'r"s'n Madivon, Wis., October 1973

bBanz, J A and J. & Maulbetzch: Are Dry-Cooled Power Plants A Feasible Aliemative?, Mech.
Eng., vol. 103, no. 'Ifl pp. 3441, October 1981,

Opiatka C -z Prevention of Frost Damage in Dry Cooling Towers, Brown Boveri Rev., vol. 65, pp
555-564, August 1978

Patierson, W. D., J. L. Leporati, and M. J. Scarpa: The Capacity of Cooling Ponds to Dissipate
Heat, “Proceedings of the American Fower Conference,” vol, 33, PP 46456, 1971,

- Rao, Do K. and R. W. Porter: Closed-Cycle Evaporative Cooling Systems: Their Off-Design Per-

formance, Mech Eng.. vol. 103, no. 12, pp. 4045, December 1981,

Lorenzi, D. J, and R W. Porter: Simplified Analysis of Surface Energy from Heated Bodies of
Water, in 5. Sengupra (ed.), "Advances in Heat and Mass Transfer a1 Air-Water Interfaces,” The
American Sccicty of Mechanical Engineers, New York, pp. 93-101, 1978.

Edinger, J. E.. and J. C. Geyer: "Heat Exchange in the Environment.” Edison Electric Institute, New
York, 1971.

"Spray Ponds. the Answer to Thermal Pollution Problems," a report by Spray Engineering Company.,
Burlington, Mass,, updated,

. Bartholomiaci, N. T.. Atrcrafl Gas Turbines in Industnial Service, Lubrication, vol. 56, no. 7, pp

BY-100, 1970

. “Tables of Thermal Properties of Gases,” U. S Department of Commerce, National B of Standards

Circular 564, November 1955,

66. Gasparovic, N * “Gas Turhines and Combined Cyecles: Their Status Nowadays and Their Application

67.

for Power Generation,” pnvate comespondence, Januvary 1952

Gasparovic, N, and J. G Hellemans: Gas Turbines with Heat Exchanger and Water Injection in the
Compressed A, “Proceedings of the Instietion of Mechanical Encineers.” vol 145 6671, pp
953-961, 19701971

. Gasparovic. N . and ) Stapersma Gas Turbines with Heat Exchangers and Water Injection in the

Compressed Awr, Combastion, pp. 6-16, December 1973

. Singh, F. I'., "Formatica and Control of Nitrogen Oade Emissians from Gas Turbine Combustion

Systems,” Ihe Amencan Sovmiv of Mechamcal Faminears mangr N TLGT-22, 1972,
Sweigert, K L, and N W Beardsley: Empincal Specific Heat Equatwns Based on Spectroscopic
Data, Ga. Sch Technol! Tech Bull , vol 1, no. 3, June 1918



.

-
[ )

73.

74,

76,

i

78.

9.

80.

8i

86.

87,

B8,
89,

93

e

RETFRENCTS 845

Caruvana, A., and G. A, Cincotta; High Temperature Turbine Techaology Advancements, “Pro-
ceedings of the American Power Conference,” vol. 44, 1982

. Mubkberpe, D. K The Couling uf Gas Turbine Blades, Brewn Buseri Rev., wol, (A, pp. 47-51,

Tanuary 1977

Alff, R. K., W. G. Taylor, R. C. Sheldon, and D). M. Todd: Coal-Denved Flexsbility for Today's
Combined Cycles, “Proceedings of the American Power Conference,” vol. 42, pp. 101=111, 1980.
Felix, P. C.. Pracucul Experierce with Crude and Heavy Qi m Swiwasry Gas Turbines, Hrown
Boveri Rev., vol. 66, pp. 89-96, February 1979,

. Scheirer, 5. T, and H L Jacger: The Combustion Turbine: Future Design and Fuel f".‘!'rbslil}-.

“Proceedings of the Amencan Power Conference,” vol. 43, pp. 325-334, 1931

Felix, P. C.: Corrosion and lts Prevention in Modern Stationary Gas Turbines, Brown Bo eri Rev.,
vol. 64, pp. 40-46, January 1977

Foster-Pegg. R. W.: Combined Cycles have Potential for Cleaner, More Economical Use of Coal,
Power Eng., vol. 86, no. 4, pp. 80-84, April 1982,

Wunsch, A ; Combined Gas/Steam Turbine Power Plants—The Present State of Progress a.d Future
Developments, Browa Bover: Rev., vol. 63, pp. 646655, October 1973,

Sined, R. J., and R. G. Wood The Selection and Design of a New Combined-Cycle Plant-STAG,
“Procecdings of the Amencan Power Conference,” vol. 34, pp. 292-301. 1972

Sokolowski, P F =™ A Schwartz: Design and Development of High-Prescure Modular Heat
Recovery Steam Generators for Gas Turbine-Steam Turbine Combined Cycles, "Proceedings of the
American Power Conference,” val. 34, pp. 310-330, 1572

Buland, C. R, and R. D Pattensan. A Urique Combined-Cycle System 10 Meet Utility Intermediate
Cychng Loads, “Proceedings of the American Power Conference,” vol. 34, pp. 302-309, 1972
Kirpart. 8. P.. and M. M. Nagib: Combined Helium-Steam Cycle for Nuclear Power Plants, Moch.
Eng.. vol 93, no. B, p. 14, August 1971, '

. Rose, D. and M. Clarke, “Plasmas and Controlled Fusion,” John Wiley & Sons, Inc , New York,

1961.

. Katcoff, § - Fission Product Yields from U, Th, and Pu, Nucleomes, vol. 16, no. 4, p. 73, 1958,
85.

Wau, B. E.. Energy Spectrum of Nevtrons from Thermal Fission of U™, Phys. Rev., vol. 87, p
1037, 1952

Blatt, B. E_, and V. F. Weisskoff. “Theoretical Nuclear Physics,” John Wiley & Sons, Inc., New
York, 1952

Hughes, D. J., and R. B. Schwariz: “Neatron Cross Sections,” U.S. Atomic Energy Commission
Report ANI.325, Jded., 1958

The World List of Nuclear Power Plants, Nucl, News, vol. 25, no. 2, p. 83, February 1932,
Glasser, T. H.: "Basic Equations fo. Predicting Performance of a Neclear Power Plant Pressurized.”
presented at the Second Nuclear Engincering and Science Confeence, Philadelphia, Penn., The
American Society of Mechancal Engincers paper No. 57-NES-95, March 1975,

. Lacey. P. G.: “Fine Suucture Power Peaking in a Critical Experiment Mockup of a Chemical Shim

Caore,"” V'SAEC Report No. WCAP-3723, March 1963,

_ Aisu, H R F Barry, and P. G Lacey: “Load Variation Restrictions in 2 Chemically Poisoned Large

FWR Core,” USAEC Report No. WCAP-3724, March 1963.

Cohen. P. and H. W Graves. It Chemical Shim Control for Pewer Reactors. Nucleonies, vol. 12,
nu. 5, p. 75, May 1904,

“Final Facility Descnpuion and Safety Analysis Report, Wisconsin Electne Power Company, and
Wisconsin Michigan Fower Compans Point Beach Nuclear Plant, Umits [and 2,7 U8 Awomic Encegy
Commssion, 1969

“Hrown's Ferry Nuclear Power Sution,” Tennessee Valley Authonty. dosign and analysis repon,
(R3]

Commuonw calth Edison Company, pavale comrespondence

DUt R CL7 L B Beal,, . T K. DeBour, T. C. Oviazs, ™ F Molino, WS, Rphueli. and
WoOR Swka Gas-doowe, Swurn vrsmum, DAO-Motieict Beser Reactor: Reactor Design
and Feasimlty Problem™ U S Awomic Energy Commission Repert CF-56-8-207 (Del), August
1956,



97,

bl

100.

