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Uneven Fuel Feeding in Single Engine Cessnas

One of the problems that the Cessna Pilots Association
is most often consulted about has to do with the fuel feed-
ing unevenly from the tanks when the fuel selector isin the
‘BOTH’ position. Thisproblemismost commonon 150, 172
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and pre-1979 182 seriesaircraft with asingle fuel tank vent
positioned behind the left lift strut, however the problem
has been reported on just about every Cessna single engine
model that hasa“BOTH” position on thefuel selector. Itis
certainly very disconcerting to be flying along and watch
your left fuel gauge going down while the right fuel gauge
continuesto indicate full. The funny thing about this situa-
tionisthat while only the left gauge is showing fuel usage,
the engine may very well be using fuel from the right tank!
To understand what causes uneven fud feeding we have
to go through some of the basics of the fuel system. First we
need to know that in most of the single engine Cessnas with
carburetted engines two forces cause the fuel to move from
the fuel tank to the engine. One of these forces is one that
everyoneisawareof; Gravity. Infact thefud systemsusedin
these high wing aircraft are often referred to as* Gravity Feed
Fuel Systems’. With fuel tanks mounted in the wings high
above the height of the engine and carburetor, gravity will be

pulling fuel down thefuel feed linesto the carburetor.
Theair pressure in the tanks will also be aforce acting
to push fuel down thefuel feed lines. Ideally inthe Cessna
single engine aircraft this pressure will be slightly above
ambient, that is the pressure of the outside air. This air
pressureinthetank is often referred to as ‘ head pressure’,
meaning the pressure above the fuel level that is pushing
thefuel downthefud feed lines. Theactual head pressure
is important, a slight amount of pressure is necessary to
hold fuel bladders in place and too much pressure can
push fuel around and cause uneven fuel feeding. Also
very important is the relationship of the head pressure to
ambient air pressure. Inregardsto even fuel feeding, the
head pressurein both tanks must be equal for the tanksto
flow at the same rate. If the tanks do not have the same
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Early 172 Fuel System

head pressure then the tank with the lower head pressure
will flow the slowest.

Asfuel isused from afud tank it must be replaced by
something. If we didn’t replace the fuel with something
then as the fuel is used there would be nothing to occupy

/




TECHNOTE

CessnaPilots | Association
&4;3‘:

No. 003 — Page 2, Rev. No. 001

the space that the fuel used once occupied and, given that
the fuel system was tight, the head pressure in the tank
would be less than the ambient air pressure outside. If this
difference between the outside air pressure and the tank
head pressure became too great, several not very desirable
things could happen.

tank to the top of the right tank they would be venting the
right tank with air from theleft tank and the pressureswould
be equal. A good idea on paper perhaps but not such a
good one in practice.

What the engineers hadn’t given proper consideration
to was wing dihedral and
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tanks can be very long
and shallow, on the 182
Skylane the long range
tank isonly 8" deep butis
7 feetlong! Thisshallow,
wide shape makes the
fuel feed very sensitiveto
tank, or head, pressure.
Wing dihedral places the
outboard portion of the
fuel tank above the in-
board portion, sometimes
by as much as severa
inches. This means that
when the tanks are full
the vent interconnect line
isbelow thefuel level and
is full of fuel. When air
enters the left tank from
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152, and 172 and theinte-

gral tanks used on late model 182s and the 210. On the
aircraft with integral tanks this means that a section of the
wing could literally implode!

To prevent dire consequences such as listed above, the
fuel tanks are vented to the outside and air is allowed to
replace fuel asit isused. On most single engine Cessnas
with carburetted enginesasingle “L” shaped vent tube that
islocated behind theleft lift strut isused. Thisvent tubeis
connected by hosing and tubing to the outboard portion of
the left fuel tank. As fuel is used from the left tank it is
replaced by air from the outside. This takes care of the
venting of the left tank. But how about the right tank?

It wasin venting the right tank that Cessnaengineered a
novel but, as it turned out, not very satisfactory solution.
Knowing that the right tank had to be vented and also
knowing that the head pressure in the right tank had to be
equal to the head pressure in the left tank, Cessna thought
they could accomplish both tasks at the same time. The
engineers reasoned that if they connected the top of the left

