
AD-A286 874

TEST OF 1/3-SCALE POWERED MODEL OF
CUSTER CHANNEL SHAPED WING

FIVE- FOOT WIND-TUNNEL TEST NO. 487

L,.,0

96-01109

I •APPROVED FOR PUBLIC RELEASE: DISTRIBUTION
UNLIMITED.

ARMY AIR FORCES

AIR MATERIEL COMMAND

Wright Field Dayton, Ohio

L2



slICE1 llSCLAIlYlt xm 0TIcll

THIS DOCUMENT IS BEST

QUALITY AVAILABLE. THE COPY

FUISHED TO DTIC CONTAINED
A SINJQ NUM. rAV

PAGES WHICH DO NOT

REPRODUCE LEGIBLY.

1• '



W h e d r ~ v ~ g s , c i a o n s " " (I O t h e r u n, t o I pr c p r u e d b y t il e W a r D e -partmnrrt nre urnishied to 111,inuiactu,.nrs and ))crl.', fol, uge it, (?, 17111ifuf~ture01' PUrchase of supplies. or for a ny olther prrMOVO, tile Government aSSUrrIeI no"reslponsihilitY. nor bligr;tujon Wh-ntever; and the furn] shinlg of SndrtabthWar Deptinietnr is not to be re~arded by I;)aj'l ohride orat in thenran~j-liening tile holder', Or conveyipay ~t or L'ri oin anyfc
ture, use, o"r-%:ell any Patentc~d irv entjon' (?I- may in any wiry to rlatd thret.

FsPionage ActNotice: This docun-ret contains informatrionafetnthntialdfn othe ~ niej Sai ithi th meaing of te E~rioageAct(U-. S. C. 5u, 3L, 3)The trarnsmi~ssion of this docunswut or (lie revrelation of it.1 Centelits nananeto an Uurmuthoe-jzod person i.,j poib ()n y jlawk. (AkR 280-5, paragraph 17 b.)

--- -- --'



I ,,AL Nc. 5142 PAGE . 7

PR.C•'DURr (cont 'd)

Method No. 3. (Photographs 150245 to 150250), The model was set up

similar to that of '!.ethod No. 1 except for the position with respect

to the tunnel floor ,hich was the same as that for method No. 2. This

was done in order to determine the difference in lift on the channel

wing due to beinr raised in the tuinnel approximately 10 inches. The

angle of attack was zero degrees, and the propeller clearances used

were 3/16 and 7/16 inch. The pulley ratio was 1o87. The test procedure

was tha sa-me as thit described for Method No. 1.

With no Dower supplied to the wind tunnel, the airspeed in the

tunnel upstream of the model was 16,9 mph nihen the propeller of the model

was rotating at 3350 rpm. (Pulley ratio 1.97). For thiF reason, a set-

up was made outside the tunrnel. The whole assembly was placed on a plat-

form balance to measure the lift force in still air. ,: i.1-

A watt meter was used to measurp power input and a strobctac

to indicate rpm3

DISCUSSION OF RWSULTS

The results obtained from the test data and pertinent propeller

data of Reference 2 are plotted on graphs 1 to 17 of this report. The

check of the physical characteristics of the propeller urr•er test indicates

that the data of F-iference 2, fiiure 18, Propeller D of minimum camber,

can be applied witn negligible error.

Graph 1 is a plot of lift force in pounds on the 1/3-scale

channel wing for the three pullry ratios used and with propeller removed

at vario'is tunnel speed6. -Graph 2 is a plot of the lift data obtained

by thn thr-t ,!_ffeze-!tn.. ethex! of in-rtallation. Inspection of these
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DISCUSSION OF RMSULTS (cont'd)

curves shows a variation in lift force with the method of mountino.

Slightly greater lift was obtained with mounting Method No. 3 than with

either 1 or 2, Since the hinge moment method does not include the

probable negative lift on th'n propeller disc,, motor, and supporting

structure caused by cross flow, hi-.her lift would be expected. The

difference in lift bet--icea ,,ethoc,• 1 an6 3 (both of which neasured

only channel 2ift) nnvi be partly d-oe to a small (1ifferenc: in propeller

clearance whith was not controlled as well in -!?tho( No. I as in

Methods 2 and 3, Interference may havve cotribut•3 to thiw difference

in lift obtained from the various ra;.unting methods.

The propeller rpm of graph 3 and the power input of graph 5

were obtained sinx,0tomneously with the lift data of graph 1.

The electrical po;Yer input, which includes the losses in

the motor, belt and propeller shaft as well az the power supplied to

the propeller, is plotted versus airspeed for each of the pulley ratios

on graph 5.

Graph 7 is a plot of the horsepower absorbed by the propeller

versus the electrical power input for the three different pulley ratios.

