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Abstract  This data report contains results from selected time series and spec-
tral analyses of the turbulent wind and temperature measurements performed by
Rise National Laboratory during the AMADEUS “Smoke and Diffusion Tests”
of Project WIND, Phase [V, which took place as a cooperative research oriented
study between the U.S. Army Atmospheric Sciences Laboratory (ASL) and U.S.
Department of Agricultural Forest Service (USDAFS) in the Meadow Brook Vai-
ley near Read Bluff. California, during the period between 3 September and T
October 1987. 1 . .+ = . -

In Part [ of this study {Rise— M-2T18. January 1989). Rise National Labora-
tory reported sonic-anemometer measurements of 10-min averaged surface-layer
scaling parameters such as surface heat flux, shear stress. turbulence levels and
atmospheric stability measured at two locations in the Meadow Brook Valley
floor accompanied by aerial photography of the valley-floor smoke puff and plume
spread.

The present study {Rise-M-23861) provides time series plots of the turbulent
(10 Hz block-averaged) wind and temperature signals as recorded by sonic-anemo-
meters/thermometers at the 7-m level above the Meadow Brook Valley tloor during
the AMADEUS tnals. The time series are further processed into energy spectra
‘v’ w') and Huctuating temperature (T') and
here presented together with their relevant scaling parameters calculated by the
correlation method.

The time series and spectra provide flow and diffusion modeilers of the AMADEUS
experiments with an insight in the turbulent scales and energies most respousi-
ble for the observed flow and diffusion processes. Furthermore they provide high-
resolution boundary-laver low and turbulence measurements for model simulation
of the individual experiments. : S

All data have been transferred to ALS on IBM PC-compatible diskettes

for the three wind components (u
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1 Introduction

1.1 Measurements

&

Besides on-line computer-system calculating the 10 min mean statistics of shear
stress, het flux, variances etc. based on the four sonic signals as described in part [,
additional (high-frequency) analog recording of these signals were taken from the
central-valley located “sonic B" during a total number of 1 diffusion tests. with
the purpose of performing time series and spectral analyses of the surface-layer

turbulence quantities.

Table 1. AMADEUS 1987 sonic specira

i Speed: 238 cm/s (15/16) (max 3 hrs)
v ch i ch 2 ch3 ch 3 AMADELUS 1987 Sonic Spectra
Dot {v) {w) (T)
{10 m/s 10 m/s 2m/s 3°C /Volt
r T
N 1
FM - tape Date Start  Stop Duration Spectra
|
#t 23 Sep 11:00 15:57 4 hres 37 min 14:00 - 15:32
#2 24 Sep 21:05  05:07 % hrs 08 min 2345 - 0117
# 4 26 Sep 10:30 13:32 3 hrs 02 min  12:00 - [3:32
. #5 27 Sep 26:15  12:15 6 hrs 00 min  06:15 - 07:47
; #6 28 Sep 10:20 14:52 4 hrs 32 min 10:20 - 11:52 ¢
‘ #7 30 Sep 06:22  14:30 8 hrs 08 min  06:32 - U804
| # 8 30 Sep 17:35  01:43 % hrs 08 min 19:25 - :
; #9 01 Oct 06:32 1442 3 hrs 10 min  06:32 -
# 10 01 Oct 06:32 1442 3 hes 10 min 1310 -
J # 11 02 Oct 06:40  13:20 6 hrs 40 min  16:40 - ‘
: # 12 02 Oct 06:40  13:20 5 hrs 40 min  11:43 - 13:29
! # 13 03 Oct 0640 12:34 3 hes 34 min 06:40 - 0812
i # 14 03 Oct 14:10 2218 S hes 08 mun. 19:30 - 2102

Riso-M-2861
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2 Data Analysis
2.1 Selection of runs

An overview of the 14 diffusion tests is given in table 1.

2.2 Digitizing, block averaging and time series
plots

In the first step, the four raw sonic signals from each experiment were digitized at
our laboratory at a rat eof 10 Hz and calibrated into physical units of wind speeds
L.V, and temperature T.

