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±ialli,3tic f~esearch
Labora&.ory 1ýeor N. 339

Ab ~erien P-rovin xrud Md
j 'arch -12 194

ON TIiE US3E OF CO. AS -A PhOPELLANT INl CIJNS

A thorough stuidy of' tich poss--h-ilities Of Using CO2 es P, Propellant
in g--uns wvas made. The worl- was divided into two ph~ses: (1) the uise
of solid C2in addition to FT4H powder in rifled gtuns. (2) The use of
liquid-vapor C02 Under pressUre cither alone or with. a heater f.Or unriflled

inn. the first case, the ef~fect of the additionL of solid 0O% resualted
mainly :in tho rpd%-ction of the Lmuz2le velocity - even more than 1-f an
inert.- mr;+erial had hoer. ised irrtoeA of the zolid CO-. In the second
case, the ",eater used as propella~nt wi~t,'out GO, gave a snoother, -more
cnnstant przessnire-tine curve than wit'- the G'02 but the pressure-time
curve ob+~.ened with se-rvico pro-Pollant powder in other g.uns is Mtich
smoother thpn. any obtai-led in those f irin---;s.

I ChiehtŽ c'~x~danc rc- F"+, ted the~ i3al-' t
c:' t9 TI ~ zhccri .~ir §cu~Lb. t' of

$ ~ Ž1or urwiif ed I

V.f~ -i.c - .t:'vi 0 t1;out 1 r . tr yv

0 no rn- nc 2



C r,

:Tetr,,r zoe ~aon defines in this case, a howitzer

wnic :o reis- th: ý,roj'ect-ile at' seerl iffei'týnt voei o i t i-
treevelocitiEs .epndiri- upozi the, particular CEharý--C or

weig~ht of -rowier usec6',. The purp'ose of firiný'; at lerthan
maxi-Mum- Veloc-.-1t1ies -is- to retl hig-h -angle f'ir, hich resuits.
in high angie b-a-ts, anid also to sa-ve tne igun f~rom excesatsiT
eiosizonw. I-,hus tlne io5mm Howi t-Zer' a, ;s se v el zon1es, acý f o'Llo04VS:

Zone NI.Thrge Velocity
'oz. f/s

IIJ-Y64 65",0
II~~ l2b 10

I~ 15v1 780
r 1- 875

V 2A+'14 102
VI32.80 123-15

VII 4.015 50

The first phase Of tile (-0 p wro gram -onrsisted of substi-tutl-
ing equal weights of solid C00 for remnoved orrý,anic IŽ' ;lent
powvder.Teogncpo'letuwe was the service smokel-s
.F1 aShl7eSS, non-ftyi oscoi)icO typ3 ofI pr'oueliarvL

i'he two how~itzers chos,:en for the CQO- fiLrlngs .were the 105mm.-I
&oierand the 7.1), .Pack`ý Howvitzer. rh~.j 105pm Howitzer is thec

:no ~ mj~vtat ea 'on used by the Field A,-tily intJ ~rsn
war-. It fires a trLirt-y,-thre- '-oun, projeti-lr f-or a :neof
a2 rmu;I aýý 12,40 yaD)jrds. The Pack 17(owitzer is robabiy the
sio:ct ioleField m',rtill cry iv~eap.on and may be carried over
mounita'-ns and. strear-isw on 'AaCk s';11iEs 02 on :snoi, S -eds.

rewisobtain<-:- in the sc two how;itzers ar- given in thc



105mm tze.r Yirirxgs

&d. nase 0hai-eoe Increment GO,. :4uz2;ie No-e
No. FNH Lot 5632 C hire. ChG. 'vel.

""NH Lo• 5682 Carge f
._ OZ.

I ii oz. 9 oz. 0 955 N0 C0,.

2 11 9I 0 954 NO C02
3 ii ' 5 " 4 5i1 Pu±.verizedi 2,0, in

gper baa, anead of

4, Ii " 5 77 4 u1'ized 9C), 4 i(x,

with incremnn ) owder.
5 II " 0 516 i'.0 C0-.

6 1 "5 0 848 "o '0 ,,

7-1 " 2 7 b83 Ulverized 0 . i d
with increment od c r

*,i 2 7 68 ":
9 !1. 0 9 650 ,T.

10 !iI" 0 9 345 1,

75mm Pack Howitzer Firin is
id. isase Chai.e.s Incremrerit CO Muzzle Piezo-e.... tric ?-s
'1. N'•L Lot 3635 FNE Lot 8082 Vcl.

