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ABSTRACT 

This report descrlbeB an unsteady pressure dle-L'fbutlor CMS 
to a blaet wave diffractla,; erovtad a SPARTAN mlasile aaseablj. 
The pressure data vere obtained from a series of five t^st«. par- 
formed In the DASAGON Conical Shock Tube Facility located at t3.e 
Naval Weapons Laboratory,  Dahlgren, Virgiria.    Thes* tests vere 
conducted during the period 1? April 1972 to 8 May 197?»    During 
these tests the missile assembly was subjected to incident blast 
waves  /hich had peak ever pressures of from 2.9 pai to 11.8 psi 
and corresponding positive overpreseur« duration cf from 
38O milliseconds to khk milliseconds. 

The report describes the pressure data for each test and 
the empirical function used to represent thfts-^ data.    It tiiea 
describes the method of integrating the emplrlcai fraction at 
given times for the missile assembly sections of irtereat.    The 
results of these calculations for all five tests er» glve^i at 
selected times.    The calculation period coverö approximately 
seven milliseconds teginning at the time the blaet wave fir et 
encounters the missile assembly.    These results t\re given as 
force vs time plots la Appendix D. 
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I.  INTRODUCTION 

The analysis deeorlbed in this report was performed for 
McTonnel1-Douglas Astronautice Company in connection with a series 
of five air blast loading tests on a SPARTAN missile assfembly. 
This assetr.bly, shown in Figure 1, consisted of a nose fairing,  the 
control section, the guidance section,  and a dummy warhead.     The 
shaded sections are the ones on which force calculations were 
perforned. 

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  (^jboratory  (see Figure ?).    These tests are desig- 
nated by DASACON test numbers  lll»-ll8,  and are described in refer- 
ence   (a)   .    As shown in Figure 3>  "tbe missile assembly was suspended 
from the top of the test area In a nose down podition.     (he peak 
overpressures and the positive durallons of the incident blast waves, 
along with the ambient temperature and p^ssure,  are listed for 
each test in Table 1. 

The objectives of these tests were to measure accelerations 
on portions of the aTsembly's primary structure,  and overpressures 
on the asbembly'    sr'xface.    This report is concerned with the 
surface press'   e 11; 'r^butlon.     The pressure data were fitted to 
the equation, 

K      L 
p(8,'-)  .    1     ii    b^.s1"1 cos [(J-1>J (1) 

1=1 >1      J 

where: 

p is pressure, 

s  is  logitudinsi distance along the surface meabured from 
the assembly tip, 

9 Is circumferential angle measured from the forward stagna- 
tion line on assembly surface, 

b-n  are coefficients determined by fitting the equation to the 
experimental data. 

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

The references are located on page 30. 
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TABLE 1 

rJMMARY OF TEST ( XJNDITIOHS 

no. Si3 
Po«iUT« 
IXratlon 

Amblait 
T*iiij>»-fcture 

Aznb 

Ilk ii.2 38G 76 ^.85 

m 11.8 kUO 67 :.i».8i 

116 11.7 m 71 ].»».81» 

117 k.9 383 6e i.ii.6i 

118 ■ .9 380 71 ik.71 
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Such an expreaalon Is «specially naefal la calcilatlng pres- 
sire forces 0:1  th- assembly sectiors. A particular application for 
•h» OASACON teats was to Ictegrate the pressure over the three 
major sections of the missile assembly. These Icte^ratlonfe vlll 
be called, "forees" thro-ugfcout this report although It Is not quite 
proper to do so.  Thua.o the nord "force", without any qualifica- 
tion, Is to be taken em  the Integral of the pressure. Force vs 
time data was use! by MHAJ as a characteristic of tne structural 
loading of the missile «wsembly produced by the DASA'ION environ- 
ment. These data wire compared with similar dat4 produced by 
other environments. 

The objectives of this report are to describe the pressure 
data taken during the DA3AC0N teats and to show how these data 
were used to obtain the force calculations. The pressure da^a are 
described in Section II and the method of fitting the data to 
equation (l) is discussed in Section III. The integration of 
equation (l) is discussed in Section IV, where the following 
afiaompMons are made: 

a. The preösure distribution is symmetrical, I.e., the 
effects of the fin located on the control section (See Figure l) 
are ignored. 

b= The shock wave is plane as it d^ff^acta around a given 
section. 

