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AN INSTHUSENT ¥OR THR DETERMINATION
OF BATN DENSITIES IN FLIGHT
By John R, Beamis and Henry G. Houghton, Jr.

INTRODUCTION.

This projJect was initisted as a result of some alrline
experiencee of partial or complete englne fallure in flight in
heavy raine Preliminary tests on the ground indicated that a
concentretion of 20 to 50 grams of water per cubic meter of alr
was required to reproduce the effects op tho englne whloh were
observed in flight, The purpose of the work described in this
regport was to dovelop an instrument for the determination of
rain densities in this rani@e in flight, The major requirements
for such an instrument are ease of operation, minimum weight
and bulk, repid rosponse and asimplicity of installation, With
this in mind, no attempt has been made to study .exhaustively
all possible means of mespuring the raln:-density; but rather, -
the principal emphasis has been placod on methods-whlch showsd
good pronise of meeting the foregoing regquirenenta,

The work descrided in this report falls naturally into
two nartss 1t was first necessary to design and to install
proper pumping and epraylng equipnent in a wind tunnel to sirmu~
late flight conditlions in heavy rain., This also involved the
developnent of a standnrd method for the measurement of the
rain denslty produced in the tunnel., The second part of the
work comprised the dovelopnent of the raln donsity instrument
and 1ts calibrations The end result is an instrument which
operates on the kinotlo energy of tho raindrops and in effect
measures the ratio of tho mass of watar to the mass of alre

TRST FACILITIES

The wind tunnel used in these investigations wns origle
nally dosigned for leing rescarches It is located on the roof
of the Guggenheim- Aeronauntical laboratory at the Massachmsotte
Ingtitute 6f Tochnologys The gemeral design of .the tunnel-



is ghown in figure 1, from which 1t céan be seen that it 1s an
open~end, nonreturn type with a circular cross sections Tho
measuring section 1s 3 feet in dianeter and the fan section 1s
h feot in dlameter. The over=all longth 1s 32 foete The fan
18 a 65-=horsepower light airplane propelleor ocut down to 5 feot
and connected directly to a 20-=horsepowsr 3~phase wound Totor
induction motor with a mexirun speed of 1750 rpa at.full load.
Variable external rotor resistances make it péssible to vary the
speed over a conslderable ronge. Maximun veloclty in the
measuring section 1s 80 miles per houre Sincoc the tunnel was
not designed for serodynanic investigetions, no svecial nttempt
was made to obtaln ideal flow in tho measuring soction, but the
veloclty profiles in figure 2 show that 1t is entirely adequate
for this work,

WATER-SPRAY SYSTEM

The nozgle array for the icing work is indicatod in figure
1, It was entirely inndequnte for the rein density work which
was estinated to require an output of about 15 to 18 gnllons
per ninutes Although it 18 not knowm what rain donseities
actually occur in the atmosphore, cocputations and sone
observational data indlcrto a mexirun.value of about 50 grans of
water per cublc meter of air, The spray nozzles were designed to
produce thls denslty in the measuring soction at full tunnel -
speeds It was plannced that slightly highor demsities could then
be obtalned by reducing thu speed of the tunnel, and lower .
densities by roducing the nozzle output. Thirtecn spray nozzles
(7-30128) mamufactured by the Spray Englneering Company wore used,
These nozzles glve a hollow cone spray and tlms, oven though
Placod as far upstrean as posslible, sbout 20 persont of the output
was lost on tho walls with tie first nozzle array., This was
modified to the arrsy shown in figure 3 with a resultant decrease
in tho loss on the walls and no bad effect on the spatial
distribution of the spray in the measuring section. This setup
with nozsles placed Just behind the honeycoobd (as was the
originsl afray in fige 1) seened to boe adequate for tho initial
toata, .

