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o ' WOWN__WS
‘ PEKO MINES N,L.

SECOND REPORT.

D.W. Read.

‘-Abstract-

. This report covérs readings and observations
made during the voyage to Japan of a cargo
of concentrates from Peko Mines N.L.

bl 5
‘- 1. SUMMARY.

. _ L study was made of the behaviour of a cargo of
' concentrates shipped to Japan by Peko Mines N.L. in SS "Sariza",
a Greek owned vesqel under Panamanlan reglctratlon.

The follow1ng observatlonq werc made:

(1) Withfthe moisture content of the concentrates at
approximately one percent there was no sign of any

rcaction which generates'hoat.

. (2) The modificd “"rice-stow' method of stacking the
cargo wag veory effecctive and allowed access of

cooling air into the .ceantrc of thc stacks,

] | (3) | ngh velocity forced vcntllﬁtlon was not nccessary.
Natural ventilation was sufficent- to kecp the

nir in the hold fresh and the cargo cool,

(4) "With a dry dargo.dnd similér gstowage it may be
possible for 21l ﬁentilafors.to be'sealod off
during stormy weother without incuf;ing any daqger of
cxcessive overheating. Thig point however
.still remaing to be demonestrated. If ventilation

je insistcd on then thought should be given

to the provision of "all-weather' vcatilators.
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(5) The temperature éf the cargo was'depcndont on

three factorsa:

(a) Thc ambicnt tcmperaturc of the air,

(b) Thc proximity of local sourcce of hecating
such as boilcers, cngince and hot deck platcs.

(¢) The proximitytd air channcls 1lcft between
the bags of concentrate.

There was no sign of intcrnal hcating of the

concecntrates,

2, INTRODUCTION.

Following CXperiménts on the heating of Pcko concentratcs,

recommendations were made concerning moisture content and

véntilation of future shipments (Bollen 1956 (1) ).

The conclusions iqdicated that probably the most
important factor was a critical rengc of moisturc contcat.within
which there was greater danger of rcaction'comméncing. The
moet rapid heating-occured arosund éix percent moisture and
it'was apparcent that a moisturc content of lese than four percent
would give a slowcr heating. |

Slow heating would als® occur above cight percent
moisturc but the extra frcigﬁt charges would more than
offsct tﬁe disadvantagcs of handling o vefy dry cargos.

It'was difficult tb<assess the cfféct of the size -
of thec parcel cn the rate of:hoating but it was coneidocrcd

that it would be considerabl¢ as had been demonstrated by

the actual firing of shipments. In view of the slow heating

of ten ton lots it was recommended that further observations
be confincd to actual shipments.

The Departument of Shippihg and Transbort then authorised
a furthcr shipment of conbenﬁrates subject to conditions laid
down by thém. It was re queceted thnt a senior momber of thé
Rcescarch and Development Bramch accompany the ship as observer
to study the bechaviour of the concentrates when loaded under

the above mentioned conditions.
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During the voyage a study was made of the

temperaturce attained in the centrc-and on the surface of

the various &tacks, on the effect of forced and natural
ventilation on the temperature of the cargo, and of the amount

of ventilation obtained with the natural ventilatiocn @rovidod

on the shipe.

This study of natural ventilation was not conclugive

and although a largc amount of intercsting inforwmation was obtained

it is not recorded in detail in this report. The results will

be tabulatcd and rcported scparatcly for record purposcs,

3. STOVV.A.GE OF CJ}LRGO.

The vesgscl SS "Sariza" under Greck owacrship and
Panamanian registration wasia 10,000 ton Liberty ship divided
into five holds, each hold consisting of a lowér and o twcen=

deck secﬁion. No.l hold wae loaded with o cargo of bran.

TABLE 1,

Size of Holds.

' I Ratcad

Hold, _ Length.. Width.,. Depth. Capacity.

No.2 Lower, _ 72 ft. 57 £t. 2L f£t. 99,000 cu.ft
No.2 Twecn. 72 ' 57 ’ 11 . u6,000 " M
No.3 Lower. . 50 : 57 2l 68,500 " "
No.3 Twcene 50 . - 57 11 28,000 " U
No.L4 Lower, . 45 : 57 18 59,000 " "
No.l4 Tween. . L5 57 S 11 35,000 " "
No.5 Lower. - 70 57 18 58,000 " "
No.5 Tweene ‘ 70 - 57 11 - . 34,500 " "

The aft end of No.S hol2d had drums of scrap'iroﬁ
with bags of concentrate stacked on them. The forward ené
of thc hold had concentrates only. No.4 hold had a deep well,
petween it and the cngine roowm, which was filled with looee
SCrap. .

