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Abstract
This report outlines the preliminary design and characteristics of a
hypersonic aircraft for a flight at Mach 10 using only scramjets for two
minutes at 100,000 feet. There are many d}esign problems that have to be
addressed for such a highspeed flight. These include aerodynamic,
thermal,logistical and structural problems.

This repert contains 1deas to deal with these problems that have been
examined by our researc.ﬁ team, the gold team. Aerodynamic calculations,
legistical solutions are presented along with thermal and structural
designs. Many ideas for hypersonic aircraft are based on theory and have
Lmited edperimental foundation.

Tre main chiective of this project was to use our 10eas and the
Tmentres of cthers to create an awcraft that will fly according to the
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Introduction
~ The design group project chosen this year is to design a hypersonic
aircraft which uses scramjets to accelerate from Mach 6 to Mach 10 and
sustain that speed for two minutes. Initially the main difficulty was
deciding on a propulsion system to propel the aircraft from the launched
speed of Mach .8 to Mach 6 at 100,000 feet. The different propuls ]Oh
systems bemg considered were solid rockets, liquid rockets, ramjets, and
turpsfan-ram)ets. The final decision was that the aircraft would use cre
full scale turoofan-ramjet. Later it was decided to add two solid rocket
bocsters to save fuel and help the aircraft pass through the transonic
region.

After the propulsion system was decided each member of the group was
assigned a task such as: aerodynamics, aircraft design, stability and
controd, coohing systems, mission profile, and landing systems. The
members researched their specific area of assignment and tried to get 2
physical understanding of how their system interacted with complete
nypersonic aircraft.

After two weeks of research the group was ready to begin to set the
aircraft configuration.  The two pessible choices avallable for the
confrguraticon were @ waverider or conventional design,
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expense comozred Lo awaverider. 1t was apparent from the start that the

amcurs of fuel reguired to compiete the mission greatly effected the
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the zircraft. Also the integration of the engine system
znd thelr inlets afrected the aircraft configuration. Each of the follewing

3ections of the report contribute to the final design of the hypersonic




An unmanned hypersonic researched vem'éle was designed to test a
SCRAMJET.  This vehicle had to meet the following performance
“specifications:

1) The aircraft had to be carried to 40,000 ft. and launched from a

carrier aircraft at M=8.

2) The aircraft will be capable of accelerating to M=6 and climbing to
100,000 ft. using its internal engines.

3) The aircraft will carry a prototype SCRAMJET éngine that will be
employed to accelerate the aircraft from M=6 to M=10 and is to
maintainM=10 for 2 mihutes-of study level flight.

4) The aircraft will then decelerate and land back at its base, NASA
Dryden Flight Test Center, CA.

The aircraft design process started by choosing the propulsion system
to meet performance specification 2. Solid rockets were considered
because of their simplicity, high thrust, and the fact that they can be
dropped to reduced drag, but they were found to weigh too much of the total
vehicle weight. Liquid rockets were considered because of their high thrust
but the fuel and oxidizer would require too much volume, Ramjets were
considered because of their simplicity and light weight but were found to be
lacking performance in the subsonic and high drag transonic region. Finally,

a General Electric hydrogen fueled augmented turbofanramjet was chosen.




The turbofanramjet was selected over the others Tor several reasons. It
produces good thrust and efficiency within the Mach range ¢f .8 to 6. It has
an acceptable weight. 1t burns hydrogen, the same fuel as the scram jet.
And in addition, the aircraft could have a powered landing.

The turbofanramjet was selected full scale; 22.1 ft. long, 6.92 ft. in
dia., and 6100 Ibs. In weight. The reason for selecting it full scale was to
assure enough thrust around M=1 since this region would have the highest
drag and the least thrust available.

Since the afrcraft would burn liquid hydrogen, which has a very low
density of 4.43 lb/ft3, most of the aircraft volume would be taken up by
liquid hydrogen. Thus, in order to get a preliminary sizing of the aircraft, a
rough estimate of total fuel consumption was needed. This was done by

approximating the average vehicle weight at 45,000 lbs. Next an average

lift to drag ratio of 2.5 was assumed. From this an average drag of

18,0001bs was calculated. Next a preliminary altitude versus Mach number
flight path was selected for the turbofanramjet using the General Electric
data. From this an average thrust of 60,000 Ibs., an average fuel flow rate
of 60,000 Ibs./hr., and a SFC of 1.0 was approximated. This resulted in an
average accelerating force of 42,000 Ibs. This then allowed the calculation
of a flight time of 3 minutes from M=.8 at 40,000 ft. to M=6 at 100,000 ft,,
which meant 3000 Ibs. of liquid hydrogen would be burned by the
turbofanramjet. From M=6 to M=10 the SCRAMJETS would be turned on. An
SFC of 2.0 and a thrust of 35,000 Ibs. was assumed for the SCRAMJETS. The
SCRAMJUETS would then operate at M=10 for 2 minutes. From this the
estimated SCRAMJET on time was calculated to be 7.48 minutes in which
time they burned 7593 Ibs. of liquid hydrogen. Thus the estimated total
amount of hydrogen burned was 10593 1bs. This meant a fuel tank with




2391 ft3 was needed.

A conventional configuration was next selected because the aircraft
was hypersonic research vehicle for a SCRAMJET which would only fly for
short amounts of time covering a Mach range from O to 10 and would not be
at any one Mach number for a long period of time. A conventional design
wéuld alsd keep the plane simple and within current technology. .

A simple conventional design and the fact of wanting a slender low
drag aircraft led to using one fuel tank placed in front of the
turbofanramjet. Since some lift was wanted out of the fuel tank it was
made slightly wider than it is high and is curved longer on the bottom. As a
result the fuel tank was made 8 ft. wide , 6.5 ft. high, and 60 ft.' fong. This
resulted in the fuel tank having 2450 ft.3 which met the fuel requirement.
The plane, however, resulted in being 90 ft. long and resembled a missile
with a SCRAMJET strap to the bottom (figure D1.).

After intial exact calculations were done on the plane in figure D1. it
was found necessary to decrease the wing loading by one-half and add
11fting surfaces to the front part of the alrcraft in order to keep the nose up.
This was done by increasing the wing span 10 ft. and strecthing the wing 40
ft. up the side of the fuselage (figure D2.). The wings extending up the side
of the fuselage were blended into the body like that of an SR-71. This also
allowed for more fuel storage. The exact SCRAMJET data from Genéral
Electric also caused a reconfiguration of the SCRAMJETS' location. Since
the SCRAMJETS produced small net thrust of on the average of 6500 lbs at
100,000 ft. from M=6 to M=10. It was decided to use two of them. And
since they required large exit areas of on the avefage of 35 12 they were
placed on either side of the fuselage and under the wing so as to get some
inlet compression from under the wing. The exit nozzles expanded under and




over the wing and then expanded into the turbofanramjet nozzle to satisfy
the necessary exit area requirements. The turbofanramjet n'oyz;zle was now
made two dimensional and resembles a 6x7x10 rectangle. This was done

in order to expand the SCRAMJET nozzles into the turbofanramjet nozzle.
The full expanded SCRAMJET nozzle areas are shown in blue on figure D2.
This expansion into the turbofanramjet nozzle also elimanted the base drag
from the turbofanramjet nozzle when it was off. The base drag from the
SCRAMJETS was eliminated by folding the nozzles into the side of the
fuselage when not in use and expanding them outwarg‘;‘wh‘er‘\w?‘_r)‘ use (figure

D2.).  The inlet to the turbofanramjet was placed on the bottom of the

fuselage in order to assure a good compression surface for the inlet. The
inlet to the turbofanramjet as well as the inlet to the SCRAMJUETS will be
closed off when not in use in order to reduce drag.

After more exact calculations on the design in figure D2, the design in

figure D3 was arrived at. It was found necessary to add two more

SCRAMUETS in order to achieve an accelartion quick enough to keep the

flight time and distance reasonable, ie., under 30 minutes and under 2000
miles. The two SCRAMJUETS were added by just making the existing
- SCRAMJETS twice as wide (figure D3.). The SCRAMJETS expansion nozzle
area is shown in blue on figui‘e D3. A detailed view of a SCRAMJET itself in
both the on and off stages 1s given in figure D4 The aircraft wings were
also smoothed out to reduce drag (figure D3). The landing gear was also
reposition in order to reduce flexure stress on the ground. The front nose
wheel is keeped cool by the fuel tank. The avoinics is positioned in the
front of the plane.

This design (figure D3) resulted In aircraft 90 ft. long, 15 ft. high,
fuselage width of 8 ft. and height of 6.5 ft. It has a wing that has a span of

B i e e T




40 ft., thickness to chord ratioc of .05, an area of 850 ft.2, aspect ratio of
1.88, and a wingloading of 42.68 1b/ft2 empty and 56.20 1b/ft2 full. The
aircraft has a gross welight of 47,774 1bs. and a empty weight of 36,274 1bs.

The aircraft in figure D3, however, was larger than the French’'s carrier
plane's limit by 5 feet, that is, their maximum plane length limit was 85
feet. This meant that this design had to be reduced by 5 feet. This could
have been brought about in 2 ways.

The first way was to scale down the entire aircraft as it is now. At
first a 50% scale down was studied. This evalution discovered som«,
important characteristics about drag, lift, weight, and volume in scaling
down the aircraft. Since when the plane is scaled down the surface area and
cross sectional area go down by the square. This reduces the drag by the
square. The inlet and nozzle areas are reduced by the square. This reduces
the mass flow rate by the square and thus the thrust is feduced by the
square. Since the drag and thrust are both going done by the square it seems
relatively simply to scale down the aircraft. The catch is that the volume
is going down by the cube. This means the fuel volume is being reduced to a
greater degree than the drag and thrust. This means that aircraft will run
out of fuel before completing its mission. The good part about the volume
going done by the cube, however, is that the structural weight also goes
down by the cube.

The second way was to simply remove S feet of length from the

aircraft’s fuselage and readjust the plane accordingly.

e g i e g ey o




AIRCRAFT DESIGN 11

Gerry Fuerst

The final aircraft configuration was the result of a long evolution of
aircraft designs. Originally, the plane resembled a missile that was
powered by a turbofan-ramjet (TFRJ) and a scramjet. However, the lenght
had. to be shortened and the wing area increased. The nozzles of the
scramjets had to be reworked inorder to make them workable. The final
design turned out to be that df a delta winged, tailess airplain (see figure
b 1),

The overall volume of the fuselége was dictated by the number of
engines and the enormous fuel requirements. The plane uses one full-sized
TFRJ to take it from Maéh .8 to Mach 6. After Mach 6, the plane will use
four full-sized scramjets to take it to Mach 10. Because of the large
amount of fuel that is required to power these engines, the ]éngth of the
plane was set at 85 feet (the maximum ‘l.ength that the French will allow).

The scramjets are located at the rear of the aircraft- two on each side
of the TFRJ. When the 2-D nozzle of the TFRJ closes, it provides two
verticle expansion surfaces for the scramjets (see figure DIl 2). These
expansion surfaces, along with pressure boundaries, will be used as the
nozzles for the scramjets.

The aircraft has three seperate inlets. A variable geometry inlet for
the TFRJ is located on the bottom of the fuselage, and a mixed
compression inlet is located on each side of the plane. These two mixed

compression inlets supply air to the four scramjets. The scramjet inlets

actually start about 18.5 feet upstream of the actual scramjet units. This

15 where the sides of the fuselage turn outward at a 6.5 degree angle. This
turn in the fuselage produces an obligue shock that rests on the outer lip
of the scramjets at Mach 10. This shock creates the initial compression

of the air entering the scramjets.




The planform of the aircraft is basically a delta shape. Because of the
fact that the aircraft will fly at Mach 10, the wing was designed with a
high sweep angle and a low aspect ratiov. The surface area of the wing is
relatively small. However, this area could be even smaller for a plane
flying at hypersonic speeds, but due to the fact that the plane must be
landed, it was not reduced any further. The following parameters apply to

the planform:

- Wing Span, b = 40 ft

Root Chord, Cr = 40 ft

Tip Chord, Ct = 5 ft

Mean Aerodynamic Chord, MAC = 27.037 ft
Taper Ratio, A = 0.125

Sweep Angle of Leading Edge, Aie = 69 deg
Sweep Angle of Trailing Edge, Are= 23 deg
Exposed Surface Area, Se = 722.5 ft2
Aspect Ratio, A=2215

Maximum Thickness Ratio, t/c = 0.0370
Zero Lift Angle of Attack, «,, =0 deg
Aerodynamic Center, Xac = .5(MAC)

The following parameters apply to the vertical stabilizer:

surfac Area, Sv = 120.75 ft2

Root Chord, Crv = 27.5 ft

Tip Chord, Ctv =7 ft

Sweep Angle of Leading Edge, Ae= 73 deg
Sweep Angle of Trailing Edge,Are = 20 deg
AvsS = 17.69 ft

Ivs = 6.435 ft




Weight Analysis

Thomas Greiner

To better estimate the hypersonic aircraft weight for all of its flight
systems an analysis was performed using a computer program developed
by both the United States Air Force and the National Aeronautics and Space
Administration . The initial program, P.D.W.AP (Preliminary Design and
Weights Analysis Program) requested basic pre]imma'ry design data such
as fue-l weight, number of crew men, type and number of engines to act as
an initial data file for a larger more comprehensive weight program. The
larger program called WAAT.S, (weight Analysis of Advanced
Transportation Systems) bases its findings on a data base containing
information on aircraft already in existence. Not only does the program
provide weight estimates for the total aircraft and its subsystems but it
also sizes the aircraft for fuel and flight regime.

when the program was run for the hypersonic aircraft, one problem that
arose was that it did not allow for scramjet engines. Since there are four
scramjets on the current design this could introduce substantial error,
however Given the engines provided by the program, the most reasonable
choice was te describe the scramjets as ramjets. When the
turbofan-ramjet onboard was entered into the program a highly
exaggerated weight estimate for the iniet (over 200,000 pounds) was
returned. This error was compensated for by considering the engine to be
a ramjet and then adding to the weight of its inlet to adjust it to the
actual weignt of the turbofan-ramjet.

The data returned by the program indicated that the initial weight

o

estimates were very reasonable. The take off weight computed by

w

z

AATS was 44,133 pounds, see figure weight! while the group used
43,000 pounds , see figure weightZ. That eight percent difference is
acceptable, however the computer program underestimated for the therma!

protection sytems so the higher number will still be used. The computed




height of the aircraft matched the 8 feet that is used in the current design
while the calculated span is 32 feet while the aircraft's current span is
40 feet.

Overall the WAAT.S. program computed a very similar weight
estimate for the aircraft and its subsystems reaffirming the intial

estimates used by the design team.




Rocket Boosters
Thomas Greiner \

Since the main driving force in sizing the hypersonic aircraft was the
need to hold large volumes of liquid hydrogen, solid rocket boosters were
considered for the main propulsion system that would be used to
accelerate the aircraft from the launch speed of Mach .8 to the Scramjet
operating speed of Mach 10. The solid rocket was considered because of
the high thrust and accelerations which would not be a concern to the
unmanned aircraft, also the booster could be jettisoned after its use.
Preliminary calculations indicated that the rocket weight would be
73,000 pounds which was almost twice the aircraft weight. The idea of
using rockets as the main propulsion system proved to heavy.

A full scale turbofan-ramjet,(T.F.RJ.) was chosen to accelerate the
aircraft fom Mach .8 to Mach 6 but a problem arose because the engine's
burning of liguid hydrogen increased the aircraft’'s size.

other problem that occured was the efficency of the TFRJ. inlet to
produce a reasonable pressure recovery at the low Mach numbers.
Estimates made by the US.AF. showed that a loss in thrust of 30% would
sccurr through the transonic region, where the aircraft drag increases
sharply. There 15 some concern whether the engines could produce enough
tnrust Lo push the aircraft through the sound barrier and that it would take
more fuel to do so because of the lower accelerations.

These prcblems were great concerns that needed to be corrected
without penalizing the design by increasing its size to add more liquid
hydrogen. COne solution was to put the aircraft into a dive and use gravity
"o gein speed after seperation from the carrier aircraft. This method

could work but it would take more fuel to climb back to the original

Another solution was to use strap on booster packs to accelerate
through the transonic region. These boosters would be used from Mach .8

to Mach ”5 to accelerate the aircraft while the T.F.RJ. would produce

lo
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enough thrust to overcome drag. This T.F.RJ. was not used at full thrust to

reduce the amount of fuel needed to span the transonic region but it was
kept operating to allow for a smooth propulsion transition when the solid
boosters were jettisoned. )

The two boosters are integrated into the aircraft body, one under each
- wing, see figure Booster! mounted next to the scramjets. The booster's
nose is slanted to lower the drag and also the two-dimensional exit nozzle
is Iocated partially behind the aircraft body to reduce the drag. The length
of each booster is 15 feet and their combined weight is 15,000 1b. This
additional weight puts the aircraft's takeoff weight at approximately
62,000 pounds.

The size and weight of the booster rockets was calculated using a
spreadsheet, see figure Booster2 which was based on the constant
acceleration that was assigned. An acceleration of 1-G, (32.2 ft/5°2) was
chesen to reduce the range traveled and the amount of fuel used. Using
the given acceleration the amount of fuel required to maintain the chosen
flignht prefile is calculated and then the required volume is determined.

propellant chosen was J.P.N. which has a specific impulse of 240
econds. This was the upper limit for a solid rocket fuel impulse. The
nitial weight of the aircraft was 62,000 pounds and the weight of the
fuel burned by both the solid rocket boosters and the T.FRJ. were

subtracted from the aircraft weight as it accelerated. The thrust
reGuired to accelerate the adjusted mass was calculated and then
cenverted into pounds of propellant. Knowing the density of the
oropellant the volume required to contain the propellant was determined.
with this information a rocket diameter of 2.5 feet was determined to be
gxCeptable interms of drag and volume for the rocket's tube.
The overall benefits of using the booster pack is a reduction in range of
2 miles due to the large acceleration, areduction of 500 pounds of fuel
needed for the T.F.RJ. in the transonic region, and the additional thrust to

offset the thrust lost due to an inefficent T.F.RJ. subsonic inlet.




CENTER OF GRAVITY LOCATION

Gerry Fuerst

The center of gravity for the entire aircraft was found by taking the
weighted average of the center of gravity for individual aircraft
components. The Analysis was as follows:

COMPONENT WEIGHT (LBS) LOCAL C.G. (FT)
Nose * 3365 77.5
Body 5342 40
Fuel Tank 13913 49
TFRJ ' 6500 20
Scramjets 12000 20
Intet . 400 40
Front Landing Gear 50 50
Rear Landing Gear 130 11
Wing | 4675 23.125
Vertical Tail 664125 11.14

* Mote: the nose séction contains a portion of the main fuel tank.

When the fuel tank is empty, it not only affects the weight of the fuel
tank but also the weight of the nose. Therefore, the empty weight of the
fuel tank and nose 15 4413 1bs and 1365 1bs respectively. With the above

information, the center of gravity was calculated as follows:

12




Sum (Weight*Local C.G.)
XCQ = —=m-mm e m e
Sum of the Weight

Xcg (full tank) = 35.102 ft
Xcg (empty tank) = 29.053 ft

* The C.G. is measured with respect to the rear of the aircraft. =



rignt profiie o
Thomas Greiner
A necessary requiremet for any hypersonic vehicle is to minimize the
size and weight of the aircraft. The size and weight requirements for this
mission were specified by the French based on their Taunching aircraft
requirements. Since the hydrogen fuel used has a large storage volume it
1S necessary to minimize the amount of fuel required for the flight profile.
This mission profile consisting of a five phase flight was initially used to
minimize fuel

Phase One) Acceleration from Mach .8 to Mach 2.5 at 40,000 feet.