Secondly, each raw data series was examined and quality assured before a se-
quence of approximately 92 minutes {55.000 scans) was selected for further anal-
vsts. comprising the following steps.

1. Calculation of the IV and W mean values followed by a rotation. first
around the y-axis. next around the :-axis of the anemometer, in order to
obtain externally aligned data series in which the mean values (V') and (1)
are equal to zero.

2. Calculation of the symmetric covariance matrix of fluctuating quantities:

(uuy  {uv) (uw) (ul)
(vv)  {vuw)  (vt)

(t)

based on the entire 92-min aligned subset of approximately 35.000 scaus
where n =7 = (), o=V - (VW w=W-({¥)andt =T - (T).

3. High-resolution time series plots were made of the aligned three-wind com-
pouents and temperature signal for inspection.

2.3 Spectral analysis: velocity and temperature
spectra

From each experiment. consisting of some 55.000 measurements of £° V.4V and T
five to six segments of equal length of 2'3 (8192 scans. »uqal to $19.2 sec) data
points were selected. These were in turn individually Fourier transformed into
4094 spectral power values, ranging in frequency approximately 3.6 decades from
1/819.2 Hz, 2/819.2 Hz, 3/819.2 Hz 4/ ... up to the 3 Hz Nyquist frequency.
Subsequently, these five to six power spectra were ensemble averaged and addi-
tionally smoothed with a 20 percent relative bandwidth filter before plotting.

2.4 High-resolution time series plots of one-min
running mean values

Running mean caluclations of variance and important fluxes (heat flux ~nd shear

stress) were performed. In addition to the covariance matrices of I/, V .V, T based

on the entire “run” (55,000 scans), we also calculated the one-min running mean

6 Rise—M-2861
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of the vertical variance (ww) along the wind stress component (uw) and the heat
flux (wT). We used a “box-car” filter function. i.e. we calculated (ww), (uw) and
(wt) at each time increment (0.2 se«) based on the last 300 scans (one-min worth
of data) and plotted also the result versus time in a high-resolution time series plot
that can be compared with the aligned measurements of [, V. W and T. These
plots are extremely valuable for the interpretation of the bulk fluxes measured.
They show whether a measured 10-min or 92-min bulk flux can be attributed to a
single even’, a few events, or whether the measured quantity is evenly dstributed
over the experiment,

3 Presentation of data

Next the results of the individual experiments are presented. Each experiment 13
represented by two tables and five figures in the following way.

3.1 Tables and figure legends
First page:

Log book table for run # N
The log book table shows date of experiment. start and stop tire for the M
tape recorder and time period selected for times eries and spectrai analys

Second page

10-min mean values for run # N

Figures of the variation of the 10-min averaged surface iaver scaling param-
eters of

. mean wind speed

. mean direction

. mean temperature

. total energy

. stress

. heat flux

. stability parameter (z/L).

[ R R e S

-~

These figures have alteady been presented in part [ but here they are repro-
duced with the selected periods of time series and spectral analysis marked
(shaded periods).

Third page

Sonic time series

Some 55.000 values of the 10 Hz digitized wind components (I, V" W} are
shown after calibration and alignment ({(V') = (W) = 0.0), together with the
temperature signal I'. The scales are / and V' : £10 m/s; W : £5 m/s. and
T0 -~ 10K. The mean temperature (T is arbitrarily offsett from plot to plot
{in otder 1o obtain full resolution during recotding and digitizing).

Riso-M-2861 h




Fourth page

Mean statistics for time sertes

The table shows the mean and covariance statistics calculated for the entire
diffusion tet period, with a typical duration of 92 minutes (55,000 scans), to
be considered as an alternative “overall” average of the 10-min by 10-min
statistics for the same period preented in part I (see “second page” above).

Faifth page

Wind speed (U/-component) and one-min running mean statistics of vertical
variance (ww), shear stress (uw), and heat flux {w7)

The first time series plot out of four 1s a reproduction of the {’-component
(see “third” page above), but augmented here in scale (-2 m/s to +3 m/s).
It has been inciuded again for “event™ marking and interpretation.

The second trace shows the one-min running mean value of the vertical ve-
locity variance {ww). The scale is from 0.0 to 1.0 [mm/ss].

