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Guns using Liquid Propellants

Progress Report No., 3, for the period
1st July to 31 December, 1955

bl Goodall (P.1)

Progress in all branehes of the project during the period is reported,

Research into the various problems associated with the use of mono~-
~ propellants is being aetivity pursued, The eorresponding praetical experirn -
 in large guns are somevhat handieapped by lack of equipment, The delay im
 beginning these firings is, however, expected to be short, and the eomplete |
~ programme now planned is expeeted to be under way early in 1956. !

Lpproved for issues

D.H, Chaddock, Prineipal Superintendent
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PREFATORY NOTE

This rcport was prepared in December, 1955, for presentation to
the HMutual Weapons Development Team of the United States Mission to
Nl A. T. OI

Acknowledgments are due to a number of collaborations in the
project, too numerous to mention individually, for contributions on
their own branches of their work,



CUNE' IDENTIAL/DISCREET

1. INTRCDUCTICN,

Progress is reported for all parts of the projcct on which work was done
during the pcriods Where no work has been donc, the position is stated, if
diffcrent from that last given. Whenever possible, refercnces arc made in
cach scction to corrcsponding passages in Progress Report Nos. 1 and 2, or
the "Statement of the Position at 1st July, 1954". The scction number of
these passages is preceded by (Ri) or (RZX, indicating thec first or sccond
Progress Report, or by (S) to denotc the Statement of 1st July, 1954.

2. BI-FROPELLANT TUNK GUN (Refcerence (R2) 2).

2,1 IExpcrimental 20 pr, gun (Refcrence (R2) 2,2)

The modifications to this gun have been complcted, Firings are
planncd for thc immcdiatc futurc using thc bottom and right injectors,
the other two being blanked off with plugs., Thc pistons arc fitted
with spray platcs having a total orificc arca of 1.75 sqge.in. (Oxidont
«826 ma.in,, fucl 92k =q.ine).

2,2 Chromium plating of gun stecls (Refecrence (R2) 2,2)

Thc contractor's rcport on the latcst position of this investigation
(5) shows that considercblce difficulty is still being cxperienced, Al-
though chromium is itself shown to bc rcsistant to corrosion, no means
has yet bcen found of preventing attack of the under laycrs through
cracks in the chromium. Among the conclusions so far dravm from the
cxpcriments arc the following :

1¢ Chromium dgposits from conventional sulphatc types of solution
arc probably too cracked to be satisfactory in service

: 2, Deposits from fluosilicate typc solutions appcar slightly
better.

3 The addition of indium sulphatc to a sulphatc typc of chromium
solution docs not appcar to rcsult in rceproduciblc dcposits.,

4., Thc dcposition of chromium-tungstcn deposits has been found to
bc very difficult, and was in fact impossible in the prescnt
scrics of cxpcriments,

55 Thc alloy deposits of tungsten with nickel, iron or cobalt
arc quitc unsatisfactory.

6. The quality of surfacc finish of the basc mctal affects the
ratc of corrosion.

7. Raising the solution tempcraturc to 180°F improves the corro-
sion rcsistance by dccreasing the extent of cracks, This is
true of fluosilicate types of solution, though not of sulphatc
solutions,

A numbcr of other apparcntly promising lincs of investigation erc
still bcing cxomincd,

2,3 Static and dynemic scals (Refercnce (R2) 2,3)
3.1 The scal testing apparatus is now complcte and trials of a
cciclly designed scaling dcvice arc about to commencc, A dravi-
¢ of the opporatus is given ot Fig.1. i
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2.4

as will be scen, the cssential parts arc a piston and a
oylinder., The part of the piston on vhich thc scal works is 33"
diamectcr., The rcmainder of the piston is slightly larger in dia=-
meter, and thc small diffcrcnce in sizc cnables a high pressurc to
be cxcrtcd on the cneclosed liquid by the application of & moderate
force to the cnd of thec piston., The pressurc is mcasurcd by mcans
of a strain-gauge type pick-up whosc output is fed to a cathodc-ray
oscillograph so that the prcssure-time characteristic can be rccorded.

When a scal is being tested the piston is forced forward by a
press or some similar device and the pressurc in the liquid is con-
trolled by thc ncedle valve, Any lcakage during the test can be
detceted visually. The piston is rcturncd by the pressurc of the
liquid in the storage tank.

The apporatus is suitablc only for scals of 33" intcrnal dia-
ncter, but a varicty of typcs and cross-scctions can, of course, be
accomnodated.

