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Abstract

In this paper\ results of an experimental study on the EHD!assisted external condensation of R!023 over a plain tube
will be presented and discussed[ The experiments performed can be divided into two groups] "0# EHD!assisted external
condensation on a vertical smooth tube and "1# EHD!assisted external condensation experiments on a horizontal smooth
tube[ In each case\ experiments were conducted as a function of parametric values such as heat ~ux\ electrode gaps and
applied electric _eld potential[ All of the experiments were conducted using a specially designed helical electrode and
with R!023a as the working ~uid[

Experimental results demonstrate a remarkable potential in utilizing EHD to enhance external condensation heat
transfer[ It is concluded that the enhancement is driven by the e}ective removal of the condensate through EHD!induced
liquid extraction and dispersion phenomena[ Þ 0887 Elsevier Science Ltd[ All rights reserved[

Nomenclature

A heat transfer surface area
cp speci_c heat
D diameter
` gravity
h averaged heat transfer coe.cient "based on averaged
temperatures#
hfg latent heat of evaporation
I heater current
Ie applied EHD current
k thermal conductivity
L test section length
P pressure
Q heat transfer rate
q heat ~ux
T temperature
V heater voltage[

Greek symbols
a EHD power consumption ratio
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G mass ~ow rate
h enhancement factor
f applied EHD voltage[

Subscripts
9 base case
EHD electrohydrodynamic
l liquid
max maximum
opt optimum
sat saturation
v vapor
w wall[

0[ Introduction

Utilization of electric _eld to enhance external con!
densation heat transfer has bene_ted from signi_cant
progress in recent years[ According to works by Didkov!
sky and Bologa ð0Ł\ Yabe et al[ ð1Ł\ Sunada et al[ ð2Ł and
Yamashita and Yabe ð3Ł\ condensation heat transfer was
signi_cantly improved by EHD for a variety of working
~uids such as R!002\ R!012 and other organic substances[
A prototype EHD condenser was successfully built and
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tested by Yamashita et al[ ð4Ł[ Their experimental results
further demonstrate the feasibility of implementing EHD
technique in a practical heat exchanger[ With the concern
of ozone depletion\ R!023a is considered to be an
environmentally friendly alternative to the commonly
used R!01[ However\ none of the previous works tested
R!023a for external condensation with electric _eld[ The
objectives of the present experiments were "0# to identify
the potential of EHD heat transfer enhancement tech!
nique on external condensation with R!023a in both ver!
tical and horizontal tube orientations\ "1# to gain a better
understanding of the heat transfer enhancement mech!
anism and "2# to quantify the e}ects of the parameters of
interest on EHD!assisted external condensation[

1[ Experimental apparatus and procedure

1[0[ Experimental apparatus

A new experimental setup was carefully fabricated to
conduct external condensation experiments under the
EHD e}ect[ The setup had several main design features]
it was capable of conducting experiments for external
condensation in both vertical and horizontal orien!
tations\ it enabled the performance of ~ow visualization
studies and it was equipped with computerized control
systems[ The schematic diagram of the setup is shown in
Fig[ 0[ The major components included the test section\
the condensation chamber\ the computerized environ!
mental chamber temperature!control unit and the com!
puterized condensation chamber pressure!control unit[

1[0[0[ Environmental chamber temperature control unit
As shown in Fig[ 0\ the condensation chamber was

housed in an enclosed space "environmental chamber#
where its temperature was regulated by an environmental
temperature control unit[ The control unit consisted of a
R!01 refrigeration loop\ a resistive heater and a computer
interfaced feedback system\ so that it was capable of
providing cooling or heating depending on demand[
Thermocouples were placed inside the enclosed space to
record the average environmental chamber temperature[
Based on readings of thermocouples\ the computer sent
on:o} control signals to the refrigeration unit and the
heater[ Typically\ the system could monitor the environ!
mental chamber temperature within 29[3 K[

