L.

Bprh—

C——
. -

RESEARCH MEMORANDUM

INVESTIGATION Of' THE AERODYNAMIC AND ICING

CHARACTERISTICS OF A RECESSED FUEL CELL
VENT ASSEMBLY
1 - NACA FLUSH-INLET-TYPE VENT
By Robert S. Ruggeri

Flight Propulsion Research Laboratory

LIBRARY COPY  Cieveland, Ohlo

APR 101863
LANGLEY RESEARCH CENTER o
LIE=AR 7,7 oA . CussmrmD DoCUMENT
LAS .G UET E:f.%;i_i..':i'l - ]
- e This aify
HAMPTON, VIRZIN (A itcine ot Bl Defmde o e Tuind TECHNICAL
USC K:5 ol M. Bs transmixsios or the EDITING
Tewalstion of iz ccntents !m suy mammar to an
nmanitorised perec 1s prohibited by biow. N WAIVED
iy o perEoan I e mOmery sk aaved
sorvices of the Uaited Bistes, Npproprists

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
April 23, 1948

CLASSIFCATION CANRELED




I fmmﬂr:li Tl i

31176 014

moa B Fo. Z00S () ACQUERETETEL  pAMAE) F]

NATICHAL ADVISCRY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

INVESTIGATION OF THE AERODINAMIC AND ICIKG
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VENT ASSEMELY
III - NACA TFILUSHE-INLET-TYPE VENT

By Robert S. Ruggeril

SUMMARY

An investigation has been conducted in the Cleveland icing

regearch tunnel to determine aercdyrmamic and lcing characteristics
of two NACA flush-inlet-type fuel cell vent Installations, In the
first installation, the vent tubes were moumted in the rear wall
of the vent; in the second installation, the tubes were mounted in
the vent-ramp floor. The vents were aercdynemically investigated
to obtain vent-tube statlc-pressure differentiale and pressure
surveys over the ramp surfece as afunction of tunnel-air velceclty
and angle of attack. Icing experiments were made to determine
vent-tube pressure differential and sair-flcwlcsses for several
lcing conditions et tumnel-air velcclitles of 220 and 370 feet per
second.

Preliminary experiments, the results of which led to the design
of the NACA flush-type inlets, showed that falring a parallel wall
recessed-type vent to approximate a flush inlet develcped at the
NACA Ames laboratory approximstely doubled the vent-tube pressure
differentiel. The use of ram acoops did not improve the pressure
characteristice of the vents for the configurations investigated.

In general, the aerodynamic characteristics of both NACA flush-
type vents were satisfactory with respect tc marginal vent-tube
pressmre-differential reguiremente for the comditions investigated.,

The vent-tube pressure differentials for the flush-inlet-type vent wilth
rear-wall tube mounting reached & predetermined marginal value after

6 to 8 minutes of icing; whereas the vent with ramp-floor tube mount-
ing reeched thias merginal valus after only 4 minutes in icing con~
ditiona, Vent-tube air-flow losses for the NACA flush-inlet-type
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vents Welr' € in the crder of 21 percent for icing periocds up to 60 min-
utes. Ice formations on the wing surface ahead of the vent ramp,
rather than icing of the vent i1tself, caused a rapid loss in vent-
tube preasure differential during the first few minutes in an icing
period. The flush-inlet=type vents were superior to the recessed
vents previously investigated in respect to marginal vent-tube pres-
sure differentials and ioing tolerance.

INTRODUCTION

In previocus investigationas of recessed fuel-cell vent instal-
lations (references 1 and 2), difficulty was experienced in obtain-
ing a satisfactory vent-tube statlic pressure at low air velocitiles
and at angles of attack up to 12°. The Douglas Aircraft Company
had recommended a minimum positive pressure differential of 2 inches
of water between the interior of the fuel cell and the fuel-cell
oconpartment for satisfactory operation of the fuel cell, In an
effort to obtain a greater pressure differential, a seriles of
experiments were conducted in which two original vent installations
(fig.l, configurations A and B) were modified by fairing the vent
with modeling clay to approximate an NACA flush inmlet (fig. 1,
configurations C, D, and E), Of the several configurations investi-
gated, only configuwration C showed a large enough increase in vent-
tube static-pressure differential over the original vents to
warrant further study. The results of this particular investi-
@ation are bdriefly discussed. On the basis of these results, a
new vent installation, which consisted of an NACA f| ush inlet with
the vent tubes located in the rear wall of the assembly, was
designed and investigated. Experiments were alsc conducted on
this vent installation with the vent tubes located in the ramp
floox,

Add1tiomal experinments on tha original and modified instal-
lations were made using a ram scoop exterding upstream from the
rear of the vent to a point 1/4 inch forward of the vent-tube
openings (fig. 1, configurations E and F). Thege ram scoops were
raised by increments from an original flush position on the lower
wing surface to a maximum of 3/8 inch above that surface. A further
increase in the ram-scocp height above the wing surface was belleved
to be detrimental to the icing characterilstics of the vent.

