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A Study on the Internal Temperature Reduction of PKG-A
Water-jet-room by Substituting Heat Insulation Materials

Jung, Young In'- Choi, Sang Min

Naval Sea Systems Center, Defense Agency for Technology and Quality

ABSTRACT

Purpose: The purpose of this study was to resolve the Naval ship's Local Operation Panel(LOP) malfunction
problems which caused by overheating in summer season and dispatching to equatorial regions.
Methods: Instead of using dual type heat insulation materials(consist with ceramic wool and glass wool), aero—
gel heat insulation materials were used for decreasing heat emissions from gas—turbine heat waste steam
pipes passing water—jet— room. Experiment and Computational analysis of heat flow were conducted to analyze
the internal room temperature changes.

Results: The results of this study are as follows; The aerogel heat insulation materials suppress heat emission
more efficiently than dual type insulation materials. The cold surface temperature of insulation was far more
decreased and internal room, LOP surface temperature also showed significant results too.

Conclusion: The substituted heat insulation materials appeared remarkable performance in decreasing room
temperature that it could be used for suppressing the LOP overheatings and malfunctions.
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Figure 1. National average temperature of republic of korea (°C) (2009.01. ~ 2018. 2.)
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Table 1. Navy Gas—turbine heat insulation condition

. e L. Gas turbine Heat insulation Heat insulation
Ship classification . .
Max. Temperature of waste steam materials Thickness
LM2500 )
FFK Ceramic Blanket 75 mm
514 °C
LM2500 )
PCC Ceramic Blanket 75 mm
514 °C
LM2500
FFX-I Glass wool & 100 mm
514 °C Ceramic wool
LM2500 )
KDX-I Ceramic Blanket 75 mm
514 °C
LM2500
KDX-II Glass wool & 100 mm
514 °C Ceramic wool
LM2500
KDX-II Glass wool & 100 mm
514 °C Ceramic wool
501K34(G tor)
KDX-III cneraror Glass wool & 100 mm
514 °C Ceramic wool
LM500
PKG-A Glass wool & 100 mm
602 °C Ceramic wool
MT30
FRG-1I Glass wool & 100 mm
524 °C Ceramic wool

Figure 2. 3} o] PKG-A% 7F~EH 57]#o] W/J roomS A &) WHgko 2 wiE 5 == Fojglon, u7|#
o] do] W/J roomo] AuAl "k W/J roomel= W/ F371% Au7F ghAjslo] glow AnE Alofshy] $3
Control panelo] Ax|¥o] vt 1] spa7]oll= efddlel @121 W/J room 3 78 2 9sho A A4
B A G o] dAapgnl s A, w7l A BEEE A Sl oste] Ad iR 227t 548 e
shA S, Wilo| = B8t 2571 50 °CE 28t ZA57F HAska Qi) &3] control panel 5 B9 7E
SR oIy TR YA TE A H A G A, panel U 257 43| Aeete] a2l w Qg A o AkE
Fo] v A E AL 9l AA ot} o] & WA|E}] HO}@] 7}"3‘3] A7) GEA NS Sl A URE T



428 J Korean Soc Qual Manag Vol. 47, No. 3: 425-435, September 2019

Figure 2. Figure of PKG—A water jet room gas turbine waste steam pipes
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Figure 8. Thermal conductivity of aerogel Figure 4. Cold surface temperature measurement
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Table 2. Comparison between dual type and aerogel heat insulation materials (400 °C)

o Dual type heat insulation (100 mm) Aerogel insulation
Classification
Ceramic wool (25 mm) Glass wool (75 mm) Aerogel (50 mm)
Heat conductivity 0.170 W/mK 0.097 W/mK 0.046 W/mK
Work temperature 0 ~ 1300 °C 0 ~ 500 °C -40 ~ 650 °C
Watertight - - Good
Density 130 kg/m® 70~100 kg/m® 180~200 kg/m?*

Table 3. Performance comparison between dual type and aerogel heat insulation in accordance with thickness

Dual type heat insulation Aerogel insulation
Classification ;
Ceramic wool 25mm -+ Aerogel blanket(Pyrogel XT-E)
Glass wool 75 mm
Thickness (mm) 100 40 50 60 70
Thermal transmission 1.13 1.14 0.92 0.78 0.67
coefficient (W/m®K) 100 % 99 % 81 % 68 % 59 %
Performance (%) 100% 100% 123% 145% 169%
3/ 0.40 0.15 0.19 0.23 0.27
Vol °
olume (m”/m) 100 % 37 % 48 % 58 % 69 %
44 41 49 57 66
Weight (kg/m)
100% 94 % 112 % 132 % 152 %
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Figure 5. Insulation Surface temperature changes in accordance with navigational time
(X—axis : longitudinal Length(mm)of thermal imaging camera pictures)
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Table 4. Average temperature changes in accordance with navigational time

Aft. 3 hours Aft. 6 hours Aft. 12 hours

Max temp. 88.6 °C 86.6 °C 101.9 °C

Dual type heat insulation Min temp. 73.9 °C 67.6 °C 85.0 °C

Avg. temp. 80.7 °C 77.1 °C 91.7 °C

Max temp. 76.9 °C 83.3 °C 82.4 °C

Aerogel Min temp. 63.9 °C 60.8 °C 59.4 °C
insulation

Avg. temp. 68.0 °C 67.6 °C 68.1 °C
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Table 5. Cases of computational analysis of heat flow

Waste steam pipe Heat Insulation
No. 1 Dual type heat insulation
Case 1
No. 2 Aerogel insulation
Case 2 No. 1, No. 2 Dual type heat insulation
Case 3 No. 1, No. 2 Aerogel insulation

% Dual type heat insulation : 25 mm ceramic + 75 mm glass
¥ Aerogel insulation @ 50 mm

Case 12 &3 A3 X9} o] No.2 #H7|Z 4l ool 24 G S HLslo] ddx)] THSE WIS
95te] HABFAT Case 29 Case 3+ 47} o] 5 F2HE A9} ofjoj 24 GAAE No.1/2 #H7| ol 2835132 uf
T W3S v FEale] A4 YWE-LT Water jet Room 5o Ax5 o] gl LOPe| TH-& =

Hlasly] golst== 7] 9lsto] 2t Cases AAISHIH

Temperature
;6.00

Temperature Temperature
&.00 5%?00

47.50 47.50 47.50

4500 3 | 45.00 - { 4500

X | gy g

Figure 8. Room temperature distribution elevation view (Case 1 — 2 - 3)
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Figure 9. Surface temperature of No.1, No.2 LOP (Case 1 - 2 — 3)
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Table 6. Cases of computational analysis of heat flow

Average cold surface temperature of )
heat insulation Avg. internal room LOP surface temperature
temperature
No. 1 No. 2 No. 1 No. 2
Case 1 (°C) 79.3 67.3 44.6 44.7 43.3
Case 2 (°C) 82.4 79.4 45.5 45.6 43.8
Case 3 (°C) 67.1 66.3 43.9 42.4 43.6

Figure 10. W/J room temperature distribution (Case 2 — 3)
(Orange : exceed 50 °C, Blue : exceed 45 °C)
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