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Preface 

This study represents a preliminar' effort to gain 

an understanding of the spread of combustion flames into 

solid rocket propellant cracks. The results presented 

serve to substantiate and expand on previous findings. 

This work has also given re invaluable experience in ex¬ 

perimental investigations and the satisfaction of individu¬ 

ally attacking a problem and seeing it through to a conclu¬ 

sion . 

My sincere thanks go to the following people for their 

much needed help in this effort: Major Robert Bestgen for 

suggesting this topic, contributing his well versed insight 

into this area and giving a lot of encouragement. Dr. 

William Elrod and Pr. Ernest Porko for their availability 

and willingness to give of their time and knowledge, and 

Mr. John Parks for his assistance in solving the ever 

present "nuts" and "bolts" problems. 

My deepest appreciation must go to Pave, Scott, Mark 

and my wife, Ginny, the four most inpoi ant people in my 

life, who are very much involved in this as well as all 

my efforts. 

Jerald L. Cunningham 
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Ahst rnet 

An experirentn1 study was conducted to investigate 

the spread of combustion flames into solid rocket propel¬ 

lant cracks. Experiments were performed using a combustion 

vessel with a free flowing nitrogen atmosphere under pres¬ 

sures of 300, 500, and 750 psia. Samples of three differ¬ 

ent propellants having crack widths varying from 0.002 in 

to 0.044 in were used. The ignition of samples and the 

flame spread were recorded with a high-speed motion camera. 

Tests showed that the flame velocity inside the crack 

channels increased as the crack width decreased, and an 

entrance delav time usually exists prior to the flame 

entering the crack channel. For the range of crack widths 

investigated no crack width was found for which flame 

penetration into the crack did not occur. Crack width 

demonstrated a greater effect on flame spread velocity 

in the crack than combustion pressure. The flame velocity 

flow inside a crack as a function of pressure and crack size 

is unique for each propellant tested. 

vii 
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FLAME SPREAD INTO SOLID 

ROCKET PROPELLANT CRACKS 

I. Introduction 

Background 

Considerable emphasis has been placed on studying 

steady and unsteady cembustion mechanisms and on measuring 

burn rates of solid rocket propellants. Motor control 

problems can occur because of unsteady conditions produc'd 

by burning instabilities. Such instabilities can result 

in motor over-pressure conditions or overheating of the 

rocket's motor casing wall (Ref 1:79). One possible source 

of propellant burning instability, which has not received 

a great deal of attention, is flame encroachment into 

cracks which occurs in solid rocket propellants (Ref 2:3). 

Although this subject has been lool.ed at previously, 

very little detailed work has been carried out. The Air 

Force Space and Missile Systems Organization (SAMSO) ex¬ 

pressed an interest in flame propagation into solid pro¬ 

pellant cracks in the early 1960's. In response, the Air 

Force Rocket Propulsion Laboratory (AFRPL) generated pre¬ 

liminary experimental data in-house on flame spread into 

propellant cracks, and commenced to contract out for further 

research work. An independent study conducted by the 

Japanese closely paralleled the in-house effort by the 

AFRPL. The U.S. Navy also did some preliminary research 
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related to this area at their China Lake station. Much of 

the research performed confirmed that cracks did effect 

the operation of rocket motors and, in some cases, complete 

destruction of the motors occurred (lief 1:55). 

C. E. Payne found that the speed of flame propagation 

into cracks increased as the crack width decreased (Ref 

3:4). T. Godai recorded similar observations, but noted a 

critical crack entrance width, or threshold width, for 

which the flame would not enter the crack (Ref 4:8). His 

conclusion supported previous research performed by J. L. 

Prentice (Ref 5:32). 

Total rocket motor performance is affected when com¬ 

bustion Rases and flames nropapate down into fissures or 

cracks, igniting the cracks' wall surface areas to cause 

large increases in the total propellant burning area. 

This increased burning area allows consumption of more 

propellant which drives the rocket combustion chamber pres¬ 

sure higher, thus creating a greater driving pressure to 

propagate the flames into other cracks as well as increasing 

the linear burn rate of the propellant (Refs 1:36 and 2:5). 

This can lead to undesired burning instabilities and even 

motor failure. 

