
Study on the Correction Method of Radiant Temperature 

Measurement of Turbine Blades Under the Background of High-

Temperature Dynamics

Shengnan Liu*, Liwei Chen

College of Information and Communication Engineering, Harbin Engineering University, Harbin 150001, China
*  Corresponding author email: asd25802025@163.com

Abstract: The turbine blades operate under high temperature and high pressure conditions, 
and when using radiation thermometry, the influence of radiation from surrounding blades 
leads to measurement errors. To address this issue, this paper develops a three-dimensional 
discretized dynamic radiation transfer model based on the blade shape of the turbine. The 
relationship between the radiation angle coefficient of the surrounding blades and the rotation 
angle of the blade under test is analyzed. The radiation angle coefficient is calculated using the 
triangular element method, and temperature inversion is performed based on the effective 
emissivity to compute the measurement error. The results show that under dynamic high 
temperature conditions, the temperature measurement error caused by reflection at the 
selected 60% leaf height point varies with the rotation angle , and the maximum reaches 
25.58K. The angular coefficient exhibits periodic fluctuations with changes in rotation angle, 
and the maximum effective emissivity increases as the rotation angle increases. As the blade 
height increases, the impact of reflected radiation on radiometric temperature measurement 
errors shows a decreasing trend.This study provides a reference for radiation thermometry in 
dynamic high-temperature environments.
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1 Introduction

The aircraft engine and gas turbine are highly 
complex and precise thermo-mechanical systems that 
convert chemical energy into mechanical energy[1-3], 
serving as the primary source of power[4,5]. As a critical 
component of the engine[6,7], turbine blades operate under 
extreme conditions of high temperature and high pressure 
for extended periods[8,9]. However, excessively high 
temperatures can lead to engine failures[10]. To ensure the 
normal operation of the engine, accurately measuring the 
surface temperature of the turbine blades is of great 
significance[11-13]. Currently, radiation thermometry 

technology, with its advantages of non-contact 
measurement and fast response[14,15], is widely used for 
measuring the temperature of turbine blades[16].

In high-temperature environments, when using 
radiation thermometry to measure the temperature of 
turbine blades, the obtained thermal radiation signals not 
only originate from the radiation characteristics of the 
measured blade itself but are also influenced by the 
reflected radiation from the surrounding environment. 
This reflected radiation can introduce significant 
measurement errors. Therefore, when performing 
temperature measurements, it is essential to fully consider 
the interference of these background reflections on the 
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signal to improve the accuracy and reliability of the 
measurements[17]. Many scholars have conducted related 
research on this issue. De Lucia established a simplified 
turbine blade model for simulated temperature 
measurements, dividing the surface of the object into 
rectangular elements and introducing the angle 
coefficient to calculate the reflected radiation in a high-
temperature environment[18]. However, this study was 
based on a simplified two-dimensional turbine blade 
model, and the research was limited to the impact of 
reflected radiation under static conditions. The team led 
by Fu Tairan studied the variation patterns of reflected 
radiation in turbine blade radiation thermometry and 
analyzed the effective emissivity distribution of turbine 
blades under different wavelength and emissivity 
conditions[19]. However, these studies focused on 
temperature error measurements under static conditions 
and did not address the impact of background radiation 
on measurement errors during dynamic operation. Gao et 
al. simulated the background blade temperature 
distribution using ANSYS(Analysis System) and 
calculated the angle coefficients between blade surface 
elements using formula-based methods. They proposed 
the variation pattern of high-temperature background 
radiation in turbine blade operation[20,21]. However, when 
calculating the reflected radiation from the surrounding 
blades to the blade under test, they assumed the blades 
had an isothermal distribution, whereas the actual 
temperature distribution of the blades is non-isothermal. 
Zheng et al. considered the geometric shape and 
operational state of the blades and, through solving the 
angle coefficients between the environment and the blade 
surface and performing discrete coordinate 
transformations, developed a three-dimensional dynamic 
reflection radiation analysis model for turbine blades. 
This method effectively eliminates the influence of 
reflected radiation[22]. However, this approach discretizes 
the blade surface using small rectangular elements, which 
cannot accurately describe the complex shape of the 
blades, and the calculation efficiency of the angle 
coefficients is relatively low.