The lowef holds were stowcd with a modification of
a method commonly used for-shipment of.baggoa rice., For

convenicnce this will bc referred to as & "pice~-stow',

INDUSTRIAL CONFIDENTIAL.
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Tt was formed by stowing three laycres of bage in a
normal fashion and then in the third leayer five bags werc laid
gide by gide With a space of four to six inches betﬁoen cach lot
of fivc bags. The fourtﬁ layer wag laid as normal to bridge the
gaps betwecn the bags. That is, thc appearance of the pile
when‘vicwed foré ahd‘nft wae that of & brick wall in wﬁich
the sixth, twelvth, cighteeﬁth etc., brick in cach third
row had becn removed. Thue therc Were éir channcls runniag
forc and aft through thec piles,

The main stacks Wérc cach five bags thick nnd werc
cepnrntod by ~ distance of one bag. This gap'was bridgcd at
cvery third ticr in height and cvery c1ghth bag athwart ship
by two picces of 6" x 1' timber on wnlch n fillcd bag was
1nid.. These werc to tic the piles together and stop any
movement during rough wcather. The gaps left between
the stacké.acted as crosship ventilation.

Some attempt was made for a similhr stow in the
tween-decks but with compardtively small tonnages stored
in these holdq and the clearances that had to be left at the
hatches to give access to the lower holds it could not be
made with any greut degrece of success, In thcse holds however
there ies lese neced for such stowage. |

The stacks werc tﬁus tied togcther with boards ond
bags of concentrates. 'This was highly successful as it was only
in about eix places ét the fop ¢dzge of the stacks that therc
was ahy movenent or collapsc pf bags due‘to the quitc violent
pitching cxpericnced on - the voyaéc. The wnin body of the
staék ghowcd no.signs of movement.

Dunnage coneisting of 3" x‘3" timber bearcrs laid
fore and oft and with 6".x 1! timber leid athwartships
was provided in No.k lower'héld and tween-deck. Tn all othor
holds and twcen-decks, bags were pléced directly on the ship's
decks., Drummed scrap in No.5 lower hold Wés covered with

wood planking beforc bags of concentratc were loaded on to it.

INDUSTRI4L CONFIDENTIAL.
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The amount siowed in each hold as- recorded by the

Deputy Director of Supply and Shlpplng is shown in Table 2.

TABLE 2,

Stowage of Cargb,.

' . Space
Concentrates Height of -
Hold Tons. stack, %bove
. - ags.
NO.2 ’ : :
Lower hold. 2080 27 bags 9 feet.
Tween deck. 712 11 TR
N003 . ‘
Lower hold, 1560 26 M 10 "
Tween deck, 586 _ 12 " 3 o
NO.LI- .
Lower hold. 1440 38 " 8§ "
Tween decke. 570 11 " 3%
No.5 | A
Lower hold fore. 5€8 27 " ' 12 "
Lower hold aft. 274 0 " 2 :

Tween deck. 240 6 "

Loading commenced on the 13th February and finished
on thc 27th. The n~ir temperaturcs during this pcriod were
recorded and are shown in Table'}.

TABLE '3,

Daily Temperaturcs During Loading.

Date. Temperature
Maximum ' Minimum
February 13th 90,7 degrees F, 63.1 degrees F.
14th . 99.2 72.0
15th 70.7 61.0
16th ’ 763 ‘ 5049
17th 83.9 5643
18th 88.4 7063
19th 99.3 71.9
20th 79.6 6763 -
- 21st 70.1 58,0
22nd - ‘ 78.0 56,0
. 23rd 7642 54,0
24th 73,0 56,0
25th 76,0 5545
26th 85.6 60.5°

27th 99.0 | | 6945
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The moisture was determined-at four different times by
opening and sampling 100 bags. The drying during long storage
is very apparent,

The results obtained were:

