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Отложения	
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Структура	
  течения	
  

• Инерционная	
  область	
  

• Смешение	
  с	
  
атмосферным	
  

воздухом	
  

Уровень	
  
нейтральной	
  
плавучести	
  



Моделирование	
  извержения	
  Везувия	
  



От	
  чего	
  зависит	
  высота	
  колонны	
  
и	
  стиль	
  извержения?	
  

• Условия на выходе из жерла: 
• Скорость  
• Расход 
• Плотность и температура 
• Гранулометрический состав частиц 
• Водонасыщенность 

• Атмосферные условия: 
• Распределения температуры и 
влажности 
• Профиль ветра 

• Геометрия вулканической 
постройки 

• Диаметр 
• Наклонность канала 
• Форма стенок кратера 
• Высота кратера над уровнем моря 

 Neri, Augusto, and Flavio Dobran. "Influence of eruption parameters on the thermofluid dynamics of collapsing 
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Figure 15. Relationship between the vent velocity and 
mass flow-rate of the erupting mixtures at the transi- 
tion between the collapsing and plinian columns and 
comparison between the present numerical results from 
complex modeling with the results from plume theory. 
The curves of Wilson at al. [1980] and Wilson and 
Walker [1987] were calculated for an eruption temper- 
ature of 1123 K, while the curves of Woods [1988] were 
calculated for a temperature of 1000 K. 

10 pm, vent diameter of about 100 m, and vent veloci- 
ties of about 150 m/s, the proximal regions of pyroclas- 
tic flow exhibit small-amplitude sustained oscillations 
with periods of about 10-15 s. For vent diameters of 300 
and 600 m and vent velocities producing sustained oscil- 
lations (see Figure 14), strong oscillations of pyroclastic 
flow mass flow rates, velocities, and densities were pre- 
dicted even at large distances from the vent (Figures 9, 
10, 12, and 13). The periods of these oscillations range 
from 25-50 s in the proximal regions and from 40-50 s 
in the distal regions of the flow. The material in the py- 
roclastic flow produces in effect a wavy motion whose 
wavelengths range from 2 km in the proximal to 5 km in 
the distal regions of the flow. However, the flow oscilla- 
tions progressively decrease as particles size increases, 
especially in the distal regions of the pyroclastic flow 
where quasi-steady state conditions are established. For 
all vent diameters and vent exit velocities, the genera- 
tion of phoenix columns produces a decrease of the mass 
flow rate of the pyroclastic flow and effective damping 
of oscillations. A detailed discussion on the generation 
of convective instabilities that produce phoenix clouds 
is discussed by Dobran et al. [1993], where it is estab- 
lished that these clouds form because of the unstable 
vertical density gradient forces prevailing over the ra- 
dial momentum thrusting in the flow. The results of 
the present simulations also confirm this explanation 
whereby the distances from the vent of phoenix cloud 
generation increase with the increasing radial momenta 
of the pyroclastic flows. The results from eruptions of 
group A (see Table 1) demonstrate how for a constant 

particle size of 10 tzm the distances reached by the py- 
roclastic flows, or the distances from the vent where the 
phoenix clouds form, increase with increasing vent exit 
velocities and collapse heights of the columns until the 
columns form sufficiently dilute pyroclastic flows with 
low inertia and mobility, which promote the formation 
of convective instabilities and generation of phoenix co- 
lumns at shorter distances from the vent. It is interest- 
ing to note the existence of a range of exit velocities, for 
a constant vent diameter, in which an increase of the 
exit velocity and relative collapse height do not cause 
an increase in the distance reached by the pyroclastic 
flow (see group A and C eruptions). 

