...................

" 4
; ' f""-vl
. "
F
4
]
4
4
[
4
q
g
L
1
<
<
q
<
edandl

: e
.'.'

Report No. NPS67-82-006

NAVAL POSTGRADUATE SCHOOL

Monterey, California

-'.'v'F»-W,‘FT AR
[ PP
]

08 c'wr‘:C
v € v
~ THESIS -
Q)
<< EFFECTS CF WIND ON THE AIRCRAFT OPTIMUM CRUISE
PERFORMANCE AND FLIGHT PERFORMANCE ADVISORY SYSTEMS
FOR F-4E AND F-5E AIRCRAFT -
by
iv Jaemyong Lee
5 June 1982
»-'j' S
,' Q. Thesis Advisor: A. E. Funs
8
L Approved tor public release: distribution unlimited
o =d
« o
ﬁ Prepared for: Naval Air Development Center
: [ e ) Warminster, PA 18974
: —_
[~ ]




o ae anean e B et R g RSO L R N R L P T T

....................
.............

NAVAL POSTGRADUATE SCHOOL
Monterey, California

Rear Admiral J. J. Ekelund David Schrady
Superintendent Acting Provost

This thesis was prepared in conjunction with research supported in part
by Code 6051, Naval Air Development Center, Warminster, PA 18974.

Reproduction of all or part of this report is authorized.

'l ",

X

\ 'Released~3§ a
"+ Techmica%: Report b

Y5
. ;'r-' L)
Yz

‘W. M. Tolles

Dean of Research




UNCLASSIFIED
SECUMTY CLASMIFPICATION OF THIS PAGE (When Data Bntered)
REPORT DOCUMENTATION PAGE “,':,',‘,;"c‘g:;gg;gg";o“

. T 7. GOVY ACCRSSION WO,
NPS 67-82-006 | AT

ECIPIENT'S CATALOG NUMBER

4. TITLE (and Subtitie)
Effects of Wind on the Aircraft Optimum Cruise
Performance and Flight Performance Advisory
Systems for F-4E and F-5E Aircraft

Master's Thesis
June, 1982

S. TYPE OF REPORT & PEMOD COVERED

6. PERFORMING ORG. REPOAT NuUMBER

NPS 67-82-006

[7. AUTHOR8)

Jaemyong Lee

§. CONTRACT OR GRANT NUMBER(e)

N62269/81/WR/00831

e —
9. PERFORMING ORGANIZATION NAME ANO ADORESS

Naval Postgraduate School
Monterey, California 93940

AREA & WORK UNIT NUMBERS

65861N

TV VTSI T rvvIvee e e ——
0. P.ocl.: EL(:INT. PROJECT, TASK

11. CONTROLLING OFFICE NAME AND ADDRESS

Naval Postgraduate School
Monterey, California 93940

12. REPORT DATSE

June, 1982

13. NUMBER OF PAGES

231

TTT uonTORING AGENCY NAME & ADDRESS(I! differant frem Centreliing Office;

Code 6051
Naval Air Development Center

18. SECURITY CLASS. (eof this ripert)

UNCLASSIFIED

"T8a. OECL ASSIFICATION/ DOWNGRADING
SCHEDULE

Warminster, PA 18974

————————————————— ———
16. DISTRIBUTION STATEMENT (of thte Repert)

Approved for public release: distribution unlimited.

17. OISTRIBUTION STATEMENT (of the sbetrect entered In Block 20, il difterent frem Repeort)

10 SUPALEMENTARY NOTES

Fiight Performance Advisory Systems

19. KLY WORDS (Continue en reveres side If necessary and (dentify by black number)

The wind effects on the aircraft optimum cruise performance.
Maximum range, Maximum Endurance, Safety of Flight

Flight Performance Advisory Systems (FPAS). The

20. ABDSTRACT (Centinue en reverce side Il nessosary and identify by dleck mumber)

" One of several fuel-saving operational concepts being investigated is
the application of state-of-the-art hand-held calculators to serve as

principal function of a

FPAS is to advise the pilot, based on the aircraft drag configuration, and
gross weight, of the optimum flight performance parameters such as altitide
and airspeed. The research reported herein is the development of the

(0] 0] . :2:." 1473 gOITION OF | NOV 8018 OBSOLETE UNCLASSIFIED
S/N 0103-014- 6401 SECURITY CLASSIFICATION OF THIS PAGE (When Dare Bntered)

4: J"‘,.' .l'_ AR

PRI
;i .

0

I &

dd ol Lt edid 22 4 4 4 4

'
Py

—



‘. ‘l 'n

Iy

5~ SN =g

- mathematical relationships for the effects of the wind on the aircraft optimum

_________

UNCLASSIFIED

e ——— e e d
CUMPY CLARMMICATION OF Tuid PASE/Tegn Roce Baterny:

20. ABSTRACT (Continued)

cruise performance. This thesis also describes the operating procedure of a
Hewlett-Packard HP-41CV hand-held calculator programmed to serve as an F-4E

and F-5E Flight Performance Advisory System. The objective of the FPAS is to
recommend optimal flight profiles to achieve maximum fuel conservation. Be-
cause of the constraints imposed by HP-41CV memory size, the F-4E FPAS is -
comprised of three programs, and the F-5E is comprised of a single program. =

DD  Form,_ 1473 UNCLASSIFIED

SECUMTY CLASMIPICATION OF Tuil PAGRIRen Darte Entered)

s/ Bz 014-0601

.........
...........




5 3
ST LY T

0) Y 9 A s N e SR e S e Y i S M Lty R AT TNV VLS DA AR A N C N
wNatataaTh e o T et e A T e e e T s R IR P

Approved for public release: distribution unlimited

Effects of Wind on the Aircraft Optimum Cruise Performance
and Flight Performance Advisory Systems
for F-4E and F-5E Aircraft

by

Jaemyong Lee
Major, Republic of Korea Air Force
B.S., Republic of Korea Air Force Academy, 1972

Submitted in partial fulfillment of the
requirement for the degree of

MASTER OF SCIENCE IN AERONAUTICAL ENGINEERING

from the

NAVAL POSTGRADUATE SCHOOL
June 1982

Author: e Pre  APpOTL

Mo & 20
Approved Hy: UMM, e D
Thesis Advisor

ol - (lory

Chairman, Department of Aeronautics

I =

Dean of Science and Engineering

..........




ABSTRACT

One of several fuel-saving operational concepts being investigated is
the application of state-of-the-art hand-held calculators to serve as
Flight Performance Advisory Systems (FPAS). The principal function of a
FPAS is to advise the pilot, based on the aircraft drag configuration,
and gross weight, of the optimum flight performance parameters such as
altitude and airspeed. The research reported herein is the development
of the mathematical relationships for the effects of the wind on the
aircraft optimum cruise pérformance. This thesis also describes the
operating procedure of a Hewlett-Packard HP-41CV hand-held calculator
programmed to serve as an F-4E and F-5E Flight Performance Advisory
System. The objective of the FPAS is to recommend optimal flight pro-
files to achieve maximum fuel conservation. Because of the constraints
imposed by HP-41CV memory size, the F-4E FPAS is comprised of three

programs, and the F-5& FPAS is compris-. of a single program.
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I. INTRODUCTION

The total fuel cost for U.S. Navy aircraft alone in 1980 was $1
billion and is forecast to continue to rise as the supply of natural
petroleum diminishes and the price per barrel increases. OPNAVINST
4100.5A of 9 May 1978 set the goal for aircraft energy consumption as "5
percent reduction in fossil fuel energy consumption per flight hour by
the end of 1985, using 1975 as baseline".

Accordingly, the Naval Air Development Center (NADC) has been in-
vestigating candidate fuel savings modifications and operational concepts
for a variety of naval aircraft. The goal of this investigation, under-
taken as part of the Naval Material Command sponsored Navy Aircraft Fuel

Conservation (NAFC) program, is to identify, develop, and incorporate

selected aircraft modifications and/or operational concepts aimed at
increasing aircraft energy efficiency (reducing fuel consumption per
flight hour). One of seQera] operational concepts being addreséed by
NADC is the use of hand-held calculators as a Flight Performance Advisory

System (FPAS). The principal function of the FPAS is to advise the pilot

r'v'v‘!'

g of the altitude and the airspeed combination that will yield maximum
E‘. flight efficiency in terms of fuel consumption. At present, such infor-
X mation is manually derived by tedious manipulation of NATOPS or Flight
2 Manual charts thereby discouraging frequent in-flight optimization. It
E.— is expected that F-4E and F-5E FPAS will simplify the task of in-flight
optimization, resulting in increased frequency of usage and improved
- accuracy.
®
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The HP-41CV hand-held calculator [Ref. 1] was selec.ed because of its
relatively low cost and incorporation of the latest hand-held calculator
technology including alphanumeric display and large random access memory

(RAM). In addition, this calculator can be configured with a read-only

memory (ROM) providing increased memory capability.

While sophisticated on-board computers used by the commercial air-
lines resulted in reported fuel-savings on the order of 4%-8% [Ref. 2:
pp. 7] it is recognized that the military fighter community is unlikely
to realize such high fuel-savings. However, it is believed that simple,
low cost FPAS, such as a hand-held calculator, could assist the fighter
pilot to achieve fuel-savings on the order of 1%-2% [Ref. 2: pp. 7]. The
research on FPAS reported herein was undertaken in conjunction with an
investigation and the development of mathematical relationships that can
be used to obtain optimum aircraft ground specific range when flying with
a head wind or tail wind. More specifically, a means is developed for
computing best ground specific range (BGSR) for an aircraft operating in
wind conditions and computing the best range Mach number (BRMN) under

wind conditions.

12




II. TECHNICAL DISCUSSION - REGRESSION PROCEDURE

Formulas used in the FPAS programs were developed from the charts in
the performance section of the F-4E and F-5E Dash 1 Flight Manual [Refs.
3 and 4]. A multiple linear regression was performed on data points
selected from the appropriate Flight Manual charts.

The form of the linear regression is:
n
Y= 2 a; X; (2-1)

Where a; are constants and Xi are independent variables. The Xi can be
powers of the independent variables; for example Xi could be DC squared
where DC is drag count. Hence the regression uses a multivariable high
order polynomial which allows numerous combinations of the independent
variables (gross weight, drag count, temperature, etc.) to be used to
form the regression.

The library programs available at the Naval Postgraduage School on
the IBM 370/3033 computer system were used. The program used was MINITAB
which was developed by Pond Laboratory at the Pennsylvania State Uni-
versity [Ref. 5: pp. 66]. Data are input in the form of independent and
dependent variables for each point selected from a curve in the Flight
Manual charts. Products of the independent variables and powers thereof

can be defined in the program and used in the regression.

13
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The first criterion used in selecting the best regression is the
R-squared value. The definition of R-squared is given in [Ref. 5: pp.
72]. The R-squared value is a measure of how well the regression equa-
tion fits the data, with 100%¥ indicating a perfect fit. As R-squared
values approaches unity the regression has minimal error. The second
criterion is the comparison between the actual dependent variable value
and the value predicted from the regression formula. The final decision
was made by assessing actual residual which equals predicted value sub-

tracted from observed value.

v
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ITI. EFFECTS OF WIND ON THE AIRCRAFT OPTIMUM
CRUTSE_PERFORMANCE

A. INTRODUCTION

U.S. Naval Air Development Center was investigating several candidate
fuel-saving aircraft modifications and operational concepts for the air-
craft. In supporting the Navy Aircraft Fuel Conservation (NAFC) Program,
Professor Allen E. Fuhs developed mathematical models for the wind
effects on the aircraft optimum cruise performance [Ref. 6]. All the
equations and algebra were lengthy, and the mathematical model was
limited to a first order analysis.

Here, in this thesis, a mathematical model was developed with second
order analysis. Once the functional relationships between the aircraft
specific range with no wind and flight velocity are known, the best range
Mach number and ground specific range with wind can be determined with
this model.

The functional relationships of the aircrart specific range with or
without wind and true airspeed can be found by computer program 'BICSAC'
[Ref. 2: pp. 8], which was developed by Naval Air Development Center.
Input data consists of tables containing 1ift coefficients, 2ngine thrust
vs. fuel flow, and drag counts. A1l of these data vary from aircraft to
aircraft. The method used to calculate the effects of the wind on the
aircraft specific range using probabilistic approach [Ref. 2], which was
developed by Naval Air Development Center, was reasonable. However,
mathematical models of the wind effect on the aircraft specific range was
sought; the models highlight the important aircraft parameters influ-
encing ground specific range.

15
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Here the mathematical models of the wind effects on the aircraft
specific range are derived and are used to calculate an example for a

specific aircraft.

B. DERIVATION OF THE EQUATIONS

The equations were derived as follows: Specific Range is defined as

NM/1bs. fuel:

: SR = 0.592 () (3-1)

{ f

b

3

j where V is velocity in ft./sec. and wf is fuel flow rate in pounds per

é second. The constant 0.592 converts ft./sec. to knots. Fuel flow rate
(wf) is multiplication of SFC and thrust:

4

1

| wf = (SFC)F (3-2)

|

p where F is thrust in pounds. The thrust is equal to drag in level flight

profile and can be represented as follows:

o W .
F =0 =75y (3-3)

\aAa ____m ang

Ry

where D is drag, W is aircraft gross weight in pounds, and L/D is 1ift/
drag ratio. The effect of wind on ground specific range to be derived.

Specific Range is defined as follows:

- V(L/0 -
SR = {SFE (34

M an o o0 o0 o an a0

P
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3 where V is true airspeed in ft./sec., L/D is the lift/drag ratio for the
| aircraft, SFC is specific fuel consumption, and W is aircraft weight in
pounds. Specific range, SR, is applicable only in the absence of wind.
When the aircraft flys in a wind of velocity, V, the specific range

becomes the ground specific range GSR which is

vV_(L/D)

v
GSR = 7§mw— = (VQ)SR (3-5)

T VA T T T T T

VY el -

Where Vg is aircraft velocity relative to the ground. Specific range is

a function of true airspeed and has a maximum value at the peak of the SR

versus velocity curve. L/D and SFC are needed as functions of V.

1. Aerodynamics

Drag Coefficient is comprised of parasite drag and induced drag.
D, (3-6)

where CD is defined as the drag coefficient without stores or lift. CD
0 i

is induced drag and is defined as follows:

= 2 -
CD. 52 CL (3-7)

C
S B B (3-8)
CD CL BCL L




................................

Equation (3-4) indicates that a Tlarge value of L/D is desireable for
large SR; to find the maximum L/D take the partial derivative of (CL/CD)

with respect to CL which gives the following relation:

e (@) o - 2 9
) acL CL CL acL
g
.
f See Figure 1 which is a plot of L/D versus 1ift coefficient. As shown,
; the peak of the L/D curve is designated (L/D)*. Since Cy=2Cp at maximum
g 0
. L/D, the equation of (L/D)* is as follows:
b , ]
D (3-10)
X =
(L/D) 4 5C2 CD
L "0
3 An equation for C *, which is the value of 1ift coefficient for (L/D)*,
is useful for fitting aircraft data. Using equation (3-9)
4
) 3C2
_L_ x (X (3-11)
? 7T, [2 (wo ¢t ]
[ Combining equations (3-10) and (3-11) yields
K
| t
ﬁ C.* = |C, == (3-12)
] L Dy 3C,
.
q One can calculate L/D versus 1ift coefficient combining the equations
) (3-8), (3-11), and (3-12). Equations (3-11) and (3-12) help select the
)
: parameters Cq). When the aircraft is in cruising flight, the aircraft
3
F weight is equal to aircraft 1ift:
i 18
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Figure 1.

L/D Yersus Lift Coefficient
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pVZCLS
L=W= 5 (3-13)

where p is density at altitude in slug/ft® and S is wing area in ft2.

Thus, the 1ift coefficient becomes:

- = _(2wW) -
3 CL = V25 (3-14)

Equations (3-8) and (3-14) can be combined giving L/D as a function of

aircraft flight velocity

oV2SC aC -1
L/D = %0 _Do)( (3-15)
W 5C7 ) \ V25

Equation (3-15) can be inserted into equation (3-4). The goal is to

express SR as a function of flight velocity. The only other term which
is not expressed as a function of V in equation (3-4) is SFC. SFC is a
complicated function of throttle setting, flight velocity, and altitude.
Typical curves of SFC are given in the USAF Grey Book [Ref. 6]. In this
thesis, curves of SR as a function of V are used. The curves are from

[Ref. 2].

2. Wind Equations

Ground specific range is a function of ground speed and specific
b - range which has been defined in the previous section. (See Figure 2 for
the geometry of the velocity triangle.) Ground speed is a function of

wind velocity, aircraft velocity, and the angle 6 is measured from the

- 20
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wind velocity vector to the vector for aircraft velocity relative to the

ground. From the cosine law, ground velocity can be computed as follows:

Vg = .Vw cos® * {v2 - Vw2 a - cosze)}15 (3-16)

The algebraic sign must be selected in equation (3-16). A choice has
been made that when 6 is 0 degrees, the wind is a tail wind. If it is
180°, then cos8 is -1, and it is a head wind. The ground speed becomes

V-Vw. Divide equation (3-16) by V to give the following relationship.

" V2 b
Ug = VQ V! coso + {1- v¥ a - cosze)} (3-17)

Substitution of equation (3-17) into (3-5) gives GSR as a function of

velocity as follows:

V2 Y,
GSR = [%é%é%l] [{1 - V¥ Qa - c0526)§ * v! cose]; (3-18)

Take the partial derivative of GSR with respect to velocity in order to
find the velocity for maximum GSR. In order to make the equation simple,

take the natural Jlogarithm for equation (3-18)

v
Tn(GSR) = 1n(SR) + 1n(V9) (3-19)

The derivative of the Equation (3-19) is

-] ey o
GSR a3V SR 3V Vg v




................

;.I The basic equation for finding maximum GSR becomes
( ask| . §_ (v )[2%Y (3-21)
. S Vg EY

ﬁ ) Substitution of equation (3-17) into the right hand side of equation

%l
Q

s (3-21) gives

V '} V2 .
a(v_/V) - { - ( ) (1-cos?8) + —w cosé |1 - W (1-cos28)| %
[& Wg_] (%) v [ E v I
[‘ -5z (- COSZB)][{l - (1 cosze)} v cose}
(3-22)

The approach will be to use curves for a specific aircraft for evaluation
of the left hand side of equation (3-21). Equation (3-22) can be used
for the right hand side of equation (3-21).

3. Second Order Analysis

The first order analysis for finding the best range Mach number
and the magnitude of GSR has been accomplished. See the Notes for
AE 3001 Aircraft Energy Conservation [Ref. 6]. A second order analysis
is accomplished in this section. Define Ug as ground speed divided by
true airspeed, i.e., Ug = Vg/V; also define Uw = Vw/V. Define £* as
(V"‘--VO)/V0 and GSR=SR°Ug where V0 is the velocity for maximum specific
range with no wind, and V* is the velocity for maximum specific range
with wind. SR can be expanded in a Taylor series about V0 as follows:
(V Vg)?

SR 92SR

SR(V) = SR(VO) + (22 N ) (V-V ) + (3V2 ) (3-23)

23
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The second term (3SR/3V) becomes zero when velocity is V0 since 3SR/9V is
evaluated at the peak of the SR curve where the derivative of SR with
respect to V is zero. The graphical illustration can be found in Figure
3. In Figure 4 one uses straight line for first order solution. One

assumes ab and cb are straight lines. An equation is needed for the

curve passing through points a and b in Figure 4. Define F(V) as

follows:

FOV) = (g &R

TTor

Note that F(Vo) = 0. Then F(V) can be represented by a Taylor series

expansion about V0 as follows:

V-v.)2
FOV) = Fvg) + (&) v-vg) + (G S (3-24)

In this series representation of the F(V), dF/dV can be expressed in

terms of SR by

2
dSR

| dF/dV = - (o) (BB + () (3D (3-25)

The first term in equation (3-25) is also zero at V0 for the same reason
as mentioned above. Therefore, equation (3-24) can be rewritten using

equation (3-25) as follows:

FOV) = (g0 GRD) (v-vp) (3-26)

24
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Replacing V-v0 with svo gives

FOV) = (b G5B ey, (3-27)

Le
[
o
.

Equation (3-27) is appropriate for a first order analysic. An equation
for the straight line passing through d and e in Figure 5 can be obtained

by expanding equation (3-17) about VO' Recall V=V0 (1+&) where € is much

less than unity. Define ”wo = (VW/VO)’ which is much less than unity,

also, when compared to unity, second order analysis retains terms like g,

Uw el U

0)
3
UWO etc. which are much less than unity. Then,

2
€2, wo, and wo, but discards the higher order terms like &3,

v
- W - - -
Uw cosf = (VBTT:ET) cos® = Uwo cosd (1-¢) (3-28)

and, (1-U§ (1-c0526))35 can be expanded using binomial expansion as

follows:

1 - (%) U3 (1-cos28) - (%) Uy (1-cos?8)2 + ...... (3-29)

The term (1/V) is the same as (1/(V0 (1+g)), and this can be expanded
-4 using binomial expansion as follows:
(= + 2 + . ... .. ).

1
Yo

Neglect terms of order higher than second. Then the term Uw becomes

Uw0(1-25+52). Equation (3-22) can be written as follows:
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[y, 9(V_/V)
D %‘ 57'9"‘] = {(' % ) (N-e+e2) -
t! -9 0 (3-30)
Ei g1 - % ﬁ (1-2e+c2)(1- cosze)} QU cosB(l-s)} : U§0(1-25+52)(1-c0526)!]
&8 TR _ _ _ U2 _ _
E Lp 3 ug,ou 2e+62)(1-cos26) | ;uwocoseu &)} +;7wg (1-2e+€2)(1 cosZe)g]

In the expression above, terms above third order car be neglected and

E equation (3-22) can be simplified as follows:

- U, cose - 2¢ - U, - cos® - U3 (1-cos26)

: 1 (3_9) - [ %, %o %o ] (3-31)
Uu_ ‘av V [1 + U cos 0 -~ ¢ Uw coso - Uﬁ + Uﬁ cosé
g Yo 0 0 ]

In order to continue the reduction of equation (3-31) to second order,

- - 2 2 i
Uw cos8 sUw cosh Uw + Uw cosd 1s assumed to be X. The term

(1/(1+X)) can be expanded using binomial expansion

! = 1~ 2 - X3
(m)-lX*‘X X3+ ...

! = 1- 2 - ()2 2 2 2
(?7777) =] Uw coso + er cosd + Uw Uw cos29 + uw cos28

0 0 0 0 0

Then, equation (3-31) can be rewritten in the following simplified form.

SR
; 1=1(- SR] [aV ]=1I(- w] [Uwocose - 2t Uwocose - Uﬁol (3-32)

Q| Q@
<L:=

MR Boe e o
.

P —

29

Pr———p——————




AL g

s

SODEDGE . )AK s sn £l ey

-

VY

™

................
.....................................

..............

Equation (3-32) is a valid second order representation of the term in-
volving the derivative of Ug. From equation (3-25), d2F/dv? at V=V0 can

be evaluated

d2F _ § d dSR d }1 d2sR )
vz {w[ 3Rz (dv)]*w{'s? a—vr}} (3-33)
Equation (3-33) becomes
Lr - [ () (G2 &Ry + o <d—§’—")] (3-34)

The first term drops out since (1/SR)(dSR/dV) is zero when evaluated at

Vo.

