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'/ TRIBNBIAL INSPBCTIQIl. 'LIWIS LABOBATOIlY. OCTOBER. 1957
HIGH DBml' 1100111' PROPBLLANTS

PART I

In the oenter ot the room (POINT) is a rooket thrust chamber used tor experi-

menta with high energy rocket propellants. In the thrust chamber (POINT TO

SCHBIlATIC" TOlIN ON LIGHTS) chemioal energy released rrom the combustion or a ruel

and an oxidizer produoes a high velooity jet, giving the rocket its puah. In the

oomplete system the ruel and oxidizer are ted into th i. thrust chamber by meana ot

turbine driven pumps. There are many fuel and oxidizer combinatiQJll that can be

burned in these enginea. This 1s a spectrum or the relative energy that various

fuel and oxidizer combinations will impart to a missile. The base point at one i •

• t,ypioal solid propellant.

Solid propellants are in large ule Voday in a.aist take-orr devices and in

misailel such aa Honest John, and the Bike ~ooatero Red f'umingnitric aoid and

dimethylhydrazine ia used in the second stage of the Vanguard aate11ite vehicle.

Oxygen and roaleet jet ruel is the combination used in our intermediate range and

intercont1n~tal ballistio Ddssiles suoh aa Jupiter, Thor. Atlas, and Titan.

These propellanta represent the present state of the art. !he Intercontinental

balliatic miasile and the Tanguard aatellite vehicle represent what can be done in

the way ot long range vehicles using thesepropel1anta. The Vanguard is a 3-.tage

?ehiole that will hurl a 20 pound payload the lize ot a basketball into a aatellite

orbit 300 miles above the earth. The tirst stage burns oxygen and jet tuel(POINT TO

TAIlS) when the•• propellants are exhausted the tirst stage drops ...y and the

miasile oontinue. on, propelled by a dimethylhydrazine-nitric acid rooket. (POIlT TO

TAlIS). When theae propellant. are exhauated thia stage drops ..ay and a amall

solid propellant rocket puts the .atellite into it. orbit. lote the large proportioD
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ot this vehicle that is propellant - about 88~.

There are other higher energy propellant oombinations that we oan conlider tor

tuture rooket vehicle. be,yond YaDguard but considerable relearoh is needed to put

them into practioal uae. ror example, ammonia, fluorine, ~ydrazlne-rluorlne.

hydrogen-oxygen, hydrogen tluorine, and hydrogen-ozone. We are interested in these

propellants because the,y OaD put higher speeds into a payload, thul giving longer

range, or oan give the s~e range with lell propellant.

As an example of what we might want to do with these higher-energy propellants

let'a consider a manned satellite glider. Suppose it i. to ~e hurled into an orbit

1000 mil.s above the earth. Note it hal wings tor the retum glide to the earth.

Using a conventional propellant oombination, tor example, oxygen and jet fuel, the

'Yehicle might look like this, with 3 rocket stages (POINT).

On the other hand suppose we had selected a high energy propellant lay tluorine

ammonia (POINT TO BOARD) and used the aame manned satellite glider (HOLD IT UP).

The higher energy ot this combination may result in a total vehicle-glider plu8

boosterl- like this (POINT) which may require less than hald the weight, size, and

thI"Ult or the tormer one. The larger vehicle using present day propellants may be

10 large as to be impractical.

Whm we try to apply theae high energy propellants to practical rocket systems

•• run into problems that are the result ot unique properties ot each ot these

propellant••

Por .ample, on the ruel sid. we see hydrogen (POll!), which we liquefY at

the very low temperature ot - 42)or, even then it has a very low dcsity, on17

about 1/10 that ot jet fuel, so that large, well insulated tank. are required. On
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the oxidant side is ozone (POINT)o Teohniques for satisfaotorily stabilizing

ozone must be developed. Jarring it or heating it or oontaotinl it .ith the

wrong material oausel it to detonate violently. And there 1s fluorine. the most

potent oxidizer in the whole periodio table ot element. (PODJT).Kr. Kinney. the

"next Ipeaker. will discuss these problema 1B more detail and the kinds ot worle that

w. are doing at this laboratory to put high energy propellants into practical use.

IIr. Kinney will be ass isted in lome demonstrationl of .the problema by Mr. DeWitt.

