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TECHNICAL NOTE 3041

SUMMARY OF REVISED GUST-VELOCITY DATA OBTAINED FROM
V-G RECORDS TAKEN ON CIVIL TRANSPORT ATRPIANES
FROM 1933 TO 1950

By Walter G. Walker
SUMMARY

This paper summarizes gust-velocity data obtained by reevaluating
the normel accelerations and airspeeds from V-G records taken on civil
transport airplanes from 1933 to 1950. The reevaluation was made on
the basis of a "derived" gust velocity Uge, which is related to the

"effective" gust velocity Ue by a conversion factor that is a function

of the type of airplane and operating altitude. Although the value

of the conversion factor varies from about 1.6 to 2.0 for the datsa
presented, the conclusions drawn from the previously presented data based
on U (in particular, the relative levels of turbulence indicated
between different routes) remain essentially unchanged.

INTRODUCTION

The Nationasl Advisory Committee for Aeronsutics has for a number
of years made use of normal-acceleration and airspeed data from V-G
records taken during routine airline operations for determining the
intensity and freguency of occurrence of atmospheric gusts. Gust
velocities have been evaluated from these records by use of the gust-
velocity formula given in the list of symbols of reference 1. The values
obtained were expressed in terms of the "effective" gust velocity Ug.

Recently, a revised gust formula was presented in reference 2 together
with a discussion and comparison of tlie salient features of the old
and the revised formla. One of the primary features of the revised
formula is a new gust factor based on alirplsne mass ratic instead of
wing logding. The gust velocities obtained by this formla are given
in terms of a "derived" gust velocity Uy, which for the same
turbulence yields numerically higher values of gust velocity. Since
the revised formuila replaces the o0ld gust formila in gust-load studles



2 ' NACA TN 3041

and will be used in presenting future NACA gust research results, it
appeared desirable to convert the available statistical dsta from
terms of U, to terms of the new gust velocity Ugg.

This report summarizes in terms of the derived gust velocity Ude

the reevaluated data obtained from V-G records of clvil transport air-
planes collected during the period from 1933 to 1950. Most of these
data were presented in terms of the effective gust velocity Ue in

references 3 to 7.

SYMBOLS

A aspect ratio, b2/S

b wing span, ft

T mean geometric chord, ft

W airplane weight, 1b

S wing area, sg ft

m slope of wing 1ift curve per radian

g acceleration due to gravity, f“b/sec2

o] maess déensity of air, slugs/cu £t

Po mass density of air at sea level, slugs/cu 't

An normal-acceleration increment, g units

Ue. effective gust velocity defined in reference 1, ET%?%%;%V;E’
ft/sec -

K gust-alleviation factor (function of wing loading) defined
in reference 1

Hg airplane mass ratio, pEZES

Kg gust factor (function of ug) defined in reference 2
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Uge derived gust velocity defined in reference 2, 2 &n W 5
: 1.ll-7mpOSV'eKg

ft/sec

Ve equivalent airspeed, mph

Ve design cruising speed, mph (ref. 8, p. 3)

1 everage Tlight miles required to equal or exceed a given
value of gust velocity

N total number of observations in a sample of data

T average flight time per V-G record, hr

P probability that maximum value on a V-G record will equal

or exceed a given value

u location parameter of distribution of extreme values
(ref. 9, p. 2)

a scale parameter of distribution of extreme values
(ref. 9, p. 2)

A bar over a symbol denotes the mean value of the variable.

SCOPE OF DATA

Table I shows the scope of the V-G data collected from 1933 to
1950 as presented in references 3 to 7. In accordance with the pro-
cedures of these references, the data are grouped into three time
intervals - 1933 to 1941, 1941 to 1945, and 1945 to 1950 - to denote
the operations prior to, during, and after a wartime period. The
type of airplane and the route are identified by combinations of a
capital letter and a Roman numeral, such as A-I, B-II, and C-TIIT.
The airplanes and routes which correspond to those given in refer-
ence 3 are identified herein by the same combinations to facilitate
compariscns of present and older results.

