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Hiller Airoraft Corporation was awarded Contract DA Lli«177-70-655
in April 1960 to extend the work performed under Contract DA Llel77«
T0=500, This work was to include studios, tests and evaluation of
the effects of downwash and slipstrean forces of VIOL airoraft with

respoct to alroraft, supporting equipment, persomnel and landing
areas.

This report covers a portion of that work consisting of tests con-
ducted over sites provided Ly the U, 8, Army Engineers Waterways
Experiment Station, Vickeburg, Mississippi. In addition to these
test sites and general NM of the test program, Waterways
Experiment Station also provided the wave rods and recorder equip-
ment -used in the water tests and the classification and condition
of the materials at the time of testing.

Work yet to be dens under this ocontract consists of tests over the
sams or similar tast aites with duot adapters simlating, plemm
chamber and anmular nostle configuration ground effect machines,

and side by sids noszles for VIOL airoraft, This work will be
ocovered by a separate report, A summary report and edited film
analysing the results of this ocontract and Oontract DA Lk=177<10-500
will also be prepared,
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Wave frequency L -N N
Helght of point under investigation abeve normal

surface £,
Duct exit radiuvs £,
Volume loading (particle volume/maximum projected

ares) inches

Disk loading (thrust/2.79) pounds per aquare foot
Dletance measured along the surface from a
point directly bensath the duct exit to the

point under investigation £t

Height of the duot exit above the surface £¢.
a Measured distance between exit and swriface prior

to run for smooth soil
b Measured distance above mean water level prior to run

¢ Distance betwesn duot exit and bottom of furrow prior
to teat

Thrust axis inslination degrees
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direotion from the propeller axis projection or from
a direction along the plowed furrows degrees
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NOMENCLATURE USED FOR SOIL CONDITION

I lean Olay (OL)
A, Bladed Beotion

B, Plowed Section (Flat)
C. Plowed Section (Furrowed)
D. Orassy Area (Unmowed)

E. Orassy Area (Freshly

II Fat Olay (OH)
A, Weathersd
B. Bladed

III Sand (8P)
Ao Dry
B, Vet

IV Sandy Oravel (W)
A, A» Deposited

Mowed)

B, Sprinkled and Compacted

V Water
A. Mrash

Test Numbers

1 to § inoclusive
6 1o 30 inclusive
31 to 39 inclusive
6L to 73 inclusive

Sﬁ and
7L to 88 inclusive

89 to 92 inalusive
93

Lk and L

9L to 10L inclusive
106 to 120 inclusive
L2 and L3

LO and L2

55 to 63 inolusive
121 4o 126 inolusive
127 to 137 inclusive

Lé to 52 inclusive

This aystem of soil condition nomenclature was used to provice a com=
plete cross reference tetwesn this report and Appendix I. A single
designation was used which consists ofi

1) A Roman numaral that depignates the type of soil,

3

2; An alphabetical symbol that designates the soil preparation,
The test number assigned at the time the test was conducted,

A designation can consist of the first two parts when reference is made

to a series of tests.

Example:

Data designated I-B2S5,

This data refers Lo test number 25 which was conducted over a plowed

flat surface of lean clay,

xii
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Refersnce to soil condition V=A refers to all tests conducted over the
fresh water,

Particle Trap location

Soil Condition I=0, Tests 31 to 39 inclusive,

W TR B T N YR,

5 The following relation between traps and duct exit was uaed:
E %/R=b Symbol
§ g The N
g |
i S B
} x/n-&(/ Symbol - - e D "{ *
ge12s° N ¢
, . U,/g.o Synbol . /)y,\ g-\L
- (-] // Niae ,;,:_/ N ,
— . .- ”.._9.? - ,E’ e . e gy /.7)"1;;’/ T
Plan View 8ide View

In all other sero tilt angle tests the relative direction fs un‘r«
portant and only the x/R

location of the trap is given. T.o foliowing
notation has been used:

A ——— R e R o

x/R 3 6 9 12
Symbol b O D O

: The following "atation was used for all tests with the thrust axis
inclined to tho sertical, O = 30 degree or O = 60 degree tests:

¢ 0° 90° 135°
Smbol © (o 4

For tests 119, 120 and 121, the particle traps were shifted four feet
downstream, The cata obtained during test number 121 was not used
due to a hearing f'ailure which necessitated promature termination

of the test. The results of test numbers 119 and 120 were plotted
using a flagged symbol to denote a downstrear shift in the origin.

xiii
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Undar soma conditions nne or more particle trap compartments were

filled to capaoit, { When plotting the data a full compartment was
designated by {illing in the symbol,
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1,00 _ SUMMARY

A two-foot~diametar duoted propellsr, cspable of providing disk
loadings up to 145 pounds per square foot, was operated over clay
soils, sand, gravel and water. The duct exit height above the
surface was set betweon one~half and three dismeters, and the ducted
propeller was socelerated to provide the test disk loading., Three
particle traps were used to capture airborne material, and provide

informetion on the flow of material at various heights above the
surface,

Oonsiderabls quantities of material wers removed from the impact area
vhen teste over loose material (i.e, sand, gravel, plowed clay) were
mde. The quamtity of materisl noved was primarily depsndent upon
molsture content, disk loading, type of goil, test time and 2/D,

A teat over gravel at 2/D = 1,5 and w = 140 pounds par square foot
produced an erosion rate of spproximately 150 pounds per second,

With the ducted propeller operating ovar water the onset of spray

cocourred at disk loadings of 8 to 15 pounds per squars foot: In-
oressing disk losding from the spray onsst loading to 1L0 pounds

per square foot increased the spray density arnd height shove the
surfaso,

Siten oovered with vegetation and undisturbed hard surfaces showed
little or no erosion resulting from tests with disk loadings to 1LS
pounda per square foot, Tall grass deflscted the outward flowing
air, csusing the flow to 1ift above the surface., The sise of the
resulting depreasion in the grass increased with disk loading,




2,00 CONCIUSIONS

In general there is no definite poirt ir uisk loading, or diamsters
sbove the surface, where it can bs s+id that therc cxiats a practical
limit dus to the erosion problem, The surface ercaion is increased
by increasing disk loading cr by decreasing Z/D.