(
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PART II

Because tlucrine il 10 prominent on our lilt of high energy propellants

(POINT) we have selected it to illultrate our relearch. The ~r,y thing that leads

to .election of fluorine for high ene~ propellant combination allo makel unique

problema in its useJ it is a ver,y powerful oxidizer.

Let us oonsider first the problem of containing fluorine 1n tanks. lines. valves,

. pumps. and other parts of a rocket teed ~stemo There are two aspects to this problems

1) .election ot meterialJ 2) technique. of using materials. Consider selection of

material.. Our research has found a number of materials satisfactor,y for construc

tion ot tanka. lines. impeller., and parts of valves (POINT). for example, we use

nickel. monel, stainleal steel, copper, and brass. Invariably, we need seal. or

packtngs for valve. or pumplo Because fluorine il suoh a potent oxidizer very f ..

( 10ft or rubber-like material. are available for this service. How for gasketa.

packings, etc.- you normally think of asbestos as being quite latisfactor,y being

fireproof and inert to oorrosive fluids. Here is a pieoe ot asbestos (HOLD IT UP).

We wilh to blow aome 0001 raw fluorine gas against it from a tube l1ke thi.. Be-

caule fluorine ia so poisonous we cantt do this right in tront of you. but we put

a piece of asbestol just like this one in this box with a window on tt. Mr. Sohmidt

will open a va~ve letting fluorine blow against the albelto.. See what happen••

Actually. there i. only one plastic available for fluorine ••rvice. That

material i. a polyethylene plastic, a plastic that is alreaqy fluorinated. However.

it ha, serious limitations to its use. A rubber-like material for galkets, seal.,

and j)_okb1gs represents a continuing need.

"

(



-2- OF P.AJl'l' II

Let u. now oonsider the 'eohniques of using materials. For example, take the

matter of oleanline... Here is a piece of steel. This end has been kept ver.y

olean; thi. end, It ve been handling- I now have put lome grease on it just from m.Y

t1nger.. Here i. a double tube that could blow fluorine on both ends ot th i •

• trip (demonatrate). I'd like to blow aome fluorine againlt both the clean and the

dirty cd but again because fluorine il poilonoul, I oan't do thi. right in tront

of you. The lame kind of steel strip and two tubes just like these are let up in

thi. demonstration box. )lr. Schmidt will blow 10_ tluorine through these tub••

agamlt both end. (WATCH). You lee that the handled end, the end with the bit of

greale contamination, buret into flame. In uling materiall tor tluorine servioe,

praotioe. must resembl. those ot the hOlpital operating room, rather than those ot

the machine Ihop to prevent the Ilightest ccntaminationo Actually, our mechanic.

use rubber glove. in handling material that is being put into fluorine lervice.

80 the things that we have leamed about containing elemental liquid fluorine

are to select luitable materiall, to apply them oorrect1y, and to use teohnique.

that Icrupulous1y avoid even Ilight contamination.

Looking at the engine again, we lee the injectoro In this part of the engine,

the tuel and the oxidant are brought together to prep.~ them tor combustion. We

want to know how to design th i. inj ector 10 that the propellants will bum efficient

ly during the very ahort time th8)T are in the chamber. !hil time is of the order

ot 1/200 ot a .eoond.

An approaoh that we are using to ttli. problem has been to 1101ate ad .tudy

the elementar,y partl of the injector Byatema, end here (demon.trating) 1....ing1e
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element trom this injector. It'. a small part or the injector, you can't see it

very well, but it .imply consist, or a small number ot ru.l:: and oxidizer holea.

Dirterent injection spray patterns can be realized qy the method or locating

the.e hole.. The object ot working with single element injectors is to determine

the belt injeotion spray pattem to properly mix the fuel and oxidizer. We have

been oonduoting .tudie. with smgle injeotor.. The hardware looks like this.

1D this nut slide are illustrated typical data trom an injector element

.tudy (explain the slide and data). This illustrate. the kind of intormation that

we are getting.

But high thrust rooket engines require large flow rates trom many combination.

ot single element.. With these injectors the individual sprays will simply inter-

act with one another. The result ot this interaction has been studied in engine.

like this one oontaining six element. (show).

Finaily, injeotors tor engines of a practical size containing perhaps hun

dreds ot .uch .lement. are studied. Like this one (show). The new racility in

which we are .eated is used for studies ot these injector•• in tact, this one will

be put into here next week.