¥o city wnter was avallable on tho roof; and consequently
the water system usod oonsisted of a bronse goar pump fed fron
two storage tanks with a total capacity of about 750 zrllons, -
The purp was rated to zlve an output of 19 gallons per minute at
100~pounds=per-square-inch pregsure and 1800 rpms It 18 driven



by a 2-horsepower 1750 rpm indvetion motors Water pressure,
indicated on a Bourdon gege, ls varied by means of = bypasa valve
arcund the pumpe .The output of the nozzles is proportional to the
square root of the pressure, zs ls shown in figure i for a single
nozzle,

Due to the convergence of the tunnel at the measuring section,
the effect of gravity on the drops, and the wlde angle of spray of
the nozzles, a considerable portion of the spray was lost on the
tunnel walls, as previously pointed out. This water collected as
a smz2ll stream in the bottom of the tummels In order to prevent
severe damage to the propeller that would result from the flow of
water, a scoop collector was placed in the tunnel as shown by point
0 in figure 1« A water drain was also installed as siown by point
B in figure 1, The motor was protected by a sheetwmetal housing
with sultable provisions for ventllation.

CALIBRATION

Thoe original plan was to determine the rain demsity in the
tunnel from the total amount of wator pumped and the alrspeeds
Hovever the coneiderable loss of water on the walls and the
rocognizable lack of a uniform distribution of the spray across
the measuring section made this plan impracticale Another method
was therefore resorted toe An open~end tube placed into the
tunnel and facing upstream vas used as a collectore 3By main~
talning o flow into the tube equal to the tunnel wveloelty, the
possibllity of the loss of the emaller drops was oliminated and the
water collected by the tubo accurately representod the wator
present in the volume swept ocut by the tubes As originally
congtructed, this instrumont conseisted of a brass tube 12 inches
long vith en inside dlameter of 0.82 inch end a wall talckmesa of
about ono thirty-second inchy This tube was pointed direoctly
upstream and was connoected to & collector which removed tho
entrained water and conducted it to a suction pump, ifuch of the
water collected was deposited on the walls of the tube and the
connecting pipes This unit was dosigned so that all the water
would run into the sump below the colleotor. A small pitot tube
was mounted inslde the collector tube mnd a duplicate was mounted
in the tumnel alr streame The suction pump was thon adjusted so
that the pressure difference between the two tubos was es8 near
gero as possible,




The procedure followed was to allow the collector to run
for sufficioent time to esteblish equilibrium conditions and to
measure the wmter collected during a known poriod, usually 5 to
10 minutes. Using the area of the collecting tubs, the rate of
wator colleoction, and the tunnel airespeed, the raln demsity was
computed readily., The entire colloctor was arranged so that it
could be moved to varlous positions in the measuring section.
The positions of the wvarious stations at which measurembnts were
made are shown in figuro He The data obtalnod are glven in
tables I and II and in figures 6 end 7« Table I and figure 6
ghow the distribution of woter demsity at various positions in
the measuring section at an alrspeed of 69 miles per hour and a
water pressure of 50 pounds per square inch. Some nonmuniformity
1s apparent but there 1s a reglon near tho center of the tumnel
which is entirely satisfactory for the testing of raln-density
instrumenta, The density is particularly low noar the well
because of tho deflocting action of the converging soction and
the loss of water on tho walle, The precision of the measure-
ments is believed to be about 5 percent except as noted in table I

In tablo II and flgure 7 is indicated the effoct of water
pressure on the rain demsity at station 1 with an alrspeed of 69
miles per houre IXrom those data 1t would eppenr thet the density
moy be varied from about 25 to Y0 grams per cubic meter in this
waye The effect of variations in the airspeed was not investigated
because some difficulty was encountered in malntalning the proper
distribution of the spray at lower speeds and bocause any ro-
ductions of speed seemed a step awny from the actual operating
conditions which were beolng aimed ate At lower speeds tho peath
of the drops through the measuring section began to dopart
noticeably from tho horizontal and much more of the sprey was
lost on the wallse It wes possible to incremse tho rain density
vory little, nnd a pooreor simulation of actual flight conditlons
rosultedes With a closer~fitting more-efficloent propeller, tunnel
speeds up to 80 miles per hour wero obteinahle but the proper rain
densltlos put so much water down the tunnel that it was not
poaslible to operate without more clearanco in the bottom of the
tunnels For this reason s slightly shorter propeller wes used
which gave operating speeds of 65 to 69 miles per hour,
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MODIFICATIONS OF THE SPRAY NOZZLE ARRAY
AXD THE CALIBRATION PROCEDURE

. The wind~-tunnel arrangement with the slightly shorter
propoller, although not considered ontirely satisfanotory, provid-
ed roassonsble conditions for initial observations of warious types
of instrument, For final testing and calibration, further modifi-
oatlons wore clearly necessary.