The effect of particle sizes on the distances traveled 
by the pyroclastic flows is of particular interest. The 
computer simulation results show that the pyroclastic 
flows with particle sizes of 200 /•m can travel greater 
distances than flows with 10-tzm particle sizes (com- 
pare eruptions A4, A7, and A8 in Table 1). This is 
due to the greater pyroclastic flow density of 200-/•m 
particles, which produces greater flow inertia and tends 
to move longer even if the phoenix cloud formed at a 
shorter distance from the vent due to the more effective 
separation of particles from the gas in the upper layers 
of pyroclastic flow. A further increase of particle size 
inverts again the tendency of large-particle pyroclastic 
flows to travel long distances due to the strong tendency 
to sediment large-sized particles. The upper regions of 
pyroclastic flows become dilute and promote the for- 
mation of convective instabilities which precipitate the 
formation of phoenix clouds at short distances from the 
vents [Giordano and Dobran, 1994]. A 10-/•m particle 
size pyroclastic flow produces a phoenix with a particle 
volumetric fraction of 10 -4, whereas a 200-/•m particle 
size flow produces a phoenix cloud with a particle vol- 
umetric fraction of 10-10. This, of course, implies that 
the coignimbrite or phoenix clouds contain very fine ma- 
terial particles, which is consistent with field observa- 
tions [Walker, 1981]. A volcanological implication of 
these results is that pyroclastic flows can produce com- 
plex deposits: (1) due to the differently sized particles 
in the flow which sediment at different rates along the 
flow, and (2) due to the fine ash fall from the phoenix 
cloud(s). Sparks el al [1978] and Walker et al. [1980] 
provide, for example, evidence for the interspersed de- 
posits. 

Computer simulations performed with a granular flow 
model and a two-component gas mixture of water vapor 
and air interacting with pyroclasts should provide more 
reliable predictions of the behavior of dense two-phase 
flow mixtures in volcanic jets and pyroclastic flows, and 
of the buoyancy effects above the fountains and pyro- 
clastic flows than past simulations which did not employ 
such modeling. To illustrate the difference in results 
which were obtained by using our model and that of 
Valentine el al. [1992], we performed a simulation of 
their eruption 117 which has vent conditions as shown 
in Table 4. The eruption was simulated in a physical 
domain of L - 15 and H - 15 km with a uniform grid 
spacing of 100 m as used by the above authors. The 
results of this simulation are illustrated in Figure 16 



Простейшая	
  оценка	
  
H = k(QΔT)1/4 

Wilson, L., R. S. J. Sparks, 
T. C. Huang, and N. D. 
Watkins (1978), The 
control of volcanic column 
heights by eruption 
energetics and dynamics, 
J. Geophys. Res., 83(B4), 
1829–1836 
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Fig. 5. Schematic representation of vertical and horizontal velocity compo- 
nents within an eruption column emplaced in a stably stratified environ- 
ment. Below H e the vertical velocity distribution across the plumes is 
gaussian. Between H r and H B the horizontal velocities result from the 
radial spreading of material passing through the level o fH  m The resultant 
velocity of a clast falling in the umbrella region consists of the radial veloci- 
ty (Uu), the partial settling velocity (UT) and the local vertical velocity 
(Uv) 

liable. If pumice data are used the densities should also be 
determined and localities where pumice breakage is evident 
should be eliminated from the data set. 

The influence of  wind 

Axial displacement 

Pyroclastic fall deposits typically show isopach and 
isopleth patterns which are asymmetrical about the source 
"vent, indicating that transport has been influenced by wind. 
Many theoretical and experimental studies have considered 
the general problem of buoyant plumes rising in a uniform 
crossflow (see Briggs 1969). A crossflow will produce 
several different effects which could influence the charac- 
teristics of the resultant fall deposit. The most obvious ef- 
fect is a bending over of the plume axis in the downwind 
direction, as is commonly observed for plumes discharged 
from industrial stacks. 

