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THE INFLUENCE OF ELECTROCONVECTION ON THE EFFICIENCY
OF FINNED AIR COOLERS UNDER CONDITION OF FROST FORMATION

FATHY I. ABDEL AAL,
Mechanical Power Dept., Faculty of Engineering and Tech.,
Suez Canal! Univ., A.R.E.
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Abstract

The influence of electro-convection with different parameters of
electric field 1ntensity on fthe alr cooler efficiency under
conditions of frost formation was studied. The electroconvective



M. 146 FATHY L ABDEL AAL.

air flow was faster as compared to the cooler coperation without
electro-convection. The higher the relative air humidity and the
intensity of the electric field, the greater the effect of
electro—convection upon the external heat exchange of the air
cooler.

An equation 18 suggested for the estimation of frost thickness,
specific heat flow and coefficient of heat transfer, and thus
could be used in designing air coclers operating under electro-
convective heat exchange.

Notations

A - Coefficient accounting for the quality of heat—exchange
surface = 0.0113;

C - Coefficient of the heat flow sensor., (W/mV m2};

dag — Equivalent diameter of the 'finned surface. (m):

do ~ Tube diameter,(m);

E - Electric field intensity, (V/m);-

e - Sensor reading. (mV):

K - Overall coefficient of heat transfer, (W/m=3K);

L - Depth of the working surface of the air cooler, (m);

qe - Specific heat flow, (W/m3};:

Rer ~ Frost thermal resistance, (m2.XK/W):

Va ~ Alr wvelocity. (m/3):
Va.Pa- Air mass velocity at the free area of the apparatus,
(kg/s . m23);

T - Time, (h):

aP - Change in the aerodynamic resistance of the air cooler.
(Pay:

Fa ' —-Air average temperature of refrigerated chamber, (°C):

ta - Average temperature of the finned surface of an air cooler
(eC);

5o - Tube pitch, (mm);:

Se - Pinning pitch. (mm);

9 - Fin thickness, (m);:

v - Coefficient of heat transfer (W/m2. Kj:

=] - Relative air humidity. (%):

Fey - Frost thickness. (mm}.

Subscripts

v

- Sensor number:
- In alectric fiaeld:
- Without electric field.

O -

1- INTRODUCTION

The efficiency of operation of a4 <ooling system, tec a great
extant, depends on frost formation on  the surface of heat
exchangers. The machanism of fraost formation. and its i1nfluence
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upon air coolers have been a subject of several investigations

(1-11). However, due to complexity of this non-stationary
process, uptill now there are no analytical relations solving
this practical problem. Moreover coefficienta of thermal

conductivity and density involved wvary with time and frosat
thickness, are interrelated and depend on the conditions under
which frost and its crystallographic structure have been formed.
Therefore, 1In many cases the experimental approach is the only
possible mean to explore complicated heat exchange processes
during frost formation. Data on frost deposition on finned
gurfaces of . air coolers in air-conditioning systems and in
refrigerated food storage rooms, are very scarce. Interesting
work in this respect (1-4 & 6-11) have shown frost distribution
on fins and elucidated problems connected with air cooler
operation. Other investigations (6, 9 & 10) have revealed certain
peculiarities in the dynamic of frost growth under practical
operation conditions,

The nature of frost deposition on the finned surface of air
coclers has been described as follows (1-4. 6-8 & 11). Initially,
tube surface is most intensively frosted. Fin frosting starts at
the bottom. then extends upwards. There after as the temperature
of finned surface equalizes frost deposits evenly on the surface
with equal thicknesz throughout:; in case the air moisture content
13 high frost thickness grows more 1intensively.