For the deficiencies in the above studies, the main 
innovations and contributions of this paper are as follows:
(1) Based on the cyclic motion characteristics of the 
blade, a dynamic three-dimensional model of the rotation 
angle dependence is constructed, which reveals the law 
that the angular coefficient changes with the angle. The 
proposed model overcomes the defect that the static 
model cannot reflect the dynamic change of reflected 
radiation during rotation. Meanwhile, the scope of 
application is wider. (2) The traditional rectangular 
surface element method has poor geometric fitness and 
does not consider the dynamic masking effect. In this 
paper, the proposed triangular surface element 
discretization can more accurately characterize the 
surface structure and temperature distribution of the 
turbine blade, and combined with the visual masking 

judgment for the screening of surface elements, so that 
the computational efficiency can be improved. (3) The 
concept of effective emissivity is introduced to 
quantitatively analyze the influence of the surrounding 
reflected radiation on the temperature measurement error 
of the moving blade to be measured under different 
rotation angles. The radiation measured by pyrometer can 
be used to directly solve the target temperature to be 
measured, thus realizing fast temperature calculation.

Specifically, based on the relative position and 
layout characteristics of the turbine blades, a typical 
blade is selected for analysis, and a model matching it is 
established to simulate the operation process of the 
turbine blade. Considering the periodic spatial 
arrangement distribution characteristics and motion 
characteristics of the turbine blades, this study only 
analyzes the operation process of the moving blade to be 
measured in one complete cycle, focusing on the 
influence of the surrounding high temperature 
background on the suction surface of the moving blade to 
be measured. The triangular surface element method is 
used to calculate the angular coefficients to accurately 
characterize the structural features and temperature 
distribution of the component surfaces. The discrete face 
elements are judged by masking so as to filter out the 
face elements that need to be calculated in order to 
improve the computational efficiency. Meanwhile, the 
effective emissivity is introduced and the distribution of 
the effective emissivity at different rotation angles under 
the dynamic background is determined by calculation. 
The study further analyzes the influence of the 
surrounding reflected radiation on the temperature 
measurement error of the dynamic lobe to be measured at 
different rotation angles.

2 Materials and Methods

2.1 Basic Theory

Planck's blackbody radiation law states that the 
blackbody radiation energy is wavelength and 
temperature dependent, and the expression can be 
expressed by Equation (1):

M (λT)= c1λ
-5 (ec2 λT - 1)-1 (1)

Where c1 = 3.7418 ´ 10-16W ×m2 is the first Planck 
constant, c2 = 1.4388 ´ 10-2m ×K is the second Planck 
constant, λ is the measured wavelength. Monochromatic 
thermometry is one of the methods of radiometric 
thermometry, also known as brightness thermometry, 
which is the measurement of the radiant energy of the 
object to be measured in a specific wavelength range.The 
brightness temperature T is calculated as shown in 
Equation (2):

c1λ
-5 (ec2 /λT - 1)-1 = ελc1λ

-5 (ec2 /λTb - 1)-1 (2)

Where T is the temperature obtained by using 
monochromatic thermometry,Tb is the true temperature of 
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the object to be measured, ελis the emissivity at the 
wavelength λ condition. The relationship between the 
bright temperature T measured by monochromatic 
thermometry and the true temperature Tb have the 
following relationship:

1
T
-

1
Tb

=
λ

C2
ln ( 1

ελ ) (3)

Therefore if the value of the target emissivity is 
known, the solution of the true temperature can be 
realized. However, when the temperature of the target 
blade to be measured is measured by radiometric 
thermometry in a high temperature background, the 
radiant energy obtained from brightness thermometry is 
shown in Equation (4) due to the effect of reflected 
radiation from the high temperature background:

M (λT)= ελM (λTb )+ (1 - ελ )M (λTr ) (4)

Where M (λT) is the total amount of radiation received 
by the detector. Where M (λTb ) is the blackbody 
radiation emissivity of the target to be measured. Where 
M (λTr ) is the radiant emissivity of the high temperature 
environment to the surface of the target to be measured. 
The value of (1 - ελ ) is equal to the reflectance of the 
surface of the turbine blade of non-transparent material, 
so the effect of background reflection needs to be taken 
into account.

