
Stick & Rudder

Test Pilot

IN JUNE WE STARTED DISCUSSING
engine-out glide performance
by explaining the forces that
act on an airplane during a
glide and illustrating how
these forces are identical to
those that affect an airplane in
a steady climb (with the obvi-
ous exception of the power de-
livered by the engine/propeller). We
explained the flight test technique
that provides the data to determine
your airplane's maximum range
glide speed and showed how this op-
timum condition occurs when the
plane is flown at its maximum lift-
to-drag ratio (L/D).

This month we'll use data gath-
ered during the descent performance
flight test in the EAA Young Eagles'
RV-6A to show how to turn the flight
test data into a couple of the most
important airspeeds you'll ever need
to know about your airplane.

We performed our test by timing
descents through a 500-foot altitude
block from 3,750 to 3,250 feet pres-
sure altitude. The mid-block pressure
altitude was 3,500 feet, which is
where we recorded the outside air
temperature during each run. Aver-
age airplane weight during the test
was 1,435 pounds, or 215 pounds
below maximum. Our center of grav-
ity was right in the middle of the al-
lowable range.

Grading Glide
Descent performance data reduction

ED KOLANO

During the flight I recorded the
flight test data on kneeboard cards
and transcribed them to a worksheet
for the data reduction. The work-
sheet has a single matrix of flight
test data that's easier to work with
than a bunch of test cards and sepa-
rate worksheets. Figure 1 is the work-
sheet with the raw test data (yellow
columns) and the numbers we calcu-
lated in the data reduction (blue
columns). We'll use the 100-mph
data in the first row of our work-
sheet as an example during our data
reduction explanation.

Block column (3750 - 3250 =
500). We entered the altitude
block as a negative number to
show it was a descent.

Determine the average de-
scent rate through the altitude
block by dividing the altitude
block height by the time it
took to descend through it.

Our block height is in feet, and our
elapsed time is in seconds, so we'll
have to multiply by 60 to have the
answer in feet per minute.

-500
———— x 60 = -833

36

Numbers
Here's the basic idea for data reduc-
tion. If we know the descent rate
and airspeed during the test, we can
determine the flight path angle, and
the shallower the flight path angle,
the farther the airplane can glide.

Let's start with some easy math.
Subtract the End Pressure Altitude
from the Start Pressure Altitude and
record the difference in the Altitude

Converting the average rate of
descent to feet per minute can also
provide a data check. Had we noted
the descent rate on the vertical
speed indicator (VSI) during the
test, we could compare it to our cal-
culated value. A significant differ-
ence could help identify a wayward
data point caused by a timing error
or even a faulty VSI. Enter the calcu-
lated descent rate in the Avg ROD
(average rate of descent) column of
the worksheet.

We now know how fast we came
down and how fast we flew along
the flight path while we were timing
the descent. We'll have to take a lit-
tle detour here because our average
descent rate is a true airspeed, and
our forward speed along the flight

Test
Order

1
2
3
4
5
6
7
8

Observec
Airspeed

(mph)

100
80
110
70
120
65
130
140

Start
Press
Alt
(ffi

3750
3750
3750
3750
3750
3500
3750
3750

End
Press

Alt
(ft)

3250
3250
3250
3250
3250
3200
3250
3250

Alt
Block

(ft)
-500
-500
-500
-500
-500
-300
-500
-500

Mid-
Block

Art
(ft)

3500
3500
3500
3500
3500
3350
3500
3500

Time
(sec)

36
44
30
48
28
28
20
18

AV9 OAT
RODSU (de9C)

-833 9
-682 11

-1000 11
-625 11

-1071 10
-643 11
-1500 11
-1667 11

Density True
Alt Airspeed
(ft) (mph)

3663
3794
3794
3859
3728
3609
3794
3794

106
85
116
74
127
69
138
148

Flight
Path

Angle
(deo.)
-5.15
-5.25
-5.60
-5.50
-5.51
-6.12
-7.12
-7.35

Remarks

Low confidence
Short run - good data

Figure 1
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Bi-plane Louer
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airplane kit.
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STICK GRIPS
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WING WALK

Ray Allen Stick Grips come as a
complete assembly.

