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Riport 8926-065
Material - Fuels and Lubricants - RP-1 Fuel

Fhysical Properties

Abstract

The density and viscosity of RP-1 fuel were determined by use of a
modified Sprengel type pycnometer and a standard QOstwald viscometer,
respectively. The thermal conductivity of liquid and so’id RP-l aud

the linear coefficient of thermal expansion of the solid RP-1 were
determined with special apparatus. The specific heat and cubical
coefficient of thermal expansion of ilgquid and solid RP-1l, respectively,
were calculated from appropriate physical data. The data obtained were
as follows: (a) density of liquid, 0.7967 + 0.0G05 cm/ml at 25°C,

C.7987 - 0.00;6 (t°C - 25.0) cm/ml, -45 to + 25°C; viscosity, 1.96 cp

or 2.45 x 10-2 stoke at 20°C; thermal conductivity of liguid (332 + 5) x
10-° cal gm/cm? sec deg at 28°C; rmal conductivity of solid (6.5 + 1.0)
x 10-4 cal cm/cm2 sec deg at 78°C 7.0 x 10-% cal cm/cm2 sec deg at
-196°C (estimated); specific heat liquid, +0.53 cal/gm deg at 28°C;
cubical coefficient of expan’‘cn -~  iquid, (8.7 # 0.1) x 10-% ccfce deg
from -40 to 25°C (calculated); linear coefficient of expansion, (61 #+ ) x
10~° cm/cm deg -190 to +50°C.

Reference; Malik, J. G., Graber, F. W , Keller, E. E.,

"Determination cf Various Physical Properties
of RP-1," General Dynamics/Convair Report

MP 57-684, San Dlego, California, 11 December
1958. (Reference attached).
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ABSTRACT :

The density and viscosity of 1iquid RP-1 (a kercsens-like hydrocarbon mixture)
have been experimentally determined ueing a modified Sprengel type pycnometer
and a standard Ostwald viscometer, respectively. The thermal conductivity of
liquid and solid RP-1 and the linear coefficient of thermal expansion of solid
RP-1 have been experimentally determined using modified apparatus. The
specific heat and the cubical coefficient of thermal expansion of 1liquid and
5011d RP-1 respectively have been cslculated from the appropriate physical data.
CBJECT :

The object of this test was to determine the following p}\yoi:cal properties of
RP.l:

A. Density of the liquid
B. Viscosity of the liquid
C. Thermal conductivity of the 1. 'd
D. Thermal conductivity of the so
E. Specific heat of the liquid
F. Cubloal coefficient of thermal expansion of the liquid
G. Linear coefficient of thermal expansion of the solid
RESULIJ:
A, Density, -d
4 = 0,7987 £ 0.0005 gn/ml at 25.0° C.
Temperature rangs =45 to +25° C.
a4 = 0,7987 - 0.0036 (£° C = 25.0) gm/al.
8, "iuolity) KV
V) = 1.96 op or 2.45 X10™2 stoke at 20° C,
C. Thermal Conductivity of Liguid RP-1, h

hoa (3322 5) X10'69’L_g at 28° C,

on® seg deg
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RESULTS: (Continued)

D. Thermal Conduotivity of 3olid RP-1, *

h = (6.4 ¢ 1.0) X104 gl cu at -78° C.
ca* so@ deg
h = 10.X 1074 gg cm at -196° C.
ca< see deg
(estimated)

E. Specific Heat of Liquid RP-1, -Cp
Cp = + 0.53 calfer dog) at 28° C.
(calculated) 6.7% average error
F. Cubical Coefficlent of Thermal Expension of Liquid RP-1, §
@ = (8.7 ¢ 0.1) o4 e rom -40 to 25° C.
cc deg
(calculated)

G. Linear Coefficient of Thermal Expamsion of Solid RP-1, - o<

=< =(6114) 106 ¢cu from =190 to - 50° C.
on deg

o =(10428) N0% ¢y  from -190 to - 50° C.
cz deg
($mpurities present)

TEST _FROCEDURE:

The following is a brief summary of the methods and apparatus used in the
deternination of these physical properties with the results of the wvork.

The density of liquid RP~1 as a function of temperature vas determined
over the temperature range -45 to 25° C. A apecially constructed
wodified Sprengel type pyrcnometer was used vhich kept the 1liait of
error vithin ¢ 0.0002 gn/al.The pycnometer ccnalsied of a glass U-tube
holding approximtely 2.5 ml. To the two opun ents were attached
cepillary tubes marked to 0.05 ml total volume, calibrated to 0,001 ml,
and estimable to ¢ 0.0002 ml. At the endr were glass-stoppsred covers
0o prevent evaporation. The volume of ths U-tube part of the

200 W
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A.

TEST PROCEDURE:

(Continued)

Denaity  (Cuntinued)

pycnometer was determined using water and mercury as standard$.
Then, the unkrnown was placed in the pycnometer, weighed, and placed
in a constant tempereture bath., The additional volume was read

on the capillaries and added *o the calibrated volume. The density
at this temperature may then be calculated. The temperature bath
was lowered, and the new decreased volume measured. The welight was
identicsl, so the new density may be calculated, This vas repeated
over the selected tomperature range. The equation relating cde=sity
vs. temperature was then readily obtained from the data.

