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PORWO=-

The study reported herein wan conduqted by the U. 8. AryE ineer
Wtorways Experiment Station (WES) for the U, S. Army Transportation
Research Command. Specific authortiation for the study was given by
the latter organization in first indoreement dated4 7 November 1960 to
WE9 letter dated 2T September 1960, subJect) "Proposal for Downwiah
Blast s t Study,"

Peld tests to obtain prototype data on velocities of the downwash
blot of various types of operational heilooptera were conducted at
Fort Rucker; Ala,j during March and June .1961 AYWA~tthe W=A n pl192

--wor -ea available, for-tefidullf-t~wcaff Yost VAtm -. 4-

were conduatea by .personnel *of th WEO Soils Divieto under the eupervision-
of Heurs. W. J, Wrull, 0. Shockley, A. A. Imwll, W. L, t olnnia,
Of Vt tes. and P, J. Vedrasi k!r Thit repert wasZ p'Tt4fui2 by Wei. Laces.t

Dfrectors of 'the WEB during this ea y and the preparation and publi -
oation of this report were Col, Edmund H1. Lang# C, and Col. Alx 0. Button,
Jr, ON. Techical Director was Wr. J# a. Yitan.
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Exprience with heiCopter. has shown that. during landing or takeoff
over dust- or anow-covered areas, the downish blast from-the helicopter
rotors producea dust or snow clouda that obscure visibility sufficiently
to cause unoafe operating conditions. Recirculation of' the dust-laden air
throughl the enitne can damage the engine and shorten Ito life), foreign ob-
jacts picked up by the downwash can damage the aircraft and even cause its
failure as the objects are ingested In the engine or blown against the
aircraft's rotor.

Field tets were conducted with operationaL helicopterA at Fort
--Rucker, Ala,) &M at the WIaterway'e Curi.mct Z1tatior_tQ date4&4wwaI

___e _tflLis U~ U n~dy-ak __i it ~tU iL- acaeaaiv- lay-iide, eLv

-~~tw a nd -1 7~iht-
goumd covera (MMbranas) t~o detwrmi no mtei-seale velecity' prel'ilert and
air valootica at the ground surraou reqiured to diulodge and move parti-
At of tiaricus typea of tel hac ziac a ill area rejirifq pruLeubl1101
-fr--varivas VOL airaraft., anid the *ffetLvenveai of membranes and soil
ataoillsatian tWprvtfntn -duat-cloud formation,

_ 3.sdreuults obtaiii4 in this Inlvestigation, the- oflowing
c_ onclusions ane believed varranW iu

__ a.~1iedownwas-h-veiocitiedalong the ground surf'ace cause
7_ Xaoi1-pirtiAle pidkup, nd, dust hazard conditions will d.Ie

__ -velop-If these velocities exceed 1200 rpm over fine dry
- - sand, and 1800 fpm over dust-size particles of lean olay.

b.Lightweight ground covers can alleviate dust in the landing
and takeoft' qrea of' helicopters, A verti til lip around the
edge of the membrane vill reduce the size of membrane
section needed.

c. Certa in soil stbi li"ek er, 11 a llev tate dut, trormati an
urder rotary-wing airrraft



d. 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 various 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 propellers 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 order to predict

the area protection required for various helicopters.

r_8



tRLICOPTER DOTAIA311 BLAST EFFCT3 S -AUDY

PAhWP I: T4TPODUCTIOM

Ba kground

1. The operation of helicopters and VTOL*-type aircraft from
unprotected evil surfacoa presents certain safcLy and concealment problems
which are unique Lo these ',ypes of aircra't, Experience 4tth helPoptern
has shown that during landing or takeoff over dust- or 3now-covered areas,
the downwaoh blast from the helleoptcr rotors produces dust or snow clouds
that obscure visibility sufficiently to cause unea.'e operating conditions,
Recirculation vr tLhe d ast-laden air through the etugine can dmcade Lhe
engine and shorten engine life; foreign objects picked Qp by the dewnwash
can damage the aircraft and even cause iLs failure au the ObJecLa ar i.-
gested in the erginc or blown against the a.rcrafL'o rotor. 1ince heli-
copters and 'VMOL aircraft are to be used tactically in support of forward
ground operations, dust cc.,trol is also desirable for camouflage and
concealinent purposes.

2, The downwash blast or such aircraft varies vllely in velonity,
mln~ -rim, aIV!I 7 he blutkd wri ±nutuw; ajt varw'a hgt~ ti'uve
the ground and i directed toward the around surfaca at vari6, qnalee, it
ic Seflcrated by oultiple- ris woll nai alnigle-rotor nivrr,.t, 0,n r"ly, 0h
downwash-blaut eharacterigtica of any aircraft are known or can be cuti-
mated with roasonable ALeuiC'Ay, lHnce, thi±zcud: waz. urArltu;nir, to pro-
vide basic data on the effacto of tho flow of .dowinwash blasts on variouAs
surraces under a range of onditiona.

