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I LEGAL NOTICE 

T h i s  r e p o r t  w a s  p r e p a r e d  a s  a n  a c c o u n t  o f  G o v e r n m e n t  s p o n s o r e d  w o r k .  
N e i t h e r  t h e  U n i t e d  S t a t e s ,  n o r  t h e  C o m m i s s i o n ,  n o r  a n y  p e r s o n  a c t i n g  on  b e h a l f  
o f  t h e  C o m m i s s i o n :  

A. Makes  a n y  w a r r a n t y  o r  r e p r e s e n t a t i o n .  e x ~ r e s s  o r  i m p l i e d ,  w i t h  r e s p e c t  
t o  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  o r  u s e f u l n e s s  o f  t h c  i n f o r m a t i o n  c o n t a i n e d  i n  
t h i s  r e p o r t ,  o r  t h a t  t h e  u s e  o f  a n y  i n f o r m a t i o n ,  a p p a r a t u s ,  m e t h o d ,  o r  p r o c e s s  
d i s c l o s e d  i n  t h i s  r e p o r t  may  n o t  i n f r i n g e  p r i v a t e l y  o w n e d  r i g h t s ;  o r  

B .  A66ume6  a n y  liabilities w i t h  r e s p e c t  t o  t h e  u s e  o f ,  o r  f o r  d a m a g e s  
r e s u l t i n g  f r o m  t h e  u s e  o f  a n y  i n f o r m a t i o n ,  a p p a r a t u s ,  m e t h o d ,  o r  p r o c e s s  
d i s c l o s e d  i n  t h i s  r e p o r t .  

As u s e d  i n  t h e  a b o v e ,  " p e r s o h s  a c t i n g  o n  b e h a l f  o f  t h e  C o m m i s s i o n "  i n c l u d e s  
a n y  e m p l o y e  o r  c o n t r a c t o r  o f  the  C o ~ n l l ~ i s ~ i u r ~  l o  t h e  v x t e r ~ t  t h a l  s u c l l  e ~ s p l o y t !  
o r  c o n t r a c t o r  p r e p a r e s ,  h a n d l e s  o r  d i s t r i b u t e s ,  o r  p r o v i d e s  a c c e s s  t o ,  a n y  
i n f o r m a t i o n  p u r s u a n t  t o  h i s  employment o r  c o n t r a c t  w i t h  t h e  C o m m i s s i o n .  
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A method o f  o b t a i n i n g  t h e  few-g roup  fo rm o f  t h e  PL and d o u b l e -  
PL e q u a t i o n s  i s  g i v e n  f o r  s  l ab  geometry .  A n i s o t r o p i c  s c a t t e r i n g  
i s  a1 lowed w i t h i n  spec i f  i ed  I  i m i t a t i o n s .  The d i f f e r e n c e  equa -  
t ions and assoc ia ted  r e c u r s  ion  r e l a t i o n s  a r e  d i s c u s s e d ;  t h e  f e a -  
t u r e s  and r e s t r i c t i o n s  o f  FL IP  a r e  e x p l a i n e d ;  and a  d e t a i l e d  
d i s c u s s i o n  o f  t h e  i n p u t  and o u t p u t  i s  p r e s e n t e d .  O p e r a t i n g  
i n s t r u c t i o n s  a r e  g i v e n ,  and a  s a m p l e  p r o b l e m  i s  i n c l u d e d .  

FLIP-AN IBM-704 CODE TO SOLVE THE PL AND DOUBLE-PL 

EQUATIONS IN SLAB GEOMETRY, 

B. L. Anderson, J. A. Davis, E. M. Gelbard, and P. H. Jarvis  

INTRODUCTION 

FLIP, a reactor design code for, the IBM-704 computer, uses the PL and double-PL approxima- 

tions to solve the one-velocity, one-dimensional transport equation in slab geometry. The following 

approximations a r e  available in FLIP: P3, P5, P7, double'-PI, double-P2, and double-P3. Fo r  all  

approximations, flux components a r e  computed over a mesh of, a t  most, 500 intervals, distributed 

through a slab containing no more than 50 homogeneous regions. The source function is assumed to 

be isotropic, but it may vary from mesh point to mesh. point. Anisotropic scattering is permitted 

within limitations which will be clarified in the following sections. 

DEVELOPMENT OF THE METHOD 

Conventional qL Approximations 

Essentially, FLIP is an extension of the IBM-704 SIMPL codes (Ref 1). The method used to 

derive the P g  SIMPL equations'may be applied directly to the higher PL equations a s  well. The 

resulting second order  differential equations can be written in the form (Ref 2) 

where 

and 



Further ,  

The coupling parameters  a. ., symmetric  in i and j, a r e  given by the expressions 
1J 

while the Ai, which a r e  independent of al l  physical constants, a r e  given by 

All the FL (the Legendre coefficients of the flux) may be expressed in te rms  of qi: 

The source, S, must be isotropic but may vary from point to point. 



