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The falling and sedimentation of solid particles in liquids occur in many natural and
industrial processes such as water and waste water industries, biotechnologies,
environmental engineering, marine engineering, etc. This study represents the results of the
experimental study of the falling velocity of steel balls in the water channel for different ball
diameters (in the range of 8 to 25mm). The tests are done far from the channel walls.
Moreover, as a case study, the wall effect on falling velocity of steel ball (i.e.
diameter=12mm) is examined. A high-speed camera is used to determine the coordinate of
a falling sphere and estimate the ball velocity and drag coefficients. In addition, a numerical
method is used to solve the governing equations in comparison with experimental data.
Comparing experimental and numerical results for transient and terminal velocities shows
the maximum difference of 12 and 4.5% respectively. Experimental drag coefficients have
good agreement with other published data. In addition, falling near the wall leads to a
negligible effect on velocity but path diversion is observed.

Keywords: Falling Sphere, Terminal Velocity, Drag Coefficient, Newtonian Fluid

CITATION LINKS

[1] Computational simulation of the interactions ... [2] Modelling of particle motion in an
internal re-circulatory ... [3] Enhancing sedimentation by improving flow conditions ... [4]
An experimental and theoretical investigation of particle-wall impacts ... [5] Experimental
investigation of non-stationary motion ... [6] Computational biorheology of human blood
flow in health ... [7] Particle Dynamics and Design of Nano-drug Delivery ... [8] Direct
particle motion and interaction modeling method ... [9] Microplastics in sediments: a
review of techniques ... [10] A new roundness scale for sedimentary ... [11] Flow and
motion characteristics of a freely falling ... [12] Oil-particle separation in a falling sphere ...
[13] Hydrodynamic characteristics of heated/non-heated ... [14] Interaction of two free-
falling spheres ... [15] Measurement and modeling of the settling velocity ... [16] Viscosity
measurement using optical tracking ... [17] An internal splash: Levitation of falling ... [18]
Terminal settling velocity of a single sphere ... [19] Drag correlations for particles ... [20]
On the drag of freely falling ... [21] Investigation of sedimentation process of soluble
spherical ... [22] Analytical investigation on acceleration motion ... [23] Neuere methoden
und ergebnisse in ... [24] Unsteady sedimentation analysis of spherical ... [25] Analytical
study of unsteady sedimentation analysis ... [26] General formulas for drag coefficient ...
[27] Particle imaging velocimetry experiments and lattice-Boltzmann ... [28] Assessment
of the 1-fluid method for DNS of particulate ... [29] Direct simulation of fluid particle ...
[30] Fully-resolved DNS study of rotation behaviors ... [31] Numerical study of the wall
effect on particle ... [32] Describing the uncertainties in experimental ... [33] Describing
uncertainty in single sample ... [34] Motion of spheres falling ... [35] An analytical study of
the transient motion ... [36] Water temperature influence on the spherical ...

Copyright© 2021, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under the

Attribution-NonCommercial terms.


https://mme.modares.ac.ir/article-15-49386-fa.html
http://www.SId.ir

Downloaded from mme.modares.ac.ir at 8:38 IRDT on Wednesday May 19th 2021

w8y 0g2) 19 53 @3 ad oy M Spmite s )5 G255 B
by slaosgi s dske w5 (ilysls syl Blewy;
Sl 3l 5 Sl g [076)5l8 s slapiagy 5
Sl @3 s 9w 3l 3y mahe Iy (g Bl el gulio 43
hobme b oVl glyz by oSl Jbw 55 Gles
s bLE )3 b 5 (6518w inke slaanl,
SN2 ol by 53 Sttty 9)So wlyd boduw diged (gly
3o o) Plagdise anysl 4ol pas )3 ydy g3z i
0955wzl Gl ) buxo g 5 jgy sl I S
L bde eiSiin g9 a4 (63b SaS Silgi e wlhd ol baduw
Vsl el sladssgs ) ddgl s & (Pl ]
s dez jlcds gilio g osingd 5 (ulesd gilio
Gilize sladiey daly ol 5y L siwn CRERE] o2l sladigas
)3 ST bgiuw iy pluwel bgiw dlox 51 3)l5 3929 ceu slp
G535 53 bgias e byt gy LT ,uili g )3 sz 5 90
(g yué wYlaw 53 bgdw (59,5 pué ‘aLM?| bgdw oylgss
L 3g> sl 55 oo &S ol g eyl JUl L olyes bsduw
S0 sl e o3 53 &5 s 5 oles 4 4zl
395 (g3lS wiald 55 Ghie b g cudie @il 4 e oS S
23 &S 8> Slayguniar baugl yidog 03 Caepw Guyp g
[P w)f‘clsd .\JloJJb)fuua_\ ‘-‘SP)'W Gl blas
slagasd oiel 3323 4 5 ilmsal wéida b oyl
IS5 53l ey LT 51 o 45 Yheesm b ()13 g
@98 lroday poga 53 Iy (48l 53 pyd lie 01 Glow)
S8y b (plas wlaike 3 o)) wS)> goi 5o g il aax]
ohSamgdy Glel (sloazaes jI (o adb pdy olSel YU b
Ly o8 GOl L) eS)> il 53 pslie goxd Lhals
G yie yieS cwglie cewl OF pbas CYbw o9y wlyd
b ales yeS (G5 Spae dmil pd gyl ey
Pz S Jo> Lay o plals cuz 5 egite o,
695 2 whadd @ Glsice Ll dlex 51wl o sleidiy
0lss b (Lod g s caijoSumy ylas) Jlww S olss
b polss b (033 il 5 iz dlez 1) U5l G313 (So3d
dwdin 59y whnsi b g B0, l5eal 5 (550 wiile) o)
oLl (05lgd Suap b g oylans 51 59 bgdw J=o Jio) bgiw
2 glaglhe MgSen 5 glilge diges gl [Msges
ol boiw g (538 Ul (55, gy BIuRBe S s,
&le pialaz 95 2 1) by Sl g pladl G Jlw
GlodSd bl bl 5030 leslyhd Gy g0 i)
5 G hwgi o boiw Jlo s dslS (g5 » ilite

