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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECIHNICAL NOTE NO. 1273

METEOROLOGICAL CONDITIONS ASSOCIATED WITH FLIGHT
MEASUREMENTS OF ATMOSPEERIC TURBULENCE

By B. B. Helfand
SUMMARY

The results obtained from a series of flight measurements of
atmospheric turbulence within convective-type clouds and from
meteorclogicel soundings are presented together with descriptions of
the flights end concwrrent weather conditions. These results are
presented to provide a background of experience for the forecaster
and pilot by illustrating the turbulence cornditions as indicated by
effective gust velocities in convective-type clouds under epring and
summer weether conditions along the eastern cosst of the United States.

INTRODUCTION

Up to the present time, few detailed quantitative data have been
avallable on meteorologicel observations made concurrently with
measurements of atmospheric turbulence. This inforwation is important
to meteorologists and flight personnel in the planning of flight
operations for which turbulence must be predicted on the basis of the
usual gynoptic meteorologicel reports.

An opportunity to cbtain such deta was afforded by a recent
investigation of' atmospheric turbulence conducted by the Langley Gust
Loads Section of the NACA. Acceleration and airspeed records taken
during flights of the XC-35 airplene through turbulent air in convective-
type clouds permitted the determination of turbulence in terms ol
effective guet velocities, end radio soundings made at the time of esch
flight and concurrent synoptic weather reports provided the meteor-
ologiceal data.

In order to meke the information available to meteorologists
and flight personnel, the results cbtained from the neteorological
measurements and cencurrent flight measurements of atmospheric
turbulence for typical weather situstions are presented horein. It
is evident that this type of information obtained in a series of tests
in one locality over a limited period of time is insufficlent to
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establish general flight rules. The material presented 1s therefore
intended only to provide a background of experience for the weather
forecaster and pilot which would not be readily obtainable and which
mey be used as a guide for future estimates of atmospheric turbulence
from other meteorological observations.

TURBULENCE MEASUREMENTS FROM AN ATRPLANE

A quantity extensively used in the measurement of atmospheric
turbulence from an airplane in flight 1s the effective gust velocity
Ue (reference 1) defined by

2 AW
A ke

in which
An acceleration increment normal to airplene, g (gravity)

units
W weight of airplane, pounds
m slope of wing lift-coefficient curve, per radian
[ mass density of alr at sea level, slugs per cubic foot
S wing area, square feet
Ve equivalent airspeed, feet per second; obtained from

it 1/2

V- Vf\-b-0~>
v true airspeed, feet per second
o) mess density of ambient air, slugs per cubic foot
K relatife alleviation factor, a function of wing loading

W/S, allowing for response characteristics of airplane and
velocity gradient within gust

As indicated by equation (1), the effective gust velocity is determined
from the acceleration response of the airplane to a gust and as such
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is a fictitious velocity assumed to act over the entire airplane and
in a vertical direction since the usual gliding and climbing angles
relative to the horizontal plane are emall. The maximuin effective
gust velocity over a given path of rough air serves ag a very useful
parameter in the study of structural loads because of its relation
to the maximum ncormel -acceleration increment of the airplane.

The relation between the effective gust velocity and the actual
gust velocity, a basic meteorclogical quantity, devends upon the
assumptions made in the derivetion of equation (1). On the basis of
data obtained in flights with the XC-35 airplene, it is shown in
reference 2 that the maximum effective gust velocity is proportional
to the maximm actuel gust velocity a3 meoasured by indicated-airspeed
fluctuations over a given flight path. TUnpublished anslyses made by
the Langley Gust Loads Ssction have furthermore shown significant
correlation between the meximum effective gust velocity and other
meteorological quantities, which indicates the wvalidity of the maximum
effective gust velocity as a meteorological paramcter. In view of
the significance of the meximum effective gust velocity to structural
loads on aircraft and to meteorological conditions, it is used in
the present paper as the perameter specifying atmospheric gustiness.

APPARATUS

The XC-35 airplane used to obtain the flight data was a
modificetion of the Lockheed 10-E incorporating a pressurized cabin
and engines of greater power. It was designed for a service ceiling
of 35,000 feet and had & wing loading W/S of 24.3 pounde per squere
foot. The K-factor used in computing the effective gust velocities
was 1.08. (See fig.l of reference 1.) Other characteristics and
dimensions of the airplane are listed in reference 2.

