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SUMMARY

The results of discussions with various military agencies, rmgarding
possible missions and mission requirements, are presented. From these dis-
cussions it appears that the article of most intercvst in the one-man helicopter
class is a portable machine, preferably of the back-zack type.

To investigate the feasibility of a portable one-man helicopter, studies
were made of machines powered by various types of power plants. The results of
these studies are presented herein in the fomm of charts of Maximum Range vs
Empty Weight and Design Gross Weight.

As a criterion of feasibility it is assumed that the machine must have 2
stripped empty weight not exceeding 100 pounds, and a maximum range without
reserves, based on design gross weight, of not less than 10 nautical miles.
Cruising speed is assumed to be U5 knots.

The results of the studies indicate that only machines powered by either
a tip-mounted rocket or a ram-rocket will meet the requirementvs, In alil cases
stripped empty weight includes weight allowances for stabilization and for a
ground support strut {(23% of Design Gross Weight for each item) but does not
include fuel tanks. Weight of pilot plus equipment is assumed to be 225 pounds.
Both machines meeting these requiremeats have empty weights exceeding 90 pounds.
The effect of assuming a weight of 24O pounds for pilot plus egquipment is to
increase empty weight in both cases to approximately 100 pounds.

The conclusions stated above are bascd on prcliminary data that is
believed to be realistic and probably attainable. It is probable that by using
an unconventional design approach combined wilh a reduction in design criteria
appreciable reducticns in airframe weight may te attained. A study is reported
herein, based on a conscious effort to go to extremes in assuming possible

reductions in airframe weight. The resulting empty weight, for the machines

Report o, EX-0-1 v
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powered by tip-mounted rockets and ram-rockets having a maximum range of 10 iiz
nautical miles, is of the order of 60 pounds. The acceptable machines designed
to reduced criteria will probably have empty weights somewhere between this
value and the S0 to 100 pcunds reported above.
It should be noted that the monopropellant rocket fuel employed is
assumed to have a specific impulse of 180 seconds, and that the ram-rocket
specific fuel consumption is assumed tc be 12 pounds/pound thrust/hour. Any
changes in these assumptions will appreciably affect the results regarding
range and empty weight Jor a given design gross weight.
For the very light machines discussed above, it is interesting to note
that weight of airframe plus fuel plus tanks for a range of 10 nauxtica2l miles is
approximately the same (about 125 pounds) for tae machines powered by rockets,
ram jet, or pulse jet. The ccrresponding weight for the ram-rocket helicopter
is 100 pounds. —n
It is possible that the definition of portability based on empty weight
less fuel package will prove unrealistic, and that to be portable the airframe
plus fuel and tanks must weigh 100 pounds or less. In this case only the ram-
rocket configuration based on considerable deviation from Military Specifications
meets the requirement at a range of 10 nautical miles; as pointed out in the text,
a tip-mounted ram-rocket power plant is yet to be developed. All other configu-
rations must then be transported on wheels when on the ground, whether hand-
towed or moved by a vehicle, With the portability requirement eliminated as an
item of consideration, the choice of configuration depends on the operational
flexibility of the geared drives against the relative mechanical simplicity of
the tip drives. With the geared drives the problem of ground transportation may
prove relatively unimportant, due to their low cruising fuel corsumption in

flight,
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INTRODUCTION

This report presents the results of Part I of a program entitled "Studics
Relative to the Development of a Cne-Man Helicopter", authorized by Amendment 1,
Contract Nonr 611(00).

Part I is concerned mainly with establishment of detailed requirements for
missions. However, in the ccurse of establishing mission requirements, it became
evident that the configuration of st interest to the Military Services, in this
class of machine, is one that is portable and, preferably, of the back-pack type.
It was therefore ccnsidered desirable to determine approximate empty weights of
helicopters as a function of maximum range at normal gross weight, based on feasible
combinations of power plant and roctor configuraticn., This information may then be
used to review the relative portatility of each configuration.

It is of interest to present the definition of a one-man helicopter, as
outlined in the Statement of Work of Reference 1:

",....the smallest rotary wing type aircraft which will:
1) transpert one man
2) have satisfactory flight characteristics (perfommance, stability,
and control)
3) accomplish a basic mission to be defined
L) have a minimum of instrumentation, and means fcr au“omatic maintenance

of proper rotor speed and collective pitch for all flignt conditions

8) be simple, cheap, canable of rapid assembly, and insensitive to poor
servicing and exposure to weather®.

Report No. EX-0O-1 vii
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SECTION I
ESTABLISHMENT OF DETAILTD REQUIREMENTS FOR MISSIONS

i i
1. Discussicn

Preparatory to a study of mission requirements, various military agencies
were contacted during the month of December 1952, and their views on the subject
were requested. A series of pussible missions were suggested, and specific
questions were asked. The list of missions and the questions are given below:

Suggested Missions

a. Observation - Reconnaissance

b. Aerial Wire lLaying

c. Liaison

d. Infiltration

e. Individual Deployment

f. Airbornme Assault (Equivalent %o Paratroopers)

g. Espionage

h, Resupply

i, Airborne Rescue

Specific Guestions

1. What are the requirements of the Services with respect to each -~/
the missions listed above?

2. Are there any missions which lave not been incliided in the . sove
list?

3. What type of mission would ve suitable for a machine having a

range of from 5 to 10 miles?

Report No. EX-0-1 1
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}i. What ranges and what cruising speeds are considered desirable

for each of the above missions, or others suggested?

5. What service lifc is required for the machine? Shall they be
considered expendable items in any of the above missions?

Agencies Contacted (srecifically regarding missions)

Amy Transportation Corps - Ft. Monroe, Virginia
Air Division R and D
Airborne and Air Hovement Br. - G3
Air Division R and D (Ft. Bustis, Virginia)

Joint Amphibious Warfare Board - Little Creek, Virginia

USHiC Air Equipment Board - Quantico, Virginia

Office of Naval Research - Washington, D. C.
Air Branch

Bureau of Aeronautics - Washington, D.C.
Aircraft Branch
Rotary Wing Projects Branch

USMC Headquarters - Aviation - Washington, D. C.

USHMC G3 - Aviation - Washington. D. C.

