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FOREWORD

The material contained in this Upper Atmosphere Research
Report originally formed part of a report to the Joint Research and
Developmsnt Board conceraning the Kaval Research Laboratory's program
in this fileld. It provides a comprehensive review of the work, from
its inception to the present time, and includes proposals for Dboth
the immediste and ths long renge programsg in Rocket-Sonde Research.
Much of ths subject matter pressnted here has appeared im the Upper
Atmosphere Research Reperts I and II, and the more recent informae-
tionwill be givenin greater detall in fulure reporits of this series.
The present surveyls publishsd since it makes avalladble in convenisnt
form the eessntisl features of the sntire program.
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ABSTRACT

The proposed program of rocket-sondes research in the upper
atmosphere im described. The rocket development programs are dis-
cussed and a dstailed description is given of the Neptune, the Naval
Research Leberatory's new high altitude research rocket. A review
of the lonization experiments conducted with theV-2 is presented, and
proposals for future research in this field are outlined.
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CHAFTER I

THE PROPOSED PROGRAM OF ROCKET-SONDE RESEARCH#* ;;

;;;;;;

by
E, H. Krause

?ropoaed Immediate Program

The Naval Research Laboratory's presently scheduled program is
- based on an availability of four V-2's per year, and a total of five
Aerobee and ten Neptune rockets., The past and proposed firing schedule
is as follows:

Fiscal Year V-2 Aerobee Neptune

1946 1
1947 6%
198 4
1949 4 3 (See below)
1950 2=/, (See below) 3

1951 4

N W

The three Neptune rockets scheduled under fiscal year 1949 will involve
an unknown amount of instrumentation since these first rockets may all

be required for flight check-out purposes. The first Neptune is definite-
ly scheduled for only such instrumentation as is recuired to get rocket
performance data, The number of V-2's available for 1950 will of course
depend on the total available supply,

Proposed Long Range Program

The accomplishments to date clearly indicate that some of the
initial objectives of this program have been met, But it is also clear
that much remains to be done. On the basis of the work already done,
the Naval Research Laboratory feels that the point of diminishing re-
turns in this work will not be met for at least another five years, and
that during this period the outlook of the program should broaden rather
than contract. Because of the Naval Research Laboratory's long record
of research in the upper atmosphere over the past two decades; because
of its more specific experience in a well rounded, very active and very
productive program of Rocket-Sonde Research during the past year; because

*The material contained in this chapter is classified Restricted.
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of its sponscrship of the first truly high-altitude American-built
rocket, the Neptune; because of its very successful development of

two of the most importent tools in this work, telemetering and re-

mote contreol; and finally because of its determined faith in the lomng
range contribubion of this program to National Defense, the Naval Re-~
gearch Leboratory desires to contimue its efforts in this field, and at
this time feels that it will desire to participate in a program beyond
the expenditure of presently available rockets, Such a future program
obviously requires a broader base of financial support than the Naval
Research Laboratory slone can provide, and must essentially be national
in scope,

For such e national program, the Naval Research Laboratory
presently believes that an additional guantity of Neptune rockets should
be procured to be avsilable during the fiscal year 1951 so that a con-
tinuing program can be maintained, However, gince no real need for these
additicnal rockets will develop until fiscel 1951, it is recommended that
the letting of & contract for more Neptunes be held up pending the first
Neptune trials in the summer or fall of 1948, This will still provide
sufficient time for procurement to aveid gaps in the program, It is
estimated that delivery can be made in eighteen months from date of
contract,

The present price of Neptune rockets according to the Glenn L.
Martin Compsny is roughly §85,000 each in quantities of 25 and $78,000
each in quantities of 50, The procurement of 25 more of tﬁese rockets
ineluding the necessary expendable radio control and telemstering equip-
ment would require about $2,300,000, The Naval Research Laboretory at
this time feelg that plans for its program after 1951 should be based on
the availebility of six Neptune rockets per year for a minimum of three
years, However, here again 1t is felt that the matter should be deferred
for more serious consideration to the summer of 1948 by which time another
vear's work will have given a clearer picture of the program and the ex-
perience gsined by firing several Neptune rockets can be applied to the
pew ordeT,

In Conclusion

The estimates, schedules, and proposals contained herein
gre all based ocn the vast experience in this field which the Naval Research
Laboratory has obtained during the past year. The proposal involves a
conbinuation of the Naval Research Laboratoryls efforts in thisg field at
approximately the present rate, This program definitely does not involve
eny expansion of the present zctivities nor is it a paper program based
on large extrapolations or guesses, It is the continuation of a research
program which is now well established, the administrative features of
which are well krnown and the technical aspects of which are based on
extensive technical data obtained to date.
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CHAPTER II

