
  
Abstract—Vapor diffusion of aviation jet fuel (JET A-1) in air 

was measured in harsh environmental condition. . The diffusion 
coefficient of JET A-1 was equal to 5.55×10-7 m2/s at operating 
temperature of 50 oC. The main physical properties of JET A-1 were 
measured and compared with other light oil products. It is believed 
that the diffusion of aviation fuel in air is affected by temperature, 
vapor pressure, and density. The diffusivity coefficient can be 
regarded as one of the main factor that needs to be mentioned in risk 
assessment of this material and especially in harsh environment 
countries 
 

Keywords— Diffusivity coefficient, jet fuel, risk assessment, 
vapor pressure.  

I. INTRODUCTION 
OLECULAR diffusion can be defined as macroscopic 
transport of mass, independent of any convection within 
the system [1]. The diffusivity of the vapor of a volatile 

liquid in air can be conveniently determined by Winklemann’s 
method in which liquid is contained in a narrow diameter 
vertical tube, maintained at a constant temperature, and an air 
steam is passed over the top of the tube to ensure that the 
partial pressure of the vapor is transferred from the surface of 
the liquid to the air stream by molecular diffusion. Usually the 
diffusion occurs from high concentration regions to low 
concentration regions. There are different factors that affect 
diffusion such as temperature, pressure and molecular weight. 
The diffusion occurs faster in high temperature, low pressure, 
and low molar mass.  

Another way of expressing the diffusion rate is by using the 
term “flux”. Flux is an amount of a species that passes per time 
through a unit area. The flux can be easily found through the 
Fick rate equation: 

…….. (1) 
It is very essential to know the diffusion rate since it can 

predict the time needed for certain species to transfer in a 
medium. Thus, the diffusion rate can have several applications 
and importance in life. The diffusion rate (flux) depends on 

 , so its essential to identify how does  affect the flux. 
In general, it is assumed that the higher the temperature, the 
higher the diffusion rate will be, since an increase in 
temperature represents an increase in the average molecular 
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speed, diffusion occurs faster at higher temperatures. The 
transfer theory where molar mass transfer rate NA is related to 
the diffusion coefficient D by the following formula [2] and 
[3]:  
 

NA=           ………… (2) 
In addition, the evaporation of liquid is considered with 

mass transfer rate in the following formula:  
 

NA=           ………….(3) 
By equating equation (1) and (2), then integrating between 

L to L0 and 0 to t gives the following formula: 
 

        ……… (4) 
By rearranging equation (3) to be similar to format of linear 

equation y = xm+b, it will be as follows: 
 

            ….. (5) 
The plot of  

  Showed a slope S which is:  
  
S=  
After substitution: 

 
            ……..(6) 

Where: 
            ----- (7) 

                 ---(8) 

CT =             ---- ( 9) 
 

This paper studies the diffusion coefficient of jet fuel into 
air at harsh environment of 50oC.  

Diffusion coefficients, along with other parameters, are 
required inputs to some environmental transport or risk 
assessment models [3]. Literature values are sometimes 
available for these parameters, although, often the literature 
values are determined at 25 oC. A diffusion coefficient of jet 
fuel is not available in any literature at any temperature.  
Jet fuel is refined from crude oil. It is a mixture of many 
different hydrocarbons.  Jet A-1 is a kerosene grade of fuel 
suitable for most turbine engine aircraft. It is produced to a 
stringent internationally agreed standard with flash point above 
38°C (100°F) and a freeze point maximum of -47 °C.  Jet A-1 
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meets the requirements of British specification DEF standard 
91-91 (formerly DERD 2494 (AVTUR)), ASTM specification 
D1655 (Jet A-1) and IATA Guidance Material (Kerosine 
Type), NATO Code F-35.  

II.  EXPERIMENTAL WORK 

A. Material 
Jet fuel A-1 was taken from Enock company in Dubai/UAE 

with the following general specifications. 
  

TABLE I 
JET FUEL A-1 GENERAL SPECIFICATION   (ADNOC) 

Specification  ASTM 
Method 

Value  

Density, 15oC, kg/m3 D 1298 775-840 
Freezing point, oC D2386 -47 Max.  
Viscosity, -20 oC, cst D445 8 
Flash point, oC D3828 Min. 38 
Acidity, total, mg KOH/g D3242 0.015 Max 
Aromatic, vol.% D1319 25Max. 
Total aromatic, vol% D6379 26 
Sulfur, wt% D1266  0.2 Max. 
ASTM Distillation 
10% distilled, oC 
End point, oC 
Distillation residue, vol% 
Distillation loss, vol% 

D86  
205 Max. 
300 Max 
1.5 Max. 
 