Section V diäcussfts the results of the force calculations and 
estimates the maximum effects of including measurement.s or the 
fia side in the analysis. Tables of tne b^j coefficients in 
equation (l) are given in Appendix C for each calculation time 
of each test. ComparlBons of the results of the pressure fits 
anl experimental data are given in Appendix D. Section VI gives 
conclusions and recommendations. 

II.  CESCHIFTION OF FRESSURE DISTRIBÜTIO» 

Figures k  and 3 show the locations of the pressure trans- 
ducers on the missile assembly sorface during the DASACON tests» 
The differences between these figures «re due to a l80e rotatlom 
of the assembly about its axis after the second test of the 

-The integral of the pressure over the assembly surface has the 
dimensions of a force, but does not specify any direction. Thus 
It cannot be properly regarded as a vector quantity such as 
force. 
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series   (test No.  115)«    The number of pressure transducers 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 cf Interest  (see Figure l).    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 determine 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 
plots were carefully examined and then smoothed by hand.    The 
smüothed data were digitized on punched cards at a rate of 
1000 samples per second for use in a computer. 

The smoothed data from each test are given in Appendix A for 
tue finless side of the missile assembly.    Uhsmoothei 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 zero time in the figures of Appendix A is the 
time that the shock first touches the missile assembly.    The 
symbol, T0,  located at the lower left of the figures ir Appendix B, 
designates an arbitrary common time. 

A.    Shock Diffraction ft-ocess 

Before the pressure records are discussed, a brief 
description of the shock diffraction process will be given. 
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 diffraction of a shock around a 
cylinder. 

Shadowgrams of the diffraction of a shock wave around a 
cylinder are gxven in reference (b).    Figure 6, which shows the 
diffraction at various stages of engulfroent. Is based on these 
shadowgrams.    Figure 6a shows 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   0«.  (reference (c)). 
This angle,   acr, is dependent upon the incident shock strength. 
Alter the shock has reached the critical angle, a Mach stem it 
formed (Figure 6b). 

-*■*•*. WiivilUfü. ' '■ * wwww 
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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 9 = l80°. After crossing each 
other, they propagate back toward the front of the cylinder 
(Figure 6d). As ths e-bocks centime to propagate toward the 
of the cylinder j the flow behind -(.hem is characterizes by separation 
and vort?x formation. The separation is due to the adverse pressure 
gradient, caused sy the shocks, on the boundary layer flow 
(Figure 6e). 

B. Measurements on Finless Side 

Figures A-8 thru A-10 of Appendix A are typical of records 
from the front of the missile assembly, where regular reflection 
and initial formation of the Mach stem takes place. These records 
show an instantaneous rise to a peak followed by a rapid decay aac 
then by a much more gradual decay. Figures A-ll through A-14 are 
•typical of records from the rear of the assembly. The curves of 
Figures A-ll thru A-13 ahow 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-lU shows the pressure records from the 9 = 180° locations. 
These curves show peaks which have values higher than those of the 
90° i 9 <.150° locations. The higher pressures are caused by the 
shock on one side of the cylinder intersecting the shock from the • 
other side. 

The curves of Appendix A for a given 9 location stow that 
the pressure variation with the longitudinal distance on the 
frustrum sections (sections, one, two, and three shown in Figure i) 
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 the larger ones 
and by the shc-.k's engulfing the smaller diameter sections in less 
time. Thus, the pressure maximums and mini mums occur at differ aat 
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 locations 
of 30°, 60°, 75% 105% 120° and 150° were obtained on the fin side 
of station 3 for essentially the same incident pressure. R?es«ure-
time plots from these measurements are shown in Appendix B in order 
of increasing circumferential angle. Figures B-l, B-2, and B-3 
show a second pressure rise caused by the shock reflection at the 

11 
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fin.    Figures B-U,  B-5f  and B-6 show a small Initial prenBure rise 
followed by a raueh larger rise.    TLie small rise is caused hy the 
diffraction of the shock over the fin; while, the second one Is 
caused by the Influence of the reflected shock on the flew.    The 
fin 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 flnlesa side. 