1[0[1[ Condensation chamber
The main body of the condensation chamber is shown

in Fig[ 1[ It consisted of a cylinder shell and two alumi!
num square ~anges[ The cylinder shell was made of tem!
pered glass\ which could sustain up to 578[4 kPa "099
psia# in pressure[ It had an inside diameter of 016 mm
"4[99ý# and a wall thickness of 8 mm "9[24ý#[ The ~anges
were tightened against the cylinder shell by four stainless

steel rods\ each having a diameter of 08 mm "9[64ý# and
a length of 270 mm "04ý#[ Both the upper and lower
~anges had dimensions of 067×067×40 mm
"6ý×6ý×1ý#[ Gaskets made of Te~on were placed in the
junctions between the ~anges and the edges of the glass
cylinder to prevent refrigerant leakage[ The inside sur!
faces of the ~anges were covered with 6[9 mm "9[17ý#
thick plastic sheets\ giving additional thermal resistance
to heat transfer[

Two access valves were installed on the condensation
chamber\ one on the upper and the other on the lower
~ange[ They were mainly used for refrigerant charging
and discharging purposes[ Also mounted on the ~anges
were the cartridge heater\ the applied EHD voltage con!
nection and the measurement devices\ including the
pressure transducer and the probe for saturation tem!
perature measurement[ Refrigerant vapor was generated
from the cartridge heater that was submerged in the liquid
pool as shown in Fig[ 1[ The amount of heat input from
the heater was controlled by a variable transformer[ As
a safety precaution\ the condensation chamber was
equipped with a relief valve and a pressure switch[ If the
chamber pressure were to approach its design limit\ the
relief valve would open and the power to the heater would
be switched o} automatically[

1[0[2[ The test section
In this experiment\ a smooth tube with a nominal diam!

eter of 08 mm "9[64ý# and a length of 199 mm "6[8ý# was
used[ As shown in Fig[ 2\ 8 thermocouples "T!type# were
mounted on the inside wall of each tube for wall tem!
perature measurement[ They were placed at 2 axial
locations at 40 "1[9ý#\ 091 "3[9ý# and 043 mm "5[9ý# along
the test section tube[ At each axial location\ as depicted
in Fig[ 2\ three thermocouples were evenly distributed\
019> apart from each other[ Heat removal from the test
section was done with chilled water from a separate water
chiller[ An annular water passage was used in the test
section tube to provide more uniform cooling for the test
section[

1[0[3[ The electrode
In the present work\ a specially designed helical elec!

trode was developed for EHD!assisted external con!
densation[ The new electrode implements a continuous\
multi!step helical!mesh structure which combines the
advantages of conventional mesh and helical electrodes[
In addition\ the electrode is installed with promoters\
which help in initiating the extraction of liquid conden!
sate[ Details of the electrode structure can be found in
Cheung ð5Ł[

1[0[4[ Pressure control system
The pressure inside the condensation chamber was

maintained by removing a precise amount of heat from
the condensing tube[ This was achieved by sim!
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Fig[ 0[ Schematic of the external condensation experimental setup[

Fig[ 1[ Details of the condensation chamber[

ultaneously regulating the water ~ow rate and correcting
the water temperature[ Water was chilled in a separate
chiller with 0[4 kW cooling capacity and circulated in a
closed loop manner by a water pump[ Two ther!
mocouples were submerged in the water pool to measure

the water temperature and the computer continuously
checked the temperature[ Utilizing the feedback loop
with on:o} signals to the chiller\ the unit maintained
deviations of water temperature from the preset value
within 29[1 K[ In addition\ a regulating valve\ assisted
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Fig[ 2[ Locations of the thermocouples[

by a stepper motor and a computerized control device
was installed in the water loop\ providing automated ~ow
rate adjustment[ Measurement of system pressure was
provided by a pressure transducer\ which had a working
range of 9Ð578[4 kPa "9Ð099 psia#[ The chamber pressure
control unit kept the saturation pressure in the chamber
within 29[234 kPa "29[94 psi# of the pre!determined
value[

1[1[ Test conditions for the EHD!assisted condensation
experiments

All of the EHD!assisted condensation experimental
data were collected using R!023a[ The saturation pressure
was maintained at 440[5 kPa "79 psi#\ which corresponds
to a saturation temperature of 07[7>C[ The SEC!990 elec!
trode was used for all experiments\ testing with di}erent
three electrode gaps[ For convenience\ other parametric
test ranges are summarized in Table 0[

1[2[ Experimental procedure

As in a typical condensation experiment\ the con!
densation heat removal rate was _xed\ and data were
taken at various EHD applied potentials\ ranging from
the maximum allowable level down to zero[ The exper!

