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Fig. 1. (a) Experimental setup, (b) Schematic of the
setup: 1. Temperature sensors, 2. Flow rate measurement
location, 3. Electrodes location, 4,5. Electrical power in/
out
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Table 1. Physical properties of the used fluids
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Fig. 2. Arrangement of the electrodes in the setup
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Fig. 3. Flow rate versus applied voltage for film thickness : (a) n-hexane, (b) n-decane
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Fig. 4. Flow rate versus applied voltage for film thickness : (a) n-hexane, (b) n-decane
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Fig. 6. Heat transfer rate versus applied voltage for film thickness : (a) n-hexane, (b) n-decane
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Fig. 7. Heat transfer rate versus applied voltage for film thickness : (a) n-hexane, (b) n-decane
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Table 4. Nusselt number enhancement for C2 in comparison with C1

(1) Gl 3l cy i old Calses ools g9
ol F il az 0 FO slos ol 5 il az 0 YO sleo (o sko)

OYAIA FYVIF ¥
SYE/IA A£O/2 5 oiSa- e
FENY IRA A A
Va¥/y OFAIY ¥
YVeY YAY 4 oBe-Jley
YEYIY OOB/F A

&S aomis - ¥

39 S5 oy Sams 53 oS JUES) 35nge 55l mg, 5
(S S 25wl Golite (S5 sla S b S Sl Sl
Olis @l 85 )13 )0 05590 (258 Oygot Cx i) 5 JB
EURNEX N

$lp JBB yo Lys Jasl 5 by o0 (asin 5y S o

S als S obnl Cogar cel a5 ol liRa- oy sl Ser S o0

S YL polae (o Jloy gl g oo brog xSUl (Sluan

Wyl Glgieds aisS o Jas cdins alS Jolse lgiea c> i) g

Sloe!l 55 o5 ol az 0 YO sbes jo o Juo § Cales (6l

c e o Jly s lSe-Jlep ln ghz @ «dggksS F
Al oo 4l I L VEY s ONA Ll

Jbw (20 Lialidl el )5 slos iolidl as 598 o comlive

YL slales jo coi g I polie als cde 4y 05h o0
4 e a5) og iSll Slawa 0 baals 3 e85 > Lo il
e (i i s st 1 (ysm JUS 5o Jlow
o Lo i M cde 4 gYL slales jo Lo,F Jlas! a5 el
Fowbes sy (Jle glgea ab oo (iali8l laos 5 bo)S e
a0 FO 4 YO 5l Lo ilidl ccdgelS & Jlasl 5Ly 5o i dos
2l oe-Jloys g olKe-Jl s slp b5 Jlasl Kl ol 5 sle

yuy

4,0 YO 5,15 sloo 5 2dgol S 7 Jlosl 515 j0 50 Jle 5 (6l
age A g P e e ¥l ol Calis ialisl ol 5 il

223 oo Gl BIYYIY% o YAY% (e a0 o 5 |y il sae

aS cwl pl o S o ain ipl (0 a5 age s alins
=P BB by (V o) 09 xSl slyls isn jo cdli sae polas
2l e () (o) 99580 g ;00 (25w 53 abgyye polie 51 SVL
Lawolie ;o V¥ ow adls jo cdubisae Gislidl oaias Lis ¥ Jeus
old Sl o gl ll aiinn wo o mls ol ) gw Sl
el 00 0851 Jga 10 Siglite 5,5 slakes ;o

YO 5 Y0 6,15 slales (sl Gl Bl ain R Jlo 5 sl
Aiboe PENT% o Vo ¥4/2% Wl cwi @ ol 5 asle ax 0
&8 slobes gl Galidl oo aien (- Jboy sl Geizren
odalice a5 jsbyles .ol YIVEYYL § YIOPAT ) 4 00 S
sles 5 ol alizee slacwlns slas gl Clul sae ol o
sabolonl aiad] b b, Judoas cpl .l 4Bl iolj8l o SIS
1o & Jlow ol Loy JUE! o el ooy U1 Solcan 3
L ol annlio g LyS JUl ogugs (g2 0000 Giol¥l 1) laime
ool Copmtl oS Jlal Jlab it 5 Jlab slogts; plo 3,Shas
Olpeds (S Sl aile) slacey 5l oslaial sl sty Slllas
Ao oo olis 1) LS sl



VEY e B VSV dbo MY oo JL.: &y b)u QY 0y9d ;)....5).:.91 «&u&n L;""'“\“‘Q(" A_v).u.u

&Lw -fF

[1] D.S. Cho, S. Kang, Y.K. Suh, Development of
a  bi-directional pump:

simulation

electrohydrodynamic
Parametric study with numerical
and flow visualization, Advances in Mechanical

Engineering, 8(6) (2016) 12-34.

[2] J.  Melcher, Continuum electromechanics
(Cambridge, MIT press, 198 (1981) 3.1-3.26.

