DOI: 10.22059/jesphys.2019.262718.1007027

FAY Z¥VY fonio (A\FAA Ol oY 0 )ld (F8 093 cLab 5 en ) S b

o hdws p Cawgs] Olys U o

Taids Lo 5 T3 e T ,SIbe el alTban (3L )

Ol i TS oS 8355 dnsie ol G5 09, 0l el 5 ol )
Ot I <l oS 58357 oo ol (15 0,5 ol T

Ol el ol ol oGBS Ao L aS G 1S 09,5 o Loli] T

Ol I (Sl ol pignolS gl g Lol ool 2dCils k] eslics 1S spmmils . F

QYN NN 2ol G pds QVIBITY 2l )

oS>

- e

Olsisas Wlg o Cungd ] SIS 9dn (up d G5y 2 Biglss (S p b elKilel 3 sgian 40 LS b gy
otk S5y 52 bstlaj] cadllan oyl 5 bl he do o 5 dacS e il ials 5 e plad Ll b lase sladiun

0l 23595 Ly 5 dsolore do (693 Bos Tl .Wlosd dunlie dine; clajiglen b aS” Cuwl oud plosl Sod g 09l cdpuS'gyiud
o o l5le oloj 5 qulo ol (Slyime cdo (slacS B il 1l lajtelll 5o cysiomed g e 03] (e 4o (5lacS s
) do Jodss )3 1y oliwds (585 ojlae (ladtun slgicds Cavgdol @l a8 cal o] 51 (S bt 55 0 J13 bl 3590
ok 535 4e g anl 4Bl LnlS dino) (slajpglyd b dumlia )3 da (slacS a5 Al ()3 gl s > 45 5 ygbody S o

odpoy dl ¥V & do (5 B0k lojiiie g Cunl atily (ool Lials S ki IS clale auSgyid mrdw Ol jeas 5wl

09 .\,.....59).&.:» R QI)S 4§ual§;.a: (el ool @il Sy J)ﬁa& do J:.Lu dl):’ u.:f)_» wl ABd 0 ul.u.u &S ol
Als i CFn 69y 2 50 inlejl dw anT)d ol 3 &S SogS Jlaw slaS )b Slaalie jgbd wisly dgvg alaise

RERIRY S99 u‘)J ual dl){ ‘.,\5))5&0

Ao JJ_\:.» LLQL_{).EB (20 () ‘C_'AMJ?.)‘T)i ul).) 6.\.:15 6\#05‘}

ool 2 457 A5 ol 35 0 SIS YVE 5 YWY (YA e
Labl ol 6o 2 S b gl Dl oT
PN IRY! o5 o s S L Lgs sl
5 Sl 035 foo 55 slaplad Caa oS
S el Bl 1) e plad 0T dUise
o g0 sl od bl 5 b eyl s s Sl ks
dhime ¢S s ali.i:.;_bjT sl s (ajf ! J:g.:‘:
Wl Calzee )3 b 0T (lessnl 5 sladed
S ol 355 5 S s lajT 55 5 e (slajuslsn
sy ol OAs S Obyds oy p Cu,S Jlazdd
s S5 ) 0dd $STL ol 3 F IE ey
I O P A pe
3 5 ot ljT Lases 35 b slazslsn 4 by o

)L‘ u:’“’” (“‘/\' LQL:f)‘ 9 W}- ks;}Lp) | 393

dodds N
555 sl 51 SG olpan can 55 B 3 5
G Gai pl 93 el 0351 1gn 5 DT b i o
L Olae slais Olgie (agsol O3 51 & p
S TOF) 0L 5 Sy & oy 3 ealizal
ol ST s e GESS Doy s S
oslizal Ly ST 5 555 S5 gl e Hsba B,
595 Slpd &S sl e Ol LT laasl a7 W5 S
(05 A s GlaeS s CLle Olae (slosts Ol s
T e N RS PRCEUS IS EE AR
B S et O 4 5 1 AWO) wle T
LS ks Chle vy S Ol)d ) gl 55 bl das
Gl azils S ae sa 59l oo b awslie ;)5 LWC
NN Gn 355 Oljn o oy 4 S S S50 pladi

sl ol T ‘5LAJ~lLA)'T sy 0 Jujji_.a

bidokhti@ut.ac.ir

:]m.l) a.\J)KJ*



VAN Blagls ¥ 0 )led (P8 095 (Lab 5 oo S jub ]

