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The average (limb or \ink rate of a dynamiic sodnnt

Slider is calculat€d at different speeds. This average vert;
cal speed is a useful measure of a glider's energy exchange
with the atmosphere; although in dynamic soaring, a glid-
er often gets mrch energy in a kinetic form, as extra for-
ward speed. Figures are presented here showing graphs of
equivalent average vertical speed calculated atincreasing I
forces in a dynamic soaring cycle. The calculations are done
with a spreadsheet under various simplified atmospheric
conditions. The air conditions used here can be viewed as

a single dynamic cycle or as a repeating cycle of air motion
made up of uniform air blocks. As used here a cycle has

two air block types, which have two types of vertical
motiory foi example-we can assume the glider encounters
a 100 foot lont block of air rising at 5 foot per second fol-
lowed by a 100 foot long block of air sinking at 2 Vs., then
the t\^ o blocks repeat with another c \s rising sedion
again, and so on.

Each figure is for a given set of air conditions. All the
graphs shown here are for the same glider performance, a

40:1 L:D ratio, with a one I best L:D speed of 100 feet/s€c
ond. Eight cases of dynamic soaring technique are prcsent-
ed in columns across each graph. The different cases

employ different degrees o( varying t force. The first col-
umn case is steady one g flight; the other columns use
incrcasint g fluctuation. All the techniques used here have
one I o{ net upward lift. For added clarity, lines of equal
spe€d connect the different column cases. In these calcula-
tions, we assume that the glider's speed does not change
sitnificantly during a dynamic soariig cycle. The benefits
of dynamic soarint can be seen in th€ graphs by faster for-
ward speeds and larger climb rates.
Structure of the figures

The top of each figure shows the glider characterishcs
used in that sheet of calculations. Below this glider specifi-
cation box are the assumed air conditions. Then comes a

graph showing the glider's calculated performance (pre-
sented as average vertical speed) with diflerent dynamic
soaring techniques. Averate vertical speed is used to rep-
resent the gtider's net power situation while the glider
employs different g force profiles. Lines connect data
points of various approximately uniform forward sPeeds.

Directly under the graph are shown the cyclic g forces
employed in the differentcases. At the bottom of the 6ture
are thecyclic changes in vertical glider speed and the cyclic
changes in the angle of the glider's path. (Path antle is sim-
ilar to pitch angle when one deducts the glider's angle of
attack.) Th€ forward speed of the glider is taken to be
appro\imately .oncLdnt Lhroughout each dynamc sodring

TECHNICAL SOARTNG 17

cycle.
Description oI the figures

The first figure is for continuous 5 foot per second
updraft. The best performance at all speeds is found in the
first column casq which is constant I t flight. This tells us
that in uniform aia, smooth flight is best and there is no
benefit to tying dynamic soaring. The fastest level running
speed with no net climb or descent is 150 V9 it is found in
Case I by interpolation between the speed lines marked
with triangles and with squares.

Figure 2 is mixed Lrpdrafts and stationary air. The hori-
zontal sizes of the air mass block are both taken to be 200

tuet. 200 feet of 5 Vs updraft is followed by 200 feet of still
air. Here theb€st average climb rate is found in Case 3 at a
speed oflOofeet/second. This climb rate is about 1.5 f/s,
which compares favorably to zero in Case 1, smooth I g
flight. Case 3 uses a pull up of 2 gs in the updraft and 0 g
in the still air. Fastest level runnint speed is 135 Vs with a

Case3gforceprofile.
Fiture 3 is turbulence with no netvertical floW equal size

up and downdrafts of 5 Vs shength. With no net up flow,
this figure shows pure dynamic soaring. Here the best
climb rate is found in Case 6 at a forward speed of 140 Vs.
The fastest level running speed ofabout 173 Vs is found in
Case 7. The g forces in Cas€ 7 are +.1 g and -2 g. This speed
is faster than the level speed in Figure 1, which flies a con-
stant 5 Vs updraft. The comparison with Figure I shows
howwith dynamic soaringa mixture ofupdraft and down-
drafts can bea stronger source of energy than pure updraft
alone.

In Figure 4 the downdraft is twice as stront as the
updrafl l0 Vs versus 5 Vs. Despite the netdown flow of 2.5

f/s, the increased wind shear gives dynamic soaring a big
jump in speeds and enerty- note the changes in graph
scale. Thebest climb of6 Vs is attained at a speed of 180 Vs
'in Case 5. The fastest level running speed is 250 Us in Case
8, with g forces of +8 g and -5 g.

