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I A-2 TURBOPWfP 

Pump inlet conditions at station 3, high speed turbine inlet conditions 
at station 285 and low speed turbine exit conditions at station 30 are 
common to two parallel turbopumps. One of these turbopuraps is described 
below in equations 2 through 20. The second is described by adding a 
final subscript "a" to all quantities in these equations except those at 
the common points. 

1. P^ =30 psia, T^ = 40 R 

2. Wj 

3. P̂  

4. 
45 

= W, 

= P^+N 

= P,+N, 4 

5. 

6. 

4̂5 

'' ^PH 

= T3+.OI5 P̂ 3 

= -1.874xlO'^N^ + 1.021xlO"\pN-.0590W^ 

= 2.27xlO'^N^ 
W, 

Stall occurs at 
N 
= .00518 

= .3479xl0'^N^ + ,4959xl0"\„N, 
n P H 

.04155W: 

= .7463xl0'^K^ 

W, 
Stall occurs at —- = .0009194 

^H 

W 

N 
W. 

N 

> .00626 

< .00626 

^P 
rr> .0009194 

"p 
TT- < .0009194 

8. dR 

9. 

0 . 

dt 

-̂ 29 

^^29 

11. 

^^ =: 11.0 (Ŵ ĵ  - Wp 

= T, 27 

r r P -^s^ i 

dt 

Oh 

•1000 (P2g - 5.32R2gT2g) 

415.6(T2^)' 
^^285^ 

.286' 
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I A-2 TURBOPUMP 

Page 2 of 7 
Revis ion: 1 
Date: 5/15/69 

u N 
1^- ^ . .04333 J -

14. W, 
TH J^ 

OH 

'285 , / ^285 

27 29 

15. M^^ = W^^ (.04364 C^^ - .003793 N^) 

.286 )h 
16. CQ = 415.6(T2g) ' 

17. W, - ^ f{^) 

18. M^ = W^ (.01729 C^ - .001435 N) 

19. dN, 
H 

d t 
73.22 (M^^ - Mp^) 

20. M = 114.6 (M^ - Mp) 
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I A-2 TURBOPmiP 

TABLE I A-2-1 

0 .000x10 ' 

2.934 

4 .891 

6.847 

7.825 

8.803 

9.292 

10.27 

10.96 

11.74 

.7166x10 

.5972 

.5524 

.5345 

.5196 

.4957 

.4807 

.4389 

.3762 

.2359 
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I A-2 TURBOPUMP 

TABLE I A-2-2 

O.OOOxlO""^ 

.9194 

.9194 

1.272 

1.712 

2.299 

2.788 

3.423 

3.912 

4.842 

1.311x10 

1.320 

1.383 

1.359 

1.299 

1.191 

1.069 

0.860 

0.660 

0.000 
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I A-2 TURBOPUMP 

TABLE I A-2-3 

^OH OH 

0 

.04 

.08 

.12 

.14 

.16 

.18 

.20 

.22 

.26 

OH 

0 

.240 

.455 

.620 

.681 

.732 

.763 

.779 

.765 

.723 
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I A-2 TURBOPUMP 

TABLE I A-2-4 

/ p 
285 29 

1.0 

1.1 

1.2 

1.4 

1.6 

2.0 

2 .5 

3.0 

5.0 

8.0 

f(P285/P29 

0 

.160 

.210 

.267 

.299 

.331 

.353 

.365 

.380 

.383 
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I A-2 TURBOPUMP 

TABLE I A-2-5 

• / p 
29'"^30 

1.0 

1.06 

1.14 

1.24 

1.34 

1.50 

1.70 

2.0 

2.2 

2.4 

f(P29/P30) 

0 

.88 

1.33 

1.71 

1.97 

2.26 

2.49 

2.66 

2.69 

2.70 
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I A-3 PUMP DISCHA.RGE LINE 

Page 1 of 1 
R e v i s i o n : 1 
D a t e : 5 / 1 5 / 6 9 

dW 
I I = ^5.8 (P^3 - P^^) - .283 Ŵ  W. W, > 0 

4 — 

dW 
4 a 

d t 
6 5 . 8 ( P ^ 3 ^ - P^g) - .283W^^ W 4 a 

W, > 0 
4 a -

d t l i . i f D 

^19 = ^45 
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I A-4 TURBINE EKHAUST LINE 

1. P3Q = 5.32R3QT3Q 

' • ^ _ _ i _ _ (w^ + Ŵ ^ - W3P 
dt 3.4844 

. r ^ 3 0 + ^32^^30 - ^32^ 
3. W3̂  = 40.5'^' -^i^—2 ~ ^^ ^^ 

^- ^30 = ^29 

S 7' = T 
D. 1 3 ^ i3Q 
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I B-1 SUPPORT SYSTEM CONNECTION TO NOZZLE TORUS 

P - See Sect ion IA-3 Eq. 3 

T-g See Sect ion IA-3 Eq. 4 

^5 

dW 

d t 

^^5 

s 

s= 

^19 

60.9 (P^g 

1810+1.4P 

dt - 4.37 ("5 - V > 
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1 B-2 NOZZLE SKIRT/SIMJLATOR COOLANT TUBES 

dT 
SKC 
dt 

= .0347 '̂ .296 W. NC (̂ SK • '^SKC>-3-^%C^^SKC-^5 )) 

dH 
SK 
dt = .00337 (.0576|;g-«(T̂ 3-cp3̂ )-.296 \\^-\(^SK''SKC^) 

^SK = ^•""SK-^^^ 
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I B-3 NOZZLE COOLANT TUBES 

dT 
NC 

d t 
= .2510 ( .8200 JW^J-^ (cp^ - T^^) -3.840W^^(T^^-T3^^)) 

dH 
N 

d t = .001039 [.3070 {• W. 
.8 

(T^3 -cpj,) - . 8200 jw^^ | -^cp j , - V ) 

o = 3.230H +870.0 
N N 

dW 
NC 

d t 
/ 

99.80 i^?^ - P^ 
.02732 „ 
—• •- — — - w 

R NC 
W 

NO 
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I B-4 REFLECTOR INLET PLEITO'I 
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,2919 (W^^ - Ŵ  - Wĵ )̂ 

