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FUEL RESEARCH  INSTITUTE OF SOUTH AFRICA.

REPORT NO. 7 OF 1944,

SPONTANEOUS COMBUSTION AND VENTILATION ON BOARD

It is well known that a heap of coal will not heat spontaneously
if an air current of sufficient strength is passed throurh 1it.

Under such conditions of over-ventilation the air cools any coal
that may become heated. Generally each hold contains four ventila-
tors., The air passes down two of these ventilators and vp the
remaining two. The down~-draught ventilators stop at a height such
that ‘there 1s still a considerable amount of coal below the verti-
lator exit, The straight 1line connecting intake and offtake
ventilators on one side of a hold passes outside the hatchway,
There is generally a cone of fine coal in the centre of the hold
l.e, vertically bhelow the hatchway. This is surrounded by larger
coal which presents less resistance to the flow of air. With

the above arrangements it is practicallylimpOSSible to produce

over ventilation in fine coal verticallyAbelow the hatechway.

An alternative method of suppressing self-heating is to
restrict vertilation or stop it entirely. The fact that a fair
number of fires have recently occurred in ships carrying Natal
cargo coal shows conclusively that over ventilation was not
suffielent and that under ventilation was alsc not sufficient, Tt
has been shown by the Fuel Research Institute that when air passes
through certain Natal round coals at a linear velocity of about
one foot per hour, considerable heating can occur. This 1s a
very low rate of vertilation. It is clear that with the present
method of wventilating coal cargoes the above rate of ventilation will
exist in certain parts of the hold, It was therefore felt desir-
able to carry out tests on board ship in order to study the effect
of ventilation on spontaneous heating. The Institute 1s indebted
to the Ministry of War Transport of the United Kinedom for making
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the S.S., "EMPIRE PORPOISE" available for these experiments., The
matter has been arranged by Mr. Cannan, the Ministry's Chief Repre-
sentative in the Union of South Africa, and Mr. Seadle, the
Ministry's Regional Represehtative (in Durban). The Institute
desires to express its appreciation to these gentlemen for thelr
kind interest and useful collaboration, T aleo wish to express my
tharks to Captain Davies of the S.8, "EMPIRE PORPOISEM and to his
staff for the valuable assistance they offered and for doing every-
thing to make the voyage pleasant.

The plan of the top deck or weather deck 1s shown in Fig. 1B,
The hatchways are labelled 1, 2, 3, 4, 5 and 6, Thermometer tubes
were inserted through the top deck and tween deck and were fixed
to the lower deck or tank top., The tubes were made of steam
piping of #" internal dlameter, The tubes passed down vertically
and their position relative to the hatchways are shown in Fie. 1A,
Thus, around hatchway number 1, there 1s one tube near each corner.
These tubes are indiceted by .A, .C, .E and .G. Near the middle
of each side of a hatchway there is also one tuﬁe. These tubes
are indicated by +B, +D, +F and +H. Fach tube projected 3" above
the top deck, A hole was driiled through this deck, the tubes
were inserted and then welded to the deck. The tubes were
similarly welded to the tween deck, They extended to the floor of
the lower deck where they fitted into blocks of wood screwed to the
lower deck. The tubes were plugged at thelr lower ends. Fig. 1E
shows diagrammatically the arrangement of a thermometer tube,
Five thermometers were placed in each tube excepting tubes H and
D in hold No. 6 which contained four trermometers each,  The
bulb of the lowest thermometer in any tube was 6 feet above the
lower deck. Tn tubes H and D of hold No. 6 the lowest thermometer
was 12 feet above t-e general level of the lower deck, This
arrangement had to be made since the shaft tunnel (9ft., 3 ins., high)
prevented the decépest thermometer in these tubes from being 6 feet
above the lower deek level. TIn any given tube, the bulbs of

successive thermometers were 6 feet apart,  The thermometer. hulbs
were/ ...
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were fairly heat-insulated by means of rubber pressure tubhing,

This will allow a thermometer to be withdrawm and the temperature
read before any appreciable fall in temperature takeé place. -
Maximum thermometers have proved unsuitable for such work. Ther-
mometers are labelled, for example, "6C3", This means that in
hold No. 6 (See Fig, 1A) the thermometer is in pipe C and it 1is

the third thawrrreter from the top of the pipe.

