Total Energy Errors
Due To Air-Data Sampling

By PETER NEWGARD

INTRODUCTION

Accurate total energy (T.E.) compensation is important al
all levels of soaring activity. It helps the low-time pilot un-
derstand the structure of thermals. Achieved rate of ¢climb in
often improved by abrupt mancuvering in thermal but this
need good T.E. compensation. Finally, sailplane racing per-
formance is critically dependent upon good T.L. information
because it is the key to efficient thermal entry and efficient
dolphin Mying.

[t is my experience that most of the total energy systems
currently installed do not achieve the performance inherent
in the components. This conclusion is independent of what
type or brand of equipment is used. Good T.E. compensation
is a real technical challenge. We need in-flight, real time
measurements ol the order ol one-percent accuracy. This
demands good equipment, good installation, good mainte-
nance and above all—a good source of air-data.

While all of the above elements are important, this paper
concentrales on the alternative sources of air-data. The pur-
nose is Lo derive analytical relationships that will let us use
published test data to predict the T.E. performance available
with each technique.

The alternatives include:

= Lusclage pitot and static ports,
« Dedicated static pressure probe,

e Venturi T.E. probe { Braunschweig, Nicks, ete. ).

USING FUSELAGE PITOT AND STATIC PORTS

Dick Johnson, and Paul Bikle before him, have been mea-
suring and reporting to us the static syslems errors in pro-
duction sailplanes, If inaccurate fuselage static ports are
used (o derive T.E. compensation, then the T.E. will be
wrong. Dick’s graphs of airspeed error vs. airspeed contain
all of the information we need to predict what T.E. error a
pilot might see on his vario during a typical thermal entry
mancuver.

A small error in velocily (AV) results from a small error in
dynamic pressure. Since the plenum pitot measurement
commonly used in sailplanes is generally quite good, we as-
sume that all of the dynamic pressure error results from an
error in static pressure measurement. The error can be ex-
pressed as:

(1) APg=pV(AV)
Total energy rate is obtained by a process of subtraction
either electronically or pneumatically to give:

TR, g0 [ 2)measured dPg measured dl’-|-]
dPg dt dt

I we assume that the static pressure is in error as per
equation (1), then we can show that

(2) T.E.crror=2 [ ][d _\.ln,)]
dPg

(Continued on page |
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[T we differentiate equation (1) and substitute in equation
2) and also note that:

dh _ 1
dps [E
then we get
TE. error= 2 [dv][i_\\,% E(A\f'_}]
i) 1t dv

In order to calculate expected T.L. errors we have to as-
sume some expected rate of pull-up. For example, | use a
constant attitude, 45° pull-up from 120 kts to 50 kts. Ne-
glecting drag, this lets me express:

dv _

m4s®—=—_707e
dt E &

Then the expected error becomes:

TE. error=1.41 [5-V" Vd(ﬁ_")]
dv
Now note that: V is the velocity al any instant during the
pull-up, AV is the error at that velocity as per Dick Johnson’s
graphs, and  d(AV) isthe slope of the error curve that can
dv

also be lifted from the graph.

SOME EXAMPLES

To illustrate the magnitude of T.E. error that can occur in
real sailplancs let’s look at threc examples. T use the AS-W
20 because it’s popular and because | fly one. [ use the PIK
20-B because of its well-behaved statics. Finally, the Mos-
guito shows how bad things can get.

Each ship is assumed Lo be cruising with full negative flaps
and doing a 45° pull-up from 120 kis to 50 kts. The lefi-hand
plot of Figure 1 in each case replicates Johnson’s published
data and the right-hand curve shows the expected T.L. error.

The AS-W 20 uses a nose pitot and side static ports well
behind the wing. The airspeed calibration shows errors up (o
about 3 kts with cruise flap settings and the maximum slope
of the error curve occurs about 80 kts. As the pull-up starts
from 120 kis we see an 8 kt negative error in T.E. This is
mostly due to the 3 kt velocity crror. At 80 kts, the velocity
error 15 much less but its slope dominates to produce over 10
kts of T.Li. error. Near the push-over at 60 kts the T.L. crror
decreases because the velocity is low, the velocity error is
small, and the slope is near zero.

The PIK 20-B shows much less T.L. error over the same
speed range because both the velocity error and its slope are
small.

The Mosquito used side statics just h:,lnnd the cockpit.
The proximity of the wing probably contributes to the very
large measured velocily errors. The extreme magnitude of
these errors, especially at the high-speed end, results in a
T.L. error of over 40 kts as the pull-up starts. Such an error
would probably saturate any T.L. system to such an extent
that it could not recover before the end of the pull-up. The
vario would be useless.

TUNING A TOTAL ENERGY SYSTEM
There are some things we can do do to accommodate poor
statics. The rather large crrors shown in Iigure | can be
reduced by chunging the instrument’s response to total pres-
sure relative 1o 1ts response Lo static pressure. 1n the mechan-

ical systems this is done by changing bottle sizc or trimming
it coil of tubing Lo change volume on one side of the syslem.
In the clectronic instruments this is more conveniently ac-
complished by changing the gain of one of the amplifiers
with a control potentiometer mounted on the ront panel,

However it 1s accomplished, the result is a linear correc-
tion term that subtracts from the error an amount directly
proportional to airspeed. Figure 2 shows a “best-eyeball-fit™
correction overlayed on the three error curves of Figure 1.
This correction is subtracted rom the error to give the best
correction shown in Figure 3,

Tuning the T.E. in this way really changes the picture.
The Mosquito, that had by far the greatest basic error, can
be corrected (at least theoretically) to display the least error.
This happens because the uncorrected error was almost lin-
car, so a linear correction just happens to do a very good job.
Looking at the other corrected error graphs of Figure 3, the
PIK still looks good with a maximum error of 1.8 kts at the
start of the pull-up. The AS-W 20 displays the worst max
crror of 4 kts midway through the pull-up. So we see that
static induced errors can, in theory, be corrected— at least on
some ships.

