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Phenomenon and Controlling Factors of
Malignant Impingement Attack as the
Main Cause of Condenser Tube Failures

by Shiro Sato and Mutsumi Okawa

1) Statistical study has been made on the failure rate of condenser tubes in 88 Japanese power
plant condensers in which aluminium brass tubes were mainly applied. The result revealed that, while
more than ten years ago (1957~65) the failure rate of aluminium brass condenser tubes had been as
much as 7~40 tube leakage per 10,000 tubes per annum, it decreased dramatically to less than one
tube leakage per 10,000 tubes per annum in these several years (1970~).

2) High rate of tube failures during the period of 1957~1965 had been caused by two types of

corrosion; malignant impingement attack —— severe impingement attack along the portions where
surface film was removed by some temporary mechanical action —— and corrosion by polluted sea
water — pitting attack by sea water containing hydrogen sulfide.

3) Two countermeasures have successfully been applied to solve the above mentioned corrosion

failures,

ie. the application of AP-Bronze condenser tubes against corrosion by polluted sea water and

the practice of ferrous ion injection against malignant impingement attack. As the results of these two
countermeasures, dramatical decrease of failure rate on condenser tubes has been obtained.

4) Under the recent trend toward reluctance to the injection of ferrous ion, the clarification of
mechanism of malignant impingement attack has become a matter of great concern.

5) Statistical survey on service data has revealed that the malignant impingement attack is

closely related to the precipitation of MnO: rich film onto the tube surface,

which is caused by

chlorination of sea water containing manganese ion (Mn*").
6) Following process is considered for the occurence of malignant impingement attack :

(1) Increase of manganese ion (Mn*) in sea water by reduction of manganese dioxide on sea-bottom
followed by dissolution as Mn** under anaerobic condition such as “red tide”.

(2) Oxidation of Mn* in sea water by chlorination to MnOg which form colloidal particles.

(3) Deposition of particles of MnOz onto the condenser tube surface to form active cathode.

(4) Partial destruction of film by some mechanical action to start impingement attack at the portion

where film was removed.

7) Therefore, it is suggested that the malignant impingement attack will not occur in future if
injection of ferrous ion and chlorination are cancelled simultaneously.
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Fig. 1 Typical example of malignant impingement attack.
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Table 1 Statistics of condenser tube failures in fiscal years.

(Based on practical data from 88 power plants of Tokyo, Chubu>

and Kansai Electric Power Companies.

(1) Statistics by number of condensers (I) Statistics by number of tubes
Number of 8 ® Number of | Number of | Failure rate
Fiscal .
condensers | Number and ratio of con- Number arfd ratio of con- | gyamind leaked Number of
e examined | densers with tube leakage (:::: s::se v:;zi a gr:ore than tubes tubes ;e ;kig’o%z)b:;
| Glants) | (lant | ) (plants) D amined tubes
1956 | 5 2 40.0 0 0 45,158 2 0.4
57 | 6 4 66.7 1 16.7 54,698 40 7.3
58 10 5 50.0 2 20.0 90,696 57 6.3
59 12 5 41.7 2 16.7 118,616 47 4.0
60 13 9 69.2 6 46.2 128,202 334 26.1
61 18 13 72.2 7 38.9 199,468 779 39.0
62 23 10 43.5 6 26.1 261,336 564 21.6
63 27 15 55.6 8 29.6 328,196 434 13.2
64 32 17 53.1 10 31.3 402,169 467 11.6
65 33 18 54.5 8 24.2 424,652 317 7.5
66 34 14 41.2 4 11.8 474,215 313 6.6
67 41 10 24.4 2 4.9 558,507 114 2.0
68 51 11 21.6 2 3.9 717,877 89 1.2
69 54 16 29.6 2 3.7 755,183 66 0.9
70 62 19 30.0 0 0 912,233 27 0.3
71 72 16 22.2 0 0 1,137,912 26 0.2
72 83 26 31.3 1 1.2 1,357,473 88 0.6
73 88 21 23.9 1 1.1 1,479,845 95 0.6
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Failure rate (Number of tubes leaked per 10,000tubes)

1956’57 58 59 60 61 62 63 64

Loecalized impingement attack
-—O— by foreign bodies

— @ — Malignant impingement attack
- A~ Corrosion by polluted sea water B
~—&~ 50C by polluted sea water

=~¥-= Ammonia attack

Mishandling
Unconfirmed cause
Toatal

Fiscal year

Fig. 2 Variation of failure rate of condenser tube in fiscal years.

<Based on practical data from 88 power plants of )

Tokyo, Chubu and Kansai Electric Power Companies
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Table 2 Statistics of condenser tube failures under different conditions of cooling water and tube alloys.
<Based on practical data from 88 power plants of Tokyo, Chubu)

and Kansai Electric Power Companies.

(1] Statistics by total number of condensers

A Cooling Clean sea water
water Polluted sea water
Tube Non Fe? injection Fe?" injection
11 )
Item a\oy Aluminium brass Aluminium brass -‘AP-Bronze
Ttotal number of conde-
nsers 286 203 95 87
(plant-years)
B 28 c 23" 30 o0 0 o) 0 Co)
M 61 £ 3 ) 6 o3 0 C o0 0 C o]
Total number of P 2 C 0 0 £ 0 ) 57 {24 ) 0 o)
condensers ~ with | A 3 1 1 03 2 1] 0 C 0]
tube leakages H 2 C 03 C 0 ) 0 C 03 4 C o3
(plant-years) u 20 C1) 20 o) 0 0 0 o
Total 110 [ 3 3 57 o3 59 {25 ) 4 0]
Ratio Z;)ab°ve 38.5 (12.6) 28.1 C o0 62.1 (26.3) 4.6 SCED)
o
{13 Statistics by number of tubes
BN
Cooling Clean sea water
water Polluted sea water
Tube Non Fe?* injection Fe?** injection
alloy
Item\ Aluminium brass Aluminium brass AP-Bronze
Total number of tubes 228,229 362,902 74,349 125,417
(tubes X years) x 18 X 9 x13 X 9
BX 109 94 0 0
M 2,411 12 0 0
P 0 0 1,053 0
Number of A 29 0 46 0
tube leakage H 2 0 0 9
U 68 28 0 0
Total 2,612 134 1,099 9
Failure rate
Number of tube leakage> 6.37 0.41 11.37 0.08
per 10¢ tubes per year
* Cause of tube leakage —— B : localized impingement attack due to blockage of foreign matters, M : malignant

impingement attack,

H: mishandling, U: unconfirmed.

k%

P: corrosion and stress corrosion cracking by polluted sea water,

A ammonia attack,

Figures in the bracket show the total number of condensers with more than ten tube leakages per plant-annum.
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Fig. 3 Locations of power plants in which malignant

impingement attack occured on condenser tubes.
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Table 3 Interrelationship between malignant impingement
attack, formation of manganese rich film and
chlorination. (Following figures represent the

number of cases where no injection of ferrous ion

was made.)*

3

wag%?r?;rft ;%I:Cr;; Not occured Occured
Chlorlrzz/:;mlg f‘}f‘\’i Poor Rich Poor Rich
None 4 2 0 0
"""""" Gonducted | 9 | 0 | o | 1

* Based on inspection record of condenser tubes used in
power plants

** Poor == Less than 1%
Rich = More than 5%
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Fig. 5 Statisticai analysis on relation between malignant impingement attack and associated factors.
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Fig. 6 Potential-pH equilibrium diagram for the system
manganese-water, at 25°C.%
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Fig. 7 Redistribution of water quality parameters under

stratified conditions at Allatoona Reservoirs.®
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Stress Corrosion Cracking and Mechanical
Properties of Weldable Al-Zn-Mg Alloys
Containing Small Amounts of Copper®

by Yoshio Baba and Akira Takashima

Experiments were carried out to study the influence of small amounts of copper on stress corrosion

cracking and mechanical properties of Al-4 ~5% Zn-1~ 2 % Mg base alloys, and also to develop new
. weldable alloys more resistant to stress corrosion cracking in short transverse than commercial

Al-Zn-Mg alloys.

The results obtained are as follows :

The addition of 0.15%Cu increases strongly the resistance to stress corrosion cracking in short
transverse of Al-Zn-Mg alloys containing small amounts of chromium, manganese and zirconium.

Hot-wokability, aging properties and mecanical properties of the alloys are hardly influenced by
the addition of 0.15%Cu.

Newly developed Al-Zn-Mg alloys containing 0.15%Cu, Sumitomo ZK47 as extrusions and Sumitomo
ZK141 as rolled products, have been widely used in welded constructions.