Viscosity

A standard Ostwald viscoreter was used to determine the viscosity.
The particular value given in the results at 20° C. was that used
to calculate the specific heat, (Referance, Tenlels st. al.,
"Experimental Fnvsical Chemistry" (195t

Thermal Conductivity of Liquid RP-1

The apparatus consisted of a glass tube 32 cm long, sealed on the

lower end, and of such diameter that a 1 cm length contained a

volume of 1 cc. The liquid RP-1 was introduced to the 24 cm mark.

A 10 cm long heater supplied by a constant voltage line was wrapped
around the upper end of the tube 2 cm brlew the top of the liquid.
Another tube of larger diameter wus fitted concentrically at the
hottom and somtainsd the same liguid gs that being zeasursd. It
acted as a thermal equilibrator, evening out the external uncontrolled
thermal shockad. A movable chromel-alumel thermocouple was introduced
., mm below the heater. The height of the thermocouple tip was
determined with a cathetometer. Upon lreating, isothermal equilibrium
conditions were established with a constant heat radiation loss
through the liquid sample. The height und temperature of the
thermocouple were recorded at various points in the 1liquid over the
existing temperature gradient. This procedure was followed for the
reference liquid and the unknown.

Hy the use of Jakob's formula for the beat conduction in short reés,
the thermal conductivity of the unknown vas calculated.

Xa = |log (nb#Vnh!-l) 2

kb log (n‘ + dn ‘cl)

to +t2
2

vhers n =

The formuia is:

Lo T IY Lo
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G.

TEST PROCEDURE:  (Continued)

Thermal Conductivity of Liquid RP-1 (Continued)

The subscripts a and b refer to the reference and unknown substances
vhile t; 13 the temperature at the source and t, and t, are the
temperatures at the distances L and 2L respsctively. The thermal
conductivity constants are represented by k. (Reference, "Heat
Transfer", Vol. 1, Max Jakob, Convair Library No. QC 320.J22)

An abproximate relationship which is easier to calculate k is given by
ka/ln2 = kb/lb2 where kg and ky

refer tc the thermal conductivity of the refersnce and unknown liquid
while 15 and 1y, are the lengths in cm for identical equal differences
in temperature. (Referance, Rev, Sci. Instr., 21 905 (1950).)

Bacause thia was a comparative rsliationshio and not an 2bsolute
determination, three liquids of known the: . conductivities consistent
with cne srother were chosen as standards.

Thermal Conductivity of Solid 2P=l

Thermal conductivity apparatus for organic solidzc such as RP-1 are

not readily available as standard equipment. Special considerations
xnd conditions require specialized apparatus. Therefore, the simplest
set-up possibie to determine this property was employed. It consisted
of a tube siamilar to that employed in the deteraination of the thermai
conductlivity of the liquid sample. The heater was an internal exposed
wire of predetermined resistance, The tube was submerged in a dry
ice-isopropyl alcohol bath to obtain the desired low temperature.
Insulation was needed cutasjde the exposed part of the tube to reduce
heat losses through the glass. A single, movable thermocouple weuld
not be visibls so feour thermccounles were emploved. These were ssaled
through small holes in the glass, the tips being centered and 1.0 cm
spart from aach other. Tie tube possessad a 1 sq. cm. cross-section.
The RF-1 was introduced to cover the bottom two therwocouples. The

1t andard or reference liquid was placed over the solid RP-1 covering
tre to; %wo thermocouples and extending up to the heater A substance
vas chosen that would be just above ita freezing point for excellent
theranl contact with the solid RP-1. Upon heating, isothermal equilibrium
conditions were established with constant heat losses. The reference
liquid wvas chosen vwith a thermal conductivity ciose to that of RP-1

to minimize differences.

*Oag 1814 .5
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D.

TSST_PHROCEDURE: (Continued)

Thermal Corductivity of 3o0lid RP-1  (Continued)

The equation for the conduction of heat through a substance is
given by

® = KAgt & -KAAg
dx Ax

vhere § i3 the rate of hgat flow (cal/sec.)., K is tre .iermal
conductivity {cal. ecm/cm< sec. deg.), A is the area (cmz) and dt/dx

is the temperature gradient (deg/cm). Since % and A x are pre-
determined constants for the apparatus, if At is determined experi-
nentally for 2 liquid of known K, then the heat flow can be caliculated.
It {s assumed that this is the heat. flov entering the unknown under
the conditiona of isothermal equilitriuvm, Therefore with A andjx
boing predetermined constants for the apparatus, if A t is determined
experimentally, for the unknown, its thermal conductivity can ve
calcvlated. The final equation becomes s -ly

ko, = ATy Ky

ATy

whers the subscripts refer to unknown and known substances. This
nolds true for the cell of constant cross-section and equal dlstances
totween the thermocouples.

Ciher constant temperature baths are used for other temperatures
aqd other reference liquids may be used. (Reforonce, Partington,
"An Adveanced Treatise on Thyslcal Chemistry® Vol. 2, 1954).