2.2  Turbine Blade Reflection Analysis 
Transmission Model

Due to the presence of high-temperature components 
such as the front-stage guide vanes and adjacent moving 
blades, the radiation signals received by the infrared 
detector include not only the radiation from the target 
blade under test but also interference from the reflected 
radiation of the surrounding hot-end components. This 
leads to significant temperature measurement errors. 
Therefore, eliminating the influence of background 
reflection is crucial for improving measurement accuracy. 
In order to quantitatively analyze the reflection 
interference of the high temperature background (e.g., the 
front guide vane and the adjacent moving blade) from the 
radiation temperature measurement of the turbine blade 
to be measured during the rotating process of the moving 
blade.This study analyzes the turbine blade based on the 
UG (Unigraphics NX) model of the turbine disk, and the 
mesh delineation of the surface of the turbine blade is 
performed by adopting the method of triangular faceted 
element discretization, and the coordinate information of 
the triangular faceted element as well as the normal 
vector is subsequently are stored in the form of STL files. 
Fig. 1 shows a turbine disc consisting of 86 moving 
blades. During the rotation of the turbine blades, the 
moving blades undergo a circular motion around the x-
axis in the yoz plane, with an angular difference of 
approximately 4.2° between adjacent moving blades. 
Since the blade structures are similar and the high-
temperature environment of blades at the same stage is 

comparable, when a moving blade rotates by 
approximately 4.2°, it reaches the position of an adjacent 
moving blade. This can be considered as a cycle for 
analysis. In this study, two adjacent moving blades and 
the front-stage guide vanes are selected as research 
objects. The model of reflected radiation is based on the 
relative positional relationship between the blades, as 
shown in Fig. 2. Fig. 3 shows the cross-sectional view of 
the moving blade and guide vane obtained at 50% of the 
blade height. Fig. 4 illustrates the discretization of a 
typical blade. Due to the irregular shape of the turbine 
blades and the non-isothermal working environment, this 
study discretizes the blade surface using triangular 
elements, transforming the complex non-isothermal 
surface into a micro-surface with isothermal structure.

To study the impact of dynamic background 
reflection during the rotation process on radiation 
thermometry, it is necessary to simulate the actual 

Fig.1 Complete turbine disk distribution

Fig.2 Partial turbine disk model

Fig.3 Cross-section of moving and static blades at 50% leaf height
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relative positions of the turbine blades during dynamic 
rotation, as shown in Fig. 5. Since the guide vanes and 
moving blades are periodically distributed, this study 
analyzes the movement of the moving blade within one 
cycle. A geometric model is constructed based on the 
suction surface of the target moving blade, the adjacent 
moving blade above it, and the three preceding guide 
blades. In Fig. 5, the movement direction of the target 
moving blade is set to be opposite to the positive y-axis 
direction. The initial position of the simulated movement 
is set at the lowest point of the suction surface y-value of 
the target moving blade and aligned with the trailing edge 
of guide blade 1. At this point, the rotation angle is set to 
0° . The target moving blade then rotates in the specified 
direction until it reaches the position of the adjacent 
moving blade, corresponding to a rotation angle of 
approximately 4.2° , which marks the end of the 
simulation. During dynamic operation, the variation in 
radiation from the guide blades received by the target 
blade is depicted in Fig. 5(a) – (c). In the simulation 
results, the positive direction of the x-axis points from the 
leading edge to the trailing edge of the moving blade, 
while the positive direction of the y-axis is opposite to the 
simulation movement direction. The measurement point 
P0, located on the suction surface of the moving blade, is 
chosen as the reference point. As the target blade rotates, 
the radiation from the surrounding blades at the specific 

point P0 changes. Different areas in Fig. 5 represent the 
influence of various surrounding blades on the radiation 
at the measured P0 point.

