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ABSTRACT

This report describes the current re-entry vehicle

parametric study program, based on the Allen and Eggers

straight line trajectory assumptions. The heating analysis

considers a nonreacting cold wall, with the inclusion of a

moving boundary conduction solution and boundary layer

transition. The quantities determined are ablation thick-

nesses, insulation thicknesses, vehicle weight and aero-

dynamic coefficients, for varying shape, material and

trajectory parameters. The computer output consists only

of final integrated values rather than step-by-step computa-

tions along the trajectory.
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DEFINITION OF SYMBOLS

Symbol

A Frontal area

CD Drag coefficient

CD(N) Newtonian drag coefficient

C I O C2 ,... Computational constants

CM Coefficie..t of moment about pitch axis

CN Coefficient cf moment about yaw axis

C P Specific heat

dSR Stiffener ring depth

E Modulus of elasticity

fSR Safety factor

g 32.284 ft/sec2

H Total enthalpy

h Specific enthalpy

IR' IP Roll, pitch moment of inertia

I Pitch moment of inertia with respect to plane normal to
x the x axis through the origin.

K Experimental constant

Ki , Kz , K3  Computational constants

k Coefficient of thermal conductivity

L Latent heat of sublimation

NTR Transition parameter

n Number of computational intervals in a given section

P Pressure

Q' QT Total heat transfered to the body at any point
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Q* Average cold wall heat absorption capability

q Heat flux

q Heat flux at time to

R Radius

R E  Reynolds number based t i laminar boundary layer momen-
turn thickness

r Radial coordinate

T Temperature

T. Maximum permissible tempe., ature on inside of wall at end
1 of ablation

T Initial temperature
o

T s  Ablation temperature

t Time

tf Total heating time

u Velocity
V Normalized velocity constant

0

V *Dimensionless ablation rate

W Weight

x Longitudinal body position coordinate

R x coordinate of center of gravity

XC. P. x coordinate of center of pressure

xT Total wall thickness

Y Altitude

y Coordinate normal to body

a Thermal diffusivity

p Scale height in atmospheric density-altitude relationship =
4.5 x 10- /ft

y Ratio of specific heats

A Ballistic coefficient = W/CD A
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6 Boundary layer thickness

e, 8 B  Body angles

80 Re-entry angle of trajectory with horizontal

14 Coefficient of viscosity
P Density

P Reference density in atmospheric density-altitude
relationship

Cr"SR Thickness/depth ratio of stiffener ring

T Material thickness

Body angle



STL/TR-60-0000-09103
Page viii

Subscripts

B Base

E Re-entry

L Laminar

M Material

N Nose

o Stagnation

P Cover plate

P/L Payload

q Partial derivative with respect to roll velocity

t Turbulent

w Wall

a Partial derivative with respect to angle of attack

8 Edge of boundary layer

OD Free stream

CO Cutoff

C.W. Cold wall

H. S. Heat sink

H. S. ABL. Heat sink ablated

H. S. Total heat sinkMAX.

H. S. RES. Heat sink residual

INS. Insulation

P/L Payload

SR Stiffener ring

ST Structur e

TOT Total

TR Transition

R Reference
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I. INTRODUCTION

The purpose of this report is to serve as an aid in running the IBM 704

Re-entry Vehicle Synthesis Program for parametric design studies of re-

entry vehicles. The report is essentially divided into two parts: the first

part presents the basic equations that are utilized and the assumptions that

have been made, while the second (sections IX and X) deals with the actual

computational procedure that the machine uses to solve the equations for

the first part in the case of a given re-entry vehicle. A straight line trajec-

tory is assumed and the heating analysis i8 for the case of a non-reacting

cold wall, with heat conduction into the wall and boundary layer transition.

The computer output consists of values of ablation and insulation thicknesses,

vehicle weight, and aerodynamic coefficients. All of the heat equations were

integrated over the trajectory prior to programming so that the computer

output consists only of total rather than step-wise values.
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II. TRAJECTORY EQUATIONS {1 )

The following trajectory equations were derived by Allen and Eggers {2 )

under the assumptions of constant drag coefficient, negligible gravitational

effects, and an exponential variation of atmospheric density with altitude:

u u uexP[ -ge~ 1P (1)
00 E 2P W sin

where

p = Pe

du 0 sin 0 U2  In --E (2)

co u

p 3 = 2P (A) sin 0 In u P- (3)

III. THERMODYNAMIC ASSUMPTIONSM'

a) The air passing over the vehicle is a dissociated gas in thermal

equilibrium.

b) The conditions at the edge of the boundary layer at any point

along the body can be computed from the stagnation point :on-

ditions by means of an isentropic expansion, since the energy

losses to the body are relatively small.

c) The viscosity varies as the square root of the enthalpy.

d) An average value of y = 1.2 will be used.

