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IRVESTIGATION OF AERODYNAMIC AWD ICING CHARACTERISTICS
OF WATER-INERTTA-SEPARATTON INLETS FOR

TURBOJET ENGINES

By Uwe von Glahn and Robert E. Blatz

SUMMARY

The results of an investlgatlon of several Internal water-
Inertia-geparation Inlets consisting of a mein dnct end an alter-
nate duct designed to prevent autamatlocally the entrance of large
guantitles of weber lnto a twvrbojet engine in l1cing condlitlons are
presented. Total-pressure losses and loing characteristics for a
direct-rem inlet and the lnertla-separation inlets are campared at
simllar aerodynemic and simmlated icing conditions.

Camplete ice protection for inlet guide vanes could not be
achieved with the Inertis-separation inlets investigated. Approxi-
mately 8 percent of the volume of water entering the nacelles
remained in the alr passing into the compressor Inlet. Heavy
alternate-duct-elbow ice formations caunsed by secondary 1nexrtia
separation resulted In rapld total-pressure losses and decreases
In mags flow. The duratlon in an lcing condition for an inertia-
separation iInlet, without local surface heabtlng, was inoreesed
approximately four times above that for a direct-ream inlet with a
campressor-inlet screen. For normal nonlicing operation, the Inertia-
gseparation-inlet total-pressure losses were comparable to a direct-
ram Iinstallation. The pressure losses and the clircumferential umli-
formity of the mass flow in all the inlets were relatively Inde-
pendent of angle of attack., UTae of an Inertia-separatlion Inilet
wounld In most cases require a larger dliameter nacelle than a direct-
ram inlet In order to obtain an alternate duot sufficlently large
to pess the regunired engine air flow at duct Mach mumbers below
1.0 at the minimum area. .

INTRODUCTION

Torbojet-engine ice probec "on by means of an inlet designed
to separate the free liquid water from the intake air by water
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inertia separatlion 1s shown to have possibilities in reference 1.
All the inlets investigated conslsted of a slngle-inlet nacelle
(fig. 1) followed by a mein duct for nonicing operation and an
‘alternate duct with sharply curved passages through which air,
.with a reduced water content, passed to the compressor unit during
an iocing condition. The results cbtalned in the investigations of
reference 1 showed that complete water separation could be obtalned
only at the expense of conslderable total-pressure losses when the
air pessed through the alternate duoct. The water-separation effec-
tivensss of Inertia-separation inlets is shown Iin reference 1l to
be a function of alternete-duot-inlet gap (fig. 1), radial offset
of the duct-splitter ring with respect to the nacelle inlet, our-
veture of the alternate-duct surfaces, and air velocity through the
auct, Design charts in reference 1 Indicate that small Inlet gaps
are required to prevent small cloud droplets from entering the
alternate duct. A amall inlet gap, however, limits the mess flow
through the alternate duct and produces high duct-alr velocitles
that cause lerge pressure losses.

Several improved designe, based on the investigation of refer-
ence 1, were developed at the NACA Lewis laboratory; these designs
were intended to operate ln nonlcing conditions at pressure-loss
values comparable to direct-ram Inlets and to give adequate ice
protection with seatlsfactory pressure recovery through the alter-
nate duot in an icing comdition.

The four water-inertia-separation Iinlets evaluated herein
wore designed with the &i1d of & simplified analysis and the design
charts presented 1ln reference 1, whereas the lnlets previously
investigated were designed by a systematic veriation of the con-~
Flguration components prior to the development of design chearts.
Asrodynamic and 1lcing studles of these four water-inertia-separation
inlets reported herelin were conducted in the NACA &~ by 9-foot
icing-research tumnel. The data were analyzed to obtain pressure-
loss veluss at similar mass alr flows amd to compare the icing tol-
erance that cen be obtained with inertia-gseparation inlets with
that obtalned with & conventional direot-ram inlet.

SYMBOIS
The following symbols are used in this report:
A area, square feetb .

ht reiial offset of duct-splitter ring, inches
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L height of duct at instrumentation statlions, inches

4 distance from outer duct wall to pressure-measuring tube,
inches

M Mach number.

m mase flow, pounds per second

m/m_l ratio of mess flow after times Interval to initial mass flow

P total pressure, pounds per square foot

R alternate~duct-inlet tuwrning radiue, lnches
¥ Indlicated alrspeed, miles per hour

« engle of attack of nacelle, degrees
Subscripts:

0 free stream

2 compressor inlet

e alternate duct

av average

i initial condition

APPARATUS AND INSTRUMENTATION

The inlets investigated (See fig. 2 for typlcal model.) were
constructed of wood and had a 28-inch maximum dlameter. At the
vertical plene of the inlet guide vanes or compressor Inlet, the
internal duct had a 19.3-inch outside dilameter and a 13.3-Inch
ingide dlameter (accessory-housing dlemeter), which resulted in a
compressor-inlet aree of approximately 155 square inches for all
inlets investigated. The varlous configurations were designed to
provide two comcentric ammular ducts separated by & duct-splitter
ring. The principal components of & typical Internal water-lnsrtia-
geparation inlet ere shown in figure 1. The nose inlets were
mounted on the ciroular afterbody used in the investigation reported
in reference 2,
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The angle of sttack of the model was varied by turning the
model in a horizontal plane. The top and the bottom of the nacelle
thus corresponded to the horizontal axis of a typical nacelle on an
alreraft.

Two types of main-duct ccmpressor-inlet screen were used in
the investigation. The purpose of these screens was to obtaln
rapid blockage of the maln duct in an icing condition and cause
the water inertia separation provided by the alternate duct to
become effective before the gulde vanes 1ced severely. The first
screen conslsted of concentrlc streamlined wires 0.192 inch in chord

and 0.048 inch in thicknese with a center-line spacing of 0.312 inch.

The second screen, used as a substitute for the first screen, con-
sisted of concentric round wires of 0.062-inch dlameter with a
center-line spacing of 0.156 inch. No scoreen was Iinstalled in the
alternate duct.

A group of four flat bledes (fig. 1), each 0.75 by 3.0 inches
in size, 0.062 inch thick, and spaced 90° apart circumferentially
at the compressor-inlet sectlon, served es ice indicators. The
blades were mounted with the 0.75-inch dimension parallel to the
alr stream. The slze of these blades was such that a high water-
collection efficlency was assured and a comparlison of the guantlty
of ice collected on the blades for the various inlets in icing con-
ditions was an indication of the lnertla-separation effectivensss.
For some studies, one of the flat blades was replaced by a typical
l-inch-chord curved inlet guide vane 1in order to determine its lcing
charecteristics in an inertia-separation inlet. In order to deter-
mine the icing characteristlcs 1n the alternate duct, en ice-
indicator rod of 0.062-1inch dlemeter was placed 4n the vertical
plane of the tralling esdge of the duct-splitter ring (fig. 1).