Sampled in October 1956 - 3,58 pcrcent m01sturc.
Sampled in November 1956 - 2,10

Sampled in January 1957. ° - 1.19 " "
Sampled on 15th February 1957 - 0,90 " - i

Although the correct figure is not yet available
the shipment je estimated to have been despatched at approximat-

cly onc pcrcent moisture,

L. METHOD OF VENTILATION.

Ow1ng to the dangerous overhecating of somc cargoes
on previoue ehipments the Depa rtmcnt of Shipplng and Transport
made it a condition of shipmént that the air in the holdes wae
to be changed frequently. This was accomplished by removing
the vcentilators from the mast deck-houses and installing in
their place four séts, cach of two Mcco E.F. LA, 16 inch fons
each of 6000 cubic fecet per minutc (frec air) capacity thus
each hold could be cxhausted at the rate of 12,000 c.fem. up
the ma nway acccss to each hold.

The replaccment air was supplied.from ventilators on
the opposite side of the holds, the main flow being into the
lower holds with a portion being bled into cnd out of the
tween-deck hoids through holcs of approximntcly 16 x 12 inches
gize in the ventilators and ﬁanways. The frne were of diffcrcnt
voltage from the ship's supply and a 75 K.V.4. nlternator
(th volt 50 cyclec) dlroct coupled to a 100 H.P. "Moadows " diesel
cngine was provided. It was cxpcctqa that the installation would
havc to be run continuously in order to kecp the holds adequatcly
ventilated and-cooledf The fans were of the high pressurc
typc with velocity of dischafge‘approximately 90 feet per sccond.
The object was to dircet a strecom of high velocity air at

the surface of the pilee of bags and penctrate the pile for
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distribution through the forc and aft ventilation openings

"in the "rice-stow". As will be shown later this idea

wag not realised in actual practicc.

The air flow in the holds is shown in Figurec 1,

5, RECORDING OF TEMPERATURES:

5.1 Point of Measurcment.

Tempecratures in the piles werc recorded in the first
instonce by using pipes at fixed pointg. Individual bags were
rlso measured to show the variations occuriag. Some additional

measurcrnents of other temperatures werc made,

501ls1 PFixcd Pipes.
Threc pipes; two, four and six fect 1o length
respectively, made from 3/&"‘conduit were buried vertically
in ench of the lower holde as ncar &s possible to the centre
of the middle pile in the hold. The three. pipcs werce placed s
cloée ag possible to each other and gcnerally werc within & threec
f>0t square. The thermometers were lowered int§ thcee pipces.
Thus the temperature of the stacks at‘depths of
2, L4, nnd 6 feet could be determincd to discover any cffcct
due to bulk stacking. The gix foot dopth would be between
one third and one half of the total depth of the stack depencing

on the depth of the stadk.

5.1.2 Individual Bags.

Temperatures were fﬁken by pugctuﬁing the bags,with
o steel spike and pushing the thermomcter iﬁtb the centrc of
the bag 1éaving_it until the roading had become steady.
Between ten and fifteen bage were sclcected at randont f?om
gurfacc bage down to the seqond:or third layer depending on how

the 1loose stocking would permit access to the bags.
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A few bags in each hold, such as those directly unde?
a ventilation opening or in 'a dead space where ventilation waé

almost impossible, were measured every day for cOntrol'purposep.

5.1.3 Additional Readings.

When it bocame apparcnt that No.3 hold was the eritical

point,'cxtra\four foot picces of conduit were installed to

'give a cross-section of the behaviour of the whole of the

cargo in thc lower hold. Additional readings made in the
other holds gshowed that, although temperaturce variations up
tb 10 degrees could be obtained, the general trend of these
readihgs was similar to thatioccuring at the pbéition of the
conduit. The readings at these fixed pointe wcre thercfore
takcn as a measurc of the behaviour of the wholc of the
concentratce in that hold. I

Other recadings such as thc temperature pf
thc deck plates, the enginc dnd the boiler room bulk heads
were taken. Sca temperaturcs were takcn occasionally. These

readings will be rcferred to din section 9.

5,2 Times_of Measurcment.

The voyﬁge commencéd on Februhry‘27ih and rcadings
were taken daily from thie date, The proccdure wag 1o lower
the thormomctors, cncascd in metal_shéaths; into thc conduit
pipeg lcaving them there to nttaiq equilibrium. Whil¢ this

wae taking placc the femperatﬁros of the bags was being takene.

