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Organizations planning the opcrations of large nuxbers of high-performatnce
aireraft are faced vith a bevildering sicture of varylng numbers of alrcraft,
routes, aircruft tyrss, and taska. A "detafled calculation" approach to
dnr_lo;-nt of a plan of -pereticn Lg %00 time ccnmring and limits the nmber

spproach does not acihneve efticim neet use.

Thir ressarch zerorandus considers the Flight Operations Planner (FLIOP), a
digital omuputer program designed Lo reduce significantl;’ the amount of time
and effort (n cnlculating detalied flight plae for individual efrciaft, 2y
using FLIOP, a plauming orgsnlzstior can investigate a wide vnuriety of posaible
operations without ldzvoting sn excesalve anount o7 humar “.ime and effort to
detalls. Ite usre per=its o2 Lase planner Yo concenblsate mors 04 the peneral
obisctives conalliearat. #4210 wetatning the asau-an~a Shat tha fing’ wesult {a
teasitle. FL OF can aisc e used with sny computer rrogram t6 8oive certain

of ihe =ore cpevehiecales igalon pblers,

The study {s in tuc parte. Fart [, whica descrides generally “he problems
tavoived in planning the operaiionme of large numbers of high-performance air.
craft and the role of FLIGP, is for the genersl realer. rart [I, which gives
& techalcal description cf the technique, is for those who pley, to use the
routine, Although the B-iT and XC-97 aircraft are used for flluatrstive
pusposes, the techniquas 4sscridbed are equally applicable ¢: the vurious models
of the 3-92, B-58, B-66, XC-135, KB-50, F-101, 7-12k, C-130, and C-.33, and
carn te appiliszd tc any fixed wing type sircraft.
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DWRMARY

Tnis paper is in two parts. Part One is a general description of the

1arnitg the operation of lar;e numbers of long-range

o

aircraft and a brief deascription of thy particular part of the problex
which is addressed by the Flign: Operations Plinner (FLIOPj. This Part
is designed to be of interest to ths genereal reader. Fart Two is, in ite
main body, & somawhat more technical description of the technique. It is
believed that Part Two will be of intorest toc those people who might con-
sider using or preparing to use the routine harv described. The appendices
should be of intersst to FLIQP ucers.

Although the B-47 and KC-97 aircrafts are used in ihe subsequent
parts of this paper for illuatratise purposes, the techniques descrined
have proved to be equally applicable to the various medels of the B-52,

B-58, B-66, KC-135, %B-50, F-101. C-124, C-13C, C-133 and car be applied

to any fixed wing type aircraft.
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FART OWE

Je A GENERAL DESCRIPTION OF THE PROBLEM OF PLANNING AIRCRAFT OPERATIONS

Organizations planning the operations ol large numbers of high
performance aircraii find themselves presented with two basic but
assoclated difficulties, r.rsi, the available numbsrs of aircraft,
routes, aircraft types, and tasks can ail be so variable as to pressnt a
rather bewildering picture. Developing a detailed plan of operstions for
. large fleet of various aircraft types cocnsumes much more time than used
in either the physical preparation of the aircraft and crews or the actual
execution of the planned operation. This requirement for a lengthy
planning perlod can become a very real limitation on ths operations of
such organisations. Second, the plan of operation must eithsr be
developed in detall so that its feasibility and adequacy is sssured or
else be developed by using such conservative aircraft performance
parameters that tne operation is unquesiionably feasible, Neither
alternative is particularly attractive; the "detuiled calculation"
approach because it is too time consuming and lirits the number of
alternatives which can be developed; the "conservative approximation”
approach becavse it dows not achieve a high degree of efficient flest

utilivetion,

i1, THE DESIGNED ROLE OF THE FLIGHT OPERATIONS PLANNER

The I'iight Operaiions Planner {FLIOP) is a digital computer program
ed 4o slgnificanily veduce Lhe amowrt ol iime and eifort invoived in
the calculation of dutailed flight plans for individual aircraft. By

using FLIOP, a planning organization can investigato a wile variety of
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posnibla operaticns without devoting an inerdinate amount of human time
and effort to details. Its use can pernit the human planner to cencen-
trate more of his attentior on %he gsneral objectivas under con:ideration,
sti1] retaining the assurance that the fingl result ia feasitls in all the

detailed considered.,

111, FACTORS TO CONSIDER IN THE USE OF FLIOF

The Flight Operations Planner is designed to assist the human plannsr

by rapidly calculating the detaljed piana of cperations nf indiuidusl
aircrafi. It 4s .ot desisned to "optimizs™ anytning (excegt f{n t-e manse
Lh.* it significantly reduces time used in calculation) unleas the human
planner asks for certain optimizations.

To use FLICP, an organizatinn must have venvenien' A--esa Lo A
computing facility and must have personnel who are {ur may tecome)
knowledgable in both the planning of aircreft cporatiors ami 4igital
computer applications. “any of the jaramcters used in FLIOP must be
developed by the urirg ornMuUM.n they are deperxient on and refjact
organisa“ional planning factcrs and policies. As with eny compler com-
puter program, a technical description is presentatle only in the form of
flow diagrams and an assembly listing cf the mschine code. These (for the
IBM 704 ) together with consultation are wysilable o &ppTopriste crgani-
tations upon request.

As with sny electroniz computer routine designed t¢ accomplish a
_ob previously done by hand, the efficient use of FLIGP requires a period
of preparation within the potsntlial wusing .rganization. Specifically,
the human tise and effort saved ty any sucn computer rcoutine nas to be

used efficiently or the :>rizary value of such a tool is wasted. In
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addition, wince efficlent computer use {3 also involved, FLIQOP is momst

effictent when a large number of caees are handled in each "run."

IV, POSSIBLE FUT'RE_APPLICATIONS OF FLIOP

It will be fioted in the preceding para: -aphs that FLIOP is not
designed to sutomatically plan "missions" or over-all "aircraft utiliszas-
tions.” It is desigred, however, so that, in addition to Lte utility to
the husan pianner, it van be used with any computer program designed to
solve certain of the more comprehensive mimsion proniems. An exploratory
development of conputer routiness directed toward the solutions of the
Froute selection™ and "task objective” Lype of problem is currently in
pregress.

Finally, Ye-~quse FLICF 1a designed tou anawer detalley gquestions
abouvt a given flight, the FLIOP output should be viewe: 2a a detailed
description of the limiting conditlions which must bte met to make a flight
Teasilie, Ulnleas it ~oinci_es precisely with the planner's desires
relating to that flight, the FLICP output §s not a flight plan in the
e~nventional sensc, Yut rather a demonstraticn that a feasible flight

plan can L3 caictulatea,
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PART TwoO

I. GENERAL DESCRIPTION OF FLIOP

The basic roncept of FLIOP is the rapid, automatic integration of
the following major Tactors:

a. The performance characteristics and limitations of a specific
aircraft type. (See Appendix A for a description of the FLIOP calculation
of Alrcraft Performance.)

b. The meteorclogical phenomena which affoct an aircraft's inflight
porformance. (Ses Apperdix B for a description of Climatological Data
Tables and their use in calculating the effect of winds on the plsnned
flignt.)

¢. The physical and meteorological characteristics of the takeoff
base which may affect and limit an air&raft's perfcrmance. (See Appendix
C for a description of the Base Table.)

d. An outline of the pian which the user wishes to have calculated.
On the Flight Outline Plan form, the user indicates the aircraft iype for
which the plan is required, the decired route, the constraints to be
considered during the calculation and, possibly, the sequence in which
certain constraints may be relaxed in an attempt to arrive at a feaslbls
flight pian.

The basic concepts usad internally in FLIOF are those of a flight, of
points, and of legs. A flight is the operaticn of an aircraft from take-
off to landing ¢r & continuous portion of any such operation. kn aircreft
operation in which an intermediate landing and takeoff occurs, for

example, a staging operation, must be treated as two distinct FLIOP

[ Y T——
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flights, At a "epinth some particular avent occura in the course of the
flight., A point might thus be a takeof{ point, a navigational check
point, a target point, a refusling point, a penetration point, etc., The
interval between two successive points is called a "leg." Information
concerning a ieg is always given in connection with the point following
that leg. For computational purposes, enroute climbs and inflignd
refuelings are each considered to occur at a »oint. Provision is made to
take into account that these are actually enroule activities starting at

the point.

IX¥. THE ELEMENTS OF THE FLIOP CALCULATION

The basic operation of FLIOP is the calculation of fuel expenditure
and time. Within FLIO? there are many capabilities to solve various
detailed problems relating to the operation of the aircraft at the
"points™ and along the "legs" of a glven flight. The calculaticn of a
flight plan is, in a sense, the combination of the soluticns to the many
"points" and "legs" problems.

As Point Calculations

1. Takeoff point. There aiw two general t;'pes of takeof{ calcula-
tion in FLIOP. One computes the expected length of takeoff ground rol)
(and time anc¢ fuel used during this operation) when given ths aircrart
type; aircraft weight, the type of takeoff procedure and the elevation
and temperature of the takeoff base, FLIOF checks the sxpected ground
roll so caiculated against the length of runway ava.lable for takeoff,
The second type of takeoff calculation compute: the maximum feasible
takeoff woeight and fuel load when given the aircraft type, takeoff types,

baeso elevation and temperature, and the lergth ¢f runway avallable for
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takeoff.

