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Experiments on the Automatic Control Equipments
for transferring and purifying systems of fuel oil
and lubricating oil on motor ships
(Report 1)

Introduction

In March 1959, the Minister of Transportation made inquiry on the technical problems
and their solutions for the automation of the vessels.

In order to report to this inquiry, three research divisions, namely, hull, motor ship
machinery and turbine ship machinery divisions, were organized in the Shipbuilding
Technics Council and, after several meetings, a report was submitted to the Minister on
February, 1960.

In this report, many technical problems were brought up for the automation on the
vessels. Among these, the research on the automation of the engine room equipment on
motor ships was selected as a promising research theme, and the 53rd Research Commit-
tee of the Shipbuilding Research Association of Japan was called up to perform this
research.

As the research of the first year, the experimental investigation on the automatic
control equipments for transferring and purifying fuel oil and lubricating oil in the motor
ships was selected.

In order to reduce the number and labour of crews on board, the automation of the
fuel oil and lubricating oil transferring and purifying systems was considered one of the
most desirable and effective means.

The Yokohama Shipyard and Engine Works, Mitsubishi Nippon Heavy-Industries, Ltd.
was in charge of the experiments on the fuel oil systems and the Mitsui Shipbuilding
and Engineering Co., Ltd. was in charge of the experiments on the lubricating oil systems,
and plans of experiments prepared by both companies were discussed by the 53rd Re-
search Committee.

For the experiments of the automation of fuel oil transferring system, tanks with
float level control and automatic temperature control devices, heater, graphic panel board
to show the operation of the systems by lamps, safety devices and alarms were installed
in the work shop and their accuracies and working conditions were measured and observed.

For the experiments of the automation of fuel oil purifying system, a separator of
Sharples Gravitrol DH-3 type was installed in the work shop and the automatic devices
of the separator were tested, while the separation performances on heavy fuel oil were
tested and evaluated as compared with the conventional separator of Sharples AS-16 VHC
type of which performance was also tested with the same grade heavy fuel oil.
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For the tests of separator performances, three kind of heavy fuel oil of about 230 kilo
litres were prepared. The viscocity of oil was ranging from 700 sec to 3,600 sec Redwood
No. 1 at 100°F. . _ .

These equipments of the fL}el oil handling plant were ari'anged practically equivalent
as on motor ships and the tests whete carried out from January to March 1961,

For the experiments of the automation of lubricating oil purifying system, a centrifu-
gal separator of Mitsubishi self-jector type SJ-5 was installed in the work shop like the
testing arrangements of fuel oil system which consists of tanks, heater, piping, panel
hoard, etc.

For watchless operation of the self-jector, several devices such as automatic sludge
discharging device, automatic water sealing device, remote reading revolution indicator,
vibration counter, electric magnet brake, watching device for oil over flooding and many
alarm were prepared and tested.

Furtherinore, as compared with the conventional manual operation on the ship, auto-
matic change of self-jector suction and discharge from and to several tanks, automatic
control of oil flow and temperature to the self-jector for most effective separating condition,
automatic sludge discharging device from sludge tank, automatic cleaning oil filter, etc.
were designed and tested in this experiment.

All setting and watching for above automatic operation of self-jector and system were

carried out on the control panel from February to March, 1961.

Conclusion

The tests on transferring fuel oil were carried out using the test plant shown in
TFig. 1-2.

The results the tests on the automatic devices to control the ‘quantity of fuel oil
through the separator by means of keeping the oil level in the service tank were satisfac-
tory. As shown in Table 1-2 the variation of the controlled oil level was 28 mm, at maxi-
mum, while the differences of fuel oil flow in and out the tank were negligibly small,
which in turn the flow through the separator could be-automatically controlled very closely
to the actual need by the main engine.

The tests on purifying fuel oil were carried out on two kinds of separators. Fig. 1.3
gives the rough arrangement of the test plant. A sﬁﬂﬁcient amount of fuel oil was taken
as samples at the inlet and the outlet of the separators and, by means of chemical
analysis of the sample oil, the separation performance of the Sharples Gravitrol DH-3 type
separator was" investigated and compared with the performance of conventional type
separator. '

The results of the analysis are as shown:in Table 1-5. The kinds of fuel oil used
on these tests are given in Table 1-3. When handling fuel oil of grade PS-400 which
has a specific gravity of:1.001 and carbon residue of about 15%, the Gravitrol separator
separated a great amount of sludgs within the bowl. This phenomena was not observed

when the separator was handling two other kinds of fuel oil.

