UNCLASSIFIED

AD NUMBER
ADB816663
LIMITATION CHANGES
TO:
Approved for public release; distribution is
unlimted. Docunent partially illegible.
FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Operational Use; 01 JUN 1946.
O her requests shall be referred to Air Force
Mat eri el Conmand, Wi ght-Patterson AFB, OCH
45433- 6503. Pre-dates formal DoD distribution
statenents. Treat as DoD only. Docunent
partially illegible.

AUTHORITY

88 CS/ISCOKIF (FOA) Itr dtd 12 May 2016

THISPAGE ISUNCLASSIFIED




UNCLASSIFIED

AD NUMBER
ADB816663
CLASSIFICATION CHANGES
TO:
uncl assi fi ed
FROM:

secret

AUTHORITY

DoDD 5200. 10, 29 Jun 1960

THISPAGE ISUNCLASSIFIED




Reproduction Quality Notice

This document 1s part of the Air Technical Index
[ATI] collection. The ATI collection is over 50 years
old and was 1imaged from roll film. The collection has
deteriorated over time and is in poor condition. DTIC
has reproduced the best available copy utilizing the
most current imaging technology. ATI documents
that are partially legible have been included in the
DTIC collection due to their historical value.

If you are dissatistied with this document, please feel

free to contact our Directorate of User Services at
[703] 767-9066/9068 or DSN 427-9066/9068.

Do Not Return This Document
To DTIC



Reproduced by °
AIR DOCUMENTS DIVISION

m{ﬂ o ‘ /

4Pt el
L 8 b .-

HEADQUARTERS AIR MATERIEL COMMAND

WRIGHT FIELD, DAYTON, OHIO







DEPARTMENT OF ENGINEERING RESEARCH.

PROJECT "WIZARD"

PROGRESS RLPORT NO,.1l
 June 1, 1946

SECRET

COPY NO. /€83




BEORET

UNIVERSITY OF MICHIGAR

AAF¥ COORTRACT W33~038 ao-14222
Projeat ¥X-794%

GEOUND- TC-AXR PILOTLESS AIRCRAFY
REESBARCH PROGRAMU

PROJEOT *WIZARDY

PROGRESE REPCRY ¥C, .12

SPEEE -3

June 1, 1946

SECRET

BEORLT

5 A, i e

T

B8 I TS




g+ Lot L2
PLV) (VP

PRCJECT "UWIZARDY

3 Tablo of Continis ;
Page.

IntToduction 1
‘Genarxal Progzan 2

Organlization 2 R
Supmarr 3 )
\srodynanios 5

Design 7

Guléanog ] 8 ; )

) Leuriching ‘11
Proprlaion 4

Reaenrol Toohplives
2 Tiight vesting i

SECRET




b LNTRODUOTION

' The University of Michigan oontracted with the

Army Alxr Foroes (Alr Materiel Commend) on 3 April 1946 for
an investigation of §u14anoe, propulsion, launohing, and
supersonic zerodynamics leading to the design of a ground-
to-alr pllotless aircraft capable of interoepting and
dea{roying nostlile airoraft opereting at altitudes up to
500,000 feet, at spesde up to 4,000 wmpk, and at ranges
gufficient to prevent damage to the defended ares. .
Progress reporte summirizing the status of this . i
" work are bsing prepared every iwo months by the University
of Michigan under the torms of tho contraot. This repors$
' is the first of the series. ]
In addition, a separate program of bacic researoh

and engineering evaluations will be conduoted in fields

pertinent to the design of pilotless alroraft, cuah as

A

guldanoe techniques, propulsion methods, superconio aero-

dynamiocs, serve mschanlsms, fuel chemlotry, launching

proosdures, fuaing and miosile performanoe. Theee investi~

getions will provide 2 body of information for possible :
future Luprovements of pllotleas airoraft. Their extent

will be determined by practiozl limitations of personnel

and equipment,

The project bears the classlfication YSECRET,®
with the cxoeption of gensral data which does not pertain
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to performance and deaign of the missiles being decigned,
whioh may bs olassified PCONFIDERFIAL® or lower.

GERERAL PROGRAY

8evere performanoe requirements of this mtnsil‘
neoosaitate that all ficlds involved Le oxploited to thoir
utmost, especlally oropulsion ard gvidance. 7he initiel y
apprdﬁoh on thie projeot is therefore tb beoous thorouvghly
familiar vzth'currently availadls compenents and nystems,
and tu determine theo limiting factors in all of the warious
fieldn. i will guide work: an praliminazry designs and

. subscquent inveetigations.

