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A Study on the Diffuser Design of Exhaust Pipes
for the Infra-Red Signature Reduction of Naval Ship
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Abstract In modern naval ships, an infrared signature suppression (IRSS) system is used to reduce the metal surface
temperature of the heated exhaust pipe and high-temperature exhaust gases generated from the propulsion system.
Generally, the IRSS systems used in Koreannaval ships consistof an eductor, mixing tube, and diffuser. The diffuser
reduces the temperature of the metal surface by creating an air film due to a pressure difference between the internal
gas and the external air. In this study, design variables were selected by analyzing the shapes of a diffuser designed
by an advanced overseas engineering company. The characteristics of the design variables that affectthe performance
of the IRSS were investigated through the Taguchi experimental method. A heat flow analysis technique for IRSS
systems established in previous studies was used analyze the performance of the diffuser. The performance evaluation
was based on the area-averaged value of the metal surface temperature and exhaust gas temperature at the outlet of
the diffuser, which are directly related to the intensity of the infrared signature. The resultsshowthat the temperature
of the exhaust gas was significantly affected by changes in the diameter of the diffuser outlet, and the temperature
of the diffuser's metal surface was significantly affected by changes in the number of diffuser rings.
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Fig. 1. Type of IRSS
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Fig. 3. Temperature distribution of metal surface according
to the number of rings
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Temperature (C)

60.000 140.00 220.00 300.00 380.00 460.00

Fig. 4. Temperature distribution at the diffuser end
according to diameter change
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Fig. 5. Vector of air around diffuser according
to the number of rings
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Table 3. Metal and gas temperature result
Unit(C) Gas temp. Metal temp.
Case Min. Max. Mean | Min. Max. Mean
1 104 444 236 28 126 83
2 89 431 226 28 100 74
3 66 451 219 28 75 68
4 82 417 226 28 88 50
5 72 433 218 28 80 39
6 104 445 237 28 115 52
7 65 451 219 28 77 44
8 102 434 238 28 106 58
9 66 449 226 28 93 42
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Table 4. S/N of gas temperature

Gas temp.

SN NoR TC D DRH
Level 1 -47.1 -47.1 -47.5 -47.1
Level 2 -47.1 -47.1 -47.1 -47.1
Level 3 -47.1 -47.1 -46.8 -47.1
Sum of 0.00 0.00 0.74 0.00
Squares

contribution

. 0.17 0.04 99.50 0.30

ratio(%)

Table 5. S/N of metal temperature

Metal temp.

SN NoR TC D DRH
Level 1 -37.5 -35.1 -36.1 -34.3
Level 2 -33.5 -34.9 -34.7 -34.9
Level 3 -33.6 -34.6 -33.8 -35.4
Sum of 314 0.5 7.5 17
Squares

contribution
4 1.2 18. 4.1
ratio(%) 76 83
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Fig. 6. S/N changing level of design variable
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