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'AS A PHOPELLANT IN GUNS

i

0F_CO,
Abstract

A thorough study of the possibilities of using €0, &5 & propellant
in guns wes made, The work was divided in%to two phases: (1) the use
of eolid €0y in gddition to FuH powder in rifled muns. (2) The uge of
liouid—vapor €05 under pregsure cither slone or with a heater for wnrifled
guns, In the first czse, the ef frect of the addition of solid CO§ reaunlted
meinly in the reduction of the muzzle velocity ~ even more than If an

inert materisl hed haen used *n heed of the ¢nlid CO,.
case, the heater used as propellant without CO» guve a
constant pressure-time curve uha with the €05 but the
curve obtelned with gservieco propellant powd@r in cther
smocther then any obiaived in these firings.
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The term zoned FEAT
wiish rrovels the rrojectd

. these velonities depen 4
weight of rowder used. Th
aximum velocgities is to ¢

He)
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in high angie bursts, and also to save

CG TR l-fi" 1

ol defina~; in this cuase, & howitzer
le at several different VLLOL"ﬁf@S:
upon - the particular charge or
purpose of firing at lover than
hlvb ‘angle fire, which re
ne gun from e

18110 s
Xcessive

v
“erosion. %hus the 105mm How ltze nas -seven zones, a3 follows: »

Zone - © Charge - Velocity
0z, £/

I 1064 © 650
11 : Co1z.68 . . 710
TII ‘ C15.14 730
Ty 18.60 875
v 2414 ©102D
vl 32.80 : 1235
VII 46.30 1550

~

The first phase cf the (0O, program consisted of substiztut-
ing equal weights of solid Coz‘for rémoved organic vrosellent

ash esa, nen-hygrosconice type of provellant.

)

wder. The organic propellent powder was the'service smoKeLl¢se,

“he two howitzers Chbﬁeﬂ Tor the CC., firlngs were the 105mm.
Howltzer znd the 75mn Pack Howitzer. The 7O/mm Howltzer is the
most imporuqnt weapon used by the Fisld Artillery in the present

war. It fires a tr1r+"—three poun< projectile for a

range of

aeo ch &s 12,700 yards. The pPack Howltzer iz “robably the

mo:t uahile Field irtillery weapon and may be carried
nmowmtaing and streams on vack males or on snow sleds.

ovaer

Tne regulte obtalned in these two howitzers are given in the

Jollowing table:
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CUNTILLENTIAL
105mm Howitzer Firings

nd. ©gase Churges Increment CO2 Muzzle Mote
Ho. FNH Lot 5632 Charge im o vel.
No FHH L J :.;wc:A <% ... Charge ;
o PNH Lot 5652 = {75
. ] -8 o4,

L 1i oz. 9 cz. . 0 G55 NG C'Z

2 1w - g " 0 254 KO CO,,

3 11 ! o 4 311 rulverized CO. din

raper bap anead of

I
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A oo SRR ’ b 794 Pulverlzed 20, mixod
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with increment powder,
dO CO.
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75mm Pack dowitzer Firir

[

75

dd.  pase Charpges Increment Ca, Muzzle Piezo-elcciric Presc.
No. FNH Lot 8633 FNH Lot 2438 = Vel.

L £/ls :
i
3 5.0 0z, 9 0 oz. 0 1043 ¢
2 6.0 © 5.0 0 1048 51,600 ib/in? i
: G0 5.0 4.0 06 13,350 ¢ :
4
. G0 50 4.0 P 16,200 b
5 H.00 2.0 7.0 758 15, ThO :
[ [SEE! 1 - 7 S, T oy s \‘)\)U '
7 SR ) G.0 697 2,600 :
s :
2 .0 F 0 G0 675 10,550 i
‘ Loy 3 0 704 Gy dl
) 6L 0 ) %) 3,700 i
:
i




Ln inspection of these tables shows the efiect of the
replacement of vroyelient” powder by COE. The {irst two Tounas
fired in the 105mm Hewitzer were wlth a total charge of 20
ounces of ihe serv1ce cowder; the second °et ol two founds
(Rés. Z-2) were also with 20 ounces. of al charye, ©
tinls total cnuzge four ocunces were malve Tlaed CO< and six

"

were service povder, The velooity dropozd from the 955
d 954 f/¢ obtained on the riret twe rounds (nds. 1-2)
L /s wnd 794 £/s obteined on the second set of iwo ro

ds. 2-4). In other words, substituting 4 oz. of €0, for four

~ -

cunces ¢ service npowder resulted in & dron in velozl

Tne next two rounds (kds. 5-8) were fired witn 1
of servin~z owasr wlthout wny C0,.; the velocities for these two

