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Introduction

Application of the law proposed by Kozeny-Carmancfor f

ows within a

porous medium has been considered for grain (in particular for cereals and
pulses), and such application appears to be sufficiently well verified.

The value of the unit pressure loss depends on the dimens
moisture content and apparent density of the grain at a spe
well as the temperature, relative humidity,_density and enter
the air.

ons, porosity,
cific point, as
ng velocity of

Experiments carried out by dimension categories allow two parameters to

be eliminated: the moisture content and the shape (granu

ometry). The

parameters that remain enable.the characteristic coefficients ¢f the medium
to be determined: porosity*and specific area. The results obtained may be

used to predict the pressure losses for various densities at a §

pecific point.
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1 Scops

This Interngtional Standard specifies a method of measuring unit pressure loss\in one-dimensional ai
bulk grain,|permitting calculation of the total pressure loss of a ventilatiofy unit. This is equal to th
pressure losses

a) in the ventilation system (ducts, etc.);

b) intheg

¢) due to the passage of the air from the duct into the grain.

The pressu
can be con
the followin

— 8m
— 4m
— 0,21

If, for econ
following p
calculated.

2 Normative reference

The follow

ain (which is the subject of this International Standard);

re losses in the ventilation system and those\due to the passage of the air from the duct
Sidered as negligible in relation to the presSure losses in the grain if the air flow velocity do
g limits:

s to 10 m/s in the main duct;
s to 5 m/s in the secondary duct;

m/s when entering the drain.

Dmic reasons, air velagities are higher than those indicated above (up to 30 m/s in the mal
prtinent literaturesthe” pressure loss caused by the air distributing and discharging syst

ng-standard contains provisions which, through reference in this text, constitute proy

ulses — Measurement of unit pressure loss

I flow through
e sum of the

into the grain
BSs not exceed

n duct), then,
em has to be

isions of this

Internation

L4+ 2l 2l At o 4 £ Il 1 +lo it H S H +aal Lal ALl + Al Al
oStdiiuaru. At e e U puuncatult,  tmeTUTtuUIT Uit atCtu— wasS — vanu., Al Staltudius

re subject to

revision, and parties to agreements based on this International Standard are encouraged to investigate the
possibility of applying the most recent edition of the standard indicated below. Members of IEC and 1SO maintain

registers of

currently valid International Standards.

ISO 3507:1976, Pyknometers.

3 Principle

An air flow through a mass of grain under uniform conditions gives rise to a pressure loss per metre of the grain
passed, which can be expressed as a function of the velocity at which the air enters the grain.

The flow equation, which gives the unit pressure loss through the grain, is determined from the experimental curve.
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4 Apparatus

4.1 Device for measuring unit pressure losses (see figure 1)

The grain is placed in a smooth-wall cell consisting of a cylindrical tube with two pressure taps in its wall, 500 mm
apart, each comprising two tubes with an internal diameter of 1 mm in contact with the grain. There is a pressure
chamber at the base and a fine mesh on which the grain can be packed.

A fan, pump or compressor forces the air into a shock-absorbing bottle. The air then passes into a pressure
chamber fitted with a needle-valve tap which can be opened and closed to adjust the air flow through the grain. The
air flow is measured by a flow meter (e.g. a rotary meter).

Finally, the air pressure before the flow meter is measured by a manometer (e.g. manometric U-tube), and the
pressure loss aver 500 mm by a micromanometer (e.g.a miniscope) with an accuracy of + 0.1 Pa

Dimensiong in millimetres

Ap

8

Key 4 Needle valve

5 Flow meter
1 Fan, pump|or.cempressor
(e.g. 3 m¥h dglivery) 6 Measuring cell
2 Shock-absorbing bottle 7 Miniscope

3 .

(e.g.- 1,5 dm* capacity) 8 Manometer U-tube
3 Pressure chamber .

9 To free air

(e.g. 25 dm?3 capacity)

Figure 1 — Diagram of apparatus for measuring unit pressure losses

4.2 Thermometer equipped with recorder,  to measure and to record the temperature of the air entering the
grain.

4.3 Ventilated psychrometer, or another device with equivalent accuracy (e.g. capacitive hygrometer or dew-
point meter), to measure and to record the wet- and dry-bulb temperatures of the air during the test.
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International Standard).

