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JAPANESE INDUSTRIAL STANDARD JIS B 8222 :1993

Land boilers—Heat balancing

1 Scope This Japanese Industrial Standard specifies a general procedure of heat
balancing applicable for a practicable test for land boilers (including hot-water boilers)
for which solid, liquid and gaseous fuel are used.

Remarks 1 This Standard specifies the heat balancing applied for an acceptance
test for commercial boilers which is carried out at the time of deliv-
ery between the purchaser and manufacturer, etc. (hereafter referred
to as “interested parties”). In the case of a survey for a concise boiler
or a routine performance test, however, this Standard is applicable
mutatis mutandis such as to abridge appropriately the specified items
and to calculate by using the given concise formulae.

With this respect, for a special boiler and/or fuel, respective suit-
able means among them may be applied.

2 The standards cited in this Standard are given in Attached Table 1.

3 The units, numerical values and calculation formulae given in { }
in this Standard are based on the traditional units and are appended
for informative reference.

2 Terms and symbols The principal terms and symbols used in this Standard
are given in Attached Table 2.

3 Conditions of heat balancing The conditions for carrying out heat balancing
shall be as follows:

(1) The heat balancing shall be carried out under steady running state of a boiler
is maintained, and obtained from the operation results for at least 2h. For
small boilers for liquid or gaseous fuel, however, the test duration may be de-
cided to be at least 1 h by agreement between the parties concerned with deliv-
ery. The test load shall generally be the rated load, and further three-quarters,
half and one-quarter loads may be applied, as necessary.

(2) As to a test on heat balancing for a boiler, each part of the boiler shall prelimi-
narily checked to ensure that there is no leakage of fuel, steam, or water. Over
the test period, the following running conditions shall be maintained. As far as
there is no specific practical problem, blowing-off, soot blow, etc. shall not be
carried out and working of relief valves shall be avoided during the test.

If the relief valve pops, a retest shall be carried out.

(3) The test shall be carried out under such conditions that the boiler being tested
is isolated from any other boilers.
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(4) The heat balancing shall be carried out on the unit quantity of the fuel used at
the time of firing, that is, 1 kg of solid and liquid fuel, or converted 1 m3 (here-
after, this means the “converted value calculated under the standard condition”
unless otherwise specific note is given) under the standard condition (tempera-
ture: 0°C and pressure: 1013 hPa) of gaseous fuel. In order to express the
unit quantity disregarding the discrimination of solid, liquid and gaseous fuels,
it shall be presented as 1 kg (or m?).

(5) As to a calorific value, low calorific value for the fuel used at the time of firing
shall be used. When higher calorific value is used due to specific reason, this
matter shall be clearly stated.

(6) The base temperature for heat balancing shall be based on the outside air tem-
perature during the period of the test, however, the ambient temperature or air
temperature in the vicinity of the outlet of the forced draft fan, etc. may be
used, as necessary.

(7) The standard configuration and its boundary of a boiler to be subjected to heat
balancing is shown in Fig. 1. In the case of a superheater, reheater, econo-
mizer and air preheater lying within a boiler, those components shall be in-
cluded in the boiler. However, this boundary may be modified by agreement
between the parties concerned with delivery.

Documents

Document Sharing Hub

PROTECTED BY COPYRIGHT
Full document details: JIS B 8222-1993


http://www.avadocuments.com/doc/jis-b-8222-1993
http://www.avadocuments.com/doc/jis-b-8222-1993

