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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECENICAL NOTE NO. 374

PRELIMINARY STUDY OF APPLIED LOAD FACTORS IN BUMPY AIR

By Richard V. Rhode and Eugene E. Lundguist
Summary

The object of this note is %o present the results, obtalned
to date by the National Advisory Committee for Aeronautics, of a
gbdy of acecelerafiions or gpplied load factors experitenced by
airplanes flying through "rough" or "dumpy" air.

Theoretical relations involved in the study are reviewed to
furnish a basis upon which the experimental data can be properly
analyzed. The struecture of the atmosphere in relation tvo the
load-factor problem is briefly discussed, and the acceleration
data obtained on a number of flights with various airplanes are
presented and analyzed to the extent that the results are appii=
cable to any airplane.

From the study thus far, 1t appears that it will be pessas
ble to determine the proper design load factors for any airplans
in a rational way. However, so little is yet known of the struc-
Tture of the atmosphere that the specifie veloeities of air curs
rents indicated by the present data should not be construed as
the values to be adopted as a basis for design.

Introduction

As any experienced airplane passenger knows, there are cer-
tain conditions under which an airplane is subjected to rather
abrupt shocks in the air. These shocks, which are commonly re-
ferred to as "bumps," are simply manifestations of more or less
abrupt changes in 1lift caused by changes in angle of attack and
relative air speed as the airplane flies through an unsteady
atmosphere. '

From the standpoint of the structural design of transport
or "nonacrobatic" airplanes, which never need be subjected to
maneuvers more severe than the very mild turns. etec., reqguired
to achieve a given destination, the "bumps" experienced in fly-
ing through "rough'" air are of considerable dmportance, Since
, they give rise to the structural loads for which the wings
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should be designed. In the past, practically no quantitative
information on the structure of the atmosphere in its relations
to applied loads on the. airplane has existed. To .supply this
deficiency, the National Advisory Committee for Aeronautics is
conducting an inwvestigation of the accelerations obbtained in
filight through rough air on.a aumber of tramspery aurplanes Tlm=
ing regular scheduled trips. To date only a small amount of in-
formation has been obtained. EHowever, enough has been accumu-
lated to throw econsiderable light om the subjeet of applied load
factors in rough aire. With bthe objeet of presembing thds ENEom=
mabdvon this motie has been prepareds

The theoretical relationships and the structure of the zt=
mosphere are briefly discussed so that the true significance of
the acceleratior data can be appraised. It 1is not claimed that
the {data obtained thus far are sufficiently extensivie to furnish
a2, g0l ddl £ oundation: Bor  the, stmpetural design. It appears, how=
ever, that load factors for airplanes of the nonacrobatic class
may be determined in a rational way when more extensive statis-
tical information on the structure of the atmosphere is awvail-
ablies

Theoretical Relationships

The airplane is assumed to encounter ‘an air current whose
velocity vector is at aay angle to the longitudinal axis of the
airplane, but in the plane of symmetry. The curreat, or gust,
is assumed to be sharrly defined relative to the surrounding
atmosphere, or equiveiently, it is assumed that there is no
angular displacement of the airplane from its initial attitude
gnd nio chanse of velocity relatlve to the ground up until the
time the maximum effect of the bump! ‘o gust is £elt (“1éure
1)

The following symbols are used:

O initial angle of attack, measured from .zero 1ift of
the airplane before encountering gust.
Qg = angle of attacl immediately after encountering gust
Aa = aal— a, .
¥ = =relative velocity of rplpne with respect to tae

i ”J

air corresvonding to angle of attack a,.
v = relative velocity of airplane with respect to the
air corr0sp01dinf i0; KO e

o
é
= a

2
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U = wvelocity of gust relative to the surrounding atmos-
phere in which the airplane is flying initially.
B = angle between velocity vectors U and V.
6 = angle between velocity vector V and horizontal.
W = weight of airplane.
S area of lifting surfaces (assumed here as the wing
area).
A CL
ek = s8lope of 1ift curve of wing or wing cellule.
Aa
n = % = s appilied load factor.
R i

Upon encountering the gust the following lift eguation
may be written:

gl p 2
L, = aag S 5V, ()
By the parallelogram law of vectors,
v, = o U® + v® + 2UV cos B.
Also,
Ge' =L W, R A O
a, e
Substituting these values of V,  and a, in equation (1),
we have, 1
p 2 2
I, =ale, W Lal B - (U° + ¥° 4+ 2UV cos B) (2 ke

The 1ift equation which applies for the steady condition
of flight prior to encountering the gust is,

W cos 6 = at, S 3 v® (4}
Solving equation (3) for the quantity ac, S %, substituﬁing in
equation (2), dividing by W, and simplifying, we have,
’ - £ aAgvV?
n = (1+ A°) (cos 6 + 2 - ) (4)
s
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where 3 Uy 2 L3y
L° = el 208 seiig
v v
and
U .
" = 8in @
Aa = %an v .(from Figure 1).
+ % cos B
Since B 1is the angle between U and V, we may differ-
entiate n with respect to P, set the derivative equal to-
zero, and solve for the angle f at which n is a maximun.
Phis leads to an expression of 1little practical wvalue; ‘there-
fore n is plotted against B in Figure 2 for the following
two cases:
Case A.- An airplane having a high wing loading and low
aspect ratio (or low slope of 1lift curve).
= 0,
P = pp = 002378 slugs per eubic foot.
a = .06 per ce sree (344 per radlan)
g = 15 ,ould per square foot.
¥ = 150 mepohs (8280 £ipaisa) .
¥ = 15, 80, &nd 45 ghin.h.
T = 5
\7 == Al e, NG RS
Case . B.- An. airplane of .low wing loading and high aspect
PaT10.
Bt Do Wi nd V the same as in -Case A.
SN =68 per degree (4.58 per radian).
“,
g = 8 pounds per sqguare foot.
- - TT
Assuming that the wings are not stalled at # =, ed,
Pigure 2'shows that the load factor is a maximum whean B is

aporoximately 80° regardless
plane or the relative veloc ty
hat the change .in angle of
is of much greater

of

of the char

attack uvpoan
importance than the 'chaige in

acteristics of ‘the aip=
bthe \sust. This simply means
o 4 -
encountering the gust
: & &

air speeds
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With B equal to 90°, equation (4) becomes,

. 1 0 a V® tan™ U
n = Ir % ("] [egs @45 L] (5.
: i LA
S
2 - -
Putbtine (%) equal to zero and tan 5 % equal to %, which
substitutions are justified for small values of %, the ex-
pression becomes,
L p a UV
M = cos 8 F Sl o AW
(5
S

in which U. may now be considered the vertical component of
the gust. :

The last term in the above expression is the increment of
load factor experienced uwpon encountering the gust over and
above. the. initial load factor corresponding to steady flight
at the flight-path angle 6. Usually the airplane will be in
level flight so that cos O will be unity, and any ordinary
gliding or climbing angles will not be large enough to cause
any anpreciable departure from that value. Equation 6, there-
fore, indicates that the maximum applied load factors experi-
enced.in flight through rough air vary lineally with the air
speed, the vertical component of the gust, the slope of the
1lift curve, and inversely with the wing loading.” All of these
quantities are usually known or can be specified with the ex-
ception of the vertical componeat of the gust, U.

