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NATTIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

CHARACTERISTICS OF THE NIKE-CAJUN (CAN) ROCKET SYSTEM
AND FLIGHT INVESTIGATION OF ITS PERFORMANCE

By John F. Royall, Jr., and Benjamine J. Garland
SUMMARY

A Nike-Cajun (CAN) two-stage solid-propellant rocket vehicle was
flight tested for performance. This rocket was a modification of the
Nike-Deacon (DAN) rocket which had previously been flight tested to
evaluate its use as a meteorological sounding rocket. The altitude
capabilities of the system were determined by flight-test measurements
which recorded a pesk altitude of 426,000 feet when the vehicle was
launched from sea level at an angle of 75°. Satisfactory performance
of the CAN sounding rocket was indicated from the results of the flight
test conducted.

A second Nike-Cajun combination known as the "hurricane rocket"
was also flight tested. The only differences between this rocket and -
the University of Michigan Nike-Cajun sounding rocket were the weight,
research apparatus, and the nose cone. This performance also proved
to be satisfactory.

Sufficient additional information has been included to enable a
prospective user to determine the characteristics of the system under
a wide variety of operating plans.

INTRODUCTION

The Langley Pilotless Aircraft Research Division of the National
Advisory Committee for Aeronautics, in conjunction with the Engineering
Research Institute of the University of Michigan, developed and flight
tested the Nike-Cajun (CAN) meteorological sounding-rocket system. This
system was a modification of the Nike-Deacon (DAN) sounding rocket system
which contained upper atmosphere research apparatus (ref. 1) and which
was also developed through joint efforts of NACA and the University of
Michigan. The Deacon motor has been replaced by the Cajun rocket motor
in order to extend the altitude capabilities of the system.
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Although the initial use of the CAN system is to conduct density
measuring experiments such as those conducted with the DAN (ref. 1), it
is also slated for use by various agencies for a number of different
tasks. One of these is the photographing of hurricanes from high alti-
tudes. This project was initiated by the U. S. Weather Bureau and is
being conducted by the Office of Naval Research, Washington, D. C. and
the Physical Science Laboratory, New Mexico College of Agricultural and
© Mechanical Arts. In order to check out this system, the NACA has flight
tested the CAN system, equipped with the necessary photographic and
recovery instrumentation. The nose section housing the equipment is
considerably larger and heavier than the University of Michigan system;
this difference resulted in reduced performance.

This report presents the configurations, flight-test results, and
preflight calculations. The flight-test results are presented in the
form of data for trajectories, velocities, accelerations, and drag.

These data are valuable for determining the ability of the Nike~Cajun
rocket to fulfill the needs of any particular high-altitude research
mission. The detailed preflight information is presented to enable
prospective users of this rocket system to analyze its abilities in terms
of their own proposed flight conditions.

Flight tests were conducted at the Langley Pilotless Aircraft
Research Station at Wallops Island, Va.

SYMBOLS
A area, sq ft .
Ap frontal area, sq ft
By longitudinal acceleration, ft/sec®
Cp drag coefficient, D/qhAp
CIU, lift-curve slope per radian
Xep » center of pressure, in.
ce skin-friction coefficient
cp - specific heat of air at constant pressure, Btu/(élug)(oF);

specific heat of wall material or inner shield, Btu/(1b)(°F)

D drag, 1b
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acceleration due to gravity at altitude, g,

acceleration at sea level due to gravity, 32.17h4 ft/sec2
altitude, ft

local aerodynamic heat-transfer coefficient, Btu/(sec)(sq ft)(°F)

Mach number

h

Stanton number, ———r
p,1P2V1

Prandtl number
dynamic pressure, 1b/sq ft
heating rate during flight, Btu/(sq ft)(sec)

total heat, Btu/sq ft

total heat during flight, Btu/sq ft

radius of the earth, 20,898,609.60 ft

Reynolds nunber per foot of length, %;

temperature, °R

time, sec-

velocity, fps

horizontal range, ft

emissivity

density of air, slugs/cu ft; density of wall material, 1b/cu ft
Stefan-Boltzmann constant, 4.835 x 1013 Btu/(sq ft)(sec)(OR)k

thickness of wall material, ft

Subscripts:

aw

adiabatic wall
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s inner shield

