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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
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RESEARCH MEMORANDUM 

FUEL CHARACTERISTICS PERTINENT TO THE DESIGN OF AIRCRAFT FUEL SYSTEMS 

SUPPLEMENT I '-  ADDITIONAL INFORMATION ON MIL-F-7914(AER) 

MADE T-S FUEL AND SEVERAL FUEL OILS 

By Henry C. Barnett and Robert R. Hibbard 

INTRODUCTION:;:. 

Since the release of the first NACA publication on fuel character-
istics pertinent to the design of aircraft fuel systems (ref. i), addi-
tional information has become available on MIL-F-7914(AER) grade JP-5 
fuel and several of the current grades of fuel oils.' In order to make 
this information available to fuel-system designers as quickly as possi-
ble, the present report has been prepared as a supplement to reference 1. 

Although JP-5 fuel is of greater interest in current fuel-system 
problems than the fuel oils, the. available data are not as' extensive. 
It is believed, however, that the limited data on JP-5 are sufficient to 
indicate the variations in stocks that the designer must consider under 
a given fuel specification. 

The methods used in the preparation and extrapolation of data pre-
sented in the tables and figures of this supplement are the same as those 
used in reference 1. 

SPECIFICATIONS AND PHYSICAL PROPERTIES OF FUELS 

The properties of the various grades of marketed fuel oil are at 
present controlled by specifications (table I) written for industrial 
furnace requirements and home heating purposes. These specifications 
would undoubtedly be altered somewhat if such fuels were applied to air-
craft power plants. There is, of course, no means of predicting these 
alterations; so for the purposes of this discussion the variation of fuel 
properties under a given specification will be considered in comparison 
with' the existing specifications under which fuel oils are marketed. 

The fuel oils are derived from distillate and residual fractions of 
petroleum and are commonly identified by numbers (table I) corresponding 
to the various specification requirements. The more conventional uses 
of the distillate fuels (grades 1 and 2) are for home heating, Diesel 
engines, and industrial heating, where it is impractical to heat the fuel 
to improve flow characteristics. Residual fuels (grades 4, 5, and s) are 
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residues from petroleum stills and in marketed form are blended with less 
viscous materials. These fuels are used in applications where it is feasi-
ble to heat the fuel fo' flow improvement. 

The available data on physical properties for numerous samples of 
fuel oils have been compared, and the variations to be expected are sum-
marized in table II. Data on fuel oils 1, 2, and 4 were compiled from 
surveys of the U.S. Bureau of Mines (refs. 2, 3, and 4). Data on fuel 
oils 5 and 6 are quite scarce; therefore, it has been necessary to com-
pare the properties of single samples of these two fuels with averages 
for the three lower grades. 

Inspection data are available for only a few large batches of fuel 
procured under MIL-F-7914(AIR) grade JP-5. Other refineries, however, 
have supplied inspection data on samples typical of expected large-scale 
production under the JP-5 specification. All these inspections have been 
considered equally in order to illustrate the variation in physical prop-
erties that may be encountered under the JP-5 specifications. These data, 
shown in table III, have, been made available by the Bureau of Aeronautics, 
Department of the Navy. Throughout the subsequent discussion it will be 
apparent that the properties of JP-5 fuel conform closely to those of a 
grade 1 fuel oil. 

Density. - Appreciable variations of density may be encountered 
under current specifications for fuel oils and JP-5 fuel. This fact is 
illustrated in figure 1. The maximum percentage deviation from the aver-
age curves increases as the grade of fuel oil becomes heavier. For grade 
1 fuel oil, the maximum deviation is 2.7 percent; for grade 2 fuel oil, 
the deviation is 67 percent; and for grade 4 fuel oil, 8.0 percent. The 
JP-5 fuel (fig. 1(d)) shows a maximum deviation from average of about 5.7 
percent. As seen in figures 1(a), (b), and (d), all these deviations 
could be greater if samples meeting the maximum and minimum limits of the 
specifications were marketed. 

In figure 1(e), the average curves for grades 1, 2, and 4 fuel oil 
and JP-5 fuel are compared with data for MIL-F-5624A grade JP-4 fuel and 
data for single samples of grades 5 and 6 fuel oil. The density of the 
grade 6 fuel oil is about 23 percent higher than that of average JP-4 
fuel c' 600 F. 

Viscosity and pour points. - The variation of viscosity with tem-
perature for the fuel oils and JP-5 fuel is shown in figure 2. Viscosity 
data (tables II and III) were available at only one temperature (either 
...400 or 1000 F). For this reason the curves were estimated by extension 
through the known point and in a position parallel tb a more accurately 
established curve for JP-4 fuel in reference 1. All the samples of 
grades 1 and 2 fuel oils (figs. 2(a) and (b)) fell within the limits of 
the specifications (table I), but some samples of grade 4 were consider-
älly beyond both upper and lower limits of the specification. Regardless
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of this condition, the samples were averaged because the original ref-
erence sources (refs. 2, 3, and 4) indicated that all these samples had 
been marketed as grade 4 fuel oil. The viscosity - temperature curves 
for the various fuels are compared in figure 2(e). It is evident that 
extremely high viscosities may be encountered with the heavier grades of 
fuel oil. At 1000 F the viscosity of grade 6 fuel oil is approximately 
450 times that of JP-4 fuel. 

The low-temperature extremes of the curves in figure 2 are determined 
by the pour point. The pour point is a measure of the tendency of the 
fuel to flow and is determined by a standard A.S.T.M. procedure, (D97). 
In general, the heavier the fuel, the higher the temperature necessary to 
maintain the fuel in fluid condition. The relation between pour point 
and A.S.T.M. distillation end point (fig. 3), however, is no more rigorous 
than a similar relation for freezing point shown in reference 1. Both re-
lations are subject to the influence of fuel compositLon, which accounts 
for the scattering of data in figure 3. 

Volatility. - A.S.T.M. distillation curves for four of the fuel oils 
and JP-5 fuel are presented in figure 4. Some samples of grades 1 and 2 
fuel oils and JP-5 fuel are very near the limits permitted by specifica-
tions. As in the case of the specific gravity data (fig. i), the spread 
between minimum and maximum values of distillation temperature tends to 
increase as the grade of fuel oil becomes heavier. 

