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RESEARCH MEMORANDUM

SUMMARY OF TURBULENCE DATA OBTAINED DURING UNITED AIR
LINES FLIGHT EVALUATION OF AN EXPERIMENTAL
C BAND (5.5 CM) ATRBORNE WEATHER RADAR

By E. C. Coe and M. W. Fetner
SUMMARY

Data on atmospheric turbulence in the vicinity of thunderstorms
obtailned during a flight evalustion of an experimentel C band (5.5 cm)
airborne radar are summarized. The turbulence data were obtained with
an NACA VCGH recorder installed in a United Air Lines DC-3 airplane.

INTRODUCTION

Several studies have been made in recent years on the use of airborne
radar as s navigational aid for the pilot (see, for exsmple, refs. 1
end 2). As a continuation of this work, United Air Lines, Inc., has
recently completed a flight evaluation of an experimental C band (5.5 cm)
airborne westher rader to determine its application in avoiding regions
of severe turbulence in thunderstorm areas. Results from some phases of
the work have been presented in reference 3. The NACA assisted in this
work by providing sn NACA VGH recorder (ref. 4) for obtaining information
on the turbulence encountered on the flights and by evaluating the records
for. correlation with the radar indications. Thils report was prepared to
summarize the gust-velocity data obtained from the VGH records.

SCOPE OF TESTS AND APPARATUS

A total of LO flights was mode by United Air Lines, Inc., with &
Douglas DC-3 airplane between June and October 1953 in the vieinity of
Denver, Colo. Of these flights, 12 were made for the technical evalu-
ation and adjustment of the radar, and the remaining 28 flights were
made in surveying thunderstorm areas to obtain rader and turbulence data.
A total of approximately 80 hours of flight was made in the immediate
vieinity of thunderstorms.
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The NACA VGH recorder installed in the alrplane to obtain gust data
provides a continuous record of alrspeed, pressure sltitude, and normal
accelergtion. A detalled description of the instrument is given in ref-
erence 4. For use in the present tests, the pitot and static leads from
the instrument were connected to the airplane service system and the
accelerometer transmitter was mounted near the center of gravity of the
airplane. The airspeed system was calibrated in flight by United Alr
Lines, Inc. In addition to l-minute timing marks, a separate reference
mark wss impressed on the VGH record each time a photograph was taken of
the radar scope in order to synchronize the turbulence and radar data.

EVALUATION AND PRESENTATION OF DATA

The evalustion of the VGH records consisted of resding the individual
acceleration peaks and the assoclated airspeed and altitude to determine
the derived gust veloclties Uge above a& threshold of 10 fps. The
derived gust velocities are defined by equation (11) of reference 5.

These veloclties are about 50 to 7O percent larger than the velocltles
computed according to the gust-velocity scale used in past radar
evaluations (ref. 1).

The values of the poslitive and negative gust velocities above a
threshold of 10 fps derived from the VGH records are summsrized by date
and flight number 1n table I. The radar picture numbers in this table
corregpond to the United Alr Lines numbering of their photographs of the
radar scope. The photographs were taken at nonuniform time intervals
and, in many cases, a number of gusts were encountered 1ln the intervals
between successlve photographs. To assist in correlating the photogrephs
with the gust data, each gust evaluated from the records has been iden-
tified in the table according to the 1/2-minute time interval that the
gust was encountered after the time the photogreph was taken. For addi-
tlonal informstion, the pressure altitude, airspeed, and acceleration
read from the record are glso noted in the table for each gust evaluated.

COMMENT

The values of gust veloclty summarized in table I are in agreement
wlth other gust measurements taken by the NACA for similar flights near
or below thunderstorms. Since the present flights did not, in generel,
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penetrate the thunderstorms, the gust veloclitles are lower than might be
expected within the more active portions of thunderstorms.

Langley Aeronasutical Leaboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., June 2, 195k.