Severel differont typos of spray nozzlo were investigated -
in an attompt to obtaln a more uniform distribution and a bettor
concentration of the sproy at the measuring section to reduce
the losses on the wnlls, Some of these nozgles gave satisfactory
results wilth respect to dlstribution and concentration of the
spray, but falled to glve good output over a sufficlently wide
prossure rango to mrke possible an adequate variation of rain
donsitye

The original typs of nozzle proved bost over o wlde pressure
range, and the spray charpcterigtice were greatly lmproved by
concentrating the group of nogzles at the centor of the tunnol
rathor than attompting to dlgtribute tham over the H5~Ffoot sectlion.
The best array finally proved to be = group of 10 typo T-30128
nozzles arrangoed in.a ring 7 inchos in diemeter and plasod at
the center of tho H-foot sectlion Just inside the honeycomb, as
bofores This gave o good distribution covering the proper renge
of donsitice over an aree in tho centor of the tunnel ebout 20
inchos in diameter, In tho prossure rango from 20 to 100 pounds
per square inch, doneltles could be produced in the meoasuring
section from 20-to 55 grams per cubioc meter which covers the
entlire range considerod neceseary.

For calibratioa 1t also provod advisable to develop an in-
proved mothod of chocking the raln deansity at various points
vithin the measuring section, Slight clogzlng of one nozzle
ofton producod narked variation of donsity end so for.finasl cali-
broation frequont checke werc deened nocessary. In testing the
HACA collecting scoop (soe later dlscussion and fig, 8) it was



found that no significant c-ange in the rate of colloction wes
ovident whan acasuremonts were :wvndo with this or the tost
collcctor tube, elther witk or without s flow into the orlfice
being naintalned by =oans of the puzp. Consequontly = rovision
of the original collecting tubeo was nade, a8 shown in figuro 9.
The reviscd wator colloctor has the same orifice dlaneter

(0e82 in,) and connocts by roens of a rubber tube with a bottle
to oven out tho ratc of flows Tho ovorflow from the bottle goes
to a callbrated tubo for measuring the voluric of wator collectod.
The tosting procoduro wes to allow the systom to rezch oquilibri-
un and then to neasure tho tinc required to collect 50 cuble
contineters of wator, Results, cliocked within 1 or 2 parcent,
and dste could bo obtalned with roasonablo especd so that froquent
chocks were possiblo,

INSTHUMENT DEVELOF.ZNT

In doslgning an instrumont for a spocialized purposo, such
as noasuriag raln dansity from an alrplane in flight, considere-
tion has beon given to the linitations whieh such use would in-
poso on 1t. Thig investigation has thorefore been linited to

.netnods which showod the bost possivilities for edaptation %o
flight conditionss In addition to the obvious linitations of
sizo, welght, omse of installation, opoeration, and so forth, it
has been deened advisrble to incorporate other foatures in the
rain donsity instrument., Since the demsities involved nay bo
expocted to show qulte rapld changes smd fluctuaticns, it was
belioved that the dovice should be direct reading witih a falrly
_re.pid. rosponse to change. Bocause nost methods of neasuring rain
denslty are dependeat upon the speed of the airplane, it was also
felt that the device should be independent of olrspeed so that it
reads the rain density directly without the necessity of slmul-
taneously recording alrspeed.