All of the previous equations have been written explicitly for a P7 approximation. Corresponding * 
relations for a P5 approximation may be obtained simply by deleting al l  fourth group parameters.  

P3  relations remain when both the third and fourth group parameters a r e  suppressed. It should be 

noted that Di and (pi a r e  so defined a s  to guarantee the continuity of 

across  interfaces. 

th 
FLIP solves Eq (1) by a ~ a u s s l ~ e i d e l  iterative process. Assume that the k iteration has been 

th . completed, and that k . ~ t e r a t e s ,  (p(k), of (p a r e  available in al1,groups. These 'are inserted into the 

right-hand side of Eq (1), and a (k t l ) th  iterate of (pl is computed. Now Rtl) and the kth i terates  of 

all  other (p 'sare inserted into the right-hand side of Eq  (1), a n d ' R t 1 )  is computed, etc. After each 

iteration, the function FF) is computed at every mesh point n from the relation 

and divided by F g ' ' ) ;  yielding 

The iterative process terminates when 

and 

for  all mesh points, and for an E whose value i s  supplied a s  input. 

It has been found convenient to s ta r t  the iterative process from a zero guess, do) = 0, in all  

groups. The f i rs t  i terate of the scalar  flux. FY), is then identical with the P l  solution. With an E 

of 0.00005, which is more than adequate in convergence requires about four to ten i te ra -  

tions in all. PL approximation@. 

Extrapolation of the iterative process is a v d a b l e  in FLIP, a s  in the WANDA code (Ref 3 ) ,  but 

because of the rapidity of convergence,. i ts  use has never been necessary. . . 

Double - P  Approximations L 
The derivation of the FLIP double-PL equations is not completely straightforward and will. 

therefore, be discussed in some detail. Anisotropic double-PL equations have been developed by 

Mertens (Ref 4). These will be written, f i r s t , '  for a double-P3 approximation. Equations for lower 

approximations will be obtained by deleting te rms  from the double-P3 equations. 

In double-P3, then, 

* The word "group1' is used in this report in an artificial sense. 



and 

Here, the scattering c ross  section is truncated at Cs7. The 9's and x's a r e  the usual half-range 

moments of the flux, 

1 
I),(.) = I?(', XI - 1) 

(1 R) 

x = 4 
while FL and fL a r e  double-P3 expressions for the full-range moments: 

F O = Q O + ~ O  s 



and 

The symbol f L  den0tes.a full-range moment which cannot be represented exactly in a given half- 

range approximation. 

The double-P equations may be obtained by deleting all t e rms  containing scattering components 1 
beyond Zg3 and moments beyond and x1 f rom Eqs (10) through (17) and from Eqs (19) through 

(26). These may be written in terms of the approximate full-range moments: 
3 

F; + (zT - zsO) FO = S , (27) 

and 

where 

and 

When the odd full-range moments a r e  eliminated, the result i s  two, coupleci, second-order 

equations of the form of Eq ( l ) ,  where 

and 

Second order  double-P2 equations may, of course, be derived in a number of ways. Fo r  

practical reasons, however, i t  is convenient to work with equations which a r e  a s  simple a s  possible, 

and which are  forma-lly similar to the few-group equations. For  these reasons, two conditions a r e  

imposed on the second-order equations. F i r s t ,  it is required that they have the form of Eq (1) and 



second,  the quanti t ies . 

a r e  r equ i red  t o  be continuous a c r o s s  in terfaces .  T o  mee t  these conditions, i t  is necessa ry  to 

neglect  a l l  s ca t t e r ing  components beyond zs2. This  has  been done in  both the double-P2 and double- 

P3 equations,  with the r e s u l t  that the sca t t e r ing  c r o s s  section is represen ted  with the s a m e  degree  

of precis ion a s  the RDR 4 (Ref 5). It should be noted that no such difficulties a r i s e  in  the conven- 

t ional P approximation f o r  any value of L. L 

Having neglected higher sca t t e r ing  components,  one may  wri te  the double-P2 equations in the 

f o r m  

F; t zaFO - S , (40) 

2 1 1  7 F 2  t 7 F O  t (ZT - ) F1 = 0 , s 1 

3 '  2 -f t -F  t (CT - 2 ) F2 = , O  , 5 3  5 1 s 2 

1 7 '  27 ' - f  l = F 2  I f 32 4 YT 3 O * ' .  

16 ' 31 = f 5  t - f  + C f = O  , 90 3. T 4 

and 

H e r e  the F1s and f l s  a r e  defined by E q s  (19) through (24) with appropriate deletions. F r o m  the 

definitions 

and . 

i t  follows that  

with 

and 



When the odd FL1s and f L t s  a r e  eliminated f r o m  E q s  (40) through (451, th ree ,  coupled, second- 

o r d e r  equations in q result .  In the notation of Eq ( l ) ,  

and 

The Dils have a l ready been defined by E q s  (50) through (52). 