The investigations of the modifications of the original vent
installation and the RACA vent installationa wer e conducted in the
Cleveland icing research tumnel aes a part of a general study of
aircraft icing,
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APPARATUS AND INSTRUMENTATION

An investigation toc determine the aerocdynamic and leing char-

acterlstics of NACA flush-inlet-type vent installations was conducted
in the 8- by9~foot test section Of the Cleveland icing research
tumnel. The vent installations were mounted on an RACA 65,2-21€6 air-
foil section of 8-foot chord (fig. 2) with the rear wall of t he

vents located at 67 percent of chord on the lower surface Of the
airfoil. The leading edge Of the ai rfoi| seetion wasequipped with
an external electric heat er extending to 20 percent of chord.

The vent instellations consisted Of atypical flush-inlet ramp,
as shown in figuwre 3, which is similar to the flush Inlet developed

at the Ames laboratory. Three vent tubes :l% inches in diameter and

cne vent tube 1inch In diameter were located in elther the rear
wall or the ramp floor of the vent, as shown in figure 4., A table
Of ordinates for the side-wall d.ivergenoe is presented in this f i 0-
we. The dimensions given are for the flush-inlet-type vents used
in this investigation.

The vent pressure and air-flow Instrumentation was similar to
that used In references 1 and 2. The locations of ramp-surface
gtatic-pressure tubes are shown In figure 4.

PROCEDURE

Aerodynami(. - The ramp-surface static-pressure distribution
was determined for tunnel-air velocitiea of 220 and 370 feet per
gsecond Wt h no air flow thro the vent tubes and for arange of
angles of attack from 0° to 12°, The vent-tube static preassures,
obtained at apoint 1 Inch inside the vent-tube openings, were
determined as a function of angle of attack and tunmel-air velocity.

Icing, = Icing investigations Wer € conducted for ioing pericds
of 30 to 60 minutes at ambient-air temperatures fram 20° to 23° F.
The cond.i'bions for these experinents were: angles Of attack around
7° and 14°, and tunnel-air velocities of 370 and 220 feet per
secord, respectively. The ligquid-water content f Or the icing con-
d.itions ranged from 1.0 to 1.5 grams per cubic meter with a droplet
Bize of 15 miocrons by volume maximum, A simulated freezing-raln
investigation was conducted on the fiush-type inlet with vent tubes
mounted in the rear wall for a period of 30 minutes at an ambient-
air temperature Of 20° F. The conditions for this experimentwer e:
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angle of attaok, 12°; tummel-air velooity, 220 f eet per second;
liguid-water content, 1.8 grams per cubic meter; droplet size, | ar ger
than 20 microns.

Meapurements of vent-tube alir flow and static pressure were
obtained throughout the loing period. The vent alr flow at the

beginning of an loing period ranged frcem 0.56 to 0.60 pound per

minute through the large vent.tuhgs which simulated an air flow
through the vent lines foradescent in altitude at the rate of
3000 feet per minute.

RESULTS AND DISCUSSION
Aerodynamioc

The aerodynamic investigations showed that the tunnel blocking
effect by the wing at high angl es of attack affected the measurement
of the free-atream static pressure., The reaults presented herein
are not corrected for tunnel blocking and wall effects.

Yont modification C. - A comparison of vent~-tube static~preassure
differentials for the original vent Aand the faired vent C (fig. 1)
i S shown in figure 5 as afunction of angle of attack at a tunnel-
air velooity of 220 feet per second. The static-pressure differ-
oential 1s defined as P5-Po. where Pg is the statlic pressure

measured 1 inch 1inside the vent-tube opening and Pg la the free-

stream static preasure. In order to obtaln a greater length-width
ratic than that of the origimal vent, only the two adJjacent large-
diameter ventt ubes were used in the modification.