Table IT gives the airplane characteristics used for evaluating
the data. The values given wete obtained either from the Civil
Aeronsutics Administration and the design manual of the airplane
manufacturer, or were computed as indicated in the table.
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METHCD OF CONVERSICN AND RESULTS

The method of convérting the measurements of U, into terms of
Uge follows directly from the -definitions of these two quantities.
The effective gust velocity U, 1s defined by the relation

U =—20W (1)
€ 1.4TmpoSVeK

where K 1is the gust-alleviation factor and is a function of wing
loading (see ref. 1) and 1.47 1is a factor for converting the air-
speed from miles per hour to feet per second. The derived gust velocity
of reference 2 is defined by the relation

. 2mW (2)
de ~
l.hTmpoSVéKg

In this relation Kg is a function of the alrplane mass ratio “g

and 1s based on a cne-minus-cosine gust profile in contrast with the
linear-gradient gust profile assumed in equation (1). From equa-
tions (1) and (2),

=U. K (3)

This relation permits simple conversion of the values of U, obtained
from measurements from a given airplane to values of Ude' It might be
noted that in calculeting Ude the effects of alr density on the air-

plane response are. included since the velue of K depends upon the

g
mass ratio, which in turn is a function of air density. For the
present calculations (as was done in ref. 3 and refs. 5 to T), an
operating weight was assumed equal to 85 percent of the airplane
welght and a lift-curve slope was computed by using the relation

_ 6A

T A+ 2
in reference 4 in terms of Ug; therefore, the normal-acceleration and

airspeed data upon which that paper is based were reevaluated to
obtain values of Ue and Uy, for this report.) Inasmich as V-G

records do not indicate the altitudes flown, it was necessgary to
estimate average operating altitudes from information received from

as indicated in table II. (Gust velocities are not given
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the operstor and from analysis of time-history date obtained on the
airlines. The values of K/Kg obtained for the various -airplenes

range from gbout 1.6 to 2.0 and are given in teble II.

The application of equation (3) to the individusal values of Ue

used to obtain the distributions of references 3 to 7 yielded values
of Ude for each of the sirplanes listed in table I. The results are

summarized in teble IIT as frequency distributions of Uges a8long with
the values of the statistical parameters ﬁﬁe’ u, and o which are

useful for fitting the distributions of extreme values (see ref. 9) to
these observed frequency distributions.

The statistical parameters given in table III were used to it
distributions of extreme values to the observed distributions of the
data by the method of moments described in reference 9, and the
probabilities P of exceeding given values of Ude were . determined.

For convenience in comparing the various distributions, the probabili-
ties were converted to flight distances by using the relation

0. 8VCT

l =
P

(k)

In this relation ¢ 1is the average flight miles required to exceed
given values of Uz,, T 1s the average flight time in hours per

record for the respective data sample, and O.8VC is an assumed

average operating airspeed. The results obtained by the application
of equation (4) to the present data are shown in figure 1, which ‘
sulmarizes the gust velocitles encountered in the various operations.
The dashed portions of the curves indicate extrapolations beyond the
limits of the data.

As a simple comparison of the levels of the gust veloclties encoun-
tered in the various operations, the expected largest values of Ude

at 107 flight miles were obtained from figure 1 and are listed in teble IV.
The corresponding values of Ue obtained from the data of references 3

to 7 for 107 flight miles are also given for comparison. (The values
of Uge shown in table IV differ in some cases from those obtained by
scaling the values of Ug by using equation (3). These differences are
small and are mainly the result of minor differences in grouping and in
curve-fitting methods used.)
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In general, the relative levels of the turbulence encountered in
the various operations are unchanged. The one exception to this trend
appears in the D-IV operations (prewar and wartime), which now appear
from the Uy, values to have encountered turbulence of an average

intensity, whereas on the basis of the U, values these operations

were previously shown as the smoothest.
SUMMARY OF RESULTS

The airspeed and normel-acceleration date obtained from V-G
records during the period from 1933 to 1950 have been reevaluated
in terms of the recently deflned "derived" gust velocity Uge+ The
reevaluation was made on the basis of a "derived" gust velocity
Uges which is related to the "effective" gust velocity U, by a
conversion factor that is a function of the type of alirplane and
operating altitude. Although the value of the conversion factor
varies from about 1.6 to 2.0 for the data presented, the conclusions
drawn from the previously presented data based on Ué (in particular,

the relative levels of turbulence indicated between different routes)
remain essentially unchanged. "

Langley Aeronautical laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., September 8, 1953.
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SCOPE QF V-G DATA ANALYZED IN AIRLINE OPERATIONS FROM 1933 TG 1950