Details of the positions of thermometer pipes and normal ventila-
tors with reference to particular hatehways are given in Figs. 2,
35 4; 5 and 6. Ventilators are indicated by ciréles. Two con-
centric circles indicate concentris ventilators, Such ventilators
consist of a large pine which generally stops immediately below

the top deck, This pipe therefore ventilates the tween deck hold.
The large pipe may, however, be sealed off a2t the top deck 1@&@1.
Tris is irdicated in the figures by shading the area between theo two
concentric cirecles. In such a case, there is no ventilation of

the tween deck hold from such a ventilator, In the case of concen-
tric ventilators, the smaller ventilator stops immediately below
the tween deck, It therefore ventilates the cargo hold. In many
casesy to prevent direct impingement of air from the ventilator on
to the cargo, a baffle is placed about 6 inches below the lower
opening of the ventilator. This 1s indicated in the figures.

In the figures referred to, the position of each ventilator is noted
by two sets of numbers, The upper numbers indicate the perpendicu-
lar distance between the centre of the vertilator and the side

(or its extension) of the hatchway nearest to it, such side running
parallel to the long axis of the ship, The lower numhers indicate
the perpendicular distance between the centre of the ventilator and
the side of the hatchway nearest %o it, such side being at right
angles to the long axis of the ship., In these figures, the
hatehways are indicated bv Ezj and they are supposed to have
shrurk infinite'y small. The positions of thermometer tubes are
also indicated by two scts of numbers. In the case of thermometer

tubes marked by a dot, the upper numbers indicate the nerpendicnlar
distance/, ..



»

= A -
distance between the tube and the side (or its ertension) of the
hatchway nearest to it, such side belng parallel to the long avls
of the ship., For thermometer tnbes marked with a dot, the lower
numbers indicate the perpendicular distance between the tube and
the side of the hatchway nearest to it, such side being at right-
angles to the lohg axis of the ship. In the case of thermometer
tubes marked with a +, the upper numbers indicate the perpendicu-
lar distance between the tube and the side of the hatchway nearest
to it, The lower numbers, in the cases of 1 + Hy 1 + D, 3 + D,3+H,
6 + Hand 6 + D, indicate the perpendicular distance of the tube
from a 1line running through the centre of the hatchway and parallel
to the long axis of the ship, The lower nnmbers in the cases
1+B, 1 +F,.2+A4, 2+By 5+A, 5+B;, 6+Band 6+ F, Indicate
the perpendicular distance between the tube and the line passing
through the centre of the hatchway, such line passing at right-
angles to the long axis of the ship (See Fig. 7).
The tween deck (floors) are shown in Fig, 1C. The hatchways in
the tween deck (floors) are the same size as those above in the
top deck, excepting that hatchway No, 4 in the top deck is repre-
sented by two smaller hatchways in the tween deck. The floors of
the tween deck holds are shaded around the borders in Fig, 1C.-

It will be seen that in the tween decks, holds numbers 4 and % are
not separate, although they are separated below in the cargo hold.
The cargo deck floors are shown in Fig, 1D, the areas
occupied by the different holds being enclésed in shaded borders,

Owing fo the diminution of the c¢ross=section of the cargo
deck at both ends of the ship, the thermometer pipes are much
nearer the side of the ship in these areas than elsewhere,
Table 1 gives the dlstance, in inches, between the thermometer

tube and the side of the ship,

TABLE T, .
Thermometer Tube, At top and Tween deck, At Cargo Deck.
1A 92 49
1B 12 : _ 79
1C 163 110
2A 191 187

38/,
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Table I : Continned,

Thermometer Tube, At Top and Twern Deck. At Cargo Deck,

3A 185 - 184
3B 192 187
3C 188 183
3G 231 oy
54 191 190
6A 188 131
6B 184 53
6C 181 0