The procedure used to der ive  the double-P1 and double-P2 F L I P  equations may be summar ized  

a s  follows.: one wri tes  the double-PL equations in t e r m s  of the full-range moments  and uses  the 

derivative t e r m s  in alternate equations to define group variables.  F o r  instance,  f r o m  E q s  (411, 

(431, and (451, 

F 0  + 2F = cp 2 1 '  (60) 

and 

1 0 f 4 - 9 F 2 = c p 3  indouble-P2.  (bt) 

Next, D1s a r e  defined in such a way a s  to yield.  analogues t o  F ick ' s  law ( s e e  E q  (49) f o r  example).  

and the odd full-range moments a r e  eliminated. 

In t e r m s  of the full-range moments ,  the double-P3 equations take the f o r m  



and 

If second-order equations a r e  derived from Eqs (63) through (70). the resulting CT3 will be 

negative. It can be shown, in consequence, that the Gauss-Seidel process will not converge for  

certain types of problems. This difficulty may be circumvented by reformulating the equations 

in t e rms  of new independent variables: 

and 

One then finds that 

and 

Of course, substitutions, Eqs (71) through (74), a r e  somewhat arbitrary. They a re ,  however. 

designed to bring the double-P3 equations into a form similar  to that of the P7 equations, since the 

P version of FLIP is rapidly convergent. 7 

In Eqs (75) through (82) one unsatisfactory feature, remains. It i s  implied in Eq (80) that 

while, f rom Eq (82). 

p4 a 318 H& .I' 307 H~ . 
So defined, 4P3 and (p4 a re  nearly-prop'ortional to each other. Perhaps for this reason, convergence 

of a double-P3 FLIP,  based on Eqs (75) through (82), i s ' ra ther  slow. One additional transformation 

elilninates convergence problems. 



The double-P3 equations now take the final  f o r m  

77 77 - 3 4 0 H 5 t - F  t C  H = O  , 
192 3 T 4 

876 +m - 
924 6. 924 H4 ' 'TH5 '= O * 

309 H I  + 7227 
3524 7 74885 H; T H 6  = O 

and 

- 2 7 2 ~ t  t . C  H = O  . 
2163 6 T 7 

The resul t ing second-order equations have the f o r m  of Eq (1) with 

ZT1 = Za . ; 

and 



where  

and 

Also,  

Convergence of the  double-P3 ve r s ion  of FLIP ,  based on E q s  (86) through (101), is rapid.  In this 

f inal  f o r m  the double-P3 F L I P  is operational a s  a production code. 

Gray Rorlndary Condi t ions  - 
The code descr ibed i n  the preceding sect ions  is now r e f e r r e d  to  a s  F L I P  1. In F L I P  1 ,  

e i the r  the  directional flux o r  the c u r r e n t  mus t  vanish a t  each boundary. FLIP 2 is a modified 

f o r m  of F L I P  1, with g r a y  boundary conditions applicable a t  left-  a n d / o r  right-hand boundaries. 

Only the double-P1 approximation is available in  F L I P  2. In this approximation, one may  

r e q u i r e  that 

a n d / o r  that ' 

Here  the subsc r ip t s  L and R denote the left-  and' right-hand boundaries,  respectively.  The a ' s  and 

b l s ,  which mus t  be supplied a s  input to  F L I P  2, m a y  be derived f r o m  the blackness theory (Ref 6). 

At a black boundary a l l  the a ' s  and b's a r e  zero .  At a reflecting boundary, a l  ;. 1 ,  b2 = - 1 ,  and 

a 2  = bl = 0. 



NUMERICAL SOLUTION 

Difference Equations and Associated Recursion Relations 

All the approximations discussed previously lead to  equations of the f o r m  

k 
- V [Di(x) V li(x)] t ~ ; ( x ) q ? ~ ( x )  = A ~ S ( X )  t 1 a. .(x)rpj(x) 

j=l  'J 

(j+i) I k  i = l  

where k takes on values a s  follows: 

k = 2 (P3, double-P1) 
. . 

k = 3 (P5, double-P2) 

k = 4 (P7,  double-P3) 

These may  be expressed a s  difference equations and solved by well-known methods (Ref 7) .  In 

brief,  one finds for  points in ter ior  to a region that 

and 

Introduction of the variable h i  in place of ai is a device which h a s  long been used in the WANDA. n n 
code (Ref 3)  to  minimize roundoff e r r o r .  

At in terfaces ,  



where  the p r imed  va r i ab les  r e p r e s e n t  the  right-hand region. 

