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COMPUTING PROGRAM FOR AXIAL  DISTRIBUTION OF AERODYNAMIC 

NORMAL-FORCE CHARACTERISTICS FOR AXISYMMETRIC 

MULTISTAGE LAUNCH VEHICLES 

By Ragan B. Madden 
Langley  Research  Center 

SUMMARY 

This  report  describes a digital  computer  program  which  calculates  the axial distri- 
bution of aerodynamic  normal-force  characteristics  for  axisymmetric,  multistage  launch 
vehicles  in  the  linear  angle-of-attack  range.  In  calculating  these  characteristics  for a 
particular  configuration  the  program  utilizes  available  experimental  data,  the  majority of 
which were  obtained  from NASA Technical Note  D-3283  and  Lockheed Missiles & Space 
Company  report LMSC/HREC A712618. These  data  cover a wide  range of Mach  numbers 
and  geometric  parameters  and  can be readily  utilized  to  obtain  similar  characteristics 
for  most  launch-vehicle  configurations. 

INTRODUCTION 

The  increased  demand upon the  aeroelastician  to  obtain  the  distributed  aerodynamic 
normal-force  loads  for  launch-vehicle  configurations  necessitated  the  development of a 
digital  computer  program  to  calculate  these  force  coefficients. 

A large  amount of experimental  data  for  the  components  comprising  most  launch 
vehicles  were  obtained  from  references 1 and  2. These  data  were  reduced  to a standard 
form  and  employed  in  the  program as fixed  input  data.  In  obtaining  the  characteristics 
fo r  a particular  vehicle,  the  program  considers  the  individual  components  which  comprise 
the  vehicle  and  performs  linear  interpolations or extrapolations  on  the  proper  fixed  input 
data  values. 

The  methods of reducing  the  data  to a standard  form  and  the  limitations  on  these 
methods are described  in  reference 1, which  should  be  used  in  conjunction  with  this 
program. 

This  report  consists of two  main  parts.  The first part is the  users'  section  which 
is t o  be referred  to  when  one  wants  to  obtain  the  characteristics for a particular  vehicle. 
This  part  describes  the  input  and  the  output,  and  two  examples are given  in  order  to  illus- 
trate the use of the  program.  The  second  part is the  programer's  section  which describes 



the  program  logic  and  the  method of inputting  the  fixed  data. If one is just  interested in 
using  the  program to obtain  the  characteristics  for a particular  vehicle,  then  this  part of 
the  report  need not  be referred  to. Also included are the  program  listing  and  the  fixed 
input  data  listing as appendixes A and B, respectively. 

SYMBOLS 

When components a r e  mentioned  in series,   they  are  to be  considered  in  sequence 
from  nose  to  aft  end. 

A experimentally  determined  coefficient  to  determine X values  for a sphere 

A1 denotes  values of interpolated X values at (fa)r and at each 

value  in  figure 10; denotes  values of interpolated X values at (Of)r and 
at each ($)k2 values  in  figure 11 

A2 

A3 

A4 

A44 

CN 

cNo, 

D 

denotes  interpolated X values  at (Of)r and  at  each ($k2 value  in  fig- 

ure  10; denotes  interpolated h values at and at  each ($)k2 
value  in  figure 11 @,)r 

denotes  interpolated X values at ( O n ) r  and at each (gL2 value  in 
figure 10 

denotes  final  interpolated X values at M, and at each 

denotes  interpolated X values at (On)r and at each ( E ) ~ ~  value  in 
figure 9 

normal-force  coefficient, FN/qs 

normal-force-coefficient slope, - per  radian a@ 

local  diameter,  meters 
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D O  reference  diameter,   meters 

D l  reference  diameter of first frustum,  meters 

D2 reference  diameter of second  frustum  in  multistage  vehicle,  meters 

D3 reference  diameter of third  frustum  in  multistage  vehicle,  meters 

D4 reference  diameter of fourth  frustum  in  multistage  vehicle,  meters 

DX4 diameter of second  cylinder of ogive-cylinder-cylinder  combination,  meters 

DX5 diameter of second  cylinder of a cone-cylinder-cylinder  combination,  meters 

DX7 diameter of second  cylinder of a frustum-cylinder-cylinder  combination, 
meters  

(DI/D~)~  reference  diameter  of ith frustum  divided by reference  diameter of cylinder 

following  ith  frustum 

DX product of local  diameter  and  generalized  loading  function,  referred  to  in  this 

report as load  characteristics,  meters  per  radian 

FN normal  force,  newtons 

fa fineness  ratio of cylinder  preceding  frustum 

f n fineness  ratio of tangent  ogive 

L length of component  under  consideration,  meters 
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mach  number M 

1 

r 

S 

X 

x1 

x2 

XRlC 

xR4 

XR5 

xR7 

length of sharp  ogive  preceding  cylinder  or  length of cylinder  preceding 

frustum,  meters 

dynamic  pressure,  newtons  per  meter2 

planview radius of ogive,  meters  (see  fig. 5(b)) 

one-half  reference  diameter of ogive,  meters 

reference  area,   meters2 

local body axial coordinate of component, p - po, meters  

junction  point of cylinder  and  following  frustum,  meters 

junction point of frustum and following  cylinder,  meters 

junction point of cone-cylinder or  ogive-cylinder,  meters 

p coordinate at which  second  cylinder of ogive-cylinder-cylinder  combination 

begins,  meters 

p coordinate  at which second  cylinder of cone-cylinder-cylinder  combination 

begins,  meters 

p coordinate at which  second  cylinder of frustum-cylinder-cylinder  combi- 

nation  begins,  meters 
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S- dCNa product of reference  area and distributed normal-force-coefficient slope, 
dx 

meters  per  radian 

a! angle of attack,  radians 

*b boattail  angle,  degrees 

+,i ith frustum  angle  where,  in  multistage  vehicle,  ith  frustum is defined  to  be 

closer  to  nose  than i + 1st frustum 

en  cone  semivertex  angle,  degrees 

x 1 dCN, generalized  loading  function, - S - , per  radian 
D dx 

IJ- axial  coordinate of launch  vehicle (or configuration),  meters 

P O  value of IJ- at origin of component  under  consideration  such  that  locally 
x = p - po,  meters  

Subscripts : 

i , j  ,k denote  fixed  input  variables  in  figures 9, 10,  and 11 

k2 ranges  over  number of case  input x stations  for a given  component 

n  nose 

r case input variable  in  figures 9, 10,  and 11 
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T tangency  point 

denote  the first and  second  interpolations,  respectively, at a given case input 
variable  in  figures 9, 10, and 11 

APPLICATIONS 

A comparison of load  characteristics  from  experimental  and  empirical  data  for a 
typical  launch  vehicle is shown  in  figure 1. Empirical  load  characteristics  for  typical 
launch  vehicles  are  shown  in  figure 2. 

a 
- Experimental 

6 - - - Einpirical 

4 

2 

0 

6 

4 

2 

0 

axial   coordinate,  p,  feet   (meters) 

ef = 5' 

t t 

\ 

2.44 

1. a3 

1.22 

0.61 

0 

1.83 

1.22 

0.61 

0 

L.34) 

Figure 1.- Comparison of load characteristics  from  experimental  and  empirical data for  typical  launch-vehicle  configuration. 
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Figure 2.- Empirical  load  characteristics for typical  launch-vehicle  configurations. 
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USERS' SECTION 

CONFIGURATIONS 

From  references 1, 2, and 3, X values  for  eight  basic  components  were  obtained. 
These  values are read  into  the  program as fixed  input  data  each  time  the  program is used. 
The  description of the  components,  the  component  code  numbers,  and  the  parameter  and 
Mach  number  ranges  covered by these X values  are shown  in  table I. The  solid-line 
components  in  table I are  the  components of interest,  and  the  dashed-line  components are 
the  components  which  precede  the  components of interest. 

TABLE 1.- COMPONENTS FOR WHICH LOADING FUNCTIONS (X VALUES)  ARE  AVAILABLE 

AND PARAMETER AND MACH NUMBER RANGES  COVERED 

1 
Cone - s h a r p   o r  blunted 

2 
Tangent  ogive - s h a r p  or blunted 

3 
Sphere 

4 
Cyllnder  followlng s h a r p  or 

blunted  tangent ogive 

5 
Cylinder  following s h a r p  01 

blunted  cone 

6 
Frustum Iollowing s h a r p  01 

blunted  cone - cylinder 

7 
Cylinder  following  cone- 

cylinder-frustum 

8 
Boattail  followin  cyUnder 

a t  at en! 

Diagram 01 component 

" 

Parameter   range 

0' 5 0, I 50' 

0.50 C (I, = L/Do) C 6.0 

3 5 (In = l/Do) C 7.0 

oo c a, 400 

oo c ai, c zoo 

o c ( D ~ / D ~ ) ~  5 1 

0 C Ob B E o  

Mach  number  range 

0.70 to 15.00 

~ 

0.80 to 15.00 

0.25 to 15.00 

~- ~ 

3.00 to 15.00 

~ " 

0.70 to 15.00 

0.80 to 15.00 

0.80 to 15.00 

~~ 

1.50 to  15.00 

" 
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I 

Figure 3 shows  the  geometric  parameters  which are used  in defining the  eight  basic 
components, and figure 4 shows  five  variations of the  eight  basic  components  for  which 
the  program  may  be  used.  The  solid and dashed lines  in  figures 3 and 4 have  the same 
significance as in  table I. 

pi 
x S t a t i o n  XRlC 

Sharp o r  b lunted  
cone 

Sphe r i ca l  segment 

Sharp or blunted 
ogive 

Cylinder  following  sharp o r  b lunted  
tangent   ogive 

Cylinder  following  sharp 
o r  b lunted  cone 

fa = 2/Do 

Frustum  following cone- 
cy l inder  

Figure 3.- Parameters  used  to  define  geometrical  components. 
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B o a t t a i l   f o l l o w i n g   c y l i n d e r   a t   a f t  end 

Cylinder following cone-cylinder-frustum 

Figure 3.- Concluded. 
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Station xR5 
Variation I: Cylinder-cylinder following cone 

I I 

Station' X R ~  

Variation 11: Cylinder-cylinder following ogive 

I 
Station XR7 

Variation 111: Cylinder-cylinder following frustum 

I 

Variation IV: Frustum following ogive-cylinder 
(Restricted to  fa = 2/Do 2 4.0) 

Variation V: Multifrustum-cylinder combinations 

Figure 4.- Five  variations of components 4, 5, 6, and 7 and associated  parameters. 
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CASE INPUT 

This  section  gives  the  method of inputting  data  for a particular  vehicle  to  the  pro- 
gram.  Table IT gives  the FORTRAN names of the  input  variables  and  the  definitions of 
each  variable. 

TABLE II.- FORTRAN NAMES  AND DEFINITIONS FOR CASE INPUT DATA 

FORTRAN name 
~~ ~ 

COMPNO(I) 

DDRR(J) 

DO(I) 

DX4 

DX5 

DX7 

FAR 
FNR 
MACHN(K) 

NC 1 

NC2 

NC3 

NCMPS 
NDX 

NFCYCM 
NMACHN 
NOXS 
NPUNCH 

NTHFRR 
NXS(I) 

THBR 
THFRR(N) 

THNR 
XRlC 
xR4  

x R 5  

x R 7  

XS(M) 
__ 

. "" ~ ~ ~ .. ~ - 

Definition 
. ~ ~ "" ~~ " 

Component  code  numbers,  beginning  with  component at nose, I = 1 to NCMPS; 
see table I and restrictions (5) and (6) 

(D~/Do)J J = 1 to NFCYCM; the  reference  diameter of Jth  frustum  divided by 
refererice diameter of cylinder  following Jth  frustum; see figures  3  and 4 

Reference  diameter Do of each component,  beginning  with  component at nose, 
I = 1 to NCMPS; see figure  3 

DX4, diameter of second  cylinder of ogive-cylinder-cylinder  combination;  see 
figure 4 

DX5, diameter of second  cylinder of cone-cylinder-cylinder  combination;  see 
figure 4 

Diameter of second  cylinder of frustum-cylinder-cylinder  combination;  see 
figure 4 

fa,  fineness  ratio of cylinder  preceding  frustum;  see  figure 3 and restriction (8) 
f n ,  fineness  ratio of sharp  tangent ogive; see figure 3 and  restriction (13) 
Mach numbers at which DX values  are  desired, K = 1 to NMACHN; see  

Input as 1 if variation I exists and  input as 0 otherwise;  see  figure 4 and restric- 

Input as 1 if variation II exists and  input as 0 otherwise; see figure 4 and restric- 

Input as 1 if  variation III exists  and input as 0 otherwise;  see  figure 4  and restric- 

The  number of components  which  comprise  the  vehicle; see restrictions  (5) and (6) 
Input as 0 if  stations are to  be input from  nose  to  aft end  in  ascending  order  and 

input as 1 if stations are to be  input from  nose  to  aft  end  in  descending  order 
The  number of frustum-cylinder  combinations; see restriction (7) 
The  number of Mach  numbers; see restriction (1) 
The  number of stations; see restriction (2) 
Input as 0 if no  punch card output is desired  and input as 1 if punch card output 

The  number of frustum  angles Of; see restriction (7) 
The  number of x stations of component I, beginning  with  component  at  nose, 

ob, boattail  angle  in  degrees; see figure 3 

" . . - ~ ~ . ~~~ -~ ." .. 

restriction (1) 

tion (6) 

tion (6) 

tion (6) 

is desired 

I = 1 to NCMPS; see restriction (4) 

Nth frustum  angle  in  degrees, beginning  with  frustum  closest  to  nose, 
N = 1 to NTHFRR; see figures  3 and 4 and restriction (7) 

en, cone  semivertex  angle  in  degrees; see figure  3 
XRlC,  junction  station of cone-cylinder o r  ogive-cylinder; see figure  3 
XR4, p coordinate at which  second  cylinder of a n  ogive-cylinder-cylinder  com- 

X R 5 ,  p coordinate at which  second  cylinder of a cone-cylinder-cylinder  begins; 

XR7, p coordinate at which  second  cylinder of a frustum-cylinder-cylinder 

p coordinates at which DX values are desired, beginning  with station at nose, 

bination  begins; see figure 4 

see figure 4 

begins; see figure 4 

M = 1 to  NOXS; see restrictions (2) and (3) 
~ - ~ ~ ~ ~ _ _ _ _  ~ ~ ~ -~ ~. 
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Restrictions  on  Case Input 

The  following  restrictions  apply  to  the  case  input: 

A  maximum of 15 Mach numbers  may  be  input. 

A  maximum of 350 coordinates  overall  may  be  input,  and  they  must  be  input  from  the 
nose  to  the aft end in either  ascending  or  descending  order.  These  stations are the 
XS(1) values  defined in table II. 
At junction  points of components - excluding  variations I, II, and III - the  associated 
stations  must  be  input  twice  in  the =(I) set  of case  input. At junction  points of 
variations I, 11, and 111 - that is, at stations xR4, xR5, and xR7 - the  stations  are 
input  once  on  the  fourth  case  input  data  card  and  once  in  the XS(1) set  of case  input. 

A  maximum of 100 stations  for  an  individual  component  may  be  input. 

The  component  code  numbers COMPNO(1) refer only to  the  eight  basic  components 
shown in  table I. It  should be understood  that a blunted  cone is composed of compo- 
nents 3 and 1 and a blunted  ogive is composed of components 3 and  2.  The  cylinder- 
cylinder  combination  for  variations I, 11, and lTI is treated as a single  component - 
that is, for  variation I, the  cylinder-cylinder  combination is component 5; for  varia- 
tion 11, component 4; and  for  variation III, component 7. The  presence of variations I, 
11, or III in a vehicle is denoted by the  value of the  case  input  variables NC1, NC2, 
and NC3,  respectively, on the  second  case  data  card.  Variation IV is just a particu- 
lar  arrangement of some of the  eight  basic  components.  The  presence of variation V 
in  a vehicle is denoted by the  value of the  case  input  variable NFCYCM on  the  sec- 
ond case  data  card.  The  values of COMPNO(1) must  always  identify  the  components 
taken  in  sequence  from  the  nose  to  the aft end,  and  the  value of NCMPS must  be 
less  than 15. 

A vehicle is not allowed  to be composed of two or  more  variations of the  same  type. 
A s  an  example, a vehicle is allowed  to  have  one  variation I and  one variation 11 but is 
not allowed to  have two variations I. 

The  number of frustum-cylinder  combinations  may not exceed  five. If t he re   a r e  no 
such  combinations or only  one such  combination,  the  value of the  case  input  variable 
NFCYCM must  be 1. Also,  the  number of frustums may  not  exceed  five. If these 
a r e  no frustums or  only  one frustum,  the  value of the  case  input  variable  NTHFRR 
must  be 1. 

If more  than one frustum-cylinder  combination is present,  the  value of the  case  input 
variable FAR is the  fineness  ratio of the  cylinder  preceding  the  frustum  closest  to 
the  nose. If the first frustum  follows  variations I, 11, or 111, then  the  input  value of 
FAR is given by 



FAR = Length of larger  diameter  cylinder + Length of smaller  diameter  cylinder 
Diameter of larger  diameter  cylinder 

(9) For  variations I, 11, and III, the  vehicle  cannot  have a third  cylinder  immediately  fol- 
lowing the  smaller  diameter  cylinder.  This  cylinder  can  be  followed  only by a boat" 
tail, frustum,  or  frustum-cylinder  combination  for  variations I and II and  only by a 
boattail  for  variation IU. 

(10) For  variation V a variation 111 is allowed only after  the last frustum-cylinder 
combination. 

(11) For  variation IV, the  value of the  case  input  variable THNR must  be 0.0. 

(12) The  units of the  input  station  coordinates and diameters are optional but should  be 
self-consistent.  The  units of the  input  angles  must  be  degrees. 

(13) The  value of the  case  input  variable FNR must  be  the  fineness  ratio of the  sharp 
tangent  ogive. If the  ogive is blunted,  then  the  length of the  sharp  ogive  can be 
determined by 

and  the  value of FNR is L/Do. 

Considerations Which  Should Be  Given to  Case Input 

It is desirable  to  input  the  stations  for  each  component at approximately  every 0.2D0 
for 0 2 x/Do 5 1.0, at every 0.25D0 for 1.0 < x/Do 5 3.0, and at every 0.5Do for 
3.0 < x/Do.  Although this  convention is not required,  following  it  will  generally  yield  an 
adequate  description of the DX output. 

Data  for  more  than  one  vehicle  may  be input  at a time  simply by placing  the  data  cards 
for  the  second  vehicle  immediately  after  the  data  cards  for  the first vehicle. 

To  obtain  the DX distributions  for a given  vehicle  over a range of Mach numbers, 
the  outlined  procedure  should  be  followed. 

(1) The first step is to   s ee  i f  the  program  can  be  used  for  the  vehicle.  Table I and 
figure 4 show the  components  and  variations  for  which  the  program  can  be  used;  hence  the 
user  must  determine  whether  the  components which comprise  the  vehicle are included  in 
this  table  or  figure. If they  are,  then  the  program  can  be  used. If, however, a vehicle 
has a component  which is not included  in  table I or  f igure 4, then  the  program  may  be  used 
to obtain DX distributions  up  to  this  component  but not aft of it. A common  example of 
this  type  vehicle is one in  which a boattail  occurs  in  the  middle of the  vehicle - compo- 
nent 8 is a boattail at the  aft  end of a vehicle. In this  case  the  program  can  obtain DX 
distributions  up  to  the  boattail  but not aft of it. 
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(2) The  section  "Restrictions  on  Case Input1' should be reviewed. 

(3) The case data must be properly  coded  and  punched.  This  process is described  in 
detail  in  the  subsequent  section  "Case  Input  Data  Cards  Description." 

(4) The case input  data  cards  must  be  placed  after  the last fixed  input  data card. 

(5) If DX values  for  more  than  one  vehicle are desired,  then  the case input  data  for 
the  second  vehicle are placed  immediately  after  the case data for  the first vehicle. 

(6) The  fixed  input  data  must be input  into  the  program  each  time  the  program is run. 
If, however, DX values  for  more  then  one  vehicle are desired,  the  fixed  input  data are 
input  only  once. 

Case Input  Data  Cards  Description 

The case input  data are input  on  punched cards  and,  for  each  vehicle,  the  case  data 
cards  consist of 8 single  cards  followed by three sets of cards  where  each  set  contains 
from 1 to  35  cards.  The  case  data  variables are defined  in  table II. The  values of these 
variables are either  integer  numbers  (numbers  punched  without a decimal) or decimal 
numbers  (numbers  punched  with a decimal).  Each  integer  number  must  be  punched  such 
that  the last digit  ends  in a column  which is a multiple of 5. The FORTRAN format  used 
for  the  integer  numbers is 1415, and no more  than  14  numbers  may  be punched  on a card. 

The  decimal  numbers  must  be punched according  to  the  following  restrictions. 

(1) If the  case  input  decimal  number is a whole  number,  27  for  example,  then  this  num- 
ber may  be  punched  either as 27. in  which case the  decimal point must  end  in a column 
which is a multiple of 7 or as 27.0 in  which case the 0 must  end  in a column  which is a 
multiple of 7. 

(2) If the  number is positive,  then  the  sign  does  not  have  to  be  punched. If the  number 
is negative,  the  sign  must  be  punched. 

(3) The  number of values  to  the  right of the  decimal  point  may  vary  from 0 as in 27. 
to 6 as in .000001  but  the  total  number of columns  punched  including  the  sign (if negative) 
and  decimal  point f o r  a given  number  may not exceed 7. For  example,  the  number 
-1580.12  cannot be punched as it is. It would have  to be rounded off to -1580.1  in order   to  
be  punched. 

(4) The FORTRAN format  used  for  the  decimal  number is 10F7.3,  and no more  than 
10  numbers  may  be  punched on a card. 

The  examples of the case data  given  in  the  following  description  are  applicable  for 
example  configuration I which is shown at the  end of the  Users'  Section  in  figures 5 and  6 
and table III. 
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First data  card.-  The first data  card  consists of a short  heading  which  gives  the  name 
of the  vehicle  and  any  other  information  the  user  desires.  The  characters punched on 
this  card are alphameric,  and  the first character is punched in  column  2  and  the last 
character  cannot be punched  beyond  column 67. Spaces  may  be  skipped  between 
characters. 

Example : 

EXAMPLE C O N F  I GUKA T I O N  1 

Second data  card.-  The  second  data  card  consists of the  values of the  case  input  vari- 
ables NCMPS, NMACHN,  NOXS,  NDX, NC1, NC2,  NC3,  NFCYCM,  NTHFRR, 
and NPUNCH. These  values  must be integers,  and  each  value  must end in a column 
which is a multiple of  5; that is, the  value of NCMPS must  end  in  column 5, the  value of 
NMACHN must  end  in  column 10, and s o  forth. 

