R — Jq; e
e Oles pige
VEYUle Yojlad i 5 ot 0355

- g 9y SBCWIB AL )T (wcuwlnd g w3
92 Ol 9 (90 i 30 oliiio Iy 39 0130 (5 93 98 (R

"ol e e TG Bolodems T g leas Mg s e 60 5 OIS

Ol O ool ot olKEils (wilige 5 b 0dSKislnedil jas wilige 05,8 (sl ol IS o3 ant yol il =)

Ol O ool oS (wdige 5 3 0dSK a0 jas pwlige 03,5 Slalisl =Y

Ol Ol osde S olils ¢ pwkige 5 b 0SSl (s shasms 5 Ol jos wdige 05,505,550 )53 w,ﬁiduu—v
Ol Ol sl olisls  pwidige 5 b 0 dSKIne0l o pwkige 03,5 iyl wlid IS o) 55 st gol Zils—¥

Ol O ool R pwdige 5 52 e AKEN0 jos pwkige 03,5 SLils =0

hossein.mohajeri@khu.ac.ir

VPO 5l VEOVAY dls sl

o>

5 ARaLST ulde 53 Ol Olee 5 23 Sla bl 355 Gl mbide Sop Sl (5500 i o g5 Sl eslinal (S 5k o
el auéljw)ﬂg)y&f@&Nw\;uéuﬂbg@cﬁ,...;ﬂju;dzjuﬁu\.;ﬁw\ajf)\;uu;,\>)y@|.x.,aw
(A5l AR ol (S ey 5 S8 e S 093 SASUP Serdee Omes ame bl G Ol 4
5,55 05 onl Gl cadllas pl 53355 o drloe Ob > Oldos 5 03 O dacily 40 45 (Coslas S &y g pgoad 5513 0 Sla i) Slus
Yoslal g SIS 6 iy S e DL sy cnl Gla a3l el min s ame e sl il 4 o ASELST el s
SSBaS Cl pl Sle sty ol Gl s G s Samdge b b1 s s e S e slaGes 3 ) e mb S
o 4S el w!ﬁmuwﬁ% T B L. L LI t1 5| - POV G AN FRp-Jeos @tjg&b@)}.ﬂ‘\{&)}b
o DL in B VD 5 V0I0 A YIO s Gas bl (KT Janl 5 53 (ma sy gl s e &1 1 gl oo et /80 I /AD oy
Codgn b Slnlons 4508 Sl agr Sl b Sl 4 by oS5 ebie 5> D3 i a3l oolizl | S da
Ly Ol Cs w5 23 ol (o g p nln bl oman (S godes Olasiin 5 (358 o oy aige Ol (90
SO0 A0 slaGas sy S g0 2,505 el sy cnl 02 Ol S 5 (0 oo s pslie S e 50 o gllas

el Ao 3 YN YN 80 Jslae 5 5 a4 e Sl YA/D

sl @iyl 53 Glay JUIS 0L o (b (6 5 500 s o ¢ o3 (S S 03101 (GOl O 59

5 P g5 b 2 Dk S5 L LU 4020
Obais cpl [1] 505 sm s 03 i opl 51 20 glashas S Syl L a5 s Slalllae ol 3 5
2ol Gl e e S g pde L 4 55 OleMbl Ol ol 4 Oldlas s M i

