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Abstract

Circulating fluidized bed (CFB) boiler is a high-efficiency and clean combus-

tion technology that has been developed rapidly in recent years. During the

start process, only after the furnace temperature is heated up with fuel oil

higher than the fuel feeding temperature, fuel can be fed into it, otherwise, it

will easily lead to deflagration accidents in the furnace. While adding fuel too

late will increase the unnecessary cost of fuel oil. There are three main

methods for measuring fuel feeding temperature in the CFB boiler.

The thermogravimetric analysis-derivative thermogravimetry (TG-DTG

method has the problem of a large gap between the measurement results and

the actual boiler fuel feeding temperature. Although the measurement results

in the CFB test rig are more accurate, its procedure is more complex and

costly. The method of on-site debugging and measurement has disadvantages

such as high measurement cost and poor measurement repeatability. For this

reason, this paper designs a simple method to measure fuel feeding tempera-

ture in CFB boiler, which has standard operability and lower test cost. The

measurement results of variable fuel types were compared with the measure-

ment results of the above three methods, which prove that the results of all

samples are close to those in the actual CFB boiler with error within 40�C. It is
confirmed that this method can accurately measure the CFB boiler fuel feeding

temperature, which is of great significance to the operation of the CFB boiler.

KEYWORD S
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1 | INTRODUCTION

As a clean combustion technology with advantages of
high combustion efficiency, low pollutant emission, fuel
flexibility, and large turndown ratio, circulating fluidized
bed (CFB) has been developed rapidly in the last

40 years.1–3 In 2009, the world's first 460-MW supercriti-
cal CFB boiler was put into commercial operation at
Lagisza Power Plant in Poland. In 2013, the world's first
600-MW supercritical CFB boiler was put into operation
in China. Currently, a 660-MW high-efficiency ultra-
supercritical CFB boiler is under construction in China.
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So far, China has become the largest CFB boiler market
in the world.

The fuel relies on the heat exchange from the bed
material to reach the ignition point and to burn in the
CFB boiler. Therefore, during the boiler start-up process,
the temperature of the bed material needs to be heated to
the feeding fuel temperature a little higher than the igni-
tion point (if the fuel is coal, it is also called as the feed-
ing coal temperature), and then the fuel can be fed into
the furnace. Fuel oil is commonly used to heat the bed
material. If the fuel is fed when the bed temperature is
lower than the feeding fuel temperature, the fuel entering
the furnace will not only fail to ignite but also reduce the
bed temperature. When the unburnt fuel accumulates
too much, the concentration of volatiles in the furnace
will rise sharply. Once the ignition temperature of the
volatile is reached, the combustible gas such as carbon
monoxide in the volatile will detonate, and the bed tem-
perature is hard to control, which will cause agglomera-
tion on the air grid. On the contrary, if the bed
temperature is much higher than that of the feeding fuel
temperature, the start-up time of the CFB boiler and the
consumption of ignition fuel will increase.4–6 For large-
capacity CFB boilers, this effect is more obvious because
of more bed material. Therefore, the fuel feeding temper-
ature during the CFB boiler start-up is an important
parameter for the safe and economical operation of the
boilers.

At present, the measurement methods of feeding fuel
temperature in industrial applications mainly include the
following three methods: measuring by thermogravi-
metric analysis-derivative thermogravimetry (TG-DTG),
measuring by a CFB test bench, and determining by
commissioning actual boiler. The TG-DTG method refers
to determining the fuel ignition temperature by mathe-
matical means according to the weight loss curve of the
fuel (TG) and the corresponding weight loss rate curve
(DTG). As shown in Figure 1, the steps of measuring the
ignition temperature of a certain fuel by the TG-DTG
method are elucidated. Drawing a vertical line through
the peak value of the DTG curve, it intersects the TG
curve at point A, then a tangent line to the TG curve is
drawn through Point A, and a horizontal line is drawn
across Point B, which is the beginning of weight loss. The
temperature corresponding to the intersection Point C of
the above tangent line and the horizontal line is defined
as the ignition temperature.7,8 The allowable temperature
raising rate of the TGA thermogravimetric analyzer is
generally less than 20�C/min, while the temperature ris-
ing rate of the fuel feeding into the furnace in the actual
CFB boiler is over 100�C/s.5 In addition, there is a very
violent diffusion mixing process in the CFB boiler, but
this process is limited in the TGA thermogravimetric