Heat exchange in finned air coolers, has been studied through the
overall coefficient of heat transfer K which involved heat
registances (1, 8 %11). The results obtained have been presented
in relation to either the service time or the amount of frost
deposited on the surface, therefore in most cases they were
incompatibale. Studies (1-3. 5, 7 & 11) on the character that the
nature of changes in the coefficient of heat transfer &« rfor all
finned surfaces indicated that it was of the same type.
At the beginning. when individual crystals appear on the heat
exchange surface and air flow turbulization increased, the
external heat exchange 1s intensified and & -values grew up.
Further. the inter-crystal space decreased, heat transmission
occurred as a result of frost thermal conduction and convection
in closed pores of the air. = markedly decreased. As time
pagsed. the frost became compacted. it3 thermal conduction rose
and the rate of & decrease slowed down.

Some available data (6. 9 & 10) indicate rhat frost formation
contributes to a higher aerodynamic resistance rather than to
deterioration of heat characteristicg of the apparatus. Thus, 1n

the air coolers operating in refrigerated meat chambers the
overal! heat transfer coefficient decreases by 20-3% and the
aerodynamic resgsistance increases by 2.5-3 times.

For raising the efficiency of alr coolers under frost formation
conditions. Several authors (6. 9 & 10) suggest intermediate
thawing which. in the opinion of some of them (9), incraases
significantly the aerodynamic resistance and. in the «pinion of
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some others (6 & 10) reduces specific heat flow. Thus, it has
been shown that (6) the aerodynamic resistance in some cases
reached 300-400 Pa by the 7th hour of meat refrigeration. This
represents the maximum value which disturbs the normal operation
of axial fans and necessitates air cooler thawing. On the other
hand to obtain the specific heat flow of 116 W/m2, it is
recommended (10} to thaw the cooler at frost thickness of 2.5 to
3 mm which i3 formed within 3-4 hours, 1i.e., twice or thrice
during a refrigeration cycle.

Again, it has been demonstrated (9} that at an air relative
humidity of 92-100% the aerodynamic resistance of an air cooler,
having a cast bimetallic gurface, was by 1.5-2 times lower as
compared to coolers operating in refrigerated meat rooms (6 &
10)., since by the end of the cycle the aerodynamic resistance
reached 120-200 Pa; this offers a possibility of lowering the
consumed power of the electric motor and of improving heat
characteristics. The disadvantage of air coclers of this type isg
the difficulty of making a cast bimetallic surface (casting at
150 x 103 Pa). )

Air cooler operation with frost deposition under conditions of
electroconvection allows to intensify heat exchange. primarily
due to the slower frost deposition on the heat exchange surface
and to the additicnal acceleration of the air flow in the free
area of the air cooler (2). The vresults published on frost
formation on air cocler surfaces contain certain aspects of the
processes, but they are of particular character and can not be
applied to all the conditions of operation of finned air coolers
of any designs.

The purpese of the present work is to study a possibility of
raising the operation efficiency of air <coolers by using
electroconvective air flow in case of fooed refrigeration and
refrigerated storage. In particular the study included the effect
of frost on specific heat flow, heat transfer coefficient, air
flow rate at the frae area of an air coecler, as well as on the
aerodynamic resistance of the heat exchange surface duirng
operation with or without electroconvection: as an equation i3,
derived to calculate frost thickness and heat transfer coeffi-
cient from the air side at different operation times of the
apparatus in relation to operation conditions.

2- EXPERIMENTAL PROCEDURE AND METHODS OF MEASUREMENT

The experimental stand (Fig. 1} previously elaborated by the
present author (2)., was used to study Gthe heat <ichange and
aerodynamics of a typical air cooler; the latter had a surface
area »f 4.1 m®. the finning pitch 12 and 9 mm along the air flow.
Tre <ooler was a part of a low-temperaturs display-case working
with frost formation in electroconvective air flow. The gresent
experiments were carried out at 0 to -29C 1n the refrigeratad
chamker and R.H. ¥ of (73-76)}., (#4-87) and (95-93) %. :

L |

-
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At the air inlet of the cooler an electric field was developed
with an average intensity E of 6.8x10%, 7.2x10%, 7.7x10% and
8.0x10® V/m. For comparison experiments were first performed
without electric field,
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Fig. 1. A diagram of the experimental stand:

1- glass window: 2— fluoroplastic: 3- heat flow sensors;
4- thermocouples: S- high-voltage electrode;

6-rubber seal; 7- compressor—-condenser: 8- air cooler
9- tray for condensate: 10-switchboard: 11- time and
temperature rely: 12- thermorelay: 13- rectifier

14— thermoinsulator: 15— steam generator: 16~ cooling
chamber; 17- electric heater; 18- movable wings:

19- psychrometer: 20~ millivoltmeter: 11— potentiometer.