2. It will locally retard tho shock on the fin side. 
The retardicg of tne shock will cause the flnless side to be 
engulfed sooner. 

III.     DESCRIPTION OF PREL'SURE fIT 

In order to Integrate the pressure on the surface of the 
niBSile assembly at a given time, t. It is desirable to express 
the pressure eis a function of coordinates i>f the assembly Burface 
at any desired time.    Two convenient coordinates for this purpose 
are shown in Figure 7«    Coordinate s is the longitudinal distance 
as measured along the surface from the arsembly tip,  and w is the 
circumferential  angle as measured from 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(8,e)dA, (2) 
A(8,0) 

where: 

F is the force on a given section, 

A(s,©) it the sectional area engulfed by the bleut wave. 

The empirical function, p(8,9), should be restricted to one 
which is periodic in o with a period of 2^ radians.    It is also 
desirable that the ♦'unction be easily integrabie, so that 
numerical methods do not have to be resorted to.    If symnetry is 
assumed, then the function must be even in 9.    Thus, only one side 
of assembly has to be considered,  i.e., 019  £*•    A cosine scries 
in 9 has these desired properties.    Expressed as a cosine series, 
p^8,e) has the form 

L 
»(•,#) -   I     Mt) cos  [(J-I) 9] , (3) 

where Ms, are coefficients. In order to keep p(8,9) simple, 

12 
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s) are taken as polynomial«  in 8.     Thus, 

.1-1 
K 

Bj(8) -    I    bus1""1-  . (I») 
1-1 

^h^ complete function la 

K      L 
p(s,9) -    Z       L    b    i1"1 cosHj-l) 9j . (5) 

1-1 J-l 

Many other functions might be chosen to describe the preesure 
distribution.    However, the one above has all of the desired 
properties,   i.e., easily Integrable,  even In 9, and periodic with 
a period of 2 •  .    The coefficients bjj are determined by fittlog 
the pressure data to the function at a given time, t, by the 
method of least squares*    The summation limits, K and L, depend 
upon the number of data points available, I.e., the product of K 
and L must not exceed the number of data points available at 
tJL»e, t. 

The total calculation time for each section is, for conveni- 
ence, divided into t^  periods,  the engulfment period,  and the 
post-ei julfment period.    The engulfment period Is the time 
required 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 poet-engulfment phase, the limits 
remain constant at K - 3 and L - 6.     Of the many combinations 
considered, these values of K and L w«"» found to give the best 
results. 

The calculation times during the engulfment period must bt 
chosen with care.    The reason for this Is shown with the aid of 
Figure 6.    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 windward aide.    When the shock 
is between two transducer locations,   the function p(8,d) 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 available for 
fitting the pressure to p(s,ö).    Thus, there would be very little 
confidence in the function fo- angles greater than 90*.    To avoid 
these inaccuracies, calculation tinea were chosen, during the 
engulfment period, as close as possible to the shock times of 
arrival at the various gauge locations. 

I 
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IV.     DESCRIPTION OF FORCE CALCULATION 

With the surface preeaure given at a particular time as a 
function of a and 0, the force on a given section ;an be calculated 
by the expreseiön, 

F = 2  //    p(s,e)dA . (6) 
A/2 

During the engulfment period, A is the area of the section that 
haa been engulfed by the shock.    During the post engulfment period, 
A is the total area of the «ectioa.    ]>xri.ng the engulfment period, 
A is bounded jy the curve formed by the intersection of the shock 
front with the surface of the section.    Of the three mJ ^sile 
assembly sections of interest,   two are conical frustrums   (sectr'-ons 
2 and 3) and one la a cylinder   (section k).    The Intersection of 
the shock front with these two different types of sections is 
shown in Figure 9- 

For a cylindrical section,  the equation for the carve of 
intersection is 

Y8 - rc cos 6 (7) 

where,  YB  is the perpendicular distance cf the shock front from 
the axis of the cylinder, rc is the radius of the section and 9 is 
tht circumferential angle at which th»; shock front Intersects the 
cylinder.     Ys is positive when the shock is engulfing the front of 
the cylinder, but changes sign after the shock crosses the center 
of the cylinder.    The corresponding relation for the frustrum 
pection is 

YB = -Ä- cos 1 (8) 8      sin a 

where R is the length of a ray from the theoretical apex of the 
frustrum to a point on the boundary cur,-e, and a is the half angle 
of the extended cone  (see Figure 9b). 