£ C. Caz_

E. C. Coe
Mathematician

Py . W Zothwo

M. W. Fetner®
Mathematics Alde

Approved: ﬂ?%
. E. Garri

Chief of Dynemic Loads Division
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TABLE I.- SUMMARY OF TURBULENCE DATA
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Rader Airepeed, Acceleration Gust
plcture 1{i;::'3§§e Altz.‘;h;ude, Ve, inerement, veloelity,
no. mph an, g Uges fps
Flight 15, June 29, 1%3
072 1 12,000 127 0.32 10.3
073 1 11,200 12h .32 10.6
08k 1 11,800 115 .33 12.0
095 1 11,600 117 36 12.8
089 2 12,200 10 -.36 -10.6
100 1 12,000 132 .32 10.0
1 12,000 124 -.31 ~10.3
1 11,900 123 .36 12.0
1 31,900 127 .33 10.6
10k 1 11,900 U .38 11.1
112 4 12,100 151 Ao 10.5
6 12,300 158 -.ko -10.0
7 11,900 151 Ly 12.1
8 11,600 108 .28 10.2
8 11,600 132 -.36 -10.6
114 2 11,800 126 =1 15.9
128 1 9,700 128 -.33 -10.2
133 1 9,800 120 -.33 ~10.8
135 1 9,900 17 .31 10.6
137 1 9,900 17 .32 10.7
1 9,500 117 -.30 -10.2
W7 1 9,400 1ns 3T 2.k
1 9,100 110 .5 17.8
2 9,000 113 .30 10.5
2 8,700 131 .38 n.k
2 8,700 151 -.50 -15.2
2 8,800 122 Y- 13.6
2 8,800 123, -.35 -11.5
118 1 8,800 123 -.53 -17.3
149 1 8,600 117 -.Ao -13.8
1 8,500 114 .31 ~10.9
1 7,900 122 .31 10.2
1 7,900 24 RaE 13.0
1 7,900 116 .52 17.8
150 1 8,000 12k -.39 -12.7
1 7,900 116 -.35 -12.2
i3 7,900 116 .32 11.0
2 7,900 122 -.33 -10.7
153 1 T,500 118 .35 1.9
i 7,600 115 .29 10.2
1 T, 700 113 -.30 ~-10.5
1 T, 700 118 .30 10.2
1 7,700 116 -.34 -11.9
1 7,600 118 .52 17.5
154 2 7,800 116 -.36 -12.5
2 7,800 118 RSN k.1
2 7,800 122 -.60 -19.6
2 7,600 118 3T 12.5
2 7,600 11k -k 1.2
2 7,600 11k -.29 -10.0
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TABLE I.- SUMMARY OF TURBULENCE DATA - Continued

Redar Alrspeed Acceleration Gust
pieture lﬁ;gi;‘:{e Alti,:ude’ Ver Increment, veloelty,
no. an, g Uge, Tps
Flight 15, June 29, 1953 - Concluded
15k 2 7,600 117 0.30 10.4
2 T,500 122 .5k 17.6
. 15.5
155 1 7:600 115 -30 -10.6
2 7,600 115 =33 -11.6
156 1 T,800 118 18 16.3
157 1 8,100 123 ks k.5
i 8,100 122 535 174
2 8,400 123 .35 10.8
2 8,k00 123 .31 10.2
3 8,400 12 .32 10.4
2 8,500 ﬁ --33 -11.5
.3 12.7
T 9:700 116 .32 10.7
8 9,800 128 ~.h5 -13.8
159 1 9,900 131 -.35 -10.k%
3 i | o - 3
1 1o:ooo 115 Bt h.0
1 10,000 115 -u33 -11.2
176 1 9,900 120 -39 -12.6
178 2 10,100 138 .35 10.0
Flight 16, Jume 30, 1953
210 1 10,700 134 0.35 10.7
2:1_&2 1 11,000 157 .61 18.2
1 12,200 122 -3k -11.1
1 12:200 130 .33 10.2
216 1 12,400 136 .38 1.2
232 1 13,600 k2 .38 10.6
232 1 12,800 112 .32 11_11.2
23 1 12,700 105 ~.29 -11.0
1 12,500 129 .33 10.2
1 12,500 131 -.35 -10.5
237 1 12,500 132 -h1 -12.2
1 12,400 130 -9 -15.1
269 1 13,800 a3k <3k 10.0
278 1 13,200 109 -.52 -19.0
290 1 12,400 123 -.59 -19.2
1 12,300 123 .33 10.7
330 i 5,100 1537 .5E ﬁ?(
1 5,200 123 -3 -11.
1 5,100 123 .32 10.9
331 1 5,200 118 -.28 -10.0
335 1 5,900 134 .33 10.k
343 1 7,000 110 15 16.1
346 1 T,300 118 -.32 -10.5
J92 1 9,100 123 -.46 -15.3
393 1 8,800 112 .32 -11.6
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TABLE I.- SUMMARY OF TURBULENCE DATA - Continued
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Radaxr Alrspeed Acceleration Gust
picture lﬁ-minute "‘lti; :“d" b Ves ’ increment, velocity,
no. terval mph an, g Ude, fps
Flight 16, June 30, 1953 - Concluded
393 1 8,600 119 -0.53 -18.3
ko3 1 8,200 121 -.30 ~10.0
Lo6 1 7,800 126 .63 20.1
1 7,700 132 -3 -13.3
1 7,700 lat .33 10.6
kot 1 T»900 120 ~.31 -10.5
Ly 1 8,000 134 .33 10.0
L23 1 8,100 114 40 )
o 1 11,600 122 .31 -10.0
L5 1 11,800 128 .78 25.9
1 11,800 120 .32 =10k
L7 1 11,800 116 -.30 -10.1
k53 1 11,800 130 .36 10.8
469 1 11,500 109 ~46 -16.7
486 1 8,900 127 -.k6 -%.2
ko0 1 72500 134 X 10.9
ko1 1 7,200 122 34 11.2
ko3 1 6,900 119 .30 10.1
hoh 1 6,800 128 .36 1L}
1 6,900 122 «50 16.8
1 6,800 1o .31 10.0
hos 1 6,900 123 -.32 -10.5
1 6,800 120 -.48 -16.1
1 6,800 128 .3k 10.7
i 6,900 129 -.3% -10.2
511 1 7,400 119 .35 12.1
Flight 17, July 1, 1953
551 1 75900 111 -0.27 -10.1
565 6 10,000 k9 .37 ~10.0
9 10,100 153 -3 -11.5
9 10,100 157 -5k ~14.1
572 2 10,000 116 -.30 -10.6
575 1 10,200 116 31 10.8
578 1 10,100 126 .31 10.1
1 10,100 125 «39 12.8
582 1 9,700 127 ~37 -11.8
583 1 9, 118 -.34 -11.8
1 9,500 19 .34 11.6
1 9,500 112 -39 -1k.3
1 9,500 109 L6 17.0
585 L 9,900 122 L 1.8
1 9,300 12k .3k 11,1
586 1 9,300 128 -~ -0
1 9,300 118 -.32 -10.9
587 1 9,900 128 -.32 -10.2
1 9,900 121 -3k -11.5
588 1 10,100 126 -32 -10.
7 9,700 127 .31 10.0
608 1 9,600 136 -.38 -11.3
609 1 9,700 137 RISA 12,3
61k 1 9,800 131 . ~37 -11.3
1 9,800 127 37 11.8
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TARLE T,- SUMMARY OF TURBULENCE DATA - Continued

