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Investigations on Combustion of Crude Oil
for Marine Boilers

Recently various investigations have been made to improve operating economy of
ships. As for oill tankers remarkable saving in fuel cost would be expected, if crude oil
can be used as fuel for their own boilers instead of heavy bunker oil, which is more
expensive than crude oil at present.

In some Japanese public utility power plants, crude oil has been already put to pra-
ctical use for main steam generators without any difficulty after the experimental run.
However several investigations and additional experiments should be necessary in order
to ascertain safety and applicability of crude oil in marine purposes, because more relia-
bility and better durability are required for the machinery onboard.

Following experiments were carried out to obtain necessary information as to the

property of various equipments to handle and treat crude oil for burning as fuel.

1. Kinds of tests and experiments
1. 1 Effectiveness test of settling tank for separation of sludge and water in crude oil
under various conditions.

Two kinds of crude oil with different viscosity were used as the samples.
Certain amount of water was mixed with crude oil before it was led into the
settling tank. Effectiveness of settling was measured for these samples under the
various temperature and heating conditions shown in Table 3.1. The diagramatic
sketch of the test equipment is shown in Fig. 3. 1.

1. 2 Characteristic and endurance test for various types of oil burning pump to asce-
rtain their adaptability for crude oil.

Three types of pump, i. e. gear pump, screw pump and plunger pump, were
tested. These pumps were operated for about 1,000 hours in total under the
delivery pressure of 20 kg/cm?, 40 kg/cm? and 60 kg/cm?, and wearing condition
was inspected. Meanwhile cavitation characteristics were investigated varying
temperature of oil and suction head.

The schedule and the condition of the above tests were shown in Teble 4. 1
and 4.2.

. 3 Experiment for separation of light fraction contained in crude oil by experimental
simple distilling plant.

Present ship’s regulation codes have some limitations for the flash point of

fuel oil to be led into the engine room, and generally crude oil does not conform
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2.

2.

to the above limitations unless some measures or treatments are applied in order
to raise a flash point.

The test plant is of vacuum distillation type with electric preheater and
water ejector, having the capacity of about 500 //hr under the vacuum of 500mmHg,
the diagram of which is shown in Fig. 5.1.

Required preheating temperature, rate of vacuum, amount of separated light
fraction, flash point of residual o0il and other data were measured for the every
operatng condition shown in Table 5.1.

Actual firing test in an experimental furnace to observe combustion characteristics
of crude oil comparing with heavy oil.

Prior to the firing test atomizing characteristics were checked about the
various types of atomizers to be used by means of an observation tank shown in
Fig. 6.3, under the conditions as shown in Table 6.2.

Diagram of the firing test equipment and sectional view of the furnace are
shown in Fig. 6.1 and Fig. 6.2 respectively. Fig. 6.5, Fig. 6.6 and Fig. 6.7
show the type of burners and atomizers used.

Characteristics of crude oil and heavy oil are shown in Table 6.1 and Fig.
6.8, 6.9.

The firing tests were carried out for the above burners under the various
conditions shown in Table 6.3, comparing crude oil with heavy oil. In addition
to the above, combustion stability was checked when the considerable amount of
water was mixed with crude oil, injected by the apparatus shown in Fig. 6.4, and

also when a sudden change of oil pressure occured.

Test Results

1

Settling tank test
The effectiveness of settling can be expressed by the ‘‘Rate of remains’’,

which means as follows ;

amount of water remaining after settling
amount of water mixed before settling

Rate of remains (3,) =

Test results are summarized in Table 3.2, 3.3, and Fig. 3.3 to 3.11.
Pump operation test

Table 4.3 and Table 4.4 are the summary of the results of the endurance
test and cavitation test respectively.

Measurements of main wearing parts during and after endurance run are

shown in Table 4.6 to 4.8.

2. 3 Distilling test

Measurements for the every operating condition are indicated in Table 5.4-1

—_ i =



and 5.4-2, and also plotted in Fig. 5.2, 5.3.

Characteristics of residual oil after removing light fraction is described in
Table 5.6.

From the abovementioned results the required vacuum and preheating tem-
perature to raise a flash point of residual oil up to 65.5°C are listed in Table 5.5
and plotted in Fig. 5.4 with the yield rates of heavy and light fractions.
Atomizing and firing test

Oil flow characteristics of every atomizer for crude oil and heavy oil are
plotted in Fig. 6.10, 6.11, and 6.12. Discharge coefficient of mechanical atomizer
and steam consumption for steam atomizer etc. are shown in Fig. 6.19 to 6.26 for
reference.

As for the combustion characteristics following items were investigated and
measured.

a) Minimum excess air rate to get clear smokeless combustion. Fig. 6.13

b) Flame length. Fig. 6. 14

¢) Amount of residue sticked on the surface of the water-cooled probe mounted
inside the furnace Fig. 6.15, 6.16

d) Distribution of flame temperature. Fig. 6.18

e) Gas temperature leaving furnace. Fig. 6.17

As the stability test it was observed that the flame of the crude oil seems
to be as stable as that of the heavy oil under the given disturbances of draft and
oil pressure. The flame was sufficiently stable even when 20% of water were
mixed in the crude oil just before entering the atomizers.

Safety

As known already, crude oil is available for boilers as fuel. However, it
has not become popular in practice on accounting the hazard of flamability by its
gasified disposition. Accordingly, the authors carried out extended works for the
hazard evalution in the case of using crude oil in practice and for the means of
burning crude oil safely. As the results, the density of flamable gases leaked

from the fuel piping was less than expectation even in the vicinity of boilers.

Conclusion

As a result of the above tests and experiments, we came to the following conclusion.

Crude oil can be burnt directly in boilers practically and rather easily compared

with heavy oil.

Conventional heavy oil burners of various types can be used for crude oil without

any essential modification. Three kinds of oil burning pumps tested are sufficiently app-

licable for handling crude oil, although screw pump is most preferable, if they are designed

— iii —



with some consideration as to low viscosity and high volatility of crude oil.

As for the safety, it is reported that the concentration of the combustible gas reaches
its lower inflammability limit just in small height of range above the oil surface. More-
over this gas mixture can be scavenged rapidly by the ventilation. So the utilization of
crude oil is not so dangerous as expected, if some suitable ventilation system for engine
room and/or local scavenging system around the oil handling equipments are applied.

Flash point can be raised up to the required temperature (65.5°C) conforming to the
regulation code, by means of simple distilling plant, which may be installed in pump room
of an actual tanker. In this case, no special consideration will be necessary for the design

of pipings and other burning equipments in the conventional engine room.
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Test No. . Water Content Heating Condition & Temp. . Kind of Crude Oil

! |
1 . 30°C Wafra
2 No Heating 20°C Gachsarahn
! 3 20°C
- 2 /go» R —

4 ) 40°C Wafra
Heating with

o
_5 Electric Heater . 60°C e e e - .
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7 10% No Heatmg . 20°C Wafra
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c) MEDEBIROMEE T~
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Table 3.2 Measurement for Settling Test
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Test No. { 1 A R T s 6 \ 7
Kind of Cmde 0Oil 1 Wafra Gach. ~ Wafra Gach. ' Wafra
0il Quantlty ! [ 1463 ‘ 1462 | 1464 [ 1464 | 1460 [ 1465 { 1390
i Water Quantity ! l 35 38 ] 5 { 40 ) 3 ‘ 35 \ 150
‘Water Content % i 2,34 2.53 | 2.46 | 213 \ 2.86 ‘ 9,33 ‘ 9.75
Heating Condmon % No Heating l Heating
Oil Temp. °C 31 | 18 | 23 ‘ 40 l 60 l 60 ' 19
- T N I T Ty T R T/ ¢ | ) - i - Ari]i - T
% 0.8 | 0.9 1 1.2 4] 1.2 | 1! 5.4
Ist Layer | 3 03¢ 036 0.4 o51] 0 04T 0.55
z - ;T : : : -
g % 0.8 1.0 1.6 1.8 1.6 | L1 7.0
g | Layer [ i 0.34! 0.40| 0.65 0. 66 0.56 | 0.47 0.72
Q - - 7 - - |
: % 12 13 2.0 2.2 2.0 16! 8.2
g | drdlaver o 0.51 0.51] o8l| 08 070, 0.6 0. 84
B | = R e : C
% L1 1.6 2.0 | 26 2.0 18 8.2
& 4th Layer 7r 0.47 | 0.63 0.81 | 0.95 ! 0.70 | 0.77 . 0.84
I - . . el
K % 151 18! 2.0 2.6 | 20! 1o 8.8
& Sth Layer | 27 0.64 | 0.71 . 0.81 0.95 | 0.70 | 0.82 i 0.90
& ‘, : !
% 89.0 70.0 89.0 9.0 ! 66.0 76.0
6th Layer 80| 2.7 362 330! 28.3 78.0
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Table 3.3 Variation of 5r with Time

Settling Time after 3hr  after 6hr | after 12hr

Sampling Point Rate of Remains (7r)

. ' i
Ist Layer 0.68 0.55 . 0.53 ,
2nd Layer 0. 62 0.72 0.72
4th Layer 0.88 0. 84 0.82
5th Layer 0.98 1.02 1.07
6th Layer 6.33 7.80 7.20
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Kind of Oil: Wafra, Water Content 9.8%, Temp. 19°C Kind of Oil: Gachsarahn
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Fig. 3.10 Variation of 5 with Time Fig. 3.11 Water Content vs. Viscosity
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L, ZOMBARBCEM UL L S REKAE LT, ZORECL->TEE ZHNEN
NIRRT BHDCTH> HLDBAFER LCRES 52 BB ES R RETH 5,
PEOZ e AMBIC L 2B RRBBONLLHCHT 2D THY, iz iete LTHE
AT5ANRINBEKAEBERLPCPEEPRPEOBETR Ly MY VIR BELENEZHT ST
LRTERV, RRBHEBAIC ST 5 FIMRERK PR Bt -z 54 v /85550 T, Th
ey b)Y SRR AFERBIERRBCTESZDT, ZONAEOREOMBLAG LG 1Y
WETZ2—POBENCKZEELD,

3.4.2 BLORHFOELENEy FPUVIHMBRILELEITHE
MRS & 2y M) YIS BREGRECEIIEPRBEOL A WD LR T
ey b)Yy 2y s RRBLEES, Fia0%ER2y b)) v 7R WA EET S RARR
HRIDEHNCHERT 2 ENTE S,
a) RhoFH (BARESOZD) KX rEW
BEBREMOAPREREMID €y M) Y IHRENRIWEEZ ONBA, KRBT Test
No. 273 o & KO MIIAH b Tnb, LiLMELAESIR Test No.5./6 Dk Hic
o& D DFENDLbhin,
INRBRIBOIMMIC L 2B Mb o ek ®ThHAH D,
b) xy by VSV E— 2R ARMBL KBS
TOBAEMAT LI EnRBTLL AN TRAY, #lid Test No. 26 dZ & < bz » T
LAFDBRBBELR>T0D, CRRBEO LRI L AHEOR TS LT ANTFLHOLEED
BRI & 2 FRES A L pxtifis L CBRESOKAIC L 2R FORLOERE S X b ESH
7



DD EMEIND,
)y FY VI EVIRANBHICIMAL B4
Yy PY VTRV IRATHAT LB EDHERTHRV» I LREENCIERT A0,
Test No. 1/3 X5k b ULHREDE WL £ ¥V 7 K ANAEACREHONHS OB S
Mgk, €y P VIR E - TERREEE S,
d) kooikic & 5%
KRGEFHRENRE L o THERRR B F VLTI,
CNRKDBAFENRRA U ADCHESUHAESL T, —FOHBEUTOLOR LB LA VDL
RIS,
e) FsoZE
Fig. 3.10 R T X 5 i@ FII13E 6 ISAREE CRTML T EHME2 2T Tb R b &

DZEB?IL‘O



g4E RoTFTOBEHEER

4.1 gt R v 7
ARRc T 2 WBAR Y 7RKEO 3L Lic, Ry AR ~2m/h, HHIE A
T4 7 OETEHEAWRABEHELZRML e 60kg/cm’e #BRE L, BEEI C+OEKELETS
0% X HIFMER O 2 b DARBELRER IR L THIERFHET 2 X 58y PREZCHIE » kL
o
fts Ry THEENEEL kR Y TEES L CFIMER O LD EM LA ARKDOT & LTk b,

4.1.1 F¥+RRVT
a) Ry 7EH

e K THEYF v F#E HGI—25 M)
L R I = SR 20~60 kg/cmig

15 S < B 1.2m?/h

Eamomd R 3.5mé/h (970 rpm)

[ [ fi 970 rpm

, W m 4 R4 FrE R TR
b) MEERLEE LA A

(i) EMGEE « /MR - T O D RBIINC X 3 KRS RIE FLBRL, SIBHEEIc oW T
CHBELERORIBAY LD /IZ W ot,

(D) HREAREVAD, MENEAKRE LSO CRHROARCHEEL, Mmaxbii LT
{f T D BRI F b e,

(i) i X8R, BEABLLETIZENO LR Mo 25 ) e & 5 8464813
5L OIEmEL i,

(V) WZA 2B A~ Ry XT Y V7 2 f8 U o JERIHE -+ 2 5 ) — e & 5 iUt
My,

(v) FRORZ ) B X2 BRHAZEBRL 9xT7 )Y 77—k (4 F A RL) % 5
L, ANV YT v AFBERLEBOHMEL L, $AYIT Y V7L — Mo Soitipk
DL, WEEREETHHERVIE L,

(Vi) FIVFRyFURALY 780 F Y (BT~ 634)c £ 42 5 sy %y (€5
—§669) ML, MK/ Sy FVRGEAERRRL 5% 2V SRS v 20 Y v 2
FRY TRCAIC R TR Ui,

