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The exposure problem

For catching type precipitation gauges, WIND is the major environmental source of precipitation measurement biases

Any precipitation gauge presents an obstruction  Above the collector of the instrument, wind
to the prevailing wind and the incoming airflow  accelerates and turbulence develops, while
Is deformed when wind overtakes the vertical upward velocity components arise
precipitation gauge. upwind of the collector (Warnick, 1953).

This aerodynamic effect deflects th drometeor trajectories (liquid/solid
particles) away from the collector and, 1988; Nespor and Sevruk, 1999),
thus is responsible for a signifig tion of the collection performance.

The wind-induced undercatch:
2-10 % for rain and 10-50 % for snow by Sevruk (1982).

10-23 % for rain by Pollock et al. (2018).

70-80 % for snow by Rasmussen et al., 2012 and Colli et al., 2015.

Collection Efficiency curves allow to correct
wind-induced errors for operational purposes.



Collection Efficiency

The Collection Efficiency (CE) depends on the gauge geometry, wind speed (Uy.f), type of precipitation (Rain or Snow), Particle
Size Distribution (PSD) and precipitation intensity (R/ or S/)
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One-way coupled approach

1) Eulerian airflow model
Computational Fluid Dynamics Simulations (CFD):
RANS and LES

Result:

- Air velocity

- Local turbulence that develops due to the
gauge body obstruction

Method of investigation: CFD simulations

State-of-the-art

I Steady and uniform incoming flow in the CFD I

Nespor & Sevruk (1999), Thériault et al. (2012),
Colli et al. (2016 a,b) conducted both RANS and
LES simulations for various shielded and
unshielded gauges an by using a fixed value of
the particle drag coefficient Cp along the
trajectory as a function of the particle size.
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Improved trajectory model

2) Lagrangian Particle Tracking (LPT) model 90 30 0 90 120
M M - =]
Equation of motion e 72 %
L;J,ﬂp.'c'l.p = PPGU'E}(FP —|\FP — + -LI;.:-IL.IUP
Field observations
—v— THI2 Cy=cost.
number of particles n(d) 12 - —0— KC05 Cpy=cost.
of each size, d, collected " &— KLOSCp(Rep)
in disturbed airflow sy *Z
conditions = 081 Nt €% ;
: \F G-
A 0.6 A AN ~ \
:Z 04 7 AN . %
P G @)= fRey)
. 0.2 B
PSD I:> Numerical CE erd&f(d)
00 T T T T "rl Sy A _,_ T
o 1 2 3 4 7 8 9 10

Wind speed (m/s)

Colli et al. (2015) on solid precipitation

= f(Rep)  Re, = [V ~ Vald ; Vald

The Cp is updated along the trajectoary at every
time step as a function of the local Reynolds

number of the particle (Rep).

This method overestimates the
wind-induced error

because literature numerical studies assume that
turbulence is only generated by the wind/gauge-
body interaction




Free-stream turbulence

Wind is turbulent in nature due to the roughness of the site and the presence of obstacles. Therefore, in operational conditions,
precipitation gauges are immersed in a turbulent flow.

I Turbulent incoming flow in the CFD I State-of-the-art: Cauteruccio et al. 2020

@ The normalized updraft in the upwind part and the @ The dissipative effect of the free-stream turbulence has a damping role on the

downdraft in the downwind part of the collector are less .
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Field evaluation of the free-stream turbulence at the precipitation gauge elevation

mean of turbulent fluctuations [m/s]

Wind measurements were divided in wind classes (0.5 m/s
bins), based on the moving average value.
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Numerical generation of free-stream turbulence for the chimney shaped gauge | FGU2020-18366

Details of the computational mesh

%i

. .
LES Sl mu Iat | O n S 172 87 N 72 72 N2 8 74 N P N 4 A 4 A P S P 4 N A A A N S 817 8 24 4 N 2 N 0 RS 4 4 N N NN %
NN NN A N AN RN NN PR NN FAR INANY % SEEans
4 5 728 AN N N VA N N N i N ) N N N N N 2N N N NN Y AN NN K Sasas
TR b b PEPEDK
9% N U N A /NN 2
F \ gggggggg' N l‘gsws SeasLsases 5%
- S / 7 A - A I
ree-stream N2 2 S P AV S N A 2 55 : gggﬂ%!!{ 53
v N. cells NN NN NS NN b
condition AN KRR e UKL 25
4 84 N A A 5% KEDK] s
A AR AR 22 . a3
Basasasasanasy i KPEPK
A INVINV NS N ot 7 5%
SRR NN RIS %é%éa PR
: 112 A 8 N A RS S A A 2 N e
Uniform 12 millions PRPEPKPRPKP K NRPN
R ERRReaes YN -
DN . T £
SR DROKD) 1
Turbul 14 milli saaet hsasas
AANINE T N
urbulent miliions e SN g
B ggnmmnmn@szié }?%é iBasaaadandss B Sus
e 0 O 2 RSV ANV 272 ; Ss8su88 g asesas R e PR R PR '
T ' : sl R R seseassssseresssseesas S8 gie
Lo L T SR R N E S KK SED
.4 4

LA N LA
NN 90 ViV VN V0 1 0 P S N s K I

= , ; i The distance between the three obstacles and the gauge
was calibrated in order to obtain the desired level of
turbulence as measured in the Nafferton site

138

16

1.4

Ades o & o
-
=

1.2

-70 -60 -50 -40 -30 -20 -10
x/D

The Free-stream turbulence:
1. introduces velocity fluctuations in all directions
2. reduces the aerodynamic effect of the wind-gauge interaction = lower velocity components near the gauge body



The free-stream turbulence effect on solid particles dynamics

Catch ratio: 7(d) = n(d) Catch ratios of dry snow particles
. Nmax 1
: ]
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size, and therefore its

. . . 0.7
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0.6 ’
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' fluctuations. Moreover, in

03 turbulent free-stream
0.2 conditions, they cross a

d < 2mm particles are g1
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and are deviated out

of the collector

less disturbed airflow field.

Overall effect

Particle Size Distribution (PSD) Free-stream Collection
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proposed by Houze et al. (1979) Neglecting the free-stream
with No=5 x 108m-*and —> Uniform 0.70 —=>  turbulence effect leads to an
A= 0.5 mm Turbalent 076 overestimation of the catch error




Conclusions

This work allowed to investigate the role of the free-stream turbulence, inherent to the natural wind field, on the particle-
fluid interaction

When the particle size is small catch ratios in uniform free-stream conditions are larger than in turbulent conditions. With
increasing the particle size the catch ratios become larger in turbulent free-stream conditions than in uniform ones

The overall effect of the free stream turbulence on the collection performance of the gauge was quantified by computing
the Collection Efficiency as the integral of the catch ratio on the range of diameters after the introduction of a suitable
Particle Size Distribution. The resulting CE values demonstrated that neglecting the role of free-stream turbulence, like in
current literature approaches, overestimates the wind-induced undercatch of precipitation gauges
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