Many theories and empirical formulae have been 
presented to describe the trajectory of a plume axis and 
most are variations of the downwind distance raised to the 
2/3 power as first suggested by Scorer (1959). Laboratory 
experiments on buoyant jets and observations on low 
strength plumes from industrial stacks show good agree- 
ment with these relationships (Hoult et al. 1969; Fay et al. 
1970; Hour  and Weil 1972; Wright 1977). Their application 
to volcanic eruption plumes is, however, complicated by 
several factors. First, the buoyancy fluxes of volcanic erup- 
tions are several orders of magnitude larger than industrial 
plumes, which rarely exceed 100 MW. Industrial plumes 
are quickly bent over and a number of simplifications can 
be made. The commonly cited 2/3 power law is based on an 
entrainment theory which assumes that the horizontal com- 
ponent of the plume trajectory is equal to the crosswind ve- 
locity and that the angles between the plume centreline and 
horizontal is small. Neither of these assumptions is good for 
any but the weakest of eruption columns. For these reasons 
the application of the industrial work to eruption columns 
must be suspect (Settle 1978; Fedotov 1985). 

Another complicating factor is that all of the equations 
are derived for a uniform crosswind velocity. Because most 
volcanic eruption plumes transect a large part of the 
troposphere, and many ponetrate into the stratosphere, they 
can encounter large variations in horizontal wind speed. 
This results in shear, for which no set of equations related 
to plume trajectory has yet been developed. 

Lack of any theory for vigorous plumes and the qualita- 
tive nature of current observations led us to use a simple 
model based on the arguments of Wright (1977) that the rise 
of a vigorous buoyant plume in a crossflow will be similar 
to that in a stagnant ambient fluid but advected at the veloci- 
ty of the crossflow. The trajectory of the plume axis is thus 
calculated by the vector sum of the centreline velocity for a 
plume with no wind and the wind velocity at that height, 
Figure 8 shows the results of calculations assuming differ- 
ent wind speeds and column heights. The centreline velo- 
cities are those calculated by Sparks (1986), and 
the maximum wind speed occurs at the temperate 
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Fig, 6. Clast trajectories from the um- 
brella region to the ground for eruption 
columns with Hr  equal to 21 and 35 km. 
Note the significant increase in the maxi- 
mum dispersal of particles for the higher 
eruption column 
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son 1976; Sparks 1986) and only the features relevant to the 
transport of clasts are summarized here. The base of the 
colutnn is the momentum-dominated gas thrust region 
where velocities are high (hundreds of m/s) and decelera- 
tions large. In the lower region of the column the largest 
clasts are initially accelerated by the gas and then pursue 
ballistic trajectories which are influenced only weakly by 
the motion of decelerating gases around them. Ballistic 
clasts can leave the column altogether if their angle of ejec- 
tion with respect to the vertical column axis is large enough. 
The range of such clasts is determined by their initial veloci- 
ty, ejection angle, size and density (Wilson 1972). Such bal- 
listic clasts can yield no information on the column height 
and eruption intensity. Their behaviour is determined by 
processes at the very base of the column. 

The convective region of a column is where buoyancy 
forces dominate; it typically occupies most of the column's 
height. Although the velocities are smaller than the initial 
exit velocities they can still be tens to over 200 m/s. The 
column velocity decreases steadily with height. Models 
and observational data (Sparks 1986) suggest that over 
much of a column's height the mean velocity on the central 
axis decreases in an approximately linear fashion with 
height. Significant departure from a linear decrease only 
occurs at the bottom and top of a column. The convective 
velocities at a given height also increase systematically with 
magma discharge rate and thus with total column height. 
Sparks (1986) gives quantitative expressions of these rela- 
tionships. 

A convective eruption column is highly turbulent and 
thus local velocities at any position will fluctuate irregular- 
ly and substantially with time. However, studies of thermal 
plumes (Rouse et al. 1952; Turner 1979) show that the time- 
averaged vertical velocity U~ is a symmetrical gaussian 
function of distance from the plume axis: 

U~ = U~e - ~%~ , (1) 

where U~ is the centreline velocity at height h, x is the radi- 
al distance and b is the distance at which the velocity has 
decreased to 1/e times U c. Sparks and Wilson (1982) found 
that the visible edge of a volcanic plume corresponds ap- 
proximately to a radius of 2b. 