At the compressor-inlet plans, four 9-tube electrically heated
rekes were used to determine the radial profiles of veloclty, mess
flow, and total pressure. The center tube in each rake wes 2
static-pressure tube and the remainder were total-pressure tubes.
The rakes were clrcumferentlally spaced about the compressor inlet
in order to determine the asrcdynamic effects of angle of attack
on the performance of the various inlets. Two additional rakes,
each consisting of five heated tubes (four total-pressure tubes
and a stetic-pressure tube), were mounted in the alternate duct
(fig. 1) on the horizontal axis of the model center line. Two
electrically heated gtatlc-pressure tubes were mounted in the mein
duct shead of the screen between the duct-splitter ring and the
accesgory housing. Pressure readings from gll the rakes were
photographically recorded from multliple~tube manometers.

1318
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CONFIGURATIORS

Four inertla-seperation inlets and ome direct-ram inlet were
investigated. Coordlnates for all Inlets wlth reference to the
necells nose in the direction of the x-axls and the nacelle cehter
lins in the direction of the y-axis are glven in tables I to III.
The outer contours and the inlet-lip radil were designed on the
basis of results reported in reference 1.

The following table presents the princlpel design dimensilons
and area ratios for the altermate ducts of the inlets Investigated:

Config- Mininmm Radial | Design inlet | Design minimmm

uration | nacelle-inlet | offset £8p area at
area h! (in.) inlet gap
(eq in.) (in.) (sq in.)

A 109 — -— -

B 109 2.2 1.3 71

Cc 154 1.5 1.6 85

D 154 1.4 ‘1.4 74

E 154 1.1 1.9 99

During fitting of the various components and Installatlon 1n the
tunnel, small changes In the dimensions were unavoldzble and the
offects of these changes wlll be subsequently édlscussed.

Cross sectlons of the Inlets Investigated are shown in fig-

ure 3. For configuretions A end B, the inlets wers designed to

accamodate a standsrd production turbojet engine; whereas for ocon-
figurations C, D, and B the entrance leadlng to the compressor was
modified in the interests of lmproved alr flow by & sheet-metal
fairing, as shown in figure 1.

The internel contours of the direct-rem inlet (configuration A)
served as & base lins for the deslgn of an altermate duct. The
alternate-duct lnlet wes chosen to be near the acoessory-housing
nose (fig. 1) in order that the radilal offset of the duct-splitter-
ring nose dld not cause an sbrupt change in the maln-duct area,
wilth attendent large pressure losses. The alternate-duct gap was
then calculated using the simplified deslign charte of reference 1
for a droplet size of 15 microns and a duct-alr veloclty et the
gap of 550 mliles per hour. The point at which the gap ocours in
the alternate duct was arbitrerily chosen to ocour at the 90° poinbt
of the turning radius (component G, fig. 1). The minimum area of
the alternate duct was thus established at the albternate-duct geap.
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This minilumum area specifies the maximum mass flow that the alter-

nate duct may pasa. The area gredually increased downstream of »
the entrance of the compressor face. The angle that the main-duct
screen makes with the accessory housing is determined by the spase
avallable between the tralling edge of the duct-splitter ring and
the bearing struts or the guide-vane location. Configuration D
was similar to C except that the gap of D was arbltrarily decreased
12 percent, as shown in figure 3. Configuration E resulted from
the combination of the nacelle shell of configurations C and D
with the duct-splitter ring of conflguratlion B. . The alternate-
duct gap wes set at 1.9 inches to pass a large mass flow, to reduce
Pressure losges, and to determins the water-separation effective-
ness of large gap Inlets. . _ - . e

1316

PROCEDURE

The aerodynamic investigations were conducted in the Lewis -
6~ by 9-foot lcing-research tunnel at a tunnel-alr veloclty of
aprroximately 250 miles per hour. These invesiigations were made
with the soreens removed at angles of attack of 0°, 20, 4%, and 6°
to obtaln aerociynamic data independent of screen losses ’ s:b mass .
flows per unit area ranging from 10 to 30 pounds per second per
square foot. The model was also investigated for the sams range
of conditions with alr flowing through only the alternate duct.
The main duct was blocked with a plate at the screen location in
order to slmulate a fully lced screen.

The icing Investligations for each configuration were con-
ducted under similar tummel lcing conditlions in order to provide
a common basls for comparison. Each inlet was Investligated at two
different mass flows with the maln duct blocked In crder to deter-
nine the effect of alr wveloolty through the alternate duct on the
duct icing characteristics. . The inlets were then investigated in
fcing condlitions with the maln-duct screen insta.lled..

The ioing stua.ies wore copducted at tummel alr velocities
renging from 100 to 250 mliles per hour and at an angle of attack
of 0°. Droplet size and water concentration were determined by
rotating multlicylinders. The mean effective droplet size was
approximately 10 miprons. Water ooncentrationa from 0.6 to
1.5 grams per cublc meter were uaed. The total air temperature
in the tunnel ranged from 10° to 20° F. The duration of the icing
periods vearied from 2 to 24 minutes. At the end of each icing
period, photographs were taken of the nacelle nose and duct-
splitter ring, the alternate duct and elbow, the compressor-inlet
screen, amd the varlous ice indicators. .
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RESULTS AND DISCUSSION

Asrodynamic Results

The pressure loss at varilous rake stations was calculated as
Pp-P, where the total pressure P was obtalned at the required
ingtrumented station. The integreted average total-pressure loss
of all the compressor-inlet-statlon rekes was chosen as the configu-
ration pressurs-recovery value. The results presented were not
corrected for tunnel-wall interference and blocking effects. The
total-pressure loss of the direct-ram inlet is used as a basis for
caomparison with the inertia-separetion configurations investi-
gated. The pressure loss of the varlous conflgurations is pre-~
sented 1n terms of the mass flov per unlt area measured at the
compressor inlet., The effect of varylng the angle of attack of
the model from 0° to 6° on totel-pressure loss, circumferential
mags-flow variations, and veloclby profiles at the compressor lnlet
were negligible for all Inlets investigabed; therefore all aero-
dynemic dabta are presented for an angle of attack of 0O.

