Bluenose Soaring Club - Ground School - Navigation

Sailplane Navigation and Flight Paths
Larry Bogan - Feb. 2002 version

Position

* Name on a map (eg. Kinsman's Corners)

* Range/Bearing (350 deg true 3.4 nm from
intersection)

* Latitude/Longitude (Reference lines on the
ellipsoidal Earth)

® Other georeference coordinates (eg UTM)

* Georeference System (GEOREF see explanation
on sectional map - good to < 1 nm)
15°x15° sq + 1°x1° sq + 1 long + I'lat
- Stanley HK MA 05 06
- Halifax Int'l HJ MQ 28 53

Language of Positioning
* Meridians (Lines of constant longitude)
North to South pole
* Prime Meridian (Reference line for east-west and
at Greenwich, UK by international agreement)
* Equator (Reference line for north-south)
* Units: 1 revolution = 360 degrees = 360°
1° = 60 arc minutes = 60’
1'= 60 arc seconds = 60"
* Longitude (East 0°-180°, West 0°-180°)
* Latitude (North 0°-90°, South 0°-90°)

Types of Map Projection
Maps are on 2-dimensional and flat so positions on an
ellipsoidal Earth must be projected onto it. Flat
sheets can be bent into the shape of cones or
cylinders to provide better approximations to the
Earth's shape.
*  Mercator - Cylindrical with contact at the
equator - good for low latitude locations.
* Transverse Mercator - Cylinder with contact at a
particular meridian of interest.
-Good for local scale maps.

Universal Transvers Mercator (UTM):

eg - Canadian and other topographic maps
Easting. metres from Zone's standard meridian
(60 zones 6° wide - we are in zone 20)

Northing. metres from Equator

Example: location of Stanley Airport (Zone 20T)
See blue grid on topo map Kennecook 11/E4
Easting: 0427151 m  Northing:4993951 m

* Lambert Conformal Conic Projection
Low area distortion and accurate great circle lines.
- VFR Navigational Charts: 1:500,000
eg Moncton :Standard Parallels 41° 20" and 46° 40’
Example; location of Stanley Airport

N46° 06' 02" W63°55' 14"
- WAC World Aeronautical Charts 1: 1,000,000

Time and Time Zones:

Earth Rotates from West to East 360°in 24 hours

- 15° of longitude equals 1 hour rotation of the Earth
- 1° rotation in longitude = 1/15 hour in Earth rotation
time = 4 minutes

- Local Mean Time (LMT) = the mean time at your
meridian

- Coordinated Universal Time (UTC) = local mean time
of Prime Meridian

- Standard Time Zones are 1 hour wide ~ 15°wide

- Standard Time = the mean time of the standard
meridian of your fime zone

( Standard time zones are given letters of the
alphabet and Zulu (Z) is the one around the prime
meridian. )

Atlantic Standard Time (AST)

= LMT of W60° (zone Q or Quebec = -4 hr UTC)

Eastern Standard Time (EST)

= LMT of W75° (zone R or Romeo = - 5 hr UTC)

- West Longitude is earlier than UTC

- East Longitude is later than UTC

- Date is discontinuous at the International Date Line
(W180° and E180°) (easiest to alway determine time
by not crossing the date line)

Example: Find the LMT and UTC for 8:15 pm AST.
(Middle Sackville is at longitude W63°40")

- This is the LMT at W60 and we are 3°40' west of
that so we have an earlier time. Since 1° = 4 min and
15" = 1 minute of time

-LMT=20:15 hrs - 3*4 - 3= 20:15 - 15 = 20:00 hrs
The Prime Meridian is east of us so is later than we
are. W60° corresponds to 4 hours (60/15 = 4).

- UTC = 20:15 + 4:00 = 24:15 = 00:15 Z (tomorrow)

Compass

Magnetic Field lines:

From South Magnetic Pole to North Magnetic Pole.
1. "Dipole” shape but not a uniform field

2. Field tipped to the axis of rotation of the Earth
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Example: Monction Sectional Map
for Distances and Bearings.

