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INTERNATIONAL STANDARD

I1SO 3648-1976 (E)

Aviation fuels — Estimation of net heat of combustion

1 SCOLE AND FIELD OF APPLICATION

1.1 This International Standard specifies a method for the
estimation of the net heat of combustion of aviation fuels,
in meggjoules per kilogram or British thermal units per

pound.

t is not applicable to pure hydrocarbons.

1.2 The method is purely empirical and is applicable only
to ligdid hydrocarbon fuels which conform to the
requirements of specifications for aviation gasolines, or

aircraft
turbine
Aviatio

turbine and jet engine fuels of types Aviation
fuel, wide cut; Aviation turbine fuel, high flash; and
0 turbine fuel, kerosine {see note 1). The method is

intendefi for use as a guide in cases where an experimentally
determiped heat of combustion is not available and cannot
be madg conveniently, and where an estimate is considered

satisfac
similar

combustion shall

ory. It is not intended, for specifications and
purposes, that estimated values of the net heat_of
be used in place of experimentally

determiped values (see note 2}.

NOTES

1 Intergationally understood designations used by the air transport

industry
JpP-4,
JP-5

may be encountered, for example :
IAvtag and Jet B for Aviation turbine fuel, wide cut;

nd Avcat for Aviation turbine fuel, high flash;

Jet Al Jet A1 and Avtur for Aviation turbine fuel, kerosine.

2 The

stimation of the net(heat of combustion of hydrocarbon

fuel from its aniline-gravity{product is justifiable only when the fuel

belongs

o a well-defined/typé for which a relation between heat of

combustjon and anilife-gravity product has been derived from

accurate

experimental \measurements on representative samples of

that typ:r. Even in-this case, the possibility that the estimates may

be in
recogniz

ror Jby>Jarge amounts for individual fuels should be
b
bd,

ISO 3675, Crude petroleum and liquid thro/eum products
— Determination of density ,or) relgtive density —

Hydrometer method.)

ISO 4260, Petroleum prodicts — Determ
content — Wickbold combustion method.

3 PRINCIPLE

3.1 Correlations have been established

nation of sulphur
)

between the net

heat of combustion and the product of the aniline point in

degreés Fahrenheit and APl gravity,
assuming the sample to be sulphur-free,
following equations :

3.1.1 Where the net heat of combustior
units (megajoules per kilogram) :

These relations,
are given by the

is required in SI

2 REFERENCES

ISO/R 91, Petroleum measurement tables.

1SO 2192, Petroleum products — Determination of sulphur
— Lamp method. )

1SO 2977, Petroleum products and hydrocarbon solvents —

Determ

1) Atp

ination of aniline and mixed aniline point.

resent at the stage of draft.

Equa-
Type of fuel Equation tion
No.
Aviation gaso-
line, Grades Qp(net)=41,955 7 + 0,000 295 43 (AXGH| (1)
100 and 115
Aviation tur-
bine fuel, Qp(net) =41,8145 + 0,000245 63 (AXG)| (2)
wide cut
Aviation tur-
bine fuel, Qp(net) =41,668 0 + 0,000.245 63 (AXG)| (3)
high flash ’
Aviation tur-
bine fuel, Qp(net) =41,679 6 + 0,000 254 07 (AXG)| (4)
kerosine
where
Qp(ner) is the net heat of combustion, in megajoules

per kilogram, on a sulphur-free basis;
A is the aniline point, in degrees Fahr

G is the API gravity, degrees.

enheit;
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3.1.2 Where the net heat of combustion is required in
U.K: non-metric or U.S. Customary Units (British thermal
units per pound) :

3.3 The empirical linear equations {1), (2), (3), (4) and
(6), (7), (8), (9}, for the estimated net heat of combustion
were derived by the method of least squares from accurate
data on fuels, most of which conformed at least
approximately to specifications for aviation gasolines, or
aircraft turbine and jet engine fuels of types Aviation
turbine fuel, wide cut; Aviation turbine fuel, high flash; and
to specifications for Aviation turbine fuels, kerosine,