At the left-  and right-hand boundaries,  e i ther  the flux o r  the gradient of i t s  even moments  m a y  

be fo rced  to  ze ro .  The re la ted equations a r e  summar ized  below. At the origin in = 0): 

1)  Z e r o  Flux 

and 

2) Z e r o  Gradient 

and 

AL Lhe uuler boundary (n = Iu): 
1) Z e r o  Flux 

2)  Z e r o  Gradient 

whcrc 

G r a y  Boundary Conditions 

The  re la t ionship  of the a ' s  and b l s  of E q s  (102) and (103) to the basic equations will now be 

shown. Consider a slab with g r a y  (o r  black) conditions applied a t  the left-hand boundary. The use 

of Eq (102) to substi tute f o r  in  E q s  (31) and ( 3 3 ) ,  respectively,  gives two simultaneous 
. . 

l i nea r  equations in  xO and x l .  When these  a r e  solved i t  is found that ' 



and 

L e t  t h e s e  be wr i t ten  a s  

and  

X1. = A 2 ~ F 0  + B 2 ~ f 2  

where  the defini t ions of A I L ,  B I L ,  AZL, BZL a r e  evident  f r o m  E q s  (120) and (121). Substitution of 

E q  (102) in to  E q s  (32) and i34) g ives  

and 

which, by m e a n s  of E q s  (122) and  (123),  c an  be  wr i t ten  

and 

f 3  = - a l L  t .a2.) + AZL(3 - b l L  t 3bZL)] Fo 

] } . (1.5) + [ B I L ( l  - a l L  t 3a2L) + BLL(3 - b l L  t 3blL) f 2  

If E q  (39) is used  i n  E q s  !124) and (125) t o  r e m o v e  Fo and f2 ,  the r e s u l t  is 

bS =L A 
1 2 [ lL(a1,  t a 2 ~ -  t A 2 ~ ( b l ~ ' b 2 ~  + l ) ]  ,, 

t 2 [(B,, - 2AlL) (a lL  t alL - 1 )  + (BZL - 2ALL)(blL + b 2 ~  + 'P2 I (1 26) 

and 

3 + - ( R i L  - 2 A I L ) ( 1  - a l L  t ?a2L) t (BZL.-  2AZL)(3 - b l L  + 3bZL) 'P2 (127) 
b 4 

T h e s e  equat ions  can  he wr i t ten ,  with the a id  of E q  (39),  a s  

and  



where the definitions of the aL1s and TL1s a r e  obvious f r o m  E q s  (126) and (127). If g r a y  (o r  black) 
conditions a r e  applied a t  the right-hand boundary, a s i m i l a r  technique is used to find the c o r r e -  

sponding a R l ,  TR1, aR2, and TR2. Consequently, i t  can be shown that 

It now r e m a i n s  to  show how the p a r a m e t e r s  in  Eq  (130) modify the flux calculations'. Let Eqs  
a (128) and (129) be writ ten a s  

Consider  the left-hand boundary. At x = 0, Eq (131).can be writ ten in difference equation fo rm a s  

A three-point difference equation i n  q ,  obtainable by methods cited in Ref 6 ,  is used to eliminate 
i f r o m  Eq  (132). Suitable a lgebraic  manipulation, together with the use  of Eq (107), allows the 

resul t ing express ion to be written a s  

and 

At the right-hand boundary, where x = xN, Eq (131) is writ ten in difference equation fo rm a s  



Manipulation of Eq (137) in a manner s imilar  to that used with Eq (1 32) permits it to be written a s  

where 

and 

i .  . . 
At reflecting boundaries (or axes of symmetry),aL, t; and/or  a;, t i  a r e  zero. Under these 

conditions, Eqs (134) and (135) reduce to Eqs (115) and (116), and/or  Eq (138) reduces to Eq (118), 

respectively. 

A SUMMARY OF FLIP CHARACTERISTICS 

Features 

Flexible Input 

For  most problems, the usual procedure is to have the code automatically calculate al l  the 

coefficients of Eq (104). The input required for  this is called "regular" input. However, for special 

applications it is possible to specify these coefficients directly. Hence, this kind of input is called 

"dir.ectl' input. Either regionwise or  pointwise external sources can be used with each kind of input, 

which makes a total of four possible methods of ftlpur presentatlurl. 

Choice of Output 

For  each input method, a total of four output edits is available. With regular input, these edits 

consist of various combinations of the scalar  flux, i t s  even moments, and the a . . .  With direct input, 
9 

the appropriate group fluxes a r e  printed out instead of the scalar  flux and the even moments, and 

thc convcrgcnoo criterion is based directly nn q~ instead of Forl. ~n 

Stopping after One Iteration 

Any problem can be set  to stop automatically after one iteration. Because of the manner in 

which iterations'are counted, stopping after the f i rs t  one will give the P1 solution. 

