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Experiments on the Automatic Control for Fresh Water
Generator Utilizing Jacket Cooling Water
of Main Diesel Engine

Introduction

Fresh water generator on motor ship is an equipment which requires an experienced
operator to start and regulate properly. In accordance with the recent trend of auto-
mated ship’s propulsion plant for the purpose of saving wages and simplified operation,
the Shipbuilding Research Association of Japan organized the 71st Research Committee to
establish a fully automated fresh water generator plant under the 1963 fiscal year
research program.

Mitsui Shipbuilding & Engineering Co., Ltd. as a principal member of the research
committee, planned the sequence of push button start and automatic control system for
the fresh water generator, and after various preliminary tests of individual automatic
control devices, carried out the shop test of the entire plant at their Tamano Shipyard.
Sasakura Engineering Co., Ltd. assisted Mitsui as the manufacturer of fresh water
generator.

Sasakura-Griscom Russell-Atlas Fresh Water Generator AFGU No. 5 was chosen as
typical plant for ocean-going ships, which converts sea water into distilled water under
low pressure by utilizing waste heat in cooling water from a main diesel engine. The
fresh water generator and necessary pumps, tanks and piping for the experiments were
arranged and tested practically equivalent as on board a ship, but steam from the experi-
mental oil burning boiler was used for the experimental plant instead of waste heat of
main engine. Main particulars and the heat balance of fresh water generator are shown
in Table 3.1 and Fig. 3.1 respectively.

For the experimental plant, the instrumentation was planned on the basis of fully
automatic control, so that fresh water generator can be operated only by starting and
stopping buttons in the control panel which are installable in the control station, and in
an emergency it is intended that remote manual operation by means of manual switches
on the control panel can be done. Outlined instrumentation is shown in Fig. 3.3.

The equipments used in this research consist of the following parts. Main particulars
of instruments are shown in Table 3. 2.

1. Automatic control devices

Various automatic and /or remote control devices are provided to control shell
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vacuum, condensate flow and feed water and also condensate level
Control panel
A semi-graphic panel is provided for the purpose of an easy watching and operation.
Arrangement of the instruments is illustrated in Fig. 3.6.
Sequential control equipments
On the reverse side of the control panel, relay assembly and timers necessary for
a automatic sequence programing of starting up are installed. Fig. 3.8 shows the
sequence diagram.
Safety devices
Audible and visual alarms are installed on the control panel to indicate the faults
of salinity, feed level, condensate pump and ejector pump. The whole plant is shut
down in case of condensate pump or ejector pump failure. '
In case of high salinity the impure condensation is to come back fo the generator
shell through the two way magnet valves.

Outline of Experiments

Preliminary test
Prior to the whole plant test, each of control devices, such as controllers and
timers, was investigated one by one, and optimum setting points were determined.
Start test
After the affirmation of each setting values, start tests of the plant were carried out
as follows. '
(1) Automatic start at the rated capacity
(2) Automatic start at two thirds of the rated capacity
(3) Manual remote start test
(4) Manual start at the place of location
The results are shown in Fig. 4.2 to Fig. 4.6.
Operation test
After the start test, without changing the fixed setting wvalue, the following opera-
tion tests were carried out.
(1) Test of changing condensate quantity setting (Automatic operation)

The test was carried out by changing abruptly the index position of condensate
flow recording controller. After the change of index, it took about 10 minutes to
settle flow rate of condensation, and each control system acted normally and there
was no trouble.

(2) Test of changing heat temperature of fresh water (Automatic operation)

The test was carried out by changing inlet heat of fresh water temperature. It
took nearly 10 minutes untill the flow rate of condensation was settled, and each
control system acted without any trouble. When inlet temperature of fresh water
was heated at 55°C, heat quantity was insufficient, and the condensate quantity at
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rated capacity could not be gained.

(3) Test of changing sea water temperature (Automatic operation)

The tests were carried out at various sea water temperature and the performance
was found satisfactory.

(4) Test of remote control (Manual operation)

(5) Test of manual control at the place of location

Table 4. 2 to 4. 4 show the test results of automatic operation, measured after
stable conditions were attained.
4. Test for emergency stopping equipments, alarm equipments and safety devices.

The emergency shutting devices and alarming equipments were confirmed to be in
good condition. _

The conclusions obtained through the forementioned experiments are as follows.
(1) Preliminary test

(i) Feed water level in the shell is closely connected with salinity of condensate.
When the feed level rises, salinity rises. In this test, controller of proportional
action type is used, but it was found that controller of proportional and integral
action type was more preferable. The relationship between the feed water level and
salinity is shown in Fig. 5. 1.

G Fluctuation of vacuum in the shell has influence upon operations of fresh water

generator, i. e. falling down of vacuum causes radical reduction of condensate quantity

and vice versa. In this test, proportional band of controller was set very narrow and
therefore the controller with smaller range is preferable.

i) Some amendments for the control systems and wiring relay circuits were made dur-
ing the tests, but most of equipments were confirmed to be in good order of its
operations.

(2) Start test

Various kinds of test for automatic start were made under every starting condition, .
and they were confirmed to be satisfactlory.

For the test plant, a temperature regulating valve was provided in order to maintain
constant temperature of heating fresh water, but a considerable amount of huntings and
fluctuation of heating fresh water occurred because of a small capacity of the heating
tank and unstable conditions of heating steam pressure. Far more stable conditions can
be expected at actual installation on board a ship where outlet temperature of cooling
water for diesel engine should be kept almost constant. As shown in Table 4. 1, there
are not much time differences between automatic and manual start operation. For the
manual operation, it is necessary to adjust and watch the operating condition at least
one hour or more after the start of the plant. Furthermore, some additional time might
be necessary if an operator is not so familiar with the operation of the plant.

(3) Operating test

Various test results under different conditions as described above, were satisfactory
in all cases.