*G101 has a PTF switch.
*G205 includes a PTT switch and 4
pushbutton switches for controlling 2-
axis electric trim.
*G207 has 2 additional SPOT switches
that can be used for controlling radios,
GPS, auto-pilot, speed brake, etc.

G101 Stick Grip....$32
G205 Stick Grip......80
G207 Stick Grip....105

Unique rubbery feel, self-adhesive.
Measures 26.5" x 9.5"........ $16
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Download our brochure at: www.rayallencompany.com
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path is observed airspeed.
To convert observed airspeed to true airspeed, first

convert it to calibrated airspeed using your airspeed cali-
bration data (See "Test Pilot" January to March 2001).
Then use the calibrated airspeed and the density altitude
to find the true airspeed along the flight path.

We'll use our recorded outside air temperature and
pressure altitude to find the density altitude for the mid-
point of the test block. The midpoint of our pressure alti-
tude block is found by adding the start altitude to the
end altitude and then dividing by two.

3750 + 3250
———————— = 3500

2

Using the 9° C outside air temperature we recorded
near the altitude block midpoint and the 3,500 feet pres-
sure altitude of the midpoint, we determine the density
altitude to be 3,663 feet. We now use this density altitude
and our calibrated airspeed for this test run to arrive at a
true airspeed along the flight path of 106 mph, which we
entered in the True Airspeed worksheet column.

Now let's convert this true airspeed from miles per
hour to feet per minute.

5280
106 x ———— = 9328

60

If our airspeed were in knots instead of mph, we
would have used 6,076 in place of 5,280.

At this point we have both the vertical speed and
flight path speed as true airspeeds in feet per minute.
Figure 2 shows the trigonometric relationship between
these two speeds and the flight path angle. The trig sine
function lets us use these two airspeeds to determine the
flight path angle.

-833
SIN(y) = ———— = -0.0016

9328

Using a calculator or trig table, we find the angle
whose sine is -0.0016 is -5.15 degrees, which we entered
in the Flight Path Angle column of the worksheet.

We repeated this series of conversions and calcula-
tions for every test and completed the worksheet. At this
point it might be tempting to merely note which tested
airspeed produced the shallowest flight path angle, but a
little more work might reveal some interesting and po-
tentially life-saving results.

Pictures
Figure 1 indicates our shallowest flight path angle occurs
at 100 mph, but we can't tell from the worksheet
whether 95 mph or 105 mph might be better. If we plot
airspeed versus flight path angle, we can fair a curve
through the data points to fill the gaps in our tested data
points, and Figure 3 is the result. Notice that we plotted
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Vertical Speed
-833 ft/min

Flight Path Airspeed
9328 ft/min

Figure 2

observed airspeed versus flight path angle. We could
have plotted true airspeed, but we want the curve's infor-
mation useful to us in the cockpit. Incidentally, if we
plotted curves for observed and true airspeed on the
same graph, they'd be identical, with the true airspeed
curve displaced slightly to the right.

Descent Performance

20
Observed Airspeed (mph)
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Rgure 3

In Figure 3 you can see that we achieve our absolute
best glide performance at about 92 mph. The flight path
angle at 92 mph is just barely shallower than our work-
sheet indicates for the 100 mph test run. Our curve im-
plies that you could fly any observed airspeed between
80 mph and 100 mph without a significant increase in
flight path angle and consequent loss of glide range.

Not all airplanes have such a versatile glide curve. The
flatter the curve's peak, the less the range penalty will be
for flying an off-optimum airspeed. Having this airspeed
latitude is a bonus because you can loosen your atten-
tion grip on the airspeed indicator and tend to other
timely chores like checking switches, re-starting the en-
gine, choosing a landing site, and making radio calls.

Loose Ends
Last month we raised the issue of airplane weight affecting
your best glide speed and promised to expand on that
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For
AllRVs!

7-DAY RV TAIL KIT PROGRAM
HERE'S HOW IT WORKS:

•Van ships your RV tail assembly kit here to ATC.
•You spend up to 7 days here, building your kit.
•We provide all the right tools and precision jigs.
•A professional instructor guides you all the way.
•Your tail kit is built right, and you leam the basics.
•We ship your finished tail assembly home to you.
Once you've built your tail kit, the rest is
easy, and the experience will inspire you
to complete your airplane and enjoy it!

