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B.S. 3986 : 1966

APPENDIX A
PROVISION AND SELECTION OF GRAIN

Al. Source of supply and type of grain: quantity, The grain provided for tests of
continuous flow and batch driers shall be millable wheat with a moisture content
not exceeding 17 per cent before dampening. The grain as supplied shall not
have received more than one drying treatment. The quantity supplied for a
continuous flow drier shall be 6 times the holding capacity of the drier plus
4 times the rated hourly output of the drier, plus 10 per cent, calculated on the
basis of dry grain at 15 per cent moisture content. The quantity supplied for a
batch drier shall be 5 times the holding capacity of the drier.

For the test of an in-silo drier the grain shall be patentially millable wheat,
harvested at a suitable moisture content for the test to be carried out and shall
have received no previous drying treatment. It shall be pre-cleaned if necessary.
The mean moisture content of the damp grain supplied for the test shall be as
near as possible to 21 per cent, and no grain shall be admitted which is below
19 per cent moisture content. The quartity of damp grain supplied shall be
sufficient to fill the silo to an agreed level.

A2, Size limits, viability and purity (continuous and batch driers). The 1000 seed
weight of the wheat used for the test shall be between 45 g and 55 g at 15 per
cent moisture content, The germination capacity shall be not less than 85 per
cent (and preferably greater than 90 per cent) before dampening but in no case
less than 80 per cent on entering the drier. The total impurities in the grain
(excluding pieces of wheat grain) shall not exceed 2 per cent by weight, and the
combined weight of the impurities classed as other crop seed’ (excluding
wheat, oats, barley and rye), weed seed, and inert matter, shall not exceed
0-5 per cent by weight.

A3. Condition of grain before use in the test (continuous and batch driers). For
each 20 tons or part of 20 tons of the grain intended for use in the test, a repre-
sentative 4 Ib sample* shall be delivered to the testing authority in a sealed
airtight container at least 3 weeks before the time arranged for the test. This
bulk sample shall be subsampled by the testing authority and the following tests
carried out:

(1) Moisture content. This shall be determined by the method specified
in Appendix B3,

(2) Bulk density. This shall be determined from the weight of grain
required to fill a container of known volume. The grain shall have a moisture

content of 15 per cent and shall be discharged into the container by a controlled
process.

* For method of sampling see International Rules for Seed Testing, Proc. Int. Seed Testing
Association, Vol, 24 (1959), No. 3 Page 20, Appendix A(c)3, lines 1, 2 and 4,
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A. suitable apparatus for the determination of bulk density consists of
two cylindrical containers, one above the other, separated by a slide. A sample
of grain in the upper cylinder falls into the lower container under the constant
restraint of a closely fitting piston, and the slide is then closed. The bulk density
is calculated from the weight of the sample beneath the slide and the volume of
the container.

(3) Thousand seed weight, For this determination seeds shall be counted
out at random from the sample. Four or more replicates each of 100 seeds shall
be counted and weighed separately, The results of all replicates shall be averaged
to obtain the weight in grams of 1000 seeds. Should the difference between any
two replicates exceed 6 per cent a retest shall be made. The results, corrected to
a moisture content of 15 per cent, shall be given to the nearest whole number*,

(4) Germination capacity. Four sets of 100 grains each shall be tested in
accordance with the International Rules for Seed Testing, Proc. Int, Seed
Testing Association, Vol, 24 (1959), No. 3, the method of germination on sterile
sand being preferred. The samples shall be prechilled as recommended in sub-
section 5.4.1 of the Rules. :

(5) Resistance to heat damage. This shall be checked by the following
procedure. Samples of wheat, dampened to 21 - 0-5 per cent, shall be heated
in sealed aluminium cylinders (diameter 9 mm, length 150 mm, wall thickness
0+15 mm) to temperatures of 59, 60, 61 and 62°C. These temperatures shall be
attained by a waterbath controlled to - 0-10°C, before immersion of the tubes
in it and the samples heated for 65 minutes, without drying, at each of these
temperatures. The germination capacity of the samples shall be subsequently
measured and a curve drawn showing the relationship between grain temperature
and germination capacity expressed as per cent of control, and the sample
rejected if, at 50 per cent germination capacity, the curve is not within the
temperature range 595 to 61:5°C.