In figure 4(e) distillation data for four grades of fuel oil, JP-5 
fuel, and JP-4 fuel are compared. All the fuel oils and JP-5 fuel are 
coderably less volatile than JP-4 fuel as Indicatedy the high dis-
tillation temperatures.—Similar data for grade 6 fuel oil were not de-
termined, and the curve for grade 5 fuel oil is incomplete because of 
cracking of the sample at 10250 F. 

The true vapor-pressure - temperature curves for the fuel oils and 
JP-5 fuel are shown in figure 5. The data for the fuel oils and JP-5 
fuel were calculated by the method described in reference 5 1 and the curve 
for the JP-4 fuel shown in figure 5(d) is taken from reference 1. Only 
the average curve for the JP-5 fuel is presented in figure 5 since the 
differences between the maximum and minimum curves are quite small. The 
calculated values of vapor pressure for JP-5 fuel are as follows: 

Temperature, 
OF

Vapor pressure, 
lb/sq in. 

Max. Min. Av. 

200 0.52 0.37 .0.46 
300 3.06 2.51 2.92 
400 11.56 10.17 11.48

.1
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It is apparent in figure 5 that the volatility of the fuel oils and 
JP-5 fuel is much less than that of JP-4 fuel. At 1000 F the vapor pres-
sure of grade 1 fuel oil is about one-fiftieth that of JP-4 fuel. 

Latent heat of vaporization. - Latent heats of vaporization for the 
fuel oils, JP-5 fuel, and JP-4 fuel were calculated by the method de-
scribed in reference 6. The results are shown in figure 6. Average 
curves are not shown in figures 6(a), (c), and (d.) because of the narrow 
spread between minimum and maximum limits. A comparison of the fuel oils 
and JP-5 fuel with JP-4 fuel is made in the following table: 

Fuel  Latent heat, Btu/lb  

2000 F 3000 F 4000 F 5000 F 6000 F 

Mm. Max. Min. Max. Min. Max. Mm. Max. Mm. Max. 

ajp4 136 143 120 131 102 117  
JP-5 141 141 130 131 117 120 102 107 80 91 
Grade 1 fuel oil 135 139 125 128 113 116 97 103 71 87 
Grade 2 fuel oil 135 142 124 133 113 123 98 113 79 100 
Grade 4 fuel oil 145 147 134 139 123 129 111 120 96 110

aData from ref. 1. 

Dielectriccönstaiit. - in reference 1, the following equation was 
presented to permit the estimation of the dielectric constant from fuel 
specific gravity:

K = 1.667p + 0.785
	

(1) 

where: 

P	 specific gravity at any temperature 

K	 dielectric constant at the same temperature 

This equation was based upon a rather limited number of fuels but 
was found to represent the data with deviations no greater than ±2 per-
cent. Since the issuance of reference 1, an additional check has been 
made to determine the extent of application of the equation. Data from 
references 7 and 8 indicate that the equation applies for paraffinic and 
cycloparaffinic hydrocarbons over a range of temperatures from _1840 to 
4100 F. The dielectric constants for pure aromatics are somewhat higher. 

,çCthan those of paraffins, particularly In the high density range. For 
this reason it is recommended that equation (i) be used with caution for 
ftels containing high percentages of aromatics. There is no accurate 
method to set the limiting value of aromatic concentration for use In 
this equation; however, on the basis of data available at this time It 
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is suggested that equation (1) be used for estimation of dielectric con-
stants only with fuels containing less than 25 percent (by volume) aro-
matics. 

Equation (1) has been used to estimate the dielectric constants for 
the fuel oils and JP-5 fuel. The specific gravity curves of figure 1 
were used in making these estimates. The results are presented in fig-
ure 7. 

Flammability limits. - Sea-level flammability temperature limits 
have been calculated by methods described in reference 1 and are presented 
in the following table: 

Fuel Sea-level lean temper- 
ature limit, OF

Sea-level rich temper-
ature limit, OF 

Mm. Max. Av. Spread Mm. Max. Av. Spread 
between between 
mm. and 
max.

mm. and 
max. 

aJ}_4 -6 34 15 40 49 95 74 46 
JP-5 119 141 128 22 195 221 205 26 
Grade 1 fuel oil 111 146 124 35 185 226 200 41 
Grade 2 fuel oil 116 208 159 92 191 299 241 108 
Grade 4 fuel oil 149 233 181 84 229 327 267 98 

bGrade 5 fuel oil-335 --- --- 446

8Data from ref. 1. 

bSingle sample. 

These data follow the trends illustrated for the fuels in reference 1 in 
that the temperature limits increase as the volatility of the fuels de-
creases. Also, large differences between minimum and maximum tempera-
ture limits may be encountered under a given specification. For grades 
2 and 4 fuel oils these differences are of the order of 800 to 1100 F. 

The lean and rich flammability limits of fuel-air mixtures have 
also been calculated by methods described in reference 1. These limits 
are shown in the following table: 

-J 
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Fuel Lean limit, 
vol. percent

Rich limit, 
vol. percent 

a_4 

Mm. volatility 0.73 5.27 
Max. volatility .91 6.28 
Av. volatility .81 5.72 

JP-5 
Mm. volatility 0.60 4.41 
Max. volatility .65 4.84 
Av. volatility .62 4.64 

Grade 1 fuel oil 
Mm. volatility 0.54 4.22 
M.x. volatility .65 4.84 
Av. volatility .60 4.57 

Grade 2 fuel oil 
Mm. volatility 0.47 3.80 
Max. volatility .62 4.69 
Av. volatility .55 4.24 

Grade 4 fuel oil 
Mm. volatility 0.42 3.40 
Max. volatility .60 4.49 
Av. volatility .53 4.06 

Grade 5 fuel oil 
Single sample 0.2 2.0

aData from ref. 1. 

The data in the preceding table are based upon completely vaporized 
fuel, and the calculations were made by using heats of combustion and 
molecular weights estimated from A.S.T.M. distillation data and specific 
gravities from tables II and III. 

