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Abstract  This paper presents the effects of the tube materials and corrosion on the heat transfer performance
of double-tube heat exchangers for the development of heat exchangers using deep sea water. Heat exchangers
made of titanium, aluminum. stainless steel, iron, copper, and aluminum with electro-deposition coatings(Carbon
black 15pm, Carbon black 150um) were tested. Also, the heat transfer rate of each heat exchanger was
calculated by using EES program. For the acceleration of corrosion by sea water, the temperature of sea water
70C and the concentration of salt 3.5% were considered. And the specimens were immersed in sea water
during 6 weeks. From the above experiment and analysis, aluminum with electro-deposition coating(Carbon
black 1504m) can be considered the most promising candidate for the replacement of titanium heat exchanger.
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[Table 1] Characteristics of materials and diameter of (= 1—exp[— NTU(1 - O)] ©)
the tube 1— Cexpl— NTU(1— C)]
k[W/mK] CplJ/kegK] plkgm’]
Ti 22 522 4500 Q: EQmax 7
SUS304 16.2 500 7900
Al 237 903 2698
Cu 385 385 8930 = - =
, 3. guety| sffd H A
Diameter of the tube[mm]
Ti 12.7 * 0.7t * 1500L = -
: 3.1 Ymsty| shM
SUS304 12.7 * 0.9t * 1500L
Cu 12.7 * 1.0t * 1500L
AI—C‘?B-E;“—IS 12.0 * 1.0t * 1500L Enter Initial input
i Hin> C.z‘%vl)lprnlﬁ.in’ lé”nl(lf.in
Al_ca;b;ln_lso 121 * 1.1t * 1500L geometry gxchgﬁgeer tube heat
Calculate Bulk Properties and
pVD Non-Dimensional Number
R@ = (1) VH.L' n " Cin RE'H-i n RE’C.'I n PrH.'z n
o Tein
Reynolds 20|l thato] Nusselt 55 T3+ F A7) Calcylate Heat Transfer
_ B Coefficient, Overall Heat
L A (2)F o] &35te] Lty Transfer Coefficient
A, hy, he
h= & Nu 2) Calculate Heat Transfer Rate
D with €-NTU
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= T - bl LN h bl . Wit
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[Fig. 1] Analysis algorithm of double pipe heat
exchangers
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[Fig. 3] Corrosion tube manufacturing unit

() (a) Design drawings of corrosion tube
[Fig. 2] (a) experimental apparatus, (b) Schematic manufacturing unit, (b) Picture of corrosion
diagram of the experimental apparatus tube manufacturing unit
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[Fig. 5] Comparison of experiment and analysis

result by the heat transfer rate of each tube
according to flow rate of the inner and
outer tube
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[Fig. 6] Comparison of bare tube and corrosion tube
by the heat transfer rate of each tube according
to flow rate of the inner and outer tube
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