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NACA RM No. L8B03 CONFIDENTIAL 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTI CS 

RESEARCH MEMORANDUM 

LONGITUDINAL STABILITY AND CONTROL CHARACTERISTI CS OF A 

SEMISPAN AIRPLANE MODEL AT TRANSONIC SPEEDS AS 

OBTAINED BY THE TRANSONI C-{3UMP METHOD 

By Joseph Weil and M. Leroy Spearman 

SUMMARY 

An investigation has been made in the Langley high-speed 7- by 
l O- foot tunnel using the transonic- bump method to determine the longitu
dinal stability and control charact.eristics of a semispan airpl ane model 
at transonic speeds . 

The results of· the investigation indicated an increase i n the maneu
vering stability through the transonic range, but regions of instability 
were indicated by the slope of the curve of stabilizer incidence for trim 
against Mach number at all center-of-gravity positions tested . Trim 
could be maintained in level flight throughout the speed range , however, 
with about 10 change in stabilizer deflection regardless of the center
of-gravity location . 

The variation of lift-curve slope and the angle of attack for 
zero lift with Mach number agreed closely with results obtained by the 
NACA wing- flow method, but a more linear variation with Mach number of 
the stabilizer incidence for trim was obtained by the transonic- bump 
method . 

INTRODUCTION 

Tests were made using the transonic- bump me t hod to determine the 
longitudinal stability and control characteristics in the transonic range 
of a semispan airplane model simil ar to a proposed research vehicle. A 
comparison was made with results obtained for the same model by the 
NACA wi ng- flow method. 
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2 CONFIDENTIAL NACA RM No . LSB03 

The model was mounted on a pivot and was free to trim. at zero 
pitching moment. The lift coefficient and angle of attack for t rim at 
various stabilizer settings we r e obtained for four center-of-gravity 
posi tions • The tests wer e made through a Mach numbe r range from 0 .60 
to 1.20. 

COEFFICIENTS AND SYMBOLS 

CL trim lift coefficient (L/qS) 

CLA airplane lift coefi'ident (W/qS) 

L 

S 

p 

v 

M 

c' 

w 

R 

h 

e.g . 

g 

t rim. lift, pounds 

effective dynamic pressure, pounds per squa r e foot (}pV~ 
wing area, square feet 

air dens ity, slugs per cubic foot 

air velocity, f eet per second 

trim. angle of attack, degrees 

Mach number 

wing mean aerodynamic chord, M.A.C., f eet 

stabilizer incidence with respect to fuselage center line, degrees 
(positive. when leading edge moves up) 

airplane weight, pounds 

Reynolds number 

altitude, fe et 

maneuver point, perc ent M.A.C. 

center of gravity, percent M.A.C. 

acceleration of graVity, f eet per second 

rate of change of trim lift coefficient with trim angle of attack 

C ONFIDEJ.'irTIAI, 



-~- -- - - - - ---- - - ---- --

NAOA RM No. LBB03 CONFIDENTIAL 3 

MODEL AND APPARATUS 

A drawing of the semispan airplane model is given in figure 1 and 
the geometric characteristics are given in table I. The model was 
obtained from the Langley Flight Research Division and had been used in a 
previous investigation by the NACA wing -flow method (reference 1) . 

The model was mounted on a free-float mount so that i t was free to 
trim at all speeds and was designed so that the horizontal -tail se-:.ting 
could be varied. It was possible to obtain data at various simulated 
airplane center-of -gravi t y positions by moving the model pivot point 
fore and aft. 

'The tests were made in the Langley high -speed 7 - by 10 -foot tunne l 
by the t r ansonic-bump method which involves placing a small semispan 
model in the high-velocity flow field generated over a curved surface. 
This method of tes ting is fully described in reference 2 . 

The trim angle of attack was measured with a calibrated slide wire 
rheostat and the trim lift was measured with a calibrated electrical 
st r ain gage. Both measurements were observed visually on a galvanometer . 

