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Hiler Airoraft Oorporation wi avuardedOontract D 4-3?77-T.655I~n April 200 to ext end the work perfaraed under Contract DA 4..17-
TO-5;0,sThis work vas to include otuLioej tests ard evaluation of
the eots of dovnwash and slipstzream frces of V•OL aircraft with
respect to sararaft, supprting squipeonts personmel and landiM

This eport covers a portion of that work conuisting of tests con-
ducted over uites Wovided by the U. 8 Ary Zngin.ewr Waterways
tperimmnt Stationp ViOkubirg, Ni•usisippie In addi'ton to thoeebest sit.esJ AM general. 7uýp of the toot• pr'ogratx VWaervPMyUxperimmnt Station also provided the wave rods and reco•der equidp.

mont-uned, in th wtaor tests and the oaa•ifioation and conditton
t of the Aterials at the time of toeting&

Work yet to be dons wnder this contract oonsists of to•ts over the
I uam or e ilar toot ites witk duct adapters sindating# pla

•ohaber and anmuw io• ale configuration ground effect oh:ines,
&Wd udlo by side nozzles for VOL .Woraft. This work will be
covered by a seprate report. A asuary report and edited fui
an~ysing the reuu~tu of this contract wan Contract DA 44-17740~-500
will &aeo be prepared,
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I.

LIST OF SYMO1

a Wave aalitude ft,

D Duct exit diameter (2.0 ft.) f

DH Diameter of surface depreuulce on*

f Wave frequency c.p.*.

h Height of point under investigat~on above normal

surface fto

R Duct eoit radius ft.

VL. Volufs loading (partiale volam/mudain projeoted
area) ines

v Disk loading (thrusu/2.79) pounds per xquare foot

x DIatance masured along the surfaoo tfrm a
point directly beneath the dut exit to
point under investigation ft,

2 Nuight of the duct exit above the aurface ft.
a Msuamued distance bet•men •x3t and surtaoe prior

to run for smooth soil
b Measured distance above man wtaer level prior to run
a Distanco betwmen duet exit and bottom of furrow prior

to test

S Thrust axis inalination degrees

AAsimuth mta-wed in ths surface plane in a clockwise
direction from the propeller axis projection or from
a direction along the plowed furrow dogrees

I
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I
t ?~NOMMUTIME USID FMt SOIL CONDITION

I Iman Clay (CL) 1t ~~v
A. Bladed Section It nlsv
B. Plowed Sotion (flat) 6 to 30 inclusive
0 Plowed Section (Furrowed) 31 to 39 inclusive
D. Greassy Area (Unnowed) Q1 to 73 inclusive
go Oreasy Area (Freshly' Moved) 5,and 5L

R to 88 inclusive

S1 Fat Clay (OH)
A. 16athered 89 to 92 inclusive
B. Bladed 93

133 Send (SP) 
4 and 5

A Dr to 63 inclusive

121 to 126 inclusive
B. S1rinled and Compacted 127 to 13' inclusive

V Water
A. Fresh 4&6 to 52 inclusive

This system of soil condition nomenclature was used to provice a com-
plete crons reference between this report and Appendix 1. A single
designation was used iiich consists oft

S1) A Roman numeral that. doeiwgTttes the type of soil.
2) An alphabetical symbol that designates the soil preparation.
3) The test number assigned at the time the test was conducted.

A designation can consist of the first two parts mhen reference is made
to a series of tests.

Examplet Data designated I-B2s,

This data refers Lo test number 25 which was conducted over a plowed
flat surface of lean clay.
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I'.
' Reference to soil condition V-A reform to all teste conducted over the

fresh water&

Particle Trap Location

I= Soil Condition I-C, Tests 31 to 39 incluuive.

The f'ollowing relation between traps and duct exit wa used:

I z/Rw6 Symbol

/00

3//R-6 Symbol

Plan View side View

In anl other sero tilt angle tests the relative diz'ectionIs~ tuil r-,
portent and only the x/R location of the trap in given* It..o fol jowing
notation has been useds

xR 3 6 9 12

Symbol > 0 0

The follovdinr "tation. waa used for all tauts with the thrust axis
inclined to tho tertioal, B w 30 degree or B - 60 degree tostso

000 ,Wo 1350
Symbol 0> (

For tents 119, 120 and 121 the particle traps were shifted four root
downstream. The data. obtained during test number 1.21 wes not used
due to a bearing failure which necessitated premature 10ermIziation
of the taut, The results of tast numbers 119 and 1.20 w~ere plotted
using a flagged symbol to denote a dovnetreaim shift in the origin*

xiii.



Zero Shiftad It Feet Downstream -for Flagged Smbols

Origin for Urse vith 140 0O 90 1350

Tests 119 and 120 Symol <k Q P

+ 0

/ /Origin or Non-Flagged

z

tinder sona oonditiona on@ or more particle trip oompartments wre
filled to oapa•ity* When plotting the data a full oompartmment wa
designated by filling in the uqybol..
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1.00 SUWAU

A two-foot-diaaeter duoted propeller, capable of providing disk
loadings up to 3I5 pounds per square foo t, was operated over olay
solls, sand, graveland water, The duct exit height above the
surface wa set betweein one-half and three diameters, W the ducted
propeller wu saselerated to provide the test disk loading. Three
particle trap were used to capture airborne uatermals and provide
information on the flow of material at various heights above the
surface.

Considerable quantities of material were removed from the impact area
when tests over loose material (i.e. sand$ gravel plowed olW) were
rdes The quantitY of material moved was prim.riJi dependent upon
moisture contents disk loading, type of soils test time and.Z/D.
A test over gravel at Z/D 1.sse and v a 140 owndu per square fact
produced an erosion rate of approe:J.ately 150 pouds per second,

With the duoted propeller operating over water the onset of spray
occurred at disk loadings of 8 to 15 pounds per square foots In-
oreasing disk loading from the spray onset loading to 140 pounds
per square foot Inoreased the spra density aAd height above the
surfaces

Sites covered with vegetation and undisturbed hard surfaces showed
little or no erosion resulting from tests with disk loadings to 145
pounds per square foot. Tall grass deflected the outwd fiouing
air, oausing the flow to lift above the surface. The msie of the
resulting depression in the grus increased %ith disk loading,

1



2.00 00?CWSIONB

In general there is no definite poirt. ir disk loading, or diameters
above the surfaae, where it cAm bd 5AIJ that there c."date a praotioel
limit due to the erosion problem. The surface erosion is inoreased
by increasing disk loaedng ct by decreasing Z/D.