Before the force calculations are described, three different 
sets of functions, f^j, gjj, and h^j, will be defined.    These 
functions occur naturally as the resulta of recurring integrals, 
and represent the  (ij) terms in double sumation expressions. 
The first function along with the defining Integral is: 

16 
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X2 n 
fl]{Xl,X2,n) =   ;    /  X1 cos r(j-l)yld ydx 

XI 0 u ■' 

or,  for J  = 1: 

11 
n_   ^voi+1 1+1' . ii-   (X21+i -  Xl1+X) 

For J   > 1,  the general Integral is 

rlJ 
si nC(,M)Yl1(X2i+1  -  Xl1+1)f 

(1+1)   (J-l) 

where 1,   J  = 1, 2,   3,   . 

The second function Is: 

or: 

a 
11 y!    (cosy)l 

Yl 

g2,l - I ln [l - sin yj ^ ' 

8li - 
sin y 

Y2 
ill 

(l-2)(co8y)i-2 Yl      1-2 g1-1'1 

«12 = 28l-l,l " 81+1,1 

1 > 2 

1 > 1 

1 > 1, J > 2 

(9) 

(9a) 

J  > 1 ,       (9b) 

61,1 = Y2  -  Yl  , 

g1,2=2siny|.iln[H^]^ 
o 

Y2 
SlJ  = jTi 8ln[(j-1) y]   I    - 8l,J-2 J   >2 ,       (10c) 

(1C) 

(10a) 

(10b) 

(lOd) 

(lOe) 

(lOf) 

(lOg) 
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The final function Is: 

hlJ(Yl fl? XI) K   /   / (x-d)1"    cos [(,1-1) ylxdxdy      (11) 
Yl Xeec y 

or: 

Hi'   i   ^r D«?-yi) Xi1^!^] (lla) 
n=0 

i-i c    r    i V2 I 
by  -    E    -^ I Pf- •«■ Jy)    I    " AI

8IJJ J > 1 (üb) 

In the equations for hjj, 

I = l-n-Kl 

J - J-l 

cln - (1-1) I dn / (1-1-n) I n I 

A --- Y8/3ln a 

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

Since the force calculations for the frustrum sections are more 
complicated than those for the cylindrical section,  the tvo CS^JS will 
be treated separately: 

A.     Cylindrical Sections 

1.    Engulfmcnt 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: 

I = arc cos  (YB/rc), (12) 

s e B2, (12a) 

« ■ «1, (12b) 

19 
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where s and S2 ore th- longitudinal distances of "the end of* "the 
cylinder (see Figure 10). ^hus, the force is calculated by: 

s2 9 
F - f f rcp(s,0)d0ds . 

s^ 0 

Substituting equation (5) for p(s,^) into equation (13)> gives, 

K L =2 a 
F = 2rr Z b i i3 f 

i= l j = l o 

o r , using equation (9), 

s i _ 1 cos f ( j - l ) s ] dSds 

K L 
F = 2 r c :: Z b i J ( s i , S 2 , 9) ( l4a) 

i= l j = l 

2 . Post Kngulf merit Period 

During the post engulfment period the pressure func t ion is 
in tegra ted over the t o t a l s ec t iona l ha l f a rea . Since for t h i s case , 
9 = n , 

K L 
F = 2rc £ E bij fi-l,j (sl> s2' ir) 

i=l j=l 

B. Frustruw 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 
Pc = IT sin a (see Figure 11a). 

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 9 = A sec (p/sin a ) 

The second e ^ u a l i t ^ gives the boundary curve_in terms of the polar 
coordinates R and PJ where, 3 i s def ined as 9 s i n a . A folded out 

20 



♦  8 = S, 

♦ 8  =  8. 

INTEGRATION AREA FOR A CYLINDRICAL SECTION 

FIGURE 10 
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fruetrum 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, 
TJL ■ ^i sin a and Tg  = R2 ai-n a , are the radii of the small and large 
end of the section, respectively.    The quantities: 

~L = arc cos   (^/r^  , (l?) 