Phase Two) Following the Q-Curve of 1850 at Mach 2.5 at 40,000 feet
and accelerating to Mach 6 at 75,000 feet while
maintaining a climb angle of four degrees.

Phase Three) Leaving the Q-Curve at 75,000 feet and climbing to
100,000 feet while maintaining Mach €.

Phase Four) Leveling off at 100,000 feet turning on the scramjets,

turning of f the turbofan-ramjet and, accelerating to
Mach 10 and sustaining that speed for two minutas,

nY c
r-'""

-~
RSe

)]

we) Turning off the scramjets and slowing down below Mach!

wd turning the turbofan-ramjet on and neading to Dryden

!

(y

Air Force Base in Califernia under power.

The preceding phases were analyzed using a spreacheet, see figure
Profilel which uses conditions such as acceleration, time-of-fhight, and
the climb angle to minimize fuel consumption.  Calculations were
conductec to foHow a constant dynamic pressure line, a G-curve, which
will allow the aircraft to maintain a constant angle of attack from 40,000
to 100,000 feet. Originally, a Q based on Mach 6 at 100,000 feet was
atrempted bu» could not be used due to two factors, the magnitude of the
2ercdynamic forces at the lower altitudes and the lack of thrust of the
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altituded required to stay on the Q-curve for the entire flight. The Q value
is above 2000 which implies there would have to be a substantial increase
in structural weight to accept the loads. For a hypersonic aircraft a Q
should be about 1800 therefore a new value was chosen based on Mach 6 at
75,000 feet with 2 Q of 1850. This an acceptable value that will not
greatly effect the intial estimate of the structural weight.

The aircraft follows this Q-curve in phase two until it reaches Mach 6
at 75,000 feet. At this time the aircraft enters phase three were it
leaves. the Q-curve while maintaining a climb angle of four degrees and
chimbs 100,000 feet while sustaining Mach 6. In this high altitude period
of the flight profile the thrust of the turbofan-ramjet falls off, however
the thrust recguired alse drops. Since there are no cther acceleration
requirements to meet other than those caused by the change 1n the speed

£ 30und cue to the atmospheric temperature,at this point the thrust has

(o

only tc overcome the drag and the force from the weight component,

therefore the thrust available 1s still large enough to meet the thrust

'n phase four of the flight the aircraft levels off at 100,000 feet, the
turbofan-ramjet is turned off and the scramjets are turned on. Based on
the data supphed by the spreadsheet 1t became obvious that the aircraft
needed more thrust to reduce time of burn and, in turn, the fuel required to
accelerate from Mach § to Mach 10. Two additional scramjet modules

were added to the awrcraft. Adding the engines increased the thrust and
attowed for considerable increases in acceleration and reduced the amount
of fuetburned during this ghase of the fhight.

Hy mnophase frve affer the two minute engine test the ¢

Py

= " \.«\,7'
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zre snut off anc the plane 15 decelerated by the force of drag. The atrcraft
S down to Mach boat SC,000 feet and the turbofan-ramjet 1s turned on
whitle the gircraft continues to slow down.  The hypersonic aircraft

mamtzaing Mach 8 and fhes to Dryden Air Force Base n California and
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lands. The actual flight path along the west coast of the United States is
illustrated in figure Profile2.

To further reduce the liquid hydrogen necessary to accomplish the
mission an energy state program was written.




MINIMUM FUEL FLIGHT PATH
(ENERGY STATE METHOD)
Bob stgggbraker

The accelerated accent from release to Mach 10 at 100,000 feet
was broken into two phases based on the engines used. Phase 1
employs the turbofan-ramjet and two booster rockets to reach Mach
6 at approximately 76,000 feet (g = 1800 psi.). Phase 2 then
continues the accent under power of the scramjets to Mach 10 at
100,000 feet to begin the two minute test. The energy state method
showed that the altitude vs Mach number flight path which consumed
the least fuel was simply one of a constant high dynamic pressure.
Temperature limitations determined the highest dynamic pressure to
be 1800 psi.

The data provided for the General Electric augmented turbofan-
ramjet engine consisted of net thrust (Fn) and specific fuel
consumption (sfc) for various Mach numbers and altitudes. To make
this data easier to incorporate into a computer program, it was
used in a subroutine (SUBROUTINE TFRMJIT) to produce values for any
Mach number at any altitude. To do this, Fn and sfc were
separately plotted vs Mach number for a constant altitude. This
was repeated for various altitudes yielding several curves, one for
every 10,000 feet from 40,000 to 100,000 (Figure ES-1). A plotting
package was then used to obtain best-fit equations of these curves
which modeled the given data quite accurately. These polynomials
were then used in the subroutine in conjunction with the cubic
spline interpolation method for values at altitudes between those

of the equations. In this way, the subroutine yields a

corresponding net thrust and sfc for any Mach number (.8-6) at any

\1




altitude (40,000' - 100,000'). Where several values of Fn and sfc
were given for the same Mach number and altitude in the original
data, that for the best fuel economy was chosen for the plots.
The given data for the experimental SCRAMJET was also reduced
in a similar manner through a subroutine (SUBROUTINE SCRAMJET) '
which yields values for a range of Mach numbers (6-10) at any
altitude (80,000' - 100,000'), (See Figures ES-2 & ES-3). The data
provided, gave thrust (Fn) and specific impulse (Isp) values as a
function of dynamic pressure and fuel/air equivalency ratio for
various values of altitude and-Mach number. Because the data for
this engine was given in terms of various dynamic pressurés (qQ)
instead of altitude, the best~-fit equations in this subroutine have
altitude as the independent variable with Mach number held
constant. Then the cubic spline interpolation subroutine
(SUBROUTINE SPLINE) finds the desired net thrust and Isp for non-
integer Mach numbers from 6 to 10. Once the Isp(sec.) is found,

the sfc is computed by the following;

3600

SFC =
Isp

Two additional subroutines had to be written for the Energy
State program; one for standard atmospheric data as a function of
geometric altitude (SUBROUTINE ATMOSFR) and another for the total
drag of the aircraft as a function of Mach number and altitude
(SUBROUTINE DRAG). The total drag data, computed by another tean
member, was received in tabulated form and was therefore also
reduced through curve-fit polynomials and cubic spline

interpolation.




The energy state method can be used to determine the minimum
time or minimum fuel required to reach a Mach number and altitude.
~ To compute the minimum fuel accent required five separate programs.
The first code (PROGRAM HECONST) determined lines of constant He
(ft), which defines the amount of potential and kinetic energy that

an aircraft possesses at a certain Mach number and altitude. He

is given by:

b
/J - }\ 4 vE A M (3’k’7))
¢ Nhg? — = Ng 7 —
2 r 29
Two additional codes determined contours of constant Fs for phase
1 and phase 2 of the mission (PROGRAM FSCONST & PROGRAM FSCNST2).
Fs is the vertical distance traveled per pound of fuel burned and
is given by;
P ; M a ( Tn — D)

T s T Tustew

The minimum fuel trajectory is one in which the lines of constant

Fs are tangent to lines of constant He. These plots showed that
a greater thrust per pound of fuel is obtained at high Mach numbers
and low altitudes. However, aerodynamic heating obviously limits
flight in this realm. Therefore, the minimum fuel accent was
chosen to be one of a constant @ = 1800 (Figure ES-4). For
comparison, the quantity of fuel required to accelerate from Mach=6
to Mach=10 all at 100,000 feet was determined to be approximately
25,000 1bs. This is obviously unacceptable.

Once the flight path was determined, several values could be




computed aloﬁg the trajectory. Figure ES-5 shows the thrust
available and required curves. The last two codes (PROGRAM PHASEl
and PROGRAM PHASE2) were used for this and to compute the fuel
consumed and elapsed time for phase 1 and phase 2 of the mission.
The fuel burned is given b&:
He,
: I
AW_?: —F'o“')e
H S

€

The elapsed time is given by;

L
e
The range required for these accents was also computed, as shown

below, and found to be approximately 130 miles for phase 1 and 970

miles for phase 2.

sd= J(Mast) - (ah)

Originally; the plan was for Edwards A.F.B. to be the base of

operation over all phases of the mission, from carrier aircraft
takeoff to test vehicle 1landing. The plan .incorporatcd a
triangular pattern with one leg over the ocean for the accent,
acceleration and scramjet test phases. The aircraft was to be
carried to the release point approximately 300 miles southwest of
base. This would allow a return, éither to Edwards or Vandenburg

'A.F.B. under power of the turbofan-ramjet in the event of scramjet

20




misfire. However, after a better estimate of required acceleration
distances, it was necessary to alter the plan. It was decided to
originate the mission from Seattle and release the aircraft over
the ocean, then run approximately 100 miles off the coast to land
at Edwards. This plan still fulfills the requirement of non-
supersonic test vehicle flight over populated areas.

Control of the mission from release to landihg is to be fully
automated. Based on this, it was determined that the avionics
should include a receiver, transmitter, inertial navigation
equipment, stability augmentation systems, and a computer. This
equipment was estimated to weigh approximately 1000 1lbs. The
aircraft cooling system was not included in the avionics. The
control program will originate from systems based at Edwards and
be communicated to the aircraft via satellite. Real time
communication between the aircraft and Edwards A.F.B. is also
necessary to monitor data from the test scramjets. The on-board
computer will maintain-a backup control program in addition to its'

stability augmentation and engine monitoring functions.
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AERODYNAMICS

The T1ft and drag of an airplane are the key factors in determining the
type of engines and the performance of the alrplane. For the first phase of
the design process, an initial configuration was approved, an estimate of

the CDO of our airplane was calculated using the build up method. The

initial calculations indicated that using one full scale GE turbofan-ram jet
wouid be sufficient to overcome the drag of the airplane at the various
phases of fiight where GE's turbofan-ram jet would be used. "After ther firs
ohase of the design process was completed, the drag of the airplane wa

L5

more accurately calculated using Nicolai's (chapters 2 & 11), and the
Datcom reference. After several Iterations on the drag numbers because of

slight modifications to the airplane design, final drag numbers were
calculated to the final airplane configuration. This data was then given 1o

e Tlight path group which was responsible for determining the flight path
and the fuel requirements of the mission. After the fuel requirement and

fme of flight for the migsion profile were calculated using the thrust
provided by the two scram-Jet engines 1t was obvious that an additional
two scram-jets, one on each side of the airplane, would be required to cut
the fuel requirement and time of flight . These additions effects on the drag

were included as a 10% increase to the (‘D of the airplane because thess

rodifications were done the day before the final presentation for Winter
quarter. Therefore, the effects of these additions had to be caiculated more

v

accurately 1In Spring quarter,

ORIG!
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The last minute modifications, that were introduced at the end of
Winter quarter, were studied more cAlosely at the beginig of Spring quarter
and it was obvious that some modifications to the shape of the airplane had
to be done. After the final shape of the airplane was modified and approveq,
the final drag numbers were calculated . The drag numbers for the old
configuration could not be modified to account for the changes in the
airplane configuration mainly because the fundemental parameters used in

calculating the old drag numbers were drastically changed by the new
design; these parameters include the airplane fineness ratio (1z/d), the
nose fineness ratio (1y/d), the after-body fineness ratio (]A/d), thie aspect
ratio of the wing, the surface area of the wing, the taper ratio, and finally
the length of the airplane, Therefére, the drag numbers for the new
configuration had to be calculated from scratch, The three coefficients that
had to be calculated to provide us with sufficiently accurate d’rag nurmbers
were CD,, K (factor of drag due to 11ft), and CL . These three coefficients
need to be calculated seperately for the four flight regimes in our flight

path.
SUBSONIC
For the wing, the zero Tift drag is composed of two parts, skin friction '

drag and pressure drag. As for skin friction drag, it is caused by shearing

stresses within a thin layer of retarted air on the surface of the wing caljed




the boundary layer. The amount of viscous resistance depends on whether
the flow in laminar or turbulent; for our airplane turbulent flow was
assumed for all flight regimes. As for the pressure drag, 1t 1s usually small
compared to skin friction and it is primarily caused by the displacement

thickness of of the boundary layer. Methods for predicting subsonic €D, for

wings are essentially empirical and are based on streamwise airfoi]
thickness ratio (t/¢),

For the body, at subsonic speeds the drag of smooth slender bodies i3
srimarily skin friction. The Reynold's number is based on body length,
boundary layer condition, and surface roughness. The pressure drag is also
generally small for fineness ratios above 4( The airplane’s finess ratio is

7.083) but becomes significant for blunt bodies. At the subsonic reigon, A

CDO of 0.0126885 was calculated at M=0.8. Also at M=0.8 and at 40,000 ft,

the drag is 7508.25 1bs with a L/D of 6.433.

TRANSONIC :

For the wing, the transonic range varies greatly with airfoil shape and
thickness, but for simplicity it can be considered to begin at approxima
M=0.9 and end at M=1.2. Because of the mixed flows, drag in the transonic

gon does not lend itself to theoratical or experimental analysis. The
wing drag at the transonic reigon is mainly composed of skin friction and

wave drag. As for skin friction, a Tittle increase in drag is experienced dus




to viscocity . Therefore, the skin friction drag will be assumed constant
and equal to the subsonic skin drag throughout the transonic range, As for
the wave drag, the variables involved in a wing design that effect the
manner in which shock waves develop on the surface are many; they include
sweep, aspect ratio, taper ratio, thickness ratio variations between root
and tip thickness, position of the maximum thickness, incidence and leading
edge thickness. As aresult its very hard to predict the wave drag in the
transonic reigon. Estimates for the wave drag can be obtained by finding the
drag divergence Mach number and then using figure 11.10 in Nicolai's to find

CDy -

For the body, the general approach consists of predicting the skin
friction, the drag divergence Mach number, the variation of base drag with
Mach number, and the variation of pressure drag for Mach numbers above 1
Therefore, the drag of the body at transonic speeds consists of skin friction,
base pressure, subsonic pressure drag, and supersonic wave drag. At the

transonic reigon, as predicted, a CD, of 0.039493 at M=1.2 was the largest.
s 0 o

Alzo at M=1.2 at 40,000 ft, the drag was 146983.92 1bs with a L/D of 3.273.

SUPERSONIC

For the wing, at supersonic speeds an increase in the Mach number
results in a decrease in the skin friction coefficient at constant Reynolds

numbers. This variation is primarily due to the variation in the temperature




and density at the surface. The full reduction in skin friction at supersomc
Mach numbers 1s justified only when stabilized conditions and zero heat
tranafer are attained. For transient flight the skin friction will be gasumed
equal to the incompressible value although in reality it varies between this
value and the zero heat transfer. Another important factor for estimating
drag at the supersonic speeds is the Reynolds number, this can be accounted
for by taking into account the ratio of compressible to incompressible skm-

riction coefficients. As for the wave drag, the well known linearized
supersonic theory is used in predicting wing wave drag. For the airplane the
wave coefficients were obtained using equation in Nicolai's which are based
on the supersonic linear theory.

For the body, the characteristics of compressible skin friction drag for
bocies are similar to those of wings; the skin friction coefficients decrease
23 the Mach number increases. As for the wave drag, two methods for

estimating the fore-body and after-body wave drag are. presented in the
Datcom reference. The second method, which was used, 15 based on
simiiarity parameters. The wave wave drag 1s seperated into the fore-body
drag, the 13olated after body drag, and the interference drag of the

fore-body and center section of the after-body. In the supersonic rel‘gbn, a

CDO of 0.0242 was calculated at M=3.0. Also at M=3.0 and at 65,5000 ft, the

drag was 40666.36 lbs withaL/D of 1.1592,

3




HYPERSONIC

For the wing, due to the non-linearity of hypersonic flow, approximate
methods for estimating force characteristics are very desirable. Among
the methods used, Newtonian and modified non-Newtonian flow theory have
oroved very useful, Newtonian theory is based on the assumption that the
shock concides with the wing surface and no friction ex1sts between the
wing and the boundary layer. The fluid particles ahead of the wing are not

disturbed until they encounter the wing.

For the body at hypersonic speeds the drag of the body 13 caused
primarily by the pressure and skin friction drag of the nose. Both the
after-body and the base drag become insignificant at higher Mach numbers.
The drag coefficient was calculated at M=6.0 and at M=10.0 using Newtonian
Flow theory and it was also calculated using the supersonic linear theory;
the discrepancy between the two methods was less than 10% (the Newtonian

flow provided the lower drag values). It was deccided to stick with the

CDO'S found using the supersonic linear equations since the discrepancy

r'

}

UJ
f, J'l
]

between the two methods was relatively small. AtM=6.0a CD, of 0.0

r.’

was calculated and atM=10.0 3 CDO of 0.015517 was calculated. At M=5.0

and at 76,000 ft the drag was 32294 Ibs with a L/D of 1.4002, and at M=10.0
at 100,000 ft the drag was 26036 ilbs with a L/D of 1.449.

. Bz




After the CD, was calculated for the varfous flight regimes a 10%

increase was added to CDO to include the interfernce effects. In addition,

the coefficient of drag due to 1ift (K) had to calculated in order to account
for the effect of 1ift on the drag of the airplane. For the subsonic reigon the
equations in Nicolai's (Chapter 11) were used. For the supersonic and
hupersonic reigons the K values were calculated uning the supersonic linear

theory. Finally the values of K for the transonic reigon had to be

approximated. After obtaining the CDy's and the K values for the various

Mach nurbers, the drag at the various altitudes and Mach numbers was
calculated. Three seperate programs were written to calculate the drag and
angles of attack at the various Mach numbers and aititudes. A listing of the
equations and procedures used in calculating the drag are listed in Appendix
A and the listing of the programs used in calculating the drag can De found
N Appendix B. The tables AD1~AD6 and the figures ADT-ADS Include the

resuylts of this chapter.




BASIC STABILITY ANALYSIS

Cerry Fuerst

Due to the large amount of fuel on board the test plane, there will be a
considerable shift in the C.G. during flight. The C.G. will shift down and
towards the rear of the aircraft as the fuel is burned. The distance
towards the rear of the plane that the C.G. will travel was computed as

follows:

C.C. Travel = 35.102 - 29.053 = 6.05 ft

For stability, it is necessary to have a positive static margin. The SM
Is directly related to the distance between the center of gravity and the
aerodynamic center. Although the C.G. travels back 6.05 feet, it always
remains ahead of the aerodynamic center. This means that the static
margin always remains negaive. The calculation of the static margin was

as follows:

Static Margin: SM = (Xac - Xcg)/MAC
Full Tank: SM = 13/27.037 = 0.4808
Empty Tank: SM = 6.875/.037 = 0.2543

For an aircraft to be statically stable, its value of Cm(alpha) must be
negative. When this is the case, the aircraft is trimmed at a positive
angle of attack. When the angle of attack is suddenly increased, the
aircraft will generate a negative moment to push the nose back down to
the origional trimmed angle of attack. The Cmf(alpha) for the test plane
was found to be negative for both the full and empty tank cases. It was

COmputed as Tollows:

oy

Cm(alpha) = -CL(alpha)*(Xac - Xcg)/MAC = -CL(alpha)*SM

D4




Case 1: Mach .8
Full Tank: Cm(alpha) = -.7965/rad
Empty Tank: Cm(alpha) = -.4213/rad

Case 2:Mach 10
Full Tank: Cm(alpha) = -.1957/rad
Empty Tank: Cm(alpha) = -.1 0735/rad

The Cm cg of the test plane was calculated for three different cases:
subsonic (M=.8); supersonic (M=2); and hypersonic (M=10). Refer to tables
S1 thru S3 for Cm cg versus angle of attack, CL, and CD. Cm cg is plotted
versus angle of attack in figures S1 thru S3.