USA Infantry School - Fit. Benning, Georgia

Joint Landing Force Board - Ft. Lejeune, N. C.

uirements Specifications

n

No attempt will be made here to include all answers to the specific ques-
tions not:l above. It is felt that more clarity will be achiesved by first
outlining certain specifications for a one-man midget helicopter, which reflect

as nearly as possible a mzjority of views held in the military agencies. Where

2 Report No. EX-0-1
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views are not generally conflicting, some discussion of the answers is then
presented.

In general twe somewhat divergent peints of view were found te exist
among the agencies contacted. The Aviation and Transportation Branches of the
varions Services consider only secondary missions for the one-man heliccpter.
For example, such missions as airborne rescue (air-droppable article), recon-
naissance, column control, and liaison were considered. Some Infantry branches,
however, regard the machine as having considerable potential as a vehicle for
airborne assault. In the great majority of cases it is considered imperative
that the machine shall be transvortable - if possible "readily" transportable
- by one man. A ‘typical Requirement Specification,’suitable for the airborme
assault vehicle, is outlined below. This specification was written by USMC
agencies, and expresses requirements both for an acceptable interim vehicls and
the desired article.

REQUIREMENTS FOR PORTABLE ONE-MAN HELICOPTER

1TEM INTERTM OBJECTIVE
Cruising Speed (knots) Lg L5
Endurance (minutes) 10 - 15 30
Range (nautical miles) 7 - 10 20
Best Rate of Climb (feet per minute) 300 - 500 1000
Service Ceiling (feet) 3000 - 5000 | 10,000
Payload (pounds) 2Lo 210

Additional Requirements:
The machine shall be transportable by one man; it shall be cheap, and

simple to maintain, assemble, and disassemble. It shall stand up to rough

Report No. EX-0-1 3
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handling under battle conditions. Fuel should not present a serious logistics

problem. The machine shall not be tricky to fly, nor present a serious problem

«t+
(€]

44

pilets. It shall be possible to make a safe landing in the
standing position, and to remove the machine from the body with safety imme-
diately after landing.

The foregoing Requirements Specification is directed mainly toward the
procursment of a machine for Missions f and i (paragraph 1) the choice of mission
depending, as previously indicated, on the specifying agency. In these missions
portabiiity by one man is regarded as essential, while a relatively short range
is acceptable. In varying degrees the machine may also be used for the other
suggested missions, but for ™motorcycle" type duties, including column control,
observation, and reconnaissance, it zppears that somewhat more endurance is
required; as is the ability to carry some radio communication equipment.

While it should be emphagized that no requirement has been written for a one-man
helicopter of this type (it is the view of some military agencies that a two-man

ship is preferable) a suggested specification is outlined below:

SUGGESTED REQUIREMENTS FOR NON-PORTARLE ONE-MAN HFLICOPTER

ITEM  PERFORMANCE

V cruise (knots) L5
V max (knots) 85
Endurance (minutes) L5
Range (nautical miles) 30
Best Rate of Climb (feet per minute) 1000

Initial Vertical Rate of Climb (feet per minute) 750
Hovering Ceiling (Out of Ground Effect - fest)| 3000
Service Ceiling (feet) 10,000
Payload (pounds) 300

Report No, E¥-0-3.
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Additional Requireoments:
The additional requiremerts of the portatle one-man helicopter also apply
to this machine, with the obvious exception of portability.

3. Additicnal Missions and Comments on Suggested Missions

In addition to the suggested missions outlined in Paragraph 1, additional
missions were suggested by various military agencies as follows:

j. Column Control (of traffic on the march)

k. Radioactivity Monitors

1. Drones for radio and radar beacons

m. Withdrawal of rear guard and delay tactics during retreat

n., Forward air control

o. Pursuit and destruction of guerrilla forces.

The following comments are cf interest with regard to the suggested
missions listed in Paragraph 1.

a. Observation - Reconnaissance -- The portable machine would be useful
for transporting observers to suitable observation points or for providing unit
commanders with information on local conditions. For more conventional missi&ns
the two-man machine appears more suitable, since required communications equip-
menf is considerable compared to gross weight of the ship, and operation of
equipment is a burden on the pilot.

-

Fo
Oe Feill
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Ag L it is
must be ussd for this purpose; however, it is believed that the laying of short
wires to company OP's and to FO parties may be feasible.

ce Liaison -- The portable machine would be useful for commanders of

regiments and lower units.

Report No. EX-0-1 5
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d. Infiliration -- For Commando type units the machine appears to have
use in infiltration tactics, but noise and flash from power plants could he a
disadvantage. Since, as shown in Figure 3, all of the pessible configurations
in the portable machine require the use of tip-mcunted power plants, the ques-
ticn of noise and flash must be considered.

e. Individual Deployment -- The Services are generally dubious with
regard to the feasibility of command and control of such an operation carried
out with the use of cne-man helicopters.

f. Airborne Assault -- As stated in the discussion of the Requirements
Specification for the portable one-man helicopter, some agencies feel very
strongly that there is a requirenent for this machine, for use in ajirborme
assault missions. 1In view of the operating personnel visualized, flying quali-

- ™

ties requirements will be very stringent. This implies the necessity of includ- ‘2
ing provisions for stabilization.
g. Espionage -- A machine which can be easily hidden in enemy territory
and, if possible, used fer the return trip, is essential. The portable machine
is indicated. The relativelf short range called for in this machine appears to
be a drawback. However, it has been pointed out that the agent is not likely
to head directly to his objective, but will attempt to reach a secluded point

inside enemy territory from which he can proceed on foot to a contact point or

)

to his chjeetive. Ths the machine may be used onl

v for a stage of the journey.

