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SUMMARY

An analytical study has been conducted to evaluate the potential endurance
of high-altitude airplanes operating as platforms for observation or communications-
relay missions. These remocely pilotec, propeller-driven configurations were
designed with levels of technology assumed to be available in 1990. The turbine
engines used either liquid hydrogen, liquid methane, or JP-7 fuel. Endurance was
measured as the time spent between 60,000 feet and an engine-limited maximum altitude
of 70,000 feet. Performance was calculated for a baseline vehicle and for configura-
tions derived by varying aerodynamic, structural or propulsion parameters. Takeoff
gross weight was constrained to be 3000 pounds. The computer program used in this
study is documented in the Appendix.

Endurance is maximized by reducing wing loading and engine size. The level of
maximum endurance for a given wing loading is virtually the same for all three fuels.
Constraints due to winds aloft and propulsion system scaling produce maximum endurance
values of 71 hours for JP-7 fuel, 70 hours for iiquid methane, and 65 hours for liquid

hydrogen. Endurance is shown to be strongly effected by structural-weight fraction,
specific fuel consumption, and fuel load.

INTRODUCTION

Results frcm satellites and aircraft have already demonstrated the value of
conducting communications-ralay or observation tasks from high altitudes. Aircraft,
such as the U-2, can provide several hours of continuous local coverage. The
potential for greater endurance lies with remotely piloted aircraft that do not have
to accommodate the needs of an on-board crew. Even further increases in endurance
may be possible with the development of remotely powered systems (using photovoltaic
cells or microwave-energy transmission) that can provide adequate levels of power.

Two programs for high-altitude, long-endurance, remotely piloted aircraft had
p-ogressed to the flight-demonstration phase by the 1970's (ref. 1). The Compass
Dwell program was initiated in the late 1960's; it produced two vehicles that
resembled propeller-driven sailplanes. One configuration, which had a piston engine,
demonstraied endurance greater than 28 hours; however, it could not reach its desired
operational :1titude. The turboprop configuration reached 51,000 feet and had a
cruise endurance of about 22 hours (ref. 2). Requirements for a higher cruise alti-
tude and longer endurance terminated this program and led to the Compass Cope con-
figurations. One of these two high-aspect-ratio, Jet-powered vehicles reached an
altitude of over 55,000 feet and achieved a total flight time of more than 24 hours.



The purpose of this study is to determine the potential performance of low-speed,
high-altitude, remotely piloted vehicles developed with 1990-level technology. The
basic design objective is to maximize flight time (cruise endurance) above 60,000 feet
altitude. The b»seline configuration is a glider-type airplane powered by a turboprop
engine modified for high-altitude conditions. Liquid hydrogen, 1iquid methane, and
JP-7 are each considered as fuel. Parametric analyses are used to show the effects of
variations in aerodynamic, propulsion-system, and structural characteristics. Calcu-
lated performance is also used to define the limits of attainable cruise altitude and
endurance. All calculations were performed with a computer program that is documented
in the Appendix.

SYMBOLS
A wing aspect ratio
CD,o profile-drag coefficient
CL vehicle 1ift coefficient
e Oswald efficiency factor
P power, hp
S wing area, ft2
W weight, 1bf
"p propeller efficiency
Abbreviations:
OWE operating weight empty
sfc specific fuel consumption, 1bf/hp-hr
TOGW takeoff gross weight

CONCEPT DESCRIPTION
Mission

The primary mission requires the vehicle to fly at altitudes between 60,000 and
70,000 feet for as long as possible. The minimum altitude reflects the need to obtain
suitable range for observations or relay transmission as well as to remain above almost
all air traffic. The maximum altitude results from estimated constraints on the
engine operating envelope.



Baseline Vehicle

The baseline vehicle is a turboprop-powered configuration similar to conventional,
motorized gliders. The vehicle description given in Table I is sufficiently genera]
to apply to a variety of configurations. Two possible designs are suggested in
figure 1. In each case, a single engine and the total fuel system are located within
the fuselage. The detailed design of any such configuration can be expected to
emphasize some conservatism and simplicity because of the need for a high level of
reliability. A 200-pound payload is carried by all configurations.

Aerodynamic characteristics. - The baseline vehicle has aerodynamic performance
that is at least comparable to conventional motorized gliders with non-retractable
propulsion systems. The wing airfoil sections must operate at Reynolds numbers as
Tow as 500,000 and at 1ift coefficients of .8 to 1.3. References 3, 4, and 5 show
that some airfoils can meet these requirements and maintain constant, low profile
drag over the required range of 1ift coefficient. The aspect-ratio 20 wing is
conceived of as having an unswept leading edge and other features to enhance the
conditions for laminar f ow.

Propulsion system. - The engines of this study represent advanced conventional
designs capable of operation at high altitude. The calculated engine performance
reflects component performance anticipated for small engines by 1990 \ref. 6 and 7).
Characteristics of the fuels (JP-7, liquid methare (CH4§.and liquid hydrogen (H2))
and their associated tank and fuel-systems characteristics are given in Table II.

The basic JP fuel selected is a high-thermal-stability. low-aromatic, high-flash-point
kerosene. A judicious selection of blending stocks is required to maintain low
viscosity and high volatility to assure the cold-soak operational capability for this
fuel at high altitude. The basic turboshaft engine incorporates a multi-stage
compressor driven by a single-stage turbine and a single-stage free turbine driving
the output shaft through planetary reduction gears.

The calculated engine performance is described in figure 2 as a function of
altitude for various power settings. The engines are designed to maintain an output of
constant horsepower versus altitude (flat rated) up to an altitude of 10,000 feet.

Flat rating allows a better horsepower match for the aircraft because of the inherent

excess of available horsepower during low-speed, low-altitude operation of a turboprop
engine. Specific fuel consumption is calculated as a function of horsepower and fuel

flow.

The use of a cryogenic 1iquid fuel, such as methane or hydrogen, warrants design
changes to the fuel systems, combusters, turbines, and cooling requirements. The
fuel flow for either cryogenic fuel is obtained from figure Z?b) by using a ratio of
the respective fuel heating values (ref. 8 and 9) to that of the basic JP-7 fuel.
Shaft horsepower values for the cryogenic fuel have no adjustments for variations in
fuel mass density or cooling flows. No component rematching nor engine weight changes
are made as a result of fuel changes.

A constant-speed, variable-pitch propeller is assumed to operate at np = 0.8 at
all altitudes. Such a propeller would be optimized for the low Reynolds-number
environment at high altitude.

Fuel tank. - Fuel tank characteristics were defined after a separate study was
conducted to determine the combined effects of tank weight, insulation characteristics,
and operating pressure on vehicle endurance. The fuel tank for cryogenic fuels is



assumed to be an aluminum cylinder with hemispherical ends. The ratio of total length
to diameter remains at a value of five. The tanks are maintained at a differential
pressure of 50 1br/in¢ by allowing fuel to vaporize and vent. The cryogenic tanks

are surrounded by foam insulation (s ¢« inches for liquid hydrogen and three inches for
liquid methage) which has thermal conductivity of 0.00867 Btu-ft/hr-FO-ftZ and density
of 2.3 1b/ft2. Heat transfer is assumed to occur oniy due to conduction from air at
local ambient temperature tnrough the wetted area of the tank (ref. 10).

Structural weight. - A simple set of structural weight parameters was chosen to
represent a vehicle built with advanced fabrication methods and materials. The data
of figure 3 are taken from references 11 to 13. This indicates that current motor-
gliders require about 50 percent of takeoff gross weight for structure. A weight
fraction of less than 40 percent should be attainable if advanced materials and design
features, such as lifting struts, are used in combination with reductions in design
Toad factors (appropriate for unmanned, moderately flexible airplanes). Forty
percent of takeoff gross weight was therefore allowed for structural and systems
weights

Flight Profile

The vehicle flight profile consists of three segments, each flown at constant
1ift coefficient and constant power setting (Table I?. This procedure reflects the
concern for simplicity appropriate for this class of remotely piloted vchicles. The
first segment is a climb from sea level to 40,000 feet altitude with a 1ift coeffi-
cient of 0.8 and with the engine operating at 25 percent of the maximum power avail-
able. The low power setting and the engine power-lapse with altitude combine to

give adequate climb power at airspeeds that avoid dynamic-pressure limits for the
structure. At 40,000 feet, the power is advanced to 100 percent, and the lift
coefficient is changed to 1.0 until the rate of climb is zero. If the vehicle

cannot climb to 60,000 feet in this configuration, the calculations are terminated.
If zero climb rate is reached above that altitude, then vehicle 1ift coefficient is
then changed to 1.2 and the power setting is adjusted to achieve trimmed, equilibrium
flight. The vehicle continues in a simple cruise-climb mode unless it reaches

70,000 feet. AL that point, the power setting is retarded to maintain 70,000 feet.

DISCUSSION OF RESULTS

A1l performance values presented hergin were obtained with the computer program
given in the Appendix. Flights terminated when the fuel was totally exhausted. This
procedure provided a consistant, though extreme, point of comparison. Insufficient
data exist to validate the present analysis with experimental flight tests.