Specific takeoff types are represented in the FLIOF calculation as
"takeoff modes."‘ Each "takeoff mode" i3 a zet of parameters which
describte the effect of aircraft weight, weipht lcss, fuel used, tempera-
ture and elevaticn un the ground roll, and other factors which affect the
takeoff of a specifin ailrcraft type using & certain type of takeoff

procedure,

2. Refuelin* print calculaticns. For receiver aircraft there are

two types of refueling point calculations. FLIOP can calculate the net
gain in the recelvors fuel load {and the nst loas in enrcute crulsing
time) when provided the receiver type, tanker tyre, and amount of fuel to
be transferred. FLIOP can calculate the recuired amount of fuel to be
transferred (and the net loss in enroute cruising time) when the receiver
type, tanker type, and a require! net rain in recefver fuel load is pro-
vided. .

For tcnker aircraft there are two ‘ypea of refuelins; calculations.
FLIOP can calculate the net loss in the tanker's fuel (ani the loss in
enroute cruising time) when the receiver type, tanker type, and required
amount of fuel to te transferred in provided. FLIOP can calculate the
amourt of fuel which can re tranafarrad {(and the nat losw in enroute
cruising time) when the receiver type, tanker type ani naxirum allowatle
reduction in tanker “uel lcad is provided,

3, Turn points ani navigation check pointa. A chanse in sn air-

eraftta mude Af flight; auch as goine from low altitudae crul=s te srulss

climb, must in general be associated with a point, altrougzh in fact the

-
See Appendix A for a description of FLIOP modes and thelr preparaticas;
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changze is only initiated at the point, FLIOP adsesses a time and fuel
penalty against the aircraft at a mode change point; to compenssi= for the
actual time and/or fuel lost in the chanpe, the marnitude of these penal-
ties is dependent on the weight of the aircraft when it arrives at the
point and the difference between the two modes,

L. Target points. FLIOP will subtract from tlie non-fuel weight of
the aircrafi any specified amount of weight at any point indicated.
B, Leg Calculations

There are two general tyres of "leg® calculaticns in FLIOP: “enroute
legs® and "orbit legs." Specific types of leg calcilations are described
in FLIOP as "non-takeoff™ modes.

A non-takeoff (inflisht) mode is a set of rararteters which descrite

the fuel consumption, altitude, airspeed, and other parameters of the
alreraft operating in a specified manner, together with the variations in
these guantities which ray {or may not) result with charpes in the
aircrafit's weipht., For those mnodes in which an air refueling is permis-
eible certain parareters are includec to describe the effect cf such an
operation.

1. Enrouts ley calculations. FLICF solves for the fuel used and

time elapsei on an euroute leg by calculating the effects of wind, flight
mode, and weizht on the aircraft type under consideration.

2. Orbit leg ralculations. FLIOP calvulates fuel used on an orbit

1ag by 2alculating the ¢ffect of mode and weight on the aircraft type
under consideration for the tims on ortit., (Under certain =oniéiinns
FLIOP may be required t> calculate tne time on oruit as well ae thae fysl

used, )
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C. Flight Calculation
The planning operation 1s ths combining of "point caleculations" and
Yleg calculations" in a manner that permits the solution of problems pre-
sented to FLIOP. Esch flight problem handled by FLIOP will have ones "key
problem” although many detailed problems have to ba rolved in arriving at
a final result. "Key problem" is used to describe the major quastion in
the FLIOP cass which dictates the manner and order in which the point and
leg calculations must bs made. For wvxample, the "key problem" of
achieving a maximum attainable fuel reserve at destination requires point
and leg calculations designed to achlieve such a maximum.
In general, the FLIOP calculation can address itself to a key problem
at the beginning of a flight, at the end of a flight, or in mid-flight.
To achieve this capability FLIOP is able to calculate sequentially the
flight legs and points backward from the end of flight or forward from
takeoff. These calculation procedures are rsferred to in this paper as
"backward motion" and "forward motion" respectively. A plan whose ksy
problem is in mid-flight (for example, "What is the minimum amourit of fuel
a bomber rust take on at the refueling point to fly the required iight7?)
requires hoth "forward motion" and "backward motion" calculations, a
tachnique referred to hers as "mixed moticn.™
In srriving at the solution to the tasic time and fuel problem, FLIOP
elther calzulates or uses certain information which may te of use to the
planner or neressary to make the final output results meaningful. This
information, as well as the result of some certain peripheral calculations
{®.g., drirt angles, ETAa, and total distances) are provided to the FLIOP

user.
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De Priority Schemws

Included in PLIOP is an ability to input (on a semi-pormanent basis)
a sst of priority schemes which add to the utility of the technique, A
priority schewms is an ordersd list of mode changes, drop tank options, and
sl refueling types, If the FLIOF user desirss hs may have TLIOP siter a
given flight plan in the sequance indicated in a designed priority scheme
until a flight has been computed that doea not exceed the maximum allow-
able takeoff ground roll or takeoff gross weight and meets the minimum
required fuel reserves at destimation. This featurs of FLIOP was devel-
oped so that the user :an specify & desired policy related to "tradeoffs"
betwesn desired tactics and fuel expenditures {(including inflight refuelings)

and have FLIOP calculate its flights on that basis.

III. THE FLIGHT OUTLINE PLAN FORM

The flight outline plan form, a blank sample of which is shown as
Figure 1; 1s the user's principal channel of communication with FLIOP.
All instructions contained here must be very carefully followed eince s
sing.e error can result in a completely erroneous calculation.

For each fligit plan the FLIOP user wishes calculated, he must
normally complete a Flight Outline Plan form. The first two lines of the
form (each of which has its own set of headings) contains general infor-
mation about the flight. The succeeding lines (which have a common set
of headings) contain specific information atout the individual pointe amnd
legs of the flight. The remainder of this section is 2 detulled discua-
sion of the individual fields in the Flight Outline Plan form. Imlase

otherwise indicated, the fieids Aiscussed must be completed.
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IV. THE OUTPUT ‘ORM

The FLIOP output 1s designed to glve a detailad picture of the
planned flight by listing pertinent informstion at each point. An
example of the cutput is given below with an explanation of the values
1listed under each heading. The output format can be changed to meet

the requirements of the using urganization.
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Y. _ILLYSTRATIVS APPLICATIONS OF FLIOP
Cortain copabllities have tecen incorporated into FLIOP so that Flight

Plane which ombody certain "koy probloms™ can bo computed directly. Soms
of theso applications wore clearly in mind at the etart of the FLIOP
dovolopmont. Othore have been incorporated during dovolopmont as the need
for them bacamo apparent and otill othors are oither undor current
developmant or under considoration fer future developmont.,

A 1ot of thooo ouvrantly aveilable t.oget.hér with a briof description
A8 given bolows Appondix D contains o sordcs of completed Flight Outline
Plan formo ond the reoulting FLIOP outputs whieh are intended (1) to
11lustrato tho varican spplications, (2) to serve as guides in the
proparation of Flight Outline Plan formo, and (3) to corve av guides in
tho intorprotatien of flight plan information tial FLIOP ouwtpuis.

A. FQ1 Backuard Hotion Gnloulation

The Ilight plan in which tho FLIOP uoce hag indicated tho end of
flight t:oight and fuel load of the alrcraft and hao, in offect, asked tho
quontion, “What is tho minimum fuel load with which the alreraft must

otart tho flight so as to mant oxactly the spscificd end requirement?

(Soe Exroplo A, Appendix D for bonber application. Seo Examplos D and I
for tonker application.)
Bs  Full Foruard lotion Calculation

A £Mght plan in ubicn the FLIDP uger has indioated tie imitind
conditions of tho flipght and hee anked tho quostion, "How mueh fuel can
the aireraft have on board at ond-of-flight?® (See Example B, Apperdix D.)

"D. ixed Fobien Galeulation -

A flight plon ia vhich tho usor bas indicated tho 4nitial fucl
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conditions and tho final fuecl conditicns and has furthor indicated a
rofuocling point at vhich the recolver may take on board snough fuol to
catisfy the indieated requirement-. (qu,Exmnpln C; Appandix D;) Uhsn
mixcd motion 1s applicd to & tanke :raft, the question bacomes,
I34ven tho epecificd takcoff conditions and a spsoificd fusl raserve at
end+of-f1ight, how mich fuol can thin tanker off load™ (Sce Example E,
Appondix D.) 7

Do A Priority Schemo

In this cano the ?4110!’ usor has degeribed a flight pattern which may
bo boyend tho capability of the alreraft but has indicated (by designating
a cortoin priority schemo number) tho sequence in which the Tlipht plan
condit.ionﬁ may be varled by FLIOP 4n an attempt te arrive at a fzasible
plon. Tho "koy problem” in this application 18, in offect, "Huow near te
tho input flipght plan can this aircraft fly, otill satiofying tho indi-
eated requirorents at tho start and end of £light?™ (Soo Exammle ¥,
Appondix D.)

Eo Hultiplo Contywl Timo

A flight plan 4n which the user has spocified required timos of
arrival at two o more polnto along the flight. Tho FLIOP user is
sequivad to indieato ono (and only ono) “froo orbit" point botuacn overy
tto contiol timo poin.to. Tho key quostion herc 1s, "iHow long must tho
pivaraft orbit at tho 'froo orbit? point te make gocd tho required
sentvol Wmss P {Boo Exwmpio i, Appondin B.)

Fo Cresn Talk '
This application requires that FLIOY Mramerhor” certain data dovolopad

4n ono flight plan caleulation and insort 1% into tho appropriato ploco in
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somo cuccoeding flight plan (or plans). Tho inotruction hore g, 4n
offact, "The flight plan far aircraft B 1s depandent upon somsthing
deoveleped 4n the flight pias for aircraft Aj transfor tho information
when it 1s dovelopod.”

