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For about the past year, American Airllnes has been engaged in 
Qbtaining d e t a  on variouo use3 of air-borne radar lyder rc:ui;ine 
operEting conditions . This work is under contract t o  the k v y  - Depert.rneni;, Bureau  of Ships, and lncludes the  investigation of rader 
a3 a. navigational e i d  end. tern& collision w a r n 4 g  device and its 
use in  IC- and turbulence detection. In view of the work of the r )  

- National Advisory Comnittee f o r  Aercncuztics on atmospheric turbu- 

Y' the turbulence-detection phase of the work. 

- lence, the NACA WEB requested to participate i n  the t e s t a  . t o  t h e  
.I extent of obtalnlng end emaluating the turbulence data f o r  use in 

Gust measuremnt;a and &-borne r a w  observatians w e r e  come- 
quently obtained in Februery q d  March 1947 - routine flights 
of an .herican  Airlines airplane on the S e a t t l e - A l h .  &irways. 
U n f o r  Lunately, the weather conditions encountered durSng the flights 
gave no w e l l - d e f i n e d  radar echoes and no congarison between mder 
indications end turbulence  could  be =de. The gust &La f o r  the 
mute, however, are of Interest f k m  a n  b p r a t i o n d  stmdpolnt, and 
ere  presented herein for the informati& of the New Depertmenf; in 
accordence w i t h  previous ~ ~ ~ t e  . 



r (1) NACA air-dmped recording  accelerometer 

(2) NACA airspeed-altitude  recorder 

(3) NACA synchronous timer (1- In te rpa l )  

The instruments -re photogmphically recording snd, due t o  cargo 
space requirements, were inatelled in a poup within the cabin of the 
efrplane about 18 feet forward of the canter of gravity . 

The accelemmter, W c h  was used to meemre the normal acceleration 
increments of the -lane, wtrs about 0.7 cr i t ica l ly  h p e d  and had a 
vane frequency of 12.7 cycles per second. The pitot-static 1-06 of the 
airspeed-altitude  recorder were connected to the corresponding lines on- 
the copilot's instrument panel, The instnrments were adjusted t o  give a 
film speed of 2.6 inches  per minute on the accelerometer and 1 -3 inches 
per mhute on the airspeed-altitude  recorder. T-?e film speeds were 
selected to e v e  time scales sufficiently open t o  permit deta3led evalu-' 
ation of the records The Fnstrumgnts were aupplied wfth film magazines 
for  6 hours of recorda on each flight . Tims synpdmonfzation between the 
two sets  of records was obtslned by means of the 1-minut.e timer, and 
reference marks to denote events such aa cloud extry o r  exit, were impressed - upon the records by meam of a m t c h  operated by a flight observer. 

c 

Gust-velocity measurements were made during 11 flights of this  air- 
plane involvLng verious operetlng  conditians on the Seattle-Anchorage- 
Fairbanks  route  (fig 1) during Feb- and March 1947. Nonschedule 
flights w e r e  made both day and night at a nominal altitude of 9000 f e e t  
although fliefit was occasionally conducted at altitudes up to l4,OOo f e e t  
t o  avoid  icing. Approximately 4.0 p e r c a t  of the f l igPt  time w a s  on 
instruments In stratus-type clcuds and icing  conditims were frequently 
encountered, especidly Fn the  vicinity of fronts which extended across 
the mute, A summqy of t h e  opere t ias  1s. given in   t ab le  I1 . 

Ln generel, it w ~ t s  fntended to take continuous  airspeed-Qtitude 
and accelerztian records on each f l igh t  f r o m  take-off to landing. In 
two Instances, however, unsatisfactory ixmtrutzan5 operatfom interfered 
Kfth th i s  procedure, end In severel  other instances, t.he instnunants. 
were  turned off by the ope-r when no turbulent a i r  YCFB being encountem d o  

" In all, 5 . 6  hours of records were  taken during 69.7 hours of flight , 

4. to obtain +&e effective gwt velccity Ve f o r  each accelerrticn peak 
The records of airspeed, altitude, and ecceleratLon were &valuated 

. 



corresponding to  an effective  gust  velocity d about 4.0 fee t  per second 
o r  greater by use of the following f o r m h  (raference 1) : 

in which 

Ue  effective  guat  velocity,  feet per second 

An acceleration increment, g 

w wBight of airplane at  time acceleration increment xas eqerienc\ed, 
pounds 

PO air density at  sa. level, slugs per cubic foot  

e. slope of U t  curve, per radian . 
* V, equivalent airspeed, feet per second 

* S wing ares, square fee t  ., - - K  re lat ive  Ueviat ion  factor  ('den from f ig .  1 of reference 1) 
b 

The effective gust velocities so obtained f o r  each flight were grouped 
accoraFng t o  clew a i r  or clouds, and the results are shown in table 111 
as frequency distributions for gust-velocity  intervale of 2 feet per 
second - 

In  an attempt t o  &e the  distributions sompm&le t o  other work of 
this nature (reference l), a seperate t o t a l  count of acceleration 
peaks to  the emellest observable increment waa made The ';hreshold used 
in -this count m s  0 -0% ,which correaponds t o  an effective  @at  velccity 
of about 2 -0 fee t  per second Zor the. test   airplane.  These results are 
also shown in t&le 111. The relati-ve-frequency  curves of figure 2 were 
obtained from a m t f o n  of the frequency  counts in table I11 a indicate 
'&e proportion of gusts greater than a given  gust velocity. 

a. 

