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rasuvons (L) Fa.euz-a 3 - Sheted showing conieuwrs of congt mn{, praaawra 615.‘:&'&3'0“,:“.,
: stuwosn the wprer snd lower s efnce m & modifiod Aexobon
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(2) Fl,gura 2 « Same 8 5 Fijure I except M= 6..0,. q = 384 1b/fb"‘3

Fha vurpone of this mewvorendum. is Lo precont the method and reewlis of
sooekant endoelations of siveloasd dlstyibuldeas over the plasform of a

find Aewchse fln. Tho calcwlations, wideh vere u:%er%ﬁmn to supply Ag-
rmation pocepcary for structurel apalycis of ths medified I Tin, wore "mde
eenabiy aonditices e.e.t‘roancmiz to £light Mach muibirs of 2 gad 6 and an

T attack of 4% I was bﬂlﬁmel thot tbe conditdon 8B B = 2 would -
e £in Jond distwibuiicn resr moximua fin 1c.admg, i ‘ghat the coikic

' ¥ = & wizhb be sritiesl beoanse of ihe high Cin tugporatures et st
eTe  The remnlis of the erloviations sye saven Iz Figuron 1 enA 3 65
Gowen of conwtant pressure differeace Letween GDJTQ&GGﬂdng pointe ot 'tmw
g and dower surfoes of the fin.
Since an gwact solublia r ihe problam of dsiormining £in air lond
tinrddeng in the presenes cs:t‘ the body la prohibitively em:rrlu':... AT s
i Wie, welug kpoun methods, it was negessary to make cevialn pirplds f:l? o
agnraadnationse 1% is bellove d, howaver, tiat Uhe calovieilons dea eribal In
TG u':.:-:v.a;:-:mzc‘s.u:a "‘eeul‘bcc‘x in load diniribuliong wiwee aecumc}? g mn sighoat
with the agewrecy required by the structural amalysle for which the lcads
Cooinvandoie The f"me ral method of solutlon wap %o asparate the comp J.etc p'va%ﬂ 11'4_\.
ivig whe fo.:.;.cwine, su“*»problﬁma. :
_ no - Selection of & fiaw-body goometry wh.a.ch would 1u~qv.aw]y rcpi‘e‘.:i"i)‘ts
“noetual Aevobee fin, and at the pame time ].BI"EL!‘» a roderately simple
-')'3,..1 on of tha pmnlcﬁno :
_ Vo Dotorminalios of air loading ot a £3ad plate baving the planfogm
eatocted for a. Tulo losding included flu voot effects, fia tip effecis, and
lsadlugeodee sweoap effeals., - - ‘
Go Dotormination of effects of body wpwash on the fin load distvilubloc.
o~ 8. Determination of effecis of fin ihiclmosse
e o Combination of sube-problomz b, ¢y eud é to obtaln the Ifinsl alr

Aondp phown da flgwees L ovd 2.
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 The sblutiona of theén‘u:-problems aré deearibed in i;ha séctioné.foﬂ.oﬁing. o
-30-  The t‘ollcwing sketch shous the geometry aelected as adequately reprou e
' 'Senulng the mouzi'ied Aorovee fin. _

Roo‘b Section (2.,2“ Thick with
- Parabolic Are Profile) _

Tip (Zero Thicla"lésé) '

TSR - Reflection Pl (® . Bod)
Plan View . : ection Plane (Represents _ y
The losg of 11{% near the £1n root due to the preesence of the body was approgie
mated by treating the body a3 a reflestion plans. (The.aifect of body upuash
wes treated separately ac desoribed in Seciion §). The deshed line nesr the
intoracetion of the fiam troiling edge and bady representa a cubout ai ithe
tralling odge of the actual fin, On the actual fin, the edge of the culout
. is spupersonlc at M = 1.4, g0 that there wos no effect of miasrepresentlng the
planforn on . the loading of ihe remsinder of the fin at the HMach mmbers veleaied.
The effect of mis.ceprmamtiaa the profile im this region %o obtain the simplified
seoneliy was apall and wes im a ddrection such that the calvwlations mede ueing
the aimplified ;eowotzy were coaservaiive in the region.which was affected.
~ The effect of misrepresentlng the profile in the region ahesad of the cutout,
© and effoois of who body boattall, which will be present on gcme of' the actunl
. vehicles us:l.ng the modified fin, were neglected. : _
4e - The problem of the 1ift gistribution om a fin of gero tha clmeos, which
consizted of determiniang the effect of sueep, tip effects, and variationms in
- loading necr the fin root, vas golved by finding the load distribution on a flat
. £in of zmero thiclmess baving ihe planform that vas selooted in Section 3, The
£in wns considered to. be in a2 wniform adrstream at a small angle of attack,
- The first stop in the solution of this sub-problem was to divide the plenfora
into four separata reglons, the fin surface prearures in each region beuug
'govemed by different equations. _ .
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. The 'lines aepa.r&b_ng the rezions are I-chh ldnes through the f:ln 1eaﬂing cdge

ot the root and tip. It should be poted thad Re;zicm iV diminiches in size ag
the Mach nopber incrcages. Ab M = 2 all four regions exlst; wheress at M = 6.0

