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Anlme6tlgatlonhaebeenoonducte8  5nthec1evel.a&1c?lng
reeearohtumel to determine aerodymmlo and 10% oharacteristl~s
of two EACA flmh-Met-type  fuel cell vent -tione. In the
first imtallatlon, the vent tubes were momrted in the rear wall
of the vent; in the aeoold lIldauat10n, the tlibs49 were Iltounted In
the vent-ramp flow. The vente were aerodymmlaally lmestlgated
to obtain vent-tubs atatlo-preaeure  dlfferentlale U preemzre
sumeye over the rsmp surfaoe as a fumtlon of tunnel-& veloolty
and angle of a-k. Icing experiment6  were merde to detemlne
vent-tube preseure dlfferentlal and air-flow  loesee for 6everal
loing oonUtlon6 at tuunel-air velooltles of 220 bzld 370 feet per
EU3OOdL.

Prelimlmryexperimetie, thereeults ofwhlohledtothe  deelgn
of the EM% flueh-type  lnlete, ahowedthat fblrlnga parallelwall
recessed-tgpe vent to approximate a flush inlet developed at the
HACAAmee laboratmy approximately dotiledthe vent-tube preeeure
differential. The u8e of rsm amope did not lnpove the preaeure
characiierletloer of the venR;e far the oo&Xguratlons lmeatlgated.

In general, the aerodyamlo oharacterfstloe  of bath XfACA flu&-
type vents were eatlefactory with reepeot to msrginal vent-tube
pressure-differential requlrenmnte for the ocmlltlona lmestlgated.
The vent-tube pressure dlfferentlale for the flueh-inlet-type veti with
~-walltubemountingreaohedaprebe~~~glnalval~artsr
6 to 8 mlnutee of lolng; whereae the vent with ramp-floor tube mount-
ing&aohedthlemirglmlvalueaft~  only4mlnutes lnlaing cm&-
bitlane. Vent-tube air-flow loeeee for the HACA fluah-inlet-type
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rents were in the order of 21 percent for Ming periods up to 60 mln-
UteEl. Ioe fcmatlona onthewlngau~fsoeahead  ofthavent ramp,
mther thsn lalng of the vent Itself, asused a rapid loss in vent-
tube preaauredifferentiaIdurlngthe  first fewminutes 1na.n loa
period. !Fhe flush-inlet-type  vents were superior to the reoeaaed
vents prevlouaIy imeati@ed in reapeot to marginal rent-tube  prea-
alze differentiala  and ioing t01eram0.

Ip prerloua lmeatigatlona of reoeased fuel-oell  vent lnatal-
latlona (references 1 aml 2), dif'floulty was experienced in obtain-
ing a aetlsi%mtory  vent-tube  atatio pressure at low air velooltlea
axxl at augIea of attaok up to 12'. TheDougIaaAircraftCanpany
had reccameIldetd a minimum positive pressure differential of 2 imhes
of water between the interior of the fuel oeIJ. and the fuel-cell
0onrgsrtpLsntfor aatlafactory  operatlonofthe fueloeII. Inan .-
effart to obtain a greater pressure dlf’ferentlal,  L series of
experiments  were caaduated  inwhiohtwo original rent imtallationa
(fig. 1, oonfigurationa  A SIld B) wera modified by ihirkg the vent
wlthmodallng olaytoapprarimta anHACA fluahlnlet(flg.1,
oonfiguratlona  C, D, anb E). Of the several cmnfiguratlcma  lmeati-
gated,onlyoonfiguratlonC  ahowadalarge  enough inamaseinvent-
tube statlo-pressure  differential over the original vents to
w~furtheratudy. The results of this partiouIar lmeati-

. @Ion are briefly dlacuaaed. On the basis of theaa results, a
new rent inataUatlon, whioh ~onaiated  of an HACA flush inlet with
the rent tubes loo&ml In the rear wall of the assembly, was
deaignadsnbimeatlgatad.  Eaperimentswerealao  oonbuetedon
thla rent i.natallatlon with the vent tubes louated in the ramp
flOCtV.