Under these assumptions the following relationships hold:
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P6) wP6(4)

I//y

- .(5)

46 h6P (6)

IV. LAMINAR CONVECTIVE HEATING ( 1 )

The basic equation to be solved isa
q = k 8T (7)L a w

This equation can be transformed by using the Levy transformation

combined with the Mangler transformation for bodies of revolution. The

following assumptions are made:

a) The variation of heat transfer rate with local pressure gradients

is negligible.

b) pL may be assumed constant across the boundary layer if

evaluated at some average enthalpy.

c) The free stream static enthalpy is negligible.

Under these assumptions the laminar cold wall convective heating

rate can be written as

q = Clu (-oo o-'o 1/2 F1  (8)
L 1 00R B RB



STL/TR-60- 0000-09103
Page 4

where FI(r/R.B) represents the variation of local heating rate around

the vehicle and is a function of geometry and pressure:

.Y+ Iy r 6p l -
(r) *6 y .1/z~

( ; ) (1/

By equation (6) ' can be expressed as a function of uoo An

approximate expression for p 0 /pm was determined as a function of

from gas tables:

P0
=CZUoo (11)

From the above relationships and equation ( i), the time-dependent

variables in equation (8) can be expressed in terms of unc. Integration of

the resulting equation from the initial value of U = u to any arbitrary

value of Uo gives the total laminar convective heat transfer per undt

area as

Q = K1 F er 2. 152 In u (12)

where

2. 152 .- 1/2
L : L UE k5inG E) I 2

and K L is an experimentally determined constant.
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V. TURBULENT CONVECTIVE HEATING ( 1)

In this case the basic equation to be solved is the integral form of
the energy equation:

d rpu (H - H 6 ) d = -rqw (13)

The wall heating rate may be computed from the Blasius turbulent

flat plate solutions in the form:

-1/4

4t = C 3 Pu (Re,)- (H 6 - Hw) (14)

where Re 6 is defined as

Re P 6  (15)

It is assumed that pu and H vary with y/6 as follows:

H- H 1/7
wRu6 = (16)P64 6  H -OW

This yields an expression for 6 which can then be substituted into
equation (13) to give the turbulent convective heating rate. If the starting
length is measured from the nose, the turbulent heating rate can be written

as:

p, 1)/4

C 3 P u (p') (H 6- Hw )
q4fx r 5 / 4 , l,1/ 4 d 1/5 (17)

If p , p are the values of p, p evaluated at some average enthalpy
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to include compressibility effects across the boundary layer, and the ratio

1/4 1/4
p, (±,)//p ± is averaged along the body, the equatio, (17) becomes:

-1/5

FP0o RBqt =  5 -RZ B R B) 8

where

2 r)/4 Ps &y J
R, P

F (B)-{fr/RB)5/4 
- 6 /  /5 (19)

(r/ B /4Y 7 1 P6 Yd (r/R B )

As in the case of laminar heating, the quantities 9o, hot o can be

expressed in terms of u0o, and the resulting equation for qt integrated

to yield an expression for the total turbulent heating per unit area:

Q() K15 F (5 x [ (4/5) -fX (4/5) (20)

where

Kt Kt u 2,485 (sin9E) 1 /5

and K is an experimentally determined constant T represents

the incomplete gamma function with X = 2. 4853 In uE/U . It shouldOOTR

be noted that there is a stronger dependence on (W/CDA) in turbulent flow

than in laminar flow.
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VI. TRANSITION FROM LAMINAR TO TURBULENT FLOW

The transition criterion selected for this program is based on the

momentun thickness Reynold's number which is given by

x

R 0.66re 6 J P6 U6 6r dx (21)

Substituting (4), (5), and (6) into (21) gives

Re = 0.785o F 3 (22)

where

/R Y+1

/R B 6 _P_) -y d r23

(22) may be re-written as

(R)0Z = (0. 78 5)2 (24)

As suVsing

: C 6 Uo (25)

0. 36

R (26)

S
(0 8) Po(4
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(24) becomes

2

(Re 2 hR 0 36 0.88

7uF3R = C7 R P U0o(27)

Substituting (3) into (27) gives

2. = s8 sinlE W ( ) . 88 6 UE 0 28 (28)

