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COMMODI_ TI ES" Technical Field This invention concerns ﬁvb&%gntgﬂetjn
of stored particulate commpdities that are susceptible to attack an
spoi | age? by insect pests. It is particularly useful in the controlled
funtgation of particulate foodstuff (for-ekample, grain) that is stored in

a vertical spipphich is ventedrayyprBeehopuMien@M@n this invention is not
limted inits application to foodstuffs, or to commodities stored in

silos. Background to the I ERROIFULATEHRPMIRLITFESAe ef fective and

efficient fumgation of grain, wusing |ow concentrations of phosphine

as the fum anﬁagas %s ﬂ scribed in the specification of International
patent appli LaEPBACRS PP 0/ 00268, which is WPO Publication No

91/ 00017. Thahisechbhneemtiengui ramnddrmns estthiel | shuphgatdbn a ofl | gitored
over - pressur of .t f um 5 b0 as.,| rai ent
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that the fu contal ni n raln nmass af a const ant
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velocity in tRaiRid9ed! fuiRiBfefadOl 8] der2dPiSEd] Fobastud® SesgRd.
The concentration_of phosphine in the gasdpa55| ng thr_ougfl the grainis in
t he example, grain) that is stdored in a vertical silo which is

vented at the top. However, this invention is not limited
in its application to foodstuffs, or to commodities stored

in silos.

Background to the Invention

A technique for the effective and efficient fumigation of
grain, using low concentrations of phosphine as -the’
described in the specification of
International patent application No PCT/AU90/00268, which
is WIPO Publicatioﬁ No 91/00017. That technique requires
the establishment of a slight the
fumigant-containing gas in the grain, to the extent that

the fumigant-containing gas flows throdgh the grain mass at

fumigant gas, is

over-pressure of

a constant linear velocity and leaves the top surfacé of
the grain in the silo at a velocity in the range of from
O.leof to 2x10™* metres per second. The concentration of
phospﬁine in the gas passing through the grain is in the

range of from 4 to 200 micrograms per litre.

While that technique works well, further work in connection
with its commercial adoption has shown that a _problem
arises when grain in a vertical silo is being fumigated and
the temperature within the silo is different from the -

ambient air temperature outside +the silo. Wwhen the
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range of from4 to 200 m crograns per litre. Wil e that techni que works
well, further work in connection with its commercial adoption has shown
that a problemarises when grain in a vertical silo is being fum gated and
the tenperature within the silo is different fromthe anbient air-
tenperature outside the silo. - When the

-2- tenperature of the grain is greate2 4+han the outside anbient air
tenperature, the density of the air within the silo is less than the
density of the air outside, and there is a tendency for the air inside the
silo to rise. This phenonenon has been terned the "chimey effect”. The
di ff erence itPTHRPSREYCPeteetNehedzRAN ndBdegraater] othan tthe aiqutmide de

the silo praoghisesne &iffesRpecabeiveernbhacpeessics diadiaght Méﬂwﬂi{r@t
inside the silp and {he pqress re %adlent#tg} ei ght outside the silo.
Hence, in a Tbp°vERtEFSiTRED fthe FIHEE QS 1% A Yrialten and wHiere of
the silo wilisba tehfleneyt foronhdeatdrr ipsddeurtheuisisletbheisel o athide
level of thepl?ﬁgmgxtxoxtxh%asé | Been termed the "chimney effect". The
difference in density between the air inside the silo and
the air outside the silo produces a difference between the
pressure gradient with height inside the silo and the
pressure gradient with height outside the silo. Hence, in
a top vented silo, the air pressure in the grain at the
base of the silo will be different from the air pressure

outside the silo at the level of the base of the silo.

In this sifuation, if the bottom of the silo is not
completely sealed (in commercial silos, this is usually the
case, for even notionally sealed bases contain cracks and
crevices which permit the ingress of air), the chimney
effect causes an airflow through a top vented silo. This
flow of air through the silo will dilute the concentration
of fumigant within at least part of the grain mass or other
foodstuff stored in the silo, and may prevent effective
fumigation of the stored product.

‘i‘he same chimnéy effect occurs in other forms of storage
structures which are vented at their tops and not
completely sealed at thei'r bases. Thus, for convenience,
in the remainder of this specification (including the
claims), the term "silo" will include within its scope any
form of storage structure in which a particulate commodity
may be stored.



In this situation, if the bottomof the silo is not conpletely sealed (in
comercial silos, this is usually the case, for even notionally seal ed
bases contain cracks and crevices which permt the ingress of air), the
chimey effect causes an airflow through a top vented silo. This flow of
airsthrough the silo wll dilute the concentration of fum gant within at

| east part of the grain mass or other foegdstuff stored in the silo, and may
prevent effective fum gation of the stored product’. The sane chi nmey
effect occurs in other fornms- of storage structures which are vented at
their tops and not conpletely sealed at their bases. Thus, for convenience,
in t he rewmnﬁkﬁldﬁuféiefspheiPteaéhmnlﬁbanhudhng the clains), the term

"silo" wll nclud t e ge.StLu g whi ch
S el et BRI 565 CORC ALY Dilett R5RIESSEEUBYL e &
- 3- _Di scluscheighet h@%s@ﬂmpenseh%oﬁdﬁheﬂml ehigimeactebHfeche @ngbent
invention i S, 0,0hP¥ &% dundesirable dilution of fumigant during the
fumigation of the charge of a top vented silo.

This objective is achieved by maintaining (and preferably
continuously adjusting) the flow rate of the
fumigant-containing gas so that, even when the chimney
effect is present, there is sufficient fumigant gas present
to ensure continuous fumigation of the stored product. 1t
has been foundmt the required adjustment of the flow
rate depends upon the difference between the temperature of
the stored product and the ambient temperaturé outside the
silo. Thus the necéssary modification of the flow rate of
the fumigant-containing gas to compensate for the chimney
effect, by maintaining a small positive pressure of a
predetermined concentration of fumigant within the grain
mass or other stored product, can be determined from
measurements or estimates of the temperatures within -and
.outside the silo.

According to the present invention, a method of effective

.fumigation of a particulate commodity stored in a silo

comprises the steps of

(a) providing a supply of a fumigant-containing gas having
a fumigant concentration which is effective to control
insect pests in the stored commodity when applied to
the stored commodity for an extended period; and



t echni que whi ch conpensates for the chimey effect, and prevents an
undesirable dilution of fum.gant during the fum gation of the charge of a
top vented silo. This objective is achieved by naintaining (and
preferably continuously adj usting) t he flow rate of t he

funtf gant-contai ning gas so that, even when the chimey effect is present,
there is sufficient fum gant gas presentg4ta ensure continuous fum gation of
the stored product. It has been found that the required adjustnment of the
flow rate depends upon the difference between the tenperature of the stored
product and the anbient tenperature outside the silo. Thus the necessary
modi fi cati ofbdf tswpgliydwmg dthe ofunigahtrtgataindngaigaisng:qashd oh&gapersat e
for the chi mey eGlin D [ Lni pg | sjiive,pressure, of

pr edet er m ned coﬁ%&%%&gfﬁéﬁn%fg%gérggﬁtqmﬁfﬁ#h ?geké?aFﬁEﬁa§§ gPlgtth
stored product, dafeudngst dmithal Telatigashiprents or estimates of the
tenperatures within and outside the silo. According to the present

i nvention, a nethod of effective particul ate commodity

é;ra‘xht i or] pf B
stored in a silo conprises the st 'gagg‘ﬁﬁﬁ'anrqvﬂding a supply of a

fum gant - cont ai ni ng gas havi ng a e um gant”econcentrati on which is
effective to control I nsect pests in the stored commodity when
applied to the stored commodity for an extended period; and

where Q, is expressed in m® sec™; g is the acceleration
due to gravity (approximately 9.8 m sec™); P, is the
atmospheric pressure expressed in Pascals; R, is the
gas constant for air (= 287 J kg? K?); T, is the
temperature of the air outside the silo, expressed in
K; T, is the temperature of the commodity within the
silo, also ih K; R is a resistance factor (in Pascals
sec md) which depends upon the nature of the stored
commodity in the silo; and A is the horizontal
cross-sectional area of the silo, in m®.

Also according to the present invention, apparatus for
fumigating a particulate commodity stored in a. silo
comprises

(a) means for pumping a fumigant-containing gas into the
base of the silo;

(b) a first temperature sensing device positioned within
the commodity in the silo and having a first output
signal indicative of the temperature within the stored
commodity;

(c) a second temperature sensing device positioned outside
the silo and having a second output signal indicative
of the ambient temperature outside the silo:



-4- (b) supplying the fum gant-containing gas to the base of t he

silo at arate, err], which, if S det erm ned by
the rel ationship [err] dises SEEEEX ressed in nferr] sec-1;
g is the acceleration due tollgravi B Féﬁ Poxi mafiely 9.8 msec[err]);
Plerr] is the. at nospheric pressure expressed tn Pascals; Rlerr] is the
gas constant for air (= 287 J kg[er]r K[grLlr); Tlerr] is the

tenperature of the air outside the silo, expressed i-n K; T[er]r is the
tenperature of the commodity within the silo, also in K Ris a

resi stance factor (in Pascals sec nferr]) which depends upon the nature

of the stored) preeEddidy ndahe aﬁié;‘ﬁ:ecﬁn@oAﬁe%éthe hgéiaO@ﬁlst ,and

cross-sectional area o the SI|O Al so accordin o the

present inventiofg %ﬁ%ﬂ |ﬁ 9 ESPFF@GFatétcogﬁﬁatty°§ﬁored

inasilo conprisemu@qu m&gmmlﬁosaﬁﬁhpmngeastuahgaﬁbneﬁalasﬂgﬁelgbéihgt0

the base Ofi}ﬂﬁn§'k8; control means; said control means being
adapted to control the rate at which said gas pumping
means pumps the fumigant-containing gas so that the
rate of flow of the fumigant-containing gas into the
silo has a value, Q,, which, if the silo is full, is
determined by the relationship

P
Cb’gx aXAxPJL':LI
R<R, T, T,

where Q, is expressed in m® sec™; g is the acceleration
due to gravity (approximately 9.8 m sec?); P, is the
atmospheric pressure expressed in Pascals; R, is the
gas constant for air (= 287 J kgt K?!); T, is the
temperature of the air outside the silo, expressed in
K; T, is the temperature of the commodity stored within
the silo, also in K; R is a resistance factor (in
Pascals sec m"?) which depends upon the nature of the
commodity stored in the silo; and A is the horizontal
cross-sectional area of the silo, in m?.