The sil condition and moisture content have been found to have a
pronounced effeot ot oroji•n. Dry sand erodes quite rapidly at
disk loadings of eight and above, while send saturated with water
shows only ligt erosion at a disk loading of 145 pounds per square
foot. The orip'oa of gravel was retarded by saturation with water,
but saturati'tg gravel with water was not nearly as effective a
deterrent, t., it was with sand.

The e'ration of the two-fnot duoted propeller over gramss showed the
i..2ssa to be effective in preventing soil erosl.on; however, the tall
Vass formed a cup that directed the surface flow up and locce
material was blown back into the duct inlet by surface winds.

Tests oonduoted over water showed a .pray onset in the neighborhood
of eight to fifteen pounds per square foot loading. Between the disk
loadings of 30 and 60 pounds per square foot the sprayr pattern
changes from a radial surface spra to one in which there is con-
siderable vertical mnotion and ingestion into the duct inlet.

2



3.00 IMNRoDUCTION

The op'ration of helicopters and vertical lift types of aircraft
from unprelared surfaces presents problems associated with the
downwash or slipstream impingement. Among these problems are the
effects oni the pilot; the aircraft pbysically and operationally;
tactical operation of the aircraft; .atk danger to ground personnel
and equipment, resulting from d .-t and debris aet in motion by the
downvaah or slipstream.

In 1958 the U. S. AraW Transportation Research Command (TRCOM)
awarded to Hiller Aircraft Corporation Contract DA Uh-177-TC-00
to study the characteristics of the downwash from VTOL 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 44-177-1'7-655 was awarded Hiller Aircraft
Corporation to conduct additional tests wid 'valuation of the effects
of the dounwash impingement on a variet.y of soil conditions. For
complete soil description ace, Appendix I.

To obtain information that would allnw even Lhe most general answers
to questions concerning p-oblema that might arise on this subject
would require an enormous amount of testing. When on@ considers
the variables connected with the air jet generator - for example,
jet velooities 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
as to textural and plastic qualities, moisture content, uurface
irrerularities and changes in the surface d4u'I.g impingement of the
jet) it becomes immediately apparent that the program covered by
this reporL could only lead, at best, to very general results and
possibly point the way for future teat work. The reader is cautioned
that the results presented in this report were obtained under con-
ditions that allowed only a few of the many above-mentioned variables
to be controlled or investigated and that any attempt to apply
these results to specific cases, except in a very general way, is
not recommended.
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14.00 DESCRIPTION Or, TEST !QUIP?!NT

4.0o TRUCK TEST RIG (FIURE 1)

A U. S. Army Mbdel M-54, 5-ton, 6x6 cargo truck with a front-mounted
winch was used as a base for the test rig. A parallelogram boom,
with main arms 141 feot long, was mounted to the truck bed. Sup-
ported on the arms was a Ford Model 332 industrial V-8 engine, dis-
placement 332 cubic inches, continuous horsepower rating 128 at 2800
rpm. A five-speed, truck-type gearbox was mounted on the engine and
provided input to output ratios of lil, 1.48il, 2.sOsil, 44.38tl and
7.58il. The output shaft from the gearbox was attached to a right
angle drive unit with an input to output ratio of 1a2.69. This unit
was mounted so the output end could be rotated about the main drive
shaft axis. This allowed the thrust axis to be inclined from 0 to
90 degrees in 30 degree increments. 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 cable. This height could
be varied from six inches to 14.5 feet.

14.02 DUCTEDl FANJ A83E1'LY (FlMURE 1)

Disk loadings up to 3115 pn•-nde per suare foot were obtained with
the two-foot-diasuter ducted fan assembly. The single rotation
propeller contained six RAF-6 airfoil section blades machined from
aluminum alloy forgings mounted in a split hub that allowod the
pitch of each blade to be ground adjusted. Complete design infor-
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
cylinder of sugar pine. It was mounted to the main support shaft
by a welded tubular steel support. Mounted to the duct below the
propeller was a set of five molded plastic straightening vanrs
designed to remove the swirl from the exit air stream.

4.03 INVT SCREEN

A duct inlet screen of 1/4-inch mesh was constructed and fitted over
the duct support tubes to prevent solid particles from falling into
the duct inlet. The screen did not completely close the inlets an
annular space between the outside of the duct and the bottom of the
screen being left open.
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14.014 TACHOMTER (FznIURP 2)

A Hewlett-Paokard Model
500C electronic tachometer
waa used to determine
accurately the propeller
rpm. The tachometer uses
a photo cell to sense
intermittent reflected
light from the propeller
drive shaft.

4*0 CAMERAS

The cameras utilized on this
program consisted of a 35
millimeter camera used for
all black and white teat
photographs of particle
movements and eroded seo-
tions, and a 16 millimeter
movie camera used for photo-
graphing some typical te.t,
set ups and test runs.

