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SUMMARY

Three homologous series of related dicyclic hydrocarbons are
presented for comparison on the basis of their physical properties,
which include net heat of combustion, density, melting point, boiling
point, and kinematic viscosity. The three series investigated include
the 2-n-alkylbiphenyl, 2-n-alkylbicyclohexyl (high boiling), and
2- n-alkylblcyclohexyl (low boiling) series through Ci1g, in addition to
three branched-chain (1sopropyl, sec-butyl, and isobutyl)

2-alkylbiphenyls and their correspondlng 2-alkylbicyclohexyls. The
physical properties of the low-boiling and high-boiling isomers of
2-§gg—butylbicyclohéxyl and 2-isobutylbicyclohexyl are reported herein
for the first time.

Comparisons are made on the following bases:

(l) As members of an homologous series in.Which the compounds have
similar structure and differ in molecular weight

(2) As isomers with the same molecular weight and molecular for-
mula but different molecular structure due to branching of
the side chain or to geometric isomerism

(3) As compounds with the same carbon skeleton but different mole-
cular formula due to hydrogenation of the aromatic rings
INTRODUCTION
In evaluating hydrocarbons for their suitability as fuels for

high-speed aircraft, several important properties must be considered.
Among these properties are net heat of combustion per unit volume and
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per unit weight, density, melting point, boiling point, and viscosity.
An investigation of the effect of change in molecular structure on
these properties should prove helpful in the selection of hydrocarbons
possessing the most desirable properties.

A typical aircraft fuel in current use 1s described by MIL-F-5624
(Grade JP-3) specifications in reference 1. Fuels purchased under
these specifications from five different sources for use at the NACA
Lewis laboratory had values of net heat of cambustion ranging from
894,000 to 925,000 Btu per cubic foot (average, 911,000 Btu/cu ft) and
18,480 to 18,690 Btu per pound (average, 18,580 Btu/lb). The net heat
of combustion of biphenyl is 1,096,000 Btu per cubic foot, a value
which is 20-percent greater than the average JP-3 fuel value, but only
16,850 Btu per pound, or about 9-percent less than the corresponding
JP-3 value. A fuel that would deliver the maximum heat energy per unit
volume without appreciably sacrificing heat release per unit weight
would extend the flight range of volume-limited aircraft. Biphenyl
is unsuitable for use as a liquid fuel because of its low heat release
per pound and its relatively high melting point (69.2° C). Lower
melting points could be expected if alkyl groups were introduced in the
2-position of biphenyl. Moreover, this result could possibly be .
achieved without appreciably affecting the heat of cambustion per unit
volume and per unit weight. The addition of alkyl groups to biphenyl
would, however, affect other properties, such as boiling point and
viscosity, and therefore an examination of these effects is also of
considerable importance.

The first of this series of reports (reference 2) correlated the
molecular structure and physical properties of some hydrocarbons in
the 2-n-alkylbiphenyl, 1,l-diphenylalkane, a,w-diphenylalkane,
1,1-dicyclohexylalkane and a,w-dicyclohexylalkane series. The
2-n-alkylbiphenyl series originally reported in reference 2, which
included methyl, ethyl, propyl, and butyl as the substituent alkyl
groups, is again presented for further comparison. In addition, three
branched-chain 2-alkylbiphenyls are presented, namely,
2-isopropylbiphenyl, 2-sec-butylbiphenyl, and 2-iscbutylbiphenyl,
along with the two isomeric series of 2-alkylbicyclohexyls which are
obtained by hydrogenation of the 2-alkylbiphenyls. Inasmuch as many
properties must be considered in selecting a fuel, it seemed advisable
to study the saturated or hydrogenated derivatives of the
2-alkylbiphenyls in order to determine accurately the property changes
caused by hydrogenation. Hydrogenation of each of the 2-alkylbiphenyls
to produce the corresponding 2-alkylbicyclohexyls ylelds mixtures of
geometric isomers that are separable by fractional distillation; these.
compounds are herein designated as the low-boiling and high-boiling
isomers because definlte assignment of cis or trans configuration
cannot be made at this time.
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Comparisons are made on the same bases as those used in refer-
ence 2, as follows:

