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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

——

AN INSTRUMENT FOR THE DETERMINATION
OF RAIN DENSITIES IN FLIGHT

By John R, Bemis and Henry G. Houghton, Jr.

INTRODUCTION

This project was initizted as a result of some airline
experiences of partial or complete engine failure in flight in
heavy rain, Preliminary tests on the ground indicated that a
concentration of 20 to 50 grams of water per cubic meter of air
was required to reproduce the effects on the engine which were
observed in flighte The purpose of the work described in this
report was to develop an instrument for the determination of
raln densities in this range in flight. The major requirements
for such an instrument are ease of operation, minimum weight
and bulk, rapid response and simplicity of installation., With
this in mind, no attempt has been made to study exhaustively
all possible means of measuring the rain density; but rather,
the principal emphasis has been placed on methods which showed
good promise of meeting the foregoing requirements,

The work described in this report fells naturally into
two martss It was first necessary to design and to install
proper pumping and spraying equipnment in a wind tunnel to sirmu-
late flight conditions in heavy raine This also involved the
development of a standard method for the measurement of the
rain density produced in the tunnel., The second part of the
work comprised tie developrient of the rain densgity instrument
and its calibrations The end result is an instrumert which
operates on the kinetic energy of the raindrops and in effect
measures the ratio of the mass of water to the mass of aire

TEST FACILITIES

The wind tunnel used in thesec investigations was origie
nally designed for icing researches It is located on the roof
of the Guggenheinm Aeronautical Laboratory at the Massachusetts
Institute of Tochnologye The general design of the tumnel




is shown in figure 1y, from which it can be seen that it is an
open=ecnd, nonreturn type with a circular cross sectione Thc
measuring section is 3 fect in diameter and tlie fan section is
5 fect in diameter. The over-all lcngth is 32 fecete The fan
is a 65=horsepower light airplane propeller cut down to 5 fect
and connected directly to o 20-~horsepower 3~phase wound rotor
induction motor with a meximun speed of 1750 rpm at full load.
Variable external rotor resistances nake it possible to vary the
speed over a considerable rangee Maximun velocity in the
neasuring section is 80 miles per hours Sincc the tvanel was
not designed for aerodynamic investigations, no special attempt
was madc to obtain ideal flow in tho measuring scctions but the
velocity profiles in flgure 2 show that it is entirely adequate
for this work,

WATER~SPRAY SYSTEM

The nozzle array for the ieing work is indicated in figure
l, It was entirely inadequate for the rain density work which
was estimated to require an output of about 15 to 18 gnllons
per ninutes Although it is not known what rain densities
actually occur in the atmosphore, computations and soie
observational data indicatc o moximum value of about 50 grans of
water per cubic meter of aire The spray nozzles were designed to
produce this density in the measuring scction at full tunncl
speede It was planned that slightly higher densities could then
be obtained by reducing the speed of the tunnel, and lower
densities by rcducing the mozzle output. Thirtecn spray nozzles
(T-30128) monufactured by the Spray Enginecering Company wore useds
These nozzlcs give a hollow cone spray and tlws, cven though
placed as far upstream as possible, a2bout 20 percont of thic output
was lost on the waells with the first nozzle array. This was
modified to the array shown in figure 3 with a resultant decreasc
in the loss on the walls and no bad effect on the spatial
distribution of the spray in the measuring sectione This setup
with nozzles placed just behind the honeycord (as was the
original array in fige 1) secrnied to be adequate for the initial
tcstse

No city wnter was available on the roof; and consequently
the water system used consisted of a bronze gear purp fed fron
two storage tanks with a total capacity of about 750 zllonse
The purp was rated to give an output of 19 gallons per ninute at
100-pounds~per-squarc=inch pressurc and 1800 rpms It is driven




by a 2-horsepower 1750 rpm induction motor, Water pressure,
indicated on a Bourdon gage, is varied by means of a bypass valve
around the pumpe The output of the nozzles is proportional to the
square root of the pressure, as is shown in figure 4 for a single
nozzles : :

Due to the convergence of the tunnel at the measuring section,
the effect of gravity on the drops, and the wide angle of spray of
the nozzles, a considerable portion of the spray was lost on the
tunnel walls, as previously pointed oute This water collected as
a small stream in the bottom of the tumnel. In order to prevent
severe damage v0 the propeller that would result from the flow of
water, a scoop collector was placed in the tunnel as shown by point
C in figure ls A water drain was also installed as siown by point
B in figure 1, The motor was protected by a sheet-metal housing
with suitable provisions for ventilation,.