1. #

|

VL, SAOTMEMN 0.2 BREEL T /251, BENEY 550

Al-Zn-Mg RESIIEHEER 213U &7 5 AFm% PRI E S CEWEEE 52 5 C & I RIS
BEmC S < DRBEABL TWAR, KRASEBEHE SIhiioEosniiEIng,
BOFH I NHER CIEEh (SBAaEINhO—E) AT, MEOFYSEEREA Al-Zn-Mg 44
N LRTWRENH Do — I, ZOREEOMISIIE S DOSHEAEINEAY T, METHE L RASTE
AEIEOHBLIBED /v n, v~V Fy, yra=y &, ZKAT B L O ZKIAL oFEMpea i L, ToES &

ABDWIXROTMIERTH A T EBHBNTNB B, D& Ll

L HEFF (Short Transverse) O -ZRECH LTk

SAOTMMN 7 v n, =¥ 7y, Iva=yricl b_TE 2. ENEEBOREFMOIEIEEEH
DR E BB, ML LIFITHEORDOE

L Lasid, ZhE CHORIIEAR A SO BB

ML L TEED LELLNTEY, AATIL &4 Tk 2.1 & #
0.05% 1 F, AAT005 &4 ik 0.10% L F 2 EXh, * AREERI P ok BT, Al-4.3%7Zn-1.6%Mg-0.35%Mn
#= JIS ATNOL 44 ClE—iSHsME & LT 0.25% & CFF -0.2%Cr-0.07%Ti-0.14% Zr &S RAETM L s\~ & D,

BWENTWEB LW DD, KEICIHIZEA ERMENR LT 0.15 BFIN L7 & DIie 2o\ T T3 T 300mm
TWwiglhe LALINE TOREDTIRMOFZE T % [E X 1000mm il o3 U -2k gifksskina, 470°Cx 8hr #
MERRELEFEOCSCDULIBME L TH S T LS —8 Y puiEa i EmE g 440°C <, EX 20mm 750N
LEzBEMESN TS SRS AWY ™3 LA, 7 v 4, 39mm ICFE Lo TEIL T4 (BIEKTEE L ) ik
RYHY, INva=UrEHHWEF F Y ERELIBAK EIEEEEGETS0 B) ,  T6 (BUE# 470°Cx 1hr W.Q—

* i ds FERe O AR AL (BEIS04E 6 ) T —E 100°C><3hr->150><10hr) R T7 (470°CX 1hr W.Q— 100
TR TE °Cx 3hr — 170°Cx4hr) & Lico ZORBO(LER I
ek BiRE B Table 1 iz, #HAKEE L Table 2 T 2N ENRT,
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Table 1 Chemical conpositions of test materials. (wt. %)
Materials Cu Si Fe Mn Mg Zn Cr Ti Zr
A 0.01 0.05 0.21 0.38 1.85 4.2 0.20 0.08 0.14
B 0.15 0.04 0.20 0.36 1.60 4.2 0.18 0.07 0.15
JIS 7NO01 <0.25 <0.30 <0.40 0.20~0.9 1.0~2.2 3.8~5.0 <0.30 <0.20 <0.30

Table 2 Mechanical properties of test materials

Table 3 A,B,C,D ane E are relative rating in increasing
order of crack length.

CTM A (Cu 0.01) B (Cu 0.15)
A TS Elong. | YS T.S | Elong. N
Desig. . | kgmm? kgimm? % kg,’mmZ! kg/mm?2 9% Grade] Mark Crack length | Crack length 100
- ____..-——-—-——‘"""'-—‘ DA
T4 22 37 16 21 36 16 (mm ) Ring thickness
T6 40 46 15 39 46 16 Q
A 0 09%
T7 36 42 15 35 | 41 15 (Pitting)
2.2 EBRE*
JEHBEERGERE, Fig. LICR Uiz & 5 K 4FHO b B @ 0.15 10
Ohh C Uy 7 RFIRL, AR P vy -y
CHrBL {8 T3k M102 7 — &) %X 0 2, FiEd it
C 0.40 27
D O 0.75 50
@ E ‘ 1.5 100
9]
B
g
: Table 4 Relative resistance to stress-corrosion cracking
)= of Al-4.3%7Zn-1.6%Mg-0.35%Mn-0.20%; Cr-0.07% Ti-
“ 0.14%2Zr alloys T4 plate. (Accelarated S.C.C. test)
\‘L Stress(kg
T.M. /mm’) 7 10 13
A {(Cu 0.01) () '. ‘.'
Fig. 1 C-ring specimen
i} B B (Cu 0.15) Q O Q
Ji% i fco AFRIAKIL, BHER & KERBOMHET

B lnotoo (RERBO LM, B 1000ml ik 7
v nJ436g, B/ waigy V) 30g, A 3g, BEEIIKT,
C DWW R PR L o~ A BE L, S0 L

TENDOREFEA KR Lo RERBRROSFIL, £
TR O Mty (TEEHE) wEBx£Z L, 1B
20, BHH ATV — R CEHE L CEh o A

HHER L 12,

NS OFMHE & LT, B TEARED B
NIEBRCH Y ESAUTEAERIRERC L, 77 v 7 0T
ST A A W A B CHRART, C U vy DaRE L
RS DA R Izo FHliE#E%R Table 3 TR L7z

2.3 REERER

Table 4 1R L7zD%, 20mmEHK D T4 ko (25
B X BIETRAEENERE R Th 5 ARG Tkg/mm2,
10kg/mm2, 13kg/mm?2 ¢ 3 kTR 7t » 7o A3, #70.15%

HETeBAESWHENERI LT, fadE
Eéid 10kg/mm?2 o5 I TEINAE Ul

Table 5 (X[ USlrd T6 MBI DWW TR I moled
Table 5 Relative resistance to stress-corrosion cracking

of Al-4.3%7Zn-1.6%Mg-0.35%Mn-0.20%Cr-0.07% Ti-
0.14%Zr alloys T6 plate. (Accelerated S.C.C. test)

Stress (kg
7y
Ms - )/mm) 10 20

20

ANAV:N

A
(Cu 0.01) 32

20

e®0ee

(Cu 0.15)] 32

G e® -

O|0®®
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DTHBHN, A, BEEEMCIZEIRDO BN, HBEDH
BETEEOHN, MSHEEEHUVER T hTn b,
Table 6 Relative resistance to stress-corrosion cracking

of Al-4.3%7Zn-1.69Mg-0.35%Mn-0.2094Cr-0.07% Ti-
0.149%Zr alloys T7 plate. (Accelerated S.C.C. test)

Table 6 (R U 7zDE, T7 WHHOKRTCHD, 2D
A b MEBOMRIMOMELTD BB, FRHC T7 4
L BFRLKRE D, BEE T, BMIEJ 10kg/mm?2
F IR o\ Fig. 210k LizDik, Table5 T:RBR
U8B OB VIR I A 24~ — 7 CHER L7 b DR LUK
MR EE Th Do

matress(ke 10 15 20
T e ) —F, SO BRI X AR ER R R
20 O @ D AHLT, AKSEBRC I BICHEEENERITED X 5 ik
A Ra bt T THD o % O BREBEBACT B
(i oon| 5o O @ 0 W, 20mm ERRD T6, T7 MBI OWTARREERR
R I Imotre BfSIE 10, 15, 20kg/mm? o 3 jk#E
sl 2 L OO | ® LU, WRAOE 8 A X 0 HEE Bk Lico HAEG0410)
SR T H B, S ETORMIE, Fig. 3 IO
(Cu0.15)] 32 O10 ]| 0® Fig. 4 054 & 51, T6 WHHOHE, A AdTHA
\ ~ TM A (Cu 0.01) B (Cu 0.15)
.. Stress 10 (kg/mm?) 15 (kg/mm?) ﬂ\ 20 (kg/mmz) 10 (kg/mm?) ! 15 (kg/mm?) 20 (kg/mmZ)
0

Microstructure

Applied stress 10 kg/mm?

(% 100)

10 kg/mm?

Applied  stress

Fig. 2 Appearance of short transverse test pieces from Al-4.3% Zn-1.6% Mg-0.35% Mn-0.20% Cr-0.07% Ti-0.14%

Zr-Cu alloys after the accelerated S.C.C. test for 0.5 hr and microstructures of cross section. (T6plate)
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Fig. 3 Relative resistance to stress corrosion cracking of
Al-4.39%7Zn-1.6%Mg-0.359%Mn-0.209;,Cr-0.079;Ti~0.14%
Zr-Cu alloys. (T6 plate)

fiifn 7 10kg/mm?2 ChHENALE U T B, MEORE TR
ML72BE&ETCIRARIIGSH 20kg/mm?2 CEINAFEELIX
U 7eht, A 15kg/mm? BUFCrkiy 450 A i@
T 5 LENFE U Tniohe TT M OEEDS A, BREE
SMcEIR DB, T6 MMM LT L5 AlEME RS
N, —REEMIMOLERACSL D, AL T, BEFHIS
77 15kg/mm?2 % CIERIEIZ A3, 20kg/mm?2 Cliig
60~90 H o cElh a4 T T\wb, B &4 TILELEIN

Fig. 4 Relative resistance to stress corrosion cracking of
A1-4.3%,7Zn-1.6%Mg-0.35%Mn-0.20%Cr-0.07%Zr-Cu
alloys (T7 plate)

U Ty

BlLERNI X 5, RUBHKETRRL TS, 12EHE
BEE & RKREHR & T, EINFAREIC K & ARzEn
= 5N B, Table TICik Li-diE, T-o0ORER A
BPNIHEROHETH Do LA LEANDOFECE L, $H
DHRBIER I D B X DA ol &k, BEEhEEC
i WHIE TR L EOR (0.15%) 7, B’EFmO
S EAENEEEL L{®HB LI ETh D,

Table 7 Comparison of the probability of stress corrosion failure of short-transverse specimens

in two environments.

Accelarated S.S.C test Industrial atmosphere
Cr0s  30gr g0 my
. KoCre:07 30gr $49. 8 ~ S50, 10
aqua.
"\ Stress | NaCl 3gr q
Cu \(kg/mmz)
(%) I 10 15 20 10 15 20
0.01 - % % % days days days
(A) 50 100 100 300 ~ 450 20 ~ 60 10 ~ 40
T6
0.15
(B) 0 10 50 =450 >450 360 ~ 450
0.01
- (A) 0 30 50 >450 >450 60 ~ 100
0.15
(B) 0 0 10 >450 >450 >450
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3. WMEOHEECER=TEELDEMEE
3.1 #BE#ICO>NT
Al-Zn-Mg R&EOMEMEREL LT 7/ 5%v v o B
& h By 250 THRESE & LTk JIS A7 Nol
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7o 8% 0.15 %R L iz & DML AAT004 Js X
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Table 8 Effects of homogenizing temperature on the tensile properties and microstructures of
Al-4.7%7Zn-1.29%Mg-0.3%Mn-0.17%2Zr-0.069Cr-0.15%Cu alloy

