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ABSTRACT:The growing concerns over deseation have g Tilandsialandbeckii
spurred research into technologies aimed at acquiring water*from
nontraditional sources such as dew, fog, and water vapor. Some of sa s >
the most promising developments have focused on improvin 4
designs to collect water from fog. However, the absence of a
framework to predict, measure, and compare the water colls
e ciencies of new prototypes is becoming a major obstacl
progress in theeld. We address this problem by providing” @
general theory to design aient fog collectors as well as“a
concrete experimental protocol to furnish our theory with all the

necessary parameters to quantify tketige water collection elency. We show in particular that multilayer collectors are
required for high fog collectionaency and that all eient designs are found within a narrow range of mesh porosity. We support
our conclusions with measurements on simple multilayer harp collectors.

KEYWORDS: uid mechanics, fog collector, harp design, porous media, watecienttgction e
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1. INTRODUCTION reducing the overall water collectiorciency:" Material

ientists have sought to alleviate the problem of clogging by

Many regions of the world experience chronic water shorta i tructural ch o th h h 4 h
and their associated impacts on human health and econo (ng_structural changes 1o _the mesh such as using harp

20 2 . .
growth® This crisis has spurred research for novel technologi signs’ or branched patterfis® instead of using the
standard criss-crossing meshes that tend to trap water drops.

to exploit alternative water sources such asdeg/’ ° and oth terial So Hibutions h oredemodi

even water vapbiWhere the conditions are favorable, fog er :‘nti erla"sc;.ence c;)n r ltjlorrls "’.‘Vte exp frg dcmol It N

stands out as one of the most attractive water sources becatﬂ%s of the coliecting surfaces 1o allow Intercepled aroplets to
alesce and move quickly under the action of gravity

fogwater can, in principle, be collected in large amounparticular modcations of the contact angle hysteresis can
without any input of enerly:° Accordingly, a large body of R . o
y Inp ay. gy g 15?/ reduce the critical size a drop needs to reach before it is freed

work has focused on the design afient fog collectors. f i M H f th ble i
Fog collection is usually achieved withmeshes exposed to rom the mesh. However, many ol (nése possibleé Improve-
ments will have to be scaled to realistic sizes {>anah

the incoming fog stream. The minuscule fog droplet " .
intercepted by the threads accumulate until they reach pa{oduced ata competitive price (less than $25 USD)pér m
%efore they can be used in tledd.

critical size at which point the force of gravity overcomes t An altemnative avenue to improve the performance of fog

iglrlf :&ibti:?;gge ft%rcrgzcﬁ llﬁglggttgrroaasitst%assltlade down théaollectors arises from observations of the brormilzamdisia

The central design challenge forcient fog collection landbeckia plant that relies almost exclusively on fog Ho ful

involves funding the optimal balance between two physid£§ water needs. ** Tillandsidtorms large st_ands on the fog-
processes that have opposite requirehi@nsthe one hand, prone coast of the Atacama Desert _of (_Zhlle. These stands are
fog collecting meshes cannot be very dense or present a m%ﬁé hlng In trﬁt the_ plantzselg-org?lng Into bﬁmolls or(';hogonal
obstacle to theow of air; otherwise, the incoming fog stream e ow of fog Figure B), thus allowing each plant direct
will simply bypass the structure laterally. On the other hang;
fog droplets can be intercepted only if they encounter a meStgceived: October 31, 2019
element while they transit through the collector. Thereforeé\ccepted: January 16, 2020
meshes that are either too dense or too sparse make péotlished:January 16, 2020
collectors. A related issue for fog collectors is clogging of the

mesh by the water droplets that have been captured, thus

making the collector less permeable to the incoming fog and
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Figure 1.Aerodynamics of fog collection. (A) A stand of the bronTélimodsia landbeckiithe Atacama Desert of Chile. (B) Close-up of
Tillandsia landbec$fiowing the dense three-dimensional array of leaves. (C) Hydrophilic scale-like trichomes covering the leaves and branches
Tillandsia(D) Prototype of a 1 m 1 m multilayer fog collector with a mesh sokditQ.3 per layer arid = 4 layers. (E) Top view of the air