Mein-duct pressure losses. - In general, for normal noniclng
operation, compressor alr passed through only the main duct and
the total-pressure loss for the conflgurations was a function of
‘the nacelle-inlet area, the mass flow, and the area diffusion char-
acteristics of the inlets. Only for very low mase flows 4l1d the
alr pass through the maln and alternate ducts simulteneously for &
nonleing condition; however, any effect due %o flow 1n both ducts
on the losses was negligible. The pressure loss in figure 4 is
presented in terms of (Py-Fp)/Py. As shown in figure 4, the
inlets having a large nacelle-inget area (configmrations G, D,
and E) had a considersbly lower pressure loss than the smaller
necelle-inlet-area configuration B because of the difference in
dynamic pressure for similar mass flows. On e comparative basis,
configurations C and D approach the pressure-~loss values experli-
enced with the direct-ram inlet (configuration A). Small changes
in aree at the alternate~-duct inlet d41d not appreclably affect
the main-duct pressure-loes values, as shown by a camparison of
configurations C and D. The decrease 1n pressure-loss values for
configuration E, as oompared with values for conflguration B, can
be meinly attributed to the decreesed dynemic pressure in the
nacelle inlet, wvhich resulted in lower expension losses at the
alternate-duct inlet. In addition, the improved design of the
expansion section downstreem of ths duct-splitter ring (fig. 3)
also contributed to a reduction in pressure losses.
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From ah anealysis of the static~pressure messurements obtalned
in the region between the duoct-splitter ring and the accessory
housing, it was conocluded that the flow separation off the duoct-
splitter ring ccourred at the altermate-duct inlet, especlally for
configuration B. The smaller degree of flow separation for con-
figurgtlions C amd D were due to the lower duct-veloolty presasure
for a given mass flow and to an improved fairing of the duct-
splitter-ring leading edge. Configuretion E showed a hig‘n degree
of flow separation, similar to configuration B, primarily because
the sems duct-splitter ring was used. On the basis of the results
obtained in these investigations, 1t appears feasible to expect a
decrease in the pressure logeses for oconfiguration E by refairing
the 1imner slde of the duct-gplitter ring so that & contour and area
ratlio simllar to configurations C and D are obtained.

. Albernate-duct pressure losses. -~ Fressure measurements made
in the altermate duct with the maln duct blocked by a closure plate
to simulate complete blockage of the scoreen by ice (fig. 5) showed
that, for low maas flows through the alternate duct, only & small
loss 1n total-pressure ratio PO'Pa./PO wes experlenced. At higher
mess flows and as the choked alr-flow condition for the ducts was
approached, the pressure loss increased rapidly.

An analysis of the maximm mess flow passing through the var- .
ious conflgurations indicates that configuration B operated at a
mags flow greater than that produced by sonlic veloolty at the
deaign minimum area. This condlitlion could not exist, however,
because the pressure differences avallable across the model were
insufficient to induce sonic flow. It therefore is evident that
the experimental alternate-duct-inlet gaps and aress may have
varied from the design esreas and geps. The following teble pre-
sents the mass flow at the choking Mach number based on the design
values of the altermate-duct-inlet .area for each inertia-separation
inlet, the maximm alr-flow values measured in the investigstion,
and the minimm design area of the alternate-duct inlet. It should
be noted that the mass flow per unilt flow area for most current
turbojet engines 1s of the order of 30 pounds per second per sguere
foot, or greater.
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Conflgu-~ Caloulated Mex1mum Deslgn area
ration mess flow air flow (sq in.)
at choking (measured.)
Mach number (1b/sec)
- (deaign area)
(1b/sec)

B 22.2 23.6 71

C 26.6 22.0 85

D 22.6 21.5 74

B 31.0 23 .7 93

A small change in the alternate-duct-inlet area or gap, or a
small change in the locatlon of the minimm-area polint in the
alternate duct, would change the Mach mumber conslderably at large
mess flows. Because of the complex curvatures of the conflguration
duocts, no acocurate measurements of inlet areas could be obtalned.

Extrapolation of the data presented Iin figure S5 for conflgu-
ration B to a polnt at which the total-pressure-loss curve becomes
approximately vertical (condition of choked eir flow) indicates
that the experimesntal minimm alternate-duct-inlet aree must have
approached a value of approximately 75 sguare inches rather then
the design value of 71 square inches. Similar calculations for
the remaining configuratlons indlcate thet the deslgn ereas were
clogely similar to the calculated experimental areas of the
alternate-duct inlet. In view of these conslderations, all calcu-
lations of Mach mumber in the following sectlons of this report 1n
which configuration B 1s dlscussed were made using & minimum
alternate-duct-Inlet area of 75 square inoches.

An analysls of the alternate-duct flow characteristios ias
shown in figure 6 where the Mach number at the minimm aree of the
alternate-duct Inlet 1s presented es a functlon of the mass flow
per unlt area. If these curves are extended to the point where
the duct Mach mumber 1s equal to unity, only configuration E would
pass a mass flow comparable to current englnes. At this mass fiow,
howsver, the attendant over-all total-pressure loss is extremely
severe and unsatlsfactory.

The over-all totel-pressure-loss values at the compressor
inlet for the inertlia-separatlon models herein reported were very
similar over the range of mesa-flow values investigated (fig. 7).
The hlgh pressure losses shown in figure 7 were caused by loases
in the alternate duct and the diffuser losses from the tralling
edge of the duct-splitter ring to the campressor Inlet. A plot of
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the Mach number at the alternate-duct inlet as a funotion of over-
all total-pressure loss in the alteinate duct indicates that the
pressure logses at a glven Mach number vary directly with the inlet
gep (fig. 8). It 1s apparent that as small a gap as possible

should be used in order to minimize the pressure losses at a specific
Mach number, provided the reguired mess flow can be passed through
the duct.

The curves shown 1n figures 6 and 7 mAy not necessarily be
used for other values of free-stream Mach mumber Mg. Because of
tunnel-alrapeed limitations, 1t was impossible to differentlate
sstisfactorily the effects of small local configuration changea on
pressure lossea 1n the alterpate duct from those effects that might
., be caused by the nacelle inlet at hlgher free-stream Mach numbers.

Calculations based on the experimentel data showed that the
diffuser effliclencies of the configurations from the tralling edge
of the duct-splitter ring to the compressor-inlet section ranged
from 60 to 77 percent.

