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ABSTRACT

This report describes an unsteady presswure clel-ibution cdus
to a blaet wave ¢iffrecting eround a SPARTAN missile azsembly.
The pressire data were obtained from a series of five {2ets pare
formed in the DASACON Conical Shock Tube Facility locsted at tie
Naval Weapons Lsboratory, Dahlgren, Virgiria. Thess tests were
conducted during the period 17 April 1972 to 8 May 14¢72. Durisg
these tests the missile assembly wus subjected to irncicdent blast
weves thich had pesk overjressures of from 2.9 psi to 11..8 psi
and corresponding positive overpresswrs durstions c¢f fiom
3680 milliseconds to 4k4 milliseconds.

The report describes the pressure dats for each tez{ and
the empirical fuaction used to represent thesz data. It then
describes the method of integrating the empiiical furcilor et
given {imes for the missile assembly sections of interest. Tue
results of these calculations for all five tesis ers glven at
selected times. The calculation period covers arproximstely
seven milliseconde tegianing at the time the blaet wave Tiret
encounters the missile assembly. These resuils exre givea &5
torce va time piots la Appendix D.
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I. INTRODUCTION

The analysis described in this report was performed for
Mclonnell-Douglas Astronautics Company in connection with a series
of five eir blast loading tests on a SPARTAN missile assembly.
This assembly, shown in Figure 1, consisted of a nose fuliring, the
control section, the guidance section, and a dummy warhead. The
shaded sections are the ones on which force calculations were
performed.

The missile assembly was tested in the 22 foot diameter test
area (test area 3) of the conical shock tube (DASACCN) at the
Naval Weapons leboratory (see Figure 2). These tests are desig-
nated by DASACON test numbers 11L4-118, and are described in refer-
ence (a)". As shown in Figure 3, the missile assembly was suspended
from the top of the test area in a nose down position. The pesk
overpressures and the positive duraiinns of the incident blast waves,
along with the amtlent temperature and pressure, are listed for
each test in Table 1.

The objectives of these tests were to measure accelerations
on portions of the sasembly's primary structure, and overpressures
on the assembly' ewface. This report 1s concerned with the
surface presst e di: ‘~‘bution. The pressure data were fitted to
the eqnation,

X 16 (-1
plg,e) = ¥ ¥ by 48 “* cos [(J-l)n] (1)
=1 §=1

where:
p 1s pressure,

ie logitudinel distance along the surface measured from
the assembly tip,

8 is circumferential angle measured from the forward stagna-
tion line on assembly surface,

biJ are coefficients determined by fitting the equation to the
experimental data.

The data fitting was performed at given times for a period of
approximately eeven milliseconds. By means of equation (l), the
pressure can be determined at any point on the surface of the
major sections of the missile assembly for the given times.

- e W e e e e W™ e ®m = @ ®m @ W W = @ oW v v m e @ @ W = e w = s e

lthe references are located on page 38.
1
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TABLE 1
SUMMARY CF TEST CONDITIONS

Pear Fositive Amdlent Amb =nt
Crerpreaszyre Diration Tempa-atu-e Pregauce

peig) (ms ) (7) (pede)

L.2 380 76 14.85

11.8 kLo 67 1L.81

e iy bLl 7 1k.84

4.9 383 (&2 14.61

2.9 380 7 .72
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Suck an expression is especially useful in calculating pres-
sure forces <1 the assembly sectiozs. A particular applicatior for
the DASACON tests was t0o irntegrate the pressure over the threes
major sections of the missile aseembly. These irtegrations will
be called "forcea" throughout this repcrt although it is not quite
proper to do 50.2 Thus, the word "force", withoui any qualifica-
tioa, 1eg to be taken as the integral of the pressure. Force vs
time data was used by MNAC as a characteristic of the structural
loading of the missile azeembly produced by the DASACON exviron-
mert. These data were compared with similar data produced by
other enviroroments.