— 1 —



Table 1-5 shows that the Sharples Gravitrol separator can be considered equivalent
to the conventional Sharples scparator so far as the separation performance on heavy
fuel oil is concerned.

In order to investigate the effects of re-purification, the fuel oil once purified by the
Gravitrol separator was reserved in tank, and after settling in the tank at temperature of
50°-70°C for 14 hours, the fuel oil was re-purified by the Gravitrol separator. The results
of this test are also given in Table 1-5 and illustrated in Fig. 1-8.

The conclusions obtained through the experiment of automation of fuel oil transferring
system are as follows:

(1) Automatic control devices tested in this project are satisfactory so far as their

performances are concerned. Their reliability of continuous use for extended period

should be confirmed on the actual installation on board.

(2) The Sharples Gravitrol type separators have separation performance of heavy

fuel oil equivalent to the conventional type separators. Therefore, a great saving of

the labour on board can be expected by installing this type of separator which elimi-
nates the frequent and unpleasant cleaning work.

(3) On the re-purification of the heavy fuel oil by the separators, although definite

conclusion could not be drawn from the tests carried out in this project, justification

for the additional installation of separator unit for such treatment may not be expected.

(4) Tt should be emphasized that it is very important to keep the temperature of fuel

oil at constant as much as possible after purification, lest the sludge should be pre-

cipitated from oil due to temperature drop during storage in the service tank.

The following conclusions have been developed by the results of experiment on the
automation of lubricating oil purifying system:

(1) All automatic operation of the self-jector tested in this experiment were satis-

factory. Then, reliability of continuous use for extended period should be confirmed

on the actual installation on board. Concerning the automatic operation of the self-
jector, the following items were of satisfactory result:

(@) Automatic sludge discharge from the self-jector and water sealing after discharg-

ing sludge.

(b) Oil flow and temperature control to separate by means of temperature-flow cascade
control. ‘

(¢) Emergency stop of self-jector by means of electric magnet brake in case of
abnormal conditions such as abnormal vibration, revolution and over flow from
the self-jector.

Under abovementioned circumstances, it will be controvertible to apply these experi-

mental results to actual separation on board, however the perfect automatic operation

of self-jector should be realizable, and furthermore troublesome labours on board can
be expected to be eliminated.

On the other hand, it should be emphasized that the separation performance at the

automatic operation of separator will by no means be inferior to that of conventional

manual operation.
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(2) Automatic chan :
was of satisfactory result. It will be concluded that the application of three automatic
change devices on board by simplifying the conventional piping arrangement is
acceptable.

(3) Automatic start and stop of lubricating oil shift pump was satisfactorily carried
out by means of the combined device of float switches and cam timer. This kind
of device for automatic start and stop of pump can be expected to be greatly useful
for progressing the whole automation of the engine room equipment on motor ship.
(4) Automatic sludge discharge from sludge collecting tank was satisfactorily carried
out by means of sludge discharging impulse from the self-jector, and dusting air
pressure.

Generally speaking, the sludge discharging interval from the sludge tank on board
is too long for lubricating oil. The automatic device on this system should be
essential to the whole automation of the engine room.

For valve operation on this system, combination of piston type valves and compara-
tively high air pressure should be acceptable.

(5) For the automatic cleaning of lubricating- oil filter, instruments specified in the
Principal Particulars were prepared and tested.

By means of high differential pressure between inlet and outlet of lubricating oil
filter; filter net was dusted automatically as expected.

