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Experimental studies were carried out of the 
snow accretion on a power line using wind tunnel. 
Observations were made of the growth processes, 
especially their initial stage, together with 
measurements of wind speed around the snow ac-
creted on the line. From the results obtained, 
the growth mechanism have been confirmed as fol-
logs: The coefficient of collision of snow parti-
cles against the trajectory of the line was near-
ly 100%, but the snow particles which collided 
against the line, reboànded from it, reducing 
the coefficient of collection to less than 10%. 
Snow particles which stayed at around the stag-
nant point of the front, formed an equilibrium 
triangular prism wherein the prism was defined 
by the repose angle of snow particles, which is 
the function of the adhesive force and the shear 
stress of a wind, as well as the trajectory of 
the accretion. When the mass of the prism ex-
ceeded a critical weight, which was defined by 
the adhesive force, the prism began to rotate, 
around the line by its own weight. Then, the 
distribution of wind speed around the accretion 
changed as a result of the drag effect of the 
rotating prism. This change of the wind suggests 
that the shear stress of the wind around the 
upper side of the prism decreased; then the snow 
particles could deposit more easily on this ef-
fective stagnant region. By this continuous 
deposition on the upper side of the prism, the 
whole snow accretion rotated. Finally, the snow 
accretion grew to a cylindrical snow mass which 
had a spiral face of growth. 

Accretion of snow accompanied by a warm strong 
cyclone in winter usually brings about serious dam-
age on the power line system. 

Clarifying of mechanisms of formation and growth 
of this type of snow accretion has been urgently 
called for by various fields concerned so that disas-
terous damage can be prevented. 

Experimental studies based on an artificial snow 
accretion by use of wind tunnel were carried out as 
one of a series of researches (1, 2) to meet such a 
demand with an aim to clarify such fundamental mecha-
nisms as wind and turbulence distributions around a 
power line, collision and collection rates of snow 
particles against the power line, etc. 

Results obtained confirmed qualitatively proc-
esses of the initial growth and the spiral growth of 
snow accretion on the power line. 

Experiment 

Experiments of an artificial snow accretion were 
carried out using a Gtingen type wind tunnel, which 
has a wind outlet of 50 x  50cm installed in the cold 
room at the temperature range of +4%5°C at the wind 
speeds of 10 and 20m/sec. 

Snow particles, which were collected from a snow 
pack, were fed at nearly the same supply rate of 
1.2%1.6g cm 2  mm -1 by electric sieves from the 
upper part of the outlet into the wind tunnel, after 
only those snow particles which had the same size of 
about 0.5%1.Omm in diameter were selected. At the 
same time, water of 0°C was sprayed at the rate of 
O0.05g cm2  min 1  into the wind tunnel. 

An aluminum cylinder of 4cm in diameter was set 
at 4m leeward from the outlet in a horizontal posi-
tion at a right angle to the wind axis. Supplied 
snow particles and water droplets collided against 
the cylinder.. 

The formation and growth processes of accretion 
on the cylinder were, observed and recorded by a video 
camera. 

A model, which was composed of the cylinder and 
such prisms as approximate to a snow accretion, was 
used to measure wind and turbulence distributions 
around the accreted snow mass at each of growth 
stages. 

Namely, for the initial stage of an accreted 
snow mass, a triangular prism made of plastic clay 
which had a dimension of the same length as the cyl-
inder and the cross section of 4cm in base and 0.6cm 
in height was affixed along the surface, parallel to 
the center line of cylinder and with its apex paral-
lel to the wind axis, as shown in Fig.l (1). For 
the next stage of growth in which the apex of the 
first prism was rotated downwards by 30°, another 
plastic clay prism with the same dimension was lami-
nated on the cylinder, with its apex' parallel to 
the wind axis, as shown in Fig.l (3). This proce-i. 

 was repeated for each stage of growth. 
Finally, the laminated prisms covered and envel-

oped the entire surface of the cylinder, as shown in 
Fig.l (11). 

