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Sensitivity Study on the Infra-Red Signature of Naval Ship According
to the Composition Ratio of Exhaust Plume
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Department of Naval Architecture and Ocean Engineering, Dong-Eui University
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Abstract Infrared signatures emitted from naval ships are mainly classified into internal signatures generated by the
internal combustion engine of the ship and external signatures generated from the surface of the ship heated by solar
heat. The internal signatures are also affected by the chemical components (CO,, H,0, CO and soot) of the exhaust
plumes generated by the gas turbine and diesel engine, which constitute the main propulsion system. Therefore, in
this study, the chemical composition ratios of the exhaust plumes generated by the gas turbines and diesel engines
installed in domestic naval ships were examined to identify the chemical components and their levels. The influence
of the chemical components of the exhaust plumes and their ratios on the infrared signatures of a naval ship was
investigated using orthogonal arrays. The infrared signature intensity of the exhaust plumes calculated using infrared
signature analysis software was converted to the signal-to-noise ratio to facilitate the analysis. The signature analysis
showed that C0O,, soot and H,0 are the major components influencing the mid-wave infrared signatures of both the
gas turbine and diesel engine. In addition, it was confirmed that #,0 and CO, are the major components influencing
the long-wave infrared signatures.
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Table 1. Factor level of each parameter(gas turbine)

Factor
Level soot
CO@atm) | CO2(atm) | H20(atm)
(g/cm’)
1 1.26E-05 3.31E-02 2.94E-02 3.31E-09
2 6.64E-05 4.37E-02 3.91E-02 4.30E-09
3 1.20E-04 5.43E-02 4.89E-02 5.28E-09
Table 2. Factor level of each parameter(diesel engine)
Factor
Level soot
CO2(atm H20(atm
. - (g/cm)
1 2.97E-02 2.63E-02 3.33E-09
2 5.62E-02 4.98E-02 6.17E-09
3 8.27E-02 7.32E-02 9.00E-09
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Table 3. Orthogonal arrays for GT(3")

SRS

Case CO(atm) CO2(atm) H20(atm) Som‘
(g/cn’)
1 1.26E-05 3.31E-02 2.94E-02 3.31E-09
2 6.64E-05 3.31E-02 3.91E-02 4.30E-09
3 1.20E-04 3.31E-02 4.89E-02 5.28E-09
4 6.64E-05 4.30E-09 2.94E-02 5.28E-09
5 1.20E-04 4.30E-09 3.91E-02 3.31E-09
6 1.26E-05 4.30E-09 4.89E-02 4.30E-09
7 1.20E-04 5.28E-09 2.94E-02 4.30E-09
8 1.26E-05 5.28E-09 3.91E-02 5.28E-09
9 6.64E-05 5.28E-09 4.89E-02 3.31E-09
Table 4. Orthogonal arrays for DE(3")
Soot
Case CO2(atm) H20(atm) )
(g/cn’)
1 2.97E-02 2.63E-02 3.33E-09
2 2.97E-02 2.63E-02 6.17E-09
3 2.97E-02 2.63E-02 9.00E-09
4 2.97E-02 4.98E-02 3.33E-09
5 2.97E-02 4.98E-02 6.17E-09
6 2.97E-02 4.98E-02 9.00E-09
7 2.97E-02 7.32E-02 3.33E-09
8 2.97E-02 7.32E-02 6.17E-09
9 2.97E-02 7.32E-02 9.00E-09
10 5.62E-02 2.63E-02 3.33E-09
11 5.62E-02 2.63E-02 6.17E-09
12 5.62E-02 2.63E-02 9.00E-09
13 5.62E-02 4.98E-02 3.33E-09
14 5.62E-02 4.98E-02 6.17E-09
15 5.62E-02 4.98E-02 9.00E-09
16 5.62E-02 7.32E-02 3.33E-09
17 5.62E-02 7.32E-02 6.17E-09
18 5.62E-02 7.32E-02 9.00E-09
19 8.27E-02 2.63E-02 3.33E-09
20 8.27E-02 2.63E-02 6.17E-09
21 8.27E-02 2.63E-02 9.00E-09
22 8.27E-02 4.98E-02 3.33E-09
23 8.27E-02 4.98E-02 6.17E-09
24 8.27E-02 4.98E-02 9.00E-09
25 8.27E-02 7.32E-02 3.33E-09
26 8.27E-02 7.32E-02 6.17E-09
27 8.27E-02 7.32E-02 9.00E-09
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Table 5. Ocean climate data for analysis

Geography Day | Night | Atmosphere Day | Night
Air Mass
Month January Character 1
Day 15 Cloud None
Rain Rate No clouc%s or
No rain
Longitude 133
Solar Flux 300
(W/m2)
Latitude 37 Wind Direction 115
(deg)
Wind Speed 43
Time (GMT) | 01:14 | 15:17 (m/s) ’
Sea Temp (C) 8.70
; Sky Temp (C) 2.10
Sun Azimuth 30175 90
(deg) RH. (%) 78 ‘ 77
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Fig. 4. 3D model of gas turbine exhaust pipe (LM2500)

Fig. 5. 3D model of diesel engine exhaust pipe (MTU
20V956TB82)
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Table 6. Performance of gas turbine and diesel engine

Parameter GE LM2500 MTU 20V956TB8&2
Mass Flow(kg/s) 759 6.82
Gas Temp.(C) 514 560
Uptake Diameter(m) 1.69 0.7
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Table 7. S/N of MWIR - Gas Turbine

MSV/VI\IIR Cco CO2 H20 Soot

Level 1 46.9 46.4 46.7 46.6

Level 2 47.1 47.1 47.1 472

Level 3 473 47.8 47.6 47.6

Sum of Squares 2.6 25.7 12.8 143

Contribution ratio(%) 4.8 46.3 23.1 25.8
Table 8. S/N of LWIR - Gas Turbine

L;);/;]R Cco CcOo2 H20 Soot

Level 1 414 40.6 40.6 412

Level 2 41.5 41.5 41.5 41.5

Level 3 41.5 423 423 41.7

Sum of Squares 0.1 383 4.0 4.6

contribution ratio(%) 0.2 45.6 48.9 5.4
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Table 9. S/N of MWIR - Diesel Engine

Mst CcO2 H20 Soot

Level 1 29.3 29.9 30.1
Level 2 31.1 31.0 31.0

Level 3 32.4 319 31.7

Sum of Squares 14.7 6.1 42
Contribution ratio(%) 58.9 24.4 16.7

Table 10. S/N of LWIR - Diesel Engine

L;?/I{JR CO2 H20 Soot

Level 1 224 222 23.7
Level 2 243 243 24.1

Level 3 25.7 259 24.6

Sum of Squares 17.3 20.0 12
Contribution ratio(%) 45.1 51.8 3.1
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