FRadar Alrspeed Acceleration Gust
pleture lﬁ-minute Altitude, Ve, ’ increment, velocity,
no. terval Tt mpl an, g Uge, fps
Flight 17, July 1, 1953 - Concluded
616 1 9,700 135 0.37 11.2
. 1 s 118 .31 10.6
817 1 9,500 122 -.38 -12.8
1 9,400 120 .36 12.2
618 1 10,100 151 . 11.2
620 1 10,200 137 -.46 -15.8
621 1 10,000 121 -.33 -11.2
1 9,700 130 &0 12.4
626 1 9,900 138 .38 11.1
1 10,100 118 -.38 ~12.9
1 10,000 125 -.39 -13.0
627 1 9,900 117 -.36 -12.6
2 9,600 127 3k 11.0
629 1 9,600 132 3T 1.3
3 9,800 126 -5k -11.1
630 i 9,700 125 - 34 -10.9
856 1 8,300 125 ~o It -1k.0
657 1 7,900 119 L2 .2
659 b 7,500 122 .32 10.6
2 7,500 11k .29 10.2
650 1 7,600 120 -.38 ~12.7
720 1 8,700 120 -.31 -10.1
2k 1 8,900 128 -.32 -10,1
725 1 8,800 124 .38 12.2
33 1 8,500 kg 43 1.5
2 8,600 152 .52 13.7
Flight 18, July 2, 1953
768 1 9,200 %5 0.50 Mk
769 1 9,100 133 -6 -1k b
770 1 9,000 132 .35 11,0
2 8,900 1358 37 1.2
771 2 8,800 125 .33 11.1
783 1 8,ko0 133 .39 i2.1
797 1 8,700 120 -3l -10.9
877 1 13,900 13 =.l5 -l2.k
1 13,800 19 .58 15.2
1 13,700 T A0 10.7
1 13,800 150 -.58 -15.2
1 15,800 k6 R 1.0
882 1 12,900 13l .36 10.6
886 1 12,800 133 .37 11.0
888 1 12,300 121 -.36 -21.7
2 12,300 126 L6 1.8
929 1 10,800 131 , —33 -10.2
Flight 19, July 9, 1953
o064 1 9,800 118 0.30 10.4
068 2 9,900 120 .30 10.6
099 1 9,700 112 .38 1.1
127 1 10,500 128 ~.32 -10.0
128 1 10,700 132 -.38 -11.6
1350 2 10,700 133 ~35 -10.6
131 1 10,500 128 39 12,2
2 10,600 127 ko 12,8
2 10,600 130 -.50 -15.6
133 1 10,500 s .29 10.1
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TABLE I.- SUMMARY OF TURBULENCE DATA - Contimued
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Rader Alrspeed Acceleration Gust
plcture 1/2-minute Altitude, ;if ’ increment, velocity,
no. interval 1t mph an, g Uge, £ps
Flight 19, July 9, 1953 - Concluded
135 1 10,600 132 -.39 -12,0
1 10,700 127 =33 -10.6
136 1 10,300 122 3L 10.4
139 1 10,200 122 ~39 -12.9
1 10,200 128 .33 10.k
1 10,200 125 .32 10.3
1 10,100 1ok o35 kR
1 10,100 120 .35 12.0
1o b3 9,800 116 34 12.0
1 10,000 112 31 1.1
1 9,900 112 .28 10.2
1 9,900 118 -.32 -11,0
1 9,900 128 A3 13.7
1 10,100 130 -39 -12.3
1 10,100 123 - =1k b
ik 1 10,200 12k 32 10.%
1 10,300 126 -39 -12.6
2 10,600 129 -37 -11.8
146 1 10,500 2 .35 10.1
1 10,400 154 - -1
8 2 10,200 147 RSN 11,5
153 2 10,500 17 -31 -10.9
2 10,500 117 -.29 ~10.0
165 1 10,100 151 A6 12.2
190 1 8,200 1k2 .38 10.9
1 8,200 6 -36 ~10.0
206 1 8,800 131 .3 10.6
1 8,800 130 -3k 10.6
1 8,800 12k -.32 -10,5
1 8,700 120 -.31 -10.5
1 8,500 190 -.352 -10.7
208 1 8,800 18 -39 13,5
212 1 8,800 122 -.33 -10.9
1 8,700 120 -.29 -10.0
254 1 9,300 132 —.bk5 -13.8
1 9,300 130 55 17.0
1 9,300 135 .38 1.2
255 1 9,300 129 .58 1.8
261 1 9,400 120 «50 16.9
265 1 9,900 111 3T 13.2
27 1 8,600 130 -k0 -12,2
282 i 8,900 115 ~.32 -11.3
283 1 8,700 112 35 12,7
28 1 8,700 126 36 11.6
1 8,700 123 48 15.7
296 1 8,600 129 3T -11.k
297 1 8,500 126 .52 10.1
1 8,600 125 ~. 3k ~10.9
298 1 8,500 118 -.32 -10.9
300 1 8,300 117 «30 10.2
316 2 8,800 136 -.36 -10.7
2 8,500 127 . -9 -15.k
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.e TABLE TI.- SUMMARY OF TURBULENCE DATA - Continued
:"“’....
.e Radar Adrapeed Accsleration Gust
e “eee plcture 1{5\;’1“"']“ ﬂt;:m’ :’S ’ ccma t, velgzity,
:‘.oo. 1no. ' mph an, & Uges fps
':::. Flight 20, July 10, 1953
eses 436 5 9,600 134 0.9 15.1
Ly 1 12,800 k7 43 11.7
Lkg 1 12,800 w7 -3 -11.6
k58 3 12,700 3 -.36 -10.1
3 12,700 143 43 12,1
L6s 3 10,k00 hivel L6 10.8
i 10,200 169 A3 10.2
5 10,000 163 k2 10.4
50l 1 10,400 128 -.38 -11.6
518 1 9,600 135 -39 -11.6
Flight 21, July 15, 1953
566 1 9,600 125 0.48 16.1
595 1 9,500 12k .30 10.1
623 1 9,500 1% .51 17.2
662 1 9,100 115 .30 10.8
1 9,100 13 .29 10.5
663 1 9,200 108 -.27 -10.3
1 9,200 lot -.29 =11.0
667 1 9,400 132 -3% -10.2
1 9,300 132 A2 135.0
668 1 9,200 12k .31 10.3
1 9,200 122 oSk 18.k
671 1 9,200 11 ST 13.7
677 1 9,300 128 N 11.0
2 9,400 131 .38 12.0
N 681 1 9,400 137 BT} 12.6
685 1 9,400 126 -k5 -1k.2
692 1 9,400 120 -.32 -11.0
_ 699 i 9,300 109 -.30 -11.3
- 1 9,300 11 .37 13.%
1 9,200 110 -27 -10.1
70% 1 8,700 113 .50 18.%
1 8,900 125 .3k 11.5
1 8,900 122 =30 -10.1
™5 3 10,200 130 ~36 -11.5
T 10,200 1352 -.3% -10.0
809 1 12,200 130 -.38 -11.8
813 1 12,000 1kl .39 10.9
873 1 11,100 117 .30 10.3
877 1 11,300 118 -.35 ~11.9
1 11,300 118 .35 119
878 1 11,%00 128 A2 15.2
860 1 11,500 117 -.36 -12.3
882 1 11,200 115 35 12,1
909 1 11,200 122 A5 4.6
1 11,200 122 3T 12.1
91k 1 11,000 130 o3 10.3
1 11,000 133 o3k 10.3
920 1 10,800 116 .30 10.5
1 10,800 113 o3k 12.0
939 1 10,500 121 Ao 13.1
1 10,600 122 .38 12.3
= ol 1 10,700 121 32 10.k
1 10,700 126 -33 ~10.k
976 2 10,000 11 3T 10.%
986 1 9,900 116 -29 10.0
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gee TABLE I.- SUMMARY OF TURBULENCE DATA - Continued
[ [ X 1]
[ 1]
LR Radar Adrspeed Acceleration Gust
1° pleture 1{§;:inu]te Alt;zude, Vas ’ inerement, veloelty,
HPSSC no. mph on, g Uges Tps
et e e
esee Flight 21, July 15, 1955 - Concluded
eese 986 1 9,800 19 -0.32 -10.7
1 9,900 120 . ~31 -10.4
1 9,900 122 -39 -12.7
i 9,900 122 33 10.9
987 1 9,900 121 -.36 ~11.9
005 2 9,100 : 157 RTs) 10.1
2 9,100 154 - bk -11.5
2 9,000 %5 .61 16.6
2 9,000 16 A3 1.7
Flight 22, July 16, 1953
5 1 7,300 129 0.32 10.5
6 1 7,300 133 RIL] 13.6
7 1 7,300 137 34 10,2
1 T,300 136 =33 -10,2
152 2 7,700 134 ~.32 -10.0
176 1 6,200 119 -.38 -13.2
2 6,200 121 -.30 -10.k
283 i 6,400 138 oS 10.0
322 2 5,800 128 52 15.4
2 5,900 136 ~.35 -10.5
Flight 23, July 17, 1955
Lhx b J 12,800 120 0.33 11,0
- Flight 2, July 22, 1953
561 1 9,600 13k -0.%3 ~10.%
i 9,600 133 .32 10.0
-~ 579 1 8,300 120 31 10.6
1 8,300 122 .30 10.2
580 1 8,300 118 .32 11.2
581 1 8,200 116 33 11.8
582 1 8,200 1 .38 13.9
589 1 8,000 124 =34 ~11.3
591 1 7,900 122 Y- -1k &
5935 2 5000 119 -.30 ~10.%
2 8,000 126 .32 10.6
603 1 7,900 2 .37 10.8
604 2 , 000 o 35 10.k
6ot 1 7,700 137 .50 15.2
608 2 7,500 1ko - -16.1
609 5 7,500 132 o34 10.7
616 1 7,900 le7 .58 12.3
617 1 8,000 128 3T H.9
618 1 8,000 118 .31 10.9
620 1 8,100 16 .29 10.2
622 1 8,200 122 .30 10.1
1 8,300 123 .30 10.1
1 8,200 119 =37 -12.8
1 8,300 12 -.32 -10.8
1 8,k00 124 .31 10.k
- 1 8,500 111 ~.29 -10.7
623 1 8,400 117 32 11,3
625 1 7,400 107 -. ~-13.0
1 7,500 108 27 10,k
. 1 7,400 106 32 12.2
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TABLE I.~- SUMMARY OF TURBULENCE DATA ~ Continued