The most critical crack defect occurs when the propel¬ 

lant debonds from the motor casing. Flames propagate into 

these areas denying the adjacent motor casing wall the insu¬ 

lating effect of the solid rocket propellant. A localized 

2 
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hotspot develops which can destroy the motor by the rupture 

of the casing wall (Uef 6:3). 

Cracks predominantly develop in solid propel 1 .:nt 

grains as the propellant ages in a rocket motor, although 

some are produced in the processing and curing stages of 

propellant production. Many of the cracks formed during 

production can be easily found through X-ray or microwave 

scanning techniques prior to release (Ref 2:59). Those 

cracks occurring during storage or operational readiness 

are more difficult to detect. 

Objectives 

This study provides an indepth look at the flame 

spread into a solid propellant crack and its penetration 

down the crack channel. The objectives of this research 

were to experimentally investigate: 

(1) the effect of crack width on flame penetra¬ 

tion into the crack channel, 

(2) the effect of pressure on flame spread for 

a given crack width, 

(3) the effect of combustion pressure and crack 

size on flame spread for different propellants. 

Scope 

An experimental investigation was made of the flame 

spread velocity into cracks fashioned by cubes (approximate 

ly 0.22 inches on a side) of solid rocket propellant set 

side-by-side. Three types of propellants were tested 

3 
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at 300, 500, and 750 psig. The crack widths for each com¬ 

bination of propellant and pressure varied from 0.002 inches 

to 0.044 inches. 

4 
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11. Lxpcri nent.Tl Annarntus anJ >)vocedures 

Apparatus 

A small combustion vessel, fitted with plass windows, 

was used to study the flame spread rates into solid propel¬ 

lant cracks. The ignition of propellant samples and the 

subsequent burning process were recorded on 16 mm high 

speed motion picture film. The combustion vessel and 

Fastax camera setup is shown in Fig. 1A. This was the 

same vessel used by Payne at the AFRPL in his preliminary 

investigation of flame propagation into solid propellant 

cracks (Ref 3). Figure lb shows the disassembled view 

of the vessel. The inside dimensions are 2 inches in 

diameter by 4 inches in length. The windows are of 1/2 inch 

thick optical glass. The vessel itself is constructed of 

steel and can withstand working pressures up to 2000 psia. 

The propellant holders (Fig. IB(b)) were fashioned 

from nonconductive phenolic material with brass electrical 

plugs to fit into the semi-circular steel bracket (Fig. 

IB(c)). Propellant samples are fastened onto the holder 

by steel pins fixed into the top surface of the holder. 

A length of nichrome wire, placed across the electrical 

posts of the holder, is in contact with the top surface 

of the propellant samples as shown in Fig. IB. The propel 

lant holder plugs into the steel bracket that is installed 

inside the vessel chamber with set screws. 
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Fig. lA. l.xnc r i pent a 1 Apparatus.

Fig. IB. Combustion bomb Assembly: (a) Optical
Glass V.iniJow, (b) I’ropcllant Holder, 
(c) Steel Mounting Bracket.
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An electrical lead connects the top of the vessel to 

an insulated post through the steel bracket. With the pro¬ 

pellant holder plugged into the steel bracket inside the 

vessel, insulated passage is provided for current to flow 

to the holder posts for the hot wire ignition system. The 

circuit was completed from the other holder post through 

the vessel itself. When current is applied, the nichrome 

wire is heated, igniting the propellant surface. The wire 

then is burned through and falls out of camera view. The 

current is controlled with a variable resistor (variac) 

placed in series with the vessel. 

A pressurized dry nitrogen atmosphere is supplied to 

the vessel through the 1/2 inch diameter entrance hole in 

its bottom. The gas containing the nitrogen and combustion 

products is vented out a similar hole at the top of the 

vessel. A flow valve, attached to the vent tube, permits 

a free flow of nitrogen gas while mai taining a preset 

pressure within the vessel. This flow inhibits the accumu¬ 

lation of smoke inside the vessel and allows the recording 

of the event photographically. 

A Fastax 16 mm high speed motion picture camera was 

focused on the propellant surfaces. The camera speed 

(2000 to 6000 frames/sec) is adjustable through a sequencer 

which is equipped with a variable time delay that allows 

the camera to come up to speed before initiating the com¬ 

bustion event. An average filming rate of 4000 frames/sec 

was used iri this investigation. Time marks for data 

ÉÜAUÜÉÉMltfiMh 
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reduction were placed on the film at 1 millisecond inter¬ 

vals by a sign wave generator which pulses exposure lights 

built into the camera. This apparatus setup is illustrated 

in Fig. 2. 