Defining

0.88

N = n u E  (29)

(28) becomes

R o2

N = ( . (30)
uE0.28 i . (p/o) E

C 9 23, 477 ).3-5 18.2

or, at transition,

R 2

NF3 ) (31)

TR = T

C INT
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where

(E }0 2  s in g E  (P °0 /P °° )OCTR 0. 28 siIT - (32)

The reference enthalpy and viscosity are given by

hR = 2, 340, 000 ft-lb/slug

LR = 0. 551 x 10 - 6 slug/ft-sec

Then

C 9 = 60, 000 ft/lb

Only one branch of (29) is entered in the program: (uco/uE) = 0. 32 to
(u /u E) = 1. At (u /u E) = 0. 32, a peak of N = 0. 41802 occurs, hence,

there is no u for body stations at which NTR 0. 41802, indicating°°TR

that only laminar heat transfer is experienced at these stations. To prevent

the possibility of aft stations becoming laminar (through the mechanical use

of (31) once a more forward station has become turbulent, NTR is com-

pared with the value of NT at the preceding station (NT/). If

N NT then the value of NTR is used to force turbulence at least asNTR = R T

soon as it occurs at the immediate forward station. If N N then

.he program uses NTR.

VII. HEAT SHIELD AND INSULATION THICKNESSES (3 )

The basic Fourier heat conduction equation is used:

ET - (33)
EaTx TFTax

and it is assumed that the heat shield is a semi-infinite slab. Ablation is

accounted for by the designation of a moving surface in the boundary condi-

tions. It can be shown that for a heat input to the surface of the form
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q ' m - (34)

the following equation holds for the normalized velocity of ablation

t t )1/2

= o 0 - (35)

where V is determined from

-(1 - V 0 - o qm (iq to V0 (_

k(T s - TO) exper )= 1 (36)
SaPM L

The quantity qmvto iS found by integrating equation (34) over the

total time of heating to yield

Q 2 ft i~f ) (37)

where QT is determined from the procedure of the preceding section and

tf is the total heating time. Once V and V are known it is

then possible to solve for the thickness of material ablated, TH. S. ABL.

T 2f-t-f (38)$H. S. ABL PML .V -  38

If the heat shield and insulation have similar thermal properties, the

total wall thickness prior to ablation, xT , can be found from the following

equation:
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T i T 0 erfc( 2 jIV7a .f 3)T.- T 1"

1 0 H (S

e rfc .SAL

If the thermal properties of the heat shield and insulation are different
and if the insulation cannot exceed some given temperature, T. , then

the totalheat shield thickness, TH. S. , can be determined max from
max

TH. S.

T. - T erfc max
s - H.S. I

erf c - BL)

The total insulation thickness, -INS. is then given by

TINS. XT - TrH. S. m La.S. (41)

where it is assumed that the pM Cp product of the two materials is

constant.

VIII. VEHICLE GEOMETRY

The vehicle shape is defined as follows (see Figure 1):

a) A spherical segment, either solid or hollow.

b) An abritrary number of (at least one but not more than ten)
conical frustums.

c) A cover plate at the rear of the vehicle which may be either
convex (dashed line) or concave (solid line)

zi
£0



CDD

CD 0
((D

CDD

0X

CDD

x

z I

COT 0-00 0-09-'dL r-u
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The number of computational intervals in each section of (a) and (b)

can be arbitrarily chosen from one to eighteen The number of frustums
and the following quantities must be specified to determine the geometry

of the vehicle.

a) R N must always be sp, ,'ied. If 0 is not given it will be
assumed equal to (7r/ 2 - 62), which is the tangent case.

b) 8 2 is always specified but in any other (i t h ) section any two of

the quantities i x., R 2 ) may be selected. x.i and R.

are computed by the program.

c) 02 is assumed specified and RP = f ('2, RB) Provision is
made for the selection of R and the determination of

02 
= f (R , RB). When either lp or Rp are given as nega-

tive the cover plate will be defined as convex.

U the nose cone is specified as solid it will be assumed to be heat
sink material, with the radius of the spherical segment equal to
RN + (TH. S. + TINS. ) at the juncture of the first section plus TrST if the

structure is on the outside.

All the point radii will be normalized by RB. It will be assumed
that the vehicle geometry does not change for consecutive runs unless

specified and then only as specified.