A e s s YY) e 5 (I
35 2lbs ae glp bbbl ol g (F048) 08
Ol 1) 3L Ssls b o5 Conl oaT Cowsay
Sllas &5 3 (Y008 OLKar 5 ) das s
L () oK 5 I8 ks il £k
tslin (bl LWC gl b o8 (VIAF) IS~ b
Oer 5 CIE £ b 0og e s 4 Sl ods
O O 5 K1) aS ol 1, (1)
Ol (s, sladie L sloylpale slas oS 5
LS or @2l Sy Ghls 53 1) a5y adlllas
S p Sl GO g (Y)Y ‘J“g'ﬁ"\":' 5 Sl )
plowl sl 2alesT s s I8 1 laes s [ SCes
ooy (511 ) 5 o ol (i (Sa il I ol
LSl otd slizal 05 Glanl ee sk 0357
Job (T 3 Jslomn oS00 g ol BLE 201530
e dsb LS rmen ol 4Bl AT e
5 63l ,0) Sl 0345 Ve Y4/8A ppm Clls & by e
S OvaY) oL 5 b (YOVF LK
S5 Sl b3S sp S A SIS 0y
s ez YU Sy 4 oS 55, S gs S o
sls o Ol &S 5 sba LT (glaal .ol ol o3lizul
ok Sl bl Ol Ol il L
o Loy Chle ol 1 i 205 Wl ssd e iy
05 Sl 655k 53 o dalS (2E (s asbl B Sl o
Ol 5 SysdlS (o, p Jb da‘« slge i 3yls
55 it 5 oSG lal Al o3le 93 5l il 6,8 Lk
@5 5wl sy BT O
VO O X/B) ppm Ll wy sl b i lesT ol
b saS sba 0T b o8 Col ol plst (VY/0 )
03 S,edS Ol (Jlk clw slee chle 2ol
by Cml i al Db o ol okl el
Bl Dby ayls il Bl Ly, ool hile
Cos bl Ll 5 oSkl dl gl

scble 5o dadlal gl p 5 Gl S al Sl o

Sl ST Sy 51 (VAYA) 5,5, 5 e
Comen i3S eslatul de glasS s uf.xflf;
Olase Slacias G b Sl e US|, 40 by o Slalllae
A O Kes swgr bwy CwpnoT SGds
3 polie Sl eslizal 5 55 0T 51 (S mls s ol
ssbay (Bl Wl 5 e ¢Sed D3 edd J 1S 651l
il e e ladue i das 201580 g 5 B
08V (S 5 apshn) i3S o a1y §adse
Gl IR el Wi by K glaj gl
$p bzl T (YOA OLSes 5 0158) 358 5 s
4SSl ol rl’u‘ 5o 0395 Olyd Soslas glaclale
glad o33 Oy chle il b odas e Ol o]
S Lol gmn o ) S o0 T S b g
e ks 5 ok iy OT b il ¢l B,
OV OLan 5 (6 50) dileds LS5 ¢ 5o 58
St slaeS has ol aslllas (ol s (6oL 5 sla 5O
5 O blSI) cul @5 e ojlul B s
Yt 0L 5 Ol ,mly YT O
b=l S b Cble 5,5 5 Sllles pioeen
5 Sy YV O 5 S 58) Sl el
23 omb eslael b Olalie (YN O

Radiation and Aerosol Cloud RACE)
3 (Ng) aeS ks JS7 cble uas o 0l (Experiment
Bls bl 68 ) 53 BBl s ege 56 LWC
bwly opl 5 Ssbomes (YY) QLK 5 LIS
2 ST 5w ST glaole 53 3L G5 55 Slaslie
(ab,.ﬂ LWC 5 laeS s Cab ¢ a8l b slaosls slis
S LWC 5Ny syl 95 8 slue 5 slddslas 5 ol
(Y8 O 5 ) ol ok slgity a1 s
ool st LWC glis 5 g5 &5 381 L alsles
v 3d 53 praduil B raini g el Ll o oo
sNa ol 55 2 B35 s b & sp8 do)
g3 bl e S Ao s Y U el gl LWC