The instruments used in the airplane to determine the gust
intensities for the present study were:

(1) NACA air-dempsd reéording accelerometer

(2) NACA airspecd recorder

(3) NACA synchronous timer (l-sec intervel)
The acceleration and airspeed recorders were standard NACA instruments
and were fitted with magazines carrying sufficiecnt photographic film

for 30 minutes of record. The timer was used to synchronize the
alrspeed and acceleration measuremcnts by impressing l-second-interval
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timing marks on the records.

Photographs of cloud developments prevailing at the time of the
flights and within which the measurements of turbulence were obtained
were made from the airplane with a hand Agfa Speedex camera of

3%-inch focal length.

Equipment for obtaining atmospheric soundings consisted of a
Diamond -Hinman~-Friez Raysonde, the development of which was sponsored
by the Navy, incorporating an electric hygrometer eand the cycloray
type of ground recorder.

TEST TROCEDURE

Airplane flights and raudicsonde ascents were made when westher
conditions appeared conducive to turbulence at high altitudes.
Morning synoptic reports and soundings provided information on which
the turbulence forscast for the day was baged, but flights were not
begun until succeeding observations of cloud development verified the
forecast.

The radiosonde progrem was erranged with the intention of
obtaining three or four consecutive soundings spaced at intervals
of about 2 to 4 hours throughout the deys of the airplane flights.
Because of instrumentation difficulties and forescasting limitations,
however, the number of meteorological soundings end.the time of
soundings relative to the time of the airplane flights varied.

The usual procedure was to climb to service ceiling, to select a
cloud formation for survey, and to meke successive traverses through
the cloud at various altitudes. Most of the traversges were made
through cumulus-congestus and cumulo-nimbus clouds, but in several
instences measurements of gust intensities wers made in clear air when
turbulence was encountered. The test instrumenits in the airplane were
operated only at timecs when turbulent conditions prevailed, and
measurements were made at sltitudes varying from gbout 2000
to 34,000 feet.

SELECTION OF DATA

A total of 35 flights was mede with the XC-35 airplane under a
varlety of epring and summer weather conditions. These flights were
clessified in eccordance with the local woaather conditions prevailing
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at the time; that is, measurements obtained under conditions in which
thermal. eir-mass activity was predominant as the cause of cumulus

cloud growth were separated from those which included other significant
factors. The various categories are as follows:

(l) Tropical maritime air mess, very weak surface pressure gradient

(2) Tropical maritime air mass, advection from the south or southwest,
cold front to the northwest

(3) Cold front passing, polar continentel air replacing tropical
maritime air

(4) Warm front approaching, poler maritime air at the surface,
tropical meritime airealoft

(5) Stationary front to the south separating tropical meritime and
polar maritime air

Flights were selected from eech category on the basis of the completeness
of the information avallable.

RESULTS

A totel of 10 representative flights has been chosen for
presentation herein. One figure is included for each flight: part (a)
shows the surface synoptic weather chart for 1330 easgtern standard
time on the dete of the flight, end part (b) shows the etmospheric
gounding taken nearest to the time of the flight. Part (b) also
includes one or two photographs of typical clouds traversed eand &
diagram to illustrate the vertical extent of the clouds traversed. In
addition, the range of effective gust velocity experienced on each
traverse of the flight is noted by horizontal bars superimposed on the
cloud diegrem. The end points of the bars represent maximum values
with positive gust velocitles directed upward and negative gust
velocities directed downward. The symbols and nomenclature for the
data included in the figures for each flight ere given in table I.

In perts (b) of the figures, curves of constant potential
temperature 6 (dry adiabats) and constant equivalent potential
temperature ee (moist adiabats) are drawn through the point which

represents the height of the base of the clouds traversed. At each
significent point represented by a circle, valucs are given for the
mixing ratio in grams per kilogrem and the relative humidity in
percent. The observations for the upper winds at times closest to
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the time of flight ere also shown. Each "half-length feather' on
the wind arrow represents one number on the Beaufort scale.
Bxamples representative of the various categories are given in the
following sections.

