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SUMMARY 

.- 

Investigations have been oonduoted Zn the RACA Cleveland icing 
reeearoh tunnel on 8 r8mp tSp0 receseed fuel Cell Vent 888eMbly t0 
determine the 8erodynamio, rain, and icing oharacterietics of suoh 
8Il iIlElt8ll&&Xl. Vent-tube 8tEttiC-pre88UZW dffferentials and pree- 
8ure eurveye 0vBr the vent ramp were obtaingd 88 a function of angle 
of attack and tunnel-air velocities. The Vent tubee were 8180 
tiveetigated in 8 simulated rain condition to determine the amount 
of water atted into the vent openings. Ioing experlmente were 
made at high angles of attack and at 8 tunnel-air velocity of 
220 feet per eecond to determine the Vent inetallation io- 
characteristic8 and the vent tube pressure and air-flow losses. 

. The reaulte of the aerodynamic invesfigation show that, 
although the vent-tube openinge are lo-ted in the region of maximum 
ramp preeeure, vent-tube st8tio pre88Ure8 are Inar@nal for a low 
flight speed condition comparable to letdown. &ring the rain 
experiment, no measurable amount of water was admitted into the 
vent-tube openinge. The vent-tube opening8 remained relatively ice 
free under aevere icing conditione for icing period8 up to 
62 minutee. Severe loeeee in preseure and moderate air-flow loeses 
in the vent tube8 were obeerved dur5ng the icing experimente, 

In a previous etudy of ioe-free vent8 omieting of vent tubes 
fac3ng down&ream (referenoe l), the fuel-tank preesurea were of 
the order of -0.1 q~ (where q~ 18 the VelOOity preseure of the 
air stream). It hae been found, however, that negative preeeure 
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venting of aertain type8 of fuel oells now In use oan cauee them to 
aollapee In euch a mmner that meet of the3r omtente are expelled, 
thereby creating a eerioue fire hazard. Consideration has ~180 been 
given to sealing the fuel cell oaupartmnt and venting it to the 
upper wing mmfaoe while venting the fuel csell to the lower wing 
eurf8oe by means of 8 flueh vent. Thi8 sotition, however, is 
Impracticable for many iIl8tall8tim8. 

. 

!T!he present investigation to deternine the lo- oharaoter- 
Istios of a reoeseed fuel cell vent lnsta~lation w&8 ccmducted 3n 
the ic- rese8mh tunnel of the XVACA Cleveland laboratory se 8 part 
of the &enersl etudy of aircr&t loin& 

The reoeseed vent inetallatlon, whioh Is looated In the outer 
wing panel, w&e desised to replaoe flush type fuselage and 
nacelle vente. Theee flueh-type vent8 were believed to oonetitute 
a 8f3riOU8 fire hazard under Cex?tf%b OgeZTating omditiOn8. The 
lOUt%tiOLI of the reaeeeed Vent i8 in f3n area 8U8oeptible to loin& 
partloularly durI.ng low epeed flight, olimb, and letdown attitudea. 
It ~88 therefore neoeesary to determine whether or not Ice forma- 
tlone during normal flight operation oould auffioiently reduce the 
preeeure and air flow in the vent tubes to oauee f8ilure of the 
fuel Cd18. 

An Investigation to d&e the lalng and pressure ohmao- 
teristicm of a reoessed fuel-mll vent assembly was oonduoted in 
the 6- by 9.foot test seotlon of the RACA Cleveland ioing reesamh 
tunnel. 

An EACA 65,2-216 alrfozL1 se&&m of 8-foot OhoH was used as 
awIngm&elfor the vent installation. (See fig. 1.) The model 
wa8 equipped with en external elmtrio heater over the leading-edge 
region baok to 20 peroeolt of the chord. I&tall8 of the vent are 
ehown In figure l(b). 