The third trace is the one-min running mean value of the stress component
(uw). The scale is from -1.00 to +1.00 {mm/ss].

The fourth and last trace shows the one-min running mean value of the
vertical heat flux {wT). The scale is from -0.5 to +0.5 [m/s R} When
multiplying by approximately 1200 (p.(y ), this tigure shows the heat flux
in Watts/m? in the interval between -600 and +500 [Watt/m?}.

Surth page

Velocity (u. v and i) spectra for run # N

The figure shows the three velocity spectra calculated as described above
The abscissa ranges from 0.001 to 10 Hz in frequency, the Nyquist frequency
1s 5 Hz. The ordinate shows the spectral density fS(f) in the interval be-
tween 1).0001 to 1.0 [mm/ss]. The lowest spectral estimate 1s av 1/319.2 Hz.
cf above.

Seventh and lust page

Spectrum of fluctuating temperature for run # N
The figure shows the temperature spectrurm in the same as for the previous
figure (velocity spectra). Here, however. the ordinate has the dimension (A%

Riso-M~2361
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4 Results
4.1 Run # 1, 23 September, overview

[ Speed: 238 cm/s (15/16) (max 3 hrs)

; ch 1 ch 2 ch 3 ch3 AMADELUS 1987 Sonic Spectra ([
’i (u) (v) (w) (1) |
1 10 m/s 10 m/s 2 m/s 5°C /Volt | |
i | !
| FM - tape Date Start  Stop Duration Spectra !
i |
= — ] ,
| # 1 23 Sep [ 11:00 1557 4 hes 57 min 1400 - 15:32°
' ‘
Riso-M-2861 ]




Run # 1

IFOELS/SOMITE 35°.23 1987,

Wind speed
Ulm/s] j, v

i1 l 14

Direction ‘1 ]5;, ‘“ ‘ ] ‘iamf
5 [degrees] l“lw’\ ‘Hw !

R AR

N / /
Temperature
- \“N -
T [c] T
Energy
e [mis?]
/\4‘/‘/‘

Stress
u, [m/s]
LS P Ao~V
\,.‘M/“u-
: N
Heat flux _-

H [watt/mi] K

Stability \
!
g:-Z/L :&_‘L‘\/J\AMN’VK}\A/\/\E"M/_"

(z =7meters). | {

0 6 12
Time (Hours).

Figure [: 10-min mean values for Run # I
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Table 2. Mean statistics for time series

Run # 1 - Statistics from 53000 samples

I Mean
|

- Covariance
|

|
|
—

o

{
| uu
|
b
i
1
)

3.012 v 0.000 W

128777 uwe: 050138 ww:
v LAY rw
ww

-0.000

-0.05309
1.05124
0.30138

ul’ -0.05874

vT o - 13887

wi 0.15703
T 9.57997

Riso-\-2861
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Figure . u.v and w-spectra for Run # |
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4.2 Run # 2, 24 September, Overview

I Speed: 238 cm/s (15/16) (max 8 hrs) .
ch 1 ch 2 ch 3 ch3 AMADEUS 1987 Sonic Spectra i
Y (v) (w) (T) l
. 10 m/s 10 m/s 2 m/s 5°C /Volt |
i | 1
] 7 1
' FM - rape Date Start  Stop Duration Spectra ‘
L ! |
#2 24 Sep 2105 0507 S hes 08 min 2345 - 01017 !

16 Riso-M-2361
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LS /SONICE 29, 24 1887,
Wind speed K -
i i
U [ m/s ] ‘ ' ‘F\"J/\-‘\ N
AW
i
i | \
. . A Vi H
Direction P"“ Y A ,H\Jt,,-wkﬁi -
[P !
50 1 I =
D Ldegrees ] i :
1 ' H
} :
i |
Temperature =
s ; PoMIN
T[] i |
|
‘ |
‘ 1
Energy J “‘
- ! -4.1\{
e [m¥s] { \ {
‘,VA/“V \AAN\/V/V \/\‘/M.‘ ,v\J\/u.
| ;
Stress | |
! PN
U'[m/S] “ M\\‘\/‘A\, "
! LAY A Voo
(\J‘/V { IL/ 1 \‘,'v A 4\.l
l\ ’<J
M, 7
Heat flux N .
“IN

\’"‘Af'q AA

H [wctt/m‘]

Stability
E=2/L

(z =7meters).