Example : 

5 2 44 1 0 0 1 1 1 0 

Third  data  card.-  The  third  data  card  consists of the  values of the  case  input  varia- 
bles THNR,  THBR, FAR, and  FNR. These  values  must  be  decimal  numbers, and each 
value  must  end  in a column  which is a multiple of 7; that is, the  value of THNR ends  in 
column 7, the  value of THBR ends  in  column 14, and so  forth.  Furthermore,  there  must 
be a value  punched for  each  variable. If the  vehicle  does not have  one of these  variables, 
then  the  value of this variable  must  be  punched as 0.0. 

Example : 

20 .0  0.0 1 .@ 0.0 

Fourth  data  card.-  The  fourth  data  card  consists of the  values of the  case  input  varia- 
bles XR4, XR5, XR7, DX4, DX5, DX", and  XRlC.  These  values  are  decimal  num- 
bers ,  and each  value  must  end  in a column  which is a multiple of 7; that is, the  value of 
XR4 must  end  in  column 7, the  value of XR5 must  end  in  column 14, and so  forth.  A 
value  must  be  punched  for  each  variable. If one of these  variables is not applicable  for 
the  vehicle,  then its value  must  be  punched as 0.0. 

"- 

Example : 

0.0 0.0 25.0 0.0  0.0 8.0 165.0 
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Fifth  data  card.-  The  fifth  data  card  consists of the  values of the case input  variables 
THFRR(1). The  number of values of this variable is equal  to  the  value of the  case  input 
variable NTHFRR  punched  on the  second  data  card.  The  values of THFRR(1) are deci- 
mal  numbers,  and  each  value  must end in a column  which is a multiple of 7; that is, the 
value of THFRR(1)  must end in  column 7, the  value of THFRR(2)  must  end  in 14, and 
so forth. 

Example : 

12.5 

Sixth  data  card.-  The  sixth  data  card  consists of the  values of the  case  input  variables 
DDRR(1). The  number of values of this  variable is equal  to  the  value of the  case  input 
variable NFCYCM  punched on  the  second  data  card.  The  values of DDRR(1) are  deci-  
mal  numbers, and each  value  must  end  in a column  which is a multiple of 7; that is, the 
value of DDRR( 1) must  end  in  column 7, the  value of  DDRR(2) must  end  in  column 14, 
and so forth. 

Example : 

a 759 

Seventh  data  card.-  The  seventh  data  card  consists of the  values of the  case  input 
variables COMPNO(1). The  number of values of this  variable is equal  to  the  value 
of the  case  input  variable NCMPS  punched  on the  second  data  card.  The  values of 
COMPNO(I) are  integers,  and  each  value  must  end in a column  which is a multiple of 5; 
that is, the  value of COMPNO( 1) must  end  in  column 5,  the  value of COMPNO(2) must 
end in  column 10, and so  forth. 

Example : 

3 1 5 6 7 

Eighth  data  card.-  The  eighth  data  card  consists of the  values of the  case  input  vari- 
able NXS(1). The  number of values of this  variable is equal  to  the  value of the  case input 
variable NCMPS  punched  on the  second  data  card.  The  sum of these  values  must  equal 
the  value of the  case  input  variable NOXS punched  on the  second  data  card.  The  values 
of NXS(1) are  integers,  and  each  value  must  end  in a column  which is a multiple of 5; 
that is, the  value of NXS(1) must end in  column 5, the  value of NXS(2) must  end  in 
column  10,  and so forth. 
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Example : 

First set of data cards  following first eight  single  data  cards.-  This first set of data ___ ~ ~~ ~ 

cards  consists of the  values of t h e c a s e  input  variable DO(1). The  number of values of 
this  variable is equal  to  the  value of the case input  variable  NCMPS  punched  on  the 
second  data  card.  The  values of  DO(1) are decimal  numbers,  and  each  value  must  end 
in a column  which is a multiple of 7; that is, the  value of  DO( 1) must  end  in  column 7, 
the  value of DO(2) must  end  in  column  14,  and so forth. If the  value of NCMPS is 
larger  than  10  then  the  value of DO(11) must  end  in  column 7 of the  next  card, and so  
forth. 

Example : 

Second set  of data  cards following first eight  single  data cards.- This  second set of 
data  cards  consists of the  values of the  case  input  variable MACHN(1). The  number of 
values of this  variable is equal  to the value of the  case  input  variable NMACHN punched 
on  the  second  data  card.  The  values of  MACHN(1) are decimal  numbers,  and  each  value 
must  end  in a column  which is a multiple of 7; that is, the  value of MACHN(1) must  end 
in  column 7, the  value of MACHN(2) must  end  in  column  14,  and so forth. If the value 
of NMACHN is larger  than 10, then  the  value of MACHN(11) must  end  in  column 7 of 
the  next  card,  and so forth. 

- ~ ~ . . .~. ~~ ~. . 

Example : 

1.0 2.0 

Last set of data  cards.- This last set of data  cards  consists of the values of the case 
input  variable XS(1). The  number of values of this variable is equal  to  the  value of the 
case input  variable NOXS punched  on  the  second  data  card.  The  values of  XS(1) are 
decimal  numbers,  and  each  value  must  end  in a column  which is a multiple of 7; that is, 
the  value of XS(1) must  end  in  column 7, the value of XS(2) must  end  in  column  14, 
and so forth. If the  value of NOXS .is larger  than 10 (which is almost  always  the  case), 
then  the  value of XS(11) must  end  in  column 7 of the  next  card,  and so forth. 
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Example : 

175.0 174.0 
163.0 162.0 
152.0 151.0 
136.0 134.0 
25.6 15.0 

173.0 
1 6 1  00 
150.0 
130.0 
5.0 

171.0  169.0  167.0 
158.0156.265156.265 
I4tl.O 146.0  144.0 
120.0 115.0  ,110.0 

165.0 
155.0 
142.0 
100.0 

164.0 
153.0 
138.0 

50.0 

OUTPUT 

The  output  begins  with a listing of the  input  parameters  and  code  numbers,  and, for 
each  Mach  number,  the  stations  and  load  characteristics (DX values)  follow.  For  ogive- 
cylinder,  sphere-cone,  and  sphere-ogive  combinations,  the DX values are continuous at 
the  junction  points  and  only  one  value is printed at the  junction  points.  For  each of the 
other  combinations,  the DX values are discontinuous at the  junction  points  and  two  values 
are printed at each  junction  point. 

For  components 4 and 8 no fixed  input  data  in  the  subsonic  and  transonic  range are 
input  to  the  program.  For any case input  Mach  number  which is less than or equal  to  1.35, 
the  message NO FIXED  INPUT DATA FOR CYLINDER FOLLOWING OGIVE IN SUB- 
SONIC  AND  TRANSONIC  RANGE  ARE INPUT  TO PROGRAM or  NO FIXED  INPUT 
DATA FOR  BOATTAIL FOLLOWING LONG CYLINDER IN SUBSONIC AND TRANSONIC 
RANGE  ARE INPUT  TO PROGRAM is printed. 

For  component  6  several  estimated  curves are used  in  the  fixed  input  data. If these 
estimated  curves  play a major  role  in  determining DX values  for  the  vehicle,  then  the 
message  THE DLAMBDA  VALUES FOR THE FRUSTUM ARE ESTIMATED FOR THIS 
MACH NUMBER is printed.  The  various  checks  which  the  program  performs on these 
estimated  curves are described  in  detail  in  the  section  "Program Logic"  found in  the 
Programers'  Section of this  report. 

If a vehicle  has a geometric  parameter, o r  if a Mach  number  for  which DX values 
are desired  does not lie within  the  ranges  given  in  table I, then  errors  may  be  introduced 
as a result of the  extrapolation,  and  the  results  should be reviewed. 

If punched card output is obtained,  the  cards  are  punched  exactly as the p coordi- 
nates  and DX values are printed.  The  value of the p coordinate  will  end  in  column  16, 
and  the DX value  will  end  in  column 32. The  format  for  the punched cards is 2316.8. 

Two  example  configurations are shown  in  figure 5, and  the  computer  printout  for these 
examples is shown  in  table III. The  printout is shown  in  graphical  form  for  each  example 
in  figure 6. 
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(a)  Example configuration 1. 

(b) Example configuration 2. 

Figure 5.- Two example  configurations. All stations  and  diameters  are in feet  (meters). 
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a" 
m 

175  150  125 100 75  50  25 0 
(53.34) (43.72) (38.1) (30.48) (22.86) (15.24) (7.62) (-7.62) 

axial coordinate, p, feet   (meters) 

(a) Example configuration 1. 

Figure 6.- Load characteristics  for  typical  launch-vehicle  configurations. 
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(b) Example configuration 2. 

Figure 6.- Concluded. 

6.096 

4.572 

3.048 

1.524 

23 

... ... 



TABIJ3 111. - COMPUTER OUTPUT FOR EXAMPI& CONFIGURAITIONS 1 AND 2 

EXAMPLF: CONE'IGURATION 1 
INPUT PARAMETERS 

NCMPS=5 NMA,CHN=2 NOxS=44 NDX=1 NCl=O  NC2=0  NC3=1  NFCYCM=l NTHFRR=1 NpuNcR=O 
THNR=20.0 THBR=O. FAR=1. FNR=O. 
xRJ+=O. XR54. XR7=25. DX4=0.  DX5=0. DX7=8. ~~1c=165 .  

DDRR I )  
0759 

24 



TABm 111.- COMPUTER OUTPUT FOR EXAMPLF: CONFIGURATIONS 1 AND 2 - C o n t i n u e d  

1.44000000E+02 
l r 4 2 0 0 0 0 0 0 E * 0 2  
1.40000000E+O2 

.--I a 3 0 0  D 0- OF+ o 2 
3 6 0 0 0  07) 0 E +-O 2 

" 1 ~ 3 4 0 0 0 0 0 0 E * 0 2  
TO 0 tro 0 0 a e+ 0.2 

" ..I z s ~  B o  o ~ o  E" . . 
+02 

-1.20~OD6000€+02 
1.15000000€+02 

+OZ 
1.ODOOOOOOE+02 
7 . 5 0 0 0 0 0 0 0 ~ + 0 1  

. 5 ~ o D O O ~ O D O E + O ' l  
2 ~ 5 0 0 0 0 0 0 0 E + 0 1  
2 ~ 5 0 0 0 0 0 0 0 E + 0 1  

"1tS007iOOOOE+O1 
5 ~ 0 0 0 0 0 0 0 0 E + 0 0  

-5.00000000E+00 

MACH= 2.000 

" -... ~ ~ ~ - ~ ~ . ~ . ~ E  - ." 

.. . -. . . . . . .  
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TABLE 111.- COMPUTER OIlTpuT FOR EXAMPLE CONFIGURATIONS 1 AND 2 - Continued 
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TABLE 111.- COMPUTER OUTPUT FOR EXAMPLE CONFIGURATIONS 1 AND 2 - Continued 

-MACH= . 1.500 

STATION 
.o. 
1 . 0 0 0 0 0 0 0 0 E + 0 0  
2 .00000000E+00  

- ' 3 0-0.0 0 OFDOE *0'0 
4 ~ 0 0 0 0 0 0 0 0 E + 0 0  
6 o 0 0 0 0 0 0 0 0 E + 0 0  

.' 8.000U'O~DO~ISE+OO 
1 . 0 0 0 0 0 0 0 0 E + 0 1  
1 .2000000OE+Oi  
1 ~ 4 0 0 0 0 0 0 0 € + 0 1  
1 ~ 6 0 0 0 0 0 0 0 E + 0 1  
1 ~ 8 0 0 0 0 0 0 0 E + 0 1  
2 ~ 0 0 0 0 0 0 0 0 E + O I  
2~SOOOOOOOE+01 
3 ~ 0 0 0 0 0 0 0 0 E + 0 1  

' ~ ' 3 . 5 0 0 0 0 0 0 0 E + 0 1  

. . . . . . .  

4 ~ 0 0 0 0 0 0 0 0 ~ + 0 1  
5 r 0 0 0 0 0 0 0 0 E + 0 1  

. 6 ~ 0 0 0 0 0 0 0 0 E + 0 1  
6 .00000000E+01  
br20000000E+01  

" ' 6 ~ 4 0 0 0 0 0 0 0 E + 0 1  
6 .60000000E+01  
6 ~ 8 0 0 0 0 0 0 0 E + 0 1  
7 .0000-0000E+01 
7 .50000000E+01  

~8~00000000€+Ol 

DLAM80A 
0. 
2 .04935586E+01  
2 0 1 1 4 2 1 4 6 7 6 + 0 1  
1 . 9 0 4 8 1 7 7 6 € + 0 1  
1 0 9 8 2 6 H 9 1 4 E + 0 1  
1 .84077951E+01  
1 . 4 9 7 0 9 6 2 7 € + 0 1  
8 0 1 4 7 3 6 2 7 2 E + 0 0  
5 0 5 1 0 2 6 1 2 9 E + 0 0  
4 .83253871E+00  
4 * 2 0 8 8 7 4 1 9 E + 0 0  
3 .63926774E+00  
3006966129E+00 
2.21375806€+00 
1 . 6 0 1 1 2 9 0 3 € + 0 0  
1.3170RO65€+00 
7 .68080645E-01 
2 . 5 0 5 0 0 0 0 0 E - 0 1  
3 0 6 3 7 0 9 6 7 7 F - 0 2  

- 7 . 5 0 0 0 0 0 0 0 E ~ O 2  
-6 .00719453E-01 
- ~ . ~ ~ s o ~ ~ s I E + o o  
-2.39868981€+00 
0 2 . 9 5 2 1 0 3 3 6 € + 0 0  
- 3 . 1 7 6 4 6 5 0 2 6 + 0 0  
-2 .06523457E+00  
-103489S17HE+00 
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TABU 111.- COMPUTER OUTPUT FOR FXAMPLE CONFIGURATIONS 1 AND 2 - Concluded 

MACH= 2.000 

DLAMBDA 
0. 
l r78156951E+01 
l.R8320817E*01 
1.74064891E+01 
1076526230E+01 
1.4R578013E+01 
1014253912E+01 
6 . 5 5 a 1 3 8 8 2 ~ + 0 0  
5*27437419E+00 
4 . 6 6 8 4 2 5 8 i E + 0 0  
4*10911613E+00 
3*59644516E+00 
3.0A377419E+00 
2.27383871€+00 
l.h8741935E+OO 
1.3803H710E+00 
H.81387697E-01 
3 . H R O O O O O O E ~ 0 1  
1.62580645E-01 

-3.00000000E-01 
-6.92395514E-01 
-1.06952569€+00 
-l..38506436E+00 
-1 .67063679E+00  
- 1 * 9 2 4 4 4 3 7 7 E + 0 0  
-1*43828836E+00 
-7.96386833F-01 
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PROGRAMERS' SECTION 
"~ 

PROGRAM  LOGIC 

1 dCN, In  referring  to  reference 1, note  that  the  fixed  input  data  are  values of - S - 
D d x  (= x). 

Hence,  after  the  interpolations  on X are performed,  the  program  multiplies  the  results 
" ClCN 

by D to  obtain  the  final  form S A(= 2" DX). This  process is applied to every  case 
input x station  for  each  component  comprising  the  vehicle. 

ux 

For best  results  the  pro- 
gram  should  be  used  for  vehi- 
cles which  have  geometric 
parameters within  the  ranges 
given  in  table I, and the  case 
input Mach numbers  should, if 
possible,  also be within  the 
ranges  given  in  table I. If 
certain  parameters  or Mach 
numbers  are  outside  these 
ranges,  then  the  program  may 
still be used  to  obtain DX 
distributions with  the  under - 
standing  that  sizable  errors 
may be introduced as a result  
of the extrapolation. In order  
to  decrease  the  size of these 
e r r o r s ,  h values  for  limiting 

I.. x1 x2 
ef = 0' and/or D ~ / D ,  = 1 

Figure 7.- Geometric  significance of parameter  limitations for 
components 6 and 7. 

values of certain  parameters  have  been  incorporated as a part of the  program.  These x 
values  in  general  do not represent  experimental  results,  and  anytime  these  values  are 
used  in an interpolation,  the  final  results  should  be  reviewed as to  their  reliability.  The 
geometric  significance of the  limiting  parameter  values  are  shown  in  figure 7. The 
description of the h values  which  correspond  to  the  limiting  parameter  values  are  given 
in  table IV. Some of the  limiting  parameters  and  associated X values  are  inputs  to  the 
program  and  some  are  calculated  in  the  program. 

In  obtaining  the h values  for  an ogive  with fn = 0.5 one  can  use  with  some  modi- 
fication  the  equation  for  the h values  for a sphere  given by equation (1). The  value of 
A  can  be  obtained  for  the  desired Mach number by interpolating  the  proper A values 



TABLE IV.- PARAMETER LIMITATIONS AND h VALUES USED FOR THESE LJMtTATIONS " Component Parameter  
limitation X values  used  for  the  limitations 

en = Oo 

When f n  = 0.5, the  ogive  becoTes a sphere;  hence  the X values w e n  f n  = 0.5 

h is taken  to be a small   nupber,   usually 0.01 or 0.001 for  each  x/L 
station  and Mach number 

obtained  from  sphere  values 
None required 

fn  = 0.5 
x = 0.01 for  all  x/L  stations  and Mach numbers  except Mach 15  in on = Oo 

No fixed  input  data  in  program  for  cylinder  following  sphere 

which  case h = 0.116 for  al l   x/L  stations* 

cone  beginning  at  station X1 as shown  in figure 7? 
Of = 00 X values are obtained  from  the X values  for a cylinder  following a 

fa = 0 X values  are  obtained  from X values  for a cone* 

D1/IIo = 0 X values  are  obtained from X values  for a cylinder  following a cone' 
D1/IIo = 1 or X values  are  obtained  from a cylinder  following a cone  beginning at 

Of = 00 station X2 as shown in figure 7? 

Ob = 00 X = 0.0 for  all x/Do stations  and Mach numbers* 
i 

%hese X values are input  to  the program. 
?These X values  are  calculated  in  the  program. 

given  in  the  fixed  data  listing  for  sphere  data.  The  modified  equation is 

where x/L assumes  the  values  given  in  the  fixed  data  listing for sharp  tangent  ogives. 

The X values for hypersonic Mach numbers were calculated by means of the  modi- 
fied  Newtonian  theory as presented  in  reference 3.  These  values are input to  the  program 
as Mach 15 data  and  serve as an  upper  boundary  on  Mach  number. For any case input 
Mach  number  greater  than or  equal  to 15, the  program  will  use  these  values  and  no  inter- 
polation  on  Mach  number  will  be  performed. 

The  program  can  accommodate  five  variations  from  the  list of eight  basic  components 
shown  in  table I. These  variations  and  associated  parameters  are  shown  in  figure 4.  In 
obtaining  the DX distributions  for  variations I, II, and III; the  program  considers  each 
variation as being a single  cylinder,  calculates  the X values  for  this  cylinder - it should 
be  recalled  that  the X values  are independent of body diameter - and multiples  these 
values by the  appropriate  diameter.  The DX results  obtained  for  variation IV are valid 
only  when fa 2 4.0. Again  the X values  associated  with  these  variations  do not repre-  
sent  experimental  data,  and  the DX distributions  obtained  for  any of these  variations 
should be reviewed. 
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A simplified flow chart  for  the  program is shown  in  figure 8. Detailed  flow charts  
for the  individual  components  are shown in  figures 9 to 11. 

The  process  which  the  program  uses  to  obtain  the DX distributions  for  compo- 
nents 1, 6, and 7 is shown  in  figures 9 t o  11, respectively.  In  general  the  process  consists 
of linearly  interpolating  the  proper  fixed  input  data  values. If no interpolation is required 
at some of the  case  input  parameters,  then  the  program  will  omit  some of the  steps shown 
in  figures 9 to 11. If insufficient  fixed  input  data is present  to  permit  an  interpolation, 
then  the  program  will  extrapolate. 

The x values  for  components 2, 4, 5 and 8 a r e  functions of three  parameters  - 
Mach  number, x/Do (x/L  for  component 2), and the  appropriate  other  parameter 
(fn for  components 2 and 4, 8, for  component 5, and  8b  for  component 8). Conse- 
quently,  the  steps  used  to  obtain  the DX distributions  for  each of these  components  are 
similar  to  those  used  for  component 1. 

The DX values  for  component 3 a r e  obtained by use of the  following  closed-form 
equation: 

DX = 8rD0A 0.5 - - 1 - - - ( go)( :0)6".) 

which is derived  from  equation (A16) of reference 1. For a given  case  input  Mach  num- 
ber,  the  program wil l  interpolate on the  fixed  input A values  to  find a value  to  use  in 
equation ( l ) ,  will  convert  the  case input x stations  into x/Do values,  and will  substi- 
tute  these  values  into  equation (1). 
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Figure 11.- Flow chart  for  component 7. 
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COMPUTER PROGRAM 

The  computer  program  consists of a main  program,  three  main  subroutines,  and  the 
fixed  input  data.  The  name  and  purpose of each  subroutine is described as follows: 

INTP 

DISCOT 

Subroutine  Purpose 

MACHXD Converts case input p coordinates  into x/Do 
or x/L  stations,  determines if interpolation 
at case input  Mach  number is required  and if 
so  finds  two  fixed  input  Mach  numbers  to  use 
in  interpolation 

Determines DX values  for  components 1, 2, 4,  
5, and 8 

Performs all interpolations  for all components; 
sometimes  this  subroutine is used  to  perform 
simultaneous  double  interpolations at two  inde- 
pendent variables,  and  sometimes it is used  to 
interpolate  at only  one  independent  variable 

The DISCOT subroutine  includes  three  subroutines, UNS,  DISSER, and LAGRAN, 
which are never  called  for  in  the  main  program but are ah inherent  part of the DISCOT 
subroutine. 

The  purpose of the  main  program is to  read  in  the  fixed  input data, read  in the case 
input  data,  convert  double or  triple  subscripted  variables  into  single  subscripted  variables, 
and  to  obtain DX values  for  components 3 ,  6, and 7. 

The  programing is FORTRAN IV. 

METHOD OF INPUTTING  FIXED  INPUT DATA 

A  complete  listing of all the  fixed  input  data  which are input  to the program is 
enclosed.  These  data  include  the following: (1) code  numbers - these  numbers,  with  one 
exception, tell the  program 'Ihow many" parameter  and X values are being  input.  The 
exception is the set of code  numbers  which tell the  program  whether or not the  frustum 
X values are experimental or estimated; (2) the values of the  parameters;  and (3) the 
X values. 

