Forward Facing Gascaps, Cessna 120/140/140A

Forward-Facing Gas Caps, Effects and Penalties

The"cute" forward-facing pipes that one sees added to the vent port of the old-style gas caps on some
120's and 140's add a bit of uniqueness to the plane, a talking point. Cessna usmuk gas the
120/140's that have vertical vent holes near their centers/ent holes having openings of a little less

than 1/8 inch in diameter. That is all that is necessary to allow air into the tanks as thairfsiel

during use and to allow fumes and gas to escape as the gasoline imhéatgpgands. In late-manufacture
120/140's, a tank-to-tank vent pipe wadded, so blockage of one tank's gascap vent would be
compensated for by the other vented cap. This note was expanded todoohndents about the central

vents for the 140A's but if you want the full story on those and the hazards they induce, see the full
article titled “Gascap 140A”

On the left, the original
type cap,showing the top
view andthe through-hole
vents. Expanded for clarity

On the rightthe modified
old style 120/140gascap, p
showing a tubethat has k&
been brazed tthe cap and

oriented tde forward-facing
when the cap isinstalled
(shown sectioned for clarity).
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The types of tank arrangements that are supposed to be on the planes. Thetledt firag with open
vents in both caps and a three vgajector; the next is the late-140 change with the tank-to-tank vent and
the four way valve that had the first Both option, and the caps were still open; the nexway the
140A’s came from the factory, with the sealed caps, the tank to tank vent, the four way selectonewd the
forward-facing large vent above the wing; the right is how the 140A should be today, witnthed vent,
tank-to-tank vent, one original closed cap, one AD-mand=pdthat lets air in but lets no pressure out if
the central vent gets plugged, and the four way selector.

If there had been an advantage to have the forward-facing tubes, our planes would have had them.

Engineering features and Physics effects:

The vent pipes added to the "normal" gags for the 120/140's are wusually 1/8 or 3/16ths inside
diameter tubes brazed to the vent openings of the caps; the ventpomitoned to face forward

into the airstream when the cape installed. The vent pipes do look a little racy, and they do
have the attraction of making your plane a Hhiifferent. The reasons that led to using them seem
logical if those reasons are the only ones you are exposed to and they woultbebaverery reasonable

in the days when they were first used on airplanes, before a lot of the present-day pliigits were

known. The reasons put forth for them are: if you add a vent pipe thatftaeesd, then: a) the
pressure in the tank is increased by the ram pressurthesofuel will “feed better”, b) less rain water

will enter the tank when the plane sits outside and c) because |, old head mechanic, say so! Many




planes of the barnstormer era had the forward-facing vents, probably based on the same fals® hopes,
it would be natural to make the 120/140's "better" by adding the "proven" véaking a closer look at

the old planes, however, the first thing that becomes appar#dt they were all different, inferring there
was no consensus. Some face forward, some go forward and down, and so on.

ltem b, about the exclusion of rainwater, is certainly true fotitie the plane is on the ground in
the open, because there would be less rain ingestion than with a vertical opening throiagh ctys
but item b is absolutely wrorifjthe plane isflying throughrain, because the forward-facing vent
will ingest much, much more rain than an unmodified cap woilllde forward-facing vent tube acts like
a small scoop for the rain, whereas rain while the plane is in flight simply zipstba bgrmal cap, with
no likelihood of ingestion. Like all "free" changes, this ohadding a forward-facing vent tube could be
even more hazardous to your health if the rain while flyvags freezing rain. Oddly, this “feature hazard”
is never mentioned when discussing the “need or benefits” for the forward-facing tubes.

Proposition a, that the pressure in the tank would increase if the forward-faemg were used, is true

but the change is relatively tiny. Pressure increase from the actual ram effect is insignificaptanesur

It is lucky that is true, becausd, the pressure change were great, an even more undesirable effect would
be that the greater pressure would overpower the carburetor fughititing ability as designed----the
carburetor would flood.

Assuming the 120/140 is flying at the normal cruise of 120 mph (something all except minthejo),
perfect ram-to-static pressure recovery would be equivalertbiout 0.26 pounds per square inch ¢r 7
inches of water. That pressure increase equates to raising the fuel t&8nérl® inches. | used “perfe¢t”
pressure recovery but the actual gain would be much less.