5.3 TemperaturGS'Recorded,

Mecthod 5.l.l gavec the temperaturcs of the centrces of
thé pilces in positions where the only ventilation poesgiblc was
through the forc and aft opcnings in the stow. Mcthod 5.1.2
gave tempcraturcs of bags 9x§bsed to air which had. free

movement or was but little rcegtricted,

INDUSTRIAL CONFIDENTIAL,
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‘The rendings in the lower holds arc plotted in Figurecs
2-5, Thc vertical lines in Figurce 6 and 7 are thosc of the
bags taken under scction 5.l.é and the éxtremities of cach line
indicatc the maximum and minimum readings'abtained for that- ‘
day. Thc rcadings from‘romaiping bags will be somewherc on
these liness The smooth cur%es ére to ghow the gencral trend

of the rcadings.

6. BEHAVIOUR OF THE CARGO.

Immediatecly cn 1ea§ing'Adelaide a drop in thc air
and cargo temperatures was n§tod. This was f£:llowed by a steady
incrcnse in temperature until 15-16th March. Thc cquator was
crossed on 13th March. '

The risec in tempcerature cof the bags was steady and
ghowed no signs whétsocvor‘of any large sudden increascs similar
to those which would have occured if oxidation, with subsequént
intcrnal heating of the concentrates, had taken place. The
maximum tcmperatures reached in cach hold orc listed ih
Table 4. These tqmperatures‘are the'highest’rccordcd in the
hold on any snec day and do nbt necesegarily refcer to readings in

eny particular position,
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TABLE U,

) : : )
Maximum Tempcraturcs in Cargo (CF).

: No.2 Hold No.3 Hold No.lL Hold No,5 Hold Cabin
DATE: ' ——
3 " Lower "Tween . Lower Tween Lower Tween - Lower Tween Maximum Minimum.
February 27th 86 86 - 95 95 - 90 - 86 86 86 '
L Y 28th 8L 8L - 88 86 77 77 78 77 82 76
March 1st ' 8l 80 88 - 86 80 . 80 80 74 76 62
_ 2nd 88 76 88 82 8L - 82 82 78 76 62
3rd 86 80 - 95 82 82 80 86 76 6 66
Lth 90 8% 102 86 86 8l 86 8L 2 68
5th o1 8 104 86 86 86 91 82 - - 76 76
6th 95 82 106 " 90 91 86 9l 88 84 78
~7th- ... . _...95 88 109 96 96 . 86 o1 86 83 70
8th 97 90" T 108 - - 90 --97 - -9 96 . 95 82 76
9th 100 92: 117 96 102 94 96 92 -8l - 80 .
10th 100 ol 115 102 100 96 98 92 86 - 32
11th 104 96! 122 100 106 102 98 96 ' 90 82
12th 106 100 maX. - 126 %g%nmx. 108 102 100 Qgrmm. 90 62
13th 104 9L 128 - 0 102 98 98 9 90 62
14th 110 98 130 mx., 102 110 102 96 96 80 82
15th | 112 mx. 98 0129 - 104 104 100 106 mnx, oL 96 82
16th . 110 - 129" 104 113 106 max, .  10L 96 e £o
17th 112 S8 128 . 102 114 mox, . 106 104 9l c2: 78
18th 1Q6 9L 128 100 110 100 104 98 86 80
19th 111 96 127 98 111 100 104 ol 8l 78
20th - 104 o6 124 102 112 102 102 92 80 76
21st 106 oL 122 100 110 100 98 88 82 74
22nd 100 90 120 oy 102 98 98 80 78 68
. 23rd 95 92 114 96 100 90 oL 78 70 60
24th 90 . 80 110 . 82 95 8l 87 4 70 60

These temperatures are the highest»reéordedfih:the;particular holds on'anycn_e"day“w
and do not necessarily refer to the same position.
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The maximum temperatures reached are summarised belowi

Hold., ‘ S "~ Meximum Tempefature.
. - - .0
No.2 Lowcr, ' 112 F
Tween. | ' 100°F
No.3 Lower. : 5 - 1300F
Tween. o © 104°F
No.lL Lower, 3 .llqu
Tween., . ‘ ‘ 106
: !
‘No.5 Lower, : ; 1063
Tween., ' ' 98 F .
Maximum air temperature, ’ ‘ 90 F_
Minimum air tcmperature. , 60°F
= |
‘Temperaturc of deck plates. ' 1268 émax .
Boiler room bulk head. ; 136 mox)e