1. ETA/Control Timo Croos Talke Seo Examples H and I, Appendix D.
U7 card M=0023" ysod for META to storagoe.! Wi card "-0024% used for
f18¢torago to Contrel Time,"

2. Bombor to_Tonker (or Tanker to Bembor) Fucl Trangfer Crosg Talk.
Soo Esxemplos E and F, Appondix D.

Uo Broak Point Application

By using this applicaticn the FLIOP usor can describo a "basic®

£1light plen, follow thie with esother flight plan and ask tho question,
"A’n-‘., uhat point along the route dogcribed ir the thbasie? £light plan ﬁooo
tho aiveraft looo its capability to ¥brenk avay? and complote tho aecond
£34ght plan?® (Soo Exmnplo G, Appondix D.) ("1™ card "-0021" 45 ugod
fox* break point application.) By daaéribing a basic flight plan in which
tho aireraft, aftor follouving o opecificd route, is dirocted to procesd
to an impogoibly diotant break point,” drép its bomb load and thom
votura o a londing base, tho plannor can ask tho guostion, “Givon the
gpaoificd prior routo and conditions and glven the spacified roturn route
and fuol rosorve at dostination, how for {in the direction of tho rowoto
bycak point) can thio atrcraft carry its borb load?" (Sco Examplos G and
Jd¢ Appondix D) - o -
He Davietion Timo

(Sco Exanplo K, Apponddx De) (717" cord "-0020" 1p used for thio
oppldoation of FLIOP.) By uoing thin application tho FLIOP user cen -
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dosoribo a "basdc" flight plan, follow this with onothor flight plan ond

indicato a ¢timo (on tho basic route) for tho aircraft to doviate to tho

uontian horo g, WIf tho olveraft doviates frem

goeond £light plor. The

yi-3

"tho baoic plan at tho spoeifiod doviation timo, how much fuol will it
havo on board at tho ond of tho second flight route? A procodurs is
avallablo vhich allews automatic rspotitien of this question tith a
spacified changing of deviation timecs. (FLIOP must bo run in forward

wotdon for this opplication.)

YI. OPERATIONAL CHARAGTERISTICS OF THE FLIOP COMPUTER ROUTINE

FLIOP 45 coded for use on an IBY 704 with 32,768 words of core
astorage. UWith mir'lor modifications, FLIOP can bo modoe &5 vork on an IBY
T09 er 7090 or on & 704 with 8,192 vorde of core storago. The romaindor
. of this soction concarns tho uso of FLIOP with a 704,

Tho bagic on-1lino mnchine requircments for using FLIOP aro two tope
units and o card readgr and eithor a third tapo unit or printer. FLIOP
input caees may bo read in from oithor cards or tapey if input is from
tapo arothor tapo unit 1z required.

Tho oix congolo songo svitches sorve the following functions:

1, up = input FLIOP caoes from tapo
dova - dinput FLIOP casos from cavds

2. uwp ~ output to tapo for off-lino printing
doim output. to printor

'

ntop botwoon cascn

3. doun
rorral, no intorruption of conoon

up

]

bl

He not uecd

5. damun ~ output to tapo for off-lino punching (suitchoo 2 and 6
: w0ty bo dovn)
up - output doponds on swlitch 2
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6, dowa - additional output with each case (used for debugging
purposges )
up - normal output information

The timing for a FLIOP case depends on many factors, the mein five
being the following:

le The number of 'lege in the case

2. Card or tape input; l

3. Printer or tape output

4o Uge of priority scheme
and 5. Positlion of metoorological tape at the beginning of tho casae.

If a case 1o run using topo input, taps output, and no priority
oohomo and tho meteorclogical tapc 4s positi-ned corroctly, it should take
roughly three ﬁcconda. For a case with, say, fifteen points, add to the
on-1ino 704 time fivo seconds for card input, ten geconds for on-line
printing, half a soecond for cach priority category used, and five seconds
for cach rmonth of date read to position the meteorological tape correctlye.
Thuo 4t 4s desirable to run all cases using the same month at one time 1if
it 46 conveniont to do so.

If, duo to some input or computer error, tho computations for a case
cannot be made, an crror output will be made 1nstead of the normal cutwut.
This error output consists of two lines, the first containing tho Ib for
the case and the words ERROR ERROR ERROR and the eecond line the contents
of indox rogistors four, tvio and one, in thet order, in negative and
Apouitibve f‘ox‘m; Tl'.o-nog-atiw;e loéation of iﬁaex rogirét.or four uﬁen looked
up in tho asacmbly listing for FLIOP should, in most cases, give the
roaoon for tho orror for the case. For such errore as tke case ID being

loft blank or a taleoff base belng used that does not appear in the basc

e r——
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tablo thie 1g true. Such arrore, howsver; as caused by incorract key
punching of the input cards or as tho use of tvo minimuwa bomber rofuolings
in onc flight would probably not bo indicated correctly by indox register
four,

Vorious opecial funotions, auch as various tapo control functions,
are controlled by moeans of "T cards™ (cards or card images on taps with

a T in column 72),
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APPENDIX A

AIRCRAFT PERFORMANCE

T, GENERAL

The major factor in the calculation of aircralt performance is the
weight change due to certain types of operation, such as takeoff, cruiae,
maximum endurance opsration, high speed operation, etc. Assoclated with
rome of these types of operations are certaln characteristies and restric-
tione,; such e8 air velocities as affected by alrcraft weight, maximum
allowable weight, maximum fuel capacity, etc. In addition, there may be
& number of different ways (modes) an aircraft can accomplish each of
these operations and possibly a relative "cost" (mode change penalty) in
going from one typs to ancther. Finally, the aircraft may alter its
weipght dﬁring operations for reasons other than fuel consumption. In-
flight refueling and weapon release are examples of the latter.

This Appendix is devoted to a discussion of the formulas used in
FLIOP in computing aircraft performance, a listing of the paramsters
needed in such computations, and a description of how such parameters can
be developed. 7

It is recognized that the results of a FLIOP calculaticn do not
precisely describe the way a given aircraft may actually fly a desired
mission. The results of a FLIOP calculation do, however, indicate that
the required fliﬁht is feasible and that a detailed flight plan can be
computod.- o . .

Organizations planning to use FLIOP must exercise considerable care

in tho devolopment of alrcraft pertormance parametors as these represent
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wore than the physical characterioties and limitations of tho aireraft
concornede Thoy alao describe many of the operational policics and
planning factors assaciated with the aircraft by the using organization.
For oxamplo, an orgonieation uoing sn airoraft msy wich to have a louor
maimua allouvablo welght than that described in the tochnical publieations
of tho aireraft mt.\nu('acturerr'. '

Tho dotall used hore in the discussion of certain FLXOP procedurcs
and tho concoptr behind thor, is conditionod by tho agcumption that
organizotiony using FLIOP will have porsonnol famillayx wdth cenventional
tochniquos of calculating aircraft porformanco. The detnil used in the
Gdigcugsion of "“unconventional® procedures and concopto usod in caleulatling
aireraft porformance is considorably grenter than in thosc soetiono in

tthich convantional”? methode have becn usceds -

XX._ TAKEQFF
The dibcusoion in oubporagraphs A, B, end € bolow roroto to the
development of a singlo given tekeoff medo. The required parsmotors must

bs dovoloped for cach posoibloe tekeoff mode.

Ae Tho formula uscd in FLICP forr th¢ calculation of takcoff 1o no

follous :”

press

1 :
Tho authors wish to oxpress thoir appreciation to Re. B. Johnoton for
providing this foriula.



RM-2415
7-16-59
20~

K
Roe (K (W e Ky)? - Kﬂ[—%%%—-] K 11 - 6.87x10°6 1) °

vheret W = aircraft gross weight at start of
around roll

t = amblont nir temperaturerin-dégfeaa F

h o NACA prossuro altitade, of the base
above sea lovel, measured in feet

R = tho runway length, measurod in feet,
uged or allotted for takeoff

Ky» Kz, K s and K¢ aro mode payamcterc
e d terniueg by curve fitting
tochniquoa. Ky is meadured in feet
ror square pound, Ky in pounds, and
Kq in feet. K, and K5 are, of
courge, pure numbors.

Using the above formula, FLIOP can caleulate the pround rell when
givon the alreraft woipght, base temporature ard basoe pressure olevation
for a speecific alrerafi typa (e.rs, DAEII) taking off in a particular
manner (mode). {(Example: -Drop tanks installed, thrust augmentation
fluid and eiphteen ATO bottles bodng used,)

Convorsecly, FLIOP can calculate the aircraft weipht nt takeoff when
Riven runway available for takeoff ground rell, base temporature, base
olovation and moda, by polving the atove eqguation for W,

B. The translation of alrvcraft welght on the ground to fuel load
and tho noed to doscribo cortanin linitastionsa require the inclusion 4in
FLIOP of tho following parhroters:

Drop Tank Wte - tho uedpht, in pounids, of the external fuel

tanks wien capty (includes wvelpht of
trapped fuel)
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brop Tank Caps < The weight, in pounds, of the fuel which
can be carried in the external fuel
tanks (exclwiing trapped fuel)

Capueity - The total fuel capacity, in pounds, of the
pircraft in that mode (exclusive of trappad
fuel)

Mox. Grournd tite - The maximum number of pounds that the
aireraft is allowed to wolpgh on the
ground for that takeoff mode. This
veight must be the gmaller of the
follouing two quantities:

a. Tho maximum allowable weight on
the ground of that aircraft type

be Tho maximum allowable inflight
welght for that aircraft plus the
woipht (both in fuel and otherwise)
expended between the start of
ongines and tho completion of the
taksoff pround roll.