Finally, equation (3-33) becomes

d2f _ 1 d3SR
at V=V0

Therefore, substituting equations (3-25) and (3-35) into equation (3-24)

gives

(V-v,)2
- aSR } a SR 1 3SR 0

} (3-36)
The first term of equation (3-36) drops out since 3SR/3V is zero when

V=V0. Thus equation (3-36) can be simplified as

€ V
[(SR) (33“)] = { ey () D) + (e <T)} (3-37)
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From equation (3-21), which is valid at V*, equation (3-37) and equation

(3-32), the following relationships are obtained:

1 3SR 1
s == g {U, cosé -2¢ U, cosé - U2 (3-38a)
[SR v] [ Vo{ W, W wo}]
g and
3 1 oS ", 2258 &2Vy? 2350 i

In order to solve equation (3-29) for &, (32SR/8V2) and (33SR/3V3) should

be determined first of all. Several methods can be used to find the
derivatives of SR with respect to velocity. The aerodynamic analysis
along with an analysis for SFC is a method of determining the SR function
with respect to velocity. However, in this thesis graphical data of SR
as function of velocity for A-7E aircraft is used as one examplie. One
can find the SR versus V chart in Herskovitz [Ref. 2: pp. 15]. Also, one
can read the SR value with respect to aircraft velocity. Then the second
and third derivatives of SR with respect to velocity can be determined as

follows:

2
gVSR x [ f(x+2h) + 2f§§+h) + f(x) ] (3-39)
The equation above can be rewritten as follows:
p2sR . o R3T BRp T SRy (3-40)
av2 (av)2
: 31
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Also

SR, - 3SR, + 3SR, + SR
3
3SR _ [ 24 3 2 >0, (3-41)

Ve (av)3

Equation (3-38) can be solved for ¢ as indicated below. Define some

constants for convenience.

v 3

- [ZSR] [3 SR]

[
|

32SR

o
i

[ (-ﬁ—) Gyz) + (2Uw0cose) ] (3-42)

c=[U - Uw coss ]
0 0

Then equation (3-38) becomes:
ac2 + hbg +c =0 (3-43)
The roots are as follows:

e=(- 5% (—-) (b2 - 4ac)?] (3-44)

The square root can be expanded with the binomial expansion. Then the
roots become as follows:

e = - @ (- §) (3-45)

2¢c2
(g) (-1 + (gcl + (abg ) (3-46)
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The sign of ¢ should flip when 8 changes from 0° to 180°. When 6 is zero
degree, the wind is a tail wind. The aircraft should fly at a slower
speed, and the sign of & is minus. When 6 is 180°, the wind is a head
wind, and the aircraft should fly at a faster speed. The sign of & is
positive.

From the beginning of Section 3., the GSR and V* are defined as
follows:

GSR = SR(Ug) (3-47)
VX =V (T+e%) (3-48)

where & should be €1> since €y is a number bigger than unity. If ¢ is
bigger than unity, it is not physically reasonable. From equations

(3-17) and (3-23), GSR can be written as follows:

e2Vo?  523p )
GSR(V*) = SR(VO) *— VT 1 + Uwo(l-a)cose -3 Uﬁo(l-cosze)

(3-49)
Rearranging equation (3-49), GSR equation can be rearranged as
82V 2

_ _ - l _ 0 325R -
GSR(V*) = SR(VO) [] + Uw0(1 £)cosH > Uﬁo(l cos28) + 3SR 5V2 } (3-50)

Sample calculations of ¢*, GSR, and V* using computer program are shown
in Appendix A and B. The aircraft in the sample problem is the A-7E,
with the following inputs: altitude 35,000 ft., drag count 50, and wind
velocity 50 knots which is changing directions from head wind to tail
wind. The ground specific range can be found in the Technical Publi-

cations [Ref. 2: pp. 17].
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A computer program for a sample problem is included in Appendix A.
The values of Specific Range in the program were taken from GSR versus
velocity chart in Herskovitz [Ref. 2: pp. 17]. The solutions of the
example problems are included in Appendix B. See Figures B.1, B.2, and

B.3 for graphical results.
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IV. F-4E FPAS PROGRAM

A. INTRODUCTION
The U.S. Naval Development Center (NAVAIRDEVCEN) has been investi-

gating several candidate fuel-saving modifications and operational con-
cepts for Naval aircraft including the A-7E, F-4J, P-3C, and S-3A. One

of several fuel-saving operational concepts being investigated is the

i i N MR AL Mo s ot

application of state-of-the-art hand-held calculators to serve as Flight
Performance Advisory System using an HP-41CV hand-held programmable

calculator [Ref. 7]. The principal function of the FPAS would be to

T

advise aircraft personnel of the flight conditions (speed and altitude)

yielding maximum flight efficiency measured in terms of specific range.

At present, such information is manually derived using charts in the
Fiight Manuals. Repeated utilization of these charts while in flight is
not practical. It is expected that a computerized FPAS will simplify the

task of planning for fuel efficient flight.

While the Aircraft Fuel Conservation Project is examining a broad
range of FPAS options, including a microprocessor to supplement aircraft

data processing equipment, the hand-held calculator option was selected

PN

as an interim solution because it offers immediate availability at a
relatively low cost. The HP-41CV hand-held programmable calculator was

selected because it represents the latest technology including alpha-

L -

numeric display and 2200 bytes of random access memory (RAM). A pro-

DR Al e cun a0 0 s A SIS Sh . g o onrmutiu

grammable module of 8000 bytes of read only memory (ROM) is also avail-
5 able. Recently Hewlett-Packard developed new memory module which can add

- 1666 or more extended bytes of memory to the HP-41CV calculator.
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The purpose of this part of the thesis is to document the program and
operational features of the F-4E/HP-41CV FPAS and F-5E/HP-41CV FPAS.
While the features of the program documented in this thesis are by no
means final, a foundation is formed for future development of military
aircraft in-flight software. _

A description of the F-4E and F-5E programs written for the HP-41CV
calculator is contained in Chapters 4 and 5. The contents of Chapters 4
and 5 include a general overview of the entire program and the method-
ology used to generate the equations from the F-4E Flight Manual [Ref.
3], and from the F-5E Flight Manuals [Ref. 4], and a listing of program
input/ output parameters and the equations used for each program mode.
An annotated listing of the F-4E and F-5E FPAS program is contained in
Appendix D. A program User's Guide is contained in Chapter 6. Several
illustrative examples of F-4E and F-5E FPAS Program utilization are

described in Chapter 8.

B. F-4E PROGRAM DESCRIPTION

The F-4E FPAS program is comprised of the following three subprograms:

(1) Optimum cruise;

(2) Bingo program; and

(3) Maximum endurance and descent.

The optimum cruise program provides the aircrew with best cruise
speed, altitude, and specific range for given aircraft gross weight and
drag count. The optimum cruise program consists of pre-flight and in-
flight modes. The former is used by the aircrew for mission profile
planning. The latter mode is exercised after takeoff using actual air-

craft weight, drag count, and outside temperature.
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The Bingo program provides the aircrew with fuel and distance re-
quired to climb to the optimum altitude; further, the Bingo program
yields distance and fuel required to descend from optimum cruise altitude
to desired altitude. This program also provides the aircrew with optimum
cruise altitude, airspeed, fuel, and distance required to fly with mini-
mum fuel consumption. The Bingo program is not only useful for the
energy conserv;tion but is also helpful for flight safety. The Bingo
program is developed when the optimum cruise altitude is too high for
short range missions. The method for finding the peak altitude of Bingo
flight profile is provided in the Bingo program description.

The maximum endurance program was separated from the previous program
because the previous programs exceed the memory of HP-41CV. However, the
maximum endurance and descent programs are useful for loiter flight.

1. Climb and Descent Mode Descriptions

The data used in climb mode is based on climb speed of 350 KIAS
with military thrust climb until interception of optimum cruise altitude.
When optimum Mach number and cruice altitude are attained the optimum
conditions are maintained on the cruise leg.

The data used in descent mode is based on descent airspeed of 300
KIAS with power set at 80% RPM and speed brakes retracted.

2. QOptimum Cruise Program

a. Program Input/Output Parameters
The following is a listing of the applicable common inpuc/
output parameters for each of the three F-4E programs and the F-5E
program. The symbol, definition, and units used for each input/output

parameters are shown as follows:
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BW
SW
Fw

ALT
TEMP
GW

EW
SOT
BRMN
BRTAS
BRGS
BRFF
BRALT
NBRALT

NFW
CEILING

Other parameters which are not specified in the above 1list are listed in

]

[]]

I

H

1}

i

H

i

Drzg count

Base weight (1bs)

Store weight (1bs)

Fuel weight (1bs)

Tail wind components (kts)

Present altitude (ft)

Present temperature (centigrade)

Gross weight (1bs)

Effective weight (1bs)

Standard day temperature

Best range Mach number

Best range true airspeed (kts)

Best range ground speed (kts)

Best range fuel flow (1bs/hr)

Best range altitude (ft)

Next FAA best range altitude in feet, since FAA best
range altitude is not always assigned to the air-
craft in Instrument Flight Rule conditions. Thus
one has to have alternative best range altitude.

Fuel weight at which to initiate climb (1bs)

Because of aircraft configration Timitation, the
operator has reached his maximum altitude (ft).

each program description.
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b. Performance Equations

This section briefly discusses the methodology used in de-
riving the equations for the F-4E FPAS program. The discussion of the
performance equations is followed by a listing of the equations for the
optimum cruise program.

The equations for the F-4E FPAS program were obtained through
regression and graphical analysis techniques. Regression analysis em-
ployed linear regressions of polynomial. to curve fit the Flight Manual
performance data for the F-4E. Sufficiently accurate curve fit for data
from the Flight Manual could not be obtained using regression analysis in
every case. Consequently other methods or variations of regression
equations were applied. Alternate methods include piecewise curve fits
over partitioned parameter intervals.

Most of the equations were derived using the package of Mini-
tab with IBM-370 [Ref. 5: pp. 66]. Multiple regression techniques were
employed.

For optimum cruise, which is a curve fit to the curves from
the Flight Manual, equations were first derived for a standard day and
zero wind condition and later adjusted to accommodate the effects of
non-standard temperature upon air density and speed of sound and a "Rule
of Thumb" performance head wind correction. The equation of head wind
correction was derived by Naval Air Development Center, Warminster, PA
[Ref. 7: pp. 4].

c. The Nature of the Temperature Variations
Implicit in the computation of best range altitude is a value

for air density. The Flight Manual data assumes a standard atmosphere
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model. Thus, the first step in FPAS is to compute BRALT according to the
Flight Manual data. This altitude 1is translated to an equivalent
"density altitude" using an equation derived from ideal gas laws.

Correction of BRALT for Non-standard Atmospheric

Temperature. As indicated in the previous section, a
correction is made to BRALT when the ambient temperature does not equal
the value for the standard temperature. Assume the pressure in the
atmosphere as a function of altitude equals that for the standard atmo-
sphere. When the ambient temperature differs from standard temperature,
the flight altitude is adjusted so that the ambient density equals the
standard density at altitude, BRALT.

Define h, as BRALT; define h2 as the corrected altitude.

1
Cne wants

pahy) = p (h)) (4-1)

Where pa(hz) is the actual density at altitude h2 and ps(h]) is the
density for a standard atmosphere at altitude h1 or BRALT. The density

pa(hz) can be expanded in a Taylor's series as
= do -h.) = -
p,(hy) = p (h) + (F) (g = pg(hy) (4-2)
1

Manipulation of equation (4-2) and introduction of the perfect gas law

yields

p
%% (hz’h]) = pS(h]) - pa(hz) = <§E> ('}'_' = %;) (4-3)

S
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The equation for static equillibrium in the atmosphere is

£ -5 (4-4)

where P is pressure and g is the acceleration of gravity. To use equa-

tion (4-2), one needs a formula for dp/dh. From differentiation of the

perfect gas law

dp dT

i dP _ dT -
F ﬁ'RTdh+deh (4-5)
3 Combining equations (4-4) and (4-5) yields
dp Ps g, dT
a) T, &' (4-6)
s -

1

Finally equations (4-3) and (4-6) can be combined to give an expression

for the corrected altitude

2 d

. -{T_s (L_Tgl} (4-7)
» ] Ta (% + E%)

In subsequent discussion,.h2 will be identified as BRALT. If one assumes

:f that Ts = Ta and that the atmosphere is isothermal, i.e., dT7/dh = 0, then
¢
t equation (4-7) reduces to
[ hy=hy - 2 (T -T) (4-8)
% 2 1 g ' a s
{
{ As one would expect, when Ta is greater than Ts‘ then the BRALT is lower

than that value for flight in a standard atmosphere. The report by FAAC

Pé [Ref. 1], discusses the correction of BRALT for altitude in Appendix F of
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the report. The formula derived by FAAC is equivalent to equation (4-8).
Comparison of the derivation above with that of FAAC indicates FAAC did
not state the correct assumptions involved in the altitude adjustment.
d. Equations for Optimum Cruise Program

Optimum cruise, which is defined by the Flight Manual for
F-4E aircraft [Ref. 3], is the maximum value of specific range. Specific
range is the nautical miles flown per pound of fuel consumed. Assuming
both engines of F-4E are operating, three charts from the Flight Manual
are relevant to determination of optimum cruise conditions. The three
charts are reproduced here as Figure 6. The small insert in Figure 6
shows that the curves are entered with drag index. Hence, drag index is
one of the independent variables. From the bottom curve in Figure 6, the
best range Mach number, BRMN, is obtained. The bottom curve has been

regressed yielding the equation
BRMN = .86672 + 3.228DC2 - .000010812DC3 (4-9)

For the wind correction, the true airspeed, BRTAS, is needed. BRTAS is
obtained from Mach number using speed of sound as shown in equation

(4-10) below

BRTAS = BRMN - 38.98 - | (TEMP + 273.16) (4-10)

According to [Ref. 1: pp. 5], the correction for tail wind is

BRTAS = BRTAS - 0.25(TW) (4-11)
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Figure 6. F-4E Optimum Cruise Summary
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At this point, one should note that Chapter 3 of this thesis derived an
equation equivalent to equation (4-11). See equation (3-48). The em-
pirical value of 0.25 given in equation (4-11) can be calculated from
knowledge of specific range, SR; the second derivative of SR with respect
to airspeed, 925R/3V2; the optimum flight velocity with no wind Vo; and
the wind velocity Vw. For the A-7E aircraft the constant multiplying
wind velocity was found to be -0.19. This value is a slightly less than
the value of equation (4-11). The equation of Best Range Ground Speed

becomes

BRGS = TW + BRTAS (4-12)
which is a simple algebraic combination of tail wind and true airspeed.
Continuing with the charts in Figure 7, the middle set of curves give

specific range as a function of drag index and gross weight. The

equation which generates these curves is

SR

.3467 - .011423GW - .0010658DC + .00017361GW2 - .000001143DC2

6 8 -10

1.01941 - 10 DC® - 1.48918 - 10 “DC*

GW3 + 4.026908 - 10~
9.065261 - 107 18(GW)4(DC)* - 1.36419 - 107 '3(GW)3(DC)?

+

+

.000014286(GW)(DC) (4-13)

Note that SR is a function of drag index and gross weight.
The top curve in Figure 7 is best range altitude, BRALT, as a
function of drag index and gross weight. The equation which is used in

the HP-41CV to generate BRALT is

BRALT = 72.771 + .0142DC - 1.2681GW - .00008310C + .012909GW?

8

- .000011726DC3 - .00006205GW3 + 5.952454 - 10 ~DC* (4-14)
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In Section B.1 above, a correction to BRALT was derived. Below 36,000
feet the temperature of standard atmosphere varies with altitude and is
]ﬂ given by - 0.0019812-(ALT). Using the formula for standard temperature
and the results of secion B.2. the corrected BRALT for altitude less than

36,000 feet is
BRALT = -.0019812(ALT) + 15 - TEMP - 96.103 + ALT (4-15)
Best range altitude corrected for above 36,000 feet is
BRALT = (-56.5 - TEMP) - 96.103 + ALT (4-16)

According to [Ref. 1], the temperature in standard atmosphere below the

altitude of 36,000 feet is

SOT = -.N019812(ALT) + 15 (4-17)

and the temperature for a standard atmosphere above the altitude 36,000

feet is

b 0T = -56.5 (4-18)

q In many cases, most of the flight altitude is restricted with Federal

Aviation Agency regulations under Instrument Flight Rules or Visual

o

E‘ Flight Rules [Ref. 1: pp. 7]. When the aircraft heading is east and
t flying condition is IFR, the aircraft must maintain even altitude in
£ thousands of feet. When the aircraft heading is west and flying condi-
F‘ tion is IFR, the aircraft must maintain odd altitude in thousands of
| feet.
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wWhen the flying condition is VFR and with FAA flight re-
striction, an aircraft which is flying heading east must keep even alti-
tude in thousands of feet plus 500 feet and an aircraft which is flying
heading west must keep odd altitude in thousands of feet plus 500 feet.

When the flying condition is IFR, the aircrew is not able to
fly at an arbitrary altitude. The altitude will be assigned by ground
radar controller. In that case, aircrew can ask the controlier for
specific altitude which he wants to maintain. In that case, the aircrew
should know the Next FAA Best Range Altitude. The Next FAA Best Range
Altitude is FAA Best Range Altitude plus 2000 feet; that is

NBRALT = FAA BRALT + 2000 ft (4-19)

Fuel weight at which to initiate his climb to Next FAA Best Range Alti-
tude is gross weight minus effective weight which is base weight plus

store weight, that is

NFW = GW - EW (4-20)
EW = BW + SW (4-21)

where the gross weight is given in equation (4-22). Equation (4-22) is

derived from [Ref. 7],

1
o = L(-9005 - (1.814F - OSNBRALTP + .46560C - .0001030C - .3957)}"
(9.072 - 10°%)

(4-22)

where Next Best Range Altitude NBRALTP is defined as follows:

NBRALTP = NBRALT - 96.103(TEMP-SDT) (4-23)
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3. Bingo Program

a. Program Input/Output Parameters
The program input/output parameters are as follows:
GWDP = Gross weight at the descent point
FCR = Cruise fuel
GWSL = Given sea level gross weight
FCL = Derived climb fuel
HOPT = Optimum altitude
HX = Altitude to climb to and descent from; HX may or may not
be HOPT.
b. Bingo Program Description
This section discusses the actual logic of the program and
methodology used. The program consists primarily of three parts. The
first part is the climb mode, the second part is the cruise mode, and the
third part is the descent mode. The term "Bingo" is defined here as any
optimum maximum climb, cruise, and descent that begins and ends at sea
level. Bingo program is useful for most F-4E missions including inter-
ceptions, interdictions, close air support, cross country training flight,
and actual emergency bingo situations. Figure 7 shows the geometry of
determining the peak altitude of the Bingo program. After the program is
initialized, the crew may enter drag count, initial climb altitude,
desired altitude, fuel weight, store weight, gross weight, etc., and be
provided with the optimum altitude, fuel required, and descent point for
a given Bingo distance. In addition, all of the parameters required on
the jet card, which provides the aircrew with the performance data, are

avaitable from the data key.
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Several assumptions were made in executing the Bingo program.

First, the distance to climb and descend from sea level to optimum alti-
tude must be determined. The total distance, when compared to the input
Bingo distance, determines whether the aircraft can reach the optimum
altitude before descent must begin. If not, the lower "crossing alti-
tude" must be determined. The derivation of the crossing altitude is
shown in Figure 7. Note that any descent distance was computed prior to
cruise fuel (if any) being calculated. Since aircraft weight is required
at the descent point for computation, and cruise fuel is not known, a
nominal cruise fuel as a function of Bingo distance is assumed. The
gross weight at begin-descent point cannot be calculated explicitly, and
an iteration procedure is not feasible for the HP-41CV. See Figure 7 for

the method for determining the peak altitude (HX) of the Bingo program.

HOPT = optimum altitude (1000 ft.)
b = c¢climb distance (nm)
c = descent distance (nm)
d = desired flight distance (nm)
HX = altitude to climb to and descent from
K - (6.076116 ft. x 103)
1 nm

tne = HOT

T
tan ¢ = %%%7
b = 180° -9-¢
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From the law of sines

_ d-sin
a ST
and
HX = K-a-'sin®

Given sea level gross weight (GWSL), the gross weight at the descent

point (GWDP) is then:

GWDP = GWSL - FCL - FCR (4-24)

where FCL is the derived fuel which is required to climb.

A climb distance of 68 NM, descent distance of 49 NM, and fuel
use of 14.7 1bs/NM is assumed for average gross weights and optimum
altitudes. These data came from average configuration of F-4E used in
flight training!. Then the FCR (estimated cruise fuel) eguation is as

follows:

FCR = (Bingo distance - 117 NM) 14.7 1bs/NM (4-25)

The results are considered accurate enough for these profiles
since descent fuel and distance are not sensitive enough to gross weight
variations to significantly affect the total results.

It can be shown that for high speed jet aircraft, the influence
of wind on Best Range Mach Number is essentially negligible for head and

tail wind components up to 10% of the aircraft velocity. However, these

1 Aircraft average GW = 40000 lbs., DC = 80. Descent Speed 300 IAS, 80%
RPM, speed brake retracted.
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components have been accounted for in the computation of Best Range Mach
Number and Ground Specific Range using the same equation as the optimum
cruise program.

c. Climb and Descent Mode Descriptions

Climb and descent mode is derived from Technical Order-]

F-4E performance chart [Ref. 3: pp. A3-12], see Figures 8 and 9. Use
military power and maintain 350 KIAS for climb. For descent mode, set
throttle 80% RPM and maintain speed at 300 KIAS with speed brake in.

d. Program Input/Qutput Parameters

The program input/output parameters are as follows:

GW = gross weight (1bs)

ALT = altitude (ft)

DC = drag count

DT = temperature deviations from standard temperatures (deg)

FF =  fuel flow (1bs/hour)

DIST = distance (nm)

DISTCL = distance required to climb from sea level to desired
altitude.

TEMPD =  temperature corrections for DISTCL

HWIND = head wind corrections for climb performance

TWIND = tail wind corrections for climb performance

DDIST = distance required to descent from optimum altitude to

desired altitude.
e. Equations of Bingo Program
The equation for fuel required to climb to optimum cruse
altitude is defined by the Flight Manual for F-4E aircraft [Ref. 3: pp.