Purpse and Scope

Purpose

3. The or-ginal purpose of this study was to develop meana of pre-
dicting the effcet of downwash blast from helicopters and other VTOL air-
craft on surface solls, ground-protection materials, vegetation, atruetUres
or free objects over which the aircraft might be required to operate. liow-
ever, It was requested early in the study that the scope be li,.ted apecif-
ically to: (a) determination of the fenraibility of uaine ligjitweight
ground covering under VTOL aircraft to prevent yell erosion, duot cloud

* Vnrtical. taeof. and landrn, .

... -



formation, etc.; (b) determination of the arel extent of ground protection

needed and possible means of reducing the areal- 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

4. Field tests were conducted with operational helicopters at

Fort Rucker, Ala., and at the Waterways Experiment Station (WES) to deter-

mine downwash velocity profiles. Tests utilizing scale-model rotor blades

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 soils 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 device having two or more blades which, when

mounted 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

press'ire)

D Rotor diameter, ft

h Vertical height of sensing element above ground
surface, ft

'Classic symbol for constant

10



P Static pressure, lb per sq ftS

q Dy-namic pressure, lb per sq ft

qm Jet mean dynamic pressure (q.m = W/2 for
ducted-fan propeller and qm = W for open

propeller)., lb per sq ft

R D/2, ft

T Total thrust, lb

V Velocity, fps

W Disc loading (T/propeller disc area),
lb per sq ft

X Horizontal distance measured on the ground
plane from a point directly beneath the center

of the propeller hub, ft

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

11



PART II: TEST EQUIPMENT AND INSTRU=NTATION

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, 14-1/2-ft-long
parallelogram 1 "n at the outer end of which was a 128-hp engine, a
5-s-peed 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. S. 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, 4.38:1, and 7.58:1. 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 propeller with adjustable propeller hub, and a set of straightening
vanes designed to remove the swirl from the exiting airstream (see fig. 2).

12



*I1-

rnt 4.uct ccnt'tcc a' a~ LoUrnated cyjdik of murvv pine with a lCIkrUIaLu -

inlet;. th, wiw. a.nyi 4hnL -Iffn Y4 -tLuL-r -tia -li tml

fliU *An&2~j,1-rttlon piro~peJlor donfluAtt4 O ilx 3-in.-ahord, wtA-6, airroll
vievJL1O blades machined rrom iiuinmr-afloy fcorgingae", The blades wae
mounted in. a apUt hulb thuat allowed the pitch of' Lho bliden to be mnumallj-__y
adjusted. The in*-otraightehing vanen werte mowntomd jutt beolow the pro-
pellor. fr1,e duet caoi~mbWy wan mounted on a main uupport shaft by mean. or
a wci14cd, tubult -dteel. eup~t:ort. Thei inle; or the douL a~oombly wan

covered w Uh 1/b i.jg*-mhie aarown Lo prevent4 solid obJo-its from fallineg ---

Into the duct. At #A apeed or M00 rpm, a thrutit of 406 lb) cul h do-
velopud with the propellor-blado tips aet at an angelo of 17.7 der.

Propellers

8. 'Piv'-ft-daiwn propellers with, two, three, four, ad fivc blades
were 1jeed In the study. 'Thie blades were cons trw:Led of wrapped aluminum-
alloy sheet to form ani ZJCA 0012, consutant-clior (5."(5 in.), airfoil Ser-
Lion. The two- and bliree-bladod propelic;'n (rtr. 3) webOc tvaunted In rnd
hthb-t With the blade angles of each sclc tcd toc prcduzw [ho 4ume 41mws'



V 7j

yors.us re t ,~tiuAztnrx prw i qautriit .urvo-. 14hv hubs Utr the Fr ane ?tv.-ble.P 4
propeirrr iplilt to permit varying the pitch angwlen.

A20-in. -dinin, tblrCo-b2Adcd propeller, also usod in the tusts,
W111 W,641h, 4 i Di k hA~orlt  or !ii 31',t rplm i At ILl4I( f'ktciq. !h' A h
Mic 1 rimplr,-4pev w clc4tri o1itor -hr ---II -wi-k

Ww pItL-1di, Wv.r t,doi vurirli1'%n y with Ole rslaki'ta14

wnbSlgl lb 1. (01 -D 4i n rjUae64 Inule nARbpvr nfl f14; &hr, Aim'lnfldI~r
tbp vtri.ab;ti-.pe- J) onoor ATIkdbetween o ni 16 lb v 5 : 1b mrvjft.

10. Tile h-in.-dio six-bladed propeller used in the ducted-fi
ssw' bWy detn'cibed In paragfraph 7 was removed from the, tqat rig wnd adaptLed
to a variable-pwed, elen~tria-motor drive (rig, 5). 'The blader, were aet at
a i'TAevt pitch-, the dirc loadings varied from 0.38 to lIh.lk lb par tuq rt.

11. Soilaparticle traps were used to catch the ai-r-blown noil during.
tests of zoll-particle movement In order Vc determine the wuouint of' soil
aDKvewsimlt eauued 'by the doimwash blast from the propeller. 71%a toil trap
conabc,,ted OT cie.ht1 1 -lib.-hlgi by h-tn.-wide, 6 -ln. -deep coprnet one



____ i

... ....