Dates of Kumber of | Av. flight | Total
Alrplane Routes flown operation records hours per record
pe analyzed | record, T | hours
Period from 1933 to 1941
A I Newark-Seattle- July 1933 to 30 305 9,168
Cakland Apr. 1937
B IT Miami-Newark- June 1935 to 18_ 367.5 6,615
Boston Dec. 1940
c IIT Miemi-Buenos Alres Apr. 1936 to 117 95.1 11,124
Dec. 1939
D IV  San Franclsco- June 1936 to 100 128.1 12,807
Hawaii-Hong Kong Dec., 1941
E I Newark-Seattle- July 1937 to 15 645 9,691
Oakland Dec. 1941
E v Boston-Newark- Feb. 1937 to 37 275 10,187
Ios Angeles Oct. 1939
B VI  Newark-Kensas City- Sept. 1938 to 11 295 3,232
los Angeles Oct. 1940
F IIT Caribbean region Apr. 1940 to 83 29 2,586
and northern part Dec. 1941
of South America
Period Prom 1S4l to 1945
D IV  Sen Francisco-Hawaii | Dec. 1941 to 30 36.1 1,084
Jan. 1645
E I Newark-Seattle- Dec. 1941 to 20 695 1%,911
Qakland Dec. 1S4k
F III Caribbean region ~ Dec. 1941 to 193 5% 10,261
and northern part Sept. 1okh
of Bouth America
Period from 1945 to 1950
R VII New Orleans-Kanses Oct., 1948 to T9 303 23,940
City-Minot, W. D. Feb. 1950
a IT Wew York-Miami Nov. 1947 to 194 248 48,187
Feb. 1950
H IITI Miami-Caribbean Nov. 1947 to 27 247 6,677
region-South America | May 19ko
H IV  Sen Frencisco: fug. 1947 to 69 231 15,951
Australia-Orient Apr. 1949
J VIII New York-Seattle Dec. 1948 to 388 99.4 38,578
Apr. 1950




TABLE IT

ATRPIANE CHARACTERISTICS

Slope of
Design|Wing [Wing | Mean Design |Estimateq| Mess | Oust factor | ,n" oo
og tric | ®PeCH o tain ting|TBb10, ted
Alrplane gross |area, |span, |geometric| .. |crulsingjopera ing K compute
wt., | S, [, chord, s | speed, jaltitude, Hg | Kg K | = from
b |eq £t| £t €, £t Vg, mph ft € _ _6a
(a) (v) A+ 2
A 13,400| 8%6| Th 11.3 6.6 { 180 5,000 | 7.9% [0.526(0.960]|1.83| 4.60
B 18,560| 939| 85 11.0 7.7 | 215 5,000 | 9.75 | .570]1.008|. 771 k.76
c 41,000(1,340[{118.2| 11.3 10.4 181 5,000 {13.85 | .637|1.098|1.73 5. O
D 50,000|2,145 (130 16.5 7.9 | 168 5,000 | 7.62 | .518|1.045]2.02] L4.78 -
E 25,200| 987| 95 10.4 9.1 | 211 5,000 112.85 | .621|1.06%|1.71] k.92
F 45,000(1,486(107.3| 13.9 7.8 | 2%0 5,000 [|11..75 | .610/1.097{1.80| L4.78
¢} 9%,000|1,650|123 4.7 9.2 | 271 10,000 [2%.60 | .72511.190|1.64 k.93
H 70,700[1,461[117.5| 15.6 9.5 | 224 10,000 [2L.57 | .711|1.166{1.64]| L4.g96
J 39,900 864| 93.3| 10.1 10.1 | 256 5,000 [25.58 | .725{1.160|1.60| 5.00

%For 0.85 gross welght at estimated operating altitude.
bror 0.85 gross welght.
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TABLE TIT

FREQUENCY DISTRIBUTIONS AND STATISTICAL PARAMETERS OF Use

(a) Period 1933 to 1941l

Uges Number of observations for airplane and route -
ft/sec A-I |B-ITI | C-III|D-IV E-I E-V |E-VI | P-IIT
b to 8 | —m--- S N - S [P [N [
8 to 12 | cmmmm | —meem 7 = [RSORR [PV (NS 3

12 to 16 1 2 20 32 | —mmm- 2 5 3%
16 to 20 1 T 28 ko 2 1 0 46
20 to 24 5 7 65 35 3 9 6 30
2L to 28 3 5 57 = T 14 y 29
28 to 32 8 T 27 21 3 16 i 13
32 to 36 12 3 19 16 8 9 2 T
36 to 40 1 3 5 2 b4 10 0 1
ko to Lk 7 o} 2 L 1 5 1 3