this manner theright tank

canremainfull evenwhilefuel isbeing used fromit whilethe
left tank goes down even faster than fuel isbeing fed to the
enginefromit! Thistransferring of fuel fromtheleft tank to
theright tank will continue until thefuel level intheleft tank
drops below the height of the vent interconnect line. Infact
the fuel transfer can continue for awhile even after the fuel
level in the left tank has dropped below height of the vent
interconnect line because motion in flight will tend to slosh
some fuel into the vent interconnect line from time to time
and this fuel will be pushed/pulled into theright tank. Itis
only when the fuel level in the left tank is so low, usually
around half tank level, that none of the remaining fuel inthe
left tank can make it'sway to the vent interconnect line that
thefuel passage from theleft tank to the right tank will stop.
One good thing to note, and it isan important one, isthat
thisis not really a problem of uneven fuel quantities being
fedtotheengine. Actually the engineisreceiving approxi-
mately the same amount of fuel from each tank at any given
timewiththefud selectorintheBOTH’ position. It appears
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to be uneven fuel feeding on the gauges because the fuel
being used from theright tank isbeing replaced by fuel from
the left tank. This means that there will not be fuel flow
interruption to the engine even if theleft tank wereto go dry
with thefuel selector inthe'BOTH’ position.

There is a misconception going around concerning the
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Early 182 fuel systems CONNECTION

fuel capsandtheventsinthem. In1979 AD 79-10-14 (which
superseded 78-26-09) was issued that required the installa-
tion of vented fuel caps on most single engine Cessnas.
The reason for the issuance of this AD was that there had
been severa incidents of interruption of fuel flow to the
engine leading to the loss of engine power. Theseincidents
were caused by the fuel vent underneath the left wing icing
over and preventing the venting of the fuel tank. Rather
than require every aircraft to be modified with a new vent
system that included anti-ice vents, the FAA felt that the
installation of fuel capswith venting provisionsfor useasa
secondary vent system would be both adequate and cost
effective. However the misconception in the field is that
these caps provide primary and constant venting for the
tank on which they are installed. The vented caps have
secondary vents in them that are normally closed and will
only open when there isasignificant difference in external
and internal pressure. In other words these cap tank vents
only open when the pressure differential is so great that the
tank is imminent danger of collapse. This makes sensein
that the caps are mounted on the top surface of thewing, a
low pressure area, and if the tank vents were open all the
time both erratic feeding and fuel loss could occur.

Cessna, hearing complaintsfrom owners on uneven fuel
feeding, tried several thingsto improve the situation. With
the 182 with long range tanks they extended the vent inter-
connect linesinside the tanks al ong the top to the outboard
edge of the tanks. This began with long range tanks in-
stalled inthe 1964 182G, §/n 18255059. Theideawasthat this
would raisethe vent interconnect line abovethefuel level in
all cases except with absolutely full tanks. Thisideamight
have worked fairly well except that about the same time,
beginning with s/n 18255786 and on, the engineers made
another changeto the 182'sfuel system. Having suspicions
that the problem was related to unequal pressures in the
tanks, they made an attempt to equalize pressure through
out the system as much as possible by venting the forward
fuel feed lines to the vent interconnect line running across
the top of the fuselage. What this actually does is permit
fuel to move from one tank to the other any time there is
different head pressurein thetanks, evenif thefuel level in
the tank is below the height of the vent interconnect line.
What will happen isthat the tank with the higher head pres-
surewill push fuel through the forward fuel feed line up to
the vent interconnect line, across the top of the cabin and
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NOTE: The fuel system shown in this schematic is applicable to
the Model 182, beginning with serial # 18255786, as well prior
serials on which Service Kit No. SK182-38 (thru serial # 18255785)
or SK182-41 (thru serial # 18256144) has been installed.

182 fuel system with vented fuel feed lines

down into the vent line for the forward fuel feed line of the
other tank (See Drawing). There can beanumber of causes
of thisuneven head pressure which will be discussed alittle
further on.

Cessnatried asimilar ideaonthe 172 seriesaircraft begin-

\




CessnaPilots | Association
@:‘:ﬁr

No. 003 — Page 4, Rev. No. 001

TECHNOTE

ning in mid 1970, $/n 17258856. |n this case however the
engineers vented the rear fuel feed lines to the vent inter-
connect line rather than the front fuel feed lines. The re-
sults, unfortunately, werethe same. Thetank with the higher
head pressure, usually the left tank, would push fuel from
that tank up the fuel feed line, across the vent interconnect
and down the fuel feed line of the opposite tank.

