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Study on the Oil-Water Separator

1. INTRODUCTION
The international agreement prescribes that water which contains oil over 100 ppm
cannot be discharged into the sea in order to protect sea water pollution caused by oil from
ships. Present work involves the experiments concerning the investigation of the proper-
ties of bilge, performance on the conventional oil-water separator, miscellaneous preliminary
test, experimental work using apparatus prepared for the test, and actual ship experime-
nts and so on.
2. INVESTIGATIONS, EXPERIMENTS AND THEIR RESULTS
2.1 Investigations on the Conventional Oil-water Separator
Investigations were done on every separator produced in domestic and foreign com-
panies by using their catalogues.
2.2 Investigations on Bilge
(1) The amount of bilge discharged from a ship up to 20,000 DWT class was 2~7
t/day when navigating and 0.5~5 t/day when anchored.
(2) The amount of oil contained in the bilge was normally 1~59% and the maximum
was 10 %.
2.3 The Method of Oil-Water Separation
A method of specific gravity difference was mainly applied to the present work
as a result obtained by examination on every method and preliminary test.
2.4 The Enlarging Method of Qil Drops
Tiny oil drop particles are necessary to be enlarged for separation from water.
The oily water was passed through miscellaneous kinds of filtering element for that
purpose. Several filtering elements were effective to enlarge this oil particles and
stopping up were also less.
2.5 Experiments on Filtering Materials
The performance investigations were conducted for several kinds of filtering mate-
rials, but none of them showed good results.
2.6 Influence of Bilge Pumps
The dispersion effect of oil was examined for every pump and it was found that
the good result was obtained only when several reciprocating pumps having lesser
number of strokes wer used.
2.7 Oil Alarm Apparatus
The oil alarm apparatus was made for the test applying two sets of cds to bridge

circuit in order to examine every fluid path pre pared for the test. Deposit of dirty
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3.

materials on peep hole was relatively small for the proper circuit of the fluid path, but
further study is necessary for the long run.
2.8 Automatic Oil Discharge Unit

An automatic oil discharge unit applying the volume losing method was made for
test.
2.9 The Performance of Qil-Water Separators

The preformance of two kinds of oil-water separator was campared, one was
specific gravity difference method and the other was eddy current method, and we
recognzied that the former is better. The oil content became easily under 100 ppm
when MOT method was applied. The present experimental methods explained here are
not proper to the performance examination method for oil-water separator.
2.10 Actual Ship Experiments

The actual examination on oil-water separator was performed by the tug boat
named Tachibana Maru. The performance was decreased because of sludge stopping up
on filter. Therefore, it was recognized that the sludge removing unit is necessary.

CONCLUSION

The fundamental investigation works have been continued for two years since the

start of the examination of amount and properties of bilge to the performance examination

of the conventional oil-water separator, the influence of pumps on the oil-water separator,

properties of filtering material, to the examinations on the separation method of oil and

water, automatic oil discharging unit, and oil alarm unit. In parallel with the above work,

testing units were fabricated and their performances were examined by using a small

transparent oil-water separator so that the performances could be improved. The specific

gravity difference method was applied to the actual ship test, because this method showed

a good result.

(1) The Amount and Properties of Bilge

The amount of bilge discharged from ships was 2-7t/day during navigation and
0.5-5 t/day during anchorag age for most cases, oil content of the bilge being 1-5%
normally and 10 9% maximum.
(2) The Influence of Pump Type and Kind of Qil

The big difference was observed on the condition of the emulsion formation depen-
ding on the type of pumps and the kind of oil. Further, the formation condition af the
emulsion was also influenced on the condition of valves and piping, the number of
rotation of pump and change of oil temperature.
(3) Filtering Materials used for the Enlargement of Qil Particles

Since the material of filter element is a very important factor to decide the perfor-

mance of oil-water separator, big effort was made to select the material. Although the
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decisive result was not obtained by the present work, a few kinds could be served on
actual use: further study being necessary for this purpose.
4) Oil-Water Separator

Oil and water are separated from each other inside of a bilge tank on a calm con-
dition, but a part of oil becomes emulsified because of the movement caused by bad
weather or during the period passing through pumps and pipings. The bigger oil parti-
cles could be separated from water easily by the application of either method of speci-
fic gravity difference or eddy current, but it was difficult to separate tiny oil particles
unless they were enlargad by way of filtration process using proper fiitering materials.
However, it is recommended that larger oil particles are separated before smaller par-
ticles are enlarged by passing through a filtering material in order to obtain better
separation, because the increased fluid resistance of the mixture is caused by passing
the entire amount of oily water through the filtering material.
(5) Situation of Actual Ship Experiment

Since the amount of sludge which was contained in bilge was far more larger than
expectation and it caused the lowering of the filtering performance because of stopping
up on the filtering material, care must be taken into consideration about pumps and
pipings. At the same time, it is necessary to use a sludge removing facility such as a
filter having enough capacity for iong period of run before the entrance of the oil-water

mixture to the separator.
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Table 21 Types & Principal
T o Dimensions (mm) 'y
Maker ! Ca&p;\}(}:lty | Type —— = = = - V%lu;ne
i t/h) i Dia. X Length X Height | m?)
. | | i
Nagoya S. Y. Victor 10 ‘ Vertical Cylinder \ 1067 x 2000 1.5
— z - =i
(5) | | (765 % 1700) (0.62)
Germany Turbulo {0 F Do. 200 X 1830 ; 0.90
f B I
Germany EntOler 5 } Do. 550 X 1500 } 0.315
|
White i 5 Horizontal Box 450 X 760 X 1680 ‘ —
i l j o
| ! I
Engiand D.S.L.R. } 10 ! Vertical Cylinder ! 1370 1370 l 1.92
| |
| ! | ;
Mitsublshi S.Y. Kato 60 ) Horizontal Box \ 1219x 3048 X 1676 ' —
i (5) | Horizontal (900X 1850 X 1400) (1.17)
England Autosep | 15015 | Cylinder , (3902565 1930" 3.0
I J :
! i :
Do. ‘ 60 t Do. 2457 X 4191 X 2987 | 18. 00
, i
Comyn ) 5 . Vertical Cylinder 620 1430 i 0. 452
Do. 12 + Do. ! 900 % 1370 : 0.757
l |
i
1 (5) (700 x 1500) (0.55)
, Norway Akers 25 . Do. 1000 % 1500 1,18
E ;
I .
; . | Set with 2 Separators
’ Rellumit 5 . Do. 915% 2210 2.8
i ]
; Uraga ‘ 5 Do. 500X 1500 0.294




2.1 HROBROBE
2.1.1 A%nyIc&3AE

Ao DKSEROER, BEEAHEELEELY Table 2-1 wiRkt, T4, i, (ED)
W OWTRISCRL o

Items of Qil-Water Separator

. i .
e Weight (ton) | Oil Content (%) | No. of Chamber and Method
Body ‘ Total ‘ Inlet | QOutlet i of Separation
| | “ 1 st : Cyclone
— — — } — ‘ 2nd : Impact and Specific
; i Gravity Diffrence Method
| | | |
_ ‘ (1.3) _ i _ ] 1 st, 2 nd : Specific Gravity
0.6 I L5 ! - ; - . Diffrence Method
| |
\ [ [
‘ ) | 1 st : Cyclone
0.255 | 0.57 ? — j — ! 2nd : Division Plate and Specific
; | | | Gravity Difference Method
i | | | 1st, 2nd: Specific Gravity
— : — 25~175 0.00017 . Difference Method
1 i i | 3rd: Filter
| D o1st: Cyclone
- : - | 0.1 0.002 : _
‘) ‘ ! 2nd : Filter
! ! 1 ‘ I st : Specific Gravity Differe-
— i — 0.043 0. 004 | nce Method
, \ 2nd : Filter
— ‘ (2.2) _ i i Ist: Cyclone 2nd, 3rd:
9 5' ' 91 4 ‘ 0.0004~0.0009 = Division Plate and Specific
' ‘ . Gravity Difference Method
5 | 23 { 21.4 : 0.0004~0.0009 | Deo.
| : | |
- | — — | — “ Indistinct
| |
' ' 1st: Division Plate and Spec
_ : _ _ _ i Gravity Diff. Method
2nd, 3rd : Spec Gravity Diff.
Method
_ _ 1\ _ _ . lst, 2nd : Specific Gravitiy
0.4 i 0.4 - ‘ - i Difference Method
| ‘ f
— — 15 0. 0015 Capillary Filter
[ ;
- ! — - — + Cyclone

Note : In the Table, Marked ( ) Number Shows the Assumed Value at 5t/h Capacity
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211 7yvi—bIc&3BE

Tyh— rBE MES L CERICH UIKED o, 28X hRASRS YD, TORRKOLE
D¢, BET5e Table 2.2 Ok Sicik 3,

) EREEOHZDD

TURBULO 4 Jo&E B 2
ENTOLER 4 0o & i
moBE X 3 A=ty 1

® AWHEIrRDWTK, | ~3kg/cn® BE
Py BB DV T

4 & Bl Al

V77 —3 920 ppm 98 ppm
moE KX 930 170
12,930 ~» 100~

Table 2°2 Questionnaire and its Result

By Filter . 7
) " By Bubble ! 0
Another Means in Separation of Oily Water } .
By Heater i 16
Another Means | 0
Having Experience of Ability Test or Not ‘i IY\inS 12
. . More Than 10, 000 ' 0
Reynolds No. in Final Part Removing the Oil | . S
10 000~2 000 1
in Oil-Water Separator AR é,,.____.__,_.
Less Than 2,000 . 4
i Float 9
| Electric Device 3
Method of Oil Discharge | P —
i Optical Device 2
PN T B “Hand Operation 6
[ Another Method Over Flow
Steel Plate 6
.
i Zinc Plate 8
Materials in Essential Part Separating the Oil =~/ pper Plate ) B T 7-0 o
Stamless P]ate 0
Another Materials 0
! Cloth 4
Cokes 6
Materials of Filter 1 Diatomaceous Earth 4
I Vlayl Sponge {
I Another Materials . 0