Before the experiment the refrigerating unit and 3team generator
of the stand were switched on, temperature and humidity in the
chamber were adjusted te the pre-set level, and then the
refrigerating unit and the steam generator were switched off. the
finned =surface was thawed with a 400-W tubutar electric heater.
1t should be noted that for the period the chamber reached the
pre-set conditions (not longer than 40 min.). frost thickness wasg
insignificant and it. waz removed with the electric heater within
3 minutes. After thawling the high-voltage electrode wag fed with a
given potential. and the air cooler started working, the inlet
ailr volocity V., was 0.82 m/s. The resquired air temperature and
relative humidity throughout the cycl2 were ensured with the
electro - heater and the steam generator connected with the power
|
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line through autotransformers. A continuous operation cycle of
the air cooler with and without electroconvection with 8 hours.

Fourty—-five chromel-copel thermocouples of 0.2 mm diameter, were
used to measure the temperature of finned surface of the air
cocler and of the air inside the chamber. The thermocouples were
distributed as follow: 36 for the air cocoler, 4 for recording the
air temperature (2 at the inlet and 2 at the outlet) and 5 for
the air inside the chamber.

The thermocouples used to measure the temperature of the air
cooler surface at four sections along the air flow (one at the
inlet, two at the middle and one at the outlet). In each sectien
the temperature of tube wall was measured at three points:
temperature of fin surface was recorded at two points along the
three radii of 'each section aa shown in Figure 2. Indication of
the termocouples was attained with aid of a potentiometer.

The temperature in chamber was monitored by a laboratoery mercury
thermometer with a rang from -30°C to +20°C,

The specific heat load of the air cooler was measured by three
heat tlow sensors (connected to a millivoltemeter) located at the
inlet, middle and the outlet along the air flow direction.

+

- tube
x = fin

Fig. 2 Location of thermocouples

The outlet air velocity was measured by an anemcmeter., while the
velocity of the air betwesn fins was measured by an ailr volocity-
temperature meter. - Frost thickness on the surface of the air
cooler was measured by a scale and checked by using a suitable
photographic technique.

a

-
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The relative air humidity in the chamber was measured with an
aspiration psychrometer.

Instruments used and their specification are listed in table 1.

3. PROCESSING OF THE EXPERIMENTAL DATA

The values for specific heat flow to the surface of the air
cooler qp were found from the expression:

qr = Cy1 » ex. (W/mM3) .. .. e (1)

Where. qp i3 the average specific heat flow measured with heat
flow meters located at the inlet, in the middle and at the outlet
of the air cooler battery.

The heat tranfer coefficient & at the air cooler surface, at a
given moment under different conditions. accounted for heat
transmission from the air to the cooler surface through the frost
layer was found from the equation,

. ar C W/ KD e (2
x t- - t-

Where, ta (©C) 1is the arithmetic mean temperature at the inlet
and the outlet of the cooler;

te (°C) is the arithmetic mean of the temperatures recorded at
ditferent points of the finned surface.