Rader Arspeed Acceleration Gust
pleture 1ﬁ'lm1te “t;‘,:"‘d"" v, increment, veloclty,
no. mph an, g Uze, fpB
Flight 24, July 22, 1955 - Concluded
626 1 7,600 105 0.36 k.1
1 T,500 111 30 11.2
1 7,500 106 .30 11.8
1 T,900 111 -.36 =13.3
1 7,800 106 .28 10.8
s 1 780 11 "3 s
. . .
1 7,900 110 -.29 ~10.9
638 17 8:700 126 .38 12,4
17 8, 131 3 10.6
18 8,600 1 50 11.5
229 1 8,600 ]ﬁé .37 11.5
3 1 7,100 .30 10.5
651 1 6,600 127 3 11.0
662 1 6,L00 122 -.36 -12.0
b3 6,500 127 .32 10.4
696 2 9,500 113 -.32 -11.3
722 1 9,600 105 .29 10.8
1 9,600 112 -.34 -12.1
724 1 9,900 1ot =37 -13.8
Flight 26, July 27, 1953
768 2 6,000 1o Q.31 10.4
3 6,000 126 35 ~11.8
i3 6,000 7 33 11,8
L 6,100 116 R 15,7
5 6,200 1ot -.30 -10.0
(] 6,300 119 -3 -15.5
2 o= | B o
5m Ll .
6 6,100 127 Y 146
6 6,300 128 .35 2k
9 6,900 2L .1 15.4
7% : 7 i % o]
2 7 . .
2 7:700 124 =57 12k
3 7,700 120 ST 19.9
3 T, 700 118 -.38 -13.6
3 Ts 120 =37 -12.9
3 7,700 119 Ji2 .8
3 Ts 112 -.67 -25.2
3 7,500 118 .32 11.5
3 T,500 119 40 k.1
L 7,600 119 =32 -11.2
h 7,500 116 -6 -16.5
L 7,600 116 <30 .1
L 7,800 125 ~ -18.2
uet 1 7,800 17 -29 10.4
1 Ts 120 =33 -11.5
3 1 8,200 119 ko .1
1 8,300 119 =31 -11.0
1 8,300 120 b1 .3
1 8,400 119 .30 0.7
1 8,400 125 ~31 -10.5
791 1 9,800 129 - -19.3
1 9,900 122 -.58 ~19.7
1 9,900 132 A5 .1
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TABLF X.- SUMMARY OF TURBULENCE DATA - Continued