Table 0
Test conditions for the smooth tube condensation experiments

Parameters Ranges

Working ~uid R!023a
Saturation pressure "Psat# 440[5 kPa
Electrode gap "de# 9[7\ 0[5 and 2[1 mm
Heat ~ux "q# 1599Ð38 999 W m−1

Applied voltage "f# 9Ð15 kV

imental procedure began by switching on the water chiller
and the water pump[ Then\ the power of the heater was
set according to the pre!determined condensation heat
rate[ Next\ the high voltage supplier was turned on and
the voltage potential was adjusted to the highest level to
be tested for the given experimental run[

The pressure of the condensation chamber was con!
trolled through the adjustment of water ~ow rate and the
water temperature entering the condensing tube[ In order
to obtain a more uniform test section wall temperature\
it is preferable to have a higher water ~ow rate\ which
gives a smaller temperature di}erence between the inlet
and outlet water temperature of the condensing tube[
Preliminary adjustments were done until the pressure of
the chamber stabilized to within 20[27 kPa "29[1 psi#
of the pre!determined value[ From then on\ the computer
took over and monitored the chamber pressure by adjust!
ing the water ~ow rate[ From previous experience\ it was
known that the computerized control device was capable
of maintaining a pressure tolerance within 29[234 kPa
"29[94 psi#[ In general\ it took about 3 h for the system
to reach steady state condition\ where the ~uctuations of
saturation pressure\ temperature\ and EHD current were
less than 20) for a sample period of approximately 4
min[ Once the system became steady\ data were taken for
the wall temperatures at the nine locations\ the vapor
temperatures and the EHD current[ Then\ the applied
EHD voltage was set to the next level and the above
procedure was repeated[

2[ Data reduction

In a closed system\ the heat removed from the test
section tube is equal to the heat input from the electrical
heater when the boundary of the chamber is considered
adiabatic[ Therefore\ with that assumption the con!
densation heat removal rate can be calculated as

Q � VI "0#

where V and I are the heater voltage and current\ re!
spectively[ The heat transfer surface area of the tube is
determined by

A � pDL "1#
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The wall temperature "Tw# is taken as an average of nine
thermocouples measurement

Tw �

s
8

i�0

Ti

8
[ "2#

Similarly\ the saturation temperature in the condensation
chamber "Ts# is evaluated as an average of the three
temperature readings]

Ts �

s
2

i�0

Ti

2
[ "3#

Consequently\ the EHD!enhanced condensation heat
transfer coe.cient "h# averaged over the test section
length is de_ned as

h �
Q

A"Ts−Tw#
[ "4#

Though not reported here\ similar results are obtained
when the local heat transfer coe.cients are linearly inte!
grated over the test section heat transfer surface[ The
enhancement factor "h# is de_ned as

h �
h
h9

"5#

where subscript h9 represents the case when the electrode
is not charged with the applied voltage[ The EHD power
consumption is determined by

QEHD � fIe "6#

where f and Ie are the applied electric _eld potential and
current\ respectively[ Finally\ the EHD power con!
sumption ratio "a# is de_ned as

a �
QEHD

Q
×099) "7#

where a quanti_es the ratio of electrical power consumed
by the electrodes relative to the test section heat transfer
rate[

3[ Experimental uncertainty analysis

The measurement errors for the condensation exper!
iments are summarized in Table 1[ Utilizing the propa!

Table 1
Experimental errors in the measurements

Measurement Error

Pressure "P# 29[00) of the reading
Temperature "T# 29[0>C
Applied EHD voltage "f# 29[0) of the reading
Applied EHD current "Ie# 29[0) of the reading
Heater voltage "V# 29[6) of the reading
Heater current "I# 29[0) of the reading

gation of errors principle\ the experimental uncertainty
of measuring the averaged heat transfer coe.cient "Dh#
was estimated to range from 20[6 to 206[2)[ Among
the parameters considered in the analyses\ temperature
measurements contributed the most to Dh[ When the
temperature di}erence "Ts−Tw# decreased\ Dh became
more signi_cant[ The lowest "Ts−Tw# usually took place
at the lowest applied heat ~ux[