t stagnation

1 Jjust outside the boundary layer or local
w skin or wall

DESCRIPTION OF THE VEHICLES

The Nike-Cajun (CAN) sounding rocket émployed a two-stage solid-
propellant propulsion system consisting of a first-stage Nike booster
and a second-stage Cajun rocket motor. The use of the Cajun rocket motor
in place of the ABL Deacon rocket motor represents the major difference
between the CAN and the DAN rockets (ref. 1). A photograph of the Nike-
Cajun (CAN) sounding rocket as used by the University of Michigan is shown
on the launcher in figure 1. The first-stage Nike booster consisted of
three parts: an adapter and coupling at the head end of the booster
rocket, the rocket motor, and a fin assembly. The booster fin assembly
(see fig. 2) consisted of four magnesium fins each welded to a magnesium
quadrant. The four quadrants were held together by four longitudinal
rods. The quadrants are in turn held to the booster motor by an aluminum
shell which is attached to the motor and quadrants by screws. The second-
stage Cajun sounding rocket consisted of three major components: the
instrument-housing nose section, the Cajun rocket motor, and the fin
assembly. The nose cone contained an AN/DPN-19 radar beacon and an
accelerometer sphere. During the flight the nose cone ejected from the
model and the sphere released by means of a spring. The Cajun fin
assembly (see fig. 3) consisted of four extruded sections, each section
consisting of an aluminum fin and a quarter section of the shroud. The
four sections were held together with longitudinal pins and were attached
to the motor by means of a threaded ring located inside the assembled

quadrants. A %5-inch—thick Inconel cap covered the leading edge of

each of the second-stage Cajun fins to protect them against aerodynamic
heating.

The construction of the Nike-Cajun (CAN) rocket used for hurricane
tests (herein called the hurricane rocket) is the same as the University
of Michigan Nike-Cajun (CAN) sounding rocket except for the nose section.
- Photographs of the hurricane rocket are presented in figures 4 and 5.

Sketches of the CAN system as flight tested for the University of
Michigan and the hurricane project are shown in figure 6. The differences
between the two systems are the nose sections. The weights of the various
components are presented in the following table:
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Loaded booster, 1b . . . v & ¢« « ¢ ¢ ¢« 4 4 o s ¢« s+ o o s o & » 1,170.00
Booster adapter, 1b « ¢« ¢ ¢« ¢ ¢« ¢ ¢ o ¢ 4 ¢ o ¢ 4 s o s 4 s e 27.00
Booster fins, 1D ¢ o o & o o o o o o o o o o s o o o o s o o o 76.50
Complete booster, 1b . . v v ¢ ¢ v ¢ ¢« ¢ v ¢ 4 o o o o o o o« 1,273.50
Ioaded Cajun, 1b ¢ ¢ ¢ ¢« ¢ v ¢ ¢« ¢ + ¢ o o o o o« o o o o « o« 166,90
Cajun fins, shroud, and fairing ring, 1b « « « « ¢« ¢« « « o « & 50.00

Nozzle extension, 1D v o o o o o o o ¢ o ¢ o o o o s o o o o o 5.00
Nose cone and instrumentation (sounding rocket), 1b . . . . . 51.85
Nose cone and instrumentation (hurricane rocket), 1b . . . . . 75.77

Complete Cajun second stage (sounding rocket), 1b . . . . . . 253.75
Complete Cajun second stage (hurricane rocket), 1b . « . . . . 277.67

GROUND INSTRUMENTATION

The NACA modified SCR-584 tracking radar unit tracked a signal from
an AN/DPN-19 radar beacon housed within the nose cone of the University
of Michigan sounding rocket and provided slant range, azimuth, and eleva-
tion angle from which altitude, horizontal range, and flight-path angle
may be calculated at a given time. No beacon was carried in the hurricane
rocket and consequently it was skin tracked by the radar unit for only a
portion of its flight. A rawinsonde, employing a balloon that was launched
before the time of flight, provided measurements of static pressure, static
temperature, and balloon azimuth and elevation to altitudes in excess of
60,000 feet. Wind velocity and direction were calculated from these data.

The CW Doppler radar unit measured the variation of velocity with
time during the early portion of the flight. The velocities thus obtained
were then used with values of the speed of sound in order to obtain Mach
number. The speed of sound was calculated from static-temperature meas-
urements obtained from the rawinsonde.

