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PHYSICAL PROPERTIES OF JP-5 FUEL AT ELEVATED TEMPERATURES 

INTRODUCTION 

This work cover8 an investigation of certain physical proper- 

ties of JP-5 fuel. The military designation of this fuel is 

MIL F-5624 C (JP-5). The military specifications of MIL F-5624 C 

(JP.5) and its predecessors MIL F-5624 C (JP-4) and MIL F-5624 C 

(JP-3) are included on page 43 of the appendix. 

The prefix JP has been used to denote fuels used in powering gas- 

turbine engines and the number following this prefix to denote the 

specified properties of the particular gas-turbine fuel. Development 

of the gas-turbine engine to power aircraft has been governed almost 

exclusively by military demands with the military uses designating 

the performance requirements of these engines and, in turn, the 

specifications for the fuels used in them. 

With the advent of more advanced aircraft, both aerodynamically 

and structurally, and of more powerful propulsion systems these 

newer aircraft are able to fly faster and higher than ever before and 

future prospects are for ever increasing speeds and altitude8. At 

these new flying conditions aircraft will be subjected to temperatures 

in excess of any heretofore experienced due primarily to atmospheric 

friction encountered at high speeds. 

At these high temperatures our present primary jet fuel, .JP-4, 

has the disadvantage of being very volatile. JP-4 will subsequently 

escape in large quantities through fuel system vents or build up great 

pressures in aircraft fuel cells that are unvented. The first condi- 

tion will naturally result in a shortened aircraft range as well as a 



fire hazard with combustible vapors encountering the extremely 

hot aircraft skin. The second condition requires a greater air- 

craft structural catability adjacent to the fuel cells with an 

accompanying increase in aircraft weight. A further disadvantage 

of a volatile fuel is that it can volatilize in the lines that 

supply fuel to the engInes. This can create a condition known as 

"vapor lock" which can completely starve the engine of fuel and 

cause the aircraft to lose power. All of these conditions are 

obviously undesirable and the result has been a new military 

designation for a low volatility fuel, JP-5. 

The property of JP-5 of prime importance then is its low 

volatility or vapor pressure. For reasons to be discussed later this 

low vapor pressure requirement causes a chance in other properties 

froni its more volatile predecessors. Those physical properties, 

other than vapor pressure, of interest are specific gravity or density 

and viscosity. 

Published data on the behaviour of JP-5 at elevated temperatures 

is extremely scarce and, for the most part, not available. Those 

properties that are described in the literature have been evaluated 

largely by analytical means and also, probably, by "educated" guess- 

work. It is the purpose of this work to experimentally investigate 

the behavior of .JP-5 fuel in the range 250 to 500 degrees Fahrenheit 

and compare the results with those available which have been obtained 

by analytical means. 



ThEORETICAL BACKGROUND 

Vapor Pressure 

3 

Vapor pressure is defined as that pressure at a specified 

temperature at which a pure liquid can exist in equilibrium with 

its vapor. 

To clarify the picture of vapor pressure, consider a liquid such 

as water placed in a closed evacuated container. Some molecules of 

the water tend to leave the liquid surface and enter the vapor space. 

At the same time some water molecules in the vapor space tend to 

enter the liquid. Wite. the molecules are entering both the liquid 

and the vapor space at the same rate, the system is said to be in 

equilibrium. The pressure of the water in the vapor space is then 

said to be its vapor pressure at the prevailing temperature. 

At a given pressure the equilibrium partial pressure of a 

compound may vary greatly depending upon the concentration of this 

compound in the liquid solution. Plots of the partial pressure of 

a gas vs. its concentration in liquid solution have been drawn for 

many different gases over a number of different liquid solvents. 

A cotanon means of representing this relationship is in figure 1, 

which represents the vapor pressure of a compound in the vapor phase 

as the ordinate plotted against the mole fraction of this compound 

in the liquid phase as abscissa. 
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MOLE FRTtON IN LIQUID 

Pigure 1. Solubility of a Gas-Solvent System 

The illustrative system shown is an ideal one in that the 

partial pressure of the conpound is directly proportional to its 

liquid concentration. A system of this type is not representative 

of all gas-liquid systems and is used here for illustrative purposes 

only. 

Curve a in the figure represents the partial pressure vs. 

liquid concentration for a constant temperature. This relationship 

aay be demonstrated by placing the gas and a liquid solvent into a 

theoretical cylinder with a frictionless piston which in combination 

with weights, will exert a known pressure on the constituents within 

the cylinder. With this constant pressure and at a constant tempera- 

turc, the gas-solvent system will reach equilibrium as previously 
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described and the concentration of the gas in the liquid phase and 

its partial pressure in the vapor phase wíll be the equilibrium 

values. Holding the temperature constant and changing the weights 

on the piston which, in turn, changes the pressure within the cylinder 

will result in a changing equilibrium liquid concentration. A plot 

such as curve a on figure 1 then graphically represents these equili- 

brium concentrations or solubilities and their corresponding gas 

pressures at the prevailing temperature for the gas-solvent system. 

The influence of temperature upon the so].ubility of a gas is 

described by van*t Hoff's law of mobile equilibrium which states: 

"If the temperature of a system at equilibrium is raised, that change 

will occur which absorbs heat.' Solution of a gas will, in all but 

exceptional cases, result in an evolution of heat resulting in a 

decreased gas solubility with an increase in temperature. As an 

example, curve b in figure 1 shows the solubility of our gas in a 

solvent at a lower temperature than that represented by curve a. The 

solubility is noticeably greater than at the higher temperature. 

The preceding discussion considered a soluble gas and an entirely 

different liquid solvent. Considering hydrocarbons, the vapor phase 

is created from the liquid phase by vaporization of the liquid rather 

than by the introduction of a new substance into the mixture. The 

vapor produced, then, consists of the same components which comprise 

the liquid, although in different concentrations than those in the 

liquid phase. 

The relative volume of the vapor to the liquid phase at a 

constant total volume is, then, a function of temperature alone and 



the preasure exeTted will be the vapor pressure of the tiydrocarbon 

u*ixturc at tìe prevailing emperdture. This may agaií be illustrated 

by our theoretical cylinder witth it frictionless piston and applied 

weights. If a liquid hydrocarbon mixture is placed in this cylinder 

at rooa tniperature and then sealed by the piston to prevent any 

vapor from escaping the liquid would vaporize to some extent and, if 

left for a long enough tinte, would reach equilibrium. For every sub- 

stance there exists that teuq,arature where the nolecuies do not tend 

to lewc the li4uid phase. M this ternperature the vapor pressure of 

the substance is zero and the voluae it will occupy in our theoretical 

cylinder is the voluae of the liquid only. If this volurae is main- 

tamed and the tecperature raised, then the amount of pressure that 

must be applied to the piston to maintain this volume is the vapor 

pressure of the hydrocarbon nixture at the prevailing teerature. 