e
a @
[ ] [ X I ]
oe
o @ Rader Airspeed, Acceleration Gust
o “eee pleture lﬁ;‘;ﬁ:{e Altitude, Ve, increment, velocity,
HIC no. mph on, & Ude, fps
[ L X L]
sses Flight 26, July 27, 1953 - Concluded
[ ]
oo 791 1 9,900 130 0.32 10.2
1 9,900 126 A9 16.0
1 9,900 136 -.35 -10.7
839 1 9,600 125 .31 10.1
850 1 9,900 vk -.Lg -11.3
861 1 9,900 136 -.39 -11.9
863 1 9,700 13 35 10.7
866 1 9,700 124 -.36 -11.8
Flight 27, July 28, 1953
929 1 9,700 130 0.1 12.8
930 1 9,700 130 .38 12.0
32 1 9,90 6 .38 10.6
kT 1 9,900 125 -.36 -12.1
051 1 10,100 128 -.35 -11.3
1 9,900 132 .32 10.0
1 9,900 19 -.h3 k.9
1 9,900 125 .50 15.5
037 1 10,200 122 -. -16.9
205 L 6,300 116 .33 11.4
227 2 7,100 138 .38 11.k
3 7,000 138 37 10.9
229 1 5,500 1k 57 20.h
1 6,700 112 -.29 -10.6
1 6,600 117 .55 13.0
1 6,600 118 -7 -16.1
1 5,700 15 .33 11.7
2 6,600 120 -.38 -12.8
2 6,700 127 .36 11.%
2 6,600 130 b3 13.6
2 6,800 132 .33 10.1
252 2 9,100 138 43 12.1
Flight 28, Auguet 5, 1953
423 1 5,100 WmT -0.37 -10.4
1 6,000 140 A48 1.2
425 b 5,200 117 -.29 -10.3
451 1 5,900 12 .33 1.2
2 5,900 123 -.38 -13.1
156 2 6,100 123 i 11.6
2 6,100 127 -.48 -15.6
2 6,100 123 3T 2.4
L7 1 6,100 115 -.29 ~10.4
1 6,000 120 32 11.2
1 6,000 116 48 17.2
L50 2 6,100 117 .36 12.9
L61 1 6,300 112 .30 1i.h
2 6,200 109 .28 10.9
2 6,200 17 .28 10.1
u63 1 6,300 123 -1 =141
1 6,300 11k .39 .1
- 2 5,400 116 -.29 -10.3
2 6,100 115 ko 1.6
2 6,100 102 -.30 -12.4
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TABLE I.- SUMMARY OF TURBULENCE DATA - Continued

