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Crude Oil Burning for Marine Diesel Engine Plant

Introduction
1.1. General

With the research subject * Researches Concerning Crude Oil Burning for Marine Diesel
Plant ”, the 69th Research Committee was set up in the Shipbuilding Research Association
of Japan in April, 1963, and the research was put in charge of Kobe Shipyard and Engine
Works of Mitsubishi Heavy Industries, Ltd. and has been developed.

In view of the recent tendency how to build up economical ship, various investigations
have been made from different points of view.

Among those investigations, the crude oil burning has been developed in order to save
running cost for diesel tankers. This research has been made in order to realize using of the
crude oil as fuel by grasping recent performance of diesel engine, reliability and purificating
performance of purifier and safety operation..

1.2. Schedule of test
The experimental research and apparatus used for the test consist of following items.

1.2.1. performance test of marine diesel engine

The Mitsubishi Kobe Sulzer two cycle single acting supercharged marine diesel engine
model “6RD90” with output power of 13,800 BHP at 119 rpm was used for crude oil burn-
ing and following comparative tests were performed.

(@ General performance

(b Various injection timing

(¢) Various injection nozzles

(d) Crude oil and diesel oil

(e) Oil temperature
1.2.2. Performance test of purifier

The disc bowl, self-jector type of purifier model “SJ-5" having capacity of 3,0001/h
made by Mitsubishi Chemical Works was used, and test was carried out to grasp the
reliability for purifying crude oil.
1.2.3. Test of safety operation for gas leakage

Situation of gas leakage from each part of main diesel engine, purifier, pumps, tanks

and piping system fitted at the same condition as onboard was observed and necessity of



protection for gas leakage was investigated.
1.3.  Crude oil used
Two kinds of crude oil, Qatar and Wafra were selected for this research as two different
kinds of typical crude oil, one is volatile and the other viscous. Results of analyses were

as follows.

Kind of crude oil Qatar wafra

Specific gravity at 15/4°C 0.8212 0.9158
API at 60°C 40.72 22.92
Viscosity c.s. at 50°C 2.09 27.18

7 Redwood at 50°C 3.1 113.5
Flash point (°C) —40 4
Wax content (%) 2.7 2.0
Cross calorific value (Kcal/Kg) 10, 630 10, 340 ‘

Consideration
2.1. Marine diesel engine
2.1.1. Burning performance
Judging from the results of operation of the engine in the series of tests, crude oil
can be sufficiently utilized as well as diesel oil for diesel €ngine without changing any
construction or adding the special devices. For fuel oil consumption, Qatar was the most
favorable and Wafra, diesel oil in order,
2.1.2. Comparison of fuel injection timings
The engine performance was compared between the normal timing (0°) and 2° delaved
injection timing using Qatar crude oil
Although changes in the cylinder pressures due to difference in injection timing were
obtained on an oscillograph, no marked delay in firing was observed.
Based on the findings, however, it is considered that the optimm injection timing O
varies according to the kinds of crude oil to be used.
2.1.3. Comparison of fuel valve nozzles
In order to find out whether penetration or atomization is more important for crude
oil which contains both light and heavy components an ordinary nozzle (0. 95¢ X 10 holes X
125°) for heavy fuel oil and specially prepared nozzle (0. 87¢ X 12holes X 125°) were compared
with each other.
A striking difference in fuel consumption was resulted from the comparative tests.
In the tests of the smaller nozzle with Qatar crude oil which contains large amount of
light component, it was observed that the penetration lowered as the injection pressure
built up at high load, and as the result, the combustion efficiency lowered, fuel consump-

tion increased, and exhaust temperature rose. That poor combustion resulted from the

i -



use of the smaller nozzle was backed up by the fact that the amount of carbon residue
in the combustion chamber when the smaller nozzle was used was larger than that when
the ordinary nozzle was used.

2.1.4. Comparison of crude oil temperature

At the time crude oil was heated, no phenomenon that could be termed as the vaporiza-
tion was observed, at the fuel feed pressure ranging from 2 to 3 Kg/cm? nor was there any
sign of engine trouble attributable to the heating of crude oil.  Accordingly, it was not
necessary to increase the fuel feed pressure for crud oil used in our tests.