101

102,

103,
104

105,
106,
107

108.

109.

110.

(AR
12

111

114

15

116.

17,

POWERFLANT THCHNOLOGY

-
Alikhanov, A 1., V. V. Viadimirsky. P, A. Petrov, and P. 1. Khnstenko: A Heavy-Water Power
Reactor with Gas-Cooling, J. Nucl. Energy. vol. 3, pan 2, pp, 77-82, August 1956
Calder Hall, A Special Repont, Nucleonics, vol. 14, no. 12, December 1956,

. Hinklcy Point B, A Special Survey, Nucl. Eng., vol 13, pa 147, pp. 652-668, mpmu 1948

Jay, 5., and W. V. Goeddel “High-Temperature Gas-Cooled Keactor Fuels and Fueld Cycles—Their
Progress and Promise.” General Atomic Repont Noo GA-748, December 1966, ’

Hoss-Hess, oA and K. L. Smith: “Pressure-Tube Development for Canada’s Power Reactors,”
The Amencan Society of Mechanical Engincers paper No. 64-WANE-S, 1964, 1
Civilian Power Reactor Program, Pan NI, TID-8S151), Status Report on Fast Reaciors as of 1959,
U'S Atomie Energy Commission, 1960

Dounreay "Nuel. Eng.. vol. 2, no. 15, pp. 239-245, June 1957,

Glasstune, 5., and A Sesonske, "Nuglear Reactor Esgincering,” I Van Nostrand Company. Inc .
Princeton, N1, 1963,

CRER, Westinghouse Electric Corporation. Technical Progress Report No. CRBRP-ARD.0270, 1950
Laleski, C P Svience, vol 208, no. 4440, pp. 137-144, April 1950,

The Creys-Malville Power Station, translated from Bufl. Inform. Sci. Tech., no. 227, January 1973,
French Atomic Encrgy Commission, April 1980,

Potter, R W, II: Geothermal Encrgy. an Assessment, Mech Eng.. vol. 103, no. 5, pp. 20-23. My
1981

United States Geological Survey, Circular 790, 1979 (See Muffler, L. 1. P.. and M, Guffanti:
“Assessment of Geothermal Resources of the United States—1978," pp. 1-T; also see Brook, C. A,
et al “Hydrothernis] Convection Systems with Reservoie Temperatures —90°C," pp. 18-85.)
Ellis. A 1 Geotherma! Systems and Prwer Devedopment, Am Sei . vol 63, pp S10- 521, September-
Oxtober (975 L]

Price, [ M T"I‘J"F Cicothermal Energy for Power. Power. vol, 123, no 10, October 1979
Nordyke. M. D 2 "Peacetul Uses of Nuclear Explosions.” International Atomie Encrgy Apency Report
No PLO38S.12, 1970

Charlsen, M - Geothermal. New Potential Underpround, EPRIL  val 6ono 10, pp 18-25, December
1981

Austin. A B and A W Lundh.-:‘g. Elecine Power CGenetation from Geothermal Hot Water Deposits,
Mech Fae.. vol. 97, no. 12, pp 18-25, December 1975

Kestin, ], R DiPippo, and H. E. Khalifa: Hybnd Geothermal-Fossil Power Plants, Mech. Eng., vol
100, no. 12, pp. 28-35, December 1978,

Duffic. J. A, and W. A. Beckman. “Solar Engineeing of Thermal Processes,” Jolin Wiley & Sons,
Ine., New York, 1980, .

Thekackara, M. P.: Data on Incident Solar Encrgy, "Supplement to the Proceedings of the 20th Anual
Meeting of the Instimte for Environmental Science,” vob. 21, 1974,

- Bamleson. K. W.: “Solar Power Design Guide: Solar Thermal Central Receiver Power Systems. A

Source of Electricity and/or Process Heat,” Sandia National Laboratories Report No. SAND 81-8005,
April 1981,

« “Solar Central Receiver Hybrid Power Systems Sodium-Cooled Recciver Concept,” Rockwell Inter-

netwonal Encigy Systems Group Report No. DOE/ET-20567-1, January 1950.
“Solar Central Receiver Hybrid Power System (Nitrate Salt).” Mantin-Marietta Company Report No.
DOEET T-21038.1, Sepiember 1979,

- "Solar Thermal Conversion to Electricity Utilizing a Central Receiver, Open Cycle Gas Turbine

Design.” Black and Veech Co;sul:ing Engineers, Electnic Power Rescarch Institule Repont No. EPRI-
ER-652. March 1978,

- "Closed Brayton Cyele Advanced Central Receiver Soly Electric Power System.” Bocing Enginecning

and Construction Co, Report No. SAN/1726-1, November 1978

- "Combined Cycle Solar Central Receiver Hybrid Power System,” Bechtel National, Ine. Report No

DORET. 210801, Navember 1979,

124. “Central Receiver Solar Thermal Power System, - McDonneit Duglas Astronautics Company Repon

No. MDC G6776, DOE/SAN-1108-76-8, October 1977,



125

126

125

129,

130

138

139

145

(B3]

147

148
144

REFFRENCES 847

Licbowstz, L., and Hanseth, E.; Solar Thermal Technology—{hatlook for the 8Os, Mech. Enp . vol
WK, no. 1, pp. 30-35, January 1982,

Solar- Thermal Elecinc. Focal Point for the Desert Sun, EPREJ.. val, 6. 00 10, pp, 36—41, December
1281

Walf, M. "Methods for Low Cost Manufacture of Silicon Solar Amws.” The American Society of
Mechanical Enginecrs paper No. 74-WA/Encr-4, presented at the ASME annual mecting, New York.
November 17-22, |474

Kanel, € “Introduction to Solid State Physics,” John Wiley & Sons, Inc., New York, 1956,
Loferski. J. J: Theorencal Considerations Governing the Choice of the Optimum Semiconductor |
Photovoltic Solar Energy Conversions, J. App. Phvs., vol 27, pp. T77-T84, 1956

Glaser, P E - Power from the Sun, Mech. Eng., vol. 91, no, 3, pp. 2024, March 1969. (Alsa sc.
Science, vol. 162, no 3856, pp. 857-861, November 22, 1968.)

Heredeen, R. AL, and T. K_ Rebitzer; Energy Analysis of the Solar Power Satellite, Science, vo
205, oo, 4405, pp. 451454, August 3, 1979,

Glaser. P. E.: Economic and Environmental Costs of Satellite Selar Power, Mech. Eng., vol. 100,
no. 1, pp. 31-37, January 1974,

- Brust, D “Physcal and Dynamic Meteoralogy,” Cambndge University Press, 1941,
- Rung, B U Large-Scale Balance of Kinetic knergy in the Atmosphere, Mon. Wearher Rev.. vol.

