UNCLASSIFIED

AD NUMBER: AD0854310

LIMITATION CHANGES

TO:

Approved for public release; distribution is unlimited.

FROM:

Distribution authorized to US Government Agencies only;
Export Controlled; 1 Apr 1969. Other requests shall be referred to Air Force
Rocket Propulsion Laboratory, Edwards AFB, CA 93523

AUTHORITY

AFRPL Itr dtd 29 Sep 1971

THIS PAGE IS UNCLASSIFIED

















































-
»

-

IS 5 © - IR SEUEPEMSN WIS

Figure 5

LOCI OF INTERSECTION POINTS OF VARIOUS BURNING
FRONT CONTOURS
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ideal star-perforated grain before rounding or fillets. De-
fining & vertex radius (l.) and an isner radius ﬂl)' the

lav of cosines gives two relations which permit expression
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Pigure
of the initial rayside length (l..) as a function of the sector
half-angle (v/N) or symmetry number (N), the fillet half-angle
(y), and this vertex radius (I'). which is by definition the
complement of ths reduced web thickness in a charge of unit
radius before introduction of stress relief fillers. (In
structural nomenclature, this design would be a "negative

wedge angle star” whose included angle would equal 2v).

"Burning” of this surface for a normal distance (y) will
form a circular arc of length (ya) and shorten the rayside by

the segment (y ctn £). Thus, the periphery becomes

I!-L°0yn-yen;

noting that v-%-udc-.oy-ioi-u

then u-l.ooy(.-n-(%-.))

so that the slope of the "geometric performance curve™ dU/dy =
a - tan (v/N - a). Setting this equal to zero and solving for

a or y, the neutrality control condition becomes

aetam G-a) or F-ywecta G4y
It is seen that for N of 3, 4, or 5, the tangential fillet
angle (a) exceeds 90" and hence the rayside carsot exist with-
out a negative value of the vertex angle (y). Hence, in the
sharp pointed star, only symmetry of 6 or higher (3.5% vertex
bhalf angle or greater) is possible for a neutral periphery-

¢istance burnt relatiom. e

In Pigure 8, a rotetion of the reference axis has been
made ¢ degrees to the right, producing a “secant fillet" of

included angle (#) and radius (l.). This adds an arc (l. +y
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(typically higher configurstion efficiency, lower loading,
but also lower stress concentration). A locus may be drawn
through the group centers and comnected to the ideal end-
burning chavge (100X configuration efficiency and loading
factor, in principle). It mey then be generslly stated that
as veduced web goes from 1/6 to 1/4 to 1/2 of the radius, the
loading factor goes from 60 to 90 vol X while the configura-

tion efficiency goes from 90 to 961 respectively, or an ex-

change exponent o = 0.15 for the exp -zv,"- .
as previously discussed.

Since this is app ly the hold magnitude of

the closed volume - open volume impulse-density expoment for
burat velocity wmaximization, it is evident that the choice of

configuration is & senmsitive balance of web thickness

Figure 25

1. The first d

ive of the burping surface area with

durning rate, burning rate versus the specific impulse and
density, and wed thickness versus the loading factor and com-
figuration efficiency. These latter in turn vary with the

y ry nusber and ide orientation for neutrality and
sliver control, and finally the resultant fillet angles

and radii determine the stress concentration factor, which
presusably relstes to the mechanical properties of the pro-
pellant and involves the solids loading, burning rate, specif-
e impulse, etc?
& quantitative capability of preliminary desigs, although
computer programs are used to g the p curve
waristion of the ballistic

Full execution of this locp is not yet

ble in sy
factors discussed sbove, and these results are compared

qual 1y with st 1l failure criteris end propellant

formulation practices.

IV. Ballistic Optimization, Chsmber Exposure, and
Srain Support

A. The Pirst and Second Derivative: The Laws of Ballisti-
cally Optimized Grain Design

The above excursion establishes the first two laws of
grain design for singly-connected, internal-burning, case-
bonded two-dimensional grain designs. (Figure 25 shows the
functionsl zones of ballistic analysis for the wagonwheel
configuration).