However, depending upon brands of crude oil, it may be necessary to rise the tempe-
rature, and if so, a higher fuel feed pressure may probably be required,

2.1.5. Comparison between diesel oil, and crude oil

As to the fuel consumption, Qatar and Wafra crude oils showed better (lower) consump-
tion rates than that of diesel oil, with the lowest rate registered by Qatar.

It is questionable, however, whether the test results represent true difference in fuel
consumption rates between these oils.

Tt is conceivable that these results included certain errors and variances due to differ-
ence in circumstances under which each measurement was made. Nevertheless a conclusion
may be drawn from the results, that light component contained in crude oils accounted
for lower fuel consumption.

.2. Purifier
2.2.1. Purificating performance

More purificating effect was got at normal temperature comparing diesel oil.

However, for viscous or wax-rich crude oil like Wafra, heating up to 40~50°C, cor-
responding to temperature in engine room, was required to expect sufficient effect.

2.2.2. Reliability

Sufficient reliability and durability of purifier and sealing parts were confirmed as a
result of 1,000 hr. running.

.3. Safety operation for gas leakage
2.3.1. Main engine

The most important of all the problems is the safety measurement to be taken against
inflammable gas generated from crude oil.

In this series of tests, the whole testing area was filled with disagreeable odor when
the engine was operated for a day with Qatar. This urges that all preventive measures
must be taken to avoid any leakage of gas from the engine and all other parts and equip-
ment on the fuel system, if crude oil is to be used as fuel aboard an actual diesel ship.

It is also necessary to device effective measures to dispose of inflammable gas lest it should
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stay within the engine room or elsewhere within the ship, in case inflammable gas should
leak from any parts on the fuel system despite leak-proof contrivances.

To this end, the fuel pumps be covered up, and the inside of the fuel pump cover
must be ventilated.

Also, it is recommended to cover the fuel filter and other parts in the fuel system
where gas leakage may possibly occur.

2.3.2. Purifier

Enclosed type of purifier reconstructed without metal touch is suited to use, except
outlet of sludge and heavy liquid that is required sealing in result of gas leakage measured.
2.3.3. Outfittings

All pipings for the auxiliary machineries, equipments, etc. used in tests were arranged
in the same manner as those aboard an actual ship. All valves were of Japanese Industrial
Standard (JIS) and flanges were of ordinary low pressure welded type.

As the result of the tests, it was discovered that the ordinary piping system used for
heavy oil operated diesel engines did not show any gas leakage that was deemed particu-
larly dangerous, but it could be used for crude oil-operated diesel engines without any
special safety device if adequate ventilation was available. However, from the point of
view of safety, it is recommended that the use of flanged joints should be kept minimum
gas or oil leakage from the equipment tested was negligible..

Nevertheless, it is considered necessary to provide local ventilation to those equipment.

Leakage from the oil seals used on the screw-type pumps is almost unnoticeable. It
is considered that these pumps can be satisfactorily applied to the use of crude oil without
any major structural modification.

When the crude oil was in settled condition, no gas leakage was observed at the vent
tubes of the measuring tanks.

However, the density of gas discharging from the vent tubes at the time the storage
tank was being filled with crude oil exceeding the lower limit of explosion. From the
finding it is advisable to route the vent tubes out into the open air outside the vessel.
Also care should be taken, when inserting the filling pipe into the tank. not to stir the
crude oil contained in the tank.

Conclusion

Experiments carried out in this research project have shown in a fairly clear way the

conditions which would result from the use of crude oil as fuel for large diesel engines.

The data obtained from the tests have indicated that, if adequate safety measures are

taken, crude oil can be used to operate diesel engines in the same manner as that applied to

operation of diesel engines with ordinary heavy oil and without altering or modifying any
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part of ordinary diesel engines.

The findings of the tests have also shown that crude oil, when used as fuel, does not cause
any reduction in the performance of dicsel engines designed for operation with ordinary heavy
oil.

