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Mr., Clousing®s report summardzes the experlence of the
Comitteels flight test staff In ecomducting research
flightas at high gpeeda, and conitalng Information which
will be of Interesi Lo all concerned 1n flight testing
nesr gonic Mach numbers. The NACA believes that you
will find 1t particunlarly deslirable to brying the repart
to the athention of any teal pilobm or flight test
peraonnel which may be a part of your organizatiom.
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NATTONAT, ADVISORY COMMITIEE FOR AERONAUTICS

RESEARCH MEMORANDUM
PRECAUTIONS FOR FLIGHT TESTING NEAR THE
SPEED OF SOUND

By Lawrence A, Clousing

SUMMARY

From experience gained by NACA test pillots In flying at high
subsonic Mach numbers and from Interpretation of the data obtained,
some general precantionary rules for test flylng hear sonlc Mach
numbers have been formulated. The reassons for these rules are
discussed and observations are wmade wlth respect to the hazards
arising from undesirable stability and control characteristics
which have been noted in test flights of various airplanes,

This paper, although written primerily for the attention of
test pilots, contains general information of interest to those who
are concerned wlth various phases of flight testing near sonic Mach
numbers. It includes a check list for use in organlzing and summa~
rizing pertinent information relative to the stabllity and control
characteristics of alrplanes undergoing tests at high Mach numbers.

INTRODUCTION

It ig an indication of the progress made by aviation that there
are increasing nmumbers of test pllots now being confronted with the
spocial problems of flight testing near sonic Mach mumbers. In this
special realm of study, the NACA has acquired a good many years of
experience with a varlety of high-speed airplanes., Out of this
experience have coame certain general rules of action and precautions
which have proven of such sound value that they should be useful to
all engaged in conducting high-speed flights. And in this work,
safety has more than ite ususl eignificence; it means not only the
gafe returrn of the pllot and alrplane but also the acquisition of
the mowledge which was the aim of the project. It is the purpose
of this report to present a technique for the safe conduct of flight
tests at high Mach numbers. Examples of troubles encountered with
e discussion of thelr significance are included.

P OCETy.
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GENERAL PRECAUTIONARY RULES

Based on flight—test experlence it has been demonstrated that
several precautionary rules can greatly increase the safety of
flight tests near sonic speeds. These rules will be presented in
turn, and the reasons why the rules are consldered advisable will
be discussed. . .

this rule is advisa.ble because exyerience has demonstrated that
near sonlc Mach numbers Inedvertent pitching and even stalling of
an airplene mey occur. As examples of f£light experience in this
regard, figures 1 and 2 are presented., Flgure 1, as discussed in
reference 1, indicates the motlons of a fighter alrplane which
occurred during a dive recovery at a high Mach number. It will
be seen that during a normal recovery the airplane abruptly
pltched up (at 7.5 seconds on the time history shown) even though
the pllot had exerted no corresponding change in control force.
The fact that the alrplane wes belng tested at 27,000 feet prevented
exceaslive alr loads from resulting.

Figure 2 1llustrates a cagse In which an umanticipated longitu—
dinel oscillation of considerable intensity started while a fighter
alrplane was In & straight steedy dive during flight tests by the
RACA. Due to the wmexpected occurrence of the oscilllation, the
recording Instruments were not started in time to record the Initial
portion of the oscillation.

The effect of altitude on the loed factor, that 1t 1s possible
to Impose, is shown In figwre 3, for en airplane having a wing load-
ing of 50 pounds per square foot and the variation of maximum 1ift
coefficient with Mach number shown in figure %, Figure 3 shows, as
an example, that at a Mach mumber of 0.8% a load factor of about 19
18 aerodynamically possible at sea level, although only about a load
factor of 6 is posseible at 27,000 feet.

