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POREWORD

The atudy repcrted herein was conducted by tha U. 3. Army E:naineer
‘Watorways Experiment Station (WES) for the U, 3. Army Transportation )
Research Command. 3Specific authorizetion for the study was given by S :
. the latter organization in first indorsement dated 7 November 1960 to : -
WES letter dated 27 September 1960, aub,,)act., “Proposal for Downwash o
Blaat Effcctl Study "

_Pinld tests to obtain prototype data on velocities of the downwash
blast of' various types of oparational helicopters were conducted at

- Port Rucker, Ah,, during March and June 1961 and ot t,hg wgs in. Mélﬁﬁa'————;

“"’—»—ﬁ!’mﬁ-ﬁls&“wﬁﬁmi‘m‘ VEG ﬂminﬂ ii-uu. R Lﬁ?&l ﬁhd l%d; No

.- funds vers available for- mmn&iuﬂnrﬂtm—m 1063, Mmesa kesiz — &
- were gomducted by parsonnel of thia WES Seils Division under the gupewi:iaa
of Messra. . J. Turnbull, W. 0. Shockley, A. A. Maxwell, W. L. Mclnpis,

0: W: Imege; and P, J. Vedras; Jr. This repert vas prepaced by He. imcse.

Directors of ‘the WES during this study and the preparation and publi~ - =
I cation of this report were Col. Edmund H. Lang, CE, and Col. Alsx 0. Sutton,
Jr.; GE. Technisal Director was Mr. J. B. Tiffany. o '
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SUMMARY

Experience with helicopters has shown thai during landing or takeof'f
cver dust= or snow-covered areas, the downwash blast from the helicopter
rotors producen duat or enow clouds that obsoure vigibility sufficiently
to caude unsafe operating copditions. Recirculation of the dust-laden air
through the engine can damage the engine and shorten ite life; foreign oba
Jeete picked up by the downwash can damage the aireralt and even cause its
failure as the objeats are ingested in the engine or blown against« the
wtrcrnft'l rotor.

; Field tuu were conductcd with opemuonal heuaopters at Fort
- Ruckur, Ala., and at the Waterwaye Experiment Station to.determine &UVLLH“J#

po In addition, tests-utilizing scalesmcdel rekar-hlade;

i war& ;madi- ‘Al Lhu WL wver wel srd dry Ride and a ;hy lumu Llﬂy - uud over a,iij_: ——

— abilized motl plustia-impragnsts:
- m'aun{ duVGrl (I‘D.mhl‘lntl) 4o determines mods]- gnalg ‘IEID"i A prcfilog él"td
- gir velocitice wt the ground surlace r&quired to disiodge and move parti-
sles of verious typet of scll, ihe 2i%6 of soll &res requiring provection
i far_vu'imu V.I'.'OL lircrn‘t., md the effectiveness of membranes: nnd. soll

e Baged o ruultu obtained 1in this 1nvestiga€ion, the rollowing .
. econclusions ars balieved warrented: - - S 2

L T & The downwash velocities nlong “the ground aurface cause S
S T e el Jeparticle plokup, and dust hazard conditions will de- :

L T — 'velop if these velocitles exceed 1200 Ipm over rine dry -

I sand and 1800 fpm over dust-size particles of lean. clay.

b. Lightveight ground covers can alleviate dust in the landing
and takeof! area of helicopters. A vertical lip around the
edge ol the membranc will reduce the size of membrane
saection needed.

c. Certmin soil stabilizers will alleviate dusé Formation
urder rotary-wing aircraft.




Tests to correlate model and prototype data produced limited
results. They indicated the need for more accurate measure-
ment of prototype data for each aircraft in order to analyze
completely the varicus parameters involved in scaling and to
establish those of paramount importance, so that small-scale
tests can be used to predict”downwash blast effects of

full-scale aircraft.

|

It is recommended that additional tests be conducted with larger
diameter model prcopellers and with prototype aircraft under rigidly con-
trolled conditions of position and weight in order to establish model-to-
prototype prediction curves or equations, or both. Studies should also be
continued to determine the factors involved in initial zoil-particle pickup
and the velocities that cause pickup of various soils in nrder to predict
: the area protection required for various helicopters.

o,




HELICOPTER DOWHWASH BLAST EFFECTS STUDY

PAl X: THTRODUCTIOM
Background

1. The operstion of helicopiers and VIOL*-type aircraft from
unprotected svil surfocos prosents certain saflety and concealment problems
which are unlque to these types of aircraft. Experience with helicoplers
has shown thot during landing or tukeof{ over duste or snow-covered areas,
the downwash blast from the helicoptcr rotors producez duat or snow clouds
that obecure visibility sufflciently to cause unsa.Je operating conditions.
Recirculation of the dust-laden air through the engine can damage Lie
engine and shorten englne life; foreign objects picked up by the downwash
can damege the alrcraflt and even cause its fallure as the objects are in-
@gested in the englne or blown against the alrcralt's rotor. 8lnce heli-
copters and VTOL aircraft are to te used tactically in support of forward
ground operationa, dust cc.trol is alsc desirable for camcuflage and
concealinent purposes.

2. The downwash blaet of such aircraft varies widely in velooity,
mags Tiow, and tempesalopes, The blael origlnelues abt various heidhls above
the ground and irf directed toward the ground surface at various angles; it
it gencrated by sultliploe a8 well sy singlesrotor nircraft, Oeonerslly, the
downwash=blast aoheracteriatica of any aircralt are Anown er can be estlie
mated with reasonable acawracy, Hence, this siudy was underialon to pro-
vide basic data on the effnets of the flow of dawnwnsh blaats on various
surfaces under s runge of fonditiona.

