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JJFG EEPÖIT 130.  9fcö 

Baläiotio $©ofc of fispoväiiQatQl Propellanto 
in t&«r$*/3ä Üaübo? Blov7out Gun 

3.«    Tho preliminary rooultsi of A» in^ootigation of th© ignition 
and prisaary oiageo of burning of sosao öt&ndard and experimental 
propallanto in a 5w/$$ Blowout Sun ©r© givoh in this report. 
Information ao to time of prinor venting and rupture of tfeö chamber 
oooling diüte* Bad procoura«»tiiaQ euTO50 recorded at the front? 

~!s^ 6®d rear of the oha&hor havo .bs^tt cbtained.    Oscillograph 
racordö illustrating typical performance and tables of values£ 
avösrxisod for tho rounds. fired* of time iatorvalo and preöswröe or© 
ineiu&od« 

2« Plvo powders hav© boon fired in the JJaval Proving Ground 
blowout gun^j ea>ch through a charge temperature ranga of 41°^ '*©• 
120°-F* Ail"charge» «ere service loaded and used th© Mk<,"13»»l 
primer which had boon modified to ££r© only« ?h© 
powders «oa8iet«4:"wfSSSr ^opwilaat-,. NPFB-53is 'Gcrdtte «M» p^öp«>»ant? 
&$ 6301; and three cool picrit© propellants«, EX 6659,. IE &68S end 
EX oW*        • '• »ft 

3-» Aa tha, charge temperatures irere decreased from 12CFF t*;0% 
all the curves obtained became smoother? At a eha-r-g.® tei|p^r$ture 
of &S6F, ttrt? of throe rounds with SX 6696 misfired* Ifoeii the 
qbarg&s were broken down«, it was found that scorching and partial 
ignition of the grain© around the prices' had occurred» At ail 
charge temperatures the curves fo^ the middle &&<* front of the 
chamber generally exhibitedmore oscillations than those for the 
rear of föm  chamber« 

4.0 The. intervale from prime? blowout to. start of pressiure and 
start of pressure to maximum pressure became progressively smaller 
as the charge temperature increased, for ail of the propellents 
at each charge temperature the average time interval from start of 
pressure to maätimum pressure decreased progressively fr&ia the 
to the frönt of tue chamber. 
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CONFXDOTXAt NPG REPORT HO.  940 

Ballistic ^©t of Eaaperiiaeatal Propellanta 
in the 5tt/?$ Caliber Blowout Gun 

«0K      «B»      v*      *o      «ä      *»•      Ä-      «a»       tfe>      t»      ««» 

JL.« 

BÜQRD Conf lit» NP9 ae2d-£fttdf So* 22675 of 11 July 1951 
to telfHQV, 

2. REFERENCES?   • 

a. BUORB Itr S78^1(5lkRo2c) of 2§ March 1946 to NAfPRO? 
- fc* B0ORB Rest* It* 374-1(5"'} (tote) BÖiblm of © January 194& - 

to NAvPROff 
0« UlQi/SSi Gonf -» University of Minno&otü Monthly Progroos 

Report of Harsh - April 1948 
df    ÄBL/P13 Gonf - Strand Rat© ^sllistia Studies of Plateau 

Type Propellants by S» ZsaaehinoUl and R. P. Preekol - 
8«($«mbe<K» 19&&   •','•" 

f.« BÜÖRD Conf Its? NP9 (Ra2d) EJJsltra of 17 Juno 1949' to 
'M¥PR0? 

f.. KA7PRQW' Genf It* S78-K45) 1X91731) of 2 September 1949 
to BUÖRD      ' 

g.* NPG Report No« 829 Conf - Construction and Calibration 
of a 5»/3B Caliber Blowout Gun > of 20- August 1951 

J.    BACKGROUNDS      - " ' . 

"Sofercgänö (a.) requested that the Nfeval- Proving Ground set up 
a 0*» blowout chamber to investigate the action of Albanit© type 
powders since damage had occurred to a 5*8/3$ gun and mount during 
one phase of test firing Vith this type powder» Reference ib> 
axithorized the modification of a 5"'/3l* barrel to function a® a 
blowout chamber with, instrumentation to obtain pressure-time curves 
and other interior, ballistic measurements. Xt wa-s requested that • 
this blowout chamber be used to conduct studies of the ignition and 
behavior of new types of compositions and granulations during the 
early stages of burning«. Reference (g) was the final report on 
the construction and calibration of this chamber. Under- refer- , 
©nee (e)j„ the Naval Proving Ground was"r"£'«suösted to set up a eon*» 
tinning program for the investigation of ignition and early burning 
characteristics of experimental and production type propellsnte in 
the 5*S/3S blowout gun. Reference (f) was written in compliance 
with the request that the Naval Proving Ground briefly outline its 
proposed research program for the coming year. 