CALIBRATION

The original plan was to determine the rain density in the
tunnel from the total amount of water pumped and the airspeeds
However the considerable loss of water on the walls and the
recognizable lack of a uniform distribution of the spray across
the measuring section made this plan impractical, Another method
was therefore resorted tos An open-ond tube placed into the
tunnel and facing upstream was used as a collectors By main-
taining o flow into the tube equal to the tunnel velocity, the
possibility of the loss of the smaller drops was climinated and the
water collected by the tube accurately represented the water
present in the volume swept out by the tubes As originally
constructed, this instrument ccnsisted of a brass tube 12 inches
long with en inside diamecter of 0.82 inch and a wall thickmess of
about onc thirty-second inche This tube was pointed directly
upstream and was connected to a collector whisch removed the
entrained water and conducted it to a suction pumpe ifuch of the
water collected was dcposited on the walls of the tube and the

- connecting pipes This unit was designed so that all the water

would run into the sump below the collector. A small pitot tube
was mounted inside the collector tube and a duplicate was mounted
in the tunnel air streame The suction pump was then adjusted so
that the pressure difference between the two tubes was =s near
Zero as possibles




The procedure followed was to allow the collector to run
for sufficient time to estzblish equilibrium conditions and to
measure the water collected during a known period, usunlly 5 to
10 minutes,s Using the area of the collecting tube, the rate of
water collection, and the tunnel airspeed, the rain density was
computed readily, The entire collcctor was arranged so that it
could be moved to various positions in the measuring section.
The positions cf the various stations 2t which measurements were
made are shown in figurc He The data obtaincd are given in
tables I and II and in figures 6 and 7. Table I and figure 6
show the distribution of water density at various positions in
the measuring section at an airspeed of 69 miles per hour and a
water pressure of 50 pounds per square inche Some nonuniformity
is apparent but therec is a region near thc center of. the tunnel
which is entirely satisfactory for the testing of rain-density
instruments., The density is particularly low ncar the well
because of the deflccting action of the converging scction and
the loss of water on the wallse The precision of the measure-
ments is believed to be about 5 percent cxcept as noted in table I,

In table II and figure 7 is indicated the effcct of water
pressure on the rain density at station 1 with an airspeed of 69
miles per houre From these data it would appear thot the density
may be varied from about 25 to 4O grams per cubic meter in this
ways The effect of variations in the airspeed was not investigated
because some difficulty was encountered in maintaining the proper
distribution of the spray at lower spceds and because any re-
ductions of speed seemed a step away from the actual operating
conditions which were being aimed ate At lower specds thc path
of the drops through the measuring section began to depart
noticeably from the horizontal and much more of the spray was
lost on the wallse It wes possible to increase the rain density
very little, nnd a poorer simul~tion of actual flight conditions
rosulteds With a closer~fitting more-efficicnt propeller, tunnel
speeds up to 80 miles per hour werc obtainable but the proper rain
densitics put so much water down the tunncl that it was not
possible to operate without more clearancc in the Pottom of the
tunnels For this reason a slightly shorter propeller was used
which gave operating speeds of 65 to 69 miles per hours



MODIFICATIONS OF THE SPRAY NOZZLE ARRAY

AND THE CALIBRATION PROCEDURE

The wind-tunnel arrangement with the slightly shorter
propeller, although not considered entirely satisfactory, provid-
ed rcasonable conditions for initial observations of various types
of instrument., For final testing and calibration, further modifi-
cations were clearly nccessary.

Seversl differcnt typcs of spray nozzlc were investigated
in an attempt to obtain a more uniform distribution and a better
concentration of the sproy at the measuring section to reduce
the losses on the wnlls, Somc of these nozzleos gave satisfactory
roesults with respect to distribution and concentration of the
sproy, but failed to give good output over a sufficiently wide
pressure range to meke possible an adequate variation of rain
densitys

The original type of nozzle proved best over = wide pressure
range, and the spray characteristics were greatly lmproved by
concentrating the group of nozzles at the center of the tunncl
rather than attempting to distribute them over the 5~foot section.
The best array finally proved to be s grouwp of 10 type T-30128
nozzles arranged in 2 ring 7 inches in diemeter and placed at
the center of the H-foot scction just inside the honeycomb, as
before, This gave o good distribution covering the proper ronge
of densitics over an area in theo centor of the tunnel about 20
inches in diameters In the pressure range from 20 to 100 pounds

per square inch, densitiecs could be produced in the measuring

section from 20 to 55 grams per cubic meter which covers the
entire range considercd necessary,