3
B 8222 :1993

r___.—--> ————— Stack
!
[
|
]
|
J
I Induced
L e _t_i__rafc fan
Dust External
— ‘—_
O'(- collector -i heat source
|
i Forced
e i e s R
eater f eater
| -
Boundary : i | [ External
| ' - T heat source
e
| | ] Feed
| | | o water
| ee pump
! - Economizer | water -<C
I Main ste T Gas recircu- heater Feed
l anseam 1 lating fan . water
| | |
l l A |
! |
| Auxiliary steam Drum .
i g(;wmg lilctf; /O Superheater
ace, ete.
I CQ"‘ Spray
Superheated
| O - S
? Spray
! |
‘ | Reheater Reheat
| _Secondaryalr ? steam
3 | Bur- > Reheat
; | ner steam
Coal |
l l f A ™ Boiler water :
;rfrfgzg'_ Coal | circulating pump
N 0
lating air | | oylverizer | I )
| o A4
- - | N .- .. -
A
0il s |
heater 1
Gas Combustion
l Steam for blowing-in residue
0il or hot-water
External heat
source
Fig. 1 Standard configuration and its boundary of a boiler
Documents
Document Sharing Hub
PROTECTED BY COPYRIGHT

Full document details: JIS B 8222-1993


http://www.avadocuments.com/doc/jis-b-8222-1993
http://www.avadocuments.com/doc/jis-b-8222-1993

4
B 8222 :1993

(8) The term air quoted in this Standard means the air which contains steam, while
the term fuel gas has two definitions. One of them is dry gas which contains
no humidity, and the other one is wet gas which contains steam, etc. The unit
quantity of those substances shall be presented as “per 1 kg (or m3)”.

(9) The calculation methods of boiler efficiency shall be in accordance with either
equation of (a) or (b) given in the following:

(a) Heat input-output method
Qs

H, +

= x 100 %

where, n:: boiler efficiency by heat input-output method
s : useful heat output
H,+@ : sum of heat input

(b) Heat loss method

m:(l_HL’QJXmO%

)+
where, N2 : boiler efficiency by heat loss method

L;: sum of heat loss

(10) Heat balancing for a steam boiler shall be applied for that of hot-water boiler
mutatis mutandis.

4 Measurement method The measurement items on heat balancing of a boiler
shall be as given in 7.2.

In the case of determination of boiler efficiency by heat input-output method, it is
necessary to obtain the heat input derived from the quantity of consumption, calo-
rific value, etc. of fuel and the heat of absorption of generated steam, while in the
case of determination of boiler efficiency by heat loss method, it is necessary to ob-
tain the heat input derived from the quantity of consumption, calorific value, etc. of
fuel and heat losses of respective parts.

Measurement of each item shall be made in accordance with the following:

4.1 OQutside air temperature The outside air temperature shall be measured at
the main air intakes of the boiler room. In this case, the measurement shall be
made avoiding the effect of direct sunlight, radiation from the components, etc.

4.2 Fuel

4.2.1 Measurement of fuel consumption The measurement of the fuel consump-
tion shall be made in accordance with the following:

(1) The solid fuel shall be measured immediately before firing as far as possible in
order to avoid the vaporization of moisture after measurement, and the samples
shall be taken simultaneously at each time of measurement. Generally, the mea-
surement shall be made using a balance, and when a coalmeter or other mea-
suring instruments are used, the indicated value shall be calibrated co
The permissible measurement error shall generally be +1.5 %. rﬁbt&(uments
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(2) The liquid fuel shall be measured using a tank with suitable scales for actual
weighing or volumetric measuring tank, or volumetric flowmeter. The values
obtained by using a volumetric units shall be converted to the unit of mass by
multiplying the compensated density of the fuel oil according to the passing
temperature thereof through the said flowmeter. The permissible measurement
error shall generally be +1.0 %.

(3) The gaseous fuel shall be measured using a volumetric, orifice, or another type
flowmeter, and the measured values shall be converted to the volume expressed
in m? under the standard condition according to the pressure and temperature
at the time of measurements. The permissible measurement error shall gener-
ally be +1.6 %.

4.2.2 Testing of samples and measurement of calorific value Sampling, testing
and analysis of samples of fuel used and measurement of calorific values thereof
shall generally be in accordance with the following standards:

JIS K 2249, JIS K 2251, JIS K 2270, JIS K 2272, JIS K 2275, JIS K 2279, JIS
K 2301, JIS K 2541, JIS M 8801, and JISs M 8810 to 8814

4.3 Feed water

4.3.1 Measurement of quantity of feed water The quantity of feed water shall
be measured using a tank with suitable scales for actual weighing or volumetric mea-
suring tank, volumetric flowmeter, orifice, or another type flowmeter. The permis-
sible measurement error shall generally be £1.0 %. In the case where the feed water
has been measured once and a part of it is not supplied to the boiler, the said quan-
tity shall be corrected. When spray water is supplied to the superheater and reheater
in order to regulate the steam temperature, this quantity shall be measured [see
6.3 (1) (¢) and (d)].