As thorc Was no sign of any interanal heating and the
cargo had not reﬁchcd temperuturoﬁ greater than those prevailing
on the decck plates and on thg boiler room bulk head, thc forced
ventilation fans were ét first not operated. HoWever
on March 7th‘aftér discussiogs with the Coptain it was

decided to run the fans for.fwo'hoursbper day in 2 and 3 holds
3 |

4
<

Aftor a few days thls was 1ncrc scd to 5 hours
during the hottest part of the day ond the fans were usudlly

run bectween 10 a.m, = noon and 2 PeMe = 5 Dol The routine

~was held until March 16th when it was dpparcat that the

whole cargo was cooling rapiély undcr the influcnce of the
marked drop in ambient temporature, ~nd the fans were ?hen run
for 2 hours only. | | o
- They were'discontigued aftcr the 19th March.
This wcthod of running the fone in holds 2 and 3 only,

gave comparison betwecn similar holds nomely:

(a) No.2 hold ventilated.
No.5 hold unventilated.

INDUSTRIAL CONFIDENTIAL,
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(b) No.3 hold “g“ant boilers-ventilated,.
» No.L4 hold ognlnct engine room - unventllgtcd.

The curves ShOWlng the CompﬂPIQOHQ betwocn holds 2 ﬁnd 5

arc ghown in Flgures 8 and ‘9. These are plotted as mooth curvec

“and do not show the daily variations.

| Following the drop in ambient temperature around
the period 15—16th March there was, coqmencing on March 17th
a marked drop in all tempefatures being recorded, this being
most noticeable in the tweén-deck holds.

The drop was notlced even 1n the centres of the
piles,- thgt ig the 6 foot temperbture readlng showing that
the cool air wae penetratlng into the centre of the plle°
and thus the effectiveness of the "rice-stow" was demonstroted,

The similﬂrity in;all curves between the rise in
temperature of the ambient glr and the tempcr \ture of
the cargo followed by the corrccpondlng merked drops, is’
very apparent and demonstrates very definitely. that the

change in temperature in the cargo was due almost entircly

i

" of the corgo, Transient dréps in atmospheric conditions also

coused drops in cargo temperatures (sec section 11).
The gradunl risc in temperaturc followed by the

sharp drop is graphically shown in the following Figures:

Figurcs 2 - Hold 2 Lower (Method 5.1. 1) 2', 4' and 6!

3 [+ " 3 )] ' i

h‘_ " L L R oo ." "

5 - " 5 1 ; f i ) "

6 - Hold 2 (Method 5.1.2 ) Bog Temp. - Lower and twecn,
6 - no3 Pou T u 1 T
7 - 1 u 1 ’ : ] ] 1t

7 - 1 5 1t it " i 1t

Each bf the above figures has the émbiqnf maiimum
and minimum air tcmperaturcs shown for comparison,

Bcfore the voyage comacnced it was Gchcted that
verintions in humidity would probably have a dclcterious influcnce

‘9

on the behaviour of the cargo. In actual fact the relative

INDUSTRIAL CONFIDENTIAL,
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humidity varied only slightly, being over 95 percent for most

of ihe time., Although readings were token they are not recorded

in thie report. |
On arrival at Kobé the bags wére examined ns they

were being unloaded and appeared to be in perfect condition

with no sign of damage or hardening.

7. EFFECT OF VENTILATION IN No.3 HOLD.

As statcd in section 5.l.3 it became apparent during
the voynge that No.3 hold, which was dircctly adjacent to the
boiler room bulk hcad, was likely to bc the critical point,
Extra four fect lengfhs of conduit were thercfore instnllcd in
this hold,

Thc poeition of these werco:

‘ No,1 - Dirccfly under and 10 fect below thc discharge
of the starboard ventilator.

Nos2 =~ Displnced about 6 fect from position similar
' to No.l but on thc port side,

No.3 & 4. Similar positiong in the port and starboard
sections of the centre stack in thc hold
respeectively. ‘

Nos5 & 6. Similar positions in the stack near the access

- manways which were the fan upcast vents.
No.6 howcver was approximately 5 fect closer
to thc bulk hcad.