Figure 5 is for mixed sinkand still air- 20 Vsdowndrafts
alternating with blocks of air at rest. Here there are some
more graph scale changes. The best climb of about 9 Vs is
produced at a sp€ed of 270 Vs in Case 6, which uses plus
8.5 g and minus 6.5 g The fastest level running speed
shown is about 320 Vs in Case 8. lt is remarkable that a
glider can fly so fastusing only theenergy from sinking air.

Figure 5 is for turbulence of mixed 20 Vs updraft and 20
Vs downdraft. Theb€strate of climb is 135 fls at a speed of
390 Vs (Case 4). The fastest horizontal running speed is off
the graph- more than 650 feet/second. The associated g
forces are over +36 g and -31 g. with such high I maneu-
vering the effects of the one g force of gravity are relative-
lysmall and theglider's llight path canbe quite inclined for
shot periods of time. These €nergy calculations are con-
sidered to be valid when the wind shear is approximately
cross- wise to the glider's flight path, this includes vertical
v,,ind variation as well as side to side. Fore-aft wind varia-
tion is difficult for a glider to utilize to any large extent.

Figure 7 makes a compaison with Figure 2; in Figure 7
the updraft btocks are twice as stron& but twice as far
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apart. The case I performance is the same in figures 2 and
7, but the stronger gusts in 7 can give better dynamic soar-
ing results.

Fiture I shows the problem that occurs when the air
blockare toobig. The graph look the same as in FiSure t
but lookingat thechartbelow the graph we can see that-in
many of the high€r I cases the +- change in path angel
exceeds 30 degrees and the assumptions used in the calcu-
lations are no lonter accurate. The two simplif-dng
assumptions used here are that the glider's speed does not
change much throuthout a dynamic soaring cycle and that
the wind shear is approximately perpendicular to the glid
er's flight path.
Conclusions

The benefits of dynamic soaring can be very geat if tur-
bulence or wind shear is present in the atmospherc. Amix-
ture of updraft and downdraft can be a much stronger
source of glider energy than iust updraft alone. This is par-
ticularly true as the updrafts become stronger. Large g
forces can be beneficial in even moderate strength dynam-
ic soaring conditions. To get all the energy tuom an updraft
rising at twice a glider's normal sinking speed, the glider
can pull four gs while flying at twice its normal best L:D
speed. High g loads and turbulence scale may both limit
dynamic soaring possibilities. Atmospheric fl ow variations
are best for dynamic soaring when within a certain size
ranSe.Iftheair block are too large the required chantes in
aircraft path angle become too larye and the sp€ed changes
also. The hith faequency limit may come from the wings
size and from the rate of lift force change possible on the
wing. In dynamic soadng the high gs and aerodynamic
forces can extract much more energy from the atmosphere
than can a gravity-limited glider flying at one I. If we can
find consistent airways containing enough wMid shear
and can tolerate the high g forces used, then dynamic soar-
int technique can enable very long and fast flights.
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Dynamic Soaring Galculations
Simplified Two Ai{ Black System at Difterent Speeds atd Gee Loads

Glider Specif ications:

Best !D = 40 to one Drag @ Besl L:D speed & 1 gee

@ Speed of 100 feevsecond indLrced D.ag = 10 lbs

All Up Weight = 800 lbs Frjclion Drag = 10 ibs.

Fastest Glider speed = 180 feet/second Stall Speed +&- G: 70 100 feevsec
lncrernenr= 20 feeUsecond Neq G draq feclor= 1.25 ratio

Air Conditions:

Air Block '1

Up Air iiotion = 5
Hz. Size = 2AO

GLoadc1 = |

lJpward Air lvlotion :
Horizontal Block Size =

Gee Load Case #1 =

Ak Block 2
5 feevsecond

2O0 ieei
1 x32llsls

Smooth Lift

x 32 flVs

05 x 32 tls/s

Glider Averaqe Ve.tical Speed in Difierent Dynamic Gee Force Cases
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Figure l. Loss of pertbrmance produced by varying gee force when soaring unifbrm lift.
At lower speeds the gtider wing can stall and not make a high gee data point
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Dynamic Soaring Calculations
Simplified Two Air Block System at Different Speeds and Gee Loads

Air Condilions:

Air abck 1

Up Air l/otion = 5
Htz, Size = 2AO

GLoadCl= 1

Upward Air Motion =
Ho zonral Block Size =

Gee Load Case #1 =

Air Block 2
0 feevsecond

2OO feel
1 x321sls

Palchy LiR

x 32 flsls

Glider Specifications:

