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FUEL-VAPORIZATION LOSS AS DETERMINED BY THE CHANGE IN THE
~ SPECIFIC GRAVITY OF THE FUEL IN AN ATRCRAFT FUEL TANK

By Charles S. Stone and Walter #. Kramer

SUMMARY ‘

An investigation was conducted to determine the feasibility of
using the change in the specific gravity of fuels in aircraft fuel
tanks to measure fuel-vaporization loss. The relation of specific
gravity to fuel loss for each of the six fuels itested was determined
by fuel-distillation tests and for three of the same fuels, by
simulated-flight tests. The increase in specific gravity was found
to be a linear function of f 1@1—vanorlzatlon loss up teo the lLN-percent
fuel-loss point. An equatlon based on the specific gravity of the
fuel was found to be accurate to within X0.32-percent fuel loss.
This method can be used for determining the fuel-vaporization loss
from fuel tanks in combat and transport aircraft where other methods
of measurement are not practicable.

e NTRODUCTTON

The density or specific gravity of a volatile fuel increases
when the more volatile components are lost by vaporization. In
long~-range combat missions, the amount of fuel lost through vapori-
zation during flight must ve determined in addition to the amount of
fuel actually consumed by the engine so that the gquantity of fuel
needed can be closely calculated and the wmaximum load capacity can
be attained. The fuel-vaporization loss in flight must also be known
to apply properly any preventative or fuel-recovery methods for
reducing the fuel-vaporization loss.

At present, the measurement of fuel-vaporization loss from air-
craft fuel tanks is rather difficult and lack of space, particularly
in fighter airplanes, makes instrumentation for measurement of the
loss a problem. As part of a program requesfpd by the Army Air
Forces, Materiel Command, a method for wmeasuring fuel loss by the
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change in the specific gravity of the fuel was developed at the NACA
laboratory in Cleveland, Ohio, that offers a simple and reasonable
soiution to this problem, OCnly a small sample of fuel need be with-
drawn from the tank before and after the flight to determine the
fuel-vaporization loss. Tests were conducted to show the relation
of specific gravity to fuel-vaporization loss for siz fuels of dif-
ferent initial specific gravities. The relation was studied by
determining the variation in specific gravity with fuel loss preduced
by fuel-distillation and by simuleted-flight methods. Additional
data not included herein show & close correliation between the fuel-
vaporization loss during simulated and actual flight.

Inve"t*bators studying the prchlen of gasoline-vaporization loss
occurring during storage and tren sportation have found thaet a corre-
lation exists befween the changes in some of the physical properties
of the gasoline‘ﬂnd the vaporization loss., Wiggins reported in refer-
ence 1 that the density of stored crudes increases when zasoline is
lost by vaporization and that improved storage methods reduced both
an loss and the changes in density. Chenicek and Whitman (refer-

ce 2) and Barber and Ritchie (reference 2) determined fuel-
Va}orlZuthH 105“ by measuring changss in fap -vapor pressure. Fuel
losses as small as C.OC perceny were detsctaed; the apparatus used,
however, was very fragile and complicatszd and the method used was
very time consuming. CLJ cel and Wnitman found that a relation
existed between the s fic gravity of fuel and fuel-vaporization
loss, but presented 1itﬁle data on the variation of specific gravity
with the loss. : '
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APPARATUS AND TEST PROCEDURE

Three AN fuels (AN-F-29; AN-F-28, Amendment-2; AN-VV-F-756,
Amendment-2) and three CFR-AFD fuels (V-7, V-9, V-10) were used in
the tests. The characteristics of these fuels are outlined in
table 1 and their A.S.T.M. distillation curves are shown in figure 1.

L standard A.S5.T.M. gasoline-distillation apparatus was used to

-obtain a series of fuels with various percentsges removed by distil-

lation for each of the six fuels to evaluete the specific-pravity
change. The amount of fuel losht through distillation was measured
by weighing the fuel before and after distillisation and the specific
gravity of a sample of cach residual fusl obtained by leL17latnon
was then determined ‘

Simulated-flight tests were conducted on the three AY fuels to
produce fuel-vaporization loss. A diagrammatic sketch of the
similated-{1ight, bench-test installation used in the tests is showm
in figure 2. The simulated altitudes wWere producad by evacuating
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the cylindrical plastic fuel tank with three vacuum pumps, each with
a capacity of 9 cubic feet per minmute, to the desired altitude pres-
sure. The altitude pressure was controlled by an air bleed valve in
the line between the tank and the vacuum pumps. The fuel agitator
was not used for these tests.