- only rogionn I, II, end I1l exist. The eque.hiona which ware uged for finding

£in progsures in each of the four ragiona are prasented 1:1 the fcllouing pam-
graniae ‘ : _

’__An gnlaMgInRamenI o : Ce o
' For.a flat £in of zoro thichmeso at o emall angle of attack in a

m:i.fo*m éiratream, uniforn loading exists in Reglon I, Using cuwespback uheorsr,-

the difference in prossure coofficiont between corzesponding pointa on the .
uppor and lowez surfece of ihe i‘iz; is given bys (Sea Ferrd, p. ;-61).
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P a o _ e
' q o= f;-f 2 (gynamic j.re;é"ara in ]b/fﬁzj
| Pﬂ . = Static-prepsurse on fin lower s;zrmcs (lb/fta)
By = Btatdo praaanra. on f:in upper surfaoe (lbfftz)

| /0 Ihae strean mﬂss deaai‘by (*slugs/i‘t3 )
| | V_ o= F.fae at.ream veloolty (ﬁ./sec) '
u = Free atream Mach nuzber L o
L '_ =Fin angl@ of attack (vadians)
g f Swaepback &ngle of ¢in Ieading eﬁga '_ R

B, Fim Loc.d:lnst n Rexr‘ioa_;_.&

~ .~ . In Regiom II (still cons:\de:cimr tna flat £1n in & wniforn m.z'eam)

the flow is conicel. The muwfaco pressure ls constant along each radial line
- paoging through the finevoot leadimg edge. The difference in pressvre codfe

ficiont tetween the upper and lower mftace is givcﬂ by: (Seo Ferxi p. 362)
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' uhe‘e&(‘« gt g M, fﬂ, are dafined in Sectlon 4, a and S is the ewecp of the 1ine

in Repica II paseing through the fiperoot 1eading edga, along uhich Acp is to

- be oalmﬂated, Seo the aketoh belows

Co ﬂg_‘ Lo ading in Repion IIT |
In Region III, tie flow is =1so con:leo.'l. the preasures being conatan'h

. along radial lines passing through the fin-tip 1eaaing edge. The presaurc distvis-
_ buticn in this rcgion differas from that of Reglon II in that at the finiip the

' loading drops to zero., In Region III the differemce in pressuro coefficlent
- botueen the uprer and lower surface is: ~ (See Douglas Rep. SM 11901 p. 3)-

46 = i X cos™l __3_2(?'@—_—* tan,_i)_ ‘(”‘ﬁ

v}, IMZ-J, miag 'W - tans-r-r.anﬁ

| 9@4—-
whoere Acp A, My ,’3’, are dei‘ined in Saction 4y A-and S is the oweep of a lﬁ
in Region IIT which passes through the fin-tip lead:l.ng edge, aud along wh'.lch

acp ia 0 be oaleulated. See ake'boh belowe _

.' 9- 1 Leading in, Re: = B /
~ The relatlon governing the loading in Reg:!.on IV can be eaaily

devaloped using the -expressions presanted in Sactiona 4 A. B, and G, by the o
i‘ollouing consmerationa. 3 _ R
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The prezswre distribution cver one surface of fin ABCD can be consldsred as
resuliing from a wniform source distribution over the entire ares XECD come

. bilned wit.h a aon~uniform nopgative cource disgiribution ovexr easch of the areas
/™ AKJ and BEC. - The two nom-unlform nepetfve souros distributions ere independeat
of eanch other and resuld in the deficiences im 1ifd from that of ARF {(Region 1)
which are experienced by the root and ¢ip regions (ADG end BDH). Since FGH
{Region IV) l1s affected by both of these negative sourde distributlons, the
deficiency In 14f% in Region IV at auy point con be expocled to egual the come
bingd deflclencles at that point which are apcocintied with regions ADG and BCH.

.‘ - Following this reasoning, and adéing subseripts to the quantiticn AG;,
mmi -8, dofined eariicw, in order to demote the region for vhich a particular
' Gp or S pert.aina, the follm.-ing relatmns can be wwitien.
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lines.along which - 2P and _gp 131, are calculated.

: --A %E-I— and —— DIl can be easily determined using eguations glven in -
P 2% o o
Séc;tidh by By P_?, and C. They ares : : :
SR ten? @ tan? @ |
A PO M2 -1 - tan2 Sty . R -
Acp;_ N - | M2 -1 - tame 81y G
and

O%ur L ol '@3111“2 @ i+tmg
Acp T s v'tnnsin-z-tunﬁf .

