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UDC 66.047:662:614:622.78
Japanese industrial standard JIS

Heat balancing of continuous dryer R 0304-1991
for ores and other materials

1. Scope

This Japanese Industrial Standard specifies the practical heat balancing
of continuous dryer intended for ores and their processed products.

Remarks 1. The ores and processed products are defined as the
following:

(1) oOres: Coal, clay, sand, water-granulated slag,
limestone, etc.

(2) Processed products: Processed and formed products of
brick, pottery, etc. and further, casting mould and
the like.

2. The standards applicable to this standard shall be given in
Attached Table 1.

3. The units and numerical values given in { 1} in this
Standard are in accordance with the traditional units,
and are appended for informative reference.

2. Definitions

The definitions of main terms to be used in this Standard shall be as
follows:

(1) materials All matters, from raw materials to products, which are
intended for drying.

(2) dry materials The materials in the state(') of zero in moisture.

Note (1) The state of zero in moisture means the state when the
material has been heated at a temperature of 107 * 2°C for

not less than 1 h and the difference in moisture has become
less than 0.5 %.

Furthermore, the calculation of moisture shall be in ac-
cordance with 5.3.2. However, the calculation for coal shall
be in accordance with JIS M 8811.

(3) raw materials Materials before drying.

(4) dry products Materials after drying.

3. Basis

3.1 The heat balancing shall be in accordance with the results of a
continuous not less than 5 h measurement in operating a dryer regularly.

3.2 The heat balancing shall be carried out for each 1 t of dry material
in the raw materials.
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3.3 The reference temperature of heat balancing shall be the ordinary .
temperature (temperature of the outside air).

3.4 Tor the calorific value of fuel, a low calorific value in using
shall be used.

4. Measuring items for record

4.1
o)
)
(3)
(4)

(5)

(6)

(7)
(8)

Record on equipment The record on equipment shall be as follows:

Name of factory, site and name of the person in charge
Name, number and use of dryer
Drying capacity, drying heat source and temperature of hot gas

Type of dryer, drying type, size, feeding method of raw materials,
outline of operational equipment and passing time of materials

Type of combustion apparatus, area of grate, capacity and number '
of burners, and volume of combustion chamber

Ventilation type of ventilation apparatus, form and capacity of
fan and size of chimney, name and number of joint equipment

Type of dust collector and dust collecting efficiency

Schematic drawing of dryer (describe places of measurement)

4.2 Measuring items The measuring items shall be as follows:

(1)
(2)

(3)
(4)
(5)

(6)

(7)

(8)

(9)

(10)

Period of measurement (date, time) and name of measurer

Weather, atmospheric pressure, and the temperature and humidity of
the outside air

Name and shape of material
Load factor(?)

Class, brand, properties(®), composition [at the time of use(3)],
calorific value(®) and amount of fuel to be used

Temperature, hygroscopic moisture, composition and capacity of
introduced hot gas

Mass, water content, moisture content rate and temperature of
raw material

Mass, water content, moisture content rate and temperature of
dry products

Mass, water content, moisture content rate and temperature of
circulating materials

Amount of evaporating water content .
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Temperature, humidity, pressure and capacity of feed-in air

Temperature, hygroscopic moisture, composition and capacity of

circulating gas

Temperature, hygroscopic moisture, composition, capacity and

pressure of exhaust gas

Amount of combustion residue, temperature and unburnt carbon

(?) The load factor F is to be obtained according to the

following formula:
F (%) =2 x100

where, a: designed drying capacity (t/h)

b : dried quantity at the time of
measurement {(t/h)

(®) The property, composition and calorific value of each fuel
to be used shall be recorded with the following items:

(a) Coal

Grain size, caking capacity, and melting point of ash

Hygroscopic moisture (%)

Water content (%), ash content (%), volatile matter
content (%), fixed carbon (%), carbon (%), hydrogen
(%), oxygen (%), combustible sulphur (%), nitrogen (%)

Calorific value (measured value, constant moisture

base) (kJ/kg {kcal/kg})

High calorific value (at the time of use) (kI/kg
{kcal/kgl), low calorific value (at the time of use)

