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ABSTRACT: In the current paper, heat transfer in conduction pumping of n-hexane and n-decane
dielectrics (as working fluids) using flush electrodes is investigated by conducting experimental tests.
The Study has been carried out for different fluid film thicknesses and variable applied electric voltage,
and the effects of various parameters such as physical properties (ion mobility difference, density and
viscosity), as well as fluid working temperature on heat transfer performance of the conduction pump
have been investigated. The results show that higher ion mobility difference, as well as lower density

and viscosity, increases the flow rate and heat transfer in the conduction pump, due to the improvement  Keywords:
of the vortices formation in the vicinity of the electrodes. Moreover, it significantly increases the
heat transfer in the pump by creating turbulent flow around the electrodes. On the other hand, higher
operating temperatures enhance the flow rate and heat transfer due to decreasing density and viscosity
and also increasing the temperature gradient between the source and the destination of heat transfer. The

intense heat transfer enhancement by using the conduction phenomenon compared to the ordinary fluid

Electrohydrodynamic
Electrical conduction pump
Ton mobility difference
Pump characteristics

flow pumping through a simple duct (having no electrodes) is seen for all film thicknesses and working
temperatures. Maximum observed enhancement of Nusselt number for n-hexane and n-decane are equal

to 1041% and 568%, respectively.

1. Introduction

Applying electric field to a dielectric fluid medium causes
mechanical body-force, which can create fluid flow at some
conditions. This phenomenon can be used in many applications
such as mass transport, heat transfer, liquid film pumping
and electronic device cooling. ElectroHydroDynamic (EHD)
pumps are mostly categorized in three types based on the way
they form free charges: ion-drag pumps, induction pumps
and conduction pumps. Conduction pumping phenomenon is
based on the dynamic equilibrium of molecules dissociation
and recombination of the ions generated from dissociation,
which is a suitable pumping mechanism for homogeneous
and isothermal fluids. Eq. (1) shows the mentioned dynamic
equilibrium for conduction pumping [1]

A'B <454 +B M

wherek_, k, are constants of dissociation and recombination
rates, respectively.

From the different types of electrohydrodynamic pumps,
Conduction pumping is a relatively new field among EHD
topics. Jeong and Seyed-Yagoobi [2] began the studies about
pumping of dielectric fluids by conduction phenomenon, and
investigated conduction pumping performance. Atten and
Seyed—Yagoobi [3] presented a simple model of conduction
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with its corresponding numerical model. They used different
electrode types and dielectrics. Yazdani and Seyed—Yagoobi
[4] numerically investigated the effects of conduction on flow
of liquid film. They observed that for the flush electrodes,
difference between the width of the electrodes leads to
net flow of liquid. Hemayatkhah et al. [5] experimentally
investigated the flow pattern of the electrical conduction pump
with flush electrodes, and presented their results about the
location and situation of eddies creation in the vicinity of the
electrodes. Nourdanesh and Esmaeilzadeh [6] experimentally
investigated heat transfer in electrical conduction pump with
flush electrodes for kerosene. They reported that by applying
electrical field heat transfer was enhanced significantly.
Gharraei and Esmaecilzadeh [7] numerically simulated
conduction pump with flush electrodes, and compared the
results with the experimental results, which showed proper
conformity.

To the best of the authors’ knowledge, there has been
no study working on the simultaneous effects of changing
working temperature and using different dielectric fluids on
heat transfer and heat transfer enhancement in conduction
pumps. In the current study, effect of parameters such as
working temperature of the system and applied voltage for
two different dielectric liquids (n-hexane and n-decane) on
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heat transfer enhancement of the conduction pump with flush
electrodes is experimentally investigated. It is obvious that
using electrical conduction pumps can be very useful because
of their unique characteristics such as the lack of moving
parts. On the other hand, these pumps can be used in certain
applications to enhance heat transfer. The combination of
good hydrodynamic performance and excellent heat transfer
characteristics will make conduction pumps more applicable
in future.

2. Methodology

The setup has a loop-shaped channel with its floor made
of polyethylene and walls made from plexiglass. The loop
consists of two direct sections and two curved sections. One
of the direct sections has the flush electrodes mounted on
it, while the other one is the place where measurements of
flow velocity are performed. Under the surface of the two
curved sections, heaters are embedded to create the ability
of changing fluid temperature. Average temperature of
the fluid in the channel is measured by using temperature
sensors. Measurements accuracy for temperature, film
thickness, applied voltage and electrical current are +0.03°C
, 0.2mm, 1V, +InA, respectively.

3. Results and Discussion

In this section, electrical conduction pumping of two
different dielectric liquid films in an open channel using
copper flush electrodes is investigated, and the effect of
liquid physical properties and temperature of the dielectric
liquid on heat transfer enhancement of the pump is discussed.
With the heat transfer coefficient known, the Nusselt number
is obtained as follows:

k
where %, d, and k are heat transfer coefficient,

hydraulic diameter of the channel and the thermal conductivity
of the dielectric fluid, respectively.