[ R

P to di burnt shall approximate zero (neutral-
burning) in the region between the exhaustion of the cutside
round (yg) and the critical burning distance (ya), which de-
fines the Zonme II of functional burning. This law will re-
late symmetry number, reduced web thickness, tangential fillet
angle, secant fillet angle, and breskround angle (in approxi-
mately that order of decreasing significance) for maximization
of the volumetric-loading-weighted configuration efficiency
(combiring the significance of neutrality, sliver, and volu-
metric loading in fixed or variable chamber volimes for maxi-
mum burnt velocity).

2. The second derivative of burning surface area with
respect to distance burnt shall be negative during that period

(Zone 1 ng) in which ive-burning and/or axial pres-
sure drop make static fore-end pressure greater than the ideal
steady state relation to burning surface ares (which is
usually synchronized with Zone II where the second derivative
is zero; and the slope is determined by first law conslidera-
tions). This second derivative shell further not be positive
during the post-ys period when radial progressivity over-
shadows the residusl wedge-burning. However, this may be ex-
cepted when sxial shortening of the effective charge length
by interception of curved head closure surfaces compensates

for the increasing mean radius of the imnner burning surface.
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B. Chasber Wall Exposure snd the Slotted Grain Desigs

The sbove designs sy definition have not exposed chamber
wall to propellant flame until web burmout, except for the
“end-effects” noted in the waiver of post-ys burning in the
second law sbove. Another comcept of grain design employs

the chasber wall to fine the ning £ ares at amy

point in time. In the star wago l-dendrite case-p d
designs, this occurs only after web burnout when the pressure
is decreasing rapidly or on head closures vhere additional
insulation is readily installed. The end-burning grain, on
the other hand, has & linear rate of exposure of chamber wall
with distance burnt, and is thus limited to low flame tempers-
ture propellants, short burning times, or relatively heavy-wall
mb ” te b the end-burner (100 volu-

metric loading and configuration efficiency, albeit ignoring
considerable insulstion penalties) and the truly internal

burning grains (usually with web thicknesses less than one-
half of the charge radius), are a large variety of “"slotted"
grain configurations. The condition which defines the bal-

listically fumctional slot in the classification of grain de-

the sides of the incision, whereby a state of neutrality can
be The time of the chamber wall can

be calculated, and the

iginal depth of the incision ad-
justed for the necessary insulation pad compemssting for ab-
lation during this period, so that thermal duty om the chas-
ber will be uniform over the grain, and mot produce “hot spots™
under the slots.

g e s s ot i (i v

signs is given in Pigure 26, - o Dl i ¢ 2 |
half as many slots are required, 2 or 3, «s the symmetry oum- J
U A STAS CTION W BTG (6 RAND GRS )G
ber in & comparable star-perf d charge) . For this

the second derivative of burning surface ares is comstantly '_
negative; that {s, at a given slope of the performance curve,
the d ly & giving »
performance curve. This naturally provides for the sbsor-
bance of the initial erosive-burning peak, and for a terminal
ng of le in high mass ratio, acceleration
limited systems. Thus the Second Law, in slotted grains, is
satisfied continuously. The price of this ideal performance
» the exposed chamber wall duty. Thus the
Third Law of grzin design is that the second derivative of

curve is,

The most familiar in two 1 el d grains is
burming swrface area oan be made comti ly negative enti, i
the slotted shell (slotted cylinder) shown in Pigure 27.
ly to web burmout only by esposure of chamber wall as a
This is originally designed with a 1 time

thickness (minor web), during which time it is progressive
burning (equivalent to the Zone I erosive-burning sbsorbance
period of star configurations). After the first chamber ex-
posure, the radial burning front from the central bore and

neutrality ocontrol device. Thus it follows that the concom-

% 2and &

in the gral or inte- y
gral of chamber exposure area with respect to time of buraing),

taking account of ablation rate for uniform thermal protec-

tion of the chamber wall, is & 41 offset to 1 of
that from the incision fillet ing the chasber wall §
1 and 1 d & of configura- |
togcther curtail the lemgth of the lateral burning fromt from
tion efficiency in the 1 b g grain. No quantite-
-17- d
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tive expression of the third law, comparable to the losding-

factor-weighted configur effi of the d law,
has been achieved. This is evaluated only by comparative de-
sign with a comprehensive ablative insulati thermal design
computer program.