1744 (63 o) gylad VY o590

oblSen 5 5,98 i Ve

595 sledslS bgiw (Bialel
b Loy copd dlze 9 (00 Jlwo gy

Sl35 ygual 5l oalasiwl

MSc (941 (sizne

ot 65l o S SWlSe uoaige 09,5 (63 (ol
ol 39,8l 39,8l simio oKisls «(ej)le>

PhD * (g 145 (paucne

39,0l simie olils (SeilKe (swdige 0aSidls Yl og,5 (il
olxl 39,0l

PhD (,ilgsS (pu> dao

Bgyld Gize oKl (Suille wdige 0aSuidly wYluo 05,5 bl
olnl 39,0l

oS>

51 et 53 315y bl 51 S gl Jlaw 9,5 el S b
ey e Guwaige «(§)3ld g Bl 5 O catio dlaz I gyl
byt (aBiglel eallhe @ Gingh ol » wl g Ly Guiige
JUIS S 9,3 Gtekee YO U A 1) cilitue (slayhd b 63955 (sladlslS
S olsim piman sl sad aiblay (slss jl dlold Ly Ll O
G 990 pasuie yhd b dglS ey 5 w8y olsas 1 (53,90 4alllas
5 olitul ey (6530 ygal oragd Sl sshiie ok .l 48T 15
Chgas (§4> s 4 oy ol B bghu o> 53 ladlsl boiu ey
b g lug cupd el oad glieinl pgad Gl bwss plej 5l =
Sb oslsl sl paizen Ll oad (I 5 e b ditly layielly
@l b g1 5 sl oy 4 bype ol s 4 (alagles] gl
oo g dulio oSl w¥slas (330 J> 5 ohSiagh plo aElsl
oxol sy bt o edd GHlS BV iSls cwl ead o
FIO 5 W i 4 (532 g (slabind ey (sl 5332 J> 5 aKnles]
G bone aBleil @l wsel cunyy @l ulul » adbe 1oy
O slagiog @3l lug ops daly b ()b @il by oo
S A ymie 0lasd S35 53 dgl bghias aS sl (yLid (yuizen gl 3yl
195 o b e 5 Ligis iy Lol 35500 (381 sl 53 g8y

ol AL Gl s oylgas 5

($3> e g o ps (9 Jlw cbgiin lmoflgauls

WAANSLY sedlys fu,ls
WA/ s iady gy

mnazari@shahroodut.ac.ir : Jgiuwe o3iugi®

doddo -\
Syito T 51 S L 93 50 o5 Jlww 5 3al> plojen priSemy
2 oldegh d2si 330 g Jylite sladine I S cul
b 4 iy oKie ol GiaSeny 5 Jbw jl 2B 03 S
b 5 opdeilS gz oS Lo (oaagiudy (sloyiun 1 L
)‘)9 odlatwl )90 (5))9]‘.&4 Cusiwo Bl PLMO‘ “9y L;Jbbwy
Ol ddal slayins dloz | Jluw Syxie slasins S0

e SsilSe uwdige ale dolinle


https://mme.modares.ac.ir/article-15-49386-fa.html
http://www.SId.ir

Downloaded from mme.modares.ac.ir at 8:38 IRDT on Wednesday May 19th 2021

Y 3 iion Jlaw 09y (5555 sledlslS bt aitglel Gy
Gl e 5 Glol sy sehl 93 Gululy ond iyl
o oz 5l adlie jUsiy dae g lug capd iz Pl
6l L i o 53 45 3503 oLl 192014y g0 LSy
S jsiay 039930 )3 IS (s3du U o)S I seges JUSi!
aliteo eYlie 5 oads 48ls yolie axl 3gde Jols 1) ) 5l
Aled sl ol gl sl wolite bl s
by 51)3S Sy (595 2 |y lastlhae Pl Sen 5 (auilegs
st Jl g3 ilite glagliil b ael> 55,5 dslS S,
3o Ghsdiad Glg)y Gk 5l g (533e baulgy 3 ST L]y g
9 Jlw 093 ogaiaeg)T UglS Sy sl 8 (uyp
@3t wygay (JsSUS ol Jslxe 5 JsSLS oLl (o)
ool el 48 18 asllae 300 P2ghlSen 5 PV b
Sl bl ) s S wlallhe galgrduy bils; 5l o Kdegsy
Obgy iz b oosel cuwy 4 @Yslsee g oslatwl dlue p
Ohagdy cilosd dunlio SouSh b dlol> il 5 Jo (sdae
5 Owesl bawgd ol Al Lug cops bilyy oy plis il
anllae cppizad cusl 3giy gyt B I (23] San
2 O g poxinegll (puo sladlslS boiw g5, » (lie
el P 5 (5558 bogd OT (99,3 ytalee 0 1) o3l
b by cops Ol g oS> by, (gilweske 51 G
9 Wilae > ez (33 Glide slaghy dluwe Jo w2z
il 51 LT 2l ol @i3,5 41,5 onlil 330 2l dusslie
Padé) 3y guexi 9 (DTM) ol 5 (55 by o> sl
slie asdlbe .cwl (33¢ slo > ulw b (approximation
cilizo slagbyy dunlio 5955 PlghlSen o 1558 bwgi 5
slads 455 ool )3 el oad el dlue Jo (gl s3ae
& el Jlyszy il caedl l luy sl g3ae
oud Slgrdiny oSty bwgi dine; ool )3 Galie by,
oday obSimgdy bugi @ity @S 5 duglie el