The resistance factor R, as noted above, is dependent on
the nature of the commodity stored in the silo and the way
in which it has been stored. The resistance factor, R, is
well-known to égricultural engineers, having been
determined experimentally for a number of different cereal
grains and other commodities. 1In fact, one of the present
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(b) a first tenperature sensing device positioned within the commodity
in the silo and having a first out put signal indicative of the

tenperature within the stored '“Eﬁﬁﬁﬁﬁ.%y, fer—apecond tenperature
sensi ng devi ce positioned outsidell THS3HRE SN BEEY havi ng a second out put
si gnal i ndicative of the anb‘ent t BEPLAGERr e outsi de the silo;

-5- (d) processing neans adapted to.receive said first and second
output signals and generate at |east one control signal; said at
| east one control signal being input to control nmeans; said control
means being adapted to control the 5 rate at which said gas punping

means punps thherftdddafbes A J HuSRRLS) mm ¢apuid telatvdNge §ate 0f (fLow of
t he fum gant - containing gas into the silo has a val ue, err

which, if factogphR sipg T%‘#%l 12 iof dbisr rrpﬁearbyet@%t%eqiat | Breaspre
[err] D1 ffleatendd @icdodss sex pecated SBedl Bulk £68[86fid;CamhsnLt Béct

acceleratlon nd Storage Cross-sections”, which was published in the
Journal of Agricultural Engineering Research, Volume 28,
pages 437 to 450, 1983. The contents of that paper are
incorporated into this specification by this reference to
that paper. For loosely packed wheat, the constant R is
about 3100, while for closely packed wheat, it has a value
of approximately 4000.

The currently preferred fumigant for use with stored cereal
grains and other particulate foodstuff is phosphine,
although the present invention may be used with methyl
bromide, carbonyl sulphide or any other suitable gaseous
fumigant. '

For a better understanding of the present invention, a more
detailed description of the controlled fumigation method
and examples of its practical implementation will now be
provided.

Detailed Description of the Fumigation Method

As the present invention has a major application to the
fumigation of stored grain, the following description will
concentrate on this application of the invention, although
it is emphasised that the preseht invention may be used for
the fumigation of any other particulate commodity that is
stored in a vertical silo or in any other storage structure
in which the chimney effect may occur.

/
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10 due to gravity (approxinmately 9.8 msec[err]); Plerr] is the
at nospheric pressure expressed in Pascals; Rerr] is the gas
constant for air (= 287 J kg[err] Klerr]); T[err] is the tenperature
of the air outside the silo, expressed in K; T[err] is the

temperature of the commpdity stored within the silo, also 15 in K Ris
a resistance factor (in Pascals sec nferr]) which depends upon the
nature of the commodity stored in the~” 7= silo; and Ais the horizontal
cross-sectional area of the silo, innerr]. 20 The resistance

factor R, as noted above, is dependent on the nature of the commodity
stored int e.filq:and t,he W%ﬁﬂ61i whi ch it1 as _been stored. E&r | oosel y
packed whedt-24he TORGhF L& SHACs 1805562 TG IWh A BOFGHS GSSy JREF&Y
wheat, it armsonvihususfatpparhsaiedn Y860toR50f The grsist mass ftact or,
R is mell-¢§g) FCitld UWd in RE9L NEEF B, Vi begn deLar

experi nent a yw$%%9§@%%%ber Lﬁcﬁ %if%erent ceF€§|ég?8i%§ gngbgtﬁggﬁgd

comuodi t i es{OF PReRttoPPashe VT Hiraly Sddéht they detdiam o base Afhwdichhas
tabul at ed 30s vabHgsefblihgehacyr tRef @i fEdped Witweed €raNpiddsesd N

Table 2 of his paper entitled "Pressyre Difference across ; Aerat ed Seed
Bul k for sdie ﬁn&?tﬁﬁ’& %ﬁdﬂ%‘[’og§6 NoMAgs within the silo and the
-6 - outside atmospheric pressure at the same level, known as
the differential static pressure, AP,, is given by the
relationship
xhxP
APt Loy
R, T‘ T,

where AP, is in Pascals; g is the acceleration due to
gravity (9.8 m sec™?); h is the height of the grain mass in
metres; P, is the atmospheric pressure (in Pascals); R, is
the gas constant for "air (= 287 J kg K*); T, is the
ambient temperature outside (and thus adjacent to the top
of) the silo, in K; and T, is the temperature of the grain,
also in K. |

If the bottom of the silo is completely leaky and air flows
freely into the base of the silo, the differential static
pressure (inside to outside) would be zero. If the bottom
of the silo is partially sealed, the measured differential
static pressure, AP,, at the base of the grain mass will be
a value between zero and AP,. The ratio AP,/AP, is therefore
a measure of how well the bottom of the silo has been
sealed.



Sections”, which was published.in the Journal of Agricultural Engi neeri ng
Research, Vol une 28, pages 437 to 450, 1983. The rel evant data fromthat
Tabl e 2, for conmmodities other than wheat, are reproduced (also in

tabular form below 5 Commodi ty - Moi st ure
R(in Pa s m) -8 - . Cont ent

Al falfa 7% 16, 318 Bar | ey
12% 1,676 Cl over, al sike dry
27,263 10 ¢ over, crinson 8% 10, 455

d over redIf the grain temperature is grqggpr than thg gz@peratQoren,

clean ear outside the silo and the% bottom o£6- fe S:F] Ir n.f(.js 3ot aS
har vest ed Cor n, e
12 4 complgﬁ%l{55?8§gae éhe chimney eé%Lct will cause air £nomy,

4,722 Fl mutside the silo to flow into the baseld® the s:f.léO 4d

Grass seed AE, 1, G ass
seed, rescueﬂ e the concentration of_LSﬁ’}lmlgan% inSl%che ﬁ&)]tﬁ—: L eza
15. 5% ingmegg7of20aixpwildeetaupe udhe fumigation of the stoBr%d 5%
512 i ith 3% 1,81

=gl beansfﬁrain to fail, e er totally or é& parg' 435 + Peanut s

in shell ' 4. 4% 29.0
More generally, if the sealing of the silo at the top or

the bottom is not specified, AP may be taken as the
pressure difference between the inside and the outside of
the sili, and AP, is given by:

AP,=|AP~AP,|

where the pressure differences AP, and AP, are defined as
pressure differentials, with reference to pressﬁres inside
the silo and outside the silo at the same level; AP, is
measured at the top of the silo; and AP, is measured at the
bottom or base of the silo.

Thus the flow of air within a full silo, due to the chimney
effect, is given by Q_., where

where A is the cross-sectional area of the silo, in m?; R is
the grain resistance factor (which, as noted abbve, is
about 3100 for 1loose wheat and about 4000 for packed
wheat')'; h is the height of the silo in metres: and Q. is in
m’ sec™.



Popcorn, shelled, yellow pearl type 12% 1,046 25 Popcorn,

white rice type 14% 1,766 Ri ce, rough
13% 1, 952 Sericea Lespedeza : 13%
16, 318 Sorghum grain 13% - 2,664
Soybeans 10% 646 30 \Wheat
11% 3,131 Linseed, glenelg, ¢ _ 7. 9%

14, 907 REPLACENMENT
SHEET - 6A- Rapeseed, tower

5. 7% 7,097 Saf fl ower, gila 5. 9%

1,207  Sunfl eney qiGHERIdde bstwisdt Nehe ambient €e®Perature and, efd *
Appr oxi mate val,ue only as insufficient da}t‘a re a av |Iab%$ to
enabl e ac_cugﬁ?é‘"\/aﬁz%@éeﬁ?t‘ﬁr?o nges, theqThay sHUG d?‘?eé’?‘ley FRLPREYe
cases éi€eey a0l ghangkeanddtienmgsuiorditferenbislsrefitearab 10
grains and qther. particul % ‘gs ff 1S phosphi ne | t hough th esent
i nvention ni aBgelIse@tht ﬁgrgre %)9/ (S%r%hn% d‘:‘eu,sz.gézré# b%?l?/ a%ﬁ?ﬁﬁi ggsoyﬁﬁﬁb
ot her suit albsengaessasyf toi guarcome the flow due to the chimney effect
and just maintain the required small positive pressure
within the grain mass will also change. The modified flow
rate, as has been shown, may be determined from
measurements of <the temperature of the grain and the
ambient temperature. To overcome the chimney effect flow,
Q., a fumigant gas flow into the base of the silo at a rate
of Q, is needed. This input flow will produce an escape (or
grain face) velocity, v,, expressed in m sec™, of:

gxP,
V=

1 1
Sl
a a g

where R, is the gas constant for air, which is
287 J kg™t K.

Hence the required flow, Q,, of fumigant-containing gas for
a full silo is given by:

P
gx 2 xA x| 1_1 | .
RxR, T T

sz

As noted above, when operating a fumigation system for
stored grain, the base of the silo is rarely completely
sealed. Thus the formulae derived above will be applicable
to almost all top vented silos and the flow rate of a



For  a better understanding of the present invention, a nore 15 detailed

description of the controlled fum gation nethod and exanples of its
i npl ementation will now be provided. Det ai | ed Description of
t he Fum gation Met hod As the present invention has a major application to
the-20 fum gation of stored grain, the follow ng description wll
concentrate on this application of theﬁhnvention, al though it S

practi cal

enphasi sed that the present invention
any other particulate commodity that is stored in a vertical silo or

any other storage structure in which 25 the chi mey effect nay occur.

- 7- Gr afumS§ORe0cbRtAifLhE gast '§£'¥e§d¥H§¥StSH§§18 9§ Cthe

conti nuous E%{c¥aths romthe fop of t

grain mas<$ othe af‘t“ﬁfag%ﬁ?@d ?5r Wensidgpedhavget icam &id o,

mss to t

y be used for the fum gati on of

in

t he

bott om or dmseredinddChyi sheofblebalingsaskpd. the difference between the

pressure

(1) determine the average temperature of the grain, T,, in
K;

(2) determine the ambient temperature outside the silo, T..
in K;

(3) determine the cross-sectional area of the silo in m?;
then

(4) determine, using the above formula, the required flow
rate Q,.