LANDING GEAR
Gerry Fuerst

The landing gear of the test plane will consist of two rear skids and
one forward wheel. This configuration was choosen primarilly for its
rehébility and simplicity. The rear skids are better suited in handling the
high temperatures that will be experienced during flight. A forward wheel
will be used because it will allow for the steering of the aircraft after it
has landed. This wheel will be kept cool m»fﬁght by surrounding its
compartment with the liquid hydrogen fuel tank. The rear skids are
located 11 feet from the rear of the aircraft, while the front wheel is 50

feet from the rear.
in designing the landing gear, 1t is necessary to determine the
maximum loads-that will be experienced during landing. These maximum
loads will occur as a short impulse when the landing gear touches down. It
is assumed that the test plane will Jand at a velécity df 211 ft/s, and it
will be descending with a glide angle of 5 degrees. The glide angle is the
angle that the plane’'s descent makes with the ground. The S degree glide
angle will be the maximum that the plane experiences and was chosen to
determine the largest possible loads on the landing gear.' Finally, the last
assumption that was made is that the time of impulse will be 0.5 seconds.

A simple free-body diagram of the landing gear is as follows:
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Constants:
| Landing Weight of Plane, W = 47000 1bs

Height of the Landing Gear, h = 4.0 ft
Kinetic Friction Coefficient, Uk = 0.6 .
Landing Velocity, V=211.0 ft/s
Glide Angle, Theta = 5 deg
Time of Impulse, dT = 0.5 sec
Gravitational Acceleration, g = 32.2 ft/s_2

The maximum force, on both skids, in _the vertical direction (Fy) can be

calculated from the following formula:

(W/g)*Vy
Fy = =—=--=-mme- where Vy =V sin (Theta)
dT Vy =211.0sin(3)
- 18.39 ft/s
(47000/32.2)%18.39
Fy = =-emmmmmmmmmnnnnne .

05
Fy = 53685.093 Ibs

This is the maximum vertical load that will be experienced by both
skids together. Each skid will, therefore, experience half of Fy or
26842.547 1bs, |

The maximum force experienced by both skids in the horizontal

direction (Fx) can be calculated from the following formula:

Fx = Uk * N ‘ #Fy"”
x= =
N 27




where N is the maximum normal force
The maximum normal force on both skids is equal to
the maximum vertical force on the skids (53685.093 Ibs).

Therefore:
- Fx=0.6%179279.503 lbs
- =32211.056 Ibs
The maximum horizontal force on each skid sebérate}y will be half of
Fx or 16105.528 ibs. ' )
The maximum moment produced by each skid (Mz) can be computed from
the foHowi'ng formula:
Mz = (Fx/2) *h
=(16105.528) * 40 ft
=64422.112 ft Ib

The following is a free-body diagram of a skid with the maximum loads

in place:

oy i k-£4
//////_{//

16105, s2g M _s———>

T

263492.57 lbs
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Materials and Cooling Systems
oy
Todd Weay

Througnout NIStory, the aGvancement of NigNer spesq aircrait has

been plagued witn the problems of what materiziz, 2172 and of

cooling systems 10 Us¢, that are most beneficial to the mission Rign

thermal loadings and boay forces acting aiong the enlirg aircraft requirs

new technoiogies to D& qeveioped. This section of the report 4eais with

1062 and CONCenTs tnat Can De LSS in the deveiopment of this aircralt
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exchanger, the system then starts over again in a continuous cycle. The
major advantage of this type of system 15 that the w-a,,x, g4ge radii an
e very small, but the major disadvantage 15 that 1013 unforgiving to local
fatlure.

The second type of leading edge system 15 a tube vs ystem, Figure MS3.
The concept pefind ths system is that the leading edge would pe compoesed
of a carbon-carbon composite which is meshagd or embedded with TUDes
that run throughout the teading edges. The tupes filleg with 2 liguid run

through the ieading edge acting as heat gink, then the hauid is transperted

< bl oL

Lo a heatl exchanger where the cycle starts ail over again. The advantage
to this system 15 that the cooling systerm ¢& L pasi the feading edge,

BVEN 10 51X Teel past the leading edge, onto the wings where 1115 needec.

These two types of coohing have géod poINts, but the deciding factor
15 that in the carpon-carbon composite tupe cooling tne 1gea of cooling
past the leading edge outways any aspect that the spray cooling has. Tne
carbon-carben tube cooling will act for the first fifteen feet of the wing,
after that, areas that needed cooling can be cooled without carpon-carpen,
just tube cooling will be used after(Ref. 3).

The vertical tail is quite similar to the leading edges of the wing,

l

except that the maximuim temperatures expected will be on the order of
2000 F. The 121! will be cooled with just 2 simple tupe coohing system,

with carpon-carpon just at the first foot of tne vertical tan




The fuel tanks are very difficult to keep at the pfoper temperaturé“
On one side of the fuel tank the femperature is apprommately_ -419°F,
while on the otherside the temperature is approximately 1800 F.‘ There
are two types ¢f purge systems that can be used.

The first purge system is a N, purge system (Figure MS6). The major
advantage of this type of system 15 that you can use available insulations
and 1t 1s reasonably inexpensive. 1ts major disadvantages is that it has

temperature Hmitations and 17 iz ¢Ifficult to inspect.

The second purge

l‘n

zystem 13 the CO5 purge system (Figure MS7). The
major advantage of this type of system is that it limits lquid hydrogen
boil off and there is no Niquid phase. [ts major disadvantages is that there
are complex ground nandiing requirsments and 1t to 15 difficult 1o inspect,

-

The decision 15 1o use the CO, systemn basically because the carbon
dioxide 15 petter suited for the heating and cooling, and also because it
limits liquid nydrogen boil off: Liquid hiydrogen boll off 15 of major
importance in deciding what to use, because you could ultimately lose 30
percent of your fuel to hydrogen bofloff. The addition of a vapor shield on
the tank wall will further decrease the boiloff inside the tank(Ref. 3).

The choice of which coolant to use for the cooling systems for the

leading edges was simpie to cheose  The only liquid with a high specific
neat so a5 1o a

D3O more F‘i’"‘t’ﬂxf 15 iithium. The other ligquids in




comparsion are not even close.

efficient.

' will be easy 1o use and i

-~

-




Euel Tank Insulation Thickness For a

) HL L
By John Oon Tong & Gerry Fuerst

In hypersonic flight, it is necessarily to have to have sufficient
insulation around the tank to maintain the hydrogen in a liquid form. A
slight increase in temperature of liquid-hydrogen fuel may results in
tremendous increase in pressure. For example, hydrogen at its liguid
state at -4239F has a density of 70.1 g/liter but at its vapor state, it
has 1.3 g/liter. If insulation is not used adequately, the tank will
explode. It is our goal to design an insulation system that will
insulate the fuel used for a cruising time of approximately 20
minutes.

‘The derivation of the equation used to calculate the thickness

of insulation was taken from NASA Technical Memorandum Paper TM

A-2025 by Mark D. Ardema. The author used standard analytical
techniques to develop procedures for calculating. the insulation’s
thickness. The assumptions that were used are :

B Dn!g heat transfer by conduction is considered since radiation and
convection effects are negligible compared with conduction.

2. Thickness of insulation used is much smaller than the diameter of
the fuselage.

3. Conductivity of insulation is much smaller than the conductivity of

all structural elements.

45
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4. Thermal constants are independent of time, temperature, and
position.

3. Insulation is continuous and homogeneous.

6. The temperature at the wall of the inner fuselage is the same as
the temperature of the liquid-hydrogen fuel. _

7. Exterior surface of fuselage is exposed to square temperature

pulse.
with the above assumptions, the following equation is obtained:

he®/8H - KI{Te-Ty)/L2 - 2K(Ts-Ted/k *(1/12 + 3 (-1 (1/n2112 +
2kt /12) e-PTAND) )

where the definition of the symbols used are as follows:
heg ~ hydrogen heat of transformation, (Btu/ft"3)

k - diffusivity, (ft*2/hr)

K - insulation conductivity, (Btu/hr-ft-oF)

Ls - tank thickness(ft)

tf - cruise time,(hr)

Ty - liquid hydrogen fuel temperature,(2F)
Tg — initial exterior surface temperature;(QF )
Tg - cruise exterior surface temperature,(eF)

® - insulation density,(1b/1t"3)
®; - tank density,(ib/ft"3)

AG




®, - hydrogen fuel denstty,(1b/Tt"3);

It can be seen from the equation that for fixed materials and
temperatures, the optimum insulation thickness is proportional to the
square root of the cruise time. The above equation can be simplified
further if we consider the steady-state condition. The steédg-state
~ equation can be obtained by setting the initial exterior temperature

equal to the cruise exterior temperature. The equation is as follows:

hﬂJ@/@H - th(TS—TH)'{Lssz =Q

For our design, the insulation must keep the hydrogen fuel at -
4359F to ensure that it will remain in its liquid state. Furthermore,
the cruise exterior temperature is approximated to be 12002F. The
material that was chosen for the insulation is Silica Fibers. In the
calculation of the insulation thickness, the thickness of insulation
was found to be 034 ft. The weight of 'thié insulation is
approximately 450 1bs.

The thickness of insulation can be reduced further if e better
insulstion is used. One/ such insulation is Quartz Fiber which has a
lower density (.66 at 7009F), and a greater maximum iemperature

limit (25002F). The reason we have not included such fiber in the

Uesiun was Lhal we were unable Lo vblain ils thermal cunslants.
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We strongly believe that there are better insulation materials
other than those mentioned above. If further information on
insulation materials can be obtained, the thickness of insulation will

reduced substantially.
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Cost Analysis

Thomas Greiner

The cost analysis method used in determining the total cost of the

hypersonic aircraft design was found in a book by Nicolai, Fundamentals of

Aircraft Design (see references) and refered all dollar amounts to the cost
in the year 1970. The final cost estimate was multiplied by the inflation
factor of 2.35 to adjust for the current year 1990. The analysis based the
cest on three main parameters,

1) AMPR Weight which is the weight of the dry aircraft minus the
weight of the engines, the starter, all cooling fluids, wheels, brakes,
inatruments, auxiliary power and batteries. The value used was an average

¢f the gold design team and the WAATS program weight estimate,
AMPR=1852€ Ibs.

2) S which 1s the maximum speed at the "best” altitude in knots.
This description 15 vague therefore the velocity for Mach 6 at 80,000 feet

was used due to the large available thrust, 5=5178.22 knots

3) Q which is the combined number of test aircraft and the number
o be built during production. Since there 15 to be only one test aircraft to

e built Q=1,

wad (he largest cost at 17 billion dollars, see figure costl while the
amrazliest expenze 13 the manufacturing and material cost at 11 miltion
dellars. The matenals estimate appears to be too low due to the unique
alloys needed to coc! and maintain structural integrity in the intense heat
of hypersonic Fhight.

The total price of the aircraft is 3.3 billion dollars which 1s most

likely a gross underestimate. The intial development costs of the B-2

o e Y e o N g e S T e £ e e e e A e £ s B e e e e e e < s e o imr s eetn e s e e e s ¢ g i e
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Stealth bomber was approximately 40 billion dollars. Although the
hypersonic aircraft would not need the technology of the B-2 bomber it
stands as a good indication of the expense of applying new technologies to
aircraft design. This aircraft would use the state of the art technologies
in structural composites, ceramics in cooling, and propulsion to acheive
its mission requirements. This total cost would be spread over a period of

approximately five years.
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WIND TUNNEL MODEL
Bob Stgg;biaker

A 1/65 scale model of the preliminary design was built for
tunnel testing and to aid presentations. This scale was selected
to match that of other designs for relative comparison and to avoid
overloading the tunnel measuring device with too large of a wing
area. The model was constructed of wood and finished with black
pigmented lacquer. Pine was chosen over balsa or fiber-glassed
styrofoam for reasons of better durability and lower cost. Lacquer
was chosen as the finish to allow polishing and provide a smooth,
low arag surface. Construction took place only after approval of
the preliminary three-view drawing;

The model will be used to study the longitudinal stability and
landing characteristics of the design. Tunnel testing will yield
lift, drag and pitching moment for variéus angles of attack.

Reynolds numbers up to 1.8 million can be obtained in the available

tunnel with reference to the longitudinal dimension of the vehicle.

Since this is a preliminary design, it is subject to change. Data -

from this model will be used in an additional design iteration and

another model will be built and tested to incorporate changes.
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Conclusion

This report has described and presented many concepts on how and why

a hypersonic aircraft should be designed similar to the gold design for the

given mission requirements.

T‘his paper attempted to find answérs to questions concerning the
areas of aerodynamics, thermodynamics, structural design, and aircraft
configuration in a hypefsonic enviroment. [t can be concluded that these
major design concerns have been addressed but the aircraft still remains
in the early stagé of development.

Some problems as inlet design, fuel reduction, and dynamic stability
still need to be resolved for the hypersonic aircraft. These problems
currently exist within the aerospace industry and will have to be solved

oefore hypersenic flight to be commonplace
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@ Based On M=6 at 75,000 Ft.

Q= 1858.735

a= 867 .8421 v= 5B807.6528078
CLIMB ANGLE=% DEGREES
Uint 1404 .843

M=.8=774,.353FT/S

Altitude Temp. Density Q V] M

(Ft.) (R) (slug/fFt"3) (SLUG/S"2 (FTI/S)

40000 383.89 0.000587 774.3537 0.8 °
40000 383.89 0.000587 867 .9421 1
40000 389.89 0.000587 1161.530 1.2
40000 389.99 . 0.000587 1451.913 1.5
40000 3839.89 0.000587 1935.884 2
40000 3839.8S 0.000587 24135.855 2.5
40000 3839.89 _ 0.000587 1858.75 2515.876 2.539304
4S000  389.33 0.000462 1858.75 2835.813 2.929734
50000 389.99 0.000364 1B5B.75 3196.153 3.302015
55000 3B83.393 0.000287 1BS58.75 3602.035 3.721333
60000 389.89 0.000226 18B58.75 4053.254 4.1393695
E5000 383.89 .0.000178 1B58.75 4574.234*4.725731
70000 389.93 0.000140 1858.75 5154.304 5.325013
75000 389.88 0.000110 ' 5B07.651 5.999333
80000 389.89 0.000087 5807 .651 5.8999399
BS000  384.32 0.000068 S833.803 5.3933339
SO000  402.48 0.000053 5895.918 5.93999399
85000 410.64 0.00004%1 5953.426 5.899993
100000 418.78 0.000032 6018.274 5.839393393
100000 418.78 0.000032 6519.798 6.5
100000 418.79 0.000032 7021.321 7
100000 418.79 0.000032 7522 . 844 7.5
100000 418.79 0.000032 8084 .367 8
100000 418.793 0.000032 B525.830 8.5
100000 418.73 0.000032 8027.413 g
100000 418.783 0.000032 8528 .,3936 3.5
100000 418B.79 0.000032 10030.45 10
100000  418.78S 0.000032 10030.45 10

gs




- ,Altitude -

‘Mass flow

LT tFEEs2)

T -"Cbi'rected Area

) © d{1b/secy (FE*n2) (Ftx*2)

.80 40000.0 495, 0 33.804-" 33.804 4,829
1.00 40000.0 . 495, 0 27.047 27.449 Z.921

1.20 - 40000.0 495, 0 22.536 23.077 3.297
1.50 40000.0 478.0 17.410 18.002_ 2.572
2.00 40000.0 380.0 10.380 10.8997 1.557
2.50 40000.0 304.0 b. 6473 7.1087 1.015
2.60 40000.0 290.0 5.094 6.563 © .9=8
2.93 45000.0 250.0 5.922 6.867_ .924
3.30 S0000.0 210.0 5.611 &. 200/ . 886
3.72 55000. 0 175.0 5.268 5.889 .841
4,19 60000. 0 148.0 5.023 5. 681 .B812
4,72 65000, 0 126.0 4.821 5.532 790
5.32 70000. 0 110.0 4,741 5.529 790
&. 00 75000. 0 4. 4,560 S5.416 774
6. 00 80000. 0 94.0 5.789 6.874_ ¢ . 982
&, 00 85000. 0 94,0 7.379 B.763 % 1.252
6. 00 20000.0 94.0 9.419 11.185 1.598
&. 00 FSQ00. 0 94.0 11.956 14.198 2.028
6. 00 100000. 0 94.0 15.106 2,567

17.939
/ ~

L)
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Table IN3:  RAMP LENGTHS V5. MACH NUMBER.

M=6 , NR=8

7.2746
3.9430
2.0864
1.0900

M=3 , NR=5
3.6746
2.0000

M=5, NR=8

5.6746
3.4430
2.1000
1.1000

M=2, NR=3
1.6746

M=4, NR=8

3.6746
2.0000
1.6000
1.8430

M=1.4, NR=1|

57




" Mach # = 1.40

TH8LE! T

THETA  BETA MCI) . M(I+1)  POR TTTTTTR XT
5.25  53.23  1.400  1.205  .99815  1.3005  1.a0785 2.80
el EX T T XL L L Y e X LA R R IR A E A ]
. TPOR TPR TTR TPOTR TPTR TTTR MNT

. 99815 1,3005 1.0785 -« 99045 1.9881 1.2203 . 8388

FHETA, BETA EFFICTENCYFOT
~ABLE ] NG Mach # = 2.00 =

s S S — T " S " — . S S T . S W S —— S ot it O . ) S S M S o S G S S S S A AR Skl e S AR S SAm P . e o S bt SR

THETA BETA M{I) M(I+1) POR PR TR XT
5,25 | 34.53  z.000  1.812  .99758  1.33a1  1.0884 5.45
S.16 38.32 1.812 1.634 . 99806 1.30463 1.0799 4.75
10.41 50.28 1.634 1.261 . 98607 1.46773 1.1639 J.12

’ A
————————————— —_—— e s s e EE RS L L L L L L L L E LR L L LR LR R L LT LT R L LT L T T
TPOR TPR TTR TPOTR CTPTR f TTTR MNT
.98178 2.9209 1.3655 « P6753 4,9344 1.5928 . B0&4
S~ C g ‘N -
: TUETA BETA, LFFICTEN fo
~poLe TNV b Mach # = 3.00 ‘ | )
" THETA  EBETA M<(1) M{I+1)  POR FR TR XT
©5.25  23.33  3.000 | 2.738  .99388  1.4803  1.12086 8.35
10.132 29.60 2.738 2.282 . 96924 1.9669 1.2241 6.4
4,27 29.36 2.282 2.116 . 99826 1.2938 1.0769 &. 40
S.90 33.16 2.116 1.899 . F9621 1.3966 1.1013 S.51
3.75 46,23 1.899 1.401 . 96506 2.0271 1.2362 Z. 45
e e e e e e e e e e e e FE R RN RN IR R NN BB
TFOR “TFR TTR TROTR TFTR TTTR MNT
92452 10.8647 2.0111 . 88575 22,6281 Z.5240 . 7395

ORIGINAL PAGE e >F
OF POOR QUALITY




: | THETA BEIR, EFfF Lo NCH 201
APLE Yy INT Mach # = 4,00

5. 25 18. 24 4. 000 T.821 L FB701 1.6573

4.41 19.15 . 621 I, 3542 . FFIFE 1.4787 i, 08
J.43 19.82 J.342 . 145 SIFTEE 1.3306 ?.71

S.42 22,80 F.143 2.85% L9244 1.5236

-t -

i1.04 29.42 2.83%9 20540 LGET7 10 22,1345 &.