The  order  in  which these data  appear  in the data  listing is the order  in  which  they are 
input  to  the  program,  and this order  must  always  be  preserved.  The  cards  which  give 
the FORTRAN names of the variables are listed  solely  for  that  purpose  and are not a part 
of the  data.  The  definitions of these FORTRAN names  can be found  in table V. 

The  method of inputting  the  data is best  described by considering  each  component 
separately. 

35 



TABLE V.- FORTRAN  NAMES AND DEFINITIONS  FOR  FIXED  INPUT  DATA 

. ". . -~ ~ ~ "" ~ .__. . ~ -  

FORTRAN  name 
- .  

Definition 
~ .. 

~ ~. ~ " " " ~ 

FORTRAN  names  for  f ixed  input  data for component 1 
"" ~ "" ~ - ~ ~ ~ ~ " ~ ". 

NMACH(1) Number of Mach  numbers  
" 

NxLl 
NTHN~(I) 

Number of x/L values 

Number of X values  for  I th  Mach  number;  I = 1 to NMACH(1) NLAMI(I) 

Number of 8, values for Ith  Mach  number; I = 1 to NMACH(1) 

MACH(1,I) 

X va lues  at the  I th  Mach  number;  I = 1 to NMACH(l), L = 1 to  NLAMl(1) LAMl(1,L) 

en va lues  at the  I th  Mach  number;  I = 1 to  NMACH(l),  K = 1 to  NTHNl(1) THNl(1,K) 

x/L values; J = 1 to NXL1 XLl(J )  

Values of the  Mach  numbers;  I = 1 to NMACH(1) 

~ .. ~~ "" . . 

FORTRAN  names  for  f ixed  input  data  for  component  2 
- .  ~" - ". .. .~ 

. . .  ~. - ." ~~ .. ~ . - "  -~ . - 

NFN2(I) 
NLAMB(1) 

I = 1 to NMACH(2) 
XL2(J) 
FN2(I,K) I = 1 to NMACH(2), K = 1 to NFN2(I) 

FORTRAN  names  for  f ixed  input  data for component  3 

NMACH(3) Number of Mach  numbers  
MACH(3,I) Values of the  Mach  numbers;  I = 1 t o  NMACH(3) 

~ _ _  ~ ~ .. . -. . . 

A  values; I = 1 t o  NMACH(3) 

FORTRAN  names  for  f ixed  input  data for component  4 
"._ ". . ~" -~ . - ~ - ..  . . ~  . . .  

Number of x/Do  values 
NFN4(I)  Number of fn  values  for  I th  Mach  number;  I = 1 to NMACH(4) 
NLAM4(I) Number of X values  for  I th  Mach  number;  I = 1 to NMACH(4) 

XD4 (J)  x/Do  values; J = 1 to NXD4 
FN4(I,K) f n  values at Ith  Mach  number; I = 1 t o  NMACH(4), K = 1 to  NFN4(I) 

. " - 
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TABLE V.- FORTRAN NAMES AND DEFINITIONS  FOR FMED  INPUT DATA - Continued 

~ 

FORTRAN name 1 ~- -~ 

Definition 
~~- . ~- " ~ ~ ~~ ~ 

- 

NMACH( 5) 
NxD5 
NTHN5(I) 
NLAM5(I) 
MACH(5,I) 

XD5(J) 
THNB(1,K) 
LAM5(I,L) 

. ~~ 

NMACH(6) 
MID6 
NTHNG(1) 
NTHFG(1,J) 

NFAG(I,J,K) 

NLAMG(I,J,K) 

NTOTLG(1,J) 

NTOTFA(I,J) 

MACH(6,I) 
XD6(  L) 
THNG(1,J) 
THFG(I,J,K) 

FAG(I,J,M) 

Kl(I,J,M) 

LAMG(I,J,N) 
- ~~ 

FORTRAN  names  for  fixed  input  data for component  5 
~ 

Number of Mach  numbers 
Number of x/Do  values 
Number of en values for Ith  Mach  number; I = 1 to NMACH(5) 
Number of X values  for  I th  Mach  number;  I = 1 to NMACH(5) 
Values of the  Mach  numbers; I = 1 to NMACH(5) 
x/Do  values; J = 1 to NXD5 
en values at Ith  Mach  number; I = 1 t o  NMACH(5),  K = 1 to NTHN5(1) 
X values at Ith  Mach  number; I = 1 to NMACH(5),  L = 1 t o  NLAM5(I) 

". . . 

FORTRAN  names for fixed  input  data for component 6 
. " 

"" - - ". "_ ~- 

Number of Mach  numbers 
Number of x/Do  values 
Number of en values  for  I th  Mach  number;  I = 1 to NMACH(6) 
Number of Of values at Ith  Mach  number  and  Jth On; I = 1 t o  NMACH(6), 

Number of fa values at Ith  Mach  number,   Jth On and  Kth  ef; 

Number of x values at Ith  Mach  number,   Jth On.  and  Kth Bf; 

Total   number  of X values at Ith  Mach  number  and  Jth On; 

Total number of fa values at Ith  Mach  number  and  Jth  en; 

Values of the  Mach  numbers;  I = 1 t o  NMACH(6) 
x/Do  values; L = 1 to NxD6 
en values at Ith  Mach  number; I = 1 t o  NMACH(6), J = 1 to NTHNG(1) 
ef values at Ith  Mach  number  and  Jth On; I = 1 t o  NMACH(G), 

fa values at Ith  Mach  number  and  Jth On; I = 1 t o  NMACH(6), 

Code  numbers   denot ing  experimental   or   es t imated  data  at Ith  Mach 

J = 1 to NTHNG(1) 

I = 1 to  NMACH(6), J = 1 to  NTHNG(I), K = 1 to NTHFG(1,J) 

I = 1 to  NMACH(6), J = 1 to NTHNG(I), K = 1 to NTHFG(1,J) 

I = 1 to NMACH(6), J = 1 to NTHNG(1) 

I = 1 to NMACH(6), J = 1 to NTHNG(1). 

J = 1 to NTHNG(I),  K = 1 to NTHFG(1,J) 

J = 1 to NTHNG(I), M = 1 to  NToTFA(1,J) 

number  and  Jth 0 . I = 1 to NMACH(6), J = 1 to NTHNG(I), 

x values at Ith  Mach  number  and  Jth On; I = 1 to NMACH(6), 
M = 1 to NTOTFA&J) 

J = 1 to NTHNG(I), N = 1 to ~ NTOTLG(1,J) " 
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TABLE V.- FORTRAN  NAMES AND DEFIMTIONS  FOR  FIXED  INPUT  DATA - Concluded 

"~ 

FORTRAN  name 
." 

Definition 

FORTRAN  names  for  f ixed  input  data  for  component 7 
~~ ~ ~ . . .  - . 

NMACH( 7) 
NxD7 
NDDR7(I) 
NTHFV(1,J) 

NLA"I(1,J) 

MACH(7,I) 
XD7(K) 
DDR7(I,J) 

THF7(I,J,L) 