The results show that fairing the side wal | S approximately
doubled the pressure differential at the tube opening as compered
with the original installation. Wth the faired vent, an adequate
preasure differential WaS obtained at angl es of attack over 3°;
whereas with the original vent this differential was obtained at
angles of attack over 8°,

NACA flush-inlet-type vents. - The variation of ramp-surface
pressure with angle of attack for both flush-inlet-type vents | a
shown in figure 6. The swrface-preasure distribution is plotted

8s68
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P-P

as —-—Q, where p 1ls the local static presaure on the ramp surface
20

and 49 is the free-stream velccity presawre. The pressure dis=-

tribution shows the characteristios +that were observed for thes vent

ramps of references 1l and 2, that 1s, a high negative preasure at
the upstream end ofthe ramp and a high positive pressure at the
rear wall of the vent. The center lines of the vent tubea were
located in regions of high positive pressure. As the angle of
attack was increased, all surface pressures became more positive,

Rear-wall vent-tube mounting. - The warlation of vent-tube
static-pressure 4ifferential pg-pg for the flush-inlet-type vent

with tubes mounted in the rear wall is shown in figure 7 for vari-
ous angles of attack at a tunnel-alr velocity of 220 feet per second.
In general, satisfactory pressure differentials were cbtalned at

all angles of attack investigated. The outer vent tubes (1 and 4)
show a decreased pressure differential compared to the immer wvent
tubea (2 and 3). This difference in pressure differentials | a due
to the proximity Of the Out er tubes to the side walls of the

vent and the rather large divergonce of the slde walla, At a
tunnel-air velccity of 370 feet per mecond, the pressure differentials
of the various tubes were incomsletent, although satisfactory values
ranging from 8 to 12 inches of water were attained for anglesof
attack from O° to 8°,

Ramp-floor vent-tubs mounting. - The varlation of vent-tube
static-pressuwre differentials for the flush-inlet vent with tubes
mounted in the ramp flcor is shown in figure 8 f Or various angles
of attack at a tunnel-air veleocity Of 220 feet per second. Immer
tubes 2 and 3 showed satisfactory pressure differentials at all
angles of attack investigated; whereas ocuter tubes 1 and 4 41d not
attaln the required pressure differential of 2 inches of wat er at
angles of attack lesa than 4°, Thia difference in pressure dif-
ferential was alsc caused by the close proximity Of the vent side
walls to the outer tubes and the rather large divergence of the
walls,

Icing

The 1cing investigations were conducted primarily at extremsly
hi gh angles of attack in orderto expose the vemt=tube Openi ngs to
the maximum direct water Impingement. Because of the high angles
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o f attack, large liguid-water concentrations, and long lcing periods,
the vent installation was subJected to more severe loing conditions
than would normally be encountered in flight,

In general, the loing characteristics of the NACA flush-inlet-
type vents (fig. 4) are similar to, but more severe than, those
obaserved for the vents discussed in references 1 and 2.

Rear-wall tube mounting. - Typical ice formations following
loing periods of 30 and 60 minutes are shown in figure 9 for the
following icing conditions: tunnel-air velocity, 220 fest per
second; angle of attack, 12C; amblent-air temperature, 20° ¥; and
ligquid-water content, 1.5 grams per cubic meter.

The tendency for the ice formation to bduild up and protrude
into the air stream is shown in figure S(a). The resulting scoop-
ing effect maintained Or increased the static-pressure differential
in the inner t ube8 umtil the ice was blown off after 40 minutes of
icing. At the conclusion Of the 60-minute icing period (fig. 9(b)),
the area of the large-diameoter tubes was halved and the diameter
of the amall vent tube was reduced to approxi mately 3/16 inch,

The increased 1ice formations on this vent appear to have no
more effect on t he presswre-differential losses than the lesser
ice formations noted in references 1 and 2. The proncunced tendency
for the ice formationa at the rear wall of the vent to form ascoop
abovethe inner wvemt tubes (fig. 9(a)) is shown in figure 10 by
t he inorease in the static-pressure differentials of tubes 2and 3.
The removal of the scoop by lce blow-off caunsed an Immediate decrease
in pressure differential.

Because the pressure differential at the start of an icing
poriocd was considerably greater than that reported in reference 1,
the icing tolerance was increased from about2 to 3 minutes on the
original vents to 6 to 8 minutea on the NACA flush-inlet-type vent.
The icing tolerance is defined as the time required to decroase
the vent-tube pressure differential to 2 inchesof water in an
loing condition.

In icing conditions, the vent~-tube air flow decreased with
time, as shown in figure 11. The air-flow 1088 shown represents
a 2] -pexrcent reduction foran icing period of 60 minutea and 1s
typical of all vent tubes.

The vent installation was also investigated at a tumnel-air
velocity of 370 feet per second and at an angle of attaok of 7°

938
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for an icing pericd of 30 minutes under the fellowing icing con-
ditions: liguid-water content, 1.0 gram per cubic meter; and
ambient-air temperature, 20° F.

