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SUMARY

This report disocusses the development of the artificial rainfield for
rain erosion testing at supersonio velocities on the high speed test track
at the Proof and Experimental Establishment, Pendine.

The seleotion of the noszles used, their installation in the 500 £t long

artifioial rainfield, the finsl ocalibration of the oomplete facility are
desoribed, together with details of the equipment and operating oonditions.
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1 INTRODUCTION

Rain erosion testing on _a rotating arm at speeds up to 500 mile/h has
been described previously’»2,3,%, A similar technique is being developed for
velocities up to 900 mile/h but engineering yroblems remain to be overcome.
The practiocal limitatlons of this method are the large increase in power
required for a relatively small inorease in velooity, and the high centrifugal
forces imposed on the specimens. To avoid these difficulties it wasz deoided
to make use of the high speed rocket runway at the Proof and Experimental
Establishment at Pendine as a test faoility for velocities up to 1200 mile/h.
This Report desoribes the development and installation of the artificial rain-
field from the initial stages to its ourrent use.

2 DESCRIPTION OF THE TRACK AMD SITING OF THE RAINFIELD

The track is 3000 £t long of one foot gauge and is equipped with compre-
hensive communication, instrumuntation and control systems. The direotion of
the traok is 96°49' (true) i.e. virtually east-west, with the prevailing wind
from the south-west,

An examination of typical velocity-distance c\,xrvvexs5 for the rocket
propelled vehicle used in these tests showed that the maximum, near constant,
velooity was reached between 300 and 1400 ft from the firing point.
Aocordingly the artificisl rainfield was sited in this region., Ideally the
nogzles would rave been positioned on both sides of the track but an acoess
road on the nortn side prevented this,

3 CHOICE OF NOZZLE

3«1 Design oonsiderations

It is necessary in rain erosion testing to simulate as olosely as possible,
in reapect to droplet sizes the rainfall occurring under natural oonditions.
For the 500 mile/h whirling arm facility at Farmborough & spinning-disoc teohnique
was adopted!, which closely simulates the drop size speotrum of 1 in/h natural
rainfall. As it has been proved that erosion resiastance is direotly propor-
tional to the rate of rainfall’, higher intensities than 1 in/h are used the
drop-size spectrur remaining constant.

Since it was impraoticable to use spinning dises to provide a uniform
rainfield over approximately 500 ft effort was oconcentrated on the selection of
a suitable design of nogzle., Numerous noxzles, commercially obtainable,
designed primarily for industrial and horticultural use were evaluated and
rejected as unsuitable. Drop size speotra showed no relationship to natural
rainfall and reinfall distribution was irregular. Reproducibility from nossle
to nozzle was poor and too great a proportion of miat was produced.

302 m

Experience in the U.S.A.6'7 has indiceted that nozzles machined with a
oountersunk baffle or with a V-shaped slot in the end gave the beat results,
Several prototypes were therefore made and evaluated. The final choice was
& nozzle oonsisting of a hemispherical end with a V-shaped slot as shown in
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Fig. 1. The dimensions and quality of machining were found to be extremely
oritical, a&s the presence of machining grooves or burrs caused turbulence
within the nossle, resulting in irregular rainfall distribution and production
of large quantities of mist. A batch of 150 brass norzles were made to this
design (Fig. 1),

4 TEST CONDITIONS FOR NOZZLE CALIBRATIONS
4t Qpen air
4.1.1 Test site and equipment

Nogzles were initially evaluated on an open flat area on the roof of
Chenistry Department building. It was soon apparent, however, that wind was
an important variable and diffioculty was encountered in keeping the test condi-
tions reasonably constant, in this open position,

The noszles were attached to a short length of metal pipe and connected to
the mains supply, via a flowmeter, by means of flexible rubber hose. The
nozzle assembly was clamped to & retort stand; the position, argle of elevation
and helght above the ground oould all be varied. For sampling the rainfall, a
tarpaulin marked in 3ft squares was spread out in the test area and glass
beakers placed at the interseotions.

4.1.2 Rainfall intensity determination

A typloal test oconsisted of running the water for 10 ar 15 minutes at the
oonstant flow rate of 88 gal/h found by experience to be of the carrect order
to simulate the drop size speotrum for 1 in/h intensity.

The volume of water oolleoted in the beskers was measured, and converted
to a rainfall intensity. For ease of caloulation, beakers of standard oross
sectional area were used. A plot of the typical rainfall distribution obteined
from one such test is shown in Fig, 2.