The varilation of maximm 1ift coefficient with Mech number,
shown in figurs %, 1s believed to be typilcal for essentlally unswept
wings having modern airfoll sections of the subsonic type (round.ed
leading edges). In the lower Mach mumber rangs the curve wes
established from data presented in reference 2, The curve was
oxtended to higher Mach numbers using a value of 1ift coefficlent
st full scale glven In reference 1 and & value measured on en alr—
plane model of very small scale at the Ames Laboratory by the wing—
flow method., It will be noticed that a line describing & buffet
boundary ls included. This boundary, which also is believed to be


http://www.abbottaerospace.com/technical-library

NACA RM No. ATG25 3

typical for essentially unswept winge of moderm airfoil sections of
the subsonic type, was established using reference 2 and edditional
date from flight teats of a number of alrplanes, Its significance
In relation to maneuvering and structural strength will be dilscussed
later.

Figure 3 can be employed to estimate the minlmum sltitude at
which the eliowable load factor of an sirplane cannot be exceeded.
If 1t is assumed that figure 4 represents the variation of maxlimm
1ift coefficient with Mach number, then 1t is only necessary to
multiply the ordinete values of figure 3 by the Pfactor

Actual welght 20
Rated weight Rated wing loading

in which the rated welght 1ls the welght on which the allowable load
factor is based. The acceleration factor a pllot would experience
is the loed factor from figure 3 multiplied by

50 (wing area in square feet)

welght as flown

tests a.t progressivaly higher va.'l.ues of Mach num'ber should. ba under—
taken only in small increments and only after exploring accelerated
flight characteristics at lower Mach mmbers,.,— The general reasoning
behind thls rule should be gpparent. The situation in regard to
flight tests at these spesds 1s similar to that of & person who,
though unsble to swim, goes into the weter at an unfamiliar beach
which may have steep drop—offs and holes, Like the person on the
beach, the pllot should explore conditions ca.refully feeling his
way a.'l.ong

Experlence has shown that at some Mach number abcve the critical
Mach mumber of the wing, flight at higher Mach numbers may be either
structurally unsafe or uncontrollable or both. Tests made in accord—
ance with rule 2 permlt an extrapolation of data obtalned at lower
Mach numbers and at varlous acceleratlons which will indicate the
maximm Mach mumbers and accelerations at whick the airplane may be
safely operated from either the structural or stebility—and—control
standpolnt,

In applying this rule, & useful rule of thumb for estimating
the critical Mach number of unswept wings 1s that the critical Mach
number of low-drag alrfoil gections at the design 1lift coefficient
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ism 0.70 for sections 15 percent thick, and is higher by 0.0l for
every percent the wing is thinner than 15 percent, and is lower by
0.0l1 for every percent the wing is thicker than 15 percent. Sweep—
back, of course, raises the critical values.

Experience indicates that for Mach numbers up to approximately
0.06 above the critical, increments of Mach number of 0,02 are
gufficiently emall for safety, although at higher Mach numbers,
increments should not exceed 0,01 Mach number.

Even though rule 1 is observed, 1t is possible to have gtruc—
tural troubles duvue to buffeting, One purpose of rule 2 is to help
avoid these troubles. To 1llustrate, figures 5, 6 and T show the
limita of Mach number and load factor at which buffeting appeared
on three alrplanes during flight tests by the NACA., The date from
which figure 5 1s derived have been presgented in references 2 and 3.
These limits are called the buffet boundaries., It is noted in
figures 5 and 7 that when the buffet boundary ls exceeded struc—
tural fallure may occur even though the allowable load factor is
not exceeded, In the case of the airplanes for which data are
presented In figures 5 and 7, buffeting or other compreasibility
effects, rather than inadequete design by the specificetions used,
were the causes of the structural fallures. In maneuvers at lower
altitudes structural fallure did not occur on either alrplane even
though higher—than-ellowable load factors were imposed.