•, 6.c oz. 9 0 cz. 0 -. o]

S6.0 Q•'9 3 b'4 'l • OO ib,'in

, z . 4.0 9472 S,0

S 6. 0 " . 1 7.0O 758 n• .. 7,

V ~Q f

S,. j 0 U .. '7 ,.) V:• •,. .

'V .. .. .. .. .. /.......



i-ri in:scuction ol' chies~e tabies slnows the Cellfcct o' th
ixe~oacement of ~r~ ~n ocE'by .JO,. ''he first tw-,o :7oanu:z

fired in -,.he IO_5"amn Hov~itzer were writh a1 total chdrjlrz of'?
ounces of wthe- ser-vice LoleI- he Second set of' tw,.o 2oumids
(Rds, w-);ere _c3so ,,dth .20 ounces. of totlal clha-cj.e, 'out of
thi's total charge-, four ounces w~ere 'pulverized CC- an SlxtrecM

4'cfc s:ervice -ovder 1h,, vel1ocity~ 'f/s~ ro' ~
ando 95.4 fsobtained on ILI)ret fIr-st vwo 'on(s (hds ± -) to
81l" f/!s and 7'-?N+ f/s obtý-iawdt~ on UWe -secon.i set of two -o'un-,s

(P~ds.3-4).in ot~hcr wordls, ýýubstitutinra 4 07- Of' C'O for Iou
f ~~o-unces of service ,o,;,der :-esulted in a dro-p in velo'it~y Of I3 1/s

Yii next two r ound s, (IIds . 5 -) w e re fi-re(-d v;l-th- 16 o un ce s
oll serv--oae wivtthout an.j CO,~; the velociti-es for these two

Louis erei1 and 34'3 fsor zzn averq'ge of Li3;2 f/.Th wo
rounds ruith oz. of C01) aM;.o so 1evc /o.e d.

1ovc bvr K-v . !
t" 9.e f' s/' i a nine ou rsor' C.-.

r ~iou s oz. of viervi~cie ae a1.0lb

E)' ouoe sei-vicý o'u eT 'n o'ata-e,, oc ('

sl)'-~~ on VC' tnr .io nin e ±fl cesh of '

ttaL so l O- ,n t a '7 a1- I e --e 4o '

,-eult -., ora,'n''v ~ere obaie in the 75i±T.e~ .az
- fc-.e w. c mc's ofd -~ ýewic ; ,,i~oav ac ]-,.7 'no

a veoi-ro"Isfd. -12 Nýduik h

o,, .- ,TI(' of A , a

0c.

6, u1 1

0- a' o "



A j~ormof fii~Y I~. iudC. in a syocci&l]ly

constructed gun agreed upon at a conference 'neld._ at the
13all.istic ýýesearch Labor~atory on F~ebru~ary 2nd is attk-ached.
As outlined in this pr-ogrami, a (;ardcy mnine cartridsýe ,,as; used
as container for the liquid -vapor C20,..

The gjun burrel was a tube 21ý in inner Itiameter-, 4" in
outer aiameter andl i0l 8" in lenVgth.

A gun tube leng;th of at latsizty ca±iiers7 for thle '_'10..
Gun was specified at the conference held at th~e axtc
rie~search Laboratory. In order -to Lopr he length of this
gundr with -the lengths of 4Lhe twvo howitzers considereC. ildý--,
a tabuzLa.tior_ ()J 12 c.;'- tiis -*i: .-rivon belovw:

Gun T rav e

C0'O' ('211 bo're)'. b 1. -.*ali b or s

75irsn', Pack 1hcwi.t zer i- calicers

IL~U Hooyitzer 2'0 alib -)er

Il~~~s evdnt;attisC l.~o ha'sa Ver auch loi:e ra th-n
any, -xin fii-" viat abouL -uh~m same velocity. Orie of tie'ocst

~c'vcc casLStdlc high v(, 0 it r 7
Y týt t`,s -un ia a tr-iavej. onl\ )_' (dibers. '1ihe u'oin
of the _l'ong trL7vel le-nith lisc in the ý-Ad'd weii'ht and: a d. er",

dificlty of 2:ýancoverLaýbilt-Y _ni of es icva&'4or.

in t~he shoer of' thle Ballistic .-,esearch Labo-ratory ndrti-e
i.L'rviditate -.u'výervision of che Ohief %Iechianic, :,Ir. L. bauEr

spo'-.a contlact calleýd th-,e nuzzie contact for deterni4ning
i.<i ~heithe -Ifrojectilo left the muzzle vas aort n lIne

