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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Bureau of Aeronautics, Navy Department
WIND-TUNNEL INVESTIGATION OF A REVISED HCORIZONTAL
 TAIL SURFACE FOR THE GRUMMAN TBF-l AIRPLANE
By John W. McKee angd Robert B, Idddell
INTRODUCTION

At the request of the Bureau of Aeronautics, Navy Depart-
ment, an investigation was made in the LMAL 7~ by 1l0-foot
tunnel of the aerodynamic characteristics of a revised 0,5~
scale model of the Grumman TBF-1 left horizontal tail surface.
The investigation was undertaken to determine if a horizontal
tail surface with a large overhang would reduce the high
stick forces in maneuvers that the airplane had with the
original horn-balanced elevator, without appreciably affecting
the longitudinal stability characteristics of the airplane.

Preliminary flight tests of the XTBF=-1 airplane and
wind-tunnel tests of a 0.5-scale model of the left horizontal
tail surface with various amounts of horn balance (reference 1)
had previously been made. For the present investigation
the model of reference 1 was modified by moving the elevator-
hinge axis rearward, by increasing the percentage of aerodynamic
nose balance, by eliminating the horn balance, and by adding
a full-span leading tab. The effects of tab-elevator deflec-

tion ratio, tab-slevator nose seal, elevator hinge cut-out

seals, and elevator rudder cut-out were determined.




The results of the wind-tunnel tests, parameters estimated
from section data, and estimated control forces for the various
arrangements are presented 1n this report.

METHODS AND APPARATUS
The test setup 1s shown schematically in figure 1 and by

Foa

the photographs of figure 2. The semlspan model was mounted

vertically in the LMAL 7- DY 10-foot tunnel (reference 2)
with the inboard end adjacent to the floor of the tunnel,
which thereby acted as a reflection plane. The model was
supported entirely by the balance frame with a small clearance
at the tunnel floor so that all the forces and moments acting
on the model could be meagured. The flow over the model
simuléted the flow over the left semispan of a complete
horizontal tail consisting of the test panel joined to 1its
reflection and mounted 1n & 10- by 14-foot tunnel.

Provisions were made for changing the angle of attack
of the model and the deflection of the elevator’while the
tunnel was in operation., The elevator hinge moments were
measured by means of an electrical straln gage mounted within
the elevator.

The O.5-scale model was & revision of the model of the
TRF-1 left horizontal ts1l surface described in reference l.
The revised model had the same root and tip airfoil section
and chord and the same tip shape as the model of reference diy

The model represented the portion of the airplane cross-hatched




-5“

-
-

in figure 3. The model was tested with modifications 2a and
2b as shown in figure 4 and had the heémétrié charécterigtics
of table I. ~ The inboard end of the elevatdf of mpdification
2a (fig. 4(a)) was cut out to allow for rudder deflection.and
wa.s made similar to that of the original model (reference 1)
The elevator,of modification 2b (fig. 4(b))Aextended the full
span of the model with no cuﬁ-out to allow for'rudder.déflpqtionr
The elevator.of modification 2a was‘the type of control .
surface suggested in reference 5, having a lérge aerodynanic
balance and a leading tab. The elevator of modification Z2a
had a blunt-nose balance of approximately 50 percent of the
elevator area. The balance was' designed to have the center
of the noseArsach the stabilizer surface (unport) along its
full length at an elevator deflection of approximately oS
The blunt-nose balance shape was used because sectlon data
(referencesﬁj, i, and 5) indicated that a blunt nose added
less drag than other nose- shapes. The elevator was designed,~
as suggested in refereﬁce‘ﬁ, to hdve enough, bhlance or over-
hang to give modification Za a positive value of Cpn, in
order that the airplane longitudinal stability with controls
free Qould exceed that with controls fixed. A full-span
leading tab of approximately 10 percent of the total tall area
was provided on modification 2a to overcome the overbalance
of the elevator when deflected, The linkage of fhe tab 1s

shown schematically in figure 5 and the calibrations for the




various tab-eletvator deflection ratios are shown in figure 6.
The elevator hinge-moment coefficients include the effect of
the tab and linkege loads on the elevator. A reduction in

elevator area was permissable due to the increase in elevator
effectiveness caused by the leading tab, so the elevator-
hinge axis was 5.10 inches (ﬁodel dimensions) nearer the
elevator trailing edge than the hinge axis ofjthé original
model (reference 1). »