Control pressure to the vessel is provided with bottled 

nitrogen piped into a domed control valve which regulated 

the high pressure nitrogen flow from a mobile trailer lo¬ 

cated outside the laboratory. The pressure was set using 

a calibrated pressure gage attached to the vessel as shown 

in Figs. 1A and 2. The increase in pressure caused by the 

burning of the propellant samples was monitored with a 

pressure transducer. The pressure increase was recorded 

on light sensitive oscillograph recording paper. All ex¬ 

perimental apparatus was located in a test cell and con¬ 

trolled remotely from inside a control room for safety 

purposes . 

The raw data were taken from the film using a light 

table for picking off the time marks and a Triad film reader 

for crack ani flame spread measurements. The film reader 

has a variable speed capability which enables the viewer 

to review the burn in slow motion or in single frames at 

a magnification up to 60 times. It is equipped with a 

cross-hair referencing and measuring system which is tied 

in series with a digital read-out system and an IBM 029 

keypunch. The data measured from the film were referenced, 

displayed and punched on computer cards automatically. 

MM MlUHkiMkaaMikiaWiltilMtiMtllHai 
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These data cards were incorporated into a computer program 

for use in a CDC ^600 computer for further leduction and 

display. 

P rocedurcs 

The data from the study were taken from 16 mm motion 

picture film exposed during the time lapse from sample ig¬ 

nition until the flame spread to the bottom of the crack. 

Samples of each propellant were mounted on the holder at 

a measured distance apart to simulate a crack. A small 

segment of nichrome wire (0.0125 inches in diameter) was 

attached to the surface of the propellant samples facing 

the camera to serve as a known dimensional reference. 

This wire also provided a focal reference for the camera. 

The three types of propellants selected for this study 

were supplied by the AFRPL, lidwards AFB, California. The 

propellants used are representative of operational propel¬ 

lants. Propellant A (see Table I) is a propellant which 

had aged in storage for approximately seven years before 

being selected for this study. Propellants B and C (Table I) 

are of more recent manufacture, perhaps two to four years 

old. Burn rates for each of the propellants, at the chamber 

pressure considered, were measured from film. Data for 

the burn rates are shown graphically in Fig. 7. 

The crack geometry consisted of the rectangular area 

between the two propellant cubes. The widths between the 

two samples were first set with an automotive gap gage, 

10 
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Table I 

Propeli ant Composition 

Propellant A Propellant B Propellant C 

Double based 

binder (55*ó nitro¬ 
glycerin, n:tro- 

celluose and addi¬ 
tives) 

HTPB binder CTPB binder 

30?. Ammonium 
perchlorate 

67°» Ammonium 
perchlorate 

Ammonium 
perchlorate 

(you, itou) 

15¾ Aluminum 21¾ Aluminum Aluminum 
(35p) 

then remeasured from the film. Once mounted on the holder 

at the desired crack width, a Slastic RTV flame retardant 

sealer was placed on the siies of the propellant samples 

and at their bases. This assured that the sample would 

burn down in a uniform cigarette fashion and allow the 

flame to propagate into the fabricated crack. The front 

and back surfaces were protected from flame encroachment 

by the flow of nitrogen parallel to that surface. 

Data Reduction Method 

Once the exposed film was placed on the film reader, 

the diameter of the reference wire was measured on the 

screen, giving the magnification of the projected image. 

The crack width was then measured and the sample heights 

were taken. 

11 
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The tine base was set at a reference franc with the 

flanc at the crack edre. The franc lumber fron this ref¬ 

erence was automatically counted and recorded at each 

measurement taken as the flame moved down the crack channel. 

Knowing the film speed at any point from the timing marks 

produced by the timing mark generator and the frame number 

at all measured points, the average tine was calculated 

from the ratio of the frame number to the average camera 

speed in francs per second. 

With the crack height measured and the time base known, 

the raw data were given to the Cl'C óGOf) computer to produce 

a f1ane-into-crack height vs. time graph. This graph 

provides an accurate representation of the flanc as it 

makes its way into the crack. 