4.3.2 Measurement of temperature of feed water The temperature of feed water
shall be measured at the inlet (at the outlet, too, if necessary) of the economizer.
"When any economizer is not installed, it shall be measured at the inlet of the main
body of the boiler.

If an injector is used, measurement shall be made at the front thereof.
4.4 Combustion air

4.4.1 Measurement of amount of air The necessary amount of air shall be cal-
culated from the kind and composition of the fuel and composition of the combustion
gas [see 6.2 (3)]. If necessary, measurement shall be made at the outlet of the forced
draft fan using an orifice, Pitot tube, or the like. When an air preheater is installed,
the measurement shall be made at the outlet thereof (see JIS B 8330).

4.4.2 Measurement of temperature of preheated air The temperature of air
shall be measured at the inlet and outlet of the air preheater. In the case where an
air preheater operated by an external heat source such as extracted steam from bleeder
turbine is additionally used, the air temperature at its front and back shall also be
measured.
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4.5 Steam for heating of fuel or blowing into furnace The amount of steam
blown into the furnace used for heating of fuel, atomizing of fuel, etc. shall gener-
ally be measured using respective flowmeters.

4.6 Generated steam

4.6.1 Measurement of amount of generated steam The amount of main gen-
erated steam shall generally be calculated from the quantity of feed water. When a
steam flowmeter is equipped, the measured value therefrom shall be considered as
informative reference values.

In the case where a part of generated steam is used for heating of fuel, blowing
into the furnace, preheating of air, etc., those amounts shall be measured and sub-
tracted from the quantity of water fed.

The amount of steam at the inlet of the reheater shall be determined by subtract-
ing the amount of grand steam and extracted steam from bleeder turbine from the
amount of main steam.

The amount of steam at the outlet of the reheater shall be determined by adding
the quantity of spray for reheater to the amount of steam at the inlet of the reheater.

Further, the position of water level of the boiler and other conditions at the time
of commencement and termination of the test shall be almost equal.

With this respect, when measurements on the abovementioned values used for
compensation are difficult, roughly estimated values shall be used.

4.6.2 Measurement of temperatures of superheated steam and reheated steam
The measurement of temperatures of superheated steam and reheated steam shall
be made at the points closely to the outlets of the superheater and reheater. When
a temperature controller is equipped at each outlet, the measurement shall be made
at its behind.

For a reheater, measurement shall additionally be made at its inlet.

4.6.3 Measurement of steam pressure The saturated steam pressure shall be
measured at the drum of boiler or equivalent position thereto. The pressure of su-
perheated steam and reheated steam shall be measured at each position where re-
spective temperatures are measured. When there is difference in height between
the detection point of pressure and the pressure gauge, the pressure shall be cor-
rected corresponding to the level of water column in the connecting pipe.

4.6.4 Measurement of dryness of saturated steam The dryness of saturated
steam shall be measured at the position closely to the outlet of the drum of boiler or
equivalent position thereto using a condensation calorimeter, throttling calorimeter,
etc.

4.7 Exhaust gas (combustion gas)
4.7.1 Measurement of exhaust gas temperature The temperature of exhaust
gas shall be measured at the outlet of the final heater of boiler. Measurement shall

also be made at the outlet of the main body of boiler, at the outlet and inlet of the
superheater, reheater, economizer and air preheater, as necessary.
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As to gas temperature, it shall try to obtain the mean temperature of each flue
cross section.

4.7.2 Sampling of specimen of exhaust gas and chemical analysis The sam-
pling position of the exhaust gas shall be at the outlet of the economizer (in the case
where any economizer is not equipped, it shall be at the outlet of the main body of
boiler or superheater).