Extensive operation of an alrplane while it is buffeting is
generally undesirable, and safe operation up to allowable load
factors is generally possible, provided the buffet boundary is
not exceeded, For these reasona the buffet boundary has been
generally recognized as a limiting condition for safe operation,
supplementing the boundaries otherwise limiting airplane operation.
However, as shown in figures 5, 6, and T, it is generally possible
for the buffet boundary to be exceeded for limited perilods without
structural fallure occurring. Therefore such a boundary 1s unduly
conservative if used to define the limit accelerations for test
purposes. A "tolersble limit of buffeting,” based on a test pilot's
opinion, 1s presented in these flgures. There is, at present, no
engineering method by means of which a safe tolerable limit of
buffeting may be established., Relience 1in regard to the establish-
ment of a satlsfactory tolerable limit of buffeting is almost
entirely dependent upon the test pllot's experience and discretilonm.
More detailed discussion with regard to buffeting and the establish—
ment of a tolerable limit of buffeting will be taken up later,
because this is an important factor in regard to the test pilot's
willingness, as well as safety, in taking an airplane to high Mach
numbers.
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Considering rule 2 in regerd to stabllity and control, it may
be that above the critical Mach muber of the wing compressibility
effects on the wing or tail or both may mske it impossible to maneu~
ver the airplane much beyond the buffet boundsry even though 1t 1s
structurally saefe to do so, This limitation is demonstrated by
figures 8 and 9, taken from reference 4, which show elevator angle
and elevator control~force characteristice of a fighter airplane,
Figure 8 shows that beyond a Mach number of sbout 0,72 the elevator
movement required to maneuver the alrplane at a given acceleration
Increases markedly, and it points to the possibllilty that at some
higher Mach number the amount of longltudinel control avallasble
from the elevator would be so limited that a pull-out from a dive
could not be made., Figure 9 shows that at high subsonic Mach
numbers the elevator control force requlired to maneuver masy rise
markedly, and that the control force per unit of acceleration may
becomes so lerge that the pllot canmot pull ocut of a dive.

Even in level flight, some airplanes requlre up—elevator
movement rather than dowm-~elevator movement wilth further increese
in Mach number boyond some high subsonic value. This characteristic
ls apparent to the pillot as a nosing-down tendency and is expleilned
in reference 5. When such & condition exists, filght tests should
be carried to higher Mach numbers only with great caution, for if
the nosing—down tendency becomes worse as the Mach number of flight
is increased, and if the +ests are carried to a Mach mumber at which
more than full-up elevator is required for straight flight, the air—
plane would be uncontrollable. Figures 10 and 11 are presented to
show measurements of a nosing-down tendency at high subsonic Mach
numbers. ags observed during test fllghts by the NWACA of two fighter
airplenes., In the case of figure 10 it will be observed that,
although the elevator angle indicates the dsvelopment of & nosing—
down tendency at the higher Mach numbers, the elevdator control force
gives no indication of 1t. It is possible in this case that the
nosing-down tendency might go unnoticed by a pilot until he is in
difficulty, since hils principal warning of this dangerous condition
comes from the force on rather than from the position of the
elevator control. However, in the general case, the nosing—down
tendency is indicated by both elevator angle and elevator comtrol
force as illustrated in figure 11,

Figure 12 is presented to show a trend that mcdel tests at very
small scale by the wing~Fflow method indicate to be possible at high
subsonic speeds, As may be seen from this figure, as Mach number is
increased & nosing—down tendency of relatively mild degree may first
develop, but this may be followed by nosing up, and then by an alrupt
and large nosing down.
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Another hazard, other than an uncontrollable dive, is possible
as a result of the nosing-down tendency and the increase in stick—
ferce gradient at high Mach numbers, particularly if the trim tab
or adjustable stabilizer is not handled with dlacretion. This
danger ls demonstrated by study of figure 13, taken from reference 4,
which shows the accelerations it was possible to attain for two
values of elevator control force. In figure 13 it is seen that
vhereas at the highest Mach number (0.78) an acceleration factor
of only 3 can be obtained with 5O pounds pull on the elevator control,
the acceleration resulting from this force rspidly increases as
the Mach humber is decreased, an acceleration factor of sbout 10
resulting at a Mach number of about 0.68 if the 50-pound pull is
malintalned, This condition could lead to inadvertent stalling of
the airplane, By the same token 1t 1s clear that, if at a Mach
number of 0,78 the trimming device were adjusted to keep the air—
plane in level flight (an acceleration factor of one), a tremendous
push would be required to keep the alrplane from exceeding i1ts limit
load factor of 7.5 as the Mach number decreased. If the trimming
device 18 relatively ineffective at the higher Mach numbers, the
effect just described would be still worse.

