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Mass Flux in vertical

direction: N z
Nz = —WC —<weg¢g > -D dcCc/9z
convection by convection by molecular
mean velocity fluctuating diffusion
velocity

Py o

where (?ﬁ.?;) = (W,.C) + (w,c)

instantaneous mean fluctuation
W, w : vertical velocity
D : molecular dif fusion

z : distance in upward

<>

.
-
-
=
o
-
<
o
o]
-

]
o

=272 —



D dC/ 2z : negligible
— N2 is independent o f

dif fusian coefficient

At the tropopause

N: ~ —-—WwWC

Near t he surface wW=20

Moment um f 1l ux T = :

Tt/ p= —<uw>= (ux)?
Heat Flux q = :
Qz:/ pCprp= —-<wWO> = u*x T

Mas s f 1 ux N.:

N. = —<wec?> = u*x C%*
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Methods for flux measurement
1. Gradient me t hod (Pro{ilc,me”'lo‘()

Boussinesgq concept of

.,eddy diffusivity K3
N: = —<wec> = KgdC/dz=uxCa*
—<wWO> = KgdO®,/ dz=uxT*
—<uw> = KndU/9z= (ux)?

Near the sur face 1 evel
1. u*\.T*,C*; constant
2. Ka=1., 2xu*xz/ "¢

Kn= xu*z/am _

) 2 Kafvman comalaed (=0.%0 )

Shear functions., éu « $n
- E(‘xz/-u*)dU/dz\
¢6n =(xz/T*) d6,/dz
are unive’rsal function
ot 1,/L. strtficaion lend, draphoci shhilily
L:Monin-—Obukho‘_r l ength

=— (ux*x) ’6,.¢/ (kg<wWO>)

usTe
Neadhol shrehifiesdin ( adiaketic)
t/L=0 (L-=2tx)
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.é Unstable
3
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©
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02 1 e P T TS T S U i ' PR TR T S S 1

-z/L

Re = 8800, Ri= —~00126; @, Re = 9840, Ri = —0-0146:
Re = 7700, Ri = —0-0241.
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) momen‘fum

m

Stuble

$m=1-472/L

z/L

'@, Re = 6100, Ri = 0-0140;
" O, Re = 5500, Ri = 0-0514.
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E'JJ) cbrrglafien method ( tovamance methadl )

P
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Ul--—<uJC> =—-_7,-f°wcdt ____”‘

W

!

T.‘ aVera.J-.'nJ time

P Uy

w.‘-, C. ¢ inshedaneous values (J:,,;Hzg_d)
W. €)= (/W) Z(W:, C:)  reas

Instruments high time resolu tion (frexuu(,/ response )
high sptial resofubion
Min, swow okc.
Vertiee| velocity Compon end
Sonic Anemometer thormomsfer ()(..=lo- 2043)
Vane ancwomster (fm ~10H:)
Hot-wire ane mometer (fou = 0’ ~ 1o¥Ha )
T{....'&nv re
Sonic ancmomdfor Hermometer
Plabinum-wire resistomce thormomober
Thermo conple , Querte thernon ot o

Waler vapor
Lymow -d hy 1o meher

Caz; 03 ’ ( CHJ)
U/’L"‘ -ved a‘Sor,f,‘ow
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70m® KITOON

VELOCITY 8 TEMPERATURE GRADIENT
—~ULTRASONIC ANEMOMETER TFERMOMETER (3- DIMENSIONS)
THERMOMETER & HYGROMETER (IN SHELMD PIPE)

MPAS
INCL METER(X Y)

~|BAROMETER """
VOLTAGE 7/ LIGHT RAY CONVERTER

BATTERY (W]
' ~~FIBER OPTICS CABLE {1500m)