Further, if an air preheater is equipped, measurement shall also be made at its
outlet. The sampling scheme shall generally be in accordance with JIS K 0095.

For chemical analysis of exhaust gas, an Orsat gas analyzer shall generally be
used. When an electric or instrumental analysis apparatus is used, appropriate cali-
bration shall be carried out using an Orsat gas analyzer or certified reference gas.

4.8 Blast pressure

4.8.1 Measurement of blast pressure (static pressure) The blast pressure shall
be measured at the discharge opening of the forced draft fan using a water column
pressure gauge, etc. Additional measurements shall be made at the inlet and outlet
of the air preheater, burner air chamber, etc., as necessary.

4.8.2 Measurement of exhaust gas pressure The exhaust gas pressure shall
be measured at the position where the exhaust gas goes out from the final heater
using a water column pressure gauge, etc. Additional measurements shall be made
at inward the furnace, the outlet of main body of boiler and the inlet and outlet of
economizer, air preheater and induced draft fan, as necessary.

4.9 Combustion residue

4.9.1 Measurement of quantity of combustion residue The quantity of com-
bustion residue shall be calculated according to the fuel consumption, ash content
in the fuel and unburned combustibles content in the combustion residue. When it
is feasible to measure actually the quantity of combustion residue, the said quantity
shall be used.

4.9.2 Sampling of combustion residue and measurement of unburned com-
bustibles Sampling of combustion residue shall be carried out in accordance with
JIS M 8811. Measurement of unburned combustibles shall be in accordance with 5
(Determination of ash content) in JIS M 8812,

4.10 Interval of measurement The sampling of specimen of the fuel and mea-
surement of pressure, temperature, etc. of steam, air and exhaust gas shall be car-
ried out at a definite interval, respectively, unless measuring instruments with recorders
are used. Important ones are exampled as follows:

Sampling of specimen of coal: As many times as possible during the period of the
test (see JIS M 8811)

Sampling of specimen of liquid and gaseous fuel, and measurement of dryness of
steam: At least twice during the period of the test

Pressure and temperature of steam, and temperature of feed water: at 10 min to
30 min intervals Documents

PROTECTED BY COPYRIGHT
Full document details: JIS B 8222-1993


http://www.avadocuments.com/doc/jis-b-8222-1993
http://www.avadocuments.com/doc/jis-b-8222-1993

8
B 8222 :1993

Flow rate of feed water and fuel consumption: at 5 min to 30 min intervals
Pressure and temperature of air, exhaust gas, etc.: at 15 min to 30 min intervals

Sampling of specimen of exhaust gas: at 30 min intervals (as many times as pos-
sible, in the case of hand firing of coal)

5 Test preparation and notice of running

5.1 Examination of conditions of boiler and repair [see 3 (2)] Before the
test, every part of the boiler shall be examined, arrangement shall be carried out to
avoid all leakages of steam and water (especially, leakage from the blow down valve),
and any defects such as refractory and heat insulating materials shall be rectified.

The state of contamination or control (date and method of cleaning before the test,
state and time duration of running after cleaning, circumstances of repair, etc.) of
internal and external parts shall be recorded.

5.2 Preparation of auxiliary machinery The functions of a fuel supply sys-
tem, combustion system, ash handling system, ventilator, water feeding system, water
level gauge, automatic control system, other auxiliary machinery, measuring instru-
ments, etc. shall be inspected and adjusted previously to prevent any hindrance during
the test.

5.3 Preparation of measuring apparatus Necessary measuring apparatus shall
be inspected and calibrated previously, and installed at each specified position.

If a bypass is equipped to a measuring apparatus for feed water and fuel, it shall
be ensured that there is no leakage.

5.4 Regulating of running state of boiler Before the test, the boiler shall be
regulated to ensure the specified running conditions and to maintain such condi-
tions over the appropriate period (generally, at least 1 h) depending on the type of
boiler. When it is confirmed that successive good running conditions of the boiler is
prospected, it shall be progressed to an official test.