2.3.,2 Arrongements arc about to be put in hand for the deveclopment
in Great Britain of secals using the Kcl F clastomer produced by the
M,#W. Kellogg Company of Jecrscy City, N,J,

Contract with Experiment Incorporated (Refercnce (R2) 2.4)

2.441 After the decision taken in June to discontinuc bi=-propellant
work on this contract thc firm was visited on September 7th by a
rcpresentative of L.R.D.E. to discuss the revised programmc of
investigation into monopropellents,. The development of & technique
for determining ratc of burning under verious pressurc conditions
with & toangential injection apparatus is now in hand, It is hoped
that somc results will shortly be ovailable,

24,2 The AR.D.E. hos a sccondary intercst in a nunber of other
developments in progress at this firm, such as, for cxample, the usc
of Stcllitec lincrs and bushes in propellant injectors in order to
reduce wear and distortioh; and the scaling of pistons by mcans of
lamineted stoinless-stecl rings pre-loaded with greasc in the base
of the ring groove and the annulor space between the two piston
rings, With this systcn there is no pressurc intcnsification on
the greesc, vhich is fcd by a normal greasc gun, & further device,
based on & suggestion by i R.D.E, for ballistic control cf mono-
propcllant during injection is now being tried in a 60 m gun,

3. 1{ONO-PROPELL/NT WORK IN L/RGE GUNS (Rcforcncc (R2) 3)

341

Bulk locded gun., 17 pre (I.C.I. Ltd.) (Refcrence (R2) 3.2)

3¢141 Thc previously rcportcd damage to the breech of the gun,
vhich led to the suspension of firings, has been attributed to
irpact of the cartridge casc on the brecch block in rounds which
showed o very stccp initial risc in pressurc, Firings werc
resuned with a new gun cnd a total of 100 rounds has now beccn
fiired,.

Two unsucccssful attenpts were mede to reproducc an carlier
round which showed o nore graducl pressurc risc, These two
rounds couscd incrcascs in cartridge head clearance of ,003 and
+002%in, rcspectively and rapid pressurc riscs were recorcdcede

£11 subscquent rounds have been fired with an interfcrence
packing between the boasc of the case and the block ané there
has been no further incrcesc in head spoce although similer repid
prcssure riscs hove bcen recorded.,

e



3.9.2 A group of 24 rounds was fired with primers standardised at

6 grammes filling and 2,3 tons/sq.in. bursting pressure, but with the
size and number of venting holes varied. The size of rubber sponge
(Rubezote) pad was also varied, These rounds have indicated that
venting holes of ,125 in, dia, give successful ignition with rapid
pressure rise, With holes of smallecr diamcter ignition did not al-
ways occur, but whenever it did a slow pressure rise was rccorded,

It appears that holc size is critical and that variation by as

little as ,005 in, can produce a marked changec in bechaviour.

3.1.3 Irregularity of ignition was considered to be in part duc to
veriations in the initial movement of the shot, which hus about %"
of free travel in this gun, An attempt was made to climinate this
variant by scparatecly loading the shot for a scries of 3 rounds,
Ignition was successful with a diffusion hcad which might have becn
cxpected to fail to ignite, but ballistie performence was irrcgular,
probably beccause of the inclusion of air between the rubber pad at
the front of the casc and the base of the shot,

3¢1s4 The shot was then redesigned by altering the position of the
driving band to ensure that the band cngaged the rifling on loading
as a fixed round, and a series of 17 rounds was fired, vorying
igniter hole sizec and thickness of Rubazote pad, Coneclusions drawvmn
from this serics were :

(a) Variation of hole sizc has 1littlc effceet on initial

© pressurc risc

(b) Ignition is successful with holes of ,125" dia, but is
not always succcssful with smaller holes - about 50% sue-
cess is achieved with holes of 4113 in, dia,

(¢) Incrcasing the size of pad from 5 cu.in, to 10 cu,in.
tends to produce a very rapid initial pressurc rise,
vhile removing the pad entircly introduccs the chance
of failure to ignite,

3,41.5 4 further group of 3 rounds was fired in which charge weight
was inercased by steps from 1250 to about 1800 grammes, There was
1ittle differcnce between the first two of these and carlier rounds,
but the last round gave a very rapid pressurc rise, the reacon for
which is not yet clcar,

. “The firings werc continued using greduclly incrcasing charges,

3.1.6 Work on priuaer development in connection with these firings
has been mainly concerned with measuring venting time, deffned as
the time rcquired for the pressurc to fell from its nmoximum value
2t the time of burst of the bursting disc to + of that value, The
diffusion head wes varied from 6 holes of 1/16" dia, to 12 hoZecs
of " dia, ond tines of venting varicd corrcspondingly from 14 to
3 milliscconds,

Zaile7 A mumber of experimental primers were fired  in ithe d.BrDik:
transparent chombers 1ost of the tests were vitiated by carly
bursting of thc chamber, vhich appearcd to be duc to the boring
action of the jets venting from the diffusion hcad, One round
with o diffusion head of 12 holes at 1/16" dic, gave sonc indico=
tion of the memcr in vhich the gases may be expected to vent into
the liquid in the 17 pre. gun,