LAM7(I,J,M) 

~~~ ~ 

Number of Mach  numbers 
Number of x/Do  values 
Number of D1/Do  values  for  Ith  Mach  number; I = 1 t o  NMACH(7) 
Number of ef values  for  Ith  Mach  number  and  Jth  D1/Do; 

Number of h values at Ith  Mach  and  Jth  Dl  /Do; I = 1 to  NMACH(7), 

Values of the  Mach  numbers; I = 1 to  NMACH(7) 
x/Do  values; K = 1 to  NXD7 
D1/Do  values at Ith  Mach  number; I = 1 t o  NMACH(7), 

of values at Ith  Mach  number  and  Jth  D  /Do; I = 1 t o  NMACH(7), 

.~ - .. 

I = 1 t o   M A C H (  7), J = 1 to  NDDR"(1) 

J = 1 t o  NDDR7(1) 

J = 1 to  NDDR7(I) 

J = 1 to  NDDR7(I),  L = 1 to  NTHF7(I,Jf 
h values at Ith  Mach Do; I = 1 to  NMACH(7), 

J = 1 to  NDDR7(I), 
- - ~.~~ ~ 

NMACH(8) 
NXD8 
NTHB8(I) 
NLAM8(I) 
MACH(  8 ,I) 
XD8(J) 
THB8(I,K) 
LAM8(I,L) 

FORTRAN  names  for  fixed  input  data  for  component  8 
____ - - . . " . . . . . . . . - . 

Number of Mach  numbers 
Number of x/Do  values 
Number of ob  values at Ith  Mach  number; I = 1 to  NMACH(8) 
Number of X values at Ith  Mach  number; I = 1 to  NMACH(8) 
Values of the  Mach  numbers; I = 1 to NMACH(8) 
x/Do  values; J = 1 to  NXD8 
ob  values at Ith  Mach  number; I = 1 to  NMACH(8), K = 1 to  NTHB8(1; 
A values at Ith  Mach  number; I = 1 to  NMACH(8), L = 1 t o  NLAM8(1) 

"" - 

Component 1 

Corresponding  to  each Mach number,  there is associated a X value array which is 
a function of the  en  values  for  which  data  are  available  for  this Mach  number and also 
a function of a fixed  set of x/L  values.  These X values  are  input  columnwise as 
denoted by the  arrows  in  table VI. The  complete  set of X values  for all Mach numbers 
a r e  input as a two-dimensional a r r ay  where  the first subscript   refers  to Mach number, 
and  the  second refers  to  the  position  in  the  associated X value array. 

The  fixed  set of x/L values,  the Mach numbers,  and  the  corresponding  sets of 
8, values  are all input  in  ascending  order. 

An example of the X value array form  for a given  Mach  number is included  in 
table VI. (Table VI is found at the end of the  Programers '  Section.) 
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Components 2, 4, 5, and 8 

The  method of inputting the storage  data for each of these  components is similar   to  
the  method  used  for  component 1. An example of the X value array  form  for  a given 
Mach  number  for  each of these  components is included  in table VI. 

Component 3 

The DX values  for  this  component are determined by the  closed-form  equation 
(eq. (1)); hence, no X values are input.  The  only  parameters  input are Mach  number 
and  corresponding  coefficients A(1). The Mach  numbers are input in  ascending  order. 

Component 6 

Corresponding  to each Mach  number, On,  and Of combination,  there is associated 
a X value  array which is a function of the fa values  for  which  data are available  for 
the  given  Mach  number, On, and Of combination  and  also a function of a fixed  set of 
x/Do values.  Hence,  for a given  Mach  number  and On combination,  there  exists as 
many X value a r r ays  as there are Of values  which  correspond  to  the  Mach  number  and 
O n  value.  These  individual  arrays are combined  into a single  array,  which now - fo r  a 
given  Mach  number  and On value - is a function of fa, O f ,  and x/Do. These X 

values are input  columnwise as denoted by the arrows  in table VI. The  complete set of 
X values  for all Mach  numbers  and On values are input as three-dimensional  variables 
where the first subscript refers to Mach number, the second refers to  the O n  value, 
and  the  third refers to  the  position  in  the  associated X value  array. 

The  Mach  numbers  and  corresponding sets of On values are input  in  ascending 
order.  The sets of Of values  which  correspond  to  each  Mach  number  and O n  combina- 
tion are also  input  in  ascending  order.  The sets of fa values  which  correspond  to each 
Mach  number, On,  and Of combination are input  in  ascending  order.  The  fixed set of 
x/Do values are input  in  ascending  order. 

If for  a given  Mach  number, On, Of, and fa combination; the associated X value 
curve is estimated,  then  the  value of the  fixed  input  variable K1 is 0. If the associated 
X value  curve is experimental,  then  the  value of K1 is 1. 

An example of the array  form  for  a given  Mach  number  and On value is included 
in table VI. 

Component 7 

Corresponding  to  each  Mach  number  and  D1/Do  combination,  there exists an 
a r r a y  of X values  which is a function of the Of values  for  which data are available for 
this Mach  number  and  D1/Do  combination  and  also a function of a fixed set of x/Do 
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values.  These h values are input  columnwise as denoted by the  arrows  in  table VI. The 
complete set of x values  for all Mach numbers  and D1/Do combinations a r e  input as 
three-dimensional  variables  where  the first subscript   refers  to Mach  number,  the  second 
r e fe r s   t o   t he  D1/Do value,  and  the  third refers to  the  position  in  the  associated h 

value  array. 

The  fixed  set of x/Do values,  the  Mach  numbers,  and  the  corresponding  sets of 
D1/Do values are all input  in  ascending  order.  The Of values  which  correspond  to  each 
Mach  number  and D1/Do combination a re   a l so  input  in  ascending  order. 

An example of the  array  form  for  a given  Mach  number  and D1/Do combination 
is included  in  table VI. 
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TABLE VI.- EXAMPLE OF FORM OF X-VALUE ARRAY FOR  INPUTTING  FIXED 

INPUT DATA FOR EACH COMPONENT 

:omponent 
.. - 

~ _ _ _  .. - ~ 

Example of form of X-value a r ray  
.~ 

- 

0 
10 
15 
25 
33 
40 

LAMl(1,l) = .OO 
LAM1(1,2) = .OO I 
LAM1(1,6) = .OO 

.~ 

.50 
1.39 
3 .OO 

LAM2(1,1) = 0.00 
LAM2(1,2) = 4.15 
LAM2(1,3) = 1.95 

Mach(1,l) = .7 

.2 

LAM1(1,7) = .01 

I 

Mach(2,l) = .8 
-~ - . 

.05 

LAM2(1,5) = 2.58 
I 

.4  .6 .8 1.0 

LAM1(1,31) = .01 

1 
LAM1(1,36) = .35 

.10 - - 1 .oo 
" 

LAM2(1,81) = 0.00 
I I 

6.00 I LAM2(1,4) = 1.25 LAM2(1,84) = 0.01 

The  complete  set of XL2(J) for each  array for this component is .OO, .05, .lo, .15, 2 0 ,  
.25,  .30,  .35, .40, .45, .50, .55, .60, .65, .70, .75,  .80,  .85,  .90,  .95, 1.00. 

". ~ .~~ ~ ~ . -  

Mach (4,l) = 3.0 
. " .. 

.5 1.0 - - 6.5 
- . .  . .  

LAM4(1,1) = .405 LAM4(1,4) = .320 
LAM4(1,2) = .270 \1 
LAM4(1,3) = .178 LAM4(1,42) = .013 

~ ". . . 

LAM4(1,40) = .025 

The  complete set of XD4(J) for each  array for this component is 0.0, .5,  1.0,  1.5,  2.0, 
2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0,  6.5. 

.~ 

Mach(5,2) = .8 
~~ 

. .  

0 
10 
15 
20 
25 
30 
40 

0.0 .1 - - -  6.5 
... . . "  ~- ." . .  

LAM5(2,1) = .01 LAM5(2,8) = .01 
LAM5(2,2) = .63 

I 

LAM5(2,162) = .01 I 
LAM5(2,168) = .03 

The  complete set of XD5(J) for each  array for this component is . O ,  .l, .2, .3, .4, .5, .6, 
.7, .8, .9, 1.0, 1.25, 1.5, 1.75, 2.0,  2.5, 3.0, 3.5, 4.0, 4.5, 5.0,  5.5, 6.0, 6.5. 

. ~ ~~ ~~ . .  " ~- 
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TABLE VI.- EXAMPLE OF FORM OF X-VALUE ARRAY FOR  INPUTTING FIXED 

INPUT DATA FOR EACH COMPONENT - Concluded 

Componenl 

6 

7 

8 

~ "" "" 

Example of form of X-value a r ray  
- .. ~ 

. - "- ~ - ". ~ ~. - " .. _ _  _" 
~ 

FA6(7,1,M) 

0 
1 
4 

1 
4 

Mach(6,7) = 4.04, THN6(7,1) = 15O, 
THF6(7,1,1) = 5' 

0.0 0.2  0.4 - - 6.5 
" "" .~ " . . 

LAM6(7,1,1) = .52 LAM6(7,1,4) = .52 
LAM6(7,1,2) = .74 
LAM6(7,1,3) = .30 LAM6(7,1,54) = .45 

_. ~ 

LAM6(7,1 52) = .52 

1 5 
THF6(7,1,2) = 20° 

LAM6(7,1,55) = 2.05 LAM6(7,1,57) = 1.90 LAM6(7,1,89) = 2.30 
LAM6(7,1,56) = 1.80 J LAM6(7,1,90) = 1.90 

rhe  complete set of XD6(L) for  each  array  for this component is 0.0, 0.2, 0.4, 0.6, 0.8, 1.0, 
1.25,  1.5,  2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0,  5.5, 6.0, 6.5. 

"___ "" ~ - . . - . . 

Mach(7,l) = .80,  DDR'I(1,l) = .70 
. " 

5 
10 
15 
30 

LAM7(1,1,1) = -.370 LAM7(1,1,5) = .070 LAM7(1,1,93) = .06 
LAM7(1,1,2) = -1.140 

\1 1 
LAM7(1,1,4) = -1.500 LAM7(1,1,96) = .095 

rhe  complete set of XDII(K) values  for  each  array  for  this  component is 0.0, .l, .2, .3, .4,  .5, 
.6, .7 ,  .8, .9,  1.0,  1.25,  1.5, 1.75, 2.0, 2.5,  3.0,  3.5,  4.0,  4.5, 5.0, 5.5, 6.0, 6.5. 

Mach(8,l) = 1.50 
. ~___ - . ." . . 

0.0 0.1 .2 - - 2.5 

0 LAM8(1,1) = .OOO LAM8(1,6) = .OOO LAM8(1,56) = .OOO 
4 LAM8(1,2) = .OOO 

.. 

8 
12 1 
16 LAM8(1,5) = -.060 i LAM8(1,60) i = -.060 

?he  complete set of XD8(J) values for each  array  for  this  component is 0.0, .l, .2, .4 ,  .6, .8, 
1.0, 1.25, 1.5,  1.75, 2.0, 2.5. 

" __ - ~ _ ~ _ _ _  ____" - ." . . -~ - . . 
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CONCLUDING REMARKS 

The  results  obtained  from  this  program  yield  adequate  characteristics  for  most 
launch-vehicle  configurations at angles of attack less than 5O. Because of the  lack of 
sufficient  experimental  data which are input to  the  program,  certain  discrepancies  exist 
between  experimental  and  empirical  results. For components  which  have  geometric 
parameters  within  the  ranges of the  fixed  input  data,  these  discrepancies are small. For 
components  which  have  geometric  parameters  outside  these  ranges,  the  discrepancies 
may  be  larger,  and  the  empirical  results  should  be  interpreted only as representing  the 
trend of the  characteristics  curves. 

Langley  Research  Center, 
National  Aeronautics  and  Space  Administration, 

Langley  Station,  Hampton, Va., August 21, 1967, 
124-08-05-25-23. 
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APPENDIX A 

PROGRAM LISTING 
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I 







5533 L A M ( K ) = L A M 5 ( I r K )  
1075 C A L L  I N T P ( N I N X ~ Y A R ~ N L ~ K ~ ~ N N ~ ~ J ~ ~ I ~ L C N ~ F ~ N R ~ F A N S ~ ~ F A N S ~ ~ M R ~ N C ~ ~  

X X ~ 4 r D X 4 r ~ D X r N C 2 r X ~ 5 r D X ~ r l < ~ l ~ K K 2 * L L L * M M ~ N 6 C l r N P U N C H )  
IF(NNloEQo1oORoJloGTo2)GOT0775 

1013 I F ( N o E Q o l ) G O T 0 1 1 2 0  
I F ( N m E Q o 2 ) C O T 0 4 7  
1 F ~ N o 6 Q o 5 m O R o ~ o E C o 6 o O R ~ N o E Q o 7 ~ G O T O 5 2 0  
I F ( N e E Q o 4 ) C O T 0 6 1 0  
I F ( N o E Q o 9 ) G O T 0 1 3 0 4  

775 I F ( N o E Q o h ) G O T O R 2 7 6  
I F ( N m E Q e 7 ) G O T 0 1 7 5 0  

. .  . 

GOT@ 1 O n r !  
175 '3   YR=MR? 

NN 1 =wr\1797 
I = I 7  

- .. . 

I F ~ ~ ~ D @ R ~ D C R 7 ~ I r 1 ~ ~ o L T ~ ~ o l ~ ~ 7 ~ o A N D o L l o ~ Q o l ~ G O T O l O 5 ~  
I F ~ ~ ~ D D R - D D R 7 ~ I r 1 ~ ~ o L T . " - 7 ) . A N D . L 1 . E Q e 2 e A N D o ~ ~ T H F R - T H F 7 ~ I ~ J ~ l  

X ) ) o L T o - o l E - 7 ) ) G O T O 1 7 5 1  
I F ( ( T H F R - T ~ F ~ ( I ~ J ~ ~ ) ) ~ L T o ~ o ~ E - ~ ~ G O T O ~ ~ ~ ~  
I C (   ( @ D R - D D R 7 ( I  , K C )  ) o G T o o 1 E - 7 ) G O T 0 1 0 6 0  

1 7 5 1   N F ! C = l  
E 0 1 7 6 1 K 2 = 1   r N X  
x x  ( Y 2  1 = x x 7  ( K 2  ) 

1 0 6 1   A A 1   ( K 2 ) = A 4 ( 1 < 2 )  
T H F R = T H F 7 ( I r J r l )  
G O T 0   1 5 6 2  

1 0 5 3   T H N R = T H N R l  
~ .. 

DO 1 O671(2= 1 t N X  
1 0 5 7   A I   ( l * Y 2 ) = A 4 ( ' < 2 )  

G O T 0 1 0 5 3  
106? CO 1 O 6 % 2 = 1   * N X  

A 1   ( 2 r K 2 ) = A 4 ( K 2 )  
1 0 6 5   X X ( K 2 ) = X X 7 ( K 2 )  

G 9 T O 1 0 5 3  
8276 C 0 7 7 2 8 K 2 ~ 1   r N X  

X X ( K 2 ) = X X 6 ( Y 2 )  

N B C =  1 
G O T 0 8 2 7 5  

7728 A 1   ( l r K 2 ) = A 4 ( < 2 )  

- . . . . -. . . 



5 M Y = 6  
THFRl= 0 1745*THFR 
NN2=3 
Jl=l 

CELL MACHXC(IltNI~~R~LCNtXRICt",NDXtJltDDR*I7tTHFR,NNl,~ 
I F (  (FAR-4. )eGE. - .  lE -7)FAR=4.  

X I t N X t ~ C t " I ~ t J t L l . ~ ~ l t ~ ~ 2 * D X , L L L )  
8133  Ll=l 

L 2 =  1 
L3=  1 
L4=  1 
E1=9. 
E2=0 0 

E 3 = @ *  
=4=0 - 
NN3=0 
NN4=0 
NBC=O 

25? NTN=NTHN6(I 1 
C0251J= l tNTN 
I F ( A B S ( T H N R - T H N 6 ( I ~ J ) ) . L E . . 1 E - 7 ) G O T O 2 5 2  

251 CONTINUE 
I F ( T H Y R . L T . T H N ~ ( I I I ) ) G O T O ~ ~ ~  
D09135J=29NTN 
I F ( T H N R . L T . T H N 6 ( I t J ) ) G O T O 2 5 4  

9135 CONTINUE 
J=NTN-l 
GOTO8254 

253 J = l  
GOT08254 

254 J=J-1 
GOT08254 

252 J=J 
NN2=1 

8254 N T F = N T H F 6 ( I t J )  
C08257Kz 1 9 NTF 
I F ( A B S ( T H F R - T H F ~ ( I t J ~ I < ) ) ~ L ~ ~ o l E - 7 ) G O T O 8 2 5 8  

8257  CONTINUE 
8256  I F ( T H F R . L T . T H F 6 ( I t J ~ l ) ) G O T O a 2 6 0  



C 0 8 2 6 8 K = 2 , N T F  
I F ( T H F R ~ L T * T H F ~ ( I ~ J I I < ) ) G O T ~ ~ ~ ~ ~  

8268 C O N T I N U E  
K = N T F -  1 
G D T 0 8 2 6 1  

.~ 

8255 K = K - I  
G O T 0 8 2 6  \ 

N N 3 =  1 
G O T 0 8 2 6  1 

8269 C082701<2=1 9NX 
8270 X X 6   ( V 2  1 = X X  (K2  1 
8273 N r \ l 6 5 6 = N N I  

8258 K = K  

. 
.. 

T H N R S = T H N ?  
T H N R = T H N 6  ( 1 1  J )  

T H F R S = T H = R  
I S = I  
M 9 6 = M R  

I I = N M A C H ( 5 )  
N=5 
C O T 0 5  

V " R = M A C H ( 6 ,  I ) 

8275 I = I 6  
NN 1 =NN606 
T H N R = T H N R S  
T H F R z T H F 6  ( 1 9  JI 1 1 
FnR=MR6 
L 1 = 2  
K = 1  

8 2 6 1   I F ( Y o E Q o 1  ) S O T 0 8 7 5 5  
LL9 = 1 
LL2=0 
L L 3 = 1  
L L 4 = C  
I< < K  = I< - 1 
C Q  1999L3 1 I !<K 
L L 1 = L L 1 + ' d L A h 4 6 (  I ~ J I L )  

1993 L L 3 = L L 3 + 4 F A S  ( I 9 J L ) 
C02n92L=1 ,I< 





I F ( K 1 1   ( L ) o E Q o 1 0 A N D o l < 1 1   ( L + 1   ) 0 5 ( ~ o O ) G O T 0 8 9 1 0  
8906 I F ( K l l ( L ) o E Q o O ) G O T O 8 1 5  

G O T 0 2 5 9  
8909 1<6=L 

802 K 5 = N L  
1<3=NF 
G O T 0 8 1  4 

8 9 1 0   K S = L + I  
C O T 0 8 3 2  

8 1 5  F l = F 1 + 1 0  
?IN1 l = L 1  
GOTOF'59 

8 1 4  C 0 8 1 6 N N = K G r K 5 * K 3  
8 1 6   L A M ( N N ) = l o l * L A r J ( N N )  

x x l = X x (   1 )  
C A L L  D I S C O T ( F A R r X X l * F A * L A M * X D 6 r l l r N L r N X D 6 r A N . 5 2 )  
I ~ ~ A B S ~ ~ A 1 ~ L 1 r 1 ) ~ A N S Z ~ / . ~ l ~ L l r ~ ~ ~ o L ~ o o ~ ~ ~ G O T O 2 ~ 9  
E l = E 1 + 1 *  
V N 1  1 = L 1  

259 I F ( N N 3 o E C I o l ) G O T 0 2 6 0  
L l = L 1 + 1  
I F ( L 1 - 2 ) 2 5 3 3 t 2 ~ 8 ~ r 2 6 1  

2589 I < = K +  1 
G O T 0 8 2 5 1  

2 6 1   I F ( N O C o E Q o l ) S O T 0 9 0 7  
T H F ( l ) = T H F 6 ( I r J t K - l )  
T H F ( ~ ) = T H F ~ ( I I J I K )  
G O T 0 8 8 8  

8c17 T H F  ( 1 ) = O  
T H F ( 2 ) = T H F 6 ( I t J r ! )  
T H F R = T H F Q S  

8 D 8   C O S C 3 Y 2 = 1   r N X  
A I l ( I ) = A l ( l r Y 2 )  
A 1 1   ( 2 ) = A 1  ( 2 r 1 < 2 )  