TESTS 

The Mach number distribution over the bump (see reference 2) indi 
cates that the Mach number at the wing is slightly higher than that at 
the tail at the highest Mach numbers . It ts possible that this difference 
might result in the masking or exaggeration of trim or stability changes . 

The variation of ReynOlds number with Mach number for these tests 
is shown in figure 2. 

No tar es wer e applied to t he data to account for the presence of 
an end plate and, because of the small size of the model with respect to 
the tunnel, jet-boundary corrections were neglected . 

Tests wer e made through a Mach number range from 0 .60 to 1 .20 with 
various stabilizer settings at center -of -gravity positions of -0 . 8, 14 .5, 
25 .0, and 39.4 percent mean ae rodynamic chord . The stabilizer settings 
covered a range from -2.40 to 4.00 • 

IDSULTS AN]) DISCUSSION 

The variation of trim angle of attack and lift coefficient with 
Mach number is presented for several stabilizer incidences and 
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4 CONFIDENTIAL NACA RM No. L8B03 

center -of -gravity locations in figure 3 . Below about M: 0.80 the model 
did not experience any sudden t rim changes . In the range 0 .80 < M < 1.00 
there wer e r ather irregular changes in t rim dependent upon the stabilizer 
incidence and the center-of-gravity location. Above M ~ 1.00 conditions 
free from sudden trim changes again prevailed. 

The variation of t he maneuver point wi th Mach numbe r of an ai~lane 
geometrically s imilar to the model (~= 50 lb/sq ft, h = 30,000 ft) was 

determined as f ollows : 

For a given Mach number the variation of 

obtained for all c enter-of-gravity pos i tions . 

were measured at the lift coefficient for l evel 

Mach numbe r (figs . 4 and 5). The variation of 

it with 

The s lopes 

fl ight at 
dit d -- an 
dCL 

CL and a, 

dit 
-- and 
deL 

was 
di t 
do, 

the specific 
d· 
It with 

do, 
dit dit 
- and 
dCL do. 

center -of -gravity position determined a point at which 

were zero. This position corresponded to the maneuver pOintl or the 
point at which no change in stabilizer incidence is required to change 
the lift coefficient and angle of at~ack . 

The variation of the maneuver point with Mach number (fig. 6) indi 
cated a r apid increase in maneuvering stability through the transonic 
r ange . The change in stabilizer incidence required for a 2g turn at 
various Mach numbers for each center -of-gravity position i s presented in 
figure 7 . I t is evident that moderate changes in center-of-gravity 
position would have little effect on the maneuverability of an airplane 
similar to this model in the high subsonic and low supersonic range . 

The data of figure 3 were used in conjunction with figure 4 t o 
obtain the stabilizer incidence r equired for trim through the Mach number 
range for various airplane center -of-gravity locations. (See fig. 8.) 
I t is seen that at any center-of-graVity pos i t ion scarcely more than 
10 stabili zer change is r equired to t rim the airplane in the Mach number 
range from 0.6 to 1 .1 . I t is also seen that an unstable region occurred 
for all center-of -gravity pOSitions (that i s , an increase in speed or a 
decrease in lift coefficient must be trimmed by a negative control move
ment ) in the t r ansonic range . At a given Mach number this instability is 
more a function of such factors as the rates of change of maneuvering 
margin, stabilizer effectiveness , and zero-11ft pitching -moment coeffi
cient with Mach number t han the actual maneuvering margin at the specific 
Mach number. 

LrhiS procedure neglects the 
moment induced by curvature of the 
an e rror of less than 1 percent in 
r elative dens i ty factor. 

it required to ~vercome the pitching 
flight path. However, this incurred 

nm because of the high airplane 
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CORRELATION WITH WING -FLOW RESULTS 

Trim lift curves for various Mach numbers are presented in fi~xre 9. 
So that a greater number of points might be obtained to define the lift 
curves, values of CL and ~ for all center-of-gravity positions were 
used and corrected to values trimmed at the 25-percent center of gravity 
by the following relation: 

where 

6x distance between given center of gravity and 0.25c' center of 
gravity, percent M.A.C. (negative when given center of gravity 
is ahead of 0.25c') 

It tail length measured from center of gravity to one-fourth of tail 
M.A.C " feet 

This correction is approximate and assumes the total lift e~ual to 
the wing lift. 