(l) As members of an homologous series in which the compounds have
similar structures and differ in molecular weight

(2) As isomers with the same molecular weight and molecular for-
mila but different molecular structure due to branching of
the side chain or geometric isomerism

(3) As compounds with the same carbon skeleton but different mole-
cular formuls due to hydrogenation of the aromatic rings

MATERIAILS AND PROCEDURE

The syntheses and physical properties of all of the hydrocarbons
examined herein, with the exception of the isomeric pairs of
2-sec-butylbicyclohexyl and 2-~-isobutylbicyclohexyl, have been pre-
viously reported (reference 3). These two pairs were synthesized and
purified in the same manner as the other Z2-alkylbicyclohexyls and
their physical properties are reported herein for the first time.
Fractionation of the hydrogenation product of 2-sec-butylbiphenyl
failed to produce the usual separation into two fractions, each having
a constant index of refraction, and refractionation of the two halves
of the distillate did not improve the product. Because in this case
(and in other cases where the material would not crystallize) selection
of pure isomers could not be made on the basis of melting point, the
other properties were determined for each isomer on the portions of
distillate having the most nearly constant density values.

Physical constants were determined only after every precaution
was taken to ascertain that the high purity essential for the accurate
study of properties was attained. In general, the purity of the hydro-
carbons synthesized was estimated to be of the order of 99 mole percent
or better.

The properties of the 2~alkylbiphenyls (tabie I) and those of the
2-alkylbicyclohexyls (table II), were determined as follows:

The time-temperature melting curves were determined with a’
platinum resistance thermometer and a G-2 Mueller bridge with accessory
equipment and by methods described in reference 4; the melting points
were determined from the curves according to the graphical method
described in reference 5. Densities were determined by use of a
gravimetric balance according to the method of reference 6, and indexes
of refraction were measured with a Bausch & Lomb precision oil-model
refractometer. The boiling points were determined by the use of a
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platinum resistance thermometer in an apparatus modified from that
described .in reference 7. The system was pressurized with dry air fram
a surge tank and held at constant pressure by adjusting a continuous
bleed. The kinematic viscosities were determined in viscosimeters that
had been calibrated with National Bureau of Standards viscosity

samples H-5, H-7, D-7, or L-17. The A.S.T.M. procedure of reference 8
was followed. The net heats of cambustion were determined according to
reference 9 in an oxygen-bomb calorimeter that had been calibrated on
Bureau of Standards benzoic acid.

The magnitude of the uncertainties is estimated as follows:
melting point, 0.02° C; density, 0.00005 gram per milliliter;
refractive index, 0.0002; boiling point, 0.1° C; kinematic viscosity,
0.5 percent of determined value relative to 1.007 centistokes for
water at 20° C; and net heat of combustion, 200 Btu per pound, which
is equivalent to 20 to 30 kilogram-calories per mole for these com-
pounds.

The precision of measurements is: melting point, *0.003° C;
density, £0.00002 to +0.00003 gram per milliliter; refractive index,
10.0001; boiling point, +0.04° C; kinematic viscosity, 0.2 percent of
determined value; and net heat of combustion, #60 Btu per pound.