C 4 L L  ~ I S C O T ( T H ~ ~ ~ T H F ~ ~ T H F ~ A ~ ~ ~ A ~ ~ ~ ~ ~ ~ ~ ~ ~ O I A N S ~ )  

803 A 2   ( L 2 r K 2  1 = A N S l  
I F ( E I O L E O O ~ E - ~ ) C ~ T ~ ~ ~ ~  
I F ( ( ~ ~ - ~ o ) o L E o o ~ E - ~ ) G ~ T ~ ~ ~ ~  

8 C 5   E 2 = E : 2 + 1  



d 



Q, 
0 Ll=l 







0) 
W 



1 2 3 1   A N S = A 4  (1<1<3)-%DX 
G O T O l  227 

.1228 I F ( A B S ( X S i K 2 ) - X R 7 ) ~ a L F . . 1 E ; 1 ) G O T O l 2 2 9  
G D T O 1 2 3 2  ' ' 

1232 A N S = A 4 ( Y K 3 ) * D X 7  
1 2 2 7  \ ~ R I T E ( 6 r ? 0 0 0 ) X S ( K 2 ) q A N S  

I F ( N P U N C H o E Q . 1  ) 2 D T 0 5 5 7  
. .  

G O T O l  096 
557 P U N C H 9 C 0 3  9 X S  (1<2 ) 9 A N S  

G O T 0 1  296 
- 

1 2 2 9   A N S = A 4  (KK3 1 * D X  
' , ~ R I T F ( 6 * 9 0 C O ) X S ( Y 2 ) r A N S  

I F ( NPlJNCH .E5 1 ) G 3 T 0 5 5 8  

. 

G O T O l  230 
558 P V N C H 9 G O O  q X S  (1<2 ) A N 5  

. - . . . . . . 





I 
Q, cn 





.. . 

S U B R O U T I N E  I N T P ( N t N X ; Y A ~ ( N L S K 8 - ~ N N l r J l , I r L C N r F N R r F A N S 2 r F A N S 3 * M R r  
"~ -- " 

" .... - .. .  " ............................................... ". 
X N C l  *XR4;DX4;ND.X*NC2-.i-XR5;DX5'r-K.K-l * k K 2 r L L L , M M , N B C l   r N P U N C H )  



b U  I u311 u 
777 F A N S 2 = A N S  



. ..... ..... " . - """"1- 







. .  . . . . . .  -. ..... , .... " . " . 

S U B R O U T I N E   L A G R A N   ( X A t X t Y t N t A N S )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D I M E N S I O N  X ( 2 ) t Y ( 2 )  

. .  
C C I M E N S I O N  X ( 2 ) t Y ( 2 )  
." - - 

SUM=O 0 
DC) 3 I=l t N  

. _  . .  

PROD=Y ( I ) - ... 

"DO 2 J=l  t N  . . . . .  . . .  _ .  
A = X ( I ) - X ( J )  
I F  ( A )  1 9 2 9 1  

. . . . . . .  .. 

1 B = ( X A - X ( J )  ) / A  
PROD=PQC.D*B - 

2. CONT I NUE 
.. 

. -  . . . . .  

3 SUM=SUM+PR.OD. 
ANS=SUM 
RETURN 
END 

. .  - . .  ...... 

S U B R O U T I N E   D I S S E R   ( X A t T A B t I t N X t I D t N P X )  . . .  . 

D I M E N S I O N   - T A B ( 2 )  
D I MENS I,ON" T A B  ( 2  

N P T =   I D +  1 
N P B = N P T / ~  
NP-U=NPT-NPB 

. . . .  "" ~ "" 

. . . . . . . .  -. - . " . ." - - 
C 

. .  

. . . . . . . . . . . .  ..... 

. .. ... ." - " ~ "" ." -. " "" ~ ...... . ~ . . . .  .. 

. . .  . ". . ~ .  - . ~~. ~ "" ~ "" ." 



I 



APPENDIX B 

FIXED  INPUT DATA LISTING 

75 



FIXED INPUT DATA FOR SHARP CONES 

1 1  12 1 5  

156 72 96 

1.100 1 .20c 

40.0 

3 0 . 0  33.0 
33.0 40.0 
33 .0  40.0 
20 .0  25.0 
15.0 20.0 

1 5 . C  2G.O 

15.0 20.0 

12.5 
45.0 
12.5 
45.0 
12.5 
45.0 
12.5 
45.0 
12.5 
45.0 

15.0 

15.0 

1 6  17 1 7   1 7  

96 1 0 2  102 102 

1.500 2.000 2.500 

40.0 

30.0 33.0 40.0 
25.9 30 .0  33.0 

25.0 30.0 33.0 

25.0 30.0 33.0 

17.5 20.0  22.5 

1 7 . 5  20.0 22.5 

17.5 20.0 22.5 

1 7 . 5  20.0 22.5 

1 f .5 20.q 22.5 



L 

w 00 a01 w 98 
2.51 2.02 1.98 
1.02 1.36 1-66 

w 3 5  

1 w57 
a01 
1.79 

2 w04 
1 bo9 
1 w57 

-91 w98 1 w57 
w01 1.00 1.57 
a01 w94 1-04 

1 w69 
1 * 7 0  

a 8 3  

1 m65 
1 m68 
.47 

.90 
1.79 
1 w92 
1 m64 

00 w 3 0  . 0 0  
1 w36 e o 1  1 .QO 
1.07 1.47 1.74 
1.57 1.65 1 w66 

w 7 9  *71 w 53 

a01 
1 w47 
1 w83 
1 w69 

. 3? w cl3 w01 
1.06 1.41 1 w67 
1.72 1-89 1.79 
-01 w ae w 97 

1.10 
1 w83 
-01 

1 a01 

1 .49 
1 w96 
w95 

1 w01 

a27 
1 w67 
a01 
w 94 

.94 
1.77 
e27 
.93 

.c - 0  e01 
*27 e 2 8  1 w57 
1.65  1.64 1 w62 

a27 1 a 0 2  

.O .3 wo 
1.69 lw85 1.77 
1.73 1.77 1.77 
1.56 1.75 1.70 
1.47 lW51 1 w51 

w BE! 66 w93 

.O 
1.57 
1.57 
1 w53 
1 a 4 2  
1 w02 

WO .? W C ,  

1.14 i . 4 5  1 w65 
-76 l w l 2  1.45 
w 2 2  -76 1 - 1 1  ” 

.a 
1.85 
1 e65 
1 e 4 0  

.O 
1 a92 
1 w81 
1 w61 



027 
a01 
96 

. 53 
a27 

. 78 
a 53 

la10 . 78 1 a38 
1 a 0 8  

a C  

1.10 
a 78 . 53 
027 
a01 
095 

.3 
1.57 
1 a 13 . 78 . 5.3 

a 27 

a 0  

1.69 
1 a 1 6  
1.09 

a 78 
53 

.C 
2.28 
1.94 
1.48 
1.06 . 78 

a @  

2 063 
2 a26 
1 a i 3 9  
1 a47 
1 a02 

a L  

a 27 
2 . -79 
2.75 
2.27 
1 a47 

a 78 

,- 
a 0  

a 78 
a27 

2.57 
2.89 
2 a28 
1 a41 

.O 
1.54 

a 78 
027 

2.41 
2.75 
2.25 

a 0  

1 a92 . 98 
053 
091 

2.69 
2.47 

.O 
2.36 
1 a45 
a78 
027 

1 a91 
2 a28 

a 0  

.O 
1 a 9 2  

a 54 
2.58 
1.47 
001 
2.28 
1 a02 
2 098 

.O 
a 0  

2.10 
76 

2.83 
1 0 7 0  
a28 

2 a43 
1.27 
3 a28 

00 
a01 
2.28 
1 a 0 2  
2.98 
1.92 

a 54 
2 a 3 8  
1 a47 

b o  

028 
2.43 
1 a27 
3.28 
2.10 

a 76 
2.83 
1 070 

4 3  . 54 
2.58 
1 a47 

0 0 1  
2.28 
1.02 
2.98 
1 a92 

6 0  

a76 
E a 8 3  
1.70 

a 2 8  
2 a 4 3  
1 a27 
3.28 
2.10 

a ?  

00 
1.72 
27 

2 a47 
1 a27 
3.11 

a 0  .@ 
2.13 . 74 
2.38 
1.72 
a27 

.C, 
a01 

2.31 
1.02 
3.01 
1 a 9 3  

52 

.O 
a27 

2.47 
1 a27 
3.1 1 
2.13 
76 

a 9  

a 52 
2.43 
1 a49 

0 0 1  
2.31 
1.02 

a 9  

76 
2 a 8 8  

1 072 
a 2 7  

2 047 
1.27 



2.88 
1 a72 

3.01 
1 a 9 3  

3.1 1 
2.13 

2 a47 
1 a27 
3.1 1 

2.63 
1 a49 

b 

.O 
.01 

2 a34 . 75 
2.88 
1 a 5 0  

3.22 
2.15 . 53 
2.66 

09 
28 

2.50 
1 a02 
3.05 
1 a73 
-01 
2.34 . 75 
2.88 

.O 
053 

2.66 
1.28 
3.13 
1 e96 

e28 
2 050 
1.02 
3 a 0 5  

.O 
a01 

2.36 
a 7 6  

2.90 
1 a 5 1  
3.16 
2-17 . 53 
2.68 

.@ 
a53 

2 -68 
1 a28 
3.12 
1.97 
a28 

2 a53 
1 a03 
3.. 0 7 

a 0 0 3  . ec2 
2.563 
1 a070 
3.082 
1 a795 

a 0 0 1  
2.397 

-810 
2.940 

.OD0 . 543 
2.71C) 
1.322 
3.129 
2.01 1 
a002 

c 563 
1 0 0 7 0  
3 . 082 

a 0 0 0  
0001 

2 397 
.dl0 

2-940 
1 a 5 5 4  

3.082 
2.C13 
a343 

2.710 



03 
0 FIXED INPUT DATA FOR SHARP TANGENT OGIVES 

. 2 c  
- 7 0  

2.94 
1.57 
4.96 
1 0 3 6  
3.99 

5.95 

- 2 5  
75  

3 - 5 3  
0.93 
2 0 4 7  
0.53 
2.33 
0.20 
1 - 1 4  
0.36 

3.77 
0.87 
2 - 6 7  
0.51 
2.37 

1 5 - 0 2  

39 
YO 

1.78 
a.17 
1.42 
4 - 0 9  
0.93 
2.49 
0 4.0 
0.43 

1.80 
4.76 
1.48 
4.56 
1 - 0 7  

1 0 1 3  
3 - 0 5  
0.61 
2.38 
0.28 
1.77 
0.11 
0.35 

1.14 
2 - 9 7  
0 - 6 3  
2.47 
9.34 

0 4 0  
0 9 0  

3.41 
1 e 5 2  
4 a 3 0  

1.14 
3 - 1 9  
0.60 
1.29 
C-17  

3 - 8 9  
1.55 
4 - 9 0  
1 a27 
3.64 

- 4 5  
a 9 5  

3 - 6 2  
0 - 8 7  
2 - 4 2  
0 0 4 3  
2 a 2 0  
0.17 
0 e 9 5  

0 .03 

3  047 
0 a 7 9  

2 - 5 8  
0 - 4 5  
2 -33 



2.27 
0.2C 
1.85 
c .  1c 

0.27 2.64 
2.03 0.42 
0.13 0.50 

2.19 
0.17 
1.75 

0.58 
1.47 
0.18 

0 0 2 3  
1.94 
0.12 

1.48 
1.17 
1.01 
0.89 
0.77 
C7.06 
3.55 
9.47 
3.33 
7.35 
,? . 33 

0.99 
3.74 
0.57 
0.45 
0.35 
C1.27 
0.23 
C.15 
0.12 
9.13 
3 . 1 8  

1.94 3.07 
2.92 2.82 
3.24 2.63 
3.22 2.47 
3 . 0 0  2.26 
2.62 1.93 
2.14 1.57 
1.58 1.35 
0.97 1.17 
0.33 0.98 

1.70 
1.50 
1.39 
1.27 
1 0 1 3  
1 - 0 0  
0.86 
0.73 
0.62 
0.52 

1.30 
1.08  
0.95 
0.83 
0.72 
0.62 
0.51 
0 0 4 3  
0.37 
0.33 

0 0 8 5  
0.65 
0.51 
0 039 
0.30 
0 023  
0.17 
0.13 
0.12 
0.14 

1.59 2.92 
2.41 2.65 
2.67 2.48 
2.65 2.33 
2.47 2.10 
2.16 1.82 
1.76 1.32 
1.30 1.06 
3.80 2.87 
0.27 0.68 

1.73 
1.53 
1.34 
1 0 1 8  
1 0 0 4  
0.92 
0.78 
0.67 
0.56 
0.45 

1 0 4 0  
1.23 
1.10 
0.98 
0.67 
0.77 
0.67 
0 a57 
0 0 4 8  
0.40 

1.06 
0 097 
0 087 
0 078  
0 a72 
0 063 
0.56 
0 0 4 9  
0 0 4 2  
0 0 3 5  

1.59 2.53 
2.41 2.37 

2.57 2.35 
2.65 2.30 
2.47 1.93 
2.16 1.50 
1.76 1.20 
1.3G 3.95 
C; a 3 8 3  3 72 
5.27 0.54 

1.73 
1.53 
1.37 
1 022 
1 o C 6  
0.96 
0 063 
0 071  
0.56 
3.47 

1 a45 
1.29 
1.14 
1.02 
0.90 
0.78 
0 0 6 8  
0.58 
0.49 
5.41 

1.16 
1.03 
0 093 
0 .d3 
0 073 
0 0 6 5  
0 0 5 7  
0 050 
0 043  
0.36 



1 . 493 
1 . 352 
1.298 
1 0 362 

0 9 1 4  . 754 
0 5 1 3  
. C O F  . 302  

r\ 
'1 1 6  

1.27 1 . 5 1  
1.09 2.28 
0.95 2.52 
0.82  2.51 
9.72 2.33 
9.62  2 .04 
0.53 1.57 
7.45  1 .23 
9.39 0.75 
0.34 0.25 
2 023 

1 0 2 1  5 1.556 
1 0 0 9 7  2.802 

0973 3. 1 0 5  . 859 3 . 99 1 . 738 2 0875 
0617  2.515 
0013 2.052 
a 0 0 4  1 . 5 1 5  
0 3 0 2  6928 

0 0903 
1 1 5  

2.68 
2.50 
2.43  
2.37 
2.02 
1.58 
l a 1 7  
0 .Y2 
0.71 
0.53 

3.091 
3.120 
3.004 
2 7 8 0  
2 .473  
2.102 
1.682 
1 226  

7 4 5  
0001 

1 073 
1 . 5 3  
1 a 3 7  
1.23 
1 008 
1 a 9 6  

0.83 
0.72 
0.60 
0.48 

1.834 
1.558 
1.477 
1 0290  
1.098 

0 9 0 4  
706 

0 0 1  1 

b o 0 2  
0 

1.43  1 . 1 7  
1.25 1.02 
1.10 O m 8 8  
0.98 Om77 
0.85 Om67 
9.75 O m 5 7  
O m 6 5  0.48 
O m 5 6  0.42 
0.48 0.37 
0.39 0.32 

1 e423  1 a 156 
1 a280 1 a 0 3 8  

1 . 1 3 5  0919 
0 9 9 8  r 7 9 9  
0839 0678 
0689 - 5 5 5  
0013 0 0 0 7  
0 0 0 5  0 0 0 2  

6001  0 
0 0 



”.. 



FIXED INPUT DATA FOR  CYLINDERS  FOLLOWING TANGENT OGIVES 

15.90 

2.0 

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

. 22'3 . 100 
086 
042 

2.3 

148 
130 
053 

0 0 1  5 

1 72 . 143 
070 

0-03 0 

0 139 
077 . 17% 

0349 

3.0 3.5 

0 2 5 8  01955 
0 1 1 7  0381  
0 0 4 8  0072 
0344  0035  

4.0 

0122 
. l o g  

042 
0 0 1 3  

. 145 . 120 
060 
026 

0116  . 0 6 7  
148 
035 

4.5 

. 102 
055 
170 

0046  







I 03 
4 

1.10 
3.39 
2.91 

a 05 
- 27 . 12  

a 55 
a 0 3  

0 3  . n3 . c 3  . 0 3  . 0 3  
r\? . u-. . 0 3  

. 20 
-4 . -7G 
-2.2:: . 71 

2 .83  2 .43  
3.51 1 . 49  
.O1 07  
a 0 3  -a20 

- a  16  . 73 
a 2 7  1 e69 
. O 1  0 3  . c 3  a 0 3  . c 3  0 3  
a 0 3  a C 3  
a Q 1  0 3  . 0 3  a 0 3  

0 3  a 9 3  
a 0 3  0 3  
.31 a 0 3  

1.57 
a01 

0 3  
-.15 
1.77 
.O1 

0 3  
0 3  . 0 3  

.01 
0 3  
*03 . 0 3  

C 1  
0 3  

-4 .55 -7a5C -1.75 
-1.53 -2 .43  a01 

.O1 a 9 6  1.65 
-.85 -1.10 a 55 

-.39 
08  

-e04 
1.34 
3.46 

.03 
03 
03 . 03 
03 

* 0 3  
0 3  
03 
03 
0 3  

a01 
a 5 5  

- 1  a 8 8  

e 2 7  
2.59 

a 03 
1.10 
01 
0 3  
24 

e03  
03 
03 
0 3  

.01 
03 . 03 

-2.47 
86 

1 e 8 1  
.20 

.01 
04 
a12 

3.30 
.O1 
e 0 3  
a 0 3  

- e  04 
. O 1  

0 3  
03 
0 3  

.01 
0 3  
03 

a01 
1 a26 
- e 6 3  
-.82 

010 
.20 

2 e36 
3.93 

a 0 3  
e 0 3  

- a 1 0  
e 0 3  
e 0 3  
.03 
e03 
e03 
0 0 3  
a03 
a03 

1.34 
- 1  a 8  1 
e24 

2.51 
.O 1 
e24 

2.28 
a03 
a 3 1  
. 03  
* 0 3  
.O 1 
e03 
e03 
a03 
e03 

e 6 7  

1.45 
-1.02 
-1 e 2 6  



03 
03 

- a 24 
a 62 

- 1  .a1 
2.28 

a71 
76 
2(? 

- a  18 
a 98 

- a 20 
0 3  

a 03 
a 2 3  

03 
a 03 

20 
a 55 

1 a61 
1 m02 
1 a85 
2.40 

- 28 
a 9 8  

a 0 1  
2.71 

1 a49 
mol 
a51 

- m 3 5  
a01 

- a 2d 
a 0 3  
a C 1  
03 
0 3  

- a 22 
a 59  
a01 

1 a41 
2.12 
2.51 

-2.24 
1 a 0 6  
1 mOG 
- a 8 6  

1 m81 
m12 

1 m77 
- a 4 3  
- m  1 1 

a 0 3  
a 0 3  
a 0 3  
a 33 

03 

-a24 
a79 

1 a 0 1  
1 a71 
2 a47 
2.87 

- a 39 
mol 

- a 24 
2 a 3 9  

2.53  
a01 
ac3  

- a 1 2  
a 0 3  
a01 
a 0 3  

0 3  
a 0.3 

0 1, 
0 3  

a01 
1 a14 
1 a 8 5  

a01 

2,oo  
a47 
a 0 1  

- m 3 5  
-a28 

a01 
03 

a 0 3  
a01 
a 03 

-a24 
a01 

1 a 2 3  

2.00 
2.59 

a01 

- a 39 
a32 

1 a67 
3.06 
2 0 2 4  
-a01 
-a15 

12 
0 3  
0 3  
03  

a 0 3  

03 
a 0 3  
a 0 3  

a16 
-2.04 

2.12 
98 
24 
79 

-a20 
2.06 
- 39 

.03 
03  
03  
03 
03 

-a12 
86 

1 m49 
2.28 
2.94 

68 

a 39  
a 0 1  

2.55 
1 .e3 

mol 
a 86 

-a39 
a 0 1  

-a44 
a 0 3  
a01 

m03 
a03 
. o r  

a 0 1  
1.02 
1 a65 
2.42 

a01 
l a 1 8  

024 
1 a 5 7  
2.91 
2.04 
- m 0 8  
- a27 

a3 1 
m59 
a 0 3  
a 0 3  

a 0 3  
m03 
a03 
m03 
a03 

a 3 9  

a 9  0 
- 1 a 34  

2.16 

b 3 5  
1 a34 
-.33 
-a04 

-1  a63 
e03 
a 0 3  

0 0 3  
a 0 3  
a 0 3  

063 
1 . 1 8  
1 a 8 6  
2 a 7 7  

e 8 6  
1 a 5 7  



1 . 8 3  2.12 2.24 
1.89 2.16 a 0 1  
a 0 1  1 6  a 3 1  

- a 1 4  - a 0 8  06 
-a39 "46 - e 4 7  

- a 7 1  -a93 a 0 1  
. C 1  -a13 - a 2 0  
. G 4  -a34 - a 1 2  . c3 a03 . c3  
03 a 0 3  a 0 1  

a 0 1  a03 . 5 3  
03 a33 a 9 3  . 53 a 0 3  . 3 3  . 33 r) 3 

a 0 1  . 3 9  . 45 
a6 1 . 59 a 5 3  

1 a 4 1  a 9 1  a 6 7  

1 . 1 0  1 . 4 9  1 . 6 1  
2.38 2.67 a 9 1  

52 a98 1 a 3 7  
1 . 3 7  l . & l  1 a 0 5  

. T I  . 24 3 5  
- .c3 - a 1 2  -.C6 
- a 3 1  a 0 1  - a 1 3  
-.2? - a 3 7  -.5! 
- e 5 5  "96 .?l 
.(53 a 0 2  . 31 . ? 3  . 33 . ? 2  
."1 . ?7 . ? 3  
.?3 . t'3 

2 3  .3! n: 

L4M5(6rJ)*J=lr166 

. ._ J 

L 4 V Y ( 7 * J ) . J = l r l S Z !  . 7 1 0 1 5  .I6 
e d 7  . d? --. - 

l * P ?  1.16 I . ? &  
1.73 2.16 a ? l  

031 .5? .?4 

a ? ?  1.3: 1.63 

" 

I _ .  

2.59 a 0 1  a49 
a 3 1  59 a 8 8  . 59 . 75 a93 
a 06 08 a 2 0  

- e 5 1  .@1 - a 2 0  
- a 2 0  - a 2 7  - a 4 7  
- a 3 9  - a 4 9  - a 5 9  
- a 1 8  - a 2 2  - a 3 5  . 33 a 0 1  03 . c)3 03 . 03 . 3 3  . 2 3  0 3  . c13 . o s  . 3 3  . 0 3  . e 1  . 33 

a 2 1  c a  . 68 a 3 1  
!*Pi? 1 . 2 7  
2 . 1 4  2.50 

a 5 1   1 - 1 0  
1.67 2 . 1 2  . 9 1  . 33 

a . 5  7 a62 
a 3 1  a 0 1  

- . 20 - a 3 7  
- 64 - a 7 1  

a 3 3  - .oe 
31 . c 3  . .. 1 . 33 . ? 3  . c 3  . 0 3  . c 1 . 0 2  . 0.3 

n 

. 95 
a 5 1  

1 a 4 9  . 0 1  
1 .53 
2.07 

a 5 9  
.?R -. 12 

"51 
a 0 1  

- a 2 9  . 3.3 . ?-? 
a e 3  . 0 3  . 33 

90 
1 . 1 0  . 98 
a 0 1  

- . 28 
- a 5 7  
-a67 

- 0 1  
03 . 03 . 93 . 3 1  . 03 
. 0 0  
90 

1 a 7 3  
67 

1 e 9 1  
a 0 1  . 92 

1 . 1 5  -. 15 
- 7c: -. 13 . c4 

. e 1  . ,33 . 22. . 5 3  . 03 
- . 29 

a 0 1  
.83 

1 .57 
2.04 

a 5 1  

1.20 1.49 
1.37 1.45 
1 a 2 0  a 0 1  
- a 2 4  - e 2 8  
- a 4 7  - a 5 7  

- a 6 5  - a 7 1  -. 74 a 0 1  
03 a03 
*03 *03 
* 0 3  a 0 3  
*03 .O 1 . 03 -03 . 33 . 93 
.G1 .5c 
a98 1.36 

2.06 a 0 1  
1.14 1 . 5 7  
2.36 2.54 

. 4 3  a 8 1  
1.02 1.41 
a 0 1  .03 

-.2a -.45 
- a 7 1  a 2 1  
- a 2 0  - a 3 9  . 0 3  - a 3 9  
03 0 3  . 03 . 03 

.c 1  03 

.03 0 3  . 0 3  

- a 1 5  a 0 1  
a 5 1  .57 

1.05  l a 3 5  
1.77 1.96 
2.78 .C1 
43 83 

1 a 7 9  

1 a 6 7  

- a  1 8  
-a39 
-a65 
- a 9 4  

a 1 6  
e03 
a03 
a03 
e 0 3  
a03 
e03 

a 7  1 
1 a 2 2  

a69 
2.00 

.O 1 
1 a 1 2  
1 a 5 3  

a 0 0  
- e 5 8  -. 1 4  
-a39 

a 0 1  
.03 
a03 
a03 
a 0 3  

a35 
a 8 3  

1 a 5 6  

2.37 
a 5 3  

1 a 2 4  



I 

(0 
0 

25 
35 

- 7 1  
1 - 0 5  
1 . 4 4  

a 0 1  
46 
5 3  

e53 
7 2  

e63 
e 42 
- 1 1  

-e01  
- 9 1  
. c3  
- 0 3  

c 3  
e 0.3 

0 3  
c2 
c 3  

"12 
e 27  

8 3  
e 0 1  
e 57 
66 
74 

e 89 
1 e 5 2  
1 - 0 1  

e 6 3  
e 4 3  
- 0 1  
03  

-.C2 
8 3  
0 3  
0 3  
c3  
03 

e 0 3  

1 - 1 2  
1 . ? 6  
1.22 
- 04 
"12 
- - 4 3  
- & 7  

0 c3 
3 3  
c 3  

e o 3  
e 0 3  

c 3  

- -  16 
e 3 1  
- 0 1  
e 6 1  

72  
7 7  
96 

1.12 
1 e 1 2  

e 95 
-83 
- 0 1  

02  
- e 0 3  
" 0 5  

0 3  
- 0 3  

0 3  
0 3  
0 3  

- 0 1  

1.37 
1 e44 

- 0 1  
-.04 
- e 2 7  
"51  

- 0 1  
. C 3  
33 
c 3  

- 0 1  
e c 3  

0 3  

-e20 
- 0 1  
e 6 3  
75 

e 79  
1 - 0 0  
1.21 
1.23 
1.08 
1 e26  

- 0 1  
a 0 4  
a 0 3  

-005 
" 0 5  

- 0 3  
- 0 3  
e 0 3  

0 3  
- 0 1  
e 0 3  

1 m57 
1 . 5 3  

e 0 4  
"05 
"31 
- e 5 3  

- 0 3  
e 0 3  
- 0 3  