The objectives of thie report ares to descride the pressure
data taken during the DASACON tests and to show bow these data
were used to obtain the force calculaticna. The pressure data are
described in Secticn II and the method of fitting the data to
equatior (1) 18 discussed in Section III. The integration of
equation (1) is discussed in Section IV, where the following
as3umption: are mada:

a. The pressure dis'ribution is symmeirical, i.e., the
eflects of the fin located on the conirol section (See Figure )
are igrored.

b. The shock wave is plane as it dJff.acts around a given
section.

Sectiorn V discusses the results of the force calculations and
estimates the maximum effects of including measurements on the
fiz side in the analysis. Tables of -the ty4 cosfficients in
equation (1) are given in Apperdix C for each calculation time
of each test. Comparisoas of the results of the pressure fiis
axd experimental data are given in Appendix D. Section VI gives
conclusions axnd reccommendations.

II. DESCRIFTION OF PRESSURE DISTRIBUTION

Figures 4 and 5 show the locations of the pressure traps-
3 ducers on the migsile assembly s:rface during the DASACON tests.
The differences between these figures are due to a 180° rotatiom
cf the assembly abcut i1is axis after the second test of the

B @ @ B @ @ W B W W S W W W S & W (} 5 e W W @8 W @ W w ® e o -

2Tne integral of the pressure over the n.iu:hly surface has the
dimensions of a force, ut does not specify any direction. Thus
it cannot be properly regarded as a vector quantity such as
force. . : ' A
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series {test No. 115). The number of pressure traunsducers on the
surface of the assembly was limited to 30. Therefore, in order to
define the pressure distribution more accurately, most of these
gauges were placed on one side of the assembly. Transducers were
placed on the side opposite the fin at intervals of 30° around the
circumferences of the sections of interest (see Figure 1). Three
transducers were placed at stations 1 and , so that data from the
boundaries of the integration region could be obtained. Three
transducers, designated. by the letter F were placed at station 3
(control section) on the fin side to determire the maximum effects
of the fin.

The data from these measurements were recorded on magnetic
tape (reference (a)). In order to have smooth data for the calcula-
tions, the tapes were played back through low pass, linear phase
analog filters with a cutoff frequency of 8 KHz. The data were
then digitized, and plotted by a CALCOMP plotter. The resulting
plcts were carefully examined and then smoothed by hand. Tke
smoothed data were digitized on punched cards at a rate of
1000 samples per second for use in a computer.

The smootbed data from each test are given in Apperdix A for
the finless side of the missile assembly. Umsmoothed data for
the fin side are given in Appendix B. The appendices contain
graphs of pressure vs time at the given circumferential angles.
The station number for each curve is listed on the right side of
each figure. The zerc time in the figures of Appendix A is the
time that the shock first touches the missile assembly. The
symbol, T,, located at the lower left of the figures ir Appendix B,
designates an arbitrary common time.

A. Shock Diffraction Process

Before the pressure records are discussed, a brief
description of the shock diffraction process will be givea.
Since the cross section at each axial position of the missile
assembly is circular, the shock diffraction at a given axial
position is similar to the diffracticn of a shock around a
cylinder.

Shadowgrams of the diffraction of a shock wave around a
cylinder are given in reference (b). Figure 6, which shows the
diffraction at various stages of engulfment, is based on these
shadowgrams. Figure 6a shovs a regular reflection of the shock
wave on the front of the cylinder surface. Regular reflection
occurs until the angle, a, between the plane of the shock and the
tangent to the surface is some critical value Q. (reference (c)).
This angle, .., is dependent upon the incident shock strength.
After the shock has reached the critical amgle, a Mach stem 1is
formed (Figure 6b).

9
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This Mach stem weakens as it diffracts around the rear of
the cylinder (Figure 6c). Mach stems for each side of the cylinder
intersect and cross each other at 6 = 180°. After crossing each
other, tey propagate back toward the front of the cylinder
(Figur= 6d). As the shocks contimue to propagate toward the frowd
of the ier, the flow behind them is characterizsd by separatiocn
and vor ‘on. The separation is due to the adverse pressure
gradient, cau oy %the shozks, on the bcundary layer flow
(Figure 6e).

