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Abstract

Mass flow rate measurement has application in many industrials, e.g., silos, ports, food, drug and oil-
gas industry. Mass flow sensors are used in cereal combine harvesters as well. Installed mass flow sensors on
the combine harvesters faced some problems such as; cost, precision, recalibration and sensitivity for
environmental conditions. So, introducing a new sensor based on a new technology would have potential for
future installations. A mass flow rate measurement sensor based on electrical capacitance tomography
constructed and evaluated in this research. Defining the best discretization method for solving potential
equations in FEM was the main objective of this research. Therefore, four discretizing methods were compared
and the results were evaluated from run-time and precision viewpoint. According to results, the finer elements
near the electrodes and increasing element numbers in such a way that don’t break the in-situ condition would
be the best cases. The ECT system with fine elements and mesh numbers of 2048 would be applicable for mass
flow rate measurement in combine harvesters.

Keywords: Mass flow rate, Electrical capacitance tomography, Field potential, Discretization, Finite,
element method.

sz Ol xSl shie 4 398 slo S I (S

—obeS 5l (B 09T 2 g 00d (ile 6yl lacnleS o D Ao !
b el )b B delio b ot Laailebes ol 4 e M (slo Seslainl b Jouamas o ,Shas oy > 4 VI Jogod (s () 5
FAPOURE I JAPSIRVE CINPSNC /S RV RCHE N -PK TIPE S I LY Bgbior JFUST 380 pé Djguo 4 (339 b x> (650l ailel
Uilie 3o Conglivo g a3 (308 (5588 ot § oslad yo oyl > 25T Wg—Boe 039 Ji97S ple (9l UL STy Gt e Olgrea

I (G ) S g5 s dble il ol 48 ks 39 4 e 5l 6 S ol dilebas (Lo cdST L
5,5 ey s lal S (F V) HUNE .ol agee (slaloyils Sl ale Sl ygme Olge (s 0 Shes (il Alslbn SH L
L %0 ¢l K alo b aledds! -l PRYSI 3% oSS
“o3lail (sl g 0092 (ECTY) (S6 oSl 531 (SIS g0g5 p (o &S ~ “5 ’SZT e mel W H@C‘:Fjswi
oolizsl 5,50 1Y CM L 4y glalg) o clalé olga o,z b2 (5565 25 plésl o ,Khes il sl mimagh 5 OFS v

adss elo a5 e Olwl o ol5] i s -L
GpSeslail o A8 I la el 5l S (pl o 285 18 TR RS Sl jo ol bodw p (e sl Ol >

Wome DS ISL gl wsg Sle ot CES L e Gl
Mokhtar . s .5 ojlal ailels oles (5,l00L g dlge Cusb, (slgime
Az 92 s BCT 2 2 e o gz QOB et Sox 5198l o0 oz SRSl (s py—iye nj5
245 el lolz o9 (B 5 sl ], Sy 2 Basu, ) 5515 caold 5 155,500 cmedinysS dn—2 {555 50
5059 1Y 3 b mlesl S slhas (2 5 alnil &5 Joame 59, 2019
Ol K 5l oolazul Ll ael cass & Joub BB s molis

Al slaolS g s pizmen g dme (5,5l JAd s 0 (i
w50y bz G S ol glaailelw asls Slgl 3 sles IS les
sl 5l (& i 558 mlico jo wluwl sla)lil 55>

! Electrical capacitance tomography


mailto::%20hmousazade@ut.ac.ir

Yo e CelB L Gl (B Sses 50 e il m3e g sai e b oy

& S ojlasl .(Shannon, et al., 2018) & .5 s ol |y poxe ol s
Asbal o5 035 (o> 3y5ln (e g, Su ECT (o
Sy 5eeZS b Gl o0 45 00,8 il ) alg) whafie mhaw I sies
M Jade dlg) ol o 0lge ¢S > e b (glald 0lge bgau
(V) adal) 511 ae 0 5l abais ya 50 M3S cans () ooy axils
Dged dawlxe
qi(t) = Vi(©).C;(0). 4, ")
2,0 C g MIS s sl dlge cepw Vo ] o &S
M? o glaio oluo A 5 selz Slge b glaie Sy
> 59 (V) alal) sl oolaul b (gl ald dlge sz o0 (585 ]
Sy s slp oS spmll JE> 5l eslainl b s asie M3/S
o g |y il aie Gl e camd FY - KGIM® sg0> puiS
boin cll> 18 coy> (00 6503103l a5 50 43 0gad s KOS
Ly, Lawgs glald slge (S5, b O, S pe Bl 5w S
S 090 GrSoilul b Ojganl e )0 0gd e el sattie
o0 Sl Jore 4 dily s el b VL gl S e
Sl 398 aluly i o yiege 3591 Cuwd @ 1) e s g5
o500 ECT 5l o)1 s (610 )55 0 45 Gl oxbans (S0 2oy
oS Yoana) K golans I ECT K SOV IS 3ollas 0
S o5l b a5 ot oS5 5 5 y90 adaie (yg0lpey 0 (302 18 |
) @) Slaly miSIl (523,35 o p0 ooy xSl G (355 s>
crd g e ) K JBI 50 39290 Slge g 0dged dnlxe
Jeily a5 S J51s (slad Yaore .S o (gisdins (25,35
VUSE ell rasS oo Segnile 1) 09 s dnlome G (S S
i ;0 G Sy g oad Jleel ol 99 58Ul a4 i 550 51y
g oxd Jlasl pgs Ko a5y g 095 o0 313 Laog Sl
Ol dgdoe S8 pgd 09 xSl Sl an glasg 2SI Sl eud b
Jlosl 5By (uil5 3025 o0 plonil 21 & oaile 09 2501 SG B il 8
Sy 4 Comlas bl 4y 5035 15,8050 03505t ;5 Ygens 0nd
Jlosl 55 .05 o0 oolitul S b jo " gy S 5l (e
&9 & dily w3 DC & j50 4 o 5 w3l AC (o0 il oo 00y
Ol 8l g ooy iSUl 516 o by a5 ot Jloel 51y
oS Canl pols  ( Sig S Ol o aia sl g yiSUL ol 51 25,5
Ceannd 33 5 ECT (glaailolus (6,153 o 5 iy -omass allie oyl B
oady S5 * ogSine 05501 5 Vsl 06801 lpie o g