12 18

Time (Hours).

Figure 6: [0-muin mean values for Run # 2.
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Table 3. Mean stalistics for time series

Statistics from 55200 samples

0.279 v 0.000 w 0.000

—— ——

Mean u - :
Covariance [ e 003239 wy: DO0W034 ww: 005720 wT: 0.06050
[ ve o 0.10501  cw:  -0.00519 o 0.00859
1 ww . DD33ST wl . 00277
’ TT:  0.08506
Riso~M-2861 19
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Figure 9: u,v and w-spectra for Run # 2.
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Figure 10: Temperature spectrum for Run # 2.
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4.3 Run # 3, 25 September, experiment can-
celled - no smoke
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4.4 Run # 4, 26 September, Overview

: Speed: 238 cm/s (15/16) (max ¥ hrs)

i
f ch 1 ch 2 ch 3 ch 3 : AMADELUS (987 Sonic Spectra
P (v} (w) (7 , |
.10 m/s 10 m/s 2 m/s 3°C /Volt |
h - d
i I | !
! FM - tape ‘ Date { Start  Stop Duration Spectra |
i :
, :
I
{ # 4 26 Sep 10:300 13:32 3 hes 02 min 12:00 - 13:32
|
24 Riso-M-2861
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Run # 4

IFCEUS/SONICS 3£7.25 1887

Wind speed
Olm/s]

Ii)lt‘)

N 2l A
ANV TS AN N

i
- o i v N A ‘ L
Direction ‘ i'i * \,{]Iﬂﬁ, Do -
- ! il e “ PovIN 2=
= ? Y O 4 :
5 (cegreesi 11 1y b ] o
N 'W },‘Lui"\/\}(u’\r\ / ‘ i ‘—V‘.’“,{) i
Temperature -<x —
= ° i ‘N\\_\ e
T [C] W\’\\—\w’
Energy -
e [mYs?] &
N Yl s T
Stress -
u, [m/s] o .
—-41/\/.“_/‘1:\"/‘/“ ""“"‘./\J/-/ i ‘/\v'v -~ =
Heat flux Wy o " —
. N “/"\\"\‘4"‘\/‘ (AR vl L ;;': -
H [watt/m] 7 Ve
!
Stability |
o 1
-~ : \-A A~ o i-
Ez-Z/ it i Wy M I Vel SRR
{

(z =7meters),

0 6 12 18 24
Time (Hours).

Figure [1: 10-min mean values for Run # ;.
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Table |. Mean statistics for ime series

i Statistics from 55000 samples

| T =
. Mean Pu: o 3310 v -0.000  we ~0.000 :
: | !
Covanance | uu 272907 we: V34616 uw -0.28061 wl o -0.01609
; ve o 351920 ewc O0MMEE 0T 033668
ww 040845 wT 1.13843 |
TT . 9sSust|

Riso-M-2861 0
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Frgure [3: Wind speed (u) and [-mun running mean statistrcs of vertiead variance
New), shear stress ‘uw). and (sensible) heat flur {wt)
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4.5 Run # 5, 27 September, Overview

i Speed: 238 cm/s  (15/16) (max 3 hrs) o
[ ch 2 ch 3 ch 3 AMADELUS 1987 Sonic Spectra |
Cou) (v) tw) (T |
110 m/s 10 m/s 2 m/s 5°C /Volt )
: T i
FM - tape f Date i Start  Stop Duration Spectra |

| H ]
! : R
#F5 27 Sep POB:15 1215 8 hrs 0D min 06:15 - 0747
: !

Rise-M-2361 31



Wind speed
O0lmss]

Direction ,'

5 [degrees] ! it

N ,'\4‘4"‘ N

Temperature
T[] T~
ToLlc®)
Energy
e [m¥s’] Oy
N \/‘,_ o
- T e
Stress
u, m/s] .
AV YV 5 P i '\".,"-_/ Sy
i
‘./,'-J ‘/AA 4& A
Heat flux A -
RIS e N

H [watt/m?]