Inaccuracies In the acceleration rneamrements due t o  instrument 
errors are estimated t o  be x i t h i n  f0 &5g. This estimate is beeed on 
dynamic calibrations of the accelerometer under conditions simulating 
tkie flight c,mditions. Since it was necessa_T to locate the sccelerometm 



4 . 
b" 18 feet  forward of the center of gravity of the airplane, however, angular 

accelerations  due  to  pitching mtions of the atrplane under the  action  of 

ations. Although no d&a are exailable to the NACA on t he  angular accele- 
ations of the test  airplane,  data from an a f r p h e  of  similar wfliguratbn 
adicete that, on the average,  pitching  moticns may cause the normal 
acceleration meeaurenaents t o  be in emor by &out 20 percent for the 
present  Installation. 

i- gusts were recorded by t h e  instrument in addftion to the no& acceler- 

The value of airaped used  in the effective  gust-velocity formla 
we8 t he  computed equivalant airspeed without a correction  for Fnstdlatia 
error.  Neglecting  the hstallation error i8 felt to introduce emor8 into . 
the gust-velocity  computations of not oyer 2 percent. 

The weight of the e i r p b e  for consecutive ?O-minute intervals of 

'I 

the' records  Was  determined f r o m  p a s  
data.  Variations in weight with time 
t h e  gust-velocity computations. 

CONCLUDIXG 

F i v e  2 indicetes  that for the 
encountering a given g u a t  velocity is 

a 

present  flights the prcbability of 
practically equal for either etratw- 

ty-pe clouds  or  clear air .  It is interesting to note  that, although other 
ty-pe' clouds w e r e  not  encountered on the flights, effective  gust velocities 
up to 22 feet per second, or about two-thirds the present design  gust 
velocity for airplane stmctures,  were  recorded.  While the present data 
a r e  insufficient  to  evaluate the uses of radar in turbulence detection, it 
is obvious from the results  obtained  that In cases  turbulent a i r  may 
be encountered Kfth no radar indicetione. 

Lengley M e m o r i a l  Aeronautical Laboratory 
National  Advisory  Conanittee for  Aeronautice 

Langley Field, Va. 

Approved : 

&Y? 
Richard V. Rhode 

Chief of Aircraft LoEds Division 

RCM 



1 Rhode, Richard V., and Donely, Philip: Frequency of Occurrence 
of Rtmospheric Gus t a  and of Relaxed Loads on Airplane Struc';ures. 
NACA ARR No. LkI21, 1944. 
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Gross weight at t&e-off, lb . . . . . . . . . . . . . . . . . . .  73,000 
c 

. w i n g  area, s q  ft . . . . . . . . . . . . . . . . . . . . . . . . .  1460 
IJing loading ht  take-off, lb/sq ft . . . . . . . . . . . . . . . .  50.0 
span, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  117.5 
Mean aerodynanclc chord, f t . . . . . . . . . . . . . . . . . . . .  13.6 

Center-of -gravity location, percent M d . C  . . . . . . . . . .  19.3 to 5 -0 

Slope of lift curve, per radian. . . . . . . . . . . . . . . . . . .  4.5 
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Flight 

- "- - 
1 

2 

3 

4 

5 

6 

7 
8 

9 

10 

u. 

Bte 

""e 

2-6 -47 

2-13 -47 

2-13 -47 

2-13 -47 

2-18-47 

2-19-47 

2-22-47 

2-23 -47 

2-23 -47 

* 

3 -5 -47 
3 -6 -47 

T O M S  

Rout&. 

SA -E& 

"Kx 

Fx-EQ 

HQ-SA 

SA -HQ 

HQ-SA 

SA -E& 

m-Fx 
Fx-SA 

SA -E& 

HQ-SA 

" 

Totals for 
coxCblhed flights 57 -6 

Clam 
air 

4.8 

3 -1 

04 

4 00 

4.4 

3 -2 

4 -2 

09 

4 -7 
2.1 

3 -8 

35 *6 

13,242 

E& -Anchorage 
FX -Fa€rb 39ks 

9 



1 Cloude 

I C l e a r  air 

108 
18 
4 
5 
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