DISCUSSION OF RESULTS

The effect of change in molecular structure on the various physi-
cal properties is discussed in this section. For convenience, the
normal-chain hydrocarbons are considered first, and the branched-chain
hydrocarbons are discussed sﬁbsequently. ‘

\

2-n-Alkylbiphenyls and 2-n-Alkylbicyclohexyls

Net heat of combustion. - The net heat of combustion per unit
volume is plotted in figure 1 against molecular structure for the three
homologous series. The net heat of combustion per unit volume is a
maximm for biphenyl, parent member of the 2-n-alkylbiphenyl series,

.and decreases with the addition of each carbon atom to lengthen the

side chain in the 2-position. In the case of the two isomeric series
of 2-n-alkylbicyclohexyls, no significant trend is observed. Within
the limits of accuracy of the determinations, the heats of combustion
per unit volume within either series are relatively constant. Because
of the higher densities in the high-boiling series (fig. 2), the net
heats of combustion per unit volume in this series are consistently
higher than the corresponding members of the low-bolling series.
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The densities of the 2-n-alkylbiphenyl and 2-n-alkylbicyclohexyl
series are plotted in figure 2; the marked similarity between figures 1
and 2 indicates that the density of a compound is the important factor
in determining the relative heats of combustion per unit volume for
members of a homologous series.

On a weight basis, the trends in heat of combustion are somewhat
different. In this case {(table I), the net heat of cambustion is at
a minimum for biphenyl and increases slightly with the successive
addition of each carbon atom to lengthen the side chain. The
2-alkylbicyclohexyls show a relatively constant -value for this property
within the limits of experimental error. This might be expected:
inasmuch as the hydrogen-carbon ratio remains practically constant for
these series; the addition of a CHz group to the side chain has a
negligible effect on the over-all hydrogen-carbon ratio.

Hydrogenation of the rings caused decreases in net heat of com-
bustion per unit volume (fig. 1) of the 2-alkylbicyclohexyls from the
2-alkylbiphenyls, ranging from 1.5 percent for Z-butylbicyclohexyl
(high boiling) to 5.2 percent for 2-methylbicyclohexyl (low boiling)
and 7.2 percent for bicyclohexyl. Hydrogenation of the aromatic rings
caused increases in net heat of combustion per pound over the cor-
responding 2-alkylbiphenyl compounds, ranging from 7.1 percent for
2-butylbicyclohexyl (low boiling) to 9.1 percent for
2-methylbicyclohexyl (high boiling) and 9.2 percent for bicyclohexyl.

The 2-n-alkylbiphenyls had values of net heat of combustion
ranging from 1,048,000 to 1,096,000 Btu per cubic foot and averaging
1,070,000 Btu per cubic foot or 17-percent higher than the average
JP-3 fuel value. The Z2-n-alkylbicyclohexyls had values ranging from
1,022,000 to 1,042,000, averaging 1,032,000 Btu per cubic foot, still
about 13-percent higher than the average JP-3 fuel value. Bicyclohexyl
itself had a net heat of combustion of 1,017,000 Btu per cubic foot,
the lowest of all three series.

' On a weight basis, the 2-n-alkylbiphenyls had values of net heat
of combustion ranging from 16,850 to 17,375 Btu per pound and averaging
17,160 Btu per pound or 7.6-percent lower than the average JP-3 fuel
value. The 2Z2-n-alkylbicyclohexyls had values ranging from 18,400
to 18,675 Btu per pound, averaging 18,570 Btu per pound, which cor-
responds very closely to the average JP-3 fuel value.

As would be expected, on the basis of kilogram-calories per mole,
the corresponding members of the two isomeric series of alkylbicyclo-
hexyls have net heats of combustion very nearly equal to each other and
13- to l6-percent higher than the corresponding alkylbiphenyl compounds.
In each series, the net heat of combustion increases about 150 kilogram-
calories per mole with the addition of each carbon atom to the side
chain.
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Melting point. - The melting points of the high-boiling
-n-alkylblcyclohexyl series and the 2-n-alkylbiphenyl series are
plotted in figure 3. The melting points of biphenyl and
2-methylbiphenyl are higher than the corresponding bicyclohexyl com-
pounds, but the remainder of the n-alkylbiphenyls have melting points
lower than the corresponding n-alkylblcyclohexyls. As indicated in
table II, 2-methy1bicyclohexyl (low boiling) was the only member of

. the low-boiling series that could be crystallized,.and its melting

point was the lowest among the compounds reported.

