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ROYAL AIRCRAFT E S TAB L I S Ii !A EN T 

A COIRRELATION BETVEEN RAIN EROSIQX OF ‘PERSPEX SPECIMENS 
13 FLIGHT AND OnT A GROUND RIG 

and 

B, Fairherld 

The amount of surface erosion on Peropex has been measured for specimens 
flown on an aircraft in rain and tested on a whirling arm ground rig in 
artificial rain. Specimens r7ere compared at 4.00 knots and similar rain 
concentrations. 

Results show that 1 iq/hr rain in flight gives similar erosion to 
Ia5 in&r on the ground rig9 t&i.;; may be due to the LTeater range of droplet 
sizes foLind in flight. 
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1 II'lTRODUGTION 

. 

1 .l It was required to establish how closely the rain erosion obtained on 
an R.A.E. ground test rig, compared with that obtained in flight. 

2 GROUXD TEST APP-ARATUS 

2.1 The apparatus developed (Ref.1) to measure rain erosion properties of 
airoraft materials consists of a 9 ft 6 in. diameter arm with the erosion 
samples mounted at the tips. This arm was mounted vertically and could be 
rotated to give tip speeds of up to 4.80 knots. The erosion samples made in 
the form of hollow cylinders, 1.45 in, or 2.9 in. long and 1.85 in. diameter 
(Fig.1) were bolted to each side of the tip with their longitudinal axis at 
right angles to the plane of rotation. 1 in./hr artificial rain was produced 
by feeding 8.5 gal/hr of water on to a 2 ft 4 in. diameter disc rotating at 
160 r.p.m. in a plane parallel to that of the arm's rotation. Drop sizes 
varyin 
drops 7 

from 0.6 to 3.0 mm were obtained with a predominanoe of 2 mm diameter 
5% of total volume between 1.85 mm and 2.20 mm). The drop sizes were 

assessed by catching the drops on filter paper dusted with Rhodamine dye, and 
the rate of rainfall was also measured. All the droplet measurements were 
made close to the samples with the rig operating. 

3 FLIGHT TEST APPARATUS 

3.1 The erosion test specimens were supplied by R.A.E. and were the same 
type as used on the whirling arm rig. The specimens were mounted on a bar 
projecting through the nose of a Meteor 8, as shown in Fig.2. The mounting 
was designed for three ion, p or six short specimens to be carried each side 
of the nose, with the inboard speoimens nine inches from the fuselage. 

3.2 An aluminium foil apparatus (Ref.2) was designed and installed in the 
nose of the aircraft to measure the rainfall, the drops hitting the foil 
through a $ in, by i in. aperture, see Fig03. This instrument consisted of 
three spools; a free running feed spool with a friction pad to prevent over- 
running, a free running drum faced with 400 mesh phosphor bronze gauze, and a 
take up spool belt driven by a 3 r.p.m. actuator motor, The aluminium foil, 
4 in. wide 0.004 in. thick passed over the &OO mesh gauze spool just behind 
the aperture in the aircraft nose, so that each raindrop strikin 
imprinted a mark of the mesh in it, From previous calibration, P 

the foil 
Ref.2), the 

size of the raindrop could be calculated from the size of the imprint. From 
the speed of the foil 2.2 in. per second, and the speed of the aircraft, 
4.00 knots, the concentration of the rain could also be calculated. 

3.3 During the initial flights severalbreakages of the foil occurred, 
usually by tearing due to the air entering the nose aperture. Modifications, 
to overcome this trouble included the fitting of a solenoid operated shutter. 
A warning system was fitted, operated by a mioro switch actuated by four 
hollows on the feed spool, and also by a microswitch operated by the shutter 
solenoid, so that satisfactory operation resulted in a light flicking on and 
off in the cockpit. 