2.2 ENCOBE

2.2.1 BEBF o VICKITBRE

KSR AT AROBERER B DERF Ny JKARLEROE NV IV RRBAE L,
WA 8 X DIRIRL 229A DR oW TR RIE L 2o

SN AT T Tk L BANRIEREEL TWED T, SRRIICBL, WL AkGESEELZDD,
FRENOEREHEL ko 8, KSR ROBOFELBY DS & D DIk O T, Bl #E (2, 500
rpm, 154) LT, TOBIHE LR, ZOIWHADABEL 24, HEHRO TRAER L TWitk,
e, ENVBOEIXIOESFUAKNBEL VEEBRRL, E—VE VB LI, RRBHRKCOWE
Wiz, A END E TTh o7,

Table 2-3 BNV VPHEEORERX I L DB LLUTOLE D TH 5,

W) BREOEr DhoSHMBEORER 0.4~70% LD TLL, »OihOMBEREK %,

@) E—MTdSWMBUSFTIC X &M 0.2~28% L R& <, HOoMOMBbERL 2,

P BAREERBECIDRERACHET 5O (B4R 100 ppm LT EkD) &, 28T S

MITNY a VHESLDOHBLEB 5,

) BEHTEC I VPEORRVEAOKBIZD DREM, OB 0L.0nBBETHD (L,

EHMORY T THRALEEESR, chibEBneELLND),

2.2.2 7vo—bLkBRE
TV — MRIEEAT RER K UERFD 2L VRESSD, CORREEETHLKOLHS
DThH%so
") B IBEILCONT
e vk Fig.2-1 0L b T, KEfilEDR 2~T7ton/day TH -7z,
¥ 7, EEhi 0.5~5 ton/day A%\,

25

Under Way

15

At Anchorage

15 ® More Than 2 Ships
=

o

£

L 1ok EY Ships Age

P R

z

E

b

DW (ton)

Fig. 2+1 Volume of Bilge
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B erdoloasEFRIDONWT
e homOaH R Fig.2:2 0Lk T, I~SBRETHY, BAIOBTH ko
EHFy 7OBARI DL, HOAMEIR 4.4~70% & WHEMAEWOR, HEOMN, SFic
DFHPTH-T, PELTOFEFTRVWAED L Bbh s,
Y e Thopio hE
A VHOihORER Fig.2.2 0k kb 0.90~0.95 FRETHD, HLETOAXNHOR
0.98, BELHED/NE WD 0.88 TH oo
= = o i
BT ZY I DFRMCONTREL TH oo EHMOMBEIOWTRR, 2y 7iBTHD
MBE ot

Table 2:3 Investigated Results

!

_ ] A B C D ‘ E
bl [ D | . _ L
‘I Kind of Ship Tanker - Cargo Ship ' Refrigerator ' Cargo Ship Cargo Ship
Gross Tonand  CG-T- . 1,959 . 706.22 8,033 793. 34 6,318
Dead Weight Ton w1 18050 — 10, 000 — 10, 450
i Kind of Main Engine Diesel Diesel B&W Deisel Diesel 8?;1;(;1-(1
I T T T T T 4
Hp X No. of Main Engine 8,300 1 550X 1 5,600 1 800X 2 6,500 1 '
‘ _ _ oo
Fuel Oil Heavy Oil  Heavy Oil Heavy 0il Heavy Oil Heavy Qil ‘
Kind of Generator Engine Diesel Reciprocating Diesel Diesel Diesel
%&?ﬁi::ypﬁ;iinM;;er for Motor Reciprocating Motor Reciprocating Motor
s L I - - _ — .
£  OilContent (Vol. %) 0.3~0.6 69. 1 16.7~23 9.9~17.1 49.1~68.3
5 b Y o
l 8 ' Precipitate (Vol. )  0.05~0.09 0.02 0.01 0.0 Tr. ‘
A e !
P
; & ) Remarks Emulsion Emulsion i
R B L Lo L ——
i Date of Extraction 37. 4. 24 37. 4 37. 4. 28 37. 4. 28 37. 4. 30
Place of Extraction Engine Room Engine Room Engine Room Engine Room Engine Room’
- e S S, e [
Date of Built 1952-9 1949-3 1960-10 1943 1957-7




. Specific Gravity of Oil
- ecific Gravity of Oi
° /
N “
v f ¢ c BC ¢ ¢ ¢ ¢ T
2 c ¢ o9
m C\
I \ JIS Gra(_lg_»(}l_ga_v_y w o Diesel Engine 108
JE ® Turbine
2 0p 3 ® More Than 2 Ships
g Ships Age
S s e
5 61 Oil Content in Bilge
2o
05
2 $ 5
°11 ; 3 © : | .
10.000 20,000 30.600 30.000 30,000
D.W.T
Fig. 2+2 0il Content and Specific Gravity of Oil
of Bilge Conditions
F ¢ + ®H | I A L L
i : P . Mother . ‘ . |
Tug Boat | Whaler Cargo Ship - Cargo Ship Whaler Guardship ; Cargo Ship |
190 708.03 | 579 | 762 9,495 332 8, 197 ’
— — 12,403 | 989 ; — x — P 11,149 '
Reciprocating] Recipro ! Recipro : g?;::{msm " Turbine Diesel i Turbien ‘
| | i i
8362 2,750x1 | ——x1 —x1 5,400 1 | 6002 6,600 1
T i T T
Coal Heavy Oil Heavy 0il : Heavy Oil ‘ Heavy Oil | Gas Oil No. 41 Heavy Oil
‘ i i ‘ ‘
!Reciprocating} Reciprocating Diesel ' Diesel Diesel Diesel Turbine
I i | |
iReciprocating Reciprocating Reciprocating Reciprocating Reciprocating: Reciprocatingj ﬁ?lﬁgfoit'
————— U ,\T_ SV S
' 1.2~3.4 2.0~4.1 . 8.5 3 8.1 1.9 | 2.7
[ P } B
\
| Tr. Tr. 0°0 Tr. 0.3 Tr. 2.7
1
e
37. 5 37. 5. 8 37. 5. 16 37. 5. 17 37. 5. 11 37. 5. 17 37. 5. 10

'Shaft Tunnel Engine Room Engine Room Engine Room Engine Room Shaft Tunnel

1925-5

1944
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EEBRETRIMCMAES L CHRLRBE TV, SEIEFEORT 2T ocR, WE
EC X BB HEN, WU THET LB okDT, KEXERK L ZERYTh ok, k¥, LWEE
D% TRIKSBERFLTRVO T, MEEKDOER IR » 70

¥, FHOMERE, SHAY ck 5ilBHS LHERRS L O HIBERERC DT EER
BT o 700

3.1 REFREOKRS
3.1.1 HBEEICLLIFMAE
Fig.3-1 % X ¢f Fig. 3-2 oK & 2 & HREEEOBFRE R T, Fig.3+1 iR A 0.95~

0.99 ¥ comTgs 15°C kg s

20— °

F=1.03) LENTHTHEEES
727, Fig. 3.2 iz lLE 0. 98 Dkl
DEFEIRE DK 80 5 5Bk
7. REVHLrARX IR, BHK
TR AR KA & O 2 EBE D58

mm/sec)

BESE 5 LKL MOLEREr
WL, F2KOKERBDT 52,
BEVPES LD EDHBENRLABD
RECHEOK DI X 5, Fig. 3-2ic v "“"ﬁTj:;;m,'# i
LVREENR ERETACOTHE  pip 3.1 Floating Velocity of Oil (Specific Gravity
EBIETEHEIKRTHE S Laibhh 0.95~0.99) in Sea Water (15°C)
Bo
wic, BESE, MAEBE S, ’ T
KB k2 DB S LIET B o
EMBICRBR L i RA DI FICiE T, | o
W) HE SR £ o

AEdMOSEor I oY
v 7 300ml #43Ha — bic B
DL, ONBERFEAR ) Y
FI THBOKERMME KK 100
ppm PITF & o7, i s )