B4, po. 11, pp. BIT-AIG, Vo emhar 10RE,

. Hirschfeld. F.: Wind Power-Pipe Dream or Reality?, Mech, Eng., vol. 99.n0. 9, pp. 20-28. September

1977

36 Wegley. H LM M Orgill.and R. L Drake: "' A Siting Handbook for Small Wind Energy Conversion

Systems,” Pacific Northwest Laboratories, Richland, Wash., Repon No. PNL-2521, 1978,

. Proreedings of the fonlerence and Workshop on Wind Laergy Chamactenstics and Wind Energy

Siting, 1979, Pacific Northwest Laboratories, Richland, Wash.. Report No. PNL-3214, January
1980

Justus, €. G, W R Hargraves, and A. Mikhail: “Reference Wind Speed Distributions and Height
Profiles for Wind Turbine Design and Performance Evaluation Applicaticns,” Energy Rescarch and
Development Adminustration Report No. ORO/5108-76/4, August 1976,

Ramler, I R, and R. M Denovan: “Wind Turbines for Electric Utilies. Development Status and
Econormcs,” Report No. DOEINASA 1028-79/23, 2d pnnting, prescaied at the Terrestrial Energy
Systezns Conference of the Amenican Institute of Acronautics asd Astmnautics, Orlando, Fla., June
1979.

. Dodge. R A and 1. ] Thompson: “Fluid Mechanics,” McGraw-Hill Book Company, New York,

1937.
Davis, C. V., and K E. Sorcnsen (eds.), “Fandbook of Applied Hydraulics,” 3d ed., McGraw-Hill
Book Company. New York, 1969

. Walters, 5.: Power in the Year 2001, Part 2—Thermal Sca Power, Mech. Eng.. vol. 93, no. 10, PP

Y25, October 1971

"Vorld Atlas of Sea Surface Temperatures,” H.O. Publication No 225, Xd ed , U5, Naval Hydro-
<raphic Office. Washington, D.C., 1944
Clasde. G Power from the Tropical Seas, Meck. Eng . vol, 52, oo 12 pp. 1039-1044, December
154

Koe R Coand DB Othimer Controlled Flash Evaporation, Mech. Erg . vol 93, no. §, pp 27-31,
May 1971

Amderwn, JH Cand ] Anderson, Jr Thermal Power Trom Ses Water. Mech Eng |, vol 858, no
4.pp 41360 Apnl Puen (Sec also Power from the Sun by Was of the Sea?, Power, January-
February 1965 ) '

Hogben, N Land b1 Lamb Ocean Wave Stansties.” Natwmal Phvsical Laboratory, London, Her
Magests s Stationan (Mie 1%
Lamb: H “Hydnsdyeoas ="shed | Dover Pubhoabions, Nen York, 100D

Miler Prompoon, L 50 Dlauissal ciyuiady lamive, 3 e . Masiini2r Publishine Co | Ine
New York, 1955




848 FOWERPLANT TECHNOLOGY

150

151,

152.
153,
154
155,
156
157
158
159.
160.
161.
162.

163

164

167,
lﬂg.
169.
170.
171.

172.

173.
174,

175,
176.

Martin, M D.: “Power from Occan Waves,” The Amencan Socicty of Mechanical Engineers paper
No. 74-WAPur-5, presented st the ASME winter annual mecting, New York, November 1974,
Wave Motion Can Be Used to Tap Wind Encrgy, Energy Int., pp. 19-20, April 1975,

Darwin, G H.. “The Tides," W. H. Freeman and Company, San Franciscn, 1962 Origipally published
in IRSR.

Gray, T. J.. and O K. Gashus (eds.): *Tidal Power: Proceedings of the Tidal Power Conference,
Nova Scous, 1970, Plenum Press, New York, 1972,

Data supplied by Madison Gas and Electric Co., Madison, Wiy, 1982, i
CAES—It's More than Hot Air, S Report, Mech. Eng., vol. 104, na. 1, pp. 20-23, January 1982
Hoffeins, H , N Romeyke, and D. Hebel: Commissioning the First Air Storage Gas Turbine Set,
Hrown Baveri Rev., val 67, pp. 465-473, August 1980

Fullman, R L : "Energy Storage by Flywheels," General Electnic Company Repont No. TSCRINST, -
April 1975.

Walters, S.: Briefing the Record, Low-Loss Energy Storage Flywhkeel, Mech, Eng., vol. 99, no. 9,
Pp. 4849, September 1977,

Boom, R W and H. A. Peterson: Superconductive Energy Storage for Power Systems, "Proceedings
of the 1972 Intermag Conference,” Kyota, Japan, April 1972.

Grover, F. W.: Formulas for Mutual and Self Inductance, Bull. U.5 Bur, Smmf vol, 8, no. I,
1912.

Boom, R. W, and R F. Bischke: Inductor-Converter Superconductive Magnetic Energy Storage for
Electric Utlny Usage, Phys. Technol., vol 13, pp. 18-27, 1982

Gilli, P. V., and G. Beckmann: "The Nuclear Storage Plast—An Economic Method of Peak Power
Generation,” Paper No. 4 1 10, Ninth World Energy Conference, Detroit, 1974

Gawron, V . and J. Schroder: “Proceedinags of the Fourth Eurapean Symposium on Fluorine Chem-
istry,™ Ljublijana, Yugoslavia, 1972

Bundy, F G = “Power Generating Plant with Nuclear Reactor-Heat Storage System Combination,™
U'S. Patent No 3,848,416,

Schulten R, €. B Van der Decken, K. Kugeler, and H. Bamen: Chemical Latent Heat for Transport
of Nuclear Energy over Long Distances, “Proceedings of the Brush Nuclear Energy Society Inter-
national Conference on The High Temperature Reactor and Process Applications,” 1974

. Hanneman, R E . H. B. Vakil, and R. H. Weniorf, J1.: Closed Loop Chemical Systems or Energy

Transmission, Conversion and Storage, "Proceedings of the Ninth Intersociety Energy Conversion
Engineering Conference,” 1974,

Van Wylen, G. J., and R. E, Sonntag: “Fundamentals of Classical Thermodynamics,” 2d ed., John
Wiley & Son, Inc., New York, 1973, chap. 12.

Golibersuch, D. G, F. P, Bundy, P, G. Kosky, and H. B. Vakil: “Thermal Energy Storage for Utility
Applications,” General Electric Company Report Nu. 75CRD256, December 1975.

Myers, P. 5.: “Automobile Emissions—A Study in Environmental Benefits versus Technological
Costs,” Society of Automotive Engmccrs paper No. 700182, 1969,

Taylor, F. E., and G. A. M. Webb: * ‘Radiation Exposure of the U.K. Population,” Nauona! Ra-
diological Protection Hoard Publication No. NRPB-RT7, 1978

Council on Environmental Control: “Gldbal Encrgy Futures and the Casbon Dioxide Problem,” U 5
Government Pninting Office, January 1981,

Cowling, E. B., and J. N. Galloway: Effects of Precipitation on Aquatic and Terrestrial Ecosystems:
A Propased Precipitation Chemistry Network, J’ Air Pollur. Contrdd Assoc., vol. 28, no. 3, pp
228-235, March, 1978, .
Wark, K., and C. F. Wamer: “Air Pollution, its Orgin md Control." 2d ed., Hdrper & Row,
Publishers, Inc.. New York, 1981,  _

White, H. J.: "Industnal Electrostatic Precipitation,” Addison-Wesley Publishing Company, Inc.,
Reading, Mass., 1973

White, H 1.: Modern Electrical Presipitation, fud. Eug. Chern, vol. 47, no, 2, pp. 932-939, 1955,
McCain, 1. D., J. P. Gooch, and Wi B. Smith: Results of Field Mcumnts of Industrial Particulate
Sources and Electrostatic Pmcrpumot Performance, J. Air Pellut. Control Assoc., vol. 25, no. 2, pp.._
II‘F—I!I 1975. 0 .

o

a

£



180

151
182

154
18§

186

187,

193.

