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Wind, Convergence,
and Shear

his “Weather-To-FIy” series be-
gan with a listing of the types
of lift commonly used for soaring
flight. Over the last year, the series
has presented information in regard

to Ridge, Thermal, and Mountain Wave
lift types. The remaining type to be
considered for soaring flight is that
of Conwergence. Unlike the lift types

discussed before, convergence lift de-

velops in several ways. These different
forms of convergence lift will be cov-
ered over the next few installments of
Weather-To-Fly. This month we review
some basic meteorology, and focus on
providing some background for future
convergence lift discussions.

As previously discussed, air (which
has mass) moves in an attempt to
reach equilibrium in relation to its
mass distribution in the atmosphere.
'The Equation of State for Dry Air de-
scribes the relationship of mass, pres-
sure, and density (See Text Box #1:
“Equation of State for Dry Air”). Den-
sity is expressed in terms of mass per
unit of volume. If temperature remains
constant, then pressure is directly a

function of the density or the amount
of mass in a given volume. Previous
articles have illustrated that vertical-
ly-oriented density differences in the
atmosphere result in vertical motion
of the air. Likewise, density and pres-
sure differences in a horizontal plane
result in the movement of air that we
know as the wind. Again, by physical
laws, the atmosphere wants to reach
equilibrium in terms of its mass con-
centration. Thus air movement is from
Pressure, P, is proportional to Density, p, and/or Absolute Temperature, T. an area of higher pressure (or higher
or, density) to that of lower pressure (or
Densitydp, is directly proportional to the Pressure, P; lower density). The pressure gradient,
Density, rp is inversely proportional to the Temperature, T. or the rate of decrease of pressure over
a horizontal plane such as the earth’s

surface, is the magnitude of the de-
creasing change of the pressure field at
a specific time (Reference: AMS). This
difference in pressure over the sur-

Equation of State for Dry Air

fining Variables:
Pressure (in millibars or grams/centimeter® or mass/area)
Density (in grams/ centimeter® or mass/volume)
Specific Gas Constant
Absolute Temperature (in degrees Kelvin)

EQUATION OF STATE FOR DRY AIR:

PRT

In referencing the equation, note the relationships of the variables:

As defined by the equation, a pressure increase results in a density
increase, and conversely a pressure decrease leads to a density decrease. A
temperature increase will result in an air density decrease, and converselya
decrease in temperature will increase the air density (more mass).
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face of the earth results in a force that
moves air (mass) from one point to an-
other. Air moves directly from higher
pressure to lower pressure. However,
an apparent force turns the air to the
right in the Northern Hemisphere as
seen from an observer’s point-of-ref-
erence on the rotating earth. This ap-
parent force is called the Coriolis Force
(Reference: AMS). The stronger the
Pressure Gradient Force and the result-
ing wind, then the stronger the Corio-
lis Force. At altitudes high enough to
have minimal frictional influence from
the earth’s surface on air movement,
the resulting wind is called a Gradi-
ent Wind. The wind direction of this
Gradient Wind at altitude generally
is tangent to the contour lines of an
upper air constant-pressure chart (See
Diagram #1: “Gradient Wind”). Close
to the earth’s surface, frictional effects
influence the balance between the
Pressure Gradient Force and the Co-
riolis Force. Frictional Force slows the
wind speed even though the Pressure
Gradient Force remains. With de-
creased wind speed, the Coriolis Force
is not as great and the wind direction
does not turn as much to the right
(Northern Hemisphere). The resulting
wind moves across the lines of equal
pressure (cross-isobaric wind flow)
from higher pressure toward lower
pressure (See Diagram #2: Resulting
Wind). This is why wind directions
reflect air moving at an angle away
from High Pressure areas on a surface
weather chart and subsequently flow
at an angle toward Low Pressure (See
Diagram #3: “Surface Pressure Gradi-
ent and the Wind”).

Convergence, by definition, is the
process or act of converging or com-
ing together. In mathematics, conver-
gence is defined as “the contraction
of a vector field” (Reference: AMS). A
vector has both a direction as well as
a speed component, and in the atmo-
sphere air movement has opportunity
for 3-dimensional low. When conver-
gence of air flow occurs near the sur-
face of the earth (and due to the law
of conservation of mass), air is forced
vertically upward since the earth below
does not allow air movement down-

ward. Thus, the horizontal movement
of air with any component of conver-
gence will result in upward air motion
(See Diagram #4: “Speed and Direction
Conwvergence”). Aviation textbooks re-
mind us that air “sinks” as it comes off
the higher mass concentration of High
Pressure and moves toward the lower
mass concentration of Low Pressure
(See Diagram #5: “Convergence at Sur-
face Low Pressure”).

As a point of clarification, glider pi-
lots very often use the terms “Shear’
and  “Conwergence” interchangeably.
Convergent flow, such as air moving
into areas of surface Low Pressure, will
result in some form of upward, vertical
motion (typically not strong enough
to support soaring flight). “Shear” is a
sharp, directional difference in air flow
that may, or may not, have any conver-
gence associated with it (See Diagram
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#6: “Shear Lines”). Shear will not necessarily result in upward verti-
cal motion. So-called shear lines that support soaring flight, by defi-
nition, have a component of convergent flow that results in upward
air motion. Convergent flow can occur in one of, or a combination
of, two ways: wind speed changes, speed convergence, and/or wind
direction (See Diagram #4: “Speed and Direction Convergence”).
Again, the atmosphere behaves like a fluid. The mindset of any
soaring pilot should always be envisioning the air around him or her
as a fluid. With a vision of forces and mechanisms including conver-
gence possibly at work in the fluid of air, and the use of conceptual
models, the glider pilot is better able to use the atmosphere to soar.
Having provided the basis for wind movement in this rendition,
succeeding articles of “Weather To Fly” will focus on several situa-

tions that develop Convergent Lift. ><
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Soaring
Calendar

he Soaring Society of America is now actively seeking photo submissions

for the upcoming 2013 Soaring Calendar, and we want YOU to be a part
of the process. If you have digital images you wish to submit, you may send
them to the SSA office. When submitting images, please include your contact
information, plus the name of the pilot, the location, the type of sailplane, etc.
If images are e-mailed, please include “2013 Calendar entry” in the tag line.
Help us make 2013 a year to remember.....we look forward to reviewing your
photos. E-mail images to: mradcliff@ssa.org.
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{‘Dome’ of Slow, Descending Air
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Low Pressure

{‘Valley’ of Slow, Ascending Air
e.g., Low Pressure Center 29.60" Hg)

Convergence at Surface Low Pressure
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