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JAPANESE “BAKA’” BOMB
This guided missile, propelled by solid fuel rocket engines, was the only
type to see action. Other experimental “Baka” missles were equipped with
jet engines.
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Socisty Plans for 1946

During the coming year we are going to gpeatly
inerease our present experimental program.

Our research program this year will be divided
into three main classificationsg solid fuel rocket
ongine research, model jot engine research, and

"diquid fuel rockst enginc resoarche Ths items for
dovclopmont in cach group will bs as follows:
l. Solid Fuel Rocket Engine Rescarch

A, Construct Powder Mill,

B. Construct hydraulic press.

C. Construct tost stand (this stahd will be the

protype of our liguid fucl stand).

D. Obtain dofinitc information on black powdor °

(so as to be able to sosign onginss for $hrist).

E. Bogin rcscarch into other solid fuels.

F. Obtain data on' nozzles, thrust augmentors,

ehd auvto=rotation.

Ge Work on flight stabilization, two-step modols,
i and pre=sot dircctional control. p
2. Modsl Jet Engine Ressarch

A. Continue devslopment of model jet engines.
Bs B uild whirling stand for model ram jets.
¥ Liquid fuel rocket engine rasearch

k. Obtain desert testing ground.

B « Construct test sthnd, modeled after protype

so0lid fuel test stand.

C» Test old California Rocket Society solide

liquid fuel engines. -

D. Test engines using liquid oxygen.

E. Test engines using oxydizers other than

liquid oxygen.

Beoause of the largs amount of research (not
ineluding liquid fuel) capable aoctive members will
bo allowed to independently conduct socicty sponw
soraed research. Accurats records will be kept and
raported in Astro-Jet.

(Continusd on page 14)
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Solid F.a. Licskach

Now that we have begun reseurch into many types
of solid fuels our method of naming the various fuels
has had to chenge. In the past since all our fuels
contained a greater percentage of potassium nitrate
than any other ingredient it was alright to merely
bave numbers for the fuede. Now that fuels containing
meny types of ingredéents are being tested it is
necessary to classify them =mccording to the ingredients
contained. It wes decided to classify %hem according
to thefr main ingredient. ILarge letters {(ex. 4) would
be used to classify the powders into main groups accor—
ding to their principle ingrediant. The groups would -
be further divided sccording tp the other ingredients
in the fuol by smzll letters (ex. a). The specifie
fuels in each group would be listed by number.

The groups hhet have been sterted up to the present
are as followsy

GroupiMain Ingredient * .O%her ingredients
A |Potagsium Nitrate

éé " Charcoal .. sulfur

AD L Lampblack sulfur

Ac W isuger sulfur

aAd " Ammonium nitrate charcoal
B Zinc Dust )

Ba " sulfur

C Potassium Chlorat

Ce " chareoal - sulfur

Cb W staich sulfur

Ce |" {starch

ica i ‘teharconl

' Ammonium Nitrate

Da {" iPotassium nitrate charcoal
Db " : jeharcoal

De  |» lead nitrate charcoal
1 Ba | Charcoal Ammonium Nitrate Potas

Agcording to this new system all of the society's
solid fuels deseribed in Astro~Tet's No. 10 and No. 11
would be clarzificd unle. the Ao zrails.



Astro-Jas , Page 3

Ash Tests on New Fuels

About a yem® ago, John Cipperly, in addition
to performing most of the tests on the society's
black powders conducted ash tests on many other
types of combustable powder mixtures. At the tims
it was thought that there was no need to elsssif, -
the mixtures as society solid fuels. However, since
We are nov investigating all forms of solid fuels, -
these formules and ash percentagss are prosented.
Many of the fuels, in particular the potassium
chlorate group, are to unstable to be used as rocket
fuels at the present. Until some way is found to -
make these powders mors stable it is hoped that ne
one will be so foolish as to build metal rockets with
thom &s the powders are very powerful znd could
scatter shrapnel  quitc & distunce. Several of the
very low ash chlorate powders can be detonated with
a good hammer blow. For some reason Analytical
Reagent (very pure) zinc dust doss not work as well
for the zine and sulfur powders as the rcgular
commercial variety. When using AR zine dust the
powders burn very slowly instead of exploding. The:
stahdard ash test procedure does not vork too well
with an explosive powder such as zine povder for -
the violenceof combustion scatters & grsat amount
of the ash off the weighing pan. When a zine powder
rocket 1is fircd all that is left behind is white
smoke, however, when ash tests of zine powder are
maede many flakes of zinc sulfide and zinc oxide are
scattéred around. Possibly a more accurute way of
determining the ash percentage %ould be to fire the
powder in a length cf metal tubing closed at cme andy