Providcd that the ventilators werc turncd dircctly
into thc wind therc was always a pronounccd airflow undcracath
the ventilatcr intakes. When the fans were being run the
lincar velocity of the air sfroam_striking the bags wng 700-800
fcet pcr minutc,

When usins an anemometcer scneitive to an air movement
of 9 fcet per minute,; no air-movemcnt could be dectected in any
of the air passages gix fcect away from the point of iwmpiongemcnt.
Some nmovement of the air however could be dctocted by thec woveucnt

of dust particles,

INDUSTRIAL: CONFIDENTIAL.



K¢

INDUSTRIAL CONFIDENTIAL,
[ .
...1}4.‘.

On climbing the aécess ladder ways no'air @ovement
codld bé detected below a pbint 2 feet from the tween-deck
piating; Above this point the air velocity-increased rapidly as
the a;r'was SUoked info thelenclosed manways. '

| The positiéh of the temperature points and the
daily temperatures obtained are shown graﬁhically in Figure 10,

It will be noficeﬁ that there was a differcnce of

“approximately 6-8 degrees bétween No,1l point directly below. the

vent and No.2 point displaced 6 fcet, showing that there was
a slight benefit to be gainéd from 2 position close to

an air draft. Howcver, the' temperature at No.l point was no

‘better thaﬁ that in the surface bags in No.4 twecen-deck

‘hold (see Figurc 7) wherc the bags werc subjected to natural

ventilation only, or to baggé at similar depths in the other

holds.
There wag a marked differcnce in the tcmperature ot

3 and 4 points which were'in similar positions, This is

attributcd to the fact that therc was probably air circulation

around 3 point duc to close'proximity of a fore and aft air
woey. This vicw is strengthéned by the fact that whilc therc
waé'generally an increase ipinmperature in the 2', 4' and 6'.
readings respectively, in somc cascs there was an ianversion,
that ie, the 6' reading was lower than the ot rcading - again
probably due to the prokimity of an air vent. |

PointsAB.dnd 6 showed recndings similar both to
each other and to other poiﬁts-in the.ﬁold showing that if
there was air mdvement throﬁgh the staéks it wné not énough
to causec any marked coolinge.

Again as with all other holds there was o marked
drop in tempcraturcs following the fall in ambicnt oir |

o
tcmperaturcs, ‘

- INDUSTRIAL CONFIDENTIAL.
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8. NATURAL VENTILATION IN HOLDS.

An extended study of the amount of #ir cntering the
holds-%hrough the ship's veﬁtilators was- made, The results
werc extremely variable and 'depended not only on the position
of the ventilator and its reclation to the wind-direction, but
nlso on thc position of obacctq relatlvc to the vontllutor - dock
housees etc, -However, the alr in the holds was always froch,
and no discomfort, apart frqm the highcr temperaturcs in Noe.3
hold, was experienced. | ; ‘ ’

| The VQriatiods in[naturhl air floﬁ arc demonstrated

by readings taken from No.5iholﬂ on successivc.days.. The wind

directiong are rcferred to thec long axis of the ship. The

ventilators were in each casec turnéd into the wind.

. . . ‘ Starboord
Direction, Port VGntFlatOP. Ventilator.
Wind 909 540 cu ft/min downe 660 cu £t/min up.
Wind u5 1350 ! down. 750 " downe
Wind h5 1200 " " downe 900 " " downe
Wind 135 .1200 " M - downs, - ‘1200 " ¢ ‘UDe

Wind 155° - 600 " M down, 600" "  up.

The main result noliccd was that an nvernge flow
of at least 1500 cu ft per mlnute of air was flowing into each
hold, : \ ;

The main conclusion thin can be drawn is that the
natural ventilation definitely has a cooling effect on the

cargo. With a carge of low moisture content and stowed with
i | _

“the modified'bice-stow" it seems very probable that, in the

evcnt of bnd weather, the holdc could be sealed off completely
and the cargo would aot heqt up “bove the temperqturo of the
surroundings i.e. above the boiler room, enginc room or deck
olotes., ' |

This however is ani opinion only and would have

to bec proven by the actual sealing of the ventilators in

one or two holds during a voyages

INDUSTRIAL CONFIDENTIAL.
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9., ADDITIONAL TEWMPERATURE RECORDS.