12 
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Hl. Result s and l>i sous s i on 

The data curves resulting fron this study on flane 

spread into propellant cracks of various widths are con- 

piled for the three propellants in Appendix B. These 

curves pencrally show an initial flane spread delay at the 

crack edpe or threshold, then a rapid burn down to the 

crack botton. This flane spread delay appeared in 93 of 

the 100 tests perforned. Accordingly, flane propai.ition 

into a propellant crack is considered to undergo an initial 

paust before burning to the base of the crack. Figure 3 

illustrates the typical case of flanc propagation delay 

and subsequent flame spread in the propellant crack. 

The initial entrance delay period occurs as the flane 

penetrates a short distance into the mouth of the crack 

and essentially "hovers". The slope of the delay period of 

Fig. 3 gives the averaged entrance velocity for the flame 

Ve. This velocity is very small compared to the flane 

velocity inside the crack channel \'c (given by the slope 

of the flame spread time portion of Fig. 3) or even the 

overall velocity vtot* which accounts for the entire crack 

height and the total time of the burn from crack edge to 

the crack bottom. 

The peaks and valleys shown on the data curves repre¬ 

sent the unsteady penetration of the flame into the crack. 

The flame moves in and out of the crack mouth for finite 

lengths of time until prevailing combustion mechanisms 

13 
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allow the flame to penetrate further into the crack. This 

unsteady probing motion can continue as the flame moves to 

the bottom in the wider cracks (c.f.. Fig. 160). However, 

little unsteady motion is noticed for the narrower crack 

widths . 

Allowing for the considerable data scatter, Fig. 4 

plots the crack entrance velocity V against crack width. 
c 

This data trend is represented as a nonlinear curve re¬ 

sulting from a data point averaging curve fit. Thus, the 

averaged entrance velocity of flame spread into a propel¬ 

lant crack decreases as crack width increases. This trend 

exists for all propellants used during this study for all 

pressures tested. The ratio of entrance velocity to the 

overall velocity V /V as a function of crack width is 
e tot 

plotted in Fig. 5 for a given propellant and vessel pres¬ 

sure. Here, the trend is for increased ratios as 

crack width increases. 

As noted in Fig. 3, rapid flame penetration into the 

propellant crack is represented by the steep slope of the 

data curve (also see data of Appendix B). This is similar 

to the runaway flame spread velocity described by Prentice 

(Ref 5). When the crack width is plotted against this 

flame penetration velocity in the crack channel, the flame 

front velocity increases drastically as the crack width 

decreases (Fig. 6). This result is consistent for all 

tests. 
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In the works of T. Godai (Ref 4) and J. L. Prentice 

(Ref 5), a critical crack width was reported for which the 

combustion flame would not penetrate into the propellant 

crack. For the ranee of crack widths tested in this study, 

there was no case in which the flame did not penetrate into 

the crack. However, the wider cracks did experience a much 

slower penetration velocity. If the crack was wide enough, 

it is conceivable that the two propellant samples could 

burn down with no flame interaction between them. It is 

possible, also, that the crack height-to-depth ratio and 

the geometric shape of a crack may affect its flame spread 

characteristics. in this experiment, as with that of 

Payne (Ref 3), rectangular crack geometries with heights 

of 1/4 inch were studied at relatively small crack widths. 

Payne reports results similar to those obtained here. 

Williams, at the University of Utah used triangular shaped 

cracks several inches long in pressure distribution studies 

and reported no instance in which the flame did not spread 

into the crack (Ref 1:4-26). Both Godai and Prentice used 

cylindrical shaped crack geometries of greater length than 

those used in this report. This might account for the 

critical crack diameter they encountered. 

The threshold delay and the rapid flame spread into 

the crack channels can be explained through heat transfer 

and channel pressure considerations (Refs 3:5 and 7:36). 

According to 0. C. de C. Ellis and W. A. Kirby, a flame 
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front will nove into regions of lower pressure at a velocity 

which will increase as the driving pressure increases. 