The obtained data on the dynamics of frost deposition on the
finned surface and associated air velocity Va values allowed the
determination of the aerodynamic resistance a P of the air
cocler from the following formula (2)

AP % 9.8R, L/dag . (Va. Pa)®7,  (Pa) ............. (3)
Where,
2(Sp - dp) (Se - 8e)

fieq = , (m),
{3p =~ dp) *+ (3¢ = %)

3.nce daq and V. change with the growth of frost dues ro the
reduction of the free area for the air flow. AP wag relevantly
recalculated for every frost thickness.
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Table 1.
Specifications
Instrument Permi-
range [Acouracy sgible |[division ceefficient
% error Cy
1. Potentiometer —50°C to 0.5 - Q.37C -
(KSP) + 50°C
2. Heat flow sensor
1- inlet -20°C to - +).4% - 135.0 W/ (oV.m?)
+120<C
2— middie " - 30.4% - 88.6 W/(mV.m?)
3~ cutlet " - 0.4 % - 153.0 W/ (mV.m?)
3, Millivoltmeter 0.0-10 0.25 - | 0.1 mVv -
(KSP) oV
4. Hy. Thermometer | -30°C to - +0.2°C 0.1°C -
+20°C
5, Anemometer 0.1-10 ws - +0.1 /s - -
6. Velocity-Tempe— | 0.1-30 m/s - +0.05 0.1 m/s -
rature meter n/s
(GGA-45)
7. Asparation
Psychrometer - - - 0.1=C -
(MY—4M)

4., RESULTS AND DISCUSSION

The =xperimental results showed that the most intensive was the
frost -deposition in the direction of the air flow through a row
of finned tubes the character of changes in ({rost thickness at
all humidities was similar over the entire surface of the
apparatus. Fig. 3 presents the relation $:r=£(1T) for the first
row of finned tubes. The effect of the field was most pronounced.
There also a difference was observed 1n the rate of frost growth
with electroconvection and without it. As seen from Fig. 3 the
ratez of frost growth in the air cooler was first of all determined
by the relative air humidity, the intensity of the electric fi=ld
and the position of the heat exchange surface. The higher the
humid:ity,. the greater kthe frost growth: sSuperposition the higher
the field i1ntensity, the slower the frost growth (Fig. 4). The
effact of 2lectroconvection at ¥ =95-98% (Fig. Ja} was =23pecially
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c - \y@= 73 - 76%

Fig. 3. Frast formation »n the first row of finned tubes of

the air cooler during operation :
1-E =0: 2-E = 6.8 ¥ 105 ¥/m: 3- E =7.2 x 107 V/m;
4- E = 7.7 x Ll0% Y/m: 5- E = 8.0 = 10% V/m,
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pronounced, after B8 Thr-contimuous work the average frost
thickness Sew was 5.2 mm without electroconvection. 1i.e., 1t
decreased by 4-30% less in case of electroconvection. It should
be noted that the higher the field intensity. the lower the frost
growth rate. At ¥ =84-87% the latter was reduced., however,
frosting was most intensive without electroconvection (Fig. 3b).
The dex- value with electroconvection decreased by 2-26%. The
greatest amount of frost was deposited on the air cooler surface
at ¥ =73-76% (Fig. 3c): higher potential resulted in a reduced
frosting rate (by 0-23%).

When air relative humidity was reduced. frost growth increased by
a-relationship close to the linear (Fig. 3c).

The influence of the electric field intensity on frost formation
rate could be attributed to the fact that as higher E-values
increased the ion output of the high-voltage electrode increased.
and therefore, more water particles, entering the interelectrode
space. were charged and deposited onto the heat exchange surface
as filaments carried away by air flow.

Fig. 4 illustrates the relative growth of frost layer in relation
to the electric field intensity. With the increase of relative
air humidity ¥ =95-98% (Curve 1} the efficiency of
electroconvection rose. since the growth rate of retative frost
thickness was greatly reduceds. This was due, first of all, te the
fact that at high humidities the frost structure was rough and
this promoted directed frost formation. As humidity decrsased.
the roughness became lesser: thus at Yo =73-76% powder-like
frost of very uniform structure appeared: the frost thickness
grew less intensively (Fig. 4, Curve 3}, It was typical for all
humidities that at the iniet of the air cooler the frost
structure was more compdact and uniform than at the outlet; this
difference was most pronounced at @ =95-38%.