If the grain is not cooled artificially and the fumigation
system is required to run unattended, with a pre-determined
steady flow of fumigant-containing gas that is maintained
at all times, it will be necessary to obtain an estimate of
the minimum outside (ambient) temperature, T,, for the
period of unattended fumigation. The maxiﬁﬁm chimney effect
will occur at this minimum value of T,. The maximum value
of the flow rate, Q,, of the fumigant-containing gas, thch
will occur at this value of T,, will then be calculated. If
this maximum value of Q, is adopted for the fumigation
gystem, at no time during the unattended fumigation will
the concentration of fumigant fall below the required

concentration . that has been established from toxicology
data.

In some grain storage facilities, the difference between
the grain temperature, T4y, and the outside air temperature,
T, may be positive or negative (for example, in
geographical areas where the ambient temperature can be



at the bottomof the grain mass within the silo and the outside atnospheric
pressure at the sane |level, known as the differential static pressure, AP1,
is given by the rel ationship [err] where AP[err] is in Pascals; gis
the acceleration due to gravity (9.8 msec[err]); h is the height of the
grain mass in netres; Plerr] is the atnospheric pressure (in Pascals);
Rlerr] is the gas constant for air (= 287 J kg[err] Klerr}]}); T[err] is the
anbi ent tenperature outside (and thus Xdjacent to the top of) the silo, in
K; and T[err] is the tenperature of the grain, also in K | f the bottom
of the silo is conpletely leaky and air flows freely into the base of the
silo, the differential stati.c pressure éinside to outside%amnuld be zero.

If the boPEBREHRT eP sPEGeRS 19 i BpPHetahrEs, afhITRIR uFEATE iR et al
static presstiecal] exild| enr jtheatatbda, band ofnt bRogeaiinstRIad | Wh@eea val ue

hel oo ZEhAY S R A4S £80 kb BRRLE) i s etetaLs @

silo). When T, exceeds T,, a negative chimney effect will
occur in a silo that is not fully sealed at its top and
bottom. With a negative chimney effect, the air flow
through the silo will be downwards. In this situation, to
achieve efficient unattended fumigation of the grain mass,
a positive wvalue of the flow 1zrate Q, of the
fumigant-containing gas, which will compensate for the
maximum absolute value of the expected positive and/or
negative chimney effects in the silo, is required and
should be maintained at all times.

When minimum consumption of the fumigant is required while
maintaining effective fumigation, the outside ambient
temperature and the temperature of the grain mass should be
monitored continuously and the flow rate adjusted, ' as
necessary, to obtain the value of Q, calculated from the
observed temperatures T, and T,.

It should also be noted that when a variable (controlled)
flow rate Q, is established for the fumigation of a
particulate charge of a vertical silo; and the temperature
of the silo charge (the grain mass) fluctuates between a
value greater than the ambient temperature outside the silo
and a temperature which is lower than the outside ambient
temperature, a positive value of Q, should be established at
all times.



If the grain tenperature is greater than the tenperature outside the silo
and the bottomof the silo is not conpletely seal ed, the chimey effect

will cause air fromoutside the silo to flowinto the base of the silo, to
dilute the concentration of fum gant inside the silo. This ingress of air

wi | cause the fum gation of the stored grain to fail, either totally or in
part. More generally, if the sealingjef -the silo at the top or the bottom
is not specified, AP may be taken as the pressure difference between the

i nside and the outside of the sili, and AP2 is given by: [err] wher e
the pressure differences AP[err] and AP[err] are defined as pressure

di fferentimhs pma'ridipr]m‘ er&noett lowessates thesudt titee sg.’r:aiﬂndxaﬁﬁ sbfle the

ApLerr] | oZaRd il nof b | aebBREARMICHS' phaC AARGICIER Br adl o

air wthi nggatgkl sWhG,Rﬁﬁ?#?ﬁdh@O@ﬁﬁmm@¢&#$Ecof|ﬁyqygﬁn¢bqumﬁi$,

wher e determined by toxicological ‘considerations would be
established in the grain mass before the flow of
fumigant-containing gas ceases, and - ignoring the
adsorption of fumigant by the grain, which is very low -
would not be reduced.

Continuous control of the flow rate of fumigant-containing
gas into a top vented silo can be effected manually (for
example, by monitoring the difference between the
temperature of the grain in a silo and the ambient air
temperature outside the silo, then selecting - from a
number of pre-set controlled flow rate values -~ the
pre-determined flow rate value for the observed temperature
difference). Such a manual control system, however, will
rarely be the most cost-effective form of continuous
control. Continuous control is preferably effected using
a control mechanism which 1is responsive to signals
generated by temperature sensors positioned within the
grain and outside the silo. If desired, an average value
of the grain temperature may be determined by positioning
a number of sensors at different respective locations
within the grain mass, and generating (by known means) an
input signal for . the controcl mechanism which 1is
proportional to the difference between the average of the
output signals of the temperature sensors in the grain and
the ambient air temperature outside the silo. The control
unit will normally be a programmed microprocessor or
programmed mini-computer which generates an output signal



where A is the cross-sectional area of the silo, in mMerr]; Ris the grain
resi stance factor (which, as noted above, is about 3100 for | oose wheat and
about 4000 for packed wheat); h is the height of the silo in netres; and

Qerr] isin nerr] sec[err] -9- As
the-difference between the anbient tenperature and the grain tenperature
changes, the flow due to the chi nmey effec]T w || change and the pressure
differentials will also change. Thus the % ow of the fum gant-containing

gas which is necessary to overcone the flow due to the chimey effect and
just maintain the required small positive pressure within the grain mass

\ém I al sodcpanmchThqm@rH eﬂsftxﬁéﬂr%eadjiﬁs’ﬁaé ?E?ﬂ é@@’é‘ﬁoln@%vtbée so
et erm ne r ure e ure o e grain, an e
anbi ent tenpe%gkgfé ”%Véicg %%%qgﬁﬁéya WQ%Qa?Fo&P“EﬁinénguﬁﬁﬁahF
gas fIOM/intosubsﬂ@nxiaﬁlgIuheydaicnlateduualue of Q,.

It will be appreciated that if the fumigant is added to its

" carrier gas (usually air) after the required flow rate has
been determined, the input of fumigant into the carrier gas
has to be wvaried in parallel with the variations in the
flow rate of the carrier gas, to maintain the predetermined
concentration of fumigant within the silo, which is based
upon toxicological considerations.

A practical full-scale implementation of the present
invention will now be described, by way of example only,
with reference to the accompanying drawings.

Brief Description of the Drawings

Figure 1 is a schematic diagram of phosphine supply and
control equipment installed for use with a top-vented
vertical grain silo. ' '

Figure 2 is a representation, in graph form, of data

obtained in one example of the use of the arrangement shown
in Figure 1.

Detailed Description of the Illustrated Embodiment

Full-scale testing of the present invention has been
carried out at Wallendbeen, New South Wales, Australisa,
with a top-ventilated vertical grain silo holding 2,000
tonnes of wheat. The phosphine delivery and control
equipment used for this full scale testing is shown in



of F is needed. This input flow w |l produce an escape (or grain face)
velocity, vf, expressed in msec[err], of: [err] where Ra is the
gas constant for air, which 1is 287 J kg[err] Klerr]. Hence t he
required flow, QF, of fum gant-containing gas for a full silo is given by:
[err] As noted above, when operating a fum gation systemfor stored
grain, the base of the silo is rarely_cpypletely sealed. Thus the fornul ae
derived above will be applicable to alnbst all top vented silos and the
flowrate of a

Figute 1. The tests with this equipment began in February
1994 and are continuing to August 1994 (and possibly beyond
that date).

In the arrangement shown in Figure 1, three temperature
sensors 12 (any required number of temperature sensors
could be used) are installed to measure the temperature at
different locations within the bulk grain 11 stored in the
vertical silo 10, and a single temperature sensor 12A
monitors the ambient temperature outside the grain silo.
The output signals from the temperature sensors are input
to a programmed microprocessor 13 (a 386 PC made by
Australian Computer Technology Pty Ltd is included in the
apparatus installed at Wallendbeen, but any other suitable
microprocessor could be used). The microprocessor 13
averages the temperature signals from the sensors 12 and
determines the difference between that average signal value
and the signal from the temperature sensor 12A. From this
difference value, the microprocessor 13 calculates a value
of the required flow rate, Q,, of the ﬁumigant-containing
gas. When the fumigation is initiated, a predetermining
value of Q, is established.

.The microprocessor 13 also receives signals from a flow
sensor 23 (for example, an ALNOR thermo-anemometer, Model
No GGA-26) which is mounted in a duct 18 leading to the
base of the silo 10. The microprocessor compares the
actual flow rate with its calculated value of Q,. If the
actual flow in the duct 18 is greater than the calculated
value of Q,, a signal is sent to the ¢ontroller 14, to cause
it to close a valve 21 to reduce the flow of air in the



- 10 - fum gant-containing gas that is required to nmaintain the efficacy
of .the fum gation of the silo charge can be ascertained by the follow ng

steps: (1) determ ne the average tenperature of the grain, Tg, in K;
(2) determ ne the anbient tenperature outside the silo, Tg, in K (3)
determ ne the cross-sectional area of the silo in ng; t hen (4)
deternine, using the above formula, thelBequired flow rate f If the

grain is not cooled artificially and the fum gation systemis required to
run unattended, with a pre-det erm' ned steady flow of fum gant cont ai ni ng

gas that |s mai nt ai ned at all ee ar obt ai n, an
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cal cul at ed. hbiizein:ated irmfmiealtes aflagre |35 adept showsy mhé'lfgnﬁagal) oAt
system at @gal P TRy Reet QElHn%tenﬂ@dtﬁé”BcQ@&éPnf%Mof F@iﬁomf&%ﬁt i on
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the wvalve 21.

The opening (or closing) of the valve 21 is effected in
increments, and is continued until the flow rate in the
duct 18 is equal to the calculated value of Q,, whereupon
the microprocessor signal to the controller 14 is changed
to a value which causes the controller 14 to neither open
nor close the valve 21.