CONFlSEHTXAt 
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Ballistic $ea$ of -HKf^to&iol Prop©4£%&ts. 
> - 4n the 5*/ÄG W<Jf "BiflSwuit" Susi 
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,4..-- mä®?% GW tmvt  ..   ;• ..  • ' . .    ,   •     ..",-" 

• $6 lÄtaödftigöfce' th@ ig&ition ö&<3 .tKäKssäUw? ©£" p*opslloa&o during 
©o^iy ütöö@ö of burning. ' 2M6 s>Q$$f& d[&69408oo th©- i?irst ©#?i#© 
of. tfi&pigQ «änd$e!täd« ' >'= '- ....'.' 

..5*' p§a-söa- öp- ABSä*.   .       , ;'     .: ; "*- - '/•_- 

ü:» • $>otö ©.£. Heeeipt ©f Directive» 
-b« ' 8at© fB«ß0 Begun 

' ©•    Bat©" ?h-ö© Completed 113 October £950 
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Five peters, have been fis^d in1 the flasral Proving Ground 
SU&9; ©aeh through a charge- iesapera.ture ?itn$e of &56f to 

I3ÖPP.    älX charges wrs service loaded and ussd the MI?« 3.3-1 
pvÄiaer which bS.d Wert modified to fire electrically only.. ' She 
pot-Jdefrö coäeiöted of Hft propeälant* SJPfg»234i "Go.rdii© *8JF 
S& 63&1; and cool picri^e propsXißatsp SSX $£$9* .EI &6ft$ and BX 
Th« ooiapooitiört" and geometry of the- propell&nt grain@ under ö'is 
©ttö-siört tzi'XX be found in Appendiig %&i0, fable« X and XX. 

.t» 

H»    S&8tUOOTS0B 09 HEarSQÜfXSS&BSi 

The pressure gage;©* g$g©' ööd calibration •circuits*, temperature 
control and recording unitö;8-and blowout gum a-e© completely 
d:©s..©r£©©d: in pe-feren©©. .(g)...'      v    . 

*, PBÖCiDÖBE;.* ' 

--•179» 

Five' round? ©?' each powder' were fired 4t eaoh charge 
turep making a ^otäl of 75- rounds! (excluding soiae, mipfireD and 
repeal rounda). fhe bioüout gun nt&s  conditioned to the charge 
tempörature ^ith th© cooling and heating equipment deaeribod in 
reference ig}* 
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Belli otic foot of ExporimsntGl Props 
in the -§*»/38 caliber Biowout Ch 
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Gun 

Co All the curves showed improvement at a charge temperature 
of 90ÖF over those for %2ö'öj9    The irregularities mentioned above s 
xfere still in evidence for NPPB-23& and EX 6688 (Figures 6 and 15» 
Appendix {€.).)•• However6  the step just prior to maximum pressure 
presented in the channel A curves for EX 6381 and EX 6659 at 120^F 
disappeared at 90°F (Piguree 9 and 12,9  Appendix (.0)), in addition^ 
the channel A curves for EX 638l? EX 66«9V *nd EX 6696 exhibited a 
step in the low pressure region 500 to 1500 lbs/in8 (Figures 98 12,'p- 
and 17, Appendix (G)) at this temperature* 

CONFIDENTIAL 
SECURITY INFORMATION 

9. RESULTS AND DISCUSSION« 

a«. The thro© gage Channels hmo  been designated es Ae B^ and 
"©., A being the gage channel 3 inches froa t:ho -baa? of' the cartridge 
earne  B the middle gag© channel 14 inches from th© base* and 0 the 
channel nearest the mußsle ©ad of the- chamber and 25 inches from 
the .base. The position of the gage channels and the primer are 
•©hoim in Figure 2* Appendix (B). The Seating of the case in the 
blowout gun is indicated in Figure k»  Appendix £B)» The primer 
tlk« 13** 1 is shown in Figure 3* Appendix ($)• 

b* The channel I curves for BX 6659 and EX 6696 at I20°F, 1 
•^ -     •     Figures 13 and 18> Appendix (C)f were the eaootheat of ,all the         . 1 

curves obtained for the powders fired at this charge temperature, U 
They are almost completely free of oscillations* EX 6659 shows ]\ 
a step just prior to maximum pressure» The NM and Cordite s90® H 
powders,  NPFB-234 and EX 6381$ (figures 7 and 10, Appendix (C)% |j 
also exhibit the sams tygö of step? although more pronounced» The = H 
curve of "channel A for EX 6688 *Figure 16.». Appendix <C)) indicates . |i , 