In each simulated flight, 15 pounds of fuel heatzd to an initial
temperature of 110° F were used. Flight conditions were simulated
~ by controlling the pressure in the tank to the pressure that would
be encountered during the desired flight path. Fuel samples were
withdrawn from the tank at suitable time intervals during the test
and at the start and the end of each test. The specific gravity of
these fuel samples was determined.

Becausz the tank was mounted on a scale, the amount of fuel lost
by vaporization was determined directly from the scale readings.
These losses were corrected for the fuel samples withdrawn during the
test.

An analytical-type Westphal balance was used to measure the
specific gravity of the fuels. The balance used was accurate to
within *¥0.000l of a spzcific-gravity unit., The specific-gravity
measurements were standardized by Immersing the vessels containing
the fuel samples in a constant-temperature bath at 20° +0.06° C
(68° +0.1° F). The samples were kept in the bath for at least
1 hour in order to attain the desired temperature hefore each measure-
ment was made.

ACCURACY OF MEASUREMENTS ™~ ~ == o

The conditions of the tests were such that two sources of errors
were possible: (1).an error that was common to both the distillation
and the simulated-flight procedures and (2) an error that may have
~occurred only in ths simulated-flight tests. The source of error
common to both procedures may have occurred in the determination of
the specific gravity of the fuel samples and involved the removal of
the samples from the constant-temperature bath and the manipulation
of the Westphal balance. The error introduced in this procedure was
considered to be very small because the readings of the Westphal
balance were reproducible to within *0.000L of a specific-gravity
unit. The reproducibility and accuracy were determined by making
successive determinations of different samples of the same fuel and
by frequently messuring the specific gravity of gas-free distilled
water under the same conditions,

The chief source of error may have occurred in the sampling pro-
cess during the simulated-flight tests. The short length of copper
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tubing leading from the fuel tlank to the sample bottle contaired
about 10 per:ze ent of the fusl sample that wes withdrawn. Because this
portion of the fuel was stagnant and was removed frcm the main body
of the fuel, it may not have sufrfered the same vaporization losses

as the fuel in the tank and may have caused some error in the results.

The possible magnitude of this errcor can be calculated by
assuming the werst condition po"c“sle- that no change has taken place
in the trapped portion c¢f the fuel between successive samples. From
the largest test-sample interval that occurred (between a fuel loss
of 8.12 and 11.32 percent on AN-F-29 fuel), the following data are
obtained:

Percentage fuel loss Msasured specific gravit;
8,12 07428
11.%22 S8

Assuming that 10 percent cf the fuel is trapped in the sampling
tube and that it has not been affected during the interval between
samples, the theoretically true specific gravity of the fuel in the
tank at the fuel loss of 11.32 percent can be obtained from the equa-
tion

0.1 (0.7428) + 0.9 (A) = 0.7465

where
A theoretically true specific gravity of the fuel in the fuel tank
Solving

b o= 0.7460

in specific gravity of 0.00L1, then the maximum possible error caused

If a fusl-vaporigzation loss of 3.2 percentvoan cause a change
axi
bv using the zctual reading in place of the True rsading is

O

5.2 O,OJ41 «%1-percent fuel loss

The possible error thus calculated is the maximum possible individual
grror that can occur between any of the itest points. Ib is not a
cumulative error because the sanpling tube is completely flushsd

during sample rsmovel and individuzl specific-gravity determlndtlons
are made,
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RESULTS AND DISCUSSION

The veriation of specific gravity with fuel loss as obtained by
distillation for each of the six fuels is shown in figure 3. The
curves for the AN-F-29 and the AN-VV-F-756, Amendment-2 fuels change
slope at about the Lf-percent point and the Lili-percent point,
respectively. This change in slope indicates some changz in the
characteristics of the fuel at these points. The curve for the AN-F-28,
Amendment-2 fuel is linear up to the 65-percent fuel-loss point and
from this point it follows a nonlinear curve. The data for the three
CFR fuels wers taken up to only the LO-percent point for the V-7 and
V-10 fuels and up to-only the lh-percent point for the V-9 fuel.

