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C o nt e nts: C o nt e nts: 

 W at er H a B p r oj e ct

 Dr o p e n a n d Dr o p e n Vi d e o

 Dr o p i m p a ct o n m es h es 

 W at er h ar v esti n gW at er h ar v esti n g

 C o n cl usi o n

2

H u mi difi er

F a n

T w o c o n c e ntri c st e el m e s h c yli n d ers, 
c o m pri si n g a n o ut er c h a n n el f or wi n d

a n d a n i n n er t u n n el f or f o g

C h a n n el f or tr a n s p orti n g 
f o g i nt o t h e f o g t u n n el

S a m pl e 

C o nt ai n er

B al a n c e 
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E n gi n e eri n g bi o -i n s pir e d at m o s p h eri c W at er H a r v e st ers t hr o u g h f o g c oll e cti o n wit h B a d gir ar c hit e ct ur e 

1. a c c u m ul ati o n 

2 . tr a n s p ort ati o n

1. hi g h er e ffi ci e n c y

2. r e d u c e d d e str u cti o n

3. d e w c o n d e n s ati o n

1. a c c el er at e c oll e cti o n 

2. pr e v e nt e v a p or ati o n

3. r e d u c e bl o c k a g e

W ett a bilit y 

t e st s

Wi n d c at c h er:

“ B a d gir ”
M e s h e s

W at er H a B

H y dr o p h o bi c H y dr o p hili c

Dri p pi n g 
a n d c oll e cti o n 

of w at erS elf- tr a ns p ort t o 
h y dr o p hili c si d e

J a n us s yst e m

Wi n d dir e cti o n

I ss u e s:

(i) r e-e ntr ai n m e nt of c oll e ct e d dr o pl ets i nt o t h e pr e v al e nt wi n d

(ii) m es h o p e ni n g bl o c k a g e
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Relatore
Note di presentazione
Water harvesting from the atmospheric fog is one of the possible mitigation routes to make clean water available in areas threatened by drought. As a passive method, i.e. requiring no energy input, water harvesting require neither high technology and costly operation nor maintenance compared to active processes, such as desalination. Recently, water harvesting using meshes has attracted interests, due to the combined high efficiency in water collection and directional transportation [1–3]. As an example, the use of hydrophobic meshes can increase the water collection compared to a cotton surface, due to the faster and directional drop delivery on the surface, and lower re-evaporation of the collected water [4]. To understand the optimal conditions for maximizing water collection efficiency, fundamental study of water single drop impact on a mesh are required. 
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l a R e p u b bli c a I nt er n ati o n al a w ar d of " L e T e c n o vi si o n ari e ® ", 2 0 2 4, It al y 
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Dr o p e n a n d Dr o p e n Vi d e o

R. A k b ari, C. A nt o ni ni , C o nt a ct a n gl e m e a s ur e m e nts: Fr o m e xi sti n g m et h o ds t o a n o p e n-s o ur c e t o ol, A d v a n c e s i n C oll oi d a n d I nt erf a c e S ci e n c e, 2 9 4 , 2 0 2 1 , 1 0 2 4 7 0   

htt ps:// d oi. or g / 1 0. 1 7 6 3 2 / wz c h z b m 5 8 p. 3
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Dr o p e n a n d Dr o p e n Vi d e o

DI P SI 2 0 2 2

U n d er r e vi e w 
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Dr o p i m p a ct e x p eri m e nt s 

R. A k b ari, Y. W ei, A. B a g ni , R. R uff o, M.J- T h or a v al , L. C h e n, C. A nt o ni ni , “ O ut c o m e s fr o m w at er dr o p i m p a ct o n h y dr o p h o bi c m e s h e s ”, P h y si c s of Fl ui d s, 3 6, 2 0 2 4, 0 2 7 1 3 7. 

htt ps:// d oi. or g / 1 0. 1 0 6 3/ 5. 0 1 8 9 8 6 0
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W e