for them the results would be the same as those exise -

ting in an actual zine rocket. Ths socisty zine. -
rockets are mercly tubes of the zbove type with fins..
To obtain the best results the powder is poured in
lnosely, the fuse Inserted, ond a papor pluvg is put
cver the em@.- Them the rocket is shoken well ond
fired. It has been fousd that if the zinc powders
are packoed, even slightly, thsy will just burn.
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. Another improvement tc our powder Sesting proccdure
would be to mike several tests of different batches of
the sams powder for it has been found thut no two bate~
ches of the seme formula give exactly the same ash
percentage. Ch

Bolcw are the results of John Cipperly's solid
fuel tests. All parts are by weight.

GROUP_Ac
umber KNOg CioHp20111S %Ash
c-1 40 40 20 23.6
GROUP Ad
umbexr KNz NH;NO= Chnle: ZAsh
ag-1. | 50 30 20 20.8
Rd-2 | 4Q . 35 14 34
a3 | 50 38 22 22.4
GROUP Be .
er]  Zn zn (AR) IS %ash
-1 78 - 22 17.6
a=-2 71 ’ {20 18.8
Bawd a . i 185 25.2
Ba=~5 7% . ' 25 6
Ba~6 . 87.5 112.5 12.4
a7 87.5 12,5 8.4
) GROUP Ca
Number KC103 o I8 g %a8h
Ca-1 50 20 20 2.5
Ca~2 50 7.5 |22.5 Z.0
Ca=3 52.5 27.5 20 2.1
Ca~4 50 25 25 el
Ca~b 50 — 20 z5 1.5
Ea-e 60 . 20 20 1.2
Ca~7 — 75 15 110 .6
Ca~8 62.5 14,25 128.25 2.2
Ca-9 85 10 5 i
Ca~10 80 12 8 .7
Césm) . 70 20 10 .6
Ca~12 €5 22.5 12.5 ol
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Astro-Jet
GROUP Ca (Continued)
[Number|  ¥C104 _C S %Ash
jCa-13 70 25 5 1.2
[Ca=12 80 10 10 1.6
ICa-15 75 10 15 ol
{Ca-16 70 15 15 .4
GROIP Cb g
Number| KC10% CeH1gs.| S %Ash -
Cb~1 70 20 10 e
Gb-2 70 15 15 3
b5 70 25 5 1.6
Cb-4 75 20 5 4
Cb-5 75 15 10 4.8
Cb-6 65 3Q 5 2.8
Cb=7 65 25 10 3.2
Cb-8 725 25 2.5 3.2
Cb=9 67.5 20 2.5 3.2
GROUP Cc .
Number KC103, "C1zHo20111S %Ash
Co—1 70 20 10 3.2
Ce-2 ‘70 15 15 7
Ce=~3 70 25 5 3.6
GROUP G&
[Number | KC1Oz CgH1005 %hsh
ca-1 72.5 27.5 3.2
[ca-2 75 25 4.8
- GROUP Ce
fNumber | KC10Q - C Bhsh
Cowl 75 25 2
Co—2 72.5 27.5 3.2
- GROUP Db : ! -
fumber | NH,NO= ok e C. . | %ash
b=l 85 ' 15 2

(Continued on Page 13)
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The Testing and Developmeni oI Model Jet Engin'es
=~Carroll Evans-

There are several types of jet engines, not
all of them suitable for model work. The mejor
types of Jet engines are: {1). Ram Jet, (2)Resonance
Jet, and (3) Turbo-Jet. Of thesse the rosonance type
is the most practical for model work, the ram jet is
noxt in line and the turbo-jet is probably too complex
for a model.