In 1979 Cessnawent to

performance. Theideaisthat the vent tube ‘hides’ behind
thelift strut to gain someice protection and hasjust asmall
areaprotruding intotheramair. The positioning of thisvent
is so critical that Cessna calls out the dimension in hun-
dredthsof aninch. It ispossibleto make some minor adjust-
ments on both the single vent and dual vent aircraft. Keep-
ing in mind that thetank with the greatest head pressure will
feed the fastest, if you

integral tanks on the 182
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hold fuel rather than using
a bladder as a sort of tank
liner. Atthesametimethat
the factory changed to in-
tegral tanks on the 182,
they also installed a sec-
ond fuel vent underneath
theright wing, identical to
the one underneath the
left wing. This helped the
problem somewhat by al-
lowing air into the right
tank even if the vent inter-
connect had fuel in it, but
fuel would still movefrom
one tank to the other
through the vented fuel
feed lines and the vent in-
terconnect line any time
there was different head
pressure in the tanks.
Again with the 182 se-
ries aircraft Cessna made
another change. Begin-
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line vented to right tank 1981 and up.

an Adel clamp that is ac-
cessible through an in-
spection cover near the
vent tube, up and in which
will place it more behind
the lift strut and reduce
the amount of ram air the
tank receives. If youwish
to increase the head pres-
sure move the vent tube
down and out. A couple
of cautions in playing
around with vent tube lo-
cation away from the set-
ting specified in the ser-
vice manual; First make
sure that you have looked
at all other possible prob-
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adjustments. Studies
made while STCs for en-

ningin 1981 with serial number 18267716 Cessnarerouted
the vent line for the forward fuel feed line on the left tank.
No longer did it connect with the vent interconnect line,
rather the forward fuel feed line was vented by a line that
camefrom highintheleft tank itself. By isolating one of the
forward fuel feed lines from the vent interconnect line the
passing of fuel from onetank to the other when thefuel level
was below the vent interconnect line was stopped. The ser-
vice manual describes vent position adjustment procedures
for evening out fuel flows.

While the design of the fuel system itself is the major
cause of uneven fuel feeding, there are a number of items
related to maintenance and inspection that if not correct can
make the problem worse.

Vent TubeProblems
The position of the vent tube behind the left lift strut is
critical to alowing the fuel system to operate at optimum

gine upgrades and engine
analyzers were being certified, have shown that it is pos-
sible to get vent pressure so low that fuel flow could be
questionable, particularly on 180 HP conversionson 172s.
There can also be a problem caused by the lift strut fair-
ing that is positioned in front of the “L” shaped vent tube.
Air flow along the bottom surface of thewing can enter this
fairing where it mates to the wing and come out the fairing
right in front of thevent tube. Thishigh pressure, disturbed
air burbling at the entry to the vent tube can have a very
significant effect on venting pressures. To prevent this
Cessna calls out for installing a seal at the bottom of the
fairing on the inside to prevent air leakage in front of the
vent. A nicelittle Saturday morning project for an owner is
to drop the fairing down the strut, look inside to see if the
sedl is present and in good condition and if not replace it
with some simple screen door rubber seal available about
anywhere.
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Vent lines can be checked for blockage by gently blow-
ing into them with the fuel capsremoved from the aircraft.

Fuel Caps

Thefuel capssit on top of thewing which isalow pres-
sureareainflight. A fuel tank with acap which doesnot seal
tight will have alower head pressure in the tank than atank
with agood sealing cap. Thiswill lead to uneven fuel feed-
ing. Thisusedto beabig problem onthe 182swith theflush

flight, center the aileronsand rudder and | ook for atendency
to pull oneway or the other. Then compensate for this pull
using rudder and aileron as necessary and look at the ball on
theturn and bank or the turn coordinator. If control inputis
required to keep the aircraft straight and level or if theball is
out of center when the aircraft isstraight and level, then the
aircraftiseither out of rig or bent. Detailson rigging Cessna
single engine aircraft are contained in the Cessna Pilots
Association’s series of magazine articles titled ‘Rigging -
TheKey To Speed'.

style fuel caps with the
pull up handles, but fortu-
nately most of those caps
have been replaced with
theumbrellacap style. As
aside noteto this subject,
any operator who is con-
tinuing to use flush style
fuel capson aCessnaair-
craft with bladder fuel
tanks is both afool and a
person who will know-
ingly jeopardize lives.

{RAM PRES.]

CROSS OVER LINE

Fuel being used from the right tank is replaced by fuel from the

Reprints are avail-
able to CPA mem-
bers.

Some Cessnas
are designed with
offsets in the en-
gine mounts, verti-
cal stabilizer and
rudder to compen-
sate for engine
torque and airflow
from the propéller,
“P" factor. This
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The combination of the
flush stylefuel capsthat are proneto leak and the fuel blad-
dersthat can develop wrinklesthat will keep contamination
from getting to the sump drain is deadly. All these flush
style caps should be changed to either the Cessna umbrella
caps available through any Cessna deder or the Monarch
Development caps available from Monarch Development,
PO. Box 419, Oakland, OR 97462 or 541/459-2056, FAX 541/
459-1765. Monarch Development also has an STCd rigid
fud tank, which replaces the bladder tanks and has no
wrinklesto trap water.

