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Testing Racing Planes

by JIMMY DOOLITTLE

A most interesting account of racing plane tests by one of the most noted racing pilots in the world. An
address delivered by Mr. Doolittle before the [nstitute of the Aeronautical Seiences,

NASMUCH as my work for the

past three years hos been the de-

veloping and selling of petroleam
prodicts for wsviation usnge, I =m
searcaly inm & position to dellver a truly
up-to-dnte dissertation on scientific
flight testing.

With your indulgence, I will, how-
ever, detnil o few personol experiences
encountersd while testing and groom-
ing a modern racing airplane. Since
experimental kigh speed sirplones dil-
fer radieally in ceriain phases of de-
sign, mdmitting numerous specific prob-
leme pecallar to esch of several types;
for the snke of brevity, I shall confine
this discusaion to the vecent Lairvd 400
Racer.

In the mid-part
of 1921, the ailer-
ons aml a good
pized pieee of right
wing futtered off
my Travel Ailr
“Myatery 8% air-
plane  which had
Just been eebuwilt,
cleaned up and ob.
vipusly speeded wp.
Thizs failure was
prabably doe to tha
Frieze type ailer-
ans being overbal-
anced at the higher
speed or to flexi-
bility in the aileron
contrel tabes,

The fallore of
my own airplone
muede available the
new racing plane
that was built by
Mr. E. M. Laird
and financed by the
Claveland e |
Foundation. This little job lad a 21 foot
span, 108 squave feet of wing mream,
carried 115Y% goallons of gasoline, B
galions of oil and woighed 1,080 pounds
when light and abeut 2,500 pounds ful.
Iy bomded.  (With the geared engine it
weighed about 75 pounds more)

The first test flight was made from
the old Aero Club Field, south of the
Chicagy Municipal Afrport, Laird felt
or hoped that the high speed of the
airplane would bLe arcund 300 moph.
Tha gearsd Pratt and Whitrey Wasp
Jr., originally moanted in the airplane,
developed B60 hop. ot 2500 r.pm. The
propeller was 9 feet in diameter and
st at 374 depree plich at the 42 fach
station. Due to the high pitch ongle,
the ground reva and statle thrust were
very low.

The airplane ran about & half & mile

flew Im the lust

* I emye™ [Hnl.llllacﬂlﬂl @ U B. Armwy pllot & sh
hneider Lraphy n[::.lln b hald =

before it could be pulled into the air
and then {lew for about two miles
mere before it picked up suffieent speed
to come under complote contral. In
succeeding flights, the propeller satting
wns reduced § degrees and the takeaff
wad satisfactory thoogh the engine
prer-revved somewhat (2,800 rpom.) in
level flight st full throttle,

HE tail surfases were identical
with those of the last year's racer.
The airplane was stable longitodieally
amd laterally, but extremely wnstable
directionally. This directional insta-

bility incremsed with spesd and the
pirplane was bavely mapapeable ab a
gpead of 200 m.ph.

Amkrlen. It
didle inla poblic view.

Thiz was due to the inereased fin
area forward, resulting from the long-
er M. A, C. A. cowl emploved with the
geared engine, the large panis and the
falring which filled in the spoce be-
twesn the front and renr lomding gear
sirute. All of thiz fin aren wes for-
word of the o g

The culpability of ponts amd fairing
were proved by removing them ond
making = flight, The airplane wasz
directivnally stable with pantz and
fairing off, To correct the dirsstional
inatahility, the fin and rudder wers in-
erenséd in height nine inches. There
after the alrplane was directicnally
stable, but not as stable laterally as
before.

There did not appear to be any ap-
precinble  torque mesulting from the
large propeller and geared engine ex-

cept an sccelerational torgoe when the
throtile was moved guickly.

Although the pllot was sliting on
B poumds of Jead shot, the airplane
was 50 stable longitudinally that it was
diffienlt te get the Lail down in landing
and the nirplane londed very fast. The
faet landing tendensles of this airplane
were abtributable largely to the fact
that the tail coald not be brought all
ihe way down and advantage taken of
the maximum angle of atitnck when
landing, and also the hlanketing effoct
of the large propeller dise on the small
'P.II'I

"I‘hla i indbeated by the fnct that the
pirplane, when mounting the direet
drive engine and 8 foot propeller, was
only slightly lght-
e but was less
stable and landed
conslderably skow-
wr; 1 should pay
fully five milea per
koiar.

