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'ADVANCE CONFIDENPIAL REPORT -

PLIGHT TESTS OF DIVE-RECOVERY FLAPS ON AN XP-51 ATRPLANE

By De E. Beeler and Walter €. Williams
. STMMARY

A flight investigatlion was made to determine the
effectiveness of dive-recovery flaps installed on the
XP-51 airplane as a safety device for recovery from con-
templated terminal-velocity dives. This dive-recovery-
flap installation 1s described and results are presented
of measurements obtained during stick-free pull-ups:and
pull-outs made by deflecting the dive-recovery flaps to
two selected values of flap angle. Tests were made for
a range of Mach numbers to 0,75 at an altitude of approxi-
mately 20,000 feet.

The results of the tests showed that the flap effec-
tiveness decreased after & Mach number of 0.65 was reached
and indicated that a satisfactory dive recovery could be
made by deflecting the dive-recovery flaps 21.5° at Mach
numbers up to the estimated terminal Mach number of the
airplane. Results calculated from data obtained in tests
using a 30° flap deflection indicated that the design
load .factor may be exceeded during high-speed dive recov-
erles ‘'at altitudes below 15,000 feet. The tests further
showed that no buffeting occurred when the flaps were
deflected and that no rolling of the ailrplane was ‘
encountered during tests when the flaps were deflected
unequally. ' ‘

INTRODUCTION

Considerable difficulty has been encountered in
recovering from high-speed dives with present-day fighter
alrplanes. (See reference 1l.) TUnpublished wind-
tunnel tests of the Lockheed P-38 airplane and flight
tests of the Republic P-l7 airplane have shown Gthat
dive-recovery flaps, which are small auxiliary flaps
on the under surface of the wing, are effective in pro-
ducing the acceleration regquired to effect a dive pull-out
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at high speeds, even when other .controls prove useless.
The North American XP-51 airplane, on which dive tests
up to the terminal Mach number were being made, was
therefore equipped with dive-recoVery-flaps as a safety
. meagure.

Tests of the dive-recovery flaps were made as part
of the general program of dive tests. A description of
the design and installation of dive-recovery flaps is
presented herein together with data obtained in flight
to determine their effectiveness.

APPARATUS

Airplane.- Tests were made of the dive-recovery

'~ flaps installed on an XP-51 airplane. A photograph of

‘_the airplane is shown in figure 1 and pertinent dimen-
"sions and data are given in the following table:
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Dive-recovery flaps.- The dive-recovery flaps were
designed and installed at the Langley Laboratory of
the NACA. The size and location of the dive-recovery
flaps are shown in figure 2.. These flaps were construc-
ted of 1/l-inch mild steel, were attached at the leading
edge by a piano hinge, and were hydraulically operated.
Fxternal views of the flap installation are shown in
figure 3. The size and location of the flaps were
selected to simulate as nearly as possible the dive-
recovery flaps on the P-47C-airplane, The relative slze
and location of the flaps, based on wing dimensions, on
the P-L7C and XP-51 airplanes 1s shown in the following
table:

Location of Chordwise
Ratio of | Ratio of |Ratio of inboard end location of
. flap span [flap chord |flap area|of flap, per- | flap hinge
Mrplans to wing to wing to wing |cent semispan iline, percent
span chord aresa from plane of local
symme try wing chord
p-L7¢ | 0.1960 0.,0796 0.0166 25.3 30.0
XP-51 .1350 .0875 012l 32.8 l 2 57

The ratio of flap span to flap chord was somewhat dif-
ferent for the XP-51 airplane from the ratlio for the
P-l7C airplane. This difference, however, could not be
avolded since the flap span of the XP-51 airplane was
limited by structural considerations, and the chord was
increased to maintain an area proportional to the area

of the flap of the P-L7C airplane. These same structural
considerations prevented placing the dive-recovery flap
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as far inboard as the dive-recovery flap on the P-47C air-
An attempt was made, however, to have as much of
the flap as possible in front of the horizontal tail,
since wind-tunnel tests have shown that a part of the
effectiveness of the flaps is due to a change in downwash
at the tail. An initial dive-recovery flap deflection

plane.
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of 300 was used, because experience has shown that greater
deflections would cause serious buffeting.

Instruments.- In the tests. of the dive-recovery flaps

on the XP-51 airplane, standard NACA recording instru-
ments, synchronized by means of a timer, were used to
obtain the following quantities:

Indilcated airspeed

Normal and longitudinal acceleration
Lltitude

Blevator position

Dive-recovery-flap position

Elevator and alleron stick forces
Pitching angular veloclty

Pressure variation at orifice on upper surface of .