In this paper, discussions have been focussed on the results of tests conducted on the engine
and auxiliaries and piping. However, in actually installing the engine and outfitting, additional
studies on the construction and arrangement of fuel purifiers, tanks, and other related machines
and equipment are required. It will also be necessary to take account of views and opinions

of Ships Classification Societies.
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Table 2.1

Analysis of Oil used in Test

Wafra Crude Oil

Qatar Crude Oil

. Kan y
Kind of Oil tm-{”w1-7l . --(héi%ﬁ'ibmwlOH
Specific Gravity 15/4°c | o.o138  0.9123  0.8212 0. 8433 0.9249 0.8727
API 60°C | 22,92 | 40.72 ] . 30.56
I 30°C 64.52 53.99 | 2.96 5.870 — —
;G5 50°C 27.18 i 2.09 6.226 ; 475
Viscosity [ o — ‘ [ — S - _(at_98;9j(;)_ _ —
RW-1 f %o°c | 263.? : 32.9 ’ 46.2
|os0°C | 135 311 37.8
Flashing Point °C 4 l l —30LLF ’ % 83
Vapour Pressure  40kg/cm?*G 0.201 l 0.531 ‘ | —
Pour Point «c | —15 | -3 —27.SLF =325 | 4ns 1 -
Carbon Residuc Wt 9% 6.62 7.5 1.05 3.3 5.7 0.96
Ash Wt % 0.013 0.03 0.002 0.02 0.48 trace
Water vol % 0.12 0.5 | 0.0t 0.00 . 8.2 | 0.01
Water & Sediment vol % ‘ 0.6 0.6 ! trace 0. 06 | — | — !
Wax % | ‘ 2.0 | 2.7 ! ‘
Aniline Point °C 73.2 70 | 703 68.2 — l 66. 1
Diesel Index 37.5 7 64 25 — 46.2
Gross Calorific Value Kcal/kg |10, 340 10, 500 !10, 680 10, 860 ! — 10,670
Net Calorific Value Kcal/kg 9,670 - 9,_920 | 9,940 10,210 ' ) — o 10,000
Carbon 84.33 87.6 85.20 86.5 88. 1 85.84
Hydrogen 12.43 12.4 13.66 13.5 1.9 12.42
Sulphur 3.31 3.22 1.10 1.51 2.04 1.62
1L.B.P. 58 30 36.6 23 — —
5% 116 77 68.8 61 — -
15% 202 168 116 115 - —
25% 252 245 157 164 — —
359 288 299 198 214 - -
Distillation Test 45% 307 316 241 264 - —
50% 312 330 266 288 — —
55% 314 290 310 — b
65% 320 - 332 ‘ - =
75% 323 346 - -
85% 324 353 -
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3.2.1 M o
CEMFTAAY —, 294 VI 2 v R~y FER MR HERE KRG 2 — € B R
1 — BB A S6RDY0” 13, 800PS X 119rpm
322 8 % mORF
PR XL 5 8L ZT 5 L FRIEALEMEY i L,
@ MERV 7Ty Tyva
BIE k3 & OB IO RIS 2 Hiy CREMET X ) RIBRE AL Licboe&r Y v 4
TR LI,
b vArry s
WA, Jrifhl, WEEoMREY ZELCHE, ik BB ST o k&MY Y v 5%
“HER M ORVEEALEADNS EHL Y 1, 25 X0 3 B HC ANEIAES & OF L,
©) PRSI
PRBEC XS $ % S5 B AT 5 1o b BEHEN 1L 0. 95¢ X IO X 125° D4 D & /NES LD 0.876X 12
AX125° DY DEPER Uiz,
3.3 MR
BI 3. 2. 1 ARIHIC TUE ¥ ik 2550 U, IS8R % 1770 4 ige & ol Lve,
EOM S B X DM T e b4 V7 I D EESEC b D & L, FUIE LCfa4iicd i\ an
BB SNELE % Z)E L 50°C ¥ Ci gl L,
@ B OB H oA
B Table 3.1 OIHH &3 E LTTew, MLY% 2 L L,
() BREER - IS X % A (Test No. 2 & 3)
© SREIEGRNE IS X B AELE (Test No. 2 & 5)
@ BERLTTI5 0057y v Ol X BRI
© BRI X B RS (Test No. 1 & 2)
() gt X BRI (Test No. 4+ & 5)
@ Bk 7 4 —Eune X BHGEE (Test No. 2 & 7)

Table 3.1 Item of Burmng test

Test No. E F uel 011 used | Temperature Nozzle Slze Injection Timing - Load
1 Wafra (1) l Heating (40°C) ,‘ Standard ‘ Standard !
2 Nor. Temp. (18°C) Standard l Standard ;
3 l\or Temp. (18°C) Standard ‘ —2¢ UoYay 3, Yy
Qatar (I1) -
4 Heating (45°C) Smaller | Standard
5 Nor. Temp. (18°C) l Smaller i Standard
. i
6 : | ] Smaller ‘ Standard | 44
[———- - Diesel Oil . 3 Nor. Temp. (18°C) — d
7 , Standard | Standard Lo ay e, s

—_— 4 —
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Table 3.2 Summary of Engine Performance

Test No.