There are many problems which arise during the
tosting and development of model jet engines. Among
tle problems thet. concern =ny type of jet engine is i
the one of zair flow, both inside and outside the engine,
this requires careful design of the internal and axtor-
nal surfaces, 4another problem is the method of provid-
ing the external air supply that is regafred for soms
types. dnother general problem is that of fuel fe.d.

It has to bo decided which will be uscd, gravity or
suetion fezd, and where the Fuel should. be mixod with
the air strsam,

Turbo-jets are probably too compley for model
work bscaase of several reasons. Amohg these are
the high temperature at which the unit operates,
requiring special alloy metals, end the high rate
of speed at which the turbine and compressor have to .
operatea.

-The main difficulty with ram gets for model work.
is the problem of cxpernal air supply. 4s ram jois’
cannot operate efficisntly without air being supplied
to thom &t a high ratc of specd, 100 MPH being the
minimum for efficiency, and 300 still being. too slow
for manimum efficiency, thoy necd a source of rapidly
moving air.

Because the minimum speed ut which a’resonance
jet will work is much louer snd because they can be
constructsd with & minimum of m-chining, this type
appears to be the most practieal for model work.

Of course, tthere are many problems connected v':t'l:h
the dwblapmnt cf resonance type job cngines. Soms
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of these occur because of the principle of resonance
and others probably would also appear in other types
of model jet engines. °

When designing a resonance jet seversl things
have to be consideored. The first is to determine the
sizs of ongine to be built. The nsxt is to choose the
frequency of vibration. The thrid is to locate the
fuel inlet. Another important detaill is to use the
propexr heat resistent alloys because the rear portion
of the engine becomes red hot during operation.

The first step in testing a rassonence jet engine
on the test stand is to adjust the length of the
tail pipe to synchronize with the fraguency of the
bludes in the velve. The next step is to determine
the fuel mixture and the proper fusl to uss.

In resoncace and ram jets air has to bs supplied
&t a veloclty of =zt least 50 MPH. The most readily
aveiloble source of nir Tlow is an ordinsry vacuum
cleanoy fittsd with o hose attzchment. Howevar, this
has bar«ly enough veloclty_tOyoperLtu & resonance
jot =nd not encugh to properly operate s rem jet.

The idesl test stond for modsl jst ongine ra=-
search would be a thrust indicution wind tunnel with
. velozitise up to 300 MPH.

&ven efter a perscn has perfected an efficisnt
model jet unit the problem remains of how to mount it
in such n w2y that the heut from the tailpipe will
not burn the model airplanc.

The problems of model jet engine ressarch are
numerous, but not insurmcountable, and by comsiderable
research the Glendale Rockst Scciety hopes to develop
a successful model jet unit.
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MAIN TYPES OF AIRCRAFT RFPACTION PROPULSION ENGINES

L« Compression-Expansion type--Efficient speed range-500-~1500 M.P.H.
A-Turblne drives eompressor (Turbo-Jet, most common tyne)
B~Standard gasoline engine drives compressor (Campini-~1940)

combustlon Chambor

— —Tarbine

&e Intermittant Duct Engine-~Efficient speed range-0-1500 .P.H. (Resonance)
A~Reaonance Jet (HMost common type).
B-Poppet valve, shutter door, or rotary valve.

Reeds have same vibrating freguency as open tube frocuency of entire
engine. Sound wave generated by first explosion causas reeds to vibrate,
-opaning or closing air and fuel #intakss. Number of explosions per sacond

dopeuds «x tho fracuoncy of the tubo~like engine. Ecamplg~-2.foot long
angine-250 ex»losions per second.

3es Asrothermodynamic-buct (Athodyd or Ram Jet) Efficient speed range-750-
. ) 1 + 500 MQP .H.

ti:*:

{_"c. [XIYE

Air entering front of engine expanddsand slows down. THis slow airiis
comprosfod by the fasgt mbving air-which has nbt:fet endiered:the engive:™

’

4. Rockot Engine~Efficient spesd range-1500--4 M.PH.

Becaus e the taemperature rise dus to skin friction becomss too great above
speads of 1500 M.P.H., 8ll fastor craft will havs to travel a% an altitute
where none or vary little air oxists. Tio rock:t, carrying its own oxydizer
is the only moans of propelling an aircreft at thid altitude.