*     a sudden increase in the rate of change Of pressure from 0.5 to Ü 
loO milliseconds after indicated rupture of the disc. The curve U ]= 

J • •  -s-lso is- not äS- smooth as those f/or the o-tha-r twy. wool' ptf<*jjüil*&tttb-« " 'n 
1     Channels B and C curves are similar for all powders at 120°F and \.\ti 

exhibit more oscillations than thope for Channel A. In this- ! 

respect© EX 6688 showed the largest amplitude of oscillations^ . 
•T 
M 

d. At a charge temperature of &5*F# the curves were superior 
in smoothness to those for the higher temperatures» $nd. the irregu-» !'| 
iarities on the channel A curves specifically mentioned in para- h 
graphs (a) and (b) are not in evidence «• It was found that two of p 
three rounds with EX 6696 misfired. In these two rounds^ the !•-• 
powder grains around the primer had been partially ignited and l\ 
scorched« - \1 

if 
I • 
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Ballistic Teat of Eäperiaentel PropelXantö 
.-,4» the SW/3G Caliber B3.©t7©ut <$un 

c»«A«te«»«pt>«<!^^*•»J»,»•^ •a  «. a  «. 

'©• The intervals from primer blowout' to ©tart of. pressure 
and fr©a start of p?90Ms?e id - £&xips$ prsssure became progress 
slvoly smaller as the charge temperature, increased (Tapl© $11^ - . 
Appendix (A)')* The greatest va-rtai-ioa. of theo© intervals! with tea^» 
peratur© tföö found with the Gord&to ®B®  propeXlant EX 6f#Xo The 
•ö-ariatien in the tin© interval frosi f^imer blowout fc© maslaua 
pressure ©v@r the Charge teaperaiur© rango is the smallest for • 
HPiP8«»g$'4.- - {tenölde-ring only the ©vents at th© ?oa? of th© - chaabe-r* 
the time intervals t©* the other four propeiiXanto increase from an 
average value of 7»34 milliseconds at XHÖ'flf to 19.3-2 milliseconds 
at 45 «F, .-trtsHe th© increase for KPP8-234 is 6»82 to $9%i ailXi« 
seconds respectively-« ' For all ©f tfc© propeXlanto at ©.ach charge 
temperature.the interval from start of prepour© to- aasimua pressure 
became progressively em&XXer f?@sa the rear to the. front of the 
©haabas?« '.    •.- ,. . ' . 

-j?. A plot ©f th© maximum pressures9 averaged ©vor th© throe 
ehawtQltfo venous charge temperature for tha power's firod ig shown 
in Plgur© ip Appendix (B%    Th© curve for HPPB-234 indicates d 
linear relationship over th© charge temperature range- fired» 

ßp    Ap previously outlined* . propeXXants $X: 6351«, EX, 6696. and 
EX-. twl%"- shiiü ätö.ptst' in their channel A curves1 in the lot? pr©ssus3 
region 500 to 1*00 ibs/in* (Pigurep 9, 12p and 17 p Appendix (C)). 
Xh reference (®)# it was reported ^Xead'and certain other heavy 
metals,, free «r in certain- of their compounds, when added to a 
relatively cool double boa©- powder can cause that ponder to shot? ( 
plateaus in its burning rate .curve ai pressure of 300 to 1500 . > 
lbo/ia^f upon the percentage content or the metal69* The 
above atateaent io -substantiated in aors detail in 
in which ih@  effects of adding saall amounts of lead coapounda from 
6>5|' to 16.0^ are diseuooed. Although EX 6jei and B2 6696 contain 
0.5>lJg Pb00| and 0.96)5 PbCp3 reopectiVely^ thie cannot b© solely 
responsible for the step formation since $&  6659 does not contain- 
any lead or other metallic eoap©«nd* , •,   , 