Another factor to be consldered is the change Iin stick-force
gradient with acceleration even though the Mach number is constant.
There have been cases of stick—force gradlents changing with accelera—
tion as shown by the upper curve in figure 14, When such a change '
occura it is plain that insdvertent pitching up of the airplane is
possible. :

To summarize, by following rule 2 the buffet boundaries and
longitudinal control may be Judicilously explored. Data obtained in
flight on buffeting may be plotted in the form shown Iin figures 5
to 7, and date on longitudinal control may be plotted in the forms
shown in figures 8 to 14, From these plots, extrapolations can be
made which will help to predict the characteristics at slightly higher
Mach numbers., As flight tests progress the extrapolations can be
continually revised, and a limit Mach number for tests from the
standpoint of buffeting and longitudinal control can be estimated.
However, as indicated by figure 12, extreme caution must be teken in
making an extrapolation over too large a range of Mach number as the
trends may reverse suddenly.

Rule 3: There should be accurate recording and analvais of
essentlal data as tests progress.— This rule is a corollary of rule 2.

Data which must be recorded are: 1indlcated alrspeed, altitude,
normal acceleration, and elevator angle. Many other ltems, such as
elevator control force, mey be profitably recorded. Obviously,
recording of information is essential in tests of the kimd discussed,
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since the pilot could not meke adequete notes from irdicating
instruments. ’

The pilot's indicating instruments of Mach number, altitude,
and acceleration should be properly celibrated and free of lag
in order to avoid confusion in applying the conclusions from the
recorded data, The danger of not having comparable recorded and
- indicated data should be apparent In test flylng of such a nature
that changes of Mach number as little as 0.0l may meke the differ—
ence between safe and unsafe cperating conditions.

Much has been written about the preceutions necessary to avolZ
errors in flight measurements, This phase of instrumentation 1is
not necessarily the province of the test pilot, but he would be
prudent to understand the situstion thoroughly.

THE HAZARD OF BUFFETING

As has been indicated earlier, although at high subsonic Mach
numbers the buffet boundary is generally regarded as defining a 1limit
for safe operation, it is generally possible for the buffet boundary
to be exceeded somewhat, at least for limited periods, without
structural feilure resulting. This possibility 1ls demonsirated by
the data presented in figures 5, 6, and 7., It was pointed out, how-
ever, that there is no engineering method by which a safe tolerable
1limit of buffeting may be established, and therefore, at present,
the determination of such & boundery is almost entirely in the hands
of the test pilot. -

Figures 6 and 7 show that, in order to demonstrate an airplene
to the limits of Mach number at which safe flight is possible, some
boundary defining the tolerable limit of buffeting is necessary,
because limiting the performance of the airplene on the basis of
the boundary &t which bduffeting starts is too conservative. For
exsmple, 1f the buffet boundary is not exceeded, it would not be
posgible for the alrplane for which data are shown in figure 6
to recover from a dive at a Mach nwmber higher then 0.76%, since
this is the Mach number at which buffeting occurs at a load factor
of one. In the case of figure 7 the limit Mach number on this basils
would be ©.79%, With each airplane, however, these Mach rumbers
have been safely exceeded, as the test data show. Information that
mey aid the test pilot In establishing a tolerable limit of buffeting
will now be presented and dlscussed.

Partial structural fallure that has occurred during buffeting
in two cases, provides information useful In establishing the toler—
able limit of buffeting. On the basls of these failures and other
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experience of the author, the tolerable limit of buffeting is
suggested in figures 5, 6, and T.

