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SUMMARY

Since the 1996 PZL-Swidnik PW-5 World Class sailplane purchased by the Texas Soaring Association last
year was not equipped with an accurate total energy system (a pneumatic reference source for the variom-
eters that corrects for the effects of airspeed variations on the variometer indications), the author undertook
the development of a simple low cost T.E. probe for that sailplane. This probe is easily mounted on the top
side of the fuselage, near the wing drag spar bulkhead. In its final configuration, its performance appeared to
be excellent, and about equal to that measured with a popular Ilec double slotted probe conventionally
mounted on the vertical tail fin of a Ventus A sailplane. The same light weight and easy to make T.E. system
can be adapted to other sailplanes with little expenditure of time or money. This article presents the physical
dimension and flight test measurement data that lead to the finalized optimum configuration for the PW-5.
 INTRODUCTION

Oran Nicks published two excellent articles in Soaring Magazine
during ’76 and ’77 describing his work in developing “A Simple Total
Energy Sensor” and “How To Make A Total Energy Sensor” (Refer-
ences A and B). His development testing was performed principally on
his Schweizer 1-26 sailplane with a small diameter tube probe protrud-
ing from the fuselage top surface and mounted near the wing drag
spar bulkhead, just aft of the removable turtle deck.

Oran said that work was actually started by Paul Fuhrmeister, who
was Oran’s partner in the 1-26 at that time. Paul experimented with
T.E. compensation in the early ’70s by mounting a small 1/8 inch diameter tube normal to the airstream on

the top of the 1-26 fuselage. The top end of the tube was
sealed, and a small hole was drilled in its aft face several
diameters down from its top end. The bottom end of the
tube was connected to the static side of the variometer(s),
as is the normal installation with pneumatic T.E. tube com-
pensation.

Apparently Paul’s T.E. tube functioned fairly well, and Oran
became interested in further development of that type of
low cost compensation. During that time period, T.E. com-
pensation was usually accomplished by using a small ven-
turi mounted on the top of a fairly long tube, and located
either on the aft fuselage top surface, or on the vertical fin
well ahead of its leading edge. Those machined venturis
were accurate but expensive, and were sensitive to con-
tamination through dust, soot and insect impacts. Also, the
long tubing run connecting them to the instrument panel
added weight and cost to the sailplane fabrication.

Oran’s major contribution there was to develop a simple
low cost pneumatic T.E. tube system that could be success-

fully installed on the top of the fuselage near the wing’s drag spar bulkhead, and he succeeded very well. His
final tube configuration consisted of a 3/16 to 1/4 inch outside diameter tube about 6 inches long, with its top
end bent to incline forward about 20 degrees. The top end of the tube
was sealed, and a 1/16 inch diameter hole was drilled in its aft face
exactly 2.00 tube O.D. down from the tube’s top end.
DISCUSSION

My somewhat minor contribution was to further simplify the T.E. fab-
rication by eliminating the 20 degree forward bend in the tube (which
was said to minimize angle of attack effects), and to provide quantita-
tive flight test pressure measurement data. There both the distance of
the 1/16 inch diameter vent hole from the top of the tube was varied, as

Photo 1. A conventional double slotted T.E. probe
temporarily taped to PW-5 fuselage top to deter-
mine feasibility of using that location for a perma-
nent T.E. probe. Note the small vinyl T.E. pressure
tube leading forward and into canopy side window.



well as the distance the hole needed to be above the fuselage top
surface. Figure 1 is a sketch of the basic test configuration mounted on
the top of the test PW-5 sailplane. The brass T.E. tube used was of 7/
32 inch OD by 3/16 inch ID (5.56 by 4.76 mm).
INITIAL FLIGHT TESTING

Before the 7/32 inch mounting hole was drilled through the top of the
PW-5’s fuselage, a preliminary qualitative flight test was performed to
determine if satisfactory T.E. compensation could be achieved with a
conventional double slotted probe taped to the fuselage top surface,

just ahead of the PW-5’s fuselage drag spar bulkhead. That bulkhead is of solid fiberglass, and access
behind it would require cutting a hole in that bulkhead, which was certainly not desirable if it could be
avoided. Photo 1 is of that initial “taped on” test probe configuration. It appeared to work well, so then the 7/
32 inch diameter mounting hole was drilled through the PW-5’s fuselage top, as shown in Figure 1. By
theory, the perfect T.E source suction pressure needs to be equal in magnitude to the sailplane’s pitot
pressure, but opposite in sign. Since our test sailplane’s airspeed system had already been calibrated (Ref-
erence C), I only needed to connect the T.E. probe to the
static side of an additional calibrated ASI to start test mea-
surements. By comparing the PW-5’s ASI readings to that of
the additional test ASI, I could readily determine the magni-
tude of the T.E. probe suction pressures. The errors described
here are simply the T.E. probe negative calibrated airspeed
minus the sailplane calibrated airspeed.

The first quantitative T.E. pressure measurement flight test
was performed with the pitot side of the added ASI open to
the cockpit static pressure, (I should have known better!) There
it was noted that measured pressure errors were a significant
function as to whether the cockpit air vents were open or
closed. Those test data are shown in Figure 2, as a function
of the PW-5 calibrated airspeed. The positive T.E. system pres-
sure errors shown means that the added test ASI showed a higher calibrated airspeed than did the PW-5’s

normal ASI, and that meant that the T.E. probe was sucking too hard
(the initial tube cap height was too low, but more on that later).