The convective velocities within columns are suffi- 
ciently large that, in most situations, most ejecta will be car- 
ried up to the top of the convecting region. Some clasts will 
be carried to the column edge where vertical velocities are 
small and fallout will occur (Fig. 1). However, except in the 
weakest eruptions, the centreline convective velocities are 
great enough to carry some fist-sized clasts (5 cm lithics) to 
near the top of the column. Most clasts are entrained in the 
ascending column and do not follow ballistic trajectories. 
Only the very largest clasts (tens of centimeters) follow 
truly ballistic paths. 
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Fig. 1. Sketch of the main features ofa convecting eruption column. Varia- 
tion of centreline velocity and density with height are schematically shown 

\ 
DENSITY 

The uppermost part of a column is characterized by in- 
trusion laterally into the atmosphere (Fig. 1) to form an um- 
brella region. The base of this region is defined by the level 
of neutral density (height HB) where the ascending plume 
has the same density as the surrounding atmosphere. The 
top of this region (height Hr) is controlled by the momen- 
tum of the column at height HB, which causes the column 
to rise considerably further than H B. Typically the ratio 
(HT-HB)/Hr is 0.25 to over 0.3 (see Morton et al. 1956; 
Sparks 1986). Under steady conditions little further en- 
trainment of air can occur above H e but continuity de- 
mands that the cloud flows sideways in radial fashion. The 
average radial velocity is defined as: 

M 
G = 2 7rR:~ (H r -  HB) '  (2) 

where Mis the mass flow rate of air and ejecta at height HB, 
and c~ is the mean density of air between H r and H B. Sparks 
(1986) found that this simple treatment of the motion in the 
umbrella region agreed well with the Mount St Helens 
cloud. 

Clasts entering the umbrella region will be transported 
laterally by the flow. In large columns the velocities can be 
large and the lateral transport substantial. The maximum 
range of a clast of given size and density is determined by 
the motions in this region. 

Clast support  isopleths 

With appropriate expressions for the variation of the verti- 
cal velocity with height and radial distance (Eq. 1), con- 
tours of constant velocity for eruption columns from H B =5 
km to H B =30 km at intervals of 5 km have been calculated. 
The details can be found in Sparks (1986). An example of 
the velocity distribution is shown in Fig. 2a for H B =10 kin. 

At any position in the column there will be clasts which 
have a terminal fall velocity exactly equal to the ascent ve- 
locity. The terminal fall velocity for a clast of diameter d at 
high Reynolds number is calculated from the following 

Carey, S. and Sparks, R. S. J., 1986. Quantitative models of the fallout and dispersal of 
tephra from volcanic eruption columns. Bull. Volcanol. 48 : 109–125. 
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Fig. 4a-e. a Clast support envelopes for an 
eruption column of H~ =20 km and Hr=28.0 
kin. b Clast support envelopes for an eruption 
column of HB=25 km and Hr=35 km. c 
Clast support envelopes for an eruption 
column of HB=30 km and Hr=43 km 
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Fig. 7a-d. Isopleth area versus clast size 
for eruption column heights between 7 
and 43 krn with clast densities of a 500 
kg/m 3 , h 1000 kg/m 3, e 1500 kg/m 3 and d 
2500 kg/m 3. Solid triangles in a are 
pumice isopleths from the Fogo A 
deposit. Open circles on d are lithic field 
data of the Fogo A pumice-fall from 
Walker and Croasdale (1971) and solid 
circles are data of Walker and Croasdale 
(1971) re-interpreted for the placement of 
isopleths as described in the text. Values 
along curves correspond to H B and H T (in 
parentheses) in km 

tropopause. The calculations are made up to the height I t  B 
since the influence of the wind in the umbrella region will 
be treated separately. The calculations show that the axial 
displacement of the column is small for most columns, 
although the effect of strong crosswinds on small columns 
(H B < 10 km) could become significant. 
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Fig. 8. Axial displacement of eruption columns with H B =5, 10, 20 and 30 
km in crosswinds of 30, 20 and 10 m/s. Displacements are calculated as- 
suming simple advection of the plume at the crosswind velocity 

