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8.2 PERFORMANCE

£ Long-range alr-superiority missions {LRASM) were com-
" puted ‘for’ al} the combinations -of aspect ratio, wing loading,
mission weights, and composite contént - a total of 192 ]
configucacions. Foreach configurarion,ja mission weight
was determined tu yield the desired 750-f.mi LRASM radius. Eg@-}l

For each composite content, the aspect-ratio/wing-loading |( )(4§
combinations were optimized to glve the maximum ‘turn rate |1.4.7&)Q)

at Mach 0.8, 30,000 fg,etﬂ A .

—$y— ° _ In Figures 8.2-1 through B.2-4, the varlation of LRASM
' radius with mission weight is plotted for each wing-loadfng/
conposite-content cowfination for each aspect ratio. The
misaion weight for tha 750-n.mi LRASM radius for each con-
figuration was detarmined from these curves.

<5 Eln Figures B.2-5 and 8.2-6; the turn rate at Mach 0.8, L
30,000 feet and accelérdtion time from Mach 0.9 to 1.5 at
30,000 fr are presented. The mission weights for: the. 750~ 4 4)
f.ni LRASM radius are marked for each configuration: of %
apsect ratio, wing loading, and composite content: |

()

. gj}s [

" The mission weights de+

termined from Figures 8.2-1 : A

through 8,2-4 -and the tuin Turn rate at

rates and aceecleration times . w w/s

determined frouw Figures 8.,2-5 N . - \ 45

and 8.2:5 are presented in "BEST TURN RATE" N\
-8t .constant A~

GOy

Figuves B.2-7 through 8.2-10

for each lavel of composite’ mission P 50
content. A combinatfon of welght—vy -

aspect ‘radio, wing loading, i
and wission weight for best ~ Turn
tuzn vate was determined by p..o
‘plotting lines of constant ——
‘mission welght on the aspectr
ratio-vs-turn-rate é&hart and

. picking the peak. value of

turn fate for eack mission
weight, as illustrated in the
sketch on the -xight., K The

best conbldation is mnoted by " | Tirn kate At constant
‘a line lsbeled “BEST TURN mission weight -
RATE" on each of Figires 8.2- :
© 7 through 8.2-10. Aspect Ratio . .
508
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e [?rhe configurations for best turn rate at each level of
composite content are presented in Figure 8.2-11. This
Eigure. presents wing loading, -aspect ratio, and mission
weight for best turn rate versus theé resulcing acceleration
times for each composite content series. The chart of turn
race versus acceleration time shows increasing time fo
accelerste for fncresse in turn rate for each composite cone
tent series, As turn rate is increased; the wission weight
and -aspect ratic increase and wing loading décreases. Com-
paring composite content series at a selected acceleratfon
time shiows an increasing turn rate, mission weight, and
aspect ratlo with decreasing wing lodding. For example, at
a 35.5-gecond aecelardtion time, a compariscn of the all-
sluminum and all-composite configurations 18 as follows:

Aluninum Composire % Change

Turn Rats, deg/sec 9,9 ' 13.5 + 36.3
Mission Welght, lb 17,115 15,600. - 8.8
Aspect Raile 3.0 3.8 + 26.7

w/s, psf . 60 45 - 25.0;'J

509
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8.3 AERODYNAMICS

With respect to a‘e‘-n:o'&ynamicsﬁ there is a matxix of 48

aireraft configurations:

AR = 3.40.,: tHO", 5&05 6:.0‘.
w/s = 45, 50, 55, and 60 psf
G.W. = 15,600, 16,800, and 18,000 1b

The approach 1s to generate complete aerdodynarmics data for
each of- the aspect ratlos &t & reference gross weight and

wing loading. Variations in gross weight and wing leading

from the: raference -Are then given as increments in minimum
drag. The fundamental assumpiion here is that, to & Eirst~
order andlysis., changes in aifplane size or wing loading do

not affect: thie induced-drag coeft’:.cienc.