,! -T AL

Fi. 4. Propeller, 20 in. in Iiametei, mounted on 3500-rpm motor



vtwiable-apeed olaatrlu moLor

aibovn the other. Eoch compartment could be emptied ind~ividually to do.
Lamiina weight aind particle nize of the soil collected at various heights
stbove the soil eurface,

12. The InstrumentitAnn utiliked In this study was In general Lhat
-Installed in the 8urface kErrea1te Blast Psolity of the WES.' Basic elea-
trical reording eqtdpmhent consisted of commeially wailable amplifiers,
power supplica, imagnetle tape~s. and an si~iorraph; stice these are con-
monl$ tiged data-reeordinr, devl- az, they at a not desc,,ribed here. Trans-
ducers to peimit continuous electrical recordinp of teat pheflOrenu were
developed =~ needed. Other devices used to obtain data or operate tect

cqipmnt 'LhfduI hiovni porwic~ tcrre are described below.



1 3. An.ce:L~ W-W-~ 01-- 110 dItCALifen t&'/I
bi'/'P].kttor3 i(tr isiiu. p tw r.k rropullk:r . potie].(, tri, *cel

taB mountf-d on the propholer qfhrf!.. hoouinf, adj mnnii to a diretced li.ht
.-I T1hi1 ph:,Loel"eCtr. c ull .;enze.& interittert rQ-1c.cect lltht from

tht pr&;l&4.1lr drive 0.laft, whib:h wav pinted 1 _vak ad white, Thi v

- --- angcment made poussible the correlation of revolutlotv3 p'-r minute with
th ru s

14, ' A tachometer w=a lo uucd on tho vnriable-zpeed drive of thm
elcczrie motnr to determine revolutona per minute of the drive shaft.
Thia instrument conisited of a 60-touth spur gear and a magnetic proximity-
pickup transducer. A pulke was picked up each time a gear tooth pasled
the proximity-plkup Lrunsducer; these pulses were v.unted by fin electronic
counter to determine the revolutions per minute of the drive shaft. Thus)
calibration of the propellers wab obtained as revolutions per minute versua
thrust.

Instruments used in both

modal and prototype toests

- l . Pressure sensors. Pressure -oqisor# uWe In the a6 yt mm_

- t pe-pitot--tAbos,---abriot-pitot--tube-onstructed or concentric Meta~l-±
-tubina1 and uingle brass tubo. The pitot tubes measured both total
pressures and stati proooursi the single tubes measured either total

pressure or itatio preour , d pmndin- on their fabrI.-tion. _1ii- tAh

were connected to eithur electrical indicating devices or manometers for
recording measured static and total prejauree. One arrangement of' the
pressure sensors Is shown in fig. 4j page 15.

16, Manometer ariel. %be manometer purial consisted of .34 inclined
glasz tubes with a ouitabb' eale attached, Colored v gctAble dyn was

used in the manometer f1isid to allow photographs to be takeb nhowing the
fltd level, A 4x5 camera mounted above the panelboard made -It po .-
sib3. to photograph all the manometer tubes at onoe; thus) all readings
were recorded at the same instant.- By using Polaroid ilm, the records.
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 contf n us recordings o' surface air velocities with
a time base. To do this '., a system wai deuigned whereby e. mechanical
motion was translated to an electrical potential (representing, the air
velocity) and the change in potential wac reeordf-t by an oscillograph.
The mechanical motion device consisted or a small bellows unit from an
aircraft airspeed indicator mounted inside a sealed .cntainer with a

17
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I"

differcto~a Lemool*r1%er. I Oaoe Ce04d of t t e1 a4:!~t wau fixed to tht,

contircer, wl1 thi oppouq;tc ut d free to muve. A smoll lron core waz
attached to tl'e frek elld of th6 bellows unit and -u ,penled inside tht dIP-
rrt:,,tiu tr a rc.ritcr that wU., also Secured to tht- ,.u!oL ullkt!u. The tutal
presoure was ail i. 4 through u1-tizr - to the in:Ade of the bellows unit,
md the Atatie prezsnr e from the pitot tube was admitted Lo Lile aealed

- cntJn.'-(otsid t-ie -below--unit- A-thi Ic l vi,?[L --J -~d.-.......

the preasalre inside he bellowa unit increased and eaused the bellows
un1t to lengthen; this moved the iron core within the differential
trsm-aiormer, causing an electrical potenttal charje within the treans-
fC mer whieh was reaorded by the oscillograph, Through pretect call-
brationz, the preazure change could be determined from the ocillograph
record. This arrangement made poesible continuous recording of the down-
wash blast veloitieas at several points over a period of time. Sinee the
unit meavured the dynamic pressure, whi1h is the difference buween the
sta ntion and the *ttio pressures, the velocity of the airatresa could
be computed.

16. Hut-wire anemometero. The hot-wire anemometers used to measure
air velocity consisted or a short length of platinum wire that was heated
by an electric current. The r osistance to flow of electricity through the
wire was a function of its teliperature, Thus, as air flowed around the

wire cooli&4t itszauataos hsngeds- and- this--abange: ves-recorded on-_

byplacing the hot wire Inagarteoko veo1y -row i-h-----.
7.u P' --- l an

II

l~i

I i1t



PART !I!: PROTOTYPE T STS ND REuLTS

1. Prototype tests were conducted at Fort Rucker, 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 helicopters
and along the ground surface during normal ,takeoff and landing operations
for correlation with velocities to be determined in model-scale rotary-wing
tests. The H-13, H-UIlA, H-21, H-34, and H-37 helicopters were utilized in
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.