3¢1.8 TFor ballistic anclysis purposcs five rounds have betn

analysced using a conventional energy-balance systen and a forec
constant of about 45 tons/sq,in/gramme/c,c. has been deduccd,

B
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34149 Work on spark ignition has been dirccted towards the deter-
mination of minimuna energics and optimunm conditions of ullage in the
spark chambers, ‘Results arc not yot conclusive, but it appcars that
zero ullage is essential in the spark chamber and desirable in the
sccond plenum chamber,

341410 Somc work has also becn donc to detcrminc the most suitable
elcctrode material, Nickcl, copper, brass, mild stecl, stainless
steel, Ninmonic and Honcl have becn used in both air and iso propyl
nitrate and further expcriments are contemplated to examine the
cffcct on the ignition process of mectal vapour produced by the spark,

3.1.11 A detailed report covering the work done during the first half
of the period undecr revicw has been published by I.C.I. Ltd. (8).

3.2 Bulk loaded gun, 17 pr. (4.R.D.E.) (Refcrence (R2) 3.3)

\

3.2, It is hoped that thc first of these guns, together with the
nccessary fittings and apparatus, will be delivercd early in 1956.

3.5 Bulk loadecd gun, 208pr (Rcfercncc (R2) 3.#).

Delivery of the slave gun end liquid supply mechanism is
cxpcched shortly and a pro_ramme of firings is being planned.

Trials on the hydraulic shot-ramming dcvice have been continued with
o redesigned valve, and using various kinds of scaling dcvicc on the base
of the shot,

The scaling of the redesigned valve has been successfully tested in
a cordite gun at pressurcs up to 35 tons/sg.in.

344 Necw AR.DosE. Gun Emplaccment

A new emplacement capable of taking thcsec large moncpropellant guns
has been built at the A.R.D.E., Langhurst, Susscx, and will shortly be
brought into usc,

INTERNAL BALLISTIC RESEARCH (Reference (R2) 4).

4.1 Traonsparcnt-chamber firings,

L.1.1 Firings have bccn made using primers venting through a single
axial holc to mcasure jet velocity and penetration ond their depend-
ance upon holc sizec and primer filling, The velocity of penctra-
tion appcars to be roughly proporiional to holc arca and to the
fourth root of the primer loading density, and is greater in nitro-
mcthane than in woter, Further firings will be madec to try to
cstablish a definite rclationship.

L,1.2 The apparatus is being modified to take 1%" dia, tubes as
well as 23" dia, so thot the effects of voriation of primer para-
meters may be compared visually in the transperent chember and
ballistically in the 2 pr, gun.

Various kinds of glass fibrc tubc have been tried, but none
were found to be satisfactory as regerds strength and translucency.
The possibility of using crystoal-clear P,V,C. is now bcing cxplored,
This meterial has considerable clasticity and moy provide stronger
tubes in the smaller diamcter.



Le2

Gun firings with iso propyl nitrate,

Le2,1 Firings in thc 2 pr, werc undertaken to obtain initiel
information on the bchaviour of T,P,N, in a gun and to study the
cffcet of variation of shot weight with all other poreamcters held
constant, For 2ll rounds the casc was filled with IPN (390 c.cs
= +9% 1b) ond ignitcd by a No,12 Primcr modificd for clcctric
firing. (Filling : 64 grains G,12 powdcr).

Results were as follows: -

Shot
Wecight M.V, £t/s Mex, precssurc Pressurc/time curve
z 1b ca 5500 ; Very sharp peak
¥ 1b ca 4000 Approx. 23 Less shorp peak and
tons/sq.in, beginning of sccond
peak
£ 1b ca 3100 3 pcaks

Nominally identical rounds have very differcnt pressurc/time curves,
indicating the nccd for many more firings,

4e2,2 In ordcr to obtain information on full-scalc firings o
parallel investigation was begun, using a 17 pr. gun, Bonie 1
rounds thc casc was filled with liquid (about 41 1b) and ignition
was by a No, 9 Primer (16 drams G12).

Results vierce as follows: -

Rd. Propcllant Shot M.V. £t/s Max.pressurc Rcmorks
Weight Approx.
1 I 3% 1b 5320 ) 2l tons/sq.in, Normal
, IPN % 1b 5152 )
9 IEN 6 1b 4390 30 y
I Nitro- 32 1b 6611 35 ! Gun badly
Mcthone damaged.

The rccords all showed carly shot cjection, L chonge to a 77 ma
gun wae theon proposcds The 77 mm has a chomber copacity of

152 cusin., o shot travel of 11 ft and an cxpansion roatio of 7k,
comparcd vith 4.5 in thce 17 pr.