The model was tested with various elevator and tab gap
conditions, The dimenslons "a¥' and "p% (fig. 4) of the gap
at the elevator nose were varied. For some of'the tests
the gap was sealed with a sheet rubber seal that allowed an
elevator deflection of only *12°, The tab was tested with ' J
a small gap at the nose and with a grease nose seal, Both
elevator modifications had four cut;outs in the nose balance
for the elevator hinges and the elévator-déflectifg link
(fige 4). Bach cut-out was 1/2<inch wide.and'extended back
to the hinge axlis. Most tests wére run with these cut-outs
unsealed. For some tests they were se€aled with sheet rubbéf.
2Ly ALt beliéved that these cut-out sealsAhad somé small leaks
at large negative elevator deflections but the cut-outs nay
be conslidered completely‘seaied for all practical pufposes.

All tests were made at a dynamic pressure of 16.37 pounds ’
per square foot which corresponds to a Veiocify.of approzimately

80 miles per hour. The test Reynolds number based on the




model mean chord was 1,98@,006 for modification 2a and
2,090,000 for modification 2b.
RESULTS
Coefficients and Corrections

The coefficients used in this report.are deflned as

follows: )

Cr, 1ift coefficient (L/q%)

Cp drag coefficient (D/qS)

T : pitching-moment coefficient (m/qSc)

Che elevator hinge-moment coefficient (i,/qbeCe”)

where

L twice the 1ift.of the semispan model

D twice the drag of the semispan model

m twice the pitching moment about the mounting axis
of the semispan model

Heg twice the elevator moment of the semispan model
about the elevator hinge axis, positive whén.it
tends to depress the elevator tr;iling-edge

a dynamic pressure C%pV2>

S twice the area of the semispan model

b twice the span of the semispan nodel

c mean chord of horizontal tail (S/b)

be twice the elevator span of the semlspan médel

Ee root-mean-square chord of the elevatlor

a angle of attack, degrees




‘
€ angle of dovwnwash, degrees
A aspect ratio of complete tail (b2/S)
Og elevator deflect&on relative to the stabllizer,
degrees; positive when the trailing edge is
ceflected downward
O¢ tab deflection relative to. the elevator, degrees;
positive when trailing edge is deflected downward
g% ratio of tab deflection to elevator deflection
Og stick deflection, degrees
Fgq stick force, pounds, pull is positive force
al change in alrplane normal acceleration due to maneuver,
feet per second per second
g acceleration of gravity, feet per. second per second s
and ‘
.
-(3)
CLa T\, 6cy Ot
_ (ecr
CL@ = <—6'g-e- .
3w
ng T ('55]: Bl 10
a : Yoy é‘t (at a = OO)
Choe -2953)(1 (at 8¢ = 0°)
ag,. = (bq
e 7 ®e/c,
The results have been corrected for jet-boundary effects. 5

The corrections which were apnlied (by addition) to the angle

v

t, drag, pitching~monent, and hinge-rioment

=

of attack and the 11
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coefficients were:

A& = l.hér¥ Cr, (in degrees)
ACy = =0.016 x Cf, '
A%:Di = 0.00235 x' 02

ACy = 0.0069 Cf |

ACn = 0,006 x Cf,

o -

The method of determininz the corrections is presented

in reference 6. 'No corrections have been made for the

effect of the gap between the root section and the floor

or leakage around the support strut.
: R U : P IO
For. convenience in locating the résults a resume of the

tests is given in the following table::