Scaling of External Sources 

In certain r a r e  cases, a given FLIP- 1 problem, usually a double-P3 approximation, will fail to 

converge because the values being computed for  the p k a r e  creating an underflow condition. Such a 
condition i s  caused by the ~ ~ m p u t e r ' s  attempting to handle numbers smaller  than (except for 

zero).  It has been found that underflow may occur in a problem where the external source i s  con- 

stant in a region several mean free paths in  width. If such an underflow occurs, FLIP 1 automatic- 
4 ally scales' the external sources up by a factor of 10 and repeats the calculation. If the problem 

converges after sufficient scaling, the print-out w i l l  indicate how many times the external.sources 

(and consequently, the fluxes) have been scaled. If, however, a total of three such sca'lings i s  insuf- 

ficient to remedy the situation, the problem j.s a.i~tomatically stopped, and the region causing the. 
. . 



the difficulty is indicated on the print-out. If such problems a re  to be run successfully, one should 

remove excessive ,mesh points in those parts  of cells where the flux remains a t  an asymptotic value 

for  several  mean free paths. 

Extrapolation 

An extrapolation technique, using the same extrapolation factor on al l  fission sources, can be 

specified. Suppose that for  the kth iteration fp?) ( i  > 1) has been calculated. Instead of using this 

value of fpp) in the fission t e rm of Eg (104) for the next iteration, it i s  modified according to the 

relation 

[fpy)] = f p i k )  + 0 [qp - @-l)I (0 5 0 5 1) . 
new 

If extrapolation is specified. FLIP will wait until the .third iteration to begin extrapolating. 

Problem Running Time 

The actual running time for most FLIP problems, with a convergence criterion in the order of 

0. 00005 and without extrapolation, ranges from less  than one -half minute for the smaller  P and 3 
doubie-P1 problems to about nine o r  ten minutes for the largest P and drn,hle-Pj problems. The 7 
number of iterations usually increases with the higher approximations, but it should seldom exceed 

fifteen; sometimes, for a P3 o r  double-P approximation the number of iterations is a s  low a s  four 1 
.or five. 

Restrictions 

Geometric Restrictions 

A maximum of 500 mesh intervals and 50 homogeneous regions i s  allowed with FLIP 1. For  

FLIP  2 this becomes 250 mesh intervals and 25 homogeneous regions. Only slab geometry can be 

used. 

Mathematical Restrictions 

FLIP  1 handles the P3. P5,  P7 ,  double-P1, double -P2,  and double-P3 approximations. The 

boundary conditions a r e  either zero  current or  zero flux. FLIP 2 allows any degree of grayness, 

f rom reflecting to blackness, for  i t s  boundary conditions. Grayness may be s ~ e c i f i e d  at either one 

o r  both boundaries. When it is specified a t  only one boundary. the conditions at the other hni~nrlary 

a r e  specified a s  in FLIP 1. Only the double-P1 approximation is available in FLIP 2. 

Computer Restrictions 

The minimum computer requirements a r e  a 32,768 word core storage unit, one tape unit, an 

on-line card reader ,  an on-line printer,  and an off-line printer. No dr11rn.s a r e  used, 

PREPARATION OF INPUT 

FLIP  1 Input Data 

Title Card 

Columns 

Control Card No. 1 

Columns 

01 - 04 

05 - 08 

FLIP  1 

Problem number and any other information the requestor 

wishes to use for identification purposes 

Card number (0001) 

Type of approximation (0003, 0005, OO,O?, 0021, 0022, 0023) 



09 - 12 Number of regions 5 50 

13 - 16 Number of points 5 501. This  number,  which includes the  

0 r i g i n . a ~  point No. 1 ,  must  be odd. 

17 - 20 -. , , Left boundary: symmetr ic  (0001), nonsymmetric (0000) 

Right boundary: symmet r ic  (0001), nonsymmetric (0000) 

Type of input: regular  ( O O O O ) ,  d i rect  (0001) 

29 - 32 Type of 'output: 

(0000): Fo  a t  a l l  points 

(0001): Fo  a t  a l l  points, a.. f o r  a l l  regions 
1.l 

(0002): Fo, F2, (F4), , (F6) a t  a l l  points 

(0003): F o ,  F 2 ,  (F4), (F6)  a t  a l l  points, 0 . .  f o r  all 
1.l 

regions  

33 - 36 Type of source:  regionwise ( O O O O ) ,  pointwise (0001,) 

37, 38 - 43, 44, 45 Sign, convergence cr i ter ion (floating point), sign, exponent 

46, 47 - 52, 53, 54 Sign, extrapolation factor  (floating point), sign, exponent 

Note: Floating point numbers a r e  written to the base 10. F o r  example,  a 

convergence cr i ter ion of 0.00005 should be written a s  + 500000 - 4. 

Control Card No. 2 

This  c a r d  controls the option to  specify fuel regions. If none a r e  to be specified, place z e r o s  in 

columns 5 - 6. 

Columns 

01 - 04 

etc. J 

etc. 

Mesh Spacing 

Card number (0002) 

Total  number of fuel regions 

> Region number(s)  of'the fuel regions 

Columns 

01 - 04 

Card number 

Interface numbers  and the outer boundary. These numbers  

must  be odd, counting the origin a s  point number one. Use 

a s  many ca rds  a s  neccssnry.  