! Non-invasive and non-intrusive

2 Process tomography

3 Electrical impedance tomography
4 Magnetic induction tomography
° Phantom

6 Shield

" Forward

8 Inverse algorithm

JJQ}QJ

obr @xSelul o a8 &5 glagdy) I (Sl o o
S g0 5l oolanul cul 418 3 108 ax 55 5 j50 e (e 0y
Ol w05 | puilal e 5 6358t B9y (el (S Sl 55
SIS rizres g dse g AL 3929 Jparme Cusb) ol
9 009 US’“)‘ CT 6)5L_9 uul.w‘ » GM ‘59‘).?5409.1 .G)L) Lgr..os
e slaailp (Jls jl8) ales sl 1y (kg G, sl B
Jo (SopSIl elss S0l (e Gy, 0l 055l 50 ol
ool (MITH Sl 5 EIT?) wilosl (ECT) S5 cud b
T VAAL Loy sunld 81,8 9eg5 o0yl (2011 Shafquet, )
s )5 Lo wliw ECT (5,4L8 (Zhang & Wang, 2009) o
é)a)lS‘;le LsLlML».uo)j GLHA)OB o009 ‘5‘ A.a...u) w@‘;}n}v
GrSolail bg, o ECT adly ,o .(Marashdeh, 2006) ol
Sl ol el ghate s Sl (6 pgeai ol (6l (65985 8
v, (Zheng, et al., 2018) ol 538 Wiz oyl o S xSUlgo
sl b e b end o)) L 31,5 5055 (5,58 S, ECT
b olgss &8 @laply> 5l (Fp Sl 095 e g (puled s
Jbw 99 S5 O hassle ol 13 il 0550 ECT (g5l
S8 g sl olge by (F g, 9 o (F 55 L Jlew (F il
.(Shaib, et al., 2011)

el g gilwab ( 2hb Gaiss ol S Gus opl by
ECT , o slals olge o, b,z (5,5 05005] ailols S
yekite 4 O sloplaeS o ol s i Ll g
el 55 sl oa csls  gladils oz T (6,505l
G Ayl ghate mhw gan e il sla by, 2 $eiod
Otpmwbio o05g] Cws 4y jelaie 4y ool il slaasls

Ll S oles 28 a3l g ol Sgeg pgal

gy 9 g -¥

Slge 0y (20 syt eSS gl il slads,

Jeame g6 4 Lolul o Sae by g8 2010 0929 ool cllo
J.».J)L..C 0 e ubj.})i....}u’l.o‘&ysé o)lo‘;.m.;ow w‘df
S ST b 0 e Tl | 0y i oS o S




VFe¥ JL...:/\ O)Ln.m/\ ojjol‘_g))juuwlﬁlio cb).....u

. 5‘5’).'0 so.)‘)' e a Y7

odiw B jlae ol o iy CBs wiejli g 4l alS lagal
4 ECT slo ailelus ol jlows colas @ az g5 b ol 0065
2 e 5 S | sk sl S5 e s 5
l!béj)li.” 99 J.L.M: U‘?":’ Cod o w}: ;_i; 6&)—\.?0)‘&.)\4‘ FH I W
Sisle JolS aledlbl 09l oo (O)) ey Jlasl 5 oals oapiS
30,158l Corw LS le 5 Jled e g Jled slrog iSTl oluss e K>
PS5l K 2yl jekiie 4 0ed co piiie (5,500 DYlae LJB

A oolatuwl digel

Sis 15 oRtlej o ot il ECT Sm 1 S 15
pll jekiie 4 Kuo (pl cwl oads cols plas ol oRils
Yo M i 4y g PVC uin 51 bl slaly) 5l ot aisl S
S5 el S sloalia 5o JUl (slal) 15 & S0 oS
) ooy 1S alols calg) a5 il b el 55 4 a3 sl o0
597250 35 o 3l L Al & g U g a3l sl Sotan
55 4 YU Connd s ) S ennd Ly 250! alols L

o 39 5 S
oaisS” &l,8 glwo ,xsUl D

Ot 42 s Gy \5)—:-'? °,‘\l‘4-;‘ A

(e o) (P Lo3T (b)) 1y o did b ySws 9 (el y o) ECT 0 ,5os o4l9z yb —) S

Fig 1. Schematic of ECT operation (right) and the sensor developed in the lab for evaluation (left)
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Fig 2. Discretizing the region of interest; a) common method, b) loops rotation, ¢) meshing back region of
electrodes and d) small meshes in the proximity of electrodes
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Fig 3. Field potential for discretizing of four evaluated cases
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Fig 5. Run-time for one frame in four evaluated
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