Test} ap, levator Tab Modifi-jiFigure
no.! deg Ogi deg gﬁ gap gap cation 0O«
(SE
109 | -4 |20 to -20{No tab|/a = 0.22\| Wo.tab | 2b 17
110 | =2 e O.6j)
SLALAL @] seel
112 2
1L 3LE) 4
114 8
eNG 2
116 | 16 % N 4 W
117 -4 0 Unsealed 2a 7
118 -2 {
119 0
120 2
12l 4
122 8
123 12
124 | 16 3 Sl
117a| =4 Sealed 12
119af © '
121a 4
122a 8 Ne
N N
25 -4 1 Unsealed 9
126 -2
2y 0
128 2
129 4
110 8
&t e
132 | 1€ - W
133 -4 2 LG
134 -2
1355 0O
136 o
137 4
138 a
139 | 12
140 | 16 b N ki i ~V e
N
141 | =40 12 %o ~128) 0.5 & = 006\ | Sealed 13
142 | -2 | (b = 0,06
143 0 ) Nose
144 2 \\Vealeg
145 4 !
146 e 3
147 12 i
148 16 L A -J/ o 4 o
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12 to -1210.5 /a = 0,08\ Sealed 2a 15
o = 0.00
i Hose
i gsealed
Cut-outs
\ sealed
WV i
A \1/
i 16
N ‘ '
@ L 14
g N by i o i
20 to -20(0.56{/a = O.ZS\Unsoaled 8
| b = 0.67
eal

a = 0,06}
b = 0,87
No seal
2 -
{
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! i
W o N N S of v
ngle of artack 'of model In tunnel, uncorrected




DISCUSSION

Modification 2a, unsealed. - The results of the tests of

modification 2a with the elevator and tab nose gaps unsealed
and with several values of &¢/8¢ are shown in figures 7 to
ALl With bt/ée = 0 (fig. 7) the elevator had a positive

value of Chq and was overpalanced over most of its deflec~’

i

tion range. Table ITI shows that for 6t/ﬁe 0,5 the,elevator

m

was no longer overbalanced and as 6t/ée wag increased Ché'

became more negative. As 0t/0e was increased Ci;
) 4)
progressively increased and Cn, decreased, beconing O for

8¢/ = 2. The values of Cp, and Cpg (0 = 0) of table II
are in general valld for only small chﬁnges ﬁear zero angle of
attack and zero elevator defleetion. Corparison of figures 8

and 11 shows that reducing the elevator nose gap from

0.22 inch to 0,068 inch gave some increase in Cr, but did not
. This modification also reduced Cpg, and did

i)
not change Chge

Modification 2a, tab sealed. -~ Sealing the tab

(6t/6e = 0, Fig. 12) slightly increased Cry but did not

change CrLge The hinge-monent curves were about the same
except that Cp, was less positive when the tadb gap was sealed.

Modification 24, tab. and elevator nose scaled. ~ Com=

rarison of figure 13 with figure 11 shows that seallng the teb

and elevator nose gap slightly increased CL, but.did -not
increase Crg . when 8;/6¢ = 0.5, The-seals added negatlve
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increments to both Cn, and Cpge “The sheet seal used at
the elevator nose restricted the elevator deflection to the
unporting angle, 128

Modification 2a, complete seal. - The characteristics of

the model with the tab and elevator nose and elevator balance
cut-outs sealed are shown iﬁ figuféé 14 fo 16 for several
values of 0¢/0¢. Sealing the elevator balance cut-outs had
little effect on Chg at small elevator deflectlons'as
shown by comparison of figures 13 and 15. Bevond 4° deflec-
tion the hinge cut«out seals added balanece to the elevator,
The hinge cut-out seals increased Clg, made cha more
positive, and did not change CLge Comparison of figures 14
to 16 with figures 7 to 9 shows that the complete seal in-
creased Cr, and Cprg and in general added balance to the
elevator.