Tropical Maeritime Air Mass, Very Weak Surface

Preesure Gradient

Flight of August 20, 1GU2.- The entirc castern pa;t of the
United Stetes was covered by tropical meritime air circulating
around the western eide of the Bermuda high on August 20, 1942.
As shown by the synoptic chart (fig. l(e)) the surface pressure
gradient was very week at Langley Field, Va., which ullowed & sew
breeze to develop during the afternoon giving & mederate soutiieasterly
wind. The possibility of frontolysis occurring near the Virginia -
North Carolina border ls indicated by the high clouds over Langley
Fiold which were reported as a clrro-stretus overcast until 1430 EST
end changed through brcken alto-cumulus clouds to scattered clouds
et 1600 EST. Scattered cumvlus clouds with basces at 3000 feetl
also appeered during the morning and increased to broken cumulus-
congestus clouds with tops up to 15,000 fest by 1600 EST. The
radio sounding (figz. 1(b)) shows a conditlonally unsisble layer
up to 13,000 feet topped by &n isothermel layer from 13,000
to 15,000 feet. Winds aloft as shown in figurs 1(b), were fairly
light, veering from southwest at 4000 feet to west at about 20,000 feet.

The cloud selected for survey after take-off at 1435 EST was
& cumulus -congestus cloud to the southwest of Langley Field with base
and top estimated at 3000 and 15,000 feet, respectively. Betwecen
1456 EST and 1518 EST, five traverses were made through the cloud
which was apperently beglnning to dissipate. Photographs of the
cloud in two steges of development ere aiven in figure 1(b).

Flight of September 9, 1942.- During the efterncon of September 9,

1942 cumuliform clouds, showers, end thunderstorms were prevalent
over most of the southeagtern states. The surface synoptic chart
(fig. 2(a)) shows that surface temperatures ranged from 75° F on
Cepe Cherles, Va., surrounded by water, to 94° F at South Hill, Va.
A front, which probably did not anect the development of cumulus
clouds on this day,is shown about 180 miles north of Langley Fiecld.

Observations at Langley Fizld showed scattered cirrus clouds
moving from the west and persisting all day. Cumulus clouds appcared
at 1130 EST and developed to heights ecstimated to be 20,000 feet.
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An analysis of the sounding (fig. 2(b)) does not indicate
a great deal of energy available for convection but dces indicate
the possibility of cloud development at heights up to 28,000 feet.
Other soundings mede on the same day showed no significant
differences other than in the lower layers influenced by diurnal

heating.

A series of treverses was made through & developing cumulus-
congestus cloud formetion near Lengley Field between 1331 EST and
1427 EST. The survey wes made in steps of increasing sltitude from
5000 to 15,000 feet, and during this time the cloud top increased
in height from 10,000 to 20,000 feet. Up and down draits were
encountersd in all traverses up to 14,000 feet and rain wes observed
above 9000 feet. Rain begen to fall from the base of the cloud after
the lending was made at 1440 EST and the cloud then dissipated
rapidly.

Flight of September 10, 1042.- As shown in figure 3(a), Langley
Field was between two high-pressure centsers te the northeest end
gouthwest erd two low-pressure centers to the northwest and southezet
on September 19, 1942. Classification of the air mass is eccordingly
somewhat difficult. The showers shown in figurc 3(a) west of the
Allegheny Mountains were probably associated with the cold front
which was too far west to affect Langley Field weather. Cumilus-
congestue and cumlo-nimbus clouds were reported over a wide region
of the eestern United States during the afterncon end cobscrvations
at Langley Field showed cumulus clouds beginning to form at 1030 EST
with bases from 2500 to 3000 feet. These developed to heightes
estimated up to 25,000 feet and dissipated by 1630 EST. Temperatures
in the state of Virginis varied from 84° ¥ to 90° ¥ &t 1330 EST.

The redicsonde observation at 1255 EST (fig. 3(b)) revealed an
inversion at 10,000 feet. Below the inversion the relative hmidity
was 60 percent or greater, end avove the inversion the relative
humidity was only 15 psrcent or less, which suggested subsidence.

An appreciable amount of energy was availsble however, for convection
thet would not be overcoms by the inversion.