For calibration it also proved advisable to develop an in-~
proved method of chweeking the rain density at various points
vithin the nmeasuring section. Slight clogzing of one nozzle
often produced narzed variation of density and so for final cali-
bration frequent echiecks were deemed nccessary. In testing the
NACA collecting scoop (sce later discussion and fig. 8) it was



fourd that no significant change in the rate of collection was
ocvident when mcasurements were wade with this or the teost
collector tube, either with or w1t10ut flow into the orifice
being naintained by :icans of the pump. Consequcntly a rovision
of the original collecting tube was nade, as shown in figurc 9.
The revised water collector has the same orifice diancter

(0e82 ins) and connccts by means of a rubber tube with a bottle
to oven out the rzte of flowe ~he overflow from the bottle goes
to a calibrated tube for measuring the voluric of water collected.
The testing procedurc was to allow the system to reach equilibri-
un and then to measure the tine required to collect 50 cubic
centimeters of waters Results, checked within 1 or 2 porcent,
and data could be obtained with reasonablec speed so that frequent
cheeks were possible,

INSTRUMENT DEVELCF{ENT

In designing an instrument for a spccialized purpose, such
as neasuring rain density from an airplane in flight, considera-
tion has been given to the limitations which such use would in-

posc on ite This investigation has thorefore been linited to

nethods which showed the best possivilities for adaptation to
flight conditionss In addition to the obvious linitations of
size, weight, ease of installation, operation, and so forth, it
has been deened advisable to incorporate other fecatures in the
rain density instrument. Since the densities involved nay be
expected to show quite reopid changes and fluctuations, it was
believed that the device should be direct reading with a fairly

cpid response to changes Bocause nost nethods of measuring rain
density are dependent upon the speed of the airplane, it was also
felt that the device should be indemendent of airspeed so that it
reads the rain density directly without the necessity of simul-
taneously recording airspeed.

METEODS OF MEASURING RAIN DENSITY

Fumerous different methods of measuring the amount of water
encountered in air have been suzgested. The most obvious and
direct of these is to catch the water and measure ite A slightly

less direct method is to measure the force of impact or the kinetic



energy of the dropse. Another nethod suggested is to measure the
transmission of light through the raine This method was not con-
sidered in the present study because light transnission is a
function of the size of the dropse Another possibility for naera-
uring the amount of water is to allow tlhe air to pass between the
plates of a condenscr and measure the change in capacity due to
the entraincd watcr. This method was discarded because it in-
volved too :any doubtful quantities and probably too ruch eclec~
tronic experincntation for a prelininary instrument of thiz typce
Work has been confined chiefly to systens bascd on the first

two mcthods mentioncd aboves

RAIN COLLECYORS

. The NACA has designed and utilized = rain-collcctor scoop
(see fige 8) which, oxcept for icing problcas, was satisfactorye
The NACA collector scoop has becn tested in the MoIL.T., wind
tunnel and the results comparcd with data obtained on the collec-
tor tube that was developed in t-is research progran. At a
tonnel speed of 69 milcs per Mour and at a water density of 23.1
grams per cubic neter measured by the colicctor tube, the NACA
collector scoop indicated a density of 2%.4 grams per cubic noter
with the blower attached and 22,3 grams per cubic meter when
connected directly te a closcd bottles These readings sre all
within the linit of accuracy of tle neasuring equipment used end
indicate that both devices are about cqually cffective collectorss

The chief problem in designing o good instrument of the col~
lcctor type is to devise a rcliadle riethod of neasuring the rate
of accurmlation or ratc of flow of the water. Several diffcrent
nethods were investigated, utilizing small orifices for measuring
the rate of flows The small orifices proved subject to plugzing
difficulties and werc found to be poorly adapted to the necessary
reange of about 10 to 35 grams per cubic neter. Duping devices
do not zppear to be adapted for operation in an airplanc, All
such necthods give a slow responsc to changes in rate of flow and

tlhus would tend in opcration to obscurc such changese In addition,

a satisfactory nethod of corrccting for the cffect of airspeced in
order to record density directly could not be readily dcviseds




These difficultics made it advisable to utilize a nethod of meas-
uring the immact of the drops which showed better promise of over-
coning thesc problems.

