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SUMMARY

L.y53

Since the preparation of the last report on gust
loads a large number of records have been obtained from
V-G recorders installed in airplanes flying on the do-
mestic and transoceanic transport air lines of the United
States. Records totaling more than 134,000 flying hours
have been recelved and evaluated in order to bring up
to date the V-G recorder data. The analysis of these
records 1s contained in this report.

The results indicate that the maximum effective
gust velocitres for both the land transport alrplanes
and the flying boats have approached values of =40
feet per second. This value 18 discussed with refer-
ence to the present design gust load factor and it 1is
concluded that the present design factor 1s adequate
when all the factors affecting the maximum effective
gust velocitles are considered.

INTRODUCTION

Since the preparation in 1937 of reference 1, the
number of V-3 recorder flight houre has been increased
from about 20,000 hours to more than 134,000 hours. A4t
the same time several new types of airplane have been
Placed in regular service on the air lines., These air-
planes are much larger and, in some cases, have higher
wing loading values than the old types they have re-
placed. In 1937 the ratio of flight time accumulated
on land transports ‘to that of flying boats was about
6 to 1, whereas at the present time the ratio is very
near unity. Likewlse the wing loadings of the land-
planes and the flying boats are more nearly equal at
the present time than 1n 1937. The approach toward
parity of these quantities permits at the present time

—
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& more reasonable comparison between the records taken
on the landplanes and on the flying bhoats than was pos-
sible 1in 1837, |

The transport air lines of the United States have
been very cooperative with the NACA by installing V-G
recorderes in transport airplanes and periodically re-
turning the records obtained on these airplanes with
the pertinent data required to evaluate the records.
This procedure has made it possible to odbtain a large
amount of V-G recorder data from transport alrplanes,

METHOD A¥D RESULTS

Scope_of megsurements,- The scope of the V-G data
obtained to date is presented in table I in terms of the

type of airplane in which the V-G recorders have been
installed and the total number of flying hours for each
type of airplane.

Figure 1 shows the monthly distridbution of flyink
time from October 1932 to April 1942. The chart shows
a total of over 134,000 flying hours for this period of
time.

Composite V-0 diagrams.- The results of tle eval-
uated V-G records are given as composite plots for the
different types of landplane in figure 2 and for the
different flying boate in figure 3. XNormal acceleration
velues in terms of g are plotted against. indlcated alr-
speed; envelopes of the maximum g values are shown for
all the V-G records taken on each type of airplane.

These composite plots are based on the analysis and
the evaluation of hundreds of separate V-G records obtained
over a long period of time. In the analysis of the data,
some individual records had to be rejected because the
instrument operation was obviously faulty. In all cases
in which the question arose as to whether a large accel-
eratlion appearing on the record was due to a maneuver
rathor than to aa.atmospheric gust, the accoleration
in questlion was thrown out. As a2 result all the acceler-
atlons that make up the maximum outline on the composite
plots of flgures 2-and 3 are gust accelerations.
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For cases in which definite evidence 1ndicated that
severe storm conditions existed during the time any given
V-G record was taken the data have been. included on the
pPlots in dashed outline. The 'record for the DC~2 air-
plene (fig. .2), vhen. a storm was- encountered between
Richmond, Va. and Washington, D.0., was descrided in
doetall in roference 1 as a unique V-G record; the record
for the M-130 airplane (fig. 3) was obtained under storm
condltions on a flight from Alameda, Calif., to Hong Kong,
China, This procedure has been followed because it is
believed that these storm conditions should be considered
exceptional cases and should be treated separately. -

Composite Us dlagrams.- The plots of figures 2
and 3 have been converted, as was explained in reference
1, into the form of maximum effective gust velocities U,
pPlotted against a speed ratio V/VL and are presented in

figures 4 and 5, The ratio V/Vy 1s the ratio of the
indicated airspeed at which the gust was encountered to
the maximum indicated alrspeed in level flight for the
particular type of airplane under consideration. The
conversion of the g values ilnto terms of TUg has been
accomplished by use of the following relation:

2Anv¥Y
pmVS

Ue=

in which
Ue effective gust veloclity, feet per second

An increment of load factor from 1g

L] gross welght of the alrplane, pounds

] wing area, square feet

p alr density at sea level

m slope of wing 1i1ft curve per radian

v indicated airspeoed of alrplane, feet per second

The foregolng formula 1s based upon the assumption
of a "sharp-edged" gust, thls assumption being that an
airplane flying in calm air suddenly encounters a vertical
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gust which 1s sharply defined relative to the surrounding
atmosphere. All the data have been given using the
assumption of a sharp-edged gust, .The dliscussion of the
theoretical relationships involved 1s contained in refer-
ences 2 and 3.