After the teke-off at 141k EST, four traverces between the
1lsvels of 8000 end 14,000 feet were made through & cumlus-congestus
cloud loceted atout 25 miles northweet of Langley Field. The first
trevorse was mads &t 1427 EST during the climb, and the luast at
1447 EST. The cloud was then beginning to dissipete alfter having
reachcd & moximum height estimated at 16,000 feet. Strong drafts were
encountered et 12,000 feet and water collections were noted on the
airplanc during sach traverse. A photograph of the cloud at its
full stage of development is shown in figure 3(b).
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A second cloud, sbout 30 miles south of Langley Field, with
the top estimated et 25,000 feet, was surveyed betwsen the altitudes
of 21,000 and 16,000 feet from 1505 IST to 1536 EST. Light rain and
hail were eanccuntered by the airplane during all traverses, and
drafts of sufficient intensity to carry the airplane upweard
about 1500 feet were encountered during the three highest traverses
shown in figure 3(b).

Tropical Meritime Air Mass, Advection from the South

or Southwest, Cold Front to the Northwest

Flight of August 23, 19%1.- A cold front was moving eastward
on the afternoon of Augusi 23, 1941 as shown in the synoptic chart
(fig. 1(a)). The cold frc.i was typical of summer fronts, poorly
defined at the ground with tropical meritime air snd polar continental
air on the east end west sides of the front, respectively, and with
cumulue clouds prevalent on both sides. The thunderstorm activity in
the southecastern states might possibly have been associated with
an ill-defined warm front noted on previous charts for this period
but not apparent on the chart in figure 4(a).

The sounding at 1157 EST (fig. (b)) indicetes moderately moist
air at high altitudes as well as at lowsr altitudes and a sufficient
emount of encrgy available for convection.

A cumulus -congestus cloud ebout 20 miles west of Langley Field
was selected for survey. This cloud was part of a formation lying
in an east-west direction with peaks estimated as high as 35,000 feet
and with bases at 3000 feet. From 1500 EST to 1548 EST traverses

were made through the clond between the levels of 30,000 and 20,000 feet.

Strong drafts were encountered at 30,000 feet which carried the plane
up as high as 31,500 feet.

Flight of July 3. 1G41.- The synoptic weather chart (fig. 5(a))
shows & quasgi-stationary front with several waves to the north cf
Langley Field, with Langley Field situated in advance of the cold
front section of one of these waves on July 3, 1941. The front was
observed to pass Langley at 1945 EST when the wind, which had been
south-scuthwest during the day, veered to the west-southwest.

The radiosonde cbeservation (fig. 5(b)) ehows high moisture
content to ebout 3000 feet and moderate moisture up to 16,000 feet.
Above this height the moisture content abruptly decreases. The lapse
rete indlcates that much energy is available for convective ectivity
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vhether it is forced mechanically or thermelly. The thin isothermal
leyer at 23,000 feect appears insufficient to stop cloud growth at
this height.

A large cumvlo-nimbus and cummlue-congestus formation
about 30 miles north of ILangley Field was selected for survey. The
formation lay in a northeast-southwest line with bases at 3000 feet
and tops estimated at 30,000 feet. A few lightning flashes were
observed within the clouds at 11,500 feet during the climb.
Traverses were started at 28,500 feet, Jjust below the anvil of a
cumulo-nimbus cloud at 1457 ST, and continued at successively
decreasing altitudes to 1557 EST. One 1ightning flash was observed
during the traverse at 26,500 feet. Light raln was encountered in
the lower traverse (ebout 20,000 f£t) and also in a neighboring
cumulus-congestus cloud at 15,500 feet.

Flicht of July 1k, 1G:2.- The synoptic weather chart (rig. 6(a))
shows thet & cold front wac approaching the eest coast on July 1k, 1942,
At the time of the flight, the front was about 300 miles northwest
of Langley Field, although the upper westerly winds (fig. 6(1))
suggest a fast motion of the front. The trough in advance of the
front moved eastward causing the wind at Lengley Field to veer from
gouthvest to west-southwest at 1600 EST. Observetions at Langley
Field showed broken cirrus clouds during the morning and af'ternoon
changing to scattered clouds by 1600 EST and discppeering by 1700 EST.
Cumulue clouds began to form at 1300 EST with bases estimated
at 5000 fest and tops developing to about 18,000 feet.

The radio sounding (fig. 6(b)) shows the air to be conditionally
unctable above the convection condensation level so that clouds
could form through diurnal heating.