The Nusselt number variations for the film thickness
are shown in Fig. 1. As can be seen, the applied voltage
increases the Nusselt number. In almost all cases, n-hexane
exhibits a higher Nusselt number than n-decane, which is
due to its physical properties. As explained earlier, higher
ion mobility differences and lower viscosity and density
cause n-hexane to form stronger vortices near the electrodes.
The created vortices, in addition to creating the flow in the
channel, also increase the heat transfer due to their turbulent
nature. Maximum observed enhancement of Nusselt number
for n-hexane and n-decane for the film thickness are equal
to 677.6% and 568.2%, respectively. Moreover, higher
operating temperatures increase the Nusselt number further.
For a thickness of at the operating voltage of 6 kV, increasing
the temperature from 35°C to 45°C increases the Nusselt
number for n-hexane and n-decane in case C2 by 133.1% and
104.7%, respectively.

4. Conclusion

The current study experimentally investigated enhancing
heat transfer by using electrical conduction pumping of two
hydrocarbon dielectric having different properties such as ion
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Fig. 1. The Nusselt number changes with applied voltage for film
thickness : (a) n-hexane, (b) n-decane

mobility, density and viscosity. Results show that:

- At a given voltage, flow rate and heat transfer in the
channel are higher for n-hexane. This is due to the higher
value of ion mobility difference for n-hexane which improves
the vortex formation in the vicinity of the electrodes. For
n-decane, higher density and viscosity also act as decreasing
agents.

- It is observed that increasing the operating temperature
increases the flow rate. Due to the decrease in density and
viscosity at higher temperatures, the increased temperature
facilitates the vortex motion (which results in fluid flow in
the channel) in the vicinity of the electrodes. It is also evident
that heat transfer at higher temperatures increases due to the
higher temperature difference between the heat source and
the surroundings.

- The Nusselt number is significantly increased for all
different thicknesses of the fluid film and also operating
temperatures by the use of electrical conduction pumps,
which is due to the creation of turbulence in the vicinity of
the electrodes. For a thickness of at the operating voltage
of 6 kV, increasing the temperature from 35°C to 45°C
increases the Nusselt number for n-hexane and n-decane in
case C2 by 133.1% and 104.7%, respectively.
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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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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. 5. Flow rate versus applied voltage for film thickness : (a) n-hexane, (b) n-decane
OB o-Jloy (@) ol55e-Jlo y (W) poro A caolisd gl (Jlosl 5Wy cons 1 Jlow (20 Ol i 0 S

Lo, JUiss! :¥—¥

ety 31 bl sloa 2 S Sl 5 Lo JUii Sia
1l o Cawd & 5
Se50s5 Jlow ez oz a0 i AT 5
o slos il 5 S50 Sl sty ol b s o JUIS o
ol (gl Lo J! Kzl ol s bl o Lo,8 Uil 1 b
1345 55 et sl o 08l Lt S 45 e lee B plid
Lo ys Jlasl Saal (al3dl corge 5y Gl wad oo snps S
5 ol (Fadl g Gl pedle Ly Gl L 0o, o
Fier e Jole 93 cnliaibioo IR 5 Loy S (Solunen
gdse Bkl glm ay S iSUlgs Sl 31 LeyS Jlanil Sinl o

5y S 5l s 3 ol o s aaS 0 (gl az ] asilen 4]

" s

ooyl azid] )l > 99 oo ogs gl Capndy «sasios Ly,

Yo it o LeyS Uil Sl s oy 2SIl (Soleas 5o

120 T T T T T T
2]
= = = 35°C,Cl ® e 45°C,Cl
g 90F o o0 35C,C2 & & 45°C,C2 .
o
< 60 A DA
A
t 30 | A A o © (o] -
S A DA . e ® g
:: 0 A A. [ ] i i g m § = § = 5

0 2 4 6 8 10 12 14

Applied Voltage (kV)
(<)

Heat Transfer Rate (J/s)

3 oadolml glals 5 cS > YL (0,58 sl wiin
 osder JUB 5o Jlw bz 4 oo o5 laog 38Ul & jglne
«dgol S # Jlesl 5Ly j0 yie oo ¥ Calies (gl i8S oo St
e sl ol o T ey T 4 Y0 51 Ly
YE/IV% 4 YOI% ojlaslas cud b s s 1) 5= Jleyi g o35

slatulbis sln by (00 Sldi w5 40 5 T ladss

s52g b a5 sl e amo e Lt |y siedee A 5 8 olid
L e ol s edlion VL mlo 550 Glagkd oo a5
ST (2 09l on yiiar Ol alale mhaw old Culs il
Teoy oo T owlis 9y90 )3 45 jeblen abise (IF
Ol @0 sl el s )5 les o)lge plod ;o 0l ools
S e oo (LA 1) VL (20 Ol Jlo g icnl 2 ogdle 095 o0

ol 00l 00l o) 595 5 e

240 T T T T T T
= = 35°C,Cl1 e e 45°C,(ClI
180F o0 o 35°C,C2 & A 45°C,C2 7
120 | B
A
A A A A
A B
60 F A A A o © ° 5 o -
A 500 ° (2 e & 0o © o
0 § 9 e p o228 0 5 ww
0 2 4 6 8 10 12 14
Applied Voltage (kV)
(&

Fig. 6. Heat transfer rate versus applied voltage for film thickness : (a) n-hexane, (b) n-decane
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Fig. 8. Heat transfer rate versus applied voltage for film thickness : (a) n-hexane, (b) n-decane
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Fig. 9. Heat transfer coefficient (with the corresponding uncertainty values) versus applied voltage for film thickness :
(a) n-hexane, (b) n-decane
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Fig. 11. Nusselt number versus applied voltage for film thickness : (a) n-hexane, (b) n-decane
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Fig. 12. Nusselt number 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
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