YYY



ILKes 5 )5 O

e TS i gy Sla LB @@bjfﬁﬂww)w)ﬂ

3505 b oS Al Cls p Jase w oSas S ) i
s o330 et Jlw (S5 il Ol 5 00 S e
Sl Ll i e S Wi, ol S el
ot O b Ll i S AU pdboter ] sla
e dile bl 51 el gl ol p esdle il
el p’\) Slosss pels rL?u.‘
Slasls s 0351 Cas 4 6l S 3 Sss 53t sadle s
Sl b e dlms Sislas 5l eslinad b Jlw oy
NGSOM IS W tl.,\_.,\
Cypo d O3 iy ol 5o Aoy Glsy aeels )
Rkl 53 Blae 3 ol slesliad b s el Lo (g51 SN
Sr [6] s Jol i BB e e sla sl s
oo ol ecel ISl Jlsme pglar js blae o3 03 S g
gl s celeslanal BB O, QlJSVSQE.LbJ@lJ.;);Lg;J
o 25 Slad 3 s cpl Sl el glasls s slaas el
S w55 bl s ol ol Jrol s slasls ol oS
o Sl Gl el R s el el
als Al s 5 g
G opslal (s el 0 PO s ameels e Y
ol 2 s el e S8 sl b a5 5SS el
S 7] T e s 1 3 el s 2 Sy (Saan
lals s slted 5 ol aslizl LG 55 5L 5 slaclale gl 5,
e s aenl cslie ) 05 lad 53 el s
3ol o Glasls n paia (Al 4 il amie
S 0pSlen [8,9] skl abine o S lls s o)
Sllay S - b el adlas 53 wge 22 PIV
03 e glaals S5 s
3 AT o S slaabs Ol 35505 sk 4
o dile LJUS 5 bailsss, 5 0br Slasis

U B 0 55515 5 O 3 36 Ol S8
Sl sl s s i 3 [2] ol fow )
S ool Ol Ges 5 st Co i SulS 55 Olejes
Gl 5 b pate Dby 5o LeiueS b (5530
eealie 51 Sos (Sl Sl SaS 53l Olejen
Ol el Ol LS o e Dl e 53 e
S Ble lasiler &8 Sley o Sl e Ol g3
Slaair 053 ol 51 Ol Olpde il s e S5
ol e il a3y WS Gl Oy il
Colla 5 S sk 4 (6ol el Sl o 5l el
K8 e L3 esliad 3550 sdes sba Ol a5 ol
Ol bacronsn ol Lsd oly Sl s adiy o Aoy 5 2208
2L e Ol oo 5 B ste Do (03 Ailne
5 b o S Conal S w35l Sl
ol GRSl Gl SSUS bty Db o2
S eslizal O v 3 el 038 Iy anngs Ll
A s e N s Gy s aled glacls,
libra gy Glacils 5 5o Hsk pl 4 oS dias ola i)
13, 4] 0,5 e 55 oslind 5,50 o ol s
3 Sxe gl el a8 Ll OIS e e
o2l Sl S e S eslll 1 0L s T 056
Gl b wsostd ot by (S56w [3] 5000 sk

DA ol e e so5e aa cpl 53 5 53 el B Slami
S S & Ol 58 s ol Obe 5l Ll S
3505 o Ll Y o LB slajlsly 5 Tlaeslsale Es s S
el 3 ol e gl iy, ) el [5]
3 Sadle s e auimn Sl bt nl W4y o B
ol il BB by ol b (6 oS o311 55 dzme J 28
S eslial) g g3 lastas S eslinad s (s