CALL TODAY AND GET THE FULL STORY!

866-967-5740
770-467-9490
buildfofly.com

info@buildttefly.com

Manufacturer and marketer of F.8L Falco kitplane
seeks new owner. High quality kits. Exceptional
airplane. Visit www.SeqAir.com for details.

Sequoia
Aircraft
Corporation

2000 Tomlynn Street • Richmond, VA 23230 • 804-353-1713

For more information, visit SPORT AVIATION on the Web at www.eaa.org
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Airport Straubing-Wallmuehle E-mail: salesemt-propeller.com 1180 Airport Terminal Drive Internet:
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topic this time. Let's use the RV-6A for
a little analysis. Our average weight
during our testing was 1,435 pounds.
The maximum allowable weight is
1,650 pounds, and the empty weight
is 1,069 pounds. Now we'll use the
following relationship to see how to
adjust our optimum glide speed for
different airplane weights.

V = VTSST X

Our VTEST is 92 mph, and our
WTFST is 1,235 pounds. Plugging the
RV-6A's maximum weight in for W,
the optimum glide observed air-
speed is 99 mph. If we use the air-
plane's empty weight plus a 170-
pound pilot, the best glide speed
becomes 85 mph. Sounds like a big
difference, and it could be if our de-
scent performance curve wrere not as
flat across the top.

If we know the descent
rate and airspeed during

the test, we can
determine the flight path
angle, and the shallower

the flight path angle,
the farther the airplane

can glide.
For our airplane, 90 mph is a good

round number to memorize for its
mid-weight maximum range glide
speed. We'll keep in mind that we
should fly a few mph faster when
we're heavy and a few mph slower
at a lighter weight.

Slower; Longer Steeper
Figure 4 shows our flight path angle
versus airspeed, with the airplane's
descent rate versus airspeed on the
same graph. Notice that the slower
we flew the RV-6A, the slower it de-
scended. This is valuable informa-
tion should you ever find yourself
needing maximum glide endurance.
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Figure 4

The slower you come down, the
longer you stay up. If you're fortu-
nate enough to have the engine quit
right above the perfect landing field,
why rush the landing? Use the extra
time to troubleshoot the problem,
call for help, take a couple of calm-
ing breaths, and review your emer-
gency procedures.

Not all airplanes exhibit the RV-
6A's slower-takes-longer behavior.
For some planes the left side of the
descent rate curve drops, meaning
that flying slower results in a faster
rate of descent. This alone is a com-
pelling reason to create this com-
posite plot for your airplane, but
there's also a paramount reason for
doing it.

In Figure 4, notice what happens
to the flight path angle at speeds be-
low 80 mph. It increases dramati-
cally. Flying this airplane in a glide
at slower than 80 mph will result in
a steeper descent and substantial re-
duction in glide range. For example,
if a pilot flew 65 mph because he
mistakenly believed the minimum
descent rate means he'll get the
maximum glide range, he'd actually
travel 16 percent less than if he flew
at the best speed of 90 mph. That
cuts more than 1/3 mile off the glide
range if the engine quit at 1,000 feet
AGL or 1.75 miles from 5,000 feet.

The Young Eagles' RV-6A has a
lift-to-drag ratio (L/D) of slightly

better than 11 to 1 when flown at its
best glide speed of 92 mph. Some pi-
lots like to have this ratio in their
heads for a quick calculation be-
cause it's also the airplane's glide ra-
tio. This airplane can glide almost
11 miles from 5,000 feet (almost a
mile) AGL or a little farther than 2
miles (11,000 feet) for every 1,000
feet AGL. That's a nice easy memory
item. We determined the glide ratio
using our shallowest flight path an-
gle and this formula:

L 1
= Glide Ratio =

D tan(y)

This month we showed how to
take raw data from our descent per-
formance tests and churn out a sin-
gle composite plot with vital engine-
out performance information. We
learned the airplane's best glide
speed and how flying off-optimum
speed affects the glide range. We cal-
culated the L/D ratio and saw the
benefit of flying slow for endurance
and the potential catastrophe of fly-
ing too slow for range, with the
Young Eagles' RV-6A classically illus-
trating the old adage, "You can't
stretch a glide."