Holds numbers 1, 3 and 6 are primarlly to be considered
as the experimental holds for the purpose of this test. Thev
were therefore each provided with eight thermometer tubes.
During the.test tween deck hold No. 1 and cargo hold No, 1
received what is considered to be normal ventilation, The
hatch covers were battened down, but, weather permitting, th:
covers were lifted off on two sides of the hatchway as from
26/8/44, The ventilators were turned according to the direction
of the wind. Tween deck hold No, 3 and cargo hold No, 3 also
received normal ventilation, althoush it will be seen from
Figs. 2 and 4 that the vertilators are not the same as regards
baffle arrangements, Hatch coversoEJos. 6, 5, 4 and 2 were kept
battened down and no ventilation was provided by 1ifting the hatch
covers, Tn addition, all ventilators passing into tween deck
holds and cargo holds of Nog, 65 5, 4 amd 2 were sealed off.
Cargo holds 1, 3 and 6 as well as the corresponding tween deck
holds were filled with the following Natal coals: A, B, C and D,
These coals have a reasonable temperature rise in the spontaneous
ignition tests carried out by the Fuel Research Institute at the
Bluff. Holds numhers 2, 4 and 5 were filled with other coal
that was available. The quantities of the various coals loaded
into each hold and the order in which the coals were loaded are
given in Appendix A.  The manner of loading is also indicated
in this Appendix, Loading was carried out during dry weather
and the coal was not wetted by rain.
provision was also made to take gas samples above the
surface of the coal in the various holds. These samples were

withdrawvn by tubes passing through the hateh coamings about 1
foqt/......
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foot aboye the surface of the top deck, The tubes projected about
1 foot into the hatech, In tween deck holds No., 6, the upﬁer level
of the coal did not reach the position of the highest layer of
thermometers, The tween deck hold was only covered with a few feet
of coal above the tween deck hatchway, the sides containing no coal,
In No. 1 tween deck hold the coal reached to above the highegt laver
of thermometers,  The same applies to holds 2, 3, 4 and 5,

Lo~ding of coal into No, 3 hold commenced at 3,45 p.,m, on
16/8/44 and the loading of the ship was completed at 10,15 p.m. on
18/8/44, Hatoh coverlNo. 3 was put on on 18/8/44, The remaining
hatch covers were put on on 19/8/44, Ventilators were adjiusted omn
19/8/44, excepting that one vedtilator in No. 6 hold was only sealed
on 20/8/44, Thermometers were inserted on 19/8/44 and the first
readings were taken on 20/8/44, commencing at 12,15 p,.m,

The temperatures recorded in the various holds, the oxygen
contents of the gases immediately below the hatechways, and the
weather conditions are given in appendices By C4 D, Ey F and G,

TEMPERATURES,

During the discharging of the coal temperature measurements
were also taken in the coal in the areas vertically below the
hatchways, In a few cases these temperatures were obtained b&
driving pipes of 6 feet length into the coal and inserting partly
insulated thermometors, This procedure took a long time and
seriously Interfered with the discharging. The normal procedurec
was to stop discharging of a given hold and immediately drive a
hole of about 1 foot deep into the coal by means of a pipe, with~-
draw the plpe and insert a bare thermdmeter into the hole, Such
thermometers were spaced at a distance of approximately six feet
from each other, The thermometers were withdrawn after about 10
minutes and read beforc any appreeiable fall of temperature occurred,
It was not possible to retain thermometers in the original thermome-
ter tubes for any length of time after discharging had commenced.
The discharging\buckets frequehtly knocked against the thermometer
tubes with the result that the latter became bent and the thermome-

ters/....
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ters were broken,

Such temperatures as were recorded in the thermometer tubes
in holds 1 and 3, receiving normal ventilation, after discharging
had commenced, show that between 7/9/44 and 10/9/44 no undue rise
of temperature occurred,

If it be assumed that the same applies to the coal vertically
below the hatchways then it follows that the temperatures below
the hatechways were, in many places, higher than in the surrounding
areas served by the thermometer tubes, The differences were
sppreciable, Thus the highest temperature recorded in a thermome-
temperature recorded 1n the coal vertically below the hatchway on
11/9/44 was 90°C.  Tn a horizontal plane these areas werc about
15 feet apart,

Owing to the rarid rise of temperature found in hold No, 3y
during the voyage, this hold was sealed on 30/8/44. After gealing
the rate of rise of tomperature decreased, but the rise of tempera-
ture and the percentage of oxygen were still high. This showed
that this hold was still rettine appreciable gquantities of air.