Knowirg the thermal conductivity of solid RP-1 at one tempsrature,

it is possible to estimats the value at a lower temperature by
couparing the K vs temperature plots for similar substances in this
range, An estimate was similarily mace for the solid RP-1 at dry i-~e
teapsratures from the liaid values and compared favorably with the
experimentally determined value.

Specific Heat

The value for the specific heat of liquid RP-1 was calculated from

5. F. D. Smith's equation relating the specific heat, thermal condue-
tivity, density, molscular weight, and kinematic viscosity of a
substance, The equation is particularily vdlid since the constarts
are based on experimental data from a large number of related

FORN WA
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TEST PROCEDURE: (Continued)
E. Specific Heat (Continued)

hydrocarbons, The average error in the calculation of h was found
to be 6.7%. The equation is

k = 0,000011 + (Cp - 0.45)3 |, PA \)%'
155 800 6000

where k, Cp, d, M, v are the thermal conductivity, specific heat,
density, average molscular weight and kinematic viscosity respsctively.
(Reference, Max Jakob, "Heat Transfer" Vol. 1).

F. Cubioal Coefficient of Thermal Expansion of Liquid RP-1

Except for a special apparatus which compensates for the expansion

and contraction of the sontainer which holds the liquid to be measured
the usual apparatus is beset with this cort. ‘~er aifficulty and an
involved correction is necessary. (Referent ®&.Phys, Chem,, 71 385
(1910).) Thersfore it was noied that a calc ted value of the
oubical coefficient of thermal expansiou irc  he rather accurate
densit: measurements would quickly resul* in a reputable value and
sliminate the extensive experimental procedures involved.

The relationship is

dy = 41 ... vhere d; and d;

are the densities at the temperatures t) anu ty and At is the
temperature difference tp ~ t;. The cubical coefficient of thermal
expansion beta has units of c.c./c.c.-deg.cent. or simply deg-l.

The acecuracy of the formula was checked using water as ths standard.
Ths density data was taken from the Rubber Handbook, 38th Zd. The
results ware t 4% for the value of bsta. (Reference, Partington,
"An Advanced Treatise on Physical Chemistry", Vol, 35.

G. ILinear Cosfficient of Thermal Zxpansion of Solid RP-1

The determination of the linear coefficient of thermmal expansion of
s0lid RP-1 from ~190° C. to =50° C. consisted of dstermining the
amount of contraction of a given length of sclid RP~1 in a cepillary
tube and of so0lid pisces of various dimensions by use of' a microscope
vwith a graduated eyepiece,

PORM I818-A
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NOTE1:

TEST PROCEDURE:  (Continued)

Linear Coefficient of Thermal Expansion of Solid RP-1  (Continued)

The capillary tube method proved unsuccessful because of cracking,

brsaking, and sticking to the tube. A linear contraction measurement
was impossiblie.

"he continual condensation of water vapor and carbon dioxide as

frost at the lower temperatures obscured the vision rather quickly.
After several more elaborate setups, it was finally determined that

by placing 2 to 20 drops of liquid RP-1 on powdered dry ice contained
in a culture dish and covering with the top half, the frosting was
reduced to a minimum. After several mimutes for thermal equilibrium
to establish the cover was removed and several readings were taken of
the edges of the pellet with the graduated eyepiece. Then 1liquid
nitrogen was carefully poured over the pellet until thermal equilibrium
was again obtained at the lower tempsrature, Several more readings
were recorded with further applications ¢” 1iquii nitrogen between.
This tended to maintain the thermal 2quil tum and minimize the

frost. The RP=1 psllet was in a depressl. n the dry ice and lower
than the sides of the dish. This effeciiy placed it in an
atmosnhere of cold pure nitrogen, Tne con..«ttion was oaloulated

from the readings involved. Dividing this by the original length and
the temperature difference gave the length of expansion per unit length
per deagree.

It should be mentioned that extensive work was performed with these
solid RP-Y pellats to determing the sxact squilibrium temperatures
vhen the pellet was resting on dry ice and when doused with liquid
nitrogen, Also the time to accomplish and maintain these equilibrium
temperatures were carefully deiermined. This was done with a chromel -
alumel thermocouple which was initially calibrated over the temperature
range and imbedded at varicus placee in the pellets to determine the
temperatures, There was an excellent uniformity and consistenoy with
the procedure.

It must bs noted that after ithe RP-1 has been heated for sometime during
previous thermal conductivity tests, the value for the linear expansion
increases by as much as 708, During these heat tests, no precautions
were taken to prevent loss of the lighter fractions. Aleo, the red-brown,
flexible covering of the thermoccuple wire placed in the RP-1 became
colorless and rather hard and brittle. The color of ihe RP=l itsslf
changed perceptidly. This evidence indicated that some substance may
have been extractad and is responsible for the large change. Furvher
tests to determine the effect of various impurities on this property

were not carried out.

The data fron which this report was ;repared are recorded in Laboratory
Note Baok No, 3002,

PORN 19134