Under actual operation on board a ship, the operation of the plant is expected to be
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far more stable because heating and cooling water temperature may not change so
rapidly.

Manual remote control operation is made by means of the control panel.

Any inconvenience or trouble could not be found.

Above-mentioned test results show clearly that an automatic device of fresh water
generator is completely possible and has a usefullness practically.

Owing to an periodical limitation, it was not possible to research over problems
about scale formations but it can be said that a scale formation caused by an ill or
immoderate operation may be eliminated. )

In addition, even a complete automatic control is also possible if the starting and
stopping buttons are arranged to be interconnected to a level gauge of a distilled water
tank on board ship and operated automatically.
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Fig. 3.1 Heat Balance of Fresh Water Generator
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No.| Name of Device Name Plate No.| Name of Device Name Plate
1| Name Plate 17 | Push Butor. 5 | Shut Down
o | Alarm Lamp Feed Level 18 #  (PB-3) | Buzzer Stop
(Red)
3 ” ( » ) | Feed Flow 19 | Switch Cooling Water Pump
4 ” ( » ) | Salinity 20 ” Cooling Water Valve
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10 ” Shell Vacuum 26 ” Heating Water Pump
11 ” Salinity 27 ” Heating Water Valve
12 ” Feed Level 28 ” \lj\lflartgeer Valve for Heating
13 ” Condensate Level 29 ” Condensate Pump
14 | Push Button Manual 30 ” Condensate Valve
. Return Valve for
15 ” Automatic 31 ” Condensate
16 ” (PB-1) | Start

Fig. 3.6 Control Panel
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BTHRK=E7 2B IVT I v =¥ 7 2IIMEBHREBCLY, FRRERORENER XKD
%o ‘

e. HAKRFEEBADOEZEN-THAECET S L BRAMV-3 2MEE) U TEKKEFASERE LCA-1
RYEEPRIBIC T 5, Z D& FHRKBBRCEHR INE, MBEFEKEY 7L ABCEEST 5, (E
s W TR — RIS I BVE K MEFR, HICER LTV AEBKSHKEY T X o THig S h
50T, HEERBHOBELL )
f. BROKHKEELERC S RREMCETD L, BRS MV-5 »WEE) L TinEwE KREH
AHHESERRCER IR D, 0L &, HIHESELRERA MV4 KX T=Y -2y b2
Lt s h, REMLVHORBIEIch D, ThIXERABHCAMCEEOBREY LD Z
LRTIA v rRRL, KEKPOESDOLEDRERIC BN LTH B, MEEK A~
MV-6 (X R B < o
g. A=Y MV-6 i1 &4~ TL-5 OREHMFEEREAHT 5,
h. MEGEKEBEGE,D, £4 < TL-4 ORERMBAER, BHEA MV-4 28, HEZER
R, RBKERGREHF FRC-2 K sh, HEHE fTabhss, AERCEKA
MV-11 BHEZKEERRZ Ko v 2 70L& LT, B AARCERL, 44 < dR IV
dR; DRERMIFHET 2, THIIRBKEOREEN R TR VL E, TR LERKER YL S
(2B licich, 2EBOHERCBRN I EL SRR HTH b,
. BROEEN T b TEE MTbh 3 &, BEKKER EAZHBD 5, BELRBKKHE
FEEE LC-2 OREBICAE TS L, HEKEY IHEEL, £14< TL-6 ORERRH &F &
%, FBARERHZESERS MV-9 © X - TEBRER$T5, “hitl) ABHEBIET
T 56

-



3-3-3 FHERED
3-3-1 HPEBHEHCOR Y CERBOAY—FHIHRAA » 7% 1FH] 0L, EREOERER
YEAA » F 2 HBHEB DB G & AEROF TIRIET 22 LI Lo TFHERESH X725,

3-4 & &=

341 B ® & K

BHEH TR THEHRITLEEHEENFE TSI, PERE L TEBKREOREMYEHE T
DL ENTE D,
3-4-2 FHEREER

BB, ROBEFHLIERZT BT, FEHRERCUBRL CTFHEE TETS 5,

IR EREET LCA-1

iR FEHET PIC-1

KK EFAEET LC-2

ZEB KT FRC &SR FRC-2

35 & 1k
BRI A 2 (PB-2) Rl LERRELETS, 351, ZTOHREE OWIEDNFE
HhbY, BCHBE R TFRHEEEELYTRD 2 L2 TE D,

Ha4E A B O W

41 # B B 8

KB BASLE, WKL D, MEFEKIZKEKREZER L TRBRFZ T -7,
HRBEBIZRD LB Y TH B,
a. % B H R
b. B # R B
HE)E R LT
HE) 2/3 ERiLE
FEhEMREE
FHHRMEE
c. E & R B
HEhEE GREKEER
” (mEARE KR EZL)
” (KR EEL)
FEhEkRER
FBRMER
d. FEREFILEE, BREARRE IOVRLEEHR



12 B # & B

%%ﬁ@%%%ﬁkvﬂﬁﬁ%&%btotﬁb,%@mﬁi,m%%mAnﬁg,%ﬂmknﬁ
BERREREME L, TOMREEREME L, BEREMIKD LK H THERBROLLK % &
UCEBlE I i, '

421 KRo7HHR

BEHMEKE X OINEE K OB KRR, BHKARR HCV-3 ¥ L OIREE KFREI A FRC-2 234
BoBE, ROFCHEE Lic,

%o ¥ oK 100m®/h

moE K 70m*/h
422 ¥ Kk &

BTKEII K REAERMEE DAy — VERCECEEY D D, —BRICREZRBRKED I~ 44 LH
FEENTNBOT, HAREBTARCK TR/ DLIICT IA v =X s BETH &
e Utee LinL, KRBCHENTIE, 754V o€ ADT T4 VALNCA Y 7 4 AETEALY Y 2
BRREMNIR L, 13F 3 5T,

