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gans) 0uiS rex IS awain ( L3l g cwliilss Jelge alem 5l caliSes sla el )Ll 00iiS e SO s,j 6)916“7 olesly
(S¥ghy a2 )3) oaS goxr gl (ploond 5 (o3 Sloogas () b (o) BoSgas raie S5 (g slailyn!
Eo i 215 0 e (6,50 (Julge Ol 5SS e 50 s sl aS g 9k & w0)ls e (asY Slawy) asils sl g
A5l g eaiSmer el e (S 5058 5 Lo s 5l i) 97 Sl 4 2l JLighas hghylarl )5 e s )]
i)l g B LF Y] o)ls Kins ol cum g S 5 4o £985 Do g Slold Fale T slgitne (o elge a0 owliiilen
ceai Syg0 50 0] sl YU ST ¢ pliwnsS 3blie 1o ae 5l O Jlasiwl 1 0iS o i haedolaay LS55 o wlul i
b puiiinns slabal, 55 do £93g o 5 Slg,d L2] wl Laalidl ol VA b Wl o of Jlasciul ST/ i yo bl )5 00iiS gox
de £58g Juad 5 Do o Slgl 3 5l sl p3Y a5l T Jlasiiwl sloeisn slyx! 5 50,0l sl ol plans s Jasul Gl jlaie
obj ey JA] 0l e 51 0T (6 gTann lodily b coiitons abal ) «cdle 0l o g g V] 5,5 s (35 Lol T ailaie o

" Standard Fog Collector (SFC)
2 Juvik

3 Harp-wire

4 Large Fog Collector (LFC)

5 Raschel

¢ Liquid Water Content (LWC)



B0 S gz 4 e Slylab o o5 1y L1 5 058 oo 08 > ol e 5l de Sl kaE Gl ol alS el e (539,9 ,L3 2al38] 1 osdle oy
Obyz 4 odiS aex lawgi ool i Ol jhad sasee CuiS 5L e @ ol s ce b sl jo adl ol o iol8 o oleasly
Al odiSaex mhaw 5l (Glotrg ol Ob 359 g s slrodiiS aax leslatul o 5 )ls 8g2g lews]) ralS ISl by
Ta1 59 salss jio Sos (59laaz ool S25L (55lge oaiiS oz 5 b ez 45 (o o 05 433,55 3 Sz 30
b slsitl oaSgar ) ool Jlaial loaily (ial3il jobiie & Gl bl it oy allate Sy 5o ok i iz 5]
sz siz b slilinl eaiSger S p ool (b Js & e 00iiS e S Jyene j5b 4 [V ] 05 eolitul g2z
5 oad Ale slalie 5lHea by plp )0 y1eS Coglin o 4 oo sloats, b sbrossS e [VV] 595 0 00ls um 5
S i 850 S5 s il Folo s Cals 10 45 ] NN s (5000 0 e () (Jsone e 2i3Le) (b,
) S 4o OB LA 6y Ul el 4l LSES (050 wiile) 3L slacand 5l by ] slsn slaplail a5 LS L
2 oaS e mho olend 5 (Sopdilogas ;b ogas s atibelnl wlidos [VF] wjls Sy e plalS 5 ol
Sl Gl T ShlS ol slhonsS mam zshaw 2ol 5 (sloowds slaids slnl b 45 aas oo Las e (5 yslaaz olond],
3905 Cewgd| 338 e (5 gl loasly 45 w3l (LS e 00iS e (59 2 stleerdt (ibey S ol L VO] ) San 5 o
iz ) Cesulgst lagie Wb o ot oy @lotcnnl 5 ST e 5l it ly 99 90 5 Cssd ol e 5l ity
Ll is om 4l ST 4y 5251558 oo Slolblaz 51050 b s gal aclss Sl ay atdly Jlasiol &,k s
ol 6l sloord slge 51 oslinal LVFMewnl sbzdsl by 4 ks samme ciS b oKl (robaw o] o5 (Saiws e 4
o 5 453, S 43 Slga bl loasd 5 (Sojed ol 4 Olilon Alaz (T 5145 Sl 355 omlan (sDls WnoniiS e (Saipd s
5 2958 sl Sl Sl esliial S 4y oud oy5la AT o Comganns bl (g by ool Syge 5o Gl by
o plesily sgute slagsts; 51 5 (o VANV o8 o LSy Talie ;o bae)] 65 e 5 3luoslel S Ll o5 aiman
WY 5 Sy slailginl oniiS mez (55, 1 ool pll Slose 5ot Sy gl el 0uiiS pex amin gboayy sl iyl deous
@ 0,15 02y Jlasiul Ol jlade 5 Y olaws oo s glaal) g ang Y O 5l i Y 90 saiS ez o Sles wls ylis
5 90V, Lawgs oas plowil (6 a sadios gl caizmed [V A] Wb o 2ol8l 55 (Plaminl O laie Y olaws Liol33l L as s 5b
Al e el el Jladie o] 5 e g il 3l 6 gTaes leilyions g b aYolass i3l bas ol olas VY] s,