(kJ/kg {kcal/kg})
(b) Fuel oil

Specific gravity, viscosity

Water content (%), ash content (%), sulphur (%),

carbon (%)

Hydrogen (%), oxygen (%), nitrogen (%)

Calorific value (measured value) (kJ/kg {kcal/kgl)

Low calorific value (at the time of use) (kJ/kg

{kcal/kg})
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(c) Fuel gas
Hygroscopic moisture (g/m3y)
C02(%Z), CO(%), CH4y(Z), 02(%), H2(%), CmHn(Z), N2(Z)
Calorific value (measured value) (kJ/m3, {kcal/m })

High calorific value (at the time of use) (kJ/mSx
{kcal/m® 1), low calorific value (at the time of use)
(kJ/m3*y {kcal/m®})
Remarks: m®y indicates the unit of volume at the standard condition
0°C, 110.3 kPa {760 mmHg} of gas.

5. Measuring method

5.1 Fuel

5.1.1 Measurement of amount of fuel used The fuel shall be weighed
near the combustion place, as a rule.

The coal shall be weighed by a balance, as a rule.

Where a coal meter or other measuring instrument is used, the indicated
quantity shall be corrected accurately.

The fuel o0il is converted to mass by using the specific gravity after
measuring it by a tank or a flowmeter of volumetric type.

The gas fuel is measured by a volumetric flowmeter or a differential
pressure type flowmeter.

5.1.2 Test, analysis and measurement of calorific value for fuel used
The test, analysis and measurement of calorific value of fuel used shall be
in accordance with the following Japanese Industrial Standards:

(1) JIS M 8810
(2) JIs M 8811 ‘
(3) JIS M 8812
(4) JIs M 8813
(5) JIs M 8814
(6) JIS K 2205
(7) JIs K 2251
(8) JIS K 2270
(9) JIS K 2272
(10) JIS K 2275
(11) JIs K 2279
(12) JIS K 2283
(13) JIsS K 2301
(14) JIS K 2541
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Remarks 1. The composition ratio of the components of fuel gas shall
be given in the state of dry.

2. The hygroscopic moisture of fuel gas is expressed by a
moisture content at the time of use gas (absolute
humidity g/m3+ dry basis). An actual measurement is
required for the hygroscopic moisture in the gas, but the
moisture content of the gas which has completed the water-
washing process after production can be obtained from the
steam table by considering it to be a saturated gas at the
using temperature.

3. The calorific value of fuel gas may be obtained according
to the calculation from the results of gas analysis.

5.2 Introduced hot gas

5.2.1 Measurement of temperature and hygroscopic moisture of gas
The temperature and hygroscopic moisture of gas shall be measured at a
place as near as possible to the introduction opening. The temperature of
gas shall be measured by a thermometer of suction type as far as possible
with care so as to measure the average temperature of gas of a section of
passage.

The hygroscopic moisture shall be determined by absorbing it with the
moisture absorbent such as calcium chloride. Where the actual measurement
is infeasible, the moisture shall be obtained according to the calculation
from the composition and amount of fuel used in the apparatus producing hot
gas.,

5.2.2 Sampling and analysis of gas The sampling and analysis of gas
shall be in accordance with JIS K 2301.

The analysis instrument of Orsat analyzer may be used. The measurement
shall be performed for average samples as far as possible.

5.2.3 Measurement of gas quantity The gas quantity shall be measured
by use of orifice or Pitot tube,

5.3 Material

5.3.1 Measurement of mass The mass of material shall be obtained from
the actual measurement of the mass of its raw material, as a rule. Where the
actual measurement of mass of raw material is not feasible, the mass of that
material shall be calculated according to the representative sampling method.

Where the mass of a dry product shall be measured, the mass of raw
material shall be obtained with considering that it is free from scattering
loss.

5.3.2 Measurement of moisture content rate The moisture content rate
of material shall be measured as follows: Take samples at directly before
inlet of a dryer and directly behind its outlet and measure them.