3.35 28.04 2.540 2.199 - 79893 1.2452

2.259 I8.18 L2199 1.73& . FETF0 1.9866 4.
13.75 S51.7% 1.7 ES 1,22 26715 1.9974 2.

———————————————————————— —————— FERRERREEEUEERERAARRRRRER LR EERERF R ER AR SR
TFOR TTR TROTR TPTR TTTR MNT
- Ba?2 SR

3.2256 « B6OED B3I, 6234 H.69F5 = I

THETA, BRETA, EFFECZIENTY For:
"RALE ! f/y g Mach # = 5.00

THETA  BETA M{I) MI+i) FOF FR TR XT
27 5. 000 4. 469 . i.83565
2 4, 469 5. 954 LGTETO 1.898% 4 1.2103 11,22
3.954 Z. 448 LGTGLE 1.9538 . 1.2214 G, 865
77 3.448 2.921 L9ENTE 2. 0865 1.2481 7.95

o

2.921 2.529 . 98034 1.7879 1.1873 7

t
~.

ln
5

%

-

U~
JEY b e
EFRGRERT

0

P B

n

i
A H

e

G. 63 Ti.i68 2.529 2. 127 LTV EE 1.8341 1.1989 5. 78

-
t
I
L&

2.25 I9.39 2,127 1.671% . 75985 - 1.9579 1.222% 4.3286
- b

.75 54.75 1.671 1,132 . FEEEE 2, 0049 1.2318 2.47

o

: e e o e EEREFFESEFEER AL AR ECLEEFEREEEERFF R R GRS
TFER TTR TF THEITR TTTR FINT
184, 9301 4.7428  79EATD 2E5.1881 S.EC4E LEBTGE

SHETA, BETA. EFFZCTENCY For,
MmEL TG e e s e ' |

M{I+1)

SRNGRS
SN 3

5
B
GO0

N

TTH
v e o
AN PRV,




TABLES

TABLE AD1 Components of the drag coefficient for the wing at different
Mach numbers. '

M Cor Cpo Cole Cow

0.8 0.005156 - - -

0.9 0.005156 0.001643 - ‘ -

1.0 0.005156 0.013970 - -

11 0.005026 0.014010 - -

1.2 0.004872 0.014092 - -

1.5 0.004382 - 0.000612 0.01263
2.0 0.004021 - 0.001225 0.00545
2.5 0.003531 - 0.001904 0.00510
3.0 0.003196 - 0.002522 0.00508
3.5 0.002835 - 0.003021 0.60520
44 0.002578 - £.003398 0.00529
4.5 0.002320 - 0.003675 0.00534
5.0 0.002114 - 0.003877 {.00537
5.5 0.001907 - 0.0040606 0.00542
&4 0 BO1730 - {.004135 0 00537
6.5 0.001624 - 0.004218 0.60536
7.0 $3.001443 - {3 004280 (1.00534
7.5 0.0013%82 - 0.004329 0.00531
8.0 0.0012689 - {.0043h86 0.00529
8.5 0.001160 - 0.004460 G.00527
90 0.001108 - 0 .004420 0.00524
3.5 0.001057 - 0.004440 {00521
10.0 0.000830 - (.004540 6.00516




TABLE AD2 Components of the drag coefficient for the body at different
Mach numbers.

M Cor Cpb Cop Cop Cone Cpa Cpae
08  0.08808 0.000587 - - - - -
08 0.08007 0.006136 0.00795 - - - -
1.0 0.08007 0.016574 0.00795 0.063 - - -

11 0.07807 0.012272 0.00375 0.145 - - -
1.2 0.07567 0.009972 0.00100 0.154 - - -
15 (.06508 0.001022 - - 0.10869

2.0 0.06245 0.002315 - - 0.10640

25 0.05455 0.005676 - - ©0,09495

3.0 0.04964 0.007670 - - 0.08695

35 0.04404 0.007593 - - 0.08009  0.01343

40  0.04004 0.007287 - - 0.07780  0.01613

45 003603 0.006443 - - 0.07440  0.01489

5.0  0.03283 0.005753 - - 0.07322  0.01354

S5  0.02963 0.004509 - - 0.07151  0.01267  0.0222
6.0 0.02722 0.04295 - - 0.06980  0.01152  0.0227
65  0.02522 0.00399 - - 0.06368  0.01037 0.0222]
7.0 0.02242 0.03990 - - 0.06750  0.01008  0.0222
75  0.02162 0.03990 - - 0.06693  0.00922 0.0222
8.0  0.02002 0.03990 - - 0.06636  0.00864 0.0222
85  0.01842 0.03990 - - 0.06579  0.00306 0.0222
9.0  0.01722 0.03990 - - 0.06521  0.00777 0.0222
95  0.01644 0.03990 - - 0.06464  0.07488 0.022
100 0.01353 0.03990 - - 0.06407  0.006912 0.0222

!




TABLE AD3 CDo for the different Mach numbers.

RO PO b et o
SN D U RY - O

Ao
o

@ o
[4) o d)]

~N Oy O
oG o

-3
ol

g0
8.5
4.0
3.5

0.0

( Do ) total

0.012051
0.012588
0.012988
0.014719
0.034345
0.039220
0.039493
0.037375
0.028804
0.025500
0.024200
0.022705
0.021767
0.020770
0.020104
0.019427
0.018758
0.018237
0.017658
0.017373
0.017012
0.016643
0.016390
0.016125
0015517

L




TABLE AD4 Shows CL for the different Mach numbers.

1.5
2.0
25
3.0
3.5
4.0
4.8
5.0
5.5
6.0
6.5
7.0
7.5
g.0
B.5

3.0
g5

& oon
<

0.921
0.777
0.673
0.594
0.532
0.482
0.440
0.406
0.376
0.350
0.328
0.309
0.291
0276
0.262

4.70
4.60
4.40
4.30
4,22
4.18
4.16
4.14
4.14
4.13
4.13
4,12
4.10
4,07
4.05

2.188
2.092
1.9193
1.662
1.371
1.136
0.980
0.861
0,773
0.703
0.645
0.598
0.556
0.520
0.488
0.458
0,431
0.407




TABLE ADS (| /rad, C| /drgree, and K for different Mach numbers,

0.1
0.2
0.3
0.4

0.5

0.6
0.7
0.8
1.5
2.0
2.5
3.0
3.5
4.0
4'.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
5.5
1.0

CL /rad

1.633
1.640
1.645
1.651
1.656
1.662
1.670
1.689
2.188
2.092
1.919
1.662
1.371
1.136
0.980
0.861
0.773
0.703
0.645
0.598
0.556
0.520
0.488
0.458
0.431
0.407

0.31032
0.31032
0.31032
0.31032
0.31032
0.31032
0.31032
0.31032
0.35000
0.43000
0.57100
0.60200
0.72940
0.88020
1.02000
1.16100
1.29400
1.42200
1.55000
1.67200
1.79900
1.92200
2.04900
2.18300
2.32060
2.45700

4




TABLE AD6  (, Cp, and C /Cp for our mission profile.

o

DN ULHUWUN = - O 3

— 0D
giat>t>c>t>o<3<3cnk3

10,

10.0
10.0
10.0

1
0.37966
0.24244
0.16807
0.10727
0.06003
0..03597
0.03542
0.03524
0.03531
0.03371
0.3308
0.03108
0.02883
0.02947
0.03010
0.03074
0.03139

Cp
0.05302
0.05541
0.05135
0.05075
0.03755
0.03103
0.027319
0.02657
0.02522
0.02397
0.02337
0.0226
0.02144
0.02153
0.02162
0.02172
0.02182

C./Cp

6.43292
4.37519
3.27296
2.11384
1.59855
1.15919
1.2964

1.32637
1.40017
1.40635
1.41544
1.35729
1.34487
1.36874
1.39206
1.4154

1.4386

L5




MACH .B

Cm cg Angle of Attack CL CcD
. 0008005 0.0 0.0 .0129885
-.,046866 3.459 0.1 .016080
-. 084403 6.917 0.2 .025400
-.141408 10.3786 0.3 .040820
~-.187984% 13.835 0.4 .062640
-.234129 17.293 0.5 . 080563
-.2739844 20.752 0.6 . 1281705
-.325128 21.211 0.7 165047
-.3693982 27 .669 0.8 211586
- 414405 31.128 0.9 . 264351
-.458398 34.586 1.0 - ,323312
Table St Cm“) Vs, £, €, Cp (M2.F)
MACH @2
Cm cg Angle of Attack CL CD
.0019975 0.0 0.0 . 028804
-.0457467 2.5B63 0.1 .033674
~-.0928155 5.126 0.2 . 048284
-,1392088 7.689 0.3 . 072634
-.18B49266 10.252 0.4 ,106724
-.228986390 12.815 0.5 . 150554
-.2743360 15.378 0.6 204124
-.318B0274 17.841 0.7 267434
~.3610434 20.504 0.8 . 340484
-.4033833 23.0867 0.9 423274
-.4450489 25.630 1.0 .515804
Table s2: Cmey V5, &, Loy Cy (Mm=2)
MACH 10
Cm cg Angle of Attack - CL Ch
.0010761 0.0 0.0 .015517
-.003715 1.408 0.01 .01576
-.008472 £.816 0.028 01850
-.013185 4.223 0.03 01773
-.017884 . 5.631 0.04 01845
-.028533 7.039 0.05 .02166
-.027160 . 8.447 0.06 . 02436
-.031746 9.854 0.07 .02756
-,036299 11.262 0.08 03124
-.040817 12.670 0.09 . 03542
- . 045302 14.078 0.10 . 014008
-.088272 £8.155 0.20 .11380
-.127834 42 .233 0.30 .236865
-.163988 56.310 0.40 40864
~-.196735 70.388 0.50 68977
-.226074 B4 .466 0.60 . 80004
Tﬂ‘)'e 53 Lm“) Vs a, (“ILD (H=IO)
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Ughicle Summary

Uehicle Name:

le Discription: UMANNED SCRAMJET TESTBED

tscram

File = BE:GOLD.DAT Output File = B:GOLD.OUT
Date = (01-01-13880 Date = 01-01-1380
Time = 00:01:27 Time = 00:03:13
h = 73 Height = B Span = 32 TRoot = 5.1
y = 1,570 SWing = S08 SVert = 51 SHorz = 0
gr of: RamJets = 5 Rockets = O TurbRamdets = O
st of: - 100,000 = 0 - o
= 10,000 Fuel! Dansity = 14,389 LOX = 0
ts: GTOW = 44,133 Pauload = 0 Dry = 33,3803
Landing = 34,013 Entry = 34,0383
s: GTOW'S = 8E .34 AR = 1.3980 T/GTOW = 11.33 /8 = 9B%.00
Weight Statement
Group 1: dero surfaces 910
Wing 543
Uertical 361
Horizontal 0]
Fairing 0
Group 2: Eody structure 12,821
Basic body 6,182
Secondary 1,533
Thrust 3,134
Integral fuel tanks 1,306
Integral Ox tanks 0]
Group 3: Thermal Protection System ’ 2,352
Uehicle insulation 2,352
Cover panels 0]
Group 4: Launch and Recovery Gear 1,638
Launch gear 110
Landing gear 1,527
Group 9: Propulsion 10,953
FRocket engines o @]
Ramjets 7,000
Turboramjet 0]
Nanstructural fuel tank 0O
Nonstructural Ox tank 0
Fuel tank insulation 704
Ox tank insulatign 7086
Fuel system 650
Oxidizer system 299
Pressurization system 1,025
Inlets 175

FlauRE WEIGHT 1

13




Weight statement for:tscram

Group

Group

Group

Group

Group
Group

Group

Group

Group

Group

G:

8.

10:

i

17:

18:

cl:

cc:

c3:

c5:

Orientation Control System

Engine gimbal system 0]
Attitude control system 183
ferodynamic cantrols 579
Seperation system 132
ACS tankage 0]
Power supply
Electrical System 716
Hydraulic/Pneumatic Sys 38
Avionics

Crew Provisions

Uehicle Dry Weight-

Crew

Payload

Residual Propellant
Trapped fFuel 75
Trapped Oxidizer 0

Reserve Propellants
Fuel 80
Oxidizer 0
ACS fFuel 0
ACS oxidizer 8]

Entry Weight

Inflight Losses
Fuel 40
Oxidizer 0

Main Propellants
Fuel 10,000
Oxidizer 0
Gross Weight

FIGURE WEICHT L
coN'rwuao

Page 2

834

754




Gold Weight Estimate
Thomas Greiner

Structure-
Skin 7955 1b.
Internal 2386 1b. |
Total 10,341 1b.
Engines
Scramjets 1500 1b. x 4 12,000 Ib.
TFRJ 5500 1b. 6500 1.
Total 18,500 1b.
Electrical
Computers 75 1b.
Patteries 300 1b.
AVICNICS 100 1b.

Transmitter 35 1b

Tota! 510 b

Ceobing Systems

Coclant 3151

Distrmbution 43510

Heat Dyinanger 485 10,

Burrns 75

Total 1210 M

Suel Tark 40132 1b
insulaticn 400 1b
Landing Gear 200 1b Empty Weight 36,274 I
Fuel 11,5001k, Gross Weight 47,774 1b.

Figure: Weight2 ORICINAL PAGE 1S
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Rocket Booster Fuelestimate for Hypersonic Vehicle |

Aircraft weight 47000 1b
Estimated booster weight 15000 1lb

Estimated total weight 82000 1lb.

Specific Impulse 240 s

1g acceleration

Total Rocket
Mach Vel Thrust t t W-dot Fuel SFEC
# (ft/s) (1lb) (s) (s) (lb/s) (1lb) Seconds

8 774.35 C 0 0 0 0 0.000088
1 8967.84 62000 6.012111 6.012111 258.3333 1553.128 0.0002
1.2 1181.53 60436.18 6.012111 12.02422 251.8174 1513.854 0.000188
1.5 1451.913 58888.26 9.018105 21.04232 245.3677 2212.752 0.0001984
2 1835.884 56610.25 15.03015 36.07248 235.8760 3545.254 0.00021
5 2419.85 52887.42 15.03 51.10248 220.3642 3312.075 0.000218

3]

12137.18

Figure: Booster?2
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7177
8886.89
14413.38
15884
23442
31258

TFRJ
Fuel
(1lb/s)

0.710523
1.777383
2.825022
3.100886

4.92282
6.845502

10.68591
33.88870
85.25007
177.5783
348.8221

837.3051

82000
60436.18
58888.286
56610.25
52887.42
49225.52

i

Figure:

rocket
Volume
(£t 3)

15.
14.
21.
34.

32.

Section

3.117252
3.038628
4.441188
7.115604
6.6475395

Booster?2 continued.

0
74.55018
71.21842
103.0257
178.8808
174 .08286

601.5558

7%




Q based on M=6 at 70,000

a= 967.89421 v= 5807.8528078 Q= 2358.837
CLIMB ANGLE=4 DEGREES
Vint 1404 .843
M=.8=774.353FT/S
Altitude Temp. Density a v M

(ft.)> (R> (slug/ft~3) (SLUG/S"2 (FT/S)
40000 389.99 0.000587 774.3537 0.8
40000 389.99 0.000587 89687.8421 1
40000 389.99 0.000587 1161.530 1.2
40000 389.99 0.000587 1451.913 1.5
40000 389.99 0.000587 1935.884 2
40000 389.99 0.000587 2419.855 2.5
40000 389.89 0.000587 2359.837 2834.885 2.928788
45000 389.99 0.000482 2358.837 3185.274 3.301100
50000 389.99 0.000364 2358.837 3601.297 3.720571
55000 389.99 0.000287 2359.837 4058.621 4.183041
80000 389.99 0.000226 2359.837 4573.796 4.725278
85000 389.99 0.000178 2359.837 5154.053 5.324754
70000 389.93 0.000140 2359.837 5807.851 5.999999
75000 389.99 0.000110 5807 .651 5.998998
80000 389.99 0.000087 5807.651 5.999999
85000 394.32 0.000088 5839.803 5.999999
900600 402.48 0.000053 5889.918 5.999999
95000 410.64 0.000041 5859.426 5.999999
100000 418.79 0.000032 8013.274 5.899993
100000 418.79 0.000032 £5138.798 6.5
100000 418. 7¢ 0.000032 7021.321 7
1000600 418.78 0.000032 7522 .844 7.5
1000340 418.7 0.000032 - 8024 .387 8
100060 418.79 0.000032 8525.8390 8.5
100000 418.78 0.000032 39027 .413 3
100000 418.79 0.000032 9528.9386 9.5
100000 418.79 0.000032 10030.45 10
100000 418.78 0.000032 10030.45 10

Figure: Profilel
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dist t ' t '4 Dist Dist

(angle 4)(seconds)(seconds) (ft) (ft) (miles)
5 "5 3871.788 3871.768 0.733289

20 25 17422.85 21284.72 4.033082

20 45 21284 .72 42589.45 8.08B6184

20 85 26134.43 68723.89 13.01588

20 85 33877.97 102601.8 19.43217

20 105 43557.38 148159.2 27.88187

71877.99 27.28121 132.2812 71505.44 217664.7 41.22437
71877.99 23.77312 156.0543 71505.44 288170.1 54.78707
71877.99 21.09239 177.1487 71505.44 360875.6 88.308977
71877.838 18.71507 185.8618 71505.44 432181.0 81.85247
716877.99 16.60870 212.4885 71505.44 503888.4 895.385186
71677.99 14.738B5 227.2051 71505.44 575191.9 108.9378
71877.989 13.07789 240.2830 71505.44 646587.3 122.4805
71877.99 12.341898 252.8250 71505.44 718202.8 136.0232
71877.89 12.34188 284.9670 71505.44 788708.2 148.58589
71877.99 12.30792 277.2749 71505.44 861213.7 183.10886
71877.99 12.21119 289.48861 71505.44 932719.1 176.8513
71877.99 12.083801 301.5741 71505.44 1004224. 180.1940
71677.98 11.96857 313.5427 71505.44 10735730 203.7367
43 356.5427 268568.5 1345288. 254.73914

43 399.5427 281134.0 1638432. 308.8304

70 4869.5427 508045.7 2145478. 406.3408

70 539.5427 544152.4 2588630, 5089.3987

70 608.5427 579259.0 32888389. 613.1079

70 £579.5427 £514365.8 3833255, 735.4650

70 749.5427 B849472.2 4532727. 858.4711

70 819.5427 8384578.3 5217308, 983.12862

120 838.5427 12038655 B8420881. 1216.091

Total Total Total

BZE6 10.43333 5345231. 1012.35%4

Figure: Profiiel

0
9.678421
8.8789421
14.51913
24.18855
24.18855
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TYPICAL COOLED PANEL CONFIGURATIONS
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Jotal Development and Evaluation

Airframe Engineering 1,697,859,405.60
Development Support 1,384,147,764.00
Flight Test Aircraft 201,706,296.40
Engines & Avionic 20,414,855.50
Manufacturing Labor 106,997,571.50
“Material & Equipment 10,931,449.70
Tooling 350,190,800,20
Quality Control 13,171,619.50
Flight Test Operations 32,259,410.80
Test Facilities 0.00

Total $3,615,972,876.80

Figure: Cost1
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APPENDIX A

WING:
SUBSONIC:

Cpe=Cpr= Cr [1+2%t/7¢+100%(t/) Syt /Sper
Cps @ Skin friction drag coefficientwhich is constant in the

subsonic region.

Cf : Turbulent flat plate skin friction coefficient,

(Nicolai, Figure E2).

TRANSONIC:

Cpo=Cpr* Cpo=Cr [1#1/Cl Syet/Srer *BCpo

ACDO : Wave drag coefficient (Nicolai, Figure 11.10).

