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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

Frontal area

Drag coefficient

Newtonian drag coefficient
Computational constants

Coefficic.at of moment about pitch axis
Coefficient cf moment about yaw axis
Specific heat

Stiffener ring depth

Modulus of elasticity

Safety factor

32.284 ft/secz

Total enthalpy

Specific enthalpy

Roll, pitch moment of inertia

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

Experimental constant

Computational constants

Coefficient of thermal conductivity
Latent heat of sublimation

Transition parameter

Number of computational intervals in a given section

Pressure

Total heat transfered to the body at any point
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Average cold wall heat absorption capability
Heat flux

Heat flux at time to

Radius

Reynolds number based « 1 laminar boundary layer momen-
tum thickness

Radial coordinate
Temperature

Maximum permissible tempe.-ature on inside of wall at end
of ablation

Initial temperature
Ablation temperature

Time

Total heating time

Velocity

Normalized velocity constant

Dimensionless ablation rate

Weight

Longitudinal body position coordinate
x coordinate of center of gravity

x coordinate of center of pressure
Total wall thickness

Altitude
Coordinate normal to body
Thermal diffusivity

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

Ratio of specific heats
Ballistic coefficient = W/CDA
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Boundary layer thickness
Body angles

Re-entry angle of trajectory with horizontal

Coefficient of viscosity
Density

Reference density in atmospheric density-altitude
relationship

Thickness/depth ratio of stiffener ring

Material thickness
Body angle
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SubscriEts

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
6 Edge of boundary layer
o Free stream

CO Cutoff

C.W. Cold wall

H.S. Heat sink

H. S'ABL. Heat sink ablated

H.S. MAX Total heat sink

H.S. RES. Heat sink residual

INS. Insulation

P/L Payload

SR Stiffener ring

ST Structure

TOT Total

TR Transition

R Reference

2
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1. 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 reportis 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 is 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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. TRAJECTORY EQUATIONS'!
(2)

The following trajectory equations were derived by Allen and Eggers
under the assumptions of constant drag coefficient, negligible gravitational

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

-BY
- e
Uy = Up Xp 5 pgw - (1)
Plesg s e
where
~ -BY
p = peP
du u
© _ . 2 E
S = - Bsin@_ul In— (2)
o
o = 2B W) sino In E (3)
@ g CDA E u
fo e}

III. THERMODYNAMIC ASSUMPTIONS“)

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 con-
ditions by means of an isentropic expansion, since the energy

losses to the hody 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 fcllowing relationships hold:
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1/y
(fﬁ_) ] (fﬁ.) (4)
pO PO
1/2
v-1
vg Pav
— = {1l ~ B (5)
‘\/Zh fe)
(o]
1/2 v-1
P _ (h5) - (fﬁ) 2y (6)
TR § Y T \P
0 [o] (o]
IV. LAMINAR CONVECTIVE HEATING'!)
The basic equation to be solved is
) aT
q, = k (——) (7)
L= R lay),

This equation can be transformed by using the Levy transformation
combined with the Mangler transformation for bodies of revelution. The

following assumptions are made:

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

is negligible.

b) pn 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

_ 1/2 1/2
, = Cl uog (po“oﬁ) (ﬁlg) Fy (R};) (8)
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where Fl(r/RB) represents the variation of local heating rate «round

the vehicle and is a function of geometry and pressure:

o Ytl ¢ Y- 111/2
r 8\ 2y J 5\ v
r ( )1’3 ’L ('f'— ’
F ( ): (9)
1R r/R 72 1/2
B B +1 Y-
RB P P sin 6
[ o o) o J BJ

The limit of this expression at the stagnation point r = 0 is found to

be:
Rg\1/% /e
F.(0) = 2|5 - 10)
1(0) R - ) (
By equation (6) p, can be expressed as a function of u_ An
approximate expression for po/poo was determined as a function of
from gas tables:
p
o n
p-c_:—o = C2 U (11)

From the above relationships and equation (2), the time-dependent
variables 1n equation (8) can be expressed in terms of u_. Integration of

the resulting equation from the initial value of U, T up toany arbitrary

E
value of U gives the total laminar convective heat transfer per unit

area as
1/2
w 1
CDA (—I—l RNI/4 - \/ UL
Q, = K, |—-— - — F o |=—| erf4/2.152 In—  (12)
L L R’N 2 RB I(RB) 4
where
w - K 2.152 , . 5 ~1/2
L\L L uE {S1n E)

and K}_. is an experimentally determined constant.
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V.  TURBULENT CONVECTIVE HEATING'!)