Thanks for your comments and
suggestions. The address is Test Pi-
lot, EAA Publications, P.O. Box 3086,
Oshkosh, WI 54903-3086 or edito
rial@eaa.org with TEST PILOT as the
subject of your e-mail.
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Letters to the Editor

Flight Advisor Visibility
I read and like the Flight

Advisor and Technical
Counselor column in the
Experimenter. As a Flight
Advisor I've noticed that few
builders seem to have
knowledge about the pro-
gram and what it attempts
to accomplish. Last fall I
addressed a group of RV
builders and was sur-
prised and somewhat
dismayed about how few
knew about the Flight Advisor (FA)
program. Most had utilized the ser-
vices of a Technical Counselor, but
when it comes time to fly, they do
so frequently on their own.

It appears to me that EAA is not
getting the word out. Could this be
an oversight? I had assumed wrong-
ly that anyone building a plane
knew about the FA program. EAA
Sport Aviation is the voice of EAA
and has the broadest circulation yet
does not feature FA info and activi-
ty. Wondered if you had discussed
this with Editor in Chief Scott
Spangler and what his spin was on
it. It seems that safety should have
a high priority but languishes
somewhere down on the list. I'm a
little puzzled and feel that if
builders don't know they will not
participate.

Jack Briggs
Cicero, New York

You're right that the Flight Advisor
and Technical Counselor safety pro-
grams do not receive the visibility in
the magazine that they deserve. We're
addressing this and hope to have a
solution soon that consistently pro-
vides useful information about these
programs.—Scott

Descent Angle Measurement
June's "Test Pilot" ("Descent

Performance Testing") suggests a
flight-testing protocol to determine

the airspeed that maxi-
mizes our engine-out endurance
and range. Discussion of the test
data instructs the reader to "find
the airspeed that produces the least
elapsed time" (to obtain an idle-
power descent of a predetermined
change in altitude). The shallowest
descent angle corresponds to a min-
imum descent rate and therefore a
maximum, not a minimum elapsed
time.

Giles Henderson
Charleston, Illinois

The suggested data check contains
an error. It should be "Find the air-
speed that produced the longest
elapsed time (this would be the slow-
est descent rate airspeed among the
speeds tested). Now look at airspeeds
faster and slower than that speed.
These should have shorter elapsed
times." Sorry about the mix-up.—Ed
Kolano

Heritage Boost
It was a surprise and an ego

booster to see a picture of me work-
ing on my EAA Biplane, taken some
40 years ago, in the March
"Homebuilding's Heritage." I
recently completed a Bushby
Mustang II and now have 23.5
hours on it.

Russ Norman, EAA 4338
Hamilton, Ontario, Canada

Flying Is Fun
I thoroughly enjoy

flying, and it has been
great fun and still is, but
may I add a personal
note, which may be
peculiar to me? After the
landing—always an expe-
rience—and I'm off the
runway and safely
stopped on my tiedown, I
shut the engine, and as it
dies, I finally totally relax
and pause for a moment.
Exaltation! I did it again!
And this may be my great-

est time. Am I the only one who
feels this way?

Don Taylor
Via e-mail

More Altitude Records
I have been reading for several

months about the altitude attempt
by Bruce Bohannon and the Exxon
Flyin' Tiger. I agree that this is a
great feat, but let's not forget that
more than 35 years ago in the C-
l.C Group 1 Class that Walter
Cable set and then broke his own
altitude records.

This was in a non-modified pro-
duction aircraft without any special
preparation. The record was first set
in a non-turbo Cessna 210 on
January 11, 1966, at 39,344 feet,
and a year later broken in a Cessna
T210G when he reached 42,344
feet. These records are accredited by
NAA and FAI.

Walter Cable was the son of
Dewey Cable, founder of Cable
Airport (CCB), the world's largest
privately owned general aviation
airport. For more information view
the website at www.cableairport.com.

Roger Cable, EAA 652459
Via e-mail

No Doubts About the DC-3
In the June EAA Sport Aviation,

Lauran Paine Jr. writes in "Round

8 AUGUST 2002

gregory.dungan
Highlight

gregory.dungan
Highlight

gregory.dungan
Highlight