Heat treatment (A) (B) * 1
(B )—450TC X 1hrA.C 500 Extrusion Structure
~» 2 day Natural aging - 2 day Natural aging (B)
100 X 3hr A.C— —100C X 3hr A.C—
170C X 4hr A.C 170C X 4 hr A.C
Position Y.S. T.S. Elong. Y.S. T.S. Elong. | Sur C
Soaking Extrusion (kg/my | (kg /mar) (24) (kg/mw) 1 (ke/mm) (%) face | -EnteT
Head 38.0 43.0 11 37.4 42.5 10 —
465C X 8 hr 500C Middle 37.7 42.8 11 37.8 42.5 11
(L R0
Tail 35.4 40.2 12 35.2 40.2 12 oo
=
.
Head 36.9 42.0 11 37.3 42.4 11 Se
560°C X 8 hr 500°C Middle 36.0 40.7 12 35.2 40.0 12
Tail 30.7 35.8 14 31.5 36.2 15
*1 w Recrystallization (fine) %\Fiber + Subgrain
m " (growth) —= TFiber Structure
] |
_______ ‘ 3.1.1 HE{LRIE D HE
B LB}, EINAE OSSN MECHE
£ 40 WM E % G T DBOKRE ApEE R LT LR LS
£ S HBNTN B, AERICAWERAEEEONTS, &
aKin
= o aemen DYBET~D I, Al-47% Zn-129 Mg-03% Mn-
80 7y G 8hr .
£ 351 @ 560C X 8hr I 0.17% Zr-0.06% Cr-0.15% Cu &&% TR O H
@ B (9 T LAy PSR, R 8 OMMMEE L, — DR (L#
2 e . bl” . fr | W% 465°Cx8hr G, —olf 560°C x8hr THNER
= X | apie Cl.
i ¥\, 500°C © H BRI (FEERE 460mm2) i
. H U o B oI, (A) 23 500°C #HH LS
£ | %, b T 450°Cx 1Hr A.C — 2 BRMIEMLE 100°C
£ 3% w3hr AC — 170°Cxdhr AC, (B) 7% 500°C 4k
E sty - 7 F RS RIS 100°Cx3hr AC — 170°Cx 4
b= -, hr A.C ® 2D & Lico & DIREETHE BN 7RIS
= 7o B O W s %1%, Table 8, Fig. b w79 X 5, 465
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Pig. 5 Effect of homogenizing on the tensile properties of
A1-4.79%7Zn-1.29,Mg-0.3%Mn-0.17%Zr-0.06%Cr-0.15%
Cu alloy. (T5H extrusion)
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Fig. 6 Effects of quenching method and aging condition
on the tensile properties and electrical conductivity
of Al-4.7%7Zn-1.2% Mg-0.3% Mn-0.17% Zr-0.0625Cr~
0.15%Cu alloy extrusion.
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Fig. 7 Effect of natural aging on the tensile properties
and electrical conductivity of Al-4.7%Zn-1.29% Mg~
0.39%Mn-0.17%Zr-0.06%Cr-0.15%Cu alloy extrusion.
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Fig. 8 Effects of aging time and temperature on the
tensile properties of Al-4.7%Zn-1.29%Mg-0.3%Mn-
0.179Zr-0.06%Cr-0.15%Cu alloy extrusion water-

quenched from 450°C.
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Fig. 9 Effects of aging time and temperature on the tensile
properties of Al-4.79%Zn-1.29;Mg-0.3%Mn-0.17%2Zr
-0.06%,Cr-0.15%Cu alloy extrusion air-cooled from
450°C.
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Fig. 10 Artificial aging characteristics of Al-4.7%Zn-1.29%
Mg-0.39%Mn-0.179Zr-0.15%Cu alloy extrusion.
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Table 9 Relation between stress corrosion cracking by
shear cutting test and artificial aging condition
of Al-4.7%7Zn-1.29%Mg-0.3% Mn-0.17%Zr-0.06% Cr~
0.15% Cu alloy.

T\e’{rllz?((:})li) 9 [ 4 6 8 12 7 14 18 V 24 48
120 | — | — — | — | — = — 1.0ml.7m
140 _ 0 1 20m,; - . - _~ -
P I PO I I R I e R
YR R e R P I D D
170 0‘3 0'_ —

Test specimens 17mm¥ X 7mm®
Pre-aging R.T X7days—100°C x 3hrs

fo X HiL, ANTEEhSM: & UCERE 2R3 120~140°Cx
10~48hr OEFETIE, ET v v —ZhOFENRED b
BRI T VMET LA 280 150~170°C T,
VY BN E oK BI LT W, D OfEFR L

D, BHAESKTBWT, ¥yv—OWE 35L& 5 BN
bIUE, COBICET HIETEEEN LD Iz, D
T DHIETE WG IEMEEEREET iy, Bdbal
% 2 ARREDEERE) & 51 & Fiid 5 A LR E A
% 100°Cx3hr — 150~170°C x4 ~20hr &4 %= & 5%
FLWEWnx Lo,

32 EEHICOVT

BIHERNT, HEMEREWT, EA BRSNS
BEERY b CE 4 OMEREEFRELZ B I AV, BEDHRE
I X BEWERN G E D i EERICRE Uice 208
RiZF e~ X S e, BEDIRMC X » TSI
BENEABBETHRILS - Th, oML LA D
BERME TN O E AW EHTER Uiz DD
B 2nTh EBROBRNSTREND £ 2 TAE T
FER AT B R SN AES O THREERED, B
HEBIMolRETH D,

MBI HMEES 2 LT, IR OBE, %3t b
DARFEDFECIEEA L C, HHEIZEEOEZ N LAk
WHZED L D CHETENTh Do bo &b I IURFLE
MR o 7eZ Tk, 7Tk 3.1.2 kT, i
M DOWTHRE L T30, TN OBESIRE O N
KEWTDICH BRI OWTL L D EECT X X W
NEEZDDTCHEL LiebiTTh b RICHCERET
HHIENR D Bo M T, Wb B3N & - T

HikA D B B CHEoR R, SRR L e D, LidisT
EFHEICHEI Y AR LSSl SEoMsRaEihb
BT, FEEMCE—E, FEEF RO RN
EINDLOOMBPFHIC A SN DB F LRI RO
MYETh Do 2Dz, EFFHA (Longitudinal) {75
i (Long-transverse) DIHISIEEAEINMEIC DWT R
HLUTELDBERBS D, 2O LD BT O WTHE L
720

3.2.1 2 & EEREE O BEE

C OHEB A ERENE, EFNS & LT A-4.5% Zn-
1.79% Mg-0.35% Mn-0.16% Cr-0.17% Zr-0.05% Ti-0.15%
Cu ThHb, JIS TNOl #iETH LD TH B, Fiiss
¥k X b, Ex 300mm, rh 1000mm OWiE A EH T 5
A ¥ED, 500°C X Shr o i/E (L BILBH G0 I AER 2
450°C THTEDE X F TEUE L, FOBMY ik TRAE
Uieo B3 B 100°C x 3hr—150°Cx 10hr o AT
RRRNALESS, FEEEAEIC R L CE AO I @SS R
BRI L CHSBREO MR & R ok B, Fig. 11 iR$ X5

Sé\
E
F50 : :

__S » X=X

Qs

= o

S 3

0&%/09%“9— g\g\o

@ X o]

.(7) O

5}

=

e

£
ey

40 2

i o 3

o oof—% 0 © \o Q

b7 o o 6\ O
<35 y . t f

$£20 o) —— e
= o~ §— R~ —R—o0
$10 i & i

~ | L |

0 10 20 30 40 50 60

Plate thickness. (mm)

Elongation

Fig. 11 Effect of thickness on the tensile properties of
Al-4.5% Zn-1.7% Mg-0.35% Mn-0.16% Cr-0.17% Zr-
0.059%Ti-0.15%Cu alloy. (T6 plate)
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Fig. 12 Microstructure of cross section of A1-4.5%2Zn-1.7%
Mg-0.35% Mn-0.16% Cr-0.17% Zr-0.05% Ti-0.15% Cu
alloy plate after the accelerated S.C.C. test of

long transverse specimen.
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Fig. 13 Anodic and cathodic polarization curves of Al-4.5%
7Zn-15%Mg-0.3%Mn~0.19Ti-0.15% Zr and Al-4.5%
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alloys water-quenched from 470°C.
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Effect of Small Amounts of Copper Addition
on the Weldability of Al-Zn-Mg Alloy

by Toshiyasu Fukui,

Yoshihiko Sugiyama and Yoshio Baba

A study has been made on the effect of small amounts of Cu additions on the weldability of
structural Al-Zn-Mg alloys. Weldability was evaluated by the susceptibility to solidification and liquation
crackings on welding. The former was investigated by large type fish-bone cracking and lap-joint fillet

weld cracking tests,

and the latter was investigated by bead-on-plate and butt-joint weldings.
Susceptibility to solidification cracking tended to increase with increasing Cu content.

the susceptibility to solidification cracking of Al-Zn-Mg alloys containing Cu less than 0.2%

comparable to those of practical A5083 and A7NO1 alloys.

However,
was
Although the susceptibility to liquation

cracking such as micro-fissuring and lamellar-tearing was also increased with increasing Cu content,
its occurrence was negligible in case of copper addition less than 0.2%, with the exception of excessive

content of Zn-Mg.