4.5 Pyknometer, complying with ISO 3507.

4.6 Laboratory-size grain cleaner,

for cleaning the grains to be tested.

5 Procedure

5.1 Meth

od of filling

to measure and to record the atmospheric pressure (according to the requirements of this

Tests should be carried out on grain which has been perfectly cleaned by the cleaner (4.6), otherwise
characteristics of the impurities should be given in the test report.

Conduct sgparate tests with two methods of filling the test cell.

To simulate loose fill from a spout, pour the grain into a funnel held with its outlet at the grain surface
the funnel [slowly to allow the grain to flow into the cell with nearly zero height of fall. Add grain
continually |so as to maintain grain in the funnel as it is slowly lifted.

To simulat¢ sprinkle fill from a grain spreader, drop the grain from a 200 mm ‘height onto a sieve W
large openings that allow only individual kernels to pass through. Slowly moye the sieve upwards to m

height of 8

5.2 Draw

5.2.1 Gen

Determinat
while the fl

This is nec

Repeat the

5.2.2 Meag

For the va
meter, detg

a) the gadl
manon

b) the pre

0 mm between the sieve and the grain surface to produce a packed, level bed.

ing of experimental curves  to show the pressure0ss as a function of the air ve
eral
on of the pressure loss (Ap) as a function of\the air velocity (Up) requires repetition of n

bw is being reduced and also while the flow-is being increased (refilling the cell each time).
pssary to take account of the slight settling that occurs during the experiment.

experiments three times for decreasing and increasing flow rates.

surements to be made

jous flow rates (qp), inrcubic metres per second, used during the experiment and measurs
rmine:

etric U-tube)‘(see 4.1);

ssure 1@SsyAp, in pascals, recorded by the micromanometer (see 4.1).

the types and

n the cell. Lift
to the funnel

ith sufficiently
aintain a drop

ocity

heasurements

ed by the flow

ge pressure of the air entering the measuring cell, P, in pascals, measured using the nmanometer (or

5.2.3 Parq

meters to be determined

5.2.3.1 Parameters depending on the grain

Determine the following.

a)

The apparent bulk density of the grain in the cell, pg, in kilograms per cubic metre.

Weighings shall be taken both before and after settling, and the amount of settling that has occurred shall be
measured. The value adopted is the mean of the apparent bulk densities measured.

b)

The particle density of the grain, p,, in kilograms per cubic metre.

This is determined using the pyknometer (4.5).
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5.2.3.2 Other parameters
Determine the following.
a) The atmospheric pressure, p,, in pascals.

This is measured using the barometer (4.4) or is given by a nearby meteorological office.

b) The dry bulb temperature of the ambient air, 6, in degrees Celsius.
This is measured using the thermometer (4.2).

C) The temperature of the air entering the grain,6-in dngrnne Celsius

This is mgasured using the thermometer (4.2).
d) The watel vapour content of the air, w, in kilograms of water per kilogram of air.

This is defermined using the ventilated psychrometer (4.3) and a humidity graph, or calculated with the help of
the equatipn relating to air humidity.

e) The specific volume of the air, v, in cubic metres per kilogram.
This is defermined using a humidity graph, or calculated with the help ofthe*equation relating to air hyimidity.
f) The crosgsectional area of the cell, A, in square metres.

Calculate the [following.

a) The density of the ambient air, p,, in kilograms per cubic metre:

1+w

Pa= =

b) The correfted density of the air, pg , in kilograms per cubic metre:

PozpaxT—ax&

TO Pa

where
To s the reference temperature, in kelvins (= 293 K);
T, s the temperature of the air entering the duct, in kelvins (=273 + 9);

po is the reference atmospheric pressure (101,325 Pa).

5.2.4 Calculations to be made to determine Uy and AP

The density of the air in the flow meter, p,,in kilograms per cubic metre, is given by:

Pr = Po xP1 X T

Po Te

where
p; is the pressure measured before the flow meter, in pascals (p; = p5 *+ P);

T, is the temperature of the air entering the grain, in kelvins (= 273 + 6. ).
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The real flow of the air leaving the flow meter, q,,in cubic metres per second, is given by:

ar =% &
\ A,

where qq is the flow rate in the flow meter, in cubic metres per second.
The pressure in the cell, p; , in pascals, is given by

1
Pc=ps+ EAD

where
p; islthe pressure measured at the pressure-measuring point near the top of the grain coldmn, in pascals;

Ap isfthe pressure loss over 0,5 m recorded by the micromanometer (4.1), in pascals.

