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ABSTRACT

Studies of additional factors influencing filterability of distillate
fuels further substantiate the utility of a constant-head gravity-flow
method for rating filterability. Quantitative relationships were made
possible by selecting filter papers of uniform porosity as was sug-
gested in Part 1 of this series.

It was shown that the filterability of a distillate fuel contaminated
by a given amount of sediment is directly proportional to the fuel vis-
cosity. The effect of temperature on filterability was proven to be due
to the variation of viscosity with temperature. Filterability is also
directly proportional to the fuel pressure (head) on the filter. It was
shown that variations in filter porosity could be balanced by proper
adjustment of fuel head.

No significant change in fuel viscosity was found due to aging,
either normal or accelerated. It is proposed, therefore, that changes
in fuel filterability due to aging are due to accumulation of insoluble
residues in the fuel.

PROBLEM STATUS

This is an interim report; work on the problem is continuing.

AUTHORIZATION

NRL Problem 61CO1-03
Projects SR001-06-02, Task 0600, and RR 010-01-44-5850

Manuscript submitted May 20, 1963.
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FILTERABILITY OF DISTILLATE FUELS

PART 2 - EFFECT OF FUEL VISCOSITY AND RELATED FACTORS

INTRODUCTION

The Navy sometimes must store distillate fuels for several years before they are
used. It is known that fuels derived from petroleum deteriorate at different rates de-
pending on the composition of the fuel and on storage conditions such as ambient temper-
ature. One of the troublesome manifestations of fuel deterioration is the formation of
sediment which must be removed by filtration when the fuel is used. If a fuel is unstable
during storage, considerable sediment may be formed which can clog filters and require
excessive filter changing. Consequently, it is important to select fuels for purchase which
will have relatively good storage stability. In order to study fuel stability in the labora-
tory, it is necessary to have a bench-scale method which will measure the filterability of
fuels after aging.

The stability of distillate fuels has been studied by evaluating the changes in many
factors such as color, light transmission, light scattering, soluble gum, and insoluble resi-
due (1,2). Although these criteria often give useful indications of the relative stability of
fuels, it is usually of primary concern to know the filter-plugging tendencies of such fuels
(3-7). Many different procedures and apparatus have been devised and used for laboratory
evaluation of filterability (3,5,6,8-13). They are often designed to simulate systems actu-
ally in use.

The importance of good filterability in the use of a fuel made it desirable to learn
more about the fuel properties which affect it. However, a reliable laboratory method
for assaying fuel filterability was needed because, in general, small-scale methods had
shown poor reproducibility. Therefore, the primary purpose of the present study was to
explore the influence of each factor on the filterability of fuels.

The apparatus used here is a modification (12) of one developed for jet fuels by ASTM
(10). In preliminary work it was learned that this simple gravity-flow method could be
substituted satisfactorily for a differential pressure method which had been devised to
simulate a diesel engine fuel filtration system (12); therefore, the gravity-flow method was
chosen because of its simplicity and relative ease of operation. Aside from differences
in the properties of the fuels themselves and the sediments dispersed in them, filter paper
porosity was shown to be a major factor (12,13).

In the present report, consideration is given to various properties of the fuels them-
selves, as well as temperature and pressure due to the column of the fuel (head), which
might affect filterability.

APPARATUS AND PROCEDURES

An ASTM method (10) was modified for this study. Instead of the 500-ml leveling bulb,
the fuel reservior was made from a 1-liter round-bottomed flask. Other details of the
apparatus are shown in Fig. 1. The effective filtering area of the modified filter holder is
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Fig. 1 - NRL apparatus used
in fuel filterability studies

1 square centimeter. A 12-inch head* of fuel was used
above the filter paper except for a few runs made with
an 18-inch head.

Essentially, the procedure consisted of allowing

the fuel to flow by gravity from the reservoir, through
the filter and into a 100-ml graduate. The time of flow
for each 10-ml increment was recorded. The total
volume of fuel passing through the filter before the flow
rate decreases to 10 ml/min is defined as the plugging
volume.

