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13.1)  TF£ the airplane is cruising at coastant altitude

and at constant =airspeed ) the product G D > Constant
Since the (& baloweyy e wg:vct,‘

._N_—. :_1':___...
w3 ge® O G (o= o)

Thus, the angle of athaclc Is qiven by,
w
?m S‘CL/L

o = °<0L +-

Note thet Hhe weigld’ of the aircralt is the onlj
Varishle C}U-M\h- in the Pfakf"l't&v\& side of HuS
ecx_u,&lh'm. It is clear YN « dec.ree,scs as ?_“el

(S C,bn%\unbc& durm.j the Qtr3\41'/ svace Hre wa?gk‘f’
ol the aircraft decreases as the Riel js consamed)

13.2' The maxim usm l?‘—t‘-‘tb—dme). catio ocaurs when
the ndoced Arecg equols e paresite draq .
CDC = kCLz = Cyp,

Thas, the tof dreq is 2Cp, and the L/D
faflo is given by:

Cl_ _ [CDO /K] O.S— 1

\ CD Z CDO ) 2 VvV K CDO
To increase U-/D>mow. ywe can either decrease Cp, or K,
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{3.1 C‘Mtd"‘ Cpp indudes Hose contribulins 1o the d(‘a%
which exist when the ann(:?%ureﬁm 8ezllere<¥&s Teco
It Thus, Cp, includes such noa- 7§t - related d(‘as
Components » 3. (1) the profile draq (iie,y that both due
to skia g‘riC—HM and to the pressure C\\‘sh{bwh‘aﬂ) o the
wing, guusc,\uje,, fail, nacelles, etc.y (2) losses ok Mowen tum
of the airstream due To powes plant cooling, leakage Hhangl
the skin, ete.y and (3) the ckrag whichh results when the
flow frelds of the various Components inkerect. Anexample
of this 13ler comporent(ne,, the drag due do the tterechis )
sccurs 3t the wing /fuselaqe junchuse ; whese the presmct
of e a‘(‘c&d»\—dt\n\o‘bt& \vo\mdabj layer on the. fuselage
reduces the local yelocThes of the aic molecules as ‘H'\«U)
?‘lot.o cver the whts voot . Because the 2ir Mmolecules in the
fuselaqe ‘oou.v\d&h} layer have a.lreadj been s\mg&)i—ku\ e
moge. l\‘kdxs 4o be separated in the preseace of an aduerse
pressure qradieat creatd 23s the Flow in He bound
\&x‘d eﬂzt‘o;d«es Hhe wi root. Pro?u‘ df-sifin of & um,s,
root  Fillel cen minimize “Hhese eflects, Reductons tn skin-
£ piction dl‘a% can be accomplished bxx deam‘n.é w‘o@ Swooth-
"“3\ the surbace of the velicle. Thus, use is made of aom-
Pro’md\'AS Lastemers (Flush ﬁ\Jd‘S\, care is taken that the
pav\c\ jouts are swooth.
?e'ce.cﬁn% to Chapler g,

s = ?—-'.____.-——-—-\ z
CDL"' kCL"TeA@ CL
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{3.2 Cm&'d-} Thus, we <an reduce Aae induced dncﬁ (o the
dragq - c&u..e_-&-o-\rﬁt) b3 fnmasms the as?m{- rako o b‘j
increasiag e (which is referrel 18 as Oswald's e?—Q\’cXWL&
Q;e,hc\ ine air?\ue_ e-ﬂ-‘ic\u\u} Pactor includes Hae prie-
site &raq—-che,—fo-\ﬂ‘t. Recadll that, aa dhe emqle ot Utack
(and, trere fove, Hhe 1r24) tmeresses, the pressure dits dribulin
dhanges and  there wre regiows where. the aduerse prsswe
dradient s Pc\a.HveLj hrr‘e.’\"\*"‘: S‘LQN&W‘M?L°“-@
and the forw drag would teease The wity plenform,
the arfoil sectim , and Fuwist Mmay be used *o Minimize
'\"\e_ va?zc:\—.
We cen incfease e by using deutces whixh produca

equvaleat increases M the aspeet radid, suchas Py add?
Lirglets at the Nivi Hps , which ©s discugmed ™ s c\/\a;}n

13.3] A lominar flow arcfhil section would be desireable

Loc 3 +rms?ort areraft Hhat operates for lm, perivds of
fime n cruise Q‘\"ﬁ"\'\') since. the reduchon of &izhHen Areﬂj
would be an important coasideration, O?e:ah\\a at (0w
angles of ottack , Flao separatim and, therefire, oo dru\
wowld, net be as impw‘l‘ar\t.

The Mmancuvers ox- a 3'\1“\‘\" atrP\ane. wm\A be Xy "érc‘e
Zn-jles of atlacdk , with 'Nﬂe pressuce variatims ™ the flad
Q\“@.LA) wibA oeﬁrw: of Clow So.()&?é’fﬂ)\r\ and (85 o resulb
with =lafiv hrjb\ fem draq. Since bo\».mde_rﬂ-laﬂar sepate~
tion (oc sRUY is more \tkely ™o occur it the bomu:\amﬁ layer
is lasinar, laminar bouund \ayers woesld be undesireable.,

It shouwld be recalled that it is diffadt to mamdain
3 leminer boundary leyer ot Yhe higk feynolds numbers
cheractesishic of flakt.
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13.4)

The results for Mach number and aspect ratio come from Jane’s All The World’s Aircraft, while
the lift-to-drag ratios are estimated from p. 244.

M_:0.78 at 25 kft

AR: 6.38

(/D) . : 12

Name: P-80 (F-80) Shooting Star
Original company: Lockheed

M : 1.58 at 30 kft (w/o afterburner)
AR:2.4

(L/D),..: 8

Name: F-22 Raptor

Original company: Lockheed Martin

M_:14at36kft

AR:3.75

(Z/D)_.. : 10

Name: F-5 Freedom Fighter
Original company: Northrop

M_:0.88

AR:5.02

(Z/D),,.: 12

Name: F-86 Sabre

Original company: North American
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13.4) contd.

M_:0.75 at 28 kft

AR:7.2

(L/D)_.. : 18

Name: C-17 Globemaster I11

Original company: McDonnell-Douglas

M_ :2.04 at 40 kft

AR:3.2

(L/D) . : 12

Name: F-16 Fighting Falcon

Original company: General Dynamics

13.5)

Given:
T-41 with the following characteristics:

U, =125kts =74.01t/s

h =10,000 f#
b=35fi
c="7ft

rectangular wing planform

The boundary layer transition location for subsonic flow is assumed to occur for:

Re. =500,000 = 2=U=%ur
’ /e

so the transition location is found by:

500,000,
p.U.

tr
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13.5) contd.

For a standard day at 10,000 ft:

p.. =(0.73859)(0.002377) = 0.001756 slug/ft’

1. =(0.94569)(3.740x107" )= 3.537x107 Ib-s/ft’

Yielding a transition location of:

~500,000(3.537x107)

_ ~1.36 ft
= 0.001756)(74.0)

The boundary layer does not remain laminar for the entire airfoil section.
Since the wing has a chord of 7 ft, transition occurs at 19.4% of the wing chord,
which means the laminar boundary layer is not having a large impact on the wing.