412 RCKXARVS
a) ®v 7 EA
iyl = FEEHHEHZ 7 ) 9K (MR GH-7-43 #)
—_ 9 —



L s VI § R 20~80 kg/cm?®g
H: H 4 2md/h

b I o s R s 3.72m%h (1,450 rpm i< C)
o [ B 1,450 rpm

W& W A BAAH NIRRT
b) WL EEL LA

(1) (SHEE - BEHORD F O OMAVERKREHE LR G0 4k T 100kg/cm? L ED
FhH%MLI 5830602 EA LA, ABEREC L 2EROBEEL LT LI BRLAKY
BENEESEMD 2 2 iofEe UTERASHEEXB 2 L 5RET LA,

(i) (B - EFEEHTOLD XY R Y —TRIL OBRAEZ KRB 0ENH D, el
LTWAWEA TV ERY) -7 L OMOERENHRELDNDHOT, Thik T shDRAY) ~7
WHEZSLIMTL, 4 VOREY 23— 7 ¢ ¥/ X DS @ THEEZ LW RN IE 2 F R
L7,

(i) FRKE S BWVWESIE, KEOET X 2HHBORT LK X 5 REAAMEIE %,
COBBERIET L TRAKSY TE B KT TR LElRAEE TS e s L 5 EHE
Lo % hRAKDOEE Y BEHNCEWCER CAAWRMH MM 2R THEL L,

(v) 73y Fy—aBrooRiiedlLTtrA4vy—veERL, TOFEETELREET
W aihEy PTRGAMI K ESRIREL L,

4.1.3 ERFVvRKBRVT

a) Rv7EH
iy} =¥ T 287 v Y » B (B8 HLS-2H &)
o R A 60 kg/cm’g
L A T 1 m3/h
B 1.205 m*/h (90 rpm)

Ju] [ b5 90 rpm
W& m £ 7 BN 13 T e 1
b) BWAEICERUBIE L s

(i) BRYPHADZ v v av£Y a— sk LTEY TRERBRERO BER Y 70l
L, PR/ ZRE—FRP T B X SEHEL K,

(i) 77V o v BEMOEBMIES LR 5 ) —Fic X 5 B ZE L REMCRERAREL
T EML i,

(i) /7Y F Sy FvRA2) 90 80Fy (EF— 8634 - €I 42y 7y F Y (EF
—$669) AL, ¥ty FVREEAERER L ISy F Y IR T V2V Y ¥ TRR
Ry TEAlIRTHEES L,

G(v) £y THEEHORE»HRET 3D HEREHS R Y THHMIKRD Shic ZRETR
BECKS L ESERENKELLVERNTLVOT, AEREENRM» D OELTES
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4.3 H B 5

PBRERLL TR~ - T3 48T F2— 01— 2 %A L%,

4. 2 A B ¥ &

AREFERR Fig. 4.1 K RTEHDTH 2,

()Plunger Pump
(Im*/h x60Kg/cm?)

Remarks. @ Strainer

To Oil Tank

OO

From Oil Tank

@ Flow Meter
@ Press. Gauge @Press,‘RecO(der

@ Thermontéter @ Temp. Recorder

s Press Control 5 Relief Valve

Valve

Fig. 4.1 Diagram for Pump Endurance Test Equipment

&

4.3.1 ® X H B

REREDED 3HORARY P2 YHEEL, RBRARILIZEES ¢,
THBEN R BEECEL, SENEET L HfE REHTEBEICIELE S

ROFABWIRT S & ARy
P BELT2S

LI Ui, AETEERRZ 1,000 HRf% BFE & Ui,

Table 4.1 Schedule for Endurance Test

‘ Teét No. 1 Pump Delxvery Press Runnmg Tlme‘ B Oil ;I‘emp.‘ i K1;d of Oil . A“

1 : 20 kg/cm g : 40 hr i Amblent Temp. Eachsarahn -
2 ’ o Overhaul - - .
'3 __I__ ‘7}0.-_kg/cm2%~ i 120 h;" i Amble;;t Te_mp. | ;Gachsal;ahn ] _ w.
4 | Overhanl '

- 75. _Iv 60“k>g/;m2g l__ 60 hr - l Ambient Temp. : WGVa\chsarahn )

6 [ . Overhaul - 7 :

7 | 60 kg/cmig 760 hr 7 nt Temp. . Wafra

Remarks, (a)

(b)

Ambient Temp. Gachsarahn & Wafra

Overhaul

Setting of Delivery Press.
Delivery pressure of the pumps were set by adjusting the valves fitted at the
outlet of the oil flow meter for each pump delivery.

Overhaul

At each interval of running the pumps were stopped and overhauled, measuring
the dimensions of main parts to examine wearing.




432 *+EF—vavER

Bl didhic iR U C RGO SV S 2 ZATWAd, Ry TRANTO LKEOFRAE I D

LAk

(b) FyrEF5F—va”

#RBARY TEAEHOEKETIC X » T4
MEELFrETF—vaviglic

U B DIED TH B,

ey

Fbh DRI ERT -

EEZLNBZDTEAARY TOBGAENB L X RE T2 TRy TOREET, T4bb
FpEF—vaVvOREREETANK,
(a) F v bE7—vaviERHF
REBR Y TROARATRYRICERD bhuk
WEARThMAR T L YRR LG RCRT I L
CEEL, HMOBECODNTERARTIRA
CEOBAFEA X T+ + €T — v a v &5
HEXE, TOROBAENERDI,

Table 4.2 Schedule for Pump Cavitation Test

0il Temp

. Test N Kmd of Qil

l Amblent Temp.
h 20°C
9 Gachsarahn 50°C
80°C

i Ambient Temp.
) 20°C
‘ Wafra , 500C
: | 80°C

EIE TR I EAER

=) -

P TEHOE - RYBOWMEREHORD B LOCHHBEOLT{K L s THF+ ET—¥ a2 VD

FeA A HlT U A,

4. 4 A B & B

4.4.1 = B £ B
KiREro#t @iz Fig. 4.2 iR
T &< THbH, Test No. 4 B
it zE: Test No. 2 BIRUKED
R B Lk,

F /- Test No.6 i3 Test No.
5 B&EM) 60 kg/cm*g RERDE
TR % TORERTIC BB L Ao fRIS 9T
75 o te eI THAMRERD R P EA]
bk sTH v EF— ¥ a VAR
T o 7o

BRI BWTROAATH -
L3
(a) FYALY B WGEE
PR b A BT D7 7 v ¥
v IR+ bEERYSREE
WA, HITEHAEIE LETHOMW
MBAREL D, TOkHItH
vIrovxrrYy sy v — ¢

Delivery Press., Kg/cmg

Delivery Press., Kg cmn'g

Delivery Press., Kg,em?®g

Gear Pump
601 ==~ -==ammn .
Rerair Rerair i
© 5 Days 5 Days E Overhaul
s Batalt ¢ verhaul
Overhaul Switch to Waira
]
20 _|Ove[haul l E
L
2Days 2Days i -
oL |
0 40 15 229 237 340 1 88
35 ) T2 8731
l Time, hr
i Screw Pump i
[ - T
|1 :
Inspection '
10 of Screw H
|
Qverhaul Switch to Wafra  Overhaul
i
Overhaul '
20 I :
—JDays 2Days i 2Days
o 1 i
0 40 1% 229 1 925
35 Time, hr 7722 8731
Plunger Pump
60 _____
1
i
H
w© Overhau! Switch I!u Wafra  Qverhaul
1
i
Overhau! |
|
_1 )
2Days 2Days ! 2Days
0 ! |
0 40 156 228 H 932
3/5 Time, hr 72 8/31

Fig 4.2 Process of Pump Endurance Test
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(4 Fxa0) PEYEREELLLDICRBROZNTT V-t OBENLETRKo DT, KV
TOUBEL NEHEELE2 59T Y VI 7r— O BERRY AT WAL o7,
(b)) #VREYFORLAFOERMBIHL TS T &% Test No. 8 BIHBRANFICRER L, o
TREEPIC B0 57 VRAEY TORMBOHIERESDORELNS 2 L EXRETB LIV,
(¢) %A Y TWGAMIE R % % BRI CIT A o Ao le D RAURBE D ZAKIC GEV A ¥ Tt &
A Uiz,

4.4.2 WMARBRHAGE
A SRER D 3RS Bic oW T MO FH AR 2R T OR KW i 5 O TRAMKL HARERZIEL T
Table 4.3 KKRT,

4.4.3 *+EF—vavERHAER

MARBROZRPIC CREKC b DT okd v EF— ¥ 3 Y RBROF KR Table 4.4 /R
L THD, KBECR YRRV TRFYETF— ¥ a VOEKyHBC K DT HE L WO T
B o T,

Table 4.4 Results of Cavitation Test

|
|

‘ = l Gear Pump l Screw Pump
. o T Dam— R B T el e T — T T . T T Y P DE—
o) . . Condition when A [ . Condition when
Z E 8 | oil Ir]gctell?\l/ery _Cavitation_Occurred ' oil ' Ilf)lzll?\l,ery i Cavitation Occurred :
] 9 Delivery | Suction ! ' Delivery | Suction
& ME ".I‘e}'np:l L .l:r_e‘sisin_ Press. Press. | Te?r}p . P TeSS- | Press. Press. I
% j °C \ kg/cm’g i kg/cm'g ! mmHg ' °C i kg/cm?’g | kg/cm®g I mmHg !
sl 20 19.5 | 42 I 4 \ 0 19.5 530
T I o5 | 40 | o 9.5 440
| 20 19.5 | 430 | | 20 19.5 440 !
| 38 30 29 430 sg | 00 2 470
| 40 39 430 | ! 0 | 39 450
| N 50 49 430 .50 49 450
i . | g | 60 59 430 60 59 40 |
- O T T | 4w | » 1 a0
t O R e e e - -
i i L 10 10 9.5 250 |
| ' \ 20 o : ' 20 19.5 340 !
' ‘ l 53 1 0 | Cavitation occurred sy 30 29 370 !
i | 40 . under zero suction | 4 | 39 ! 380 |
i ‘ ‘ i ‘
: » L ‘ 50 | vacuum ‘ ) i © 360 |
60 ' ' 6 | 59 320 '
! i 20 o5 | 40 ' 2 9.5 ' 40
: | 42 | 0 39 ’ 470 l 42 40 39 480
} g 60 59 470 | 60 59 470
S0 8 } e - s — —
< = 20 19.5 50 ’ ‘ 20 19.5 250
' 59 40 39 210 63 40 39 270
[ ' ; 60 59 1 220 ~ 60 59 280




Table 4.5 Measurements of Noise

Dete Aug. 30, 63 Kind of Oil Wafra
Atmospheric Temp 27.6°C 0Oil Temp. 42°C

" Del. Press | Y B N

20 kg/cm?g 40 kg/cm?’g 60 kg/cm’g
Kind of Pump o ) o o
Gear Pump ! 8 phon ' 8 phon | 8 phon |

Screw Pump ‘ 77 phon ' 76.5 phon 77 phon
Plunger Pump | 9! phon i 94 phon | 96 phon ,

4.4.4 BERHRERS
A GUEREA B th D BBUR A 2 1775 » 2B D 25413 Table 4.6 75 Table4.8 & CicifiT o & < T

Table 4.6 Results of Overhauling for Gear Pump

sl
4(; ¢ TLTG

NNl

Y

) Gear 0.D. | Casmg ID ;-Gear Té‘%}i‘d;hi

Measuring Points - | i _—

E | F E' | F G L oH

) Dlmén—51;)n_5es1g;;d (mm) !A .-§2¢ ' 952“:;5_‘_ ] 27‘ ;
i _Pﬁev:a;o-n before‘T:éét (mr;l—) ’ +0.185 40. 185 +0. 045] +0. 030[ 0. oés_ ~0.035

-Test No Date Atmos“temp | | { o o
2 7_.Tda:1—.éa_“_m 50C 7‘10 185 4-0. 1_9_6|_+o 045 +0. 030[ -0.025 —0.030
6 April 16-63 | 1°C | +0.185 +0.190 +0.045 +o0. 030 —0 025 —0. 030
8 Sept 2-631 28°C o, 190' o, 195| +o0. 030] +0. 030 —o 035 —0.040

i

Driving Gear 1Following Gear ' Driving Gear |Following Gear |

Wearing Plate Thickness Shaft Dia. |  Shaft Dia. | Bearing 1.D. | Bearing LD.
T(J_)!Tl’(r) TD|THH A B | ¢ | p | A B | ¢ | oD
0 L wg ) ws | ws wp
+0.015 +0.010 0 0 0 ' 0 +0.020( +0.020' +0.025 +0.020

—0 030 +0.020° —0. 040 +0. 020 —0 010 —0. OIO‘ -0. 010 —0.010 +0.050 +0.040 +0.070 +0.045

] | [

—0 030] +0 020 +o0. 040] +0 015 -—-0 010 —0 010, —0 010 -0. 010 +O 055 —I—O 045 +0.070 -+0.060

) :

—0.050 -0. 050 —0.370 ——O 370 —0. 010 —0 010 —0 010 —0. 015 +O 065 +O 050 +0.075V +0.070

— 15 —



tu-{-—— -m—A—t- —1 .1. -1k 13
Follow g s««-—Eﬂ;-{c. _q}.%_gé_,___ - ;

Table 4.7 Results of Overhauling Mam Screw \
T, T
for Screw Pump - "I“""‘I'“_*’I“"‘ =1 Saan £
Hearing £ ] F
Following Screw e = (Fg——
e o IR b
Main Screw Major Dia. Main Screw Sleeve 1.D.
Measuring Points T : = - - ‘
A B | c D A B, C ' D,
D1men51ons Desxgned (mm) : 41, 275 gﬁ | 41,275 ¢

Devxatlon before Test (mm) i —0. 085’ —0 085 —0 085 —0. 085 +0.040 +0.025 +0.020 +0. 020|