While it is realized that the localized motions. of the
atmosphere are far more complicated than simple vertical cur-
rents, any gust or air current may be considered to have a ver-
tical compounent which, as the foregoing analysis indieates, is
the important element. It is also realized that local air cur-
rents may not be sharply defined with resvect to the surround-
ing atmosphere, although there are numerous indications fron
meteorological sources and from acceleration records talken in
rough air that many of them are sharply defined. In fact, an
airplane will not feel a "bump" as a distinct shock unless the
relative velocity-time gradient of the gust 185 steep iland St
common experience that the most severe "bumps" are quite abrupt.

For the above reasons, an attempt has been made to collect
what information could be found from meteorological sources con-
cerning the intensity of vertical currents in the atmosphere
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with the hope that some useful data might be obtained. Also,
in analyzing the results of acceleration tests made on air-
planes in rough air, the data have been inserted in eguation
(6) and "back-figured" to determine the "effective" values of
U which caused the accelerations measured. It is believed
that this is the only practicable method of reducing such ae-
celerometer data to a iiseful form. -It is certaianly apparent
that accelerations, as such, have no significance unless they
are.considered in.the light of ‘the speed; wing loading. and
effective aspect ratio of the wing cellule.

In order to test the validity of equation (6) as a good
approximation, attempts have been made to discover a "Dbump"
under conditions wihich would indicate that it would probably
remain constant long enough to allow at least two airplanes to
fly through it .at different speeds. «If the jaceeclicrationsyand
air speeds obtained on these airplanes when this "bump" was
experienced could be inserted in equation (6) and back-figured
to obtain approximately the same effective wvalue of U eadch
time, it was felt that the use of the equation-would -be justi-
fied. Such a constant "bump" was found near Langley Field at
a low altitude over a streamn of water on November 25, 1930.

Two airplanes, a PW-9 pursuit ‘biplane and a Fairchild
cabin monoplane whose lift-curve slopes had been measured and
which had recording accelerometers and air-speed meters. in-
stalled in them, were flowan over the "dDump!" several times at
different speeds. he following table shows the results ob-
tained. : :

TABLE I

Run No. Airplane Yina, i
; (mep. b ) | (SR g 8
4 b

* 1 g PW-9 - L0 - e

2 a . PW-9 154 o T

* 1 1 Fairchild 101 1056

8 b ! Fairehild 96 B
4

*

Airplanes flown side by side.

Airplane about 1/4 mile off course.
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Several other ruuns, subsequent bto. those' gived TuSlablecu ST
were made, but the results indicated that the bump had disap-
peared or could not be located on these runs. However, in view
of the results obtained, it is felt that equation (6) may be
used as an approximate expression of the load factors experi-
enced in rough ‘air, or, in other words, that bumps may be as-
sumed "as sharply defined.

The Structure of the Atmosphere, with Particular

Respect to the Vertical Currents

The structure of the atmosphere is highly complex and
localized movements or currents of appreciable intensity are
usually preseant in some form not greatly distant from any given
locality. The form and degree of these movements depend in a
general way on the season, the latitude, the character of the
local topography, and the time of day.

: Prom the point of view of the airplane designer, these
currents are of interest only to the extent that they alter
more or less suddenly, and/or greatly, the relative velocity

and angle of attack of the wing cellule. As has been shown in
the preceding section, components of gusts or air currents par-
allel or.transverse to the line of flight have but a small ef-
fect upon the wing load, and this effect decreases.with increas-
ing speed of flight. With respect to components in the plane of
symmetry of the airplane and normal to the direction.of flight,
the reverse is true. It is therefore justified, for practieal
purposes, to confine attention to the normal components, and
since flight is, in the nain, largely a matter of horizontal
translation, . to confine this attention t o vertical cumrents in
the atmosphere.

'As far as the relative sharpness of definition of a gust
is concerned, this is purely relative and depends not only on
the conformation of the gust itself, but upon the. speed of the
airplane as well. Thus a gust or current which has a velocity
gradient from O to U over a horizontal distance of 88 feet
is experienced as a shock or bump reaching its peak in a half
second by an airplane flying into it at 120 miles per hour or
176 feet per second. With higher speed of f£1light the time is
cut down proportionately.and the bump becomes more abrupt. So
little is known of the structure of the atmosphere that it is
almost impossible to say what horizoatal velocity gradients

: may be expected in vertical currents. - It is known, however,
that convection currents may be quite well. defined as is evi-
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denced by the sharp outlines of smolke columas seen on calm days.,
Further, as any experienced air traveler will attest, abrupt
bumps are frequently encountered wherever bumps are found, in-
dicating that the relative gradient 1s often steep. It seens
reasonable, therefore, to consider vertical currents as having
infinite velocity gradients, at least until the structure of

the atmosphere is better understood., On this premise, then, it
is only necessary to establish the magnitude of the vertical
velocities of gusts that may be experienced in various condi-
tions of the atmosphere.

In attempting to establish the magnitude of vertical ve-
locities from existing ‘data, it was found that there was a
decided lack of information sufficient to be of great statis-
tical value, although some definite values have been gleaned
from various sources which, taken as a whole, seem to preseat
a consistent picture.s

Line squalls (Reference 1l).- Next to the tornado, which
will not be considered here, the line squall is the most vio-
lent of atmospheric disturbances. It 1s caused by the dis-
placement of a mass of relatively still, warm air by a wedge-
shaped mass of much colder air advancing, in general, laterally.
It may extend over a front ranging up to 1,000 miles and is
usually so broad that it .is impracticable to fly around i%t.
Because of the large difference in temperature between the ad-
vancing cold wedge and the surroundiag warm-air, violent con-
vection is set up at the front which extends to about 4,000
feet altitude. If accompanied by thunderstorms, as is some-
times the case, strong vertical currents may .occur as high as
20,000 feet. In additieon tofthese stromng ecurrents at the iSitiohm
front, strong turbulence exists in the cold air as far back as
5 miles from the froat.