UPPER ATHMOSPHERE RESEARCH VEHICLES*

&, The Rocket Development Programs

by

E, H, Krause

The Aerobee (XASR) Program

When, in the Spring of 1946, it appsared that only 25 V-2's
would be available for upper atmoephere research, the Applied Physics
Laboratory and the Naval Research Laboratory collaborated in the procure-
ment of the fsrobee rocket from the Asrcjet Corporation. This rocket was
to be in part a "stop gap” affair for use until better rockets were avail-
able, as well as a emall payload (150 pounde) rocket for research which
could be satisfactorily psrformed below 120 Km. Twenty of these booster
launched rockets were ordered, of which NRL contracted for five. Complete
details about the Aerobee have been published by the Applied Physics
Laboratery.

The Neptune (HASH) Program

The aveilability of V-2's for high altitude research allowed
time for the development of a high performance American mede rocket for use
later on in the ressarch program. Realizing that the development of such
a rocket would require at least two years, the Naval Research Laboratory
in the spring of 1946 began a study leading to the design of & new high
altitude sounding rocket to be built in this country. On the basis of this
study it was decided to develop a new rocket for high altitude research
rather than to procaure American made copies of the V-2, This decision was
based on the following facters:

(a) The V-2 vas designed as a long range high accuracy weapon
rather then as & high altitude rocket.

(b) The form factor of the V-2 1limits it to the performance for
which it was dssigned,and mekes any changes from this very
difficult. Thus, because of stability problems which arise,
i1t is very difficult to exceed an altitude of 180 Km in the
V-2 by decreasing the 2,000 pound payload.

*The material contained in this chepter is classified Restricted.
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(c) Stabilization im the V-2 is obtained by means of very speclal
carbon vanes which ars alrsady beilng pushed o thelr lifetime
1imit for the 65 seconds burring time of the V2. Th@ develop=—
ment of higher altitude rockets will involve longer burning
times and hence, the elimination of vanes would be desirable.
The Neptuns rocket will utilize jet stabilization. It 1s
felt that the development of thees techniques iz very lmporiant
to the upper atmosphers program since 1t wlll be basic to the
atteinment of high altitudes.

(d) The total flight time of the V-2 is aleo limited by the
corditions menticmed im (e¢) above. Thus, although for many
experiments, altitudes highsr than 150 Km are not necessary,
it 4is important to remalin above certaln altltudes as long as
possidle. This 1z especielly true for sclar spectroscopy
and coemic rey experiments. Ths V-2 in a good flight (180
Em) will spend 325 secomds above £0 Km whoreas the Neptune
will, under 100 pound payload conditions, in a good fiight
(380 Km) spend 540 seconds obove 60 Km. This almost doudbling
of the available tims will in soms cases msan the difference
between data and ne data.

n

(e) Th@ Feptune 1s & couvenlilend size rocket to fire from a ship.
This 4w aa importan® comszideraiion im the upper aimosphers
b}

progrem in that work at lowsr latitudes ls very desirable in
the iomosphere, cosmlc ray, sbmospheric physics, and othse
DrOZTamns,

{£) Th@ HGVQW@nroﬁt of @ such as Neptune allows the limited
ring siaffs in this couniry to galin experisnce

¥ mnd@yu rocket t@cb 5 Thin exueoricnce 1s sasential

n0% only %o rocket development in g@neral but also to the

development of higher altitude rockeis for research purposes,

wheress the reproduction of Y=-27s would consume a tremendous

smount of epginsering on an antiguated desig

(g) The sad experiences and iraumerabdble difficultiss met with over
a period of gseveral years iﬁ th@ “merican built copies of
the relatively simpie German V-1's serve %o briag into zeo-
1ief ths tremendous difficuliies which wonld be involved im
meking American copies of tha vastly more complex ¥-2. On
the basls of these sxperionces such American made V-2's must
be conszidered as completely mew and untried devices.

The initiml study alse led to o prelimimery design and a set of
specificatione for a high altituds soumding rockset. These specifications
wero submitted to different manufacturers and resulisd in varlous proposale.
Among these proposals were several by Dougles Alrcraft, ons of which was
for an improved Corporal I as & high altituds rocket. The use of the
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Corporal E would, of course, have been desirable because the prototype was
already under comstructien. The performance data showed that a 500 pound
payload could be carried to a maxismum altitude of 125 Km (78 miles) while

a 100 pound payload could be carried to & maximum altitude of 150 Km

(93 miles). It was felt that this was an insufficient payload-altitude
increase over the Aerobee, which was already underway, to warrant manufacturs.

