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INTENSITY OF ICING OF BODIES WITH DIFFERENT SHAPES

V. G. Gluchov

Summary. Correction factors are obtained for converting the
weight of ice deposited on a linear meter of 5 mm diameter
wire into that deposited on one square meter of surface of
different, simply shaped bodies (circular cylinder, sphere,
circular disk, and flat plate), using present concepts of

the physical processes that cause the icing of bodies of
different shapes and sizes. The magnitudes of the correction
factors increase significantly with increase in wind speed and
decrease in the characteristic dimensions of the body. The
values calculated for circular cylinders with a cross section
of up to 200 cm are in good agreement with data from obser-
vations.

Ice loads that act on structural members are taken into consideration
in structural design. These loads are calculated for all structural
members other than circular and cylindrical members with a small cross
section (wires, cables, lines) in accordance with USSR standards [12]
using the equation

ke
1'."751;"; i (1)

where k is the deposit coefficient that expresses the relationship between
the surface of the body being covered with ice and the total surface;

Y = 0.9 —23 is glaze ice density;

cm

by (mm) is the standard ice cover thickness with a density of y = 0.9 g/cm3
probable once in a given number of years.

The deposit coefficient is determined experimentally, primarily for
circular and cylindrical members [1, 7, 8].

Initial data from observations of ice deposits on the television tower

in Ostankino shows that the extent to which these members are covered
with deposits decreases with increase in diameter.
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It is of practical importance to define precisely the deposit co-
efficient, and to determine the relationship between the weight of a
deposit on an object with a specific shape and the weight of ice deposit
on a standard wire, or a standard rod.

The GGO* has, in recent years, worked on determining the intensity
of ice formation on different members using theoretical considerations

[3! "' SJ‘

It is known that glaze ice and rime deposits on various objects
are formed by the settling of supercooled cloud or fog droplets, the
result of inertia, by the settling of wet snow, or of rain particles,
the result of gravitation, by the settling of minute particles, the result
of diffusion, and by the sublimation of water vapor on a cooled surface.

References [7, 10, 13 and 15] have shown that diffusion phenomena
are of no practical significance because the percentage of very minute
droplets in the water content of a cloud, or fog, is negligibly small.

Nor is the role of the sublimation processes of any great moment
because these processes are only responsible for the formation of ice
deposits when there is a slight wind, and even then the deposits are
small.

Experimental observations of ice deposits on high masts (1, 7, 8],
and under conditions that prevail in mourftain areas [11], have shown
that in many areas of the USSR hoarfrost, and a mixture, are the major
forms of deposits that form in clouds and fog, settling out as a result
of inertia, followed by freezing of the water droplets on the surface
of the body concerned. These deposits thus represent very heavy loads
on structures.

This is why the calculations made at the GGO were based on a
simplified model of a deposit that is solely the result of inertia and
on the assumption that all other factors in the formation of ice deposits
were negligible.

The model ice load was calculated in kg per 1 mz using

Palﬁsu-:-: (2)
where
E is the completely integral deposit coefficient representing

the extent of the settling, the result of inertia. of droplets
of various sizes on the surface of the body, and is numerically
equal to the ratio of the magnitude of the moisture that
settles to the magnitude of the moisture transported;

*GGO -~ The Soviet Union's A. I. Voyeykov Main Geophysical Observatory.
g , o D
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B 1is the freezing coefficient, indicating that percentage of the
droplets that settle on the surface of the body, freeze, and
form the ice deposit;

T is the growth rate (sec);

u is the wind speed (m/sec);

w is the water content in the cloud, or fog (kg/m3);

s' is the surface of a projection of the body on a surface normal
to the flow (m2);

s is the total surface of the body (ma).

Eq. (2) becomes the following when calculating the ice load on a
unit length, { (1 linear meter), of a wire, cable, or line

P,=EBpuwrd (3)

The method used to calculate E and B is dealt with in detail in

reference [10]. References [3, 4] suggest that B ~ B4y~ 1 can be assumed

for the values of wind speed and air temperature that predominate when

high structures ice up. E depends on wind speed, dimensions of the body,

and mean droplet radius (rgp).

Eqs. (2) and (3) yield a relationship between the ice load per
square meter of surface of the body under consideration and the weight
of the ice deposited on one linear meter of a standard wire

P
'-P“E‘T‘ (4)

K is the correction factor used to convert the ice load on a wire
of diameter d to that on bodies of different shapes.

The conversion factors used to convert the ice load on the wire of
standard ice deposit measuring equipment (d = 5 mm) to that on wire of
other dimensions can be calculated by using the equation

P, B4
xc-'},—"m (5)

where d and 5 are the diameters of the wires, mm.

Eqs. (4) and (5) are valid for use when the bodies are located at
the same height above ground and are comparable.