A storeroom with wooden walls had been built into the for'd part

of this hold, The wood had shrunk considerably and it was clear
that air conld still pass into the coal through the openings in the
wood, Thls was confirmed during discharging.

The lowest layer of thermometers was 6 feet above the cargo
deck, For the purpose of discussion it 1s convenient to refer
to the lewel of this layer as the 5th lewvel, The next layer of
thermometers was 12 feet above the cargo deck, This level is
referred to?fhe 4th level.  Similarly there are 3, 2, and 1,

Levels 1 and ? will not be considered 1n any detail sinece
it 1is clear that the temperatures at these levels were substantially
Influenced by weather oconditions. Thus, when the weather became

overcast there was a general tendency for the temperatures at these

levels to drop, Also the temperatures at these levelsy particullarly
|

in the normaTyventilated holds, were generally lower than the

temperatures at lower levels. Thermometer 1F1 4s however a
: striking/...,.



striking exception.

An examination of the rccorded temperatures shows that the
average temperaturce rises of all the thermometers in tubes in
levels 5, 4, and 3 in holds nos, 1 and 3 werc grcater than in the
sealed holds. See Table 2, The examination, however, also
showsg that largc temperature rises in holds Nos. 1 and 3, at any
given level, were obtained in certain areas only, This, together
with the fact that a fire starting 1in one rart of a Eold may sat
all the coal on fire 1s the reason why average temperature riscs are
not dealt with in grestecr detail in this rcport,

TABLE 2,
AVERAGE RISE OF TEVMPERATURE IN LEVELS 5, 4 AND 3,
Date 20-22 22-24  24-26 = 26-28 28-30  20-30 turust.

Hold 1 1.76°%¢ 1,70 1,18 0.85 1,28 6.8
3 2,06 1. 50 1.74 gl 1.56 8.6
6 1.49 0,58  0.63 0.67 0.64 4,0
2 0.68 .42  0.26 0,45 0.52 2.3
5 075 W335 0.53 0.65 0.78 3.1

Table 3 gives the four highest temperatures in each of holds
1y 3 and 6, at cach of levels 5, 4 and 3 on 30/8/44, tosecther with

the corresponding temperatures on 20/8/44 and the rises of temperaturc

Similarly Table 4 gives the four highest temperaturss ia each
of holds 1, 3 and 6 at each of levels 5, 4 and 3, on 7/9/44,
together with the corresponding temperatures on 30/8/44 and the
rises of temperature, It will be rcemembered that hold No. 3