"...izze end,` and theý b-reech end" was threaded fior about ýn rinch
h.i;AalI,-f fori :eoluiting the Cardo-x car bridge

aruo r ~d cIs a ciiiS ýýY 2cl'O t II4d $j" o..'',P
d 4 n~ ~e.a' - liný valveý at orle a urnl

ptu~ lug at the o' ncr end. i-e c
i e t~ I.~ ý,z~insz a bIOW-OUT" C, 7 L0c 1-3 SLUee-e

"0' ''o "L'tr 4'0' !'11-r a ~ r te ( ~

Ly 1  U-r1i

"ýýIV (I r c) i., e tj.. c "- - II



asipecial co2iiar wfhich fitted over trie ý_ardox sliell, to
obtaratle ýhe. gases at the;; *oint,ý between Linc -ntb n
tho *ardox oshell. A .- all x~ub1ber rinig cesic,'neýd on the1 Widma uis.ported-area pi'inctl-e"l %,,as týhe only wý,ash-er
ased at this -ý,inl

Five inches from th~e breech face a>ecaorccesr
.,d.ge was riou~nte. Thsgg onsists e,ýsentialyo a sta.u
of quartz crYstals, -the ~plah6' faces of whc :ccut e~nc~r
ly to their- clect-_c axis. 1he a lttonof ozueUv'o-'s
a i.ropo.-tionai ele'c t~ro-stat±c! chlarge which, aftcrT a~yicat:Lori,
may be recorded as' the defloction 3.F- an elect-on beam by a
frhotographic film moving on a :revolvin- drum- lya this wAay

* compzlete 'eorssiie-titic curve may be ob~tainvec4.

The entire girn (t'arrei plUs Gýard~o-ý shellc~) moun rn~med on
a heavy? i'..ocden slide ,v;hirh was frec_, to ree~in a odntoih

10 1 e, n'I h o f abo 11t t hr e f E!e t - o>4 i n a v'eE? L.e"t hi., dis t an ce to t ak e u' `61h1e j r L1 n,,ciun, recol.] '-uier'y

irvtcrh ;an"' -a skthof t~c~;uadL§1, 7eCOr'C-LnL-

aupe alltc ýhe d

the ~>o-ectile", usý were 17'r", Ccof o

"t-4n ýo e. a ia tr o* t-";ý lnhck~s aa,.ý hi u b s .
ine o: mn" 'C v.~ooth Inish ari( P__ 'Lft

n *cn a s oSC ý.ý.x 1ia~ v aer ni-iv.c ' - 7 1 ',o '
cr ýo' ne muz zle 'endl, be 11-ic ren thc" Lco",ý_dýh,

0. 4 tom i l zn t"o inci aressrt di-sc inU
am,~r~ur veiocv w e 1e -too low1. Clo lCc Lec:r

a Vý L, '''-r'-"tus but~ the latuter _-,,ay "Ce es-tim,ýe f-,O] "' I'
factr th', _ u -io ' six:nchcs ia 36

"uto,C a ve ýc , C1~ udi.''lu .2 C f/S if C , ion_

*'ant fte j

U' hC. FAc c el rtiwi' i,, ýu,-±' hc

e'&_ tur,ý C' tL- vai>aition Ln ri'mssiir ''

(_ ULU'rl 'ies a ,1*--id .'ion

-ta C i 1,: 1w -i I. C) '' ý jJ 0 r1

V1 OcL1~ :L fu O . J w1

* ~~ .L'<ý U3 e ci L''



r-~r-~roun.ýs were fired. us-Ing this carti~ withP "if-rent
sizes of haeaters ith he:I1ý o4m ruj.sid'

Charge Miax. P ressue ioct atLV

-0, gramrrs heater 115 b.. CO go9 in,~2 50 /

110 ! +1.7 N*lk9'360 If7'

110 I If No.0 CO5  7130 Sb

I1 10 6520 Lost

P"Chotostlats of the }rssr- iiecrves oil t-hese rounnzacs
are a t-t C.c h ed. .it is- evident from, a utdvof these recordE
tat n r~ cf c.ie curves- has characterist-ics whicharo ste
the adv an tag ecu charac teri-is tic s c la i.me~d for \C0 a s vr o;ws iILznt:

( ,) i -pressure-tl-mre curve 1havinf'ý a very giadual Y'S E'
1,wal'h voic'id not subject the projectiie to shock,

(2) o s~o t h, c o n t ant se~s su3-e -t- 1 G cur Ve.

iI.;on the _-.1""cst~ion ofL : "r fonnoi', two rouna1cs v,, e 1- i e a
h~t w eater in- a so1tvUbe ;xlaced well to the f -. .ront* of the