TEST RESULTS

The CAN system as used by the University of Michigan was launched
at an angle of elevation of 75° from horizontal. The second stage was
boosted to an altitude of 5,000 feet. The booster then separated from
the second stage since the deceleration of the burned-out booster was
greater than that of the second-stage motor. The second stage coasted
8.9 seconds before the Cajun sustainer rocket fired and was accelerated
to a maximum velocity of 6,250 feet per second at an altitude of 40,000
feet. After burnout, the second stage coasted in free flight, gaining
altitude. The nose cone and sphere were released 52 seconds after
launching took place. A peak altitude of 426,000 feet was determined
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from the AN/DPN-19 radar beacon in the nose cone at 170 seconds after
ground launching. The nose cone was tracked to splash at a range of
472,000 feet and time of 343 seconds.

Results of the hurricane rocket as compared with the University of
Michigan sounding rocket are presented in figures 7 to 1l. Figure 7
shows trajectory plots of the two rockets, figure 8 represents the varia-
tion of altitude with flight time for both flight tests, figure 9 shows
the variation of velocity and Mach number with time for both rockets,
figure 10 presents the variation of Reynolds number per foot of length
with Mach number, and figure 11 shows a plot of longitudinal acceleration
with time. It should be pointed out that the acceleration obtained from
the NACA modified SCR-584 radar is less accurate than that obtained from
the CW Doppler radar.

» Trajectory plots of the Nike-Cajun (CAN) sounding rocket and the
Nike-Deacon (DAN) sounding rocket are presented in figure 12 to illustrate
" the effect of changing from the Nike-Deacon (DAN) to the Nike-Cajun (CAN).

' The variation of drag coefficients with Mach number for the first
coast period of the second stage is presented in figure 13.

PREFLIGHT CALCULATTIONS

Drag

The calculated drag coefficients are presented in figures 13, 1h4,
and 15 with figure 13 also showing the total measured drag coefficients
for both CAN systems. The values of the drag coefficients of the CAN
combination when thrusting are presented in figure 14. Changes in the
nose shape of the two models appear to have little effect on the total
drag coefficient. Figure 13 presents the breakdown of the drag coef-
ficient of the second-stage rocket when coasting. The major difference
between the drag of the University of Michigan sounding rocket and the
drag of the hurricane rocket is the size of the nose cone. When the
rocket is thrusting there will be a decrease in the drag caused by the
base. The increase of drag due to adding caps to the leading edge of
the fins is shown. The reason for adding these caps will be discussed
in the section on aerodynamic heating. It should be noted that the step
.drag (step shown on model sketch in fig. 6) is simply conical pressure
drag over its annular area and is a very rough calculation. The total
drag will depend on the flight conditions which influence the skin fric-
tion. Typical values of the skin-friction coefficient of the hurricane
and sounding rockets are presented in figure 15 for different flight
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conditions. The differences between the skin friction of the two con-
figurations are small. The method of reference 2 was used to obtain
values of the skin friction by assuming that the entire boundary layer
was turbulent.

Aerodynamic-Heating Considerations

The performance capabilities of the CAN (M = 6) make it subject to
severe aerodynamic-heating conditions. The successful flight-test results
presented herein indicate that the design was adequate to withstand the
heating encountered. The sequent sections will discuss how these heating
conditions influenced the design and also the temperatures that the vari-
ous components are estimated to have reached during the flight. The
methods used in estimating the temperatures herein may be applied to
other trajectories and heating conditions that the CAN system may be
exposed to. The assumptions as to the local flow conditions used in
calculating the temperatures of the various components were purposely
kept simple. Experience has indicated that these estimates are suffi-
ciently accurate for design calculations and in general are conservative.
An example is the neglect of the effect of the blunting of the nose tip
on the flow conditions over the rest of the conical nose. Particular
attention should be paid to the aerodynamic heating when the CAN system
is used at higher Mach numbers and lower altitudes. Figure 16 presents
the preflight estimated variation of Mach number and altitude with time
for the University of Michigan sounding rocket which was used for the
following calculations.

Nose heating.- Knowledge of the temperature rise of the nose skin
during the flight is important for two reasons: +to insure structural
integrity of the model and to determine if radiation of heat from the
skin is sufficient to affect the instruments carried within.