Test No Date Atm. Temp

2 Mar. 11-63  5°C —o 080 —0.075 —0. 070 ~0.070 +0.045 +0.025 +0.030 +0.020
6 Apri66s  16°C —F 080 —0—0_7; _—0 070 —0.070 Toc;;;‘;a}so _+o 0_36 i?ozst
8 Sept 2-63 ; " agec | —o, 085’ ~0. 085 0. 0851_—0 o75w +0. 040 +0. 030 +0.030 +0.030
M Screw Minor Dia._ Maln S Be- Moin Scren

‘a \ b | ¢ 4 ! E F  E F’

o o765 32¢ 19_¢ _52;; 19¢
. +0*071"o +0. 6?51%1”5' +o 010‘ —0 035, —0.245 +0. 020l +0.021

I o
' +0 015 —o 005. To. 010‘ +0 005 —o0. 0301 o, 250} +0. 040[ -o. 170
" +0.010] —0. oos[ +o. oos( +o 005 —0.030 —0.250' +o 040] ~o 170
+o.0151 —o.065| 0 P +0. 005\ —o o3o —o 250 +o 050{ —o 150
i Followmg Screw MaJor D1a * Following SIchew Sleeve Hole {glalé)v%l;xgt}slcrew‘
le—' lB : 37c"—{'a3'1)» er’ }~ 1B’ 3c'_f 35’ LA | 3D“ |
- 247656 O arese '

e oni Y T

-~0.010‘ —0 0154 ——0 020i —0 025‘ +0. 040I +0. 030, +0. 015‘ +O 025 13 26 13 36
. . I
| ‘ A |

!

o . —o. 010, —o ozo. ~0.030 +o 040‘ 0. 030 +o 020 +o 010 13. 0 1317
o L —o. 010 —0.025 ~o. 0301 +0.040 +0.030, +0. ozo‘ +0.015 13 10l 13.15 |
— e e - e - —_— ———
' 0 0,030 —0.025 —0. 035, +0.040; +0. 035) +0.025 +0.020 1300 | 13,15 | ,

" Foll 11 i
Followmg Screw Ma]or Dia. ° owmg_ Sclr%w Sleeve-l‘l_cil-e_:” leoLCé—avxan‘.ng;{}?w}

''2A 2B 4C 4D 2A’ 2B 4C’ 4D’ ! 2A 4D

24 765 (,’> 24 765

f
’ —0.025 —0. 015 -0 02’5 -0. 030l -+0.040, +0.035 +0 025, 1‘0 025 13.36 13.33

‘—~__- B - T T !
' i 1

| [

I —0. 030 —O 015 —O 025 -—0 040' +O 035‘ +0 0351 +0 020| +0 020‘

I
r —0. 030‘ —0 020 —0 030 —0 040 +0 040 +0 035 +0. 020 +0.020 13.15 ’ l3 10

13, 17] 13.10

: —0.035; —0.030. —0.030. —0. 0451 +0.040, +0. 040‘ +0.030 +0 030, 13.15 I 13. 10
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Table 4.8 Results of Overhauling for Plunger Pump

? oo g0 0k B0eb— B 90 S
I@%ﬂ ——————]-

k Plunger 0.D. (Left)
Measuring Points - s
A | B ! c | o | E
: Dirﬁension Designed (mm) ‘ —45 1)
| Deviation before Test (m{x;r" ~0.019) —0.010 —0.011] —0.013] ~0.013
} Test No 71 7 Date IAtm Temp.
2 ‘-Nfar 63| s°C ‘ ~0.015 —0. 015| —o0. msl ~0.020 —0.020
6 Apr. 1663 | eoC —0—0—15 Y 015 —0. 020 0,020 020J —0.020
s 75;;2» 63] 28°C  —0.015 —0.015 0. 025 —o0. ozo: ~0.020
P Plunger 0. D (R)ght) 7_;
A B c ' D E |

45 ¢

—— ]

i e,
|

—0 Oll —0.012 —0. 015 ~0. 0]8 -0.016

| I | ' |
;

—O 010 —0 010 —0. 015[ —0. 015‘ —-0. 025

‘ 0. 010 —0. 015[-—0 020 —0. 020 —0.025

l —0 OIOi —0. 015‘ ——0 020‘ —0 040 —0 025

Valve Lift(Left)i V(*ﬁ?;h%)i ft

s | o s | 0D

4o7ol 2980; 4060 30001

4,030 | 2.890  4.000 I_é 895 '

4.030 2890‘ 4000] 2.900

4.0  2.920| 4.010] 2960.

4.5 HBERCHNTIEE
4.5.1 R £
—fc CEIIHO Ry P2 Ec ER LB Bt o B Fic X b BEARE WL b v T %
0, K ARBREOHBRADRR TR IMOMEAR Y L bisc i T2RED BERHED bR
Kot
HRRY TR 5 B8 2 - Tdt - THERTAbhTWw 32, i RkoEMARY 7
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LRER R o COBRTRA A LI RRUABREOZER ¥ 2 R LTI Ll e &
LINT Lhibh o,

4.5.2 FhPROERSHN Ry TOHECKELZTEE

T RS OIS E S HENEAE IR TV DT, RSP C4RE > TRy T
AL, EELWEAERF »ETF— v a VEIRE KL TRY TOELY RS 2 L2 iR s vz,

Blic MR ST E D iz oo & b 2 R OB, ¥ A—BASIEH O FHE SO 554 W6A e &
BleE o BN 2B REOBRHLASZEE I N,

KBBURIC TIT b : vy €5 — v 3 VRROBERIC L D, Bz SIEE0 £ TIRIAR
DEHHBET D L BELA LB EZEONT LD, BAEF+EF— v a3 vV RECELTED
LB ELKKROERC L B REEBRAE X T HDBECHTEEMBBELE LN FE X h
o

4.5.3 BMEEZRELOIOKMORER

JSalia B 258 Z a0 Rille bR /NI 1 5 (35 E B, AKRBICHER SR E
YRARYZTREAFO 7 v Foty Fvhifiibh, FAaxPRRYy B AA VY -0 FRAEH
Nico 777V Fy TRy FVYORMOLDELORBHIZRMT D\, ER L AR l4g/h
BRETHo7ch, ZOBREDDDORBIITiobNicEaRBOE X3 ST 2 BER L,
F YRR IR A A vy — v i CRIBIZIE & A E KRt & 0 Bt LT b +4r
MR LT WD 2 B2 B,

454 B % B =
AGREC & D SR SN AR E MO EE 7oy b UTHD & IRIEL O BRI ERE)
FAMEF UL, BRI —E CREESTAZRMECIIRRIETT 5, HEFC L 228y
DBBVIREE LV, TNRLDBIREH O LOHHEINIL &HTHDRERLHR A Y PONILK
B (B2 7 V% T v 20 KN XD KIEWCER R 21 5 LRSI D DT B4R 2 #Hsi

Z
TR HCRYEX S, (Fig. 4.3 )

4.5.5 REXKRYTOEBICHT SEME
AKABRICHEHENALSHOR Y PRENENTOMAD | Flic §E 50D C & BRI X b 3
BMROBEXRT DT LR TERVE, B TE<REECR P YRBY TR EREEINE L, 11T
EPRENEL SO 2 MR LCHY, 27 Y a2~ LBV TR E LW, 3 WL b
A U THRIC REBA e i Ao,
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Vol. Efficiency, %

Vol. Efficiency, %

Fig. 4.3 Volumetric Efficiency based on the Results of Pump Tests (Gachsarahn & Wafra)
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RAET 7 VY PO TREZEFRE LTHHBEOBEN B KT €7 2 5 e Licdt, ChiERKC
A& UCBIET 28RO HRCEZ B OND L E L bR,
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Fig. 5.1 Diagram of Experimental Distilling Plant
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Table 5.1

Operatlon No

Operatlon Vaccum '011 Temp Leaving Heater

Schedule of Distilling Test

" Kind of Oil

D T e00-1G__ S 240°C -
) 600526 600 mmHg = s10Cc” T !
3T TTs0051 G ” 205°
- —2 - - zgg_; (G; 500 mmHg 22002 Gachsarahn
[ _ T e S
! 5 T 400-1G _ 240°C
: 6 | TTa0-2G6 400 mmHg | - g5 |
N 600- | W L

g 1 goo-2w | 600 mmHg 930°C

T e 500-1W 250°C

10 " s00-2W 500 mmHg - 210°C Wafra

: 1T T 0w | T T TOTTTT T 2a°C
T e T ]_‘ 400-2W 400 mmHg 9750 C -

5.2.2 HALIUBVYTUYYITDFE
(a) & il

EARERBS A RE S T 2 BiRERIREY | B HEH L, O TiLodtil%« 117 » %,

(i)

NAwy 7TV OEEERER R T EROFRALAR 7 E (1057R5k)

FHEIL 7,

(i) FEMiHh (BRkhhe LCHRA T3 3 0) Bkha 5B (155 KL &,

Gi) ®E#H GHEERUEL 5H) Jkha TEERRL 2,
(v) HkEy PRI EZ £,
FRILL Foo
(b) ikt Srbr
LR TIRIRU 2 EE kD Z & <R
(1) EifhRhI R 2 178 - 720
(il) BEABARR L ERE T8,

i LORIEE LA,

(i) H2ARERAR 70275 TR I D2BITRIER T o7,

523 B & X B
BB A M & U CRRT B

Table 5.2 Specimen for Corrosion Test

Spe(l‘:\;:’nen Mater1a1 of SpeCJmen Spetl:\}‘r)nen
1| sBss oy SUS33(18-8Mo)
2 SUS21 (13Cr) 5 2S(Pure Aluminium)
3 SUS27 (18-8) 6 525 (Aluminium Alloy)

Remarks 1.

5.3 X B B &
5.3.1 HgHEhOHER
REMCHAL ZBMO SRk Table 5.3 o0& {TH 5,

— 91 —

Materxal of Spec1men Spe(I:\}:)nen Matenal of Specxmen

7
8
9

XK & & HIcEE I ey PRCEL LA 20 Rk 1]

4, WERRBOFEISMERRY (i 0B8R2 2 2 ®
Fig. 5.1 ©R$T T &L ANEShissMny 77 v bR Table 5.2 i) i e ikBR b % 3%

L7

BSB
PBC(Phosphor Bronze)
Cu (Pure Copper)

Specimen No. 3 was tested with 2 different dimensions of thickness.



Table 5.3 Characteristics of Crude Qil usd for Distilling Test

Kmd of Crude 011

Qpecxflc Gravity
Gravity A.P.1
Aniline Point
Flash Point

| Fire Point

: Viscosity 16 °C

l 26 °C
Redwood 30 °C

Water Content

Carbon Residue

Ash Content

Hard Asphaly

Sulfur (Bomb)

Diesel Index

Thermal Value (Gross)

15/40C 0.
60°F 28.
°C 73
°C 16
°C 16
107

Sec. —
% 0.
% s
% 0.
% 2.
% 0.
% 46.
kg 10, 600

kcal

5.3.2 EHBHEBRCHTIEAUER

Aiid 5.2.1 REEBWEREL - RRO AR O Fig{#ix Table 5.4 £ L8
HAUKE R ¢ Test No. 2, 3 X0 11 1K\ TARUHE
GEMMPCR + BEMBEZ N D) 28 100B%#2 T3 ORI

Fig. 5.3 WRT LK TH B,

Tk,

Gachsarahn
884 0.904 0.91
48 | 24. 94 23,23
, 78 77
32 25
53 —
- CoT
| 167 ! 200
20 ! 0.20 * Trace
.36 6.87 7.77
02 0.02 0.02
40 3.17 3.05
02 0.02 ' 0.02
6 43.0 39.7

10, 500

10,430

AXETHDBLH

Table 5.4-A Measurements for Distilling Test

Test No.

Operation No.

Kmd of Crude 0il

Crude 011 Supphed
Residual Oil Obtained
Light Oil Obtained
Crude Oil Density
Residual Oil Density
Light Qil Density

Flash Point

Yield Rate (Res. Oil)
Yield Rate (Light Oil)
Total Yield Rate

Qil Heater Inlet Temp.
Oil Heater Outlet Temp.
Electric Heater Outlet Temp.

. Electric Heater Outlet Press.

‘ 011 Press. at the Inlet of Tower

' Vaccum in Tower
 Oil Temp. in Tower
» Vapour Temp. in Tower

. Residual Oil Pump Delivery Press. kg/cm’g:

1

' 600-1G |
|
I/h 473.5
I/h 313.3
l/h 114.6
15/4 °C, 0.902
15/4 °C  0.944
‘15/4 °C.  0.784 .
°C ¢ 86.0
wt % 68.5
wt % 20.9
wt % 89.4
°C 36.0
°C 104.2
°C + 240.5
kg/cm’g 5.0
kg/em’g 1.68
. mmHg 600.0 ’
°C 180.7
°C 156.0 |
3.3 |

3.3 3.4 3.4

— 22 —

l

10,

330

Trace
6.77
0.02
3. 67
0.02

36. 87

400

Fig. 5.2 kv

NI T T
600-2G | 500-1G | 500-2G | 400-1G }
Gachsarahn
4362 4300 492.0  451.0
328.6 | 346.0  366.7  338.6
121.7 ' 105. 2 128.0 113.4
0. 902 ‘ 0.902  0.902  0.902
0.932 0.924 0.93¢  0.93%
0.765° 0.759  0.750  0.768
64.0 52.0 64.0'  57.0
7.1 8L6, 166 17.6
23.8 20.7,  20.6 21,5
100.9  102.3. 97.2 99. 1
35.7 40.81 442 52.0
100.0' 1020, 106.2

2115 206.0 | 230.5 242.0
5.0 5.0 4,23 5.0
1. 40 0.83 1.30 1.1
580.0  500.0 . 502.11 400.0
160.7  160.6 ' 180.0' 188.0,
137.4 132.0 153.7 . 162.3
| 5

6

00 2G

569. 4
4422
130. 6
0.902
0.949
0.775
67.0
79.9 |
19,6
9.5
32.5



Test No.