Seven traverses were mede through a cumulus-congestus cloud
about 25 miles northwest of Langley Tield between 1411 EST end 1511 EST.
The cloud top was estimated at 17,000 feet and the base at 5000 feet.
Figure 6(b) includee & photograph of the cloud taken immediately
before the first traverse.

141ght of September 5, 1941.- An examination of the synoptic
chart (fig. 7(a)) reveals that Lengley Field at the time of the
flight on September 5, 1941 was situated at the southern end of a
large warm sector, the air mass being tropical meritime. SurTace
temperatures were 90°0.F to 93° T in the vicinity. Observations atb
Langley Field showed scatbtered cirrus clovds to be prevalent all day.
Cumulus clouds began to form at 1430 EST end developed to heights
estimated at 31,000 feet. These clouds did not disslipate until
2000 EST.
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The radio sounding (fig. 7(b)) reveale ample moisture and
instability for cumulus clouds in the afternoon period.

A line of cumulus-congestus and cumulo-nimbue clouds lying in
a northwest-southeast direction about 50 miles from Lengley Field
we3 approached after teke-off at 1500 EST. Four traverses between
the altitudes of 26,500 and 18,000 feet were made through a
diesipnting cumle-niwbus cloud with base and top estimated at
4500 feet and 31,000 feet, respectively, from 1553 to 1608 EST.
Two additional traverses at an altitude of sbout 16,000 feet were
mede through e neighboring cumulus-congestus cloud by 1617 EST.

Cold Front Passing, Polar Continental Air

Replacing Tropicel Maritime Aix

Flicht of August 12, 1941.- The woather chart (fig. 8(a))
shows an active cold front moving voward lLangley Field on August 12,
1941. At 1330 EST it wes only ebout 70 miles to the northwest
end passed the statica about midnight. Broken alto-cumulus clouds
were obcerved at Langley Field until 1300 EST, when cumulus and
gstrato-cumulue clouds cssociated with cumulo-nimbus formations meoved
in from the northwest. The tops of the highest cumulo-nimbue clouds
“wers estimeted at 40,000 feet.

The radiosonde observation (fig. 8(b)) shows that the sir mass
over Lengley Field vas typically tropical maritime, which allowed
& high aftorncon temperaturs at the surface. The gounding also
indicates & moderete amount of moisture aloft and emple energy for
towsring convecticn columng.

At 1h1k EST one traverae wes begun at 28,000 fect through a
cumulo-nimbus cloud to the southsast oi Laenzley Ficld. This cloud
wos pert of a formation which lay in o northeest-sovthwest line and.
moved southeastward. The envil top was estimated at 40,000 feet.
The traverse lested ebout 10 minutes and the airplane left the cloud
at about 30,000 feet. Before entry, the cloud cppoared very dark
end turbulent, but with the exception that light rain end hail were
encountered the traverse wes without incident.

Immediately after the first cloud was traversed, a cumulue-
congestus cloud, whic¢h was of the seme formation but which appsared
mich less turbulent then the firct cloud, was approached. The
traverss was started at 1420 EST at an sliitude of 30,000 foet.
During the next 15 minutes the airplenc wee cerrisd up to 34,000 feet,
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while guet velocities of about 30 feet per second were encountered.
At this point a slight break in the clouds occurred and the descent
was begun through closely nacked cumulus-congestus formations.

The descent was most difficult to accommlish because of the
geverity of the turbulence end about 20 minutes was required to
reach 20.000 feet. Heavy rain and lesser quantities of sleet, hail,
and ice were encountered during the entire period. Shortly after
1500 EST descent te 1000 feet had been reached, and landing wes

made at Richmond, Va. shortly thereafter.

Werm Front Apprcaching, Polar Maritime Alr at

the Surface, Tropicel Maritime Air Aloft

Flight of April 4, 1941.- FPipure 9(a) shows a larpe-wave cyclone
affecting most of the oastern half of the United States on April h,
1941. Low ceilings and visibilities with light steady drizzle,
typical of the conditions in advance of a shallow warm front, were
present. Morning obgervations at Langley Field showed a solid
alto~-cumulus overcast with the celling at 7000 feet and cloud tops
at 12,000 feet. The clouds changed during the afternoon to broken
strate-cumulus clouds with ceiling and cloud tops at 4000 and 9000 feet,
regpectively.