A3-12]. The performance chart for fuel required to climb is based on
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climb speed 350 KIAS with military thrust. The data is based on 350 KIAS
climb until interception of optimum cruise Mach/TAS and then maintaining
cruise Mach to cruise altitud-. All the data are based on flight test.
The reproduced performance chart is in Figure 8. To use the fuel-re-

quired-to-climb chart, enter the charts with the initial climb gross

weight. Project horizontally to the right and intersect the assigned

cruise altitude, or the optimum cruise altitude for the computed drag

: index. Project vertically downward to intersect the applicable drag
! index line, and then project horizontally to the left to the temperature

variation base line. Parallel the applicable guideline to intersect a

vertical grid line corresponding to the degree of deviation between
forecast flight temperature and standard ICAQ dat temperature. From this
point continue horizontally to the left to read the planning data. The
equation for the fuel required to climb used the gross weight in thou-
sands of pounds and altitude in kilofeet as inputs. For example, GW =

45,000 1bs is 45 as an input. The equation for fuel required to climb is

FRTCL = 20.56 + .012GW - 1.8627ALT - .2119DC - .0097GW2 + 0.04926ALT2

+ .,0003097D0C2 - .0012384ALT3 + .000002118DC3 + .000001194GwW*
+ .000013231ALT® - 1.62933 - 10-8DC4 + .029079(GW) (ALT)
+ .0051266(ALT)(DC) + .0029517(GW)(DC) (4-26)

The performance chart for fuel required to climb has four independent
variables. For the accuracy of the equation, one variable was separated

from equation (4-26). The separated equation from the equation (4-26) is

Py

the temperature correction for fuel required to climb. The equation is

By
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TEMPF = - .183 + .125230T + 1.0498FF - .002144FF2 (4-27)

The equation for distance required to climb to optimum altitude from sea
level to desired altitude is regressed from the Flight Manual performance
chart which is reproduced and incorporated in Figure 9. In Figure 9 the
data are based on the 350 KIAS climb speed until intersection of optimum
cruise altitude and thgn maintaining cruise Mach number at the cruise
altitude. The original data are based on flight tesﬁs. The method to
find the distance required to climb is the same as the method to use the
fuel required to climb chart [Ref. 3: pp. A3-13]. The regressed equation
is

DISTCL = 57.5 + 1.537GW - 8.47ALT - .4076DC - .04814GW2 + .1712ALT2

+ .0001120C2 - .0013675ALT3® - .0000813DC3 + .000003133GwW4

+4.87 - IO-BDC4 + .09144(GW)(ALT) + .011657(ALT)(DC)

+ .006917(GW)(DC) + .000003973(GW)2(ALT)?

+ .0000010795(ALT)2(DC)? (4-28)

The equation for distance required to climb has four independent vari-
ables. For the same reason as for equation (4-27), the equation of
temperature correction is separated from the original equation for better

accuracy. The equation of temperature correction for distance required

to climb is

TEMPD = 4.32 + .6257DT + .712DST + .00658DIST2 - .0000411DIST3 (4-29)

The equation of fuel required for descent is derived from the performance
chart in the Flight Manual. The performance chart is reproduced in

Figure 10. The data on the performance chart are based on descent at 300
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KIAS until intersection of desired altitude using 80% RPM with the speed

brake retracted. The chart showing fuel required to descend is comprised
of two independent variables and one dependent variable. The independent
variables are altitude in thousands of feet and drag count. The depen-
dent variable is fuel required to descent from given altitude to sea
level. Using the performance chart, the method for determining the fuel
required to descend is as follows: enter the upper plot of the fuel
required to descent chart at the cruising flight level, project horizon-
tally to the right to intersect both drag reflectors at the applicable
computed drag index. From the first intersection, project vertically
downward to intersect and read the distance. The equation for fuel

required to descend is

DSFL = 1.5092 + .2063ALT - .059534DC - .000681ALT2 + .00057143DC2
- .0000178ALT® - 1.76596 - 10 %pc3 - 2.25922 - 10'7(ALTDC)2
+ 2.612572 - 10" 1(ALT)3(DC)3 (4-30)

The equation for distance required to descend from optimum altitude to
desired altitude is derived from the performance chart of F-4E Flight
Manual. The performance chart is also reproduced in Figure 10. The data
on the performance chart are based on the flight test using 80% RPM with
descent speed 300 KIAS. The equation of distance required to descend
from optimum altitude to desired altitude is comprised of two independent
variables and one dependent variable. The two independent variables are
Orag Count and Pressure Altitude. The dependent variable is fuel in
units of 100 pounds. The equation for distance required to descend from

optimum altitude to sea level is
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DDIST

=1.895 + 3.228ALT - .204260C - .0473ALT2 + .0033984DC2
+ .00148ALT3 - .000011666DC* - .00001797ALT4

.016636{ALT)-(DC) + 9.093 - (ALT)2(DC)2 (4-31)

- LA AL e/ 2 o ) SRS A
. o, o

The equations for cruise mode are the same as equations (4-9) to (4-18)
as in the Optimum Cruise program.

4. Maximum Endurance and Descent Programs

The Maximum Endurance and Descent Programs are separated from the

- -!!.v,-.,.'w ——
. . e,

previous program since the programs are worthwhile to use in flight but
exceed memory size. The Maximum Endurance Program provides the aircrew

with maximum endurance altitude and maximum endurance airspeed for given

bank angle and fuel weight.
The Descent Program provides the aircrew with distance and fuel
required to descend from any altitude to assigned altitude.

a. Program Input/Output Parameters

The program input/output parameters for the Maximum Endurance

and Descent Programs are:

0C = drag count

BW = base weight (1bs)

SW = store weight (1bs)
FW = fuel weight (1bs)

Gw = gross weight (1bs)
EwW = empty weight (1bs)

BANK ANGLE = bank angle (degrees)

ENDALT = endurance altitude (ft)
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TMN = true Mach number
FF = fuel flow (1bs/hr)

EFGW

effective gross weight (1bs).

b. Descent Mode Descriptions
Descent mode is derived from Technical Order-1 F-4E-1 perfor-
mance charts [Ref. 3]: to derive the charts, set throttle 80% RPM and
maintain 300 KIAS with speed brake retracted.
c. Equations of Maximum Endurance and Descent Program
The equation for maximum endurance altitude is derived from
the performance chart of the Flight Manual which is reproduced in Figure
11. The data in the performance chart are based on flight tests. Enter
the altitude and bank angle chart with the average gross weight. If bank
angles are to be considered, follow the gross weight curve until it
intersects the bank angle to be used, then horizontally to the right to
obtain effective gross weight. From this point proceed horizontally to
the right and intersect the computed drag index. Reflect downward and
read the optimum endurance altitude. The equation for maximum endurance
altitude is comprised of four independent variables and one dependent
variable. The independent variables are aircraft bank angle, gross
weight, effective gross weight, and drag count. The gross weight and
effective gross weight should be in thousands of pounds. The dependent
variable is maximum endurance altitude in thousands of feet. The equa-

. tion of maximum endurance altitude is
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MEA = 61.95 + .13765DC - .751EGW - .006776DC2 + .00126EGW2
+ .00005181DC3 + .0000266EGW3 - 1.08325 - 10-7DC4
+ .000368(DC)(EGW) - 8.53165 - IO-B(DC)Z(EGW)2 (4-32)

The equation of maximum endurance true Mach number is derived from the
performance chart of Flight Manual which is reproduced in Figure 12. The
charts are based on flight test data. The method to determine the maximum
endurance Mach number is: enter the Mach number plots with the effective
gross weight and proceed horizontally to intersect the optimum endurance
altitude. Then descend downward and intersect the computed drag index
and horizontally to read the Mach number. The equation is comprised of
three independent variables and one dependent variable. The independent
variables are effective gross weight in thousands of pounds, drag index,
and altitude in thousands of feet. The dependent variable is true Mach
number. The equation of Maximum Endurance True Mach number is divided
into two equations. One equation is only for drag index from 0 to 80.
The other equation is for drag index from 80 to 140. The first equation

for Maximum Endurance True Mach number is:

METM = - .5945 + .04362EGW + .01661ALT + .0013355DC - .0005554EGW2

.0002691ALT2 - .0000185190C2 + 6.365632 - 10° '2(EGW)2

. (ALT)Z - (DC)2 - 3.9841 - 10" '/ (EGW)3(ALT)3(DC)3 .
8

+

.000016965(ALT)3 + 3.738059 - 10 "EGW* - 2.72362 - 10-7(ALT)4

.00011123(EGW)(ALT) - .00003831(ALT)(DC)

.000015098(EGW)(DC) (4-33)
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The other equation for Maximum Endurance True Mach number, which is for

drag count from 80 to 140, is:

METMI = .1055 + .01407EGW - .007708ALT - .0010320C - .000178EGW2
.00088779ALT2 + .00000830C2 - .000015405ALT?
8eawt - 4.55763 - 107''DCt + .0000641(EGW)(ALT)

.000011756(ALT)(DC) - .00001374(EGW)(DC) - (4-34)

+

+1.8173 - 10°

The equation of maximum endurance fuel flow is derived from the perfor-
mance chart of Flight Manual which is reproduced in Figures 13 and 14.
The data in the performance chart are based on flight tests. According
to the performance chart, total fuel flow is directly proportional to
temperature change. The method for determining the maximum endurance
fuel flow is illustrated in Figure 14. Enter the fuel flow plots with
the effective gross weight, proceed horizontally to intersect optimum en-
durance altitude. Reflect downward to the computed drag index and then
horizontally to read total fuel flow. The equation of the maximum en-
durance fuel flow is comprised of three independent variables and one
dependent variable. The independent variables are effective gross weight
in thousands of pounds, pressure altitude in thousands of feet, and drag
index. The dependent variable is total fuel flow in thousands of pounds.
The equation of maximum endurance fuel flow is divided into three equa-
tions. One is for drag count from 0 to 80 and for both high and low
altitude. The other is for drag count from 80 to 140 and altitudes above
15,000 feet. The third equation is for drag count from 80 to 140 and
altitudes below 15,000 feet. The first equation for maximum endurance

fuel flow is:

63




. s q 0 I e s i o e e gt — et TR T T
% P Ly R P A I N ' eMeta mtatataTa AT e AT AT el T T et tel e PR JW, Wik SRS R ST A LAV N
v
v
L
.

PP

i ok S e

T0 1F-4t-3

[F4E]
iy MAXIMUM ENDURANCE

e FURL FLOW
exryerra L]
REMARKS '
A Y WM. (1 119-01-10 P
e 1 140 STARQARD DAY '
. 1.
B2 B Slon il
»ae “-e note \ 1\ |
»nra - :
- - TOTAL FUEL PLOW IS INAECTLY PAOPORTIORAL
g e 8 TEUPERATUSE CranGE 1NCRTASING OR —_—
OICHEASING 14 $0€ £ACH WOC INCRENENT
F200 STANGARO BAY.
BATE. ) ANVARY WIS L SRADE. »-¢
SATABADS: FLIGNT TEST FUSL SINRTY g3L0aL
™ lﬂ. fl'lmll . — : — MEN M"M( ™

Rosipiiey pan
AL e

EFFECTIVE GROSS WEIGHT - 1008 POUNOS

25 # Je

EFFECTIVE GROSS WEIGHT - 1008 POUNSS
8

§ =
: i
-
g £
i £
. i £
! i
g £
= = E
5 : :
5 2
4 i i
[._ 4 - [
. | 3
3
h "
i:
H L SR 21 %
- Figure A3-3 Sheet 1 of 2)
AS-S

Figure 13. F-4E Maximum Endurance(Fuel Flow,
. Drag Count 0-80)

et e

64

NI AR M gn. A o LR




J——r R g e Lt A LAt i o ndice DR TV TN,
TN e -‘",. C SRR ISR CPL I SRS A LR VAL NI POSUIFDURETR SR SR SAAr SR I | PR R R o~
)
, -
L
4
)
e
[ R
:...
F..
, e
* 10 1#-4€-1
MAPLARE CONFIGURATION FUEL FLOW
WOIVIQUSt DRAG snOEXES
o -
[<ca0 s1augare pav ] AEMARKS
LRGINGIS 12y 219 68-30
1CAD TANGAN 0AY
IS "
lv': :.
e e nore
Nee | i3 TOVAL FUEL FL0W 15 QIAECTLY SROPORTIONAL
ae | 8 SCRERIG TP 0N Eacn e CHEAT rn casme: #a
e e Fae §1AMSARG BAY. Full GLABITY: 65 LAGAL
LX) -
DATE ) JANUARY WD -
JATASAMS FLIGNT TAST
- LOW ALTITUD| -

- MALLVEL o

000 Y

-~

BFSECTIvE GROSH WEIGNHT - 1006 FOUNDS

CrFECTIVE GROSS WEIGHT - 1005 POUNSS

T

TOTAL FUEL 51LOW - 1048 POUNDS PER NOUA

Figure AB-3 (Sheet 2 of 2)

Maximum Endurance (Fuel Flow,

Count 80-1u40)

65

TOTAL PUEL FLOW - 1000 rOUNOE PER nOUP

-




..........
.........................
allafl Y W e et e Tt R T s T N et

MEFF1 = - .2901 + .15044EGW - .022618ALT + .0231430C - .0001789EGW2
- .000017ALTZ - .000079030C2 + 1.27822 - 10" 'O(EGW)2(ALT)2(DC)2
- .000007566(EGW)(ALT)(DC) - 4.94287 - 10 'S(EGW)3 (ALT)3(DC)3

(4-35)
The second equation for maximum endurance fuel flow is
MEFF2 = - .8749 + .161209EGW - .037546ALT + .0132630C
+ .00000267(EGW)(ALT)(DC) ~ 1.58386 - 10”10
(EGW)2(ALT)2(DC)2 + 2.206628 - 10 ' (EGW)3(ALT)3(DC)3
- 8.18252 - 10-2](EGW)4(ALT)4(DC)4 (4-36
The third equation for maximum endurance fuel flow is:
MEFF3 = 3.5516 + .06342EGW - .21834ALT + .013415DC
- .00006319DC2 + .000013187(EGW)(ALT)(DC) (4-37)

The equations for the descent program are the same as the equations for
descent used in the Bingo program. The equations for descent used in the

maximum endurance and descent progras are equations (4-30) and (4-31).
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V. F-5E PROGRAM

A. F-5E PROGRAM DESCRIPTION

The F-5E aircraft does not have a computer; consequently, the aircrew
cannot determine the wind conditions in flight. Lack of Central Air Data
Computer means that wind corrections cannot be applied in F-5E program,
since the aircrew do not have means to correct for wind during the flight.

Most of the aircrew of the F-5E wanted to have a method to determine
diversion range without using the Flight Manual in flight. The F-5E is a
single-seat fighter, so the pilot does not have time to consult the
F1ight Manual in flight. The best way to use the diversion chart is to
memorize salient features for the iypical flight. Keeping track of the
performance data during the flight is too difficult. The HP-41CV program
provides the aircrew with altitude, Mach number, and specific range for
best range cruise, and, also provides the aircrew with diversion range,
diversion speed, minimum fuel required from given point to required
destinations. In the diversion mode, single-engine performance is avail-
able as well as dual-engire performance. Diversion range with both
engines operating is programmed to arrive at the destination with 300
1bs. of fuel remaining using the Profile-2 method in the Flight Manual.
Profile-2 method for both engines operating is described in the perfor-
mance chart of the Flight Manual which is reproduced in Figure 15,
Special care should be taken about base weather condition, since the fuel

remaining is not sufficient for flying to an alternate base. The data of
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this program are based on a standard day with zero wind. The configur-
ation of the aircraft is assumed to be 2 AIM-9 with 5 pylons. The single
engine diversion program uses basically the same conditions as for the
diversion range program with both engines operating. The single engine
diversion range program is based orn the data of a single engine without
using after-burner. The configuration of the aircraft with single engine

diversion range program is assumed to be 2 AIM-9 with 5 pylons. The

Profile-2 method was applied in the single engine diversion range program.

The single engine Profile-2 method is described in Figure 16.

B. CLIMB AND DESCENT METHOD USED IN F-5E PROGRAM

1. Optimum Cruise for Short Range Mission

The climb method assumed for an optimum cruise mission in the
program is military thrust climb. Descent distance computed for optimum
cruise mode was programmed with the assumptions of using power idle,
maintaining descent air speed of 270 KIAS with speed brake in and flaps
up.

2. Diversion Range for Both Engines

Climb and descent procedure in this mode is as follows: Climb
with maintaining airspeed 330 KIAS or Mach 0.88 IMN, whichever is lower
using military thrust. Cruise with flaps up. With more than 1400 1bs.
of fuel, cruise at Mach 0.88 IMN and at 38,000 ft. Fuel is included for
climb to optimum altitude and maximum range descent to destination.
Diversion range includes distance for on-course descent to destination.
Use optimum altitude and descent on-course at maximum range descent using

270 KIAS with power IDLE and flaps up with speed brake in.

69

o,

PR




Appendis | 1.0, 1F-5k-1
Port 4. Range

Bare s avgust vy DIVERS I0W RANGE FE' ) @

OAlA 8A%S- MIGNT TEST

T0 ARRIVE AT DE STINATION WATH
INGINES  (2) J85-GE-D1
PUEL GRADE: JPet 300 LB OF FULL REMAINMNG

SUEL DENSITY: 4.3 LBV GAL AIM-9 13 PYLONS

STANDARD DAY ZERQ WIND ;‘1 X
| SINGLE ENCINE = wiTHOUT AS | —___1

counsef au raoris @ : ust OPIIMUM ALITTUDE OR OESCEND (1 REQUINED)
ward {1000 FT AF 200 KIAS, mik POWER, FINAL DESCENT Ovid BA L
AT 20 KIAS, IOLE &PM, FLAPS UP, SPD BK=IN.
— -
/,[ LEGEND
— ] 28 — OFSCENT OR CLIMASCD. .
@7 i 9 FLIGHT PATM GUIDELINE
- - 2 - 7 - == FUEL MHGUBED CR
. /,I/ MAINING
o ' w——-.
—_—| 2 / © CLUME (1 REQUEED) AT 245 K14,
4 wil WITH MIL PHEUST
" osf s S| @ IF MIL POWER TME LIMITATIC *. F
- 4 20 MIN 1§ EXCEEDED, U Mab sia
& COMTINUGUS POWER (ECT 5. =)
o4l w0 A\ @ CLIMB AND CRUISE WITH FLAP. UP
@ WiTH mORE THAN 1400 L8 OO FuitL,
1 LR N CAUISE AT 0.34 e, 12,000 F1,
@ WITH LITHER FUEL SYSTEM SELZ &
0.6 L] o e APPROXIMATILY 400 LS, MAP.UAL
. B CROSSFELD 13 REQUINED TO CRTAIN
5 ALL USASLE FUEL.

ceunse| aur PROFILE €): Ut OPTUMUM ALTITUDE OF OESCENG 1F tECUWR L)
MmN [r000 #7 Al 270 KIAS, ML POWEAR. FINAL OLSCENT ON COURSE
. AT 20 KIAS, HOLE 1PN, FLAPS UP, SPD BK<iN,

. i 7 7
- 4 [;'{? (i

4

\
N
W

P -1 2 ol - —
5 : i 7
- 05| 13 i R . /2
- L IN X 5

H o M A ATAYAY

o.44 3

‘
i

! -
NN NN
0 0 L I ]

3
- 2.4 9 0 20 140 160 180 200 20
- o DISTANCE — NM -
4 ProriLe @. <UEL 15 INCLUDEO FOR DESCENT TO OPTMUM ALTITUDE AND DESCENT AT DESTINATION, NG £
§ DISTANCE CREOIT FOR OLSCENT TO OESTINATION., 3
A
oROFILE €)  FULL 1S INCLUDED FOR CLIME C# DESCENT TO OPTIMUM ALTITUDE AND MAXIMUM ANGE DESCENT s
i - 10 OISTINATION; RANGE INCLUDES DISTANCE FOR ON-COURSE DESCENT TO DESTINATION. y
{ PAS-T0 (Shewt 3.
- A4-26
. . . . - .
F Figure 16. F-5E Diversion Range (One EZngine)
r.
s
.
¢
X 70




T

[

r-—

[k s

.........................................................

3. Diversion Range for Single Engine

Climb and descent procedure in this mode is described here in
accordance with the F-5E Flight Manual. If the flying condition permits,
use the following climb and descent procedure: Climb at 245 KIAS with
military thrust. If the time limitation of military power (30 minutes)
is exceeded, then use maximum continuous power with maintaining the
exhaust gas temperature at 650 degree centigrade. Climb and cruise with
flaps up. With more than 1400 1bs. of fuel, cruise at 0.54 IMN and
maintain altitude at 12,000 ft. With either fuel system below approxi-
mately 400 1bs., manual crossfeed is required to obtain all usable fuel.
Use optimum altitude or descent (if required) at 270 KIAS with military
power. Final descent is on course at 270 KIAS and IDLE RPM with flaps up
and speed brake in. Fuel is included for climb or descent to optimum
altitude and maximum range descent to destination. The range for a
single engine diversion includes distance for on-going descent to

destination.

C. PROGRAM INPUT/OUTPUT PARAMETERS
The input and output parameters are essentially the same as F-4E

input and output parameters.

DS = Optimum cruise distance for short range missions (nm)
DC = Drag count
GW = Gross weight (1bs)
ALT = Altitude (ft)
AW = Average gross weight (1bs)
DIST = Distance required to go (nm)
IA = Initial altitude (ft)
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D. EQUATIONS FOR F-5E PROGRAM

The equations for F-5E program are based on the flight test data
which are in the performance data chart of F-5E Flight Manual [Ref. 4:
pp. A4-6]. Optimum cruise for short range missions, which is defined by
the Flight Manual for F-5E aircraft [Ref. 4: pp. 9], is the maximum value
of specific range for short range mission. A flight to a maximum range
of 250 nautical miles is defined as the short range mission in the Flight
Manual [Ref. 4: pp. A4-6]. Specitic range is the nautical miles flown
per pound of fuel consumed. Assuming both engines of F-5E are operating,
three charts are relevant to determination of optimum cruise conditions.
The three charts are reproduced here as Figures 17, 18, and 19. For a
short range mission, the cruise altitude may optimize at a Tower altitude
than is required for a Tong range mission. The optimum cruise altitude
for the short range missions chart, which is reproduced in Figure 17,
presents the cruise altitude for short range mission as a function of
climb-cruise-descent distance. If the intersection of the drag index and
mission range distance plot falls outside the dashed "Use-optimum-cruise-
altitude" line, obtain optimum cruise altitude from charts FA4-2 or FA4-3
in the Flight Manual [Ref. 4: pp. A4-10, 11]. To use the chart enter the
chart with drag index, proceed right to the desired mission range dis-
tance, and then down to the start climb gross weight. From this point,
proceed left to read pressure altitude for cruise. The equation of
optimum cruise altitude for short range missions consists of three inde-

pendent variables and one dependent variable. The three independent
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variables are drag index, mission range in nautical miles, and start-

climb gross weight in thousand pounds. The dependent variable is
’ - pressure altitude in thousand feet. The optimum cruise altitude for

short-range missions is:

ii -' OCA

45.456 - .000212DC - .02316DS - 2.13493GW - .00004554DC2

.0023214DS2 - .00627GW2 + 1.604969 - 10-7

+

DC3
1.24904E - 05DS® - .0007469GW* - 6.75362 - 10

DC4
.00004143(DC)(DS) + .006857(DS)(GW) - 3.04712 - 10°'2
(DC)2(DS)2(GW)2 + 8.193166 - 10™'19(DC)3(DS)3 (GW)3

p

?; + 8.962771 - 10712(DC)3(DS)3 - 2.43198 - 10™'1(DS)3(GW)3

K - 2.45711 - 10" '3pcs + 6.334016 - 107 'psS

E +4.868 + 107 /GwS . (5-1)
L:,

%i The equation for indicated Mach number for optimum cruise range is

derived from the flight performance chart in F-5E Flight Manual which is
reproduced in Figure 19. The flight performance chart provides optimum

indicated cruise Mach number as a function of average gross weight,

pressure altitude, and drag index. The data on the performance chart are

based on flight tests. The method to determine the indicated Mach number

is as follows: enter the chart of Figure 19 with average gross weight in

-

s

1 thousands of pounds, proceed right to the cruise pressure altitude, down
&: to drag index, then left and read optimum indicated Mach number. The
p™.