9Q1Q 
•^^^^ CW T - W T - W T ) 

R *> NC NC R 7 DB 7-* 

T^f j (Rp - f2(R7) 

52. + .043 P^ P^ < 210 p s i a 
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I B-4 REFLECTOR INLET PLENUM 

TABLE I B-4-1 

R ^ ( l b / f t ^ ) ^1^^7^ ( p s i V ° R ) 

0 . 0 0 0 0 

0 . 2 5 1 6 

0 . 6 2 9 0 

0 . 8 8 0 6 

1.132 

1 .635 

2 . 0 2 0 

2 . 5 2 0 

3 . 0 1 9 

3 . 2 7 1 

3 . 7 4 4 

0 . 0 0 0 

1.426 

3 . 8 8 1 

5 .733 

7 .787 

12 .53 

1 6 . 6 2 

2 3 . 2 0 

3 1 . 8 7 

3 7 . 1 5 

4 9 . 8 2 
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I B-4 REFLECTOR INLET PLENUM 

TABLE I B-4-2 

R^(lb/ft^) ^2^^?^ (psia) 

0 .0000 

0 . 2 5 1 6 

0 .5032 

1.040 

1.384 

1.824 

2 . 3 9 0 

2 . 7 6 8 

3 . 5 0 0 

3 . 7 4 4 

0 . 0 

15 .63 

6 0 . 0 6 

2 2 4 . 2 

4 1 0 . 7 

674 .7 

1089 .O 

1 4 2 0 . 0 

2 1 6 0 . 0 

2 3 7 1 . 0 
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I B-5 REFLECTOR AND PERIPHERAL SHIELD 

>M.; .0002509 1.774 W (T7 - «̂ P + 159D S^Q 
) 

f (H; (See Table I B-5-1) 

.6419 <̂  -(.64T^- 1) T , r 7 

=̂•0̂  (^101^7- ^ol)• 1^7-^0! 
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I B-5 REFLECTOR AND PERIPHERAL SHIELD (conHnued) 

TABLE I B-5-1 

d) vs H 

H (BTU/lb.) 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

100 

*/R) 

0 

185 

235 

275 

310 

335 

360 

385 

405 

425 

445 

465 

480 

605 
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I B-6 DOME END PLENUM 

\) 4 - R,n = .04824 ( W + W + W , - W ) 
' dt 10 r ss ssb c 

2) ^ ^ T , o = .09648 (W^T, + WJ^^ + W^^J,,- WJ,^) 

3) P,g = 5J2R,oT,o 



I B"9 CORE AND CORE PERIPHERY 

1) ^ H^^ = .00097721 0.699 W^ (T̂ O " *cl^ "*" 3995.sj 

2) *c1 f (H^p (See Table I B-9-1) 

3) 

4) 

5) 

Tele 

^ H 

•̂ c2 

1.057</>j.l " 0.057- 1)T^Q 

.0009772W.362|W^ | CT̂ ê " '^^2^ +6518.SJ 

(HJ (See Toble I B-9-1) 

6) T^2e = 1-176 «i>,2 '0.176- DT^^, 
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I B-9 CORE AND CORE PERIPHERY (conHnued) 
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^ ^ " c 3 = .0009772 ̂ 4.052JwJ (T^2e " *c3^ ""3740..^ 

8) *c3 

9) 

10) 

15 

<i> 

f (H^3) (See Table I B-9-1) 

(8926=f'̂ 3 -(.8926 - 1) T^^J .9918 

.125 ( 3 <̂  ^ + 2 <̂ 2̂ "̂  3 "̂ 03̂  

11) R .159 R̂ Q + 341 R^̂  

12) W 
^ 0 " ^ 5 

1.5 

,005951+ 1.906o<10 
R 10 'R 15 

"^0 - ^ 5 
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I B-9 CORE AND CORE PERIPHERY (continued) 

TABLE I B-9-1 

A vs H n = 1/ 2, 3 
*cn en 

H^^ (BTU/lb.) 4>^^ (°R ) 

0. 

200. 

400. 

600. 

800. 

1000. 

1200. 

1400. 

1.600. 

1800. 

2000. 

2200. 

2400. 

0. 

1110. 

1630. 

2085. 

2530. 

2950. 

3350. 

3760. 

4170. 

4580. 

4990. 

5400. 

5810. 
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1 B-IO THRUST CHAMBER 
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1. dR 15 
dt 

.04346(W^ - W^ - W^^) 

2. P 
15 

5.32R^5 T^3 

3. W, 
12.99P 15 

.5 
15 

4. dT.^^ W '̂  
15M _ N (y T \ 

dt ~ 2.85 ^15 " 15M'' 
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IB-11 TURBINE IN̂ LET LINE 
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2̂7 = ^'^^ !h7hP~^ 

"DB =.20457̂ 7(̂ 7 - V 

"HB 27 DB 

^27 " ^'^^ ^27 ^27 

dR 27 
dt 1:215- ("27 - ̂  - 'W 

AT. 
27 
dt 1.215 R 27 

^^^("^15-^27^ - %B<^27-^7i 

"v = ̂ f(V ^^^27 "^^285^*^^27 " ̂ 285^ 

W = 41(9 ) 
Va ^ Va-* %(R27 +^285^^^27 " ̂ 285^ 

dR 285 - — = — fw + w - w - w ^ 
dt .1636 ^ V Va TH THa^ 

^285 ^'^^ ̂ 285 "̂ 27 
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1 TURBINE INLET LINE 

TABLE I B-11-1 

Page 2 of 2 
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'̂ %>' ̂ (V 

.00372 

.01607 

.03453 

.1064 

.1765 

.2649 

.3784 

.5021 

.6170 

.7196 

.7914 

.8470 

.8871 

^9058 

.9078 

.8951 

.8700 

UNCLASSIFIED 



I B-12 SUPPORT SYSTEM INLET AND BYPASS 

ssv 
Independent variable 

ssv 
f ie ) 

ssv 
(See Table I B-12-1) 