4.o6 PARTICIE TRAPS
Fig. 2. Instrument Panel

Tw types of particle traps and Particle Trap
mre used in the preprae. To
obtain masuremients of flow rates at different x/Rts and h/D's three
traps thirty-tw inches high, six inches wide and six inches deep wore
conuatruuted of i/h-inah plywood. The back was covered with plexiglass
(see Figurc 2), The three traps were pl2ced together after each run
and photographed to record their contents. Larger traps six fNet
tall, Lo feot wide and one foot deep constructed of steel angle
framowork and covered with tioredn (see Figure 1) were used to trip
particles and debris fartner from the duct center line aml at higher
h/D's,

4.07 InmTu•N PANErL (FMDURE 2)

A portable instrument panel containing the controls for the propeller
power plant was used. !wunted on the panel were the ignition switch,
the starter switch, the throttle cnntrol, the camera remote control
switch, the clutch controls, an engine tachometer, and a gage for
measuring barometric pressures.
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L.08 BACKGROUND CFM.RE 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 Ariy Ducks six feet wide and 18 feet long and supported on
wooden poles spaced every six feet. These poles were inserted into
hollow steel stakes driven into the ground. White liras were painted
every two feet on the background to provide a visible scale. The
background was installed on a radial center line of the duct with the
lower edge approximatel•y one foot above the ground and the first mark
six feet from the duct center line.

,.09 WAVE RODS AND RECORDES (FouRES 3 AND 4)

Five wave rods were supplied by the U. S. Army Engineers, Waterways
Experiment t+ation. The essential elements of the two-foot-long
wave rods are the two stainless steel wires supported by insulating
material. These rods were submerged in the water to a depth of
approximately one and one-half feet. The wave rods were used as
sensing elements in parallel to a portion of a balanced full bridge.
An unbalance, caused by changes in the water height, was reflected
to the bridges amplified, and recorded on a direct woriting oscillo-
graph. The bridge consisted nf four 120 ohm and four 50 ohm precision
resistors, -.aking a 170 ohm bridge. The sensinc elements were paral-
lel to one of the 50 ohm resistors in one leg of the bridpe to give
a vary small change in roesitance for a submergence of two feet in
water. A small resistance change was desirable so that the cali-
bration curve uould be approximately linear.

Fig. 3. Wave Rods Fig. b. Recordint Equipment
Wave Rod



5,00 EXFERIMNTAL PPOCEDURES

5.01 SOIL SURFACE

The general arrangement shown in Figure 1 was used for .,oil conitions
I-B, I-C, III and IV. The background was aligned, before each test,
with the anticipated flow so as to provide for minimum disturbarnces
Particle traps were placed in the implngement area as indicated in
the list of symbols. No particle traps were used for tests con1-
ducted over soil conditions I-A, II and V, and only the Large traps
were used for tests over soil condlitioa I-D and I-E, In Ventral
the large traps proved unsatisfactory and the data has not been used*

5eo2 WATER TE3TS

The arrangement of equip-
rant used for the waer
tests to shown In Figure
5* A spacing of one foot
was used between each of
the five wave rods des-
cribed in 5acLion 1.0l9.
The wave rods were located
alo,41 a radial line, or on
tWi plane of inclination,
with the first wave rod
under the duct centerlins
for sere deoree thruat
axis inclination tests,
*Gn the thrust axis was
inclined the wave rods Fig. 5. Water Site Test
were positioned so as to Equipment
beet Ontrvey the impact aresa

5o03 OPMATINO PROCEDURE

After preparation of the te•t 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
seconds w four minutes, and then the throttle was reduced and the
clutch disengaged. The test time was normally one minute duration;
however, to protect the propeller blades from excessive erosion, it
was reduced for 3ome tests. In a few tests the test time was ex-
tended so as to compile sufficient material in the traps for measure-
ments. ior specific test times refer to Table 1.

8



WQOO DISCUSSION

6.01 O:ERAL

Soil classification and descriptions of test sites are given in
App.ndi.L Is

The procedure used t,,o calculate the flow rate was as follows: After
each test the depth of material trapped in each compartment of the
three small traps was measured. From the geometry of the traps,
and the depth of material the volume of the trapped material was
calculated. The denvity of the trapped mterial wan assumed to be
the same as that of the uppermost soil sample., With this assurp-
tion the weight of the trapped material could be estimated. Tfe
weight of material %,tioh passed through a square foot of area each
minute was obtained and plotted as flow rate. The test time was
normally one minute; however, some tests were conducted for ma
or leas than one minute. The flow rate we alwqs based on the
actual test time and assume a constant rate of erosion.

Many tests produced an eroded holes When the test was completed
the hole diameter and depth were measured. For tests over the
unmowed grass where the concavity exi.ted only during operation#
the diamter was estimated. The hole diameter to duet exit diameter
ratio versus disk loading wan then plotted.

6202 veLuM MOADIRS (VAL.)

The grain size of soil condition IT varied over a large range,
9007 mdllimeters to 40 millimeters. Therefore, plots were required
to provide information on the relative @is* of particles trapped.
It wae felt that the shape of the particle had some influence on
the maximum height to which it would be projected. The volume
loading notation was chosen to reflect the shape of the particle.
Volume loading is defined as the quotient resulting from a division
of the particle volum, by its maximum projected areas If the den-
sity of each particle were known, the product of volume loading and
density would result in a parameter similar to the wing loafing of
an aircraft. For this report the particles were assumed to be rec-
tangular objects wdhose principal dimensions were establishd from
the particle size. By sawiling each particle to be a rectangular
paranoeopiped the volume loading became equal to the minimum
dimension of the assumed obj'ots



6.03 SOIL CONDITION I. LEAN CLAY (C.L.)

Section A. Bladed Section

The bladed lean clay withstood the full impact of l1O pounds per
square foot disk loading with very minor erosion, Figures 6a and b.
The fine surface material formed a dust cloud %hioh was initially
dense, but cleared considerably after the surface was swept clean.
Small surface particles broke loose at random intervals throughout
the tests

Fig. 6a. Test I-A' F' 6b. Teat I-AL

During Operation After Completion

Section-B. Plowed Section (Flat)

Twenty-five tests were conducted over the plowed flat sections The
higher disk loading tests removed large quantities of material and
produced duet clouds of sufficient size and density to bnh.,ure the
test equipment, see Figures 7a and b.

Fig. 7a. Test .-BI5 Fig. 7h. To.t 1-%, -,
During Operation , O.&L• Cr .