The low diffuser-efficiency values obtained in the Investl-
gations are attributed to two factors: (1) the large effective
angle of diffusion that wes required in order to diffuse to the
compressor inlet in a relatively short axial distance; and (2) the
manner in which the closure plate, which blocked the main duot,
Filtted to the dunot-gsplitter ring. Proper deslgn of the dlffuser
section end the slope of the soreen ahead of the campressor-Iinlet
section might, on the basis of reference 3, give diffuser effi-
clienoles in the order of 88 to 90 percent even &t duct Mach numbers
approaching 0.9, The correct screen slope ls Important because
the screen, when iced, forms one wall of the diffuser (fig. 1).

Application of configurations investigated to existing engines. -
As a basls for camperison with exlsting turbojet engines, the chok-
ing altérnate-duct mass flows based on the design alternate-duct
minimm aress are presented In the followlng table in terms of
compressor-inlet flow area and projected compressor-inlet frontal
aresa.

Choking mass flow
cﬁig' Compressor-inlet | Compressor-inlet
flow area frontal area
(1b/(sec)(sq £t)) | (1b/(sec)(sg £t))
B 20.6 , 10.9
Cc 25.0 13.2
D 21.4 11.3
K 29,0 15.3
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These data were calculated on the basis of a total pressure
of 29.8 inches merocury and a total temperature of approximately
700 ¥, A mess-flow enalysis of the configurations investlgated
shows that only the altermate duct of configuretion B, if epplled
to & turbojet engine, would allow maximum englne alr flow at rated
engline speed; however, this air flow could only be passed through
the duct at the choking Mech number with prohlbitively high prec-
sure losses. For full-scale considerations, the alternate-duct
area must therefore be increased to an extent that it would pass
sufficlent elr to the englne at a reasonable Mach numnber and pres-
sure loss. Thils deslign requirement could be attalned with con-
figuration E by increasing the Inlet gap about 26 percent and then
scaling the entire configuration to fit the engilne. An increase
in the inlet gap, however, does not appear to be feeslble for good
wabter seperation. i

Sample calculations based on a corrected simplified analyais
presented l1n reference 1 indicate that the configurations investi-
gated greetly reduced the water thet would otherwise be taken into
en engine by a direct-ram Inlet. The following table presents the
results obtained from these caloulations:

. Droplet-size Droplet | Free-stream |Ratlo of weater taken
distribution pize airspeed Into engine with
(reference 4) | (miorons) (mph) inertia-separation

inlets to
direct-ram inlet
(percent)
Inlet B | Tnlet E
A 5.0 250 15.6 28.6
A 7.5 250 2.0 16.4
A 10.0 250 0 3.0
A 12.5 250 0 | 4]
E 10, meen 250 2.0 8.4
effec-
tive

The assumptions made for these caloulations were: (1) The simpli-
fled analysis of reference 1 1s applied; (2) the flow is incom-
pressible and at standard sea-level condlitions with no nacelle-
Bcooping effects; and (3) the meximm alternate-duct Mach nimber
was assumed to be 0.6. Inorsasing the inlet gap for configura-
tion E by 26 percent, as previously discussed, would permit a
weter Inteke of 18 percent of the water available at the nacelle
inlet for the E droplet-sire distribution in the preceding btable.
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Because the air velooity in the duct and the inlet gap are
primary factors in determining the separation effectiveness of an
inlet, the most feasible altermative Iin applying configuration E
to an engine such as described in reference 1l would be to increase
the radial location of the altermete-duct irnlet from the center
line of the nazcelle, thereby increasing the lnlet area of the alter-
nate duct while maintaining the original gap dimension. This pro-
cedure would in most cases necessitate en inorease in the over-all
dimensions of a glven nacelle installation, thereby 1ncreas1ng the
drag of the nacelle, but maintaining good water-separation
effeotliveness.

Effect of total-pressure loss on thrust. -~ On the basis of
studies reported in reference 5, the effect of a decrease in total
presgure in an inlet causes a deorease in the thrust obtalnable
with an engins and also inoreases the specific fuel consumption.
The relation of the total-pressure-logs ratio with thrust and spe-
cific fuel consumption 1s approximately linear and varies somewhatb
with free-gtream Mach number. The lose 1in thrust is a function of
the ram pressure loss as well as the loss in mass flow.

The loss in thrust and increase 1in specifio fuel consumption
to be expected with use of the Merbia-separation inlets investi-
gated herein are shown in figure 9 as a function of the Mech num-
ber at the alternate-duct inlet. The dashed lines indicate lines
of constent mass flow. From the curves shown in figure 9, it 1s
apparent that large performence losses can be antlclpeted for the
inlets investigated herein for conditions of large mass flow and
high alternate-duct Mach mumbers. For an aircraft, this loss in
thrust would ococur when an icing condition weas encountered that
would cavse the mass flow to shift to the alternate duct. Further-
more, the aircraft would contimue at this reduced thrust even after
rassing out of the icing condition until the ifce on the mein-duct
screen had been melted by operation in warmer am?bient alr. Opera-
tion of an englne at reduced thrust and inoreased fuel consumption
for any great length of time would coneiderasbly reduce the speed
and range of an alrcraft.

Yelocity distribution at oompressor inlet. - Typical radial
profiles of veloclty (fig. 10) are shown plotted in terms of the
ratio of the local velooclty to the average velocity et a glven rake
stetion as a function of duct width ratio /L. All data for the
normal nonicing operating comdition (fig. 10(a)) were obtained
wlthout screens in the duct and at maximum air flow. All inlets
investigated showed a pronounced tendency for the flow to separate
off the Imner surface of the duct-splitter ring, confirming en
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enalysis of the static-pressure reedlngs obteined in the region
between the duot-splitter ring and accessory housing, from which
it was concluded that flow separatlion occurred near the leading
edge of the duct-splitter ring. The percentage variation of the
radial profiles of velocity wes approximately £10 percent of the
average veloclty et the compressor face.

Radial profiles of veloclity obtalned in the alternate duct
wlth the maein duct blocked at maximm elr flows (fig. 10(b)) indi-
cate that for & narrow alternmate-duct gap (oconfiguration B) the
alr flow tends to separste from the outer surface of the duct-
splitter ring. For large alternate-duct geps (configuration E),
the flow tends to separate in the elbow at the nacelle-wall sur-
face. The nonuniform profiles of veloclty at the campressor inlet
with the main duct blocked (fig. 10(c}) indicate alr-flow sepera-
tlon at the end of the duct-splitter ring. The percenbage varia-
tion of the velocity across the duct at the compressor inlet ’
averaged approximately £20 percent. No appreciable changes were
observed in the profiles with a change in mass flow.