W . = 3.472 F P .p - Pon SSI ssv 19 2 0 
.5 ( P , 9 - PJQ) 

^19 ' ^20 

ssb f (0 ) ssv 
(See Table I B-12-2) 

w«b = •'«^'fssbri9-^o 
.5 (P,y-P,0) 

ir ̂ 9 " ^ 0 

20 
985.6 ( w . - W ) 

SSI ss 



UNCLASSIFIED 

Page 2 cr 3 
Revision: 1 
Date: 5/15/69 

I B-12SUPPORT SYSTEM INLET AND BYPASS (continued) 

TABLE I B- 12-1 

F vs e 
ssv ssv 

F 
ssv 

0.13013 

0.15335 

0.18975 

0^3095 

0.2/868 

0.33580 

0.40747 

0.50332 

0.64650 

0.91153 

1.00000 

e (Peg.) 
ssv 

0.0 

7.0787 

17.191 

27.303 

37.416 

47.528 

57.640 

67.753 

77.865 

87.978 

90.000 
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I B-12 SUPPORT SYSTEM INLET AND BYPASS (continued) 

TABLE I B-12-2 

ssb ssv 

<^,sv ^^^^'^ 

0.0 

7.0787 

17.191 

27.303 

37.416 

47.528 

57.640 

67JSi 

77.865 

87.978 

90.00 

^sb 

1.0000 

0.9552 

0.8913 

0.8275 

0.7637 

0.6999 

0.6362 

0.5728 

0.5089 

0.4453 

0.4325 
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I B-13 SUPPORT SYSTEM 

1) 

2) 

3) 

'20 

ssl 

ssle 

'19 

^ 2 0 - ^ 
:5837_ 

1 + 1.35T|vO ^s4 - 'J 

2 T , - T , . 
ssl 20 

4) 

5) 

6) 

7) 

ss2 

ss2e 

'ss3 

ss3e 

T , + 1 . 8 9 5 {4>^^. ssle t2i 

2 T - T 
ss2 ss 1 e 

^ss2e -̂  ' - ' ' ' ( ^2o 

1.3 T , - .3 T ^ 
ssJ ss2e 

^ss2) 

I J + 2.066 (̂ 3̂5 - W 

8) 

9) 

ss4 

'22 

T -5 + ssoe 
.5857 

1 + 1.3511W 
ss 

<Tssl - ' J 

ss4 ss3e 
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I B-13 SUPPORT SYSTEM (continued) 

10) 

11) 

12) 

13) 

14) 

t2i 

t2o 

t3i 

dt t2 

dt t3 

<t> +1.054|W (T . - <i>,,.) t2 I ss I ss2 t2| 

= * , 2 + .05321 |W,sl^ss3 " W 

= 38.62 (̂ ^̂ ^ . ^^^) ..6024 (̂ ^̂  . »^ .̂, +2.419 S ^ Q 

= 1.157 (* . •^j) . ,W.04 (,j,̂ j . ^^ .̂) + 2.123 S ̂ Q 
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1 B-13 SUPPORT SYSTEM (continue 

15) 

16) 

17) 

18) 

19) 

90^ 
zu; 

21) 

22) 

d 
dt 

d 
dt 

P 

sg 

•'«2 

\ s 2 

ss2e 

ss2e 

R 
ss 

W 
ss 

• 

= 

= 

= 

= 

= 

"~ • 

= • 

J) 

3089 {<p - (i>) 
sg P 

1.930 i4>^ - 4> ) 
cz sg 

P20 -.02005(P2Q 

• ^ss2 

5.32 T^^2 

P20 - ^ ^ ^ ^ (P20 

' P 0 ss2e 
5.32 T , 

ss2e 

7913 R̂ 2̂ + 0 -

' ' ' ' (^ss2e ^20 • 

-.3312 (0 - <^J + 1 
p TO 

- .08l84(c/) - <̂  ) + . 
sg p 

- ^lo) 

- '^o^ 

.7913) •4650R^_.2e 

• ^ 0 r ^^20 " ''lO^ 

^20 " ' ' 1 0 

NQ 

NO 

JrftNFItttMTHL 
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I B-14 REACTIVITY 

.-4 
1) 

2) 

3) 

Dk̂  

Dkj 

Dk̂  

— 

= 

= 

21.31 Rc+ 1.9731 

6.9005in [ ^M ] 

Dk̂  + Dkj 

.687 
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1) 

2) 

3) 

4) 

5) 

6) 

dt ^N 

± CI dt ^' l 

I t '̂2 

d t ^ ' 3 

i-.-
^NQ 

Page 1 of 1 
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I B-15 KINETICS 

295.8 (Dk^-1) S|^ + .0276 01^ + .235 CI2 + 1.65 CI3 

81.07 S^, - .0276 CI, 
N I 

165.32 S^, - .235 CL 
N ^ 

49.41 S^ - 1.650 CI3 

.00635 (.06839 Sj^ - Q) 

6.409 Q + .6301 S., 
N 

7) 5 = Q + S N 
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I B-16 SKIRT EXTENSION 

1. P32 = 5.32 R32 T32 

d t 2.3148 

''hi = -̂ 31 

^ 2 
^- "32 = ' - ' ^ f ^ 

V ^ 2 

Page 1 of 1 
Revision: 1 
Date: 5/15/69 

UNCLASSIFIED 



UNCLASSIFIED 

Page 1 of 2 
Revision; 1 
Date: 5/15/69 

( C-1 NUCLEAR SUBSYSTEM CONTROLS 

^̂  ''"I'in ~ Independent variable 

^̂  ^15E ^15D • ^15M 

3) tA. = 2" 
eo 1 + 0.l6s + 0.025s 

4) . D ^ = .D^^ + eo^^ + ^ D ^ 

'^ h5EC= Tl5E f - r i 5 E h ''' 

180 for T^^^ > 180 

-180 for T , „ < -180 

X) ^^D1 _ 0.1 (1 + 1.25s) (1 + 0.3s) 
T ^ " (T"l^'5.Us)(l + 0.02s) 
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I C - l NUCLEAR SUBSYSTEM CONTROLS (continued) 

7). 