5 Y et LR =0

h. Resupply -- “he Service agencies did not see any use for the one-
man midget helicopter in this regard. The mission was originally suggested,

however, with the thought of first-aid supplics in mind

¢

6 Report No, EX-0-1
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i. Airborne Rescue -~ .\s stated previonsly, the concept is that of an
air-droppable item, anc is more strongly supported by Aviation than by Infantry
agencies. The need is for a machine which can be very quickly assembled, and
will transport a downed pilot out of the immadiate danger zone. It is assumed,
in the case of the USMC, that the pilot has had helicopter training, so that
the flying qualities requirements are less stringent than those for the airborne
assault machine,

L. Answers to Specific Questions

As stated previously, it is not considered necessary to detail all answers
cbtal ned. Such comments as are of note are given below.

a. Requirements -- With the exception of the Specification ouillined in
Paragraph 2, no cfficial requirements exist for the one-man midget heliccpter.
The previous discussions have attempted tc outline considerations which may
influence the writing of specifications.

b. Other missions are outlined in Paragraph 3.

c. With regard to range, the minimw: requirements should be for a
machine that will transport troops across the opposing battle lines. Five miles
plus reserves would appear to te the absolute minimum, with allowance for air
assembly and maneuver, The equivalent would e about 10 miles without allowance
for reserves (nautical miles are referred to here).

d. With regard 15 cruising speeds, it mus® be emphasized that no wind-
screen is visualized for use in the machine, since the portability requirement
is compromised by the addition of any iters not essential to flight. Tcsts of

human subjects in the wind tunnel are reported in Reference 2. It is5 the opinion

of these subjects that sustained exposure to the airstream at velocities in

Report No. EX-0-1 7
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Ao s

ing speed of L5 knots specified in the requirements for the portabie one-man
el rate at LS knots is in any case witnin
about 5% of fuel rate at speed for best range in all the configurations studied.

e. No clear answers were obtained with regard to service life, and
military agencics were understandably reluctant to consider the machines as
expendable, even in assault operations. 1t is revealing to ncte that 100 mis-
sions each involving 15 minutes operating time total only 25 hours. Onc hundred
missions per machine appears improbably high, when considering assault opera-
tions; on the other hand, 25 hours is of the order of service life considered
for such relatively expendable items as target drone power plants. No cost
figures are yet available for a one-man midget helicopter, produced in quantity,
nor is data avallable in this study to compare the cost of paratroop operztions
with those of an assault group using midget helicopters. It would be desirable
however, to compare these costs, based on a first cost of $5,000.00 per heli-
copter, and taking into account operating cost (including losses in combat) of
paratroop tz. -_-orts and air bases.

It is interded to make cost studies of typical midget helicopters during
the course of this study. The $5,000.00 figure quoted above is based on preli-
minary estimates for a machine powered by tip-mounted power plants, assuming
all development costs are charged against development contracts rather than

against the production article.

8 Report io. EX-0-1
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SECTICN IT
PRELIMINARY REVIEW OF POSSIBLE CONFIGITRATIONS

1. Effect of Portability Requirement

In an attempt to determine some of the implications of the Requirements
Specification for the portable one-man heliccpter, a preliminary study was made
of machines designed to meet the specification. The results of this study are
presented in Figuve 3, in the fomm of curves of Range vs Gross Weight, and
Range vs Empty Weight for the various machines. It will be pointed out in the
discussion which follows that several types of power plants are eliminated by
the requirement of pertability, and those that are not rled out are of the
tip-mounted type. This finding has been borne out by experience. Scveral
attempts to build a portable one-man helicopter nusing reciprocating power plants
have resulted in machines which are underpowered; increase of power available
would, of course, increase the weight. In these machines the typical empty
weight was about 85 pounds, and gross power about 15 horsepower. Provision of
sufficient additional power to give adequate performance would bring empiy
weight without landing gear up to around 180 pounds, which is beyond the range
of portability.

It is desirable to define portaciliity. It ccuid be defined in any of
the following tems:

The maximum lcad an average man can support on his back, while
carrying defined items of battle equipment.
The maximum moment about his cg that a man can withstand without

undue contortion, while standing on the ground.

Report No. EX-0-1 9

CONFIDENTIAL



CONFIDENTIAL
SECURITY INFORMATION

The maximum load, or moment aboul the eg, whichever is critical,

that a man can withstand when landing at a given descent velocity.

r

(Tt would be assumed that the rotor is carrying scme portion o
the gross weight during the touchdown.)

A program is currently in progress, directed by Dr. Barry King, Research
Executive, Aero-Medical Division, CAA, to study the aero-medical problems
connected with piloting of midget helicopters. During the latter part of April
1953 limited tests were started in an effort to establish some of the foregoing
criteria. A summary of the results to date is given below:

a) In the tests, the subject was dropped at approximately constant
velocity (accelerations not exceeding one ft/secz), and carrying a back-pack
harnessed to his body. The weight of the back-pack was not allowed to come onto
the harness until the instant of impact. The center of gravity of the load was
L inches behind the cg of the subject. Impact velocities varied between 3.8 amd
6 fps, corresponding to the velocities attained in free fall from a range of
8 to 10 inches. ({As mzationed above, however, accelerations pemitted were
negligible.?! The subject chosen for the tests is considered to have physique
and stamina that are above average. The landing floor was smooth and flat.

b) It was found that the maximum weight that could be tolerated without

falling backward was 131 pounds above body weight., The impact was taken stiff-

nnnnnn

[
[38]
3
oy

legged. Any attempt to squat when taking impact resulted in fallj
In one case where a landing was inadvertently made at 16 fps velocity, the
subject fell heavily and was unable to use his legs for several minutes there-

after.

10 Report lo. EX-0-1
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c) TIn cases where the subject aided his balance by carrying a lé-pound
bar at am's length in front of his body, he was able to bend the knees and
squat down on landing when carrying approximately 100 pounds above hi. body
weight. This points up the importance of center of gravity pcsition when land-
ing on rough terrain, where some freedom of body motion is highly desirable

during and immediately following impact.

If the average midget helicopter pilot is assumed to weigh 180 pounds,
and to carry L5 pounds of clothing and equipment, it appears frum the information
presented above that the empty weight of the machine should not exceed 86 pounds.
Studies of one-man helicopter designs indicate that a L- to 6-inch cg offset
(aft) is reasonable. (Note that an equivaient moment about the cg of the pilot
could alsc be approximately simulated by a 100-pouad rotor thrust load tilted
10 degrees aft of the vertical.) It is therefore conservative to assume, in the
discussion which follows, that the upper limit of portability is reached at an
empty weight of 100 pounds for the midget helicopter.

