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INVESTIGATIOR OF THE AERODYNAMIC ARD ICING
CHARACTERISTICS OF A RECESSED FUEL
CELL VENT ASSEMBLY
| - REAR WALL VERT TUBE MCUNTING

By Robert S. Ruggeri

SUMVARY

I nvestigations have been conducted in the NACA C evel and icing
research tunnel on a ranp type recessed fuel cell vent assenbly to
determine the aerodynamic, rain, and icing characteristics of such
an installation. Vent-tube static-pressure differential8 and pres-
sure surveys over the vent ranp were obtained as a function of angle
of attack and tunnel-air velocities. The vent tubea were al so
investigated in a sinulated rain condition to determne the amount
of water admitted into the vent openings. Teing experiment8 were
made at high angles of attack and at a tunnel-air velocity of
220 feet per second to determne the vent installation icing
characteristic8 and the vent tube pressure and air-flow | osses.

The results of the asrodynamic i nvestigation show that,
al though the vent-tube openings are located i n the region of maxi num
ranp pressure, vent-tube static pressure8 are nmarginal for a |ow
flight speed conditlom conparable to | etdown. During the rain
experiment, no nmeasurable amount of water was admtted into the
vent -t ube openings. The vent-tube openings remained relatively ice
free under severe i Ci ng conditions for icing period8 up to
62 mnutes. Severe losses in pressure and noderate air-flow | osses
in the vent tubes were observed during the icing experinents,

INTRODUCTION
In a previous study of ioe-free vent8 comsisting of vent tubes

faci ng downstream (reference 1), the fuel -tank pressures were of
the order of -0.1 q3 (Where qgg 1ie the velocity pressure of the

air streamj. It has been found, however, that negative pressure
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venting Of certain types of fuel cells now In use can cause them tO
aol | aBse In such 8 manner that nost of their contents are expel | ed,

t hereby creating a serious fire hazard. Coneideration has also been
given to sealing the fuel cell compartment and venting it to the
upper w ng surfacewhile venting the fuel cell to the | ower wing
surface by means of a flush vent. This solution,however, is
impracticable f Or many installations.

The present investigation t 0 determine t he icingcharacter-
istics of a recessed fuel cell vent Installation was conducted in
the icing research tunnel of the XVACA Cleveland | aboratory as 8 part
of the generasl study of aircraft icing.

The reaessed vent inestallation, which 1s located in t he outer
wing panel, wes designed t 0 replace fl ush type fusel age and
nacel le vents. These flush-type vents were believed toconstitute
aserious firs hagzard under certain operating conditions. The
location Of the reaessed vent i S in an area susceptible t 0 icing,
particularly during | ow speed flight, eclimb, end | et down attitudes.
[t was therefore necessary t 0 determine whet her or moticef or ma-
tions during normal flight operation aoul d sufficiently reduce t he
Prelssurlei and air flowin the vent tubes to cause failure of the
uel cells.

APPARATUS AND INSTRUMENTATION

An Investigation to determine t he icing and pressure charac-
teristics of a recessed fuel-cell vent assembly was conducted in
the 8- by 9-foot test section of the NACA Cleveland icingreseexrch
tunnel .

An RACA 65,2-216 airfoll section of 8-fo00t chord was used as
a wing model for the vent installation. (See fig. 1.) The nodel
was equi pped with an external electricheater over the | eadi ng-edge
regi on baak to 20 percemt of the ahord. Details of the vent are

shown in figure | (b).

