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On the Corrosion and its Prevention of Sea Water

Cooling Tubes of Heat Exchangers (3)

On the Design Points and the Features of Heat Exchangers equipped with
the Direct Protective Device by the External Current for the Inner Surface
of Sea Water Cooling Tubes. —

Dae Hie, Jeon

Abstract
A heat exchanger is designed to be used for a long period without repair and cleaning. In this heat
exchanger, the twisted tapes, to both faces of which the insoluble linear auxiliary anodes fixed, are
inserted into its cooling tubes, and the sea water pipe line has an anti-biofouling device by sea water
electrolysis. Therefore, the inner surface of those tubes are protected against corrosion and biofouling

by the external current.

The heat exchanger is designed on the following conditions:

1. The cooling tubes made of a metal which is more heat-conductive but less anti-corrosive are used
in the heat exchanger, for the tubes are protected against completely and economically. The tube
whose inside diameter is more than 20 mm must be used for the reduction of the sectional area of
cooling tube by inserting the twisted tape into it, the wall of the tube must be more thick than
9.0 mm and the thickness of the tube sheet must be nearly equal to the cooling tube diameter to be
fixed the tube to the sheet tightly for a long period. The tube pitch must be from 1.5 to 1.8 times
as the diameter of the cooling tube and the tubes must be arranged with equilateral triangles because

of the electric line net for protection.

2. The twisted tapes (twist pitch/tube inside diameter=6~8) must be wide enough and its edge
side must be coated thicker not to be shaken in the cooling tube, the internal electric lines of the
heat exchanger must be arranged with double line system not to be broken, and the tapes must be

protected against corrosion by the stray current.
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3. The rubber plate for the electric line net, the rubber plate for packing and the metal plate for
pressing rubber plates must be fixed with 4-6 stopper bolts and many cover flange bolts, and the

water passage holes of the plates must be enlarged from 20° to 30°

4. The electrodes whose potentials are stabilized in sea water for long period must be fixed on the
center part of the 3 typical tubes to be able to measure the potentials of the inner surface of cooling
tubes, for the protective current deusity must be controlled by the potential of the inner surface of

a cooling tube. (2 electrodes are for spares)

5. The heat exchanger must be equipped with an anti-biofouling device by sea water electrolysis

and a strainer on the sea water pipe line to be used continuously for a long period without cleaning.

6. The capacity of the external D.C. source is calculated by the current density estimated by the
operating conditions.

The heat exchanger is more complex in structure and more expensive in manufacturing cost, but
has better effects on corrosion. prevention and heat transfer, and it needs less current consumption
than the heat exchanger cquipped with an anti-corrosive device by iron electrolysis and an anti-

biofouling by sea water electrolysis.
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Table 1 The Size of Heat Exchangers
%{Eﬁb?}-&;grs (n) 3 4 5 6 7 8 9 10 - Formula
I}l‘j{jie‘(ﬁ)f 19 37 61 90 127 169 217 270 N-=1438(n--1)n*
Is'féﬁe (lc)rff) of 22.5 315 40.5 49.5 585 69.5 76.5  85.5+| dn=(2n-1) S/10
I{’j{,‘ﬁ /(s‘r;‘é;‘ of 19 37 61 90 127 169 21.7  27.0-] M=2DIiLN/10°
ngs"egef(:ff}f‘ 57 111 183 270 381 507 651 810 - lx\(f)z (72)1 oDi \li

Tube Length (L):150cm Tube Inside Dia (Di) 21mm Tube thick:2mm

Tube Pitch(s):1.8 do(Tube Outside Dia)

HN==1+6(14-24-++(n—1)) =1+3(n—1)n (See Fig. 2
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Fig.1 Twisted Tape.

(A); Fixing Steel Wire,
(H); Twist Uitch

(B); Pb-Ag Electrode

Fig.2 Rubber Plates.
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Fig. 3 A Section View of the Heat Exchanger equipped with the Direct Protective Device for Inner Surface

of Cooling Tubes.
(1) Cooling (2) Twisted tape
(5) Zn anode (6) 2 smail holes
(9) Rubber plate for packing
(12) Water chest cover
(15) Electric wire for stray current

(20) End part of fixing steel wire
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(8) I'b-Ag electrode
(7) Electric wire net
(10) Pressing plate for rubber plates
(13) Fixing bolt with flange
(16) Flectric wire to negativ epole of D. C. source

(21) middle part of Pb-Ag electrode

(4) Shell of heat exchanger
(8) Rubber plate for electric wire ne:
(11) Stopper bolt

(14) Electric wire from positive pole of D. C. source
(19) Tube shee:

(22) End part of Pb-Ag electrode
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