The radiosonde cbeervation (fig. 9(b)) shows stable conditions
aloft, the lapse rate not exceeding the moist adiabatic above
2000 feet.

Records of gust velocities were teken during traverses of
cirro-stratus clouds end also in clear air at altitudes above
20,000 fset st approximately 1545 BST. Traverses were also made
through lower strato-cumulus clouds with precipitation being
encountered at 8000 feet, at approximately 1600 EST.

Stationary Front to the South Seperating Trovical

Maritime and Polar Maritime Air

Flight of October 2, 19h1l.- A poorly defined quasi-stationary
front extended In an east-west direction south of lLangley Field on
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October 2, 1941 as shown in figure 10(a). Precipitation did not
occur generally over the coastal states but did occur west of the
mountains. The presence of the front south of Langley Field is
borne out by the northeasterly surface wind observed during the
afternoon accompanied by cumulus-cloud movement frcm the southwest
and alto-stratus from the west. The alto-gtratus cover was broken
during the dey end the cumulus clouds began to form at 1400 EST.
The meximum development of the cumulus clouds was reached with
tops extending up to about 11,000 feet at 1500 EST. All cumulus
formations dissipated by 1630 EST.

The radio sounding and winds sloft are given in figure 10(b).
From the sounding it appears that convection could teke place because
of surface heating but might be limited to & height of about
10,000 feet by the isothermal layer at that altitude.

Surveys were made through four separate small cumulus-congestus
clouds between 1533 EST and 1541 EST. The cumulus-congestus clouds
were observed to be small laterally and reached altitudes of about
11,000 feet.

CONCLUDING REMARKS

Although the preceding gust-velocity measurements were taken
only within the vicinity of Langley Field, Va., similar conditions
would rcesonebly be expected at other points along the eastern
coest of the United Stales in similar meteorological situations.
Gust velocilties more severe than those measured within eny cloud
traversed, however, could be encountered because it obviously is
not possible to conduct a complete survey of turbulence on each
occasion with the equipment used.

Langley Mecmorial Aeronautical Leboratory
National Advisory Committee for Asronautics
Lengley Field, Va., October 29, 1946




WACA TN No. 1273 13
REFERENCES

1. Rhods, Richard V., and Donely, Philip: Freguency of Occurrence
of Atmcspheric Gusts and of Related Loads on Airplane
Structures. NACA ARR No. TLLI?1, 194k,

2. Tolefson, H. B.: Airspeed Fluctuations as a Measure of
Atmospheric Turbulence. NACA ARR No. LSF27, 1945.

3. Anon.: Proparation of Weather Maps. S.R. & I./NRH, U.S. Dept.
Cormerce, Weather Bur., July 1, 1gk2.

4. Willett, H. C.: Descriptive lieteorology. Academic Press, Inc.
(Wew York), 19Lk,



NACA TN No. 1273 14

TABLE I.- SYMBOLS AND NOMENCLATURE USED IN FIGURES

[A11 symbols and codes used for the plotting of
station data are described in referencen%

/C_
) DD
Stotiorn rrocel: — N\ (,
77 \& PPP

vV WW MWNIPPa
L M WR
Ve,

Symbols Definitions
Analysis
vVVYyvy surface cold front
-, s Surface warm front
- & Surface stationary front
W Wy W Surface occluded front
000 Weak surface cold front
_._._.__ Weak surface warm front
s Isobars drawn for every
3 millibars
Precipitation
R Thunderstorms
\v/ Showers
Hail
.e & Rain
Lightning

Air mass (in accordence with reference L)

mP Polar maritime
m 7 Tropical maritime
c >, Polar continental
W Air warmer than
underlying surface
K Air colder than

underlying surface

Temperature

e Potential temperature,
degrees centigrade absolute
ee Equivalent potential
temperature, degrees
centigrade absolute

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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XC-35 airplane.
August 20, 1942.
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1330 EST.
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Flight of
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XC-35 airplane,

September 9, 1942,

Figure 2.-
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Figure 3.- Flight of
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Figure 6.- Concluded.
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Atmospheric sounding and turbulence measurements.

Figure 7.-

Concluded.
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(b) Atmospheric sounding and turbulence measurements.
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(b) Atmospheric sounding and turbulence measurements.
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(b) Atmospheric sounding and turbulence measurements.

Figure 10.- Concluded.
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