2. Estimation of Empty Weights

The follewing assumptions will be made in estimating empty weight:

a) All machines will be considered in stripped-down condition, without
conventional landing gear, or fuel tanks. The concept is that of a back-pack
machine to which a fuel packagze may be attached before take-off. Fuel tank
weight, while a relatively small item in the case of conventional power plants,
is likely to be considerably more important in mcnopropellant systems. Since
weight of fuel plus tanks for the rocket powered machine will be of the order

of the machine empty weight, the two items together are likely to weigh in excess

Report No. EX-0-1 11

CONM NTIAL

-
o
m



CONFIDERTIAL
SECURITY INFORMATION

-
of' 150 pounds -- obviousiy not a portable item. It is, however, reasonable to l
assume that the machine will be provided with a support strut, both to assist
in taking landing shock and to support the back-pack while the fuel tank is
being attached. The tank plus fuel is treated as a Supply item, tc be delivercd
in quantity at the jumping-off point, or dropped separately from the machine for
airborne rescue.
) It will be assumed that the nachine may be built for an empty weight,
not including power plant and drive system, landing and suppert structure, or
fuel tanks, of 18% of design gross weight. The following is an assumed weight
breakdown for a 375-pound machine, using optimum weight figures:
Pylon, harness and empennage 22 pounds
Rotor blades 12 pounds
Hub and blade retention 20 pounds
Controls 12 pounds
Instruments 3 pounds N
Total 69 pounds ’

Since 69 pounds is 18.4% of 375 pounds, it is seen that the 18% allowance for
the above items is reasonable,

It is of some interest to review briefly the basis for the assump-
tion of 22 pounds for pylon, harness, and empennage. The Hoppicopter Model 101
body hamess and pylon structure weighed 22 pounds for a machine having = gross
weight of 289 pounds. In a recent desigzn for a one-man helicopter poweied by
tip-mounted rockets, the harness, pylon, and empernnage weighed approximately
22.5 pounds. It should be noted that the Hoppicopter, being a coaxial, did not
have an empennage; however, the pylon was designed for mounting of a reciprocat-

ing engine, and thus was heavier than the pylon for the rocket-powered machine,

although the latter has a design gross weight of 375 pounds.

12 Report Ko. £X-0-1
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c) It is assumed that the landing and support structure mentioned in
Paregraph 2b) weighs 23% of gross weight. An additional 23% allowance is made
for stabilizatlion provisions. In view of the cowments in
appears highly desirable to provide some means for obtaining acceptable flying
qualities of the one-man helicopter. It should not be inferred, however, that
an autopilot is necessary or even desirable. Recent studies, which will be
discusced in a later repcrt, indicate that adequate flying qualities may be
obtained by use cf tip weights on the rotor hlades and a horizontal tail. For
these items, the assumed weight allowance is reasonable, and in the case of the
machines powered by tip-mcunted engines possibly conservative.

d) The following assumptions are made in determining weights of power
plant, fuel tanks, and fuel. These assumpticns are again based on data currently
available. Note that the weights do not include starting and cooling provisions.

Sp. Weight ©Sp. Fuel Tank Wt.

Power Plant Type (Installed) Consumption Fuel W¥.
T6/%p ~TE5/%p-br
High-output recivorocating 1.L 1.0 0.05
Conventional gas turbine 1.L 1.4 0.05
Monopropellant turbine
(stored oxidizer) 0.6 6.0 0.10
Monopropellant turbine
{double react.) i s 2.0 0.10
ressure jet (cold air bleed) 1.6 3.5 0.05
1t/1b Thr. 1b/1b T/hr
Tip-mounted rocket 0.1 20 0.10
Pulse jet - conventional c.5 9 0.05
Pulse jet - ducted 0.85 7 .05
Ram Jjet - conventional 0.40 12 0.05
Ram-rocket 0.3 12 0.10

Assumed values of net power loading of the main rotor are based on a
requirement of 750 feet per minute initial vertical rate of climb. This require-

ment will also pemit a hovering ceiling out of ground effect of approximately
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5000 feet in the case of air-breathing power plants, higher for mononropellant
powered machines. 2lthough the machines may well be used in mountainous terri-
tory under unfavorable ambient conditicns, this should provide a suitable
margin of power.
The reciprocating power plant assumed for the example is assumed to be a
high-speed, two-stroke engine, designed for relatively short life (target-drone
type of power plant). The fuel is a combination of gasoline and 0il, so that
no separate oil system is required.
The monopropellant turbine is assumed in two configurations:
a) Single reaction -- the propellant drives a single turbine wheel to
develop shaft power. High efficiency is assumed, resulting in a
HPsp of 600 seconds or 5 pounds per horsepower-hour.

b) Double rcaction -- the propellant, alter leaving the first turbine
stage, is mixed with air and burned. The producis of combustion are
used to drive a second-stage turbirne. A HPo, of 1300 seconds (2
pounds per horsepower-hour) is assumed for this configuration. The
figures are chosen witn a view to indicating the optimumn pcssibie
results obtainable with the use of thkis type of power plant.

Weight estimates for the monopropellant turbines are based on preliminary
designs for these power plants. Jt may be possible to effect a considzrable
reduction in the combined weight of engine plus gearing of type a), but such an
assumption would be premature until more detailed investigations have been made.

The ram-rocket may be crudely described as a combination of rocket and
ram jet power plants. The rocket nozzles are placed just aft of the diffuser of

a shell similar to that of a ram jet. The products of decomposition of the
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monoprovellant rocket fuel are mixed with the air entering the shell, and
burned. Obviously, at low rotor tip speedc the engine operates almost entirely
as a rocket; at very high tip speeds the operation approaches clescly that of
the tip-mounted ram jet. Assuming that the cruise specific fuel consumption
of the power plant is equal to that of the tip-mounted ram jet, the ram rocket
has two obvious advantages for a helicopter power plant, when compared to the
ram jet. These are a smaller shell, resulting in a reduction in weignt and
cold drag of the shell; and the ability to accelerate from zero rotor speed
without external means. (The lower shell cold drag will reduce the power-off
descent rates of the machine.)