The microprocessor 13 also receives a signal from a
fumigant concentration sensor 22 (for example, a CO cell
manufactured by City Technology in the United Kingdom)
which measures the concentration of fumigant in the air
flowing through the duct 18. The sensor 22 is not in the
duct 18, but receives a sample of the fumigant-containing
gas flowing through the duct and obtains the fumigant
toncentration value of the sample by comparison with a
calibrant mixture from a cylinder 26. If the fumigant
concentration signal from the sensor 22 shows that the
fumigant concentration is below (or above) the required
value (the required value is stored in the memory of the
microprocessor), the microprocessor 13 sends a signal to
the controller 16, to cause it to open (or close) the valve
17, which controls the supply of phosphine from a cylinder



Ta, may be positive or negative (for exanple, in geographical areas
where the anbi ent tenperature can be expected to exceed the
tenperature of grain stored in a vertical silo in the area, and in those

i nstances where there is artificial cooling of grain stored in a vertical
silo). When Ta exceeds Tg, a negative chimey effect will occur in a silo
that is not fully sealed at its top andjpottom Wth a negative chi mey
effect, the air flow through the silo will be downwards. In this
situation, to achieve efficient unattended fum gation of the grain nass, a
positive value of the flow rate Q of t he fum gant-contai ni ng gas,
which wll Zﬂnwmmsatbefosouheewmﬁ mmmigﬁnﬁL&efaalagamtleheaexpmﬂsmte
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flow through the duct 18 contains the required
concentration of the fumigant.

It will be clear to agricultural and chemical engineers
that the feed-back loops established by the arrangement
illustrated in Figure 1 will be effective to control the
settings of the valves 17 and 21 to ensure that at all
times when a fumigating gas is blown into the grain mass
11, the cdncentration of phosphine (or other fumigant) in
the gas remains constant as the flow rate of the gas is

varied in accordance with the instantaneously calculated
value of Q,.

The equipment illuétrated in Figure 1 also includes
pressure sensors 19 in the grain mass 11. The pressure
sensors 19 (which are each model EMA 84 manometers
manufactured by TSE Co Pty Ltd of Melbourne, Australia, in
the installation at Wallendbeen) play no part in the
fumigant control mechanism. They are used for static
bressure measurements which independentiy measure the
validity of the formula used to determine Q,, and the
efficacy of the control mechanisms.

The full-scale testing of the present invention involves a
series of investigations, each having three phases. In the
first phase of each investigation, the gas flow through the
grain mass 1l is controlled in accordance with the derived



nmoni tored continuously and the flow rate adjusted, as necessary, to obtain
the value of X calculated fromthe observed tenperatures Ta and Tg. I t
shoul d al so be noted that when a variable (controlled) flowrate (F is
established for the fum gation of a particulate charge of a vertical silo,
and” the tenperature of the silo charge (the grain mass) fluctuates between
a value greater than the anbient tenperare outside the silo and a
tenperature which is | ower than the outside anbient tenperature, a positive
val ue of ¢ should be establ i shed at all tines.

- 12 - princi a net, flow rate through the grain_mass of zero
woul d not b%o ‘151 rant ﬁjrﬂ-:gf‘iﬂﬁ FEEBPHE ST A0 FReTeedui £oF
concentrati an mirifcu:m gfntpt bat fisedabesni nahbyeduBR €0} Ogixcathe second

conei der atlg)%% woul g b&gs&gggﬁh gt'z.gnt he ra| rrass 25{ r.e the flow of

f umi gant - comt 81 1T ng -gas ceases, gno? é" 29§ NG u#PFant
by the gralmhnnughltbevgrylhOWqumnsdesbabmésheduamdaccordance with

the fumigation technique described and claimed in the
specification of Australian patent No 640,669 (which is the
patent granted on the Australian patent application derived
from International patent application No PCT/AUS0/00268).
That is, a pre~determined flow of fumigant-containing gas,
related to the cross-sectional area of the silo, is
established. The second phase is also carried out for a
period of up to five days. In the third phase of each
investigation, the static pressure characteristics within
the grain mass are monitored, using a number of pressure

sensors 19, in the absence of a gas flow through the duct
18.

Instead of the control arrangement illustrated in Figure 1,
the microprocessor 13 could be programmed (a) to control
air flow through a bleed line 24 connected to the duct 18,
or (b) to control the setting of a speed control 27 for the
blower 15. The second of these two alternative control
arrangements, both of which are shown with dashed lines in
‘Figure 1, is not preferred.

A typical set of data, obtained over one period of 24 hours
during a firsf phase of an observation at Wallendbeen, is
shown in graphical form in Figure 2. The three traces in
Figure 2 show



Conti nuous control of the flow rate of fum gant-containing gas into a top
vented silo can be effected manually (for exanple, by nonitoring the
difference between the tenperature of the grain in a silo and the anbient
air tenperature outside the silo, then selecting - froma nunber of pre-set
controlled flowrate values - the pre-determned flow rate value for the
observed tenperature difference). Such agmanual control system however,
will rarely be the nost cost-effective formof continuous control.

Conti nuous control is preferably effected using a control mechani sm which
IS responsive to signals generated by tenperature sensors positioned within
t he grain a(dl)out sitoe aheregbotdﬂpehaﬁwmm whbhhanertdge gahin alsishe gsain

tmmmahnermyb 0S. ng,a e S rs

di fferent respectl g )ﬁ §é$%%§gggl rynﬂags)s{rgéa S’gﬁcg‘ra‘fﬁ‘éefb
known neans) an |rﬁhﬂwn§bgnﬁ¢ll$o$quﬂﬁ%5)bontroI mechani sm which is
proportionay 159 t hendli {164 epgee behsagn! Ieﬁeagﬂég%sofc&l%f&#!éwtb%' gl s of

t he tenperature sensors I n_the graln t he anmbi ent alr tenperat

outside the silo. ﬁ?ﬁﬂ%%ﬁthF &ni PEwiY erRﬁQﬁﬁﬂ?’Bévﬁnﬁﬁégréﬁﬂﬁﬁ trace
m cr oprocessor or vpj:ﬂgrwmidsnsﬁbwﬁOB?U&@li&htﬁﬂaﬁgﬂ.@’sabe%n@n out put si gnal

- 13- (iii) the actual flow through the silo (the trace with
values shown by dots) of air containing a
predetermined concentration of phosphine.

These data show clearly the ability of the controlling
mechanisms to adjust the flow rate of the fumigant gas in
the silo quickly and accurately, and thus demonstrate the
suitability of the present invention for use in the
fumigation of stored foodstuffs in a top-~-vented vertical
'silo in which a chimney effect flow can be expected.

The present invention can also be used in the continuous
fumigation of a number of similar silos in a grain storage
facility, using a single source of fumigant gas, connected
by respective ducts to the silos. To ensure that the
charge of each silo is properly fumigated, temperature
sensors are installed in each silo, and the controller of
the fumigant-containing gas uses the maximum value of the
difference between a grain temperature and the ambient air
temperature outside the silos of the facility té determine
the value of the rate of flow, Q,, of fumigant-containing
gas to the silos. With this arrangement, although one (or
more) of the silos may receive the fumigant-containing gas
at a higher rate than that which is necessary to compensate
for the individual chimney effect (or chimney effects),



which, in turn, is used to adjust a flow control device, so that the actual
flowrate of the fum gant-containing gas is substantially the cal cul ated
val ue of . It will be appreciated that if the fum gant is added to its
carrier gas (usually air) after the required flow rate has been determ ned,
theinput of fumigant into the carrier gas has to be varied in parallel
with the variations in the flow rate of 18he carrier gas, to maintain the
predet erm ned concentration of fum gant within the silo, which is based
upon toxicol ogi cal considerations. A practical full-scale inplenentation
of the present invention wi ||l now descri ed by xa I onl

with refer eRPBet o°fhethR cSHpaT i v aﬁﬁﬁ&§ ency i g %%gﬁFiﬁPrgﬂ ft?%e
Drawi ngs Fi gufmeghnits conselntfaitiondiiagrians ofs guuispted egsadapl wasad contr ol
equi pment i nstal |l ed for use with a top-vented vertical grain silo. Fi gure
2 is arepresentation, in graph form of data obtained in one exanple of

t he use of (ife tiva ahgsrento stiwwsihofi for the. stobegei Ifedidddryr igne omobf t he

I1Tustrated SoRqdivmy EphheSraben! exhicdd QlchNe1RLeSeN 1 | Bueispidag been
with the arrangement of orifice plate and control wvalve
that is described, for a multi-silo facility, in the
specification of International patent application
No PCT/AUS0/00268 (WIPO Publication No WO 91/00017).

Although exemplary implementations of the present invention
have been described above, it should be appreciated that
variations in those implementations may be effected without
departing from the present inventive concept. For example,
the formulae given in the above description for Q, and Q.
are correct when the silo is full of the commodity. If the
silo is only partially filled with a commodity, the
calculated value of Q. and Q, needs to be multiplied by a
factor h,/h,, where h, is the height of the silo and h, is
the height of the commodity in the silo.



carried out at Wallendbeen, New South Wales, Australia, with a
top-ventilated vertical grain silo holding 2,000 tonres- -e%—mheat " "The

phosphi ne delivery and control equi prent used for t sting
is shown in E | ﬂﬁe-
nnwsng *1 0

tests with this equi pnent began in Februar 1994 and
August 1994 (and possibly beyond that dat€J.” 1In the arrangenent shown in
Figure 1, three tenperature sensors 12 (any required nunber of tenperature
sensors coul d be used) are installed to neasure the tenperature at

di fferent Eahﬁ%§ within the bulk grain 11 stored in the vertical silo
10, and a sin enperature sensor 12A nonitors the anbient tenperature
outside the grain silo. The output signals fromthe tenperature sensors are

i nput to a pQOQVaWE%éQ%cPPBQCGﬁMgé&é@ 3%6 £C &&a‘%@tfzplng.éauy
Comput er Technol ogy Pty Ltd 1s included in the apparatus Insta
val | endbeen, but aﬁ§°6?ﬁe1ins%|§%]d?e §H4d R SOmRGh B ng Ehes &beps ofhe

m croprocessor 13(ayergeseidingt&nsappliyr gﬁlﬂrﬁlrﬁiéé@ﬂlé&@tﬁﬁﬂiﬁgs gbs and
having a fumigant concentration which is
effective to control insect pests in the stored
commodity when applied to the stored commodity
for an extended period; and

