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Study on the corrosion and corrosion prevention of sea-water

cooling tubes of heat exchangers (1)

On the characteristics of the copper-copper sulfate electtode made
by myself and measurement of the potentials on the innersurface
of sea-water cooling tubes by the electrodes.

by
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Abstract

Recently sea-water cooling heat exchangers have rapidly increased both in number and capacity,
and expensive materials of special alloy are used against the corrosion of their cooling tubes.

In this work, I have tried not only to improve the efficiency of heat exchangers by the heat
transfer promotor of the twisted tape type inserted in cheap cooling tubes, but also to protect
cooling tubes by the protective current from the electrodes on the twisted tape. This is the first
step of the study.

I have made many copper-copper sulfate electrodes, which are simplest and cheapest, but they
can be used in engineering. These electrodes become stable in about 10 hours after being made,
and the electrode potential is as follow:

AE=57:20+0.125(t—25) mV (SCE)

It is found as results of experiments that the potentials on the inner-surface of sea-water
cooling tubes can be measured by the above mentioned electrodes, and the potentials affected by
protecting zinc plates in the water chamber became stable in 24 hours (a day) whether twisted tapes
in the cooling tube are inserted or not.
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BB E KK —770—71. 6= —841. 6= —850mV (SCuE)7} = =},
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A 12F5HE1E-<F Bt B et sa, el #RRERES (CuSO,. SHO) Bt 2 ARFIKGT
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e SRR g H A
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T#ELZ 29 F iy Wl sl
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28 13 A7 38 EIREAKAHBERGE T AEEENES BRE WEs BfE ol ot
WALHELRE FFA KEEES SCGPRBE (RFHH=0.05%) = o. yua] A, ol 7} 200cm, AT
15mm(A), 20mm®B), 25mm(C)e) 3fF-< flifiskeleh, oo o AT+ Wire Brush & #iEkera,
Benzene ©.% 34 MNgsta, 15% HCI(13°C) K2 35 Wikt oh-&d] 5% NaOH kK-

2 chfista, 54 Kikskeldh

EAEEEERE S 0.5mm, = (D-1.0)mm ({1 D& FE), 2ol 180cm=| & i ML
T Tape 2 45 sl 4 bRl 59k ol A - H/D=8% A Twisted Tape & HLo}A A4 63
o] FASE LM, 3 12 o Tapee] Biifiolh

:lé 1 Twisted Tape 1 Whﬂl

o 1
] ~ Tapeil T T "
s s | x| Tawtn| e | 0 TR e, |
T : 7’;1—7"';1 B mm ' mm I "C‘fﬂirT T ) % l mrﬁ-_—’mﬁmé
A ‘ 15 l 16 | 150 \ 180 \ 8.04| 523 ‘ 2.9 \ 8.6
‘ I ‘[ ————
B | 20 1 22 i 21. 0 ‘ 180 ‘ 7.86 l‘ l 11.2
| [ ‘ |
c \ 25 1 28 \ 2.0 | 180 | 7.75 ‘ 5. 20 \ 2.0 16.0

¥ Do=20nD'/4—2D3/((xD-4)/2+D)

15) ‘RECEMES (B, s, 1964, p.277
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PRI H/DS &R 3 Twisted Tape & Zolb Le/Le] a4 BHTEREY HHRATHE
Fie SRR £RYG.

i=4.T7(Ly/L) *.%%* (H/D)-"%5)]+n (5)

(O)RAA iel ®A) = L/LY) & H/D Geuct 5 or L/} —Z% 9 H/D9 FHA
WA io) e o}F Ak Tk H/D=372 = whtsgn 3}, 17 i = Twisted Tape ¢
#LFTape & P22 WY B2 H/D=8% HAstdod, L/Lx TEET A2 FR 200cm
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T YEF £HU BHEY ESKS 2o
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o] WABABRMA BRI WAE PEFEAGELS T2 9 FEE 1 PR (B Relg k) o)
ot WOKE S FH (RS W) Rgel mekA ke, 2 o) KB AT KBS % 29 Z o}

#2 J/AKE
+ & pH 44= | Caje |Mastge | gaoe | gzas
23 3% ppm O, | ¥ =
t ppm CaCO, ppm CaCO, ppm Cl (ccll)
v L 816
A" A 1.5 7.6 6,180 940 120 18,920 (5.71)
o 7.91
A8 % | 115 7.7 6,910 980 125 20, 690 (5. 54)
F 3 WKIE (m/sec)
Twisted T A B c T o gEgm
wisted Tape | A ‘ 0B ! 55 WERkS KT EEDY e Rk
——— St (2622)°Col AL, L PR % 33
L3 0. 68 ‘ 0.74 [ 1. 02 7ol 1m/sec WHtE =gk #55]  Twisted
’ Tape AR BCY Mo %& AL WK
H 0-83 | 120 r 0.80 Aol WSt 7] o) Folzt 4 4E o}