There are three methods that are generally used to designate the 

vapor pressure of a hydrocarbon or hydrocarbon nixture. These 

methods are: Reid Vapor Pressures 
Gas-Free Vapor Pressure, ad 

True Vapor Pressure. Gas-Free Vapor Pressure is of particular 

significance in the cudy of vapor-lock characteristics of gasolines 

and of no importance in this study and will, therefore, not be con- 

øidered further in this work. The significance of the other two 

methods is discussed ba1ov 

1. Reid Vapor Pressure (RVP) is used to designate the vapor 

pressure of a hydrocarbon or hydrocarbon mixture containing normally 

dissolved air, It is ieasured at lOO'F and at a finite vapor to 

liquid (V/L) ratio, usually 4. The RYP determined by ASTM method 
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D-323, is iiast frequently used for volatile, non viscous petroleum 

products. 

2. True Vapor Pressure is used to designate the vapor pressure 

of an air-free hydrocarbon or hydrocarbon mixture at a specified 

temperature and VIL O. True vapor pressure may be calculated from 

RVP by methods using values from the ASTh distillation curve (D 86-52) 

for the hydrocarbon. 

True vapor pressure is the quantity normally used in fuel system 

design. Although not completely realistic, a system designed to 

withstand a vapor pressure at VIL = O, the riost severe condition, 

would be suitable for all operating conditions. 

In actual practice, Loever, the VIL ratio is never zero and 

varies from small values with full tanks to ever larger values as 

the fuel is consumed and the level in the tanks decreases. 

A useful method of vapor pressure prsencation would then be 

to plot vapor pressure as ordinate vs. temperature as abscissa with 

lines of constant vapor to liquid ratio. 

The vapor pressure of JP-5 fuel is expected to decrease with 

increasing values of VIL. 

Viscosity 

Viscosity is a term used to describe a property of fluids. It 

is analogous to the shear rdulus of elasticity in elastic solids with 

one exception. The shear modulus of elasticity for an elastic solid 

is defined as the ratio of the shearing stress to the shearing strain 



of the material. The shear modulus of elasticity of a fluid is 

necessarily zero since a fluid in static equilibrium cannot sustain a 

shearing stress. However, it is known that a fluid does resist 

motion. Viscosity is then defined as the ratio of shearing stress to 

the rate of shearing strain. 

To illustrate this fluid property, consider figure 2. 

F 

V 

Figure 2. Viscosity Development 

The space between the two plates of distance s is filled with fluid. 

The lower plate is stationary while the upper plate moves to the right 

with velocity V as a result of the applied force F. A very thin layer 

of fluid adheres to the lower plate and has zero velocity. Another 

thin layer of fluid adheres to the upper plate with velocity V. 

Assuming that the fluid flow is laminar, i.e. that flow is in parallel 

layers with no irregular motion in other directions, the velocity of 

the fluid between the two plates varies from O to V linearly with its 

distance from the lower. F is the applied force necessary to give 



the upper plate its velocity V, and A is the area of this plate in 

contact with the fluid. The ratio F/A is then the shearing stress 

normally denoted as ¶(tau). The rate of shearing strain is V/S 

and our definition of viscosity now becomes, quantitatively: 

!th - viscosity 
= 

This quantity is called absolute viscosity or dynamic viscosity and 

denoted by ,&.(inu), therefore: 

T V 
or 'r= 

For a non linear velocity distribution the shearing stress varies 

from point to point and becomes: 

The units of dynamic viscosity from dimensional analysis are 

F 9/L2. Common units are pound seconds per square foot or 

dyne-seconds per square centimeter. The unit of 1 dyne second/centi- 

meter2 has been given the name "poise." One hundredth of a poise or 

one centipoise is the approximate dynamic viscosity of water at 2OC. 

The centipoise is the unit most used for dynamic viscosity. 

The ratio of absolute viscosity to density is defined as kinema- 

tic viscosity which is denoted by the symbol \) (nu). 

By dimensional analysis again the units of kinematic 
viscosity 

2 
are seen to be L /T. The unit most used for kinematic viscosity is 
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the centistoke which ïs 0.01 centimeters2 per second. One centi- 

stoke is the approximate kiaeratic viscosity of water at 20°C. 

Because one type of viscosity is easily converted to the other 

it matters little which is reported for a particular fluid. Rand- 

books usually report values of dynamic viscosity, while experimental 

data is usually presented as kinematic viscosity because the density 

of the fluid is usually involved in the experimental determination 

of viscosity. 

Data on fuel viscosity are necessary for the fuel system 

designer to calculate fuel line losses and heat transfer rates in 

aircraft fuel systems. 

Density 

Fuel density is of interest in airframe design since it controls 

weight loadings with completely full tanks, and, when combined with 

the heat of combustion, it is used in the flight range calculations. 

Density is a factor in the calibration of tank gages and fuel metering 

devices. It ja also used in combination with viscosity to calculate 

fuel line losses and heat transfer rates. 

Density is commonly expressed in three ways: 

1. True density (mass per unit volume) 

2. Specific gravity relative to water at 60°F 

3. API (American Petroleum Institute) gravity 

These terms are interrelated by the following equations at 60°!: 

1. Density (lb/ft3) = 62.43 x Specific Gravity 

2. Density (lb/gal.) = 8.347 x Specific Gravity 
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0 141.5 - 
API = 

Gr. (6O/6O1) 
- 

Fuel density decreases with increasing temperatures. An 

easily used method for describing the specific gravity of a liquid 

at any temperature is given by the following equation: 

? ?o 1k(6O_t\ 

where: = specific gravity at t°F 

= specific gravity at 60°F 

k = mean coefficient of thermal expansion 

t = temperature, °F 

The volatility of hydrocarbons in homologous series decreases 

with an increase in atomic weight. Therefore a mixture of hydro-. 

carbons, such as iP-5, that has relatively low volatility would be 

expected to have a greater density than a more volatile fuel at the 

same temperature. 



DISCUSSION OF APPARATUS AND TEST 

General 

12 

In evaluating the physical properties of a liquid hydrocarbon 

fuel in the range 250 to 5OOF, several unique problens arise. The 

ASTN methods describe the standard, accepted, test procedures in 

the moderate temperature range up to, in general, the boiling point 

of water, 212°F. At temperatures of more than twice this value, 

however, there are certainly no standards and very little accumulated 

data. The greatest obstacle to overcome in this work was, then, to 

adapt testing apparatus and methods to this high temperature range 

80 that the results might be meaningful. 