ORGANIZATION

The pzojoot 1¢ being haandled for the Unlvéraity
of Wiobigan By the Tenartwont of Englmeering esearch.
Speci¥lic roeponsibility roests with ProY¥. Emerson V. ¢ alen,
‘Chaizman of tha Departmant of 3eionautioa1 Eagineering.,
Praf. Jouisn algo 20%3 as obaleman of an Adwisory Doard
ahesd Lndividun) Taakena awo wIggeusible Zox {echnioal
progTess in she variovz Wialds.

Tshndesl gocwdlinatiopn and pmojeot 2dmAndstraiisn
will be veder ProX. Viltew R. Nzlaon, Projeot Eoagluecr, aund

GEoy ard, g 2
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Mr. Robert F. Mgy, Administrative Engineer. Advisors for
the various phases of work are:

Aerodynamios -~ Dr. Arnold M. Kuethe

' Design ~ Prof. Franklin L. Evsrett

Guidanoe ~ Prof. Hilltaﬁ G. Dow

Launching =~ Prof. Jesse Ormondroyd

Mathematios - Prof, Ruel V. Ohurohiil

Prepulaion = Prof. Edward'r. Vinoent

Researoh teohniques and flight test ~ Dr.

M. H. Nloholse

Full-time researoh omployees, plus various faoulily wmembers,
graduate students and undér—graduate studente doing part-
time work, all under the supervision of the ahbove persons,
oorplete the projeot personnel.

Looations on the University of Miohigan ocampus
and sproe at the Willow Run airport, recently aoquired by

the Univeroity, will be used for researoh and tosting.
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Tais repyas glver a goamayy digeet.oi DTOLTHHA
an 543 projess setwaoa ths dase of vontraot, 3 avril 945,
and 1 June 1946, -Moet of the work during this period hagp
bsen in settling up the organization'and'in determining the
lines of attack for the rasearch program, together with
oolleoting & ploture af -:ixtiag inferuaiion on tae fleid,

Inssmuch as the projeot is still 4in its initial
stages, with final poiuonnel and space assignments not yet
completed, this report deals with tbe kinde of problems
being considered in the warious phaseec of the worg.

' Subgaquent progress reperts will deal more completely with

teohnioal progreso and wore final thinking along specifio

lines.
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The problems of drag, stability, maneuverablility,
and surfeoe temperature appear to be the woat lmporiant for
the aerodynamio design. All of these are intimately tied
in with the other features of the design. For instanoe, a
gyatem of propulsion involving roocket—~ram jst--—rociket may
be feasible provided a oclean configuretion can he found
whioh will not increase the drag unduly over & pure rooket
system. Variousz propossls will be examined from the stand-
point of drag.

The problems of maneuverability and control are

intimately connected with eaoh othsr and with the other

i i s

phages of the design. At the higher altitudes those Zfaotors
muet obviously depend upon other means than lifting surfaces
and movascle controis, Further, it is neoessary to oconsider

vhether these other moans, for instance a system of rookets

o

distributed over the body, ars adequate in the lower spesd
region of the grajeotory.

Dynemic stability of ths alroraft lmmediately
after launching muet be stiadied for various configurations
as a funotion of the launohing speed. The varlables to e
considered in thie oconneotion will be finsness ratio, area
of wing end control surfaces if present, the possibilities
of rooket oontrol, configuration of rockeis for siablility,

and so on.
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Phenonsna in the trangsonio roglon must be studied
vith a viev to dstermining whether 1t is Teasible to launqﬁ
at leos than sonia speed.

Surfaoe temperaturee, whlls not important in the
upper 2:gions ol the atmosphere, will detormine how shallow
& trajectory may be expeoted for an onoomtﬁg missile from’
a given digtenos. .

Efforts thue far have been expended on plotting
epproximate ourves of drag versus altitude for two repreaen-
tative alrxorxaft at vaxious supersonic espeeds up to 000
ft/sco. The objoot of these oaloulatiune was to give a
rough quantitative ldeo of the drag force iavolvsd for
reprecentztive croes. % wes apsumed thot the known laws
of acrodynanias for zkin friction, wave drag, and base drag
are wvalid up to an aliléude of 2G0,000 fect and that zhove
this al#litude the Jicwionian law holds, L.e., the drag
resulte entirely from luplngement of the moleoules againet
the tapering noso.