The filter paper (Precision Scientific Co., Catalog
No. 74698) was 10-micronpaper specially selected for
uniformity and set aside for correlation studies by
Research Division V, Section B, ASTM Committee D-2.
The porosity of each filter was determined by calibration
with isooctane (10). The fuel reservoir of the apparatus
was charged with 500 ml of isooctane, 300 ml of which
was allowed to run through the filter noting the time
elapsed for each 100-mlincrement. The average of
these is the paper calibration time. For the filters
used in this work, the calibration times ranged from
23.5 to 30.0 sec/100 ml. Duplicate calibrations fell with-
in ± 0.2 sec/100 ml. The fuel filtration was run imme-
diately after each calibration to avoid disturbing the
paper or otherwise changing the measured porosity.
Normally, the reservoir was charged with 875 ml of
fuel for each test.

To avoid the unknown variables likely to be associated with natural sediment result-

ing from fuel aging, it was decided to use an artificial sediment in fuels from which the

natural sediment was removed. The choice, a carbon black (National Carbon Co. No. N-

182) was ball-milled and graded to 1 to 15 microns in size. The carbon dispersions were

prepared as follows: (a) the fuel was filtered through an 0.8-micron cellulose ester filter

(Millipore Filter Corp., Watertown, Mass.), (b) a weighed quantity of carbon contained in an
open piece of aluminum foil was introduced into the filtered fuel, and (c) the mixture was

agitated by hand and then for 30 minutes on a shaker.

Most of the filtrations were made in a constant temperature room at 720 F in order

to avoid variations in results due to uncontrolled temperature changes. The fuel was

conditioned at this temperature for at least 24 hours before use. However, a few runs were

made at 100°Ffor the purpose of showing the effect of temperature. The fuels and all

equipment used including the filter paper were equilibrated in a constant temperature room

maintained at 100' ± 2°F.

The fuels used in these experiments contained no additives and were all distillates

and blends, mostly in the No. 2 burner oil and diesel fuel range (12).

Kinematic viscosities were determined by ASTM Method D-445 (14). Soluble gum

determinations were made by steam jet evaporation at 500°F using ASTM Method D-381 (15).

*Head is the pressure due to the column of liquid between the lower end of the air inlet
and the filter.
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RESULTS AND DISCUSSION

It was established earlier (12,13) that filter paper porosity is an important factor in
filter plugging. An example of the data substantiating this conclusion is given in Fig. 2,
which is reproduced from the Part 1 of this series (12). The particular curve for each
fuel studied showed a linear relationship between filter paper porosity and the plugging
volume of the fuel.

500

* -D62
* -D67

450 A-D66
* - D139

400 -

S350

wS300
_j
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,a 250 -
_z

n•

100 -

50
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PAPER CALIBRATION TIME (SEC/IOOML ISOOCTANE)

Fig. 2 - Effect of filter paper porosity
on the filterability of fuels contaminated
with 2.0 mg carbon/100 ml

Consideration of the curves given in this figure leads to the conclusion that filter
paper porosity is not the only significant factor affecting the filterability of fuels contain-
ing sediment. If it were the sole factor of importance, the curves in Fig. 2 should be
approximately superimposed. In fact, except for experimental error, the data should be
expressible by a single curve. On the contrary, however, there are large regular differ-
ences in filterability from fuel to fuel as shown by the data. Since the temperature was
held constant at 72 0 F and the sediment was standardized by using a single batch of carbon,
it followed that these large differences in filterability were due to intrinsic differences
among the fuels themselves.

Relation of Fuel Flow and Filter Porosity

In order to get a better appreciation of the role of the fuels themselves, the flow prop-
erties of the fuels were examined in a clean condition, uncontaminated by solid material.

C

C

r%

v..,



NAVAL RESEARCH LABORATORY

The fuels were filtered through 0.8-micron cellulose ester filters. This pore size is

many times finer than that of the 10-micronpaper used in the timed filtration tests. The

flow time of each sediment-free fuel was measured using calibrated papers. The data

were taken with the NRL apparatus (Fig. 1) at 12-inch and 18-inch head. Additional data

were obtained with an ASTM apparatus (11) which has an 18-inch head.

The data obtained in this manner are shown graphically in Fig. 3 where the fuel flow

is plotted against calibration time, both quantities expressed as the time in seconds re-

quired to pass 100 ml of fluid through the filter. It is observed that a family of curves

(straight lines fitted to the data) resulted. It should be noted that the range of the data

has been greatly extended by obtaining the flow times at two heads of fuel, 12 inches and

18 inches. Any effect of changing the head of fuel was reflected proportionally on the fuel

and on the isooctane. The fact that the curves in Fig. 3 are linear over such a wide range

of calibration times emphasizes the validity of this relationship.