From the practical point of view, however, it is necessary to add simultaneously small amounts of

Zr and Ti

1. #

il

Al-Zn-Mg &&0OMHCEAZINE, & REERMH
OIS AENE, < #E (0.1~03%) © Cu DEM
TTCLELLHEEINDINYY HHIDVEARAGLEDOEBE
M, &< B EENEEEE CuRIMC L VLT3
LENTRY, RAOCKERER Al-Zn-Mg 6&I1LH
EFDHRMENT IR

UL, ZHETOW DhDPIEFR % BN
PANTCHD E, BT LKA RESEDNRTHD L&
BR 5 7n\o Al 20F Schoer 5213 AlZnMg 1 &413#%50.6%
Cu OBEMCE L WEEENARTH, 8 0.3%Cu £T
bEEHNELE ML AVER AR L TR D,
Mudrack?® {# AlZnMg 1 &&0EEEINE Cu ORINE

(0.05~1%) & &bz L <#m+ 52, 0.15~0.2% Cu
HELEE TS Ti-B 7 X Ofbd LT % R C R
FTHUE, BEENEOLARD IRV ERELCWE, i
Young® 1% 04% Cu OFEME ThD, Zr © HinCHA
EBBEEIISIELES L LTWA, WolEh, Gibbs®
it Al-Zn-Mg R&a&ROEM (Al-Mg-Zn k) Ti,

X G B SHASERYAS cHE (EM5046 A)

S EINETEEET, TaREt
s Tt A

and desirable to avoid excessive heat input on welding Al-Zn-Mg alloys.
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F LU ATNOL (Al-Zn-Mg ) &b ehzh 2880
DWW,

B LS B O EEZI (solidification cracking)
LR K OB o REE N (iquation cracking)
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N, ENENOBERF OB LU~ E Fig. 1 @
R HFIL 8 kL O 12mm Hi D bead-on-plate ¥ k%
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Table 1 Chemical composition of test materials.
Test Chemical compositions (%) j
) . | . Note
materials = Zn Mg | Cu Zr Ti Mo | C | Fe | Si
Al 4.6 1.5 <0.01 0.14 0.11 L 0.30 <0.01 0.17 0.06
2 4.6 1.5 0.06 0.14 0.11 0.30 <0.01 0.16 0.05
3 4.6 1.5 0.12 0.14 0.10 0.30 <0.01 0.17 0.05
Test 1
4 4.7 1.6 0.21 0.14 0.11 0.29 <0.01 0.17 0.06
5 4.6 1.5 0.29 0.14 0.10 0.30 <0.01 0.15 0.04
6 4.5 1.5 0.59 0.15 0.11 0.31 <0.01 0.17 0.05
B1 4.0 2.0 <0.01 0.17 0.01 0.30 <0.01 0.15 0.05
2 4.1 2.0 0.22 0.17 0.07 0.27 0.07 0.18 0.06
3 4.2 2.0 0.42 0.18 0.07 0.32 0.07 0.17 0.06 Test 2
Cc1 3.9 2.8 <0.01 <0.01 0.02 0.25 0.19 0.17 0.06
2 3.9 2.9 0.48 0.18 | 0.02 <0.01 0.20 | 0.18 | 0.06
Table 2 Welding conditions for investigating the liguation cracking in bead-on-plate and butt-joint welds.
Welding Numbers of Welding Arc Welding Heat mput per Penetration |
procedures pass current voltage speed plate thickness
(amp.) (volt.) (cpm) (joule/cm/cm) : (%)
300 24 50 7,200 | 45 ~ 50
350 25 50 8,700 67 ~ 73
1 350 25 40 10,900 74 ~ 84
Bead-on-plate :
350 25 30 14,600 86 ~ 93
370 26 30 16,000 92 ~ 98
3 350 25 30 — —
2% 350 25 30 — —
Butt-joint
2 ** 320 25 50 — —

Joint design : * spuare-butt (I-type) ,

3. EERERBIUEER

3.1 BEEAICH KFTHE Co OF

Fig. 2 #Eo Zr, Ti XU Mn &&ic Al-4.5%
Zn-15%Mg &&0EEEN (EEEIN) i ligd Cu
N84 TIG i X 5k fish-bone EihiAkaT
TR T T CREDWEBARS &<, BFhoCu
BEORME L SCENTIFL ML TS, Ll
& & 5356 OBRBERETCENOEMIIARY BB, Thb
b, LETHEEL LSS, 01% b3 Ci BN
LT %43, 5356 THEEL e, 0.1% Cu Tz
LA FEINROBINTFED BT, EIhRoR oy
5 Cu ENEEMACBE L T\V5, ¥ 7 5356 Tiiefi
CHINRITNE W ZOEFIL 5356 CHEEL B A,

** double-vee (X-type)

Hsyr L RN OB LY, BESEOMBIL
Mg BH% <, Zn Bobm, »o%E ke Ca Endinl
o TWnwhnb & Ebs,

Fig. 3 13 MIG &3 X 2ERT ARG TR~
HEART, vy 73 1BI02mm ThHYH, HWY
4 ik 5356 (1.6¢) Thdo TNIDVPESLMARITEL, ¥
oy ) Imm Ok Cu B2 L ThbENRIEEA L
EL T, ¥Y vy 772 2mm 75 LEhDdEd
K IBHM, 0.3% Cu % CibEiihvEoimidind,
0.5% Cu HBWI e B & h KEWEINHEAIRT L H I
72 ho Fig. 2 Wik L 7= fish-bone Eih&lEh & gL T,
FhTAREETEHNEREC R IET Cu B8RS E Y
UL ek, BEoBFREBMOmRRD I, o TH
LB OB (5356) ik, BEEETO
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(A) Large type fish bone cracking test
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Fig. 1 Shape and size of test specimens for investigating
the solidification cracking in welds.

Cu BEbbimuninn LEBbhb,

IO DOEBEEINSRAETT /o D B, FCEF o A5083
BLOATNOL A& DWT T o 7ahs, 0.12~0.21%
Cu #&ATHLEACE LITEAEENR Do T & Ok
RUEBCERT 5,

3.2 BENCH LFTHE Cu O

Fig. 4 13 MIG ##4 L 5 bead-on-plate #4558 (1

W~ 7 villfERT. SOL D AEERICOWT, FOR
BRETDOI 707 4 v ¥« 3 L UBBBETO S 4 7
7 a7 (LA ORI THA T,

Fig. 5 Ci#gfo Zr, Ti, Mn %5\ Cr k& Al-
4%Zn-2% Mg &EEBEBOWED 24 <~ 7 (REEE
RER) ORERT. CNIVHEBARIEL, 1420
bead-on-plate YA TI 0.42%Cu %25 B3 &4k
famgBed b5 28, Bl &0 B2 44Tz & A &R
WEERD Bivinle 3% X bead-on-plate s J OF
Jea BT 0.22%Cu & 4T B2 44 T4 LAK
PR DI Do AU DRBERN TS BHA BRI

— 3
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60 =" |
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Crack sensitivity (%)
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N
(@]

O — -?Pa_rent metal filfer
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1

&——@ 5356 filler

0 0.1 0.2 0.3 0.4 0.5 0.6
Cu content in base metal (%)

Fig. 2 Effect of Cu addition on the weld cracking of
Al-45%7Zn-15%Mg alloys containing small amounts

of Zr, Ti and Mn. (Large type fish-bone cracking
test)

70

60 f——— &——® 1 mm gap
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T

/
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/
Ve
/
. 7
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o) o Mo, ==T N , d
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Cu content in base metal (%)

Fig. 3 Effect of Cu addition on the weld cracking of
Al-45%7Zn-15%Mg alloys containing small amounts
of Zr, Ti and Mn.

(Lap-joint fillet weld cracking test)

DEERIBER 0 BEGSBREIC 5\ W THs: LT\ B,

Fig. 6 13 BAERBERTLI 2B L2 XENRERLD
o 2 7 wififa 77 <0.01% Cu @ Bl 44 Tiiy
BN LEEEIRIR L A LT ThRwna, 0.22% Ca o

January 1976
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Bead-on-plate

weld ( 1 pass) B1 alloy
(<0.01%Cu)
Bead-on-plate
weld ( 3 passes)
B2 alloy
(0.22%Cu)
Butt-joint
e
i § Lo SRS
Fig. 4 Macro-structure of cross-section in bead-on-plate
and butt-joint welds. B3 alloy

(0.42%Cu) ;

B2 44T, Z< bPFrhERERE L Tnd, 042%
Cu @ B3 &4 Tithk by ol A4 U T\n5, L
LEFIZE 749 ¥+ —IRHRE- T Tinbb,

WBELBONERTHE, 48 v — FOWEHK b RIEGT4ED Fig. 6 Effect of Cu addition on the eutectic-melting and

CUnielog micro-fissuring in weld metal of Al-4%Zn-2%Mg
alloys containing small amounts of Zr, Ti, Mn or
Cr. (x100x2%)

Bead-on-plate
weld( Ipass)

Bead-on-plate
weld( 3passes)

Butt-joint

B1 alloy( <0.01%Cu) B2 alloy(0.22%Cu) B3 alloy(0.42%Cu)

Fig. 5 Result of dye-pentrant test in cross-section of bead-on-plate and butt-joint welds in
Al-49Zn-29Mg alloys containg small amounts of Zr, Ti, Mn or Cr.
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A) Side of weld dead

=

B1 alloy(<0.0

1%Cu) B2 alloy(0.22%Cu) B3 alloy(0.42%Cu)

Fig. 7 Effect of Cu addition on the lamellar-tearing in weld heat-affected zone of Al-4%7Zn-29%Mg alloys
containing small amounts of Zr, Ti, Mn or Cr.

Bead-on-plate welds were made under 10,900 joule/cm/cm. (x 100X %%)

Fig. 7 1% Bl, B2 kL0 B3 £4&% 10,900 joule/cm Fig. 8 12 E® Zr, Mn % 5wk Cr #4%r Al-49%
/om (BEATERE RS b o A#) © bead-on-plate L 7 Zn-2.8% Mg &4&% 8,700, 14,600 % X 0% 16,000 joule/
RO ERIBE 0 BB EIC BT 58D 3 7 v iifl%x & cm/cm D AT bead-on-plate ¥ L 72k O ¥ARIBEH
To B3 &&TEI LT A7 -7 4 7THELTHSBH, B2 L BBEIC BT BEAHD I 7 et Rt ZOCY
BETCRHIL LTNEMMEL TCAB KT 25— 7 4 Yy - XD4EETE <0.01%Cu » ClAETLhiniDT
TEIEE » T, AT =T A THRELTERD, ZOF 27 ~7 4 7IZABD

FaxiN

A} C1 alloy(<0.01%Cu)

8,700 joule/ cm/cm 14,600 joule/ cm/cm 16,000 joule/ cm/cm

Fig. 8 Effects of Cu addition and heat input on the lamellar-tearing in weld heat-affected zone of
Al-4%7Zn-2.8%Mg alloys containing small amounts of Zr, Mn or Cr. (x100x%4)
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Test

Heat input per plate thickness (joule/cm/cm)

materials 8 700

10,900 14,600

I N

N NI N\

T ¥ 1 T a1 i T 4 L T 1 1

B2 Q

T T T T 1

N

B3 \\\]

S Y

C1l —q

T T T
T T

T T T L{ T T T T T T

62 X N

ANNNNENNNNN

Amounts of

Jamellar tearing

NN
NN\\¥

not observed
observed slightly
observed fairly

observed markedly’

Fig. 9 Summary of test result on the effect of heat input on the lamellar-
tearing in weld heat-affected zone of A1-497Zn-2% Mg and Al-4%Zn-2.8%

Mg alloys containing small amounts of Zr, Ti, Mn or Cr.