S pr e a di n g 

H y dr o p h o bi cit y

W at er C oll e cti o n

I m bi biti o n

S pr a y v ol u m e

F or f o g h ar v esti n g:

(i) L o w er r e -e ntr ai n m e nt of c oll e ct e d dr o ps i nt o t h e pr e v al e nt wi n d = N o r e b o u n d

(ii) L o w er m es h bl o c k a g e = N o i m bi biti o n , hi g h er p e n etr ati o n , n ot v er y hi g h s pr e a di n g

R e b o u n d

Dr o p i m p a ct e x p eri m e nt s 

DI P SI 2 0 2 3
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W at er h ar v e sti n g e x p eri m e nt s DI P SI 2 0 2 4
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“D ar Si H M D “ i n M or o c c o
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1 0

W at er h ar v e sti n g e x p eri m e nt s 

A d v a n c e d M at eri al s, 3 4, 2 0 2 2, 2 1 1 0 0 7 9

St e ps i n f o g c oll e cti o n

1 C a pt ur e 2 Tr a ns p ort 3 Dr ai n a g e

Cl o g gi n g / F o uli n g×
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s urf a c e e n er g y gr a di e nt

a n d L a pl a c e pr ess ur e
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J o ur n al of M at eri als C h e mistr y A, 3 7 , 2 0 1 5 , 1 8 9 6 3 .
1 1

W at er h ar v e sti n g e x p eri m e nt s 

F o g c h ar a ct eristi cs

Wi n d s p e e d

M es h di m e nsi o ns a n d 
s urf a c e c h ar a ct eristi cs

A er os ol a n d Air Q u alit y R es e ar c h ( A A Q R), 1 8. 1 , 2 0 1 8 , 2 7 0 . DI P SI - 1 7t h J u n e 2 0 2 4r a zi y e h. a k b ari @ u ni mi b.it
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1 2

P ul s e d el e ctr o d e p o siti o n of C u o n St e el m es h es

3 0 ml Et h a n ol + 2 ml T E O S + 2 ml H M D S + 3 ml DI

T etr a et h o x ysil a n e ( T E O S) H e x a m et h yl disil a n e ( H M D S)

W at er h ar v e sti n g e x p eri m e nt s 

S urf a c e m o difi c ati o n:

2 0 µ m 5 µ m

1 µ m 2 0 0 n m
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1 3

T est s et u p

W at er h ar v e sti n g e x p eri m e nt s 

H u mi difi er

F a n

T w o c o n c e ntri c st e el m e s h c yli n d ers, 
c o m pri si n g a n o ut er c h a n n el f or wi n d

a n d a n i n n er t u n n el f or f o g

C h a n n el f or tr a n s p orti n g 
f o g i nt o t h e f o g t u n n el

S a m pl e 

C o nt ai n er

B al a n c e 

S a m pl e
F a n

C o nt ai n er
H u mi difi er 

Wi n d t u n n el 

T o r e d u c e v orti cit y i n air fl o w 
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1 4

C o ntr ol e x p eri m e nts

Wi n d s p e e d 3 0 c m/ sW at er h ar v e sti n g e x p eri m e nt s 

L a b el 
Wir e ( 𝜇𝜇 𝑚𝑚 )

O p e ni n g 
(𝜇𝜇 𝑚𝑚 )