The density of the air in the cell, p., in kilograms per cubic metre, is given by:

Pc = Po XT_OX&

Te  Po

The air flow in the cell, q., in cubic metres per second, is given by

Pr
Pc

Oc =0

The air velgcity in the cell, Uy, in metres per second, is given by:

Uozq—Ac

where A is [he cross-sectional area of the cell,“in square metres.

The unit pressure loss, AP, in pascalsper metre, is given by:

AP = éﬂ
0,5

5.2.5 Pregentation of results
Recorded qr calculated results shall be given in a table as shown in table 1.

The unit pressure/losses (AP) are then recorded on “log-log 2 module" paper as a function of the velodities at which
the air entgrs-the grain (Up), or recorded by an appropriate software.
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Table 1
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Flow meter
reading

(standard
scale)

P Ap o) Py or Pc Pe e Uo

Pa Pa m3/s Pa kg/m3 Pa kg/m3 m3/s m/s

Ap

Pa/m

140

130

120

110

100

90

80

70

60

50

40

5.3 Flow €

After the exp¢q

quation

rimental curves have been drawn, the Kozeny-Carman regression equation is applied as fg

—e)2 -
AP _ kp( gs) S Ug + hB L 3‘9)Sug
P ge ge
where
| is theJength, in metres, corresponding.to AP (I =1 m);
k is acgnstant (= 5);
n is the kinematic viscosity.0fthe air, in square metres per second:
3
1= 0,152 x104[1 £{6;~ 20) 0,006] 20325 *107
€ is the porosity; i.e. the volume of space per unit volume at a specific point:
o
e=1-"=

\

llows:

S s the specific area of the grain, in square metres per solid cubic metre, which depends on the dimensions
and characteristics of the grain (see annex A);

hB is the Burke-Plummer constant, which depends on the characteristics of the grain (see annex A);

g Iisthe

Uy Iisthe

standard acceleration of free fall, in metres per second squared (= 9,81 m/s?);

velocity, in metres per second, at which the air enters the grain.

From two suitably chosen points, the corresponding values of Sand hf3 may be deduced. Generally the adjustment

calculations a

re made from experimental points using the least-squares method.
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In practice, a flow equation taking a wall correction into account is used to obtain the true value of S Thus, the

corrected s

pecific area S, is calculated as:

2
d(1-¢)

where d is the diameter, in metres, of the cell.

6 Expression of results

For a given
— the der]

— the apq

— the velgcity at which the air enters the grain,

the correct
determined

AP

7 Practi
7.1 Pred

The experi

silo varies according to the height fallen by the graiiand the storage height.

It is therefq
pressure |0

7.2 Pres
The pressu
AF)Ios;s 3

where his
cases, the

batch of grain and taking into account
sity of the grain,

arent bulk density at a specific point in the grain, and

bd flow equation enables the unit pressure loss due to one-dimensional-air flow through t
as follows:

pcknS?(1-¢) Ug+ PehBS 8-¢)
3 3

U 2
ge ge 0

cal application
ction of pressure losses for different apparéht densities at a specific point

mental results relate to lightly settled graih.”In practice, the apparent bulk density at a spe

re necessary to formulate equations for e and S” (see 5.3 and 5.4) to help in the calculat
sses for different apparent bulk\densities at a specific point.

sure loss due to the grain

re loss due to thelgrain (AP ) is equal to

AP x h

the height'of grain in the cell, in metres, in the case of an upward-flowing ventilation syste
Histance travelled by the air through a layer of the grain, in metres.

he grain to be

cific point in a

on of the unit

m or, in other

8 Testreport

The test report shall specify:

— all information necessary for the complete identification of the sample;

whethe

any inc

the test method used, with reference to this International Standard;

r the corrected flow equation was used,;

the test result(s) obtained;

idents which may have influenced the test result(s).

all operating details not specified in this International Standard, or regarded as optional, together with details of
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