Temperature of the free air was obtained from an indi- .
cating resistance thermometer corrected for adiabatic

rise.

An

AP

Ax

dFe/dn

stabilizer (see fig. 2)

SYVMBOLS

incremental normal acceleration, g units
elevator stick-force ilncrement, pounds

longitudinal position of center of gravity, per-
cent mean aerodynamic chord

percent change in center-of-gravity position from
selected valuse

stick force per g, pounds per g
dive-recovery-flap deflection, degrees

standard air density, slugs per cublic foot
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a velocity of sound, feet per second
W gross weight of airplane, pounds

M Mach number

Be elevator deflection, degrees

TESTS, RESULTS, AND DISCUSSION

The characteristics of the dive-recovery flaps on
the XP-51 airplane were investigated at Mach numbers
ranging from 0.27 to 0.76. The airplane was trimmed for
zero stick force in gliding flight at a given speed and
then the dive-recovery flaps were deflected. Records
were taken of the dlve-recovery-flap deflection and the
ensuing maneuver. The pilot was instructed to simulate
the stick-free condition during the maneuver and to use
control only to prevent excessive accelerations. The
test runs were all made at a pressure altitude of approxi-
mately 20,000 feet.

Time histories of use of the dive-recovery flaps
with the initial dive-recovery-flap deflection of 30°
are shown in figures L. to 10.. These figures show that
the increase 1in normal acceleration due to use of the
dive-recovery flaps is smooth and similar to that which
a pilot would effect in a dive pull-out. It may be
noted that even though 1in several of these maneuvers
the dive-recovery flaps did not deflect equally, the
pilot reported no appreciable rolling, which indlcates
that some differential-flap action can be tolerated.

The time histories of pressure coefficient p/q at an
orifice on the upper surface of the horizontal taill
(fig. 2) were used to determine whether any tall buf-
feting occurred during use of the dive-recovery flaps.
The data confirmed the pilot's opinion that no buffeting
ocecurred. The size and length of tubing connecting the
orifice to the recording pressure cell was such that
oscillations of about 25 cycles per second or less could
easlly be recorded.

From the data given in figures li to 10, the change
in normal acceleration An due to use of the dive-
recovery flaps at various Mach numbers was determined.




.. Change in elevabtor stick force during maneuver
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These values of ~An 'are“given in table.I. In evaluating
these data the Mach number was taken.at the time of appli-
cation of the dive-recovery flaps; the altitude and flap
deflection used were those at which maximum acceleration
occurred. In the case of unequal dive~recovery-flap
deflection, a mean value of right and left dive-recovery-
flap deflection was used. In figures l;} to 10 some slight
variations in the altitude and dive-recovery-flap deflec-
tion, which tend to introduce scatter in the measured
results,. are shown to occur at the time of maximum accel-
eration. In addition, some experimental scatter resulted
from the pilot's avpplying small amounts. of elevator stick
force during-the maneuyer and from slight differences in
the weight and center-of-gravity position for the various
runs.: Because of these differences, the values of normal
acceleration due to use of the dive-recovery flaps were
gorrected te the following selected conditions:

o e
Altitude, feet el ot S (s e b R s % 20,000

o BMLEG T GRsE IS i e ialet s ete e i TS e SRR R i TR R L S E Rt (O

NG, "movnds o e E R a0 a w e e e St RS0
Center-of-gravity position, vercent mean
e ione o e o M ot s S SRR R T S S - 2 S 1]

5 In correcting the data to the foregoing conditions,
it was: assumed that the operation of the dive-recovery

. flapsg- does not change the slope of the wing-1lift curve,

. that+the effect of the dive-recovery flaps is linear
within.a small range of flap deflections on either side

.0 . the selected flap deflection, and that .the resultant
.-change Iin normal acceleration or change in lift coeffi-
i elent Jis independent of -the 1ift coefficient for trim
with . .the dive-recovery flaps undeflected.