Of course, the matter of buffeting 1s not qulte as simple as
1t has been plctured thus far. Not only do fatlgue characteristics
of materials place 'an indeterminate limit on the length of time that
operation with severe rapidly reversing stresses is safe, but the
parts that may be affected by buffeting vary with the type of alir—
plane and the conditions of operation, Buffeting may occur on wings,
tail surfaces, controls, and other parts. Buffetling of one part
may be more serlous from the standpolnt of structursl fallure than
buffeting of some other part. The part that 1s most likely to fail
firet from bDuffeting will vary from airplane to airplane, Some
comments on the effects of buffeting of vaerious parts of the air—
plane may therefore be of value,

An impression of buffeting is sometimes given by flutter. Im
high-gpeed flight a type of flutter called transonic flutter has
recently appeared. Transonlc flutter may cccur wilth only one degree
of mechanical or structural freedom and appears to result from time
delays which are due to near—eonlc veloclities in the alr flow.
Transonic flutter has occurred for short periods of time without
causging structural failure, but it did cause partial failure of an
alleron In at least one instance. With relatively rigld control
systems having little backlash the amplitude of transonic flutter
has generally been small; this type of flutter has therefore been
referred to as “buzz! Adherence to the second part of rule 2 is
important in exploring tramsonic flutter because, as 1s indlcated
in figure 15, transonic flutter may occur at lower Mach numbers as
the 1lift coefficient is increesed. The Mach number and frequency
are functlons of the characteristices of each airplene, so the limits
shown in figure 15 are presented only for 1llustration. In some
cases, the severlty of the oscillations may become greater as the
Mach number and lift coefficient are Increased., Any sudden change
in the floating angles of control surfaces as the Mach number ls
increased ebove the critical should be regarded as a warning that
conditions for transonic flutter are being approached. This werning
mey not always appear, howsver, nor does it always indicats the
imminence of transornic flutter,

Buffeting of the tall surfaces has caused structural failure,
as noted for one example in figure 5 end reported in reference 3.
Severe buffeting may result from tall surfaces being in the turbulent
weke from the wing. Such a condition is likely to occur at Mach
numbers sbove the critical of the wing and at high 1lift coefficients
because of the spread and Increased turbulence of the wing wake. It
would be wise for the test pilot to pay particular attention to the
oextent of btuffeting of the horizontal—tail gurfaces when he exceeds
the buffet boundary.
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It is possible that at high Mach numbers the wing may shock .
stall unevenly, causing, in addition to buffeting, erratic and
abrupt rolling motions. The amount of hazard from such a motion
is not immedlately apparent, but 1t creates decided apprshensiomn
in the pllot®s mind. Rolling oscillations of this type, shown in
figure 16, that occurred during a test flight of a fighter airplane
by the NACA were sufficient to convince the test pllot of the Ilnad—
visabillity of proceeding to a higher Mach number. On some airplanes
unsymetrical shock or other factors cause yawing motions which are
equally disagresable.

Buffeting has also occurred becsuse of canoples, and external
stores such as fusl tanks or bombs. In the case of external stores
the buffeting has resulted In fallure of the mount and loss of the
store.

IEVEL VERSUS DIVE TEST FLYDIXG NEAR SONIC MACH RUMEERS

In view of the discussion thue far, some Interesting points may
be brought up In regerd to the safety of test flylng near sonic Mach
nuwrnbers by diving as compared with the safety of such test flying
when confined to level or neerly level flight.

In level flight, 1f difficulty 1s experlenced, it 1s possible
to return to lower Mach numbers falrly quickly by merely decreasing
power., In a dive, to decrease speed, 1t 1s necessary to increese
the lift coefficlent unless suitable brakes are available. If
buffeting is encountered in a dive, recovery generally Involves
Increased buffeting as the 1ift is increased. As has been dbrought
out in the earlier dlscussion, experience has shown that safe flight
is possible with acceleration above that at which buffeting starts,
and the tolerable limit of buffeting in figures 5, 6, and T fells
of f much more slowly with Increasing Mach number than the boundary
at which buffeting starts.