Operatxon No

Kmd of Crude 011

Res. 0il Temp. at Heater Inlet
- Res. Oil Temp. at Heater Outlet
Res. Oil Temp. at Flow Meter
Gas Temp. at Condenser Inlet
" Gas Temp. at Condenser Outlet
Vacuum in Condenser
" Cooling Water Quantity

; Light Oil Temp.

| Ejector Water Press.

- Ejector Water Quantity
. Sea Water Temp.

Test N 0.

Operatlon No

R l‘_ ; -
| !

l =

!600 16 lsoo 2G | 500-1G ‘ 500-2G | 400- 16 !400 2G
|

l

|

112‘13‘4i5

Kmd of Crude 011

Crude 011 Supphed

Residual Oil Obtained

Light Oil Obtained

Crude Oil Density

Residual Oil Density

Light Oil Density

Flash Point

Yield Rate (Res. Oil)

Yield Rate (Light Oil)

Total Yield Rate

Qil Heater Inlet Temp.

0Qil Heater Outlet Temp.
Electric Heater Outlet Temp.
Electric Heater Outlet Press.
0il Press. at the Inlet of Tower
Vacuum in Tower

0il Temp. in Tower

Vapour Temp. in Tower
Residual Oil Pump Delivery Press.
Res. Oil Temp. at Heater Inlet
Res. Oil Temp. at Heater Qutlet
Res. Oil Temp. at Flow Meter
Gas Temp. at Condenser Inlet
Gas Temp. at Condenser Outlet
Vacuum in Condenser

Cooling Water Quantity

Light Qil Temp.

Ejector Water Press.

Ejector Water Quantity

Gachsarahn
Y 169.2 153.0 1527 167.4 175.9 | 197.0
°C ,  60.9 57.0 60.6 64.5 68.6 83.8
°C 53.9 ¢ 50.0 54.0 57.0 59.5 63.6
°C 9.5 85.3 79.3 88.5 95.6 ;
°C 3.7 24.4 27.4° 311 355 29.4 |
mmHg 6214 590.0 520.0 520.7  400.0  411.7
m¥/h 3.0 3.0 3.0 3.0 3.0 3.0 |
°c |
kg/cm’g 29.1 4.0 3.2 2.67 2.1, 3.4,
m3/h 36.0 40.0 37.7 35.0° 320, 350,
°C 220 218 25, 25 230 25.0]
Table 5.4-B Measurements for Distilling Test
} 7 s 9 i 10 no
600-1W ] 600-2W 0-2W l soo W | soo W ‘ 400- W I 400 W
Wafra !
I/h 1.2 412.2| 4516 3769 I 3513 412,11
In 312.0| 316.8 | 347.9| 320.7, 309.4, 321.1]
" Un |, 9.0 91.8 | 109.3! 556 | 5030 93.7.
|I15/4 °C; 0.914| 0.914| 0.914| 0.914 . 0.918 l 0.918 ‘
1514 °C| 0.961| 0.954| 0.958 1 0.944 | 0,945 | o962
I5/4 °C' 0.785| 0.772| 0.774% 0.749 0.758 ' 8.786 |
. ec i ssol 70| 7.0l 00| s40] 8.0
wt %1 765 79.2 79.3'  87.0 89.5 80.1°
L wt %! 201 18.8 204 121, 11.8] 19.3]
Cwt % 9.6 98.0 99,7 99.1 1013, 99.4°
| °C } 30.0 32.0 2701 313 310 30.0
°C 117.6 | 113.0] 118.8 1050  107.3  126.0
°C 245.3 | 233.4| 251.6 2144  246.6  276.7
lkg/cmtg 5.2 5.2 5.1 5.2 53 5.2,
'kgem’g  0.4] 0.93 .01, 0.5 0.23. 047,
|mmHg  604.3| 597.1| 5014 507.1' 387.1 4186
LoeC 193.0{ 179.7| 201.6  163.0  179.5  224.6
°C 165.9 | 149.4| 168.6  127.00 141.1, 193.4
kg/em®g 3.4 3.4 3.5 3.5 3.8 3.6
°C 1 179.4| 165.4| 1857 1517 | 1610 2021
°C ' 66.9 62.0 71.0 - 56.6' 60.0 75.9
°C 59.2 52.9 55.3 48.4 50. 7 60.1°
°c | 1103 98.0| 111.3. 77.6 | 77.4 120.0
°c ' 29.6 26.4 26.8+ 21.0, 280 26.9
mmHg | 620.9| 617.1| 518.6 5257, 402.9  438.6
m*/h 3.0 3.0 3.0 3.0 3.0 3.0
°C 29. 1 28.0 | 29.3 36.6
kglem’g  3.93 3.0 3.0 3.0 2.2 2.4
m/h 40.0 35.0 3601 350 307 34.0
] °C 26.5 26.0 250,  25.0 4.0 24.0

Sea Water Temp.
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Flash Point, T Flash Point, © Flash Point, 12
Fig. 5.2 Results of Distilling Test (Wafra)
30, 260, _Yacuum 600mmHg _ __Vacuum 500mmHg _ Vacuum 400mmbg .,

Yield Rate of Light oi Yield Rate of Light Ol

o

Yield Rate (Light), %
1=

Yield Rate (Residual), %

Temperature, G

°

Residual Oil Density,

Flash Point, ¢ Flash Point, T Flash Point, ¢

Fig. 5.3 Results of Distilling Test (Gachsarahn)

5.3.3 ZEMBEICHTIRABESIKNALNEONRFE
HiiC 5.3.2 KGR X b Table 5.5 » XX Fig. 5.4 K RTHEAR D £0b D L E 2 b5,
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Table 5.5 Condition (Vacuum, Temperature and Yield Rate) Required in
Order to get Flash Point of 65.5°C

Kind of 0il Gachsarahn { Wafra
Vacuum mmHg 400 500 600 400 500 600
Heating Temp. - °C 251 233.5 213.5 261 242 229
Oil Temp. in Tower °C 209 182.5 162 201 191.5 174.5
Vapour Temp. in Tower °C 183 156. 5 139 166 157.5 143 .
Yield Rate (Heavy) wt % 79.6 76 76.5 85 81.3 79.3 "
Yield Rate (Light) Cowt % ‘ 19.9 22.3 22.6 14. 4 18.2 18.3 )
Total Yield Rate Cwt %! 99.5 ! 98.3 99. 1 99. 4 99,5 | 97.6 |
Gachsarahn s ®
4 - by Wafra 20 &
AN £3
280 Yield Rate of Light Qil 10 %,‘é
=0

Yield Rate of Residual Oil

%

8 &

ey
<o

Yield Rate of

Residual Oil,

)

Temperature, ‘'C

Vacuum, mm Hg

Fig. 5.4 Condition Required for Obtaining Flash Point of 65.5°C

5.3.4 HEFhOERK
Aiaic 5.2. 1 RBRABCHVERL L RB TR L 2 ERAhAR O MRS ROREN 7t B R
Table 5.6 WRT & HD TH B,

5.3.5 BAEERAAESR
Aiat 5.2.3 BEHRRCBRTHEDOR L > RBRF % 5.2. 1 FEMIIAAERRBRK T Hic B i
UCHEBIL 24581k Table 5.7 wpRzT 250 Th 5,
a) BWREDORR
REBORROFELRELH 52, AEOBAEMEARBA T sHENCE, RERROE
FEREFPEIRERBEOL 2R R LI,
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Table 5.6 Characteristics of Residual Qil (Heavy Fraction)

2 | 4 6 ' 7| e
Test NO. - - e B e _'—' -
;600 2G‘500 2(;]400 2G 6001W>5001W;400 2W
Specific Gravity 15/4 °C ' 0.932] 0.934 0.949 0.961 | 0.958 0.962 |
Gravity A.P.L 60 °F | 20.24 19.91 17.52 15.66 | 16.12 15. 50
Aniline Point °c ! 81 ; 86 86 84 ’ 83 83
Flash Point °C 64 64 67 85 70 | 718
Fire Point °C 86 97 105 132 l 123 112 ‘
s * ; .
Viscosity, 30°C 716 | 761 ' i i ‘
{ 50°C | Sec. | 211 - 248 51 | ooar - 748 845
Redwood | ggo ¢ 79 ' 8 .10 27 | 190 216 \
Water Content % Trace Trace Trace | Nil ¢ Nil N }
Carbon Residue % 7.30 8.70 10.03 . 8.60 9.87 9.67
Ash Content % 0.02 | 0.02 002 | 003, 003 0.03 |
Hard Asphalt % 3.52 | 3.47 4.06 | 3.98 'osg7 4,28 |
Sulfur (Bomb) % | 2.98 2.23 3.00 ’ 3.76 3.78 3.74
Diesel (Index) | 360 | 37.0 32.7 28.7 I 29.2 28.1
Thermal Value (Gross) kcal/kg I 10 390 10, 350 10 310 I 10, 200 10 250 } 10, 200
Table 5.7 Measurements for Corrosion Test
| Material of Specimen Weight bef Test Weight after Test C ion R
Specimen NO. e1g e oreg €s e1g a erg es orrosion gate
; PA 8.9070 ; 8. 6801 ‘ 0. 2269
1 SB35 1 1B 8.9218 8. 1783 0.7435
| roC o 8. 8960 : 7.2635 : 1.6325
i ) A 4.7050 ; 4.7034 0.0016
t suUs2t 2 B 4.7230 4.7057 ‘ 0.0173
! e 4.7275 ; 44111 ‘ 0.3164
i LA 3.9880 ‘ 3. 9817 | 0.0003 :
SuUS27 3 B 3.9980 3.9960 | 0. 0020
| , e ’ 4. 0000 3.9733 | 0. 0267 \
A 18.7225 18.7184 ' 0. 0041
SUS27 ¥ B 18. 7945 18. 7905 j 0. 0040
¢ C | 18. 8038 : 18.7867 ! 0.0171
J— —_—— I e . - - — ———_ e —— A
i { Al 11,0050 11,0022 0.0028 :
f SUS33 4 ’ B ! 11. 0600 : 11,0580 ! 0. 0020
i i C 10. 9875 \ 10.9833 | 0. 0042 .
| A 2. 6050 2.6022 0. 0028
2S f 5 ' B 2.5850 2.5759 ‘ 0. 0091
‘ C 2.5935 ! 2. 4687 ! 0.1248
l ' A 2.6100 | 2.5834 [ 0.0266
I
528 | 6 | B 2.6175 2.5910 0.0265
' C 2.6165 2.5033 0.1132 |
A 6.5278 6.5213 Il 0. 0065
BS3 7 | B 6.5335 | 6.4979 0.0356 |
C 6.5225 | 6.4035 0. 1190
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Material of Specimen Weight before Test @ Weight after Test | Corrosion Rate
Specimen - No. :
I U H g - 8 —____ g _
Al 72935 ; 7.1026 ; 0. 1909
PBS 8 B 7.2935 7.1623 0. 1312
c . 7.2317 1 7.0387 ; o 1930
A 8.7875 8.5193 j 0 2682
cu 9 B 8.7630 : 8. 4664 | 0. 2966
C 8. 7510 8.6362 0.1148
Remarks 1. Marks A, Band C shown in the column of Spec1men No. mean the locatlons of
specimens as shown in following.
A-Sunk below oil level in distilling tower
B-In gas stream entering condenser
C-In gas stream leaving condenser

b) BAMEMN L AEFEHFLBRE, wWIhd "A” S (BEBEREE) &bk, ‘B’ A (2
vFvg e HFRAAORSES), “C7 R (avF vy, #ARMNEST) Ol BRBE?% < /koT
W5, e "CPRIEREDELL, A7 LOERRTVUVRR, THIRBBCEN, BEOMH
IHEDZ VO RIKRFR T, HdDxvor SUS3 ¢sh 5,

c) Bk

HRRLRENEAOEBERD, AFX IR IBEBLEL DND, HillL 7oy XHhiz A~
Crrksi, 779 2A%RRA~COMEFEEREARL TV 5,

TNIRBICRTF VLV 2REKRE, ERRERLSTBAOHMERL Tn3A, Her—2F
FAPRRT Y VACFEBEAOMMAELL L, SUS2T KB TR—FEy F v Fickh | mm
F2ORMBEBL T2,

5 4 HBRERCHTIEE

5.4.1 3]k 65.5°C LIE#18B-DOEH

HZEECHN T 2NEMBEES L CREOBRREREN TR > £ AR E HEKT 5 LR
FOTREZDEDI, RECHWTREDEDICH TV D, ThRERE T — 2R BFRPTE
HBMATAMDPEBTH 50, REBCSWTRBIOLUDMBLALIDOER T S v ¥ 2 X8k
LDT, TOHBECKEDERSHLDTEHD 3,

WL L CHMAEED A bRITEEOEWHMNET £ L, KREROER Tz IKEREN T
RHEBMPEEEY P 3 LASWRT 5% RL TV 5,
ERCAEEXLATA2EAR SO UDERBC SV TUBETREFEHCOWT LZ0E G
AL, IREDVKREEFECHT 2MEMREELHEL, RFCRRCTEBLEIERKE (B0
BEKK L DML D50 DX OBAMAELKOET) LHvERL (I RBEAZEEYRD L &
L5 5,

BER LR MAMERD BTERER 250°C RITCH 54 LEZEEIR 500~600 mm O & 7t

5THH D,



5.4.2 HAEXEEMICHEATIZSOMER

ARIEFERMERIC L 50EER, SHENCIERE S Y O KAOE Wil HRT 5 L OHH
RS bR, T2 EACET B8R EBSBREIRNREL CAMENREINTWS, 20
RIFCEELDDORKRDATH B,