Dia of Oil Drops (mm)
) InEhgErE S Fig. 3:2 Floating Velocity of Oil (Specific Gravity
ABROSEorvJoX 4 0.98) in Fresh Water

of Ol

15T

Floating Velooty
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vFN300 mlpe—Ahicd b, 1000C £ CMERIOSHBERDIHE D — e 5> DL, 303HDHED
HERE, ZO0HBERSEVREL Aok,
Py AR X BERE
MR A T AR, BHALEEHGE IR I VRS KEFEE RSz L
MTED, WEXEDR, BEAXIILEIEBP LAAKE, Thi KRR TARzE
SEBMEME LTREIRH LRV, A8, RELASEYRETXXFEYOREICHE I 2
BHEND B, ThRhEke OREOUEIC L - TELESH, iz, TORERKPLD
TWHHEOERCME, pH, KEBHCXoTbEMLT S, #oT, ARBMDOS EOROE L
S LEEA TR P RTR - ThED, ENVJRE - TEDORERREBLEDL TCHoADT,
B TRNT Libh o,
3.1.2 RBICLB3HEFAE
COHEDRAZEZL LN TWDY, MEEOREDEH WSO L Tk, BEEEFRFI#LVLO
T, —MERMOFELOMAE L TEL, SERTHHELEHROKRFRL THEDH L2 X
AL TWhH, ARMS BOE NV PR ZANIOKATERTmMmMICEH L 2D CENFHEOT X + &
filok T s, TOHRBAEL 0ppm BEOA — L~ ETHIERDT 5T LR TE 1k,
3.1.3 BOSBICLBFE
K OME ST 5D ERIRAEARDVS, BRANCREESEPIERL OB —EHE
THHOTHD, RVWFELEZ DR,
AEFROS EORO VI OEEMARBREY TIROZ & {fifto ko
4 7 300ml % 2,500 rpm TISHRERELAWRCHDT 2L D, —ARBTEET 55, 77
Bo—reBda3vy, ~ERECKICBAT 2D, EREAERELRTVS, MO RE T
Hoto
Wi, BHRCOWTE, BUKBSRY MEAHRCERFAC ANSEERI 5 &, midhRicg
FoTEA DT %, BRASBCOWTRBRICCERT A2 L Lk,
3.1.4 {LEMFBHE
BEETHEORS DI TWARWA, RRERAY UEECDEEAL LR, T<vya v irE
TELRBLNES %o
ARQOS EOO v Yieo&, HBRRARLLUTOZ & {177 o/,
7 300ml CEWE (=9 ¥ ViBERI ALY s vy T L —2) 0.2 % WRinEiEE 2~3 hr
HE U TR BEORER
M) WBKIOBIEBLTAY 3 YOBACREBD THEYTH 5,
B ¥FBOWmESLWKPCEMLZE ER, DLASBFE L CEAT %,
P —ERABRSBLZKCERNLAEASIE, WL OhYERALDENSN, FlKRSIE
bAQATS
3.1.5 BERICLIARF®
BERPICHBL TV A BAN T2, BERYBE T LI VRHL, HECHERREBZL
THET S, B#ELAHIRLERZC I VREC LR T3, BEELFAT LY 3 YRICHK
— 9 —_



o bDTHRGEAB LG 52, FAOLATH MR OLAY, FLKRAEDOLONOTHIREHE
TH Do

3:2 HEELCLIFPBTHER
a—VRODEREZEE L ThRERAE 1 oOFH L AV b 2EZ, ZO—B3 (4%45) 2 #Il
DT L BPABFRTHUMEL, MBALEREZTLo ko
3.2.1 EBRAFERBIUVER
A, B, CiHElis koEaHm (A, B, CHEM, &, BHME2EE) wok, HiR (15~20°C)
K CRBZ T oo
W) wEE{DNT
FHiE g 2.5, 5, 10m*/hr YD 3 AL T %,
HER, KEOKTARY Y VYERBIUVZ by 7949 FTHRAT 5,
R ANOMRRECRIZVEEINLWT, FERADMEI T, SHRICELAET 5,
Wit 5m®/hr MY OEA W KBF O Z SR BB L CaBET 5235, Sl ok T
(B 0.2mm LIF) 1%, AHOX ke &EDRHEIET 2, REOBEIMCHE > Tk F DR
BREVHD (B 0.3mm fy) 3 PRFEHRT 508D bk,
| SEERENAE(TONT
k150, 30° o2 Heog, ¥k, Adigh, CHEmis IUORAMN, (A, C, &) o 3#FHc
DEMOIFE Ml X IR LR ORBEIC O X ER L .
# : Table3-1 @& x ) THBMROERAERREWHS, Tk, WMERECETASEER LCE

LU i OB B,
Table 3+1 Fluidity of Separated Qil

{ ; ;
Kind of 0Qil : Heavy oil (JAS) } Heavy oil (]ICS) ! Mixed Oil ‘

" B ! /" Il I i
Temp. of Oil | 15°C 30°C ! 15°C i 30°C 15°C | 30°C I

g ; I : I ] “ Ge;;'a;lly | l
ey (<] . ! il
3 '?93 ’ t5 * GOOD l GOOD BAD | BAD GOOD GOOD :
Eo E ' I Generally i |: ‘
o

< E | 30 I GOOD GOOD BAD : GOOD GOOD : GOCD

P SEEROB DT
F#: ¢ 15mm, 30mm, 45mm @ 3 oW Tl FOE L2 EER U o,
R DBEROBIRBIVHAENTH 525, HETE¥2L BB EASLABEB LV ER
BEeELKDOT, MBOHKSBU A E 2 30mm fInRHEBbh b,
= ki ORERE{LIC DWW T
4 Eifg 8mm, 5mm, 3mm © 3 S OFFHNOREDT X M &I oo,
R KEOBBCOWTR, WINOBADREAEMRRE LN 5,
W BEOMIT X % HE
— 10 —



B, CEMEAFEMEOEBOT X b & Lk, ATEMEL D ELOHMORFRAE <A, HE
EHBL CHOSEE T IE EE5 D 5%,

U, HMOSENRIF E#E B, CEIBTREMELE S Ah ok,

Batd 0.25~0. Imm frOI R BT LD, KEBANRSEETEh ok,

3.2.2 ERE®E (EVIAR)

BWERTHMRLETS Fig. 3.3 0 & X EREELHEA LA,

3-2-3 EKEBRERORE
FZHEMHODHREFTH o1
2%, BEHBACEBAMRER N LD
WHFE2EC, SEHERAERICE S
e ok DT, BT
FEE#EZBZLE Lk,

3.3 MBI KAE
3:-3-1 EBAFHX
Fig. 3.4 0% R &k D EHER
Z A S @ TOW LR B

Oil Outlet Fresh
, _18¢ Can Water/ oit
\ e
Vinyl Hose\ V]
A ==
N = _
8
\
Vinyl Hose ‘,/'
e Separator y
X | g
184 Oily Water - ~ I Vs
=~ _Inlet =T 6 = / l

195

T

00 \ 18¢ Cleansed Water
00 Discharge

Fig. 3.3 Preliminary Experimental Arrangement

for Separation of Oily Water

ZODRAL DR, 77 YV KBAROME A 13 I A CHEIEARAOERY Tk o ko

3.3.2 EEREE

Fig.3:4 oz e < 18] O%Biciiy 51 BEARTEE, EH X DAMKZHEL D 20~30cm

EHXOBEAT S L O, K
KEAODOES, KOBEARK LY
FEA2 DR &S DIE 2R Z 7 kiR
BENBTED, ThEBHER
WTHRERE T o 7,

3-3-3 EBERLLUIIKRE
) Fig. 34 0o ® OBWHRD

Fiklx obkb0rBERHL

TEEL &,

() v2uDFE

) ~F=

© BHA

HEBOFER, WTFhollidad
ThDOBM. T FBMkl o84 ¢

e

L~ 0il

s QOily Water

Transparent Acryl

L3

ab,,[” o

‘%

2&%

o\‘low Control Vaive

Fig. 3.4 Experimental Arrangement for Growth of Oil Drops

EoDOMhDAES>TRELTKEABR L2008, BNELLDERIorke chiZ, T TF
BRE oD LBFE LS —ThrokhdEEL bR D, 5T, H—hLABEOHRKD b DR
BRATHHHEEL, RORBREYITH o770
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{a) Fig. 3.5 ©7 5 v VBRI ROFE X IATREBRL ieo
(a) EEEBE =—nNRKRVY
S-43 DR =— VAR VY (X 2mm SAR 9%
Fig.3-5 ©7 5 v S fic s,
i, ARYIBRBBEL T, ARV IVHERITROZ
L EMREAEEREEL, IR LCREL THROFS
RRARYVEEHTHIRBENCITbEE>E, ARV LD
BEhkdr ER U, SrBER EciR EHEGT 5o
#WoT, DEEERIERCHEL LD,
b 7N trT53AT—n
TINISF R —EDONWTh, BB =—— 2Ry
CERABOBRRNED Z LBAME IR, TOBR, 77
2y — DX 25mm OSOFER L o
) REfH L HHRER

, FEHOROFE 130370 V) &

)

Ciean

Filter

Water . Qily Water

Fig.

3.5 Test of Filter

b rEOMAR, RROEREBBr=— VARV LBERBOREYHELEDDbH ok,

by TESRERRE R DHRET

FRFERICID ST R, BRE=— VARV VB ICRAH BRI LI D
BERIALED T Edbhoke 3 bIK, DEERORFAMKERET <L, RORBETS

2o

34 BEFHOMEERAR

MBS L, FHRBELARCERT 5546 ¥ 20BRoFH Bk D CRER
BrHERRT szl TsE48d, FOUELYXETIEELERTH S, MWL TRLEOZ
LR, MEEARBIFIVRALLTOLKFRHICOWTREAY TR o 7o

3-4-1 RBAELLIUER
¢ HhEEIEA

Fig.3-6 DT E L, 4’—"\’~r}€‘/7°1/(_.,‘: 07}(5 0il Hopper

v rokrslE, Ry HOMoMmE 7 X
DEGEACTAEMEH3IBBAL, EHE  |na

Comperessed Air

7 (6-~Tkg/cem?