ow around a fog collector. The typical collector length is L. m10 m. Streamlines are drawn based on wind tunnel experiments of Ito and
Garry*? with a square mesh gauze of solidity 088=afL(® based on the collector size. (F) Close-up of thewaiaround the section of two
cylindrical threads of the collector. The diameter of the tdreat80 160 m for the collector shown in (D) and the experiments discussed
below.d (r) represents the span of streamlines whose droplets of wvetlibe intercepted by the thread directly downstream. The top and
bottom halves of the diagram show the interception of the small and large droplets, respectively; dashed lines indicate approximate trajectorie
intercepted droplets. Streamlines are based on Gaidurlatior’s at Re= 20 based on the thread diameter.

access to the fog stream. Moreover, the leaves and stemsadkector areal(g s* m ?) divided by the liquid wateux of
Tillandsiare reduced to thifamentous structures organized the unperturbed fog upstream of the collector:

into a three-dimensional mesh, a unique feature among J
bromeliadsKigure B). Finally, a dense layer of hydrophilic ot = Too—
trichomes covers the plant surfadégu(e C). Three LWC-u @

aerodynamically sigmnt length scales emerge from ob-here LWC is the liquid water content of fogwand the
servations dfillandsiathe smallest length scale is that of thevelocity of the unperturbed fogw, which we assume to be
trichomes (100 m) involved in intercepting fog droplets, orthogonal to the surface of the collector. A typical range for

the intermediate length scale is the characteristic pore SR [\WcC is 0.20.5 g mS, while the characteristic fog velocity
between the leavesl( mm) through which the fog muler, is2 5mgl34 36

and the largest length scale is the self-organizdtillemalsia It is convenient to dee . in geometrical terms by

plants into fog collecting standsl (m). These observations considering how a fog droplet upstream of the collector can

indicate that 3-D structures, with appropriately selected lengfiftimately be found in theux of wated coming out of the

scales, can be eent at collecting fog. collecto's gutter. The initial stages of collection operate at
Inspired byTillandsia landbeckive investigated the di erent length scaleBigures E,F). First, we consider what

potential of multilayer fog harvesters for resolving the issuggppens at the scale of the entire fog collgetgure E),

associated with single-layer collectors and improving the wajgiiere the characteristic Reynolds number based on the

collection eciency. Although the collectors we analyze andollector sizel( 1 10 m) and unperturbed air velocity (

test do not incorporate any specinicrostructure of the 5msYisRe=u I/ 1F( =1.4x 10°m?stisthe

Tillandsiaplant, their 3-D design adopts the characteristikinematic viscosity of air). Incoming fog droplets are part of an

length scales observed in these plaiggsrés D F). Despite airstream that mustter through the collector if the droplets

having beeneld tested more than 50 years*dguith the are to be captured. Because the collector is an obstacle to the

exception of one recent stddthe performance of multilayer free ow of the airstream, a fraction of the incoming fog will

collectors has not been studied theoretically. To this date, it$§nply bypass it{gure E). The Itered fraction () can be

still unclear whether broadly applicable design principles exigtanti ed geometrically as the ratio of two areasA /A,

Here, we formalize the fundamental tradaseociated with ~WhereA is the area of the incoming fagv that will Iter

the capture of fog with multilayer collectors and demonstratBrough a collector of frontal akean the spect case of a

that simple design rules can guarantee nearly optimal f(§|@l;f|i)fze collector~{gures D,E), the lItered fraction is =

collection e ciency.
The second collection stage takes place at a microscopic

> THEORY scale and pertains to the droplets transiting through the
' collector. Of thesdtered droplets, only a subset will be on a
Total Water Collection E ciency . To formalize the  trajectory that ensures collision with one of the collector
performance of fog collectors, wandeas others have done elementsKigure E). For any given layer of the collector, the
before,>**3* the total water collection eiency () as the  probability that a droplet collides with a thread is given by
water ux coming out of the collecsgutter for each unit of (d (r)/ d)s where the ratid (r)/ d represents the eiency
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of inertial impaction for a droplet of radigsigure F) ands we will show below, the optimal interlayer spacing ranges
is the solid fraction, or solidity, of the lager ¢/ h for our between 6 and 9 mm, which is at least 40 times greater than
harp design). Conversely, the probability that a droplehe characteristic thickness of the layers in our prototypes.
. . : b Maximizing ;. Becauseeqs 3and 4 are geometrical

captured by a layer has _a radius in thf_" mtema}l I s a de nitions of ,, they are valid irrespective of thed