When it wns reslised that any heationg of the cargo

would comc from cxternal sources and not from any ianternal

reactions, various sources of such extcrnal heat werec checked.

9.1 Temperature of Dcck Plates.

As the CGrgo was in close proximity to the stecl

" deck plates the tcumerﬁturo of. these plates was moqcured dﬁlly

at noon for two weeks. The tempcrature was affected by cloud-
cover which caused drops of 10-15 degrecs. Temperatures at other
periods of the day were probably higher than those listed.

TABLE 5.

Deck Platc Tcmperaturcs at Noon.

Date. - Temperature. Date, Tcumperature,
March 8th o122 degrecs F. 16th 100 dogreoq F. -

9th 126 17th 96

10th 96 " _ 18th 92 "

1lth - 100 " 19th 110 "

12th 120 " C 20th 110 "

13th 9 " _ 21st 96 M

14th 112 "t 22nd 70 "

15th. 120 i ‘

9.2 Boiler Room Bulkhead.

The proximity of the boilers had o great influcnce

on the‘temparatures;n No.3 hold which was separated from the

~engine room and boilers by o single=-plate bulkhead reinforced

on the hold side by steel angle beams to which were bolted.
eY x 1" timbers to form an open lattice.

The boilers were within five Teet of this bulkhcad
and temperaturcs taken ﬂgalnst the stecel work vwrlod from
12u F. to as high as 136°F. According to thc engineers thesec
temperatures would at times rcoch l50°F. The temperaturc at

2', L4' and 6'reached a maximum of 127, 122 ~nd 118°F.. rcspectively.

INDUSTRIAL COVTIDENTIAL.



""‘l"ﬁ

INDUSTRIAL CONEIDENTIAL.

whilc the highest teﬁperatdre recordcd in the hold wes at position
L (see section 7) where a temperature of 130°F Was'recordedt
Thecetreadinge are close to the maximum readings of the déck
plates and well below the readlngq on the b01ler bulkheade

The heatlng effect on the engine room and bo:Llerq was
reflected to a lesgser degree in the higher temperaturec‘attalned
by No.4 hold Whlch was on the aft eide of the engines. |

The air temperatures in No.3 hold agalnst the wooden
planking on the iqnerside_of the bulk-head approx1mately

18 feed above the oil burners, and against the bulkhead between

No.3 and No.2 holds are shown in Table 6.

TABLE 6.

Air Temperatures in No.3 Hold.

Date Against Boiller Against No.2 hold

¢ room bulkhead. bulkhead.

March:,opy 11 degrocs F. 106 dcgrees F.
13th 114 101
14th 110 " o 107 "
15th 110 " . 104 "
16th 110 - " S 104 n
17th 106 " _ 102 "
18th 110 " : 104 "
19th . 118" " 106 "
20th 110 " 102 "
2lst - - 100 " 102 . "
22nd 98 " 9 - "
23rd 105 " 88 "

This drop in air temperature across the hold demonstrates

‘the cooling effect of the incoming air.

9,3 Sea teaperature.

- The sea temperature for the period 8th - 17th March
varied between 86-90°F., By the 20th March it had dropped

o)
to 76°F and wag about 62 B for the last reading..

INDUSTRIAL CONFIDENTIAL.



INDUSTRIAL CONFIDENTIAL..
-18-

10, EXAMINATION OF CONCENTRATES:

At the end of the voyage csamples of concentrates
were taken from places covering.wide variations of temperaturec,
Thcee were from directly below the ﬁentilators in No.h 'tween-deck
where the bag temperatures did not risc .over 95°F and from the
two high spots in'No,B hold where tcumperatures had risea
to 126°F and 130°F rcspectively and from other places
wheré medium temperatures were éncountered,

| Theee samplés were subseqﬂently exominecd microscopiéally

with the object of determining whether any difference 1in
mlnorqloglcﬂl compocltlon would account for the rice in temperature.

No s;gnlflcant diffcrences could be detected in any
of the samplce and this lends support to the views expressed that
the high temperatures were duc to heat being radiated from the

boilers.

11, DISCUSSION OF RESULTS.