Purpose and Scope

Purpose

3. 'The original purpose cf this study was to develop means of pree
dicting the effect of downwash blagt from helicopters and other VPOL aire-
craf't on surface soils, ground-protection materials, vegetation, structures,
or free objects over which the alrcrelt might be required to operate. How-
ever, il was requested early in the study that the scope be limited specif-
ically to: (a) determination of the fensibility of using lightweight
ground covering under VIOL aircraft to prevent eoil erpsion, dust ¢loud

x. Vﬂrticii_ﬁakéqffiand landing.




formation, etc.; (b) determination of the areal extent of ground protection
needed and possible means of reducing the arez: extent of such protection;
(c) limited investigations of soil-stabilization measures for controlling
dust during aircraft operations; and (d) correlation of data from prototype
and model studies. :

Scope

., Field tests were conducted with operational hglicopters at
Fort Rucker, Ala., and at the Waterways Experiment Station (WES) to deter-
mine downwash velocity profiles. Tests utilizing scale-model rotor bledes
were then made at the WES over sand and clay soils, a chemically stabi-
lized soil, plastic-impregnated soils, and lightweight ground covers to
determine model-scale velocity profiles and air velocities at the ground.
surface required to dislodge and move particles of the various types of
soils tested, as well as the effectiveness of the stabilized solils and

membrane.

Definition of Terms and Symbols

5. For clarity, the meanings of certain terms and symbols used in
this report are defined below.

Disc loading The total thrust on the rotor shaft divided by
the projected rotor disc area

Propeller A Jevice having two or more blades which, when
mnounted on a power-driven shaft, produces a
thrust by its action on the air :

Static pressure The force per unit area excited by a fluid on a
surface at rest relative to the fluid

Total pressure The static pressure that would be obtained
(also called if the flow could be brought to a state of

stagnation rest isentropically
pressure)
D Rotor diameter, £t
h Vertical height of sensing element above ground

surface, %

K Classic symbol for constant

10



Static pressure, 1lb per sqg ft

Dynamic pressure, 1b per sq ft

Jet mean dynamic pressure (g, = W/2 for
ducted-fan propeller and g, = W for open
propelier), 1lb per sq ft

D/2, ft

Total thrust, 1b

Velocity, fps

Disc loading (T/propeller disc area),
1b per sq ft

Horizontal distance measured on the ground
plane from a point directly beneath the center
of the propeller hub, ft

Vertical distance from the ground surface to
cernter of propeller hub, ft

11



PART II: TEST EQUIPMENT AND INSTRUMENTATTION

Equipment Used in Model Tests

Truck-mounted test rig

6. The basic test rig used in the scale-model tests was made
available to the WES for these studies by the U. S. Army Transportation
Research Command. It consisted of a truck-mounted, lh-l/2-ft-long
parallelogram * 'm at the outer end of which was a 128-hp engine, a
S-speed gearbox, and a propeller hub assembly for attachment of ducted
fans and open, multibladed propellers. The rig was mounted on the bed of
a U. 3. Army Model M54, 5-ton, 6x6 cargo truck with a front-mounted
winch (see fig. 1). The gearbox provided input-to-output ratios of 1:1,
1.48:1, 2.40:1, L4.38:1, and T7.58:1. The output shaft from the gearbox was
attached to a right-angle drive with an input-to-output ratio of 1:2.69.
The height of the propeller hub above the ground was controlled by raising
or lowering the parallelogram boom assembly with the winch cable of the
truck. This height could be varied from 6 in. to 14-1/2 ft. An electric
starter, an electric throttle actuator, and a remote control for the
engine clutch were located in an operator's remote-control panel.

Fig. 1. Truck-mounted test rig

Ducted-fan assembly

. 7. The ducted-fan assembly consisted of a 3-ft-long duct, a 2-ft
diam propgller with adjustable propeller hub, and a set of straightening
vanes designed to remove the swirl from the exiting airstream (see fig. 2).

12



Pir. 2, IDucted«Cap hussenbly

The wwot coptintes of o laminated cylindor of sugny plne with o lemniscate

inlat; tha pisnellor and the otralrhlsning vones wire lucoled poar the axit.

P slngle-rototlon propellor aonslsted of six 3<in.=chord, KAF«6, airfoil
section blades machined from aslumloum=u)loy forgingg, The blades were

mounted in o uplit hub thot allowed the piteh of the blndes to be monually -

sduated. The five -straighteéning vanes were mountod Juzt below the pro=

peller: The duct azoembly was mounted on & main support shaft by meuns of

a welded, tubular-sie=l supyorl. Uha indet of the duel assembly was

covered with o L/B<ih,-mesh sorcen Lo prevent salld objects from ralling

into the duct. AL & speed of 8000 rpm, o thruct of 408 b could bo ds-
velopud with the propellersblede tips set at an angle of 17.7 der.

ProEe:Llers

8.  Five«Ctediam propellers with two, three, four, wund five bludes
were used in the study. "The bladez were constructed of wrapped aluminume-
alloy sheet to form an NACA 0012, constant-chord {%.7% in.), airfoil sece
tion. ‘The twoe and threeabluded propellerg (fire 3) were wounted in ririd
hube with the blade angles of etch zelocted o peoaduce the same thrust

==
Lad



woen oo Fige. Bo - Propellora, 60 1n. in dismeter —=-ee-- v < - - - =l
VETGUE TOTDINLIONE Pl mifate JUIVE  The hubs ol the Fotir= & §ivieahlmded
propeellers wore split to permit varying the pitch anrlss.