IX. FIXED WEIGHT AND PAYLOAD

An arbitrary amount of fixed weight and payload can be defined in
each section The center of gravity (2) of the payload is measured in
inches from the front of the frustum in which it is located; the R of the
fixed weight is taken to be at the R of the section, independent of the
distribution of the fixed weight. The pitch and roll moments of inertia

of the payload are given about the payload center of gavity; the Ip and
IR of the fixed weight are given about the section center of gravity deter-

mined without the fixed weight.
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Axial symmetry is assumed for the entire vehicle. It will be assumed

that these values do not change for consecutive runs unless otherwise

specified.

X. MACHINE COMPUTATIONS

This section and Section XI, describe the computation procedure of the

machine. The various sections of the total computation are listed below.

These should be used with the corresponding flow diagrams given in Section X1

to understand the procedure of any given section of the computation. The

sections below are listed in the order in which they occur during the compu-

tat:on and the chain of computations is shown or. the first diagram in Section XI.

A. SHAPE (Body geometry calculation)

This portion of the program determines the geometry of the

vehicle from the inputs described in Section VIII. The coordinates of the

points (x/RB, r/R B) are computed and stored in the point bins. At present

the program divides each section into ten intervals. No flow diagram is

included since the computation is quite straightforward because of the simple

geometries involved. A complete set of applicable flow diagrams is con-

tained in Section X.

B. PRESS (Pressure distribution calculation)

The pressures on the vehicle are supplied to the program by

means of linear interpolation from tables of pressures, for Mach 20 and

altitudes of 100, 000 ft and 65, 000 ft. For the first two sections these are

pressure values for sphere-cone combinations that have been determined

by a method of characteristics solution, and are an integral part of the

program. For the remaining sections the pressure tables are a part of

the input. If desired, a Newtonian table of pressures which is provided

in the program may be used for the remaining sections.

C. FFF (Body function calculatlnns)

The expressions to be computed are FI, F 3, as given by

equations (9), (19), and (23). The computational procedure is outlined on

the included flow diagram.
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D. CPM (Cover plate calculations)

The following quantities associated with the cover plate are

computed:

Rp PxI + xB

X B - (1 - cos 2, C B

W r T R2 1 Cs2 T . ( XBST 3 rST ST P cos -7 PST ST P B - c

W 2 1

r2 R (Z - cos -cos 2). --r 3g P 12 2

2
Ix -W RPl 2 W 2_ 2p

W -512 G + cosw + cos ) +l [ 2 (x 1 + R P )z
3 J

All densities are given in lb/ft Lengths are given in inches and
weights are given in pounds. The moments of inertia will have the units of

2slug-ft The computational procedure is outlined on the included flow diagram.

E. ARDC (Aerodynamic coefficient calculations)

The following Newtonian aerodynamic coefficients associated with

the vehicle are computed:

CN 3. 92 ORBP d

D RfTrB
B io B 0d

CD (N 3. 92 jr sinz drDRB] 0  B) i

CN 3.92 Jr 2B B) cos 0 dr

a B Jo



STL/TR-60-0000-09103
Page 16

3 92 1
CM B r sin 0 + cos (cos)dr

CM

a.
XC p . = a xB

a

Since these are straightforward calculations no flow diagram is

included

F. ITC (Iterative stagnation pressure calculation)

The equation currently being used for this program is

P 3.8 x 10-9 ( u) UE sin E

where uE = 23,477 ft/sec and 9 E 20.50. This value of P corresponds

to P at maximum dynamic pressure.
0

G. STRG ( 4 ) (Structure calculations)

The structure thickness TST, the structural weight WST, the

stiffener ring depth d SR and stiffener ring weight WSR are computed.
This section of the computation considers only the hollow nose; the case

of the solid nose is included later.

For the nose:

2N(1)ST = 2 05 R 0

SCT N~R

ST = 2 ST TST N 12
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d fSR PO 
3. 1/4

SR a S dsR)

WSR 12 i3 G-SR PST dSR R t - --

For the frustums:

~I z 1 p1 2 1 2
T 7o s2 1 r ( X 2  x R i + R iZ13]J

S T Xo i2it i

WST 3 c PST T ST x i i (R.1  + R. 2
12Cos 0

dSR= SR E i2 (x". - I

W 2wd2 R d
SR - I 3 "SR PST dSR Ri2 - --

Each stiffener ring joins two consecutive sections, including one

joining the nose to the first frustum and one joining the last frustum to the

cover plate.

