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I. INTRCDUCTION

The development of ramjet engines for operational use is based upon
the development of relisble components and tleir integration into complete
enszines having the desired characteristiecs. The accomplishment of this
objective recuirss the intensive develorment of components and tiorough
testing of the complete power plant under static and flight conditions.

It is to be expected that different solutions of similar .problems will
exist for a few yeers and the vest of the solutions can be resolved only
after competitive apnroaches heve been thoroughly tested, Optimism regard-
ing the solutions of the different problems to be overcome must be regarded

with a certain amount of sizepticism until the solutjons of the vroblems have
been demonstrated under conditions simulating operational use.

In additicn to research and development having for its objective tho
development of useable engines at the earlicst possible date, it is important

to realize that continuous cffort should be devoted to improving the noten-
tialities of the types now boeing developcd and in addition exploration of
the improvements to be expoected by molification of cexisting designs should
not be neglscted.

This report presents the conclusions of thc Pancl on Propulsion and

Fuels regarding ramjet cngine development. The conclusions sre basod on
the consideretions presented ahove,

1I. SUMMARY OF RALJIT EWGINE FROGRAM

Renjet engilae developments are belag conductad by tiic following
vrganizztiions and for the end objectives listed dbelow,
Item Contractor Inzine Desisn Operating  Application
Diam Mach No., Duration
1, Wrisht Acronautiesl 43 in 2.85 70 iin Navajo (MK 770)
: Corporation
2. wright Aeronautical 20 340 3 JMin* Gencral Ramjet
Sorporation Development
3 Arplied Physics Lab.,. 28 2.4 2 Min Talos
4, Unitcd Aireraft Corn. 14 2.4 1 Min fetcor
54 Gen, Dleetrie Co, 24 4,0 2 Min Hormes 3B-1
6. Fort Bliss Split 3.3 15 Kin Hormes II
Wing
7e Marcuardt Aircraft Co, 28 2.0 20 ¥in Rigel
8. larquardt Aircraft Co. 20 3.0 3 KMin* Gea, Ramjct Dev.

* QOperatinz duration lizited by fuel capseity, buf engine shonld be re~usable
[;»ﬁ’&;gﬁf;? '“:*Q nE after rocovery. Zngine
NN R T.—1g to have a total oper-
-1- atiag life of scveral hours,

i
R TR T IR S
jioo- L ST R
L ) :




A1l of the items listed above with the cxiucction of itoms 2 and 8
integrate into the Guided ilissilos Program. The latter items are the only
oncs which may be regarded as being solely rcscarch engine devclopments
from which techinical information for the further development of ramjct
engines may be forthcoming, '

It is tc be noted that the devclopment of a 20 in. ramjot cuginc at
tiac Continental Aircraft Corporation has boen discontinucd, and no farther
work is bcing conductecd on an ongine ef tlo same scalc at thc Bocing air-
craft Corporation (GAPA missile ungihe).

III. GxZRAL DISCUSSIOH

8., Wright Acronautical Corporation, Marcuardt Aircraft Company,
Bu sblebee (applicd Phyrsics Lab/Johns Hopkins Uaiversity)

To obtain a wecll roundeod picturc of thr ramjet program it is con—-
venicnt to consider the wnrojccts at Wright Acroaautical, Bunblebec and
tlarquardt, as an cntiretr, sines these thrce nrojccts coanstitute the mwost
intonsive portion of the overall ramjet wmrogrzm. AlL tarce orgenizotions
have qualified technieal personncl and grost familisvity with the ramict
enginc problems, Thcy rceproscant as a whole merts of » thoroughly sound
progrom which is cssenticlly coamlemcntary. " At thils time any curtailment
of the work being conducted by thesc contraciors would scriously impair the
overall programe The Bumblcbes group esccomplished the first supersonic ram-
Jjet flights; hos cmphnsized broad basic studies portinent to ramjcts to o