-Prom Figure &#  Appendix X?)> it ia apparent4 th-Ät feh© powder 
•grain© at the channel A position will be the first affected by the 
primer venting and the first indication of pressure should be on 
the channel A curvee Initial irregularities in» this iöurve in the 
low pressure region are profeftbiy due to a, change in the burning 
rate of the powder itself or some gas phase reaction» The oscilla- 
tions on the channel £ and C curves may be caused by the above con- 
dition© and/or the passing of pressure waves initiated by events 

1: 

i 
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Bölliotie fest ©? Experimental Frepellants 
• its the 5-/3S Caliber Blowout Gun 
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occurring'in the Vicinity of th© primer«' Pros, the time the priner 
veate to the first indication of pressure -there,is an aveiragö' tia@' 
of 3.3.5 milliseconds during which the propellant grains around the 
prifser are burning and giving off gaseous products.» .Upon reaching 
a ^e-rtssia energy Isvsl the©© gases undergo a rapid,' transformation 
causing an increase in pressure.«» The energy released may ignite . 
surrounding grains* which will burn rapidly^ due to the higher 
pressure at tlhich they are ignited« However^, there will tbe a 
delay fro® the time of reaction of the gases to the ignition of 
the additional grains^ ©o that the' pressure-time curve will tend 
to level off until these grains commence burning. The absence of 
the step© at low pressure at charge temperatures of &i>öf and 120 °P 
may'be explained as- follows*. At 45*p the gases &re being evolved, 
at a alow enough rate a© that they can distribute themselves over 
a greater volume of the charge» They may not. reach the energy 
level necessary for the transformation until after moot.of the. 
iraino in the area have commenced burning.. At 120°P, the gral&s 
are at an initially higher potential en&rg^ .level before ignition. 

in ignition^ the grains bum mere rapidly and the gases serve 
ignite other grain© more readily^ which .generates sufficient 

to prevent combustible ggöea from accumulating and rawsin^g 
isöafi&ed tu some configuration as is possibly the- case for the 
fO°P Charseu ' 

h< The step' on the curve Just prior to maximum »reösureö as 
" _ noted tor jr?FB*$& at 90«? and- 12q°P and &Z 6SB1 and ' 

£& 6659 at 120°PP and the sharp rise in pressure Just prior to 
säassiauä pressure^ for tt 0M at 90°F and 120°P|, secur fro© about 
6*5 to le0 miilisecond after disc blowout0  so that these effects 
may be associated with the rupture of the disc» However0  they 
may also be due to the above described phenomena.of gas reaction 

energy 

ie further investigations will be carried out to«determine 
the effect of charge assembly and ignition system variations on 
these steps« The effects of this phenomenon upon the entire 
ballistic cycle t&ii also be studied 0 

j,0 Pour additional sets of curves are included in this report 
tc indicate the order of deviation© from the average values of 
pressures and times for rounds fired under the same ballistic con-- 
ditions (Figures 19 to 22, Appyndia? (C)). These curve© were 
obtained with EX 6381 at a charge temperature of 90°F. Maximum 
differences of pressures from the tabulated average values are 
about ±$%.»    The time intervals are generally of the same order t&v 
any given powder under similar conditions. 
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in the $«?/38 Oallböy Blöt?©üt (km 

*<fc     •»•;     «a    -Mm     «-= .-*    4D    «•»    ** 

,  fe.    ?h© firings lipon which thio report is fc&ped -erar© in the 
nature of an ©ssplorötory investigation to determine fch© manner in 
trhi§h thö vreöp»» wo&ldi act and what information oould be ©bt«is©4* 

»rtiaontation is tandergoing farther refin#»mt8 a© teot© are 

PAR», .-P 

£S£££g§s§isii 

10» a» A© the charge ieaperatureo döereaeed fro© 12Ö°F t© 4$*F? 
the curve© beeaae psaobthe'r. 'äS"ö&X charge fc©ap©rattsre©ß the curves 
for the aiddle and front? of the chamber generoily exhibited aor© 
oscillationo than those for the rear of the chamber. 

 W. The intervale from primer blowout to start of pressure and 
start of proesttr© to maximum pressure b@-e$-ae< progressively small©? 
ae the ©barge temperature inere&ded. For all of the prop©llania . 
©t ea.eh. e|iös?f« io4i*o^»*us?sa~the> average time interval from .©tart of 
pressUr© to massimua pressure decreased progressively from th© rear 
to, th© front of the Chamber.» 
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