Relation of Fuel Flow Time to Filterability

If the data curves of Fig. 3 are cut by drawing a vertical line at a paper calibration

time of 25 seconds, it is found that the fuel flow varies from 80 sec/100 ml for fuel D139

to 190 sec/100 ml for D62.

0
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Fig. 3 - Effect of filter paper porosity
on fuel flow, using two heads of fuel
(7 2- F)
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FLOW TIME OF FILTERED FUEL (SEC/IOOML)

Fig. 4 - Flow of filtered fuel compared
to filterability of fuel containing 1.0 mg
carbon/100 ml (72-F)

In Fig. 4 the flow times of the filtered fuels so obtained from Fig. 3 were compared

with the plugging volumes of the carbon-contaminated fuels, also taken at 25-second cali-

bration. This plot yields a very good correlation of these two values. It shows that the
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plugging volume must indeed be a function of some property which varies from fuel to

fuel. This property is closely related to the flow time of clean fuel through filter paper Cr

of constant calibration. F

r,

Effect of Viscosity on Filterability

The foregoing results suggested that viscosity is the fuel property which causes such
large variations in the relative filter plugging of fuels; therefore, the viscosities of the
fuels used were measured at 720 F, the temperature of the filtration runs. The filter plug-

ging volumes of the fuels (contaminated with 1.0and 2.0 mg carbon/100 ml) at a constant

calibration value of 25 seconds are plotted against fuel viscosity in Fig. 5. An excellent

correlation was obtained, showing that fuel viscosity is undoubtedly the fuel property

having a major influence on filterability.
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Fig. 5 - Effect of fuel viscosity
on filtration of fuel contaminated a 300- 2.Omg CARBON/10Oml
with carbon (72°F)

-Li 0

u 200

0

100

I I I I I
0 1.0 2.0 3-0 4.0 5.0 6.0

FUEL VISCOSITY (CENTISTOKES)

It is not surprising that the more viscous fuels do yield lower plugging volumes, but
the magnitude of this effect is striking considering that the total viscosity spread of the fuels
used was not great. This raises the possibility that a relatively stable fuel containing a
small amount of sediment may plug sooner than a less stable fuel containing more sedi-
ment, if the latter fuel has a lower viscosity. The curves in Fig. 5 show that a fuel of vis-
cosity of 5.5 centistokes containing 1.0 mg carbon/100 ml did plug sooner than a fuel with
2 mg carbon/100 ml which had a viscosity of 2.5 centistokes.

A plot of viscosity vs flow time of clean, filtered fuels is given in Fig. 6. This cor-
roborates the close relationship of fuel flow and fuel viscosity. Similar data for isooctane
fit neatly on the curve extrapolated from the fuel data.

Effect of Temperature on Filterability

In order to limit the variable factors, the previous experimentation was carried out at
a constant temperature of 720 ± 2 0 F. It was thought that variations in temperature might
have an appreciable effect on the filterability of fuels which could confuse interpretation
of the effects of the other factors being studied. Temperature control proved to be basic
because filterability is greatly dependent on viscosity (Fig. 5) and viscosity changes with
temperature.
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A series of experiments was run in a constant -temperature chamber held at 1000
±20 F in order to verify the above conclusion and to establish the quantitative relationships (Table

1). Filterability runs were made with each fuel on two different filterability apparatuses. The
contaminant loading was 1.0 mg of carbon per 100 ml of fuel.

The plugging volumes obtained at 1000 F for four fuels are plotted against similar data
at 720 F in Fig. 7. Fuel D139 did not plug at 1000'F whereas it did plug at 720 F. Although
the data are limited in number, there appears to be a linear relationship between the plug-
ging volumes at the two different temperatures.

The plugging volumes of the fuels at 1000 F are plotted against the kinematic viscosi-
ties of the clean fuels at 1000 F in Fig. 8. The resulting curve is a good corroboration of
the relationship of fuel viscosity and filterability which had been established earlier in
this report. The steep slope of the curve emphasizes the profound effect of the viscosity
of a given fuel on its plugging volume.

Viscosity data for these fuels taken at both 720 and 1000 F are plotted in Fig. 9, and
show the expected result, that the viscosities at the two temperatures are directly
proportional.