The stagnation point  

Observations of the giant cloud of Mount St. Helens on May 
18, 1980 allowed an evaluation of the effect of stratospheric 
winds on a large column (Sparks etal .  1986). The giant 
cloud expanded radially in accordance with Eq. (2) and 
reached a stagnation point where the radial expansion ve- 
locity was equal to the stratospheric wind velocity. The up- 
wind edge of the cloud then maintained a fixed position. 
The straightforward behaviour suggests that a very simple 
treatment of the influence of wind on flow in the umbrella 
region will be adequate. 

In a crosswind, the displacement of the central plume 
axis at height H B is calculated as in Fig. 8. Above H 8 the 
flow expands in all directions at velocities determined by 
the mass flux and radius (Eq. 2). In the upwind direction a 
stagnation point is reached defining a stationary edge to the 
umbrella region. A useful measure of the overall plume 
shape in a crosswind is the ratio of the upwind stagnation 
radius to the displacement of the plume axis at H B. Figure 
9 shows calculations of the relationship between this ratio 
and column height for different wind velocities. Sketches of 
the expected shapes of columns for different values of this 
ratio are shown. For very large, powerful columns the ratio 
is much greater than unity, upwind flow in the umbrella 
region is considerable and axial displacement is limited due 
to the large convective velocities. The column will be 
mushroom shaped with a pronounced upwind protrusion 
(Fig. 10a). For very weak columns, where the ratio is less 
than unity the wind has a major influence and the column 
is bent over (Fig. 10c). No true umbrella region forms and 
a treatment such as those used for industrial plumes may be 
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Fig. 12. a Geometry of clast isopleths from an eruption column of 43 km height with a maximum crosswind velocity at the tropopause of 10 m/s. Isopleth 
contours are for clast diameters in centimetres with a density of 2500 kg/m 3. b Geometry of clast isopleths from an eruption column of 43 km height with 
a maximum crosswind velocity of 20 m/s. e Geometry of clast isopleths from an eruption column of 43 km height with a maximum crosswind velocity 
of 30 m/s. Note the high degree of circular symmetry retained even at high wind speeds 

produce isopleths that have a high degree of circularity even 
with crosswinds of 30 m/s ]. This is principally the result 
of most lateral transport occurring by intrusion of material 
between//rand H B. As the column height decreases the ra- 
~The reader is reminded that the crosswind velocities referred to are the 
maximum value on wind profiles with the shape depicted in Fig. 11 

tio of transport within the umbrella region to the transport 
within the atmospheric wind-field decreases. When the 
amount of transport in the atmosphere becomes large rela- 
tive to the expansion in the umbrella region, as is the case 
for low eruption columns with fast crosswinds, then the 
isopleths become substantially elongate in the downwind 
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Fig. 13a-c. Isopleth macimum clast pat- 
terns for a 28 km high eruption column 
with maximum crosswinds at the tropo- 
pause of a 30 m/s, b 20 m/s, e 10 m/s~ 
Isopleth contours are for clast diameters 
with a density of 2500 kg/m 3 

Fig. 14a-e. Isopleth maximum clast pat- 
terns for a 14 km high eruption column 
with maximum crosswinds at the 
tropopause of a 30 m/s, b 20 m/s, 
c 10 m/s 
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Fig. 15. Isopleth area versus clast size for eruption columns between 7 and 
43 km with a maximum crosswind at the tropopause of 30 m/s. Isopleth 
areas in crosswinds are increased relative to the no-wind conditions (Fig. 
7). Clast density equals 2500 kg/m 3 

direction and take on a characteristically ellipsoidal shape 
(Fig. 14a). 