Modification 2b, unsealed., - The addition of the rudder

cut-out area to the elevator area (modification £b) with the
elevator nose unsealed (fig. 17) increascd CLy @nd greatly
incfeased CL@' For small elevator deflections, Ché was
negative, but the elevator was overbalancéd at large deflec-
tions, Chg Was reduced nearly to Zero.

Computed tail surface parameters. - Teble IIT lists the

parameters calculated for mocifications 2a and 2b, The
section data from which these values were calculated were

taken from references 5, li, 5, T and G Considerable
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extrapolation of the data was necessary. No corrections
were made for the hinge cut-outs and only approximate correc-
tions were made for the elevator nose gap.

The formula,

P (1)
DT wd L €Ly
= % A
(reference 8) was used to find the lift-curve slopes where p

CL(I =

is an aspect ratio correction and r 1is an end plate correc-

tion. A constant value of Clg (section lift-curve slope)

‘across the span of 0.098 with unsealed gaps and 0.102 with

sealed gaps was used. There is good agreement between the
calculated and measured values of Cr, for modification 2b
but there appears to be a loss due to the rudder cut-out of
modification 2a that the formula does not take into account.

The values of ap were obtained by the strip method

o

(assuming no induction) of integrating the section ag across

the s=pan.

ag = g— f ag X ¢ db (2)

07]
D

For a given percent-chord flap, etion. g has an only

partially determined variation with overhang, gap, and

elevator nose shape. This may explaln most of the discrepancy
between measured and calculated values of ag for the model.
The section values of ag for the sealed tab were taken from

reference 8. The unsealed tab was assumed to be 10 percent

less effective.
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‘The expression used to find CL6 was :
The span load distribution should affect Cp, and
Chge In the following equation 'Ly is thevspan load factor:

Py Lvgl s b/2 ¢
= —= JF 26 o2 bagy (L)
o}

Cn, =
B3 L pgte b oxgge fl ¢

For modification 2b, Cha was determined using values of Ig
obtained from reference 9 and for the case of Iy = 1.0, In

both cases Cha was computed to be'0.000h. In the estima=

tion of all other hinge-moment parameters, the span load factor

was assumed to be unity, Cng Was determined from the
equation:

2 2CLg

Chﬁ =

A more convenient form is:

: : o b/2 4 + 'l Zdb
) s g Cha c asgi ¢
e & [T e ]

2cL6 [‘b/Z( ) ;o | : s

20L b, .do
lComputed elevator control forces for the airplane.-

+

Several control characteristics. of the airplane were estimated
K. . for each of the configurations tested and are tabulated in
table II. The control characteristics were estimated from the

airplane characteristics shown in table I and the control-

b i é db + e . 2 ab (5)
e e . ce' — e c
52 ot o (Pe)ey ®0 Tt (h”)é i
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surface deflection determined from flight tests of the
airplane, corrected to the elevator effectiveness (?LG;)

of each modification. A constant value of maximum stick
movement of 550 was used. The stick forces were calculated
by the method of reference 1 for a center-of-zravity location
of 25.5 percent Gf the wean aerodynamic.chord point, approxi=-
mately the normal center-of-gravity position. The values of

! - : :
dFg d% , change in stick force per unit change 'in normal
g

acceleration or load factor, are the values at a load factor
of 3.5 at 217 miles per hour indicated airspeeds The
stick forces required to.land with power off were computed
with the airplane trimmed at an indicated airspeed of 120 miles
per hour with the flaps down.