In one motion cycle, the movement variation of the 
moving blade can be studied, and the transformation 
relationship of the surface coordinates at different 
positions when the moving blade rotates can be analyzed 
to describe the surface of the moving blade at different 
locations. The schematic diagram of the moving blade 
rotating counterclockwise around the x-axis is shown in 
Fig. 6.

If a point has coordinates(xyz)in three-dimensional 
space, then the new coordinates(x'y'z' )after rotating by 
an angle around the x-axis can be calculated using the 
following rotation matrix, as shown in Equation (5):

( )x'
y'
z'

= ( )1 0 0
0 cos(θ) -sin(θ)

0 sin(θ) cos(θ) ( )x
y

z

(5)

Therefore, after obtaining the position information 
of the turbine blade surface, the coordinate information 
during the rotation process of the moving blade can be 
derived from Equation (5), thereby establishing the three-
dimensional dynamic reflection transfer model. To study 
the reflected radiation effects of the preceding guide 
vanes and adjacent moving blades on the target moving 
blade, it is necessary to calculate the radiation viewfactor 
between the discretized surface elements of the target 
moving blade and the adjacent blade surface elements, 
thus quantitatively describing the radiation influence of 
the surrounding blades on the target moving blade.

2.3 Calculation of viewfactor

In the case of high-temperature backgrounds, 
especially when the background temperature is higher 
than the target temperature, the influence of the 
background reflection on the measurement results must 
be considered. In order to minimize the interference 

Fig.4 Typical blade discretization

Fig.6 Relative position of moving blades at different positions

Fig.5 Schematic diagram of the change of motion in one cycle
(a) Motion start position(b) Motion intermediate position(c) 

Motion end position
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caused by background reflections, it is necessary to 
calculate the reflected energy produced by the 
background on the target surface. The calculation of the 
radiance viewfactors between individual discrete surface 
elements and the radiance of the surface elements 
themselves is the key step, which is the basis for solving 
for the reflected radiance of the environment at the point 
to be measured. The radiation viewfactorFj iis the 
percentage of the radiant energy directly projected from 
the face elementjonto the face element ito the total energy 
radiated by the face elementjitself. The radiation 
viewfactor between the face elements is only related to 
the relative spatial position between the face elements 
and is independent of the parameters such as the 
temperature and the measured wavelength. In this paper, 
the viewfactors are calculated using the triangular face 
element method,while the values of the angular system at 
different angles are calculated by combining the 
equations of motion of the discrete face elements.

The simplified model in Fig. 4 is chosen as the study 
object and its viewfactors are calculated as shown in Fig. 7. 
Triangles are used as basic surface elements to discretize 
the blade surface. Each small triangle is assumed to have 
a uniform distribution of its temperature and radiant heat 
physical property parameters. Considering the workload 
and running speed of the calculation program, 2mm² 
triangular face elements are selected for discretization, 
which can accurately reflect the geometric structure and 
temperature distribution characteristics of the blade and 
effectively reduce the calculation time, and the 
viewfactor between the face elements can be solved 
according to the definition of the viewfactors of the 
triangular face elements.

Where Ai and Aj are the two triangular face elements 
of the turbine blade, dAi and dAj are the internal face 
micromeres of the two face elements,


ni and 


nj are the 

normal vectors of the two face elements,θi and θj are the 
angles between the lines connecting the face micromeres 
and the corresponding normal vectors, and R is the center 
distance between the two face micromeres. Therefore the 
radiation viewfactor Fj i from the triangular face element 
Aj to the face element Ai of the turbine blade is calculated 

as in Equation (6).

Fji =
1
Aj
∫
Ai

∫
Aj

cos θi cos θjdAidAj

πS2
(6)

Before calculating the viewfactor, to improve 
computational efficiency, it is necessary to filter the 
surface elements. First, a visual judgment is made to 
determine whether the two surfaces are mutually visible. 
If the two surfaces are visible, it is then necessary to 
verify whether the normal vectors of the surfaces and the 
vector formed by connecting the centers of the two 
surfaces satisfy Equation (7).