Pressure Gauge

Transparent Vessel

BRSO & DFHIC, MkRARLEBEEY BT ko) G/<
X Filter
0.5cm/sec D—EETHEAELDK, LK, A Gear Pump 1n# /hr
o 5 D T T MICEAME L TRER L 720 O e
w3 vER B
Fig. 3.7 o¥BECcERABA L LCH Fig. 3+6 Experimental Arrangement for

TEL e Rk s RS (Fig. 3-8 B8RO %
FALT, ToRficERFHMELT, v=—r2RV Y,

~NF 2,

Efficiency Test of Filter

I—JZAD3FDOLD%E

&4 fAwT, Table 3-2 DX & 4BEORRE TR oo &¥s, HALLKEY FREEL
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=@ 5 v U P RSmMY/hr x 20m X 70rpm~17rpm ¢, BAMRAEBK 2 %, Wk 3 m®/hr

& Lo

Table 3-2 Stuffing Formating

Kind ) §
of st- Stuffing Formation Stuffing
uffing

(a)Vinyl spon-
ge sheet
{S71)

10mm x 2
(b}Vinyl sponge
piece {S61)
Stufping density
=0.215g/en.10kg

(a)

Same as above

{c)

Vinyl sponge

piece (S41)

stuffing density

=0.215¢/em®
10kg

(d)

Vinyl sponge

sheet (571)
10 % 2

{e) Viny! sponge

piece (S41)

stuffing dens-

ity =0.25g/em*
10kg

{a) Same as above
{f) 80 gourds
{g) Cokes
Stuffing dens-
ity=0.595¢ /em®
15kg

% RERLRAEHHEELODD
NEERE OHEEYRT,

3-4.2 EBRER
M) YLK R A
Table 3:3 O &K Y TH5,

ot

Fresh Water
-

Oty Water | |}

Scparator ey

Ly

]
W

it
===} OitPan

Fig. 3+7 Materials Test Device
for Filter

Cover (S541}
eI
‘Hﬂ*@_@lﬂﬁ‘fﬂﬂ}
.
Filter

Inner Cylinder

", .
// 15841

Ty
> Outer Cylinder
e Acrytne)
L_ 1
L™\, Bouomssi

Test Material

1213

Clean Water [l
‘—m—rg

Oily Water
1

Fig. 3-8 Oily-Water Separator

Table 3:3 h O T X CFHEBROMORER KT & DT, #vMi (Minute Oil Drops)
LR IHMIEERKS0 7o YR Tod 0k T5, #uhidE (ALittle) &1, 10~20ppm EE,
2% (Much) k2, 50~100 ppm REXRT, ABCEL TR, BEH»SlmEHckbT, M
WKL BLEDLHD, Tk, BEEEERRET S 0H -0 T, —BRBREAKISTHRO

B L Lo

B-s% v (Friction Loss) ik oW Tid, BABKHIIC R 7 v VREEL TWEWODT, #ick s

BILLEZ TL,
@) = BAFH
Table 3.4 O+ Thbdo

— 13 —



Table 3-3 Efficiency of Filter Used for Growth of Oil Drops

o Name and Efficiency | Tempera- | .
. Date of Filter ture N Testing Results B
: | ‘0il Dro- ) "~ Friction Loss | Rema-
No. of 1 Name of Napp- Water ps Dia. . Minute Bubble (kg/cm)
Test . Density: ~ Room (m/m) Oil (Afferls 5 Minu- Diffe-| TKS
. Filter ing °Ccec MI%E‘/]. Drops Minute) Start tes = o/ -
T , mel Spon- | me . e o i ; S—-43
LPEa 1 g Kcetore | Thick | No j 20 | 14 | 53 |aLiwe No o 03] 03] P70
2| 41, Glasswool = Do. |No | 20 | 14 | 53 |ALitde Do. 0 ' 02| 02562
3 6. 19 , All Vinylon [ Do. ] 26 17 5/3 |AlLittle Do. 0.1 ( 0.3 0.2
! i i ; e i R .
' Vinylon | ; i e
-4_ 4.1 1‘ th_t_(& _5 DO— 5 1|, 20 14 5/3 fAthtlel Do. ¢ 0.1 9.3 ! 0.2
5| 612} All Nylon INormal No | 25 | 16 | 3/1 | Much ;Exxstem‘ o.1] 03 02
' Nylon 5% Sta-l ' ' ’ ! Ty -
6| %2 ple Fibersogy Do [ No |2t 115 | 3 lAthtle No ' 0.1} 0.3i 0.2
7 4. 2, Nylon 30% | Do. P21 15 | 3/1  Much|, Do | 0.1{ 0.3 | 0.4
_ - | ! , -
8 4. 2 | Nylon Rubberi Do. I‘ No ' 21 15 | 5/3 IALittle‘Existentf 0.1 I 0.5| 0.3
9| 810| Al Tetlon | Thick {3 [ 20 53 IALittle: No , 0.1| 0.4] 0.2
—_— _ - H - —_— 1 . - . J—
10 4. 3 Tetlon Cotton Normal| No l 19 14 Bubble} Much 'Exlstentl: 0.1 0.3} 0.2
11| 410 | All Rhovyl | Thick : | 181 15 | 53 Much Do. | 0.1 | 03] 02
O Rm —— : P - — | — . = — - — - . .
12 4. 10 _R_gy_OI_'l_ _609/ __D(i ] 18 - 15 5/3 Much No 0.1 0.3_ 0.2
T2l 411 | Rhovyl 30% I .| I
li 3 4. 11 _Rayon_ 70% 'DO. i 7»21 _\_414. B 5!3 ) MUCh ,Do.,_ l 0.. l_ £3M ) 0.2
14 11,11 Al Cotton Do ; P15 ’ 11.5 3/1 Much Do. 0.1 0.3 0.2
15| 5.10| All Hemp | Loose | No l 23 | 15 Bubble Much Existentf 0.1| 0.3 | 0.2
16 7.11 Goatskm Thick ! ! 28 18 3/1 A Littley, No 0.5 20| 15!
17| 7.11| Deerskin Do. | ] 28 | 18 | 1/0.5| Much | Do. | 0.5| 20| 1.5]
18 11.12 Stamlesswool Loose | 12 10 Bubble Much Existent o] 0.3] 0.3 l
19| 1. 6 | Gauze Wire ’ Do. AR Bubble| Much | Do. | 0 f 0.3] 0.3/
—_ | _ - . — e o - j -
20 | 11.18 |Sintered Metall Thick 13 10 Bubble Much Do. 0 + 03] 0.3
o4 4| P. P 30% | : a B N N l ~ i -
21 39 4. 4 Cotton 70% Do. i 25 15 2/_0 5 A Little No 51,_4 —f)'l_ 0.1 C ]
Table 3.4 Materials Efficiency for Filter
‘ . Pumps Capacity .‘ Temp. Atmosph- Quantity ' Quantity ' 0il Content 0il Cpntent'
| Kind —- - - ,in F.W. ,eric of of ' in L n !
) of gs;gi’r'z Revolutlon Tank l Temp :\ Water | Oil Oily Water Fé‘l,taetr;‘d
1 Stuffing kg/cm® | rpm { °C | mé/hr ! 1/hr [ % I rpm
A 0.20 31 14 17 3.00 66.0 2.16 265
B 0.22 34 13 i 14 3.00 67.5 ' 2.20 50
<50
C 0.25 24 8 12 2.00 35.0 1.72 Assumed
D 0.20 30 i3 16 3.00 68.3 2.22 457




P50 Y TRE > TETAHBOEHEERBERC L5 & 100 3 7a Y LTL#EIR
Bo BEom— A XYIKCETAIHBEZEOHEC X 5L, FHHER Table3:5 0L B TH %,

Table 3:5 Efficiency of Vinyl Sponge

S41 Al;o;lt 100 Micron l
i SS{ : About 350 Micron .
"Sel About 700 Micron
" sel About 1100 Micron

Yo, 100 370y ToMmEomEcr—BRE BN WFH 2 KEL L, REERR
FEHELKREL A Do
3.4.3 EREROB
W) abTEIE R RE M
— i A—AE T D RERT W2, RREEZ AT TY) THEE, ThbblNORE,
B—g, KECHBRCE/LEE Uk, ik, HEN (BAE) OMohezy v V02548
R, BS%0Ick 5WANEEEERKC X DHEMET LR, BRKeECETEESED
REBICIRIN Uico 7o, ML L TRk WikoBOC 1 8—AZAME TkE%
E¥T, FHCX 5EROLIENHDHREY,
Fie, MMORBEECOWTE, MEOKEERMBORIREC X > TOE{L, KDL
AREEEEL T L RVHMESH b,
=) sk DWW T
EERPI KO Ebh D R HETCODARBRRO BONIE (Zhi kil L.8) L, ZOKE
BAKE ODHEENNS WAEDE EHENETL, SHESELR S,
FBMEERO, SOCFachziEe Lo TrbilikEaRresTL, BEAL
ORI AKEEE U,
N =Yg R
KEHDBA LA LORRE DL, YOBRERLI DT NY 3 YIRETH2, BOZ ED
I~ DF s kFMIZ, HHREDI<NY 3 Y ERIEBIEATE .
= W= vREM
KEBRCER L Tk 3 Y BOTHEAIRYKE <50, BRERLOLSWFHOBES
WETHHH, KAECEWTRERTELh o7k