(a) FWENTHBMOBIKAPFIEEREL LIck 322 T 54H0¥%ED HHHAD
s L UEREE,

(b) WEHE L THHEINIBESOMLT

(¢) avFVH4RLTEHINTEBEEN D F 20OEME 2R IRIED Hik

(d) #EEERLDERT WM ORE

()L TRBIKARERA» O ATMCHET 2 %EORRLASETHED, (D)l ti’
BESOFEMOFAENEOENS D, ()KL TRESLMS LCEKBRORHO TirHTX
HROEMRT S X 5ERBTRET, ZORROFHELCONWTE HRIIEDELD D,

(DL TR ARBRCAHRH L TTinbhicBRRROMEN—IEOBERIC I 54, AR SN,
FRMAEEIC LT 20kl BETH - kDO TRELGRE N TICREF TH B, SUS33 LISt
FThOMARCSWIERELZLO LR VWL, SUSBRTH LYy FV 7R ELRD D THRE
T AR OBRECIRE DI +ARERETRY, RTORKMWHIRI LTV 5,
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6.1 X B ¥ &

6.1.1 # i X B IF

PRBERER R AR A4 T KIS WK RER T B IMBEE N TIT 7 D KRB0 S 5, By, Fig.
6.2 WIRTZ & K fiBER XK FUKBEERE, BiifHR & CRIEEASBRELEE, %I | 5D AL T2 A
EREXEIN U DO THEER — PRI TH - TH B, XWFETHRIE 2m, FX 2.6m, BT 3m
EL, Thie L KD —F 2HETD, RBF 2RO KB, Kikgr s s X U —HHEOMEY +
oy P KERDRIKS V7 ROFKRDATT L D HIBEY v 4 o b FEEC M bk Bk
L DIKEBA T b Do il OMIc iLiF 2 5 RK R AR WA 14kg/om®g & Ualiingis & O W%
MASK RN T 20 MR ORI, % WA REE O LS L OH RERINFL & #0F, BRERR T DB
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F %, KFDOKRE RN 800kg/h B kfFfiffL L T4 400,000kcal/m*h T %, RERH
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6.1.3 fit B # 3

e L TRAREM R bDE LTHT Y, BHEEME LT 2—n, BEEWBELTTIT7T (T
W) X, ThFEh 35kl 25kl, 10kl #HE Lk, Fhk LKOL»EEL 5 GlREERRD
fepre Ciiih 20k!, 24— PHAE U CAEM 10kl ##A Lk, S¥rf1z Table 6.1, Fig. 6.8%
X ¢ Fig. 6.9 i©ii ¢,

Table 6.1 Fuel Analysis

; Item F—39| F-71 { F-108 F-76 F-ssl F—46| F-47| F-64 | F-84 | F-58
’ Kind of Fuel Heavy Oil “C” Wafra Khafji Qatar Khafji'
| Feb. \May {July June Feb. Mar. Mar. May July .
‘ Date of Anal. 27, 64 15, 64,25, 64 4, 64 25 64 10, 64 10, 64 6, 64 25 64
Sp. Gr. 15/45C[ 0.947] 0.944] 0.941] 0.911 0.896 0.894 0.851 0.898 0.820  0.897
. I < Room < Room < Room
_Flash P't. _°Ccl & 88 99| Temp. <20 <20 <20 Temp. Temp.
Vi | , ; | (23°C)(20°C)(20°C)(20°C) (25°C) (30°C)(20°C)
1s. l sec | 156 156 141
50°Cl sec . 352 271 288 1 68
R.W.No. ! | 80°C| sec 107 87 &9 -
Water Cont. % | 0.08 0.02 008 0.0 016 010 trace trace 0. 02
Carbon Residu. _ % | 9.15 7.90. 7.25 6.74 8.76 17.87 8.19 7.70 1. 16
Ash Cont. I 9 1 003 002 002 002 o 02 o 02 0.02  0.02 trace
Asphalt Cont. L% 540 226 277 289 550 510, 530 432 '
Sulf. Cont. % 269 2.90 3.04 3.05 3. 23: 2,92 290 295 L 10
Hydrogen Cont. % | 1140 1150 12,44 12,09 12.50' 12.40, 12,50, 12.93 '
Carbon Cont. % ' 8. 10 85. oo , . 82.80 82. 7oI 82.70 ‘
Gross kecal : . |
. Thermal Value  /kg 10, 380 10, 400 10, 320 10,430 10,450 10,450, 10,430 10,430 10,750
et kcal ! | . | .
| Thermal Value kg % n_so 9, 780 _ 9‘670 9,780 9 9,780 9, 78_0. 9 760 10_, oso_
| i ‘dyne | I N 23°C); ; X ;
! Surface 120°C, /crnI | 31. 9' 33.4
: 30°C dyne | (29°C), ‘ 29.5°C) (26°C)
’ \ Jem v34.7 . 32.5, 311 29.8
Tension 40°C dyne |, : (35°C)
fem’ : "31.2 . i 30.5 1 ;
2D e 3 R
‘ Dlstlllatlon ' ‘ ‘ | I | ‘ } l | [
- —— —_—— N e - - - - PR I_ — . —— —_— - - - . —_ I._, -
: ) .
‘ IBP . °C 194 185 95 61, 64 45
: 59 °C ! 259 248 130 111 : 101 82
| 10% . °C 293 259 160, 133 126 98
l 159 °C 302 265 186 160, . 152 15 '
' 20% e 220 194 C179 130
‘ 25% °C ‘ : 262 224 . 222 141
30% " eCc ! 273 266 r 244 172
35% °C ' 295 263 200
40% °C 310 ' 221! ‘
! 459 °C ' J 235! z
‘ 50% | °C 250
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Fig. 6.8 Vapour Pressure vs Temperature Curve Fig. 6.9 Viscosity vs Temperature Curve
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Burner

Table 6.2 Schedule for Flow Characteristics Test

© 6 or Atom.

; 0il Press Qil Temp. (°C) Qil Flow
Tip Type & Size t — - —
Type : Medium (atu) i Heavy Oll“C” . Khaf]1 (kg/h)
MP-23 | VvcC8l-2.5-16 ' (0375) 5, 10, 20, 40, 40, 70, %0 125 35, 60 | 1oo~ 280
T2 s 0 0, 80, 90 | 40, 60
(a=59) 120, 40 (160y a0, 80 | 210~ 520
T4 T o |40, 80, 90 e 700 |
| Gacsiy | 5 10,20, 40| O o | 45, 70 260~ 700
40, 80, 90~ —
- (509 ! 5, 10, 20, 40| O S0 | 45,65 | 290~ T not
0 5,10 |50, 80, 110 30, 75~95 -
v Ca1-3.3-20 (a=78) 20, 40 45,780, 130 _| 40, 110 180~ 440!
| 2 L5 10 {50, 80, 130 —, 40, 110, "~
(a=64) 20, 40 _ 740, 80, 130 | 40, 120 1 330~ 80,
! (a=455) 5, 10, 20, 40 | 90, 130 ! 40, 95 | 460~1200
e e \ \ —
(a=f53) 5, 10, 20, 40 | 80, 90 I 45, 75 | 430~1250
WM ' WM-2.6-70 ( |5, 10, 20, 40 40, 80, 100 | 45, 100 120~ 450
a=175) - — —
; | 7, 15, 30 1 40 | 45, 100 135~ 390
" WM-3.3-10 | () "5, 10, 20, 40 ' 40, 80, 100 | 40, 80 260~ 835
\ a=10 B — —-
| | 7,153 | 4 | 40, 80 300~ 725
T wea e 20 - T % ~ 450
WRM l WRM-3.5-90 | - I 40 Ny 4 ~ 655
WRH | WRSH-2.4-70 | Air 0.5 ‘ 30 [ 15
; " (Press. Diff. , 1, 2 30, 40 ‘ 30, 40 | ~ 200
0.5 10 3 30,35 | 30,35 |~ 270
| kelemd) | 4 ! 35 30, 35 I ~ 380
! 5 | 35, 40 40 |~ 40
TODD | 42W35 | — 10,20, %0 | |35 | 360~ 600
30T 15 ; - 10, 20 l 5 | 480~ 690
Remarks, . Posmon of Planger
a : Spray Angle
TS L UEEL, A= RO T AT a2 b 7T WX D 50 & {7 KR E fa e %

D PEAUCHY D HIK 5741 7o K b TIRBEB O FERE B 2 FH oo BREED SERERE 1 e A I i AR R R 2 &

LCHi%EN B bl D bOERDONZE N &
re s Itk ke &

O & B AL i BRI

ECHHRFAL,
DR

AZDONDHOT, NYRBEESOMEL TELTY

CHC B HRE O Y | & 0 WRBR % HIE U co & DM KIS Bl o i s 4
Db DR DR, 4% 34mm O KEH RERBGE  HH,
Y ORIV IR e
C3053 Jjii

INEAG e —T LT
‘zuizll/kLhDaﬁ}lr‘*b % 50°C Z{REo Xk SV HIKk A H U
BTN AR GF O ST 2 1T o e K 7r— 711

st Fig. 6.1 o2y v 7y v 74, No. 4 ¢h 2,

(b)) {z #4

PREHHE, Mo 2B X 5 IR
A Lo TOLDIKKFHOREBREIXERC LY, FABREELYREXGE

SR %o

2k

UG, PREES ARG D

Llic b & 5 EA T o g%
Hickb
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(c) ezt
BBEH RN L ARE P 55450470 64, ER
ABWHeinz <, o4
BRI SN & LT,
Ry T EOL S (EHFOHFC TRBZL 2 %)
FOASRED D) (BN & v BB 282 5)
RBRC & K54 (KilEk TikR%z Ed5)
BRI~ DK FDBA (= FE i THKT 3)
xR b 7o Bl ~OKGORAR, BKEHIENE 2 5k ~—F EijiiciBa a3
Fizo BRI Fig. 6.4 WRT & 50T, BAKDOHLER WiFRMEEH Y Vo ER TR
Table 6.3 Schedule for Firing Test

+47K1@D%§=6"'Eﬁ7‘£5’1~ﬁ“ﬁ%
KHRA TPV HEIND I BT A EXHWTH B, &

‘6 or Atom.

0il Press.I

0Qil Temp.

| 0il Flow |

; (G4
‘Tip Type & Size X oy Mmoo BT T T T —— -~ (Approx.
| I Medium | (atii) iHeavy 9(1:1,, Wafra l Khafji Qatar I kg/h)
S 0 i0 &5 - 30 150~
| VC8l-2.5-16 20 65 30, 55, 60 200
! 4w 70 AR R
' T 0, 20, 40 70 ~ 771730, 40, 60, © 270~500
‘ _ 3 10, 20 |70 30, 45, 60 | | 400~550
T 1T T s - ] T T TR 130
| vCai-3.3-20 | I 10, 20 6 . 55 30, 45, 65| 35, 60 | 250~350
. 40 65 60 _ 30,40 + _450
| 2 5 35,40,50,65 250
10 |75, 90, 100 35,50,60,70, 30, 40, 60 | 30.35.50.70 400
15 35, 50 460
20 |__ 8 |35 55 65(30, 40, 60| | 60
6 5 30,740, 50 400
o .o 1o 5 14 130,40, 55] 40, 50 ! 600
s eon | 0 |5, 10 20 U T T T30, 70 [ 150~300
‘ v C8i-3.6-20 2 | i | | 730, 60 300
| 10 | | 30, 40, 60 400
5 B 500
o .6 1 51w, 1 . 30,70 | 450~650
WM-2670 | Lo, 221 0| | 30 65 | | 200~300
| WM-3.3-70 | | 0,201 75 | | 20 | 400~550
_ T — _
ITODD 53W- 40! ‘ 20, 40 | 70, 75 | . | 200~270
5 ’ { i 40 7230
| TODD—42W35 . l 10 70 | , 40 350
! 15 35, 40, 60 | 30, 40, 45 420
20 70, 75, 80 500
L0 e 10 35, 45 620
5,15 ' 40, 60 320, 550
| TODD-30T 15 | - lo” e, 10 f | 45 0 | 500
o ~ 20 65, 70 45 700
WRM-3. 5-90 l [ 20 65 35, 45 |30, 43, 48| ~550
R U T B 80, 85, 90 60 40, 45
| WRSH-2.4-70 | Steam | . 5 70 40 35, 40, 60 [30,35, 55, 60
: % | 1.0 |65, 70, 75 40,65, 80, 90| 30, 50, 70 |30, 35, 55, 60
| 8t 15 |60,70, 80, 9] 40, 45 | 35 35,60 |
\ Air 2105 1.0 60 10, 70
‘ o _ . A L = I . . . . _
' 0 35,740
WRSL-2.4-70 | Steam ':,E 0.5 30, 50, 70 35, 60
A 1.0 30 35, 40, 75, 80,
y 1.5 30
g 2.0 30 -
Air & 10 05 10
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KDBAGEZ DA, BREREHC S LETESLR2B0NTH 50 CRENCRFEKLERL
o
(d) mEAHERH:
T B ERER TR U S R AU 5 v — 3 7 B N AR KR & Rl RBR L 5 2 N —JFieon T
R ARBELABR & O WS WAk 2 Kb e,
(e) &£ B
B fric B4 5 R R O M RER TR S QT B 5 TR A<, B s Ot D AER
R TRBE ST A B e e O BB R L D HEET B T L & LA,
Z DR BRBER I — B DWW THREIC H T Dk IO MR L DT 5 L EIMIC, HREERETL
LD KROEUEILE W 208 L TCHEbl & FHo KRR A BT 5 —8h& Ui,
Table 6.3 i —fkAteaterT E, Table 6.4 ic £ v FHBIFLERKERTE, Table 6.5 ikl
SR HE % /R T,

Table 6.4 Schedule for Stability Test on Oscillating Delivery Pressure of Burning Pump (Khafji)

: . Oscillation of . .