ol 03 @iyl [26] Ko g Sily bauwgs
@332 9 aKialyl @l o lawlio Pl Sen 5 oS
110 5850 33 oo 9l (1295 19,5 UolS bgiias I b
ooy a3 L 03 wlaiie g ey asls ol 1y ¥/ B
Sl s, Olsimy (s i I cusl A8 S5 (uny 0 3,50
cilgn cul 01 skl 0)3 5 Jw Sy GLLL s, J>
oBUleil g (s31e aallhe (55, 3 1) 395 550 28l Sen
~ S5 gy 51 LT il 18 Sy Sl 0393 03 S bl
Sl g oslasul 395 (imgdy (s34¢ aslllas sl 2y plyimy Jlow
osliituel 393 i 2w oo (sl Pl Ses o S 2ol
Uhgs HSles duglio g dgu 0 Sy slagidgly Sam 4in)S
o Slaolio 39 aiolel bt b eslatwl 3yg0 (g34c
33 w8y Jluw-SS oy 45 sl Glis el eladl gl yg,
Ol eider gy Jilie )3 30 LaS 395 1) (93 sleas

Modares Mechanical Engineering

390 sladhuz 51 S puicman el 43,5 elil 18]S
b 5 S0y sl 55 sl 93 plojan byt o Samgdy ad¥le
oy ol (hng Ry (pidnie &5 cul g2 (59, (53906 w9l
OB 3 Wil o5 eagy IS 5 92 4y bgaye dines ol 5
sea 3 il 236 5 gl 93 e8> gilwand (gl e
55 agl alols slie |y 355 puliti g oxlitul ,SuuSs w5y
Wb gy by 45 jshilen isgel Julad S0sSy 51 glS
el Jlw pgyd @y bl dinej 55 gdasie glagwy
o310l Sy o] el a5 LT 51 (g39am0 o 4 EELJVRY
RO PTER el (53¢ wygar sy o3 FINLY

s JSal b @l Gidds ey @ Blghlles 5 Sl
UJL<.> L (Swd g dilgiwl (ceSe 0)) walizes (glaeslail
S 3y g ey 9 ailay 0eg) sl 5 Ol s gl
L [10] gl g Cgls ] osids Judxd g duslio oads 4l
0Bl e 03 botw ony I (6y9 wygar 5 > Gdy)
b b 395 (gl 53 Lol caingad oslisil Jluw 4ij5Suny
Sy 5l 6slap psel 5 S 0l S 09,3 655 Usl S,
Jlw @)y zlhiinl 4 (5595 ciub 51 skl b g 4glS
adlas 4 Bioleil wygas 7)) Ken g sl auislsy
345 pasite diyjeSuumg b Yl S5 3 318 UglS S bgie
Ul (S 5Ly (xS lay 390 3L5 ol 4 YL
Lol ol 53 UglS 4 Bl LT ey Lol yuo b
9bsmwbwmlw|uww)§>9>4;wjy@b
bt 0)lgd (w5 Sy YU oo 4 o (b I e
2 e Jlw cdale 530 BlgSen o wily S
g i Giegle 151 55255) (53Y58 4slS b ey
Silize o Jae 51 LT Lailesls Jh3 Ly 390 o Eiales]
9 osldiwl 03 (s3> ey 9 luy copd G Ol sk
LI 10 sudsh, glesse gl 395 ol Jae caledys
LLdged

slegbs) 035 39290 5 (s3e slaghy; SaweS 4 azgi b
o BialeT (slagbsy b duglio )3 cilise (sladine )3 w2
wlyd byiw dixej ;3 .l 48 wygo (b sbphagd
=9 0)5 RV 40)5 93 ‘0)5 S ‘bs.a.w 4.1A.’> )' ‘_JLu.u 09
65 sl 038 ool (5 ks ilsllng (g5l yut JISEI L w3
S (g, oy 040 (LBM) crejidsy S () 1 il 35T
el Spelis glaghy, Gl glaSuzn ooy
b 395y 3 o8 slaglyy SY5 5 9 3l | Slulxe
slobixo Ghle b dxlxie globixo wizun oo
odsl Al Iy dlue Jud=d cuhlB Seslw jluw (5589
8l sl sy of 4 axsiS eYlie G Luyds a5 Lesdse
e wlakdeo 4 4295 b bgiw oSin dolf 4> cepw

Volume 21, Issue 1, January 2021


https://mme.modares.ac.ir/article-15-49386-fa.html
http://www.SId.ir

Downloaded from mme.modares.ac.ir at 8:38 IRDT on Wednesday May 19th 2021

ohlSen 5 5 9T uizmo VY

&b 4 yoie &5 005 S bl (sjloley 05udlSe 5 2k el
ciSe 5o oslaswl 3yg0 8 iz dgdse JyiS ol wiSe
Sle gud Luyds a5 el oad ol (glaisss (M530 5WT)
Ailed Bl o 5 GSSl plyz gh 5l amy Guablise
caod 31 ) 395 (bl @18 oled olyz &b b Sos w)bey

a b, c,d) Lokl 5 esliswl 3,90 (53Vg8 (sladlglS wlasin () Joas
(St 1) dleo slayiol)ls

oy B 4gls s

d [ b a
(gr) (kg/m3) (mm)
JAYAY o[ AYOY  ofeess YOV ofoe¥YYE Y A
YRS ot o Y AR VAR RRSRSN S A iR K20 ot o o S STRVIN \e
DR ol SRRV R N A ARV RERA | | oL SRS RO AT AR Y R} 4
YAYY
IYYAY  o[sYAYS  o[eedAAF  o[¥FYD vy
DA AN AERYREN &2 WY RRR 234 (Y R 2 S ot of [N Yy
JOFOF  NYYYA  ofesYVOF  o[ssYAA  SVIA Yo
Jl
S t [

il 98l pgal (0 Akl oy Siled (I (1 JSb
bgiw 41 by pslai (& gl adgl oxilagSS ylgisy sass eslaswl
(> 4Bl YO g YO0 N0+ Fe loj 50 yoskae Vo jhd b dlglS
olej 53 &3l525 (52355 53 ieslae W s b WglS ghaius 4y bgse gl