[3]M. Jafari, E. esmaeilzadeh, N. Farrokhi, Experimental
Study of the Effects of Fluid Physical Properties
on Conduction Pump Performance, Amirkabir
Journal of Mechanical Engineering, (2019) - DOI:
10.22060/MEJ.2019.14866.5961 (in Persian).

[4] P. Atten, M. Haidara, Electrical conduction and
ehe motion of dielectric llquids in a knife-plane

electrode assembly, IEEE Transactions on Electrical
Insulation, (2) (1985) 187-198.

[5]J.Bryan,J. Seyed-Yagoobi, Analysis of 2-dimensional
flow field generated by a 1-electrode-pair ion-
drag pump, IEEE Transactions on Dielectrics and
Electrical Insulation, 1(3) (1994) 459-466.

[6] J.M. Crowley, G.S. Wright, J.C. Chato, Selecting
a working fluid to increase the efficiency and
flow rate of an EHD pump, IEEE Transactions on
Industry Applications, 26(1) (1990) 42-49.

[7] W.F. Pickard, Ion drag pumping. I. Theory, Journal
of Applied Physics, 34(2) (1963) 246-250.

[8] K. Brand, J. Seyed-Yagoobi, Effect of electrode
configuration on electrohydrodynamic induction
pumping of a stratified liquid/vapor medium,
IEEE Transactions on Industry Applications, 38(2)
(2002) 389-400.

[9] J. Seyed-Yagoobi, J. Chato, J. Crowley, P. Krein,
Induction electrohydrodynamic pump in a vertical
configuration: Part 1—Theory, Journal of Heat
Transfer, 111(3) (1989) 664-669.

[10] A. Washabauch, M. Zahn, J. Melcher,

a3 oo Gl AYIVE 5 Ve VY% oty e 5 s ¥ (o Sl

slalos g Jlow pld alize slacwles plod gl cdul sae

Il s 5 1 5 S 550 il amy 3 el b s 8
oo g xSl Soluad ;o azais] )b, sloul 51 LU ol aS ol aidly
Sl ygleS B Jlael 5y 5 el t i (ol il o
olixe-Jlo s sl 1y cdol sae wl 5 il ax,0 FO 4 Y0 5l Lo
VeSIV g AYYIN% o3l s 5 4 ¥ o <> o -5 g

IREX g ¢
ke Cow 548 -0
oo b olad ;o ohed o 4
35 2SI gy i “
595801 sl,ls i ©
oy b )S ed)b K
JUB (Sdgyans s d,
Sl e S E
ST Sy 1.
u#ujfcjﬁLﬁ)%ﬂfb h
LS JUsl oo o k
g 6 lulas Saal culs ky
baoyse oS 3k Saml et k
Jbw o2 (o0 U
el sae Nu
S qam (S 1
odbdmle yuxie Cusdad pac SR
Je sles T
b 0355 slos :Sike L
L glos T,
e S atuive Coakad pae X,

00 (6 3 0l

g e
S (o23,38 ¢
Jow S ?

Y UA



VPV BAFY dorao VY e Jlo oF ojlasd Y 090 ¢ pusS yuol SOl wiins 4 puis

Distinctive flow properties of liquid jet generated
by EHD pump and conical nozzle, Electrical
Engineering in Japan, 154(1) (2006) 9-19.

[19] M.A.W. Siddiqui, Experimental Study of Stratified
Liquid Film Pumping with Electric Conduction
Phenomenon, Illinois Institute of Technology,
2006.

[20] M. Yazdani, J. Seyed-Yagoobi, Electrically
induced dielectric liquid film flow based on electric
conduction phenomenon, IEEE Transactions on
dielectrics and electrical insulation, 16(3) (2009).

[21] M. Hojjati, E. Esmaceilzadeh, B. Sadri, R. Gharraei,
Electrohydrodynamic conduction pumps with
cylindrical electrodes for pumping of dielectric
liquid film in an open channel, Colloids and
Surfaces A: Physicochemical and Engineering
Aspects, 392(1) (2011) 294-299.

[22] M. Hemayatkhah, R. Gharraei, E. Esmaeilzadeh,
Flow pattern visualization of liquid film conduction
pumping
Experimental Thermal and Fluid Science, 35(6)
(2011) 933-938.

using flush mounted electrodes,

[23] N. Nourdanesh, E. Esmaeilzadeh, Experimental
study of heat
electrohydrodynamic

transfer enhancement in
conduction pumping of
liquid film using flush electrodes, Applied Thermal

Engineering, 50(1) (2013) 327-333.

[24] M. Yazdani, J. Seyed-Yagoobi, Effect of charge
mobility on dielectric liquid flow driven by EHD
conduction phenomenon, Journal of electrostatics,
72(4) (2014) 285-294.