£._Structural Support snd the Slotted Crais
If the "fourth law” of grain design could be stated
quantitatively, it would require that all propellant be sup-

ported from the chamber wall with a mind of
tration: either P emp. cycling
or flight 1 On the surf: this the slot-

ted grain, which rell all a1ff
between chamber and propellant by means of the slot thru the
web, , in avoiding the of the
internally-convoluted grain, the slotted charge incurs disad-
ages in exp of the wall under the slot, plus
the of ricting & portion of the slot faces to
weet certain ballistic requivements, and in the limited web
thickness of 0.7 ~ 0.8 of the .“arge radius for competitive

)t loading of the chamber .pace.
This means that the design is used for relatively mode-

'Y S8nfndans

rate long durstion aissions, or that exceptionally
high burning rates wust be made availsble.!’ The slotted

grain s rather inflexible with respect to web thickness, and
is critically depsndent on the techmologies of 1 tneul

tion, collapsible corses, and partial release between chamber
wall and grain for critical stress areas. A sliverless, sulti-
propellant charge woull 1ly seen the ideal solution
for high loading, minimum stress, neutral-burning charge.

D. The Sliverless Bipropellant Grais Design
The ideal sliverless charge is based on the principle
that & line of burning passing ugh an b
propellants of differing burning rates, will refract ss in the
case of a stick placed in water, and if this interface is so
oriented that after refracting, the line of burning is normal
to the chamber wall, snd furthermore the initial surface is so
related to the burning rete ratio that all these lines of
burning are exhausted at the same time, then & sliverless,
internal-burning (bipropellant) grain has been achieved. This
is shown in FPigure 28 for symmetries of 2,3, and 4 giving
progressive, neutral, and regr perf: P

-1~

The uethod of comstruction of the interface and the
btainable are shown in Pigure 29,

H'w
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The physical web thickness of such bipropellant grains is
typically 0.5 -~ 0.7 of the charge radius, compared to 0.3 -
0.4 for a single-propellant star-p d grain of comp
ble seutrality. The latter is completely satisfied in two-

1 (1ndepend of length di e vatio),
with loading factors above 90I and a constantly negative se-
cond derivative of mass flow g on (oth 1nabl
only by chamber wall ). hanical and ballistic re-

1iability of bipropellant interface is no problem with proper
process comtrol, but the fabrication does involve the extra

exp of two p llant pr ing and ing op ions.
Being of constant cross-section, the design permits the con-
ional aft-wi bl ting core.

With the advent of « 1) chambers developed
via flament winding logy, egral core draval be-
came tble. Simul 1y the high mass ratio, short
length-to-diameter ratio ballistic missile power plant created
an “"sll end-effects” d d ional two-dimen-
sional star-perf d grain sy Sy ic heat trans-

for studies indicate that the "slots” for thick-web chamber-
ing grain designs should p 11y be locatsd in
the stagnation region of the forward head, rather than uni-
formly along the length of the grain (Pigure 30). This pro-
duces the conocyl (or cone-in-cylinder) design.> and ite vari-
ation for slightly gr degress of freedom - the "star-in-
a-pocket” or finocyl (fins in & flared cylindrical surface)
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Figure 36

When the JATO was developed, first using an end-burning as-
phllt-ll:m‘ composition (Figure 37) and later as an internal-
burning cone-ended composite propellant (Figure 38), it vas
of course cartridge loaded. It was intended that the chambers

be reusable, like —..7

-N-

Boosters were next logically developed, using & single
or double comcentric internal-external burning cylindrical
tube, held in place by stesl spiders or traps which, se heat
sinks, endured the 1 to 5 seconds of direct flame impingsment.
However, Pigure )9 shows schematically that s thermoplastic i 53

Pigure 39

to decrease its effective lenath, and then when subsequently

cooled to original or low temperatures will be too short to

remain supported b the springs. The 1 1
burning tube does have & total ning area.

lity is also ble from an internal-burning shell .
with & dc exrs val ng rod, and this shell gives

P fon to the chamber wall. A shell and tube charge on the
other hand is slightly progressive, and thus can absorb an

3 ng peak” ap .
this 1ts in & saddle-shaped performance curve, since the
first der of the 8 area, ugh posi-

tive, is necessarily constant. Thiat is, the cylindrical

charges have no degr of dom for an Zone I,
neutral Zome II, and 1ly-regressive Zome III
as has been shown istic of the star-p d grain.