USING A DEDICATED STATIC PROBE

[nstead of using the fuselage static ports, one can install a
static pressure probe and dedicate it to the variometers. The
stalic probe has to be located in the free air stream just like a
venturi probe. Good mounting locations are in front of the
fin, well above the fuselage between wing and tail, or in front
on the nose.

Static probes have been used for years and their design is
well established. Probe errors are typically propoertional to
dynamic pressure and a good syslem can be accurate to 1%
at zero yaw angle,

IT we assume a small error in static pressure measurementl
(APs), we can derive the resulling error in T.E. rate. The
T.E. display will show:

measured T.E. rate ~ 40 [2 d(Ps+APg) EIPT_]
dPg dt dt

Since Pt1=Ps | Pq, this becomes:

measured T.E. rate= 40 [% dbq jd(—\‘PS)]
Pg dt dt

The correct T.E. rate is simply the first two of the three
terms in the brackets. The third term represents the error:

TI error— 2 dh

- BITor =

_ d(APg)
dPg dt

Since APs is proportional to dynamic pressure we can

write:
ap=_R 1 [;JVE]
100 2

where R percent error in the static probe

Also, in the atmosphere, dh ! sothe expected crror is:
5 P8
s 2 /
TE error= =R v av
100g dt

(Continued on page 38)
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IT we again use the constant angle pull-up the error will be:

T.L. error= ZR VO gING
100

Since R s typically 19% with o good probe system, the best

we can expect for T.LL. error during a 457 pull-up Irom 120
kts is:

T.E. error=1.7 kts

The error will be greatest at high speed (beginning of the
pull-up) and will diminish toward zero at low velocities.
Since the unexpected T.E. error is proportional to velocity,
the tuning technigues that introduce a correction proportion-
al to velocity should work quite well.

USING A VENTURI TOTAL ENERGY PROBE
A venturi probe (Althaus, Braunschweig, Nicks etc. ) posi-
tioned Lo see [ree air flow can also provide very good T.L.
compensation. These probes are designed to provide a pres-
surc coctheient of -1.00, ie.

(1) cp=PrPs_ | o
Pq
I'rom this we can write the probe pressure:
( 2) pp = C‘qu + PS
I one of these probes is connccted to a standard vario it
will display:
(3) measured T.E. = dh : dPp
dPg dt

Differentiating equation (2) and substituting into (3) we
gel:

measured T.E. dll [CPd I‘q—l—%]
dPg dt dt

Since we know that the true T.E. can be writlen:

(4) true T.F. =4 [dl?“v Equ]
dPg dt

We can subtract equation (4) rom cquation (3) to get:

dh (Cp-F 1)dPgq
(“)S dt

T.E. error

but Py ¥pV2 and dh el g

d])}_._; e

T.E. error=—Y.. %{('I}H— L)

b=

If we again assume a 45° thermal entry climb, the error is:
TE error=0.707 V{Cp—1)

Note that if Cpis truly -1.00, then T.E, error to zero. 1 Cr
is constant, then the T.E. error is proportional to velocity.
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From “A Simple T.E. Sensor” by Oran Nicks, Technical
Soaring Yolume [V, No. 3, we have wind tunnel data on the
accuracy of a Nicks probe. He found that the most critical
parameter is the location of the aft-facing hole relative to the
probe tip. Figure 4 shows how Cp varies with hole position.
From this data we can derive a sensitivity to hole position:

X
6) ACp=0.27: _I
(6) ACp o.zm[

Using equations (5) and (6), we can show that hole location
must be accurate to within plus or minus 0.017 inch to main-
tain T.E. error within 1% of velocity or 1.2 kts during our 45°
pull-up. { Note: some more recent work by Bill Wells, Soar-
ing Nov. "77, indicates that tip chamfer may be as critical as
hole position. More data is needed to evaluate this
relationship.)

CONCLUSIONS
We have examined the alternative sources of air data
availuble for T.L. compensation. Using published aerody-
namic test data, the following conclusions can be drawn:

I. Fusclage statics range from poor to terrible for T.E.
compensation.
» Tuning corrections are generally needed but are not
always adequate.

o Phasc crrors between pitot and static circuits musl
be climinated.

2. A slatic probe should give ucceptable T.L.
compensation.
= Lirrors are much smaller than fusclage statics.
+ Lrrors are proportional to velocity so tuning should
work well.
» Phasc crrors must still be eliminated.

3. It appears from available data that a Nicks probe
should give acceptable T.E. compensation.
« The required manulacturing accuracy is
reasonable.
« There is no possibility of phase errors.
« A less expensive variomelter is required.
= A gust filter should be used with any venturi probe.
« Il tuning is required it is more difficult than with
the pitot /static compensators,

4. Vinal glide caleulators require good pitot and static
pressure measurements. A venturi is not suflicient so
vou have to solve the static problem. A dedicated static
probe is probably the most practical solution.
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