M e s h 
n u m b er

M es h 5 0 5 0 5 0 # 2 4 0

M es h 1 0 0 5 0 1 0 0 # 1 6 0

M es h 2 5 0 1 2 0 2 5 0 # 6 0

M es h 4 2 5 1 5 0 4 2 5 # 4 0

M es h 6 0 0 1 8 0 6 0 0 # 3 0

F o g h a r v e sti n g effi ci e n c y =

a m o u nt of c oll e ct e d  w at e r

t e st d u r ati o n ×  m e s h s u rf a c e a r e a

F o g fl o w r at e ( ml/ h) 2 1 0

F o g dr o pl et si z e ( 𝜇𝜇 𝑚𝑚 ) < 2 0

M es h s urf a c e ar e a ( c m 2 ) 3 × 3

T e m p er at ur e ( ℃ ) 3 ±3 3

H u mi dit y ( %) 5 ±9 0

T est d ur ati o n ( h o urs ) 1

• At l e ast 5 tim es of r e p etiti o n of e a c h e x p eri m e nt 

• ~ 1- 2 h o urs of e x p eri m e nt 

• ~ 3 5 0 g e v a p or at e d w at er b y h u mi difi er d uri n g 

e a c h e x p eri m e nt 

• → t h e a m o u nt of c oll e ct e d w at er < 1 0 % of 

e v a p or at e d w at er b y h u mi difi er 
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1 5

W ett a bilit y

W at er h ar v e sti n g e x p eri m e nt s 

C u c o at e d m es h

°3±1 3 0

St e el m e s h

°5 4

Si/ C u c o at e d m e s h

𝜇𝜇 𝑚𝑚 𝜇𝜇 ± 𝑚𝑚𝜇𝜇

Aft er w ett a bilit y e x p eri m e nt Aft er 2 h o urs of f o g 
c oll e cti o n e x p eri m e nt

Aft er w ett a bilit y e x p eri m e nt
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1 6

W etti n g d ur a bilit y

S a m pl e s W etti n g d ur a bilit y of 
dr y s a m pl e

W etti n g d ur a bilit y of 
pr e w ett e d s a m pl e

St e el m es h 5 s 0 s

C u c o at e d m es h 3 mi n 0 s

Si/ C u c o at e d 
m es h

> 4 h o urs T h e s a m pl e c a n n ot b e 
w ett e d.

W at er h ar v e sti n g e x p eri m e nt s 

Si/ C u c o at e d m es h

C u c o at e d m es h

Dr y s a m pl e

Pr e w ett e d s a m pl e

Dr y s a m pl e
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1 7

W at er h ar v e sti n g e x p eri m e nt s 

F o g fl o w r at e ( ml/ h) 2 1 0

F o g dr o pl et si z e ( 𝜇𝜇 𝑚𝑚 ) < 2 0

Wi n d s p e e d ( ⁄𝜇𝜇 𝑚𝑚 𝜇𝜇 ) 3 0

M es h s urf a c e ar e a ( c m 2 ) 3 × 3

T e m p er at ur e ( ℃ ) 3 ±3 3

H u mi dit y ( %) 5 ±9 0

T est d ur ati o n ( h o urs ) 2

W at er h ar v esti n g usi n g Si/ C u c o at e d m es hW at er h ar v esti n g usi n g Si/ C u c o at e d m es h
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C y cl e of dr o pl ets dri p pi n g

M a ss of dri p pi n g dr o pl ets
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1 8

W at er h ar v e sti n g e x p eri m e nt s 

F o g h a r v e sti n g effi ci e n c y =

a m o u nt of c oll e ct e d w at e r

t e st d u r ati o n × m e s h s u rf a c e a r e a

~ 3 6 0 dr o pl ets

~ 1 1 0 dr o pl ets

~ 6 0 dr o pl ets
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= 5 8 0 ⁄𝜇𝜇 𝑚𝑚 𝜇𝜇 𝑚𝑚 2 ℎ  ≈ 1 4 0 ⁄𝜇𝜇  𝑚𝑚2 𝑑𝑑 𝑑𝑑 𝑑𝑑

~ 2 𝑡𝑡 𝑡𝑡𝑚𝑚 𝑡𝑡 𝑠𝑠 𝑓𝑓 𝑓𝑓 𝑚𝑚 ℎ 𝑑𝑑 𝑎𝑎 𝑎𝑎 𝑡𝑡 𝑠𝑠 𝑡𝑡𝑡𝑡 𝑎𝑎 𝑚𝑚 𝑡𝑡 𝑓𝑓 𝑓𝑓𝑡𝑡 𝑐𝑐𝑡𝑡 𝑡𝑡 𝑎𝑎 𝑐𝑐 𝑑𝑑 𝑑𝑑 𝑓𝑓 𝑡𝑡 𝑡𝑡 𝑎𝑎