yol> Juagh pleil Lol s deoassS aex ol Jlasiwl leaily p a¥ slows Slgl pad )0 Guiot dicdos )0 S9>g0 A8
odis plodil alire slwodisS xax ;o Y aigs olows osd gl orel> 020 Gragh ALl 4 axi L s Bk sl cwl ooy
b oo aslie 5 (osaivaslT 5 J51) oy o (slroaiiS o oy 6ol 5 o025 islagl ploghliny sl 5o 1o 1) o
Al By i oS max o Fsolatil o olal slaan e Jlod b g bl 4 aigs sl wsrge 5,k Luls, 5l Jols olie

G (509 9 Olgo-¥

P o 3T &S0 3lail-Y-)

slo e 5l oolawl b alisle;l lome o s ¢ Jlasiiwl loaly #5las b de soisS pes Y aipsBlosy umd slaie a4
ogs AT b 3 40 0l 55lotends psliio cal sl 2,5 ool | Jpar 15 005,55 i bpsenaglls Ll
ool 5 e T (g3l Satadly aliions Sy (39,8 s, (sl Jsile - ol MLH-330. Jas Sl 51 sl oz
0USS Ra Lo 4y 00l 3] de 28 T o )| )8 aladors (g4, aS Turbo vph-1582S Jus caies (3 G 5l oolaswl b s 9 0
20 T e S 2B S 1B 2905 5l 6 e Hle iy alols 1o (6318 DB ST 9,0 oad ags slaie (Y JSE) wd Colu
et 5 s e o Ghalef] 3,8 L b 5 Sesladl TestoddS s Jlizs heace o G b 55 lhoaiiS ez 55

v



J..i)b sl e 1 S5 o ol s mSoslasl a5 mSoslasl Jlumws (g3 ,5 90 3l eolawl L L(bo..\.;.;féo_? S IW LS)BT@-'.’ uT
25055 des 50 5 Glalejl o 5 085 18 em Al (g0 5 e 59y e slarY )5 plal 4V VB sl b pseiesll
Dbl Job 4y 4880 V) ae 4y SO

Table 1. The characteristics of the collectors with their shading coefficients
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Figure 2. Schematic of laboratory fog collector
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Figure 3. Relation of aerodynamic and impaction efficiencies with shade coefficient, fog flow speed and pressure drop coefficient
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Figure 4. Variations of impaction (a) and (b) aerodynamic efficiencies with the number layers in Raschel and Aluminum meshes
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Figure 5. The average water collected in Raschel and Aluminum meshes with 1 (a), 2 (b), 5 (c) and 7 layers (d).
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Figure 6. Variations of theoretical (a) and experimental (b) efficiencies with the number of layers in Raschel and Aluminum meshes
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Table 2. Unit cost of extractedwater in Raschel and Aluminum collectors with different number of layers

olasly anse 2 Jlaul BB OFjlaie s 4o ,
o JLascil Eoc o Q> 02 o1 Jlasl (3m,3) e, Y olass ;’;v
Gd 5o b, 1) (S0 2o yo7 ) (Jby ogekee) .
YYSIAY YE/FA VY Y¥/-£V/A )
VEV/YO F00/9¥ /¥ OIS Y
VEE/-Y Fas/aa Vs FUNEVIY ¥
\OY/E- DYV/-Y YAIA DVNEVIY ¥ Ja,
\00/FF DOY/Y ASI- DO YIS 5
VAN E OOV ) vy DO/ 5
VAV/SY DYDY s NAENS v
IYIVY Yoy AVIF Yo Y )
FEIAD YFOIAD VWYY Y5 (NS Y
FIV/AQ YFOINY V0 /A TDEN ¥
YYV/VE FAANE VAY/E FAITEA/Y ¥ posios]]
Yas/fe DAY YA/ Y0070 5
FreIve BYFIVD Yo\ /5 A 5
fa./ay DA-130 YAGIY DANENIA v