The ventreceeswaa 80 Installed that the rear edge of the 
receee was located at 67 peroent of ohord cgt the lower surfme of 
the 8lrfoil eeotion. Aplate of ohamfered sheet aluminum 
l/32-inoh thick wa8 in8tdled just aft Of the vent tubes to 
simulate the etamkrd method of sesembly. Three tubes 
li Inuh in diameter (1, 3, and 4, fig. l(b)), and one tube 1 inoh 
Ln diameter (2, fig. l(b)) were mounted flush on the rear elope 
d the recess and each tube extended to a aamon outlet on the 
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upper surface of the aIrfoil. Valvee were plaoed In the vent lines 
to oontrol air flow 8nd the flow of air was meseured by meens of 8 
calibrated orifice -talled in e&oh vent tube. Ih addition to the 
orifioe pressure mea8 uremente, ggle etatic preseure ~88 measured cx~ 
the forward surface of 08Ch tube 1 inch f'rcm the opening 8nd nine 
eurface atatio-pressure measurement8 were Made 88 shown in figure 2. 
All preesure readings were photographioal~ recorded frm multiple- 
tube manometers. 

A water trap was inetalled in one of the $-inch tubes for the 
colleotion of water in the simulated rain investigation. 

Simulated rain 8nd icing conditions vere provided by air- 
atomizing water-spray nozzle8 plaoed upstream of the 8irfoil section. 

Aerodynami C. - In order to determine the aerodynamic charac- 
terietics of the vent installation, static-preeeure distributions 
on the vent ramp surfaoe were obtained 88 well as the etatic pree- 
8ure8 in the entrance of the vent lines. The experiment8 were 
oonducted with end without air flow through the tubes. The vent 
pressure Charaoteri8tiC8 were determined as 8 function of tunnel- 
air velocities of 220 end 350 feet per eeoond, aad at angles of 
8tt8ok ranging fram O" to l2O. !Che Vent air flow of 0.6 pounds per 
minute through the large vent tubes almulated air flow through the 
vent lines for 8 descent ti altitude 8t the rate of 3000 feet per 
minute. 

Rain. - The amount of water that would be admitted into the 
Vent line8 for 8 8imul&ted-r8ti oondition w8a determIned with 8 
vent air flow of 0.6 pounds per minute through the large vent 
tubee, 8 tunnel 8ir VelOoity Of 220 feet per eecond, 8n ambient- 
air temperature of 46O F, and an angle of attack of 14O. The water 
ooncentration for this part of the investiejation w&e approxilnately 
4.5 gr8ms per cubfo meter and the droplet size ~88 larger than 
20 microne. 

Ioin~.-Theioingcharat o erlstios of the vent installation 
were detemed for angles of 8tt8Ck ranging fram loo to 14' and 
8t a tunnel-&IX? velocity Of 180 to 220 feet per 8eCond. The icing 
Condition8 r8nged frcm a liquid-W8ter concentration of 1.4 to 
1.5 gr8ms per cubic meter for 811 ambient-sir temperature range of 
0' to 23' F. The droplet eize for these experiments w&s approxi- 
mately 15 microne, based on volume maximum. 
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The Yent installation was 8180 inVe8tigated for 8 freezing-r&in 
condition at an ambient-air temperature of 23O F, in which the 
liquid water concentration was 1.8 grams per cubic meter and the 
droplet eize was larger than 20 microns. 

RESULTS AND DISCUSSION 

During the aerodynamio investigations, the tunnel blooking 
effect of the wing st high angle8 of attack seriously affeoted the 
reading Of the et&tic tube used t0 obtain tunnel et&tic preesure. 
As a result, the surface static-preseure ooeffioients over the vent 
ramp were considerably different at 8 tunnel-air Velocity of 
350 feet per seoond than at 220 feet per second. Only the low 
velocity value8 are therefore preeented beWu8e of the relatively 
smaller error for this condition. The data preeented herein are 
not correoted for tunnel-wall effeote and blocking. 