SUPERSONIC:

v e bl s b e e et T e e et i L St

For wings with round-nosed airfoil sections and supersonic leading

edge use :

Cpo=Cpr*Cpye*l1673/BI¥(L/C)Z %Sy 01 /Spet
Cor=Ct *Swet/Sref

sz [CfC/Cﬁ]*Cﬁ

g
mE sl

Cs/Cpy - Account for compressibility effects above Mach # |

Cpje=(2.56/b)X[r| o *AR*COSZY, /[ | +

(Datcom, Figure 4.1.5.1-15).




Cpje :Leading edge bluntness term.

The Cp, for the wing ivs listed in Table ADI.
BODY:

SUBSONIC:

Cpo=Cpr*Cpb

Cpp=1.02%Ce*(1+1.5/CihZ+ 778l S o1/ 5p
Cpp=0-029%(dy,/8)3/(Cp)0-3 |

where Cpy, : Base pressure drag coefficient.

TRANSONIC:

Cpo=Cor*Cop*Cop*Cpp

Cpg=1.02%C¢*[Cso/Ce1* Spar/Sp
Cpp=1.02%C([1.5/(0/32+7/ (b))% Spo/Sg
Cpp="Cpp*(dy/d)?

Cpb‘ Base pressure coefficient (Datcom, Figure 4.2.3.1-17).
Cpp: Subsonic Pressure Drag.

CDp: Supersonic Wave Drag (Datc‘om, Figure 4.2.3.1-18).

SUPERSONIC:

Cpo™Ct*Srer/Sp*Cpn2tCpatCpane)t Cob
Cpno: Nose wave drag (Datcom, Figure 4.2.3.1-50).

Cpa: Body after body wave drag (Datcom, Figure 4.2.3.1-[36-38])

L)

AY

"y




CpA(NC): Interference drag coefficient acting on after body due Lo
center body and nose (Datcom, Figure 4.2.3.1-54).

Cpp : Base pressure drag coefficient (Datcom, Figure 4.2.3.1-44)

The Cp, for the body is listed in Table AD2.

The final Cpo value can be obtained from the following equation:

Cpo=ICpolwing*ICholbody *Bref /5B
The (Cpoldtotay iS tisted in Table AD3

WING-BODY COMBINATION:
SUBSONIC:

= + '/-)(-7 2+ #-X- - 2
Co=CpotK*C “+K™*[C -C min]

K?=1/[n*AR%¢]

e=e[1-(d/D)?]

K% tnviscid drag due to 1ift (induced drag).

K? Viscous drag due to lirt due to flow seperation and increased skin
friction (Nicolai, Figure 11.6).

e : Wing efficiency factor.

e” Wing planform efficiency factor (Nicolal, Figure 11.5).

TRANSONIC:

The values for €, and K have been estimated using Figure AD7 and

Figure AD8. In these graphs the values of CL and K were esttmated

Wk




by simply connecting the subsonic and supersonic values and then |

reading the corresponding CL and K for the transonic region.

SUPERSONIC:

Cp=Cpo*K¥ [CL~Cuminl?

K=1/CLK— AN for subsonic leading edge.
K=1/Cy

AN=(AN/D Neoro! “BNu=po

AN“ =1/C, —(k+K™)

<o M=1-0
K: Drag due to 1ift factor.

A N: Leading edge suction parameter.

Cy :supersonic lift curve slope (Nicolai, Figure 11.2).

(BN/BN_ Nicolai, Figure 11.7.
Tables AD4,ADS, and AD6 1ist values for C|_/degree, s N, and

K,respectively, for the different Mach numbers.
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CALCULATIONS FOR THE SUBSONMIC REGIOH;
irogram AAESISH,
const
= 7225;
pi = 2.141593;
cdo = 0.0129885;
uk = 0.3103235;

var

«m, cl, cd, d, v, ht,r, xx, ala, cla, W: real;

outfile : teut;
tt : boolean;
384 : integer;
segin
showtert;
rewritef{outfile, ‘hani:outd'’);
tt = false;
while not tt do
begin
writein(input W, h,tr');
readin('w);
resdin(h);
readinft);
readin(r); A
writelnfw ="', w:1:2,"'1bs");
writeln{outfile, 'w=",w:1:2, '1b3");

wm = 0.1

cla:= 1.6566 * pi / 180.0;

while (xm <= 0.9) do

begin
'/'-*m*”qrt(l4*1716*t)
cli=2%(w)/r/s/(yv*y),
cd:=cdo * 1.1+ (gk * cl #¢l};
dizcd*s*W*y)*r*05;
uv= ¢l / cd;
ala = r:l/c],'

write(outfile, ho 11, " um 11,0

W *fplm’w*fﬂe, ed:1:5," Lus:1:5,"

writelh 11, ame 1,y
writelnfed: 1. 5,"
wr iz Bmo+ 0.1

LA 105, L, d0




“m:=xm+ 0.1;
end;
writeln(’ hit 1 to exit’y;
readin({aaa);
if (aaa = 1) then
tt = true;
eng,
and.

W3




CALCULATIONS FOR THE TRANSONIC REGIONS)

rogram A4AES 1SH;
const
5=7225;

var
um, cl, d, cd, cdo, #k, v, h, t, r, ¥4, ala, cla, w . real;

infile, outfile : text;

tt : boolean;

883 : integer;

procedure detcdowk (xm: real;
var cdo, ¥k, cla : real);

begin
if (xm=19.0) then
begin
Kk :=031;
£do = 0.0147191;
cla:= 1.683;

end;
if (um = 10.0) then

begin
wk = 0.30;
£do = 0.034345;

cla = 1.724;

end:
if {#m=11.0)then

Wil iE -

end;
if (urn= 12.0) then

begin
wk = 0.25;
cdo = 0.039493;
cla = 1.722;
end;
end;

egin
reset(infile,

Al b s
vaigc’/?.'i./:?.,

‘Paperz:datal’y;}




rewrite(outfile, 'Hani:outs');
tt = false;
whﬂe not t! do
begin
writeln(input W,h,trj;
readin(w);
readin(h);
readin(t);
readin{r);
wmteln(outme 'we=',w:1:2, '1bs’);
writeln{'w = ©1:2,"1bs '),
wm = 9.0;
while («m <= 12.0) do
begin
vz um * sqri(1.4* ¢t * 1716) / (1e01);
cl=2%(wi/r/s/(v*y);
detcdoxk{xm, cdo, k, cla);
cd = cdo* 1.1+ (xkk * ¢l #cl);
gizcd*c*{y*y)*r*05;
A= um / 1e01;
ww=cl/cd:
ala:= ¢l /(cla *pi) * 180.0;

write{outfile,h: 1.1, “um:t:1," ‘w13, Sel:1:5," "%

writeln(outfile, cd:1:5," ', «%x:1:5," ' d:1:2,"' ", ala:1:2};
lwrite(outfile);}
write(h: 1:1," um:1:1," "v:1:3, " cl:1:5"
writeln{cd: 1:5," ", «%x:1:5," ',d:1:2," ", ala:1
{writeln;}
“m .z um * 1e01;
“m o= km+ 1.0;
end;
writeln{'Hit 1 to exit’);
readiniaza);
if jaa = 1 then
= trug;




CALCULATIONS FOR THE SUPERSONIC AND HYPERSONIC PE!GDNS}

yrogram AAES15H;
const

= 722.5,‘

= 3.141593;

var
um, cl, d, cd, cdo, xk, v, 4%, ala, cla, h, t, r, W : real;
infile, outfile : teut;
tt : boolean;
asa: integer;
procedurs detrr’o"?( im : real:}
Yar cdo, vk : real):}
begin
nd:}

lU

egin
reset{infile, 'Papers:datal’);)
showtext;
rewrite(sutfile, ‘Hani:outs');
1= false;
while not tt do
begin
writeIn('input W htr);
readinfw);
readinth);
readin(t);
readin(ry;
writeInfoutfile, 'w=",w:1:2,"'1bg");
writelnCw =", w0 102, 1bs');
wm o= 150,

while (um <= 100.0) do
begin
vozum * sqri(1.4 %L ¥ 1716) / (1e01);
c‘. =22 0wyl r/s/(v*y)
etodonklam, cdo, #k)i}
if (um = 150) then
begin
Ak = 0.35; :
cdo = 1.2 % 0.037375:

!

K

[3a




cla:= 2.2355;
end,
if (um = 20.0) then
begin
wk = 0.420;
cdo = 1.2 * 0.028804,;
cla = 2.092;
end,
if (xm = 25.0) then
begin
%k = 0.5210;
cdo:= 1.3 * 0.025900;
cla:= 1.9193;
end;
if (xm = 20.0) then
begin
%K = 0.602;
cdo:= 1.3 * 0.02420;
cla:= 1.662;
end:
if (um = 35.0) then
begin
uk = 0.7294,;
cda:= 1.2 * 0.022705;
cla:= 1.371;
end;
if (#m = 40.0) then
begin
uk = 0.8202;
cdo:= 1.2 * 021767,
cla:= 1.1361;
end;
if (xm = 45.0) then
begin
4k = 1.02;
cdo = 1.3 * 0.02077;
cla:= 0.980;
end;
if (xm =50.0) then
begin

o= 1161
K4

\22>




end;
if (xm = 55.0) then
begin
®k = 1.294;
cdo:= 1.3 * 0.019427;
cla:=0.773;
end;
if («m = 60.0) then
begin
®k = 1.422;
cdo:= 1.3 * 0.018758;
cla:= 0.703;
end;
if (um = 65.0} then
begin
“k = 1.55;
cdo = 1.2 *0.0183272;
cla = 0.64S;
end;
if {um=70.0) then
begin
uk = 1.672;
cdo:= 1.3 * 0.01763583;
cla:= 0.593;
end;
if (xm = 75.0) then
begin
%k = 1.799;
cdo:= 1.2 * 0.017373;
cla:= 0.556;
end;
if {(um=80.0) then
begin
uk = 1.922:
cdo = 1.3*%0.017012;
cla = 0.5203;
end;
if {4m =85.0) then
begin
uk = 2.049;
cdo = 1.2 * 0.0166647;
cla = 0.488;
end;




if {xm =90.0) then
begin
wk = 2183,
cgo:= 1.2 * 0.01639;
cla = 0.458;
end;
if {#m=95.0) then
begin
WK = 2.32;
cdo:= 1.2 * 0016125,
cla:= 0.431;
end;
if (xm = 100.0) then
begin
wK = 2.457;
cdo:= 1.2 * 0.015517;
cla := 0.407;
end;
cd:=cdo/ 1.3 % 1.25 + {4k * cl * ¢l};
dizcd*s*(v*¥y)*r*(5;
smo=wm / (1e01);
%= cl/ cd;
ala:=cl/{cla * pi) * 180.0;
writefoutfile, ho 1.1, ", xm:1:1,
writeInfoutfile, cd: 1:5,"

LR 105,

write(outfile);
‘;ri‘fe{h 1 1' , A {: !, , Y 113,' ,CI 1 5, ),}
critelnfed 105, Lux:1:5," d:1: )
arivaln;;

A= Am ¥ 1801,
“m oz um + 5.0

end,
writeIn’Hit 1 to exit'y;
readin{asa);

if saa =1 then
tt = true;
end;
and.

\2 ¢
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program INMLETAREA -
dimension H{Z0) ,D{3I0) ,T{3I0) ,MACH (Z0) (VEL (200 ,BLD (30)
dimension HMOZ0) ,DMIZ0) , THIE0) (WIR{E0) ,AREA CZ0) L BAREA {Z0)
real MACH,Q

openiunit=1,file="INLETAREA.DAT )

AL T=35000,

do I=1,13
ALT=ALT+E000.
HI)=ALT
T(I)=389.99

end do

TL10) =394, 69
T{11)=40Q2.48
T{12)=410.64
T{13)=418.79

D{1)=.00038727
D{2)=.000456227
D{3)=. 00035321
D(4) =, 000285652
D{3)=.00022561
Di&)=. 00017767
D{(7)=.00013993
Di{8)=.000110272
D{F)=,00008687
D{10) =, 00006771
D(11)=,00005253
D(12)=.00004097
D{(13)=.00003211

J=0.
write(s,5)
format (" _

=

write{b,20)
wrrite{d,30)
write(bd,5)
writef{l,3:
write(l , 20)
writel{l,30)
write(l,5)
format {* PMach #',5X, ‘Altitude’ ,6X, Mass flow ,7x, Area’ ,ox
s Corrected Area ,8X,'Y’")
format (14X, " (ft) ",8X, " (lb/sec) " ,7%, (FLe2) ", 7%,  (FLe&2) ", 9X,  (Fosx2) )
do I=1,13
18 J=J+1
write(b,*) ‘Enter Mach #, WIR, % bleed at ~,H{I),  ft-’
read(S,%) MACHI) JWIR{I) ,BLD(I)
HM T =H (1)
DM{Ji=D{1)
TH{J)=T{I)
VEL (J)=MACH () #BERT (1. 4% 17 16T ) )
AREA () =WIR(J) /{32, 2«DM (J) #VEL (J))

BAREA (J) =AREA (J) #ELD () +AREA (1) ~ ORIGINAL PAGE IS
Y=HAREA (J) /7. " OF POOR QUALITY
write(6,40) MACH (J) JHM(I) ,WIR(T)  AREA () , BAREA (J) , Y

write(1,40) MACH(I) ,HM(I) ,WIR(I) ,AREA(J) ,BAREA (J) Y
120
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format (1X,F4.2,8X,FB.1,53X,F&6.1,10X,F&6.23,BX,F6.5,10X,F3.3)
write(é,%) ‘Enter 1 to enter another Mach# at same altitude else 27
read(d,®)

if(G.eqg.1) goto 10
end do
close(l)
stop
end

V27
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program INLETANGLEMS

dimension M(15) ,MN(15) ,BET(15) , THET(15) (XT(15) ,FPOR{15)
real M,MN . '
openf{unit=1,file=" INLANGM&L.DAT?®)

write(é,%) "Enter Theta, M1, NR’

read(5, %) THETA,M(1),NR

M(1)=6.

NR=8

THET (1) =THETA%3.141592654/180,

BET (1)=RETAXZI, 1415924654/180,
TT=TAN(THET (1)) /2.

do 30 I=1,NR

write(é6,%) *Enter Theta for Mi=6 and NR=8",I
read(5,%) THETA

BRETA=THETA+ZI. .
THET(I)=THETA%Z. 141392634/180.
BET(I)=BETAXI,141592654/180.
TT=TAN(THET (1)) /2.

TR=0.

if (ABS(TT-TE).1t..00001) goto 20
BET(I)=BET(I)+(TT-TE)%1.7

A=(M(ID) ¥X2. X (1. 4+COS(Z.XBET(I) 1) +Z2 ) XTAN(BET (1))
TB=(M(I)XX2.XSIN(RET(I) ) ¥%2.-1.) /A

goto 10

XT(I)=4.,/TAN(RET (1))

MN(I)=M(I)XSIN(BRET(I))
MN(I+1)=SART((MN(I) X2, +2./.4)/(2.8/. 4%XMN(I)¥%x2.-1))
MOI+1)=MNC(I+1)/(SIN(BET(I)~-THET(I)))
B=(1.166b66666607%MN(])XX2.~. 166656656565656567K%~2.5
POR(IV=(1.2KMN(I)XX2. /(1. +.2XMN(I)XX2.) ) %%x3Z.5%EB
THET(I+1)=THET (1)

BET(I+1)=THET(I+1)

continue

write(s,50)

format(® THETA?,4X,’BETA" 7%, " M(I)®,7X,*M(I+1)7? ,S5X,*FOR",8X, XT")
write(1,50)

TPOR=1.

do 40 I=1,NR

BETA=BET(I) /3. 141392654%180,

THETA=THET(I) /3. 141592654%180.

write(6,60) THETA,BETA,M(I) M{I+1),FPORCI), XT(I)

format (1X,F3.2,3X,F5.2,5X,F&.53,3X,F&.3,8X,F6.5,5X,F3.2)
write(1,60) THETA,BETA,M(I) M(I+1) ,FPOR(I),XT(ID)

TPOR=FOR (1) XTFOR '

continue

C=(1, 16666666667 4M(INR+1)XKX2. —. 16666LLLL667) ¥X-2.5
TPTR=(1.2XM(NR+1) X2,/ (1. +. 2XM(NR+1) XX2.) ) XXZ . SXCRXTPOR

write(6,70)

format(/,> TPOR®,7X,"TFTR")

write(6,80) TROR,TRTR

format (1X,F6.5,6X,F46.5)

write(s,%)’
write(1l,70)
write(1,80) TFOR,TFTR

write(l,%)’ :
goto 1 '

close(l)

stop :
end . \ ¥
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THETA
5. 00
&L D0

S
/ow i

8.75
10,25
12.00
15,258

12.25

TFOR
L0578

11.00

1",‘! M

EOAr g |

13.75

TROR

—w e gy
PR T N

THETA
S.25
H.25
7 .25
8.30
.7
11.00
12.75

12,25

A

14,00
13,00
135,00

TFOR
L7131

BETAH
13,16
15,20
17.79
21.13
25.28
JI0.92
38. 60
49,40

TFTH
. 69241

BETA

1Z.3

15.47
17.94
21.07
24,91
29.82
365,63
48.954

TRTR
69591

RETA
.36

15.47
17.94
21.07
24.%1
29.82
18.25

48. 32

TFTR
67410

BETA
12,326
15.47
17.94
21.07
24,91
29.82
ST .4
48.41

THETR
« OF540

MDD

. OO0
a3
4,647
2997
3372
2.790
2.240
1.730

=
wd

6. 000
5. 282
4.594
7. 958
3. 357
2.806
2.299

1.822

6. 000
9.282
4.594
3.936
34357
2.806
2.299
1.761

& . D00
S.282
4,594
H.956
2.357
2.808
2.299
1.791

M{I+1)
5,315
4.647
3.997
A7
2.790
2.240
1.730

. 290

M{I+1)
5.282
4,594
Z.956
. 357
2.806
2.299
1.822

1_'0.""?_4‘

e

M{I+1)
5.282
4,594
Z.9586
2.357
2.806
2.299
1.761

1,322

POR
» FEb24
PSRBT

- PEEOE

<4735
P47 LD
«F4547
. 25887
W FTEIN

XT
17.11
14,73
12,46
10. 35

8.47

b, 68

5.01

o
B A

FOR
76146
. P55
«F5447%
- FB252
- P8462
- FEII2

. FHART

. 96644

FOR
«F6144
. 25595
« 25447
. 95252
544D
. FT9ER
« FERRZ

« PTEH68

‘16.84

14,435

12038

10,38
8.61
&.98
5.3t

o
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5.282

4,394
I.956
J.EH7
2,806
2.299
1.791

FOR

- P6144
. 5595
D544
. FERE2
- FEA6R
- FEI2
» 25883
97189

10, 3¢
8.61
5.98
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R
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THETA
5,00
S.00
Sl 00
9. 00
5. 00
8. 33
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TFROR
. 83877
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M{I+1)

THETA
&l 00
- PRl
6. Q0
&. 00
&. 00
10,00
10.00
10000

TROR
. 7E061

BETA

13,16
14, 59
15. &7
17,02
18.45
2272

22
f -y
25,65

29,10

TFTR
« 50916

MDD
b 000
S.515
4,756
. 288
%.B888
3,540
3.038

2,617

6. Q00
5.182
4,541
4,020
Z.585

Y
et .a."-ls-‘

2.677

2 merey

e aaat S

MAT+1)

S.315
4,736
4.288
I.888
3.540
3L035
2.617

R Loty
[ aaw

S.182
4.541
4. 020
3.585
S.213
2,677
2. 237

1.856

FOR
«FEEEZS
 PTEGE
78193
. PBLHES
. 9BIS0
e FHEGOT
« 97687
28384

FOR

. 94491
«GEZRT
LF7EEG
. 28085
785832
«FE641
7180
LFRL1I02

PR ——

XT
17.11
15.59
14.26

X 07
11.99

.55

e
et

7.1%

THETA
700
7. Q0
7 .00
7.L.00
7 .00
11.67
11.67
11.467

TFOR

Ty B
w 7S

BRETA

14.84
16.860
18.49
20,355
22.82
29.56
I5.24

- p M
43,62

TRTR
. 67477

6. 000
5.048
4,334
3.769
3.306
2.916
2.336

1.874

MI{I+1)

. 048
4.334
3.769
Sl 306
2.916
2.356
1.894
1.478

FOR
RLTTY
- 24705
. RE43E
IETELY
. FB2Z
24801
sF6T7T71
L7815

1&. 10
132,42
11.96&
10,67
?.351
7.05
H. &6

420

g. 00
.00
.00
8. 00
8.00

4 T “r=r
R SEeeCyraEah )

- -r-r
RAMBEE

- wenr
135,35

TROR
. &5296

17.77
19.99
22,46

e
e LI

EIRLBY
41,84
A0, 88

TFTR

- 635296

b, OO0
4.915
4,133
PR
3.050
2.643,
2,063
1.571

MiI+1)

4.915
4,133

- | ~yhies
IR

. 050
Z.645
2,067
1.5871
1.019

» 95484
L8972
. P70
. 24092
2 FEIF0
L2447 4

14,21
12,48
10,99
F.bHT
3. 48
&, 02
4.47
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THETA
7 .00

T .00

7 .00

T .00

7 .00

140,00
11.Q0

14,00

TRPOR

"‘“"1"\
PR, 5

M{I+1)

& .00
7 .00
8.00
.00
10,00
11.30

13,80

TFOR
L7621

14.84
1&. 60
18, 49
20,55
22.82
28.01
IE.8B6

44,2646

TRTR
- &7T73I0

EETA

15,16
15. 20
17.58
20,40
23.79
28.040
24,04
44,09

TPTR
. 5B940

6. 000
5.048
4,534
J.T69
Z.306
2.916
24856
1.990

&L 000
5.315
4,647
4,019
F.4473

2.917

2.437
1.970

MLiI+1)

5. 048
4,33

3. 769
5. 306
2,916
2. 4356
1.990
1.477

S5.315

4,547

4.019
T, 447
2.917

2.437.