The results of this test are given in Table 2.5:4 and illustrated in Figs. 2.5-12
and 2-5-13.
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Table 1-1

Principal Equipments of Test Plant

LEquipments No. of Set Remarks
Gear pump (electric motor driven) 1 sct Capacity 20 m3/h, hcad 25 m
Gear pumps (do.) 2 sets Capacity 5 m3/h, head 25m
Fuel oil tanks 2 sets Capacity 10 m3
Fuel oil tank 1 set Capacity 20 m3
IFuel oil hcater 1 set Heating surface 7.5 m2
With accesaries (starter box, tank pump, and cooler
Sharples Gravitrol Type DH-3 purifier 1 set of recycle water, oil recovery pump, emergency
and alarming devices, operating panel and etc.)
Sharples Type AS-16 VHC purifier 1 set
Temperature control device for 1 set Consisting of temperature controller (TC;) and air
F.O. heater ’ operated diaphragm valve (DVy)
Temperature control device for 2 sefs Consisting of thermo-stats, magnet valves and air
F.O. tanks operated piston valves
Fuel oil level control device 1 set To be consisted of level controller (LC) and air
v operated three-way diaphragm valve (DVy)
Automatic IF. O. inlet valves 2 sets Air operated diaphragm valves (DV,, DV,)
Automatic . O. outlet valves 2 sets Air operated diaphragm valves (DV,, DVy)
. High level float switchs 2 sets
Low level float switchs 2 sets
High t::mpcraturf: alarming devices 2 sets For fuel oil tanks of 10 m?* capacity
for . O. tanks
Low pressure alarming devices for 2 sets For gear pumps of 5m¥h capacity
gear pumps
Operating panel 1 set
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automatic

Ji operafing pannei

double bottom
tank

/';2\ to F.O. puritier
\J

Fig. 1.2 Piping Diagram of Automatic F. Q. Transferring System Test

O

LC

Ts

from —

Pa 2,
settling tank

to mainengine

manual bypass valve
(to control FO.tlow)

note: M, Mz flow meter

Fig. 1-3 Piping Diagram of Automatic F. O. Purifving System Test
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Table 1.2 Results of Service Tank Level Control Tests

0— 0— 0— 0— 0— 0— 0— 0~ 0—
Measuring timne (h-min)
0 S 13 18 23 28 33 38 43
Ilow rate from service o - ) - - P
tank ) 3,440 2,560 1,690 9380 240 95 0 1,850 3,700
m,‘c);‘r'lkratc to SCr"lce(l/h) 3.320] 2,820 1,800 | 1,020 420 240 0] 1,080 3,070
Variation of oil level . -
(mm) —6 -5 0 +22 426 -+ 28 +4-28 -3 —13
. Control air - N A <
({:l;:r]Ol pressure (kg/eme) 0.60 0.56 0.50 0.44 . ‘ 0.32 0.20 0 0.52 0.63
valve | Valve lift (mm) | 10.2 9.3 8.2 7.3 4.5 1 3.0 0 3.5 10.5
O— O— 1— 1— 1— 1— 1— 1— I—
Measuring time (h-min)
53 58 3 8 13 I8 23 28 33
Flow rate from service . e - P
tank (/) 3,700 2,730 1,700 683 355 155 0 1,780 3.700
Flow rate to service . e
: 3,72 2 4 3
fank (i/h) 3,720 | 2,920 1,810 903 444 300 0] 745 180
Variation of oil level <
(mm) —13 —10 ¢} +18 +22 +25 +28 0 —13
Control air - < o - - -
Level § 9 0.63 0.60 0.52 0.42 0.35 0.23 0 0.52 0.65
control pressure (kg/cm?) )
valve | Valve lift (mm) | 10.5 | 9.3 8.3 6.5 5.0 3.5 0 8.2 | 10.5
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Table 1-3 Characteristics of Heavy Fuel Oil used in Tests
(According to the Records from the Fuel Oil Supplier)

Kuowait residual
heavy oil

PS-400 heavy oil

Kind of fuel oil \hmuhmm h(fd\) ol C
Specific gravity 15/4°C l'J.‘)37
Flash point °C 73
Viscosity, Red. #1 50°C sec. 323
Pour point °C —10
Carbon residue wt. % 7.97
Sulphur content wt. % 3.23
Ash content wt. % 0.01
Water content vol. % trace