The driving pressure is the pressure produced at the surface 

area where the pressure rise is proportional to the burning 

area of the flame (Ref 7:38). The build-up of pressure 

above the crack threshold due to the burning of the top 

surface will create a pressure differential between the 

burning surface and the crack region. This will provide 

an impetus for the flame to move into the crack. Although 

this supplies a driving force for movement of the flame 

into the crack and could contribute to the flame threshold 

delay, it does not offer an adequate explanation for the 

probing characteristic of the flame and the sudden rapid 

flame spread into the channel. For a flame to penetrate 

into a crack, conditions must exist inside the crack region 

to advance the flame. Therefore, the flame entrance into 

the crack threshold depends upon the increase in crack 

surface temperature and the amount of combustible gases 

inside the crack region as well as the existing pressure 

gradient between the top burning surface and the crack 

region. 

In several of the test film strips, gas is shown 

flowing into the crack area upon the initial heating of 

the top surface. This was observed to occur before the 

top surface ignition was under way. The hot nichrome wire 

must heat the top surface to well over 400°C before the 

20 
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propellanc surface can sustain its own combustion (Refs 

8:6, 9:16, and 11). This convection is similar to that 

described by Lilis and Kirby (Ref 7:16). The hot gases 

flow immediately into the crack filling it with combustible 

gases. The temperature of the crack walls is raised by 

heat convected through the gas film covering them. This 

heat is then conducted into the propellant surface raising 

the wall temperature to gas generation levels. This can 

provide a continued source of combustible gases inside the 

crack region. 

The gas velocity in the propellant crack can be related 

to the reciprocal of the crack width as described by Payne 

(Ref 3:5). 

A, p r. 

vg = 0/wc) (D 

Accordingly, the gas velocity inside the crack will increase 

linearly as the crack width decreases. For convective heat 

transfer, Summerfields’ heat transfer coefficient for a gas 

film adjacent to a solid surface is related to the 0.8 power 

of the gas velocity (Ref 10:89). This related the heat 

transfer coefficient to the reciprocal of the crack width 

also but not linearly. Thus, a higher heat transfer coeffi¬ 

cient is realized with the smaller crack widths. It is 

reasoned that the faster flame front propagation in a 

narrower crack results from higher gas velocities inside 
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the crack, a higher heat transfer coefficient, and less 

area to fill with combustible gas to fuel the flame. V.ith 

combined factors of pressure, generated gas velocity and 

convective heat transfer as mechanisms for flame propaga¬ 

tion, a linear relationship between crack width and flame 

spread velocity in the crack would not be expected. The 

curves plotted for crack width versus the flame spread 

velocity support this assertion (see Fig. 6). 

Gas generation and convective heat transfer along 

with the pressure differential addressed above can offer 

an explanation of the entrance time delay also. For a 

flame entering a crack opening, a finite amount of time is 

needed for a pressure gradient to develop between the crack 

area and the burning propellant top surface. Some time is 

also required for heat transfer to the crack surfaces. 

The walls of the crack threshold are initially cool com¬ 

pared to the burning flame area. Any cooling contact pro¬ 

vides the flame with an area of adhesion and energy is lost 

to the surface as opposed to the burning top surface area 

where energy is being liberated (Ref 7:38). The pressure 

build-up, the heating and filling of the crack by combust¬ 

ible gases, and flame energy absorption at the crack thresh 

old may occur simultaneously to account for the time delay 

at the crack entrance and the unstable probing character¬ 

istics of the flame at that point. 

aHã 

22 
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The entrance delay followed by the rapid flame propa¬ 

gation into the channel are essentially two chronological 

steps in a single process. This flame spread characteristic 

was common among the three propellants at the pressures 

tested. Based upon these observations, one can assert that 

this is a general characteristic for flame propagation into 

solid rocket propellant cracks and can be expected in most 

solid propellants. 

The curves developed for V in Appendix A were used 

to display the effects of pressure on flame spread for 

constant crack widths. Curves for this velocity, as well 

as the linear burn rates, for each propellant versus pres¬ 

sure appear in Fig. 7. The velocity inside the crack 

channel is shown to reach several hundred times the linear 

burn rate as the crack widths decrease. The greater in¬ 

crease in Vc occurs at crack widths below 0.020 inches. 

This high flame velocity in the crack channel was consis¬ 

tent for all propellants and pressures tested. 

The results displayed in Fig. 7 clearly indicates that 

the crack width has a much greater effect on flame spread 

than the combustion pressure for the pressure range tested. 