1 (Nozzle 0. 95¢X 10X 125°)

i
Kind of Fuel Oil used ! Wafra
Load % 50 ‘ 75 100
Duration of Test h | 1h lh l1h |
Revolution | Tpm Po93.9 : 107.6 118.3 !
1 rpm 4,750 6,250 I 7,600 }
2 rpm - 4,850 6,400 7,800
Revolution of Charger ; : t
3 rpm -~ — ' -
4 rpm —_ — | - !
Mean Indicated Pressure kg/cm? 6.35 | 8.27 9. 80 |
Max. Pressure/Compression Pressure kg/cm? 58/38 68/44 76/52 ’
Indicated Horse Power PSi | 8,085 [11,693 15,241 |
Brake Horse Power PSe 6,853 110, 308 : 13,723
| ;
Mechanical Efficiency % ' 84.8 88.2 ‘ 90.0
Thermal Efficiency % 40.0 40.8 40.3
Fuel Rate g/PSe’h 163.7 160. 4 162.2
Cylinder Consumption g/PSe/h | 2.18 1.63 1.36 | !
| Load Tndex X0 46 0 6.0 7.3 ! !
Scavenging Air kg/cm? 0.31 0.359 0.92 ‘
Cross Pin L.O. kg/cm? 3.5 3.5 3.4 l
Cylinder Cool F.W. kg/cm? 1.75 1.75 1.75
Pressure ]
| Piston Cool F.W. kg/cm? 3.6 3.6 3.6 .
Bearing 1..0. kg/cm? 2.55 2.5 2.4 !
Exh. Gas Manifold mm-Aq 20 40 62 |
b Inlet | °C 27 | 28 1 29 ‘
Piston Cool F.\W.
Outlet o 34 ! 36 38
. 3 3 ‘ o ;
| Cylinder Cool  Inlet + ¢ | 32 34 37 |
g FW. outlet, °C i 37 42 47 |
Fucl Valve Cool | Inlet | °C 37 a2 1 46 !
| FW. | Outlet| °C 0, 4 4T |
; - |
Air Cooler Cool ~ Inlet °C 21 21 21 |
S.W. OQutlet. °C 22 23 27 l
Temperature R e - i
Exh.Gas(Cylinder Outlet))  °c | 243 ' 208 | 347 | '
Exh.Gas(Turbine Inlet) °C 322 382 444
Exh.Gas(Turbine Outlet)|  °C } 251 293 320
[ e 25 33 0, %2 1
| i 2 °C 27 0 3 16
{Air Cooler Outlet) 3 °C _ ; _ —
|
Room Temperature °C i9 17 17
1 Specific Gravity Viscosity Lower Calorific Valuei
¢ Fuel Oil Wafra ' 15/4°C Redwood i Kcal/kg :
" 0.9158 113.5 | 9,670 !

~1




Test No.