Obviously, a higher Mach number may be attained for a given
amount of power If the airplane is dived rather than flown in level
flight, Thus by making use of gravlty rather than additiomnal power,
the weight and complication of an airpisne while undergoing tests
at a given Mach number may be less, The decreased weight aliows
higher factors of structural safety, snd increased safety in take—
off and landing. The eliminatlion of aome of the power plent other—
wiss required reduces troubles :wnd hazards inherent in the use of
21l power plants, and may prevent use of untried means of augment—
ing thrust at the same time untried realms of sonic flight ars being
gxplored. Some of the power plants which might be used In airplanes
in level f£light at high Mach numbers are of such a nature as to mske
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it difficult to follow precautionary rule 2. Rockets, for example,
permit thrust %o be varled only in large increments, that is, each
rocket im either on or off,

It should be emphasized that, whether made in dives or level
flight, Initial tests near sonlc Mach numbers should not be carriled
out below the minimnm altitudes specified by rule 1. In dives the
shallowest practlcable angle should be used for each Mach number.
In order to comply with these rules, dives must be gstarted at high
altitudes, ;

Certalin safeguards have been developed which ald In dive flight
testing., One of these is the dive-recovery flap. (See reference 6.)
It appears, however, that at high subsonic Mach numbers, the effective—
negs of the dlve~recovery flap ls considerably reduced if not entirely
abgsent, and therefore the best safeguard would probably be a drag-—
producing device. A drag device which would instantly respond to
the pilot's control and which would permit selective Increments of
drag to be imposed by the pllot so that he could slow the airplane
down at the rate desired would be a great safety ald in dlve flight
tests. The maximum drag of such a device should preferably be of
sufflclent magnlitude so that the airplane could be slowed down to a
Mach number at which stability and control troubles would be absent
while the alrplane was still above the minimm e2ltitude safe in
eccordance with rule 1,

Based on experlence gained in test flylng at high subsonic Mach
numbers, largely by utllizing the diving technique and the foregoing
analyslas, it is the opinlon of the author that test flying near sonic
Mach numbers may be nearly as safe In dives as in straight flight,
provided the precautionary rules glven in this report are strictly
followed.

PERSORAL PRECAUTIONS

There are other pheses of high Mach number flying which, although
common to many types of test flying, will be touched on briefly because
of thelr importance., The value of snugly fitted safety belts and
shoulder strips should constantly be remembered. Oxygen equipment
muat operate properly, and the pillot should always be aware of hazards
and action to be taken in case of trouble. For flight above 45,000
feet, body pressure 1s necessary. Although many future high-speed
alrplanes may have pressure cabins, the use of a safety pressure sult
(cne not pressurized ordinarily, but capable of being pressurized
with oxygen in an emergency) should be kept in miné, when and 1f such
suits become available., The use of a "g" sult would increase the
pilot's tolerance to acceleration, particularly when of long duration.
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Best means of exit with parschute should be investigated, but often
this i1s a futile matter, becaunse regardless of method of exit the
pilot getting out at high speed is liable to strike the tall of the
alrplene. Experimentation is mow underway which may result in
improvement of this situation. Opening of the chute should be
delayed until below 20,000 feet altitude to permit slowing up before
opening, and to get quickly to the region where auxiliary oxyegsn

is not required. Much more could be written on the subject of
personal precautlions, but other literature is availlable and should
be read.

CHEECK LIST

Because of the many factors to be considered in test flying near
sonic Mach numbers, it may be helpful to meke use of a check list
such as 1s presented in table I. Prior to flight, the figures
called for in this teble could be listed on the basis of the best
information available at that time, and then as flight tests progress
the figures could be continually rsvised on the basis of the data
obtalned., - :

CONCLUDIRG FEMARES

Three general precautionsry rules for test flying near sonic
Mach numbers are presented:

Rule 1. Al Initial £light tests mear sonic Mach numbers
should be cerried out at an altitude at which excessive air loasds
cammot result even though the alrplene is stalled,

Bule 2. At Mach numbers above the critical of the wing, flight
tests at progressively higher values of Mach mmber should be under—
taken only In smsll increments and only after exploring accelerated—
flight characteristice at lower Mach numbers.