194

REFERENCES 849

Fabne Falter Systemy Sredy, “Handbook of Fabne Filter Technology.” vol 1. PB20-648, APTD-
069N, Natonal Technical Information Service, December 1970

e Preswient’s Commisson on the Accident at Thice-Mile Island, 1 G Ketrieny, Chairshan, YW ash.
wigton, DC | Dutober |979

- Jobns, H E and 1 R Cunningham. “The Physics of Radiology,” Charles € Thomas, Publisher,

Springfield_1ll 1960 ;

Amx, F H, and W € Roesch (eds ) “Radiation Dosimetry.” vol |, Academsc Press, Inc , New
Yark, 1968

Blatz, Ho " whiological Health,” MoGraw-Hill Book Company, New York, 1953

Glovma, E 1 and H O Ledbetter: “Principles of Radiological Health.” Marcel Dekker, New York,
L9y

Duhamel, A M F fed ) “Health Physics.” vol. 2, pt. 1. Progress in Nuclear Energy Series NI,
Pergamon Pross. Oxford . 1969

Cember, H. Intnaduction w Health Physics,” Pergamon Press, London, 1069

Uptom, A €~ The Binlogical Fffects of Low-Level lonizing Radiation. Sei Am . val 246, no 7
PP 4129, February 1982

Gilbertson. ] The Fraudulent Nuclear Waste Controverss, F usion, vol 2, no 4. PP M-30. Janvary
1979,

Cohen. B L. The Dispusal ol Radioactive Waste, from Fission Reactors, S Am_ vol 236, g
21-31, June 1977

Sokol. J. P, and M H Cooper Radioscnve Waste in Perspective, Nuci Eng Dre . Westinghouse
Nuclear Fpergy Svstems. pp 15-28, 1479,

“Tables of Therodinamic Propernes of Ammonia,” U'S Bureau of Standards Depariment of
Commerce Circular No 142, Apnl 1923

Pery. ROH . and € H Crdlton (eds ). “Chemical Engineer’s Handbook.™ Sth ed . McGraw -Hill
Book Company, New York 1973

Meisel, C 1, and A Stapiro “Thermodvnamic Properties of Alkali Metsl Vapors and Mercury ™
2d rev. ed., General Elecing Flight Propulsion Laboratory Report No RSOFPD3SE-A, Novermber
19640,

- Hoegerton, 1 F . and R € Grass (eds ). “Reactor Handbook,” vol 3, “Engwneenng. Sclécied

Reference Matenal,” U S Awmic Energy Commission, August 1955

“Tables ofthe Thermadvnamic Properties of Gases,™ U.S. National Bureau of Standards Circular No
564, November 1955

Maody. L. F . Friowon Facrors for Puss Flaws, "Transactions of the Amencan Susety of Mechanical
Engincers ™ vol 66, pp 671664, 1944



INDEX

Above-ground pumped-hydro energy storage,
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Adiabatic combustion temperatures, 168
Adiabatic compressed-au energy storage, 081
Adiabatic reversible process, 3, 10
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Acolipile stcam turbine, 174, 175
Aceroelectric wind machines, 624
AGR nuclear reactor, 434
Air:

thermodynamc properues of, 12, 314, 809,

810

with combustion products, 811-815
variable specific heats of, 6
Air cooling an gas turbine blades, 336
Air mass in solar radiation, 537
Air preheaters, 102
recuperative (Lpungstrom), 103
regenerative. 103
Ammoni
10 OCean encrgy, AR, H39
thermodynamic properties of saturated,
792, 793
superheated, T, 708
Anderson (closed) ocean energy cycle, 638
Anthracite coal, 124
Approach femperature of ronhng tower., 1854
Aguiier, 508 AS1
Array, photovoltaw, 871
Arsonval, Arséne d', 029
Ash, 128
removal of, 140

Atmosphere
constituents of, 712
oxides of carbon, T16
oxides of nitrogen, 714
oardes of sulfur, 713
particulate matier, 722
stability of, 113
Atom, structure of, 355, 356
Altemperation, steam generator, 116
Axial thrust of turbines, 195

Baghowe, 738

Balanced-draft steam generator, 106
Ball-and-race coal pulvenzer, 135
Ball-tube muil coal pulvenizer, 135
Band theors of solids, 875

Base-load powerplants, 674

Bay of Ranve tidal plant, 667

Beam solar raduation, 537

Binary exwle. geothermal, S18
Biotopical effects of nuclear waste, 787
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Hoithing-water reactar, 417
General Electnie design, 428
jet jump in, 422
load following i, 421
nuclear fuel'sn, 427
recirculanion in, 419
steam drying in, 425
Hotloming cyele, enpeneration. 74
Bradford breaker, 134
Hrayton cycle
deal, 312
intercoaling in, 325
modifications of, 323
nonideal. 318
optimum pressure ratio an, 316
regencration in, 323
reheat in, 326
with variable speaific heats, 331
work of, 315, 319, 320
Breeding, nuclear, 456
gain, 459
ratio, 454
Briggs flize dispersion model], 113
Brooks coil, 694
Burner:
nuclear reactor, 458 .
pulvernzed-cond, 137
Burnup, nuclear, 33

Canals, spray conling, 303
Candu heavy-water reactor, 448
Canister, nuclear waste, 762
Caibon dioxide
in the atmosphere, 716, 718
and the greenhouse effect, 717
properties of, 807, 8§08
as reactor coolant, 433, 434
Carson and Moses flue dispersion madel, 112
Caverns, 681,
Central receiver, solar, 550
world experience with, 559
Chemical reaction energy storage, 705
Chemical shim, nuclear, 391, 412
Chromosome 78
Circulating-water system, 260
cooling lowers, 268-300
intake, 265
Inkes and ponds, 300-303
makeup, 281
spray ponds and canals, 303-307
thermal pollution from, 742
Claude, Georges, 631
Claude (open) ocean energy cycle, 631
with contralled fash evaporation, 636
with fresh-water coszncrai:on. 638
Clans suMur predusticn m ..: wd, 732
Clausius statement 16
Clearness index, solar, 538