O Stanley to Debert

- distance = 10.0 cm on the map
)| - scale = 1:500,000

21s) A8=27 | [ 1 cm = 500,000 cm = 5 km]

- distance = 10*5 = 50.0 km

- bearing = 46° true --> 46+20.5
= 66°.6mag

O Stanley to Waterville

- distance = 11.5 c¢cm --> 57.5 km

: - bearing = 264 true --> 284 mag
i O Stanley to Halifax Int'l

7 - distance = 7.9 cm --> 39.3 km
s - bearing = 128° true --> 148 mag
What is the magnetic bearing of
Stanley from Halifax Int'l?

- bearing = 148 + 180 = 328 mag
NOTE: the runways at Halifax
are 33,15 and 24,09 (33 is
‘aimed’ right at Stanley)

itland (7

(N and S magnetic poles not at N and S poles)
3. Field changes with fime as magnetic poles move
4. Fields are affected by local gelogical formations.

Magnetic Deviation

- Isogonic Lines: Dashed Lines of constant deviation
on maps. (See Moncton VFR Aeronautical Chart)
Stanley is ~3 way between isogonic line 20W and 21W
so its magnetic declination = W20°.5

Bearing and Track

- Bearing = direction measured from the North
eastward (clockwise) up to 360°

- Heading = direction of aircraft flight in the air

- Track = the direction of the flight over the ground
Example: Find the 'true’ bearings of runways 02 and
27 at Stanley. 'True' is the bearing measured from
true north.

(Easiest to understand by using a compass diagram
with magnetic north and true north on it - see the
map above)

Magnetic = True + west mag dec

Example of Distance and Bearing Calculation:

(These calculations assume a flat rectangular
coordinate system. These assumptions are best met
nearer the equator and over distances of less than
200 km) See the diagram below for the deftails.

Approximate Calculation
of Distance and Bearing
between two sites

lat2
- long2

Y

Mean Latitude

Latm = (Lat1+Lat2)/2
afm = (Lat1+Lat2), Alat = lat2-latl

B ns_dist = Alat*60nm/deg

bearing12

lat1

1
long! Along = longl-long2

ew_dist = Along * 60nm/deg * cos(Latm)

dist :\/(ew_dis’r)2 + (ns_dist)?

bearingl2 = arctan(ew_dist/ns_dist)
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Stanley to Debert Distance/Bearing Calculation
1 - Convert to fractional degrees for Latitude and
Longitude (keep 4 decimal places)

Stanley Debert Difference
N45.1006 N45.4186 Alat  =0.3183 deg
W63.9206  W63.4606  Along = 0.4600 deg

2. - Calculate the differences in Latitude and
Longitude and the Mean Latitude
Mean Latitude = (45.1006 + 45.4186)/2 = 45.2596
3. - The NS scale is 60 nm/deg while the EW scale
depends on the latitude
EW scale = 60 nm/deg * cos(Mean Latitude)
EW scale = 60*cos(45.2596) = 42.2 nm/deg
4. - Calculate NS and EW distances
NS distance = 60*0.3183 = 19.1 nm
EW distance = 42.2*0.4600 = 19.4 nm
5. - Calculate distance and bearing
distance = sqrt(19.1> + 19.4%) = 27.2 nm
1 nm = 1.85 km so the distance = 50.4 km
bearing = arctan(19.4/19.1) = 45.5°

Calculators: More precise calculations of distance
bearing can be done using spherical trigonometry and
computer programs. For example see the website:
http://www.go.ednet.ns.ca/~larry/

Most Global Positioning System Units can do these
calculations.

Relative Motion:

Let's Consider the vector relationship between wind
velocity, aircraft velocity in the air and aircraft
velocity relative to the ground. An aircraft flies
relative to the moving air so the wind velocity will
affect its motion relative to the ground.

V=V, +V Movement of the
9= VatVy A ]
aircraft relative
to the air
Movement

of the aircraft
relative to the
ground

Movement of
the air relative

Example: Graphical Solution to Flying in Moving Air.

V., = Velocity of the wind relative to the ground

V. = Velocity of the aircraft relative tothe air

V, = Velocity of the aircraft relative to the ground
Vo=V, +V, (Remember these are vectors)
There is a 10 kt NW wind (wind track 125° true)

We want to head back to Stanley which has a bearing
of 70° from our present position. We plan to fly at an
airspeed of 45 kts

- find the aircraft ground speed and the required
heading to stay on track to Stanley.