analyzer. The measurement results by the TG-DTG have
a large deviation from the actual fuel feeding temperature
of the CFB boiler, and it is generally 100–150�C lower
than the actual CFB boiler's fuel feeding temperature; in
addition, the price of TGA thermogravimetric analyzer is
relatively expensive,5 so it is generally only used for labo-
ratory research. The CFB test bench measurement refers
to recording the temperature change of the furnace, com-
bined with the measurement of the oxygen content, and
visually inspecting the flame and sparks.9,10 The combus-
tion state of the CFB test bench is closer to the actual
boiler, and the measurement results are also closer to the
actual CFB boiler fuel feeding temperature. However,
due to the need to build a small CFB test bench, the test
process is more complicated. In addition, in the context
of carbon peak and carbon neutral in China, it is con-
strained to carry out fossil fuel combustion tests in urban
areas, so this method is not suitable for popularization.
The method of on-site commissioning refers to the opera-
tor artificially determining the feeding fuel temperature
by observing the combustion condition, such as bed tem-
perature changing and oxygen changing in the furnace.
Although the parameters determined by this method are
relatively reliable, it requires many attempts on site and
certain experience. There are problems such as higher
test costs, complicated test procedures, and long test
periods.

To sum up, the existing methods for measuring fuel
feeding temperature in CFB boilers cannot meet the
requirements of good measurement accuracy and low
cost at the same time, so they cannot guide industrial
applications conveniently and quickly. For this reason,
this paper designs a simple method to measure the fuel
feeding temperature. Laboratory experiments were

FIGURE 1 Determination of ignition temperature of a certain

fuel by TG-DTG
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carried out for different fuels, and the test results were
compared with the measurement values of the above
three methods. It turns out that this method can accu-
rately measure CFB boiler fuel feeding temperature,
which provides an important basis for the economical
and safe operation of the boiler.

2 | MEASURING DEVICE

In this paper, a simple method for measuring CFB boiler
fuel feeding temperature is designed, and the measure-
ment device is shown in Figure 2.

The whole measuring device consists of a crucible,
thermocouple No. 1, thermocouple No. 2, a paperless
temperature recorder, and a muffle furnace. To facilitate
the test and save the test sample, the crucible is a boat-
shaped crucible made of corundum, with a length of
40 mm, a width of 10 mm, and a depth of 8 mm. Since
the crucible containing the test sample needs to be put
into the muffle furnace, and the temperature in the muf-
fle furnace needs to be kept constant during the test, a
small hole with a diameter of 7 cm is opened on the front
of the muffle furnace. Make sure the crucible can be
reached without opening the muffle door. After the cruci-
ble is inserted, the small hole is blocked by fireproof insu-
lation cotton to ensure the constant temperature in the
muffle furnace. The No. 1 thermocouple is closely set on
the sample surface, and the No. 2 thermocouple is set
directly above the test sample, parallel to the
No. 1 thermocouple. The paperless temperature recorder
is used to record the real-time temperature information
with a frequency of 1 s.