a 0 3  

m03 
- 0 3  
m03 

.O 1 
m 6 5  
078 
-90  
m98 

1 e 2 6  
1 m32 
1 m 2 C  
1.41 

mol 
a 0 9  
e 0 9  
m05 

"06 
e03 
003 
m03 
- 0 3  
.o 1 
a 0 3  
e03 



a 62:: 
1 a C40 
1 a -7oc 

e 153 
.42e 
.55c 

5 E G  

a 115 
a 26C 
a249 
a 236 
"6C 

a 2 3c 
a C87 
e C 8 5  
a 3 1 2  
a 2 2 3  
ac3c 
a 325 

a 929 
la20C 

a 0 1  3 
a 295 
a 545 
a 658 
a010 
a 232 
a 292 
a 256 
a 0 1  s 
a 1 on 
a C 9 8  
a 098 
a01 0 
e C22 
a 023 
a "35 
a01 c 

1.180 
1 a450 

a 16G 
a 466 
a 6 2 0  
a793 
a 122 
a 235 
a327 
a235 
a 972 
a115 
a 1  10 
a105 
a015 

0 3 c  
a 032 
937 

.3C5 

a46 
a 54 
a69 
a R c ?  

a01 
a 52 
a 63 
.St! 
a73 
a 5 1  
a 7'2 
a 37  
e4 1 
a 9 1  
33 

a Ct 
a 33 

1 3co 
a010 
a 320 
a515 
a 779 
a 0 1 0  
a21e 
a 338 
a360 
a210 
a119 
a 125 
a 122 

c 1 '9 
a c32 
a031 
a 040 
a510 
a eo8  

. . .  

a 31 
a 4 3  

a62 
a01 
e 55 
66 
a71 
a 77 
a 6 3  
a 55 
a 73 
a 57 
01 

a 5 2  
a 0 3  
a 0-7 
a 33 

1 e 5 9 0  
a 170 
a 5 0 0  
a 7 1  0 
a900 
a 128 
a 325 
* 378 
a408 
a 085 
a 1 33 
a140 
130 
a022 
aQ4C 
a041 
a043 
a 305 
a312 

a21 
33 
a01 
a57 
68 
74 
.e1 
.a7 
a 9 0  
a89 
a 78 
a01 
a 29 
94 

a 0 3  
- a c 2  

a 93 

a 0 1 3  
a 348 
a 685 
a383 
a010 
a233 
a385 
a415 
a c 1 c )  
a 138 
a 145 
a 155 
a010 
e049 
a 042 
a 059 
.013 
a 008 
aC12 

a 0 0  
.01 
a 6 0  

a 7 1  

a77 
a84 
*91 
a95 
96 

1 a01 
a01 
15 

a 15 
36 

-.35 
a 011 
a 0 3  

180 
e 540 
w 8 0 0  

1 a 028 
a 135 
360 

a 428 

1-5.0 0 
a 093 
w 160 
a 160 
a 170 
032 
aC51 
052 

a 055 
a01 0 
a012 
a018 

a 0  1 
a 6  1 
a 73 
.79 
a 8 6  

a94 
e99 

1 a01 
1 a09 
a01 
a22 
a23 
a19 
a07 

- a 9 2  
a 0 3  
.03 



W 
ps 

a 43c 
a 720 
a 879 
a 226 
a -770 
a 55s 
a 72C 
a 157 
a 2'7 1 
a406 
a 502 
a C 8 5  

a 70:! 
SC;? 

a31 0 
a 33c 
a 524 
a71E 
a s 1 3  
a 255 
a 4.30 
a 498 
a310 
a 16c) 
a 27 1 
a 252 
a 2 1 C  
a c53 
a 1 ?E; 
582 

a310 

a 6 6 C  
a 8 6 0  
a 31 0 
a 3 1  2 
a 5 1  7 
a 71 2 
a010 
a21'7 

39s 
a 5 3 Y  

a010 
a110 

.a53 
a918 
a 252 
.&37 
a 5 5 9  
a 736 
a201 
a 3 3 8  
e446 
.52C 
a 133 
a21 5 
284 

a 259 
a c52 
379 

-115  
a 0 8 2  
-010  

a 752 
9oa 

a2413 
-429  
- 3 9 5  
a 75c 
a 168 
a289 
a46 1 
a570 

0 9 5  
a 160 

ac3  
a 0 3  
a 2 3  

2 3  

a t39C 
a Q 1 0  
a 330 
a 542 
a 740 
a010 

233 
-41-7 
600 

a010 
a 130 
a216 

aY41 
a270 
a425 
a 623 
a780 
a 1 8 C  
a 306 
a4E4 
m630 
a110 
a 187 
ad72 

a os 
0 3  

a 2 1  
a c 3  

a013 
.373 
a 534 
a 7ti8 
.910 
a 2F.Q 
a462 
a615 
a010 
a 1 3 Y  
34 0 

a 343 
a919 
a 080 
a 165 

142 
a 0 1 5  
- 0 1 8  
a 052 

a010 
a 363 
a572 
a 766 
0010 
a 2 5 C  
a440 
a 6 2 3  
0010 
a150 
a 252 
a 3 7 1  

a 272 
a 498 
a 6 3 0  
a 806 
a219 
a 372 
-481 
635  

a 168 
262 

a 350 
a 365 
a OB9 
a 122 
a 170 
a 147 

020 
a 032 
a 053 

a 295 
a 458 

660 
a 8 1  3 
a 1 9 5  
a 223 
a 5 1 3  
660 

a 128 
a 2 0 8  
a 3 1  2 
a 3 9 1  



0126 0160 
0162 0213 
0178 OC10 
0018 0027 
033 .2  0951 . qa.5 . P65 
0 257 001 0 

021 0 
0230 
026 

0 039 
0 059 
.?73 
0012 

0284 
0010 
0 933 
060 

a O R !  
. o c ! 1 n  

0318 

0300 
035 

a Q52 
0073 
a088 
0012 
0021 

0010 
047 
076 

0 102 
0019 
a 0 1 8  
038 

050 
0070 
0 095 
a110 
0010 
0021 
042 

0536 001 0 
0282 0 3 2 k  
043c 001 0 
0227 0257 
0342 0310 
0157 0 1 1 ;  
0166 .010 
0066 -374 
0 ,? 75 0,713 
.?29 0 5 3 2  

0618 001C 
021C 0 3 2 b  
0 26C .?1? 

031 0 
0470 
0247 
0 375 
0 19s 
0236 
0 1 @ C  
0 100 
0935 
0 3 h C  

a 799 
0436 
273 
0525 
0 3 2 5  
02 1 7  
0 345 
0 2 2 3  
0 153 
175 

0 134 
0 1 or! 
0115 
0 103 

0237 
043c 
0 183 

363 
0010 
0283 
0013 
0208 
0019 
0 107 
.01r 

0 3 8  

0310 
0500 
0347 
0019 
352 
250 
0910 
02-19 
0 178 
0310 
0 137 
0115 
0 s IC: 
135 

0 390 
0 0 1 C  
265 

0513 
0269 
041 3 
0218 
0301 
0 145 
0 137 
0355 
0067 

0535 
0 2 C O  
0 335 

0013 
0312 
0010 
0244 
0010 
0 124 
0010 
962 
0010 

0428 
0010 
0430 
0307 
0010 
.3!7 
0225 
0010 
0 199 
0 143 
0010 
0119 
0 192 
0010 

0012 
0 302 
0 0 1  0 

0296 
0450 
0237 
a 359 
174 
0208 
083 
087 

0 028 

470 
0290 

5-1 0 
0 339 
226 

0 3-73 
m246 
164 
0234 
147 

0 106 
0 122 
106 

a 0 9 0  

0 222 
0 395 
176 



0 17r 
025e 
0 126 
0 152 
OCEC! 
e 190 
C'67 

0 1  16 
0 116 
0 I15 
0 1  16 
0 1 I 6  

0 235 
.01C! 
0 167 
a C 1 5  
0 Oq4 
001 c) 

0 077 

0115 
0 1  16 
0 116 
0 115 
0 116 

a290 . 145 
1 e9 
3 9 5  
a113 
069 

a 092 

a116 
.1!6 
01 15 
a 1  16 
0 1 1 6  

a 0 1 0  
0 152 
0 2  1 c! 
a 114 
.?lo 
a 079 

a 116 
0 116 
0 116 
a116 
0115 

a 1 63 
a 2 2 7  
a118 
a 135 
a 075 
a O Y 5  

a 1  16 
0 1  16 
a 116 
0 1  16 
01 16 

a222 
. 0 ! 0  
a 149 
a01n 
a 088 
a010 

0 116 
a116 
a116 
0116 

a 2 7 3  
a 135 
a 174 
086 

0 105 
067 

a116 
a 116 
a 116 
a 1 1 6  



FIXED INPUT DATA FOR  FRUSTUMS  FOLLOWING CONE CYLINDERS 
Nlv’ACH ( 6 )  

8 
NXD6 

18 
NTHN6(I)tI=Ir8 

3 3 3 3 3 3 3 2 

4 4 4 
4 4 4 
4 4 4 
4 4 2 
2 4 2 
2 4 2 
2 4 2 
4 4 

N T H F 6 ( I r J ) r I = l t 8   J = l r N T H N 6 ( I )  

N F A 6 ( l r J r K ) r J = I r 3   K = l r N T H F 6 ( l t J )  
4 4 4 3 
4 4 4 4 
4 4 4 4 

N F A 6 ( 2 t J , K ) t J = l r 3   K = l r N T H F 6 ( 2 r J )  
4 4 4 3 
4 4 4 4 
4 4 4 4 

N F A 6 ( 3 r J r K ) r J = l  r 3  K = l   t N T H F 6 ( 3 r J )  
4 4 4 3 
3 4 4 4 
4 4 4 4 

N F A 6 ( 4 r J t K ) r J = l r 3   K = l r N T H F 6 ( 4 r J )  
3 3 3 2 
4 4 4 4 
3 3 

N F A 6 ( 5 r J r K ) r J = l r 3   K = I r N T H F 6 ( 5 t J )  
3 2 
4 4 4 4 
3 3 

N F A 6 ( 6 r J r K ) r J = l r 3   K = l r N T H F 6 ( 6 r J )  
3 2 
4 4 4 4 
7 7 



W 
Q, 

4 4 4 4 
N L A M 6 ( l r J r K ) r J = l r 3   K = l t N T H F 6 ( l * J )  

72 72 72 54 
72 72 72 72 
72 72 72 72 

N L A M 6 ( 2 r J r K ) r J = l r 3   K = l r N T H F 6 ( 2 t J )  
72 72 72 54 
72 72 72 72 
72 72 72 72 

NLAM6(3rJ rK) rJ= l t3   I<= l . rNTHF6(3*J)  
72 72 72 54 
72 72 72 72 
72 72 72 72 

N L A M 6 ( 4 r J r K ) r J = l t 3   K = l t N T H F 6 ( 4 r J )  
54 5 4   5 4  36 
72  72  72  72 
54 54 

RLAM6(5 rJ rK ) rJ= l t3   K= I *NTHF6(5qJ )  
54  36 
72  72  72  72 
54 5 4  

N L A M 6 ( 6 r J r K ) r J = l r 3   K = l r N T H F 6 ( 6 * J )  
54 36 
72  72  72  72 
54  54 

N L A M 6 ( 7 t J r K ) r J = l t 3   K = l r N T H F 6 ( 7 * J )  
54  36 
72  72  72  72 
54  54 

N L A M 6 ( 8 r J r K ) r J = I r 2   K = l r N T H F 6 ( 8 r J )  
72 72 72 72 
72 72 72 72 



NTOTL6(IrJ)rI=lr8 J=ltNTHN6(1) 
270 288 288 
270 288 288 
270 288 288 
198 288 108 
90 288 108 
90 288 108 
90 288 108 
288  288 

NTOTFA(ItJ)rI=lrB J=l*NTHN6(1) 
15 16 16 
15 16 16 
15 16 16 
1 1  16 6 
5 16 6 
5 16 6 
5 16 6 
16 16 

MACH(6rI)rI=lt8 
080 090 1.20 1.50 2.18 2.81 4.04 15.00 

0.c 02 04 06 08 1.0 1.25 1050 2.00 2.50 
XD6(J)tJ=1,18 

3.CO  3.50 4.00 4.50  5.00  5.50  6.00  6.50 
THN6(IrJ)rI=lr8  J=lrNTHN6(1) 

15.0 22.5 30.0 
15.0 22.5 30.0 
15.0 22.5 30.0 
15.0 22.5 30.0 
15.0 22.5 30.0 
15.0 22.5 30.0 
15.0 22.5 30.0 
15.00  22.50 

THF6(lrJ*K)rJ=lr3  K=ltNTHF6(lrJ) 
5.0 10.0 15.0 20.0 
5.0 10.0 15.0 20.0 
5.0 10.0 15.3 20.0 

THF6(2+JrK)rJ=lr3  K=lrNTHF6(2rJ) 
5.0  10.0  15.0 20.0 
5.0 10.0 15.0 20.0 
5.0  10.0  15.0  20.0 

I 



T H F 6 ( 3 , J r K ) r J = l r 3   K = l r N T H F 6 ( 3 r J )  
5.0 10.0 15.C 20.0 
5.0 10.0 15.0 20.0 
5.0 10.0  15.0  20.0 

T H F 6 ( 4 r J r K ) r J = l q 3   K = l r N T H F 6 ( 4 t J )  
5.0  10.0 15.0 20.0 
5.0 10.0 15.0 20.0 
5.0 20.0 

T H F 6 ( 5 r J r K ) r J = l r 3   K = l r N T H F 6 ( 5 r J )  
5.0 20.0 
5.0 10.0 15.0 20.0 
5.0 20.0 

T H F 6 ( 6 r J q K ) r J = l r 3   K = l r N T H F 6 ( 6 r J )  
5.0 20.0 
5.0 10.0 15.0 20.0 
5.0 20.0 

T H F 6 ( 7 r J q K ) r J = l  r 3  K = l  rNTHF6(7 rJ )  
5.0 20.0 
5.0 10.0 15.0 20.0 
5.0 20.0 

T H F 6 ( 8 r J r K ) r J = l r 2   K = l r N T H F 6 ( 8 r J )  
5.00 10.00 15.00 20.00 
5.00 10.00 15.00 20000 

F A 6 ( 1 r J q K ) r J = l r 3   K = l r N T O T F A ( l , J )  
0.0 1.0 2.0 4.0 0.0 100 2.0 4.0 0.0 1.0 
2.0 4.0 1.0  2.0 4.0 
0.0 1.0 2.0 4.0 0.0 1.0 2.0 4.0 0.0 1 00 
2.0  4.0 0.0 1.0 2.0 4.0 
0.0 1.0 2.0 4'. 0 0.0 1.0 2.0 4.0 0.0 1.0 
2.0 4.0 0.0 1.0 2.0 4.0 

0.0 1.0 2.0 4.0 0.0 1.0  2.0  4.0 0.0 1.0 
2.0 4.0 1.0 2.0 4.0 
0.0 1.0 2.0 4.0 0.0 1.0 2.0  4.0  0.0 1 .O 
2.0 4.0 0.0 1.0 2.0 4.0 
0.0 1.0 2.0 4.0 0.0 1.0 2.0 4.0 0.0 1 00 
2.0  4.0 0.0 1 00 2.0 4.0 

0.0 1.3  2.0 4.0 0.0 1.9 2.0 4.0 0.0 1.0 
2.0 4.0  1.0 2.0 4.0 

F A 6 ( 2 r J r K ) r J = l t 3   K = l r N T O T F A ( 2 r J )  

F A 6 ( 3 r J r K ) r J = l r 3   K = l r N T O T F A ( 3 r J )  



0.0 1.0 2.0 4.0 0.0 
2.0 4.0 0.0 1.0 2.0 
0.0 1.0 2.0 4.0 0.0 
2.0 4.0 0.0 1.0 2.0 

0.0 1.0 4.0 0.0 1.0 

0.0 1.0 2.0 4.0 0.0 
2.0 4.0 0.0 1.0 2.0 
0.0 1.0 4.0 0.0 1.0 

0.0 1.0 4.0 1.0 4 00 
0.0 1.0 2.0 4.0 0.0 
2.0 4.C 0.0 1.0 2.0 
C O O  1.0 4.0 0.0 1.0 

0.0 1.0 4.0 1.0 4.0 
0.0 1.0 2.0 4.0 0.0 
2.0 4.0 0.0 1.0 2.0 
0.0 1.0 4.0 0.0 1.0 

0.0 1.0 4.0 1.0 4.0 
0.0 1 mo 2.0 4.0 0.0 
2.0 4.0 0.0 1.0 2.0 
3.0 1.0 4.0 0.0 1.0 

0 . C  1.0 2.0 4.0 0.0 
2.0 4.3 0.0 1.0 2.0 
0.0 1.0 2.0 4.0 0.0 
2.0 4.0 0.0 1.0 2.0 

0 0 I I 0 0 1 
0 
0 0 1 1 0 0 0 
0 0 
0 0 0 0 0 0 0 
0 0 

0 0 0 0 0 C 0 
0 

F A 6 ( 4 r J r K ) t J = l r 3   K = l r N T O T F A ( 4 t J )  

4.0 

F A 6 ( 5 r J r K ) r J = l r J   K = l r N T O T F A ( S r J )  

F A 6 ( 6 9 J r K ) t J = l r 3  k = i r h T O T F A ( 6 r J )  

F A 6 ( 7 r J r K ) r J = l r 3  K = l r N T O T F A ( 7 r J )  

F A 6 ( 8 t J t K ) r J = l r 2   K = l r N T O T F A ( B r J )  

K l ( l r J r K ) r J = l r 3  K = l r N T O T F A ( I r J )  

K I ( E r J r K ) r J = l r 3   K = l r N T O T F A ( 2 r J )  

1.0 2.0 

1.0 2.0 
4.0 

4.0 
0.0 1.0 

0.0 1.0 

4.0 0 00 1 0 0  

4.0 

4.0 1.0 

0.0 1.0 1.0  2.0 
4.0 
4.0 

1.0  2.0 
4.0 
4.Q 

4.0 000 100 

0.0 1.0 

1.0 2.0 
4.0 
4.0 

0.0 1 .O 

1.0 2.0 

1.0 2.0 
4.0 

4.0 
0.0 1.0 

0.0 1.0 

1 0 0 0 0 1 

0 0 0 

0 0 0 

1 0 0 

0 0 0 

0 0 0 0 0 0 0 (D 
W 



0 0 0 0 0 0 
0 0 
0 0 0 0 0 0 
0 C 

K 1 ( 3 r J r K ) * J = l r 3   K = l r N T O T F A ( 3 r J )  
0 0 0 0 0 0 
0 
0 0 0 0 0 0 
0 0 
C 0 0 0 0 0 
0 0 

K 1 ( 4 r J t K ) * J = l r 3   K = l r N T O T F A ( 4 * J )  
0 1 1 0 1 1 
0 1 1 1 0 1 
1 1 
0 1 1 0 1 1 

0 1 1 1 1 
C 1 1 1 0 1 
1 1 
0 1 1 0 1 1 

0 1 1 1 1 
3 1 1 1 0 1 
1 1 
0 1 1 0 1 1 

K 1 ( 5 r J r K ) r J = l r 3   K = l r N T O T F A ( S r J )  

K 1 ( 6 r J * K ) r J = l r 3   K = l r N T O T F A ( 6 * J )  

K 1 ( 7 r J * K ) r J = l r 3   K = l t N T O T F A ( 7 * J )  
0 1 1 1 1 
0 1 1 1 0 1 

0 

0 

0 

0 

0 0 

0 0 

0 0 0 

0 0 0 

0 

0 

CI 
0 
0 

0 0 0 0 0 0 

0 0 0 

0 0 0 

0 

0 0 0 0 

0 0 0 0 

0 
1 

1 1 
0 1 

1 
1 1 0 

1 
1 1 

1 0 1 1 1 0 1 1 

1 1 0 1 1 1 0 1 

1 1 0 1 1 1 0 1 
1 1 

0 1 1 0 1 1 

0 1 1 1 0 1 
1 1 
0 1 1 1 0 1 

K 1 ( 8 r J r K ) r J = 1 , 2   K z l r N T O T F A ( 8 r J )  
0 1 

0 1 

1 1 0 1 

1 1 0 1 
1 1 

L A M 6 (  1 r 1 r K  1 r K = l  9270 
1.10 m 2 3  -50 1 . 0 0  . 53 63 .79 38 
69 .43 e 4 6  052 

. 97 
50 
64 

28 
.57 . 44 

. 53 . 74 . 47 

. 74 e 8 7  
e 4 2  .47 
053 62 

.34 
053 
0 4 8  



a51 . 54 058 
56 063 * 6 0  
052 058 56 
56 . 59 52 
52 058 1.33 

1 e24 063 1.12 
1.12 1.10 1.18 
1.13 .94 1.22 
1.24 1.23.. 1.10 
1.10 1.2.2 1.20 
1.20 1.23 1.10 
1.10 1.22 1.20 
1.13 1.46 1.41 
1.41 096 1 a22 
1.25 1.23 1.41 
1.41 1.34 1.39 
1 .31 1.38 1.41 
1.41 1.36 lo33 
1.33 1.38 1.41 
1.20 1.60 a96 
1.43 1.26 1.30 
1.46 le50 1.45 
1.49 1.51 1.50 
1.51 1.50 1.49 

1.20 006 .95 
53 64 086 
.73 52 056 
062 e 56 .59 
052 60 063 
063 . 54 52 
52 60 a63 
63 .54 1.44 

1.29 a72 1.13 
1.08 1.00 1.18 
1.13 .99 1.10 
1.19 1.17 1.10 

LAM6(lr2tK)rK=l ,288 

060 
.5a 
059 
-58 
.,3a 
1.22 
084 
1.07 
1.027 
1.23 
1.22 
1 e23 
.77 

1 e27 
1.18 
1.36 
1 e36 
1 *38 
1-36 
1.25 
1 a42 
1 * 5 0  
1.49 
1 *51 

1.10 
.41 
052 
060 . 54 
a 6 0  
.54 
.20 

1.13 
096 
1.03 
1.02 

. .. . 57 
56 
52 
56 

1.03 
1 a23 
1.12 
1.10 
1.20 
1.10 
1.20 
1.041 
1.18 
1.41 
1.28 
1.41 
1 e 3 3  
1 e41 
1.33 
1.52 
1 e34 
1 051 
1 e51 
1 e50 

1 e06 
048 
68 
62 
52 
063 
52 

1.40 
1.24 
1 0 0 8  
1.10 
1.20 

. 59 
063 
058 
.59 
1.50 
.73 
1.08 
1.12 
1 a23 
1.22 
1.23 
047 
1.36 
1 a 0 3  
1 a23 
1.36 
1.38 
1 a 3 6  
1 038 
1.08 
1.36 
1.50 
1.50 
1.49 

.22 
057 
e56 
e60 
-60 . 54 
* 6 0  

1 .63 
84 

1.00 
1.00 
1.20 

56 
57 
56 
52 

1 .29 
1.13 
1.14 
1 *26 
1.10 
1.20 
1 . I 0  
1 *07 
1 e41 
1.22 
1 e41 
1.34 
1.41 
1.33 
062 

1.27 
1 a41 
1.50 
1.49 
1 a51 

66 
78 
061 . 54 
e63 
52 
63 

1.37 
1.10 
1.14 
1 015 
1.10 

a 62 
58 
059 
58 
051 

1.13 
0 88 
1.14 
1 e27 
1.23 
1.22 
1.60 
88 

1.25 
1 e26 
1.38 
1.36 
1.38 
1.10 
1.46 
1 r49 
1.49 
1 a51 
1.50 

78 . 47 
053 
a 60 . 54 
a 6 0  
54 . 54 

1.04 
98 

1.10 
1.02 

60 
*56 
52 
56 

1.10 
1.20 
1.17 
1.08 
1.18 
1.10 
1.20 
1.41 
1.21 
1.41 
1.38 
1 041 
1.33 
1.41 
1.70 
1.19 
1 *42 
1 e51 
1.50 
1.49 

.94 
052 
64 
061 
052 
063 
52 

1 m23 
1.21 
1.09 
1 e08 
1.20 

060 
059 
e58 
059 
1.33 
80 

1.06 
1024 
1 a23 
1.22 
1.23 
63 

1.30 
1.12 
1.31 
1.36 
1.38 
1.36 
81 

1 .28 
1.42 
1.50 
1.49 
1 a51 

. 33 
a53 
060 
60 

a 6 0  . 54 
60 

1.30 
92 

1.01 
1.00 
1.20 

. " - 
1 

i 

0 
c. 



1.10 1.02 1.20 
1.20 1.20 1. IO 
1.1s 1.02 1.29 
1.43 1.50 1.57 
1.51 1.18 1.26 
1.28 1.29 1.43 
1.38 1.27 1.40 
1.40 1.40 1.40 
1.40 1.27 1.40 
1.40 1.40 1.40 
1.97 la03 1.59 
1.47 1.46 1.89 
1.84 1.53 1.50 
1.58 1.51 1.80 
1.80 1.58 1.56 
1.56 1.60 1.80 
1.80 1.58 1.56 

LAM6(1*3rK)tK=lr288 
1.52 0.00 09 1 
061 . 73 094 
083 e 50 054 
056 063 083 
1.06 56 a57 
057 057 le06 
1.06 56 a57 
057 057 1 e 8 6  

1.54 099 1 a10 
1.03 1.10  1.31 
1.22 1.13 1.10 
1.19 1.10 1.25 
1.25 1.17 1.18 
1.18 1.04 le25 
1.25 1.17 1.18 
1.37 1.52 1.84 
1.67 1.32 1.21 
1.23 1.33 1.53 
1.45 1.40 1.40 
1.42 1.31 1.45 
1.45 1.40 le42 
1.42 1.31 1.45 

1.20 
1 .O2 
1.20 
098 

1 022 
1 027 
1 037 
1 027 
1.40 
1.27 
1.67 
1.46 
1 a42 
1.57 
1 060 
1.58 
1.60 

1.02 
a44 
063 
e60 
a57 
a 56 
a57 
0.0 0 
la18 
1.09 
1.10 
1.17 
1.04 
1 . 1 7  
1.04 
1.14 
1.33 
1.40 
1.37 
1.40 
1.31 
1.40 

1.10 
1.20 
1.67 
1.33 
1.48 
1.32 
1.40 
1.40 
1.40 
1.40 
1.94 
1 047 
1 a 8 3  
1.60 
1.80 
1.56 
1 a 8 0  

1 e22 
56 
80 

e 59 
1 a 0 6  
e57 
1.06 
1 e34 
1.44 
1.04 
1.19 
1.18 
1.25 
1.18 
2.11 
1.28 
1.62 
1.28 
1.45 
1.42 
1.45 
1.42 

1.02 
1.20 
031 
1.36 
1.23 
1.22 
1 027 
1.40 
1.27 
1.40 
1.27 
1.42 
1.54 
1.57 
1 a 5 8  
1.60 
1 0 5 8  

029 
e67 
a 5 3  
a 64 
a56 
a57 
a56 

1 a48 
1 a 0 6  
la10 
la19 
1 e04 
le17 
1.04 
e 0 0  
1.43 
1 035 
1.36 
1.40 
1.31 
1.40 
1.31 

1.20 
1.10 
1.56 
1 054 
1.27 
1.39 
1.40 
1.40 
1.40 
2.00 
1.51 