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

the energy equation:

d
dx

The wall heating rate may be computed from the Blasius turbulent

flat plate solutions in the form:

o

6\[1 rpu (H - Hg)d (36)} = . ri;w (13)

. -1/4
&, = Cypu(Reg) H/* (15- 1) (14)
where Re6 is defined as
)
R = Pub 15
e = & (15)

pn H-Hv ) 1/7 .
pbpa - it& -IIV - (%) (16)

This yields an expression for & which can then be substituted into
equation (13) to give the turbulent convective heating rate. If the starting

lengtb is measured from the nose, the turbulent heating rate can be written
as:

. o'l (g Hy) -
9 = X 175
[C4f TN dx]
(o]

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

p' (1) 1/4' 1/4 15 averaged along the body, the equation (17} becomes:
p u
} "1 o o) r |
q ) U (18)
¢ t Ry T2 (RB}
where
w |
1/'4 \(
1/2 (19)
(r/R ) 5/4 Xg\,— (pa) y d [r/Rp)
) (‘;{g) T, Fo' sin 85

As in the case of laminar heating, the quantities Por h can be

o' Mo
expressed in terms of u and the resulting equation for 9, integrated

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

4/5 1/5
Qtzxt(t“%) (nlg) F, (I{E’ [T‘X(4/5)—rx (4/5)} (20)

TR

where

K = K' 2. 485 -1/5

¢ ¢ YE (sin ©

£
and K't is an experimentally determined constant T‘X (4/5) represents
the incomplete gamma function with X = 2.4853 1ln ug/u . It should
be noted that there 1s a stronger dependence on (W/CDA) in ~ turbulent flow

than 1n laminar flow.
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VI. TRANSITION FROM LAMINAR TO TURBULENT FLOW

The transition criterion selected for this program is based on the

momentum thickness Reynold's number which is given by

X

R = 066
e Thg

o

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

2

Re =
6
where
v+l ~
. fr/RB 2 (Pa)'z—y" (PGJ 3 d‘r/RB)
| 1 -\ -
e (Kr_)_ B/, B) P jy P sinBy
3 - -
(S
R;) (7.
(22) may be re-written as
Po
Re : 2 poo ho Poo
8 = (0.785)" — RR
F3 _o
*R
Assuming
Po 0.6
o 6 Ve
0. 36

F | F
]
FU:‘I o:r
-

Page 7

(21)

(22)

(23)

(24)

(25)

(26)
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(24) becomes
R, \2 p 0-36
Fg = Cq 'G_P: Poo uoo0. 5 (27)
3/ “R
Substituting (3) into (27) gives
R_\° Ly g 10-88
0 . w E o 0.6 0.28
= C, sin@ ——— ln-—— —— u u (28)
F3 8 E (CDA um) U E E
Defining
u 4 0. 88
N = n—E_:_ ﬁ (29)
Yol | “E
(28) becomes
R 2
€9
Fs
= 30
N u 0.28 sin @ (po/pa)) (30)
wlc [_LE_ ( E’ E
CDA 9 y“23, 477 0. 35 18.2
or, at transition,
R, 1\
eTR
Fi
NeR WG (31)
(CDA) Nog
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where

Up sin OE

3,477

E (32)

0.28 pgle )
N |

TR 9 C. 35 } 18.2

The reference enthalpy and viscosity are given by

hg = 2,340,000 ft-1b/slug

BR T 0. 551 x 10-6 slug/ft-sec
Then

Cq = 60, 000 ft/1b

Only one branch of (29) is entered in the program: (um/uE) = 0.32 to
= = 2 =
(um/uE) 1. At (um/uE) 0.32, a peak of N = 0,41802 occurs, hence,

there is no u for body stations at which N > 0. 41802, indicating
®rp 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-

/
TR)' If
NTR ;NTRIJ then the value of NT}.{ is used to force turbulence at least as

pared with the value of NTR at the preceding station (N

soon as it occurs at the immediate forward station. If NTR - NTl{’ then
che program uses NTR'
VIiI. HEAT SHIELD AND INSULATION TI-IICKNESSES(3)

The basic Fourier heat conduction equation is used:

2

8°T _ 1 aT
~.2 a1t (33)
ox

and it is assumed that the heat shield 18 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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. ‘ t 1/2
a= 4 |+ (34)
the following equation holds for the normalized velocity of ablation
« (¢ \1/2
_ )
Vo= Vo\‘t‘ (35)
where VQJ is determined from
-\/n(l-V)acc‘; c’;ztvz ftc'; %
2 0 m exp m o 0 erfc.._o___r_n_._.._o_ = ] (36)
KT, =T, S R REET:

The quantity Zlm-‘/ tO 15 found by integrating equation (34) over the
total time of heating to yield

o = 2V (175} o)

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

te is the total heating time. Once (qmw/to and Vo are known it is

then possible to solve for the thickness of material ablated, = :
H.S.
ABL.
q_+ft |V
- mvY o) ©
TH.S. = 2yt o E (38)

ABL M

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

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

T’
equation:
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erfc (———XT
T,-T Zﬂ/ut
> = A (39)
s 0 TH.S.