CONCLUDING REMARKS 

Data reported herein supplement reference 1, which contains physical 
property data on NIL-F-5616 grade JP-1, MIL-F-5624A grade 1]P-3, and 
MIL-F-5624A grade JP-4 fuels. Fuels considered in the present report are 
MIL-F-7914(AER) grade JP-5 fuel and grades 1, 2, 4, 5, and 6 fuel oils. 
The physical properties included in this study are density, viscosity, 
pour point, volatility, latent heat of vaporization, dielectric constant, 
and flammability limits. Data are presented to illustrate the variation 
of physical properties under existing specifications. 

Lewis Flight Propulsion Laboratory 
National Advisory Committee for Aeronautics 

Cleveland, Ohio, September 16, 1953 



NACA RN E53116
	

7 

REFERENCES 

1. Barnett, Henry C., and Hubbard, R. R.: Fuel Characteristics Pertinent 
to the Design of Aircraft Fuel Systems. NACA RM E53A21, 1953. 

2. Blade, 0. C.: National Annual Diesel-Fuel Survey, 1950. Rep. of 
Investigations 4746, Bur. Mines, Nov. 1950. 

3. Blade, 0. C.: National Annual Diesel-Fuel Survey, 1951. Rep. of 
Investigations 4830, Bur. Mines, Oct. 1951. 

4. Blade, 0. C.: National Annual Diesel-Fuel Survey, 1952. Rep. of 
Investigations 4935, Bur. Mines, Dec. 1952. 

'-5.Bridgeman, Oscar C., and Aldrich, Elizabeth W.: Vapor Pressure Data 
on Distillate Fuel Oils. Rep. 879-52R, Res. Div., Phillips Petroleum 
Co. 

'-6.Maxwell, J. B.: Data Book on Hydrocarbons. Second ed., D. Van 
Nostrand Co., Inc., 1951. 

7. Smyth, C. P., and Stoops, W. N.: The Dielectric Polarization of 
Liquids. III. The Polarization of the Isomers of Heptane. Jour. 
Pm. Chem. Soc., vol. .50, no. 7, July 1928, pp. 1883-1890. 

8. Dornte, R. W., and Smyth, C. P.: The Dielectric Polarization of Liq-
uids. X. The Polarization and Refraction of the Normal Paraffins. 
Jour. Am. Chem. Soc., vol. 52, no. 9, Sept. 1930, pp. 3546-3552.



C. 
UI 

-
U)

U)	 C) 

14	 C. 
O 0	 H 

O	 O U) 
C U)	 U) 

U) 

a)
U) 

0	 0 
C) 
0

H	 C 
0 
C 
C.

- H	 H 
H	 H 
0	 0 

O 0 .0 
0	 0) 
0 

O 
H a) 

CI	 C 
O 
IC

0	 0 
0	 H C. 

0
H	 U) 
0.0 

O 0 
U.	 H 

U) 
0

H	 C.. 
H	 H 0 0	 0 

a)
0	 0 
H	 0. 

a) 
IC

U)	 a) 
co H 

tIC 0	 0 0	 0) 
-

43	 0 
0.0 H 

00 0)	 U) 

U) U)	 - 
O 

O
0	 1. 
0	 0 

a)
> 

1.0	 C) 
0 
O

001)	 0 HO	 0 
C. 
C.

HU) 
C) 

C) 
C-. 00 

U)	 C) 
00 
OH

00	 01 
.0C.	 0 4310 .0 

-IC C. 
 00	 0 4-U) 

C CC) 
0>	 0) 010 

00 14
H	 10 

1.100) U)H 
00

0 0)4.) U)U)4) 0	 C. 
00	 0 

0)0 C HHH 
000

0	 U) 
.00-.	 a) U)H 

O
1.0 
OC.

U)OHHH 
HHH

00 
C.	 4-. U)C-. 

IC
Coo 
HO,

OH
000 lOU)	 0 

P.0 00 10 ZZZ 01	 a) 
00	 C 

U) 
.0

.00-0 
U)C.OH 

U).0 
HU) 
OH C)

______ HU)U) 
C.00H 
0)C.U) 

U 
C

U) 
IC

00100 
UC.	 0 

00 
HO

C. 
U)

U)	 C.0 
a)U.W 4)0 

00 .000>, 
ICHOU) 

o U) 
CC.

H 
H

H CU U. 0)) 10 U)  

CU)	 U) 
CO 
00

0 00001) 
00CC. 

00 
0 

O

H 
0 
0

004-)H 
0	 0 
C.01-oO' 

HO 
H

Co.
-

004)00 
0C. 

U) 
00

0  

HC.U)C. a))) 
OH 

4..
0000. 
OHW>a) 
U)HOG)C a)H 

HO 00000 
Oc-.C.OH H)) 

00. H.0 U) 
U.U)OUH 

a) 
H U)ICU) 

0000 
00) 
10.0 
4-.

O 
H	 HO 
Ca)HC.. 

U. 
C. Id

OCHH>. 
0000 

00 C-. U)H	 00 
WU)a)P. H .P 

00 
CCC)

H04.)a)C. 
4-tOO	 0 
HHC)G)U) 

10 
OW 
OC.

OC-)0U)C 
OH	 0 0.a)U)U. HH 

0
a)a)HOfr.. 

0	 0) 
00 
4oC.

a)	 U)	 0 
.00000 

)CU) 

U.C.
U.04-o CC 
Ida)	 coH 

HG.. 0000.0 
.CH0.U) a)H 

a)O
a)U) 
U)	 a)C.C. a)a) 

0 HCoa)OW 
00000 11100 

COO
H	 HP.O 
H4O	 H 

Wa) 
COCa)

C.O	 WU) 
OU)W.CC U)43a) 

0))	 10 
OH

COU)10H 
HHOHO 
0C..CO. OH 

•	 IC  
a)WU) 

U)OH C.U)C.00 a)O 
1-100  C010.