E. independent variables of the Optimum Cruise Indicated Mach Number are
& average gross weight in thousands of pounds, pressure altitude in thou-
é sands of feet, and drag count. The dependent variable is Optimum Cruise
i

-

s
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.17836 - .00333(AGW) + .0037629(ALT) - .00031305(DC)
.000126(AGW)2 + .00005315(ALT)2 - 1.06144 - 10~6(DC)2
4.528377 - 10" 2(ALT)3 + 2.314 - 107/ (AGW)* - 3.15477 - 10"S(ALT)*

+

4.55793 - 107'2(DC)* + 4.368255 - 10" 'O(ALT)S - .00007685(AGW)
. (ALT) + 1.496 - 10 J(AGW)(DC) - 5.5628 - 10 8(ALT)(DC)
7.73637 - 10°8(AGW)2(ALT)2 - 5.81959 - 10" '0(AGW)2(ALT)?

+ 7.286215 - 10"V (ALT)2(DC)2 (5-3)

The equation for diversion range is derived from the diversion range
chart in the F-5E Flight Manual which is reproduced in Figures 15 and 16.
Each diversion range chart provides the maximum range obtainable for two
optional return profiles with from 600 to 1400 pounds of available fuel
remaining. The range pertains to an aircraft with AIM-9 missiles and
five pylons and is based on 300 pounds of fuel remaining for approach and
landing after descent is completed. A climb speed schedule and recom-
mended long range cruise indicated Mach number are included in the F-5E
program. The Profile-2 of both engine and single engine is chosen in the
F-5E program. The Profile-2 is defined in Figures 15 and 16. If there
is insufficient fuel for Profile-1, Profile-2 is recommended. The chart
ma; be entered at the initial altitude with either the fuel on board or
with the distance to be flown (to determine the fuel required). To
determine range, enter the profile chart with initial altitude, move
horizontally right to the pounds of fuel remaining curve, and then verti-
cally down to read the air distance. To determine the optimum cruise
altitude for two engine operation, start at this intersection and move up

parallel to the nearest climb path guide line to intersect the nearest
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Indicated Mach Number. The equation for Optimum Cruise Indicated Mach

Number is:

OCIMN

.496 - 05152AGW - .00448ALT - .0022606DC + .0010828AGW2

.0001844ALT2 + 1.0873 - 10°° 8

7

DC2 - 1.82326 - 10 °DC3

1.72218 - 10 'AGW* + 6.746013 - IO.BALT4 + .0033928(AGW) (ALT)

1.2486 - 107 °(ALT)(DC) - 2.19486 - 10~ O(AGW)2(ALT)2

+

5.77016 « 107 '0(ALT)2(DC)2 - 7.82001 - 10" S(AGW)(ALT)(DC)

The equation for optimum cruise is derived from the performance chart in
the Flight Manual which 1is reproduced in Figure 18. The performance
chart in Figure 18 provides specific range (nautical miles-per-pound of
fuel) as a function of average gross weight, pressure altitude, and drag
count. The constant altitude cruise chart in Figure 18 must be used for
mission planning when optimum range capability is desired. Enter the
constant altitude cruise chart in Figure 18 with average gross weight,
move right to cruise altitude and down to drag index. Move left and read
nautical miles-per-pound of fuel (specific range). The three independent
variables of the regressed equation are average gross weight in thousands
of pounds, pressure altitude in thousands of feet, and drag index. The
independent variable is nautical miles-per-pound of fuel. The equation

of specific range (nautical miles-per-pound of fuel) is:
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4.10904 - 10”18(AGW3 (ALT)3(DC)3 (5-2)
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optimum cruise altitude. To determine optimum cruise altitude for
single-engine operation, start at the intersection and move up or down
parallel to the nearest guideline to intersect the nearest optimum cruise

altitude. Single-engine operation may require either up or down movement,

.
.

depending upon initial altitude. The equation for fuel required for
diversion range for both engines operating is derived from the diversion

range chart in Figure 15. The equation of fuel required for diversion

range with both engines operating is comprised of two independent vari-
ables and one dependent variable. The two independent variables are
distance in nautical miles and initial altitude in thousands of feet.
The dependent variable of fuel required is in pounds. The equation for

fuel required for diversion range (both engines operating) is:

FD

269.01 - 11.979IA + 11.866DIST + .0364IA .0661DST2

.001671IA3 + .00021275DIST3® + .0000579IA%
=10

.004439(IA)(DIST) - 7.81164 - 10 ""DIST® (5-4)

The equation of optimum cruise altitude for diversion range is derived
from the same chart as used for the derivation of equation (5-4). The
equation of optimum cruise altitude for diversion range is comprised of
two independent variables and one dependent variable. The two indepen-
dent variables are initial altitude in thousands of feet and distance
from present position to desired point in nautical miles. The method for

determining optimum cruise altitude for diversion range is described in

the previous paragraph. The equation for Optimum Cruise Altitude for

diversion range (both engines operating) is:

| Jmu A A ) SN GEN SEN MM 0N sl g
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OALT = .214 + .9098IA + .06382DIST + .00146IA2 + ,004511DIST2

.0000117IA% - .00002477DIST® - .000001142IA%

+ 2.426804 - 10-8DIST4 < .0059984(IA)(DIST) (5-5)

The equation of optimum cruise indicated Mach number for diversion range

for both engines operating is derived from the diversion range chart in

Figure 15. The optimum cruise Mach number for diversion range is the
Mach number to be maintained during the cruising. The equation has only
ﬁi one independent variable and one dependent variable. The independent
variable is optimum cruise altitude in thousands of feet and the depen-

dent variable is indicated Mach number. The equation of optimum cruise

f? indicated Mach number for diversion range (both engines operating) is:
-

- DRMN = .57567 - .007383ALT + .0006679ALT2 - .00000733ALT3 (5-6)
-

t! The chart of diversion range for single engine without afterburner has

two profiles. Profile-2 is chosen in the F-5E program. The chart may be
entered at the initial altitude with either the fuel on board (to deter-
Il mine range available) or with the distance to be flown (to determine the
iz fuel required). To determine range, enter the appropriate profile chart

:, with initial altitude, move horizontally righi to the pounds-of-fuel

fﬂ remaining curve, and then vertically down to read the air distance. To

q determine the optimum cruise altitude for single engine operation, start

! at the intersection and move up or down parallel to the nearest guide

E‘ : line to intersect the nearest optimum cruise altitude. Single engine

¥ . . . . . ias
operation may require either up or down movement depending upon initial

] altitude. Maximum range can be obtained only by climb or descent to

¥
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optimum altitude. If the intersection plot of the initial altitude and

fuel remaining curve coincides with the optimum cruise altitude, remain
at that altitude for cruise. To determine the fuel required for a given
distance to return to base, enter the chart with initial altitude, and
move horizontally right to a point of intersection with the distance to
base. At this point, read the fuel required, then proceed parallel to
the nearest climb or descent path guideline to determine the optimum
cruise altitude. The equation for single engine fuel required for diver-
sion range is derived from diversion range chart for single engine which
is reproduced in Figure 16. The equation consists of two independent
variables and one dependent variable. The independent variables are
initial altitude in thousands of feet and distance from given point to
destination in nautical miles. The dependent variable is fuel required
in pounds for single engine diversion range without using afterburner.

The equation is:

SFD

287.26 + 9.55469DIST - 10.862IA - .01335DIST?

+

.1838IA2 + .00004175DIST3 - .00314IA%

.06098(DIST)(IA) + .000002731(DIST)2(1A)2 (5-7)

The equation far single engine optimum cruise altitude for diversion
range is derived from the same chart as the chart for equation (5-7).
The method to use the diversion range chart for single engine without
afterburner is described in the previous paragraph. The equation for
single engine optimum cruise altitude for diversion range without after-
burner has two independent variables and one dependent variable. The

independent variables are initial altitude in thousands of feet and
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distance from a point to destination in nautical miles. The dependent

variable is single engine optimum cruise altitude for diversion range in
thousands of feet. The single engine optimum cruise altitude for diver-

sion range is:

SOALT = - 3.9211 + .43701DIST - .49916IA - .0033565DIST2

6

+ .058596IA2 + 8.214 - 10 "DIST3

- .00124676IA3 + 1.09364IA¢ (5-8)

The equation for single engine indicated Mach number for diversion range
is derived from the same chart as the chart for equation (5-7) which is
reproduced in Figure 16. Optimum cruise indicated Mach number in the
chart is given in the column next to the altitude scale. The equation is
comprised of one independent variable and one dependent variable. The
independent variable is final altitude in thousands of feet. The final
altitude is the optimum cruise altitude that must be maintained through-
out the diversion range profile. The equation for indicated Mach number

for diversion range with single engine without afterburner is:

SDRMN

.46766 - .01597(FALT) + .002464(FALT)?

.0COC7455(FALT)3 - 1.44238 - 10-9(FALT)5 (5-9)

The equation for descent point from optimum cruise altitude to sea level
is derived from the same chart as used for equation (5-4). The range to
begin the maximum range descent to base is determined by reading the air
distance at the intersection of the optimum cruise altitude line with the

descent line. The equation has one independent variable and one depen-

dent variable. The independent variable is cruise altitude and the
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dependent variable is the range at which to begin the maximum range
descent. The equation for begin descent point from optimum cruise alti-

tude is:

DROSPT = (77 (5-10)

The equation of single engine descent point for diversion range is de-
rived from the same chart as the chart for equation (5-7). The range at
which to begin the maximum range descent to base is determined by reading
the air distance at the intersection of the cruise altitude line with the
descent Tline. The independent variables of the equation is cruise alti-
tude and the dependent variable of the equation is the range at which to
begin the maximum range descent. The equation of single engine diversion
range descent point is:

SRDSPT = % (5-11)

O

The equation for distance required from optimum cruise altitude to sea
level is derived from the penetration chart in Flight Manual which is
reproduced in Figure 20. The configuration of descent used in the chart
is speed brake with maneuvering flaps. Descent speed schedule is 300
KIAS. The method to use the chart is as follows: enter the chart of
Figure 20 at initial descent pressure altitude and proceed up to the
value of drag inde. configuration. Interpolation is required for values
between drag index curves on the graph. Next, read the distance. The
independent variable is altitude and the dependent variable is the dis-
tanc» nrequired to descend from cruise altitude to sea level. The
eqetion is:

DIST = (-.00164DC + 1.3111)ALT (5-12)
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VI. F-4t USER'S GUIDE

A. CRUISING PROGRAM

1. Loading the Program

The following procedure is used to load the program:

(1) Plug the card reader into the HP-4CV. Be certain the calculator
is OFF.

(2) Clear the memory by pressing the (ON) key while holding the error
(«) key depressed.

ﬁ"“‘lr’ IR
(A T 5
Lo .

(3) Execute the size function using size 022 as the input.

(4) Assign the START, PFT, and IFT, modes to their respective keys as
shown in Figures 21, 22, and 23. This must be done by executing
an ASN function for each mode, keying in the alpha labels, and
pressing the designated keys.

I'

-

———

L (5) Put the calculator into USER mode by pressing the (USER) key.
. The word "USER" should appear in the lower left corner of the
% display window.

(6) Read the 19 sides of magnetic cards into the card reader.

(7) Execute the PACK function after all cards have been read in.

2. Executing the Optimum Cruise Program for F-4E

On the initial run-through program, the operator is assumed to be
on the ground level prior to takeoff; therefore, initial flight infor-

»j mation must be input.
a. Start Mode

(1) Pressing the key labeled "START" puts the program in initial

AR SR M SEn £ AN A iy

mode.

¢

(2) Once in tha START mode the operator will be prompted for inputs

of drag ccunt, base weight, (F-4E aircraft weight), store weight
(total), -nd fuel weight.

4
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Whenever a prompt for or display of data occurs, the "R/S" button
must be pressed in order to instruct the program to continue
execution. The "R/S" button must be pressed after the data has
been keyed in or after the display has been viewed.

The program will display the values of drag count and gross
weight after the data has been input in order to verify the
values have been correct.

The next press of "R/S" leads to a prompt for a "YES" or "NO"
according to whether or not the operator will be subject to FAA
flight restrictions. The "YES" and "NO" input buttons are pro-
vided on the calculator and labeled on the overlay face: further-
more, the calculator prompts for the answer:

Input a "4" or a "5" in the display window upon
choosing a "YES" or "NO" input, respectively.

Another depression of the "R/S" key prompts the operator for the
next mode desired.

b. Option of FAA or START Key

If the operator wishes to change aircraft configuration,

START buttons enables him to do so.

(1) Pressing the FAA key enables the operator to re-input either a

"YES" or a "NO" to the FAA prompt. Pressing the "R/S" key after
the input returns the prompt for mode selection.

(2) Pressing the "START" button enables the operator to change any or

all of the drag counts, store weight, and fuel weight.

If one or more of the values are to remain the same, the pre-

vious value must be input again. The values of drag count and gross
weight will be displayed as in the start mode for verification. The next

press of "R/S" returns the prompt for mode selection.

c. Preflight Mode (PFT)

Next, the PFT mode may be selected in order to obtain initial

cruise performance data.
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(1) Pressing the PFT key puts the program in pre-flight mode.

(2) The PFT mode has two paths depending on whether or not the oper-
ator is subject to FAA flight restrictions:

(a) If the operator is not subject to FAA flight restrictions, he
will be first prompted for the standard day temperature.
Upon pressing the "R/S" key, he will be prompted for the
temperature at the altitude displayed to the right of the
window. If the operator desires the standard temperature, he
need only to press the "R/S" key again, otherwise the temper-
ature key must be pressed. This input of temperature results
in the display of the computed best range altitude and Mach
number. A prompt for and input of the tail wind components
(positive for tail wind and negative for head wind) results
in the display of the best range data, true airspeed, ground
airspeed, and fuel flow. Pressing the "R/S" key returns the
program to the prompt for mode selection.

(b) If the operator is subject to FAA flight restrictions he will
have the standard day temperature displayed as in the path
described above. The operator will be prompted to input the
temperature and will alsoc be prompted to input either an
"EAST" or a "WEST" for the heading prompt and either "IFR" or
"VFR" for the type of flight clearance. Input keys for each
of these data are provided on the calculatur overlay face and
in the computer program. A "1" or a "2" displayed in the
window corresponding to a "EAST" or a "WEST" input respec-
tively, while a "7" or an "8" displayed corresponds to an
"IFR" or a "VFR" input, respectively. All of the input
values for the program executions are in the program. One
can identify the differences of input values and can select
the correct value. Once these inputs have been keyed into
the program, the computer will compute and display the FAA
best range altitude and true Mach number, prompt for the head
component, and display the best range data for true airspeed,
ground speed, and fuel flow. Pressing the "R/S" key returns
the program to the prompt for mode selection.

Once the operator has reached his initial cruise altitude, he
may choose any mode available in the program.
d. In-Flight Mode (IFT)
If the operator wishes to update his best range altitude he
must choose the IFT mode.

(1) Pressing the IFT key puts the program into in-flight program
mode.
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(2) As in the PFT mode, there are two paths of program execution
depending on whether or not the operator is subject to FAA flight
restrictions:

(a) If the operator is not subject to FAA flight restructions, he
will first be prompted for his current fuel weight. Following
the display of the standard day temperature, the rest of the
mode is identical to the path of the PFT mode. The best range
conditions displayed will be the most fuel efficient altitude
based upon the present fuel status of the F-4E and the mea-
sured *emperature and wind data. Pressing the "R/S" key
returns the prompt for mode selection.

(b) If the operator is subject to FAA restrictions, he will be
prompted to input his fuel weight and his present altitude
respectively. The standard day temperatures will be dis-
played on the display window. Upon the prompt for temper-
ature, the STD (Standard Day Temperature) or another tem-
perature may ue input as described in the PFT mode, and best
range Mach number will be displayed. A prompt for and input
of the tail wind components results in the display of the
best range data for true airspeed, ground speed, and fuel
flow. Pressing the "R/S" key results in the display of the
next FAA best range altitude change and the corresponding
fuel weight at which to initiate his climb. If the word
"CEILING" was displayed, the operator has reached the maximum
operating altitude for his operating aircraft configuration.
No further stepping of the altitude will be done after this
point. Pressing the "R/S" key returns the prompt for mode
selection.

B. BINGO PROGRAM

1. Loading the Program

This program applies to the HP-4CV without extended memory.

However, with the extended memory module, follow the same procedure as

AP AR A & O e
P e o

described in this section.

(1) While pressing the error key (<), turn on the calculator and
release the error key.

C el

(2) Execute SIZE function using size 032 as the input.

(3) Place the calculator in "USER" mode and begin reading in the
cards.
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(4) If you failed to read in the program with "USER" mode, then
assign the DATA and BINGO modes as described in Figure 22. This
must be done by executing an ASN function for each mode, keying
in the alpha labels, and pressing the designated keys.

2. Executing the Bingo Program

a. Initialization
To begin the flight planning, and to initialize the FPAS for
a mission, the program is first set up with mission configuration. To
initialize, key (SHIFT) which is assigned to (e+) key. Then enter values

based on the cues displayed:

(1) TOGwW? Input the take-off gross weight in pounds.

(2) STOREWT?

Input the weight of all ordnance stores in pounds.

(3) FUELWT?

Input the total fu-1 on-board in pounds.
(4) DC? = Input the total drag count.

"INIT 0.K" signifies that initialization is complete and options may be
selected.

b. Bingo Options

Bingo is defined here as a military climb, best range cruise,

and descent flight profile from sea level to optimum cruise altitude and
back to sea level. This option provides the minimum necessary infor-
mation to execute an optimum Bingo profile as well as all of the data
necessary for the jet card when used for flight training. Press Bingo
which is assigned to (yx).

(1) DISTANCE?

Input the total distance in nautical miles to go.

(2) FUELWT?

Input the current weight of the fuel onboard in
pounds.

(3) DELTMP?

Input the sea level outside air temperature in
centigrade.
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(4) HEAD WIND? = Input the velocity of the head wind components in
knots (tail wind is negative).

The calculator will not display results for several minutes to compute
the Bingo profile. It will then display the necessary informations as
follows:

(1) LEVEL DIST

Distance required to maintain 1level flight
between the climb and descent envelope.

(2) MN = Indicated Mach number at level flight aititude.
(3) TAS = True airspeed of the given Mach number.

(4) GRSP = Ground airspeed of the given true airspeed.
(5) CRTIME = Time required for cruising.

(6) CRUSFUEL

Fuel required for cruising mode when the total
distance 1is greater than the distance from
climb to descent.

(7) CRFUEL

Fuel required to cruise at level flight alti-
tude when the total distance to fly is less
than the distance from climb to descent.

(8) CLBDST The distance required to climb to the optimum

cruise altitude in feet.

(9) CLFUEL Fuel required to climb from given altitude to

desired altituce in pounds.

(10) OPTFL Best range optimum cruise altitude in feet.

(11) DESPT

Begin descent point from optimum altitude to
desired altitude in nautical miles.

(12) DESFUL Fuel required to descent from optimum altitude

to desired altitude.

(13) TOTFUEL

Total fuel required from climb, cruise, and for
descent.

(14) No CRUISE LEG This indicates that your selected distance was
too short to allow a complete climb to the
optimum altitude. In this case the optimum
flight level displayed is the altitude to which

you should climb and then begin your descent.
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(15) CRDIST = Distance required to cruise at 1level flight
altitude when the total distance to fly is less
than the distance from climb to descent.

e C. MAXIMUM ENDURANCE AND DESCENT PROGRAM

1. Loading the Program

R (1) Plug-in the card reader and equivalent four memory modules into
» the HP-41C. For HP-41CV only plug-in the card reader.

&. (2) Clear the memory by pressing the (ON) key while holding the error
S («) key pressed.

é! (3) Execute the SIZE function using size 021 as the input.

§ (4) Assign the DATA, END, and DES modes to their respective keys (see
3 Figure 23). This must be done by executing an ASN function for
each mode, keying in the alpha labels, and pressing the designa-
ted keys. If the calculator is in the USER mode when the calcu-
lator is reading the program, then all the functions are auto-
matically assigned to the key as in Figure 23.

(5) Put the calculator in USER mode by pressing the (USER) key. The
word "USER" should appear in the lower left corner of the display
window.

(6) Read the 18 sides of magnetic cards int- *‘'ie card reader.

(7) Execute the PACK function after all cards have been read in.

2. Executing the Program

a. Endurance Mode

(1) Pressing the END key puts the program into the Endurance mode.

(2) The Endurance mode prompts for inputs for fuel weight and bank
angle, then computes and displays the endurance altitude, fuel
flow, and true Mach number. Pressing the "R/S" key returns the
prompt for mode selection.
b. Descent Mode

(1) Pressing the "DES" key puts the program into the descent mode.

(2) In the program, the operator will be prompted for drag count, his
initial altitude, and his desired final altitude.

a3
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(3)

(4)

(5)

After inputting the data, the program will display the distance
that will be traveled in descending and fuel that will be used
during descent.

Whenever a prompt for or a display of data occurs, e "R/S"
button must be pressed in order to instruct the progr:- to con-
tinue execution. The "R/S" key must be pressed after the data
has been keyed in or after the display has been viewed.

Pressing the "R/S" key then returns the program to the beginning
of the program execution.
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VII. F-5E USER'S GUIDE

A. LOADING THE PROGRAM

(1) Plug-in the card reader for HP-41CV and equivalent to four memory
modules into the HP-41C.

(2) Clear the memory by pressing the (ON) key while holding the error
(¢) key depressed.

(3) Execute the SIZE function using size 013 as the input.

(4) Turn on the "USER" key before reading the card into the card
reader. Then the calculator will automatically assign the func-
tion as shown in Figure 24. If you missed turning on the "USER"
key before reading the card into the calculator, then assign the
DT, DR, and DISP modes to their respective keys as in Figure 24.
This must be done by executing an ASN function for each mode,
keying in the alpha labels, and pressing the designated keys.

(5) Read the 19 sides of magnetic cards into the card reader.

(6) Execute the PACK function after all cards have been read in.
PACK function could be done easily by pressing the (GTQ) and then
pressing the (.) key two times.

B. EXECUTING THE PROGRAM

On the initial run of the program, the operator is assumed to be on
the ground level prior to take off. Therefore, initial flight infor-
mation must be input; however, if you have all the aircraft performance
data with you on the performance card then you can use the program during
the flight.