3505 4 56 Gl lagecs 5 (e ge b Sla sl

6. Satellite

7. Hand-held Radar

8. Particle Tracking Velocimetry
9. Particle Image Velocimetry

1. Flow Metering

2. Chemical Tracers
3. Dye Injection

4. Doppler

5. Microwave Sensors

YYY¥



\Y'YJL,:/Y a)LA.:a ry}g:,.w:.:a_)}b

e Olyes lige (2055 (ale alns

gl Gl mma (Ol e Jels
Lo oS Sulg 50 5 0L b S lasl
el e Lo e ) el S g 5 Sl sl
G Seiul sy K (LSPIV) &5 olds s ol
Ol sla S a8 sl y33 ol 3l edacs OL > s s
Corgy 5 B Sose w0 L O e S
LSPIV 5, 5,008 e 51 oo [15] 5o sl
e S0l 53 o35 4 by 3 Ol 25 3550
,» LSPIV e 8 (YV2) OLKes 5 5,0 .l
B S R ey R e s
35 48 3ls OLES edel s 4 Sl Lisls I3 e
e O 3 D e 3lie o g8 0L
222508 Cehl i) (nl &5 s sad (6 S et ULl s
(Yoo A) DL 5 oo [13] 505 ) oD o Ll 3
Ghle 3 0L sl o3 luld 5o 0L o Seslul &
LSPIV 25, & 03be T 03 S305T 51 30 Jlea s
s 3l eslinal b o3 05550 s @ (gl [15] wasls
4 b e S e o) S o 2 L 0L (e
ol e O 55 51 6k Sy 1y (b ot e
SLdUS 5 laails s, 5o Sl WOL = Gl 2
[15,16] .55 ol /A0 il s a&esLes
S S50l > N el LSPIV clas )8 51 S
GoopS GOk 3 (Sdass e slajlitle 5 Sais]
Sheslinal OBl GesoS GOL = L5 1) J17] <
s e gt e 5 SO 5,Sesl sl
Gy laslile ioman 5553 0 axlse Kiw LADV
e GeepS el s e glaekiy 0L
[17] x5
C33 gy 4 Db el Gl (Y00 2) UL 5 W5 5le
s 0L w3 s Sesll ¢l s LSPIV. o,y 16
S 35 oS sl 0L DLt s it ks JUS

5ol pha SUlag sy Sl (SIS cos 6,8

L10] el 5L G5l aU Jow s SOLLS elas
~e VT LESl 5 Aoy i 53 (e sl Dl
s b ls el ooy JUEH 5 (il b S 55k da
g5 o 3 O (6 Se3ll Dbz ebaw o et
LI 5 ol Sl g Se3ll o, G os s 5l oM
RS G
e Shs s oM Gl Sy el oWl s
Sy 5o el ali0l O 5l S als
S Se S Sl doe b aall Ol Sl sl
5 S Ol s il Sl el b s sy e pla]
Ll Ob,r o Slasie ((mbd S slagn; S
s S Ol (ST Sl S5 o 5 93 28
Oy S o5 oo (b o ol s, o oo
303 35 TS5 rlie 53 D3 (6 gl e S8
L] el a2 3515 a5 5550 oy plo ) i &S
Gmsd S iy opl 4 Sl ol 2 2
Jbsn 035 psbre 5 dls b S ol O e 3 0L >
23 3570 Ol I Sla pin 5 Goe 53 OL o s e
S e 2] a5k 25500 55 0L 2 e s
T 093 BLE 35 8 Ll (oS ape i) el sl
Joe 03 s i 4 5L pde 5 S Sole e s
s 5 Ok 51w s 55 4 Sl pde (Al
Sl yates by SB35 Ol (SKpd Ll
[13]

23 by e el e s DS 5 e
ool s Lols axw g L sl ol 1L LSPIV &5 lis
Gl S el 53 i e gs el ) 2
olde 5 Db b s B, [14] W s
maoss s 4 aS el PIVT 55 sbaasli 51 S5 S5
=Omoss Sl el 5 55d H 5 a5 el s @) S sla
s o sl LB sba (ol Jole sl
LSPIV is, NS j5b o .ol a3 S 515 0l Siass

3.Particle Image Velocimetry

1. Optical Methods
2. Large Scale Particle Image Veocimetry (LSPIV)
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Fig.1.Spatial correlation of particle light intensity between two
consecutive images for a scanning window
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Fig.2. A view of the laboratory channel used in the present study:

(1) pumps, (2) flowmeter, (3) 90degree bend, (4, 5 and 6) tanks 1,

2 and 3, (7) metal tank, (8) Adjustable overflow
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Fig. 3. Using a monitor connected to the storage device to view
the captured images online
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(m)
Flow 2% 0.5 1.0 1.5
(cm)
12.5 36 34 38
15.5 37 37 38
18.5 41 27 45

Table.2. Calculated flow rate values in liters per second for the
depth of 12.5, 15.5 and 18.5 cm at different points (using a 20
pixel scanning window)
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Flow
depth (emy) 125 - =