Sladlas s rjf SloB an (gl odal Szt gl zal 4l



rva o Ja e 33DT O3 5T o

053 slos 5Lid L1531 by Sl oliza Lo Sl L
S o iy Bl 5 alado

dT _ R dP

T M)
AN s syls )‘-*\-a‘:;p“*h{‘) ol bl
s plowil 0 IS VAP (les 3 batlesT aen Ll
30035 45 Dy poty 5 ay g dlaien 053 28 ol
LS a3 5 S o Iy 3l Les a3 ol o 2alS
bos Lpd o S5 daioes 0955 Slanslss i)
by 2l ods & I ks 3 5 e
Lgin beS b aen S oK Sde 3l day S e
.n;‘_g» Ol s adsl Sl 4 d\.i:-w Sdd (s S
@8 L5 s a0 68wl Oboj Olgea Sl deols o
tloe 5 aaly G b 5l 5 G5 Bl o sd
(XY ) 555 e

1) = I,(D)e™™@ Y)
olkd 6 S oIl 3 65 s olie o algs]
68 ol Kl o5 e AT) ol 0ls iie
phie phe 51 SIS L sl Ko zandsb

T o Gzt (6555 ok e S5 e b gals
() = formnerext(z/lﬂ,m)N(r)dr ")

ropld 4 S Cul el G s Qexe
N)dr 3515 Sos m coSs i 5 A zodsb
gl Sl 5o S Sl rtdr 51 e Sl Slas
a4 L) 533 S5 b 53 i) S5 i
Cob (Cnl el dbis 0953 L) G5 e
Ol 1) ol aadoes 51 sled b ¥ S 55

.Mésﬂ

Iy sl al Il 4 s (VY/0 51+ V/0) ppm
OYAF OIS 5 (goam Suigd) LS s

Gehd gy Y
it ) dbise & 1 bon T el sl
k) )J’:.‘ Sl odd ealaiw!l YAcm # E) ficm CW)‘
Llodks 031> 1 3 (g o 4 daioes ol bl > L, AT
ST @ s 038 Hae dhaises Obe I L3 &
5 Sl e 0S5 K w0 L) KET Ly
b S Wlius 4 ST Jie 5 G b
U5 o Aol ormen b O Al oK
S I sls K .l e il YA daises YU
a:‘: )‘_}'; A.E.dbv.ﬂ Oﬁ)} C)b) C_.H.O 9 C_.AJLJ ‘L&}
)‘J{CJE .L..sk;o Jj:..fb L&C,.:«s d‘).\;‘a-\.&
o TV S 53 aalesT Oledr ol o 40l alaioes

sl
LadfjlaﬁJS.’:J‘_;lﬂrjﬂ C,{)Ja)QA;V.A\JéJ}E.m:
9 A))‘ cg‘_{.u' .b)‘b b}?) 4.]a.a.>r.n Q})J UT f‘:} gs_i.v‘
Vo Olr 4 Do Sy gty oS 8 US55k e
s 3 el b e 5 Lo S T 0553 08
03,5 s 3l oalizal b 4l £r e 4 Ol S5
iz NESE Qbs coal Cwdd d;l:u: TS ‘}A
2y 45&‘)3 Cﬁuﬁéﬁfeﬂu\;‘ﬁw.\aﬁy u:or.:
bQ‘)'A@ﬁwﬁc@lJ@uﬂﬁa)TJJJS}&
asba b sbT des gl Cble AS e esie

. e o &g ug | E.

4.1:.»4}4;. w‘ ol 4...9;}}44).5 \9.m3~f|j w&'lﬁ.&
¢S5 eslimal b Hlad sl ol Ol 5 ol e

SLid Sl daly b g8 e S eIl e gile



VYAA Ol oY o led (F0 093 a\qéé}&gﬂj &,:3 Yvs

Optical air
quality sensor

Humidity
meter

Laser

Signal recorder

Manometer

Amplifier

Air pump

Thermometer

Detector

Power supply

bl Olodar ol o 4 ol alaioms 51 S - b Y JSS

' Cloud Chamber

h

= PES

]

i ) s b Y S

Todsh 5l SeS ki plad b e essdoe ol
oo I3 HlF e 8 ab ys S GHg S

::).Zu’.adii%ﬁ‘f A:-A.:U_l::'-u’_iyks- U.ﬁblf
T =2mlL form r2n(r)dr )
058 05 S5 095 5 Calies Slaslul L Uhdf)h.?
0> sk (Blys IS palS el S