The vent recess was so Installed that the rear edge of the
receas was | ocated at 67 percent of ahord on the lower surface Of
the airfoil section. A plate Of chamfered sheet aluminum
1/32-inch thick was installed just aft of the vent tubes to
siml ate the standard nethod of assenbly. Three tubes

13 inoh in diameter (1, 3, and 4, fig. I(b)), and one tube 1 inch

tn diameter (2, fig. 1(b)) were mounted flush on the rear sl ope
»f the recess and each tube extended to 8 commen outlet on the

LRy 2 e e
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upper surface of the airfoil. Valves were placed in t he ventlines
to control Sir floweand the flow of air was measured by means of 8
calibrated orifice installed i n eaah vent tube. In addition to the
orifice pressure measurememts, One static pressure was neasured om
the forward surface of eaech tube 1 inch from the opening and nine
surface statia-pressure neasurenents were nmade as shown in figure 2.
Al'l pressure readings Wer e photographicaelly recor ded from multiplie-
t ube mancmeters.

A water trap was Installed in one of the 1%‘-1110]1 tubes for the
collection Of water in the sinmulated rain investigation.

'Sinulated rein and icing conditions were provided by air-
atom zi ng wat er - spray nozzles placed upstreamof the airfoil section.

EXPERTMENTAL TECHENIQUES AND PROCEDURE

AerodynamiC. - In order to determ ne the aerodynanm c charac-
teristics of the vent installation, static-preasure di Stributions
onthe vent ranp surface were obtained aswell as the static pres-
sures in the entrance of the vent lines. The experiments were
conducted with eand W t hout air flowthrough the tubes. The vent
pressure characteristics were determ ned as8 function of tunnel-
air velocities of 220 end 350 feet per second, and at angles Of
attack rangi ng from 0° to 12°, The vent airflow of 0.6 pounds per
mnute through the |arge vent tubes stmulated air flow through the
vent lines for 8 descent in altitude at the rate of 3000 feet per
minute.

Rain. - The anpunt of water that would be admitted into the
vent Ti1nes for a similated-rain condition was determined With a
vent air flow of 0.6 pounds per minute through t he large vent
tubes, a tunnel air wveloecity of 220 feet per second, an anbient-
alr tenperature of 46° F, and an angle of attack of 14°. The water
concentration for this part of the investigation was approxi mately
4.5 grams per cubic neter and the droplet size was |arger than
20 microns.

Icing. - The icing charadteristics Of the vent installation
wer e determined f or angles of attack ranging from 10° t o0 14° and
at 8 tunnel-air velocity of 180 to 220 feet per second. The icing
conditions ranged fram a liquid-water concentration of 1.4 to
1.5 grams per cubi c meter for an anbient-sir tenperature range of
0° to 23° F.  The droplet size for these experinents was approxi -
mately 15 microns, based on vol une maxi mum
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The vent installation was 8180 investigated for 8 freezing-rain .
condition at au anbient-air tenperature of 23° ®, in which the
liquid water concentration was 1.8 grams per cubic neter and the
dropl et size was |arger than 20 mcrons.

RESULTS AND DISCUSSION

During t he aerodynamic i nvestigations, the tunnel blocking
effect of the wing at high angles of attack seriously affected the
reading of the static tube used to obtain tunnel static pressure
As 8 result, the surface static-pressure coefficients over the vent
ramp Were considerably different at a tunnel-air velocity of
350 feet per second than at 220 feet per second. Only the | ow
velocity values are therefore presented because of the relatively
smal ler error for this condition. The data presented herein are
not corrected for tunnel-w8ll effects and blocking.

A mnimmpositive pressure differential of 2 inches of water
between the vent Inlet and the fuel cell has been recommended by
t he Douglas Aircraft Company for satisfactory operation ofthe
fuel cell. This criterion has been used to evaluatethe nerits of
the vent systemunder investigation. Any reduction of this pres-
sure differential mght leed to collapse of the fuel cells under
certain operating conditions.