Of first consideration was the bath material which could be 

heated and in turn raise the temperature of the apparatus suspended 

in it. Of prime importance was the requirement that the material 

remain in the liquid state from room temperatures up through 500°F. 

The bath material chosen and used throughout these tests was 

"Aroclor 1248," a liquid heat transfer medium manufactured by the 

Monsanto Chemical Company. The manufacturer suggests that this 

material be used at atmospheric pressure up to a maximum temperature 

of 600°F. This specification showed Aroclor to be a good bath 

material from the temperature standpoint. Unfortunately Aroclor had 

two dísadvantages. The first was that at room temperature it was 

very viscous and, consequently, hard to work with. Secondly, at a 

temperature of about 300°F it began to give off fumes, the amount of 
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fumes given off increasing with the temperature. These vapors were 

extremely irritating to the eyes and nose and caused minor irritation 

to the skin where in prolonged direct contact. It did remain a 

liquid throughout the tests, however, and so the undesirable proper- 

ties were tolerated. 

Next it became necessary to heat the bath material and to main- 

tain an accurate control on the temperature. Electric immersion 

heaters were chosen because of their adaptability to accurate con- 

trol. The heaters used throughout the testing were General Electric, 

1000 watt cairod units. The thermostat wired in series with the 

heaters was a Fenwall number S1045 manufactured by the Fenwall Corn- 

pany, Ashland, Nas3achusetts. Its capacity at 115 volts was 10 

amperes. Figure 3 shows a typical constant temperature bath arrange- 

ment as used throughout this work. 

A is the stirring unit. The unit used in all phases of thís 

work was a 7 amp, 115 volt, variable speed unit with serial number 

2356273 manufactured by the Bodine Electric Coany, Chicago, Illinois. 

B represents a General Electric immersion heater wired in series with 

the Fenwall $1045 thermostat. D is the temperature measuring device, 

a cromel-alumel thermocouple wired to the temperature indicating 

unit, E, a Lewis Pyrometer, model 58 PY 3, serial number 406, manu- 

factured by the Lewis Engineering Company, Naugatuck, Connecticut. 

All units were immersed in the liquid Aroclor 1248 bath E, which was 

enclosed by G, a pyrex cylinder. 

This bath arrangement was used for all tests with he one 

exception being in the vapor pressure determinations where two 
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CONSTANT TEMPERATURE BATH ARRANGEMENT 

Figure 3. 



15 

General Electric immersion heaters were used in series with the 

Fenwall thermostat instead of one as shown. 

The Test Fuel 

The fuel used in all determinations was supplied by the Standard 

Oil Company of California. 

It must be remembered that all jet fuels, including JP-5, are 

not held to a rigid specification. Desired physical properties are 

"blended" into these fuels by refiners . The result is a wide varia- 

t1on in composition and in physical properties from batch to batch 

and refiner to refIner. This results in an infinite variation in 

these fuels, all of which may fall within the range of specifications 

to be classified as JP-5 fuel. 

There is, however, complete justification for this practice. 

Certaaly a prime requisite for a military fuel is that it be avail- 

able in large quantities. Should the specification on any one fuel 

be made too rigid it could seriously limit quantity as well as raise 

the price of the fuel considerably. 

This is mentioned to illustrate the wide range in fuel composi- 

tions and properties of fuels that may all be properly classified as 

JP*5. To examine one batch of JP-5 fuel and state that the experi- 

mental results accurately describe the behavior of JP-5 fuel as a 

whole would be untrue. 

In comparing the specifications of the test fuel with the over- 

all range of specifications for JP-5 fuel in general it is seen to 
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fall well within specification and is neither at one end of the 

specification nor the other, but falls about midway between speci- 

fied limits. It is, therefore, a good sample to examine. The exper- 

irnental results, although not describing all JP-5 fuels, are quite 

representative and provide a basis with which to compare other JP-5 

blends and a starting point for fuel-system design. 

Vapor Pressure 

The basic method of approach to vapor pressure determination was 

AST?! D 323 "Test for Vapor Pressure of Petroleum Products (Reid 

Method)." The basic piece of apparatus was a Reid Vapor Pressure 

Bomb, catalogue number 74878, manufactured by the Precision Scientific 

Company, Chicago 47, Illinois. This bomb had the standard VIL of 

4 to 1. The volume of the liquid chamber was measured to be 139 cc 

by filling with water from a graduate. This checked very closely with 

the manufacturer's value of 140 cc. The volume of the upper chamber 

was measured at 560 cc. The actual VIL was 4 to 1 as desired. All 

connections had O-ring seals and were leak proof when tightened by 

hand. 

In addition, two other vapor chambers were fabricated to provide 

V/L's of 2 to 1 and 8 to 1 when used with the standard 140 cc liquid 

chamber. All connections on these two fabricated pieces were made 

identical to those on the original vapor chamber in order that all 

connections would seal when hand tightened and that the same gages and 

liquid chamber could be used with each. The measured volumes of these 
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VAPOR PRESSURE BOMBS 

Figure 4. 
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chambers were 288 cc and 1111 cc giving actual V/L's of 2.06 and 

7.94 respectively. 

The gages were standard Reid Vapor Pressure gages made to be 

used with the Reid Bomb. Two different gages were used, the dif f er- 

ence between them being their range. One had a range of O to 15 psi 

and the other read frota O to 100 psi. Both gages were manufactured 

by the Precision Scientific Company, Chicago 47, Illinois. The 

manufacturer's catalogue numbers for the gages were 74886 and 74890 

respectively. 

Filling the liquid chamber was done in accordance with ASTM 

method D 323. After filling the liquid chamber and vapor chamber 

were assembled by hand. A new neoprene 0-ring was put on the con- 

nection each time the unit was assembled. A coating of "Lead-Plate" 

was applied to all threads prior to each assembling operation. This 

"Lead-Plate" was an extremely good sealant and was unaffected by the 

high temperatures or by the liquid Aroclor. 

The gage was then screwed into the fitting at the top of the 

vapor chamber. This fitting had an 0-ring seal also and "Lead-Plate" 

was again applied to all threaded joints. 

The assembled unit was, next, immersed in the Aroclor bath and 

the heater and stirrer circuits closed. 