Baseline Configuration and Nominal Flight Profile

The calculated performance of the baseline configuration, with either JP-7,
11quid methane, or liquid hydrogen as fuel, is described by the sample program
output in the Appendix and by computed results presented in Table Il and figure 4.
These flights include climb from sea level to the initial altitude for cruise-climb
and then cruise to the point of fuel exhaustion.
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Characteristics of the flight profiles from sea level to 60,000 feet are shown
in figure 4 for the baseline configurations using each of the three fuels. At
60,000 feet the vehicle fueled with liquid hydrogen has the greatest percentage of
remaining fuel for cruise. This fact and the greater weight of the liquid-hydrogen
tank give that vehicle the heaviest wing loading at the start of cruise-climb flight.

As indicated in Table II1I, the cruise performance for the three fuels is
remarkably similar. In each case endurance is about 43 hours and still-air range is
about 6400 nautical miles. The greatest relative difference is in final altitude.

The JP-7 fueled vehicle reaches 70,000 feet and has the lowest weight at fuel
exhaustion; the liquid-hydrogen fueled configuration is limited to about 65,000 feet
because of its significantly heavier fuel tank. The performance of the hydrogen~fueled
vehicle is also affected by the loss of about 24 percent of the initial fuel load due
to boil-off duriag the flight. (The fuel system design was developed to maximize
endurance based on the effects of boii-off and the weight and complexity of tank
insulation and pressurization.) Boil-off for the liquid methane is negligible.

Balloon-Assisted Launch

A slight advantage in endurance and range may be possible if the vehicle is
launched from a balloon. The data of figure 5 is optimistic because fuel boil-off
below “he launch altitude is not considered. This could be large in the case of a
lengthy balloon ascent with cryogenic hydrogen in the fuel tanks.

Power Loading and Wing Loading

Variations on the baseline configuration were considered in terms of simple
veriations in the relative engine size and wing siz% at constant vehicle weight.
The baseline vehicle has a wirg loading of 8 1bf/ft¢ and a power loading of 0.22 hp/1bf.
Variations in engine size produce variations in power loading with consequent changes
in engine and fuel weight. Changes in wing loading do not effect the structural-weight
fraction; allowable load factor is therefore affected in an undefined manner. The
resulting configurations are all considered to be individual designs rather than just
modifications to the baseline vehicle. Extreme combinations of power loading and wing
loading way not represent reasonable design points but can be used to define trends.
A1l vehicles have the aerodynamic and structural characteristics of the baseline
configuration and use the baseline schedule of throttle and lift-coefficient settings.

Each of the next three figures (figs. 6, 7, and 8) shows the effect of wing
loading and power loading on performance for one of the fuels. In each figure,
endurance increases with decreases in wing or power loading. For a given power
loading, there are associated 1imits on wing loading that define the end points of the
data curves. If wing loading is too high, the vehicle cannot meet the criteria of
initiating cruise-climb at or above 60,000 feet. If wing loading is too low, the
minimum throttle setting produces too mucn power at low altitudes. This, in turn,
leads to airspeeds in excess of estimated structural Jimits.

Maximum endurance boundaries for configurations using the threc fuels are
presented in figure 9. They show that maximum endurance decreases with increased
wing loading. These boundaries are all produced by the criterion requiring cruise-
climb initiation at or above 60,000 feet. (The endurance limits would be increased
if the criterion were relaxed.) Results show that vehicles using eithor JP-7 fuel or
liquid methane can be designed to reach the same endurance limits. Configurations
fueled with liquid hydrogen can be designed to have only slightly better values of

e‘nmmk ALY



endurance at wing loadings above 7 1bf/ft2. Based on considerations of the assumptions
and analytical accuracy, the maximum endurance limits are virtually the same for all
thren fuels.

The effects of winds and other factors limit the combinations of power loading
and wing loading that can be considered to be practical. The constant-endurance curves
of figure iu are intersected by several limiting lines. If reliability considerations
dictate a single engine design, the 1imits of engine scaling produce power-loading
limits of about 0.16 to 0.27 hp/1bf. The headwind limit is associated with the cruise
airspeed of the vehicle. Data from reference 14 define values of windspeeds that are
exceeded less than one percent of the time over the contiguous United States. At
60,000 feet, that windspeed is about 30 knots equivalent airspeed; at 70,000 feet, it
is about 20 knots equivalent airspeed. During cruise, wing loading is reduced as fuel
is consumed. The constant 1ift coefficient results in a reduction in airspeed for
trimmed flight. The headwind 1imit on figure 10 denotes configurations that could not
maintain station against these headwinds. Increasing vehicle airspeed by decreasing
1ift coefficient would move this boundary to lower values of takeoff wing loading.
The requirement to maintain any given groundspeed against these headwinds (in order
to change station) would result in a boundary at signiricantly higher values of takeoff
wing loading.

Based un estimated wind and propulsion limits, maximum endurance for any fuel is
achieved at the Towest allowable values of engine size (i.e., power loading) and wing
Toading. A lower limit for power loading of about 0.16 hp/1bf results from engine
scaling considerations. At that limit, the maximum endurance values are approximately
71 hours for JP-7, 70 hours for liquid methane, and 65 hours for liquid hydrogen. The
baseline configuration is conservatively designed and, consequently, has lower
endurance (43 hours).

Parameter Sensitivity Studies

The relative significance of changes in the configuration is illustrated in
figures 11 and 12. The computed results for JP-7 fueled vehicles in figure 11 indi-
cate that the yreatest improvements in endurance are achieved with decreases in
structural weight fraction, decreases in specific fuel consumption, and increases in
fuel-load. ‘ost aerodynamic-performance parameters, such as cruise lift coefficient
or profile-drag coefficient appear to have comparativeiy small effects. The more
significant sensitivities for vehicles using JP-7 and cryogenic fuels are compared in
figure 12. They indicate that the sensitivity trends are virtually the same,
regardless of fuel type.

CONCLUSIONS

An analytical study has been conducted to evaluate the potential endurance of
remotely piloted, lTow-speed, high-altitude, long-endurance airplanes designed with
1990 technology. The baseline configuration was propeller-driven, sailplane-like
airplane powered by turbine engines that used JP-7, liquid methane, or liquid hydrogen
as fuel. Endurance was measured from the time at which the vehicle reached 60,000 feet
of altitude. Engine constraints were presumed to limit all configurations to
70,000 feet. Vehicle takeoff gross weight was constrained to be 3000 pounds. The
results can be summarized as follows:
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1. When engine size is adjusted to maximize endurance for a given wing loading,
maximum endurance 1imits are virtually the same for all three fuels.

2. Sensitivity studies with the baseline configuration show that the three best
ways to increase endurance are to reduce structural weight, to reduce specific fuel
consumption, and to increase fuel Toad.

3. Maximum endurance is achieved by minimizing both engine size and wing loading.
Constraints due to winds aloft and propulsion system scaling result in maximum endur-
ance values of approximately 71 hours for JP-7 fuel, 70 hours for liquid methane, and
65 hours for 1iquid hydrogen.



APPENDIX - COMPUTER PROGKAM FOR PERFORMANCE CALCULATION

The computer program used in this paper is documented in this appendix. A
listing of the program and sample sets of input and output data are given here. The
sets of input and output variables are described in the output listing and by docu-
mentation within the program itself. Inputs are made by the unformatted "NAMELIST"
method. The program was written in FORTRAN IV for use on a CDC 6600 computer system.
The program contains all the interpolation methods and data tables required to make
it independent of any special library subroutines of the host computer system.

Climbing flight starts at altitude HSTART at designated values of C| and power
settings (CL1 and kPOW, respectively}. The climb equations determirc a value of
flight-path angle at an incremental increase in altitude. The vehicle weight is
adjusted to allow for fuel consumption between specified altitudes. Iterative
adjustments in both flight-path angle and weight lead to a consistent set of these
parameters at each increment of altitude. At the second event altitude, H2, the
throttle is changed to be full open and CL is adjusted to the value for CLZ2. This
procedure compensates for etfects that decCrease rate of climb with increases in
altitude.

Cruise climb is initiated at either the input cruise altitude, H3, or the alti-
tude at which the rate of climb is zero. The program uses CL3 as the CL for cruise-
climb., The power setting is adjusted to achieve trimmed, equilibrium flight.
Vehicle weight is computed for equilibrium flight at each altitude. If the vehicle
could climb beyond 70,000 feet, the power setting is adjusted to maintain that
ceiling for ten (10) identical increments of fuel weight.

v
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PROGRAM CHAAP(INPUT,JUTPUT,TAPESeINPUT,TAPES)

PROGRAM FOR CALCULATION OF FLIGHT PROFILF AND ASSOCIATED PARAMETER

DIMENSION ABC(5), ACB(3), SFCTANK(3)
DUMENSION SFCVOL(3)

COMMON/RL/ROIL,ANELT,ADTILA

CAMMNAN Z7AERN/ CLyCDpRHN, Sy Dy THRUSTo HAHA, VA

COMMON 7ENG/ PAC,ETAP2,KPOW,SFCENG) SFCopSFCA) FLOVW)FLOWA)PONSE T, KFUE
lLyoHMAY

COMMNN /WFETIGHY/Z WA,DW, WA, WFIJFL, WF, WD

COMMON /START/ AGOLOsDFLHeGAMMASKK yKCopKECORFUELIRCHVy)VXoVKTpToTHsX
1o ODE s KALT pKG, KNUNT

COMMON ZATMO/ ALTT(4)oPL(Y5),P2(15),D1(15),02C15)0ALT(15)pTK(4))

e PROPT(259,6)
COMMON/SYS/TAsRHA) TINSs RHINS)RANIUSs VOLTANK)ARFATHRATIOCONDUCT
CNOMMON/PIC/PT

NAMELIST /DF/ TOTALME s WPAYLD »HSTARToCLINN2»CL2pHICL3pCDO)AR,¥OSHK
LFUEBL 9 ENGSIZEETAP)PACI KPOWSkGWp GWpKPOWCC»SWF o SFCTANK)DELTTHDELNMI
NAMFELIST/ZIN/CONOUCT,,PSI RATTU,TA,RHATIN)RMIN,WSYS