4[ Results and discussions

4[0[ Base case data comparison

Base case "without electrode# external condensation
experiments were conducted on a smooth tube in both
horizontal and vertical tube orientations[ All experiments
were performed at a saturation pressure of 440[5 kPa "79
psia#[ The applied heat ~ux ranged from 2999 to 04 999
W m−1[ The objectives of the base case experiments were
_rst to establish a reference level against which results of
the later\ EHD!coupled experiments could be compared\
and second to verify the validity of the experimental
setup and procedure by comparing the results with those
available in the literature[ As shown in Fig[ 3\ our data
on horizontal condensation agree well with Nusselt|s
analysis\ with a maximum deviation of about 27)[

For the vertical smooth tube experiments\ the _lm Rey!
nolds number ranged from 9 to 299\ which indicates a
wavy!free laminar to a wavy laminar ~ow regime[ Figure
4 presents our experimental data together with the aver!
aged heat transfer coe.cients calculated by the cor!
relations from Nusselt ð6Ł\ Rohsenow ð7Ł and Kutateladze
ð8Ł[ It is shown that the experimental results compared
very well with those obtained from the correlations[ The
mean deviations of our data from Kutateladze|s corre!
lation\ Nusselt|s analysis and Rohsenow|s analysis were
within 26)[ The _ndings veri_ed the reliability and

Fig[ 3[ Base case "w:o electrode# comparison for horizontal
smooth tube external condensation experiments[
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Fig[ 4[ Base case "w:o electrode# comparison for vertical smooth
tube external condensation experiments[

accuracy of the experimental facility and the meth!
odology of testing and data analysis[

4[1[ Results of the vertical smooth tube experiments

The e}ect of EHD on the average heat transfer
coe.cient "i[e[ heat transfer coe.cient based on the aver!
age temperature# is shown in Fig[ 5\ where the data were
taken at a heat ~ux of 04 999 W m−1 and an electrode
gap of 2[1 mm[ It is clear that the heat transfer coe.cient
"h# increases for the most part nearly linear with the
applied voltage "f#[ This _nding is quite di}erent from
that of the EHD!assisted boiling experiments\ where
there is an optimum voltage at which the heat transfer
coe.cient is maximum ð09Ł[ In an EHD!enhanced boiling
phenomena excessive EHD force can dry out some parts
of the heat transfer surface\ decreasing the e}ectiveness
of heat transfer[ By contrast\ for EHD!enhanced con!
densation\ an e}ective heat transfer enhancement is

Fig[ 5[ E}ect of applied voltage on h for vertical smooth tube
external condensation[

associated with strong EHD body force to remove the
condensate from the heat transfer surface\ thus reducing
the overall thermal resistance and improving the heat
transfer coe.cient[ Accordingly\ it is preferable to have
a higher applied voltage in an EHD!assisted external
condensation\ which will provide a stronger EHD!
induced force to extract and remove more liquid con!
densate from the heat transfer surface[

Further analysis of the data in Fig[ 5 suggests that for
the particular electrode gap tested "2[1 mm#\ the heat
transfer coe.cient increases sharply after an applied volt!
age of about 4 kV[ Below this applied voltage\ the EHD
e}ect on further improvement of the heat transfer
coe.cient is minimal[ Flow visualization observations
also con_rmed that the EHD force began to extract the
condensate from the tube surface to the electrode at about
4 kV[ Consequently\ it is concluded that the reduction of
_lm condensate thickness contributes greatly to the heat
transfer enhancement in EHD!assisted external con!
densation[

Once the liquid condensate is extracted from the tube
surface to the electrode wires\ it is then removed by two
means] "0# the centripetal force created while the con!
densate sweeps along the helical wires and "1# the EHD!
induced liquid dispersion occurred on the electrode wire[
The former mostly occurs at low applied voltages "³09
kV for the present case with 2[1 mm electrode gap#[
However\ the latter e}ect becomes more dominant when
the applied voltage is higher\ allowing a strong electric
_eld intensity on the electrode\ thus enabling the dis!
persion process to take place[

Figure 5 also depicts the maximum heat transfer
enhancement obtained in the vertical smooth tube con!
densation experiments for the range of parameters tested[
Up to 519) increase in heat transfer coe.cient "which
is equivalent to a heat transfer coe.cient of 8399 W m−1

and an enhancement factor of 6[1# was achieved at an
applied voltage of 15 kV[ However\ despite the large
enhancement\ a negligible amount of EHD power was
required "only 9[95) of the heat transfer rate#[ Note
that the large dot in Fig[ 5 represents the heat transfer
coe.cient obtained when the electrode was removed[ It
was found that the presence of the electrode itself "with!
out the electric _eld applied# does not have signi_cant
e}ect on the heat transfer coe.cient[