The icing investigation was conduct ed at extrenely hi gh angles
of attack in order to expose the vent openings and the vent ranp
to the maxi mumdirect water inpingement that en aircraft m ght
encounter. Check experinents at |ower angles of attack verified
that the icing formations were not so severe 8s those at the high
angl es and are therefore not included herein

Aerodynemic. -~ The variation of pressure distribution over the
vent remp surface and the rear vent wall is presented in figure 3
for various angles of attack. The pressures are presented in

P - D :
terms of the pressure coefficient 0 o, where p is the

surface static pressure, p; is the free-stream statia pressure,
and qg is the free-streamvelocity pressure. In general, 811 the
| ocal static pressures at the start of the vent ranp are negative,
even at an angle of attack of 12°. At the bottomof the ramp the
surface pressures are positive at angles (f attack greater t han 4°,
The maximum surface pressure 1s attained at approxi mately the
center-line location of the vent tubes.
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The maximum pressures obtained at the opening of the vent tubes
for angles of attack ranging from O° to 12° are shown in figure 4.
The static-pressure differential pg - pg, Where pg is the static
pressure measured 1 inch from the tube opening, is plotted in fig-
ure 4 for the condition of no vent flow. The vent-tube pressure
increases rapidly W th increasing angles of attack. For the high
tunnel -air velocity, the pressure differential reaches a maximum at
an angle of attack of 129, The effect of tunnel blocking by the
W ng at high angles of attack is illustrated by the pesk in the
curve at approximately 12°. The |ow velocity curve does not show
this tendency for the angles of attack shown; however, at angles of
attack greater than 129, t he same peak effect and subsequent pres-
sure reductions were observed.

The marginal vent pressure condition of 2 inches of water
positive pressure is seen to be reached at an angle of attack of 8°
for 8 tunnel-air velocity of 220 feet per second and at an angle of
attack of approximately 5° for 8 tunnel-air velocity of 350 feet
per second. On the basis of these observations, it seens probable
that the vent installationis extremely merginal in itS serodynamic
characteristics.

Rain. - The vent ranp wes completely Wetted by water run back
from t he wing surface. However, just upstream of the vent tube
openings the water tended to diverge and flow into the corners of
the recessed vent installation. From these areas the water was
observed to run back or blow off fromthe surfaces. A 30-minute
simulated-rain i nvestigation showed that no measur abl e anount of
water was collected in the vent tube instrumented with a water
trap.

Icing. - In general, the icing inveatigation of the recessed
vent installatlion showed that the vent lines remained relatively
free of ice formati ons, although the vent air flow and t he static
pressure in the vent lines were reduced. On an over-all basis,
the vent installation surfaces were coated with 8 light ice forma-
tion. The vent ramp was severely iced only at the upstream end.
Consi der abl e foe formations accretedt 0 t he reaxr sl ope of the vent
installation from above the tubes to the wing surface. The
chanfered plate representing the actual wing-skin installation
contributed slightly to the forwerd and outward growth of the ice
formations at the rear of the vent. Ice formations'in the vent
tubes started to build up as frost formations on the downstream
side of the tubes because this area of the tubes was more
susceptibl e to the. direct i npi ngement of small water droplets. For
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long lcing periods in the order of 30 mnutes or nore, the entire
inside of the vent tubes were coated with 8 very light ice forma-
tion that extended approxi mately 3 diemeters into the tube.

Phot ographs of the typiocal progressive formation of ice on the
vent installation are shown in figure 5. The iaing conditions for
this part of the investigation were 8s follows: tunnel-air
velocity, 220 feet per mecond; angle (f attack, 14°; anbient-air
tenperature, 23° ®; and |iquid-water content, 1.5 grams per aubia
meter. The air flow through the vents at the beginning of the
iaing period was 0.605 pounds per minute. At the end of
15 minutes (fig. 5(a)), Only a |ight iae formation was observed on
the vent ramp and frost formatione were seen in the vent tubes. At
t he rear of the vent installation, 8 ridge of ice approximately
1/2-inch t hi ak was built up near the wi n6 surface. These formetions
of ice, particularly at the rear edge of the vent recess, increased
in size and extent as the icing period was increased  (figs. 5(b)
and 5(a)). The reduction in the vent-tube diameters due t0 icing
was amall.