(d (r)/ d) (r) dr, where(r) is the probability density function mechanics model that might be developed to quantify the
for fog droplet sizes. Given that the mass of water provided Byllection eciency. Ideally, we would like to design the

a droplet scales with) the relative contribution of droplets to collector such that all steps in the harvesting of fog droplets are

the capture eciency is b (d (r)/ d) m(r) dr, where maximized to achieve a total water collectiotiercy
a approaching unity. Our goal in this section is to establish
b br3f(r) dr that ,ce is the only component of,; that involves some
m(dr= -2 fundamental design trade-o
a 0 r¥(ndr @) We begin with the drainage oency, g, Which is

included ireqs 3and4 to take into account the possibility that

bm(r) dr is the mass fraction of liquid water contained incaptured fog droplets are either re-entrained by the airstream
a : o . 37 or otherwise lost due to leaks in the system. Although leaks
droplets with radii in the interval p]. _need to be taken into account in any implementation of a fog

Finally, to these two processes, we should add the drainggfector, they are outside the scope of wiar mechanical
e ciency (qan-  The drainage eciency may be reduced anqiysis, but re-entrainment is not, and hence needs to be
by re-entrainment of captured droplets under high windonsigered more carefully. Two ways to eliminate re-
conditions,’ evaporative losses from the liquid watergntrainment are (i) the use of multilayer collectors to allow
accumulated on the collector, and potential leaks in the gUttg!_anirained drops to be recaptured by a layer farther

and pipe leading to the collettdank. downstrear! and (i) the reduction in the size of the drops
In the case of a single-layer collector, the three procesg§gging to the collector surface so that the drag on these drops
detailed above lead to the total water collectiorercy does not exceed the critical value that would cause them to
detach. These design requirements are in fact among those put
s d(n S ; )
tot = ACE capt drai m(Ddrg, i, forward to optimize the o_ther aspects of t_he_ collection process;
B H¥ W h hifkEntninBintnhihinibesiene Herdiainagecency will be optimizete facton

AcE capt what follows, we se}..in= 1 and focus on the other terms of
) egs 3and4.

At the operationdRenumber of fog collectors, the ratio
d (r)/d re ects a deposition mechanism by inertial
impactiorf’ For a droplet of radius, the e ciency of
impaction follows the relatiGf’

N d(n _ Sk
GO niydr . d  Stk+ /2 5)

A H. -
= Hs Es
tot
A .
% . i ininininit i HAG BEHRIIR DA T is the Stokes number, is the

lost mass fraction . T . . . .
density of liquid wateu,is the velocity of the air streams

where the term (1 (d (r)/ d)9N is the probability that a the dynamic viscosity of air, drisithe diameter of the thread.
drop of radius traverses thid layers of the collector without This e ciency increases with increaSikghowever, we note
being intercepted (see also Demoz*}. a&onsequently, the  from the denition ofStkthat the thread diametis the only
integral represents the mass fraction of liquid watdtehed parameter that can be tuned in the context of a passive fog
through the collector without being intercepted. collector. Becaustkincreases for decreadinghe width of