The figures assumed for the ram-rockets are based on the following
considerations:

a) The unit is assumed to have multiple nozzles and low L/D (duct
fineness ratio) to obtain satisfactory mixing without the weight penalties
associated with a long duct on a whirling am. A fuel-air ratio (R®) of 15 is
assumed. Refererce 3 indicates that for i — .4, R® = 15, TSFC is approximately
8.0. However, all data given in this reference appears quite optimistic, appar-
ently because mixing losses are not included in the analysis. Comparing the ram
Jjet and pulse jet performance data presented in Reference 3 with information on
power plants currently operating, it appears reasonable to apply a factor of at
least 1.5 when selecting values of TSFC from the Reference. The ram-rocket
TSFC is therefore assumed to be 12 pounds/pound T/hour, in the cruise configura-
tion.

b) Since a low L/D (about 3) is assumed, the dimensions cf the ram-

rocket duct will be somewhat similar to those of a ram jet. From Figure 3 of
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Reference 3 it is seen that 2t M = .6 the thrust per unit cross sectional area
of the ram-rocket for a given thrust is about 30% less than for a correspounding
ram jet; diameter is about 18% less. Thus the assumption that the ram-rocket
power plant weighs 25% less' than the corresponding ram jet power plant may be
somewhat optimistic in favor of the ram-rocket, especially since a rocket chamber
is included in the latter.

¢) TFuel rates in pound per nautical mile for the ram-roucket are, on the
basis of assumption a),; assumed identical with those of the ram jet, as presented
in Figure 2. Tae assumpticn is implicit that the rotor configuration and tip
speed are identical for both types c¢f power plant. In view of other uncertain-
ties involved, regarding power plant weight and TSFC, further refinement ic not
considered reasonable,

The following is assumed with regard to rotor dimensions for the various
machines:

a) A disc loading of 2 pounds per square foot is assumed in all cases.

W

This is chosen as a compromise between desirable minimum rates of power-off
vertical descent and practical values of rotor diameter.

b) Untwisted, rectangular blades are used in all cases.

¢) All machines are of single lifting-rotor configuration. In the case
of the geared drives a tail rotor weight is included in the weight estimates.
In the case of the tip-mounted power plants no tail rotor is assumed, althcugh
indications are that it will prove necessary for control in flare-outs close to

the ground. It should be mentioned that a small tail rotor, adequate for the

# In tems of specific weight
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directionzl control reguirements of 2 one-man helicopter with tip-mounted power
plants, can be substituted for a vertical fin of adequate dimensions with little,
if anv, weight penalty. (This has proved true on small helicooters currently in
operation.) It should also be noted that the 22.5-pound pylon weight for the
rocket-powered machine includes allowance for tail boom and empennage. Thus the
empty weight estimates herein may be assumed to include a tail rotor for tip-

powered machines, when the tail rotor is substituted for a vertical tail.

d) Design information:

POWER PLANT DISC LOAD. | SOLIDITY | TIP SPEED | DESIGN | BLADE
(PSF) a (FPS) /o SECTION

Geared Reciprocating 2 .030 575 .087 .0015
Geared Gas Turbine 2 .030 575 .087 .0015
Ram Jet, Ram Rocket 2 .oLo 650 .0L9 .0015
Pulse Jet (Conventional) 2 .060 1400 .085 .0015
Geared Monopropellant

Turbine 2 .030 575 .087 .0015
Tip Rockets 2 .030 650 .065 .0015
Pressure Jet 2 .050 600 .0Lé .0018
Palse Jet, Ducted 2 .0L0 500 .08 .0015 |

The above design characteristics were chosen on the basis of experience
with current rotary-wing aircraft. A disc loading of 2.0 pounds per square foot
was selected to pemit reascnable vertical autorotation and flare-out charac-
teristics. Where feasible, a design mean rotor 1lift coefficient of about .50
was used. This coefficient is given by

CLr = 6 Co/Ur where

rotor disc loading - _ W
air mass density x (tip speed)® PV%

Thrust Ccefficient CT =

Blade .area

Report Nc. EX-0O-1 17

CONFIDENTIAL



CONFIDENTIAL
SECURITY INFORMATICN

The lower values of CTﬁT'are used in the case of the ram jet, ram-rocket,
pressure jet, and tip-mounted rocket. It was desired in these cases “o keep
tip speed up to take advantage of the jet thrust. Solidity values were dictated
by autorotation requirements in the case of the ram Jet and ram-rocket, aero-
thermodynamic requirements (required duct areas) in the case of the pressure
jet, and by reasonable values of blade slenderness ratio in the case of the
tip-mounted rocket.

3. Discussion of Results

In reviewing the results of the studies of Range vs Weight, 1t must be
emphasized that these results are only *true in terms of the assumpticns made,
particularly those concerning weight breakdown and specific fuel consumption.
In general, the weight allowances made in this study cannot be said to be con-
servative; some deviation from conventional design criteria accompanied by very
careful weight control will be required to meet these sllowances. With regard
to specific fuel consumption, the assumptions made were in all possitle cases
based on performance of helicopter power plants currently in operation. The
exceptions are the monopropellant turbine and the ram-rocket, for which the
bases for the assumptions are discussed herein (page 13).

The results of the studies are presented in Figures 3 and L. The cal-
culatvions are presented in Tables I through IV and are in gereral self-explana-
tory. The calculations of net rctor horsepower s gross weight ratio, pre-
sented in Figure 1, are based on methods given in Reference L. The data of
Figure 1 was used in establishing weight allowances for power plants in Table I.
(In a forthcoming Stage report under this Contract, charts for performance

estimation, based on the methods of Reference lj, will be presented.)
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THouy 1antical mite vs

gross weight for midget helicopters having suitable combinations of power plant
and rotor configuration. A cruising speed of LS5 knots is assumed in all cases,
fuel rate at this speed being within 5% of optimum fuel rate for all configu-
rations of this study. It is seen from inspection of Migure 2 that, for a given
disc loading, the ratic of horsepower vs gross weight required to meet a
specified vertical rate of climb is primarily a function of the rotor tip speed;
the vulse jet, with the lowest tip speed selected for study, also has the lowest
horsepower vs gross weight ratio. However, the pulse jet does not prove to be
the optimum configuration from the standpoint of empty weight, as seen from
Figure 3. The reason is found from inspection cf Figure 2, where the specific
fuel consumption of the pulse jet is shown to be relatively high compared with
most other configurations selected for study.