PESCRITION QOF INPUT VARTABLES

AQe ASPECTY RATIO
CLI)CL2)CL2e VEHICLE LIFT CNEFFICIENTS SET AT ALTITUDES HipH2,AND
H3, RESPeCTIVELY
thNe VFHICLE PRNFILE-DRAG CNEFFICIENT
ENGSIZEs ENGINE SIlE, SHP
FTAPs PROPELLER SFFICIFNCY FACTOR ((THRUST*VELOCITY)/POVWER)
Gue GRNSS WEIGHT, LA
HSTARTs STARTING ALTITUDE, FT
H2,H42s FVFNT ALTITUDES, FT
PACe OAYLOAD AND SYSTEMS POWFR REQUJIRED FROM ENGINE, SHP
KFUELe 1 FOR JP7y 2 FDP LIQUID CHéy 3 FOR LIQUID W2
KGWa 1 FQR SPECIVIED GROSS WEIGHT AND NOT e 1 FNR SPECIFIED FUEL
KPOvWe O FOR NPEN OR AUTOMATICALLY SET THROTTLE, 1 FNP MAX POWER),
2 FOR %Y POMER, 3 FOR 507 POMER, AND & FNP 2%% PQOVER
KPOWCCes PNWER CNDE FNR CRUISE CLIMD
SWFe STRUCTURAL WEIGHT FRACTION (WEIGHT OF STRUCTURF AND SYSTEMS,
0F STRUCTUREy SYSTEMS, PAYLOAD» FUEL, FUEL SYSTEM, AND PROPULS
SYSTFEN)
TOTALWFe TNATAL WEIGHT OF FUEL, LB
WNSe WING LNANING, W/S, LR/FT?2
WPAYLDe PAYLNAD WELIGHT, LB

CONDUCTe CONDUCTIVITY. BTU=FT/HR=DEGREE F=FT2
PRESSURFs PSIT

RAY e FINESS RATIO JF THE TANK L/D

TIN® THICKNESS OF INSULATION, INCH

The THICKNESS NDF ALUMINUM, INCH

RHINNENSITY OF INSULATIONSLBF/FT2

RHA o DENSITY OF ALUMINUM,LBF/FY2
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DATA TUTALUFDHPAVLD)HSTA?T’CL1:”29CL20H3ICL3!CDODAPDUU‘}KFUEL,ENGS
1IZF,ETAP,PAC)KPDOWIKGWs GWpKPONCC,) SWF /1000492000506 09 R0y 4000C-0240s
270000691625 ¢01502009FerYsb600seRp26s35193000,035e4/

DATA DELTILNELHIZ1000455004/

DATA ACA/1O0HJIPYT » 10HMETHANE » LOMHYDROGEN /

QECTANK® TANK WEIGHT PFR UNIT FUEL WEFIGHT
SECVOL= FUFL VNLUME PER UNIT FUSL WEIGHT, FT3/L8
esesFOR Jp7'CH“)THEN HZ

DATA SFCTANK/0,0A%5590,2441,1.241/
DATA SFCYNI/0,0229,0,0418,0.2500/

DATA NESCRIARING 1962 ATMOSPHERE (IN METRIC UNITS)

TEMPERTURESy TK, GIVEN IN DFGPEES K AT ALTITUODFS, ALTY, GIVEN IN K
PRESSURES AND OENSITY DATA FNR FXPONENTLAL CURVE=FIT METHOD LISTED
IN TARLFS P1,P2,D1, AND D2 FOR ALTITUDES (ALT) GIVEN IN KM

DATA ALTYT/049114020e9324/

PATA TK/2BR.15521640659021646%59229.65/

DATA Pl’o11'3“2‘0190119392‘010.117993950'01173134619.1163075129011
lﬁZbZQb“o.1166349121.1?1??6511001261322§700129373961)0132“19568'013
250550705 ,1390097%6,.141631531,.143R4007/

DATA 92/.1463131001469131)-15677650o167°9°200190526“)0190975200175
1‘975;.1402350!01051931’.OF190760.0654537’0050261210035925800025001
27501K50737/

DATA N1/.00%86,R, . 0050A06R) 095533245,094992534,,0041714545.,0933534
180.06*937005».07707’.087963“65’c0°618°°§’.1027136970.105‘55366).11
2072073, ,116073981,.,120579001/

DATA 9?1.1]3600ollﬂbQJ.1260793'01359911)01562546)015443§3).39‘5841
1-.3101618;.2323292..1R0°1hlo.146673..1350697..1071726..0F%1567..06
2TR277/

DATA AL"O.'?-'“o’bo'”QDIOQDllo'12001501100’1903200322002~0026./

PENPTe THFRMNNYNAMIC PRNPFRTIES NF LIVGUID HYDROGFN,

“AND LTQUID METHANE .

PRNPT FNR [ 1QUIN METHANE,TEMPFRATURE DEGREE KpPRESSURE KN/M2,
DENSTIDTY KG/IMI,ENTHALPY ¥J/KG,

PONPT FOR L IQUIN HYDRNGFN DFGRFE X, PRESSURF MPALOENSITY KG/M3
(LIQUID,GASY, FENTHALPY KJ/KG (LIOQUID, GAS).

DATA((PONPT(1,Isd)pdelybt)yolsnl,9) /

o 1000934,P56,,4415.,0006R%,3953,1,12669,.2,

o 10%:»%7472635,433,,000025,6235,9,12621.0,

e 1104oM9,267,5,4265.001611565%11.2912754,49,

e 115,9133,64609,4199,00233696709,5128784%4»

e 1200'193002"o“1200003?7"5o7002012°9§o7l
. 1250’2700‘36005°~'o°°~‘66051’5o’013‘°~03’
. 1300’368092"03°7|00005977’5665.5’l320ﬂ.1’
[ 00'00'00'00'0.000)00)00)00'00’0.'0./
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PATA ((PROPT(291I9sJ)sdm256),181,9))
220626F5 410139 70.,786451.3378,-2%6425189,3»
2216241250, 69,9403,1,61R0,-248,R,193,,
0725016349 F6B,T72005?7,07119=237,9,107.2»
2230902000656 7,46149,2,61199-226435200,5,
22449 e?2645966,011203,25648,-213,8,20246)
22%092¢328R5€4,4917,440171»~200,45203,.6>
22060904035, F2,R337,4,921%,=105,9,203,.]»
¢ 0090690627009 0¢900906350490090450450,/

DATA TASTIN)RHARHIN,CONOUCT,PSI»RATIO/
o 8159640517248,2.3,0,00867950454,./

CCDESs XC s 1 FOR ALT. TINCREMFNT ENDING IN FUEL FYXMAUSTICN
KEC= EVENT COOF; = 1 FOR CINFIGIRATION CHANGE
KALT= NUMAFR QOF ALTITUDE INCREMENTS
UK~ CYCLF CNUNTER; CFITER ON FOR PRINT=QUT OF RESULTS

l=1
DO 62 1=1,7

CHANGE IINIT DFGREE FpOSI+LB/FT3,RTH/LEBM
PRNAPT(Ls1»1)aPROPTI(L,I,1)81,R=459,67
PROPTI(L»Is2)ePROPT(LII»?)/64R94757
PROPT(L,)1,53)ePROPT(Ls1r»2)*42,42A
PROPT(L,l»6)wPRAPT(L I »4)862,428
PEOPT(LsIs5)ePRAPT(LsY»5)72.,32597
PROPT(LsI»6)sPROPT(Ls19»5)/72,32597
CONTINUF

Le2
N0 60 lel,?

CHANGE UNIT NEGREE FrPSIoLM/FTI,ATU/LBNM
PROPY (L, 151 )mPRCPT(L,151)91,R=459,67
PROPTIL,»I»2)ePROPT(LeT92)%1465%5,06
PROPT({L »I»3)uwPROPT(Lsl»2)*0,062428
PROPT(L»Iro4)ePROPT(L,I»4)20,062428
PROPT(L»I»=)ePPOPT(Lol,%)/72,325%597
PROPT(L,»I»06)ePROPT(L,I:56)/2,32597
CONTINUF
P103,14159265%

DN 10F KF(®2,3

CALL INTERP(PSI,PROPT,,KFL,1)
CALL INTERP(l4.069,PROPT,,KFL,0)
CONTINUYE

READ (5,42) aAnC
1F (EPF(%)) 41,2
RFEAD (5,DF)

READ (S»IN)
TaeTA/)12,
TINSTIN/1C,
KPOWCCe)

FLOW=O,
THE M0,
ENDYeO,
RO1ILe0O,

N
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ORIGIRAL Fi-é0
RoILT0s OF POCR QUALHY
FTAP2eETAP

INITIALIZE PARAMETERS

CLeL1}
AGOLDeGAlMASRFUEL=0,
RCsVeVXall,

VKT=0,

T-TH.X'O.