The effects of a nonuniform velooclty at the compressor 1inleb
on compressor performance heve not been evaluated; hence, no estli-~
mate can be made at this time of the loss in thrust that could
ocour by use of such nonmmiform veloclity profiles.

Icing Charecteristics

The lcing characteristlcs for the configurations investigated
were simlilar, differing only as to extent end local guantity of
i1ce on the varlous engine components. Because of this similerity
of loing characteristics, generalired descriptions of component
lcing are presented wlth minor differences polnted out as rsquired.
The 1lcing photographs presented hereln are typical for &ll inlets
except where stated. The golid lines of the sketches Included
with some of the photographs Indlcate the conflguration components
that are seen 1n the.lcing photograph.

Typlcal ice formations on the nacelle-inlet 1ips end accessory
housing, a8 shown in figures 11(a) and 11(c), were very simlilar to
those encountered in natural icing conditions (reference 6)}. The
lcing of the nacelle-inlet walls was dependent on the inlet-
velocity ratios. In all cases, wall lce formatlons were obsexrved
et low mass-flow values that corresponded to low inlet-velocity
ratios (fig. 11(b)), whereas for high mass-flow values or high
Inlet-veloclty ratlos no such wall ice formations were observed
(fig. 11(c)).
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The affect of ioing on the remainder of the nacelle components
will be giscussed in detall because the manner in which they
tended to 1ce indicated the effectiveneas of the lnertla-gseparation
inlets.

Screen lcing. - In general, the lcing of the round-wire screen
was similar for all configurations (fig. 12(a)). As the roumd
wires began to ice, the lce formations were parallel to the alr
streem; however, as the effective frontal area was reduced by the
ice, the air curved around these formations and passed through the
staggered rows of wires, in turn causing the ice formatioms to
curve toward the accessory housing. Total pressure and aerodynamic
forces on the ice formation sometimes became too great and the lice
ridges broke off and were passed through or lodged agalnst the
screen, causing rapld and severe momentary mess-flow and total-
pressure fluctuations. This rupture of the lce ridges ococurred
with both rime and glaze lce.

When the streamlined-wire screen with the greater wire spac-
ing was used, the curving of the 1lce formations as a result of the
stagger of the screen wires was even more evident. The greater
ocollection efficlency of the streamlined wires caused a more rapld
buitldup of ice than the round wilres. A mushrooming tendency of
the ice formations on the streamlined-wire screen is shown In

figure 12(b).

Duct-aplitter ring. - The lce formations on the leading edge
of the duct-splitter rgngs (fig. 13) for the configurations
investigated extended intoc the alternate duot to a point at which
the surface of the ring was tengent to the leading-edge radius of
the ring. For cases when the lce formations on the leading edge
also extended into the maln duot, the ice tended to project for-
ward into the air stream along the portions that were protruding
into the main duct amd in time might have blocked the alternate-
duct Inlet.

Alternate duct. - The ice formatlons in the alternate-duct
elbow were caused by secondary inertle separation in the turn from
the alternate-duct inlet to the alternate duot formed by the duct-
gplitter ring and the nacelle wall. Because of thls effective
seconiary separatlon, however, the ridges of ice in the altermate-
duct elbow bullt up very rapldly and choked the elbow %o such an
oxtent that the mass flow and total-pressure losses were seversly
affected.

1316
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Front and rear views of a typlocal lce ridge 1n the elbow of
configuration E are shown in figures 14(a) and 14(d), respectively.
These ice ridges ococurred approximately halfway through the elbow
and protruded into the sir stream, thersby reduclng the effective
duct area. At times, the ridges were very thin and broke off
unevenly during an leing period, which caused sevare fluctuations
and shifts in mess flow and total-pressure losses.

Because secordary inertile separation ococurs 1n the elternate-
duct elbow, a considerable amount of the remaining water in the
incoming air is concentratsd near the alternste-duct nacelle wall,
as shown by the lce famation on the 0.06Z2-inch-dlameter lce-
Indicating rod in figure 15. The profile of the 1ce formation
shown in figure 15 was turned epproximately 90° to the air flow
to facllitate photographing the lice formations.

Bearing struts. - Comparative photographs of bearing-strub

icing for a direct-ram inlet (no screen) and water-inertis-separation
inlets are shown In figure 16. Bearing-strut lcing is a minor factor
with water-inertia-geparation inlets (fig. 16(b)), whereas with a
direct-rem inlet extremely severe icing ocours (fig. 16(a)). The
heavy deposlits of lce near the nacelle walls of the struts for the
direct-ram inlet were caused by the deflectlion characteristics of the
accessory housing and the ice formatlons on the nose of this housing.

Inlet gulde vanes. - With the direct-ram inlet (mo screen),
extremely severe ioe formations on the indicabtor blades were
observed (fig. 17(a)). The straight blades had as much as 2 inches
of ice on the leading edge with a maximm frontal thickneses of
almost 1 inch during an icing period of 15 minutes.

Stralght-indicator-blade icing characteristios ars shown in
figure 17(b) for a typical inertia-separation inlet. The greatest
amount of 1ce with any configuration was approximately 0.25 inch
for an loing period of 20 minutes. For most inlets, the over-all
separation effectiveness was substantislly similer and the differ-
onces 1n separation gualities were of a locel nature. An examina-
tion of the megnitude of ice formations collected on the straight
Tlat blades for configuration A (with no screen, fig. 17(a)) end
configuration E (fig. 17(b}) shows that the water collection in
the form of ice for the configuration E blade 1s approximately
8 percent of that for the direct-ram inlet. This quantity of
water collection is in olose agreement with calculated weter-
volume-intake percentage (8.4 percent) previously discussed.,

The curved blade for configuration A (fig. 18(a)) was sub-
Jected to the same icing condition as the flat blade in figure 17(a).
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The concave side of the curved blade was heavily lced and, based
on the conventlional close spacing for this size blede in an engine,
the inlet guide vanes would have been completely blocked except
near the accesaory-housing surfece,

Typical curved-indicator~blade icing for inertis-separation
inlets 1g shown in Tigure 18(b). Under no conditions were large
depoeits of ice observed on the ourved blede when the inertia-
separation inlets were used for icing periods up to 20 mimutes,
and furthermore, no notlceable mushrooming of the ice ocourred at
the leading edge.