The effect ofa crosswind is to increase the area enclosed 
by a given isopleth but, as one might expect from the above 
arguments, the magnitude of the area increase is larger for 
small eruption columns and small for larger columns. This 
can be seen by comparing Fig. 7 with Fig. 15, which gives 
the isopleth areas for a maximum crosswind of 30 m/s and 
a range of column heights from 6.8-43 km. 
Because the width of an isopleth perpendicular to the cross- 
wind is principally a function of the column height, and the 
maximum downwind range is a function of both the column 
height and the wind speed, diagrams can be constructed that 
allow discrimination of the two effects based on the geome- 
try of a given isopleth. Figure 16 shows plots of the cross- 
wind radius versus the maximum downwind range for theo- 
retical isopleths of clast sizes 0.8, 1.6, 3.2 and 6.4 cm in 
diameter. The two parameters can be seen to define unique- 
ly the column height and wind speed for a particular 
isopleth geometry. It must be stressed, however, that these 
diagrams portray combinations dependent upon the as- 
sumed wind profiles. Although the effect of column height, 
i. e. crosswind radius, will remain unchanged, the position 
of the isowindspeed curves will adjust according to 
whatever vertical profile is adopted. The profile used in 
these calculations (see Fig. 11) is a reasonable estimate of 
the types of wind systems many eruptions are likely to en- 
counter in temperate latitudes. Instead of modelling all the 
likely configurations of wind profiles at different latitudes, 
copies of the program can be supplied to those interested in 
modelling specific cases with instructions as to how to 
modify the program to any type of wind profile. 

Another factor which may influence calculations is 
variation in wind direction, which will increase the appar- 
ent cross wind range and thus overestimate column height. 
Winds in the stratosphere tend to remain fixed in direction 
for periods comparable to or greater than most plinian erup- 
tions. Thus in short-lived high intensity eruptions this effect 
is likely to be small. However, long-lived weak eruptions, 

such as strombolian events, could last for weeks or months 
and low-level winds may vary considerably in direction. In 
these circumstances cross wind distance may be impossible 
to measure or would be overestimated. 

Application of the crosswind model 

In this section the results of the theoretical model are com- 
pared with field data. Two historic eruptions are considered 
first, for which estimates of at least column height, and in 
one case wind speed, are available. These eruptions, the 
1902 plinian eruption of Santa Maria volcano in Guatemala 
(Williams and Self 1983) and the May 18, 1980 eruption of 
Mount St. Helens (Waitt and Dzurisin 1981; Carey and 
Sigurdsson 1982), will provide important tests for the ac- 
curacy of the model. The column heights given are the 
height Hr and the wind velocities refer to the maximum ve- 
locity at the tropopause as depicted in the profile in Fig. 11. 
Calculated and observed heights and wind velocities are 
compared in Table 1. 

Mount St. Helens (May 18, 1980) 

Limited pumice isopleth data is available for the plinian 
phase of the May 18, 1980 eruption of Mount St. Helens 
(Waitt and Dzurisin 1981); unfortunately no mention is 
made as to the nature of the measurements (average of 3, 5, 
10 fragments?). The data are sufficient to test two clast 
sizes, 4 and 8 cm diameter, which are the hydraulic equiva- 
lents of 0.8 and 1.6 cm lithics (Fig. 16). From these two 
isopleths, the average column height and wind speed based 
on our model are 19 km and 36 m/s respectively. Radar 
measurements of the eruption column height during the 
May 18 event show a peak of 19 km at 1700 hours Pacific 
Zone time (Harris et al. 1981) and a maximum wind speed 
between 27 and 33 m/s was measured by radiosonde near 
the tropopause (Danielsen 1981; Carey and Sigurdsson 
1982). The results of the model thus agree quite well with 
radar and meterorological observations in spite of the un- 
certainties in the field data. The proximal plinian deposit is 
reversely graded and the published maximum grain size 
only allows conditions at the peak intensity to be inferred. 
The average height of the column was 16 km. 