(b) supplying the fumigant-containing gas to the base
of the silo at a flow rate, Q,, which 1is
determined, for a full silo, by the relationship

xP,
0 S ani L1
RxR, T, T,

where Q, is expressed in m® sec?; g is the
acceleration due to gravity (approximately 9.8
m sec’?); P, is the atmospheric pressure expressed
in Pascals:; R, is the gas constant for "air
(= 287 J kg™ K1'); T, is the temperature of the
air outside the silo, expressed in K; T, is the
temperature of the commodity within the silo,
also in K; R is a resistance factor (in Pascals
sec m'?) which depends upon the nature of the
stored commodity in the silo; and A is the
horizontal cross-sectional area of the silo, in
square metres;

whereby the possible dilution of the fumigant

concentration within the commodity, as a result of the

chimney effect, is prevented.



determ nes the difference between that average signal value and the signal
framthe tenperature sensor 12A. Fromthis difference value, the -~ 7

m croprocessor 13 cal cul ates a value of the required of

t he fum gant-containing gas. Wien the fum gation is 'lem"mj“mmr"ml
predeterm ning value of Jerr] is established. The m*crbprocessdr %3 al so
receives signals froma flow sensor 23~ (#br~exanple, an ALNOR

t her no- anenonet er, -Model No GGA-26) which is nmounted in a duct 18 |eading
to the base of the silo 10. The m croprocessor conpares the actual flow

rate with its cal qul ated yal ue of e . I f.the actual flowin th uct 18
is greater ti‘an t e & it a gd €‘éﬂ‘{%agiéﬁ &2 fas?fgﬁlf'ﬁ'flqgesgﬁfm"f’gitqwg .

controller 14, tostaxed ih dostlosesalidateehdd campetising tthe fdtapofofir in
t he ct Lch_i tyabl | d .n ' | ower 15.
The end of the duéég LilBP%ﬁY%?‘:{%‘é ?e%?%l%t) c()-“rr“is P%eflgﬁ%ggrrﬁ:-igglﬁéggg}l'gge%ta 0 a
di stributor plate (whibavhegd wot BumigRsiti zopearedkseriont orwiplehe 245 as

shown in Figure 2) at ghgeb@seeOto! Bontirdd) Mhsddt tHEsest ¥al thboWfred T

t hr ough _
commodity when applied to the stored commodity
for an extended period;

(b) ascertaining the maximum value of the difference
between the temperature of the commodity within
the silo and the ambient air temperature outside
the silo which will be experienced for the period
of fumigation of the commodity;

(c) calculating the flow rate Q,,,., which is the value
of Q, which is obtained, using the formula
recited in step (b) of claim 1, when said maximum
temperature difference is used to determine Q,;
and

(d) supplying said fumigant-containing gas to the
base of the silo at a constant rate of Q....’

whereby said method of fﬁmigation may be performed
unattended without a poséible reduction of the
fumigant concentration in said commodity, due to the
chimney effecf, to a value below the minimum fumigant
concentration that is required  for efféctive
fumigation of said commecdity.

3. A fumigation method as defined in claim 1, in which
the supply of fumigant-containing gas to the base of
the silo is effected continuously by a control
mechanism which includes a programmed microprocessor
or a programmed computer that is responsive to signals
corresponding to the instantaneous values of T, and T,.



the duct 18 is less than the calculated.value of Jerr], a signal to the

controller 14 causes the controller t qp@\sﬁggr gg\%@l The opening (or
s C o

closing) of the valve 21 is effected |n | NCIpipe ont i nued untiI

the flowrate in the duct 18 is equal
wher eupon the m croprocessor signal to t controller 14 |sljiu H I”"I
val ue which causes the controller 14 to rfél tther open nor .

21. The m croprocessor 13 also receives a signal froma fum gant
concentration sensor 22 (for exanple, a CO cell manufactured by City

Technol ogy ig.the #ﬂfaﬁgﬁﬁf&ﬁ%qﬁ@a%”&éﬂ%& JI'{': e-fQpgept ratlgn of

fumgant in the air fl ng through the duct e sensor aHBt 3¢ n
the duct 18, but r¥Rerhdsha WRHa elsf at mredafiqpminadnnindnng geslue oviEng

t hrough the duct agsli@bt gu_aa tli-%tfé,lm aaicreonggnt {nggh(gg \é@'d“eaﬁ-f x‘Lhe Rarrpl e
by conpari son vmtha%ai § xturefroma cyl 1 nde 5 %

fum gant concent r &3 bR SPHR IV? Bh PheQsdisdes® Wgwssahtminiminng bawt
concentration i s bheate ¢@tuabove) the required value (the required value is
stored in the nenory of the m croprocessor), the mcroprocessor 13 sends a

signal to the controller 16, to cause it to open (or close) the valve 17,
whi ch controPs thet s@ﬁFh?dohfptf@mﬁJgamdrrmﬂ a cplundkity of silos in a

storage facility, each silo in said facility

cbntaining a respective particulate commodity, said

method comprising the steps of

(a) providing a supply of a fumigant-containing gas
having a fumigant concentration which is
effective to control insect pests in the stored
commodity or commodities; and

(b) monitoring the temperature, T,, of the commodity
in each silo and also the ambient air
temperature, T.. outside the silos, and
determining the maximum value of the difference

between the temperature of a stored commodity and
said ambient air temperature; and .
(c) supplying the fumigant-containing gas to the
bases of the silos at a flow rate, Q,, which is
determined by the relationship
8%Pg axlL_1

RxR T T

a a ‘g

Q-

where Q, is expressed in m’ sec; g is the
acceleration due to gravity (approximately 9.8
m sec™?); P, is the atmospheric pressure expressed

\_.
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- 16 - 20 (or other source of fum gant - for exanpte;~an ‘on-site
generator) to the airflow in the duct 18. The opening ( ‘m M“b
valve 17 is continued until the signal fromthe fum ga a‘ ml

sensor 22 indicates that the air flow through the cte 8% c8ntains

the- required concentration of the fum gant It WI|| be clear to
agricultural and chem cal engineers that ?he f eed- back | oops established by
the arrangenent illustrated in Figure 1 will be effective to control the

settings of the valves 17 and 21 to ensure that at all tines when a

fum gating gas is bl owp i ng 3é$‘fs aén PRSSd: Ségg cocpn ér{étlto"’n’flmccﬁﬁﬁ'ate

phosphi ne (or other fum® gan as renal ns®cons as t he
of the gas is varied i i=ag8drdakgd \hi h tBe fasttet mmayt@aecotfatm

value of Qerr]. Thegg Ubaegﬂae' thistiabed 'e@t Pl 4 aleo T”%ﬁ%ch

pressure sensors 19 in the grain mass [essure sensor &
are each nodel EMA 84 ﬁﬁﬁBﬁE?EPé‘enaﬂﬁf a%t lﬁ%“ i%%E i Ay sike fWhiCh

Mel bourne, Australia, gnfgbesi n@ball airem atr \\al besdbeen) R;ay RO RArtain

t he fum gant control rrech ni_.sm are sed for gtatic pressure
nmeasur enent s whi ch i ndEp& ﬁgﬁf‘f:? mgﬁgﬁf’ nvaFIaﬁFfi; fSFﬁg“‘fezsc)r miitt s ed

to determine Qerr], addpbhdsevﬁﬁ:onaﬂyecrfatﬁheecnmtm stadshicofhodities
in the silos; and A is the sum of the horizontal
cross-sectional areas of the silos, in sqQuare
metres;
whereby the possible dilution of the fumigant
concentration in any silo in the facility to a value
below that required for effective fumigation of the
stored commodity, due to the chimney effect, is
prevented.

6. A fumigation method as defined in any preceding claim,
in which the or each commodity is grain.

7. A fumigation method as defined in claim 6, in which
the grain in the or each silo is loosely packed wheat,
and the resistance factor, R, has a wvalue of about
3,100 Pascals sec m™2,

8. A fumigation method as defined in claim 6, in which
the grain in the or each silo is closely packed wheat,
and the resistance factor, R, has a value of about
4,000 Pascals sec m™?



accordance with the derived

forrmula for Qerr], using the arrangenent_shown in Fi gure*l,c.uor o Jllﬂ“m
of up to five days. Subsequently, in the %%cond phase of the investigation,
the flow of fum gating gas through the grain silois established in
accordance with the fum gation techni que described and clained in the

spect(16at1 09 o Ayckualighaataptndt A0SR Phs e e gign o

on the Australian pa appli ca rive rom

appl i cati on No PCTARUgbAgb2&BR. feRdgant ip pehe gfurigentdcohbaioing gas
fum gant - cont ai ni ngsganospRliaked to the cross-sectional area of the silo,

I s established. The second phase is also carried out for a period of up to
five days. In the third phase of each investigation, the static pressure

characteri stiws. W hhifamigatgoni Rethod asedeBinkd ¢4, any Boed oV Ml 1

pressure sensors 19, 11 the APSEN°ELRY & 985h! 20nhBediyN LS, AUt suce,
other than wheat, selected from the group consisting
of the products listed in Table 2 of a paper by
A J Hunter which was published in <the Journal of
Agricultural Engineering Research, Volume 28, pages
437 to 450, 1983, and R is the value of R calculated
for said selected product and also listed in said
Table 2.