: The values of incremental normal acceleration were

. corrected: to zero change In ‘elevator stick force and only
the elevator stick forces were corrected for center-of-
gravity position by the following equation:

= LFg
(An)ém =0 %) s S —
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where subscript s denotes the selected conditions pre-
viously specified. The value of An was not corrected
for change in center-of-gravity position becsause the
effect of this variable had not been determined from
flight testa. It is thought, however, that such a8 cor-
rection would have a larger effect on the measured results
(&)
s dn

than the correction obtained from e~ Ax.
] X

The values of dFg/dn and the rate of change
of dFg/dn with center-of-gravity position were deter-
mined from the flight tests as 8.5 and 1.2, respectively,
for the selected center-of-gravity position. 1In deter-
‘mining AFg, stick-force increments of less than 1 pound
were ignored since such values would be within the accu-
racy of the control-force recorder, The increment AFg

was determined as any change in applied stick force that
would contribute to a change 1in the acceleration resulting
from deflection of the dive-recovery flaps. The values

. of AFe and Ax used are given in table I. Values of
incremental normal acceleration corrected for stick-force
change and center-of-gravity position are also given in
table I. i '

The values of incremental acbelerétlon, An were
corrected to the selected .altitude, flap def lection, and
weight by the following equation:

4 P Op
o (EE)E(E)

Values of Ang are given inutablé I. These values are

shown plotted against Mach number in figure 1l. Curves
are also given in figure 11, which show the effect of
the dive-recovery flaps at altltudes ranging from 10, 000
to 25,000 feet. These curves were derived by the fol-
lowing equatlong

2
Ang gy (Pa)= 14

020,000 £t (Pa2)5p opo £t
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In calculating the effect of the dive-recovery flaps at
altitudes other than 20,000 feet, the same assumption

was made as in correcting the data to the selected alti-
tude - that is, the resultant change in normal accelera-
tion is independent of the 1lift coefficient required to
trim the airplane with the dive-recovery flaps undeflected.
As can be seen in figure 11, dive-recovery flaps deflected
30° can cause acceleration increments at the lower alti-
tudes in excess of the design load factor of the airplane.
When this possibility became evident, the dive-recovery-
flap deflection was reduced to 21.5° and tests were
repeated.

Figures 12 to 21 are time histories of the test runs
made with the dive-recovery flaps deflected 21.5°. The
change in normal acceleration with Mach number was deter-
mined and the values of incremental 'acceleration were
corrected to the selected conditions in the same way as
for the tests of the dive-recovery flaps deflected 509,
The variation of change in normal acceleration due to
deflecting the dive-recovery flaps 21.5° with Mach number
is shown in figure 22. The curve shown for the variation
of normal acceleration with Mach number at an altitude
of 20,000 feet was obtained from the corrected test
results and the curves for other altitudes were calculated
on the basis of these results. Figure 22 shows that the
dive-recovery flaps set at 21.5° will produce an adequate
stick-free dive recovery at all practical altitudes within
" the Mach number range tested without exceeding the limit
load factor of the airplane. -

Figures 11 and 22 show that the maximum effectiveness
of the dive-recovery flap when deflected occurs at a Mach
nunber of approximately 0.65 with a decrease in effec-
tiveness as the Mach number is increased. Also, no con-
sistent trend is apparent when test values of either
flap-deflection setting are corrected to 21.5° or to 30°;
therefore the effect of the flaps can be considered to
be linear between these two angles.

Tests to terminal Mach number of the airplane, which
is estimated to be 0.82, have not been made using the
dive-recovery flaps. The present data, however, indicated
that the dive-recovery flaps. would in an emergency effect
a satisfactory dive recovery at the estimated terminal
Mach number of the XP-51 airplane.
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The elevator deflections that would cause a change
in longitudinal trim equivalent to that caused by
deflecting the dive-recovery flaps. were determined by
flying with the  flaps undeflected and.with the flaps
deflected 30°. The data obtained are given in figure 23,
which shows that deflecting the dive-recovery flaps 30°,
in the Mach number range tested, would result in a normal
acceleration corresponding to that obtained with approxi-
mately 2° change in elevator deflection. At very high
Mach numbers, however, the elevators may become relatively
less effective in producing a change in normal accelera-
tion. :

~ Wind~tunnel tests have shown that the change in
longitudinal trim provided by the dive-recovery flaps
at high Mach numbers is caused by a change in pitching
moment of the wing and by & change in angle of attack
of the tall. The effect of change in pltching moment of
the wing is rather small compared with the effect of the
change in angle of attack at the talil when the dive-
recovery flaps are placed at about one-third of. the wing
chord behind the leading edge. If the flaps are installed
farther bhack on the wing,the wing pltching moment becomes
negative and 1s of such magnitude as to cause an appreclable
reduction in the effect of the dive~recovery flaps. ..The
two factors that contribute to the angle-of~-attack change
at the tail are: (1) 2 decrease in angle of attack to
maintain the same 1ift (change in the angle of zero 1ift),
and (2) a change in downwash at the tall due to a change
in spanwise loading on the wing. The change in downwash
at the tall due to the altered spanwise loading can be
seen to be greatest when the dive=-recovery flaps are
directly ahead of the tail,