For Propellant A, the Vc increase with pressure is similar 

in slope to the linear burn rate for the larger crack widths 

(0.20 inches to 0.40 inches). For small crack widths (below 

0.020 inches), Vc decreases to a minimum and then increases 

as combustion pressure increases. Propellant B shows a 

23 
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decreasing Vc at the lower pressure range to a minimum 

value, then increasing \'c as the pressure increases. This 

trend was consistent for all crack widths in Propellant B. 

The linear burn rate of Propellant C indicates that it is 

a plateau burner for the pressure range tested. For con¬ 

stant crack widths, it generally exhibits an increasing 

3 which then decreases as pressure increases 

(see Fig. 7). Fron the trends of Fig. 7, it appears that 

the effects of pressure on the flame spread inside a crack 

channel is different for each propellant. 

25 
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1V. Conclusions 

This study was conducted to cxnerimcntally investigate 

the effect of propellant crack width on the flame spread 

into cracks which appear in solid rocket propellants. 

Cracks were fabricated in three tvpes of solid propellants 

and tested under pressures of 300, 500, and 750 psi for 

crack widths which varied from 0.002 inches to 0.044 inches 

in width. 

The following conclusions on the influence of propel¬ 

lant crack width on flame spread were drawn from the results 

of this study: 

(1) The flame experiences a delay tine at the 

entrance to the crack. The associated entrance velocity 

increases, in proportion to the overall flame spread 

velocity, as the crack width increases. 

(2) The flame spread velocity inside the crack 

channel increases as the crack width decreased (c.f. Fig. 4). 

(3) The crack width has a much greater effect 

on flame velocity inside a crack than combustion pressure. 

(4) Flame velocity inside a crack channel can 

be several hundred times the linear burn rate for small 

cracks (see Fig. 7). 

(5) The flame velocity exhibits greater increases 

in crack widths below 0.020 inches. 

26 



GAU/AE/74 D-14 

(6) The snecific flame velocity inside cracks 

as a function of pressure is unique for each propellant. 

Based on the results of this study, it is probable 

that a larye number of very small cracks in a rocket pro¬ 

pellant could cause an adverse effect on a rocket motor's 

performance. The larye increase in burning area and the 

associated pressure rise, alone, with the unsteady probing 

of the flame into the propellant cracks could couple with 

certain acoustic phenomena to produce oscillatory burning 

or other similar burning instability within the rocket 

motor. 

27 
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V. Rccoiiinendations 

Further work should be conducted in the area of flame 

propagation into solid propellant cracks to nore in¬ 

formation on flame spread phenomena to add to the limited 

amount of data currently available. The following work is 

recommended to verify certain assumptions and conclusions 

resulting from this experiment ns well as to investigate 

conditions not addressed in this study: 

(1) A similar experiment should be performed 

with the same sample configuration but higher vessel pres¬ 

sures . 

(2) Crack samples should have a more realistic 

height-to-depth ratio, since natural cracks in solid pro¬ 

pellants can be several inches long. 

(3) An experiment should be devised to test the 

effect of crack geometry upon the flame propagation into 

the cracks. Flame spread into rectangular, triangular, 

cylindrical and nonuniform cracks should be compared at 

various widths and realistic lengths to determine any geo¬ 

metric effects. 

(4) This experiment addressed propellant cracks 

which were open at the edges. A future study should con¬ 

sider cracks with closed edges and address the effects of 

combustion gases and pressures inside the crack which may 

affect flame spread. The nitrogen flow here could have 

some effect on the flame spread. 

28 
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(5) Accurate pressure measurenents should be 

considered to gane the pressure increase in relation to 

the surface area resulting from a crack. An effort to 

maintain constant pressure during the propellant sample 

burn should be made. 

(6) This study tested older propellants which 

had aged for a period of time. Propellants of a more recent 

manufacture and type should be tested to determine what 

affect age has on flame spread. 

(7) An effort to determine if flame radiation 

effect on the initial time delay of flame propagation should 

also be considered. 
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Aprendix A 

Tables and Plots of Reduced Data 

The tables and plots of data reduced from the 

of Appendix B are listed here. Tables II, III, and 

shows the data used in the follow in p, plots of V , V 

ve/Vtot ^or eacb the propellants tested. 