1.5 Max. 

 

B. Methodology 
Gaseous diffusion apparatus is design to investigate and 

study the diffusion of gas molecules into air. It involves 
diffusion with bulk flow. Component A, a liquid component, 
will be placed in the capillary tube of the apparatus. Then 
component B which is normally air will pass by the top 
opening of the tube. The diffusion of A into B will be 
investigated which is the rate of evaporation of A into stream 
B [5] and [6]. 

 
Fig. 1 Gaseous diffusion apparatus 

 
The apparatus consist of a glass capillary tube part of it is 

immersed in a water bath. Another tube glass is fixed upward 
the capillary tube horizontally where air can by pumped 
through. A thermometer is placed to measure the water bath 
temperature, where the bath temperature controller can be 

adjusted according to the experiment conditions. A 
microscope, with sliding venire scale, is placed on a rigid 
stand alongside the thermostatic bath where it will detect the 
rate of fall of the solvent/air meniscus within the capillary. The 
water bath capacity is 4 liters, where the water heat element is 
500 watts, and the temperature range is 0⁰C to 60⁰C. 

III. RESULTS AND DISCUSSION 
Using Winkleman’s Method, the plot of t/(L-Lo) vs. (L-Lo)  

at 50 oC is shown in Figure 2.  

 
Fig. 2   t/ (L-Lo) vs. (L-Lo) of Jet Fuel A-1 at 50 oC 

 
 

Average MW = 180g/mol 

 
CT =  
CT (50oC) = 0.0377  

 
CB1 (50oC) = 0.0377  

 
PA = 1  

CB2=  

 

 

 

 
D =  

D (at 50) = 5.56 x 10-7  = 3.33 x 10-5  
The heat of vaporization of aviation fuel was measured 
experimentally and Figure 2 shows the relation between heat 
of vaporization with temperature. 
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     By increasing the temperature, more energy will be given to 
the molecules where they can diffuse faster into the host 
material. From figure 2, it is shown that as temperature 
increases the vapor pressure increases. This can be related to 
the diffusion coefficient through CA used in diffusion 
correlation previously. The diffusion coefficient is expected to 
have an inverse relationship with vapor pressure; since CA is 
directly related to vapor pressure as shown in equation 1 and   
inversely related to diffusion coefficient as shown in equation 
2.  
 

                 ……… (1) 
CA α Pv 

             …… (2) 
D α 1/CA.  

IV. COMPARISON WITH GASOLINE 
The diffusion also depends on the type of material diffusing 

and the material diffusion to. This relation is related to 
molecular effect and similar to it since at certain temperature 
both materials will have the same energy. This is proven by 
comparing the density of jet fuel which is 802.5Kg/m3with 
average density of gasoline that is719.7 Kg/m3.It is shown in 
table II that the diffusion coefficient for jet fuel (5.55×10-7 
m2/s) at 50oC is lower than gasoline special 95 and  super 98.   

 
TABLE II 

DIFFUSION COEFFICIENT VALUES FOR GASOLINE AT DIFFERENT GRADES AND 
JET FUEL [7] 

 

Jet fuel 5.55×10-7 m2/s 
Gasoline (Special, 95) 7.35×10-7m2/s 

Gasoline (Super, 98) 6.34×10-7m2/s 

V.  CONCLUSION 
The diffusion coefficient for jet fuel is equals to 5.6×10-7 

m2/s at 50 oC.   In addition, vapor pressure and diffusion 
coefficient relation is explained using Clausius-Clapeyron 
equation and it is proven that as vapor pressure increases, the 
diffusion coefficient decreases using the derived relation of 
diffusion coefficient and concentration, although vapor 
pressure increases as temperature increases. Moreover, since 
density is related to the molecular weight and the amount of 
mass in a component, it affects the diffusion coefficient so that 
as density increases, the diffusion coefficient decreases. 
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Nomenclature:  
 

 

 
D = Diffusivity (m2/s) 
CA= saturation concentration at interface (Kmol/m3) 
L     = effective distance of mass transfer (mm) 
CBM= Logarithmic mean molecular concentration of vapour 
(kmol/ m3) 
CT   = Total molar concentration (Kmol/m3)= CBM+CA 
M= molecular weight of jet fuel (180 g/mol) 
ρ= liquid density (g/ml) 

 =diffusion flux 
 = diffusion coefficient [length2 time−1] 
Yi = mass fraction 
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