The variation of lift~urve slope and the angle of zero lift with 
Mach number is presented in figure 10. Fairly close agreement was 
obtained with the values determined from wing-flow tests, particularly 
below M = 0.95. A good correlation of Cru up to the force break is 

shown with values determined fram a similar model tested at larger 
scale. The latter data (obtained at low speeds) were corrected for a 
slight difference in aspect ratio and include first-order effects of 
compressibility. 

The variation of CL and ~ with it obtained fram figure 3 is 

presented in figures 11 and 12 with a comparison of the results obtained 
by the Wing-flow method. Fairly good. agreement was obtained at all 
Mach numbers except at 0.90 where the wing-flow method indicated consid
erably less CL and ~ change with change in it. A camparison of the 

variation with Mach number of the it for trim (~ = 50 Ib/s~ ft, 

h = 30 }OOO ft) is presented in figure 13. There was generally fair 
agreement shown between the curves obtained by the two modes of testing. 
However, at M ~ 0.90 the Wing-flow method indicated a sudden change in 
the it re~uired for trim that was not as marked in the transonic-bump 
data. 
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CONCLUDING REMARKS 

The results of teots made by t he t ran3onic-·-oump method of a semispan 

airplane model indicated an increase in the mgneuv ering stability ( speed 

invariant ) as charac terized by a r earward 3hift of the 1ll9Ileuver 'point 

through "the t r ansonic rs.ng(> . For each c-3ntc r -of -gra"li ty pos i t i on tested, 

instabili t y was indicated by t he s l ope cf the curve of 3tabili zer inci 

dence for t rim against Mach number betwepn M~~h nuwbers of 0 .70 and 1 .00 . 

However, t rim could be maintajned through~ut ~te Mach numoer range with 

a change h stabilizer deflection cf only ab0ut 10
• 

The variation of lift -curve slope ~"ld the angl e of attack f or zero 

lift wi t h Mach number agreed closely with r esults obtained by the wing

flow method. 

The -rariation with Mach number of the stabilizer incidence r equired 

for trim also agreed fairly well wit h r esults from t he wing-fl ow tests 

at all Mach number s except at 0 .90 whe r e a l oss of s tabilize r eff ectiveness 

(rate of change of trim lift with stabi l izer deflection) was indicated by 

the Wing -flow tests . 

Langley Memorial Aer onaut ical Laboratory 

National Advi sor y Committee for Aer onaut ic s 

Langl ey Fi el d, Va . 
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TABLE I 

GEOMETRIC CHARACTERISTICS OF SEMISPAN MODEL 

Wing: 
Area ( semispan), s~ in. 
S emi span , in. . • . • • • . • . . • • • 
Mean aerodynamic chord, in. 
Section • . • . 

Incidence, r oot .•. 
Incidence , tip. 
Chord, r oot, in. 
Chord, tip, in .•.•.•.•••.••• 
Taper ratio • 
Aspec t ratio. • 
Dihedral, deg 

Tail: 
Area ( semispan), s~ in . 
S emi span , in. . • . • . 
Mean aerodynamic chord, in. 
Section • . • • • . 

Chord, r oot, in. 
Chord, tip, in •. 
Taper r atio •• •••. 
Aspect ratio • • • • • 
Dihedral, d&g • • 

Fuselage : 
Length, in. 
Maximum diameter, in •. 