Rule 3. There should be accurate recording and analysis of
essential date as tests progress.

The difficulties discussed may not occur in future alrplanes,
because continuwous research and development may minimize or eliminaste
these undesirable tralts. On the other hand, undesirable trelis as

11

yet unknown may be encountered in the Mach number range in which tests

have not yot been maede In fiight, and therefore the precautions
presented are advisable.

Ameg Aeronautical ILaboratory,
Fational Advisory Comittee for Aeronsutics,
Moffett Field, Calif.


http://www.abbottaerospace.com/technical-library

12

NACA RM No. ATG25

REFERENCES

Brown, Harvey H., Rolls, L. Stewart, and Clousing, Lawrence A.:
An Analysis of Longitudinal Control Problems Encountered in
Flight at Transonic Speeds with a Jet—Propelled Airplane,
NACA RRM Ro, A7GO3, 1947.

Spreiter, John R., and Steffen, Paul J.: Effect of Mach and
Reynolds Numbers on Maximum Lift Coefficient. NACA TN
No. 1044, 1946,

Clousing, Lawrence A., and Turner, William N,: Flight Measure—
ments of Horizontal Tail Loads on a Bell P-39N—1 Airplane (Army
No. 42-28476) During Stalled Pull—-Outs at High Speed. NACA
RMR, Apr. 1944,

Turner, Williem N., Steffen, Paul J., and Clousing, Lawrence A.:
Compressibility Effects on the Longitudinal Stabllity and Control
of a Pursult—-Type Airplane as Measured in Flight, NACA ACR
No. 5I13, 1945,

Axelson, Jobr A.: Longitudinal Stability and Control of High-Speed
Alrplanes with Particular Reference to Dive Recovery. NACA
RERM No. AT7C24, 1947.

Boddy, lee E,, and Williams, Walter C.: A Summary end Analysis
of Data on Dive-Recovery Flaps. NACA RRM No. ATFO09, 1947,


http://www.abbottaerospace.com/technical-library

NACA RM No. ATG25

TARLE I.,— HIGH MACH WOMEER FLIGET TEST CEECK LIST

1., Based on Mach number and alloweble load factor, the minimum
altitude for flight tests 1a feet.

2, The critical Mach number of the wing is_____.

3. The Mach nmumber at which buffeting starts at 1 "g" is
altitude of feet.

at an

4, The Mach number of the tolerable limit of buffeting in level
flight is at an altitude of feet.,

5. The Mach mmber at which the elevator angle or control force
required for level flight changes abruptly withk Increase 1in Mach
number is at an altitude of feat.

6. The Mach mumber and acceleration at which the elevator control—
force gradient becomes dangerously small are and £ units
at an altitude of feet,

T. Flutter was noted at the following Mach numbers, altitudes, and
accelerations:

Mach number
Altitude
Acceleration

8. Significant longitudinal, lateral, or directional oscillations
or abrupt erratic motlons occcurred at a Mach number of at an
altitude of feet.,
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Figure L= Time history of an abrup? uncontrolled
pitchup during dive recovery with a fighter
airplane at abovt 27000 feet alfitvde.
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Figure Z.- Time history of an uvncontrolied
longitedinal oscillation which started while
the airplane was in a steady dive.
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nge 3. Effect of altitvde on maximum load factor possible with

a wing loading of S0 /b/sqft and the maximum lift coefficient

shown in figure 4
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Figure 3= Stall and buffet boundaries measvred on
a righter airplane aqt about 25000 reet allsfvde.
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Figure 12~ Longii‘&aﬁha/ trim at transonic speeds
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Figure 13.— Varration of acceleration with Mach
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force for a fighter airplane.
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Figure /6.- Severe vncon trolled Jlateral oscillarions
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