Best L:D =
@ Speed of

All Up Weight =
Fastest Glider Spe8d : S:ailSpeed +&- G. 70 100 leeusec

Drag @ Besl L:D sp€ed & 1 gee
lnduced Drag = 10 lbs
Friction Drag = 10 lbs-

G drao faclor= 1.25 ratio

40
100
800
180
20

lbs

G increment = 0.5 x32 flsts

Glider Average Vertical Speed in Different Dynamic Geo Force Cases
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Figure 2, Dynamic Soaring of patchy Lift Nec Up FIow 2.5 f/s Wind Shear 5 f/s
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Dynamic Soaring Galculations
Simplifled Two Air Block System at Different Speeds and Gee Loads

Air Condiiions: Turbulence-

Ak Elock 1

Up Air lrotion = 5 feeusecond
Htz. Size = 200 feet

G Load C1 : 1 x 32 ts/s

-5

Fqual Up and Downdrafts

Upward Air lvlolion =
Horizontal Block Size =

Gee Lo3d Case #1 =

Ar Block 2
-5 feel/s€cond
2oo feet
1 x 32 flsls

Glider Specif ications:
gest L:D =

@ Speed of
All Up Weight :

Faslest Glider Speed ;

Drag @ Besl L:O speed & 1 gee
lnduced Dlag. 10 lbs
F.iclion Dlag = 10 lbs

Stall Speed +&- G= 70 100 feeusec
Neo G drao lactoF 1.25 ralio

40
100
800
1a0
20

lbs

G incremenl = 05 t32ltsts

Glider Average Vertical Speed in Difierent Dynamic Gee Force Cases
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Figure 3. Equal Strength Mixed Updrafts and Doundrafts Wind shear l0 f/s
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Simplified Two Air Block Syslem at Different Speeds and Gee Loads

Air Conditions: Net Downflow- Downdrafts Stronger than Ups

Dynamic Soaring Calculations

Air Block 1

UpAi. Morion = 5 feeusecond
Hz, Size = 2OO feel

G Load Cl : 1 x 32 flsls

-10

Air Abck 2
Upward Air lelotion : -10 feevsecond

HorizontalBlock Size = 200 feel
Gee Load Case #1 = 'l x 32 t/s/s

Gee Forces in the Oitfergnt Cases
2345

Gee, Biock 1

Gee, Elock 2

Spe€d
100

110
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2.OO

0.00

e in Vertical ve fts and + - Path AnCha
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-2 00
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-3 00

6.00
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le Cha

7.00
-5 00

Figure 4. Dlmamic Soaring in Net Down Flow- The updrafts are the same as the previor

figure, the downdrafts twice as strong. Net Do\!n Flow 2.5 ?s.

Glider Specifications:

Best L:D =
@ Spe€d of

Ail Up Weighl =
Fsst€$ elider Speed =

800 lbs
260 feeusecond

Dras @ Besl L:D speed & 1 gee
lnduced Drag = 10 lbs
Fnd,on Drag = '10 lbs.

Slall Speed +&- G- 70 100 feeusec
G drao facior= 125 .rlio

G increment: '1 x 32 flsls

Gl:der Average Vertical Speed in D:ffe.ent Dynamic Gee Force Casos
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Dynamic Soaring Calculations
Simplrfred lwo Air Block System at Ditlerenl Speeds and Gee t oads 20

Air Condiiions:

A'i Abck 1

Up Air Motion = o
Htz. Size = 2OO

GLoadcl: 1

Downdrafts Mired with Still Air

x 32 fls/s

Upward Air l.lotion -
Honzontal Block Size :

Gee Losd Case #1 :

Air Biock 2
-2O feeUsecond
200 feer
1 x3zltsls

Glider Specif ications:

Best L:D : 40 10 one Drag @ Besl L:D speed & I gee

@ Speed of 100 ieevsecond lnduced Drag = 10 tbs
All Up Weighl: 800 lbs Friciion oraq . 10 tbs.