DELUT ~ The waight, in pounds, that the aireraft 1ill loso
(other than fuel expenditures) betteen Mstart
anpines" and "break ground."

DEWNMP - The total ueight, in pounds, that tho alreraft will
lose (both tho fuel expenditure and otherwiso}
between %astart enpines" and Y'hrzak ground.Y

Max Roll - The maxdiun distance, in feet, that the alreraft
can be permitted to voll during takcoff.
Certain aircraft, whon using thrust aupmentation
fluid during takecoff, aro required to resoxve
pome amount of this fluid for the accoleration
phase which follous takcoff. Tho maxinum ground
rol) can be used to roflect this limit. Certain
conventional enpined alrcraft, in addition to
having a maximun allowable ground weight, have a
"eaxium egnivelert pross weipht" (a parareter
in vhich actual weipht., temperature and pressuro’
clevation is considered), The saximum ground
roll can bo uscd to roflect this limit also.

LTEMP -~ The minimum temporeture, in deprecs Fahrenheit, at
which thrust upmentation fluid can be used during
takeoff. (lorer If tho FLIOP uner indicates a
takcoff using ‘water" and tho base temporature is
louor then tho LTE!P, FLIOP uill automatically
changie to a ey takeof{,)
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Ce Tho "K" factors required for cach takeoff mode are obtained by
doveloping o ¢able of gr'_ound rolls for that mode in which the elevation,
temparaturo, and aircraft woelghts have besn varied within practical
14mito. The tokeoff nomograms, includa'd in the porformance supplements
of each alrcraft handbook, 1o o conveniont source for thie information.

' Having developod such a tablo, s fitting procedure is used to dovelop the
K I‘actora.‘)

D. It con ba scen that a number of takeoff modes may be required to
dosoribo the varicd takooff charsctoristice of an aircraft (for examplo, -
drops tanke on, drop tanks off). In addition, augmonted tokeoff, "dry"
taleoff, full rocket asoioted takeoff (RATO), partial BATO, full aftor-
buritor, ote., oon all affoct tho tekeoff characteristics and may roquiro
tho dovoloprent of takooff modes. Tho followlng B=47 takeoff modon,
cusrently ﬁ.ﬁ FLIOP, aro linted for 1llustration. In thio “odo codo"
tho - indicatos "no drop tankey'" “e'* {ndicatos "drop tanks,' "\
indicnton Ywot takooff,' "I 4indicates "dry takeoflf," the numbep "0V
indicoton *no ATO bottlos ueod," V1" indicoies 18 ATO bottles used,"

123 4ndienton "30 ATO bottlos uscd.! The T indicates a takeoff rode.

*DOT «ioT
=DOT . «<WOT
¢DILT LT
-DIT ~W1T
DT 2T
D27 -H2T

So:tion V of Appondix A has o moro detailed doscription of wode cedes.

P O PV Py Y

. . )

A fittiney voutino, codod for tho INM 704, 18 svatlablo. (Thio
routino vas dovolepcd 4n tha Flans and Automation Pranch, Control
Divielon, Divcetorato of Oporations, Headquarters, SAC,)
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E. In addition to the calculation of takeoff ground roll (or tskaoff
weight whon ground roll is given), FLIOP has a certain capability to mako
o solootion betsicon tho takeoff smodes it will uso. The prasonco or
absence of drop tanks (¢ or ) durdng takeoff may bo controlled by tho
FLICOP usoer or may, 4f dasircd, bs altercd by the priority schomo bodng
uged. A "Muot" taleooff will automatically bo changed to a "dry" takeoff
4f tho baso tomporature 1o lowor than tho “LTEHP," howovor the reverao 4o
not true. The ime of no ATO, partial ATO and full ATO should be lioted
in tho FLIOP aircraft performance toblo in that order (goo the B-47 medo
ocodo above). In calculating o “"forward motion® takeoff, FLIOP will ueso
not only the takeoff modo 11atad but alse thoso modos which have a lessor
nunbey of ATO bottlos. Tho takeoff modo which rosults 4n tho maximum
anount of fuel at takooff 4s thon wsod 4n tho flight plun. boing conputecd.
In a "backuard motion? takcoff tho minimum required auwmbs: of ATO bottles

40 computod.

IIX. NON TAKEOFF (INFLIGHT !0D75)

Several formulao aro requirved for the computation of flight altituds,
fuol consumption {rango), and rofuoling factors for inflight rodes. A
tochniquo 4o provided for \;arying tho alr volocity as a function of
uoight ﬂﬁon applicoblo. Finally, covtain Iimitationn on wolght and fuel
load puct bo lioted. Each of thoso w411 bo discusscd in considorablo
dotoil in the eueccocding paragraphs. The roador ia ngqin rc_mind_ed that
thoso factoro do not ﬁoceoént‘ily- roprouontutho naxdsun cupnbilitioé end
Jinitntiors of tho aircraft conceracd in tho ﬁpcciuc rodo undor consid-

oration. Kather thoy woprosent the eapabilitios and 1ipgitations that the
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FLIOP using organization decides, as a matter of policy, are appropriate
foyr purposes of planning. SubjJect to this type of modification, the most
conveniont source of the data required for mode preparation is the
appropriato aircraft flight handbook.
A. Range
(1) Two different formulas are used in FLIOP to calculate the
range/aircraft weight change relationship. The first, used when thore 1s

a linoaf relation assumed between range and aircraft weight chenge, is:

Ro Co (wl - ”2)

or cquivalently

@1
di  Co
vhoro: R © air distanco, in nautical miles, during a changoe in

aircraft gross weight from Wy to VW, pounds.

&, the "instantaneous fuol consumption rate in pounds

R por nautical air mile.

Co 19 to bo dotormined by a fitting process ard 13 measured
in nautical rmiloa per pound.
" {2) The second range/welpht change fornula, used when there s

a logarthite rolationship assurad botween range and alrcraft woight

changzo, do0¢
ST
Roe Cp log, (.2 ...
o 10, Wz 4 cl)

or cquivelently

IR S
ot Co
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vhoret R = air distance in nautical nmlles, during a change in
alreraft gross welght from Wy to W, pounds.

di | instantaneous fuel consumption rate measured in
dR ~ pounds per nautical mile.

05
2]

and C; ars to bs determined by a fitting process. Co
i

measureg n nautical miles and €y is measured in pounds.

It will be recognized that the above formula is a modification of
the Breguot type approximation, in which Cq and Cy are used to give a more
accurato description of 1ift-drag ratio than a fixed singlo constant. An
inddcator must be included in sach set of specific mode parameters to
daesignate which of the above formulas are to be used in that specific
modo. A symbol, designatod C,, is included to serve as the indicator.

Cp "-" indicates the nautical mile per pound (unaffected by welght)
formla. C2 "+" indicates the modified Breguei type approximation.

iha Cn_and 4y factors sre the most critical input numbers in FLIOP.

A wociaingly minor inaccuracy can result in a significantly inaccurate
portyayal «f an aireraft?s range capability (fuel consumption) over a long
fiight boing computed by FLIOP. They are developed by fitting the range
curves given in the appropriate aircraft?s flight handbook. Tvwo such
fitting procedux‘gs are outlined below. It is recommended that both bo

uged and that the result bo carefully chocked befoiw the rosulting C, and
Cy.foctors are incorporated into the FLIOP aireraft porformance tnble.

o e

Furthor, 1t ie important that tho Cg and Cy factors doveloped achiovo

tholy grestest accuracy in thoso alvcraft uwoight rogimos uhich aro lnein

to includo tho usual aireraft velghts for ths medu undor corisidoration.

B, Altitude )
Puo differont foxmln,ﬁ avs used An VLIOP to ealoulato tho

B < £

3
:
.
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nltitudo/alreraft weight relationship. The first, used when thore 1s no
such rolationship assumed (the aireraft flies at a fixed, designated
altitudo regardless of wedght), ia:
He= Hy
vhorat H = pressurs altitudo measured in feet (NACA standard
atmosphere).
In ouch a caso, Hp 1o sinply the designated pltitude of flight for the
modo.
The second altitude/aircraft weight formula,ﬂ used when the aircraft

inercases £light altitude as its welght deoreases, s
Ho Ho * Hl loge W

vhoros W1 o aireraft gross welght in pounds

H = pressure altitude measured in feot (NACA standard
atmosphere)

Hy and Hy avo to be dotormined by fitting and are moasurod
in foot, An indicator must be included in each spocific sot of mode
paranstors to dealgnate which of the above foermulas is to be uudd: Hz-
dndicatoo a constant altitude nodo, Hpe indicotes a variable altitude

17046

€T L ARET ST s

_ fhg A GINGE voutine, codod for tho I8N 704, 18 availnblo. {This
rouddes vno dovoloped 4n tho Plans and Automation Sranch, Contvel
Bivisicn, Biscotoiats of Oporations, Headguartors, SAC.)
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C. Alr Velocity
Incorporated inte the FLIOP aircraft performance table for eﬁch

mode 48 a provision for approximating a variation of t;he aireraftts airp
volocity as the aircraftts woight varies. Six guantities, labeled WBARL
through WBARG, are included to brackst five aircraft weight bsands. WBARL
voprosonts 2ho lowest i‘xaight and WBARG the greatest. Assoclated with
those fivo woight bands are five quantities labeled Y1 throvgh V5. The
parametor V1, «s.s, V5 are measured in nautical miles per minute. V1 ls
tho airernftts aly velocity in knots that will bo used by FLIOP when tho
aircraft's ucight 1o botwoen VBARY and WBAR2; V2 419 the velocity usged
botwoen VPARZ and WDAR3, ote. Corventlonally WBARL 1s listed as being
sero, WBARG as being an impossibly high weighte When the mode 1s one in
uhich tho aireraft has a fixed volocity, that veloclity can be listed for
V1 wvith zero listed for WPARL and the dmpossibly high woight listed for
{BARZ.