The skin temperatures estimated for the University of Michigan CAN
nose are presented in figure 17. These temperatures were calculated by
using a heat-balance equation as follows:

aT,,

PuCp T o = h(Tgy - T,) - Radiation - Conduction (1)

where h 1is the local aerodynamic heat-transfer coefficient and equal
to NS‘tszch,Z and

Toy = Np 1/3(Ty - ;) + 7y (2)

By using the known properties of the material, local conditions on the
conical nose (subscript 1) and theoretical Stanton number Ngi as given
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by the turbulent theory of Van Driest (ref. 2) and modified for use with
a cone (ref. 3) and neglecting conduction terms, the temperatures may be
calculated by using a step-by-step procedure. These calculations were
based on preflight estimates of model performance (fig. 16). The flight
results were close enough to estimated conditions that it was not con-
sidered necessary to recalculate for measured flight conditions.

The calculated temperatures are well within the accepted range for
Inconel and no difficulty would be expected from load considerations.

By using these values of wall temperature, the temperature reached
by a cylindrical inner shield may be estimated with the following equation
which was obtained from the material in reference k.

aTg UAW(TWl+ - Tsh)

T =
PsTsCp,s it Ay (L S
S| Ag\€s [

where the subscript s refers to the inner shield and the subscript w
refers to the cone skin or wall. It would be more correct to calculate
the inner shield and outer shield temperatures simultaneously since the
heat radiated to the inner shield reduces the wall or skin temperature
T, Equation (3) is adequate for a first approximation, however.

(3)

Additional heat may be transferred from the skin to immer parts of
the model through various structural paths. This may be minimized by
putting insulating materials such as Micarta in the heat paths between
the outer skin and the inner structure.

The comments so far have been concerned with temperatures on the
cone surface generally. The heat-transfer rate at the nose tip will be
considerably higher. For this reason the nose tip has been blunted
(0.151 in. radius) and a large heat sink has been created by making the
nose solid steel for several inches back. A discussion of heat transfer
to. spherical tips is given in reference 5.

] Cdajun case heating.- During firing of the Cajun sustainer motor the
average internal operating pressure of the motor is 1,080 psi. ‘It is
therefore necessary to insure that the case is not heated externally to
a temperature where the strength of aluminum has been materlally reduced.

Temperatures therefore have been calculated on the case near the
fore end, where the maximum aerodynamic heating should occur. The cal-
culations were similiar to those used for the nose heating with several
exceptions. The local conditions (subscript 1) used were those for the
nose cone. These values will give an upper limit and therefore conserva-
tive values of local aerodynamic heat-transfer coefficient. h. It is
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felt that the calculation of local conditions at the fore end of the
cylinder by such sophisticated methods as "characteristics" was not
warranted. The results of the temperature calculation are given in
figure 17. A temperature of 730° R is reached while the motor is burning,
and a maximum temperature of 910° R is reached 1l.l1 seconds after burn-
out due to heat added by aerodynamic heating. The heat added due to the
motor burning will be negligible. Neither of these temperatures is exces-
sive for the respective loading conditions.

If the CAN system were used at very low altitudes where motor case
temperatures were calculated to be excessive, a "quick fix" in the form
of spirally wrapping the motor with glass tape may be used. A more elab-
orate solution would take the form of a thin metal shell over the case,
which would take only friction loads. The motor case would remain as
primary structure. Both of these methods have been used satisfactorily
by the Langley Pilotless Aircraft Research Division for high Mach number,
low-altitude conditions.

Tin heating.- The fin assenbly was constructed of aluminum as
described previously and is shown in figure 3. The temperatures on the
fin surface 2 inches from the leading edge were estimated by using the
heat balance equation as before. Free-stream conditions were assumed,
thereby treating the fin as a flat plate. The thickness term T is
assumed to be one-half the fin thickness since heat is being transferred
to both sides. The temperatures calculated at two spanwise stations with
thicknesses of 0.10 inch and 0.20 inch are presented in figure 18. The
melting temperature and the temperature at which aluminum has dropped to
one-half its room temperature strength are also indicated. It is seen
that the fin reaches a temperature higher than the half-strength tempera-
ture. This occurs at a time of about 6 seconds for the 0.l-inch-thick
station and occurs again for the 0.l-inch-thick and 0.2-inch-thick sta-
tions at a time well after maximum Mach number and at considerable alti-
tude where the loads are considerably lower than maximum design condi-
tions. This condition should be noted in varying the trajectory of the
CAN system.

