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1. Requirements on Wind and Turbulence Sensing in Urban Environments 5. Multi-Path Technology To Minimize Flow Distortion
Whenever the understanding of  micro- The Multi-Path sonic technique was developed in , (A ( | (A
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metropoles shall be investigated variables at effects on measuring paths. The concept uses the I /“ > 6& o A N
different scales must be considered: approach that each transducer of one array is " >
- large scales are used as model inputs (the : transmitting pulses to all three transducers of the

opposite array, and vice versa (see on the right).
And therefore, the transducers of the upper and the

profiles of wind flow, temperature, humidity,
etc. above the building heights, the mixing

height) & T 7 : lower array are positioned vertically on top of each N
- small scales describe the advection of fresh air e other, resulting in a total of 3 vertical and 6 tilted
from and the genera] ventilation inside street . measuring paths. In addition, to the 9 radial winds
canyons, nocturnal outflow of locally formed i: ;- - : ;:: also 9 radial temperatures are calculated. g )
Cf’ld a.ir in  case F’f orograph.ic effects, .the Egiiffil In a first step, all 9 radial winds are used to estimate al1e ﬁ “
dlsper.smn of emltted. materla.ls as being EE;'E the prevailing inflow angle. From this, the sensor Weighting Functions Vertical Paths
expener.lced by a POPUI?UQH of.a city, etc.. =E-=' determines the optimum triple of one vertical and m
EV.GII rela‘uvely‘ small variations in the measuring E'—’ two tilted measuring paths to derive the 3D wind o 4\
height (e.g. kids vs. adults, street surface vs. T e vector. The selection of the optimum positioned &=
elevat.ed l.)a.lcony) can cause 51gn1ﬁcan.t changes of measuring paths is done by means of weighting  °°
how individuals are exposed to climate stress functions which provide a sufficient overlapping to /I/
factors or pollutants. swap seamlessly from one paths® triple to the other. m oo o m h, T
: L. .. The Multi-Path concept 1s applicable to a /—-ﬁh\
A major request for such research topics is the provision : : o , :
of accurate measurements of the 3D-wind vector and its directional probe as well as to an omni-directional
) probe (uSonic Class A MP/ uSonic-3 Cage MP). ol «
turbulent fluctuations. .9
Ultrasonic anemometers (sonics) are a well accepted and How well this concept works can be seen from the
widely used standard measuring techniques for almost any wind tunnel data shown to the right. A uSonic-3 JI
wind and turbulence measurements in both, scientific Cage MP was positioned upright (above), 30 ° tilted 1k
campaigns as well as in operational routines or networks. windward (center) and 30 ©° tilted downwind and
However, the specific conditions inside urban areas - often rotated over a complete 360 ° in azimuth while ,
characterized by a chaotic layout of buildings with preserving a constant tunnel flow at 5 m/s. The left Usobic-3 Class A MP uSonic-3 Cage MP 1l
extreme inhomogeneities - creates extra demands on the ordinate shows the relative deviation in the e
sensor capabilities to accurately capture wind flows and horizontal wind speed, while the right ordinate Dmni:lri‘rec:il:::l P::e uSnnL_a;:*EE MP: sp; uiug;?s
turbulence. One main constraint is due to potentially large shows the deviation in degree for the horizontal and a "
vertical wind flow components — which is in contrast to vertical wind direction. The blue arrow marks 2 | Verticalposition ) o
the usual conditions as provided in campaigns in carefully indicate whenever an outer bar is positioned = s 5 .
selected green fields with homogenous surroundings and windwards. =B R — 5 S
somehow stationary conditions. It is obvious that the outer bars do not show up in . P
The vertical wind component 1s of particular importance any variable nor do the transducer cause any visible ol I :
as it describes the exchange of the air layers close to the deviation from the nominal flow. 7 2 ¢ P 2 £
ground with higher, often unpolluted or at less polluted air We should note here that the demonstrated high “;.j:i 0 3
masses. In the following, we describe the Multi-Path sonic agreement requires a well-performed zero-wind N 2 2 S
approach that focuses 1in particular on the precise calibration for the radial winds on all paths, which p 3
measurement of the vertical wind component. is provided with the production. Larger deviations 2 | 1i anale 30° downwind o .
may be caused by misalignments of the sensor head = § |, A e S
2. Accuracies in Measurements of the Vertical Wind Components ge(?metry Que to dynamical impact during shipment - % l l l l % Eﬂ
The features of sonics have been described in various standards (1, 2, 3) and their performance in view of or installation. 1 S
accuracy and spectral response has been extensively tested in various campaigns (4, 5, 6). The accuracy of angle of attack (°)
modern sonics is no longer determined by digitizing effects in AD-conversion, time jitter or internal noise floor, e S e e
but typically by two somehow similar effects caused by the obstruction of the air flow at the sonic sensor itself:
, , , . . 6. Field Measurements Class A MP vs. Cage MP 3 Wind direction
- wind shadmymg along a measuring paths behind the trfansducers‘ bodies, | A field campaign was performed to verify the wind 30
- flow distortion generated at the sensor head structure (i.e. sensor arms, supporting bars, etc.). tunnel derived results shown in Sect. 5. MP-Sonics of g2
Both effects can be compensated to some extend by wind tunnel derived correction schemes but should in any types Class A and Cage were installed in 4 m height = 100 M
case be minimized by an adequate design of the sensor head geometry. Especially the vertical wind component is with a distance of 4 m to each other. i
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a delicate variable, as it 1s derived for conventional sonics from the 3 measurements along tilted paths. And each plo g . YpIC ay p -
of these paths is subject to the two effects listed above. the 10 minutes averages for wind direction, wind speed ~ a & -
The Multi-Path sonics addresses both requirements and - in addition - offers a helpful operational redundancy. and z-component (a). 7.
- Below the instantaneous data sampled at 20 Hz are Es s
show on the left and the corresponding standard > jw
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The left diagram below explains the shadow effect in regard of the inflow angle 0 as seen by the measuring path L of - The plots on the bottom line represent the sensible S — v.ector m;ﬂpmenéz S T
the transducers T1 and T2 with diameter d. The attenuation of the radial wind component follows (7): heat flux and the friction velocity (c). a
r — The two sensors with completely different sensor g
vel M UF (1 —vi- uz) withu = cos and P = f(d/L). design agree very well while trl)le Wi};ld direction varies E O A e s
More relevance for the measurements as the response function itself (below, center plot) is caused by its first within 50 ... 250° and the wind speed within 0.5 ... 6 o
derivative (below, right plot) as it describes the response on turbulent variations which are indicated by the red m/s confirming the minimizing of the flow distortion " 0200 04100 0600 000 10:00 1200 14:00 1600 18:00 20:00 2200 00:00
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The consequence from the above 1s to use vertically aligned instead of tilted measuring paths as demonstrated below: _— Q0 ZY M
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