4e2s3 The only gun imcdiately availablc had bcen shortcned by
L fect, rcducing the cxpension ratio to 4.8,

Results in this gun werce as follows:-

Cherge $0250) chei EEND s Bzo5 b
Ullage : 2%

Ignition : Noe11 Primcr (6 drams G12).

Shot HaV,
Weight £t/s,
32 1b 4505 ) lMex, Pressurc approx. 26 tons/sq, in.
4296 P~t curvc has 2 pcaks
4503
4522
L 62
Mecon L5718
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Shot MoV,
Weight ft/s

6 1b 3953 ) Max, pressure approx, 26 tons/sg,in,
G55 ) P-t has 2 pesks, with 2nd peak much closer in
3822 height to 1st than formerly.
370h
Mean 3820

The series with the lightweight shot is sufficiently regular for a
detailed intermal ballistic study. A full length 77 mm has, how-
ever, now been procured, and firings have been carried out in it
with the following results:

Shot K.V, Shot iV, Shot MLV,
Weight ft/s weight ft/s weight ft/s
4875 3967 )
i 4972 5 Sk . 3536
o L S 5% 1b 4129 72 1b
4829 4040
L84 LAL2
Mean 4858 Mean L4054 Mean 354

Charge : 240C c,.c.
Ignition : Noes11 Primer

L4224k Precssures werc measured in the chamber and at points in the
borec, using standard AR.D.E., tourmaline piezo-clcctric gauges.

The chamber pressurc=-time curves show a double pcak which now sccms
to be characteristic of bulk-loaded liquid propellant firings,  The
magnitude of the first peak appecars to bz reduced with increasecs in
shot weight, whilc the sccond scems independent of this,

4.2,5 Analysis of tihc records shows that a fair amount, up to onc
half initially, of the liquid charge follows thc shot down the bore
and that conscquently normal pressurc-gradicnt considerations do
not apply. The nced for further work on this point is cvident
before a satisfactery internal ballistic system for liquid propel-
lant guns can be cvolved,

Ignition studics (Refcrence (R2) Le6)

4.3.1 Following carlier trisls to determine ignitibility of various
mono~propcllants, coupled with easc of supply and control over
cxplosive sensitivencss, a scries of firings using a No.42 primer
was cerricd out in . a one-inch smooth borc gun using a mixturc of
90% cthyl nitrate/10% N. butanol, Thesc tests indicated a high
degrec of overell efficicncy, cool burning ond abscnce of flash,
Pressurce/time curves had a rcasonably flat top and, weight for
weight, muzzle velocitics werc high vhen comparcd with conventional
g£olic propcllaonts.

i) Repeatability of performance was not good, cige + 70 ft/s at
2,300 £t/s (1),

Analysis of pressurc curves indicoted variation of ignition
conditions as thc probeblc causc, = a problem alrcady found by other
workers = and a new sct of tests was coarried out using e modified
Nc. 42 priacr, -

4e3.2 In thesc further firings, using thc same propcllant, the NoJk2
Primer was seporated from the propellant chorge by a blow-out disc
bursting at 800 to 1000 1b/sq.in, In ordcr to obtain results
applicablc to conventional guns, a 30 mm Aden gun barrcl was uscd.

49 rounds were fired using o fixed propecllant charge of 34.5 grommes,
and good repcatability was obtained at an average muzzlc velocity of

0BE £t/B. . ot



It was found after firing that slight expansion of the barrel
hed occurred at the commencement of rifling. This may, however,
have been due to an initial dimensional error. A new barrel and
brecech chamber have been manufactured and the trials will be resumed.

L.3.3 A programme covering the determination of ignition criteria
for the following series of monopropcllants has been formulated, and
work on the programme is taking place.

Nitromethane

Hydrazine/hydrazinc nitrate/water
Nitroglyeerine/triacetin

Ethyl nitrate

Ethyl nitratc/nitro mixture

Propyl nitraﬁ7/nitromethanc

Ethyl nitratc/butancl

Hydrogen peroxide/acctic aecid/water
Hydrogen peroxide/dicthylenc glycol/water
Isopropyl nitrate

vv. e N N M S N
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L4 Liquid Propcllant Igniter (Reference (R2; Le6)

Firings with this device have continued, and Fig.L4 shows 2 scrics
of cnlarged views from a film of the firing cvent taken with a high-
speed camere., It is hoped cventually to obtain a rcasonably systcmotic
breazk-up of thc liquid, producing a burning surface of somc recgularity
vhich will takec the place of the “shepe!" of a solid propcllant in
ballistic ecaleulations.