\ . arc cos   (YB/r2)  , (id) 

RL - A sec 3L  . (19) 

define the end points of the shock boundary curve. _ Equations  (l?) and 
(l8) can be written in terms of the polar angles,  PL 

an^ ^u ^y multi- 
plying these equations  by sin a  .    The polar coordinates of the end 
points of the boundary curve are given in Figure 11 for each stage of 
enguJfnient shown.    Since the pressure function,  p(s,9) is dependent 
upou s,  and since the area of a frustrum section is most conveniently 
expressed in terns of Ry  the relation between s and R must be used to 
express both quantities  in terms of the same variable.    This rtlacion 
is, 

R - s + d , (20) 

where d is defined as, Rj - s-^. 

The force calculations for each of the engulf ment stages 
of Figure 11 are described below: 

a. r? ^ Ys « Ei 

Referring to Figure 11a, 1 

F = 2 
0    R 

P(8 ,ö) RdRdg 

F = 2 Sin a 
R2 

i p(8,9) RdRdÖ 

(21) 

(21a) 
0    R 



»»■»».M.» 

a)     r2 < ys < r, b).   o < y8 < r, c).    ys = o 

d). -r,  < y8<o e).-r2<y9<-r, 

INTEGRATION AREAS OF A FRUSTRUM SECTION 

FOR VARIOUS STAGES OF ENGULFMENT 

FIGURE   II 
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SubBtltuting equation   (5) for p(8,ö) gives, 

K      L vi ^2 
F x 2 aln a bjj /    /        _  (R-d)1"1 cos ("(.j-l)^] HdRde    (21b) 

1=1 J=l 0    Asec 0 

or using equation  (11), 

K      L 
F - 2 sin a    I       I    h^   (0,9U,R2) 

1-1 J»l 

0 <  Y, < I-T 

(21c) 

F = 2 sla a 

Referring to Figure lib, 

9L R2 du Rg 

/    /    p(8,0)RdRdfl + /    ; _ p(s,9)RdRd,:' 
0    Ri ^T  Asec  9 

(22) 

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

F - 2 sin 
u ^2 

/ / s1"1 cos ^(j-l)»] (8+d)dsd9  (22a) 
_0 R1 

9U  R2 

ÖL Asec 0 
(R-d)1'1 cos [0-1)0*1 RdRdS >. 

U 
The first integral can be written In terms of fjj by equation (9). 
The second integral can be written in terms of hij by equation (10). 
Thus, 

K  L 
F = 2 si n a Z  ^ b^ fij(0L. Rl, Rg) * ^1-1,J^ Rl» ^  (22b) 

+ ^J^L, \,  R2) 1 . 

2k 



0.      in YB  = 0 

Ref-rrlrv? to Figure lie, 

F ■= ? sin   t    / p(8,^) RdHd*? 
o        RT 

(23) 

or using equations (5), (20) and (9), 

K  L -, 
= 2 sin „      *i\[ti](*/2'  Rl. R2) + dfi-l,J^/2' Rl' R2)J (23a) 

1-1 y-i 

d. '*1  - Ys ' 0 

Referring to Figure lid, 

F = 2 sin a 
■\ R2 

ÖUR1 
/    /    p(8,9)RdRd9 + /    /        _ p(8,ö)RdRd' 

12  Ri 9L Asec 9 

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

•  (21.) 

K  L 
F = 2 sin a E'  j; *U  [fj,^, Ri, R?) + dfj.! j(9u, R^ R2) (2^) 

1=1 J-l " 

* hij^L. öu, Ri)^ 

e.  -r2  Y3 '   -rl 

Referring to Figure lie, on«, sees that f^  = ^i/sln a 
and that ?!,■«; thus, 

K  L        _ 
F = 2 sin « E  E bij fij(öu, Ri, R2) ♦ tfl-lfj(^ii Rl» R2) f2?) 