ABL)

2yfat }

If the thermal properties of the heat shield and insulation are different

erfc

and if the insulation cannot exceed some given temperature, T, , then
the totalheat shield thickness, TH.S , can be determined 7% from
" max
TH.S.
T. -T erfc| ———m————
Y nax © _ Z-\/a te 40
T - T - \ ( )
s o H.S. ABL
erfc
2 atl,

The total insulation thickness, TINS.’ is then given by

1/2

TINS. {41)

where it is assumed that the P M 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)

21
t0
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Figure 1. Vehicle Geometry.
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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 dete rmine the geometry

of the vehicle.

a) RN must always be spr 't'ed. I ¢, is not given it will be

assumed equal to (n/2 - 9,), which is the tangent case.

b) 92 is always specified but in any other (ith) section any two of

the quantities [91, ax., RiZ) may be selected. x,, and Ri

i 1

are computed by the program.

c) ¢2 15 assumed specified and RP =f (¢2, RB). Provision is
made for the selection of RP and the determination of
¢Z ={ (RP, RB). When either <p2 or RP are given as nega-

tive the cover plate will be defined as convex.

i the nose cone is specified as solid it will be assumed to be heat

sink material, with the radius of the spherical segment egual to

R . . . .
Nt (TH.S. + Ting. ) 3t the juncture of the first section plus Ty 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 (X) of the payload is measured in
inches from the front of the frustum in which it 1s located; the X of the
fixed weight is taken to be at the X 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 g.avity; the lP 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 15 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 X], 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 XI
to understand the procedure of any given section of the computation. The
sections below are listed 1n the order in which they occur during the compu-

tat:on and the chain of computations is shown on 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/RB) are computed and stored in the point bins. At present
the program divides each section into ten intervals., No flow diagram 1s
included since the computation 1s quite straightforward because of the simple
geometries involved. A complete set of applicable flow diagrams 1s 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 vaiues 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 1s provided

in the program may be used for the remaining sections.
C. FFF (Body function calculatians)

The expressions to be computed are Fl’ FZ’ F3, as given by
equations (9), (19), and (23). The computational procedurc 1s outlined on

the 1ncluded flow diagram.
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D. CPM (Cover plate calculations)
The following quantities associated with the cover plate are
computed:
_ Rp *c, T *B
x=xB~~z—-(l-cosd)=.__...z..__.

_ 2w 2 _ 2w _
Wst = ;3 PsT TsT Rp (1 - cos é) = 153 PsT TsT Rp ("B "cl)
W L2 2 1
Ir =3 RP (2 -coséd - cos ¢). —-——122
w Rp 2 w [_2 2
I = = (1 + cos é + cos™ @) + [i-(x + R -i)]
x 3g 122 122 g 1 P 5

All densities are given in 1b/ft3. Lengths are given in inches and
weights are given in pounds. The moments of inertia will have the units of

slug-ftz. 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:

c 3.92 B T P d
D - TB‘ R p—"‘ r
0 B o
R
B
et = T—3‘92 (Kr-) sin” 0 dr
B 0 B
R
C 3.92 [ B 6d
N -~ R (E— cos T
a B JO B
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/
\} {sm 6 + i\i)-(—) cos 6] (cos 8) dr

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

2 .
uE Sin GE

-9 W
P = 3.8 x 10 —_
o (CDA
where up = 23,477 ft/sec and GE = 20.5°. This value of Po corresponds

to PO at maximum dynamic pressure,
G. STRG(4) (Structure calculations)

The structure thickness Tgp: the Structural weight W the

ST’
stiffener ring depth dSR' 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:

po 1/2
2T
WsT = —3 PgT TsT Ry X2

12
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1/4
d = {2 .fig. ..Pi.o_. R3 X
SR TSR E 12 12
d
2 2 SR
Wsr = 53 9sr PstT Ysr (V12 ‘2")

For the frustums:

) 2 -2
ST T =5 {@) %2 - "11)2 Ry, + Rizﬂ

- .
Wer = T psr Tor [ - %) (Riy * R
ST 123 cos 6 ST ST {7i2 it it i2

f
- SR P .3 } vi1/4
) {Z Top E 2 (xiz xil}}

W _21r 2

4 dsr
SR 123 SR PsT %sRr

Ri; - =2~

f

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 "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 calculation)

In this section the value of e w /RB 1S computed as

TC.w Qr

™
B Q py s Rp

This implies only cold wall heating with no conduction of heat
into the body. The 7. ., thus found differs from the value of T, 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 (37).