No direct measurements of the vertical curreats in line
squalls have, to the writers' knowledge, becn made, but their
strength has been deduced from calculations of the velocity
necessary to sustain hailstones of various sizes. Since hail-
stones consist of concentric layers of ice, it has been rea-
soned that their growith is caused by successive transitions
from low to high altitudes in strong convection currents re-
sulting in alternate accumulation of moisture and subsequent
freezing. This process takes place until the hailstone becomes
of such weight that the vertical currents can no longer give it
support, when it falls to the ground. The following tablie,
talten from Reference 1 and due to Dr. G. C. Simpson, gives the
velocities necessary to sustain hailstones at an altitude of
13,000 feet (presumably in standard atmosphere). Another col-
umn is added to give the "indicated" velocities based on stand-
ard sea level density.
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TABLE II

Diameter Prwe. rate of fall "Indicated!" rate
() RE P « By of Fall
l (£ sBwgin)
Of 5 53 43
1416 5 61
et 92 76
2h0 : 106 : 87
350 132 108

Hailstones as large as 0.5 inch in diameter areée fairly
common. The larger ones are rare, but specimens about 2.5
inches in diameter fell during a thunderstorm at Dallas, Texas,
on May 8, 1926. y

It is, therefore, seen that wvertical ‘¢urrents associated
with line squalls may be exceedingly intense. The line squall
thus becomes not a problem for the structural designer, but for
the weather forecaster associated with air transport operations.

Thunderstorms.- Perhaps equal in intensity to the line
squall is the thunderstorm. The same considerations of hail-
stone formation that apply to line squalls also apply to thunder-
storms. In addition, we have an isolated measurement of a ver-
tical velocity in a thunderstorm of 10.5 meters per second (34.4
feet per second) through an altitude of 10,000 feet (Reference
2) and Gregg, in Reference 3, states that vertical velocities in
this type of disturbance may be from 8 to 10 meters per second
(26 to 33 feet per second). Thunderstorms vary in severity,
however, and vertical velocities up to 117 feet per second, as
evidenced by the Dallas hailstones, may be expected at times.

The same conclusion that applies to line squalls, therefore,

also applies to thunderstorms, viz., they must be avoided.
Fortunately, the thunderstorm is readily recognized from the

air, and being local in character and slow moving can easily be
avoided,
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Obstructional disturbances.— By obstructional disturbances
here are meant any turbulence or gustiness which occurs as a
result of winds blowing over obstruectioms such as buildings,
woods, hills, lor meuntains. Thus, obstructional disturbances
may extend only to low altitudes as caused by buildings or low
hills, or they may extend to high altitudes as caused by moun-
tains. Gregg (Reference 3) states that the influence of build-
ings and topographical irregularities extends to abowt four
tlmes the ﬂeight of the obstruction above the general level of
the earth's surfaece in their wicinitys

There arc no direct measurements available of the vertical
components of gusts encountered in obstructional disturbances.
The acceleration data given in the next section, however, offer
some indication of the magnitudes of vertical components to be
expected,

Convection currents.- Convection currents are meant here
to be the ordlnary vertical currents grising as a result of ios
cal heating of the terrain. Although;the strong vertieal curs
rents associated with line squalls and thunderstorms - are truly
convection currents, it is desirable to classify them sevaratelJ
because of their relative intensity,

Ordinary convection is essentially a fair weather phenon-
enon and "is most active on sumr er afternoons, particularly in
the vicinity of cumulous clouds. (Gre"”) A number of direct
observations of the rtical velocities of convection currents
have been made at several meteorological stations, all of which
are in agreement to the effect that 10 to 13 feet per second are
usuval average values. Values as high as 23 feet per second have,
howeéver, been measured immediately tader cumulous clouds (which
may always be considered signposts of stroag asceading currents).

Presentation of Available Information on Accelerations

in Bumpy Air with Particunlar Referepce to Values of U

A few odd bits of information are awailable concerning. the
magnitudes of accelerations experienced by airplanes in bumpy
air. It has been shown that the magnitude of the acceleration
experienced in a bdbump is of little interest in itiself sincendifis
ferent accelerations may be experienced by different airplanes
encountering the same current, and élf”erenu accelerations may
be experienced by a given airplane in a given current dependin
upon the speed of flight. Acceleration data obtained in bumpd
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air are therefore of little value unless accompanied by specific
information concerning the aspect ratio of the airplane and the
wing loading and speed at the times the accelerations were meas-
ured as well as by the correlated meteorological data. In most
of the acceleration data which have been obtained, such informa-
tion is known only approximately because of the lack of appreci-
ation of its importance by those entrusted with the task of
sending it with the acceleration records for analysis. However,
waoere specific information is not given, assumptions and deduc-
tions can be made from which a fairly good idea of the true
meaning of the accelerations can be obtained.

he principal sources of the available information concern-
ing rough-air accelerations are Reference 4, Reference 5, and
some recent records obtained by the Natiopal Advisory Committee
for Aeronautics on airplanes flying on scheduled cross-country
trips.

Analysis of Reference 4.- In this paper, which is devoted
primarily to a description of the underlying principles of an
accelerograph, several records are given which were obtained on
scheduled trips of a few European air lines.

Date: September 9, 1926.

Airplane: "Handley Page Trimotor (0.B.A.HY.)."
Pil ot N0eeguy .

Route: Brussels to London and return.

Weather: Described as "calm."

Accelerations (in g wunits)

Maximum Minimum Approximate

average
Departing Brussels 1.4 £ i hi0. Ll
Over Calais Chaanel 150, 1510 1@
rrive English Coast e o7 e Hio | Lo
Between Dover and Loandon il 13 R55
Arrive Croydon 1.4 5

The description of %
Plete to permit assumption
made and hence solutions f
are not warranted. The da
thie" correlation of specifi
is described as "calm!" wea

airplane was not sufficiently com~
as to wing loading, ete., to be

r U on the basis of equation (6)
a are of interest mainly because of
values of accelerations with what
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Case II

PDate: . Getober 1l H928,

Airplane: Farman "Jabiru" monoplane (F-A.I.C.S.).

Route: Brussels to Le Bourget on the Paris-Amsterdam
adar dines

Weather (on outbound trip): "Quite disturbed with a
22-kilometers per hour southwest wind at
500 meters altitude and 54-kilometers per
hour wind af 1000 meters."

Altitude: "The complete trip was accomplished at low
altitude: 100 to 300 meters approximately."

Accelerations (in g 'units)

°

Maximum Minimum Approximate

average
Brugssels WHall Dt S B uition gk
Between Braine-le-Compte

and Mons B A ARSI 7+ o S LANE )
Over forest 1% 0 «5 btoly4
Setween Le Cateaun and

Bobain 25 S « 6 to Iad

Weather (retura tr

p): Worse than going trip; 29-kilo-
meters per hour wind at 5 ;
€

0O meters.

Note: Records were taken only carly in flight on calmer
portion of trip. It was the observer's .opinion that in later

stages of the retura trip "very much greater" accelerations
were experienced tlhan any on the outbound trip.

i

Accelerations (in g units)

Maximum Minimum Approximate
-
average

Depart from Le Bourget 2.0 3 «6 to 1.4

Wote: The observer stated that "If consideratioa is taken
of the fact that the aerial lines operate under much more unfa-
vorable winds, these few .tests seem to indicate that total ver-

tical accelerations of 2.5 g * % % % must be ceasiderably ex-
ceeded at times.'