9, A 20-in.-diam, three-bladed propeller, also used in the lesls, S
st mounbed s She ohal's of o 35600xrpn clrebple motor (gee fla, h) ond on
the shalt of o warinblo=gpect -cleetrde motor, The propellar-wag made of - - =~
cagl aluminumy Lhe plteh of Lhe Bludes warled fnvergsly with the redius,
TPl menreed Gt of the props)er @y b o ™ e A 2500y molar
e 1% Lb, or s dise londing of -6,88-lb—peraq- 64 he dise Tondine Witk
the warisbivespe d motor verlcd botween €% and %39 Lb per-sq 4.

- 10, 'Me 24~in.«diom, 8ix-bluded propeller uged in the ducted-fun
asegerbly described in pavagraph T was removed from the test rig nnd mdapted .
to a varisble-cpeed, elentriv-motor drive (fig. 5). 'Mme blades were zet at
a 17-der piteh; the dirc losdings varied from 0.38 to Wb 1b per aq t.

"+1l. OGoll-particle traps were uzed to catch the nireblown soll during
tezts of zoil-particle movement in order (o delermine the ammunt of soil
woverant caused by the downwash tlast from the propeller. The zoil trap
consisted of cight, h-in.«high by b-in.-wide, G6-in.-dcep compurtments, one

L : _ |




Fig. 4. Propelier, 20 in. in diameter, mounted on 3500-rpm motor

. . -';




Yig, - % Propaller, 2k 1, I AMegeblor ; mmnlod on
varigble=speed clectric motor

" abovn thé omhef. Bach compartment could be emptied individuslly to des
ternine weighl wnd particle size of the scil collected at varlous heiphte
_ hbove the soll surface. - -

S s Instrumentation ————————— o

12, The instrumentation utilized in this study was in general Lhou
- installed in the Surfece Efiects Blast Facility of the WES. Basic elece
trical recording eouipwent consisted of commercially availalle ampliliers,
pover cupplics, wagnetic Lupes, and an ocacillograph; since these are come
menly uged data-recording devircsz, they arz not deseribed here. Tranze
ducers to permit conlinuous electrical recording of test phenomonn were
developed as needed. Other devices used to oltain data or operate tect
equipment woder known parmscticrs nre desceribved edow.

14




Tl lGEe boy dewd 1p omudel Losts

13, Au eleclronke cachomweter was uoed 1o dotermine acoturatcly tho
revolutions per minule of bhe Saeull-seale propellere. A photoclestric cell
was mounted on the propellew shalfl housing adlacent to # directed lisht
souraec,  This photoelectrle ecll censed intermittent peflectea light from

" the propeller drive shaft, which woas puinted blavk and white. This
“arrongement made possible the correlatlon of revolutions per mimite with
thrust. b :

1. * A techometer was slso used on thc variable-speed drive of' tie
eloctria motor to determipe revolutlons per minute of the drive shatt.
This instrument consiuled of a 60-tooth spur gear and a magnetic proximity=-
pickup transducer. A pulee was picked up each time & gear tooth passed
the proximity-pickup transducer; these pulees were counled by an electronic
counter to determine the revolutions per minute of the drive shafw. Thus,
calibration of the propellers was obtained as revolutions per minute versus
thrust.

Instruments used in both

‘ modal and prototype testis

————- - 15+ Prossure sensors. Pressurs vensors vsed in the study tomea- - T T
S e AR TOIOTITION SONCITTd OT SIS T R ST 1aIe, wivrralls
.—————type pitot-tubes, fabricated-pitot-tubes-constructed of concentric metal -~~~ =
a _tubin?, and single hrass tubes. The pitct tubes measured both total
pressures and static pressures) the single tubss mensured either total
preasure or ztatic pregsure, depending on their fabriastion. The tuhes
vere connhected tc eithur electrlcal indicating devices or munometers for
recording measured steatic and tolal preussures. One arrangement of the
preasure sensors is shown in fig. b, page 15. '

16. Monvmeter panel, The manometer pansl consisted of 34 inclined
¢#lass tubes wiih & suELaEIe seale altached, Colored vegotable dys was

used in the manometer fluid to allow photographe to be taken showing the
fluid level. A Ux5 cemera mounted above the panelboard made it pos- o
sihlé to phoiograph all the manometer tubes at once; thus, all readinge - - —
‘were recorded at the same instant. By using Polaroid [(ilm, the records. R -
could be read within a short time after they were taken.