+ Os

<
. . SR e s/ SN . Sy “y
rounds were 16 and 843 /s or un aver.ge of 832 ¥/z. The two
. R > o . i L -~ PR 7 3 R T G- TN - 7N
rounds witn 4 oz, of CO, and 106 oz. of service rowcer {(ads. 2-4)

Jave o velocity lower by, 29 /s than the twe rounds [aac. 5-8)
‘ltnout any and with 16 oz. of gervice wowder, piringe

itnarteen ouwnces ol service uowder plus seven cunces of CO.
nave velooities of &27 /v a8 &35 /s whilo & oherye of ~
iiooouneaer ol secvlice aocwder vlus nine ownces of 0. geve
£
£/e. It il¢ apparentfrom these
w suituble substitute for = ice

Somewhnat sindller resulits were oblained in the 75mm Pacxk
Soylitzer. [Fifteen ounces of service sowder pave a 14.70 1ib.
projectiic a velocity obf 1u48 f/s (Hds. 1-2). Heducing the
vowder cnarge by four ounces and flr;n» the 14.70 1lb. Lrojectile
with eleven ounces of service gowder vlus rour ounces of CO.
f

o

cerdile e Fae s : , Yo 4 foo e L P AN
reduced tac veloeltly by 329 £/¢ to 904 £/s wnd 972 ¢/s (Lds? 3-4).
snoiin2r reduction of three e i reipht of servies novder
@it Lhe covrespondine addit Cowhves ounces of L0, turther
<
R DU PO T A Yo " s P S F -
wdneed L WiELO0C Ly TO r( f'u VR (.;L.ls- _J‘"U) . e
LLIL roun of Clrings wes meod w.*n unces of service
£ o] + 7

vyowhen nineg ounees of
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COnrIUENTIAL,

4 program of firings wiih liquid CU, in a specially
onstructed gun agreed upon at a bonfercnb@ neld at the
zllistic \esearch LdbOlduOIV on Fevruary 2Zndé is attached.
s cutlined in this progran, a Cardex mine cartridge was used
as container for the liguid-vaper CO,.
—~

3

T

The wun barrel was & Tub
in

2% in inner diameter, 4" in
outer giameter and 1Q! 3" ern

e

length. : 7 .
4t gun tube length cf at leasy sixmty calibers for the QOZ

Gun wes specified at tne conference held &t tne Buliistic

Research L&boratory. In order to compare the length of this

gun with the lengths of the two howitzers considered ;raviously,

a tabuletion »f iongths iz given below:

Gun ' Traved

CC, (2" Hore). ¢l calibers
A

THmm Pack Howitzer 12 callibvers

LS Howitzer <0 culibers

It Ls evident wnet thie CO. sun has & very nmuch longsr
ring at aboul thé same velocity. One ol the
oo ic the high velocity (2000 £/8) 4.7% .. zun
nis pun nas a Lzavei o only %3 calibers. The iap
ng travel ler-bh lies in the ddded welght and add
of menceversbility cnd of elevation.
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the dnsice of the gun tube was reemned 9 « sucoln finish
in the snop ol the Ballictic Hesearch Laboratory under tie
i iate supervision of the Chiefl Mechanic, ¥r. L. &. Bauer.
ccinl contact callisd the muzzle contaet For determining
itme when the projectile lefi the muzzle was mounted on ihe
S

P t
muzzle end and the breech end was threaded for about zn incn
and & hull for mounting the Cardox cartridge.

G Y. T H—- Gy e - S ; B N S
Lardox varny LL‘{EG 185 a cluply shell .+() r,’ e Long ST oan
- - e e 0y S -
Piring coana special Fillins velve ot one <nd anc
20 pas escape plug at the other end. ‘Une gag 2rcune
g . 1 . - -~ 1 1 - . Y T 4 PRI R
sexnted Gyalnst a biow-out pro:xure wrlec.s To tne ivin

@l eaCily wil Gavlokl rov mdblll 56U LHALO 0 Caluwvouiw Llbe
e . o T e S Y AN
s oolrture of pouvwssiuwe pserchlorate (0 Cu ©) and

. o e -
23 (C) . Gne corviriage iy chen i
-y e i~ e e o - R b [l 3
Ja o 0.0 Yhen s DLastling CCud, o1z hew
£
by tne €.ecitric maloen
Lo bnrste the blow-oub dize wan L U0-
[ a.
. b T he P . E
Por Lire Jiring wn lhe TEULa
crved fo nola the Liow-o ircoin
ree e DL in oher ooy, wn. LenC, woun
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a speclal collar which fitted over the Lardox siell, to
ohturate the gases at the joint between tho jun tube and

1Ly g the
the Cardox shell. A small rubber ring designed on th
"ppidgman unsupported-ares princinle” was the only washer

s

wsed at this point.