ao 5 T Uil 3 oSl clocopabad poc -¥-F

Lyl s 0 ealzen ol Hloke .0ims oo )18 150 Cos 1) Guios guls a5 Conl ol pod glacalad pde Lds 5l saizliseil Ol jlake
S B oulidlsn gla ol b aSiul 4y a2 g5 b ol Dglite de ZuBlopy s £98 9 (oulidlsn o ielil 55U o Slase
St s wilizra (glo ol o 1 Nigd (6ol (5 yiten cBo b la el )l o sl p3¥ Jlasinl Ol Jlaie et sl it
Sl Sy 85 (50,0 it ge Jlaziol Ol luie oS Wsd oo ymime Ol 5yslaezr 10 (ol ohe Jolse SISk cgr
o5 5 Skl o5 £a 5l slbeaiSgar Cile 5 b 45 aiz e 2dl sals ialS 6 slaer olewl, w57l 4
sty 5o b bosiiSaer £55 cnl ool Jlaztil TS o) 251 4 gl s ool sz glrosiSEer jlgian o
3k g ool ol (gl O Jlasil gloaly Ghalidl jo ol (ojg Caz (oo DL (o 2 opdle igd o 0l gz 5 0900
OF )0 s fgo Suald pac sbnl p g3aaie Jelse 1 (aBialesl Ll il 50 0,5 wales bl o)l 1) (placuakd pae
ol oy il (altalosT byl pds 50 (5 5Sojlail ol pas yolie ¥ Jgazr pgls

R



GpSams ¥

3@ wlllas 45 ol saiS rex Y slaws gl waliBe glaosisS g j0 ol Jlasiwl Gleadly o5 sla yog, 51 (S
Jlasul Slool ;o 05290 (5 ,ka5 sla g, 3l eolaiwl b Gbow (pl 1o ¢jalaie o a4y .l 0uid plxil pgas (1l o sl (g ks
YO ol il sBYsss oo b poringd] 5 bl o (slaoaisS e Y iy slow ( alKiole;] slags yuSojlail yizmon g do
b Soge & (S plenl) waiSrer SRS oy (RIBIL ggdee p oSl (5l Laly) 4 az g b ol (e o0 YT
Aoy FUL O dga8 5SS (oo 50 a5 (5 )5b 4 )ls (BalS s 5 (al38 g, ol (Salinng T lesily (g asl oo o33
Olesly @WYAY & V5l poiogll 5 31, (i slaa slass Gl b (izmen ad Jol>  Saluogpl pleaily ooy
Ol ams e bt aSiEal il o ,s VY 5 £ o lag ] (Siags ledily g elS s yo Vg VY C i a  (Seelusg ]
ool 009y (Sealiyog ol ploaily (2als” 5l ey o (Siigs Glandl,

Jdo @) asl il S Gleail @Y O U laasY slows (alidl b Jal, Sy a8 ols plis s Biole;] slags 5o 5lal b
Bye n ol o ol 6 iy Gall oS s talidl o, L5 85 5T 1 513 5 (SIS 3,95 s 23
Gl ol (LU Hlaae Ol 5l G 9 009 (609 @Y £ b s r’&#‘-:?*"ﬁﬂ o 6)51&? olesly b so ialS S Lol g oaus
Sl Y slaws (a3l b g o Jlasetll leas!y Giali3l o1 j0 a5 [VA]  Kobisgmge (ipgh gulbi b Guiios ol 5l ol Cawd
obazdl Jdow jglate b aslol 1o el 00gn[ VY] 145 5oVIE ) Lawgs o il 6,k Gudiows gl b gulaie  Jg 009 Sglicie cons
ool a5 5l as ols lis wypm guls ob 8,50 5 calise @laay slaas L oyl ol e deesisS g (3lailel, 5 ags
aige olaed (golaidl law 4 az g5 s a5 I 0 Cad WY F gV b ol o35 @ poainegll g il e Y Sloss o Sewlio
90 el sl Lais ool Casds gl a5 ol ;53 4 o3V ol Cand Y F 5 O S 5w paainagll g il slaoaiiS e yo 4V
plol polive Sliass conl 3V S0 Slastin b sboaiiS res sl g cenl jime ) Jgoo j0 00l S8 Slovgas b g ie g9