3 | MEASURING PRINCIPLE

Generally, fuel combustion is divided into four stages,
heating and drying, volatilization and ignition, fixed

carbon combustion, and burnout.11 When the fixed car-
bon starts to burn, it means that the temperature in the
furnace has met the temperature conditions for the stable
combustion of the fuel. It is safe and reasonable to use
the fixed carbon fire beginning temperature as the CFB
boiler fuel feeding temperature. Therefore, this paper
indirectly measures the fuel feeding temperature by mea-
suring the fixed carbon fire beginning temperature.
When the volatile in the surface of the test sample is
released and burnt out under the influence of the exter-
nal temperature, the fixed carbon in the surface layer of
the test sample begins to fire, and the flame generated by
the fixed carbon will cause the temperature of the
No. 2 thermocouple to change abruptly, and this change
will be recorded in time by the paperless temperature
recorder. Taking the first-order derivation of the tempera-
ture data of the No. 2 thermocouple with time, the tem-
perature change rate of the No. 2 thermocouple at each
moment can be obtained. Figure 3 shows the measure-
ment result of a certain fuel, which is used as an example
to further illustrate the test principle. The last moment
when the temperature change rate suddenly increases is
defined as the measurement moment, which is caused by
the burning of fixed carbon. The temperature of the
No. 1 thermocouple corresponding to the measurement
moment is exactly the temperature of the test sample
when the fixed carbon in the surface layer of the test
sample begins to burn. The last peak of the temperature
change rate corresponds to the moment when the fixed
carbon in the surface layer of the test sample is burned
out. Since the data of the No. 1 thermocouple and the
data of the No. 2 thermocouple are recorded simulta-
neously, corresponding to the measurement moment, the
temperature at which the fixed carbon in the test sample
begins to burn (i.e., the fuel begins to burn steadily) can

FIGURE 2 Measuring device 1-muffle furnace; 2-sample;

3-crucible; 4-thermocouple No. 1; 5-thermocouple No. 2;

6-paperless temperature recorder FIGURE 3 Measurement results of a certain fuel
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be obtained from the temperature and time data of the
No. 1 thermocouple.

It should be noted that the position of the thermocou-
ple is related to the accuracy of the measurement results.
When the crucible filled with the test sample is put into
the muffle furnace to start the test, the temperature dis-
tribution of the test sample at different depths is not con-
sistent due to heat conduction. The depth of free
diffusion of air in the muffle furnace is limited, the lower
part of the test sample in the crucible is insufficient con-
tact with the air, so it will not burn. The sudden changes
of the No. 2 thermocouple temperature are the result of
the combined action of the muffle furnace radiation and
the surface combustion of the test sample. When the
No. 2 thermocouple response shows that the fixed carbon
on the sample surface is starting to burn, the temperature
of the lower part sample is lower to ignite the fixed car-
bon. Therefore, the temperature of the sample surface,
measured by No.1, is the target that needs to be moni-
tored. The No. 1 thermocouple should be as close as pos-
sible to the interface between the test sample and the air.
Only in this way, the influence of heat conduction on the
measurement results can be reduced maximumly to
ensure that the actual measured No. 1 thermocouple tem-
perature is comparable with the sample surface tempera-
ture. At the same time, it should be ensured that the
No. 1 thermocouple is completely covered by the test
sample; otherwise, the No. 1 thermocouple temperature
probe will be affected by thermal radiation, resulting in a
large deviation from the actual temperature of the test
sample surface. Since the oxygen concentration in the
muffle furnace cannot support the violent combustion of
some low-volatile fuels, only a very weak flame can be
seen during the test. Therefore, the No. 2 thermocouple
should be as close as possible to the interface between
the test sample and the air, but not in contact with the
test sample, so that the temperature change caused by
the weak flame can be collected.

4 | MEASURING STEPS

The measurement steps are shown in Figure 4.
To make the No. 1 thermocouple more convenient to

arrange on the sample surface, the test samples selected
in this paper are powders, the sample particle size ranges
from 75 to 250 μm, and the median particle size is
150 μm. The sample mass for each measurement is 3.0 g.

