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™his noto deals with a quitc cruds caloulation of the ilongitudinal

atability of » hypothwtical supersonic duaimm, but noverthsless appoars to
indlosts quite cloarly whut the goneral nature of the stability of

erdo siroraft will be. It ia chown that tho longitudingl biquedratic
splits vory sharply into two quadratics and that the charncteristios of tho
lmg::;u&igal diotur!;eﬁ m{iu:t are o well-dompod oscillation of qu%to short
pordiod and » phugodd osuillation of noarly serc demping and very long
poricd, The perdods nnd dampdng factors cen be roughly estimatod by vory
simplo moeans. It is not olnimod that thuse rosults aro in any way novel,
out the writer folt that thoy might not have beon gonerslly approciatod by
thoss not dreotly werking o the awjoot of supsrsonic stability.

e plan of the hypothotical aoroplanc s glven 4n Pig.! and wes
srrivod st by postwlating that it chould iy at K = 1,8 at 40,000 5. at
s 1ift coofficdant of 0.4, 4o will bo soon 4in tho soquel, vory wide
waristions In thete nscumptions would not affoct the basio conolusions
dramn for tho analysis. The following leadirs dimonsions and quantities
come fyam the sdove sssumptions and fros the sketch plan, which was mersly
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Overoll length 5 rs. :

Wny arun rwtg 195 aq. ft. :

Tudl arcs (not 30 aq. Lt ‘,

Tail Yevorage 20 . :

Wing CF babdnd C.G. 3 re. .

o B (580 stogm e

ht 1 13 0 slugs maus

Badius of grration 12 f%. el |

g = ¥ . 920

@ : 1& aﬁ K - ‘.8- H
The Lift was ssausod to bo all on mvinp and thoe valoos of
Ay /8 {used for both wings snld tadl) wao cbtxined from s generalisod
outve of 1ift slope ot s 5 8P ohtainod from various swept-

back and delte wing tects, The folloving basic tablc was dorivod:e
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K o aG PLA acy /3’
(£t/500.)

1.3 1260 3.38 0.05%94

1.5 50 2.60 ‘ 0.0L55

1,7 16,0 2.2% 0.0392

1.5 180 2.00 0.03%8

Tho old netatios {of Boirstow] wos used with X oxis along
wnd and the durivatives vero caloulsted as follows:«
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™o 1e of incidence only varise from 3.26 to 2,57 dogrees over
the range of ", It wns sznumod that this anglo would bu slose to that
for maximen L/D and that thda quansity would be of ordar 5.

Huonice 3"}'5
%

Proo lzecrionn wind tunncl tests on s body very similer to that
assunod 4t was found that AC /da® wms 0.009PL uxpressed on wingz aros and
with the longth of the body ng the charasteristic Mmensiun, and that it
ws very neerly indepondent of ¥, Inturference betweon wing ond tail wna
nogleoted.
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In theone nomont alepus o wms in dogroos.
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whore | is the dody lungth.
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whore 3 is hore the tail leversse.
FAS V4

AN W MR Am e WIMAE R B Wk A B e WY e ek S WK W W SR N EE R M W M W SR AR M W W W W e

"his scons tc Bo s goraral charsotoriastic of aupor ght and occ\n;ﬂ
b?m the it slops Lz loyeraoly sruportionsl to Adf.t and
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A1l other doriwntives core sssumed nealistible.
The tablo Belo mves thw waluws cdtadned; for- convenionoe the

mass ond moment of dnortis howve boon dncludel 4 the derdwative, o.g., the
tsbulatod Z, 45 Zu/m, kg is lUyH, ote.
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1.3 0 0.0102 | 0.0510 f Ouluis 0.01.1 ! 0.191
1,5 1 0008 b 0u0l.2 P03 1 0wy 0,169
1.7 | oo | c.c392 0.3%  © 0.0102 | 0.166
1.9 | 0.0070 00350 l .38+ 0.0093 | 0.166