B. Measurements on Finless Side

Figures A-8 thru A-10 of Appendix A sre typical of records
from the front of the missile assembly, where regular reflectlon
and initial formation of the Mach stem takes place. These r=cords
show an instantaneous rise to a peak followed by a rapid decay and
then by 2 much more gradual decay. Figures A-1l through A-14 are
typical of records from the rear of the assembly. The curves of
Figures A-11 thru A-13 show an instantaneous rise To a peak followed
by a decay to a minimum value and then a second rise. The time
between the pressure rises decreases as the circumferential angle
increases. The second pressure rise is caused by the shock from
the other side of the cylinder being propagated toward the front.
Figure A-14 shows the pressure records from the 6 = 180° locations.
These curves show peaks which have values high=r than those of the
90° < 8 <150° locations. The higher pressures are caused by the
shock on one side of the cylinder intersecting tie shock from the
other side.

The curves of Appendix A for a given 6 locaticn show that
the pressure variation with the longitudinal distance on the
frustrum sections (sectioms, one, two, and three shown in Figure 1)
is quite pronounced on the rear of the missile assembly. These
variations are largely caused by the fact that the shock reaches
the smaller diameter sections at later times then %he larger ones
and by the sho-+k's engulfing the smaller diameter sections in less
time. Thus, the pressure maximums and minimums occcur at differ:zud
times for the different frustum sections.

C. Measurements on Fin Side

Tests 115 and 116 were conducted at incident peak shock
overpressures of approximately 12 psi. Since the missile assembly
was rotated 180° after test 115, pressure measurements at locztlions
of 30°, 60°, 75°, 105°, 120° and 150° were obtained on the fin side
of station 3 for essentially the same incident pressure. FPressure-
time plots from these measurements are shown in Appendix B in order
of increasing circumferential angle. Figures B-1;, B-2;, and B-3
show a second pressure rise caused by the shock reflection at the

11
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¢in. Figures B-4, B-5, and B-6 sh>w a small initial pressure rise
followed by & much larger rise. Tie small rise is caused by the
iiffraction of the shock over the fin; while, the second one is
aused by the influence ¢f the reflected shock on the flow. The

n can be expected to have the following influence:

1. It will cause the pressu-e on the fin side to be
larger than that on the finless side.

It will locally retard the shock on the fin side.
The retardirg of the shock will cause the finless side to be
ergulfed sooner.

IIT. DESCRIPTION OF PRECSURE FIT

In order to integrate the pressure oun the surface cf the
missile assembly at a giver time, %, it is desirable to express
the pregsure as a function of coordinates ~f the assembly surface
at any desired time. Two convenient coordinates for this purpose
are shown in Figure 7. Coordinate s is the longitudinal dietance
as measured along the surface from the assembly tip, and ¢ is the
~ircumferential angle as measured IZrom the windward side. Once
the pressure as a function of these coordinates is found, the
forces on each section can be calculated from the integral,

F=// p(s,0)dA, ()
A(s,6)

where:
F is the force on a given section,
A(s,6) 1t the sectional area engulfed by the blast wave.

The empirical furction, p(e,8), should be restricted to one
which is periodic in ¢ with a period of 2v radians. It is also
desirable that the function be easily integrable, so that
numerical methods do not have to be resorted to. If symmetry is
assumed, then the function must be even in 6. Thus, only one aide
of assembly hag to be considered, i.e., 059 <m. A cosine series
in 6 has these desired properties. Expressed as a cosine series,
p(s,6) has the form

L
p(o0) = £ 2y(5) oo ((-1) 6], (3)

vhere By (s) are coefficients. In order to keep p(s,0) simple,
12
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) are taken as p>lynomials in s. Thus,

K 1
R' ) biJsi- . (b)
i=1

e ~omplete funciion is

_ K L -
p(s,0) b 8°"" cos [fd-l) 9] ; (5)
i=1 j=1

Many other functions might be chosen to describe the preecsure
distribution. However, the ope above has all of the desired
properties, i.e., easily integrable, even in 9, and periodic with
a period of 27 . The coefficients by 4 are determired by fitting
the pressure data to the function at a given time, t, by the
method of least squares. The summation limits, K and L, depend
iron the number of data points available, i.e., the product of K
and L must not exceed the number of data points available at
time, t.