Table 3.3 Summary of Engine Performance

0.8212

8

§ 2 (Nozzle 0.95¢X 10X 125°) :
Kind of Fuel Oil used l Qatar
Load - o 100
Duration of Test . h th | 1n l1h
Revolution | rpm 93.6 | 107.2 118.7 .
- - . i — ! !
1 | epm | 4,750 | 6,250 | 7,600
X | 2 Ipm . 4,850 | 6,400 7,800 i
Revolution of Charger ' !
3 rpm ! — — — !
4 l Tpm | — I —- — (
Mean Indicated Pressure ‘ kg/cm? ' 6.52 8.22 9.72
Max. ’ressure/Compression Pressure ¢ kg/cm? 59/38 67/44 | 76/51
Indicated Horse Power i PSi 8,019 11,3579 15,162 ( |
Brake Horse Power I PSe 6,833 10,270 13,769 .
Mechanical Efficiency | % 85.2 88.7 i 90.8 ! i
Thermal Efficiency ! %% i 40. 2 41.4 40.8 X
Fuel Rate ' g/PSe/h ! 158.4 153.6 | 155.9 i
Cylinder Consumption I g/PSe/h 2.18 1 1.66 | 1.37
. Load Index ’ X/10 4.93 - 6.55 ! 7.85 |
- = .. . - - . - - - - —_— ; PR [ —
Scavenging Air kg/cm? 0. 31 0.57 l 0.91 {
Cross Pin L.O. kg/cm? 3.3 3.2 3.1, '
- Cylinder Cool F.W. kg/cm? 1.75 1.75 .75 !
Pressurc 1 .
' Piston Cool F. W, kg/cm? 3.6 3.6 3.6 I
| Bearing L.O. kg/cm? 2.7 2.6 2.65 ! '
Exh. Gas Manifold mm-Aq 18 39 65 | 5
1 P S R e S
, ' Inlet °C 28 30 a1 | |
Piston Cool F.W. ! . !
;. Outlet “C 35 38 40
o o —— . . .
Cylinder Cool . Inlet °C 32 33 40 l
FW. loutlet| <« 37 42 50|
Fuel Valve Cool | Inlet | “C 36 4 ! 48
- FW.loutlet”  “C 37 ! 42 49
R T
Air Cooler Cool | Inlet °C 0 | a ' oa :
S.W. i Outlet i 22 ’ 25 27 r
Temperature |_ . - e ! _ ] o
Exh.Gas(Cylinder Outlet)  °C 245 i 299 351
Exh.Gas(Turbine Inlet) “C 319 384 446
Exh.Gas(Turbine Outlet) °C 255 l 294 326
1 °C 25 33 ‘ 43
Air 2 °C 27 36 47
(Air Cooler Outlet) 3 e _ _ — i
3 o - _ ]
Room Temperature | “C i 19 18 ' 20
. o e N
‘ ! I Specific Gravity Viscosity Lower Calorific Value,
_ Fuel 0il ' Qatar ] 15/4°C Redwood 50°C Kcal/kg |
| i 31.1 1 9,940 i

|
1




Table 3.4 Summary of Engine Performance

Test No.

3 (Nozzie 0.95¢X 10X 125%)

Kind of Fuel Oil used

Qatar(Injection Timing —2°C)

Load I o s0 |73 100 |
| :
Duration of Test { min 40min | 4Imin 40min
Revolution rpm 94.7 © 107.3 118.8
! rpm | 4,90 | 6,300 | 7,650 |
2 rpm 5,000 6,500 | 7,900
Revolution of Charger i
3 rpm — — | —
4 rpm — — i —
el R . R B _ ———
! Mean Indicated Pressure kg/cm? 6.43 8.153 " 9.67 i
| Max. Pressure/Compression Pressure kg/cm? 36/38 65/45 | 74/52 [
| Indicated Horse Power PSi | 8,009 11,518 |15,097 |
Brake Horse Power PSe 16,913 {10,299 , 13,781
| Mechanical Efficiency % 86.3 89.4 | 913 |
| Thermal Efficiency L % 40. 6 s 0T
[ Fuel Rate : g/PSe/h | 156.8 l 153.4 | 156.5 |
{ Cylinder Consumption | g/PSe/h | 2.17 | 1.66 | 1.37
| Load Index X110 4.9 6.37 . 7.85
! Scavenging Air kg/cm? 0.32 0.59 0.93
i Cross Pin L.O. kg/cm? 3.32 3.3 3.3
' Cylinder Cool F.W. kg/cm? 1.75 1.75 1.75
Pressure .
| Piston Cool F.W. kg/cm? 3.6 3.6 3.6
i Bearing L.O. kg/cm? 2.85 2.82 2.8
’ Exh. Gas Manifold mm-Aq 20 42 65
‘ i O . e e
: . Inlet °C 29 30 31
I Piston Cool F.W, !
) Outlet °C 36 39 41
Cylinder Cool Inlet °C 36 39 42
| F.W. | Outlet °C 42 46 51
| Fuel Valve Cool Inlet °C 40 | 45 I 9
; FW.  Outlet °C 41 46 ! 51
3 ‘ Air Cooler Cool ~ Inlet ‘¢ 21 21 | 21 ‘
! SW. oOutlet  °C 23 25 I 27|
i Temperature ‘ . ; ,
i Exh.Gas(Cylinder Outlet) °C 253 305 352
; Exh.Gas(Turbine Inlet) °C 335 ! 399 ‘ 451
| Exh.Gas(Turbine Outlet) °C 258 1 299 i 328
; - f ' :
f 3 : 1 ‘ °C 27 1 s | w
i Air |2 ’ °C 30 | 38 | 48
‘ (Air Cooler Outlet) 3 | °c - | — —
|
| IR e ; - —
; Room Temperature °C | 21 i 22 ! 23
; ! Specific Gravity ’ Viscosity |L0wer Calorific Value
Fuel Oil Qatar I 15/4°C I Redwood 50°C | Kcal/kg
: i 0.8212 | 311 i 9,940