Three tacit assumptions were made to arrag4afThese  the elements on which droplets are impacted should be
assumptions are listed here tondeclearly the range of reduced to a minimum. More precisely, Ladéd co-
validity of our results. First, we assume that the incomingorker$’ demonstrated that the size to be considered is the
air ow both far-eld and just upstream of the collector is diameter of the thread with the water or drops covering it.
orthogonal to the collectsr surface. We justify this The reduction in the size of the collecting elements can be
assumption because the optimum fog collectors are gui®ne at constant solidity and without compromising other
porous, with 80% of the incoming fogw passing through steps of the fog collection process. Consequently, the
the collector. In this regime, the air velocity has a negligibgzometrical ratid (r)/ d can be made as close to unity as
component tangential to the collector surface (see below), sde desires, although maximizing)/ d for all droplet size
the interaction of the aow with the collectorlaments does  classes is unwarranted since the smallest droplets are the most
not depend on position within the collector. Second, wehallenging to capture, and yet they represent a vanishingly
assume thad (r)/d is constant at all locations within the small fraction of the total LWC of fGg.
collector. This assumption implies a uniform mesh such as theén what follows, we consider a small operating diameter for
harps under consideration but would have to be edlofdir the collecting elements so tdat d. In this limit,eq 4
meshes made of intersecting weft and warp threads abdcomes
potentially diering in their size and shape. Third, in deriving A
the lost mass fraction, we make the hypothesis that the |im ot = ACES ééﬁ%}ﬁ%nnﬁ)ﬁ%mmmmmmmmmmmhhhhh'
distance between the layers i&ntly large to allow the fog d d
stream to regain uniformity before reaching the next layer. As (6)

where ,cg is the aerodynamic collectionceency (ACE)
introduced by RivetdWhen considering a collector with
layers, the total collection@ency takes the form
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This equation captures in the most general form thébase suctidnand thus obtained accurate predictions of the
aerodynamic collection @ency (acp; that is, the fraction drag coecient over the entire range of solid fractions.
of droplets in an unperturbed upstream of ared that are According to their model, the drag and pressure drop
both ltered by (), and incident to (), the elements of a coe cients are

multilayer collector. The ACE is of special sigmte because

it encapsulates the fundamental traderothe design of Cp= ﬂw

e cient fog collectors. While the incident fractimtreases 3 2s ) (11)
with increasing solidisand with increasing number of layers .

N, the same parameter changes reduce the collector porosi% _ 1 & llé 4 18 )

and therefore decrease thered fraction . - 39?2 3 28 )2 (12)

Fluid Mechanical Calculation of A /A. Determining
ACE for a spedi collector involvesding the ratio = A / Substitution of these two relationginl10gives an implicit
A by using the design parameters of the collector, such as tiation for the Itered fraction as a function of the solidity.
solid fraction of the individual mesh layers and the totdFinally, becauges the coe cient for the pressure drop across
number of layers. West note that incompressibility of the one layer of the collector, the total pressure drop across
ow together with mass conservation implies A u multiple layers is obtained by multiplitay the number of
(Figure E). Therefore, the geometrical mgon of the layers in the collector. The additivity of the pressure drop
ltered fraction is also a statement about the ratio between thee cient was shown by Eckert andigef* when the
mean velocity across the collector mesh and the velocity flistance between the screens igisutly large, and Idgik
upstream of the collector: showed that the pressure drop across multiple layers is additive

A u as long as the distance of separation between the layers exceeds

= = __ 15 times the size of the threads {f¢fpage 291).
A u @)

We follow the many earlier studieswdfl ow through and 3. RES_L“_‘TS AND DlSCUSSI_ON_

around porous structures that equate two alternativé0 maximize the overall collectiorciency, we must seek a

de nitions of the pressure drop across the porous material high ltered fraction () and a high incident fraction)(

the rst one at the scale of the porous medium and the secofiipwever, these quantities are maximized at opposite ranges of
one at the scale of the fatd ow. At the microscopic scale, the parametesandN (Figures &,B). The results obtained in

the pressure drop is the previous section allow us to calculate the maximum ACE
5 found at some intermediate values of these parameters.
R As can be noted iffigure B, the incident fraction
P= kT (8) depends very nonlinearly Mrwhich, at a glance, establishes