NELHeNELT]

KKe~]
KCeKECeKONFesKNUNTe)
KPOWa b

FMPIRICAL ADJUSTMENT TO NSTWALD EFFICIENCY FACTAOR,

Fel,~.01%4AP
SFCENGoFNGSTIZE/650,
WPROPUL® (SFCENG®225,)%1.3¢70.

WEIGHT CALCULATINN

IF (KGWeNFG]) 6N T] 5

GROSS WFIGHT SPECIFIFD

WSYSeW® (], =~SWF)=WPAYLD=WPROPULL
IF(KEUELLFQL1) GO TO 81
CALL SYSTFM(PROPTUI(KFUEL=1)5993)pNSYS)WFHELNL)
6N YO R2

WFUFLoWSYS /{1 ,+SFCTANK(]1))
VOLTYANKeSFCVOL(KFUEL)SWFIEL

TOTALNFaWFUEL

WTOTALeRV
6N TN &

CUEL VEIGHT SPECICIFD

WFUEL=TOTALVF

IF(KFUELLEQLL) GN TO 90

VOLTANK @ (WFUSL/PRNOPTIINFUEL=1)99,3))/,9
RIaVOLTANK/(PI®(2,¢RATIO+(4,73,)))
PANILUS=R3ee(],/3,)

CALL SYSTEM(PROPT((KFUEL=1)s993)pwWSYSeWFUEL,2)
WTANKeWSYS=WFUEL
GC 70 91
VTANKeNFIIELSOSFCTANK{XFUEL)
VILTANKeSFCVOL (KFUEL ) *WFUEL
WTOTALa{WPAYLD*WFUEL<«WTANK+WPROPULS 7( 1 +~SVWF)
WDeWTNTAL=WF'IFL
VEsWN=WYPAYLN
WlsWwTOTAL
WFsTOTALVF

COMPUTE VNLUMES
VOLPAYLOVPAYLN/22,5

PAYLOAD NENSITY: 22,518/CU FT,
an .N’o.
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ORIGINAL PRCE i3
OF POCR QUALITY

TF (HSTART,EQ,0.) GO TO 7

CALL RALLOCN (HSTART,WTOTAL,VOLAN)
CONTINUE

VOLF=0,02831485

VTANKMaVNL TANKSVOLF
VOLRNMaVOLRN*VOLF
VPAYLMesYOLPAYL*VNLF

PREPARF VEHICLE DESCRIPTION DATA FOP HEADING

SaWTNTAL/WNS

ACKm]l,/(PT*AR®*E)

S$S25%0,0929

SWUPAYLDsWPAYLNk&4, 44822

SKWSLwENGSIZE*®Q,7457

SWFUEL sWFUFL*4,44822

CCe0.,0003048

HSTARTSsHSTARPT#*CC

H2SeH2#%(C(

H3SsH3*(CC

HeS=2]1,3

H4SsHIS

HHSTART=HSTART/1000,

HH28H2/1000,

HH3eH371000.

HH4= 70,

WNSSeWNS*4T7,8R026

SUFaVF®4,44R22

SPAC=PAC*0,7454

SWTCTAL=WTNTAL#*4,44R22

WRITE (hHhrkt) ARC

WRITE (hs4%) ACAIKFUEL)»AR»S)WPAYLD,)SWPAYLDSENGSIZESE»SSs WFUEL » SWF
1UEL s CLaHHSTART o HH?2 yHSTARTS pH2S»SKWSLoCDOe WNS pWE s SWE sC L2pHH2) HH3Ip H2
2SsH43S)PACHSPAC,WNSS,WTOTAL»SWTOTAL,CLI)HHI,HHA)H3SHHES

WPITE (H546) VOLPAYLpVPAYLMyVOLTANK gVTANKMyVOLBNy VOLBNM
CNeCDOLACKSCL3¥%2

WwNNS=WD/S

CALL ALTHAY (WDOS»CL3»CNsKFUFLISFCENG)PACIETAPsWD)HMAXsKPOWCCO0,)

WRITE (6,43)

GAMMASO,
KAl Ta0
HeHSTART=NELH

KALT IS 1 FOR INITIAL ALTITUOF
KALTOKALTS])
FLOWIFLOW
ROIL1=BOIL
PC1l=RC
ViaV
VXlsvX

13
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ORIGINAL PACE 1S
OF POOR QUALITY

CHANGE ALTITUDE

HOeH

IF (ARS{H=600004)elTe50s) THCNaTH
HeH®NELH

HKMaHeCC

CALL FXPINT (ALToD1s02,1%5,HKM,SIGMA,KDDE)
COsCDO+ACK*CLee?

00tLerD/L

CALL ENGINF (HyKFUELoKPOWe POWERTSFLOW, SFCoXKODE» SFCENG,POYSFT)
CALL PERTKIMFUEL,BOILsH,KFUEL)
POWER®POWFRT=PAC

IF (KONELEQLL) G TO 40

TTERATE ON TYOTAL WFIGHT
WaW]l
¥Ge(

KGE IS NDo NF TINFS THROUGH GAMMA CYCLE AT EACH ALTITUDE
ITFRATE NN GAMMA
KGeKG+]
GCleGAMMA
OnWeCOS(GAMMA) 7 (CL*S)
Va2Q,0*SO0RT(Q/SINAMA)
THRUSToFTAPSP(IWERES550,/V

TFST FOR KC= 1, WHICH INDICATES FUEL® O
IF IKC.FQel) 60 TN 17

CORRFCYION FOR ACCFLERATION ALNNG FLIGHT PATH
CFel,,0
JF (KALT(EQ.1.NR,KEC.EQ,1) GO TO 13
VAGs (Viev) /72,
NELVeV]=V
CFu]l ,¢VAG*DELV/ (DELH®I2,17)

GAMMA IS ARCTAN OF ((T=-D)7(L X ACCFL FACTOR))

RLFFTaCL#SeQ

TN e THRUST/RLIFT

VGAMMAS (TOL=-NOL) /CF

IF (VGAMMA LT+e001.AND.VGAMMA,GT,~,001) GO TN 32
IF (VGRANMALLT,0.) GN TO 1%

GAMPAATAN(VGAMMA)

C2aCanmy

AG12=ARS(G2=G1)

IF (XGeLTe13) €0 TN 14

TESTeABS (AG12=-AGOLN)

IF (TFST.67.,00000001) €GN TO 14
PRINT &, * FRROR OF AGl2 e ",A(12

6N 10 14

TF (AG12,LT.4001) GO TO 16
AGOLDeARY 2

IF (KCelLT430) 6O TN 12

GO 70 30
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ADJUST TARGEY ALTITUDE TO HMAVE A POSITIVE GAMMA

ORIGINAL P .
OF POOR QUALITY

IF (KALT.FQ,1) 6O TN 31

HaHO
DFLHeDELH/2,

IF (DELH.LT+20,) GG TO 33

GQ Tn 9

ADVANCF CARAMFTER VALUFS OUE TN ALTITUDE INCREMENT

RCoVESIN(AMMA)

IF (KEC.FQs1) GO TN 19
DELYsDFLH/((RC14RC)/2,)
DROTIL=(BOIL1+BOIL)*NELT /7200,
PELFe(FLOW1+FLOW)*DELT/7200.

NELFeDFLF+NAOTL

IT (WFUFL.GT.DELF) GN TO 1A

HeHO

DELHsDELH*WFUFL/DELS
IF (DELH.LT.20.) GO TO 33

GO Tn 9

FND ADJUSTMENT FQOR MAXIMUM ALTITUDE
NELT (DPELTA TIMF) GIVFN IN SECONDS

NELTeWFUFL*3600,/7(FLOWSANTL)

WFUEL=0.
VXsV
G0 TN 19

CALCULATION NF ALL PFRFNRMANCE PARAMETERS FOR EACH ALTITUDE

RFUELaWFUYFL=DELF
WisWNeRFUIEL
ADFLWeARS (W1-V)

IF (ADELW,GT.sel) GO TO 11

IF (KALT,FQ.1) GO TD 19

VFUELsRFUEL
VX=VCOS (GAMMA)

GAMMAD=GAMMASS5T 295779

RCMeR(Ce/0,
VKTeV80,5924R4%

IF (KECoEQe1sANDKC,EQ.l) GN TO 21
IF (KALT,FQ.1) GO TO 22
IF (KFC4EQs1) GO TO 24

YuXe{(VX4VXL)/2,)*DELT/60T76,115

TaTeNELT
THaT/3600.

IF (KC.EQ.1) GO TO
60 70 23

VXley
6D TD 20

30

15



e s dme e Ealt L

o b et e A B e

ORIGINAL PAZE 1S
OF POOR QUALITY

¢
22 KKeg
23 KKsKK+]1
ROILTBOIL*DELT/3600,+BOILT
c LIST RESULYS IF VEHICLE IS AT EVENT ALTITUDE, STANDARD ALTITUOE
c OR INITIAL ALTITUDE
ATEMP=ABS (H=H2)
RTEMP=ABS (H=H3)
IF (ATEMP.LT.1, 0RBTEMP,LT,1e) 6O TO 24
IF (KK.FQ.5) GO TO 24
VVay
IF (KALT.EC,1) G TD 24
6N 1N 8
e

24 PERCENT=WFIEL/TOTALWF*100,

W2eWTOTAL-TOTALWF+WFUEL

WOS2eW2/S .