21. 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. Each of the five

-.. -. ..; ...... .. .... .-. -:" '

Ft ) Tust ea at Fort Rucker with velocity transducers in place

19



oil,

Fig. 7. H-21 helicopter landing on Fort Rucker test area

helicopters was landed in such manner 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 bhe 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 obtained at given distances from the rotor blades.

WES

23. The purpose of the tests at the WES was to obtain additional
veloc.ity data in the boundary layer (the layer of air adjacent to the
ground surface) of downblast 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 smooth
surface. Several pitot tubes were placed at selected locations on the
surface of the temrporary landing pad. The heights of the pitot tubes
varied between 1/16 and 30 in. The helicopter utilized was an H-13. Mea-
surements were taken with the helicopter rotor at several heights, ranging
from 1.2 to 50 ft, above the surface and at distances of 75, 52-1/2, 35,
and 17-1/2 ft from the pitot tubes. Test data were recorded by photo-

;raphin the inclined manometer panel and reducing the pressure readings
w vc3.o.ity data.

20



h1,r~a1 19GI1 ,tat alt fPort Plv'ker pradiw ,c g-ata wMju ?I- rAppear
___ -ent of' moved In an ouct~ ing or wavy motion and1 not Ina horizontal, p1~e. t4 1b~ ojicontal velocities -reecwred d~uring--the Makrczh 1961 Usst5 ia the vari~ous he3.ieopt.ers-vere IwMdIM and taking orrwere as followc:

Maximum

* l.UIA 3000
U11. 17--300
k-34130
11-37 20

It was noted that these mimum aw'ace horizontal velocitiesa -owred at.distancea or I to -1/4-6tr doi iamtri W.te Votor inabA. ~ -
T Wlt vtmgintd Iuring iUu June 196"1 teut8 to deo jr._dovwmiah~-_--velocity prof esumFrw~I--j 

tL, _ __

Distance f'rom -Rdto-Kj 1.torJixontali. Veloatieg, fpm--atf tarnItr Height __ _Ihdk'td, Hfle ts Abovw Gound 
- _

!--37 F110a,. 72 ut-diam Rotor
4- 13. _ =3000_: _'4M 3500 _.360050 38o0 -4!M _3900 - 3900-60 - 2oo14oao,34-a0- -o-_-3600 - -

-~ 0 78700o 330 A30080137M00 i00 3100 -3400
H-4,Hliotr 56-t-dia Rotor

40 9 k 3400 2600 1300 56050 3100 24~00 230 2lu6o $200o 2600 2200 80070 31,00 2600 2400 230080 3100 2900 2000 2300

(C outlnued)



-: .. ..... .. . . - . . -

Di3trince frcm Rotor lors-ontcl locltite fpm, .ut

[Lx1'(A-ntef- Iteii adcflefrle~h flgbutb Aiuve 4riruid
Liiw, f_ tW ft Il. Y i i. 50 in.

11-21 I' .Licier, It..£t-dit-rn hotor

________ _ _ ho 0__._t__ _- --- 2102 - -vo i90 ------ 0

50 2200 700 1600 r'oo
60 .- oo hOO

lote: Vlocities shown (or the dual-rotor H-21 were measured
below the front rotor.

Thc o. o ' hnot.otmn~ ted +ta reprceeng x 4itinc. or about
on-_ Doj rr ' r, r &' ,.ir f tam ucntcr of rotor i,- plott,,1 in plsute, 2., The ahape
of the lower part of the curve is estimated.. The exact shape of the
velocity profile for prototype data through the boundary layer in not well
detlh-di 'ajm-t auPfieuk'nt prototype tha. were not nvnil5ble in this arca.,

WES test$

4sA -.ta uAtUlricd tithe WL "teats With tiu H-lS heliUpter are
.. - plotted in platea 5, -UAah i t aii.._.-e 1b mab vel -  " "

!ties, 2100 to ;5630 ipa., aoxtrred about -one -rotor dft eter borizona_ _ _
from the rotor centor line, Also, data obttined very close to the ground
surface (within 1 in.) izdic4,te vrlOO'*tIGS aufficient to cr~eate large
duet clouda, with the upp r air (1 to 8 in, above ground surface) veloc-
ities being strong enough to distribtte the disturbed soil particles-over
a large area.