4-2-3 HWARERBEE

BKRERETELHELT 74 v 70RERRL, EBE2BFIERENTRET S, KEB
T KRR AR OERREBIC BT, EREBKERETHRIERE L L

HBIH 20% (100mm)  Fl#s Ol

JENAA 7 (EFHEB) ZZ&E 0.5kg/cm’

FEHNAA 7 GREEAEHRA ZKE 1 1lkg/cm’

4-2-4 HPIETAGEE

e 0 FEGL Reaction-curve method i X W EH L, GHIHEKELEL 0. 1kg/cm®) %
E L, '

Fig. 41 i AEREC X - TELRFHIESRTH 5,

Y7 svavu—t (%/min) R=%xf?@xmmm5w
AWt ap=g BRI 0= s
fOB % %) =tz
# 4 B B (nin —-2=1.9
0.3
BEIITR DO T & CRRE Lo
 #Hl w 5%
B 2 B E 2min
EHAA 5+ (BRFHEH HANEZ 690mmig
BREE % # 707 5mmHg



425 FBRKEEOADEE
REKKEFE IR OMEENIY, HKREEBHERC
BIZFTEEPAREVOT, AEsMibhicBaeR
RENNEB % T 5o TH BB LT %7 DI PIEFY 300mm
DIRBIKIE £ v 7 7T 1,
Eo# #E 50%
ESA4y 7 (AFHHEM)  Z4E 0. 3kg/cm?
4-2-6 FBARBLGAMER
MEREIET OFEIT Reaction-curve method ($lfH2Ze
SEZEML 0.1kg/cm® XV EHLEE L Li,
Fig. 4.1 WWELERTH 5,
V7 27vav/Vv—1t (%/min) R=18.5
& R (B 4P=12.5
B ®w (%) =109
B o B M (min) =22
BRRENCIIR D Z & S BE Lz,
R OB #F 200%
B o B IE 3min
4-2.7 KEIEREE
B0 LABRE LORLEBFHREM  10ppm
h. JEFFHEZEE 2 1 <
A < ORREE/IROLFD TH B,

(S % E R T # 5
TL-1 10sec TL-7
TL-2 5sec TL-8
TL-3 2sec aR:
TL-4 10min dR:
TL-5 5sec dRs
TL-6 2sec

-3 & 8 & B

Ll T
0.58 1. 09

0 1 2 3 3 L] [
* = Time (min)

Cundensate Flow Recording Controller

Fig. 4. 1Reaction Curves Produced

by Step Change in Input

B ERFE

2min

3min

EMOBEREME WAL, REKEYRETEREMLFEMBL LTRBX TRV, il X
OB OREZ TR o Tco DI, BARZE, K, BEKLRHIEER > TV 3 RECKT 58S

AR S K Lico IEREMOFEMERRD LB Y TH B,

 ®E K E 0. 875t/h
EEKAREE  65°C



oK R B 30°C

R E 3 X ORI, RETHOERERS D LHCRE Lico
4-3-1 AEEHREE :

TR EEL I EER, SRRORE A2 VRFEC XY, BB %, Fig 4-21%, FF
HEX I RER 7 T 7 TR LIS DTH D, FHRMROEF TE LR O PR R T 7w
REND B, KIBKER L URKEL, FEF FRC-2 3 X0 FRA-1 ©F ¥ — FCFE& I hichs,
Fig. 4.9 B+ DG THH, BTRPOERIL, Thth Fig 4.3 X Fig. 4-10 A3,
4-3-2 A® 2/3 TREH (B

%m%éﬁﬁﬁmﬁ,ﬁﬂmﬁ%OE%Uhmﬂﬁb,Emﬁ¢@ﬁ%ﬁEV%ﬁ%ﬁkoto%
DFER%E Fig 4-4 B3I Fig 4-8 WiRd,

4-3-3 FEEREH .

EAREOBEB—FHUBRAA v 7% [F8] & LTCERBIEAA » F7HIHKEE L TEHBRET -
7o BHAlfE® ThXh Fig 4-5% XUFig 411 iR,

4-3-4 FEHAEE

BB A T - 7o KR ESER &, HEMLET/e » T WSRO L O DOREMERE OB 778 5
fodh, A—H DBFEER X 5 TR X » TRBRZ T o 7o BIFR TN THBHREHF O 1 2
AREFER L,

HRIREE A Fig. 4-6 310 Fig. 4-13 R, Table 4-113, BEIKA BB O EEIRIETT
¥ CORFRIFHREOHE 21T 70 b DTH %,

44 B & A B

HEREBK THS I CTREREME LT SE 2 L, FEOEERBLT LV, EReRT
HERT ALK LA OB E L RERR Lo

4-4-1 BEEEG GBARED

MERE R D, S IREKBREEOA L LT LCRR% 78 -7, Table 4.213,
HBIRBKBEREMC BT 53 AE© Fig. 4.7, Fig 4.8 37 x — FCREINRBETH 3,

4-4-2 EHENEE MBFKEEZEL

MEFERA PR E S 2B EE LTRBRE T/ 5720 Table 4-3 s X ¢ Fig. 4-9 X, ThZXhit
BEs X ORGER LD TH D,