The soil condition and molsture content have been found to have a
pronounted effect o erosicn, Ury sand erodes quite rapidly at
disk loadings of eight and above, while sand saturated with water
shows only light erosion at a disk loading of 1L5 pounds per square
foots The erasioa of gravel was retarded by saturation with water,
but saturatlcg gravel with water was not nearly as effective a
detarren’ ... it was with sand,

The aweration of the two=fnot ducted propasller over grass showed the
=388 to be effective in preventing soil erosion; however, the tall
srass formed a oup that dirscted ths surface flow up snd looae
material was blown back into the duct inlet by surface winds,

Teats conducted over water showed a spray onset in the neighborivod
of eight to fifteen pournds per square foot loading, Between the disk
loadinga of 30 amd 60 pounds per square foot the spray pattern
changes from & radial surfacs spray to one in which there is con-
siderable vertical motion and ingestion into the duct inlet,




3,00 INTRODUCTION

The cparation of helicopters and vertical lift types of airoraft
from unprepared surfaces presents problems associated with the
downwash or slipstream impingement., Among thease problems are the
effacts on: the pilot; the aircraft nhysically and operationally;
tactical operation of the alroraft; and danger to ground personnel
and equipment, resulting from d.st and debris set in motion by the
downwash or alipstream,

In 1958 ths U, 8, Army Transportation Research Command ( TRECOM)
awarded to Hiller Aircraft Corporation Contract DA LlL=177=TC«500
to study the characteristios of the downwash from VIOL aircraft,
In the testa of this program the downwash from propellers and a
ducted fan was impinged on a flat non-eroding surface and velooity

profiles and flow directions were obtained (reference Hiller Report
No. 60'15).

In April 1960 Contract DA LL=177-10-655 was awarded Hiller Airoraft
Corporation te oonduat additional teatz znd ovaluation of the effeots
of ths downwash impingement on a variely of soil conditions, For
complste soil desoription see Appendiy I,

To obtain information that would allcw even the moat gensral answers
t0 questions concerning problems that might arise on this subject
would require an enormous amount of testing, When one considers

the variables connected with tho air jet generator - for example,

Jet velocities and shapes, pulsations, impingement angles, heights
above the surface, ground winds present - and adds the variables
present when considering possible landing areas ( such as soil type

a8 to textural anl plastic qualities, moisture content, surface
irrepularitiss and changes in the surface dwring impingement of the
Jet) it becomes immedistely upparent that the program covered by
this report could only lead, at best, to very goneral results and
possibly point the wsy for future teat work. The reader is cautioned
that the results preaented in this report were obtained under con-
ditions that allowed only a few of the many above-mentionsd variables
t0 be controlled or investigated and that any attempt to apply

these results to specific cases, except in a very general way, is
not recommended.




4,00 DESCRIPTION OF TEST EQUIPMENT

L,01 TRUCK TEST RIG (FIGURE 1)

A U, S¢ Army Model M=5L, S-ton, 6x6 cargo truck with a front-mounted
winch was used as & base for the test rig. A parallelogram boom,
with main arms 1% feet long, was mounted to the truck bed. Sup-
ported on the arms was a Ford Medel 332 industrial V-8 engine, dise-
placement 232 cubic inches, contimuous horaepower rating 128 at 2800
rpms A five=spesd, truck~type gearbox wus mountsd on the engine and
provided input to output ratios of i1, 1,48:1, 2,L011, L,3811 and
7+58:1, The output shaft from the gearbox was attached to a right
angle drive unit with an input to output ratioc of 112,69, Thias unit
wag mounted so the output end could ba rotated about the main drive
shaft axis, This allowsd the thrust axis to be inclined from 0 to

90 degreas in 30 degree inorements, The propellers were mounted on
the output shaft,

The propeller height above the ground was controlled by raising and

lowering the boom assembly with the winch cables This height could
be varied trom six inches to 1.5 fest.

4,02 DUITED FAN ASSEMBLY (FIOURE 1)

Disk loadings up to JLS pownds per square foot were obtained with
tha twe=foot=diameter ducted fan assembly, Tha single rotation
propeller contained six RAF=S airfoil section blades machined from
aluminum alloy forgings mounted in a split hub that allowed the
pitch of sach blade to be ground adjusted, Complete design infore
mation for the duct and propeller blades will be found in Hiller
Report 60=15, The three-foot-long duct was turned from a laminated
oylinder of sugar pine., It was mountod to the maln support shaft
by & welded tubular steel support, Mounted to the duct baolow the
propellsr was & set of five molded plastioc straightoning vanea
designmed to remove the swirl from the exit air astreanm,

L,03 INLET SCREEN

A duct inlet soreen of 1l/L=inch mesh was construoted and fitted over
the duct support tubes to prevent solid particles from falling into
the tuct inlet. The screen did not completely close the inlet, an
annular space betwsen the outside of the duct and the bottom of the
screen being left open,
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i OL TACHOMETER (FIQURE 2)

A Hewlett~Packard Model
500C electronic tachometer
wao used to determine
accurately the propsllaer
rpm, The tachometer uses
& photo cell to sense
intermittent reflected
1light from the propeller
drive shaft,

1,05 CAMERAS

Tha cameras utilized on this
program consisted of a 35
millimetsr camora used for
all black and white test
photographa of particle
movemants and sroded sec-
tions, and a 16 millimeter
movie camera used for photo=
grarhing moma typioal test
set ups and test runs,

L,06 PARTICIE TRAPS

Fig. 2o Instrumant Pariml
and Particle Trap

Two types of particle traps
were used in the prugram, To

obtain measurements of flow rates at different x/R's armd h/D's thres
traps thirty=two inches high, six inches wide and six inches doep were
construstad of 1/L-inch plywood, The back was covered with plexiglass
(see Figurc 2). The thres traps were placed together after sach run
and photographed Lo record their contents, Larger traps aix faet
tall, two feet wide and cno [oot deep tonatructsd of steel angle
framework and covered with rore«n (see Figure 1) wero used to trup

p;rticlea and debris farther from the duct caenter line and at higher
h/Dis,

i,07 INSTRUMENT PANEL (FIDURE 2)

A portable instrument panecl containing the controls for the propeller
power plant was used, Fcunted on the panel were the ignition switech,
the starter switch, the throttle control, the camera remote control

switch, the clutch controls, an englne tachometer, and a gage for
measuring barometric pressures.