A contract was let with the Glenn L. Martin Company in the summer
of 1946 for the construction of ten HASR-2 (later called Neptunme) rockets.
The development and construction of a 20,000 pound thrust, liquid oxygen,
alcohol motor was individually contracted for with Reaction Motors, Ine.,
through the Bureau of Aeronsutics. The total cost of these 10 rockets

including & launching platform, assembly, fueling, and engineering assiatance
in leunching was 3$1,850,000.

The Neptune is & vertically lsunched, jet stabilized rocket which
carried a somewhat lower payload than the V-2 (on an equal sltitude basis)
but is much more flexible in its payload-altitude variation. Calculations
show that it should carry a 100 pound paylead to an altitude of 380 Km
(235 miles). Similarly it should carry & 2,000 pound payload to 135 Km
(84 miles). Complete details on the Neptune rocket, including payload-
altitude curves, are given in the next section.
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G. B. Smith, Jr., ¥, ¥W. Hosen,
c )
L

Iatroduction

The Neptune is 2 high altitude sounding rocket destimed %o carry
research imstruments further into space than ever before atiempted. The
Heptune will be about ths same length 23 the Cerman V-2, dbut only about one-
third the weight, end cen essily be distinguished from the V-2 by its slender
appeerance. ibs nroseplecs will carry from 100 fo 2000 pournds of various
meamnring instruments o alititudes of about 500,000 %o over 1,000,000 fest.

@ N@Dtﬂh@ Mill b@ 1@uﬂch@ﬂ from o vertical pesition and be automatically
% ¢t in gilmbale which permit movement of
ket structure., Thiz design permite
Jjet vanes are not rsquired,

bets

the VOQ%HTL rclmtivo to the
operation at longsr buraing

A pumber of V-2 vockets brought to this country at the close of

Worid Wer II are being f carrently at White Sands ‘rovimg Ground im
Hew Mexieco. In oxder to utilize theose sxpansive vehicles most efficlently,
the Waval Recearch Laboratory formulated a program of high sltituds research.
I% was realized that such 2 program, if carried out to its logicael con-
civsion, wonld roquire additional rocket vehicles over and above the limited
purnber avallable from the V-2 progran Alse, since the V-2 is now obeoles-
cent it was realized that rochkete of improvsd design and performance wonld
be required. Ths Nepiune was @@sien@ﬁ to £i11 this need and to permit
continuation of this program which enters many flelds of basic scisence.

ceme idea of the wsops of ﬁLﬁB@ rossarches may be obtained from the chert

£ Fig. 3

General Description

The Glenn L, Martin vompany of Middle HRiver, Maryland, under
contract with the Naval Research Laborztory, is now constructing the
Neptune, in artistis sketch of the rocket is shown in Fig. 2, A de-
tailed drawing of the Neptune is given in Fig. 3. Design values

a LS

“The materlal contaimed i this chapter 1s classifisd Restricted.
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and performance given here must be considered as preliminary until the
rocket is proven by flight tests. Completion of the first vehicle is
scheduled for February 1948. '

In the design of a rocket for high altitude soundings, it must
be remembered that it is not to be used as a weapon, but as a research
vehicle whose function is to serve ae a platform from which measurements
may be made. “uch a vehicle should be comstructed as simply and efficient-
ly as possible, have a reasonadbly low acceleration and vidbration, low
oversll weight,and high specific impulse (Specific Impulee as used herein
refers to the ratio of thrust delivered in pounds to the weight rate of
fuel combustion in pounds per second), A listing of the more important
characteristics of the Neptune is given in Table I.

Propulsion System h

A comparison of the various types of propulsion systems which
could be used, in the light of the requirements enumerated above, led to
the choice of & single cylinder, liquid-oxygen-alcohol rocket power plant
with a turbo-pump propellant injection eystem for the Neptune. Calculatione
have indicated that, to meet the payload and maximum altitude requirements
which have been imposed, it will be necessaery for the rocket engine to
deliver a thrust of 20,000 1bs. for a period of 75 seconds. That is
approximately equivalent to saying that the specific impulse of the engine
must be equal to 210 seconds,assuming propellant flow and burning rate to
be constant for the entire burning time. JEngineers of Reaction Motore,
Inc., .Dover, New Jersey, who were chosen to develop the propulsioh equip-
ment for the Neptune, have indicated that a system meeting the above
requirements can be built.