In the computation of QT the criterion used to determine
whether heating is laminar or turbulent is the value of the transition

parameter NTR’ defined as

R 2
Eq
N _ 1 TR ;
TR = 4. C F_(r/R
i NTR 3 B
RE is given as input for each case and C is defined as.
N
e TR
TR
P, ]
u 0.28 /cin 6 P I
c = 6.00 x 10% | & E =
Nrg 23,477 0.35 | 18.2 J

where (po/p(JD ) 18 a tabulated linear function of u The equation for

E E

QT (see flow diagram and N.T C. calculation sheet) is
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QT = Q* pH.S. (H.S.B.) d {({HSC) Fi erf (§) te {rX Co(a— FXTRlé}} FZ

where

L2
¢ = (2.152 In =

u
(o8]

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

for N, = 0.4179, seterf(¢) = 1and I (g) - T (‘?;)
IR XTR Xco

! /
NTR F 3 NTR then use NTR

/
NTR < NTR then use NTR

There are tables stored in the computer giving:

u
Q
) - rovg
u
erf (§) = f _u.oﬂ)
E
r (ﬁ) = f _';12
XTR 15 Vg

I. TINSR (Heat sink and insulation thickness calculation)

For this computation equation (37) is interpreted as:

Qp = 2T (G VE) = (1¢ o) (o ) (@)
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from which qm'\/to "is found. The value of tg

given in the program as 30 seconds. This value of c';m\/to 1s substituted into

equation (36) giving

2
* / e
-
V2H. S. mQ TewPH. s, (1 Vc:) exp Q Tew VZ erfc Q Tew
2yt k (Tg - T) 2ftey s & © offey s b

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

yerfc K, V. =1
o

2
K3 (1 - VO) exp (K2 Vo 1

With the introduction of the new variable V: = VoKI’ this

equation becomes:

K 2

_ 3 * < % _

g (V) --R—;(Kl - Vo)exp VO erchO -1=0

which is the equation utilized by the computer. If V >3 the quantity
erfc V must be czmputed by the complementary error function routine
on the eomputer for accuracy. If V < 3 the faster computer route for

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

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

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

K
3
value of V lies between 0 and Kl if K3> 1. A binary search is con-
dlucted for the root of g (V ); the V; selected is that for which the
absolute value of the d1fference between consecutive values of V0 is less

than 0. 01.

The thickness of heat sink ablated is then computed from
equation (38), Then equation (39) can be solved. If N = 8.5 the value of
TINS. 1S extremely small—as indicated by equations (39), (40), and (41)-

and TINS is set equal to the minimum specified value of 0.1 inch. The

A%

o

1n this computation 1s currently

1
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computational method to determine erfcrn is analogous to that described
*

above for erfc V.- I the ablation temperature is equal to or less than the

maximum permissible ingside wall temperature, the computed value of

TINS would be zero; thus =+ is again set equal to the minimurn

INS.
specified value of 0.1 inch.

In the section of the flow diagram enc:losed in the dashed lines a

binary search is conducted for Xr, which is the twotal wall thickness for

homogeneous material construction, provided the computed T > 0.1inch.

This quantity is found just before the flag check is entered fornt\ilse. first time.
The program then proceeds out of the flag check on the path

marked (1) and checks to determine whether Timax = Ts' If so, the

insulation and heat sink are of the same material and TINS. is computed

as shown. I not, the heat sink and insulation materials are different.

