v

by
towence J. Ricer
Frank ¥V, Honsen

WO BRERODERE R ﬁ@ﬁ,&ﬁ,‘ﬁﬁ@@ﬂfﬂ‘i GQQ@@E%*&&.@@Q@Q@&Q

WHITE SANDS MISSILE RANGE, NEW MEXICO

e

Distribation of this.
ransast b welimibtect

IR

CLiARING

jpobeoveessesanee

sinessseupnpd




i

i
1
|
3
)

g GN

TURBULENT CHARACTLRISTICS IN
THE SURFACE BOUNDARY LAYER

by
Manuel Armendari:
Laurence J. Rider

Frank V. Hansen

DA TASK - 1TO61102553A-17

November 1968

ATMOSPHERIC SCTENCLES RESEARCH orpFrICr
WIITE SANDS “418SY1LE RANGE, NIW MEXICO

Nistribution of this
report is unlinited.




i
4

e ST 5 L AT L) PR TR

o e gy

3

1 AL 3 AR SR s

N T P I LT Ay |

————

ABSTRACT

The turbulent characteristics of the first $2 meters of
the atmosphere over White Sands Missile Range, New Mexicw,
have been intensively studied using data collected from an
instrumented tower. It is demonstrated that important tur-
bulence characteristics such as standard deviation of wing
direction, longitudinal intensity of turbulence, ami the
ratio of the lateral intensity of turbulence to longitudinal
intensity of turbulence are dependent upon the height of the
wind measurement, the surface roughness, and the stability
of the atmosphere.

In particular, it is shown that the lateral intensity
of turbulcnce is affected more by stability changes than by
roughness or height of the mecasurcment. The longitudinal
intensity of turbulence, however, is affected by roughness
«ad height of measurement as weil as by the stahility of
the atmosphere.
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INTRODUCTION

To predict the trajectory of unguided rockets or the diffusion of

contaminants accurately, the turbulent characteristics of the at-

masphere must Le known. The purpose of this paper is to present the

- sults of an investigation of the turbulent characteristics from mcte-

“rological data gathered at White Sands Missile Range, New Mexico, on
2-nmcter tower. The study was based upon the thermal structure of

the atmosphere as classified by the stability in the form of the gra-

dient Richardson number. A secomdary parameter, the logarithm of the

ratio of height of wind measurement to the surface roughness length,

was coupled to the Richardson number to determine the effect of cach

of thesc parareters on the magnitude of atmospheric turbulence.

tovyy

DATA COLLECTION AND REDUCTION

The metcorclogical data werc collected at nine levels on the 62 -
meter tower at White Sands Missile Range, New Mexico, hy the Atmos-
pheric Sciences Office. The instruments were at heights of 4.0, 11.9,
19.3, 26.6, 33.9, 41.2, 48.5, 55.8 and (2.0 meters. The wind meas-
uring instruments were Bendix Friez Aerovanes with a Jistance con-
stant of approximately 5.0 meters, and the temperature sensors werc
aspirated thermocouples. More information on the details of the in-
strunentation has been pub'ished by Rachele and McLardic (1957).

The wind data were recordec on [sterline Angus strip chart recorders,
while tempcratures were recorded on a Leeds and Northrop recorder.
These wind data were collected on random Jays during a 25-month pe-
riod covering April 1958 to April 1960. On data collection days 10-
minute samples wcre recorded from cach of the 9 levels every 3 hours
heginning at 0100 continuing through 2200 local time. Five-sccond
averages werc calculated (from the 10-minute sampics) vielding 120
sanples for cach 10 minute period for cach level. A total of 16ll
rrofiles were recorded.

After those profiles in which the mean wind was considered too
light (less than 3 miles per hour) were discarded there remained 850
nrrofiles that were uscd in this study. The temperaturc data were
collected at a rate of one sample per 44 seconds and also used in 10-
minute samples.

The site is characterized by an abundance of hillocks spaced 6
to 10 meters apart and approximately 1 to 5 meters high, with a sur-
face roughness length of 0.2 meters {llansen, 1967).




DISCUSSION AND RESULTS

The results presented here reflect statistics over a 10-minute iv
terval. It is recognized that sampling interval, sampling length, and
instrumental characteristics all influence the variances about the meas
velocities. For cxample, the length of the sample will determine the
low frequency contributicn to the total variance, whereas instrument
response characteristics determine the high frequency contribution to
the variance,

TR T S L

LS

In Figurc 1, it is scen that the standard deviation of wind direc.
tion can be estimated from a mean wind speed once an estimate of sta-
, bility is made. 7The figure, valid to o height of 62 meters, is consis-
1 tent with Lumley and Panofsky (1964) who stated that under neutral
conditions g, was of the order of 5 degrees and in unstable conditions,
between 10 and 20 degrees.