YY)
e @
[ ] e
oo Radar Alrspeed Acceleration Gust
2% e powre | YZamae | Aieinde, Ve, | tncrenent, velocity,
¢ o0 no. mph a1, g Uges Ep=
e @ [ ]
esos Flight 28, August 5, 1955 - Concluded
eoae
eoes 508 2 6,900 125 0.35 11.8
2 T,000 120 J3h 1.7
2 7,000 120 .3a 11.3
2 7,000 116 -.31 -11.3
2 T, 000 113 -5 -11.6
2 7,000 116 ~-.29 -10.3
511 2 T,000 116 -.29 -10.k
Flight 29, August 10, 1953
584 1 7,500 130 0.32 0.1
715 1 7,000 105 -.29 -11.3
720 1 7,400 k1 140 1.6
22 1 7,800 35 - ~10.2
1 7,900 1y .36 10.3
723 1 T,900 43 46 13.3
760 1 7,400 121 .38 12.8
1 7,400 112 .32 11.8
752 L 4200 125 .39 12.8
T 1 7,00 121 .30 10.3
1 7,400 108 -3 -16.2
Flight 30, August 17, 1953
850 1 8,200 154 0.40 10.9
852 1 8,100 123 -.37 -12.6
853 1 8,100 12k -.39 -13.3
882 1 8,200 122 - -11.7
- 883 1 8,000 116 -30 1.1
890 1 8,100 132 31 10.0
895 1 7,900 123 -.29 -10.0
A 899 1 7,900 131 -.31 -10.1
1 7,800 126 oL 1%.9
o0k 2 8,k00 134 .35 11.0
910 1 8,600 135 .39 12,2
911 2 8,300 142 .52 15.3
3 7,900 150 . 12.3
978 1 8,600 18 .39 13.8
979 1 8,600 127 38 12.k
1 8,600 126 63 20.9
1 8,600 121 .31 10.9
2 8,500 12% 3 n.7
Flight 31, August 18, 1953
120 1 2900 132 -0.34 -11.0
1 7,800 131 - -10.7
1 8,400 126 -.50 -10.0
125 b3 8,500 140 -37 -11.1
151 1 8,600 125 i 1%.5
1 8,600 120 -.32 -11.1
154 1 8,500 12 . Lo 13.5
1 8,700 126 -.31 -10.3
155 3 8,700 1% -.66 -20.2
1 8,800 129 .39 12.7
156 1 8,700 127 -.32 -10.6
- 1 8,600 129 el .35
1 8,700 138 A1 12.5
1 8,700 135 61 18.9
m 1 8,400 148 -.52 -14.5
LY
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TABLE I.- SUM<ARY OF TURBULENCE DATA ~ Contlnued