From the’requirementsiof reference 10 for fhis type of
airplane it is believed that the stick force change per unit
change in acceleration should be about 20 pounds and the forces

to trim the change due to flaps or to land should be less than

55 pounds. It may be seen from table II that modification 2a

with a = 0.22, b = 0.67,\6t/ﬁe = 0.5, and no seals gives a
value of dFs/dg} of approximately 18 pounds, a force to
trim the change due to flap deflection of =il pounds, and a

force to land of 7 pounds. Figure 18 shows the effect of

tab=-elevator deflection ratio on the forces for various flight
conditions for modification 2a with no seals and with a
complete seal. The forces were approximately the same with

the gaps sealed or unsealed.
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The model of the original tail surface (reference 1)
‘had a large positive value ol Cng which would give the air-
plane greater stabhility with controls free than with controls
flxeds The revised model had smaller values of Chg Dbut in
no case was Cp, negative at small angles of attack. The
alrplane with the revised tail would therefore also have as
great or greater stability with controls free as with controls
fixed. Stick forces against spced for two power conditlons
and two trim conditions wer. estimated (fig. 19) from the
model data for modification 2a with no seals, with gap
Mgt = 0.22 ineh, and with 63,6 = 0.6, The foreges are low
over the speed ranges investigated and in general have stable
slopes.

CONCLUDING REMARKS

The results of the tests show that a satisfactory hori-
zontal tail surface for the Grumman TBF-1 airplane could be
built without the ure of a horn balance. Such a tail surface
should also be satisfactory on a high-performance high-speed
airplane if the balance nose does not caucse compressibility
troubles when the elevator is deflected. The Grurman TBF=1
airplane with a tail similar to modification 2a with
6t/86e¢ = 0.5 with no seals would have satisfactory atick forces
for turns, to land, and to trim the change due to flaps, The
longitudinal stability characteristics of the airplane would

not be seriously affected. Changing the elevator gap




dimensions and sealing the tab and elevator gaps and balance

‘cut-outs had only minor effects on the aerodynamic chsaracter-

o
2

istics of the tall surface and on the estimated flight

C

i

characteristics of the airplane. The tab-elevator deflec-

=5

tion ratlo had a large effect on the hinge moment dus to

elevator deflection and a small effect on the hinge moment due
to angle of attack. More complete sectlon data of "fleaps

with large overhangs and the effect of balance and flap cut-
outs are needed to make accurate estimations of the character-
istics of tall surfaces with large amounts of balance.

Langley Memorial Aeronautical Laboratory,

Nationsl Advisory Committee for Aeronautics,
Langley Fileld, Va., February 24, 1943,
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TA

BLE I

O0.5~scale semi-
span model of

0.5~-g8cale semi~
span model of

RTBF-1 modified hori- [modified hori-
airplane zontal tail zontal taill
surface surface
modification 2aljmodification 2b
Gross weight, lbs 12,910 e T
Wing area, sq ft 490 ————————— e e ——————— -
Sticlk length, ft 1k 510) e e e e ——————— -
Stick movement, deg 59 o | o e e e
Flevator movement, 177 up, variable ¥Fr<O ap;
deg, (relative to 11.0 down 10.6 dovin
stabilizer)
Horizontal tail
area, sq £t RIS, LN 2 14,88
Jorizontal tail
span, ft 20,83 5.20 SEA0,
Elevator span, ft |e--escocc== - 4,79 44,96
Flevator area
behind hinge
ISlmelsigg (TG 48.00 4,21 4,96
Elevator root
mean square
ghord, It 200 « 935 1.043
Slope of ittt ‘curve 078 | mmmmm e | —————— o
3¢/ da i PRS2 MO A gl s
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LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD. vA '