Fastesl Glider Speed = 32O feeUsecond Stall Speed +&- c= 70 100 feeusec
lncremenl= 50 feeusecond Neo c dreq fa€lor= 1.25 ratio

G incremeni : 1.5 x32llsls

Glider Average Vertical Speed in Different Oynamic Gee Force Cases

20.0 r-
10.0 +-

-oE
ooo-o
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cl-\
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.1- 120

--.- 170
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Gee Forces in the Diffe.ent Cases
2315
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4.00
-2 00

113
1a

-3 50
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-5.00-0.50

e in Ve*ica, f/s and +-Path Cha

17A
18

8.50
,6.50

10.00
-8.00

d
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Figure 5. Dorryndrafts and Still Air-- Wind Shear 20 f/s Net Down Flow i 0 f/s
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Dynamic Soaring Galculations
Simpiified Two Air glock System at Different Speeds and Gee Loads -2020

Glider Specifications:

Best L:D = 40 lo one Drag @ Best L:D speed & 1 gee

@ Speed of 100 fe€rsecond hduced Drag = 10 lbs
All iJp Wsight = 800 lbs Fnclion Drag = 10 lbs.

Fastesl Glider Speed : 650 feeUsecond Stallspeed +&- G: 70 100 feeUsec

eed lncrement= 130 leeUsecono Neo G d€q faclor= 125 ratio

Air Conditions:

Air Block 1

Up Air itotion . 20
HE, Sire = 200

GLoadCl: 1

Strong Turbulence

ieel
x 32 flsls

Upward Air l\,lotion :
Horizonlal Block Size =

cee Load Case *1 =

Air Block 2
-20 feeUsecond
20O feel
1 x32llsls

G increment= 5 x 32 f/s/s

Glider Average Vertical Speed in Different Dynamic Gee Force Cases
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Gee Fo.ces :n the Different Caseg
2345

11.00
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Speed
't30

2S0
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Figure 6. Sftonger Atmospheric Turbulence No Net Venical Flow 40 17s Wind Shear
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Dynamic Soaring Calculations
Srmplifred Two Air Block System at Ditferen! Speeds and Gee loads 10

lider Specifications:

Besl L:D = 40 lo one Drag @ Best L:D speed & 1 gee

@ Speed of 100 reevsecond lnduc€d D.ag = 10 lbs
Ail Up Weight = 800 lbs Friction D.ag = 10 lbs.

Faslest Glider Speed = 180 feeusecond Stall Speed +&- G= 70 100 leersec
Spe€d lncremenl= 20 feeuse@nd Neq G draq laclor- '.25 .aio

Air Conditions:

A;r Block 1

Up Air Motion = l0
Hrz. Size = 2OB

GLoadCl= 1

Patchy Lifi*

x32flsls

Stronger Patches, Farther Apart

Air Block 2
Ljpvr:rd Air Motion = 0 leevsecond

Hoizonlal Block Size = 600 feel
Gee Load Case #1 . 1 \32llsls

G increment = 0.5 x 32 f/s/s

Glider Average Vertical Speed in Oifieront Dynamic Gee Force Cases

-oE
ooa-dao
(o\

oJ ,:g

-7.0 

-
Case #1 z

-a- 100

--- 120
.+140
-+- 160

-*'t 80

Gee Forcog in the Ditferont Cases
2345
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sF€ed
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Figure 7. Patchy Lift with S8onger More Separated Updrafts
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Dynamic Soaring Galculations
Simplified Two Air Block System at Different Speeds and c€e Loads

Air Conditions: Turbulence- Lower Frequency

-5

Air Block 1

Up Air Molion = 5 feet/second
Hrz, Size = 600 feet

G Load C1 = I x32llsts

Upwad Ajr Moljon =
Horizonlal Block Siz€ =

Gee Load Case #1 :

Air Block 2
-5 feet/second

600 feet
1 x32 flsls

Glider Specifications:

Besl L:D = 40 lo one D.ag @ Best L:D speed & 1 gee
@ SPeed of 100 feeUsecond lnduced Dlag = 10 lbs

Aliup Weighl: 800 lbs Frjction Dlag = .10 tbs.
Fastest Glider Speed = 180 teeUsecond Stall Speed *&- c= 70 100 teeusec

d llcremenl= 20 feetsecond Neq G draq factoa= 1.25 ralio

G incremenl = 0.5 x32llals

Glider Average Vertical Speed in Different Dynamic Gee Force Cases

ooooaa
(E\ --i- 100

+120
{-140
+160
-+180

Gee Forcas in the Dlfferent Cases
2345

Gee, glock 1

Gee, 9lock ?

SFeed
100

120

140

150

180

1.50
0.50

2.00
0.00

2.50
-0.50

3.00
-1.00

300
>30 d!

240
>30 d(

120
21

60
11

180
>30 de

360 420
>30 >30

Figure 8. Problems can arise with path angles whea air blocks become too large.

in Vertical Vo and + - Paih
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0 69 137 206 274 3a3 - -. ts
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0 8 17 24 >30 deo. >30 deq. >30 deo. >30 deo.
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