grecter extent than cither of the other two, and hes accumuletod an im-
prossive background of cxpericnce rnd accomplishment in vioncering e now
ficlde The Wright acronauticel Corporation, on tho other hand, snnerrs o
PrssSees o grontor ~2RILILY to rocognize 4nG GoIine vuu soonc of activity re-
quired for developing spocific ongincs in thce dovelopment program. Thoy
indicatcd marked ability to anelyze the vroblem of developing speeific
cngincs, to orgainize their personncl and foeilitics, and appear to attack
the portincat protlems in 2x cxoericnced manner ~ad thnt would iadicate
the abliity to supply devolowned usenble cngines in a minimum time. Tho
liarquerdt Alrcraft Coupeny, which has supplied most of the subsonic ramjcts
in thils country, has dcuonstrated its ability to utilize aveilsblc tochaical
infornation anc to coastruct opcrablc ramjcts with less expeadifure of
develooment effort, Tre tcehnicel studics made by the Merguardt Aircraft
Corporation have not aporoachcd as broad o bosis as those coaductced by

Bumblebee; acvoertheless, Harquerdt hrs built cngincs incorporating tcch-
niquecs bcing congidcred by Bumblebec, and has coaducted originsl rosearch

in spceinl ficlds such as boundary laycer removal on diffuscrs,.

The tcchnical thinkinz of crch of tuc aforumentionzd orgeorizrtions
is not forcign to the others and thure is somc familinrity with difforent
concepte origincted by cnch comnmy; it was n~opereat to Pencl IPF, howucver,
thot the cieckonae of infoimrtion botweon the three arzenizations should be
improved, Thirc apyenrs to be sufficicat diversity in thoe sothods cach
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orgenizotion employs in handling the various probicms pertincnt to the
development of supersonic and subsonic diffuscrs, combusion chambers, flame
stobilization, iganition, el injection systoms, metering controls, ctc.
Judged from the oversll ramjet program, howover, the Pancl MPF is of the
opinion that the work being coanductcd by cach of thc above orgenizations

is romarkably frec from undesireble duplication in componcnt dovelopmants
In diffuscrs ‘right Acroncuticsl has uscd a conscrvative spnroach utilizing
estoblished design for spike diffuscers with comproamiscs as indiestcd appro-
Priztc after cxtcasive tests te provido stability and minimun oxtcracl drag,
Bumblebee is carrying on ontensivo development of a novel blced diffuscr
wiich thcy cxpeet will permit imwroved dreg with streanlined convergont-—
divergint typo of diffuscr design. Their low Mach No, of 2.2 is loss
eriticel nowever in requiring high diffuscr officicney, lirrquardt is using
a epike typc diffuscr, and hes prrtially tostod ~ boundary laycer rcaoval
arrengenent thot rmay coatributc subetantiolly to the nroblom.

In the ensc of coubustion choamber devclopment, very substantial con-~
tributions in rationrlizrtion of ranjet combustion pheonomcnz hove beea
nndo by Bumblebee. They hove investigotod ccater piloting, dlced diffusers
and wide gutters for flanmc holders with reéuction in width possiblec where
the gutter is » spreurder for the pilot. They rlso hnve developed a can
type combustion chenber and sonc supmorting thoorctical rotionalizotion,
Merouerdt hos utilized the conter pilot iden with his own coaceoption of
wide and narrow gutters, snd obtnincd rosults in NACA tosts thoat arc thc
best reportod in regerd to con cfficicnecy and renge of F/A ratios uader
altitudc conditions, Wrizht Acronsutical in its conlusion ehznber develop—
neat follows the piloted theory but wuscs oultiple »nilots te insurc covercge
of = lerze chanmber and surrousnds tlz nilots with -~ veristion of the con
princizle {co=cnlled Menhbnge euttor) . It nlen wrovides sonnrete nctering
of thc pilots to insuro stroichiomotric piloting regardless of notored flow
to tho mein air stream, This not ouly gives more latltuic in throttling
but will perrmit roignition in casc of o lven or rich blow out duriag a
transicnt,