8) 
d 
dt 

^^D2 

^15EC 

^^D3 

= 

= 

= 

= 

1.0. 
s 

0 

2 

-2 

10' -4 

for 

for 

for 

Tl5EC < ' ' ' 

^15EC 2 100 

T , . _ < -IOC 

Page 2 of 2 
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15M 

- 7 for T^5^^ < -100 and T ^ ^ ^ > 4500 
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AT 
15 

AT 
15 

ECIBfcLS PHA'iE MAGNITUDE Of C I ( P A C . / 5 F C . ) 
1 . " T i D - 0 7 
2 . r " - , n - 0 1 
> . o s " i n-r' 3 

f . P ' ^ " 0 - 0 3 
1 . 1 ^ 0 ^ r - ' ~ ? 
1 . 5 7 - D - ' : 
•> .'^T^ 0-^2 
3 . 0 5 T n - n ? 
6 . 2 ' ? 1 n - ' ^ 2 
1 . n i o o - i 1 
1 . ' - > 7 - n - ^ 1 
2 . ^ > n ' i o - l l 
3 . ° S 0 O - ' - 1 
6 . . ' 8 1 0 - " 1 
1 . 0 0 0 0 I f 
1 . 5 7 0 0 " " ^ 
? . S O O O 0 0 
3 . 0 5 0 0 0 0 
5 . 2 ' 3 ) 0 1 0 
l . O O T D 0 1 
1 . ' S 7 1 0 1 1 
2 . 5 0 0 0 n 1 
3 . 0 5 0 0 0 1 
6.?'^^0 0 1 
1 . O D O D f i 2 

M A G N I T U O E 
3 . 7 ' ; 6 n 
A . i f a o 
4 . ^ " ^ O 
' o . 7 < - 7 r ' 
P . 5 1 4 0 
1 . 4 4 ^ 0 
1 . 7 ' ' 4 D 
1 . 3 ? 8 0 
e . 5 J 7 0 
4 . 3 9 9 0 
2 . 4 " 4 0 
1 . 4 3 9 0 
e . g E f ' D 
S . 2 3 9 D 
2 . 7 7 0 0 
1 . 3 3 5 0 

— 5 . 7 2 4 D 
2 . 3 4 9 0 
9 . 2 7 7 0 
3 . 6 E 4 D 
I . 4 » f 0 
5 . 7 8 S 0 -
2 . J 0 ) 0 -
7 . 7 9 9 0 -
2 . 5 1 8 0 -

0 3 
0 3 

0 3 
n -» 
O J 
n « 
0 4 
0 4 
C 
0 3 
0 3 
0 3 
0 2 
0 2 
0 2 
0 2 
0 1 -
0 1 
0 0 
0 0 
n o 

- 0 1 
- 0 1 
- 0 2 
- 0 2 

D E C I B f c L S 
7 1 . e 8 5 
7 S . 3 ! 3 
7 3 . 2 e ? 
7 S . 2 ' ^ ^ 
7 t . f 0 ? 

P 3 . 1 6 = 
E 4 . 9 7 e 
8 2 . 4 6 1 
7 E . e i G 
7 2 . ? c e 
6 7 . C l P 
€ 3 . 1 6 3 
E ' ; . r 4 i 
£ 4 . 3 6 4 
4 e . P 5 1 
4 2 . E l 0 
3 E . 1 5 4 — 
2 7 . 4 1 6 
l < . 3 4 e 
1 1 . 2 5 6 

E . O C C 
E . C O C 
E . C O O 
5 . C 0 C 
6 . 0 0 0 -

P H A "-£ 
O . O l l 

1 P . 1 0 2 
2 6 . 3 7 F i 
3 S . 2 1 3 
3 0 . 1 0 9 
2 5 . 7 9 8 

- 1 6 . 9 9 7 
- 5 0 . 2 0 9 
- 7 8 . 3 4 3 
- 9 5 . 4 5 4 
- 9 9 . 6 9 4 

- 1 0 2 . 4 2 6 
- 1 0 9 . 4 7 2 
- 1 2 1 . 2 4 4 
- 1 I S . 0 ' ? 7 
- 1 5 0 . 3 6 4 

1 6 3 . 2 1 7 -
- 1 7 3 . 2 5 9 
- I P l . 3 1 9 
- 1 8 9 . 0 3 7 
- 1 9 P . 6 P 6 
- 2 1 3 . 1 2 9 
- 2 3 3 . 1 0 6 
- 2 5 9 , 7 4 9 
- ' 6 9 . 5 4 0 — 

M A G N I T U O E 
- - 3 . 2 1 8 0 

3 . 4 5 P D 
3 . 8 0 7 D 
4 . 6 6 4 0 
6 . 7 5 5 0 
I . 1 3 6 0 
1 . 4 0 2 0 
1 . 0 6 2 0 

- 6 . 9 4 2 0 
3 . 6 7 9 0 
2 . 0 9 5 O 
1 . 3 4 5 0 
9 . 2 3 7 0 
6 . 2 6 9 0 
4 . 1 6 3 0 
2 . 7 6 7 0 
1 . 8 0 0 O 
1 . 1 6 4 0 
7 . 3 8 2 0 
4 . 6 4 7 0 
2 . 9 6 1 D 
1 . 8 5 6 0 
1 . 1 6 9 0 
7 . 2 5 7 0 -
4 . 4 1 4 D -

3 2 — 
0 2 
3 2 
0 2 
0 2 
0 3 
0 3 
0 3 
9 ? -
0 2 
0 2 
0 2 
0 1 
0 1 
0 1 
0 1 
0 1 — 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 