16) #2F IE, 7JIK®E, Heat Transfer Promotorfy #icifls Dmgatsl, AARfMEBmeEEs
Vol. 5, No.11, p.841~846, 1970, 17) RiiB: p. 842.
18) MR IEHE, MMOTERE &, HAMMBHE, 1961, p. 36
19) ISR, BREFEBEORYE, MWABRLE, 1970, p.203
20) THERKERE, EEBBIK 1958, p.130~142
2D BABE, REET, AHKOMEEEE, oo jt, 1968, p. 24~27
22) WMEFK, BHKADBEOEKBRERECRITTHE, DAMARBEEE 1967, Vol 4, No.1, p.36
23) WAME—~, &BOMW KLY AL, JeTHIRRE, 1943, p. 416
24) R.B. Nieder Berger, #A%EAT 5 MARME, AAMBEEMEE, 1967, Vol.2, No.2, p. 96



(33) #cgeie] Bk HAE BES BiskQ) -8 -

“ L I Ll l T I T ' [ ‘
At : =
il _ LD EEs s . s
my ; e T T U
- L P e
5'(L : % 4E=57.20+0. 125(t— 25)my i
! ! .. . “ . . . H ; ’"'?"~ et
3 ' . + - 1 i !
] Co z | o
- . e _T,_ - 1 - ,*- - —- [
L | . i [ i ! ‘
. TRRTRH S W = A W S
_ IR & O i e
R N R e e S R
4 ARE4IH ‘ i
55__‘7 o 4‘——-— !_' ] _ i ﬁ_» l-« 4] o ]
IR I
T R I
- - s T — — _f —— _;ﬁ..%_-;._ _.'L_, —
i o ' i o
BE ,.é._A..,_.-,.__v,,_g,_,__,,._. R _,.-_.L“..yu;.._;u_%_m_
; |
b e !
H !
R e ol !
53 i ; B! i i 1

¥ | v I T

- x__...jr.__b e 3 —— X e
a5 2 28 ;

- 255 25 -
%5
2%
60— -

|
K
{
{
1
4
t
|
]
|
! : : | :
(
|
I
|
|
|
|
i
i
|
|
|
13

] : 1 ,
4 3 8 ) 12 4 16 i8 20 2 % % 28 30 32 E

Ay

T 3 Aol Hak gaeydagm O©ODS) A A5 M (SCuEr 2



19729£ 9 F BERER FABRY BE7TH

25&1

s ’ T T T l T 13 T T T L T T T T [
4 RS SUNU SO SO :
ol 28 4 HFYABAE 2 ¥, [ (No Twisted 1 Tape san;}T) 4 |
—-mi A ’
1000 -
m -
C ¢1.02 %)
i 7 BI04 ]
[ (2830V)_ 3 A (0.68 %) _
24h, 23°¢C / _
sm—b R—‘—"—‘—‘ —
i
T~ - A1k, 15°C A Y Y
’ . @ ,: I@. ! |®?’ H‘ . 5 1 I@ . ”37“‘& Aol om__ ® —
0 leo l z': » 40 a’:) ' o l‘n éo 00 {10 120 130 o 1% 0 X0
gLl ! ] <& 4 |
- 2™ 5 A ARAR B4, | (Twisted Tape, SCHEA T
oo~ ‘ 7
.; + L S T S 1 -
] e ; o 7
L ol . ' -
-~ - ~ ANk - H-130a¥) 1 :
- | f clomme |
i i ' Lo :, 1 _ /ﬁ(b:w%) i i \ J
T | B //A(osa%) | ’
. |

- . - _ — - o . . .{,M ...w.r-.___..
: : | ) Lo : i
e o @ I® e el om L l@
‘®b [@ E) éoQ”so ) rl) ) o 10 10 (% m L L



(35) BRI WK MRS EER BifE (D — 10 —

2. WAKGHERImS] WAL PFATER g

WAKEHEANI Twisted Taped AT il MASA & il %CY Y2 DY B E
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AE =57. 20--0. 125(t—25) mV (SCE)
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4RI AT BB — (ks o)
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25) PSR, WREOEN, WAL, 1970, p.240
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