0	 0)	 0 
U)HOG) 

toOa) 
.0

0	 HU)C 
U)	 0 

1CC 

CU)

H	 o.) 
0	 0

8	 NACA EM E53116 

CIU 
0 
,-lO 0 
0CC 0 I I I 00)0 00 

tt
I 
I

I 
I

I 
I 

C.	 U) 
o 0..-

10. I I 
00) 

U)H
LI) 00 I I 

>10-1 
IC	 0

0') CU I 

00 

• 0 I I I C)) - 
U, 
U)

C.. '-I I I I I U) 

H 0 
a),II 
00)

CC 
C)) 

C) H 14 I I I H CO a). 
,-Ia)
>0  

UI 
U)

I 
I I

I 
I

01) 0') 
CO 

00 I CO H HU) 
U)0) U.

0 
H H

I 
I U)

. 
CU OH 0)4) 0 U) I to 

00 
00

0 
0 0) 0)) -o HO 

U)
H 14 

IC CC) . 
00

I 
I 

U) CU 

CO. U). 
0 014 U) I I 

• 
a)

U)HIC 
0010 
100.

CC) 
10 I 

I
I 
I

I 
I 

Ii) 
C.

U) 
U) 0 
IC 
C.

CI 
C) 

C) CC.I4 I 0)) I I P. 
O 
O

0410 
00 
IH

I N- 
00

I I 

U) 00 
0110. 

0 
H U) 
U) 
O

0 
I) 

H 
H

0 
C,	 ..14 0 I I I H 

U)
a)U)IC 
0.00

CU

I
I I 

0) 
H

1,-I 
00 P HP. 

WU. - 
O.U)U)• I 0 0 I 
- U)CoO I

I H H
I .0CHO 

000 I 0 

U) a)U) 
0	 0	 000 U) 11) I I 010	 00014 
U)H	 04)00 H ) I 

I
I 
I

I 
I C.a)0IC.4-'C.E 

O C) 00 011 0 I) 0 I I 
U C.OH 0.U) Q.

0 
C.	 I	 •	 0. o 0 0 0 0 
a)	 ,-IU)IU)	 1014 
U)U)U)OC.)O	 HI)) 0 

C.
H 

.
U) 0 0 

ICOG0000U,OE H 0 H CU I') 0100.0.0> 

U) 

OHU.IC 0 0 0 I 0000 
Q. CC) 

U)
C) 

• C. C. C. C. CU) 
a)C•C

OH 
IC

OH 
0-

OH ca OH 
II) OH4H OCO 000 000 0Co 0 HO	 0 

CO. 0.
001) 
H H 001) 

H H
0)) 
H H

toG) 
H H

U) 
H 

IC.. I 0) I	 0)1)0 
CIC.1 C. 0) C 

H
I	 C) 

H0.CH
I 

C. 
O

HOG)	 C) 
HCa)U)

100C.U) 
U)OOH

I a) 
C.	 001)

HHU)U) 
OH.-IH

0) 
C	 P. 1) 

U)
HC.C.C.O 
HOGIC.

H	 0.0 
HG)	 a)

0)	 C.H 
CU)P.U)

OUH 04)	 H
HU) 

01011 
co 00.U)CCO 0 ba)U) 1.0	 H 0.000 OP.C..CH 
C. 
10

IC	 C. 
0>0001

001.0 
G)0.HWC.

OC.CH 
U)	 U)H

U,000 
U)H0.4-t

0)0.0100 
OHU)H0 

• 
U)	 0.U)H s,	 X..

U)C.U)000 
IJOOC.

OHO 
1.000

)	 0. 
HC.HCO

00.00.. 
C.G) H HOU)C.44 H0.0010 00	 0. 001000 00.00>, H 

O
HG-.	 I	 C) 
H	 4)010

H	 .0.0 OH
 

HH	 HH
1-0HU) 

I w bo
OCOH H	 0	 4) 

10H 
H

4)004)0 
a) 01) 0. OH U)000C.O 

a) C. H H H
HICO.0 
H H 0. H

HO	 0 
a) U) a) 0

HC.0.0a) 
H C)	 H 0 a) HO	 C.H HU4I	 OH 0HH4U C)	 0.0 00.04)0 0000U)Ha) 

00000
U)Ca)a)OG) 

000)00
0100 

CU)a)
C.C.Oa) 

OHC.
C.U)U)a) 

COHHH 

cu Lr)

U)

HI 
0 

U) 
U. 

)0 
0 
10. 
a)) 
H 
z 

U) 
U) 
H 

Co 
U) 

0 

H 

U) 
0-) 

H



•
bo 0.

I	 I	 I	 I	 I 
I	 I	 I	 I	 I I I I H 

10
N CO 

 U)
to 
U)

to 
H

I 
I 

ID I	 I	 I	 I	 I I I . 0)10 H CO I 
'-Ito 
COO

11111 
11111

I 
I

I 
I

0 .-I 
0

to I 

0) 0.

00011 
lOOtoll

0 
to

0) 10
toO) 
10

I)) 
0)

0 0) I 
10 0) NO)	 I	 I 

II I 0
00) 
•-I

.-) CO I 
COO II I 0 

-IOtoNCO II) I ID 0)10 N U) I 
4) .-I 
H 4)	 .

CO N 0)0)0) 
to to 0)10(0

I I 
I

10 
0)

H CO 
0) 10 0 

CO
I 
I :d 

14 
10

00000 
N to NO 10

11) I 
I

0 
1)

lOto 
(0 .

0) 0 to
I 
I 

Z to U) ON N I 
I CO

0) C) 
•,-1

N 
to

CO I 
I 

0 

to

OCOOCIto 0 I CO OCO -I 0 I 
H N CO torn H 

rOtotorOlO
(1) 

I
I 
I

CO N 
COH

-4 10 
,-)

I 
I 

I 0 .10 
0

(4 I 

4-I 
o	 o 

00 
0)00) 
(1 -I 00 000)00 00) I II) I 0) U) U) I 

U) COO, 
0000

H H	 - H H I H I	 -I -1 H I 

ZOO 

41 O (ONU)IOH N 0) 00) COto to N H 
0) 
14

4-IH 
H4

r -l000to 
lOtoU)U)10

I 0) 
CO

to- 
0)0

0) '0 
H

41) 
H 

0) 
0)

0)00 
E00

. 
0

.10 

0

CO 

o OHNOCO 0 CO to to)) 0) to U) 
-

Cd 
E

NH400)H 
to U) U) ION

(4 II) 0) 
.