3.5 RERVIICLZHHBES{LLEEER

KD SRR DR, HIE, WE BESCX > TEHEINDN, ArTHHEOKEEO
EENEBLL, T2V VORBERMKSHBOUEEYELRT %,

EASORIRIZANY a YRDPBEAEINTWEDbb 50, Ry, TREXEET M
2T a VEERTLIENE N, ThWwz, RV 70BEE M FOHASTbs X SRR X BE
THLEDCHOBBOEEELRAL '
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3.5.1 BH*
W By 7OEEEE
Table 3:6 D3O H v T EM 3 BEHEHE LckiiiL, Ry 7HOTHARZIFRL Tl
NFSAEORNNE L RTHREH L D BEL
B, BBHOBMN T EF ML NBEHBIHIC L 5HEL OBER S SH LDHRDTE Vi,

Table 3:6 Principal Items of Pump Used for Test

’ Reciprocating | 15 m?/hr, 1770 rpm. with Motor Reduction Gear, 3-Plungers Vertical Type
b et e [
* Centrifugal 9.6 m*/hr, 2,900 rpm

i - —

Gear 6 m®/hr, 1,450 rpm

=) OO
WHER Y TS A ER L OhoBEIK X 28N FARRLOMEL KD 7,
3.5.2 EEBRER
U Ry 7OELERE
SHEORY TEHEML SO T ORERIL A L, Fig. 3.9 RE&ERY FHO
PORWML AR 2 NBHEFTTIC LD, M7 OSBER S D T RARIA B LA LOTH
%o
Fig. 310 @il 304 & L RELGHOBAEL OMELRLADD TH B, KHRY 7O
EREEhSOBCEET S Fig. 3.9 & Fig. 3-11 0k5kkb, £ 7O X 58
HFErRIey s Y ORERRS—BHREKC L 5,
Thick s LEEEHR Y TREMBE CHEAEENET 5 2 L b b,
105}y, 305y, 603 D/KFOMEEE LY H#T 5 21313 Table 3.7 0k 5icic 5,

Table 3+7 Qil Content

Time (min.) Reciprocating Pump | Centrifugal pump ~ Gear pump

! 10 230 ppm 3,050 ppm 3,350 ppm
30 100 ~ 2,250 3,200 ~
| 60 70 ~ } 1,800 ~ 3,050 ~

P) whEORE
ATEIh O R M, B, S X O CEBMEYHERL ThoSBREYEE LA L = 5 Fig. 3-12
DI oo BRFORELLTWIEFE, AEmh, Fil, 84, CEil, BHBRHETHok,
LR MOSHYRIRMOERIC X DV ENRS -7,
3.5.3 EXBERomE
EWV£77®EﬁKi617w§a7@&&%%®§H?Eéht&%Uﬁ%hﬁ6£77®E
BCRERT 24BN D5, ALEHRORY P CHRERC LAV ERSHTEL S, 21, B

— 16 —



Uty PaBEALRBATY, 0 o :'
Kk LM ey Sk D EER K l Mj;;:‘/'_ﬂ_
5% b0rBbhsn, AEREE R

T& b oo /(’ ;

MOTHIC X 52707 5 ¥ DI T e
BRI 275 D £ 45 Bo g‘“/ S e
3.6 HAWBEE P ‘ -

wkomseRzonmkon | N
I, WHnH BRENECEALL ——

\ T 75 £ |
B BRYRTLIAEHEYTAEY | GwPT
Tél&ﬁgl\‘gfﬁﬁo ° T E E w E
3' 6. 1 . “ % Time After passing Through Pump (min)
BT hd & UEE Fig. 39 Comparison of Emulsification
OB R RE A DFERD S of Various Pumps
»%, AR, B R, B A B, o B
O S
SO AL ERLT, HOBBELF Ao ]
FU e i itk & DU ico 1\ , - .
EBBRRIEET / / F B0 : \ f
ATLENDRDCHEANE T ]

LEARENRD B, BT A/¥%D
Tl Db —FHEThH B
2, ERREEEER, BEREX,

B DML O BN b7 4% . il il 1
BERLAVWECL, TORkEkcE e

Fig. 310 Relation Between Transparence
REBVTERERT L o o It and Oil Content
35, RFEBRICHEI - T, HIEAK o
DORE L BHAEOBEKY Fig. 3-10
DT ELKDTHEHDT, TTT, i S R 1

BAKOBEDML W BPEX

FAL T\ 5, I [

W BB § —— ——
AgmE (Fig. 319 i, !

SWERORHBITTRAEZ 5 w\

ik VREREL, BOX \\\

CNEHEDBEEE R0 LK . o |
CEBEICULTH Dok le, / . — " |

Time after paseng theough Pump (mia)

VAR Y 7
+ WAEHTH LS Fig. 3-11 Relation Between Oil Content and After
SEEY, TOEELRET, Passing Through Various Pumps
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Table 3-8 AR ELTOER %R

np-— ~ - —_— E——
?o Lubrcating O | ]
| 1 ] el ]
(U) {Ih'fﬂ‘ﬁ ﬂj gB ‘ . T ﬁw o 1S, C) e
MARIEOMER, Fig. - -
3-14 WRT & B DT, BRiHO .
T3 cds Ao T B, ! ]
Yl 12V RO EERENS Y 2/ e
THEKL, 7474V +ORE (S N P
El\)( 17 {mﬁ /JW—-—— Heavy Git (1S, "A)
& T CHRAMRERO 5 1 E—— et T
7 > = N —_— J‘W——-— T
L, BOXZhOEHEL LS 1- ]
LTWh, j’ﬁ’)"* %5% PRZ ‘il,i:é‘f Time after passing. thenuge pump fmin)
HERL Ty, Fig. 3+12 Emulsification of Various Kinds of Qil

BHEEE, KEOMRI OE(LOEHZTR L die, KR IATZHOds 2 x &, —
FOXMZ T rEmhEREY kL Fig. 3-15 k4 =X bV« 7Yy UT2 D cds O BH LA

Table 3-8 Items of Water Passage

Mark of Measuring Part ‘ @ i ® ‘ ® ! @

] L |

_;nSiEe Dia. of Passage (mﬁn})[ 59— . . 100 \ 50 i Relc(;:z;(nsgole

Sectional Area of Passage (cn?) | 19.6 ; 78.5 19.6 5.0
Velocity at 5t/h Flow (cm/sec)} 71 A 71 27.8
Ray Length in water (mm) ‘ 50 ! 100 ! 130 10

‘ | ' Stream is Dashed Upon °
Remarks the Sight-Glass in this

Curved Part l

AL TWB,
N ot
Ry TRBELEYTHFEAL
o BAT MR AEMEEY,
XY FADLSm I CEBALT
W3, REERBEOEWOEE
B, HEO Tk -
%o
3.6.2 LBRER

Fig. 3+13 Testing Device for Relation Between Oily
H)  Eddhig Water flow and Dirt of Slght Glass

KBPEOMSBEAKICKE TS cds-1 & cds-2 OEHHE (a= (cds-1 DIEH)/(cds-203k
$O) % Fig 3-16 IO JTIRT, BIEEKTHY, BEBL LTI RBREH T3 L,
BEEEAEPVEINBREL WO I b h b, COKBRRMSBEAKEHEBELELIIDT
2o RERRECRAKT R > 2, TTR/VFERLINED T,

— 18 —



) SEREREAKCLZ/VIFEDOLZHh
SO EERY, BIHE20% OMSRAKCHE %Y 2 BE S0 2%k, 6 WRREAKY 5 t/h DkE
THEREE, 36K | BRNE L ARKEHBLcEY Fig 3-16 WA TRT, TDO%, BHE
0% DEAK 4 5 t/h CHEES 2, EOREOMEER EhER A, X ATET. Ch
EDERITSECHA LD EIThER, ZOLThOBERTICHMTES LW &, K
PRBERLINEZHRTORELRBENS B L, BHEMIND, ¥k, BrrFLTiIhy
SEWS>THDLAUBELLEL@ETRT, CRLIV@DERBEALIIN TV Aot &
Dbh B,

o 7 N
Cd5-2 [ Cds1
N = N

Fig. 3-14 Detectible Equipmnt of Qil Content

Y

1k2

1%

%ﬁ L
=)

Fig. 3-15 Detectible Circuit of Oil Content

P Borohikextd sl oEE
S FBEERRTLCLORBEELHE L, HipaREY 100, #EEY 0L L ChETsE
Fig 317 X 5/ s, M WD T & 2vbin B,
OMBHREVIEE L TR L\,
OMNEBICHTHHERL LS LI,
iz, BTRZEE, HUCKRBLIThRE L Td, BICEBED BV ORFIREER O
HDiHEBbhb,
F Ko
EPoSKHEIC U TABRBER, il & OXBIs007kw, EHlic X 3 LB DK T20~30
BDBEBENREDCLED, Th®z, ARBETERATIEAR, =T 5 P2o0 5%k,
HEDOHENHHE THECTIHEOMENBETH B,
W BokIihkexwd sEREHR TOXNE
BOIZINRICEB5REDO N ) 7 b (BE) K~ THOKDOMS OEE R HEHE 24T
Db, TOMEBELRSDT BHMER T~ Ny P TANEAEDTBLBEOLTRIC L 5E%% 5



LINTEB, RRRLET Y »w SEIEO # — 2B KERO2 vy F vy (WEKRSY) %
DHWERETOHEEL 7 s V2l o THENRETDIZIENRNTE L, LML, KBEHEOI VT

100 .
O/o
© C)
%
Cef
s g /
x s =
= o s
I ° &
g z
H — & = e — e e ——
é °\<®
-]
{
100 ¢
Transparence (%)
Fig. 3+16 Transparence and Fig. 3+17 Transparence
Resistance Ratio in Passage
Low Cut High Cut Self-Hold Type
Filter Filter Relay Circuit