All tarecc corpenics hrve different anpronclics to the solutions of
their individucl sietering unit orobloms. The anpronches erc to somc cxteat
Aictrted dy the particul-r fucl range requircricats of their individusl rasjot
engine nrogreuns. Runmblcbeoe is develoning a rother sinple systen with 2 tine
response of approxinmet:ly onc scecoad. The Prncl MPF was not =ble to detornine
the cnglicering offort which hrs bocn devotcd to that system; but Shoere wves
the gZeneral inpression thet both Yright Acroncuticol Corvorntion and the
Hrrquardt Alreraft Corporntion hrd conductod sorc intensive detailed engineer—
ing; on the develovment of tlhicir - rrticulsr systcis, The fucl nctering sy stenm
being developad by the “right Acronsuticel Corporstien is =~ vacunntic control
typc whiecs in bYesic doesign iacorporotes the well tricd fenturzs which lnwve
been utilizod in nony sir-operrtod indestrial controllors, It will »rovide
oaxdran thrust during ~cccleration and bas » 1/25 sceond respoisc rete,
Currcnt.y it is beins nroof-tested under the full roose of tormercturc core
ditions o bLec cacountcercd, The Meraunrdt spstern in goncral rceoreseats o
mean betvoen the two systems discussod above, dut dees ineludo scveral
aovel features.
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Mateor ~ United Aircraft Co& oxation (UAC)

> Un this project the funidamental research and background for the
ramjet engine development is supplied by MIT and the ramjet engine is veing
developed by UAC, At the pressnt time MXT is carrying out fundamentel com—
bustion studies in two general projects; one on flame stabilization, the other
on vortex flow systems. The UAC engine differs from the engines discussed
previously in the piloting system and method of fuel injection; furthermore
while the other engines employ hydrocarbon fuels for piloting, this engine
utilizes hydrogen and oxygen as pilot fuels, Present plans call for inuer
body piloting and initisl tests have bsen conducted at Daingerfisld with
pronising resultse The oxygen—hydrogen piloting uvsed to solva the high
altitude ignition problem would be less attractive if the wltimate applica-
tion required longer opurating pariods.

The most significant developmc,nts gt ULC appear: to be their multi-
unit burner and the metering unit both of which arc basically diffcront from
any other similar developrmentse The basic advantage of the metering unit
is the reduction in mumbur of perameters that mast be sensed, and tae elimina-
tion of the matching of metcring units o predicted engine choracteristics
as is normally required. The system is to have the property of adjusting the
fuel flow of the burncr so that the cngine can bs operated zt maximum thrust
under all conditions, :

ap
[
oa

The mu..tl-unlt burner system is in its czarly steges of dovelopment
and is an c¢ffort to dovisz a mcans for scaling-up ramjet burncrs so as teo
rcduce cxperimental work. The multi-unit burner progranm is net tied to any
missilce The ultimate objectives of the prejeet are still z long way from
being accomplished, but the current work should be continucd until more
definite rcsults for evaiustion purnoscs have deen ovblelincd.

The U:C ergrnization is well gualificd technically end ooerates in
an efficicnt cngincering uanncre Thoy are moking beneficiel contributions to
the ramjot cngine dovelopment nrogrom -nd thoelr compenent develomments deo
net duplicote those being conducted b other orgonizations, It is the opinion
of Pencl MPF thet closcr coordinstion betwzen the Bumbleboc and leteor ramjet
devclooments would be beneficial to the ontirc ramjet pregram.

c. Urdnence Reseorch end Develinmmont Division, Sub-ufiice,
Fort Bliss, Toxas

The HERMES II program at Ft. Bliss, Texos is staifed by approximetely
125 former Gurman purscnncl (Technical), 30 dfflCu.-I'S and 400 cnlistcd men,
75-100 civil service persimacl (mostly clerical & administrotive) and 175
G, Ee porsomacl (fer pr'fcur\,n.,nt. ang shoo functions). UF thoss, cpproximately
oni—third must bo chargad to housoko.oing snd other dutics involved with a
military post. Training s~sowcts for Army pcrsonncl alsc ~re significant.

sopenditurcs of Rescarch and Dovolopuent funds have tet~led (6.8 mil
through FY 1250 ot a rate of oporoximatcly o2 mil per yerre Appreximetely
40% >f the prujzet funds are pr ""Crl,[ chargeoble to remjot worke Volusble
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usc of sitc, buildings, macninery and militery persenncl 23¢ te the project
without arain of R&D funds,

The group has hod important functions in transferring German
oxpericnee with missiles to U, Se personncl, ond in hondling of V-2 firings
at wSPG, apart frum tho KERIES II prolsct.

