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FATIONAL ADVISCRY COMKITTEE FOR AEROFAUTICS

ADVANCE COLFIDENTIAL REPORT

AIR-FLCW SURVEYS IN TZE REGICN OF THZ TAIL SURFACES
0F' A SINGLE-ENGINE AIRPLAYE EQUIPFED
WITH DUAL-RUTATILC PROPELLLRS

By Hnrrold H. Sweberg

SULHARY

Surveys of the air flow in the region of the tail
surfecos of n cingle—engine purcuit—typo cirplone equipped
with duul-rotating propellers ere prceented. The tosts
included air—~flecw neessurements with propellers removed and

oporating at <Turlous thruct covefficients and with flaps
ratracted rad deflected., Some comnzrisons aro made with
air—flow measurements at the tzil.of a model eruinpod with
a sinzlo-rotating vropellor, The tosts wcre made in the
JACA full-scale tunnel,

H2RCDPUCTIOR, -

As part of a general investigation directed tovard
prodicting tiho efimcts o propeller operation on tho sta—
bility claracteristics of anirecraft, mcasuremonte were mando
ol the nir flow in tho roglou of the tail surfaces of a
singlo—ancind pursuit—-typo airrlanc equiored with dual-
rointing vrropolleras, Tuo tests wero made in the NACA
full—~scalo tunnel and includod air-flow mecasurcmonts with
propelloers ronoved znd operating and with landing flape
dofloctol 40Y and rotractod,

InTortigations of the 2ir flov in *lc rogion of the
tall suwrfaces of alrplanos oquippod with single—rotating
propellurs haveo also beorn mads and aro iroportad in refor-—
eacos 1 und 2. Sono comperisons aro glven in thie peper
of the air flov behind singlc— ani Qual-rotating propol—
lers,
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te front ard roar propcllors

locel downwash anglc at tail moasured rolative to
froe—stroean dircction

avorago downwash angle across clevator hinge lino
23 found from air-flow survcys

eangular difforenco botween avcrage doewnwach angles
across seulspans of horizontal tail surface

q locul drnemic pressure
(.Y frce—stroan dyrnamic prossurc

(q/qo),,v averege dynozic—prossurc retic seross elovator
hirnge line as found from alr—fleow surveys




DESCRIPTIOY OF MODEL AND TESTS

Tan F¥ACA full-scalo {unanel 1is Gescribod in roforence
3 ond the methods by waich tuec data vere corrocted for
Jot—~boundeary and dlocking effocts, arc discussed in rofor—
onecrs 4 Prd S.

The modol mountcd on the tunnol sumnports ic shown in
figuro 1, Figuoro 2 is a three—~vicw drawing skowing tho
iuportant dimonsions of the moicel, Tho outcr surfaces of
tho model were coastructced of shoot cluminum that was
coverced with a plastie fillor and sardod to a smooth fin—
isn beforo tho tests were mado. Tho horizontal and vorti-—
cal tall surfocces vore ramoved for 21l tho tcsts., Balanced
slotted flaps, having a flav spsn ogial to 54 percent of
tho wing cpan, wcre uesed asc tho high—-1ift devico.

Thoe yropulrive vnit consietcd of tio 1lC~foot-dirmetor
dual-rotating pronollers that vere drivon by two 25~horse—
pover oluctric motors installod in the fusolage. The
front motor was directly connoeted to the front propeller,
while tho rear metor drove tho rear proneller through
chalns and & countershaft.

The proosller installatior on the model is shown in
firsure %, The blade-pngle setting of the front propeller
was 28.0° In order that the rear prcpeller absord the
same amount or prower at perlr efficiency as tha front pro—
peller, the blade—anglo sctting of the reer propeller was
27.7°. The blade angle of tho roar propeller was set
lower than that orf the front propellar to offset its in—
crnased angle of attack due to the introecvction of a roto-
tiongl corpnaent $o the alipsitream by the frert jrrunlle:
The wropaller blade nnztes wore held constant 1or the
tests, The acrodynamic characteriestica of tiao dual-
rotetins prowellers on tho completo model at about zero
1ift coeificiont are shown in figure 4,

All the survers were mado in a vertical plane through
the elevaticr hinge ijdne. The survors vore made at various
angles of atiézeck with propellers removod and operating and
with landing flnps dcflocted 40° aad retracted.

The moasuromants were nade with a rack of fifteen
3/3—inoh steol eurvey %udes doscribod in roferonce 2, The
accuracy of tho pitch— and yaw—angle measuromonts is esti-
matcé to te within about 0,259 dyaemie-~nrossure mensur o—
menta aro accurcte within about £1 perceant.,




RESULTS AND DISCUSSION

The air—flow surveys ere prescntud as coatours of
dynaric-pressure ratie q/q0 and ns voctcrs showing the
rosultant flow diroction in a vertieal planc thrcugh the
elevator hinge lino. Tho results of tho prepollers—
romovod testa, vhich aro given as a reforerce fer the
detcrmination of the slipstroam cffcects, aro chewn irn
figures & and 6, ¥Figurecs 7 and & give the rcaults of the
teste with prepcllcrs opersting at various thrust eocef—
ficicnts for Tlars retraetcd and for flape doilected 407,
rcspectively.