Occasionally the growth of iae at the rear of the vent
installation protruded into the air stream to suah an extent that
8 scoop effect was obtained, 8s shown in figure 5(b). This iae
formation inecreased the ram pressure in the top vent tube by almost

100 percent.

For the icing conditions inveatigated, the air flow through
the vent tubes end the etatic pressure im the vent tubes were
reduced with progressive iaing. These |osses were due to the rough
ice formetions on the wi n6 surface upstreamof the vent ranp, |ight
i ce formations on the vent ramp, and frost formations inside the
vent tubes. The fact that the upstreamorifioe static pressure and
the vent-tube static pressure gave identical readings under all
icing aonditions indicates that the vent tube ststia-pressure
openings did not ice. The variaetion of vent-tube static pressure
and air flowwth time, for the ieing aonditions shown in figure 5,
is presented in figures 6 and 7. The vent-tube static pressure is
shown plotted 8s 8 pressure differential (pg - pg), Where pg 1s
t he static pressure neasured 1 inch fromthe tube opening. In
general, the static pressure decreased rapidly with tinme during
the iaing period. It ambe seen in figure 6 that the required
2-1inch pressure differential between the fuel eell snd the vent
opening i s marginal after only 2 to 3 mnutes of iaing for the large
vent tubes and merginal for the smaller vent tube (2) under a non-
icing condition. The pressure differential in 811 the tubes

increesged after t he leading edge of the wing had been campletely

816
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de-iced during the tunnel shutdown for photographs and observations
at the end of 15 minutes of ieing (point A). The increase in pres-
sure differential in vent tubes 1 and 2 in the 15- t 0 30-minute time
interval is accounted for by the scooping effect of the i ce forma=-
tions 8s described in figure 5. During the tunnel shutdown at the
end of 30 mnutes, the tunnel-air tenperature was inadvertently

rai sed above the freezing point and some of the formations were

bl own off the wing and vent surfaces when the tunnel was restarted,
The reduction of the ice formations thus accounts for the abrupt
changes in Vent-tube pressure differential shown to ocour at point B
on figure 6. A scooping effect of the Ice formations is again noted
for vent tube 1 near the end of the Icing period. (See fig. 5(c).)

The variation of vent air flow with time duri ng an ieing period
is shown in figure 7. The figure shows a typical reduction in air
fl ow through the vent tube with time for the same icing conditions
as described for figure 5. After the |eading edge of the wing had
been de-ioed to 20 percent of chord, the air flow through the vents
wasi ncreased as shown by polnt A in figure 7. The importance of
maintaining t he | eadi ng edge of the wing ice free to i nsure maximum
pressure differential end adequate Vent air flow therefore has 8
great effect on the proper functioning of 8 recessed vent installa-
tion. The partial renoval of surface ice formations (point B) 8180
had the effect of inereasing the air flow through the vent tubes by
reduci ng the blocking upstreamof the Vent openings and by reducing
thefturbul ent condition of the air flow over the wing and vent
surfaces.

Pressure and air flow | osses observed duringthe freezing rain
experiment were approximately the same as those experienced under
the icing conditions.

SUMMARY OF RESULTS

The following results were obtained from an lcing research
tunnel investigation of 8 recessed fuel-cel|l vént instaliation
designed to repl ace flush-type fusel age and necelle vents:

1. The results of the aerodynamic investigation show that the
pressures at ths vent tubes are marginal for the | et-down flight
condition. Surface pressure surveys indicate that the vent tubes
are located in the are8 of greatest pressure em the ranp.

2. There was no indicatien of water ecollecting in the vent
t ubes during the sinul ated-rai n investigation.
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3. The recessed fuel-cell vent tubes remained relatively ice
free for angles of attack up to 14° under severe icing and freezing
rain conditions of 30- t 0 62-minute duration.