AddltiomI experiments on tha original and modified inat&-
Iatlonaweremade uaingaram sooop extending upstream f?romtha
rear of tha vent to a point l/4 imh forward of the vent-tube
openings (fig. 1, oonflgurationa  E and F). These ram scoops were
ralaedby inareme~s frcaa an original flush position on the lower
wing surfaoe to a maximum of 3/8 imh above that surface. A further
ixmreaae in the ram-aooop height above the wing surface was believed.
to be detrimental.  to the loing characteriatloa  of the vent.

!Cha imeatlgatlona of the ntodlflc8tiona of the original vent
lmtallatlon and the IMA vent inatallatlona  were oonduoted  ln the
ClwttIa& loing reaearoh tunnel as a part of a general study of
airmaf%lolng.

sm*-c-;.” .- y . .
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Anlmeatlgatlontodetermlnetheaerodymml 0 ad lolng ohar-
aoterlstloa of EACA fluah-inlet-type  vent imtallatlona was oondpcted
in tha 6- by g-foot teat section of the ClweUnd ldng reamoh
tunnel. The vent inatalhtlona were mounted on an EACA 65,2-216 air-
foil se&Ion of 8-foot ohms (fig. 2) with the rear wall of the
vents looated at 67 percent of ohord on the lower aurtie of the
sirfoll. The leading edge of the airfoil seetlon was eqtipgedwlth
an external eleotrlo heater extending to 20 peroent of &ord.

The rent lmtallatlona  conelated of a typlcul fluah-inlet  ramp,
as ahcwninfigure 3,whlohla similar to the fluah inletdweloped
attheAmesl.abaratory. Threeve~&tt&ea  4 lmhea in diameteraM
onerenttube 1 lmhin dlameterwsreloaated  lnelthertheresr
wall or the ramp floor of the vent, as ahown in figure 4. A table
of mdlnatea for the aide-wall dIvergems la presented in this fig-
me. Thet dimenalona gtven ure for the fluah-inlet-type rents used
lnthla lmeatigatlon.

Theventpreaaureandair-flow il~waa aimllm to
that used in references lu& 2. !l?he loaatlona  of mmp-atwface
atatlc-~esaure txibea me ahoun in figure 4.

AerodyrvnrPf0. = !Pha ramp-surface static-pressure dlatribuztlon
was detemlned for tunnel-sir velocltlee of 220 alld 370 feet per
aecoad with no air flow through the vent t&es and farr a range of
angles of attaok fran 0’ to 12'. !Rm vent&tie stat10 preaaures,
obtained at a point 1 inoh inaide the rent-tube openinga, were
determined as a fun&Ion of angle of attaok and tunnel-air veloolty.

IOWL - Icln6 lmeatQatlona were conducted for 10% perloda
of 30 to 60 &m&es at an&lent-air temperatures frcm 20' to 23' F.
The ooadltlona  for these experiments were:
7O aId 140,

ar@ea of attack around
sld tunnel-air velwltlea of 370 and 220 feet per

aeoond, reapeotlvely. The llquld-water oontent for the loin6 eon-
dltlona ranged fran1.0 to 1.5 gmma per oublo meter with a droplet
site of 15 mlorona by volme maximum, Asimulatedireetlng-rerln
lmeatl&lonwaa ooldiuoted on the flush-type  inlet with vent tubes
mounted lnthe r-wall for aperlod of 30 minutesatan ambient-
air tempe3xture of 20° F. The oorrdltlona for this erperimexrt were:
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ax@e of attaok, 12'3 ttmxml-air  velooity, 220 feet per aed;
l~uid-w8t~  eontent, 1.8 grsms per oubio meter; droplet else, larger
tban2omiorona.