𝑠𝑠 𝑠𝑠 𝑎𝑎 𝑓𝑓 𝑑𝑑 𝑐𝑐 𝑡𝑡 𝑤𝑤 𝑡𝑡 𝑡𝑡 𝑡𝑡 𝑑𝑑 𝑤𝑤 𝑡𝑡𝑙𝑙𝑡𝑡 𝑡𝑡 𝑑𝑑 𝑚𝑚 𝑓𝑓 𝑑𝑑𝑡𝑡 𝑓𝑓𝑡𝑡 𝑐𝑐 𝑑𝑑 𝑡𝑡𝑡𝑡 𝑓𝑓 𝑎𝑎
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R ef er e n c e W ett a bilit y 
C h a m b er 

( O p e n / Cl o s e)
T e m p er at ur e 

(𝜇𝜇𝑚𝑚 )
H u mi dit y 

( %)
Di st a n c e 

( c m)
F o g fl o w 
r at e ( ⁄𝜇𝜇  𝑚𝑚)

Wi n d s p e e d 
( ⁄𝜇𝜇 𝑚𝑚 𝑑𝑑 )

F o g h ar v e sti n g 
Effi ci e n c y ( ⁄𝑑𝑑 𝑑𝑑 𝑡𝑡 𝑡𝑡 𝑚𝑚 𝑡𝑡 )

J. M at er. C h e m. A, 3, 2 0 1 5, 1 8 9 6 3
H y dr o p h o bi c/ 
h y dr o p hili c

O p e n 2 2 9 0- 9 5 7 _ 1 2 3 8

N a n os c al e, 9, 2 0 1 7, 1 4 6 2 0
S u p er h y dr o p h o bi c/

h y dr o p hili c
o p e n 2 2 - 8 3 6 - 4 8

M a cr o m ol. M at er. E n g., 3 0 2, 2 0 1 7, 
1 6 0 0 3 8 7

S u p er h y dr o p h o bi c o p e n 2 3 7 0 _ _ 4 0 1 9

J. M at er. C h e m. A, 7, 2 0 1 9, 5 4 2 6
S u p er h y dr o p h o bi c/

h y dr o p hili c
o p e n 2 2 9 5 1 8 2 1 6 0. 6 6 7

Fr o nt. P h ys., 9, 2 0 2 1, 6 8 0 6 4 1 S u p er h y dr o p h o bi c o p e n 2 0 _ 1 _ 1 7 0 4 2 0

Pr o g. Or g. C o at., 1 7 1, 2 0 2 2, 1 0 7 0 1 6
H y dr o p h o bi c/

h y dr o p hili c
o p e n 2 0 - 5 0. 0 5 _ 8 7

Pr e s e nt st u d y S u p er h y dr o p h o bi c o p e n 3 3 9 0 1 0. 2 1 3 0 1 4 0

Di s c u s si o n 

T h e m a xi m u m a m o u nt of at m o s p h eri c w at er = 9 at m -c m = 0. 0 0 9 % w at er i n wi n d s p e e d 1 0 m/s: 8 0 ⁄𝑠𝑠 𝑓𝑓 𝑓𝑓 𝑚𝑚 𝑑𝑑 𝑎𝑎

A v ail a bl e at m o s p h eri c w at er i n C alif or ni a c o a st i n 2 0 1 1 = 4 ⁄𝑎𝑎 𝑡𝑡 𝑠𝑠 𝑡𝑡 𝑡𝑡 𝑎𝑎