BinE & dELL Ao TWh, 048%Cu %41 C2 2k
TIREBRTI AT —F 4 7THRELIm>Twbo
IHBED B EIVC vy ~x0&é% 7,200 ~ 16,000
joule/cm/cm @ AZG bead-on-plate ## U /iy D #GY
W RIT DT AT —7 4 7 DFEDBE L EENTRL
o Fig. 9 ThHo TNI VPSRRI EL, ABD
e bR T AT —7 4 TOREFTELIR>TED,
By ~XBLUOCY Y ~xD&cE b CusHENES
AT AT~ 74 THEHELELTWED, LLBY Y~
XOBA, 0.22%Cu 4 A T\w5 B2 44Tk 8,700 joule
/em/cmT T A5 — 7 4 TiEe L Bd iy, 10,900 joule
/em/cm T oL bTnT AT —7F 4 THRELTWBILTT
bho BBV I -~ XDE&EE LY Zn+Mg BEOHNCY
Y~ XDELEDFENT AT —F 4 TOREZE L\
INBDT AT~ 7 4 TEHWTI LRI 0 bR
WIC W THREL LD THY, WTENOEE b IERY
RIRENOBEHZRL T\

3.3 RAELLDOLE

AP COLRES L EHDASRS I L 1 ATNOL &4
(FNFN2FEF) OBEBEENRLO T AT~ 7 4 TOF
% Tl U e

Fig. 10 13 A ¥V~ X D44 & =MD A8 kLT
ATNO1&4&nAHE fish-bone ENEERF L VETHA
MR L 2B EENEZHEO LB AR L b D TH S,
SOTERAAEARLIV B (b ASIB3 &44) E
LR (b0 720 Ti-B OHMOBEICENR LD,

=44 C FLOD(E bt ATNOLEE) i Zn B LT
Mg B/ bOW Zr BIcERSH LD THD, Fig 10 X
VISR EL, ERAGEDALBRIVUCEDTLHE
NR/ICHR Y DENRSY, ¥ HBEBENRBRAECL - T
L UERD R - T Bbo

80
Fish-bone weld
60 |- cracking test
7
40 Za
o
2220 e i
: 1. Ol
R W W 1 -
f
2 g0 | Lepoint fillet weld
8 cracking test (gap @ 2mm)
)
40 - g
s
20 7
-

<0.01 0.06 0.12 0.21 0.29 O.Sl A B c D

25Cu %Cu%Cu%Cu%Cu%Cu  (A5083) (AZNO1)
(Al-4.5%7n-1.5%Mg- (Practical)
\0.3%Mn-0.1524Zr-0.1%Ti) \alloys /

Fig. 10 Comparison of susceptibility to weld cracking
between test materials and practical A5083 and
A7NOI1 alloys.
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A 5083
alloy

A7NO1
alloy

Fig. 11 Lamellar-tearing observed in weld heat-affected
zone of practical A5083 and A7NO1 alloys.
(%100 x245)

AFRTDOAY Y -~ XDOEFHARE L INLDORAGRD
HNBAE L ThDB E, INHDOERESIE 012% Cu
At A3 A4k XU 021%Cu 24t Ad &4 LELL
Twbo ZNHDA, B, CkLUDDEMELNPEES
BREEM & LG LA LMBERFERINTHWD Z &b
WL DHEAY Y —XDEELTE 02% HTOCuETH
FUTHER EMBERHRTE 5 L BbNb, HL Zr k&
U Ti (&K Zr) BEATHRWERZZDORED Tl

: 8,700joule/cm/cm ) (H.1.

Fig. 11 (X352 @ AB083 3 LU ATNOL &4&% 14,600
joule/cm/cm & AZT bead-on-plate B L 72O I
37 nififiART, AB083 L UY ATNOL &4 & LR
ERNDEBWERE T TT A7 —F 4 7HEU T B,
P> TRBLMBERFEHAINTHAEE LWL ELID
L5 ImECABTEEY 5 2 LIFBETRE R B I,

Fig. 12 (X532 ATNOL 445 M4« D ABTHEL,
T AT =T 4 TOFEDBENR 1 BB O WD
Wil S 7 w5 RME A RT CRLDBEBLMEI &
X, 72774 7HBFTHEECHSERBRTC IR 7
v 7 NFLERMIER > TR T TWhB, L LBEEME DK
T 2L, T A7 —F 4 7TOHEHNBEFH &
—HLTnB b & Bbhbd, BEOBER T, 3B
BP0 Cin <, EIMELEMESR b BER L AT uERb
R DONE L, TNHOREA DMLY HERT 50T
W, b0 T 27 —7 4 TOFELHET S &5 BDllE
VA RN

AEBROFRLY, ARIUBY Y ~XD L5 K Zn+
Mg EH#6 % BEORIL, 0.2% L To Cu @k
EEINPREREEINDOFRE XA I LD Z Lk BRIFAE
BEERESND, LALCY I ~XD L5 Zn+Mg &
PEIT % BEORNE, CuDilME X SRR 505
R H5e WENIRLA, Zr 8LV Ti (&1L Zr) %
BFFICEHE LT Z EOWAET, & HRIC E WA
HOBFERILET 200 E L\,

e CuDBmE Al-Zn-Mg &-& DS B AR i:
DYWL XD THHTHY, BEEXEE L RWHET
EHAESTHEBIOCRNINGZ ENEEND, ik, £
KR&EFTE® ik, #MEO Cuiivinl ciEiEan
Al-Zn-Mg &4 & LT ZKI14]l % L O ZK4T #5211,
FTTERIRDOFEEELTWBHT LR LTH <,

(H.l. 2 10,900joule/cm/cm ) (H.l. 1 16,000joule/cm/cm)

T.S. : 35~36kg/mm T.S. : 34~36kg /mn* T.S. . 33~35kg /mm:

Y.S. ! 23~25kg /mm: Y.S. © 23~ 24Kg /mm* Y.S. 1 22~ 24kg /mmz
E.:12~14% E.:11~13% E.:10~13%

Fig. 12 Micro-structure of fractured edge of welded joint in Al-Zn-Mg alloys and their mechanical properties.
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Shelf Life of D& R Can Packed with Acidic Foods

by Masahiro Nishio and Zen-ichi Tanabe

The shelf life of DgR cans packed with some acidic foods has been investigated. Test food
products packed in DgR cans were sweet bean jellies, fruits, meat sauce, stews, seasoned ground beef,
curries and soups. The lowest pH was 3.30 (fruit B) and the largest content of chloride ion was 16000
ppm (curry A). These food products were canned in 5 0z, 208x203 DgR aluminium containers using
procedures closely resembling industrial practices. These cans were stored bottom-up at 37°F (3°C),
room temperature and 100°F (37°C) during 6 months.

There were two methods for evaluating test packs; one was cutting examination, the other was
shelf life examination. In the cutting examinations, food products were examined organoleptically and
containers were examined for enamel performance (staining, underfilm staining, blistering, etc.). Used
as criteria for these evaluations were vacuum, internal can appearance, food appearance, and sensory
evaluations made against the food products stored in 37°F (3°C) or initial condition of them. Measurement
of head space and analysis of metals in food products were also made. In the shelf life examinations,
containers were not opened, but examined externally for evidence of hydrogen swelling or perforations.

The results obtained are as follows:

(1) On the internal appearance of containers, a few blisters are microscopically observed on neck beads

of cans and parts of triple-fold of ends.

(2) At higher temperature and longer interval during storage, these colors of food products (sweet
bean jellies A,CD, fruit A, soup B) are inclined to be trace-dark or fade away.

(3) The drop of vacuum in containers is hardly observed during examination interval.

(4) During examination interval, the largest amount of swell is 0.85mm in the case of sweet bean jelly C
stored at 100°F. However, most of the containers packed with food products show no swell.

(5) From the periodic analysis of metals in food products, it is deduced that heavy corrosion didn’t

occur at containers.

(6) It is suggested that DgR cans are good containers for all food products tested.