WRITE (6547) HpXyTHs Vo VKT,RCH)GAMMAD, POWERT, SFCETAP, THRUST, WFUEL,

1PERCFNT)W0S29CLPPONSET,ROILT

KQUNT=aKDUNT+XODF

KNDEeD

IF (GAMMAD,LT,.1.0) KPDWal

IF (KEC.EQ.1l) GO TO 29
IF (KK4FO,5) KKs(
TF (KALTW.FQ.1l) GN T 28
IF (ATEMP,GTs1e) G0N TO 25
fLeCL?
KPOW=1
KEC=1
6N 10 27
25 IF (RTEMPLGT,14) 6N TN 26
CL=CL3
KPOW=0
KFCel
GO TN 33
?6 KEC=(
¢ TO 28
27 HeH=DELH
c TESY FNQ FHEL NEAR EXHAUSTION
2R IF (WFUFLWCTL041) GN TO A
G0 TN 30
29 KECeQ
IF (WFUEL.GT.0.1) GO YO 8

MAX H FOR GIVEN CNNFIGURATION

OO

310 PERCENTeWFUFL/TOTALWF®100,
WRITE (6547) HyXpTHo Vo VKT9RCMyGAMMAN,POWERT pSFCHETAP) THRUST, NFUELS
LPERCENT WNS2oCLoPONSET»B80ILT
KOUNTSKOUNTSKNDF
KNCFe0
WRITF (6,4P) DELF

c VEHICLE CAN NOT CLIMB ANY HIGHER, THEREFORE CHANGE TQO CRUISE HERF
WRITF (h,49)
G0 TN 33

16
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WRITE (6,50) TOL,DOL

CONTINUE

HeH=DELH

HXMesH*CC

CALL EXPINT(ALT»N1»D2515pHKM,SIGMA» KODE)

VsVV

PFRCENTsWFUEL/TOTALWF*100,

W2eWTNTAL-TOTALWF+WFUEL

wDS2ew2/S

VKTeV%0,592484

IF(KK,EQ,0) 6N TN 70

WRITE (6547) HyXoTHpVs VKT RCMyGAMMAD POMERT»SFCHETAP, THRUSTHWFUEL>
1PERCENT»WNS2,CLoPOVSET ,R0ILT

WRITE (6,51)

TF({HLT,60000.) GO TO 2GO

VsV1

KALTeXALT=1

1F (KALTLEQ41) GO TO 1

VAsV

VAsWD+WFUFL

VAsy

CLeCL3

CD=CNOSACK*CL*s?2

RCM=0,

GAMMADSD,

KGel

KPDWekKPQWCC

KKe0

KECel

KG=0

IF (HMAX,GEL.70000,) HMAX=T70000,

IF ((MMAX=H)GT500,) GO TO 34

S LHaHMAX=-H

6N 70 35

DELH=DRELHT

HAsH

KPiWwe0

RH(20,0023T763R4*SIGMA

VeSQRT((2.*WNS2)/(RHO*CL))

VK TeVE(0,592494

0u0,S*RHO*V*% 2,

PaCD*Q%$

1 . 2USTesD

POWERe(DAV)/(ETAP2%550,)

POWERTaPQOWER+PAC

CALL FNGINE{HApKFUELoKPOWs POWERT,FLOWA»SFCAPKODE,SFCENGHPOWSET)
CALL PEPTK(WFUEL,BNILA)HA,KFUEL)

CALL ALTMAX(WNOS»CLICDpKFUELISFCENG)PACIETAP WO HMAXy=1pPOMSET)
WRITE (6067 Hp X pTHIVs VKT RCMyCAMMAD »POWERTSSFCASETAP» THRUST,WFUEL»

1PERCENT,WN 2, CL,POVSET,BNILT

CLe(13

Viasy

COCDOSACK*CL *42
HReHA+OFELH

IF (HR,GT HMAX) HBesHMAX
KPOWs=]

CALL CRCH

HA®SHB

7
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ORKﬂNALEH%uJiS

KEC =0 NF POOR QUALITY
WAsWA
IF ((WA=WN)},LT.0,01) GO TO 39

IF (HR,GE,?70000,) GO TO 37

IF (HB,FQ,HMAX) G0N 1O 39

GN TO 36
KfCeo]
KPOWs=0
HA=70000.
HKM® T0000,¢0,0003048
NWaWFUEL /10,
CALL EXPINT (AL T»01l9D25159HKM,SIGMA,KODE)
PHO=0,002376RR4*SGMA

WReWA=DW
WFUELeWFUEL=NW

CALL CRUJISE

1F (ABS(WR-WD).LT.0,01) GO 70 39

WAsWB
KEfaQ

¢ TO 38

I1F (KDUNTLFO0,.0) GO TO 40

WRITE (6,52) KOUNT

CNANTINUE

FNPUaTH=THCM
CONTINUF

6N 10 77

cTne

FARMAT (5410)

FNRMAT (/752X 4 X 4HALTY ,p3X)5HRANGE ) 3X9p 4HT IMES2X»13HTRUF AIRSPEFD,3
1Xp3HR/Cr 33X, 5HGAMMA, 2Xp AHE, POWER ) IX,IHSFC o AN, SHETA=P, 2X, 6HTHRUST,3
2Xs134FUFL IN TANKS ,2Xs3HW/Se5Xp2HCL»2X9BHTHROTTLE2X s THBNILOFFZ/

o OYpLH{FT)paX,y,4HN NI,

3 NP LH(HR ) p AIXPSHIFPS) 92X o aH(KT ) pIX,5H(FPM)p2XpS5H{DEG) 4 X oH{HP
412X 10H(LR/HP=HR) » TXs bH{LB)»SXs &H(LB)9»5X»1HZ)3X, 5HI(PSF)s 12X, 1HE,
6 6XpeH(LR)Y/)

FARMAT (1H1/772%X9581077e2Xs10HPROPULSTIONS 20X 12HAERNDYNAMICS ,0XpéH
IVINGy 13X p 15HWFIGHTSy LB (N)plOXp21HVEHICLE TRIM SCHMENULE)

FORMAT (/76YpSHFUFL3)1XpAl0p11%p3HAR®S)FE42p9Np2HSu)F5,191Xp3HET2,p4X
1sRNPAYLOADt»F 74091 Xs1H(sF5,021H)p4X2HCL» 5Xp 23HALTITUDF, FT/1000,
P(KM)p/paXy THENGINE S pF6 40901 Xp6HSHP=SLs10Xo2HE® pF543510Xs1HesFH,0s 3H
3 M2, 7Xs5HFUEL S 9FT7e092H (pF5,001H)sFT7e29FTalpbH TO sFbele2XplH(rFé,
4151 Xp2HTNIFSa1olH) o /11 Xp1lH(9F5,09 GHKW=SL) 99X s 4NCDO®FHo59 TX 9o 4HW/ S
5pF5,194H PSFyB8X,5HOWETL »F6e0p1lH(sF6.0p1H)pFTe2sFTolpbéH TO pFéelr2X
6p1H(sFa,154H TO HJFhelplHI/SXNs6HAUX PigFboalp5H HP (9Fé&o2p4H KW)p24X
Tos2Hs 3F5,053H PAs7Xp6HTOGUS sF6,001HI»)F64001H)»FTe2,FT.104H TD HF
Bhels2XolH{,Fe,196H TO »FéelolN)?)

FNRMAT (/7/2Xp18HVOLUNESy FT3 (M3)1,3X;BHPAYLOAN®,F6,291Xp1H{eF b, 4
L2H) 30X, SHTANK® s F0e291Xs1H s F644p2H) 399X BHBALLOON®pFB40s1Xs 1H(sFb
Z.O;lHH)

FORMAT (Fllol sFRulsFTaloFTaloFbeloFO,)9F5,19FQel0FQ,49Fbe3s2F9,1,F
17010F602"7021F801)‘3.2)

FORMAT (20X, 6HDELFe »,F20,3)

FORMAT (2X»32HVEHICLE CAN NOT CLIMB ANY HIGHER)

FNRMATY (AX 44T /1o, Fl0.596Xy4HL/De,F10457/7)

FORMAT (2X,1BHCRUISF STARTS HERE)

FNRMAT (30N INTERPOLATION OUT 0OF RANGE »J4p7H TIMES!