M a xi m u m effi ci e n c y i n i nst all e d f o g c oll e cti o n s yst e ms: i n C hil e: 𝑚𝑚 𝑡𝑡 ⁄𝑓𝑓 𝑓𝑓 𝑡𝑡 𝑐𝑐 𝑡𝑡 𝑡𝑡

htt ps:// e art h o bs er v at or y. n a s a. g o v/ gl o b al -m a ps/ M Y D A L 2 _ M _ S K Y _ W V
I nt er n ati o n al J o ur n al of L o w-C ar b o n T e c h n ol o gi es, 1 5, 2 0 2 0, 2 5 3.
R e n e w a bl e a n d S ust ai n a bl e E n er g y R e vi e ws, 2 9, 2 0 1 4, 5 2.
At m o s p h eri c a n d Cli m at e S ci e n c es, 0 2, 2 0 1 2, 5 2 5.
htt ps:// w w w.f a a. g o v/ air cr aft/ air _ c ert/ d esi g n _ a p pr o v al s/s m all _ air pl a n es/i ci n g _ pr
ot e cti o n _s yst e ms/f a a _ d o c u m e nts/ m e di a/ a c er e p ort ar -0 0 -3 0. p df
P hil o s o p hi c al Tr a ns a cti o ns of t h e R o y al S o ci et y A, 3 7 8, 2 0 2 0, 2 0 1 9 0 4 4 4.

1
0
0 

K
m

9 c m

1 𝑎𝑎 2
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1 2 ⁄𝑐𝑐  𝑑𝑑2 𝑑𝑑 𝑓𝑓 𝑡𝑡

𝑡𝑡 𝑎𝑎 𝑠𝑠 𝑠𝑠 𝑎𝑎 𝑓𝑓𝑑𝑑𝑐𝑐𝑡𝑡 𝑤𝑤 𝑡𝑡
𝑡𝑡 𝑡𝑡 𝑑𝑑 𝑤𝑤𝑡𝑡 𝑙𝑙𝑡𝑡 𝑡𝑡 𝑑𝑑𝑚𝑚 𝑓𝑓 𝑑𝑑

× 2  = 2 4 ⁄𝑡𝑡  𝑓𝑓2 𝑡𝑡 𝑐𝑐 𝑑𝑑

8 ⁄𝑡𝑡 𝑡𝑡 𝑓𝑓 𝑎𝑎 𝑠𝑠 𝑓𝑓 𝑎𝑎 𝑑𝑑 𝑑𝑑 𝑑𝑑 𝑝𝑝 𝑓𝑓 𝑡𝑡 𝑑𝑑 𝑤𝑤𝑙𝑙 𝑡𝑡 𝑤𝑤 𝑑𝑑 𝑡𝑡 𝑡𝑡 𝑎𝑎 6 0 × 5 5 𝑐𝑐 𝑚𝑚 2

1 0 0 ⁄𝑙𝑙 𝑝𝑝 𝑡𝑡 𝑎𝑎 𝑠𝑠 𝑓𝑓 𝑎𝑎 𝑑𝑑 𝑑𝑑 𝑑𝑑 𝑤𝑤 𝑑𝑑 𝑡𝑡 𝑡𝑡 𝑎𝑎 2  × 2 𝑚𝑚 2

https://earthobservatory.nasa.gov/global-maps/MYDAL2_M_SKY_WV
https://www.faa.gov/aircraft/air_cert/design_approvals/small_airplanes/icing_protection_systems/faa_documents/media/acereportar-00-30.pdf
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2 0

C o n cl u si o n s :

 T h e C u -c o at e d s urf a c e a bs or bs f o g dr o pl ets aft er m ulti pl e -dr o p i m p a ct a n d si g nifi c a ntl y r e d u c es dr ai n a g e.

 A sili c a t hi n l a y er is vit al f or c o nti n u o us a n d effi ci e nt f o g c oll e cti o n .

 T h e Sili c a -C u m es h i n cr e as es f o g h ar v esti n g effi ci e n c y b y 1 0 0 %.

F ut ur e Pl a n :

 J a n us  m es h es a p pr o a c h

 F a bri c ati o n of h y dr o p hili c -h y dr o p h o bi c p att er ns o n t h e s urf a c e

 L ar g e s c al e f o g h ar v esti n g e x p eri m e nts
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T h a n k y o u f or y o ur att e nti o n!

R a m s ar, Ir a n
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