The temperature of the system increased until the temperature 

setting of the thermostat was reached. The system was allowed to 

remain at the temperature for 30 minutes during te initial stage of 

testing in order that the fue]. in the bomb might be at the temperature 



VAPOR PRESSURE TEST APPARATUS 

Figure 5. 
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of the bath ateria1 as read by the pyrornetr. During this 30-minute 

period no readable change in the gage-pressure reading was ohservd. 

It was, therefore, concluded that at the slow heating rate (2°F per 

minute n the 250°? range, decreasing to 1°? change per 10-minute 

interval at 450°) the fuel temperature was essentially the same as 

that of the bath. For the remainder of the test a 5-minute minimum 

equilibrating time was observed before reading the pressure at any 

one temperature. During this interval also, the pressure gage was 

observed to ensure that there was no change and that the readings were 

of near equilibrium conditions. No such changes were observed at any 

time during the test. 

The thermostat temperature setting was adjusted by turning a 

threaded screw at the top of the unit with a screwdriver. The exact 

set temperature could not be predicted; however, once set to a temp- 

erature and this temperature reached, the system temperature fluctua- 

tion was less than 1°F throughout the temperature range as indicated 

by the pyrometer. 

Throughout the test, then, following a reading, the thermostat 

was reset and a new reading taken, after a proper interval, at what- 

ever emperaturc was given by the theriostat. This was continued 

until enough readings were taken to give a representative variation in 

bomb pressure throughout the temperature range 250 to 480°F. 

This procedure was followed using the three VIL ratios, 2 to 1, 

4 to 1, and 8 tol. The results are tabulated in Table III of the 

appendix and represented graphically in figure 9. 
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Viscosity Determination 

The basic method used for viscosity determination was ASTM 

D 445-46T, using the modified Ostwald viscosimeter. A diagram of 

the viscosimeter is shown in figure 6. 

The procedure on charging the viscosimeter was as specified in 

ASTM D 445-46T. Briefly it was done in the following manner. The 

tube was inverted with the end of the capillary arm, 2, immersed in 

the fuel. Suction was applied at 2, and the fuel was brought into 

the capillary side until the level reached the upper etched mark on 

the working capillary, B (upper etch mark when inverted, lower etch 

mark as seen in figure 6). This introduced the correct amount of 

fuel. The tube was then inverted to the position shown in figure 6 

and immersed in the constant temperature bath. 

The bath and all components were the same as shown in figure 3. 

The high test temperatures required that both sides of the tube 

be pressurized in order that the fuel remained liquid throughout the 

test temperature range. The pressurizing agent used was nitrogen gas. 

All viscosity runs were made using nitrogen pressure of 20 psig. 

The pressurization was accomplished by rubber and "tygon" tubes from 

the nitrogen tank to both glass arms of the viscosimeter tube. This 

circuit is shown diagraxnatically in figure 7. 

The nitrogen tank pressure was reduced with a standard nitrogen 

pressure regulator. The connection out of the regulator led to one 

side of a glass "T" joint. One of the other branches of the "T" led 

directly to the large diameter tube of the viscosimeter. This side 
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Figure 6. 
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NITROGEN 
REGULATOR 

VSCOSIMETER PRESSURIZATION CIRCUIT 

Figure 7. 
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of the tube always had pressure on it. The remaining branch of the 

"T" led to one connection on a 3-way pyrex valve. The second side 

of the valve was connected to the small diameter or capillary arm of 

the viscosimeter. The third side was unconnected and led to the 

atmosphere. 

After the viscosimeter was charged and immersed in the bath, the 

tubing was connected to all components as shown in figure 7 and 8, 

and in the order just described. All flexible tubing to glass joints 

were sealed by winding wire around the tubing and tightening the 

wire to make a pre8sure-tight seal. 

The three-way valve on the nitrogen line was positioned to put 

full pressure on the capillary tube so that the fluid in both sides 

of the viscosimeter was subjected to the same pressure. 

The heater and stirrer were then plugged in and the temperature 

of the system increased until the thermostat set temperature was 

reached. When the system had remained at this temperature for a 

minimum of 10 minutes , the three-way valve was turned so that the 

capillary side of the viscosimeter was subjected to atmospheric 

pressure. The higher pressure in the other side of the viscosimeter 

caused the fluid level to rise in the capillary aide. When the 

meniscus was approximately halfway to the top of bulb A in figure 6 

the three-way valve was turned back to its original position, equal- 

izing the pressure on both sides of the viscosimeter tube. The time 

for the meniscus to pass from the upper mark to the lower mark on 

bulb B was then measured. 



VISCOSITY AND DENSITY TEST APPARATUS 

Figure 8. LI I 
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Different time intervals at which the system remained at set 

temperature prior to measuring efflux tizne were checked. Measured 

efflux tires remained the same throughout a 5 to 30 minute range of 

equilibrating times. It was then decided to use the standard 10- 

minute interval at test temperature as specified in ASTM method 

D 445-46T for temperatures outside the range 50 to 100°F. 

The test temperature was varied ín the s&ne manner as for the 

vapor pressure determinations previously described until a repre- 

sentative nwaber of points throughout the desired tenerature range 

were obtained. 

Only one datum point was obtained with each charge of fuel. 

After each reading the apparatus was allowed to cool, disassembled, 

and the viscosirneter thoroughly cleaned and dried. Following the 

cleaning operation a fresh charge of fuel was introduced and the 

aforementioned procedure repeated. 

It next became necessary to convert the various ef f lux times to 

viscosity units. The ASTM method is to measure the efflux time of a 

fluid at known viscosity under the same conditions as used in the 

test. The fluid uaed in this test was pure, freshly-distilled water. 

The viscosity of water is known accurately throughout the range O to 

200°C and the values are published in most handbooks. Knowing the 

efflux time of water at a certain temperature, a constant was 

obtained using this formula: 
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')= C 9 

where: -i is the kinematic viscosity, centistokes 

C is the calibration constant, centistokes/second 

9 is the nieasured ef f luz time, seconds 

The calibration constant C, was then determined for water at 250°F. 

This constant was then applied to the JP-5 at the same temperature 

and the kinematic viscosity, , of JP-5 at 250°F was obtained. 

It was planned to follow this procedure for the entire range of 

temperatures. The water, however, boiled as the temperature vas 

raised a few degrees above 250°F. This required that the viscosimeter 

constant, already determined at 250°F, be determined analytically 

above that temperature. 