CONFIDENTIAL 

NACA 65 ( 112 ) 

6 .00 
4 .00 
1.56 

- 110 

2 0 30' 
2°0' 
2.00 
1.00 

• 2:1 
5 ·33 

• • 0 

1.56 
• . 1.66 

0·97 
NACA 65(1l2) - 008 

1.25 
0 . 62 

• 2 :1 
• 3 ·5 

• • • • • • • 0 

7·97 
1.20 
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Figure /.- Details of semispan airplane model. 
Dimensions in inches except where noted. 

- - - _.--- - ----- ------



0\ 

(Y) 

o 
6§ 
H . 
~ 

~ 
« 
~ 

-- -- - - --- -- -- -- -- --- -- -. 

$tl ;,[$ + " . f t~," .;,' , ' =-_~g~ , ' ~,' ~r 'if- ! I I -t ++-+-+--1 ~ .'\, ,:,ref F'r, ' , M~---t-j I I I I Et',- ltJr 
ilk; r ," l' • ,~ >,:r t T J-!;~' r' .: l 't r " 'Va-N, 30 UNO) - '+-< -t-t-:l-t-' /-::1,...1' -+1_' t-, -+-I-ilf--+-t-l-I-+-.t--l-I-ll-I 

: I + +I 11 lf+~ H' r 1 R . , , _ ., _ i ' , , 

~ 
i 

: 

,I ~, I. , h i~1 " M t~l '1 1 1 .1 1 1 1 1 1 1 IL,I ,pe I J 

>t 

1.:-

1 

~,tf ,I ~ T l t, ~ r ~ ~t$m'lWk , ~itLrRttffl l" !h ! . - l~-r-l ! I ! IIbV r '174i! ~ J]:~ I I ~ , I "i b~ I -+1 rH 

~t.tB~~lft-tfi-FTr"M 'Ffi4TFm:n, ': + 11 

u ,··· •• imLL m t f' 
+= c l:h r'C[ .L 

Td 
'v IJ. N30 U NO) ... ~-Frlf=Sf-~H~L4t:J:t-4--l---L..:LJ 

l't"T""" - ..... "T'1"'f ,. ..... .,.~: t 
..-,-

j~ l rr- 'I 
:r 

+-
r • " 

lr~.f-l I f.I~lf It tr1:t ~~ . ~ .t~b~W l~trJlh!i t I~~ 1 hr tffl ttl I k,.il-I+ 
~ i I I I ";I"T ~ 1~fIVFmt111-,1 1 1 , I' I l'fF I,t b"1f 4Ml: I' c:t l f,~ l t j l l l' f~i'r ~h l r 

tm1J4£tJH' L:.~ I : il~f$l pk ~ [ J,JLj, ,tl~1 f:rmlOO:iiJ#lI l¥.tHlff ~ I ', ~ I " I I, 

tif.~ en ID ~~41 T I ' 'Illffb~ 'I ' I t+' I I i ~ • 'Imtt'MIW-fI: +trW i w l1tl :tJ1" B 1.. I t-tr ~ 1 1 t t 't I :t-l'-r"i t~_~ tt'- -
+1 1',' '(., L,~l' TffFlt Tt-.t, L , H· ,t+r:4+ .. ?+t t'=; ~ 11r+r , '+t='+ ~..,.d~. J, ±J:c ,:t: ",' , +~I,t:j ',.. H::B: 

,:'1 " ;l'ii ,iflrfl w , , i, ~~ ",11 1 I, . ~ t-
IP', f' ttfm,8 ht:t\:gt . .Jl "Tl t, ~~ ~ ,; 'liffi d: ' b: it~tJ: IJ 1 :1 1. 1 ! I J J J 1- I J 1 . 
, I' Y Jr.,.-, I :j:' H- I fF I tt'~· !':T1=tt, j'TT" 

! t ~I ,-i-tl l ' -'H l££ _~ 1- ~ I ~ :1' 

