=
Original Paper

Mo

O
©)

Q

a0 HIHE Fel

o*
MM -

DOI: http://dx.doi.org/10.5293/kfma.2020.23.1.065
ISSN' (Print): 2287-9706

£AAMF A|AHO]
S TH
%% . ODIEOH_E_***

Development of Packing Method to Arrange Components of
Hydrogen Engine for High Altitude Long Endurance UAV

Sangook Jun, Young Seok Kang”, Byung Jun Lim™

Key Words : Packing(HJ*)), Hydrogen engine(54>91Z)), Pipeline(##), Sequence quintuple(AH= FEE), Pathfinding algorithm(Z

#7] daalE)

ABSTRACT

This research proposes the packing method to arrange components of a hydrogen engine system, considering the pressure

loss in the pipeline. The method proceeds in the order of component packing, pipeline construction, and performance calculation

such as size, center of gravity, pressure loss, etc. For the replacement, sequence quintuple is used, A* algorithm is applied to

make the pipeline. This packing process is performed in the system consisting of four turbochargers, three heat exchangers, one

radiator, and twelve pipes. From results, it was confirmed that the proposed method has a good possibility of packing in consideration

of the pressure loss. The system has a pressure loss of up to 3.4%, with the minor loss accounting for 75~91% of the total

loss in most pipes. It is expected that the layout satisfied with designer’s target is extracted from this process combined with

the optimization tool and it can be applied the various systems with many components and complex pipeline.
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Temperature
Goal node # Mass flow rate Weight
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Fig. 1 Process for hydrogen engine system layout
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Turbocharger

Fig. 2 Component & buffer region
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Fig. 3 Nodes created on components
(Number in circle is the node index.)
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Table 1 Component index and diameter of inlet/outlet

No. Component Diameter [m]
1 HP 0.08
2 P 0.12
LP #1 0.14
LP #2 0.14
5% HX(HP) 0.08
6* HX(IP) 0.12
7* HX(LP) 0.14
8* Radiator 0.00

* Pipe diameter for cooling : 0.02 m

Table 2 Pipeline information

Start End |Pressure[kPa]| Temperature [K]|Mass flow rate [kg/s]
LP #1 |HX(LP) 2533 339.27 0.06
LP #2 |HX(LP) 2533 339.27 0.06
HX(LP)| IP 22.80 265.70 0.12

IP | HX(IP) 75.24 409.72 0.12
HX(IP)| HP 67.72 293.88 0.12
HP |HX(HP)| 189.60 427.89 0.12
HP P 60.60 831.85 0.10
P LP #1 21.76 705.39 0.05
P LP #2 21.76 705.39 0.05
HX(LP) |Radiator|  150.00 300.00 0.01
HX(IP) |Radiator|  150.00 300.00 0.01
HX(HP)|Radiator|  150.00 300.00 0.01
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Table 3 Output of hydrogen engine system

Volume [m’] 1.20
Size (x, y, z) [m] (1.34, 1.04, 0.86)
Weight [kg] 76.85
Center of gravity [m] (0.62, 0.33, 0.25)
No. of pipe | pressure loss [%] | major loss [Pa] | minor loss [Pa]
1 0.37 15.36 78.63
2 0.65 24.88 140.22
3 341 80.92 697.05
4 0.60 49.40 402.99
5 0.68 81.02 376.75
6 0.65 313.04 926.35
7 0.83 71.23 424.46
8 2.25 42.08 448.25
9 1.53 46.49 287.29
10 0.00 0.91 0.32
. 11 0.00 0.82 0.28
® 12 0.00 0.91 0.71

Fig. 8 (a) Pipeline constructed by A* algorithm and (b)
pipeline with overlapping parts
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