A minimum positive pressure differential of 2 incheer of water 
between the vent Inlet and the fuel cell ha8 been reoommended by 
the Doug188 Aircraft Company for sati8factory operation of the 
fuel oell. TM.8 criterion has been u86d to evaluate the merits of 
the vent SystEmI under inVeStigatiOn. Any reduction of this pree- 
sure differential might lead to collapse of the fuel cells under 
certain operating conditions. 

The icing inveetigaticm wae conducted at extremely high angles 
of attack in order to expoee the vent openings and the vent ramp 
to the maximum direct water impingement that en alroraft might 
encounter. Check experiment8 at lower &n&e8 of 8tt8Ck verified 
that the icing formations were not 80 eevere 8s those at the high 
angles and are therefore not inoluded herein. 

AerodynemU. - The variation of preeeure distribution over the 
vent remp surfaoe and the rear vent wall 18 presented in figure 3 
for various anglea of attack. The pressures are presented in 

term8 of the pressure coefficient 
P - PC 

Qo ' 
where p is the 

SU??fUCe 8tatiC &?e8SUlW, PO ie the free-stream statio preseure, 
8nd Q 18 the free-8tre8M VelOCity preesure. In gener81, 811 the 
local stat10 preeeure~ at the start of the vent ramp are negative, 
even at an angle of attack of 12'. At the bottom of the ramp the 
surface pressures are positive at anglea of attack greater than 4O. 
The maximum eurfaoe preeaure 18 attained at approximately the 
center-line location of the vent tubes. 

. 
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The maximum preesures obtained at the opening of the vent tube8 
for snglea of attack r8nging from O” to 12' 8re shown in figure 4. 
The static-preesure differential ps - p0, where p, is the etatic 
pressure measured 1 inch frcxn the tube opening, is plotted in fig- 
ure 4 for the condition of no vent flow. The vent-tube pressure 
increases rapidly with inoreasing 8ngles of attack. For the high 
tunnel-air velocity, the preseure differential reaches a maximum at 
an angle of attack of l2O. The effect of tunnel blocking by the 
wing at high angles of attack 18 illustrated by the peak in the 
curve 8t 8pproximstely 120. The low velocity curve doe8 not show 
this tendency for the angles of 8tt8Ck ehown; however, at angles of 
8tt8ok greater than'l2O, the same peak effect 8nd subsequent pree- 
sure redUCtiOn8 were Ob8erVed. 

The marginal vent preseure condition of 2 inches of water 
positive pressure is seen to be reached at 8n angle of 8ttaCk of 8' 
for 8 tunnel-air velocity of 220 feet per Second and at an angle of 
attack of approximately 5O for 8 tunnel-air Velocity of 3% feet 
per second. On the b8818 of these observation8, it 8881118 probable 
that the vent inetallation is extremely margin81 in its aerodynamic 
Cherr8Cteri8tiC8. 

Rain. - The vent ramp was ocmpletely wetted by water run back 
from thewing 8urP8ce. However, juet upstream of the vent tube 
openings the water tended to diverge and flow into the corners of 
the recessed vent installation. m these area8 the water was 
ObSerVgd to run back or blow off from the surf8ces. A 30-ninute 
simul8ted-r&in investig8tion ehowed that no meaeurable amount of 
water was Collected in the vent tube instrumented with 8 water 
trap. 

Ioing. - In general, the icing investig8tion of the recessed 
vent installation ehowed that the vent line8 remained relstively 
free of ice formations, although the vent air flow and the etatio 
pressure in the vent line8 were reduced. On an over-all b&818, 
the vent installation surfaces were coated with 8 light ioe for%+ 
tion. The vent ramp w8s severely iced only at the upstream end. 
Coneider8ble foe formaticms aocreted to the re8r elope of the vent 
in8t8ll8tion fKHn above the tubes to the wing surface. The 
chamfered plate representing the actual wing-skin inetallation 
oontributed slightly to the forward and outward growth of the ice 
formations at the rear of the vent. Ioe formation8 'in the vent 
tubes started to build up 8s frost formations on the downstream 
8ide of the tubes becauee this are8 of the tubes was more 
susceptible to the.direct impingement of small water droplets. For 
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long icing period8 in the order of 30 minute8 or more, the entire 
inside of the vent tubes were oaated with a very light ice forma- 
tion that extended approximately 3 diameters into the tube. 