1. DATA Mode

Pressing the key labeled "DATA" puts the program into the data

mode. Once you are in the DATA mode, the operator will be prompted for

inputs of drag count and average gross weight (1bs). Select any mode you

want.
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2. QOptimum Cruise (Short Range Mission) Mode

Pressing the "OPT CR" key, Figure 21, puts the program into

L A G el A e e
L] ” L A

optimum cruise for short range mission mode. The operator is prompted

for the following inputs:

ﬁ ) CLGW?

SH DIST?

ELRSLA 1‘7‘-
o .

Gross weight when you want to start climbing.

The distance from your base to the destination.

Press the "R/S" key after each input. Then the calculator computes and

displays the following data:

OPCALT Optimum cruise altitude for short range mission.

MN

Optimum cruise IMN for optimum cruise altitude.

Then the calculator again prompts for input as follows:

DITG? = This asks you what is the distance from your
. position to destination?

Then you can read the following displays:

DSCND AT = begin descent at nm from destination.
fﬁ N/FUEL= = specific range i.e., nautical miles per
. pounds of fuel.

3
:’ CR FUEL= = fuel required for cruise from given point

to begin descent point. This display does
not include the fuel required for descent.

3. Diversion Range Mode

The calculator will prompt you to input data as follows:

F>1400? HIT 1 = If fuel remaining is more than 1400
1bs, then press 1.
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If you depress 1 then the display shows as follows:

:! S$12M54D38M88 = If you have both engines operating then
s maintain altitude 38,000 ft. and Mach
‘ number .88 or if you have a single
b engine operating then maintain altitude
& ) 12,000 ft. and Mach number 0.54.

If you have fuel less than 1,400 1bs. then press any numerical number you

want except 1. For example, 2 or 5 or any number you want except 1. If

T YTV
s ;

you pressed the arbitrary number except 1, then the calculator will

E! prompt you for the following input:

DIST? What is your total distance from your posi-

tion to destination?

IALT? = What is your present altitude you are flying
now?
- NO,ENG? = Do you have two engines in operation or one
ﬁ engine in operation?

IT you have both engines operating then press 2 or if you have one engine

flame out and only one engine operating then press 1. Then the calcu-

F lator will display the following data:
- ALT = = QOptimum cruise altitude for recovery to
destination.
;.
o MN = = Best range IMN at optimum altitude.
FUEL = = Minimum fuel required to the diversion
range profile with remaining fuel 300
1bs. at destination.
DESPT = ___ = Begin descent point from optimum altitude

to the destination.
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VIII. ILLUSTRATIVE EXAMPLES FOR THE F-4E AND F-5E FPAS PROGRAM

The following examples will illustrate various manner in which the

F-4E and F-5E FPAS programs can be used to conserve fuel.

A. F-4t FPAS ILLUSTRATIVE EXAMPLES

1. Optimum Cruise Program Example

Prior to filing a flight plan, it is desired to determine the

most fuel efficient cruise altitude and airspeed for a take-off config-

e 7 M

uration with drag count 50, base weight 30,000 pounds, fuel 17,000 pounds,

and 5,000 pounds of stores. For illustration purposes, we will assume
that the tail wind is 20 kts., and temperature at given altitude is 20°

centigrade below the standard air temperature. This example execution of

the program will show how to use the optimum cruise program.

a. Data Mode
DISPLAY INPUTS COMMENTS
DC? 50 Enter drag count
Bw? 30,000 Enter base weight (1bs)
Fw? 17,000 Enter fuel weight (1bs)
DC=50
GW=47050
FAA?0K4NO=5 4 Depends on flight restrictions.
MODE? What mode do you want?
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b. Pre-Flight Mode
Press (LOG) key, PFT mode is assigned to (LOG) key.

DISPLAY INPUTS COMMENTS

SDT=54 Standard temperature at best range
altitude.

TMP?AT34629 -74 Enter temperature deviations from
standard air temperature.

HDG E?W?E=1W=2 1 Enter heading east=1, west=2.

1,VFR?1=7v=8 7 Enter IFT=7, VFR=8.

FAABRALT36000. Best range altitude with FAA flight
restrictions.

BRMN=0. 840 Best range Mach number at best range
altitude.

TwW? 20 How much tail wind? Tail wind is 20 KTS.

BRTAS=467 Best range airspeed at best range
altitude.

BRGS=487 Best range ground airspeed.

SR=7.E-2 Specific range (NM/1bs-fuel)

MODE? Select another mode.

c. Climb Mode
This mode gives you the information of fuel required to
climb and distance required to climb. Press (X2Y) key which is assigned

to the climb mode.

DISPLAY INPUT COMMENTS
Fw? 15,000 Present fuel weight.
INITALT? 1,000 Start climb altitude.
FIN ALT? 30,000 Desired altitude.
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DEL TEMP? 0 Deviation of temperature from standard
day temperature.

DIST=49 Distance required to climb from altitude
1,000 to 30,000 ft.

|
FUEL=2,133 Fuel required to climb from altitude ‘
1,000 to 30,000 ft.

2. Bingo Program Example

The following sample mission problem is presented to exercise all
functions of the Bingo program to acquaint the user with the utility of
the program.

a. Mission

The F-4E is to fly a high-low-high interdiction mission,
including low level ingress to a weapons delivery, return to base with

Bingo to the alternate airfield.

b. Flight Planning
Load the FPAS i accordance with the User's Guide. You can
use this program for pre-flight mission planning or for performance
reference during the flight. Select the "USER" mode. Press the (LN) key

which is assigned to the DATA mode.

DISPLAY INPUT COMMENTS

TOGW? 45,000

STOREWT? 5,000

FUELWT? 15,000

DC? 40

INIT OK Initial done.

MODE? Selaect mode. Press (LOG) BINGO button.
DISTANCE? 200
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F
g DISPLAY INPUT COMMENTS
E; FUELWT? 15,000
g ) DELTMP? 0
: HEAD WIND? 0
CLBDIST=69 Required climb distance.
CLFUEL=2142 Fuel required to climb.
OPTFL=36,030 Best range altitude.
MACH=0. 840 Best range Mach number.
TAS=470 True airspeed.
RSP=470 Ground airspeed.
CRTIME=8. 29 Cruise time.
CRUSFUEL=875 Fuel required for cruising.
CRDIST=65 Distance required for cruising.
DESPT=66 Begin descent point.
DESFUL=525 Fuel required for descent.
TOTFUEL=3,543 Total fuel required.

3. Maximum Endurance and Descent Program Example

The Maximum Endurance and Descent Program consists of maximum

endurance and descent mode. The DATA mode is assigned to the (Z+) key

S and the Endurance mode is assigned to the (LN) key. The descent mode is

; assigned to the (LOG) key. First press the (I+) key.

. DISPLAY INPUT COMMENTS
§ DC?60
BW? 35,000 Input base weight.
3
t
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DISPLAY INPUT

STWT? 8,000
Fw? 14,000
DC=60

GwW=57,000

COMMENTS

Input store weight.

Input present fuel weight.
Shows the drag count.

Total gross weight.

If you want to select the Endurance mode, press the (LN) key with is

assigned to the Endurance mode.

DISPLAY INPUT
BANK<? 20
ENDALT=21,500

FF=8,749

ENDTMN=0. 703

0K?

COMMENTS

Bank angle in degrees.

Best endurance altitude.

Fuel flow at maximum endurance altitude.

Maximum endurance true Mach number at
maximum endurance altitude.

Are those data reasonable?

If you want to select the descent mode, press the (LOG) key which is

assigned to the descent mode.

DISPLAY INPUT
INALT? 30,000
FINALT? 10.000
IAS=300
DIST=32

DESFUEL=261

0K?

COMMENTS

Initial descent altitude from maximum
endurance altitude to desired altitude.

Desired descent altitude.
Descent speed 300 KIAS.

Descent distance from 30,000 ft. to
10,000 ft.

Fuel required to descent from altitude
30,000 ft. to 10,000 ft.

Are those data acceptable to you?
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the program.

B. F-5E FPAS ILLUSTRATIVE EXAMPLE

The following sample mission problem is presented to exercise all
functions of the Bingo program to acquaint the user with the utility of
One can use this program as pre-flight mission planning for

optimum altitude for short range missions. However, the diversion range

for dual engine and single engine could be used during the flight.

(1)

DISPLAY
DI1?
AVGW?
MODE?

(2)

DISPLAY
CLGW?
DIST?

First press the DATA key which is assigned to the (Z+) key.

INPUT
60
15,000

COMMENTS

Input average gross weight.

Select a mode.

Press the Optimum Cruise key which is assigned to the (LOG) key.

INPUT
17,000
200

OPCALT=34,555

MN=0.84

COMMENTS

Input start climb gross weight.
Input the mission range.
Optimum cruse altitude.

Best range Mach number at best range
altitude.

(3) After you take off and reach the best range altitude, find the
distance from your position to target using any navigation aids
such as Tactical Air Navigation or Inertial Naviation systems.
Then proceed as follows:

DISPLAY
DITG?

INPUT

150

DESCND AT 41.9

COMMENTS

Input distance from your position to
target.

Begin descent from 41.9 NM from target.
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DISPLAY INPUT
N/FUEL=0. 20

CR FUEL=537

(4) Press the Diversion Range key using the (LN) key.

gives dual engine and

as follows:
DISPLAY INPUT
F>1400?HIT1
S$12M54D38M88

(5) If your fuel on-board

number except 1.
DISPLAY INPUT
F>1400?HIT 2
DIST? 200
IALT? 2,000
NO,ENG? 1

(1 or 2)

ALT=14,000
MN=0. 52
FUEL=1971
DESPT=14

COMMENTS

----------------
........................

...................

COMMENTS
Nautical mile per pound of fuel.
Fuel required from present position to

begin descent point.

This mode
single engine diversion range information

COMMENTS

If the remaining fuel is greater than
1,400 1bs.

If it is single engine, maintain altitude
12,000 ft. and Mach number 0.54.

If both engines are available then main-

tain altitude 38,000 ft. and Mach Number
0.88.

is less than 1,400 1bs., then enter any

If fuel is less than 1,400 1bs.

Input distance from your present position
to base.

Initial altitude for climb.
For single engine enter 1
For dual engines enter 2.
Diversion altitude.

Best range Mach number.

Minimum fuel required from present
position to destination.

Begin descent point from destination.
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(6) If you want to see the inputs of the computations, again press
the DISPLAY key which is assigned to the (X2Y) key.
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IX. CONCLUSIONS

As part of the U.S. Navy Aircraft Fuel ( -nservation Program, the use
of Computerized Flight Performance Advisory Systems (FPAS) by the aircrew
was conceived as a potentially cost-effective fuel-saving operational
concept.

In Chapter III, equations were given for the best range Mach number.
BRMN, and the ground specific range, GSR, were derived as a function of
wind velocity VW and wind direction, 6. A second order analysis was
developed in which the derivatives of specific range, SR, with respect to
flight velocity, V, play an important role. |

The results of sample calculations for &, GSR, and V* using the
second order analysis of Chapter III were reasonable when compared with
the results computed by Naval Air Development Center [Ref. 2].

The mathematical relationships developed in this thesis can be
utilized by any aircraft whenever the functional relationship between
specific range and velocity is known. The specific range and velocity
curve can be determined without difficulty [Ref. 2: pp. 9]. It is re-
commended that a controlled experiment be set up to evaluate in-flight
accuracy and relevancy of the results of the equations reported herein.

The accuracy of the Flight Performance Advisory System methodology
has been verified against the F-4E and F-5E Flight Manuals [Ref. 3 and
4].

The Flight Performance Advisory System programs developed can be

readily utilized in both preflight and in-flight environments. The FPAS
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program developed in this theses are intended as a convenient, reliable
augmentation to the F-4E and F-5E Flight Manuals. The computer programs
for HP-41CV do not replace the manual, but rather make its performance

data more accessible and usable.

T
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APPENDIX B

DISCUSSION AND COMPUTER QUTPUTS FOR EXAMPLE
OF THE WIND PROBLEM

This appendix contains sample calculations for the A-7E aircraft
based on information contained in Reference 2. Specifically, the infor-
mation on specific range as a function of aircraft velocity shown in
Figure 3 of Reference 2 was used in equations (3-39) to (3-41). The

input parameters were:

Vo = 400 kts.
_ 0.235 nm
SR(Vo) = T fuel

Altitude = 35,000 ft.
Gross weight = 20,000 1bs
Drag count = 50.

In Figure B.1, V* as a function of © is presented for three wind
velocities as follows: 10,50, and 100 knots. The corresponding values of
Uwo are 0.025, 0.125, and 0.25. The dimension of © in Figure B.1 to
Figure B.3 is radians. Both the V* curve in Figure B.1 and the & curve
in Figure B.2 have similar shapes as one would expect from equation
(3-48).

For a tail wind, i.e., for 6 starting at zero and increasing to the
intersection of the V* and V0 curves, the aircraft flies slower. Con-
versely for a head wind, the aircraft flies slower.

The sign of ¢ should flip when 6 changes from 0° to 180°. When 6 is

0°, the wind is a tail wind. The aircraft should fly at a slower speed,
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and the sign of ¢ is minus. When 6 is 180°, the wind is a head wind, and
the aircraft should fly at a slower speed. The sign of & is positive.
The Figures B.3, B.4, and B.5 are polar plot of |eg] vs. 8 with the

wind speed at 10 kts., 50 kts., and 100 kts., respectively. Note that as

the wind speed increases from 10 kts. to 50 kts., the size of the left
hand circle in Figure B.4 increases relative to the right hand circle.
Also note, in Figure B.2, the V* with wind direction 1.571 Radian (90°)

is approximately 405.5 kts.
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F-4E AND F-SE FPAS FLOW CHARTS
F-4E Optimum Cruise Program Flow Charts
START
Key
Input;
DC L]
Gross
Weight
\'4
Compute;
GW
EQ(4-22)
Pre-Flight
(PFT)
In-Flight
(IFT)
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PFT
Kevw

SDT

\

Compute;
Uncorrected
BRALT

EQ(4-15)

RPN

Input;
Temperature

(BRALT
Displaved)

Ccmpute
Corrected

BRALT
Z0(4-15)
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IFT Key

Input;

Temperature
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Input;
Head
Wind

v

Compute;
BRMN,BRTAS ,BRGS,SR

EQ(4-9,4-10,4-11,
4=12 ,4-13)

Display;
BRMN,BRTAS,
BRGS,SR

Tlag set?

Altitude>
44,0002
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Compute;
Next FAA BRALT=
FABRALT + 2,000ft

Compute; GW at Next
BRALT and Correspond-

ing Fuel Weight
EQ(4-19)

Is
Present
Fuel WT > Fuel
WT at next
BRALT ?

’plsp‘ay
"Celllng"

Dae

Display;
Next FAA BRALT and

Cerresponding Fuel
Weight
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- CLB Key

Y

Recall;
DC,
Gross

g
-
ES Weight

Input;

Fuel Weight
Initial and Final
Altitude

Compute;Fuel and

Distance to Climb

EQ(4-26,4-27,u4-28,
4-29)

’ Display;
i Tuel &
Dis*tance
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F-4E Bingo Program Flow Chart

DT Key

Input;

T/0 Gross Weight
Store Weight
Drag Count

Empty Weight

Display;
INIT O.K.
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CF : 13

E

Ef No cruise leg

t. Profile when Flag
Set 13.

fi Update;
F Gross Weight for
Fuel and stores

i Input;
{ Tempera-
F ture

¢ Head Wind
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Compute;

b Optimum
Cruise Altitude
EQ(4~-14)

Compute;
Climb

Distance
EQ(4~28)

4
Compute;
Climb
Fuel
EQ(4~-26)

«\

Compute; Nominal
Cruise fuel as a
function of
Selected distance
EQ(4-24)
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Reduce; Gross
Weight by Climb
Fuel (ST-01)

—

Compute;

Descend Fuel
EQ(4-30)

p Compute;
b - Descend Distance
- EQ(u4-36)
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Correct;
Best Range TAS
For Wind
EQ(u-11)

Compute;
3est range
Ground speed

EQ(u-12)
Compute;
Best range
Fuel flow
EQ(4-13)

f; Compute;

t- Cruisetime

1 .

& ( aggcdlstance)

1 |

s R,

3 Compute;

t Fuel

3 Required

\ EQ(4-13)

E

3

s

b

b

[

{ 132
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R
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5 Y&r' o

Bingo Dist <
Climb Dist
Descend Dist?

Store;Cruise

Leg Distance

—— ﬁTﬂrﬁvv

Reduce;

Sea level Gross
Weight by Climb
Fuel

—rey
M. - 2K

S SO
-

vV YT YT TV vy

Compute;
3est range
Mach number
Z2C0(4=-9)

Lafan an o g e

—p—yvT

Temperatures=




L L B I

Set;
Flag 13

EXECUTE}
No cruise leg

Function

N

Compute;
Peak Atitude
0f Profile
Figure(B-11)

\

Compute;
Climb

Distance
EQ(4-28)

|

Compute;
Climb Fuel

EQ(4=-30)
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SO CONMONCAC N PR ICREREGUAMERNISE N N e T e T TR T T A R AT

t

€

!

Compute;
Descent
Fuel
EQ(4-30)
Compute;
Descent
Di. t
EQ(4-31)
Compute;
Level off
Dist,MN,Time
EQ(4-92)

%* Compute;
Fuel Required
or Level cff

{ Cruising leg

5 EQ(u-13)

-




...........

Display;
CLB DST
CL Fuel

FS 137

i

Display; OPT Flight

Time,Cruise Fuel,
Required,DEST point.

- Level, best range MN,
h Best range TAS, Cruise

Yes

~_

W

Display; Level off
Distance, best range
MN, Best range GAS,
Level Flight time

Cruise fuel required.

Display;

Descent point and

Descent fuel

v

Total Fuel

Required

136
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F-UE Maximum Endurance and Descent Program Flow Chart

DATA

Input;
DC

BW

Store WT
Fuel WT

Display;
DC
Gross
Weight

Display;
Mode?

137
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ENDURANCE

Input;
Bank
Angle

Recall;
DC
Gross
Weight

Compute;
END ALT
EQ(u4-=32)

DC>807

Computza;
METM 1
EQ(4-33)

Compute;
T™MN
EQ(u-3u)




...............

Compute;

MEFF —
EQ(4-35)

Compute;
MEFF 2
EQ(4-36)

Compute;
MEFF 3
EQ(4-37)

¢

Display;
END ALT
FF, END TMN

:

DATA
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F - ‘- ':‘-““ - \'. OO NER AENE T T YT T ORI RO
L - - . b Mt - T e Teass e -
-

€

o

-

b

b~

DESCEND
Key

—

Input;
Initial

Compute;
Descent

Distance
EQ(4-29)

Final Alt>_ res(RTN)

07?

No

3 Compute;

S Difference of
g Descent

- Cistance

.

3

TTEFTYTYR Y
A R T
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L
PRI

Compute;
Jescent

Distance
EQ(4-29)

inal Alt= Yes ’f

0?

Compute}
Difference
Distance

Display;
IAS Descent
Tuel Descent
Distance

9 30 *o
DATA

b -
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F-5E Program Flow Chart

DATA
Key

Input;
DC,
Input;
AVGW

.

.-

4 Display;

3 "Mode?"

3

L

-

L_‘

b

:

X

[..

8
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AR At

ey

—
A v . . R ) i)
DR A RS

ke 9 )
- .

Bl s o e a0 oo o g
i

-

T
3

OPTIMUM
CRUISE KEY

v

Input;
CLGW, DIST

Compute;
Best range
Cruise Alt
EQ(5-1)

Compute;
Best range
IMN
EQ(5-2)

Display;

Optimum Cruise Altitudd
Cptimum Cruise MN

Mach No.

P O
.....




" LR A i e
. ;‘._-_-‘:‘_:l

vy
"o

T

.......

Input;
Distance
To go

v

.......................................

Compute & Display;
Begin Descend
Point

EQ(5-11)

Compute & Display;
SR(N/Fuel)
EQ(5-3)

A\ 2

Compute & Display;
Fuel required to
Cruise only
EQ(5-1)

- ia a allmlaLawm =

Go to
DATA
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TV

I She. oSl SELOS S S SIS 4 SR Se et Iut St e

3

DIVERSION
Key

Input;
Distance

Input;
Initial
Alt

Display;
S$12,000 M.5u4
D38,000 M.88

1 Engine

2 Engine
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H )
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=)

Store;
40,000ft---R30

L Compute;
Optimum Cruise
Altitude
EN(5-4)

i il e ]
. Vo o
. ST

Comnute;
Optimum Cruise
Mach No.
EQ(5-6)

i 4 "'Y" V;v}-v.v VYW.—TY L gt o
e @
. . . . R, . .
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Minimum Fuel
Required
E0(5-3)

b Compute;

Disvplay;

Optimum Cruise Alt
Optimum Cruise MN
Cruise Fuel

Compute & Display;
Begindescend Point
EO0(5-10)

Ves

Compute $ Disonlav;
Begindescend Point
EN(5-11)

S0 *to &%

DATA
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LAt e
. e

Set Flag
01
Initial
Alt > Ye s—>®
15,0007
Compute;
OPT Cruise
3 Altitude
g EQ(5-8)
g P
- Compute;
OPT Cruise
Mach No.
EQ(5-9)
|
3
3 \ 4
¥ Compute;
3 Minimum Fuel
y Required
3 E0(5-7)
42
1
1
A
,
4 o
2 N—r
{
g 148
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f
f




MG & A% an o A S eongnt

YWY

Compute;
Optimum Cruise
Altitude
EQ(5-u)

Compute;
Optimum Cruise
Mach No.
EQ(5-6)

Compute;
Min Fuel
Required
EQ(5-3)
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C"

Flag
Set 01?

No

Y

Compute & Display;
Begin Descend Point
£0(5-11)

----------
...........

o
‘‘‘‘‘‘‘‘

Compute & Displav;
Begin Descent
Point. EO(5-10)
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Display;

Optimum Cruise Alt,
Mach No. Minimum Fuel
Required

Compute & Displav;
Begin Descend
Point

E0(5-10)

Compute & Display;
Begin Descend Point
E0(5-11)

i
Clear tlag :
™~
: 01
[
s
f Fo to
& DATA
q
b
f 151
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Set Flag

01
Compute
SE Optimum Cruise
Altitude
E0(5-8)
L.'
¢ W
b Compute;
- SE Optimum Cruise
- Mach No.
8 E0(5-9)
,
8 \
-
) Compute;
. SE Minimum Fuel
3 Required
b EC(5=-7)

D A as he e o om o 4

152

T YT




Display;

SE Optimum Cruise
Altitude MN,

Min Fuel

Flag N
Set 013

Compute & Displav;
Begin Descent Point
EO(5-10)

Compute & Disnlay;
Begin Descent Point
EC(5-11)

Lo to

DATA




N T e DCICACE
Set;
Ootimum Cruise
Alt = 40,000
Y
Compute;
Optimum Cruise
Mach No.
EQ(5-6)
Compute
Minimum Fuel
B Reauired
N £095=-3)
{
}
;
4
-
N 154
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Disvlay;
Optimum Cruise
Altitude MN,
MIN, Fuel

Compute & Display;
Begin Descerit Point
EQ(5-10)

Compute & Displavy;
Begin Descent Point
EQ(5-11)

20 to

DATA

155
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APPENDIX D
F-4E AND F-5E FPAS PROGRAM LISTINGS

F-4E Optimum Cruise Program Listing

Statement Comments

dleLbL  ITART- Label "Start"
d¢ CLkG

a3 =¥ Input Drag Count
#s PROWPT

43 ST 82

3 “Bu2* Innut Base Weight
W7 PRONPT

B3 ENTER®

B9 1998

i9 v

11 570 94

e “SW?* Input Store Weight
13 PRONPT

14 ENTERt

15 lewg

o/

17 570 95

13 "Fa?"