17. Pitot tube electrical bellows unit, It was desired early in
the study to obtain continudus recordings of’ surface air velocities with
a time base. To do thisj a system was designed vhereby & mechanical
motion was translated to an electrical potential (representing the air
velocity) and the change in potential wac recorded by an oscillograph.
The mechahical motion device consisted of & small bellows umdit from &n
aircraft airspeed indicator mounted irside a sealed container with a

. , CoaT
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differential Leanalorser, | One end of the bellows unjt wag fixed to the
containcr, with the opposite end free Lo move. A small lron core was
stitgched to the free end of the bellows unit and suspended inside the Jif-
ferentind trangformer that was olso secured Lo the eontulper. The total
presoure was admiticd throush tubing to the inside of the bellows unit,
and the stetic pressure from the pitot tube was admitted Lo lbe sealed

i il : L.k

-g,ﬂ/,') viru, qgglmaj.t, ita resistance chunegﬂrm th:l.s ehggge -“was recorded on

_ —container- (outslde the bellows—unit}r—As the 5lr veioTitics Inareased,
the presayre inside the Lellows unit increased and caused the bellows
unit to lengthen; this moved the iron core within the differential
itranaformer, causing an electrical polent’al charze within the itrans-
fermer whiich wee recorded by Lthe cscillograph. Through pretest cali-
brations, the pressure change could be determined from the oseillograph
record. This arrangement meds possible continuous recording of the down-
#ash blast velonities at several points over a pericd of time. Since the

- unit measured the dynamic pressure, which is the difference beiween the
stagnation ond the static pressures, the velocity of the airstream could
be computed.

16. Hote-wire andmomotera. The hot~vire anemometers ugsed to measure
air velocity conalsied of a short length of platinum wire that wvas heated

- by an electric current. The resistance to flow of electricity through the

wire wes a function of its temperature. ‘hus, as alr flowed around the

b,y p,c.acing t.ne hot uira 1n eu; airaﬁreem_ar_knawn_veiaeig&ana—ﬂeaming “the——-———

'J‘n]\‘-"“"‘ F3r aﬁu}. on an GaGlllograph .

18 _ I




19. FErototype tests were conducted at Fort Fucker, Ala. , in March
and June 1961 and at the WES in April 1962.° . The purpose of the full—scale
tests was to determine downwash blast velocities: beneath the hnllcopters
and along the ground surface during normal takeoff and landlng operatlons‘ .
for correlation with velocities to be determlned in model- scale rotary w1ngfﬂ
tests. The H-13, H-UlA, H- 21 H- 3h rand ' H-37 hellcopters werp ut1117ed n

these tests

Tests

Fort Rucker

20. In the tests conducted at Fort Rucker, downwash blast velocities
were measured both above and along the ground surface. The tests were con-
ducted on a helicopter landing pad (fig. 6) constructed on a bare area over
which a membrane ground cover had been placed. The membrane, which gave a
relatively smooth surface for the tests, was No. 8 cotton-duck material
coated on both sides with vinyl.

21l. In the tests conducted in March 1961, the downwash velocities
along the ground surface were determined by placing the pitot tube bellows
units along a line starting near the point of touchdown of the aircraft.
The unit placed nearest the touchdown point measured vertical velocities
-1 ft above the landing-pad surface. Similar units placed 10 and 20 ft from
the first unit measured both vertical and horizontal downblast velocities.
At 10-ft intervals on a staggered line beyond this, hot-wire anemometers
were placed to determine the decay of surface velocity with distance.

Plate 1 shows the test area layout for these tests. FEach of the five

fio. 6. Test crea at Fort Rucker with velocity transducers in place

19



Fig. 7. H-21 helicbpter\landing on Fort Rﬁcker;tést area

nelicopters was landed in such merner that the center of its rotor was at a
known distance from the first probe. Downblast velocities were recorded
continuously during the landing-and-takeoff cycle. Two landing-and-takeoff
cycles were made with each type of helicopter, one cycle with the fuselage
axis parallel to the line of anemometers and one with the axis normal to it.
The: dual-rotor H-21 was landed several times so that the effects of a
single rotor and the combination of both rotors could be observed (see

fig. 7).

22. In the June 1961 tests, the downwash velocities above the ground
were determined by the electrical bellows velocity )ickups supported on a
frame which positioned them at given points above the ground surface. The.
three helicopters used in these tests (the H-21, H-34, and H-37) were
landed at variovs distances from the pickups so that a vertical velocity
profile could be cobtained at given distances from the rotor blades.

WES

Y

23. The purpose of the tests at the WES was to obtain additional
velocity data in the boundary layer (the layer of air adjacent to the
ground surface) of downblas% from a full-scale helicopter. A temporary
landing pad was constructed of steel blast panels placed over a leveled
area, with a cloth membrane placed over the panels to provide a simooth
surface. Several pitot tubes were placed at selected locations on the
surface of the temporary landing pad. The heights of the pitot tubes
varied between l/l6 and 30 in. The helicopter utiiized was an H-1l3. Mea-
surements were taken with the helicopter rotor at several heights, ranging
from 12 to 50 ft, above the surface and at distances of 75, 52-1/2, 35,
and 17-1/2 £t from the pitot tubes. Test data were recorded by photo-
sraphing the inclined manometer panel and reducing the pressure readings
Lo velocaty data.

2C



S ' Pral Resulns
JEul HesuLne

Pori Rucher feptg

b Tae Mgk 130} reste at Fort Rucker produced data which appear i
Lo be ervaiic, ind ivgﬂ._;_r_ng-;__Lhaﬂ.k_wu..duunhlﬂsL—iflnw—a‘lorig—irhe—grm’! suvlace

— ~ cllier was tuibulent or moved in an osclllating or wavy motion and not in
8 horizontal plane. Maximim surface harimontal—velocitierrecaumm'*dur’iﬁg,’* -
the March 1961 teats as the various helicoplers-vere landing and taking off
were as follows: o , .