" 4L to 48 6 1 2 0 2 5 |eaea- 1
48 to 52 2 1 2 o J Se—— 0 fo=mm= | ameme
52 to 56 R I 1| === s I UPEPEVRP, |-
56 to 60~ 2 | eeme| e O | ==m== 2 | mmeem | e
60 to 64 1 | e | e O | momme | e | e | e
64 to 68 | cmemo | mmmee | e 0 | ~==-- SR Y .
68 to T2 | wmmemm | mmmee | e R Rl s [T —————
Total, N 60 36 234 | 200 30 T 22 166
Uges Tt/sec |36.46 | 26.66 | 24.30 | 23.08| 31.06 |32.27 |24.36 | 21.51
u 32,10 | 22.81 ) 21.11 [ 19.02| 27.72 | 28.18 [20.95 | 18.46

a 0.13| 0.15| 0.18} 0.14| 0.17 | 0.1% | 0.17 | 0.19
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TABLE ITI - Continued
FREQUENCY DISTRIBUTIONS AND STATISTICAL

PARAMETERS OF Ugg

(b) Period 1941 to 1945

Number of observations for
Uges airplane and route -
ft/sec

D-IV E-T F-IIT

L to 8 | ameee | amae- 1
8 to 12 I T 1
12 to 16 2 | eeea- 12
16 to 20 8 | eeee- 27
20 to 24 11 2 61
2k to 28 19 10 T2
28 to 32 10 L 81
32 to 36 L 10 57
36 to 4O 1 6 38
4o to 4h o] 2 1
L to 48 1 o] 9
48 to 52 o] o] 5
52 to 56 o] 4 3
56 to 60 1 0 1
60 to 64 | amma- 0 0
6t to 68 | @ e 0 1
68 toT2 | @ —ee-- 0 1
™ to 76 | aeaa- 1 2
76 to 80 | —eee- o | @ —e---
80 to 8 | eeeeo 0O | ameea
8 to 88 | aaeeo 5
Total, N 60 4o 386
Uges Tt/sec 25.26 36.30 29.67
u 21.70 30.30 25.58

a 0.16 0.10 0.1

11



12

TABLE IIT - Concluded
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FREQUENCY DISTRIBUTIONS AND STATISTICAL PARAMETERS OF Ug,

(c) Period 1945 to 1950

Number of observations for
Uges airplane and route -
ft/sec
E-VII G-IT H-TIIT H-IV J-VIII
12 to 16 | ---=- > J I 2 | e----
16 to 20 5 12 3 20 1
20 to 2k 8 30 5 17 18
24 to 28 2k h 15 50 82
28 to 32 2l 5% T 18 133
32 to 36 33 62 y 15 203
36 to 40 ol 67 7 10 140
4o to L4k 12 26 6 5 86
4h to 48 9 22 L 1 i%e]
48 to 52 10 9 2 | - 26
52 to 56 3 18 1| e 16
56 to 60 2 6 | —emee | —mm-- 11
60 to 64 1 2 | emmee | e 4
64 to 68 1 B T B B e bl
68 to T2 .2 1 | emmee | ameea 2
72 to 6 | =-=m- 1 | meeee | e )
76 to 80 | ----- 3 A IR I 1
80 to 8% | ema-- 0 | emm;mee | cme- 1
8t t0 88 |  a--e- 0 S O
88 to 92 | —---- 1 | mmmee e | mmaea
Total, N 158 388 54 138 776
Uges Tt/sec 35.49 34,52 32.52 27.Th 36.31
u 30.98 29.80 28.40 o4 .97 32.58
a 0.13 0.12 0.1% 0.21 0.16
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TABIE IV

VAIUES OF Uy, AND U, AT 107 FLIGHT MILES

Alrplane Ude u
and route

Period 1933 to 1941

A-T T3.3 ho,1
B-IT 56.5 . 33.4
C-IIT 57.5 33.7
D-IV 63.8 31.1
E-I 53.8 31.L
E-V . 66.3 37.9
E-VI 52.2 33,8
F-IIT N 58.1 32.6

Period 1941 to 1945

D-IV 68.8 35.2
BE-T 76.5 47.3
F-IIT .7 42.8

Period 1945 to 1950

E-VII T2.2 ho,2
G-IT 2.4 43, h
H-IIT 67.1 39.9
H-IV 51.2 32.0

J-VIIT 72.6 k5.5
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