THE EFFECT OF FUEL STRATIFICATION ON G-V FUEL
QUANTITY INDICATIONS WHEN REFUELING

When an aircraft is refueled soon after landing from a flight that has been at altitude for several
hours, the resulting fuel on board indication may not be completely accurate. The inaccuracy is due
to the placement of sensors in the fuel tanks combined with the physical tendency of fuel of different
temperatures to separate into layers, or strata. Fuel remaining at the end of a flight is cold soaked,
and fills the tank hoppers in each wing since the hoppers are at the low point of the fuel tanks
nearest the fuselage. Fuel added during refueling will be at near ambient temperatures and warmer
than the cold fuel remaining in the hoppers. The added fuel will therefore be less dense and form a
layer (strata) on top of the cold fuel in the hoppers.

The Fuel Quantity Signal Conditioner uses information from nineteen (19) fuel tank unit array probes
in each tank, and from densitometer and compensator sensors placed within the fuel tanks to
provide accurate information to the aircraft fuel quantity indications. Densitometers are located in the
middle of the right wing near where fueling takes place and in the hopper of the left tank.
Densitometers are electromechanical oscillators that vibrate at a frequency proportional to the
density of the fuel in which they are immersed. Compensators are located only in the fuel tank
hoppers, and calculate the dielectric constant (k) of the fuel surrounding them. The value of (k) is
dependent upon the fuel type and constituent additives. Most importantly for this discussion, (k) is
also affected by temperature — (k) varies inversely with temperature. See the following illustration of
the location of fuel tank sensors:
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Since fuel added during refueling is layered on top of fuel remaining in the tank hoppers, inputs from
the tank unit arrays, densitometers and compensators are not consistent. The right wing
densitometer samples the density of the newly added fuel; however, the tank unit arrays are
immersed in a combination of cold remaining fuel and warmer added fuel and the left wing
densitometer and the compensators are submerged in cold soaked fuel.



The resulting inaccurate fuel volume measurement is a result of the following formula:

Volume = [Cre(k-1)] (warm fuel)

[Cce(k-1)] (cold fuel)

Where C1g = Effective capacitance of the immersed tank unit array
Cce = Effective capacitance of the submerged compensator

As stated above, (k) varies inversely with temperature, therefore in the above formula, the value of (k)
for the (cold) compensator is more than the value of (k) for the (warmer) tank array — since the
denominator is larger, the resulting measured volume is smaller. However, if the aircraft sits on the
ramp for a period of time after refueling, the fuel in the tank hoppers will gradually warm, and the
temperature differential between the fuel remaining at the end of the flight and the fuel added will be
eliminated, the stratification will disappear, and result in the same uniform value for (k) and an
accurate reading of fuel volume.

It is difficult to determine exactly the amount of fuel quantity error generated by the stratification
phenomenon — the fuel quantity initially indicated is always less than the actual onboard fuel
(provided, of course, that the fuel added is warmer that the residual fuel). Instances have been
observed when the fuel on board indication is actually 800 to 1200 Ibs. low. Several factors influence
the fuel quantity reading: the amount of fuel remaining in the hoppers relative to the amount of fuel
added, the temperature differential between the two fuel segments, and the time elapsed since the
refueling took place. General observations have revealed that after approximately ten (10) hours on
the ramp, fuel temperatures are consistent throughout the wing and quantity errors are eliminated.

Crews have observed that if the aircraft is refueled when cold, fuel remains in the hoppers and
another flight segment is flown soon after refueling, the aircraft “makes” fuel — that the fuel used as



shown on the FMS that uses fuel flow to track consumption will not match the expected indicated
amount of fuel on board - for instance, the FMS indicates that the aircraft has consumed 3,000 Ibs
but the indicated fuel on board has decreased only 2,200 Ibs. This discrepancy usually disappears
after about one hour of flight when fuel tank temperatures stabilize.

All fight crews should be aware of the stratification issue to avoid any misunderstanding concerning

fuel quantity indications and subsequent unnecessary maintenance writeups.

Flight crews may use the following fueling correction worksheet to obtain accurate fuel information
in instances where stratification is suspected:



AIRCRAFT FUEL CORRECTION WORKSHEET
FOR FUELING IN GALLONS OR LITERS

FUELING IN GALLONS

1. Record aircraft fuel on board BEFORE FUELING: Ibs.

2. Record fuel supply true specific gravity — not corrected for temperature. (This information is recorded
every time the fuel farm signs for a delivery. It is sometimes available at the fuel truck — if not, check with
the FBO.)

Tspec grav = _ Kg/rn3
3. Record uploaded fuel in gallons: gal.
4. Uploaded fuel gal. X Tspec grav. Kg/m3 X 8.346 = Uploaded Ibs.

5. Add fuel onboard prior to fueling (Ibs)

+ uploaded fuel (Ibs)

= true total fuel (Ibs)

FUELING IN LITERS

1. Record aircraft fuel on board BEFORE FUELING: Ibs.

2. Record fuel supply true specific gravity — not corrected for temperature. (This information is recorded
every time the fuel farm signs for a delivery. It is sometimes available at the fuel truck — if not, check with the
FBO.)

Tspec grav — _Kglm3
3. Record uploaded fuel in liters: L.
4. Upload fuel L. X 0.2642 X 8.346 X Tspec grav Kg/m3= Uploaded Ibs.

5. Add fuel onboard prior to fueling (Ibs)

+ uploaded fuel (Ibs)

= true total fuel (Ibs)

NOTE: A nominal figure for True specific gravity is 0.800 — this number is typically slightly lower in the
Far East and may be slightly higher in the U.S. and E.U.
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