The reference gross weight and wing 1oadin5 are 16,800
1b and 60 psf respectively: The reference AR = 3.0 data is
that of the 4ULB Configuratica discuesed in Sectieon 3. Al)
planforms ‘have curved tips similar to the 401B airplané;
::herefore, the ctrue aspecc +atios. are 3.2, 4.27, 5.33, and

6.4,
8.3.1 Miaiwum.Drag
In Figure 8.3-1, &j {n Versus Mach number is éiot.tg,d.
for tiie reference configurations at sea level.

and procedures are the same 23 those deseribed in Section
3.3, The drea-rule procedire (K35) wds used to compute wave

.drag for each of the configurations shown. The minimum-drag

c¢oefficient at other altitudes may be lncremented by tha
amouucs shown. in Figure 3.3+<1 of Section 3.3,

The vatiation. in minimum .drag #s a function of gross

weight: and wing lLoading is plotted in Figure 8.3<2, The
increments shown arg from the refetance 60-psf wing loading
and_16,800-1b gross weight and are appncnble to ell aspect

ratios,

8.3.2 Drag Due to Lift

The drag due to L1ft for the AR = 4.0, 5. O, and 6.0
wings was obtained by applying aspact-ratio correcticns to
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(0

the drag due to Iift of the Configuration 4018 airplane
(AR = 3.0). At subsonic speed3, the correctisii is simply

C (cp,) . ¥ 3.0
DI_"A’R "Wiots AR,

At. supersonic speeds, the induced drag factor,
K (= Cp, /Oy, %y, is predicted by the method given in the USAF
Stabiliky .and Cogtrol Datcom (Reference 9). This method'is
also glven in Reference 1: The ratio of the induced-drag
factor is applied to the 40lB drag-due-to-1ift data given in

-Section 3.3:

CD w Cp X "401B
Lagy  Ta0ip K,

8.3.3 Trim'Diag.
Since trim drag is largely a function.of tail load re-
quired to trim. and wing-spen effictency, it is assumed that
trim drag is proportional to. induced drag. The same ratios

applied ty the induced drag arve also applied to the baseline
trim drag..

8.3.4 Trimned Drag Polars

The subsoric and supersonic drag polars for the. aépact
ratio 4.0, 5.0, and 6.0 wings st the reféremncé gross weight
and wing loading are presented in Figures 8.3-3 through
B.3-8, .
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8.4 STABILITY, CONTROL, ‘AND HANDLING QUALITIES

For the composité-material aircraft matrix study,
similar general guidelines were given for realistic -siaing
of the horizontal end vertical stabllizing surfaces as was
done. for the supercritical wing parametric study (Section
7.5): Ground rules followed in sizing the tails are
specified in Subsection 8.1,2. No specific stability and
cont¥ol parameters were ganerated for this study.
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‘8.5 STRUCTURES AND WEIGHTS

For the composice materials study, a matrix of 48 air-
planes was selected with the variables of gross weight,
adpect ratic, and wing loading. The 3 %X 4 x 4 matrix for
the. study is shown below:

W . N/
15600 3 45
16800 & 50
18000 5 55

& 50

Welght analyses were perfoivied for gll airplanes, with
alumintim serving as therbasic structural material te proe
vide a baseline. The aluminum weights were celculated by
the analytical-statistical methods previously described (see

Section 3.1), Weights were déveloped for three levels of
composite usage! :

1, ‘All composite
2. Composire wing only
" 3. Composite wing, tails, and inlet duct.

In the study, all of the structursl material wae vot
changed to compogite in the individual components. Ia

Tegions of high-1cad introductisa and high-load ‘inceraction
'stich as the wing«fusalage interaction, landing gear bulk-

heads, and gun support structure, there was no attempt to
uae~composites.

Conversion factors wers developed from. data. generated

during composite materials research conducted over the past

decade. The bornn-apoxy and ‘graphite~epoxzy systems have

.advanced from ‘basic meaterials testing through £light test

and limited production im certain applicetions, With the
data from these studies, an assessment of realistic weight
savings was made, and weight conversion factors were derived.
The factors were then applied to the various atruetural

items -of the aluminum component weights. to determine the.
‘composite weights,

£
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the fuselage weight saving is based on the eaginsering
analyais for the F-5 composite fuselage presently being
fabricated by Convair Aerogpace. The horizontal tail dsta
were obtained from the F-111A composite production tail,

Several previous studies were vsed as a basis for the verti-
cal tail factors. Strength-density factors were applied to
the theoretical skins of the wing structural box, and sevings’

on secondary structure were based on existing hardware. No

composite savings were attempted for the landing gear.

Weipht summaries for the various levels of -composite
usage and £or the dluminum baseline are given in Tables
8,51 through 8,5-4. The resulting zero-fuel-weight-vg-
aspect-ratic curves are shown In Figures 8.5-1 through 8,5-3.
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