The preset temperature of the muffle furnace is posi-
tively related to the heating rate of the test sample, and
the heating rate directly affects the releasing rate of
volatile and the ignition rate of fixed carbon in the test
sample.12,13 The stable combustion temperature of

high-volatile fuel is low, if the heating rate is too fast, the
thermocouple cannot respond to the temperature change
of the fuel in time, which will lead to deviation in the
measurement results. Therefore, for test samples with
high volatile content, the preset temperature of the muf-
fle furnace should be appropriately reduced. However,
the preset temperature cannot be too low; otherwise, the
sample may be completely ashed before reaching the sta-
ble combustion temperature, and no combustion will
occur. The stable combustion temperature of low-volatile
fuel is high, so it is necessary to avoid an excessively low
heating rate that will cause the surface of the test sample
to be slowly and completely ashed other than burned,
thereby failing to obtain accurate measurement results.
Therefore, for test samples with low volatile content, the
preset temperature of the muffle furnace should be
appropriately increased. After repeated tests, it is deter-
mined that when the test sample is a high-volatile fuel,
the preset temperature range is 650–800�C; when the test
sample is a low-volatile fuel, the preset temperature
range is 700–850�C. High-volatile fuels are defined as
fuels with a volatile content of more than 30% as the dry
ash-free base.

After the fixed carbon on the surface of the test sam-
ple is completely burnt, the temperature of the
No. 2 thermocouple will not change much. After the tem-
perature remains unchanged for a preset time, it can be
determined that the combustibles on the sample surface
have been completely burnt, the measurement time has
passed, all the required measurement data have been
obtained, and the data recording can be stopped at this
time. The above-mentioned preset duration of time can
be selected in the range of 200–300 s.

5 | TEST SAMPLES

Three typical fuels, coal, biomass, and petroleum coke,
were selected as test samples. Due to the small difference

FIGURE 4 Measuring steps
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in the proportion of volatile components of different
types of biomasses, rice husk was selected as the repre-
sentative of biomass fuel in this paper. The proximate
analysis and ultimate analysis data of the test samples are
shown in Table 1.

6 | RESULTS AND DISCUSSION

All test samples were tested under three different preset
temperature conditions, listed in Table 2. The character-
istics of the measurement result curves of the test sam-
ples with different volatile content are different. To better
describe the measurement results, the test samples are
divided into low-volatile content fuels and high-volatile
content fuels, the results are discussed, respectively. All
the temperature change rates in the paper refer to the
temperature change rate of the No. 2 thermocouple.

6.1 | Low-volatile fuels

Figures 5–7 show the measurement results of
petroleum coke, No. 1 coal, and No. 2 coal under
different preset temperature conditions, respectively.
No. 1 Thermocouple was covered by the test sample,
while No. 2 thermocouple was exposed to the air atmo-
sphere. Due to the existence of conduction thermal resis-
tance, the temperature of the No. 1 thermocouple was
always lower than that of the No. 2 thermocouple in the
early stage of the test. In the later stage of the test, the
temperature of the No. 1 thermocouple will exceed that
of the No. 2 thermocouple. This is because the fuel on
the sample surface was completely burnt after contacting
with the air, once the combustion flame disappeared, and
the temperature of the No. 2 thermocouple gradually
approached the preset temperature of the muffle furnace.

But, at this time, the test sample at the crucible bottom is
still in the process of slow ashing, and the heat released
during this process makes the temperature of the
No. 1 thermocouple continue to rise, and finally exceeds
the temperature of the No. 2 thermocouple. After the test
sample at the crucible bottom is completely ashed, the
temperature of the No. 1 thermocouple also gradually
tends to the preset temperature of the muffle furnace.

There are two peaks on the temperature rate curve of
the No. 2 thermocouple. Taking Figure 5a as an example,
the first peak is due to the fact that after the thermocou-
ple was transferred from the room temperature environ-
ment to the high-temperature environment of the muffle
furnace, the thermocouple probe sensed the high-
temperature environment, and the temperature change
rate increased rapidly from 0. Then, as the temperature
difference between the probe temperature of the
No. 2 thermocouple and the preset temperature of the
muffle furnace becomes smaller and smaller,
the temperature difference of convective heat transfer
decreases, and the temperature change rate of the
No. 2 thermocouple gradually decreases. When the
No. 2 thermocouple is close to the preset temperature of