In the above equations, fSR is a safety factor which is assumed

to be 1.25 for all computations. The modulus of elasticity E may be

varied from section to section. The a-SR is a thickness/depth ratio,

TSR/dSR, for the stiffener rings. The pressure P is taken to be the
maximum value of pressure in the section under consideration.
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H. THSN (Cold wall heat sink thickness calculdtbon)

In this section the value of TC.W /RB is computed as

TC. W Q _T

B Q PH. S. R B

This implies only cold wall heating with no conduction of heat

into the body. The TC.W thus found differs from the value of H S

given in the output. By a later sophistication of the program only the

value of QT (total heat transferred to the body at any point) is computed.

This value is then used as input to equation (371.

In the computation of QT the criterion used to determine

whether heating is laminar or turbulent is the value of the transition

parameter N TR defined as

TROT

NI TR

RE0 TR igieasiptfreccaendCN TR i eie s

CNTR (23,477) (i 0".35 18.2J

where (OoPa0I / )s a tabulated linear function of uB The equation for

QT (see flow diagram and N.T C. calculation sheet) is
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Q (H.S, B.) d (HSC) F erf ()+ e kr 41 - r j 4

where

This equation is modified for the various values of NT as follows:

fo r N TR k 0.4179, set erf I~ and 5T(5

NTR11 N Ithen use N
TR TR TR

NR< N I then use TRT

There are tables stored in the computer giving:

(oc) f (NTR

erf f~ -0 ( 0
XTR(5 u

1. TINSR (Heat sink and insulation thickness calculation)

For this computation equation (37) is interpreted as:
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from which 4TY/TJ is found. The value of tf in this computation is currently

given in the program as 30 seconds. This value of 4 o is substituted into

equation (36) giving

- (H. S. 1TQ T PH S . (1-V 0) T c w _

2 - k (T5 - T ) exp a L 0 erfciw7-H-r L 0 o

or, in terms of the constants defined on the flow diagram,

K 3 (1- Vo) exp (K 2 V ) erfc K V = I

With the introduction of the new variable V = V K 1  this
0 o

equation becomes:

g (* -3 * ,

g (V - (K1 - V exo. V erfcV - = 0

which is the equation utilized by the computer. If V 03 the quantity
* 0

erfc V must be cc.-mputed by the complementary error function routine

on the computer for accuracy. If V 0 3 the faster computer route for
* 0

erf V may be used and the result subtracted from 1.
0

The value of V for which g (Vo) = 0 must now be found. It

is easily seen that g (0) K 3 - 1 and g (K 1 ) = -1, so that the required

value of V lies between 0 and K, if K 3 - 1. A binary search is con-
0 1

dlucted for the root of g (V ); the V selected is that for which the
0 0

absolute value of the difference between consecutive values of V is less
0

than 0. 01.

The thickness of heat sink ablated is then computed from

equation (38). Then equation (39) can be solved. If 7 -8. 5 the value of

TINS. is extremely small-as indicated by equations (39), (40), and (41)-

and TINS. is set equal to the minimum specified valu,.- of 0. 1 inch. The
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computational method to determine erfc tj is analogous to that described
above for erfc V * If the ablation temperature is equal to or less than the

0maximum permissible inside wall temperature, the computed value of

TINS, would be zero; thus TINS. is again set equal to the minimum

specified value of 0.1 inch.

In the section of the flow diagram enclosed in the dashed lines a
binary :;earch is conducted for XT, which is the total wall thickness for

homogeneous material construction, provided the computed TINS.> 0.1 inch.
This quantity is found just before the flag check is entered for the first time.

The program then proceeds out of the flag check on the path
marked (1) and checks to determine whether Timax = T . If so, the

1 mx S
insulation and heat sink are of the same material and TINS. is computed
as shown. If not, the heat sink and insulation materials are different.
After the flag is changed to show that xT routine is completed and the
changes noted on the flow diagram are made, the procedure enclosed in
the dotted lines is again utilized to compute the total heat sink thickness,

TH.S max. *The TINS. is then computed as shown for the case of different
insulation and heat sink materials.

J. NSH (Heat sink and insulation weight calculations)

In this section of the computations the weights of the heat sink
and insulation materials for a hollow nose, solid nose, and the frustums

are determined.

For the solid ncse:

2 W " P .S*
W- (R + ? )( - cos (bH. S, 12 - 3 N

WINS. 0
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where T = TINS + TH.S. at the juncture with the first section pluS TST

if the str icture is on the ,utside of that section

In the case of the hollow sections the foliowing computational

technique is used-

W
TINS. = T K to compute -PM

W2

TINS. + TH. T -K to compute-
IN S H. , KPM

Then the heat sink ay--." insulation weights are determined from

the following relationships.