Fig. 3+18 Circuit of Dirt Measurement

YHRBLERS ) - EREET OO TCRPOERCREERLELCDZIDT, 74— F¥y 78
D7 4NV EDEINPELMDORTOLE LV, KB, VV—RBEZROHT 27 441
BV 7 FOEEEEE LI e, UBEAYOEKEMEMELEL T3, Ik, BSEAKED
MEOEELBA DDAy b7 402 LK Vv— OECREBERASBETH B (Fig.
3.18),

3.6.3 EREROKH

) BB REEIBRER L L+ RRELXE T 5,

@ /7 FBRFEEDOREVWE (2m/sec PIL) ko 513508350,

Y KREEZREBCANRAEWTRSHSETH B,

= BAEHBCEOLINOEE8Y»BHETAIZ LRTAERTH LA, b, ENFOERRLET
bBo iz, BEBOREVSFE, TLBRHT<EMEBE 2,

— 90 —



BIE B B 2 B

W RMKS SR LOCBRRBKSESOREEE | BEFL L. BER 5 t/h T, S8k
O E PSR L VB TE 5L 5 L TERP TR oo ERIRRD 3 HHE DWW TITR
ote Thbb, HEERMKSERCONTR, KidKkg Y 7 X DESIL, R Ay TADKT—E
BEATHER T “ERAKA 2H7.) %L M. O.T. X 5ER®FH o0, MBI
BUKAEER L SWTIR "ERHFEA i bRy T X A BHEAGERCRE L, HFREDL
DTHCE D DR RTRETH oo Lkt o T, EBRAHEEEZ T, KRKkZ VY7 LKL,
iRy THOC T—ERBATHER (LT “EEBAEB” &Fdo) vk MO.T. kkax®
| A AR (N

4.1 #EHEOHA
4.1.1 HEEERY /
“ & =K

FHEROFERL VABMEOREE RN X 258 FEAXRAL, Tk, MOOEEROEY
CHLUCODEWMRITF LB LDHL D, BISHESICE2 SBELRD 5, REOWMHEEH
LEAHE, £, ADCSWTERFRICAD, BOIC X D RS RE | plEdhic iz
L, E208EBCTHEOERO/NI WA LEWS DX ST 5,

E2AMER T HREROBRL D a— VRSB L 2 v FOAFK, SHEOHMMEILAMAHE
BER B D oo DM, EH R BIPEMBEERAER L CHERT LT T 52D O
Bx &R o

82 HMER, Fig. 41 KRTTLEEHKO I~ VRABEZ LV 4V P X DD, XOHHK
EAEOMMEEABREREL LTS 72— VOB D Th 5, MOBENTF LKDBESEL
75 2y~ WBEBRKROHE g o T

FL, a—VvIRSBIL AV FORHO ‘ | nm;?\mmme
R COREBEL, BT LM . ré%é_;gﬁ -
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Fig. 4-2 Oil-Water Separator by Method of Specific Gravity Difference
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woHmeEa — VIR, SEHIVAY M AHORECOW TR T A EXKDL S B,
Wik Fig. 4.1 @ X b @ wIETHHMEE t &L, TOoMcmlngzy 2 v PR
CEET SERYRET 5,

Ri 4R
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o, ¥
V= iwh =R (RZRR)
R, = 18.5cm (G THHR R BB RE D 2 £R)
R, = 12.75cm Ok TBHHE TORE)
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Q = 1390 cm®/sec (HKE)
N =10 (zv X v FEEO
RALT
18.5
R dR = 12.2sec

t: .
&zn 7.38
MoT, TVAVIDOES 3cm % 12.2sec TLRETHHEE V ik

3
V= Ty = 0. 246 cm/sec

Wi, BZEEE 0.246cm/sec DI EOMBEREEL 5 5, /b b, MITHEE & S8R L
EOBFX D HmHER 0. 15¢mmP O bDRBHHELS> 5L &b, —F, 77 2V — i@k
OHTHDOKEIRTIHEROKR, B/ 1 gmm LI EE /5O THEOEMELE 2 € Fig. 4-2
DT & EBBEREL o

4.1.2 BRNEKSEE

ABOMER Fig. 43 KWRTILEBDTH- €, BOSEHBEOREYHERAL, I bieke:
OREXZFIAL, MELAMLIS>ETHd0TH %,
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haie b, BEOMAIE DRV EMTRTESMET L, FEEASEEINS, 2 HOBH
TREENETETETL, MR EPcFLL, —EBCETHEHBOL DRI, &
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4.1.3 gEaFER

AEER, MWKOBEECTHEL BT HBNCEBA BT L BRE L TWD, %
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TVied, HELARNREL R B DL ATEROQOOEBESTKTRIEL TH,
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EHR, SEROLEET, ART—RBATHZZ EEFAL, KEFrERICET 5 & RKE
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50¢ .35 T
X ! oo T
! o 25 |
. N
. S P I |
; ;'93 |
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Clean Water Outlet
50¢ -
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Fig. 4-3 OQil-Water Separator by Method of Eddy Current
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VH—E LTl E, KESESL ERIRE
TOERFEZ D X DIER DKk
mEBNT 5,

ORI, BROMBEELARE, 1o
e X BRI b RERAT S Dl
WeEZ bR, AERIOMEPEAL &,

Bk

A#F iz Fig. 444 0L 51c

@ MokERLER FRTREZ

@ akmkLs ERTRB& 1K

® Pkt
LOERY, MKERTRERCET 2 L,
HrhFr 3B & MK S LR EBARIC T B &
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ok 7K TR A o B A
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6 mm DALKED I DT T B IEIA
DA IEHEAN B THBE LD K X
D A& BAG CH B (Fig. 4-5),

Aleha, whKE O R EHEAY TEC T 5
D, ZDOXSNIEE Kok, Fki
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EERT 5 HELRD B,
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Clean Water
-+—(ily Water

Fig. 4.4 Automatic Oil Discharge Device

)

_ /i

VI
- Ji

Fig. 4.5 Fitting of Boundary Level
Detectible Electrode

oy

Fig. 4-6 Another Fitting of Boundary
Level Detectible Electrode

Fig. 4.7 Boundary Level Detector Circuit

L, TR L OROHERENEAL, FALREROLDREEIEILT B,
Z® On—Off THEOBEMEIKLEL THEHREAD Y v —2BEx ¢ 5 (Fig. 4:7),

IVv=RF +v 2 )V IPilkOkdeA 7024 5 FEEDOS D%, ik, BHIEHLOLD I



BREDOa -7 40 2% D20 Tdh %,
BHOBERFIML DL DR > T B, &7, BHELBEHL, ETEEBLAML
T3,
GO
KECHBAo k& %x%EL, & 50 mm OBWHEEAL T 5,

42 EBHFEREIVEE

At BRI N B IMOBERE VWL, TORARERWANDTH D, IKDEEE OO
B, TWKOBRAREC L > TELVWHEXE L 20 bEBRE Y - TR, WhksHETRATHH5A
EEAMECK 5, ARIOERTRERD 3 WEOEHRFEL B\ io

4.2:1 EBAH*X “A”

AEBREF I Fig. 48 wRTLRDT, Mizvsohodz, #Y 7RAMILDEKPCRESS
BTBAZI RS, KSR CHRIRMRBEHEZ Y I7KETE O L TH 3,

W) BRI AFEh

@ KBAEE AEMS B +EHKOTI%) (Triy— ORI X 2.)

P HIE wER XU (30~40°C)

=) mEZ( 3md/hr, 5mP/hr, 8m’/hr @ 3 /5

W FERAEYT Fvy—Rry7 (5md/hrx30mx1450rpm) B LK ¥ bRy 7 (5md/hrx

10m % 2900rpm)

Oil Discharge Vaive

Boundary

Level Detectar

01l Water Separator

Fig. 4-8 Experimental Arrangement for Oil-Water Separator (Method “A” )

Pressure Regulator

Qil Discharge
Oil tank \’%e__

Fresh Water Y

+ Boundary Level
= Detector
FW.
k
l Tan % Qil Water Separator[’;:—__'
Pump ‘I:‘,__‘ Ofl Tank

Clean Water

Fig. 49 Experimental Arrangement for Oil-Water Separator (Method “B” )
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4.2.2 EBHEX "B’

Az Fig. 49 WRTEED T, —EEICHEREINTHBIh2 V7 XV BEEOHKEBEAFEIC
BLEAHEAELCRY TORBAKBAT S, BEIRE (95 9D ico kit SHRESD
B oty Y Y IR I DR RS,

W oM W AR

(7)) W& i -8

W wEZ A  2md/hr, 3m’hr, 4m’/hr ©3 4

B FEARYS v ba®y 7 (5md/hrx 10mx 2900rpm)

4.2.3 EBRFHEE M. O.T.

5md 2V w5 %0 (CEM) #HAL, 2V 27 EFID3EELNTE Y 7 MnEKTBHES
C—EDHBTHKEEAT 5. 2V 7¥kERACLY bRy 7 (5mP/hrx10m) T v s
MRBERICERI Y7 ¥ 3 VT 2V XD KIBREE £/SV — 2 KDk S8BT 5, Ry TH
Ttk 154y, 304y, 4047, 5043, 554 O 5 S oW T/KBAECEM GOy ) v raw 210
HEERIT 5,

W g B CHEh

@ dkiEEEE  CEM (5%) + ik (95%)

N’ i IR

= B A 5 m®/hr

® ERARYT £ b Y7 (5md/hr X 10m X 2900rpm)

BEORDIE M.O.T. ZRFBAIOHEEX REEROE LY TH %,

(1) WKBEZ2Y7OKREIR L —20 | BEOKETH LT L,
(1) WAKEGZY s OXKENERAEEIZRATCHETOSE IR, MELRERDATHLZ &,
(3) BERAEIZHIE 0.95 (60°F) LIk, B Red. No. | i©T 1500~2000 (100°F) o3 o,
@) BAWER  (A)S%oum
R (B)25% i
B) fEENE, T4 Y Iihk AR TR W TZO b bkE 3ERILIRCRIAL, ks B
RYTED 2 — 2 ICBAEEE D,
6) 7Yy
BEAMBIIY, UTod vy v a2k s,

{@2@ﬁmo%fxr?5:ao

TEST () oiga TEST B) o4
1) 155% (1) 1053
2) 30 » (20 20 ~
(3) 40 ~ (3) 30 ~
(4) 50 » (4) 40 ~
(5) 55 #

(7 k. &
EOH VYT vy 50rpm LIFTCHL T &,
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Qil Discharge
Valve

2,740

Oily Water Tank
Sm*)

(»)

| ——— Centrifugal Pump

Clean Water

4,570

Fig. 4-10 Experimental Arrangement for Qil-Water Separator (Method M.O.T.)

