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ABSTRACT

In this study, preliminary thermal sizing was performed with the aim of developing a fuel
supply and cooling system design to solve the heating problems in high-speed vehicles. First, an
analysis model was used to satisfy an optional mission profile. The heat loads were computed
under boundary conditions. The results were verified using the precedent design case. Then, fuel
consumption rates were estimated for the analysis trajectory. Accordingly, the cooling capacity in
the system was calculated using the heat sink capacity of the endothermic fuel. Lastly, the

fulfillment of the design requirements was confirmed in comparison to the cooling needs.
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Fig. 2 Mission profile of analysis model.

Table 1. Specification of analysis model.

No. Specification Value
1 Mission Time (.Zrltlcal
Strike
2 Speed Mach 3 ~ 6
| Flight Crai
Conditi ruise
3 | Condition Altitude 274km
4 Configuration Axisymmetric
. Dual Combustor
5 Engine type Ramjet
— Engine
6 Fuel Hydrocarbon (JP-7)
Rocket Booster
7 Launcher (Up to Mach 3)
= =
Inlet Isolator Combustor Nozzle
0 1 2 3 4
Fig. 3 Schematic and numbered station of analysis
model.
Interior
Inlet | Isolator | Combustor | Nozzle

Nose| Cone | Body | Fin
Exterior

Fig. 4 Thermal boundary condition of analysis model.
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Fig. 8 1-D combustor model.
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Fig. 10 Comparison of recent research (PIAF).
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Table 5. Properties of typical aviation fuels(89].

_ o No. Properties JP-7 | JP-10 | Performance
314 FE7tge] & oF GRIFS JER
- 1 F 1 C1oHoy | GoH -
Rov, Fig. 29 S|HAwS thste] b AT ormula | Crelas | Colh
Fael AgAn B ARd di& vz 48 2 Density o | 790 940 -
@157C, k
AH6,7] ( 8/m)
Freezing .
3 ) o~ -44 -79 Operability
42 A8 AnS Point (TC)

31489 AlolF AL F3d}ey, Z+ LI A 4 | Flash Point (C) | 63 54 Safety
& e FHES U=y 3 dgArs ¢ 5 Net heating3 34423 | 39,441 Flight
FFHE Table 404 UERATH AHE ddEE Value (kJ/m’) Range
ot Al (&43td), AA, 71E 59 & FAVH Vi it

B8 (E3A), A4, 7HA 5ol 1& F47) 6 seosty 17 | 19 | Operability
o] WztAel FHe mEstel A4 & £ sid (@40C, mr/s)
olwf 7]Fe] He A8 EAXAE Table 5004 Cost

7 . 0.8 2.94 Economics
Jep Q). 2 =R AE P7S A& (8/liter,1998)
Heat Sink
8 . 3,000 | 2,000 Cooling
Table 2. Internal heat loads. Capacity (kJ/kg)
No. Part Heat F1121x Are;a Heat Load Table 6. Heat sink.
KW/m%) | (m) (kW)
Heat Total

1 Inlet 70 0.6 42 No/| Variables Sensible | Latent | Chemical Heat

2 Isolator 700 0.5 350 Sink

3 | Combustor 950 1.7 1615 iTemp. Inlet 20 400 450

4 | Nozzle 600 0.7 420 2| (C) |Outlet| 400 | 400 | 550 | vyp=

Total - 35 2427 X
3 AT (K) 380 - - |430psia
Capabilit @400°C
111
Table 3. External heat loads. 4 apability 1000 | 210 3000
(kJ/kg)
No. Part Heat Flux | Area |Heat Load 5| . 0.9 960 190 2700 3850
(kW/m? | (m?) (kW) — Mfuel

1 Nose 352 0.02 - 6 | (kg/s)| 0.55 585 116 1650 2350

2 Cone 176 0.50 88 kW

3 Body 35 5.84 204

4 Fin 88 0.42 37

43 Wz Q=
Total - 6.78 336 _%_} °°
¢ dEc L2oA FuEs, & 2
. O S APl S EF Al AH|O] IO T 2-F
Table 4. Fuel consumption rate. = Fauee T3 Alede ds sl 9
o ol Fxo HAHE FZWHA AFTH 2%
Phase Ascend | Cruise | o] g WG, Austl e FQ, Tajug
Required Net Thrust (N) 16,200 | 5,000 3 3187 wedz WzA 7|4l ok 4239
Equivalence Ratio (®) 0.55 0.75 A AARE d59 FAAHSY ABEAEESE AA
Fuel Consumption Rate (kg/s) 0.9 0.55 Ho] Wzt %S 213t A= Table 63 #t}
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= Tank - .
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W Combustor
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References
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Heat Load Heat Sink

Fig. 11 Thermal balance.
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