1. Draw the directional lines for wind and track and

Vg=Vw+ Va

Measured velocity along
the ground = 50

Wind |
Dir‘ecfipn

[Radius of circle = 45
centre of circle at tip
of Wind Velocity

vector ]

- Wind
Flight  velocity
Path  vw=10kts
[ vector length = 10 ]

establish a scale for the speeds on the drawing.

2. Mark off the size of wind velocity (10kts)

3. From the tip of the wind velocity vector draw a
circle with radius 45 kts and mark where it
intfersects with the flight path. This defines the air
velocity of the aircraft (we knew the speed but not
the direction).

4. The length of the resultant ground velocity vector
is along the path.

- Result: Ground speed = |Vg| = 50 kts

- Heading = 60 degrees (Crab angle = 10 deg north of
the track direction).

Final Glide Calculations

to the ground Every thing so far has been concerned with going from
v, point to point on the map. A glider must also navigate to

stay aloft and land at a safe spot. The next section will
deal with getting home safely.

air through
which the
aircraft flies
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Ka8b - Glide Distance in Headwind
Kilometres/1000 feet

V, = sqrt(V.® - V%) = sqrt(48? - 15%)
=456 kts: V=19
G4 =45.6/(1.9%6.08)

= 3.95 nm/1000 ft

Angle of Heading with Track
= sin’(15/48) = 18°.2

Glide Circle

When all wind directions are

considered the glide distance is a
circle displaced downwind. (See

glide in km/1000 ft

diagram below). For the above
example the centre of circle of glide

distance is shifted downwind by 1.3

nm/1000 f+

0 (4.15 - 2.85 = 1.3 nm/1000 ft)
30 40 50 60 70 80 90
Airspeed (knots) General Instructions for Drawing
the Glide over the ground circle:
The performance of a glider is shown in the ‘polar’ - Circle Radius (nm/1000ft) =
diagram of sink rate versus airspeed. A more useful V./(Vs*6.08)
form of this information plots glide distance for a - Centre Shift (nm/1000ft) = V,,/(Vs*6.08)
given height versus airspeed. One such graph is shown = V,*(L/D)/(V,*6.08)

above for the Schleicher Ka8. The performance
curves are always given for flying in still air. In
reality, the sailplane usually has wind to contend with.
Three curves show the glide ratio over the ground in
headwinds of 5, 10 and 15 knots while three others
for tailwinds of -5, -10, and -15 knots.

- Max L/D at 39 kts = 27.9: glide = 8.5 km/1000f+

- At 50 kts L/D = 23.6: glide = 7.2 km/1000f+t
Example: Upwind/Downwind flights at one airspeed.
- Assume Constant Speed of 48 kts giving L/D = 25
Since sink rate = V./(L/D) = -1.9 kts

- Wind speed 15 kfs.

Ground Speed = V =V, +V,

Glide Ratio over the ground = G = V,/V,

1 nautical mile = 6080 ft or 6.08 1000ft/nm

Glide Ratio in nm/1000ft = 64 = 6/6.08

* Headwind Glide :

V,=48-15=33 kts :V,=19:6=33/19=174:
G4 =17.4/6.08 = 2.85 nm/1000 ft

* Tailwind Glide:

V,=48 +15=63 kts :V,=19:6=63/19=34.2:
G4 = 33.2/6.08 = 5.45 nm/1000 f+

* 90° Crosswind Glide:

(Heading is not 90° to the wind but slightly upwind -
see circle diagram)

In reality the best strategy is not the same airspeed
for all wind directions. Using the polar plot above:
For 15kt headwind --> Best L/D @ 43 kts

(4.7 km/1000ft = 2.5 nm/1000ft)

For 15kt tailwind --> Best L/D @ 37 kts

(12 km/1000ft = 6.5 nm/1000ft)

Air Speed = Va  (Downwind case)

Vw

N

<
Wind Speed = Vw

Va
Vs = Va/(L/D) (Bearing) Ground Velocity

Vg = Va+Vw
(Track)

Circle Center
Offset = Vw/(6.1 Vs)

Circle = locus of glide
distances for all
possible tracks in
the given wind.

(Units are nm/1000 ft)

Present
Location of
the Aircraft

—
Wind Direction

Glide Distance
=Vg/(6.1Vs)
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