Clinch Raver Bieeder Reactor (CRER)
praject, 463
Coal, 123
analysis of. proxumate, 125
ultimate, 125
finng of, 128
gasification of, 153
heaung value of, 125, 127
hquifaction of, 157
pulverizing. 132, 138
tun-of-mine, 133
tvpes of, 123-124
Coal crushers, 133
Coelficent of speed Nuctuation of Aywheels,
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Cogeneration, 72
Collection efficiency, 720, 736
Combination turbines, 2t
Combined cycles:
with gas and steam, 31|
with heat-recovery boiler, 342
with multipressure steam. 345
in nuclear plants, 351
with gasified coal, 155
in solar systems, 568
Combustion:
o inesclone furnave. 1410
exgess arr in, 140
fAundized-bed, 142, 145
heat of, 161
temperaturey of, 167, 168
Compound doubling time, nuclear, 461
‘ompressed-air energy storage, 681
adiabatic, 681
at Huntorf plant, 683
hyvbnd. 651
at Soyland plant, 684
Compressed water, subcooled, 13
thermody namic properties u[ 7?4—??7
Compressibility factor, 11, 12 .
Compressor:
elficiency of, 319
. intercooling, 325
work of, 22, 315
Condenser:
direct (open), 220
harometric, jet, 222
spray, 220
surface (closed), 223
deaeration, 231
dimgnsions of, 228
hear-transfer coefficient, 233, 234
multipressure, 226
number of passes in, 225
pressure drop in, 235, 236
tubes in, 227
Contoi.
*in fans, 10Y
- in fossil fuel steam generators, 114
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Control (Cont.):
in nucicar reactors, 391
in boiling-water reactors, 421
chemical sham, 391, 412
Control rods, 391
Convection superheaters and reheaters, %
Conversion of au-lear fuel, 458
Comversion factors, tables of 821-84]
Cooling lakes or ponds, Mx-303
Coohng towers, 268
approach temyp rature, 284
dry, 28%-291, 1
wing, 299
mechanical-draft, 274
natural-drait, 2-4
~vehrometry i 2R3
range, 264, 260 284
rermimal temperature difference, 264
wet, 268289
calculations, 283
drift chiminators, 280
fill, 279
hybnd, 282
wel-dry, 297
Corona in electrostatic precipitators, 733
Counterflow cooling towers, 269
Counterflow heat exchangers, 34
Critical constants, thermodynamic. 12
Cross- flow coaling towers, 266
Cross sectzon, neutron, 378, 385
Crushers, coal, 133
Curie, 747
Curtis, C. G, 176
Curtis stage turbine, 185
Cyele, thermodynamic, 8
Anderson (OTEC), 638
Brayton. 312
Carnot, 23
Claude (OTEC), 634
combined, 741
Diesel, 8
Rankine, 30-72
Stirhing, 165
supercritical, 71
Cycling powerplants, 674
Cyclone furnace, 140

Dam-Aroll wave maching, 656
Darncus wind machine, 622
dAnomal, Arséne, 629
Deaerating feedwater heater, 248
Deaeration, condenser. 231
Dieagrator, spray, 250
Diccay constant, auclear, 370
Decay hear

1 fast-hreeder reactor, 486, 491

in high-temperature gas-cooled teactor 434

from spent fuel, 756

~pEX 853

de Laval, Carl Gustav Patnck, 175
de Laval turbine, 184
Demimneralization, feedwater, 25
Depository, nuclear waste, 761
Desullurization systems, flue-gas (FULD)
dny progess, 729
single alkali process, 730
wet process, 727
Deuternium, 356
n fusion reactors, 3ol
Deutseh equation, 736, 737
Dew point, 88, 285
Diesel cycle, 8
Diffuse solar radiation, 537
Eisposal:
of desulfurization waste. 732
of nuclear waste, 760
Dalhn wave machine, 855
Danor level of semiconductors, 577
Double-effect evaporator, 258
Domibiling time of breeder reactor. 4
Di=ae cocfficient of evlinders. A1%
Drilt in cooling towers, 280
Drisving pressure:
in aeroclectric wind plant, 524
i polers, 91
in cooling towers, 274, 276
rum, steam, 94
Dry cooling towers, 289
direct, 290
effect of, on plant efficiency, 292
indirect, 291
Nulong heating value formula, 126

Economizer, 32, 101
Effectiveness, regenerator, 323
Efficiency:
af Brayton cycle, 315
of Carnot cycle, 24
and heat rate, 64
polytropic: compréssor, 319
pump, 45
turbine, 45, 214, 319
of Rankine cycle, 32, 64
of solar cell, S80
of solar receiver, 552
of steam turbine, 204
impulse blades. 179
reaction blades, 194
stige, 215
tugnaround [in storage) chemucal THS
latent heat, TR
pumpetd-hydra, o8
thermal, HH4G
I fheents
teom fossil poswerplants, 713, 713, 716,
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Eanstein, Albest, 396
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Electrical batteries, 687
Electrical energy storage, 675
battery, (59
compressed-air, 6530, 681, 653, o84
Aywheel, 685, (2
pumpﬂlrh)'dm. 671, 679
superconductive, 691
Electron, 355
decay, 368
K caprure, 39
valence, 357, §73
Eleetron volt, 359, 575
Electrastatic precipitatars, 132
collection elficiencies of, 736, ?W
Elements, list of, 816
Energy:
conservation of, |
fow, 3
internal, 3
kinetic, 2
potential, 2
Erergy management, 673
Energy storage, 672 .
electrical, 475
battery, 649

camprassed-air, (RO, 651, 683, 684 o

flawheel, 6835, 657, 688
pumped-hydra, 677, 674
supercortductive, 69
Wisconsin, 048
thermal, 677
chemical, 705
lateny, 702
semsible, 696
in selar powerplants, S53-5580, 582
turparound eftviency, odl, 699, 04, T8
Enthalpy, §
of combustion 166
of formation, 162
Entopy, 19-21
Environmental effecis:
of fossil-fuel powerplants, 713
of geothermal powerplants, 509
of nuclear powerplants, 745
~feelar LN powerplants, 250

Equilibriun: temperature in cooling lakes and

ponds, 301
Evaporators, 254-257
double-effect, 255
Explosives, nuclear, 509
Extraterrestrial solar radiation, 533
. Extrinsic semiconductors, 577

Fovin s, 733
Fans, 105
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recirculation, 110

Fast-breeder reactors, 453
breeding in, 450
Chinch River Praject (CRBR), 463
doubling tme 1n, 460
gas-cooled, (GCFNRY, 493
lquid-metal (LMFBR), 461 !
($ee also Liquid-metal fast-breeder
reactor)
lomop type, 462
nuclear fuel in, 455, 465, 468, I85-187, -Wﬁ
Phémix, 454, 484
ool type, 462
radiations from, 755
steam generator in, 474, 430
Super Phénix, 481
world it of, 455
Fast neutroa, 375
Crims secuions of, 386
Fast-neutron reactors, 390, 395
Feedwater heaters:
closed, 51, 57
¢alculations in, 242
design of, 218
with drains cascaded, 51
With diam pumpe:d, 17
heat iramder in, 242
pLesstie diap p, 245
open (deaeranng). 46, 248
placement ol 67
1eeminal temperature dilference in, 53
Feedwater treatment and m.‘;kcup_ 250
Ferm-Diree distrshution Lw, 873
Ferem encigy, 573
Tl conbing towers, 279
Fischer Trotsch process of coal liquifaction,
137
Fission, 3od
energy from, 365
products of, o4, 365
eacrwy from, 756
termary, 154
Fission factor, 386, 458, 460
Fission reactors, 386, 395
H\t rmn;al wind tirbines, 601
l ki WA e lllll\.\ 650
Flow energy. 3
Flue gas:
desulfurization systems (FGD): dry system,
9
SO, removal, 730
wet system, 727
dew point, 85
dispersion of, 111-112
) remenal o, T2
Fluidizcd-bed combllma'l i42

Flies wealio

CIyWheen, CNErey e.lma" in ARS
N Lo it lor, 688

vohume-¢fficiency ratio of, 687



Forced-draft conling towers, 274
Fo:ud drait fans, 106

y .,.,‘_. ,_._,,..L.N..,\ ,‘f |‘r‘
i—msLJ fuel, 122
biomass of, 159
by products of, 150
coal, 123
| See alio Coal)
heating values of, 150
fguid, 147
o, 149
oil shale, 158
solid waste, 151
ssnthetie, 152
tar sand, 158
Fractional collection efficier v, 726, 734
Fragments, fission, 364
Freon-12
in ocean enctgy, 635, 639
thermodynanic praperties of, 12
catirated, THA-TRE
superheated. 789, TW
Friction
n condenser tubes, 235, 238
i feedwater heater tubes, 245, 246
Fricuon lactor chart, 819
Fuel (see Fossil fuel, Nuclear fuel, Synthetic
fuels)
Fumarole, 501
Furnace
burners of, 137
cvelone, 140
fuidized-bed, 142
staker of, 130
Fusion. 363