,Tho'tgmperaturo curves given in Fizures 2 and 5
have a commod characteristic, nawmely a gradual incre2ge in
temporafurc, with the maximum reading Eeing maintained for
varying lengths of fime. Then follows a wmuch sharper 4rop
in temperature corresponding to but being 2,-148 hours behind
the drop in ambicnt minimum air tecmperatures.

The influebce,of outgide conditioﬁs on the¢ tempcrature
of the cargo is shown by fhe low deck plate temperétures of .
March 9tﬁ and 13th being followed by deprqssionsrin the cargo
temperaturc. The offect of the March 13th drop is very marked
A further falljon_the 18th, is apgarent.but is not so marked.
' . From a study 6f the curves giving the maximum aad.
minimun tempor-aturcq in the bags (Flgure° 6 and 7) it can be
seen that curves similar to those of the lower holds can oe
drawn through the maximum and through the minimum bag reodlng
That iﬂ a gradual rice is followed by a sharp drop. parallellng
the amblent air tomporature

INDUSTRIAL CONFIDLNTIAL.
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There weré no signs Whafsoever of any sudden heating
of the cargo due to internal rcactions.

The effectiveness of the modified "rice-stow" to
allow the frec sccess of cooling air idto the stacks is
demonstrated by the very small time lag between the_droﬁ in
ambient tempcraturc and the drop in tcmpr 1tures near the
centre of the stacks as shown by the 6 foot rcadings in
Figurcs 2 and 5. In a closely packed gtack Wiﬁh no air accesgs,
it would be reasonable to expect that a high temperature
would be maintained for soverﬂl days beforc any cooling occured,

Figurece 8 and 9, which give idealised curvee of
the temperatures risecs in No.2 and No.5 holds and of air
temperaturcs, show that there is no bencfit to be gaincd from
forced high-velocity ventilation; In fact ihe tecumpecrature

risc in the naturally ventilatcd No.5 hold was of the same order

‘as that in No.2 hold which had an average of 2,500,000 cu.. ft..

of air per day blown in during twelve days of the period

~in the tropics.

The lowcer tempcratures shown in No.5 holds, particularly
in the tween deck hold, were moet probably due to the cmaller

tonnagce stacked in thé hold and the more open stowage.

.12, CONCLUSIONS.

The following conclugions can ne drawn from the
results obtainced during the voyage, and frow observations made

on previous 1nv0°t1g tlons.

(1) Provided the moisture content is below 4 perccant,
ho \ting by alteration of the concentrate is
mlnlmized. At the moisture content at Wthh
the preeont cargo was carried, that is aoproximotly
one percent, heating from decomposition was not

detccted,

. INDUSTRIAL CONFIDENTIAL.
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'(2) ' The modificd tpice-stow’ wmethod of stacking the
cargo was Very effective and allowcd access of cooling

nir into the centre of the stacks.
(3) High velocity forced ventilation was not nccessary.

(4) Natural ventilation sufficient to keep the holds
fresh and the cargo cool could be obtained by use of
the ship's Yentilatorsi In normel wenther an
averagc'df at least 1500 cu ft per minute of

air could be obtained with the ventilotors.

(5) With a dry cargo and similar stowage it should be
possible fdr éll ventilators ‘to be.seaied off in
the event of stormy weather, Withouf any donger
of excessive overhcating occuring. This point

“gtill remains to be demonstrated.

(6) ~ The tempcrature of the cargo was dependent on three
main factors: .

(a) The ambicnt témperature of the air,

"(b) The proximity of local sources of heating
such as boilers, engincs and hot deck plates.

(¢) Proximity of air chanunels..

Long discussions ﬁere held with Dr.. Tokunago who 1€ in
charge of Research for the Mitsuil Mining and Smclting Company
ond Dr. Azuma, Professor of Mctallurgy at the Tokyo Universitye..
Confidential information and reports concerning concentrotes
shipped to Japqn from other sources werc made available |
Subject to the individual requiremcnts of particular types
of concentrates, their cxperience and their conclusions closcly
pdrallél ours. They are also of the opinion that, if the
concentratcs arc of o type thrt will heat spontaoneously, then
there is'a critical moisture rdhgé within which heating ie wmost
likely to occur,. |

This report cannot be coancluded without rcference to
the kindness and.aftention of the Japancse wmlning comprnice and
all the verious agente and rcgresentati?es who werc concerncd

with thc handling of thc cargo. .
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