Speed to fly in Wave

Standard speed to fly (STF) theory applies to thermal conditions, not to wave.

Frank Irving in “New Soaring Pilot” (Third edition, page 264) provides “a construction to find the optimum gliding speed to give maximum average cross-country speed when using wave lift.”
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Figure 1 reproduces this construction. Tangents are drawn for zero lift/sink or wind, for Headwind (20 knots), extended back to the sink axis, for Sink (2 knots) and for headwind and sink in combination, again extended back to the sink axis. Notice that the increases in glide airspeed for either sink or headwind are moderate, while the combination of sink with headwind demands a big increase in airspeed. Notice too that the sink axis intercepts are not additive. In other words, you cannot rotate a MacReady ring to some position representing headwind and expect it to work, except in the unlikely conditions of zero lift or sink. If the ring, concentric with the vario, only works when the vario reads zero, it sort of defeats the purpose, doesn’t it?

Where we are concerned with optimising glide over the ground, and final glides are of interest here as well as wave soaring, we must increase speed to compensate for headwind and we must provide an offset along the airspeed axis of the polar, not the sink axis.

A page later in “New Soaring Pilot”, Frank Irving provides a rule of thumb. I’ve modified this as follows:

To the STF reading of a normal vario (preferably “airmass” or “cruise” – conventional varios will go off-scale down before VNE), make the following airspeed increase:

If headwind is less than two-thirds of speed for max L/D, add half of headwind;

Otherwise add headwind and subtract one third of speed for max L/D.

(Where headwind is equal to two thirds of speed for max L/D, the two alternatives give exactly the same result.)

In fig 1, in 2 knot sink and nul wind, fly at 61 knots. If, additionally, there is a 20 knot headwind, add 10 knots and fly at 71 knots.
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Figure 2 illustrates the strong wind situation:

In 2 knot sink and nil wind, again fly at 61 knots. If there is a 50 knot headwind, add the 50 and subtract one third of speed for max L/D (15), so fly at 96 knots.

Figs 1 & 2 demonstrate how remarkably accurate the rule is. Indeed, exercising the rule for a glider which gives 38:1 at 46 knots (VNE 119), in sink from 0 to 10 knots and headwinds from 0 to 50 knots, and comparing precise theoretical STF to the rule above, the worst case difference in glide ratio over the ground is less than half of one percent.

Exercising a glider which does 60:1 at 60 knots with a VNE of 150 knots in winds up to 80 knots and airmass sink as before gives even more precise results.

The careful reader may wonder why, in Fig 1, if still air STF is 46 knots, should not the STF for 20 knot headwind (only) be 56 knots, rather than the 53 knots shown? The answer is that it doesn’t matter, because the difference in glide ratio is less than 0.5%. Where it does matter, when a minor difference in speed results in a major difference in glide ratio, then the rule is precise.

I find it hard to remember. It may be easier if you use figures and take speed for max L/D as 45 knots and headwind as 30 knots. Add 15 knots to the STF indicated by the vario. For headwind of 50 knots, add 50 and subtract 15. Normally, in flight, one would expect to discover headwind and work out the airspeed offset only once.
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Fig 3 illustrates the tailwind situation. Fly slower than speed for max L/D, but not slower than speed for min. sink. The glide ratio is vastly improved (55:1 in the situation shown) and is insensitive to moderate variations in airspeed.

[image: image4.jpg]Figure 4.
Headwind and lift.

Performance: 38:1 at 46 knots.
Conditions: Wind 20 knots; Sink —2 knot(s).

[— Polar
=V~ Zero Wind or lift/Sink

—0— Wind only
—— Lift/Sink only

—— Wind and lift/sink
Lift (sink) rate, knots. -

1 3
| |

T T e e T e e e e
0 10 20 30 40 50 60 70 80 90 100 110
Airspeed, knots.

LLA0 AR AR R R A RR AR AR AR AR RN

120




Fig 4 shows the tricky one, headwind and lift. The rising “tangents” indicate an ascending glide. The guidance would seem to be:

· Climb if you can without going backwards.

· Don’t fly slower than speed for min. sink or backwards.

I don’t recall the awkward headwind and lift situation being addressed specifically in the literature. Perhaps it’s only when you try to compute with infinite glide ratios that the difficulties become apparent.

In all of the previous figures, sink represents the sum of airmass sink and the ring offset (“Vc” in Frank Irving’s terminology) for anticipated lift.

To check out my assertion about airspeed offsets, you could go out on a wave day, make no allowance for headwind and see how you get on, but it would be a shame to waste a good day – they don’t happen often enough.

We can, however, simulate the wave thanks to spreadsheets. The simulation described below was first developed using the technology of 15 years ago, not today’s vast power although obviously its got easier.
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Figs 5 & 6 illustrate how the wave is simulated. Using a full-wave cosine function, lift is varied over a distance from maximum at the starting point through maximum sink midway back to maximum lift at the peak of the next upwind wave.