The design of a fin leading edge for high-speed flight is very
difficult because the local heating rates are extremely high and because
accurate calculations of these rates are difficult. For example, the
maximum heating rate to the bare basic aluminum fin leading edge is
sbout 20 times that to the fin surface 2 inches back from the leading
edge. The calculation of the fin leading-edge temperature is complicated
by the fact that conduction effects, that is, the heat being diffused
into the heavier fin structure behind the leading edge, cannot be neg-
lected. Because of this difficulty in estimating leading-edge tempera-
tures, experimental methods were used to evaluate the leading-edge design.
Tests were conducted in the ethylene jet which is a blowdown jet which
operates at a Mach number of 2 with a ram-jet burner located upstream
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of the nozzle. Ethylene is introduced and burned in the stream and in
this way the stagnation temperature may be increased as high as 4,000° R.
A more complete description of this facility is presented in reference 6.
The jet was used in the following manner to simulate the flight-test
conditions. The quantity of heat q being transferred to the leading
edge at any time during the flight is equal to

= h(T

- Qe av - Tw)

a1t = NggPVep(Taw - Ty)

or the total heat transferred would equal
t=1

Qe = z NgtoVep(Tay = Tyy)At
t=0

At any given time, howeVer, Tw 1s not known because part of the heat

is being conducted away. However, an upper limit of Q can be calculated
by assuming that T, remains constant at preflight air temperatures.

On the other hand, a minimum @ may be calculated by assuming no con-
duction. (In this case the heat capacity (volume) of the leading edge
was assumed to be that of a half-cylinder or radius equal to that of
the leading edge.). With these upper and lower values of Qpy¢, tunnel
stagnation temperature and running time were varied to give the same q
values. The basic aluminum fin was tested under these conditions. The
fin was observed (cameras and timing clock) to begin burning at 1.7 sec-
onds; this indicates this fin might not be satisfactory in flight. As

a result the leading edges of the fins were modified in order to insure
the fin against failure or damage due to aerodynamic heating. Results
‘presented in reference 6 have shown that a simple practical way of
improving the heating characteristics of the leading edges of lightweight
material fins consists of capping the forward several inches of the fin
with 0.032-inch Inconel. The Inconel capping gives the benefits of the
high-melting-point characteristics of that metal in the area where it is
needed without the penalizing effect of constructing the entire fin out
of Inconel. Whether the fin were made from a solid piece of Inconel or
fabricated from sheet, large penalties would be paid in weight (perform-
ance) or in simplicity of design and construction.

A second fin with Inconel capped leading edge has been tested in
the ethylene jet. The fin, exposed to the same stagnation temperatures
as the uncapped fin, -lasted 2.2 seconds or more than 30 percent longer.
These results indicate the capped fin would withstand satisfactorily the
heating through the maximum Mach number condition. The satisfactory
flight-test results confirm the conservatism of the simulation procedure.
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STABILITY

In the stability calculations for the University of Michigan sounding-
and the hurricane rockets, the values of Cr and Xgp for the cylinder

were taken from data gathered in reference 7. It should be noted that
at a Mach number of 4 the values of CLm and Xep were assumed to reach

their maximum and that above Mach number 4 the values were estimated.

The values of CLm for the fins up to a Mach number of 2 were cal-

culated by using unpublished material from the Langley Pilotless Aircraft
Research Division. The values sbove a Mach number of 2 were calculated
by the method of reference 8.

For the nose cone the values of Xep Were assumed to be two-thirds
back from the nose tip and the values of CLu were taken from reference 9.

Figure 19 shows a comparison of the centers of pressure as a function
of Mach number for the University of Michigan sounding and hurricane
rockets. The only difference between the two models is the nose shape.
It is shown that the difference in center of pressure for the Cajun sus-
tainer rocket alone, for the two CAN systems with these different nose
shapes varied between 6 and 8 inches, whereas the center of pressure for
the Nike-Cajun combination was the same. With these values of center
of pressure and center of gravity (also shown in fig. 19) the University
of Michigan sounding and the hurricane rockets appeared to have adequate
static stability. This information should prove to be useful for other
Nike-Cajun systems with different nose shapes.

A variation of the product of lift-curve slope times area with Mach
number for the Cajun cylinder and fins and a varistion of center of pres-
sure with Mach number for theé Cajun cylinder are presented in figure 20.
The center of pressure for the fins is assumed to be at 50 percent of
the mean aerodynamic chord which is at the 97.1l-inch station. The center
of pressure for the cylinder and fins is measured from the front of the
cylinder.