10



Ths data obtained from the particle traps was corverted to flow
ratesp as deacribed in Section 6.01 an• plotlei in igu.es 19 .'. ,
Atter completion of the test the diameter of che ,vroded h0, An,measured* The ratio of the hole diameter to duwt exit .",'. o'r has
been plotted versus disk loading, Figure 41.

Section C. Plowed SeOtion (Furrowd)

Nine tests were conducted
over thý' plowed and fur.
rowed lean clay; the furrows
ware prepared as described
in Appendix l. The hJKher
disk loading tests remove*
all loose material in OiwG
impingereant wre&, writv-
•rtaeaable dust r*t,,on
along the botter, at'-'

rates obt,*.a frsom toute
over LI p'lge 0(1 OkI06l tuýr
row' loar ila ar *ho•nv
J'. i'tPr' em 11 to b4. the
;sWn ista for lji,&ren ,7
1 A h,• 101A 'ibi,44.Lit afterapt,L~i't ng t~he surfmos, vlti I14,11. , Toot I-C ',

WvtLAr (ale Ainn'LAx Ii 11nt.o ,iniln Op I ,
'I ,i 3'W I Pnr i011 des•rIp- tOIn

4.l IV 1 t&) , t

'the ,vA. i traps woe not,
uiled I'r L.•m. tan t,*itte;
uondueted c,,ir tlo rnn.iy
areas The unnwlod gr~Ann,1*rleoted the dowrvaah,
utider all ditk loading
ulunuitt, tons, Pil~ire 9a, .
'r,- jet. b1ft-S.. "#v#.., all

gr1Towy surfsict andl bro~o
O'r and I-lew away some of
te •rt•s, tuat did not.
dAiturb t',• grrr3 root.
or Wiad so Li.

IlL" lo ,



lome mattrie. ,"' r"

•, "•nthe tall gras.P
wed a def.iiite oiroular AP

shape whose diameter was .
estimated durin. each test,
the results of wh4oh are
shown by Figure 49.

F.g* 9b. Gran,- Mat

Duct Inlet Ziretn

Sec tion 2L Oru uAr4e&~ shUyMoed

Soventenn teno :ora ,.-mde
uver the C.-d ry-tsd
unasIW aral he'vevers no
quAtik ,uv data weas
obtg'rAd. The higher disk
lv.dtng tests (10 to l5l,
,ourwsl per square foot)
removed all the loose
material from the impact
areal leaving the roots
and hard soti unaltered,
Figure 10. The pri, ry
difference between the
mowed and unmowed grass
was the deflection of the
jet above the ground by
the unmowed grass.

Pig. 10. Test I-E82
Aftor Completion

6.0h $OIL CONDITION II, FAT CLAY (C.1.)

Sections A and Be Weathered and Pladed. Respoqtiv.1y

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 clay as there was no steady erosicn, The weathered (Section A)

'2



fat clay was peeled by the jet Impingemns, smali dry surface
chunks broke free and vere blown from the area, Figures 1la and b.
After blading the dry crust from the sue •aoe one test at 135 pounde
per square foot was made The only soil movement consisted of a
few loose particles left by the track of the motor patrol (grader),
Figure 12.

Fig. 11L. Teat I1-A91 Figp lib. Toot 11-A91
During Operation After Completion

Fig. 12. Test In-B93
After Completion

13



6.0g SOIL COND1'rTON III. SAND (s.P.)

Section A. Dr= Sand

Twenty-eight tests were made over the dry sand. The dry sand was
ronsidered to provide an ideal test site, as it was relatively
homogenous and reproduaeable, and considerable activity was produced
by the jet impingement, Figures 13a and b. The flow rates were

Fig. 13.. Test III-AI08 Fig. l3b. Test II-A108
During Operation After Coroletion

calculated and plotted in Figures 50 to 6h for the thrust axis normal
to the ground plane, in Figures 65 to 72 for 30 deoree thrust axis
inclinations and in Figures 73 and 74 for 60 degroe thrust axim
inclination. Doring the tests over the dry sands it ws noticed
that two eroded holes were formed, on large almost imperceptible
depression, with a smaller diameter deep hole in the center. The
diameter of both depressions was recorded and plotted as depression
disamter to duct exit diameter ratio versus disk loading, Figure 7o.



Section Bs 1et Sand

The addiLiort or moist.wo (wet sand condition doncribed in Append:ix
I) to the sand had a pronounced effect on the 'he'av-or %f "e erosion.
The jet imping.ement appeared tc, dry and then erode the airtace al, a
slow rate, Fimnrea Via and b. Tracks which wre not visible before

" .. _"., 1

Fig. lha. Test 171413, Fig. 31b. Test IM-B3
Owring Operation After Completion

testing were exposed during the te-.4 IL appeared that local loading
of the surfaoe 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 those over
dry sand, Figures 59 and 6h, at similar conditions, the decrease in
erosion rate obtained by saturating sand with water is obvious.



6,06 sonh cODQZipw IV, SAN! GRAVEL (oW..)

Sotion At As DeLovited

Severrveen tests were oorkd•oted over this soil condition, The effect
of the eroded hole on thb air flow pattern is shown in Figures 15as
b and c6

(.40

igs. l5a. Test IV-A63, During Fig. 15b. ?Tet IV-A63
Initial Operation Aftor JO Seoconda

of Or*ration

Fig. 150. Test IV-A63
After Completion

16



Figure 15a we taken during the first few seconds of the run which was
at a Z/D of 1.5 and a disk loading of 1i10 pounds ier 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 l1o
was the result of a total run of forty-two •aosnds. By computing the
volume of material removed and using the average material density, a
total erosion rate of approximately 15O pounds per second was ob-
tained. From aoriervations 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 by sowe unknown function, the flow rates plotted
(Fixurs 78 to 93) are average values based on total. test time,

The curve of the eroded hole diameter to duct exit diameter versus
disk loading (Figure 90) includes the test data of Soil Condition
'V-A and TV-9.