L,08 BACKGROUND (FIGURE 1)

The background was provided to aid in evaluating the dust clouds and
particle movement patterns, It was constructed of No, 102 Black,

Vat Dyed Army Duck, six feet wide and 18 feet long and supported on
wocden poles spaced every six feet. These poles were inserted into
hollow stesl stakes driven into the ground., White linas were painted
avery two feet on the background to provide a visible scale, The
background vas installed on a radial center line of the duct with the
lower edge approximately ons foot above the ground and the first mark
six feat from the duct center line,

409 WAVE RODS AND RECORDERS (FIGURES 3 AMD L)

Five wave rods were supplied by the U, S, Army Engineers, Waterways
BExperiment. Stations Tha essential elements of the twosfoot=long

wave rods are the two atainless steel wires supported by insulating
material, These rods were submerged in the water to a depth of
approximately one and one~half fest, The wave rods were used as
sensing elements in parallel to a portion of a balanced full bridgs,
An unbalance, caused by changes in the water height, was refliected

to the bridge, amplified, and recordsd on a direst writing oscillo-
graph. The bridge consisted »f four 120 chm and four 50 ohm precision
reaiglors, making a 170 ohm bridge. The sensing elemsnts were parala
lel to one of thes 50 ohm resistors in one leg of the bridpe to give

& very small change in resistance for a submergence of two feet in
waters A small resistance change was desirable so that the cali-
bration curve wuld be approximatsly linear,

Figs 3+ Wave Rods Fig, Le Recording Lauirment
Wave Rod
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5,00 EXPERIMENTAL PROCEDURES

5,01 S80IL SURFACE

The general arrangement shown in Figure 1 was used for soil coniitiona
I-B, I-~C, I1I and IV, The background was aligned, before each test,
with the anticipated flow so as to provide for minimum disturbance.
Particle traps were placed in the impingement area as indicated in
the list of symbola, No particle traps were used for tests con=
ducted over soil conditions I~-A, II and V, and only the large traps
ware used for tasts over soil comlitiors I«D ani I-E, In peneral

the larpe trapa proved unaatiaslfactory and the data has not been used,

5,02_WATER TESTS

The arrangement of equip-
ment used for the water
toste is shown in Figure
S« A spacing of ome foot
vas used hotween each of
the fiva wave roda Jea-
orihed in Jactlon L.09,
The wave rods were located
along a radial line, or on
the plane of 1nclinatlion,
with the [irst wave rod
under ths duct centerline
for zero degree thrust
axis inclination tests,
¥hon the thrust axis was
inclined the wave rods Fige 5. Water Site Test
were positioned so as to Equipment

heat. mirvey tha impact area,

$903 OPERATING PROCEDURE

After preparation of the tast site the ducted propeller was engaged
and the disk loading increased to the desired value, The test disk
loading was maintained for the test time, which varied from forty
geconds to four minutes, and then the throttle was reduced and the
clutch disengaged. The tect time was normally one mimute duration;
however, to protect the propeller blades from excessive erosion, it
was reduced for some tests, In & few tests the test time was ex-
tended oo as to compile sufficient material in the traps for measure-
ments. for specific test times refer to Table 1,




©a00__ DISCUSSION

6,01 GENERAL

S04l claasification and deseriptions of test sites are given in
App:ndin Ie

The procedure used t» calculate the flow rate was as follows: After
sach test the depth of material trapped in each compartment of the
three small traps was measurad, From the geometry of the traps,
and the depth of material, the volume of the trapped material was
caloulated, The density of the trapped material was assumed to Ve
the same as that of the uppermost soil sample., With this assump=
tion the weight of the trapped material could he estimated. The
woight of material shich passed through a square foot of area eash
minute was obtained and plotted as flow rate, The test time was
normally one minute; however, soms tests were conducted for more
or less than one minute, The f{low rate was always based on the
actual test time and assums a constant rale of erocion,

Many testa produced an oroded hole, When the test was completed
tha hola diameter and depth were msasured, For tests over ths
unmowed grass where the concavity existed only during operation,

the diameter was estimateds The hole diamster to dusct axit diamster
ratio versus disk losding was then plotted,

6,02 VOLUME IOADING (V,L,)

The grain sise of soll condition IV varied over a large range,

«007 millimeters to LO millimeters., Therefore, plots were required
to provide information on the relative size of particles trapped.
It was felt that {he shape of the particles had soms influence on
the maximum height to whioh it would be projected, The volume
loading notation was chosen to reflect the shaps of the particla,
Volums loading is defined as the quotient resulting from a division
of the particle volums by its maximum projected area, If the den=
sity of each particle were known, the product of volume loading and
density would result in a paramster similar to the wing loading of
an aireraft. For this report the particles were assumed t0 be rec-
tangular objects whose principal dimensions were established from
the particle sire, By assuming each particle to be a rectangular
parallelepiped the volume loading became equal to the minimum
dimension of the assumed ohjeat,




6.02 SOIL CONDITION I, LVAN CLAY {C.L,)
Section A, Bladed Section

The bladed lean clay withstood the tull impast of 1LO pounds per
square foot disk loading with very minor erosion, Figures 6a and b,
The fine surface material formed a dust cloud which was initially
dense, but clearad considsrably after the surface was swept clean,

Small surface particlea broke loose at random intervals throughout
the test,

Fig. 6a. Test T«=AL F* ., 6b, Test I=AL
During Operation After Completion

Soction B, Plowd Section SFlatz

Twenty=five testa were conducted over the nlowod flat section, The
higher disk loading teats removed large quantities of material and
produced dust clouds of sufficient size and density to ohasure the
test equipment, ses Figuraes 7a and L,

Fig. :7a. Test T=BlS Fig. Th. Toat i-" .o
During Operation foer Cooolndi
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The data obtained from the particle traps was corverted to flow
rates, as described in Section 6,01 and plottes in Figwes 19 . nu.,
Alter complation of the test the diameter of the sroded he': .-
wasursed, The ratio of the hole diamster to duct exit " na or has
beon plotted versus disk loading, Figure L1,