Equa-

Type of fuel Equation | tion

No.
Aviation gaso- ' .
line, Grades Qp(net) = 18 037 + 0,088 32 (A X G} (6)
100 and 115
Aviation tur- .
bine fuel, Qp(net) = 17977 +0,10566 (A X G) (7)
wide cut
Aviation tur- . )
bine fuel, Qp(net) =17914 + 0,106 6 (A X G) (8)
high flash
Aviation tur-
bine fuel, Op(net) =17 919 + 0,109 23 (A X G) (9)
kerosine

where

Qp(nety is [the net heat of combustion, in British
thermal unit$ per pound, on a sulphur-free basis;

A s the aniline point, in degrees Fahrenheit;
G is the AP] gravity, degrees.
3.2 To correct| for the effect of the sulphur content of the

sample on the net heat of combustion, apply the following
equations :

3.2.1 Where the net heat of combustion is required-in Sl
units (megajoulgs per kilogram) :

Q'= Qp(net) MJ/kgx (1-0,015)+0,1016S ... (5)
where

Q' is the npt heat of combustion/ in megajoules per
kilogram, of the sample containing'S % sulphur;

S is the suiphur content.of.the sample, as a percentage
by mass;

0,101 6 is a|constantbased on the thermochemical data
on sulphur chpounds.

4 PROCEDURE

4.1 Determine the aniline point of the sample, A', in
degrees Celsius to the nearest 0,15C. as spgcified in
ISO 2977. Obtain the aniline point, A, irl degrees
Fahrenheit to the neargst 0,2 °F from table 2 refdrred to in
ISO/R 91 or from the relation

A=T18A"+32

4.2 Determine the APl gravity of the sample, {5, to the
nearest 0,1 APl as specified in 1SO 3675 (sub-clapse 8.3 or
annex).

4.3 Determine the sulphur content of the sample} S, to the
nearest 0,02 % (m/m) sulphur as specified in 1SQ 2192 or
1SO 4260, depending upon the volatility of the sample.

5 EXPRESSION OF RESULTS

6.1 Calculate the product of the aniline point {n degrees
Fahrenheit and the gravity in degrees AP[; rourld off the
value obtained to the nearest integer.

5.2 From tables 1, 2, 3,4 or 5, 6, 7, 8, makg a linear
interpolation between rows, bracketing the anilipe-gravity
products, and within columns, bracketing thg sulphur
content of the sample. The tables used shall |be those
applicable to the type of product being tested; that is tables
1 or 5 shall be used for Aviation gasolines; tab%s 20r6
shall be used for Aviation turbine fuel, wide cut; tpbles 3 or
7 shall be used for Aviation turbine fuel, high flash; and
tables 4 or 8 shall be used for Aviation turbjne fuels,
kerosine.

3.2.2 Where the net heat of combustion is required in
U.K. non-metric or U.S. Customary Units (British thermal
units per pound) :

Q' = Qp(ner) Btu/lb x (10,015} +437S8 ...{(10)
where

Q' is the net heat of combustion, in British thermal
units per pound, of the sample containing S % sulphur;

S is the sulphur content-of the sample, as a percentage
by mass; '

43,7 is a constant based on the thermochemical data on
sulphur compounds.

5.3 From the values obtained in accordance with 5.2,
make a linear interpolation for the sulphur content within
the row for the calculated aniline-gravity product.