It has been estimated that the power plant for the above system

(less piping) will weigh 250 pounds, will have an overall length of about
44 inches and a nozgle exit outer diameter of approximately 19 1/2 inches,

¥With a nozzle expansion area ratio of 4.3, a mean mixture ratio (alcohol/
" 1liquid oxygen, by weight) of 0.90 at sea level and average consumption of
alcohol and 1iquid oxygen of 45.1 pounds/sec. and 50.1 pounds/sec. res-
pectively, it should be possible to attain the desired specific impulse.
The 4.3 nozzle expansion area ratio wes selected after a comparison of
disadvantages of larger ratios, such as: flickering of the jet, increased
nozgzle cooling problems and overall nogzle exit size, with the relatively
small lose in altitude performance (approximately 1%) associated with lees
than optimum expansion at higher 8ltitudes. A 4.3 ratio corresponds to an
average back pressure of 0.8 atmospheres, as compared to a figure of 0.86
around which the V.2 motor is designed. '

It wae planned originally to use an alcohol-water mixture as fuel,
As a result of tests performed by engineers engaged in the motor development,
it has been decided tentatively to use straight alcohol. This change will
be accompanied by a 15% change in optimum weight mixture ratio, and result-
ant decrease in overall weight, and increased specific impulse. Linde
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nose and & straight cylindrical body was cHosen. Studies also indicated
that no severe structural difficulties would arise from large length to
diameter ratios, for example, 15:1 to 18:1. (Supersonic wind tunnel tests
have indicated that for a given volume the drag variation with L/4 ratio
is very flat from 11l:1 to 18:1). Fin weight penalties for required stabllity
have indicated no real optimum. A diameter of 32 inches was chosen for
the rocket on the basis of engine diameter, volumetric efficiency of
components and on ease of construction from maximum width sheets of suit-
able sluminum alloys. With that diameter, the required volume can bde
housed in a vehicle 543 inches long, giving an L/d ratio of approximately
17 to 1. A conical nose of 25° included angle,ogive-faired into the main
body, wvas chosen on the basipg of drag considerations and other requirements
based on the uses planned for the rocket.

The overall size and shape of the body having beern selected, 1t
was then necessary to determine the stability of the body used and to amplify
that stability as required by the addition of exterior surfaces. The first

problem was one of determining what stability was required.

The stability of a rocket such as this is a most difficult factor

‘to determine. The rocket must be designed to fly at altitudes in which

the density varies from atmospheric to practically sero and through all
speed ranges from subsonic and transonic to supersonic. A realization of
the importance of the etability problem led to the initiation of a compre-
hensive static and dypamic stability investigation using both mathematical
and experimental wind tunmnel methods.

- Basically, two types of tumbling may be exhibited by miselles of
this type. Ind-over-end tumbling, the simpler of the two, can be predicted
fairly easily and is fairly well known. The rocket may exhibit this type
of bebavior early im its flight before appreciable speed is attained and
again as the influence of the atmosphere is lost. The second kind of
tumbling consists of motion in all three planes in which the rocket rotates
about both its center of gravity and its longitudinal axis. The missile's
nose describes a spiral about the flight path in this type of tumbling.

The second type of tumbling presents a much more difficult stabilisation
problem, since large oscillations accompany the motion in all three planes.

Preliminary analysis of wind tunnel tests of modele of the Neptune
has indicated that the configuration described below will be stable to the
extent required through the speed range expected, and that the proposed
elevators have approximately the asrodynamic power required of them. Design
of the first vehicle is proceeding based upon an L/d ratio of 16.85 to 1,
and a tail structure composed of four fins having a total tail area per

_ plane of 30 square feet, an aspect ratio of 1, a sweep angle of 60° and a

tip chord of 3° (Aspect ratio as used herein refers to the squars of the
external fin span divided by the total fin area in a glven plane), Aero-

_ dynamic trim tabs are planned for each fin. Tabs in the fins in one plane
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will be ground adjusted prior to flight to correct for minor misalignments
in structure, tabs in the other plane will be coupled to the thrust deflec-
tion servo system ia addi.ion to being ground trimmed. The airfoil section
for the fins was chosen as a double wedge plus flat sections baving s8ll
plane surfaces. This selection meets aercdynamic requirements and will
simplify manufacture. A 4% thickness ratio was selscted.