The horsepower absorbed at the various airspeeds and propeller rlpm was

calculated from propeller data of Reference 2.

Graph 8 shows the variations of L/S with T/D 2 at various tunnel

speeds for the three pulley ratios. L/S is tho total lift in pounds on

the model divided by the projected area of the channel wing (29" x -)J")

4.96 sq. ft. T/D 2 is thn calculated thrust (Reference 2) on the model

propeller divided by its diameter squared.
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DISCUSS]DN OF RFSULTS (cont'd)

Both thrust coefficient, Tc, and the increment in lift

coefficient, ACL, due to the slipstrean created by the propeller, are

plotted versus tunnel speed on graphs 9 through 12 for the various

methods of mounting and at the different angle3 of attack.

In graphs 13 to 16, derived from graphs 9 to 12, is nlotted
T- and is a measure of the

the variation of ACL with Tc. Tc f•P D2

slipstream velocity at the propeller •i•sc, Since it was anticilrited

that tht incr...nt of lift due to propeller operation on the d'evice

under test Y;ould be a function of slipstreaemvelocity, the parameter

Tc was selected as the primaary variable for presentation of the basic

test results. The test results as given in Figure 1; are in accordance w.-ith

the variation expoected and show a straight line relation between &CL and

Tc. It is thus shown that the lift nroductitonvphenom3non: of the present

device is of the same nature as that which exists in conventional wing-

propeller arrangements. That •t•e rcsent device is so:arhat more

, effective in proý!ucin- lift than conventional arran7n•mnts is ,robably

"dv9to tqcth:ý.annelin' effect of the duct on the propeller inflow anJ to

effects of the propeller trailing vortices.

The thrust data obtained with the whole model susp'*.nded afford

a comparison between the calculated mnd rreasured thrust coefficient, Tc,

of the propeller (3raphs 10 and ll), Th•e measured thrust of the propeller

was approximately U pounds at 16.g mph, the lowest Airspoed obtainable

in tho tunnel with a model propeller rpM of 3150 rpa. This value

agrees closely with the calcuiatcd thrust obtained from Ri•feronce 2

for the s-me conditions..



j 3EAAL O 5142.. PAGE 10

OE DISCUSSICTN OF RFSULTS (cent 'd) //"

The lift force obtained "vith the antlire ode! mounted on a

balance outside of the wind tunnel was 7.5 pounds as compared to an

average of about 9 pounds obtained in the tunnel at a. tunnel seed of

16.9 mph. This effect is probably due in part to the tunnel guiding

the direction of flow, that is from the front and no' from all sides

as in the open air. Al'so s'nca the operation of the mtdnll motor and

propeller created a tunnel velocity of 160. nph, it was Lmpossible to

obtain static conditions in the tunnel, and t-e induced flow in -he

tunnel undoubtedly produced some lift.

This test did not survey the fiel,c of variations such as

propeller blade angle, blade design, aspect ratio of ch,.innel and a ride

range of power.

In order to better. evaluate thke device under test, a comparison

has been ma6e with other data available concer.min- lift incrsa:rnt with

power, and the results applied to the Custer airplane.

Reference 3 is a report of tests conducted in the NACA 20-foot

wind tunnel on a wing of Clark Y section with 150 5-foot span and 5l6-ffoot

chord. 60 percent of the wing area was swept by the slipstream from two

h-foot diameter propellers. The motors were mounted in tractor positions

with the thrust axis zero degrees to the wing chord.

Reference I is a report of tests conducted in the MIACA full-

scale tunnel on a lA-scale model of the Y-3-15, a four-engine bomber.

Both pusher and tractor arrangements were tested. 46 percent of the

wing area was swe-pt by the slipstream. The airfoil section of this model

was an N•ACA .0016 at the root and .0010 at the tip. The thrust axis

was -4t-1/2 degrees to the wing chord,
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DISCUSSION OF R'TSULTS (cont'd)

In calculating the data for this comparison, the following

method was used for every example. The lift due to power from the

referenced tests was attributed to only that area which was swept by

the slipstream. The resulting ACL was then applied to an area equal

to the proJecte-d area of the channels of the Cuter airplane. The

increment in lift force thus obtairned is shown on graph 18. For any

given airspeed the thrnst coefficient, To, "as held constant for all

examnples shorn.

The lift without slinstream of tn Custer airplane, with an

assumed nor-wl wine, was c•,lculated by normil methous at various air-

speeds. The wing area used was the projected area of both channel.s and

the oiter win.- panels. Thp CL at 12 der ees an.r!e of attack was

assu'ied to be SO perceint of th- CL max. fur : Gottingan 3qg section.