Additional supporting evidence may be derived from the data in Table 1 for viscosity,
calibration, and fuel flow time. Plotting the ratio of the fuel flow time to the calibration
against the viscosity should give a straight line if the following assertions are correct:

1. Fuel flow time and calibration are linearly related (Fig. 3); therefore, the ratio of
the fuel flow time to the calibration is constant.

2. The fuel flow time is linearly dependent on its viscosity (Fig. 6).
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Table 1
Fuel Filterability Data Taken at 100°F

Calibration Fuel Flow Ratio Plugging
Fuels* Viscosity (sec/100 ml) (sec/100 ml) Fuel Flow to Volume

Calibration

D62 3.60 22.8 (117.4)t (5.150) t 360
22.6 (116.4) t (5.150) f 385
22.4 (115.4) t (5.150)t 410

116.4 § 5.150 § 385§

D65 3.26 23.0 109.1 4.743 470
22.5 103.6 4.604 450

106.4 § 4.674 § 460§

D67 2.40 23.4 79.3 3.389 660
22.7 76.6 3.374 810

78.0 § 3.382 § 735§

D66 2.35 22.9 75.6 3.301 770
23.4 77.2 2.299 770

76.4 § 3.300 § 770§

D139 1.78 23.1 58.4 2.528 NPI
22.9 56.7 2.4-76 NPt

57.6 § 2.502 § NP

7

*Contaminated with 1 mg carbon/100 ml of fuel.
tExtrapolated from data in Fig. 10.
tNP - did not plug filter.
§Averages.

The averages of the experimental values were plotted in Fig.10 and the data did fit a
straight line. The fuel flow times for fuel D62 given in Table 1 were not determined ex-
perimentally but the ratio for fuel D62 was extrapolated from Fig. 10 and the flow times
of fuel D62 derived from the ratio. Hence knowing the viscosity of a fuel and the calibra-
tion of the filter, the flow time of the fuel may be calculated. In addition, in Fig. 11 when
the average flow times (including that calculated for D62) were plotted against the average
plugging volumes the data again fitted a straight line. This indicates that if the filter cal-
ibration, fuel viscosity, and carbon contamination are known, then the plugging volume can
be calculated.

Effect of Head of Fuel on Filterability

In the previous experiments, most of the filterability runs were made with the head
of fuel maintained at 12 inches. To gain some idea of the quantitative effect of increasing
the head of fuel on plugging volumes, runs were made comparing the filterability of each
fuel at a head of 12 and 18 inches. The data are given in Table 2. The plugging volumes
at both heads are plotted in Fig. 12. A straight line is drawn as the best estimate of the
relationship. This linearity is strengthened by the plot in Fig. 13 of the flow time of the
clean fuel at 12 and 18 inches head. This is further confirmed by the study of the effect
of head of fuel on calibration time discussed later.

r
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In addition, consideration of the viscosity of the fuels and the isooctane standard in
Table 2 also adds credence to the validity of the data. The viscosity of fluids may be com-
pared by the equation

nF tFdF

ni tidi
(1)

in which n is the viscosity, t is the flow time, d is the density, and the subscripts F and i
refer to fuel and isooctane respectively. Then

nFdi tF

nidF ti
(2)

derived from Eq. (1) compares the relative flow times of fuel and isooctane. If

nFdi

nidF

is set equal to A (as in Table 2) and tF/ti equal toB, the ratio

B
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If unity is obtained from the experimental data, then the system conforms to theory. In
Table 2, all the values of this ratio derived from the data are slightly greater than unity.
Nevertheless, these calculated ratios are close enough to unity to show that the system at
both heads of fuel conforms to theory.

Relation of Change in Head to Change in Calibration

When all other things are equal, plugging volumes of fuels vary inversely with the
calibration times of the filter papers as shown by the data in Fig. 2. In order to compare
two fuels accurately, they should be filtered through filters having the same calibration.
Considering the range of calibrations of present filters (Fig. 7 in Ref. 12), it is not feasi-
ble to select a sufficient number of filters having the same calibrations to permit compar-
ison of even a small number of fuels. A method for correcting calibration times to a stand-
ard value would be very useful.

In the present method, changing the head caused the calibration and the fuel flow to
change in a regular manner as shown in Table 2 and Figs. 3 and 13. These results suggest-
ed that it might be possible to bring calibrations of filters to a standard value by suitably
adjusting the head of fuel. It was first necessary to learn if the corrections could be ob-
tained and applied in a simple manner. Therefore a brief preliminary probe of the rela-
tion between calibration (C) and head (H) was made.