The results showed that the icing characteristics for the vent
vwere similar to, but less severe than, those in the experiments at
low air velocity and high angle Of attack., The vent-tube pressure
differentiale remained much greater than the marginal requirements
throughout the iclng perlcd and the vent-tube air-flow losses were
negligible,

In the simulated freezing-rain condition, the pressure dif-
forential lopsea for the vent occurred more rapidly than during an
icing conditlion. The rapld pressure-differential losa was czused
by the large ice formations on the wing surface ahead Of the inlet
ramp, These ice formations were conslderably more severe than
those observed for the icing conditions,

Ramp-floor tube mounting. - Typical progressive ice formations
for the vent with the tubes mounted in the ramp floor are ghown in
figure 12 for 15- and 45-minute icing periocds. The lcing condlitlons
were the same ag those described for figure S.

The icing characteriatica of the flush-Inlet-type vent with
tubes mounted on the ramp floor are similar to those cobserved for
the vent with tubes mounted in the rear wall. The reduction Of the
vent~tube areas due to lcing, however, was not appreciable.

The varlation of vent-tube statlc-pressure differential with
time for the 4S5-minute lcing perliod 1s shown in figure 13. The
merginal pressure dlfferential for the outer tubes was reached
after only 4 minutes of icing. With no scooping effect caused by
lce formations, the immer tubes reach the marginal pressure dif-
ferential after 10 minutes of icing. Tube 2 maintained a high
static-pressure differential throughout the icling period because
of the scooping effect of the lce farmation above the tube, as
ghown in figuwre 12. A typloal reduction in vent-tube alr flow of
approximately2l percent f Or the lcing conmditions described far
figure 12 is shown in figure 1l4.

Effect of wing icing on vent-tube pressure characteristics, ~
It hasbeen determined that an increasing boundary-leyer thickness
ahead of a flush-inlet ramp has & detrimental effect on the pressure
recovery &t the inlet. DImring the icing investigation of a flush-
inlet-type vent, visual cbservations falled to detect ice on the
ramp or in the vent tubes for the firgt few minutes of an icing
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peri od, during which time the wing surface became coated with ice

and the vent-tube pressures deoreased rapidly. Because the vent

was free of 1ce, 1t follows that the wing-swrfaceice was responsible
for the rapid pressure losses noted dwring the first few minutes

of an icing period, as shown in figures 10 and 13, When the com-
plete wing was de-iced at the end of an icing periocd and the vent
remained iced, a large increase in vent-tube static-pressure 4if-
ferentials resulted. The reverse situation was also investigated;
that 1is, the vent vas de-1ced while t he wing-surface ice formations
remained. Ths results showed no appreciable increase in vent-tube
pressure differentials.

Comparison Of Recessed and Flush-Inlet-Type Vents

Under the same aerodynamic and icing conditions, the flush-
inlet-type vent proved superior to the recessed vents of referencesl
and 2 with respect to margimal vent-tubs pressure di fferenti al 8
and icing tolerance.

The flush-inlet-type vent with rear-wall tube mounting gave
satlafactory vent -t ube pressure dl fferentl al. 8 at all angl e8 of
attaok investigated for a tunnel-air veloolty of 220 feet per sec-
ond, The icing tolerance for the vent was 6 to 8 minutes and the
air-flowlcsses were in the order of 21 percentf Or icing pericds
up to 60 minutes.

The flush-inlet-type vent with ramp-floor tube mounting gave
satisfactory pressure differentisls for the two lnner tubes at all
angles of attack investigated; whereas the pressure differentials
observed for the outer tubes were satiasfactory at angles Of attack
greater than 4°, The icing tolerance for thisvent was 4 minutes
ard the vent-tube alr-flow losses were 21 percent for a 45-minute

loing pericd.

The recessed vent with rear-wall vent-tube mounting, reported
in reference 1 and shown in figure 1l(a)}, gave setsifactory pres-
sure differentials at angles of attaok greater t han 8°, The icing
tolerance for the vent was 2 to 3 minutes and airflow losses were
in the order of 23 percent for aS0-minute loing period,

The recessed vent with ramp-floor vent-tube mounting, reported
in reference 2 and shown in figwre | (b), was wnsatisfactory with
respect (0 marginal vent-tube pressure differential at all angles
ofattaok investigated, Because the pressure differentials were
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submarginal at the beginning O an ilcing period, there weas no icing
tolerance for the vent. The wvent-tube airflow losgses were in +the
order Of 15 percent f Or a 60-minute leing period.