De Goneral Veirht and Fuc) Criteria

The following values must bo listed in each inflipght modo
carrdiod 1un a FLIOP alreraft porfortance table:

(1) Drop Tank ¥Wi. = tho erpiy welpht, in pounds, of the
oxternal rcleaseable fuel tanks
including wedght of trapped fuel

(2) Drop Tank Cap. -~ the fuol capacity, in pounds, of the
oxternal fuel taaks excludirng wolpht
of trapped fuel

{1} Covondty = 4hs tebad fuel copovity of tho aiveraft,
) in pounds, in tho wodo under consideration
oxoluding tho woight of trapved fucl

(4) Max. Fly Vit. - the raxinun allewshls infispht uoight
of tho edveraft, vooourcd in poundss
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E. Inflipht Refueling §Receiver)

The calculation of air refuoling in FLIOP is made on the basis
of aquivalert effecta. An asiusl refusliug operation, for a receiver
aireraft, will oncompass all or wost of the following soparate operationsi

(1) ODoscent to rendezvous phase : '

(2) Chase phase

(3) Refuoling phase

(4) Accoleration and climb.

Esch of these phases may produce, in the bomber, a fuel consumption and
volocity at variance vith those that FLIOP might calculate for a non-
vofuoling log 4n tho same wode. FLIOP accounts for these “off-mode"
offaets by cgleulating the aguivalent welght which the roceiver must
thoorotically have, the instant it passes the rendozvous point, to fly in
tho past refusling point modo and arrive at the actual oni of refueling
opavation at tho samo weight as the actual exps~ted welght. The follouing
diecgram of woeight change versus distance 1s designed to indicate this
concepts The actual rofuoling i1s indicated as a solid line, The FLIOP
caloulation no o dashed 1ino. The abrupt vertical rise of tho dashed
1ino 4n this disprom 45 tho FLIOP applied woight difference (WD) reguired
o preduco coincidence of the FLIOP airvcraft woight and actunl aircraft
uaight at tho end of tho complets refueling operation. The amount of
uoight difforcnce (WD) to bo applicd s calculated in FLIOP by the
following fomulas o / ) » -

HUD o UDD < WPL (tankor off load)

it can bo acen from tho dingran that "the actual wolght of the receivor

alvarafy durdvg tho ral\_xo}isng Ao at ito highesot point at the end of ths

~
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Accoloration
and climb

Rundozvous point L =~ Cruise

> . Fuol tronsfor phoso

Distenca (Diraction of fHgnt —<=)

3
1
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fuol transler phsss. Tc insure that the receiver alreraft does not
oxceod 1%s maximum allowable inflight gross weight or fuel capacity during

the actual refueling operation, FLIOP applies the following fo:am

E @ EO ¢ E1 (tanker off load)

E 15 ndded to the welght of the receiver gross woight and fuol capaoity

ét f.ﬁa rondezvous point and the resulte compared against tho naximum
&llowablo weight and fuel capacity.

Sinco the air velocitios achieved by the recelver aircraft during
tho actual refueling phases may vary from the FLIOP computed velocity of
the recoiver alveraft (in tho post-rofusling mode)}, a “time penaliy" nust
be imposed on tho "FLIOP Alirciaft! so that ite oxpscted timo of arrival
at tho ond of rofucling point coilnoides with the arrivael of tho actual
aiverafte This "Time Penalty" (TAU) 1s also related to the amount of

fucl off loadsd by ihe tanker, The folloauing formula is wsed:
TAY = TAUO ¢ TAULl (off lzad)

In tho development of the nocessary parameters (WDO, VD1, EO, El,
TAUO, and TAUl) the expected values of weight difference (WD), E, and TAU
for a varied sories of tanker off loads must bo computed and the results
plotted. Tnoe sppropriatc parameters can then be computed by a simplo
fitting techniquo. It has boon found conveniont to computo sll of the
oxpovted valuos togother using a format similar te that shoim bolowe
Thoorotical valuos ave indicated by "T.” MNoto that a difforent tenker
typo oon produce n requiromont for different vofueling paramoters in n

specific yocolvoris rodo. An additional role, ulth an appropriato
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1. Actual receiver wt. at end fuel iransfer
(conventionally the max. inflight wt.)

2. Wte of fuel transferred

3o 1ine olapsed in transfer

T -
*° pistance covered during transfer

5¢ Puel used during transfer

6o Wto of receiver at start of transfer
_ {1 e5+2)

7° Fuol used during chase

8 1ime elapsed in chaso

9e Distanco « ~vered in chase

10. Receclver wt. at start of chase

()]
11.

fuel used in descent
12,

Time elapsed in descent

;’“ Distance covered in descent

14, Recelver wt. at start of descent
(10_+ 11)

15. T fuel used in prec-refueling node to
fly distance 13

16. T time used in pre-rcfucling rode to
fly distance 13

17. T aircraft wt. at refuoling point
Q4 - 15}

18, Actual wt. of receiver at end of fuel
tranafer {(same as 1)

A9 Fuel used in clirb

204 Distance covered in clinb

2Le p4mo clapsed in clinb

22, Rteceiver wt. at end of climb
(18 =19)

23. T fuel used by receiver (in post—
rofucling mode) to flv dictance 20s04)

24, T fuol elapsed in flying (in post.-
__rafucling mode) diatance 20 + 9 ¢ 4

25. T rceeivoy wt., at dopart refuoling
point, (22 + 23)

° spoetflc "Hbw (25 ~ 17)

27 Specific P (18 ~ 17)

2875 poct TEe R
L f(3s82 236 +21). 21,]

sommmay s i

e oAy TV

[
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indicator; musi be developed and inserted in the receiverts aircraft
performance table to reflect this situation.
Fo Inflipght Refueling (Tanker)

The calculation of the effect of inflight refueling on the
tankor 19 quite comparable to the calculation made for the receiver
except that EO and El are not applicable {the tanker cannot exceed its
maximum allowable inflight weight during the operation as 1t can only
lose wolght). The tanker weight change versus distance diasram below 1g
designed to depict the actual and the "FLIOP" situations. The actual
rofueling i3 indicated by a solid line; the FLIOP calculation by'a dashed
line. The abrupt vertical descent of Lhe dashed line in the diapram ls
tho FLIOP applied welght difference WWI" required to produce coincldence
of tho'FLIOP oircraft wolght and actual aircraft weight at the end ef the
completo rafueling operation. The amount of WD which 43 to be assessed
sgainst the tanker %o computed using the same formula used for calculating
similar data for the bombers (i.e., WD o WDO + ¥D1 (off load)}]. The
format shown has beon found to be convenient in the preparation of the

tankor?s WD paraneters.

IV, UMODE CHANGE PENALTIES

then an alrcraft, during a fiipght, changes from ons mode of operation
to another there may te a poriod dufing‘which the fuol flow and air
velociﬁy differ from thosa of tho second mode. Tnke, for example, an
alveraft that 49 cruising at sca level (or has just taken off) and a
chango of modo to cruising at altitude 1e indiecated. Tho fuel used and

tho timo elapsed during the actual climb will be greator than the
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rpndan

2 Cieal

1. Actual tanker wt. at

sonn
s

2e Distance covered in chaso

3. Fuel uoed in chase

he Actual tanker wt. at
contact (1 -~ 3)

50 Distauce covered in
transfer phase

B. Fuel used by tanker
durine transfer

Te Fuol off load

8, Tanker wt. ¢t end of
transfer (4 - 6 - 7)

9. Distance covered in
acceloraticn and climd

10, Fuel uscd in
acceleration and climd

11. Tanker wt. at end of
clirb (8 - 10)

12, T fuel rcguired (at wt. 14)

to_fly distanco 2 ¢ § ¢ ©

13. Thooretical tanker wt. at

rendezvoug point (11 + 12)

Specific WD {1 - 13)

toto that a different receiver type can produce a requirement fer
different refueling puramctors in a given tanker rode, An
additional rode must ko doveloped to roflect this situation.
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theoretical fuel and time used to crulse at altitude for the 'climb
FLIOP aljows for thia effect by asseasins appropriate time
and fucl penalties apainst the alrcraft at the mode change polnt, the
amount. of tho penalties boing dependent on the aircraft weight. Somo
modo ehanges do not require ponalty assessments. The formulas used to
calenlate these quantities are as followst 7
(1) Time penalty
TAUP » TAUPO ¢ TAUPL (aireraft weight)
{2) Wvelght penalty 7
PEN = PENO ¢ PEM1 (alrcraft weight)
Tho followirn diagram io intended to 1llustrate this concept of fuel
psunlties. Tho actual aircraft data io shown as a soldd linej the FLIOP
calcvlaticn by the davhed lins. Penalty assessments are nct required
betusen ali rode combinations (for example, penalties are not appropriate
when an alreraft chanpes modo from maxdmum apeed to cruising speed).
Furthor, FLIOP does not assess nepative ponalties (for examplo, the actual
orall godn in fucl when an alveraft changes from cruise at altitude to
cruige at sen level). lowever, for all made change combinations which do
have oipnificent ponaltics, eppropriate pcnaity paramsters must bo
doveloped and intluded in tho FLIOP ailveraft performance table. It has
been found converjent Lo use the format given beiow te calculato spoeifie

PEH'G-nnd>TAUP's and fit these to derive tho appropriate PENO, PENY, TAUPO

and TAUP1 pararoters.
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nomE A T

- Adrcraft wi. at mode change

point

24

Distance covered in mode
change

3.