19 PROMPT

éh ENTER®

21 1499

23 5T0 96

24 Rl B4

25 RCL B3

ik v

27 370 &7

28 RCL @y

29 +

38 3T0 93

I FIX 9

: 32 "Bc=e Display Drag Count
e 33 ARCL 8¢

Fe 34 aVIEN

- 5 STOP

b 5 REL 93

ERCT T

b 3 o

33 Cue=s Display Gross Weight
aw aRTL A

4, woiEa

~¢ LTOR

43 “Fan=4 NOFAA=3* FAA Restrictions?
44 FRONPT

45 *Fuf YEST NGO°® or No?

an PEONPT

156
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P
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RSP SR

St 4

v
PN

Statement

47 4

48 %=y?
49 GT0 18
58 CF @2
51 GTO A
S2eLBL 1w
33 SF 82
54 GTO R
59¢L6L A
S0 CF 93
S? °MODE:"
56 PROMPT
59eiBL “PFT"
o8 GT0 85
bleiBL 45
62 72.771
63 RCL 8¢
54 .8142
8 «

60 +

87 RCL 93
68 -1,2681
09 %

79 +

71 RCL 82
72 a2

73 -, 3089331
74 0%

7’5 +

76 RCL 83
7 K2

78 .9129%%9
79 »

38 +

31 370 21
32 RCL 98¢
33 ENTER?

34 3

33 1%

46 -.90W811728
a7 *

38 57+ 2

39 Rl w3
W ENTER®
a1 I

v v
AR AR

43 -, ABuncas

Comments

Go to 10

Label "10"

Set FAA Flag

Label "A"
Select Mode

Label "PFT"
Go to 05

......



T ALV
N N R AP P
P . AV
. >

. .

£
4
i_

Tan

VST .

. M -
............................

Statement ~  Comments

4
95 8T+ 21
I AL 8
57 A2
58 A12
39 5,95454
156 »
18] .9988pa81
192 =
193 ST+ 21
134 RCL 21
185 370 93
{é6 GTO 77
ta7eLBL 99 Subroutine "99"
198 36898 Altitude <36,000?
189 RCL a8
118 %¢=Y?
fti GT0 2@ Go to 20
it2 -56.3
113 510 @9 Altitude Above 36,0007
lis =§DT=" Display SDT.
119 RRCL w3
116 RYIEW
117 STOP
11§ RTN
ti3eLBL 20 Label "20"
126 -.9819512
121 RCL 9%
132 ipad
123 #
{24 »
125 13
126 +
127 5370 w9
128 STEMP<QPRLT =" Display Standard Day
129 ARCL @9 Temperature at Optimum
139 @viEW Cruise Altitude
121 3TiP
132 RIN

138Uk 77 Label "77"
136 {E9 99 Execute 99

135 RCL #8

13 3T e

AT LT Go to 25
LjaeLsl S Label "285"
NELEEERN 74

Copy available to DTIC does not
pemit fully legible reproduction
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Statement

148 BTG 3@
t41 G670 35
1420060 38
143 “EAST=1 WaT=2*
144 PROMPY
i45 "RDG2E7H?"
146 PROMPT
147 1

{48 ¥=¥?
149 {70 94
138 CF &1
151 670 5
152¢LBL ¥
153 SF 91
154 5719 51
135¢LBL 5t
156 RCL i@
{57 INT
153 2

159 ENTER?
168 MGD
161 X=97
162 G710 i3
163 RDN
The F37 B
165 L7012
1es HT0 13
1o7eLBL 13
168 RIN
169 F5?7 81
178 GTO 13
171 670 12
{72eLBL 13
173 1

174 +

179 1968
i76 *

177 S0 1%
178 GT0 55
179eLBL L&
{39 :99p
131 =

132 370 16
133 570 55
1340LBL 35
139 ~IFR=7 ¢FR=2-

159

Comments

Go to 30

Go to 35

Label "30"

Heading East Input 1
Heading West Input 2

Go to

Go to
Label

Go to
Label

Go to

Go to
Go to
Label

Go to
Go to
Label

Go to
Label

Go to
Label

50

51
n 50 1]

51
llS] "

55
ll]2|l

55
ll55|l
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Statement Comments

186 PROMPT

187 “IFRWFR?" Input IFR 7
188 PROMPT VFR 8
189 7

198 X=Y?

191 GTD o8 Go to 60
192 GT0 6! Go to 61
193eLBL 68 Label "60"
194 RCL 15

195 9

196 +

197 S5T0 o

198 GT0 82

1390L8L 61 Label "61"
289 RCL 16

2681 See

292 +

283 STO 16

284 GT0 62 Go to 62
2uSeLBL 62 Label "62"
206 RCL t6

297 FIX @

2038 “FRABRALT=" Display FAA Best Range
289 ARCL X Altitude

2198 RVIEN

211 STOP

212 GT6 36 Go to 36
213aBL 39 Label "35"
214 RCL 19

215 w08

216 &

217 FIX 8

216 “BRALT=- Displ i
S ot splay Best Range Altitude
220 AVIEW

221 STOP

222 570 38 To to 36
223eLBL 36 Label "36"
224 88772

225 RCL 82

226 -.98045

227 »

28 +

279 RCL @2

230 A7

231 -. 3880198 :

K T .

Py
LA
v

Ao gl s au
.
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Statement

2l w

233 ¢

234 570 2
235 RCL 82
236 ENTERt
237 3

238 T4

239 1.13%375
248 *

24] .ponBBeE]
242 ¢

2a3 §7+ 21
244 R{L 21
245 310 12
246 FIK 3

247 "BRMN="
248 ARGL 12
249 PROMPT
50 “TW?e

251 PkOMPT
252 570 11
253 4T0 41
ZS-oLBL 01
55 . 3457

25 310 21
297 RCL 83
255 -,6811423
TN

ing 3T+ 21
2ni RCL B2
i -.8818053
2683 «

né 5T+ 21
265 RCL @2
by At

267 .48@17 30l
2hd =

289 5T+ 2|
27R RCL B2

271 a2

272 -,060091 ;4"
Pix

274 3T M
279 RiL A3
278 ENTck*

-

X

Comments

Display Best Range Mach Number

Input Tail Wind

Go to 01
Label "01"
Compute Best Range Fuel Flow
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G e s '
LA S S0 s
SR R bt

Statement

Comments

- C e
..............

D Ak 4 2 LR 0 A ase o 9 4
‘ ) . . ’ .
e Lt et

279 -1.81941
280

281 .d0608!
JGe «

283 5T+ 21
234 RCL @2
235 ENTERt
236 3

297 ¥#¥

238 4.626988

Compute Best Range Fuel Flow

B w: o

2%
R 2%
5 2%

g 293
29
295

182

he Aa A it 43 S ottt 0 0 n o SEA L 2 an oo oo o
B 1 " l‘.
7 B
S -
[ <]

i-i-*AAALiA -

299 %

. 80096081

¥

5T+ 21
RCL 82
xt2
x12

3 296 -1.43918

. 297 #

- 295 . #900H8sH1
3 299 «
p 360 3T+ 21

- T8l RO W3

412

- I8 A2
[ - 39e ROL 92
- W3 w12
h T <42
2 307 =
= Ig8 9.865251
p - A9
. UL
= 3ii ENTER?
& HZ -18
= 13 vy
3 Tdx

S AT- 21

RCL 33
ENTERT
T

AL e
ENTER®

162
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Statement Comments

225 -1.36419
. i ¥
37 R
325 ENTERt
329 -13
338 1%
331 #
332 5T+ 21
333 RCL 43
334 RCL 82
335+
335 .A0BB14286
337 %
378 ST+ 2
39 RCL &
348 5T0 14
341 670 {7
Ja2eLBL 17 Label "17"
4T FIZ 4 Compute Best Range True
344 RCL 19 Airspeed

356 ST 13
* 357 ¥EB 23
1 358 570 16

. 7590 BL 2 Label "21"
b8 RCL 13 Compute Best Range Ground
38t RCL il Airspeed
Il 4

. 763 570 15

LI 364 RTN

3n9eLBL 16 Label "16"

Ine FIZ @

367 “BRTAL=: Display Best Range True

368 WRCL 3 Airspeed

169 PROMPT

IThCBRGIEC

I Bat s et 2en may e

Lns e aar i
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Statement Comments
371 ARLL i3 Display Best Range Ground
372 PROMPT Speed
373 k=" Display Specific Range

374 ARCL 14
375 PRONPT
376 F57 83
37T 6T0 %
373 610 A
379+LBL %9
339 FS? 82
381 510 A
332 G0 A
J33eL8L 91
334 44989
383 RCL 19
356 %7
337 GT0 94
388 Q10 33
I59eLBL 93

Go to
Go to
Label

Go to
Go to
Label

Go to
Go to
Label

90
“90"
9N
Ilg" n

94
93
“93"

1y RCL 1@

39y 2

292 +

343 570 18

334 131,948
I35 RIL 16

36 -1, 1308

7 x

395 »

399 ROL 3¢

439 -, 15622

anl =

N r

443 KCL 8

A4 A2

445 -.8695:

4”') L 3

du; -

498 2T0 21

49 PLL 1A

418 ENTER*

a7 3

412 ray

417 ARYgg

44 x

N

. | A
164

Compute Next FAA
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Y,
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Statement

418 -, 9684303
4i3 »

428 ST+ 24

421 k(L ¥c

422 ENTER?

423 3

424 Y14

425 -,509519464
426 *

427 5T+ 21

428 RCL 82

429 ENTER?

439 4

431 ¥

432 1.984751
433 »

434 {9

435 ENTER?

436 -7

437 71

438 =
439 357
449 R
441 R
4ig =
443 985429
434

445 37+ 21
445 RCL 21
447 KL W7
443 -

449 370 15
494 3

431 %

452 T %
“53 570 97
453eLBL 97
455 RLL 14
456 RCL 4%
457 W7

435 3T 92
474 570 93
SLUTIR TR
iRl gEEP

dng "CEILIHG®
in? Ay iEm

165

Go to
Go to
Label

Go to
Go to
Label

Comments

94
H97“

92
93
II94II

........

NS e

Display Ceiling Altitude
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LR e s g A G b AL
T
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ey
4
)
f
4
l."
'I
r
g
’I
A
4
[
d
9

4
L

L}
[

2
L

Statement Comments

4n4 TP

485 GT0 B Go to A

dhboLsl 92 Label "92"
. 467 NCL 1@

458 FIX @

459 1600

479 +

471 BEEP

472 *NBRALT=" Display Next Best Range

473 ARCL X Altitude

474 AVIENM
475 STOpP
475 RCL 18
477 1484
478 *

*ii 479 FIZ &

& 439 "NFW=" Display NFW
. 431 ARCL &

432 AYIEW

433 T0P

454 5T A

4550LBL *IFT" Label “"IFT"
436 F 83
457 “Fu?* Input Fuel Weight

423 PROMPT
459 ENTERt
499 1998
431 ;

442 5T0 B

: 493 RiL 97

424 -

- 435 370 3

» 43 F57 B2

% ad7 7D 99 Go to 80
& 433 370 49 Go to 85

{ 43905 Label "80"
o Sad caLTe Input Altitude
' 541 PROMPT

3 Suz (460

: RUREE

o SHe 57D 16

; S5 1T A6

: Svn 3py 99

_- SH7 cTEMPY" Input Temperature
: i RFEOMPT

o Tan iTL g9

]
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Statement Comments

Si8 R{L 19

S5i1 -

512 570 @4

513 GTD 36 Go to 36

Sl4eLBL “CiB" Label "Climb"

515 “Fu?" Input Fuel Weight
516 PROMPT

317 1ede

513 -/

519 ST0 86

928 RCL @7

521 +

522 510 82

523 XEG #7 Execute 07

524 XEQ 84 Execute 04

529 RCL 2

S2n FiXx @

327 "DIST=" Display Distance Required
528 ARCL X to Climb

529 AVIEM

934 5TOP

531 RLL 14

932 FIX ¢

533 (un

534 x

335 “FUEL=" Display Fuel Required to
h 336 ARCL X Climb

S37 AVIEM
535 STOP
539 57 A Go to A
Sd@eLBL v Label "04"
541 RCL 13
542 5T 98
e 543 XEG 96 Execute 06
G544 37O 14
545 3
Sap NOL LT
547 xi=¥7
543 RTN
. 549 ROL 17
559 ST #E
S5 YER 4 Execute 06

Y

-

HLEE A R ducule:

T
e

—~—y

A..ll

.'.. b
‘ )

n on Ln
Tl P

?TN

N S34eL3L W Label "06"
¢ 5% I9.35

L
A
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DO = INSDY

Statement Comments

S50 RCL 83

%57 .812

538 x

559 +

chd RLL 9%

561 -1.8627

Se. #

583 +

Sedé RCL 82

563 -.21129

506

967 +

568 RCL 83

569 A2

578 -.89972

571 *

572 +

573 RCL 98

574 At2

575 (#4926

76 %

S77

578 RIL #2

979 A2

53¢ 8003897

531 =

532 ¢

533 RCL 3

534 %42

S35 RCL 88

Sap #

547 -.9B12384

533 «

589 +

S9 5T &

531 R A¢

S92 ENTE:*

T4y I

5,‘“ Y TN

cat ABPEn;; 1A

San

a7 7. L

Sef WL A

rogn Lt

-47 AWMvae -u
168

I Y A B 4 ya Ry W\
U AARANA WU T DU

ThRvavLl

aYa

DGy
aNeth




Ty
.

T Oy Yy T YY) Py
- ? ¥ [ ' 4

e

Paglt
-y

i

7
i

Statement Commen‘.s

nbZ

693 ST+ 21
684 RCL 08
685 X12

606 Xt2

697 .900013231
H98

699 57+ 21
616 RCL 92
oll X12

612 X2

613 -1.62913
6id &

615 .00600081
fi6 *

/17 5T+ 21
518 Rl @3
619 RCL 08
n28 =

62! .929879
622 %

623 ST+ 21
624 RCL 98
825 RCL 92
beb *

h27 .9851260
h2§

629 37+ 21
538 RCL 63
631 RCL @2
632 *

633 . 8929517
hi4 =

£35 5T+ 21
536 RCL 2%
p37 370 13
n3& -, 132
h3% RLL 29
nd4W , 12523
Ad] %

nal r

843 RCL {3
£44 1,9495
ndS =

ndp +

ndf RCL 13

169
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Statement

R48 X2

649 -.0802144
638 *

631 +

632 RTN
653eLBL @7

654 “INITALT?"
535 PROMPT

655 1989

857 7/

658 ST0 88
639 ST0 17

668 "FIN ALT?"
661 PROMPT

662 1098

663 /

664 STO B9

663 ST0 18

656 STQ 98

667 AEQ @8

668 STD 12
669 9

A78 RCL 17

871 X(=Y?

n72 RTN

573 RCL 17

674 STO Bg

b7 XEQ 98

876 ST- 12

677 RTN
n73eLBL 43
879 57.5

v88 RCL
03l 1.53
632 =
833 +
634 RCL 93
683 -, 47
ndh =

637 ¢+

»38 RCL W2
n39d - 4875
59 x

=4l +

A9 RLL A3
B33 K12

83
7

Comments

Label "Q7"
Input Initial Altitude

Input Desired Final
Altitude

Execute 08

Label "08"
Subroutine 08
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Statement Comments

694 -, 94814
693 »

. 69 +
697 RCL 98
698 At2
699 1712
R
BT
792 RCL 82
793 X2
794 806112
799 s
0 ¢+
797 ST 21
798 RCL 98
789 ENTERt
719 3
1 YA
712 -.8813673
713«
714 ST+ 2t

*13 RCL 92

716 ENTERY
773

Tia Tty

*19 -, 30660913

e I

by

2
L a3

fo

7T AANev agssT
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Statement Comments

748 RCL 08

741 RCL @2

742 %

743 .9811657

744 %

745 ST+ 2

746 RCL 83

747 RCL 82

748 ®

749 .0086917

75 »

751 ST+ 21

752 RCL 83

793 412

754 RCL 88

755 A2

756 ¢

757 .980083973

758 =

759 ST+ 2t

768 RCL 88

761 212

762 RCL 82

763 42

754 %

7635 9886818795

766

767 3T+ 21

768 RCL 21 oo
769 “DEL TEWP?+ Input Temperature Deviation
778 PRONPT From Standard Day
771 STO 29 Temperature

772 4.32
773 RCL 26
74,6257
77

76 ¢+

777 RCL 2
778 712
779 .

730 +

731 RCL 2¢
732 X2
733 .89653
784 »

755 »

736 RCL 2
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Statement

787 12

788 RL 21
789 «

790 -.@0808411
73

792 +

793 kTN

734 END

-
>

173

Comments

End




F-4E Maximum Endurance and Descent Program Listing

Statement Comments

a1eLBL *DATA" Label "Data Mode"

82 -di?" Input Drag Count
@3 PROMPT

84 516 82

45 "Bu?" Input Base Weight (1bs)
46 PROMPT

87 1989

w s/

#9 STO 84

18 “STHT?* Input Store Weight (1bs)
11 PROMPT

12 16866

13 ¢

14 ST0 85

15 “Fu?- Input Fuel Weight (1bs)
16 PRONPT

17 1906

18 7

S 19 STO 86

- 20 RCL 85

= 21 RCL 4

2+

23 ST0 87

24 RCL 86

5+

26 ST0 A3

27 FIX @

28 “DIC=- Display Drag Count

29 ARCL 82

38 RVIEM

31 STOP

32 RCL @3

33 1068

34 s

35 “Gu=" Display Computed Gross
\ 76 ARCL X Weight

8 17 AVIEM

38 S0P

39 ~NODE>" What Mode do You Want to
. 49 PROMPT Select?

g 41oLBL “END" Label "Max Endurance"
. 42 RCL @2

b 43 “BANK. 2" Input Bank Angle

44 PROMPT

43 05

4%

Ca L
e
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B R o
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Statement

47 ST0 @8
48 61.72
49 RCL @2
9 .87729
3 s

52 ¢+

53 ST0 it
94 RCL 08
99 -.729
56 *

S7 ST+ 11
38 RCL @2
59 K12

09 -.0042425
6l »

o2 5T+ 11
63 RCL @8
64 X2

65 .98878
66 *

67 ST+ 1}
68 RCL 92
69 ENTERY
70 3
71K
72 .900921858
73 x

74 ST+ 11
75 RCL 88
76 ENTER?
773

78 11X

79 .80083
30 «

81 5T+ 11
32 RCL 82
33 ENTERt
3

85 v1¥

36 RCL 98
37 ENTERt
38 3

39 vX

P s

a1 -4,92653
92 s

175
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Comments

Compute Maximum Endurance
Altitude




Statement

93 10
B 94 ENTERt
N 95 -12
- 9% YtX
97 s
98 ST+ 11
99 RCL 82
148 Xtz
181 RCL 88
192 Xt2
183 +
194 -1,14143
185
196 18
187 ENTER?
188 -8
189 ¥4X
118 =
111 ST+ 11
112 RCL 11
113 ST0 @89
114 GTO °“THN®
115eLBL “NETNL®
116 1035
117 570 1t
118 81497
119 RCL 83
120 +
121 ST+ 1l
122 RCL 89
123 -.9087788
124
125 5T+ 11
126 -.801832
127 RCL 82
128 =
129 ST+ 11
136 RCL 83
13t #12
132 -.908178
133 «
134 ST+ 11
135 RCL 4%
136 %2
137 .99882779
138 »

176
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Comments

Continue to Compute Maximum
Endurance Altitude

Go to 'True Mach Number'
Label "Maximum Endurance True
Mach Number" Drag Count
(80-140)

Compute Maximum Endurance
True Mach Number

.........
......
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Statement

139 ST+ 14
148 RCL 82
141 X2

142 .0008833
143 =
144 ST+ {1
145 RCL @9
146 ENTERY
147 3

148 YtX
149 -, 000015485
158 »
193] ST+ {1
152 RCL 88
153 ¥t2
154 K12

159 1.8173
156 *

157 14

138 ENTERt
159 -8

168 Y1X

{6] =

16¢ ST+ 1
163 RCL @2
164 %12

163 Xt

166 -4.55763
167 *

168 10

169 ENTERt
179 -1

171 Y%

7

173 ST+ {1
174 RCL 08
175 RCL #9
76

177 8980641
178

179 5T+ 1}
136 RCL 99
181 RCL 82
132 =

143 -, 98001750
184 o

Compute Maximum Endurance
Cruise Altitude




Statement

135 ST+ 11
186 RCL 88
187 RCL @2
188

139 -.00001374
198 »

191 ST+ 1
192 RCL 1
193 STC 18
194 GTO 26
195¢LBL 26
196 XEQ °MEFF-
197 BEEP

198 RCL @9
195 1460

268 »

291 FIx 8

208z *ENDALT=-
293 RRCL X
204 AVIEW
285 STOP

286 FlX @

297 R 81
208 1980

289 =

219 “fF="

211 ARCL X
212 AVIEW

213 SToP

214 FIX 3

215 “ENDTMN=-
216 ARCL 18
217 AYIEW
218 STOP

219 -0K?-

220 PROWPT
221 *MODE?*
222 PROMPT
2234LBL “MEFF-
224 29

225 RCL 92
226 X1

227 4T0 “MEFF:z-
226 -.29%1
229 REL W8
230 . 15844

178
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Comments

Continue to Compute
Maximum Endurance Altitude

Label "26"
Compute Maximum Endurance
Fuel Flow

Display Maximum Endurance
Altitude

Display Maximum Endurance
Fuel Flow

Display Maximum Endurance
True Mach Number

Label "Maximum Endurance
Fuel Flow"

Go tc "Maximum Endurance
Fuel Flow (low altitude
DC (80-140)
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Statement

23 s

232 +

233 S10 1t
234 RCL 09
235 -.022618
23 *

237 ST+ 1t
238 RCL 82
239 .823143
240 »

241 ST+ 11
242 RCL 88
243 X2

244 -,0801789
245 »

246 ST+ |1
247 RCL 83
248 %12

249 -.008¥117
258 »

251 ST+ 11
252 RCL 82
253 X2

254 -,00887903
259 »

256 ST+ 11
257 RCL 98
258 RCL 82
259 ¢

268 RCL 89
261 »

262 STO 88
263 Xt2

264 1,27822
269 s

266 16

267 ENTER®
268 -19

269 Y1¥

279

271 ST+ 11
272 RCL 99
273 -. 380007566
74 =

275 5T+ 1Y
27e RCL 90

179

................

Comments

Compute Maximum Endurance
Fuel Flow (DC 0-80)




Statement

277 ENTERt
278 3

279 X

230 -4.94287

Comments

Continue to Compute
Maximum Endurance
Fuel Flow (DC 0-80)

S -
.............
.............