The equation used to calculate the constant at temperatures 

above 250°F was: 

V2 - 

CT CT _ 
D2 fl/4 

(3, p 45) 

where: CT = calibration constant at a new temperature t2 

2 

CT known calibration constant at temperature t1 

i 

V2 s Volume of fluid in viscosimeter at t2 in cm 

Vi = Volume of fluid in viscosinieter at t1 ïn cm3 

D = inside diameter of lower fuel reservoir in cm 

li = fluid head in centimeters 

This equation compensates for the change in volume of the fluid with 

temperature, hence the change in driving head of the fluid. The 
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change in the working level in the lower reservoir for a change in 

volume, AV, will be AV/r2 cm, with a net result that the driving 

head will change the same amount òV/1Tr2 cm. The percent error in 

this change divided by the driving head, H, will be the error intro- 

duced when the volume changes or AiV/tr2h x 100. The instrument was 

constructed with a driving head of 9 cm and a working radius of 

1.5 cm so that AV must be 0.35 cm3 to introduce an error of 0.5%. 

The fluïd must then change in volume by 0.06 cm3 to change the con- 

stant by one unit in the third decimal place. 

From the data for change in density the volume of fluid in the 

calorimeter at 250°F was determined to be 0.675 cm3. The viscosi- 

meter constant at this temperature was 0.12623 cs/sec. Applying the 

above relationship, the value of the constant at 500SF was deter- 

mined to be 0.12604, a change of 0.00019 or 0.15 percent. 

Two other possible sources of error were in the expansion of the 

glass viscosimeter with temperature and the compressibility of the 

fuel itself under the 20 psig nitrogen pressure. The coefficient of 

linear expansion of pyrex glass is given as 3.25 x io6 units per °c. 

Por the temperature range 250 to 500°F or a range of 139°C, this term 

is 4.86 x l0 and would result in a 0.048 percent error at 500°F. 

This correction would be one order of magnitude less than that for 

the volume change of the liquid and it was therefore not considered. 

There is no data available on the bulk modulus of elasticity of 

Jp-5 and since the pressure on the fuel, 20 psig, was comparatively 

small, the effect of the compressibility of the fluid was neglected 

also. 
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Using the experimental data for cf f lux time and the calibration 

constants determined experimentally at 250GF and analytically above 

this temperature, values for the kinematic viscosity of JP-5 fuel in 

the range 250 to 500°F were obtained. These results are listed in 

Table IV of the appendix and represented graphically in figure li. 

Denpi tv 

The density of the JP-5 fuel was measured by putting a known 

weight of the fuel into a graduated glass tube and reading its 

volume. Dividing the weight by the volume gave the weight at room 

teuperature. 

The graduated glass tube containing the fuel was then suspended 

in the constant temperature bath already described in detail. The 

tube was then pressurized to 20 psig with nitrogen. The same general 

equipment was used to pressurize this tube as had been used previously 

with the viscosimeter, with the exception that only one piece of 

flexible tubing was reuired and it led directly from the nitrogen 

regulator to the immersed glass tube. The connections were again 

sealed with wire to prevent a pressure leak. 

The heater and stirrer were then plugged ín and the temperature 

of the system raised. The operation of the thermostat and heater 

circuit were as previously described. When the system reached "set" 

temperature, a 10-minute interval was allowed before the volume of 

the fuel sample was read, although no change in volume was noticed 

during this interval. The "set" temperature was then adjusted and 

the above procedure again followed until a representative number of 
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points :as rcad over the 250 to 500F range. 

Posib1e sources of error in the volume readíngs were, as 

befor, due to the xpausion of the glass with temperature and the 

compressibility of JP-5. For the re&sons already explained for the 

viscosiríeter tubc, these effects were considered insignificant and, 

therefore, neglected in the calculations. 

The density of the fuel was then deterniîned at each temperature 

by dividing the known weight of the sample by its voluiie as read at 

each test temperature. 

The wuight of the fuel sarapia was determined prior to its intro- 

duction and after the test when the tube had cooled to room tempera- 

turc. There was a slight difference in the two readings; the average 

of these two readings was used to calculate density. 

The original test was made using a 10 ml pyrex "red line" 

graduate. when experiencing some scattering of data points, a new 

vessel was selected. This was a 5 ml pyrex pipette with itg end 

fused shut. The density points resulting from the use of the pipette 

showed much less scatter than with the 10 ml graduate, however the 

line connecting these points was in excellent agreement with the best 

line drawn through the points determined with the graduate. 

The results of the density determinations are tabulated in 

Table V of the appendix, and also shown graphically in figure 13. 
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Data derived from the vapor pre8sure tests is tabulated in 

Table Ill of the appendix and plotted on figure 9. Figure 9 shows 

the variation in bomb pressure as read on the gages with temperature 

for the three values of V/L, 2 to I, 4 to 1, and 8 to 1. Figure 10 

shows the vapor pressure of the JP-5 fuel alone at each temperature 

and V/L on log-log coordinates. These values were obtained by 

subtracting the pressure of the air in the bomb at each temperature 

from the corresponding total bomb pressure. These values are also 

tabulated in Table VI of the appendix. The pressure of the air was 

calculated from the perfect gas law. 

On figure lO also are plotted values for the vapor pressure of 

JP-5 fuel calculated from empirical equations given in the CRC 

Handbook. These equations base the vapor pressure on the ASTM D 323 

distillation curve. All equations used as well as a s&p1e calcula- 

tion are included in pages 52 through 55 of the appendix and the 

values are tabulated in Table VII in the appendix. 

The plot of bomb pressure vs. temperature, figure 9, shows a 

straight-line relationship when plotted as log P vs. T. Some 

deviation is noted in the data for VIL of 8 to 1, but it is very 

slight so that the line drawn quite accurately represents all test 

results. 

Had there been no air in the bomb the gage would have indicated 

the vapor pressure of 3F-5 alone and this straight-line relationship 
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of log P vs. T would be as predicted by the Clausius-Clapeyron 

relationship. It is extremely doubtful, however, that the Clausius- 

Clapeyron equation would give a straight line over this range since 

it relates the natural logarithm of the pressure to a function of 

the latent heat of vaporization divided by the absolute temperature. 

Certainly over the temperature range 250 to 500°F the latent heat of 

vaporization is not a constant. The fact that this curve is a 

straight line or nearly so is assunied to be coincidental and no 

particular significance is attached to it. 