Thereisasimpletest that can be performed totest for air
leakage at the caps. Attach a piece of hose to the vent tube
underneath the left wing and have someone blow into it.
While this person is blowing in the vent line go up by the
fuel caps and listen for air escaping. A spray bottle with
soapy water can be used as well provided that careistaken
not to get any significant contamination inthetank. If test-
ing an aircraft with vent tubes under both wings, one vent
tube should be capped off for thistest. Testing for fuel cap
leakageiscovered by Cessnaservicebulletin SE82-34. Any
air leakage at the fuel caps should be corrected to eliminate
this as a cause of uneven fuel flow.

Aircraft Out Of Rig

If your aircraftisout of rig, that iswill not fly inastraight
line at normal cruise speed without rudder or aileron input,
thiswill causefuel in onetank to be pushed towardsthe fuel
pickup point with more force than fuel from the other tank,
thus creating a greater fuel tank head pressure in one tank
leading to uneven fuel flow.

To check for thiscondition, establishthe aircraft in cruise

A\

compensationisde-
signed to give straight flight at normal cruise speed and
configuration. Aircraft that are normally flownin other situ-
ations, such asin training, surveillance work, fish spotting
and pipeline patrol, can expect to experience uneven fuel
flow from thetanksasanormal condition. Highwing aircraft
with gravity feed fuel systems, such as most single engine
Cessnaaircraft, are more proneto thisuneven fuel flow than
low wing aircraft due to the gravity feed fuel system in the
high wings, whereas the low wing aircraft have fuel pumps
either pulling or pushing the fuel form the tanks.

Fuel LineRestrictions

Fuel linerestrictions are rarely the cause of uneven fuel
feed, but it can occur. If afuel line becomes crimped or it's
routing changed, then it can offer more resistance to flow
than thelinefrom the other tank. If theaircraft involved has
afuel selector witha'Left’ and‘Right’ positionaswell asa
‘Both’ position this condition can be checked for by turning
the fuel off, disconnecting the fuel line at the fuel strainer,
then flowing fuel from eachtank for aequal period of time. If
the amounts of fuel are approximately the same for both
positions, the lines aren’t restricted. On aircraft that only
have a‘BOTH’ position then this test will have to be per-
formed by disconnecting the lines at the selector valve. |If
thisisthe case it would be better to have the aircraft empty
of fuel whilethelinesare disconnected asthereisnoway to
shut off the fuel down the feed lines. After the lines are
disconnected and the test set up, sufficient quantity of fuel
can be put in each tank to run the test.

Occasionally a port on the fuel selector can become re-
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stricted by debris or gum deposits. There are also afew  justments and corrections where necessary and then be ob-

reports of misalignment of the fuel portsoccurring onair-  servant of it's operation including refueling. On single en-

craft wherethe selector valve hashad alot of useor become  gine Cessnaaircraft with the single primary vent underneath

worn. Inspection of thefuel selector valve portswill reveal  theleft wing certain realities have to be faced, while uneven

if these situations exist. fuel feed can be minimized to some extent by proper mainte-

Summary nance and adjustment, it can never be totally eliminated
It isimportant to understand the fuel system, make ad- ~ Without some major modificationsto the fuel system.
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MODEL 180, 182, R182, 185, 205,
206, 207 & 210 (Strut Braced)

MODEL 172 & 172RG
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A’ DISTANCE B DISTANCE

180 Thru185....3.46" 4.62° Thru 17260805

205, 206,210 ...3.50" 3.75°° 17260806 and all 172RG

207 ...l 3.60" ! 2
1. Wing
2. Vent
3. Strut

4. Fairing
5. Tle-Down Ring
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MODEL 150 & 152 MODEL A150 & A152

NOTE
Dimensions must be within * .03” tolerance

NOTE
The fuel vent iine protruding beneath
the wing near the wing strut must
be correctly aligned to avoid @
possibie icing of the vent tube. |

.44 l —_— -44'
l .
WING SKIN 3.75 |
(REF)
WING STRUT I : — 140 — '/
[REF) 119 ~1— 173 —| FwWD
(1.86" on 152
wllot:gkrsa'nge VENT TUBE VENT UNE MUST BE PARALLEL
{REF) TO WING CHORD LINE. TOLFR-
ANCE UP 5°, DOWN 0°.
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