The toial caiculation time for each section is, for conveni-
ence, divided into tw. veriods, the engulfment period, and the
post-erculfment period. The engulfment period is the time
requir:d for the shock to engulf a given section. The post-
engulfment period is the time after engulfment. During the
engulfment period, the number of available data points varies
because the number of transducers engulfed by the shock wave
changes. Thus, during this phase, the limits, K and L, change
from time to time. During the post-engulfwent phase, the limits
remain constant at K = 3 and L = 6. Of the many combinations
considered, these values of K and L were found to give the best
results.

The calculation times during the engulfment period must dbe
chosen with cere. The reason for this 1s shown vith the aid of
Figure 8. Consider the diffraction of the shock around a parti-
cular section of the missile assembly with the pressure trans-
ducers located every 30° from the wirdward side. When the shock
is between two transducer locatinns, the function p(s,0) may not
describe the pressure accurately in the region between the trans-
ducer last engulfed and the shock front. For example, if the
shock were at 117°, only four data points would be availadble for
ritting the pressure to p(s,0). Thus, there would be very little
confidence in the function fo» angles greater than 90°. To avoid
these inaccuracies, calculation times were chosen, during the
engulfment period, as close as possible to the shock times of
arrival at the various gauge locations.

21
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IV. DESCRIPTION OF FORCE CALCULATION

With the surface pressure given at a particular time as a
function of s and ¢, the force on a given section zan be calculated
by the expression,

F=27// p(s,0)aA . (6)
Af2

During the engulfment period, A is the area of the section that

has been engulfed by the shock. During the post engulfment period,
A is the total area of the section. During the engulfment perioq,
A is bounded vy the curve formed by the irtersection of the shock
front with the surface of the section. Of the three m’-sile
assembly sections of interest, two are conical frustrums (sections
2 and 3) and one is a cylinder (sectior 4)., The intersection of
the shock front with these two different types of sections is

shown in Figure 9.

For a cylindrical section, the ejuation for the curve of
intergection is

Ys = ra cos 6 (1)

where, Yg is the perpendicular distance of the shock front from
the axis of the cylinder, r, is the radius of the section and 6 is
the circumferential angle at which the shock front intersects the
cylinder. Yg is positive when the shock is engulfing the front of
the cylinder, but changes sign after the shock crosses the center
of the cylinder. Thke corresponding relation for the frustrum
rection 1s

R -
Yg = TIn o cos ) (8)

vhere R is the length of a ray from the theoretical apex of the
frustrum to a point on the boundary curre, and a is¢ the half angle
of the extended cone (see Figure 9b). _

Before the force calculgtions are described, three different
gets of functions, fij, g1, and by}, wvill be defined. These
functions occur naturally as the results of recurring integrals,
and represent the (1)) terms in double summation expressions.

The first function along with the defining integral is:

16
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X2 Yl N
BRI K25 LS Biiteos [(s-1)y] a yax (9)

or, for jJ = 1:

1+1 141
£5) = 357 Ot -t (9a)

For J > 1, the general integral is

: sin [ (1-1)v1 ) (it - xaitly, - (gb)
13 {1+1) (3-1) !
vhere 1, J =1,2, 3, . ..
The second function is:
Y2
(Jy)ay
(n,y2) = ; L=
B1jrio y1 (cosy)i (1c)
or:
g, = Y2 -1, (10a)
_ 1 1l +s8iny
81,2 =2 siny yL 5 In l:l e y] (10v)
Y2
2
813=3:"Bin[31)YJY1-81,J-2 J>2, (10e)
=% l+s8iny YI2 (104)
82,1 = 3 l-8iny Yl,
sin y o 1-3 )
841 = | -2Z2g4.1.1 15> 2 (10e
(1-2)(cos y)ienn 1-2 !
812 = 281-1,1 - 8141,1 1>1 (10r)
81y = 281-1,5-1 - 84,4-2 1>1,)>2 (10g)