0.9569
146
841
-2

8.9

wl

[

3.72
0.01

trace

1.001

1.408

o

|
I



CHijhds X O 7 = — PERBTHNIEET « — €S R s EIGE b0 & 2 b
B, PS-400 PRI S LTI v AMFR 2 ORI OVE N T 2 B A oS e U L,

BRSNS OIE E % Table 14 1Z7RT, Pi~Pi SUEBRIEHIRC 3 BB 2 fioim s m il &
ZEACING U 7oy, e DR D TS IERRIRE (775 5 Wit Uiz e, ZZECHialie fTeom o)

Table 1.4 Test Conditions of Purifier Performance Tests

Test Kind of fuel oil Type of Flow rate - R l]l]l;)lslllng Total fow
mark Fuel oil Additives purifier uscd (/) () 2
Py 2,700 3 §,100
P, DH-3 3,600 3 10,800
Py ?’1"3Sf‘b‘g?" 4,300 4 18,000
heavy oil C . ]
P, 660 3 1,960
] AS-16VHC { ) :
o 1,100 4 4,400
Py 2,520 3 7,560
P, Kuswait DH-3 3,360 3 10.080
Py resicdual ] 4,200 4 16,800
Py heavy oil 600 3 1,800
. AS-16VHC { ,
Pl 1,000 4 4,000
P, 1,440 3 4,320
P 2,160 3 6,480
DH-3 N
Py PS-400 2,880 3 3,640
Py heavy oil 3,600 10 34,000
P s60 - 3 1,680
: AS-16VHC {
P 900 4 3,600
Py 5,400 - 3/4 4,030
Pig 4,500 3/4 3.450
[ 3 3 7 ‘
P19 | Mitsubishi Graphite 0.16% P13 3600 23 2400
Py " e Tonoko 0.2% 2,700 1/2 1,350
reavy oil © (polish powder)
Py, polsh pe 1,800 1/6 300
P, 1,100 1/2 550
AS-16VHC { :
oy 660 1/2 330
Py 5,400 2/3 3,600
Py 4,500 2/3 3,000
Pog Mitsubishi DI1-3 3,600 1/4 900
heavy oil C - .
Bl 2 A - -
Py (uscd on ) Water 2% 2,700 1/4 675
P test PPy 1,800 1/4 430
P 1,100 1/4 275
2 AS-16VHC { / 0
Py 660 1/4 163
I 5,400 2/3 3,600
2 500 2/3 3
Paa | Mitsubishi C 1,500 2/3 3,000
P heavy oil DH-3 3,600 1/4 900
N after purified . . -
Py (test Pay~Pyo) 2,700 1/4 . 675
Pas and settled 1,800 1/4 . 450
Pog for 14 huu_rs 1100 14 275
‘ AS-16VHC { i
Paq 660 1/4 165
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Table 1.3

Chemical Analysis of a Fuel

Specific gravity ~ Viscosity
Tene of Flow Test (15/4°C) (Red. &1, 50°C)
Kind of test oil )Srlzﬁor « h\)\ mark
I ‘ / ‘ before after before after
purifying | purifying | purifyving | purifying
2,700 P, 0.941 0.941 340 319
: DH-3 3,600 P, 0.941 0.939 323 319
l\i‘;ﬁfh‘jﬁ'c 4,500 P, 0.941 0.941 321 313
o AS_ 16V { 660 P, 0.941 0.941 325 304
- 1,100 P 0.943 0.941 308 292
4,200 P 0.959 0.959 953 923
DH-3 3,360 P, 0.959 0.959 966 910
}'1‘0‘,11‘\‘;;“"0{105““"“] 2.520 P 0.960 | 0.959 966 910
AS16VIIC 600 Py 0.959 0.959 957 921
o110
{ 1,000 P 0.959 0.959 958 937
1,440 P, 1.011 1.010 1,386 1,356
D3 2,160 T 1.010 1.010 1,413 1,354
-3
PS_400 2.880 P 1.011 1.010 1,451 1,401
heavy oil 3,600 Py, 1.013 1.011 1,380 1,370
AS_16VHC " 560 L 1.011 1.010 1,381 1,372
h { 900 P 1,011 1.009 1,358 1.277
5,400 P 0.943 0.943 315 310
;L‘}j‘;“j};' c 4,500 P 0.942 | 0.942 342 326
added with DH-3 3,600 Pl 0.943 0.943 331 330
1) graphite 2,700 Py 0.944 0.942 343 321
0.16% 2
2) TONOKO 1.800 P, 0.943 0.943 321 38
o 02% 1.100 P, 0.945" | 0.944 341 309
(polish powder) AS-16VHC {
660 P 4 0.943 0.943 323 319
5,400 P, 0.944 943 339 329
4,500 Py 0.943 943 330° 320
Mitsubishi DH-3 3,600 P 0.943 0.943 334 330
‘1‘;:1131 inl‘ug" 2,700 P, 0.945 0.944 352 330
‘water 29 1,800 Py 0.946 0.944 344 320
P p— { 1,100 Pog 0.947 0.945 337 335
Ad-10 .
660 Py 0.945 .944 333 317
5,400 P 0.943 0.943 335 320
Mitsubishi 4,500 Py, 0.942 0.941 342 313
heavy oil € DH-3 3,600 Py, 0.943 0.943 350 325
(purificd ot the 2,700 Ps, 0.941 0.941 341 321
8 2471730
and scttled 1,800 P35 0.941 .941 344 324
14 hours) JRA— 1,100 Py 0.942 .942 327 310
B ’ { 660 Py 0.944 0.943 341 323