Hellco t’erﬂ o Velocit W T

L ' o h-ula - . 3000 .
| | 0 H 1700 e < e
- Ha21 , T, P
) H'3I| : 3800 B et _,I, ‘
H.37 ) . 5200 e f'.*'i o N

It vas noted that these maximum nuri"ﬁqg horizontal velocities. onourred -at-— oo o
distances of 1 to 1-1/2 r

Yobor dlamsters from.the solor whafi genter lipes ==—rre

e e e ‘E*-%‘ ﬂ"“['ﬁl

-@bﬁﬁigﬁLdﬂ?%!ia?jii! dune 196] tests to develor downwash . o::...i:
omtTTT s o Velooity profiles under the He3T, W-2k;-and =0l wers &8 Toligvei

Distance from  Rotor . Horizontal Velooities; fpm,-at- ——
Retor Nentar Height —=lhdicated Heoi 'rmq Ab'oveﬂqround' -

el e e Af .

_ s - L. 3800 . bgoo 0 . 3800 - . .. T
o 60 - I 5200 3l 3600 ]

I (S 3000 - Lb1o0 - 3300 - 3300 - -
Lk S Y. 1Tt - SR+ S —

T ‘ He3k ég elicopter, 56-rt-diam Rotor
Lo - 9.8 3400 2600 1300 560
D 3100 2hog 2300 2luo

60 S 3200 2600 2200 800
70 3400 2600 2hoo . . 2300
8 3100 2900 2000 2300

(Continued )
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Distunce from Rotor Howi .ontal Velocities, [pm, at
lRuLuv Center Nedghit Indicated Helghts Above dround
LmLL fi £ 1 in, 20 L. ba o, 50 in.

H-21 He licopter, bh.fi-dinm fotor

P-——~— — b0 15h 2700 2100 1900 12006 _
30 b 2200 1700 1600 200
' ' 60 . - - W00 - -hoo

¥ ' Note: Velocities shown for the dual-retor H-21 werée measured
belcw the front rotor.

The pertion af Hu mkscm -Mhulnwd rlfutm repreeatiting o distance of shout
one robtor dismetoy Crom center of votor iz plottod in plate &, The shape
of the lowar pm't. of the curvea ig estimated. The exact shape of the
velocity profile for prototype date through the boundary layer is not well
defiped pince gulfieiont prototype data were not aveilable in this area,

WES beam

‘&aih Hi.th Lhu H-lj hell upter ure .

o ~ -t -plotted in nhtm ‘%, J-L.finlL‘i, “Wiish Whow that mavimm dowmblast velos- — —
: itdes, 2100 to 2500 ‘pm; ocacurred sabout one rotor diameter horizenmtslly L

from the rotor center line. Alsc, data obtained very close to the ground

gurface {within 1 in.) indicated velsoities sulTloient to create large :
dust c.'l.ouda, vith the upper<air (1 to 8 in. above ground surface) veloce - o
ities being atrong enough to distribute the disturted uoil particles over — — - -
a J.urse area,

| . . 7. It shaum be rmembered that the- Fort Rucker and WES prototype
tenta were conducted with fre¢-flying wireraft, and all distances and L
. : .  heights were approXimated by aight; thus inaccuracies are contuined in S
T 7T 707 the data.  Also, instirumentation error wes caused by natural winde blawing .
- o= o - gt -irregnlar velocitj.lns ‘aoross the Lest area. , .

[y}
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- PART TV: »ODEL TESTS
Correlation Sindles
- 28 The ¢ orrelation-phaze—of- the-atudy- -eonsisted of worrelating N
T downwash velocity profile data of the 20~ anpd 60=in.-diam propellers, and
. developing & prediction curve for model-to-prototype corralation. CVeloclty
profile data of the various propellers were obtained by placing the pitot -
tutes at various heights above the ground surface and at varioue valuer of.
x/D + . As the propellers developed varicus disc loadlngs ab varicus values
©f Z/D , the dynamic pressures and stat'o pregsures were recorded by pho=
tographing the manometer board and the dowwwnsh velovitlos were computed,
These data were used to detoymine the boundnry-layer conditions az well ns
the velocity profiles. Fig. & (page 15) shows one test setup ueing the
20=in.~dlwn propeller and pilot tubos placed at various heights, Cos -
 Velooity profiles : s R S
: 29. A series of tests was conducted in which various XD and 2/p -
. walu g wera used with the 20-in.-diwn propel'se._Then-with similer—X/D— ——c—=
e e v MDA, /D - VAluess -the A1 s -ToaAd pace e e T T e pros _ '
o peller unidl tne maximum deflectlon on the msncmeter panel equaled -the -— e

asrrasponding mexizoz dcflection G Ghe danometer panel Tor the 20-in.-

- diam propeller. Data obtgined at 2/D = 0.675 and %/D = 1.0 are .

plotied in plate 6. Data obtained at other 2/D and X/D values corres -
o ! dated fairly well, The dige locding for the 60«in.-diam propeller was
e g o~ 9405-1b per aq £6, while that for the 20~in. -diam propeller was 6.88 Ib
RPN Ceess . POr 8¢ -Pt. - It ie -interesting to note in this case that the ratic of the -

T “Bhe disc loadings are the same. If this relation holds true, modeleboe
o 68 indicated by the following relation:

./ %quare roote of the propeller diameters and the. ratic-ofthe-squares-of -

~Prototype soaling becouss-& function of disc loadings and rotor dismeters

e e e - NP - LU, . [P ..._7/2’,\, PP 7 g B B J=h Tm TS R L P el

I ;’ T T T = -E,a B T T T T I e J;”*;—f;;:’;’:
L Y
i Solving for LA '
\ Dm . ]
n Yo \/5_ - (1)
m - "p\(D,
! 23




whero

wp = protolype ddse loading

i

model dise loading .