1.1 l
i
G |
L ;
) |
~ :
= - L - ! i | |
S | | _- R
W ; ? ‘ ! | P
05 ? | =' : | L

5.5 5.8 20 g A 25 28 8.0
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For., 4. Aelative crowth of frost S‘Er ! 5¥r~ within one
B <3

sparablan Tyole 36 the air cooizr related to electelc Sisid
innansity (B
L-hg = ef-ann, 1.0 - 84-37% - 2 = T-T6%
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Fig. 5 shows changes in the average specific heat flow at
different relative air humidities upon the air cooler operation
with and without electroconvection. For all the humidities the
relation Q= = f (1T ) was of the same character. At the beginning
of frost formation its wvalue increased. reaching a maximum, then
decreased: the rate of decrease of the specific heat flow with

G, (W/m°) T [ N

200 o

!
8o LIS \;’\%L\ /5 /- I
/ 7

ARG

doo ) ’

1602

A480

460

m% IS/ 2 |+

2o :
o e z 3 o 5 & 7 g

T . ()
¢ - = 73 . 76%
Fig. 5. Average specific heat flow (gei? 1n relation to air cooler
operation time (T°)
1- E = Q; 2—- E = 6.8%10% Y/m: 3I-E = 7,2x10% ¥/m:
4- E = 7. 7x103% ¥/m: 9— E = 8.0x10% V/m.




M. 156 FATHY L ABDEL AAL.

time slowed down. The following peculiarity of this time-related
change at different relative air humidities should be noted: the
time for the 3specific heat flow to reach its maximum became
shorter at a higher relative air humidity: a greater value of
humidity corresponded to a higher maximum of the heat flow (Fig.
5, Curve 1). This could be explained by that roughness of frost
surface, being greatest at higher relative air humidity, cauged a
greater thermal resistance of the frost, and thereby resulted in
a considerable reduction of the intensity of heat transfer.

The use of electroconvection inducing an "electric wind" effect
and lowering the rate of frost growth allowed to raise the
specific heat flow. Most pronounced was the electroconvection
effect at a high relative air humidity (Fig. 5a ). For example, a
field having an intensity of 8.0x10° V/m, 1increased the specific
heat flow within a cycle at ¥ =95-98% by 19-21%, at 0 =84-87%
(fig. 5b) by 12-14% and at Y =73-76% (Fig. 5¢) by 9-10%.

Fig. 6 demonatrates relative coefficient of heat transfer in
relation to the operation time of the air cooler with or without
electroconvection. Relationship g/ &g = f (T) for different
air humidities in the chamber were of the same character.

The value increased with operation time in all cases. However,
the increase waz proportional to the relative air humidity and
the intensity of the electric field E. For example at ¥ =95-98%
under conditions of electroconvection (Fig. 6a} the value of X/
o, o 1NnCreased by 1.05-1.15, 1.08-1.34, 1.17-1.74 times,
respectively at E= 6.8x10%, 7.2x10% and 8.0x10° V/m. At ¥ =84-86%
{Fig. 6b) and at the same E-values. “X /%o increased by 1.0-
1.08, 1.08-1.17 and 1.16-1.4 times, respectively. At% =73-76%
(Fig. 6c) and at E=8.9x10% V¥/m it increased by 1.12-1.23 times.

The increase of ® g/ o, with operation time. Could be due to the
lower thremal resistance of frost thickness Re» in case of
alectroconvection. However, a%t a lower air humidity., Y =73-76%,
(Fig. #6c¢). frost thickness changed slightly with time and Re,
approached a constant value. Therefore. @ g/®<o of the air cooler
slightly increased and tending to be constant.