1. ¥
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Balft, TVIZ U A0RABAERBA~OENICIZE S E
LW Db, BWED T Y FEFHERPT 7 AVAE
HALBELHNEFTMLEI hich T, 7rizviek
AWcBHEERSRNSREC b » THFE? XN T 5,
T IEERNTET ) 2 EHECRCTHEL o T D
AR, ROBEHIEAIRUD & LT, ~ Y AR RIT5
BEOREPEC 7V I EOE. (easy open end) % H
WISED T R=y JIHERDOOE R ESPRTE, Fi
7 AVABCRIT2EENE ERC M 2, Eh
DR 7T VD Y OB, BB ERBTEE 2

*EEATRTERT

L Wi EOMBENR TR TE D, EBRTNVI=Y
LDOBRFEMIEEARBT A L 2ME-T, 7VIFED
FAREIERCIAIND b0 L BbN S,

B, HACKW TR LSBTV IFMELT
B~ VB S B WL RBRIEHC BN BT WD 7 v 3
D&l 5 (Drawn and Ironed Can), A&« 54 A5
HRHOEREE, 79 AFv 7 E73%F~F LV IENMT
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THHBICH LT BRnY & U TRz EHiE 210 oD
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T, THBDERICOWTHRET S (hk, ZhboHER
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2. EMBLUREREE

2.1 =B
e LW DeR Hin b ONCEIL Fig. 1 WRL
Tk 208x203 7eBEHT, HlBEhRE L BE T

Fig. 1 Appearance of all aluminium D&R can and end.

right : end (lid with tab)
center : can body
left : seamed DgR can

o 3T € — FAlA - Tnbo BEH LD F v 7 &
~ FIRBMEEOGINAIC X 5 REOERIEA B35 e
FEENTWT, LabeEEchiBzoMECL Y 7
T g =V FINTIE X ) BREDIREMN /T SN T B R — %
=774 ECHBo ZO DeR iz bUICEDOY

FEGMEREIL, FEME (bottom strength) 41.3kg, {HD
ST (panel & collapse strength) 1.87kg/cm?
ElRERE (column strength) 117kg, & A=HPAIENZ 2
kg/cm?2 LI ECh otre LIchi- TIERFEE « &FIC X -
TELERTEL WL D TH Ho HONERIT doz.
45ml CThbo —F, Tvd— 7 YROBLETLHEAEC
B4 41X (pop value) 1.7kg, BiZY s (tear value)
6.2kg Y 7Y ¥ EOE. (FnFn 2.6kg, 9.0kg)
ORITENE D TENEDTH Do T DeR EHRMI
H L BEFE XNz Al-Mn-Mg fitaé&&Thy, £LTD
&R 1 « BB SN BN, AESEED ©=RE
kL AEABEGBRO C = VRERTS D 4 ORAHE
HRCAK L2 DTH Do

2.2 EBARY

DeR i I F3 & B SRR M X nER B AL B % 9
WED B HPEMCBES N, TOHTHEIC DeR M7k
LLTHEEEINEI mbDOHRAK, iUk DeR HHS
DFEE & LTOMWREAHET 5O L 0L TS &F
ZBNIh BT Do (L 1ok~ DNE Y% Table 11,
FOFERMER DL OCANEYO pH, HEA 4 v & L P
LRz WEMONTILRERENBE L TELTY
— FEFEOREBMRACENP A4 BT, TR T Y FEI
FWT A REHMEN &Y Xl 7 v~ V2 85,
EBHTHTILD & L THHRERBC L2 SE LW
BATHE (S~ Y—X, ¥Fa—, 21—) 6 {15 &
HOWANKAC DN TRE IR S 5 AP 1 85,
mEkiEE o DeR EAVRE & B s 7 v~ (flavor)
DK A — 740 3 B O b IO TH Do

Table 1 Packed products and their sterilization processes.

Vacuum* Ion concentration
Food products Sterilization procss "
(cmHg) Hydrogen (pH) Chlorine (ppm)
A 13 98°C % 15 min 3.85 750
Sweet bean jell B 8 107°C x 20 min 6.20 800
ety c 13 98°C x 15 min 4.20 800
D 13 98°C x 20 min 3.90 700
PFruit A 18 80°C x 30 min 3.35 200
B 0 85°C X 25 min 3.30 300
Meat sauce 20 113°C x 55 min 4.60 12300
Stew A HE** 120°C x 20 min 5.34 5000
B 20 111°C x 65 min 5.25 11000
Seasoned ground beef HF 121°C X 25 min 5.31 8600
A HF 121°C x 28 min 5.30 16000
Curry B HF 120°C X 15 min 5.43 5200
C 20 115°C x 66 min 5.35 7500
A HF 120°C X 7 min 6.22 3000
Soup B 18 111°C x 40 min 5.90 5400
C 18 111°C X 40 min 5.30 7000

* Vacuum-gauge value ** Hot filling
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Table 2 Appearance of containers packed with test products for examination intervals in cutting examination.

Exam mtervah 1 month 3 months 6 months

Products . temp j RF* | RT 100°F RE RT 100°F RF RT 100°F
| Sweet Al OK OK 0K 0K 0K OK 0K OK 0K
? boan B! OK 0K 0K 0K OK 0K OK 0K OK
ielly c| OK OK 0K 0K 0K 0K 0K 0K 0K
! D| OK 0K 0K 0K OK 0K 0K 0K 0K

Fruit A OK OK OK OK bertroblister | tr-blister | tr-blister OK tr-blister

B i OK OK OK OK oK tr-blister OK OK *#g]-blister
Meat sauce 0K OK | OK | OK OK | OK | OK 0K OK
Stew A — 0K g oK | — 0K 0K — | tr-blister| —

B OK OK | OK 1 OK OK OK tr-blister | tr-blister | sl-blister
Seasoned ground beef - | OK ! 0K ’ — OK | OK ‘ — OK —
Al — oK oK | — OK oK | - OK -
Curry B — 0K 0K — OK oK | — OK —
c| OK 0K OK OK | OK OK 0K OK 0K
A — 0K OK — | OK |slblister| — |tr-blister, —
Soup B| OK 0K 0K OK 0K OK OK OK OK
cl OK 0K 0K 0K 0K | OK 0K 0K 0K

* Refrigeratin (3°C)

2.3 REFHEY D

FBR 1L Table 1 /R U 7ot « DAY A RO TS
TR\ REEC DeR I L, % TIZ L /obottom-up
REEC—E R, —wERECRE L, INhbLOEHE
Cutting s & Shelf life & & 1C X » TR~
Cutting EHR CixEREYDOZE L (color, flavor, pH, con-
tents of metals) ®EHPIEIRI (vacuum, head space,
appearance) DOFENRFECTH D, Shelf Life BHERCliMm
WAL (Jo & ZIXHEATEOBESLNEMOEHE, M
E) #RMLUIEOERERE AL e 3 5 SR HEEN

FTh Do MARK B 1T ZRBEDHEERET T
s23E 1 100°F (37°C) T - 7278, m@%@bfm&ﬁm

HRAEEE 75 L BN D L DEOWTIE, HEomiEr U
T 37°F (8°C - B RELRIRole BIHEOR
BRC I\~ TiE—e it GREE, #1360 8) g
ANTEF O & L€ 3 HOFAamHEiER A IR
Too BEFEORBRITER & 100°F L i HEE I N FNFN36
B oODEEEBAAET D LI L - THI bl
T4 OEH OERIZE ST ME WA, F—RE
ZETER T bz, Lo L Cutting BRI 31T 5 RE Y
DEBERAEIFIOAD S F T 1tk » T, WAL L TH
ENDRAEDE DKEMAE, 77— VEIBRPLT £
DO EFIFTRNTIREL T Zlabiie HRIZEHKT

TR Lion, BEAERFEDER UL DII0E, HTh
CEDEL LN b DRI K, L TWAEERERILN

fob DI 8 &E, AL RVEECAENLONE KW
BU AN 0,48 E L7

M
Fofho4BE (Cu, Zn, Mn, Fe, Cr) 11 X+ B8RO

B O LSBAY Tk, MgitER, Alikk,

3

#* tr — trace, sl-— slight

FETY 70 v 70 2RIy, Al DA &EIREF
W (H s 208 BUEFRIEEN) Al i yedeEss (B
SHELI2ZAR 27w F-PA-F) KLoTRIo
720
3. ® R & R

3.1 D&R HH LUVEOWEIRIA

Cutting BHERIC KT D T « 3 OWEIRI © BlZ#ER%
Table 2 iR Lz KENLA A, B, C D, 2 ~1tv-—Xx,
WmIL&W, pv— A B C =2—7 B, CobHEHEI1 &
RO PE AT Uiz DeR F « BNEICIE, SOBLWVWE
Bt cad D 100°F (87°C) 6 AHEE TS W Th 4L
BE BEOSN, B 3&URk 2k 7V -
v A, B, 2—7 A WERINABT, vFa—A Bk
6 A A TER, 100°F |EDE « | ENENSHFERE
DBEFED 5 NP BEA B NIze AR 7 v—Y A B

RR = TADE  FLAE T 7ob DT, —Eic.5 < holg
PHBERERIC R E o Tob DAL o 7ohs, 53 L ik

R E LS REL R TN E L <HEmLich
5 X5 eBENE o foo —IRICHEREOR NE « I3
EFDOBBEC LU UEE LWL D Tholoo BED
S NDBE UM, FOFy 78— FEEAEED T
YT o~ PR RSN T o BlEL <
T@7W5:VbiﬁVu%%@$<ﬂﬂ%$T?kt®
, BAERN IR TR bl o e
:~}y~xaﬁV—%KﬁLkﬁ-%@W@ﬁ%MK
SkoBEteH L, ENENENEE, HErEL T\
BT ARNEDPOBRNBIECAE L2
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Table 3 Changes in color and flavor of packed products at periodic sensory
evaluation and pH values of these products in cutting exmination.
N Exam. interval 1 month 3  months 6  months
temp ‘ |
“““““““ — RF RT 100°F RF ‘ RT 100°F RF RT 100°F
Sweet Color* OK OK tr-fade OK tr-dk* sl-dk OK tr-dk sl-dk
bean C | Flavor** 10 10 9 10 10 9 10 10 9
jelly pH(4.20)| 4.25 4.15 4.10 4.20 4,22 4.25 4.20 4.20 4.22
Color tr-fade | tr-fade | tr-fade | tr-fade | tr-fade | tr-fade sl-dk | sl-dk  |**mod-dk
Fruit A | Flavor 10 10 9 10 9 9 10 9 9
pH (3.35) 3.40 3.25 3.25 3.3 3-40 3.38 3.29 3.32 3.37
Meat Color OK OK OK oK OK OK OK OK oK
Flavor 10 10 10 10 9 9 10 9 9
sauce pH(4.60)| 4.60 4.60 4.55 4.60 4.58 - 4.55 4.54 4.54 4.49
Color OK OK OK OK oK OK OK oK OK
Stew B | Flavor 10 10 10 10 9 9 10 9 9
pH (5.25) 5.40 5.30 5.30 5.18 5.32 5.00 5.30 5.23 5.13
Color tr-dk tr-dk tr-dk tr-dk tr-dk tr-dk tr-dk tr-dk sl-dk
Soup B | Flavor 10 10 10 10 10 9 10 9 9
pH (5.90) 6.03 5.98 6.00 5.80 5.80 5.73 5.90 5.80 5.60
7 JRRET trace, S T slight, mod -+ moderate dk -eeeee dark
HFE]Q -eenen non or trace, 9.eeeen slight