,. r :: .:f. '., .!I 

I 



10 

{ IY 

" 

f-- i- -

( II 

r- I- I-

NACA RM No . L8E03 

P+i \fJ..!:f ~ ,I r;;:I:!jj+;Ji I*~ 

~nBm±l ,lbJift hi ;if 

t . I~ 

: 

' I " iiI.tj 
:A I· m tl 1' .la!lt7 ~ 

.. ' ( ~ ~ ' j; ; , 
i:fl l f h:n: t-{ 1+ 

~ f l-,i I" 8 !'}, 
I~ 1;7: ,4 I IL~ . .Ii It; .~l!f6 

~ II :, ,'~ 

'Jj FlI ': i'1!l .. I t' ",Iitl 
A Il1~ .-; ti~ !:EllHl:Il :Filii.! tflt l,mltllL",· l''\. 

Ch'( -, . r" ~¥'1ffi~ LH ~Iiffi";j t';-j' bfL l'pilfJt!'1 ~ :l ,; 

" I i ;-t 

'-' tfIo' I 811;!lJ . ~ ¥' ~I ~jJ 'I~ I, 

:I[ ·tJ:li I t:~ Ita:l II Ifil li'li1 iH'l tft ill.; 'I, !t"-li 

I-

~I~f~ ~,~ ~~ ! jjh ~rt 4i~,~·tN ~ 
'" it' fllil if (~ I ¥I :,l:t~ :If! if lE', '" 

, I"hi:!:! "Fl1!.t'. Pil ll ., . ~ IlJ P '~ 

r;<i ie" "" ilJi!+t ~!~, ±f [,;.II ct~ 
Q Jt! :l§l~ 

\..J. 

, 
A 

I 
IV 

A 

b 

II ' ,;:,. 

I.~ .~ 

rY!~ n 
'.,' Pdt I~" ';1:1 

1 

rif,: ,itJ "."",,,,T ..... PtfilW · ct, 

'+kl ,I' . fI ii! 

1 1>~ !F d l 

,M 'rt! [TtiF.Ji ~ 1!iF# It 
+'t .. ~ tt 1 

fu Il:h, "~ !tW:' 'I "".t 
;.j. lti:ffr: I;].i!!h 1!J 

1·;3 



RACA RM No. L8B03 11 

rF-~ 
1ft lilil [rtf 'J. 

l i'1 fi1~'X 

ff- , I i 

It' 1 

.. I !:It"" ¥b.,~ 1 ~1. fI H:j, 

IJ""T~ , I~ im Ifm ~ .ti 
I"", I' IF~ '.", JI, I" 

Ii ~ riF! ,ii I ,til" r-.. ~ 0, , f+ I, 1"'tI -1 !x 

.. f?l I ' III , ~ j l ili Iffi, ,_R It:" _" 'Il l i 
ti.. "". 1{. rf '} ['1(:>--,; .[' 
,'!f ~ , .ted*' i :fF , 1[: -j;H 

tj iU hffl cn ;-u .. 

Id Jf1~ _fj ti' I'Hi I!!" ' T b.t 
jf I' ~ '!if ,," ,=-,I+''':''II'=_''''"::l' .. : 
'14. lFiJ It, - Be It: ::rr. It1+ t,. ,1 ~j 1i1 1~f1i 11 

Ii, hl i" tli r"1, " 'a ' "f-f1t''Ei1ri'J .i, 
.qn, ~ ~ F.~ ~m ~ iff ' tHu" f "" -f-.-'t(' 

k fi '1 ,tr, 1>' 
; ~ It .. -

,. .+to Itf! ' 1---li!",,-1 _I,'" }:I .. t-: % .iI P-l iI[ !t-I 

~i1 ~@ I~~rh~ _~~~~' if: ifllrffi ha "' ifii >' 
'''' ll: fij ~~ -ffi.111 WI'1' rt ii f -, 'm, 1Wf, 

W If!~. ,'rt ~t: 'n 

lit" I" 

,-~ W., 
1 '" 

1tW~! 
I 1;~ 

~ 
+:4 L;C crt iF: :w !Ri~, 

• 1! ih1}' .·<f' cit 1tt/ -. 1,J!i -If' 

b ,t, 

, >rj !!f ,1-1 -it Itt 1 k <!1ffi 1l l'fu't 1I 'Il 4i (;t 
\, 1"'1 ~.!t L ' f:_ 

• 'of I 'If; .. 