3.4 As an alternative method of recording rain concentration, a 4 in. 
diameter pitot collector tube was mounted on the starboard side of the erosion 
specimen bar (Fig.2). The rain entered the horizontal pitot section of the 
tube and was then stored in a vertical section of tube; a valve at its 
base enabled the water collected to be measured after each flight. 
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4 DESCRIPTION OF FLIGHT TESTS 

4.1 Three pairs of samples of different materials were tested in the initial 
flights, onazote, glass cloth laminate and Perspex. The onazote samples eroded 
rapidly during the first flight, one sample disappearing completely. These 
two samples were therefore replaced with four Perspex samples each half the 
length of the previous samples, these were la3eled 2 and 3 port, and 2 and 3 
starboard. The glass laminate samples also eroded rapidly and unevenly due to 
lifting of the glass cloth layers. Faux to five layers, equivalent to a depth 
of 0.04 to 0.05 in, were eroded before these samples were removed and replaced 
by a further four Perspex specimens. The new Perspex specimens were numbered 4 
and 5 port9 and 1, and 5 starboard. All the Perspex samples were now weighed and 
mounted on the aircraft in numerical order with the number one samples outboard. 
Flights were then made, and the samples were weighed at frequent intervals to 
determine the weight loss due to erosion, These weights have been listed in 
Table 1 as percentages of the original specimen weight. 

4.2 All the flights were made at 400 knots at an altitude of approximately 
1000 ft, and where possible consisted of =1 series of runs in rain beneath a 
single cloud, The foil indicator was operated continuously while the aircraft 
was in rain, the time of exposure being noted by the pilot. The pitot tube rain 
collector was fitted for the later flights, and the total water collected in 
each flight was measured after landing. The sequence of flights, together with 
actual and calculated flight times are listed in Table 1. The method of 
caloulating the latter times is described in the following paragraphs, 

5 AWALYSIS OF PBSULTS 

5.1 The analysis of the foil records by meas-uring the diameter and number of 
drops (Ref.2) gave the rain conditions to which the specimens had been exposed. 
These conditions xere examined in detail for the first flight for whrch a foil 
record was obtained. This flight, Number 69 consisted of seven runs under the 
same cloud, and the drop size distribution for each run has been plotted in 
Fig.4. The variation of rain concentration through each run has been plotted 
in Fig.5. For subsequent flights the individual runs were ignored since the 
rain concentration varied in a very random manner, hence the rain drop sizes 
and concentration were only considered for the flight as a whole, The drop 
size, volume distribution for these flights are shown in Fig.6; the volume 
median diameter of the rain varied from 1.7 mm to 3.3 mm but in all rain, drops 
of 4 mm diameter were encountered. Natural rain distributions of Ref,3 and the 
artificial rain distribution on the ground rig, Ref.4, are sho;vn in Fig.7. It 
Can be seen that the natural rain distributions of 1 in. and 2 in./hr rainfall 
have a voluno median diameter of 2.2 and 2.5 mm respectively with some lO$ of 
the volume in drops of 4 mm and larger, whereas the artificial rain has a volume 
median of 2 mm but contains no drops larger than 3.2 mm diameter. 

582 Thti pitot tube rain collector introduced in the later flight tests was 
also used to estimate the rain concentration, The volumes of rain collected 
are included in Table 1, and plotted against the corresponding volumes 
collected on the foil recorder in Pig.8. 

5.3 In order to compare the flight results with those obtained on the ground 
rig the flight times in rain had to be corrected to the equivalent flight times 
in 1 in./hr rain, The method of determining this correction is given in 
Appendix 1, and the values obtained are given in Table 1. For flights I3 and 14 
where only the quantity of water caught in the pitot tube was recorded, the 
catch was reduced to the equivalent catch on the foil recorder, from Fig.8. The 
drop size was then assumed to be 2 mm diameter, 
1 in,/hr calculated. 

and the equivalent time in 
The drop size was also assumed to be 2 mm diameter for 

flight Nuimber 8 where no anal,ysis of the drop size spectrum was made. To obtain 
an estimate of time in 1 in,/hr rain for the remaining flights where no 
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measurements of rain concentration were obtained, the total time in 1 in,/hr 
rain for flight 6, and 8 to I8 r-a-* I i3 divided by the total flight time for these 
flights. This gave one minutes actual flight time equal to 0.133 minutes in 
? in./hr rain. 