Table 3.3 Summary of Engine Performance
; i I '
! Test No. 4 (Nozzle 0.87¢X 12X 125%)
Kind of Fuel Oil used l Qatar(45°C heating)
Load % ' 0 1o w00 |
Duration of Test min 30min | 30min 30min | !
i Revolution rpm 9+.6 i 107.6 I 117.4 '
R, _— S _ LI S _ !
' 1 rpm ‘ 4,850 6, 500 7,700 | |
2 m 4,950 | 6,650 | 7,900 !
Revolution of Charger P >
3 rpm — - —
4 rpm — — —
Mean Indicated Pressure kg/cm? 6.57 8.30 9.82 ¢ ,
Max. Pressure/Compression Pressure kg/cm? 57/38 65/43 72/51 :
Indicated Horse Power PSi 8,166 11,740 15,150 i
Brake Horse Power PSe 6,906 10,308 - 13,618 i :
Mechanical Efficiency % 84.6 i 87.8 89.9
Thermal Efficiency % 40.6 l 10.3 40.6 ‘
Fuel Rate g/PSe/h 156.7 ' 158.0 156.6 | |
Cylinder Consumption g/PSe/h 2.18 \ 1. 65 1.35 ' '
i Load Index X/10 5.5 t 6.7 8.15 !
Scavenging Air kg/cm? 0.32 0.62 0.94 !
Cross Pin L.O. kg/cm? 3.5 3.45 3.5 !
Cylinder Cool F.W. kg/cm? 1.75 1.75 1.75 |
Pressure i \
Piston Cool. F.W. kg/cm? 3.7 3.7 3.7 {
. Bearing L.O. kg/cm? 2.65 2.55 2.52 i
l Exh. Gas Manifold mm-Aq 25 43 64 |
——— e e : —_— !
. Inlet | °C 25 29 29
Piston Cool F.W. |
‘ Outlet! °C 31 37 38 ,
! Cylinder Cool Inlet ! °C 33 40 44
l F.W. | Outlet | °C 39 46 50
| Fuel Valve Cool ~ Inlet °C 37 as | 50
r F.W.  Outlet °C 38 46 51
. —
l Air Cooler Cool Inlet °C 20 ! 20 20
S.W.. Outlet °C 22 23 27
Temperature I - JE
Exh.Gas(Cylinder Outlet) °C 244 305 347
Exh.Gas(Turbine Inlet) °C 329 401 450 ‘
Exh.Gas(Turbine Outlet) °C 256 298 323 ‘
1 °C 26 34 a2 !
Air 2 °C 28 37 16 |
(Air Cooler Outlet) 3 °C — — — |
4 “C ’ — — — )
I Room Temperature °C 20 “ 20 19 ‘
Specific Gravity Viscosity Lower Calorific \'alue'
Fuel Oil Qatar 15/4°C Redwood 50°C Kcal/kg
0. 8212 31.1 9, 940
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Table 3.6 Summary of Engine Performance

| Test No.