The addition of each carbon atom to the biphenyl side chain had
the effect of progressively lowering the melting point (although the
higher-melting form of 2-butylbiphenyl, which showed two crystalline
modifications, has a higher melting point than the previous member,
2-propylbiphenyl). However, this apparently consistent downward trend
with increased alkyl chain length should not be accepted as a basis for
predicting melting points, for this behavior is not at all. general.

The melting points for the Z-<n-alkylbicyclohexyl (hlgh boiling) series
show a typical more random trend.

Boiling p01nts. - The b0111ng points of members of the three
series are plotted in figure 4. Increasing the length of the alkyl
chain sttached to bicyclohexyl causes a greater rate of increase of
boiling point for both the high- and low-boiling series than for the
corresponding alkylbiphenyl series. Starting with the Ci14 hydro-
carbons, the 2-n-alkylbiphenyls have boiling points that are pro-
gressively lower than those of the corresponding high- and low-boiling .
alkylbicyclohexyls with each addition of a carbon atom to the chain.

The differences between the boiling points of corresponding high-
and low-boiling isomers decrease as the alkyl chain length is increased.

Viscosity. - The kinematic viscosities for the three series at
four temperatures are plotted in figure 5. Consistent increase in
viscosity with increase in chain length is observed for all the series
at all temperatures. With each successive addition of a carbon atom
to the alkyl chain, the rate of increase in viscosity becomes greater
as the temperature is lowered. For example, at 98.9° C there is a
viscosity increase of only 44 percent from Z2-methylbicyclohexyl (low
boiling) to 2-butylbicyclohexyl (low boiling), but at 0° C, the cor-
responding increase amounts to 380 percent.

The viscosities of the Z-alkylbiphenyls are in general lower than
those of the corresponding 2-alkylbicyclohexyls, with the exception
of 2-methylbiphenyl, which at O° C has a viscosity higher than either
isomer of 2-methylbicyclohexyl and, at 37.8° C, is slightly higher than
the low-bolling isomer. :
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Kinematic viscosities are also plotted in figure 6(a) on A.S.T.M.
Standard Viscosity-Temperature Charts D341-43D (low range) in order to
illustrate more clearly the effect of temperature on the viscosity of
the various hydrocarbons. Fach figure compares the three hydrocarbons
having the same carbon skeleton. The A.S.T.M. slopes, which express
the rate of change of viscosity with temperature, were calculated
according to reference 10 and are tabulated for the n-alkyl hydro-
carbons as follows: ’

Alkyl A.S.T.M. slope
substituent | '

Biphenyl | Bicyclohexyl | Bicyclohexyl
compound | compound compound
(low boiling) | (high boiling)

2-Methyl 1.04 0.85 0.82
2-Ethyl .97 .89 .87
2-Propyl .98 .93 .91
2-Butyl .96 .93 .91

In all cases, it is observed that the slope, or the rate of
change of viscosity with temperature for compounds with a given number
of carbon atoms is greatest for the biphenyl hydrocarbon and least
for the high-boiling bicyclohexyl compound. The degree of convergence
) (or the difference) between the slope of g biphenyl hydrocarbon and
that of its corresponding bicyclohexyl compound decreases as the
length of the side chain increases. The compound whose viscosity
. shows the least temperature sensitivity in this group is the high-
boiling isomer of 2-methylbicyclohexyl, whereas. 2-methylbiphenyl shows
the greatest sensitivity.

Branched-Chain 2-Alkylbiphenyls and 2-Alkylbicyclohexyls

Because of the limited number of branched-chain hydrocarbons
reported herein, no very positive correlations can be drawn. However,
certain interesting observations may be made in comparing the proper-
ties of these compounds with their straight-chain counterparts.