After the flag is changed to show that X routine is completed and the

changes noted on the flow diagram are made, the procedure enclosad 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% p
w = H.S. (R + 'r*)(l - cos ¢,)
H.S. 2.3 N o
w = 0
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%
where 1 =

+ T at the juncture with the first section plus T
TINS H.S. J P ST
if the stricture is on the cutside of that section

In the case of the hollow sections the foliowing computational
technique 1s used-

A1
= 1
TINS. °© ‘rK to compute-p—
M
wZ
TINS. + TH'S = TK to computep—M-

Then the heat sink as:..: insulation weights are determined from
the following relationships.

w
'Y - 1., N
INS P INS. 123
w :(17; 3 i !
H.S. PM Py HS 123
For the hollow nose:
('bl
W 3 3| sin ¢d¢
pM_zn [(RN+TK-RB) -RNJ 2
o)
where dg¢ = q;i/n in radians, and RN 1s replaced by (RN + TST) 1f the
Structure 1s on the outside of the nose.
For the frustums:
X 2 X
2 T 2 T
W K 2 i 2 K ]
pM-nRB (r +c086) - r dx-ZnRB [r +mJTKdS
X
1
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where

X - X

2 1

ds = n iCOS G)

K. WTOTS and WTOTB (Iterative ballistic coefficient calculation)

These two operations are straightforward and require no flow

diagram. The computation equations are:

Wror = 2[(Wy g)j+ ¥ +

; msj * Wsr!y * Wer)y + W )i + Werep)]

where j denotes a section of the vehicle;

2

-
- _r H.S. INS.
A RB + cos O cos B

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

The ballistic coefficient is then computed as

w
A - TOT

41 7 Cp s Aoy

L. TEST

This section of the computations is explained on the flow diagram

M. XIXIR 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 adequatelydescribed by the flowdiagram

O. TBM (Tabulatirn computations)

These computations are straightforward and a flow diagram was

not considered necessary.

TOT 1%

TOT J 12" ¢
+WP/L < i 2+WF1XED;( Y
122 o ( TOT P/L). S, |"TOoT j‘,.
8 J 12 g J

TOT J

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:

R
3.92 * R B X
= - B R TOT
Cy = ~—>—— (r/Rg) cos 2 8 (r/Rg) tan © + (R ) - T“) dr
q xR B B
0
2
(WTOTJ(XB
_o , g J\1Z
Stab. Par = -CE CN - C. - Cm ' Cm)
« q a TOT
! = * X
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XI.  FLOW DIAGRA S

This section contains the following flow diagrams:
1.  General Control for Computations
2. FFF Calculations
2a. FFF Calculation Notes
3.  CPM 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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[ SETLP — SETUP” ]

i
[ READ INPUT ~— REAL" !

4

1
L SHAPE CALCULATIONS — "SHAPE" ]
[ PRESSURE AT EACH POINT — " PRESS” l
[ Fi,F2F3 AT EACH POINT — 'FrF’ 1
[ COVER PLATE MOMENTS —- CPM" -]
[ AERODYNAMIC COEFFICIENTS — "ARDC" }
[ NON-ITERATIVE COMPUTATIONS — "NTC" I

[ sy, 95R, WsT, WsR  SECTIONALLY — “STRG" ‘
I O;=>x g AND Tiys POINTWISE — " THSN" }
| Tug AND T ys WITH CONDUCTION SOLN —'TINSR" |
] /]
[ Wig AND Wiuo FOR WHOLE BODY — 'NSH" ]
x ]
[ Wror FOR EACH SECTION —— "wT0TS" ]
| L]
[ WroT AND Argy OVER BODY=>Q , ,~—"WT0TE" ]
l TEST FOR CONVERGENCE —— 'VEST" p———

I

L X,lxlp FOR HS AND INS — "XixiR', "iRxix” _]
I X1y ig FOR STRUCTURE AND RINGS —— "MSTR’ ]
I 2.

v
l

[ X107, IPTOT, IRTOT FOR WHOLE BODY (W/WO “S)—'TBM' ]

l

[ END OF RUN COMPYyTATIONS — "ETC” 7
T
t

[ PRINT OuUT -—- 'PENTO -]

Diagram 1. General Control for Computations.
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SET COMPUTER TO F!SST POINT 1
COMPUTE COMPUTE
Y+7 Y- COVER PLATE REACHED ?
VR, o' g é. Ry
A P 9SceLL,NOSE
Y+l - Re , ,
2y " 27 NO YES
!
FINISH
COMPUTE COMPUTE { y Ik i
) azyi~ \990) 14 } f
IT{)zr.s.q

Rg

I.(2)= Iet-q
Rg

I

NEXT SECTION REACHED ?

[re]

COMPUTE ~PPROPRIATE
ds FOR SECTION

ds H
/Ry 9 el

INTEGRATION

1 +1n

.ds 4+ H
2

EQUATe VALUES OF I (1)
AND I(2} OF _AST POINT

L4 *
_I_&Z_tl_@l.aw 6(2)= 6(2)

COMPUTE
S.q
F,:
Y Teas

i

_ (cm]"z

@

|

COMPUTE
t-qQ

IN PRECEDING SECT!ON

TO I(1) AND I (2) VALUES
FOR FIRST POINT IN SEC-
TION UNDER CONSIDERA-

TION
M=z
[ ]

17 (2): I(2)

F. 2 am———
2 (6

Diagram 2.