. . Pos’n of Qil Press. . Qil Temp. 0il Filow i Excess

Tip Type & Slzel Plunger (atit) %ﬂg?g&szs) “Cc) i (Approx kg/h) Air Ratio
0 : 10 ! +0.8 40 170 1.17~1.80

VC8l-2.5-16 l—‘ 2 10 | zx0.8 740 777 290 T 7| T1.28~1.83
6 ‘ 10 +0.8 45 380 o160 )

- 75 380 | L44

20 +0.4 45 520 .67

75 520 1.51

Table 6.5 Schedule for Water Injection Test

i Tip Type l Qil Press. OQil Temp. 0il Flow Water Flow Rate of Injected Kind of Fuel!

& Size ( (atit) ©“C) (kg/h) (kg/h) Water (%) |
|V C81-3.3-30 | 0, 20, 40, 54| 0, 4.2, 8.7, 12.2 N
10 25~30 | 421~309 g1 125, 138 | 194, 35.0, 39.7 | Khafii
IR | 0, 20, 40, 60| 0, 47, 9.3, 142" o o
l0~175 |o30~37 | 3siedg2 | g0 300 M0 B 4T 330102 Khafii
[TODD-42W35 |_ — | s
| 12.5~15 | 40~46 | 349~370 Vi >0 8% | Qatr

6. 3 =% B £ B
HIBARER 5 X BB RE VK U 7 RBRKE IR D 5 b REM AL b O FRMKC T, ks, df
BHE O L M2 5,

6.3.1 mt & H B

(a) [EAMEXT b= 4 PR Fig. 6.10
HIEEAWE K @, @ 6, ®
73 vY L BEIMER (@, ®)

(b) YV 4—v7u—H7 L=l Fig. 6. 11
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(¢) HEEFRT =AY Fig. 6.12

(d) WFHME Table 6.2
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Fig. 6.10 Flow Characteristics of Mechanical Atomizer
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Fig. 6.12 Flow Characteristics of Steam Atomizer
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646 £ o
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UMEHh OB 24 HER T 7 7, #7veontir, CEMERBRETHD, YrF I aconT
b A7 IOGPRIRIC LRE CEMlE £ D170 0 TISE O e ¥4 5 1D C Rl & FEE A
LOREARNTHELEHZ DD,

L U S O B D Uy 4338000 20 hs B IR A BB~ O TRRE RS 4549 © B S8 5 TRl
Bo AT IIKARA L G &I G, RO S & A3 (Ui S B HIHEVEA S % A B4
Jih A LR S BHC I & D ST B LB S B,

o, KAt U TRASBERPIEITNC 35 W GRS K M S i3, ARRIERER S it e & Wi
Ve R DS U SO Biita 8 A CRIRYE S 2 BBERIE 2 AT, SEER R A 5 Ik B ST B SR RE
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FTE TeEHAR

AT S W Tl A E 24T DA, Ut & & bkt BEAIETH Do Slalirh
R TR R X D JE S B D ERME S K E v Che B e LTHT B Bigikcr, K<
FOMWEAE UM LU S BDERD D, TN@Z A LR AL 5 Wik 212 2D,
BEZRHC B W TET O VB SRR GO # &L Z L, hoRtoREY#HAT & &
e K5k b o> 24 e % S 4 B IR A SN TR T CRIEL Ao,

7.1 X B 5 &

7.1.1 @ B FE
HRAGMIBIEOHMAEMOBEL, EHMKODDE Ui, UL L EHOWRIE» 2D HEL
THY, GHREOHZH V) V3 H10~40BEH IR TWE, Tl Rilh T RO X
LS KREWH Z—nlih (5 ) Y 35409%) &4V ) ¥ 3R EERDLWHERO AR AE W
H 7 Pl () v K9209%) wEEEL THMH LA, coflik% Table 7.1 iRk,

Table 7.1 Properties of Test Crude Oils

Name of Crude Oil ! Khafji ! Qatar
. Specific Gravity 15/4°C |  0.887 |  0.8293
iy B , —
i Viscosity RW §1 21°C i 180 ‘ 45
"' 1P 44 22
. 5% 72 —
- 10% 140 89
= 2095 199 134
g 30% ; 265 171
| 359 . 294 cut) 215/40% l
, 50% | - 261 cut
| Vapor Press. mmHg ! 490/40°C | 478/37.8°C

Methane wt% " Trace 0
g Ethane ” ‘ 0.05 0.10
: % Propane ” 0.50 1.90
i & . Iso-butane ~ 0.21 0.90
g | N-butane R T 2.90
?g ’ Iso-pentane ~ ; 0. 54 ; .10
o ’ N-pntane ~ 1.04 \ 1.00

The Others

96.73 | 29. 10

721.2 % B ¥ &

SRE, BYEROBEYR LD Bk Vs KO LA B0 B EREL AT 520

Fig. 7.1 WRTRBEZME2HEMA Lk, RBRHIRES 7.40m, ¥§ 5.55m, F5%3.56m, LA 165

m ThHY, BRCRBHEZEAL, ABLOEMYX-> TRV LUHHBRBRA TR %, &
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NI BT 2 Z U, Ao R E MW, Higs X BRI o a0 R
il %0 T M2 Y 7, WA VWlFEZ Y7, BUIHEY RV 7, s HAFEY Ry 7
Lo iihEt s 2 v 7 O &hind b, Fig. 7.2 BRERNON ZABE A% H T 52D BEE L

2R (BTN, ZAE43605) OO & SANMBSUHBII 3 X ORI ML AR Uike MBHKH 2
TR L DRI L e R SN U e WA R BB HORENCE &, TR Eh O Bl 7 R i
BErEHITESD X I L,

Qil Measuring Tank 50 ¢

Upper Draft Duct

s T ¥

0il Drop. Mouth”] 0N Eject ~ 144 =" s
by Gravitation Nozzle f AN . % | Crude Oit Tank 400 ¢
S § Gas Free Pipe
0il E]

i . il Discharge Pump
Receiver il Défk_uir_.'e um

[ Measuring Tank
__ofDischargedOil

Lower Draft Duct

-

g g ||l oit Discharge

= E 2 ||| Pump Discharged Oil Measuring Tank 50/

H E = p—f Qi Tank__ Crude Oil Tank 400 ¢
& a =

g Z == 2244

z 2 Hop ot ST

= = T Qil Receiver ==l \1 %d

Measuring Tank - / Oil Pump

_of Discharged Ol __

[-—— —sssn————|

2400
7400

Room Capacity 166m*
Roof, side wall and tloor are
made of thin iron plate

Fig. 7.1 Safety Test Equipment

From Pan

Window

)
&

8 Local Ventilating Port
]sa.

2000

{200 200)

(200

Lower Draft Duct
Upper Draft Duct
Upper Draft Duct

Lower Draft Duct (200 < 200}

- 3350-

3
700 700—*p=——1070——=
|

____Gas Collection Pipe Position

Room : 7.4m % 5.55m % 3.56m i
Capacity : 165m?

i 0il Receiver
L-line:--22Position —’—»—f— “\0il_Receiver
Gas Collection Pipe: 36Position SAV
S-line--- 14Position .
= .
i
b
b e
|
' 2
l i
t 0 T IsC
B
{ Room Entrance | 5 ' Window
+ i

Fig. 7.2 Arrangement of Gas Suction and Draft Duct
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7.1.3 3 M % B

BRI B U A iR A R BB FE RO LR O b o ¢, IR b o i BRVES 2w gl ik v
WA A RIS TR S 2, T ORE LR R BT D S R L, AU A R
BAMETDL0TH D, R COHBREAFT ZADT & SHMEHORIES 25 FEL THLRAL
TR P T H e N TE Dy A —ZRERT ZD I FIRE (Bl kK T 5 LHSiE) % 100 &
L, fEEREE%R BAE L BRI TRUCTH Do £ OMLBIEDBHIEC BRI (HPFJE 600°C/24mv
YEW &), @i wiofliEici4 ) 7 4 26 L0 idii (e—3 ) #fv, ihsoflE e
L,

714 2B O HEE
BRI AT R D K2 x X D I DI RO TR TO ROV TR D Z &8 E LA,
i RE e R &b M D, L LAET2BIRBIEMO M W, B, 2 D32 W
DWTFNNTH B, TNPZINLORELEE LI« D&M %4 % Table 7.2 O REAZ 1T/ 2o
Table 7.2 Sorts of Test

i) Vaporised Inflammable Gas Quantity of Crude Oil

Condition
Test Item - : - .- - - Remarks
~ 0il Qusntity (gr.) l 0il Temp.(°C) | Oil Depth (mm)

|
' f
Gas Quantity 2.5~178 \ 21~46 2~40

ii) Inflammable Gas Concentration for Oil Dropping Test.

- . Condition
Test Item #°0il Quantity | Drop Mouth | Drafting [Tem - Remarks
. (kg/30min) | Height (m) Method (°C)
Qil Quantlty and . il
Gas Concentration E [0_’~ l8A o 2 75 o nfl B 31~35
Drop Height and , -
—_Gas Concentration - _18 - _2' 5{ L0, 0_‘_?’ o __3i':'38_
' Max. Oil Quantity and 150/70min 0.2 " 23~32 |

Gas Concentration

Gas C | Draft ([I{pper ) I
° as Concentration and Lower
(under Draft) '8 2.5 Ventilation 3337

. I N - S (Lower) . ___
Gas Concentration ol i
(under Local Ventilation) 20 0% 3 kinds _ _32:3_5_“7 ] .
Drop on Hot Iron Plate . i 94._97 lronPlate Temp.
and Gas Concentration _ _ 8/8min 25 nil 1 24~27 765 Figpoc
iii) Inflammable Gas Concentration for Qil Ejection Test
R Condition
Test ltem 0il Press. Oil Quantity.Nozzle ‘Drafting | Temp. Remarks
L ) o ) (kg/cm®) ; (kg/5min) . Height(m)l Method, (°C)_ s
Qil Press. and Gas . f
~ Concentration 3, 5 7.5 .“1.0“ - 1.5 nil 9~32
I Gas Concentration 6 12 15 Draft : !
(under Draft) N e ) (Upper) __
l Gas Concentration
(under Local Ventilation) _ _‘7' 5 10 L5 2 kinds | 35 _ I
| Ejection on Hot Iron Plate S0 : " lron Plate’
. and Gas Concentration 7.5 10 1.5 nil I 37_ » Temp, 100°C |



iv) The Test of Firing, Burning and Fire-extinguishing for Crude Oil

T COndlthl’l

t est Item . )

‘ Crude 0il . . . { Beginning Time of

,i Quantity (kg) ! F]rf?_ E?(tflgmsher i Fire Extinguishing

I i Paloma (600gr.) | - 13 sec(Khafji)
2, 5, 10 15, 20 |_Light  (800gr.) ’after Flrli% 7 sec(Qatar)

), 2, 5, 10 15,20, CO. 5 Type

"Fire Extinguishing Test
| (Dry Chemical) |

| “Fire Extinguishing Test
_(Carbon Dioxide

Test of Fire Preventlon } 5 ; - ‘

T2 B B R
7.2.1 FEhOHIFEER
B ERIER 7 2 ORECRRL, ZOPONTERME TS 5o # X TR FMOFEC X
> TREBDZ DA, i, RKORELELE, BROKE, WEOFE, WMEOES, #2%E
W, OB E AR IFEOREFC X o TEHEIND, ThBEBHEL W0 L HBORETON
REMTEMICRD 2 2 L3N Lo HOERTESERDTHEET S L bEZ bh b, Eil
R~ DOBRTOREL DD TESL L, RELAFNZANELLBRECHELLT WO T, 20O RAK X
2 THELVELZAEL 2, TN XMBARREBC LY, CRODHETOEY L # 2 R4EELRD
fro WEROFERR Fig. 7.3~7.6 O L 3D TKD & 5 M TH ok,
a)ﬁ&13HMﬁﬁtﬁZ%¢ﬁ®%%&,Egl4ﬁ%ﬁ§kﬁ1%&$(ﬁz%§§/m
W) OBFE RSO TH Do A AR RO LTI » TREFHBIIC ML T 5
b)Eglsmﬁ%ﬁxﬁmmﬁwéntﬁ%aﬁZﬁiimﬁﬁéﬁbt%@f%éoﬁxﬁ¢
BRBEIN ML, HHOKEE & BIcRL T 2B BEAHENESIE KR 2R,
) Fig.7.6 RihBORS L A 2REROMFELR LA SO T, MEHIE < Ahud 47 2 Fe R 1
mT s, 77 VEMD L S HBIPEEYRE L, AV Y v HOLnbORBEOES O 28
PLhROH, H2—VEHOLIIENEL TV ) Y HOB WL ORTIBORIME & bic 7RI
NERRIEINT 20 Zsh 2 —VEMOMRALTE LaBd, iiEz 10mm 55 20mm 435
EH RAREARDWEIRA 125BTH -2 H 0O 20mm A5 30mm OB O BN 110% ¢,
ZOAEA BB L T B

(e

Qatar Crude Oil

=

= -——- Khafji Crude Oil _ Qam.—' Crude Oi}
1500k  3|-Constant Surface Area during Khafji Crude Ol'l
Vaporization (508, 19.6cm?) 301 Constant Surface Area during
- First 1 hour Vaporization i’ Vaporization (50¢ 19.6cm?) .
& o Oil Quantity 2.5gr = First | hour Vaporization /
- | a » 10.0gr X g © Qil Depth. 2mm o
g 1000% 2,») . 16.0&,/1/ _:.—: 20*: . lg::m .
g = . m
LA S 2 .
@ i A = a /
S ‘ ‘/ - P .
o i a o —"’i/
] ~.
2 seof R e s /’_/
5 i 108 a /x
] s S ;] % Lo--a
> _-ZZF ° = " PO g
2o g - ———X
e
L L 1 -
4 . . |
) 30 [ 30 G & an L
0il Temp., T Qit Temp., T
Fig. 7.3 Crude Oil Temp. and Fig. 7.4 Crude Oil Temp. and Gas
Vaporised Gas Quantity Vaporization Rate



gr

—-

Qatar Crude Oil
—————— Khafji Crude Oil
Costant Surface Area during Vaporization (50§, 19.6cm?)
Qil temp. 40T

o Ol Depth Zom /

s . Gom x .