(

ni·


R    > 0  ) &&(-


nj·


R    > 0) (7)

If the two surfaces are not visible to each other, the 
normal vector of each surface and the vector representing 
the line connecting their centers satisfy Equation (8).

(

ni·


R    £ 0  ) ||(-


nj·


R    £ 0) (8)

In the equation,

ni and 


nj are the normal vectors 

pointing outward from the environmental surface element 
and the surface element under test, respectively, and R is 
the vector connecting the centers of the two surface 
elements. After the initial screening, the occlusion effect 
of intermediate objects must also be considered, and the 
calculation results need to be corrected. The judgment 
steps are as follows: First, check whether the line 
connecting the centroids of the two triangles intersects 
with the plane of the third triangle. If they intersect, 
calculate the intersection point and check whether the 
intersection point lies inside the triangle. If an 
intermediate object occludes the line, the angle 
coefficient between the two surfaces is set to 0.

2.4  Reflected Radiometric Thermometry 
Corrections

The reflected radiation generated by the high-
temperature background can severely affect the 
calculation of effective emissivity and temperature 
measurements during the radiation thermometry process. 
Therefore, it is necessary to calculate the reflected 
radiation of the target moving blade at different rotational 
positions. After calculating the radiation viewfactor of the 
surrounding environment blades using Equation (6), the 
theoretical temperature distribution of the preceding 
moving blades and guide vanes is set. The temperature 
field of the preceding moving blade is 833.15K, and the 
simulated temperature distribution of the preceding guide 
vanes is shown in Fig. 8[23].

After the reflection model is established, Equation (9)

is used Mi (λTr )=
1
Ai
∑
j=1

N

Aj FjiMj (λTj ) (9)

Where N is the number of turbine blade environmental 
surface elements,Mj (λTj ) is the radiative outflow of each 
environmental surface element, Tj is the theoretical 
temperature value for high temperature environments Ai 
and Aj are the areas of the corresponding face elements. 

Fig.7 Calculation of viewfactors by microelements
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After calculating the amount of radiation from the high-
temperature background ambient radiation, the emissivity 
of the surface of the surface element to be measured is 
set, and the amount of reflected radiation formed by the 
high-temperature ambient radiation on the surface of the 
blade to be measured is calculated according to 
Equation (10).

Mri (λTr )= (1 - ελ ) ( )∑
j=1

N Aj

Ai
FjiMj (λTj ) (10)

Equation (11) calculates the amount of reflected 
radiation received by the pyrometer.

M (λT)= ελM (λTb )+Mri (λTr ) (11)

By using the previously obtained values of the 
viewfactors of the moving blade to be measured at 
different angles during one cycle of rotation, it is 
therefore possible to calculate the reflected energy from 
the surroundings on the surface of the target blade at 
different angles of rotation.

From the above, it is known that in the high 
temperature state around the hot end components will 
have a great impact on the temperature measurement, in 
order to realize the correction of the reflection radiation 
temperature measurement error, further introduction of 
the concept of effective emissivity, the calculation 
method is shown in Equations (12) and (13):
M (λT)= ελM (λTb )+ (1 - ελ )M (λTr )= εeff ×M (λTb )(12)

εeff =
M (λT)
M (λTb )

=
ελ ×M (λTb )+ (1 - ελ )M (λTr )

M (λTb )
(13)

Where εeff refers to the effective emissivity of the turbine 
blade surface at wavelength λ. From Equations (10) and 
(13), the effective emissivity εeff is related to the actual 
emissivity εof the blade surface and the angular 
coefficient between the surface Fj i and the temperature. 
And by using Planck's formula, the M (λT) of the radiant 
emanation from the turbine blade measured by the 
radiation pyrometer can be directly related to the target 

temperature to be measured Tb. The calculation of the 
error can be easily performed.