18
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The final function is:

Y2 Xi aie
hyy(v1,ye,x1) T ] (x-a)*™* cos {(3-1) y])xaxdy (11)
or
1"1 (o]
by 28 ((r2-n) xut-algp, 1) (11a)
n=_
hy 3 E.}E [(l(l_ sin Jy) (I AIBIJ] J> 1 (11b)
i n=0 1! J Y1

In the equations for hyj,
I = {-n+l
J = 3-1
cqn = (4-1) ! @" / (4<1-n) ! n ¢
A = Yg/sin a

The parameter, d, is a reference distance whose physical significance
will be explained later.

Since the force calcuiations for the frustrum gections are more
complicated than those for the cylindrical section, thé two cerus will
be treated separately:

A. Cylindrical Sections

1. Engulfment Period

The force on the cylindrical section at some time, t,
during the engulfment period is the integral of the pressure function
over the area bounded by the curves:

6 = arc cos (Yg/re), (12)

8 = 8D, (]2‘)

s =8), (12v)
19




1o longitudinal distances of the end of the
10). Thus, the force is calculated by:

55 3
F - / frep(s,0)déds .
Sl 0

Substituting equation (5) for p(s,9) into equatiom (13},

1

(1ka)

3]
&
3
—
o
la)
~~
1]
-
-
w0
n
-
[¢3]
~—

n

Post Fngulfment Period

During the post engulfment period the pressure function is
ated over the total sectional half area. Since for this case,

4

-
e
ct
[

4.9}
g |
»w

©f

K L

F=2rc 1 .l bys F3-1,3 (81, So5 (15)

=]
S

B. Frustrum Sections

1. Engulfment Period

For a frustrum section, the area swept out by the shock is
more easily visualized if the section is folded out. Since only the
sectional half area is being considered (symmetry assumption), this
area can be represented by a portion of a sector whose angle is
B. = ™ sin o (see Figure 1la).

The shock boundary curve is then represented as a curve
on the surface of the sector. The equation of this curve is, by
equation (3),

R = A sec 6 = A sec (F/sin o )

The second equality gives the boundary curve in terms of the polar
coordinates R and B; where, B is defined as % sin a. A folded out

20
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frustrum section is shown in Figure 11 for various stages of engulf-
ment. The subscript, 1, refers to the small end of the section; while,
the subscript, 2, refers to the large end. The quantities,

r; = Ry sin o and rp = Ry sin o, are the radii of the small and large
end of the: section, respectively. The quantities:

oy, = arc cos (Yg/ry) , (17)
3, = arc cos (Yg/ra) , (18)
RL = A sec 9L . (19)

define the end points of the shock boundary curve. Equations (17) and
(18) can be written in terms of the polar angles, f1, and £, by multi-
plying these equations by sin « . The polar coordinates of the end
points of the boundary curve are given in Figure 11 for each stage of
engul fment shown. Since the pressure function, p(s,f) is dependent
upou s, and since the area of a frustrum section is most conveniently
expressed in terms of R, the relation between s and R must be used to
express both quantities in terms of the same variable. 7This relution
is,

R=85+4d, (20)

where d is defined as, Ry - s;.