Card number 

Sign, m e s h  width'(f1oating point), sign, exponent 

Sign, mesh  width (floating point), sign, exponent 



27, 28 - 35, 36, 37 Sign, mesh width (floating point), sign, exponent , 

38, 39 - 46, 47, 48 , Sign, mesh width (floating point), sign, exponent 

49, 50 - 57, 58, 59 Sign, mesh width (floating point), sign, exponent 

60, 61, 68, 69, 70 Sign, mesh width (floating point), sign, exponent 

Use a s  many cards a s  necessary. 

Source 

Sources a r e  listed, using the same format a s  the mesh spacing. If a regionwise source is 

specified, there must be a source for  each region. 

If a pointwise source is specified, there must be'a source for each point and an interface source 

for  each interface a s  well a s  one a t  the outer boundary. To list  the. interface sources, s ta r t  a new 

card after all  pointwise sources have been listed. Since a double-valued source is not used a t  the 

outer boundary, a zero  must be used at this point. 

Sigmas 

List  the s igmas in the same format a s  the mesh spacing. 

a )  P3 and double-P1 require one card for  each region, containing 

Card number. Za, Z . Zs,, Zs , Zs 
2 3 

b) Double-Pz and double-P3 require one card for each region, containing 

Card number, Za. ZsO, Zsl ,  Z 
2 

C) P5  requires  two cards  for  each region, containing 

Card number. Za. ZSO, Zsl ; q2. Zs3 

Card number, Zs4, Zs5 

d) P, requires two cards for  each region, containing 

Card number, Za, Zs , 
0 

Card number, Zs4. Z p 5 ,  Zs6* 

List a l l  the sigmas for  the f i r s t  region, followed by all  the sigmas for the second region, etc. 

Direct Input 

List  the data through the sources in the manner described above. However, instead of speci- 

fying values for  the sigmas, the requestor must supply values for Di, ZTi. A i* and a.  .. 
1.l 

a) Di: There will be one card for  each region, containing 

Card number, Dl, D2, (D3). (D4) 

If any of the Di do not apply to the approximation, their space on the card may ,be left blank. 

b) ZTi: Use one card for each region, containing 

Card rrwnlrer., ET1, ZT2, (2 ), '(2 * ) 
T3 . T4 

C) Ai: One card, containing 

Card number, A1, A2, (A3), (A4) 

d) 4j: Use either one o r  two cards per region, depending upon the approximation, 

containing 

Card number, a1 2,  a21' O13' a31' O23' .@32 

Card number, a14, a 41' O2.4' a42' .O34* O43 



One Iteration . ' . . . . -. 

One- i teration problems may  be done by sett ing the convergence cr i ter ion to zero.  F i r s t  group 

fluxes will be calculated and printed. 

F L I P  2 Input Data . 

The input instructions a r e  identical with those of F L I P  1 except for  the following differences: 

Title Card Changes 

Columns 

02 - 06 F L I P  2 

Control Card No. 1 Changes 

Columns 

Problem number and any other identification 

Type of approximation, (0021) 

Number of' regions 5 25 

Number of points < 251. This  number, which includes the 

origin a s  point No. 1 ,  mus t  be odd. 

Left boundary: symmet r ic  (0001). nonsymmetric ( O O O O ) ,  

g rayness  (0001) . 

Right boundary: symmet r ic  (0001). nonsyrnmetric ( O O O O ) ,  

g rayness  (0001) 

~ l l  other necessa ry  information regarding.gray boundary conditions appears  on additional 

c a r d s  which must  tie put a t  the end of the deck. The numbering of these  c a r d s  must  be 

consecutive with the r e s t  of the deck. The o rder  and description of the additional ca rds  

a r e  given below. 

Gray  Boundary Control Card 

Columns 

01 - 04 Card number 

Gray  boundary conditions: no grayness  a t  e i ther  boundary 

(OO), grayness  a t  r ight boundary only (Ol), grayness  a t  left 

boundary only (10). grayness  a t  both boundaries (11) 

Gray Boundary Input P a r a m e t e r s  

If no grayness  is specified the gray boundary control c a r d  is the l a s t  card in  the deck. If g ray-  

ness  is specified a t  only one' boundary, one additional ca rd  containing. a l  , bl , a2, b2, is necessary.  

If g r a . p e s s  is specified a t  both boundaries, two m o r e  ca rds  a r e  necessary.  The f i r s t  must  contain 

a l ,  b l ,  a 2 ,  b2 fo r  the right boundary, while the second must  contain these  four  p a r a m e t e r s  fo r  the 

left boundary. 

Columns 

01 - 04 Card  number 

05,' 06 - 13, 14, 15 Sign, a l  (floating point), sign, exponent 

161, 1 7  - 24, 25, 26 Sign; bl (floating point). sign, exponent 



27, 28 - 35, 36. 37 Sign, a2  (floating point), sign, exponent 

38, 39 - 46, 47, 48 Sign, b (floating point), sign, exponent 2 

OUTPUT 

Output information will be printed in the following order: 

1) A listing is made of the data deck. 
. . 