In addition to the flow rate and eroded hole diameter curves , figures
of volume loading versus h/D (Figures 95 to 110) have been included.
The Increased volume loading at low h/D values indicates that larger
particles (by the definition of volume loading) were captured near
the surface.

Section Be -pr£inkled and t;o"pated

Eleven tests were run over this sections The difference in the
erosion rate between Section TV-A and Section XV-D was noticeable
during testing (Figures 16& and b).

Fig. 16a. Test IV-A123 Fig. 16b. Test 1V-B132
After Completion After Completion

17



By comparison of the flow rates for Section IV-B (Figures 1 to
121) with those of Section IV-A (Figures 78 to 93) for similar test
oonditiones it can be seen that the additional moisture and/or the
compacting reduced the erosion rate. The plots of eroded hole
disinter versus disk loading are included with the data of Soil
Condition iV-A (Figre 94). The volume loading (Figures 122 to
132)9 as wuld be expected, appears to be very similar to those for
the tests of Soil Condition IV-A (Figures 95 to 110).

6.07 SOM rrITIoN V-A. FMSH WATER

There were seven tests over the water site# most of which consisted
of six disk loadings. For the water tests, wave rods were used to
make a continuous record of the water level over a brief period.
The wave rods and associated equipment are described in detail in
Section 4.09. The impression in the water surface (Figure l7a)
was measured by the wave rods, and the data has been plotted
(Figures 133 to 138).

P 4

- .is.

Fig. lMae Operation at.
1• Pounds per Square Foot

The duct location and tilt angle were includod on compatible scales,
so as to present a profile picture. The wave amplitude (Figures
139 to I44) and frequency (Figures V15 to 150) have been plotted
against disk loading for each of the test conditions. 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 l~b, c, d and e.

18



igitres l7b, C, d, 0. A preliminary test at Z/D
S2.*5 over the water test site. The wave reds

were not installed and a test wm'ber was not
asmigned.

Fig. 17b. Operation at Fig. 17o. Operation at

B Pouns per 15 Pounds per
Square Foot Square Foot

Fig. 17d. Operation at Fig. 17e. Operation dt
60 Pounds per 140 Pounds per
Square Foot Square Foot

19



Examination of Figures 151 and 152 shows the onset of sprq to take
place at a disk loading of eight to fifteen pounds per square foot.
A wry rapid rate of increase in spray height with disk loading
takes place from 8 to 60 pounds per square foot disk loading,
beyond %ihih the increase in h/D versus w is approxlnately linear.

From photographs and observation it was noted at low disk loadings
that the spray is a radial surface sprWa thih reaches its maximua
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 (v - 8 to 30 pounds per square foot).

The presence of the screens and the large duct lngth helped retard
the ingestion of waterj hmwverD sufficient amounts were ingested to
retard the propeller and prevent maximu= disk loading tests under the
most adverse conditions (low Z/D and high disk loading), Figure 18.

Fig. 18 Test V-AL9
During Operation

20
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DZ8RIPT1O11 OF 90338 Alt TES? 8=3

Introduction

1. The Hiller Aircraft Corporation has oompleted a part of the down-
wah impingemnt tests being conducted at the U. 5. Arry Engineer
Waterwaya Zxperlment Station, Vicksburg, Mississippi. This tosting
includes 337 tests conducted with a two-foot duoted fan during the
period 24 May to 1 July 1960a The Waterways ixoprimnt Station
mupported the testing bV furnishing the teat sites and performing
neoessary soils tests for olassifiOation of the soils and for deter-
mination of the condition of the soils at the tim of teats. This
report preents a description of the test sites, classification of
materials tested# and condition of maLerLals at time of testing*

Teo l

Ve Pertinent teorm used in this report are defined a* follo•e

as g &Q 9 ifiat a n f os The Unified Soil Clav-
Lloat VowsAlantes Bn ado- as standard by the Corps

of 74gineers and the Sreau of Roclamtion and to in general use by
several other agenies, in used as a buis for clausification of the
soils tested. Thic system is based en the identification of 5o0ll
asuording to their textural and plaatlo qualities and on their group-
ing with respect to behavior. The soil is given a descriptive nrue
and a letter spbol indicating ito principal characteristics. The
follfwt rropart•e•suve used as a basis for classifications

(1) Percentage of priol.vs. sanm, and fines (fration pansing
No, 200 sieve).

(2) Snape of grain-sise distribution curve.
(3) Plasticity and comeessibility oharacteristio.

A complete description of the Unified Soil Classifluation System is
given in Waterway.s eriment Station Technical Memorandum lo. 3-357
dated March 19539

b. Aterbers1limts*. The Atterberg limts are defined briefly
as th .water oontent of a soil a* the transition points between the
goneral stages of cornisteicy; that is, liquid, plastic, semisolid
and solid stagts. The liquid limit (LL) and the plastic limit (P3L



express the upper and loier limits, respectively, of the plastic range
of a soil@ The difference botiven these two limits expesses numeri-
cally the plasticity of a soil and is referred to an the plasticity
index (PI)e The test procedures used for determining the liquid and
plastic Units were eseentially the sew as ASTM Desisnationa D 423-
39 aria D 4^24-391, respeotively.

a. gradaion. Soil gradation refers to the distribution of grain
sizes In #oi@* This distribution is normally sham by a grain-aize
curve in htich grai size in millmeters is plotted against percentage
of fines by weight, Sieve analysis tests (ASTM C 1-366) were used
for determining the grain-sive distribution of soil particles coarser
than a 200-moesh sieve (0o074 wn)j and a bydrometer snalysis (ASTK D
h22-54T) us used for determining grain-site distribution for ma-
torials finer than a 200-mesh sieve.

d. Water content. Water content (w) is the ra-.Io, expressed as
a percentage, o0 t1.e Ight of water in a soil Pass to the weight of
the eoltd matt-r. Tent.a were oondunted in Aenordance with ASH D
698-8Tr.

e, Dnsit, Density of a soil is the weight per unit volumm; in
this repcoRtýic GjAregsed an dry density in pounds per oubic foots
Tests were conducted by the sand-density and drive-crlinder methods in
ancordance with Corps of ftineers' procedures.