4.1.3 Effect of varying nozzle position

Fig. 2 shows that there is an elliptical area of fairly uniform, high
intensity rainfall approximately 9 ft from the noszle; the intensity falls off
rapidly towards the edges of the rainfall area. The nozzle assembly was
inolined at 50° to the horisontal and 4 ft above the test area. Decreasing the
angle of elevation increased the rainfall area, with lower intensity farther
from the nossle; increasing the angle had the reverse effeot. In both cases
the rainfall distribution was less unifarm than for 50° inclination. .
Aocordingly, for the final installation on the track the nossle positions were
atandardised at this angle, 4 ft above and 9 £t horizontally from the ocentre
line of the track.

b1 Effeot of wind

As indioated previously rainfall distribution patterns were found to be
extresely sensitive to the wind. For wind velocities of up to 10 £t/s in the
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same direotion as the plane of the nozzle axis the effeot was merely to displace
the rainfield. In a wind in the opposite direction the rainfield was displaced
towards the nosgle but at velocities higher than 5 £t/s the rain was lifted
backwards over the nozzle and blown away. Typical plots of rainfall distribu-
tion under various oonditions are shown in Fig, 3. In view of these diffi-
culties all further ocalibrations of individual nozzles were made under cover.

4.2 Enclosed conditions

4.2.1 Zest site and equipment

All the noszles were measured to ensure that they complied with Fig. 1 and
were otherwise acceptable, Nogcle tests were made under closely controlled
oonditions in an enclosed building, usually used for acoelerated weathering
tests by the Clothing and Equipment Physiological Research Establishment.

The test equipment was similar to that described previously with the
addition of a pressure vessel and gauge for static mressure recording though
in this oase no tarpaulin was required as the oonorete floor of the struoture
was suitably marked.

L.2.2 Effect of varying flow rates and pressures

Routine calibration tests were carried out at a statio pressure of
12 1b/in2 and a flow rate of £8 gal/h. The effect of altering the pressure and
hence the flow is to produce drops of a different diameter drop sizes decreasing
with inorcase of pressure. Experiments were made between the pressure limits
of 10-14 1b/in? corresponding to flow rates of 80-95 gal/h. The overall
intensity along the oentre line is not affeoted appreciably between these limits
but it is more markedly aff'ected around the periphery.

4.2.3 Acoeptance tcsts for individual nossles

Euch nozzle was tested twice for a minimum period of ten minutes. The
rainfall at each test station was compared with the standard. The rainfall was
examined visualiy for any looal oonoentrations of large drops or an excess of
small drops, producing a mist effeot. Drops were sampled by the method used
previously! using No. 1 Whatman filter paper lightly dusted with Rhodamine dye.
The stain diameter produced is approximately five times that of the original
drop. Any noszles not conforming to the required standard were rejected unless
the defeot such as a machining mark or burr was easily remedied. All 150
nogezles were examined and 125 were found to be satisfaotory.

The drop sige distribution for one noszsgle is shown in Fig. 4. 79 per ocent
of the drops were found to be between the di.ameter11mta 1.2 to 2.8 mn which
is a good approximation to 1 in/h natural rainfall.

5 CALCQMOE OF THE NUMBER AND DIBMUTIOQ OF NOZZLES
5.1 e le 0

To reduce the number of firings necessary to build up a realistio flight
time when testing missile components or to achieve long test times for highly
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resistant materials, the nozzles were positioned so that the overall intensity
throughout the rainfield was betwecn 5 and 7 in/h.  Although rainfalls of this
intensity are infrequent under natural conditions, intensities up to 4 in/h are
fairly oommon in the tropics, and since erosion is direotly proportional to
rate of rainfall, 500 ft of 6 in/h reoin can be considered as equivalent to
3000 £t of 1 in/h rain,

Plots were made of theoretical rainfall distributions for standard
nozzles placed at various intervals., An interval of 4 ft 6 in. was found to
be most suitable for the final installation. For epproximately 500 £t of
rain 110 nogzles 4 ft 6 in. apart were required. A plot of the theoretiocal
distribution giving a mean intensity of 5.8 in/h along the centre line is
shown in Fig. 5.

5.2 Flow rates and pressures

Each individual nogzle was calibrated at a flow rate of 88 gal/h and a
static pressure of 12 lb/inz; for the entire rainfield, therefore, equipment
capable of pumping water at a rate of approximately 10,000 gal/h was required.