Oertalin assumptione must be made 1n order to evaluate
the sharp-edged~-gust equation, The actual values of the
wving loadings and the slopes of the 1ift curves of the
varlous airplanes at the time the gusts were encountered
are not known. XYor thils reason the gross welghts of the
different types of airplane and a valuse of the slops of
the 1ift curve of 4,5 have been used in the determination
of the gust velocitios from which figures 4 and 5 have
been prepared.

Tadle II prosents data of basic alrplane character-
istics that have been used in the computations made in
this report. The speed ratio V/Vy is used in the con-
verted plots to reduce tho V-G data for all the differont
types of airplane to a common basis for comparison. The
valuces of maximum indicated airspeed Vy, the source of
the date in each case, and the meximum values of the
v/Vy ratio, as obtained from figures 4 ezl b or from

calculations, are given 1n table 1II.

In figure 6 the effective gust velocitles for all
the land transport airplanes have been comdbined to form
one composlte gust veloclty envelope and the same thing
has been done for the flying boats. In this manner a
comparison between the effective gust veloclitles occur-
ring on the land transports and on the flying boats 1is
posslbdble,

The effects of variation of the wing loading and
the slope of the 1ift curve on the calculated values
of gust velocity are shown in table III. Two values
of wing loading have bsen chosen for each type of air-
plano, the value that corresponds to full gross weight
and the value that corresponds to welght empiy. The

Uepax and  Ugpyp values obtalned under the conditions

doscribed are taduleted. The velues of An and ¥V
chosan for use in these computations are takon from
figures 2 and 3 and are the values that glve the highest
valuoes of calculated effoctive gust velocity. The other
factors in the cquation have beon held constant.

Ssh-7
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The values of the lift-curve slopes are not the
same for all the alrplanes used in collecting the V-G
records. A value of 4.5 has been used for computing
the data for all airplanes. ..The .actual values for the
lift-curve slopes on particular airplanes shoulad approx-
imate the calculated values given in table III. These
values have been calculated using equation (88) of refer-
ence 43

ch n

da 10(n + 1.8)

where

dC;, -slope of the lift curve

da
C1, 1ift, coefficient

a angle of attack
n aspect ratio

The values calculated by this f ormula are converted to

radian measure for use in the gust equation. The equation
dcy,
da

thickness-to~-chord ratio of 0.12, 7For the purpose of this
report the calculated values of the slopes are sufficlently
accurate. A set of computations for the gust velocltles
are given in table III for the maximum wing-loading con-

ditions and using the 1ift-curve slopes calculated by the
equation.

for glves an approximate value of the slope for a

The values of the deslgn gust veloclty for each type
of alrplene are shown in teble III. The values of the
gust factor X used to obtain the design gust values
given in the table were taken from figure lla of refer-
ence 5.

DISCUSSION

A comparison of the results of the present tests with
similar results contalned in reference 1 indigcates that
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not only have the camposite gust velocity ocurves for the

lendplanes and the flying boads (fige 6) approached éach

other but alse that, in general, the values of Ty are

somewhat higher than in reference l. It is reasonable to

expedt that the curves for the landplanes and the flying

boats considered in this report would approach each other >~
insmuoch as the chords and wing loadings are approximately .
the same and inssmuch as the flying times recorded for each
type are nearly equal. The gust velocities should be higher
in value in this report than they were in reference 1 be-
cause of the great amount of data aescumulated during the
ensuing period of time. The assumption that the gust-
veloeity envelope will gradually inorease with times is
logical because the changes of encowntering large gusts
inorease with time. An interesting roint is that the
composite outlines for the landplanes and the flylng boats
that have comparable oharacteristics are approaching each
other, although the operating conditions are not similar.

€S h

The altitudes at which the various airplanes in this
report énocountered any given gusts are unknown and all the
records have been esvaluated for sea-level conditions. The
results contained in referense 6 show that, far practiocal
purposes, the maximum effective (indicated) gust velooity
is independent of altitude.up to about 34,000 feet. For
this reason, the conolusion is reached that the effect of
altitude on the results contained in this paper may he
negleoted.