5.4 A correction also had to be applied to the ground test erosion curves for 
Terspex, given in Ref.&, to reduce them from 435 knots (500 m.p.h.) to 
400 knots, the flight test speed. The method used to obtain this correction 
is given in Appendix 2. Corrected curves for 1 in./hr, 1-k in,/hr and 2 in./hr, 
together with the flight erosion curve for the number one samples are given 
in Fig.?. Flight erosion curves are also given in Figs. 10 and 11, but only 
the corrected I-$ in.,& ground test curves has been included in these figures. 

6 DISCUSSION OF RESULTS 

6.1 The curves of rain drop size distribution obtained from the flight 
tests (Figs. 4 and 6) show a general similarity to curves o'btained for 
natural rain from Rcf.3 (Fig.7). All these drop distributions differ from 
the artificial rain produced on the ground rig (Fig.7) in that natural rain 
hzs a far greater range in drop size. The presence of a number of drops 
larger than 2 mm diameter in natural rain may well account for the large 
discrepancy in erosion rates between flight and ground tests shown in 
Figs, 9$ lb and 11. It can be seen from these figures that the erosion in 
flight in 1 in.,'hr rain is equivalent to erosion on the ground rig in I-& in+/hr 
rain, 

6.2 It c,an be seen from Fig.11 that an increase in weight occurred on 
sample;: 4 and 5 after flying in rain. This was probably due to water 
absorption of the Perspox and was not evident on the other specimens as they 
wore 511 flown in rain befcro being weighed. 
1 in,/hr rain for 15 minutes 

After flying in equivalent 
the Number 4 and 5 port and starboard specimens 

were rcveroed 2nd flown for a further 4.9 minutes in 1 in./hr rain. An 
incro~so in -weight again occurred, indicating that previous exposure to a 
damp atmosphere does not caf"fect the water absorption properties of Perspex. 
It is not considered that this weight gain materially affects the analysis of 
the resu1-t~ L' 9 as both flight and ground test specimens were subject to water 
absorhtion, and in any case the proportion of weight gain to total erosion loss 
WB3 gCil3TdLl,y small. 

6.3 A comparison of the areai: of erosion on the flight and ground test 
specimens shows very good sgrticment. The mean flight test angles of erosion 
were 760 for the maxim- and 90 /' for the overrtll erosion, The corresponding 
;nglcs for the ground rig tests were 73O and 930V This difference in flight 
and ground test ;ingles is negligible and could be accounted for by errors in 
measurerlent and in obtaining a true mean value, Photographs of the flight 
specmens are shown in Fig.12. 

. 

7 COBCLUSIoxS 

7*1 Comparitivc tests of Perspex samples on the ground and in flight has 
indicated heavier orosion in flight. The erosion from exposure to 1 in,/hr 
rain in flight has been found to equal erosion from I* in./hr rain on the 
ground test rig+ The most probable cause of this difference is the 
existence of a greater proportion of larg e rain drops in the natural rain, 

7.2 1Vater absorption of Perspox specimans has given an increase in specimen 
weight after exposure to rain. An attempt to cure this effect by exposing 
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the speoimens to rain erosion conditions before oommencing on actual test 
was unsuccessful. 

I’@3 The areas of erosion were found to be similar for flight and ground 
tests. 

7.4 Suitable isolated rain showers do not occur very frequently in the U.K.; 
only 18 flights were made in the year: the flights involved a considerable i 
amount of risk and discomfort for the pilots who had to fly straight and 
level at 4.00 knots at 1000 ft with no forward vision. 

7.5 The highest rain concentration measured by the foil was 6.25 grq/d; 
the rsin showers were very variable in intensity. 
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APPENDIX 1 

. 

CONVERSION OF FLIGHT RAIN RECORDS TO EQUIVALENT 1 IN&R RAINFALL 

Considering an area of 1 sq ft exposed to 1 in4h.r rainfall, then l/12 
cu ft of rain will collect on this area in one hour, Assuming the rain 
consists of drops of a uniform size falling with a velocity VT ft/sec, then 

the l/12 cu ft of rain would have been distributed in a column of air 
1 x 1 x 3600VT cu ft giving a concentration of 

1 - x &I?, 12 
cu ft of water/cu ft of air 

23.2 =- 
vT 

grm of water/cu metre of air. 