StMMARY OF RESULTS

From an serodynamic and icing investigation conducted in the
Cleveland icing research tunmel on several modifications of recessed
vents andl two BACA flush-iniet-type vents, the following results
wer e obtalned:

1. Fairing the original parallel wall recessedvent to approxi-
mate aflush inlet epproximately doubled the vent-tube pressure
differentiala,

2. For the configurations investigated, the use Of ram scoops
did not improve the pressure characteristics of the vents,

3.In general, the aerodynamic characteristice of both NACA
flush-inlet-type vents were satisfactory with reaspect tc marginal
vent-tube pressure~differential requirements for the ocondlitions
investigated. Atd tunnel-air velocity Of 220 feet per second,
the vent with rear-wall tube mounting maintained the required pres-
sure differential of 2 inches Of water at anglesof attaok ranging
from 0° to 12°. The vent with ramp-floor tube mounting maintained
the requi red pressure differential in all tubes atangles of attack
above 4°; whereas the inner two tubes were satisfactory at zero
angle of attack.

4. The vent-tube pressure differential 8 for the flush-inlet=-
type vent with rear-well tube mounting reached the marginal value
after 6 to 8 minutes in an icing condition, compared with 2 to
3minutes for the original vent, although the ice formations on
the flush-inlet-type vent were more severe.

5. For the flushe-inlet-type vent with ramp-floor tube mownting,
the marginal-pressure dlfferential was reached after 4 minutes in
an ilcing condition,

6. Vent=-tube air-fiow losses for both KACA flush-inlet-type
vents were approximately 21 percent for lcing periods up to 60 min-
utes.

7. The rapld loss in vent-tube static-pressure differential
cbserved during the first few minutes under licing condlitions is
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caused by the lce formations On the wing surface ahead of the
vont ramp rather than icing of the vent itself.

8. Under the same aercdynmamic and icing conditions, the flush-
inlet-type vents were superlor tc the recessed-type vents previously
reported with respect tc marginal vent-tube pressure differentials

and iclng tolerance,

Flight Propulsion Research Laboratory,
Rational Advisory Committee for Aercnautics,

Cleveland, Ohio.
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Figurs 2 . -Typi cal Tuel-cell-vent; ngi 5| | atj on mounted on NACA 65,2-216 ai r f i | section
in test section Of icing research tunnel.
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Fgure 3. ~ Typlcal flosh-inlet-type vent with tubes mounted in ramp floar.
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Vent-tube static-pressure differential, Pg-Pgs» in. water

NACARM No. EBCO5
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Figure 7. = Variation of vent-tube static-pressure differenti al

with angle of attack for Pluah-inlet-type vent with tubes
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mounted in rear wall. No vent air flow,
220 feet per second.
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Vent-tube static-pressure different al, Py~Pgs in. water
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220 feet per second.
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(a) | ce aceretions following 30-minute leing peri od.

Figure 9. Ice formations on flush-inlet~type vent Ul t h tubes mounted in rear: wall. Tunneli-
al r velocity,220 feet per second; angl e of attack, 12°; anbient-air temperature, 20° F;
liquid-water content, 1.5 grams per cublc meter.
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(b)XIce accretions following 60-mimute i Ci Ng period.

Figure 9. -~ Concluded. Ice formaticrne On fiush-inlet-type vent Wit h tubes mounted in rear
wall, Tunnsl-air velocity, 220 feet per second; angle of attack,12°;anmblent-air tem-
perature, 20° F; liguid-water content, 1.5 grems per cubic neter.
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Vent-tube air flow, 1b/min

NACA RM No. EBCO5
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Figure 11. -~ Typical variation of vent-tube air flow with

icing tine for flush-inlet-type vent with tubes nounted in

rear wall. Tunnel-air velocity, 220 feet per second;

angl e of attack, 129; anmbient-air tenperature, 20° F:
liquid-water content, 1.5 grams per cubic neter.



(b) Ice mecretions following 45-mimmte leing poricd.

Figare 12. - Ioe formations on flmsh-inlet~type vent with tubea mounted in ramp floor. Tunnel-air veloolty, 220 feet per sec-
ond; angle of attack, 129 amblent-air tempersture, 20° ¥; liguid-water oontent, 1.5 grame per oubla meter,
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Figure 13. - Variation of vent-tube static-pressure differential
with icing tine for flush-inlet-type vent with tubes nounted
inranmp floor. Tunnel-air velocity, 220 feet per second;
angle of attack, 12°; anbfent-air fenperature, 20° F; liquid-
water content, i.5 grams per cubic meter.
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Figure 14. - Typical variation of vent-tube air flow with

Icing tine for flush-inlet-type vent with tubes nounted
in ramp floor. Tunnel-air velocity, 220 feet per second,
angle of attack, 12°9; anbient-air tenperature, 20° F;
liquid-water content, 1.5 grams per cubic neter.
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