Fisgnre 3 nresents curves of stripped Empty Weight and Design Gross Weight
vs Maximum Range (no reserves) in nautical miles, for the configurations of
midget one-man helicopters studied herein. Il is assumed (see Paragraph II, 1
herein) that the maximum pemissible empty weight that can be tolerated from
the standpoint of portability is 100 pounds. (It is assumed that the pilot is
already carrying LO to 60 pcunds of clothing and equipment.) It also appears
reasonable to assume that the range without allowance for reserves shall not be
less than 10 nautical niles. Reference to the curves of Figure 3 shows that only
machines powered by tip-mounted rockets and by ram-rockets will meet these

requirements, with stripped empty weight for both configurations in the 90 to

# In this regard refer to Paragraph I1I, L, "Uncertainties Fegarding Ranm-Rocket
Perfomance".
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100 pound rang2. The desizm gross weights of all configurations lie between
350 and 435 pounds for a design maximum range of 10 nautical miles.

It is of interest to point out (Figurs 1) that if the machines were
operated at some overload gross weight to achieve a maximum cruising range of
20 nautical miles, the ratio Overload Gross Weight/Design Gross Weight would be
approximately 1.25 for the rocket-powered machine, 1.18 for ram-rockets, and
1.04 for the reciprocating and gas bLurbine configurations. The rati
the rocket and ram-rocket configurations would seriously compromise performance
at altitude.

The curves presented in Figure 3 are based on weight of man plus equip-
ment weight of 225 pounds. Weight allowances were made for stabilizing provisicns
and for a ground support strut. The effect of changes in these items is shown

e,

in Figure L for the rocket configuration. It is seen that if man plus equipment :
s

is assumed to weigh 24,0 pounds, the empty weight for a range of 10 nautical miles

ineressed from 95 to 102 pounds, an increase approximately half as great as the

increase in payload. If the weight allowances for stabilization provisions and

ground support strut are omitted, stripped empty weights are 68 pounds and 73

pourds for the 225-pound pilot and 2L0-pound pilot respectively. Since fuel

plus tanks for the specified range will weigh about 90 pounds, harnessing of the

structvrs and fuel package unassisted, without the use of some ground support

member, hardly appears feasible. It is also likely, if the machine is to be

flown by relavively unskilled personnel, in airborne assault operations, that

scme type of stabilization provisions will prove necessary.

The results of Figure L are proportionately applicable to the ram-rocket

configuration.
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It therefore appears that the weight allowances for stabilizatiocn pro-
e

visions and for a ground support

mber should not be omitted from the estimates
of stripped empty weight.
The results of the rreliminary ctudies presented herein indicate that

only the rocket and ram-rocket configurations can be built to achieve a stripped
enpty weight, not including fuel tanks, of less than 100 pounds, for a maximum

range, without reserves, of 10 nautical miles.

The assumptions made in arriving

at these results are based on preliminary data that is considered to be realistic
and probably attainable.

An appreciatble reduction in empty weight is possible

by adopting an unconventional design approach combined with reduction in design
criteria.

The results of carrying this approach to extremes is discussed in
Paragraph 5 and summarized in Figure 5.

L. TUncertainties Regarding Ram-Rocket Perfomance

The performance analysis of the ram-rocket is generally based on the
study of devices having proportions such that recasonable assumptions may be made
in the course of the application of classical fluid dynamic and thermodyn:mic
theory. In the usual application, the ram-rocket is part of a missile-body
wherein the geometry of the mixing-combustion chamber is adequate for the appli-

cation of classical momentum mechanics hetween stations with a fair degree of
assurity as to the accuracy of the results.

As matters now stand, the application of the ram-rocket to the driving

of a midget helicopter rotor invclves structural and weight limitations which

militate agsinst.the predictability of internal performance.

The engine must be
short-coupled (that is, have an L/D ratio of the order of 3:1) in order to

arrive at a shell structure which can withstand the high lateral loading and the

21
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result of Lhis geometrical requirement is one which causes the internal flow
phenomena to be of a type where theoretical means of performace estimation cannot
be used rationally. Calculaticn then becomes meaningless.

In order to detemmine the nature of the aero-thermodynamic¢ compromises
which must be accepted, to yield a device wiiich has adequate structural integrity,
it is evident that some basic test investigations must be conducted in parallel
with fundamental design theory. This approach may give, but in no sense guaran-
tee, end results that will show the ram-rocket to be competitive as a tip-
nounted power plant for the midget one-man helicopter.

The foregoing discussion, while applied to the ram-rocket, also describes
the problems encountered and development program undcrtaken in the case of the
tip-mounted ram jet. Judging by the history of ram je® development, an extensive
program will be required to obtain an operational tip-mounted ram-rocket power
plant.

S. Operation of Rocket-Powered Helicopter at High Subsonic Tip Speeds

It has been suggested that the rocket-powered helicopter should be operated
at high tip speeds to obtain optimum performance. In the discussion which fol-
lows it is pointed out that this apprcach introduces serious problems in design
of the rotor system. Any reduction in fuel rate is obtained at the expense of

severe compromises in overall performance, and little if any reduction in empty

At first glance it may appear that the optimum way to utilize the tip-
mounted rocket is to operate at the highest possible rotor tip speed. Over the
operating tip-speed range, rocket thrust does not vary, so that horsepower

availzble from the rocket increases linearly with tip speed. At a cruising speed
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of IS knots, for a typical c¢ase, mtor profile losses are about 40% of total
power required, the remaining 60% consisting of induced and parasite losses.
Since proiile losses increase approximately as the cube of tip spced, an
increase in tip speed from 600 fps to 800 fps (with no reduction in solidity
ratio) while increasing power available by 33% will alse increase the cruise
profile losses by approximately 55% of total power required at the lower tip
speed. Obviously then the solidity ratio must be decreased as tip speed is
increased, to maintain profile losses approximately constant. The structural
and aerodynamic problems involved whern zttempting to reduce solidity ratio are
outlined briefly below.