4.Severe and rapid losses i n the vent~tube static pressure
wer e recorded under icing comditioms of 1.5 grans per cubile neter,
adroplet size of 15 microns, au angle of attack of 149, and a
tunnel -air velocity of 220 feet per second. The margi n81l vent-tube
pressure di fferential of 2 inches of water was reached after only
2 to 3 mnutes of |ain5 under the above conditions.

-5. The vent-tube air flowis decreased slightly by the
gener al ioing characteristics of the wi ng emd vent installation.

Flight Propul sion Research Laboratory,
Nat i onal Advisory Committee f or Aeronauti cs,
Cl evel and, Ohio, January 27, 1948.
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Pigure 1 .

C-20424
1-16-48

(a) Vent assembly located on lower wing surface.

-Recessed f uel tank vent essembly Installed On NACA 65,2-216 airfoil sectio
I ci ng Resear ch Tunnel.
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Stati c-presaure
tubes

C-20426

PFESINS i.16.48
(b) close-up view Of vent installation.

Figare 1. - Concluded. Recessed fuel tank vent assenbly installed-cmNACA 65,2-216 airfoil
section in Ieing Research Tunnel .







NATI ONAL ABVISORY COMMITTEE
FORAERONAUTICS

12" R
myploalVent tube

/ Chamferedpl at e

x Statlc-pressure tuben

A

Figure 2, - Schematis drawing Of fuel -tank vent assembly showlng locations
of statlc-pressuref UDES.

*ON NY VOV¥N

qLzvez

£l




P-Po
CT6)

Pressure coefflicient,

Angle of
(dog) "
o o
n 4
o 8
A 12
ST T
i |
| i | TN |
2 1 t : Ve P :
; 4 sasZBIRAN
: M ; I/ﬁ’"\‘é
0 4 : b N
/ Ll Ll N
- . /// ;Vent-tube cent:er m?e—\‘* \?
LY s 1 |
pasdl ; IHERNEE
20 1 5 [ 7

—— 2
surface dist anc%, in.

Pigure 3. -Effect of angle ofmttack ON pressure distribution over fuel-sell Vent
ramp surface. No-vent air f| OW, tunnel-air velocity, 220 feet per second.

LA

ON WL TO¥N

qizvel




NACA RM No. EBAZ7D

Vent;
t ube
0 1
o 2
< 3
A 4
5
8 7 Tunnel-air
2 ,{B velocl
4 4 A (£t/sec
. / ¢ 220
& / ———~ 350
- LII
F;
3 4
a !
—r ’l
g &7
!
: /] g
£ ® 7
¢
(o]
o
" ,’$
3 /!
5‘ !
8
®
“
<
o]
o
2
B
1
iy
=]
Q
>
-2 6

é 8 1°
Angle o r attack,leg

Figure 4. = variatidn of vent-tube daifferential Static pressure
with angle of attack. =No vent air flow






9iB

C.20520
1-28-48

(@) Ioe aooretions following l5-mlnnte leing perlod;: wing leading edge mmheatsd.

Figure 5. - Photographs of ice on airfoil and at vent recsss, |UNNel-air veloolty, 220 feet per second; angle of atiack,
14%; ambient-air temperaturs, 25° F; 11guid water content, 1.5 grams per oubioc meter.
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(b) Ioe acoretions following Z0-minnts loing period; wing leading edge heated to 10 percem: chowd,

Figuro 5. - Contimed. Photographs Of ice on airfoil and at Tent recess., Tumel-alr velooity, 220 feet permecond; angle
of attack, 14°; ambient-air tempersturs, 23° F; liguid water content, 1.5 graws per ounblo meter.
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1-28.48
(o) Tos mooretions following GB-minute lcing pericd; wing leading edge heatad to 10 percent chord.

Fgure 5. -~ Conoluded. Photographs of i6e cm airfoll and at vent recess, Tunnel-air velooity, 220 feet per second; angle
of attack, 14%; amblent-sir temperature, 23° F; liquid water oontent, 1.5 grams per cuble meter,
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Vent-tube differential statlic pressure, (ps=pg), in. water
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