1=1 J-l 

+ hij( TT, «u, RL)] 

^Recall that Ye changes sign after the shock passes the center of the 
section. This is true by the definition of Y,. 
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:'.     PpBt i^ulfmcnt  Period 

During the post engulfment period,   the pressure integra- 
tion Is P'.Tformed around the total hi^lf sectional area.    Thus,  the 
force  is calculated by the '-quatlon, 

2 sin a  / /    p(8,9) Rdfid^ (26) 
0 Rl 

or using •.quatlons   ("?),   (20),  and   (9), 

K      L 
F - 2 sin   i Wj^iJ^»  Rl» R2) +dfl-l,j(,T' Rl'  R2)J      ^^ 

Therefore, by using equations   (21) through   (26),  the forces 
for  a given frubtrum section can be calculated for both the engulfment 
.md  the post engulfment ptrlods. 

C    Description of Computer  Program 

The above results were used In a computer program for calcu- 
lating the forces on given sections of the SPARTAN missile assembly. 
This  program, named PRKDIN,   is written in extended FWRAN IV for  the 
NWL CDC 6700 computer.     A basic flow chart of this program is given in 
Figure 12.     This prograir. takes pr^ssure vs time data at given trans- 
ducer  locations in the form of punched cards,  determlm-s  the pressure 
at «ach location for a given time,  reads and appropriate limits K and 
L for the double &ummation of the pressure function,  fits the data to 
the presFure function,  integrates the obtained function over the 
appropriate sectioned areas,  rtnd finally plots force-time historieB for 
each missile assembly section of interest. 

V.     RESULTS 

A.    Hesults of Calculations 

Using TOEDIN,  force calculations were obtained on sectlone 2, 
3 and h of the missile assembly  (see Figure l) for DASACON tests lU- 
11Ö.     The calculations were performed on each section,  at given times, 
for a total period of about seven milllseconda.    Table 2 shows the 
calculation times for the engulfment period and the cci-respondlng 
values of K and L for each test.    Calculations were performed at 
intervals of .1 milliseconds during the post engulfment periods. 
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MMH 1—Mill 

READ PRESSURE "TIME DATA 

I 
DETERMINE PRESSURE AT SPECIFIC 

LOCATIONS FOR A GIVEN TIME 

I 
FIT PRESSURE FOR A GIVEN TIME 

TO FUNCTION, P(S,e) 

I 
INTEGRATE FUNCTION OVER GIVEN REGIONS 

FLOW CHART FOR COMPUTER PROGRAM, PREDIN 

FIGURE 12 
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TABU 2 

VALUES OF SUMMATION LIMITS FOR VARIOUS CALCULATION TIMES 

Times 
Test 1U 

fmsecl 

Times 
"'est 15 

(msec) 

"imcs 
Test 16 

(msec) 

rimes 
Test 17 

(msec) 

Times 
Tett 18 

(msec) ■_ L 

.1.50 .150 .160 .200 .200 1 1' 

• 550 .500 .550 .250 .600 < 2 

.300 .700 • 750 .600 .850 2 ; 

.900 .300 .900 .950 1.000 2 :■ 

1.050 .900 1.000 1.100 1.150 3 3 

1.625 I.I45O 1.500 1.700 1.750 3 ti 

2.225 2.000 2.050 2.300 2.350 ■ 5 

2.850 2.600 2.6CO 3.100 2.950 3 6 
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Ail tines are referenced to tho shock time of arrival at otatlon Pt)-0 
(oee Flgiire U).    Table« of all of the b^j cocfflclentB of p(8,ö) are 
glvn for  each calculation time of each test in Appendix C    Appendix D 
shows comparisona between pressures calculated by pfs,") and experi- 
mental data.    The appendix contains experimental data from test  11'» and 
116.    The conparisona for  11^ are typical of tests ll1*,   11? and  118, 
and the compar Icons for test 116 are typical of tests 115 <*nd  116. 
Four times were choren for these comparisons,  tvo during the engulfment 
period and two during the post engulfment period.    The solid lines in 
th<   figure» were calculated by p(8,ö).    The points we experimental 
data.    Graphs of force vs time on sections 2,  3» ^nd ^ of the missile 
assembly are given for each test  in Appendix E.    These curveo  are 
characterized by an initial fast rise,  followed ly a more gradual rise 

i  a peak value, followed by a very gradual  decay.    The peak value 
occurs at a time approximately equal  to the engulfment period of the 
section. 