METEODS OF MEASURING RAIN DENSITY

¥umerous different methods of measuring the amount of water
encountered in alr have been suggested, Tiie most obvious and
direct of trese is to catch the water and measure its A slightly
less direct method is to measure the force of impact or the kinetic



energy of the drops. Another nethod suggested 1s to measure the
transmission of light through the rain, This method was not con-
sldered in the present stwdy becaunse light transnlssion is a
function of the sizo of the dropse Another possibility for mexs-
uring tho anount% of water is to allow the alr to pass between the
plates of a condensur and measure the change in capaclty dune to
the entrainod wator. This method was discarded because it in-
volved too many doubtful quantitles and probably too much.elec-
tronic experinontation for a prelinminary instrument of this typoe
Work has been confined chiefly to sysbtens basocd on the firet
two nothosis .nentigned aboves

BAIN COLLECWORS

The XACA has designed end utiliszed = rain-colloctor scoop
‘(see fige 8) which, axzcept for icing problons, -was satisfactorys
The NACA collector. scoop has bemm tested in the M.I.T. wind
tunnel and tho results compared with data obtalned on tke collec-
tor tube that wne developed in tiils research program. At a
tvnnol speed of 69 milos per hour and at a water density of 23.1
grans por cublc neter measured by tho colloctor tube, the NACA
collector scoop indlcated a density of 2344 grams per cubic moter
with the blower attached and 22,3 grans per cubic meter wien
coanected directly to a closed bottles These roadings nre ell
within thé linit of accuracy of the neasuring equipnent used end
indiocate that both devices are about equelly eoffective collectors,

Tho ciaief problam in dosigning o good instrument of the col-
loctor type is to devise a roliable method of neasuring tho rate
of acocurmlaetion or ratc of floy of the wator, Several.difforent
methods were investigated, utilizing small orifices for messuring
the rate of flows The small orifices proved subject to plugzing
difficulties and were found to be poorly adapted to the necessary
renge of about 10 to 35 grams.per ocubic meter. Dampinz devices
do not' eppear to be adapted for operat*on in an airplanc, All
such methods give e slow responsc to chenges in rate of flow and
tlms would tond in operation to obscure such changes. In addition,
a satisfattory method of corrocting for the offect of ailrspeod in
order to record donsity directly could not bo readlly doviseds




These diffidulties made 1t advisable to utilize a nethod of moas-
uring the impact of the drops which showod .botter proniaa of over-
coning thesoe probloms.

" IMPACT INSTHUMENTS

After conslderablc experinentation with nmothods of construc-
ting & sensltive dlrphrosgn and waterproof pltot hends, a simplo
notlhod was dovised for constructing tho irpact diaphrngn so that
the dynemic pressurc of tlo alr was eliminatod. With these prin-
ciplos as a basls for constructlon, a rain-denslty measuring
instrunont has beon developed.

A dlaphragn or platc such a8 AB in figure 10 nounted at the
orifice of a closed system so that 1t 1s froo to move in and out,
as indicated by the arrows C aad D, will tend to como to equilib-
riun in sone position close to the nouth of the orifico whon
placed in an elr strean as indlcatcd. At this point the pressures
on the back and front of the plate aro equal. If 1t 1s moved
back in the diroction D, tho proessure is elightly lower on the
front tkan on the back of the plato as a rosult of the flow over
the orifico, and it temds to roturn, If it 1s moved forward in
tho diroction O, the pressurc is higkor on the front than on theo
back so that it novos back to tho cquilibriun position, Tms
when oxposed to tho alr stroan tlo disphregn remains at a fizod
position,s Wien rein is oncountorod the diaphragn is forcod back
fron tho oquilibriu: positioa by tho impact of the dropse <The
forco of tho drops 1s large with respect to tlio foree tending
to nove tho dlephregn forward, so thaot an additionel rostoriung
forcc 18 roquired to prevoat it froun bolng forcod beck to tiae
1init of 1te nmovononte In ordor to clinminato the effoct of alr-
gpeed, thls restoring forco -must very with the squaro of tho air-
gpoed. Anothor dlaphraga of o sinilar nature will supply such n
force, for in noving forward from tie oquilibriun position, AB
is axposed to tho dynenic prossuro of the air, The pressurc has
beon found to inercaso at a noarly constant rate from goro at
the equilibriun point until 1t appronckes tho dynanic pressure
at a point about Oel inch from tko orifice (if tkhe orifice 1s tiroo-



fourths in. in diams). Thus a restoring force may be obtained
vilclk increases with disvlacewent and which varies closely with
the square of the airspeed, ae does the dynamlc pressure. If
the inastrument 1s “equipped with a méans of roading the digplace~
ment, it may be callbrated directly in terms of rain density.