In the present study\ optimization of the electrode gap
was primarily based on the heat transfer enhancement
and the EHD power consumption[ Figure 6 shows the
heat transfer coe.cients as a function of the EHD power
consumption ratio for three di}erent electrode gaps at
q � 04 999 W m−1[ Results indicate that the electrode
gap of 2[1 mm is the optimal among the three electrode
gaps tested[ To yield a given heat transfer coe.cient\ a
larger electrode gap requires a smaller amount of EHD
power[ Similar results are obtained at a lower heat ~ux
of 7999 W m−1\ as shown in Fig[ 7[ In addition\ both
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Fig[ 6[ EHD power consumption ratios vs h for the three elec!
trode gaps tested "qý � 04 999 W m−1#[

Fig[ 7[ EHD power consumption ratios vs h for the three elec!
trode gaps tested "qý � 7999 W m−1#[

_gures suggest that a larger electrode gap yields a higher
maximum heat transfer coe.cient "hmax# and a higher
corresponding enhancement factor "hmax#[ Both hmax and
hmax decrease by almost 36) when the electrode gap is
reduced from 2[1 to 9[7 mm[ Although the use of a smaller
electrode gap will decrease the maximum enhancement\ a
smaller gap requires a much lower applied EHD voltage[

For conventional "non!EHD# external condensation
on a vertical smooth tube:plate\ an increase in heat ~ux
in general decreases the heat transfer coe.cient\ due to
the increased condensate _lm thickness\ leading to a
higher thermal resistance for heat transfer[ This trend is
evident in Fig[ 8 where the heat transfer coe.cient as a
function of heat ~ux is depicted for three applied voltages\
with an electrode gap of 0[5 mm[ All three curves have
the same downward trend with increasing heat ~ux[
Hence\ one may conclude that\ similar to the con!

Fig[ 8[ E}ect of heat ~ux on h in EHD!assisted vertical smooth
tube external condensation[

ventional case\ in EHD!enhanced external condensation\
the mean _lm thickness increases with heat ~ux[

When heat ~ux increases from 7999 to 04 999 W m−1\
the maximum enhancement factor increases from 5[8 to
6[1[ The _nding suggests that liquid condensate is
removed more e}ectively by EHD force at a higher heat
~ux[ The thicker and less stable condensate _lm occurring
at high heat ~ux may help for promoting liquid extrac!
tion[ The EHD power consumption "QEHD# is also a}ec!
ted by the heat ~ux[ As heat ~ux increases from 7999 to
04 999 W m−1\ QEHD increases from 9[951 to 9[098 W\
though it remains negligible for the range of parameters
tested[ At a higher heat ~ux\ more liquid condensate is
extracted by the electrode[ Since liquid is more conductive
than vapor\ the EHD current increases\ leading to the
higher power consumption[

4[2[ Results of the horizontal smooth tube experiments

Figure 09 depicts the EHD e}ect on heat transfer
coe.cient for external condensation on a horizontal
smooth tube at a heat ~ux of 04 999 W m−1 and for three
di}erent electrode gaps[ As is seen in Fig[ 09\ for all the
three cases\ the heat transfer coe.cient is proportional
to the applied voltage\ consistent with results for the
vertical case "Fig[ 6#[ For all cases\ the upper limit in the
applied voltage is bounded by the breakdown voltage of
the working ~uid[ Figure 00 again shows similar results
obtained with the same electrode gaps but at a lower heat
~ux of 7999 W m−1[

Attention is next drawn to the case when the heat ~ux
is 04 999 W m−1 and the electrode gap is 2[1 mm[ The
heat transfer enhancement becomes signi_cant when the
applied voltage reaches beyond ½7 kV[ A similar trend
was observed for the vertical case "Fig[ 5#\ but at a lower
corresponding voltage ½4 kV[ It is suggested that the
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Fig[ 09[ Heat transfer enhancements obtained with the three
electrode gaps tested at qý � 04 999 W m−1[