Gamma Tuk e, b8

o soul, 183
m gas-turbine cycles, 332-334
imperfect, 11
perfect, 9
as reactor coolant, 433, 493
as salar coolant, 353
thermodynanmuie propertics of, 80589
Gas-conled nuclear reactars, 433
Britsh program (AGR, Magnox), 434
{ss1-breeder (GCFBR), 493
hieh-remperature (HTGR), 436

shenum (THTR-300), high-temperature, 444

Lras pressurner, nuclear, 41
Uians turbines, 211, 39
Mlides of, 211
cowtling, 335-339
vhales, 310
tegeneration i, 323
retreat in, 316
ethaency of, 214, 31y

INDEX BSS

(Gas wurbines (Cont. )
fuels for, 339
materials for, 338
Gasification, coal, 153 )
Cene, 758
Genetic effects of radiation, 758
Geopressured geothermal stcam, 506
Geuthermal energy, 499
fracturing, 508
hybrid. 525
hydrothermal, 305
hquid-dominated, 506
binary-cycle, 519
Aashed-steam, 515
total-flow, 521
petrothermal, 523
vapor-dominated, 510
Geysers geothermal plant, 501
Grates of coal stoker, 130
Gray, 748
Greenhouse effect, 717

Half hife, 370
of activation, 753
in liquid-metal reactors, 75§
in water reactors, 753
of fission products, 756
Hammer-mill coal crusher, 133
Hard spectrum, nuclear, 453
Heat head of evaporators, 253
Heat rate, 64
Heat-recovery boiler, 342
Heat transfer
efficients of: in condensers, 233, 234
it coaling lakes and ponds, 201
in evaporators, 256
in feedwater heaters, 242
in cooling fakes and ponds, 300 2yl
in gas turbines, 336, 338
1n sieam turbings, 23»
Heat-transfer sysiems:
in Clinch River reactor, 47
in solar thermal plants, 553
n Super Phénix reactor, 489
Heating value of fuels, 165
Heavy hydrogen, 356
Heavy water, 356
i Candu reactor, 448
use of, in reactors, 446
Helwstar, solar, 545
control, S48
field, §46
limses, S47
Helwum
as gas turbine working fluid, 316 318
as nuclear reactor coolant, 27, 442, d4p,
435

properties af, 12, 314, 803, 806
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. Helper mode of cooling tower, 264 Lakes and ponds, cooling, 300-3)3
Hero of Alexandria, 174 Larderello geothermal plam, 501
fleterogencous reactor, nuclear, 189 [atent heatr energy storage. 702
High:Htu gas, 154 Lead-acid battery, 689
Hipholevel nuclear waste, 756 Lignite, 124
High-level reservoir wave machine, 654 Line-focus solar concentratog, 56"
Yigh:pressure accumulator wave machine, 653 Liquid-dominated geothermal energy, 500,
High pressug water fracturing. geothermal, 515,519, 521
Ay Liquid-metal fast-brceder reactors (LMFRR), .
High-temperature gas-caoted reactor (HTGR) 1n1
416, 417 breeding in, 456
Huntorf compressed-air energy storage system, Clineh River Project (CRER ), 463
Hs gas-cooled, 491
Hybnd compressed -ur energy siorage. 681 loop, 463
Hybnd powerplamts: pool, 462
genthermal-fossl, 519 Super Phénix, 48]
solar-fossl, 564 Liguid metals:
Hybrd wet cooling tower, 282 in fast-breeder reactors, 4!
Hydrocarhons, 147 m solar thermal powerplants, $83
Hydropen sulfide in geothermal steam, 514 thermodynamic properties of, 7%9-803
Hydrothermal energy, 505 Liquifaction of coal, 157
world dsstribution of, 507 Lithium batteries, 691

Ljungstrom air preheater, 103
Log-normal distribution, 724

) L 299 Loop hauid-metal reactor, 462
pav 11 Y 1 ow-Riu gas, 154
Propuise blade, 178 = Low-level auclear waste, 752
ooy od TV
i speed of, 151
venroiy duags o of, 180 Maduras wind machine, 621

Tmpulse pnnuplr Magma, 504
nn eurved blade 178 Magntatic steam. S04

fran Mlade. 177 Magnox nuclear reactor, 434
Fmpaiac torhines, (R Mugnus effect, 613 - -
enmpsanded, 185 drag force, 619
Curns, 183 1ift force, 618
Rateau, 188 _ Mass-efficiency [actor of Aywheels, 686
single stage (de Laval), 184 Mass-encrgy conversion factors, 363
Induced dralt coating tower, 274 Muass number, 356

L s cwial ), 541
Mc?ﬂanical-«dmﬂ cooling towers, 274
Medium-Btu gas, 154

Inducza-deaft fan of steem generator, 106
Inductance, electric, 693

Brooks coil, 694 . = Mescucy:
Initial temperature Hiference, ? :
Intake sy .tr:m cooling-water. 265 as reactor coolant, 455 —
Ente-cocking, gas wibine cyels, 325 thermodynamic properties of, 02
Meteoritic steam, 504 i
Methanation, 155, 706 *
Mini-OTEC, 642

Internal =nergy, 3
Inmtninsic semiconductors, 577
Inverted superheater and reheater, 97

: MOD wind turbines, 608
I"c‘“m);mf; ';; Moderator, nuclear, 376, 390
-”h_!m.ﬂt' 9. 43 . Modulated single-pool tidal system, 663
i Mollier diagram, 22, 23 -
for mercury, 802
- - for sodium, 799 . o
Jet nump n pomng-watee reactors, 422 for stcam, 765
Wimltam eals. i el g rhap s 253
Moody frieticn fartor che, o ‘
B bape s sk ewasoviiy, 309 Motive steam in e\rappmon 254
Kelvin-Planck statement, 15 Mulhple*pcn.tocn wave machmt 657
a



Multupressere condenser, 226
Multipressure steam in combined cycles, 348

ntyne semxonductors, $77
NASA fAyaheel encrgy storage system, 688
Natuzal-deaft cooling tower, 274
Natural radoactivity, 745
Natural uranium, 157
'\-'r-l[l tide, &80
Neutrino, 357
Neutron aMorber, 191
Neutron cooss secnions. 378, 385
Neutron energies, 374
Neutron flur, 380
Neutzon rzaction rates, 380
Neutrons, 355
decav of, 370
in fission, 364
thermai. 376
1 See also Fast neutron)
Nitrogen cudes of, 714
remosal of, 732
Norales
flow eguation for, 7
1 spras ponds. MM
Nuclear breeding, 456
Nuclear exphosives for geothermal energy, S0
Nuclear fission, 364
Nuelear fuel, 357
in boiling-water reactors, 427
constants, I86
cycle. "8
disposal of, 760
i Tass-breeder reactors, 455, 465 468,
AR 187 405
in heavv-water reactors, 445
in high-temperature gas-cooled reactors, 437
in pebble-bed reactors, 446
n pressunzed-water reactors, 400
and reactor types, 386, 390
reprocessing of, 759
wastes from._ 756
coming for, 391
Nuclear © n, 363
Nuclear prossunzer (see Pressunzes, nuclear)
Nuilear radiation (see Radiation, nuglear)
Nugled. remion (see Heactors, nuclear)
Nuelear resonance, 385
Suclear wantznng, 380
Suclear wastes ”
dispanal of, T
lchelevel, 781, S8
hows dened, 751
st from, T50-T58
Npvlevis 385