When designing a rotor to operate at high svbsonic tip speeds, the
optimun overall perfommance is obtained when drag divergence on the advancing
blade tip occurs at the same forward speed as drag divergence or stall on the
retreating blade tip. In general, the maximum drag divergence Mach Number of
an airfoil section occurs at the angle of zero 1lift, ard its value increases
with decreasing thickness of the section. However, the maximum 1ift coeifi-
cient of a section generally increases with thickness ratio. Furthermore,
except for operation fairly close to zero 1ift, the 1ift coefficient (for a
given Mach Number) at which draz divergence occurs increases with thickness
ratio. (Over a wide range of 1ift coefficients the 1lift break and drag diver-
gence oceur al approximately the same Mach Number.) Thus the oplimum rotor
airfoil section for operation at high subsonic tip speeds must offer a good
compromise tetween maximum zero-lift drag divergence Mach Number and maximum
remissible 1ift coefficient (whether based on 1lift break or dragz divergence).

On the basis of airfoil section data currently available the NACA 0015 section
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appears to offer a favorable compromise, compared to other sections.

A study has been made, using the NiCA 0015 section, to investigate the

r of improving the fuel concumption of 2 one-man helicopter powered by
ethylene oxide tip-mcunted rockets, by optimizing rotor geometry at high sub-
sonic tip speeds. This study will be presentec in a later report. The results

are summarized below:

q) Desiigh Wip BPEed . wuwws sesmsspsane ayes sww s s 750 fps
b) Maximum forward speed (drag divergence
on retreating blade) .ieeeiiiriiiiinienann ... 87 fps (51 knots)
c) Dilse Loa@ing «oe. seoseemsnn b s ss s e .. 21b/sq ft
d) Blade s01lidity ratio ...ovivieieiineiennanennnnn .018
e) Blade chord - approx. (rect. blade) ........... 2.25 in.
£) Blade maximum thickness .veeeevenenenrennennens 0.34 in.
g) Blade linear twist (washout) .......cceveveenn. =16 degrees

No consideration was given to taper in plan, since this would compromise
the fabrication problem and offer 1little improvement in cruise perfommance.
Obviously, the large twist required also results in fabrication difficulties. -

Since an error of 0.5° in tip angle of attack at V reduces drag divergence

max
Mach Number on the retreating side by about 20 fps, it is seen that the limiting

v can be seriously affected by an error in the twist. Such an error could

max
conceivably be introduced by aeroelastic effects.

To obtain reasonably satisfactory hovering and cruise-speed flying
qualities it is desirable, as will be shown in a later report, to provide abcut
3 pounds at the tip of each blade. The ethylene oxide rocket and its retention
will, in any case, have appreximately this weight. The centrifugal force at
design %ip speed due te a 3-pound tip weight is 6700 pounds; at 25% overspeed

the centrifugal force is 10,500 pounds, and the blade must be designed for an

ultimate load of 15,750 pounds. Working the tip material to an ultimate stress,
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due to centrifugal load only, of 45,000 psi, requires 0.35 square inch of mater-
ial, and the solid blade area is approximately 0.50 square inch. Thus the tip
section must be ADZ sol
above; inboard sections must be heavier yet. This introduces blade balance
problems, which can possibly be solved by moving the engine well forward of the
quarter chord. The latter solution in turn introduces large chordwise bending
moments as well as engine retention problems.

The performance curves of Figure 3 herein, for the rocket powered
machine, are based on a tip speed of 650 fps and a solidity ratio of .030. 1In
a forthcoming report it will be shown that all-around performance is improved,
with little compromise in fuel rate, at a tip speed of about 60C fps and a
solidity ratio of .035, using a rectangular untwisted blade. It is not likely
that any appreciable weight saving will result by increasing tip speed from 500
to 750 fps and reducing solidity ratio from .035 to .018, due to the structural
problems introduced by ths tip weights. (It should be noted once again that tip
weight is highly desirable even if tip-mounted power plants are not used, 4o
inmiprove the flying qualities of the small helicopter.) An additional structural
complication is introduced by the requirement rfor twisting the blade of the
high-tip-speed rotor to obtain the performance pissented above. The linear
twist results in an inboard movement of the spamrise center of pressure of the
blade, while the mass distribution is relatively unaffected. A large increase
in the first harmonic flapwise bending moments results.

Preliminary performance calculations indicate that fuel rate may be
decreased as much as 18% by increasing tip speed from 400 to 750 fps and reduc-

ing solidity from .035 to .018. However, airframe weight is not likely to be

n
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reduced appreciably, so that the portability will not be much affected by the
changes in rotor configuration.

Thus it appears that in attempting to reduce fuel censumption of the
rocket-powered machine by optimizing tip speed and soliidity; serious difficulties
in design and fabrication have been introduced, the maxdimun forward speed has
been limited to slightly in excess of 50 knots, altitude perfommance compromised,
and the handling qualities adversely affected. There z2re also indications that
it may prove difficult to reduce power plant dimensions appreciably, so that
some of the saving in fuel (possibly 50% or more) may be used up in increased

power plant fairing drag losses.

6. Estimation of Minimum Possible Airframe Weights

The curves of weight versus range presented in Figures 3 and L are based
on pr~liminary data that is considered to be realistic and probably attainable.
Since the data was prepared, a careful review of the possibilities of weight
reduction, based on design studies, has been made. A conscious effort was made
to go to extremes in estimating the maximum possible weight reductions that might
ke made, resulting in empty weights that represent the lower limits of what is
feasible in 2 practical design. The acceptable machines will probably have empty
weigzhis somewhere between these lower limits and the weights indicated in Figures
3 and L.

It appears that a somewhat unconventional design approach combined with
a reduction in design criteria may result in appreciable reduction in airframe
weight., It is believed that the curves of Figure 5 represent the lrwer limit ol
possibiiities in this direction.

A discussion of the reasoning upcn which Figure 5 is bescd is surmarized

below.
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1) Only tip-mounted power plants are considered. It appears from Figure
3 that portability cannot be achieved with the geared drives.