Hethods for omicu.ating ithe skin teaperatures are
being sxamined, espsolally thoss given in the German
litaraturs. '

Information on the 1if{ and center of pressure
for Lodles of revolution at angieu of sttaok is being

oollscted,

SECRET - 6
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" In ordex to make these aneatiéattcns complete,
it is ncoessary that mioxofilms of as muoch as possidle of
the German literaturs bHe investigated, and all available
aerodynanic reports be studisd. Thie will consume coneider-
able projeot time during the next few months. 7
Basio aerodynamio rasearch will be oonoentrated
_in the fi0ld of sorodynamios in whioh the mean free path of
the molecules L3 of the eame order as the thiokness of the
boundary layer. A oonaiderable amount of work has been
done on the gharzcteristios of 2ir at vory low preasurss
(1.e., large mean free paﬁh), but the phenomena of viscosity,
#lip at the surface. and the like, for the pressures ooour-
t _Ting &% altitudes of a few hundred thousand feet ore relative~
ly unknown. The detarmination of skin temperatures, drag,
and shook wave phenomsna await detailed investigations in

this field.

NESIGH

The demign group will ocordinate the astivities
of the varilous phnses involved insofar as design of the
mingile's oontiguragione and meohanisams le oonoerned.' It
will firs%, by a otudy of existing dasigns, provide a
gulde to the groups working on déifferent pbénss of the

projsot as to relativs epaoe limitations and weight distri-
; {: butions.

SEORET ' 7
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Design miudies under way utllize verlous types of
proppllldn and launching, with the main objectlive of oryastal-
izing the problems confronting the different tooinical
groups. Several poenible ccabinations will be modified to
weat the nseds of the funotional cowponents, and by a
pories of modifioations the final design whioh appears to
beat fulfill the reguiremente will be determined.

Somo data and rsports have boen qolleoted which
will form 2 hapim for more detailod work. Fffort has been

dlreoted towazd semoolzting possible vomponent parts,

CUIDAKCE

The initial work on the guldanoe problom will
chiafly involwve dstsrmining the existing electronio and
related oomponentis whioh ars avallable for guidanse, with
their various limitationa. At the same time preliminary
planeg and designs for spesolfic guldance asystems will be
sterted, '

Thui far oconsiderable familiarity with funotion-
ing of the V-2 rooksts, and with available technicues for
talezetering, remote control obannel establishment; rookes
guldanos, end poesible types of lnterception trajectories
has beon obtnined. Eetimates of the properties of the
uppar atworphore whiloh affeot radlo propagetion and intere

SECRET é




ception guldance fusl reguirements are being made.

Tumerous possibilitice are spparent for early
warning and traoking of the ofieneive miseile, types of
interception to focomplish destruction of the offensive
misgile, end guidsnoe methods for the initial stagee of
flight and {inzl inteszception. It L8 necogsary to make
some sssumptions in order %o dbegin any speciflo avalua-
tions and deeigns.

It 18 firs% being asoumed that the approaoh of-
an eneny miesile will be indioated through an extended -
ohein of rader eazly waraing and traoking inatallations.
These installations should be so loocated as %0 give approx
imately 10 minutds. wazning prict to arrivel., This would
pormit 1htsrocpiion to be completed perhaps 150 miles from
the defensive launohing site, snd calls for the ability %o
get a minoils to the proper position within a period of
about 150 geoonds.

Tho intazception path may bs any of the following:

A. Identioal with, but opposite in direction to, that
of the approaohing miesile.

B. Tangontinl to the path of the approsoching miasile
2% the point of dealired intsrception.

C. Aoroas the path of ths enemy missile at the inter-
oeption point; non-tangential.

D+ Pursuit frca bshind nlong a tangential patn.
The pursuit course would bo more imporitant if the enemy mis-

sile were sssumed to have intelligenoe and the ability to

SECRET . , 9
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také svasive sotion. The guldanoe problem will first bs
a%taoked undoxr the following aahumption: the enemy minpsile
bas no intelligencs, afdsr 143 Laitial launohing, whioh
would enable At to =ake 2 zavked deovictlon from tho early
tra&king tranjootozy. .