aili Gl Fee g VYO 00 (F-

1744 (63 o) gylad VY o590

S8 @ L Lol agy SIS ey il 55 yismape iy S

39 S35 Jlaw — S5 gy e a3 U 3yly gyt (alad
el Sl Jlow 53 lyd bgivw p LT 3Syad a5 @Ylie I
53 b) oylsan 51 Al alold (39 3 1 lal 53 ol Smg s
o)lgas @il 51 (6:55l> (sl (U Uoye 4 AglS o 138
S ol 130 oy 4 POl S g 900 aiS (e oy (il
Ll$ izmed il s lay Jhuo 353 03 3T bgiw 0 Sy
iy 9 odlie 0)3 93 bgiw jogas 33 1y (DKT) 5 5 (63
U8y 53 abse 5y0 (g 3l eslaiwl b Bl Sen 5 o) 1i5ge3
9 0l93 5l 03 5 0)3 93 alize Joolsd b 03 95 5 So GaS 2
95 Jlow (551> ol SO (o858 3 cgliie sla JB b
slopisyz dex 5l e laylisy Iyl G 390 1)
S S5 Sy JUl )l 5 pissz ez e g phie
31 i oylguy o cuwd adgl dold g jugiuy dae I il
9 &L\J [31]414.?)4 G)i?.) R ET]1%9Y LY LQ,:T el amlice 4.l.o.>
Gl JUS S 55 gz Sy 53 09l 5l Guyps 3 ohlSen
3> g sl ey (BT Guyy piagh ool Ban
Jlw (953 bgiw Jlo 5s lize glaosll b saYgs alglS
ssbilen el U5l 5 3l L caps dulxe 5 (C) (s
» Oy BUalejT lagimgly SHed side 1b ol <
el 0391 o 553 Cupd e 5 gl (3> ey (5,
bugi et Gellialel wisay gl cepw Guy
bgiyo 2ol cuioman cl oyt wud 4 pudey o Sdigy
ell 33e J> o b oaal Cunds (535 g gl e
0ylg23 33l (pizad tenl ouds dwnlio ;b gl (gly i oa
s 5990 dalllae S plsie 50 U5l w8y s (59, 2
o)lsas 51 593 el b w8y juuo 5 sy 4y by 2S5

] 0340 duailBo

&l etucpun -¥
23 pabdie kB L 63V58 (59,5 sl S b dllie ol 5
lbaze sl AB)S L3 app 9o liad dhixe S
Ol bawgs a5 yios0le Yex10%10 slasl b Blads YolS (gldudons
YO U A yhd U byl beiw cyz oti p buse glos b
cwl oad oslaiwl V Jgdz> 53 0aid )3 wilaie g yioslio
» ol Jleasl @l g O gles wlluss I 5xSsl> ez
Sede S oad sl jguis bl OF gles Glolejl
oS (=) JS8) )] Koy yiSUl 03150 S g LadlglS
OraS 53 ol oxd cuad OF b (oYU )3 GRS @iz
GINS Giaple 051 a8 OF mhuw 4 Koo alols
V0 wedg Y Gy by b oslaswl 3yg0 wieg iUl g 5o

e SsilSe uwdige ale dolinle


https://mme.modares.ac.ir/article-15-49386-fa.html
http://www.SId.ir

Downloaded from mme.modares.ac.ir at 8:38 IRDT on Wednesday May 19th 2021

i 3 iion Jlaw 09y (5555 sledlslS bt aitglel Gy

5 ol dhly 51 Gialegl JUST Jlin ps xi ey (gl bl
Hom| o.\,p)f dwolzo () osleus dslee) 331 ), (Sam

o
n M

SSlas g dxfe)".).ﬂ LSLQO&LUJ) sl L bie zbo
oals ylid ¥ Jga 53 L:bu.'bglnﬂ)) XV (5)50)".\3’ pu&.hsﬁ.xs

el oadd

oals Jul=s -

Al 3235 sloyiohly zll ez eSSl Gl 5y
slayiebly 5 03 1 3)ly (598 ¥ dlae sl oad 43S IS
30 glid ) 98 (595 dualy

F=g(p.ny.D.w) )
Vg0, e lo dls Glol sy slayel)ly 4zt 5o
el (8 dslec) SBaol Ly caps g (¥ dsleo)

_puD

Re=—r )
1 F

=3 uza )

wygay plej 9 g 2 o sielily daylssed )3 puizen
:.BBAi‘}UA UL“J Y 9 1 4].)‘.9.4

4
=y ()
R t
=z *)

s ol 51 G Aol o ieyw) G35 ey Vi (] jd oS
3> ey 4 Ul oS b)) (55lub oley T 9 (4 cepu

el 0 4i8)S a5 55 (dwys0 S9
w¥slee 4y 925 3ol (C0) Luy iy daolone s (G35 5|
S Sy iy G ol 5 Sae bbie dlus oS>
S 52 oS ops JBs m gy D kS L (o358 SesS Al
b p 4558y 5 p Sz b O (g Jlw 551> JUI
IS 53 T 53 9 dbge dauz 3y (slog e adblie 3Sue
g 5 (533108 <2308 (55585 ol S el 00 o1 tgles ¥
slp (¥ dsleo) B4 (Basset) cuw dslae b .ailse
Usles gloimy Jlw 19y3 03 Ko (LS wSp) bl eSy

:ﬁ,g)b o ‘oSL>
o L;Lm)lobl,; cashs PXe slas (¥ Jga=
cushid gic (slas 635 o510 olStws (glbs sahly
o e /) Jsb
VIO % - [Or3w
YIY % - PRV
YN % - Ly b

Modares Mechanical Engineering

wslite giluley cusdse 93 53 Ul e8> Gy am3Ge
g 53 B3 (g3lolmy Jsl el ccunl i3S )18 (uyp 390
Sy )3 izmad 5 o elol oylgus wlyili 51 490 @y g dlaime
$65) 65 lang dlold 13 (6 ytoslae 1Y UglS 55 (s3)90 astllao
5 oled S Guun oz olss U (slS JhE glez G
el o 48,8 a5 53 Jgl el b o duaslie