- 0 1 
- 0 1 — 

D f C I B f 1 S 
— 5 0 . 1 5 2 

5 0 . 7 7 5 
5 1 . 6 1 0 
5 3 . 3 7 b 
n 5 . 5 0 6 

i u ;io 
5 ? . 9 , ' 3 
S O . 5 2 0 

— - 5 6 . 9 2 9 
5 1 . 3 1 4 
4 6 . 4 3 5 
4 ? . 5 7 3 
3 9 , n o 
3 5 . 9 4 4 
3 2 . 3 9 a 
2 8 . B 4 1 
2 5 . 1 0 4 
2 1 . 3 1 6 
1 7 . 3 6 3 
1 3 . 3 4 4 

9 . 4 2 7 
5 . 3 7 2 
1 . 3 5 6 

- 2 . 7 S 4 
7 . I 0 . T 

'-hi 
( R , ^ D . / 5 F C . ) 

1 . 0 0 1 0 - 0 7 
2 . 5 0 0 0 -
3 . 9 5 0 0 -
6 . ? B . i 0 -
I . n i o o -
I . 5 7 0 0 -
2 . 5 0 O O -
3 . 9 5 0 0 -
6 . ? P > n -
1 . i " n n -
1 . 5 7 0 0 -
2 . " ^ o o n -
3 . 9 5 " 0 -
6 . 2 8 0 0 -
l . O O O O 
1 . 6 7 " n 
2 . 5 0 0 3 
^ . 9 ^ 0 0 
6 . ? rt 1 n 
1 . 0 0 0 0 
I . • = 7 0 0 
2 . K 0 1 n 
3 . • • 5 0 0 
f ) . •̂  9 "1 n 
! , 1 1 0 0 

- 0 3 
- 0 3 
- 1 3 
- 0 2 
- 0 ? 
- 0 2 
- 0 2 
- 0 2 
- 0 I 
- 0 1 
- 0 1 
- 0 1 
- 0 1 
0 0 
0 0 
•)( 

0 0 
0 0 
0 1 
0 1 
" 1 
0 1 
0 1 
0 ? 

M A G N I T U D E 
* . 3 0 Q D 
4 . 6 3 4 0 
5 . 1 0 9 0 
6 . 2 7 7 0 
9 . 1 3 8 D 
I . f 4 1 0 
1 . 9 1 1 0 
1 . 4 ' = 4 D 

- 9 . 5 S 5 0 
S . 0 3 I O 
2 . P 2 ^ D 
1 . 7 2 3 0 
1 . 0 C 6 0 
6 . 1 1 6 0 
3 . 7 - 1 1 0 
2 . e F 7 0 

• 2 . 2 7 3 0 
I . 6 5 - 1 0 
1 . 0 7 2 0 
6 . 7 4 P D 
4 . i s e o 
2 . i ^"0 
1 . 4 I SO 
7 . 9 - 1 9 0 -
4 . 3 I P D -

0 2 - -
0 2 
0 2 
0 2 
0 2 
0 3 
0 3 
0 3 
0 2 — 
0 2 
0 2 
0 2 
0 2 
0 1 
0 1 
0 1 
O i - -
0 1 
0 1 
0 0 
f O 
0 0 
0 0 

- 0 1 
. 0 1 -

D E C I B E L S 
? 2 . 6 e s -
E 3 . 3 1 S 
E 4 . l o 7 
5 E . ' : 5 4 
5 9 . 2 1 6 
6 3 . 7 5 7 
€ = . 6 2 3 
6 3 . 2 4 9 
5 ? . 5 7 7 • 
5 4 . C 3 3 
4 ^ . C 1 2 
4 4 . 7 2 7 
4 C . 5 5 5 
3 5 . 7 2 9 
3 1 . 3 6 6 
2 C . 2 f i 7 
2 7 . 1 3 2 -
2 4 . 2 0 5 
? 0 . 6 C 7 
1 6 . 5 8 3 
1 2 . 3 7 3 

7 . 7 7 6 
3 . 0 3 3 

- 2 . 0 0 4 
7 . 3 1 1 

P H A S E 

-——**« V J l — 
1 6 . 9 1 6 
2 4 . 9 2 5 
3 3 . 9 2 9 
3 8 . 8 3 9 
2 6 . 8 9 7 

- 1 4 . 2 7 1 
- 4 6 . 0 2 2 

7 2 . 6 3 6 -
- 8 7 . 8 8 3 
- 8 9 . 9 2 7 
- 8 9 . 7 1 2 
- 9 1 . 4 5 9 
- 9 0 . 6 9 7 
- a r t . 4 7 3 
- 7 2 . 7 5 2 

- - 7 7 . 6 8 9 
- P P . 0 7 9 

- 1 0 0 . P 4 4 
- 1 1 6 . 3 1 3 
- 1 3 4 . 9 9 1 
- 1 5 8 . ; ? s a 
- 1 P 5 . 6 9 0 
- 2 1 1 . 5 6 5 

2 2 9 . 1 8 6 

M A G N I T U O E 

J . I TJelU 
3 . 4 0 8 0 
3 . 7 8 0 0 
4 . 6 8 6 0 
6 . 8 9 1 0 
1 . 1 7 1 D 
1 . 4 6 3 0 
1 . 1 2 8 0 
7 . 5 8 7 0 
4 . 1 6 2 0 
2 . 4 2 8 0 
1 . 5 6 0 0 
1 . r 4 } 0 
6 . 6 9 3 0 
3 . 8 8 3 0 
2 . 0 4 3 0 

- - 9 . 9 5 3 0 -
5 . 0 0 5 O -
? , 6 P 8 n -
1 . 4 5 0 0 -
8 . 3 8 6 0 -
4 . 7 3 4 0 -
2 . 6 4 9 0 -
1 . 5 8 2 0 -
1 . 1 4 8 D -