I ) III IL 

fib 



12 NACA RM No. L8B03 

"l"'" ' F"I G'tt!f +tfj 
,..; I.,.,. 1.1;'- It!·" ~#.t: i-! 

,tI1im lfui # I ,eLf.' 

'- _ h 

k-"" 

1" I,tift I .. Ifl.H¥ 
:" 

i ll 

11 

~' 

it t l'i 

[t; ... , 
f' 
tir 
i1' 

'.tJ b 
.\ 

' ~ I " 

,iii 

II, , 
I" 

i0! 

I," 
I ~ 

.l lr'i 

I f'I .1. 

ltM ' 
',I' 

~h l '! Iiril'+ nfI ,HlP I +ai'!' .'t. # :.~ " k '[lfj'itR! 0t!, 
t.~ '1("" 
!Ut '" Ictj '!:I, J It l!:;, " "i 

1:£11' Ittlf " ;fiJ 'l ' : IL ~b!r w ' !ffjj,lj r. If" 

hlt ' '..lqr, .1 4' .IT] f'ft lrHt "IP +l-I I-I'1 h 'il 

I' 

.ff. 

I 

" 



-~- ----~- --'- -- .....--~---

MeA RM No . L8B03 

tIW 

& 

I '!, 

;' 

lifl'h 
~"fJ 
we 

Tj 

I 

h 

:-'"., ij, W 
m!lf li~ ,," to:! 

, h rH 
lIb 1+<-:'; 

'r 

, m;!lii' llli;f "'; 

':tI 

rl 
n 

'+' 

I<. ,r ' ;+, J:)<tI , ~,rl '_",'.I ttttt'h '1:1 fr!:!*it@!#;1rl 
lli ImI eill# tkl'i1~~ 

H I ~ttl ' '1l P1 '-"'I 

lml ril 610b ' t 
'i I ' 1": Ii ' f" 

I;+' It- P "-- ;'" 
If! • t--- -I- 1-

fl!l 

: , .fl ft\- ~ 

,I tt 
/ 1 r m 

:t.! ,~:!t. r, t' ... 