During the 4th test flight, and all subsequent testing, I connected the
pitot side of the added ASI to a free airstream static pressure sensing
trailing static “bomb”, which was deployed on 50 feet of vinyl tubing out
of the PW-5’s canopy side window after tow release.The trailing static
“bomb” is a tail fin stabilized 5/8 inch diameter steel rod 12.5 inch long
that has 8 air vents around its circumference to accurately sense the
ambient air pressure. Its details are shown in Reference D. Those test
data are the most accurate, and they are also included in Figure 2.

The Figure 2 test data
for the first two test runs when the cockpit static reference was
used indicate that with both of the cockpit air vents fully open
(side window scoop plus nose air vent), the PW-5’s cockpit
static pressure was very close to that of the free airstream.
However, with the air vents closed (very uncomfortable in Texas
summer heat!) the cockpit’s static pressure was lower than
ambient, and that caused the added test ASI to indicate about
2 to 4 kts lower than it should.

Explanation: An airspeed indicator is simply a differential pres-
sure gage, calibrated to read true airspeed when at sea level,
provided that the pitot and static pressure sensing ports are
completely error free. Blowing into the pitot port of the added

Photo 2. A tall 7/32 inch OD total energy test probe
mounted on the PW-5 fuselage top just ahead of
the wing drag spar bulkhead.

Phot 3. A short T.E. probe mounted at same lo-
cation.



test ASI will give a positive reading, as will sucking on the
static port. Since I had connected the test ASI static port to
the T.E. probe’s suction pressure, and initially left the pitot
port open to the cockpit pressure, the slight suction in the
cockpit when the air vents were closed caused the test ASI’s
indications to be about 3 kts  lower than true. To obtain true
readings of the probe suction (negative airspeeds), it was
necessary to connect the test ASI pitot port to a trailing static
“bomb”, which I did for all of the subsequent flight testing.
PROBE CAP HEIGHT STUDY

The next step was to determine how much effect that the
height of the T.E. probe height above the vent hole (cap height)
had on the probe suction magnitude, and to arrive at an opti-
mum cap height. Oran’s first article said that the probe suc-
tion diminished as the vent hole was moved farther below the

tip of the probe (cap height increased). The initial testing, whose data are shown plotted in Figure 2, was
performed with a relatively short 7.5 mm (.30 in) cap height. That height represented 1.35 times the O.D. of
the hollow brass probe tube. Oran’s data indicated that a cap height of 2.00 times the tube O.D. was opti-
mum for his 20 degree swept forward configuration. Therefore, I made 3 additional flight measurement tests
where the cap height was varied from 2.16 to 3.78 tube diameters (.47 to .83 inches), and those test data are
shown in Figure 3. Note that the 2.16 diameter cap height configuration provided about 2 kts too much
suction, but that the 2.59 diameter cap height provided about 2 kts too little suction.

Interpolating those test data suggested that the optimum cap height for this unswept probe configuration
should be about 2.34 tube diameters, or about 13 mm (.51 in). Therefore the probe cap height was set at that
value for the final flight testing with the PW-5.
VENT HOLE HEIGHT

By theory the vent hole in the T.E. probe needs to be high enough to
be completely out of the fuselage boundary layer, that is the layer of air
that has been slowed by the air’s viscous effects during its flow along
the fuselage. The Figure 3 cap height study had been performed with
the probe vent hole located 66 mm (2.60 in) above the fuselage be-
cause I believed that distance would likely be high enough to be out of
the boundary layer there. Since the optimum probe cap height had
been determined to be 2.34 tube diameters, the final testing was per-
formed to determine the effect of varying the vent hole height.

Three test flights were made where the probe vent hole height was varied from 30 to 70 mm (1.18 to 2.76
in), while the cap height remained fixed at 2.34 tube diameters. Those test data are shown in Figure 4. That
plot shows excessively large T.E. probe errors when the vent hole height was 30 mm (not enough suction),
and moderately large errors at the 50 mm hole height (not quite enough suction). At 70 mm hole height the
T.E. probe errors are shown to be almost zero. Therefore that probe configuration was chosen as the final
one for our PW-5, and it works very well during dive and climb testing. Pull-ups from 90 kt dives never
indicate a positive R/C on either the mechanical or electric varios, unless actually in rising air, and that is the
way it should be!
VENTUS A ILEC T.E. PROBE TEST
I decided to move the T.E. probe test measurement instruments to my Ventus A/16.6 to find what its conven-
tional tail fin mounted Ilec double slotted T.E. probe errors were compared to those from the PW-5 measure-
ments. Those test data are shown in Figure 5. As with the PW-5’s final probe configuration, the Ventus T.E.
system errors appear to be very small and less than 1 kt. That is excellent!
HOW TO MAKE THE T.E. PROBE

Almost any 3/16 to 1/4 OD metal tubing will do, but I like the thin wall drawn brass tubing that is readily
available from model hobby stores. Thin wall tubing does not cut well with a conventional hack saw, so use
a small triangular file if nothing better is available to cut the tube to the desired length. If a 3/16 inch ID tube
is used, as I did, then the top end plug can be made from a .25 inch long piece of a 3/16 inch diameter

Photo 4. View of brass T.E. tube installation, look-
ing aft from inside fuselage control access com-
partment. Note vinyl pressure tubing connected
to bottom end- of T.E. probe, and solid fiberglass
bulkhead at aft end of compartment.



aluminum rivet shank, then epoxied into place. Make the top end of the probe square and somewhat sharp.
Rounding those corners will change the port pressures. Drilling the 1/16 inch vent hole in the brass tubing is
easy, but drill it at about 2.5 tube OD from its end, and carefully file it to the correct length after the end plug
has been installed. Standard 7 mm OD by 5 mm ID (.276 in OD by .197 in ID) vinyl tubing fits the 7/32 OD
brass tubing perfectly.
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