A preliminary investigation of dynamic stability of ths rocket,
in which only ite longitudinal oscillation about its center of gravity, e.g.,
restrained against lateral movement, has indicated the necessity for some
form of automatic control to provide for the damping of oscillations, except
for narrow altitude ranges. '

Stebilization and Control

The preliminary design of the control system considers such items
as: (1) accuracy of control, (2) reliability of control, (3) interaction
of control axes, (4) gyro gimbal lock, and (5) the possibility of inadequate
roll control. The stabilizatiorn and control system has been designed %o
provide for the correction of both steady state and transient errors about
both pitch and yaw axes, and roll in either dirsection about the iengitudinal
axis. It is planned to launch the rocket vertically aand introduce early
in flight a tilt program of from 3° to 10° to the North. This will define
the pitch axis as being horizontally East and West through the center of
gravity, and the yaw axis as being horizontally North and South.

Past experience in rocket development has indicated that, to in-
sure adequate control, provision must be made to alter the direction of
thrust in addition to the production of moments by the aerodynsmic surfaces.
The direction of thrust may be altered either by the reorientation of the
combustion cylinder cr by the introduction of deflection surfacee into the
jet stream. The Germans preferred the second method and utilized it on the
V-2 rocket. Numerous design problems are encountered in the use of either
system. Although the first method imposes more stringent demands on the
control system, it has besn chosen, tentatively, due to the improvement
in performance anticipated from its use. Elimination of the ioss of thrust
due to the presence cf the vanes in the jet is achieved,as well as an
overall weight saving of approximately 275 pounds.

Since stabilization and control for this rocket is limited practi-
celly to vertical flight, its design should not be so difficult as radio
command steering. Pitch and yaw gyro signal systems, whose function is to
measure at every instant the deviation of the longitudinal axis of the rocket
from the true vertical, are provided. Thess feed an appropriate signal,
proportional in magnitude to the error deviation, to a correcting mechanisem.
Pitch and yaw systems may be practically identical. ZEach will consist of a
sensing element: gyro, signal pickoff, lead circuit, amplifier and ’
hydraulic servomotor. Through the unse of double axis gyros having pickoffs
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and torquers on each axnla, twe unlte ceza be mads to perform all position
sensing requirsd for plich, yaw and roll control., If a control voltage
proportional to the arror wers fed tc the correcting mechanism, steering
action would be delayed becauvse of lag and inertia in various links of the
syatem. Conzequently, the vhase of ths correcting action muet lead that of
the error signzl to sccomplish stabll eration of the system. £ lead
circuit is included %o agsurs the cory nase relationship. The hydraulie
servomotors are to be driven by & hydr ic motor pump combination using
alcehol from the high pressure side of the main fuel pump. The sxhausted
alcohol is returned %o the main fuel tank., It is not necessary that the
pitch and yav comtrol systems bs operated bsyond fuel burnout, eince by

that time the rocket will have reached regions where sercdynsmic trim tabs
are ineffective and since recrientation of & dead motor is ussless.

Certain resesarch expayiments planued for the Mepbtune ars rendered
more simple and effective if means are provided for roll correction. While
roll correction ia 2 problem with jet venes, it 1z even more a problem when
control im affected by eltering the thruszt line of the engine. Aercdynamic
trim tabs are pf&ct cally useless for this purposs on 2 mlissile which passes
outside the influence of the stmosphere. The problem, of course, ls not the
sensing of the roll, but in bringing to besar & suitadble counter moment
about the leonzitudinal axis to correect the rell. Since considerable energy
remains in the exhaust of the hydrogen peroxide turbine, it was declded to
releane this exh&ust from roll jets at a distance from the longitudinal
axis and in a dirsction so a8 Lo provide the necessary momeat. Jets are
g0 designed to relea@o egual quentities of stsam from sach jet in opposits
directions so as toc produce no moment normall The error correction signal
from the roll coutrol sysiem operatesz valves in gach jet which increases
the steam exhaust on-the side opposing the roll., Since 1t is possible that
roll of the rockst may be induced a?%ex burzout by the deceleration of the
turbine rotor (coaxial with longitndinal axis of rocket) or from other
causes, it was decided io exitend rell control bsyond cutoff for 17 seconds.
This is accomplished by inseriting a changsover valve between the gas
generator and the turbine which switchea the gaszses divecily to the roll
jets at fuel burnout. This requires that the hydrogen peroxide supply be
increased by 30 pounds. The exact loeatlens of the roll jete have not been
finally dstermined. s

jte

btructu?® and Weight Distx

The space containod inm the forward 77 inches of the Sgptuns bas
been reserved for research instrumentation. The nose is a trus cone of
25% included angle for the first 44 inches at which poimnt 1% has & diameter
of 19 1/2 inches. TFrom this point the ogive begins and the rocket reaches
its meximum diameter of 32 imches at the midpoint of the comtrol compartment,
100 inches from the ness., The body of the rocket aft of the 100 inch.
stetion is cylindrical. Ths dimmeter 2t the base of the nose mection,
Station 779, is 30 inches, and is sealed by 2 megnesium casting. Accessto
the volume iamside the nose is provided at two points by access doors and
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provision is made for pressurizing this whole section. Previous design
has called for a skin of heat resistant steel, but this is beinz reconsidered
in the light of recent tempsrature data obtained from V-2 experiments,
possibly resulting in the substitution of aluminum.