In order ko Ven-
tilate the pilot's
cockpit, fresh alr
waz led through a
flgxible caondult
fromt two holes fo-
cated in the lead-
ing odge of thie
upper wing, These
koles were abowt
three fort from the
center line of the
wing, located in
the glip stream,
but well ouotside
the “fume area.”

The cemter of

. A In Bt ot b=
wwn whih the U -':ﬂhl-:“r::lﬂ L“'M each of these cir

calar holes was
pomewhat above
the conter-line of the leading edge and
the tops of the holes were aft of the
bottcms,  In flight the storboard hsle
blew slightly and the port hole sucked
glightly, The efficiency of the venti-
lnting system Incrensed somewhat as
the speed inereased. The trouble wos
corrested by putting s scoop an the
top of each hale
The geared engine ran much cocler
than the direct-drive. The head bem-
perature avernged from B0 to 76
degrees lower. This appeared to be dus
to twe things. First: The nose of
the W, A, C. A. cowl on the geared
engrine was longer and temded to direct
the nir over the cylinder heads better
than the blomt nosed M. A G, A, on
the direct-drive engine. Second: The
genred engine was throwing more il
than the direst-drive engine. This was
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indicated by greater ofl consumption
and higher oil temperatare n the wse
of the geared engine

At o lnter date, the direst-drive en-
glne waa returned to the foctory. The
bearing clearances were increased so
it would ‘“sling’" more oil amd over-
heating difficultles wera eliminated. The
oil consumption was inerepsed from
about one quoart to three gquarts per
hoar. This increased oil consamplion,
however, was not & problem as there
was ample oil tankage. Using the ol
for o codding medium coused the ol
tompernture to run top high and it was
necesary to cool the ofl by divecting
cold nir taken from in fronk af the en-
gine and over the ofl tank.

The foel used was s straight-run
gasoline contmining & ec's of tetrasthyl
lead and having & knock rating of 87
cetane, For foll throitle operation, an
B octane gasoline, contmining 5 oc's
of lomd was vsed. Thiz was & safety
measure with the 8:1, 10:1 Wasp Jr.
as the BT cetane fuel operated =atis-
faetorily-

The &7 octane fucl was probably on
the border line as I latér flew a B:1,
12:1 Wasp 2r, amd with this engine at
Tull threttle operation, the 87 ocetans
fuel started detonating almost at onee
and the thermocouples showed a head
tamperaturs of over B00* F. With the
89 octape fual thers was no detonation
and head temperaiure was atepdy at
about 520°* F, The 87 octane fuel was
eatisfactory at eruizsing specd.

THE 400 Racer was extremely tem-
peramental to rig. It scemed im-
possible to adjost the landing and fiy-
ing wires so that it would not be wing
heavy on one aide or the other. On
aie fight tt baloneed perfectly for &
while and then gradually become left
wihg heavy.

Finally, in desperation, the stick was
slapped over hard o lift the left wing
gnd the wing heavinesa after leveling
off waz grently increased. This gave
me an kles. The right wing was de-
prossed and the stlek moved sharply to
the left. The airplane was then only
slightly left wing heavy. The maneus-
wer was repeated amd the airplane bal
mneed perfectly., Repeated sgain and
actunl right wing heavinesa vesulted,
Here was an nirplane that could ke
rigped in Night!

The diffculty was that it wouldnt
hold it= rip. Thiz fouli became éof-
tinoelly and rapidly more apparent and
anneying. On one flight, in very rough
mir, the rigging became so flabby Lhat
o pctual lateral motion of the tralling
edge of the uwpper wing could be ob-
served when the ailsvons were moved
and when a bump hit one wing more
soverely than the sther.