Oil Samples on Purificr Performance Tests

Sludge (Xylen

Water Carbmj residue Hnrd»usphalt unsolublc) Ash
(vol. %) (wt. %) (wt. %) (wt. %) (wt. %)
before after before after before after before after before after
purilying | purifying | purifying | purifying | purifying purifying | purifying | purifying | purifying | purifying
Trace Trace 8.07 8.0 3.0 2.90 Trace Trace 0.02 0.01
Trace Trace 8.85 8.34 2.80 2.71 Trace Trace 0.02 0.01
0.01 Trace 8.26 7.79 2.91 2.90 Trace Trace 0.03 0.02
Trace Trace 8.87 8.86 3.21 2.86 Trace Trace 0.02 0.01
Trace Trace 7.89 7.20 3.35 2.99 Trace Trace .03 0.02
0.02 Trace 8.87 8.86 3.21 2.86 Trace Trace 0.03 0.01
Trace Trace 9.42 9.00 3.10 2.94 Trace Trace 0.02 0.02
Trace Trace 9.50 8.59 3.15 3.10 Trace Trace .03 0.02
0.02 Trace 8.26 8.10 3.40 3.20 Trace Trace .02 0.01
Trace Trace 8.57 8.44 3.77 3.76 Trace Trace 0.03 0.02
0.90 0.60 14.28 14.16 16.05 15.44 0.07 0.06 0.05 0.04
1.00 0.80 17.45 16.92 16.61 16.40 0.10 0.06 0.03 0.02
0.80 0.70 16.69 16.41 15.92 15.55 0.10 0.08 0.03 0.02
1.20 1.10 16.22 15.58 15.29 15.02 0.05 0.03 0.10 0.07
0.80 0.40 16.86 16.32 16.15 16.04 0.11 0.00 0.04 0.03
0.90 0.62 15.26 14.78 15.20 14.60 0.05 0.04 0.05 0.03
0.10 0.04 9.05 8.72 5.360 4.800 0.120 0.020 0.048 0.024
0.16 0.01 8.67 3.58 5.105 4.872 0.080 0.015 0.076 0.010
0.16 0.10 8.57 34 5.250 4.965 0.098 0.035 0.084 0.034
0.18 0.06 8.38 8.30 4.816 4.523 0.127 0.015 0.068 0.014
0.12 0.06 8.80 8.34 4.665 3.860 .245 0.090 0.086 0.014
0.24 0.20 8.73 8.64 4.720 4.154 0.098 0.025 0.088 0.034
0.16 0.08 8.84 8.52 4.630 4.470 0.118 0.055 0.064 0.010
1.16 0.50 8.62 8.27 4.623 4.244 0.054 0.012 0.044 0.022
1.70 0.36 8.38 8.12 6.029 4.603 0.070 0.012 0.034 0.020
1.80 0.80 8.29 8.14 4.713 4.512 0.041 0.017 0.076 0.060
1.00 0.88 8.31 8.26 5.588 5.022 0.103 0.040 0.076 0.040
1.80 0.30 8.39 8.22 4.915 4.373 0.114 0.048 0.080 0.046
1.40 0.88 9.03 8.58 4.055 3.870 0.298 0.106 0.030 0.012
1.40 .34 9.23 8.54 4.261 4.053 0.208 0.158 0.020 0.014
0.50 0.38 8.96 8.67 4.255 4.175 0.168 0.118 0.018 0.009
0.60 0.42 8.87 8.36 4.713 4.420 0.130 0.076 0.012 0.004
0. 48 0.34 8.62 8.37 4.600 4.498 0.105 075 0.034 0.020
0.54 0.238 3.74 8.58 4.015 4.305 0.060 0.009 0.023 0.009
0.60 0.30 8.36 8.20 4.830 4.204 0.798 0.088 0.008 0.004
0.40 0.36 8.38 8.20 4.696 4,205 0.074 0.028 0.014 0.008
0.60 0.48 8.33 s.21 4.704 3.9350 0.078 0.060 0.010 0.008
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Total flow Remained sludge