Oiean energy, b7
from temperature ditferences. 628

INDEX 857

Ocean energy (Cont. ).
{rom tdes, 659
from waves, (<42
Ocean lempetature energy conversion
[OTEC), 627
Anderson (closed) cycle, 638
Claude (open) cycle, 631
powsrplants, A28, A1)
recent developments in, 631
Ocean tides {see Tides, ocean)
Oul shale, 158
Once-through cooling, 261
snvironmental effects of, 743
Open system thermodynamics, 2
Optimum pressure ratio in Brayton cycle, 316
OTEC powerplants, 629
OTEC-1, 842
(See afso Ocean lemperature energy
conversion)
Oxides of carban in the atmosphere. 716
Oxides of mirozen 1n the atmosphere, 714
removal of, 732
Oides of sulfur in the atmosphere, 713
remeval of, 142, 727

pAype semiconductors, 377
Parsons, Charles, 175
Particulate matter in the atmasphere, 721
collection efficiency for, 726
distnbution of, 724
remmal of, 733
Passamoquoddy Bay tidal project, 669
Pauli exclusion principle, 573
Peak shaving. 675
Peaking plants, 074
Peat. 124
Pebble-bed nuclear reactar, 444, 346
Pendant superheater and reheater, 97
Period:
of ccean waves, 634
of tides, 660
Petrothermal sieam, 508
energy from, 523
Phénix fast-breeder reactor, 456, 484
Phaton, 578
Photovoltaic solar energy conversion, M3, 571,
S79-583
Planctary winds, 589
Plowshare, 509
Plume, stack. 112
Puoint-fovus salur concentrator, 562
Polstupe, feedwater. 253
Follutioen
{rom fossal powerplants, 713-727
from nuclear powerplants, 752-755
from nuckear waste, 756758
thermal 742
Polveeopne process, 3, 10
in compressors, 22, 319
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Polytropsc process (Cont. ): Radiation (Cont. ).
clficiency of, 21, 22 in steam gencrators, B9, 96 .
expancnt of, 3 terrestrial solar, 537
Jngas turbines, 21, 214, 319 Radwoactivity, 366
in pumps, 45 biological cffects of, 757, 758
Panding, wet disposal, 732 decay rates, 370
Ponds in the environment, 745 :
coohng, 300 half lives, 370
salar, SO68 (See alto Half life)
spray, 303 K capture in, 369
Pool liquid-metal reactor, 462 units of, 747, 748
Porosity in fluidized beds, 144 Range. -
Pasitron, 157 . in cooling towers, 264, 268, 284
Pasitron decay, 368 in spray ponds, 305
Potential energy, 2 n the tides, 659
Precipitator, electiastatic, 732 Rankine cycle:
Pressure-compounded impulse turbine, 188 with cogeneration, 74
Pressure drop: ' cfficiency of, 31, 64
in condenser tubes, 235, 236 externally irreversible, 33
in feedwater heater tubes, 245, 246 feedwater heaters: closed, 51, 57
friction factor for, 819 ° open. 40
in Rankine cycle, 45 placement of, 67
Pressure ratio in Brayton cycle: heat rate of, 64
compressor, 315 ideal, 30
optimum, 316 internally irreversible, 44
turbine, 313 regeneration in, 42

swater reactar (PWR). 399 reheat in, 38

al shim o, 412 - supercritical, 71
r fuel i, 400 supetheat in, 36
wer, 407 Rateae turbine, 188
m generator, 404 Reaction turbines. 91
Pressunizer, nuclear; aval thrust in, 195
gas tape, 31 3 Hero's acolipile, 174 :
vapar type, 407 opumum blade speed of, 19
Pretreatment, feedwater, 251 Panon, 176 .
Producis of fission, 364, 365 twisted blades i, 196
encigy from, 756 aeloaty diagram for, 192
Propane: Reactivity worth, nuclear, 391
in peothermal cnergy, 638, 639 Reactors, nuclear:
thermudynamic properties of, 798 bailing-water, 417
Psychrometry: . ¥ (Ser also Boiling-water reactors)
char, 821 fast-breeder, 453
in cooling towers, 285 (See also Fast-breeder reactors)
Pulverized-coal burners, 137 fission, 386, 395
Pulvenized-coal crushers, 133 gas-cooled, 433
Pulverized.coal firing system, 136 (See also Gas-cooled nuclear reactors)
Pulverized-coal pulverizers, 135 heavy-%ater in, 446
Pump efficiency, 45 . "LMFBR, 461
Pumped-hydro encrgy storage, 677, 679 (See also Liquid-metal fast-breeder
reactars)
Magnox, 434
Rad, 748 - pebble-bed, 444, 446
Radiant bailer, 89 pressunzed-water, 399
Radiant superheater and reheater, 96 (See also Pressurized-water nuclear -~
Radiation: N reactor)
nuclear, 366 ™ radutions from, 752
bictegical affecis of, 757, 758 wastes from, 751
in the environment, 745 Reveiver, solar, 35U
«olar, 533 Recirculation.
(See also Solar radiation) e o in boiling-water reactors, 419
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Recirculation (Con, )

in fossil-fucl steam generators, 71

steam lemperature control by, 119
rRecirculation fans, 110
Recuperative air prehearer. 103
Reduced pressure and temperature, |2
Reflector, reactor, 39)
Reformation, 706
Regeneration, 42

in gas turbine cycles. 323
Regenerative asr preheater, j03
Reheat:

n gas turbine cycles, 124

in Rankine cycle, 38

In steam penerators, %
Reheat factor in turbines, 204

INDEX 859

Solar encrgy powe tplants (Cony s
history of, 531
ponds, S68 -
satellite {SSPS), 583, <4
Solar-One, Sas
Surling-cycle, 565
storage. photovalrage, 0
thermal, 354
Solar radiation
beam, 537
clearness index of, §38
diffuse, 537
extraterresinial, 533
mean daily, 540
lerrestrial, 536-537
wave length, 535, 575, s§1
Solar scattering, 514

Relative biological ¢ffectiveness (RBE), 748 g
Rem (roentgen equi alent man), 748 Solid state. 573
Repowering of solar thermal powerplants, 564 Somatic effects of tadiation, 757

Reproucessing of nuclear fuel, 759
Resonance, nuclear, 15
Revere osmosis, 252
Reversibility, thermodynamic, 17
Roll-and-race pulvenae:, 133
Rotors in turhines, 208

Satellite solar Poter systom (55PS), 582
environmental effects of, Sia
Scattering:
nuclear, 380
solar, 536
Scram, reactor, 39
Scrubhing of flue Bases:
dry, 729
single alkali, 730
welt, 727
Semiconductors, §77
Shale, oil, 158
Sievert, 748
Simple doubling time. 264
Single alkals scrubbing. 730
Single-cffect evaporator, 254
Single-pool ocean 1¢s shstem, 66|
Sodium:
as reactor coolant, * 4, 345, 46)
radioactivity jn, 5%
thermody namie Pluperties of. TW-so]
Sadiunesulfur barer, o
Solt spectrum, nucleas, 453
Sular eell, 5. 5™
Slar concentaton . <6t
Selar constant, §34
Solar energy Ponerplanty, S3)
combined, Sax
CUBtoryon systems Lor b
PEots ol 541 3% sy 553
thurmal £37 57,
central recever S41-%3y
distributed, Sie- 3o