Multi-perforated grains have also been developed to achieve
m“lyulho!mmmdtb*l-
valent-web multitubular charge. However, Figure 40 shows
the stress concentration arising from differential thermal con-

striction vhen suddenly cooling the 1 P
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St 27,28

This design wus therefore ghandoned. Likewise
Pigure 41 shows that in slotting the tubular charge for
cylindrical stress relief, not oniy is chamber protection re-
quired under the slot, but that any mounting of rigid fiber~
glas restriction on the support ends or excess slot faces
will create difficult prodlems in temperature cycling. Con-

sequently partial restriction as a ballistic device is vir-

tually obsolete, and every effort is made to develop case-

BILITY OF MULTIPERFORATED GRAIN
TO ENVIRONMENTAL CYCUING

- ~ .

Figure 40

SLOTYING OF TUBULAR CHARGE FOR STFESS RELIEF IN CYCLING WITH
1510 BESTRICTION 1 SLO! ON END FACES

Figure 41

~22-

bonded charge shapes that give the necessary ballistic burn-
ing surface area sequence from all initisl surfaces without

suxillary support devices,

G, e-Bonded G

The rigid cartridge loading propellants were therefore
replaced in the 1950's by case-b

ded polyureth and rubber

base propellants, cast direc.ly into the chamber and adhering

to the chamher wall for support. Since there was no external-

burning surface to bslance the inherent progressivity of the
inner bore, it was necessary to convolute or slot the inner
surface to secure neutrality inm high length-i-~diasmeter ratio
grains, or to use bipropellant or three-dimensiomal axial-
burning effects in short length-to-diameter ra:io or nearly
spherical chsmbers to approximate a constant burning surface

area. The consequent development of star-wagonwheel-dendrite

sectorially deployed, internal-burning, two-dimensional con-
figurations in web less than one-half of the chamber radius,
or slot-conocyl-finocyl-end burner in web greater than one-half
of the radius, and the consequent genmeralization in the "four

laws" of grain design: first derivative, second derivative,

exposure integral, and support vector have been

discussed.

H. The Anchor and Dogbome Perforations

One grain configuration which bas not been men-
*‘oned and which is more noteworthy for its posi-
tion as a morphological reference than actual use
in motors is the anchor-perforated ch-rg..” The
anchor-perforated grain can be thought of as a
shell and tube charge, in which an isthmus or
bridge of propellant comnects the tube to the
shell. This forms the annularly multiperforated
charge shown in the previous section, which may
then be cut between attachments to avoid the stress
concentrations of differential pressurization and
thermal cycling. The result has the appearance of
an anchor-perforation (Figure 42) and in one sense
may be thought of as the ultimste development of
the secant fillet under the stress reinforcement
theory.

Unfortunately, the large mass of the anchor
arms or tines is subject to shear failure at the
attachment bridge, and the design has seldom been
used in practice. An unfortunate characteristic
of the gachor configuration is also the presence
of a detachable sliver, resulting from the meeting
cf burning fronts from lateral webs before all
inwardly-supported propellant has been consumed.
This breakup produces am irregularity in the
performance curve and is generally undesirable.




Figure 43

parametric computing system, with the stipulation that the
tangential fillet (a) becomes 180°, the near rayside vanishes,
and the breakround angle (8) becomes related to 90° §. It

is noted, however, that the higher-order dogbone design con-
tains & small detachable fillet, which is not presest in &

true wagonwheel design.
design is derived in part from the anchor-perforated grain
in which the length of the tines has diminished to the end-
n-b-l!(ﬂM“)f This exercise suggests that other
designs, vhether in two or three dimensions, analysed func-
tionally as above, and optimiszed analytically or graphically
of perf d in the grain

It is therefore suspected that this

to the same obj

-23-

design laws stated above, will be found morphologically to be
part of a taxomomic continuum and thus recognizable as to
probable utility and & 1 $

©neeissed steie b P vecter Suctace Displaces.