Photographs of the typioal progressive fonnaticn of ice on the 
vent installaticn are shown in figure 5. The Ming conditions for 
this part of the investigation were 8s follows: tunnel-air 
Velooity, 220 feet per second; angle of attauk, 14O; ambient-air 
temperature, 23O F; and liquid-water content, 1.5 grams per oubio 
meter. The air flow through the vents at the beginning of the 
ioing period was 0.605 pounds per minute. At the end of 
15 minutes (fig. 5(U)), Only a light iO6 fozPbation wa8 observed on 
the vent ramp and frost fonnatione were eesn in the vent tubes. At 
the rear of the vent i.nstall&tion, a ridge of lee approximately 
l/e-inch thiok was built up near the wing surface. These formatlone 
of ice, partioularly at the rear edge of the vent reoe88, lxEJW&sed 
in size and extent a8 the icing period was inoreased~(fige. 5(b) 
and 5(o)). The reduoticn in the vent-tube diameters due to loing 
#BS EUll811. 

Occasionally the growth of ioe at the rear of the vent 
installation protruded into the air stream to euoh an extent that 
8 scoop effect w&e obtained, 88 shown in figure 5(b). This ioe 
formation increased the ram pressure in the top vent tube by almost 
100 percent. 

For the icing condition8 Znvestlgated, the air flow through 
the vent tubes and the etatic preesure in the vent tubes were 
reduced with progressive ioing. These loseee were due to the rough 
ioe fomations on the wing surf'aoe upstream of the vent ramp, light 
ice formaticaze on the vent ramp, and frost formations inside the 
vent tube8. The faot that the upetre8m orifioe etatio pressure and 
the vent-tube static pressure gave identioal readings under all 
icing conditions indicate8 that the vent tube 8tUtiO-pIW88lll.e 
openings did not ice. The variation of vent-tube statio pressure 
and air flow with time, for the Ming Wndition8 8hoWI in figure 5, 
is presented in figure8 6 and 7. The vent-tube static pressure la 
shown plotted as 6 preesure differential (ps - PO), where pa 18 
the etatic pressure measured 1 inch from the tube opening. In 
general, the stat10 pressure decreased rapidly with time during 
the ioing period. It oan be eeen in figure 6 that the required 
2-Inch preeeure dlfferentlal between the fuel oell end the vent 
opening is marginal after only 2 to 3 minutes of lolng for the large 
vent tubes and ma&n81 for the smaller vent tube (2) under a non- 
icing condition. The pressure differential in 811 the tubes 
increased after the leading edge of the wing had been oomp1etel.y 
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de-iced during the tunnel shutdoun for photogr8phe and ObSerVatiOnS 
at the end of 15 minute8 of iolng (point A). The inareaee in pree- 
cure differential in vent tube8 1 and 2 in the 15- to 30-minute time 
interval is accounted for by the soooping effect of the ice forma- 
tions 8s described in figure 5. Ihring the tunnel shutdown at the 
end of 50 minutes, the tunnel-air temperature wa8 inadvertently 
raised 8bOVe the freezing point and come of the formation8 were 
blown off the wing and vent surface8 when the tunnel was restarted, 
The redUCtiCm Of the ice fOrmatiCn8 thU8 &C#COU&S for the 8brUpt 
ohangee in vent-tube pressure differential shown to occur 8t point B 
on figure 6. A scooping 6ffeo-t of the ice formations ie &g&in noted 
for vent tube 1 near the end of the icing period. (See fig. 5(c).) 