1.970
1.479

FOR
21779
L4705

. FE4EE
97519
L FR2E1
« FETEO
«FT045
. PEOF4

«FE6E24
5947
. FETRE
LFIT7IE
«PEHLO0
» 6547
«FEEEE

» FETI0

THETA

5.00
S.75
&S0
7 .50
8.73
190,00
10.75
11.25

THOR
 7HO0LT

M{I+1)

THETA
4,00
& .00
8.00
10, O
12,00
103, Q0
13,00
17,00

TFOR
 BBOTE

14,99
17.09
12.74

23,12

i 4
e/ a

32.49
I9.49

TFTR

« BEEF0

BETQ

14.93
18.16
22.19
27,54
20.46
38.97
6. 94

TPTR
«OHE0TE

&L 000
J. 315
4.674

. 085

- e
i q.J-_l

3. 0037
2.507

2,061

4. QOO0
T. 4350
4,754

4,012
Z.295
2,633

2199
1.706

MOI+1)

S5.315
4.8674
4,085
J.531
L0035
2,507
2,061
1.8630

. 450
4,754
4,012
F.295
)

2,633
2.199
1.706
. FEE

FOR

« FEE2E
L6424
. 26444
. 26313
«PH14T
D299
~RT0AZ
27748

~FB1E0
»P5715
. PIBEE
. F2489
- (;:r I.."ﬁ
«F7287
LGER2E
«P2TEHT

15,10
13,42
11.94
10,67

P.EL
7.5

i

&5
4,10

17.11%
14,73
12.62
10.768

Q.07

“7ooEned
A

5.92

4,15

13,01
11.15
2,37
7,73
S 628

18, 24
15,00
12,19
F.81
YwE
&80
4.94
2.04

THETS
.00
. D0
7R
8.75
10,25
15,050
12,00

12,75

THOR
» 702875

RETA
17,16
15, 20
17.79
21,17
5. 28
1.F0
A7 .96
49, 86

TFTR
L HFOBT

6. OO0
PR g
4.647
3.997

- e
S.AETE

2.720
2.193%
1.739

M(IPI)

P R
4,647
2.997

HOETR
2790
2.1

FOR

« FEEGREY
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THETA
4,00
S5, 00
&, 00
700
.00
.00
10,00
12.00

TFOR
. 78848

MLI+1)

THETA
=500
&. Q0
7 .00
8. 00
2.00
Q.00
12.00
14,00

TFOR

. 73517

MT+1)

5.00
6. 00
& .00
7 .00
Rl
10,00

12,00

e
IR )

. TIELY

MOI+1)

i
7 .00
.0
i, 00
13, 00
11.00

a0

TIROR

R A

BETA

sy e

14,12
16.19
18. &4
21.5855
24,22
29,10
F&.01

TRTR
62173

13,16
15.20
17.88
20. 40
27.79
27.10
3,98

e

44,27

TETR
. 58881

BETA

12,16
14,39
16.47
18.12
20.70
22.99
28.20

=4, 82

TFTR

. 60130

BETA

12,37
14,12
17.02
19.79
23,99
27.62
23,07

42,273

TETR
. 567549

M1

H. 000
. 450
4.867
4.287
3.731
G211
2.782

e
g.de

& QOO
3.315
4,647
4,019
J.443
2.917
2.485

1.989

6. GO0
5.315
4.756
4.198

ey e
Da LD

3.276
£2.891

2.415

b QD0
5. 450
4,847
4,193
3.580
2.9867

2.478

2.025

M{I+1)

S. 480

4.867

4,287

3,731
S.211
2.782

bl
aowsatal b
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4. 647
4.019
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2.917
2. 485
1.989
1.477
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S5.315
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I.276
2.891
2.415

1.93%1

3. 480
4.867
4. 197
3580
2,967
2.478
2,025

1.850

FOR

. 98180
LPTIOE
LREBLY
L9534
. POEEZ1
LPTER2T
LRE6917
LFO611

FOR
. FEO24
. FE9E7
COETES
LFETYE
L R6100
« FTA0T
L PEOOR
. P65

PO
76624
«P736E
«P7008
7854
»PT7EBO
L FE271
« PELE2R
GPETET

78180
W DTIRE
- 2H1BE
FDELE
947518
» PEA4OE

XT
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15, 90
17,78
11.86
10,13

8.89

7.19
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P T e e 4
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THETA
4.50
5. 50
b, 50
7.30
8. 50
F.30
10.50

BETA

12.76
14,565
16.88
19.31
22.65
26.51

z1.47

%

M{I)

6. Q00
5.383
4.756
4,151
Z.5B84
2.0861
2.580

12,50

TFOR

« TH295

M{I+1)

THETA
4,30
5.30
7 .00
8,30
11.0Q0
11,50
12.00
12,00

M{I+1)

4.30
5. 00
S.75
&H.75
8.00
9.25
F.30

11.25

TFOR
L7010

M{I+1)

4,30
& . 00
750
Q.o
11.00
12,00
12.50
14,00

TFOR
. 58928
THETS
4090
Sa 00
a0
.0
10,00

13, i

K o . e
37.86 24133

TFTR
« OOHIIT7

BETA MI)

12.76 6. 000
14,65 5.383
17.30 4,756
20.52 4,105
25.43 3474
J0L13 2.825
I6.48 2.291

47 .32 1.823

TETR
. 68B75

BETA M{I)

12.76 ba. 000
14,25 o. 583
16,13 4.812
18.50 4,265
21.34 3.733

e T T.212
R X

25. 30
2.717

29.21

E5. 69 2. 293

TFTF

62228

BETA MDD

12.76 &, Q00
15.06 S. 583
17.86 4,700
21.72 4.G17
26.18

21,86 2.718
x8.71 2.182
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TFTR
. 68509
BETA M)
12,764 & OO0
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16,55 4,812
4,240
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12,50

TROR
L 7AT09
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TETR
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24048

M{I+1)

- -
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4.7356
4.151
3.584
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2.580
2.133
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4.105
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2,291
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4,017

.35

2.718
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1.710
1.188

5. 383
4,812
4., 242
2. 998
2,502
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1. 588

FOR XT
»PT7A4TE 17.&6
» PHTE2E 15,730
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- FH159 11.2%9
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- PEELEE 8.02
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FOR
L7473
«FETRE
95462
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L7145
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. 93874
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. P6659

- P651E

FOR
LGTATT
LRT4TY
LGET 14
LOELTE
LFALED

4.84

17.66
150320
12.84
10,68
8.41
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S.41
.69
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15,75
135,84
11.95
10,13
8. 46
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THETA
5. 00
& . 00
7.25
8.75
10,25
11,00
12,00
14,28

TROR
. 70931

THETA
5.530
&. 50
8.25
.75
11.25
12.75
14,00

14,50

TFOR
.7199%

MiI+1)

.50
H. 80
7 .50
8. 50
.30
10,50
12,50
14.50

TFOR
. 70784

M{I+1)

THETA
5. 00
G50
7 .30
8.5
G50
10,25

102,55
al e wlad

14,30

TPOR

L 71273

THETS
& DG
70
.00
AN
10, 00
12400
135,006

15000

TFROR
W &TE80

BETAH

13,14
15.20
17.79
21,13
285.28
29.96
36.54

49 .37

TRTR
L 594469

47,20
X e e

TRTR
. 49905

TFTR

6755

BETA

12,16
13.61
18,15
21.15
24.78
Z9.12
Zb.14
4B8.73

TFTR

L 69523

BETA

13,98
16,71
19,03

40, 56
&0, 49

TFTR

( p oy ey
« 727"

T ey , e
2649

R i s e 6 s e it e kit e’ © e i s

MID
6. 000
S.315

4. 547

MOI+1)
5.315
4. 647
3.997
3.997 I.372
S.E572 2,790
2,790 . R.72Bb&
2,286 1.820
1.820 1.7300

M{I+1)

. 000 S. 250

5. 280 41,3542
4,542 5. 830
3. 830 30175
3,175 2.581
2.581 . 2.037
2.037 1.521
1.8521 2,059

&. 000 5. 250
5,250 4,542

4.342
Z.894
3. 309
2.781
2.301

1.814

. 894
3. 309
2.781
2.301
1.814

1.282

S.315

4,597
Z.934

T B4
T E40 2. 806
2,806 2. 554
2.33 1.851
1.851 22

LIRS

&. 000
S9.315
4.59%
F. 934

M{I)

¢ D00

S.182

4. 4357 L7770

L7770 3.177

L1777 Ea 649
Y

M{I+1)
S.182
4.43%57

N e
i u i o

1.&640

o
1,082

B
e 125

1. 4640

FOR

» FEHG24
- FEGEBT
- PEEDG
» PATES
< FATEE
» 75987
- FET2S
. FE2T7S

. 95ETT
. 95188
L9774
. 9TTR

. 54224
. P5020
. I5T54
KX KRR

. FEEETE
. 75188
- 95157
. 95437
.PER1E
964875
«PEER2
. 96087

FOR

W P62
« PEOEO
FEOLE
EFEELS
L5819
« DEHEHET
. 767588
PO

FOR

» 944491
» FHEERS
. 24589
» FSL04
W FETET
L DEBOT
W PEAEE
LEE1LS

AT
17.11
14,73
12,44
10,35

3.47

5. 94

RS

“r ~r
t e ST

165.58
14,149
11.66
.58
773
&H.01
G026

~T . R

16,58
14.19
12,10
10. 26
8.59
7. 05
5. 34

e
w3

G. 48

XT
16,06
12087
11.60G

?.73

[

)

£

™y oy

;3
U v

V3 4




program INLETANGLE

dimension M{(15) ,MN(15) ,BET(15),THET(15),XT(13) ,FOR{15)
dimension FR(15),TR(13) ,DR{135)

real M,MN,MNT

open{unit=1,file="INLANGZ.DAT").

write(é,%) "Enter M1, NR?

read (S, ¥) M{1),NR

do 30 I=1,NR

write(é, %) "Enter Theta for M1 and NR®,I
read(S, X) THETA :
BETA=THETA+3.

THET(I)=THETAXZ, 141592&654/180,
BRET(I)=BETAXZ. 141592654 /18B0.
TT=TAN(THET(I}) /2.

TE=0.

if (ABS(TT-TE),.1t,.0Q0001) goto =0
BET(I)=BET(I)+(TT-TE)%1.7

A=(M(I) X¥2, X (1, 4+COS (2. ¥BET(I) ) +2.)XTAN(BET (1))
TE=(M(I)X¥X2, ¥SIN(BET(I))Xx%2,~-1.)/A

goto 10

XT(I)=3.S/TAN(BET (1))

MNCI)=M{I)XSIN(RBET(1))
MN(I+1)=BRRT((MN(I)XX2,.+2,./. ) /7(2.8/. 4XMN(I)YX%2,-1))
MOI+1)=PMIN(I+1) /(SIN(BET(I)-THET(I})))
B=(1.15665666656667KMN(I)XX2. ~, 16666666646567)XK~-2.5
FROI)=1. 166646666667 XMN(L) XX2.—. 166664656656667
DROI)=(2.4XMN(I)XkX2.) /(. 4% MN(I)¥x2.+2.)
TR(I)=FR(I)/DR(I)
FOR(I)=(1.2XMN(I) XX2. /(1. +. 24MN(I) XX2.) )Y %X3, SXE
continue .

write(b6,12) ML)

write(1,12) M(1)

format (20X, "Mach # = *,F5.2)
write(6,135)

format (°

. )
write(6,50)
write(46,13)

format (°  THETA" , 22X, BETA" ,6X, " M(I)* ,6X,"M(I+1)"  4X,FOR" ,7X,°

X TTR? ,FX, T XT™)
write(l,15)
write(1l,30)
write(i,15)
TFOR=1.
TFR=1.
TTR=1.
TDR=1.
do 40 I=1,NR
BETA=BET (1) /Z.141592654%180,
THETA=THET (1) /3. 141592654% 180,
write(6,60) THETA,BETAM(IY M(I+1),FOR(I) ,PR(I), TRC(I) . XT(I)
format (1X,F3.2,4X,.F3.2,4%,F6.3,4X,F6.3,4X,F6.5,4%X,F7.4,4%X,F7.
write(1,&0) THETA,BETA,M(I) ,M(I+1) ,FOR(I),FR(I),TR(I),XT (1)
TROR=FOR(I) XxTFROR :
TFR=FR (1) XTFR
TDR=DR(I) *TDR
TTR=TR(I)XTTR
continusa

FR*

4,4%,F5.2)
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C=(1, 16665666667 XMINR+1) XKD, ~. 1666606646466 7)%%-2.5

MNT=8GRT { (M{(NR+1) ¥%2,+2,/.4)/(2.8/.4¥M(NR+1) %%x2.-1))

TROTR= (1. 2XM(NR+1)%X2. /(1. +. 2XM(NR+1) %%2. ) Y %X 3. SXCATFOR

TRPTR=(1. 1666465666667 XM(NR+1)RR2. ~. 166656666565667) XTFR

TDTR=(2.4XM(NR+1) XX2,) /(. 4% M(NR+1)%Xx2,+2.)XTDR

TTTR=TPTR/TDTR '

write(é6,17)

format (" ————— e e e e KEEKKKKKKKKEKRKKRRRK KKK
e TEREREKEKREKKEKRRXKK KRR KKK KT )

write(b,70)

format (° TPOR’,éX,’TPR’,BX,’TTR’,llX,’TPOTR’,?X,’TPTR’,BX,’TTTR’,BX,’MN

write(6,80) TPDR,TPR,TTR,TPOTR,TPTR,TTTR,MNT
format (1X,F6.5,7X,FB.4,4X,F7.4,7X,F6.5,6X,F8.4,4X,F7.4,4X,Fb6.4)
write(l,17)

write(l,70)

write(1,80) TROR,TPR,TTR,TFOTR, TPTR, TTTR,MNT
wrrite(s,%)

write(l,X)

goto 1

close(l)

stop

end
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FOR MACH #°'S M=5.0 & M=4£.0

program INLETLENGTH

dimension M,BET,THET

real MLI,MNL M2 MN2 M3 MNDS, ME  MNG MG MNS L ME MNG M7 MNT , MNNZ
real MNNZ,MNNG , MNNS, MNNS , MNNT

XFPI=3.141593/180.

write{(é,%) ° ENTER THE VALUES FOR THETAL AND M1°
read{(S,%) THETA,ML

write(s,.%) "ENTER THE VALUE OF Y AND L1-L3 °
read(S,%x) Y,XL1,.XL2,XL3,XL4,XLEG

Mi=5.0

THETA=3.25

Y=%.8

XL1=7 ., 270

XL2=5,08323

ALF=1.7036117

XL4=1.10302

XL3=1.6

THETA=8.0

THESE ARE VARYIMG LENGTHES

XL1i=7.081008

XL2=2.04934137

XL3E=1.09605

XL4=0,714048

Fi=1.0

BETA=THETA+Z.

THET1=THETAXXFI

BETI=BETA%XPI

TT=TAM(THET1)/2.