was partly sealed on~ 30/8/44,

Table 3/..0.-00




"9 pue

*SON UL souanjetedwog 389ydiy o
3 L

*Touung

‘WS EU

WBS3S OM] oJdB oJoy3 ‘Te0D 8yl mOoIeq

$ SPLOY JO ¥0eD CBJaED 8yl JO 8JqUed

8Y3 UT 3J® sungd [ouuny 3JBYUS JeTledoxd ayg *sedid wee3s JeoU JOLOWOUISYT X

c'9 0°ve AN g §°s¢e LEeE €7 0°ge geet

4] 0°se §*0¢ L°6 et 2°5¢ 80T 0*ve 8" vE

5°4 0792 S°1E 0°0T 0°Ge 0°9¢ 4°TT 0°ve 404t

59 0°9¢ x 6°¢et 1°0T $°9¢2 I $°1T 0°ge NS €

0°S 0°te 0°ge 0°€1 5°9¢ S*6t 0°g s°le G°s¢

679 0* e 6°32 € €T 592 8°6¢ 0°1T 0°L2 0°g¢€

6°6 Ghe - ¢ vUGE €751 0°92 € TY €°0T 762 4°6€

6 4°9¢e x 9°6¢€ 8°8T 0°9¢ 8 v S°¢T 5°Le 0°1v b

i $°ve 962 €11 4§92 8°4E 46 0°gye ALY

9°¢c 0°ee 9°42 6°21 $°9%¢ 7°6¢ Al 0°92 LT EE

5°2 4°¢e 0°9¢ 1= 2°Le g6t 9°4 0°Le 9°*ve

Ak 0° Ve 2 92 € €T AP Stov gl 0°le 008 °6€ s
%ﬁ\w\mm mmmawmmmmmm v/8/02 mmmawmmmmmw FLERE mmmwwmmmmma

8sTY ‘gduey LSEHDIH  oSTY “qdwey LSEHDIH  oSsTH *adme, ISEHOIH THAHT
T ToN "€ o “I "ol



w 10 -

*sedjd weeys JeoUu J9}OWOWISYL =

0¥ 9°6¢ 9°ce £°g ot 0°Tv *v A4S 79t
Als 2 o€ % /€Y €9 AFE ST o g€ €07
i §*1¢ (28743 ¥4 9°9¢ o°ey L€ §°6¢ AR
g€ 5°2€ % €°9¢ it 0°9€ L€ v°g L°5€ T°vv
€'z 0°32 goe T §°6€ ;e e voyE 6°6€
T°c 6°3¢ 01t 8°8 g6t 9°gY gt 0°g¢ Sy
9°¢ AN % 0°gt 4°8 gLy 0°0& gRE 4068 ety
oY 9°4¢ X 9°6t ARA g'vy 0°L4 9°6 01V 9°04
v°g 9°52 052 b« L ogeus S*ey 81T ALY Gee
7°2 9°42 0°ge Sy g 6t € vy LY AR 7°8¢
0°e z°9e AT 6°€ O v 0°S 9° € 9°6¢€
A 0°92 ¢°ge °9 768 S°av 29 8 6¢ 000 ° 97
/674 /674 Tv/6/L
vy/8/0t  BHNIVEMINEL - vv/2/cf  TENIVITIANL v9/9/0€  BHALTUTANGL
*HSIY * LIAEL LSHHDIH  "ESIH ‘LA L SEEOIH  ESIyY * U ISHHDIH THAAT

*9 *ON

v J1dVL




Table 5 gives the maximum temperature observed in each hold

taken during the time coal was being discharged.

TABLE 5,

HOID. MAXTMUM TEMPLERATURE.
1 90.0°C
3 64.0
6 41,0 =
2 36.0
5 43 *
* Thermometer near steam pipes,

It is clear from the data given in tables 2, 3, 4 and 5 that
the average rise of temperature as well as the maximum rises of
temperature and the maximum temperatures, at times stated, are
greater in the ventilated holds than in the sealed holds, and that
the differencesbetween ventilated holds and sealed holds are sub-
stantial.
| The following additional remarks are interesting in connection
with the heating of the coal, During discharging it became apparent
that ecoal vertically below the hatchway was generally of smaller
size than the surroundirg coal. This condition was undoubtedly
caused by segregation during loading, From the relative positions
of a hatchway and the ventilators of any hold, it is eclear that the
main ventilation currents will travel through the coarser coal.
This together with the relatively small surface of coarse coal
-will tend tc Yreapr it comvaratively cool, During loading,

rockets of small coal as well as pockets of

large coal are produced vertically below the hatchway, It is
probable that these pockets are responsible for sufficient air
entering the main masses of fine coal to produced the heating
observed, The higher temperatures were always observed in holds
1 and 3 in masses of fine coal during the discharging, Put even
here some of the pockets of fine coal were comparatively cool
compared to others close by. The result is that it is very

diffieult to loeate thic points of highest temperature in a ventila-
N ted/i e
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ted hold with a 1imited number of thermometer pipes, I understand
that coaling ships at present are provided with one thermometer
tube, 1n the corner of a hatchway and that this tube stops slightly
below the tweendeck. It will be fortunate indeed 1if any tempera-
ture taken in such a tube will give any warning of approaching
danger from heated coal, If the above experiments had to be
repeated with 8 thermometer tubes in each hold I would sugrest

that such tubes be placed in two parallel rows, parallel to the

long axis of the ship, inside the hatchway and about 6 feet away
from the coamings runring in the same direction