In these experiments isooctane was used as the calibrating liquid because it is com-
monly employed as a standard of reference in filtration work. The calibration procedure
described earlier was followed. To allow variation of the head, a 6-inch extension of py-
rex tube was inserted between the lower end of the glass apparatus and the filter cell. Air
inlet tubes of different lengths were used to establish the head of liquid between the limits
of 10 to 18 inches as desired. The flow rate (F) of the liquid through the filter is propor-
tional to the head. Calibration (sec/100 ml) is inversely proportional to the flow rate
(ml/sec). The results of calibrating two filters at various heads are reported in Table 3.
Each filter was first calibrated at a 12-inch head and then the flow time of each filter was
measured in the order given in Table 3. The observed flow rate is the reciprocal of the
calibration time. The calculated flow rate equations are derived from the observed values
by the method of least squares. From these equations it was calculated that an error of
±0.25 inch in adjusting the head would lead to errors of ±0.07 and 0.06 ml/sec in flow rates
of filters 1 and 2 respectively. The plot of flow rate versus head for filter 2 is given in
Fig. 14, in which the points represent the observed data, the line represents the equation
obtained by the method of least squares, and the rectangles represent the limits of error.

Since the flow rate (F) and head (H) data approximated a straight line relation so close-
ly, it is possible to calculate the change

( dC
ýdH)

in calibration (c) caused by altering the head, as follows:

1C-- (4)
F

F =mH +b.

12

(5)
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Table 3
Effect of Head on Calibration and Flow Rate of Isooctane (720F)

Filter 1

1 12 24.2 , 24.2 4.1.3 4.09* -0.04
2 18 17.5 , 17.4 5.71 5.68* -0.03
3 16 19.4 , 19.4 5.15 5.159C 0.00

4 14 21.6 , 21.7 4.61 4.62" +0.01
5 12 24.8 , 24.7 4.03 4.09 * +0.06
6 10 27.8 , - 3.60 3.56' -0.04

±0.03 avg

Filter 2

1 12 23.8, 23.7 4.20 4.21t +0.01
2 10 26.7 , 26.8 3.75 3.73t -0.02
3 12 23.8 , 23.8 4.20 4.21t +0.01
4 14 21.2 , 21.2 4.69 4.72t +0.03
5 16 19.4 , 19.3 5.15 5.18 t +0.03
6 18 17.6 , 17.6 5.68 5.66 t -0.02

±0.02 avg

*Calculated flow rate by least squares F = 0.265H + 0.91.

tCalculated flow rate by least squares F = 0.241H + 1.32.

Differentiating Eqs. (4) and (5) give Eqs. (6) and (7) respectively

dC -1
dF F 2

dF
-~ M.

Combining Eqs. (6) and (7) gives

dC dC dF m
dH dF dH F 2

Substituting Eq. (5) for F in Eq. (8) gives

dC _ mH_+b__

dli (ml +b) 2

r:

0

(6)

(7)

(8)

(9)

Equation (9) shows that the relationship is not linear and that the calibration varies inverse-

ly with the head. Table 4 presents a comparison of the change in calibration with the

change in head using the experimental data and values derived from Eq. (9).

Flow Rate (F)
Deviation

obs calcd (ml/sec)
(ml/sec) (ml/sec)
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12 14 16
ISOOCTANE HEAD (INCHES)

Fig. 14 - Effect of head on the flow rate
of isooctane through the filter (72 0 F)

Table 4
Comparison of Estimated and Calculated Change

in Calibration with Change in Head

Head Calibration Estimated' , Calculated 4
(inches) (sec/100 ml) AC/Al H dC/dH Deviation
ichs se m J (sec/inch) (sec/inch)

10 26.7 -1.73
11 -1.45 -1.53 +0.08
12 23.8 (-1.35)t -1.37 +0.02
13 -1.25 -1.22 -0.03
14 21.3 (-1.10)1 -1.10 0.00
15 -0.95 -0.99 +0.04
16 19.4 (-0.93)t -0.90 -0.03
17 -0.90 -0.82 -0.08
18 17.6 -0.75

*Estimated from calibration data for heads one inch above and below.
tCalculated from Eq. 4.
4Estimated from calibration data for heads two inches above and
below.
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These probing experiments show the feasibility Of preparing a set of corrections so

that the head may be varied to obtain a standard calibration. In order to demonstrate the

principle, the data in Table 4 were collected over a wide range of heads and calibrations.