I

e
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A Liquid Fuel Test Stand
-David Pasgel-

z Up to the present the Glsndale Rocket Society
has been conducting resegrch on solid fuel rocket
engines with the exception of a few model jet engines.
liquid fuel research has boen desired, however, due
to the war and the scarctiy and cost of fucl and
materials, liquid fuel ressarch was impossible. Now
that ths war is over, it probably will bs possible

to begin liquid fuel research if we can obtain a
testing ground in the desert.

In ordsr to conduct liguid fuel oxpcrimsnts it
will be necessary to have a sclf-recording test stand
which may be opersted from & point appreximctely
fifty yards away. This stand should huve zn auvtomatic
recording unit for thrust; temperature, chamber
pressure and fuel and oxydizsr consurmtinm,

- The recording device could eousies of a vell of
graph paper drawn past hydraulic vellows oyeratsd
stylii by .a small elsctiic moter, 41l Teadings
would be traced on the same paper oms abive the other.
I% it is possible it would be desireazbla to beve an
electrically contrellsd motion picture camera which
could be turned on during ths test im order to gst e
close .up of the engine in opereticn. The recording
instrumsnt ccuid probably be mounted nser the stand in
a heavy metal box so it the engine exploded the records
would be saved.

The thrust could be measurcd through 2 hydraulic
system in which the thrust would be exerted against
& hydrauléé bellows which would comnnect, through a
pipe.lins, to the recording unit vhere the hydraulic
pressure would move a bellows to which a recording
stylus was attached. If visual obscsrvationms were
also vanted the thrust bellows could also move a large
hydraulic gucgs capabde of being observed from a
distance.

The chamber pressure and fuecl and oxydizer
consumption recordings could also bo made in the same
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manner &s the thrust recording.

The temperature might be measured by a thermo-
couple device which would operate an electrically
driven stylus in the recording mechanism, This
method has the disedvantage, however, for since
thermocouples do not generate much currsnt it would |
be nccessary to use-sensitive relyas if not electronie
control amplifiers to operatec the equipment which
would be necessary for rceéording: Another solution
to the problem might bs to utilize the coeficient of
expansion of a gas which would be containéd in a small
bulb of some material suspended over the jzt opening.
4As the temperature increased the gas would expand
and operate a bellows which would be connacted to the
recording unit. in the same manner :s thc thrust ine
dicator. ) i

The control panel weuld contein all the controls
necedsd for ftarting nd stopping the recomding unit,
stort the cngine snd opercte the fuel and oxydizer
valves. The fuel valves could be opernted very well
by small cetuator motors of the aircraft type.

Im order to opercte this stend it will be nacecsw
_szry to have @ power supply. Since £ll the motors

used in this system can be of ths 24 volt D.C. type

the power supply will heve to be capable of delivering
24 volts D«C. 2t approximetely 10 amperes. For this
purpose four six volt auto batterics eduld be connscted
in series. The ideal situation, hovever, would be to
have » 24 vclt gascline dR¥ven generctor.

If such a stcnd con be built it will greetly aid
our research in liquid fuel work.
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Society Model Jet Engine Research, June-September, 1945
' ~Ggorge Jamese

Although we had been planning a model jet engine
research program for wuits some time wa were not able
to start it uniil Jung, 1945 because of our lack of
machining facilitieg, During June two very fortunate
things occured.

Previous to this and unknown to us, Carrocll Evens,
then not a member, had suceedsd in constructing a model
jet cngine similay to the Sigmon engine illustrated in
the March, 1944 Air Trails magazine,

During June, Carrol learnsed of our org~nization
and we, indepgndgntly, learncd of his jet engine.
Because he hod no efficient way to test it, he decided
to let the society modify and test the sm&ll engine.,

When wWe obtszined the engine we found thet it needed
a closer fitting valve-to reduce loskage snd & more
positive breuker point system. It was also found that
considsrable weight could be removed.

The sscond fortunnte oceurance was when Mr. Robert
Wisg, a friend of mine, stated that he vould be glad
ta do. .any small machining jobs we needed,

G.R.S.J,—l (Figure 2).