bDThH-T, REDTEESLHMIT X - T S B L2 nhs
o] fCo

3.2 AEHDEAL

D&R FHZFEL FmNAWORERGHIZEH « ZERCH L,
REDOHREREIC L o CohEHEL, £OMRO—H%
Table 3 ik Uiz * eNBMORAMERER « RN
DOFER X e 5 2B b pH O LR R L e 7
HENE O EOELEIRRIC S REREDOENC L » T
LB MCE U T, 16 OB TN Tl 5%
BRI, KEMAB, I-FY—R, ¥Fa2-B, T
AR, v~ ABC XA~7A COZLIFEAERIL
DEL BN holobd, KEMALA, C D, 7v—YB,
VF a2~ ADZ LR EGREUET L b0, %
LTCIAENRSORABETIRNTEEREENELT
WCHERDOBZ BN V=V A, X—7BD3EYH OEH
Mol 7212 LR — 7' BOEEITERE MBI
L£BLDEEZ LNz, RUKENALTE BILACDIIZ
Hd 2 b EBSIFWEEELTWS o rtaDE/ T
EAEBRUBNEN 5Tz KENAA C D Ry v—v
A, B 7n CHERE & BE D HRNEYNIREH ORI L e
W, EEEREOBE BB LR o T, B FEN
BEE Ch ol UL, BBEEHSENENEIETSHS
ZENBLEMTES LB,

BERERED 7 v — /8 (flavor) oW TR NTA 8 4
B ETHolo BELTWS LEELND 8 ADORNEYIC
1% 3 2 A B CBECkEEMA D (100°F 258) 7841, 6
B ETKENA AD, 7v—-v A B (w¥Fhd 100°F
B O 4BIEREL LI, INHAREL &b L8

4

CHWHNAEMTHIE L o CTEBE LD L Bbid,
INBABYMERT A ORI EEORE L I —HL
Tnire fEDPEYD 7 v — % (flavor) DWW T HEHEE
HMAEL B Lhy, BERENE L D Lion
WETOBEAENSHR BN, AEHOEORECERE & i &
{—HLTWBRBEEbNS, LLAaNE, BEIEE
DT IHEMTL 7 v MR LA EE - T &
EHNIEA, bAVWEMEESITAE L Thinho a7
v — /% (flavor) OETREEONLESELHD, T &
D& LB DD ST WEED - oo

—77, BERRICHPE ENANE YO pH E b S RE
{bERRE R olze ERAEHDOEL 7 v~ (flavor) &
ol LT SERGBEEMEII WL A ThB, DI b,
—RCEEHERBNER « BT 5 & pH OFELWET 24
57, DeRE HED 6 7 ARERIC B TIERNE S
BB NCEEE « BHOWREE TE- T & Bbh b,
3.3 BEEOXEL

HEEPI D B2 B & RIS IE L foo FERER—IRICNE
YR E OREIE T2V 5 T3 b0 ko—>2L LT
EPEBEREBC T %25, K e L TENHEDBESCHEY
DOFH « FPHET D EWERENBEMALTL 20 Lien
5T, BEEOHBITHEDOGEEREXHET B L WiEE
Cieh EBbhb, KENA A (Fig. 2) 1ZREIEZEE X
DEW SO S OFKITIE SN, BRI DT MK
ToEmERL T, KEMAC D A LR UHEAY
AL, ZNBIEREHOEL 7 v - (flavor) (L
DR &S L ETWe, —7, KENA B (Fig. 3) i
WHEEEREZ NS HRESE L, BEA LERD
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Fig. 2 Variation of vacuum in D&R cans with examina-
tion interval. (Sweet bean jelly A)
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Fig. 3 Variation of vacuum in D&R cans with examina-
tion interval. (Sweet bean jelly B)

O : RF : RT @ : 100°F

oy
-

CEAT B BN oteo CNERUEMERLALLDK
MIERETE LGRS - 28, ChbREHOfE, 7
U= S LOMBERE BT L Tice KEMAEIE U hot
fill LEY — 3 v 7% UcmRE, AEPRETEL
PEUMWED —RCWHEZEEL D 3E < nb T &xik
SEDRLT WD, FNVN—VAWRY - IV T F vy Ex
18cmHg WiFE LT ¥ — 3 ¥ 7 LizA fIEERWIThd
10cmHg BFEET L Twio 3~y ~2x (Fig.4) &
BHEAERLIZYF 2~ AB, #1v—C, 2—7 A7k
WD WA FEE L TV B L DDET L2o2obh B
MAERLT Wz H Vv — AL hot fill Lz ELHE
Wit — 2 P RODBRENE L R, WELEE
AEDENRREEEThH o AL XD RERERLICD
DETNV—IBMRE - e, ZHEEEETRY -3 7
BRIl Thbe A—7B & ClIKENAAL
FLEUERETHY, F x> 18cmHg ORBFEY ~ 3
> 77 & hot fill D7z RIEENENL EDOHEEES &D
L DA% Do o

HEDZ e BEEOTEIEMIEEETS » I LR
TRy —-3v 7 Lic7 v~ VB ERABHOBRERTHD 7
V=Y A, Brv— A BBRNEES LSEEERENLLE
LW otco 2D EEEWALZIUL DeR 4« HO

5

[HEPHNEMOEY « BRMNEZCELTnihofoZ &
L4 DD MEED It o & ERESTF TS D
D EBbNb,
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Fig. 4 Variation of vacuum in D&R cans with examina-
tion interval. (Meat sauce)
O:RF @ :RT @ : 100°F

3.4 HFOETRR

EPIOFLLE MR LIS BP0 BACBIE L EA
ERSMCERLIZ LD % EERSESNTL Bo ZOEHIK
A TR OREBIC R U CIREBFINICEIZR U fco TKEERA A
(Fig. 5) 1 C, D LA U < 100°F & DA 4 ITHERS
FIE .5 S Nfe s, BIREEOFRILIE L ATEEN LT
P62 ABEND S IMEL BB EAEREZRLT
Wize LU, kENAB Fig. 6) WERERES
BEBERWTHBOKENL A CD LR Tkl &
$, EOEFIRIRLBEEMICITG & A EBN - T
—~F 7~ A, BOBERITAKENAALRL < 100°F &
EOEIRBNCEC S NAERTC LD, BREED D
DIFEEDOFE LY 5 T2, 5 < NREEE RBMH T
FELTWEhole INBUNOREHOED I -V~
A, ¥F a2~ A, B, mIERW, Hv— A B C x—-7
A, B, C X BHZE(L0EEE Tleds o oo

1.0
O RT Boftom
0.8 ® 100°F Bottom
A RT End X
- A 100°F End ///
E06 /
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g 0.4 .
<
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= 0.2
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0 L =
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Fig. 5 Variation of swelling amount with examination
interval. (Sweet bean jelly A)
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Fig. 6 Variation of swelling amount with examination

interval. (Sweet bean jelly B)

HDEH LS NBENRED K BN R IUEGRHNHEOE ALK
BYOFHE « FECHIET B DR SN TR, 6
A ECHER LY FEET 05mm (ZAERET0.2
kg/em® AEM) BlESH< b, FRRBObLORK
AL T Table 4 &R L 7zo 5 < NELEN 05mm [ E
WIKZELAD A, C, 7v—YBieix B, 0.lmm L o
LOWKENALD, 7=V A, ¥F 2 ARBITFBNB,
INBABYE 32 IR LICEREREL L > CEH - B
NEL BN ERFINILLDLE I L—FHL Ui 2D
&5 B OEESMEABIRIIC X XD & &0
BEhEholch, Zv—YBODIELEDLEL NI E

Table 4 Swell appearances of containers.
® Swell amounts =0.5mm

@ Swell amounts =0.1mm
O Swell amounts < Q. 1mm

Exam. interval 6 months
Temp. R T 100°F
Products End Bottom | End Bottom

Sweet é 8 8 8 8
bean c 0O o PS P
jelly D o) O @ @
Fruit g 8 8 3 2
Meat sauce O O @) O
- ol ol el ©
gl O O @) @)
Seasoned ground meat O O O O
Aol o o o
Curry B O O O 0]
C @) O O O
A O O O O
Soup B @) ) O O
cf O O O O

A EFEEE 2 IR OEE LY D 5 LaE
BANTzo A~ 7B OB FHERF BT BB LI K
HEMIREHRCLBLDT, FO5HLNCEHTZLDT
W - oo

3.5 AP OLBST
FHEANEIIER RO S RE - ENRALRT
WL BN S, - EOBRC I BT A I =Y A
B OB ~DBEHNRE 2 BNDOT, NEMDOER
EHEREOERNNEMIIESESE L L oML RTHRE S
LTEETHD, LEM-T, TNTOREWTHLT
Al, Cu, Fe, Si, Mg, Mn, Zn, Cr, Ti 4HEOS5W %
RFIC R & 7t o 1o

ACENAA (Fig.T) XL & LTI E A EDNEDIT
BN THHT S NI BRI B 2 LA RS
ol ZOZ LIIERELE L WAL UTinin s
Sl L EHET A EEDPND, —F, 7 v~ Y A(Fig. 8)
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Fig. 7 Variation of contents of metals in Jelly A product

with examination interval.

DI EL—FC 7y xDELIeb DL H o 7chs, ik
REY 7 A XT HEEDTEGH BT B Iz b HENE MR O
FEMMIC TP cled LB, LiciaC, Ebh
P& BEITE A ORRBFCEE ENTWBEEW &
BECHET S0 EEbND, ZOBENDHD EFH
ENfBERCaEns8BIE, oW LCTBEO&RE
D5 H Mg HiMfhd &BSFRE A THEMS < it (80
~386ppm) i, Al ZZ LD TH ppm (7 v~ A)
M E iz, Fe ik 0.65~62ppm, Cu ik 0.1~4.4ppm, Mn
1% 0.1~18ppm, Zn % 0.5~23ppm M IN7ze F7- Cr
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Fig. 8 Variation of contents of metals in Fruit A product
with examination interval.
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Fig. 9 Variation of contents of metals in Curry A product
with examination interval.