From tlu remarks on the weather in Case 1I, above, as well

as the statement that the airplane was flown.at low altitudes,
it seems probable that the sky was overcast with a low ceiling.,
This would lead to the belief that the bumps encountered were
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caused by what has been termed "obstructional disturbances" or
turbulence in the atmosphere set up by the flow of wiand over

5

obstructions on the ground such as hills.

An idea of the magnitudes of the vertical velocities of
the air currents encountered by the "Jabiru! in Case II may be
obtained by utilizing equation (6) and applying it to the known
accelerations and the probable conditions of wing loading and
aiimiisipeed of hieya dwrnl anes hese computations follow:

Characteristics of "Jabipul*

Span 62.34 ft,
Total wing area 9685 sidat
2
Aspect ratio Sl a4
96875
Fuel consumption 75070 1b. gasoline and
284 1 oil im E.889 miles

with six take-offs
: and landings.
High speed (sea level) 130 mi./hr.
Weights:
Enpty (with equip-

ment) 735082 b
Radio 264.6 i
Crew, passengers,

and baggage 2 0Rb .6 M
Gasoline 15,4689 n
0il el

Total 11,464.0 4

Probable Weights as Flown on Paris-Amsterdam Flight

Distance (approximately):

Paris ~ Brussels 180 miles
Brussels - Amsterdam 330 "
Total 290. M

Fuel consumption per mile:

7.079 ¢ 884 . & -
T8 %.88 1b./mi.

*From N.A.C.A. Aircraft Circular No. 15.

-
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Therefore, fuel and o0il required for a 300-mile flight equals
3.88F I IZQLN =M e ANINbE

Agsuming a 25 per cent margin, the total fuel ecarried for the
complete trip from Paris to Amsterdam (one way) equals

INaRiBl izl LRl | = GEEE 508 1NN
Assuming that the airplane did not carew this quamtbtity of fuels,
expecting to refuel at Brussels, the weight of fuel carried
would be approximately

1.25 {180 & 2.88) = 873 1B,

On the basis of the above information and assumptions and
further assunptions as to pay load carried, the following table
can be 'made: :

Loading Condition Weight
Fuel Passengers
1,450 2,22"7 Maximum probable load 11,291
1,450 LeoaNg Halgt pay, Suld tued 10, 178
8B 2 820 Full pay, short fuel L0 15
873 Al Half pay, saort fuel 9601
873 BELL Quarter pay, short fuel 9,045
From this table of.weights, assuming a speed of 80 per cent
of V (.80 =z 130, = 10M miles por hoUr) =i oa 1475~

max.

curve slope of 3.8, a table of the probable effective values of
U ¢an be made. TFor this purpese, an aeceleraticm of 2:5 g is
assumed, in view of the measurements and observers! remarks, as
a representative maximum value to be expected in rough weather
on the Paris-Amsterdam roumte in the "Jabiru" airplane.

Weight Wing Loading v Acceleration U
(1B .per gg.f5s ) (mspLlis) (g) (fipsos

12190 L6 104 ZiE) 2b.4

10, 1%8 LGB0 104 2t 2298

NE. 75 11508 104 2D 24.1

9,601 ] 104 D 2l o8

9,045 o D) ' 104 2D 20.4

It is thus seen’‘thet the effectivergalue of U in Case [T
for the worst bump lies between a probable minimum of 20 feet per
second and a probable maximum of 25 feet per second.
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Analysis of Reference 5.-

Airplane: DH-43B.

Balots Dooliilthilern

Route: Between Wilmington and Philadelphia.

Weather: "It is probable that these accelerations
are the result of flying into conveection
currents." Purther described as Yaver-
age rough air."

Altitudes 1,500 feot.

Accelerations: Maximum 2.2

= b

Minimum .

m Ck

Characteristics of DH-43

Wing area 440 sqg.ft.
Weights:
Empty 25 9158l CRAEhE
Fuel 4G
ahiial 6Tes |, A
Armament BB 6l
Equipment 30806
Crew 560w
TNotal 4. 595,060

Sielutidiions fors U

Assume conditions as follows:
(a) Half fuel, half crew, no armament:

473.5 _ 360 _

Weight = 4,595 - = 5 356..4 = . 8,808 Hb.
(b) Half fuel, full crew, full arnament:
Weight = 4,595 — éZ%LQ = 4,358 1b.
Also assume A CL
G el = A0
rad
and Vo= 080 Vo . = 94 mi. .
From equation (6):
& o [ases ft./sec.
(a) 19,8 £1./ 868,
U E 18.1 fha/sees
(b) ~-22.8 ft./sec.
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From these data it may thus be inferred that the effective
value of U in "average rough air" caused by ordinary convec-
tion currents is .in the neighborhood of 16. to 23 feet per second.
It is of interest to note the general agreement between these
values and those obtained by direct measurement of convection
currents given in the precedineg section,"remembering that the
direct measurements refer to average velocities throughout the
ascending currents. k

¥.daC.0, Dika

he data obtained by the National Advisory Committee for
Aeronautics are tabulated in Table III (see Figure 3). ..It is
not possible to ‘draw final conclusions from these data because
of their meagermness. and the lack of specific information con-
cerning the air speed and weather conditions or local topogra-
phy at the time the worst bumps were experienced. Several facts,
however, seem clear. The highest accelerations were obtained
over rough country when there were relative strong winds blowing.
These accelerations were therefore probably associated with
"obstructional disturbances," and the corresponding values of
U range up to about 22 feet per second. The lower -accelerabtions,
with corresponding values of U wup to about 15 f.p.s., were usu-
ally not associated with high winds and may have resulted either
from convection currents or "obstructional disturbances." Night
flights were generally very smooth.

From information that the Committee has received the ‘accel-
erations of the order of four (4 g) have been obtained in rough
air, and it is evident, therefore, that the data of Table III
do not represent the worst conditions somstimes encountered,
since in no case given in the table did a pilot report unusual
conditions. T

Resume and Discussion of the Applicability of the Data

The load factor which any airplane will experience upon
encountering a vertical current of -any degree of intensity can
be calculated with fair approximation from the .expression,

L W, @
L Uy ¥y
cos. 9 + =

n

-

0

i



are usually

known.
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where n = logd faector.
8 = flight path angle (to be considered 0).
Po = standard sea-level air density.
‘ 8 = .8 CL/A a radian.
U; = indicated effective vertical veloecity of aix
current (feet per second).
V; = indicated air speed of airplane (feet per
gecond).
P = wing loading (pounds per square foot).
All of the quantities involved with the exception of U,

Probable values of Ui, Dbased on the accel-

erometer and meteorologieal data discussed in the foregonxcr sec-

tions, can be suumarlzed a8 in Table IV.
TABLE IV
Velocities .of Ascending Currents
I ]
! Line Thunder- | Obstructional Convection
E sgualls storms ! disturbances curreats
% |
U (£.p.s.) | 43 to 108 |43 to 108 |Up to 27 or Up to 22 or
i ST, IOTRME (. . more
| |
Altitude i Up to 4,000|Up to | Varies with Up to 4,000
Bt o 20,000 ft.4 terrain ST
With respect to the last two columns in this table, there

seems to be 'a good probability that wvalues in excess of those

given occur at

nite values of
before the

tinmes,

U

magnitudes can be determined.