The full-scale testing of the present i | Lnvol ves a series of
i nvestigations, each having thnj uh8 gdess {li rst phase of each---
i nvestigation, the gas flow th:\eﬁﬁgﬁw misg 11 i S”mm ﬂ”'ﬁm

-11. Apparatus for fumigating a particulate commodity which
is stored in a silo, said apparatus comprising:

(a) means for pumping a fumigant-containing gas into
the base of the silo;

(b) first temperature sensing means positioned within
the commodity in the silo and having a first
output signal indicative of <the temperature
within the stored commodity; '

(c) second temperature sensing means positioned
outside the silo and having a second output
signal indicative of the ambient air temperature
outside the silo; '

(d) processing means adapted to receive said first
and secoﬁd output signals and generate at least
one control signal; said at least one control
signal being input to control means; said control
means being adapted to control the rate at which

This Sheet Has Been RTlaced
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18. Instead of the control arrangenent illustrated in Figure—3;—the™

m croprocessor 13 coul d be pregrasred=to—to cofitrol air flow

bl'eed line 24 connected to t WBHEBTP@SQEB:)N il(o] conﬂmn wm of a
speed control 27 for the bl ower 15 REPUECERCcondlppf th v
control arrangenents, both of Lre—are—shown wi th dashed® Ilnes in Flgure
1, is not preferred. A typical set- S data, obtained over one period of
24 hours during a first phase of an observation at Wall endbeen, is shown in
graphical formin Figure 2. The three traces in Figure 2 show

- 18 (1) the average tenperature within the grain nmass, as

measured by the sensghe fpmigRetregesadndpaygaesis pumpedwhibysesHi d
squares); (1) the fhawsej entlhgudo L€l thoasdial cokaleadubYot Nene

formula for err] o resent nyention (the trace
d ] E t-containfhg gas( into the silo has a

value, Q;, which is determined, for a full silo,
by the relationship

§xP, 1 1
= wAx |l
% RxR, !7:x T‘l
where Q, is expressed in m® sec?!; g is the

acceleration due to gravity (approximately 9.8
m sec “%); P, is the atmospheric pressure
expressed in Pascals; R, is the gas constant for
air (= 287 J Kg* K?'); T, is the temperature of
the air outside the silo, expressed in K; T, is
the temperature of the commodity within the silo,
also in K; R is a resistance factor (in Pascals
sec m*) which depends upon the nature of the
commodity in the silo; and A is the horizontal
cross-sectional area of the silo, in m?.

12. Fumigation apparatus as defined in claim 11, in which
' (a) said control means comprises (i) a first valve in
a duct extending from an air blower to the base
of the silo and (ii) a second valve in a line
extending from a pressurised source of fumigant
gas to said duct:
(b) said control means controls said first valve to
establish a flow rate of air into said silo in
accordance with the calculated value of Q,; and

This Sheet Has Been Rei




wi th val ues shown by solid triangles); and (iii) the actual flow through
the silo (the trace with val ues shown - by--dotsy—of " air
cohtaining a predet ermi ned concentratio hese data
show clearly the ability of the controlling ne uﬂmmm \Wml t the flow
rat.e of the fumgant gas in the silo quickly a ¥, and "t hus
denonstrate the suitability of the pres2t~invention for use in the

fum gation of stored foodstuffs in a top-vented vertical silo in which a
chimey effect flow can be expected. The present invention can also be
used in the continuous fun1gat|on of a nunmber of simlar silos in a grain
storage facility{ChsiSfddh CONHFAL RRANS RANFIRL §aFRidsecendnvalyg b9
reSpeclt'i er d_uctts Ej 0 ?ﬂﬁrﬁdl:?ﬁ a TOpeaaurcertnhﬁta_tdt hecﬁhééﬁ%rﬁfﬁi%lch 6&"3 'tﬁ
properly fum gated, rature nsors_a stalled in each silo, an e
controller of the fu %ﬁﬂ nctbrf‘t'blﬁﬁlgag% £:§%‘ég ng hERFRRSTARTS M- t he

di fference between a grain tenperature and the anbient air tenperature
outside th ilo f [ t value_of .the r te of
flow, qerrq]35 iFggrLQS? g%ngt aflynm{r%agfﬁ Eiu %11tsy %t il P‘f‘? s
arrangement, al tﬁ‘égghgéné'a(@-rli{ﬁyrre) eéﬁhtrmfsslaég rﬁeﬁ,'l@%cemauhang a

fum gant - cont ai ngagtﬂéﬁlaﬁeacbinﬂaait&at galilan sary to

conpensate for the individual chi ep}/ fect (or h| rme effects
means for pumping a fumlgant—conta ning gas from

a single source into the base of each silo;

(b) a respective first temperature sensing means
positioned within the commodity in each silo,
each of said first temperature sensing means
having a respective first output signal

indicative of the temperature, T of its

associated commodity: )

(c) second temperature sensing means positioned
outside the silos and having a second output
signal indicative_ of the ambient air temperature,
T,, outside the silo:

(d) processing means operatively connected to said
temperature sensing means and to control means,
said processing means being adapted to receive
said first output signals and said second output
signal and determine the maximum difference
between the temperature-of a commodity and the
ambient air temperature, and to generate a
control signal, said control signal being input
to said control means; said control means being
adapted to control the rate at which said gas
pumping means pumps the fumigant-containing gas
into the silos so that the rate of flow of the



- 19 - none of the silos will experience a di

lution of the fum gant

concentration in its associated grain nass. If the ducts to the silos in

the storage facility are not conpletely synmretri
provided with the arrangement of orifice plate a
described, for a multi-silo facility, 55 t he spe
International pat ent application No

WO 91/00017) . Al t hough exenpl ary inplenmentatio
have been descri bed above, it should be apprecia

miudifiipin 7

C|f|cat|on

ns of the present invent
ted that variations in

those inplementationsg “EX§Q%F?E£§ﬁ£9$H$%L égg dggagti CEpe BLesgnt.

I nventive concept. For IV

en 1 n a ove escrlpt

for &F and Q¢ are corN@éPthéh:tHbl§hlésl§aﬂmﬂlaﬁedIu?iﬂﬂnﬂhﬁt@ormﬂlahe

silois only partially filled with a connndlty,

t he cal cul at ed val ue of

be

CT/ AU90/ 00268 (W PO Publication No

i on

I on

Q

and X needs to be nmultiplied by@ﬁ gsi hogy V\/nere hs is the height of

the silo and hg is the hei ght of

Gryir the silo.

where Q, is expressed in m® sec?; g is the

acceleration  due to gravity (approximately 9.8

m'seg“):'P‘is the atmospheric pressure expressed
in Pascals; R, is the gas constant for air

(= 287 J kg K*); T, is the temperature of the
air outside the silos, expressed in K; T, is the

temperature of a commodity in a silo which
differs most from T,, also in K; R is a
resistance factor (in Pascals sec m?) which
depends upon the nature of the stored commodities

in the silos; and A is the
cross~-sectional areas of
metres.

14. Fumigation apparatus as defined
or claim 13, in which said p
programmed microprocessor or a

sum of the horizontal
the silqs, in square

in claim 11, claim 12
rocessing means is a
programmed computer.

15. Fﬁmigation apparatus as defined in any one of claims
11 to 14, including means to maintain a predetermined

minimum value of said flow rat

e when the calculated

value of Q, is less than said minimum flow rate value.



20 - CLAIMS 1. A nmethod of fum gation of a particulate commodity

stored in a silo, said nethod conprising the steps—tﬁ-——;“_(a) providing a
supply of a fum gant-containing gas

concentration which is effectlve to mﬂl Hﬂ“lmgllrﬂl“lsts in the
st or ed commodity when applied t store

an extended period; and (b) supplYyi The f um gant - cont ai ni ng gas to
t he base of the silo at a flowrate, Jerr], which is

determ ned, for a full silo, by the relationship [err] wher e

Q is expregged ig g{;ﬂghfsmlﬁéei,odgagsd%?ﬁnﬁl 1p_any?6RE' 8] %igﬁ pa'q Lo

gravity (approxi mat m sec[err
pressure expressel® 10: in. W#ﬂ¢%s§§ﬁs°ﬂ%ﬁa@htﬂélgaéaxnn#zwmarbiaaly

(= 287 J kg[err] Kieied %itﬁaa'&ohﬁ%dﬁ&ﬁpﬁ%ﬁﬁy“ﬁhéﬁcéfﬁhlated val@%rPﬁe

outside the silo, expressed enperature o
comodity within ®h gan}tiplied bga?sﬁa?ﬁoR fR ¥Begeresi stance factor (in
Pascal s sec nferr]) which depenﬂgq%pon the nature of the

stored comodi ty ﬁr'fémihélﬁéiéﬁ¥ié¥ éhe silo, and h; is the height of
the commodity in the silo.

17. Fumigation apparatus as defined in any one of claims
11 to 15, in which the or each silo is only partially
filled with a commodity, and the calculated value of
Q, is multiplied by a factor £, where

£ = h,/h,,
h, is the height of the silo, and h, is the height of
the commodity in the_silo.

18. A method of fumigation of a particulate commodity
stored in a silo, or in a plurality of silos of a
storage facility, substantially as hereinbefore
described with reference to Figure 1 of the
accompanying drawings.

19. Apparatus for use in the fumigation of a particulate
commodity stored in a silo, or in a plurality of silos
of a storage facility, substantially as hereinbefore
described with reference to Figure 1 of the
accompanying drawings.



hori zontal cross-sectional area of the silo, in square netres;
wher eby t'he possible dilution of the fum gant concentration within the
commodity, as a result of the chimey effect, is preJjented, _
- 21 - 2. A nmet hod of fum gation of a particul ate cor o} SHEET HAS BEEN
stored in a silo, said nethod conprising the steps of ; _

supply of a fumi gant-containing aMFVRMAL ﬁ@yji]g a fum gant

concentration which is effectve—to~comtrol insect pests in the
stored comodity when applied to the stored commodity

for an extended peri od; (b) ascertaining the maxi num val ue of the

di fference between the tenperature of the commodity within

the silo and the anmbient air tenperature outside the silo which

wi |l be experienced for the period of fum gation of the

comuodi ty; (c) calculating the flowrate err] which is the val ue

(b) of claim1, when said re difference is used

of err] which is obtaine ysingthefo'rrmla a:}@ recited in step
er
to determ ne X;
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and (d) supplying said fum gant-containing gas to the base
of the silo at a constant rate of Qerr]; wher eby—sai-d-—nethod of
fum gati on may be perfornmed unat t ended wi t hout a pasgs BHEET edgagmn [(of

t he funi gant concentration in said commodity, dueto tmREPLACEDXhi rmdly
effect, to a value bel ow the m ni mum fum gant co Ao a—-S

required for effective ',@E:iq n o ai comma'ty. 3. A
fum gati on nmet hod as defined l%\?? Al 2‘ i%"ahiéh- t he supply of
fum gant-containing gas to the base of the silo is effected

continuously by a control mechani sm whi ch i ncl udes a progranmed

m cr opr ocessor or a programed conputer that is responsive to signals
correspondi ng to the instantaneous values of Ta and Tg.