281 =
282 10
283 ENTERt
284 -16
285 V1%
286 *
287 ST+ 11
288 RCL 11
289 STO 81
299 RIN
2916LBL “NEFF2*
292 RCL 9
293 7
234 (Y7
295 GTO “MEFF3-
296 -.3749
297 RCL 88
298 . 161289
299 «
390 +
381 STO 11
382 RCL 89
363 -.837546
364 »
305 ST+ 11
. 396 RCL 02
307 .813263
a8 =
389 ST+ 11
310 RCL 88
311 RCL 99
312 s
: 313 RCL 92
1 34 =
; 315 ST0 89
¢ 316 .00809267
[ 37 s
318 ST+ 11
319 RCL 88
120 X2
321 -1.5838s

.-
322 s

Label "MEFF2"

Go to "MEFF3"
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Statement

323 16

324 ENTER?
325 -10
326 X
327 *

328 ST+ {1
329 RCL 08
330 ENTERt
333

332 Y¥X
333 2.286628
334 =

335 18

336 ENTER?
337 -15
338 Y%
339 =

348 ST+ 1
341 RCL 09
342 Atz
343 12
344 -8.18292
345 =

346 19

347 ENTER?
348 -21

349 Y#X
358 »

351 ST+ 1t
352 RCL 1}
353 570 @1
354 RTN
355eLBL “THN"
356 RCL @2
257 89

298 X(=y?
359 GTO "MNETHL-
168 -,5945
I81 STO 1}
362 RCL 08
363 94362
34 =

363 5T+ 11
Ih6 RCL 89
367 .8l6611
Ing s

181

Comments

Compute Maximum Endurance
Fuel Flow (Low Altitude

DC 80-140)

Label "True Mach Number
for Maximum Endurance"

Go to "METM1"

Compute Maximum Endurance
True Mach Number
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Statement Comments

369 ST+ 1}

370 RCL 02 Continue to Compute
371 .9813355 Maximum Endurance
72 s True Mach Number

373 ST+ 11
374 RCL 08
J79 X2

376 -.0095554
377 =

378 ST+ {1
379 RCL @9
388 At2

381 -.900926%1
382 »

783 ST+ 11
334 RCL 82
185 X2

396 -.000818519
387 ST+ 1
338 RCL @9
389 RCL 08
399 »

391 RCL 82
392 »

393 510 99
394 12

395 6.365632
3% *

397 19

398 ENTERt
399 -2

400 YtX

491 =

482 57+ 11
483 RCL 9@
434 ENTERt
485 1

496 1%

497 -3.98411
468 »

409 19

410 ENTERt
411 -17

4i2 1%

413 »

414 ST» 1]

RN A 2t i)
P Vel
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Statement Comments

415 RCL 99 .

416 ENTERt Continue to Compute
417 3 Maximum Endurance
418 Y1X True Mach Number

419 800816956
420+

421 ST+ 11
422 RCL 88
423 %12

424 %12

425 3.738859
426 *

427 18

428 ENTER?
429 -3

439 YIX
431+

432 57+ 11
433 RCL 09
434 312

435 X12

436 -2.72362
437 »

438 18

439 ENTER?
448 -7

441 1%

42 *

443 ST+ 11
444 RCL 08

, 445 RCL 99

- 446 *

& 447 -.00911123
g 448

- 449 ST+ 11
458 RCL 89
451 RCL 92
452 »

453 -. 00083831
454 =

455 57+ 11
456 RCL 98
457 RCL 82
458 +

459 -,089815898
468 »

- . "
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Statement

461 ST+ 1
462 RCL 11
463 ST0 16
464 GT0 26
4690,BL °MEFF2°
466 17

467 RCL 89
468 X)Y?
469 GT0 "MEFF3*
470 -.8749
471 RCL 88
472 161209
473 ¢

474 +

475 ST0 11
476 RCL 99
477 -.837546
478 =

479 ST+ 1
438 RCL 92
481 .913263
482

483 ST+ {1
484 RCL 83
485 RCL 99
486 »

487 RCL 9%¢
438 »

489 STO 98
499 90989267
491 =

492 ST+ 11
493 RCL 98
494 412

495 -1.58386
496

497 19

498 ENTERt
499 -19

580 Y+

581

592 3T+ {1
583 RCL 98
594 ENTERt
95 3

5#6 Y*X

184

Comments

Label "MEFF2"

Go to "MEFF3"

Compute Maximum Endurance
Fuel Flow (Low Altitude
DC 80-140)
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Statement

587 2.286628
508 =

989 1o

910 ENTERt
Sil -15

512 Ytx

513 =

5i4 ST+ 11
315 RCL 08
Si6 X12

517 X2

518 -8.182%2
519 =

520 18

521 ENTERt
322 =21

523 Y1X

524 =

525 ST+ 11
526 RCL 11
527 ST0 8t
528 GT6 26
329¢LBL “MEFF3-
530 3.551%
531 RCL 98
932 .86342
333 =

9534 +

535 ST0 11
536 RCL 99
537 -.21834
538 =

$39 ST+ 11
540 RCL 82
541 .813415
942 s

343 ST+ 1]
544 RCL @8
545 Xt2

546 .8010954
547 s

548 ST+ 11
549 RCL 99
558 Xt2

550 .88319995
552 ¢

Comments

Continue to Compute
Maximum Endurance
Fuel Flow (Low
Altitude 80-140)

Label "MEFF3"

Compute Maximum Endurance
Fuel Flow (High Altitude
DC 80-140)
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Statement

553 ST+ 1}

3534 RCL 82
395 Xt2

556 -.00606319

RS S

Comments

Continue to Compute
Maximum Endurance
Fuel Flow (High Altitude

g <57 s DC 80-140)
[ 558 ST+ 11
o 559 RCL 08
. 568 RCL 89

S61 RCL 82
; 562
- 563

64 . 000813187
563 »

- 566 ST+ 1|
Lt! 567 RCL 11

3 568 ST 81
569 RTN
578eLBL °BES"
571 XEQ Al
572 XEQ 83
573 XEQ 85
574 BEEP
579 FIX @
576 -1AsS="
577 ARCL @6
578 AVIEM
579 ST0P
588 ~DIST=" Display Distance Required
S8t ARCL 97 to Descent
g ! 582 AVIEN
. 583 STOP
[ 534 RCL 08
585 169
= 586
: 587 -DESFUEL=" Display Fuel Required to
588 ARCL X Descend
589 AVIEN
598 5TOP
591 =0k?-
592 PROWPT
993 GTO *DATA" Go to Data
S94eLBL 81 Label "01"
395 “INRLT?" Input Initial Altitude
596 PROWPT
597 1980
598 /

Label "Descent"
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Statement Comments

599 ST0 94

688 FINALT?® Input Desired Descent
691 PRONPT Altitude
602 1008

683 /

664 STO 05

685 RCL 94

606 XEQ 02

607 STO 86

688 RTN

609eLBL 82 Label "02"
619 388 .
611 RTN Descent Airspeed 300 KIAS
612¢LBL 83 Label "03"
613 RCL 84

6i4 XEQ 94

615 ST0 @7

616 8

617 RCL 85

618 X=y?

619 RTN

628 XEQ 84

621 ST- 87

622 RTN

h23eLBL 84 Label "04"
624 570 89

heS 6.88363

626 RCL 92

627 K12

628 *

629 19

638 ENTERt

631 -5

632 X

533 ¢

634 5T0 1}

533 -1.931

636 RCL 62

B37 &

538 .91

639 »

548 ST+ 11

nél 2.5337

pd2 ST+ 11

543 RCL 1

h4a RLL 99

vy V"‘r‘r*f'.rvf' vy r— T .r—.- u L4

A Sie ortou

187

FOrye i




...........
----------
.............
..........

Statement Comments

645 »

646 STO 11

647 RCL 1t

648 RTN

649¢LBL 85 Label "Q5"

558 RCL ¥4

651 XEQ 86

652 STO 88

653 @

654 RCL 95

635 X(=Y?

656 RTN

637 XEQ 86

658 ST- 88

659 RTN

6600LBL 86 Label "06"

661 STO 89

662 1,5892

663 RCL @9

654 20863

bRY *

b6 +

667 STO 11

458 RCL @2

669 -, 859534

570

A7l 5T+ 11

672 RCL 49
73 X2

h74 -.000631
5.

. 576 ST+ 11

" 677 RCL 82

A78 X2

679 .90057143

539 *

631 5T+ 11

682 RCL w9

i 633 ENTER®

634 3

635 Y%

586 -.90009178

687

63% ST+ {1

w89 RCL @2

539 ENTERT
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Statement

691 3

692 VHX
693 -1.7659%
694 »

h95 .08006801
5% *

697 ST+ 11
»98 RCL @2
699 Xt2
790 RCL 89
781 Xt2
702

783 -2.25922
784 »

785 19

786 ENTERt
797 -7

798 YtX
789 »

718 ST+ 1t
711 RCL @89
712 ENTERt
7133

714 YHX
715 RCL @82
716 EKTERt
77 3

718 Y4
719 =

729 2.612572
72l =

722 18

723 ENTERt
724 -11
725 X4
726 ¢

727 5T+ 11
728 RCL 1t
729 RN
738 STO0P
731 RCL 48
732 .END.

189
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F-4E Bingo Program Listing

Statement

drelBL “OT*
B2 Fid @

#3 CLRG

94 ~TOGH?"
85 PROMPT

A6 5T0 21

#7 519 23
B8 "STOREWT?"
#9 PROMPT

18 STO 22

{1 §T- 23

12 “FUELKWT?*
13 PROMNPT

14 5T- 23

15 o8

1o ST+ 81

17 877 2¢

18 37/ 23

19 §77 21

4 =DC?e

21 PRONPT

22 ST0 @2

23 =INIT OK-
24 PROMPT

25 *mgpe-
26 PRUMPT

Comments

Label "Data"

Input Take-O0ff Gross Weight

Input Store Weight

Input Fuel Weight

Input Drag Count

Select Mode

27 670 “BNGD- Go to Bingo
Z3eLBL “BNGD" Label "8ingo"
4 0F 13

3 CDISTANCE Input Distance
31 PROWPT

32 570 84
33 "FUELWT®®

Input Fuel Weight

34 PROMPT

35 XEQ B2

16 "DELTMPY= Input Temperature Deviation
37 FRIOMPT from Standard Day Temperature
35 5T 82

39 “HEADWIND?* Input Head Wing Component
49 PROMPT

41571

42 4T 85 Go to 05

470 BL WS Label "05"

44 W 1 Execute 21

450LBL #h Label "06"

46 XEG 22 Execute 22
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Statement Comments

47 XEO 24 Execute 24
49 RCL 04

49 117

50 -

51 14.7

s

53 X8?

54 CLX

59 ¢+

5o 1696

57 /

58 ST- 01

59 €@ 25 Execute 25
68 XEQ 27 Execute 27
6l RCL 86

f2 +

63 RCL 04

64 X(=Y?

83 GT0 97 Go to 07
66 -

A7 CHS

63 570 o4

89 RCL 21

78 RCL 8BS

71 1#od

72 s

73 -

74 570 81

75 RCL 97

76 -2

7T s

78 5T+ 83

79 XEQ 13 Execute 18

38 XEQ 28 Execute 28
31 RCL 1@

92 38.98
33 =

34 RCL 93
i 35 ENTERt
36 273.6
37 +

38 3QRT
39 =

W -.25
31 ENTER4
42 RCL 1t
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Statement Comments

93 CHS

34

35+

36 STO 99

97 RCL 11

98 CHS

99 +
198 570 17

181 REQ 29 Execute 29
182 173
183 ST0 16
194 |

185 RCL !
196 RCL 89

197 5

188 +
189 =

118 ST) 16
111 RCL 94

112 %

113 570 20
114 RCL 04
115 RCL 17

1io 7/

117 o8

{18 =

119 5710 13

129 G0 93 Go to 08
121eLBL 97 Label "Q7"
122 SF 13 No Cruise Leg of
123 5 Bingo Profile
124 ST- 68

125 @

126 570 20

127 ST0 18

128 0.8761 15

129 570 24

138 188

121 STO 29

132 RCL 97

133 RCL 86

134 +

135 RCL 24

136 7

137 RTAN

138 570 27

192




LA ‘i_\"‘l.-;‘- “vx-.w'. }v- R N R et .."')‘4'. C ROt 4 i) NI AR o

axTo Wl LR e e A W 3PN} tleataalat Ay

Statement ~  Comments

139 S1- 29

149 RCL 97

141 ®CL 13

142 /

143 RCL 24

{44 /

145 ATAN

146 STO 28

147 ST- 29

148 RCL 04

149 RCL 28

158 SIN

151 =

152 RCL 29

153 SIN

154 /

155 RCL 27

156 SIN

157 =

158 RCL 24

159 =

158 570 87

161 RCL 2t

162 STO 0%

163 XEQ 22 Execute 22
164 XEQ 24 Execute 24
165 1060

166 7

167 ST- 91

168 XEQ 25 Execute 25
169 XEQ@ 27 Execute 27
178eLBL 98 Label "Q8"
171 F5? {3

172 GT0 @9 Go to 09
173 570 19 Go to 10
1740LBL 89 Label "09"
179 RCL @6

176 RCL 13

{77 +

178 RCL w04

179 X(=y?

189 5TO “AR- Go to AA
181 RCL @o

182 RCL 13

183 +

¢ 134 CHS
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Statement

185 RCL 04
186 +
187 STO 36

188 °LEYEL DIST=

189 ARCL X
199 FIX 2
191 TONE 9
192 AVIEN
193 STOP
194 XEQ 28
195 “NN="
196 ARCL X
197 AVIEN
198 ST0P
199 XE@ 29
208 1/X
281 RCL 38
202 »

283 ST0 3@
204 “CRFUEL="
285 ARCL X
286 AVIEW
287 STOP
268 GT0 18
209¢LBL “AA"

219 “NOCRUSELEG"

211 PROMPT
212 GT0 14
213eLBL 19
214 GT) “DuTh°
215e4LBL "DATA"
216 BEEP

217 -CLBDST="
218 ARCL 96
219 AVIEW

220 STP

221 a8

222 RCL 05
223 s

224 “CLFUEL="
225 ARCL »
226 AVIEW

227 SToP

223 1998

229 RCL w7
23 s

194

8 B & a.m

Comments

Display Level Off Distance

Execute 28
Display Level Off
Cruising Mach Number

Execute 29

Display Fuel Required
to Cruise

Go to 10
Label "AA"
Display No Cruising Leg

Go to 10

Label "10"
Go to Data
Label Data

Display Distance Required
to Climb

Display Fuel Required
to Climb
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Statement

231 “0PTFL="
232 ARCL X
233 AVIENW
234 STOP
235 F8? 13
236 GTO 14
237 FIX 4
238 “MACH=*
239 ARCL 10
249 AVIEN
241 STOP
242 FI1X @
243 “TAS=*
244 ARCL 99
245 QAVIEMW
246 STOP
247 “0AT="
248 ARCL 83
249 “RIND="
258 ARCL 11
231 "GRSP="
252 ARCL 17
253 RVIEW
254 STOP
239 FIX 2
296 "CRTIMe="
257 ARCL 13
258 RVIEN
259 St0P
268 FIX 9
261 RCL 28

262 “CRUSFUEL="

263 RRCL X
264 AVIEN
265 5TOP
200 “CRDIST="
267 ARCL 94
268 AVIEMW
269 3T0P
278eLBL 14
27t “DESPT=*
272 ARCL i3
273 AYIEM
274 ST0P
275 198

2 RCL 14

195

Comments

Display Best Range
Cruising Altitude

Go to 14

Display Best Range Mach
Number

Display Best Range True
Airspeed

Display Ambient Air
Temperature
Cisplay Wind

Display Ground Speed

Display Time Required to
Cruise

Display Fuel Required to
Cruise

Display Distance Required
to Cruise

Label "14"

Cisplay Begin Descent Point

FAPSTIOG SO W TP Y Sendamiamt
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Statement
77

278 “DESFUL="
279 ARCL ¥
289 AVIEN
281 STOP

282 RCL 20
283 RCL @S
294 199

235 &

286 ¢+

297 RCL 14
288 100

289 &

299 +

291 FS? 13
292 GT0 °FF"
293 GT0 °TF*
2940LBL "FF*
295 RCL 39
29 +

297 GTO ~TF-
2986 BL °TF"
299 *TOTFUEL="
348 ARCL X
391 AVIEM
382 sT0P

383 F5? 13
364 G0 89
385 5T DAYK
360 BL H

387 “CURRNT ALT?"

348 “PROWPT-
309 1898
318 /
311 810 29
12 G70 24
313eL8L 93
Jie (A998
315 -
36 370 41
317 RCL 22
318 57+ 8
319 RCL 23
3% 3T+ Wl
321 RO 8

2 e g
322 57 2

196

N .
........
AP et

Comments

Display Fuel Required to
Descent

Go to FF
Go to TF
Label "FF"

Go to TF
Label "TF"
Display Total Fuel Required

Go to 09

Go to Data

Label "H"

Input Current Altitude

Go t0 20
Label "03"

..........

LY




Statement Comments

323 RIN
J240LBL 26 Label "20"
325 356

326 RTN
327¢LBL 21 Label "21*
328 72.77%
329 STO 31
338 RCL @2
331 .8142
332 «

333 ST+ 31

; 334 RCL 81

2 335 -1.2631
u% 3% *

Y 337 ST+ 31

g 338 RCL @2
339 At2

349 -, 00802331
341 s

342 ST+ 31
343 RCL 01
344 X2

345 .812999
146 »

347 ST+ 31
348 RCL @2
349 ENTERt
3%8 3

1 351 YtX

- 352 -.080011726
3155 =

354 ST+ 31
355 RCL 01
356 ENTER¢
357 3

398 Y13

359 -. 96985285
68 s

361 ST+ 3°
362 ROL 82
363 ENTER?
T4 4

B9 vx

In6 95,9524y
37«

58 .20000081
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L
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Statement ~ Comments

369 ¢
378 5T+ 31
371 RCL 31
372 ST0 @7
373 RIN
S74eLBL 22 Label "22"
375 57.5 Subroutine for Climb
3% STO 31 Distance
377 RCL &
378 1.537
379 =
380 ST+ 31
381 -8.47
382 RCL 97
383 =
. 384 ST+ 31
385 RCL @2
386 ~-.40876
387 =
388 ST+ 3
339 RCL 61
3% Xt
391 -.84814
392 =
o 393 5T+ 31
o 394 RCL &7
395 12
396 1712
397 =
398 5T+ 31
399 RCL @2
498 %12
431 .000112
4492 s
. 403 5T+ 31
494 RCL 97
405 ENTER?
496 3
447 Y%
408 -.0013675
_ 489 =
{' 410 ST+ 3t
: 411 RCL @2
412 ENTERt
413 3
414 1%
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b M) e o e 4

il
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Statement Comments

415 -.80009913
416 »

417 ST+ 3

418 RCL 91

419 X12

420 X2 Continue to Compute

:g . 800083133 Distance Required to Climb

423 5T+ 3t

424 RCL @2

425 %12

426 %12

427 0000009437
428 +

429 ST+ 31

439 RCL 81

431 ROL 97

432 +

433 89144

434 +

435 ST+ 31

436 RCL 97

437 RCL 82

438 »

439 .811657

448 »

441 5T+ 31

442 RCL 61

443 WCL 82

B 444 »

~ 445 . 806917

% 447 ST+ 11

Eg 448 RCL 01

9 449 RCL 97

: - 450 +
N 451 %12
452 808083973

455 RCL 07

456 RCL #2

457 »

438 %12
. 459 .09080819795
{ 468 »

S 453 +
;? . 454 ST+ 3t

199

-t .
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Statement Comments

461 ST+ 31
462 RCL 31
463 ST0 86
464 RTN
463¢LBL 24 Label "“24%
466 20,6 Subroutine for Climb Fuel
457 ST0 3t
468 RCL 01
469 .0119
478 *
471 ST+ 3i
472 RCL 97
473 -1.86
474 *
475 5T+ 3t
476 RCL @82
477 -2l
478 =
479 3T+ 31
438 RCL 91
481 X2
432 -.90%7
433 +
484 ST+ 31
485 RCL o7
486 Xt2
487 0493
488 =
439 57+ 3
499 RCL 8z
s 491 X12
;3 492 .8893
- 493 =
&g 494 5T+ 31
495 RCL 97
b . 496 ENTER?
L 497 3
- 435 Y13

- 439 -.8812
| 548 =
& S8 5T+ 31
: 582 RCL &2
543 ENTER?
534 3
- 565 71%
4 546 988882113

200
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~Statement Comments
987

598 ST+ 3i
599 RCL 8!
5i¢ ENTERt
51 4

Si2 YeX

Si3 .Qe6ma1194
314 &

315 ST+ 3i
516 RCL &7
517 ENTERt
518 ¢4

519 VX

28 808813231
521 =
522 ST+ 31
523 RCL @2
524 ENTER¢
525 4
526 Y12
587 -1.82933
5238
529 .e868a9a1
53k =

531 5T+ 3§
S32 RCL 9t
523 RCL &7
T s

239 829879
530 =
& 517 $T+ 7
e 538 RCL w7
= 539 RCL &
548 @
: 340 89S 25¢
& 542 %
' 523 371- N

P 544 RIL 9
- 49 =L #f
. S4é
- S47 L HB29S,7
= 545 #
- e Ty
# Sepen o7 Label "TT"
p- - S, 1A
e -ce

TE ENTER

? | 201
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Statement Comments

553 .12523
954 RCL @9
535

396 +

557 1.9498
558 RCL 3t
559 =

568 +

S6f RCL 3t
562 Xt2

563 -.082144
564 *

S63 +

566 ST0 @S
567 RTN
S68eLBL 25 Label "25"
569 1.5892 Subroutine for Descent Fuel
578 570 3t
571 .2063
572 RCL 67
YRR

574 ST+ 21
S75 RCL 82
576 -.859534
577

578 ST+ 31
579 RCL 97
580 X2

531 -.008681
582 #

583 ST+ 3t
S84 RCL @2
585 %12

586 .8085713
537

538 5T+ 31
539 RCL @7
599 ENTERt
591 3

592 YtX

593 -.9088175
594 =

535 ST+ 31
536 R @2
597 ENTER?
598 3

LALEE S S e 2y, o0t S s a0 a0
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Statement

999 ¥YX

608 -1.765%
601

602 .000081
693

684 ST+ 31
685 RCL 87
686 {12

687 RCL 82
688 Xt2

689 »

618 -2.25922
bll =

612 .0006081
013

614 5T+ 31
613 RCL 97
616 ENTER?
617 3

618 YX

619 RCL @2
620 ENTERt
02l 3

622 YtX

h23 ¢

ho4 2.612572
625 *

626 18

627 ENTER?
628 -11

629 YtX

636 *

631 ST+ 31
532 RCL 31
633 ST0 14
634 RTN
635¢LBL 27
636 ~1.895
637 570 31
638 RCL @7
539 3.228
649

641 ST+ 31
542 RLL 02
643 -.204%0
hi4 »

.....................