TR=0.

if(ABRS(TT-TER).1t..00001) goto 20
BETI=BET1+(TT-TR)X%1.7

A= (MLXK2K(1.4+COS(2.¥BETL))+2.)XTAN(EET1)
XXX=(SIN(BET1})}%%x2

TE=(MLI¥¥2% ((SIN(BET1) )¥%R2)—-1.})}/A
goto 10

write(b,%) "BET1 =',BET1
MP1=M1XSIN(BET1)

write{(b,%) "MN1 = 7, MN1

MM2=SCGRT( {MNLIX¥2+3) /(7¥MNLX¥2~1))
write(b6,%) ° MNZ =" ,MN2
write{(é,%) BETL,THET1

MZ=MMZ/ (SIN(BET1-THET1))
FR=EFLF(1+(2.8/2.8) X (MN1¥%2—-1))

FOL1=F1%((1+0,2KkML¥K2) ) ¥%3. 5 ORIGINAL BACE Io
POR=FP2% ( (1+0.24M2¥X2) ) %43, 5 OF ?&;’ ?S & B
write(s,%) M2 : QUALITY

continue

do 40 I=1,NR
BETA=BET(I)/3.141392634%180,
THETA=THET(I1)}/3.14158924654%180.
write(b6,%) BETA,THETAXT(I) ,M{I) ,M{I+1)
" continue .
BETA=RBET1/XFI : Y57
write(b,¥%) ' BETA = ' ,BETA

THS T A= T AL YT
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X=Y/TAN{BETA)

X1=XL1%xCOS(THETL1)

Yi=XL1%SIN{THET1)

BETAZ=ATAMN((Y-Y1)/(X—X1))}-THET1

RETAZ=RETAZ/XFI

write(s,30) X,Y

format(lOX, X = "(F&.3,3X,'Y = " ,F&.3)

write(bs,4580) RETA2,X1,Y1 :

format (10X, "BETAZ2="' ,F&.2,3X, X1=",F&.3,3X,'Y1=",F&6.3)

EBETAZ=RETAZ¥XFI

read(3, %)

Al={{2/TAN(BETAZ )X (M2XX2. X (SIN(BETAZ) ) xx2-1.) 1))

THETZ=ATAN(AL/ {M2XX2. ¥ (1.4+COS(2XBETAR) )+2))

MNNZ2=MIXSIN(RBETAZ)

write(s,¥%)" MNMNZ2 = ° (MNNZ

MMNIZ=S0RT ( (MNNZ2XX2+3) / ( 7XMNNZ2X%2-1))

MI=MNZ/ (SIN(BETAZ-THET2) )

FR=FRX(1+(2.8/2. 4 )X (MNNZ2XX2-1))

FOS=P3R((1+0. 2¥MIXX2) ) XX3.8

THETTZ2=THETZ/XFI

write(bd,70} THETTL.MNg‘ =

format{(1X, ' THET2 = ' ,F6.2,3X, MNI =" FAH.5,3X, M3=",Fb6.7)

read{(S,.%)

X2=XL2XCOS(THETZ+THET1)

Y2=XL2KSIN(THETZ2+THETL1)

write(b,61) R2.,.¥2

format{10X, X2=' ,FO6.3,3X, Y2=" ,Fb6.3)

RETAZ=ATAMN{(Y-Y1-Y2)/ (X=X1-X2)})-THET1-THETZ
={(2/TAN(BRETAZ )X (MIX¥2. ¥ (SIN(BETAZ) }XXx2—-1.) )

THETZ=ATAN(AZ/ (MIXKk2.¥(1.4+COS(2XRBETAZ) Y+2))

MMMNZ=MIXSIN(RETAZ)

MNG=SORT ( (MNNIXkX2+35) / ( 7¥MNNIZ®%2-1))

MA=MNI/ (SIN(BEETAZ-THET3))

FA4=FI¥ (1+(2.8/2.4) ¥ (MNNIk%x2-1))

FO4=FP4X( (1+0.2%XMAXX2) ) Xk3. 5

THETTE=THET3/XFI

write(b,80) THETTE.MN4 M4

format(1X, THETTE = ' F6.2,3X, MN4 =’ ,F&.3,3X, Md=' ,F&.3)

BETAZ=RETAZ/XFI _

write(b,%) ° BETAS = ' ,BETAS

BETAZ=BETAZXXFI

read (S, %)

XZ=XL ZXCOS({THETEZ+THETZ2+THET1)

YE=XLIASIN(THETS+THETI+THET2)

write(b,62) X3,Y3

format (10X, X3=' ,F6.3,3X, Y3=',F6.3)

BETA4=ATAMN((Y~Y1-Y2-Y3)/(X— Xl X2=XZW ~THETI1-THET2-THETZ
=((2/TAN(BETA4 ) ¥ (MAXX2. X (SIN(BETAS) ) x%2~1.)))

THET4=ATAN(AZ/(MAXX2.%{1.4+COS(2%XBETA4))+2))

MMNNA4=MA4XSIN(BETAS)

MMS=SCRT ( (MMNSRXZ2+3) /{7 kMMNGXKZ2-1))

Ma=MMS/ (SIN(BETAL4-THET4 )

Fo=F4x(1+(Z2.8/2. 4 ¥ (MNN4X¥2-1))

FOS=FSE((1+0.2¥MBXX2) ) 3%3.5

THETT4=THET4/XF1I

write(6,90) THETT4,MNS, M5

format(1X, THET4 = ' ,F&.2,3X, MNG =’ ,F&6.3,3X, M=’ ,F&.3)

BETA4=RETAL/ XPI
write(b6,%) © EETA4 = * ,BETASL

BETA4=RETA4K¥XFI
read( S, %)
X4=XL4¥COS(THETA4+THETI+THET2+THETT) \JY
Y4=4L4¥SIMN(THET4+THET1+THET2+THETZ)

write(b,6%) X4,Y4
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BETAG=ATAN((Y-Y1i- YL~Y1—Y4)/(X X1- X“—XT—X4))
BETAS=EETAS-THET1-THETZ2-THETI3-THET4
ARA={ {2/ TAN(BRETASR I X (MEXX2. X (SIN(BETAS ) ) X%2Z-1.1))
THETS=ATAN{A4/ (M3¥¥2. % (1. 4+COS(ZXBETAZ) )+2))
MNNS=MEXSIN(RBETAR)
MN&=SART { (MNNI3I¥%k2+3) / ( 7EMNNSX%2-1))
Mea=MN&/ (SIN(BETAL-THETR) )
FoO=FoX(1+(2.8/2.4 )% (MNNGX%kZ-1))
FOO=FOX ((1+0.2XMOXX2) YRX3I. 5
THETTS=THETS/XFI
write(s6,91) THETTS,MNG,Mb6

format(1X, 'THETS = * F6.2,3X, MN& =' ,F&.3,3X, Mé=" F6.3)
BETAS=BETAS/XFI
write(bs,%) ° BETAS = ' ,BETAS

BETAS=RETAZXXFI

TOTFD=FO&/FO1

FD=F&/F1

write{(é6,%) ° THE TOTAL PRESSURE DRFUT QRLIQLI.FOROF I3 ' ,TOTFD
write{(b,%) * THE PRESSURE RISE IS ' ,PD

read(S,%)

stop

end

RE
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MACH # 4

program INLETLENGTH

dimension M,BET,THET

real MLOMNL G M2,MN2MI,MNE, M4, MNE, MG, MNS, M6, MNS , M7 , MNT , MMNZ
real MNNI,MNNG MNND, MNNG , MNNT
XFPI=3.1415393/180,

write(6,%) ° ENTER THE VALUES FOR THETA1 AND M1i°
read{S,%) THETA,MIL

wrrite(é,%) "ENTER THE VALUE OF Y AND L1-LS
read{S,X) Y,XL1,.XL2,XL3,XL4,XLE

M1=3.0

THETA=8.00

Y=3.5

XL1=7.081008

XL2=2,04934137

L3=1,703462

L4=1.10302

XL3=1,02403

XL4=1,10302

Fl=1.0

BETA=THETA+Z.

THET1=THETAXXFI

BET1=RETA¥XFI

TT=TAN(THET1)/2.

TE=0,

if(ABS(TT-TR).1t..00001) goto 20
BET1=RET1+(TT-TR)%1.7
A={MIXK2X(1.4+COS(2.¥BET1 ) )+2, )X TAN(BET1)
AXX=(SIN(BET1) )%%x2
TE=(M1Xx%2% ( (SIN(BET1))%%2)-1.)/A

goto 10

write(&,%) ‘BET1I =',BET1

MMI=MIXSIN(BETL1)

write{bd,%) "MM1I = ° MN1

MNZ=SGRT((MNLXX2+3) /(7¥MNLXE2-1))

write(b,%) ° MNZ =’ ,MNZ2

wrrite(b,%) BETL1,THETL

M2=MNZ2/{SIMN(BET1-THET1))
FR=PL13(1+(2.8/2.84) X (MN1X%x2-1))

FO1=P1¥( (1+0.2¥MLIXX2))XXTZ. 5
PO2=P2% ( (1+0.2¥M2¥X2))XX3.5

write(b,%x) M2

continue

BETA=BET1/XF]I

write{(s,%) BETA = ' ,BETA

RETA=RETA%XFI

X=Y/TAN(BETA)

X1=XL1xCOS(THET1)

Y1=XL1¥SIN(THETL)

BETAZ=ATAN((Y-Y1)/(X-X1))-THET1

BETAZ=BETAZ/XFI

write(&,S50) X,Y

format{lOX, X = ', F&.3,3X,'Y = ' ,F&6.73)

write(6,50) BETAZ,X1,Y1

format (10X, BETAR=" F6.2,3X, X1i="' ,F6.3,3X, ' ¥1=",F&6.3)
BETAZ=RBETAZ¥XFI

read(S,%) - .
Al=((2/TAMN(BETAZY ¥ (M2X42. ¥ (SIN(BETAZ) ) ¥%¥2-1.))) 140
THETZ2=ATAN{AL/ (M2¥¥2.%(1.4+COS(2XBRETA2) }+2))

o . gt M A § F e e e by




write(s,%) " MNMNZ2 =, MNNZ

MNZ=8QRT ( (MNN2XKZ+3) / { 7¥MNNZ¥KZ2~-1))
MI=MNI/(SIN(BETAZ-THETZ))

FR=F2K {1+ (2.8/2.4 ) X (MNN2kKZ-1) )
FOSR=PRR( (1+0, 2kMIR%2) ) 4%3. 5

THETT2=THETZ/XFI

write{(b6,70) THETTZ,MNI, M3

format(iX, " THET2 = " ,F&.2,3X, " MNI =’ ,F&6.353,3X, Mi=
read(S,%) .
X2=XL2%COS(THET2+THET1)
Y2=XL2XSIN(THET2+THET1)

write(b,61) X2,Y2

format (10X, X2=',F6.3,3X, 'Y2=' ,F&.3)
BETA3I=ATAN((Y-Y1-Y2)/(X-X1-X2))-THET1-THETZ
ARZ=( (2/TAN(BETAZ) X (MIXX2 . X (SIN(BETAI) ) ¥¥2-1.)))
THETZ=ATAM{AZ/ (ME3¥X2. %X (1. 4+COS(2¥BETAI) )+2))
MNNS=MIXSIN(BETAZ)

MNA=SART ( (MNNI$X2+3) / (7XMNNIX%2-1))

Ma=MNG/ (SIN(BETAZI~THETI))
FA=P3%{1+(2.8/2.4) X (MNN3%x¥Z-1))

FO4=Fax{ (1+0.2¥MAXK2) }%%k3.3

THETT3=THETI/XF1I

write(64,80) THETTIE,MNS M4

format{(1l¥X, THETI = ‘' ,F&.2,3X, MN4 =’ F&.3,3X, Ma=
BETAZ=BETAI/XFI

write(&,%) ° BETAZ = *,BETAZ

BETAZ=RBETAIXXFI

read{(S,Xx)

TOTPD=FQ4/P01

FD=F4/F1

write(é6,.%) ° THE TOTAL FRESSURE DROF I35 °,TOTFD
write(s,%) ° THE PRESSURE RISE IS5 ° ,FD
read(S,%)

. stop

end

CaF&.E)

" aF&L3)
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MACH # 3 AND MACH # 2

program’ INLETLENGTH
dimensicon M,BET,THET

PR N P TP A I I AT DRIV DS~ R RSN TP

real M1,MN1,M2,MNZ,M3,MNS, M4, MNS, M5, MNS, M6, MNG , M7, MN7 , MNND

real MNNE, MNNSG , MNNS, MNNS , MNM7
XFI=3.1415%%3/180.

wrrite(ob,%)
read{(S,%) THETA,M1L
write(é&,%)
read(S,k) Y,.XL1,XL2,XL3,XL4,XLE
Mi=3.0

THETA=R8.00

Y=3.58

FOR MACH # =
XL1=6.0

FOR MACH 2

XL1=3.0

AL1=72.13034937

AL2=2.04934137

L3=1.70362

L4=1.10Z02

AI=1.09605

XL4=1,10302

Fi=1.0

BETA=THETA+3.

THET1=THETAXXFI

BEET1=BETAXXFI

TT=TAN(THET1)/2.

TE=O,

ifF(ABS(TT-TER).1t..00001) goto 20
BET1=RBET1+(TT~-TE}X1.7

A=(MLAKZH (1. 4+COS(2.XBETL) )+2. )¥TAN(RETL)
AAX=(SIM(BETL) } %2

TEH=(MLIXXZ2X ((SIN{(BET1))%%2)-1.)/A
goto 10

write(é,%) 'BET1 =" ,RET1
MN1=MIXSIN(RET1)

write(b6,%) "MNI = ' ,MN1L

MM2=SQRT( (MM1¥¥2+3) / (7¥MNL1x%k2~1))
write(b,%) ° MM2 =’ ,MM2
write(b,%) BRET1,THET1
2=MN2/(SIN(BRET1~-THET1)) ‘
2=FPIE(L+(2.8/2. 8 YK (MNLXX2-1))
FOL=FL¥((1+0.2AMIXE2) ) XXKT. 5
POZ=F2K ((1+0.2¥M2%¥2) Y EXE.5
write(é&,%) M2
continue
BETA=RBET1/XFI
write(b, %)
BETA=RBETA¥XFT
XK=Y/TAN{BETA)
X1=XL1%COS(THET1)
Yi=XL1¥SIN(THETL)
BETAZ=ATAM((Y-YL1)/(X—-X1))~THET1
BETA2=BETAZ/XFI ‘
write(&,50) X,Y

EETA = ' ,BETA

"ENTER THE VALUE OF Y AND L1-L3

* ENTER THE VALUES FOR THETAL AND M1°

142 .




LRI e G L Ay e ;.,;,.,5;.;,:“3‘,-‘:_:_:‘.,?,,.5?\.? il e L nu Chint e St L e e e Lt i e e
write(s,60) BETAZ,X1,Y1 )
format (10X, BETAZ=" ,F6.2,3X, ' X1=",F&6.3,3X,'Y1i=",F&6.3)
BRETAZ=BETAZKXFI
read(S.%) ’
Al=((2/TAN{BETAZ Y ¥ (M2XX2,. X (SIN{BETAZ) ) ¥%2-1.1)))
THETZ2=ATAN(AL/ (M2%%2.%(1.4+COS(2¥RETAZ) ) +2))
MNNZ=M2X¥SIN(BETAZ2)
wrrite(s,%) MNNZ = 7 MNNZ
MNI=SQRT ( (MNN2XXK2+5) / { 7RMNN2K¥2-1))
MI=MNI/(SIN(BETAZ-THET2))
FI=P2X(1+{(2.8/2.4 )% (MNN2X%2-1))
FOS=FIX{(1+0.2XMIKX2) ) XXZ. 5
THETT2=THETZ2/XFI
write(é6,70) THETTZ,MNI M3
format(1X, ' THET2 = ' F&E.2,3%, ' MNI =" ,F&.3,3%, ' M3=",F6.3)
read(5,%)
TOTPD=FOZ/FO1
FD=P3/F1
write(&,%) ° THE TOTAL FRESSURE DROF IS8 ' ,TOTFD
write(&,%) ' THE FRESSURE RISE IS ' (FD
read(S,%) ’
stop
end

S el
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ERORPIYIRILE IS SN P SPRIPIEL. SR Be VRN S DI lenzilul

“FE&17LAMED, MHU N, MACHI ,LAEF (LEF -7 o

11

10

)
O

e

Ay PRI NN SO R ORI R T RNy, W AP OYLS LR

RHOIN=0.,0000ZE2114

-RHOAT=0.0023467

"VELIN= 981;.4

""RADN=0.5 "

LAMED=&6£9F . 83

ALFHA=0.0Q

ANOFA=0 .0 '

MHU=C ., QOO0O09T
N=0, 00

MACHI=10.0

BRETA=0.0

RADLE=0. 02083
EMISS=0.8%

STEFE=. 000000001714
GAMMA=1 .34

TNOT=7538.2

HOLAM= O.1030%k (RHOIN/RHOAT Y RK . SX(VELIN/L1OXKES 1Rk
HOTUR=Q . 437X (RHOIN/RHOAT Y XX . 78E(VELIN/LOEXS Y Xk 1.
HNOSE=HOLAM/RADNYX . &
LAEF aIN(LAMHD)#CDS(ALPHQ}
PFl—(l.Z:&HHCHI$$“+‘._;“((CG%(LEF)}#%E+&.0019}
PF2=1.33%{MACHI#® (CD:&LFF‘})R#S*l
PF=FF2Z/FF1
HL1=HOLAMX (PF/RADLE) X% .5 ' .
HLZ=0.72% (COS{LEFY Y%l . 15+, O4%38IN{LEF)
HLSTAG=HL L1xHLZ2
de 10 JO=1,104
XX=J0/2.0
XDIS=J0%1.0 B
RN=RHOIN¥VELINYXDIS/MHU
if (RN.1t.3.8ES) then
HLAM1=HOLAMX(FFE{(1+2%N) /(2. XXDIS) )X%.5
HLAMZ=1, 75*SINgBETH\—.86*((QIN(BHTH)\$¢A
HLAMI=0, 028/ { (MACHIXSIN(EETA Y X%2+1 .
HLAM=HLAM1 ¥ { HLAMZ+HLAMI)
UE=VELINXSIN(LEF}
TAW=TNOT—-(1-. 15 ¥UERR2Z/12012.0
gqoto 20
endif
HTUREBI=HOTURA (XDIS/10, 03k (=2, 0% ({1 .0+1 . 25HR

. 1
=4

HTURBZ2=PF®%0 . 8X{(2.9¥(SIN(1.3XEBETA) 1 -1 .8% ( {8IN({

HTURBS=G .02/ ({MACHIZSIN(RETAY YREE+1.0)
HTURB=HTUREB1X (HTURBEZ+HTUREZ)
TAUW=TNOT-O, ., 1%VELINKEZ2¥ ( (SIN(LEF )} 1R¥2)Y/12012.0
HWU=HTURE ‘
goto 80
HWU=HLAM
e do 20 J=1,1E4,10
- . TT=Jd%1.0

A=TTHE4+HWUEXTT/ (EMIS3XSTEFR)

B=HWUXTAW/ (EMISS¥STEFR)

ABR=A-HR

if (AR.gt.1.0E-5)Ythen

goto 110
eridif
it (AREB.1t.—-1.0E-&)Ythen
TT=TT+10.0
goto 111

endisf

aotoc 40
continue
wrltE (u‘lOU) Hhu TTHZ0, XDIS

e
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LIST OF ENERGY STATE FORTRAN PROGRAMS
Bob Stonebraker

PROGRAM HECONST - Computes lines of constant He (ft.).

Computes contours of constant Fs (ft./lb.)
for phase 1 of the mission.

PROGRAM FSCONST

Computes contours of constant Fs (ft./lb.)
for Phase 2 of the mission.

PROGRAM FSCNST2

PROGRAM PHASE1l Computes fuel consumption, elapsed time and

range for Phase 1.

Computes fuel consumption, elapsed time and
range for Phase 2.

PROGRAM PHASE2

SUBROUTINE ATMOSFR (ALT,T,RO,P) - Computes standard atmospheric
variables as a function of altitude.

SUBROUTINE TFRMJT (M,ALT,FN,SFC) - Computes net thrust and sfc
from given data as a function of Mach number
and altitude. (based on economic sfc)

SUBROUTINE SCRMJT (M,ALT,FN,SFC) - Computes net thrust and sfc
from given data as a function of Mach number
and altitude. (based on equivalent fuel/air
ratio of 0.8)

SUBROUTINE DRAG (M,ALT,D) - Computes drag from given data as a
function of Mach number and altitude.

SUBROUTINE SPLINE (X,F,XF,FN,N) - Interpolates between points
(X,F) for point (XF,FN). ,




PROGRAM HECONST
ROBERT STONEBRAKER
COMPUTES VALUES OF CONSTANT He (ft.)
IMPLICIT REAL(A-H,0-2)
REAL M
OPEN (5, FILE="HECONST.DAT')
R=1715.621
G=32.1578
HE=2.E4
Do 200 I=1,10
HG=0.

100 CALL ATMOSFR(HG,T,RO,P)
M=SQRT ( (HE-HG) *2.*G/ (1.4 *R*T) )
WRITE(5,*) M,HG,HE
WRITE(*,*) M,HG,HE
HG=HG+4000.
IF(HG.GT.110000.) GOTO 200
IF(HG.LT.HE) GOTO 100

200 HE=HE+2.OE4
CONTINUE
STOP
END
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PROGRAM FSCONST
ROBERT STONEBRAKER

COMPUTES VALUES OF CONSTANT Fs (ft/lb) OVER PHASE 1

WITH NET THRUST, SFC, AND DRAG AS FUNCTIONS OF
ALTITUDE AND MACH NO.