In view of the approximate character of
it is needless to attempt

formula. Thas ;

only approximately determined.

biplanes and fo

used at preseat.,

Bk

a

m

the slope of

although rather infrequently.
data than are now available will be required before any
for which to design can be established and
relative frequencies of values of U

the data on

Far more
defi-

of different

U,

great precision in applying the "bump"

tilie slaft

curve,

i /A B,

Average or probable values for

need be

r monoplanes are the only ones that should be

4,0

Il

per radian

These values may be taken as,

far biplanes.
4.5 per radian for monoplanes.
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The "bump" formula may be represented in chart form, for con-

venlence; ‘-as in PFigures 4 and 5. In using these charts, read
up from the speed scale to the line representing the desired
Wigiliwe: of U, hence to the left to the line representing the

given wing loading, and thence diagonally upward to the load
faettor 'seslel :

To determine the design conditions, the frequency of oc-
currence of bumps of various magnitudes should be taken into
account. As.an illustration of the procedure, let us assume

a hypothetical example for an airplane having a gross w1nb
1oad1n5 )i o 1LS

Birst, congtruct a load-factor chart for' the given wing
loading such as Figure 6, This is done by plotting the ‘general
expression for load facvtor,

1 2
. i CL(ZJ: Po vi )
g T S 7

which is simply-a form of the general 1lift equation, with the
symbols having their usual or standard significance. Now let
us assume that the airplane is a monoplane having an estipated
high s8peed of 160 miles pep hounr.and a.egruising speed of 135
miles per hour. Also, let us assume that the pilot is obliged
by mandatory requirements not to exceed 15 per cent in-excess

of ‘the high speed .or 185 miles per hour. So much for the per-
formance of the airplane. Now let us say that a vertical ve-

locity in gusts equal to 15 feet per second oceurs with suffi-
cient frequency so that the airplane may be expected to en-
counter this current at ahy speed up te the limiting speed of
185 miles per hour. Also, let us say that more severe bumps,
with U = 25 feet per second, may be encountered, but that they
are so infrequent that they may be assumed to occur only at the
most common flying speeds, namely, cruising speed or less.

On this basis the dotted boundary. line on the load factor
chart of Figure 6 may be determined by means of the "bump" for-
mula or chart. The area enclosed by this dotted line represents
all of the probable conditions which are likely to be encountered
in flight on the basis of our original assumptions.  Points 4,
B, ¢, and D will usually be found to be the critical conditlions,
although not necessarily so. Note that points A and B are
"high angle of attack" and "low angle of attack" conditions,
respectively, and that there are two critical inverted flight
conditions, one of them near zero 1lift.. If a factor of safety
of 2 is applied to give the design load factors, the boundary
line 1is expanded to give the dot-dash line shown.
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Recommendations

1. lieasurements of acceleratlnns in rough air should be
continued until a sufficient quantity of data are obtained to
be of statistical wvalue.

A b s nlghly desirable that closer liaison be @ffected
between those agencies obtaining these data and those analyzing
them to the end that better correlation between the accelera-
tions and the comespondlnn conultlone of weather, terrain, etc.,
can be had. : : .

8. A combined air-speed meter and accelerometer, which would
require no attention in service, should be devised so that exact
relatlonshl s between the sneeds and accelerations can beiestab-

shed over a 101 period of operation on any airplane.

4, Attem >ts should be nade to determine velocity gradients

through cross sections of vertical currents so that proper al-
lowance for tbe vertical: velocity of the airplane in the. current
can be made. 1In other words, the validity of the "bump® for-

mula should be further verified.

Langley Memorial Aeroﬁauticél Laboratory,
National Advisory Committee for Aeronautics,
langley Field, Va., Avril 9, 1881,
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TARLE III. N.A.C.A. Accelerometer Measurements in Rough Air

* ok [k
-+ +
X 'ﬁ) 'go Vi p'.,-\l ih§p o
o () ~ i DRy inde R
& @ G L = o o
o = 8 o s w l'g‘/‘ ok Weather Pilot'!s comments
5 4 ? e E S | (mph) l T 1
4 i | ] =
3] o () [0 o) s D P o
iz o Z| g s | 88| 1 oeg
&) = f.p.S.E E‘l (ﬁ: <¢ =
e {- i .L
Salt Lake | 3:35 P.M. (125) | 1.6 | 8.5
=L D358 | 2p]1 9-11- 7] - le e
e | 5L 190 g mp Pl e 7§ 183 .3 |-10.0 R R
. =
I | .
Oakland " 8:00 AM.| (120} |18 | Tt |y A . b
——— F Y= 1 O \T 4 ) £ & . »
- Sacrementol 2‘°1|9 0 BO|8:41 S| ~0%0) "yoe | g T e Vory wimotl ERE a
: l 1 | e
-{ Sacramento| .. ! o 4:57 P.M. (120) | 1.3 Se7 1930 | Heavy clouds over Flew above clouds i
%a Reno | 221 9-10-801g 4 B0, | 29 176 | .5 | a8 |7 - mountains i except for occa- o
! ‘ si onal heads. g
&
o
) l 1.8 9.9 Very rough descend- L
—-a4 ~17.3 ing through clouds =
? above Reno. @
‘ l ‘ ®
Seattle anl 8145 AM. (328) 1.8 | 5.9 . Heavy clouds - =
4 e 2219~ 9-7 . 3000 o
' Portland s o 9:53 A.M.!lo B 183 5] } ~5.9 brokem mostly ! Very smooth flight. *
| ; | J below 3000 ft. %
’ = i
Remarks
1 |Average accelerations about same as maximum throughout flight.
2 |Several locel bumps recorded 15 minutes after take-off.
3a|Average acnelerations less than maximum.
3b|Record shows high accelerations during last 5 minutes before landing; undoubtedly these occurred while
descending through clouds.
4 |Record shows only occasional bumps.

e

| (All references listed at end of table.)
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TABLE III. N.A.C.A. Accelerometer Measurements in Rough Air (Cont'd)