‘4fter being modifisd, Carrol's ongine w2s renamed
GeRaSeJe=1. Great. ﬁifficulties arose with its attempted
testing. The propellor was vary hard to turn beenuse
of the duet bshind it. Even with holes cut in the duct
the air flow would be ruined to such an extent that theé

-propellor wonld seldom turn., A conventlonal model aire
plans needle valve would not function becausa the
pressure drop in the intake tube was not grsat enough.
Gravity feed did not work very will bscause we did not
have enough control over. the amount of fuel entoring

the engine and the exe:ss would causa the valve to

stick. The intaks tube vas too small to allow enough

air to enter the combustien chamber. -Since it was
apparent that we .needed to know more about fuel injectior
it waz decided to construct another engine.
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G’.RoS.J."'a (Figure 5)

This engine consisted solely of the combustion
chamber of G.R.S.J.-le The main thing learned from
this engine was that model airplane needle valves will
not work on an engine with a large air intaks and a
amall nozzlse throat because of the back pressure that
develops. Pressure feed did not work very well since
wo 8id not have any valves with which to control the
amount of fucl accurately. Tho best of thc three
methods tried was gravity fecd. It was almost impos-
sible to start combustion with the spark plug. The
usual procedure was to pour some alcohol in the bottom
of the chamber, open’the gravity feed valve, light the
fuel in the chamber and gradually bring the air from
dbur vscuum clesner blower towmrd the sngine. If we
were fortunate wc could keep combustion golng in the
chamber but usually it would go out and the cycle
would have to be restabted.

GR.SeJa=3 (Figure %)

This engine was the first to use a fuel injection
system. The fuel line extended throuzh the rear of
the engine, became vaporized and was injected into the
chambar through six #80 holes in the fucl line. I%
was planned to have the shutier doors in the front
operate & valve which would allow fuel flow only at
the correcet time. The development of a low friction
leakproof valve proved too much of & stumpling block
and aftcr sevoral tosts using continous fuel injection
the system was abandoned, Scveral necdle valve systems
were tried without success. The fuel would flow down
the needle valve stem and flow into the combustion
chamber where it vwould form a pool of burning gasoline.
GeReS.J.=4 (Figure 5) >

This engine was desigred and built by Lee
Auslander, who &t the time wes stationed in a V=12
unit at Cultech. The combustion chamber was similar
to the Sigmon engine. However, this engine combained
mony improvements. These included two spark plugs,

a removable nozzle, and & poppet valve. This was the
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only engine in which ws-cuulﬁ‘eqsiiy:ééf'cbhtinoua
combustion. This was probably due to the two spark -
plugs. &t times we could notice that combustion was
occuring only on one side of the echamber. Because

we were unable to obtain a fine enough control over

the fuel we could not produce explosions in the chamber
of sufficient povwer to close the poppet valvae.

When we began our model jst engine program we
were not aware of any material being available on the
subject. Since then we have obtained a copg of the
"Theory and Testing of Jet Propulsion Motors and Rockets!
by Zygmunt Fonberg. This book tells how to design jet
engines of the three main types~Turbo-Jet, Resonence
jet and Ram jet. The accompznving plans show how
to construct two types of saalli rosonance jet engines
end one model rem jet. Thess will probably be the next
engines constructoed by the soclety.

Mr. Fonberg points out that any intermittant
combustion jet engines should not have the diverging
type of nezzle. They should use instead a strdight
or converging nozzle.

At the present it appseasrs that the rcason why our
early onglines did not work was becausec of saveral
mistakss of design. The main one of these was having
two -small a constriction for the exhaust gases to emerge
throughs Also our fuel control was very poor. If these
factors are remadlied we will probsbly get much better
results from future engines.

Probebly & succeé8ful enzine of tho intermittant
combustion type using rotary valves, poppet valves,
shutter floors or similar devides could be constructed
if soms way is foumd to regulate the fuel mixture
accurately and constantly. One method might be to build
& fuel jocket around the engine so that vaporized fuel
could be forced in under pressure. 4 necdle valve from
a small blow torch would be an excellent way to control
the ammount of fuel entering the engine. A safety
velve would probably be needed to prevent the fuel ’
Jjacket from expledinz.
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From the information available &t the present
it appears that the resonance jet engine is the most
practical for small applications because of its ease
of construction and light weight. The Giannini
Laboratories located in Pasadena have had consider~
able success with this type of engine. An experi=
mental model, which we saw in & modsl shop last
summer, wae about 27 * long =znd 3" in diamster.
According to the owner of the shop it weighed 5 ounces
and developed two pounds thrust standing still, The
fuel consumption wes one ounce per minute. He claimed
to have flown & control line plane at 150 MPH with
the engine. The balsa wood bube body of the pdane
was badly cherred from the heat of the engine.

