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By Jack Funk
INTRODUCTION

For aboul the past year, American Airlines hss been engaged in
ebtaining date on various uses of elr-borne radar ynder rcuiine
opereating conditions. This work is under conlract to the Revy
Depertment, Bureau of Ships, and includes the investigation of radar
a3 a navigational 214 end. terrain collision waming device and 1ts
use in icing and turbulence detection. In view of the work of the
National Advisory Committee for Aercnautlcs on stmospheric turbu-
lence, the NACA wes requested to particlpate in the tests to the
extent of obtaining end evaluating the turbulence data for use in
the turbulence-detection phase of the work.

. Gust meesurements and eir-borne rader observations were conse-
quently obtained in Februery snd March 1947 during routine flights
of an Americen Airlines airplane on the Seattle-Alaske sirways.
Unforwunately, the weather conditions encountered during the flights
gave no well-defined radexr echoes and no comparison between rader
indicetions eand turbulence could be mede. The gust date for the
rcute, however, are of inlerest frcm an operational standpoint and
are presented herein for the Information of the Nevy Depertment. in
eccordence with previocus errangements.

APPARATUS

The airplane used in the investigation was a cargo-type DC-k.
The charecerisbics of the =irplane es flown ere given In teble I.

The instruments insialled in the sairplare to determine *the
gist velocitles were:
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(1) NACA alr-damped recording accelerometer
{(2) NACA airspeed-altitude recorder
(3) NACA synchronous timer (l-min interwval)

The instruments were photographically recording snd, due to cargo
space requirements, were installed in e group within the cabin of the
airplsne sbout 18 feet forward of the cemter of gravity.

The accelercmeter, which was used to meesure the normal scceleration
increments of the alrplane, was gbout 0.7 critically damped and had a
vane frequency of 12.7 c¢ycles per second. The pitot-static lines of the
airspeed-altitude recorder were connected to the corresponding lines on.
the copilot's Instrument psnel. The instruments were adjusted to give a
£ilm speed of 2.6 inches per minute on the accelerometer and 1.3 inches
per minute on the airspeed-altitude recorder. Thae film speeds were
selected to glve time scales sufficlently open +to permit detailed evalu-
ation of the records., The Instruments were suppliei with film magazines
for 6 hours of records on each flight. Time synchronization between the
two sets of records wes obtainéd by mesns of the l-minute timer, and
reference marks to denote events such as cloud entry or exii were impressed
upon the records by means of a switch operated by a £iight observer.

SCOPE OF OPERATIONS AND RESULTS

Gust-veloclty measurements were made during 11 fiights of thls air-
plane Involving verious opereting conditlicns on the Sesttle-Anchorage-
Fairbanks route (fig. l) during February and March 1947. Nonschedule
flights were made both day and night at a nominal altitude of 9000 feet
although flight was occasionally conducted at altitudes up to 14 000 feet
to avoid icing. Approximastely 40 percent of the flight time was on
Instruments in stirgtus-type clcuds and icing conditlions were frequently
encountered, especlally in the vlcinlty of fronts which extended across
the route. A summary of the operstions is. given in table ITI.

In generel, it was intended to teke continuons airspeed-sltltude
end accelerztion records on each flight from take-off to landing. In
two instances, however, unsatisfactory instrumens operstions interfered
wilth this procedure, and in seversl other instances, the instruments.
were turned ofl by the operstor when no turbulent alr was being encountered.
In all, 37.6 hours of records were taken during 69.7 hours of flight. .

The records of elrspeed, altitude, and ecceleration were evaluated
to obtain the effectlve gust velccliy U, for each accelereaticn peak
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corresponding to an effective gust velocity o about 4.0 feet per second
or greater by use of the following formuls (raference 1):

U - _ 2uW
e an'ieE

in wvhich

Ue effective gust veloclty, feet per second

o acceleration Incremsnt, g
W welght of alrplene at time acceleration lncrement was gxperienééd,
pounds

fo air denslty at sea level, slugs per cublc foot

fo

slope of lift curve, per radlan

e equivalent alrspeed, feel per second

v
S wing area, square feet

K relative alleviation factor (taken from fig. 1 of reference 1)

The effective gust velocltlies so obtalned for each flight were grouped
according to clear air or clouds, and the results are shown in tgble IIT
as frequency distributions for gust-velocity lntervals of 2 feet per
gecond.

In an attempt to make the distributions comparsble tc other work of
this nature (reference 1), a seperate total count of all acceleration
peaks to the smellest observable increment was made. The threshold used
in this count was 0.08g which corresponds to an effective gust velccity
of about 2.0 feet per second for the.test airplene. These results are
also shown in table ITII. The relative-frequency curves of figure 2 were
obtalned from a summation of the frequency counts in teble IIT and indicate
the proportion of gusts greater than a given gust velociiy.

PRECISION

Inaccuracles in the acceleration messurements due to instrument
srrors are estimated to be within 1T0.05g. This estimate is bassd on
dynamic calibrations of the acceleromster under conditions simulating
the flight conditions. Since it was necessary to locate the accelerometer
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18 feet forward of the center of gravity of the airplane, however, anguler
accelerations due to pitching motions of the airplane under the actlon of
gusts were recorded by the instrument in addition to the normel acceler-
ations. Although no dgta are available to tke NACA on the angular acceler-
ations of the test alrplane, data from en airplane of simllar configuration
Indicete that, on the average, pitching moticns may cause the normal
acceleration meesurements to be in error by sbout 20 percent for the
present instellation.