The above analysis discusses the reflective radiation 
characteristics in the temperature measurement 
environment of turbine blades during operation, revealing 
that there are significant reflective radiation measurement 
errors in turbine blade radiation thermometry. After 
obtaining the simulation results of the effective emissivity 
of the turbine blade, the temperature of the target to be 
measured can be determined using the radiation received 
by the high-temperature pyrometer. Assuming that the 
radiation from the high-temperature environment, 
M (λTr ), is fully incident on the surface of the target, the 
temperature measurement algorithm employs the 
monochromatic temperature measurement method. 
M -1{λM (λT)} represents the inverse operation of the 
Planck formula (Equation (1)), which is used to calculate 
the corresponding blackbody temperature T when the 
wavelengthλand radiation quantity M (λT) are known. 
The calculation process is shown in Equation (14). Thus, 
the radiation measurement error DT, caused by the 
interference of reflective radiation, can be calculated 
using Equation (15).

T =M -1{λM (λT)} = c2

λ ln
é

ë

ê
êê
ê ù

û

ú
úú
úc1

λ5M (λT)
+ 1

(14)

DT =M -1{λεeff ×M (λTb )
ε } -M -1{λεM (λTb )

ε } (15)

3 Results and Discussion

3.1 Viewfactor Simulation

The three-dimensional discretized radiation transfer 
model allows us to obtain the coordinate information of 
each point on the blade surface and calculate the 
viewfactors between the surface elements based on these 
coordinates using the triangular face element method. In 
this paper, the suction surface of the moving blade to be 
measured at 60% of the blade height is taken as the object 
of study, as shown by the red dashed line in Fig. 9(a). The 
triangular method is used to calculate the values of the 
viewfactors of the neighboring guide vanes to be 
measured on the moving vane when the relative chord 
length is between 0 and 1. The results are shown in Fig. 9
(b). The horizontal coordinates in the figure indicate the 
relative chord length of the suction surface of the turbine 
blade, and the magnitude of the values corresponds to the 
leading edge to the trailing edge of the suction surface 
from left to right, respectively. Due to the structural 
characteristics of the moving vane and the relative 
positional relationship with the guide vanes, the variation 
values of the viewfactors of the neighboring guide vanes 
to be measured for the moving vane show a decreasing 
trend.

Based on the model, a measurement point is selected 

Fig.8 Theoretical temperature distribution field of 
the front stage guide vane
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at the suction surface P0 (with a relative chord length of 
0.2 and a relative blade height of 0.6). During one 
rotation period of the moving blade (i.e., from 0° to 4.2°), 
the relative position between the front-stage moving 
blade and the measurement point remains unchanged. 
Therefore, the influence of the front-stage moving blade 
on the measurement point is essentially constant. As a 
result, the focus of this study is on the variation of the 
viewfactors due to the front-stage guide vanes at the 
measurement point.

By simulating the motion of the measurement point 
at different positions within one rotation period, the 
distribution of the radiation angle coefficients of the 
guide blades 1, 2, and 3 on the target blade can be 
observed. Over a full rotation period, moving blade 1 
moves along the motion direction to position blade 2, and 
the variation in the viewfactors of guide vanes 1, 2, and 3 
on the measurement point P0 at different angles is shown 
in Fig. 10(a)–(c).

From Fig. 10(a), it can be observed that within one 
rotation cycle of the moving blade, i.e., when the rotation 
angle ranges from 0° to 4.2° , the viewfactor influenced 
by guide blade 1 decreases. This is because the effective 
radiative surface of guide blade 1 on the measurement 
point gradually diminishes and tends toward zero. On the 
other hand, the viewfactor influenced by guide blade 2 
initially increases and then decreases. During the rotation 
angle range of 0° to 2° , the measurement point moves 

Fig.9 (a) 60% blade height scanning path
(b) Viewfactor calculation result

Fig.10 The test point is subjected to continuous changes in the viewfactor of the guide vane at different angles
(a) Viewfactor of guide vane 1(b) Viewfactor of guide vane 2(c) Viewfactor of guide vane 3(d) Total viewfactor
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closer to guide blade 2, and its effective radiative surface 
increases, leading to an increase in the viewfactor. 
However, during the rotation angle range of 2° to 4.2° , 
the effective radiative surface between guide blade 2 and 
the measurement point gradually decreases, resulting in a 
decrease in the viewfactor.