-22- 4. A fum gation nethod as defined in claim1 or claim3, in
which there is a predeterm ned m ni nrum val ue of said flow rate, which
is mai ntai ned when the cal cul ated value of err] is less trlgrxqsai d

m ni mum fl ow rate val ue.c\l
AON

(>

1.6

e, m DAYS, Swee THE START oF FHATE 1.

1.4
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5. A nethod of fum gation of a plurality of silos in a st orage

facility, each silo in said facility containing tTve

particul ate commdity, said nethod conpri si ng||t W8S SHEES HHYS BEENQ )
provi ding a supply of a fum gant-containing gas TWAPEP £ uni ghnt
concentration which is effective to control Tnsect pests in the
stored commodity or comoABSTBACTwhen applied to the stored
comuodity or commodities for an extended peri od; (b)
nmonitoring the tenperature, Tg, of the comuodity_in each silo and
al so the anbient air tIMPRQYER: &P’ﬂ,ﬁ‘\m" OF PARTIC“%EF&%“QHQEQ | os, and
determ ni ng the maxi num val ue ' of the difference between the
tenperature of a stored commodity and said anbient air

temperatureiynen fumigd®ing a Kk SHRPLYENYakRe JaH LAy conbaLyi ng gas to
t he bases n ug%g?he gilos at aH€?0m1ra?e, erf??ﬂéﬁigﬁéggadg?%r I ned
by the rel attepswiepted yeggical silo (1Qperky Qsdiovly spesplegsed iges
nferr] sec[eibhtalinkfigtN® low conGHEtHELdh ObflUG t GaleRNid Y fumigant
(apprOX|nateIX 9.8. m sec[%{ﬁég; Pa is.the atnospheric pressure
expr essed through the bulk mass, differences between the temperature,

T,, in the bulk mass (11) and the ambient temperature, T,

outside the silo cause a "chimney effect" within the silo,

and possible unwanted dilution of +the fumigant. The

chimney effect also occurs. in other top-vented storage

structures containing particulate commodities. To overcome

the chimney effect, the fumigant-containing gas is supplied

through a duct (18) to the base of the storage structure at

a flow rate Q, (in m® sec™) determined by the relationship

RxR T, T

2 a “g

<

where g is the acceleration due to gravity (approximately
9.8 m sec?); P, is the atmospheric pressure exprgssed'in
Pascals; R, is the gas constant for air (= 287 J kg™ K1);
T, is in K; T, is also in K; R is a resistance factor (in
Pascals sec m™?) which depends upon the nature of the
éommodity in the storage structure; and A is the horizontal
cross-sectional area of the storage structure, in square
metres. This technique can also be used to maintain
effective fumigation of a plurality of storage structures
in a storage facility, from a single source of gaseous
fumigant.

Figure 1 of the drawings should accompany the abstract when published.
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= 23 in Pascals; Ra is the gas constant y s:Ms,h_E-,—(
287 J kg[err] Krerr]); Ta is the tenperature of the 'r

the silos, expressed in K, Tg is the t enper at _;;y in
a silo which’ differs nmost from Ta, also RTS —a

resi stance factor (in Pascals sec nferr]) which —depends upon the
nature of the stored commodities in the silos; and Ais the sum of
t he hori zont al cross-sectional areas of the silos, in square
netres; mhereby t he possible di | asgeRa0t t he fum gant

concentration in any silo in the facilit to a val ue bel ow t hat
required for effectlve”FWWVE&FPHH38$O¥ ARTTCULATT GOMRIEEER v, due to the
chimey effect, is A_fum t.hod as fined in
any preceding tPa Fﬁmpensl%ﬁe C%OY%tb?le§8ﬂlggﬁ%D§}tJ§%Js Ony By et A
fum gation netk heﬁlﬁ\aeQef é@?éc’t“ c{@hith bacwgchwnen fbﬁlgaemg n the or
each silo is | oosely packed wheat, and the resistance factor, R has a
val ue of abouttop-vedt&do ﬁab@al(iogeccoﬁtalnﬁng &\ budkgapaonicuihad as

defined in claim®6, .in which

commodity by slowly passing a gas containing gaseous
fpmigant through the bulk mass (11), due to differences
between the temperature, T;, in the bulk mass and the
ambient temperature, T,), the fumigant-containing gas
is supplied through a duct (18) to the base of the silo
at a flow rate Q; defined by

gxP,
Sdx| o

Qf’ RxR_ T,

where g is the acceleration due to gravity:; P, is the
atmospheric pressure in Pascals; R, is the gas constant
for air (= 287 J kg™ K'); R is a resistance factor (in
Pascals sec m’) which depends upon the commodity in the
silo; and A is the horizontal cross-sectional area of
the silo. This technigque can also be used when
fumigating multiple silos in a storage facility, from

a single source of gaseous fumigant.

Fig. 1



t

thé.g?ai nin the or each silo is closely packed wheat, and the
resi stance factor, R has a value of about 4,000 P See—fferr—)
-24 - 9. A fumgation nethod as defined in any preced] RgPCACEMENT ISHEET
whi ch the fumgant in the fum gant-containing gas is phos(ghj Dﬁmo '
A fum gation nethod as defined in any one of clains 1 td| pate: %MDY Yeh |
the or each commodity is a conmmodity sel ected f r om he=group '
consisting of the coommodities listed in the follow ng table, which
also lists the value of R calz/® ated for said selected conmodity:
Commodi ty Moi st ure R(in Pas nferr])
Content Alfalfa 7% 16, 318
Bar | ey 12% 1,676 C over,
al si ke dry 27,263 Cover, criegrson
8% 10, 455 d over, red driy =
17,626 *Corn, clean ear 16% 6.19
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*Cofn, “ear, as harvested 20%

128 —Co¢a-—

shel |.ed 12. 4 THEFTADEMENT SHEET |
11% - 4,722 Fl ax

10, 421 Grass seed, bronme ©10. 5% || Date ternrvra e .Q3lpass
seed, rescue 13%: _ :

15. 5% 3,167 .Lupin seed, blues. o 7.5%

512 Qats 13% 1,816 *Pea
beans 15% 435 * Peanuts in
shel | (d) processing méaﬂsﬁada oted to re2®idePangar pirshehh@Used@hd oW
pear | 12% gge Pqpﬁern white rice ty

14% 10ﬂ§@uﬁ|@égnpéggﬂnd gene te at least one contro :ﬁﬁgnal-
15352 said at least one control sigh®d beirnSeringest liaspasieasol
13% 16, 318 = Sor ral . 0

2,664 Soybeans means; séHH”@oékrof‘means belnglaegpted to coﬁ%%é&stw%eat
11% 5 3 ra3e ati whéel, sgidngdg pumping means pumps the ZAumigant-

ég%?szefapesfgdcdﬂyﬂihlng gas so that the rate of ©fow of the fulmiifnt-
e 9! containing gas into the 5110 has a value, éi, which, if

the silo is full, is determined by the relationship

gxP, 1 1
2 xAX|—-=]|

RxR, T, T,

Q=

where Q; is expressed in m’ sec!; g is the acceleration

10 due to gravity (approximately 9.8 m sec?); P, is the
atmospheric pressure expressed in Pascals; R, is the gas
constant for air (= 287 J kg K'); T. is the temperature
of the air outside the silo, expressed in K; T, is the
temperature of the commodity stored within the silo, also
s in K; R is a resistance factor (in Pascals sec m?2) which
depends upon the nature of the commodity stored in the
silo; and A is the horizontal cross-sectional area of the

. silo, in m*.

20 The resistance factor R, as noted above, is dependent on the
nature of the commodityIEtored in the silo and the way in
which it has been stored._ For loosely packed wheat, the
constant R is about 3100, while for closely packed wheat, it
has a value of approximately 4000.

25

The resistance factor, R, is well-known tc agricultural
engineers, having been determined experimentally for a number
of different cereal grains and other commodities. 1In fact,
one of the present inventors (Dr AJ Hunter) has tabulated
30 values of the factor R for a number of seed commodities in
Table 2 of his paper entitled "Pressure Difference across an
Aerated Seed Bulk for some Common Duct and Storage Cross-




Sunf | ower

Appr oxi mat e val ue

which'is

(b) first tenperature sensing nmeans pgsitioned within
comodity in the silo and having a first out put
of the.tgnperature within the

havi ng 3
t emper at (r

one
bei ng i ng
to contn

o
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25
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commer ci al crushing 7.9%
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11. Apparatus for fum gating a pan REBL@GEMENWSE&ETy
stored in a silo, said apparatus conpri sing
for punping a fum gant-containing gas into the

ans
i.l.0;

stored commodity;

proc SS]

B@se;oﬂghh
e

signal indicative
(c) second
t enper at Jr e ssRSbAg" RdHiThpeas t pubilddhedt shdehe Journal odfeAgsidul tusad

wheRnt!,r aresr@pedducsai d adsol eastalmriarrc dormdl belgnal
to control nmeans; said control neans

the rate at whi ¢ch

@3l ¥8 @501 heogdTbi @Rk air
%sg ans Z‘dapt ed to
ofc af

| east

bei ng adapted

Commodity Moisture | R(in Pa s m™)
Content

Alfalfa 7% 16,318
Barley 12% 1,676
Clover, alsike dry 27,263
Clover, crimson 8% 10,455
Clover, red dry 17,626
*Corn, clean ear 16% 6.19]
*Corn, ear, as harvested 20% 128
Corn, shelled 12.4 719
Fescue 11% 4,722
Flax 11% 10,421
Grass seed, brome 10.5% 1,535
Grass seed, rescue 13% 709
Kobe Lespedeza 15.5% 3,167
Lupin seed, blue 7.5% 512
Qats 13% 1,816
*Pea beans 15% 435
* Peanuts in shell 4.4% 29.0
Popcorn, shelled, yellow pearl type 12% 1,046
Popcorn, white rice type 14% 1,766
Rice, rough 13% 1,952
Sericea Lespedeza 13% 16,318
Sorghum, grain 13% 2,664
Soybeans 10% 646
Wheat 11% 3,131
Linseed, glenelg 7.9% 14,907