TABLE 1 Proximate analysis and ultimate analysis of test samples

Sample name

Proximate analysis (%) Ultimate analysis (%)
(MJ/kg)

Mar Aar Vdaf Car Har Oar Nar Sar Qnet, ar

No. 1 coal 5.44 46.34 14.05 43.57 1.19 1.90 0.76 0.81 15.74

No. 2 coal 2.15 49.37 21.38 40.60 2.17 0.33 0.70 4.84 16.44

No. 3 coal 1.43 36.81 33.29 55.78 4.03 0.63 0.65 0.68 23.03

No. 4 coal 5.42 31.89 36.42 49.76 3.50 8.67 0.94 0.49 19.45

No. 5 coal 5.40 40.80 39.44 46.39 3.29 2.11 0.99 1.02 18.86

No. 6 coal 16.01 14.98 44.87 52.24 3.80 11.75 0.89 0.33 19.98

Petroleum coke 0.35 0.92 10.36 85.92 2.94 1.79 0.72 7.32 32.75

Rice husk 6.00 16.92 67.44 30.02 4.41 25.80 0.99 0.06 11.76

Note: Subscript “ar” means received base; subscript “daf” means dry ash-free base; “Qnet, ar” means a low calorific value as the received base.

TABLE 2 Test conditions

Sample name Preset temperature/�C

No. 1 coal 750/800/850

No. 2 coal 700/750/800

No. 3 coal 700/750/800

No. 4 coal 700/750/800

No. 5 coal 700/750/800

No. 6 coal 700/750/800

Petroleum coke 650/700/750

Rice husk 700/750/800

LIU ET AL. 5 of 12
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the muffle furnace, the temperature change rate of the
No. 2 thermocouple also tends to 0 because the convec-
tion heat transfer temperature difference is almost zero.
The second peak is caused by the combustion of fixed

carbon on the sample surface. The flame generated by
the combustion causes the temperature of the
No. 2 thermocouple to rise suddenly, and the tempera-
ture change rate also increases. After the flame

FIGURE 5 Measurement results of petroleum coke FIGURE 6 Measurement results of No. 1 coal

6 of 12 LIU ET AL.

 19322143, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/apj.2810 by Z

hejiang U
niversity, W

iley O
nline L

ibrary on [12/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



disappears, the temperature change rate gradually
decreases after the fixed carbon burns completely.

For petroleum coke, shown in Figure 5, and coal
shown in Figures 6 and 7, the second peak in the rate of

temperature change exhibits different characteristics.
Petroleum coke is a by-product produced in the process
of refining light oil. It has the characteristics of low vola-
tile content, low ash content, and high fixed carbon con-
tent. Compared with low-volatile coal, it has larger
porosity and specific surface area, which is more condu-
cive to the combustion process.14 Taking the petroleum
coke sample used in this experiment as an example, its
specific surface area is 12 m2/g, which is larger than that
of low-volatile coal of the same particle size. Therefore,
although the proportion of volatile as the dry ash-free
base of petroleum coke is lower than that of No. 1 and
No. 2 coals, the combustion is more intense than that of
No. 1 and No. 2 coals. During the test, it was found that
No. 1 and No. 2 coals only had a weak blue flame when
burning, while the petroleum coke showed a clear yellow
flame when burning, and the flame length was longer.
This also explains why the second peak of the tempera-
ture change rate is more obvious than that of No. 1 and
No. 2 coals. Comparing Figures 6 and 7, it can be seen
that the second peak of the temperature change rate in
the measurement results of No. 2 coal is more obvious
than that of No. 1 coal under the same preset tempera-
ture conditions. This is because No. 2 coal has higher vol-
atile and is easier to burn.