If the two diaplragms of areas A, and A, are balanced on
opposite arme pivotod at the point ¥, ms shown in figure 11, 1t
will be possible to sot up an equation for the balance of the .
foroes acting on the two arme. If diaphragm is assuded to
recede under the impact of the waterdrops and i disphragm Ag
moves forward and provides the restoring force, tho ratio of the
longths of the two lever arms for the maximim rain density which
the instrument is expected to measure can he determined. The
dynamic pressurc is proportinnal to thoe product of the density
and the square of the velocity. Since tho density of tho rain
at a maximum possible velue of 60 grams por cubic meter will be
about 5 percent of the air density at sea level, the dynamlc or
lmpact pressure of the rain can bc expressed as 5 percent of tho
dynamlc pressure of the alr. Then, if the restoring dianhragm is
consldered to be exposed to the full dynamic prossurc of the air
at its maximum extension, the rclationship botwuen the longths of
each arm and the areas of each diaphragm can he set rps Following
the symbols used in figure 11, with the two arcas aqual to 4, and
Ap end letting D equel the dynamic pressure of tiie air, the fol~
lowlng simple relationship reeults:

005 DA, a, =005 DA a,+DA,a,
or
0.05&1&1 = 1.05&85B

4,8, =21 Ajn

With this as a basls for deslgn, a teat instrument, shown in
figure 12, wes built for preliminary triales Practicel considere~
tions limited the seloction of the values for two of the variables.
Firast, nelther of tac erme should be so short that the angular
novement of the diaphragms would be large in proportion to the
forward and backward or tangential movoment, A length of 2 inches
was felt to be a sofe minimum and so ag wes fixod at this value,.
Scoondly, 1t was desirable to have sufficlontly large so that
it would roceive a representative sample of the drops end would
not be responding to the individnal drop impacts, ‘A diameter of
1.5 inches seemed a safo veluc for 4,, and A, was more or less
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arbitrarily set at 0,75 inch. This gave a; 2 length of 10 inches
and the whole instrument an over-all length of 13 inches, Indice~
tion of denslty was made by reading the position ol tie arm. 1Its
case 1s so constructed that alr flow between the two orifices due
to any pressure differences will be negligible. If any flow is
allowed to pass throngh the orifices, it arfects the action of the
diaphragm, It was f-und that a pessage one-eighth inch in diameter
betwean the two orifices permitted sufficlent flow to affect the
operation.

Testing revealed that the calculated nrovortions appeared to
cover the proper range of densities, This model vmasg built with as
light an arm and diaphrogms a8 possible, which were mounted on
Jewel Dbearings with the result that it responded far too readily
to a1l the fluctuations in impact on the diaphragms. More demping
was obviously necessary, perticularly for the hisher densities.
¥hen oclose to the zZero position and on it, very good stabllity
wos shown.

Considerable time was spent in developing an ndequrte position~
indicating device, and after trylng several different methods, A
small portable electronic device, shown with the second model in
flgure 13, proved the readlest solution., The circuit shown in
figure 14 conslsts of a small oscillator of the nogative reslstance
type, and a power amplifier stage which feeds t:rcugh a transformer
into en intermediate fregquenoy coil. The output from this coil
18 picked up by mnothor simllar coll and 1is rectified in the finel
stage by using the 1 FHGT tube as a dlode. An eluminum shield
mounted on the moving erm of the instrument comes between the two
colls as it moves back ~rnd varles the current picked up by the
second coll as o result of the eddy current induccd in the plate.