4.5 Ges snatching deviee (Refercnce (R2) Lok)

Trials of this device have becen carried out on a vented bomb firing
isc propyl nitrate, The samplcs of gas arc still under analysis,

4 further systematie gas analysis is in progress, using a bomb
fitted with a valve vhich cnables samples to be taken aftcr combustion
is complcte.

5. PROPELLANT RESEARCH (Reference (R2) 5).

5.1 1iachines for testing scnsitiveness.

5.1+1 The Working Party's attcntion has been dravn to tiro machines
for testing scnsitiveness of liquid propellants, One, vhieh is of
Canadian origin, is of the ball mill type and has becn developed by

t P.E.Braid and R.C, Lengille., (3)s The other, a drop weight tester,
vas designed by the 0lin Mathieson Chemical Corporation. (4). fit
has not yet becen subjected to really cxtensive trials,

A critical cxamination of the two designs was made by ER.D.Es
and led to the following gencral conclusions:

5.1.2 (i) Braid and Lengille Machine,

This is an extremcly inzenious device in which the results are
automatically integrated, thus avoiding thc tedious statisties
nomally associated with impaet nachinc work, It has, however,
tvio major defects:




(a) The comporison of the scnsitivencss of the cxplosives
depends in this tcst on thc actual volumcs of gas cvolved.

The truc basis of comparison is the fraction of the maxinum
possiblc cvolution and this is diffcrent for diffcrcent cxplo-
sives, As this quantity may not be casily determined cither
cxperinentally or theorctically the precedurc is fundancntally
mnsound,

(b) Thc mochine is unsuitable for any material with apprecicble
vapour prcsSsurc, since a vopour phasc explosion could lcad to
thc consumption of all the cxplosivec at oncec, with the probable
destruction of the apparatus.

In view of thesc defeets further work along the lines suggestcd
by this nachine docs not appcar to be Jjustificd at prcscnt.

5+1.3 (ii) Olin Mathicson Drop Weight Tester,

The impact testing of liquids prescnts certain difficultics,
rost of which arc associatcd with thc fact thet air or othecr ges
occluded with thc samplc affccts thc probability of explosion. This
instrument is probably thc best example yct of design to overconc
these difficulties, Points in its favour are thc preecise regula-
tion of thc volumec of air cntreppcd, thc usc of an cxplosion indica=-
tor (a burster disc) which avoids subjective date, and the ability
to initiate very insensitive matcrials.

Its dcfcets arc the precisc construction ncoded and the probable
short wvorking lifc, together with the cxcessive length of time taken
to rcasscnble for cach shot. The time clciaent is iaportant becausc
all impact testing is statistical in character and & large number of
shots cre always wanted,

The nachine appcars to be well suited for nono-propellent testing,
but in vicw of thc lack of practical cxpcricncc with It sonc rescrve
as to its actual valuc is still nccesscory,

The whole question of tcsting Samsitiveness has been refcerred to
the Sub-Comittee appointed for the purposc. (Refercnce (22) i
thc mcontime an application has bcen made to B.J.S.M., Washington, to
obtain working drawings of thc 0lin Mathicson apparatus,

6o  AIR=-TO-AIR GUN

6.1

Test Gun (Refcrence (S) 2,8)

6.1.1 Sonc 17 schencs for the proposcd air-to-air gun werc onzlysed
and the rcsults published in the form of on appreciation, (Reference

(8} L.2.4). Scveral of these schenes have since been further

developed to the skctch-design stage, ond two of thc most promising
arc bricfly described below cnd illustrated by the drawings ot Figs.
2 and 3. Work on thesc dcsigns has now been stoppcd, but a full
rcport oh this bronch of the project is in prcparation.

6e1.2 Fig,2 shows a gun having ¢ regencrative propellant-chanber
systen. The essenticl mechonical movenents for feeding the round
and charging the chamber occur simultancously during thc same cyclc,
This arrangencnt has been shown to bc essential to the achicveaacnt
of very high rates of firc, The principlc of rcarword ramming has
bcen adopted, sincc it offers a slight gein in tinc over forward
romaing,  The firing cycle hes been calculated for o rate of firc
of 1500 rounds/min.



The operation of the scheme is as follows: On firing gas is
topped from the barrel and exerts pressurc on the gas piston, which
in turn opcrates a spring-loaded sliding con, The can, which is
of horseshoc form, cctuates o loading shuttlc containing two chambers
ond on the outward stroke nmoves it through half its travel, The
caom returns under spring pressurc and in doing so compleles the
novenent of the shuttle, bringing the chamber which has just been
fired into a position rcady for re-loading., On the other side of
the shuttlec the second chember, which has alrcady been loaded in the
previous firing cycle, is noved into the firing position. The
liquid propellent is under constant pumping pressurc cnd will cnter
end fill the regencrative choamber unless an opposing firing pressure
prevents it, As the drawing shows, thc cut-off is effccted by a
cylindrical flenge velve adjacent to the inlet ports, which has feed
holes out of linc with thesc ports. Thus, vhen the chaaber pres-
surc is applied to the liquid propellant through the piston head,
the flange valve closcs and prevents further ingress of propellant
during firing,

The regencrative pisten head with its central valve is similar
to thosc used in the injectors previously described., Since the
shuttle is loaded clternctely from the right and left hand sides of
the gun the raming gear is duplicated to suit. The can on its
return stroke operates the appropriate side of the ramming gear
through a systen of levers as the shuttle rcaches the firing posi-
tion. The projectile is rammed by an impulsive force applied to
the nose, and cnters the shuttle chamber base first under its owm
impetus.