The value of airspeed used in the effective gust—veloclty formula
wes the computed equivelent airspeed without a correction for installatim
error. Neglecting the installation error 1s felt to introduce errors Into
the gust-veloclty computations of not over 2 percent.

The weight of the sirplasne for consecutive 30-minute intervals of
the records was determined from gross welght at teke-off and fuel-consumption
data. Variations in weight with time do not, therefore, introduce error intc
the gust-veloclty computations.

. ™
CONCLUDING REMARKS

Figure 2 indicetes that for the present flights the prcbability of
encountering a given gust velocity is precticeally equal for eilther stratus-
type clouds or clear air. It is interesting to note that, although other
type clouds were not encountered on the flighis, effective gust veloclitles
up to 22 feet per second, or about two-thirds the present design gust
velocity for airplane structures, were recorded. While the present data .
are insufficient to evaluate the uses of radar in turbulence detection, it
is obvious from the results obtalned that In meny cases turbulent alr mey

" be encountersd with no radar indicetions.

Langley Memorlal Aercnasutical l.eboratory

Nationel Advisory Commlittee for Aeronesutics - -
Langley Field, Va. / cy 2
d },/}z,f £/ <
Jack Funk
V/"' Aeronautical Engineer

Approved: W .

Richard V. Rhode
Chief of Aircraft Lozds Division
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. TABLE T
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CHARACTERISTICS OF TEST ATRPLANE

Gross welghi at take-off, 1b . « . .
ngarea,;qft..........
Wing loading at take-off, 1b/sq ft .
Span, £t o « o ¢ o ¢ o o e « 8 @ o .

Mean aercdynaemic chord, ft « . . . .

Center-of -gravity location, percent M.A.C.

Slope of 1lift curve, per radian. « « « « &

= & & e « & & s . 73,000

LI IR R R B 1460

L] - -« . L] - L] - . 50 -O
L Ll L] L] L] . . . - llT ‘5
- . - L] . - L] L] . 13 I6

c e e+ . <193 to 5.0

HATTONAL AINISORY
CCGHMMITIEE FOR AERCNAUTICS
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TABLE IT
SUMMARY OF OPERATIONS OF. IC-4, CARGO-LINER

ON SEATTLE-ANCHORAGE-FATRBANKS ROUTE

Record tims Alr miles flown
: (hrs)
Flight Dute Routel
Clouds Ci::r Clcuds Ci:ir
1 2-6-L7 SA-HQ 0.9 4.8 . 190 1039
2 2-13-47 | SA-FX 2.9 3.1 679 :TEI.
3 2-13-47 FX-HQ .8 o 1é9 o1
L 2-13-47 | HQ-SA 2.4 | k.o 509 851
" 5 2-18-k7 | sa-mq 2.7 LA | s92 oL8
6 °2-19-1;7 HQ-SA 3.2 | 3.2 T06 694
7 2-20-47 SA-HQ 2.3 h.2 485 895
8 2-23-47 | EHQ-FX 0 9 0 210
9 2-23-47 FX-3A 1.8 k.7 Le1 1182
10 3-5-47 SA-HQ 2.1 2.1 878 462
11 3-6-47 HQ-3SA 2.9 3.8 630 830
Totals 22.0 35.6 5319 7923
- Totals for ;
comblined flights 57 6 13,242

lStatiqn identification symbols: 3A-3eattle
HQ-Anchorage
FXiFairbanks\

NATICNAL AIVISCRY
COMMITTEE FOR AERONAUTICS



TABLE IIT
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FREQUENCY IISTRIBUTIONS AND TOTAL COUNTS

OF EFFECTIVE GUST VELOCITIES

Flight
T 1 2 3 4 5 6 | .7 g 10 | 11 | Total
o —
(fps)
Clouds

k.0-5.9 k|l ss5f 183] 62| 54| 46| L4k 751 22 11 556

6.0-7.9 31 13| 67| 13| 12 23 20 1 1 153

8.0-9.9 51 0 == 5 23 2 1 55
10.0-11.9 T 8 1 2 1] -- 19
12.0-13.9 -- 1 1 1 3
14.0-15.9 1 2 3
16.0-17.9

Total count | .

to threshold|[12-9| 713 |2466|2438 [2uh5| 3430] 3k27 3943 h446]1398) 22,935
of 2.0 fps ®

Clear air

4.0-5.9 L7l 250} h1j 108f 44| 18] 22 11| ik] 34 689

6.0-7.9 167 771 131 18| T2 3} 3k 1} 39 6 279

8.0-9.9 13| 15} 1o y| 18 1 1| =6 3 91
10.0-11.9 2 5 9 k| 12 32
12.0-13.9 1 5 1 10 17
14.0-15.9 . 5 5
"16.0-17.9 5 >
18.0-19.9 - -
20 .0-21.9 -- -=
22.0-23 .9 1 1
Total count

to threshold |2897 |2710 (1106 |2550 311k }2374]3123 158z | 646 1970 22,656
of 2.0 fps . .

HATTCHAL ADVISORY
COMMITTEE FOR AERCNAUTICS
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Figure l.— Route of Cpsrations.
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