Ol by o G5 0903 5l beS kb Hue ¥ IS
.A; odalin

ol o ol s Sl Dyl plad YL w1y
ST oo a5b s o5 o S8, 5 b )
o> o3l 5 5 kol gl el 51 (S ol alaioes
CaS ol 3 sb e 0305 Ol N(1) L &S (ol ST s
Sgh o G @ THAr 5T e Ol Slaa gl Gk )
Sl ) s e n(dr = Al o "y
254kl 5 s Ges IRl Sl N(D)=Lxn(r)

1355 op e
) =L for"' ﬂerext(Z%,m)n(r)dr (f)



vy an Joaw sl iy il oo oy

o3 G F 0 3 S a8 e ¥ USS

);4§¢M|‘_§uefjlastuggw.x>&)xﬂl§
Flad b O3 bsie S ) Lyls s g )
oSk G O3 L amlie s eSS
Ol 4 (0) dslee JILS YL d a5 (Cul
Ol b s HbaT s Tp(t) pdp il
@ atuoly GBS () dslas joT 5T . dLl oo Sl
IS 53 Dl s (6,8 o3I b sl iz O
Sldslee (0) 5 (V) Gladsles S 5 5 (1) L, ISKT

T St (1) b oz o3I w5 5 51

2mL form r?n(r)dr = —lnlf—t) )
0

do sles ol e Oboj (Kawly amlos (sl
3320385 SSE L AT e Obe 4 JISE GV
e 5 daly b gs 3l 8 ke cdslae b
@5 4 FOLT Ul Sbj (Sauls 035 bl

ey LS o o 5101

2Ly, (O)1rin(r,) = —% )

dsles 311y Ol Ol sT =1 (B 88 i 55 L

S Oode
2 —__tanr .
2nlrin(r) = o ar ()
Horost ) ol plrale ST
—_ 1t 11 am)
n(r) T 2mLr? [I(r) dr an

orl 31 oslial bl S8 e 55 Sy oS

Cio s 3 S Cannl 3l gla el s dolae

@b}.w‘Gfd}bj‘Jﬁ»uL;)jé&(b)45:\:.»)5
2 Wl Lsd o Sl aaioes 53 an SlasS s &S
boie S0 038 bsie 4 pas SHIS
b o (B s GBOL b ) atees laeST s
L glosl (st Col (San IS o ol 3,8 0 513
WolS” e Lo 487 5800 2 pl gl S ok
&S5 6 b g s 15T S e ¢S5 s Sl STl
Lpb aasT o 5 O3 Lo, 3 b 5l sl (SKes
L oS b an bgin pl80n 5 andl (55,5 Ol 1)
L 53 ol S o S eap Ol oS S
el Bl il JE L slane s

Lo Gl Gl Copm L plad L laeS i
S e

v(r) = z—i(p—pa)rz *)
Sl S 5 beS ks S s apas p
Gbos 53 Iea SLSE 51 5 53T bsiw Oli g (sl bl
SWT plad b oS b o (sl oS ) el b g e
Oy pj aaly Go b 51 AS bsiu b gl 53 bl
Pyt

_m_h 2
t(r) = 29 p—pa V)

S Abads 5 e Ten T3 (S8 a5 5l b
5 pten Doty BES L Il LS o aa
SERSIEHN TS PRGN | Py ] RN PR e v S -3