The fcrce calculations for each of the engulfment stages
of Flgure 11 are described below:

a. T2 <¥s:21)

Referring to Figure lla,

Eu Ry
F=27 7 p(s,0) RaRae (21)
O R
-gu Ro
F=2sina [/ J p(s,8) RARAG . (21a)
0 R



b). o<y <, c). y=0

d). -r, < yg<o ). -1, <yg< -1,

INTEGRATION AREAS OF A FRUSTRUM SECTION

FOR _VARIOUS STAGES OF ENGULFMENT
FIGURE 11
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Substituting equation (5) for p(s,8) gives,

K L % Ro (o1
Poostnx 00 by 0 _ (R-a)t"h cos [((j-1)0]) Rarae  (21v)
1-1 j=1 0 Asec ©

r using equation (11),
K L

F=2sin & 1 hyy (0,8,,R) (21c)
§=1 =1

p. O ¥g <y

Referring to Figure 1lb,

.

61, Rp % Ro
F=2sinal/ / p(s,6)RARAP + ; 7/ _ p(s,0)RARdA (22)
0 R QL Asec 9

Using equations (5) and (20), gives,

SR
K L u 2 r
F=2sina Iovg [/ s st cos [(3-1)6] (s+a)dsas  (e2a)
i=1 =1 0 Ry
N
Pu F2 1-1 7
+ 7 ¢ _(R-a)*"" cos { (3-1)9 ) RdRad| ).
01, Asec 6 !

The first integral can be written in terms of f1J by equation (9).
The second integral can be written in terms of hj by equation (10).
Thus,

K L 2

F=2sina 151 ng byy | £15(6L, Ry, Rp) + dfy_y y(8, Ry, Rp) (22b)

+ hyy By, By 32)] .
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Referring to Figure lle,

ﬂ/2 R2
F-2s8in1 s s p(s,2) RARAA (23)
(o} Rl

>r using equations (5), (20) and (9),

K L
b 2 s8in bij[fi)("/2’ Rl’ R2) + dfi-l,J("/2’ Rl’ R2)] (238)
=10 = '

d. -rl‘;Y,. 03

o

Referring to Figure 11d,

3y Ro 8, Ry R
F=2sina|l/ [ p(s,0)RARA% + [ [ _ p(s,0)RARA9 | . (2k)
8] Rl 9L Asec 2]

Using equations (5), (20), (9), and (10) gives,

F =2 sina L 2,.‘1 bi,_) [fi.j@u’ Rl’ R2) + dfi-l,J@u. Rl, R2) (21‘5)

"t

+ hiJ@L’ -§u, RI)J

e. <rp < Y5 <-rp

_ Referring to Figure lle, onc sees that Py = 7/sin a
and that A1 = 7; thus,

[y

K L
F =2 8in @ 151 Jfl by 4 tfiJ(eu’ Ry, Rp) + dfi-l,J(aﬁp Ry, Rp) (25)

+hyy( m, By, FL)]

3Recall that Ys changes sign after the shock passes the center of the
section. This is true by the definition of Y.
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', Yoot kEngulfment Perilod

During the post engulfment period, the pressure intcgra-
tion 18 performed around the total helf sectional area. Thue, the
force is calculated by the quation,

" q2
2 sinn [/ p(s,8) RARAV (26)
N R,

r uaing -quations (), (20), and (9),

X I 2,
F 2 s8in 1 }1: [rij(" Ry, Re) + dfi-l,J(ﬂ' Ry, RQ)J (268)
121 4=1

Therefore, by using equations (21) through (26), the forces
for a given frustrum section can be calculeted for both the engulfment

and the post engulfment periods.

C. ULescription of Computer Program

The above results were used in a computer program for calcu-
lating the forces on glven sections of the SPARTAN missile assembly.
"his program, named PREDIN, i{s written in extended FORTRAN IV for the
MWL CDC 6700 computer. A basic flow chart of this program is given in
Figure 12. [his program takes pressure ve time data at given trans-
ducer locations in-the form of punched cards, determines the pressure
at cach location for a given time, reads and appropriate limits K and
L for the double summation of the pressure function, fits the daia to
the pressure function, integrates the obtained function over the
appropriate sectional arcas, and finally plots force-time histories for
each missile assembly section of interest.