4-4-3 BEEE CBKEEZEMD

WIKIRE (BHAAD R LU= €7 2 £Y TRABKRE) %28 EE LTRBE T -7
Table 4-4 % X 0° Fig. 4-10 1%, ThZhOFHifESs X OREE TR LD TH B,

4-4-4 FEFERI&

BB\ T, BERSR, MAEKRER, HKRER. BEKRHAFH CERRENR
wfI7 o1 X DFE&%E Fig 4-11 R,



Ejector Pump Inlet Valve s
{Hov-1); _0' —13°

Ejector Outlet vn]rfcv-z)" 16’ —48"
Feed Water Valve (rca-n! 17" —55"
; ! P Y - N
Heating Water Vﬂv(emc-z)l 28" —56'
Condensate Valve(LC—2) |
=m*/h
4
32
~koa A e
i SNy ~
iy \ e O
’ iz i 2
g {
31 1 3
_— EL: m@ <
v i =
<
e
700{ | h2oofP" ® 3
z "
600 “a100 2
N/ :
5001 © o @ =
400 /16 3
16+
300 ® 103
200 g §7OC 0 £
£ S 701 ‘B
§ g2 .Inlet —® og
81001 ® @40 “ Outlet ® :
ZZ e £
@ o4, § 850 S
; 7540 Outl &
£ —— 0
& 230
o OBt
€T mm
= Z300{ 10
£ & 200
=
100:
33
=S
o9
0 15 30 45 60 75
Start ———= Time(min}

Fig. 4.2 Automatic Starting at Rated Condition

Ejector Punp Inlet Valve{l1CV-1} e Ne.9
Ejector Outket Valve (HCV-2) (=2 o12:3
Feed Water Valve (LCA-1)
Heating Water Valve (FRC-2)
Condensate Valve (LC-2)
4 mi/h
i‘E—_‘? 3 :,' S e ©
s £ 2 o
anilgE 2| S -
@6mn £
700 2K S
606 |24 £
B
T =
15 E
n Z
0z
z
<
e
S i
= =
: ©
© On
= _, mm Y
7 230 1K
=25 H
5 ol (5
; : It
4
EZ
©e
6 15 E 60 )
Start —=Time(min)

Fig. 4-3 Automatic Starting at Rated Capacity (Intermediate Start)



Ejector Fump Inlet Valve - -
. Cv- | 0 —12.5
Ejector Outlet Valve T .
Feed W, VapHEv- 18 —a0
eed Water Valve, oy 18" = 40"

Heating Water Valve

» 18" 40
Condensate Valve‘(?‘cc_gz;)
g
4 /h
z E ..
2z 3 Y
P HY
g2, I voa
3 ! AN N
% = A1 NN o 2
! AN J | 2
mmHg: 3 & ______.’I__;'J\/—\’V‘E 3
3 ol i £
& ppm T =
o »2 Dy 3
600 ' g
. T
500 D H
400 /16 3
6=
300 : 103
]‘ - ﬂ@ :
E2004 Z 2704 ng
E] = Injet 8
Z =z - ® ! £
;100 ¥ 300 ; P
< 250 Pt
| 2
3
0 15 BN 55 60 75
Start ——e Time{min)

Fig. 4-4 Automatic Starting at 2/3 LOA (Intermediate Start)

¥ 0 -4
Pump Inler Valvel et
Ejector Pump In!  Jalvel e —
Ejector Outlet \r'allv
Feed Water \"alvt%l

LA-T
Heating Water Valve
RC~N

22" —20°

24— 107

Condensate Valve ¢

mmHg -

xo
70071 N
501
5004 /\_A— 1]
€16
16

10
"+ Inlet “

B Valve Openng ot Heating Water Contral

[ &l 30 RE] £0 75
Start = Time{min]

Fig. 4.5 Manual Remote Starting



Eiector Pump Inlet Valve | mde=il
) (HCY - 1)) 3=
Eiector Outler Valve T ac-
THCV -2 R £
W, A .
Feed- ale'r ‘Iv,rel.c,-\»n o5 — 45
Heating Water \:alveA 22 -3

(FRC-2
Condensate Valve (1.¢-3;

]
3
5% 4 m/h lh‘
sS£ i
&ty i
© 3 i~ D
HERR ! . I
£z ¢ i N !
ik ! Voo
FEE H Vo 4
mmHg =~ © = ___L———/\J—A_‘
&0t HO 0
.. ppm
. 700 =200 /\/ﬂ_,__@
6001 ]Emu
s00{ 2 o
400 .16

16
[,o
{0

—_—
¥
=

]

=

£200

£

H

= 100] 601
K

30 Valve Opeming of Bonting Water ol Vabyn

= o
s =

! —_—
g © Temp. of Caoling Water
@ Temp. of Heating Water

w

s

. 20
5%
IS 19
Sy
S 2200y o
H
]E; F100
Lo
9@ [}]
0 15 30 15 b w5
Start ——= Time{min®

Fig. 4.6 Manual Starting at Local Place
4-4-5 FEIRMLEE
BAC IS O TRELT e, EEPREEXHER Lic, Fig 414 B 20RGEY T LD TH D,
DT, REBKRERS X TicbT, EBKEY 70% « €5 —v 5 VilllRc X - CHBEEy
Tlhote Fig. 412 XX DG TH B,
45 FEFLERE, BHRKE, SLIURLEERR

BER LOEES, #x OREL ABMICEEREBIC U CHBLAT SV TREREYHER L,
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BS5E K ZS

51 & # B B

BB LSBT X TABAREERAL, BERY , UIER L Lo s ks, RBgokk
B, KEHRETNEABLR Ui, L LHERAOHARTHEY N EELEETH HA, ThITHRET
DT ENTELD 5,

READFEFR O Z EHHE Lic,

5-1-1 WBAKREPEINEKE

AR R ARRE R D EVBIRER LT 5, IMEVERN THRKDRET 254 LR KE
Tinl, KKBAORETHLES LTWbLExbh5, LrL, BRROLDITFECRI Iy —2 7
AT, BECPHREYRET 2 L8 TE L, COPEREY AT LHEREEKESL L
A5, HEKEOTERBEA CTHA LMOEER L OBJRILARITRD DRI A 5T,

14
.
12,
L}
_.10
z ]
84
>
£
=6
Heating Water| Sea Water
Mark| Condensate Inlet Temp. Temp.
4 - [ 0.875m/n 65 C 30°C
s 0. 583m?/h ” "
O_| 0.875m*/h 3%5°C
2 4 L4 70°C ~
[m] d 65°C 35°C
3. | Values Obtained During Preliminary Test

n EN 10 60 S0 100 120 #0160 180
Feed Water level{mm)

