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Abstract The seawater cooling system of naval ships is installed to remove the toxic substances
generated by CBR (Chemical, Biological, and Radiological) warfare and reduce the infrared signature of
naval ships from outside the hull. The dispersion range of the nozzle is determined according to the
injection pressure of seawater and the nozzle type. Therefore, it is necessary to select the appropriate
injection pressure and design the optimal nozzles to increase the seawater dispersion area and maximize
the efficiency of the cooling system. In this study, the applying feasibility of 3D printing technology to
produce an injection nozzle for the seawater cooling system was examined. To this end, the extruded
plastic specimens were fabricated by 3D printing, and the physical properties of the specimens were
estimated through tensile testing. After this, the strain and stress of the nozzle as a function of the
pressure were simulated by applying the estimated results to the finite element analysis. The finite
element analysis results showed that the nozzle remained within the elastic range at the optimal
pressure. The nozzle was estimated to be structurally stable, and the possibility of this study was

confirmed.
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Table 1. Sculpture condition of 3D print

Printing condition Value
Thickness of material(mm) 0.1
Top 10
Number of layer Side 5
Bottom 10
Density 100%
Filling
Type Zig zag
Out 60
Travel speed 1
(mm/s) Filling 60
Wall 30
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Fig. 1. Test piece

Table 2. Sculpture condition of test piece

Parameter Value(mm)
Total length(L3) 170

Length between wide part(Ly) 1093 + 3.2
Length between narrow part(Ll) 80 + 2
Width wide part(by) 20 £ 0.2
Width narrow part(b;) 10 £ 02
Radius(T) 24 + 1
Thickness(t) 4+ 02

YL E, AFE, BEE 19 FELELG Z2 A
59 &7 44E 45| AdlixAe 720l E= AIE
Ht A5E AFEAX7E R8st QIFAIEE 3R1E Al
HAH7P71olA Fhstgion, 71doMe 9E St
o] AFAIHS gl INSTRO-5969 AlH7|E AR&SH
o AHle] FHof 1% 4= 3000mm/ minoli SHE
2 50kN7HA] Ag7bssith. E2tAE gE AlEHY A
A B4 AF71E Fig.2ol EATt.

PFAN TS BHATE ZAASHL AFHS FHA1K
T A7 1 £ E dYsi] SY-HIE TS
23ttt KS(Korean industrial Standards)wgolA]

Fig. 2. Tension test of plastic specimen
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Fig. 3. 3D model of type-II nozzle
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Table 3. Statistical result of tension test

Strain (unit : 10~3mm)

2.46

245

2.44

243

2.42

241

100,000

Number of element

Parameter(unit) Average Standard deviation
Gauge length (mm) 50.52 0.43
Width (mm) 9.92 0.07
Thickness (mm) 4.13 0.04
Density (kg/m?) 1210.54 15.21
Yield load(N) 1625.75 80.45
Yield strength(Mpa) 39.64 1.89
Elastic modulus(Mpa) 2805.14 140.66
Tensile stretch(%) 3.64 0.53
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Fig. 4. Element convergence of nozzle strain
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Table 4. FEM result of type-II nozzle

Pressure Strain Stress
(kgf/cm’) (10" *mm) (Mpa)
0.5 041 0.25
1.0 0.82 0.50
15 1.23 0.75
2.0 1.64 1.00
2.5 2.05 1.25
3.0 2.46 1.50
3.5 2.87 1.75
4.0 3.28 2.00
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Fig. 5. Pressure and stress distribution at nozzle
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