2 . It shoulA be rembered that the Fort Rucker and WES prototype
teats were conducted with free-fling aircraft, and all dist n es and
height; were approximated by ;ight; thus inaccuracies are contained in

. - the 4ata, Alo, insrumtentation error was caused by natural winds blowing
--- at irregplar velocitie across the Lest area.
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PART IV: 4 A)kL 2

Correlation niwu-jLez;

downwaah velocity profile data of the 20.. ana 6 0-in.-1±am propellers, aniddeoloping a prediction -curve for Model..to-pratotyZre correlation, -Va.1.cttyProtflc data of the various propellers were obtained by placing the pitotWtoat variou's heigts above the ground Aurface and at varlouf. valuer of.X/D - As the propellers developed varicus d4e loadinge a4 varioaa va1.ueuorf Z/D , the dynam~ic preuae and tatka prsures wroro recorded byphootographlng th, mixnmvter bon~r' un the -clo Awnah ~eoiLi~were corinputed.1iaso dI-ta werv us. to -leterritkne thre bou-Thnry.loyer c onitiona %z well asthe velo~dty Proflcs. P jig. 4i (pawjo 15) shows onie teat setup using UtesP-in...d~um propoller and p1W~L Lube pneca at various h'eghtsa,

29. A serios of" tesa was conducted-i which various X/) and 2./D
___ __ values were used With Q- nwt tia-XD

pollar wiU 3 tha-aiu darleot.onottoeepa13 q~
-A Proinpller. Data Obtained at t!D w 0.675 ahnd x/D a - rplotted in plate 6. Data obtained sat other /D and x/D ;alues corre-latt~a fairjly well. ilia diso locdIng for the 60in.-diam prop~eller was ME-.-90 -bper aq ftp while tbat for Vhe 20.4n~wdlim propeller was 6.88 lb.per sq- ft. - t-is-intereuting to note In this oate that the ratio of the

-- Square roots of-the Proveller diameters -and.-the - atio-oV'the-usquar*4s or --- --
_ . 0 h disc loadfvgs ire the same, If .this relation holds trueD PModel-to-

_ poboypescali~ boowu-a-fncton r iscloa tr6.and-rotor 4iaietersas indicated by the foflaving relation: 
-

Solving for W4 ,,

2.3



Whie zro

W modelc) di ~e load ing,

D ---model rotor-diameter

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

Boundary-layer ye loct

30. Ground-surface dust is disturbed by the layor of moving air
- mmediately-adjacent-to the ground. -It wag seen from the velocity pro-
files that the velocity of the boundary layer of air adjacent to the
ground surface was slightly les. than that of the layer just above it;
thus- it-iseasily seen that once the.,4ust particles are lifted offI the
Sround, t~hey will be quickly blown into the surrounding area. Therefore,___
in-imwav1oalt _imnot-too i-otext-in- i:-ia4 £n--du~t ,---is-- __.

- o-
---the upper. Jyrs _09_4he veoaity ai which -distribute -it over-a -wide - -

31.. DrAta from testo ultizainS the 21 -in.-diam ducted fan were-ob.
Laitied at various value. of XjD 6:0 under several disc loads arid /
value, the objectiveof-the tests being to_4athck -rnufficiant data-with 77

--- hich- to develop curves -and equations that would assist -in dtrmining the
boundary-layer air. velocity wihen related 'to given Z/D -and _/R_~Q.
Theme data are plotted ill Plate T am disc loading in pound! imqr ftoo -

-versus- velocity I1- Noet7-per- second.6 - Assumngne thatt the "three line* in"-
Platie T have the ueme-slop, the-equation-of each-aurve -beomewsl

*0.00193 V2  (Z/D M0.5)

V 3  0.00295 V2  (Z/D 2.0)

Taking the -three above.stnited equations of the rorm W K2and ex-pressfvng .11 a a function of Z/D p the general equation form will be

K -a +* (z/D)Ih + lb

Substituting and solvine,, it is found that:

24I



0,001.93 a + 3.5b 1'0.25c

0.00252 a + b + c

0.~ ~ ~ 00220a2b09h

. A .b- 0=193

L -0-0005
8o that K 0.00109 + (Z/D) 0.00193 -(Z/D)2 0.0005

kard W - (10.9 + 19.3 (7ID) _ 5 (Z/D) 21 .104 V2 (2)_

by similar computation and expressing K as a function of _ORl

W E 3.667 x 10" (X/R) 2 + 46-33 x 10-5 (XIR) -(27.4'"x:3.0-
5)] v2 _(

32. 11hoizgh these equations were based on results of testu with the
24-in. -diem ducted fans results of testa with the 23i-1n. -diam open-bladed

P. rediction or velocities ii
tiaing soij2Ltitals Movemenit

33. Various, Materials. are available to preclude the dust clouds th~t
-,-areA tebmt&1-to-belicopteroperatioaso -among-vo ar-ebran.
landing mate) chemicals, aeM plastics., However) because of the difficulty-_2
of trn"sOrting 'large quantitie of any or thQe:materiald to forwar land

* .- In1g areas,- the Area to -be covered should be as small as possibl.e -for- each-

- 3. ! .dermusthendnu aeaof protection-require4 for vari'ous_:

dynamic pressure, q i diviLded bythe jet MeOn dynemid pressure, q.,
plotted against the radial distance,, X .divided by the propeller radius,
R , Ae an example of use of the curve.. the test data Indicate that the
minimum velocity that winl produce appreciable movement of fine sand is
about l7 0 fin. Thie dynamic pressure, q )' for this velocity is 1.01 lb
per aq ftp WAd the maximum rated disc loading (W -qM for open propellers)
for an overload inission for the 11-13 helicopter Is 2.59 lb per sq ft,
givi ng a ratio of'0.39. From the curve, a q/%~ ratio of 0.39

25



indicates anX/ ratio'of about 1.2, Bjinee the If143 hau a propellc~'radiua of 3:(,55 ft, t ie IndictWe extent of g~round cover required to pro-vent movemecnt or rind sand 1)y this aOrcraft would be a circle about 112In diamente~r. It is emphasized that the curve in plate 9 is baeod on modeltent data and has not been checked against full-srualt tctt data.