Santa Maria (October 25, 1902) 

The plinian eruption of Santa Maria volcano, Guatemala on 
October 25, 1902 discharged at least 8.5 km 3 of dacitic 
magma (DRE) and was one of the largest explosive erup- 
tions of this century (Williams and Self 1983). Based on the 
model a column height of 34 km and a windspeed of 14 m/s 
are estimated (Fig. 16). During the course of the eruption 
two sets of measurements were made of the column height. 
One, by the mailboat S. S. Newport, reported the height to 
be between 27 and 29 km, whereas a second estimate placed 
the height at 48 km (Anderson 1908). Williams and Self 
(1983) calculated the column height independently using 
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Fig. 7a-d. Isopleth area versus clast size 
for eruption column heights between 7 
and 43 krn with clast densities of a 500 
kg/m 3 , h 1000 kg/m 3, e 1500 kg/m 3 and d 
2500 kg/m 3. Solid triangles in a are 
pumice isopleths from the Fogo A 
deposit. Open circles on d are lithic field 
data of the Fogo A pumice-fall from 
Walker and Croasdale (1971) and solid 
circles are data of Walker and Croasdale 
(1971) re-interpreted for the placement of 
isopleths as described in the text. Values 
along curves correspond to H B and H T (in 
parentheses) in km 

tropopause. The calculations are made up to the height I t  B 
since the influence of the wind in the umbrella region will 
be treated separately. The calculations show that the axial 
displacement of the column is small for most columns, 
although the effect of strong crosswinds on small columns 
(H B < 10 km) could become significant. 
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Fig. 8. Axial displacement of eruption columns with H B =5, 10, 20 and 30 
km in crosswinds of 30, 20 and 10 m/s. Displacements are calculated as- 
suming simple advection of the plume at the crosswind velocity 

The stagnation point  

Observations of the giant cloud of Mount St. Helens on May 
18, 1980 allowed an evaluation of the effect of stratospheric 
winds on a large column (Sparks etal .  1986). The giant 
cloud expanded radially in accordance with Eq. (2) and 
reached a stagnation point where the radial expansion ve- 
locity was equal to the stratospheric wind velocity. The up- 
wind edge of the cloud then maintained a fixed position. 
The straightforward behaviour suggests that a very simple 
treatment of the influence of wind on flow in the umbrella 
region will be adequate. 

In a crosswind, the displacement of the central plume 
axis at height H B is calculated as in Fig. 8. Above H 8 the 
flow expands in all directions at velocities determined by 
the mass flux and radius (Eq. 2). In the upwind direction a 
stagnation point is reached defining a stationary edge to the 
umbrella region. A useful measure of the overall plume 
shape in a crosswind is the ratio of the upwind stagnation 
radius to the displacement of the plume axis at H B. Figure 
9 shows calculations of the relationship between this ratio 
and column height for different wind velocities. Sketches of 
the expected shapes of columns for different values of this 
ratio are shown. For very large, powerful columns the ratio 
is much greater than unity, upwind flow in the umbrella 
region is considerable and axial displacement is limited due 
to the large convective velocities. The column will be 
mushroom shaped with a pronounced upwind protrusion 
(Fig. 10a). For very weak columns, where the ratio is less 
than unity the wind has a major influence and the column 
is bent over (Fig. 10c). No true umbrella region forms and 
a treatment such as those used for industrial plumes may be 
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Итак:	
  
Когда вулканы 
аккуратно чистишь, они 
горят ровно и тихо, без 
всяких извержений. 
Извержение вулкана - 
это все равно что пожар 
в печной трубе, когда 
там загорится сажа.  


