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L By Edward c Polhamus and. Thcmas J King, e

gﬁlixl v 1 An 1nvestigat10n was made in the Langley hlgh-speed 7— by lO—foot

%'W‘jﬁ tunnel to détermine the hlgh—speed lateral .and directional stability..

v -characteristics of 'a O. lO—scale model of the Grumman XFOF-2 airplane

o _in the Mach number range from 0 hO to 0. 85 .

The results 1ndicate that static lateral and dlrectional stabllity
Fis present throughout the Mach number range investigated although:in
\?the Mach number range’ fram 0. 75 to 0. 85 there is an appreciable - ‘decrease
Lin rolling mament due to 51desllp Calculations of the dynamlc stability

v ‘_indicate that according to current flying—quality requiremenis the -
i ‘damping of the lateral oscillatlon, although probably satisfactory for
s ' the sea~level’ condltion, may not be satlsfactory for the majority of |

the altitude condltlons investlgated.v_)"

"H‘TTRQDUCTION |

At the requestfof the ‘Bureau. of Aeronautlcs an. 1nvestigat10n ot
the high-speed. stabllity and control characteristics of ‘a 0.10-scale:
mOAEI 6f the GFimman-¥FF2 -airplane was . conducted in the. Iangley
v,high—speed 7—'by lO—foot tunnel.c s

lilj; 21.;;;L;7 bf.',hﬁéé ;
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- The results of the longitudinal stability and control inyestigation ‘
have been reported in reference 1. The present paper presents the a
resilts of the lateral and directional- gtability investlgation. at Mach

,«numbers ranging from 0.40 to 0.85, and includes calculations of the
" estimated’ period and damping characteristics of the rudder—fixed
'“lateral oscilLation. ,

| CORFFICTENTS AND SYMBOIS |

P w;}d, The stability system of axes used for. the presentation of the data,.
S uogether with an. indication of the positive forces, moments, and -

. ' angles, is presented in figure l The syﬂbols used are defined ag’

2o "‘"follows:w;;g;,‘.,_ T , ‘ S

B ET coefficient (Lift/qS)

: :'f,j_'roiling-moment coefficient (L/q_Sb)

L ,;iyawingqmoment coefficient (N/qu)

e lateral—force coefficient (Y/qS)

i LB Lsﬁ:wwfi‘*‘&k‘fkmf- e

V:, foot-pounds ,;_,f

x”51ateral force, pounds

I §

;Fipﬁﬁ;;tf :‘.fffirolling moment foot—pounds
N
Y
W

r‘fweight, pounds

?free—stream dynamic pressure, pounds per square foot

'fmass density of air, slugs per cubic foot:l

e AT -

':_;_free—stream uel*,ity, feet per second

' f?uwing area?‘square feet ;~,'3_j~f”' - l'tp':'”"”.[{a

o 1 ?'wing span, feet -
F ms .

. ﬂ"u“""wxz e\.‘?fo.

a Mach nunber' (V/a)

a .‘;:1c" ajfvelocity of sound, feet per second o
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Reynolds number (chf/n)

e p—

L B A

L _.absolute viscosity of air, slugs per foot—second _

Ja‘ : o ;“ angle of attack of model, meagured fram the X—axis to
o the fuselage reference line, degrees

1 & '..”‘angle of sideslip, radians
\ "angle of yaw,. degrees
i
3 L S
5; = . -'o”angle of attack of principal longitudinal axis of air—
i SR .. plane, positive when. principal axis is above flightAH
%ﬁ‘ e path at the nose, degrees
L ‘@ , Hl'fangle between fuselage reference line’ and principal axis,

o positive when fuselage- reference line is. above principal
P axis, degrees _fli' - . B
Uﬁf{angle of flight path to horizontal axis, positive in a :cf"
' climb, degrees ' ‘ SRR ,

- rolling anbular velocity, radians _per second
";yawing angular Velocity, radians per second

bufrfradius of gyration in roll about principal longitudinal
L axis, feet Lo v _ S

{. nf‘dradius of gyration about principal normal axis, feet
? ltiperiod, seconds i ‘ | S o

E t‘cycles to damp to one—half amplitude‘

% i“i;_timeito damp to one—half amplitude,>Secondsnf . -
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‘ APPARATUS AND METHODS

Tunnel and MOd.el

The tests were conducted in the Langley high—speed 7— by lO—foot
tunnel which is &’ closed rectangular tunnel of the return—flow type
;with a contraction ratio of 15 7 to l R ‘

' teel model was constructed at the David Taylor

ock,- Maryland._ Details of the model as. tested

figure 2._ The model was tested through a Mach number
.85 at various angles of yaw on the sting support

ion of test Reynolds number with Mach number for average‘ :
'presented in figure k.. The degree of turbulénce of

lown but is believed to be small: because of .the high

Experience has indicated that for a. ‘model of thls .

effects should not invalidate the test results at. -
.corrected'Mach um .ers ‘below about O -91. - S .