0- 
00

CO CO 
CO

N 
H 

0 
0

0 .14 
0

)0 

CO

1) COI0t00)0 0) 0 to ON 0) CO CO 

H HNtoON 
10IOtoU)U)

11) 
I

CO 
I

-4 
C)

C)- 
Oto 

to
0 
CO

1)) 
H

CO 
H 

0 0 
44 
o 
0)00) toU)I0100) H H Ct) lU) to 0 0) 

010101010 0) 0 10 II') 1)) CO H 
U) P.0) 
000041

H H -I H -I H H I	 -I -I -I -I 
010> 
Zoto 

.1)1, OlOtoOO H 10 II) 1014) CO 0 0) 43 H 
H 4) •

U) 0)100) to 
101') to to U)

to 
I

11) 
I H 

•
H 
0) CO

N to 
H

to 
H 

0)0> 0 •to 
0

H 

14 100 U) 0 U) U) 0 H H N 10 0) H 
to OH NO CO 

IOtotoU)IO
I H 

I
U) CO 

00
H (0 

-4
N 
H 

0 •to 
0

CO 

-I
c 010101010 0) 0 H CO CO 0) 0) 1') (UlOOtoN 

II) 1') to to to
0) 

I
N 

I 0 
. 

0
0). 
N N 
•to

to 
H

CO 
-1

H 
-4 

- 0 - 
4-) 
o

041
NNNNN It) to 10 IN N It) U) 
1010101010 to to 10 110 II) U) U) 

00000

1)430 
0000) 0

Or H	 41 
4)..> >1 0 0. 

Or
10IUO4.0 
HO t)1) 43 0 

0)
0 
0

0. 0 
4) 
0)

H OH	 4) 
H0)O	 1) 0.0

0. 4) 
1)

s-.. 
0

0 H 0. 
0 

0 
CO

430	 CO	 HO 
01041	 0 -

41 10 0 
4)0 •

41 
1) 

O 
0)

.-IHCGH00000 
0)0)I000HU)0

. 43
43 
1)

0) 0
• 0)

10.4) 
0

4) 
1)

H 0 
4) .-)	 0) 

. 0)1)4)	 1)
1) H

H 
0

P. H. 
4-tH

Or4 
4)0 H 0 P. 

ZOOH	 014 
4)1)

0 
0.

0. • 
0)

>r.I . 
4OOr

HH
0)4) P, 0 

1) 
EIIOO,)-I 

. 0)41 0)
0) 
0

1) 
4-

HO. 
>0.-C

01) 
00

U) 
0

H 
H 

00)0. 0 0
0 
H

H
0

1000 
0)

01) 
H

0 
H 0. 1) 0) C) Or

r-0 
-0 
0 

I-) 
000 

0. 
0 co

Or 

0
CO 
(4 
H 
*1 
to 
•0 
0 
0) 
0 UI 
0 
z 

10 

NACA RM E53116
	

9 



10	 NACA PM E53116 

Eri

C) 

a)
NHNH 
)OCJNr-4	 • 

4)''J4 LUOo
HNH0 

LI)	 •	 • r4H	 •	 • O 8 r- LO 
C")	 • IN C')	 • 0)U)-di 

H,	 00	 LU
Wa)CDH 

4.) 
r1

• 
0	 H

0 

1r-1	 r- OLUO 
NHC)O.. 000ONQO0H .C')wr-a) 

a.) 
.i-4

>4 
al

Odl'4LULI)HH ,	 •.l H . .0o 
C"),U)	 •0Vc'.o.o

'•... 

4)
C'J	 00	 H	 CD •V)H 

•	 CO 
0	 H

0 
a) ____ I 

•
U)CODCOLU0 
Y)NHLf)CO	 • OC'JOCOOcO 

CO
co C.0 oc' 

0  
...41 0 	 •	 • 0C' tO -

'OH0'.N
0	 •	 •
CO)C\)H 

. HI	 • 0	 •' •0H \1	 °c; 0 

rd 
HG) 

r4	 .....

N0C\]LI)Nr-LU 
C')HHHH,-1 C')OOr-OU)'IU) 

HHHHH	 HUH
COCOCOCO. 
HH 

o —	 -' r. 
>4	 >4>4>4

—	 r. — r..	 ---' 0 
>4 >4>4>4>4>4>4o

0 — 
U>1s:1 

r-I 0	 Ono --"- -- A 00OLUL0000 0 U)	 - 
I 

-ri
H	 U).. 
-diLI)HH ILU0000044)

00 Q	 •.1 
CO	 OH C) 

U) C'JV)	 •HC')	 •s N	 C'..] 
P1 0	 CO 

H 0 C')

 

Lo Cd 

co
a) 0 0 

Lpq
ra P4 

.4.) r4	 G)G) G)G)	 Hd	 r4 (0 
P10 

4)	 -4 0
•' rc3 ..G) P...i-i	 (1)	 a) 0 

• HU)O 
+)H0001-4a)p4 

Pd
H4)ot4 

C)	 c	 I
r4	 •.r4 
c- iH+)o 

-s •r4W r1UJ)4)+).G)-1 
r4+)P1G)G)O4)0

•I-1P4 
E4ir1 'dCQCI) 

1G)0 r4r4Q) •O.c 
CI)cLH G)EE0'a)4)H oca 

G)O04)o4jQo (DCd 
• 0G)r40G) 

zIII
•r-4H

U'l 

ca 

to 

H 
0 H 
0 
Cl) 

H 
H 
H 

4.) 
•1-4 

Id 

I 









Iun..uuflu... •i.........fl.II..fl•Ufl••••fl•fl•fl•••UM*lUI••U1••V•U 
.flfl..U., B•U•T

£••UU .in.
.fl'l..U.flfl..... ••aI••S•U•••••I an 

a•I 
i..nu....m•s•I•••nn•••s••su••••flflU.....••flU•••••I•IUSUV ...........fl.......I..UU...•.ER•••U•S•I••••U••U•fl•••••••••UUUi••V•U•UNflaUS•••IU 

a..a.....j...uu I•.fl•fl••U•••UWiM•I £UI..U....U.I.l.UM 
nu..ns..nn..n.n....fl...W.U....l.U..fl.U...fltU•••W1'4Uflfn4t .I4...fl...fl.Oafl.. 