V. RESULTS

A. Results of Calculations

Using PREDIN, force calculations were obtained on sections 2,
3 and 4 of the missile asscmbly (see Figure 1) for DASACON tests 11i-
118. The calculations were performed on each section, at given times,
for a total period of about seven milliseconds. Table 2 shows the
calculation times for the engulfment period and the cciresponding
values of K and L for cach test. Calculations were performed at
intervals of .1 milliseconds during the post engulfment periods.

26




READ PRESSURE - TIME DATA

.i

DETERMINE PRESSURE AT SPECIFIC
LOCATIONS FOR A GIVEN TIME

l

FIT PRESSURE FOR A GIVEN TIME
TO FUNCTION, P(SO)

l

INTEGRATE FUNCTION OVER GIVEN REGIONS

CALCULATION
NO PERIOD

IS
COMPLETE

PLOT FORCE VS TIME

FLOW CHART FOR COMPUTER PROGRAM, PREDIN
FIGURE 12




Times
Test 14

msec)
.150
.550
. 300
. 300

1.050

2.225

n

.850

b el

TABLE 2

-

VALUES OF SUMMATION LIMITS FOR VARIOUS CALCULATION TIMES

Times
Test 19

.150
.500
. 1CO

. 300

1.450

2.000

M{mes
et 16

.160
.550
.T50
. 900
1.000
1.500

2.050

28

Times
Test 17

gmccz

.200
.250
.600
.950
1.100
1.700
2.300

3.100

Times
Test 18

.200
.600
.850
1.000
1.150
1.750
2.350

2.950

n

~

w W W W

fe

'!'i_- =



Ail times are refercnced to the shock time of arrival at station Py-0
ece Figure b4). Tables of all of the by y cocfficients of p(s,0) are
given for each caleulation time of each test in Appendix C. Appendix D

chows comparisons between pressures calcuiated by p(s,?) and experi-
rental data. ‘The eppendix contains experimental datu from test 114 and
16. The comparisons for 1k are typical of tests 11k, 117 and 113,
and the compar icons for test 116 are typical of tests 119 and 116.
Fowr times were choren for these comparisons, two during the engulfment
period end two during the post engulfment period. The solid lines in
*he figures were culculated by p(s,8). The points are experimental
iata. raphs of force vs time on sections 2, 3, and b of the missile
aspembly are given for each test in Appendix E. These curves are
haracterized bty an {nitial fast rise, followed Ly a nore gradu:l rise
1 peak value, followed by a very gradual decay. The peak value
rcurs at a tim~ approximately equal tc the engulfment period of the
section.

cffect of Fin

As discussed enrlier, these results were obtained by assuming
a symmetric presswe distribution. The effect of the fin on the
presegure distrihution of section 3 (control section) can be shown from
the data of tests 115 and 116. These tests were conducted at approxi-
mately the same incident shock pressure (sce Table 1). Because of the
rotation of the missile assembly after test 115, the two tests gave
pressurc measurements at 30°, 60°, 75°, 105° and 150° on the fin side
f section 3. Figures 13 through 16 show pressure data from the fin
side vs angle compared with corresponding data on the finless side.
The comparisons were made at times of 1.50, 2.00, 2.50 and 4.00 milli-
seconds, respectively. The data from the fin side are connected by
dashed lines; while solid lines are drasn through the averages of the
data from the finless side. These lines are drawn only to facilitate
data reading,. These figures clearly show the increased pressure due to
the effects of the fin. These effects are smaller for section 2 and L
which do rot have a fin. An estimate of the percent differences
betweer the forces calculated using the symmetry assumption and that
of the actual pressure distribution can be obtained by the following
pracedure:

The force on section 3, at a given time, is estimated by
multiplying the average of the pressure at the given time by the

appropriate area. Thus, the force estimated wvithout acsuming a
symmetrical pressure distribution is

Fo = (Pp+ P) A2 ; (27)
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while, the force estimated with the symmetry assunption is
F = pA (28)

where, pp is the average pressurc on the fin silr, and D is the
average pressure on tho finlees side. A 1s the total area swept out
by the shock wave. The ratio FB/T is given by,

Fo/F = (Bp + B)/2P = (1 + Bp/B)/2 (29)

This ratio is plotted against time in Figure 17. The maximum value of

the ratio occurs near the engulfment time. Flgure 17, therefor:, gives
a8 estimate of the effect of assuming a symmetrical pressure distribu-

tion in the force calculations for section 3. This effect is c¢xpected

to be less for sections 2 and b since they do not contain a fin.