Seotion C, Plowed Section gmn‘omdl

Hine testa were conduoted
over ths plowed and fure
rowed lsan clay; the furrows
wre propared as described
iu Appendix I, The highar
disk loading teats removea
all loose material {n tix
impingement area, wit+
nnticeabls dust rot.on
alung ths battor ¢} *m
furrow, Figur- 8, rlow
rates ohtr'tmg from tenta
over Liw ple ud anl fure
rowe ' loar alay are ghown
fv. /4 an 1?7 to LB, The
e8! kL& Cor ¥lpures 7

2 . L5 wen 'blalmd aftar
aprdnkling the surfaos with
waiar {ase Appaniix I, Teatu
Pt A4, for #2611 demcrips
'I!\l‘"’.

ceokion D, OQrasoy Ares {Unmowd)

The ava.l traps ware not,
used [ap Lhw tan tantn
vorducted owar the gransy
Area, The unmownd prasa
fiedted thy downwaah,
under all disk loading
sonditions, Figure 9a,
Tre Jot blasy wamayed »1)
.ooue material on Lhe
grovid surface and broke
o!f and tlew avay some of
thw grass, vut did not
dlsturb thy prasas rootn
or hard soll,




101 Tooe materisl which
wes o2 (Lad above the pv.-
Ly the alr stesar .~ -
some matting .
inlet.

Lo

RA AT 4
Ly

wad a definite circuler
shaps whoge diameter was
estimated during sach test,
the results of which are
shown by Figure L9,

Fige Sbe Gras- Mat
Duot Inlet Jaree

Section E, Orasxy Arys (Freshly Mowed)

Seventenn teatn wre Jade
uvar the ..y roned
Frasyy ar~a} “wwever, no
Quantlii woive dala waa
obtalned, The higher disk
1r .ding tests (100 to 145
Jourais per square foot)
removed all thrs loose
material from the impact
area, lsaving the roots
and hard soll unaltered,
Mgure 10, The primary
difference between the
mowad and unmowed grass
wvas the deflection of the
Jjet above thes ground by
the unmowed grass,

Fig. 10, Test I-E82
Aftor Completion

6,0l_SOIL CONDITION II, FAT CLAY (C.H,)

Sections A and B, Weathered and Rladed, Respactively

Four tests were made over the weathered fat clay and one after blading
the same section. No particle traps were used during tests over the
fat elay as there was no steady erosicn. The weathered (Section A)

12




fat clay was peelsd by the jet impingemsnt, amali dry surface
chunks broke free and were blown from the area, Figures 1la and b,
After blading the dry crust from the surTace cne test at 135 pounds
per square foot was made, The only soil movement consisted of a

fow loose particles left by the track of the motor patrol (grader),
Figure 12,

FMge Llae Test II=A91 Fig, b, Tast II-=-A91
During Operation After Completion

Fig. 12, Test II-B9)
After Completion
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{_:_,_ SOIL CONDITION IIXI, SAND (S.P,
Seotion A, Dry Sand

Twenty=-eight testas were made over the dry sand, The dry sand was
nonaiderad to provide an ideal test site, as it was relatively
homogenous and reproduceable, and considerable activity was produced
by the jot impingement, Figures 13a and b, The flow rates were

Fig. 13a. Test III=-A208 Figs, 13b, Test III~AL08
During Operation After Completion

calculated and plotted in Figures 50 to 6L for the thrust axis normal
to the ground plane, in Figures 65 to 72 for 30 degree thrust axis
inclination, and in Figures 73 and 7L for 60 degree thrust axis
inclinations During the tests over the dry sand, it was noticed
that two eroded holes were formsd, oms large almost imperceptible
depression, with a smaller diameter deep hole in the center. The
diameter of both depressions was recorded and plotted as Cepression
diameter to duct exit diameter ratio versus disk loading, Figure 75,




Section D, Wet Sand

The addition of moisturo {wet sand condition deameribed in Appandix

I) to the sand had a pronounced effect on the he“avior of e erosion,
The jet lmpingement appeared t¢ dry and then evode the swrvace al a
slow rate, Fignrez 1la and b, Tracks which wore not visible before

Mg, ia.  Test ITI=Bi} Fig. b,  Test III=-BL}
furing Operation After Completion

testing were exposed during the teslL, IL appeared that local loading
of the surface tended to squeeze the water out, which produced faster
drying and erosion during the test, By comparing the flow rates
produced by tests over wet sand, Figures 76 and 77, and thoss over
dry sand, Figures 59 and 6L, at similar conditions, the decrsase in
erosion rate obtained by saturating sand with water is obvious,

15




6,06 SOIL CONDITIN IV, SANDY GRAVEL gu.w.z
Soction Ay A3 Deposited

Sovoniaen tests were conduated over thia soll condition. The effect

of the ercded hole on ths air flow pattern is shown in Figures 1S5a,
b ad ¢,

Fig. 15‘. Test. N“63. During Fig. 15h, Teat, N'Aéa
Initial Operation Aftor 30 Secends
of Operation

Fig. 150, Test IV-A63
After Completion
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(4

Figure 15a was taken during the first few seconds of the run which was
at a Z/D of 1.5 and a disk loading of 14O pounds per square foot.