Meaaummmrta ofvent-tubs aiit flaranb 8teMu preaaurewem
obtaixmdthrou@mrttheloingperlod.  Thevelrtalrflcnatthe
begirtnins  of an loing porlod ranged f&m 0.56 to 0.60 porrnd per
mint&e throu&tbs lar~venttubea  which almul&edsnair~flou
through the vent llnea for a desoen& ln altitude at the r8te of
SW feetpermlmute,

The aerodymmio inveati&lona  ahowedth~tthetunnslbloukfn&
effeot by the wing at high angles of attaok aFfeoted the rnssaurement
of the fPee-abxbam stat10 pressure. The results presented herein
are not oarreoted fcxr tunnelblwkin6 snb wall effeota.

qtlml1fiost1cmc. - A oomgarlacm of vent-tabs at&lo-pressure
dlfYc&tiala for the orl&ml vent A SIld the falred vent C (fig. 1)
is ahown in figure 5 as a fun&Ion of angle of attaok at a tuunel-
air veloolty of 220 feet per aeooti. The atatlo-pressure  dlffer-
ential is defined as pa-pOn where pa la the stat10 pressure
meaaured12n0h lnalde thevent-tube op8nin6amI p. la the fFee=

atrem static9 pressure. In tir to obtain a greater length-width
ratio then that of the origlaal vent, only the two adjaoent  large-
dlametexr vent tubes were uaed in the modifioatlon.

!Chereaulta  ahow thatfalringthe aide walls approximately
doubled the pressure differential at the tube opening as cmrpamd
with the original imtallation. With the faired vent, an adequerte
pressure dlfferentiul was obtained at angles of sttsok wer 3O;
whereas with the orl&& vent this differential  was obtained at
angles of attack wer 8’.

,

EACA fluah-inlet-type  vents. - The variation of rampaurfaoe
pressure with ungle of attaok for both flush-inlet-type  vents la
ahowninfl~e6. The auriaoe-pressure  dlatrlbutlon is plotted
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8'POas -, where p la thelooal atatlopreaaure 0ntheranQ auriaoe
QO

a& q., la the free-atrum veloelty greaaura. The pressure dls-
trlbutlon ahma the cshmaot&%stloa  that were observed for the vent
ramps of refersnoes la& 2, that la, a high negative preaaure at
the upatresm erd of the mmp and a high positive pressure at the
rear wall of the vent. The cxmterllnea oftheventt~eawere
loosted lnreglona of high positive pressure. As the a@.e of
attaok was lmreaaed, all atnxhoe pressures bemme mme positive.

Rear-wall vent-tube mounting.  - The Tarlutlon of vent-ttibe
at&lo-peasure dlfferetilal pa-PO far the fluah-met-type  vent
wlthttibeamunted inthere~~~wallla  ahmmlnflgure 7 forvarl-
OUB angles of attack at a tunnel-air veloolty of 220 feet per aeoonb.
In general, aatlafaotory ~eaaure differentisle wqre obtainad at
allangles ofattaoklmeat~ted. Tha outer vent tubes (1 U 4)
show a demoed pressure dif’ferexztial ocqrr#mrl to the inner vent
t&es (2 a&I 3). Thla dlffererme in pressure differentials la due
to the proxlmlty of the outer t&es to the aide walls of the
vent a&L the rather large divergence of the aide walls. At a
tunnel-air veloolty of 370 feet per aeoonb, the pressure dLffetrentl&La
of the various t-es were lmonalatent, although astlafu&xxy values
mnglng fromBtol2 in&es ofwaterwere attained for an@.ea of
attaok fxxm O" to 8'.

Ramp-floar vent-ttie mountiq. - !I!he vazlatlon of vezrt-ttie
atatlo-pressure  dlfferentlala for the fluah-inlet  vent with tubes
mounted inthe ramp floor la ahwnlnflgure 8 for varlours angles
of attack at a tunuel-air velmlty of 220 feet per aeoti. Immr
t&es 2 tmI 3 ahwed aatlafaotory pressure dIfferentIala at all
angles ofattaak meat-ted; whereas outertubealsnb+dld-n&
attain the required pressure dlfferentlal of 2 lnohea of water at
angles of attaokleaa than 4O. Thla dlfferenue in pzeaaure dlf-
ferentlal was alao oauead by the close proximity of the vent aide
walla.tothe outertubes and the rather large divergeme of the
walls.