IMPACT INSTRUMENTS

After considerable cxperimentation with mothods of construc-
ting a sensitive disphragn and weterproof pitot hcads, a simple
nothod was devised for constructing the impact diaphragm so that
the dynemic pressurc of the air was eliminatcd. With $hese prin-
ciples as a basis for construction, 2 rezin-density measuring
instrument has been developede

A diaphragn or plate such as AB in figure 10 nounted at the
orifice of a closed system so that it is frec to move in and out,
as indicated by the arrows C and D, will tend to come to equilib-
riun in sone position close to the mouth of the orifice when
placed in an air strean as indicatcd. At this point the pressures
on the back and front of the plate arc equal. If it is moved
back in the direction D, the vressure is slightly lower on the
front than on the back of the plato as a result of the flow over
the orifice, and it tends to returne If it is noved forward in
the direction C, the pressurc is higher on the front than on the
back so that it noves beck to the cquilibriun position. Thus
when exposed to the air strcan the diaphregn renains at = fixed
positions Wren rein is encounterod the diaphragn is forced hack
fro:n the equilibriun position by the impact of the dropse The
force of the drops is large with respect to tlhic force teading
to move the dicphragn forward, so thot an additional rcstoring
force is required to prevent it from being forced back to the
linit of its movenments In order to climinate the effeet of air-
speed, this restoring force rmset very witli the square of the air-
spoceds Another dinphragn of a sinilar nature will supply such a
force, for in moving forward fron tlie cquilibriun position, AB
is exposed to the dynamic pressurc of the air. The pressurc has
becn found to incrcase at a necarly constant rate from zero at
the equilibriun point until it approaches thc dynanic pressure
at a point about Oel inch from the orifice (if the orifice is thrce-



fourths ine in diams). Thus a restoring force maey be obtained
wiich increases with displacenent and which varies closely with
the square of the airspeed, as does the dynamic pressure, If
the instrument is equipped with a means of rcading the displace-
ment, it may be calibrated directly in terms of rain density.

If the two diaviragms of areas A, and A, are balanced on
opposite arms pivoted at the point F, as showm in fizure 11, it
will be possible to set uwp an equation for the balance of the
forces acting on the two arms. If diaphragm A, is assumed to
recede under the impact of the waterdrops and if diaphragm A4,
moves forward and provides the restoring force, the ratio of the
lengths of the two lever arms for the maximum rain density which
the instrument is expected to measure can be determinecde The
dynamic pressure is proportional to the product of the density
and the square of the velocity. Since the density of the rain
at a maximum possible value of 60 grams per cubic meter will be
about 5 percent of the air density at sea level, the dynamic or
impact pressure of the rain can be expressed as 5 percent of the
dynamic pressure of the air. Then, if the restoring dianhragnm is
considered to be exposed to the full dynamic pressurc of the air
at its maximum extension, the rclationship betwcen the lengths of
each arm and thc areas of each diaphragm can be set vp. Following
the symbols used in figure 11, with the two arcas coval to A, and
Az and letting D equal the dynamic pressure of tie 8115 tne fol-
lowing simple rclationship results:?

0505 DAlal =0005 DAZ 8.2+DA2 a.a

or

With this as a basis for design, a test instrument, shown in
figure 12, was built for preliminary triales Practical considcra~
tions limited the selcction of the valucs for two of the variables.
First, neither of tic arms should be so short that the angular
novement of the diaphragms would be large in pronortion to the
forward and baclkward or tangential movement, A length of 2 inches
wvas felt to be a safe mninimum and so ap was fixcd at this valuec.
Sccondly, it was desirable to have A, sufficiently large so that
it would rccelvc a representative sample of the drops and would
not be responding to the individual drop impacts, A diameter of
1.5 inches scemed a safc valuc for Al, and Aa was more or less
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arbitrarily set at 0475 inch. This gave a; 2 length of 10 inches
and the whole instrument an over-all length of 13 inches. Indica-
tion of density was made by reading the position ol tie arm. Its
case is so constructed that air flow between the two orifices due
to any pressure differences will be negligible, If any fl gy its
allowed to pass throngh the orifices, it aifects the action of the
diaphragm. It was found that a passage one-eighth inch in diameter
between the two orifices permitted sufficient flow to affect the
operation.