I
1
I
=
il

-pvmm.yps- -romr—d-iameter— - —-- - ———

- -———- D = model rotor- diametar ' B - S - -

Additional data are needed for further study of model-to-prototype
norrelﬂtjnn.

S - Boundary-layer vel.oeu_;x _ : ' R o

Y

30. Ground-uurfaca dust is disturbed by the 1ayar of mcving air :
- immediately adJjacent. to the-ground. -It was seen from the veloeity pro-. - —
files that the velocity of the boundary layer of air adjacent to the .
ground surface was slightly lees than that of the layer juat above it; = == =
‘thus; 1t 1s casily seen that once the dust porticles are lifted off the

ground, uhay will be quickly blown into the surrounding area. Therefore,

G e —whilch-to-develop curves and equations that would aesist in detormiﬁiﬁﬁ“ine T

-- J0a veloglty-is.not toe importent-in- 1nitiatingﬂdugt*htt—i!ﬂmﬁ;ﬁ?:;;ﬁigé
e e the yer-af-miv-sdiasent-4o the- Frowinl- Witeh -inttiates 1 mpg o '
e o - the y pper layern of hizher vuloeity &ir vhich-distribute 1t over a wida
R sraa, :

3L, Duta rrom tenLs unlllztng the 2h=in,~diam dueted.fan were ob. -
tainwd et various values of X/D &iid under several disc loads &nd 2/D - K
‘values, the objective of the tests being to gather - sufficient date with

boundary-layer air velocity when related 1o given 2/D and:X/R ratiqng_::;:;;:;:r :
 These data are plotted in plate 7 as disc loading in poundquggg square foot
- == -versus-velosity in feet per second. -Assuming that the three lines 1n “

, plu ¢ T have the agmg,alope, _the_equation- of enoh aurve henomcs:A—f —

T wp=0.0093vE  (z/p ='0.5) -
*“Tif*wr)mﬁsé*vﬂ w0
o wyeowooes VP (z/b=z0) =

.. Taking the three ubove-stated cquutions of the form W = KV and ex= ' ;
presaing X as & function of 2/D, the general equation form will be

Kaa+ (z/D)b + (z/b) ©

Substituting and selving, it 1s found that:

2 . ':1




0.00193 = & + 2.5b + 0.5

0.00252 = 8 + b + ¢

0.00295 = a + 2b + ke

é—__,—_;'_'_—__ S - A Ta s 000109 0 T

7/
-/

- o i T b 0.00193
| | TG «0.0005
g0 that K = 0.00109 + (3/D) 0.00193 = (2/p)? 0.0005

By similar computation and expressing K as a function of X/R,

32, lhough thesc equations were based on results of tests with the
2iein.ediam ducted fan, results of testo with the 2k-in,

W 13,667 x 20 (1/R)2 4 16,33 x 20°5 (X/R) - (a1 b'x W)V (3)

Ve (3094293 (&) -5 @R a0tk @ gy

-diam open=bladed

== propelier compare favorably; s oulr be-swen in‘plate 8 MilEplatea

— “BiTves ompirted by foant Of TUURTION & wTth KETuAl ¢
s . plotted for X/Roe-R-—and—5fD-u=0.5-an&-I0r— ;7 - -

Prediction of velocities inie = T

.. Hating soil-particle movement @@ _ S e

. "~ 33, Various materisls are availablo to preclude the dust clovds that
o e e mnemmn S 4-z——;m~-dﬁmm»—“—hllicontir»opcr&tionl»,-~nmg~whioh1.r¢—mmbrmn—,—m~--’-» e
landing mats, chemicals, and plastics. However, becavse of the Aifficulty .

of transporting large quantities of any of these materials to forward land~. . -

- ~——~~tm41mrm N R

—— —=— == - -ing-areas, the ares to be covered should be as small as posaible for eseh

7 760-in.-dian propellers, 'Mis curve, shcwm in plate 9, represents measired
’ dynamic pressure, q ; divided by the jet mean dynamic pressure, U »
plotted against the radial distance, X , divided by the propeller radius ’
R+ As an example of use of the curve, the test data indicate tha% the
minimum velocity that will produce appreciable movement of fine sand is
about 1750 fpm. The dynamic pressure, q , for this velocity is 1.01 1b
per 3q ft, and the maximum rated disc loading (W = qn for open propellers)
for an overload wmission for the H-13 helicopter is 2.59 1b per sq rt,
fiving & q/qm ratio of 0.39. From the curve, a q/qm ratio of 0.39

25

S A—fi*f*ﬂ& To- ﬁytem:lﬁvtho;mmfucqtot:pmmtiwmﬁimi&féi{j\‘rjgpii@;?gf;
v VIOL adreraft, & 'prediction curve wee developed from date obtained for the . -




indicates en X/R ratie of about 3.2, Sinee the H«1lZ has & propeller
radive of 17.55 ft, the indicated extent of ground cover required to pro- ,
vent movement of find sand by this sjveraft would be a e¢lrele about 112 £t -
in Siamcter. It is emphasized that the curve in plate 9 is bLased on model

test data and hes not been checked asgainst full-scale tect data.