The change of X w/cc, in relation to the electric field intensity
E developed by the electrode attachment, are given in Fig. 7, ag
the electric field intensity E increased and at all air
humidities the influence of slectroconvection on heat exchange
wag intensified due to the "electric wind” and to the slow frost
formatlon on the heat exchangs surface. The increase of @C g/adg =
£ (E) a2t ta - const. was linear: the error of heat flow
measurements did not exceed 4.1%. It is clear that the efficiency
rose wWith the increase of relative air humidity in the chamber.
the lowest value being recorded for ¥ =73-76%.

Fig. 2 opresents the relaticn of air flow velocity at the free
area of the air -ooler with the intensity of the electric field
E at different air humidities. The mest intensive increase of
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Fig. 6. Relative increase of heat transfer coefficients Xg/

©o in relation to air cooler operation time (T ):

1- E - 6.8x10% V/m;
3- E = 7.7x10% V/m:

2- E = 7.2x10% V/m:
4- E = 8.0x10% V/m.
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v,
ap / T

16

1.0
-Qa9

4.8 20 72 74 76 24 40
E X 10’5 {(V/m)

Fig. 7. Relative increase of the heat transfer coefficient
& g/ %o within one operation cycle of the air cooler in
relation to electric field intengity.

1- ¥ = 95-98%: 2- ¥ = 84-87%; 3— ¥ = 73-76%.
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Fig. 8. Relative air velocity at the free area of the air
cooler within one cycle of operation in relation to electric
field intensity (E)} :

1-P = 95-98%; 2- » =~B5-87%: 3- ¥ = 73-76%
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the air flow with the increase of relative air humidity occurred
in the first section of the air cooler., where the rate of frost
growth and, hence, the narrowing of the arbitrary air passage
were maximal. The electric field superposition decelerated frost
formation and, in this way, reduced the rate of air flow at the
free area of the apparatus. As seen from Fig. B8, for all the air
humidities. the higher the field intensity E. the lower the
relative air velocity V. /Va at the free area. noting that at a
B (=]

higher air humidity Va /Va was reduced less intensively (Curve
E o
1). This could be attributed to that at a decreased air humidity.
when frost formation was glowed down, the efficiency of the
influence of the electric field on the rate of V. /Y. changes was
B o
insignificant (Curve 3), and at E = 6.8x10° V/m the growth rate

of Va /Va remained unchanged.
B o

Changes of the air flow rate at the free area of the apparatus in
the first section of the air cooler in case of 95-98% relative
humidity are presented in Fig. @. the air velocity at the free
.area of the cooler altered as followa: the initial frost layer
( &er = 1.0-1.5 mm) 8lightly accelerated the air flow in the
cooler, then the velocity increased markedly and during the last
hours of operation, when frost formation decreased. the air flow
rate decreased. These peculiarities demonstrated themselve at a
high air humidity. At lower air humidities. the air flow rate
increased more evenly (Fig. 8, Curve 1).

48
3 2 7
\ N\
oY
e
E 12
R 5 Y

=1 1

Fig. 9. Air velocity at the free area of the air cooler in
relation to its operation time at relative air humidity ¥ =95-98%:
1- E = 0; 2- E = 6.8x10° V/m; 3- E = 7.2 »x 10° V/m;

4~ E = 7.7x10% VY/m; S~ E = 8.0x10° V/m.
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The effect of electroconvection on the growth rate of aerodynamic
registance of the air coocler ( AP/  APo) i3 demonstrated in
Fig. 10. The maximal value of APo was observed at P =95-98%, the
reagon lied in the narrowing of the free area of the apparatus
during frost formation. Decrease of growth rate of aerodynamic
registance of the air cooler accompanying the increase of
electric field intensity, gince the lowest value of APe/
AR, for all humidities regimes was observed at E = Bx10% V/m. At
95-98% humidity the maximal electroconvection effect was
obgerved, and at 73-76% and E= 6.8x10% V/m there was no effect at
alt.
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6.6 5.8 7o 72 24 ) A8 8o
E x 1072 (v/m)

Fig. 10. Relative aerodynamic resistance of the air cooler

A Pe/ aFo within one operation cycle in relation to electric
field intensity:
1- ¥ = 95-98%; 2= Y =84-8B7%:; I~ W= 73-76%.