Using a hot wire anemometer, measurements were 
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made of wind speed and turbulence continuously along 
the vertical line to the wind axis at 0.5cm windward 
from the apex of the prism, at the upper side above 
the center line of the cylinder and at 2.5cm leeward 
from the surface of the cylinder. 

Experimental Results 

Observation of A Growth Process of A Snow Accretion 

Almost 100% of the snow particles, which were 
blown from windward and passed through the trajec-
tory of the cylinder, collided against the front 
surface of the cylinder. The colliding snow parti-
cles rebounded elastically from the cylinder and ac-
creted only around the stagnant point at the front 
of the cylinder and formed a triangular prism around 
it (Fig.2). Once snow particles accreted on the 
surface, the accretion grew rapidly, keeping a simi-
lar shape, namely a triangular prism. When the 
prism grew up to some extent, it started rotating 
downwards along the surface of the cylinder. Thus, 
the apex of the prism moved downwards by the rota-
tion (Fig.3). Blowing snow particles continued to 
accrete only around the stagnant point, giving rise 
to the accretion of snow only on the upper side of 
the prism that just moved downwards, which resulted 
in formation of an unsymmetrical accretion, whereby 
the shape of the combined prism changed to a some-
what distorted prism; that is, the upper side kept 
the initial form of a prism but the lower side 
changed to an elongated prism along the surface of 
the cylinder (Fig.4). 

By the continuous deposition of blowing snow 
particles, an accreted snow mass grew, rotating 
around the axis of the cylinder, and thus enve-
loping the entire surface of the cylinder (Fig.5). 
Finally, it grew to a cylindrical snow accretion, 
which had a spiral face of growth. 

Throughout this growth process, blowing snow 
particles accreted only around the stagnant point, 
which caused the accretion of snow only on the upper 
side of the combined prism, accreting neither on its 
lower side nor on other place than the stagnant 
around the cylinder. 

Distributions of Wind Speed and Turbulence 

Typical examples of distributions of wind speed 
and turbulence around a cylinder which had laminated 
prism layers are shown in Fig.6. 

The distributions showed the same tendency de-
pending on either the change of wind speed or the 
nuiñberof laminated layers, though the influence of 
the laminated layers was remarkable as to the dis-
tributions around the stagnant point and the lower 
side of the cylinder which was covered by the lami-
nated layers. 

Vertical distributions of wind speed at various 
distances from the front on the wind axis for each 
model are shown in Fig.7. 

It is clear for every model that wind speed de-
creases as a measuring point approaches the stag-
nant point, either horizontally or vertically to 
the wind axis, at which it has the minimum value. 
As for a cylinder without a prism and a cylinder 
with a prism whose apex is parallel to the stream-
line, a decrease of wind speed is symmetric with 
respect to the wind axis, but as for the latter, 
the decreasing rate of wind speed is larger and the 
region in which wind speed is affected is narrower 
than that of the former. On the other hand, as for 
a cylinder with a prism whose apex is inclined at 
300 leeward against the wind axis, the distribution 
of wind speed is remarkably different from those of 
others. That is, as the apex of the prism moves 
leeward with the stagnant point, a remarkable de-
crease of wind speed and an enlargement of the af- 

Figure 1. Schematic pictures of models which were used to measure wind and turbulence distributions at each 

growth stage. 



Figure 4. A distorted prism of accreted snow mass 
by the rotation. 

Figure 5. An accreted snow mass enveioping the 
entire surface of the cylinder. 
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Figure 2. Initial stage of snow accretion. A tri-
angular prism of accreted snow formed around the 
stagnant point. 

Figure 3. An accreted snow whose apex of the prism 
moved downwards by the rotation. 

Figure 6. Distributions of wind speed and turbulence around a snow accretion. 
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fected region at the windward side of the prism are 
observed, while those are kept nearly the same at 
the leeward, as are in the case of the cylinder with 
a prism whose apex is parallel to the wind axis. 
Thus, it is shown in this figure that the distribu-
tion of wind speed is distorted, becoming unsynanetric 
with respect to the wind axis. 