~Q~lt~ov and&abii7~a~onStUdi""

Soil. Movement velocities

35, To datermine the dovnwash valoultise that cause duat-cloud,Cormation, studies were m-We uxing the 60-in.wg±ia propellers to doter-mine the inniinu~u air ve3.oity at- the so1atc~tai~u~esi oeMent eul'ialn ta reduce visibility,, For the*e teos., 4 10- by 10-ft testotion was covstr~zcted, ad various so±ls vere placed in the section astesting progressed. To asijurp 9airflow paralel with the soil. surface, at.,curved deflector was constructe ad placed o0 the edge- of the -teat seationto make the dowablast air floir horlsontally. A hot-wire Mapometer vatpla~ced in the airstreamnat the tm'iling edge of 'the defloatin-suface o--Accurat*4,rrecord the velocoi.y of the air passing over the soil surface(set rig. 8). The soils used in the toot section. worte dry concretf sand

-PS ftoshe-f- 7fine I
- .~.....-No, 50--steve size were obuirved- to begiin MoviM- &long the etirfac at about~~ air vsoovityl th-i~ee pqrtit-lia became ailrborne at A velocity orabout 1500 fpm. The largoat partileas ai' dry eixnart ranginf twc

-- No#, 4 and 50 oi1 a izes, began moving -ln *&,tbe surage 4ka.arvlcfty of Apprximutc3y 2800 f*'. 'Tests Wef on a "t nand showed initial* movement of fine particles at approximately 3800 I, Noits mae. on theleaf -clay-idctdinta om of -dust- pawtic3.es at ap"~xmbl
___ 180 fn.It 1.i these dust-siae pr tdes. bdes 4at tal----~

-.- ,37. In this seisof' tests, methods of-surface protectionwer(--studied which would decrease the dust-cloud -fomtion -mufficitently- to ells-mnate occurrence of detrimental conditions during landing and takeoff oper-ations.* The test area vaa othtris~e prepared by placing fine sand irk the10- by io-rtL test secion. The two- and three-bladed 65-in.-dius pro-pellere were set at various distances rrom the test sectLion at heights upto 10 ft above the ground aurftct whirch was covered with membranemterial.The disc 1on-ing wi myji iriid at, 5.1 lb p.C~ Mu ~.

6



Fi~ ~ N~7 ~ *01oilmemet teststuv

* 38. RONUIMa of tiete -tents -biioated thate%~ a3 t ~t.i
- ------ - --ioL~(6~o-8t iiwoi3.~e~daiuiei)woud hv, to be covered-to___ __prod fu11 rroteotion frrm dowrwh# Such an area would be .exaessaive -

- .. ow the -larer helicapters--bn order 7to study-the oa.b2itt-4 --ares~ing the area requiriog Protection during the landing Amd. teorhelicopters- toots wert Wae -using 40fleators -on the outer edge of UPiprotcte area-. 'The deflectors)- placed on the- front edge (toward th -Pro-
fromn the horimal (seet- fi. 9). 1 e- 60-ins-die propeller was pluoed
adJacent to the tedt section at a distamce of 1/2 rotor radlus-ljramthdefleotoi' and oparate&a&t__isc loadinso .1ed765lpes tt

- -. -. - - - detarmite the effectiveness of the deflactoris in reducing the-areal t ~ _tent or ground cover required to provide Protection against soil erusteAand dust-cloud formation. Results indicsted that the ground area re.
quiring protection beneath the 60.'In.-diea Propellers can be reduceel
about !0 percent (i.e. from about 30 to 40 ft to about 15 to 20 ft indiameter) by the use or a 6-:in, vertical. (90 dleg) deflector,
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. - Lu S-4eg deflector