The coufficienty of the biguaratic sdth unly thoso five
drdvatived arci-
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seoarg sut oeut fn Jdetwndil Yulow for the care of M s 1.5 ac
s 8¢ oxhdbit the relative valuwes of the varicws terne.
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Se—t s L RN e Du L ¢+ G167 = 0,572
P AR S LU WL E S T PET.5 PR [
A VY J L = CJULE
Do 3eed X bietiend x 0118 2 0W.0161,

The blounratic L=

N e 0572 Y 6 16 A 4 0016 he 00161 = O
and ite approximate frctoes srol-

(2« 05630+ 16,6317 o 0.0083 2 » 0.00098) -

The blqusdmtics for the odiwr veluwoe of ¥ are sirdlar in
nature apt rplit into factors in ho sace very oherp wmy,

The vsluer of the purio?r anl dmpinge arc tabulatod bylod.
«ll the ootions are stalle,
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¥ Danping Puri. y Demping | rmag
(soca.) | . (scca.
] .

1.3 0,503 148} 0,005 17
1 .‘}. 002%’ ’tf‘la § Qomt 2(!)
1.7 0275 155 1 0.0039 227
1.9 0.273 | 1.52 1 G.0035 250
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If s dowwash fuctor, P~ «= 1, of 0.5 had boen taken

3./
instoad of wily the rapld periods Boecome 1486, 1497, 2.00 and 2.04 sces.

It i soen thot thore is a well-danpod cacillation of rather
short period (having in mind the sizo of the acroplane) and s phugedd
vhioh 48 of nosrly sero demping snd very lens poriod,

The large valwe of the coefficient of )2 togather with tho
fact that Cw « X3 splite tho biguadratic vory clossly into the
factors )
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The o periods sre therefore, vory closely
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and the durgdne factors sre approxbnately:-
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A woful oxjpreascion for the rajld porled 43 T & 22X ,5:-——----—-
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shere K 48 radius of syration, 1 4s tho longth wscd 4n the morxnt
coofficiont, and < 45 in redlans,

It is ovident that qudte wde varistdons in tho valuus of all the
derivatives will not upsct those conclusions, which rually arisc bocausu
thy foromrd speed, U, is 8¢ largo.

Canglusices

The folloving canclusdons should 2pply to most suporsonic
dcsigns but, of course, ot dotadled coloulstions a3 possible ahould alumys
bo made, ospondslly Lf A s suapoctcd that any dordvative in likoly to
boheve shnormally.

The phugedd 1a so lightly amped and of auch long period thet it
con grosumnbly bu muplocted mntircly dn any study of controlled motdon.
The charsctoristics of the short poriod, shdch arc important, osn bo
cnsily found npprogimetoly.  The peried desnnds only » mowlodge of K,
the damgdng ncuds the velues of 4, and W, of vhich 2, is onsy to
satimnto frirly sesurntalr, but i, not so easy {the mresommt ustimato is
chvioaly vory orude; . %
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I the sesme analysis i3 applied to & smaller dosign merc like a
ruidod woapan, the natwre of the solution 43 not chanmed. The moat
sigmificont mmericsl 2dfforunce 43 that the rapdd oscillation is thon
1ikely to have a surpriszin~ly short poriod, often loss than €5 scc. so
that automatic controls sioht boe found AfTicult to meteh to tho responsc
of tha sirersft, Ghis 4ifficulty can by avelded olithor by maidng the
pc:riod lonor by roducdne ;.. te the lowcat valus Judecd to bo safe, or
by kooping “the time iors in Ehe sorvo conbrol very short. Thes is s
point hdeh st - lwnys b clescly smtohed, and the foot that the
charscteristics of the cocillatdon are io etny to ealeulatu spprodmatoly,
and the snelyticel oxpression of the motion rwrely o guadrstic, {5 o
gront help and sinplifiontion in the stuly of cantrellsd motion.
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