] * * % * Kk
< ‘ 5 &~ o
& ) &) o= feollo]
. | | & Vi | S| g B3
+ = G4 Oy T ~— o e
T S S w | Gy . 5 5 e Weather Pilot's comments
g - SEE RS s R O o
g 8 2 1 8 L 8
| g 5 £p.s = = 4
o 1oy
Portland 10:24 A.M. (125) | 1.8 DD Approx. same as | Rougher than No. 4.
Sy | o] - ae0 B 0 G@ (o2 [staz 00 . 2 gkeept Shortly after 11:00 A.M.
clouds higher. one bump caused passen-
Latter part, gers to leave their
i rain squalls. seats.
} Rein at Medford.
|
Medford 13125 P.M. | (I86) 139 1 38,7 | 2 Improved toward | Worst bumps experienced
§ | O 221 | 9- 9-30 10.6 000 | *™F o TR
Oalkland 4:00 P.M. 4. ] .3 bl | Oakland. wpon approaching Oak-
| land.
10 | Cheyenne ‘Zié 9-12-30 8:09 A.M. 9.4 (100) |2.65| 22.7 |11500 | Favorable. High | Worst bumps encountered
| Salt Lake 12:58 P.M. : 147 |{-.3 |-17.9 and |cirro-stratus. between Elk Mt. and
g 7600 |Wind S.W. McFadden.
35 me.peh.
Balt ke 12:52 P.M. (100) 12.35} 16.6 Cloudy. Wind Worst bumps experienced
11a| V222 %€ 506 19212-30 L 6 B
& Reno < 4:50 P.M. A 147 j=.6 =187 o S.W. 15 m.pe.h. |[upon crossing ranges.
at ground, 45
1 m.p-he at alti-
tude.
. Remarks
5 |[Negative load factor of -.2 is one mentioned by pilot. Numerous bumps recorded within range of +.2 & +1.8.
6 |Worst bump recorded at 2:07 P.M.; near Oakland accel. became frequent, rarging from .2 to l.8 g.
10 |Max. accel. usually gave load factors ranging from -.05 to 2.1, which would give values of "U" of -14.5
and +415.1 f.p.s., respectively.
1lla/Record shows that worst bumps occurred when crossing mountain ranges both approaching and leaving Elko.
Load factors experienced approx. same in each case,
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TABLE ITI. N.A.C.A. Accelerometer Measurements in Rough Air (Cont'd)

= o * | %k * kK '
FSD 'gﬂ C.iA @
é_ o© o e ! = %o "U'i'nd. 58
= +© & i o W o b
e @ G Gy S £ Weather Pilot's comments
o o - o 1S S - Rl
5 2, (mph) | © 5 'f. < &
13) o o © © o ® Je0 iy
[} - +> =) M O * g
m ~ < )] o C O > g
A E f.ps.| = a <
-
2.65| 20.3 '
1
- -.65(-20.3
12 Reno ovel o-12-3p 5:00 Peilaj o 4 (100) | 2.2 | 14.8 5000 Gvercast3 with storm | Worst bumps encoun-
Oakland 7:00 P.M, 147 .1 |-11.1 approaching from tered between Reno
- N.Ws Clouds high, and Summit, over
thinr and broken the Concord Hills.
Cheyenne ' (100) | 2.15] 16.3
13 | ZReYeune longiio 29 ol {5
Salt Lake (iaatanns . ! 147 | -.35}-12.2
Salt Lake (100) | 2.00 | 14.2
14 === 276 112-29-30 P.M. (9.7
Reno 147 | -.20 |-17.1 {
Chevenne [{5:31 A.M, (100) | 1.35| 5.0
5 == 2 1- 4-31 .
BB e O S iB:lO 277 147" | 50| —7.1
Salt Lake |8:25 AM. (100) |1.35| 4.5
16 = =  276] I- 4-31 8.8
Reno | 240 P.1. 147 | .50 | -6.4
Rema r'k's
11b|Record shows maximum acceleration experienced while approaching Reno from the east.
12 |Record shows worst bumps occurred 12 minutes after taking off from Reno.
13 {Pilot made no report of weather. Record indicates generally rough air. Negative load factors were ex-
perienced three times.
14 {Pilot made no report. Record similar to No. 13.
15 |Pilot made no report. Record shows continuous bumps of same magnitude.
16 |Pilot made no report. Record similar to No. 15.
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TABLE III. N.A.C.A. Accelerometer Measurements in Rough Air (Cont'd)

* | k% * ok
< e .
&0 &0 . 8~ g ®
. o ot i o = . T T
o () — — = e ind.| 8 o
= - B2 - = -
o] @ Gy Gy e £ d Weather Pilot's comments
~ = — o o W (mnh) @ e £ Sl
o 38 — . g o
(3] e} &' © © S ) p's_ ey
e = 4 s 5 R o &
1 a = f.pos. b= <4
17! Remo 276|1~ 4-31| 2:12 PMej g o(100) |1.80! 10.3 |10 | Good- No clouds.| Worst bumps around Verdi.
Oakland 4.12 P.M. 147 1-.50{-=19.4 N.W. wind.
Ozkland a 8:00 A.M. (100) (1.45] 5.5 Clear, with some | Generally bumpy; worst
18| YVo=—=—== 2761~ 9-31 8.3 6000 2 ¢ ’
Reno 0 97 AMe 147 PR | =95 light ground fog.| bumps encountered over
, Low fog in moun- the Concord Hills, Dbe-
| tains. Wind N.E.| tween Avburn and Summit.
10 m.pohe
g, EReno - i 10:§O A.M. 2 (100) l1.70 8.4
B | P e sl B 1 | L17l3000
Salt Lake 4:00 P.M- (100) {1.531 7.3
20| zor 276(1-13- 9.
° Cheyenne G el 7:04 P.Me. 2 147 BN
et
Salt Take 9:37 AMs £100% 1.1 1.4 Clear to broken Worst bumps encountered
- Reno ST {003 1:45 P.M.]D'O 147 o -1.4 A0 overcast. Cirrus | over Ruby Mountains.
clouds.
Remarks
17 {Record shows two local areas where bumps occurred, at 3:13 and 3:37 P.M.

18
LS
=20

21

Record shows generally rough air with a few isolated maximum accelerations.

Pilot made no report. Record indicates generaslly rough air. Very similar to No. 18.

Pilot made no report. Records indicate relatively smooth air. Average load factors .5 to 1l.35 correspond-
ing to values of "U" of -6.9 and +4.8.

Relatively smooth as judged by record.
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TABLE III.

