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NOTE

When drawings, specifications, and other data prepared by the War De-
partment arc furnished to manufacturess and others for yee in the manufacture
Or purchase of supplics, or for any other purpose, the Government assumes no
responsibility nor obligniion whatever; and the furnishing of said data by the
War Departmert is not to be regarded by implication or atherwise, or in any
manncr licensing ‘he holder, or conveying any rights or permission to manufac.
ture, usc, or sell any patented inventions that may in any way Le related thereto,

e e

Espionage Act
Notice: This document conlains information affecting the national defense of
the United States svithin the meaning of the Espionage Act (U. 8. C. 50: 31, 32),
The transmission of this documeant or the revelation of its contents in any manner
to an unauthorized person s prohibited by law. (AR 380-5, paragraph 17 h.)
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PRYCEDURE (cont 'd)

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

‘similar to that cf 'ethod No. 1 except for the pcsiticniwith respect
to the tunnel floor which was the sane as that for method No. 2. This
was done in order to determine the difference in lift on the channel
wing due to being raiced in the tunnel aépruximately 10 inches. The
~angle Qf.att9°ENI§§NEEES,ER$EEEE: and the propsller clesrances used
were 3/16 ard 7/16 inch. The.pulley'ratio was 1.87. The test procedure
was tne same as that descrébed for Method No. 1.
¥ith nc power supplied to the wind tunnel, the airsgeed in the
tunnel upstream of the model was 16.8 mph when the vropeller of the model
was rotating at 3150 rpm. (Pulley ratio 1.87). For this reascn, a set;"\t
/’up was médg outside the tunnel. The wholz assenmbly was placed on a plat-

]
[
. ”

form balance to measure the 1lift force in still air. /7 Ji/- wv - ,

e

A watt meter was used toc measure power input and a strobctac

to indicate rpm. )

DISCUSSION OF RISULT

The results obtained from the test data and pertinsent propeller
data of Roference 2 are plotted on graphs 1 to 17 of this report. The
check of the physical characteristics of the rroneller umder test indicates
that the data of R:ference 2, fijure 15, Propeller L of minimuc camber,
can be applied witn negligible error.

- Graph 1 is a plot of 1lift force in ﬁounds on the 1/3-scila
channzl wing for the three pulley ratios used and with propeller remerd
at varions tunnel speeds. -Graph 2 is a plot of the 1lift data obtainad

by the three different methads of installation. Inspection of these
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DISCUSSION OF RFSULTS (cont'd)

curves shows a variation in 1ift force ;ith the method of mounting.
Slightly greater 1ift was obtained with mounting Method No. % than with
either 1 or 2, Since tha hinge mément method does not include the
probable negativa lift on th2 propeller disc,, motor, and supporting
structure caused by cross flow, hiher lift would be exgected. Ths
éifference in 1ift betuwcen Hethods 1 and 3 (Q;th of which neasure¢

only channal 1ift) mar be nartly dus to a small difference in vrone ller

clearance whizh was not controlled as well in Mothod No. 1 as 4in
Metheds 2 and 5. Interference mav hive comtribut~d to thiz differsnce
in 1ift obtained froam the various mounting methnds.

The propeller rpm of graph 3 and the ncwer input of graph §
were obtaineé simultaneously with the 1ift data of graph 1.

The electrical pover input, which includes the losses in
the motor, belt and propeiler shaft as well as the power supplied to
the propeller, is plotted versus airspsed for each of the pulley ratios
on graph 5. ) .

Graph 7 is a plot of the horsepowsr absorbed by the oropeller
versus the electricil powor input for the three different pulley ratios.
- The horzepower ébsérbed at the various airspeeds and propeller rpn was
calculated froa propeller data of Reference 2.

Graph 8 shows the variations of L/S with T/D2 at various tuanel
speeds for the threo ﬁulley ratios. L/S is tho total 1ift in pounds on
the model dividod by the projected area of the channel wing (29" x 2l")

L.96 sq. ft. T/D° is the calculated thrust (Refersnce 2) on the model

propeller divided by its diameter squared.
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DISCUSSION OF RESULTS (cont'd)

Both thrust coefficient, T,, and the increment in 1ift
coefficient, ACL, due to the slipstrean created by the propeller, are
plétted versus turnel speed on graphs 9 througﬁ 12 for the various
methods of mountinz and at the different angles of attack.