Aol yhjlay V=¥

CasBge ey 3 e b sl msai bugi ek ol 5
29l (o 3 0ad gl S LB s alas) ja s UglS
O3l Mge e 1381 @) 55 atdgl ey el bawgd dbgyye
PCO) (wSanlsy oS wepmyy Ouiygd bwsd (gl el
dold g yiole AO (Carl-Zeiss) Gual; -8 3J ¢ (Dimax
el cabls guygs ol cwl sl plxil VE SglS
Voo A yigiad pbigley yiSTam 55 4l 1 @) Ot e (g)lappgas
Sodolsss 53 4l e slie Ve Sl Gl g S VoA
63958 4 5 el 00 pgat Job g cual ylotl).
oKiws Siles -V o)loss yugald a3 0 iy d.lglf
eud a0 ok |y ol wloje g osliswl 390 o&ioleT
robal g plail il 3 )8 Veor ey b ()l pgeat s
23 i @85 g edggu johio 43350 (55le o3 Aol
dze Ghiaz 5 Gilune amsal Gljlag 5l abels il
Mol 3> 4.]91? i (s 5lwla, ﬁ&‘” 33 a5 osd ‘a‘..zﬂ Lglcljgi;
digad . aol dAbls 3959 gl j3 g J8lis g o3 (atiwe
33 oylgas Susp g oylgnn I 493 wdls (gly snd 488 gl
a2 5 el oadd oy Gloled Cadiyd 4 a-) S g 2-) IS
JeSo o o1l T @ @ 5 (65 031l g Jsb toles]
oM dildgh A5 hawgi dlols yuglad (hjlay g0 il
wlbaizo 3 0)5 US.&SQ,Q Hyal y 43 g |cL>u| ud.wﬂp‘ ‘a).v
Gl UglS Qs 5 oy ol &5 4 g il 51
i) 5 053 camBye gliil § psal GBilan sl 3355
o Hl381 053 53 0ad plaxil (ugiaS 51 sl Llid 5 ey

el o oalatwl

oz 3 JUT-Y-¥
3 ﬁLa_ﬂ 8y Wyga Lmé)ﬁf o3lail oy smw Emgis ol 5o
oliwabl g w8y (ialidl jehie @ ol (g Jloel w¥slee 3

2l g LSS adye ¥ JBlas Giolej] jo oads cud glwosls
(Confidence Interval) oliebl o3l wyguas v yiolosT 51 Jols

e b 5l cwl sad esly ol S ) meps A0
e 55 ojlail g plail B2 ilo (g asly p s ek

Volume 21, Issue 1, January 2021


https://mme.modares.ac.ir/article-15-49386-fa.html
http://www.SId.ir

Downloaded from mme.modares.ac.ir at 8:38 IRDT on Wednesday May 19th 2021

oblSen 5 5,94T uizmo VP

(ol > oS
a= %nD%ZpS +p) Y
b =3nDu )
c= %nsz (o)
d= %ﬂD3g(ps +p) Q)

5 S bl 4 a2g5 b (abed) §b lesiel)ly wlulxe
olad V Jgaz 53 gl SSwi @ el 5 Jlw wlasie
Giye bl b hs pé dslee SO W dsles cwol 0ads oals
53355 o Gl b g (593 wyguay Slgie 45 el audg]
(Bl (g, » obegl Sl 4 dzgi b dlie o
iz o S busi 5 i Gy b g5 ablao
cwol 03038 o> sxel s 2ol b duslis 3 iweowe
ly 0 aipe sl b (rkf45) Syld ~ligS - aSily (s39e i,
g cuwl 48,8 1,3 oslaswl 3590 W oyless Jwilyins dslee J>
ehguar 0 zlyziwl ool gl b ssel cuws gl

el ol duslie yloj 5l G

xlis -F
zhisl (ool sl cunsy @lid bl 53 a8 sl
Sty & jshiled cwl bgiw s dolf SilSe wlaike
oxd Cyysi @iyeSUl bawsd oad o3 yiglal oad s
2ol 5 3 Ul s S wlaithe 4 )3 g Bjla
5390 Ll ;3 Al e8> e ¥ IS 3d e gl
Ao olis |y dJolf alize clagjlail (gl olo) cuns
5 i) g dalxo el ol glaosls Guoluly

315 3929 5 abai

_ by
T At

92 U.‘g)gyaﬁgb)’l W) gl)zy.d UJKA alols Ay oT)bﬁtS
slaas) cepw cwl (Al ofo0)) pgai g3 Giloy dols At

1% Q)

s sl copw olien 4 s ol e s
ol o o3l plas £ U 3 W dly g3ae S Jeols

Gilizeo sl 051031 (sl loj cuws p nglf casdge (W JS&

1744 (63 o) gylad VY o590

oSl s w9y b J1 53 dslS 3y (sl 5 (YIS

msi—? = (ms; —my)g —Z—DpuZ (nTDZ> - CAomf%
—§D2(npu)1/z ftd_uL o
2 o dty (t —t)?
L) Ao byt Saw Jluw SO g3 &5 uSiw 63 sly
(Basset History force) wuw (Slej daxdu)li @5 (p<<ps (59
gl A dsles S @ Y dslee g edgr B8 o LB
24 s smlgs

du p G ., , 1 5 du
msdt—mg(l ps) 87eru 12”Dpdt Q)

oz (55l (55w SSiky dlez (sl A dsloe caly cuow
4 baiye a8lsl jg 4 bospe aloz )3l g luy (5955 99
A dblee Jo Glol JSiie sdlie 03 o> Jlw olid
Choné caub 4 gl b dblee 39 Ghipé 4 baise
ool 5 gldaly B3 Ly dlbe by cope oyl
3 Gy odgaoe )3 Ly capd Loyl ez el
1 dblee wyge 4 (140 I yeS jalsiny) julsiy ledse
ol 031y slgiddion