1.87 
1.53 
1 0 8 0  
1.56 
1 a 8 0  
1.56 

e71 
87 

a 54 
a 94 
57 

1 a06 
e 57 

1 a67 
1 a05 
1 a25 
le14 
1 a25 
1.18 
1 a25 
1 a 5 0  
1.74 
1.21 
1.48 
1.42 
1 045 
1.42 
2.50 

1 r20 
1.02 
1.80 
1.10 
1.20 
1 027 
1.40 
1.27 
1 e40 
051 
1.53 
1 050 
1.43 
1 e58 
1.60 
1.58 
1.60 

083 
047 
063 
58 
057 
56 . 57 
081 
1.13 
1.12 
1.10 
la17 
1.04 
1.17 
1.66 
1.25 
1.32 
1.51 
1.31 
1.40 
1 031 . 00 

1.10 
1.20 
1 e62 
1.28 
1.45 
1.37 
1.40 
1.40 
1.40 
1 072 
1.91 
1.48 
1 081 
1.56 
1.80 
1.56 

1.16 
a 54 
80 
60 

1.06 
057 
1.06 
1 a 1 9  
1.37 
1.07 
1.22 
1.18 
1.25 
1.18 
1.96 
1.23 
1.56 
1.36 
1.45 
1.42 
1.45 
1.63 

1 a02 
1.20 . 77 
1.27 
1 a 2 5  
1.31 
1.27 
1 e40 
1 a27 
1 a94 
1 a 3 8  
1 a40 
1 a56 
1.60 
1 a58 
1.60 

a 3 8  
a 64 
057 
063 
a56 . 57 
56 

1 a29 
1.07 
1.10 
1.21 
1.04 
1.17 
1 a04 . 95 
1.36 
1 a38 
1.38 
1 a40 
1.31 
1.40 
1.83 



CI 
0 w 

2.32 1.08 1.48 1.70  2. 18 1.34 1 m42 1.63 2.09 1.47 
1.39 1.59 2.01  1.53 1.39 1.58 1.94  1.57  1.41  1.58 
1.87 1.63 1.44 1.60  1.83  1.54  1.48  1.62 1.73 1.66 
1.56  1.64 1.66 1.66 1.64  1.65 1 m60 1.66 1.66 1.60 
1.60 1.66 1 m 6 6  1.60 1.60  1.66  1.66  1.60 1.60 1.66 
1.66 1 m60 1.60 1.66 1.66 l e60  1.60  1.66  1.66  1.60 
1.60  1.66 1 066 1 060 1.60 1.66  1.66  1.60 

LAM6(2( 1 r K )  r K = l  (270 . 99 021 045 090 87 025 48 m67 78 031  
048 . 57 07  1 034 . 45 051 67 038 042 048 
62 . 39 0 4  1 047 58 040 42 48 56 043 

046 m49 052 054 051 053 50 56 054 . 54 
050 . 57 . 54 052 50 057 51 52 50 053 
047 52 050 . 53 . 47 52 50 e53 047 0 5 2  
m50 . 53 047 52 50 053 . 47 52 050 053 
047 052 1 020 034 093 1.35 1 1.6 46 m99 1.20 

1.12 057 1.01 1.10 1.10 066 1.02 1 002 1.08 72 
1.01 099 1.06 m76 1.01 097 1.03 079 1.05 95 
1.02 085 1.10 096 099 1.01 l e 1 3  1.03 097 1.12 
1.12 1.11 099 1.14 1.08 1.11 099 1.14 1.06 1.11 

099 1.10 1.08 1.11 099 1.10 1.08 1.11 099 €010 
1.08 1.11 m99 1.10 1.08 1.1 1 099 1.10 1 a 0 8  1.1 1 

m99 1.11 1.08 1.14 1.27 042 096 1 044 1.27 . 57 
1.02 1.31 1.27 069 1 006 1 22 1.27 079 1.09 1.17 
1.27 086 1.10 1.14 1.27 093 1.10 1.13 1.27 1.01 
1.13 1.11 1.27 1.06 1.15 1.11 1 027 1.13 1 e24 1.18 
1.27 1.21 1.25 1.22 1.27 1.25 1.21 1.24 1.27 1.22 
1.18 1.24 1.27 1.22 1.20 1.24 1.27 1.22 1.20 1.24 
1 027 1.22 1.23 1.24 1027 1.22 1 m20 1.24 1.27 1.22 
1.20 1.24 1.27 1 022 1.20 1.24 56 099 1.53 . 73 
1.08 1.44 096 1.13 1.37 097 1.14 1.31 1.07 1.15 
1.29 1.13 1.17 1.28 1.21 1.22 1.27 1.34 1.28 1.28 
1.31 1.35 1.31 1.35 1.36 1.35 1.35 1.34 1.36 1.35 
1.34 1.36 1.35 1 034 1.36 1.35 1.34 1.36 1.35 1.34 
1.36 1.35 1 m34 1.36 1 035 1.34 1.36 1.35 1.34 1.36 

LAM6(2*2rK) rK=I   (288 
1.08 05  m86 m99 94 m2c) 59 70 m85 30 

048 e 58 077 . 37 043 051 70 042 047 048 
66 047 059 047 61 .5C . 55 48 058 . 54 

r 56 . . r -~.O. .  . e53 054 56 . 54  049 . 54  055 054 



047 . 54 057 
057 . 49 047 
a47 . 54 057 . 57 0 4 9  1 030 

1.16 065 1 0 0 2  
097 090 1.06 

1.02 089  099 
1.07 1.05 099 

099 092  1.08 
1.08 1008 099 . 99 092 1.08 
1.29 1.35 1.41 
1.36 1 0 0 6  1.13 
1.15 1.08 1.29 
1.24 1.14 1.26 
1.26 1.26 1.26 
1.26 1.14 1.26 
1.26 1026 1.26 
1.77 093 1.43 
1.32 1.31 1.70 
1.66 1.38 1.35 
1.42 1.36 1.62 
1.62 l o 4 2  1.40 
1.40 1.44 1.62 
1.62 1.42 1.40 

L A M 6 ( 2 * 3 r K ) * K = l  9288 
1.37 0 00 082 . 55 66 085 

75 045 049  
050 . 57 075 . 95 50 051 
051 051 095 . 95 . 50 05  1 
051  a51 1.67 

1.39 89 099 . 93 099 1.18 
1.10 1.02 099 
1.07 099 1.12 
1.12 1.05 1.06 
1 .nh 094 1.12 

047 . 57 
.47 

1.26 
1.12 . 97 . 99 
1.08 . 99 
1.08 
1.50 
1.20 
1 033  
1.19 
1.26 
1.26 
1.26 
1.26 
1.75 
1 0 3 2  
1.65 
1.44 
1662 
1.40 
1.62 

1.10 
50 
72 . 53 . 95 
51 . 95 

1021 
1.30 . 94 
1.07 
1 0 0 6  
1.12 
1 0 0 6  

. 54 
049 
a 54 

1.47 
76 

a 90 
090  

1.08 
a 92 

I .oa 
28 

1022 
1.11 
1.10 
1.14 
1.26 
1.14 
1 0 2 6  
1.14 
1 0 2 8  
1 0 3 9  
1 041  
1.42 
1044 
1.42 

026  
060 
0 48 
058 

50 
0 5 1  
050 

1.33 
95 . 99 

1.07 . 94 
1.05 

0 94 

. 57 . 47 
57 

1.23 . 99 
1.03 
1.04 . 99 
1008  . 99 
1.40 
1 0 3 9  
1.14 
1.25 
1 0 2 6  
1.26 
1.26 
1080 
1 *36  
1068 
1.38 
1.62 
1.46 
1.62 
1.40 

64 
78 

0 49 . a5 
051 . 95 
051 

1.50 . 94 
1.12 
1.03 
1.12 
1.06 
1.12 

. 75 
42 . 57 

052 
051 
50 

051 
a73 

1.02 
1.01 . 99 
1.05 

094 
1.05 

1004 
049 
72 

0 54 . 95 
051 
095 

1.07 
1.23 

096  
1.10 
1.06 
1.12 
1006 

0 34 
058 
05 1 . 57 
50 

051 
0 50 

1016  
96 . 99 

1.09 . 94 
1005 . 94 



1.12  1.05  1.06 094 1.90 0 0 0  1.35 lo49 1.76 . 85 
1.23  1.37  1.66 1.03 1.15  1.29  1.57  1.12 1.11 1.22 
1.50  1.19  1.09  1.20  1.46  1.21  1.09 1 m19 1 *40 1.24 
1.11 1.20  1.38  1.26  1.15  1.22  1.33 1.36 1.22  1.24 
1.30 1.26 1 026 1.23  1.30  1.26  1.28  1.18  1.30  1.26 
1.028  1.18  1.30  1.26  1.28 1.18 1.30  1.26  1.28  1.18 
1.30  1.26  1.28  1.18  1.30  1.26  1.28  1.18  1.30  1.26 
1.28 1.18 1.30  1.26  1.28  1.18  2.25 e00 1.47  1.65 
2.09 097 1.33  1.53  1.96  1.21  1.28  1.47  1.88  1.32 
1.25  1.43  1.81  1.38  1.25  1.42  1.75  1.41  1.27  1.42 
1.68  1.47  1.30  1.44  1.65  1.39  1.33  1.46  1.56  1.49 
1 a40  1.48 1 a49 1 e43 1 m48  1.48 1 044 1.49  1.49  1.44 
1.44  1.49 1 e49  1.44  1.44  1.49  1.49  1.44  1.44  1.49 
1.49  1.44 1 e44  1.49  1.49  1.44  1.44  1.49  1.49  1.44 
1.44  1.49 1049 1.44  1.44  1.49  1.49  1.44 

LAM6(3r 1 r K )  rK=l 9270 
0 99 .21 .45 090 87 25 48 67 78 a31 . 48 . 57 a71 . 34 045 .51 67 38 042 m48 
62 . 39 04 1 .47 58 m40 42 .48 56 043 
046 049 052 054 051 053 50 56 . 54 . 54 
050 . 57 . 54 52 50 057 a51 52 50 053 
047 e 52 050 053 047 052 50 . 53 .47 052 
050 . 53 047 a 52 50 053 . 47 52 050 053 
.47 052 1.20 034 093 1.35 1.16 46 .99 1.20 
1.12 .57 1.01 1.10 1.10 a66 1.02 1.02 1.08 72 
1.01 a99 1.06 076 1.01 097 1.03 079 1.05 . 95 
1.02 .85 1.10 96 099 1.01 1.13 1.03 .97 1.12 
1.12 1.11 099 1.14 1.08 1.11 099 1.14 1.06 1.11 
m99 1.10 1.08 1.11 099 1.10 1.08 1.11 .99 1.10 
1.08 1.11 099 1.13 1.98 1.11 099 1.10 1.08 l o l l  
.99 1.1 1 1.08 1.14 1.27 42 096 1.44 1.27 .57 
1.02 1.31 1.27 a69 1.06 1.22 1.27 079 1.09 1.17 
1.27 086 1.10 1.lh 1.27 093 1.10 1.13 1.27 1.01 
1.13 1.11 1.27 1.06 1.15 1 . 1 1  1.27 1413 1.24 1.18 
1.27 1.21 1.25 1.22 1.27 1.25 1.21 1.24 1.27 1.22 
1.18 1.24 1.27 1.22 1.20 1.24 1.27 1.22 1.20 1.24 
1.27 1.22 1 e23 1.24 1.27 1 m22 1.20 1.24 1.27 1.22 
1.20 1.24 1.27 1.22 1.20 1.24 56 099 1.53 . 73 
1.08 1.44 086 1.13 1.37 097 1.14 1.31 1.07 1.15 
1 ~ 2 9  la13 l a 1 7  l a 2 8  1.21 1 e 2 . 2  1,27 1.34 1.28 l r 2 . 8  



1.31 1.35 1.31 
1.34 la36 1.35 
1.36 1.35 1.34 

LAM6(3r2rK)rK=lr288 
1.08 005 086 
048 . 58 077 
0 66 . 47 .5C 
56 50 053 
047 . 54 057 . 57 049 047 
047 . 54 057 . 57 049 1 030 

1.16 065 1.02 
097 090 1.96 
1.02 89 099 
1.07 1.05 a99 . 99 092, 1.08 
1.08 1.08 099 
099 092 1.08 
1.29 1.35 1.41 
1.36 1.06 1.13 
1.15 1.08 1.29 
1.24 1.14 1.26 
1.26 1.26 1.26 
1.26 1.14 1 026 
1.26 la26 1.26 
1.77 093 1.43 
1.32 1.31 1.70 
1.66 1.38 1.35 
la42 la36 1.62 
1.62 1.42 1.40 
1.40 1.44 1.62 
1.62 1.42 1.40 

1.37 000 082 . 55 a 66 085 . 75 . 45 049 
a50 . 57 075 . 95 50 0 5 1  
a 5 1  a51 095 

LAM6(3r3rK) rK=l 9288 

1.35 
1.34 
1.36 

099 
037 
047 
054 
049 
054 . 49 
.I8 
1.02 
086 
093 
092 

I .oa 
092 
1.08 
088 
1.10 
1.14 
1.23 
1.14 
1.26 
1.14 
1.50 
1.31 
1.28 
1.41 
1.44 
1.42 
1.44 

092 
040 
057 . 54 
051 
a 5 0  

. 94 020 . 59 70 
043 0 5 1  70 042 
061 0 5 0  . 55 048 
56 . 54 . 49 . 54 
047 054 . 57 049 . 57 049 . 47 . 54 . 47 a 54 . 57 049 
1.26 1.47 1.23 049 
1.12 076 . 99 . 94 . 97 099 1 a 0 3  0 88 . 99 090 1.04 . 99 
1.08 1.08 . 99 092 . 99 092 1.08 1.08 
1.08 1.08 . 99 92 
1.50 028 1.40 1.62 
1.20 1.22 1.39 . 99 
1.33 1.11 1 014 1.08 
l a 1 9  la10 lo25 1.14 
1.26 la14 1.26 la26 
1.26 1.26 1.26 la14 
1.26 1.14 1.26 1.26 
1 a26 1.26 1.80 046 
1.75 1.14 1.36 1.38 
1.32 1.28 1.68 1.35 
1.65 1.39 1.38 1.29 
1.44 1.41 1.62 1.42 
1.62 1.42 1.40 1.44 
1.40 la44 1.62 1.42 
1 062 1.42 1.40 1 044 

1.10 026 64 . 75 
50 060 . 78 042 
72 048 . 49 057 

a 53 058 . 85 52 . 95 0 5 0  051 051 
051 051 a 95 50 

1.36 
1.35 
1.34 

85 
047 
058 
055 
047 
057 
047 

1.11 
1.09 
098 
097 
1.08 . 99 
1.08 
1.46 
1.15 
1.31 
1.23 
1.26 
1.26 
1 a26 
1.55 
1.72 
1.33 
1.63 
1.40 
1.62 
1.40 

1 a 3 5  
1 m34 
1.36 

30 
040 . 54 
054 . 54 
049 . 54 

1.17 . 83 
0 9 1  

90 
1.08 

a 92 
1.08 
69 

1.14 
1.13 
1.1a 
1.14 
1 a 2 6  
-1 . 14 
1.75 
1.24 
1.26 
1 040 
1 044 
1.42 
1.44 



095 50 051 
051 051 1 067 
1.39 089 099 
093 099 1.1 8 
1.10 1.02 099 
1.07 099 1.12 
1.12 1.05 1.06 

. I  06 094 1.12 
1.12 1.05 1.06 
1.23 1.37 1.66 
1.50 1.19 1.09 
1.11 1.20 1.38 
1.30 1.26 1.26 
1.28 1.18 1.30 
1.30 1.26 1.2a 
1.28 1.18 1.30 
2.09 -97 1.33 
1.25 1.43 1.81 
1.68 1.47 1.30 
1.40 1.48 1.49 
1.44 1.49 1.49 
1.49 1.44 1.44 
1.44 1.49 1.49 

053 .I0 028 . 28 040 053 
047 . 53 042 
053 52 055 
053 053 053 
50 . 53 . 52 

1.10 048 067 . 75 067 1 010 
089 1.10 1.10 

1.10 1.21 1 004 
1.21 088 1.10 
1.14 1.57 . 75 
1.57 1.03 1 a08 
1.29 1.27 1 m57 
1.56 1.57 1.51 
1.57 1.48 1.49 

LAM6(4rlrK)rK=lrl98 

051 
000 
1.06 
098 
*99 
1.05 
094 
1.05 
094 
1.03 
1.20 
1.20 
1 a23 
1.26 
1.18 
1.26 
1.53 
1.38 
1.44 
1.49 
1.44 
1.49 
1.44 

053 
32 
050 
053 
053 
050 

1.10 
083 
1.00 
1.10 
1.21 
1.08 
a57 
1.40 
1.60 
1 a57 

. 95 
1.21 
1.30 . 94 
1.07 
1.06 
1.12 
1 006 
1.90 
1.15 
1 046 
1.15 
1.30 
1.28 
1.30 
1 028 
1.96 
1.25 
1.65 
1.48 
1.44 
1 049 
1.44 

. 18 
42 . 53 . 54 
52 

1.10 
58 
070 
1.10 
1 021 
86 

1.57 
1.10 
1.40 
1.57 
1.48 

050 051 
1.33 1.50 . 95 . 94 
099 1.12 
1.07 1663 
094 1.12 
1.05 1.06 
094 1.12 
0 0 0  1.35 
1.29 1.57 
1.21 1.09 
1.22 1.33 
1.26 1.28 
1.18 1.30 
1.26 1 028 
1.18 2.25 
1.21 1.28 
1.42 1.75 
1.39 1.33 
1.48 1.44 
1.49 1.49 
1.44 1.44 
1.49 1.49 

032 . 53 
053 36 
048 52 . 55 . 53 . 53 52 
28 . 77 
065 1.10 
1.10 90 
1.16  1.05 
1.01  1.19 
1.10  1.21 

0 8 5  1.02 
1.12  1.57 
1.57  1.50 
1.48 1.62 
1.41  1.57 

051 095 
073 1.07 
1.02 1.23 
1 o Q 1  96 
099 1.10 
1.05 1.06 
094 1.12 
1.05 1.06 
1.49 1.76 
1.12 1.11 
1.19 1.40 
1.36 1.22 
1.18 1.30 
1.26 1.28 
1.18 1.30 
000 1.47 
1.47 1.88 
1.41 1.27 
1.46 1.56 
1.49 1.49 
1.44 1.44 
1.49 1.49 
1.44 

. 22 36 . 44 . 53 . 53 051 
055 055 
52 053 

1.10 038 
67 65 
076 1.10 
1.10 1.20 
1.21 095 
086 1 057 
1.57 094 
1.20 1.19 
1.50 1.57 
1.57 1.48 
1.48 1.041 

50 
1.16 
96 . 99 

i o Q 9  . 94 
1.05 . 94 . 85 
1.22 
1.24 
1.24 
1.26 
1.18 
1.26 
1.65 
1.32 
1.42 
1.49 
1.44 
1.49 
1.44 

053 
040 
053 
053 
052 
70 

1 0.1 0 
1.01 
1.07 
1.10 
063 
1.02 
1.57 
1.52 
1.59 
1.57 



1.48 1.41 1.52 
1.38 1.30 1.45 
1.80 1.66 1.82 
1.72 1.71 1.72 

053 049 001 . 20 l 36 053 . 53 047 035 
043 e50 053 . 53 051  053 
m58 . 54 053 
l 53 . 55 m60 
60 e52 1.10 

1.10 071 044 
58 065  1.10 

1.10 091 077 
097 1.00 l . 1 G  

1.10 1.01 1.02 . 98 095 1.10 
1.10 1.04 0.9 1 

090 1.08 1.57 
1.57 1.30 1.13 
1 -27  1 -19  1.57 
1.57 1.35 1.40 
1.43 1.50 1.57 
1 e57 1.53 1.48 
1.48 1.41 1.57 
1.89 1.56 1.52 
1.47 1.30 1.89 
1.89 1.56 1.47 
1.63 1.55 1.89 
1.89 1.78 1.77 
1.71 1.78 1.89 
1.89 1.82 1.74 

LAM6(4r29K) rK= l  9288 

L A M 6 ( 4 r 3 r K ) r K = l r 1 0 8  
053 004 028 
020 040 053 
047 . 53 034 
053 50 055 . 53 . 53 053 

2.05 
1.31 
1.75 
1.71 

0 2 8  
047 
044 
050  
055 
053 
52 

057 
067  
m85 
076  

1.00 
1.04 
I... 0 4 

.e .8 6 
1.20 
1_*08 
1.38 
1 a 4 9  

1.42 
1 m49 
1.55 
1.60 
1 m52 
1.37 
1 069 
1 a 8 0  
1 m82 
1.81 

m53 
023  
m49 
053 
52 

1.36 
1.53 
1.83 
1.72 

l 53 
l 25 . 53 
48 . 53 
60 

053 
0 3 1  

1.10 
0 62 

1.10 
1.01 
1.10 

091  
1 e57 . 99 
1.57 
1.30 
1.57 
1.45 
1.57 
1.48 
1.89 
1 e44 
1 m89 
1 m72 
1.89 
1.74 
1.89 

0 1 1  
m42 . 53 . 53 

52 

1.60 
1.36 
1.80 
1 m71 

048 
e40 
m48 
52 . 53 . 53 . 55 . 77 

077 
0 6 7  . 95 

1.05 
1 e03 

86 
1.02 
1.02 
1 e32 
1.27 
1.37 
1 r 6 1  
1 0 5 5  
1.41 
1 m53 
1.30 
1.58 
1.67 
1 e82 
1.81 
1.82 

32 
a53 
041 
l 55 . 53 

1 0 2 8  
1 060 
1.82 
1 m72 

0 1 1  . 53 
40 . 53 
l 57 . 53 
060 

1.10 
50 

1.10 
88 

1.10 
1.01 
1.10 . 80 
1.57 
.I . 20 
1.57 
1.42 
1.57 
1 m48 
1 089  
1.50 
1.89 
1 m51 
1.89 
1.74 
1.89 
1.74 

l 53 
l 26 
52 . 53 
l 49 

1 m37 
1.42 
1.81 
1 e71 

32 
l 47 
048 
50 . 55 . 54 
52 
l 64 
65 

0 88 
0 89 

1.00 
1.00 
1 m04 
1.14 
1.25 
1.12 
1.37 
1.56 
1 e47 
1.41 
1.60 
1.37 
1.53 
1 e41 
1.72 
1.81 
1.82 
1 e81 

. 17 
044 . 53 . 55 
52 

1.32 
1.71 
1.77 

053 
m31 
053 
051 . 53 
60 . 53 
38 

1.10 
l 70 

1.10 
1.03 
1.10 

m91 
1.57 
1 e07 
1.57 
1.38 
1 e57 
1.47 
1 m57 
1 m58 
1.89 
1.43 
1.89 
1.76 
1.89 
1.74 

36 
053 
048 
l 55 
053 

047 
e 42 
049 . 54 . 53 . 52 
055 
70 

m81 
70 

r 9 a  
1.07 
1.03 

0 86 
1.12 
1.02 
1.36 
1.40 
1.39 
1.59 
1 m55 
2.05 
1.52 
1.31 
1.62 
1 m75 
1.86 
1.81 

053 
30 
053 
053 
m47 



0 
CI 

W 

050 . 53  047 050 1.89  1.10  2.05  1.89  1.12  1.60 
1.89  1.15  1.37  1.89  1.20  1.30  1.89  1.24  1.30  1.89 
1.30  1.30  1.89  1.39 1 037 1.89  1.48  1.41  1.89  1.64 
1.55  1.89  1.73  1.67  1.89  1.79  1.75  1.89  1.80  1.80 
1.89  1.80  1.81  1.89  1.78  1.70  1.89  1.78  1.70  1.89 
1.78  1.70  1.89 1.78 1.70  1.89  1.78  1.70 

LAM6(5rlrK)rK=lr90 
52 60 023 52 . 57 028 52 053 36 52 
52 040 52 050 045 52 50 50 052 50 
055 52 050 060 52 050 66 52 049 70 
052 048 070 052 048 069 . 52 048 066 52 
049 060 52 050 . 53 52 50 46 52 052 
040 52 52 e40 1.30 092 1.42 1.05 1.52 1.17 
1.60 1.2'6 1.68 1.33 1.71 1.40 1.75 1.46 1.77 1.52 
1.77 1.61 1.73 1.66 1.75 1.70 1.80 1.76 1.87 1.82 
1.95 1 088 2.02 1 091 2.02 1.91 2.02 1.91 2.02 1.91 

LAM6(5r2tK)rK=l 9288 
52 075 028 023 52 69 30 28 52 64 
a32 36 52 060 032 040 52 . 57 034 045 
52 52 e36 050 52 0 5 1  . 37 . 55 052 50 
037 60 052 048 38 066 52 047 38 70 
52 046 04 1 070 52 045 043 69 52 . 45 
047 0 66 052 046 50 060 52 . 47 053 053 
52 . 49 58 047 52 051 63 040 52 051 
063 040 1.02 1.00 . 55 038 1.02 . 97 60 a42 
1.02 92 0 65 050 1.02 . 9 0  . 70 055 1.02 . a9 
e 73 062 1 e02 088 . 77 067 1.02 087 86 . 73 
1.02 e 8 6  m84 e78 1.02 83 090 a88 1.02 84 
096 092 1.02 084 1.00 092 1.02 087 1 002 . 93 
1.02 090 1.04 093 1.02 096 1.05 096 1.02 1.03 
1.06 098 1.02 1.12 1.04 1.02 1.02 1.13 1.04 1.02 
1.02 1.13 1.04 1.02 1.47 1.23 69 060 1.47 1.25 
80 075 1.47 1.27 89 088 1.47 1.28 097 . 99 

1.47 1.28 1.02 1.09 1.47 1.30 1.08 1.17 1.47 1.30 
1.12 1.25 1.47 1.30 1.18 1.30 1.47 1.30 1.25 1.34 
1.47 1.30 1.30 1.32 1.47 1.30 1.34 1.31 1.47 1.32 
1 038 1 030 1.47 1.37 1.40 1.31 1.47 1.41 1.42 1.36 
1.47 1.48 1.43 1.42 1.47 1.50 1.45 1.48 1.47 1.50 
1.45 1.46 1.47 1.5C 1.45 1.48 1.89 1.46 1.00 92 
1.89 1.52 1.21 1.05 lee9 1.58 1.37 1.17 1.89 1.62 