Redar Alrspeed, Accelerstion Gust
picture lﬁ;:inut] e Alt;l::ude, Ve, increment, velocity,
no. o, g Uje, Tps
Flight 31, August 18, 1953 - Concluded
171 1 8,400 140 0.40 11.9
227 1 8,100 18 -3l -11.0
228 1 9,900 121 .36 12.5
1 8,100 119 Al 15.5
1 8,100 115 .30 10.9
252 1 8,200 129 =31 -10.1
253 1 8,200 122 ~-.30 -10.3
1 8,200 118 .31 n.z
1 8,200 120 ~-.18 -16.7
2 8,200 121 -.k9 -17.0
279 1 7,600 116 -.28 -10.2
281 1 7,600 113 -.28 -10.3
330 5 7,600 12 .35 12.1
331 1 T,700 148 .39 11.0
1 T, 138 .50 15.1
332 b 7,600 5k -39 ~10.5
L 7,500 148 .53 1%.9
L 7,600 155 ~h1 -11.0
b Ts 156 .50 134
5 7,500 118 Ry 13.3
Flight 32, Avgust 19, 1953
357 2 8,400 155 -0k -12.0
358 1 8,400 k7 ~42 12,0
1 8,k00 146 -.53 -15,2
367 6 8,500 1ks5 .35 10.2
4 8,600 143 .38 11.1
368 1 8,600 156 .56 1.8
1 8,700 . T -.hh -12.6
1 8,700 159 -1 -10.7
370 3 8,400 162 -2 -10.8
3 8,500 162 -.39 -10.0
381 3 8,400 167 .65 16.0
3 8,500 169 k6 1r.1
382 1 8,500 172 b7 -11.3
1 8,500 164 -.85 -21.k
1 8,300 166 .65 16.1
383 2 8,400 164 .59 15.0
2 8,500 16T .62 15.2
2 8,300 155 18 12.7
3 8,300 73 .52 12.k
3 8,400 164 -2 -10.5
3 8,300 154 Wb 1.7
3 8,k00 158 -.16 -12.1
i 8,k00 173 -.52 -12.5
L 8,400 163 ~-.48 -12.1
L 8,k00 150 .63 16.3
b 8,300 16k -.58 ~1.7
L 8,300 153 53 1,2
b 8,300 165 A2 10.4
384 1 8,200 168 Sk 10.9
1 8,300 162 -.53 -13.6
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TABLE I.- SUMMARY OF TURBULENCE DATA - Continued

NACA RM L54LFOTa

Radar Afrspeed, Acceleration Gust
picture 1/2-minute Altitude, Ves increment, velocity,
no. interval f mph @, g Ude, £D5
Flight 32, August 19, 1953 - Concluded
38, 1 8,200 163 a.ko 10.1
2 8,200 162 .TO 17.7
b 8,200 169 .48 1.7
1 8,200 158 -.43 -11.3
2 8,200 157 R3] 10.9
2 8,200 153 -.bo -10.8
385 1 8,200 5 .52 14.8
1 8,200 156 50 13.2
1 8,200 164 -.65 -16.3
1 8,200 152 ~.53 -1k.5
1 8,100 151 ~k2 -11.3
1 8,100 160 RIE 11.1
1 8,000 157 46 12.0
2 8,000 156 .56 4.9
2 8,000 162 .53 13.5
2 8,100 16% -h2 -10.6
2 8,000 160 k6 12.0
5 8,000 57 .39 10.3
b 8,000 168 A% 10.6
L 8,000 165 R 1.3
386 3 8,000 155 .39 10.k
I 8,100 11 -.61 -17.9
I 8,100 7 .36 10.0
389 2 7,600 1hh RI%.3 12.7
393 5 8,600 5 -39 1.1
6 8,500 155 .50 13.4
T 8,koo 155 .38 10.1L
394 3 8,200 153 .38 10.2
6 8,200 137 -.39 -11.9
[ 8,200 137 3k 10.1
3% 2 8,300 137 A3 13.0
397 2 8,300 146 ST 10.3
599 2 8,500 160 -39 -10.2
Lol 17 10, 900 130 35 11.1
409 17 7,800 137 -.37 -11.0
413
6 8,200 135 -.39 -11.9
1% 8,200 154 -.38 ~10.1L
20 8,300 15k A1 10.8
22 8,300 146 -.36 -10.2
L14 2 8,200 151 .38 10.k
21 8,200 153 A6 12.3
Flight 36, September 8, 1953
8 1 2,800 172 o.k2 10.k
780 2 1,900 130 35 1.6
2 1,500 131 -3 -10.0
5 1,500 12k -3k -11.6
61 5 800 9% .26 1.7
5 800 91 39 18.h
5 800 9L .27 12.5
Flight 38, September 17-18, 1953
803 1 7,200 136 -0.33 -10.1
1 T,200 132 -.35 -1.0
804 1 7,200 138 .36 10.9
1 7,200 U1 -9 = b
2 7,100 137 - -10.5