Asrodynamic Hfécts of Ioiﬁg

Although an engine would not experience s decrease in mass
flow in the seme meessure as the inlets investigated, the reduction
in the mass flow through the inlets in an icing condition is indic-
ative of the rate of ice formation and pressure logs in the various
duct passages. Aerodynamic data for the icing 1nves‘biga.tions con=
ducted with the oconfigurations are therefore presented in terms of
the mess-flow ratio m/mi as a function of time in an locing con-~
dition. Investigations were made to determine the total-pressure
loss and the decrease in mess flow with time under varying icing
conditlons, free-stream velocities, mess flows, and type of main~
duot screen.

The general effect of same of these variables for configura-
tion A 1s presented in figure 19. For similar icing conditions,
the mess-flow rate was reduced more rapidly at high initial mass
flows than et low initial mess flows. The increased curvature of
the flow fleld shead of the nacelle for conditions of low nacelle
alr flow decreased the total amount of liquid water taken into the
nacelle Inlet for thege partiocular inveastigatlions. The reduction
of water in the nacelie main duot decreased the icing rate of the
screen and consequently the mass-flow reductlion rate 1s also
decreased. By a simllar procedure, the loing rate for the inertia-
separation inlets 1is decreased at low mass-flow rates.

In general, the effect of the type of lce, glaze cr rime, is
that glaze ice, which prevells at higher air temperatures, caused
& more rapid blocking of the screen apd consequently & decrease in the
time required to reach a given mess-flow value than did rime ice,
as Indicated in flgure 19.

The effect of the type of ice on mass-flow reduction was not
obgerved Iin the inertie-seperation conflgurations because of the
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flow shift from the mein duot inmto the alternate duct. The result-
ing ice formetion in the alternate-duct elbow controlled the
reduction in mess flow, ard the lce formations were of such a
nature as to produce epproximately simller mass-flow reductlon
rates in all the confligurations. Comparisons of the reduction of
mass £low through the lnertia-geparation configurations as a func-
tion of time in an loling condltlion at two amblent-alr temperatures
are shown in figure 20. This figure shows that, by the use of
water-inertia-separation inlets, the time required to reach a given
percentage of mess-flow decreoese is approximetely four times
greater than that required by & direct-ram inlet (with screen) to
reach the seme value of mass flow.

The losg in total pressure with time in an icing comiltion
gave the same generel results as discussed for the mass flow. In
general, the time required for the total-pressure loss to reach a
particular value for the insrtia-separation Inlets was approxi-
mately four times greater than that required for the dlrect-ram
inlet. Icing investigatlons of the direct-ram inlet without a
screen showed an approximate loss of 1.5 percent of the initial
total-pressure value during an lcing period of 15 minutes and for
maximm alr flow through the model.

CORCLUDING REMARES

All surfaces of a turbojet-engine Inlet on which heavy lcing
ocours must be heated to prevent excesslve 1lce bulldup thet may
lmpelr the aerodynamlic performance. These surfaces linclude the
nacelle-inlet 1ips, duct-splitter-ring leasding edge, alternate-
duct elbow and necelle-wall surface, and the nose of the accessory
housing. The ilcling of the accessory housing may be serious only
for icing conditions in which glaze lce 1s encountered or rime-~
loing periods of several hours duration. The surfaces must be
heated to evaporate the water over & lerge area or water traps
must be provided to prevent refreezing of runback.

The requirement for extensive local surface heating, in addi-
tion to the asrodynamic penaltles assocliated with insrtia-gseparation
Inlets and incomplete wabter-droplet separation out of the air
stream, will probebly llimit the use of these Inlets as a means for
turbojet-engine ice protection.
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SUMMARY OF RESULIS

From an investigation of the asrocdynamic and icing character-
iatics of several water-inertia-separation Inlets of a turbojet
engine 3 the following reaults were o'b'bained.

1. ccmple'be 1c1ng protection for inlet gulde vanes of a turbo-
Jet engline could not be achleved, es evidenced by lce formations
on an ice~indicator rod in the alternate duct and on ice-indicator
blades at the compressor inlet.

Comparative lcing rates on ice-indicator blades for a direct-
rem inlet and inertia-separation inlets showed that approximately
8 percent of the volume of water available at the nacelle inlet
wes not geparated out of the air streem by the inertia-separation
inlets investigated.

2. In a nonicing condition, the totel-pressure losses of the
inertia-gseparation inlets designed to have low dynamic pressures
in the main duct ap';n'oaohed. that of a conventional. direct-ram
inlet. ' '

3. Total-preassure-loss values for the alternate-duct system
were conslderably higher than for a direct-ram inlet. It was
determined that the pressure losses for the alternate-duct system
were a function of duct Mech number and duwct-diffuser characteris-
tics. Severe pressure losses occurred when the duct Mach number
exceeded values in the range of 0.5 to 0.6.

4. No significant effects on total-pressure losses, velocity
profiles at the compressor .inlet, or circumferential mess-flow
shifts for the inlets imrest:l.gatad. were observed for a.ngles of
attack up to 6°.

: 5. Becondary water inertia separation in the alternate duct
caused heavy duct-elbow loing and resulted in a decreasing mass

flow and rapid total-pressure losses, although the use of inertia-
separation inlets Ilncreased the time required to reach a particular
loss in pressure or mess flow by a factor of approximately 4 com-
pared with the tlme required by the direct-ram inlet with campressor-
inlet screen under the same conditions.

" 6. A megsg-flow analysis of all conflguratlons showed that
only the configuration wlith the largest altermate-duct Inlet gap
(1.9 in.) could pass a mass flow through the alternate duct thet
is required by ocurrent engines. Thls alr flow, however, could
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only be passed through the duct at the choking Mach mumber with
attendant high total-pressure losses. Iarge mass flows at Mach
numbers below 1.0 at the minimum area in the alternate duct,
resulting in lower total-pressure losses, may be obtalned by
inoreesing the dlemeter of the nacelle in order to obtein & larger
alternate-duct area.