A4, Method of dampening grain.. The quantity of water required to raise the
moisture content of the grain to be used for the test to 21 per cent shall be
added to the grain by the testing authority by any convenient method during
the first of the three days immediately preceding the test, and the grain subse-
quently mixed. The grain shall also be mixed twice on each of the following
two days. Any necessary adjustment of moisture content after the initial dampen-
ing shall be made early on the second day.

A suitable method of dampening the grain is to add water during its progress
through an auger-type conveyor, In mixing the dampened wheat a method shall
be used which ensures that all the grain is moved during each mix.

*In accordance with the International Rules for Seed Testing, Proc, IR%&“F%&ES
Association, Vol. 24 (1959) No. 3, Section 12.1. Document Sharing Hub
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APPENDIX B

METHODS FOR SAMPLING AND DETERMINATION
OF MOISTURE CONTENT AND GERMINATION CAPACITY

Bl, Sampling methods. An over-riding consideration governing the choice of
methods to be used in the course of the test shall be that they minimize error
arising from variability or bias due to the particular machine being tested.
Guidance on the methods of sampling and number of samples to be taken, shall
be obtained from Section 2.0. Sampling, International Rules for Seed Testing,
Proc. Int. Seed Testing Association, Vol. 24 (1959), No. 3.

Samples of input grain for moisture content shall be collected into a container
of such construction that the entire cross section of the seed stream is uniformly
sampled and the seeds entering it cannot bounce out again, collection being
made at a convenient point in the stream of grain entering or on its way to the
drier. A similar container and procedure for sampling shall be used for discharged
grain in a well mixed condition, the container moved through the seed stream
with a continuous motion so as to get a sample representative of a cross section
of the stream. Such samples shall be drawn at regular intervals throughout the
drying process. Where the arrangement is such that there may be variation in
the moisture content of the grain across the stream at the sampling point, a
sample of at least 434 Ib shall be taken and subsampled after mixing,

Suitable containers for moisture content samples are screw-topped 4 oz
bottles with waxed card or polythene seal in cap. After filling, the cap shall be
secured with adhesive tape. Alternative containers can be polythene film bags
0-005 in thickness, sealed with 1 in wide and 0-005 in thick adhesive polythene
tape lapped on the sides half an inch on each side and projecting half an inch at
each corner, For germination samples, suitable containers are net fabric bags
measuring 6 in X 4 in when flat with a draw string for closure, Samples for
germination shall weigh not less than 8 oz and those that are damp shall be

dried to 15 per cent moisture content as soon as possible in air not exceeding
45°C, '

B2. Methods of moisture content measurement at the test site. It is necessary to
make a number of rapid checks of the moisture content of grain during the
course of a test, for which an oven method would be inappropriate. For these
checks a meter working on one of the following principles shall be used:

(1) Direct current conductivity. The meter shall be one in which a ground
sample under pressure is used as the basis of measurement.

(2) High radio frequency permittivity, The meter shall be ene Resdments
weighed sample is used.
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(3) Chemical reaction. A suitable meter is one in which a weighed, finely
ground sample of grain is mixed with powdered calcium carbide in a gastight
container. The pressure of gas generated is measured and the moisture content
indicated on a calibrated gauge.

B3. Method of moisture content measurement for final determination of the drying
effected. The following method shall be used where practicable: duplicate
ground samples of approximately 5 g each are placed in aluminium containers
and dried for 1 h at 130°C in a thermostatically controlled oven equipped for
adequate air circulation. At the end of the drying period the samples shall be
covered and placed in a desiccator, equipped for internal air circulation, to cool
before reweighing. Determinations in duplicate shall not differ from each other
by more than 02 per cent. Should the difference be greater, the determination
shall be repeated in duplicate. The samples containing 20 per cent water or more
shall be predried in an oven at 80°C before being ground. The time in the pre-
drying oven shall be sufficient to reduce the moisture content of the sample to
about 15 per cent. To dry from 21 per cent will take 20 minutes to 30 minutes
in a ventilated laboratory oven.