V

I PE -A

b, 60do fitlet

~~~fl~- -~-- -, ~ ~ t ----

0.90-dog deflector-

rig. 9. :Deflectors with aloped tcoes used on outer edge of test station
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.39. IDu ;- alleviatilon by means of voil atabilization was, Inveattgated.
AN B by 10-ft tent area wan divide~fi into four uoutions, each 1 by 5 ftV.
I~wo aectiona were filed hIi n. deep with eand of medium grain size, one
aetiort with a fine dune sand, and one with pulverized lean clay. Approxi-

__-- - - nte1~L1/a -lb-of-polyeateresn per -s-.a "otoC-r-a e-oue ot
one or the miedium sand mactiona; it r-enetrated the sand to a depth or.
about 1/8 in. Like amiowta of-&. mixture of polyester resin avid ahp~
fiber' gluze were a-prayed on the other m~d4iwi sand veotion *nd the betri -
clay section, and penetrated to-depths of about 1/8 and 1116_in.,.respectively. Thie dune sand v~m pu3.viixed with upproximately 0.12 lb
per aq ft of aniline-ftrfural to a depth of abouL V/2 inl. Fi., 10 @how@
the stabilized metions-40 they appeared before the dowmah blast tests,
The crack in the surfeo of seoUlon f-in-fig. 10-Va. ceause4 by the ohrink -.

age of the polyester resin Wpon- curingt The fiber -glass prevented -uch
cracking in sections 1. and& 3. %be stabilized sections were subjected to
down*Ash bl~pt of the 6a-inj is~prope1.1r at a-disc- 1oading--of- 1Q .b-per------------ ---

_ _U 
..... ...

dot.~

F~ig. 10. Soil stabilitation sections before test. Section 1 Is
the treated lean clay, section 2 is the dvine an-d; iiections *3
and 14 are inedium sani with polyester resin and fiber' lgla

and polyester' rosin, re-,pective1.y

2.91



sq ft w ith no detrimental effects to any of the four sections. The test
sections were then subjected to disc loadings up to 145 lb per. sq ft from.
the 24 -in. -diein ducted fan. No damage occurred to the poJlyester sect'ions;*
however, an area of the aniline-furf'ural section (sectioiT-2) failed at a
disc loading of about 110 lb per sq ft.. 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.

- *-7

Fig. 11. Soil stabilization sections after test

30



PART V: SUMMARY OF RESULTS, CONCLUSIONS, ANhD RECOMMENDATIONS

Summary of Results

Prototype tests

40. Data obtained during the Fort Rucker and WES prototype tests

appeared to be erratic in that the 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 obtained 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 rotor center (horizontally)

in both model- and full-scale studLes. Since this is the area where dust-

cloud formation will be initiated as an aircraft approaches for landing

or increases power for takeoff, more measurements are needed in this area

than in others to define the phenomena.

Model tests

41. Model studies comprised not 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 data were then obtained on the

20-, 24-, 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 udpear favorable; however, the limited data a-ilable

at this time for both model and prototype do not allow definite conclusions

to be drawn. Data presented in plate 7 and discussed in paragraph 31 indi-

cate that boundary-layer velocity varies with disc loading and vertical

height. Equations developed for these two small-scale conditions compare

31



.-- -" "

favorably with oihcr similar small-scale data (plate 8), but sufficient
data from larger d:iameker t ,p protoIyp pvl,-. 1-. are not available for
compari1on.

112. Soil il)-,.rick, iov.m,,ut studies indicated that dust-hazard con-
ditions would develop if boundary-layer velocities exceed 1200 fpm over
dry fine sand and 1800 fpm over dust-size particles of lean clay. Thus,
ground protection would be required over an area where these velocities
were exceeded.

43. As mentioned earlier, the correlation of model and prototype
data yielded little information, 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
caused -the data obtained to be inaccurate. The correlation of results
of tests of the smnall and large propellers appears to yield usable values .
although the available data are limited. Additional data are needed on
larger model blades and more exactly positioned prototype aircraft to
accurately define model-prototype relations.

Conclusions .

44, Based on results obtained in this inve tigation, the following
conclusions are believed warranted:

a. The downwash velocities along the ground surface cause
soil-particle pickup, 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.

b, Lightweight -ground covers (nemlzant) can alleviate dust in
the landing ard takeoff area of helicopters.

c. A vertical lip around the edge of the membrane will reduce
- the site of membrane section needed.

d. Certain of the soil stabilizers tested will alleviate dust
under VTOL aircraft.

e. Tests to correlat.q model and prototype data indicated the
need for more accurate measurement of prototype data for
each aircraft 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.
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Recommends ti ons

115. In view of? the rindirige' presented -i this rcporn, it is recom-
mended that the correlation study be continued. Additional -tests should