Fig. 5-1 Relation between Feed Water Level and Salinity

Fig. 51 1 EERR S X CEEE 1 L LA L & & ORKKE A LI5S OBk %Y R L
b DTHD, RICBNTo HOXBRRCE A, T MBEKEEERTOMAELIC X 5 THRIKE
EAVEREL k- mFE B 1D EELBN S, RBFOBREI Lhd, #HKKEH» 200~
210mm THESHH 50~70ppm, 215mm Tik 90ppm KET 5 & L AER I i,

FAABC IV UIASREABEOZ TH B2, BOBELEMNT S EHAEF LV, RHEHABH
ELT, BEEROART 4 AT VAA AV IRERFERL TR IV EEL LR S,



5-1-2 EZETAMERE

AR B\ CREFTOLAEIIIEE T 7 L, Lo, vy ool WSy BRA+2
TENREE LV, BEOEENIR S REKBRKEOECEET S,

5-1:3 HBAEREATEE

ABROFIMIRE OB X - THIERICAHE % 4 2 5 DL HE R EE e n Licas, %
BKBEY 7HFTH LTIV TE 1,

FEFHIEABEOLTT EE LD S,

5-1-4 ZBKFABEFAHERE

REBIRBFPROEELRITE 570
a2 INEAFEKEERICREREREH L T50n RS Y o F2EM L,

b InEGKFEE SRR D EICET 5 ¥ TIRRHMZ KERBIC K ) R R LT
W T % BB R OHBEAZKESECYE s L DX, B0 %@ LTHy i
RLICHNR I, B EBKET AR EME X ECEE L S RHAR DR EE Gy 3
)

5-1-5 KEETEE

RAROBHE I BB KDESEEE Y& NaCl & (ppm ¥ THE - -UADEERKE

B AT REG T2 v o, B, REKOBSBREILWEE TREINSY, A—EKEEEOTEEK
D% NaCl, £EFAIN TR LThAER L, RABRABEE L ABKREEBCEF IR T
LZEMERTHE >HEHLIERb TP LRELTTORTH 572,

5-1-6 IEFFHIHEE

HRFAREEORIEBEINLBENAA v F, V=, —fRAAL v F, ZA ~ZEHEORK

BEDLRIIED 57

52 2 8 ® B

S0P HRHRELEE L THHEBRREITR -7, FBRIRTFTHDZ ENER IR,
2L, RFHEBEEREERBZTRIHE, ME=Y7 2 -2\ HBn 5 kX3 YOKREKEY 7
2B, EBEKHERO L EKABRHOERS - EAT %, BERE LT, #iZckswTit
K 2~ v RO THOREIC X - TEBKEFOHEY & A RKEK KA THBR R 28
BT BcDEEXLOND, BREDBALALEREEZON D, FHEMREERBL, BF FHL
TEAEDRIIFRDO N 5T,

KEBRERE I, NEEKBERSRIMER IR, MBK 2 Y 70BFEIVNEL, XLITHEG
KEENBAEDI D, MAHKREOCED NS Y, FHUEIREAS V2, EMTBVTREEL
TAEEIR TIN5,

FHRY - ABEDRBROEREYHET5 L&, Table 4 1 127X h5 X5, KEKEY 7HED
T2 ETOMERBIIEBEIH ELENLY 29 5 Th 51, FoEREE, FERRHARENISY 42
FEIC BB D THD, Lo LisdbFEEREED, FHRNEDHIEBFEANKET 2 ECLIE 1

— 9y —



~1.5 BREIEEL, FOREHS M THREE, BRALZTOROILEN D 57, &
SICHESA M XD, BAKRELFCESKBESMINEE UL LD, TOHER, Ke
EEIMES L TEMSERCEET 52, BECIESEEET S, BRES2D 10 BHTH D,

53 & & ® B

BRI 36\ T, FEEUKT, NAGEEE, WIKIREOWAREM Y LB L T OIEE %
= Uteht, BIFARERENELR I, ERCRCTRRR T - X3 afiloaRcEiaT sl &
TEx SR, Xhi, MAGEKIRE, SHKBEETRHMCHE IRE S VO T IR VRN
LhBabDEHFEEN S,

AEBEMOLE TR, FEKRIERICT - 7%, MEAFEKEE & LOHIKRE T EE L2
TEXRDHIENTARET, ThEREAB IV 2~60%E L1,

Fig. 4-7~Fig. 4-12 R Ih B KEKBOLEHA & IeREL, E& LTHEAFKARREDT
FLIDEDTH B, HENETE LIcBFEKA D RE R Figd4-7 OIRBIKADRZEE +5
~6% BETH -7,

FESEREEI TSR S\ CTT b ey, BE, B EOFRASRARRDLRL, 5T, &
HEC 50 T, FAESE R FEC YR TTebhics’, EMCERBEIREEATLHEE, U
BOFEEER L EEBCRTT 20H T X,

FERIBENTEC 3\ T, SRR, TTZ, AUkEL, ZREKEOFRENCILIIZESR, KA, mEEIK
FREHIRETEVEND -7, Fig 414 R h5 Xk, ZEEKE, #HKER 15~2 7l &
CHEI s,

KRB LS L CEEKAE Y 7DF v EF —> 5 v a3V b r— Al X5 BEHRERL,
ERB IO 2/3 ERIREECIT7e »7ons, Fig 4-1210R 313 X 5 CHREKRE L —C B cH%w
T 55, ERERBALAREDORIEI 51, OB, RBKEY 701 v 7 OMER
EDWVTULER Lic hidie gy,

Table 5-1 X3RRI E S M RBKBB OISR TH 5. ABNLIERIKALEL R
LD THDHrb, HEFBICELNDEBRKEEND EAFBECLLOHEE S D EHE 2 B R 5
2%, BEREE & FEREERIC X - TR ERIRD DRI 7,

54 FEBLEE FRRERBRSIUVRERERAR

HENEE), EHIEEREC ST 5EEBEOCMEEIRE T, EAEEC BT ATRIADLNLH
too RAEBR, RBRh - OEBI L ER Lichs, ZWIFKESH 10ppm K& TS &, Eiolfegiwe
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Table 3-2 Principal Particulars of Instruments
(Manufactured by Hokushin Electric Works Co., Ltd.)