8011 movement velocities

35. To determine the downwash velocities that cause dust-cloud
formation, studies were made using the 60=1in,~diam propellers to detera S
mine the minimuia air velosity at-the soil surface that couses soil move- ' -~ -
- A'*‘Aﬁﬁtﬁiﬂiﬁéﬁt’to,reducc visibility. For these tests, a 10- by 10-ft test
‘ : vection was constructed, and various soils vere placed in the section as A
testing progressed. To asgure airflow parallel with the soil surface, & . ..  --
curved deflector was constructed «nd placed on the edge of the test section
to make the downblaat air flov horizontally. A hot-wire snomometer was . ;.
- placed in the airstraam at the trailing edge of the deflecting surface to--—
acourately record the veloci.y of the air passing over the goil surfacs. o
. {osee fig. B), The soils used in the “tasi sections vere dry concrete sand ]

TTUTI1800 fpmy It e these dust-aize particles which become detrimentel to. — - -

e e - 2360 . The.fine Particles-of ary-ssnd-ranging from-fines shrough shot

| . Bo. 50 sieve size were obaurved to begin moving slong the surfmos at apout

{ = 1200=1pm aiy veloolty) theas partiries bocame airberne at & veloeity of :

| . abaut 1300 fym. The largest particles of dry sand, ranging between about .
| .., Nes. Uanmd 50 clove aizes, began moving along the surface sk an. air veloos. . . . &
B CT UEE ity of approximately 2800 fpm, Tests made on a wet gand showed initdal ,‘ o
| . " movement of fine particles at approximately 3800 fpm, Teits made on the
L‘- S :‘" .. Aean clay. indic‘tid”initm"mwglmﬁ“:Qf;;dult;;fp&rﬂigli!! ‘Rt Imoximgtely LTy

}_

o

CEEmEmmeEmsEEEm T pAl ot vindbility and adrerart operation,” o B .
17 i7 - - — . 7 ] \k e 77{7'i :";"':""""r"";“r'r";¥ o “7"—7' ., - A R 7“"“{"‘:_-_:'-‘7 - 77*‘""7 "‘. Lt e ""‘V'“_‘"— e - '; - ‘ V-Ez::r:

Coweiovi oo 3. In this series of tests, nothods of aurface protection were

. . .. stulled which would decrease the dust-cloud formation sufficiently to elfms — — -

inate ocourrence of detrimental conditions during landing &nd takeoff oper-
ations. The test area was otherwise prepared by placing fine sand in the
10= by 10=f{ test section. The two= and three-bladed Gb-in.-diam Proe=
pellers were set nt various distances from the test gection at heights up

to 10 't above the ground surface which was covered with membrane materinl,
The disc lending wes maintoined at 5.3 1b per sq rt,

R B A
{
i
N |
|
|

; .




T ttumoter (6-t6 8 tlnes propeller dimuster) vould have to be coversd to.
© - provide full rrotection from downwash. Such an area would be excessive
L0 the larger hellcopters.-In order to study the poswibility of des

.7 helicopters, touts were made using deflectors on the outer edge of the

| Flg. B Dust and coil novement test sstup 0 ©

38, “Rewulte of fHhess teats irdicated that an azes 30 o 40 £t in.

oreasing the ares requiriug protection during the landing and takeoff of. . . S

- " protected ares. e deflectors, placed on the front sdge (tovard the pres T

-—peller) of -the-test-section; vers G'in;:'him:—md"lméﬂjgﬁ 60, &hd 90 deg-

from the horisontal (ees fig. 9). The 60-in. ~diam propeller was placed -

adjacent to the test section at a distance of 1/2 rotor radius{rom the —

____deflector and operated at disc loadings of 5.1 and T7.85-1b per #q £t to . .. . .

determine the effectiveness of the deflectors-in reducing the areal ex= ——
tent of ground cover required to provide protection against soil erosica

and dust-cloud formation. Results indicated that the ground area ree

quiring protection beneath the 60-in.-diam propellers can be reduced

about %0 percent (i.e. from about 30 to 40 £t to about 15 to 20 £+ in

diameter) by the use of & 6-in. vertival (90 deg) deflector.

b




|
i
|
|

_ SR Y :

¢ @ 90-deg deflector. - ... . . e

Fig. 9. ‘Deflectors with sloped faces used on outer edge of test saction
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Soil stabilization

39« Dus: alleviation by means of soil stobilization was investigated.
an B~ by 10-0t test area was divided into Cour sectlons, each b by § ft.
Two sections were filled b in. deep with sand of medium grain size, one
section with & fine dune sand, and one with pulverized lean clay. Appro¥i~-
_matalx_lﬁEulb_of_pnlyeaten_reﬂin-pen_ﬁqugre—£oct—of~urea—wua—pcured—anta—«—ww——w————u
one of the medium sand sections; it penetrated the sand to a depth of L
sbout 1/8 in. Like amounts of & mixture of polysster vesin and chopped —
fiber glass were sprayed on the other medium sand section and. the lean - ... [
clay section, and penetrated to depths of about 1/8 and 1/16 in., T :
respectively. The dune sand was pulvimixed with approximately 0.12 1b-
per sq £t of aniline~furfural to a depth of about 1[271;;7., Mg, 10 shows . L=
the stabilized sections as they appeared before the downwash blast tests, R
~ = -~ The crack in the surface of section & in rig. 10 vae caused by the shrink-
age of the polyester resin upon curing,  The fiber glass prevented such - -~ =
aracking in sections 1 and 3. The stabilized secitions were subjected to R .
downwash blest of the 6Q-1n.-a}fimmpromu¢r..at -a.-digc loading of 10 lbo-per —— -
}, TR S e _ .