No ignition devicc is shown on thec drawing.

6.1.3 Fige3 shows a 3-chanber revolver-type gun in vhich gas pres-
sure tapped from the barrel provides the power for rotating the drum,
and also for initial loading of the round., As beforc, the esscntial
nechoenical novements cre completed during one firing cycle, The
projectilc is again loaded base first by an impulsive force applied
ot the nosec. At the end of thc loading movenent a deformoblc skirt
on the base of the projectile is driven on to & conical bush in the
end of the chomber, thus sprcading the skirt and creating a liquid-
tight seal, The projectile is then rammed forwerd on to the shot
scating by the pressurc of the incoming liquid propcllant acting

on its basc, In this way the ullage in the chamber on firing is
rcduced to a minimum,

The propecllant is led to the threec chambers of the drum from an
inlet on an axial supply pipe. Entry of liquid tc cach chambor is
controlled by an inlet velve fitted with pressure-intensifying scols,
The threc valves are actuated from a stotisnory circuler cam in such
a woy thot while two velves are kept closed the third is free te
1ift under the action of the liquid pressurc and adnit propellant to
the chomber, inte which o projectile has alrecady becn loaded., Befare
firing the valve is closed by the can, assisted by spring pressurc,
and thc additional pressurc of firing is intensificd to crcatc a gose-
tight scal,

The ignition systcen has been onitted from this drawving 2lso,

7. HINDLING, STORAGE iND STOWAGE OF IIQUID PROPELLINTS (Refercnce (R1) 6.2)

7;1 General

Early experiecncc in providing experinentel guns with propellant
indicated the importance of this subjcet and the nceessity for a’detailed
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study of thc mcthods of supplying propcllant from thc foactory to the gun
chomber, A preliminary survey of the litercture showed thot much useful
gnformation was cveilable from work on rocket rescarch and development,
This work was, however, not entirely appliceble to liquid propcllant guns;
morcover, a number of gaps occur in the available knowledge vhich would
have importont cffects on a system, monuolly operated in o fighting com-
pertment, in vhich closcly metered quentities of propellant have to be
supplicd undcr pressurc, Further, it is ncecessary to consider the cffect
of cncmy cction on the installation. 4 programmc of rescorch and devel-
opmcnt has thereforc been instituted to cover this subjeet. Full dctails
have not yct been evolved, but the main headings may bo said to be:

1. Logistics
2. Enginccring of supply
3. Supply hozerds (c.ge Toxicity)

While cach item is in itsclf an importent ficld of cffort, assuming
aveilebility ond cffcetive purformance of the various propellonte, it
appears thot Items 41 ond 2 will depend in deteil on what cen be said

with regord to 3. For this recason primory consideration has becn glven
to the ctudy of supply hozards, The work already in hend on fecd systenms
for oxperinentsl trials will, of coursc, continue., L contract for the
investigation of the supply problem, covering rescarch and cngincering
developricnt, has been ploced with Messrs., Elcetro-Hydraulies Lid, of
Worrington, Lancashire, a subsidiary of Rubery Owen Ltd, Exploratory werk
has now conmicnecd,

70 2 _L_(_)gistics

Ls o first cxcreisc the problem of supplying guns fitted in [rmourcd
Vichicles is being considercd, Estimotes arc being formuloted of the
guentities of propellant required for each rcgiment, cte. General ques-
tions of the suitability of bulk containcrs or rcady-usc cens as the means
of supply from the factory are being studicd in relation to transport by
road, rail, sea and air, base hondling, end transfer into the supply
tanks of iLrmourcd Vchicles,

7+¢3 Inginccring of Supply

7+3.1 The two propellant pumps developed by J. & B, Arnficld Ltd.,
and the A.R.D.E., (Refercnce (R1) 6,2) arc under test, The arnficld
cquiprient is now under nodification to overcome diffticultics caused
by "pick-up" on stainless stecl parts, and trials will bc rcsuncd
carly in 1956, Thc tests of the L.R.D.E. purp hevc so far procceded
without incident,