Cr =7 (1432) @

Re 48

oal U il slgiins Ly gy ot 5 (glys liien ¥l
@83 oyl A dslae o wisls lis 224 Ken 5 Mo Jl>
dlox 5l wislpision plo b dwalio jd lug capd guedd 3 )
3980 ol 1+ dslee JSb 43 lS (55 3 513l 23]

_1 D3 \
m—gn Ps )
gl p2j UK a5 A sleo ) 5 3 ¥slae (i8S, s b

1A Jlg>

du
aE+bu+cu2—d:O;u(0):O )
Uipde SsilSe udige ale doliale


https://mme.modares.ac.ir/article-15-49386-fa.html
http://www.SId.ir

Downloaded from mme.modares.ac.ir at 8:38 IRDT on Wednesday May 19th 2021

IC) 3 iion Jlaw 09y (5555 sledlslS bt aitglel Gy

(A slio) s gl sy b oa il aales
(515 bawgs onds lgidy esac ablae) A dlsles g
sdel Cunsy Wi slasse )3 luy Copd whnsd adbse
10=+107T 5 3 0 dpaoline Ly gy g 3lsso 302 e
3 Bl yse slagl b gz LB glbil 45 3,550 18
Caxd sl ol dhl)y S il 5yl Gadiog @Ylie
2l el oad IS wylite it (slagimgh 55 Luy
oyaR s Gilaegldd e b o ilie by 290>
Gligran Kol glajdsi ) (3lidan hulg; Ygeo 4l
iz bly)y o Slawlio gogas ol 53) S)ls (gyiden
la¥s ] ol (sl 038 olil 26, Ko 5 Sy Lausgs
5% oad by Glis Lug oy plise pogad 3 esd 1S
5 @l bilsy ol SMBI 51 Gab wilgie A S
Al sl plail (g33e wluol=e

[ L| ML&A 9 dslfo)’l_\ll > La:<d9,1§(5.\> [ (0 JS.&
B (Kot g uskez (gl 9 03 dswlxo (54>

oAl dayl) g g (8336 > I oad dmit) sy (SaiShy (5 SO
SsSy 51 Blyil g alBanlel a3l

Modares Mechanical Engineering

ool b LoalglS (gl a2y (2 oy o 2 4y (2 ey (F S8

-oads Wl yio ko YO g Yo WY o5l duw yigs (ioled (slp)
2l b emgs BB ohSen (o35 oaal sy bt (il
oael Cunsy BN S Tas caimd oo lid 395 5 Laliale]
Gl cuepw (633¢ g L_,_aniwLA)T 2l BWS | jogas 5

ol 10y3 VY 3985 yio e VO ojluil b lglS 4y bogayo
0 Ui 5n a&aolel 5l eaae polt Blymil yliae SaSTy
Oy 3950 oadlive &5 jghilen cuwl oxd oals [ioled
s dilio 1 amy g 039y bgiw dugl willas) ds bgyye SYS
2lo 4 cawd (Juoyd T/0 ,iSlas) (gyeS Gl b ol
2l0 o 030l 3929 0 BV oyl .S e oy Blymil (g33e
aSl Jol el i BB Jhie 9o ;3 gaae g aKiole]
el g oo (alpidoy bilyy Gl p (33 wliwl=e
Syls s | )i:.&iJ b e capd ool wYslas g oads
5l dols s 5l oSew a5 i Sl Koy o Sl g
g szl (551851568 53 wlilwg slewl Juds 4 pigual (515,
slb> ol )3 5 o35 s ST aBliole] @l wygo o )3
30 s Slastebls 31 oS iblie 131 BB oad Gl
Sdbse bgiw (s3> ceyw wlyd baiw ogas 3 (uwyy
o e Lo s (Sr9lid (sopm doly &5 ilej WglS Sy
e b s M5 s 5STao & a5 338 1S
O cuws oS 1o (sa> Cucpw )y ABlgE 395 (ga> ey
X Ls):u:fojl.\jl oloebl oL olye w0 T IS 3 C\Jg,lf o3l
5L (pizmad el oaid 03ly (inled g iolesT sasi I Lol
o Ul lo 5 ey 4 a258 b a0 W5, el
9 ol duwlxo (g3ac ol .l yusio Oeves dgas L Veoe
ol 53 58 Bl LSen 5 b Glagh eyl s
L g e BWS HiSTas cwl odd o3y Gialed [laged
203 110 9 Tyl oy aden OBl 5 (g3 o
e d (glabasd ey cuwd @ bgie jlaged i sl
6l Wlao s bl 93 plgiy juginy sae w55 o>
A UG canl oddds ol Ginled VIS 5 oad zlyal aulis
3> ey (sl 0ad dunlo buy o dualio Sibles

Volume 21, Issue 1, January 2021


https://mme.modares.ac.ir/article-15-49386-fa.html
http://www.SId.ir

Downloaded from mme.modares.ac.ir at 8:38 IRDT on Wednesday May 19th 2021

oblSen 5 598 uime V£

o oV 5l yiaS ond GinliS Jlaie ,iSTas) @81 bl ,> dglS
9 4bla byt ey p SHluiz 23U 1Y adbee (46
2l Ll olans 5l yes @dlo b gam ey 5 (glabaix) e
iy Glauny 3050 58 10y ) 5 yieS S o3 1
wilize glagjlail b g yiga8s slopialel 4 Lo diwej ol 5