A third important engineering problem is that or cooling the engine when we

have the high temperature or fluorine supported combustion. In the lett-hand

.ide ot the demonstration box i •• s1DJlated rocket engine. Its chamber is made

or 'tra1uparct plastic lile. the tube I am hold mg. Mr. Schmidt will ignite the

engine and run it on hydrocarbon-oxygen. Then after the ens1ne 1. running. he

.. ill introduoe Iluorine along ..ith the oxyg~. You ..ill be .eeing the tl.e without

and then with fluorine. We have a water-cooled- temperature probe in the 11...
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t~ tQdioate change. in temperature, it will read on this dial. (Mr. Schmidt

n.monstrate.). Actually rluorine supported flames may be as muoh as 2 or .3 thousand

degree. hotter than oxygen hydrooarbon rlames whioh at SOOOo F are already diffi

cult to 0001. Incidentally, this is one of the 1'.. times that a group has ever

witnessed tluortDe combustion in rockets.

Th. problema that we have disoussed have been materials tor the reed systems

and techniques of using them (point out- on engine). The problem of learning how

to design injeotors for etfioient combustionJ and we have pointed out the cooling

proble. These are but a ff!lfl of the many problems assooiated with high energy

propellants. The design of gas generators, turbines and pumps was not discussed.

Bor did we discuis exhaust nozzle design or engine oontro1J to name a 1'.. of the o1her

problema that are inherent in an engine of this type. Aotually , eaoh of thes. is

under atud,y at this laborator.yo Time does not permit discussion of the••, but w.

have a motion pioture which shows typioal faoi1ities and aotivities a••ociated with

re.earch on them (movi.). Eventually, all of the individual finding. on how to us.

a high energy propellant III1st be fed into a researoh study of the oomplete rooket

engine syat... That ia when you find out whether or not the individual problem.

have really b.en solved and that is when you find out the n_ problema that arise

trom putting all the parts together.

The faoi1ity that you are visiting now is designed to explore the problema

ot high .ne~ propellants with engines or praotioal scale, and with allot the

a.sembled oomponents. It complements the smaller raoilities that have been in use

tor the last fflfl years. I would 11k. DOW to introduce to you 1Ir. IIothenberg who

will desorib. this n.. tacility for you.

)
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Here ia a view 01' thia tacility. We can beat desoribe it by telling you how

•• uae it.

You are seated here in the test cello Outside and on the hill behind the teat

oell ia where we store the fuels and oxidants. In preparing tor a run we transfer

theae to propellant tanks located in aeparate ooncrete pits just behind you. The

tanks are then pressurized with inert gas whioh is stored here.

Por a closer look at the test area we will show you a sectional view of this

DUoh ot the facilityo Here agam are the propellant tanks. The high pressure

gas then foroes the propellant to the vertically, tiring engine here.

Because we're in a fairly populated area, we DUst remove harmtul exhausit

products and silence the roar of' the engine. Both these funotions are aooomplished

by this scrubber-ailenoer; where these water sprays quench the exhaust and these

absorb tluorine oompounds which would be harmtulto personnel it permitted to ••cape.

About SO,OOO GPM, introduoed by many spray nozzles,. is required tor this scrubbing.

The cleaned gasea leave through the vertioal stack.

Theae water sprays are also intended to provide silencing. In tact when we

operated the faoility this summer, we were very satisfied with the silenoing we got.

Now let'. go back to our firat slide. Here is the scrubber-ailenoer we have

been disculsing. The ..ater tor it illtored in thil.450.000 gal. reservoir and is

gravity-ted to the sorubber. This arrangement takeJl advantage ot the natural terrain.

eliminating the need tor oostly, high oapacity pumps. The ....t ...ateri. collected

~.thi. detention tank where the fluorine 00mpounds. are ohemically treated and re-

moved. By oollecting all the ..ater ..e prevent contamination of this stre...

The operation ot the facility is controlled troll a station. about i Illle away.

in the main laboratory area. Here is a photograph of the oontrol and instrument

oenter. You have already been here for the nuclear propulsion talk. The engine
)
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operation is performed trom this oontrol conaole. All engine data are recorded

in this 1natrument aection. You'll notioe that we use TV to vieyr the rocket

during operat ion.

fbia ooncludes our discuasion. Before you board the bUI you will have a t_

minutes to look oYer the racility. AI you leave by thia door the aorubber-

ailencer il to your lett. thank you.