Stability
A
g :_Z/L PR

i \./-\_,\—\M_/W

(z =7meters),

i te)

—ray

e

~vag

=X

=i

0 6 12 18 24

Time (Hours).

Figure 16: 10-min values for Run # 3.
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Tuble 5. Mean statistics for time series

Statistics from 55200 samples

Mean

C Covariance

LI

nu

0.741

023412

v -0.001 w ~0.000

" 104238 ww o 002463
ry 112830 cw -0). 00360
wie 000479

ul 0.05632
el 002313
wl -0.00525
I'T 1120099

Y

Riso-M-23861
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4.6 Run # 6, 28 September, Overview

} Speed: 238 cm/s  (15/18) {max 3 hrs) E

‘ ch 1 ch 2 ch 3 ch3 ! AMADEUS 1987 Sonic Spectra !
Potu) (v) lw) {7 ‘ [
[lom/s  l0m/s  2m/s  5°C jVolt | i
1 ‘ i i
’ FM - tape ! Date i Start  Stop Duration Spectra !
[ : ! |
L

: | R
| %5 28 Sep 1020 1652 b hrs 32 min 1020 - 1152
38 Riso-M-1861
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4.7 Run # 7, 30 September, Overview

Speed:  2.38 cm/s

(15/186)

{max 3 hrs)

ch 1 ch 2 ch 3 ch 3 AMADELUS 1987 Sonic Spectra i
{u) (v) {w) (T !
10 m/s 10 m/s 2 m/s 3°C /Volt | |
T !
! i
FM - rtape Date | Start  Stop Dutation Spectra
i |
! i
| @ 30 Sep 0622 1430 S hes 0% min 0632 - 0804 |
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Figure 26: 10-min mean ralues for Run £ 7.
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Table 7.

Mean statistics for time series

Statistics from 48000 samples

PRSI | S

. Mean " u

Covariance | uu

1.002

0.23741

3 -0.000 w .000

ne 0.00991  nwuw ~-0.03317
ry 013675 rvu 0.00083
wuw 13.01936

ul 1.09538 ;
ui 003768
wl . -)01TT3
TT . 027148
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4.8 Run # 8, 30 September, Overview

: Speed: 238 cm/s  (15/16) (max 3 hrs) l

ch 1 ch 2 ch 3 ch3 X AMADEUS 1987 Sonic Spectra
| tul (v) (w) (7
10 m/s 10 m/s 2 myfs 5°C /Volt
r T 1
I I !
: FM - tape ' Date ! Start  Stop Duration Spectra
| i
N |
) | . -
# % 30 Sep P1T35 0 0143 S hes 08 oun 1Y:25 - 20557
|
32 Riso-M-2861




Wind speed

Meliv e)
_ - 2.
Olmis]
Direction
5 [degrees]

Temperature

T [e]

Znergy

e imis’]

Stress

u, (m/s]

Heat flux

H [watt/m?]

Stability
E=2/L

(z = 7meters).

3.2¢
z. 00

12 18 24
Time (Hours).

Figure 31: [0-min mean values for Run # 3
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Table 3. Mean statistics for time sertes.

| Statistics from 55200 samples

Mean

Covanance

woo .747 v 0.000 w: -0.000

i 1126863 ru 0.002338 T
ww : 5.02008 T
T

wu  012706 we s -0.001910 ww o 002547 o7
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4.9 Run # 9, 1 October, Overview

' Speed:  2.38 cmys  (15/16) (max 3 hrs) 7,
| chl ch 2 ch 3 ch3 AMADELUS 1987 Sonic Spectra !
| (s {v) (w) (T)

| 10 m/s 10 m/s 2 m/s 3°C /Volt !

[ | T

\ FM - rtape Date ] Start  Stop Duration Spectra

i : il J
‘ |

; #9 01 Oct ’ 06:32 14:42 8 hes 10 min - U8:32 - 93:04

. !
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Frgure 36: 10-min mean rvalues for Run # 1.
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Table 9. Mean statistics for time series.