The loing i.meatie;atlcmawere  ao&bstiad@naxily ateztremrely
high angles of attsok in order to expose the vent-t&s openings to
the maxIman direct water implngment. Bf3oauaeofthehighan@.ea
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o f  attaak, l&me liquid-water  oonoe-tion6,  ad long io- periobg,
thereat -tion wae eubjeoted to ma?8 mvere ioing oondltioneJ
thn would normlly be enoountered in fmght.

rngeneral,theloingoharaoteril3tfoe ofthe mcAflu8h4nlet-
typevents (fig.C)are 8imllarto,butmm aeveretlrsn, thoee
obeerred fm the vents dieou88ed in referemee 1 au3 2.

Bear-wallttibemountlmq. -'Fgpimlloe forrmatlon8 folluwing
iolngperiods  of3Oard 6Ominuteeare  8houninfQure Sforthe
following lolng oandltion8:

12O;
tunnel-air relooity, 220 feet per

eeooad; angle of attack, ambient-air tmrpemture,  20' F; anb
l%uid-water oontent, l.5 grum per otibfonteter.

Thetsadency fartheioe fommtionto build apa& protmIe
infOtheair 8lzeamle 8hmninfTgure  S(a). The ZWcltith@ 8OOOp-
lngeffeotmdntalned or inoreaeedthe  etatio-preeeure  differential
Inthe inner tube8 mtilthe loewaeblounoff after40 alnutee of
ioing. At the oonolueion of the 60-miwte loa period (fig. 9(b)),
thearea ofthe large-diametertubee wae halveda& the dhmehr
of the mmll vent tube wa8 reduoed to approximately 3/16 Inoh.

The zlxmrmeeb foe formatlon8 onthie vent appear to hare no
mQp8 effect On the pP?e88W8difi~ezrti 1088e8 thsn thtl 1088el?
ioe formaticua8noted  in referezmecrland  2. The pronouncedtendenoy
far theic8 fommtionaatthemarwalJ.ofthe  vent to foma eooop
above the inner rent tubes (fig. 9(a)) ie 8hown la figure 10 by
the inoreaee in the 8tatiO~JFe88W?O  difierentisl8  Of tube8 2 curd 3.
The ranoval  of t&e 8OOOp by ioe blow-off oaueed an immediate deoreaee
In pressure dlfferentlal.

~OMlEWth0 pI'e88UkW differerrtialatthe 8tart Of&ll iOiIIg
pariodwae oor.mMerablygreusterthanthat  remed inreferenoel,
the iolng toleranoe #a8 inareaead Fran about 2 to 3 mfntrtee on the
cfflglmlventeto 6to8 lnfnutee ontheHACAflueh=inlet-type  vent,
The lolngtolerame f8 deflneda8thetimerequiredtodeGrea8e
the rent-lx&e preeeure diPferantIal to 2 inOhe8 of water in an
loa oomiition.

Inlolng uondition8,thePent-tnbe air flow deCXW%8edwith
tlme,a08homln  figurell. The air-f%W 1088 8hUun  2’9pIPe8eti8
a 2f-peroent redufztlon  for an iolng period  of 60 minute8 ti 18
typioal of all vent tUbO8.

The vent h8tallatlonwa8 al80 inve8tIgated  atatuunelair
velc-oity of 370 fee& per seoond an& at an an@.e of attaok of 7'
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fOranioingperiOdOf  30 minrtte8 ZmderthO fOlloWingiOfng  OOP-
dltions: l~~~teroorrtsllt,1.0~geroubiometer;snd
auibient-alr tmperature, 20' F.

The re8tit8 ehenred that the icing dhrrra~i8tiO8  fao. the VeIlt
were Slmim to, but It988 88vBTe than, thO8e tithe eXpmdmetnt8  at
low air veloolty aTd high mgle of attaok, The vent-t&e peeetme
dffferentialer~insdmuoh~~thanthe~g~requiremerrte
throughout the loing perfod and the vent-ttie air-?loif loeeee were
negligible.