- 25



the  f umi gant-containing gas is punped by said

U nipEE momm‘ SHEET

that the rate of flow of the f um gant - cont ai ni ng ga522t3 &hﬁm
silg has a value, QF, which is determ ned, for § bal AN..1998.....
by the rel ationship [err] where Qerr] is ExpressEd—
nerr] sec[err]; g is the acc A9r_ation due to gravity.
(approxina;ely 9.8 msec [err]); Pa is the atnospheric
pressure expressed in Pascals; Ra is the gas constant for

air (= 287 J Kglerr er Ta TS The tenperatgre of th
out5|(de the s gpeﬁé%(;\l q;%# n. K. __Tg is i t he ?pm) rature ms 622_
comuodity MAt1SafftﬁMé&J(glla also in KK Ris asr%s st ance fagtor
(in Pascalls secnferri)—whrch—tepemds—ypom tie_ gt ur e of
conmodi ty Jin B“gl?ﬁﬁrENRPWQQQ§1FHeCHBFPiB%taI 7-9%4 0ss- SECtIOﬁgp
area of the s | oSt inate yﬁaue EHﬂZgﬁﬁ'fﬁh&ﬂﬁ%ﬁl@hﬁSdﬁ%adﬁétQEd in
claimll, | Nﬂl Ch availdile T GnaBlbl GbcHESES OIGYs DESR(Lp Befirst val ye
in i ductesvdisiidileg dieecalyain thesercdsest he base of
the silo gnd (1) & Second valve In a rine extendrng frrom a

pressuri sg
control ne
of air int

d source of fum gant gas to said duct; (b) said

ans controls said first valve to establish a flow rate
o sThe sirvenbly preferred fumigant for use with stored cereal

10 grains and other particulate foodstuff is phosphine, although
the present invention may be used with methyl bromide,
carbonyl sulphide or any other suitable gaseous fumigant.
For a better understanding of the present invention, a more

15 detailed description of the controlled fumigation method and

examples of its practical implementation will now be provided.

Detailed Description of the Fumigation Method
As the present invention has a major application to the
20 fumigation of stored grain, the following description will
concentrate on this application of the invention, although it
is emphasised that the present invention may be used for the
.fumigation of any other particulate commodity that is stored
in a vertical silo or in any other stcrage structure in which

25 the chimney effect may occur.




accordance mﬁth*%he .cal cul at ed val ue of err and '

saig control controls ‘sate-second §£Ive]to REﬁﬁﬁﬁFMENT§yEéﬁ:
pred etern1ned fum gant in e ai i

t hr ough sai d duc Hmt us for fum gatlgng a pl 3"1&7 flamm

a st orage faC|I|ty,"eac said silos containing a particul ate
comodi ty, said apparatus -conpri.sing:.2z2- (a) nmeans for punping a

fum gant --¢ont ai ni ng gas from a single source into the base of each
si |l o; (b) a respective first tenperature sensing neans

posi tione wtmnf\hk@;mmmdiettyxoanaeadbfshé@ in claim leachcbéaimaB¢g Lnr st

t t . ) .
S?gﬁg{a e Sensli”n%? Lﬁ}qr@e ig; a REefi%ﬁ% gni\%él m{rﬁﬁmk}a\iﬁe el Gala PybRUt
associ at e commmltey which ifsc)nasetendedecwhen athe ecma@wmep@ﬁ Qroned

out si de the sil pg b0%21 SHMENGH P rate yargégnal indicative of

the anbient air enpera ure a, outside the silo; :

5. A method of fumigation of a plurality of silos in a

storage facility, each silo in said facility containing

a respective particulate commodity, said method

comprising the steps of

(a) providing a supply of a fumigant-containing gas
having a fumigant concentration which is effective
to control insect pests in the stored commodity or
commodities when applied to the stored commodity orxr
commodities for an extended period;

(b) monitoring the temperature, T, of the commodity in
each silo and also the ambient air temperature, T.,
outside the silos, and determining the maximum value
of the difference between the temperature of a
stored commodity and said ambient air temperature;
and -

(c) supplYing the fumigant-containing gas to the'bases
of the silos at a flow rate, Qp, which is determined
by the relationship

P
RxR, T, T,

where Q. is expressed in m® sec?; g is the

acceleration due to gravity (approximately 9.8 m
sec?); P, is the atmospheric pressure expressed




(d) " priocessi ng neans operatively connected to said
i i jFE&Fh’@éﬁﬁgﬁg%bel ng

SelERT T T T S

Bilcs7. 9ANCER
out put * st gral "and determ ne the maxi num di ffdrehce """

between thle tenperature of a commodity-aqd the - anbient air
tenperaturfe, and to generate a control signal, said control signal
bei ng i npu to said control nmeans; said control neans being

adapted tol cantrola fhmigat oramevhodhasalefigad in any prepedpnggledansipunps
the fum gant-cont YulLRI @R fumigant LA enbNeuhlb@ficSCohbidin il gl €161

flow of th

f um gant - cont ai ni B#°§R8iPALto the silos has a value, Jerr], which
Is calculated using the formula [err] where err] is
expressed fn fd.erw fﬁﬁiéﬂﬂln mgt.hgdtgbe defined in any one of claims 1 to
5, in which the or each commodity is a commodity selected
from the group consisting of the commodities listed in
the following table, which also lists the value of R
calculated for said selected commodity:
Commodity Moisture | R (in Pa s m™)
: Content
Alfalfa 7% | 16,318
Barley 12% 1,676
Clover, alsike dry 27,263
Clover, crimson 8% 10,455
Clover, red dry 17,626
*Corn, clean ear 16% 6.19
*Corn, ear, as harvested 20% . 128
Corn, shelled 12.4 719
Fescue 11% 4,722
Flax : 11% 10,421
Grass seed, brome 10.5% 1,535
Grass seed, rescue 13% 709
Kobe Lespedeza 15.5% 3,167
Lupin seed, blue 7.5% 512
Oats 13% 1,816
*Pea beans 15% 435
* Peanuts in shell 4.4% 29.0
Popcorn, shelled, yellow pearl 12% 1,046
type
Popcorn, white rice type 14% 1,766
Rice, rough 13% 1,952




accel eration due to gravity (approximtely 9.8

L I o 405
of the

air -outsidé the silos, expressed in K;
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tamaauueofa(mmmmty|n61mlommpﬁ- differs nost- from Ta
also in K; Is a resi stance factor (in Pascals sec nferr]) which
depends upon the nature of the stored conmodities .. in the silos;
and Ais the g@@fggatﬂgspgaéggntal cf oss- seqhg nal areas;gf 3§
silos, in dqlare Fret+-es- 4 tr-gat--eR—app I n
claim 11, dl qiSerghum, graginc|laim 13, in which said pﬂ@&e53|ng meang, 664
rogr anmed |m ssor or a progranmed coO uter q- Fumgatio
gppgrat us ds _i?_&%%g&g_um/ one of clains fn]'?% Lncluding rrggﬁn; to
mai nt ai n a |pi &hetder m ned m ni nrum val ue sald e rate when3} bl '
. . e < e
?algglaged Llnseeg, Oieﬁé BTT] 15 tess tham fsard HB?bglﬁ]TlOW/rdifry g
Rapeseed, tower 5.7% 7,097
Safflower, gila 5.9% 1,207
Sunflower, commercial crushing 7.9% 1,593
* Approximate value

11. Apparatus for fumigating a particulate commodity which is
stored in a silo, said apparatus comprising: :
(a) means for pumpihg a fumigant-containing gas into the

base of the silo;

(b) first temperature sensing means positioned within
the commodity in the silo and having a first output
signal indicative of the temperature within the
stored commodity;

(c) second temperature sensing means positioned outside
the silo and having a second output signal
indicative of the ambient air temperature outside
the silo;

(d) processing means adapted to receive said first and
second output signals and generate at least one
control signal; said at least one control signal
being input to control means; said control means
being adapted to control the rate at which




16." A fumi gation method as.defi-ned i-n any one of clains 1 |

whi ch the or —each” silo is onl partially filled wg

t he. cal cul at ed 'm“mm“m‘m merr] is multiplied by a ¥

f - hs/hg, t of the silo, and hg islithe HpijghtNgl:
the comodity |n thie 'si 0. Fum gati on apparatus a$ 1 p—arry

of cl ains 11 to 15, in Wmchthe or each silo is on partlally
filled wwith a cormodity, andthe calcysmted val ue of & is mltiplied
by a factpr f, where f = hs/ hg, hs is the

hei ght ofjthe silo, and hg is the height of the commodity in the silo.
18. A nethod of fum gation of a particulate commodity stored in a
silo, or yn a pl uralﬁ%!%/ femigpot-opngainingstgasigdsi ginped , byubsatdtial |y
as hereinpefore 1dbnﬁ‘éaﬁ\ét Ror er}fé@”ﬁﬁet Qa"f:bglgie %18& U2 the

acconpanyj ng drawi n é ratus for use In gatlon of a
particul af e %QVET ining sigas &PtPn Ehﬁl u?é PtyPdF f1os
of a storlge faci I | tyalu by .anwhakchy ias detesimibeldr €or a MAdcrsdies, Wit h
referencef to Fi gureb]y Ypd r}%latlor?schc.ogrpanyl ng draw ngs.

QS e vax| -1
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where Q, is expressed in m’ sec?; g is the
acceleration due to gravity (approximately 9.8
m sec "?); P, is the atmospheric pressure
expressed in Pascals; R, is the gas constant for
air (= 287 J kg! K*); T, is the temperature of
the air outside the silo, expressed in K; T, is
the temperature of the commodity within the silo,
also in K; R is a resistance factor (in Pascals
sec m?) which depends upon the nature of the
commodity in the silo; and A is the horizontal
cross-sectional area of the silo, in m?.

12. Fumigation apparatus as defined in claim 11, in which
(a) said control means comprises (i) a first valve in
a duct extending from an air blower to the base
of the silo and (ii) a second valve in a line
extending from a pressurised source of fumigant
gas to said duct;
(b) said control means controls said first valve to
establish a flow rate of air into said silo in
accordance with the calculated value of Q,; and