Comments

Label "27"
Subroutine for Descent
Distance

I
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Statement Gemmen. ,

49 ST+ 3
646 RCL 87
£47 X2

548 -.0473
649

659 ST+ 31
631 RCL 82
632 ¥12

693 .#832934
£54 ¢

€93 ST+ 3t
656 RCL @7
657 ENTERt
638 3

659 Y¢

660 .89145
66l *

562 ST+ 31
663 RCL 82
664 ENTER?
663 3

666 Y¥

867 -, 88811666
£53 =

&9 ST+ 31
A78 RCL &7
6rl %12

R

#73 -.08801797
hid =

t79 ST+ 3t
ah RCL 67
6c7 RCL 92
A78

vl -.916636
: 089 =

- 681 ST+ i
v32 KCL 97
683 RCL 42
€34 =

685 %12

536 . 096389093
6G7 *

bdh T+ 3¢
pa” RIL T

Y rr:rz"r] LA Loty

-_—

._—,.—f"r—.*-rfr.'r—.ry —

3 659 570 13
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Statement

691 RTN
6920LBL 25
693 .86772
£94 870 31
693 RCL @82
0% -.808654
697

698 ST+ 31
699 RCL 82
789 X2

781 -.600018812
702 ¢

783 ST+ 31
784 RCL 82
705 ENTER?
796 3

707 YtX

788 1.133375
709 =

718 00808001
M1 »

712 ST+ 31
713 RCL 3t
714 ST0 19
7135 RIN
7toelBL 29
717 3467
718 510 3t
719 RCL ot
728 -.811423
72l *

722 ST+ 31
723 RCL 82
724 -.8818658
725

726 ST+ 31
727 RCL a1
728 Xt2

729 .88817361
730 »

731 ST+ 3
732 RCL 82
733 X2

734 -.060A71143
733+

736 5T+ 31

Comments

Label "28"
Subroutine for Best Range
Mach Number

Label "29"

Label "26"
Subroutine for Best Range Fuel

205




Statement Comments

737 RCL ot
738 ENTER?
739 3

746 YX

741 -1.91941
742 =

743 .08000881
744 »

743 ST+ 3t
746 RCL 92
747 ENTER?
748 3

749 Y

758 4.926988
751 =

752 .080808801
733 »

754 ST+ 3t
755 RCL 82
796 X2

757 X2

758 -1.48918
19 =

760 .0890080001
761 =

762 ST+ 31
763 RCL 91
764 X2

765 X12

766 RCL 82
767 Xt2

768 %12

769

779 9.863261
77 =

772 18

773 ENTER?
774 -18

775 X

776 ¢

777 5T+ 3
778 RCL ot
779 ENTERt
788 3

781 V¥

782 RCL 42

Subroutine for Best
Range Fuel
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Statement Comments

783 ENTER?
784 3

785 YX

786

787 ~1.36419
788 »

789 18

798 ENTERt
791 -13

792 i

793 =

794 5T+ 31
795 RCL 81
796 RCL 62
797

798 .008014286
799 s

800 ST+ 31
8e1 RCL 31
882 ST0 15
883 RTN
884¢LBL 18 Label "18"
885 6.1

886 RCL 87 Subroutine for Temperature

887 X(=Y? Correcti
808 RTN tion

889 -56.5
819 ST0 63

811 RN

- 812 END End

ey
A Aeh
aa

1
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F-5E Program Listing

Statement
BieLBL “D7"
é2 “J1?*

@3 PROMPY
84 STO 62

85
13
a7
a8
89
18

"AYGW?*
PROMPT
1990

I"

570 @3
“NODE?"

11 PROMPY
12eLBL "0°
13 “CLGW?"
14 PROMPT
15 1968

16 7

17 ST0 65
1§ =DIST?-
19 PROMPT
20 570 @6
21 45,436
22 RLL B2
23 -.988212
24 &

29 ¢+

26 5T0 12
27 RCL 86
28 -.82315
29 s

38 ST+ {2
31 RCL 35
32 -2.13493
=

34 3T+ 12
35 RCL 82
36 At2

37 -.98684554
38 s

39 ST+ 12
49 RCL 96
41 3212

42 .9823214
43 =

44 57+ 12
45 RCL 85
45 i12

Comments

Label "Data Mode"
Input Drag Count

Input Average Gross Weight

Select Mode
Label "O"

Optimum Cruise Mode
Input Start Climb Gross Weight

Input Distance

Compute Optimum Cruise
Altitude




................
............................
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Statement Comments

47 -.80627
4 * Continue to Compute
49 ST+ 12 Optimum Cruise Altitude
58 RCL @2
51 ENTER?
523

93 Y11

34 1.684909
-, 35 s

g 56 18

8 57 ENTER?

. 58 -7

- 59 YK

- 58 «

61 8T+ 12
Ny 62 RCL 86

{ 63 ENTERt
04 3

65 YtX

a6 -1.24984
YR

58 19

69 ENTERt
78 -5

71 Y%

72 %

73 8T+ 12
74 RCL 85
75 ENTERt
76 3

771X

78 -.8887469
79 s

38 ST+ {2
81 RCL 92
32 X2

33 %12

34 -6,73362
33 »

3 19

87 ENTERt
38 -1

29 11X

g *

91 3T+ 2

(] 2 RCL A2
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Statement Comments
ﬁ im' % Continue to Compute
95 -. 68984143 Optimum Cruise Altitude

9% =

97 ST+ 12
38 RCL 86
99 RCL 85
180 *

191 .08086857
192 *

193 5T+ 12
184 RCL 02
185 RCL 66
186 *

187 RCL 65
198

189 ST0 08
119 %2
111 -3.84712
112 #

113 19

114 ENTERt
L 115 -12
- 116 1%
b 117 *

o 118 ST+ 12
- 113 RCL o0
i 120 ENTER?

121 3

: 122 1%

o 123 3,193166
124 =

125 19

126 ENTVERt
127 -19

128 vt%

129 »

138 ST+ {2
131 RCL @2
132 RCL 96
{33

134 ENTER®
138 1

136 718

137 3,962771

¢ -

129 ¢

Ca MAAES I o gt i)
- “.‘.A,
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Statement

139 19

140 ENTERe
141 -15
142 X
143 »

144 ST+ 12
143 RiL 06
146 RCL 65
147 *

148 ENTER?
149 3

150 v1¥
151 -2.43198
152 »

153 19

154 ENTERt
195 -1
156 Y4X
157 *

158 ST+ 12
159 RCL 92
168 ENTER?
161 §

162 V1X
163 -2.4571)
164 *

165 18

166 ENTER®
167 -43
168 14X
169 #

178 ST+ 12
171 RCL 96
172 ENTERt
173 5

174 Y14
175 5.334816
176 »

177 19

173 ENTER®
179 -1t
188 11X
131 =

182 5T+ 12
133 R(L 85
184 ENTER®

...............

Comments

Continue to Compute

Optimum Cruise Altitude

P Y N S O
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Statement

135 9

136 Y14

187 6000004868
138 *

189 5T+ 12
198 RCL 12
191 510 61
192eLBL *IN°
193 .24846
194 RCL 83
195 .82572
196 ¢

197 +

198 ST0 12
199 RCL 81
280 9871877
201 =

202 ST+ 12
283 RCL 92
204 -,8906139
285 »

206 ST+ 12
287 RCL 83
208 K12

289 -.9886696
218 =

211 ST+ 12
212 RCL 81
213 X2

214 -.688832634
219 »

216 5T+ {2
217 RCL 82
218 %t2

219 .9006R27471
220 »

221 53T+ 12
222 RCL 83
221 3

224 Y3

225 .199081934
226 «

227 5T+ 12
228 RCL 91
229 3

238 Vi

212

.
o,

Comments

Store 01

Compute Indicated Mach Number
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Statement Comments

231 998919928
232 ¢ Continue to Compute
233 5T+ {2 Indicated Mach Number
234 RCL 02
235 3

276 Y%

237 -8.57126
238 *

239 19

248 ENTERt
241 -9

242 Y1

243 »

244 5T+ 12
245 RCL 01
246 4

247 V14

248 -2.793%
249 »

256 19

251 ENTER¢
252 -7

253 Y%

254 »

295 ST+ 12
296 RCL @82
297 4

258 Y1¥

259 9,583365
RCUIR

261 18

262 ENTER?
263 -12

264 Y%

265 =

266 5T+ 12
267 RCL 93
263 RCL A1

i

P
R PR

263
279 .98817 962
Tl

272 ST+ {2

273 RCL N

274 RCL 92
279«

7h ,HAEWBAE4 31

213
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Statement

277 s

278 ST+ 2
279 RCL 83
238 RCL 82
231 *

282 .0980682254
283 »

284 ST+ {2
283 RCL 12
286 STO &7
287 -.83
288 ST+ o7
289 RCL 97
298¢LBL °NM°
291 .1783%
292 RCL 83
293 -.89333
294 »

293 +

296 5T0 12
297 RCL 91
298 .9937629
299 =

308 ST+ 12
381 RCL 82
392 -.08831305
393 =

364 ST+ {2
385 RCL 83
336 K12

3087 -.988126
398 =

309 5T+ 12
318 RCL 81
311 A2

312 98895315
3=

314 ST+ 12
315 RCL 92
316 X2

317 -1.96144
3 x

719 14

728 ENTER*
321 -6

322 11X

214

Comments

Continue to Compute
Indicated Mach Number

Store Register 07

Label “NM"
Compute Specific Range
(Nautical Miles/Pounds Fuel)

B i




Statement

323 %

324 5T+ 12
325 RCL 82
326 ENTERt
273

328 Y%
329 4,528377
338 =

331 19

332 ENTERt
333 -9

334 Y%
RG]

336 ST+ {2
337 RCL 83
338 Xt2
339 K12
348 90089002314
i) »

342 ST+ 12
343 RCL 9
344 it2
345 X2
346 -3,15477
347 =

348 18

349 ENTERt
350 -8

351 4K
352

393 5T+ 2
354 RCL B2
355 X2
355 ¥12
357 -4.35793
358 «

59 14

369 ENTERT
38t -12
ng 114
363«

3hé 3T+ 12
85 RCL W1
Ibb ENTER®
75

b3 142

Comments

Continue to Compute

Specific Range
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Statement

359 4.368259
370
37110
372 ENTER?
373 -19
374 Y%

75«
376 ST+ 12
377 RCL 83
373 RCL 81
379
380 -.80807685
381 »
382 5T+ 12
383 RCL 83
384 RCL 92
385 ¢

396 .004014%
387 »
398 ST+ 12
359 /CL 8)
399 RCL 82
391 »

392 -~5.5628
393 =

394 19

395 ENTERt

. . v
.........
,,,,,

3%
397
398
399
498
491
482
493
494
445
486
447
448
499
418
4i1
412
413
44

-6

Y4

*

5T+ 12
RCL @3
12
RCL 01
112

)
-7.73637
%

18
ENTER?
-3

V1%

*

3T+ 12
RCL B3
Ate

216

- - . .
--------

Comments

Continue to Compute
Specific Range

.......

L)




Statement

415 RCL 82
416 X2
i 417 *
418 -5.81959
419 *
429 16
421 ENTERt
422 -19
423 Y%
424 =
425 5T+ 12
426 RCL 01
427 212
428 RCL 82
429 112
430 *
431 7.246215
432 *
433 18
434 ENTERt
435 -11
436 Y%
437 *
438 ST+ 12
439 RCL 12
448 ST0 08
441 FIX 2
442 RCL 91
443 1960
444 &
445 FIX 8@
446 "DPCALT="
447 ARCL X
448 AVIEW
449 STOP
458 FIX 2
o 451 “MN=*
n 452 ARCL 97
L 453 AVIEM
454 STOP
455 “BITGO"
456 PROMPT
457 STD 12
458 RCL 02
459 -.48164
4ng s

T

Comments

Continue to Compute
Specific Range

Display Optimum Cruise
Altitude

Display Optimum Cruise
Indicated Mach Number

How Long from One's Position
to Destination?
Input Distance to Fly

|



Statement

461 1.3111
402 +

463 RCL 61
464

465 ~DSCND AT*
466 ARCL X
467 AVIEN

468 STOP

469 CHS

478 RCL 12
471 +

472 570 12
473 FIX 2

474 “N/FUEL="
475 ARCL @8
476 AVIEW
477 STOP

478 RCL 12
479 RCL 08
498 17X

481 »

482 FIX @
483 °CR FUEL="
434 ARCL X
485 AVIEN

486 ST0P

437 GTO “DT°
483¢L8L “DR"
489 “F>14887HIT1"
499 PRONPT
491 1

492 X=Y?

493 G0 91
494 -DIST?"
495 PROMPY
49 570 89
497 “IALT™"
49§ PROMPT
499 1900

598 .

581 570 wl
582 “NO, ENG?*
583 PROMPT
564 |

45 %=1?

586 510 “3ED°
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Comments
Compute Begin Descending Point

Display Begin Descending Point

Display Specific Range
(Nautical Mile Per Pount of
Fuel)

Compute Fuel Required to Cruise

Display Fuel Required to Cruise

Go to Data Mode

Label Diversion Range
If Fuel Quantity is Greater
Than 1400 1bs. Press 1

Input Distance

Input Initial Altitude

Both Engines in Operation or
One in Operation? Press 1 or 2.

I[f One Engine in Operation
Go to SED
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Statement  Comments

597 CF 8l

‘ 548 RCL 09

589 148

u Sié x(=Y?

. 511 GT0 48

- 312 214 Compute Diversion Range
513 RCL 61 cruist Altitude

i Si4 9889

515 =

m 516 +

: 917 RCL 98

518 86382

= 519 =

[ 520 +

521 RCL 8¢
522 Xt2
523 98146
524 »

525 +

526 RCL 98
927 X2
528 .904511
929 »

538 +

531 s10 12
332 RCL o1
533 ENTER?
534 3

535 Y44
536 -.9880117
537 =

338 5T+ 12
539 RCL 98
548 ENTER®
941 3

542 Y3
543 -.00082477
544 «

545 ST+ 12
546 RCL 8t
947 K12
948 K12
549 -, 000081142
558 »

551 5T+ 12
992 RCL 9

219




Statement Comments

953 X#2

554 Xt2

935 2.426864
5% =

557 16

558 ENTERt
5399 -3

568 Yt¥

361 =

962 ST+ 12
563 RCL 81
564 RCL @8
965 s

966 -.90859984
567

968 ST+ 12
969 RCL 12
978 48

7t =1?
572 GTO 48
973 RCL 12
574 STO 83
579 GT0 “DF-
576¢LBL 40 Label "40"

577 49

578 STO 63

S79eLBL “DF*

589 269.01 Compute Fuel Required for

581 RCL 81 Diversion Range
982 -11.919

583 =

584 +

585 RCL 88
586 11.366
587 *

589 +

589 RCL #t
598 A2
991 .08364
592 *

593 +

534 RCL 90
595 Xt2
996 -.8661
597 =

53 +

Continue to Compute Diversion
Range Cruise Altitude

220
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Statement Comments

399 ST0 12

686 RCL @l Continue to Compute Fuel

Z'g; g“m’ Required for Diversion Range

H83 Y1X

obd -,00167
685 *

686 ST+ 12
587 RCL 68
688 ENTERt
689 3

Ale Y%

611 .08021275
612

613 ST+ 12
614 RCL 0t
619 Xt2

616 X12

A17 .90888579
618 *

619 ST+ 12
528 RCL 91
621 RCL 00
622 %

623 -.004439
624 ¢

625 5T+ 12
626 RCL A8
627 ENTERt
628 5

629 ¥1X

638 -7.31164
63l =

632 18

533 ENTER?
0l4 -18

533 1%

636 *

637 5T+ 12
638 RCL 12
639 570 01
448 .57567
w4l RCL 83
042 -,397183
043 =

ndd ¢+

el 2 e
PRATRN

s

Ta

Rkt AUAASIL A/ S A 4
- EA
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Statement Comments
- 2:2 :2; . Continue to Compute Fuel
647 .08806679 Required for Diversion Range

648 =
649 +
639 STD 12
631 RCL @3
652 3
= 653 Y%
:‘ 634 -.000880733
635 #
636 ST+ 12
857 RCL 12
638 ST0 @7
659 GT0 “DISP- Go to 'Display’
560¢LBL °SED” Label "Single Engine Diversion
661 SF 91 Range"
662 15
563 RCL 81
654 X)Y?
563 GTO *SD1* Go to 'SD1'
606 4.876 Compute Single Engine Cruise
»67 RCL 99 Altitude for Diversion Range
608 -.4382
69 *
670 +
671 RCL 81
672 1,22133
673 s
674 ¢
679 RCL #6
676 K12
677 .813185
678 *
679 +
638 RCL 91
n3l 442
582 -, 80867869
683 =
. 534 +
635 370 2
636 RCL 90
637 ENTER?
b48 3
= 639 VX
4 698 -.90011187

PRt o 7
b et CR I

222




Statement Comments
691 »
692 ST+ 12 Continue to Compute Single
693 RCL @9 Engine Cruise Altitude for
694 ENTER? Single Engine Diversion Range
695 4
696 Y1X
697 3.167149
698 *
699 18
789 ENTERt
70y -7
782 Y
7683 »
704 ST+ 12
785 RCL 61
706 RCL 08
787 »
788 -.010543
789 s
718 5T+ 12
711 14
712 RCL 12
713 Y2
714 GTO A
715 570 83
716 GT0 “SF- Go to 'SF'
71700BL R Label "A"
718 14
719 570 83
726eLBL SF* Compute Fuel Required for
721 287.62 Single Engine Diversion Range
722 RCL 90
723 9.6549
724
725 ¢
726 RCL 91
727 -198.862
728
729 +
. 730 RCL 99
{ 731 A2
: 732 -.81335
. 733 s
{ Ti4 o+
735 RCL 81
& 736 W12

b~
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Statement Comments

737 1838
. 738 *
739 +
748 510 12
741 RCL 08
742 ENTER?
743 3
744 V1%
745 .00684175
746 *
747 ST+ 12
748 RCL 91
749 ENTER?
759 3
751 X
752 -.88314
753 »
754 5T+ 12
755 -2.943
756 ST+ 12
757 RCL 0t
758 RCL 68
759 *
760 -, 86893
761 #
762 5T+ 12
763 RCL 80
764 X2
765 RCL 81
766 X12
g 767
- 768 .880002731

# 769 »
: 778 ST+ 12

b 771 RCL 12
772 570 wt
773 FS2C 82
774 RN
775 GT0 “5M"

, 7764LBL SH Label "SM"

. 777 46766 Compute Single Engine Cruise
778 RCL @3 Mach Number for Single Engine
779 -.81597 Diversion Range
798 *
T3

T8¢ RCL A3

RS A
a8

Continue to Compute Fuel
Required for Single Engine
Diversion Range

e ek 3
.

.

tasamasal .
A tabiis St S e thab ot ohind
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Statement

737 . 1638
PAT IR

739 ¢+

74 STQ 12
741 RCL &m
742 ENTER?
745 3

744 Y1X

745 .60804175
745 8

747 ST+ {2
748 RCL #1
749 ENTER®
759 3

F I g ¢

752 -.00314

753 s
754 8T+ 12
755 -2.948
756 ST+ 12
757 RIL ¥
758 RCL w9
759

758 -.86893
76l

752 ST+ {2
63 RCL e
7nd K12

TeS ROl 2
7he 12

76T 8

758 .BB6BBZ7S1
9 »

779 ST+ 12
701 RCL 12
77¢ 310 81
773 £372C @82
774 RTN

775 GT0 =SM-
77654 BL “SM-
TV 4760
7T WL 83
779 -.0159¢7
78 3

31 .

Ry AL X

Comments

Continue to Compute Fuel
Required for Single Engine
Diversion Range

Copy available to DTIC c'loesk Lot
permit Hily Tagible rer -Zochen

Label "SM"

Compute Single Engine Cruise
Mach Number for Single
Engine Diversion Range

- .. . - wwcs DOR
pemmit fully legible reproduction
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Statement Comments

T23 Kt Compute Single Engine Cruise
754 32444 : Mach Number for Single Engine
785 » Diversion Range

786 ¢+

787 510 1z

733 RCL 93

759 ENTERt

79 3

791 YeX

792 -.08087455

793

794 ST+ 12

795 RCL 83

796 ENTERt

_ 797 5

- 798 Y1X

3 799 -1.44238

" 848 =

3 381 19
'F 882 ENTER?

843 -9

- 864 Y1X

. 35 *

X s6n ST+ |2

347 RCL 12

298 3TD &7

349 GTO ~DiSP- Go to 'Display’

SloeLBL *3D¢- Compute Single Engine Cruise
311 5F 81 Altitude When Cruise Altitude
812 16.3 is More Than 15,000 ft.

8i3 RCL ne

814 -,08577

815 =

8lp +

317 RCL &t

8i8 .431

819 =

826 +

4 821 .8024%4

1 822 RCL 9w

323 X2

824 =

B2% « i TIC does not
5. er @ Copy available to D a

826 KCL #1 ible reproduction

827 412 peamit fully legible rep

828 82287
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Statement

829 =

839 +

831 S0 12
83z RCL 66
833 ENTER®
B34 3

835 Y14

836 -.80086926
837 s

938 5T+ t2
839 RCL 8l
349 12

841 X$2

842 -.0080086418
843 »

844 ST+ 12
245 RCL 88
846 ENTERt
847 5

848 1%

849 3.815837
850 »

851 18

852 ENTERt
853 -1

854 Y%

255

856 ST+ 12
357 RCL 81
858 RCL a9
859 »

868 -.911213
861 *

862 5T+ 12
863 RCL a1
So4 %12

365 RCL 89
266 X12

367 ¢

868 0808895161
89 =

870 5T+ 12
371 RCL 12
872 ST0 @3
373 5F @82
374 AEQ °SF-

-
P
al.iall
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Comments

Continue to Compute Single
Engine Cruise Altitude
(Altitude Above 15,000 ft.)

Compute Fuel Required for Single
Engine Diversion Range
(Altitude Above 15,000 ft.)
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Statement

875 SF @1
876 .54

877 ST0 97
878 SF 91
§79¢L.BL “DISP*
886 RCL 83
881 16ed

882 »

883 FIX @
884 “ALT="
885 ARCL X
886 AVIEN
887 STOP

888 FIX 2
889 “MN=*
898 ARCL o7
891 AVIENW
892 SToP

893 FIX @
894 “FUEL="
895 ARCL ol
3% RYIEN
897 STOP

898 F5? 01
899 GT0 -St*
990 RCL @3
9t 1125
982 +

983 “DESPT="
984 ARCL X
985 AVIEMW
986 STOP

97 670 “D7T°
988eL8L °S1°
M9 RCL 83
919 “DESPT="
911 ARCL X
{2 AVIEM
913 STOP
914 OF 81
915 670 -01*
S1peLBL 31

Y e W T W
M D A NN AT A N L AP et e el sne

PO

PAEE Py .3

917 =S12054D38M88"

918 PROMPT
919 .END.
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Comments

Label "Display"

Display Cruise Altitude

Display Mach Number

N,

Display Fuel Required for

Diversion Range

Display Begin Descent Point

Go to 'Data’

Display Begin Descent Point

(Single Engine)

Go to 'Data’
Label "Q1"

End
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