Bafore the fight was completed, it
waa found impossible to get the air-
plane oot of the left baok af eruising
gpeed withouwt throttling bock; so mll
turns, even sround the landing Geld,

{Continuwed on poge T38)

The Canadian Sky-Cops Patrol Great Areas
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Members af 1he Omiarie Provinehal Afr Serviee wha have dropped dewn te refued and swip a few
jasrd B Uhile lHsiife mimesnke

THE accompanying photo shows two
"Sky Cops.," members of the One

tario Provincinl Afr Service, who hove
just dropped down on the Moose Biver
nenr James Bay at a gas cache on the
northernmaost boundary of thelr “beat,"
to vefual and grab & guiet =moke,

Morthern Oniarle provides wery
tricky flying country for seaplanes—
and 2 an utter impessibility for land-
planes. Tangled serub, jagged lava
rocks ond mile uwpon mile of heavy
forest are some of the hazards.

Plenty of lakes dot the ferrain and
rivers snnke through it, but the pilet
must constantly wateh hiz altitods and
keep mo eye on the proximity of the
menrost wator. Londings have to b=
mede carefully, for lakes and rivers
are Infested with “deadhesds" or part-
Iy submerged logs, the enemies of sea-
plane Hoata.

In spite of these handicaps, however,

the Ontaripc Provineial Air Service has
geng quistly and eficlently about its
wark, covering Its gigeotic eat with a
wery emall percentage of secidents;
thres serlous ¢rackups in the past five
FRAFE,

Fire spotting, transportation of men

fire-fighting apparatus, phoboeg-

rophy aod game preservation are their
chief daties. TT'p umtil o few yYears ago,
game preserviction did not come under
thia jurisdiction of the Ontarie Pravin=
clal Alr Service, but it was found to
be the most effestive means of com-
basting the canny bushwise fur ponch-
ors whoe invade the Provineial Parks
in large numbers every winter. The
Flying Wardens sweap down out of &
eloudy sky and catch the poacher ved-
handed.

De Haviland Moths, ns pictored, and
H22L flying bonts esre the types of
ships nsed for this work.

L. A. A. Memberships Grows Slowly but Surely

LOWLY but steadily, the enrollment

of the L, A, A. comtimues to in-
crease.  During the [nst month, the
daily average s abowt the same 20 that
this gives us renewed confidence in the
DULEGEITEe,

It hn= talken & It of plugging, both
by our committes-men and ourselves,
to moke it move along. At the time we
go to press with thiz isave, the total
member=hip is 352 =0 that we have only
148 members to po.

Here in Mlinols, the Governor of the
slate has revived the seronautic com-
mission after it was once Kifled. Lamdis
iz mo lenger on the Illincis Aeronautic
Commilaakon, bot the bonrd 12 illed with
an altopether different staff that may
deal more leniently with the amotear.

We are pubtting our Erust in one of
the members who has proved his valor
and squareness In the past, Commander
Eugene MacDanald, president of the
Zonith Radle Corporatlon and at one
time the mainstay of the radio nmatear.
If he should bave his way, there 18 ne
doubt but what the amaleur in avin-
tien would also got » break,

We have aleo bad very favorabls
news from the Texns legislotare on the
subject of mamateur avietion laws so
that thinga leck bright in thai atate,
Altogether, there are about eight safe
and sane states where Troedom really
reigre, If given the nasistamce of all
the amatenrs, it is likely that we can
make this o totnl of 48 states. Lat's
try and do this, aapway.
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All Weather Flying
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Climb
(Continued from page 310}

Testing Racers
!Cum!:':lmld- from page 208}

and gharp, he tuones from 344 ko &
i Fresmo) to 332 k. o, the frequency on
which Ookinnd broadensts and fies the
beam for Dakland.

As he approaches, he understands
that stratus clouds overlic Dokland air-
part, but that he will kave a visibility
of 10 miles and s thousand-foot eeiling
onee he pets below them, 8o it is safe
for kim to appronch the field and eome
through the clowds,

Following the beam and approaching
the feld are, perhaps, the most delicate
operations of all his navigational prob-
lems. Embrye pilots are taught the
rudiments of thess procedures before
they go onto an aitline. Carefully fol-
lowing the beam he finnlly locates the
“rane of silence,” which |2 directly over
the beam tronsmitting station. Kpow-
ing his relationship to the field and also
with the assistance of the Geld manager
at hilz remate microphkone and the twa-
way radio communication, he is guided
te the proper position for descent
throagh the elouds.