3350 losdin

(§45 4 -0

55143l b (53958 WslS bgfias cepun oy Gligly ol 51 S
ey (53565185 5 (D) GHssd Yl 0953 ytelie YO i A
o2 el Yl 0953 Vgl S)> Ly 6 dslone 5 (53>
L dslS (s5loley 51 g 5 bk Knles] pius jsliie
ey (6335051051 e0ylga3 51 595 alold 43 byl G.8s PSTLOY
OBl bwsi g pladl e e b olansai g
dwlxe (s3> e caled 53 g slabasd ey oad ol
9290 haily) o bwgi jui gldbax) oy puizer g0
ol 01 dunlie sael s 2ol b g duwlxe (533¢ wyguan
5L whgar @S g el e ¥ Bl lagiolel Geled
uepw 0 bgiye zolis cwl 6138 duolxe 1uoys 0 lebl
oSG b aeyy W STas callialyl g gdae Jo (glakasd
Iy GWiS| ol S e Jue 3oyd T s BYS| (ol (S8 (5a>
2 by ey 3l bilg) 5s L] s 4 plgie
3 G0 G glb> puizen g ol o (33 wislae
eS8y e copd cwdld pudy jndd oads ﬁL}J')JsJaJ ol
01038 (IS 5 dunlone dlio ;5 0ad S5 (yhg) 95 b 5 4glS
S0yl eoleing bilgy ol b (9> @l oS cal
I8 Grns 290 55 851525 S35 3 s w8y (63,50 dmlllae
4 S35 sl alold 53 yiosho W o5lul b ddolS el ass,S
3 L;)'Lw‘.m)ﬂ o USJJ' el ogb) ﬂglf)&w.a el o..g.);
a>g7 b Lol 3950 ymie dhadmo jSpo o v 83 (gL,
Candy 2oll oad skul jumb 8 g g 05 wlpnes @
)’l 392 s L\ |) LS’L.EJ ugLa_s 8= 9 L5|4.E.'>J [TV o]
.JJ.Q)LJ.AJ OL&:‘:‘J 0),97!3

(&0 yio) ghiio ahw A
(0F929) 945 F

(450 0 yi0) ey u
(486 5 yi0)UglS wS)y> e puo v
(ieilie) AglS ks b

-

(456) plos

1744 (63 o) gylad VY o590

30gi) e Cuns 1 (35 oy b ldbxl) e cawd (Y JSb
WolS Calideo (glayhad (gly

ks g A ahasly Golaol 3 00 disslme by op8 (A JS&

UslS Al =Sy 53 0lgns @yl g Ul Sy oy ez
b8 il S alold) o)lsas (Sea3 53 sieilie 1V 5k L
ey g e 13 51 GlolejT douis .l osid (g5lolany (glS
i el 0 dumlie lgas 5l 493 el gl b Sy
4 g9 byl g9yd I Gl 5l asy el gl )y Sy
Siluley adsl 1She 5l yiehee 1T 394> caled 53 9 03,5 ks
oled 3 5Ly ol (A JS) 3pSe dlold (3l bl 53)
s3> 58l dlgige g edls &y el plail slagialejl 5SS
o bl yune yai b Bk 51 il gl wSy> 5 ol
elasle ad ol 505 &) bl 13 ey hls UslE

05 sl ey 1 (S 2l 2l (g5 5 0 el

(at) obej
8- f-- Y- Y--

1 -
1 f
4 -7
-\A

Li
(e o) (3 oa Ll

Gl siohee W o3l b 4l (loj e 53 053 I amdze (] JSi
oylgas Sz gl bgiu

e SsilSe uwdige ale dolinle


https://mme.modares.ac.ir/article-15-49386-fa.html
http://www.SId.ir

Downloaded from mme.modares.ac.ir at 8:38 IRDT on Wednesday May 19th 2021

1Y 3 iion Jlaw 09y (5555 sledlslS bt aitglel Gy

Applied Mathematical Modelling. 2013;37(8):5606-
26.

9- Van Cauwenberghe L, Devriese L, Galgani F,
Robbens ], Janssen CR. Microplastics in sediments: a
review of techniques, occurrence and effects. Marine
environmental research. 2015;111:5-17.

10- Powers MC. A new roundness scale for
sedimentary particles. Journal of Sedimentary
Research. 1953;23(2):117-9.

11- Choi C, Yoon HS, Ha MY. Flow and motion
characteristics of a freely falling square particle in a
channel. Computers & Fluids. 2013;79:1-2.

12- Mehrabian S, Acosta E, Bussmann M. Oil-particle
separation in a falling sphere configuration: Effect of
viscosity ratio & interfacial tension. International
Journal of Multiphase Flow. 2018;98:120-7.

13- Mehri A, Akbarzadeh P. Hydrodynamic
characteristics of heated/non-heated and
grooved/un-grooved spheres during free-surface
water entry. Journal of Fluids and Structures.
2020;97:103100.

14- Chu CR, Wu TR, Tu YF, Hu SK, Chiu CL. Interaction
of two free-falling spheres in water. Physics of Fluids.
2020;32(3):033304.

15- Hazzab A, Terfous A, Ghenaim A. Measurement
and modeling of the settling velocity of isometric
particles. Powder Technology. 2008;184(1):105-13.
16- Kheloufi N, Lounis M. Viscosity measurement
using optical tracking of free fall in Newtonian fluid.
Acta Physica Polonica. 2015;128:123-7.

17- Abaid N, Adalsteinsson D, Agyapong A,
McLaughlin RM. An internal splash: Levitation of
falling spheres in stratified fluids. Physics of Fluids.
2004;16(5):1567-80.

18- Rushd S, Hassan I, Sultan RA, Kelessidis VC,
Rahman A, Hasan HS, Hasan A. Terminal settling
velocity of a single sphere in drilling fluid. Particulate
Science and Technology. 2018:1-10.

19- Yow HN, Pitt M], Salman AD. Drag correlations for
particles of regular shape. Advanced Powder
Technology. 2005;16(4):363-72.

20- Bagheri G, Bonadonna C. On the drag of freely
falling non-spherical particles. Powder Technology.
2016;301:526-44.

21- Dogonchi AS, Seyyedi SM, Hashemi-Tilehnoee M,
Ganji DD. Investigation of sedimentation process of
soluble spherical particles in a non-Newtonian
medium. Journal of colloid and interface science.
2018;530:532-7.

