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Abstract

According to the realistic flight environment and thermal insulation requirements, the structure
of the liquid fuel storage tank on board the extended range UAV was innovated. A multi-stage
sloped inner wall liquid fuel tank is proposed for the first time. The excellent performance of the
new structure is demonstrated by comparing with the conventional structure tank from both
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theoretical calculation and simulation. The whole heat transfer model of liquid fuel tank of ex-
tended range UAV is established, and the model is calculated and simulated. The results of re-
search and analysis show that the daily evaporation rate of liquid fuel in the new tank is 0.464%,
which is 30%~42% lower than that in the conventional cryogenic liquid hydrogen tank of the
same specifications.
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Figure 1. Liquid fuel tank structure. (a) Front view; (b) Side view

Bl 1 REREICTEZER . (a) EMRE; (b) MRE

DOI: 10.12677/jast.2023.113012 9% I 5 22 M b2


https://doi.org/10.12677/jast.2023.113012
http://creativecommons.org/licenses/by/4.0/

CHEE N

FERARGE T S by He TR mRRIA SR AN RE R B (0, B0 — A A R I A8 4544,
kgt A 1R,

Figure 2. Internal structure of storage tank
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Figure 3. Equivalent heat transfer path
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Table 1. Theoretical calculation of parameters
=1 BRitESH

24 i1
T, 298 K
T, 20 K
h, 1 W/(m2K)
h, 10 W/(m?K)
h 460 ki/kg

H130(4) 115 g = 0.618 W, [k, M =q/h, =1.34x10°kg/s , HZ& K& m = M x 24x3600 ~ 0.116 kg -
TERARBREICFE R, WARBREL ST & 25 kg, BERTHIH 28R F N 0.464%. 4 H [ e AR it E X
WTFRAE IB/T5905-2000 H i e AR IR U A 75 11 H 28 & %N 0.8% 1 e T b v Al [H] 202 i U7 2% 1 14 g
[10].
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Figure 4. Calculation results of three-dimensional transient flow field. (a) Three- dimen-
sional transient temperature field; (b) Three-dimensional transient volume fraction and

streamline
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Figure 5. Calculation results of flow field on longitudinal symmetric surface. (a) Transient temperature field of longi-
tudinal symmetry surface; (b) Transient velocity field on longitudinal symmetric surface; (c) Transient volume fraction
and streamline of longitudinal symmetry surface
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Figure 6. Heat flux of typical heat transfer surface. (a) Transient heat flux on outer wall; (b) Heat flux at the inter-
face between insulation layer and tank; (c) Fluid-tank interface heat flux
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Figure 7. Transient temperature field of typical structure. (a) Transient temperature field of insulation layer;
(b) Transient temperature field of connector; (c) Transient temperature field of tank
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