Se 55 Wl ol etes jsba ys e



VAN Ll ¥ 0 )led (P8 093 (Lab 5 ooy b FVA

S (605 o8 Oljr (2 faS b o ey 5 5 0 el
osl3 i3l laesls (555 R il b o o Juts
ok 0303 B3l gt akias Olis B S ul s
Ll abbos 0555 ae) byl sl Gl a
Sl U 55 e odalin ¥ IS js S Ll
el @Bl 3y I Sl s S gy
Sl 53 s S S (S S e glacd
Ollos 53 Wlgn e)ls 3y By I
Gty 5 o e Jde O3l 351, L sl 108 5T
G5 5 G50 ool san gomin 4y L sy e Alslan 35T
O UKo sie Dby JSis ol o)l sy
ol ol ae SlalST b oIl 55 (sl somie SOl
s BT 53 3L laslsle (il San by i
Sad 534S Hbilen Lledd Hlgen &S AL axils
opam 3 oS ki Chle g ptn Sl asda
OT pr chle 8 ol Gl aw) slajsle
SN3se 5 Combn 5 ol st (5, S0l Ve M/
YA/Ye em™ w0l )V Jgdr b 3 )ls 6 565 55
B 4 by pe g 5 Sl g S e
Slans SLzslen 4 LS 5 pded ke D3 oS
Ll 5 Llodds LSl (Lyls b abises (g3 &S
R B T BT A O P -1
e Sl odaT Cowsas V/PO cm T3 S s ks
Sl s 5 1 GLS laabus o5 ol 5 oS
VE/EeemT3 Ll cd 5w T gl ble a5 Wlesls
0 UK s &8 K &S5l WO em T3
Lﬁf@”c}‘4{&;&‘@‘3;6}&‘0“‘4{&‘};‘5&
o b gl 53 (g 5 BB Ol e ) oS 50 ik
03,5 S o 55 Slaplad G s e
S Cl’w O3 d?)}: a.\...f.\.;l: RHP LN

ML: Q‘)s J_‘)}&)J ‘L&ifjjdj

Clle e plad dile gy 584 0 s S5
030zl .5 1 Lial g5 Acwlons WELWC 5 laeS ks S
Gl 5l laeS ks plas b J1SS1 Y o (V) dsles i

T g Sty 5 o

9nh
29(p=pa)

() = tt ay)

533 e @Bl 53 & S fe plad e 5o
G b ) ujl.me. Ll g o cg”_,.w\.hdfjjé o= G)):
135d dwlee 5 dloles

form r3n(r)dr

form r2n(r)dr

b oS ol ol eS8 e plad (el Ly, e
2o ly Olis e jdf)jy S bs by csds
why by S plad e iy oL b b5 650
o T e plad Bl @l S ey el
S ed dwla Topp(t = 0) AL

©I5 Nosei ) Colue Olon & lacS s JS ol
D en Ol dlaly b lacS” s o1l

Ntotal = fn(r)dr (“c>

S el L e i Sk LWC
LWC = fgnr3pn(r)dr (o)
S50 5535 15 ae bl Ol e bl ol aalows b

58 g0 plasil Olas laates Sk il e s sl y
A5 bl oSS

M}@Lﬁ."
A sl 4 laesls «c,éjf Sy g &S g,uufﬁ‘v’jT 2

el (6,8 o SKe 0T 51 g Lk o o 436 /70



V4 4 Jooaw sl s 5 o2y
~
o~
- 0 e ., %070
:3 (o] s * :’.."
[ .":'
2 & P
"5 .-:‘6 .
9‘: z - 9’/ .'O
§ ¥
T © 0’
L o7 i
g - ad
' & .’
A8 /
S
T T T T T
20 30 40 50 60
ts)
Ol ey 2L I s s ged .VJSJ»
w
o
=
8 Background aerosol
w Salt
"u“-‘ E ™ J//_'__“\ —Um
g N / \\ Sodium hydroxide
: o
2
S &
38
= F o
g &
i
g o
o9
3
T T T T T
6 8 10 12 14
Droplet radius (um)
A g 5den e 5 055l Sad i) Sl sl er (510 LS b o5l 35 ose .OJSJ»
acilisee b sl gn (gl o sas dn Cilises gla el )l slis N g
Bl ooy | s las Js chale o O lgme | e plas
)J'LS));L;A& w80 oo Jhﬁ‘}s c g C JJAWQ})AQUS
(s) (cm?) ( /m3) (um)
/YN 4l YV/Y YRRV V/VY o Sl 5
+/AAY 00 \A7AR) v/ fq AN S
+/YAQ OA VO/ N AR AYYV o
ANRY ) v/ /A ARVAZA S g dn ke