Example :
Sample : Aviation turbine fuel, wide cut

Determined values :

Aniline point A=137°F

Gravity G = 54,8 °API

Sulphur content S$=0,10 % {m/m)
Calculated value : A XxG=7508
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"By interpolation from tabie 2

I1SO

6.1 Repeatability

3648-1976 (E)

The difference between two test results, obtained by the

ly in one case in

2)

dependent results
ing in different
bould in the long
tion of the test
y in one case in

AXG 0% 01% 0,2% same operator with the same apparatus under constant
sulphur sulphur sulphur . operating conditions on identical test material, would in the
long run, in the normal and correct operation of the test
7400 43,63 43,57 method, exceed the following value on
7 508* 43,66** 43,63%** 43,50** twenty :
7 600 43,68 43,61 0,012 MJ/kg (see note in 6
5 Btu/lb
or table &
6.2 Reproducibility
a6 0% 0,1% 0,2 % The difference between two single‘and i
sulphur sulphur sulphur obtained by different operators® work
~ laboratories on identical test\material, v
7400 18758 18729 run, in the normal and,\Correct operg
7 508* 18 769** 18 755*** 18 740** method, exceed the following value on
7 600 18 779 18 750 twenty :
‘ 0,035 MJ/kg {see note)
* Valjue calculated from determined values. 15 Btu/lb
**  Firft step : Interpolati t in col b ti
the SUI’;;‘urscg?nen: erpolation between rows in columns bracketing NOTE — Thete values and all other values

* ¥ *

Estimat

6 PRE

The pre
examing

Seg

CISION

bd net heat of combustion : 43,63 MJ/kg

bond step : Interpolation within a row between columns.

18 755 Btu/lb

cision of the method, as obtained by statistical
tion of inter-laboratory test results, is\as-follows :

calculated using the following equation :
1 Btu/lb = 0,002 326 MJ/kg

7 TEST REPORT

Report the result in megajoules per ki
thermal units per pound as the estim

involved have been

ogram or British
hted net heat of

combustion, and make reference to this International

Standard.
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TABLE 1 — Values of Q' for Aviation gasolines,
calculated from equations (1) and (5)

TABLE 2 — Values of Q for Aviation turbine fuel,
wide cut, calculated from equations (2) and (5)