In the e-ted fPeeting=rain oopbitlon, the preaeure dif-
ferenti811088e8  fcnrtheTent OOOIKTedPaorelXpldlythandlXFingan
ioIng cotiition. The rapid preastrre-bifferentIal.  lo88 wae oauesd
by the large ioe formation8 on the wing aurfaoe ahead of the inlet
rsmp. These ioe fcmeationa  were oomsiderably more 8evere than
those ObSerVed fm the iOing WtiOne.

E&unp-flm tube mou&n& - Typicsal pI’O&3%88iVe Lee formations
for the ventwiththe ttibe8moturted lntheramp floor are shownin
flglm 12 for l5- aad $5.minute ioing wiOd8. Thel lolng co~itiona
were the 8ame a8 those deeoribed  for figure 9.

The ioing OhEUBOt~i8tfC8  of the flu8h-inlet-type vent with
tIibe8 mounted on the ramp floor are 8Imi&%r t0 thO8e ObSerVed fm
the vent with tube8 mounted tithe rear wall. The reduction of the
Pent-tribe ama8 due to doing, hminmer, wae not appreoiable.

The variation of vent-tube etatio-pa88ure  differential with
time for the 45-mkute io3ngperiodla  8howalnfQure W. The
~g~lpZ%88IlPediff~t~~f~theOUt~tUbe8Wa8r~&ed
after only 4 mlnutee of iolng. Wfth no soooping effect oemsed by
ioe formtione, the inner tubes reaoh the marginal preseure dif-
ferexrtialsfter10mInutee ofieing. TUbe2malntainedahQh
8tatiC+Z?e88lXL% d~ffeEUXtialthrOt@OUtthe fOing~iCdbeOaU8e
of the scooping effs!t of the Lee form&Ion above the tube, a8
8h~ninfigure l2. Atyp~alreduotioniave~-tubeair~~  of
approximstely  21peroenk for the doing oolditione  deaorlbed far
figure 12 i8 8houn in figme 14.

Effect of wing lolq on vent-tube psleseure ohmaoterietioe. -
It her8 been detemlned that an iIICPXa8ing  boudlmy-layer thiCti88
aheadofafluh-inletranqh~eadetrlmental  effect onthepre88txre
rem-very at the inlet. Rdngthe iMngimeetQationofsflu~h-
inlet-type vent, vistpsl obeerPatiOn8  failed to deteot iOe on the
ramp or in the vent tube8 for the First few lainutee of an icing
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period, drrrw wbiohtime thewIng 8urfaoebscmte ocstedwithloe
amlthevent-tube pre88nre8dearea8edrapid.ly.  Beoaueetheveti
wa8 free Of im, it follow8 that the Wbg-8U,rfiUe  iOe wa8 reeponelble
fOrthe mpldmestlre  1088e8nOttidtrringthe fir8t fewlPiatrte8
ofaniolngperlod,a8 8houninfQuree lOsrdl3. Whenthe ocm-
gletewlngwae  de-ieedatthe erd ofanloingperlodandthe  vent
remained foal, a large lnareaee in vent-tube atatla-preeeure  dif-
ferent- reeulted. The reveree elttmtlon wa8 al80 imeetlgated;
that 18, the vent vae de-loed while the wing-eurfaoe ioe formtione
=lWd. The ZW8Ult8 8hOwed no appreoiable l.nOZW&ee in vent-tube
pZW88tUW d~erential8.

Cv18OXl of hoeeeed cllld Flwh-Giht-Type  Vent8

Uiderthe -aeralymmLoand loingooMltion~,the flwh-
Inlet-type  vent proved 8uperlor to the reoeeeed vent8 of refersnoee  1
aal 2 with reegeot to PaargIrml vent-tubs preeeure differential8
anil ioLngtolensme.

The f&ah-inlet-typa vent wlthreariwall tube mounting gave
raatlefaotmy  vent-tube preeeure dlfferentlaJ.8 at all angle8 of
attaok imemtiguted for a tumml-air velouity of 220 feet per 8eo-
od.. The ioingtolembnue forth8 ventwae 6 to 8 minutes a&the
air-flat lome were in the mder of 21 peroent for ioing period8
Up to 60 mpinUtO8.