1t " 'iF k ill.! ttO'ii 'T 

tl '1i1~ a 'If'" '''l' 
rnw ttlJ tlilif.11 lfl- ·h-t:I \;t\ ·;t.l 

I ' 1"-.. :.~ i1, '" 'I:; l"tl 

~~~~&~~~~~ ,M~ P~ ~, 

'I 

Ti CON FIDENTIA:-:--'L -+.t-.,tJ:, IBIc; f--+--4-+-r+-l-t-++-h""E~ 

. · :if fft lE 1i;i I'HJF I'T, IilliI'fJ 

------- -_. ~- ------ -

13 



14 NACA RM No . L8B03 

~ 

;tt 

~1 -4 
01

- ~ ' -' 

,.t-n H-; I 'H 

t.H W. ~~ 
ctt 

i::'± 
~ ct-; a ::$ IlH 

-- - - -- ~ --- -- ~~~--~ ~--~--- -~ ~ 



---~----------------------- --

NACA RM No . L8B03 15 

.(J 

A.. 
""- \. '\ 

"'- 1\ \ 
-g 

"- 1\\ .r 

~ \ \\ 
I~ '\ 

"\~ 
'l: 

I ~ \ 
- \ ~ \ ..... 

( o ~ p. 
1\ \ " 

o -L.t 
I 
I 

\ 

-,..(~ ( h .t~_ 

i 't- Flo h f+ r-t~ t () -

---- - ------ ------------- -- ----~-- - -- -- -



16 NACA RM No. L8B03 

1+.- .J 

h-, f~ 
4 
I-
Z 

.J 
<t , 

LAJ 
It I-!tt: ~ I:i: o p:t 
~ ~::.+ 

LL. 
Z f"-H 

I-
z 
UJ 
0 

H-t 1 t+, 0 
R:t~: U 

LL. 
~ z 

§::tm . ,: 
~ 

t It;+! ; ~ Ft 

Iti~ 0 
u 

:H 
t-;~ 

~ l=t 
:::It 

Z 
it ,I.J: 

I~, 
~- ~[ i:t@j-. 

f./=L lt;t f$ ;:i.-; 

!:+ -:+1:+ ~ 

:1+ :tH 
f+ . d-t 

4;. ~ t+H 

i+t 

- --- - - - --- -- --.- - ---- --- -------- -------



NACA RM No . L8B03 

...J « 
t
z 
w 
o 

z 
o 
u 

17 



18 NACA RM No. L8B03 

CONfiDENTIAL 

CONFIDENTIAL 

----- .------~-------



.---~ -·-- ~ I 

NACA RM No. L8B03 19 

--- ._-------- -- ------ --- - -



20 MeA RM No . L8B03 

CONFIDENTIAL 

c' 

. CONFIDENTIAL 

- ~ ~ -- -- . - ----- ~--~~-----~ 



--.. ..,---!""'- - - --- - --

MeA RM No _ L8B03 21 

'W 11 ,< IF-" 
, I e:t ' '" "jt lf::l' 

, ilo:r , INf , 
'r :tl!. I'" m If" , , 

I~ ~ 
~ ~lt, 

If, ,ttl '. I'J'I 

f!i ~ ,,, iit . II ~ ;r; ~rl" 

. r: '" :'H' '4fl ,1 )1; iifi' r+t h+ 
1/1 ~l i:If ." V ' t ,11" I ~' 

,<!, I'J iF! [i!: ft't~ Llfi rt'" 

'IT l1# . rn IJII ,u.. li:ic '1 fv .Ft ~tr,. t"' Illil "il 1£1 
'" =i! 'l y l , " ~,~ ,j ffi 

·m ,>1' , IIll ~; 11< 

f!l " 
1 

IW.;; 
:t± !i '; $tt l,t l~, i 't., ~ ' 

~ ~~'.q.;: I iii fOO lre, M , 
.~ I ~W fi ~ Wt1 fK ~: T', $I III liji:!f;:l rp 

i IF !l;;:lJ'lliI ~; ,lii Itt ~'-2 +I ;):Il ;)1 r" _let 

I'" m: lif,J ~jj:t;~ .. -C ' 

~ i~ it :lfl1+; tm ;r.:IFP', " 
i-l. ~ IT ~ Ii .11 :til 41 

.p. 

:If It i-, P. It; 

!Ii 
,J' T+;I# " I;.; 

!~ ; ,-. I tf: r 11r>: 11] 
''11 IT' r" 1.::1; 

.Jt!l fflllti t<t fi lth. . r 