The photograph in Figure 15b was made after about thirty to thirty-
five seconds of running time. The eroded hole shown in Figure 150
was the result of a total run of forty-two seconds. By computing the
volume of material removed and using the average material density, a
total erosion rate of approximately 150 pounds per second was ob-
tained. From observations of the test it was obvious that the par-
ticle traps caught most of the trapped material during the initial
twenty to thirty seconds; however, as the flow rate into the trap
varies with time Ly some unknown function, the flow rates plotted
(Figures 78 to 93) are average values based on tota) test time,

The curve of the eroded hole diameter to duct exit diameter versus

disk loading (Figure $L) includes the test data of Soil Condition
IVeA and IV=3, T

In addition to the flow rate and eroded hole diameter ocurves, figures
of volume loading versus h/D (Figures 95 to 110) have been included.
The increased volume loading at low h/D valuss incdicates that larger

particles (by the definition of volume loading) were captured near
the surface,

Section B, Sprinkled and compasted

Elsven tests wore run over this section, The difference in the

erosion rate between Section IV-A and Section IV=R was noticeable
during testing (Figures 16a and b),

Fig. 16a. Test IV=Al23 Fig. 16, Test IV-Bl32
After Completion After Completion
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By ccmparison of the flow rates for Section IV-B (Figures 111 to
121) with those of Section IV-A (Figures 78 to 93) for similar test
conditions, it can be seen that the additional moisture and/or the
compacting reduced the erosion rate, The plots of eroded hole
diamster versus disk loading are included with the data of Scil
Condition IV-A (Figure SL). The volume loading (Figures 122 to
132), as would be expected, appears to be very similar to those for
the tests of Soil Condition IV-A (Figures 95 to 110),

6,07 SOTL CONDITION V=-A, FRESH WATER

There were seven tests over the water sites, most of which consisted
of six disk loadingas, For the water tests, wave rods were used Lo
make a continuous record of the water level over a brief period,
The wave rods and associated equipwent are desoribed in detail in
Section Le0% The impression in the water surface (Figure 17a)

was measured by the wave rods, and the data has been plotted
(Figures 133 to 138),

Fige 17a. Operation at
18 Pounds per Square Foot

The duct location and tilt angle were included on compatible scales,
80 as to present a profile picture., The wave amplitude (Figurea
139 to ) and frequency (Figures 115 to 150) have been plotted
against disk loading for each of the test comditions, The spray
height was estimated from the 16 millimeter moving pictures ob-
tained during testing and curves of h/D versus w prepared from

this data, Figures 151 and 152. The higher disk loading tests
produced considerable spray, Figures Ll7b, ¢, d and e,

18




Figures 17b, ¢, 4, e. A preliminary test at Z/D
= 2,5 over the water test site, The wave rods

were not installed and a test rumber was not
asaigned,

Fige 17be Operation at Fige 17cs Operation at
8 Pounds per 15 Pounds per
Square Foot Syuars Foot

Fig. 17d. Operation at Figs 17e, ration at
60 Pounds per 0 Pounds per
Square Foot Square Foot

19
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Examination of Figures 151 and 152 shows the onset of sprgy to take
place at a disk loading of eight to fifteen pounds per square fcot,
A very rapid rate of increase in spray height with disk loading
takes place from 8 to 60 pounds per square foot disk loading,
beyond which the increase in h/D versus w is approximately linear,

From photographs and observation it was noted at low disk loadings
that the spray is a radial surface spray vhich reachez its maximum
height at large x/R values, At disk loadings above 60 pounds per
square foot the spray has considerable vertical motion and does not
spread along the surface to the extent at which it did at lower disk
loadings (w = 8 to 30 pounds per square foot).

The presence of the soreens and the large duot length helped retard
the ingestion of water; however, sufficient amounts were ingested to
retard the propeller and provent maximum disk loading tests under the
most adverse conditions (low 2/D and high disk loading), Figurs 18,

Fig. 18, Test V=AL9
During Operation
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APPENDIX I
DESCRIPTION OF SOIIS AND TEST SITES

Introguction

1, The Hiller Airoraft Corporation has completed a part of the down-
wvash impingement teats being conducted at the U, 8, Army Engineer
Waterways Sxperiment Statioa, Vickaburg, Mississippi., This testing
includes 137 teats oconducted with a two-foot ducted fan during the
period 2L May to 1 July 1960, The Vaterways Sxperiment Station
supported the teating by furnishing the test sites and performing
necessary soils tests for classification of the soils and for deter-
mination of the condition of the soils at the time of testa. This
report presents & description of the test sites, olassification of
materiuls tested, and condition of malerlals at time of testing,

Terminology
2. Pertinent terma used in this report are defined as follows:

a 8o gification me The Unified 80il Clas~
sification as n ado as standard by the Corps
of Engineers and t.hs Burnu of Reclamation and is in general use by

several other agoncies, is used as a basis for classification of the
solils tested, Thiz pyatem ia baged cn the identification of solls
acuording to their textural and plastic qualities and un their group-
ing with respect to behavior. The soil is gpiven a desoriptive namie
and a letter symbol indiscating 4¢5 principal sharacteristics. Thw
following rropeirtlens we used as a basis for olassifiocation:

(1) Percentage of gravel, sand, and fines (fraction pasaing
No. 200 sieve).

(2) Snape of prain-size distribution curve.
(3) Plasticity and compressibility charscteriatiocs.

A complete desoription of the Unified Soil Classification Sysiem is

given in Waterways Exparimsnt Station Technical Memorandum No, 3=357
dated March 19553,

be Atilerberg limitus. The Atterbverg iimits are defined briefly
an the water content ol a 204l a* the transition points hetween the
goneral stages of consistency; that ls, liquid, plastic, semigolid
and solid stagss. The liquid 1imit (LL) and the plastic limit (PLS




express the upper and lower limits, respectively, of the plastic range
of a soll. The difference hutwesn these two limits expresses numari~
cally the plasticity of & soll and is reforred to as the plastisity
index (PI), The test procedures used for determining the liquid and
plastic limits were eossentially the same as ASTM Dasignations D L23-
39 and D Lzl=39, respectively.

Ca tion. BScil gradation refers to the distribution of grain
sizes in soils, This distribution is normally shown by a grain-aize
ourve in shich grain size in millimeters is plotted against percentage
of finas by weight, Sieve analysis tasts (ASTM C 136=L8) were used
for determining the grain=sisze distribution of soil particles coarser

~ than a 200-mesh sieve (0.07h mm), and s hydromster nalysis (ASTM D

122-84T) was used for determining graine-sise distridution for ma=-
{Lorials {iner than a 200-mesh sieve,

d. Water content. Wator content (w) iz the ra.lo, expressed as
a percentage, of tre woight of water in a soil mass to the weipght of

the aolid mattar. Teata wers condunted in aoaordance with ASIM D
698“5”.