The high rate of heating in No, 3 hold, untll it was partly

sealed off, needs conslderation, The aft bulk~head of No, 3 recelves

radiant heat from the furnaces. It was thought that this heat
may be responsible for the hirh rise of temperature. During the
discharging on ;1/9/44 the following temperatures were recorded ver-
tically below the hatchway: 48, 48, 60,47, 4%, 53, 44, 34, At
the same time the fol%Pwing temperature readings were obtained,
at the same.level, in the coal in a line about 3 feet aft of
thermometer tubes; 3C, 3D and 3E: 39, 38, 39, 40, 40, At this
1eve1’the coal is therefore cooler near the bulkhead than further
for'd, This svggests that *he heating of the bulkhead was not
entirely responsible for the rapid temﬁerature rise in No, 3 hold.
A1l the coal in YWo. 3 was .loaded by the belt system and it was
clear that the coal in the top part of this hold was smaller in
size than in holds Nos, 1 and 6. In addition the ventilation in
hold No. 3 couvld be considered aé being better than in hold Wo, 1.
This 1s due to the fact that the off-take ventilators in No. 3
hold were two Samson posts. These posts project about 20 fect
above the top deck and will act as chiwneys. Tt is aleo poszidblc
that the high temperatures observed in No, 3 may be in some measure
assocliated with the greater distanee of the thermometer tubes
from the sides of the ship. See Table 1.

It is interesting to note that the highest temperature,

namely 90°C, obtained during the discharging of No. 1, was found
near/....
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near its for'd part corner, i.e, In the area between thermometer
pipes F, G, and H, See Flg., 1A. Pemperatures of 80°C were
registered just for'd of tube D, The highest temperatures
obtained in No, 3 during discharging were in the area between
thermometer pipes D, E and F,

OXVGEN CONTENT AND INFLAMMABILITY OF GAS TVMEDIATELY BET,OW
- ATCH COVERS,

A11 apparatus for gas anslysis had to be screened down in
not too large a cabin and duplicate sets of anparatus had to be
taken in case of breakage. This is the reason for the compara-
tively simple gas analyses that were carried out,

Each hatch was coﬁered with three tarpaulins and the samples
for analysis were taken about 1.5 feet below these, Such samples
woﬁld be fairly representative of the gases above the coal.

Unless a large numer of samples were taken at various points
inside the coal the results wou;d be difficult to interpret.
Oxygen and carbon dioxide were,ébsorbed’simultaneously in alkaline
pyrogallol. The Institute, in spontaneous heating tests in
bunkers, has shown that the percentage of carbon dioxide given
off below 800C is smallﬂ" Yende oxygen and carbon dioxide are
together given as oxygen in Appendix F, After absorption the
gas was returned to the gas pipette and then allowed to escape
into the atmosphere through a stop-cock under about 18 inches of
water pressure, A 1ighted match was held 1n the path of the
escaping gas, In no case would the gas ignite. Tarpaulins

were placed over No, 3 hatchway on 18/8/44 and on the remaining
hatchways on 19/8/44, On 26/8/44 the tarpaulins were lifted .
off the;sides of Nos. 1 and 3 and this position was maintained

in the case of No. 1 until discharging commenced, No, 3 was
kert sealed from 30/8/44 until discharging commenced, The
analyses show, in the cases of Nos. 1 and 3 that even prior to
1ifting the tarpaulins off the sides the gas consisted préctical—
ly of pure air,