END
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ARIGINAL PRIE 13
OF POOR QUALITY

SURROUTINF ENGINE(H) [FUFLy IPON, POWER, FLOW, SFCoKODE) SFCENGpPERCTP)
CALCULATINN 0OF ENGINE PFRFORMANCE

INPUTSE  H~ALTITUDESFT
IFUELY 1=JP6y2-CHapI=H2
IPOMIL1=MCR,2=, TS5MCR) 3-o50MCRp 4= 25MCR)0-0PEN THROTTLE
OUTPUTE FLNOW=FUEL FLOW,LB/HR
SFC=SPECIFIC FUEL CONSUMPTION,LB/HP=HR

1F IPOW EQUAL 7ERO, NPEN THROTTLING POWER IS INPUT
IF IPOW NOT EQUAL ZERQs POWFER IS DUTPUT

DATA ALT(FT),FLILB/HR) ), SHP(HP)

DYMENSTON ALT(15)s FL(1554)s SHP(1554)s FLOWR(4), HPRIG), SETR(4)
DIMENSION SFCFLI3),P(2)

PATA ALT/00»5eE35100€3515,€3,206F3925.E3:300E35354F3;404E39654E355
10153’55.;3,60.F3)65.E3’70.E3,

DATA ((SHP(IpJ);X-1p15)pJ-1ph)1650.00650.03650.1,580.13508.2p432.2
lp350.5:250.6plqlc?o167.2;113.9»90.,70.055.165o’650.0;605-2’5‘407;6
295.0,«31.3,371.6,315.6,261.3,187.5.1#4.3.111.6.90..70..55..65.,661
3.?,‘2908,Qo‘.3’37502I3‘3.3'305.3)266.“,200.0)15‘03’117.1’8906’670'
655.;65o,35.;227.1oZ36.°p23°o69238.39236.B;221.2.200.8:165.0;110.4.
58]QQ’6705’520143-D36.!320/

DATA ((FLUT93),Iu1,15)9Jd81,4)/7417.75384005370,95343,45295485253469
1201eRp15R¢69129¢55105¢6985¢80700905609%5¢0364541747936448932442,288
2.0.253.6p220.5;1“1.7»153.09127.19103.7:8«.1;70.0888»56.0207p66o’35
3,9336649293,692656390237405208¢5518541515509912943510649586¢356945»
‘051.9612’ 450'36.3‘58’27091?612‘3.9’22006020206,1“202’1b3.6' 1‘0701) 12
54e25101ahsB3e6957¢155845011545,916593749395,31,2367,27./

DATA SFTR/?254550e975651004/

DATA SFCFL/046084,0451135041985/

IF (1FUFL.GTa3.0R IMOW.GTo &) RETURN

IF (IPNW.GT,0) GO TO 1

TF(IPOW,EN,-1) GO T3 5

HPePIWER/IFCENG

CALL LINEAR (ALT,SHP(1s1),15sHsHPR(4),KODE)
CALL LINFAR (ALT,S4P(1,2)515,)HsHPR(3),KODE)
CALL LINEAR (ALT,SHP(15,3),15,454PR(2),KNNE)
CALL LINEARP (ALT»SHP(1,4)515,HpHPR(1),KODE)

CALL LINEAR (ALTH»FL(191)515,HpFLOWR(G)HKINE)
CALL LINFAR (ALTSFL(L152)915sHo FLOWR(3)9KQDF)
CALL LINFAR (ALT»FL{1»3)»15,HyFLOWR(2),KNDE)
CALL LINEAR (ALT»FL(154)»15,H4pFLOWR(1),XODE)

CALL LINEAR (HPR,SETR)&4sHP,PERCTP,KODE)
CALL LINEAR (SETR,FLOWR,4sPERCTP,FLOW,KONE)
¢n 10 2

GIVEN PFRCTP, FIND FLNW)SFCoHP

19
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CONTINUE

JF(PFRCTP,GE.SETR(1)) GO 7O 10

KNNEe=1l

I=]

GO 70 ¢

IF(PERCTP,LELSETR(4)) GO TO 11

I=é

KUDEw]

CALL LINFAR(ALTHSHP(1,1)9159HyHP,KODE)
CALL LINEAR(ALT,FL(151)515,HsFLOWSKNDE)
60 TN 7

Ie]

Jelel

JF(PERCTPLLEL.SETR(I)) GO TO 12

60 T0 13

Ile]

Ial=-1

P(1)=sSETR(I)

P(2)=SETR(I1)

CALL LINEAR(ALT,SHP(1lsIVs15,HsHPR(2)pKODE)

CALL LINEAR(ALT,,SHP(1911)»15sHsHPR(1)»KODE)

CALL LINEAR(ALT,FL(10s1)s15,H,FLOWR(2),KODE)

CALL LINFAR(ALTSFL{)sI1V515,H,FLOWR(1),K0ODE)

CALL LINEAR(PSHPRy2,PERCTYPsHP,KONE)

CALL LINEAR(P)FLOWR)2,PERCTP)FLOWSKODE)
CONTINUE

POWER=sHPESFCENG

G0 T0 2

POWEP SETS AT 100%,75%,50%7,0R 25% OF MCR

CALL LINEAR (ALT)SHP(1sIPOW)»155HyHP,KODE)
CALL LINEAR (ALT,FL(1,IPOW),15,H,FLOW, KODE)
POWER®HP*SFCENG

PERCTPa25,%(5.,=1P0W)

ADJUST FHEL FLOW FOR DIFFERENT FUEL,

CNNTINUF
FLOWSFLOWSSFCFL(IFUEL) *SFCENG
SFCeFLNVW/POWER

RETURN

FND
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SUBROUTINE ALTMAX (WOS»CLpCDyKFUELy SFCENGSPAC)ETAP Wy HMAX;KPOW»

o« POWSET)
COMMON /ATMO/ ALTT(4),P1(15),P2(15),01(15)»D2(15),ALT(15),TK(4)

CALCULATE MAXIMUM ATTAINABLE ALTITUDE

K=0

Hs 55000,

NFLHe5000.

HaHeDELH

HKMaH*0,0003048

CALL EXPINT (ALT»N15D2,15%5sHKMsSIGMA,KODE)
PHO20,0023768R4*SIGMA

KekK+l

VaSART((2.*Y13S)/{CL*RKO))

oOL=CN/CL

DaDNL *W

CALL ENGINE (HoKFUELsKPOWy)POWERTpFLOWs SFCoKODE) SFCENG,POWSET)
POWER«POWERT=PAC

Ts(POWERSFETAP*550,)/V

TF (ABS{T-D).LT,0.01) GO TO &

IF (T.6T.D) GO TT 2

IF (K.GT.1) GO 7O 3

Ks 0

HeH=6000,

GO 7O 2

HaH=DF LH

NFLHeNELH/ 2,

G0 7O 2

HMAXSH

IF (HMAXoLTc60000,,AND KPOW,.GT41) GO TO 5
RFTURN

KPOWsKPOW~1

6o vn 1

END

SUBROUTINE INTERP(PRESS,PROPTHLL,XCO)

DIMENSION PROPT(259,6)

INTERPOLATION == DATA STORF IN PROPT(L,8,1)» IF KCO=l
SEA LEVEL DATA STORE IN PROPT(L»9,I)e IF KCOeO

Leslbl~-1

IF(L.EQ.O0) RETURN
Keg

I‘(KC”.EQ.O) KsQ

KODEs=O

IF(PROPTILs1»2) LT,PRESS) GO TO 1
D0 10 Jel,b
PROPT(L»KyJ)ePROPT(Ls1lsd)
CONTINUE

KNDE=]

RETURN

21
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-

IF(PROPT(L»752) GT.PRESS) GO TO 2
DO 11 Je=l,6
PROPT(L,»K»J)aPROPT(LST»J)
KODE=2
11 CONTINUE
RETURN
1=l
Ielel
TE(PROPT(Ls»I,2) GT.PRESS) GO TO 20
GO 70 3
20 I12e]
[1=]2-1
PO 13 Jslyb
PROPT(L oKy J)m=((PROPT(LsI1pJ)=PROPT(Ls12,J))*(PROPT(L,I1,2)
o =PRESS)/(PROPT(LsI1,2)=PROPT(LpTI2+2)))¢PROPT(LsI1»J)
13 CANTINUE
RETURN
END

wN

SUBROUTINE LINEAR (XpYyNyAXpAY,KODE)

o
o LINFAR INTERPOLATION ROUTINE
¢
c INPUT ARRAY X==INDEPENOENT VARIABLE; INPUT ARRAY Y==DEPENDANT VARI
c N = STIZF NF ARRAY,MUST RE LESS THAN 1003 AX =~ INPUT POINT;
o AY = CNPRESPENDING Y VALUE OUTPUT
¢
DIMENSINN X(100), Y(100)
C
IF (AX.GE.X(1)) GO TO 1
AYeY (1)
KONE=1
RETURN
C
1 1F (AXLLELX(N)) GO TO 2
AYaY (N)
KNNEe1
RFTURN
C
2 P EDY
3 I1=1+1
1F (AXGNEX(I)) GO TO 4
r AXs X(1)
AYsY (1)
PFTURN
4 If (AXGELX(I1)) GO TN 5
c X{I)<ax<«((Il)
AYaY(I)(AX=X(I))e(Y(IL)=Y(DD/(X(ILD=X(I))
RETURN
5 lell
G0 Y0 3
END

22
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DO DHOAYON

ORIGIMAL PAsz g

POO
SUBRNUTINE EXPINT (XpY1,Y29NyAXy»AYsKODE) R QUALITY
DIMENSION X(100), Y1(100)s Yz{100)

EXPONENTIAL INTERPOLATION TO SUPPLY COEFFICIENTS FOR OENSITY
AND PRESSURE RATIN EOUATIONI AYs fos(Yis)X ¢ Y2¢X082)

IF (AX,GE.Y(1)) GO TO 1
Le}

K0ODE=1

6N TN 8

IF (AXGLT X(N)) GO TO 2
LN

KONEe]

GO YO S

X(1)<ns AX<a X(N)

1e1

Ils]+]