The measurement of water content shall be carried out as follows: Heat
the sample at a temperature of 107 * 2°C for not less than 1 h, take the
state, in which the sample has become constant in weight, as the basis and
take a percentage of decrease in weight to the sample as a water content.
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The moisture content rate shall be obtained from the water content .
according to the following formula:

%(%) =55 5 X 100

where, ¥ 1 moisture content (percentage in dry mass)
w : water content % (percentage in wet mass)

The moisture content of coal shall be measured in accordance with JIS
M 88l11.

5.3.3 Measurement of temperature The temperature of material shall be
measured at directly before the inlet and directly behind the outlet of
dryer.,

5.4 Implements, and trucks

5.4.1 Measurement of mass The mass of implements and trucks shall be .
obtained by actual measurement the refractory part, iron part and other
parts(*) separately.

Note (“) Other parts stand for a wood part and the like, and they
are mentioned expressly when the materials other than the
refractory part and iron have been used.

5.4.2 Measurement of temperature Measure the temperatures at the inlet
and outlet of the refractory part, iron part and others(*) for the imple-
ments and trucks.

5.5 Feeding-in air

5.5.1 Measurement of air temperature Where the air temperature has
been preheated by an other heat source, measure the temperature of preheated
air at a place as near as possible to the feed opening. Where not preheated,
take the temperature of the outside air as a temperature of feed-in air.

5.5.2 Measurement of humidity in air The humidity in the air shall be .
obtained as follows: Measure the relative humidity by a psychrometer and
calculate the absolute humidity.

5.5.3 Measurement of air pressure Measure a static pressure at a
place near the feed-in opening to obtain the air pressure.

5.5.4 Measurement of amount of air The amount of air shall be
calculated from the composition of fuel and combustion gas, but the amount
preheated by other heat source out of air shall be measured by an orifice or
a Pitot tube.

5.6 Circulation gas

5.6.1 Measurement of the temperature and hygroscopic moisture of gas
The temperature and hygroscopic moisture of gas shall be measured at the
extract opening of gas in accordance with 5.2,1, as appropriate.
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5.6.2 Sampling and analysis of gas The sampling and analysis of gas
shall be in accordance with 5.2.2, as appropriate.

5.6.3 Measurement of amount of gas The amount of gas shall be measured
in accordance with 5.2.3, as appropriate.

5.7 Exhaust gas

5.7.1 Measurement of temperature and hygroscopic moisture of gas
The temperature and hygroscopic moisture of gas shall be measured at the
outlet of dryer in accordance with 5.2.1, as appropriate, as a rule.

5.7.2 Sampling and analysis of gas The sampling of gas shall be
performed at the outlet of dryer, as a rule, and CO,, 02, CO and N; shall
be measured in accordance with 5.2.2, as appropriate.

5.7.3 Measurement of amount of gas The amount of exhaust gas shall be
obtained according to the calculation from the composition of fuel and
composition of exhaust gas in the case where only the fuel is used for the
dry heat source. In the case where a hot gas is introduced from another
heat source, the amount of exhaust gas shall be obtained by the actual
measurement.

5.8 Combustion residue

5.8.1 Measurement of combustion residue The combustion residue shall
be calculated from the amount of fuel used, ash of fuel, and rate of
unburnt carbon in the residue. In the case where the measurement is feasible,
the actual measured value shall be taken as the combustion residue.

5.8.2 Measurement of temperature of combustion residue The tempera-
ture of combustion residue shall be obtained from the actual measurement
of ash directly after the exhaust.

5.8.3 Measurement of unburnt carbon in the residue  The unburnt carbon
shall be measured in accordance with JIS M 8812, as appropriate.

6. Item of heat balancing and it's calculation method

The heat balancing shall be performed according to the method given in
the right column of Table 1 on each item in the left column of the same
table. The following calculations shall be performed per 1 t of dry
material.

Furthermore, the method for converting the analysis value of fuel to
the value at the time of use and the methods for calculating the amount of
exhaust gas, air ratio of the amount of exhaust gas, theoretical amount
of air for combustion and amount of steam in the exhaust gas shall be in
accordance with Annex 1 and Annex 2, respectively.
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