[25] R. Gharraei, M. Hemayatkhah, S.B. Islami, E.
Esmaeilzadeh, An experimental investigation on
the developing wavy falling film in the presence
of electrohydrodynamic conduction phenomenon,
Experimental Thermal and Fluid Science, 60
(2015) 35-44.

[26] A. Sobhani, S. Nasirivatan, R. Gharraei, E.
Esmacilzadeh, Experimental investigation of fully

y 4

traveling-wave pumping

of homogeneous semi-insulating liquids, IEEE

Electrohydrodynamic
transactions on electrical insulation, 24(5) (1989)
807-834.

[11] M.
Electrohydrodynamic induction pumping of a

Wawzyniak, J. Seyed-Yagoobi,
stratified liquid/vapor medium in the presence of
volumetric and interface electric charges, IEEE
Transactions on Industry Applications, 37(4)
(2001) 950-958.

[12] R. Hanaoka, 1. Takahashi, S. Takata, T. Fukami,
Y. Kanamaru, Properties of EHD pump with
combination of rod-to-rod and meshy parallel
plates electrode assemblies, IEEE Transactions on
Dielectrics and Electrical Insulation, 16(2) (2009).

[13] R. Hanaoka, S. Takata, M. Murakumo, H.
Anzai, Properties of liquid jet induced by
electrohydrodynamic pumping in dielectric liquids,
Electrical Engineering in Japan, 138(4) (2002) 1-9.

[14] S.-I. Jeong, J. Seyed-Yagoobi, Experimental
study of electrohydrodynamic pumping through
conduction phenomenon, Journal of Electrostatics,
56(2) (2002) 123-133.

[15] R. Raghavan, J. Qin, L.Y. Yeo, J.R. Friend, K.
Takemura, S. Yokota, K. Edamura, Electrokinetic
actuation of low conductivity dielectric liquids,
Sensors and Actuators B: Chemical, 140(1) (2009)
287-294.

[16] S.-1. Jeong, J. Seyed-Yagoobi, P. Atten, Theoretical/

numerical  study of  electrohydrodynamic
pumping through conduction phenomenon, IEEE
Transactions on Industry Applications, 39(2)

(2003) 355-361.

[17]P.Atten,J.Seyed-Yagoobi,Electrohydrodynamically

induced dielectric liquid flow through pure
IEEE
and Electrical

conduction in point/plane geometry,
Transactions on Dielectrics

Insulation, 10(1) (2003) 27-36.

[18] R. Hanaoka, H. Nakamichi, S. Takata, T. Fukami,



VEY e B VSV dbo MY oo JL.: &y b)u QY 0y9d ;)....5).:.91 «&u&n L;""'“\“‘Q(" A_v).u.u

fluid using electrohydrodynamic conduction pumps
concept, Applied Thermal Engineering, 157 (2019)
113711.

[31]R.C. Reid, Tables on the Thermophysical Properties
of Liquids and Gases. NB Vargaftik, Halsted Press,
Division of John Wiley & Sons, Inc., New York,
August, 1975. $49.50, 758 pages, AIChE Journal,
21(6) (1975) 1235-1235.

[32] O. Gzowski, Mobility of ions in liquid dielectrics,
Nature, 194(4824) (1962) 173-173.

[33] J. Bryan, J. Seyed-Yagoobi, Experimental study
of ion-drag pumping using various working fluids,
IEEE Transactions on Electrical Insulation, 26(4)
(1991) 647-655.

[34] R.J. Moffat, Describing the uncertainties in
experimental results, Experimental thermal and
fluid science, 1(1) (1988) 3-17.

developed falling film flow in the presence of
conduction pumps, Journal of Electrostatics, 73
(2015) 71-79.

[27] M. Yazdani, J.S. Yagoobi, The effect of uni/bipolar
charge injection on EHD conduction pumping,
Journal of Electrostatics, 75 (2015) 43-48.

[28] M. Mirzaei, M. Saffar-Avval, Enhancement of
convection heat transfer using EHD conduction
method, Experimental Thermal and Fluid Science,
93 (2018) 108-118.

[29] Y.K. Stishkov, S. Vasilkov, D. Nechaev, The
structure of field-induced near-wall charged layers
arising in weakly conducting liquids near the surface
of solid dielectrics, Journal of Electrostatics, 94
(2018) 44-50.

[30] N. Nourdanesh, S. Hossainpour, E. Esmacilzadeh,

Experimental investigation of heat transfer

enhancement in an open-channel flow with dielectric

Mech Eng., 53(3) (2021) 1607-1620.

DOI: 10.22060/mej.2019.16182.6297

M. Jafari, E. Esmaeilzadeh, N. Farrokhi, Experimental Study of the Effects of Fluid Physical
Properties and Working Temperature on Heat Transfer in Conduction Pump, Amirkabir J.

yire