Discha (Lit/S 385 38.5 38.5
rge ec)
Channe

1 width (cm)  60.0 60.0 60.0
Averag m/Se 54 0.41 0.51

e speed )
Froude _

Number 026 04 04
Reynol _ 400 420 430

ds number 00 00 00

Table.1. Hydraulic conditions of the tests performed in the
laboratory channel
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Fig. 4. The average surface velocity vectors of the flow in the
laboratory channel at a depth of 12.5 cm for two computational
grids of 15 x 60 points (image a) and 8 x 30 points (image b)
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12.5 15.5 18.5
(pixels)
10 35.8 30.6 -8.3
20 -6.5 -3.1 -2.1
30 -29.1 -13.5 -22.9
40 -47.3 -35.1 -34.3

Table.4. The relative error rate of the flow rate measurement
by the large-scale image velocimetry method in comparison
with the values of the electromagnetic flow meter
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Fig. 6. The absolute value of the relative error of the flow rate
measurement in the laboratory channel according to the
dimensions of the exploration window for different depths
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Fig. 5. Examining the effect of camera positioning (1) installation in the
center of the channel vertically (2) installation at the entrance of the
channel obliquely; Average flow surface velocity vectors in the laboratory
channel at a depth of 15.5 cm for two positions of the camera inclined
mode (3), vertical mode (4)
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Flow depth
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40 20.3 25 253

Table.3. The flow rate values measured by the large-scale
image velocimetry method in liters per second
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0.95 4.5 8.3 9.4

Table.5.The relative error rate of flow rate measurement by large-
scale image velocimetry method for different speed conversion
coefficients
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Abstract

Large Scale Particle Image Velocimetry (LSPIV) is an optical measurement technique that has gained
popularity in recent years due to its ability to estimate flow parameters such as discharge and velocity. In this
study, we investigated the influence of environmental parameters on the accuracy of LSPIV measurements in
laboratory-scale experiments. We conducted experiments in a laboratory flume with varying camera positions,
camera tilt angles, window sizes, and flow coefficients. We utilized image processing methods to calculate the
discharge and velocity fields and evaluated the accuracy of LSPIV measurements at different depths.

Our results showed that the optimal window size for LSPIV measurements was 20 pixels. This finding was
consistent with previous studies that demonstrated that larger window sizes can lead to underestimation of
velocity values due to the smoothing effect of the averaging process. A smaller window size helps in capturing
more details of the flow field, which leads to more accurate velocity estimation. Regarding camera position,
we found that tilted camera angles provided more accurate results compared to vertical camera positions. This
finding was attributed to the fact that tilted cameras can capture more particles and have a better view of
the flow structure, resulting in more accurate velocity measurements. This finding is consistent with previous
studies that have shown that the camera position and angle can significantly impact the accuracy
of LSPIV measurements. The flow coefficient is a dimensionless parameter that describes the relationship
between the velocity of the flow and the velocity of the particles. In our study, we investigated the influence
of the flow coefficient on the accuracy of LSPIV measurements. We found that the optimal flow
coefficient was between 0.85 and 0.90. Selecting an appropriate flow coefficient is essential for accurate
LSPIV measurements, and our findings are consistent with previous studies that have shown the importance
of selecting an appropriate flow coefficient. Furthermore, we evaluated the effect of the depth of the flow on
the accuracy of LSPIV measurements. Our results showed that LSPIV measurements were accurate at depths
of 12.5, 15.5, and 18.5 cm, with relative error values of 6.5%, 3.1%, and 2.1%, respectively.

These findings demonstrate the potential of LSPIV as an accurate and effective technique for estimating flow
parameters at different depths in laboratory and field-scale studies. Our findings can be used to optimize LSPIV
measurements in laboratory and field-scale studies. We highlight the importance of selecting appropriate
environmental parameters to obtain accurate LSPIV measurements and provide recommendations for the
optimal selection of these parameters. By selecting appropriate computational network, camera position,
optimal window size, hydraulic characteristics, and flow coefficient, the LSPIV system can accurately
estimate discharge and velocity values in laboratory conditions. Future studies can explore the influence of
other environmental parameters, such as lighting conditions and particle seeding density, on the accuracy of
LSPIV measurements.

Keywords: Flow measurement, particle image velocity measurement, open channel flow, CCTV, sensitivity
measurement
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