g duglie o) @l 5

e Cawped -0
el 3ok

m? 0aisS e alaiie gl 4
M oS gax yolie i d

M cdo o ,lad s Dy

grim’ el o slgzme LWC
lit/hr wos gex o1 O

m/s wb e U

oA oz dzio S5 (g o SC
gles 28l o o Co

Sy Lo o Cp

¥sn, ode Re

S5l sae Stk

g ke

QS:AL;iasﬁ-l ol I ac
=S5 ool Ty,

i slely ﬂimp



85 obesily gy

el s kRe
kg/m" i s p,

NS/ M s Seoliss ayjsSss U

&=l g b -7
[1] S.A"Abdul-Wahab, H. Al-Hinai, K.A. Al-Najar, M.S. Al-Kalbani, Feasibility of fog water collection: a case study
from Oman, Journal of Water Supply: Research and Technology—AQUA, 56(4) (2007) 275-280.
[2] R.S. Schemenauer, P. Cereceda, A proposed standard fog collector for use in high-elevation regions, Journal of applied
Meteorology and Climatology, 33(11) (1994) 1313-1322.
[3] D. Carvajal, M.Mora-Carreno,«C. Sandoval, S. Espinoza, Assessing fog water collection in the coastal mountain range
of Antofagasta, Chile, Journal of Arid Environments, 198 (2022) 104679.
[4] S. Montecinos, P. Cereceda, . Rivera, Fog collection and its relationship with local meteorological variables in a
semiarid zone in Chile, Atmdsfera, 31(2)(2018) 143-153.
[5] O. Klemm, R.S. Schemenauer, A..Lummerich, P. Cereceda, V. Marzol, D. Corell, J. Van Heerden, D. Reinhard, T.
Gherezghiher, J. Olivier, Fog as a fresh-water resource: overview and perspectives, Ambio, 41 (2012) 221-234.
[6] A. Ritter, C. Regalado, G. Aschan, Fog water,collection in a subtropical elfin laurel forest of the Garajonay National
Park (Canary Islands): a combined:approachiusing artificial fog catchers and a physically based impaction model, Journal
of Hydrometeorology, 9(5) (2008) 920-935.
[7] M. Fessehaye, S.A. Abdul-Wahab, M.J. Savage, T. Kohler, S. Tesfay, The potential for scaling up a fog collection
system on the eastern escarpment of Eritrea, Moeuntain Research and Development, 35(4) (2015) 365-373.
[8] R.S. Schemenauer, P.I. Joe, The collection efficiency of amassive fog collector, Atmospheric Research, 24(1-4) (1989)
53-69.
[9] ML.J. Estrela, J.A. Valiente, D. Corell, D. Fuentes, A. Valdecantos, Prospective use of collected fog water in the
restoration of degraded burned areas under dry Mediterranean conditions, Agricultural and forest meteorology, 149(11)
(2009) 1896-1906.
[10] D.C. Villacrés, J.L. Carrera Villacrés, T. Braun, Z. Zhao, J. Gomez, J.Q. Carabali, Fog harvesting and IoT based
environment monitoring system at the Ilalo volcano in Ecuador, International journal on advanced science, engineering
and information technology, 10(1) (2020) 407-412.
[11] J. de Dios Rivera, Aerodynamic collection efficiency of fog water collectors, Atmospheric Research, 102(3) (2011)
335-342.
[12] A. Moncuquet, A. Mitranescu, O.C. Marchand, S. Ramananarive; C. Duprat, Collecting fog with vertical fibres:
combined laboratory and in-situ study, Atmospheric Research, 277 (2022) 106312«
[13] C.M. Regalado, A. Ritter, The design of an optimal fog water collector: A theéoretical analysis, Atmospheric Research,
178 (2016) 45-54.
[14] S. Vogel, U. Miiller-Doblies, Desert geophytes under dew and fog: The “curly-whirlies” of Namaqualand (South
Africa), Flora-Morphology, Distribution, Functional Ecology of Plants, 206(1)(2011) 3-31.
[15] M. Azad, D. Ellerbrok, W. Barthlott, K. Koch, Fog collecting biomimetic surfaces: Influence,of microstructure and
wettability, Bioinspiration & biomimetics, 10(1) (2015) 016004.
[16] K.-C. Park, S.S. Chhatre, S. Srinivasan, R.E. Cohen, G.H. McKinley, Optimal design of permeable fiber network
structures for fog harvesting, Langmuir, 29(43) (2013) 13269-13277.
[17] A.T. Paxson, J.L. Yagiie, K.K. Gleason, K.K. Varanasi, Stable dropwise condensation for enhancing heat transfer via
the initiated chemical vapor deposition (iCVD) of grafted polymer films, Adv. Mater, 26(3) (2014) 418-423.
[18] D. Torresin, M.K. Tiwari, D. Del Col, D. Poulikakos, Flow condensation on copper-based manotextured
superhydrophobic surfaces, Langmuir, 29(2) (2013) 840-848.
[19] M. Mousavi Baygi, The implementation of fog water collection systems in Northeast of Iran, Internatienal Journal
of Pure and Applied Physics, 4 (2008).
[20] J. Goodman, The collection of fog drip, Water Resources Research, 21(3) (1985) 392-394.
[21] H. Glauert, D. Hirst, A. Hartshorn, Induced flow through a partially choked pipe, His Majesty's Stationery Office,
Great Britain, (1932).
[22] LE. Idel'Cik, Memento des pertes de charge, Collection de la Direction des Etudes et Recherches d'Electricité de
France, (1969).
[23]J.-K. Koo, D.F. James, Fluid flow around and through a screen, Journal of Fluid Mechanics, 60(3) (1973) 513-538.
[24] W. Shi, M.J. Anderson, J.B. Tulkoff, B.S. Kennedy, J.B. Boreyko, Fog harvesting with harps, ACS applied materials
& interfaces, 10(14) (2018) 11979-11986.