8, Densiez. Density of a soil is the weight per unit velume; in
Lhis report IV it capressed as dry density in pounds per cubic foot.
Tests were vonducted by the sand~density and drive-cylimder methods in
ascardance with Corps of Engineers' procedurea.

Desoription of Soils and Test Sites

3. Tests were performed on the following saiin and tast sites:
2, lear clay (CL)

(12 Bladed section

(2) !lowsed section {flat)

2}) Flowed section (furrcwed)

Lg Orassy area (unmowed)

(5) urassy area (freshly mowed)

b. Fat olay (CH)

¢, Sand (SP)

(1) Dry
(2) Wat

d., Sandy pravel (OW)

e. Water




1 My

k. Orain-size distribution curves and Atterberg limits data for the
aoils tested are shown on plate 1, A narrative description of the

s0oils and condition of test sites is presented in the following para-
graphs,

5. Lean clave The material used was a fins=grained anil of medium
pluﬁoﬂy wI of 13) which classified as a lean clay (CL). Thia

goil 15 commo1ly referred ‘o as a lopss doposit and is typlcal of
loass formations found throughout the midwestorn part of the United
States and mary other areas of the world such as the southern edge
of the Jobi Desert. in central Asia, the Yellow Earth Area in north-
western China, central Europe, Palostine, and the western half of
tho Union of South Afirlca. Tests wers conducted on the loess soil
under the following conditionss

a, Bladed section. Testa 1 through 5 wers conducted in an area
25 feot wide by 100 feet long ufter it had begen bladed smooth with a
motor patrols The water content of the surtace was about 17 percent
immedistely after tiw grading, and the dry density variad from about
93 to 108 pounds per cuhic foot. Thia area would repressnt any bare
aroa of aimilar acil, such as dirt roads, unsurfaced parking areas,
ctoatera, for & medlum range of water content and density, BSoms
drying of the expnsad surface soll ccourred during elapzed tims
batwoon tests; this resullted in Liw formation of a crust about 1/2
to 3/L inuh thivk, The surface was oraved and contained mumerous
ghrinkage oracka prior to tasta 2 through Y, as shown on phntagraph
1, Water nountent and density valuea nf the soil measured at the time
of tests are shown in table 1,

be Pload section (flat)s Texts 6 Lhrough 30 were sonducted {n
a flat plowed seotion approximately 20 by 250 feet in arsa, The
matnrial was scarifiaed by one puss of tha acarifying teath on a
motor patrol and then pulverised to a depth of about 9 inches with
two pavses of a pulvimixer. This resultad in a very loose material
simulating a froghly plowed flat [ield which might be used for sowing
grain orops such as wheat, oats, etcetera. The area contained mater-
ial ranging in aize from 3-inch clods of soil to dust. The dry den=
sity ranged from 60 to 77 pounds par cuhric foot, and Lho wauter oon-
tent ranged from § Lu 16 parcant. Phatapraph 2 shows a general view
of the area prior to testing, Actual teat valuea of water content
and density are given in table 1,

o. Plowed section (furrowed). Tests 31 through 9 wero conducted
in a plowmd, lurrowad area,

R aran wBa {ini+ially prepared in the
same manner as the {lat area desoribed in b above, and then rows were

formed with a middle~buster plow. The rows were spaced approximately
thres feet apart, with the top of the row about ? inchaes above the

>
Tt
-}




bottom of the furrow. Thin area wuld reprusent & freshly plowed field
vhere furrows are usually formed fcr row crops such as corn, cotton,
sugar cane, etcetera, The water content and density ranges were aboui

the same as those for the flat plowed area. Actual values are shown
in tahls 1,

de Qrassy area Sumowd o Tests 8L through 73 ware conducted on
an unmo grasay area of lean clay soil, The grass consisited of a
fairly danse covering of Johnaon graas 2 to 2=1/2 feet high with some
Bormuda grass and clover, The root aystem formed a moderately dense
mat in the upper 1 to 1-1/2 inches of the soil. This area was culti-
vated for wigetable gu'dons durdng World War II but has been lying
idle since about 1946, The area ia typical of land whioh has been
taken out of oultivation and permittad to grow up in grass and weeds
for a period of several years,

e, Qraysy area (mowed), Teasts 53, 5L, and 74 through 80 were
conducted on & muﬁii mowed portion of the grassy area described
above, The grass was mowed With a rotary-type power lawn mower but
wvas not raked,

6. t clay, The material uned tor this portian of the testing was
a fine~grained soil of high plastioity (PI of L?7) which clasaified an
a fat olay (CH) soil. The material was obtained from a backawamp
deposit of the Mississippi River and is typical of heavy clays found
throughout the world along well-developed flood plains with back-
swvamps., The area used for tests was a stookpils of this material
loocated on the Waterways Experiment Station raservation; it had been
axposed to the weather for about one year, The upper 2 inches of the
clay had dried to a water content nf about B8 verosnt and contained
numerous slulikege urwvks, The weler contenl bulow the Lwo=lLiwh depth
was about 31 percent, The dry density averaged ahout 88 pounds per
oubio foot, which is about tho averape density of the natursl mater-
fal in the swamps, Testa B8Y through 92 were made nn the aoil in this
condition. Test 93 was comduatad nn the samp 0oil after the dry

surface muterial had been scraped off, Actual water content and den=
sity valuss are given in table 1,

7. Swmce The sand uaad iu the tests classified as a nonplastic,
uniform, fine sand (SP) and was obtained from a sand bar slong a

small river in the Vicksburg area. This sand is typical of many
river bar sands found throughout tho world, and the behavior under
blast would be about the same for any sand of similar gradation,
densily, and water content, Testa ware conducted cn sand sestiona
constructad urcter shelier for the following conditiona:

158




A H. Tests LL, LS and 94 through 120 were conducted on
test sestions which were 20 feet wide, 50 feet long, and 1 foot deep
and were constructed of airedry sand, The material was placed in a
trench section and was hand-spread to grads, Water content values
varied from asout 0,5 percent at the surface to 1,7 peroent at the
bottom of the layer. The sand was in a relatively loose atata and
had an average dry density of ahout 92 pounds par acubic foot,