VWAA Ol Y o led (F0 093 AW}W} &1):3 YA

Chle Ll Wl (So 8 Sl plad ) lajpslse
Die LWC b ol ods Eel OT (glaes™ s oYU
c.\:mfjj.\:.aﬁudlﬂ«\f‘)bjg..l.u;)\.i}bdﬂij
Sl baoS ks (S Bl o), i plad s b

Asb 3l K5 i LWC ol o
S ¥ a Gl 55 e Olie 5 40 B L OLj
ARELT Sllas 55 .ol oleT V oo 3 30
28 ol s gl S syl sy 5 olales
LS a8 by 55 3,13 OISl &8 sl (g 5T AT 3
3 05 S5 3N sse 5 LSS e ames jaidan &
e L5 e ) S ish o b (g 585 o5l
b by el mmes ST LS eSSl B e
msr o3l a3l Wmests Lg”ﬁe\fuj.hjoliu: sla
s bl sl s Olgisa U1y oo 1) 255
YU sl 5 oS S laeS b gl b a5 25
Gladts Sl oS s id LS e Iy il T
ooslesT last s g Olg o |y abaious 0953 Olane

2SS

Iy 2l gy Oloj CdS b ls 50 F s o8 dilous
laeS b ol csdE L bad & was e ol
SPARER SIS RO ERC LIPS PN P G gy
ol S Lsd BU ) s plad als il
4 by fhe plad o faS 5 e JSE (8 sean e
3 gy abaises 095 i) o g glen LS oS Sl Sle)
42’:.5).) OJ}‘ W .g:,vw‘v/vv um QT Q‘J:ﬂ) vU)‘J
An (oo OLES S b e 53 1) (6 2 3o plad ol
Ll AN M s AV pm Ll 5 4 0T Ol
30 plad Ol ;;Kpjcﬂ Sl s @ Ll
ﬁapf,}bau.m@owbd,ﬁﬁm
5 gn 55 S S F ol SR LWC Ol5a ) Jstr G
boooMie i Seobe AL eyl

o STl s sl 4 b 1V A/

10

Effective radius (um)

- Background aerosol

Salt
——Ura
Sodium hydroxide

30

Time (s)

Dby oS a8 53 plad s gl P IS



YA\ o Ja e 33DT O3 5T o

):S:QGA:%.sﬁaﬁgTJWUAMj@
3,8 et g (08 Sl ) as sl oS (gn Slallls
S O3 48 ol gode Shale 03,57 Casa L
S as S SIS 5 3,51 Casa | 4 ldie
s S slul Sl Sas L gn T SLS S5 ol

gl

&l

h1B g g e ST sl Taban (s 3l
i AL LT adlas ATAY oy cadds 5 e
0395 pslen yadm 55 ol S b o5l s
O 6K 55 55 il ST it e

CELE SS1de 5. b CTp S
S 53 oy 28 AT () OTAY
APENTY QPN (Lab 5 on &S558 0 00 5

ap VA 0B OS5 f e (F3Lo
o5 S35 e e 8 sl $5lsa0b AT
IFND (VIVV (Las

5op skl g g (e LS I G s g
o slge S g5 aalllas AVAF - o (g 2800
Slaiasg 0 &bl 55 e 8l JSes 5, Jlb
YF YY) pmlis o 51

Alexandrov, M. D., Cairns, B., Emde, C.,
Ackerman, A. S. and van Diedenhoven, B.,
2012, Accuracy assessments of cloud droplet
size retrievals from polarized reflectance
measurements by the research scanning
polarimeter. Remote sensing of environment,
125,92-111.

Cermak, J. and Bendix, J., 2011, Detecting
ground fog from space—a microphysics-based
approach. International Journal of Remote
Sensing, 32(12), 3345-3371.

Fountoukis, C., Nenes, A., Meskhidze, N.,
Bahreini, R., Conant, W. C., Jonsson, H. and
Flagan, R. C., 2007, Aerosol-cloud drop
concentration closure for clouds sampled
during the International Consortium for
Atmospheric Research on Transport and
Transformation 2004 campaign. Journal of
Geophysical Research: Atmospheres,
112(D10).