(ms) Sludge () “’L};i]:\}. (}gj;];;mt

Test mark

Used heavy oil

Py 18.0 12 2.66 Mitsubishi heavy oil C
Pa 16.8 104 6.20 Kuwait residual heavy oil
P, 54.0 1,200 35.3 PS-400 heavy oil
Mitsubishi heavy oil C added
Pz~Poy 11.2 2,000 196.0 with graphite and TONOKO
(polish powder)
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Table 2.3 Operation Test

Operation Visible alarm

Manual Pour L.0O. into the float chamber

Tloat rise (by oil over flow) at upper
Auto limit, switch on, over flow stop:

float go down (by oil issuc from float
“-chamber) switch off

Alarm lamp on

Alarm lamp off
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Table 2.4 Operation Test

) Manipulation Confirmation
During motor rotation Electric magnet brake--.-open
Power supply- - - -stop Electric magnet brake. - - -operate

; Table 2.5 Test Results The time required:
' motor power supply stop—motor: stop

Operation Time required
In case of open magnet brake 10~15 min.
In case of using magnct brake 60~65 sec.
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2t cycle = (Ser?/ 74 w5 o @urorain TA]
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Table 2:6

Manipulation | Operation Feed valve
Manual L Pour water into shudge tank | Open
Auto CHigh''water level upper limit switeh on Shut

S RV AL R s s

P

e e

5 <
0 oy . —— o e v
4 de 20 BV PYEE = .
: : ——— {ime (sec)
b e i mgncf ralie ma:ni\ alire
¥ezd vakrf‘ Q{lﬁ \';Qn s bt <losg ‘ H‘E—:—“:g" sea% éffé"”%“ﬂ
: §i epew, i open. 3 e
, ofu*“Wt ‘Hms intevual , - J :
fs:x:d oxL 45 wax{,er has been 5To?§>ed L

Figi 222 Rda:ion Curve between: Current & Time during: Sludge Discharge
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Table 2-8

[ Aux. drain Aux. drain L.O
Operation Feed valve | tank out-let tank in-let hift oo
valve valve shift pump
3rd cycle O O @) off
Auto 3rd CYC]F gl.lzlngc over g g S on
limit switch on i
Aqx. _clm,m‘ tzmk.o]l ]e\'cl g S g off
indicator lower switch on

S:  valve close O valve open

(4) 27, TEVINAT 5 OEBPHE |

WEROA T o 24 vy WA T o Y OETPIHEE :aﬁh%u,&WﬁL@%ﬁiyf@Tiwﬁw
i< b, Tig. 2-21 0, ‘

Table 2.9

) Diaphragm valve Feed Operator
. Operation valve _—
No. 1 | No. 2 | No. 3 | No. 4 ¢ 90 sec. | 12 hour
Micro switch on O O S S S on oft
Impulse counter (6] @] S S 6] " "
" Begining 0—s|o—~s|s—o| s oft on
Auto S S O S—0 " "
Sludged discharge
S S O 0—-95 " "
0Oil level indicator lower . - .
limit. switch on $-0,5-0)0-5 S " "
Finish O O S S . " "

S: valve close O: valve open

Remarks:
No. 1 Valve from purifier to sludge tank
No. 2 Vent valve
No. 3 Sludge discharge valve from sludge tank
No. 4 Compressed air valve