The CRC equation for predicting vapor pressure indicates that 

the relationship should result in a straight line when plotted on 

log-log coordinates. The calculated data, therefore, does appear as 

a straight line on these coordinates as do the experimental data 

for JP-5 vapor pressure. The lines representing the calculated and 

experimental values are not coincident however. A comparison of the 

values at various temperatures is tabulated below: 

T °F P Calculated. pß P Experimental, psi 

250 0.272 0.06 

275 0.431 0.15 

300 0.655 0.34 

325 0.967 0.71 

350 1.4 1.27 

375 1.99 2.08 

400 2.55 3.07 

425 3.66 4.5 

450 4.89 6.0 

475 6.40 8.1 

500 8.28 10.3 
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At 250°F, the low end of the temperature range tested, these 

values differed by 0.155 psi, the calculated value being the higher 

by 132 percent. At the high end, the experimental value of pressure 

was the highr by 3.22 pi or 38.9 percent, a 1es perceri difference 

than at the low end but, because of the order of aguitude of the 

values, this represented a much reater nutaerical differerce in 

results at this temperature. The two methods gave the came result, 

a value of 3 psi approximately, at 370°F. 

The close comparison of the values achieved by both methods 

lends substance to both. The fact that the experimental data 

resulted in a nearly straight line plot on log-log coordinates cer- 

tainly in&cates the validity of the data obtained and the test method 

emp 1 oyed. 

A eurprising test result was the very small difference in vapor 

pressure when employing different V/L ratios. The author had 

originally believed that the V/L ratio would have considerable effect 

on fuel tank pressure, and that the pressure would decrease as V/L 

increased. The test results show that chis supposition i incorrect 

and that the V/L ratio has little effect on vapor pressure, at least 

for values of 2 to 1, 4 to 1, and B to 1, those tested. 

CoaL ' lusions that may be drawn from the test insofar as the 

vapor pressure change of JP-5 fuel with temperature is concerned, 

are these. 

The analytical methods for determining the vapor pressure of 

.JP.-5 fuel give erroneous data. The magnitude of the error is slight, 
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however, giving a value differing from the actual by only 2.02 psi 

at 500°F. The values for vapor pressure calculated using the CRC 

equations would certainly be useful as a starting point in fuel 

system design in the temperature range 250 to 500°F. Below approx- 

imately 370°F these values are higher than those actually encountered 

and a system designed for the calculated results would certainly 

encounter no difficulty. When designing fuel systems for operating 

temperatures much above 370°F, however, extreme caution should be 

used since the actual vapor pressure is higher than the calculated 

value, the difference in the two increasing rapidly above 500GF. 

The V/L ratio in the fuel cell has little effect on the pressures 

encountered and therefore may be safely neglected in fuel system 

design. 

Viscosity 

The data resulting from the viscosity runs is tabulated in 

Table IV of the appendix. The experimental determinations resulted 

in values of efflux time through the capillary arm of the Ostwald 

Viscosimeter for different test temperatures. These data are shown 

graphically in figure 11. A sample calculation converting these 

data to kinematic viscosity is included on pages 57 and 58 of the 

appendix and the values of kinematic viscosity computed from eff lux 

times read foin figure li are tabulated in Table VIII of the appendix 

and represented graphically in figure 12. 

The curve of kinematic viscosity vs. temperature, figure 12, 

plotted on semi-logarithmic coordinates exhibits the characteristic 
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shape expected for plots of tuuis type. 

Also shown on figure 12 are values of kineraatic viscosity at 

the temperatures shown as gíve in reference 3. The curve from 

which these values were read is drawn as a solid line up to 260°F 

and the curve of viscosity above this temperature shown as a dotted 

line. The values shown in figure 12 are then obtained from the 

extrapolated portion of this curve. Good agreement is obtained, 

however, between these two. A comparison is tabulated below: 

T °F Viscosity Viscosity 
Experimental (Reference 3) 

250 0.634 0.662 
275 0.559 0.592 
300 0.515 0.531 
325 0.471 0.489 

350 0.439 0.446 
375 0.413 0.413 

The difference between the two is 0.028 centistoke at 250°F, 

the experimental value being the lower by 4.23 percent. At 375°F, 

the upper limit of the N.A.C.A. curve, the two values are identical. 

Less importance is placed ori the comparison at 375°F than at 250°F, 

however, because it represents, for the N.A.C.A. value, an extra- 

polation from known data of 115°F, while the comparison at 250°F is 

of two measured values. 

The probable reason for this relatively large (4.23) variation 

in the values at 250°F is the wide variation possible in .JP-5 fuel 

composition. The N.A.C.A. curve is drawn for an average JP-5 fuel. 

It is, therefore, possible for any particular JP-5 stock to exhibit 
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a difference in viscosity from the average by a margin much greater 

than 4.23% and remain wthiii specificatíon. The only specified 

requirement on viscosity for JP-5 fuel is a iaximuin value of 16.5 

centistokes at -30°F. Frot the viscosity variation of the test 

fuel as compared with the average, it appears quite certain that 

its viscosity at -30°F would be well below the maximum allowable. 

Density 

Data obtained experimentally for the variation in density of 

the test sample of JP-5 fuel is tabulated in Table V of the 

appendix and shown graphically in figure 13. 

Figure 13 shows a definite linear variation of density with 

taiaperature from a value of 0.749 g/ml at 250°F to 0.658 g/ml at 

500°F. When extrapolated back to 71°F the tenperature at which the 

test sample was loaded, the value of density is 0.812 gIrai comparing 

extremely well with the value of 0.816 g/ml actually measured at 

this temperature. 

Corrected back to the standard 60°F, the density is 0.819 g/nil 

or a value of 41,4°API at 60°F. 

The coefficient of expansion for the test fuel is 4.45 x 10. 
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Specification 

Fuel Grade 

A.S.T.M. Distillation D-86-52, °F 

Percentage Evaporated 
lo 

20 

40 

50 
90 

End Point 
Sum of 10- and 50 - 7 Points 
Residue, 7. 

Loss, % 
Freezing Point, °F 

Reid Vapor Pressure, psi 
Aromatics , % by Volume 
Bromine Number 
Total Sulfur, by Weight 
Existent Gum, mg/lOO ml 
Potential Gum, mg/lOO ml 
Heat of Combustion, Btu/lb 
Aniline-Gravity Product 
Gravity, 60°/60°F 

Specific 
0API 

TABLE I 

SPECIFICATIONS OF AIRCRAFT TURBINE FUELS 

MIL F-5624C 

JP-3 JP-4 JP-5 

- - - - - - 400 (max.) 
240 (max.) 290 (max.) - - - 

350 (max.) 370 (max.) - - - 

470 (max.) 470 (max.) - - - 

--- --- 550 (max.) 

1.5 (max.) 1.5 (max.) 1.5 (max.) 
1.5 (max.) 1.5 (max.) 1.5 (max.) 
-76 (max.) -76 (max.) -40 (max.) 
5.0 to 7.0 2.0 to 3.0 - - - 

25.0 (max.) 25.0 (max.) 25.0 (max.) 