6;;“’&:35-"
ao 5kle Ol o (hd Syae S Jhg, Sl eslizal b

Sls 13 o s i 3,0 F3Es 5 (b5 sla gl

Cangd T O3 oS disls oo Ol b isleT mb
) e 2 et ook 5 e & Olae (Slosin Ol
Chle (Ol ol aes Gl 4 ST 6, sba S e
AT aa slanslen b oawlie 3 as slacS ks

ﬁuqbﬁﬁsﬁkﬁ@j«.x:bﬁ)udbd;r&g-
5 oS D3 &b 0l el 4 B 5 g denS sy

V{M Sl gw\iﬁb .5; vﬁﬁr&? o9
é‘MU&AJ}bQ‘W‘J)ﬁ}MQ}))M}JM
T sl 2 8 S sl glasS s
Sl ks S o0 Ol 55 S50 S0 2 S GRleST
eSS has ol Ol g i B 3y DlH5 oyl
0303 4l Sajslsn S oS 3y Sl &So S Sl
gxosm ol e 5 sl S zils 5 gy i
L 3 Eol Llg oo chimn YU Clle L oae oty
L dS o sl ey ool S SWSie I 5 555 B
G byl (g Caenl &S able s ok
» U5 DS ol 5 pemen S S
Gl ol 35 3,8 eslinal 50 8 slal s5leasl

Gultepe, 1., Isaac, G. A. and Strawbridge, K. B.,
2001, Variability of cloud microphysical and
optical parameters obtained from aircraft and
satellite remote sensing measurements during
RACE. International journal of climatology,
21(4), 507-525.

Gultepe, 1., Miiller, M. D. and Boybeyi, Z., 2006,
A new visibility parameterization for warm-
fog applications in numerical weather
prediction models. Journal of applied
meteorology and climatology, 45(11), 1469-
1480.

Gultepe, 1. and Milbrandt, J. A., 2007,
Microphysical observations and mesoscale
model simulation of a warm fog case during
FRAM project. Fog and Boundary Layer
Clouds: Fog Visibility and Forecasting, 1161-
1178.

Gultepe, 1., Hansen, B., Cober, S. G., Pearson, G.,
Milbrandt, J. A., Platnick, S. and Oakley, J. P.,



VAN Sl oY oyled FO 0y 90 slo‘?éjwj s.gg).sﬁ YAY

2009, The fog remote sensing and modeling
field project. Bulletin of the American
Meteorological Society, 90(3), 341-359.

Huan. L., Baolin. J., Fangzhou. L. and Wenshi.,
L., 2018, Simulation of the effects of sea-salt
aerosols on the structure and precipitation of a
developed tropical cyclone, Journal of
Atmospheric Research, Accepted.

Houghton, H. G. and Radford, W. H., 1938, On
the local dissipation of natural fog.
Massachusetts Institute of Technology and
Woods Hole Oceanographic Institution.

Jiusto, J. E., Pilie, R. J. and Kocmond, W. C.,
1968, Fog modification with  giant
hygroscopic  nuclei. Journal of  Applied
Meteorology and applied meteorology, 7(5),
860-869.

Kunkel, B. A., 1984, Parameterization of droplet
terminal velocity and extinction coefficient in
fog models. Journal of Climate and applied
meteorology, 23(1), 34-41.

Liou, K. N., 2002, An Introduction to
Atmospheric  Radiation, Second Edition
Academic Press, Amsterdam.

Moradi, S., Bidokhti, A. A., Gharaylou, M.,
Jalaie, S. and Shoushtari, M. H., 2014, Study
of the Effects of Acidic Ions on Cloud Droplet
Formation Using Laboratory Experiments.

APCBEE procedia, 10, 246-250.

Pinsky, M., Khain, A., Mazin, I. and Korolev, A.,
2012, Analytical estimation of droplet
concentration at cloud base. Journal of
Geophysical Research: Atmospheres,
117(D18).

Ramirez-Beltran, N. D., Kuligowski, R. 1.,
Cardona, M. J. and Cruz-Pol, S. 2009, Warm
rainy clouds and droplet size distribution.
WSEAS Transaction on Systems, 8(1), 75-85.

Silverman, B. A. and Kunkel, B. A., 1970, A
numerical model of warm fog dissipation by
hygroscopic particle seeding. Journal of
Applied Meteorology, 9(4), 627-633.