EXE,

Boeing Air Fighter P-12E
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lended enly with 15 pounds per horvse-
power will climb faster than anoiher
ship leaded with 20 pounds to every
horaepower becnuse in the former CRE,
there will b a grester excess of power.
Fast military porsait ships, which must
hove s vary rapld rate of elimb in erder
Lo vok-maneaver enemy planes, have &
vory low power loading.

But wa must not confuse “stespness”
of elimb with “rapidity” of climh. A
zhip ean sscend along a steep alanting
path and yet not have the climbing rate
of another ship that can only ascend
along o fdtter path, A stesp climb,
rather than & rapid <limb s required
of commeerein] planes that must clear
aobatacles quickly when taking off from
a small febd

Stesp elimb ealls for a low wing

ing, or o small weight per sgunre
foot of wing sarfece in addition to &
good power reserve. This is contrary
te the case of the fast climbing mili-
tary machine which has beth o high
powar losding and a high wing leading.

Ax o rule, the stespest elignk iz had
at & horizontal gpeed that is somewhat
less than the optimum speed at which
the beat rate of elimb s had, The angla
of atteck for the steep climb will be
groater than that fer the most rapid
climb, which of course means a lower
forward speed. The steep climb is
assisted by the use of wing slota and
flaps, or most any other foctor that
will improve the lift coefBeient of the
wing although the excess power is less
than for the best rate of elimb.

There iz an approximats Tormuls for
the heat rate of elimb which in based
upon the top and atalling spesds. This
iz ms Tollows:

Hest climbing speed (mphl=0—3
plus “_3—3

Where S=sztalling speed. M=Top
speed.  C=Best climbing rate. This
perees very well with the previous ex-
emples given in the graph where this
particalar ship hos n stalling speed of
10 m.ph. and a top epeed of 180 mph,

Thuaa:
Best climbing speed =30 plus M

=30 plus S0=460 m.ph.
{Cencluded on page B46)

were made to the right. In thiz air-
plang the makn wing truss was incom-
plete, The auxiliary wing truss had
d.l!'p-uld.ld upon o fitting around the een-
ter of the continuous rear =par in the
upper wing to take unevenly distributed
wing bopds. A careful inspection showod
that the spar had erushed at this point
and the belt holes had elongatbed.

Az a temporary expedient, an eighth
inch thick piesce of shest stesl was
driven between the fitting and the apar
te take op the play. This corrected
the trouble temporarily, but after a fow
bours® fAving it again appearsd due to
further crushing of the spar.

The incomplete wing trussing, men-
ticned abeve, explains a diffeulty ex
perienced when running the 8 ke, speed
triale. Tho =sirpiane was clocked at
250 m.p.h. with the direct drive engine
L'p to 240 m.p.h. oo troubls wes ex
perienced, but above thizs speed a ten
deney to furn fa the beft mnd difficulty
in removing the airplene from a left
tank was chbeerved, A right bank at
full throttle gove wery little troubls.

Thae direct drive engine was remeoved
and the 3.2 geared engine installed. Tha
air-speed indicator showed about elght
milea per hour mere speed with this
engine. There was o very strong ton
dency to rall to the left, The airplane
was then rigged very right wing heavy
in order to eorrect this tendemcy at
full throttle, but 1t i doubtfal I it
conld ‘be handled in a rose,

The course was flown in practice for
a few laps ot 240 moph., then the
throttle was grodoslly opemed until
wide, A& teaen mate on the ground was
inatrusted Lo wateh until I rocked my
wings and then to time the mext lap
s it would be the only one at fall
thratthe

Coming down the home stretch, T
rocked the stick Interally But the rall-
ing motien of the airplane was so
slight that I was nfrnid my groond
chserver would not be able to notice it
The 10 mile course in 1531 was an ir-
regular pentagon, The first two pylons
werg execobed soceessfully but at the
third, whers the angle was sharper,
the left wing would nol come up and T
waa unable to recover fromi the bank
until after everturning. Relled in to &
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steap vight bank to get back on the
course and had diffievlty getting out
af the right.

Banked to the left of Mo, 4 pylom.
The bank increased even with comtrols
reversed and it was necessary to throt-
tle to regain contral of the airplane,
Obviously the peared engine could not
be used in the Thompson Trophy Race.
Mot hecauss of any torgoe difficaolties
but because wing warping at high
specds  induced the asilerom reversal
This eonditlen became eritieal at about
260 m.p.h.