Deseription or loils and Test Bites

3. Tosts were performed on the following snal And ust sites,

a. Lean clay (CL)

(I) Bladed section
( •l).In'wd section (flat)

(3) Flowed section (furrowed)
4j Grassy area (unmoved)
(5) urassy area (freshly moved)

b. Fat clay (OiH)

a. Sand (SP)

(1) Dry
(12) wat

d. Sandy gravel (O1W)

e. Water



Gr. Gain-aims distribution curves and Atterberg lUits data for the
soils tested are shown on plate 1. A narrative description of the
soils and condition of test sites is presented in the following para-
graphs,

5. Loan lal. The material used was a fins-grained onil of medium
plasticity (PI of 13) which classified an a lean clay (CL). This
soil is commnily referred t.o as a loose doposit ar! is typical of
lo'iss formatioims found throughout the midwestorn part of the Uinited
8f-atie and mary other areas of the world such as the southern edge
of the Gobi Desert in central Asia, the Yellow arth Area in north-
western Ghina, central Surope, Palestine, and the western half of
the Union of South Afrlia. Tests were conducted on the lose@ soil
under the following conditions:

a. Bladed seotions Testn 1 through 5 were conducted in an area
25 fee t w-M" 1O feet lone after it had been bladed smooth with a
motor patrol. The water content of the surf'ace was about 17 percent
imadiatelv after the gradin•g and the dry density varied from about
93 to 108 pounds per cubic foot. Thin area would represent any bare
avea of similar soilt such as dirt roads# unaurfaced parking areas,
stcetera, for a medium range of water content and density* •oen
drying of Lhe exposed surface soil oeeurred during elapsed tur
betwen test3; this resulted In Lin foruation of a crust about 1/2
to •A inih thWok. The surface was erated and contained nwuerous
shrinkage cracks prior to to.ets ? through 5, as shorn on photnoraph
1. Water nnitent and density valuea rf the moil measurud at the tin
of tests are shoin in table 1.

b. Ploved section (flat) Tearts 6 through 30 were conducted in
a flat plowed section approximatelyr 20 by 250 feet in areas The
mattirial was scariflad by one pass of tho scarifyin, teeth on a
motor patrol and then pulverized to a depth of about 9 inches with
t.n pauses of a pulvimixer. This rexultnd in a vorrY lo,'se material
simullting a froshly plowed flat field which might be used for .ovdng
grain crops such as wheat, oats, etcetera. The area contalned mater-
ial ranging in sise from 3-inch clods of soil to dust. Th,, dry den-
sity ranged from 60 to 77 pounds par oubhio root, and tho wa••er con-
tent ranuged from 5 Lu 16 paroent. Phontf~raph 2 shows a general view
of the area prior to testing. Actual test values of water content
and density are given in table 1.

n. Plowd section (furrowed). Tests 31 through '9 were conducted
In a plowd7 •TUrrowed area. Thi•a• mra wx Initially prepared in the
same manner as the flat area described In b above, and then rows were
rormp'd with a middle-baster plow. The rows were spaced approximately
thren feet apart, with thw top of the row about 9 i¶clhei above the

i57



bottom of the furrow. This area wuld represent a freshly plowed f ield
where furrows are usually forned fcr row crops such &a corn, cotton,
sugar cane, etcetera. The water content and density ranges were about
the san as those for the flat plowed area, Actual values are shown
in table 1.

do Grassy ama_(unmov.d)* Tests 6I4 through 73 were conducted on
an wromed grassy area ofle-an clay soil. The "ras. consisted of a
fairly dense covering of Johnson Lrass 2 to 2-I/2 feet high with now
Bormuda grass and clover, The root system formed a moderately etuwe
mat In the upper 1 to 1-1/2 Inches of the soil. This area was culti-
vated for vtiptable gardens during World W*ar II but has been lying
idle since about 1946o * he area is typical of land whioh has been
taken out of oultivation and permitt.td ta grow up in grasi and weds
for a period of several years.

a. Qra1y area, (aoy*djT. lest. 53P 54# and 74 through 88 were
oonductdi on a Arreh•i moved pertion of the grassy area described
above. The grass was mowed with a rotary-type power lawn mower but
was net raked.

6. 0 The material un•ed tr this portion of the testng was
a f ie-Cruned soil of high plasaicity (PI of 47) whioh classified am
a fat clay (oH) soil. The mater:.aL was obtained from a backnwmp
deposit of the Mississippi River and in typical of heavy clays found
throughout the world along well-developed flood plains with back-
swamps. The area used for tests was a stockpile of this material
loated on the Waterways fineriment Station reaervation; it had been
awposed to the weather for about one year. The upper 2 inches of the
clay had dried to a water content nf about 8 veroent and oontained
numerous eluink•ge urauks. The waLer conletiL bulow U'i two-i•Aah depth
was about 31 percent., The dry density averagd about 88 pounds per
cubic footp which it about the averag.e density of the natural mater-
ial in the wamps. Tests 89 through 92 were made nn the soil In this
condition. Test 93 was conduot.rinv o% the saw ooil after the dry
surface material had been scraped off. Actual water content and den-
sity va•u•s are grivn in table i.