Cai'C4oN, she'L i n such aosition bhat( its forwardi end wvas
izmiildi~at-L,_1 behind the bl'ow-ou)t dibc, itnd ignition vias efiocec.lc

Zttvorwcar-d end. Tin~fii~ of the firLst r oudI the stil-ea'I
ti-ahe xas :'sot otof a ~un-A a blu~~cie fli~sh wvas. crservec"d
at niuzz.' /e. in the,' '-eon~d rou,_nd, ,;"-ac rtce"! tube vias, flareci

s-atL liasnec.in a`ce. Ilhe teltube w~as rupt'ured fo
hX f ht naýi ýh e . s o tha 'I ~seteei ifficul to

PC7OVOll. 2. smteCard ox 0E'rLee .oth o~f tlaese roundms
Lýnite t thre mtuzzle, end 01; !UQe heater tube. i3 e o-a a:7e

t~s srssuvs nc'velcites az ned, on thiese Erolunds.

~~~_ .- ~ , ½4 lb/in f/'

± I. Ir Jy, 'j,3 lb,: n 2 Z§ f /E

L" tsa l L ca' .
c +14. e, )'W . *f

C] :,rr 2 4 I Ct~



LZ-e blow -out dis F(-n s~lla ~o afety it wouioerefore
bVe necessary to use a c. hi(,r'h uresir Wl-u . Lb wt
resultant h-igher initL2 cuuv on thie base of thoe. -jzoJectile.

The present firiri, weire a!-' ,zide with tVie aim at. En
elevdt"ion of zero degrees. However; the results obtained
Uressure and ve-Locity) -would be a func~tion of the elevation
Of the tube-, sinco the ellevation determnines the 2ositionl of thý,e
liquý,id wi-th respect tro tho heater. 'I tes £irins rý v
'the heater with reSp~ect to the CO- (Mb. onner IS sur~vesti.on) was

shown to Affe'ct the. velocity, This fezature, t-oo, it,. not a
* desjirabl~e one for -3 ,crv ;c vaon'

i'4cntion shoulld, be -jade of' the w e ir-rlit of -'he hol der f or thIie'
`Ldquid CC,, . Since it i.- rieces,-ary to w~iths~tand a >rc~u,,,
.to l10,000'"lb/iný the cart-id,,;u vcLIrnj th nl~i in-,,cu
be"fa;irly sutbstantial. The emp~ty Cardox cyl-inder utsed ;-:erv;

about ,:eventLeen j~ouidis, whietfte' ,;ait-idge case a~ns owdvicer
fLor the 715iýu Pack, Eo-;itzer ceg niy about th-cee pounds.

1,f solid 2.0,. were used, the t-.-ansportation -oroblem: would-i
be nuite M_',f.Licuit. J'he solid CO~, io no;ý stable at at;!,osrhe i~c

t~Ž~;eatues ndthe evaporatibn ~o.ibz cons, rderblc. in one
,any Unles ste irJ recautior.8seNce La.e o cool or . u-t
the. contai-ner.

Thisc repor t iLs a stad~y of firings, ,,ade wqith soii-11 C01. ano-n
l.i~quid C0.-. -Jc attenmpt .,as miane to use vasýe:ous CO., intrcA-

du.ced intlo a cartridtge case uander c~resscure . l 4L)ii IffICU-;ties
'f olbtu~raLinC, Such~ a systea,- (crrig es ne roý ~ ½

are, obviloz7 .[n addiLtionr, tic 2`0, -iuoll" b e :1ei f 12 ý. -- 1

t~o otheur '~~since it isý L-~~iatcmiie ticoiplcui.cle w;ith a
~,-reater n;Jr rrtJ&! of the ztowdck -e.I tolwou tn _,
w'oUld be ub lorUed in heatinu,! the 00- ardLi±c sJA

~..L~l'C iiibs fizuaccd CO_ w-oulu be l1Ess thwn thl-e -u;c

uiicn ~ .t o~ ,h -one aseý .ue to teheat ioýýt L' ch
,the trilx -ure of ;-owd(- erýziscth :cu.C> ol a

a :i ier1 t e. c! cr ur C o r t hE- corr- 7cndini7rzsu~t
CO o :ow~de ae7

os:: lte o ;;irne-at. Lhan CO,.

* . y iocf tI

1i fl lotil cn Ae

ý7- M 7 ' "-1 m -' 7-- -



(3 iquid-va,:or C'O plus a laeatecr,un'de-r th-e comondIitC.,n;
tried out, gives a lrz~s..uir-ti~fc c-urve osreai'st<r
and' more rindular than~ IroIeIent cd.

Th1.e undersigned wish to expr-cesstei alp-ec.lat-icn tGo
Dt. du 24Aazue1 of the Office'o- the7 Chief of Ordnance, to "'r.
Monner of the Coloi-ado Research labbratorl~es, and1 to 'Dr. cetz
of the .Cardox Mine Cartrld--e Coip'oratior. fL*or their aýdvice and
coo-oerati-on in t~he oaptinof this- -,ro-ram.

J. H. F. azer
!,st 0-.., Or. Dept'.

J. R. Tan