Einoe preaont thinking indiocstes that some sort
of boming devios will be nzeded in the final atapde of
flight to obtRin the requlred sooursoy of interception,
tbe guidance 2ocorplizhmente depend o great deosl upon the
amount of fuwel vhich can bs oarried 2loit ond held in re-
peyve to oausg thoe neooessary change in nomentum for final
interoeption. These fuel reserves may have {o be very sub-
etantial, end will reproeeny a major portion of the welght
oerried aloft.

Ag eoon a-‘a logioal set of conditions is assumed
for typo of interocoption, useful warhead contert, and weight
of seeking meshanizm, it will be possidble to calculate tﬁe
wolght of fuel und motor necesszry for ceveral types of
sarly trajeotorios. The result of 4his caloulation will
deborming the guldanne requiremsntsa.

The aotual eleotronle guldanoe equinment will
depend on &an antlysis of various posaible sysitena. For
oconvenicnoe radar will be osonsidered initlially, and will
probably be of =2joz importsuce in the final deeign. OCon-

sldezations of the guldanoe equipmonf depend on the type aof

SECRET 10
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¥rajeotory ohossa, the ponsib111t§ of eithur vertloal ox
direoted launching, and, for the final £1ight path where
the mipsile is besing guided by & homing devlice, upon the
relative merits of radar, sight, heat, or other indications
in the upper atmogphere. Radar secus et present to give
the most eoocuracy in range, but other devices may prove

more prsotiocal for azimuth corrsotions,

LAURCHING |
It is planned to inveatigste &l). ponaidle types i
of launching devicen, making neoessary calouletions %o |
determine the rolative utility of sach, Gonsideration
will be takenrof rate of fire from a given oontrol station,
mobility of the launohgng equipment, orientation of the
missile prior to launohing. and other similer faotors.
Ths following types of lsunohing dovices are
being considered, many of whioh can be eliminated with
Telatively little investigation as being impraotiocal:
A. Simple platform with guide tower usinﬁ Tooket : .
{:igggig;.tholgatn rooket'motor for vertioal .

B, Permanent launcling meohaniema, independent of
the rooket design.

2. Meohenicsl gprings with potentisl ensrgy storxed
by strotch or oompression.

b. Compressed air ejesotion.

0. Steam ejeotion.

SECRET 11
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d. Oun or mortar sjeotion under rotion of pro-
pellant gun powdars, the gun powdor pressure
eoting alther direotly on the minmsile or in-
dizeatly by ocompressing alr whioh iz in oon-
420t with 4hs migelle.

G, Devioces forxing 2 parmanent part of the misslle,
but used only during launohing.

a. Separcte, gquiok-aoting rocket motors.

b. Reooil motor-powsr generated by firing a
oharge of powdier. Kerely 8 quicker wvarient
of rocket wmotora.) '

D. Devices $emporarily attached to the miesile and
dropped after launching is ocompleted.

Jot assipted take-off, with power provided
by rookets properly attrobed to the missils
until the migsile‘s own rooket motors take
QVEY,

An off-band evaluation of these varlous launohing meithods
indioates that, first, speed im so much more {imartant in

a defensive missils than in the standard offencive types

of missile, that the rocket effoot of the main moiore is

not suffiolenti. Sooond, all btut the powder ejeoction parma-
nent installations would require sush expeunsivs and massive
fized installations of spring material with motorized '
winders, comprossors, stsam plants, and the like, that they
4o not indioate praoticality; the powder sjeotion systems,
however, provide a large amount of energy for cuiok rsleass
with & comparatively small: volume of propellant, and offer
mors promise. The pelf-contained devioes handioap the
missile’s performanoe by the added weight which would have
to be oarried throughout the rocketis flight; the tempo-

BECRET 12
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’ ' rarily attachod devices, on the other hand, overcome this
dipadvantsge and have ths furthor adventage of the body of
= experienss alosady azisting Lo jeu ascleted alrplane taka~
0fZ and Amerigoan experinsnts on V=) lauwaghing.
eonnidagatione of'vertioal launching as opposed
to launohing on oourse (controlled trzin and elsvation)
indicatn that & falrly slzeadble pormenent Jastallatlion
would be rsquired for the latter and not for versiosl
launching. The guidance prodblem tivs in olosely witbh this

gholos.