5.0 (max.) 5.0 (max.) 5.0 (max.) 
0.40 (max.) 0.40 (max.) 0.40 (max.) 
0.005 (max.) 0.005 (max.) 0.005 (max.) 
14.0 (max.) 14.0 (max.) 14.0 (max.) 
18,400 (min.) 18,400 (min.) 18,300 (min.) 
5250 (min.) 5250 (min.) 4500 (min.) 

0.780 to 0.739 0.802 to 0.751 0.845 to 0.788 
50 to 60 45 to 57 36 to 48 

4m' 



Fuel Grade 

Viscosity, Centistokes 
-30 °F 
-40 °F 

Smoke-Volatility Index 
Smoke Point, 
Flash Point, 'F 

Explosiveness, 7 

TABLE I (Continued) 

IF-3 JP-4 JP-5 

16.5 (max.) 
e e - - 

54.0 (.in.) 54.0 (min.) - - - 
- - - 20 (min.) 

- - - - - 140 (min.) 
CCC --- 50(wax.) 
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TABLE II 

TEST FUEL 
MIL-F-5624 JP-5 GRADE 

FUEL INSPECTIONS* 

Gravity, °API 41.3 

Su1fur % 0.16 

Freezing Point, °F Below -55 

Residue, Steam Jet Gum, mg/lOO ml 0.3 

Accelerated Gum, mg/lOO ml 1.1 

FIAM Hydrocarbon Type 
Aromatics 10.1 

Olefins 0.8 

Paraffins + Naphthenes 89.1 

Heating Value, Btu/lb 18,660 

Corrosion (Air Well) Copper Strip lA Meg. 

Corrosion Inhibitor 5 lbJl000 bbl 
Santolene C 

Flash Point 154 

Viscosity, Centistokes at -30°F 11.5 

Mercaptan Sulfur, Z 0.001 

Explosive Vapor, 7 25 

Aniline Point 146 

Smoke Point, mm 22 

Water Reaction Test Pass lA 

Distillation D 86, °F 

IBP 370 

5% Evaporated 379 

10% Evaporated 388 

207. Evaporated 403 

307. Evaporated 413 

40% Evaporated 420 

507. Evaporated 423 

607. Evaporated 428 

707. Evaporated 434 
80% Evaporated 445 

907. Evaporated 461 

95°L Evaporated 476 

End Point 500 

Recovered, 7. 98 

Residue, 7. 1 

Loss, 7. 1 

* Courtesy of California Research Corporation, Richmond, California. 



Li 

o 

LU 

4 
w 
Q- 

w 
I- 

500 
____ t ____t ______46 

9O 
ASTM DISTILLATION CD-86-52 ) ___ 

FOR MIL F-5624 (Jp-5) 

8O ____ FUEL ___ ____ ___ ___ 

17O____ ____ ____ ____ ____ ____ ____ ____ ____ - 

380/ _ _ _ - 37C - 

36C .--- - ___ ----- 

35C - - __ __ __ __ __ __ - 
o io 20 30 40 50 60 70 80 90 lOO 

PER CENT EVßTED 

Figure 14. 



s 

TABLE III 

VAPOR PRESSURE DETERMINATION 

V/L=2tol V/L=4tol V/Lto1 

Temperature I3omb Pressure Teiaperature Bomb Pressure Temperature Ioitb Pressure 

°F psig °F psig "F psig 

25C 4.8 250 4.82 250 4.86 

262 5.1 260 5.11 263 5.23 

270 5.4 274 5.55 271 5.42 

282 5.8 285 5.99 282 5.95 

298 6.5 300 6.55 293 6.29 

313 6.9 312 7.0 304 6.65 

327 7.5 323 7.5]. 315 7.05 

334 7.8 332 8..O 331 7.60 

345 8.6 343 8.40 340 7.88 

353 9.0 353 8.81 352 8.50 

367 9.6 361 9.39 361 9.09 

370 9.9 371 9.90 373 9.62 

382 10.4 380 10.41 385 10.17 

393 11.3 390 11.23 394 10.74 

400 11.9 400 11.89 401 11.32 

410 12.6 0 - Ring gave way 407 11.96 

418 13.1 415 12.66 

426 14.0 421 13.30 

428 14.3 425 13.71 

430 14.6 430 14.50 

434 15.1 436 14.94 

438 15.5 441 15.40 

444 16.0 

450 16.4 
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TABLE IV 

VISCOS IT? IETERMINATION 

Temperature Eff lux Time 
Second8 

248 50.7 
249 50.7 
260 47.7 
277 43.0 
291 41.7 

293 41.1 
307 39.5 
322 37.5 
327 36.7 

333 36.3 

344 35.5 

356 34.2 

363 33.7 

373 32.8 
380 32.7 

392 31.7 

406 30.8 
416 29.9 
424 29.5 

437 28.6 

451 27.7 
464 27.1 
474 26.5 

474 26.3 



TABLE V 

DENS IT? DETERMiNATION 

Room Tetperature - 71°F 

Weight of Fuel - 3.0345 g. 

49 

ßaro. Pressure - 29.69 in. Hg 

Volume of Fuel @ 71°F - 3.72 ml 

Fuel Density @ 71°F - 0.81 g/ml 

Temperature Volume Density 
°F ml g/ml 

249 4.05 0.749 
255 4.06 0.747 
260 4.07 0.746 
265 4.08 0.744 
270 4.09 0.742 
274 4.10 0.740 
280 4.11 0.738 
284 4.12 0.736 
290 4.13 0.735 
295 4.14 0.733 
300 4.15 0.731 
305 4.16 0.729 
309 4.17 0.728 
314 4.18 0.726 
320 4.19 0.724 
330 4.21 0.721 
334 4.22 0.719 
337 4.23 0.717 
344 4.24 0.716 
348 4.25 0.714 
354 4.26 0.712 
360 4.27 0.711 
364 4.29 0.707 
369 4.30 0.706 
375 4.31 0.704 
380 4.32 0.702 
384 4.34 0.699 
390 4.35 0.698 
398 4.36 0.696 
403 4.37 0.694 
410 4.38 0.693 
414 438 0.693 
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TABLE V (Continued) 

Temperature Volume Density 
ml g/ml 

420 4.40 0.690 
426 4.43 0.685 

432 4.45 0.682 

440 4.47 0.679 

454 4.50 0.674 

458 4.51 0.673 

474 4.55 0.667 

478 4.56 0.666 

488 4.58 0.663 
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TABLE VI 

PLOTTED VALUES OF VAPOR PRESSURE 

Temperature Bomb Pressure* Air Preasure Vapor Pressure 
or psis psig psi 

250 4.75 4.69 0.06 
275 5.56 5.41 0.15 
300 6.50 6.16 034 
325 7.56 6.85 0.71 
350 8.82 7.55 1.27 
375 10.3 8.22 208 
400 12.0 8.93 3.07 
425 14.1 9.6 4.5 
450 16.3 10.3 6.0 
475 19.1 11.0 8.1 
500 22.0 11.7 10.3 

* Values read from curve of Average Experimental Values, Figure 9. 
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SAMPLE VAPOR PRESSURE CALCULATIONS 

The following equations were used: 

(1) log P = 1.167199 + 5.255 log (1 * 0.00687917 A) 

(2) A = b (t - t) 

212 
(3) b=O.142--0.O4JS 

n 

86.5 (4) t n= b 
+tf 

where: P = absolute pressure, lb/sq in. 