Testing revealed that the calculated nropertions appeared to
cover the proper range of densitiess This model vas built with as
light an arm and diaphraogms as possible, which were mounted on
jewel bearings with the result that it responded far too readily
to all the fluctuations in impact on the diaphragmss lore damping
was obviously necessary, particularly for the higher densities.
Vhen close to the zerc position and on it, very good stability
was shown.

Considerable time was spent in developing an adequate position-

indicating device, and after trying several different methods, A
small portable electronic device, shown with the second model in
figure 13, proved the readiest solution. The circuit shown in
figure 14 consists of a small oscillator of the negative resistance
type, and a power amplifier stage which feeds tarcugh a transformer
into an intermediate freaquency coil. The output from this coil

is picked up by another similar coil and is rectiried in the final
stage by using the 1 35GT tube as a diode. An aluminum shield
mounted on the moving arm of the instrument comes between the two
coils as it moves back and varies the current picked up by the
second coil as a result of the eddy current induced in the plate.

A frequency cf about 20,000 cycles at the top of the andio range

is used and readings are given on a small (O.FO) microamnmeters

The tubes are all small battery type and power is supglied by
self-contained batteries.

The model shown in figures 13 and 15 was nade up as an
instrument which would be suitable for proliminary flight testss
The dimensions chosen were made the same as those which had been
indicated as satisfactory on the first testse Two small ball
bearings were substituted for the jewel bearings in order to
permit making the arms and diaphragms heavier to provide some
incrtia damping. The case was of welded-sheet aluminum and a
renovable plate wes provided to give access to the bearings.

The coils of the indicating instrument were mounted as shown
just back of the impact arm.
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This instrument hns been tested in water densities from 20
grams per cubic meter up to 55 grams per cubic meter at 65 miles
per houre In order to check its zero position stability, the
device has been operated at speeds up to 110 miles per hour in
the 5= by 73~foot wind tumnel at M, I.Ts These tests carry the
investigation about as far as is possible with the existing
facilities. They show that three simple modifications nrobably
should be madee More mass should be added to the two arms or
some other means of providing additional damping at the higher
_densities should be deviseds The area of the "impact arm"
should be reduced to a circle 1-1/8 inches in diametere More
careful measurements have shown that the sensitivity is too great
and at the top of the range (45 to 50 grams/m®) the arm was
reaching the end of its 1/2-inch movement, This is presumably
due to the fact that full dynamic pressure is not developed over
the entire area of the restoring diaphragm 2nd also due to the
somewnalt greater instability at these higher densitiecse The
addition of more mass would correct the latter difficulty but it
is felt that a reduction in the size of the diaphragm would
improve the operation by reducing the degree of movementes In the
test instrument the area of the impact diaphragm has been reduced
with an improvement in performances. The size of the orifice has
not been reduced accordingly, however, so that the full advantage
of the reduced area is not obtaineds

The third detail requiring further attention is the position-
indicating instrumente At the time this was constructed the only
meter available was a small Triplett instrument with a 3~inch
dial; a larger slightly more sensitive meter would improve accuracye
The existing circuit undoubtedly can be improved and can be made
more compacte It was designed to result in a good working
instrument and little time has been devoted to refining ite The
instrument appears to possess good stability and the oscillator
circuit has excellent sinusoidal wave forme A period of about
two minutes should be provided for allowing the instrument to
warm up and reach equilibrium, as the readings do not become
stabilized at oncee

Other alterations will be necessary before the instrument can
be considered a finished producte Because of the construction of
the existing model, access to the working parts and assembly is a
fairly intricate processes A method utilizing castings, preferably
of aluminum, is suggestede If made in top and bottom halves,
adjustment and inspection of the working parts would be simplified;
and by providing for slight adjustments in the pivot point, final
balancing would be facilitated,
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The problem of protecting the instrument agninst icing
conditions which might frequently interfere with obtaining rain-
density data has not been considereds This could presumsbly be
teken care of by providing an adequate means of applying heat,

As indicated above, the restoring force provided by the
dynamic pressure of the air, though correcting for airspeed, will
also bc dependent upon the density of the air, As the air
density decreases, the restoring force will correspondingly
decreases It is not expected, however, that over thec range of
altitudes at which observations will normally be made that this
will offer a serious objcctions Data on altitude would normally
be taken, rapid and. large changes would usually not be
encountercd, and the correction would be 2 very simle one to
applye

Data on calibration of the preliminary model are given in
t=ble III and in figure 16, These data include dcflcction of the
impact diaphragm from its maximum forward position in inches with
the corresponding water pressures on the spray head and rain
densitye