Tho offoets of propeller operantien en tnc nverege
dynemic prossurcs and the avernge downwash engles at the
t2il ero illustratod in %table I, The drynemic—pressurc
ratiocs and the downwash anglos woro rot wcightced according
to the variction of locnl chord and liecanl dynaniic pressuro
ecross tho tail span, inasmuch as a iew cecmpuitntions shoved
this correction te bc small., The vrluos of (q/ n)a" and
€py have beon computed soparatoly =mcross coci semispan of
tho Lorizenteal trnil surfaeec in erdsr to pecertair whothor
the use of dual-retating propesllors clininated the effects
due to slipstro~m rosation,

Whren the pcwer absorbed vy the front rropeller «was
approxinately ecval te the pewer adasorbod ty the renn
propeller, there wan little evidence ef slipstream rotation
in the surveys. (Seo figs. 7 and 3.,) 3Becnuse the prcpol—
ler blade anglem were adjustcd to abserd approximately
cqual pewer at the Y /nD for pcaek cifficieney, V/ndD =
1.25, thc powers abscrbed by the two prepellers were not
oqual at oihor velues of V/nD (fig. 4). At low thrust
coefficients, for which the divforencos in the pcwers
ebsnrbed by the front end tho rerr prepeliers were small,
the values of (‘/1‘\uv and €,y neasured scrofs esach
goulnpen of the horizontal tail surface were avproxiuatoly
equal, A% tho hisgher thruct coefficients, howaver, sonme
difforencor in ("/1-)nv enl ¢,y were neasured, nlthough
tho differencas were ecnsidecrably lasc thar t hose usually
observed bchind nirplanes vith single—rotatings prepellcrs,

Ir order to eemnrre the air flow btehind installations
of single- snd dunl-rctating prepellers, scne of the
resnlts ol downvach—nrugle measurenents at the tail of a
singlc—eansine Lroali—~type airplance ecuipped with a single—




rotating propeller, whizh have been reported in reforence
1, are given in figures 9 and 10. These figures show the
> 1<

downwash—angle distributicn across the horizontel tail
span of tho model witl lars rotracted and with flaps
deflectod 4C° for various angles of attacl and various
thrust coefficients. Siuilar curves are given in figures
11 aondé 12 for the nodel with dual—-rotatir repellors.

For the wodel with the singlo—rotatl: roepeller an
flaps retracted, the origiral dairection of rotation of
tho slipstroam is retained to n large extent at tho tail —
that 1is, the downwashk angles at tho tall on the side of
the dowagoing blades aro inerenscd; whereas the downwash
aagles at the tall on tiie sido of the upgoing blades are
doereased, The slipstrenn rotation appeurs to be consid—
erably less at tho tail with flaps defleeted than with
flaps retracted. It apnenrs likely that, with tho flaps
doflectod, tho slingtrecnn is deflccted below tiie elcvator
hingo line with the resalt the t slipstroam rotation
affcets the rosultant dowiuwash— distridution uneross
the horizontal tall suricce : flars dofleected than
with flanc retractod.

A comrarison is given in figuroe 1% of the angulnr
}.

¢iffercncos troen the average downwvash angloeus across the
semispans of the horizontal tail Ae¢ for the modol with
the sinslce—rotating pr Llor anrd for the nodel with tho
duzl-rctating propollers. Thao values of 4Le arc plotted
as » fuaection of thrust cocfileient ot varioua pronoller
blade angles and 1ift coofiieicnta for the flans—-retraected
eondition. For the node) with tho dual—-rotatiag propellers,
the differonec of downwash aeross tho scuispans of the
horizontal tail was smell; whereas, for the nodel with

tho single—rotatin T ller, a differcnee of 6,7° at

Te = 0051 was nmeessured. 7Tho largo ditfforcncos of down—
wash moansured nrcross the rispuns of tho tall cof the
modcl with the singlo-rotating propeller will rcsult in
asyuriotrieal tnil loandings and bording mononts that ney beo
eritlenl frca structural considorations,

For the singlo—rotuting proveller, sn asyvamctirical
dynenie—prescure dissridution aleco oxists 2t the tall bHo—
eauss tho thrust distributicén is not symaotrienl =zt the
propeller disk. This dissymnetry of thrust arises fren
the incliantion ¢f the propcller axis to the air strenn,
vhizh eauses both the lcenl relative nirspocd and the
local ang cl attac* to be higheor on tr slde of th
dowaroir blados than on the side of the upgoing blades.




Tha rosult is that, as ti~ enzloc of att
thore is a2 progrossively higher concontr
on the side of the downeoing blados t}
tho upgoing blades, As an ox le, wit?
a differonco of (1/06)1v aorors 5
tho horizontal tail curfaco of

noasured {(refercnco 1).

As notcd previourly (tadl
dual-rotating propollers, the

acress tiic two scrnisyens t
wero snall,

YCLUDIEG A

Tho survors o tail of the modol with 4dual-—
rotnting cller: d littlo ovidcince of slipstroar
rotation or : Mot r 1 distribution, T! offocts
of clipstr t asynuctrie thrurt dictridbution
en the rosultant air flow nt tho tail of &} 10d0l with
tho singlc—rotating prey ler, however, worec largec at
high thrust coorficicnts ani at high anzles of attack.

As a typical exrunlo, for ihc nodol with dusl-rotating
rroyrolloers snnd with fleps rotracted, the difforcencos of
downwash nrd dynanie prossuro neross the scmispane of tho
Lorlzcntal tnall wero negligidble: whorcns, for tho medel
with tho airngle~rotating wropecllor, Aiffcrencos of dovn—
wash and average dyanaizic—prossuro ratio of 28.7° nnd 0.45,
reapoctively, woro mecsurod across tie olovator hingo
line 2t = thrust cocfiicient of 0,31,

Longley seneri-l Acrornautical Lnloratery,
Fational Advisory Conmittoo for Acr

Lingley Ficld, Vi,
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Figure 3.- Propeller installaticn on moiel
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