The space between the stations 77" and 120" is reserved for the
instruments necessary to flight control: gyros, batteries, cutaff receivers,
control electronics, etc. The helium sphers will ales be located in this
volume,

Between stations 120% and 437" lie the fuel tanks. The forward
tank will contain the liquid oxygen. Directly aft of the oxygen tank liss
the alcohol tank. 4n interesting feature of the alcohol tamk is the fact
that it is an integral part of the rocket struciure; that is, its surface
forms the skin of the missile. Passing through its center is a tube
through which passes the liquid oxygen feed line. Provision is also made
for research and control cabling to pass through the alcohol tank.

All space aft of station 437" ia occupied by the turbine, peroxide
tank, combustion cylirnder, hydrzulic and valving ecuipment required for the
missile's operation. Provisions are being made for ready access to the motor
compartment through removable skin segments. The thrust force of the rocket
engine is carried through a steel gimbal ring to aluminum fittings between
the forward and center fin spar frames. These fittings effectively distri-
bute both axial and normal components of thrust into the skin structure.

The calculated weight distribution throughout the rocket is given
in Table II,

Little can e said of what research instruments or gignal trans-
mission or recording cquipment will eventually be installed into late models
of this rocket. “ntenna structure, internal cabling, exact final weight
and other factors will depend upon the installation plenned. 4bout all
that can be said at this time is that this rocket is being built for a
purpose and modifications necessary to fulfill that mission will be made,
consistent with sound rocket engineering practice.

Performance ngngtazgggg

Performance calculations made up to this time indicate that
altitudes attainsed will exceed considerably those originally speeified for
the rocket. At best, preliminary calculations can give only approximations
of the performance of this rocket, since many of its features have not
been tried before. Data on drag at the velocitiee and pressures in the
regions through which the Neptune will pass are very limited. Wind tunnel

~tests at Ballistic Hesearch Laboratory, Aberdeen Proving Ground, Maryland,
have establiszhed outside limits on drag at Mach number 1.72. Curves of
drag coefficient versus Mach number were extrapclated from Mach mumber 1.72
on the basis of the general trend kmown from Germen Experiments on the V-2,
and other data. ‘ :
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Performancs date have bssn computed from the drag date mentioned
abeove, and the letest design valuss of the rocket. The basic parameters for
rocket performance in a vacwum are spscific lapulse (previously defined),
the fuel weight raetis, and the initisl veloecity. For flight through a
resistive medium the additionsl parsmsters of drag coefficlent, maximum
cross section or frontal arsa, dynawic pressure, and the initial welght
must he comsidered. Hemembering that the welght of a rocket is a function
of time, an eguation Tor the incremsntal velocity imparted during the nth
interval of time A% during burning may be written:

(Ig Qj_fl +D) A%
v = e S e At
Bl o an t 4= jebi s B
PoTr Teel T gy 2
n-1

and the izncrementel alititude during burnlng:

. ”
—(Ig%—%‘*}lﬁ)(&t) )

A7 = - - & Lé%;;) + vp-14 ¢
o ar .
BKYDO ‘%‘ 'a‘:% tn._l) + %1‘% A t

wvhere I ig speciflic impulse in seconds

(72,2 ft/sec® at ssa level)

¢ ic dynemic pressure in 10s./f%.° ecual % P v?

@ is density of medium in slugs/ft. o

v is velocity in fi./sec.

A 35 eross section or fromtal area in f1.%9
At is time increment in seconds

m, ie initial mzaos of rocket in slugs

%% is mass rets of fuel combustion in slugs/sec.(taking %%-é o) -
t,q is time ot the end of interval (n-1)

v._1 ie velocity at the end of interval (n-1)
n=-1

&t was taken in 5 second intervals and the velocity and a2ltltude obtained
for vertical flight. After 75 seconds of burning, drag is no longer a
factor and the height attainsd by coasting mey be computed dirsctly from:

LD
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(vfina1)
2g

Zfree flight

To this altitude must, of course, be added the altitude reached -

......

at end of burning in order to obtain the peak altitude of the rocket trajec-
tory. '

Figures 4, 5, 6, and 7 give the celculated performance of the
Heptune, during burning, with payloads of 100, 500, 1000 and 2000 pounds
respectively under the following conditions:

1) Empty weight less payload at takeoff - 1992 1bs.