Im order to check the spoed of the
pirplane with “gpeared-vorsus-direct-
drive-engine,™ an ablempl was mades o
fly the 8 km. course. On the first ran
the nirplame grodoally rolled to the
Reft until out of control., Throttled pnd
tried again. This time entered the
course with the right wing down about
40, After alout 1 km., the sirplane
waa level and ab the 2 k. mark the lafc
wing wns down some 30° and depress-
ing rapidly.

I throttled and lended, unable to
make even one rusm acroas the EH'II!
speed course. It wonld have been possi=
Ble 1o make rane &t zay 220 m/h and
250 m/h, note the corresponding R, P,
M's; plot nirspeed wersus H. P. M.
and, knowing that the maximam level
flight B. P. M, was 2600, produce the
curve and obtain the high speed.

OWEVEER, the Thompson Trophy
Race was schedubed for the next
day and flights previcosly made indi-
cabed that the direct drive engine eould
suraly be handled, though sloppily, on
the eourse, The engines were changed
over night and the morning of race
day epert trying to rig the airplane
The dificulty experienced in  test
flights and in the race iteelf indicatod
that something was loosening up and
that the wing warping tendencies were
rapidly becoming worse, The airplane
was finally rigped wery right-wing-
heavy to facilitate getting out of left
banks and entered in the roee IE was
foread down in the séventh lap due to
overbeating and pisten failare.

Had we been nble to use the eoaler
ranning geared engine; had the wing
trusaing been complets, or the center
rear cabane fitking more secure 0 the
wings couldn't warp; hed we known as
muach then az we know mow, nome of
these difficulties would have arlaen; buat
that is experience. The main diffieul-
ties in this airplane were:

1. Engine overheating.

2, Wing warping.
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& Poor vislen (n. when fiying, b
when landing).

d. Insuofficient pascline capacsicy.

8, Poor takeoll. characteristics.

6, Expessive longitadinal stability.

T. It was too slow.

E, Foor cockplt wentilation.

In the 1532 400 Racer these inberent
défect were corrected ns followsa:

L. A longer sharper nose was put
on cowling. The engine was adjusted
to throw more oil and the il tank was
nir cooled.

¥ Wing trussing was redesipned and
made complete.

1. Tho pilot was raised 10 inches so
he eould see over the upper wing. A
alide door was arranged in  ecckpit
poveriig =0 pilot eould stick his head
ard shoulders out and see shead when
landing.

4. To incrense gos capacity, the fose-
lnge was fattensd out mear the e g
without decreasing fineness ratie or
streamlining.

6, A contrellable pliteh  propeller
greatly improved takeoff character-
istica.

f, The ¢ g waz moved aft to correct
the expe=zzive longitodinal stability.

7. A retractable londing gear was
deaigned ard incorporated to increase
e

8, The ecockpit wentilation [ntalke
tolés were put cxactly on the center
line of the leading edge.
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It seemied that we had eorrected all
faalts in the criginal desxign amd the
first test flight of the redeaipned air-
plane tended o prove our belief cor-
rect until time came to land. Then m
new problem arose. The landing gear,
in groand tests, dropped all the way
cut mnd then was apread and locked
inte place,

In netunl flight, the air loads and
the rotation of the slip stream apresd
the gear before it had dropped out,
locked it im an intermediste position
ond it wes nocessRry to make the first
landing on the bottom of the fuselage
without landing pear. This was cor-
rected by means of & rubber shock cord
which held the wheels together until
the telescoping struta were fully ex-
tended.

In lnter fights, it was found that
the tall fAattered badly when gliding
in slowly for a landing. The exsct
reason for this has not, ns yet, been dee
tarmiined, bot am effort iz now being
made ta correct It through the uae of
larger rear fllet between the lower
wing ond the fusclage. It may or
mAy nok work.

There is Be work as intensely Intor-
esting as testing and improving high
spead mirplones. Mot éven air racing.
But T have yet to hear of the first coase
of anyeone engaped in this work dying
of old age,
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NEW BROADFIELD GLIDERS
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