The down side

The additionof the vent pipes facing forward has no beneficial effect, but it is a drastically more
effective collector of rain water when flying through rain than a normally vented cap is, amduldt

lead to some reluctant engines in fliglenough water were ingested. If your plane metal is colder
than freezing and you run into some rain, some of that rain freéze on the front of the plane-----if
some of the rain hits andreezes at the front of the forward-facing vent pipe or freezes in it, then
you have an effective blockage of the veriuel starvation will follow as soon as the vacuum in the
tank created by lack of replacement air to replace the volume of fuelms®domes the hydraulic head of
the remaining fuel. With a cold plane and cold rain,btbekage might take as long as two minutes
to be created and then the time to starve and kill the engine wikit?  Two or three gallons worth,
probably. Realize that if a plane like ours was forced down because of this, by the time the NTSB and
FAA got to the site, there could be only one conclusion....... "eitor and carb ice” because the proof of
the fault would have melted, even if they had known where to look.

Way back when:

<

WACO STEARMAN

The figures here indicate some of the olden-days solutions to the ventinigoprmn&/aco and the other

from the Stearmatrainers—note that they make more sense in that both would be very effective in
preventing the ingestion of raimjther in flight or on the ground, and neither would be likely to be
plugged with ice. In the same fashion thatskheuldn't seek the tiny "aid" that the ram pressure was
assumed to give with the forward-facing vents, Waco was not concerned about the slightfleds of
pressurérom having the vent openings to the rear. In a roundabout way, if you must have vents with
tubes, these methods are tried and true. Remember, though, that they were slow planes and “looser”.



Mysterious effects

Explanations come about by people noticing "little things"; when enough little thingdace there

can be a big explanation. Oafeour members who had the non-sanctioned forward-facing tubes on his

plane had this combinatiora 140, the forward-facing bootleg tube vents, a late-model 140/140A type

four-way fuel controlalve, and what appeared to be a leak at the top of the left tank. (The four-way
selector includes a “both” position....earlier planes had no “both”.)

The occasional leak on his planeyidenced by the red streak on the top of the wing, would only
occur during flight, and would occur only when using the "both" posifidhe fuel selector, and only
when the trip was started with full tank€onsider what he deduced after reading and understanding the
pressures outlined in this note------ the propwash over the toghef right wing is greater than over the
left, a phenomenon that can be seen when observing the spiral motion of the propWesshthe fuel
selector is on "both" position, the two wing tanks are hydraulicaliyjected as though they were one;

if both are full, thera difference in pressure between them will cause fuel to flow, via the fuel's
hydraulic interconnect at the four-way selector, to thewatikthe lower pressure (as well as feeding
the engine preferentially).  The forward-facing veimsluce enough differential  pressure from the
propwash to cause an imbalance in the tank pressures and the fuel fraghttieansfers to the left;

the top-of-the-tank/wing red stain leak evidence occurred only when starting wigimkgl] the fuel
transferred to the already-full left tank was overboarded through the tanklesarig only the stain to
show its going. His solution?  Flying with the fuel control valve on agheft, but not on "both"
since hewas loath to do the right thing and forego the "cute" forward-facing vent tubes. | pity the guy
who buys that plane because he won't know the “secret” either.

Per the STC which authorized the installation of the Lycoming enginkeidoplane, he had to use the
forward-facing caps. | do not know if other STC'’s for the Lycoming require them.

Hydraulic Head:

The hydraulic head created the position of our tanks relative to the position of the carburetor is on the
order of three feet......our Stromberg carbs were designed to worlasviittle as  five inches (some
sources say three, some say sewémead so the addition of forward-facing vents which would effectively
raise the tankanother seven inches or so would never have an effect that could be noticed. Of course |
know that our planes are “tilted” when on the groand that was taken into consideration by actually
measuring and getting the “about 36 inches” of head.
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The Hydraulic Head, from the top
of the fuel in the tank to the top
the fuel in the carburetor.

—= 17 []

L | — —
If the engine is the C-90 with a Marvel-Schebler carbufatoroption then) or an O-200 with the Marvel,
only afew inches more of head is required for them, so again there would be no sadligldfy higher
pressure. My conclusion has been that such things were not knotha pgople adding the forward
facing vents “way back when”.