MNS M INS. " 23

W /W 2 WIt
H. S. PM M /HS 12

For the hollow nose:

W 2Tr [(RN + TK * RB) 3 - R3 sin3
PM J

where do = 0,/n in radians, and RN is replaced by (R N + T ST if the

structure is on the outside of the nose.

For the frustums:

W 2 TK 2 2 KPM = r +r dx = 2r rB  + 2 cos 0 1TK ds
f Lr cosf J 2

1 x1
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where

x 2 - x
d s = n (cos)

K. WTOTS and WTOTB (Iterative ballistic coefficient calculation)

These two operations are straightforward and require no flow
diagram. The computation equations are:

WTOT = jZ[(WH. S.)j + (WINs.)j + (WsT)j + (WSR)j + (WP/L)j + (WFIXED)j]

where j denotes a section of the vehicle;

2

A TH'S" TINS.( -- RB + c o-B c o.g0
ATOT 122 + B

This expression will also include a TST term if the structure
is on the outside.

The ballistic coefficient is then computed as

WTOT

D A TOT

L. TEST

This section of the computations is explained on the flow diagram

M. XIXlR and IRXIX (Moment calculations)

The equations used for the computations in these sections are
given on the flow diagram. The primed quantities refer to volumes rather
than masses; that is, I refers to the volume moment of inertia and M
to the volume first moment. The XIXIR computations are only for the nose

and are followed directly by the IRXIX computations for the frustums.
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N- MSTR

This set of computations is adequately described by the flow diagram

0. TBM (Tabulatinn computations)

These computations are straightforward and a flow diagram was

not considered necessary.

xTOT W
TOT

12 P Ro- - + (IFIXED + PP/L)j

CM j _ l x +_-L RO

TOT 1

+ P/L - 2 WFIXED-

+tb -a = Z - CDRTO -Rm P/L + z 3TO • R ")

12 9 TT 12 g

RTOT Rj

These quantities are computed both with and without heat sink

weight.

P. ETC (Miscellaneous calculations)

The following Newtonian stability parameters are also computed
by the program at the end of the other computations:

CM 39 (r/RB) cos 26(/ )ta +TOT dr
Mq Bj2 2 B RrR Bn+{~

Stab. Par - (wTO(12
D{Dq 

TTrn PTO T

S x B X 
C
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XI. FLOW DlAGRAoAS

This section contains the following flow diagrams-

1. General Control for Computations

2. FFF Calculations

Za. FFF Calculation Notes

3. CPI" Calculations

4. N.T.C. Calculations

5. STRG Calculations

6. THSN Calculations

7. TINSR Calculations

8. Test

9. XIXIR Calculations

10 IRXIX Calculations

11. MSTR Calculations
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READ INP - REAC

SHAPE CALCULATIONS- "SHAPE"

PRESSURE AT EACH POINT - 'PRESS

FIF 2 f 3 AT EACH POINT FP: F

COVER PLATE MOMENTS -- CPM

IRODYNAMIC COEFFICIENTS -AROC"

NON-ITERATIVE COMPUTATIONS - N TC.

T dWST, WSR SECTIONALLY -STRG"

6 t r AND rINS POINIWISE THSN"

1 2

WTOT AND ATOT OVER BODY =A > - 2  
OT

TEST FOR CONVERGENCE -'ET

XxpFR H S AND INS - .XIx!R, I R)X

x,Ix IR FOP STRUCTURE AND RINGS YT

XTOT. 'PTOT, #RTOT FOR WHOLE BODY (W/WO HS)- 'TBM

END OF RUN COMPUTATIONS - 'ETC'*

PRIN
T OUT -- P: TO

Diagram 1. General Control for Computations.
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SET COMPUTER TO F!9ST POINT

COMPUTE COMPUTE

- Y )7 )YI d )R C:OVER PLATE REACHED 1

Re --- Y ,-Y Nds
Y+1 Y-1 tCLLNS

COMPUTE CMUEFNS_

r() -s - q:5 ~p)j

1 (2): r* q (p)2 +7

NE~TSECT Tioe REACHED E IE
NO COMPUTE APPROPRIATE

ds FOR SECTION

ds .Zd CELL

INTEGRATION

I()+ dI d4.G(I):G(I) EQUATt VALUES OF I(I)
2 AND 1 (2) OF -.AST POINT

_(2, +1(2)sG2:~2 IN PRECEDING SECTION

2 TO 1 (1) AND 1 (2) VALUES

FOR FIRST POINT IN SEC-

TION UNDER CONSIDERA-

COMPUTE TtON

G (G]'2 (2): 1 (2)