Lewis Flight Propulsion Leboratory,
Natlonal Advisory Committee for Aeronautics,
Clsveland, Ohio.
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TABLR I - NACELLE OUTSIDE-CONTOUR COORDINATES
WITH REFERENCE TQ NACELLE LEADING

EDGE AND CENTER LINE

1318

[o, outside contour; all values in inches]

- - —_ —_ er line

x Jo x Yo x Jo x Yo

Configurations A and B; leading-edge radlus,
0.375 at 6.563 above center line

0 6.55 4.50 9.20 | 13.50 | 1l2.50 | 22.50 | 13.890
.188°'| 6.82 6.00 | 10.40 | 15.00 | 12.75 | 24.00 | 14.00
3751 7.00 7.50 | 10.90 | 16.50 | 13.05 | 25.00 ‘| 14.00
750 | 7.40 |} 9.00 | 11.40 | 18.00 | 13.30 | 26.62 | 14.00

1.500 | 7.95 }10.50 |} 11.80 | 18.50 | 13.55

3.000| 8.95 [12.00 { 12.15 | 21.00 | 13.75

Configurations C, D, and E; leading-edge radius,
0,375 at_ 7,563 above center line

o 7.55 3.00 9.87 | 10.50 | 12.37 | 18.00 | 13.64
.188 | 7.87 4,50 | 10.50 | 12.00 | 12.70 | 19.50 | 13.80
.375 | 8.07 6.00 | 11.04¢ | 13.50 | 13.00 | 20.37 15.87
.750 | 8.43 7.50 | 11.55 | 15.00 | 13.28

1.500 | 9.00 9.00 j 12.00 | 16.50 | 13.50
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TABLE IT - NACELLE INSIDE-CONTOUR COORDINATES
WITH REFERENCE TO NACELLE LEADING EDGE

-AND CENTER LINE
[i, inside contour; all values in 1nches]

‘r<————-x —

Ry
71 7?
- _ _ Center 1line

Conf'ig- x b Radlus
uration
B 8.187 8.375 31 2.50

12.875 | 8.250 | Ry 3.00
C,D,E| 8.12 [s9.50 [Ry2.50
13.10 | 9.00 | R, 2.50,

x ¥1 x | ¥y x | ¥1 x I T1
Configuration A
0 6.55 6.00 | 5.90 | 16.00} 8.65 | 22.50 | 10.12
.188 | 6.20 9.00 | 6.00 | 16.50 | S.05 | 24.00 | 10.30
375 | 6.10 10.50 | 6.85 18.00 9.35 | 25.00 10.43
.750 | 6.00 | 12.00 | 7.55 | 19.50 | 9.65 | 26.62 | 10.50
3,000 | 5.95 { 13,50 | 8.15 | 21.00| 9.88
Conflguration B
0 6.55 0.375| 6.10 8.18| 5.88 | 18.00 | 11.38
.188 | 6.20 .750} 6.00 | 15.75|11.25 | 26.62 10.50
Conflgurations C, D, and B
0 7.55 7.00 | 7.00 | 18.50 | 11.37 23.12 10.94
.375 | 7.19 } 15.50 }11.50 } 18.50|11.29 | 23.87 | 10.77
.750 [ 7.06 } 16.50 [11.46 | 20.50 | 11.16 | 24.87 | 10.50
1.500 | 7.00 | 17.50 |11.43 | 21.62 | 10.94 | 25.87 | 10.25
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TABLE III - COORDINATES FOR DUCT-SPLITTER RING AND ACCESSORY-

HOUSING NOSE REFERENCED FROM RESPEGTIVE NACELLE -

NOSE LEADING EDGE AND NACELLE CENTER LINE

-[1 s inside contour and o, outside conmtour; all values in 1nches]

——— X ———f

o

J

r'\_"F

Yo 1 ?
R | - * Center line
x [ 51 [% [ = [ 51 | % T |31 [ %
Configuration B; leading-edge ra.d:lus , 0.600
12.00 | 8.70 8.70 13.25 8.18 10.05 16.00 9.02 10.00
12.25 | 8.25 9.52 13.75. | 8.32 10.10 17.00 8.25 9.92
12.50 | 8.16 9.84 14.25 | 8.52 10.10 | 18.00 | 9.42 9.85
12.75 8.06 9.90 15.00 8.75 10.07 19.00 9.57 9,77
Configuration C; leading-edge radius, 0.600
12.24 | 8.75 8.75 14.04 | 8.81 | 10.25 18.04 9.50 9.95
12.43 8.62 10.00 | 15.04 9.03 10.20 19.04 9.62 9.85
12.78 8.50 | 10.19 | 16.04 g9.20 | 10.15 19.54 9.66 9.80
13.04 | 8.56 10.25 17.04 9.35 | 10.05 19.87 9.70 8.70
Configuration D; leadlng-sdge radius, 0.600
11.90 8.69 8.50 13.04 8.56 10.25 17.04 9.35 10.05
12.04 8.56 9.80 14.04 8.81 10.25 18.04 9.50 9.95
12.29 | 8.47 10.06 15.04 9.03 10.20 | 19.04 9.62 9.85
1l2.54 8.44 10.15 16.04 g.20 10.15 19.87 9.70 8.70
Configuration E; leadlng-edge radius, 0.600
12.31 | 8.70 8.70 13.56 8.18 10.05 16.3L g.02 10,00
15.56 8.25 9.52 14.06 | 8.32 10.10 | 17.31 { 9.25 g.92
12.81 | 8.16 9.84 ! 14.56 8.52 10.10 | 18.31 | 9.42 9.85
13.06 | 8.06 9.90 15.31 | 8.75 10.07 19.31 9.57 8.77
Accessory-housing nose coordinates
X y X y . X J x J
10.000 | O 12.125 | 3.90 | 15.125 | 5.65 | 18.125 6.40
10.625 | 2.15 | 13.825 | 4.95 16.625 6.05 19.625 6.60

W
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Figore 1. ~ Typloal internal water-insrtia-separation inlet showing principal oomponents.
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Flgure 2. - Installation of typioel internal water-inertia-seperation nacelle
inlet in loing-researoh twmnel. -
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| I SR . |
------- Configuration A 0O & 4 6
Configuration B Inches

{a) High-inlet-velocity nsocelle.

Center line
Configuretion C ) 0 £ 4 t
——~e—e- onfiguretion D Inohes

————-— Qonfiguration B
(b} Low-inlet-velocity nacells.