Fig[ 00[ Heat transfer enhancements obtained with the three
electrode gaps tested at qý � 7999 W m−1[

thinner _lm thickness in horizontal condensation requires
a higher electric _eld intensity\ to cause su.cient inter!
facial instability of the extraction to take place[ However\
in the vertical condensation\ the wavy nature of the con!
densate _lm contributes to an unstable interface\ causing
the liquid extraction process to start sooner[ Among the
three electrode gaps tested\ it is found that the 2[1 mm is
the optimum electrode gap for horizontal orientation[
This is consistent with the _nding for the vertical case\
where the 2[1 mm gap yielded higher enhancements and
with less EHD power consumption than the other two
electrode gaps[

At the higher heat ~ux "04 999 W m−1#\ a maximum
heat transfer coe.cient "hmax# of 8999 W m−1 K−0 "which
is equivalent to an enhancement factor of 4[4# is obtained
at f � 13 kV with a 2[1 mm electrode gap[ However\ at
the lower heat ~ux "7999 W m−1#\ the enhancement factor

reduces to 3[8 while the maximum heat transfer coe.cient
is 8799 W m−1[ The combined _ndings from both vertical
and horizontal condensations suggest that EHD
enhancements are more pronounced at higher heat ~uxes[
Results also show an increase in the EHD power con!
sumption at a higher heat ~ux "9[028 W at 7999 W m−1

and 9[057 W at 04 999 W m−1#\ though in all cases\ the
power consumption relative to the heat exchange rate in
the test section is negligible[

Finally\ for comparison purposes\ results of the vertical
and horizontal orientation for the base case "no EHD#
and the maximum enhancement case are brought to!
gether in Table 2[ It is seen that in the absence of the
EHD e}ect\ the horizontal condensation heat transfer
coe.cients are higher than those of the vertical con!
densation "di}erences of 29 and 10) for heat ~ux of
7999 and 04 999 W m−1\ respectively#[ However\ when
the EHD _eld is applied\ the di}erence between hori!
zontal and vertical condensation\ for the most part\
diminishes[ This is an interesting _nding which suggests
that in EHD!assisted condensation\ the induced EHD
force plays a much more dominant role than the gravi!
tational force\ thus minimizing the test section orien!
tation e}ect on the heat transfer coe.cients[

5[ Conclusions

The feasibility of implementing the EHD technique to
improve external condensation heat transfer was dem!
onstrated in the present work[ It is concluded that the
EHD enhancement technique responds remarkably well
for external condensation applications[ In the present
experiments up to 6[1 fold enhancement in heat transfer
coe.cient with an EHD power consumption of only
9[95) was reported[

The heat transfer enhancement mechanism involves an
e}ective removal process of liquid condensate from the
tube surface\ minimizing the _lm thickness by utilizing
the EHD!induced forces[ However\ this requires a careful
design of the electrode to yield maximum enhancement
at minimum power consumptions[ Among the electrode
gaps tested\ the 2[1 mm gap yielded the highest heat
transfer enhancement and required the least amount of
electrical power to the electrodes[

When the EHD _eld is applied\ the signi_cant di}er!
ence that otherwise exists between heat transfer
coe.cients of the horizontal and vertical condensation
diminishes almost entirely[ Therefore\ an EHD!assisted
condenser is insensitive to the orientation providing fur!
ther in!space utilization ~exibility[

The e}ect of heat ~ux on EHD!assisted external con!
densation was also investigated[ For the range of par!
ameters tested\ it is found that the maximum heat transfer
coe.cient shows a decreasing trend with increasing heat
~ux in all cases[ However\ the maximum enhancement
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Table 2
Di}erences in h between vertical and horizontal condensation

q Horizontal Vertical ) di} Horizontal Vertical ) di}
ðW m−1Ł without EHD without EHD with EHD with EHD

ðW m−1 K−0Ł ðW m−1 K−0Ł ðW m−1 K−0Ł ðW m−1 K−0Ł

7 999 1999 0399 29) 8799 8599 1)
04 999 0549 0299 10) 8999 8399 3)

factor increases as the heat ~ux increases[ It is concluded
that the liquid extraction process is more e}ective at a
higher heat ~ux\ where the _lm in general is thicker and
the vaporÐliquid interface becomes less stable[ This _nd!
ing is in contrast to what was found in EHD!enhanced
pool boiling\ where the maximum heat transfer coe.cient
is in most cases higher at a higher heat ~ux and the
enhancement factor is higher at a lower heat ~ux level[
In general\ the EHD power consumption increases with
increasing heat ~ux\ however\ it remains negligible for all
cases when compared to the test section heat transfer
rate[
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