0 ! 
0 1 
0 1 
1 1 
0 1 
0 2 
0 2 
0 2 
0 1 -
0 1 
0 1 
0 1 
0 1 

ro 
0*^ 
0 0 

- 0 1 -
- 0 1 
- n I 
- 0 1 
- 0 2 
- 0 2 
- 0 2 
- 0 2 
- 0 2 — 

D E C I B E L S 
- - 2 9 . 9 7 1 

3 0 . 6 5 0 
3 1 . 5 4 9 
3 3 . 4 1 7 
3 6 . 7 6 5 
4 1 . 3 7 3 
4 3 . ^ 0 3 
<• i - ^ ''' 4 
3 7 . 6 0 1 
3 2 . 3 8 6 
2 7 . 7 0 5 
2 3 . 5 5 3 
2 0 . 4 1 2 
1 6 . 5 1 2 
1 1 . 7 8 2 

5 . 2 2 8 

s* . J ** 1 
- 5 . 0 1 0 

- 1 1 . 6 ^ 6 
- 1 5 . 7 7 3 
- 2 1 . 5 2 0 
- 2 6 . 4 9 5 
- 3 1 . 5 3 ° 
- 3 5 . 0 3 0 

3 5 . 0 0 0 

Both turbine power control valves are moved 

AT 
15 

A9 octr 

6.735 1.410D 02 4 L I I I l e l e ^ i " 
• ' 3 * ? ' f *SS?° '^2 4 3 . 6 2 0 2 4 . 4 8 4 
_;3.651 1 .9030 02 4 5 . 5 8 7 TT iSS 
f . H . ' l 4 . 6 3 7 0 02 5 3 . 3 2 3 OK OITS 

- 3.9,J4 S.717D 02 U'JU -^t'Jtl 

- 8 3 . 9 5 1 1.4830 o l 4 3 1 4 2 * H9*Sfl2~ 

-78 .445 3.2420 01 l^'AVv ZltrU 

-If'S^n—t:ire°oTo io^:?-^_::^Mi 
- 8 6 . 9 0 6 2 . 0 1 0 0 00 e l f ' l s - O I ' I R ! " 
- 8 8 . 7 7 2 1 .2250 00 i . 7 6 i I o n ' l ? ! 
- 9 0 . 4 10 7 . 6 6 5 0 - 0 1 - 2 : 3 r o ^ loo 'p f l f t 

- 9 7 : l l 8 l'%iv?Z?,\ - 1 0 . 4 0 3 - 1 0 9 . 1 7 2 

- 1 0 8 . 5 5 4 S . 3 0 7 D - 0 a hlltll lUllil^ 

P H A S E 

— 0 . 0 0 1 
1 7 . 9 0 9 
2 6 . 3 0 0 
3 5 . 6 3 7 
411 . 7 3 9 
2 8 . 9 9 2 

- 1 1 . 6 8 6 
- 4 2 . 5 7 8 

6 P . 2 9 5 
- 8 3 . 2 5 7 
- 8 5 . 7 1 3 
- 6 6 . 4 0 5 
- 9 0 . 9 9 1 
- 9 ( ^ . 7 9 2 

- 1 1 0 . 6 7 8 
- 1 1 9 . 6 3 6 

1 2 3 . 0 2 3 — 
- 1 2 1 . 1 7 4 
- 1 1 6 . 8 8 0 
- 1 1 2 . 2 1 1 
- 1 0 8 . 7 0 0 
- 1 0 5 . 7 3 5 
- 1 0 0 . 1 5 2 

- 8 8 . 6 7 2 
7 6 . 1 7 6 

M A G N I T U O E 
— 1 . 2 6 8 0 

1 . 3 9 3 D 
1 . 5 4 4 0 
1 . 9 1 4 0 
2 . 8 1 4 0 
4 . 7 B 1 D 
5 . 9 6 8 0 
4 . 5 9 7 0 

- 3 . " B S D 
1 . 6 8 1 0 
9 . 6 6 3 0 
6 . 0 0 0 0 
3 . 7 8 8 0 
2 . 1 9 9 0 
1 . 1 2 8 0 
5 . 0 3 6 0 -

- 0 1 -
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 -
0 1 
0 0 
0 0 
0 0 

oc 
0 0 

• 0 1 
- 1 . 7 0 1 0 - 0 1 

3 . 5 1 5 0 -
5 . 1 0 0 0 -
6 . 8 4 9 0 -
7 . 2 7 0 0 -
7 . 0 2 6 0 -
6 . 2 9 9 0 -
5 . 1 9 0 0 -

• 0 2 
• 0 2 
• 0 2 
- 0 2 
• 0 2 
• 0 2 
• 0 2 

— 3 . 7 9 9 0 - 0 2 -

^ ^ 5 

Aessv 
D E C I B E L S 

— 2 2 . 1 9 9 -
2 2 . 8 7 7 
2 3 . 7 7 4 
2 5 . 6 3 9 
2 6 . a s s 
3 3 . 5 9 0 
3 5 . 5 1 7 
3 3 . 2 5 0 
2 9 . 7 8 5 
2 4 . 5 1 3 
1 9 . 7 0 2 
1 5 . 5 6 3 
1 1 . 5 6 8 

6 . 8 4 6 
1 . 0 4 9 

- 5 . 9 5 9 
1 5 . 3 8 4 -

- 2 9 . 0 8 2 
- 2 5 . 8 4 9 
- 2 3 . 2 8 8 
- 2 2 . 7 6 8 
- 2 3 . 0 6 5 
- 2 4 . 1 1 4 
- 2 5 . 6 9 7 

2 8 . 4 0 6 

P H A SE 
0 . 0 0 ! 

1 7 . 7 4 7 
2 6 . 0 5 0 
3 5 . 2 5 3 
4 0 . 1 5 1 
2 8 . 0 9 4 

- 1 3 . 0 9 8 
- 4 4 . 8 0 0 

7 1 . 8 1 4 
- 8 8 . 8 0 9 
- 9 4 . 2 2 4 
- 9 9 . 1 7 ! 

- I c a . 9 3 2 
- 1 2 3 . 6 1 4 
- 1 4 1 . 6 1 8 
- 1 6 1 . 2 9 9 

I P S . 9 2 0 
- 2 5 1 . 0 5 ! 