5.5 Positioning of measurer A measurer shall be stationed by assigning its post
previously, and trained during the test run period carried out before the official test,
as far as possible, to measure correctly since the first measurement made at the
commencement of the test.

5.6 Blowing-off, soot blow, sampling of specimen of feed water, etc. [see 3
(2)]1 Blowing-off, soot blow, sampling of specimen of feed water, boiler water, gen-
erated steam, etc. shall be carried out prior to commencement of the test, and must
not carry out during the official test.

5.7 Variation of measured values The variation of volume and pressure of gen-
erated steam shall not exceed the following range:

Variation of volume of generated steam: 10 % of average

Variation of pressure of steam: +6 % of average
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6 Calculation

6.1 Composition of fuel The composition of fuel used for calculation shall be
that of fuel used at the time of firing, and as follows:

(1) For solid fuel The total moisture (as fired basis), composition by industrial
chemical analysis (equilibrium moisture of coal at about 75 % relative humidity
and room temperature) and composition by elementary analysis (dry basis) of
the fuel used at the time of firing shall be obtained in accordance with JIS M
8801 and JISs M 8810 to 8813, then the content thereof shall be computed by
converting the bases. '

When the total moisture (as fired basis) is presented as w percentage of mass
(hereafter referred to as only “mass %”), the moisture by industrial chemical
analysis (equilibrium moisture of coal at about 75 % relative humidity and room
temperature) is presented as w; mass %, and ash is a; mass %, respectively, and
carbon, hydrogen, combustible sulfur and nitrogen by elementary analysis (dry
basis) are presented as co, 2o, S0 and no mass %, respectively, whereby the con-
tent of carbon, hydrogen, combustible sulfur, nitrogen, ash and oxygen (c, A, s,
n, a and o mass %, respectively) of solid fuel as firing basis are determined ac-
cording to the following formulae:

c_lOO—w _100-w

100 co mass%, h 100 hy, mass %
100 —w 100 -w
§= 8¢ mass %, n= ne mass %
100 100
a=}9—q—_—g)—a1 mass %, 0=100—(c+h+s+n+a+w) mass%
100—w1

(2) For liquid fuel The content of carbon, hydrogen, sulfur, nitrogen, ash, oxy-
gen and moisture determined according to JIS K 2251, JIS K 2270, JIS K 2272
and JIS K 2275 shall be presented as ¢, A, s, n, a, 0 and w mass %, respec-
tively.

(3) For gaseous fuel The content of each composition of gas that is the fuel used
at the time of firing shall be determined, and hydrogen, carbon monoxide, vari-
ous kinds of hydrocarbon, carbon dioxide (carbonic acid gas), nitrogen, oxygen
and steam shall be presented as hs, co, cxhy (Cha, c2ha, Cohs, Cshe, C3hs, Cahis, Cih1o,
etc.), cos, na, 02 and w volume %, respectively.

6.2 Heat input The calculation of heat input shall always be carried out based
on 1kg (or m3) of fuel used at the time of firing in accordance with the following:

(1) Calorific value for fuel used at the time of firing As to calorific values
for fuels used at the time of firing, higher calorific value thereof shall be mea-
sured actually using respective calorimeters, then low calorific values for solid,
liguid and gaseous fuel shall be determined, respectively, as given in the fol-
lowing:
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(a) For solid fuel The higher calorific value of equilibrated sample at about
75 % relative humidity and room temperature shall be measured actually
in accordance with JIS M 8814 of which the said value shall be presented
as Hy, the higher and low calorific values for the fuel used at the time of
firing shall be presented as Hx and H,, respectively, and they shall be de-
termined according to the following formulae:

100 -w

Higher calorific value H,=———H, kd/kg {kcal/kg}
100—w1

Low calorific value H, =H,-25(9h+w) kd/kg
{H,=H,-5.9(9h+w) kcal/kg}

Remarks: When an elementary analysis is omitted, 2 % [6.1 (1)] may be
given as follows:

100 - (w1 +a,y) L 100-w
100 100 - w,

h=5.7

where, the coefficient 5.7 is the mean content of hydrogen (dry
ash free base) of the Japanese coal.

