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A Numerical Analysis on Transient Temperatures
of Fuel and Oil in a Military Aircraft
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Abstract

A transient analysis on temperatures of fuel and oil in hydraulic and lubrication systems in an
aircraft was studied using the finite difference method. Numerical calculation was performed by an
explicit method with modified Dufort-Frankel scheme. Among various missions, air superiority mission
was considered as a mission model with 20% hot day ambient condition in subsonic region. The
ambience of the aircraft was assumed as turbulent flow. Convective heat transfer coefficients were
used in calculating heat transfer between the aircraft surface and the ambience. For an aircraft on the
ground, an empirical equation represented as a function of free-stream air velocity was used. And the
heat transfer coefficient for flat plate turbulent flow suggested by Eckert was employed for in-flight
phases. The governing equations used in this analysis are the mass and energy conservation equations
on fuel and oils. Here, analysis of fuel and oil temperature in the engine was not carried out. As a
result of this analysis, the ground operation phase has shown the highest temperature and the largest
rate of temperature increase among overall mission phases. Also, it is shown that fuel flow rate
through fuel/oil heat exchanger plays an important role in temperature change of fuel and oil. This
analysis could be an important part of studies to ensure thermal stability of the aircraft and can be
applicable to thermal design of the aircraft fuel system.
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x : Aol [fi]

Pr : Prandtl &

Re : Reynolds <+

wet : wetted by the fuel
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Table 1 Phases in an air superiority
Phase Time(min) | Altitude(ft) Mach
Ground 0~15 0.0 0.000
Taxing 15~20 0.0 0.000
Takeoff 20~21 0.0 0.454
Climb 21~23 20,000 0.600
Cruise 23~30 20,000 0.600
Loiter 30~40 5,000 0.495
Ingress 40~43 1,000 0.785
Combat 43~45 500 0.697
Egress 45~48 1,000 0.785
Climb 48~51 30,000 0.633
Cruise 51~60 30,000 0.627
Loiter 60~70 5,000 0.300
Approach 70~72 5,000 0.300
Landing 72~75 0.0 0.000
Ground 75~80 0.0 0.000
2000 ~————{ Fuel Consumption Process Direction |—
1800 Jicca:.. S
1600
% oo . /
600 [ / Ve
400 < S
200 / { /
0 / ,

T T T "t T
3000 4000 5000 6000 7000

Total Fuel On Board, Ib

Y
2000

T -
1000

0

Fig. 2 Fuel consumption sequence
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T, Adiabatic wall temperature
T,,, : Total temperature
Tvem : Ventilation air temperature

Tzngbay : Engine ventilation air temperature
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(b) Rearward group fuel tank temperature
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(c) External fuel tank temperature

Fig. 9 Fuel temperature variations in each
tank during the mission
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Fig. 10 Fuel and oil temperature variations
during the mission
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