TABLE II
SUMMARY OF TBF-1 REVISED HORIZONTAL TAIL CHARACTERISTICS
Fig- [Modifi~|Elevator i | Chy | Chg o |Fs to| dFs| Fy
ure |cation | gap Tab gap| 6+/8e | C o] ° C : 5 required|land a' [to trim
e Ra |(6=0)[(6=%10)|to land | (1b) | 9% |flaps at
. (deg) (lb) V4=120 mp!
(1b)
g ia = 0,22 0 0.057 |0.03L |-0.60 [0.0012 {0.0021{ 0.0040 -20 =32 | -9 -
2 ;b = 0-67 -05 0057 oo ‘.g).l. .0010 —.00)4.2 ------ -17 g 18 -1
9 & |No seal -|Unsealed| ;.3 | 057! .0L7| -.82| .0008{-.0107| ---u-- -15 28 | 28 =1
10 ; 2.0 | ,057 | .055 | =.96| .0000|=.0217| =====w. -13 53 | 58 =27
fa =0, 06 _ -
L3y 2a b = 0.67 |Unsealed 5 | +058| 042 | «.72| .0006]|-.0042] “ecee- -17 8 (17| -22
{No seal
a = 0022
12 2a b = 0.67 |Sealed 0 <057 «035| =.61| .0009]..0020| .00L4O -19 =3l | -7 -6
|No seal
a = 0,06 .
13 2a b = 0.06 [Sealed 5 | 059 042 | =.71| .0003{=,004)| ~===n- -17% 12 | 16 -9
Nose . |
sealed |
a = 0,06 .
1L b = 0.06/ 0 .059 .ois -.59| .0013 ® .0057 -20 -38 0 -1
1 2a Nose |Sealed 5 | +059| 043 -.g} ¢0009 | =,0043| ==--=- =17 2117 =10
1 sealed | 1.0 | .060| ,050| =¢83| 40011{-,0110| ====- - -15%8 27 | 39 -15
Cut=-outs! : j
sealed ;
a = 0.222
17 2b b = 0.67{No tab |No tab| .058| .o42| -.72| -,0002|-.0013| .0009 -17 18| = | 2
No seal |

Hinge moments for elevator deflections ‘greater than 12° are fronm extrapolated curves.,

@® Indefinite at

¢

0.




TABLE IITI

CALCULATED VALUES OF TBF-1 REVISED

HORIZONTAL TAIL PARAMETERS

: !
Pigure CLQ CL5 ag Cha | Ch@
(3= rin)

g 0.060 { 0.03) | -0,57 | 0,0007 | 0.00%8
.060 Ol | =9 | =rmmen | emeem-
9 .060 .0l w4 B2 smnmen [ i
10 .060 .ogi +1,06 ] pe-atall Cdoesua
Y .060 OLL | =469 | memmen | wedaa
gk~ .060 ok eSS B .0007 .0038
1 .062 0 Tl | wmtmen]  cemmes
1l .062 .OEZ -.57| -,0028 | 0029
15 062 .04 -.Zl ------ | smcm= -
16 062 L0952 | =.8l4) -=---- |-
17 .058 0371 =.63 .000); | .0038

! {




L=702

3;/747/7/76/ war/

Mode/

7unnel Hoor

Modae/ suppor? ‘

PN
‘ Lajorce Frome

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

rigure | - Schematic diagram of test. installotion




L=-702

Figure 2.-

(a) Modification 2a, be =8.0°, 6,/6¢ = 1.0,

Revised 0.5-scale model of TBF-1 left horizontal tail surface.




Modification 2b, &g = C.

. Figure 2.- Concluded.
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Ponel lested

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 3.~ Plan form of the Grumman 7EF-/
alrplaone.
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left horizontal tail surface.




L=702

1.99—» (¢ 720>
NATIONAL ADVISORY
COMMITIEE FOR AERONAUTICS |
] |
[
II
%m i
:
’I
| 4
I’ £
|
[
| )
[ >
I v
| 0
| «l

¢ hin

FSc /
|
¢ link /
RS ;
9,25 /I

Y b 580

2.20 | g
P

- 4497

b — T

TYPICAL SECTION

(b) Modification 2b
Flgure4 ~ Concluded.




05 | 1.0 [20

20.96(13.50| 7.34
20.36| 5.24| .34

<|x[$”

Link-stabilizer joint
\ ¢ tab hinges

242 —\ -
| 14.25 ~

. =
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Figure S ~Schematic diagram of tab linkage.
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