N.A.C.A. Accelerometer Measurements in Rough Air (Cont'd)

* *% ko
4+ 4 o
< < g~ o)
&g &) Vs o= n ol o)
. o o ik = W . =80
o () — —~ = ind.] & o
- = % - - v PEg Weather Pilot's comments
g - 2] 5 | T | G5l | TE
Q o S P b. 2
- 5 2 : A |
[ae] ~ <3 8 ‘E:: f.p.s. = @ <q o1
Reno 2:30 P.M. (120) | 1.5 | 6.1 |. | Partly cloudy with| Practically calm.
ol s (0 S2HN J
- Qakland L R 4:35 P.M. s 176 035 | =749 Sk showers. Worst bumps en-
countered over Mt.
Diablo approximate-
ly 15 miles out of
Oakland.
Oakland : 8:00 P.M. (120) 11.25| 3.0 |zr~n | Storm west end | Practically cdl m.
R3| V=== 7137|2~ 6-31 10.2 000 :
Reno 10:40 P.M. 176 .60 | -4.9 i clear east. Very few bumps,
if any.
Reno 10:15 A.M. (105) [1.85 | 477 Fog at Elko and
24| —— 71372~ 7~ 9. 80
Cheyenne g VR 8;00 P.M. . 154 <D0 =6 0 Salt Lake. Light
N.W. wind.
25 Cheyenne 37 o- .31 10:20 A.M. 10.8 (110) |1.45 6.3 800 i Clear on rum, sol- | Nearly calm but
Salt Lake . 3:00 P.M. 161 .55 | =6.3 0 id overcast at bumpy between Lara-
Salt Lake about mie and Ft. Steel.
2000 £t. thiclk.
3 og|Cheyenne |nqzrmio 13 7:46 P.M. i (100} |1.156 | s 8000 Light fog at Chey- | Worst bumps at Elk
Salt Lake et 12:25 A.M. 147 «80 | ~3.2 enne. Light haze ! Mountain and
| and smooth at Wasatd Mountains.
| Salt ILake.
| Remarks
22 |Relatively smooth as judged by record except during last 15 minutes before landing at Oakland.
23i{Records show a few burps on west end. Night flight.
24|Bumpy upon approaching and leaving Elko.
25|Records show bumps as in pilot's comments but also equally severe ones upon approaching and leaving
Rock Springs.
26/Flight made at night. Record shows that it was relatively smooth.
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TABLE III. N.A.C.A. Accelerometer Measurements in Rough Air (Cont'd)
g z * % %k
® @ e 3 o
o © % o n vy =% 29
T < 8 ¢+ . s . e : i
= - EL P = S o . 5 Weather Pilotfs comments
8 for (mph) — S o
(@] ~ © 0] . Q —
® e 4 P = s e
i A & f.p.s S 8 | &8
Salt Lake 1:35 A.M, (100) | 1.15 Good. No clouds.
St = 2 7000
. T 1Bl egp 0% 1er | .80 S.5.W. wind 10
M.Pshe
Reno 7:14 A.M. (100 | 110 Cloudy and fogsy Worst bumps near Reno.
28 === 7137 2-14-31 10.0 8500 J =
Salt Lake 11:33 A.M. 147 +80 with storm clouds.
: S.We wind 15 m.p.he
oo |Salt Lekel ... 10:30 P.M. (100)
s Wendover AR Rl 12:05 A.M. 100 147
Tendover 6:40 AM. (100)
30 — 7137 2-15~31 10.0
Wendover 7:45 A.M. . 147
z1|Wendover |nizm o_ys5.37|12:06 Pelleqq o1(100) 7000 | Fog- S.We wind  |Worst bumps encoun-
Reno 4:02 P.M. 147 15 mepohe at alti- |tered upon approach-
tude. ing mountains.
Reno 12:00 P.M. (100) Fog. Alto-cumulus |Very calm.
32 = 7137 2-16-31 . 5 X
Salt Lake 6:53 A.M. - 147 Al clouds encountered.
N. wind 10 m.p<he
at altitude.
R emg v k-8
271Flight made at night and load factors recorded were low.

28
29
30
31
32

Maximum bumps experienced during first 15 minutes after leaving Reno.
Flight made at night and record indicates that it was smooth.

Pilot made no comments.

Pilot made no comments except that he returned to Wendover on account of the weat her.
Records indicate that worst bumps were experienced upon leaving Elko.
Flight made at night.

Record indicates that it was very smooth.
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TABLE ITI. N.A.C.A. Accelerometer Measurements in Rough Air (Cont'd)

$L2 *ON 290N BOTU WeL *V°O°V°N

AV
~J

x| k% ok ok
z E l é/\ O
. - k- ‘ o Sl U 8
o © — — Vi = =zu) ind. -8 o
./ i 1
g o 'g, b= = S l(mph) %ré f'p. 4 Weather Pilot's comments
e 4] 2 2 | g8l "o 58
~ ~ < 5 T Ef.p.s. = © <
. 41 3
QOalrland zr = 8:00 P.M. { 90) | 1.80 8.2! Clear with 48 m.p.h.Torst bumps between
33| vo==2 7137| 2-19-31 10.8] 6000 Sy D
Reno °*11:20 P.M. 132 25 —12.8‘ N.E. wind. ‘Blue Canyon and
| Truckee.
| ¥ |
34; Reno 7137| 2-19-31 11:3? A.y, 10.2 (100) 1.80l 11.6! nogo | Few scaﬁtered clouds!
Salt .Lake 5:30 Poi\v'.o 147 050 "703 15 m.p.n- N'NcEl
| jwind.
| |
Salt Leke 7:00 AJM. (118) |1.801 6.4 Broken and overcast
35| VT—= 37| 2~20- : -
Reno e - 11:30 A.M. e 161 235 | ~-8.4 G with cumulus clouds.
Reno 11:38 AM. (110) 11,30 3.8 Clear N. wind at Rough all the way
36 7137|2-20-3 9.8 55
Cakland . 1:18 P.M. 16l .45 1 =7.0 o 25 m.p.h. but worst around
Snow iountain.
. !
1
|02kland 8:35 P.M. (120) 1,251 3.8 N.E. wind 50 m.p.h. |Worst bumps =25
37 7137 2-20-3 . 11000 £ <
l Reno A - 12:32 A.M. atd HH6 .65 | =4.5 e miles west of Reno.
Reno 12:47 A.M. (100) {1.40} 5.5 |0lear. 25 m.p.h. Worst bumps just
o Salt Lake i 5:35 A.M. e 147 .65 | -4.8 6OOO‘N.E. wind. out of Reno and
over Great Salt Leke.
29 Salt Lake ) T e 9:33 P.M. 0l (100) 150 . 0 8000 Clear ?nd calm, j
Reno | 1255 Axs 147 0@ 10 with light N.E. wind.
Remarks
33 |Records show maximum load factors were recorded a number of times from 10:20 to 10:45 P.M. DNight flight.
34 Generally smooth but local bumps encountered at times.
35 |Bumpy upon approaching and leaving Elko.
36|Records indicate that it was rough all the way from Sacramento to Oakland. Load factor ranged from .45-1.30.
37iRelatively smooth. A few local bumps. Night flight.
38|Night flight.
39 1Flight made at night. No noticeable bumps.
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TABLE III. ¥.A.C.A. Accelerometer Measurements in Rough Air (Cont'd)