The specific gravity for all six fuels varies linearly up to the
0-percent fuel-loss point and, because fuel losses greater than

LO percent will seldom occur, only that portion of cach curve up te
the LO-percent fuel-loss point need be considered, This fuel loss of
L0 percent causes a change in specific gravity of 2.8 percent for
AN-VV-F~756, Amendment-2 fuel, li.6 percent for AN-F-28, Amendment-2
fuel, and 5.5 percent for AN-F-29 fuel,

The data of figure 2 ares replotted in figure L and show the
incrzase in specific gravity as a function of the fuel-distillation
loss produced by the distililation method. The curves show that the
change in specific gravity with fuel-distillation loss for each type
of fuel is different, but that the functions are linesar for all six
fuels.,

- — . _ From the data and from the general equation of a streight line,

an equation can be darived relating- the percentage of fuel loss to

the changz in specific gravity. The egquation is T
L=K (A -2p)

where

L percentage fuel loss

A final specific gravity of fuel at 20° C (68° F)

o Initial specific gravity of fuel at 20° C (68° F)

K constant, characteristic of each fuel

The value of the constant K experimentally determined for each
of the fuels used is given below in increasing order:
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Fuel K
AN-F-29 - 980
CFR~AFD-V-T 597
CFR-AFD-V-10 1053
AN-F-28, Amendment-2 1153
CFR-ATD--V-9 ) 1738
AN-VV--F-756, Amendmerit-2 1951

Figure © compares-the data obtained in the simulated-flight
tests with the curves obtained from the derived eqngtlon. No loss
greater than 18 percent was obtained during simulated flight because
of the time required to produce large losses

The maximug deviaticn of the simulated-flight date from the
valuss calculated by the derived equation is 0,87-percent fuel loss
and the average.deviation is f0.3%2-percent fuel loss.

The constapt K is plotted in figure 6 as a function of the
initial specific gravity of the fuels, The figure shows & relation
betwsen these funcitions for fuels of widely differing specific grav-
ities, The constants for fusls of intermediatsz °val€;C gravities
may possibly be-obtained by interpolation.

CONCLUSICHS

The following-conclusions are based on measurements of fuel-
vaporization lowses produced by fuel-distillation and simulated-flight
tests. Fuel logses occurring from actual spillage of fucl fthrough
the vent duc to-airplane mansuvers, to temperature expansion of the
fuel, and to excessive boiling and surging of the fuel cannot, of
course, be determined by this method.

1. The change in the specific gravity of the fucl can bhe used as
a rapid and accurate method for determining fucl-vaporization loss
within £0.32-vercent fucl loss.

2. The lass can be determined by the equation

L =K (A - Ag)

for the fuel loss not excoeding 10 percent, where

A final specific gravity of fuel at 20° C (68° F)



NACA KB No. EBEL9 7

A, initial specific gravity of fuel at 2 20° ¢ (88°

2]
S’

K constant, characteristic of eaclhi fuel

3. Fuel sampling during fl' ght with subsequent specific-gravity
determination on the ground is ~cad1ly appiicable method for the
determination of fuel- VanorAzaui n lesees from airplanes where in-
strumeatatlon for other methods is difficult.

,.J

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronaubics,
Cleveland, Ohio,
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TARLE 1

CHARACTERISTICS OF SIX AVIATION FURLS USED I SPECIFIC-CRAVITY TESTS

Hydrogen-| TEL Reid Heat of Gpecific
Fuel carbon content|{ vapor combustion |gravity
ratio {(ml/gal)| pressure | (Btu/1b) lat 20° ¢
1(v/sq in.) (68° F)
AN-F-29 0.1682 ;.20 6.3 18,260 0.73L8
LN-F-28, .168 - L1.50 6.3 18,8C0 L7190
Amendment-2
EN-VV-F-T56, .186 8 7.0 18,700 6957
fmendment -2 (max.)
CIR-AFD-V-7 [-—-———=—= h.17 6.9 e 0.7322
CFR-AFD-V=9 |--=----—- L.06 T TR B 7031
CFR=-AFD-V=10 |~=~mmmm e L.29 6.7 |- 7253

—_—

—

. National Advisory Committee
\ " »
for-Aeronautics

>
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3“ M. hed
AN-VY-F=756, en nt=-2
CFR-AFD-V17
320

O b0 x

CFR-~ ﬁ:-v..s %
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3

Ténnperature , OF

o 10 20 30 40 80 60 70 80 9 100
" Percentage recovered

Figure 1. - A.S.T.M, distillation curves of six aviation fuels
used in specific-gravity tests.
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NAT IONAL ADV{SORY
COMMITTEE FOR AERONAUTICS
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Pigur

Initial specific gravity at 20° O (680 F)

e 6. = Variation of constant K with the initial specific
gravity of the fuel. '
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