5. and, Tests L2 and L3 were conducted on wet sand, For
these tests, a trench santion 20 feet wide, 50 feet long, and 1 foot
deep, wll filled and leveled with sand in the same manner as the
dry sand section, wea used. 7The sand was then wet by sprinkling
with 8 wator hose und spray nostle., The averags water ocontent and
dry density of the sand at tims of testing were 8.7 percent and 92,3
pounds per cubic foot, respectively,

8. 8an ravel., The malerlal used in these tests was nonplastic,
».n“%kﬁ-rm-p s gravel (OW) with 1=1/2 inch maximum size particles,

The material was obtained from an alluvial gravel bar deposit whioh is
typioal of such depoaits along many streams throughout ttw world, The
sendy gravel was placed in a trench section 20 feet wide, 60 feet
long, ard 1 foot dasp with only a very alight sampastion ef fort belmg
applied. The material was sprinkled when placed and this resulted

in & motst condition, Tests N, L1, S8 through 63, and 121 through
1)7 were conduoted in thia section, After each series of tests, the
eroded areas were repaired and the same section was used for additional
Lestes The wales content of ths materinl for tests LU, L1, %5 through
63, and 121 through 126 varied from about 0.3 percent at the surface
to 3.0 percent at the dettonm of the layer. The average dry density

of the material was about 115 pounds per cubic f224, which is about
the same degres of density found in natural dapoaits of ths matarial,
The entire area was sprinkled and compacted by four coverages of a

D7 traotor prior to teats 127 through 137, This resulted in slightly

hipher water ocontents and densilias® of the mataria) i{n these latter
Lests, as shown 4n table 1,

9 + Tests L6 through 52 were porformed over water which was

22 inches deep and was oonfined by sand dikes to & pool approximately
L0 feet wide by 100 feet long. The dikes ware sloped to approximately
1 on 3 Lo dissipate any wave action ocourring during the tests. Data
for dovoloping a profils of the trough produced umder the various tests
were obtainad by instrumenting the area under the ducted fan wiih a

sories of wave rods and recording the swater clovation on an cscillo-
graph.

Plate 1

Tatls 1
Photographs 1.2
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1%7.2
U9
17.2
607 “‘a
1643
22,2 97.8
lloh 6‘;.2
18,2
230" 91406
A 62,8
%2.3 8L.6
26,3 84,9
1300 6?0“
15.: 61
%i:9 82:2
13.2 6L,7
17,7 91,5
1,0 65,2
20,0 9344
9.9 67.0
10,9 68.0
11.0
1300 67 .0
17,0
19.9 69,2
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Test

41

s

L

28

>3

J2

33

k1]
35

Soil Type
and Conditd

Lean ¢l
{plowd

lean clsgy
(plowed and
furrowed)

P

0-3
L7
8-11

0-3
9=11
11-14

0=3
3-6
8-11

0=3

3-8
8-

3
10«13

0=3
=7

O=3
3-8
811
0=3
9-12
0=3
3-12
0-3
3=7
1013
=3

0-3
L7
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80il Conditionm
sturs

1640
20,0
22,0

12,2
20,L
23,8

12,9
1746
2.2

6e7
18,6
22,8

1,6
20,2
2Lk

17.0
17.2

9.8
18,6
2L.b

0.8
12,3

13,5
11.2
10,2
11,6
19.4
12,2

943
12,0

ns

thou 4 v
T70.7
69,0
90,3
68.6
93.3
67.8
92.0
Mk
9549
M.
723
90,8

68.7
1342

70.2
76.5
.1

7242
9L.5
716
70.4
67.8
7641
70.0
("0

7.8
o2
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ramem

Tost
1

36

Y]

38

3

9=l

ba=b)
hli=liS

L6-8L

5563

6L=~88

89

90

Soll Typs
and Condition

7
(p‘?o:-l?m
furrowd)

Sandy gravel

Sand (wat)
Sand (dry)

Water
Sardy gravel

lean olay,

assy ares
mowed and
unmowed )

Fat olay
(weathersd)

7=10
12-18

0=3
3-13

0-3
8-11
=13
0=3
7=10
13-16

O=2

y-12
0=12

9-12

0=2
2=6
6=9
§=12

0=2

0=2
26

Conditions
ure Uonten nelty
j 15/eu £
12.3 “‘h
170 €9.6
17.0 “‘h
22,8 3.1
12 Lk
18,0 67,0
.S 81,1
175 81,2
19,4 694k
17.3 73.&
21.0 mho
°°g 115,0
Os
1.5
2.9
807 92.3
0.5 92,2
13
°°g 115,0
0
1.5
249
8.1
3301 87.1
8.0
22.6 %'5

Alend st d e e Al
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Tast

Joe
2
92
93

9k=120

121-126

127=137

Soil Type
¢ tion

Fat olay
(weathered)

Tat olay
(bladed)
Sand (dry)

Sandy gravel

'1!ﬁﬁ5r"1Ea%§§L5¥3533535L1551555535
- Jou f4

0=2
2=4

Uw2
2<6

Oub

O=9
9=12

0=2
24
6=9
9-12

Oeg
2-6
-9
9=12

16%

]
3.0

3,
3".6

3.1

81,0

81.9
82,1

11840




Fo e .
; « Ill'h;:lg.?“‘-‘“,‘.r "'.f" a.

o'
W




- ! l-' ,'ll et I3 p
ST T R
n Y A gl N {) 1. [N b i 4 “'\
'l '1\ a ".‘("l : |'t ’ 's, \ ""\" ! "“ \I It‘ F .
' .“&}l" S TR A A 2R LT A :"e o -'...") -‘."*’}5 T bt bl
r"‘mi‘! . "" Q4o :I”‘ ‘3',‘.:" k““( T ]“‘i A ‘,“'l" 2 ﬁ';\:'e A
K N DALY s LR ; ‘f.{‘ LA A \ i ; "‘.,"';,‘ o
B SFY IR X TN a - oy L DR e \ . .
-IA\‘ ey Ay TR Lo “ A N &2 y o 4 y e
B ll‘l l"-"'.' I"! .“.. 'a ! T " A ﬁ' . ! ’ ‘.
S l'. .)‘ Mo I-ny'-"' ‘ : | 5 L0 ! }'.