(Continued from pege B)

GROUP De
g%‘;nber Pb{E0=) o NHNOz | C | %Ash
il 15 70 15 8
GROUP_Ea
%IBER c NH4NOz | KNO3 | %Ash
-1 49 37 14 10.4
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(Continued from page 1)

Our main objective this year, besides our research
program will be to makc oursalves and our work know to
the general putlis. This will L. donc for two roasons,
first to publicizs reaction propuision and sceond o
inoreasc our merborshir.

In ordcr %o aid our experimental fund, wo hope to
establish a manufaocturing oompany by the name of
Reaction Pesoarch Inc. Somo of the first things to be
sold will bu reaction propulsion dsvicss for modsl Ue
control airplanas.

Becauss of our extensive rascarch program w3 have
beon considering tho possibilivy of a now non-rogionael
nemc cmploying tho torm "roaction rcscarch" sinco our
prosent name is very limitcd in saope and doss not
ineludc jet propulsions SR

in ths way of publicizing our group we are plan-
ning to hold & pation-wide model rocket plane contest
this coming summer. More information on this contest
will appear iun astro~Jet No. 13. Also we are planning
to publish a beok called "Practical Hints to Reaction
Propulsion Experimentors", tellirg how to safely build
and test small solid fuel rocket engines and jet engines
for model eirplenes, boats etc. We are also still con-
sidering the idsa, whiel is almcst ws old as the
society, of sponsoring some mail rockst flights.

The prospscts of carrying out our propossd progrem
appeer to bs very good since with the ending of the war
much inform.tion snd materisl needsd for our reseazrch
efforts hac been releused.



Glendale Rocket Society Jet Engine No. 1 Tested June, 1945 (Actual Size)
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Glondalo Réckot Socinty Jot ino No. 2 Tostod J‘uly-A:ugust 1945 (Actual Size)

Alr

|

ntako

Noodlo Vaive Sparkplug

=4

\ \

Combustion Chambor . Nozzlo

. PIGURE 3




¢landalo Rockot Sociaty Jot Engino No. 3. Tostod August-Soptember
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Glondale Rockot Socist

e No, 4 Tested Sept 194
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GLENDALE ROCKET SOCIETY

Purpose

The GLENDALE ROCKET SOCIETY is a non-profit organiza-
tion whose purpose it is to aid in the development of jet propulsion
and its applications, and to promote interest in this new science.
This purpose is carried out by maintaining an active research pro-
gram, encouraging other experimentors, and promoting interest in
jet propulsion by the publication of ASTRO-JET, Journal of the
Glendale Rocket Society.

Membership

At the present ‘time there are two forms of membership in the
GLENDALE ROCKET SOCIETY, Active and Associate. Active
membership is for those who can engage in the activities of the
society. They may come to all society meetings, all society testings,
receive all society publications published during their membership,
and will be able to vote and hold office in the society. This form of
membershp is $3.00 per year., _All applicants for a.ctive'membership
must also submit a rocket model or by some other means show a
genuine interest. Associate membership is for those who find it in-
convenient to become active members. They have all the privil-
eges of active members with ‘the exception of holding office and vot-
ing. This form of membership is $2.00 per year. If you are inter-
ested in joining the society, please write to

SECRETARY, GLENDALE ROCKET SOCIETY
3262 Castera Ave., Glendale 8, California

OFFICERS

President and Editor - GEORGE JAMES
Vice-President - - RICHARD REISS
secretary-Treasurer - ROBERT STUCKER
Director of Research - LEE ROSENTHAL

ASTRO-JET (formerly the Glendale Rocket Society Bulletin) is
the official publication of the GLENDALE ROCKET SOCIETY,
3062 Castera Avenue, Giendale 8, California. It is published three
times a year. Subscriptions are $1.00 per year. Statements and
opinions expressed in ASTRO-JET do not necessarily reflect the
view of the society.