Fuel used in mods change

“he

Se

L]

Actual aircraft wi. at end
of mode_change () - 3)

Theoretical fuel used (in
mode 2 at aircraft wte 5)
over distance 2

7.

Theorctical time elapued
(in mode 2 at wt. 5) over
distance 2

2,

Theoretical alreraft wt.
at rode chanee point

G re)

9.

Specific PEN (1 - 8)

10.

Specific TAUP (4 ~ 7)

[
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V. DEVELOPMENT QI A HODE CODE

ko General

The number and tyves of modes for a given type aircraft which
may ba doveloped and included in FLIOP, 1s largely dependent on the needs
of the using organization. It has been found advantapeous, however, to
rastrict the number and types developed to the minimum necessary teo
develop adequately the required plans. A large gumber of basically
similar modes can be a source of confusion to both the person completing
tha Flight Outline Plan form and the reader of the resulting flight plan.
This "practical limitation" has not been found to be a serious ono, as
tho mode codes listed below for the B-47 and KC-97 should indicate. The
116t bolow indicates only those mode aymbols wiich the user normally
places &n tho modo symbol column of the Flight Cutline Plan form (or
yoads in the mode column of the printed flight plan). Moce paramsters
for the aircraft concerned, with and without drop tanks installed (f<¢
and %" respectively) must be developed and listed in FLIC?. However,

tho usor has access to this varlation via other input techniques,
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B-47 Mode Codes
DOT -~ Takeoff, no ATO bottles, no water
DIT -~ Takeoff, 18 ATO bottles, no water
D27 -~ 7Takeoff, 30 ATO hottles, no water
WOT - Takeoff, no ATO bottles, water
1T - Takeoff, 18 ATO bottlea, water
W2T - Takeoff, 30 ATO bottlos, water
000 ~ Maximum range power scttings at sea level
010 - Maximum speed power sottings at sea level :
CCl# - Maximum ranpe power settinpgs at optimum altitude (if

used on a refuoling ler, the tanker is a XC-97)
101# ~ Maximum range power sottings at optimum altitude (if
used on a refueling lep, the tanker is a KC-135)
OEl* = HMaximum endurance power settings at optimum altitude
(1f used on a refucling leg, the tanker is a KC-97)
1E1* - Maximum endurance power settings at optimum altitude
(1f used on a refueling leg, the tanker is a KC-135)
011 - Maximum range at normal rated thrust, optimum altitude

XC=97 Mode Codos

WOT - Takeoff using thrust gugmentation fluid
001 Maximum range power setting at 5,000 ft. altitude
El -~ Maximum endurance power setting at 5,000 ft,

altitude

002 - Maximum range power setting at 10,000 feet altitude

OE2 -~ Maximum endurance powor settinm at 10,000 feet
altitude

003# « Maximum ranpe oower settinm at 15,000 feet altiiude

OE3# - Maximum endura. ¢ powver setting at 15,000 feeot
altitude

004 Maximum range power setting at 20,000 feet altitude

OEL - laximum cndurance power setting at 20,000 feet
altitude

1

. Hofuoling penalty paramoters are included 4n FLIOP for these modes
only. Thorefore enly thesn mdden can te uased on a log irmedinte2ly prior
to nnd irmedintely followlng e wefualing point. ’
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Be Tho Hode Code Convention

(1) Jet Alrcraft. From the 1llustration given above, it can
bo seen that a general convention 13 used in the labeling of modes. The
first dipit of the takeoff mode symbol has been used to designate the use
or non-use of thrust augmentation fluid. The socond {middle) digit has
been used to indicato incremental use of ATO bottles and the third
character ig "It (for takeoff).* Tha inflight mode symbols also follow a
general convention. The firast difit indicates the Mco-refueler” type
with UG" being used for a low performance "co-refueler.” This epace can
also be used to indicate the presenve or absence of externally carried
"dpag producers" (other than drep tanks) which may be carried and released
in fl4ght, Th9 sacond dipgit of the jet aircraft mode codes is used to
designate pover condition (speed), with “E" representing endurance power
sottings, "O" representing cruisc power settings, and "1V repreéenting
normal rated thrust power settings. The digit “2Y can be used here to
reprosent military rated thrust power settings if required. (The current
FLIOP moda codes for the B-52 includes this mode.) The third digit of the
Joet alrcraft mode code is an altitude indicator, with 0" being used to
indicate sea leval and "1V being used to indicate that the appropriate
altitude for maximum ranpe at the given power setilae and alrcraft weight.ﬂ

(2) Adrcraft powered by raciprocating enpines. From the. KC=97

modo code i)lustration given abovo, it can be scen that a pgenerally similar

mode coding to that of the jots has boon ugsed. In the takeoff mode, the

# In dotermining what mode ehanpe penalties, if any. aro to ke assessed,
FLIOP cheeks only the third character in the two modes involved. This
introducos a requirerent for a distinction btetwenn tho third character of
tvo medos uhich, used scguentially, require the a)plicatiorn of pennlties.
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first space 18 used to indicate the use or non-use of water. (At present
only "wet" tikeoff mode parameters are in the KC-97 mode table in FLIOP.)
The second digit ropresents other takeoff nssist;ng devices {more avall-
able for the KC-97), and the third character is "T" (for takeoff). The
inflight modes for these aircraft use the first figure tc designate the
"co-refusler” type (since there appears to be no significant mode param-
oter difference for the KC-97 refueling a B-47 and the KC-97 refueling a
B-52, only "O" appears in the above KC-97 mode code). Ths second
character in the mode code represents power setting (speed) with "OM
representing maximum range power setting and "E" representing maximum
endurance pover settings., The third charaster has been used as an
altitude indicator with altitude available in multiples of 5,000 feet,
1" thus represents 5,000 feet, "2" ten thousand, etc,

Fixed altitude modes can be developed for jet aircraft and variable -
altituds modes (in which the altitude increases with aircraft weight
reduction) can bs developed for propeller driven aircraft if such appli-

catlons are required.
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APPENDIX B

FLIOP WINDS AND NAVIGATION

. THE FLIOP CALCULATION OF WIND EFFECTS

Tha offect of winds on an aircraft in flight can vary the leg speeds
and enroute times in a manner which may be significant.

Provicion has been made in FLIOP to permit the calculation of this
offact. The following paragraph describes the FLIOP calculation of wind

effoct.

In the above figuro, d represents the ground distance for a les from
A to B. V) indicatem tho true air opeed, t ihs time; ‘Jx and Vy ths tall
and ¢rose wind compononts respectively, and © the drift angle. The plane
flios ot an angle O fron ths lins A D &b an-air veiocity V. The
parameters d, Vk' Vx’ and Vy are known for each leg. Before the fuel

computations for oach leg are made, tho fpllowing tyvio equations aro

solved for ¢ and O:

Ltummmrs —

“* provision has boen made for lnpgs on which the nir volocity is
varichlo.
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v
sin 0 = &
K

thcoaO¢th='do

Thug the winds for a leg are part of the computation of the iime, t, for
the leg which ir.turn affects the air distance, t V.. Ths air distance

for tho leg 43 the quantity used in the determination of the fuel used.

II, THE CALCULATION OF WIND COMPOMENTS

It should be noted in the paragraph above that the FLIOP caleulation
ﬁzquir-es that the wind be provided as cross wind and tail wind components.
The FLIOP user may input, on the Flight Outline Plan form, the foraecast
wind components for each leg (or any leg) of a flight. Such a dirsct
inputting technique might be used in planning flights in which forecast
winds are available.

When using FLIOP as a tool in developing or studying future spera-
tions, seasonal wind data is normally used.:

To provide the FLIOP user with a convenient method of inputting
seasonal wind data, climatological data tables are incorporated in FLIOP.
The data t;ablﬂa #escribed here are those currently used 4n FLIOP. More
data periods, a ﬂif!‘erent data grid, and different atmospheric levels may
be developed and used if required. '

For each mid-secason month [Jan {01), April >(0h). .July (07), and

Ostober {10)] at the intersection of every five degreea of longitude and

locitude from 20°N to 90N, the following data“ 18 provided:

O T ——— "

S
These data were prepared from infermation fugnished by the 3rd
tleather ting, Headquarters, SAC, Offutt Air Force Base, Nebraska.



| SRR

RM-2415
7-16-59
~53

8. The mean elevations of the 700 MB, 500 MB, 300 MB, 200 MB, and
100 MB levels,

be ;1‘.;19 standard vector deviation of the winds.