(5) v BIEE

ML A v T R NS 7 B ERIE R 2RO, HiBh 2 v 2 X DR BN L, Wil & v BRI
B TR T 5, AN OB CIE A BT IO, TSI TS B2 EAE DI Vv D
THIW) % v 7R 7 A K M AL, BRI T B S ik 0, ABWNCEER EEE
Lmtoﬁmﬁ&vwwfvfﬂuwmﬁ&lﬂkwmzm%ﬁb,m%m&tﬁﬁﬁﬁib%wt
i & D — i IRE TR B pAE, R OENFHERA UG OfETR LY 5 Lic X D, HIE
M)®mmﬁnéﬁMTéoMmm%&vﬁut@mmﬁM'W&um (©), (&) ZEHI¥ 5, W
SH% 3,5, 7, 10kg/em® O 4, FAREEELELY 0.6,0.4kg/em® @ 2, F8EiOYEIC
2V (b), (e), (d) %FHT S




2.5 Bk
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BHoM o R

2.5.1 ,I ¥
Table 2-10 DBasic Test Results
Mcasured places
Level reading Oil flow .
in settling tank Control valve quantity - Oil tempcerature
By sight glass o s
s £ = oo —
o = 2 i joo) on
3 - 52 .t = z
E.= g ~ %0 3 & o0 a w5
oz = 5] = oo =) =] g (9=
© .= = 1 o e = @ 5 = ER
- s £ 5 = ] Z & g g |59
) o . = 14 o O ¢ ) b hed as
2 i = i 2 2 = = g = Lo * =
0 L5 - A ) = . -8 . s se 1978
K 3T | 23 | 5 = e |9 | g0 | g | 23 B3 B
5 =L - = b= 3 ~ 54 R =3 EE |88
° o o s o T = = < = o] =¥ o
| E
= = % % m.m. | kgjem? I/h I/h °C °( l °C l kW
I
—~ [hr. min.
§ 1-43 83 81 0 0.63 5/8 2820 0 65 64.5 63
o+ 1-30 64 2 191 0.68 5/8 2820 2830 65 64.3 63 60
| oiss 43 43 382 | 0.68 5/8 | 2850 | 2830 66 65 63.5
o)
© | 2-00 25 24 573 | 0.68 5/8 | 28350 | 2830 66 63 63.3
3 2-20 78 76 0 3 2.5/8 1530 0 38 57.5 56
= 2-25 68 66 100 3 2.5/8 1530 1500 58 57.5 56
gﬂ 2-30 58 56 201 0.43 2.5/8 1530 1500 58 37.3 56 30
8 2-35 47 46 301 0.43 2.5/8 1540 1510 59 58 57.3
Ii) 2-40 37 36 402 0.43 2.5/8 1340 1510 59 58 37.5
3-35 95 94 0 | 0.45 3/8 | 1780 0 59 58.5 | 37
2| 3-38 87 86 72 | 0.45 3/8 | 1780 | 1770 59 58.5 | 57
. 3-41 80 80 143 0.45 3/8 1770 1760 58.3 38 56 40
~ 3-44 73 72 214 0.435 3/8 1770 1760 58.3 58 36
2 3-47 66 65 286 0.45 3/8 1780 1760 39 58.5 57
&3
3-30 39 58 358 0.45 3/8 1780 1770 59 58.5 37
Table 2-11 Required Operating Water Quantity Table 2-12  Required Sealing
O e Water Quantity
P(fll ating Required water (c.c.) == = - :
water

pressurc

| Magnet valve Magnet valve

Sum total

(kg/em?) jfor bowl openffor bowl close
05 470 210 680
' 460 . 190 650
*460 190 650
: 750+ o - 860
0.8 080 . 150 L8300 . .
. " 680 : 170 850
e " 900 130 1030
3.1 920 0o 1020 ..
R 900 - 100 ' 1000
900 130 1030
1.5 920 110 1030
920 120 1040

Necessary time
for water seal
(sec.)

1

Required water

(c.c.) v

u
ES

_ 6750

6550
6430

7800

© 7900

7800

9400
9450

. 9600
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