Fig. 10. Soll stabilization sections before test. Jection 1 is
the treated leun clay; section 2 is the dune sand; sections 3
and % are medium sand with polyester resin und Fiver glags,

and polyester resin, regpectively



54 Tt w:th no detrimental effects to any of the four sections. The test
sections were then subjected to disc loadings up to 145 1b per. sq ft from
the 24-in.-diem ducted fan. No damege occurred to the polyester sectlons,
howeser, an area of the aniline-furfural section (section.2) falled at a
disc loading of about 110 1lb per sq L. Failure was caused by the shrink-

_age cracks (see fig. 10), which allowed the downwash blast to get under-

neath the stabilized surface. Fig. 11 shows the test area after testing.

Fig. 11. Soil'stabilization sectione after test
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PART V: SUMMARY OF RESULTS, CONCLUSIONS, AND RECOMMENDATIONS

Summary  of Results

Prototype tests

40. Data obtained during the Fort Rucker and WES prototype testis
appeared to be erratic in that ihe velocity readings varied constantly as
the helicopter hovered or landed, and the data also varied during the
several repeat tests. A large part of this variation of data is attrib-
uted to the instrumentation used. The prototype data were cobtained early
in the study when velocity and pressure pickups were rather crude; refine-
ments of these instruments were used in the later, small-scale tests and
not only decreased this variation but indicated the same results for re-
peated, similar tests. It is believed that the prototype data obtained
define fairly accurately the maximum velocities produced by the various
helicopters and velocity profile variations both with height above the
ground surface and distance from the rotor center line. However, suf-
ficient data were not obtained in the boundary layer (below 6 in.) to
definitely define the velocity profile in this critical area. It was
noted during the study that maximum surface velocities were greatest at
a distance of about one rotor diameter from the vrotor center (horizontally)
in both model- and full-scale studies. Since this is the area where dust-
cloud formation will be initiated as an aircraft approaches for landing
or increases power for tekeoff, more measurements are needed in this area
than in others to define the phenomena.

Model tests

L1. Model studies comprised nct only boundary-~layer and velocity-
profile studies (as did the prototype studies), but also studies of soil-
particle movement, size of area requiring protection, and effectiveness of
soil stabilizers. Boundary-layer and velocity-profile studies were made to
attempt correlation with prototype test results; however, it was quickly
seen that prototype test conditions could not be controlled as accurately
as model test conditions or results measured as accurately. Thus, no sat-
isfactory comparisons could be made. Test date were then obtained on the
20-, 2U-, and 60-in.-diam propellers and an attempt made to correlate these
data, and through an extension of this procedure to predict prototype re-
sults. As is seen in plate 6, this approach to the correlation study pro-
duced results which wppear favorable; however, the limited data av-ilable
at this time for both model and prototype do not allow definite conclusions
to be darawn. Data presented in plate 7 and discussed in paragreph 31 indi-
cate that boundary-layer velocity varies with disc loading and vertical
height. Equetions developed for these two small-scale conditions ‘compare
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favorably with other similar small-scale data (plate 8), but sufficient
data from larger diameter o prototyps propelleors. are not available for
.comparison.

b2, Soil particle movemnl sludies indicated that dust-hazard con-.

ditions would develop if boundary-layer velocities exceed 1200 fpm over
dry fine sand and 1800 fpm over duste-size particles of lean clay. Thus,
ground protection would be required over an area where these velocities
were exceeded

43. As mentioned e&rller, the correlatnon of model and prolotype
data ylelded little informetion, mainly because of the inability to con-
trol exact height and distance of the prototype aircraft from instruments

“during the tests. Also the presence of wind during prototype testing

caugsed the data ocbtained to be inaccurate. The correletion of results

of tegts of the small and large propellers appears to yield usable values
" although the available data are limited. Additional date are needed on

larger model bledes and more exactly positioned prototype alrcraft to
accurately define model-prototype relations.

Conclusions

U, Based on results oblained in this investigatinn the Following
conclusions are believed warrented:

8. The dowmwash velocities along the ground surface cause
soll-particle pilckup, and dust-hazard conditions will de-
velop if these velocities exceed 1200 fpm over fine dry
sand and 1800 fpm over dust-size particles of lean clay.

:,f,,ﬁ, b, Lightwéight ground covers (menbranc) can alleviaste dust in
the landing ard takeoff area of helicopters.

¢. A vertical lip.around the edge of the memkbrane will reduce
the size of membrane section needed.

under VIOL aircraft,

e. Tests to correlate model and prototype date indicated the
need for more accurate measurement of prototype data for
each aireraft in order to analyze completely the various
parameters involved in scaling and to establish those of
paramount importance so that small-scale test results can
be used to predict prototype blast effects.

32

d. Certain of the soil stabilizers tested will alleviate dust




Reconmendations

b5, In view of the Mindings presented in this wveport, it is recom-

mended that the correlation study be contimued. Additional tests should
be conducted with larger diameter model propellers and with prololype
aircraft under rigidly controlled conditions of position and weight in
order to establish model-to-prototype prediction curves or equations, or

" both. BSoil movement studies should be continued to determine the factors
involved in initial soil-particle pickup and the velocities that cause
pickup of various soils in order to predict the area protection required
for various helicopters. '
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