6 JETALLATION OF RATNFIELD AND ANCILLARY EQUIPMENT

6.1 Artificigl rainfield

G.141 Scaffolding and nozzle assemblies

Steel scaffolding sited on the south side of the track, was used to
support the nogzle assemblies, which were fixed by means of adjustable clamps
to the top horizontal portion of the scaffolding. Each unit assembly
consisted of a nozzle, sorewed into a short length of brass tube and conneoted
to & 4 in, diameter header main with 8 ft of flexible rubber hose. Then all
the noggles were fixed in position finel adjustments were made, using a port-
able jig which could be moved along the treck rails. This ensured that the
angle of elevation and the vertioal and horizontal distances from the traock
were oorreot. .

6.1.2 Reservoir and storepc tanks

Ample supplies of fresh water are availeble from a nearby lakc. Two
storage tanks were installed of total capacity 10,000 gal to give sufficient
water for approximately one hour's supply without refilling., At intervals
the tanks are drained and cleaned to remove water weed, algae and wind-blown
sand as these tend to blook the narrow noszzle orifices.,

6.1.3 Supply and header mains

A main pipe was laid from the leke to the atorage tanks. Twin
mains were laid from the storage tanks to the centre of the header main,
which ran the whole length of the rainfield. All these mains were of
4 in. internal diameter., Conneoctions were made where necessary with
flexible fire hoae. The cnds of the header maln were detachable
for drainage purposes to minimise frost damage. Tor the same reason
the supply mains were buried wherever posaible or lagged. Three
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pressure gauges were installed in the header main, one in the centre and one
at each ends During normal teatingzthe mressure reading at the oentre was
12 1b/4n? and, at the ends, 11 1b/in°,

6.2 Ancillary equipment

6.2.1 Pumping methods and egquipment

Standard fire fighting equipment was used and operated by the Establish=
pent Fire Service., Either a bowser with twin outlets was available or the
pipes were separately connected to two Fire Service Land Rovers. In both
cases the pumping pressure was approximately 25 lh/inz. The difference in
pressure between the pumps and the header main was due to losses in the
commecting lines, which were approximately 100 yd long. Pressure losses in
the flexible hose were much gieater than in the steel main, so these lengths
were kept to a minimum., Topping up of the siorage tanks was by an auxiliary
pump at the lake-side which could be left unattended if large quantities of
water were required.

6.2.2 Flowmeters

Two Kent Recorder flowmeters were inatalled, cach reading from 0-7000
gal/h. Readings were taken from a chart rotating at one revolution per hour
and oalibrated in gal/h and minutes.

The instrusent was actuated by a difference in pressure between two
orifices a short distance apart in the supply main with small bore copper
tubing conneotions to the instrument, the pressure difference being propor=
tional to the rate of flow.

7 CALIBRATION OF RAINFIELD

7.1 Sampling by sections

Since it was impraoticable to measure the whole rainfield simultaneously
it was divided into six sections. Cans were placed at 2 ft intervals along the
oentre line of the track and the rainfield operated for 15 minutes. The
volumes collected were meesured and are given for the six sections in Tables 1,
2 and 3. Each seotion was measured at least twice but duplicate runs under
identical conditions were difficult to obtain as wind oconditions were variable,
The limits of wind velooity and direction were noted during each test run,.

7.2  Coantinuous monitoring throughout the rainfield

At the front of the mobile rain gauge used for continuous monitoring are
two catchment areas, one measuring 36 sq in. and the other 50 sq in. each being
12 in. across, thus enabling a sample to be taken acrosa the full width of the
track. The first catchment area is connected to a copper colleoting vessel
and gives a measure of the average intensity along the track. The other is
connected to a tilting siphon recarder. Good agreement between the two was
obtained in most cases. For example, Fig. 6 shows a typical trace from the
recorder indicating an almost uniform intensity of 7 in/h throughout the rein-
field, compared with a oollected volume of 270 ml representing a mean intensity
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of 6.9 in/h. In this particular case the wind speed was 8 ft/s, direotion
2257, and the time in rain 4 minutes. The intensity of the rainfield at any
point is calculated from the slope of the ocurve at that point.

The trolley was hauled by an electriocslly driven low geared winoh,
clamped to the track, with a chain drive to a rotating drum on which was
wound 525 ft of cable., TFor each test run the ocable was unwound and the
trolley pushed back through the rainfield to its starting position. Prior
to each run the clookwork mechanism on the recorder was set, a recording ohart
added, and the siphon primed when necessary.