The flmh-Inlet-type vent with ramp-floor tube mounting gave
Bati8f&Ot~yplX988tEediffWeIXtisl8  f~thetw0 iIUWrtlibe8atti
-8 Ofat-k tieetMted;wherea8  the pZW88Uredlff~entisla
observed for the outer tube8 were eatiefaotory  at angles of attack
greater than 40. The loingtolerame far thi8 vent wa8 4 minutee
tithevent-t1&eair-floulo88e8were  Wpercmntfora4S-minute
lolng perlcxL

!Phereae88edrentw2thr8ar-wall  vent-tubemountIng, repmted
In reference 1 srd 8hmm in fQur0 l(a), gave sstsifaotory  pree-
8me dffferentials at  a&lee of a t taok  g rea te r  than 8O. !Rm lolug
tolerume for the Ye& wsa 2 to 3 minute8 a& air-flow losee were
In the amler of 23 peroent far a 60-minute loing period.

Ths reoeesed vent with ramp-floor vent-i&be mountIn& repWted
III XWfereme 2 apd 8hc#n in fQm% l(b), w&e tm8ati8ier&O??y with
respeot to -gInal vent-tube preeeure dlffererrtlal at all angle8
o f a t t a o k  lxmeetl.gclted. Be~ueeths~8erzredliiersntial8were
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SLibIIEWgi& at the beglnMng Of aIIi0i.q period, there web8 no lob38
toleran0e for the vent. The vent-ttibe air-flow 1088e8 were in the
caier of 15 peroerrt for a 60.mlmte doing period.

E‘rcpnanaerodynamio ax9Llolngime8tlgationooIlduf3ted Inthe
Cleveladt ioing reaemoh tunnel on 8ever8l mcdifiuations 0r reoeesed
YWlt8 anb tW0 ma fh8h-inl0t-tyPe  Yent8, the fOl&Ving  re8Iiit8
were obtained:

1. Fairing the orig3mIl. parallel wall reoeeeed vent to aplp?oxi-
mate. a flush inlet approxtitely doubled the vent-tribe preeeure
differentiala.

2. For the amflgmations imeetlgated, the tlELe of ram aooops
did not improve the pr888ure ch&raoteri8tioe of the Vents.

3. In general, the aerofip8mlo oh8rmteriatlOe  of both abcA
flu8h-inlet-typg  vent8 were estiefaotory with reepeot to marginal
vent-t&e preseure-dlfPerential reqiremente for the ooIlcutlon8
IImestigated. At a tunml-air velooity of 220 feet per 8eoo&,
the vent with rear-wall tribe mouzxting maintained the requ3red pree-
8ure differential of 2 In&me of water at angle8 of attaok ran@ng
rP?can o" to 120. Theventwithramp-iloort~elPountingmaintaiaed
the required preeaure differential in all tube8 at angle8 of ettack
above 4'; whereaethe  inner tWOtabe8WeZ'e 8ati8faCtO~atZeL?O
angle of attack.

4. Thevent-tabepre88tm differential8 r0r the flush-inlet-
type ventwlthrear-wa.Utubemounting  reaohsdthemarglmlvulue
after 6 to 8 minute8 3.x-1 an loing uondltlon, ocmpared with 2 to
3 minute8 r0r the arlgiml vent, although the 10s r-ti0m 0n
the flush-inlet-type  vent were nmre 8evere.

5. For the fTu8h-inlet-type Ye&with ramp-floor tube mounting,
the marginal-pre88ure differentialwas  reachedafter Bmimrtes in
an ioing condition.

6. Vent-t&e sir-flow losees r0r both EACA flush-inlet-type
vent8 were approximately 23. percent for lolng period8 up to 60 mln-
utee.

7. me rSpid 1088 in Vent-tUbe 8t&iiO-~e88UZ'e differential
observed daring the rirf3t few minute8 under ioing oonditlon8  i8
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uawed by the lae rormafmt3 on the w* 8urfaOS ahead of the
vent remp rather than Lolng of the vent lteelf.