P R A UL N

H A similar approach was attempted for cstimating the standard de-

! viation of wind speed (o ). It was found that there was too much scat-
ter in the data to permi¥ a sinple estimate of 9 from a mean sneed,

y indicating t'at other factors had to be considered.

! Figure 2 relates o, to the stability of the atmosphere in the form
of a Richardson number %Ri) and the logarithn of the ratio of the height

; (<) at which the wind measurement is made and the surface roughness (:o)

; Six stahility regimes are shown:

: t. Windless convection Ri < -.100

2. Free convection =100 <RI < -.020

é 3. Forced convection 020 < Rio< - 001

4. Neutral 001 < Ri o< o0l

5 5. Stable ooy copry o« 15 '

6. Undulant Ri > .15

H

!

¥

% The central values of Richardson number (Ri) in regimes 2,3,4, and 5

: wcre plotted on the 2bscizsa in Figures 2,5, and 4. The data ~ppear to

i uphold the {indings of Prasad and Panofsky (19¢7) and Snith aud Abhott
(1961) ir that o, appears to depend largely on stability under unsti-

! ble to near-neut%al copditions. Jdevond near-nceutral conditions, therce
is a decreasc in o, as stability increases, with an increase in g, as

stability conditions approach the undulant regime. The pro! hic cause
of this increasc is OA is that under undulant conditions wind speeds

o
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are generally light and wind dirscticn fluctuations are quite large.

It is thus possible with Figure 2 tc estimate the standard deviation .
of the wind direction at a given height once a roughness length and sta- .
bility regime are determined. =

Figure 3 c¢learly shows the dependence of the intensity of longitu- -
dinal turbulence 9, on stability, height of measurcnent, and surface o

; vV , . S ;
roughness. The data show that for any given stability regime % de-

R
v

creases with height more rapidly than -~ . This is in ugrecmcnt\with

Swansen and Cramer (1965) who found that under necutral conditions o, de-
W ¥

creased faster with altitude than Cye The data, again as with Uy show w®

a decrcase heyond the neutral regine to the stalle side, and then as
stability appreaches the undulant regime T increases.

v

In Figure 4, an attempt was made to determine the relationship of
the lateral intensity of turbulence to the longitudinal intensity of
turbulence. The lateral intensity of turbulence was ohtained from [he
oy where 9a in radians = o, in accordance with Lunley and Panofshty (1964).
By
Thus the ratio of the turbulent intensities as a function of the logarithm
and Ri should reveal the size of the lateral intensity of turbulence.

© T AT A b i Raworwa.
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apparent that °, is generally larger than o, txcept under undulant
v Y
conditions wher: 3, becomes egual to or larger than AR height increases.

It should be noted that o, approaches « - as height increases with the ratio
Yy v

being near 0.8 at the (2-meter height in the unstable to the neutral regine,

becoming larger as stability increases.

CONCLUSTON

A simple methed of estimating the standard deviation of wind direction
(o\) using a mean wind specd has bheen shown., TIndications were that under
+

stable conditions with winds greater than 4 meters second “\ ranged from
i

. .m»wm.mw» "W m
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4 degrees at the higher wind specds to 5 degreces at the lower speed. Be-

-1 . . .
low a syreed of 4 meters scconds = there is a sharp increase in o, as the
mean wind spced decreases; the estimation of Oy with wind speeds of 2

-1 .
meters second or less becomes unreliable due to the scatter of Ty

In addition, the dependence of the standard deviation of wind direc-
tion on height of wind measurcment, surface roughness, and stability is
demonstrated. Specifically, it is shown that it increases as stability
changes from neutral conditions to windless convection, Moreover, Oy '

decreases slightly beyond neutral conditions as stability increases.

llowever, there is a sharp rise as stability approaches the undulant re-
gime. Surface roughness anc height of measurement do not appear to af-
fect it as much as stability. In general 3, Tranges between 6 to 19 de-

grees as instability increases beyond neutral conditions and between 6
to 9 degrees as stability increases from neutral.

T..c longitudinal intensity of turbulence o, appears to depend on

—

v
stability as well as on height cf neasurement and surface roughness as
instahility increases from neutral to windless comection. tnder neutral
and stable conditions, surface roughness and height of measurement appear
to affect o, more than stability. In general, Cy decreases with increase
v v

in altitude and incrcase in stability in the unstable side to just past
neutral conditions into the stable side. As the atmospliecre approaches
extremely stable conditions (undulant) there is a minor increase.

Finally, the ratio of the laterul intcnsity of turbulence to the
longitudinal intensity of turbulence was related to the height of meas-
urement, surface roughness and stability. In general, it was found that
the longitudinal intensity of turbulence is larger than the latcral in-
tensity of turbulence except near the 62-meter level under undulant con-
ditions, where they are equal or o, becomes slightly larger. The ratio

-7

values increase with aititude becoming approximately 0.8 at 62 mcters.
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