As would be expected, branching the alkyl chain has no appreciable
effeect on the net heat of combustion in kilogram-calories per mole.
The maximum change, which was about 1 percent and within the limits of
experimental error, was observed in comparing 2-sec-butylbiphenyl with
2-n-butylbiphenyl, the branched-chain compound showing the slightly
higher value. Because of the differences in density (fig. 2), the net
heats of combustion per unit volume of the branched-chain hydrocarbons
differ from those of the corresponding straight-chain hydrocarbons.
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With regard to melting point, figure 3 shows that branching of the
alkyl chain causes an increase over the corresponding straight-chain
compound in three of the four cases observed; the exception was
2-isopropylbicyclohexyl (hlgh boiling), which melted about 9° C lower
than the high-boiling isomer of 2-propylbicyclohexyl. .

In four out of six cases, branching the alkyl chain causes a
lowering of the boiling point from that of the corresponding straight-
chain compound (fig. 4); 2-isopropylbicyclohexyl (high boiling) and
2-sec~butylbicyclohexyl (hlgh boiling) are the exceptions in this
case. The boiling point of 2- 1sopropylblcyclohexyl (hlgh boiling)
was 0.8° C higher than that of 2-propylbicyclohexyl (hlgh boiling) and
the boiling point of 2- ggg-butylblcyclohexyl (high boiling) was
0.2° C higher than that of 2-butylbicyclohexyl (high boiling).

In figure 5, viscosities are plotted against moclecular structure
for four different temperatures. In the range of temperatures inves-
tigated, branching the alkyl chain increased the viscosity over that
of the corresponding straight-chain compound, except for'

2 isopropylblcyclohexyl (high boiling) and 2-iscbutylbicyclohexyl
(high boiling).

Viscosities of the branched-chain hydrocarbons are plotted against
temperature in figure 6(b). The A.S.T.M. slopes, determined from
figure G(b), are tabulated in the following table, together with data
for the two straight-chain compounds for comparison:

Alkyl o A.S.T.M. slope
substituent

Biphenyl | Bicyclohexyl | Bicyclohexyl
compound | compound’ compound
¢ (1ow boiling) | (high boiling)

2-Isopropyl 1.03 0.92 0.84
2-Propyl .98 .93 .91
2-sec-Butyl 1.04 .94 .87
2-Isobutyl 1.04 .94 .91

2~-Butyl .96 .93 91

" Branching the side chain markedly increased the A.S.T.M. slope
of a biphenyl hydrocarbon over its corresponding straight-chain com-
pound. Branching of the alkyl group in the alkylbicyclohexyls causes
no marked changes in slope except in the case of the high-boiling
isomer of 2-isopropylbicyclohexyl, which showed an unusual drop from
0.91 for the corresponding straight-chain. isomer down to 0.84 and a
similar decrease from the slope of 2-isopropylbicyclohexyl (1ow
boiling). The high-boiling isomer of 2-sec-butylbicyclohexyl showed a
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- somewhat lesser decrease from 0.91 for the straight-chain isomer
to 0.87 but also showed a fairly large difference of 0.07 from
2-§gg-butylbicyclohexyl (low boiling). Of the branched-chain campounds
investigated, the high-boiling isomer of 2-isopropylbicyclohexyl shows
the least sensitivity of viscosity to temperature and a fairly favorable
level of viscosity values.

CONCLUDING REMARKS

Certain pertinent conclusions may be drawn from the results
obtained in this investigation with regard to the possible prediction,
at least qualitatively, of the physical properties of other members of
the series not yet synthesized. In addition, comments may be made as .
to the suitability of one or more of the hydrocarbons synthesized as
high-speed-alrcraft fuels.

The effects of changes in molecular structure on physical .proper-
ties, as pointed out, indicate fairly regular, qualitatively pre-
dictable trends for all properties except that of the melting point.
The data obtained could not justify even a qualitative prediction of
unknown melting points. From the discussion, however, a fairly
reliable prediction of the other properties could be made.