On planes other than ours, where the gas tank is nearly the same tegetagine....maybe the forward
facing vent helped. On those planes whighe designed with the forward-facing vent tubes, consider that
such thingss tank venting was not understood, otherwise the downturned vent tubes, the rearward-facing
tube, and the forward-facing vent tubes would have had a clear winner....and no new plane hiaswesdd a
facing vent tube for.....50 years? Except, perhaps, Matileh was designed way back when....we are
trying to find what they use now.

If there had been an advantage to have the forward-facing tubes, our planes would have had them.



Cessna later modified the fuel system by adding a tank-to-tank vent tub
four-way selector so that the owner could utilize the Both position for th
time. With the tank-to-tank vent, the pressures inside the tanks were al
the same, even if one cap is plugged. When the Both position was use
tanks were "hydraulically locked" and would act as one, feeding equally.
was the intent, but practice has proven that in the Both position, one tar
feeds preferentially. Nobody knows why. 150 model planes have only
position, and there are many complaints about the uneven feeding.

During the years sindhis was initially written, nature has proved over and over that the assumption of
even feedingneveroccurs. Onthe Cessna 150’s, with ONLY a Both position, the tanks NEVER feed
equally, though every owner has wished so. The tremendous advantzaangf the ability of Left or
Right tank selection is that you can control the fuel usage andpeatithe destination with a quarter tank

of fuel in one tank and none ithe other. With only the Both position, owners find that they are below
the legal quantity IN botkanks before landing. 140 owners with the Both position have found the same
oddities and most revert to Either tank, and avoid Both.

If you have a plane that has been modifedhave the four way valve as on the lefidthe tank to tank
vent has been installed, the forward-facing vent gas capstd@tany bad effects on a sunny day because
both tanks will have the same pressure. But, when the four wayhad\eeen added to a plane that lacks
the tank to tank vent, and the plane also has the forward-facing gas cap vents, thenttrk rigétember
that the figures show the airplane as viewed fitwenpropeller) will be pressurized more than the left tank
because of the corkscrew motion of the propwash. r&dt, when using the Both position, is as shown
on the right, with the greater pressure pushingifuel the left tank and, if full to start with, out the gas
cap vent. The right tank also provides the fuel for the engine.

One of our members wHmought a plane that had the forward-facing vented gas caps and it came with no
warning other than: “make sure the vent always faces forwardfokgt that little admonition one night
when fueling. In flight, he was shocked to see how much fuel he was losingomat tdnk, the one with

the cap having the vent pointed to the ré#e, too, promised to get rid of the “cute” caps and go back to
the original.

Conclusions

Even though the forward-facingnt tubes are attractive, do make the plane look different, do make it
look "racy", and though they appear to add the "benefifhcreasing pressure in the tank, the
pressure added is so small as to be incidental, and the pressure is never nétessagr, a
terrific hazard is created if one fligs freezing rain or supercooled moisture with them. If the plane
with the forward-facing vents is flown in tHeeezing rain, the vents could be blocked in seconds,
thereby leading to engine fuel starvation abtoppage. If an engine stoppage is caused by the
bootleg forward-facingents getting plugged, no investigator seeking “why” would be able to find out
because the ice would be long gone by the time the investigation started.

As pointedout by the member with the forward-facing vents plus the four-way selector valve set on
“both”, stained wing tops are no fun. There are others with the boe#eis who must also have the



“leak” and be unaware of the cause of odd things and several owners have mentiqgretethntial fuel
usage from one tank with the forward-facing tubes. Stoppages orredstains because of the forward
facing caps are too high a price to pay for a “cute” cap.

The recommendation?

Getrid of the forward-facing vent tubeson the 120/140’s; they are not sanctioned. They are not legal
(except for some? Lycoming engine STC’s). Alternatively, if yrmoust” have them because you live in a
rain forest, shape them like the Stearman or Waco types. And don’t use the half-vented cdps theant
140A models on the 120/140's!' For a more complete explanation of that, see the story eritidiedl
Gascap That can kill you, too. A portion of that story is at the end of this article.

Part Numbers:
The original full-vented gas cap had the part number of 0422109-1
The replacement full-vented gas cap has the part number of C 100084-5

The cap for C-140Anly, a half-vented gas cap, is C 156003-0101
The original, fully blocked C-140A only gas cap was 0311360-4 and 0311360-5 for the gasket for it.