B.     Effect of Fin 

As discussed earlier,  these results were obtained by assuming 
a synroetrlc pressure distribution.    The effect of the fin on the 
pressure distribution of section 3   (control section) can be shown from 
the data of tests 115 and 116.    These testa were conducted at approxi- 
mately the same incident shock pressure   (see Table l).    Because of the 
rotation of the missile assembly after  test  115, the two tests gave 
pressure meaaurements at 30*» 60°,  75*»  105* aod 150° on the fin side 
of section 3-    Figures 13 through 16 show pressure data from th<.' 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 h.00 mllll- 
seconds, respectively.    The data from the fin side are connected by 
dashed lines; while solid lines are dra>m 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 prebsuro due to 
the effects of the fin.    These effects are smaller for section 2 and U 
which do not have a fin.    An estimate of the percent differences 
between the forces calculated using the symmetry assumption and that 
of the actual pressure distribution can be obtained by the following 
procedure: 

Phe 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 without acsumlng a 
symmetrical pressure distribution is 

Fa »   (pp 4 p) A/2  ; (27) 
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while,  the force estimated with thf eyinmetry assun.ptlon is 

F = pA (28) 

where, pp is the average pressure on the fin »iSc,  and p is the 
".v ragv pressure on thj flnlecs side.    A is th'.   total ar-a swept out 
by thr- shock wave.    The ratio Fa/F la given by, 

Fa/F =   (pp + p)/2p =   (1 + pF/p)/2 (29) 

Tliia ratio  Is plotted against time In Figure 17.    The maximum value of 
the ratio occurs near the engulfment time.    Figure if,  therefor •, gives 
as estimate of thf   effect of assuming a cymmetrlcal pressure distribu- 
tion in the force calculations for section 3-    This effect is expected 
to be less  for sections 2 and U since they do not contain a fin. 

VI.     CONCLUSIONS AND RliCOMMENPATIQNS 

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

K      L 
p(s,0) .   r      E    bü  s1"1 cos r(j-l) ^J 

LI J-l      J L 

Phe coefficients and the number of termo in this representation depend 
upon the amount of experimental dvta available. For determining the 
forces on the missile assembly, the number of data points obtained 
during the DASACON tests were adequate. Analyses which requin a more 
accurate definition of the pressure distribution 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 vith the data 
presented and described in this report.  For example, the directional 
forces on a given assembly section can be determined by, 

Fd =  / / -p(8,9) n dA , (30) 
A(8,9) 

whqre n is a unit vector normal to the surface. Vector n, can be 
expressed in terms of an orthogonal set of vectors k,  N and K, shown in 
Figure 18 for a frustrum section. Unit vector A is directed along the 
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sectional axis,  N Is directed perpendicular to the axis in the direc- 
tion of the blast wave propagation, and K Is directed out of the plane- 
formed by A and  N.     Thus,  n can be written as, 

n = cos a A - sin a cos •-' N + sin a sin ^ K (31) 

Since p(6,9) is  syiranetrical about tho plane perpendicular to K,  the 
tota]  force in the K direction must be zero.    Substituting equa- 
tlonis   (5) and   (31)  Into equation  (30) gives: 

K       L 
FA - sin a ■    bj,      / ;    s1"1 cos (_(j-l)9j cos 9 dA      (32) 

1=1 J=l A(8,9) 

K      L 
Fn « cos a T-    *i\      f 'r    s1-1 cos Rj-DeJ dA (33) 

1-1 j=l A(8,9) 

Fk  = 0 (34) 

These are the vector force components for a frustrum section in the 
axial,  normal and R directions respectively.     Similar expressions for 
a cylindrical section are obtained by setting a  = 0 in the above 
equations.    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 taki_a tn 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 should 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 asymmetrical distribution requires more data to be taken on the 
fin side of the assembly.    For this reason,  it is reconmended 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 obtained 
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 teats performed over a wide range of incident 
shock pressures and missile orientations.     It Is recommended that a 
thorough aerodynamic and statistical analysis of the data be made. 
This analysis should lead to the formulation of an empirical pressure 
distribution mod^l for the air blast loading of objects similar in 
shape to the missile assemblies. 
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APPENDIX A 

SMOOTHED FRESSURE-TIME HISTORIES 
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APPENDIX C 

PRESSURE F'JNCrrON COI-mClERTS 
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