A frequency of about 20,000 cycles at thec top of the audio range
is used and readinss are given on a small (0457) microammoter,
The tubes are all small battery type and power is supplicd by
gelf-contalned batteries.

The model shown in flguree 13 and 15 was nnde up as an
instrument which would be sultable for proliminary rlight tests,
The dimensions chosen were made the same as tihwose which had been
indicated aes satisfactory on the first testse Two small Dball
bearings were substituted for tne jewel bearings in order to
permit making the arms and dlaphragms heavier to provide some
inortia demping., Tho case was of welded-sheet aluminum and a
removable plate wrns provided to give access to the bearings.

The coils of tho indicating instrument were mountod as shown
Just back of thc impact arm.
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Thig instrument hra boen tested Iin water densitlies from 20
grams per cublic meter up to 55 grams per cublic meter at 65 miles
per houre In order to check ite zero position sta‘bility, the
device has been operated at gpeeds up to 110 xilés per hour in
the 5=~ by TA-foot wind tunnel at MsI.T. These tests carry the
investigation about as far as 1s possible with the existing
facilities. They show that three simple modifications probably
ghould be made, More mass should be added to the two arms or
same other means of providing additional damping at the higher
densities should be deviseds The area of the ™mpact armV
should be reduced to a circle 1-1/€ inches in diemeters More
careful measurements have shown that the sensitivity 1s too great
and at the top of the range (45 to 50 grems/m®) the arm was
reaching the end of ite 1/3-inch movement, This 1l presumably
due to the faot that full dynamlc pressure is not developed over
the entire area of the restoring diephragm and also due to the
somewhat greater instabillty at these higher densitloese The
addition of more mass would correct the latter difficulty but 1t
ig felt that a reduction in the size of the diephragm would
improve the operation by reducing the degree of movenents In the
test instrument the area of the lmpeact dlaphragm has been reduced
with an improvement in performance. The size of the orlifice has
not been reduced accordingly, however, so that the full advanta.ge
of the reduced ares is not obtalneds K

The third detall remuiring further attention is the position-
indicating instruments At the time this was constructed the only
meter available was a small Triplett instrument with a 3~lnch
@lal; a larger slightly more sensitive meter would lmprove accuracy.
The existing circuit undoubtedly can be improved and cen 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 sppears to possess good stabllity and the oscillator
circult has exgellent simusoidal wave form. A perlod of about
two minutes should be provided for allowing the instrument to
warm up and reach eq,uili‘brium, as the readings do not become
stabilized at onces

Other alterations will be necessary before the lnstrument can
be conaldered a finished products Because of the constructlon of
the existing model, access to the working parts and assembly is a
fairly intricate processe A method utilizing castings, preferably
of alumimim, 1s suggested, If made in top and bottom halves,
adjudtment and inspeotion of the working parts would be simplified:
and by providing for slight adjustments in the pivot point, ﬂnal
balancing would be fasilitated, ) ] .

r
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The problem of protecting the instrument against leing
conditions which might frequently interfere with obtaining ralin-
density data has not been considered., This could presumsbly be
taken care of by providing an adequate means of applylng hoat,

As 1ndicated above, the restoring force provided by the
dynomic pressure of the alr, though correcting for alrspeed, will
elso bo dependent upon the density of the air, A4s the alr
denslty decreases, the restorliung force wlll correspondingly
decroases It 18 not expected, however, that over tho rango of
altitudes at which observetions will normally be madeo that this
will offer a serious objootione Data on altitude would normally
be taken, repid and large changes would usually not be
encounterod, and the corroction would be 2 very simple one to

apolye

Data on celibration of the prellminary model are glvem in
teble III and in figure 16. These data includc doflcction of the
impeot disphragm from its mnximum forward position in Inchos with
the corresponding water pressures on the spray head and rain
density, .