.

Y

NACA RM L54FOTa

2, TARLE I,~ SWMMARY OF TURBULENCE DATA - Concluled
L] (X 1}
se Rzdar Alrspeed, Acceleration Quat
¢ %eus pleture vy e Ves increment, velocity,
s %o o mph oy & Uyes Tpe
®etes’ Flight 38, Septembar 17-18, 1953 - Comcluded
o:oo Sob 3 7,000 150 -0.59 -11.6
seee 805 1 7,100 128 -.37 -12.1
1 T,100 L .36 10.7
2 7,200 10 .39 1.6
1 7,300 138 .35 0.5
808 2 7,390 151 R5] 1.3
3 7,200 159 33 10.0
3 7,200 159 -.30 ~13.0
3 T,200 2 . 13.0
3 T,200 127 -2 -10.6
5 7,100 150 35 n.3
4+ 7,300 196 -3 -18.3
)9 T,200 133 .38 11.8
i 7,300 129 -4 -1h.6
809 2 7,500 3 .39 1.4
811 1 T,200 Iht -3k -10.0
812 L 7,300 12 3 10.0
817 1 7,600 137 .45 ~13.6
818 1 7,600 132 38 12.1
a1 1 7,500 2 .50 ™. T
823 2 7,200 131 R 15.6
2 7,200 131 —. T -10.9
8ak 1 7,300 134 37 11k
833 %] T, 200 hT .59 10.8
83+ 1 T,100 146 -.48 -13.9
83% 1 T,000 129 -.58 -18.6
837 1 T,100 122 .32 10.8
84l 1 7,100 12T =31 -10.0
857 1 5,300 130 -.35 111
850 1 =, 122 -2 -1%.0
862 2 5,500 127 &7 15.3
B3is 1 %,500 136 52 19.7
877 1 5,500 156 - -10.7
880 1 5,500 162 -2 -10.7
881 1 5,400 1ho .59 7.k
1 5,300 1x0 -.Th -a2L.7T
1 5,300 a2 A3 124
1 5,300 b -.ho ETHN
1 5,300 W7 - -11.5
881 2 b, 900 152 .59 16.1
2 4,800 18T a2 11.9
3 &,500 159 .63 16.6
3 h,500 157 . 10.0
3 L, 500 150 .38 10.6
3 b, 157 -.h2 1.2
3 k,600 130 =37 ~10.5
3 4,500 Ihh =37 -10.8
3 k,600 1kk A5 12.9
3 4,600 b5 -.52 -1%.0
852 i k%00 137 .39 12,0
1 4,500 137 -k2 -12.6
2 L,%00 40 -.38 -11.3
2 &, ko0 135 . 1.7
) 2 k,100 159 .36 10.7
88 1 3,300 155 ~.ho -12.7
Flight 39, September 18, 1953
900 3 7,800 k7 0.36 n.2
3 7,900 135 . 10.6
g0l 1 7,800 ht 35 10.8
1 5700 1k5 A2 13.1
2 Ts 146 .32 10.0
- 90 1 7,900 136 ~.30 -10.0
1 7,900 136 -3k -u.E
1 7,900 133 .30 10.
1 7,800 130 .32 1.5
1 7,900 155 ~-.J0 -10.2
- 2 7,800 133 =37 -12.6
9% 1 7,800 35 30 10.3
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S Gusts, Atmospheric 6.1.2
ABSTRACT

Data on atmospheric turbulence in the vicinity of thunderstorms
obtained during a flight evaluation of an experimental C band (5.5 cm)
airborne radar are summarized. The turbulence data were obtained with
an NACA VGH recorder installed in a United Air Lines DC-3 airplane.