The most troublesame factor in the determination of
the effective gust velocity is the valus of the wing
loading, which properly should be taken as that existing
during the application of the gust load. Beocause this
value is not known, the practice has been to take the
value of wing loading corresponding to maximum gross
welght, BSuch a practice is conservative if the values
of Uy derived as a result are ultimately used as design -
values. As has been seen in table III the maximum wvalues
of Uy, in all but one case, are in excess.of the design
values for the ajirplanes listed. Fram this result one
should not comolude that present design practioce is umn-
oonservative, because the most probable values of the
wing loadings at the times the gusts were recorded were
substantially less than those based on maximum gross
weight. The minimum values of T, based on weight empty
are, however, unduly low. A fair guess is that the most
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probable value of wing loading is about 85 percent of
the maximum value.: With such an asgsumption, the effec-
tive gust velocitles determined from the records agree
remarkably well with the design valupes, which are ‘there-
fore considered to be adeguate, '

0OKOLUSIONS

The analyeis of the V-3 recorder data based on a
total of more than 134,000 flight hours and the compar-
laon of the results obtained with ‘present design values
indicate the following conclusions:

1. The maximum effective gust velocitles obtained
from V-G records to date and based on maximum wing loading
are approximately =40 feet per second at all useful
operational pirspeed values,

2. The effective guast veloclties of approximately
40 feet per second obtained from V-G data exceed the
values of 30 feet per second multiplied by the gust factor
used for design purposes. The difference may be largely
eccounted for by the use of the maximum wing loading. If
the more probable wing loading of about 85 percent of the
naximum values is used, the effective gust velocltles are
in good agreement with design-values.

3. V¥hen e sufficlently large amount of data have been
accumulated, the composite plots of the gust velocitles
for the land transport alrplanes and the flying boats willl
probably asgree very closely for types that have approxi-
mately the same wing loadings, the same wing chords, and
the samo operational speods,

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aerorautlcs
Langley Fileld, Va.
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NACA TABLE T 9
TRANSPORT ' V-G RECORDER DATA TO APRIL 1942
Alrplane ° Alr 1ine Routes flowm Period Total air hours
Landplanes
‘Boeing 247 - - |[United- Whole system - coast to coast Oot. 1933 6,907
) - Newark - Seattle - Oakland to Nov. 1935 .
Bosing 2),7-D United Whole lyntom'- coast to coast April 1935 7,170
N Newark - Seattle - Oakland to April 1937 ’
Boeing 247-D Pennsylvania Milwaukee ~ Dotx-oi-t - Pittsburgh-| Sept. 1938 3,8
Central Cleveland - Washington, D. C. to Oct. 1938
. : Total 14,425
Douglas DC=-2 Eastern Mismi - Newark - Boston May 19%6
. to Jan. 1941 410'781
Douglas DC=2 TWA Whole system - coast to coast April 1936 1,884
) Newark - Los Angeles to Feb. 1938 ’
Douglas DC=2 Pan-American Buenos Aires Argontim - July 1935 1,087
arece Santiago, Chile to July 1937 ’
' Total 13,702
Douglas DC-3 United Whole system - acast to coast July 1937 19,111
Newark - Seattle - Oakland to Jan. 1942 ’
Douglas DC-3 American Whole system ~ coast to coast Pedb. 1937 12,835
Boston ~ Newark -~ Los Angeles to Oct. 1939 4
Douglas DC-3 TWA Whole system - coast to coast Sept. 1938
& Newark ~ Los Angeles to Oct. 1940 L4355
Total 36,401
Boeing SA-307 TWA Whole system - coast to coast July 1940 2,073
Newark - Los Angeles to April 1941: ’
Boeing 3307 PAA Misml - San Juan - Port of April 1940
Latin America |Spain - Belem to April 1942| 3,455
) Total 5,528
Lockheed 12A Continental Denver ~ E1 Paso Aug. 1938
to March 1939 535
Ford SAu~C Pan-Ameriocan Buenios Alires, Argentine - Dec. 1932 2.831
-Graoce Santiago, . to Dec. 1936 83
Fairehild FC-2w2 Pan-American Buencs Aires, Argentins - Dec. 1932 06
Grace Santiago, Chile to Nov. 1934 306
Pokker FiO-A Ameriocan Cleveland - Dallas Oct. 1932 300
to Jan. 1933
Landplane total 74,028
Flyiag boats
Boeing 31 Pan-Amerioan New York - Burope March 1939 12.51
Atlantic Division to April 1942 515
Boeing 31} Pan~-American San Francisoo ~ Hawaii -~ Orient April 1939 1410
Pacific Division to Apr1l idy2 Ts
Total . 19,925
Martin 130 Pan-American San Francisoco - Hawaii - Orient June 1936 8
Pacific Division to April 1942 18,272
Sikorsky S-42 Pan-Ameriocan Miami - Buenoo Alires g N
Greace - to D-o- 935 430
Sikorsky S-li2A Pan-Ameriocan Miani - Buenos Aires April 1936
oreoce to Nov, 1939 15,902
Sikorsky S-i;2B Pan-Ameriocan Miami - Buenos Aires June 1937
. Grace . to March 1940 5,391
Sikorsky S-43 Pan-American Miami - Cristobal, Canal Zone July 1936 8,
arace to Oct., 1936 9
Total 22,132
Flylng-boat total 60,329