VI. CONCLUSIONS AND RECOMMENDATIONS

The results of this report show that the pressure distribution at
a given time on the surface of the SPARTAN missile assembly can be
represented by the function,

K L
p(s,8) = ¢ & by 5 si-1 cos [{3-1) 6]
1=1 j=1

The coefficients and the number of terms in this representation depend
upon the amount of experimental dita avallable. For determining the
forces on the missile assembly, the number of data points obtained
during the DASACON tests were adequate. Analyses which require a more
accurate definition of the pressure distributi{-n would, in general,
require more data.

The term, "force", used in this report applies to the integration
of the above equation over the appropriate area. The actual directional
forces on the various assembly sections could be obtained with the data
presented and described in this report. For example, the directional
forces on a given assembly secticn can be determined by,

Fd = s -p(s,8) ndA, (30)
A(s,8)

vhere n is a unit vector normal to the surface. Vector ﬁ, can be

expressed in terms of an orthogonal set of vectors ﬂ, N and ﬁ, shown in
Figure 18 for a frustrum section. Unit vector A is directed along the
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UNIT_NORMAL ON THE SURFACE
OF A
FUSTRUM_SECTION

figure 18
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sectional axis, N is dirccted perpendicular to the axis in the dircc-
tion of the blast wave propagation, and K 18 directed out of the plane
formed by A and N. Thus, n can be written as,

n=cocs 0A - sina cos ¥ N + sin a sin A ﬁ 31)

Stince pls,8) 1s symmetrical about the plane perpendicular to K, the
total force in the K direction must be zero. Substituting equa-
tions (5) and (31) into oquation (30) gives:

Fp = sin o :1 Jfl by g Vs si-1 cos [[(4-1)6 ] cos 9 aa  (32)
KR 1

Fo=con & L s by | A(f’g) s11 cos [((J-1)9] aa (33)

Fy = 0 (34)

'hese are the vector force compcnents for a frustrum sectlon in the
axial, normal and R directions respectively. Similar expressions for
a cylindrical section are obtalned by setting a = O in the above
quations. The same integration limits for the various stages of
engulfment and the post engulfment period given in section IV can be
used in evaluating the above integrals. Solutions to these integrals
can be found in standard tables, although care must be tak.a t» insure
that all possible cases are considered.

The test results indicate that the presence of a fin on one side
of the control section may cause the force on that section to be as
much as 1.3 times as great as that encountered without a fin. This
result indicates that a symmetrical distribution shcould not be assumed
when a high degree of accuracy in the force calculations is desired.
The same equation for fitting the data can be used for both the
symmetrical and the asymmetrical distribution. However, the fit for
the agymmetrical distribution requires more data to be taken on the
fin side of the assembly. For this reason, 1t is recommended that, in
the future, an equal number of pressure gauges be placed on each side
of asymmetrically loaded test items.

NWL possesses a large amount of surface pressure data ottained
from various blast loading tests on sectional assemblies of the Sprint
and .the Nike Hercules missiles, in addition to the SPARTAN data dis-
cussed in this report. These missile assemblies vary in size, but have
the same basic shapes, i.e., cylinders, frustrums of cones. These data
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include the results of tests performed over a wide range of incident
shock pressures and missile orientations. It is recommended that a
thorough aerodynamic and statistical analysis of the date be made.
This analysis should lead to the formulation of an empirical pressure
distribution model for the air blast loading of objects similar in
shape to the missile asgemblies.
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APPENDIX C

PRESSURE FUNCTION COXFFICIENTS
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