As shown in Figure 5c, When the preset temperature
is 800�C, in the measurement results of petroleum coke,
three peaks appear in the temperature change rate curve.
The first peak is caused by the thermocouple responding
to the change of external environment temperature, the
second peak is caused by the combustion of volatile, and
the third peak is caused by the combustion of fixed car-
bon. The amount of volatile released is positively corre-
lated with the heating rate of the test sample,15 and the
volatile combustion flame will not appear until the vola-
tile concentration reaches a certain level. The proportion
of volatile in petroleum coke is relatively low, and only
when the heating rate is fast enough, the concentration
of the released volatile meet the conditions for a combus-
tion flame to appear. Compared with 700�C and 750�C,
the volatile released by petroleum coke at a preset tem-
perature of 800�C is higher, and the combustion of vola-
tiles leads to an increase in the temperature change rate,
which makes the second peak appear in the temperature
change rate curve. At 700�C and 750�C, as shown in
Figure 5a,b, the releasing of volatiles is low, and the vola-
tiles combustion is not obvious, so there are only two
peaks in the temperature change rate curve. At 800�C, in
the measurement results of No. 1 and No. 2 coals, as
shown in Figures 6c and 7c, there are also only two peaks
in the temperature change rate curve. This is because the
source of petroleum coke determines that the combusti-
ble component of petroleum coke volatile is relatively

FIGURE 7 Measurement results of No. 2 coal
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high. However, the combustible components in the vola-
tile of No. 1 and No. 2 coals are relatively low, so the vol-
atile combustion of No. 1 and No. 2 coals is not obvious.

6.2 | High-volatile fuels

The measurement results of high-volatile fuel are shown
in Figures 8–12.

Figures 8–12 show the measurement results of
No. 3 coal, No. 4 coal, No. 5 coal, No. 6 coal, and rice
husk, respectively. It can be seen that there are 3 or more
peaks on the temperature change rate curve of the
No. 2 thermocouple when measuring high-volatile fuels.
Taking Figure 12a as an example. The first peak is also
caused by the change of the external environment tem-
perature induced by the thermocouple, the last peak is
caused by the combustion of the fixed carbon on the sam-
ple surface, and all other peaks in the middle are caused
by the combustion of the volatile in the test sample. Due
to the high-volatile components in fuels, the combustion
of volatile components is strong, so the peaks in the mid-
dle are more obvious. Some fuels have more than one
peak in the middle because the volatile release and igni-
tion are carried out in a certain temperature range, and
not all are released at a certain temperature. When the
temperature range of volatile release and ignition is nar-
row, the process from volatile release to complete volatile
release and combustion will be completed in a very short
time, and only one peak will appear on the temperature
change rate curve; otherwise, when the temperature
range of volatile release and ignition is wide, volatiles
will be released in stages, and volatile combustion will
also be carried out in stages, and there will be multiple
peaks on the temperature change rate curve.

It should be emphasized that the last rising
stage on the temperature change rate curve of the
No. 2 thermocouple does not completely represent the
combustion of fixed carbon on the sample surface, and it
needs to be further judged according to whether there is
a falling stage of the temperature change rate. For exam-
ple, in Figure 11c, after the last rising phase on the tem-
perature change rate curve, there will be a falling phase,
in this case, it can be considered that this rising phase is
caused by the combustion of fixed carbon on the sample
surface, on the contrary, as shown in Figure 12c, after the
last rising phase on the temperature change rate curve,
there is no falling phase. If the rising phase is caused by
the combustion of the fixed carbon on the sample sur-
face, when the fixed carbon on the sample surface is
completely burned, the effect of the combustion flame is
suddenly lost, and there must be a falling phase of the
temperature change rate. In Figure 12c, before the last

temperature change rate rising stage begins, due
to the burning flame, the temperature of the
No. 2 thermocouple is already greater than the preset

FIGURE 8 Measurement results of No. 3 coal
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temperature of the muffle furnace, and the last tempera-
ture change rate rising stage is only a process in which
the temperature of the No. 2 thermocouple gradually
approaches the preset temperature of the muffle furnace.