) ) _ ) the notable advantageeced by multilayer designs. In a single-
where 4, is the density of air arldis the pressure drop |ayer collector, the incident fraction cannot be maximized to
coe cient for the ow of an invisciduid through a porous  ynijty, as this would imply complete obstruction of the mesh
medium. This equation arises naturally from Bemoulligng thus no aiow through the collector. The use of several
principle’’ As we shall see, siricés typically not constant |ayers decouples, at least partially, tié mechanical
over a very large range of velocities, the pressure drgiycesses behind tHeered fraction and the incident fraction.
coe cientis necessarily expressed in terms of the solid fractigns therefore possible to design the collector such that nearly
of the medium and the Reynolds number. At the scale of thg ypstream droplets are on a collision course with one of the
entire collector, the pressure drop across the mesh is als§llector elements while maintaining the solidity cgly

related to the drag coeientCp below unity Eigure B). Even for a relatively modes-layer
E u?2 collector, a solidity as low as 0.5 can already guarantee a near
p= D= Cy" maximal incident fractiorFigure B). The possibility of
A 2 ©) greatly increasing the incident fraction for intermediate solidity

because the drag fofée per unit area on the screen must Values is the reason why multilayer collectors achieve higher
equal the pressure drdmuation represents the so-called € Cie€ncies. Moreover, bec_ause the equation for the incident
“form draj and is valid for blunt objects at high ReynoldsfraCt'O” is pL_jrer ge_ometrlcal,_ there is no doubt about the
numbers, which is the case for fog colléét@muating the  9eneral validity of this conclusion.

two pressure drops, we obtain thered fraction Computation of the aerodynamic_co!lectiooiemcy ACE
=  for a broad parameter range indicates that it reaches a
A u_ |G maximum of 49% fdt = 10 (Figure £). In contrast, single-
A T u V' (10) layer collectors are comed to the lindN = 1 and can reach a

maximal ACE of only 30% at an operational solidity slightly

This relation has been used in its various forms by “faylor,above 0.5. Increasing the number of layers beyond 10 increases
Koo and Jamé$,and Steiros and Hultmdrkamong many  the ACE further, with the theoretical possibility of reaching an
others. ACE of unity for very largd (Figure D). This limiting

There is no consensus on how to express the dragetie  behavior raises the question of how many layers should be
Cp and the pressure drop caéentk in terms of the design used in practice. An answer emerges when considering the
parameters of the collector mesh. To our knowledge, the masintribution to the total ACE made by each new I&jgrré
recent and most complete treatment is due to Steiros arD). BeyondN = 5, the relative increase in ACE becomes
Hultmark® (later termed Steiros2018), who extended thevanishingly small. Therefore, considerations about the most
earlier work of Koo and Jaffidsy including the so-called e cient use of available materials would suggest that the
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A B ! fraction for all four models-igure S)L Therefore, the
improved aerodynamic collectiorciency of multilayer fog
collectors comes almost exclusively from improvements in the

)
®

0.8

g 0 Net %;o.e incident fraction as new layers are added to the system.
3 5 = e Because the models ati substantially in their predicted
Zo ! 3 maximum ACE (from 34% to 63% for a 10-layer collector), we

undertook a series of experimental observations to quantify the
e ciency of multilayer collectors. As noted above, the equation
0 0 for ace is rst and foremost a statement about two

S emioneleokitys L tenatsonitys geometrical ratios: the area ratio associated withtetesi
fraction and the solidigof the mesh (ratio of obstructed area

v over the total area of one collector layer). To assess the ACE,
08 we developed a wind tunnel to produce realistic fog conditions
in the laboratoryHigure A andMovie S). Experimenting

with a four-layer harp collectdbr=(100 mmh =2 mm,d =

0.150 mm), we found an operating solidisF=di.17 Figures

4B,C), giving an incident fractonof 1 (1 9*=0.53.