The plot of these data in figure 16 indlocates a marked change
in slope £t about 30 grams per cublc meters It 1s not consldered
probable that this 1s due eithor to an accumulation of wator in
the orifices or to a change in the character of the elr flows The
discrete impacts of individual drops ceuse an oscillation or
buffoting of the dlophragm at a2ll rain donsitloeses At donsltlos
above 30 grams per cublc metor the arm reaches tho limit of 1ts
travel in ite bockwerd oscllletions, and tho mcan reading as
indicoted on the motor 1s correspondingly too lowe This
difficulty could bo eliminntcd by providing more travel or by
reducing the size of the dlaphrsgm as alreedy suggesteds More
effoctive damping would also tend to reduce the amplitude of the
osolllaetionss It is also probeble that an increased elrspoed
with the correspondlng increpse in the mamber of drop impncts per
unit of time would furtiaor reduce this effoct,

CONCLUDING REHARKS AFD RECOMMENDATIONS

It 18 regretted that delays in the preparation of the test
instrument prevent lnclusion in this report of any data on flight
testss Plans have been made, however, to conduct tests of the
rain-denslty instrument on a transport airplane of one of the
commercial airllnes, data to be taken during regularly scheduled
flights.
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The problem of adapting this or any other instrument to
operation on an alrplane can be accomplished only under actual
flight conditionss The problems encountered in developing the
testing faoilities olearly show the limitations of such equips
mente The question of eppliocability of calibrations made in a
wind tunnel to flight conditions aleo must be answered by falrly
extensive flight tests and 1t appears that readings should be
obtained in flight from both this and a collector~type instrument
to obhtain the final calibration. Oonsiderable 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, 18 expocted to prove an adaptable and convenient
means of obtalning extensive data on the now unknown gquantity of
raln density,

Mageachisetts Institute of Technology,
Cambridge, Masse
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_TABLE I
DENSITIES AT VARIOUS POSITIONS IN THE TUNNEL MEASURED
AT 69 MILES PER HOUR AND A WATER PRESSURE
OF 50 POUNDS PER SQUARE INCE

Statlion|Rain deneity |Number of runs
(grame/m3)
1 30.9 4
2 30.9 3
3 13,7 3
4 6.0 1
5 40.4 3
6 37.8 3
7 256.8 3
"8 30.5 3 runs check within 6 percent
9 28.0 3
10 29.6 3
11 29.8 3
%12 30,3 3 runs check within 7 percent
13 41.0 3
14 34.8 3
15 36.0 3
*16 24.0 3 runs check within 9 percent
17 23.2 3
18 20,7 3
19 24.56 3
20 24.3 3
31 30,56 3




TABLE II

BRATES OF COLLECTION AND RAIN DENSITIES FOR VARIOUS WATER

" PRUSSURES AT POSITION 1 AT 69 MILES PER HOUR

16

Water pressure

Rate of collection

Bain density

Number of

(1v/8q 1in.) (ce/min) (grams/m3) runs
20 17,8 26.8 3
30 18.3 36,6 4
40 19,6 28.3 b
50 21,3 30,8 4
70 24,6 36.6 b
80 25.6 37.3 3
90 36.1 37.8 3
100 28,2 40,9 9
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TABLE II1I
Diaphragnm Pressure on
Dial reading | geriection | BBin density | oy nozzles
(in,) (grame /m®) (1v/eq in.)

96 o] 0 0

85 .160° 20 25

b8 . 280 28 35

36 356 35 45

26 .386 45 556

156 414 50 70

Note: Due to the turbulent water distridbution in the
tunnel, the 1rregular impact pressure of the water drops,
and insufficlent damping of the instrument, the accuracy
of readings, especially at the higher densities, is plus
or minus 5 percent., The ralin density velues for the
various water pressures on the pump hsve not been made to
exceed an accuracy of 5 percent,

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

P
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Figure 6.- Water density in grams per cubic
Figure 5.~ Location of stations facing down meter measured at pressure of

tunnel for measuring rain density. 50 1b/sq in. and 69 mph.
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Figs. 8,9

Figure 8.-
NACA collecting
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Tigure 10.- Action of impact diaphragm in measuring rain denslty.

Tigure 11.- Sketch of rain density instrument,.
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NACA Figs. 12,13
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Figure 13.- Preliminary model of rain density instrument
for flight tests.
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