Soyland compressed-air ERCIEY storage system,
iS4

Seent nuclear fuel, 753
disposal of, 7o
feprocessing, 754
Spray deaeratar. 250
Spray ponds and Canals, 63, 33
Spring tide, 660
Stability, atmosphene, 113
Stack, 110
STAG combined ovele, 148
Steady-state steady-flow (555F) system, 2
Steam.
geothermal, 499
Bropressured, 506
hydrothermal, sps
magmatic, 54
metearitic, 504
petrothermal, S08
Mollier chan for, 765
motive ( evaporators), 254
thermodynamic Properties of saturared
(Engiish unils), 766-773
saturated (ST unis), TIRTR?
superheated. English units, 774-777
S! units, 783-785
Steam drum, 94
Steam gencrators
air preheaters in, 12
burners in, 137
control of, 114
drum type. 94
Lcunumizers n, (]
tamsan, |03
n fast-hreeder redchan, 473 1)
fire-tube. 1)
tosul tueled, 7y
Nuclear fueled, 4y 474 qu)
A B T ]

L ProTseriyad e hdniniy,

radiation in, 89, %,
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Steam generators (Cont )
recirculation in: fossil, .,
nuclear, 419
reheat in, Y6
in solar thermal syvtems (receiver), 58
Stirling, 86 .
stokers, 130
superheaters, 96, 97
water-tube, 83, 87
Steam-<jet air ejector (SJAE), 233
Stirling ¢ycle in solar cnergy, 565
Stirling steam generator, ®6
Stokers, 100
Stretford process for H.5 removal, 514
Subbituminous coal, 124
Subeoaled hiquid, 13
thermodynamic properties of, 774-777
Sulfur, onides of, 713
in the atrmosphere, 713
removal:
postcombustion, 727
precomibustion, 142
Sun time, mean, (MST), 5=1
Super Phénix fast-breeder reactor, 481, 489
Superconductive
Supercritical pressure cycle. 71
Supercritical water, properties of, 777
Superheat in Rankine evele. 36
Superheaters, steam cenerater, %97
SUpersaturation in steam turbines, 197
Synthenc fuels, 752
coal gasificaton, 153
coal hquifaction, 157
ol shade, |58
tar sand, |58
System. thermodynamie, 2

Tar sand, 158
Terminal temperature difference (TTD):
in condensers, 2335
in chohing towers, 264
in feedwater heaters, 53
Ternary fission, 754
Terrestrial solar radiation, 336-537
Thermal energy starage, 677
chemical, 708
latemt, 702
sensible, 696
- insolar powerplants, 554, 582
dual tank, 556
thermocline, 555
Thermal neutron, 376 =
Thermal pollution, 742
Thermal reactors, 395
baoiling-water, 417
gas-cooled, 433
heavy-water, 446
pebbie-bed. 444
- pressurized-water, 359

magnetic energy storage, 691

Thermocline energy storage, 555
Thermodynamics:
first law of: closed system, 7
open system, |
second law of, 14
sysiem, 2
Thermonuclear reactor, 363 |
Thorium, 459
1 pebhle-bed reactor, 446 '
Thorium High-Temperature Reactor (THTR-
Mui), 444
Throtthng. 7
in feedwater heating, 53
Tides, ocean, 659
power from: modulated sinple-pool, 663
single-poal, 661
two-pool, 667
range of, 639
schedule of, 6840
Topping cycle, copencration, 73
Total-flow concept in geothermal encrgy, §21
Trade winds, 589
Tramp uranium, 752
Transuranium elements, 395
Traveling screen, 265
Traversing trash rake, 265
Tray, deaerator, 50
Tritium:
in fusion, i}
s reactor effluent, 754
I reactors, 754, 758
Tubes.
boaler, 89, Y0
condenser. 23
properties of. 817
feedwater heaters, 242, M5, 246
properties of, ¥17
pressure drop of. in condensers, 235, 236
Turbine blades:
cooling: gas. 335
water, 338
gas turbine, 213
impulse, 178
efficiency of, 179
optimam speed of, 181
velocity diagram for, 180
reaction, 191
efficiency of, 194
optimum speed of, 193
velocity diagram for, 192
twisted, 196
Turbines:
aealipile, 175
arrangements of, 206
Curtis stage, 185
< efficiencies of, 204 *
palytropic, 45
pas, 211, 309
(See olso Gas turbines)
wsscs in, 197-208
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Wait, James, 174
Wave machines:
Dam-Adoll, 656

E dolfip, 655
float, 650
pulse 184, high-level reservair, 654
reaction, 191 high-pressure accumulator, 653
(See also Reaction turbines) multiple-pontoon, 657
work of, 21, 32, 31} Wave motion, 644
( See also Wind turbines) Wavelength:
Turbinia, 176 of gamma rays, 368
Turnaround efficiency for encrgy storage of ocean waves, 644
chemical, 708 of solar radiation, 535
latent heat, (4 of photons, 578§
pumped-hydro, 650 m silicon cells, 581
thermal, 699 Weibull wind velocity di 3
TV A dispersion model, 113 Wellman-Lord 50, recovery process, 731
Two-pool tidal system, 667, 660 Wel-bulh l(‘"‘-[‘\‘.‘l-‘t!ul(‘. 285

Wel cooling towers, 268-289

’ Wet-dry cooling tower, 297
Underground pumped-hydro energy storage, A

. 679 drag cocfhicient of, 619

Uranium, 357 in the earth's atmosphere, 589
enriched, 389 exceedance curves of, 605
natural, 357 magnus effect of, 613, 618, 619
tramp, 752 mean energy velocity of, 604
trans-, 398 - power from, 593

i the Upited States, &0
1V repion, nuclear, 385 Weabull velocity ﬂu!.l!",,':
Valence electrons, 357, 573 Wind turhines
Valenee shell, 357 -l'»'l'"f!ﬂ'l-'h‘.‘l‘_‘-i
Vanor. 13 Darneys, 6212

Al e € 1 e 597
Vapor-dominated geothermal cnergy, $05, 510 efficiency "f[ . :
Vapor-type pressurizer, 407 flat rating of, 801 -
wity-compounded impulse turbine . 183 ¢s on blades, 598

history of, 591

large, 603, 608
Madaras, 621
- sting, 602
small, 602, 607
Wisconsin superconductive encrgy storzge, 693

Voud fractiion

in boilers, 92

in fluidized beds, 144
Volume-efficiency ratio for fywhecls, 647

Waste disposal: Work, 8

fossil, 73 of Hmvlnn cycle, 1!"\‘ 319, 320

nuclear, 760 of a compressor, 22, 315
Water: of a cycle, 24

compressed (subcooled) prupcr'l'.ﬁ of, flow, 3 -

774=777 nonflow, 8
demineralizing, 252 of a pump, 23, 32
injection of, in gas turbines, 328 of a wrbine, 21, 32, 313

polishing, 253

solar energy absorption in, 629 a
Water circulating (cooling) systems, 2 Zincchloride battery, 691
Water rcactors, 399, 417, 446 Zoning for nuclear fucl, 391
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