Supp ort System

: system was used to support the model in the tunnel
and a photograph of the test setup 1s presentéd as figure 3. The sting
extended fram the Tear of. the fuselage toa vertical strut located
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. . behind the test section. This strut was mounted on the tunnel balance
W e e o 8Y8hem and was shielded from the air stream by a streamline fairing.
3 ? . © The tare forces and ‘maments produceéd by ‘the sting were determined - .
Ly . ;j:through the Mach number range by mounting the model on two wing stings s

é ' “‘which were also attached to the vertical strut, and testing the model -

} with and without the cenmter sting. With the center sting in place, the

¥ . duct flow was bypassed through a hole in the underside of the aft _

i portion of the fuselage, while without- the center sting, the flow was -
' Qfexhausted out of the rear of the fuselage. Therefore, the corrected data
" represent, within practical limits, the power—off condition with flow out
R -.of the rear of the .fuselage. Angles of yaw were: changed by the use of
SR o interchangeable couplings in the stings aft of the model. The deflec— -
¥ - tions of the support system under load were determined fram static .

. loadine; tests. : wo : :

Corrections ', 'f,, |

R ’.I‘he test results have been corrected for the tare i‘orces and.

moments produced. by the support system The corrections.due to the

-k ,jet—boundary induced- upwash were computed and found to be negligible

7 ’and therefore ‘have: not been applied. The dynamic pressure and Mach
R 1 4 bee *’corrected for blocking by the model and its wake by
"_fgthe method of reference 2 : ‘ , e

DISCUSSION

1 od. ta.— The basic data are presented in figure 5 in the form
,of side—forc ,;',yawing—mcment > and rolling—manent coefficients plotted .
'against angle t zero: angle of attack for various Mach numbers

N

.E.,\a.)\..}_‘n,.,.

Iateral—stability parameters - The lateral—stability parameters s

S obtained fran the basgic data of figure 5, are presented as a function N
. of Mach muber in figure 6. The values, when extrapolated to'a Mach*

. number of 0.18, are in good agreement with the low—speed’ wind-—tumlel

. results presented in reference 3 with the exception of the effective

: dihedral parameter Cs ¥ -which appeare to b? about 15 percent higher

TS AR i ey

. than the low—speed value.‘.b However, the low—speed model was tested . ‘
“without tip tanke, and it has been demonstrated ‘on similar models (for . .
example, fig. 29 of reference 4) that tip tanks can easily increase ‘the
dihedral effect by th:Ls amount L

V»MV‘ JM..;"V N«i @ﬂc -g,‘s.‘, ..ﬁ 3

RPN LS S T
i, .

K At a Mach number of 0. hO 1 'e ef:t‘ective dihedral parameter Cz \lf

3 fog n
. is equivalent to about 10° of positive gecmetric dihedral and increases
..., with Mach number up- t0.0. 75 where it is ‘equivalent to about 15© of _
- .., positive geapetric_dihedral. A (See reference 5 ) AbOVe a Mach number -




e ments,- the damping of the oscillation is- satisfactory for the. sea—level

".‘due to sideslip.
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of 0.75.there.1s a decrease in the effective dihedral with increasing -
- Mach number which is probabl;,r ‘due to a loss In the wing dihedral effect
‘since the loss occurs at the same Mach number as the loss in lift- Loy
curve slope (See fig 10 of reference 1. )"' SRRl L e - *-*

Static directional stability Cn ’ is present throughout the Mach '

¥

number range and increases from 8 value ‘of 0. 0021 at a Mach number :
of 0.k0 toa value of . —O 0027 at a Mach number of 0. 85

Dynemic stability.— The period of the rudder—fixed lateral v

oscillation and the time and cycles required : to damp the oscillation

' to one~half- amplitude have been'évaluated by the method of reference 6_ L
fand are presented in figure T for. several wing loadings an_d altitudes )

: throughout the Mach number range. The various: ‘parameters used in’ the o
~‘calculations are presented in table I. 'The rotary derivatives were L
estimated with the aid of references 3 and T.%0 10: Also, presented
" in figure. T is a comparison of the damping characteristfcs with the _
‘ requirements set forth in reference 1l. According to these req_uire—-F--'”"“'

-condition but unsatisfactory for the majority of the altitude conditions
inVestigated. S , : R S Sl

-JCQNCiUSiQnsz‘f

: Based on high—speed wind—tunnel tests Of the lateral stability
‘characteristics of a 0. lO—scale model of the Gnmman XI‘9F—-2 airplane

Sy have been drawn

‘ l. Static ILateral and directional stability is present throughout
.. the Mach number range investigated ‘although in the Mach humber range - -
" ‘fram 0.75 to 0.85 there is an appreciable decrease in rolling manent o
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. 2 Ca.lculations of the dynamic stability indicate that according

to current’ flying—quality requirements the damping of the lateral - - .- .
- oecillation, although probably. satisfactory for the sea—level condition, T
% may not be satisfactory for the ma,jority of the altitude conditions CA
o investigated. e S e .
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L : PARAMEI'ERS USED m THE CAICUIATIONS OF THE PERIODS ANZD DAMP]NG

', A T ' OF THE TATERAL OSCIIIATION OF TEE GRmaAN XI‘9F-2 AIRPIANE

W/s [Altitude | M | k2 |2 | €] T leg

| STED6IS WE VOVR . .

