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Passive Techniques

Active Techniques

Treated surfaces
Rough surfaces
Extended surfaces
Displaced enhancement
surfaces

Swirl flow devices
Coiled tubes

Surface tension devices
Additives for liquids
Additives for gases .

Mechanical aids
Surface vibration
Fluid vibration
Electric or magnetic
fields

Injection or suction

Jet impingement
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1#e2NE v Ilinois X8}, Marylandei 3,
MIT, GE, 93] Bristolth8}, Imperial College, Ca-
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A71A p: ZHf A3 YE(free electric charge
of density)
E: A% A7 (electric field strength)
e: A4 A%(dielectric constant)

A9 Ao RAA gL po W E Z2he §A4
et A AFEo] LAY EFYE AF
oA B §oz dwEoZ  ‘Electrophoretic
force’2} P} o] P& EF, 4 ¢ AL
AEH A7E W AT AAA A (elect-
rostatic attraction)ol A ¥1E €T 84 ‘Coulomb
force’2iE 3| o] e AP & FAs}
WE A A3 A Polh

FHA 8L  ‘Dielectrophoretic(DEP) force’ &
B fed, o A7 FA7Y FrhA A

714 43¢ B /AR e 294 S 9 gAY

AL BF LS LF AR UE o = P
D3 BF SAS W A9 FA Wl £2Es o
Ae dAS9 £330 & 3ojet 3t Polari-
zation force’ 21 B}, HAF o] ¥ fHAY

ELECTRIC FIELD

] FO=—~(1/2)E? Ve
+1/2)v(E*p(ae/ap))

/ Coulomb force

Electrostriction force

on true electric
charges
F(e): peE

Force due Convection

to the current
gradient of
dielectric
constant

at the surface

/

|_FOW FELD [T Swmo —

Dielectrophoretic force due to
temperature distribution

Temperature dependence
on electrical conductivity,
dielectric constant and mobility

Recombination energy
Joule heating

TEMPERATURE FIELD |

——

I8 2 Y, R53-Y 228 45 W

BEe MM 48 43 (1992 &)



7|g47|-EHD] 98 Y ¥ 7=

YAt BEY AN BIRHUN AR
A7t & Zez $xdzly] WEe] AT

e 288 dAE E 20 Y ve} 2ol
BRYD 9ok

g % ok 2HEZ o] Yo FY AFSIME
FAY YA oW £ Y & 4
gon, BFYF AZsAMT FAUY YRS E 2. EHDO| 2i3t AXMEY ETo| F&g ojxls
SAolA Sed, 1 ge A%y Bghe T oo 2 e

3 B GHHoz o g Af Aol

9% AWM Futke oA Agse oz [UBA TR | AR 2 A
YA AT, $TYE A8 2e 4k (D3 TH | F8 R NEE
A% 28 AR g W RAA grg AN W) AEs £3E 34E,
Z293% 9L A o 43 dAEE, FE, EHAY

AuA ge Wge) BZW(nhomogeneity)s] | T FE 7€ EUA AT N A=
& A0l A§5E YOE ‘Electrostriction fo- 2L 9 271(4%) R 24
ree’ 2 $2&th o] YL FHY FF Aol F2A =3
HE Aol YEe We] BE fug9 Wz A29 B 2 949 wae BT
A8 42 = ek A3 47

$¥, EHDE ol43 cl2i7x) Fejg) 2920 EE R 4¥ 2dF

E 3 EHDSl 2 Jl&T HY

Convection(Gas)

* Corona wind generated by corona discharge(~3 m/s) .

Convection(Liquid)

- Convection generated by electric charge injection of corona discharge in liquids(~05 m/s)

+ Convection and turbulence generated by charge injection from electrode
+EHD liquid jet by applying non-uniform electric fields(about 1m/s)

Boiling(Convection in liquid is also effective)

+ Active movement of boiling bubbles on the heated surface by Maxwell stress

* Deformation of boiling bubbles to make the bottom of the bubble spread on the boiling surface by the
existence of the thermal boundary layer

- EHD promotion effects on Taylor instability to realize the break-up of bubbles into several bubbles

Evaporation

+ Flying of small liquid particles between the heat transfer surface and the opposing electrode by the electrostatic
atomization
- Increase of heat transfer surface by the EHD extraction phenomenon of liquid

Condensation

* Decrease of condensate film thickness by removal of condensate from the condensing surface utilizing
EHD extraction phenomenon of liquid

+ EHD pseudo-dropwise condensation

- Dispersion of condensate from the condensing surface by electrostatic atomization
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v V=V2
, , Flux Point V=0
LS ‘
Maxwell stress
Gravity e B 2
(pgh) 2" Gas phase 2| Nucleate
71’17>< /\\ % | Boiling
| Surface tension _// )
: | ( @,h) Liquid phase
% ll . o || : Minimum film 7
k Convecton g ot
/////////////////// =
Nucleation log(AT}
22 6. ENDOI eiE Tl %X ZAROIMS EoEE Superheat
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Source Max. Reported Test Fluid o1 Heat Transfer Wall/Electrode
Enhancement(%) Configuration and Process
Fernandez 2,300 Transfomer oil - - | Tube-wire, Forced convection
Ohadi ef al ’ 320 Air Tube-wire/rod, Forced convection
Levy : 140 Silicone oil Tube-wire, Forced convection
Yabe, Maki 10,000 96%(w.w) R—113 Plate-ring, Natural convection
4% ethanol
Cooper 1 1,300 90%(ww) R—114 Tube-wire mesh, Pool boiling
10%(w.w) oil
Ueura ef al. 1,400 R—113 Plate-wire mesh, Film boiling
Bologa et al. 2,000 Diethylether Plate-plate, Film condensation
R—113, hexane
Sunada et @l | 4003600 |R-—113, R-123 Vertical wall-plate, Condensation
Ohadi ¢t al. 480 R—123 .| Tube-wire, Boiling
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