Available data indicated that seleection of satis~
factory dive-recovery flaps for any conventional airplane
is possible. The flaps should be located approximately
one-third of the wing chord behind the leading edge and
should be shead of the horizontal teil. The selection of
dimensions of the dive-recovery flans should be based on
wing dimensions as in the present case. Somewhat smaller
dive-recovery flaps could probably be tolerated if the
dive-recovery-flap deflection were increased. The rate
of dive-recovery-flap deflection should be similar to
that used in the present tests since lower rates might
result in a slower recovery with a resultant grcater loss
of altitude in recovery even though the same value of
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maximum acceleration would finally be reached. Flight
tests, as in the present investigation, will probably be
necessary to obtain the final flap configuration, but a
step-by-step test program similar to the one described
herein can be conducted with a minimum amount of danger
involved. :

CONCLUSIONS

From results of flight tests to determine the effec-
tiveness of dive-recovery flaps as installed on the North
American XP-51 airplane the following conclusions were
drawn: il

1. The dive-recovery flaps on the.XP-51 airplane
provided a smooth dive recovery at high speeds with little
lag between deflection of the flaps and the resultant
acceleration.

2. The effectiveness of the dive-recovery flaps
varied linearly with deflection withlin the deflection
range tested:

3. The effectiveness of the dive-recovery flaps
increased with an increase in Mach number up to 0.65 and
then gradually decreased with further increase in Mach
number .

l.. No buffeting resulted from the use of the dive-
recovery flaps at any speed tested and no rolling of the
airplane was encountered during tests when the flaps
were deflected unequally.

5. The data indicate that the dive-recovery flaps
used on the XP-51 airplane, when deflected 21.5°, will
probably effect satisfactory dive recovery up to the
estimated terminal Mach number for the alrplane without
exceeding the design load fector anvwhere in the
speed range. Results calculated from data obtailned
in tests using a 30° flap deflection indicated that the
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design load factor may be exceeded at high speed at
altitudes below 15,000 feet.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Fleld, Va.
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TABLE I.- SUMMARY OF PERTINENT MEASURED AND CORRECTED DATA

OBTAINED DURING DIVE-RECOVERY-FLAP DEFLECTION

. - Ang tng,
Ax - correct@dj (An corrscted (An cor;ected
(percent {OP ge?o SElcf for selected for selected
s R e altitude and altitude and
(g) {(1Db) SeleCte%‘C?nUGP’ weight and a | weight, and a
of -gravity flap deflection | flap deflection |
| vosition of 300) o 21“50) ‘
Dive-recovery-flap deflection, 30°
b~ b} 2,500 ~0.31 .98 5.6l | L.0
5 iL.fo 2.00 -.2 ?,o. 5.38 ! 2.8
6 .26l %.00 -.15 L.5 K,86 { 5.48
7 !5,75 6.50 -.07 L .52 F.12 | 267
Be o35 1200 0L g.58 2 ‘ A7
9 (5.8 { 3.00 .35 65.15 5.70 ! 3.08
10 |6.15| 3.50 Ao 6.56 6.03 | L.%2 |
i !
Dive-recovery-flap deflection, 21.50
e o 0.0l 0.2L 0.3l 0.2l i
BB s Je .60 ! .82 .59 ‘
1.0y i-3,25! 28 1.29 R 1.26
T2 00 .28 2.2% z,11 2.2
2.96| 2.00 .35 3.19 £019 3.00
2.681 1.00 L3 2.80 3.69 Eoe
h.%5 1.00 % ¥ .57 6.&d .37
I 1.50 .28 hTT 6.18 L .02
L.551 1.00 43 l1.66 5.8l L.17
13.951 5.00, 59 ly.lyo S ! Sl
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Figure 2.~ Location of di
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(b) Flap fully retracted.

Figure 3.- Dive-recovery flap located on left wing
[ of the XP-51 airplane.
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Fig. 9 NACA ACR No. L5D20a
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Figure 9.- Varlation of basic measured quantities during dive-recovery-flap

deflection. Dive-recovery-flap deflection, 30°; welght, 7750 pounds;
center-of-gravity position, 28.05 percent mean aerodynamic chord.
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Fig. 17 NACA ACR No. L5D20a
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Fig. 19 NACA ACR No. L5D20a
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