PROGFlAM. FOR CO GO, CUN

on Yebrboaxy 2nd affer the firing of the 75mm and iO05m
Hiowitzers using CO02 in addition to KKi y;owder as p~ropellant, a

conference was held~in Colonel Si1nonts office to discus3 the
fu~rther applications of,00, 2 o ordnance. Present at the con-

ference were the following:

Of'fice of the Chief of',rdnance; Coi. Ger-hardt, Dr. DuP'azuel
hailistic Research Laboratory: Co1. 3imon, Mr. Kont.,

Cardcx 'Ainc Cartrddge Cor'p.: - r. Getz
aonsnltant: ir. Xonnei-

At. this conference a program was drawn. xy and agreed uyon by
the conforees an Aco vost likelyto yield upsuits upon o'hish to
judyeMw~ practicability of asin; JO.. an a prxopcllant. It a
alpeeu by averyone tha !h ussag" ingtCO. L ay in the
po~22b liity of obtaining Djflutinn5pressure-tiQi carve. in order
uj. determine whetler such a curve is SUVAitd the £>llowin:
.i'ogr&~ wars agi eed upon:

(1) -if feasible, and immsediately availabhle, fire a roiund
w.ith CO~ ( liquid) alone bursting a blow-out disc cithe-,r nichainical_'_
or by a rnall charge of high explosive. This disc to be placedi
between the CO 2 con Sa-iner an-a the guni tube.

F2 ire t standard Cardox mine cartridge containing MC,
(Iiquiv) and. various charges of Lhe poasiLvn
nfeator. . na blow-out Tresrsure disc w:as to be ;laced. between
tar: c Klinnr&. and the ;un tube. in thie Cardox cartridF~e

=v neavv is y~cei a cardbu.ara tube a~ndis ignte na..ioi
byamatch ti:e rear (breech) 1end.

(3; ýeyea; Mling (1) above withn the rsoaiiLcao. of

ron . kuzzAie2 ) 5' .

1 twsKcie a 2" tub Me, 60t- calibrs lon, would,
* ~Th zra''Srl Car . Q .. li*v '3 -"a

.. ~.. .. 20.CXQ. bSS . ' ';~ 02 ~iLune, n:
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PERSON OR CORPORATION, OR CONVEYINOG ANY RIGHTS OR PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO,
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DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND

ARMY RESEARCH LABORATORY
ABERDEEN PROVING GROUND MD 21005-5067

AMSRD-ARL-O-AP-EG-SI (380) 12 October 2004

MEMORANDUM FOR Defense Technical Information Center,
ATTN: DTIC-BCS, 8725 John J. Kingman Road,
Suite 0944, Ft. Belvoir, VA 22060-6218

SUBJECT: Distribution Statements - U.S. Army Ballistic Research
Laboratory (BRL) Reports

1. References:

a. BRL Report 339, "On the Use of CO2 as a Propellant in
Guns", by J. H. Frazer and J. R. Lane, March 1943,
UNCLASSIFIED.

>j3 q 3A
b. BRL Report 39±-, "Heats of Explosion of Nitrocellulose in

Indifferent Atmospheres (Part 1 of Mechanism of Powder
Burning)", by J. H. Frazer and C. P. Fenimore, August 1943,
UNCLASSIFIED.

c. BRL Report 353, "Report on Temperature Dependence on
Rocket Behavior," by J. H. Frazer et. al., May 1943,
UNCLASSIFIED.

d. BRL Report 465, "Experiments on Ignition of
Nitrocellulose", by C. P. Fenimore and J. H. Frazer, May 1944,
UNCLASSIFIED.

2. Subject matter experts and the Army Research Laboratory
Security/CI Office have determined that the referenced reports
may be released to the public. Request that you mark all of
your copies of the documents with the following distribution
statement:

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

Printed on G Recycled Paper



AMSRD-ARL-O-AP-EG-SI
SUBJECT: Distribution Statements - U.S. Army Ballistic Research
Laboratory (BRL) Reports

3. Questions should be directed to Mr. Douglas J. Kingsley,
telephone 410-278-6960.

DAVID W. ORE
Manager
Experimental Support Group

2