2) The calculated group parameters ,  D', Z;, and A ~ ,  a r e  listed for all  the regions fok the 

f i r s t  group, followed by a l l  the regions for  the second group, etc. 

The 0 . .  will be printed if requested. The values a r e  read a s  if they were the columns of a 
1J 

matrix: cull, f f21,  a31, ff41, a12, ff22. etc. , and there will be. a set of these for each region. 

3) Values of km_ and kmin will be printed after each iteration except the first .  These'values 

must approach unity in order  for convergence to take place. 

If one of the Fonts ,  which appear in the denominator of the ratio xn, is very small o r  zero  

(except at a nonsymmetric boundary), the ratio cannot be computed, and a test for con- 

vergence cannot be made. However;a test will be attempted after the next iteration. 

Hence, there.may be certain iterations for which no values of km_ ,and xmin a r e  printed. 

If the underflow condition occurs, the sources will be scaled by a factor of lo4, and the. 

calculation which caused the underflow will be repeated.' Each'time the sources a re  scaled. 

the scaling factor will be.printed. After scaling has occurred, the iteration counter will 

not be rese t ,  and values of km& and kmin will continue to be calculated and printed. If, 

after  scaling the sources three t imes,  the ul?derflow condition persis ts ,  the problem stops 

and prints out an indication of the region which causes the difficulty. 

4) The point number, radius, and fluxes will be printed after convergence has taken place. 

F o r  regular input, the F 's.wil1 be printed; for direct input, the rpnls will be printed. If it n 
was necessary to scale the sources,  the fluxes will have been scaled by the same factor. 

5) The width of each region is listed. 

6) 'l'he following integrals, calculated over each region by means of Simpsonls Rule, will be 

printed: 

a) J - x a ~ , ~  . . 

b) j F 0 d x  

7) If the requestor wishes, the above integrals will be summed over fuel and non-fuel regions. 

This option is under control of input card No. 2 .  The sums of the integrals will be printed 

in the following order:  

a ) '  xl~,cL for fuel regions 

for fuel regious 

for non-fuel regions 

d) C J ~ ~ * . , d x  for non-fuel regions 

8) Balance checks a r e  calculated for  each region and for each group. 

Let the boundaries of a region R be a t  n and N, a s  shown in  Fig. 1. 

The basic equations solved by the code may'be written a s  



where S' is the total source (fission + slowing down T - 

+ external). Integrating the right-hand side of Eq 

. - ,  . ciy (141) across the region R, one may write 

LN . ' R  : :  (ST - zi pi) dx = J: - ' T J: . ' (142) 

Integrating the left-hand side of Eq (141) in a s imilar  

n n + I N - l N manner, one may write 

F i g u r e  I 

where 

and 

[pk+lh- pk] h i ji = - D' - 2 (ST)n + 2 h i i  xTpn 

~ h e b a l ~ n c e  checks a r e  values of (J: - J:), which the code calculates by Simpson's Rule, and of 
i i i ( jN - jn), which it calculates with Eqs (144) and (145). A comparison between (Ji - J,) and ( jN  - jn) N 

should provide some estimate of the adequacy of the mesh spacing for a particular problem. For  
i each group. (JN - 3;) is printed out for all the regions and followed by (jh - j i )  for al l  the regions. 

It will be seen, from Eq (49) for example, that the jils a r e  simply related to the odd moments of 

the directional flux. The f i rs t  moment i s  the current. 

If at least one of the boundaries i s  symmetric,  the current at each interface may be obtained 

f rom the balance checks by performing a simple hand computation,. From Eq (142), i t  is evident 

that if one s ta r t s  at a symmetric boundary, the current at the nearest interface can be found. P ro -  

ceeding in this manner, it is possible to construct, . i n  order ,  the currents for all  interfaces. 

OPERATING INSTRUCTIONS 

~ e l ~ e r a l  

FLIP may be run either from tape o r  cards, but tape is preferable. .The routine WB CTB 2 is 

used to prepare the program tape from absolute binary and correction/transfer cards. 

FLIP 1 

Printer Board-SHARE, No. 2 

Tapes-Logical No. 1: Program tape (this is not used if the code is being run from binary cards) .  

Logical No. 2: Blank 

Sense Switches-All n n r m a l  

Note: FLIP 1 contains a special device, which i s  under the control of SSW No. 5, that may 

be used for on-line monitoring of the progress.of any problem. With SSW Nu. 5 

depressed, values for kmax and ape printed out on-line after each iteration. m in 
If the problem is converging, each of these values must be approaching unity. This 

monitor as not meant to be used a s  a general procedure, but rather only if a problem 

seems to be running a long time. 



Console-CLEAR, LOAD TAPE (or  LOAD CARDS) 

Card Reader -START 

Note: Any number of problem decks may be loaded into the reader. A blank card must be 

inserted af ter  each problem deck, and two blank cards should follow the last problem 

deck. Note that FLIP  1 does not read the blank card until after the problem is 

finished. 

