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SUMPLLRY

The results of low-spsed wind tunnel model tests on longliudinal
stability of five models hove beon analysed to gave the effects of
propelisr thrust on the angle of dovnwash and the velocity ot thoe

ta1lplane,

Ne attempt at detniled generalisation of the results his been

made 2t this stage. Thoe resulis do, however, give an indication
of the megnitude of the effccts and show scme of the more important

variables,
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1 _I_ptroduct 1.0n

In .4 11.14881, a collection 7as .1mde of the data then available
on the effect of slipstream on the Jlomwash aad veleccity at the tail-
plane. Ir viev ov the current waportance of longitudinal stability
with propellers, a further collectico of .ore recent datas has been
made and s gaver in ihe present report, This forms an interim
stage 1n an atterst to estunate the effects of slipstream on longi-
tudinal stabilaty.

“he data are extracted Mror tne results of low-speed wind funnel
model testa made at the Royal Awrcralt .stablishmwent in the No,1 115
£, x 8% ft. tunnel. In all cazes the propellers were driven by
electric motore nouscd inside the rodels.

2 liethod of Anclysis

2ol Dovnwasn &b tailplane

The rethod of anelysis o7 the rezults 1s necessarily less direct
than that enloyed 1n Telld, This s weesusc only one bailsetting
was used sor bosts vvaih peopellerz. The I‘f‘.‘t.LO('lz/:“l) of dcm/dn to dcm/dT]I
iz obtained for Jho mocel wetncut promellors and 1s assured to be the
sae with propellors. o aethods of obtaining the mean eflective
angle of dovrrvasna at che tailplane are aveclzble as follows:i-

(a) If the priching «weenl yith tall 1s the sane az that without
tail at a conslant incicense @ for a tealsetting Mp (Yo wang
chord) ana an olevator angle =, then the angle of downwash,
£, is gziven by

g=a+ Ty o (ay/og) T

{p) Il at constant incidernce a, the charse of sitening monent

causcd by the wil ot a zetton Tip V7 h elevators at 0° s
ACHT, then a tarlscetting

T "‘&On}f + l:(al/az) % (dcm/d’ﬂjj

vould give zero tell load sroided that tne texl laft is aa Llhe
lirncar ransc. Jenece the dovmrazh angle a8

= 2 M= AG, [(31/3.?:} b l:dcm/dﬂﬂ .

Tach of tnese retneds 1o wsed chere 1t 1z the nore convenient.
In calculating caonjes ol dommrash ongle, valuce at zero propelier
thrust we used oo datuvun.

ez Velocily st Teololons

The oulet oo tirust on he swan effective velowily et the toil-

plane 1s ortesnen LY corparan, the valds o dcr1 dmn in o pacticular
colition witn thot ab zers tlruet. Tncse valucs at zero thrust agrec
clogely .itva corronaond.n, valuss withoul propellers and show no
gppreciable or coarlsbenl variation Jrth 1ac.ocnce,

4 wcen value over & vade .n deacc rance (usually from zero 1ift
nearly up tc the stall) is therelore aced as datws in calculatan the



jul

Tleat of propeller thrust, s8 1n gdef.l, the resalis are expressed
1 the for: of a velocity lncrement [zctor, b. If the wean velocity
the failplane 10 U &l zero thrust end T(1+b) with thrust, tnea

(240)% = (de /am) + (dey/dn at zero theust).

.

3 Notes on 1he Data Used and the liecerntal.on o Results

The data are taten froq toste on the lon~itudinal stability of
five models, as follovsi-

- “Toe of
Yodel G, A Drarang pron. unLts Reference
- -
Aeroplane A Fig.1 1 -
Hornet "1ge 3 2 2,3
Sturgeon Flg.i;. e, A
Aercplane B I'g.b L -
Saunders-Roe 10/46 Pig.7 & :
| t

The ~eynolds nurbers of the test: (hased on the standard mear
chord of the wiag 1n each case) are giver in the followang table.

T ) \ ] 6
Model L_*__ %fz?old° No. N 10
| T =G Highest T, used
c

Aercplane 4 1.2 0.5
Hornet 1.2 Uub
Sturgeon 1.1 0e55
aeroplane B 0.75 Ca 39
Saunders-ioe 10/46 GCulB Cel5

Relevant irodel detsils ~we soven i :able I and general srran e-—

3.1l Copacizon of various swodesn o prooelles ~ctation on the Povrnet

”
- — b
The tests on the fdornet aolel > 1heluded several modes of
propelier rotaticn:—~

(a) both gropsllers right pond - fr
A

(b)  "handed" with tips corin up an the maddle —J)T

.