, , Quan- , <+ | Rema-
Assembly Name Symibol ity Type Capacity | o
Ejector Pump | Sander’s Valve ggg:& 2 i’éfﬁganc’ Reverse Z%B
In and Outlet MV-1 1
W, I\ 7 N ES
Valve Assemb- 3-Way Magnet Valve MV-2 2 Normal Open 4B
; e HCV-1 7 ;
Iy Air-Set HCV-2 2 | With Filter
. Pneumatic, Reverse
7alv _ 1 f
Cool. Sea Water Diaphram Valve HCV-3 1 | Action 6B
Inlet Valve 3-Way Magnet Valve MV-10 1 Normal Open %B
Assembly Air-Set HCV-3 | 1 | With Filter
Purge Valve
ASSGI’I’IblY N MV-6 1
Heating Fresh\| 2-Way Magnet Valve 2 | Normal Close =B
(Water & Cool. MV-7 4
Sea Water
: : Pneumatic,Reverse| Range
Diff. Press. Transmitter 1 Action 0 750mmH,0
Diaphram Valve 1 | Ditto 343B
Feed Water 8 4
LCA-1
Level Control Level Controller 1
Assembly Pressure Switch 2
Air-Set 2 | With Filter
3-Way Magnet Valve MV-3 1 Normal Open %B
P Pneumatic P & I | Range
Press. Indicating Controller 1 | Action 0~ 760mmHg
Vacuum . . . Range
Diff. Press. Transmitter 1 Pneumatic
Indicating PIC1 0~760mmHg
. - Pneumatic 1.3
CAontroll)ller Diaphram Valve 1 | Reverse Action X8
FSSemby Air-Set 2
Press. Switch 1
: : _o| Range
Flow Recorder 1 Combined in FRC-2 0—<5t/h
Diff. Press. Tansmitt P ti e Soo0m O
Feed Water iff. Press. Tansmitter 1 neumatic .flP=.4500mm§t250t/h
Flow Recorder FRA-1 .
Assembly Quadrant Nozzle 1 Dia. 139mm
Air-Set 1 With Filter
Press. Switch 1
. . Pneumatic.Reverse | Range
Diff. Press. Transmitter 1 ‘Action 0~750mmH,0
Condensate Diaphram Valve 1 iﬁf&rgaﬁc' Direct —g—x%
Level Control 1.C-2 -
Level Controller 1
Assembly
Press. Switch 1
Air-Set 3 With Filter
3-Way Magnet Valve MV-9 | 1 1 Normal Open %B




continued

Assembly 1 Name Symbol g?;n Type Capacity ﬁfsma'
Flow Recording Controller | | Fneumatic P& I ORi‘igeSt m
) Range 0~750m mH.0
Diff. Press. Transmitter FRC-2 1 Pneumatic 4P =600mmH.0
at 1.5t/h
Quadrant Nozzle 1 Dia.13. Omm|
i o Pneumatic 5Dig 1T] Range
Flow Indicating Integrator I FIS-3 1 =
Condensate ! Counter 0~1.5t/h
Flow Record- | Air-Set 4 | With Filter
ing Control . FRC-2 Pneumatic, Reverse]
i Diaphram Valve 1 Action with 3B
Assembly Positioner
3-Way Magnet Valve MV-4 1 Normal Open
Ditto MV-5 1 Ditto
Ditto MV-11 | 1 | Ditto i
Ditto | Mv-12 | 1 | Ditto ‘
Throttle Valve FRC-2 1
o ) r Range
E\alélilrlﬁf:v Indicator with 1 Electron Tube 0~100ppm
i (NaCl)
Salinity Salinity Transmitter DIA-1 1 With ggggénsater
Indicator Resistance-Current ] 1 |
Assembly Transmitter iz i
Salinity Indicator DI-2 1 Moving Coil 0~170ppm
2-Way Magnet Valve MV-8 1 Normal Open 1B
: : -~ | 2300Hx
Control Panel | Gauge Board 1Set With Serni-Graphic 1200Bx
Panel .
1000D in mm
Relay Assembly 1Set
Sequence Timer 11
Programing -
Assembly Alarm 5 | Annunciator
Remote Operating Switch 12




Table 4-1 Time Required for Starting up Operation

min.—sec.

Automatic Starting

Manual Remote

Manual Starting

g Fared | SR up | yp L e Placeof
Cooling Water Inlet Valve Open 0— 0 0— 0 0— 0
Ejector Pump Inlet Valve Open 0— 0 0— 4 1—30
Ejector Pump Start 0—11 0—10 2—40
Ejector Outlet Valve Open 0—13 0—12 3—5
Feed Water Valve Open 16—48 22—20 23—15
Heating Fresh Water Pump Start 16—48 22—30 25—40
Heating Water Control Valve Open 17—55 24—10 25—45
Condensate Pump Start 28—54 33—30 32—35
Condensate Control Valve Open 28—56 42—15 33—10
Condenser Purge Valve Opening Period 0— 5 0— 6 0—10
Heat Exchanger Purge Valve Opening 0— 5 0— 5 0— 8

Period




Table 4.2 Test for Condensate Quantity Change (Automatic Operation)