Pigure 3. - Oross-sectional views of nacelle configurations investigated.
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Total-pressure-loss ratio, Pg-Pz
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Config-
uration

d4podno
Boauope
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.02 : —
T

>
’/, :ﬁ&—fff// l
4] 8 lé 24 ) 40

32
Mass flow per unit area, 1lb/(sec)(sq ft)

Figure 4, - Variation of over=-all total-pressure-loss ratilo
with mass flow per unlit air-flow area at compressor inlet
for normal operation with main-duct screen removed. Air-
speed, 250 miles per hour; angle of attack, 0°.
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Total-pressure-loss ratio, Py-Pa
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Config-
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Nass flow per unit area, 1b/(sec)(sq rt)

Figure 5. - Varlation of total-pressure loss Iin alternate
duct with mass flow per unit asir-flow ares at compressor
iniet. Main duct blocked; airspeed, 250 miles per hour;
angle of attack, 09.
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Mach mmber in alternate duct at G, N
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Config-
uration

4poD
RUuaw

el /
74
//

0 8 16 24
Mass flow per unit area, 1b/(sec)(sq ft)

Figure 6. - Variation of altermate-duct Mach number with
mass flow per unlt alir-flow area at compressor inlet.
Main duct blocked; airspeed, 250 miles per hour; angle of
attack, 0°,
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Config-
uration
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Mass flow per unit area, 1b/(sec)(sq ft)

Figure 7. - Variation of over-all total-pressure-loss ratio
with mass flow per unit air-flow area at compressor inlet.
Main duct _blocked; airspeed, 250 miles per hour; angle of
attack, 0°.
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Total-pressure-loss ratio, Fo-F2.
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_COnfig- Design
uration 1n%::. ?p
n B 1.3
¢ C l.8
A D 1.4
v E 1.9
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v
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Mach number at alternate-duct inlet

Figure 8. - Variation of total-pressure-loss ratio with Maech
nuber at alternate~duct inlet for various inlet gaps.
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Figure 9. ~ Performance losses associated with
inertia-separation inlets.
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-8 &) Compressor inlet for normsl ogemt!.on- maximme mags
flow per unit area, approximately 24 to 88 pounds
per second per square foot.

A
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.9 uration
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A D
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o «2 ot 6 «8 1.0
' /L
(b} Alternate duot, main duet blooked; maximum mass
flow per unit area, approximately 19 tc £28 pounds .

per second per square foot.

Fl.surd 10. - Typical radial velocity profiles. lirlpeod, 260
miles per hour; angle of attack, O°,
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Local veloeity ratio at compressor inlet, Vo/Vp gy
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(c) Compressor inlet, main duet blocked; maximum mass
flow per unit area, approximately 16 to 22 pounds
per second per square foot.

Figure 10. - Concluded. Typical radial velocity prgfiles.
Alrspeed, 260 miles per hour; angle of attack, 0~.
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o405 W&

(a) Temperature, 10° ¥; icing pericd, 1l mimutes; iritial mass flow per
unit area, 25.5 pounds per second per square Toot.

(b) Temperature, 10° F; icing period, (o) Temperature, 20° ¥; loing period,
20 minntes; initlal mess flow per 15 mimitea; initial masas flow per
unit area, 12.5 pounds per second unlt area, 25.4 pounds per second
per square foot. per aquare foot.

Flgure 11. - Typiocal lce formations on nacelle~inlet lips, nacelle-inlet wvalls, and
accessory housing for configuration E. Airspeed, 250 miles per howr; liguid-water
content, 0.6 gram per cublc meter. .
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(a) Oonfiguration A; round-wire soreen; {b) Configuration D; streamlined-wire
loing period, 7 minntes; initial soreen; lcing periocd, 22 minutesg
mass flow per unlt area, 21.9 pounds Anitiel mase flow per unit area,
per ssocond per square foot. 18.7 pounds per seconl per square

foot. -

Figute 12. - Typical ice formatlions on main-duot soreen. Airspeed, 250 miles pexr hour;
1ligquid -water content, 0.6 grem per oubic meter; temperature, 10° I,
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Figare 15. - Typlcal loe formations on duot-splitter ring of insrtla-separation inlets.
Round-wire soreen; temperatiure, 10° F; airspeed, 250 mllea per hour; liguid-water
content, 0.8 gram per cublc meter; ilcing period, 1l minwbtes; Initial mess flow per
unit area, 23.7 pounds per second per square foot.
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Figure 15. - Remresentetive Thotograph of 1lce formations on 0.062~-1nch-dieameter ice-
indlcator rod in alternate duot for configuretion E. Afrspeed, 250 miles per hour;

liquid-water ocontent, 0.8 gram per oubic meter;
1l mimtes; initial mess flow per unit area, 24

temperature, 10° ¥; ioing period,
.5 pounds per second per square foot.
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(a) Configuration A; no screen; ioing period, 15 minutes; initial mass
flow per unit asrea, 28.4 pounds per second per sguare foot.

(b) Configuration C; streamlined-wire soresn; ioing period, 10 minutes;
initial mass flow per unit area, 27.2 pounds per second per aguere
foot.

Flgure 18. - Comperison of loe formations on bearing struts for direct-ram inlet and
typical inertia-separatlon inlet, Alrapeed, 250 miles per hour; liquid-water ocon-
tent, 0.8 gram peér cublo meter; temperature, 10° F.

47
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(2) Configuration A; no soreen; icing period, 15 minutes; initial mass flow per
unit area, 28.4 pounds per seocond per aquare foot.

———
Alrstream eI

(») Configuration E; round-wire screen; ioing period, 1l minntes; initia) mass
- flow per wnit area, 24.5 pounis per second per sguare foot.

Filgure 17. - Comparison of flat-inlet-gunlde-vans lolng charaocteristiocs for direot-rem
inlet and typicel inertis-separation Inlet. Airspeed, 250 miles per hour; liquid-
water content, 0.8 grem per ocublo meter; temperaturs, 100 F.
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(a) Configuration A; loing period, 15 mimutes; initlal mmss flow per
wnit area, 28.4 pounds per second per square foot.

C-25685
4.24.50

(b) Configurstion D; loing period, 12 minutes; initiel mass flow per
unit area, 17.8 pounds per second per sgunare foob.

Figure 18, - Comparison of curved-inlet-gnide-vane loing characteristics for direct-
ram inlet and typloal inertia-separation inlets. Alrspeed, 250 miles pexr hour;
liguid-wvater oontent, 0.8 gram per oubic meter; temperature, 10C J¥.
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Figure 19. = Varlation of mass-flow ratio for configuration A
with time in lc¢lng condition. Round-wire screen; alrspeed,
250 miles per hour; angle of attack, 0°; liquid-water
ocontent, 0,6 gram per cublec meter.
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Config- Initial
uration mass flow
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o A 25.2
o -0 27.1
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v E- 28.0
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3 (2) Temperature, 10° P,
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E uration mass flow
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Figure 20, -~ Qomparison of change in mass-flow ratio for varlous
inlets as function of time in icing condition. Round-wire
sereen; alrspeed, 250 mlles per hour; liqu:ld-vaber content,
0.6 gram per cublg meter. ) -
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