2) It appears that the airframe (less tip engines, landing gear, or
fuel tank, but including empennage) may be built for an empty weight equal to
15% of gross weight. This represents approximately 17% reduction in airframe
weight from the data used in preparing Figures 3 and L.

3) Allowance for landing and support structure is reduced to 1.5% of
gross weight. The structure is assumed to consist of a light telescoping strut
sprung with shock cord, or the equivalent in design simplicity.

Li) No allowance is made for stabilization provisions. Studies have
recently been reported of methods for stabilizing small helicopters. As a
result of these studies it appears that the hovering flying qualities may be
considerably improved by use of tip weights on the rotor blades. Further
studies, to be presented in a later report under this Contract, indicate that
use of tip weights plus a horizontal tzil will provide reasonably satisfactory
flying qualities in forward flight. Since tip weights are already present in
the formm of tip-mounted power plants, and allowance for the empennage is included
in item 2) above, no additional allowance is made.

5) Paragraph II, 5 summarizes the results of a study to determine the
reductions in fuel rate and airframe weight possible as a result of optimizing
rotor tip sreed and solidity ratio. It was found that by increasing tip speed
from 650 to 750 fps and reducing solidity ratio from .030 to .018 the fuel rate
may be reduced approximately 13%. (The study, which will be presented in a
later report, indicates that little is to be gained by further increases in

tip speed.) It did not appear likely that any reduction in rotor weight would
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result from the reduction in solidity, due to the increase in centrifugal load-
ing and reduced section properties of the blade. The curve of fuel rate versus
owered machine having a tip speed of 750 fps and 2
rotor solidity ratio of .018 is presented in Figure 2.

Figure 5 presents curves of airframe weight (without fuel tank) and
airframe weight plus fuel plus tanks versus range in nautic.l miles. It appears
that the rocket and ram-rocket configurations have a range of 10 nautical miles
without reserves for an airframe weight (less tanks) of the order of 60 pounds
compared to 82 pounds for the ram jet and 8% pounds for the pulse jet. All
cocnfigurations except the ram-rocket have a weight, for airframe plus fuel and
tank, of the order of 125 pounds; the corresponding weight for the ram-rocket is
100 pounds.

It is of interest to note that relatively little gain in portability is
indicated as a result of optimizing the rotor tip speed and solidity of the
rocket-powered machine as compared to operation at fairly conventionzl tip speed
and solidity. This is especially true for a range of 10 nautical miles or less.

On the other hand, considerable complication in design and fabrication may

result if the optimizaticr is attempted, as pointed out in Paragraph II, 5.
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TABLE IV
Estimation of liaximum Range and Stripped Empty Weight

for Midgel Helicopter Powered by Tip-lMounted

Rockets - Various Wt. Cconfigurations

Cinlse Speed = L5 Knots

Ttem Stabilization and T.and- No Provisions for
ing Gear Provisions Statilization and
Incl (.N5W Total) landing Gear
225-Lb Pilot | 2h0-Ib Pilot (| 225-Lb Pilot | 2L40-Lb Pilot
Gross Weight 350 |[500 |350 |sSoo 350 {3500 {350 |500
EW/GW (No Tankz) 0237 | .237 {.237 | .237 |.187 | .187 | .187 |.187
UL Pounds 267 | 382 | 267 382 285 | Lot 265 1 LO7
{UL - Pilot) =
(Fuel + Tanks) L2 157 27 142 60 182 L5 167
Fuel - Pounds 38 141 2L 128 sk 144 h0.5 | 150
Average CW 330 {430 |338 437 323 118 330 L2s
Fuel Rate Lb/N Mile |6.7 |7.8 |6.80 |7.85 [&.6 | 7.65 | 6.7 Tl
Range - N HMiles BT 18.1 | 3.5 16.3 8.2 21.5 | 6.C 19.5
Empty Wt (No Tanks) | 83 118 83 (118 65 93 €5 93
Tank Wt - Pounis L 16 > | 1L 6 18 Lh.5 37
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TARLE V
Estimation of Optimum Feasible Strirved Empty Weight/CGross Weight Ratios
Obtainsble by Deviation from Current Military Specifications
Various Tip-Mounted Power Plant Configurations

Ttem [ Tiptitd | Ram Jet | Pulse Jet | Ram-Rocket
Rocket
Basic Stripped Weight .150 150 B0 150
Tower Plant 007 .029 +OLT .020
Landing and Suvport Stmetures! 015 .O15 LO15 015
Starting .010 .010 l
Additional Rotor Weight .030 .030
Total Empty/Gress A7 234 252 .185
b
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Table VI
Estimation of Maximum Range and Stripped Empty Weight Based on Minimum
Feasible Empty Weight/Gross Weight Ratios
Various Tip-Mounted Powexr Plant Corfigurations

Tip-Mounted Rocket Fam Jet | Pulse Jet | Ram Rocket |

TSFC = 12

Item Tip Speed | Tip Speed
= 65C fps = 750 fps
¢ = ,030 o= .018

‘haross Weight 350 506===§§b 500 | 350 |500 |350 | 500 |350 | 500 il
EW/GW (No Tanks) JA72 1727 172 JA72 3 .238 | W23 ] L252) 252 185 .185
Useful Load 200 {lah 290 |laL | 268 |383 262 | 37Lh ! 285 | LO7
UL - 225 (Fuel +

Tanks) 65 (189 | 65 |189 | L3 |158 | 37 |1k | 60 |182
Fuel - Pounds™ 58.5 |170 |58.5170 | L1 150 | 35 |1h2 | Sh |16k
Average GW 322 |la5 322 [L15 330 (Les 332 | Lz |[323 |la8
Fuel Rate
{Lb/N Mile) 6.6 (7.6 ;5.6 {6.5 [L.2 |5.1 [3.8 {L.5 |h.l 5.1
Range - N Miles 8.9 l22.h |10.h|26.219.8 129. 19,2 | 31.6 |13.2]32.2

Empty Weight
(No Tanks) 60 | 86 | 60 | 86 | 82 117 | 88 | 126 | 65 | ©3

# NOTE: Tanks are assumed to weigh 0.1 pound per pound of the
monopropellant fuel and 0.05 pound per pound of fuel
for ram jet or pulse jet.
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