The variation of vent air flow with time during an Wing period 
is ahown in figure 7. The figure ehcrws 8typicalreduotioninair 
flow through the vazlt tube with time for the Same icing <x>nditions 
as described for figure 5. After the leading edge of the wing had 
been de-ioed to 20 peroent of chord, the air flow through the vents 
was increased as shownbypointA in figure 7. The importance of 
maintaining the leading edge of the wing ice free to insure maximum 
pressure different181 and adequate vent air flow therefore has a 
great effect on the proper functioning of a recessed vent installa- 
tion. The partial removal of surface foe formatlone (point B) also 
had the effect of inoreaelng the air flow through the vent tubes by 
reducing the blocking upetream of the vent opening8 and by reduoing 
the turbulent condition of the air flow over the wing and vent 
8urf8088. 

Pressure and air flow loeees obeerved during the freezing rain 
experiment were 8pprOxIraatel.y the 8ame as those experienced under 
the icing conditiane. 

The following results were obtained frcm an Ming re8earCh 
tunnel investig8tion of 8 reoeeeed fuel-cell vent in8tallation 
desieped to replace flush-type fUSekg6 and nacelle vents: 

1. The results of the aerodynamic %nvestigation show that the 
pressures at the vent tubes are marginal for the let-down flight 
condition. &rf&ce preesure Surveys indicate that the vent tubes 
are located in the area of greatest preesure m the ramp. 

2. There was no indicatim of water collecting in the vent 
tubes during the simulated-rain inve8tigaticm. 
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3. The receseed fuel-cell vent tube8 remined relatively ioe 
free for angles of attack up to 14' under eevere icing and breezing 
rain conditims of 30- to 62-miwte duratim. 

4. Severe and rapid losses in the vent-tube etatic preseure 
were recorded under loa ccaditions of 1.5 grams per cubic meter, 
8 droplet Size Of 15 Mic??m8, an angle of attack of 14O, and a 
tunnel-air velocity of 220 feet per second. The marginal vent-tube 
pressure differential of 2 inches of water was reached after cmly 
2 to 3 minute8 of icing under the above conditions. 

-5. The vent-tube air flow ie deoreseed elightly by the 
general ioing characteristio8 of the wing and vent in8tall8tlcm. 

Flight Propulsion Remarch Labor&tory, 
N&timti Advieory.Ccmnittee for AeK>naUtiCS, 

Cleveland, Ohio, January 27, 1948. 

1. TheOdOreen, Theodore, and Clay, William C.: The Freventirrn of 
Ice F'o~&ti~ cm Gasoline Tank Vents. ITACA TN MO. 394, 1931. 
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(a) vent asserubly loaated OLI lower vixlg eurfaoe. 
Figure 1. - Reoassed fuel tauk vmnt aaedbly iaetalled on RACA 65,2-216 airfoil eection in 

Icing Research Tunnel. 
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(72) Cloee-up view of vent inetallation. 
Figure 1. - Cmaludgd. Receeeed fuel t8nk putt assembly installed.cm NACA 65,2-216 airfoil 

sectfon In Ioing Research Tunnel. 
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Figure 4. - Variatidn of vent-tube dlf'ferential static pressure 
with angle of attack. No vent air flow. 
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Figure 6. - Variation of vent-tube differential static pressure-with 
. ioing time for 62-minute icing period. 

feet per second; angle of attack, 14'; 
Tunnel-air velocity, 220 

ambient-air temperature, 
23O F; liquid-water content, 1.5 grams psr cubic meter. 
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Figure 7. - Variation of typical vent air flow (vent tube 3) with 
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time for 620minute icing period. !Punnel-afr velocity, 
220 eet per second; 

T 
le of attack, 140; ambient-air temperature, 

230 F; liquid-water con ant, 1.5 grams per cubic meter. 

. 