K 

curves 

IV 

c* and 
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T A31/¾ II 

Temperaturo 72"P 

Tost Craf*k V 
-"“gth -2 
( # ) (Trici'cs) Un/eec) 

13 0.027 2.27 
24 0.021 10.60 
19 0.020 7.00 
4 0.019 5.00 

25 0.015 2.88 
36 0.010 7.37 
30 0.008 4.78 

o I V- nt A Data 

300 Pd 
V. V, T,/yttlt 

(in/scc) (in/scc) 

1.00 4.50 0.441 
3.75 16.00 0.354 
2.61 21.40 0.373 
1.87 15.00 0.374 
1.17 8.00 0.406 
2.67 20.00 0.362 
1.43 10.00 0.2V9 

6 0.032 6.21 
11 0.029 5.48 
7 0.C25 14.66 
1 0.024 1.67 

14 0.023 2,60 
17 0.017 7.50 
23 0.016 1.70 
32 0.012 11.76 
26 0.013 10.00 
35 0.008 12.22 
29 0.006 8.18 

100 0.005 21.00 

2 0.037 0.83 
8 0.034 9.00 

12 0.032 6.43 
21 0.025 10.45 
16 0.021 10.47 
33 0.017 9.52 
27 0.015 2.50 
22 0.014 18.46 
28 0.011 10.00 
34 0.C09 13.13 

101 0.006 62.50 

mssi 

3.00 10.00 0.483 
1.88 9.33 0.343 

14.00 15.00 0.955 
0.67 2.00 C.401 
0.85 6.00 0.327 
2.85 14.00 0.3S0 
0.00 1.70 0.000 
3.33 21.25 0.233 
4.44 13.84 0.444 
2.50 20.00 0.204 
1.67 16.00 0.204 

10.00 32.00 0.476 

750 pel 

0.49 1.00 0.575 
4.00 14.00 0.444 
3.00 8.33 0.466 
4.71 30.00 0.451 
3.57 24.48 0.341 
5.00 17.77 0.525 
0.00 5.CO O.CCO 

10.00 24.44 0.542 
2.72 18.90 0.272 
1.43 22.22 0.110 
0.00 62.50 0.000 

■ V 

(iní* 

0.25 
0.19 
0.18 
0.21 
0.23 
0.14 
0.22 

0.28 
0.34 
0.22 
0.25 
0.26 
0.18 
0.17 
0.20 
0.22 
0.22 
0.18 
0.21 

0.20 
0.18 
0.18 
0.23 
0.22 
0.20 
0.20 
C.20 
0.21 
0.21 
0.25 
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''1 TABLE III 

B Ihta 

Temperature 7fl*F 

Tust 

(if) 

Cr.i-k 
Width 

JQQ_i2£l 

h. 

(in.) (in/sec) (in/eoc) (ir/tc¿) 

Ve/Vt.ot 2xü£}¡ 
Kt 

(in.) 

39 
*43 
AO 
A9 
A6 
5A 
55 
5< 
63 
67 
97 

C.076 A.A2 
0.0?9 7,r,i 
O.O?7 ?.19 
0.0?1 
0.019 1.9? 
0.011 9.09 
0.^09 3.1A 
0.00? 1?.1? 
0.^07 ?.00 
0.0O6 7.50 
O.OOA 10.A3 

1.11 C.1° 
0.6^ p.50 
0.A3 6.56 
1.00 3.60 
0.50 7.60 
0.00 9.09 
0.50 6.67 
A.61 37.70 
o.?5 11.33 
?.?' 17.00 
?.00 67.00 

0.?51 0.23 
0.162 0.?6 
0.195 0.23 
0.A 10 0.?2 
0.260 0.2A 
0.^00 0.?0 
0.159 0.22 
0.2 7'5 0.20 
0.125 0.19 
0.296 0.21 
0.192 0.2A 

500 nsl 

3^ 
53 
A1 
AA 
A5 
A7 
56 
59 
62 
6A 
69 
99 

0.035 6.67 
0.03T 5.A7 
0.026 7.01 
0.020 0.5A 
0.019 1.?1 
°.0'1 3.13 
0.012 3.°1 
0.011 2.10 
©.''O? 1 , ?2 
O.CO5 6.90 
0,006 1.6? 
O.OOA I6.15 