4.3 ER&ER
4-3-1 EBRAHE A" ILLERER
Table 4+1 Specific Gravity Difference Method (By Gear Pumn)

|
; 2 0il Content
Qil Content Pressu kg /cm*® T t °C
Flow il Co re (kg ) emperature (°C) |'in Clean
@) 1 gy @) | suction | PP Separar | E.W. |Separator Atomosp-| VY ater
! © (mml}oIg) Delivery (>¢Para or. Tank 'OFPArator pore ‘ (ppm)
T ] : 7 g
! H |
2.96 80.8 ! 2.73 ! 20 | 04 03 I 85 ! 8.5 ! 5 | 9.7
! i i ; :
I i ! : | {
4.81 | 116.0| 2.42 | 20 ‘ 05 | 032 ; 85, 85 9 | 84.6
- ‘ [ I
7.93 181.5 2.39 ! 50 0.9 0.52 1 9.5 ’ 9.5 I 10 277
!
[ | ] ; i ]
2.90 89.8 3.09 20 | 0.4 0.28 : 37 I 37 : 10 11
. . ' . 1
X ! C ! : '-[ B -4——7|_——_
5.71 | 144.8| 2.54 | 201 o4 | 02 | 3 | 37 | 10 1 53.5
! | .
o | -' . ; |
7.66 209.5| 2.74 . 20 | 0.6 0.27 - 37 | 37 | 10 ! 79.5

Table 42 Specific Gravity Difference Method (By Centrifugal Pump)

| .
| Ol Content ’ Pressure (kg/cm? Temperature (°C Oil Content
Flow i e (ke ) pera 0 in Clean
T T i | T Tl Water
(m3/h) | | Pump | Pump ! F.W. | Atomosp-
! (l/h) (%) t Suction | Delivery Separator Tank ' Separator here (ppm)
; | A B —_—
2.84 ‘ 56.8 | 2.0 / 0.4 . 0.32 7.5 l 7.5 7 31
: [ L ! R
497 | 985 1.98 o, o5l oo 7.5 ' 5, 8 21
' ! { ' a ‘
6.56 | 128.0| 1.96 o 0.7 0.28 7.5 | 7.5 8 | 311
i : ; — f
3.08 86.2 " 2.8 l / R 0.6 0.5 1 42 i 40 . 17 14
! | | ! i
. ' [ i ]
4.93 135.8 ‘ 2.75 ’ / | 0.7 0.5 42 40 17 49
i ; )
9 220 2% | o | 1o 0.5 - 42 37.5 17 50
I |
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4.3.2 ELEHE "B’ IckdER

Table 4:3 Eddy Current Method (By Centrifugal Pump)

Flow of | Flow of ' 0il . Pressure (kg/cm?) Temperature (°C) 0il Content
. Content in in Clean
Water oil Oily Water, Water
Pump 0il F. W. Atomos-
3
(m3/h) {/h) % Delivery Separator Tank | Tank Separator phere (ppm)
1.94 135.8 6.56 0.3 0.2 1.40 20 20 23 19
1.98 239.0 10. 80 0.3 0.2 1.1.40 20 20 23 25
3.00 57.6 1.88 0.3 0.2 1.60 17 17 19 149
3.00 98.8 3.19 0.3 0.2 1.40 17 17 19 213
3.91 i 78.5 1.92 0.3 0.2 1.45 20 20 22 378
4-3-3 ELBRAE M.O.T. ICL3HBR
Table. 4+4 Specific Gravity Difference Method (By Centrifugal Pump)
Time Flow Pressure (kg/cm?) Temperature (°C) 0Oil Content
Elapsed —p |in Clean Water]
(min) (m®/h) D eili:/ng-y Separator Tank ’ Separator Atmosphere| (ppm)
15 5 1.2 1.0 1 25 24.8 24.5 2
30 5 1.2 1.0 25 24.8 24.5 2
40 5 1.2 1.0 25 24.8 24.5 2
50 5 1.2 1.0 25 24.8 | 24,5 2
55 5 1.2 1.0 25 24.8 24.5 2
Tanle 45 Eddy Current Method (By Centrifugal Pump)
. 0il | 3 0il Contont
Time Fiow Content inl Pressure (kg/cn?) I Temperature (°C) in Clean
Time | Elapsed v?ily , i ; W
. 3 ater Pump ! Atomos- ater
(min) | (m®/h) ‘ (%) Delivery ‘Separator‘| Tank iSeparator phere (ppm)
11°-00" 5 5 1.2 03 | 26 | 2% 24
11°-15 15 5 5 12 0.3 ' 2 l 2 24 9
e | 30 | 5| 5| 12 0.3 | 2 26 | 24 14
11°-40/ 0 | 5| 5 tz | o3 | 26 26 | 24 14
11°-50 50 { 5 5 0 12 | 0.3 | 255| 255 25 14
110-55" 55 | s ] 5 112 0.5 | 255 25 25 14
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4-4 EBERORE

4-4-1 FEEBH* A7 ILL3HEROBH

RYTRAOCAEH3 B BAEwAAFECLDE, EARY PHERAHCOT, Mk
BADDOREAEOTHEREFEC/NEIL T =Y a VIRETWL TS, MERNCTRIBETES ok
23, MHTE KT BEE 2 T A MEZ R CTRZCITERBRREROZ & &, HEEUT TRt
> 7o

B, BERSVWEIERNTH >k,

4-4-2 EBAH* ‘B’ L IBROKST

Ry FHHAIE SHBEOMcHmEEAL, Ry Mk MBS OESH L Licdficky, £
Btk A7 TROBHRODITh ok BHERSE T EOSREYAEL ko BEBEC L 5L L&
i DB AL COMR AANRER, RO bz 5 T,

2 mé/hr OIS I.5mm~0.5mm (GAiEEEEA 1.0 mm)
3 ” 1.Omm ~ 0, imm ( ” 0.5 mm)
4 4 ” 0.6 mm ~ 0.05 mm ( ” 0.2 mm)

FRERLUTREBEAETREBITThH -2, 2.5m/hr PIEORETRBEVRIF Chhrolk, Th
2, ZORBREOBM TRUMKDSHMD+F TN Edbhhokedt, HkOPBSEH L Tk, —

400,

«_Eddy Current Method

— 0= === Test ‘A I Centrifugal Pump

t” (At Normal Temp.)

—o——e—Test ‘B’

a Test'M.O.T'

// Gear Pump
/ (At Normal
Temp.)

Specific Gravity
Difference Method

/
7/

s
4/Gear pump
70 (AL3IT) L.

- pra
- -
o ’/z/’nlrifugalPump(At 40C)
“~ " Eddy Current Method I

Specific Gravity Difference Method

Fig. 4-11 Results of Various Tests



ZTHNERE DL Ebh b,
4-4.3 EBAHEZ M.O.T. LLE3EROKRE
AEBIIEC X 53R, BHR b HEER SRS RF TS oko TRRADORARDMS O
Whnz d, BROMEBEYRITHRICEREKRTT5405 2 00Riic k5L Bbh b,
5mi/hr OET, KERFEC I 2RHRAMKTHERKOT &85,

i FEL

Rk, FEEH
Table 4-6 Efficiency of Separator in Various Test Methods

Type of Sparator
Eddy Current Type Specific Gravity Difference Type
Method of Test
About 50 ppm

Method “A” Inseparable
Method “B” About 380ppm (?;#Eoggo w)
Method “M.O.T.” About 14ppm 2 ppm
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EOE

£ M X B

BT RBRIC 3 W T RIF I A WD e IR R Ic DWW T, I & FRE O M o 885 Mk 5 i 55 % 76
HWU, &F Vo 78H bl Wl CHERBETE -k
51 RRAEBEIUERE