....fl.......t..fl 

•.........l.......fl fl nfl....fl• ••fl•flUI•••••••lu••••••••a 
INlR...N•II••I••••UU••flR•fl•U••I••M•UIS 11?u7fuhhh1fl 

.,n.i...Ufl fl......,n......I
fl•ra•••• 
••••4••n•

now, .n.n.w..u..u...n...a.t.ss.flsa..flfl••fl•flS•S•fl1 

OEM
.fll.flfl.'rnfl.fl.I 

US..U.,U.UUUUUl.UUUUUUI•••uIUUUUU 
.flfl.....flU, .nn. 

n.n.......n.nmn.nn...n.n.nu...nns.n•••n••na•i••I 
0 am

a.n...fl....fl Aflfl...Ufl.flfl..US. 
•••••UUUU•VI••••• 

BROKE •BUN•Ufl••fl•UU.•l 
•afl. ...flflfl..fla n.nn...n.ln..uIu.•••••••UU••US••Ufl••fl••fl•••lN 

flfl••flflUflflUflUSUSflSflflN•SKflU.•,fl fl,...flfl .
£flUflSAfl..••fl•UU•flfl•fl•SV.UMfl•Sflfl 

l.....fl'l..U....fl.SU.',. ....... 
'MAINE Mono  

•...................I..............U..UIU.•.•UUU••R•UU•IV
0	 Ann

AREAS 

•....u...M.....B.......n....u.....R••••••.•I••• 
fl.flnfll•su•nflnsnu•n••En••n•nS.flflfl•mn•••fl•••••UlU•tS 11111,112

 a• •fl•SUUfl•flV ,......•uI ..m....s. •flfl•Ufl• 
.n...fl.Ufl.•fl•••flU*•fl•fl moose •St••U•••.l.N..UU..flPflflVMfllfl ...n....a.......... 

..fl.lfl.U..fl•N•PflI•flflflflUU•••flflU••••flUU nsnu••••a••U•s.•rj•••S•E••••flW••••••U••U•00 MOM 

.u..u........fl.. flfl...UU.fl.l....MU. 
Jim

0 
an

C S
o ....flfl..i.nw..fl..eafl.....,......UUUU.U.V...•..lUflU• •fl'rn.....u..... 

101111H
EME us in on on I..... RUU....I.UIIU.••.•UU•••U••IUU•P••SU US 00 	 on x 

..n...fl...........Sflfl...flflSUfl ONOu.n...... 
In

••g•a•• 

•	 4..,... 
a..,,......, U••• . 
UR•l••NUUU'i••••••PIU•U . SEMEN ....u.w 

nwaUUUUUULUU•UUNNfl 
.Vi...U..... 

......l.. 
•

a um ..I..a....... 
U......OUU... 

. ..... 

fl...fl•U.Nflflflfl.UURflUNUU•••fl•flflflNflU n••a•I•••U•U•NUUuUNsn.NUU•UUU•NlIUUUU•
•U.A.n.•U,4U•..•O4..Umn. 4..,a....INaRN.....W..NUNUUUU

,•. a....l.UUUUUfl. ........... 
ONO

 
iUUU•U•U•UIUNUUUUUInNUUIUUU•NNNflflU•UINUNUU .................U.......lN...l.NnN••••UuNUU .fl..flfl..fl....fl.flfl...fl.flflI.Uflflfl• ,

INUNU•UUUVRUU•flU•'AUU•Ufl•UN ...aaa....A....uee.n....... .flla.....V.flU..U.VUUNN.UU• 
N••I•••••'4U•NUfl•lN•U•UNN

•..........a.uu 
lNflU.UUU..U..fl 
U•••UU••UNfl•• 

.NU....N..NUU.U...U•IUUU••UU••U•UNUfl wa.u.....nU..n...UUfl..N.INNUNUUUUNINNU
i..,.U.... 
...al.N•..i......U•flfl.U•..S 

1UU••U•a•flUfl•Ul • am 
A••••UUIUUflUflUU 

fl.l.......fl...UU 
N....flfl..fl•fl........UUUUU ...fl.......flN.fl....flU...fl..N.NUUUU.IUU• N....NNUfl.UUU SUflTaUfl••I UU•flfl.7,flflUUUfl 4....fl..N•........ 

...flfl.fl.fl...U. 
...n..n.n.fl•..U.UU I•flUfl••UflflUflUUIUlflUU•UUUUflU•UUUUU 

UN•••••••••U•••••••• 
..............fl.....S..flNS.S...Ufl•UIUU 
•Ue•NEVER •UflU•Nfl•fl•UUSflUU an....

S

a•arS••Nfl•••••flUl 

4....n.UI.n...... 

U•••••
,

•........ 
••SUUflUU•UUUUU••U 
1.....flfl.•...U.... 

NN••••••I•U•SU 

4Ua•n•••U•UUU•UI•••
.n...Un.. 