IF (AX,GRFX(I1)) GO TO 4

tel

€0 70 %

Tell

GD YO 3
AYSEXP{=Y1(L)SAX=Y2(L)}*AX®AY/100,)
RETURNM

FND

SURRDUTINF RALLONN (HyWLIFT,VOLUNE)

CALCULATITN OF RALLOON SIZF TO SUPPORT ITSELF AND RPV

INPUT?2 ALTIVHDE AND THF WEIGHT OF THE VEMICLE

HealTITUDFIFT) ,WLIFT=WEIGHT OF THF VEHICLF(LBF),VOLUNE=(CU FT)
RALLOON IS 95% HELIUM AND 5% AR,

R=-GAS CONSTANT 8,317 JOULE/KELVIN=MOLE

CNMMON 7ATMN/ ALTT(&),P1{15)»P2(55)»D1(15)9D2(15),ALT(15),TK(4)

HXMaH®0,00030468

P0=101325,

#H400e1,225%0

Call LIMEAR (ALTT,TH,4,NKMyTA,KODE)

CALL FYPINY (ALT,PlpP2,15)HKM,PRATIN,KODE)
CALL FYPINT (ALT,D1p02513,HKM,STGMA,KODE)
PA=PRATIO*PQ

RHIsSIGMASPNND

WM (4,002¢,9%5¢28,9644¢0,05)/71000,

Q=R 317

TEMPRHO=(WUKSPA)/(ReTA)
VOLUMESWLIFT/TENP/0,02R31008

RFETURN

END
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ORIGINAL PAGEZ 14
OF POOR QUALITY

SUBROUTINE SYSTEM (DENSITY,WSYS,WFpKCASE)
COMMON/SYS/TAsRHAPTIN)RHINSREDIUS» VOLTANKSAREATHRATIO»CNNOUCT
CALCULATE FUFL SYSTEM WEIGHT,FUEL WEIGHT» TANK RADIUS,AND LENGTH,
AT START DOF ELIGHT,

CONSIDER THICKNESS OF THE JINSULATION AND ALUMINUM OF THE TANK,

COMMONZPIC/PT
RATIO2=RATIN®2,

IF(KCASELEQ.2) 6N TN 20
HtVSVS-25.

FUEL SYSTEM VFIGHT INCLUDFS PUMP AND FUEL LINE,

Rlel,

GO 710 8

21sRADIUS

CONTINUF

R2aR]1+TA

R3=R2+TIN

PLeR1*RATIN?

VisRles2 ¢PIe(RL+4,/3,.%R]1)
V?2eR2442 ,4PI% (RL+4,/3,.,%R2)

V3isR38%2 #PIS(RL+6,/3,%R3)

VIPe2 ,sR1*PIO(RL44,/3,2R]1)eR14¢2,*PI¢(RATIN2¢4.73,.)
V2P@2,*R2$PI* (RUL+4,/3.%R2)4R2%¢2 P [s{RATIDN2¢4,/3,)
V3IPe2 ,#RISP IS (RL44,/3,%RI)+RICI2 ,#PI*(RATIN2¢4,/3,)
TWINe(V3I=V2)*RH]IN

TWAL=(V2=V])*RHA

TWLH2aV]1$NENSITY*0,9Q

IF(KFASELEQ.?) GO TO 21

YeBaTWIN=TWAL=TWLNH?

IF(ABS(X)LELO0.0001) GO TOC 10

NXew((VIP=V2P)SRHING (VZ2P=V]1P)ORHAGV]IPEDENSITY®*0,9)
PleRl=X/NX

-0 TN R

RADIUSew]

RLENGTHeRADIUS*RATIN?
AREATa2,#PIRANTUS**2,.¢(RATLQ2¢2,)

WINaTWIN

WALeTWAL

WFaTWLN?

WSYSeMINGWALSGWF 25,
VOLTANKeRANIUS®* 3 sPIe(RATIN2¢4,/13,)

QFTURN

FND

SUBRNUTINE BANILOFFLAREAV,CONDUCT, TIN,DELT,A0IL,PROPT,L)
CALCULATE NF RNILONFF FOR RIVFN FUEL AND FLUX

INPUT ARFAVNSCONDUCTIVITY,THICKNESS NF INSULATYION,TEMPERATURF
GRADIFNT,AND LH2 PROPERTIES.
NDUTRUTS BOTLNFFHLAF/HR,

NIMENSTON PROAPT(2,9,6)
QeCONDUCTSAREANCOELT/TIN
ROIL=Q/7(PROPT(LSMs6)=PROPTILSA9S))
PETURN

END
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ORIGINAL Pz 1g
SUBROUTINE CRCH OF POOR QUALITY

CCMMON/BL/BNTIL,BOILT,B01LA

CN™MMON /AERN/ CLICDIRHDpS»Ds THRUSTYHAP H3 VA

COMMON /FNG/ PAC,FTAP2,KPOW»SFCFENG)SFCSFCAsFLOWJ,FLOWA,POWSET,KFUE
1L HMAX

COMMON /WFIGHT/ YA DWyWR,WFUELpWFy WD

COMMON /START/ AGOLDsDELHyGAMMA, KK KCopKECHRFYIE.SRCopVy VX, VKT, T, TH,X
1,¥0ODF,KALTKGs XKQUNT

COMMON 7ATMO/ ALTT(4)pP1(15)»P2(151,01115)5D02(15),ALT(15)}»TK(4)

CRUTSE CLIMB CALCULATIONS

KKasKK4+4]

KALTeKALTe]

GO0 TN 2

HRsHR4DELH

IF (HR.GT.HMAY) HR=mHMAX

HKMeHB®0,000304R

CALL EXPTINT (ALT9NL,N2,15,HKM,SIGMA,KODE)
RHOe0,002376RR4*SIGMA

CALL ENGINE (HB,KFUFL,KPDW,PNYERT,FLOVE,SFECB,KONE, SFCENG,»POWSET)
CALL PFRPTK(WFUFL,BNILA,HByKFUEL)
POWERWPNWFRT=PAC

IF (HRGNE,,HMAX (DR HMAX (EQ,70000.) GO TO 3
WlsW]D

GO TN &
VCUS(FTAP2APIVER®S550,%CL/CD)*02,85¢RHOSCL/ 2,
vaevllis*(1,/3,)

DWeWA=WR

IF (DW.LT.0.) GO TO 1

VRAa ((2,%WR)J(CL*S*RH]) ) #20,5

Vs (VA®VR) /2,

FLOVe(FLOWASFLOWR) /2,
ROJLes(80ILA+R0ILRAY 22,

DELTHeDW/ (FLNW+ROIL )
DYe3600.*NFLTHEV/AHOTH1L5
WNSe(WASWR)/(2,85)

XeYeNnY

THeTHODELTH

PROIL=DELTHSROIL

ROILT=B80ILT+NBDIL

VKTeV90,%592494

SFLe(SFCA+SFCB) /2.
THRUSTSETAP2¢POVERS550,/V

WFUELaVFUEL=DVW

PFRCENTeWFUEL /WF*100,

eCMs0

GAMMADSO

WOITE (855) HBy Xy THpVy VKT, RCH,GAMMAD S POVERT»SFCoFTAP2 ,THRUS TS WFUEL
1) PFRCENT,,WOS,CL,PNUSET,BOILT
KOUNTsKOUNTeKNDE

KODE=NO

SFCAeSF(CH

FLOVA=FLNUA

ROILA=BOILA

25
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ORIGINAL PAGE 1S

OF POOR QUALITY
Vaeyg
RETURN

FORMAT (‘11.1’FB.1'F7l2"7.1.‘6""901’F5.1’Fq.l’FQQ‘,Fbﬂs’ZFQQI'F
17¢1,F6.2)F7e2,FB841,FN,2)
END

SURRNUTINE CRUISE
COMMON/BL/90IL»B80ILT,ROILA

CALCIILATION NF CRUISE PERFORMANCF PARAMETERS AT CONSTANT ALITUOR
OPEN THRNTTLF

CNMMON JAFRG/Z CLsCDIRHD»S»D»THRUST, HAp HR, VA

COMMON JENG! PACH)ETAP2,KPOWy SFCFNGySFCoSFCApFLOVW,FLOWASPOWSET»KFUE
1L s HMAY

COMMON /WFIGHT/ WA DWW WRyWFUFLoWF,ND

CNMMON /START/ AGOLD,DELHyGAMMA, KKy KC XFCoRFUELJRCH Vo VX, VKT, Ty TH,X
1oKODE,KALT pKGo KNUNT

COMMON /ATMOZ ALTT(4)pP1015)9P2015),D1(15),.,2015)sALT(15),TK(4)

RCM=(,

CAMMADSD,

KPOWal

WOSes (WA+WR)/(2,*S)
PFRCENToWFLEL/WF*100,
VaSOPT((z,%WNS)7(RH0eCL))
O0=Q.5%RHNeV*e2,

Des(CD*QeS

THR{ISTeN

POWER= (N*V)/(FTAP2%5%50,.)
PNYEOTaPOVERSPAC

CALL ENGINE (MHASKFUEL s KPDV,POWERT)FLODW,,SFCHKODESSFCEANG,PONSET)
Call PERTK(MFUEL,ROJLIHASKFUEL)
DFLTHa{WA~VR)Y Z7(FLOV+ROIL)
DYSNFLYH*3400,*V/6076,15