FFF Calculations.

L
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STARRED QUANTITIES REPRESENT VALUES AT THE POINT
UNDER CONSIDERATION ~—— UNSTARRED QUANTITIES ARE FROM

PRECEDING POINT.
/Rg Y+l i/2

o[ (o (o [H(om) 7 ]

1/2

G (2) / (f/Ra)SM(P/Po)—é—; [v—(P/po)I-);_lJ ds

Diagram 2a. FFF Calculation Notes.
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COMPUTE.

o= COS ¢'2

bz {1+ COS ¢,)

COMPUTE:

Wst* 27Pgy TsT

(Rp(xz—x|)>

123

COMPUTE :

_ X' + X2

XsT 2
COMPUTE : 2

J:z _vg.T_ L

39 144
COMPUTE:

Wst o 2 -2
Ixgr® (0b +1)y +—Im—{x57 - (X + Rp-Xgr)" )

I

'ST: (2‘°'b)\,

FINISH

Diagram 3. CPM Calculations.
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(2)

(3)

(4)

{5)
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Nrr

WHERE (Po/Pw) IS TABULATED VS. ug IF he £250,000
—OTHERWISE GO TO ERROR AND STOP.

[¥]
: 6.00 x 104 ( E

P (o]
0.28 SIN QE P oo E
23477 035 182

e \0.335 /. R.\ 0.3
HSA = 0.748 (..i...) (_Sl_Ni .._B>

23477

1/2
HSB= (Ry/Rg)

)"

HSC = 5

0.35 12

CQL = 899

Diagram 4.

N.T.C. Calculations.

215 1/2 2.5 -/
[ _“e 0.35 - 899 (—E 'SIN®
\23477 SIN¢ ) 23477 0.35

>
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COMPUTE
K-:z('SR ) TgT <0 ? YES
O'SRE
?
NO
COMPUTE : COMPUTE :
Py /2 / 3 1/4
] 2 dgp
WsT=2m pgr Toy RN X2 WgR: 2T ogg Pt dg7 (Rz- 3
- COMPLETES VALUES FOR SECTION—GO TO NEXT SECTION
COVER PLATE REACHED ? YES FINISH
NO
CCMPUTE:
K" ) 1121 DETERMINE pMAx. IN
cos 8 SECTION P =Ppmax.
COMPUTE: COMPUTE .
2
P 2 2 3
vervens rr o o)) sl [ e[ e o o)
COMPUTE:
1/4
dSR: {K' pR23 (Xz-)ﬂ)}
COMPUTE
2 9sR
WSR® 27 IsR PgT ISR (RZ' T)

Diagram 5.

Per

VALUES GOF pgy USED ARE EQUAL TO _

123

STRG Calculations.
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SET COMPUTER TO FIRST POINT
4
COMPUTE )
b: 1,,,,,,/RB i ~-‘-{ COVER PLATE REACHEC ? ]—-Vfw«
T e
- * 1
¢ PNSO : 1
i
YES X
RN V2
o.COLgA'/E} 12 ! '
) Rg'C !
o HSALANO3 ‘ NO l FiNISH !
n“-|.0 ;
i
1} | NEW SECTION REACHED ? J ;
f 1 NO J 1
i
COMPUTE
R 2
EQYR YES
Fa
N H
TR (8,) Cnqyg
COMPUTE
. .
’NSO‘ k¢
Nig 2 4179]-———] YES IL
TRANSFER THIS VALUE OF 'CW/Rg TO THE
“TINSR" CALCULATIONS FOR t o
‘ NO |
i
— SET . .
i p——{ Frv () _
m(@:‘r. l No I
“m/uE 0
[ ] [
TABLES
P T S
N.TR*“_Q
Nyg *NTR | ¢
2300t (O COMPUTE
€ X
= h
Yo o Iy 7’)
e > XTR 8
COMPUTE —
ew/ HSB d . [a e (4] ‘1
Rg * n & (HSC)FLort(£) 4o st - X7 FZ} ——

Diagram 6.