11 . Give a
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If this is not the case, change in wind speed (v), water content in
the cloud (fog) (w), and the longer time of the ice deposit formation
(t) with height all must be taken into consideration when calculating Kg
and K ..

d

References [3, 4, 5] have shown that correction factors K4, calculated
using Eq. (5), are in good agreement with the experimental values for
circular and cylindrical members with a cross section of 10 to 200 mm.
Calculations using this formula yield extraordinarily low values for
larger diameter bodies.

The explanation for this is primarily based on the fact that when
the characteristic dimension of a body (and by characteristic dimension
is meant the width of a flat plate or the diameter of a cylinder, sphere,
or disk) is sufficiently large, what is observed is definitely greater
accretion of deposits on individual sections of the surface, or in the
area of the front critical point of a circular cylinder, or sphere, or
along the edges of a plate, or disk, for example [2, 10, 14, 161].

The greater the characteristic dimensions of a body, the smaller
the width of the area of greater accretion.

It makeg sense, therefore, to replace the completely integral depdsit
coefficient E (characterizing the mean area on which deposits have
settled over the entire surface) in Eqs. (4) and (5) with a local deposit
coefficient, Et' characterizing the maximum area on which deposits have
settled over sections with greater accretion of deposits, when calculating
Ks and K3, in order to obtain a more precise determination of the intensity
with which ice deposits form on bodies larger than 200 mm.

Eq. (5) then takes the form

.r ’l"'
Ke=Fma (6)

Eq. (6) is used to find the conversion factor, Kg', for a circular
cylinder, a flat plate, a sphere, and a round disk.

Et and Eq for the cylinder and sphere were taken from nomograms in
the studies by I. P. Mazin [10] and V. M. Voloscuk [2]. E for a flat
plate and a round disk was found by using the values supplied by L. M.
Levin [9].

The mean radius of cloud droplets (rm) was taken as 5 p for the E
calculations. This was in accordance with references [10, 13, 151].

Table 1 lists the values obtained for Kg' for bodies with character-
istic dimensions (d) 25, 50, 100, and 200 cm.

This table now can be used to suggest the following major behavior
patterns in the formation of ice deposits on the bodies under consideration.
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Table 1

Kg' Values as a Function of Wind Speed (u) and Characteristic
Dimensions (w) of the Body, r =5y

D Wind speed (m/sec)
(cm) <8 sto: 16 >16
Circular cylinder
25 1,02 1,78 4,25
50 0,18 0,37 1,28
100 0,14 0,32 1,03
200 0,08 0,26 0,80
Flat plate
25 1,82 5,88 16,00
50 0,95 2,80 6,70
100 0.28 * 0,67 1,20
200 0,08 0,12 0,18
Round disk .
26 1.28 -6,62 12,46
50 0,24 1.87 6,60
100 0,00 0,53 3,00
200 0,08 0,31 1,65
Sphere -
25 0,43 1,45 2,66
50 0,08 0,33 0,82
100 0,06 0,22 0,68
200 0,03 0,12 0,30

l. The intensity of the formation of ice deposits on all the bodies
under consideration decreases significantly with increase in size, and
with reduction in wind speed, because accretion attributable to inertia
decreases substantially in such cases.

2. Accretion is most intensive on a flat plate, and on a round disk.

3. The ice load on 1 m2 of surface is considerably less for bodies
larger than 25 cm, and when wind speed is less than 8 m/sec, than is the
load on a linear meter of wire with a cross section of 10 mm.

Kg' values calculated for a circular cylinder using Eq. (6) were
compared with the corresponding experimental values obtained from data
processed from observations made at the television tower in Ostankino
(1, 8]. The empirical values are for a height of 500 m above the terrest-
rial surface, so the mean radius of the cloud droplets was taken to be 7 u
at this height in accordance with references [10, 13, 151].

Table 2

Ky ' Values, Calculated (Numerator), and Experimental (Denominator),
for a Circular Cylinder, rp = 7 ¢

D Wind speed (m/sec)
(em) ‘8 10 12 14 156
10 " 2,40 347. 648 7,20 7,32
: 36 392 3,70 6,40 6,80
20 . 3,08 3,32 3,68 4,03 -
pr ) 36 448 %0
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As will be seen from this table, the Ky' values calculated for
circular cylinders with cross sections of 10 and 20 cm are in satis-
factory agreement with the empirical values.

Unfortunately, the K' values for a plate, a disk, and a sphere
could not be compared with the experimental data because there are no
systematic measurements of the weight and scope of ice deposits on bodies
with the different shapes listed in Table 1.

A precise elucidation of Eq. (1), which is used in construction
standards, very definitely requires that systematic measurements be made
of the weight and scope of deposits on bodies with different shapes.
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