With increase of the number of laminated prism 
layers, the same tendency was observed. But, when 
the laminated layers enveloped the entire cylinder, 
the distribution of wind speed recovered nearly the 
same as that of the cylinder without a prism. The 
distribution of turbulence at the front was not so 
much changed with the number of prisms, that it was 
negligib]y small. 

Figure 6 also shows the distributions of wind 
speed and turbulence at the upper and the lower side 
of the cylinder. Wind speed increases gradually, as 
a measuring point approaches the surface, reaches 
the maximum value at 0.7%0.8cm from the surface, 
thereafter decreases rapidly and reduces to zero at 
the surface. Turbulence is negligibly small in the 
region where wind speed increases, but it increases 
rapidly with decreasing wind speed. Concerning 
such a distribution, nearly the same tendency is 
observed both at the upper and the lower side. 
However, in proportion to the number of layers, a 
slight increase is observed in the thickness of a 
turbulent layer on the side where laminated layers 
cover the cylinder. 

At the lee side of the cylinder, as also seen 
from Fig.6, wind speed and turbulence gradually 
increase as a measuring point approaches the tangent 
of the upper and the lower side of the cylinder, 
have the maximum value there, and then decrease 
rapidly. Their distributions are nearly symmetric 
with respect to the wind axis, but on the side where 
laminated layers cover, a slight disturbance is 
observed in the distributions. 

Discussion 

Initial Growth of A Snow Accretion on A Cylinder 

Accretion of snow particles always starts at or 
near the stagnant point of the cylinder. 

Many investigations have been made to explain 
the mechanism of icing around an obstacle as well as 
that of a power line, whereby many aerodynamical 
models have been proposed.(3, 4) These models have 
also been applied to look into the mechanism of snow 
accretion without examining the validity of the 
application. The following constitutes, however, a 
basic difference between icing and snow accretion. 
That is, the particles such as water droplets and 
snowflakes, are carried by a wind along a streamline; 
even when the streamline is curved by the drag effect 
due to a cylinder, the particles tend to move 
straightforward by their own inertia, turning away 
from the streamline and colliding against the cylin-
der The curvature of a streamline around the stag-
nant point is so large that the collision rate of 
the particles attains the maximum around the point, 
at which accretion starts. In case of icing, 
however, as the mass of a water droplet is so small 
and its inertia is also so small, as compared with 
that of a snow particle, that most of the water 
droplets which pass through the trajectory are car-
ried along the curved streamline and very few of 
them are turned away from the streamline around the 
stagnant point and collide against the cylinder 
there. Consequently, the coefficient of collision 
of such water droplets is fairly small. On the 
contrary, as is clear from our experiments, the coef-
ficient of collision for snow particles is almost  

100%, and snow particles passing through the trajec-
tory of the cylinder collide against the cylinder 
not only around the stagnant point but also at the 
whole windward surface of the cylinder. When water 
droplets collide against the surface, they collided 
plastically and adhere on it, making the collection 
rate of the collided droplets almost 100%. As a 
result, the coefficients of collision and collection 
are nearly equal. On the other hand, snow particles 
collide against the surface elastically and rebound 
away from the surface, as is confirmed from our ob-
servations. Hence, as for snow particles, though 
the coefficient of collision is almost 100%, that of 
collection is fairly small, that is, less than 10% 
of colliding particles. This is one of the charac-
teristic differences between icing and snow accretion. 

Snow particles, which collide against the surface, 
lose their kinetic energy and stay on the surface, 
are adhered there by the surface tension of water 
films which exist on the surfaces of snow particles 
and the cylinder. As has already been known an ad-
hesive force between a particle and a surface varies, 
depending on the material of the surface. Although 
it is important for the investigation of snow accre-
tion, there are few experimental reports concerning 
an adhesive force between a snow particle and the 
surface of various materials. (5) It is considered 
from our experiments that an adhesive force between 
a snow particle and an aluminum surface is in the 
order of a few dyne/cm2  and that an adhesive force 
between two snow particles is larger than that be-
tween a snow particle and another material. 