IMPLICIT REAL(A-H,0-32)

REAL M

OPEN (5, FILE="'FSCONST.DAT"')

WRITE(*,*) 'ENTER INITIAL VEHICLE WIEGHT IN LBS.'
READ(*,*) W

M=.8

R=1715.621

MACH NO. LOOP

DO 100 I=1,27
ALT=40000.

ALTITUDE LOOP

10

20
200

100

DO 200 J=1,30
CALL ATMOSFR(ALT,T,RO,P)
A=3600*SQRT (1.4*R*T)

CALL TFRMJT (ALT,M,FN,SFC)
IF(FN.EQ.0.) GOTO 200
IF(SFC.EQ.0.) GOTO 200

CALL DRAG(ALT,M,D)

FS=M#A#* (FN-D) / (FN*SFC*W)
IF(FS.LT.0.) THEN
FS=0.
ENDIF
WRITE (*,10) M,ALT,FN,D,SFC,FS

FORMAT (F5.2,3X,F8.1,3X,F10.1,3X,F10.1,3X,F6.3,3X,F7.1)

WRITE(5,20) M,ALT,FS ,
FORMAT (F5.2,3X,F8.0,3X,F7.1)
ALT=ALT+2000.

W=W-100.

M=M+.200000

STOP

END
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PROGRAM FSCNST2

ROBERT STONEBRAKER

COMPUTES VALUES OF CONSTANT Fs (ft/lb) OVER PHASE 2
WITH NET THRUST, SFC, AND DRAG AS FUNCTIONS OF
ALTITUDE AND MACH NO.

IMPLICIT REAL(A-H,0-32)

REAL M

OPEN(5, FILE='FSCNST2.DAT')

WRITE(*,*) 'ENTER INITIAL VEHICLE WIEGHT IN LBS.'
READ(*,*) W

M=6.

R=1715.621

MACH NO. LOOP

DO 100 I=1,41
ALT=70000.

ALTITUDE LOOP

DO 200 J=1,16

SPEED OF SOUND (ft/sec)

10
300
20
200

100

CALL ATMOSFR(ALT,T,RO,P)
A=SQRT (1.4 *R*T)
Q=.5*%RO*1 .4 *RAT*M**2
IF(Q.GE.1800) THEN
FS=0
GOTO 300
ENDIF

CALL SCRMJT (ALT,M,FN,SFC)
FN=4 *FN :
SFC=SFC/3600 _
IF(FN.EQ.0.) GOTO 200

CALL DRAG(ALT,M,D)

FS=M#*A* (FN~D) / (FN*SFC*W)

WRITE(*,10) M,ALT,FN,D,SFC,FS

FORMAT (F4.1,3X,F7.0,3X,F10.1,3X,F10.1,3X,F9.6,3X,E12.5)
WRITE(5,20) M,ALT,FS

FORMAT (F4.1,3X,F7.0,3X,F12.3)

ALT=ALT+2000.

W=W-147.

M=M+.10

STOP

END
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PROGRAM PHASE1
ROBERT STONEBRAKER
COMPUTES THE FUEL CONSUMED ALONG PREDETERMINED FLIGHT PATH
FROM (M=.8 AT 40,000' TO M=6 AT 76,000')
IMPLICIT REAL(A-H,0-2)
REAL M
OPEN (5,FILE='PHASE1.DAT')
OPEN (6 ,FILE="'PHASE11.DAT!')
WRITE (#*,*) 'ENTER INITIAL VEHICLE WEIGHT'
READ(*,*) W
WRITE(*,*) 'ENTER MACH NO. STEP SIZE'
READ(*,*) DM
R=1715.621
G=32.1578
M=.8
HG=40000.
HGO=40000.
A=968.1
C COMPUTE INITIAL HE AND F=1/FS AT M=.8 AND ALT(HG)=40000
HE1=49326.186
CALL TFRMJT (HG,M,FN,SFC)
SFC=SFC/3600.
CALL DRAG (HG,M, D)
P1=W/ (M*A* (FN-D) )
F1=FN*SFC*P1

nanon

N=5.2/DM+1
DO 100 I=1,N
M=M+DM
CALL FLTPTH(M,HG)
CALL ATMOSFR(HG,T,RO,P)
CALL TFRMJT (HG,M,FN,SFC)
CALL DRAG (HG,M,D)
SFC=SFC/3600.
A=SQRT (1.4 *R*T)
HE2=HG+.5% (1.4 *R*T*M**2) /G
TR=FN-D
IF(TR.EQ.0) GOTO 100
P2=W/ (M*A* (FN-D) )
F2=FN*SFC*P2
DTIME= (HE2-HE1) *.5% (P2+P1)
DFUEL= (HE2-HE1) * . 5% (F2+F1)
W=W-DFUEL
TIME=TIME+DTIME
ACC=DM/ (M*DTIME)
RNG=RNG+SQRT ( (M*A*DTIME) **2~ (HG-HGO) **2) /5280.
HGO=HG
FUEL=FUEL+DFUEL
ELT=TIME/60
WRITE(*,10) ELT,RNG,M,HG,FN,D,W
WRITE(5,10) ELT,RNG,M,HG,FN,D,W
10FORMAT (F7.3,2X,F8.1,2X,F6.2,2X,F8.0,2X,F8.0,2X,F8.0,2X,F8.0)
WRITE(6,20) RNG,M,HG,ACC,FUEL
20 FORMAT(F8.1,2X,F6.2,2X,F8.0,2X,F7.4,2X,F7.0)




HE1=HE2 _

P1=P2 \
100 F1=F2

TIME=TIME/60 :

WRITE(*,%)'M =',M,"' ALT =',HG,'ft.'

WRITE(*,*)'T =',TIME, 'min. W fuel =',FUEL,'lbs."
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PROGRAM PHASE2
ROBERT STONEBRAKER
COMPUTES FUEL CONSUMED ALONG PREDETERMINED FLIGHT PATH
FROM (M=6 AT 76,000' TO M=10 AT 100,000')
IMPLICIT REAL (A-H,O0-Z)
REAL M
OPEN (5, FILE="'PHASE2.DAT"')
OPEN (6, FILE="'PHASE22.DAT"' ) .
WRITE(*,*) 'ENTER INITIAL VEHICLE WEIGHT'
READ(*,*) W
WRITE (*,*) 'ENTER MACH NO. STEP SIZE'
READ(*,*) DM
WRITE (*,*) "ENTER NO. OF SCRAMJETS '
READ(*,*) K
R=1715.621
G=32.1578
M=6
HG=75835.
HGO=75835.
A=968.1
C COMPUTE INITIAL HE AND F=1/FS AT M=6
HE1=600433.
CALL SCRMIT (HG,M, FN,SFC)
FN=K*FN
SFC=SFC/3600.
CALL DRAG (HG,M, D)
P1=W/ (M*A* (FN-D))
F1=FN*SFC*P1

oo

c
N=4./DM+30
DO 100 I=1,N
M=M+DM

c

C FLIGHT PATH ALONG Q=1800
IF(M.GE.10.) THEN
M=10.
HG=HG+300.
IF (HG.GE.100000.) GOTO 500
GOTO 50
ENDIF
HG=-7.35005*M**4+262.753*M**3-3749.61*M**2+29936.5*M-16027.

50 CALL ATMOSFR(HG,T,RO,P)
CALL SCRMJT (HG,M,FN,SFC)
FN=K*FN
SFC=SFC/3600.

CALL DRAG (HG,M, D)

A=SQRT (1.4*R*T)
HE2=HG+.5% (1.4 *R*T*M**2) /G
TR=FN-D

IF(TR.EQ.0) GOTO 100

P2=W/ (M*A* (FN-D) )
F2=FN*SFC*P2

DTIME= (HE2-HE1) *.5% (P2+P1)

cn




DFUEL= (HE2-HE1) *.5% (F2+F1)
W=W-DFUEL
TIME=TIME+DTIME
ACC=DM/ (M*DTIME)
RNG=RNG+SQRT ( (M*A*DTIME) *#*2- (HG-HGO) **2) /5280.
HGO=HG
ELT=TIME/60
FUEL=FUEL+DFUEL
WRITE(*,10) ELT,RNG,M,HG,FN,D,W
WRITE(5,10) ELT,RNG,M,HG,FN,D,W

10FORMAT(F7.3,2X,F8.1,2X,F6.2,2X,F8.0,2X,F8.0,2X,F8.0,2X,F8.0)

~ WRITE(6,20) RNG,M,HG,ACC,FUEL

20 FORMAT(F7.3,2X,F6.2,2X,F8.0,2X,F7.4,2X,F7.0)
HE1=HE2
P1=P2

100 F1=F2

500 WRITE(*,*) 'FUEL =',FUEL
STOP
END
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500

SUBROUTINE ATMOSFR(HG,T,RO,P)

ROBERT STONEBRAKER

COMPUTES TEMPERATURE, DENSITY, AND PRESSURE GIVEN A
GEOMETRIC ALTITUDE HG.

IMPLICIT REAL(A-H,0-Z)

RE=2.086466E7

H=HG*RE/ (RE+HG)

IF(H.LT.36000. ) THEN
HO=0.

T0=518.69
ROO=2.3769E-3
P0=2116.2
A=-3.56627E-3

=TEMP (TO,A,H, HO)
RO=ROSLOP (ROO,T,TO,A)
P=PSLOP(PO,T,TO,A)
GOTO 500

ENDIF

IF(H.LT.82000.) THEN
H0=36000

T=389.99
ROO=7.0858E-4
P0=474.7098
RO=ROLNR (ROO, T, H, HO)
P=PLNR (PO, T, H, HO)
GOTO 500

ENDIF

IF(H.LT.154000.) THEN
H0=82000

T0=389.99
ROO=7.7664E~5
P0=52.03
A=1.64355E-3

T=TEMP (TO,A,H,H0)
RO=ROSLOP (ROO,T,TO,A)
P=PSLOP(PO,T,TO,A)
GOTO 500

ENDIF

RETURN

END

FUNCTION TEMP(TO,A,H,HO)

TEMP=TO+A#* (H-HO)

RETURN

END

FUNCTION ROSLOP(ROO,T,TO,A)

ROSLOP=ROO0* ( (T/T0) ** (- (32.1578/ (A*1715.621)+1.)))
RETURN

END

FUNCTION PSLOP(PO,T,TO,A)

PSLOP=PO* ( (T/T0) ** (-32.1578/ (A*1715.621)))
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RETURN

END

FUNCTION ROLNR(ROO,T,H,HO)

ROLNR=ROO*EXP (-32.1578/(1715.621%T) * (H~HO0) )
RETURN

END

FUNCTION PLNR(PO,T,H,HO)

PLNR=PO*EXP (-32.1578/(1715.621*T) * (H-H0) )
RETURN

END
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SUBROUTINE TFRMJT (HG,M,FN,SFC)

ROBERT STONEBRAKER ‘

COMPUTES THE NET THRUST AND SFC OF THE FULL SCALE
TURBOFAN-RAMJET AS A FUNCTION OF ALTITUDE AND MACH NO.
BASED ON CURVE FIT POLYNOMIALS AND NATURAL CUBIC SPLINES.

e No N No N

IMPLICIT REAL (A-H,0-2)
REAL M
DIMENSION HGA(15) ,FNA(15),SFCA(15)

IF(M.LT.0.8) THEN
FN=0
SFC=0
GOTO 500
ENDIF
IF(M.GT.6.0) THEN
FN=0
SFC=0
GOTO 500
ENDIF

K=7
C #%** 0.8 TO 3.5

HGA (1)=40000 :

FNA(1)=-2879.524M**5+28051.4*M**4-101019. *M**3+172092 ., *M**2

* =112116.*%*M+37378.7

SFCA(1)=-.0430727*M**6+.570346*M**5-3.00762*M**4+8, 02043 *M**3

* ~11.2762*M**2+7.86021*M-1.40087

c

C *** 2.0 TO 4.5
HGA (2)=50000
FNA(2)=2569.33*M**3-15206.7*M**2+53954,5+M-37169.1
IF(M.LE.3.5) THEN
SFCA(2)=.0640001*M#**3~,4924%M**%2+]1,316*M-.424001
GOTO 60
ENDIF - :
SFCA(2)=.034*M**2-,237%M+1.312

C *%% 2.5 TO 6.0
60 HGA(3)=60000

FNA(3)=-905.152*%M**4+14058.4*M**3-72866.3*M**2+174728.*M~139344.

IF(M.LT.3.5) THEN
SFCA(3)=.0880001*M**2~,422%M+1.299
GOTO 70
ENDIF
SFCA(3)= ~-.0020003*M**3+,0522861*M**2~,28693+M+1.34922
c
C *%* 3,0 TO 6.0
70 HGA(4)=70000

FNA(4)=-1287.11*M**4+22021.3%M**3~134968.*M**2+371824.*M~-369131.
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SFCA(4)=.0103333#%M#*%3=,130929*M*%2+.613024*M~-.1077

*%% 4,0 TO 6.0
HGA (5)=80000
FNA(5)=-2007.67*M*%*3+30631.5*M**2-137628.*M+212654.
SFCA(5)=.00866667*M**3~,105*M**2+,486334*M+.0959986

*%% 4.0 TO 6.0
HGA (6)=90000
FNA(6)=-1233.33#%M**3+18722.*M**2-83600.7*M+128444.
SFCA(6)=.0076661*M**3~,0854991*M**2+,372829*M+.311008

*%* 4,0 TO 6.0
HGA (7)=100000
FNA(7)=-683.667*M**3+10277.5*M**2-44661.8*%M+66948.
SFCA(7)=.024*M**3~,320001*M**2+1.476*M~1.37301

CALL SPLINE (HGA,FNA,HG,FN,K)
IF(FN.LT.0.) THEN
FN=0
ENDIF
CALL SPLINE (HGA,SFCA,HG,SFC,K)
IF(SFC.LT.0.) THEN
SFC=0
ENDIF
500 RETURN
END
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SUBROUTINE SCRMJT(HG,M,FN,SFC)

ROBERT STONEBRAKER

COMPUTES FG(lbsf), FN(lbsf), ISP(sec), SFC(lbsm/lbsf/hr)
AS FUNCTION OF ALT. AND MACH NO.

CURVE FIT EQUATIONS BASED ON FUEL/AIR RATIO OF 0.8
IMPLICIT REAL (A-H,0-2)

IMPLICIT REAL (M,I)

DIMENSION MA(15),F(15)

DATA MA(1),MA(2),MA(3)/5.0,7.5,10.0/
N=3

kkk FG *k*

F(1)=-4.92613E-10*HG**3+1.45585E-4*HG*#*2~14,.8904*HG+534062
F(2)=-4.91975E-10%HG#**3+1.71206E~4*HG**2-20.4451*HG+845486
F(3)=-4,99582E-10*HG**3+1.95693E~4*HG**2-26.1568*HG+1201470
CALL SPLINE(MA,F,M,FG,N)

kkk FN %%

F(1)=-1.61294E~10*HG**3+4.71692E-5*HG**2~4,77752*HG+169622
F(2)==-1.04412E-10*HG**3+3.57416E-5*HG**2-4,20399*%HG+171214
F(3)=-4.13576E-11%HG**3+1,7587E~-5*HG**2-2.52803*HG+123291
CALL SPLINE(MA,F,M,FN,N)

kk%t TSP hk#k

F(1)=-5.79888E~12*HG**3+1.19854E~6*HG**2-8,.53466E~2*HG+5398.,.13

F(2)=-9,88777E-12%HG**3+2.55155E-6*HG*#*2~0.22344*HG+9142.38
F(3)=-7.61882E-12*HG**3+1.98524E-6*HG**2-0,174684*HG+7093.69
CALL SPLINE(MA,F,M,ISP,N)

SFC=3600./ISP

RETURN
END
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c ROBERT STONEBRAKER
c COMPUTES DRAG OF 515H VEHICLE DESIGN AS A FUNCTION OF
ALTITUDE
c AND MACH NO. BASED ON CURVE FIT POLYNOMIALS OF GIVEN DATA.
IMPLICIT REAL(A-H,0-Z)
REAL M
DIMENSION HGAA(15),DA(15)
c
K=13
HGAA (1)=40000
DA(1)=981.718*M*%2+10219,2%M-5885.21
HGAA (2)=45000
DA(2)=777.411*M**2+7952,26*M-4088.61
HGAA (3)=50000
DA(3)=617.958*M**2+6144.13*M-2528.24
HGAA (4)=55000
DA(4)=494.109*M**2+4690.13*M-1114.06
HGAA (5)=60000
DA(5)=398.678*M**2+3505.97*M+235.57
HGAA (6)=65000
DA(6)=326.16*M**2+2523,4*M+1598.03
HGAA (7)=70000
DA(7)=272.36*M**2+1685.99*M+3051.45
HGAA (8)=75000
DA(8)=234.18*M**2+945.452*M+4678.9
HGAA (9)=80000
DA(9)=209.415*M**2+259,422*M+6572
HGAA (10)=85000
DA(10)=196.64*M**2-409.555*M+8834 .34
c **NOTE**LAST THREE EQUATIONS ARE NOT VALID FOR M < 4
IF(M.LT.4.0) THEN
K=10
GOTO 500
ENDIF
HGAA (11)=90000
DA(11)=-59.1967*M**3+1483.62*M**2-10103.1*M+31674.9
HGAA (12)=95000
DA(12)=-69.7467*M**3+1732.75*M**2-12589,8*M+39067.1
HGAA (13)=100000
DA(13)=-83.6275*M**3+2064.89*M**2-15665.8*M+48294.5
c
500 CALL SPLINE(HGAA,DA,HG,D,K)

SUBROUTINE DRAG(HG,M,D)

D=1.1%D
RETURN
END




anon

an

SUBROUTINE SPLINE(X,F,XN,FX,N)

ROBERT STONEBRAKER 4/10/90

COMPUTES VALUES OF AN UNKNOWN FUNCTION FROM UNEVENLY SPACED
DATA USING A NATURAL CUBIC SPLINE.

IMPLICIT REAL (A-H,0-2) -

DIMENSION X(15),F(15),A(15),B(15),C(15),G(15),R(15)

DETERMINES WHICH INTERVAL OF THE DOMAIN HOLDS X

100

200

300

400

500

DO 100 I=2,N
IF(XN.LE.X(I)) THE
J=I-1 :
GOTO 200

ENDIF

CONTINUE

DEFINES MATRIX COEFFICIENTS
DO 300 I=1,N

DELX=X (I+1)-X(I)
A(I)=(X(I)-X(I-1))/DELX
B(I)=2#(X(I+1)-X(I-1))/DELX

c(I)=1

R(I)=6*(F(I+1)-F(I))/ (DELX**2)

*-6% (F(I)-F(I-1))/(DELX*(X(I)-X(I-1)))
CONTINUE :

A(1)=0.

C(N)=0.

THOMAS ALGORITHM FOR G(i)
DO 400 I=2,N
FACTOR=A(I)/B(I-1)
B(I)=B(I)-FACTOR*C(I-1)
R(I)=R(I)~-FACTOR*R(I-1)
G(N)=R(N)/B(N)

DO 500 I=2,N

NI=N-I+1
G(NI)=(R(NI)-C(NI)*G(NI+1))/B(NI)
G(1)=0.

G(N)=0.

DELX=X (J+1) =X (J)

FX=G(J) * (((X(J+1)=XN) *#*3) /DELX-DELX* (X (J+1) -XN) ) /6
#+G (J+1) * ( ( (XN-X(J) ) *#*3) /DELX-DELX* (XN-X(J))) /6

*4+F (J) * (X (J+1) -XN) /DELX+F (J+1) * (XN-X (J) ) /DELX

RETURN
END

’ le O