A = pressure function, kilofeet 

A0 = pressure function at temperature t, and V/L = O 

b = teniperature coefficient, a constant coefficient 

for each fuel 

t = temperature, °F 

t s normal boiling point of fuel, 'F 
n t15-tlO 
S = slope of distillation curve at lO7 point, = 

T = normal boiling point of fuel, °R 

tf = flash point of fuel, °F 

Vor test fuel: 

tf = 154°F 

396 - 379 Z S= 
10 l01.7 

t = 470 388 = 858°R first assumption 
n 
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Trial I. 

212 
b = 0.142 

+ 
- 0.04415 Eq. (3) 

= 0.142 + 0.247 - 0.0522 = 0.3368 

86,5 
0.3368 

+ 154 Eq. (4) 

= 870.8°R Higher than original assumption 

Trial II. Assuming t 871°R 
n 

b = 0.142 + - 0.0522 = 0.3328 

= 0.3328 
+ 154 873.9°R High 

n 

Trial III. Assuming t = 873.9°R 
n 

b = 0.142 + 
873.9 

0.0522 = 0.3328 

t 
0.3328 

154 s 873.9°R Check 

Using: b = 0.3328 

t = 873.9°R = 4l3.9F 
n 

For 1: = 250°F 

A = 0.3328 (413.9 - 250) Eq. (2) 
o,250 

= 54.5 

Finally: 

log P = 1.167199 + 5.255 log l - 0.00687917 (54.5)\ 

= 1.167199 + 5.255 log (1 - 0.375) 

= 1.167199 + 5.255 log 0.625 

= 1.167199 + 5.255 ( - 0.47) 

= 1.167199 - 2.47 
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log P s - 1.303 

P = 0.272 psi 

(5) Av 
= A + a [1 0.01515 A (V/L)0'75 

/L,t o,t o,tj 

6.6 
(6) a = (1 

- bS + 6.6 

(7) b = 0.5181 (1 - 0.0024 A0100) - 0.044v (1 + 0.0032 A0100) 

where: AV/Lt s pressure function at temperature t, and 

V/L not zero 

a = pressure parameter 

b = temperature coefficient 

S = 8lope of distillation curve at 107k 

evaporated point 

A0100 s 0.3328 (413.9 - 100) Eq. (2) 

s 0.3328 (313.9) = 104.5 

b = 0.5181 1 - 0.0024 (104.5 - O.O4-t + 0.0032 

(104.5)] Eq. (7) 

s 0.5181 (0.7492) - 0.0522 (0.6656) 

s 0.3534 

6.6 
a = 3.3 (1 - 0.3534 x 1.7 x 6.6 

Eq. (6) 

s 33 (1 - 

s 33 (0.0833) s 0.275 



For V/L = 4 to i 

and t = 250°F 

A411250 = 54.5 -4. 0.275 [i _ 0.01515 (54.5) 
(4)075 

Eq. (5) 

= 54.5 + 0.275 1 - 0.826 2.83 

= 54.5 0.135 = 54.635 

Use A411250 = 54.6 

log P = 1.167199 + 5.2553 log l - 0.00687917 (54.6) Eq. (1) 

= 1.167199 + 5.2553 (- 0.47) 

log P = -1.303 

p = 0.272 psi 



TABLE VII 

3P-5 VAPOR PRESSURES - CALCULATED 

Temperature Vapor Pressure 
OF psi 

V/LO V/L=2tol V/L=4tol V/L8to1 

250 0.272 0.272 0.272 0.272 

215 0.431 0.426 0.426 0.422 

300 0.655 0.648 0.648 0.635 

325 0.967 0.956 0.956 0.948 

350 1.4 1.37 1.37 1.35 

315 1.96 193 1.93 1.87 

400 2.69 2.66 2.63 2.63 

425 3.66 362 3.58 3.48 
450 4.89 4.78 4.69 4.65 

475 6.40 6.28 6.20 6.04 

500 8.28 8.13 7.96 785 
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SAMPLE VISCOSITY CALCULATION 

Equations used: 

(1) 'T CTT 

V2 - 

(2) CT2 = CT 
- D2P/4 

j 

where: = kinematic viscosity, centistokes 

ef f lux time, seconds 

C = viscos11reter constant. cs/sec at same temperature 

as 

C,. v:iscositneter constant at a new temperature T2 

CT known constant at temperature T1 

I 

V2 = volume of fluid in viscosimeter at T2, cm3 

vi = volume of fluid in viscosimcer at T, cm3 

D = inside diameter of lower fuel reservoir in cm 

Il = fluiG head, cìì 

Calculation for 350°F 

Known quantities 

C250 = 0.012623 ce/sec 

Q350 = 34.8 seconds 

3 
V250 = 0.675 cm 

V350 = 0.709 cm3 Computed from density curve 

D = 3 cm 

H = 9 cm 



CT = 0.012623 1 
0.709 - 0.675 

Eq. (2) 

2 3.14 
(3)2 

(9)14 

0.012623 1 - 0.000541 

= 0.012623 0.999459 

= 0.12616 Use 0.126 cs/sec 

- = 0.126 (34.8) 

= 0.439 Centistokes 

Eq. (1) 
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TABLE VIII 

VISCOSITY VALUES - CALIBRATED 

Temperature Efflux Time Calibration Const. Viscosity 

°F Seconds Centistokes/Sec. Centistokes 

250 50.2 0.126 0.634 

275 44.3 0.126 0.559 

300 40.8 0.126 0.515 

325 37.3 0.126 0.471 

350 34.8 0.126 0.439 

375 32.7 0.126 0.413 

400 31.0 0.126 0.391 

425 29.4 0.126 0.371 

450 27.7 0.126 0.349 

475 26.4 0.126 0.333 

500 25.1 0.126 0.316 