Nfl4•flUN•IAOUUUUUIAUUNUUNUIN 
•UU ....,..a.u......a.....fluN 

............N........UU.U.U.•.IUNUnUUU 

.flfl.flUUUflNUflUflUNUNUUUflUU•flUUUUU Bonn
...a.... 
111111111111111111A ..r.......a........ San. nu...n.•a. ...flUfl.. .0 

aU•••NU••••UUNUSflUNU •••UN••••••S•••••UU 
•.....MU.......U.NU...UUU 
•.nnn....n.fln......nU.UU..flfl now •UUNUU•UUaU

I 	 •s
1UUUNNUaU•U• 
4.• 
flU

n•UU 
1BUU

1
111111 .1 
UfluuU• 

u••UUU•U 

11 iU 
S SUU•SNU•UUUUfl•flUfll 

a............nn..... 
•UU..UUU.UUU.SUUUNlUnUUUUUUUUUUUUUIN .fl....IflUUUUUUUUUUUUU•NUUNII•UUUaU•

UN ••U	 V .UUS•• U••• IUUUNUUU•U NNUUUU•UU UNNUUUUUUUUUIUUUUUNUU ••UNlUUUUU•UU•UUUUNUMU 
•U.UUU..IUU.UUUUUUIUUUuUIUUUUflUNNUU 
•.flU•flfllnnflUnnUNUUUflflflNU .flMUO•fl..••U•BNUU•UUUU•NN•UU••flfl

S	 I.. 
U•• 

UUU

a U•UU 

NUNNU 
•••••

a.....U.. UUUUUUUN 
IU•.......

flaUUUnUUUflN. 
UN•UUU•UUU•••••UUN.N•UU 
JUUUU•UUUUUUUUUUUUUUUSUU flUUUUfl 

Ufl..UUUUflU.U.NlNaUUUU•MN••UaflU UU.......NU.U.U•.•NIUUUUUU•UINR••U .nU....nnUflUU..lU.IUU.UUUU•N
A.. IUU 

'a	 UN . UUUU• 

•OMEN 
JUUUUU 4 RUNS 

NNUU•.... 
101 I........U.....NI....U.... 

•UUUN.U..NU.UflUU.UflUU UUUSINUINNUUUUUUUUUUUUUU 

• nUflU•U•Ufl•UflU•UUNN 
on. •• 

UNU••UUU	 NUU 
IUU IEEE 	 UU U•

lU.... •U•lU 

rnUUU• 
aUUUU UUUN

aNUN•NU.0 

NflflflUU 
a•flUU••fl NU•flUfl• IUUU•RUfl•

•nUUUaNUUUU•USfl•NUUU 
..U.U.UUU.....UUU.U..fl.U. 

IUNNUUIUUUUUU••UU•••UUNUUU• U•UU•flNUUUUNU•UflUU•••UN •UUUUNUUUU.U..Ua an,	 a,  •uUa•UNUNUUUUn.UNflUUflN fl UNfl ,	 • ,.. 
a.. • 4.NMN 

a.... • •	 •IflUUUUUUU 
a ....••fl V l•UUflUUU•UUflflUUUUUUUUUU. 

•flUUflUU•flUUUfl•U•UUUfl•• 
••UU•NaUNUUUUU•N•UU•U•.flUUU 
•aUUa•flU•UUUU•UUIflUflUUU. S £U• U

N•U•	 UUUUUUUUU 
lUNU	 UUNUUUUUU

ANUUNUU•UU•••UU•UUR.••UIU•U. ..fl......NUUN...U...U.UN.aU 
UlU•UUUUUU•UUflUNUU•UU.UU.UUU UflUUflflUUUU U.UU.NUU•UUU

UU 
UU 

I.. JUl 

a.. ' 
• 

'I	 a... •UUU 

UUU• UUUUU 
. 

UUU.0 nUn

. 

AUU•s•UU •UUUU•UU•• 
lUnUaNU •.nann............na... 

NUUUU•UU•NNUUU•UUNU••.• annUU•UUUUUuUUnu•U.flUnfl 
n. nNU•U•UPUUfl••U.UUU.flUUU •NNUU•UUNUUUUU.NUN..U..UU

a•aanUU• 
UUUUUUU ...N..•.

jUNUUUNU•UUUUUUNlNUUUUUUUU 
.......a...............n..n.. NUUNUN•UU•UU•U•UUUU•UUUNNU a.....a.......uU..U.lUnNNnU ....UNl.SU•.S• .n..nn.n.n...flUl.n.. 

N...U..UUUU. .•	 a..... '	 UUUUU
.... 

£INnUUU• 
ES

ANN Ems
UU•••flUUUU•UaUUfll.flnU 
...UlU.•UUn.UI.flUUU.U.UUNU 

..an..................e... 

..............N.n.....nU 
on

I	 lU a.. a.... UN•U• 
IN....

a
NUNUU•UUU 

III Us IlUaUUUU
jU••U•U•U•Un•UNNINNUU•U.flU.. a.lU.NUUUUUUUU..UU.Nl.NNUUUUUNN ...lnNUUlflU.fl...U..lIN.UUUUU.0 

UW	 UUflUsUflllWU 
UflflUUUflfl•UlflUflflUfl 

BE	 Un 
I.n'A..U•.

INUflU 
UflU•Ufl INU•UUn•UflU 

•UflSfl 'flUUUUUNl•••lNUWflUUUUll.UUU 
U•UU•UUalU•••aUUflUflU.UUU.UNN. 

U n•UUUUIUn.UUlN..UUU..NV •.......fl.....l...lflfllUU.A...FiUUN.UUWlUUUUIUUiNUURUUUUUllUU 
U..,I......4U.....IUIIaUUUU••UIU•UUraUUUUUUIN•••NUUUUUUUUUUUIIU•UUUNU l..................I..l..U...•..U.. 

.fl...n.fl.n.NflUfl.flflUNr,.UNflUUUINNII .Un......fl........n.....WaU.Na..N..I,I........NI.IUUUUUUUU.N,.NUIIUUIU•UUUINIUUI•UUNU 

......n.........n.n...ra...nnanh? ..fl...UtaU..U..U•.NflUflUUa.fllNUfl.UUflN•NlU•UaU
..... 
UUUUaUlU

.n 
sommox MEMO won a	 ommm 
•....n.....a........U.r UUUUnnN•UUUUflUl. Un	 •UU•NNUUU flUlUUUl,NflUUUU•UUUUU'INNUUUUUfllUURUNlUUUUflUU UUUIflUUUN4.NUUUUUININIUUUUU•UU..UVNNUUUUUUNUUUU••UUUIUIUIUUUNUU•U•IU•UUU •NNUUlM•flUUU 
........n.n..m..n., unman