Fig. 5.1 oukomsv L,

Zhic Fig. 5-2 oF%% Wy {4, Fig 5-4 0%Fe sy

Fig5s3wRT@®H L UBD 2 RBOE L I DT, B TR ST L CHAERE % T/ - 7o

Table 5¢1 Prncipal Items of Tugboat “Tachibana Maru”
Gross Ton 190.2 ton
Hull Length Between gy « Depth 28.960m X 7.010m X 3. 660m
Perpendiculars b ’ : :
Age of Ship 45 Years
Main ! Type and Number | 2-Vertical Surface Condensation Type, 2
ain ' |
Engine | |
Brake Horse Power X Revolution ’ 836 ps (Total) X 132 rpm
Type and Combustion Method ! Cylindrical Marine Boiler, Jet Combustion
Boiler
i Diameter X Length 4,600 mm X 2,600 mm
|
Engine Vertical Steam Engine
| Generator
: Generator D. C. 5KW.
!
£ e
3 I .
¢§ | Condenser Surface Condenser (zggzlziz%l‘}nli??uzr fS?eiZ)
5] Y —_— e — —_—
< ! . R .
5 % Main Feed Water Pump Cen@rlfugal Pl:lmp Directly Connected with
LS | Engine, 2 Sets
, _
; B Auxiliary Feed Water Pump Vertical Worthington Pump, 12 m?/h 1Set
[ o
7] = - o e
'E‘ G Fan Vertical, Single Action, Forced Lubrication
g § (17 ips 450 rpm 1Set)
= N
'§ Heavy Oil Jet Pump Horizontal Worthington Pump, | m3/h 1 Set
5 . . ~
< General Use Pump Horizontal Worthington Pump, 16 m3/h 1 Set
Fire and Relief Pump Horizontal Worthington Pump, 120 m3/h, 1 Set
Type and Capacity Vertical Worthington pump, 50 m?3/h.
Bilge |Steam Cylinder Dia. X Pump
Dia. x Stroke X No. of Doub- 165mm X {84 mm X 152,4mm X 60/min
Pump |le Stroke .
Steam Pressure 7.03 kg/cm?
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) EVIERBIEOH, 27y Y, BIXUlzenrY s vORHZE

@) FHRESEDERRC UBOEKE X 3 Skl O%hE,

¢y B &R O fEENR T,

e, RBDTELECFHOBSE DARKRAELL, MKSEEBNCFRY RO CRB Y BT
Lo

—RIC N DIRBIDOBKBEBIC R WTR, By THRELERAALTEN VPRI RTE LS, &
OEBICEABRALXHEAL T, WAk LDy FBISEYR AR T2 2R TE 200
BRROFEE L TROOBLIVB®OFETERTAZ & & Lk,

Ny 33

EVVBAOL DESEZRAL TV VBT E & 5 % TOMEE

B)DF ik

HARBAFEZBEIL C, HAkE & dicery FEMSER 2 il L iBa okt

5.1.1 REEH

ERERICHER L, £BEAAOEERR Tables: 1 , MkAMEZDFEEH I Table5:2 i
RTEBYTH B,

W) bEANFER

Pressure Gauge (2™ Chamber)
Pressure Gauge (1" Chamber)

il Discharge - =+
\\A>—o—
) .

Tl . |

- ! T | Velocity at Various Marks
[Tel
B oL s B
i | 1504, 1" Chamber v, 63.2 cm/sec

L2 Chamber

‘ o [ —
R ‘ , 2 i 0.797
Qily Water Inlet ( : ' . ’ ?

18

0.935

|
I
| | {
AAE l I
|- ! '
‘ 3 v 1805

| ‘ N J oo
§ ' = T

‘ RN N L : 0. 424
g N — E
vy §~ ” (Glasswool) ‘ |

| s e s 7.97

| f I 3
' !
M : v : 63.2
'

Fig. 5°1 Structure of OQil-Water Separator

(@) WkSEESROMES L OCEEE
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Table 5-2 Principal Items of Qil-Water Separator

Flow 5 m?/hr
Total Area of Filer S§=377(12X 3+5) =4760cm?
Ratio of Net Aea to Total Area p=1— H-‘-}-io‘ll-l(~50'6%5—2—X4>—<917—“)—~=0. 604
Net Area S’/ =SX=4760x% 0. 604=2885cm?
Velocity of Passing Through Filter V'=1390/2885=0. 484 cm/sec
N yE 82 3= 5 .
W FRIEEE — —-‘-‘v“—’Air—\mO,
Fiark Fig. 5.2z &<, 175¢ x 300 = =t
) L s
TEIARMWA0 X v ¥ 2, A4 A v ¥ 2DR %el__m_._ —
_ . I Pl |
7Y L A&MER S 4 BACE 24T o 1T
BRHTEDDTH Do y §J g
AEBRTR, LEFHEORNEIKT Fav oy | —
rical _
5 (RER 1000 HERAT D THERA Lo Strainer |- —|
AFHOFEE T 1 SHMA 100 iFDF Fig. 52 Structure of Filter
HOBHEEEHETZLRDEBD TH B,
Table 5+3 Principal Items of Strainer
Organization Dia. X Height Net Area
| : .
Strainer in This Test 4 Mzrsl}é g{;;golr\zgtmg 175¢mm X 300mm 1210 cm?
) i ]
JIS Marine Strainer of Oil ’Dizﬁtzeqsgj‘n".‘gigm%"]‘;;mi 205¢mm x 334mm | 1020 cm?

Almost in_Out of Use

Division Wall
Fig. 53 Piping Arrangement in Test Ship
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AEBRCRIFHATIICAOA vy ¥ 2 &@%EAL, BRERR 436cm? THoko J IS BAMF
OFMAEI32 A v v 2 &M8% ¥iKT 5 L BREENR 513cm® L5,

5.1.2 EE:EH

Ao BB Ok Fig. 53 0t @:®L 2iHd Y, FRALAYREE 300mm O o
—IVIREDSEEINTE O, BCREOBER LR Z L WEBUARRRE T, $2OL VBATS
IR 3Rk 2 v 78 XL OV RA 5 EHER & 0 Okl L CERREERE, v 7 oBEIboLED
BEEHO A TKBES T, e VHRIEMNOELARTR > Ty, T2 TOL YOV Ikt
LT, HAEARKBCEYERACEALTERTH L L Lk, ®LDVRITHEVIRELL
THEK, kB LOBEEMDORS, ThbbUs—2—F—EXBLUEI 7 Y Kbk, K4
5 —K, HKOMBE L FTHROMIH SBIL-> TWb, A s D /KERT XD
BRBOEN PR T o—THI 25D, TOBRKCRAT v YBEHEL T,

5.2 EERRER

521 ENSOERKIZONT

AERIC I TR, BN, EAE, L e PholkoRER®OKEI DWW THBR BRI DN
THHPTREBOACHEL CEEL T TEZLOFRETRDE DTSR o,

TTNY s VEOWTRORIBMICEDEEL Thice T v VDWW THRIEHC X DE - T sd
FE@RBIC KL D LEEO DI WEMAL b OBEHHEL Tl TRIBHFA T —Kilyrwy
g ldbits,

FNO. 10 Cross Section (Port Side)

gverboad Discharge
(Vinyl Hose}

Strainer

| D Steam Pipe Pressure Gauge

Ll e ? (1" Chamber)
t
L A E 50
Pressure .
Gauge ! 50
sig 4 ‘ "rh. b

|
Oil-Water
Separator

100 4

Pressure Gauge
—\
(2 Chamber)

50

15

Propeller Shaft

Sea Water
Suction Yalve

4

Fig. 5.4 Oil-Water Separator Arrangement
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5.2.2 #RRRELUAHEERER

FHMRESE O LkBE, A THERFHLEET 2 L EREciisn s,

EHSEMER RN VP OMMEBADR» 2D T, EHOBERSE VWA EHRTHI T
CREL Mo,

5.2.3 MKABEREICDOINT

27y VR EBFMOBSEYTFEM (729 —0) RERLAEVWIZKE !, F2HoHE0F
HEx Lkg/om® DIRICREFR LD B L S REEMBL TEB2 TR -2, #IHARES t/hr T2 4
— L7, R7 v YVOEWKZK3 S, DRVEIEKE0S TELE | t/hr YT 5% B an
7o

STEESRRTIC Fig. 5.2 WRTEBIFRA2EM L, COBAERYHE S L CliE20~304 CFE
DEE 2kg/cm? CEL oo

BRI ESE D ORUC X DEDBE o, 121E Table 5.40 % 5 i TH » 7o

Table 5+4 Test Result

i

Testing Method I Result (ppm) : Flow (t/h)
| A ' Less Than 50 ! 2~3
Without Filter :—- : ,
| B | 1a0~20 1~2
{ ‘ i
A ’ 5~10 ’ About |
With Filter ) i ’
i B 10~50 ‘ About 1

5.3 EBEROK

ERCERRBLL T2 d b bd, P RETEX AL oDORRAT vy VL BESED
DEEBTHHLES,

REHE A A0 Y ‘B” OEALVRENIVORBHMEROELIFALCLS M. 0.T. o
REAFECOIWDEBbh b,
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ERAREETR, BT Y IR TRIKRSEL Tw52, ARSI sHEeRY 7,
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BT 5, 0.25mmREOMRRIFHSC L DIl LIER LW e S8 LE v, L
L, @M EFM2ETLERRELLAREL L5220, 500 LdANOMHLHHELLLD
FFEHCEBL, MEEZEALFET S HFRO b0 I,
N EMERORN
EVVREBENRDRT v VOBRRTELUECE L, WKABMBOFMCBESEDREL, #
BRETLALGEY PPEECHLERT & L b, HMKSESOMKESHRADNICER
HMERLI SRBOFBERT v VHREREY R 2UERD 5,
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D LA b RO U R &R THIAT 5,
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