0.00 6.67 
1.36 10.00 
1.02 7.39 
0.00 0.5A 
0.00 1. ? 1 
1.00 5.00 
0.^0 5.1’ 
o.?o 3.AO 
0.50 6.16 
1.?1 10.00 
0.00 1.68 
2.50 3*.^ 

0.000 0.18 
0.2A9 0.23 
0.33? 0.22 
0.000 0.19 
0.000 0.18 
0.320 O.25 
0,26 0,2A 
0.3^0 C.21 
0.2^5 0.20 
0.262 0.20 
0.000 0.19 
O.152 0.21 

75O osl 

37 0.9/A 
A9 0.0*2 
37A O.O31 
50 0.029 
/2 0.026 
52 O.O25 
57 0.011 
60 0.010 
61 0.008 
69 0.006 
9? 0.003 

5.00 1.33 
1.1? 0.36 

11.50 3.fl5 
2.AO 0.B5 
2.°8 1.67 

2A.00 10.00 
2.1A 0.00 
2.33 0.A3 
°.73 2.35 
8.00 0.59 

A?. CO A.CO 

16.00 
1 ,?9 

25.°o 
?.50 
3.6? 

31.70 
2.1A 
9.00 

2? . °0 
27.^0 
92.00 

0.266 
O.717 
0.335 
0.3? 5 
c.5?o 
O.A1? 
0.000 
0.18A 
0.2?2 
0.07A 
o.o?3 

0.20 
0.20 
0.?3 
0.2b 
O.23 
0.24 
O.15 
0.21 
0.20 
0.20 
0.2A 
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Pror-gll&nt C Tata 

'! 

' / 

Tcmnerrture ^4* F 

Ml 

(I) 
70 
76 
ai 
as 
92 
96 
95 

va¿ib 
( in.) 
O.Ü?1 
0.019 
0.016 
0.003 
o.oo? 
0.006 
0.007 

(in/cec) 

6.67 
?.?? 
5.Q? 

.4.°9 
ia: oo 
25.00 
25.00 

-22Q^i 

h 

(in/eec) 
1 .P2 
0.20 
1.6^ 
0.55 
o.oo 

10.00 
0.00 

Vc VVtot Craok 
- Hix 

(in/soc) (in.) 
9.47 0.272 0.20 
ii.75 0.0°0 0.20 
7.92 0.2°6 0.21 

16.92 0.112 0.24 
12.00 0.000 0.24 
40.00 0.400 0.25 
25.00 0.000 0.25 

500 psI 

71 
74 
77 
80 
82 
85 
91 
94 

0.028 5.27 
0.023 2.71 
0.015 6.67 
0.017 5.4Q 
0.009 5.22 
0.007 26.25 
0.003 23.33 
0.006 40.00 

1.00 6.92 
0.00 2.71 
1.25 12.85 
0.26 7.q5 
1.11 20.00 
2.5 50.00 
3.33 63.30 
7.33 100.00 

0.190 C.19 
0.000 0.19 
C.I90 0.20 
0.007 O.23 
0.210 O.24 
0.010 0.21 
O.I4O 0.21 
0.080 0.21 

750 T)si 

72 
73 
78 
79 

«4 
«3 
86 
90 
93 

0.026 3.°? 
0.018 5.0c 
0.020 3.29 
0.021 2.00 
0.016 4.28 
0.010 6.97 
0.004 5.64 
0.003 30.00 
0.002 1^0.00 

0.00 3.q2 
1.00 5.®8 
0.67 8,00 
0.00 2.00 
O.5O 22.20 
0.95 17.15 
O.3I 30.00 

11.40 57.10 
0.00 100.00 

0.000 0.21 
0.2 "'O 0.22 
0.200 O.23 
0.000 0.20 
0.120 0.21 
O.I4O O.23 
0.060 0.22 
0.380 O.24 
0.000 0.22 
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Appendix B 

Data Curves for Crack Widths versus Burn Time 

Data curves for propellants A, B, and C tests appear 

in this appendix. The curves are grouped accordinp, to 

pressures of 300, 500, and 750 psi for each propellant. 

The curves for each pressure group arc in decreasing crack 

widths. It is noted that the x designation printout on 

the data curves are computer program instructions for data 

identification purposes only. 
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