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1.l General

1,2 20 Foot Diameter Rotor
1.3 27 Foot Diameter Ro‘tér :

1.4 Autorotation Tests

RAM JET DEVELORBNT

2.1 Blocked Inlet Rem Jet
2.2 Bligh Tip Speed Ram Jet.
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3.1 Autorotntion 'Iut- end Studies
$.2  High Speed Rotor

3.5 _ Ram Jet Development
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PIGURES

MODEL .

Thy following is a su:hmary of development for the mqnth

of April 1950
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Ram Jot lisl 1copter”Rotor Development

1o ROTOR IEVEIDHE#T ’
.1 Gensral = During April tho‘ 20 foot diameter, 10 inch chord
rotor was returnsd to the whirl stand for strain gauge checks of
the tlade torsion moments. After these tosts it was inatslled on
the autorotation to,i: rig and its autorotation charscteristics
were measureds The design of the 27 foot dimur rotor was
oontinued but no sctual construction was begun.

1.2 20 Foot Diameter Rotor - Results of the blade torsion tests on

the whirl stand are shown in Figure 1., The tests were made both
with the ram jets installed and removed from the blades. A -
;otnlly umxpeotéd result of the tests was the fact that, even
though the ram jet is set on sn hng;lo of «4% to the blade, the
p:ltoh sngle at which the torsion is least offected by the 'pnao#oo
of the ram jot is -2°. Upon further cansideration, it was deter
mined that the nlntion of ram jet C.C. to blade C,G. md C.P.

¢ ia £He prim.ry cause or the torsion moments obtained. As a - “"‘;
result of these tests and the qualitative tests conducted on the
helicopter, it is believed that no difficulties will be encountered
with the pitch change mechanism dus to (ilpperatiom with the 10 inch
chord blades, ' | ‘
Following the whirl tests, the twenty foot diameter Fotor was in-

stalled on the tow rig and tests made at 20°, 309, 409, and 60°

rotor angle of attack,
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27 Foot Diameter Rotor « Considerable progress was made on the

design of the 27 foot rotor diamo“ber. Detai}.s of the hub
portio;ns are complete. Ths blade design is nearly complete,
after considerable correspondence with adhesive manufacturers

it has been decided to use Met.L-Bond whioh is a produect of
Narmco, Ino. A proposal has been requested from Narmco relative |

to their assembling the first set of blades in their plent,.
7

o

The adhesive contemplated meets US Air Forﬁe Specification 14164
and is on‘USA‘F Qualified Products list AFQPL-14164=1. The use of
aiuminum fdil 4s a filler for the trailing edge is also being in-
veat'igaged. Prelininary checks have indicated that very little
weight penalty will ve paid for th§ substitution of lighter skin
and foil for the arrangement shown on the original dx;nwing-.

An investigation is also being made of the changes required to
bring‘ the existing XHe20 rotor gear box uﬁ to structural strength
corresponding to 1800f gross weizht. It appears at this time

that it will be necessary to modify the gimbal rings, upper portion

of the gear box, main rotor shaft &nd some of the pitch mechanism.

Autorotation Tests = Autorotation télr tests have been conducted to
date on fc#ur major configurations, complets data being acoumulated
on only three. The first runs mre made late in 1949 on the 18 foot
diameter 8,22 inch chord rotor and the final useable data covers
only a limited rangs of rotor angle of attuck. The

remaining configurations were (1,) the 20 foot dismeter 8.22 inch

——
T
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ochord blades alone. (2.) the 20 foot diameter 8.22 inch ohor.d
rotor and ram jets #26 and 33*27 with reduced exit area and (3.)
the 20 foot diameter rotor ‘;fith‘ 10 inch chord and ram jets #26
and #27 with reduced exit ar;i\t. Figure 2 shows a plot of test
and theoretical data on the 20 xk\i’:_pot diameter, 10 inch chord U
con&(/ ‘ ra.tion._ Flots of the dat;l;‘%is for the 20 foot diameter, B.22
moh} chord rotor with and without! jets qre' given in Progl‘;l
Beports No. 358 and No. 39. ”
In order to complete the data it would be desirable to ro=run
the 18 foot dismeter 8,22 inch ahord rotor with the same Jots
used for the 20 foot diameter tests. This would give . ran
Jot drag coefficient change, a solidity change, and a dismeter
change and should be suffioient data to corroborate the mthodo
for calculating nutorotntional characteristics. .
A review of the actual procedure follmvod in obtaining auto-
. rotationsl data with the tow rig is hg:lygxi as follows - (See
~ also Frogress Report No. 36, August 1945)..
The rig is towed on the airport runways with rotor angle of
atéuok A s bﬁde pitch © and sirspeed held constant.
Rotor thruét and REI are then measured for = 205, 30°,
400’ and 500 9"‘40 -2%, 09, 29, 40 and soveral tirspﬁod;o
The airspeed is detemined’ largely by ﬂw power of the tow
truck and is recorded by means of an anomometer and & recording.

osoillograph. Rotor thrust, RFM and blade ‘pitch aott;ing, are
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also recorded by the oscillograph. The rotor is usually ntnr'toc}
@ually in the horizontal position (low <\ ) with the rig
stationary. After a suitable rotor speed is reachsd the rotor

s tilted to the desired sngle, the rig is sccelerated to the
desired ,sp_e.od and the ram jsts are shut off s Whenever the rotor
dooo\;.ontqs to & speed close to its oritical speed the jots are
ignited and are used tor prevent further qec.elontion. At the

end of a run the rotor is returmed to the horizontal position withf

rem jets operating, before it is allowed to decslersts through

its oritical speed .