Last  Problem Ends-With a SELECT on the card reader. 

Press ing  START on the card reader  causes the following: 

(1) An end-of -file is written on the output tape. 

(2) The end-of-program stop (14776)8 appears on the console. 

Print Output Tape-Program Control 

Program Stops 

All numbers a re  octal. 

'7 543 . NiVlachiiie e r r o r  

7572 Probably requestor e r r o r  in specifying interface numbers. Possibly machine 

e r ro r .  'Push START on console to read in next problem. 

' 1  5'1 5 Cards a r e  incorrectly numbered.or out of order.  If it stops on reiidirlg the 

blank card,  there a r e  not enough  card^ in the dcclc, 

' . 11512 Machine e r r o r  

,11514 Machine e r r o r  

11516 Machine e r r o r  

1 1520 . Machine e r r o r  

11522 Machine e r r o r  

1 1524 Machine e r r o r  

11 5.26 Machine e r r o r  

1153U Machine e r r o r  

11532 Machine e r r o r  

11534 Macl~illt: e r ~ ~ u l '  

11536 Machine e r r g r  

11 540 Machine e r r o r  

1 1542 Machine e r r o r  

11 544 Machine e r r o r  

Machine e r r o r  

Marhine e y r ~ r  

Machine e r r o r  

Machine e r r o r  

Inappropriate character encountered in a data field in reading cards  

Inappropriate character encountered in a data f i e l d  i n  reading cards 

Inappropriate character encountered in a data field in reading cards 

inappropriate character encountered in a data field in reading cards 

Non-Hollerith character encountered in reading card 

Echo check in printing. P re s s  RESET and START to repeat line and continue. 

End of file in reading cards 

End of program 

FLIP  2 

The operating instructions for FLIP 1 apply, with the following exceptions: 



Sense Switches-(a) All normal for off-line output 

(b) SSW No. 5 down for on-line output (logical tape No. 2 is not needed) 

Note: FLIP 2 contains no provision for  monitoring the convergence of a problem. It will 

write the entire output for  a problem either off-line o r  on-line, but i t  will do both. 

Last Problem Ends-Same a s  FLIP  1, except that the end-of-program stop is (14153)*. 

Program Stops 

All numbers a r e  octal. 

7 27.1 Machine e r r o r  

7330 Probably requestor e r r o r  in specifying interface numbers. Possibly machine 

e r ro r .  Push START on console to read in next problem. 

7334 Cards a r e  incorrectly numbered o r  out of order.  If it stops on reading the 

blank card,  there a r e  not enough cards  in  the 'deck. 

13003 Machine e r r o r  

13005 Machine e r r o r  

13007 Machine e r r o r  

13011 Machine e r r o r  

1301 3 Machine e r r o r  

13015 Machine e r r o r  

13017 Machine e r r o r  

13021 Machine e r r o r  

13023 Machine e r r o r  

13025 Machine e r r o r  

13027 Machine e r r o r  

13031 Machine e r r o r  

13033 Machine e r r o r  

13035 Machine e r r o r  

13037 Machine e r r o r  

13041 Machine e r r o r  . 
13043 Machine e r r o r  

13045 Machine e r r o r  

13047 Machine e r r o r  

13051 Machine e r r o r  

13053 Machine e r r o r  

13055 ~ i c h i r l e  error 
13057 Machine e r r o r  

13061 . Machine e r r o r  

13063 Machine e r r o r  

13065 ~ a c h l n e  e r r o r  

13067 Machine e r r o r  

13071 Machine e r r o r  

13073 ~ a c h i n e  e r r o r  

13075 Machine e r r o r  

13077 Machine e r r o r  

13101 Machine e r r o r  

13103 Machine e r r o r  

13105 Machine e r r o r  

13107 Machine e r r o r  

13111 Machine e r r o r  



Machine e r r o r  . .. 

Machine erro'r  . 

End of file in reading,cards 

End of program 

Inappropriate character encduntered in a data field in reading cards 

Inappropriate characterMencountered. in a data field in reading cards 

Inappropriate character  encountered in a data field in reading cards 

Inappropriate character  encountered in a data field in reading cards 

Non-Hollerith character encountered in reading a card 

Echo check in printing; press  RESET and START to repeat line and continue 
. . 







GROUP P.AR4YETESS 

D 

"1256410E-00  ne lnh157E-00  

ra109890E-01! "6454959E-0.1 

fla710eBlE-07, 0*794314E-07 

0.45668?E-04 Oa189073E-05 

S I G M A  TOTAL 



I T E R A T I O N  2 
I T E R A T I O N  f 
1;ESATION L 
I T E ? A T I O N  5 
! T E ? 4 T I O N  6 
I T E R A T I O N  ' 
I T E R A T t O N  8 
I T E R A T I O N  9 
I T E R A T I O N  11 
ITERATION l a  

P O I N T  NUMBSR 
1 
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