At 15%N, 10°N, 50N and the equator, pseudo elevations of “he millibar
levels are provided. These psoudo elevations wvere determined by converting
the east-west component of the mean wind between 200N and 15°N into a
pressure difforence using the standard geostrophic wind approximation and
applying this pressure aifference to the 20°N data to obtain thé pseudo
15° data. Calculation down to the equator was done by a step=by-step
process at each 5 degrees of latitude. Since the geostrophic wind approx-
imation has a term in which the sine of the mid lstitude is used as a
divisor, it was necessary to use sin 10° betucen 10°N and the equator to
px‘éclude a theoretical wind of infinlite velocity crossing the eguator.
This factor and the general sensitivity of the wind calculation te even
small pressure differences at low latitudes makes the use of current FLIOP
wind tables inaccurate south of 10°N. Any flight leps planned by FLIOP

south of 10°% must have wind components inserted on the FLIOP input form,

From the climatological data tables, FLIOP calculates the seasonal
mean wind components in the following manner:

as The desired period is determined by the program by the number
inserted in the month column of the Flight Outline Plan forn.

bs During the FLIOP calculaticn, which 1s made on a leg by leg
basis, FLIOP computes the altitudo of the aircraft en the lep, then
interpolates in longitude, latitude and nltitude from the wind tables to
determino the clevation of tho initial and end points of the lep. The

differcnee between tho elovations of tho starting polnt and ending point
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are used in the etandard geostvophic wind formula to determine ¢he cross
wind componont. A sindlar calculation is then made for tho ond pointe of
o lino of length equil to the leg, drawn normal to the leg, with the leg
and the oross line bisscting each other. The result of this secend caleu-
lation 48 used to detormine the tail wind component. To achieve accepte
able éccurncy in wind computation, FLIOP automatically breaks any leg
longer than 1,000 n.m. which requires wind computations into lsgs of 1,000
neme OF loss. Vhen the plamner has indicated that FLIOP is to uso tho
mean seasonal wind, the cross wind and tail wind components so determined
are uced.

mcre The standard vector deviation of the winds for the leg is obtainad
by FLIOP by cvoraging the standard vector deviation quantities at the
initial ard ond points of the leg and those obtainod from tho two cross
log data points. Since the standard vector deviation quéntity oo obtained
ip an averago point value, 1t is nocessary to multiply th\is quaniity by a
faetor which takes leg length into account. The factor currently used ie
- obtained from o linecar function vhich 48 1 at O n.m. leg length."und ob a;t.
1,000 n.m. leg longth. To ct.mvert the omnidirectional leg standard vector
doviation so obtained into a component quantity, it is divided by\/a .
The quantity so detormined i8s one standard component deviation.

\thon the planner hos indicated, on the input form, a desired wind
confidence persentils, FLIOP selects tho appropristo numbor of otandasd’
doviations (b;aed on an assumption of circular Gauosian distribution) end
appiios it to tho tail wind component in guch o mannor that tho rosult
1411 ba more or less favorablo te th;s flight tham the moan log wind

dgpending on whethsr the percentdls 4s less or rmore than 50.° Thug; an

i
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input porcontile of 85 will result in the use on_each leg of such a wind
that thare 1s a statistical probability of .85 that the aircraft would
oxperience more favorable winds.

The FLIOP usor should bo aware that the Muind percentile” calculation
dagcribed abovo 18 made on each leg of a FLIOP flight;r Tﬁis #log=for<leg"
type calculation, in effect, assumes a porfect correlation of all enroute
winds {an assumption known to be false). A procedure te npproximaote an
over-tho-total-flight" wind confidence factor is under study. Until such
timo gs an Yovur-the-flight" confidenca ealculation can be incorporated,
tho FLIOP calculation of winds (en the log-for-leg basis) actually pro-
vidas @ considerably highar "over-the=total-flight!" confidence factor

than 18 indicatcd by tho wind porcentile figure.
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APPENDIX C
BASE_AND LOCATION TABLES

X. BASE TABLES

To caleculato the axpocted takeoff ground roll for any alrcraft typo
ot a given woight, informatlion on bass temperature and pressurs elevation
4o reguired. To insure that tho computed ground roll doss not exceed the
allounblo maximum, information s required on total runway length and the
poreentage of that length that tha FLIOP user tdll allow ground roll to
roache All this data can bo given to FLIOP by filling the "Takeoff Baso®
data soction of the Flight Out.line- P1® form. An indication of mﬁximum
allounblo porcontoge of runway length (safaty factor) must be given in
GVOry €a0d. ‘ )

In planning tho futurc oporation of aircraft from manj basos, it is
usugl to dovolop stondard planning factors for temporaturs and prossure
olovation for o number of periods of the year. Provision has boon mﬁdo
in FLIOP to ators a table of such planning factors. These data are then
brought into tho FLIOP colculation when rsquired. Tho plannor solects tho

corrost ‘data by indicating tho base nume symtol and month.

11, TION TABLES
Ro a con.inienee to the plamnor, tho geographical coordinates of
Jlogcatlonn frequently used in plsnning &aie siored in o toblo, esch entry in
tho tablo boing coooointod 1ith o location oymbol. By inserting tho
_propor gynbol in tho namo o&mbol colwm of the FLIOP input form, tho
plonnor can avold the repanted dotern.dning and writing down of coordinates.

A1l froquontly used takeoff and landing basea are natural candidatas for
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inclusion in the lccation tablo.

I1I. DBASE AND LOCATION KAME SYMBOLISH

The FLIOP ﬁscr may select any oix character symbol to represent the
nare of a base or lccation. In reducins base names to base and location
name symbols, it has been found convenient to use a system of deleti~~ of
non-initial vowels {from right to loft) followed by the delation of
consonants (from right to loft) until six lotters remain. BRlanks are
filled in by dashes. Thus Lekenheath is symbolized by LKNHTH, Eiolson by
EIELSN, Hunter by HUNTER, and Dow by DOW---.

Using organizations can dovolop thelr own base and location tables.

IV, AN ABRREVIATED LiST OF PASES AND THEIR ASSOCTATED MNAMF, SYMROLS

ADAK ADAK-- COLUMBUS COLMBS
ALTUS ALTUS~ " DAVISMONTHAN DVSMNT
AMARILLO AMARLL DOVER DOVER=
ANDERSEN ANDRSN DO DO
BARKSDALE BRKSDL DYESS DYESS-
BFALE BEALE~ EGLIH EGLIN-
BERGSTROM BRGSTR EIELSON EIELSN
BIGGS ‘ BIGGS- ELLSWORTH WLLSHR
BLYTHEVILIE BLYTHV ELEMENDORF ELMYDR
“BURTONOOD BRTIWD FAIRCHILD FRCHLD
BUNKERHILL BNKRHL FORBES FORBES
CARSYELL CRSHLL GLASGOW GLASGY
CASTLE CASTLE GRANDFORKS GRNDFR

CLINTONSHERMAN CLNTNS GREENVILLE GRNVLL



GRIFFISS
HICKAM
HOMESTEAD
HUNTER
KADENA
KELLY
KINDLEY
KINROSS
KIRTLAND
KWAJALEIN
LADD
LAJES
LAKECHARLES
LARSON
LAUGHLIN
LINCOLN
LITTLEROCK
LOCKBOURNE
LORIKG
MAOBILL
ALMSTROX
MARCH
MATHER
MAXWFLL,
KCC!HORD
16 UIRE
raNoT

ORFFSS
HICKAM
HOMSTD
HUNTER
KADENA
KELLY~
KINDLY
KINRSS
KRTLND
KWAJLN
LADD--
LAJES-
LXCHRL
LARSOA
LAGHLN
LINCLN
LTTLRC
LCKBRN
INRING
MACDLL
MLMSTR
#ARCH-
MATHER
MAXRILL
MCCHRD
MCGUIR

MINOT-

MOUNTA INHOME
OF-FUTT

0TIS

PEASE
PINECASTLE
PLATTSBURG
PRESQUEISLAND
RAMEY
RANDOLPH
ROBINS

SAWYER
SCHILLING
SELFRIDGE
SEYMOURJOHNSON
SHEPPARD

SUFFOLKCOUNTY

THULE
TINKER
TRAVIS
TURNER
WAKEISLAND
WALKER
WESTOVER
WHITEMAN

WRIGHTPATTERSON

WURTSHITH
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HNTNHM
OFFUTT
OTIS--
FEASE-~
PNCSTL
PLTTSB
PRSQIS
RAMEY~
RNDLPH
ROBINS
SAWYER
SCHLLN
SLFRDG
SYMRJH
SHPPRD
SFFLKC
THULE-
TINKER
TRAVIS
TURNER
WKISLN
WALKER
VESTVR
WHITMY
WRGHTP
WRTSHT
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APPENDIX D
ILLUSTRATIVE APPLICATIONS OF FLIQP

This appondix is a series of completed Flight Operations Plan forms
and the rooulting FLIOP outputs. They are intended to illustrate the
vavioun applications of FLIOP, serve as guides in the preparatlon of Flight
Cutlino Plan forms and i1lustrate the interpretation of the information
FLIOP outputs.

For conveniencg the tranafer (") cards used in various applications

aro tabulated below with an abbreviated degcription of thoir functlons.

8T card Use

<0009 Tx'ahérox" WEY ¢o storage

=0010 Transfer "F" {rom storage to "F BARM

=0023 Transfor ETA to storage

=002, Transfaf ETA from storage to Control
_ Tims Column

=0021 “Bpeak Point! calculation

=0020 "Peviation Time" calculation

-

o MDA o T AR, R s b . Rt 2

|
3

YT s
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FXAMPLE A (EXMPIA)

Flight Outline Plan_ form

(1) 1In the firet lino tho usor has asked for a flight colculation
uaing tho April (04) tokcoff base tomporatures and puch winds that en
aivoraft making the £1l4ght would havo an 77 per cont probability of
oncountesring lesp advorae winds than thosn usod in tho plan {wind zconfi-
doncoe 77, Tho oxtornol fuel tanks are to bo carried all tho way (drop
tank treatmont ¢). The aireraft typt; 49 the hoavy wolght vorsion of tho
B-47E atreraft (eireraft typo BLY7EWI). The flight Le to bo caleulated as
writton (Tactico Priority Schomo blank).