T (R M T L Lo y o
R N P TRV SINEERTRG EEW
LI .‘. ) i ” v t“ ) . []

f o J,”A): ; v W AN \ s
. t ' _‘,,'0 Ve ) R [ ' Jfﬁ x q ,
I T Lo e "o
oA :“I‘J ; ,-\j, " N ) \ \-" ‘
E i
WEIER Y 3 1 .
. ‘\ '3 “ * . i v, 3 K
" " N ’ Y. " . . .
/-; T o 4 .- ,“_ :
16 l\ ‘\ “ ..‘ ' - oy, ‘( ' - !“. . S :l N ) v
A N T o
] .- \ L LN b e-\ . ‘ B 7
' ] E N ‘.l ."‘ .\ A [ M =
. ‘\"‘ + kd ~ . ) - . A Y v B
N t # oy 8 4 N
' ’ ¢ e, ' ) [T - s L
v, i 4 ) Co
\ \." . J‘} e : ' 1 Yo, v "
. - e . = .{ \ Y ) .
AN - " K
. . )

'3--"5'.".\'5‘-"’"% JE A
T N EERE EREE . LRI AR
’ gy crs ey W -ﬂ’. Sl )
;i-.' z AT "‘IJ U
,",..'h,'_|' .‘\ J"‘A':i.;:'. 4 :’H,"- [
Wi f gkl Ty .‘:J.; HAR Y T Y
"‘ T . "a' v o N vt A
R 2 LU AT CathoNd e
b ,Jf O J", ‘i_. \Q’i é’\-‘» " ” 4
SRR IFRRTR * SRERON ¢
| ’i,._';:,.ﬂ',.{; :lﬁ,'.'. -I"l‘i"al'i-l"f ':3.'" % g"), \
) o -f'-‘“‘"d --_l," Y |.-::"\!("£J"Q' B \ {? [
i -.'-'.¢,\ LRV SN A Y f ,«,,a"-;".‘.‘. ]
TSR SR GATRLENCH, T vl S
IR ‘i-" oo :’,y)‘-:'f“‘,f “j( "i!". 'f,lj
‘ I_':' \.;,:' ‘b.;xfr‘l i ‘,('.‘.\"";\l Ak “_S ;
N e A4 0 : ‘
.;"\;»’ 'f““l' r P S ’

VRIPRR S

R A ‘ i

e Jetiee
EEE RNy
/ i, '”'l‘

."/

i3 NPT
1, en et
» .




el
e

pp———T L S G

: e M I
e p—————. - X €T THBIRTTET T T T W g

) Lk b Lod Sad Wb

75
75

(WAL N R S I ]

2,21

EeoS
oo
w

SsiksrEsNsizs g8&

var,
100
100

APPENDTE 11
TABIE I

Teat
Iim Remarky

variahle

2 nin,

variable

variable

variable

3 nin,

3 min,

3 min,

1 min,

3 min,

3 min,

3 min,

2 min,

L2 swce

Lo sec,

2 min,

2 min,

2 min,

1 min,

LO sec,

3 adn,

3 min,

1 IILI\.JG 800, After 1/2 hour test Terun
over ordginal location,

1 min,18 meo, Bprinkiad,

1 win,38 soc,

% Ann,

1 min,

1 ain,

1 min,

1 wmin,

1 min,

1 min,

1 min,

1 min,
1 min,
8orinklad asurface.

1 ain, Sprinkled surface,
1 min,

1 adn,
1 min,

168

.- -—.-..‘ |




0w n et 2o ‘)ﬁ ; M‘Jﬂﬁa

- P e S AT TR Y SR St W SN TR |

s TR ST ST RTINS PP kAT

8olil
Designation

e
Y=I66
I-D67
I-D68
T=D9
1-D70
I=-D71
I-D72
I-D?
I-2?
1878
1-876
1=877
1-B78
1-E79
1-380
I-801
1882
188
I=B
188
I-B
I=-E87
I-R38

11489
11=A90
I1=A91
I1-A92
11-B93

IIT=ALbL

I1I-AL

III=A9

I1I-A9%

11I-A96

TII=A9

III=A9

I1I-A%9

I11-A100

OI-A101

ITI-A102

I11-A10

III-A10

III-AL06

II1-A107

5

= =0 0 W s W

]
w

wE8sezEBsuuBununss

1 min,

RESERE

B B g B

i
s
[-4
o

aaal [ I I B
22

_EE

244

1 min,

37

1 min,

[
a
g
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ali

% 8oi1 Tost
3 Designation 2/D ¥ 9 Time Remarks
£ ITI-A108 o 20 0° 1wmip,
) III-A109 79 60 30° I min,
i OI-A110 75 30 300 1 wn,

MI-ALl 75 18 30° 1 min,

A Im-A2 .78 8 30° 1wy,
3 o 3 8 30° ) min,
i e Bt

‘. M 3 &0 °  1mm

II-AN7 2 8 60° 1 wmin,
OI-408 2 15 600 1 min,
TI-A9 ¢ 0 600 1 mn,
IIT-A220 2 6 60° 1 min,
IIT-8lL2 1.5 wvar, O° -
:gihg l.gér 128 g: i win,
] m.
AL LE 60 00 1
Mg 3 B 2 lum

3 N7 3 B0 07 1 e

% V=S8 3 100 07 1min,

- D« 3 233 00 1 wmin,

B MA0 LS 15 00 1 min,

& Sl 28 30 00 1mp,

£ Wead2 15 200 0% 1min,

' gﬁgz %.s mlg 6?): 1 min,

_ 30 ses, Bearing fallure during

x - 0

E T g 3 op IS

A2k 8 B0 00 15 gee,

: WaAl25 75 30 30° 1 min,

I-AL26 .75 60 300 20 gec,
IVaB2?] 165 15 0° 1 min,

L R

3
i
5
2t
8
%

1md
N-B130 L6 200 0° 30 sess

Iv-B131 g 1 0%  1min,

. 1
Iv=B13 5 & 0% 1 min,
Bh  iE 10 00 xomM

3 60 0° 1 min,
IV-B137 3 00 0° 1 uﬁ.
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