5 . 4 7 0 
- 2 3 . 0 5 0 
- 4 6 . 9 f ^ 0 
- 7 7 . 1 0 1 

- 1 1 3 . 9 9 0 
- 1 5 6 . 3 8 6 

1 9 9 . 2 7 8 
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HHiî  

H- H 
M j i f 
iM|4JM 

• r - t 1 \'-' \-

- H i 
H-H^ 
iM- iiiii 
Ml j j j h ; 

i t j i i ir i 

iHliH 
H1 Iiiii 

i-i i!i 

S Ĥ  
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' H H'i 
i-iMj i^iij 

4-Mi jiiH! 

iHiMiii-

T H D . X 3 = 
) / \ X2 

iijH-i 
i i i l j i: -i 

H i.i|i 
Hi t i l l 

I i i -M i l 
Hi Hi 
; i ' -Il t- i 

: ilii[nji-
[l-i'tei 
111 l-jijl 

i l iT i i i 
11:. J-;ri; 

liiH.il 
lliijiii! 

1 iiTii i i 
' ; " 1 i -. 

11 i i fl' 1 

'Hiiii 
i - f : i ; t : 11 -1 : ; i T " l 1 

IM Iiil i i i 
-j:iiH]iifij 
i'rii" i i i 
I:]':! H"'i 

HMi-liiii 

!. H; Hii 

i i j l ' l H ' i ! 

Hsiii-ili 

''0^ 
w% 
i H ; i;H'! 

'iH iriii 
'•'.(.'.' Y- ^. 

"HiilHi 

•ii'^lHi 
,-ij. . M i -

Mirlii 

liiluli 
Mi j : ' ! 

H^p 
i i 1 • H i 

' i i 1M i 

i j i i i i i 
; ; i 

' iH ' i ' ' 
J.H:_|J-H_;:-

S: j : : i i 

44 
i i M j i i i ' 

^W-It) 

i-i+i" 

i i []• 

I'ji 
iM 

HI 
t+M 

4 l i 

* • i ~ 

• n 4 

- 1 ; - i ! 

p - |-

• 7-t •• 

i iiiii 
• . • ; • ; : . 

i"H i 

1W-

iiiti 

i :'4 

'•ill 

, 1 . 

1 H i 

ilil 
!-i II 

\ i-j- 1 

iiii 

HHI 

M T i 
Mi-I 

i i M 

i i T i 

MMi 

i 7. -

. i-i " 

iii'i 
4 ' • 

ill •Il 
lii j i Jn | : 
11:4-1 

i|lf 
ii'H 
liiH 
iiqi 
ilMii 
i j^Ti ' 

i t i 
' Mil 1 \\u 

i i f • ii'* 
. ' • l i | . 

iHH 
4-i-j4 

iiiH 
i iH' 

i i MIM 

H' f 

i l | | 

ill i 
•• i ; •! ' 

1 M ' h 

1' i"H r 

ilHi 
, ; 1 ;• 

•ii H-

''' ii 

. M- i I 

•liH 
i i i i ' 

ii-i'ii 
ii-i-H 

H N 

iiiii; 
i i i i i 

:TH33V 
. l i 

1 Hj-^ 1 ! M i i "1 

ilHiiiliiilil 
t l i | i 1 

1 1:41-

i jH 
'H'ii^" 
i iiH 
i H H 
1 iii' 
: •]i--ii=: •i II-4-
i P\ 
•| ] ;1 r r 

1 Hit 

i H-ii 
' . : ; ; f 

'-Hii 
i | : t - i r 

; liM 
1 Hil̂  

i iiii 
1 1 • 4-1 
I I i i ! - ; ' 

i i i i i 
! ll.H 

1 m 
i iiii 
I i-iii 

1 1) j--: i 

i I i i i i 

j i i i j 

ijHi' 
i H"ii 
1 jii'ii 

1 i7-ji 
i i i i i 

i Hii 

3p 
i'i'^M 

l i i - i i 

m i i ' : |i 
i i j l i t 

HHi 
illlii 
jii i l l 
1 T 

I'il 1 . 1 1 1 , 

liijii 
i i i i i 
I ' i " iH ' 

i l f i i 

ii'i 
i ii^^iHi 

'iiiii 
i j i -["! i 

ITH 
Ii'H Ij i l l 
H4[i 

j i l j.li 1 

j l j i j 

iii H 

ii|-ii 
;;; pi 

i- ii 
i i ' T M 

i'ljli 
; 1 • - ( , ; 

l i i j i i 

IF 
ii; i l 

• ! _ j : i 

iipH 
n J 1 MM J 1 

ii 'ii H 
HiiiH-

HiHiH 
*Mtii ii 

-i-i ii i ' 1 

HiH 

1 H"' 1 i 1 

iliiiiii 
' •""" 1 ' "i 

r].ji-|M 
: i j I i i 

! H H r! 
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I'liinUHM- ÎHIil'ilillHS'l'flillHtti 1 
f M i t i r J4- 4-̂ 1 . 1 M-̂ Mf . ' ' 44 J I't 7 i M 

M M [ ^tfM"^ 4 1-111 H-̂  4 4 llMHi+^ 1 
• f M • M H It 1 Ml ^il-iMf 1 H i f i f f l i i . li 
Hi r it i f liHi i ^1 M' Mi ti i f i i 1 
H \ 1 , H M i t 1 l l 1 1 ^ 1 , 1 , i l l . 111 . 1 I f f r H 1 i riHi1bliM7 H ri 
f f M H T i Mt 7 1 i ^ M 
I T 11 ,1 1, i M . r r , t,, T i ., r i r • T , t . M I T I . ' •. Hi Mi i l j ,f 1 ' '"IM j 
aTiif 144^ liM'i 1 1 H^' 'H1 i iM I I " i 4 ^ M " 1 i ' 1 4 li 
1 iMu' i i i ' i ' t f ' l i 1 TiHMMii|i 1 ' il H-r ' rSM 1- 1 i-̂  ' 4 1 "1 r ' H r H H J M i J 1 • - ' j-H 