With regard to suitability as a fuel, 2-isopropylbicyclohexyl
(high boiling) could possibly be selected as the best of the hydro-
carbons herein reported, on the basis of the properties determined,
although there are no great differences among any of the
2-alkylbicyclohexyls. It bas a reasonably high heat of combustion
per unit volume, while maintaining about the same heat of combustion
per unit weight as that of JP-3 fuel. The viscosity-temperature
slope is among the lowest of those investigated, and the viscosity
values are average for this class of hydrocarbons. The boiling point
of 283° C is rather high, but not unreasonably so, when compared with
the rest of the group. The melting point of -9.13° C is average for
this class of compounds and could be lowered considerably by addition
of an impurity.

The low-boiling isomer of 2-methylbicyclohexyl also has good
viscosity characteristics, that is, relatively low viscosity and a
low viscosity-temperature slope. Its melting point, -26.43° C, is the
lowest of the compounds investigated and its boiling point, 249.87° C,
is the lowest except for bicyclohexyl. Because of the relatively low
density, however, its heat of combustion per unit volume is among the
lower values and no better than that for JP-3 fuel.
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The 2-alkylbiphenyls appear to have the disadvantage of poor
viscosity-temperature characteristics, that is, relatively high slopes,
and also relatively low values of heat of combustion per unit weight.

The properties discussed herein are by no méans the only proper-
ties that are significant in evaluating a hydrocarbon for its suit-
ability as an aircraft fuel. These properties have been the sole basis
for any evaluation made herein; such factors as carbon-forming ten-
dency, combustion efficiency, ignition, and others have not been con-
sidered.

SUMMARY CF RESULTS

‘The properties of three homologous series of related dicyeclic
hydrocarbons were correlated on the basis of their physical properties
and molecular structure. The following trends were noted:

1. The net heat of combustion per unit volume showed average
increases of 13 percent for the 2-alkylbicyclohexyls and 17 percent for.
the 2-alkylbiphenyls over the JP-3 fuel value, taken as 911,000 Btu per
cubic foot; on a weight basis, the 2-alkylbicyclohexyls averaged about -
the same as, and the 2-alkylbiphenyls averaged 7.6-percent lower than,
the JP~3 fuel value, taken as 18,580 Btu per pound. Branching the
chain had no appreciable effect on heat of combustion per unit weight,
but modified the heat of combustion per unit volume in proportion to
corresponding density changes. The principal effects noted in heat .
of combustion on a volume basis are due to density differences.

2‘~Melting points were progressively lowered for the
2-n-alkylbiphenyls with each carbon atom added to the side chain. The
2-n-alkylbicyclohexyls (high boiling) showed a less consistent melting-
p01nt trend, but exceeded the melting points of the corresponding .
alkylbiphenyls from Cj4 through Cyg. Branching the chain had no con-

sistent effect on melting point.

3. Boiling points increased regularly with increased chain length,
and the boiling points of the 2-alkylbicyclohexyls exceeded those of
the 2-alkylbiphenyls from Cj4 through C1g. Branching the chain
generally .lowered the boiling point, except for 2-isopropylbicyclohexyl
Ehigh boiling), which boiled 0.8° C higher than 2-propylbicyclohexyl

high boiling), and 2-sec-butylbicyclohexyl (high boiling) which boiled
0.2° C above 2-butylbicyclohexyl (high boiling).

4., In all three series, the viscosity increased with each addition
of a carbon atom to lengthen the side chain. The viscosities of the
2-alkylbicyclohexyls were higher than those of the corresponding
2-alkylbiphenyls at the temperatures investigated, with the exception
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of 2-methylbiphenyl at 0° C, which has a v1sc031ty at this temperature
higher than those of the corresponding bicyclohexyl campounds because
of its greater viscosity-temperature slope.