After sealing No. 3 on 30/8/44 the oxygen content fell to

abOUt/Dlocooa



- 14 -

about 17%, =and then remained in this neighbourhood., This,
together with the fact that the temperature of this hold was
still rising appreciably clearly showed that the sealing was
inadequate. The gas above No. 6 consistently showed a low
oxygen content, the average value being 7.2%. It i¢ eonsidefed
that this figure represents the balance between fresh supplies
of oxygen obtained by diffusion through the tarpaulins and
oxygen removed by the coal, The average oxyger contents of
Nos., 2 and 5 were 13.0% and 15.7%, respectively, These data
suggest that the coals in Nos., 2 and 5 were less active as far
as spontaneous heating was concerned than the coals in No. 6.
The only fear that I had about these experiments was the
possibility of fircs and explosions from methane in the sealed
holds, The gases immediately below the tarpaulins have becn
shown to be non-inflammable, Tt 15 eclear therefore, that no
fires can be started above the tarpaulins by striking matehes, ete.
The gases Immediately below the tarpaulins undoubtedly contain
a small percentage of methane, but thils percentage is maintained
small by loss into the air by means of diffusion., Af depth
In the coal this percentage of methane will inerease, There is
a possibility that such rmrthane may esecape through leaks in the
bulkheads to neighbouring holds econtaining exposed fires and be
there set on fire, This danger seems remote, Firstly,
beczuse the rate of methane evolution from freshly loaded coal
becomes comparatively small after the first day. Seeundly,
a reeent circular by the-Ministry of War Transport supports the
general practice, in case of coal fires at sea, of sealing off
the effected hold. Once a fire has started in a hold the amount
of inflammable gases produced by distillation and inceomplete
combustion will greatly exceed the normal methane evolution of
the same coal when cold, The danger .of fire and explosions
is thus considerably increased. If 1t is considered good
practice to seal off a hold that is on fire, it is surely better

practioe to seal it at the start and prevent a fire altogether.
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WEATHER CONDITIONS.

The prevailing weather conditions during these tests are
given in Appendix G. The air temperature, étrength of wind and a
clear or cloudy sky will all influence the coal temperatures in the
holds. It is difficult to determine the separate effeets when
all thesc veriables alter at the same time, The strength of the
wind undoubtedly has a big effect upon the temperatures in the
lovier levels of the ventilated holds. Thus, with a mild wind
there will be 1little over ventilation and there may be a fair amount
of heating in the direct path of the ventilation current. On the
other hand more distant parts will be under ventilated and remain
cool, With a strone wind there will be considerable over VQntilétion
In the direct path, but in the more distant parts the correct
amount of ventilation may be prdduced to give rapid heating. It
is no doubt partly the explanation of the variations of the temperae
ture increments in the deeper levels of the ventilated holds during
the course of the tests,

Cloudy weather seems to have a vegy important influence upon
the temperatures in levels 1 and 2, It will be seen that the
temperature increments at these levels during cloudy weather are
generally small or negative, The rise of the sea temperature
from 20,2°C to 26.6°C 1is interesfing. At the higher temperature the
loss of heat from the coal by conduection will be much less than if

the sea had remained at the lower temperature,

. CONCLUSIONS.

1, In hold No. 6, where the hatehwsy remained covered by three
tarpaulins, and where the ventilators were sealedy the rise of
temperature of the eonal was substantially less than that experienced
by the same coals in two holds receiving normal ventilation.

2, It is considered that the sealing of holds, as earried out
in No. 6, will substantially decerease the danger of spontaneous
combustion of enals .

3. The gas in the scaled hold, immediately below the tarpaulins
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did not in these experiments contain sufficient combustible m=tter
to cnable it to burn in air,

4. It 1s considered that the danger of fires and explosions
of gases derived and escaping from holds sealed shortly after
loading the coal is considerably less than that arising from the
standard practice of sealing such holds only after 2 fire has
started,

5. In the normally wventilated holds the higher temperaturecs
during discharging were found in pockets of fine coal,  The
temperatures in different pockets of fine conl in a siven hold
varied considerably.