The two-dimensional p design of the star,
g 1, and dendrite p ystem, or the figure of
of the analytical y1, p 1icit exp
sion for both ballistic and structural definition. However,
to addi 1 burning surface area in the forward sec-
tion, for additional degr of than obtainable from
the simple flared face of the 1, fine or slots are

employed whose radius would exceed the aft opening of the momo-
coque » thus req of a collapsible core
composed of expendable material such as styrofoam (Figure 45).
In additon to the specific three

d vector

grain design types, as discus-
reviewed in the d film 31 du
tion 484, "Two-Dimensional Grais " prepared for the Alr
contract AF 04(611)-6358 (16 mm, célor, sound, 18
. film shows the hological £ bet-
types and the control of degrees of
freedom for satisfying a performance curve.




Figure 45

numerical asalysis vector surface displacement (burning sur-
face is sctually the differential of propellant volume with
respect to distance burnt). The method permits evaluation
of performance for generalized forms not represented by
codified parametric shapes, but lacks the capability for
sutomatic variation in design iteration which was used in
optimizing the explicit narametric systems. The following
s the 4 1

section p it of the three-dimensional

wector displacement method and compares the utility of the
generalized and the parametric grain design systems for bai-

1istic/structural optimization.

In the 3 year AFRPL program conducted at Thiokol/
Elkton to advance the state-of-the-art of grain design,
& significant shift in emphasis occurred. Initially the
project set out to devel -p d 1y
selected typical grain designs: Broad point star, sharp

pot d star, HH (wagonwheel), sl

for six

od circularly-per-

N 1 bipropellant, and bipropellant

cone and cylinder.’® 1t wes established that casting

cores in use can generally be defined by a minimum sym
metrical unit (sector) composed of not more than 50
straight lin: and circular arc segments,

Five types of intercepts were recognised: Acute point
intersection, straight line

cm-no'-t"umun"c“. This 1is & genexal

egmen arc segment, and

of the ic

=p prog for generalised
two-dimensional cross-sections.

Looking at the head effects, where a grain design crose~
section intercepts the curvature of the chamber head closure,
the conventional axial integration introduces an appreciable
error vhen the rate of curvature of the head is large and the
length~to~dismeter ratio of the chamber is of the order of 2:1
or less, as in many ballistic missile and space motors. The

alternative of direct Pappus theorem solutiom, although ac-

FIVE TYPES OF LINE INTERCEPTS IN GRAIN DEMIGN CROSS SECTIONS

& Point intersection @< %)

Two line segments intersecting st angle §) « ¥ producs an arc with radius A d and canter

(A) with arc defined by

b Puint Intrsection ®= )

Two line segments o angle 8, = ¥

w-ng ey - e

. when 8= %, cause the point of intersection

Intersacting
o move slong the bisecting iine of the angle as~ A @ Increases, and no new surface is genersted.
Une segments CD and DE diminish until they disappear from the calculation.

¢ Straight Une Segment

A straight line segment, AB. whose squation is

-;nmnw- A d descrived
W yemene diy)
€ Convex Arc Segment
A convex arc, BC. whose squation is
wond o y-n? o
produces & surtece st J¢ descrived by the squation
w-nf oy wede?
& Coocve Arc Segment
A concave arc. £F, whose equation is
won? oyl e ol
produces » surtace t A ¢ descrited by the squation
a-nf s y-nfeu -00?
for Ad « r. M Ad~r, his arc becomes a point
Intersection and Is drogped 'rom the program.
Figure

1 .

46




- o s

complished for spherical grain designs, and figure of

revolution conmocyls, would be formidable for each

grain design cross-section and elliptic head com-

tm.“ A three-dimensional milling or vector dis-

pl h

P app was adopted as the only universally

effective method of head-end grain effects u.ly.i-.”
This 1s based on differentisting the volume element
between two successive projections of the normal
burning surface, to obtain mean surface area at a

time {o burning, as shown in Pigure 47. This has

the advantage that it also yields the moments and
products of intertia, the center of mass, and the
total mass vate of change. Designated the Moore

mthod’o'“

it employs small elements of propellant
bounded by normals to the inner propellant surface.
The analysis then traces the planar regression of Pigure 48
the prisms formed by coincident sets of bounding planes in
the direction of normals to the burning surface until inter-
section or prior consumption by amother burning fromt. This
is similar to the familiar two-dimensional graphical comstruc-
tion of burning fromt contours. In extreme cases, for evalue
ation of final designs, a series of three-dimensional models

of the position of the burning surface may be constructed,

as shown in FPigures 48 and 49.