[G (1I 112

COMPJTE

F 2

Diagram 2. FFF Calculations8.
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STARRED QUANTITIES REPRESENT VALUES AT THE POINT

UNDER CONSIDERATION- UNSTARRED QUANTITIES ARE FROM

PRECEDING POINT.

r/RB Y+Y ]-i 1/2

0

r/RB )Y+7 "-I 1/2

G(2) : (r/R) 5 / (P/P) 8Y [I(P/P)-Y ds

0

d(#)

ds FRUSTUMS SIN 8

Diagram 2a. FFF Calculation Notes.
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COMPUTE-

0: COS 02

b:( I + COS 42)

COMPUTE:

(RP(X 2 -X 1WST 2 'Ps T S1ST

COMPUTE:

ST=XI + X 2
XST: 2

3g 144
COMPUTE:

WST RSp2

3g 144

COMPUTE :

SXST 144g T2 ,ST) 2

IrST: (2-oab) J

Diagram 3. CPM Calculations.
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PO

(1) CN R 6.00 X 10 4 UE \O0. 28 SIN OE P ODE
T 2 347 7) 0.35 18.2

WHERE (Po/Pa,) IS TABULATED VS. uE IF hE '-'250,000

-OTHERWISE GO TO ERROR AND STOP.
0U \O335 SI# 8 0.3

(2) HSA:= 0.748 tUr(It
2 31 477 0.35 12-]

(3) HSB:- (RN/RB)I/ 2

(4) HSC ( 1)/4

(5) COL: 899 T2~ =( 899s 12 (:~725 SN

Diagram 4. N. T. C. Calculations.
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P COMPUTE

K :2 (- S <?YE
k\"SRE J

COMPUTE: 1/2 COMPUTE:1/

TST --2.05 RN _____E_ dSR-K PR2 X)

WNST: 2 7rPST rST RN X 2  WSR:- 2 ,ff OSR PST dST(2-dR

COMPUTE' i
of1.121 LiDETERMINE PMAX. IN

Cos 8 JjSECTION P: = MAX.

COMPUTE: COMPUTE. )2

WS rPST rST (RI +R24(X 2 -X1 ) CO~ 'ST E~()( 2 I)(,+ 2

WSR: 27r 2S (X2T XS I)) -

NOTE

i"PruSEC) ARE EQUAL TO _-

Diagram 5. STRG Calculations.
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F - SET COMPUTER TO FIRST POINT

COMPUTE

*HSA (&)
0 3  

N

kII1.0
FNEW 

SECTION REACMIEO

COMPUTE

2,e ~ .- r~R()J ~ -- - - -_________

DigaR.TS acltos



6'ME

SET COMPUTER TO FIRST POINT COVER PLATE REACHED ? -- _____

NNO

COMPUTE. COMPUTE COMPU

COMPUTE T O (.-

IT - To)It2 0  _

COMPUTE.COPT MU

COOMPUTE

COMPUTE. OPT

NOV nS<

COMPUTE.COMPUTE

K3 wES
t K L 85?9v*= V ! r o)(3 K *
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OJ MAX-T S zo' E

FLAG CHECK<

___ C:OM-UTE -

ITOE I T
S~~OERFCi7

SET CMPUTECOMT~JTE

IXT , zI, XT2  0 X1 XT J 0002 erc , r "r

)MPUTE

*f 72  NO N

SET

YES rIS 11
7-8- T-BCOh4PUTED

XT,

< 30? CHNG SLA T~' 0__ 2

THE SAME SET OF COMPUTATIONS____

AS ENCLOSED IN THE DASHED N

LINES IS CARRIED OUT WITH THEIYE
FOLLOWING CHANGES 

S T xS , - T

XT1 2: 4MAX iT0

T' To TMX- oOMPUTE

COMPUTE rCMPUTE 2

R8 Sf7N X TSMX COMPujTE

Re Re--- 
T -X X T2

SET L AX -A 8X LHSB
* INSRBBa

SET IS I- -]

Diagram 7. TINSR Calculations.
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COMPUTE: 
T.