The rocmjet vork in HERMES IT is quite diffeorent freom that of other
projects, sincc it is the cnly twe-dimsnslenal, split-wing ramjet of the
projects discussed in this rcpert rsctively undor dovelopment. It is designed
for ¥-3.3 2t altitude of 66,000 ft.

The good spirit of the group ond able administretion under the
officcy in chorge wore noteworthy., The techniccl competence and the ingenuity
cf the sinff arc 2pooront, cspecizlly in improvising stotic test focilitics
ot low cxst in dellars,

The prescent cffectiveness of the HERMES IT ramjet work is questiencd,
tecause ¢f the usc of CSy as fuel, which is casy tc ignite but of poor specific
impulsc (but it is understo.d thet transitien to highor vnergy fuel is tc be
cxpedited.) Alsc the googrophical and administration facters affccting pro-
curcmcnt scem to impair offectivencss. It is ~nticipatod thot changes ottend—
ing for meve of the project to Huntsville, alabomz should increasc cffectiveness
substantially.

The mest significent foature ~f the HERMES IT ducted-airfoil romjet
is the investigzotion f Wwe-dinmensiconal diffusers ond combusters, which can
be first tested in smell scetions ond put trgethicr in mulitiple for airfeil
and propulsive systens £ law droge Unc of the principlc prcblems is te sccure
adequate combusticn in the snrrt ilength of chamber.

It is thc cpinion of Panel MPF thet consideration should be given
tc the study <f means for derdving greatcr bencfit to the guided missiles
progran from the scicntists in the Fort Bliss gr-up.

Centinuaticn =f remjet work by the Ft., Bliss group is reccemmoended.

de Guneral Zlcctric C: mpony (HERIES B)

Genoral Elcctric has in 1ts remjet progrom v vehieles: the
HERMES B~1 a5 & test vehicloe for ¥ed date (5 units only without guidonce, to
be fircd from V=21s); ond the KHERMES B-2 ~n cventual weapon on which only
nr-limincry study has buoun mnde as jyet.

EERFES B ramjet work has been in the region of 154,C bocause this
sppears to <offor much less 1likilihesd of intereipticn in future yszrs, and
beeruse the problems of hieh tenpercture moteriels cnd design for remjects at
Y4 rcouire long tor: cffurt for solutiin.  hierces intoreeption ¢f subsonie
niseilces opnears fimedicts or soon Liminent, intercoption of luw supcrsonic
(rel tc 2) wvenicles likewriss zppears only rmderat:ly behind, and interception
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izher spood steady flight vihicles ot -2 te 3 1s considerably nore
icult but pnossible at lcest in prineciple, the cporatien of vechiceles in the
on of M4 opproaches the ultimote for requircment nn siructural motericls
propulsive systems and hence little mergin of specd possicle for inter—
tl n mencuverss  The Gonerel Jlectric Compony, with axtensive resiqrch in
t-mpbr“turv, mcballurgy and combustion hes qu=ll¢led perscmica bo
t“c1pute in the HDZES B ramjobt worke As nrcsbrtly censtituted the program
cludes firing of fiv: preoulsion tost vehicles (HERLES B-)) £or dota only.
2 eitent of General Zlectric eff xts in the rumgct ”i°1d tc dete have not
scn sufficient te permit an evaluation of thot phasce of thoir w-rk ccperable
£ that prssible with ~ther ronjet projects.
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The technicel cimpetence of the perscnncl in chrrge of the projoct
and the perscnnel av-ileble for cngincering consultont work is unquestiznsbly
high, zrd mosthxs ~f sperations ~opear t0 bs gond, with coplite consultaticom
between the severad parts of the Gencrol Eloetric Compony on the poverplont
phase of this project. The qumntity f the w-rk zccrmplishcd thus for is
certcinly good, There is n° >verlap with (ther »nrojeets, this boing the only
ranjet project designed f r kiach nurber de

IV.  GENERAL CUNCLUSIONS

The Pancl MPF crneludes from their inspection and rccent study of the
ramjet cengine proegrens thot the overall prigrom is wcll integrated, pr-vides
a balance in expericnce and -wperating nothods, is sufficiuntly diversificd
technically, and does not include any undesircblc duplication. Improvencents,
havever, in the program sheuld be effccted by dmproving the oxchange of
infomaticn betwcen the different develsprmint groups.