Vijaiac, S. N, Filip, V., Stefan, S. and Boscornea,
A., 2014, Assessing the size distribution of
droplets in a cloud chamber from light
extinction data during a transient regime.
Journal of Atmospheric and Solar-Terrestrial
Physics, 109, 29-36.

Zhang, J., Xue, H., Deng, Z., Ma, N., Zhao, C.
and Zhang, Q., 2014, A comparison of the
parameterization schemes of fog visibility
using the in-situ measurements in the North
China Plain. Atmospheric environment, 92,
44-50.



Journal of the Earth and Space Physics, Vol. 45, No. 2, Summer 2019, P. 9

Experimental study of the effect of hydrophilic particles on fog modification

Bagheri Mosleh-Abadi, A.%, Aliakbari-Bidokhti, A. A.*", Gharaylou, M.? and Khalife, R.*

1. M.Sc. Student, Department of Space Physics, Institute of Geophysics, University of Tehran, Tehran, Iran
2. Professor, Department of Space Physics, Institute of Geophysics, University of Tehran, Tehran, Iran
3. Assistant Professor, Department of Space Physics, Institute of Geophysics, University of Tehran, Tehran, Iran
4. M.Sc. Student, Department of Statistics, Faculty of mathematics, statistics & computer Science, University of Tehran,
Tehran, Iran

(Received: 18 Aug 2018, Accepted: 1 Jan 2019)

Summary

Fog formation reduces the visibility, and low visibility cause problems mainly in airports and
roads. Fog modification or even clearance can reduce such problems. Here, in the laboratory
the effects of some aerosols on the modification of artificial fog have been investigated. This
research is carried out using the method used in the work of Vaaiac et a. (2014), for
hydrophilic particles. These particles, as the fog modification factor, can be effective as
condensation nuclel by increasing the effective radius of the droplets and reducing the
concentrations of the fog dropletsin the fog.. We used a glass chamber with a height of 41cm
and diameter of 28 cm in which a red laser and a detector were placed on both sides of the
chamber. We dissolved water-soluble compounds in water and by pumping the air into water
of the chamber, the bubbles are formed and their breaking led to formation of particles. Then
the particles are dispersed inside the chamber, while the pressure inside the chamber was
increased with an air pump, and so the temperature was rised. Then suddenly or quasi-
adiabaticaly, the pressure is released and hence, the air temperature was dropped creating the
fog (cloud). The cloud droplets are mainly formed on these particles. With the formation of
droplets, the received laser signal was decreased and after falling al of droplets, the received
laser signal reached its primary level. Hence, by measuring the level of drop in the signal and
its duration some properties to the cloud structure can be found.

In this study, we used sodium hydroxide, urea, and salt particles that was compared with
background aerosols affecting the cloud. First, the optical depth of fog was calculated and
then size distribution of fog droplets was estimated. Also other parameters like the
concentration of the fog droplets, liquid water content and fog lifetime were evaluated. The
results show that hydrophilic particles as condensation nuclei played a significant role in fog
modification. So, in the presence of these particles, the concentration of fog droplets in
comparison with that of the background aerosols, was decreased and the fog was diluted
significantly. The maximum of fog lifetime was observed in the presence of background
aerosols as 63 s, aso these particles have had the lowest effective radius of 7.77um. In the
presence of sodium hydroxide particles, the concentration of total droplets was decreased
significantly. In addition, the maximum effective radius was 10.48 um for these particles.
Also, fog lifetime was reduced to 31s which suggests that this component for fog modification
has a better performance. The area under the curve's of the size distribution of droplets for salt
and urea were nearly identical, that indicated the concentration of the droplets was close to
each other. Parasitic structures might appear in curves of the size distribution of droplets that
were smoothed. As the time passed all of the effective radius curves showed decreasing trends
due to the fact that, the larger droplets can droped out of the laser beam, so gradually the
effective radius should be decreased. In comparison with other compounds, when sodium
hydroxide particles were used in the cloud chamber, observationally small droplets that
moved up an down in the laser beam weren’t present, hence no oscillations were seen in the
laser signal. Considering experimental errors, while neglecting the process of coalescence that
might occur in the falling stage of the droplets, when the droplets were passing the laser beam,
they appeared at larger sizes, which could lead to an overestimation. The signal noises and
non-uniform distribution of condensation nuclei could aso be considered as experimental
errors.
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