2) Fuel weight at takeoff - 7140 1lbs.

3) Specific impulse at sea level - 210 seconds

4) Burning time - 75 gecs. '

5) Meximum cross section - 5.6 ft.2 Ny

6) Launching assumed at sea level

7) Highest anticipated drag used on basis of wind tunnel data.

Table III is a comparison of the Neptune's performance with that
of the German V-2.

For a payload of 500 lbs. & maximum altitude of approximately
a million feet has been calculated for the Neptune. The variation of mexi-
mum altitude with increase in useful payload is shown in Figure 8, It
should be pointed out that the Neptune is far less critical than the V-2
with regard to variation in total werhead weight as a function of rocket
stability. While the V-2 is restricted to useful payload weights between
approximately 1700-2600 lbe., the Neptune can tolerate a variation of
100 to 2000 1bs. Thie assumes that a warhead could be constructed for the
V-2 weighing only 200 pounda.

Firing of the first Neptune is being planned for the summer of

1948. Following this, & series of flights will be made at about the rate
of one missile each two month pericd.

CONFIDENT IAL - 17 -




TABLE I

NEPTUNE CHARACTERISTICS

Dimensions

Length : 543 in. (45 ft. 3 in.)
Diameter 32 in.
Span (acrocs fing) 98 im.

>3
Hgight

Total empty weight 1,992 1bs,

Fuolo (2lcchel, ozygem, A0,
and Hgj 7,418 1bo.
Paglood : ’ 100-2,00C 1bs.
1 gross welght 9,510-11,410 1bs,

Porfermanse (100 1b-. payload)

Felsian btk

A1ni 1,255,000 ft.
YValo 8,200 ft/eec.
Time 335 secs.
Lhra 22,900 1bs.
Spec 241 secs.
Durs 75 secs.
e

Alcohol 3,380 1ibs.
Liguid Oxygen 3,760 1bs.
Hydrogon Peroxide 270 1lbe.

~ 18 - CONFIDENT 1AL




TABLE II

WEIGHT DISTRIBUTION

Body Group
Nose Cone and Instrument Compartment
Control Compartment
Oxygen Compartment
Fuel Compartment
Tail Section

Fins

Motor Mount

Power Plant Group
Motor (BRMI 20,000C1)
Alcohol Tank (included in body group)
Oxygen Tank
Peroxide Tank
Main Preesurizing Tank

.Gas Pressurizing Control System
Piping, Valves, etc.

Fixed Equipment
Control System
Electrical Equipment and Wiring

TOTAL EMPTY WEIGHT

Useful Load
Payload
Alecohol
Oxygen
Peroxide
Helium

TOTAL WEIGHET (GROSS)

CONFIDENTIAL - 19 -

Weight

61
33
104
258
99

250
95

155
140

141

241
58

100-2,000
3,380
3,760

270

bs.

555

210
57

871

299

1,992

7,918

9,510 11,410




Heptune Ve

1000 1bs. 2000 lbs. 2200 lbs
Peylond Payload Poylead

1,285,000 1,008,000 753,000 448,000 800,000
&% 189,000 172,000 150,000 118,000 100,000
75 75 75 75 67

e

t,,«)
()
o

34}
[¢.]
o
~3
®

V]
&
N

023

8,200 7,260 6,070 4,570 5,200

2,910 10,410 11,410 28,380

7, LA0 2,140 w140 7,140 19,613

20,000 20.000 20,000 20,000 52,200

i 100 500 1.000 2,000 2,200

R e
D LEEE

rey heen oboorved

srest %0 note that the literature gives
2., for a 67 second burnimg perilod.

¢ V2 warhead

k! mately 1,000 1bs.; cen be
» to ade

b
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CHAPTER III
CBIECTIVES, ACCOMPLISHMESTS, A¥D P“OEOSED IMHMEDIATE AND LOWG RAWGE