PROPPLSION

The firad part of the propulsion researoh program
is the evaluaticn of the various means of propulsion, using

rookeis and ram-jets. 7This sgiudy w»ill be broken down into

o&naideratinna of 1liguid, nolld and gnssous fuels. 4
reviow of 41l pubklizhod 2ata likely 1o be of assistance is
being made. The objeot will be t¢ Cetermins the specifio
fuel oonsumptions to be sxpeoted at various speseds and
altitudes, and to evaluate the total Zuel loads to be
oarried for nny givan range snd speed of flight. .

A stady of 21l published data relating %o combug-
¢ian praoennses is under woy, anéd vill be followed by & oon-

! siderable amount of ftecsting to dotermine whioh proceznes

SECRET 13
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provide & nrximem asntustion apetd snd the grectest offco-
tiveness at high speeds and at low pressuree, Various
fusls will bs oliminated due to slownees of reaotion time,
and others will be further tested relative to their main-
taining oombustion at high spsede and low pressures.

A study of the theory and preotioce of supersonio
diffusers has besn made, in order to evaluate the perfore
manos of ram-jets versus rookets as a means of saving fusl
while in the atmosphere. .

A serlies of funotions have been graphed to oover
2 range of flows, pressures, and temperatures likely to be
sncountered. These will reduce the subsequent labor of
ocaloulation oonsiderabdbly.

RESEA UES A 1

Eleotronio researoh and inatrumentation design,
essential to the sucoessful development and testing of a
ground-to-air pilotlese alroraft, will be in pr.ogru"n soon,
Information about upper atmosphsre oharacteristios will be
etudled for their effeot on asrodynamio and propagation
problems. . Instrumentation required by the other groups in
thelr laboratory eand researoh work will be developed.
Basio research tcohniqués and evaluations within the wvarious
fields will bs studied and devalaned.
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DEPARTMENT OF THE AIR FORCE
HEADQUARTERS 88TH AIR BASE WING
WRIGHT-PATTERSON AIR FORCE BASE OHIO
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88 CS/SCOKIF (FOIA)
3810 Communications Blvd
Wright-Patterson AFB OH 45433-7802

Defense Technical Information Center
Attn: Mr. Robert Stokes (DTIC-R)
8725 John J. Kingman Rd, Suite 0944
Ft Belvoir VA 22060-6218

Dear Mr. Stokes
This concerns the following Technical Reports:

The following records have been cleared for public release by HQ AFMC/PAX on 13 June 2007. The
reviews were performed by the following Air Force organization: HQ AFMC/PAX. Therefore, the
following records are now fully releasable to the public. See attachment 1.

Technical Report number: ADB816663

Technical Report Title: Project “Wizard” Progress Report No. 1
Technical Report Date: June 1, 1946

Previous classification/distribution code: Unclassified

Technical Report number: ADB816741

Technical Report Title: Project “Wizard” Progress Report No. 5
Technical Report Date: 1 December 1946 — 1 February 1947
Previous classification/distribution code: Unclassified

Subsequent to WPAFB FOIA Control Number 2016-02428-F, AFMC-2016-0019, the following
record has been cleared for public release by HQ AFMC/PA on 4 April 2016. The review was performed
by the following Air Force organization: HQ AFMC/HO. Therefore, the following record is now fully
releasable to the public. See attachment 2.

Technical Report number: ADB817886

Technical Report Title: Project “Wizard” Progress Report No. 4
Technical Report Date: October 1 — December 1, 1946
Previous classification/distribution code: Unclassified

The following record is publicly available at the University of Michigan Library at the following link:
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/4989/bad5904.0001.001.txt?sequence=4&IsAllo

wed=y.

Technical Report number: ADB804022

Technical Report Title: External Memorandum Report No. 7, A Simplified Method of
Calculating Ram-Jet Performance Applicable To High Mach Numbers

Technical Report Date: July 23, 1947

Previous classification/distribution code: Unclassified



Please let my point of contact know when the record is available to the public. Ms. Janet M. Caddell
is the point of contact for this request and she can be reached at (937) 904-0884, e-mail
Janet.Caddell@us.af.mil or the FOIA Office Main Line (937) 522-3095, e-mail wpafb.foia@us.af.mil.

Sincerely

RRIN BOOHER, Civ, DAF
Freedom of Information Act Manager
Base Information Management Section
Knowledge Operations

Attachements:
1. AFMC/HO Memorandum, dated 11 June 2007
2. SAFPAOSP E-mail, dated 4 April 2016
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