Variation with height uses a hlf-wave sine function, resulting in a peak at 10,000ft diminishing to zero above 15,000ft and below 5,000ft. The sine and cosine are multiplied, and multiplied by a maximum lift value, typically 4 knots.
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The glider always starts at 10,000ft, in the peak of the wave, positioned by an expensive and precise aerotow, or perhaps by pilot skill. It always flies upwind, never flies backwards and varies its airspeed according to one of three strategies:

· Strategy “0” means use standard thermal theory – set a ring offset (taken as ¾ of max wave lift) to account for anticipated lift and fly faster in airmass sink, airspeed being driven by the offset ring.

· Strategy “1” means make no ring offset, but make an airspeed offset according to the suggestion above, and fly faster in airmass sink, airspeed being driven by the ring set at zero, plus an airspeed offset.

· Strategy “2” combines thermal and headwind strategies – make a ring offset for anticipated lift and make an airspeed offset for headwind; continue to fly faster in airmass sink.

All the figures which follow demonstrate simulation results and show Height and Airspeed against Distance. Heights are read against the left-hand axis, airspeeds against the right, The horizontal axis does not represent time.

Inputs are:

Strategy; 0 – standard thermal (only), 1 – headwind (only), 2 – both.

HW (Headwind)

WL (Wave Lift [Max])

OffH (Airspeed offset for headwind) 

OffL (Ring offset for anticipated lift).

Outputs are:

TC (Time spent climbing [minutes])


TG (Time in glide)


Ttot (Total time)

Climb is defined as staying in the same place, probably flying as slowly as possible, in lift, but not below min sink speed and not backwards and possibly using a ridge soaring technique if the wind is light.. Climbing stops and covering ground begins when the lift diminishes to ¼ knot. Gliding may very well be upwards, depending on the speed demanded by the various offsets, but an upward glide is not regarded as a climb. Periods of climb, thus defined are shown by small triangles. The reading of a “raw” vario (i.e. not airmass corrected) during “glides” is shown with the vario zero on the 50 knot grid line. The simulation accommodates various glider performances; here, stall speed is 35 knots, max L/D is 38:1 at 46 knots and VNE is 119 knots. These are shown as a footnote.

[image: image7.jpg]Figure 7.
Inputs: Strat=0 HW=40 WL=4 Off H=0 Off L=3

Outputs: TC=9 TG=17 Ttot=26 ’7 —tieight 7 B
= = Airspeed (R)
& Climb
[—— Vario (raw) in gide |
Height (feet Airspeed (knots
15000r ght (fost] - pere ( >J15°
10,000
5,000
a - -
0! ‘ il
0 1 2 3 4

Distance (NM)
Performance: Stall @ 35; 38:1 ‘@ 46; VNE 119.




Fig 7 represents perhaps an average wave situation. Headwind is 40 knots, maximum wave lift 4 knots, and thermal strategy is chosen. The climb is limited by the ring offset, the speed through sink moderate and it takes 26 minutes.
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Fig 8 shows the same conditions, but using airspeed offset strategy and no ring offset for anticipated lift. The climb goes on too long, the airspeed offset results in much the same airspeeds as in the previous figure (because there is no ring offset) and it takes an hour and a half.
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Fig 9 makes offsets for both anticipated lift and for headwind. The climb is sensibly limited, the airspeed nudges VNE briefly and total time is reduced to 14 minutes. All three strategies result in being able to climb in the next upwind wave.
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Figs 10, 11 and 12 (next page) increase the headwind to 60 knots, pretty marginal for the performance chosen. Thermal strategy (Fig 10) fails to reach the upwind wave, flying too slowly through the combination of headwind and sink, and taking an hour and a half just for an outlanding, or possibly a scurry back to base.
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Fig 11 (Headwind offset only) takes about two and a half hours, but a least it gets there. Airspeed is close to VNE for a large proportion of the jump. Too much time has been spent climbing.
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Fig 12, using both offsets, brings the time down to half an hour, reaches the upwind lift, slowing down radically when it does, indeed taking a climb, and flies nearly half the distance at VNE.

Simulating a final glide, simply by setting wave lift to zero, results in a 5000ft descent over 4 miles if no headwind offset is used and a 2000ft descent if it is.

The simulation is far from perfect, but despite viewing it with a lot of scepticism, I’m fairly convinced.

The preponderance of “2” and “3” used in the rule, (If Headwind is less than two thirds of speed for max L/D, add half of Headwind; otherwise add Headwind and subtract one third of speed for max L/D.) together with its remarkable accuracy, leads one to look for some sort of differential based on Frank Irving’s elegant cubic, but the maths is beyond me. All the polars used here rely on Irving’s expression, which is well verified by comparison with flight tests.

The simulation does not address the variation in the IAS/TAS relationship with height, nor does it provide for variation of wind strength with height, which is a known requirement for wave. It does not accommodate the multiple polars of flapped gliders either, except by approximating a single (cubic) polar.
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Fig 13, however, applying the conditions of Fig 12 to four successive waves each of four miles, shows that the airspeed offset is a useful technique.
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Figs 14 and 15 apply a hot ship (60:1 at 60, VNE 150) to conditions demanding a hot ship – 80 knots on the nose and only four knots maximum wave lift. It seems that, no matter how high your VNE, you still need more.

Two hours, or sixteen minutes – which would you prefer?

Ian Trotter

A Portmoak Press publication – full size graphs are available from the SGU.