4. 4d. The aand ua.,d iIn trie teat& olasoified as a nonplastic,
unifarm, fine sand (SPI and was obtained from a sand bar along a
small river in the Vicksburw area. This sand is typical of maan
riwor bar sands found throughout the world, and the behavior under
blast would be about the sme tor arn sand of similar gradation,
den3lLY, and ?Pater c.ontert. Tests were cindunted en nand tevt-ionn
constructed urder shelter for the followinr conditions;
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de Q7sa, Tests 440 45 and 94 thrgugh 120 were conducted on
test N.ci1.OnS whioh were 20 feet wide, 50 feet long, and 1 foot deep
and were oonstructed of air-dry sand. The materol. was placed in a
trenah seotion and was hand-opread to grade. Water content values
varied from a3out 0,5 percent at. the surface to 1.7 percent at the
bottom of the layer. The sand was in a relativeL•y loose state amd
had an average dry density of about 92 pounds par cubic foot*

b. t o , Tests 42 and h3 were conducted on wvt sand. ?or
thesemtetea trench section 20 feet wideo 5O feet lons, and 1 foot
deeps wall filled and leveled with sand in the ans manner as the
dry sand section, wea used& The sand was then wet by sprinkling
with a water hose and sprqr noeslo, The average water content and
dry density of the send at tin of testing were 8.7 percent and 9P93
pounds per cubic foot, respeotivelys

8, Bank gravel. The maLoerial used in these tests was nonplactio,
wellj-graUed smly paveaL (kW) with 1-1/2 inch maximum esie partilese.
The material was obtained from an alluvial gravel bar deposit whioh is
typical of such deposits along many streams throughout the wrld, The
sondp gravel was placed in a trench section 20 foet wide, 60 feet
lorg, and 1 foot deep with only a very slight oampaction effort being
applied. The material was sprinkled when placed and this resulted
In a nomst condition. Teatt )ltf 41, 5. thritgh 63, end 121 through
137 were on4ducted in this section. After each series oi' tests, twe
eroded areas ware repaired and the sam seOtion was used for additional
Lests Tim ,ast* c.Ment of th. .Iateri•l for tests 40p hl;55 through
63, and 122 through 126 varied from about 0.3 percent at the surface
to 3.0 percent at the bottom of the lver, The average dry densitr
of the material was about 115 pounds per cubic fT:It, which Is about
the sami degree of density found in natural dopomnit , nof the imto.riol,
The entire area was sprinkled and compacted by four coverages otf a
D7 tractor prior to tests 127 through 137. This resulted in slightly
hIgher water contents and densiLie? of the rutsrlAl in these latteor
tests, as shown in table I.

9. Matr. Tests 4,6 through 52 were parformed over water which was
22 ii•1- deep and was onnfined by sand dikes to a pool approximately
140 feet wide by 100 feet long*. The dikes w•r• sloped to approximately
I on 3 to dissipate an wave action occurring during the tests. Data
for doioloping a profile of the trough produced under the various tests
were obtained by instrumenting the area under the ducted tan with a
series of wmve rods and reoording the water clovation or an oucillo-
graph.

Plate I
Table I
Photopraphs 1-2
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TAME I

SIWI41Y OF! SOILMTST FM~ DQOflfSH DCIMP 1rMNT STU

Soil Conditiona
Test foil TM Defpth Moioturo ldontentIt

No. An Conutton In. - I

I Ltan C1, 0-1/2 17?3
(bl•ndoed 1/2-3 21.3 9.8

0-!2 8.5/
1/2-3 17.2 .9.9

3 0-1/2 9.7
1/2-3 19.I 97.3

0-1/2 5.2
1/2-3 15h 1010.

5 ~0-1/2 r

( LoaI GU.y 0-. ,?
(plowed) 1-h 7.1 72.8

7 N 0-. 9.8 6 7
1-2 13Ah
2=4 12.9

3 0-1 10.2 6:. 8
,2-2 lIA.2
b.6 12.3

0"1 60,2
1-2 12.7
2.4 13.7
7"10 17.9 93.)

10 0.- lh.6 65.2
1-2 8.7
7-11 20.8 9h,7

LS 0.1. 6.2 67.3
2-2 13.,
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i

Sai1 Cordition.
Nut Soil 'Type Depth Moisture Oan-tnt- D .not,

mn4 0oM~.tJ~ /thA' ft

312 Loan ol. 0-1 7.5 67.2
(2-d 17.2

13 0-1 10.8 63.7
1-2 17.2|2-6 2,9
6.8 17.2

24 0-1 6,7 66,8
1-2 18.3
7-10 22.2 97.0

15 0-1 n., 61.2
1-2 18o26..1o 2.1., 94.6

18 0-1 13.0 67.l
1-2 152
9-11 3 67.6

19 0-" 13.2 67
8-11 17.7 91.8

20 0o- 13,0 65.2
8-11 20.0 93.A1

21 0-3 9.9 67.0

22 U 0-3 1n,9 60.0
6-7 11.0

23 0-3 13.0 67.0

I,' 1-6 17.0
6-9 19.9 69.2
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LoU 10o•tdtioos

bet oil y" Dpth oisurew Gontent Pry Density
Noa Old Coir4tA o in L....... 1cm' f t

26 Len oly 0o-3 16.o 70.7
(plowd) 4--7 20.0 69,0

8-11 22.0 90,3

N2 0-3 12.2 68,6
9-11 20.I4

11-14 23,5 93.3
26 3 0-3 12,9 67.5

3-6 17.6

8.11. 22.2 92.0

27 *0-3 6.7 74.4
v3.8 18.6It S8-1. 2.2.8 95.9

L28 N03 3.1,6 7
38 20.2 72.3

10-13 21,,4 90.8
N 0-3 17,0 68.7

i 4-7 17.2 73.2
30 1 0-3 9.8 70.*

3-8 18.6 76.qS8..n 2:1.4 71*1

331 *AM ancl 0-3 10.8 72,2
(plowed wA 9-12 12.3 9405
furrowd)

32 0-3 13.5• 71.6
3-12 11.2 701.