Branching of the alkyl side-chain caused an increase in viscosity
over that of the corresponding straight-chain campound, with the g
exception of 2-isopropylbicyclohexyl (hlgh boiling) at two temperatures
and 2-iscbutylbicyclohexyl (high boiling) at three temperatures, the
latter differences lylng practlcally within the limits of experimental
error.

y -

Lewis Flight Propulsion Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio, January 25, 1951
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Figure 1. - Effect of side-chain addition on net heat of combustion of
o 2-alkylbiphenyl and 2-alkylbicyclohexyl hydrocarbons.



NACA TN 241S "15

1.05

1.04

1.03

1.02

1.01

Density at 20° C, grams/ml

.99
.98
.97

.96

.91

.90

.89

.88

.87

aR-H ©0——————. 2-Alkylbiphenyls .
o—— —— 2-Alkylblcyclohexyls R = H
{low boiling) @ Q
e 2-Alkylbicyclohexyls g
. (high .boiling) R = ©‘< )
N
Nlr-c
\ ‘
. \\
\ <:-c
N \
N g
&-c-c
[«
R-C-C-C
' §
\ ®R-C-C-C
B ]
\on-c-g-c-c
-
<>R-C-IC-C
! ¢
. L
ﬂ’-é-C R-C-C-C
‘ | Rec-c J;
R-C. e = = = T~ ;1 .
ot o ! =1 ¢
_ - R-C-C ~ -$~ -~ . R-C-C-C
- B R-C-C-C_ ===l
R P I T ~4R:c-c-cic
<l | P T~ 1 R-C-C-C
1 B-C-C-C [— —_ .. c |
R-C T ~—9FK-c-C-C-C
R'-c-(IJ-C
A : c .
iz 13 11 15 T

Number of carbon atoms in molecule

Figure 2. - Effect of side-chain addition or'x density of 2-alkylbiphenyl and
2-alkylbicyclohexyl hydrocarbons.
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: Figure 3. - Effect of side-chain addition on melting pcint of 2-a1kyib1phenyl
: and 2-alkylblicyclohexyl hydrocarbons.
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Number of carbon atoms in molecule

10 J$ ' Temper-
AR-C-C-C ature
’ ; R-C-c-Ct ' (°c) -
O————— 2-Alkylbiphenyls ’ YT
8 D——Q-.?lk‘ylbicyclo})mxyls R =
— low boiling R~C-C-C
f4~—— —— 2-Alkylbicyclohexyls g =@_@ H-C-¢-c-Cpf ¢ b
(high boiling) C - i
7 .o ! -C 37.8
C (100° F)
6
5
2]
(]
X
% 4
b 60
£ ¢ (140° F)
()]
(9]
B
ol ;{——
8 3R-m
Q
]
o
>
(4]
i
-+
1]
£
]
g
o
X
2
\ 98.9
(210° )
’ c
1) 'C'Q,«—" ] I
e - — YR-c-c-c R7¢-C-¢ ¥
) — 9R-C-~C-C
// ’R-C'C,/' ? _/“RC‘CCC
- A R-C-C | )
/ .
-~ ’ R-C-C-C
RP}{L—_--R'C R‘C)y/
,—
| —Rec
o
R-H “‘!n:i!'rﬁ
1 1 ] 1
12 13 14 15 16

(a) Temperatures, 37.8°, 60°, and 98.9° C.°

2-alkylbicyclohexyl hydrocarbons at various temperatures.

Flgure 5. - Effect of side-chain addition on viscosity of 2-alkylbiphenyl and
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Kinematic viscosity, centistokes
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Figure 5. - Concluded. Effect of side-chain addition on viscosity of 2-alkylbiphenyl
and 2-alkylbicyclohexyl hydrocarbons at various temperatures.
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NACA TN 2419
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(a) Straight-chain substitution.

Flgure 6. - Effect of temperature on viscosity of 2-alkylbiphenyl and 2-alkylbicyclohexyl

hydrocarbons.
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(b) Branched-chain substitution.
Figure 6. - Concluded. Effect of temperature on viscosity of 2-alkylbiphenyl and

’

NACA-Langley - 7-20-51--M

2-alkylbicyclohexyl hydrocarbons.
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