0.2 0.2

4
0.35 %ce
03 X

e o
7 &
&
S

max(yace) and Amax(yace)/max(yace) O

& 02 Integrating theow eld, we arrived at dtered fraction of
3 & - 2 — i
T— f- ¢ 0 oot obs= (I /1)==0.81+ 0.016 Figures B,E). Based on the
OPeraton sgjyn! 08 63 g0 L s 0 % www T measured incident andtered fractions, the aerodynamics
’ otalnumber of fayers, collection eciency ispce= = 43%, which exceeds slightly

Figure 2. Aerodynamic collection eiency for multilayer fog the value of 37% predicted by the Steiros2018 niagiele(
collectors. (A) Filtered fraction predicted from the Steiros201€C). The discrepancy arises in part because of the impossibility
model €gs 1012). (B) Incident fraction computed from geo- of measuring theow eld within 10 mm of the collectr
metrical considerationsq( § second term on the rhs). (C) ACE surface with our current experimental setup. The truncated
Ridge a 3D representation of ACE as a function of the two controle|ocity eld leads to a slight overestimate of ftered
parameters andN. A maximum ACE of 0.49 is observed for 10 f.5ction Table Sland Figure SR A more complete
layers, each with an operating solidity of 0.17. The blue curve ma onstruction of the velocitgld could be achieved with

the subspace wherg.g is maximized at constat Single-layer . o .
collectors are coned to the linéN = 1 and have an ACE below 0.3 other ow_visualization methods such as the smoke-wire

H 7
(note: we have treatétlas a continuous variable for the purposes ofteCh,n'qUél- o
illustration). (D) Maximal ACE as a functiorNafplotted on a log Given the care needed to measure ACE, it might be asked

scale). Although maxgg) increases with increasigthe relative ~ why it should be preferred as a performance standard over the
ACE increase,max( ac/max( acg), becomes small for> 5 and total water collection €iency, ., as dened ineq 1 The
negligible foN > 10. reason is that althougly 1appears tractable ast sight, a

more detailed analyse)(9 reveals that,, involves the lost
number of layers should be limited & at least in the limit . ocs fraction. (1 s d (r)/ )N m(r) dr. where the terms
whered  d. p ( (/™ m(r) dr,

As indicated in théheorysection, the Steiros2018 model is d (r)/ dandm(r) both depend on the radius of the droplets in
one of many models, published over a period of 80 years, th@@ incoming fog. Notably, these two terms give, together, a
provide a uid mechanical formulation for theered fraction ~ scaling on the order f(see theTheorysection). Therefore,
(Supporting Informatiyn The functional form and the unles_s the probak_Jlllty dens_lty function for the droplet sizes,
asymptotic behavior of thdtered fraction predicted by f(r),. is _characte_rlzed premsely, the total water collection
alternative theories vary substanti@lyute 3). In that € ciencies are impossible to compare. In fact, it could be
respect, the Glauert1932 mtiahd the Rivera2011 mddel ~ argued that due to its very nonlinear dependenge (@ris
represent two extreme behaviors, while the Steiros20y8tually useless as a metric fociency because of its great
modet® adopted here and its precursor, the Kool973sensitivity to the presence of rare but large droplets. In
model’? are intermediate for the limiting behavior afss contrast, ACE is what is left gf when factors &cted by the

0. The prediction of the models for small solidity isdroplet size distribution of fog are eliminated §.
especially important in the context of multilayer collectordoreover, ACE captures the fundamental traderofog
since their maximal ACE is attained for solid fractions belo@@llection. Therefore, in anoet to increase the repeatability
0.3 Figure B). and portability of future research in fog collection, we propose

A comparative analysis of the design space for these modbgs geometrical measurement of ACE as a potential standard
is also informative. Notably, although the models disagree ts the eld (Figure SB
the maximum ,ce that can be achieved for a giertheir As a nal validation of the performance of multilayer
respective ACE ridges follow similar arcs in design spaeellectors, we compare their yield with that of the standard fog
(Figure B). Specically, they all go through a small target areacollecting mediumtwo plies of Raschel mestiry’ soliditys
(0.25 <s < 0.35,N = 4,5) where the multilayer collectors = 0.6)'® without spacing between them and thus approximat-
achieve an eiency 40% better than the most @ent ing a single-layer collector. As expected, the yield of the
single-layer collectors. The quantitative agreement between theltilayer harps greatly exceeds that of the Raschel standard
models shows the robustness of th@emcy optimization in ~ (Figure % Notably, even a single harp layers a slightly
design space (see also Regalado and’Ritequalitatively ~ better yield than the two-ply Raschel mEgjufe B). The