The plot of these data in figure 16 indicates a marked change
in slope at about 30 grams per cubic meters It is not considered
protable that this is due eithor to an accumulation of water in
the orifices or to a change in the character of the air flowe The
discrete impacts of individual drops cause an oscillation or
buffeting of the diaphragm at all rain densiticse At densities
above 30 grams per cubic meter the arm reaches the limit of its
travel in its backward oscillations, and the mean reading as
indicated on the mcter is correspondingly too lows This
difficulty could be eliminated by providing more travel or by
reducing the size of the diaphrrgm as already suggesteds More
effective damping would also tend to reduce the amplitude of the
oscillationse It is also probable that an increassed airspeed
with the corresponding increase in the number of drop impacts per
unit of time would furthcr reduce this effect,

CONCLUDING REMARKS AI'D RECOMMENDATIONS

It is regretted that delays in the preparation of the test
instrument prevent inclusion in this report of any data on flight
testse Plans have been made, however, to conduct tests of the
rain-density instrument on a transport airplane of one of the

commercial airlines, data to be taken during regularly scheduled
flightss ‘
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The problem of adapting this or any other instrument to
operation on an airplane can be accomplished only under actual
flight conditionse The problems encountered in developing the
testing facilities clearly show the limitations of such eauip~
ment, The question of applicability of calibrations made in a
wind tunnel to flight conditions also must be answered by fairly
extensive flight tests and it appears that readings should be
obtained in flight from both this and a collector-type instrument
to obtain the final calibratione OConsiderable study will be
required to determine the proper location on an airplane for
installing such an instruments The present investigation has
provided a basis for the design of an instrument which, in the
final model, is expected to prove an adaptable and convenient
means of obtaining extensive data on the now unknowm dquantity of
rain density,

Massachusetts Institute of Technology,
Cambridge, lasse
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TABLE I
DENSITIES AT VARIOUS POSITIONS IN THE TUNNEL MEASURED
AT 69 MILES PER HOUR AND A WATER PRESSURE i
OF 50 POUNDS PER SQUARE INCE b
Station|Rain density |Number of runs
(grams/m®)

1 BON9 4

2 2059 3

3 13.7 3

4 5.0 1

5 40,4 3

6 37.8 3

7 25.8 2

*8 30,5 3 runs check within 6 percent

9 28.0 3

10 2905 3

213 29.8 3
L) 30,3 3 runs check within 7 percent
13 41.0 3

14 34.8 3

15 36.0 3
F6 24.0 3 runs check within 9 percent
ILy 23.2 3

18 20,7 3

239 24,5 3

20 24.3 3

21 30,5 3
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TABLE II
RATES OF COLLECTION AND RAIN DENSITIES FOR VARIOUS WATER

PRESSURES AT POSITION 1 AT 69 MILES PER HOUR

Water pressure|Rate of collection|Rain density|Number of
(1v/sa in.) (ce/min) (grams/m3) runs
20 Lt & 25.8 3
30 18553 21650 4
40 LS (5 28,2 5
50 2155 30,8 4
70 24.6 35,6 5
80 35.6 3722 3
90 26/, 1 T8 3
100 28.2 40,9 <)




b

o

TABLE III

Disl rediing fjﬁfhragm Lot Semaity Pressure on
2flection spray nozzles
(i) (grams/m>) (1v/sq in.)

96 0 0 0

85 5 2L (5@ 20 25

58 . 280 28 35

35 .356 35 45

25 .386 45 556

15 414 50 70

Note: Due to the turbulent water distribution in the
tunnel, the irregular impact pressure of the water drops,
and insufficient damping of the instrument, the accuracy
of readings, especially at the higher densities, is plus
or minus 5 percent, The rain density wvalues for the
various water pressures on the pump have not been made to
exceed an accuracy of 5 percent,

It is expected that under actual flight conditions at
considerably higher speeds the stability and accuracy
would be much improved,

cr—M
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Figure 10.- Action of impact diaphragm in measuring rain density.

Figure 11.- Sketch of rain density

instrument.
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| NACA Figs. 12,13

o Figure 15.- Tunnel test wodel of rain density instrument.
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Figure 13.- Preliminary model of rain density instrument

for flight tests.
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Figure 14.- Position indicator circuit.
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Figure 15.- Preliminary model tests.
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Figure 16.- Calibration of preliminary model of rain density instrument.
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