......aaU•nnnnUUUUn•UUUUUs•anNNnU.U.nnnlUU....UU..UU.UN.nUU 
on a 
Inal woman ON Boom on

a a 
BE a	 11.	 a 

Im...•U..Ua....U.U.. .....n._..m...nU7I...VS.U..n n..UaUUUU.UUUINIlUUUUnUUUlN 
now, SAM Un •NUUUUfl 

UU 
onnonsomossan....................UA...,Al..UUflJUUUlN •vUUUUUUUuNUULUlUNUNUau•UUUU.UUN.U•UU.UUUNNUUUUUUUUUUU

•UU
 

MEN UUUUUfl.fl.P
.............n.....an..,.....u.a.U.....INaUUUUUU HE HH-KNOU11 

MOMOMMMOMOMMOMM...............n..a..w,....u.va.UU.Nl.0 ............U.,..U.Ul.UUUUUUUU.UUNUUUUUUUlUMNUaUUU 
.....n.....n...Un..YnUUU..aInUUUUUN NNUUUU•UUUUINNS•UUU U••UNU••UUU•UUUaflN.UUUUU.UUUU.UUU•UNfl 
UUa •U..ranUIUU.UUNfl.UU.Nl. I•UN.	 .....L..n-.......L.U.......,n......U...U..NUUUUU.UU.UUUUUUU•U.U•UUUUUUUnUUUII 

IUUUUUUU•••UUUI•UUUU••UUU••UUUUU.flUUUUU....•fl•U•U••UU• 
U....

AN 

U....	 ...n....rn....U,aU.l.lU..VUU..11UUUUUUflVU•lUUUUUUUNUN1UUflflUaN•UU•UUUUUUUUUUUUNl 
a smommonowas 

U....UUU•	 U..UflUaUUUU.N,l•Ul.IUfl1NlUflUUUUUU7U flUUU111 11NUflUU 
on ads	 ••A•flLUUIIIU•WA••UUflIU• 

NUN	 UlVUU•'AIU•UUIUUINUUUUI
flaUUUUUUUUUa UUNUUUUUUUUU

........U.....maws 
...I.......NIN..UUU.U••NUUU•UU•UUUU•INUNUI•NEUU .fl.UUU.U...UUUUUUUUN..UU.UU 

UUUU	 •	
"NOOFMUUUU	 •TU•UU,j•UUII..WJUUUUU•UIWIUU•UUUNU•NUUU•UUU.1.....1UUU•••••••••••••U••

Ufl. -	 UUNUUU 
UU•.. 

•UUUN 1	 .g.UflflUUfllVjlNUUUUUUUrNllUflUlUUfl?flUUUUNlNUUafllfl1WllNlflUfllfl 

•U•U••NUUUU•'A•iUUUUUUUUNUU ..........U... 
nUn -	 • .a...n.....I,a..U.n.nU.U..lUNUaaaUUUUUflUUUUUUUUUlUUUUUUUUUNUflUUaU1Un •UUVJ•UU•UUUUU••UUUJUUUN•N•N•IUUUUUUUU.UUUUU.UUUlUU•UUUUUUIINlUMUUN•UUUUUU•UU .....UUUUU..UUNUNUUUUUUUUU•UINNUIIUNUU•UUUU 
•a I	

•UI••UUUNNI4UUUNSUUU•NUUUUU ..............N.U.U....NNlNUUNUUUflU.UUaUnflaU.UflUUNlUN flflfl U•flU • 1111	 mom
.n.....an..n.U...a.•UU NASA: NN •lU UUUUUUUUUU•U.UU•UUUNUUUUUUUUUUU "MINEmonnommonom Ufill	 I	 ......UUrrzfl..laUUU.U.U.lUaUUUUUNNNUUUUUUUUUUI•UUUUUUUUllNIUBEENrI.....I..UUUUUU..NI•aUUU•UU•NNNUUIN••UUU•UUUflUUNNUU EIIU•UUUU•UUINNUUUNU• -a monsoons 

U.n.	 flUUUl 
flW	 1 
UUUU a UUUUU SEA onnumus 
UUUUU NNUUU	 ........n.M.UN....n.....NUUUUUI•UNUUUUU••UU.NIUUUUUUU••IUNla••UUU•UUU•NN•UUUUU•••U 
•...........n....UUU.. 
U......

••IIUUUUUU•UUUUIUUU•UUUUUMonona•U•UUUUUU•U•U.U....1..n.n.I•••UU 

...............N....UUNU.UUUU...UUUUUIUUUuU•IRNflU......••I 

..n.........n........n....m...n.....l..n.n........nU.U....11UNUU.UUUUUUUN.NlUUUflflnnN1U ..................fl...NINUUUUUUU..UUU.I 
UaU UNUUUUUUUUUN •UUUU..U••NUUU•UUUUUaUIUUUUUUUU.UN.lUUlU.U..NUflUUflUUUflU

0 
0 
C']

0) 

0 
CD 
'—I

0 
co 
II 

43 

0 
CS'] 
'-1 • 

r-1 43 
0) 
!: 

4:1

-1 
PS. 
a5 

L1 

Q.4 C) 
•1-4 

co

iii. 

I4

11,.

14
	

NACA RM E53116 

• \	
OJ3dS	 - 



ro 

•1-4 

0 

0 
c 

OTJT3S

0 
0 

0 
to 
H 

0 
(\1 
H

w 
H 
a) 

4-I 

Go	 b - 

	

U)	 U) 

	

IL4	 to 

sq-I 

	

a	 0 

P4 0 
H 

	

O G)	 .-4 

C) 

U) 

0

a) 

ri 

Cd 

cs 

Id 

H 

0

NACA RM E53116 15 

IQ 
If













NACA PM E53116	 21 

40 

20 

0 

Pti -20 

-60 

-80 

-100

I	 I 
Fuel oil,	 - 

grade  

o	 1 
0 2	 - p 

4	 0 
C 0 [9 
C 

U
o ai 

[IItWlnlJO 

	

0ICIO 0	 Q 

e	 13W 

o	 < 

wcgpo po	 p 

oo 

0

0 0 

GOD 

)	 p

0 

0 

400	 500	 600	 700	 800 
A.S.T.M. distillation end point, OF 

Figure 3. - Variation of pour point with A.S.T.M. 
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