The character of changes of the aerodynamic resistance by time is
shown in Fig. 11. It is clear that initially the aerodynamic
resistance grew only slightly. then a P-values greatly increased
and by the end of the cycle the growth rate somewhat decreased:
most vivid these changes were at ¥ = 95-98%.

The processing of the experimental data in a computer allowed to
derive operation ag relations in the form of equation of
nonlinear regression of the 3rd degree for determining frost
thickness., the coefficient «f heat transfer and specific heat
flow :
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§eriX: Qe = By + BaT + Bap? _Bap?® + BsE + B T E

+ B>Egr 2 + Ba E2 + B E2 + BioE™ + Biy )
+ 5121:)0 +Bia \P"[“a + BiaE Yo + BiaTr E )D
+B;s¥9 E2 + Bis W2+B"BT »az*' BisE -pa
+ Baze )o:’.

Standard deviations are ags follows

** For dew. 0.14 mm,

x*  Por o , 2.1 W/ (m2.X),

**  For qe, 7.2 W/m3.

The values of optained coefficients are given in table 2.

20 T 3
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™~ 40
|
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o 7 z 3 & = & 7 g

T, (b)

Fig. 11. Character of changes of the aerodynamic resgistance of
the air cooler within one operation cycle at ¥ = 95-98%:

1-E = O 2-E = 6.8x10% V/m: 3-E = 7.2x10% Y/m;

4-E = 7.7x10% V/m; S-E = 8.0x10° V/m.
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Table 2.
Coefficient Ser.  (mm) & . (W/m K0 . (W/n3) '
-
B -5.05 -5.03 . 102 7.58 . 10
Ba -2.99 . 10—= 1.09 . 10— 4.29 . 101
Bs 2.93 . 10— —4.28 ., 16— -1.46 , 102 .
Ba - 577 . 1o0e | -5.00. 10 | -2.58. 107
Ba .28 . 101 -5.24 . 16 -7.18 ., 10—
Bes -2.15 , 10-14 2.02 . 102 9.01 . ‘102
B 94l . 10 | —2.95. 10 | l.4s . 10
Be 1.62 . 10— -5.25 . 10— -2.16 . 10
Bs 8.43 . 10—o -5.22 . 10—e -3.41 . 10—
Bio -1.83 ., 10— 3.03 . 10— 1.67 . 10—
Bia 1.90 , 102 2.01 1.11 . 10
Bz 2.04 10— -9.38 . 102 1.23 10—+
Bia =7.42 . 10— 3.58 . 10— 4.27 ., 102
Bia 1.51 . 107 -3.10 . 107 -2.10 10—
Bis -1.59 , 102 7.29 . 1= 3.31 10=
Bie —5.46 . 10—s 2.61 . 10-12 1.40 , 10—=
Ba» -1.17 . 10> 1.66 . 10+ 1.37 0=
Bie 1.06 . 108 -7.45 . 10— -3.69 102
Bag -9.70 . 100 1.14 . 16— 1.15 10e
Bzo 5.36 . 10_644J -1.31 . 10-2 -5.79 . 1%

-

3. CONCLUSIONS

The use of electroconvective air flow 1in air coolers under
conditions of frost formation allowed to prolong the time of
continuous operation of the apparatus, to increase the average
specific heat flow by 9-21% and the wvalue of heat transfer
coefficilent by 5-45%, as well as to lower aerodynamic resistance
by 1.1-2.0 times. depending on the parameters of the electric
field and the operation conditions of air coolers, as compared to
operation without electrocanvection.

Also the power consumed by the fan electric motor during air .
cooler operation with electroconvection was reduced by 3-27%.

Relations have been derived for the estimation af S\rr. o .

qr. These relations have accounted for the effect of » E andT .
on these value. and thus they could be recommended in designing ’
of air coolers.
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