NEAN BURNING SURFACE AREAS BY DIFFERENTIATION OF
VOLUME ELEMENT BETWEEN SURFACE POSITIONS

Internal burning

wﬂnll?

Mean burning surtace
area in time interval

Figure 49

Having been freed of any restriction to classically de-
fined grain configurations for which paraetric analytical
Internal burning surface at {, solutions are available, the method can be applied to grains

containing non-uniform burning rates, resulting from standing
Figure 47

-25-
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temperature gradients, multi-propeilant fabrication or polar-
ized filament buxntn.u Subsequent studies under that program
have been directed to the development of finite element struc-
tursl analysis and experimental photo-stress n:huquu.”

The vector displacement method has been made operational

i This method re-

by Peterson, et al, of Hercules/Bacchus.
quires only that the grain be described in terms of four
basic input figures:
circular cone, a right triangular prism, or a sphere (Figure

Elements can be defined as either propellant or void

& cylinder, a frustrum of a right

50).
to produce exceedingly complex configurations, as the finocyl
of Figure 51 shown in elemental partition in Pigure 52. To
simulate burning, each figure expands or contracts as ap-
propriate until it intersects and is overcome by or super-

BASIC FIGURES FOR THREE-DIMFNSIONAL GOERALIZID CRAIN DESIGN METHOD

Cytinsrcal
Elament

. ey

Longitudinal Section of Bore and Fin
in Finocyl Propellant Charge

Figure 51

Simulation of Grain Void by Using
Elemental Geometrical Figures

Figure 52

cedes another figure, and the record of such surfaces is inte-
grated to give the mass flow generation at any time. The
method obviates formidable graphical or modeling approaches to
the evaluation of three-dimensional charge configurations. The
entire grain is considered as a three-dimensional whole, as is
necessary for structural analysis, rather than a series of two-
dimensional cross-sections. It is thus not necessary that the
configuration be a figure of revolution, although this sim-
plifies the input and would bring the problem back under the
province of the theorem of Pappus. Although the method is
applicable to grains of any web thickness, it will generally
be used for relatively thick-webbed grains (web 0.6 of the
radius or greater) in relatively short length-to-diameter
ratios, vhere two-dimensional solutions with mere end-effects
corrections would be inad e.

For freq 1y used con-
figurations, a parametric style pre-load can be devised to

expedite the generalized coordinate evaluation.

Frum this generalized point of view, it is instructive to
r ine the
dimensional designs.
ously developed two different sequences in examining the tra-
ditional star-perforated cross-section.

ional approach to the parametric two-
It will be seen that there were fortuit-

B. rees of Freedom and Construction ence in the

Thiokol and Aerojet Maximum Parsmetric Two-Dimensional

Grain

Figure 53 defines the Thiokol and Aerojet systems of para-
metric definition of the universal two.dimensional grain cross-
section previously described in Figure 8, 15 and 20-22 for
Aerojet and Figure 23 for Thiokol. However Aerojet does not
have analytical provision for the sliver-minimizing “broken-
back” feature seen in the latter. Alternating the long

and short protrusions forms the forked wagonwheel (Boeing/




























space. May be generalized in higher

Ty Has a unique negative second de-
rivative for s singly-connected, single propellant,

fully chamber-protecting grain

Bipropellant Sliverless Grain - The bipropellant sliverless
charge employs the refraction of the line of burning

passing through an interface between
propellants of differing burning rates,
so oriented that after refracting, the
line of burning will be normal to the
chamber wall. If, in addition, the
initial surface is so related to the
burning rate ratio that all these
lines of burning are exhausted at

the same time, then a sliverless,
internal-burning (bipropellant)

grain will be achieved. The design
may be executed in 2, 3, and &
symmetry for progressive, neutral,
and regressive performance, re-

spectively.
Breaskround - The outside round umrtq/r
at & bresk defining the near T

and far rayside of a pro-

trusion in an internal-burning
grain design. The break is the
characteristic of a wvagouvheel

design that makes it distinctive
from a star. >
Near Rayside, l..