In graphs 13 to 15, derived from gzraphs 9 to 12, is plotted.
the variation of ACp with To. T, = -.—-'1-,-——, and is 4 measure cf the

P2 p°
slipstream veloecity at the propeller disc. Since it was anticipated
that thr incroment of 1ift due tc propeller operaticn on the device
urder test would be a functian of slipstream velocity, the parameter
T. was selected as t;ne prinary variable for presentation of the basic
te.st results. The test resuvlts as given in Figure I.5 are in accordance with

the variation sxpected 2nd show a straizht line relation between ACp and

Tce It is thus shown thit the lift oroduction phenonznon of the present /

device is of the same nature as that which exists in conventional wing-
propeller arrangeaents. That the present d_e\fic_q___i_s__sp;zzrhét__mgrq__
effective in producing 1ift than conventional arranzements is probably
dggjg _th2 channelinz effect of the duct on the propeller inflow anid to
effects of the pror:a'eller trailing vortices.

The thrust data obtained with the whole model suspfanded afford
a comparison between the calculated and measured thrust cneffir:ienlt,, Tes
of the propsller (zraphs 10 and 1l). The measured thrust of the propsller
was approximately 11 pounds at 16.8 mph, the lowest uirspoed obtainable
in the tunnel with a model propaller rpm of 3150 rpa. This value

agrees closely with the cidculated thrust obtuained from Rafercnce 2

for the same conditions.
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DISCUSSIUN OF RFSULTS (cont'd) o7

The lift force obtained vith the entite model mounted on a
balance outside of the wind tunnel was 7.5 §ounds as compared to an
~ average of about § pounds obtained in the turnel at a tunnel speed of
lé.S mph. This effect is probably due in part to thw tunnel guiding
the direction of flow, that is from the front and nob frem all sides
as in the open air. Also since the operation of the model motor and
propeller created a tunnel velocity of 15.8 mph, it was imposzidble to
obtair static conditions in the tunnel, and tme induced f{low in the
tunnel undoubtedly produced some 1ift.

This test did not survey the field of variations such as
propeller blade angle, blace design, aspect ratio of channel and 3 wide
fange of power.

In order to better. evaluate the device urder test, a compariscn
has been made with other data available concerninz lift incrament with
power, and the results aprlied to the Custer airplane.

Reference 5 is a report of tests conducted in the NACi 20-foot
wind tunnel on a wing of Clark Y section with 15.5-foot svan and 3.15-fcot
chord. 60 percent of the winy area was swept by the slipstrean from two
h-foot diameter pr&bellers. The motors were mounted in tractor positions
with the thrust axis zero degrees to the wing chord,

Referance /i is a report of tests conducted in the NiCA full-
scale tunmnel on a'l/h-scale model of the ¥3-15, a four-engine bomber.
Both pusher and tractor arrungements were tested. 45 percent of the
wing area was swept by the slipstream. The airfoil section of this model
was an NiCA 0018 at the roct and .0010 at thc tip. The thrust axs

L

was -1i-1/2 dagrees to the wing chord.



DISCUSSION OF RISULTS (cont'd)

In calculating the data fur this comparison, the following

method was used for every example. The lift due to power from the
referencerd tests was attributed to cnly that area which'was swept by
the slipstream. The resulting ACL was then awplied to an area egual
to the projected area of the channels of the Custer airglane. The
incremcat in 11t force thus obtairned is shown on graph 18. ¥Yor any
given airspesd the thrust cecefficient, Tc, was held consitant for all
examples shown.

The 1ift without slipstream of the Custer airpline, with an
assumed normal wim, was calsulated by normal methods at various air-
speeds. The wing areia used was the prcjected area of toth channels and
the . outer wing panels. The Cp at 12 degrees amle of attack was
assumed to be 80 percent of tne Cp max, fur 2 Gotitingen 358 section.

This power-off 1ift was then added to thz2 1ift increnment due
to power for each of the examples, to cbtain the total 1if%t for the
Custer airplane, with channels, or with a normal wing and tractor
propellers, or with a normal wing and pusher propellers,

All 1lift data due to puwer shown on sraph 18 include the lift
componzant dus to~1nclination of the thrust. The data used from this
test ware those obtained with the entire model susuended, since this
included the forces on the propeller, motcr and supperting siructure as
is the cage in the full-scale asirplane.

Graph 18 incdicates the taka-off speed of the Custer airplafn

¥ith channels and pusher propellers is 36 aph. Thir is in comparison

. - eon mma b

to 3 taite-off sored of 51 mph if' the channel rection worae replacoed by a

normal wing section und no slipstrean effect were presont. DRused on

! SERIAL NC g51)2 ' PAGE 11
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ISCUSSION 9F RSSULTS (cont'd)

data of Reference 3, slipstream affect for two tractcr propellers reduces
the taxe-off speed of a cumparable airplana with normil wing to L2 rq}u

: Slipstrean data from Roference 4 applied to an airplane with normal virg
results in 1 take-off sneed of Y6 mph with tractor rropellers ard 49 mph

with rusaer nrop=llers.