Fig. 10(d) shows the variation in the angle 
coefficients influenced by all three guide blades on the 
measurement point over the entire rotation cycle. The 
overall trend indicates that the angle coefficient first 
increases and then decreases. Additionally, at the start 
(0°) and end (4.2°) of the rotation, the viewfactor values 
are the same, reflecting the periodic variation of the angle 
coefficient over one full cycle.

To further investigate the radiative influence of 
nearby guide vanes, a simulation was conducted for the 
radiation viewfactor at the moment the moving blade 
rotates to 0°、2°and 4°. In this simulation, 36 measurement 
points were selected along the moving blade to compute 
the viewfactor distribution at that specific position. The 
results of the calculation are shown in Fig. 11.

From Fig. 11, it can be seen that at the different 
rotation angle, the radiation angle coefficient in the 
relative chord length range of 0 to 0.2 is generally higher. 
This is primarily due to the fact that this region is closer 
to the front-stage guide vanes, and the radiative transfer 
path is not obstructed by the adjacent moving blade. As a 
result, the viewfactor reaches its peak in this region, with 
a significant impact from the reflected radiation. In 
contrast, in the relative chord length range of 0.2 to 1, the 
radiation viewfactor is lower, as the influence of reflected 
radiation decreases. Particularly at a relative chord length 
of 1, the viewfactor is the lowest, mainly due to the 
shadowing effect of the blade itself, which minimizes the 
reflected radiation in this region. During the rotation of 
the target blade, the position most strongly influenced by 
the radiation from the three guide vanes is always the 
leading edge of the suction surface. This position is 
closest to the guide vanes, resulting in the highest radiative 
influence. In contrast, the radiation viewfactor at the trailing 
edge of the suction surface is nearly zero because this 
position is the farthest from the guide vanes, and thus 
experiences the least radiative influence. The variation trend 
of reflected radiation is similar to that of the radiation 
viewfactor, and thus, it will not be discussed further here.

3.2 Effective Emissivity Calculation

Due to the influence of high-temperature 
background reflected radiation, there is a significant 
difference between the effective emissivity and the true 
emissivity of the turbine blade. The main factors affecting 
the effective emissivity include the emissivity of the 
measurement surface of the blade, the measurement 
wavelength, and the radiation from the high-temperature 
environment. Fig. 12 show the simulation results of the 
effective emissivity of the turbine blade when the moving 
blade rotates to 0°、2° and 4°, with an emissivity of 0.58 

and a measurement wavelength of 1.6μm. From the 
figures, it is clear that at the same rotation angle, the 
positions with higher reflected radiation correspond to 
larger effective emissivity values. Notably, at the location 
where the relative chord length and relative blade height 

Fig.11 Distribution of radiation viewfactor of adjacent guide 
vanes on the moving blade at different rotation angle
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are both 0, the effective emissivity reaches its maximum 
value. Specifically, The maximum values of effective 
emissivity are 0.97, 1.04 and 1.08 at rotation angles of 0, 
2 and 4 deg. It can be seen that the maximum value of 
effective emissivity increases when the rotation angle 
increases. It can be seen that the value of effective 
emissivity is not limited by the value range of 0-1. 
Effective emissivity can simplify temperature 
calculations and correct errors, thereby improving real-
time measurement and providing data support for further 
error calculations.