5 Ra her ﬁmn baing snbjecm %o a uniform alrctream the £ins ure, in

“acluality, subjecied . to & giresm of whose angle of attack varies In a spame -
- wise direction bagause of the upwash dus to the progence of the body. Bogkinm .
haa pointed out that the vpflow angle due to0 a cylindrical bo&y varies span~
~wise on the horlzontal plana of symatry 88 ~

‘whares e is ‘the logal antle of attack at a distm:ce r from
L S © the body centerline ,
a1 iz the body rudius .
o{ . is the body nngle oi‘ atteok

‘To cbta,m the comnlete golution of a f:m subjected to a atreum having th}.s
vapiation of local anglea of attack wonld be vexy tedious even using linecvized
cqnatliong.  Fhe mothod ussd for the calculailong deseribed ia this Memorandom
sonzloved woraly of using the eppronimaticn that tho local values of AL, e
tha £in ave dlrestly proportional to ¢he local angles of atiack as calculei.eﬂ

- with the Hesiin reiation.  The bedy upwash effects then talke ithe form of correc—
-tlous to the acluiion of the flat plate eirfoll in a wmiform plream, the magnle
tide of the correolions being a function only of the spamylse location. The

- relation vhich was used for the present calculatlona iss

S Acn corracted for upwash L a2
Lo n . &0 withoud upwash correotion
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' H 6., The lincarized theory givea the results that the difference in pressure
. between the vpper and lower fin surfaces is independent of fin thickness.

- Bowever, more neariy exact calculations and experimental measurements indicate .
. that there is a depemdence of fin lift distribuilon oa profile shape, the
variotiona of chordulse 1ift distribution with profile shape increasing as
the Mech number becomes larger. It was decided that neglecting the effect
of thiciness In caleulations made for M = 2,0 woe copsistent with ihe accuracy
roquired by the structural anclysig for whien the fin loads were to be used. -
Dowever, at M = 6.0 the effect of thickness becomes fairly larga,, eo for COT~
pletensas, it was considered.

The i‘irst. step in obbaining the correction for aCy to account for fin -
~ thickness at M = 6.0 uas to determine the chorduise load distribution on a
. two-dimensional unswept airfoll at an anpgle of attack of 4° having the profile
~of the fin root selected in Seclion 3 using the "shock-expansion” method,
(8ee Ferrl, pe 225). The "shock~expansion” method consists of determining ‘the
flow conditions at the airfoil leading edge downsiream of the leading edge
ghock wave wsing tue-dimensional, obllique shock i eory, and them using the
relations for a simple-wave expansion (the flow defleciion engle plus the
Prandtl-Meyer angle equals a constant) to caleculaté the.flow over the airfoeil
surfacas between the leading a.nd trailing edgos. .

From the results of the "shock-expansion® cctlculations, the ratio of Acp
T Nior the fim-root profile to A Cp for a flat plate et the same conditions was
. doterinined as a function of the percent chord. This ratio was ii:en assumed o
vary linearly, at a g_.ven percent chord, in & spanwise direction from the value
‘calevlated at the root to unity at the tip. The fina) form of the correction
was & plot of the ratio of the local AlCp to ACp for a flat plate as a func"olom
of percent chord with spanwise station as a para.meter. , o

70 " fhe final results of the caleulations described by thls Iiemorandmn are
_shown by contours of congtant pressure difference tetween corresponding points
¢n the vpper and lower surfaces of the modified Aerobes fin; the calculations

_usre parformed for the following two sots of conditions:

1, _ﬁ: 2.0, §= 1800'1b/ft2, <=4
2. M = 6.0, q ; 384 11)/;&2’ ‘,( = 0o

. The values of q {dynemic pressure) wer e selectcﬂ corresponding to the above
values of Mach number from sultable trajeé¢tory calculations. The £inal contour
 plots were oblained direcily from yreliminary plots which showed the spanwise

 varlation of fin loading at several chordwise stations. At any point on the fin -
the final valus of Py « Py in 1b/f% waa, in principle . obtained uoing the
i‘olloumg procedm-e: . _

: ’\ The "repion" of the in which included the point was determined end
-8 value of Acp for a flat .t‘in of zero thiclmess wvas oomputed us:’me ..ha appropriate )
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unation ox equations of Section be-

be Knowing the spanvise locauion of the polnt, thess Cp of a, was
coxrected: i‘or body upuach using the eqmt:.on presented in Secvion 5e

¢ Ilrom the spanwise location md tue percent chord of the point, ‘bhﬂ
thicimoess coxroctlon wap obiained from the plot described at the ¢nd of Secticn
6, The thickness correctlon muliiplied by the Cp of b, resulted in the final
s valuo of A Cp for the selected point. The correction for fin thickuess was
applied only to the calculations made for M = 6.0. .

'd.  The finel pressure difference in 1b/2%2 at the selected point vas .
obtalned by mul‘t.iplying the & Cp, of o, by the dymmic pressure in 1b/rt2.

.

/ﬂc,%w./

Y. Co House

Principal Engincer
Study Depexrtment
Liguid Tagine Bi'cia"ua
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