S 6 (Nozzle 0.87¢X 12X 125°)
Kind of Fuel Oil used Qatar
Load % | s0 | 70 . 100 ! I 100
Duration of Test min 30min  30min ; 30min . 35min
Revolution rpm 93.2' 108.1: 118.51 118.1
| 1 | rpm [4,850 |6,550 | 8,000 7,800
. {2 ! rpm |4,90 {6,700 |8,200 8,000
Revolution of Charger 5
R e e -
[ il
Mean Indicated Pressure kg/cm? 6.63 8. 35 9. 88 9. 88!
' Max. Pressure/Compression Pressure kg/cm? | 57/38 1 66/451 76/53 77/33 l
{ Indicated Horse Power PSi | 8,127 11,866 15,39 13, 344
| Brake Horse Power PSe 6,804 '10, 356 l13, 746 13,700
Mechanical Efficiency % | 83.7, 87.3. 89.3 89.3
Thermal Efficiency % 40.8  40.4 : 38.9 38.7
Fuel Rate g/PSe/h[ 156. 1 157.5 . 163.7 ¢ 163.6
Cylinder Consumption g/PSe/h 2.16 1.64 1. 35 1.35
Load Index X/10 4.9' 6.5 8.25 S
— — . : : :
Scavenging Air kg/cm? 0.32 0.64 1.02 0.98,
Cross Pin L.O. kg/cm? 3.4 3.4 3.4 3.35
Cylinder Cool F.W. kg/cm? 1.75 1.75 1.75 1.75
Pressure .
Piston Cool F.W. kg/cm? 3.7 3.7 3.7 3.7
Bearing L.O. kg/cm? 2.52 2.47 2. 46 2.45
\ Exh. Gas Manifold mm-Aqg 20 40 70 70
! i Inlet °C 28 31 31 28
. Piston Cool F.W.
i Outlet °C 34 39 41 37
| [
| Cvlinder Cool Inlet °C 34 l 41 45 39 |
_ FW. 1 outlet  °C LRI 53 48
" Fuel Valve Cool Inlet | °C 38 47 52 47
| F.W- Outlet | °C 39 48 54 48
! Air Cooler Cool Inlet ; °C 2t 21 21 ; 21 ¢
i SW. | Outlet” °C | 22 24 28 27
Temperature ] i . _—
Exh.Gas(Cylinder Outlet)| °C 244 | 308 362 354
Exh.Gas(Turbine Inlet) ‘ °C 330 i 403 169 461
Exh.Gas(Turbine Outlet) °C 255 ! 297 333 1 332 !
bl e 26 36 16 44
Air 2 I °C 29 39 51 48
(Air Cooler Outlet)) 3 | o . - - _
4 °C - | - f— —
Room Temperature 19 i 20 I 20 | 19
o — : i ! ]
Specific Gravity Viscosity Lower Calorific Value
' !
. Fuel Oil I 15/4°C i Redwood 50°C Kcal/kg
' + Qatar 0. 8212 , . 31,1 9,940
Diesel Oil 0.8727 37.8 10, 000
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Table 4.1 Character of Mixed Wax Rich Crude Oil

Kind of | : Tiws Specific Gravity Viscosity ' .
Crude Oil | Ratio of Mixing (15/,°C) (Redwood No. 1) | Wax(%)
I Wafra+Kanokawa 2.3% ; 0.9250 120 sec at 8 ¢ i 2.8
I Qatar+Kanokawa 5% 0. 8453 ' 94 sec at 5 °C 4.3
I
4.3.3 M AHER

B AT B0 & O At A A M Lic,
@ WE ARk
SJ- 5 AT TRIGAEE L, Bancxd T 5 i B omtAt:, S8l LN L,
b [EEEE Sy ¥
Ay X UORMCHT AMAE X WA T2 OB EER T L Sy F AL, BHERL T
=R (o
€ BN
HEHRE LTHAIRTWA7Y 7V a vy 7y FIIEBEHC IS5 KOufEER TSR
HOTINEHHTEEFLYER L, mHR OB & LEHE L,
14 B B # R
441 6 B B plh (Table 2.1 and 4. 1)
.32 —gistasREs (Table 4.2)
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@ B (Fig+.3)
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Table 4.3 Summary of Purifier PPerformance by Wax Rich Crude Oil

i
'