Fig. I. Schematic of the system.
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W W-E comp.
w;ul W«loci*y = Air Vo[o(—”y - Awplmv:;loubr — v N-S 'C—O--f- ‘
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agemst earth, ;i::‘“_“‘ plane "a‘;“ i w  Velicd conp.
Channcl Contents - . Measuring Device Digital/Analog Resolution(Nominal)
1 Longitude t o
2 Latitude 45° 278
3 Heading Angle | (0. 309"
4 Track Angle (&29. 5 m for Longitude)
5 Ground Speed Digital
6 N-S Vclocli)Ly IS | 0. 1% 27 KNT
7 E-W Velocity - A I (720. 08 cm/5)
8 Pitch
9 Roll o - 0.02°
10 Vertical Accel. | 0. 613 cm/s®
11 X | t
12 Y:Yshift | 0.0l m/s
13 2 SAT Analog
14 Tcemperature l 0.04°C
15  Altitude Baromeler 0.1 mb
16  Altitude Radio-altimeter 0. 66m
17 Femperature Quartz Thermometer 1/400°C
1.8 Ground/S.ca Surface Temperature : IR..T ' 0.01°C
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GAS FLUX MEASUREMENTS BY EDDY
CORRELATION

M.R. Raupach :
CSIRO Centre for Environmental Mechanics, Canberra, Australia

This talk describes some of the issues and problems involved in the field
measurement of vertical scalar fluxes, especially trace gas fluxes, by the eddy
correlation method. The talk is divided into 6 sections.

1.  Introduction and principle (overheads 1 to 2): Recalling the basic principle of
the eddy correlation method, that a vertical scalar flux F¢ in a turbulent flow (with
negligible molecular transport compared with turbulent transport) is given by

F. = wpe = wpe + wpc (where w is the vertical velocity, p. the scalar
concentration, overbars denote averages and primes fluctuations).

2. Bandwidth (overhead 3): Specifying the frequency range contributing to the
eddy covariance.

3. Wet_:_b-Pearman-Leunirig (WPL) effect (overheads 4, 4a). Correcting for the
fact that w is nonzero over flat ground in thermally non-neutral conditions.

4. Sampling through a tube (overheads 5 to 9): Correcting for the damping of
scalar fluctuations when air must be drawn through a tube to sample the scalar
concentration.

5. Corrections for platform motion (overheads 10 to 12): Correcting for ship or
aircraft motion.

6. Avoiding eddy correlation - inverse methods for inferring fluxes from
concentrations (overheads 13 to 15): introducing two new methods for interring
trace gas fluxes from concentration measurements: an inverse Lagrangian method
for deducing source-sink profiles in plant canopies from concentration profiles and
turbulence information, and a convective boundary layer (CBL) budget method for
inferring trace gas fiuxes at regional (100 km?) scales.
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Figure 8.

LAKE ALBERT, SouTH AUsSTRALIA 1975
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The wq, ug and uw cospectra. The data are grouped in stability bands thus:

band A: 011 ~2z/L<018 (4 runs)

band B: 0-18< —z/L<0-21 (3 runs)

band C: 0-27< —:z/L <063 (5 runs)
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LEwuvine. AND MowceRieFF (1990)
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Fig. 2. Isopleths for tHe correction to measured CO. fluses as a function of latent and sensible heat

fluxes for open-path CO, analysers with differing cross-sensitivity to water vapour. (a) p/a = 0. (b)

Bla=3 %107, (¢) Bla=1x 1072 and (d) B/a =3 x 107°. Numbers on the lines represent the flux

correction to be added to F,,. (mgCO,m™?s™'). Corrections at H = 0 also apply to closed-path CO,
analyser.
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(Eunine. 4nd MoncRiers (1390)

EDDY-COVARIANCE CO. MEASUREMENTS USING OPEN- AND CLOSED-PATH C0O; ANALYSERS 73

4'0 v T i T
z=1q4 Aot

T UWBE oneY

L _FREQUENCY
RESPONSE
onNLY

% Flux Loss
N
o

Windspeed, u (m s~')

Fig. 3. Estimated percentage loss in measured F,,. for a closed-path CO; analyser supplied with air
sampled through a copper tube L =1.5m, ro=3mm and V=8 x 10 m~s”’. Separation distance
between tube inlet and sonic anemometer was 0.18 m. Losses are plotted against windspeed for sensor
heights of 1 and 4 m above the zero-plane. Flux losses due to damping of turbulence fluctuations by
tube only (...... }; flux losses due to limited sensor frequency response but neglecting effect of tube

(----) and combined influence of tube and sensor frequency response (—).
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