1.48 1.25 1.89 
1.89 1.72 1.67 
1.70 1.61 1.89 
1.89 1.76 1.68 
1.97 1.88 1.89 
1.89 2.00 2.03 

LAM6(5*3 ;K ) rK= l r108  
52 46 023 

042 040 052 
055 52 e40 
52 a40 070 

047 060 e 52 
040 52 052 

1.89 1.55 1.17 
1.62 1.40 1.89 
1.61 1.89 1.67 
1.89 1.85 1.81 
2.00 1.90 1.89 

L A M 6 ( 6 r l   r K ) t K = l r 9 0  
52 074 020 

040 012 52 
016 52 046 
52 . 53 040 

057 . 55 052 
045 52 042 

1.70 1.30 1.76 
1.84 1 055 1.82 
2.00 1.83 2.10 

LAM6(6*2 rK) rK= l  9288 
052 82 063 
033 012 052 
052 047 034 
035 18 052 
52 051  044 

053 051 052 
52 . 49 053 

048 045 1.02 
* 02 76 053 
52 a48 1.02 

1.02 82 057 

1.67 
1.47 
1.70 
1.76 
2.00 
1.90 

1.55 
1.89 
1.70 
1 e89 
2.03 
1 a89 

1.32 
1.72 
1.66 
1.64 
1.90 
2.00 

1.89 
1.68 
1.89 
1.80 
1.89 
2.03 

1.69 
1.52 
1.71 
1 e81 
2.00 
1.90 

1.60 
1.89 
1.68 
1.89 
2.03 

1 b40 
1.72 
1.70 
1.95 
1.90 

052 
e 4 1  
060  
52 
050 
040 

1.89 
1.63 
1 066  
1 e89 
2.00 

. 44 . 45 
52 

042  
053 

1.89 
1 0 5 8  
1.47 
1.89 
1  e95 
1.90 

28 
e 52 
040  
069 
52 

1.46 
1.25 
1.89 
1.72 
1.88 
1.89 

52 
40 

0 66 
52 . 52 
92 

1.89 
1.63 
1.70 
1.89 
2.00 

043 
50 
52 . 45 

047 
1.89 
1 060 
1.52 
1 e89 
2.00 
1.90 

36 
052 
040 
0 66 
52 

1.50 
1 0 3 2  
1.89 
1.78 
1.90 

052  
040 
70 

0 5 2  
052 

1.05 
1 e89 
1 e66 
1.76 
1.89 

052 
040  
018 
52 
056 
045 

1.30 
1.68 
1.79 

051 
013 
52 

055 . 57 
1.40 
1.80- 
1.81 
2.10 

... 

013 
52 

049 
047 
052  

1.51 
1.31 
1.78 
1.79 

52 
40 
24 
52 . 52 

1.53 
1.82 
1.82 
2.10 

40 
014 
52 . 57 . 55 

1.40 
1.36 
1.82 
1.79 

012 
52 

051  
051  
52 

1.62 
1 e 8 3  
1.89 
2.10 

052  
043 
0 3 2  
0 5 2  
0 4 2  

1.33 
1.41 
1.87 
1.79 

020 
045 
014  
050 
e40 
050 
055 

1.01 
046 
077 
e58 

52 . 33 
52 . 37 
52 

053 
a 52 
70 

1.62 
52 

1.02 

060  
012 
048 
24 

0 5 2  
055 
040 
0 5 0  . 74 
e50 
085 

. 39 
52 . 35 
52 
50 . 52 
48 

1.02 
52 

1.02 
70 

013 
46 
16 
50 

047 
051 
045 
85 
46 
80 

0 68 

052 . 34 
52 

040 
052  
52 

052  
057 

1.02 
053 

1.02 

46 
0 1 3  
049  
032  
052 
057 
040 
048 . 75 
053 
0 88 



a 83 
1 e 0 2  

a 92 
1 a 0 2  

a 82 
1 a 4 8  

1 a 0 8  
1 e 4 8  
1 a 3 3  
1 a 4 8  

1 a 3 9  
1 a 9 2  
1 a 2 5  
1 a 9 2  

1 a 6 4  
1 a 9 2  
1 a 9 3  
1 a 9 2  

a 78 
a 90 

1.10 
e 93 

1 a 0 8  
1 a 0 2  
1.10 
1 a 3 3  
1 e 2 4  
1 a 3 9  
1 a 3 7  
1 a 5 4  
1 a 3 0  
1 a 7 6  

1 a 5 5  
1 a 8 6  
1 a 8 3  

2 . 1 0  

1 a 0 2  
a 9 9  

1 a 0 2  

e 7 8  

1 e 4 8  

a 9 9  

1 a 4 8  
1 e 2 7  
1 a 4 8  
1 a 3 9  

1 a 4 8  
1 a 0 9  
1 a 9 2  
1 a 4 7  

1 a 9 2  
1 a 8 5  

1 a 9 2  
1 e 9 5  

L A M 6 ( 6 * 3 r K )   r K = l  9 1 0 8  
a 5 2  a 84 a 2 0  

a 34 a 1 2  a 52 
1 6  a 52 a 4 2  

a 5 2  a 4 9  a 4 0  
a 4 8  a 55 a 52 
a 4 5  a 52 e 3 9  

1.92 1 a 4 6  1 a 3 3  
l a 5 8  l a 3 1  1 a 9 2  
l e 5 5  l e 9 2  1 - 8 0  
l e 9 2  l a 9 9  1 - 8 7  
2.09 l a 7 9  1 a 9 2  

L A M 6 ( 7 r l t K ) * K = l  990 
- a  52 a 74 a30 
e 68 e 30 e 52 
a 3 0  a 52 a 5 8  

a 52 a 4 7  a 3 8  
a 45 e 4 2  a 5 2  
a 4 5  a 52 a 6 0  

l e 7 6  l e 4 2  l a 7 2  
l a 9 5  l a 6 4  2.08 
2.30 l a 9 8  2.30 

a 8 9  
a 9 7  

a 9 3  
1 a 1 6  
1 a 0 8  
1 a 0 6  
1 a 1 2  
1 a 2 3  

1 a 5 0  
1 a 3 3  
1.33 
1 e 4 0  

1 a 7 0  

1 e 3 6  

1 a 7 9  
1 a 8 2  
2.10 
1 a 7 9  

52 
a 35 
a 1 8  
a 52 
a 4 7  

e 4 5  
1 a 9 2  
l a 6 1  
1 a 6 8  
1 e 9 2  
2.09 

e 52 
a 6 5  
a 3 0  
a 52 
a 4 8  
a 4 5  

1 e 3 9  

1.80 
1 a 9 0  

90 
1 a 0 2  

80 
1 a 4 8  

a 8 9  
1 a 4 8  
1.12 
1 e 4 8  

1 a 3 7  

1 a 4 8  
1 a 3 9  
1 a 9 2  
1 a 3 2  
1 a 9 2  
1 a 7 2  
1 a 9 2  
1 a 9 5  
1 0 9 2  

50 
a 1 3  
a 52 
50 

a 5 7  
1 a 9 2  
1 a 5 0  
1 a 3 6  
1 a 9 2  
2.03 
1 a 7 9  

a 72 
30 

a 52 
a 4 3  
a 43 

2.05 
1 a 7 3  
2.19 
2.30 

a 8 6  
a 92 

l a 1 5  
1 a 3 4  

1 e 0 6  
1 a 0 3  
l a 1 3  
1 a 4 0  
1 a 2 4  

1 a 3 3  
1 a 3 7  
1 a 6 0  
1 a 3 0  
1 a 7 7  
1 a 6 8  
1 a 9 2  
1 a 7 9  

2.10 

a 1 3  
a 5 2  
a 4 6  
a 4 7  
a 52 

1 e 4 2  

1 a 3 0  
1 a 9 2  
1 a 8 8  
1 a 8 3  
1 a 9 2  

a 3 0  
e 5 2  
a 5 3  

a40 
a 52 

1 a 8 0  
1 a 3 8  

1 a 9 2  
1 a 9 0  

1 e 0 2  
a 98 

1 a 0 2  
a 77 

1 e 4 8  

1 a 0 2  
1048 
1 a 3 0  
1 a 4 8  
1 a 3 9  
1 a 9 2  
1.18 
1 e 9 2  

1 e 5 3  
1 a 9 2  
1 a 9 0  
1 a 9 2  
1 a 9 5  

a 52 
a 38 
a 24 
a 52 
a 4 2  

1 a 5 1  
1 a 9 2  
1 a 6 5  
1 e 7 8  

1 a 9 2  
2.09 

e 52 
a 62 
a 32 
a 52 
a 54 

1 a 9 0  

1 a 7 6  

2.25 
2.30 

a 90 
1 a03 

a 93 
1.10 
1 r 0 3  
1.08 
1 a 2 3  
1 a 2 4  
1 a 4 7  
1 a 3 7  
1 a 4 5  
1 a 3 3  
1 a 7 3  
1 a 4 1  
1 a 8 1  
1 a 8 7  
2.10 
1 a 7 9  

a 36 
a 1 4  
e 52 
a 50 
a 55 

1 a 9 2  
1 a 5 3  
1 a 4 1  
1 a 9 2  
2.09 
1 a 7 9  

a 70 
30 

a 52 
a 42 
a 43 

1 a 6 0  
1 a 4 1  
1 a 9 9  
1.90 

a 9 7  
1 a 0 2  

a 78 
1 e 4 8  
a 9 3  

1 a 4 8  
1 a 2 0  
1 *48 
1 e 3 8  
1 a 4 8  
99 

1 a 9 2  
1 a 4 0  
1 a 9 2  
1 a.80.  
1 a 9 2  

1 a 9 5  

e 1 2  
a 52 
a 4 8  

e 5 1  
a 5 2  

1 a 4 4  

1 a 3 0  
1 a 9 2  
1 a 9 3  
1.79 

30 
52 
049 
a 4 1  
a 5 2  

1 a 8 0  

1 a 8 1  
2.28 
2.30 

a 92 
a 92 
1a16 
1 a 2 0  
1 e 0 5  
1a08 
1.19 
1 a 4 7  

1 a 2 8  
1 a 3 3  
1 a 5 1  
1 0 6 6  
1 . 0 3 1  
1 a 7 8  

1a78 
2.02 
1 a 7 9  

a 5 2  
e 4 0  
a 3 2  
a 52 
a 3 9  

1 a 4 0  
1 a 9 2  
1a72 
1 e 8 2  
1 ,a 92 

a 52 
a 60 
a 3 6  
a 52 
a 60 

1 a 4 9  
1 a 4 8  
2.01 
1 a 9 0  



LAM6(7 r2 rK) r l<= l  9288 
052 72 040 
042 e 30 0 5 2  
052  061 044 
045 30 052 
52 . 5c 041 

04 1 e 4 1  052 
e52 . 43 050 
53 045 1 002 

1.02 1.03 0 8 2  
70 050 1.02 

1.02 081 0 6 2  . 73 066 1.02 
1.02 087  1.00 
1.02 098 1.02 
1.02 1.09 095 
1.33 098 1.52 
1.50 1.20 1.05 
1.02 095 1.52 
1.52 1.31 1.30 
1.54 1.39 1.52 
1.52 1.83 1.45 
1.36 1.43 1.52 
1.98 1.73 1.77 
1.53 1.42 1.98 
1.98 1.63 1.50 
1.72 1 a64 1 m 9 8  
1.98 2.24 2.33 
2.39 1.98 1.98 
1.98 2.27 2.32 

L A M 6 ( 7 r 3 t K ) * K = l  9 1 0 8  
52 a51 030 

048 30 052 
030 52 038 
52 . 37 e38 

043 0 4 2  052  
045 52 057 

1-98  1.50 1.49 
1 041  1.38 1.98 
1.64 1.98 2.02 

030 
0 6 5  
030 
054 
38 

0 4 6  
043 

1.22 
56 

088 
050 
079 
091 

1.08 
094 

1.33 
092 

1.19 
1.19 
1.58 
1 046 
1.90 
1 060 
1 058 
1.41 
2.10 
1.99 
2.27 
1.90 

52 
044 
030  
052 
048  
045 

1.98 
1.47 
1.80 

52 
043 . 52 
044 
52 

042 
52 

1 008 
1.02 

66 
1.02 

83 
1.02 . 97 
1.52 
1.20 
1.52 
1.04 
1 0 5 2  
1.59 
1 052  
1.36 
1.98 
1.49 
1.98 
1 e97 
1.98 
2.32 
1.98 

0 56 
30 
52 
38 

043 
1.98 
1.43 
1.41 
1.98 

70 
30 

0 6 0  
32 

048 
42 

043 . 73 
097 . 49 
78 
76 
92 

096 
1 e60 . 94 
1.18 

098 
1.38 
1.46 
1 e90 
1.43 
1.64 
1.39 
1.72 
1 e80 
2.27 
1.90 
2.27 

030  
52 

037 
040  
052  

1.81 
1.42 
1.98 
2.20 

041 . 52 
045 
52 
40 
52 . 53 

1.62 . 75 
1.02 

65 
1.02 
1 0.03 
1.02 
1.60 
1.52 
1.02 
1.52 
1.43 
1.52 
1.36 
1.98 
1.62 
1.98 
1.54 
1.98 
2.40 
1.98 
2.32 

52 
42 
32 

rn 52 
52 

1.80 
1.98 
1.55 
1.92 

30 
62 
30 

051 
040 . 44 
045 

l r 1 2  
052 
84 

057 
82 . 98 

1.09 
1 003 
1 e25 

093 
1 023 
1.30 
1 e71 
1 e43 
1.88 
1.49 
1.58 
1.48 
2. 19 
2.01 
2.27 
1.90 

e51 
e 30 
052 
040 
043 

1.98 
1.40 
1.48 
1.98 

052 
044 
052 
043 
e52 
048  
52 . 93 

1.02 
0 6 3  

1.02 
092 

1.02 
095 

1 e52 
1.10 
1.52 
1.15 
1.52 
1.57 
1.52 
2.03 
1.98 
1.48 
1.98 
2.08 
1.98 
2.32 

30 
52 

0 36 
0 4 1  
052 

1.60 
1.39 
1.98 
2.31 

068 
30 

e58 
036 
047 
043 
043 
64 
92 

048 
78 
84 

1.00 . 94 
1 045 . 93 
1.18 
1.08 
1 048  
1.48 
1.90 
1.80 
1.60 
1.38 
1.93 
1.92 
2.27 
1.90 



1.98 2.40 2.01 
2.48 1.90 1 e98 

LAM6(8r 1 rK 1 rK=l 9288 
a543 e561 m561 
0555 0555 0543 
0543 0551 0551 
0548 e548 0543 
0543 0545 0545 
0544 0544 0543 
0543 0543 0543 
a543 e543 1.070 

1.070 1.275 1.275 
1.243 1.243 1.070 
1.370 1.070 1.208 
1.070 1.070 1.070 
1.070 1.070 1.070 
1.07C 1.370 1.370 
1.070 1.370 1.070 
2.294 2.294 1.564 
1.564 1.564 2.097 
1.564 2.010 1.564 
1.564 1.564 1.564 
1.564 1.564 1.564 
1.564 1.564 1.554 
1.564 1.564 1.564 
2.011 3.459 3.459 
3m,137 3.137 2.011 
2.011 2.011 2.011 
2.011 2.011 2.011 
2.011 2.011 2.011 
2.011 2.011 2.011 
2.011 2.011 2.011 

0543 0561 0561 
0555 0555 0543 
0543 e551 0551 
0548 0548 0543 
0543 0545 0545 
0544 0544 0543 

LAM6(8r2rK) rK=l 9288 

1.98 2.48 
2.48 1.91 

0561 0543 
0553 0553 
0551 0543 
0546 a546 
0545 0543 
0543 0543 
0543 0543 
1.333 1.333 
1.275 1.070 
1.070 1.070 
1.070 1.070 
1 e070 1.070 
1 e070 1.070 
1.070 1.070 
1.070 1.564 
2.205 2.205 
2.097 1.564 
1.564 1.564 
1.564 1.564 
1.564 1.564 
1.564 1.564 
1.564 1 e564 
3.459 2.011 
2.011 2.011 
2.401 2.011 
2.01 1 2.01 1 
2.011 2.011 
2.011 2.011 
2.011 2.011 

0561 0543 
0553 0553 
0551 0543 
e546 0546 
0545 0543 
0543 0543 

1.98 
1.98 

. 557 
0553 
0549 
0546 
m545 
0543 
0543 

1 0333 
1.257 
1.070 
1.070 
1.070 
1.070 
1.070 
2.408 
2.205 
1 e564 
1.966 
1 0564 
1.564 
1.564 
1 0564 
2.01 1 
3.014 
2.01 1 
2.01 1 
2.01 1 
2.01 1 
2.01 1 

e557 . 553 . 549 
546 
0545 
0543 

1 m98 
2.48 

0557 . 543 
0549 . 543 . 545 
m543 . 543 

1 e070 
1 e257 
1 0070 
1.070 
1.070 
1.070 
1.070 
2.408 
1 e564 
1.564 
1 0564 
1 0564 
1.564 
1 0564 
2.011 
3 269 
2.011 
2.011 
2.01 1 
2.011 
2.011 
2.01 1 

0557 
0543 
m549 . 543 
0545 . 543 

2.48 
1.91 

0557 
552 
0549 
0545 . 545 
0543 
0543 
1.298 
1 e257 
1.070 
1 e070 
1.070 
1.070 
1.070 
2.408 
1.564 
2.051 
1 e564 
1 0564 
1 0564 
1 e564 
3.753 
3.269 
2.01 1 
2.01 1 
2.01 1 
2.01 1 
2.01 1 
2.01 1 

0557 
552 
0549 . 545 
0545 
0543 

1.90 

0543 
0552 
0543 
0545 . 543 . 543 
0543 

1.298 
1.070 
1.222 
1 070 
1.070 
1 0070 
1.070 
1.564 
2.144 
1.564 
1.564 
1 m564 
1 0564 
1 0564 
3.753 
2.01 1 
2.01 1 
2.01 1 
2.01 1 
2.01 1 
2.01 1 

. 543 
552 
0543 . 545 
0543 . 543 

1.98 

0555 
0552 
m548 . 545 
544 . 543 . 543 

1 e298 
1 e243 
1 0070 
1 0070 
1.070 
1 0070 
1 0070 
2 0294 
2.144 
1 0564 
1 0564 
1 0564 
1 a564 
1.564 
3.753 
2.01 1 
2.917 
2.01 1 
2.01 1 
2.01 1 
2.01 1 

. 555 
552 
548 . 545 . 544 . 543 



. 543 
1.070 
1.243 
1.070 
1.070 
1.070 
1 e070 
1.070 
2.294 
1 0564 
1 0564 
1 -564 
1 0564 
1 0564 
1.564 
2.01  1 
3.137 
2.011 
2.011 
2.011 
2.01  1 
2.01 I 

0543 
1.275 
1.243 
1.070 
1 0 3 7 0  
1.070 
1 a070 
1 e070 
2 294 
1 e564 
2.010 
1 0564  
1 0564  
1 0564  
1 56.4 
3.459 
3.137 
. .  

2.01 1 
2.01 1 
2.01 1 
2.01  1 
2.01 1 

1.070 
1 a275 
1.070 
1.208 
1.370 
1 070 
1 0070 
1.070 
1 0564  
2.097 
1.564 
1.564 
1 0564  
1.564 
1 0564  
3.459 
2.01 1 
2.01 1 
2.01  1 
2.01 1 
2.01  1 
2.01 1 

1 333 
1 a275 
1.070 
1.070 
1.070 
1.070 
1.070 
1.070 
2.205 
2.097 
1 0 5 6 4  
1.564 
1 0564  
1.564 
1 0 5 6 4  
3.459 
2.01 1 
2.401 
2.01 1 
2.01 1 
2.01 1 
2.01  1 

1.333 
1.070 
1.070 
1.070 
1.970 
1 0070  
1.070 
1.564 
2.205 
1 e564 
1.564 
1.564 
1.564 
1.564 
1.564 
2.01 1 
2.01 1 
2.011 
2.01 1 
2.01 1 
2.01  1 
2.01 1 

1.333 
1.257 
1.070 
1 e 0 7 0  
1 e070 
1 e070 
1 0070  
2.408 
2.205 
1 e564 
1.966 
1 0564 
1 e564 
1 0564 
1 0564 
2.01 1 
3.014 
2.01 1 
2.01 1 
2.01 1 
2.01 1 
2.01 1 

1.070 
1 a257 
1.070 
1.070 
1.070 
1.070 
1.070 
2.408 
1 0564  
1 0564  
1 a564 
1.564 
1 0564 
1.564 
2.011 
3.269 
2.011 
2.01 1 
2.01  1 
2.011 
2.01 1 
2.01  1 

1 0298 
1.257 
1 0070  
1 e070 
1 0070 
1.070 
1 0070 
2.408 
1 e564 
2.051 
1 a564 
1 0564 
1 a564 
1.564 
3.753 
3.269 
2.01 1 
2.01 1 
2.01 1 
2.01 1 
2.01 1 
2.011 

1.298 
1.070 
1 a222 
1 a070 
1 l 070 
1.070 
1.070 
1 0564  
2.144 
1 0564 
1 0564  
1.564 
1 0564  
1.564 
3.753 
2.01  1 
2.01 1 
2.01 1 
2.01 1 
2.01 1 
2.01  1 

1.298 
1.243 
1 a070 
1.070 
1.070 
1.070 
1 0070 
2 294 
2.144 
1 0564 
1 0564  
1 0564 
1 0564 
1 0564 
3.753 
2.01 1 
2.917 
2.01 1 
2.01 1 
2.01  1 
2.01  1 



.- I N R J T D A T A  FOR CYLINDEEG FOLLOWING  FHUSTUMS 
NMACH (7 

8 
NXD7 

24 
- .  NDDR7(I)tI=lr8 

1 1 1 3 3 3 3 2 
. NTHF7(IrJ)tI=lr8 . - - . . . J=lrNDDR7(I) z- . 

4 
4 
2 2 2 
3 3 2 
3 3 2 
3 3 2 
2 2 

- " . 

. . - - .- . . 

- .. . 

NLAM7(IrJ)rI=lr8 J=ltNDDR7(I) 
96 
96 
96 
48 48 48 
72  72  48 
72 72 48 
72  72  48 
48 48 

MACH(7rI)tI=lt8 
080 1000 1020 1050  2050 3050 5000 1-9.00 

XD7(f)rI=lr24 
000 0 1  .2 03 .4  a5 06 a 7  08 09 
1000  lo25  1050  lo75 2000 2050  3a00 3050 4000 4050 
5.00 5053 6000 6050 

DDR7(ItJ)rI=Ir8  J=lrNDDR7(1 1 
a 70 
70 
70 
a25 050 a 75 
025 50 075 
025 50  .75 
25 0 50 75 

0 25 50 



T H F 7 ( 1 r J 9 K ) r J = l , N D D R 7 ( 1 )  K=l*NTHF7(19J)  
5.0 10.0  15.0 30.0 

THF7(2rJ9K)*J=l*NDDR7(2) K= l *NTHF7(2 tJ )  
5.0  10.0  15.0 30.0 

T H F 7 ( 3 r J * K ) r J = l r N D D R 7 ( 3 )  K= l *NTHF7(3 rJ )  

. .  5.0 10.0  15.0 30.0 
T H F 7 ( 4 9 J t K ) r J = l * N D D R 7 ( 4 )  K = l t N T H F 7 ( 4 t J )  

5.0 10.0 
5.0 10.0 
5.0 10.0 

5.0 10.0 20.0 
5.0 10.0  20.5 
5.0 20.0 

5.0  10.0 20.0 
5.0 10.0 20.0 
5.0 20.0 

T H F 7 ( 5 r J q K ) r J = l q N D D R 7 ( 5 )  K= l ,NTHF7(5 tJ )  

T H F 7 ( 6 r J t K ) r J = l r N D D R 7 ( 6 )  K=lqNTHF7(6rJ)  

. .. 

T H F 7 ( 7 r J r K ) * _ J ~ . l ! ~ N D D R 7 ( 7 )  K = l t N T H F ? ( 7 * J l  
. .  

5.0  10.0 20.0 
5.0 10.0 20.0. 
5.0 20.0 

.~ _ .  . ._ ~~. . - A". I 

T H F 7 ( 8 * J r K ) r J = l r N D D R 7 ( 8 )  K=lr'NTHF7(^8rJ.!-- 
5.0.0. .10.00. 

. .  - - . .. 

. "  . . 

5 .e.. 0 0. 1 0 . 0 0 
. .  . 

" 

. LAM7( 1.9 1r .K)  r K = l  996 
-0370  .- lo140  - im140 -1.500 -0070  0120 

m58O -1.300 e075 m145 0400 -0220 

0388.  - m110 0160 0685 0079 0100 
0.100.  e400 e055 0070 0080 m310 
0048 m058 0070 0200 0050 e055 
0060  0130 0070 0050 0050 0120 
0060 0088 mO92 0130 m059 0080 
0 0 7 0  0128 0060 0075 0072 0120 
0060 0087 0 0 8 0  0095 0060 e087 
0 0 8 0  0095 .060-"-- 0087 0 0 8 0  0095 

0347 1.200 a510 0 1 3 0 -  03'45 e630 
0320 -0140 m330 0620 e530 a340 
0030 0540 0750 0855 -0060 0350 

LAM7(2?1 r K ) r K = l  996 

570 
0087 
0128 
053 

e065 
0070 
0080 
e060 
0080 

360 
300  

e540 

-1  e400 
1 30 

e590 
063 . 155 

0085 
0120 
e080 
0095 

- 0  170 
620 

e840 

040 
0205  

0 6 2  
072 

0.0 6 0  . 090 
060 . 080 
060 

340 
0.740 

-m118 

0160 
i 6 0 0  
0080 
e 2 4 5  
0060 
e147 
0070 
0 1  10 . 087 

0460 
0818 
0140 



. . ." -. . . 

e240 e 7 2 0  - 0 1 8 0  
- 0 2 1 0  -0248 - 0 1 7 0  
-0333 - 0 3 0 0  e 0 2 0  

e 0 7 0  e 1 2 0  - 0 0 8 0  
a 0 4 0  e 1 1 5  e085 
e 0 6 8  e 0 9 0  0.060 
e 0 6 0  e 1 0 0  e 0 5 5  

. - .  

-. L A M 7 ( 3 t l r K ) r K = 1 * 9 6  
e 5 8 0  a 7 2 0  e 4 5 0  
e 1 5 0  - 0430  e 3 8 0  
e 2 9 5  a 4 3 0  e 3 9 0  

e 4 1 0  e 4 5 0  e 1 3 0  
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