Statistics from 55200 samples

Mean u:  0.753 v -0.000 W 0.000
|
! Covariance | uu  0.36718 wv: 011913 ww - 0.07T063 ul 1.06647
l vro 020350 v -002155 T 0.0624Y
| ww 0.04225 T -0.01743
i T 7. 11900
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4.10 Run # 10, 01 October, Overview

| Speed: 238 ecm/s  (15/18) (max 3 hrs)

loeht ch 2 ch 3 ch3 AMADEUS 1937 Sonic Spectra

I (u) (v) (w) (1) :
110 m/s 10 m/s 2m/s 3°C /Volt !
-

i

l FM - rape Date Start  Stop Duration Spectra

i f 1
“ 10 01 Oct P06:32 142 3 hes 10min E3:10 - 1442 |
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Figure {1: 10-inin mean values for Run # 10
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Table 10. Mean statistics for time series.

Statistics from 35000 samples

Mean
Covariance

|
|
|
|
|

!

u: 2478 v 0.000 w
ww 236270 wv o -0.09837  uw:
ve s L3477 vw
ww

~.000

-0.05444
0.03667
0.15209

ul

vl

wl @
TT:

1.57620
0.12990
0.09343
233105
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4.11 Run # 11, 2 October, Overview

_ Speed: 238 em/s (15/16) {max 3 hrs) |

ch 1 ch 2 ch 3 ch3 1 AMADEUS 1937 Sonic Spectra

o iu) ) (w) (T) : .

f10m/s 10 m/fs 2m/s  3°C /Volt | ’
i i

i FM - tape \ Date | Start  Stop Duration Spectra i

! [ ’ )

‘ i

# 11 02 Oct 0640 13:20 6 hrs 40 mun 0640 - UBI2 |
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Frgure (6: 10-min mean values for Run # 1
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Table [1. Mean statistics for trme series.

; T Statistics from 33200 samples |
‘ |

© Mean bu: 0.593 v -0.000 w -0.000

: I

. 1 '
- Covariance l wu 032234 wr s -002718 0 ww o -0.05746 ul 0.12393 !
§ v BT ww: o 002206 oT . -0.05048 |
! i ww: 002353 wl - -0.02794 |
‘ TT. 020264 |
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4.12 Run # 12, 2 October, Overview

|

! Speed: 238 cm/s (15/16) (max 3 hrs) !
i chl ch2 ch 3 ch 3 AMADEUS 1987 Sonic Spectra |
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| P ]
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Figure j1. 10-min mean values for Run # 12
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Table 2. Mean statistics for ume series.

Statistics {rom 33200 samples

Mean

i
)

' .

I Covariance
|

i

|

i

uu

0.000 w -0.000

[®
=1
—
=1
<

114982 wv: -0.17054 ww: -0.03422 uT:
ve o 0.74869 vw 0.00086 T :

wiw 0.159%4 I
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4.13 Run # 13, 3 October, Overview

3 Speed: 238 cm/s (15/16) (max 3 hrs) | 1

[ ocht ch 2 ch 3 ch '3 AMADEUS 1987 Sonic Spectra (

{ {u) {v) (w) (T) |
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1
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Run # 13
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Figure 36: 10-min mean values for Run # 14
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Table 13. Mean statistics for time series.

Statistics from 35200 samples

Mean

. Covariance

0.342

0).26082

v 0.000 w -0.000

ur o 012192 ww: -0.08745
ve s 0239560 vw o -0.04410
ww 304488

uT U.00532
vl 0.01307 |

wT ~1).00987
IT: 043748
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4.14 Run # 14, 3 October, Overview
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Table 14. Mean statistics for time series.

[

Statistics from 55200 samples

Mean

' Covariance

!
i

i
IT

[N

uu

1.428 v -0.000 w: 0.000

145057 wv: -0.16128  uww:  0.14396
vy 0.31301 vw 02117

vw s 0.04872

ul
el
wl
T

L0325

015441

-3.01533

0.50053
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(ww). shear stress (uw), and (sensible) heat flur {wt).
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Figure 74: u v and w-spectra for Run # 14.
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