Net heat of combustion, MJ/kg

Net heat of combustion, MJ/kg

Aniline-gravity Aniline-gravity
product 0% 0,1% 02% | 03% 04 % product 0% 102%|04%106%!08%]10%
sulphur | sulphur { sulphur | sulphur | sulphur sulphur | sulphur [sulphur| sulphur| sulphur sulphur
4 000 42,78 42,74 42,71 42,68 42,65 5 200 43,09 | 43,03 | 42,96 | 42,89 | 42,83 | 42,76
4 200 42,82 42,79 42,75 42,72 42,69 5.400 43,14 | 43,07 | 43,01 | 42,94 | 42,88 | 42,81
4 400 42 86 42.83 42 79 42 76 42 73 5 600 4319 14312 14308 14299 | 42 93 | 42,86
4 600 42,90 42,87 42,84 42,80 42,77 5 800 43,24 | 43,17 | 43,11 | 43,04 | 42,977 | 42,91
4 800 42,94 42,91 42,88 42,84 42,81 6 000 43,29 | 43,22 | 43,16 | 43,09\43,0R | 42,96
5 000 42,98 42,95 ' 42,92 42,88 42,85 6 200 43,34 | 43,27 | 43,20 | 4314 | 43,0 | 43,01
5200 43,02 42,99 42,96 42,93 42,89 6 400 43,39 { 43,32 | 43,25,.('43,19 | 43,1 | 43,05
5400 43,07 43,03 43,00 42,97 42,93 6 600 43,44 | 43,37 | 43,30 | 43,24 | 43,17 | 43,10
5 600 43,11 43,07 43,04 43,01 42,97 6 800 43,48 | 43,42.1'43,35 | 43,28 | 43,2p | 43,15
5800 43,15 43,11 43,08 43,05 43,02 7 000 43,53 | 43,47 +43,40 | 43,33 | 43,2 | 43,20
6 000 43,19 43,16 43,12 43,09 43,06 7 200 43,5871, 43,62 | 43,45 | 43,38 | 43,3p | 43,25
6 200 43,23 43,20 43,16 43,13 43,10 7 400 43{63)[ 43,57 43,50 43,43 | 43,3p | 43,30
6 400 43,27 43,24 43,20 43,17 43,14 7 600 43,68 | 43,61 | 43,65 | 43,48 | 43,41 | 43,35
6 600 43,31 43,28 43,25 43,21 43,18 7 800 43,73 | 43,66 | 43,60 | 43,53 | 43.4p | 43,39
6 800 43,35 43,32 43,29 43,25 43,22 8 000 43,78 | 43,71 | 43,65 | 43,58 | 43,5/ | 43,44
7 000 43,39 43,36 43,33 43,29 43,26
7 200 43,43 | 43,40 43,37 43,33 43,30
7 400 43,48 43,44 43,41 43,38 43,34
7 600 43,52 43,48 43,45 43,42 43,38
7800 43,56 4352 43,49 43,46 4342 TABLE 3 - Values of Q' for Aviation turbine fyels,
high flash, calculated from equations (3) and (5)
8 000 43,60 43,57 43,53 43,50 43,47
8 200 43,64 43,61 43,57 43,54 43,51 Net heat of combustion, MJ/ky
8 400 43,68 43,65 43,61 43,58 43,55 Aniline-gravity _
8 600 43,72 43,69 43,66 43,62 43,59 product 0% 102%|04%)06%|08%]10%
8 800 43,76 43,73 43,70 43,66 43,63 sulphur| sulphur| sulphur|sulphur|sulphpr| sulphur
9 000 43,80 43,77 43,74 43,70 43,67 4 200 42,70 | 42,63 | 42,57 | 42,50 | 42,44 | 42,37
9 200 43,85 43,81 |~43/,78 43,74 43,71 4 400 42,75 | 42,68 | 42,62 | 42,55 | 42,49 | 42,42
9 400 43,89 43,85 43,82 43,79 43,75 4 600 42,80 { 42,73 | 42,67 | 42,60 | 4254 | 42,47
9 600 43,93 43,89-'| 43,86 43,83 | 43,79 4 800 4285 | 42,78 | 42,72 | 42,65 | 42,59 | 42,62
9 800 43,97 43,94 43,90 43,87 43,83 5 000 4290 | 42,83 | 42,77 | 42,70 | 42,68 | 42,57
10 000 44,01 43,98 43,94 43,91 43,87 5 200 4295 | 42,88 | 42,81 | 42,75 | 42,68 | 42,62
10 200 4405 44,02 43,98 43,95 43,92 5 400 4299 { 4293 | 42,86 | 42,80 42,7F 42,67
10 400 44,09 44,06 44,02 43,99 43,96 5 600 43,04 | 42,98 | 42,91 | 42,85 | 42,78 | 42,71
10 600 44,13 44,10 44,07 44,03 44,00 5 800 43,09 | 43,03 | 42,96 | 4290 | 42,83 | 42,76
10 800 44,17 44,14 44,11 44,07 44,04 6 000 43,14 | 43,08 | 43,01 | 42,94 | 42,88 | 42,81
11 000 44,22 44,18 4415 44 11 44,08 6 200 43,19 | 43,12 | 43,06 | 4299 | 42,93 | 42,86
11200 44,26 44,22 44,19 4415 44,12 6 400 43,24 | 43,17 | 43,11 | 43,04 | 42,98 | 42,91
11 400 44,30 44,26 44,23 44,20 44,16 6 600 43,29 | 43,22 | 43,16 | 43,09 | 43,02 | 42,96
11 600 44,34 44,30 44,27 44,24 44,20 6 800 43,34 | 43,27 | 43,21 | 43,14 | 43,07 | 43,01
11 800 44,38 44,35 44,31 44,28 44,24 7 000 43,39 | 43,32 | 43,25 | 43,19 | 43,12 | 43,06
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