This oower-off lift was then added to the lift incrernent due

to power for each of the examples, to obtain the total lift, for the

Custer aiwpl..e, with channels, or with a nornal wing and tractor

propellers, or with a normal wing ;.d pusher propellers°

All lift data due to power shown- on :-graph 1 include the lift

component due to incliration of the thrust. The data used from this

test were those obtained with the entire model sus.,ended, since this

included the forces on the prcpeller, motor and supporting structure as

is the case in the full-scale airplane.

Graph 18 indicate. the ta%3-off speeri of the Custer airplanr

etth ohanivýls and pusher !rotvllers is 36 m,)h, Thi. is in com:•:rison

to a tiwie-off soced of 51 mi>h it' thc channel r:ection wet,-' repRcnd a a

norqnii viing section. and no slipstrt:in effect we rrescrnt. i.5e0 on
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DZ'SC'JSI')N rOF 1ESULTS (cont'd)

data of Referenuce 3, slipstreamn qffect for two tractcr propeljler3 rv?cFuces

the t~afke-off speed of ~i comparable virp~zane -vttih normil win;L! to 42 rqph.

Slipstrea- data fromn Rferezice 4 a-.,)lied toý an :iiru7Uane w.,ith normil -rirCg

reslilts in i take-off s!)eed of.46 mphi with tract or nrspzel1ers and] 49 -,Irh

Mi~th. vasher propellers.

In order to evaluatc? the devrice und-er test as a mnans of ,,ri- %

ducin1 , static lift, Ihe -. ind-tunnel results were cc-anpored with i3au-a of

a arenrresent-ativ.? _hpiconter. This conoru'ison show,,s that the static lift /

*of the device uneder test is, 8.4 pounds per hcrsetpower, while th~at of V132

helicopter is 157.2 po=ýper. horsepower.

CONCLUSION'S

1. Upon ,the basis of the rcesu2.t: of the p~resent te:sts _* .tv it-

concuI&ed that th-q incre-nent of lift 2-arý f_ urcoeýllar coeration on the

device Lunder test is c-aased by the s'liuntreaxi voiocitv- and is of th-am'e

nature as that existing wyith corjnti,_r.2. irgnrp.1 arran.ement!ý.

2. Thi ina~,nitudes cff the 1It Ct in~cremenets obtaince show thait th e

present devic~e is markedl~y irferior to the helicopter in prodicini- static

,lift, but is supericr two conventional winL,-propeller arrange:~ionts in

producing both static lift and lift when fo~rward veo et v ists.

3.. The present device 111oes not show suff-cient promise of

military val'.ie W~ jun-tify :fir.nhcr d.-vclo~rr*irt by the Arxar kir !"Orces..

It i-: rec.xaiwnde'd tlhat rno further ccon.;ixhx-ation of the prn.:,nnt

devce e g.VI Until impTrovemnC t.:, ex:ycctto byt the irnvcnt;r, huvrP been

verified,
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1. LUS OF PH)¶'OCILPIIS

No, Title

150245 O-uster Channel Wing Yodel, InstalLation in 5-Ft. MUnd Tunnel1
with Entire Mudel Susp-nded, 3,/). Front Xlew0

15022116 Custer Channel Y .In odel, Installation i-n 5-F,. 17ind Tunnel
with ;Entire Model Sisomided, /hFrualt Clcse-Up.

4 1502)4 ~~~Custer Glva77nnl hJinrt Model, Inostalltinia-t.VidTne
with Entire_ !Ao:del SurpenIded, Front View0

1502 1,,S Custer Channel' in,- M1odel, lIr-:allatlion inl 5-Ft0  'iritune
with Enttrr' :.docus'?c .!, [r View.

1502h9~l Cu~iter Channel ";.n;' Model, IsaLbion in 5-Ft. ;';jprj Tu~nncl
* I w~~~~Nit~i Entire Mde S-U--un6ded'3hRe 1 -n

150250 Co)unter ~e 5 hsused to wrju-vienji Gus ter Airiplane lAbxlel irn 5-Ft0

4 hSl Custer Ch~annel trigt Model, Ths3tallaition in 5;-Ft. 'vind Thuriel
for !Aeasurizg; Thrust, /-TotVe.

Cuswteor Channiel 7,n McoJ -3 Iflstalit2 on in 54't; Wind Tounnel
for Me'Sasuring Thr'st, Front View0

Custer Channel tuig Model, Tusba~l;-tecLu in 5-Ft- Wind Tunnel
for M suigTh-rust, Roa.r View.ý

Cuz-ter Ch~annel Yir-4 Model, nti:Lu in 5-Ft. %'ind Ttuvnlo
for Mnasurnin< Liftý of W:ing, F-r-.itVi 0

3L55Left Side, Lif~t Moument Scale %-ith Safety Stový to Prevenit
Vang and Propeller from eent'ictini--. Rlight Side, Counter,
"Woight used to Maxutain Tension in Scale S"ystem- when Moasulr-

4* tugIV Lift ofWi 0

I4415
.. ....
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