22- Jalaal M, Ganji DD, Ahmadi G. Analytical
investigation on acceleration motion of a vertically
falling spherical particle in incompressible Newtonian
media. Advanced Powder Technology.
2010;21(3):298-304.

23- Oseen CW. Neuere methoden und ergebnisse in
der hydrodynamik. Leipzig: Akademische
Verlagsgesellschaft mb H.. 1927.

24- Nouri R, Ganji DD, Hatami M. Unsteady
sedimentation analysis of spherical particles in
Newtonian fluid media using analytical methods.
Propulsion and Power Research. 2014;3(2):96-105.
25-  Fakour M, Rahbari A, Moghadasi H,
Rahimipetroudi I, Domairry-Ganji D, Varmazyar M.

Modares Mechanical Engineering

(46) b ol T
by oy Co
(pSslS) g8 oy m
(Gleslie) (5330 (sliwly 53 0)3 comBge y
(46 59320 5 yt0) (IS g
JRUSCTRRE Re
(w50 yie 3 053LS) I8 P
Ay jgSuniy W

W dslse s iy sl ol a,b, ¢ d
otz
Jol> s
8= t

2055 gl b 3550 ol B skl 1188 5 Sad

ol @l peled oS wleige anl oBaiungs (W] ayanli
el dllie osiugs Gimgh slaealles Lol allic

5 Lplojle b eilie po)lad aigS zun §98 Liegl i@l (B)les
3l ol

23,85 gl 1y 390 ol @ Baiuns 1Byl @gu

33,85 ol [y 3590 ol Bt i lle gilie

&l

1- Ghasemi A, Pathak A, Raessi M. Computational
simulation of the interactions between moving rigid
bodies and incompressible two-fluid flows.
Computers & Fluids. 2014;94:1-13.

2- Cronin K, Catak M, Tellez-Medina D, Cregan V,
O’Brien S. Modelling of particle motion in an internal
re-circulatory fluidized bed. Chemical Engineering
Journal. 2010;164(2-3):393-402.

3- He C, Scott E, Rochfort Q. Enhancing sedimentation
by improving flow conditions using parallel retrofit
baffles. Journal of environmental management.
2015;160:1-6.

4- Vigolo D, Griffiths IM, Radl S, Stone HA. An
experimental and theoretical investigation of particle-
wall impacts in a T-junction. Journal of Fluid
Mechanics. 2013;727:236-55

5- Zhu C, Liu G, Ye ], Xu H. Experimental investigation
of non-stationary motion of single small spherical
particles in an upward flow with different velocities.
Powder Technology. 2015;273:111-7.

6- Fedosov DA, Dao M, Karniadakis GE, Suresh S.
Computational biorheology of human blood flow in
health and disease. Annals of biomedical engineering.
2014;42(2):368-87.

7- Djukic T. Particle Dynamics and Design of Nano-
drug Delivery Systems. InComputational Medicine in
Data Mining and Modeling 2013 (pp. 309-347).
Springer, New York, NY.

8- Florio LA. Direct particle motion and interaction
modeling method applied to simulate propellant burn.

Volume 21, Issue 1, January 2021


https://mme.modares.ac.ir/article-15-49386-fa.html
http://www.SId.ir

Downloaded from mme.modares.ac.ir at 8:38 IRDT on Wednesday May 19th 2021

1744 (63 o) gylad VY o590

oblSen 5 5,98T uizmo YA

Analytical study of unsteady sedimentation analysis of
spherical particle in Newtonian fluid media. Thermal
science. 2018;22(2):847-55.

26- Yang H, Fan M, Liu A, Dong L. General formulas for
drag coefficient and settling velocity of sphere based
on theoretical law. International Journal of Mining
Science and Technology. 2015;25(2):219-23.

27- Ten Cate A, Nieuwstad CH, Derksen ]]J, Van den
Akker HE. Particle imaging velocimetry experiments
and lattice-Boltzmann simulations on a single sphere
settling under gravity. Physics of  Fluids.
2002;14(11):4012-25.

28- Pianet G, Ten Cate A, Derksen ]]J, Arquis E.
Assessment of the 1-fluid method for DNS of
particulate flows: Sedimentation of a single sphere at
moderate to high Reynolds numbers. Computers &
fluids. 2007;36(2):359-75.

29- Hu HH, Joseph DD, Crochet M]. Direct simulation
of fluid particle motions. Theoretical and
Computational Fluid Dynamics. 1992;3(5):285-306.
30- Luo K, Wei A, Wang Z, Fan ]. Fully-resolved DNS
study of rotation behaviors of one and two particles
settling near a vertical wall. Powder technology.
2013;245:115-25.

31- Tsai LH, Chang CC, Pan TW, Glowinski R.
Numerical study of the wall effect on particle
sedimentation. International Journal of Computational
Fluid Dynamics. 2018;32(2-3):158-66.

32- Moffat R]. Describing the uncertainties in
experimental results. Experimental thermal and fluid
science. 1988;1(1):3-17.

33- Kline SJ. Describing uncertainty in single sample
experiments. Mech. Engineering. 1953;75:3-8.

34- Guo ]. Motion of spheres falling through fluids.
Journal of Hydraulic Research. 2011;49(1):32-41.

35- Ferreira JM, Duarte Naia M, Chhabra RP. An
analytical study of the transient motion of a dense
rigid sphere in an incompressible Newtonian fluid.
Chemical Engineering Communications.
1998;168(1):45-58.

36- Gylys ], Skvorcinskiene R, Paukstaitis L, Gylys M,
Adomavicius A. Water temperature influence on the
spherical body’s falling velocity. International Journal
of Heat and Mass Transfer. 2015;89:913-9.

e SsilSe uwdige ale dolinle


https://mme.modares.ac.ir/article-15-49386-fa.html
http://www.SId.ir