Variations of a much narrower range would yield a sufficient number of useable filters for r

practical purposes (see Fig. 7 in Ref. 12). Furthermore, plugging volume is defined as

the total volume of fuel which has passed through the filter by the time the fuel flow rate

through the filter has decreased to 10 ml/min. Both the calibration and the fuel flow time

change linearly in the same direction when the head is varied. Therefore adjusting the

isooctane calibration of the filters to a standard calibration by varying the head over a

suitable range should yield an acceptably accurate plugging volume.

Effect of Fuel Aging and of Soluble Gum on Viscosity

As shown earlier (Fig. 5), viscosity has a major influence on the plugging volumes

of fuels. It is conceivable that the viscosity of a fuel could change with aging and/or an

increase in soluble gum, thus affecting the comparative filterability of fuels. Table 5 con-

tains viscosity and soluble gum data for the fuels used in these experiments. With the ex-

ception of fuel D139 which was almost fresh, the fuels were about three years old when the

first viscosities were determined. Since the data show no appreciable changes in viscosity

during the next fourteen months at ambient temperature, it is evident that the results of

the filterability studies were not affected by interim viscosity changes. The data also show

that neither the soluble gum content nor the Viscosity is significantly changed by the addi-

tion of the carbon and subsequent filtration.

Table 5

Effect of Ambient Storage of Fuels on Viscosity and Soluble Gum

Storage Time of Fuel (Months)

Fuels 0 24 36 42 42*50

Viscosity (centistokes) t

D62 - - 3.60 3.60 3.60 -

D65 - - 3.26 3.26 - 3.31

D63 - - 2.78 2.81 - 2.82

D67 - - 2.40 2.42 2.41 2.41

D66 - - 2.35 2.35 2.35 2.35

D139t - - 1.76 1.77 1.79 1.78

Soluble Gum (mg/100ml)§

D62 2.15 2.4¶ - 10.8 9.4 -

D65 4.05 31.8** - 75.3 - -

D63 4.25 18.9 5 - 31.7 - -

D67 4.65 7.9 5 - 11.3 13.4 -

D66 2.85 7.2** - 15.6 17.2 -

D139t - 1.0 1.8 -

*After filterability studies with 1.0 mg carbon/100 ml.

tViscosity at 100°F by ASTM Method D-445 (14).
tFuel D139 was almost fresh when the other fuels were 36 months old.

§Soluble Gum - ASTM Method D381-56T, by steam jet at 500'F (15).

5Average values for soluble gum from Navy-CRC Barge Storage Program Pre-

liminary Report - Draft No. 2 (July 1957).
**Average of four determinations.
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Table 6 presents viscosity and soluble gum data for fuels stored at 2100F for 16hours ..
in accelerated stability studies. These fuels had degraded considerably in other respects
(2). However, neither the heat treatment nor the increase in soluble gum content produced
noticeable effects on the viscosity. It can be presumed therefore that filterability should r

also be a valid measurement in accelerated predictive stability studies of fuels. In other
words, it is likely that changes in measured filterability must be due to the formation of

insoluble suspended matter in the fuel during aging, and not due to changes in viscosity.

SUMMARY AND CONCLUSIONS

1. The filterability of distillate fuels which contain a given amount of sediment is di-

rectly proportional to the viscosities of the fuels.

2. The effect of temperature on filterability was demonstrated to be pronounced and
due to the change of fuel viscosity with temperature.

3. The filterability of a given fuel is directly proportional to the height of the column
(head) of fuel maintained above the filter.

4. A quantitative relationship of filter calibration to head of fuel was established. It
was shown that variations in calibration could be corrected by adjustment in the height of
the fuel column over the filter.

5. Data obtained during fuel aging show that there is no significant change in fuel vis-
cosity due to aging at ambient temperature for as long as 14 months or at 2100F for 16

hours. This implies that changes in fuel filterability must be due to the formation of insol-
uble suspended matter in the fuel.

6. The good repeatability of plugging volume data emphasizes the suitability of the sim-
ple gravity-flow method for rating filterability.
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