As for snow particles, which stay on the surface 
of a cylinder after losing their kinetic energy as a 
result of their elastic or plastic collision against 
the surface, an adhesive force between them and the 
surface must be equal to or slightly larger than the 
shear stress of the wind which acts on them. The 
wind shear is the function of the thickness of a 
boundary layer of the surface. For the cylindrical 
surface, the shear stress is zero at the stagnant 
point, increases exponentially towards the sides 
along the surface, and attains the maximum at the 
upper and the lower side. The thickness of the 
boundary layer obtained from the wind profiles is 
considered to be in the order of mm at the sides, to 
the shear stress of the wind might be larger than 
that of an adhesive force between a snow particle 
and the surface, but nearly the same as that between 
two snow particles. 

Consequently, snow particles can stay on the 
surface at or near the stagnant point after collid-
ing against the point, but, as they part from around 
the stagnant point, they cannot secrete so stably at 
points apart therefrom that they are removed by the 
wind shear. 

Once snow particles secrete on the surface at or 
near the stagnant point, late-coming snow particles 
that are carried by a wind collide against the ac-
creted snow particles, on which they can be deposited 
more stably by their large adhesive force. As a 
result, the accreted region can be extended towards 
the upper and the lower side of the cylindrical sur-
face from the stagnant point until it reaches the 
region where the wind shear exceeds the adhesive 
force of snow particles. Thus, an secreted snow 
mass grows in the shape of a triangular prism around 
the front surface, wherein the prism is defined by 
the trajectory of the cylinder and the repose angle 
which is the function of the adhesive force of snow 
particles as well as the shear stress of wind as 
shown in Fig.2. 

Formation of such a snow prism on the front sur-
face causes the change of the drug coefficient of the 
cylinder, which has an effect on the wind shear 
around there. 
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Figure 7. Vertical distributions of wind speed at 
various distances from the front on the wind axis 
for each model. 
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From a comparison of the wind profile between the 
cylinders without and with a prism on the front, it 
is clear that the effective region of the latter be-
comes sharper and narrower than that of the former, 
and that consequently, the wind shear around the 
surface of the prism might be larger than that of the 
cylinder itself. As the coefficient of collision is 
100%, the number of the snow particles which collide 
against the surface does not depend on the curvature 
of the streamline but on the trajectory of the cyl-
inder, so the number is equal between the two cylin-
ders. Also, the adhesive force of the snow parti-
cles is equal between the two cylinders. Then, the 
latter has a larger wind shear around the front be-
cause of a smaller drag coefficient, so the collec-
tion rate 'of the snow particles ot tre latter is 
smaller than that of the former. 

Hence, it might be considered that, as the snow 
accretion continues to grow, the shape of the front 
of the cylinder changes to that of the model, which 
has a prism on the front, then, the growth rate of 
the snow accretion decreases and, finally, the shape 
of the front reaches an equilibrium triangular prism 
which is defined by the repose angle and trajectory 
mentioned above, should the rotation of the accreted 
snow mass due to gravity be not allowed. 

Spiral Growth Mechanism of A Snow Accretion 

At the initial stage of the growth of a snow ac-
cretion, the gravitational force which acts on the 
mass of the accreted snow is almost negligible com-
pared with the adhesive force and the wind shear. 
However, as the accreted snow grows to a fairly 
large mass, the gravitational force becomes no longer 
negligible, starting to play an important role to 
the growth process of the snow accretion. 