Other methods which may be used when it is not practicable to use the pre-
ferred method are:

(1) The drying of duplicate whole grain samples of approximately 10 g
in aluminium containers for 16 h at 130°C in a thermostatically controlled oven
equipped for internal air circulation; at the end of the drying period the samples
shall be covered and placed in a desiccator, equipped for internal air circulation,
to cool before reweighing.

(2) By using a Carter Simon Rapid oven in which duplicate ground
samples of approximately 5 g weight are dried at a temperature of 155°C; the
samples shall be placed in the oven, which holds three samples, at five-minute
intervals so that they occupy three different positions in succession during their
passage through the drying chamber. The samples shall be covered and cooled
rapidly between metal blocks before reweighing. Samples containing 20 per cent
water or more shall be predried in an oven at 80°C before being ground. The
time in the predrying oven shall be sufficient to reduce the moisture content of
the sample to about 15 per cent,

B4, Method of determining germination capacity. 100 grains from each sample
shall be planted on sterile sand and tested in accordance with the International
Rules for Seed Testing, Proc. Int. Seed Testing Association, Vol. 24 (1959), No, 3,
the method of germination on sterile sand being preferred. The samples shall be
prechilled as recommended in subsection 5.4.1 of the Rules.

Documents
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APPENDIX C
MEASUREMENT OF GRAIN FLOW AND/OR WEIGHT

C1. Continuous flow driers. The output grain rate shall be determined by measur-
ing the weight of grain discharged during consecutive (or nearly consecutive)
intervals of time each of not more than 6 minutes duration.

Suitable types of weighing machine are:

(1) An automatic or semi-automatic type in which batches are weighed
continuously. The time of each weighing operation shall be recorded throughout
the test unless the machine records the rate of flow automatically.

(2) A platform type on which the grain is weighed in sacks. The time of
filling of each sack shall be recorded throughout the test.

When very high rates of flow are encountered the total flow may be divided
and a known fraction weighed. The total flow shall be calculated from the
weighed fraction. The flow dividing mechanism shall be positive in action and
shall not change its calibration with varying conditions of the grain. A suitable
type of flow divider is one in which the total flow is fed into a cylinder, divided
into a number of equal segments, rotating at a constant speed on its vertical
axis. The weight of grain passing through one of the segments is measured. The
maximum permitted weighing error shall be 1 per cent of the net weight of grain.

C2. Batch and in-silo driers. Any of the weighing methods described in Appendix
C1 which measure the total flow may be used to obtain the input and output
weights of grain with a batch or in-silo drier, A weighbridge or other equipment
designed to weigh similar quantities at one weighing operation may also be
used. It is desirable that the same machine be used to weigh both the input and

output grain. The maximum permitted weighing error shall be 0-2 per cent of
the net weight of grain,

APPENDIX D

FUEL AND AIR

D1, Measurement of energy used in the drier. The energy measured shall be the
electricity or fuel consumption of the prime mover(s) which actuate the moving
parts of the drier and the electricity or fuel consumption of the source of heat.
Suitable types of meter for measurement of electricity consumption are:
(1) Energy meter.
(2) Wattmeter.
The maximum permitted measuring error shall be 2 per cent of the electricity
used.
Documents
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Suitable types of meter for, or methods of, measurement of fuel consumption
are as follows,

For gaseous fuels: _
(1) Displacement flowmeter.
When the consumption of gaseous fuels is measured by volume, the tem-
perature and pressure of the gas shall be measured at the flow measuring point.
(2) Measurement of the reduction in weight of the gas supply container.
Precautions shall be taken to ensure that the container is dry and free from ice
when measurements are made.

For liquid fuels:

(1) Displacement flowmeter,

(2) Measurement of the reduction in the volume of the fuel in the supply
tank, The fuel supply tank shall be equipped with a calibrated sight gauge by
which the contents of the tank can be measured,

(3) Measurement of the reduction in weight of the fuel supply tank. The
fuel supply tank shall be equipped with a weighing apparatus by which the con-
tents of the tank can be weighed.