6.3 | Comparison of different methods

To verify the accuracy of the measuring method, com-
bined with the relevant data in the literature,16–19 the

FIGURE 9 Measurement results of No. 4 coal
FIGURE 10 Measurement results of No. 5 coal

LIU ET AL. 9 of 12

 19322143, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/apj.2810 by Z

hejiang U
niversity, W

iley O
nline L

ibrary on [12/02/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



measurement data as the average of three repeated mea-
suring are compared with those measured by traditional
methods for CFB boiler fuel feeding temperature. The
comparison result is shown in Figure 13.

It is generally believed that the result measured by
the on-site commissioning method is the CFB boiler fuel
feeding temperature. Therefore, the measurement results
of this method are used as a benchmark to analyze the

FIGURE 11 Measurement results of No. 6 coal FIGURE 12 Measurement results of rice husks
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accuracy of other measurement methods. It can be seen
from Figure 13 that only the results measured by the TG-
DTG method are quite different from the actual fuel feed-
ing temperature. The results obtained by other methods,
including the measurement method designed in this
paper, are close to the CFB boiler fuel feeding tempera-
ture. The TG-DTG method measurement result is essen-
tially the ignition temperature of the fuel, which is the
minimum temperature condition for fuel combustion,
but the determination of the fuel feeding temperature not
only needs to ensure that the fuel can be burned, but also
needs to consider the effect of heat exchange in the CFB
furnace on the combustion. Thus, during the start-up of a
CFB boiler, the feed temperature is often greater than the
ignition temperature of the fuel. For fuels with low vola-
tile content and high carbon content, due to their high
ignition temperature, the power plant generally adopts a
relatively conservative principle, so the actual fuel feed-
ing temperature is significantly higher than the results
obtained by the test bench.16

The determination of the actual CFB boiler feeding
fuel temperature takes into account the bed material
heated by the combustion of volatiles, the furnace tem-
perature is still lower than the fixed carbon burning tem-
perature when the fuel is fed into the furnace, and the
heat released by the combustion of volatile components
will make the furnace temperature quickly reach the
temperature conditions required for the combustion of
fixed carbon, thereby ensuring the stable combustion of
the fuel. However, the measurement method designed in
this paper cannot fully consider this effect. The heating
effect of volatile combustion on the bed material
increases with the increasing of volatile proportion in the

fuel. Therefore, for fuels with lower volatility, the results
measured by the present paper have a small deviation
from the actual CFB boiler fuel feeding temperature.
With the increase of the volatile proportion of the fuel,
the deviation between the results measured in this paper
and the actual CFB boiler fuel feeding temperature shows
an increasing trend, and the former is always greater
than the latter. However, taking rice husks as an exam-
ple, the difference between the results measured by the
measurement method designed in this paper and the
actual CFB boiler fuel feeding temperature is only 40�C,
which is negligible in the actual CFB boiler operation.
Therefore, the measurement method designed in this
paper can accurately measure CFB boiler fuel feeding
temperature.

7 | CONCLUSIONS

The traditional method of measuring the fuel feeding
temperature of different fuels in the CFB boiler cannot
take into account the measurement accuracy and mea-
surement cost at the same time, and it is difficult to popu-
larize and use in the industry.

In this paper, a simple and accurate method for mea-
suring the fuel feeding temperature of the CFB boiler is
designed. The temperature at which the fixed carbon in
the fuel starts to ignite is taken as the CFB boiler fuel
feeding temperature.

Using the method designed in this paper, measure-
ments were carried out on six different volatile content
ratios of coal, rice husk, and petroleum coke at three dif-
ferent preset temperature conditions. The measurement
results show that for the fuel with low volatile content,
the difference between the results measured by the pre-
sent paper and the actual CFB boiler fuel feeding temper-
ature is very small; for fuels with higher volatile content,
the difference is slightly larger, but the maximum differ-
ence is only 40�C. It is confirmed that the measurement
method designed in this paper can accurately measure
the fuel feeding temperature of the CFB boiler.
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