VY



[25] I. Langmuir, K. Blodgett, A mathematical investigation of water droplet trajectories, Army Air Forces Headquarters,
Air Technical Service Command, United States,(1946).

[26] B. Demoz, J. Collett Jr, B. Daube Jr, On the Caltech active strand cloudwater collectors, Atmospheric Research,
41(1)(1996) 47-62.

[27] D. Gurera, B. Bhushan, Optimization of bioinspired conical surfaces for water collection from fog, Journal of colloid
and interface science, 551 (2019) 26-38.

[28]1J.Ju, Y. Zheng, L. Jiang, Bioinspired one-dimensional materials for directional liquid transport, Accounts of chemical
researchy47(8) (2014) 2342-2352.

[29] Al Lee, M.-W. Moon, H. Lim, W.-D. Kim, H.-Y. Kim, Water harvest via dewing, Langmuir, 28(27) (2012) 10183-
10191.

[30] M.\.Rajaram, X. Heng, M. Oza, C. Luo, Enhancement of fog-collection efficiency of a Raschel mesh using surface
coatings and local geometric changes, Colloids and surfaces A: physicochemical and engineering aspects, 508 (2016)
218-229.

Determining the.optimal number of collector layers in
fog watex harvesting system

Amin Kanooni'', Mohammad Reza Kohan?
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Abstract

Enhancing fog collector efficiency can be achieved by increasing the number of layers in various collectors. This study
scrutinized the influence of layers on efficiency for conventionalicollectors (Raschel and Aluminum mesh) through a
meticulous analysis of theoretical relationships and the execution of @xperimental tests. In the laboratory phase, following
the installation of the system, the output flow from the humidifier was directed towards the collecting plate. Subsequently,
the efficiency of collectors with 1, 2, 5, and 7 layers was assessed and compared based on the amount of collected water
post-fog extraction. The results of the investigation into the theoretical relations governing water extraction from fog
revealed a significant trend. As the shade coefficient of the collector increases, aecrodynamic efficiency demonstrates an
initial increase, peaking at 50-60%, followed by a subsequent decrease. Furthermore, the efficiency of Raschel and
Aluminum mesh is intricately linked to the number of layers, with the highest theoretical efficiency observed at 4 and 7
layers, respectively. Experimental findings indicated the highest water collection efficiency for Raschel mesh with 5 layers
at 55.3% and for Aluminum mesh with 6 layers at 58.1%. In terms of cost-effectiveness, the optimal number of layers for
Raschel and Aluminum mesh is determined to be 2 and 4 layers, respectively.
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