2. RAM JET DEVELOPMENT

Blooked Inlet Ram Jet - No further whirl tests of the blooked

inlet ram jsts were made in April. A layout of the opornt”ing
mechenism was made , however, ‘which pro;vided porting in the H
'cylinder 80 a8 to pmvent any fuel f‘law to the spray noszles
- until the doors are opened. This change is.necessary because
the corrective measures, described in Reﬁoft Yo 41,~Jmuar-y P
1950, which proven*bod’: the doors from olosing too r;pidly also
allowed the ram Jekts to become flooded upon sta.rting them aguﬁ.v ”
No further rework of this type of ram jet is flunne‘d until a N |
final decision .is resched as %0 how much sctual drag impmvﬁmnts

can be gained thia why. (Progress Report 43) -
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Contamirstion Tests = Considerable progress was msde during
whirl st-nd opention. Figures §, l and & are photographs 7{

~ dnch chord bledss, §° pitch eetting, 676 KFM, rem jets not buming.

‘made on the blades ond in'the rem jet inlets and aleo sdjscent

!
!

High spead Ram Jet « Work on the high speed rsm Jit in April

omsilte\d minly of tests of configurations :ln‘blnd.d to im-
prove flmholdor md diﬁ'unr life, It expected that cone
struotion of & set of engines for whirl stand operation will

®e initiated late in May.

April in establishing the technique of using & high speed motiom
ploture oamers to photograph the flow sround the blade bip aur.m,z

of the ram jet passing through the steam treil desoribed profioully.

The condi tion shown is as follows, 18 foot diamster rotor, 8.22

T4 will be noted in freme 16 that a small swirl of steam is forming
at a point where thn rem jot has :just panod. Ir ého history

of thil swirl is !‘ollond in subaoquent fremes it will ‘be seen
that the next rem jot passes right through the uirl of steam.

It is readily tpparont that with the pre sont oriontation the

ram jots are operating in thelr own wakes. Tonpcnturo masgurensnts

to the rotor tip path plane indicate oonmninltion by tcnponturu
a8 hich as 100° F above qmbi_ont. 1t is pllmnod to continue this
investigation by building an sdepting fitting which will allow the

angle of the rsm jet reletive to the blade to be varied so that
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‘temperature surveys and photographs can be made to determine
optimum orientation,

| 3. WORK FROGRAM FOR MAY '4
" 3.1 Autorotation Tests and Studies During Mey. No tow tests of the

ram jet rotor are contemplated in as -.nmoh ag the 18 foot di-ll.tor,-
8.22 irch chord rotor is being used on the whirl stand for ocon-
tamination tests and ram jet devol}opm;n_t and it ‘:lu expe cted |
flight autorotation tests wi_ll(be attempted witfx s 20 i‘oof din;
meter roto}. These studies of the extent of inprovemoh_tc' in
sutorotation to be gained by variation of rotor paramsters will

| O ' be continued and completed during May.

Se2 - High Speed Rotor Design of the high spsed rotor will continue

— ‘ i} throughout May and it is expected that drawings for the blade
spars and rotor hub parts will be released for fabrication about .
mid May, Delivery of the blade spar extrusion has been pro’-iledu

for 20 iis .

33 Ram Jet Development - The major effort on rtm Jet development

will be with regard to determining the proper ram jet blade
orjentation to minimize or eliminate oontamimtion'; H?: rem
Jets will be oonstru‘ctoﬁd until this problem has been solved.
. H Tests will nontinue however on various oonfigﬁratioéa of the

high tip speed ram jet.
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J1 HELICOFTER TEST DATA

DATR: 24 April 19560 OPERATOR: E. Toney

TEST STAND: #2 on tow rig

ROTOR: 20 foot diameter, 10 inoh chord jets #26 and #27

FURPOSE 3

TBST SET-UP:

REMARKS:

Run up for check priocr to autorotation test

Rotor rum up in hori‘sontnl position to check balanoe
and opsration prior to tow tests g

Fught tims: for day 00300

“

'Running timo for day - 00106

A3

Total flight timo to date 2 ﬁouru 68 minutes

Total running” time to date 19 hours O minutes
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J1 HELICOPTEK TBST DATA
DATE: 26 April 1950 OFERATOR:  C. Wood
TEST STAND: #2 on tow rig
ROTOR: 20 foot diameter 10 inch chord jets #26 and $27
PURPOSE : Autorotation tests at 200, 30° rotor angle of attack
TEST SET-UP; h
REMARKS Tests made on runway of airport’
Flight time for day 00:00
Running +ime for day 00:30
Total flight time to dete 2 hours, 58 minutes
Total running time to date 19 hours, 30 minutes
I
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by A.C. Ballauer. Progress rept. no. 44, Month of 3. Helicopter rotors -
Apr 50. 15 May 50, 12p incl illus. Rept. no.,1692. Autorotation
USAF Contr. No. AF 33(038)-9845 UNCLA. IFIED 4, H-20

oC — L. Ballauer, A.C.
II. USAF Contr. No.
(Not abstracted) AF 33(038)-9845
)Qofa/ S

W et //{ zop Sty
AD-ASE0=041 /' T
T ﬂa |

DIVISION: Aircra 8 ht quﬂpment 1) Whee this cerd has served its purpose, it may
SECTION: Rotatmg Wing Aircraft (9) ¢ destroyed in sccordance with AFR 203-1, Army
DIVISION: Propulsion Systems (27) Rea. 3803 or OPNAY lnat. 551-1.

SECTION: Gas Turbine & Jet (2) ANMED SERVICES TECHNICAL INFORMATION AGENCY
DISTRIBUTION: Copies obtainable from A “~DS DOCUMENT SERVICE CENTER

N1is, AL AEwR . He, ?\m 8