Figure 21 presents a variation of the product of the lift-curve
slope and the area and center of pressure with Mach number for the Nike
booster. The Nike booster is divided into its three components: the
adapter, cylinder, and fins, and the values of CLQA are presented as

such. Values of CLm for the adapter were calculated by the equation

CLe, - (CLa)cone[( Y l]
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where Dj = 7.1 inches and is the diameter of the front of the adapter
and D2 = 17.5 inches and is the diameter of the rear of the adapter.
7Dy 2 '
L
sented so that the center-of-pressure calculations of other Nike-Cajun

combinations may be made easily by substituting into the following
equation:

This makes the appropriate reference area These values are pre-

z Cr A + L(X.pCr, A
(XCP Ly )Nike ( P Ly )Cajun components
Z(CLaA)Nike * Z(CLUA)Cajun components

Xep,comb

Performance

The calculated effects of loaded second-stage weight, drag, coast
time, and launching angle on the trajectory of the Nike-Cajun system for
the hurricane rocket are presented in figures 22, 23, and 24. The effect
of the loaded second-stage weight and drag on the maximum altitude is
presented in figure 22. The time between burnout of the Nike and the
firing of the Cajun (coast time) was 15 seconds and the launching angle
was 90°. The effect of adding the leading-edge caps and subsequent
increase in drag on the maximum altitude was small. This figure also
presents the values of the drag coefficients which were used to calculate
the trajectories. These drag values are not the same as those presented
in figures 14 and 15 but the difference would affect the trajectories
only slightly. '

The effect of the coast time on the maximum altitude and maximum
range for a given second-stage weight and launching angle is presented
in figure 23. Between 8 and 18 seconds the maximum altitude varies only
1 percent, whereas the maximum range increases by 18 percent. Therefore,
the maximum range is probably of more importance than the maximum altitude
in determining the coast time.

The effect of the launching angle on the calculated maximum altitude
and maximum range is presented in figure 24. The launching angle has a
large influence on both the maximum altitude and the maximum range. The
launching angle for maximum altitude is 90°; whereas the launching angle
for maximum range is approximately 60°. The launching angle for maximum
altitude will always be 90° but the angle for maximum range will depend
‘upon the loaded second-stage weight, coast time, and drag.

CONF IDENTIAL
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CONCLUDING REMARKS

The University of Michigan Nike-Cajun (CAN) sounding rocket and the
Nike-Cajun (CAN) rocket used for hurricane tests were both successfully
flight tested and the drag, trajectories, and some velocity and accelera-
tion information were obtained. Comparison of the flight data and pre-
flight calculations indicates that it is possible to calculate accurately
the performance by using calculated drag information.

‘The effects of the loaded second-stage weight, drag, coast time,
and launching angle on the calculated performance of the hurricane rocket
were presented. These results indicated the general effect of the param-
eters on any Nike-Cajun system.

Usually the loaded second-stage weight and the drag are determined
by the purpose for which the system is intended. Therefore, the coast
time and the launching angle are the only parameters which are varied
to obtain the desired performance. However, the effects of aerodynamic
heat transfer and aerodynamic loads must be considered in the selection
of the coast time and the launching angle.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., April 12, 1957.
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Figure 1.- University of Michigan Cajun sounding rocket and the Nike
booster on launcher.
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Figure 2.- Booster fin assembly. L-97091.1
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Figure 3.- Cajun fin
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L-94862
Figure 5.- Hurricane Cajun rocket and Nike booster in firing position
on launcher.
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Figure T7.- Trajectories of the Nike-Cajun rockets.
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Figure 9.- Variation of velocities and Mach number with time.
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Figure 12.- A comparison of trajectories of University of Michigan
Nike-Cajun (CAN) rocket and Nike-Deacon (DAN) rocket.
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Figure 19.- Variation of calculated center of pressure with Mach number
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Figure 20.- Variation of the product of the calculated lift-curve slope
and area with Mach number for the Cajun cylinder and fins and variation

of the calculated center of pressure with Mach number for the Cajun
cylinder.
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Figure 21.- Variation of the product of the calculated lift-curve slope
and area and calculated center of pressure with Mach number for the
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Figure 22.- Variation of calculated maximum altitude with loaded second-
stage weight for a given drag condition.
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Figure 2k.- Variation of calculated maximum altitude and calculated
maximum range of the hurricane rocket with launching angle.
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