(e} "handed" with tips fozog dovn in the mddle - )£
(@) contra-rotating

Vor all except the corsra-cotatang propellers, only one velac of
the propeller <heust coefficient, 5, vas used at each incadence, 1.c.
the T, corressonding to M1l throtvle nover at the particuler trammed
lift ceefficzent. Tre dowr ash angles ace therelore plotbed in fag,”
agalnst incidence, valucs ol T, being given alongside the points ploticd.

* T, = bropeller prooulsive thrust « pveD? (D = prop. diaaster.

S -



“he corresponding velociby inerements at the tealplane are shown in
Pig. 9

3.2  Contra-rotacin: prepeilers

All fave models were tostea with contra-rotating propellers. In
every casc fcveral valucs of T, were used &% vach 1neidence ond the
downwash and velocity iacremernte arc plotted cgainst thrust coeffzeicnt
1n FigelC, lincs o5 constant incidence boing drewne — Thumb-nail plar
vicws of thoe mordels arc zided lor convenlence.

T+ should be notcd that an the cascs of the Hornet and Sturgeon,
the tests with slipstirea were made with tne louvers of the wing
leading edge reniators an the "open' position, whereas at zero thrust
the louvers wers an the closed position. The dewnwash at zero thrust
(ao) shown on the upp:r part of #ig,10 and used as a datum for tho
downwash changes, hee been estimated in the cases of these two models
from tosts

{2} athout propsllers, souvers closed,
(v} writhout propelicrs, lewers open,
(¢} =ero thrust, louvers closod,
Aeroplone A, the S urgeor. and scroplanc B were alsc tosted with
flaps down.,  The [ilepe arce showm in Jigs. 2, L and 6 and the resulte

are given 1n gl 1l

4 Results ard Discrision

4el Sangle provellcers

Fige & shovs that ftne anclen of downwash at full throttle on the
Fornet model 1 ita both propellers raght han! arc simlar to tnosewith
contra~rotating propellers, In the "napded" ceascs, however, there ore
very larg. offucte fror the 1otation an the slipstroam becouse most
of the tailplane Lieg mnboord ol the tarust lincs. At a thrust
coefficient T, = 0.5, propellery 1iath tips going downwards in the middlu
caugc about 57 rore downwash, ilst wath the tips going upwards in
the middle, the deowmiash 1s reducced by about 5.

Begauzc of the lorge propeller diameter on the Hornet (relative
to tail spoan =nd tadl arm) trere s no large or consistent daffercrcc
in the velocity ircremerts of the tailplune with the scveral modes of
propeller rotation, (Faiga2), 1o spite of the large changes in douwmiosh.

Le? Contro-rotating propelicrs — flsps up  (Fig.l0)

For cach rodzl consadered, the tailplanc 1s above the wang chord
(Table I) and 1o hisk relatsve o the centre of the slipstrcam at low
1ncldence. a5 the incilence s anercased, the downwash increases leoss
rapadly and the ta.l roves closer to the trailing vortex sheet and
more irvto thoe cenir. of ihe slapstroan. In general, therefore, the
snercmenta of bo%h dowivwsh and velocity cauced by propeller thrust src
Jarger at high 1ncidence thhn at lov ancidence, The only execeptions
to this genery? rele we Acroplone A snd thoe Ssunders-Roc 10/L6 in
rezpect tc the velocity inerement <t the tailplanc, For feropl-nc A
the value of dg/de ot zoro thrust 1o high (0,65) and =c the tailplione
moves but litrlc relataive L» the large oiipstream crrcle, the result
being thet the velcoity wnerouwenl does not very appreciably with
1NC1LECNCT. Ir. the cocu of the Scundersz-Roe 10/46, because of the

-5 -



talilplane dihedral and the tail height, the tailplane is almost entirely
above the slipstrcam over tne small incidence range uscd zo that the
velocity increrents are very omall and there iz no consistent veriatzon
with 1ncidence.

The effect of the height of the tsalplare, on the increments of
dowrmwash csused by propeller thrusv, 18 large, Thias is shown by com-
paring Sections D and B of Pzl tas te21l bein, raxsed 0422 % wing
mean chord, or O.51 x propelluy diameter bewween the two cases.
Unfortunately, thore 1. insufliceent duta to gave the velocity at the
position of the raised tailplone-, but the cffeet of thrust would be
very small owing to the teil being above the slipstrcam at any rate at
low incidences,

Le% Effcet of loverang flaps  (Fag, l1)

Lowering ving flaps ceuses o roduction in the velocity zncrement
at the tazlplanc, procumably becausc the larpger dowmwash at & gaven
ineidence deflcete the slaipsirean further belowr the tailplanc, In
the case of Acronlane B bl Tlaps doun the tailplane is almost clear
of the zlaipsircam Tard,

The changer o dovmwesh (Oe) causcd by thrust are, however, of
gimiler maprnatude to taose witn flaps up. A curicus feature 1s thot
the valucs of Oe on Acroplanc B stow ne varzation with incidence when
the flaps arc lovercd.