THSN Calculations.




r
SET COMPUTER TO FIRST PONT H COVER PLATE REACHED ? IL S | ¥Es ,

NO l
COMPUTE COMPUTE . cowur$
-To)k
KZ z Klz K, 3 _YCWQ IL Q- (Ts O) -
P2 dagsty L PHs ®us
T
T * i (Tg=To)a(T,~T
CHs ¥ Pusd T MrGaern
. HS ¥ PH SET Vo¥, SET Vg% -k
o[BIt | e (o]
3 (TS—TO)- 2 'f \ 4 2 _l
YES
TE. COMPUTE COMPU
CO“:L;E I I I ¥ 1. - s Vo +v02*
Vo YES %) <307‘J 4 Vo: L l—erf 7
2 (4
o2
I NO I
COMPUTE L
I YES
ertc 7, "~
COMPUTE. COMPUTE
"
1-erf Vo erfc Vo*
NO Mg < 3¢
g ) W
COMPUTE. COMPUTE
* ® (K *
;é. (K, "Vo’) glvgh = V02 (1= art v(,){;'—3 (K,-vo)}-u
[}
[5€7 vog = W{ es J{ svdrco7 - w0}~ "seT vih o'
COMPUTE
»
€« [AVO ]
b . JU R < U
COMPUTE
tew VO Q° L s ] <oz | n |
._C_w___—g—-—u—:f -
L K, "2age
3
COMPYTE
THS p gL

——— “'72
2r“ns ty
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=== ——— ==

-

e —— — — —— — ——— ——?— — ere— —
I i1
I ' | FLAG CHECK J—®—7 |
COMPUTE | r
L e |
T, -7
L 9 grec 7, ‘ } ?%VV e
i s I YES ’ r ,
(T,=Tq)? j 1 ' ' T T
t 0 i 1
_ ! i ! L ‘
i I SET t COMPUTE A COMPUTE
Y Xy = ¢ ;
1 l XTp7h X7,: 0 4 E" x’z]i o007 erfcor P otert
- — :
s | k | i
IMPUTE ! ; !
L t
e f 7, ;
NO NG )
- SET ! 4
YES I TINS | o | k’L
] Rg ~ Rg COMPYTE = 7 <302
l X1,
n oz -—————‘____‘
1 } ' [ALITN T -7
CHANGE FLAG f o
<30 ? L i [l erfcv'(ﬁerfcnz?
f
THE SAME SET OF COMPUTATIONS L :
AS ENCLOSED IN THE DASHED ; YES NO
LINES IS CARRIED OUT WITH THE

FOLLOWING CHANGES

X = T
Tiag2 "SMmax, gz

i 1
o] o]

|
|
|
|
|
|
|
|
|
|
|
|
|

Diagram 7.

TINSR Calculations,

® o %W
X a = r* 8* » l ____l’______'_)___)
T=T0 * Tiyax " T0 | j CoMPUTE ! I
r__.‘ R 4,_.} . X - XYZ
| s
COMPUTE CCMPUTE ‘ ; |
— = | | I
TINS | {Tins - FHS 6’ _H_SMAX)~ {“"“ -%Ms ! I l
RS RB i | COMPUTE
L 2 H
xp, X wxp, — I
i
S — I
S R |
‘ ‘ | e — e — e — 1
| !
YES | :s < - ‘ i
8 8
A H ToneLTL IMEUTE
T
SET L ] TH S MAX T”SABL o 1 Tws {1T HSAB.L’
TiNS TRy Ry ] R
NS L 8 8 8 8
Y
SET !
ws oot b §
Rg [3]
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COMPUTE: "
TOT. ' . " “
Bt *TToATor < igax 2 NO 60 TO "XIXIR
YES
Jag | -
j— =1 >A ?
s
NO YES
|_. ————-A'*I >.K*? SET: " "
A DisiZ A 60 TO “iTC
Wrot= W
SET:
NO YES AV LRAY 60 TO "THSN" |
Wrot® Wi
W, YES
NO GO TO “xIXIR"
NOTE
1" 21+l IN PRECEDING EQUATION
A = 005 IN CURRENT PROGRAM

2%: 0.01 IN CURRENT PROGRAM
THE EQUATION BEING USED FOR "ITC"' IN THE CURRENT PROGRAM

IS: P, = 3.8 X 1094 u% SIN 6
— THE MACHINE THEN PROCEEDS
TO THE "STRG" CALCULATIONS

Diagram 8. Test.