33 N 0-3 10,2 67.8
3-7 1.6 76,1

10-13 19.4 70,0

311 0-3 i212 (rcO
3N 0-3 9.3

=-7 12.0 71..,
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VL and onndit ton .L . L . . T/ut
36 ,monocla 0-.3 12.3 66.4L (plowd ard 7-10 17,0 69,6P -utro d) 2-1 :T17.8 86,14

J 37 0-3 22,8 "/3,1

38 * 0-3 18,0 67.0
e8-11 24,5 81.1

•-43 1705 81.2

390-3 19.14 13?7-10 170. 3%
13-16 21.0 814.0

1,$.a.* gMra vlp, 0-2 0. 115.0
a..6 0:.
6-9 1,5
9-12 2.9

LI-43 nd (wt) 0-12 8.7 92.3

414.,45 ftnd (diry) 0-9 0.5 9202
9-3.2 1,3

55.63 am*4 travel 0-2 05
2.6 N.n.
6,-9 1.
9-12 2.9

89 Pat o0.y 0-2 8,.1
(weathered) 2-6 33*1 87.1

90 0-2 8,0
2-6 22.6 86.5
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I.

Toot unl Type m A-,nu C Awt
Ed Cmalc iftio

91 rat oIan 0-2 8*5
(weathere) 2a(6 37.0 81.0

92 It-h2
2.6 316.6 81,9

93 M Cat y 0.6 36.1 82.1
(bluded)

94]-i2o Ba (d01) 0-9 0o5 ",J
9-12 1.3

121-126 smo* Pavel 0-2 0:3 11510
wr 6-9 .o8

9-12 3N0

S6..9 3,7
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(.

Desimuonl Imwk'-• 112ns N

I-Al 1.5 0* vaiable

1. U vTW 0 variable
V~ WO 00 variable

I-A5 T6 ar# 30OC variable
1-3M 6. 00 3 Mn*
1- 13 3 20.1 00 3Mi.ne1-39 3 9-6 o 3 Mn..

-Im9 3 53in.

1-921 1. 6,8 0o 3 mine
1-DIt 1.5 30.1 0 3 n

W.E1 .5 6.a O 2 m.n.
-3 1 . is ,o. oo ,rhon.

1-|19 0595 o ,iii,7.14. 3 .A * 375 00 2oinZ-U? los )0o 0l•

z12 19 00 1 dn.

14211 3 15 300 3 mn
1-23 3 ) 1 Min.3d se. Amter 1/2 hour test •

-I.0I 3 60 300 ,2n..8 *no, Dp 0kt hlmtdf
I.4125 3 M n lo I wins see.
1-D26 3 127 In' lie, R*in.

1-82' .7 60 30 1 &in.
* .D~ 75 127 30 1 ruin.

1.2 n 600 1mine
1-B30 2 133 600 1 A un.
T-631 15 00 o min
1-032 3 6 00 i min.e
11.03 3 135 0 0 1 muin.
I-C3I eq 3vars. 0
1-035 .83 30 Ou 1 min.
1-C36 08) 100 0° 1 .tin.
I.C 37 .83 Tar* no 0 pikedare
1.0 38 .33 10 (P0 I min. SPrinkled 'rwfaae.
1-C39 .83 100 00 1 #An.
1-D53 2.21 ILO CIO I min.

-Dh 1 100 o C 1 muin.
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soi1 Test

1-I) 14 3 125 00 h oiii
1W65 3 .5 doi0 in

T.Z66 3 30 00 1€ m.
Is-D67 3 60 0 1 ran.
I-D68 1.5 15 00 1 o mi
I-D69 15 ~0 00 1 mn.
M.7O 1.5 00 4 m.

14,71 .5 15 00 1 min,
1-672 30 0 l mIn.

14TT 3 15 00 1 uin.
1475 3 30 00 1 ra.
1-376 3 60 00 1 dn
1-277 3 100 00 1 Idn'
1-378 3 2J40 00 h 5Idn
1 09 1:.5 15 0 1 mIdn.

0 1.5 30 00 .uSn
.481 1*5 6o 0o. Imn:

1,482 1*5 1 0

14;) 1: 135 06 luiAn#

11489 15 15r 00 1"
11 0 3 0vr 00 -11471 IM v 00. r0n.

I-see2 e 33 60 4

11Z-AB9 .65 Tar' 0
11-,A90 3 ar. 0

MIA91 ,; TWO 0

nI-993 5 v-a
1:-Ad 3 var, 00 1 min.

rII-AL 3 6 0 °g 1 mine
117492 3 15 00 1 min.0o
ITI-A96 3 30  1 .'n.111I-A9; 3• 60 10° 1 ldn,
-=I-Ag 3 100 00 1°in.

ni-Ag9 1.5 8 0° 0 1 .n,
fin-AlO0 1,5 15 00 1 ain.
3:1-AlOl 1.5 30 00 1 mn,
III-A102 1.5 100 0° 1 in.
fl410ý .5 8 00 1 n.MI-AlOh• .5 15 0° 1 Rift.

MI-A106 .5 30 00 1 mnm.flI-AI07 .5 60 00 1 ran.
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sail Test
Designat~aft !a __ 0 1Uarke

ZZZ.AWO . 100 00 1MI.
ni-109 M7 60 300 1 n

="klm 75 30 300 1 UU

m;Lu

w-A311m :75 15 300 1min,
fl-Ai .75 8 300 1 an
I 15 300 1 W114.

ZI-AlS 3 30 30 1Ln
1ZZ.M11 3 60 1

iA1149 2 .0n

2 1 600 1 n.
xxx-3143 .667 125 0o 1 id

E33 1.5 60• jn
I-Als 1,2 Tar. D I mtn.

L}
li-Ai 2* 60 00 r~

v-•5 3 10 00 1 mlin,

3060• 1" 3 , 1 aln.
IT46 1. 15 0- 1 min
xY-A62 1. 100 00 1UL

146 3 1.5 1300 1 ain.

wIA=12 leg is 00 1 min.
S-Ar . 6, 0 00 1 mine

F IV-A612 1.5 00 0 1
165 640 0• 1 0n.,

i-n 2 IS 60 0 at.
=1-320A 15 100 0 0 1 ein

11V-A33 25 30 06 1 "

Iv-B136 3 60 00 1 adn.
1V-3137 3 10 0 0 1 amn.
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A'~lu1mu 5/.I I
V"6 3 0 00-

AL 06
TWA6 tooo

soAgl it o A00

YA4 l 3.0) 6 0 o

1'1
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