With the growth of the mass of the accreted snow, 
the center of gravity moves from its original point 
and the moment of rotation acts around the center of 
the cylinder. When the adhesive force between them 
is larger enough, the cylinder itself rotates by 
that moment, as seen in icing and snow accretion on 
the strand cable. But, in our experiments, the snow 
mass slided along the surface, rotated downwards, 
and then kept its balance when the moment of rotation 
exceeded the adhesive force between the accreted 
snow mass and the surface, thus the snow mass moved 
from the initial position downwards to keep its bal-
ance, as shown in Fig.3. 

By the rotation of the accreted snow mass, the 
wind profile of the front changes, as shown in Fig.7. 
That is, with the rotation of the prism leeward, the 
stagnant point also moves leeward and the wind pro-
file becomes unsymmetric with respect to the wind 
axis. 

At the windward side of the rotated prism, the 
wind speed decreases and the affected region becomes 
broad, compared with that of the unrotated prism; 
then, the wind shear at this side decreases with the 
rotation. As a result, with the rotation of the 
prism, the collection of the snow particles on the 
windward side increases, whereby the more snow par-
ticles accrete on this side, the more the snow mass 
rotates to keep its balance with the moment of ro-
tation; then the growth of the snow accretion occurs 
around the stagnant point and windward side. On the 
contrary, on the lee side of the prism, the wind 
shear, is not so much changed from the initial one 
that the growth of the snow accretion hardly occurs 
with the rotation. 

Consequently, by this unsymmetrical growth due 
to the rotation, the accreted snow prism grows con-
tinuously and deforms its initial prism to a dis- 
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torted shape and gradually envelopes the entire cyl-
inder and finally grows to a cylindrical snow mass, 
which has a spiral growth face. 

In this growth mechanism, once the accreted snow 
mass starts rotating, the growth of the accreted 
snow might never reach the equilibrium which is seen 
at the initial growth stage. Before the accreted 
snow envelopes the entire cylinder, if the weight of 
the accreted snow mass exceeds the adhesive force 
between the snow mass and the surface, then the snow 
mass falls down from the cylinder and the same proc-
ess repeats from the initial stage. When the ac-
creted snow envelopes the entire cylinder, the ac-
creted snow might grow by a continuous rotation un-
til the weight of the snow mass exceeds the fracture 
strength of the accreted snow at the upper side of 
the cylinder. 

(on1 ilsinn 

Experimental studies were carried Out of asnow 
accretion on a power line using a wind tunnel in the 
cold room. 

Observations were made precisely of the growth 
processes, especially in their initial stage, to-
gether with measurements of wind speed and turbulence 
around the snow mass accreted on the line, as shown 
in Fig.6. 

From the results obtained for the snow accretion, 
an equilibrium prism and a spiral growth mechanism 
have been confirmed as follows: The coefficient of 
collision of snow particles against the trajectory 
of the cylinder was nearly 100%, but the snow par-
ticles which collided against the surface of the 
cylinder rebounded elastically from it, reducing the 
coefficient of collection, to less than 10%. 

Snow particles which collided against and stayed 
around the stagnant point of the front formed an 
equilibrium triangular prism of snow, wherein the 
prism was defined by the repose angle of snow par-
ticles which is the function of the adhesive force 
and the shear stress of a wind, as well as the traj-
ectory of the cylinder, as shown in Fig.2. 

When the mass of the triangular prism exceeded a 
critical weight, which was defined by the adhesive 
force of the surface, the prism began to rotate 
around the cylinder by its own weight as shown in 
Figs.3 and 4. Then, the distribution of wind speed 
around the accretion changed as a result of the drag 
effect of the rotating prism, as shown in Fig.7. 

This change of the wind speed suggests that, as 
the shear stress of the wind around the upper side 
of the prism decreases, snow particles could depos-
it more stably on this effective stagnant region. 

By this continuous deposition of snow particles 
on the upper side of the prism, the whole snow ac-
cretion also rotated continuously and repeated this 
process, as shown in Fig.l. 	- 

Finally, by this rotation, the snow accretion 
grew to a cylindrical snow mass which had a sprial 
face of growth and enveloped the entire cylinder, as 
shown in Fig.5. 
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