The Prnel MPI' studied the facilitics ~vailable te the differcnt dovelop-
nent greups and is < £ the cpinien thot ~dequate £naeilitics oxe evoilable or
authorized for the stotie tosting of complote remjet ongines up o sizes
cyuivalent te 20 t+ 28 in, diamcster, but facilitivs for testing engines -f
40 in, diameter ond larger -ver the complete performonee ronge arc unavoilable,
Frem the propulsisn stendprint, develipment of menns {or rocovering cngincs
ofter fllght toesting should be uanurhgcd.

It is the .pinicn (L Ponel BPF thot the desired cxchonge of infe rﬂhuiﬁn
betiween difforent developrnent geoups is not nccerplished by the present systen
of rcperting.e Discussions with the aifforont groups indientod thot enall
sympcsie of persqnnel cetively ongroged in this fi:ld would be =f greot burcfit,

In the ¢pinion of Ponel UPF the individual progroms conplemcnt coch other
cnd thore cre n scriocus gops,

Lhile sevoral detnilsd priblams romain 2 be salived, roniet engine
develsprent has roachod the stcge vhoere the i 9tfntitllt;c" for propelling
vchicles in the 3Mach nunber ronge 2 +. 3 ke ave boen clecrly “stuollunbd.
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tmjev availability is

cre dependont up-n the expenditure I a large cmount
of developmont cifort rather then upen any 25 yet undeturmined cheracteristics
inhcrent in romjet spoeration.
[}
1

roiziet engines bees

—

The current level of expenditures for ramjet engincs is
at this stoge in its developrent.
CX ua*iditurc- &

is srtisfactory
It is the cpinion T Penel MPF thet cs
ne cvailable for flight tosting the current lovel of
will be insufficicnt.

V.  SPECTFIC RECUMENDATIUNS
1.

USEF FY

duva

SN

The Peonel on Propulsicn end Fuels ree mcnds that the

5 -400,000
1950 rescarch ond developrent funds for the Merquardt romjct cngine
lopaent thet wos irmpounded by the lisnagonment Comdttec be relenscd =s

recomendcd by the C.ormittoe cn Guided ¥issilos in Gis 36/83.
2. Scricus ccnsideraticn should bo given

exchonge -

syIposin

t7 nmeons for irmproving the
£ inf-motion betcen the difforent developrment groups by informal
sprnscred by thc sorvices

under the nusnices f (DB,

3. Substanticlly thc currcnt lovel of ¢
group shculd bc maintoined thr-ugh

sxnenditures of e
FY 1951,

e

ach decveloipment
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DEPARTMENT OF DEFENSE
WASHINGTON HEADQUARTERS SERVICES

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER

(ATTN: WILLIAM B. BUSH)
8725 JOHN J. KINGMAN ROAD, STE 0944
FT. BELVOIR, VA 22060-6218

SUBJECT: OSD MDR Cases 11-M-1002, -1003, -1005, -1007, -1008, and -1009

We have reviewed the attached documents and have no objection to declassification in
full. The information you requested is provided in the table below:

OSD Current Current Current Current Current Current
Case Controlling | Controlling | Distribution Overall Downgrading Declass.
Number Agency Official Control Classification | Instructions | Instructions
11-M- Statement Level
OSD A
1002 WHS Records Release C N/A N/A
Official Unlimited
OSD A
1003 WHS Records Release C N/A N/A
Official Unlimited
OSD A
1005 WHS Records Release C N/A N/A
Official Unlimited
OSD A
1007 WHS Records Release C N/A N/A
Official Unlimited
OSD A
1008 WHS Records Release S N/A N/A
Official Unlimited
OSD A
1009 WHS Records Release S N/A N/A
Official Unlimited

If you have any questions, contact me by phone at 703-696-2197 or by e-mail at

storer.robert@whs.mil or robert.storer@whs.smil.mil.

Enclosures:

1. DTIC request
3. Six documents

Robert Storer
Chief, Records and Declassification Division
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