similar results). Interestingly, the subspace whgres poor performance of the Raschel mesh under weddde
locally maximized follows closely curves of conttzned laboratory conditions is explained by the fact that the two-ply
7740 https://dx.doi.org/10.1021/acsami.9b19727
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Figure 3.Comparative analysis of the ACE ridge. (A) Theed fraction predicted by fowid mechanics models. Note the model-dependent
form of the asymptotic behavior ¢§ ass 0. (B) Design space for the models listed in (A). The blue curve marks the subspace within which
ACE is locally maximized at conskarithe blue square is the suggested target design. The reld ing iatthe design space for single-layer
collectors.

remains 100 mm 100 mm. In other words, for latgethe
collector depth is such that the collector forms an increasingly
long tube through which the fog stream nmast Despite this
limitation, the ve-layer harp ers a 4-fold increase in yield
(Figure B). These results were caned in eld experiments

with the four-layer harp prototype showrigmire D. During

a period of low fog, the prototype collected 4.3 L* day

while the two-ply Raschel mesh collected only 1 trdad/
(Figure &).

4,03 m-s

u,,

4. CONCLUSIONS

In this paper, we have presented designs for optintadpte
passive fog collectors by focusing on a geometrical retation (

6) known as the aerodynamic collectioniency (ACE). As

we have shown, the maximal values of ACE are achieved only
through the use of multilayer collectors whoseeecy can
exceed by 40% that of the best single-layer collectors. The

Figure 4.Measurement of ACE for a multilayer harp collestor ( . S
0.17N = 4). (A) Fog tunnel with 14 cm 14 cm working section, analysis shows that taking into account the maxstive use

(B) Photo of the mesh under operating conditibrs 2 mm,d = of materials, the optimal fog collectortas4,5 layers and
0.150 mm). (C) Binary (black/white) version of (B) used to compute OP€rating soliditg= 0.3+ 0.05, assuming that tbperating

the solidity. Thédry' solidity is 0.075 while theet, operational ~ thread diameter is saiently small to maximize inertial
solidity is 0.17. (D) Close-up of the fog jkering through the  impaction of fog droplets. These conclusions were validated

collector with the key variables characterizingtheeld indicated. ~ experimentally for multilayer harp collectors. When optimized,
(E) Detailed ow eld used to infer the variables in (D) (skeie the latter can collect as much as 4 times that collected by the
S). standard two-ply Raschel mesh, both under laboratory and
eld conditions.

mesh exceeds greatly the optimal operational s&lidity (
0.7 vsgp,:  0.5). While the multiharp designs outperforms  EXPERIMENTAL SECTION
single-layer designs folNglthese collectors lose some of their Collector Desi , . .

. . . . gn. Multilayer collectors were built by using fast
yield fOFN 6 (Flgure_ B.)’ aresult that is not p_redlcted from rototyping tools. By use of a laser cutter (Ready Cut), square
the design space. Thisogency loss probably arises because 0glexiglass frames with a 100 mt00 mm central open area were
the InCI’eaSIng boundary Iayer that deve|OpS n the VICII"IIty fgbncated Even|y Spaced notches (typ|ca| Spacing: 1hmm?2
the collector frame. In the case of a 10-layer collector, them) were made in the upper and lower edges of the frame to hold
frame depth exceeds 50 mm while the open ardadtion polyethylene montaments @ = 150 160 m) into a vertical harp
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Figure 5.Yield measurements. (A)e€t of interlayer spacing on the yield of multilayer collectors. (B) Yield of multilayer hirpsi@,s=
0.17, interlayer spacing of 6 mm) compared to two plies of Raschel mesl ittt a fog velocity = 4 m s*. (C) Field measurements of
yield over 20 days.
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spacings to form multilayer fog collectors. The experiments report%
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of the collector. orcid.org/0000-0003-2344-4766

Yield Measurements.To measure the yield, the prototypes were Emailjacques.dumais@uai.cl
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equipped with a fog chamber (see below). The water intercepted BY'thors _ _ _
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