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Abstracts — A numerical study was performed on the transient fuel temperatures of a military aircraft sta-
tioned under non-operating static condition. Numerical calculation was performed by an explicit method
using modified Dufort-Frankel scheme. It was assumed that the non-operating aircraft is subjected to
repeated daily cycles of air temperature with the solar radiation and wind speed corresponding to the 1% hot
day ambient condition. And, the aircraft was assumed to be in turbulent flow. The convective heat transfer
coefficient for turbulent flow on the flat plate suggested by Eckert was employed to calculate heat transfer
between the aircraft surface and the ambience. The energy conservation equation on fuel was used as gov-
erning equation for this analysis. As a result of this analysis, the wing tank temperature showed the highest
temperature and the largest rate of temperature changes among fuel tanks. The results of this analysis could
be used as initial fuel temperatures for analysis of the transient fuel temperatures in various flight missions.
Also, this analysis method could be used to analysis and design of an aircraft thermal energy management
system.
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Fig. 2. Mechanism of heat transfer between the fuel
tanks and ambience.
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Fig. 3. Thermal network model including fuel tanks and ambience.
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Table 1. Fuel quantities in tanks (lbs).

Fuel tank Fuel quantity
F-1 750
F-2 650
F-3 550
F-4 550
F-5 1,400
W-1 600
W-2 600
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Table 2. Heat transfer area (ft%).

Area exposed to Area exposed to

Fank solar radiation engine inlet air
F-1 0.847 6.906
F-2 9.411 7.003
F-3, -4 8.072 5.562
F-5 24.944 14.310
W-1, -2 46.950 0
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Table 3. Maximum temperatures.

Fuel tank Max. temperature
F-1 99.2°F
F-2 118.3°F
F-3, -4 117.7°F
F-5 121.4°F
W-1, -2 160.3°F

Energy Engg. J (2003), Vol. 12(1)



o
o2
BN

16

140

135 |
130 |
125 [ N
120 | g g \\

115 — ./ .\

ok ./ \
108 /

100 Kk /

s E Mg /
90 F .\'\-—K

85 [

Average Fuel Temperature, 'F

80 T T T N EREaE S AEmEma:
Local Standard Time, hours

Fig. 7. Averaged tank temperature.

go| 71 YA Jeldel. ol G2 e uls) e
Balell =&% wAo] v A v, AT 37
g 7)ol =& WAHe] A4, =3t o Fg7|e
L=} atopa 9R-F7IE] dHDe] 27| el

F-1 925 A23t FAQE Ba5e] &5 Wil A
2 fAs vefkem, o] 7kl gkl k2
o] 9l WA o] & F-5 =9 dBerr) v Hak
9] ex¥} o ¥ Jepdeh =8, "ldfEAl] =&
so] 9l wAo] F2 sladohs AT, A3He] Q)
= dgsko] 7Pt 22 F3, 4 B30 98E%7t F-
2 gaudg ¥ 2=d vehide

B oz AAke 7 @aEe] exAdA)E vt
gog Fajal FAasgd H3 PIexr} Fig 7l
eht Qlet. Fig. 704 Efo] AA| d8e] Hdae
X 125FEAH, 1679 Hebgtt

4. 4 =

£ Mol 29 g37) el da2=E vlgel
A B3 el AEEE BE TAEE AR 9
g F7) Wil dsR=m e A= IS
7Rz olEfdt 2EZRAS WEAR 4 WA A
g Aztsje]of gie}. wal, T d7|EZeH vl T
Ql 337] o dReE NS f1F 2T EE A
sk dlol o], ¥ XA 12jd dsdE AN
g elot,

2 d7ollMe vl AR 22d)7)el AAzE

ofxizet H12H H13 20034 23

o

=90v}. Dufort-Frankel 2418 AR} explicit HHol]
sled 314 HATh £ slA e RE], AR H2
vh efelEAlel edzol Qi dAgwAe] 1 Y
2 F A ex) o deRase] 2xid
A Vebdel =3 A4 d8e] HaEeks 1640 F
IAE By}

22|, 1% hot day 31-27H7] 2713}l 33717} H]
o] A2 AFEA g W, Y Bl
= elake] BAPEES) g, elofRAlel & e
w3 g3 Aol 9l d8Fe] Halx Wsl
o] u|x)= ogke] wl$- Tk o] WA, w3, 4
Admo] & Feoldlz9 dRe® W) FAHA
L5 slel vle] A vebdon], 7 sz LA
ARzHE, a7 selM 7|7 - AR
Hel 9L o, dB=iz W AEe FAEFSe] 2
Aoz ZAr]ejof & 2=gHA7F AAHAH.

A Farle) g Re7]) AfelolA] o] Foiz= GAZ
o tlgt At LS vl W o F
#a17] il fell, 2 siMe= o8] 7o) EEE] 9]
o}, 3] ellARFe oA, AA| 7] Bt
ofg} e U xedy) Z2A3A g7l A=
25 W3le] 29 g, B A a2 Al o)
2atg e AM-E £ olv gebd, Aljde] 23 ol
g RS 7 M AYEE sPAZITE o
B d3eAawE 2318 3] ovlA] Tejalasl A
A 2 ANl e, Azt v4-S okt FAl
A vlsishe ] el 2EsME A% 2R
A g3 ARE S sld

it

rot

=

1. Moir, 1. and Seabridge, A.G.: “Aircraft Systems”,
Longman Scientific & Technical, 59-152 (1992).

2. Network Analysis Inc.: “SINDA/G Library Reference
Guide”, 9-41 (1986).

3. Network Analysis Inc.: “SINDA/G User’s Guide”, 7-
117 (1986).

4. DoD: “Global Climatic Data for Developing Military
Products”, MIL-HDBK-310, 2, 89 (1997).

5. I, 2AG, oeh AR, BAESAL, 547-
574 (1992).

6. Sadik Kakac and Yaman Yener: “Convective Heat
Transfer”, CRC Press, 236-238 (1994).