Date of Test Oct. 18. 1963 Oct. 20. 1963
Condensate m*/h 0.875 0.583 0.583 0.875
Variable Heating Water ° 6
Valve | Inlet Temp. C 5
Cooling Water °
Inlet Temp. c 30
Time (After Starting) min | 110 | 130 | 160 205|215 | 75 85 | 125 135
Condensate | Fonaensate m?®/h {0, 9000. 875(0. 880/0. 580/0. 600/0. 600)0. 6200. 6000. 5800. 810/0. 890(0. 860
Flow Record- -
ing Controller| 50101 AT 1 /cme | 0. 83] 0. 87] 0.90] 0.72| 0.73] 0.72] 0.69) 0.69| 0.70] 0.92] 0.90] 0.91
Assembly
(FRC-2) | Valve Opening | x/16 | 11.0 11.5\ 12.0 9.219.185 9.0 |12.012.0] 12.2
FRlow Metery | m*/h | 44.6] 48.3) 53.3| 35.6] 29.4) 29.4] 25.7| 252 26.8| 54.0] 49.6| 54.0
Pump Outlet
Heating o i kg/em?| 2.5 | 2.4 | 2.4 2.6 2,626 2.6 2.4 2.4
Fresh Water | Inlet ° =
Temperature C | 68| 66| 65 66 | 66| 66 65| 65 64
e rature | 7 | 55| 54/ 55 53| 53| 53 52| 54 53
Flow Flow !
T ating CIndicatory | ™*/h [0. 900)0. 875(0. 8850. 580(0. 600). 605[0. 610). 600}0. 580{0. 800}0. 890}0. 860
Integrator Flow M d
gr(FISAB) (Integrator) 7 894d:§i‘;ri5min - 0. 5781(\1/{?23:%%“
%/?enfseunr?tTeank Flow » |0.878 (Ditto) - 0.568 (Ditto)
Condensate | Level mm | 210 | 210 | 202 158 | 162 | 165 150 | 185 203
Level .
Controller Qontrol ure | ke/em? | 0.40] 0.40] 0.42] 0.51] 0.50] 0. 49| 0. 48} 0.50] 0.50] 0. 44] 0. 42| 0. 42
(LC-2) | valve Opening x/8 6 6 6 5 5 5 5 6 6
Sondensate | Outlet Pressure| kg/cm?| 2.6 | 2.6 | 2.5 2.5[2.5|2.4 2.5]2.6 2.6
Feed Fl Flow )
Peed Flow ool (Recordery | M/ | 2.75| 2.70 2.20] 1.20| 1.20] 1.25| 1.50| 1.35| 1.35] 2.60] 2.70| 2.70
&j{ﬁg? Vacuum mmkHg | 708 | 708 | 708 708 | 708 | 710 711 | 708 710
Salinit inity
e s ppm | 7.2 | 6.9 9.0 7.2]6.6]81 8071 5.6
iy Metery | m/h | 103 ] 103 | 103 103 | 103 | 103 103 | 103 103
P
Cooling Sea | Pressure | kefem?| 4.3]4.3]43 43|a3|as 13|43 43
Water o erature | °C | 30| 20| 30 30| 30| 30 30| 30 30
Fodle ature | 7 | 3| | 3| 33| 34 33| 35
Feed Level | LEVEl mm | 8| 85100 105 | 105 | 100 95| 75 75
1
o | Somtro wure | ke/em?| 0.85] .90} 0.75] 0.83] 0.70] 0.70] 0.77] 0.75| 0.75| 0.88] 0.90] 0.90
LCA1 :
Valve Opening xX/8 6 7 6 5 5 6 6 7 7
Inlet Pressure |kg/cm?| 5.4 |5.4 5.4 5.5|5.5|5.5 5.5 5.4 5.4
Ejector
Outlet Pressure| ~» [ 0.2 |0.20.2 0.20.2]0.2 0.2 0.2 0.2
- 7. .
Flow Raito | (eoeq WO/ — |31 31 25|21 20]21|25 2.3(3.2 3.1




Table 4.3 Test for Heating Fresh Water Temperature Change

(Automatic Operation)