Breakround of Radius %
and Included Angle & }
Far Rayside, l‘

Conocyl Grain Design - An axi

Configuration Bffici - A of the imp re~
¢ versble from a given curve d to
t' at viich would be obtainable if the quantity

s ame

? propellant could be converted to thrust at a
pressure corrssponding to the chamber p
experienced at any time during that and to
the chamber wall has p ly been designed in
objective of impulse-to-weight ratio 1
The integration of the performance curve for
configuration efficiency may be terminated at any time,
such as web, 10% action time, etc. in accordance with
mission significance. Configuration efficlency
measures the joint effect of sliver and deviation
from neutrality under actual conditions of thrust loss
in a nozzle as a function of altitude or back pressure,
Used in evaluating prog ’ 1,
sive grain designs. (Illustration below)

1ic charge f d by a

:

circularly perforated
internal-burning cylinder
mated with a conical element
in the forward portion of the
chamber to form a flared or
funnel-shaped flow space,
termed conocyl for come-in-
cylinder.

Critical Burning Distance - Distance from the initial sur-

face along the b dary the fal fillet
and the protrusion to the far sector boundary (see
Tangential Fillet).

Chamber Pressure, P

) . 1 | |
W'Lﬂﬂﬂ mcmv'm PROGRESSIVE, NEUTRAL, AND REGRESSIVE GRAIN DES:GNS

b 56 T T

CONFIGURATION EFFICIENCY (0) E
E |

Square Curve at P,

:mm-(u,ﬁ“
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an intersection of two periphery elements, used pri-

marily in the description of the extremity of the

propellant arms in en anchor-perforsted grain.
Dendrite (Demdritic-Perforated) Grain Design - An internal-

burning case-bonded grain design

composed of alternate long and

short protrusions so arranged ia

@ sector that the flow space

appears to branch looking out-

ward from the center toward the

web. (It may contain the star

and/or wagonwheel protrusion.)

ily 180*
End Effects - Calculation of the eff of axial b ng on
the ends of the grain
to shorten the burning
rface by up

i

required to maintain the
actual chasber wall unaffected by flame. (See
Slotted Grain-Ballistic)

Far S Boundary - The boundary most d from
the reference axis, and thus the bisector of the
1llant

Feasibility Parsmeter (Propellant Charge) - A parameter ob-
tained by dividing thrust (F) by the duratiom (t)
squared, which correlates with the interior design

-36-

Hexa-Star Crain Design - A star-perforated grain design in
sysmetry of six, vhich represents the regressive side
of the neutrality threshold for ideal star-perforatad
sraine (sector half-angle = 1 radian) without end-
effects. Actually with moderate filleting, the hexa-
star is usually the neutral-burning condition and
Tesort to the hepta-star and higher symmetry numbers
is made for regressive-burning grains.

Impulse-Density Exponent - The exponent (a) in the expression
z'm the density (o) weighted value of

(1,) in comparing burnt velocity of
fixed volume and open volume motor designs with pro-
pellaats of varying density. Used by snalog also for
mmlm(k)mm.dﬂw
tion efficiency (g) hm;(:l)-lu
comper.ng velocity of th fig
ration efficiency "

z
i
!

i
gl
:

i

i
il

|

cross-sections inserted in a continuous spherical
web, so that the actual height of protrusions is a
and

maximum st the equator towards the
poles, producing the effect of a "melon-slice" when

- quo Chamber - Rocket case comp d of a single con~

tinuous structural shell, as in

filament wound chamber, and -—
distirquished from cylindrical

case employing separate end

closures. Usually requires

a collapsible or expendable

1ions

80 a8 to sep mtu-'ot the
charge from support or to remain attached to the

chasber wall when the principal burning fromt is
exhausted. Practically this is & means of arranging
fig 1 ina g lly logical order,
whereby omisei of dust end velated of
lature can be d, and the functions of
rical el ged for op selection

of the charge (see Web Spectrum).


























































































































































