(2) In the second lino the user has indicated that tho aircraft (not
toling drops tanks or resorve fuol into account) will woigh 100,000 pounda
at tho ond of £light (non fuel - D/Tanks 100,000) and tho fuol resorve
ovor bago at ond of flight will be 5,000 (fuel roservo 005000). Sinco no
inflight rofueling is planned the refueling point susl resorve is not
applicgblo and is loft blank,. Tho first point fuel load is left blank
bocause the flight starts with a takeoff and FLIOP is to calculate the
tekeoff fuel loads Only the name symbol and safoty factor aro givon
{takaoff baso 1o FPinecastle and up to 90 por cent of the runuay can ba
used im the takeoff ground roll). By leaving blank tho spaces for rFunuosy
'1ongth, prossura olevation, and temperature, the user has indieated that
ho desiros FI.IOF to use the data stored in tho baso table.

{(3) In the third and succeedang lincs of ¢he Flight Outline Plan
form, tho usor has indicated the following: takecoff from Pinocastlo

{PICSTL) using thrust augmentation fluid but no ATO (0T). Tho control
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tico for thio £14ght 8 <000 hours 00 minutos at Pinceaotlo (control t4mo
colurn loft bLlank). From Pinccastle the aireraft 4s to procesd to
30%120076%,29% (30128076421 n 1at. and long. eolumns) uoing cruise olimbd
tochniquoo (001 in modo column). The noxt cnrouto point 4s
£7°159453°20"7 ond tho ond point 16 Lokenhoath (LXNHTH). By looving
blank tho medo for tho laot two logs, the FLIOP usor has indicated a
doodro for the oireraft to eruico ciimbd oll the way (¢ho last onvorod
rodo was 001). Blanke in the wind component and diotance fleldo mesn
that FLIOP 40 to computo thooo guantities. Blpnks in tho non fuol off
Irnd, oly rofucl ond tino en orbit flelds mwon Yno bomd drop," ™no air
yofuoling," and "no orbiting,” vespoctivoly. Tho _point symbol column is
loft blank ao 3¢ 1o r.t uscd 4n this typo of flight plon. Tho leaving
blonk of tho dogradatien factor fiold msano tho airoraft has no oxtornal
drog produecoro ﬁhicﬁ tould produso o dogradation in tho rango capnbility
of tho aireraft. Tho %EM" in tho control columa om tho last 1ino indicates
that the FLIOP usdr hos describod tho flight and uishes it 42 :s
comploted,

{#,) Tho "koy problen? of this flight plan 181 "With the alrcraft
typo, routo, and conditioné deocribed horo, vhat 4o tho minimum amount of

fuol rcgﬁircd on board tho aircraft at tho timo it otarts its ongincs?”
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EXAMPLE B

(1} First line

Tho month 1s Ootober (10), the wind percentile is 82 per cent {82),
the drop tanks are to be carried until no longer necded and then dropped
{0), tho aircraft iz a B-L7EHW and nc variations in the plan are permitted.
(2) Second Ling

The same conditlons preacribed in Example A are used here.
(3) Ihird and succeeding lines

Tho pamg reuto (and enroute conditions) described in Example A apply
hero. By inserting W27 in tho mode column at the takeoff point, the
planner has indicated a desire for a ™set" takeoff using olther 30 ATO
bottlos, 18 ATO bottles or no ATO btottles, whichever will permit the '
maximum amount of fuel on board after takeoff. The control tima for the
fiight 46 20 hours and 05 minutes after an unlisted reference time
(401005 in control time column) at takeoff. The "F' in the air refucl
typo column is used to indicate a desire that the computations start with
the aircraft at takeoff snd end over the landing bhase. (See the descrip-
tion of the "key problem" tolow,)

Tho "koy problem® of this flight is: "iWith the alrcraft typs, route,
ond conditions deseribod hora, what is the macimum amount of fuol with

wh_ich tho aireraft can arrive at the end of flight?
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EXAMPIE C

(1) This example desciibes the fiight in January (01) of a B-47EHW
from Westover over Kindley to a refueling point at 25°00'uvo°oo'w (the
aircraft must have at least 15,000 pounds of fuel on board at the refueling
peint) at which point the bomber is to take on board the minimum amount of
fuel required to completa the mission ("C" type refueling). The tanker is
8 KC-97 (001 in mode columpn at that point) and the tanker’s fuel off load
capability 1s 40,000 pounds (040000 in T column at that point).

From the refueling point the 'nmber is to procced over Homesiead to
29°509N8,°329, From this point the aircraft is to proceed to the larget
(30%20'N86°20917) at normal rated thrust speed and altitude (011 in mode
column) arriving at the target at 9 hours and 20 minutes after a rolative
gero hour  (+00920 4n control time colwmn at this point). At the targoet
point, 10,000 pounds n€ non-fuel weight will be dropped (010000 in non-
fuel off load columnj. After the target, the alrcraft is to procesd to
29°059N89°06Mi at norinal rated thrust {mode column blank for this leg with
011 indicated for previous leg). Finally the sircraft is to cruise climb
to Valker AFD, Nau Moxico.

(2) The Ykey problem" for this flight is: "With the aircraft type,
route, and conditions described here, what ie the minioum amount of fuel
voguired to be transforrad at the refueling point to mako the flight
pogsiblo? The use of a maximum bomber refueling type ("B" in vefuel type
colurn) would have resulted in the onloading of the maximum amount of fuel.
(up to £0,000 pounds) and changed ths "koy question® te: ithat 4a tho

mindnum fonsible takeoff weight
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EXAMPLE D

(1) This oxamplo doscribas tho flight of a KC-973 aircraft from
Kindioy to 25°000N69°00" 4t 10,000 feot (003 in mode colurm), orbiting
20 minutos at that point at raximum enduronco at 15,000 feot (0020 in
timo on erbit column and OE3 in mode column at that point), thenco to
25°OO'H'IO°00'H at 15,000 fest (003 in medo column) at which point ho 4o
to off losd 40,000 pounds of fuel (D and 0LO000 in air rofusl column)
cnrouto to 25%5N75°00% and on into Homsstead.

(2) The "oy quostion™ hore 1o: "Whot io tho minimum takeoff
voight (and fuel load) required to meot the described conditione?” If a
maximvm tonkor ("E" in rofuel typo column) had boon indicated, the
oy quootion” uould have keon: %Under tho conditions doseribod, what do

tho maximum amount of fuel this tankcr can off load?®
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EXAMPLES E AND F

EXAMPLE B

Example E is esscntially the same tanker flight as that covered in
Examplo D oxcept that a maximum tanker typs rcfueling is called for (air
rofuel typo E), with the tanker offlosding any amount above 30,000
pounds will bo acceptable (03000C in ). A "T" card.'has been placed
aftor tho ond carde The instructions on this card indicate "after the
naximwa fuel 3ff load has boun computed, setore the numbers in the fuel
of f load column (~0009) of the line corrying the polnt aymbol RFL (RFL in

point eymbol fiold) in *storage unit 05%,%

EXAUPLE F
Thio B-LTEIW f1light plan follows tho samu general route as Example Dj
hovovor, tto foaturos have boen added. A low altitude tactics priovity
nchore hao boon indicated (0385 in tactics priority scheme), and throa
pro~targot and four post-targot points are listed "ovor encmy torritory”
with tholr appropriste oymbols in the point asymbol coiwm. Tha potential
vofueling point is designated by the insertion of BF1 in tho point aymbol
£40ld. MNo rofuoling typs or T need be fnsorted bocauso the priority
échomn vill insert thio designation if a rofusling is required. The
volue of F 40 to be obtainod from "gtorage unit 05" (" card preceding

ths VE" eard, -0010 05 ot RFl).
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EXAMPLE G

ng:;mngn} La-the £ i‘J deoht

t.a!d.ng 8, maximum bombey (B type) on load near

off 5. BL? ¢ {’mJJa_gthInm

T T

iNewfoundlarid, by a KC-1<)5 .
(101 in the mode column &t RF1), another "B l&ype refusling from a KC-»‘??\

over north Spain, subsequent.ly cruisim; down the Medit.erranean to Turkey

u‘.lth a eubaequent return to Tanejon. Spain.

used here to 1llustrate the "break point" tec nique.

aekcd hara ia:

still returning to Togxejon?"

“he -0021 typo "T" card is

—— e

"How rar down tha Mediterranecm can this aircx'nﬂ. [:{]

Thc quesuon being
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EXAMPLE H
- Multirle control timo [s¥# in tims on orbit cclumn 4o indicats -the

"free orbit point"). Use of degradation factor 06.2 per cent is indicated
as desired all the way.

ETA at (RF1) transfer to storage is indicated.
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EXAMPLE I

Example I is a flight plan for a KC-~97 from Goose Bay to refuel the
bomber in Exarple He Storage te ETA is indicated so tanker takeoff can

be celculated.
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EXAMPLE J

In thig case the {flight plan is started ®in mid-fiight™ with tho

@

first point fuel load being spacified. The “break point" technique is
used (" 2ard -0021) and a 10,000 pound off load is indicated at an
impoeaibly remote "bresk point.” The wind components to be used on the

socond leg are inputs by tho user,

- R
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FXAMPLF K

Thio is an illustration of the "deviation time" tochnique. {("Tv
card -0020) Notet This technique can only bs used in forwnrd motion
calculations ("f" in air refuel typo column on last point). The quostions
hore aret "Given a B-47 leaving Pinccratle ot +00300 enroute to
) Lakenheath, at what point wAll he turn Af ordored to "doviata" to

- Koflavlk at +00929%" "How much fuel will he have aboard upon arrival

Vat Keflavik?w
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