5 Conclusicns

(a)  Sansle propollers

In tag one iastance given of a twin~engained acroplane with singlc
propellers (Fig,8), unhanded propellers give roughly the same mean
davmirash at the tailplanc 28 contra-~propellera, while handed propoll s
glve an addltlonaljﬁc’&t Te=0,% according as the tips go down or up
in the nmddlc. “hiz resuls acpernds on the geometry of the propelicrs
and tailplenc and canact bo goncraliscd,

(») Contra=propellers

Owin to the unsystomatic nature of the data awailable, it 1z not
possiblic at the present ztase to gencralisce from the resulis. They gave
gome wndication of the renze of nognitude of the offects nvolved and
show the zmportance o' tarlplene heaght,

(¢) Goneral
Tt 1z Jolt unliccly thot any uscful soncralisation can be bascd on

the nrescent iota,  Farther abtterpds ot o mathemoticel attack acc degir-
able; any future cxperaimentel work enould be of o systemotic naturc.

Ll

The velooitly betveen T, = 0 ord Q.2 1s knovn sufficiently ecceurately
for usc in ealculntzng She dovmwarh, bus velocity incrcments duc to
thrust are not availoble.
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List of Symbols

Wl lucidence {de rees)
mea- dowmasash as tailplaae at zero propeller Hhrust (desrecs)
chaage of dowmwasch due to veopeller Thrust

rractronal racremeat of velocity atb tailplanc due o propeller
theoust
w

velocrty ot tailplane at zerc thrust

veloolwy ab ta1lplane waith thrust

g

ol 2
propeller thrust coefTicleat, fLlurust QFD
deaslty of awr

sunnel. or {light speoed

propeller draweber

cropeller radiug

st of doeferencco

Author Title eto.
Jradield o Tunnel Data oa the Effect of 5lipstream

on the Dowmiash and Velocisy at the fallplane.
R & N Lo8,  June, 1932,

Anscoe, wind Maacl fests on the de ravilland F.12/00
Winter, with Various Modes of Fropeller Rotation.
BOTrFan Part I.  Jithoub Landing Flaps.
AW R.CLTEOL.  merch, 191,
Worrall, Wind Tuonel Tests on o Twin-Engined Lircraft
Pearce {hornet) with Coatrn~rotating Fropellers.
s, 8389, Fobruary, 1%45.
Anscombe, Wind fumnel Tusts oo che 5.11/43 {(wio=Bnowned
Morpan Alrcraft with Consra-rotating Fropellers).

Part I, General Stability Tests,
Ak C. BBLS, April, 19L5.

bt 20768.0P21.63.  Primtod am Greot Britoan






Tanle T

Relevant Data

(A1l éimensions are model scale)

= 7

{ _hhhﬁb_‘“““‘“-«-ifff3;‘_h__hhh Acroplane A Hornet Sturgeon Aeroplene B 8.R.10/46
Detail T——

( Wing stardard mean chord (ft. ) 1,626 1.606 1047 O, 966 0. 919

' Wing span  (£4.) 8.80 5,00 9, 23 9.58 9.17
Wing aspect ratio Bal 5.6 6.k %9 10.0
Angle of wing to beody datum 04 9° 1.1° 2,0° 345° e 5°
Tsil span (£t.) 3430 7430 3,08 3,125 2.73
Ta1l arm (from & chord of wing) (ft.) la 25 4 90 Lo 15 347 3,03

Ta1l herght (above chord of wing
centre-section) (rt.)

No. of propellers

Rotation

Propcller diamcter (ft.)
No, of blades per propeller
Solidity at O 7R

Angle of thrust Xine to wing chord

g, of model (ft.)

Spamvise Jistance of thrust line from

0,38 (orige tail)

0. 66> Qulis Ovh2 0659 (carsed tazl)
1 2 2 L

Contra Various Contra Contra

2450 2.4C 1.54 0eb67

8 (2x4) L (or 2x2) & (2x3) ko (2x2)

0, 243 0.152 0. 213 0,166
-0.9° -1.1° -2,0° 0°

o 143 106 C.80 (inner)

1.50 (outer)

0l a6 § ) or tar1f
0.67 & tip) oF teal

6
Coatra
0. 667
6 (2x3)
e 238
OO

0.7 (irmer)
1.42 (middle)
2.13 (outer)

* Vang chord taken midwvey out across tarlplane,
# 9531 has 12° dihedral.
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FIG. 6.
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FIG. 9.
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