‘le nressure

[

Five inches f{romm the breech face a i !
gage was mounted. This gage consists esze Pa stack
~ . oo S s N . |
of guartz crystals, thC"lane'faces of wni ¢ uut<v@r"=u ieusar-
ly to theilr c:cctnvc ax ¢+ Ihe appilication of pressure develiovs
a proportional electro-stavic charge which ter-amplii;cauton,
1 ron beam by a

ma} b, recorded as’ the deflection of an e
vhotographic film moan& on & revolving d*um. In this way
a complete vrosslire-time cwrve may bve obt '

U
[ &)

The entire gun (barrel pius Cardox shell) was mounied on
a heavy wocden sliide which was frec to reccil in a wooden trourh
for a length of sbout three feet. fGwo sprinegs were pluced atb

N

tnis distance to take up the remcining recoll =snergy.

: T , LV e en v i
‘netorraghs and sheteh of the g and Loe recording

arnAarsLus are actooned

04 &

ihe jLojectiles used were STum neool pro*”u
aown Lo a diwneter of twy inche ‘ sight of .
s Tiies wore machines ;h indisn snd thelr {1t ix
the gun was so yood thal wien they were laserted into the cun
from tne muzzle tend, iLhe alr bez'czq the projectlie wand the
breech was compressed.

e e
O tl
v” six inches i 36 fe
cf about 200 f/s. I 0
;LQ*aAt, ;h yeloclty of the projectiile™wi .
Lemm~srature clnce the velocity derends anon tho
rrecsure wand the acceleraving rressues 1y the
sure of CO..  Thus thiz srescure wshen the wir
Lo 8o° will be Z.5 tlues thot wnen the alr
s Lo eor Tniz variatlon in cressurs oomuses o
L ,.‘uw;u; weemwasy aan Lurn causes @ variation in
T L velriatlion i ting unon ithw i Lmc ATCIN
< SR ST4 R vl AN Llcal condition Jor a military
S AR 1y vy owill be exooedi P'.L_
L Pt ol
neGLn OSSO0 ot
Bemioal o fieauen o
$TUT LR B0 LA LG




cevoral “oqnﬂs were {ired n%in thls cariridge witn Jdifferent
sizes of neaters with the Tollowing resuits:

Charge Max. Pressure LYelocitr (ut 4

0. grams heater +1.5 lb. CO, 379
110 - © o +1.7 w936
3

} S'nJ.I’c*bJ.uC curves ol )
ldent from a study of these record
s characteristics which i
teristics claimed for ¢

Pnotostats of th

are atvtached. It is

tn&t nens ol Lile€ curv
the advanvageous chara

-

(1) A pressure-time curve heving & very gradual rise
wnleh would not subject the projectile Lo shock,
(2) 4 smooth, constant pressure-tlme curve.

iJjoon the restion of Mr. HMonner, two rounds were Iired
with the heater in a stecl tube nlaced wall to the I'ront of the
Caraox shell in such & position that its forwara end was

fmmedilately behindé the ¢0w—ogt dise, und ignition was effected
4t the forward end. In the firing ol the Iirst round the steel
tute wae shot cut of the zun and a small blue flash was observed
>omuzzle.  In the cecond round, thae steel tube was flared
1t was neld in olace.  The cteel tube was rugtured tor
;8 eight inches so that it vas exXtremsly 1ifficult to
o the Cardox cartridege.  Both of these rounds
ynited at the nmuzzle end of the heater tube. deiow are
the pressures and velccltlles obtained on these grounds.
Churse fax. Freszs. yelocity (st A5
il LonenTar o+ _L.:;L, Yo, ‘u:):) ..I,.:\j] lb/ln: 40 1/¢€
Co o nwialer 4+ Lo dr. OO 6L60 1p/in® LR8G5 s

Loa pressule-itlng curve
reanic HFO“P'JPHW powdar,

ol Mo . e
4+ feo n e ‘AL - ‘,\u.L BN PN

sSush oan

Tt Lrojoectd
LonL o JeTity Y Lon
. - .. s N -
B 1954 U S [P
.