|
FRAM:S

SEY COMPUTER TO NOSE Tgr<0? p-——— —— -~
COMPUTE .
Prus {(Miornsams - Mus res +|Ns)2"_~
3 T X Hs.ABL
22 Wyg aBL
COMPUTE
* . v h)
Pins Mins +Pus {Mies “Minsy 27
3 * XiNS +HSRES
2% WiNS +H S RES
COMPUTE COMPUTE
2 - 2
( v - ' - I X g—
255 M U Xing wus tor T TXins +ms Res J XHs aBL INS +HS RES
v 2w p
2w . . . - HS
- Pc + p ] . I X L M8
125 ¢ U IXins +us res Ixms} Hs * Ixing 7ins XINS +HSRES HS ABL 123
COMPUTE COMPUTE
2
em Pys { 3[RN
il T : I 2 (R | -
-1 : I X X
1254 P"S{‘Rms +us 10T T T RIS +hs Res J R Hs asL HS ABL 254 ) 8
2w P
27

| -I + T P 3o 1
125g { Pus [IRws +RES IRINS] Rivs NSt * TRrys +RES

. HS (o
TXins +res 125 (Rx Ths

. 27Pus [COS}iJ’

1 :
RHs aBL 125 154 3

-3
27 Pus | cos’¢
I, :

INS +RES 1255, 3

—
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N | 1
NO YES
COMPUTE
R | + T + R, +{r
X (HSMAX INS N {sr>)
WHERE THE rgy IS INCLUDED
IE THE STRUCTURE IS ON THE
OUTSIDE & THIS COMPUTATION
iS CARRIED QUT AT THE FIRST
POINT OF THE FIRST FRUSTUM
3,
2mPysg (RX’THS ABL) (°°5¢") ((1+cosé)r _ Ry
. LRx" THS ABL 3
123w 8
INS +HS RES
"Pug (COS p—1) 3| (1+COS ¢) Ry 3 (1+co50) Ry
3 Rx | =5 — Rx~ 3 | " Rx~TusasL’ [——W—L(Qx"HSABL)‘T
122 Wus aBL
L2 3.2 .
cos¢ RN Ry [Rx - Tys agL an ||
-aﬁ-+RxCOS¢(Rx-'5——"2“')]'(Rx’THsAaL) [—8- +(Rx"HSA8L) C03¢’( 5 ]COS¢’“2— }

2
*] Rn [Rx -t s a8t RN
THSABL) { 8 *(Rx"THs.\aL)COS¢(‘———5—~——]cos¢-—2-)

COMPLETES NOSE - GO TO F'RST FRUSTuUM RXIX)

Diagram 9. XIXIR Calcuiations.
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SET COMPUTER TO FIRST FRUSTUM
r———-
COVER PLATE REACHED? ‘ YES |— FINISH

NO
COMPUTE
- ZﬂRng,S_ \ .
XHSpgL. " S5 o \MHS TOT+INS = M H.S RES.+INS.

T 127 Wys asL.

COMPUTE:

2R3 { pH.s. (M) M M s )
X B B LPNS-IMiNs + 1S RES, - M INS)+PINS. M NS,

INS.+H.5. RES. " 3 W
12 INS. + H S RES.

COMPUTE:

4

2mRg Pus. |, I
IXH.S.ABL 8 |T XHS.TOT +INS. T © XiNS 4 HS. RES.
COMPUTE:
2mRe®  fp oI 4T '

2 —— -~ Iy )P
TXiNs. +H.S.RES.T T 55 { INS. £ X ns. T TXINS + HS.REST Ixng!H S
COMPUTE:

RusasL * ~ 5, NS i RINS.+ HS 10T, - RINS. +H S RES
COMPUTE :
2 TFR84 ! ! 7!

IRns +RES = BYEr {P'“s TRis * [IRlNS.+H S.RES 1"f?ms] Pu 5}

GO 7O NEXT FRUSTUM

Diagram 10. IRXIX Calculations.
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SET COMPUTER TO NOSE
Ty <0? YES VAL JES ALREALY COME_TET FOR
SOU'D NCSE IN XIXIR' CALCULATIONS
NO
COMPUTE COMPUTE |
X X2 Iz 2SR SR
Xg1 = </ RsrR™ g - “ﬁ|
. Wsr X2 1. WSR2
IXST-er(RNu-ﬁ—) LXSR [ ‘
w X i
IRsT:_ngZ(RN'}g) i
GO TO NEXT SECTION ‘
COMPUTE COVER PLATE REACHED ? ‘
- (Xp=X) 2R2+R!) ;
XsT:X+ —3 R + Rz |
NO YES :
wgt 2 2 ‘
Ixer® zg (X0 X2) |
FINISH
WsT 2 2 |
2 — + ) !
IRST 7o (R. RZ |
NOTE:

() THROUGHOUT CALCULATION USE (144¢) FOR g

(?) 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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