% . 10 -4 & Qatar Crude Qil
- 5 3} ----- Khaiji Crude Oil

1500}

2000 4

E
e 15004 P - -
Py b Constant Surface Area during Vapgrization (50§ 19.6em?)
g : First 1 hr Vaporization
€ =%
5 =
] z 1000
S - of g
= <3
E snp S 500
z s
) -
Aerated time, hr Oil Depth, mm
Fig. 7.5 Crude Oil Aired Time and Vaporized Fig. 7.6 Crude Oil Depth and Vaporized
Gas Quantity Gas Quantity

d) JhoZRBAEMTIELART 2 A0S BRIEMT 2 /0 MMREEM D O kG 1 WL T
%, jhHiAS 20cm? ¢ 2.7gr (1,350 g/m?) DDA 30cm® ONEOEER 3.2 gr(1,067g/
m*) Lol TN L AKBICHBHNAEAREBTNRSAZ VA OH ZAREER L VR, 111E
METDOTFFIRC M LU RBETHEMT 3 THS S,

e) A —NEMOHZARERR 77 PHEIMO 2 ~3{ETH -7k,

f) 40°C @ # 2 —EihA 10mm OB TRIELS | m? Kied Lok e T, 1
OHAGEBR Fig. 7.6 1 ofy 1 kg L75, MBET 10X10X5m ORI FHL THAIL
e THIES RMEE R0 14% 0D, A APEERHORERNTLCA S, LML OESR
20cm® DO ETHED bOSBECENTH Z e AL AR LAARELLEELALBOTH D, b
LA AREESERBEIOEHRC T2 L TRIEN APRER RO 1/20 wig s, F s
PNELTNIKLFEL LD,

7.2.2 FHAORRENTRZRERT

RER OB A VR, W2 WS, BEPORAIV, B IR0 RBEKs & X HRgHE Lo
BAZVWECONWTUT R ok HNABREDORHERRZ VPR XL W LRI DWW TITRW, 7R
EAMOEEBEL ko nBRASRIFMRK L MRIE L, TORBOAMRMY B W€k,

a) MRS

MADHNL B W TEAORAVE BLURAIVEILCIZHT RO BEMLLAEL -, Fig.
7.7 BHRD 1Pl CERSNRRC BT D ARER # — 2RETRL, kB () ROKERR
BRPOEBREXRLELDTH D, MRMORBL VWOBA L b AELSET TRAKEL 28
R EHR L E > TV A HELEDH 5cm £ TOEXTHY, *OMDOEFRRBECELOER
HBENTRTHIKTHEECRELIL» o/ ABRBMOMRIKL 72 Kl TR H 2 BELE <
BT EbdHoktt, hF—VEHTRENKS0, 77 VRMTIOLUTTH -7k,
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3000, i
’ Oil Temp. 21.4-~35.2°C gg [} S—Khaﬂl Crude 0Oil 4. GKg/30mm
- 0 e 45— 16.
Room Temp. 214~352°C 45 3.0—Qatar Crude Oil 48Kg/30mm
Air Temp.  214~328C 29 05 30— . 75
- : - — 4 .
2500 ~ Drop Mouth Height 2.5m f R 3.0(8.0) f‘
0 ; 43060 0
50 b 45
25 05 30
' 4.5 3.0
2000~ - 3.009.0) ) .L“
g 0 ! _p400.0 0
& 5.0 | ’ 45
¥ 25 o LO3.0) 30
£ ~ 45 30
w 1500 ) —= 3.0(100) e
z 0.5(3.0) 05(3.0) 0.5(3.5) +_4 0(11.0) 0 5«3 0) 05(3.0) o 5(3 0)
g 45 5.0 50 45
t: 2065 3.0(6.5) 10(7.0) 1.5(3.5) 4 o(g 5) 35(9.0) 3 0(9 0)
£ |- p - — - 50 3.0095) 40(100) _13.0(11.0)
2 w00 —r —+- ! 45012.0) - ‘f‘
= 1.0(3.5) 1 013 5) 1.5(4.0) _+_7.0(15.0) 1535) 0.5(3.0) l 5(4 0
,g 50 . 480 5.0 45
= 2.0(0.0) 3 o(7 0 45(7.0) >100 5000 4.59.0) 3 0(9 0)
o - - S0 ) 40(7.0) 40200 1 4.0(7.0)
5000 - 5100
1030 1530 2.0(4.5) 20(4.0) 1035
5065  5.0(7.0) 25(3.5) 4 5.0 50 45
3.007.0)  4.00180) 5.5(6.5) =~ 50260)  50(33.0)  3.027.0)
o T 5.008.0) —q _, 540 _L_az 0(55.0) | 30.052.0)
SB SA LA LD
L 353155 7 L~ 700 790—=4 230—470-+4=— o——i—— 700 1070
Width Direction of Room Length Di; of Room

1. Figures indicate reading values inflammable gas detector.
2. Figures in brackets indicate max. reading values during the test.

Fig. 7.7 Crude Oil Dropped Quantity and Distribution of Gas Concentration.

b) EAMO LA

HEBRERMZVWELYH 18kg, MAVWEI® 2.5m &L, BERNOEMEMK o X & FIRAK L D%
B (# 5,570 m/hr THAKKOK .5 45) LA s THER L D& (W 3,900 md/hr T3
HNEKDOK 2.4 £5) LiBar2nTiikolk, BRRVWINOEA LS TH AR,
AR CTERTRAGEL Tkl Lic s W T HRER IO T TEARETH oo EBEMR
DROMERD Iz b BAF 1k % L CHERE TR - Cilili EOLA i TH RBEOE/LELWEL &,
Fig. 7.8 Rz DR &R L b0 T, ZRFEIE 1 A% IO RBERBINL, TO0%H25TE
JEFRAD 100IFEL Twd, FARL ZEACRABOHRCF RBERETLLEL, M2 5%
BORBEIOLUF O RAIRIEL R D BRGRON&E W L b o, ABIE ELIAD Sk @R x4

10

Reading Value of Inflammable Gas Detector

“
m
T_
©
%
&
)|

Attenti E

'
T

b Safety

<

<===---= Upper Draft 1590m>/'h"
Lower Draft 1580
—o—— Upper Draft 1550

] e

———e—— ‘Lower Draft 1345

Measuring Position ; LA,

Kh’lfjl Crude 0il

‘ Qalar Crude Oil
’

rdy
After Fan Stop
-
,_-..._-g—_-_—_-;z" L "
b4 [Ri] 180 24 fl‘)('} K3

-

Time, Sec

Fig. 7.8 Transient Variation of Gas Concentration After Fan Stop and Start
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EUZZBAIR ST HRERIOLITTH - 7,

c) RMPEOEA

VI EDBED» DAV & 2 EROBHRHO L o THWBIHER T TH 1D, TOHFHON
A% BIMAOCHR T AT RO L, IBRELTHDLEEZTRHPHLOER % Tk -
oo AMBIRE T CIAUC K IE L e BMEE AN 2 RO HHCRR L T A 2OHK TR o 8
A LR RO SR L L CGREL 2B HEER 2 #8 LA 20 TiTRolk, |
Fle L Chithy SRETIZH 2ORMEksy Fig. 7.9 A& T, #RERNELD ¥ RPEEd &b
TS, BBHEERHROREVWT L EHR LI, ABHEM () AOEERIFLXEILL 2RO H R
BEXRLEZLDTH %,

Local Ventilation
Equipment
Vinyl Tube B Type
No. of Holes; 104 x 27(Inside) 10
Ventilation Capacity
155m*/h

To Ventilating Fan Dropped Quantity
0.5(3.0)—— Khafji Crude Oil 20.5Kg ‘30min
4 1580 qaar Crude O3l 178

1-4-1.0>100}
:‘+3.0(>100)

8 1 7 .
4 ° . ; Length Direction of Room
B 4t R O 3 =
0.5(3.0) | 1.0(>>100) 4 2.0(>100) . 1.5(>100) 0.5(>100) [1.0(3.0)
1.0(8.0) | 3.0(>100)} 7.5(>>100) 10.5(>100)f 3.0(>100) { 2.0(8.0)

1 i

0.5(>100}
I 1.5(>100)

\\;w@wm

/ 0.5(2.5)
Local Ventilation Equipmen_l/ 9_T_O,S(B.O)
entilation Equipr § £
£
a%
£
10(>1000  26(>1000 |8  1.5(>100) 0.5(>100)
30(>100)  7.5(>1000 |3 105(>100) 3.(>100)

0.5(3.0) 4 ) 1 3] 1030
10(8.0) | .0
0 Il-s I — I, _+3.0(8 )

i Floor

b
I. Figures indicate reading values of inflammable gas detector.
2. Figures in brackets indicate inflammable gas delector readiag values
when the ventilation stop.

Fig. 7.9 Local Ventilation and Distribution of Gas Concentration

d) SRS LOR 2 VW04

W2 WES SRS 2 A ORIt M 5 o, MER % 65 35 X 8 100°C i fnzi L,
T IEHERANE T ABELREL o HRIZTZWVIARRTI i 5 & QU 8580
e AEY L CEBRCEE oo LA LA AIET 57 ABERIRES ~15 TEAE L,
BRI AiE LB e30, fhERERTIS, Wi T 7 Th D, HRABRMO M EoMEL hEL
BWEZRL Tz, E—HEld T AECHROEACRARREAOMLKRG £ 2 b h
Do L2 L HRFEKIERE O RBREER LK 450°C THEIME RRBETH 52 ST EROSLER W,

7.2.3 BHOREETRARESH
FEH% b o BERAEEB U LR REIKRE L, BRESNZAHEEBCiAS L RFEINS,

— 56 —



Th®z B L BAOEEYAET 52, WEE, BR, BRSSO 2EZ CRRYTR
WH ZBEDOSHRR AL THEL 2o ABRBRRBENHZMOSMCIE2S S5O CHZMAEELD I m
b, BEEIY L5m LUK ok £DAD #AFREY LA, ¥ ZMED Wi, LA, 3%
MDA BLE U o,

a) BEOLA

WEOFAKEEY 3.5 $ X0 Tkg/cm? T 5 GBS ¢, #RABESNEHEL &, Fig.
T I0RZDERERLESOT, FRAPERBOFCAKELAIL TEL AR B, EHREW &k
A T DRECT 2D C, BMBORADs X XHZMAED 7 R BRENKENE 55, # RBE
BAZ—VRHOTRE L, BB HZNORBL CREREN3ZRLALS, MELlirvwh
KT ARECREL S h ok A7 VEBRMLVIEL, AUSZMMETHRER ISPITThH
o7ze U LT i A 4 ~ VRl & RBICIRR TRAD 100 2R L Tk,

25
20
3000 6.0 —
Oil Temp. 277~-352¢Cc 10 13.0 15 —Kha Crude oit 3 Kg/cm*/ 95Kg/5mm
~ 25120 -+ 15 75 Nz
Room Temp. 289~340TC 10
] . 50 -—Qalat Crudc Qit 3 » /10.9
Air Temp.  264~340C 80(23 ) 20.0) 9.0(185)— 65 o 137 s
25001 Nozzle Height 1.5m 8.0(13.0) 'L—
2.0(3.0) 13.(30.5) 15
2.0011.0) + 15(4.5)
e 55(16.0) zlggg; 5.0(8.5)
9.0(20.0) SN 9.5(19.0)
£ 2000k -4 200 10.0(13.0) 199
¥ 6.5(10.0) 17.39.0) 1.5(2.5)
3000 | s TR0 s Y
b 7.0(12.0) y 6.0{9.5)
e 115020 >100 1906433) (5o
S 1so0- 4 el >100 | | 23.0(53.0) e
& 10 50 5 0(_3/ g) L 4 T 3.0(35) 15(2.0) 10
g 1.5( ) 3065  2.0(.0) 2.0(5.0)
£ 30 5.5(8.0) ] — 45(19.0 50 4.0
= , 4000 65017.0) 7] + ToaEe) |, 15600 102600 80030)
g 000 4- -+ 2005) 42.0(56.0 +
= 1.03.0) 1.5(3.0) 10.006.0) 70.0. 25(35) 1.0(1.5) 1.02.0)
2.0(5.5) 3.0(7.0) 83.0 2.(7.0) 2.05.5) 2.(6.5)
5.5(6.0) 5.0(6.0) 2.0(4.5) 45(14.0) 450115 4080
75(100) | 7.0(12.0) 35105 i 11.0(24.0) | 95(200) | 9.0(15.5)
5004 +' “+‘ 8.5(11.0) T
1.0(2.5) 1.5(3.0) i 2.0(3.0) 1.5(2.5) 1.0(2.0)
2.5(6.0) 25(6.5) 2005 3.0(6.5) 2.5(6.5) 2.0(6.5)
3.06.0)  30(50) 5.5(5.0) 40(120)  4.0(7.0) 3.0(5.0)
[ 6505 | 50 4 13083 | 80050) | 70050 ; 5090)
SB LB C D
-:3_53-T-—700-—4—— 400—-—'0—77%— 230(-——4704——530 ! 700——1——700—4-—1070——
Length Direction of Room——————————————

1. Figures indicate reading values of inflammable gas detector.
2. Figures in brackets indicate inflammable gas detector max. reading values
during the test.