When the consumption of liquid fuels is measured by volume, the temperature
of the fuel shall be measured at the flow measuring point.

For solid fuels: .

Measurement of the weight of fuel added to the combustion chamber, The
level of fuel in the combustion chamber shall be maintained as near constant
as practicable. '

Unless flowmeters or measuring mechanisms are equipped for automatic
rate recording, measurements shall be made at frequent intervals so that varia-
tions in the rate can be observed and an average rate for the run obtained. The
maximum permitted measuring error shall be 1 per cent of the fuel used.

D2. Definition of quality of fuels. The definition of quality shall be the £ross
calorific value of the fuel, The calorific value of a unit of electricity shall be taken
as 3412 Btu, The gross calorific value of gaseous and solid fuels and the gross
calorific value and specific gravity of liquid fuels shall be determined by analysis
of a sample of fuel used.

D3. Measurements of air conditions to be made during the test. The condition of
the ambient air and the exhaust air shall be determined from measurements
made of the dry bulb temperature and the wet bulb or dew point temperature
at the main air inlet(s) and outlet(s) of the drier respectively. The temperature

of the air to be used for drying shall be measured as near as practi lﬁ i
entry to the grain and the temperature of the air to be usad for mqg?s a%ﬁ)%
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measured at the cooling fan inlet. The barometric pressure shall also be measured.
From the above measurements values of relative humidity and absolute humidity
can be obtained by reference to tables or charts of hygrometric data for air.
Suitable hygrometric tables are:.

(1) ¢ Tables of Hygrometric Data for Air; extracted from the LH.V.E.
Guide, 1959 edition, Section VIII’, published by the Institution of Heating and
Ventilating Engineers, 49 Cadogan Square, London, S.W.1.

(2) * Psychrometric Tables for obtaining the vapor pressure, relative
humidity, and temperature of the dew point* by C. F. Marvin, published by
the United States Government Printing Office, Washington 25, D.C. and
available in the UK. from C. F. Casella & Co. Ltd., Regent House, Britannia

"Walk, London, N.1.

The LH.V.E. tables are recommended for use at altitudes up to 3000 ft, but
care must be taken to correct the tabulated values to those appropriate for the
actual and specified barometric pressures. For greater altitudes Marvin’s tables
may be used to obtain vapour pressures, moisture content and total heat being
calculated by the formulae given in the I.H.V.E. tables.

Variations in temperature are liable to exist across a section of an air stream
and in order to obtain mean values the measuring section shall be considered
as being divided into equal areas and measurements necessary to derive the con-
dition of the air shall be made at the centre of each arca. Where automatic
recording of temperature is not possible, sets of measurements shall be made at
frequent intervals and average values for the test run so obtained. Suitable
thermometric methods are described in B.S. 1041*,

D4. Measurement of airflow (in-silo driers). A cylindrical measuring duct shall
be fitted to the fan and heater unit of the drier only at times when measurements
are to be made. The diameter of this duct shall be such as to keep the mean rate
of airflow in it between 2000 ft and 4000 ft per minute when all the silos desighed
to be ventilated at any one time are being ventilated. The other dimensions of
this duct in terms of its diameter shall be as specified in Fig. 2. Airflow measure-
ments shall be made with a pitot tube by one of the methods specified in B.S.
1042}, Part Nine. Pitot tube measurements shall be made in the duct at Plane A
(Fig. 2) and adjustments to the rate of flow made by the use of a resistance
screen or screens placed on a supporting grid at Plane B.

An alternative method which may be used where still air conditions exist at
the inlet is that described for test method No. 1 of B.S. 848{, the measuring
duct being fitted to the fan and heater unit of the drier only at times when
measurements are to be made.

* B.S. 1041, * Code for temperature measurement ’.
T B.S. 1042, ¢ Code for flow measurement °.

i B.S. 848, ¢ Methods of testing fans for general purposes, including mine fanDdE\urhents
¢ Performance ’,
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