Considering now the rain recorder, the volume of air swept out by the 
0.75 in. by 0,375 in. aperature at 400 knots will be 2.25 cu metre/mine 

Therefore the recorder collection rate in 1 injhr rain will be 

23.2 - X 2.25 grm/miil 
vT 

vT 
Or 23.2 x 2.25 minutes will be required to collect 1 grm of water in 1 indhr 

rain n 

As shown in Table 2 there was a considerable range in rain drop size 
for the flight tests, therefore in assessing the equivalent time in 1 idhr 
rain, each size range wt:; taken separatel;y, e.g. for flight X0.6, (Table 2) 
the equivalent time in 1 in./hr rsin cLJnt?ibutzd by tho 8 to 1 mm drops was 

-.-$2zi,- vT 0.8 
100 . 1 OOCJ 23.2 x 2.25 minb 

Assuming a mean drop size of 0.75 mm dia, then VT = 12 ft/sec see Table 3. 

Considering the other ranges of drop size th 
1 in/_hr rain for flight No* 6 is given by 

e total equivalent time in 

T 2955-, 10 -5 fo.8 x 12 i- 6.1 x 
I + 22 x 

15 + 17.2 x 18 + 25.8 21 x = 
23,2 x 2.25 23 + 15.4 x 24 + 10.4 x 25 + 2.3 x 25 

= .! 4’725 min 0 

For the flightsvrhere the total quantity of rain, but not the size 
distribution was measured the rain was assumed to be of a constant drag size 
of 2 mm dia, this gave 1 
1 in&r rain. 

grm of water catch equal to 0,37 mins flight in 
This com,pares closely with an average value of 1 grm of water 

catch equal to 0.43 mins flight, for the flight analysed on the drop size 
basis. 
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AFPEXDIX 2 

THE CORRECTIOPT OF GROUND RESULTS GIVEN I?\r RI@'ERENCE 4 p---s __I_- 
TO EQIJIVALmvT FLIGHT CONDITIOI~S 

In Reference 4 the erosion tests were n&e at 300,400 and 500 m.p,h,, 
from which a velocity-erosion relationship of 

R = 3.86 x ICJ-~(V - 208}3”37 

was obtained for ercsion in 1 ir4h.r rain, Where R was the erosion rate in 

mm 3/cn12 h, and V the velocity in m.p.h. Using this equation for the 400 knots 

(460 m.p,h.) flight case, a value of 485 mm3/cm2 h was obtained for R, this 
is 0.618 of R for 500 m,.p.h. 

Reference 4 also stated that the rate of erosion on Perspex was 
directly proportional to the rate of rainfall, the speed correction should 
therefore aptly to the rates of rainfall considered in the ground tests 
viz, 1, 2 and 3 ilz/hr. 

To obtain erosion curves for intermediate rates of rainfall the values 
of R at 500 m.p.h. for I, 2 and 3 in/hi? rain were multiplied by the speed 
factor 0.618 and plotted against rate of rainfall. This gave the slope of 
the linear portion of the weight loss, erosion time curve for any rate of 
rainfall up to 3 in/hr. The position of the curves was determined by the 
intercept of tho linear curve on the time axis. These were first obtained 
from the ground tests by plotting the values for 300, 400 and 500 m.p.h, and 
intwpolating to obtain the illtercopt for 400 knots (460 m.p.h.) at 1 .in/hr 
rclinfsll. The intercepts for 2 idhr and 3 ir+/&hr at 400 knots were taken 
in the same proportion as for 500 m.p.h., the only ground speed over which 
the rate of rainfallzerevaried, Thus a linear curve of weight loss against 
erosion time could be plotted. The initiation times for the various rates 
of rainfallwere obtained .by first plotting the ground times far the three 
speeds of 300 p 400 .and 500 m.p.h,, to obtain an interpolated value for 400 knots 
at 1 in/hr rainfall. The initiation periods for the other rates of rain fall 
were taken to be proportional to those at 500 m,p,h. The Reference 4 curves 
for erwion at different rates of rainfall ell appeared to depart from the 
linear relationship beloa approximately 1 .25$ weight loss for the 500 m.p.h. 
ground case? and this was assumed to appl:y nlso to the 400 knot cases. 

The speed corrected erosion curves for 1 i.n=/hr, -1;~ in/hr and 2 in/hr 
are plotted in Fig.9. 
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