Fig. 7.10 Crude Oil Ejection and Distribution of Gas Concentration.

b) ARDEE

HREER (EMEK LD 1,570~1,580 m*/hr) L AEA0RBMERR Fig. 7.11 ©pRTis
VT, MADELECBRATRALZRL ChctE L CHRERENH X —VEITH3, HT7 IR
hciiechy, rofbon T BAOEAOM KLY, BN THBERBERKE W,
¢) BFHRoEA

BERRFWLVHBRCER LB B0 BBHRREELHE - TiT R oo £OKEER Fig.7.12 ©
Ry eehThmE (LAY, ZMEAR (LA:) kI oZmEs (LAs) THHbhREERE2~
31Z7RL, MIDORTHI0~I8TH ok, BBELBR VTR SIOLITARL, BBHSHER k&
Mol
d) BRER OB OEHS
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Oil Temp. 328~39 T 1.2(13 o
4 .4 " " N
Re Temp. - - Oil Press./0i! #Quantity
t.)om cmp. 34 ~32T 25 + 25  —Khafji Crude Oil 6Kg/cm?/12 Kg/Smin
Air Temp.  31.8~328C 40105) 259.0)~Qatar Crude Oil 6 » /126  #
2500]- Nozzle Height 1.5m —+— X 1.5(.0) —+—
Drafting Air _+_545(14.5)
Capacity 1570-1580m*/h 2.5(4.0) 25(3.0)
£ 2.5(9.0)
(Upper Draft) | 6.5(135)
£ 2000 4 1L5(.5)
_g ' 7.0(16.5)
= 2.5(5.0) 5.5(16.0) 30700 25(35)
£ 170035 | 55385 | | 65355 12595
£ o e S} §
£ [
- 2.03.0 g,g(‘lif)s) |1 3.0(4.0) 2.5(3.5} 253.0
=z 1.007.00 .5(11. 2.5(3.5) 3.0(9.5) 4.00135) | 25(9.0 2.5(8.0}
£ oo 4 4 + L3505 © 55315 + +
- 1
2.5(3.5) 2.5(3.5) 3.0(4.0) 3.0(4.0) 2.5(3.5) 2.5(3.5)
4.0(10.0) | 3.5(12.0 3.5(12.0) 4.0(8.0) 2.0(8.5) 3.0(9.0)
s~ #- . -+ ! + + +
3.0(3.5) 2.5(3.5) 3.0(4.0) ! 3.0(4.5) 3.0(4.0) 2.5(3.5)
3.009.00 3.0(9.5) 3.0(14.0) 3.5(10.5) 2.5(89) 2.0(8.0)
SC SB SA A B C D
o 7 700 770—1 2301— 470 52!)——[——700——‘»-—700—‘ 1070
Width Direction of Room: Length Direction of Room

1. Figures indicate reading values of inflammable gas detector.
2. Figures in brackets indicate inflammable gas detctor max. reading values
during the test.

Fig. 7.11 Crude Oil Ejection under Drafting and distribution of Gas Concentration

0Oil Temp. 295°C 5.0(7.5)
Room Temp. 21.7¢c
Air Temp. s1g 4SS 5-0“"-0’0 e 227 Cruce Ol
i il # Press/0il Quantity
2500 Nozzle height . 1.5m 5511.0) '+ 5.5Kg/cm?/11.7Kg Smin
Ventilating Capacity 526m*/h :
(Vinyt Tube B Type)
6‘5“6’5)'Locul Ventilation 65105
i t
£ 2000f- + Equipment - 14.0) +
: +
[ 7.0(17.5) y 7.0(30.0) 6.029.00 7.0(17.0)
E 1500 + L s TIacy + +
x
5 5.0(13.0) 3.5(13.0 6.5(18.0) 6.0(13.0) 5.5(7.5)
bt 6.5(15.5] 10.0(31.0)
g w0 4 + o wnol 4 + +
g
6.0(12.0) 7.12.0 5.5(13.0 6.0(13.0) 55(12.0) 5.0(7.0)
w4+ + + o+ 4
2.5(8.0) 3.5(10.0) 4.0012.5). 50100 55105 13.5)
PP N B e
SB LA LB LC LD
p353 7 700—.Lk—77\"r -.70-J-—530-J-—700—'L——700—’L——1070——>
po—— Width Direction of Room Lerigth Direction of Room——————3

1. Figures indicate reading values of inflammable gas detector.
2. Figures in brackets indicate inflammable gas detector max. reading values
during the test.

Fig. 7.12 Local Ventilation under Qil Ejection and Distribution of Gas Concentration.

WZMA 100°C iz l, *ZwcBi%EAM 6kg/cm® ©5 SHEMEE 27 AREEXREL
fro #RIZ Fig. 7.13 K RTL B0 TH2H, FROBERERBLVWVRROBELIVEL, O
B AERERICIL D bk, LALFRABEREACEL, BrVWEROES LD 2LEVIRE
HRUARBETH > %o
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Height From Room Floor, mm

Khatji {;

Qatar {

1
Ol Temp.  214~HT 15 0il Press. /Oil Quantity
Room Temp. 214~34TC +12 —Khafji Crude Qil 6.5Kg/cm ¥10.8Kg/5min
Air Temp.  192~328C  3.5(90) ' 15 —Qatar Crude Oil 6 =+ /130 =«
; 70 6.0(8.0)
2500 |- Nozzle Height 1.5m -+ 2005 -+
4130050
45(175) 3&0 5
90 ! Rt
2000} + 3.08.5) +
12.5(37.0
12570
. 1.007.0) 5.0(24.0) 30040) 20
100 i 23.0(49.0) 37.0(49.0
ool . i 0(49.0) 0D 70000)
15 20 I I 40(5.5) ;g( 100) ég( 10)
| 65(7.00 60 4.06.0) 6.0(23.0) | 4 70(120) 7010 L
100 4+ A + llomios) wos0| * + +
3?,( 00 20 35(5) | 35(6.00 20 1.0
so0)- 70 ] ’_740 + 9.0 _‘3,5(9,0) 8 _‘7.0(11.0)
25 20 3.06.5) 3.6.00 20 15
*7.0(8,0) 2.0 2 180 | 290 _‘7-0 ‘6»0(9.0?
Lo 353605 170058 700——o3A 770 sl 470530700 EC 700D o0}
k—Width Direction of Room~——— Length Direction of Room—————————4

during the test.

Figures indicate reading values of inflammable gas detector.
Figures in brackets indicate inflammable gas detector max. reading values

Fig. 7.13 Crude Oil Ejection on Hot Iron Plate (100°C) and Gas Concentration

— X —dry chemical } air temp.  29.5~32°C (Beginning time of fire extinguishing ;
--X ---carbon dionidef room temp. 32~37.2°C \after firing 13 sec
— & —dry chemical } air temp. 24.5~29°C (Beginning time of fire extinguishing ;
---@--carbon dioxideJ rppm temp. 26.5~31°C \after firing 7 sec
P 500 é
Quantity of Fire- g it SO 5
extinguisher used. /‘,A-—-___‘ S 4400 g
o
A"’7 4300 g
U &
/\o N s
] o
§ g;.‘
£ ™ 33
[
2
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3
[ Y
& qJio 2
Burning Time of Inf] ble Gases = E
ds S
E
'ﬁ E
E
44 :§
=
> E¢
235
1300)
£ .
E 1600
gE
£ E o
g &
53
w1000
8
v o
a5
600
100/ 1 It 1 i
5 10 15 20
Crude Oil Quantity, Kg
Fig. 7.14 Firing, Burning, and Fire-extinguishing Test of Crude Qil.
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7.2.4 FAOEK, #HnHE

REBR MY 2~20kg LU, ThEROEK, B LCHIRIY 8% BUER TH L Siic 3
~ARE R Fig. 714 10RT, 5K E LCBMBERILRIEHRIC X 0 2 D RIEL T b, 17 DR
RKE % il DA ZA T RAEK) 20cm FRE S Califi xR D X DRI - T T0
A DERBERFINE 6 ~ 9 BT, LT DHulhi& 7 R DBMBEHIT & D LULL el A%OMEE (C 2T Ak
BBEL WD) BIEE Do ABMER NI LA&KABRVRE L DIFHIORBL & bic KBTB<RB, &
DIRMEIE 20kg ORBIHTH 13 PRICKRE XA 50cm Thoko #4—VEIHMDBIA S H R RLE
RATE LR TH ofend, #AMRBELHE B LIRTIC SUKRLEE FHE & D ABBEC B D, kRO S b2
mER & ig oo HAKIHEH LIRIHKEIR F T 47 30 LR R TH o 2o KB LI NERTR
HiZAH 3 ~4. 58, BEV2~6BTHY, YL THHEDOLNBSHKTHenTE, XL
HARBIFSEE TH o o

7.2.5 £BICKIMAPBILOHRE

WEEmE Y7 OFAFEFAOMW R SR IR, 2V 7RRSIATEZ &2 HIEL Tw 5,
FHOZ L L BICAMBE T A2 G0 4 ¥ 7 RACIRAAREASC SWTh, ZOSMEREEn
B FRDIDRBUEF ORI E v 7 LY AR EERBRBEACEE, HOP 2, 3 O &
(50, 30, 204y v a) EHERAL CRERL oo EABBERNCBEIORMI VIS o e, 4T R
BE~ZEDKREC LD AR LD L BEL BB, TOX I IISEMTE— 2 2R 23 S80I

Table 7.3 Variation of Gas Concentration at Gas Free Pipe in Crude 0Oil Tank.

i) Oil Circulation in Oil Tank

Test | Reading of Inflammable 0il Temp. Gas Temp | Room ‘ Open Air i
Gauze Wire Gas Detector of Tank Inside' of Tank In51de Temp. Temp.
 Mesh | Inside of Pipe|Outside ’of'p;;;'_h'ofc ¢ }_ c | ec
| 50 | >100 5~20 | 34.0 |_ 340 !ﬁs\o_far _7{ a2
T2 s | “4025'5* ] 35.7_'5——3470-'_""{'_30._3' 1 s
; 20 _{' C>w0 | >0 ¢+ 2 b ‘340 » "} ) 30.'3“|< 26.5

* It was found that reading of inflammable gas detector showed <100> at outside of pipe,

sometimes.
ii) Air Blow into Oil for Agitation

P

Test

Reading of Inflammable 0Qil Temp. Gas Temp. Room Open Air ‘.
Gauze Wire! Gas Detector of Tank Inside of Tank Inside Temp. Temp. |
Mesh I Insxde of Pipe ‘Outs:de of Plpe’ °C i °C k oc | °C ‘
Over Upper ' . 1 |
50 Beniome Limit | >1oq ! %5 | _32 8 ., 6 . ms !
22| ” | >0 ! 51 | ste | a2 | ar2
20 | ” | >0 ] s 3 a2 | 265

Remarks 1) It was found that gas concentration inside gas free pipe and oil tank exceeded upper
explosive limit.

2) Air blow quantity into oil; 760 I/h
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KEAMTH DB DD, WIMHT 2 EIE 5 MRAC S 2848 (50, 30, 20 4 & & 2)
CH o e kWiE WS, $REIEI, A REBILNSO KR Table 731,59 & k0 C, 20
LOBAR504 & v 2 OGP RISELIRIE X RN Ui, TO2DBEREER ALt X w il
GChHD, 2V IBLUTTNON ARERERE ERALBLANRCR KL AWER 2R L, Sy
Clo R LR FRALETH KT BEIEX L, LichosCoolidcijikLcbL
BN T CRZ D Z LTl Do KT KR 2RECH - TAIMRM T ZANIKA - 2 REROF R, 502 4
Y aDBEREMANC AT RRIMRA DBHEDOH ZR KR THETH ok, 324 v ¥ 2 DBIS
2, BLDD I HLbREPEATRI TWARLZO S BATITHI K Ui, £4204 v v 208G, 7
AW AN D EERFC A TBARIEL Foo AMERDHEE, TP R DB - 2 &M 50% » v 2T
HY, 324y v L (FEHRALRTH -7,

.26 Y oROFEARETZAREST

WAL Y 7N RGO MS JUHEHIc X b FAEBEKEYLEXEL 5, TOMEBEEE 70
cm, && {10cm, 7K 422l D2 v 7 ERAL CHE LU, #5i1x Table 7.4 kT ks Ta v
JHOHF ABERIFMOREE, MEs LRIV ERD D, Tk - U 7 RBES 4
WRIZIREL 2D, B TRALEOREC /LS b ok,

7. 3 HBRREROEE

Migh# K4 Z il T 58BT3, HIH ZADBREE TR > TV A2 GEHRAIER R UL &k
Vo LALERAET CREMCHAT IR AENS 50T GEEEHc O ReWEHE L. T
DRRRAD LB DT, BLlOT 2R ERBETH B L, HiICI0EREO ik k- CHH T340
Gith Bl U TR DR S BRI EE TH 5, €O LBREPHAI X o TESIK T ABELIE F &
RDZENRTEDDO CHARROEELXB S AT NE+IELL THRL 5 %,

(1) BULEHEAD O R EEBR P ROEEEEL K, H & — i 40°C 1 IsHTT | kg/m® 2
BETHDH, KNHIKKDELORFD 1 LIFiRiks,

(i) Mz vk X CEIIEho GRS £ 0wk B & - TE2OMET 52, Kkl Lk &
CN 8D 5cem BEDOGETH B, Ao H U2 AN T3
b 5,

(1) BEFARPAXR EDDTHYTH RBERME RS TTHEL K F 45,

(v) PR DD THY THZVWERMO AT Z X R T X 5, I 2 WIHROE 2 0H
hE, XHIELTH B,

(v)  EhOREED (Z15 12 R I C RO MRS B 5, 20 kg F2RED BN /INER K 2T %
BWRIEKL D %,

(Vi) SWRBIKICHDTKDILRH AL E LS04 v ¥ F8FED £MCHS - Lic k b 1K ail

L9 %o
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