Be careful. Some Cessna dealers will sell the 140A onlyasap “direct replacement” for the 120/140 cap.
Don't believe it. The correct part numbers are in the Cessna parts lists.

140A

In the 140A, Cessna deleted the full-vented gascaps by two changes------ they chamederitedyas

capsand added a shared forward-facing vent scupper above and in the center of the wing. That tube is
spliced into the tank-to-tank vent tube added orlatee 140’s. This combination makes a single
common vent foboth sealed tanks. Why did the designers at Cessna add the single, shared, - forward
facing vents on the Cessna 140A's?We
don't know, though onadvantage is that,
with full tanks, you carpark the plane with
one wing lowwithout leaking fuel whereas ;
the full-vented capgank-to-tank vent and the R
selector set on Both would allow fuéd A B e

escape and stain the top of tiMng if the SRATATYTARATITATY YTATArShaT
plane was tilted, full tanks, on a hot day.

Air Inlet Vent Dome

Gaske
The 140A parts manughows thatthe planes S
should have the full vented caps like the . Plastic body,
120/140’s butthat was because of a lazy Retainer Red/Orange

draftsman and poor prirthecking. The part
number listing was...originally...correct.

The central vent tube of the 140A différem the bootleg vent tubes on the 120's and 140's in that the
140A vent tube has a much larger diameter, about a half inch. The likelihood that ibevblddked

by a single bug or a little bit ofce is much reduced, but it also takes in proportionally more rain
when flying because its opening to the front is so much larger. Even though the large, common vent
“shouldn’t get plugged”, they sometimes did and so, eventuallyhaberd of a single vent and one placed

in such a vulnerable position was forced to be recognized. On some, there is a tiny escape hekr aff the

the vent tube, in line with the froonpening and | wonder yet if that was by Cessna or simply experience
and action by owners.

Problems about blocked vents and latkuel feeding caused the FAA to issue an airworthiness
directive (AD) in 1979 against all the Cessnas, 140A and subsedtientcalled for a half-vented cap

to be added to one tank or the other, thereby preventing total lack of vetitengiferwing vent was
plugged. Fuelusage with a blocked overwing vent creates a vacuum in the tanks and the
“promised/expected” feature of tedicone umbrella-shaped valve in the new half-vented caps would allow
air in once the vacuum in the taekceeded the opening threshold of the silicone valve. The valve would
not allow any pressure relief outwardly, thereby creating the “half-vented” cap.



They could not revert to a full vent because fuel would have been dumpedli'dtecaps had been full
vent types. The secondary path vastly lowered the probability that an ice or bug-pluggedeentvaluld
bring down a plane by fuel starvation.  This was,a iway, an acknowledgment that the plain,
simple, full-vented caps on the 120's and 140's were safer than the forward-facirg tlhen140A
because the AD did not apptp the 120/140 planes. The reason only one half-vented gas cap
replacement was mandated rather than two was that tleapraoubled the inlet vents and tripling them
was considered unnecessary. Great confusion was ctaatb@é usual inability of the FAA to explain the
intent and the function and limitations of the AD cap and many sweanrtlyabne AD-ed cap can be used
(not true) or that the AD-ed cap must be on the right tank only (not true). Neither GedbeaFAA
explained that the caps were half-vented of course or thatmom@cavhile, the caps ought to be checked for
function.  And, of course, there is no way to check them. And iher@ published vacuum limit which
would be needed to test them.

The figure above indicates the shape of the cap with the high ears and the centeraremheanONLY

for the 140A and newer planes, neteetbe used on the 120/140’'s. Some Cessna dealers will sell you the
wrong caps, believinthem interchangeable. They are not, and some crashes and near-crashes have proved
the point.

A word of caution again. You wilee some 120/140’s with the AD-mandated gas cap meant only for the
140A and bigger Cessnas. To use them is to takehdwece of heated gasoline unable to get out, and
expanding the tanks!! In addition, some of the half-vented kaps failed in allowing inward venting,
causing engine stoppages. Don't use them on anything but the 140A! Cessnha agrees.

By now, it should be obvious that forward-facing caps on the A are taboo, too.