Kind of Capcity | Progress o ; Sludge (Vol. %) Water (Vol. %)
No. | . Purified Time  Oil Temp. B — . T [
: Crude Oil ! | : o Before After Before After |
‘ (/b (min.) | O Puri, Puri. Puri. | Puri.
— S i DN — SO T
‘* o 8 411 2.17 ¢ 7.2 3.0
- 5 8 4.36 3.49 | 7.6 32
! Mixed |
! 100 10 8 4.33 3.73 ! 7.6 3.8
: "Crude Oil | '
] 20 8.5 5. 14 4,47 7.4 5.6
\ j
\ 30 8.5 5.30 1.35 | 7.9 6.6 i
0 45 1. 14 0.42 ) 7.5 l 1.2
Mixed 5 0 1.25 | 0.51 4 1.9 |
! I i
2 |Crude 0Oil] 100 10 50 1.29 0.99 ° 7.4 5.8
(Heating) 22 8 L4 0.73 7.2 7.0
' : 30 42 1.18 1.22 7.5 | 7.0
| | ! ! | ' i f
i ! i o | 3 1.60 2.02 0.6 | 0.0 |
x [ 5 5 4.83 252 0.5 | 0.0 l
: 100 | 10 5 4.66 2.24 { 0.4 | 0.0 |
: .
: | i 0 | 5 5.17 a2 0.6 0.05 |
I Mixed , j ‘ '
3 ' 30 5 5.20 415 | 0.6 i 0.05
CrudeoOirty _ . | o ! i . '
} [ 250 | 5 5 4.29 3.24 0.5 ! 0.0 l
N B I S S I |_ R
i :
[ | 0 5 4.19 2.85 l 0.5 0.0 |
300 !
' 5 5 4.02 3.07 ‘ 0.5 0.0 |
!
Table 4.4 Analysis of Sludge
' |
Kind of Candition ; Residue  Wax at
ind o ) ) o ) o . ~ Water Ash in
! Crude Oil Temperature Capacity Progress ! benzole 0%
Purified Purified Time Y . e ,
S o i Uy (miny_ - CVOL%) [(WE 9) (W %) (We.%6)
Crlxed I 8.5 100 30 31 0.42 7. 15
— el ————
Mixed - | e |
: Crude Oil ] 45 100 : 30 74 v 0.77 0.77 ! 0.9
. RS B N e S
colxed I 5 120 30 50 0.21, 1.6 5.7
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Table 5.2 Purifier Side Gas Density

| 0Oil Used Qatar Heavy Fuel
R § ~ | |
| Measuring Condition Not Covered (16°C) ) Covered (19°C) On Board
I
| Capacity Purified (1/h) 2,000 2,000 | 2,000 { 2,000 l 2,000 - 2,000 500 500
| i ; ‘
‘l Temperature (°C) ' 21 21" 46 46 | 40 40 70 70
L PR — - ; ._i,,- [
Time from Starting (min.) 10 30 10 30 10 30 30, 60
e T
Inside of Cover 100 100 | 100 - 100 ;
| 1 |
Vent. Pipe on Cover 100 1001 100 100
! Outlet of Purified Oil 100| 100! 100, 100 Ar(OZ“O‘Sd Argﬁ)‘id 10 10
| Outlet of Impurity Oil 100 100 100, 100 0 0
i
; Outlet of Sludge 20 22 25 ‘ 21 0 0
Gas | Gear Box 0 0 0 [ 0 40 26
Density| Friction Clutch 0 o' 0 | 0
‘ ‘
' | Oil Scal of Pump 0 0 0 ; 0
! Uuder Bed 0 0 0 l 0 12 4
Sludge Tank 100 100 100 4 100 |
! Vent. Pipe of Sludge 16 20 40 l 35 .
' OQutside of Cover ‘ ' 19 4 o] 0
r s _ b ' . -

Table 5.3

Mcasurement Timing

While Filling

Density of Gas Measured at the Time

Measured Value (%)

of Filling the Tank

Temperature (°C)

Immediately after Filling Stopped

I min. after Filling
2 min. after Filling
3 min. after Filling
4+ min. after Filling
5 miu. after Filling
6 miu. after Filling

7 min. after Filling

Stopped
Stopped
Stopped
Stopped
Stopped
Stopped
Stopped

@
| > 100 | > 100
| > 100[ > 100
! > 100 > 100
> 100 > 100 19
: 80 > 100!
f 10 80
:' 2 60
! 2 i 4
i ol 0
_ P —_—




Table 5.4 Density of Gas Generated from Residual Oil

Measurement Timing Gas Density Range Temperature
i Immediately after Disconnection of Flange Dangerous 19°
i After having Drained Residual Oil Explosive 4
Flange% 1 hr. after having Blown off with Air for 1 min. 7 ! v
7 v 4 # 15 min. Safe Warning t v
24 hr. after having Ventilated % I y
i

After having Drained Residual Oil . e o
" Tank (Measured at Lower Parts of Tank) Warning-dangerous 19
: |
2 hr. after having Ventilated Safe v !
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