3.3 Error Simulation Analysis

The relative position coordinates of the test point P0 

are selected as (0.2, 0.6). Under the conditions of a 
measurement wavelength of 1.6μm, emissivity of 0.58, 
and target blade temperature of 800K, the simulation 
results of the effective emissivity of the turbine blade at 
different rotational angles are obtained through Equations 
(12) and (13). The variation pattern of the radiation 
temperature measurement error caused by reflected 
radiation interference when P0 rotates from 0° to 4° is 
shown in Fig. 13. With the emissivity, measurement 
wavelength, and test temperature remaining unchanged, 
the radiation temperature measurement error caused by 
reflected radiation fluctuates within the range of 21K to 
26K as the rotational angle changes, with a small 
variation and continuous values. It can be seen that the 
radiation influence of the pressure side near the moving 
blade plays a dominant role, and during the rotational 
process of the test moving blade, the relative position 
between the moving blades remains unchanged.

The effect of selecting different points to be 
measured on the temperature error is considered. The 
position of the blade height was chosen as 20%, 40%, and 
60% to evaluate the effect of reflected radiation on the 
temperature measurement accuracy at different heights. 
The temperature error distribution of the blade at 
different blade heights with rotation Angle is shown in 
Fig. 14. Under the premise of keeping the emissivity, 
wavelength and temperature to be measured unchanged, 
the temperature errors at each leaf height position show a 
certain fluctuating trend with the change of rotation 
angle. The largest fluctuation range of temperature error 
is found at 20% of leaf height, with the maximum error 
value of 45.14 K. The corresponding range of error at 
40% of leaf height is 36.34 K, while at 60% of leaf 
height, the maximum error decreases to 25.58 K. It can 
be seen that with the increase of the leaf height, the 
influence of the rotational angle on the radiometric 
temperature measurement error tends to be weakened. In 
addition, the overall error level is significantly higher at 
20% leaf height compared to the center and top regions, 
indicating that this region is more susceptible to 

Fig.13 Temperature measurement error distribution 
with rotation angle

Fig.12 Simulation results of effective emissivity 
at different rotation angle
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interference from high-temperature background reflected 
radiation, which leads to larger temperature measurement 
deviations.

4 Conclusion

This study provides a feasible error correction 
method for dynamic temperature monitoring of aero-
engine turbine blades, which is especially suitable for 
non-contact temperature measurement scenarios in high-
temperature and strong-reflection backgrounds, and can 
improve the safety of engine operation and the accuracy 
of life prediction. The following conclusions are obtained 
through simulation verification:

(1) This paper accurately describes the reflected 
radiation transmission relationship between the moving 
blades and guide vanes under high temperature 
background by constructing a three-dimensional dynamic 
radiation transmission model and combining with the 
periodic motion characteristics of the turbine blades. The 
model is able to quantify the dynamic change of reflected 
radiation during the rotation process, which provides a 
theoretical basis for temperature error correction.

(2) The triangular surface element method is adopted 
to calculate the radiation angular coefficient, and the 
effective surface elements are screened by combining the 
visibility and occlusion relationship, which improves the 
calculation efficiency. The simulation results show that 
the angular coefficient shows periodic fluctuation with 
the change of rotation angle, and the influence is largest 
in the leading edge region of the dynamic lobe (relative 
chord length 0-0.2) and smaller in the trailing edge region 
(relative chord length 0.2-1).

(3) A temperature error calculation method based on 
the effective emissivity is proposed, which comprehensively 
considers the effects of the actual emissivity, angular 
coefficient and background temperature, and simplifies 
the traditional complex correction process. The 
simulation results show that the effective emissivity 
changes dynamically during the rotation process, and the 
maximum value of the effective emissivity increases with 

the increase of the rotation angle.
(4) Further analyze the temperature error distribution 

law at different leaf height positions. With the increase of 
the leaf height, the influence of reflected radiation on 
radiation temperature measurement error is weakened. In 
addition, the overall error level at 20% leaf height is 
significantly higher compared to the middle and top 
regions, indicating that this region is more susceptible to 
the interference of high-temperature background reflected 
radiation, which leads to larger temperature measurement 
deviations.

However, the current study does not consider the 
coupling effect of the dynamic change of the non-uniform 
temperature field on the reflected radiation in the actual 
working conditions. Moreover, the current cycle analysis 
is based on a 4.2° rotation range, which is not extended to 
the full operating conditions. This limitation needs to be 
improved subsequently.
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