4. = =

HEEIASRARET LY EHTE > TEET LI —FETH
BT, NEWE TE AHIETTORENDEAIR T
mBE\e LInLERND, ~y FAR—- ATERTET 5B
RWEEPI DK & DL BN BRE N B DB Y & 5 TH
BBEH D, FldTh EEHEAE EDMERIGT L 555
BEOENLEITONENEZELDBNDS, Licio>TRE
DREFERCRINAE2DEL & DaR F & DBYEiE%
FOICERET S, v

D &R HDOHRT AW EHRRC T HITA MR AA
YR OEBFEAAYEI DS pH (BECRd 55 0%H4
P LNEW) REFEEND Z ENXRD BN, Tihbb,
WA A4 & 16000ppm (8 2.6%NaCl) ;& (7 v
—A) BFEE LI - BEONER IR BEY &350
HoORELE<RDODNLholz L, SHEEA 4 v IE
BN L x5 (1 18%NaCl) @ 6 » A7 A F oty 7
CRWTHERIIFED BNz LhLENRE, 7
N TR TVE =Y MR T AR ENEBESGET
& B & Bramsnaes® LR TWBMR, 7~ VEEEE

b pH 23 8.3 & D BHED B &L, b TIkb B
BRI AN S N E LY LD ABOBENRE LIz L
Lo TWdo ZHE—RERTFECIEEED D OS2
EFNTHT, ZOWSNEEIMEHRCRITAHEEA 4 >~
DTNI=Y REHMAOHELFEH L THWHI L, IBHIC
AEDPBREIRTHEWBERNEYD 7 v I =¥ A FBHAD
EERMEMIRE DR W &R ERIDEL LN D,
¥ 7z, Bauer® ¥ @EOASCERTT VRO ESENEGE
A & B BETHAREL AR O pHiZ L D EW b O
BROND RN TN B, HEINFTEINDS E TOLRES
TR U, BEOEINRIZ R\ TIEMNEY & #
T2z 7vE =y KFEMNEEL, KEFAD
LR L OBBED LS NNRET DN, KENALVA DOI
&< pH 4 ToREH T BERoBaida < ME
EBbhs,

B EhD DeR HFETE S, £OpH
REFHBAA Y EEV) L) AT T o THRE
FTANETRWEEZLDND, TET N NEGYO MR %
TR LD 2T, EEHCEB LY =7 74 7R
AR Imo THIREENABERETHS & BB,

HEENAIEAE X Tl )RR S 2 WEBMZE L &
St s, GHEAFD CRELMEC b0 c0EEe
BETEL, NEDOER - BEDFEIIAE (bITT2
DHBHN, —DREMIPEETELDTH D fho—21ERA
BEHARLENOEHET B2 ONGOENELC LSS
DThbHe Table 3 lILHBNIREYWOEE « BEE, D
& RBFCHABLIRBEDRD bW I &, ARG IS
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molcl b, BEEOETHREELLALDNiholzl &,
L7225 C DeR i ChDRPDONBYOLEHE, FHLHR
DENEM ol CNBEDZ Eh5, 73 DaR HD4E
& LToMRE 2% D ARASESFECT SNTERD
ZOENDTHTERIND HEEL B,
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ETE2RIRI o,
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Determination of Overall Heat Transfer
Coefficient of Fluted Tubes

by Tadashi Nosetani and Shiro Sato

In the falling film multiple effect long tube vertical evaporation plant (ME-LTV), higher heat
transfer coefficient of fluted tubes allows a reduction of heat exchange area. Recently we established
the manufacturing process of fluted tubes by drawing process which is estimated to be more economical

than the conventional rolling process.

The objective of this report is to determine the overall heat

transfer performance of 44 and 50-Flute tubes manufactured by the drawing process.

(1) The overall heat transfer coefficient of the fluted tubes tested was 2 to 2.5 times greater than
that of the smooth tube in the same operation condition.

(2) The overall heat transfer coefficient of 50-Flute tube was up to 8% greater than that of 44-Flute

tube.

(8) The brine feed rate showed a noticeable effect on the heat transfer performance of the fluted
tubes. Under the test condition of supplying 3.5% NaCl solution, ‘higher feed rate always resulted
in better heat transfer performance. However, under the test condition of supplying fresh water,
the overall heat transfer rate was liable to have a minimum point with respect to feed rate. On
the other hand, the smooth tube did not show this specific feature. These results can be explained
through the distribution of surface tension which is affected by temperature and concentration

gradients along the fluted wall.

(4) With decreasing the evaporating temperature, the overall heat transfer rate decreased.
(5) 4T of 5°C gave slightly better heat transfer performance than that of 10°C.

1. & C & I

TEE I TR S Exh Akl (VIE-ME) ki3
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7v—7y FEORBERRIME, 7v— Pk IO
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AR DB B, Tz & 2SN E RS EREIE D & (L
HEMEOHBELRLOFE/RE, BLIUTEIR L »Th
RO ARMEELT S, 2 LicdiaC, 7V—7F v FED
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TEXA R TR ERMMT 2 HETH B, Hida
A P IEEBEOMMED FHEN S D & —IZ B ETN
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Fig. 1 Fluted tubes used in the test.

Upper : 44-Flute, Lower : 50-Flute.

2.2 REREH

FHRBHERD L D Th bo

@ 774 »#EERE Tev : 100, 90, 80 & Lt 70°C

(b) ERBHRRRE L 7 74 v HRFERE L OREE 4T
10°C & L0 5°C

(© 774 gk 15, 10, KLU 51/min (14K

D)

(d) 779 1~ : 3.5% NaCl i, ¥ & O7KiEK
R U MY v ST TEAAE BRI
THbo

2.3 REREE

EREEOBEAN A Fig. 2 WRL. I DEREED
BB, 2RO 2 < F—DOEBAMG CHT L CERT
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ZEThHDo HRW (S) OAMEL 250mm, FEEEME X
ik 2,900mm Th D,
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Fig. 2 Schematic diagram of apparatus.

C : Collector N : Nozzle
CD : Condenser S : Steam chest
F : Flowmeter P : Pump
MC : Measuring cylinder PC : Pressure controller
MM : Manometer V : Vent
MS : Mist separator W : Water box
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Table 1l wHIEHE R Lice TNHDOHIEHED 5 b,
EKESHKER LA (4Y) oAz #iEEEgEl, Zo7 -2
F ROV REBICEE U 7o W E R IS A & Uiz,

Table 1 Test measurement.

| 17 | Time of measurement

No. Measurements Reference
1 | Steam temp. in steam chest |Tvy | Tvi High position
2 Tve Mid position
3 Tvs Low position
4 | Condensate temp. of test tube |Tcr
5 | Condensate temp. of ref. tube |Tcr
6 | Brine temp. in upper water box | Tp
7 | Brine temp. in lower water box | Tes| Tep: High position
8 Terz Low position
9 | Test tube brine outlet temp. [Tev

10 | Temp. increase of condenser | 4t

cooling water

11 | Drain temp. of condenser Tp

12 | Brine feed rate Wr

13 | Condenser cooling water feed

rate We
14 | Condensate flow of test tube |Wrp
15 | Condensate flow of ref. tube |Wg
16 | Drain flow of condenser Wp
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Fig. 3 Heat transfer performance of smooth and 44-fluted tubes.
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Fig. 4 Heat transfer performance of 44 and 50-fluted tubes.
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Fig. 6 Heat transfer performance of smooth and 44-fluted tubes.
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Fig. 7 Heat transfer performance of 44 and 50-fluted tubes.
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On the Structural Entities of Electrolytes
and the Electrode Reactions in Aluminium

Electrolysis
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Methods for the Measurement of Partial Pressure
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Corrosion Problems of the Aluminum Fins
of the Air Conditioning Units
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i) REMEE TR
Fe Ka, 33Kvx6mA
Slit 1—1—0.4, Scan speed 1°/min
Chart speed 10 mm/min, Full scale 250 cps
Time const. 4 sec.

e R B X e — 71k ASTM card @ X %5306
T\, TOYWEHDRIRE AT o7z ERXIRE — 73K
Ex BSR4 IERMEDE DWW TER 3 IR EwE i xt
T HAERITEMT 5 ),

X 3 HABEPREISAEREEO Fvy « < TERINY v VORI XY~ 7 IENEE

JE W OME W H B-Al:0s « 3H:0 a-Al0s + 3H:=0 Zn0
[e] o o] e
d (A) I/1e d (A) 1/1o d (A) 1/1o d (A) I/1e
6.80 30 100
6.10 10 6.11
4.77 100 4.72 100
4.33 80 4.36 70
3.18 50 3.19 25
3.16 5 3.164 65
3.08 2
2.88 8
2.81 10 2.816 71
2.71 30 2.69 4
2.60 20 2.602 56
2.47 30 2.45 4 2.476 100
2.35 25 2.34 6 2.346 53
2.32 10 2.28 4
2.22 100 2.21 65
2.14 4
2.07 5 2.06 2
1.97 5 1.97 4 1.980 6
1.91 10 1.91 2 1.911 29
1.86 10 1.83 2 1.860 32
1.76 2 1.850 29
1.770 6
1.72 60 1.71 25
1.65 2 1.662 13
1.62 5 1.64 2 1.626 40
1.60 10 1.59 4
1.56 2
1.55 20 1.55 4
1.52 2 1.527 6
1.48 10 1.48 2 1.477 35
1.47 2
1.45 15 1.45 8 1.453 16
1.43 5
1.41 5 1.407 6
1.39 5
1.38 5 1.379 28
1.35 3 1.359 14
1.33 20
1.301 3
1.238 3
18 S ASTM C. No. 12-457 ASTM C. No. 5-190 ASTM C. No. 5-664
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