- N

’ In order ts eviluate the device uncder test as a means of pro- \

ducing static 1ift, the wind-tunnel results were compared with dsta of /

a reprasentative helicopter. This comparison shows that the static 1ift /

P-1copte /

of the device under test is 8.4 vounds per h,rsnuow,-, while that of the

heliconter is 15.2 pourtis per horsenower.

CONCLYUSIONS

LA}
[»)
e
<t
5
[\
J
4
D
[4]
(&)
=
ot
ct
(1]
]
ct
t
[
ct
-
(6]

1. Upon the basis of the resull

conclwded that the increment of 1ift Jus to vropeller cperation on the
device under test is gaused by the slivsiream velocily and is cof the same

nature as that existing with comventiunil wing-propcllier arrangenents.
2, Th=2 magnitudes cf the 1if% ;C;Fﬂertb ottaine?d show thaut the
preseat device is markedly irforior to the helicopter in producing static

4ift, but is supericr Lo conventional wini-p ropeller arrangements in

producing both static 1lift and 1ift when forward velonivy nv~st¢7

3. The present device %oes not show sufficiant promise of

military value tu justify furiher development by the Arar .ir lcerces.

REG NCENDATIONS

It i¥ recommended that no further considecation of the present
device be given until improvenen ic, exyncted o7 the inventor, have been

verified.
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R*FERTHCRES

TLift ?'*“ n Cucter Hodel Sccop with 6-398 Airfoil Seecticn
by L. H. Crook.

aarsdyrnaminal Labcratery Reoert Noo 571, Catholic Uriversity,
“ashinzten, L. C.

"Tests on Thirteen Havy Type !fxiel Propellers” by W PF. Durand
Nei.Cuh. Raoport No. 237 1925

"The Bffect of Propellers on the Lift of a Wing," by John L.Crigler
N.A.CoA. Freiiminary Tata, 31 Januzry 1939.

"Full-Scale “inc-Tunn2l Te=sts on tha XBILR-1 with Motors Ericlosed
in the “ings and Ixtenzion Sharts tc Progellers in Tractor and
Pusher Position," Ly ab2 Silverstein and H. 4. V¥ilson

.A.C.A. Yemorandun Regort, 27 October 1527,
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i . No. Title ‘
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2 , %
1 v : g -
% 150215 Custer Channel Winy Model, Installaticn in $-Fi. “ind Tunmel :
. . - : ;
i with Entire Yodel Suspended, 37k Froat liew. i
) :
150246 Custer Channel Vinz Model, Installation in 5-F4, YWind Tunnel i
i with Entire #odel Suspnnded, 3/ Front Close-Ups. :
1 i
i
§' 150217 Custer Chamnel “Ying 4odel, Installation in 5-Ft. “ind Tunnel
3 with Entire Model Surpondsd, Front Views ‘
: 150248 Custer Channel Ving Model, Irstalloticn in 5-Ft. Wind Tunnel :
! with Entire Mfodel Suspenled, Reusr View, {
2]
i !
i 150219 Custer Channel Winy dodel, Insvallation in 5-F4. Wind Tunnel !
li with Enbire Model Susrended, 3/l Renr Close~Un. '
: !
{ . - . s . !
! 150250 Counter Yeighte used to swsvend Custer airplane Model in 5-Tte [
] Wind Tunnel. {
i ;
% 18831 Custer Chammel “ing Model, Installation in S-~Ft. "ind Tunnel .
4 for Ueasurins Thrust, 3/l Front View. t
H ! ]
1 . - . \ .
; 18882 Custer Chavmel “ing Model, Installation in 5-1Pt. Wind Tunnel i
: for Messuring Throst, I'ront View, .
- {
: 18883 Custer Channel “ing Hodel, Installaticn in 5-Ft. Wind Tunncl !
: g y o :
: for HYeaswing Thrust, Keur View, i
. t
: gesl Custer Channel Ting Model, Installation in 95-Ft. Wind Twinel :
for Measurin; Lifv of Wing, Front View, }
. i
: 1,8585 Left Side, LifTt lfoment Scale with sifety Stor to Prevent
! Ving and Propeller from conticting. Ripght Side, Counter

Yoight used to Yaintain Tension in Scale System when Measur-
ing Lift of Wing,
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