be conduct-ed with larger cliaautetcr model propelle--rs and with prototype
aircraft under rigidly controlled conditions of position and weight in
order to establish model-to-prototype prediction curvee or equations, or

-both. Soil movement studies should be continued to determine, the factors
involved in initial soil-particle pickup and the velocities ta as
pickup of various soils in order to predict the area protection required
for various helicopters.
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Field tests were conducted--with operational helicopters f.t Fort Ruker,-. Ala,, andat the Waterways Exper'iment Station to determine dowowash velo, 'ty -rofiles. InI
-..addition, tests utilizing scale-model rotor blades were made at the ES over wet.
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downwash blast effects of full-scale aircraft.

D D.I O 1473 :,Unclassified
Security Classification



iUii AC hi A;iI _

Dovnwasl A I

Dout control

SoUi--SttabilizabLionq

x*h re on ' all

2,. OERIGNTIN AECTVITY EulVCT ner t he naend cdr- (o. AVA liied vrIMeq TINuOICe:Eters a banc e o tin-
ofl thecooity ta ifior, o nrof t-In? ran nicate nwohether Oi i fnhrcianmn in fIlerrot ihrthnttes

teitt lvii Dae or oiiuean titii g rqireto ante I anlodgI- _-Hecuityimguuaions by secuity nlcotifuc-aluti nc ismtadar tnof entothe rwon suchprprt an:

.,v, REPORT. SEUT andAied S -IttCA'rifal Enterl t cr (3 '"UalSf ed venue-t aernc ma y obtain cylen o thi
[tic securpt ln fic.tlon ofwhe rppirt.e Shndicat woeter hsrpoldrcl ro D.Ohrqulfe
SRestkricte Dh a' i-n u-oel iirr M arkl nq ino lI inacod -- () ra (rota DDE.' g--

.Qh-.ROP:iwi -AdtLI-; Color tieicipIir por.tf ~t--atelit 'll ". Go. Gtrie, u age cion ay tain citsc of i
t ta je S 20. tO te a in ral ~ tae tiuldr he MclasiiatIterr

the rou numer.Als, m~e aplicble Min. ht uilinal hireport directly fron DD . Othruliit fied Dr

If a me'aningful title cannot he nelected without i-sintfisa- reotdrcltoni01g. iirqtlfehsr
fliostiw titile rtamsiftcntioo In rilterpltalt It, tiaretittiein tl .inliiru4ii

immedIatey fotluwing the titte. --.. ~....-...~a-________ _ . ... .
4. DESCRIPIVE NOTES: If apptinte,' enter iheltypi'.t * (5)" !/Aitdinlirbation of this; report in cotitroltet Qual-

-report, e.g., lot erim, progtress, autmimary, aitnuntl, or final. ted DOG osorst Shatl request through
-. ive the inclusive daltes when a apiic reportinaI period In,
covered.,

the names) .- If the reortS hits been), furnished to tihe Office of Tecmnlrai
5, At.TIIOR(S)t Etnter th ar~)of author(s) ans ahtwn on Services, Deptiirment of Commerce, far-sole to the public, idi'
or in therepartt Ester jelst ountime, first namet middle Inittal, rat e this fact and enter the price, if known. --

If military, show rank mid hratnel of service,-- The name of
the principal authoar i.. an absoiite nitit requirement. 11.I SU11I'LEN1ARY NOfE--S: Use her additionat enptana'

6; RICPORT DATE:' Enter the tile of the report as1 day'. o~nts
month, year: or mnonth,. yoar. If more than onec date aptpears 11, SPONSORING MILITARY ACTI~VITY: Finter the oamqaf ----

on the repert; uWse i ofpbictote departmental project office or tahaoralory sponsoring 0ta
7

a. TOTAL NUMBER OF I'AGIIS: The Itel pagie count' itn~ foe) tint reseatchi aiid deieojpment, Include addrens
should follow normal pagination procedures, i.e., enter Ihe t ' AttSTtdACl: E-~ttr an iatinrart ixicinit it tiet jiti fi-ltuii
nutatir of pages canta.ining Informna tion. "l;iioiiarv of lIi, to-aneat ittihcitni' 'if the, reirt ,teen thoitght

RECE, ntr hetoa it ofil its amig'ir el setiri ini 111v' hndy iif the Itihiiiil tt'
lit. NUMBER OF RlEF.NE ne teitt numaburiif t'nt if etiti Inm upon' to roituireil a rolut tialif li tel -

references cited in t tie report. Mna it liei at t ulieu.

Ba. CO fTR ACT OR OR ANT N UMBER: If itptitirimie, enter It11A id ci-il 01M i II, atitrat at vl.-IaanUit re,.
the atpliitable, itambier of tliv contrai-t or gramni -iiiilrr whtictih Fa. an.' I.. ni-ti ofrueaii 'Ihv atirirtr shalt
tlie repo'rt wani written. -- ii iwith ti al ldrlica- at ime imit (-(i u itv ,imsn ificit io

8h, 8L, & Br). PROJ ECT' N UMOER: EnterI tie etitirotinte ith:a i', f.iiu ii ii, Ibte turirti.riegri'-ii -i in iTS 1- (5).
miititary departet identification. sach n project number, i ri (U)t.- -

subtproj eel number, syastem numbers, tnk nctmber, etc. limit ., Iii.,til a " in I hi' trutlf ii f thie at ni act. - t i

9s. ORIGINATOR'S REPORT NUMfIER 1S(): Eaiter"th ifi r"A ,.i -111it udrii. ciii':h i mu fruom IS 1h .a 225 w'irIs.

ci at report number by which thme locu incrot witl Ibe ideti ifiedu I-I. KEY It %00IS': Rev u.'I ar 1- lu: in M ~,iicttiit
and controtted by tlie origintinjg aciviity. Tii nmbitr amast -"r uI ttu.m- Ji,..i , iu-irit ., .. -i '-n ad "it-% I- u-.it1
b~e uiquept to thitu report. - citr,-,iriti Io raitiitai'iii liu itie t E- i-tri mjll~ ti

9b. OTItER REPORT' NUMttEISm If thi' report tins heil i- 11iA thu.d tiiui itifirai 'ni " t'.
1
,iiri. I[d(in

antigned any otther repotrt no,tauera, (eitter b%, it' artiflin lv' h-l it ettna%' iiiiiti, I- it , i rii'i.i I ii.miii..'. I
am bi. filen nyioior). also ente'r this natnibirisiI 'i 1t 1-i;, cit hitij tmi'ti st-i a ..- tm ail

if] Cal lolle