7.3.2 The developricnt of the 50-1b portoble containcyr by Portsiouth
Lviotion Ltd, is being continucd. (Rcfcrence (R1) 6.2).. Verious
ncthods of iransfer from the conteincer to the gun ready-usc tonk

arc now becing studicd, Lome rough-usage trials have al.eo been
cerricd out, in cnalysis of cost has been mode in.prcpmrati?n for
& limited production of the container for development tric.lee

7¢3¢3 Corrcesion tests have been corried out on stainless steel
(EN58F) and eluninium (99,5%) both in clcctriccl contact and
clectrically insulated, clso with end without movenent of the pro-
pellants under test, (Nitric acid 65%; Hydrozinc/hydrszine nitratce/
vater; Dthyl nitrate/butenol), In 657 nitrie acid, alumihium was
lcss resistant than stainless steel and the corrosi-n rete of
cluniniun vas increcased by approximately 607 when i cleetrical con=
tact with stainless stecl,  Stirring further inercased the corrosion
rate by 105,  In hydrazine/hydrazinc nitrate, stainless stecl was

O
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less resistant than aluminium and the corrosion rate was increased
by approximately 10 to 20% by electrical contact. The effect of
stirring was to increase the rate of corrosion of stainless steel,
particularly when in electrical contact with aluminium. In ethyl
nitrate/butanol corrosion was in all cases negligible, A further
series was carricd out in 95% nitric acid, iso propyl nitrate, and
nitromethanc, With 95% nitric cecid, the rate of corrosion of the
aluminium was increased by threc times by contact with stainlcess
steel, being about 10 thousandths of ar inch per yecar. When the
corroding medium was stirrcd this factor was reduced from 3 to
B FuI‘thCI‘, the effcet of stirring was to incrcasc¢ the corro=-
sion ratc of aluminium when not in contact with stainless steel

to about 7 times., In nitro mcthenc there wwas found to be a
mecasurablc rate of corrosion of cluminium when in contact with
steinless stecl, but not of the stainless steel itsclf, In iso
propyl nitretc corrosion ratcs appear to be ncgligible,

Te3sl Some cxploratory tests have been carricd out to indicate
the possible usc of sclf-scaling propecllant tonks in the gun
loczlity. 4 sclf-scaling composition to Air Ministry specifica-
tion D,T.D,1094 wes used, With alkyl nitratces the inncr skin of
vulcaniscd rubbcer svells morc than the fommed latex, but not very
rapidly. Rubber appcers to promotc the decomposition of hydrazinec,

Supply hazards - Toxicity

Telsd An investigation into the toxic hazards associated with the
usc of liquid propecllents has been put in hoend at the Cheomical
Defence Experinental Establisiment (C.D.E.E;, Porton, wiltshirc,
Samples of some six monopropellants hive been supplicd to Porton,
and o preliminary cxocminction of their acute toxicity has becen
carricd out, (2). The six liquids vere:-

or

a) Ethyl nitrate

Iso propyl nitrate

é Tthyl nitrate (915)/N, Butanol (S5)
Hwhuznu;é769 in water

—
20

Ethyl nitrate ééﬁ%g/iso propyl nitratc (40%)

C) .
(f) Hydreszinc (545)/hydrazine nitrate (36))/water (10%)
Gesoline MT8C was used for comparison purposcs, The experiments
included vapour cxposgurc, Subcutancoug injcction cnd percutancous
toxicity studics on micc, rats, rabbits, guinca pigs cnd a monkey,
also a bricf vapour cxposurc with huuen volunteccrs. No vapour
cxposurc had been made with the hydrazine propellents (c) and (f)
as o suitable vepour concentration could not be obtainced owing to
their low vapour prossures,

The olkyl nitrete propcllants (), (b) (c) and (d) were of the
scric order of toxicity ao gosolinc, The hydrazine propellonts (c)
and (f) were highly toxic by the subcutancous and percutencous
routesy It hes becen agrecd theat the ccute toxieitics of nitro-
nethenc and nitroglycerinc/triccetin should be invectigated and
that, if faeilitics allow, the following should be examined for
chronic effccts: -

éh Ethyl nitrate
J) Nitromcthane
(k) N, Butanol
(1) Gosoline,
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Telre2 A contract has been arranged with lMessrs. Nash and Thonipson
Ltd., of Tolworth, Surrcy, to survey litcraturc and develop a suit-
able toxicity alarm instrwint for usc in both cxperimental and

scrvice installations, The advantages end disadvontages of various -
niethods of detcetion have been discussed (6) (7) and it has pro-

visionally becn decided to concentrate on infra-red absorption, with
catalyst poisoning as a sccond choice. The metheds discussed arc:-