To ensure that the rainfield was unifoorm, not only longitudinally, but
also aoross the track, a series of tests was made sampling one third of the
width each time. Under similar wind oconditions approximately equal amounts
of rain were collected.

The rain measuring equipment with the cover removed for clarity is
shovn in Tig. 7 and in position on the track, together with the winch, in
Fisa 3.

7.3 Drop size analysis

As each noszzle was individually calibrated prior to installation it was
not expeoted that there would be any marked ochange in distribution after
assembly, but, as a check, drop size samples were taken at intervals through-
out the rainfield, using filter paper dusted with Rhodamine dye. The paper
was attached to a plece of hardboard 6 in. square which was fixed to e handle
6 £t long. It was inserted face downwards into the rainfield turned upwards
for approximately one second, reversed and withdrawn, Subsequently the stain
sizes were measured and the drop size distribution caloulated. All were found
to lie between the required limits shown in Fig. 4, except that there was an
excess of smaller drops in the intensity distribution in the oentre of the
rainfield over that at the ends, because of the higher preasure there (oentre
12 1b/in?, ends 11 1b/in2),

7.4 Effeot of wind and the installation of wind shields

It was apparent in the early stages of ocalibration that the rainfield
was sensitive to wind variations. The general effeoct was to displace the
rainfield in the direotion of the wind. This was not important for low
velocity easterly or westerly winds and these displaced the rainfield along
the track. However, a wind from the south (i.e. behind the nozsles)
displaced the rain beyond the track, and the slightest breeze from the north
prevented the rain from reaching the track at all. To a oertain extent this
effeot could be compensated at the expense of varying the drop size by ohanging
the pressure and thus giving the drops a lar or smaller velocity as required
(increase of pressure - increase of velooity).

A statistical analysis of the values obtained under lmown identiocal
conditions (Tables 1, 2 and 3) showed that there was no significant difference
between runs for the same seotion, but there was a difference between different
seotions under nominally identical conditions, This was acoounted for by
differences in the local topography of the sand dunes affording varying degrees
of protection from the wind.
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In order to avoid unacceptable delay in walting for appropriate wind
conditions it was decided to protect the reinfield by ereoting corrugated iron
sheeting on scaffolding on the north side of the track. Later this was
extended to the south side to give greater proteotion. The faoility is now
usable with wind velooities up to 35 ft/s from direotions between 90 and 270°
and up to 10 £t/s from 0-90° and 270-360°. Fig. 9 shows the rainfield in
operation protected with sheeting on the north side. The rainfell intensity
on this occasion was approximately 5 in/h.

7.5 ZIypical test conditions

Under ideal oonditigns the flow was mainteined at 10,000 gal/h with a
pump pressure of 25 1b/in®, eaoh recorder reading aprroximately 5000 gal/h.
Plows from 9000 gal/h to 12,000 gal/h were used to aocommodate changing wind
oonditions. At intervals a rainfall intensity check was made and individual
nozgles cleared of obstruotions if necessary. These were either observed
visually or interpreted from irregularities in the reocorded intensity. The
pumps were operated for a f'ew minutes until steedy flow oconditions were
obtained and were lef't unattended for periods up to 10 minutes whilst personnel
took cover foor a firing., If any undue delays ccourred the pumps were turned
off to conserve water supplies until the trouble was rectified.

8 CONCLUSIONS

The reinfield facility as described, has been found to be useful for rain

simulation under most wind conditions less than 35 f£t/s veloocity, and has
enabled rain erosion tests to be made at supersonio speeds. Had oircumstances
pernitted, a further improvewent would have been to instal noszles on both
sides of the track to reduce the dspendence on wind conditions still more.
This vas not practicable with the present facility as nozgles on the north side
would have been sited in the oentre of the existing roadway which runs the full
length of the track. However this point should be noted in the design of any
future treck incorporating rain erosion testing.
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TARLE 3

Rainfall calibration along the track seotion
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FIG.7. RAIN MEASURING EQUIPMENT

FIG.8. RAIN MEASURING EQUIPMENT IN
POSITION ON THE TRACK




FIG.9. ARTIFICIAL RAINFIELD SHOWING WINDSHIELD
IN POSITION ON THE NORTH SIDE OF THE TRACK
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