* *% * % %k
< e .
. E«D 210 Vs 5:\ Rl '%) 'U.
g e 3 oy e
o & & [ oy . i >3 th 3 !
0 5 = = = S - -t Weather Pilot's comments
o jof (mph) —~ | f, | @ =
C o = [ Q ¢ Q P l i
% m b2 = 5 88 e 28
e A £ fepesg = a | <
, 1
Reno 2:08 A.M. (120) | 1.0 0 Foggy in bay re-|No bumps encountered.
R 2-23- 10, 0 e .
= Oakland e - 5:17 A.M. A 176 | 1.0 0 o gion. Wind S.W.
S5 m.p.he.
Oakland E 8:00 P.M. (100) | 1.0 0 )
41 Salt TLake 7137 2-24-31 2:05 AM. 10.0 147" 11.0 0 7000 | Clear No bemps encountered.
42 CheYenr‘.e 27»- ﬁ_24:__31 5:28 .A-M:o 9.6 (100) 105 4:'2
Salt Lake| = °|° 9:40 A.M. 147 | .4 | -8.4
Salt Lake = 9:00 A.M. (100) |1.50| 6.5
T Y 276|2~24~ g .8
Reno R *ll32:45 pon. | 88| 127" | i25 | 0.
Reno 12:58 P.M. (100) |1.45| 5.8 Clear. Wind Generally rough all the
44 =—=— _276|2-24-31 8.8 7000 -5
Oakland 2:40 P.M. 147 e D [T o N N.E. 14 m.p.h. jway. Semi-severe
at altitude. bumps at Sierra Summit
N.W. in Sacra- |and San Francisco Bay
mento Valley area.
at ground.
Sglt Lake 11:14 P.M. (100) 1.0 0 Clear. Wind No bumps.
45| V=== 2-2 6 : O &
Reno 7137; — 3:45 A.M. . 147 1.0 0 B W.N.W. 10 to
| 30 mepehx
Remarks
40|Night flight. Record very smooth.
41|Night flight. Record very smooth.
421Pilot made no report. Record shows generally rough air.
43|Pilot made no report. Record similar to No. 42.
44| ———eee

45|Night flight.

B i e S e S et e o e SN e R e ke Bl e e e e e R

Record

very smooth.
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TABLE III. N.A.C.A. Accelerometer Measurements in Rough Air (Cont'd)

% * %k * %k
= = g ®
B
‘ - o v; | Z%| Vina] BT
O © — —~ = + o
= i a " s . b ol VWeather Pilot's comments
o o 4 - S 8 - gt
~ s} — (e} (e} — Q o
8 o g‘ ) Q (mph) % 8 f'D. -'g
® o 4+ IS} (9] “ sd B B
i [ <3 ] o = @ <3
A = lf.p.s.
Reno 3:58 A.M. 1 (100) |1.35| 4.8 Clear. TVind S.W.|{Worst bumps, Reno to
i 137|2-26-31 9.5 600 PS
o Oakland X 6:00 A.M. " 147 .60} =-5.4 v 14 m.p.he Truckee.
Oakland 8:00 P.M. (120} 11.48| 5.5 Clear. Wind east|Bumps encountered
471 =——= 171371 2-28-31 10.3 > - -
¥ Reno 10:10 P.M. 176 .60} -4.9 20 mcpoho last 50 miles.
Reno 1 10:22 P.M. < 1(100) {1.45| 6.6 4 ' Clear. Wind N. |Some roughness at
481521t Taxe et RN R L Y .30 1-10.3 P90 | 3. 15 m.p.h. Secret Pass.
4918alt Iake!nyzplz_ 1.37110:58 PMolyg 3 (100) (1.0 0 lsoog | Clear. N. wind |No bumps encountered.
Reno | 3:09 A.M. 147 |1.0 0 15 mep.he
50| Reno '7137 3. 181 & 10.3 [(100) {1.0 O gogo | Clear. Wind N.E.|No bumps encountered.
Oakland | ' 147 |10 | © 10 m.p.h.
l
Salt ILake | 5:37 A.M. (100) {1.85 | 11.9
81|~ =——= 7137 |3~ 5-31 9.8 !
Reno I , 10:14 A.M, 147 A5 | =7.7 |
Remarks
46|{Record shows local bumps were encountered 10 minutes after leaving Reno.
47|Record shows worst bumps were encountered midway between Sacramento and Reno.
48|Record shows two local bumps of approximately equal magnitude. Night flight.
49 i Night flight. Record very smooth.
50|Record very smooth.
51iPilot made no report. Maximum load factors recorded on approaching Reno.
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TABLE III. N.A.C.A. Accel

erometer Measurements in Rough Air (Cont'd)

i

o e * * % i *ok ok
rED ﬁ V g:\ "yt "g
o o = - * = Using. =
= o 4y 4 W g o :
e + = g * gmnh) - . o Weather Pilot's comments
5 3 — S o S = - p- @
o feh o S.
E e u 2 &
[Iii (o=t <4 8 & fpes = a
Reno 10:22 . (120) 1.60| 7.2 Clear. Wind RBumps encountered
2 71373~ 5-31 : 10.0 =
- Oakland 12:0 176 40 | =7.2 N.E. 28 m.psh.|{30 miles out of
Reno and between
Sacramento and
Qaklard , with
worst just before
landing at Oakland.
5 Reno ] R 10.0 (100) 155 64 Good. X. wing |No bumps encoun-
Salt Lake 147 50 =71 tered. Some
15 m.peh. , .
roughness while
changing altitude.
SR
54 Anacostia, D.C.igzra {1-28-21 1L 11.4 { 9B) (1,88 | 8.6 Clear. Wind Worst ?Uﬂp? encoun-—
Langley Field | 1 144 53 | =7.8 15 m.p.h. tered in first
1 third of flight.

1 1

TN AY)

BRemarks

Record shows maximum accelerations when leaving Reno and
Record shows a few locd bumpc.
Numerous bumps giving load factors of 5 and 1.5.

when approaching Oakland.

* Average during flight.
** Average indicated air speed.

ek IIU"

ind.

2 (n-1) g

B 2%

+++ Boeing
tt++ Vought

References
+ Boeing
++ Boeing

Monomail Model 221; assumed a = 4.1
Mailplane Model 40 B; assumed a = 3.9
Trimotor Model 80; assumed a = 4.0
Corsair; assumed a = 4.0
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W.A.0.A. Tcochnical Note No., 374 Fig. 2

.
180

\
2y

N\
SN
160

140

=== R g

G aee B
8
—

¥

3
e
o

5
S U
\\
1=
U/
12

e
&0
) 4 7 + m -
V\ M \ / N / | ol
3 gt .
= e g $
‘ ’ “ 0 | nm
Lo Al : g &
N NIRRT e i
// A \ e f/ / m
M / 5 \ 4 o m
~N N % - 8
AN | g
N \ P
/w / /» \ Mu
; < i o s
///M//// / “
/.. /
L S\
ey

il




N.A.C.A. Technical Note No.374 Fig.3
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Fig.3 Route over which N.A.C.A. accelerometer measurements were made. (See Table I1T)
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Fig. 4 Applied load factors in bumpy air.
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Fig. 5 Applied load factors in bumpy air.
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