0. 0. 379} ;_-0‘-»51#4;; o 1&7- o 027 5. 231: -o;._11h;o:129 —0:631 |
S -2T9f o —esk6 |- .132 | .038 =230 | -.119 .135 | —67L |
C2k3 = 5T .18, k2| =229 | =122 .140 -,688'
c| 2131 =584 10126 | 043 =232 11109 | L146 | =711 |
U] w190 f e —i5gk | a122 |l =056 | 155 | =718

0 ]0.253 ;,:o;519," 0.110 5 0.036 |-0.229 | —0.110 |0.120 |—0:619 | -
| -083 } __..'5’46"‘[ .080 |=.052 | =228 —.119| .135| —.671 | R
- 072 | =.57L| .079: ..053 | —.227| —.122'| .140 |- -.688 | G
| 063 ] =584 | .078°| .05k }-—.231| -.109| .146 | —711 3 R
] 056 —.504 .07877 .05k | —.2h5) —.056| .155 | —T18 | -

0 [0.569 | ~0.519 | o 173 [0.008 {~0.236 | —0:110: 0.120 |-0.619
| 253 ~e5kbk| 118 | 2038 | =229 1 —.11k | .129 | —.631
1861 =546 | .107| 045 | —.228'|"~.119 ,-135; —67L |-
] .162 ) =571} .105- | 048 | —.228 | —.122| .1k0 | -.688 |
k2 =58k i103| (048 | —.231 | —.109°| .146 | —.711
|26 '-~._591_;;~; ©.101 | LOWT |.—.2k5 | —.056 | .155 | -.718

e = At
15 S &
.80 |
. 60 éea 19791 OhO h05o 79:80 2.8]
a0 | 30,000 0.40 | 13.75 | 66.80 | 2.8

:‘l:‘ oK} =

FHHORO | vl w o] oo owd | &

ci-c\_r B R

phbllo

” S e
}_ o S Y
15.85

|40 Sea ;1eve_i, q.ho _1’3."75: 6680 2.8

L bl ow

0-10.169{ -0 ). 519 o_.‘092;‘ 0.043. |-0.228 -0.110 0.120 [-0:619 |

o] 075 | =S4 | 075 | 052 | =228 | — 11k | .129 | —. 63L:|.
o055 | =5u6 1 L073 w054 | —.227} —.119 | 135 | —.671 |

048 | eu5TL |07 | W055 | =227 | —.122 | .10 | -.688 |-
02 | =584 |- .02} 055 | —.231:] -.109.] .146 | —.711
037} =594} .0T1 056' —.245| —.056 | .155 | —.718

I
| 1ol

I Cfeee

l . -85 Tl
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Flgure l.— System of axes and con‘brol—surface hinge moments and
'deflectlons. Pogitive values of forces, moments, and angles -

- are. indicated by arrows. ‘Positive values of tab ‘hinge moments -
e e .and- deflections..are.in the same directions as the positive
I ,‘values for the control surfaces to which the tabs are attached.
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TABULATED -DATA. -~

Wing R, S .

Seoton i NACA 64A02 :

" lncidence - - o

Taper ratio s 046

" Aspect ratio - — 497

Area ) o 2.500sq F+

Mean Gsomstric Chord * T 0.746 ft

* Horizoptal foif . : " {7p NACA e#A0i0 ’
Section B - Root  NACA 64, A0/2

Taper ralio - : _ 0417 |

Aspect ratio - . . - 4T

Area S o 0.626sq 11+

BTZDOTIS W VOVN

0.5 o
- Seals,inches -

NACA—~ . 4

i : SN Y — 2 -
20— | oy —2s03

4553

Figure 2.— Gensral arrangement of 0.l0-scale model of Grummen XFGF-2 airplans.
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3.— Photograph of the c

._Ho,uwomu...m

model of ‘the Grummsn XFOF-2 airplene mounted on the sting
-gupport. , ’ : , e
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Figure b~ Varlation of tes‘b Reynolds number with Mach number for the 0.10¥scale model of the Grumman

XF‘9F—2 airplane .
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Figure 5.— Aerodynamic characterlstics An yaw of the 0. lO—ecale model of the Grumman H‘9F—2 alrplane )
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' Flgure 6 — Effect of Mach number on-the lateral—stability parameters of
the O 10-scale model of the Grumman XE‘9F—-2 airplane , @ = 0%
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Figure 7.— Estimated characteristics of the lateral oscillation of the Grumman XFGF—2 sirplene.
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