Date of Test Oct. 22. 1963
Condensate m3/h 0. 875
Variable Heating Water ° - - .
Valve Inlet Temp. ¢ 65 ’ 55 ] 70 65
Cooling Water
Inlet Temp. ” 30
Time  (After Starting) | min | 80| ssl 90 | 115 120|125 155 | 160 | 165 | 200 | 205 | 215
, ‘
Condensate | “*"4S3%E 1 13/ 0. 880/0. 840)0. 87500 520]0. 590/0. 57500, 87010, 84500, 850)0. 890, 875, 850
Flow Record- :
p Control ,
Xlsgs(;&nbtlr\?ner Air Pressure | kg/cm®| 0.88 0.90/ 0.91f 1.30| 1.30| 1.22| 0.78 0.80 0.81] 0.90| 0.91] 0.91
(FRC-2) | Valve Opening | x/16 | 11.5 12.0f 12.5 16.0| 16.0] 16.0| 10.0] 10.5 0.7 | 12.0] 12.5 12,0
Flow i
(Flow Metery | m*/h | 49.8) 54.5| 53.1] 68.5] 68.0] 70.4] 36.4] 41.5 41.7] 52.4 54.0] 52.4
Pump Outlet
Heating Presure . |kg/em’|2.4|2.4|2.422]22]22] 26|25 |25]|24]24]24
Fresh Water | Inlet
Temperature °C | 65| 64| 65 55| 551 54| 72| 68| 68| 65| 65| 65
QOutlet
Terr perature ” 54| 54| 54| 50| 50| 48| 55| 54| 54 54| 54 54
Flow Flow s | I
Indieating (Indicatory | m™/h | 0.88 0. 85} 0.88 0.53 0.59| 0.58, 0.86| 0.85/ 0.85 0.90 0.88 0.89
Integrator Flow ” — = = = = = ] 1 1V _] 1 _
(FIS-3) (Integrator)
Condensate
Measure Tank]| I 10W l i I R R T e P e e e e e e
Condensate | Level mm | 210 | 195 | 200 { 135 | 160 | 160 | 195 | 200 | 195 | 200 | 200 | 205
I(igvterloller Control kg/cm?| 0 42‘ 0.42 0.42 0.52/ 0.50, 0.50; 0.40] 0.42 0.40| 0.40} 0. 43 0. 42
Asgemb]v Air Pressure g/cm . . A ) . O . 40 0. A . 401 0. .
(LC-2) | valve Opening | x/8 6 6 6 51 5 5|1 6| 6 6| 6 6| 6
Sondensate | Outlet Pressure| kg/em?| 2.4 | 2.4 | 2.5 | 2.5 | 2.5 2.5 | 2.3 ] 2.5 | 2.6 | 2.7 | 2.6 | 2.7
Feed Flow Flow
Rewrder (PRAD| | (Recordery | m*/h | 2.60] 2.63 270 1.00f 1.1 1.40] 2.65] 2.80] 2,60 2.70] 2.79 2.60
M 7
c b Vacuum ‘mmHg 709 | 709 | 708 | 705 | 708 | 710 | 709 | 708 | 708 | 708 | 708 | 708
Salinit it - ~
Tagicato? (Dra 1) | S2Linits | oom |5.2]6.2]55|9.8]04]82]|7.5]63|65]55|65]55
Flow
(Flow Metery | m™'/h | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103 | 103
Pump Outlet
Cooling Sea | Prossure kg/em?| 4.3 | 4.3 4.3 4.3 /4.3 [4.3(43|43|43]43]43|4.3
Water Inlet
Temperature °C | 30| 30| 30| 31| 32| 30| 31! 30| 30| 30! 30| 30
Outlet - - - _ . _
Temperature ” 35, 34| 35| 34| 35, 33| 35| 35| 3| 3| 35| 35
l - - _
Feed Level | L€Vel mm | 75| 60| 65| 80| 80| 8| 75| 65| 65| 60| 65| 60
Controller Control
Assembly | Air Pressure | kg/cm®|0.89] 0.88 0.88 0.69/ 0.75 0.72 0.80| 0.90| 0.87| 0.89] 0. 89! 0. 80
MAD  Vatve Opening | x/8 | 7| 7] 7] 5] 6| 5] 6] 71 71 71 71 s
Inlet Pressure | kg/cm®| 5.4 (5.4 |54 |55|55(55{54|55[55|54]|5.4]5.4
Ejector
Outlet Pressure| » [0.2]0.2(0.210.2/0.2|0.2{0.2{02]02]02]0.2]0.2
: (Feed Water)/ |
Flow Ratio | ¢Gong tatel — [30;32]31|19]1.9]|24[30(33]31(30(30|31




Table 4-4 Test for Sea Water Temperature Change

(Automatic Operation)

Date of Test Oct. 20. 1963
Condensate mi/h 0. 875
Variable Valve %g?&gg;&iﬂ Inlet °C 65
Cooling Water Inlet
Temperature i 30 % 35
Time (After Starting) min 48 53 100 105 110 170
Condensate Flow m®/h | 0.910 0.910| 0.80 | 0.870 | 0.880 | 0.900
Condensate Flow
Recording ; N
Controller Asse(r:ngly Control Air Press.ure kg/cm®| 0.84 0.81 0.90 0.89 0.88 1.03
(FRC-2) V' alve Opening x/16 | 1.0 | 110 | 120 | 120 | 120 | 145
Flow (Flow Meter) m/h | 46.4 41.4 41.7 50.5 48.5 67.7
2
Heating Fresh Pump Outlet Pressure | kg/cm 2.4 2.5 2.4 2.4 2.4 2.2
Water Inlet Temperature °c 66 66 65 65 65 65
Outlet Temperature ” 54 53 53 53 53 56
1 3
Flow Indicating Flow (Indicator) m/h | 0.910 | 0.910 | 0.890 | 0.870 | 0.880 | 0.900
Integrator (FIS-3) | (Integrator) ” _ _ _ _ _ _
Condensate ;
Measure Tank Flow i - - — — — —
Level mm 205 205 205 203 203 203
Condensate Level
Controller Controt Air Pressure |kg/cm?®| 0.40 0. 40 0. 40 0.41 0.41 0.41
Assembly (LC-2)
Valve Opening x/8 6 6 6 6 6 6
Condensate Pump [ Outlet Pressure kg/cm®| 2.6 2.6 2.6 2.6 2.6 2.7
T -
R e (FRA1 | Flow (Recorder) m'/h | 275 | 260 | 260 | 270 | 250 | 2.80
Mercury Column | Vacuum mmHg 710 710 711 ‘ 711 713 701
Salinity .. - - =
Tacicator (DIA-1) | Selinity pom | 56 | 62| 75| 71| 75| 52
Flow (Flow Meter) m/h } 103 | 103 | 103 ! 103 | 103 | 103
Pump Outlet Pressure |kg/cm’| 4.3 4.3 4.3 4.3 4.3 43
Cooling Sea Water
Inlet Temperature °C 30 30 22 22 22 35
Outlet Temperature ” 35 35 28 28 28 41
Level mm 80 85 83 80 78 78
Feed Level
Controller Control Air Pressure |kg/cm?| 0.90 0.90 0.90 0.88 0.89 0.93
Assembly (LCA-1)
Valve Opening x/8 7 7 7 7 7 7
Inlet Pressure kg/cm®| 5.4 5.4 5.4 5.4 5.4 5.4
Ejector
Outlet Pressure ” 0.2 0.2 0.2 0.2 0.2 0.2
Flow Ratio e e temsatey | — | 30 | 29| 29| 31| 28] 31
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