(b) For liquid fuel The higher calorific value measured in accordance with
JIS K 2279 shall be presented as H,, and the low calorific value H; shall
be determined according to the following formulae:

Hl = Hh ——25(9h+w) kJ/kg
{H,=H,-5.9(9h+w) kcal/kg}

Remarks: When an elementary analysis is omitted, A mass % may be given
as follows:

Kerosine, gas oil and crude oil: 13 mass %, fuel oil (average):
12 mass % (fuel oil A: 13 mass %, fuel oil B: 12 mass % and
fuel oil C: 11 mass %)

Further, H; can be roughly estimated by putting w =0 into
the abovementioned formulae. In addition, for petroleum fuel,
H; can be roughly estimated according to the density.

(¢) For gaseous fuel The higher calorific value measured in accordance with
JIS K 2301 shall be presented as Hj, and the low calorific value H; shall
be determined according to the following formulae:

H=H,-20 {(hz)+%Zycxhy +wv} kdJ/ms3

{I{l = Hh -4.7 |:(h2)+%zycxh, +wu} kecal/ ma}

Remarks 1 When a chemical compoesition analysis is omitted and the ex-
haust gas drain D kg of the calorimeter is measured at the
time of measurement of the higher calorific value, H; can be
roughly estimated according to the following formulaDocuments

PROTECTED BY COPYRIGHT
Full document details: JIS B 8222-1993


http://www.avadocuments.com/doc/jis-b-8222-1993
http://www.avadocuments.com/doc/jis-b-8222-1993

11
B 8222:1993

H, = H, —2500D/G, kJ/m’
{H[ = Hh - 590D/Gf kcal/m3}

where, Gy m? is the amount of fired fuel gas during firing
of D kg is measured.

2 If the content (volume %) of each component of the gaseous
fuel is known, H; can be roughly estimated according to the
following formulae:

H,=108.3 (h2)+126.1co+ 360chs+596¢oh4+646c2hs+878cshs
-+ 93403h8+ 1 18064h8+ 1 235C4h10 kJ/ms3
{Hz =259 (hz)-l— 30.1co+ 86.1Ch4+ 14262h4+ 15402h6+21003h5
+2283c3h s+ 282¢c4hst+ 295¢c4h 10 kecal/m3}
(2) Heat input due to sensible heat of fuel (in the case where fuel is pre-

heated by external heat source) The heat input @ due to the sensible heat
of the fuel shall be determined according to the following formulae:

Q. =c; (t, —to) kd/kg (or m3) (kcal/kg (or m?)}
where, cs: mean specific heat of fuel kd/kg (or m3) K
{kcal/kg (or ms3) °C}
ts: fuel temperature after heating °C
to: base temperature °C
When specific heat of the fuel is not measured actually, the following values

shall be adopted:
Coal: 1.05 {0.25}, fuel oil: 1.9 {0.45}, kerosine, gas oil and crude oil: 2.0 to 2.1
(0.48 to 0.50} kd/kgK {kcal/kg°C}

Produced town gas: 1.4 {0.34}, natural gas: 1.6 to 1.8 {0.38 to 0.42},
L.P.G. (according to its composition): 2.9 to 4.2 {0.7 to 1.0} kd/m3K {(kcal/m3°C}

Remarks: In the case where a part of generated steam from the test boiler is
used for preheating of fuel, such quantity of heat shall be consid-
ered as the “circulating heat” to be excluded from the abovementioned
calorific values.

(3) Heat input due to sensible heat of air (in the case where air is preheated
by external heat source, e.g. extracted steam from bleeder turbine) The
heat input @2 due to the sensible heat of air shall be determined according to
the following formulae:

Q. = Ac, (ta —to) kd/kg (or m3) {kcal’kg (or m3)}
where, A : amount of air (incl. steam) per 1 kg (or m3) of fuel
m3/kg (or m?3)
co : mean specific heat of air=1.30 kd/m3K {0.31 kcal/
m3°C}
to : air temperature after heating °C

to: base temperature °C
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