WD-TOT.iM XNG,0T 
IIR

CD *A>TOT

FNO

F1 - 2±L1 ,ASET:

L1 - Z711 AiIA GO TO "ITC"

WTOTf WI

SET:
A1+1 GO TO I-THSNI.-

WT1OT.2 Wi

NOTE:

i i+1 IN PRECEDING EQUATION

A 005 IN CURRENT PROGRAM

0.01 IN CURRENT PROGRAM

THE EQUATION BEING USED FOR "ITC" IN THE CURRENT PROGRAM

IS R,3.8 X 1O9 AuE SIN OE

-THE MACHINE THEN PROCEEDS

TO THE "SRG CALCULATIONS

Diagram 8. TFest.



LFRAM jJ-

[iI EICOMPuTER TO NOSE

F COMPUTE.
PHS ( MTOT HS +INS -M HSRES +INS)2r S

123 WHS ABL HS.Aj

COMPUTE

PINS MINS 4 PHS (M'FES - M'INS) 2 7r

;23 WINS +H S RES - XINS +RSRES

COMPUTE
COMPUTE

125g XINS +HS TOT INS +HSRES J X HS ABL XINS HSRES

2w F1 2P~
x125 LI. XINS+RIS RES I.XINS)PHS + IXINS PINS] XINS +HSRES HS AOL 2

112

COMPUTE
COMPUTE

2- rI' I 2 7r P S RN 2 2
125 INS + HS TOT INS +HS RES R HS ABL XH.S ABL 825

- \ P'HS [RINS +RS- IR + s 2 wPHs X_ S

125 9 RIN S  PINRS R INS +RES XINS +RES H 2 5 g Rx "S

" 2 wPHS F COS 3

IRHS ABL 125 15g 1 3-

C27r PHS #Cos3

IRINS +RES - 1515g 3

iZ~i5-
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NO -YES

COMPUTE

( MAX + tINS +RN + t-rST))

WHERE THE rST IS INCLJOED

IF THE STRUCTURE IS ON THE

OUTSIDE 6 THIS COMPUTATION

IS CARRIED OUT Al THE PIRST

POINT OF THE FIRST FRUSTUM

2vPH RX-TCos R

2 rPHs RX- TH S ABL (-I Cos ) r
= L R X - rHS A BLI -

123 WINS + HSRES

"P1 S (COS - !) R3[(I+COS ) R -N](Rx-HSAB L ) 3 (:+COS) rHSABL

123 WHSABL 8 - 8 3

RNS~~ N~ N
- R N COS [Rx ] COS(R-

rHSAB c ° {- +(RX - XTHS ALC S L Cos 0(1-- C5SA L

S + 2 Rx - I" HS ABL
3

COMPLETES NOSE - GO TO E'RST FRUSTJM RXIX )

Diagram 9. XIXIR Cal(ujatiorns.
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SET COMPUTER TO FIRST FRUSTUM

COVER PLATE REACHED? YES

XH SABL 27rRBHS AB. TOT+INS -M H.SRES.+INS

COMPUTE:

=27T R3  (pH.S.(M'INS+H.S. RES.-M IS+N.MIS.)

INS,+ H.S. RES. 1 23 WINS. + H S RES.

COMPUTE: _

XH.S.AB L. X (JH.S. TOT + INS. XINS + H.S. RS

COMPUTE:

'NSH ES 2vrRB P INS. 1 X I NS. + 'X INS + H.S. RES.-IINS.)PHS}

COMPUTE:

'RH.S.ABL 2 9R P H.S. RINS.+ HS IOT. INS. +H SRESJ

COMPUTE:

IRINS . RES 2 1259 4  (PINS IRNS + L INS.4H S.RES - ' N ~H 3

GO TO NEX7 FPUSTUM

Diagram 10. IRXIX Calculations.
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SET COMPUTER TO NOSE

SST <~02 V ~ ALjE5 ALREPLY CCQM'KLC FOR

I SOLIC NCSE IN XIXIR' CALCULATIONS

NOI io

COMPUTE COMPUTE SR

XST : X2 2  
1 RSR: - (R 2 -

WSTWSR 2 p
XST 2 X2 (RN- ) XSR (X2)

WST x X ( N  2-RST - - X2 (R T -
'S WTXGO TO NEXT SECTION

COMPUE,_ X OV RPLATE REACHED?
XST :X + - R1 + R2 I

NOS (x2 
YES

XCT: 2 2

'c -T Rg( + R2)ZI

IRST 2g 1  2

NOTE:

o THROUGHOUI CALCULATION USE (144g) FOR g
0 ALTHOUGH THE MOMENT VALUES FOR THE RINGS

IN THE SOLID NOSE ARE COMPuTED, THEY ARE NOT uSED

Diagram 11. MSTR Calculations.
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