. 4 4 o w0 e .
crecent series of firinegs.,




. the blow-out disc wzs balged. For safely 1t woula therefore
be necessary Lo use u nigher rrezsure blow-out dice with w

Y

. resultant higher 1n1t1a¢ veessure on e base ol the. nrojectiie.

The present “lrl ¢s were &1l wmade with the gun &t an
elevation of zero Jeyreeu. However"the results obtained
(prescure and velocity) would be a func on of the elevation
~0f .the tube, since the elevation uetermlnee the zosition of the
liguld with respect to the heater. "In these firings, moving s
‘the heater with respect to the CO, (Mr. Honnerts suggestion)

shown to affect the velocity. This feature, too, it not a
~desirable one for = eervice weapon. | .

»

) fnpt'on'shoul" ke made of the weight of the nolder for the

;'L4quld CO.. G&ince it dlc necessary to withstand o yressurs i
"to 10,000%1t/in® the cartridge contalning the liguid €O, wmuc
. , ~

be fairly substantial. The empty Cardox cylinder used 'wigis .
about saventeen pounds, whiie .the cartridge case and »~owder

~

*orwuhe Touam FPuack dowitzer Welén only about thiee roundv.

17 solid L0, were used, the transportation vroblen would
be nuite diflicult. IThe golid CO, is nou ztuble at atmospherlc
temperatures znd the evaporation Would be considereble in ocne
day uniess speclel precautions wsere tuken lo cocl or insulate
the container. -

=

This report is & study of firings made with solid (0. and
liguid CO., Hdo attempt was med to-use aasous uOn 111.,1‘0i

L.«
draced into a cartridge case unu r rre ;
of obtursting such a system {(csriridge
are obvious. [n addition, the GO0, w

Lo

Lo other gagfes since 1t is a triatomic wmolecule with a solar heot
sreater than tnat of the powder guses. It fOlLOfb thg; neat
would be ubsorbed in nedting the CO., wnd .the rasultent pariizl
sragoure of Lnls newoed COT would bF less than the icbuccion

in cressure of the powder gasces aue te Lne
words, the mixture of powdelr gases and s

&
“r

1Y

AY

a nipgnsr teawcersture Jor the corrb'“o”iina ressufe the o
pOWLEDr puses wWitnout vhe CO. or powder rases mixed wiiln coses
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(2) Liguid~varor g rlus a heatsr, wnder the conditions
tried out, gilves & pressure time curve V>n¢1de ‘ably stecper
and more undular thoan propeilent powder.,
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PROGEAM FOR COZ GUN

On February 2nd affer the firing of the 75mm und 1oSmu

Howitzers using 002 in addition 1o FNE powder as propellant, a

ponieLence was held in uolonul Simon's office to discuss the
: Turther applications of 602 to ordnance. Presenlt at the con-
ference were the fol;ow1n 4
’ 0ffice of the Chief of Ordnance: Col. Gerhardt, Dr. DuMazue
Ballistic neoearoh Laboratory: - Col. Simon, Mr. Kent,
, Lt. Frazer, Mr,,Lane
L¢ruoy dine Cﬂrtr4dp sorp.: br. Getiz i
Consiultunt: ‘ Mr. Monner
4+ this conference a program was drawn up and agreed uren by
the conflerees us tic most *ixely.io yield results Joon which to
Judge the practicablility of using C0., ¢& a propellant. It wae
zzreed Ty everyone that the adventage™of uslnb COo., lay in the
jl:f?b“lwtv of cobtaining o conctans Ig“sure—timé 2Ur Ve In order
Lo determine whetlier such o curve i» oblauined ithe {ollowing
CrogTin was agreed uson: o

-

(1) If feusible, and immediztely Qlelahle, fire a round
with CO. (i¢quid) alnne bursting a blow-out disc either msechs
or by a“szmall charge of hlgh explosive. This disc to be place
between the 007 contiiner wnd the gun tube.

(2} P®lre u standard Cardox mine cartridge containing CC,
(liquid) ana various charges of the potassium nerchlorote- cnarfosl
aezteor,  Arain a blow-out presczure disc wag to be placed between
the Lardox cylincer and the zun tube. In the Caruox cartridee
tie neatirr ls pleced in e cardboard tube and i1z lpnlited elecivicolliy
By omaten in the rear {breech) end.
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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 CO; as a Propellant in
Guns”, by J. H. Frazer and J. R. Lane, March 1943,
UNCLASSIFIED.

3434/

~—— b. BRL Report 38%, "“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.

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

L,
DAVID W. CRE
Manager

Experimental Support Group