6. The coal verticslly below the hatchway, in the rormally
ventilated holds, was generally at a higher temperatire than the
surfounding coal, such temperatures being measured duvring discharging,

7. To determine the extent of spontaneous heating 1n holds
temperatures ousht to be taken, as deseribed, at a number of
points in the coal vertieally below the hatehway, The vresent
practice of having onc thermometer tube against the cornor of a
hatehway and passing down to slightly below the tween deck may
give entirely misleading results,

8. The temperature of approximatedy the unper 12 feet of
coal in a hold was seriously affected by weather conditions.

9. In the normally ventilated holds the level of ~ighest
temperatures was arproximately at 6 - 18 feet sbove the floor of

the coal.

If Natal cargo coal is to be carried at sea in holds having
all ventilators sealed and in which the thres hatschway tarpaulins
arc kept battened down, it is.considered advisable té malke the
following suggestions:

(a) The tarpaulins should te put on approximately 24 hours after .
the cnal has been put into the hold and thevy should be removed
approximately 24 hours before commencing the discharge of the coal.
Ventilators should be sealed when the tarpauling are put on and

unsealed when the tarpavlins are romaved.,
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(b) If any particular hold contains holes that cannot conveniently
be sealed, such a hold should be filled with coal having a poor
tendeney to heat spontancously. This hold should othurwise,
as far as possible, be dealt with as in (a) above. :
(c) Naked flames should not be brought within, say, 3 feet of
the bulkheads of sealed holds.
(d) Holds or rooms, adjoining sealed holds carrying coal, should

be very well ventilated, unless such holds carry coal and are

themselves sealed,

Built 1918,Alameda, California,
One deck and one shelter deck.
Gross: 75¢2 tons,

Net: 4847 tons

Lengthe 440 feet,

Breadth: 56 feet,.

Depth: 35,2 feet.

Steamship fitted for oil fuel,



APPENDIX A,

Table T gives thé kind of coal loaded into cargo
and tween deck holds numbers 1, 3 and 6

TABLE T,

Colliery: Hold No,1l. Hold No.3. Hold Wo,éb.
A 233,15 - 221.10
B 172, 7 82,18 - 249,15
@ - 131, § 162,15
A 230.15 272315 167.10
D 45, 0 161,12 148,12
B 287. 0 269. 9 256, 0
c 225, 0 eesn. B 232, ¥
A _189.10 232, e T

TOTAL 1376.14 1276, 6 1682,12

The coals were loaded into each hold in the order from helow
upwards, For example, in No. 1 hold, 189,10 tons of A were first
put in, This was followed 5Y 225.0 tons of C, etec.

Table IT ecives the total amounts of coal from each colliery

put into holds 1, 3 and 6:

TABLE _IT.
Colllery: Hold No, 1: Hold No. 3 Hold No, 6:
B 452,14 352,14 505.15
c 225, 0 356,10 395, 0
A 654, 0 406,0 633. 5
D 45,0 161.12 148,12

of
Table ITT gives the total amount of coal put into each holds
2, 4 and 5 from each colllery., This coal was not loaded In any

particular order:

Table III,

Colliery: Hold No, 2: Hold_No.4. ‘Hold No,5:
B C2 L4 34015
E 915.13 262,17 776.17
F 390, 5 591,10 674.19
G 172.10 . 45,10 251.15
H 324, 5 35.15 194,15

TOTAL 1802,13 935.12 1932.17

A paar
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It will be noted that except for 1 truck of B coal in Hold
No, 5, none of the holds 2, 4 and 5 contain any of the coals in
holds Nos., 1, 3 and 6,

The coal was loaded partly by the belt system and partiy
by the brcket system.. Table IV, shows the means of loading.
Where both belt and buckets were used in any one hold the helt
wags used first:

TABLE IV,

R ==

Hold: Belt: Bucket: Total:
1 970,12 406, 2 1376.14
2 1354, 0 448,13 1802,13
3 1276. - 1276. 6

6
760. O 175,12 935.12
1792, 0 140.17 1932,17
7 376. § 1682,12

o oV b

1307,
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