XeXYe4DYX

THeTHHNELTH

PRAOIL=DFLTH*ANTL

eNILTeANIL TeNAOIL
VKTaVe0,5924R%

WRITE (Ayl) Hae XpTHy V) VKT, RCMyGANMAD»)PONERT 9 SFCoETAP29THRUSToWFUEL
Lo PFRCFNT,,WNS,CL,PONSFT,AQILTY
KOUNTeKOUNTOKODE

KODEs=O

RETUBN

FNRMAT (FllelsFRolsF7e¢20F74LoF0elsFO,1sF5.19F0,15F0,4,F0,35269,1,F
17010‘0020‘7QZIF8019F502’
FND
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ORIGINAL BAGE 13
OF POOR QUALITY

SURROGUTINE TANK(VFUELsRyRLIHEIGHT,AREAW)

CALCULATE HEIGHT OF THE FUEL AND THE VWETTFD AREA,

F(H)s VFUFL=((R**2¥ACNS((R=H)/R)=(R=H)*ASE,5)*RL4PT*R*H¢#$2~
1 (1./3,)*%PI*He%3)

DF(H)e={2 ,*RL*AS*,54+P]%A)

PI=3,14159765

INPUTSt FUEL VOLUME,TANK RADIUS AND LENGTH,
USES NEWTNN=RALFSON FORMULA TO FIND HEIGHT

INITIAL GUESS

HN= R

As 2 ,%R¥HJ=HN**?2

Xa F(HO)

IF(ARS(X),LE,O0,001) GO TO 10
DXxs DF(40)

Hle HO=X/DX

Co(P=HN)/P

IFCARS(C)eLEsle) G3 Tu ®
sSTNP

HEIGHTe HN

AREAWS 2 ,%PI*REHEIGHT 42 (*P*RL*ACOS{(R-HEIGHT}/R)
RETURN

END

SUBRAUTINE PFRTYK(FUELWyBOTIL,H,)K)
CALCULATE ROILNFF FOR GIVFN TANK AND AMBIFNT CONDITIONS

CNMMON /ATMO/ ALTT(4),P1(15),P2(15)501(15)sD2(15),ALT(15),TK(4),
o PPOPT(253,5)

CNMMON/SYS/TASRHA,TIN,RHINSRACPIUS, VOLTANK, AREAT,RATIO,CONDUCT
Lek=1

ANIL=0,

JF(L.EQ.O.) RETURN

VFUFLaFHFLW/PRAIPT(L,R)y3)

PLENGTH=?2 ,sRADIUS*RATIO

HM=20,0003048*H

CALL LINEAR(ALTT,)TKy&yHMyT,KONE)
DIFFYsARS(PROPT(L?)1)=(T#1.R=450,67))

CALL TANK(VFUEL)RADIUS»RLFNGTH)HEIGHT» AREAW)

CALL ROILNFF(AREAW,CNONDUCT,,TINyDIFFT,B0ILsPROPT L)
RETURN
END

27
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SAMPLE INPUT

BASELINE VEWHICLE FUELED BY JPT

$DF KFUEL=1 $

SIN TA=2,15,TIN=6, ]

BASELINE VEHICLE FUELED BY LIQUID METHANE

$DF KFUEL=Z2 $

SIN TA=2,159TIN=3,sRATIO=4, ¢

BASELINE VEHICLE FUELED By LIQUID HYDROGEN

SDF KFUEL=3+.DELHI=100, $

$IN TA=2,15,TIN=6,9RATIO=4, §

EXTREME JPT=FUELED CONFIGURATION

SOF KFUEL=19HSTART=10000.9AR=30,9WOS=5,+ENGSIZE=400.9
TOTALWF=50049PAC=S, s KGW=09SWFE,3 §

$SIN S
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TABLE I - BASELINE VEHICLE CHARACTERISTICS
Aerodynamic characteristics

CL schedule:

Sea Tevel t0 40,000 ft vvviriiierereneeeseeenoranenansannnas
40,000 to 70,000 ff vivvrrenrsnossessenscnenonsoccncennsnnnoss
Cruise=climb or 70,000 ft .v.veevereenveroenrsossensennsannonn

C

Oswald efficiency factor .u.veiit it ineenrnensoconenennnnns

Propulsion system

Engine power (sea level to 10,000 ft), hp voverrnriiienenneeeenenns

Power supplied to systems and payload, hp ....cevvieieienennnnnnns

Throttle schedule for climb, percent:

Sea Tevel t0 40,000 ft vovirretinenreeeenunenensoossnnsaasens
40,000 ft to 70,000 ft .ovrreiirinnrrereenonssssneuosenssesoes

Vehicie P/H, RP/T1bf ittt i i it it trrereneetenasaneanans

Propeller efficiency factor, NP ..viviiiniirenenenrnenrernennansons

Geometry and weights
Wing:

Aspect ratio .....

RETEPENCE area, FE2 ...vvevenesesenssnsnsensneneninnennnnn
R - O &

Weights, 1bf:

A X - L«
Engine, systems, and propeller ......coieviierereseceeonnnannes
Structure and SyStems ........ciiiiiiinierenensrenanieanonienns
Fuel, fuel system and Tank .........ccoveeeneennnrenneannncanes
TaKeOTf gr0SS ..vuueiieiieeieneeoeronensseseosnerenerananannes

Wing loading at takeoff gross weight, 1bf/ftZ .....ccevunvnernnnnns

3%

D,O --------------------------------------------------------------

20.

o o — O
o) o nNO

.22



TABLE II. - FUEL AND FUEL-SYSTEM CHARACTERISTICS

ORIGINAL PAGE S
OF POOR QUALITY

LIQUID LIQUID
FUEL JP-7 METHANE HY DROGEN
Heating value, 18604 21518 51593
Btu/1bf
Storage temperature, ambient -259 -423
OF
Storage pressure, PSI 50 50
Heat of vaporization, 3271 172
Btu/1bf.
Fuel specific volume, .023 .042 .251
ft3/1bf.
Specific weight of .086 0.25 1.17
tank and fuel system
1bf/1bf-fuel
Usable tank volume, 100 90 90
percent
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ORIGINAL FAGE (S
OF POOR QUALITY

TABLE II1 - FLIGHT PROFILE AND PERFORMANCE OF BASELINE CONFIGURATION

LIQUID LIQUID

FUEL JP-7 METHANE HYDROGEN
Takeoff:

Wing loading, 1bf/ft? 8.0 8.0 8.0

Fuel weight, 1bf 1136. 984. 568.
60,000 feet:

Wing loading, Tbf/fté 7.8 7.8 7.9

Fuel remaining, percent 93. 93. 94,

Elapsed time, hr. 1.3 1.3 1.4
Initiation of cruise-climb, ft. 61,000 61,000 61,000
Fuel-exhaustion point:

Wing loading, 1bf/ft2 5.0 5.4 6.5

Altitude, ft 70000. 68896. 65075.
Cruise segment: *

Endurance, hr. 43.36 42.85 44 .36

Range, n.mi. 6346. 6283. 6533.

*Note: endurance and range after vehicle reaches 60,000 feet altitude.
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ORIGINAL PAGE IS
OF POOR QUALITY

(a) Tractor-propeller configuration

(b) Pusher-propeller configuration

Figure 1.- Representative vehicle designs that correspond
to baseline configuration specifications.
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ORIGINAL FAL.«
OF POOR QUALITY

Throttle setting
Maximum cruise

——————— 5%
50%
—_——— 25%
700 N
800
500 |
a,
< 400
b
g
% 300 1]
a,
200
100 ~
0
50 60 70

Altitude X 1073 ft

(a) Available engine power for all fuels.

Figure 2. - Performance of 50 horsepower engine.



Fuel flow, 1bf/hr

(b)

ORIGINAL PAGL i
OF POOR QUALITY

Throttle setting
Maximum cruise
“““““““ 75%
R 50%
***** 25%

300

2

200

150

100

4
o

Altitude X 1073, ft

Fuel flow for JP-7 fuel. (Fuel flow for other fuels is
proportional to heating value.)

Figure 2. - Continued.
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(c) Specific fuel consumption for JP-7 fuel. (Specific fue)
consumption for other fuels is proportional to heating values.)

Figure 2. - Concluded.
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(OWE-Engine weight)/TOGW

Figure 3.

J70 ¢
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.55

.50

.40

- Weight data for current conventional motor gliders.
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ORIGINAL 73Ge 18
OF POOK QUALITY
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Fuel

JP fuel
______ Liquid methane
————— Liquid hydrogen

Climb time, hr

D
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—
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o
o

1000
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0 L . . , ‘

0 10 20 10 40 50 60
Altitude X 107°, ft

Rate of climb, fpm

Figure 4. - History c. flight parameters for baseline configuration.
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ORIGINAL PAGE |3
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Figure 4. - Continued.
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ORIGINAL FAGE 1S
OF POOR QUALITY
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Fuel remaining, percent
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Figure 4. - Concluded.
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Range n. mi.

Balloon volume X 1073, ft3
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F‘gure 5. - Effect of balloon assisted launch.
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Figure 6.- Variation of endurance, range and maximum attainable
altitude with both power loading and wing loading for
JP-7 fueled vehicles. TOGW = 3000 1bf.
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Figure 9.- Variation of maximum endurance with wing
loading for three different fuel systems.
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