—
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KACA TABLE II 10
AIRPLANE CHARACTERISTICS
Maximmm
Gross Wing Power indiosted Altitude
Afrplane weight, W(loading, W/S{loading, W/P at v v, 8 f dat
MM Ty iy sirevesds VLI (er)” 7 ouTee oF due
. . - Landplanes
Boeing 247 13,100 15,67 12.48 169 5,000 |1.31|Boeing Atrcraft Co.
Boeing 2.7-D 13,650 16,32 12,41 177.5 8,006 1.%3) {Boeing Aircraft Co.
Deuglas DC-2 " 18,200 19.4 12.2 215 8,000 |1.11|Douglas Alrcraft Company,
Inc.
Douglas DC-3 2y, 000 .3 13.3 213 7,000 |1.13|Aviation, April 1937
Boeing S-307 45,000 30,2 12.5 250 16,200 <9l |Aviation, Feb. 1942
Lookheed 124 8,650 23.8 '10.82 225 5,000 <93 Aviation, Feb. 1942
Ford SAT-C 1,000 16.8 11.0 148 Sea level| 1,27 |Ford Motor Company
Fairchild FC-2W2{ 4,500 13.4 10.6 137 Sea level|1.21|NACA
Pokker F10-A 13,200 15.k4 10.9 10 Sea level|1.08 |Aviation, Aug. 1929
Flying boats
Boeing 31l 8l ,000 29.3 1%.12 210 Sea level|1.0l1 |Aviation, Feb, 1942
Martin 130 52,000 22.9 15.65 160 8,000 |1.33|The Glenn L. Martin Co.
Sikorsky S-l;2 ko, 000 29.9 13.0 17 7,000 {1.00(Sikorsky Alrcraft
(Division oa’) United Air-
ft Corp.
Sikorsky Se{i2A 40,000 29.9 13.3 171 7,000 |[1.1l Acvriaatiozs,rpMarcb 19%6
Sikorsky S-i12B k2,000 31.8% .0 188 7,000 |1.09|Aviation, April 1937
Sikorsky S-43 19,000 .3 12.7 175 7,000 |1.06|Aviation, March 1936
TABLE IIX
EFFECT OF AIRPLANE CHARACTERISTICS
ON THE CALCULATED EFFECTIVE OUST VELOCITIES
1
— acr | s /) Uerax Uemin |Uedosign |
2 | Rspect mi v w/s w/3)
Atrplans| enord rEret T | 1b/aa Fe) | (1b/ma te)| A7 |uph) | V¥ | (/S max) (B nex (W/$)mtn 3% e
at r.5(at o= at o5 L=
. !
Landplanes
B-2h7-D! 11.0 | 6.7 [h52 16.5 10.8 12.5| 140 j0.79| 37.2 37.0 24.6 820.0
DC~2 1140 | TeT |L4e65 19. 12.6 «1.8| 140 | .65] 31.9 30.9 20.7 31.2
DO-3 10.h | 9.1 {479 A3 16.2 -2.1{ 162 | .76| Lo.2 37.8 26.8 32.)
3307 13.9 | 7.8 (4.66 30.2 20,2 ~2.0{ 190 | .76 L0.6 39.2 27.2 33,6
1o | SR
. Flying boats {
]
=31 17.7 | 8.1 1L.69 29.3 17.2 1.4] 128 | 0.61] L41.0 %9.3 2.0 I’ 33.6 |
N-130 16.7 | 7.8 lnh.66) 22,9 Wy [ -1.70 W6 | 91| 3.0 32,9 | 2l | 315 i
S | L. _ S S
&Reference airplane. X = 1.0,
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