Alterations:

Planes with certain features and part sets are built in blocks, signified by the catimgarts manuals of
such as: use part x on serials 8001 to 13,888 part y on serial 13,334 and subs. Many of our planes
have parts from older/newer blocks of manufacture and that can cause odd problems soretimes.
significant number of the earlier planes nioawve the four-way selector, but not all of those also have the
tank-to-tank ventvhich was a companion change at the factory. This is mentioned to point out that you
don't really knowwhat you have unless you have seen it because the log books seldom tell the truth. In
days past, many changes simply were not considered significant enough to nesiteyaa point made
when | found thabne tank had a drain of one size and the other tank had a different one entirely. Little
things but sometimes important. What makes the mixture more uncertain and cortipéxCisssna made

so many errors (or left-outs) in their parts manuals and no one | know has every issue of thesananual
many things cannot be established. For the fuel system, the 140A parts manual shbvaughehole
vented gas caps but the parts number listing calls for the fully blocked type, and for tagraréd | have

for the 120/140’s, only thisur-way selector is shown with no hint that a three way was used on several
thousand planes, but in an earlier page of the manuastutcheon and position plates for both the three
way and the four way combinatioase listed and coded...on different pages. Be sure you know what you
have, not what a book indicates you have on the plane.

Three legal capdive part numbers for them (at least) and different STC'ed/PMA’ed caps and mix in the
forward-facing bootleg caps. It requires a scorecard!

The Killing Monarchs:

When this was written and modified over the years some FAA-sanctioned gas capsaknoMionarch

caps were sold by a companytlwdit name. It has since been proven that the caps could only have been
safe to use on some (the later serials) of the 120/140’s and this was proven by manyutagase(on the

early serial planes) shortly after takeoff. Some owners using them were lucky enoughaweenah engine
outage but they did hear the sound of the tanks tin-canning when pressurizeé \piine in the sun, or

with the vacuum caused by fuel usage. Wtomarchs need to have either a vacuum to open their valve to
relieve the vacuum or they needed to have enough pressure buildup so that the pressure ththshold of
valve would vent outwardly.

As a result of my extensive article explaining that B\ was wrong to have initially approved the
Monarchs for all the 120/140’'s, and to prove that the compaasy hiding the reported plane downings



from the FAA’'s PMA office, and that the Monarch company NEVER mettiteria of the FAA-approved
PMA sanction, Monarctvas driven out of business. The FAA, who created the problem by sanctioning
the caps, took the credit of course for curing the problem, only they caused worse with their cure.

To compound the errors, Monaratleased a terribly wrong “Emergency Alert” “cure”, which contains
errors which can still kilbeople and they added a comment which is grossly incorrect....and the FAA
continued in their path of not caring about lipflanes by passing along a version which they blessed but
never submitted to anyone at Cessna or anyone of the 120/140 exXpeitteer at the time of the original
approval of the caps or at the time of the issuance of the “Emergency Alert” did the FAA everphake a

call to Cessna to ask for assistame, did they ever ask anyone who truly knew anything about our
planes. Nothindgike good help. They got paid for making the gross error, got paid for not curing it for
nearly 15 years, and got paid when there was no olfzéce than to cause Monarch to quit, and then they
got paid to assure the wrong and dangerous “Emergency Alert”.

Unfortunately, owners who had or have the Monarchs keep selling them to the unsusygeztihgn find
out the hard way that they won't work correctly and might land them in the field béfyenehd of the
runway, sometimes without trees. Sigh.

The Lycoming STC

The plane with the forward-facing caps whatarted the investigation into why it overboarded fuel was a

140 with the Selector on Both, Full tanks. When flying, a red stain would appéhe left wing top and

more fuel would feed from one tank than the other. It had one other trait whichava®nsidered at the

time until November of 2001, some ten plus years #feer‘solution” for him, that being never to fly on

Both unless both tanks had been partially depleted. That trait was that the plane had been changed via an
STC to have the Lycoming engine...and the STC demanded the use of the forward-facing caps!!!

This is an indication of the difficulty one can getwhen the STC creator does not investigate the change
on all the versions of the planes; with the original 120/140’s, before the chatige ftur way valve
(with the Both position), the forward-facing caps would hasesed no consistent harm though still
dangerous for those flying in freezing rain and still dangerous flying in plain rain because thereulide
scoops for water.

Neal
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