FROGRAM IN TEE MEASUREMEET OF ELECTROMAGNETIC PROPAGATION
THROUGE JEI CASES IH ROCKEYT FLIGHT

by

M, Becsker, R. B, Bourdseau,
T. R. Buraight, aand W. ¥, Fry

The research on ionization besing carried on by the Hocket-Sonde

g ¢
Hescarch Section bas as 1tz purpose the study of iomization procssses in
the rocket jet,and lomlzobloen phenomena asscclated with rockets in flight.
This study is of great importance beceuse of the effects of the highly
lonized reglen on zleciromagnetic provageatiocon. Telemetering systems for
obtaining date,and control sysiems for conirolling the rocket or actuating
tcen dlmvolved in wvarlous experiments that rely on radic lipnks,ars ad-

v affected by the Jet. The lonized jeit may completely attenuate

g directsd through 1% or the residuzlly lonized reglon some distance
behind the iz ¢ :2in angles of incidence the flame may effectively
ghadoy Pa éi? o2

by reflection from the interfaces at the
rensmitted by radio from or %o the rocket
introduced due to the g@%o The radiation

n the rockeis are greally affected by the

igs and for microwave antsnnas vyhich direct
2

fieme bnv

Ths rem@arch aa?ried oz %o date haz led to the formulation of
theoriss whish have i ¢ part been verified experimentally. These
theoretic p@?mit the predictiocn of efifects under conditions
widely di noge of the experimenis by which they were derived.
Further ef Quuwlly be directed toward developing methods of
avoiding

> these difficulties ip radio propagatlon due to the
flame.

,s

‘i

Accomnl ishments

he first ezperiments carrisd out on the V-2 consisted of & mea-
surements of the attenvation of 3 em radlation propagated directly acrose
the jet tetween two antennas anoached to the venturi ring. The transmitted
nower and the receivad sigral were measured and this data telemstered to
ground recorders. Several such experimenits bave beern conducted which con-
gistently show severs athenustion, & representative set of curves 1s given
in Fig. 1. The source of a major portion of the attenuatlion in the flame
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is attributed to the presence of free electrons due to minute quantities of
sodium in the alcohol-water fuel, namely 15 parts per million. & medified
experiment was attempted using distilled water but no data was obtained due
to failure of equipment not associated with the lonization equipment.

Ipmediate and Puture Research Program

The research on this subject requires considerably more theoreti-
cal work and much laboratory experimentation to ascertain many of the para-
meters essential to a better understanding of the processes. The immediate
experimental program will continue, with modifications and extensions of the
present method. The following experiments are proposed for the near future.

(a) Studies of the jet effect on 1000 mcs radiation are being
made in the May 15 Naval Research Laboratory V-2 in which
& measurement across the jet similar to that described pre-
viously is being made simultaneously with recordings of the
1000 mcs signal received on the ground at two stations.
These stations are so located that the signal path to one
receiver is through the flame longitudinally and the other
path does not go through the flams. Analysis of these re-
cords will give the gross attenuation and the frequencies
of any modulation present,

- (b) Simultaneous cross jet attenuation measurement on 10,000 mcs
and 1000 mecs. By obtaining this data simultaneously the
values of several parameters may be determined more closely.

(c) Cross jet experiments conducted with the fuel contalning
known amounts of given low ionization potential elements
such as sodium.

(d) Measurements of the conditions in the jet at high altitudes
by photographs of the flame shape and size and direct measure-
ment of temperature and conductivity.

(e) Similar measurements on the Neptune in which the alcohol is
not diluted and flame temperatures will be higher.

(f) A measurement of the effective index of refraction of the
jet by a method similar to the phase beat experiment.

(g) Measurement of the collision crose section of the various
components in the flame -- probably carried out in the labora-
tory.

(h) Determination of magnitude and sign of charging currents due
to the jet for various fuels and added chemicals.
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APPENDIX I >

CLASSTFIED REPORTS AND PUBLICATIONS BY NAVEL RESEARCH LABORATORY PERSONNEL

ON UPPER ATMOSPHERE RESEARCH

"Upper Atmosphere Research with the V-2" by E, H. Krause, Naval
Aviation Confidential Information Bulletin, July, 1946,

"V-2 Bomb Explores Upper Air" Written on the basis of an interview
with Dr. E. H. Krause, Naval Aviation News July, 1946, Restricted.

"Upper Atmosphere Research with the V-2" by E, H. Krause, Guided
Missiles Review, 1 July, 1946, Confidential,

"Miriature Labs Ride High Flying V-2%, written on the basis of
an interview wit h Naval Research Laboratory Personnel, Naval
Aviation News October, 1946, Restricted,

"Upper Atmosphere Research Report No., I - Part II, by M. Becker,
R. E. Bourdeau, T. R. Burnight, and W, F. Fry, Naval Research
Laboratory Confidential Report No. R-2956, 1 October 1946,

"Upper Atmosphere Research Report No, II - Part II" by M. Becker,
R. E. Bourdeau and T. R, Burnight, Naval Research Laboratory Con-
fidential Report No. R-3031, 30 December 1946, ,
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