2) Meagnetic susceptibility d) lMass spectrometry
b} Heat of combustion e¢) Poisoning of catalyst
c) Absorption and Emission f) Velocity of sound
of radiation g) Surface absorption
(i) Ultra-violet h) Positive icn emission
(ii) Visible Ej Thermel conductivity
(iii) Infra-red k) Density

(iv) Short wave

Telre3 An infra-red analyscr for gases has becen obtained for
Messrs, Nash & Thompson and has been tested with various concentra-
tions of ammonia in air, with a vicew to finding the optimum eoncen-
tration for detector filling. Ammonia was chgsen for casc of
working and for its rclatively non-toxic properties, also tb throw
light on its use as a dectector filling for hydrazinc, The condi-
ticns for prcducing and continuscusly analysing gas mixturcs fron 8
to 2500) parts per million of ammonia in air have been dckermined,
The rescarch is at rnuch too early a stage to give any firm indica-
tion as t> Service practicability. It is, however, obvious that
instrument simplification is necessary and apparent that it can be
donec,  An apparatus has becen obtained for preparing mixturcs of
nitrous oxides ond air of known concentration,

DISCUSSION /ND /.SSESSMENT,

8.1 Bi-propcllant injector guns.

¥With the coupletion of the short tricl on the experimental 20 pr,
gun, (Scc 2,1 abovc), British work on bi=propellant guns will be brought
to a close, It is hoped to publish later a full recport on this branch
cf the investigation, including the related work on intcrnal bollistics.

Work at Experiment Incorporated on the hydrocarbon fucls has alrcady
been coneluded.

8,2 ll-nopropellant work in lorge suns,

The cxtensive progrorme of experimentel work on bulk loading is not
yct in full operatisn because of delays in nmanufacturing the various guns
rcquired,

Dclivery of this cquipricnt is now iminent ond an carly start on
the experinentel prograrc is to be oxpected.

In_the ncantinc experincnts on o _eohnsiderable scale hove continued
at I.C.I. Ltd,, using a 1/ pr. gun ond loading the ligquid propellant into

cartridge cases, Prinecr developnent hes formed a large part of these
experinents, No eonclusive results hoave yet cncrged,

8.3 Intecrnal ballistic rescarch,

The study ~f thc ignition process continucs along two moin lines
of anolysis:

(i) by high-spced photography »f the firing »f a charge in o
transparent chomber; .
(ii) by special firings in small guns, in an cttempt 5 detcrnine
ignition criteria for various propcllcnts,
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Experinents by the first of thesc methods are somewhat hampcred by the
fragility of the available tube material, so that the part f the process
vhich can bec photographed is still only very short.

Sperk ignition remains the subjeet of particular study. The ulti=-
nete cin of thesc trials is to cstablish optimwa gencral conditions which
could bec uscd to guide the design of an ignition systcen for any given
propcllant,

Firings in the 77 rm gun using iso propyl nitratc loaded in cartridge
cases have now reached & stoage where a fair degree »f regularity has
been achicveds  fin ardysis of the results has been begun, but nmany nore
firings cre still neccessary to the evolution of a satisfactory ballistic
theory.

8s4 Propellont rescarch,

L long programme ~f cxperimcnts on scnsitivencss is still being
worked thrugh,

The nicetings »f the specicl sub-cormittee to define an acceptable
linit »f scnsitiveness for gun propellants have begun,

8.5 Lir-to-air gun.

Work on the design ~f this weupon has now stopped becausc ~f the
change in policy. The particulars given at Scction 6 above provide soric
indication of thc stage of mechaniecl design finally reoched.

8.6 Hondling, Storoge and Stowage of Ligquid Propellants,

oome work on this subject formed poart of the carljcst investjipgptions
into the potentialitics »f the liquid-propellent gun, (Refcrence %bB
2,643). The concentrotion of cf?brt on the icno-propellant tank gun has
cnabled the investigetion to be narrowed somewheot, The gop in the know=
ledge as regards toxic hozards hos also become apparent, The progromme
of éhysiological experinents now launcaed at C¢D,1.E., Porten, uvgether
with the contract for the devclopment of a toxicity alerm, is intended 1o
fill thot gap, by climinating obviously dengerous liquids, ond so facili-
tote work on the enginecering and logistic aspects of the problen.

8,7 Gecnercl conclusion.,

- 9 2 -~ oo~ Nt a2 v c TR
scorch into. the, various prpbelms asspeinted wit ¢ ysc of 12
propellonts, eef. ignition, ScnSi 1vencss, toxicity una %gc deve1iphacnt

of o ballistic theory, is being actively pursued. Tpo corrcsponding
practicel cxpcerincents in large guns orce soncvhat handicopped by lock of
cquipnent, The delay in beginning these firings is, h;wovcr, expcected
to be short, and the complete programmc now plamed will probably be
under way carly in 1956,
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