11 Itl\+ irw .,:'* 1\1' w, 
ntl;.: I. It:¢:! It 1;', ~ ,ll ~~ htl til 
fi;! ffii ,'11 '!JIlt 't.' "":! 

i ~ :l£ tJ.1 fiil 1;11;' .;l i'futfil 'lUf:l,~, Ifflt ~ ",: lEi"" ,..;." ~ . 

Ir:: ~ :f.j 1!!l ~ I ~ lW~ i1" .1" rr.;:il: I,'lJ' .. 'It .'HUI W 11 

t- F;~ ~ 
',; li! It' Ifi.' ".I' - n- l>i ,...; .. f.~ ilf :$! 
L9~ t; F'? ,.... I ~' 111 ,......; 1~& I Fh N I"'" 

I;~ ~ ~r ~ ~ . " ,,~ I" .~ ~ / '" ;j J!. Iii' .it 10., 
~; " <;::. ~ 1~ :mIJl H J:d "4l '+! fu[ d! ~ iJY nMItt! 
18 Ib :; Ittij I' ,'1 Iii> 11!' i+f .f~ " if'/: mif ' ~{¥ . Ii 
~. "nla )3 i! ):!l. .~ 

It#'# :jJ ,H ,11' ,W ~' 'R til 'it. rt1Bv~ ." 
'if' i,ij ttf: I~ 11): .4; a 
g' ,1:1 Ft'1 '11 1m: if h, ilW ';r ;~ , I'€ It, I~~, l1t.' m 
. ,>1-J .~ ." i¥' 11+ I ~:fj: '::0 )j m ". li 'mm 

""$","'''l ~4 fT" I';';: a: '"'1M" ,' ''' . 'l.t 4i ttfi <: 
Jf 't1.I '+Ie'" Itt. l:1t~ ~ttm"W III '¥'~# ~~ 11+ + It! 

+il ..... ~.-r" tflf':l r.. V '" II; e:; '1 r?= 
'1' 1"- I.r( Y 1p"'1""1 cJh:I.;t 1m 1#1. !; .~t§ "'Ii:! ~ !+WF: I j it, fi:j ,1 It! 
'il:i .j :t tt" !:Ji '1# Wi, Jf , Hl #; ~ ~ 1*' "' ~ 'll ,.".i., ~ r- l"'i 
11 ~'i + ,'¥ ~I~~tf:tl ~."t \f;1l'tt t fu'l !fJ ~ [fl'fjJ'ltl111' -} c:; F't .'1t t\o.i ~ It:! 
~Hfl .,.. ~# " ,,~ lfJ' it :ltl1!: f' II ,\; +l afj· ..! n rq·'':1 ' F: ':"1 

#ttJ# )L~, mIIWtrtl.fI-. II{1T:m 'lJf(~ .:,'-. c1f <.. 1t.-r'flfl""I'ilt'/M" 'g ,uff 
t1 'J k 

.,. ij;; (,:' :dj 

r-, ~ r ' .J r. ~ r i I ~ ~ 3 Itfii'ff! t.!l 
~ I- J , lu } 

r"" 
:'1 ,,,> Wf" Itt: · tttI . ~:H ill 

Iv L ,,< F ~lt/ . it 1,1 
8 '11 

I ~ .1d t'ltt Irl: 



22 NACA RM No. L8B03 

I ~' ' ,,'iI 
Iff' ,;, 

1 'l!i;1' 
~%,.;J o¢t <it' 

}"'(i!t f.1 tit 
t l! If IT Ii' 

Ifl' :tiI 

'i! l:ffi 
fj:i liJit l :tl~ll i[til¥.= ~J>' ,.it iiV 
fj: ['11 all:):'1' 

''!!! ."' 
, 

ifr-fll; j #' t.--
11f t, :'1 , ... y/f-" 

,If" l!'t ~ r'1 m I!I1l 
p.:v,::~, 

Pi VY- ' ~, 

~ +!:.J."a ~-ilfj; . ,rtJ III 

Iffi '* ;"-

I~ 
11 ' ~ 

If#;:i" 
Iii ~ 

.)P 

-[I I"jL 11',, 1,;01; Ctt1 ',l im ',I!-' 
."~ ,!ti l·~ ,J, ,fl I" 

1ttl ft-"~J IF-
r~Fi ~' , 

!1,tt:;.1t If" ~ 
~ :jW li 

IE i 1tF ~ 

, 
" 

II" I' I±m 1ffil:11: W 
1,- '1-1 , Iii 

I ,f~ 



-- - - -----... -

NACA RM No . L 8B03 

-' « 
t
z 
w 
o 
~ 
z 
o 
u 

...J 
<t 
~ 
Z 
LA! 
o 
"z o 
u 

23 

~--- -------- -- -------_. 
j 