T 1 ^ ' i 1 Hi 1 jlii 1 Hi i -1 ' ' 1 %j H ' I ' i ' H ' if '' jH ' 1 ' 1} Ifti '7 '1 

TiJ,Hi^iH^"Mi ![ iHi Hiii! i H iii, A^M' |H i \ J ' ' HM i i i 

f->v.Hl_^LJi.M,-H, .-liiiHJ 1 . 

i ' 
IM 
I 

J I M 

1 1] 1 1 

M 
i'H 

4 ) 

1 

'I 'M' 

H HI H H \ ' ' H H t 1 H 

1 ll MHiifM.H. liiitiiiHi H, iiiH | | . . .. 1 j v 1 l | ' - ^ X ' " 4 ' " 14 4 1 ' 4 

1 \ i t \ 1 M\l Mi , Ji i M i M i 4 
1 1 1 1^1 1 1 " t l ' f l 1 1 1 1 1 ' f l 

1 . \ <'\y \ f TvJ'i liT ÎJi '' ' i 'H M j ' f 
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ilii i l lii j i i i i i l It i i i l l iî  ^lii^ i-ii-i itli-dii|||i| ll ti-il̂ ^^ 
'iPR 

i i i ! . * 

! t-T i j " 1 
-̂  -i --1 j 1 

l;-|:tf^|:.d:j;ii:-[:-l.d|:R.).;idt:i-Rp'q;-,ir[d.:.ltt|Rd.i 
d-UU ;:: ;|: :-i R.i: Rt-dl:i-'dt:.;: \ A RJL td AAAr^z 

: 'P i I.iii4 i t i 1 jii .(i i :mm i t^Eli ili-il MM 
i 1 ii ii lii RI P li ii ifp; i A ijiiiHR: -ri-ji-j:};[ i jii i] i) 
11 |i--i :|iii 1 [di iiTH i [H^^ili'ifiirllil l|.!-r4̂  

RR-tn irilRl'-'-!-'Rd-R-|' i" i-Tp̂ MI H-̂ 'H-p' r i p - R-̂ -j i-P[4 
-|, )iR-d-[|̂  I4ifil -tl .. i -1 i-̂ li-rP rirRi^l rr̂ -Ti fi-M ' R4i-1 i-iP 
Rti--j--Rd-[jJ4--n-di: d • '-i[4iT-hR4-i-TrTdRi'-4-i- R'id '-R-j '-i^l" 

iSl i|ilfel4j4rt;|g^ 
uj;i-4hi4 4±fy rul.rRdyj: i.li r4fi-Tiit44i'. d • J-fr-dRrPd-i] -Jd 
:: fF-f ip i r R t i -t : l f iR f fd i 1 dWid i lTi P- d 1 i]fd4-hl i.- dd-i-

R-i- d-p+t̂ i i j i ' -^ \\A 'I RM+I dT+f-'i'' d' t lR H "' • i' •JititjPlRRfi-i-^Ri]UiHTjRfiP^HiJii-iP-j • ii-TRiii p-1-f 
iPRRRiiRl44-Hi4ir iRi- ' -wlRi- 'R'P-^' t t^ i iH -i-ti-
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Variables 
Equation, Fortran 

CI. 
J 

Co 

Dk, 
a 

Dkj 

Dk^ 

ET 

f 

H 

M.TRQ 

N.RPM 

P 

Q 

R 

s 

S 

t 

T 

u 

W 

6,TH 

cp.PH 

,th 
= iPrecursor concentration in j group 

= Isentropic spouting velocity 

= Reactivity feedback of drums 

= Reactivity feedback of reactor 

= Total reactivity feedback 

«= Turbine efficiency 

= Function 

= Enthalpy of solid material 

= Torque 

= Speed 

= Pressure 

= Decay heat power 

= Density 

= Laplace operator 

= Thermal power in fueled sections 

= Nuclear power 

= Thermal power in unfueled sections 

= Time 

= Fluid Temperature 

= Mean peripheral blade Sprcd 

= Mass flowrate 

= Angular position 

= Material temperature 

ft/sec 

$ 

$ 

$ 

BTU/lb 

Ib-ft 

rpm 

psia 

% 

Ib/ft^ 

7o 

7, 

7. 

sec 

°R 

ft/sec 

lb/sec 

deg 

o^ 
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3 

4 

45 

5 

7 

9 

10 

15 

19 

20 

22 

27 

285 

29 

30 

31 

32 

= 

-

•t 

-

= 

-

as 

-

-

-

-

= 

= 

= 

= 

S£ 

a 

Pump inlet 

Low ipeed pump discharge 

High speed pump discharge 

Nozzle inlet 

Reflector inlet plenum 

Peripheral shield exit plenum 

Dome end plenum 

Nozzle chamber 

Support structure bypass control valve inlet 

Support structure control valve discharge 

Support system discharge 

TPCV inlet 

High speed turbine inlet 

Low speed turbine inlet 

Low speed turbine exit 

Skirt extension inlet 

Skirt extension outlet 

Qualifying Subscripts 
Equation, Fortran 

a = Parallel turbopump 

C = Reactor core, average 

C. = Reactor core, i section 
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Qualifying Subscripts (continued) 
Equation, Fortran 

d = Drum 

D , = Demand 

DB = Diluent bleed 

e = Exit 

E = Error 

EC = Clamped error 

EXT = Skirt extension 

H = High speed 

HB = Hot bleed 

j = Radial inside 

M = Measured 

N = Nozzle 

NC = Nozzle coolant 

p = Pyrographite 

P = Pump 

R = Reflector 

SG = Structural graphite 

SK = Skirt 

SKC = Skirt coolant 

SS = Support system average 

SSB = Support system bypass 

SSI = Support system inlet 

SSj = Support system, j section 

ssv = Support system control valve 

T = Turbine 
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Qualifying Subscripts (continued 
Equation, Fortran 

ti , = Stainless steel, i section 

V = Turbine power control valve 

cp, PH = Radial outside 
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