8. Under the same aercdynamio and Loi- oomlitlone, the flush-
Inlet-type yenta were euperior to the reoeeeed-type vent8 previously
reported with reepeot to marginal vent-tube preseure differentis
an2 loing tolermme.

FlLghtRopul8lonRe8e8rohLabaratory,
LBstiOnsl MYi8Ol7 Cceamittee for Aero~~utlo~,

Clevel8&, Ohio.

1. Buggerl, Robert S.: InveeMgatlon of the Aerodymmlo axxl Iolng
ChecrsUteri8tiO8 Of a ReOe88ed Fuel Cell Vent Assembly. I - Rear
Wall Vent Tube Mounting. NACA RM No. E8A27b, 1948.
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mgure 2 .  -Typical fuel-cell-vent installation muded on EACA 65,2-216 airfoil section
in teet eeotion of ioing reeearoh tumml.
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Figure 5. - Variation of vent-tube statia-pressure dirferentirl
with angle of attaak for vents A and C.
220 feet per second.
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Figure  6. - Effeot of angle of attaak on pmasure distribution over ramp nWaae. No
vent air flow; tunnel-air velocity, 220 feet per second. ii
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F i g u r e  7. - Variation of vent-tube atatlc-pressure differential
with angle of attack for Pluah-inlet-type vent with tubea
mounted in rear wall. No vent air flow; tunnel-air velocity,
220 feet per second.
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Figure 8. - Variation of vent-tube static-pressure differential
rith angle of attack for flush-inlet-type vent with tubes
mounted in ramp floor. No vent air flow; tunnel-air velocity,
220 feet per second.
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Figure 9. Ioe fbnmtloiu OIL flimh-inlet-type  vent ulth tubea rmuntd in rear
alr velocltg,220 feet per aeoond; angle of attaok, l2O; ambient-air temp
liqulGuat%r content, 1.5 gram8 per cub10 meter.

(a) Ice accretion89 following 30-minute  lolng period.
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(b) Icw accretions folloaing EC!-minute  icing period.
cludd. 10s formatLone  on flneh-inlet-tyge vent with tube8
air velooity, 220 feet per eeocmd; angle of attemk,  12’; an
F,i liqufb-uater content, 1.5 @'arm per oabio meter.
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Figure 10. - Variation of vent-tube statlo-pressure differential
with icing time for flush-inlet-type vent with tubes mounted
in rear wall.
of attack, 12O;

Tunnel-air vetloolty, 220 feet per seoond; angle
ambient-air temperature, 200 Fj liquid-mater

content, 1.5 gram per cubic meter.
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Figure 11. - Typical variation of vent-tube air flow with
icing time for flush-inlet-type vent with tubes mounted in
rear wall. Tunnel-air velooity,  220 feet per second;
angle of attack, 12O; ambient-air temperature, 20° F;
liquid-water content, 1.5 grams per cubic meter.
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(a) 1~ aoopetm9  r0iabf4 I.~-II~OU~  i~w prid.

(b) Ice accrcticaa folkwing 45-mirnrte ialng Prid.
Bignro  u. - Ioe forantiom  on fluah-inlet-tw  vent  with tubea mounted in ramg floor. ‘Rurnslair  dooity,  i?ZO feet per MC-

onI;  angle  of at&ok,  P; ambientair  tomprattm, 20° 1; llqul&-wator  oontmt,  1.5 @am per oubio  mter.
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Figure 13. - Variation of vent-tube static-pressure differential
with icing time for flush-inlet-type vent with tubes mounted
in ramp floor. Tunnel-air velocity, 220 feet per seoond;

120; ambfent-air temperature, 20° F; liquid-
grams per cubic meter.
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Figure 14. - Typical variation of vent-tube air flow with
icing time for flush-inlet-type vent with tubes mounted
in ramp floor. Tunnel-air velocity, 220 feet per second;
angle of attack, 12O; ambient-air temperature, 20° F;
liquid-rateI' content, 1.5 grams per cubic meter.
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