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Abstract: In this paper, a solar thermochemical reactor is designed based on a 5 kW non-coaxial
concentrating solar simulator, and a mathematical model is established for thermal calculations.
The calculated temperature distribution is used as a load condition for thermal stress analyses. The
model is used to study the influence of the solar simulator power, solar reactor inner wall material’s
emissivity, working pressure, gas inlet velocity, and thermocouple opening diameter on the thermal
stress of the solar reactor. The results show that thermal stress increases with the increase in solar
simulator power and the emissivity of the inner wall material in the solar reactor. The inlet velocity
and working pressure have little effect on the thermal stress of the reactor and cannot prevent damage
to the reactor. In the case of maintaining the diameter of the thermocouple at the front end of the
reactor, increasing the diameter of the thermocouple inside the reactor leads to an increase in thermal
stress around the reactor. Meanwhile, using a finer thermocouple can reduce the thermal stress
inside the reactor and extend its service life, which will provide a foundation for designing practical
industrial applications in the future.

Keywords: solar thermochemical reactor; temperature field; thermal stress; safety

1. Introduction

At present, with China’s proposal of a “dual carbon” goal, clean energy is receiving
increasing attention from people [1]. The synthesis gas produced by a solar thermal
chemical reactor using concentrated solar energy to drive high-temperature chemical
reactions is a highly efficient and sustainable source of clean energy that has been widely
promoted [2]. However, solar reactors need to create a high-temperature environment
to achieve the activation energy required for these chemical reactions to occur. High-
density solar radiation, uneven heating, and improper heating rates can all cause localized
high temperatures in the solar reactor, resulting in stress concentrations and damage
to the reactor [3]. Therefore, the phenomenon of thermal stress concentration in solar
reactors is the most significant factor that affects the stability and lifespan of solar thermal
chemical reactors.

In concentrated solar thermal technology, the incident solar energy is reflected by the
reflector and focused on the solar receiver, where it is converted into thermal energy [4–6].
This thermal energy is supplied to the cavity for thermochemical reactions [7–11]. During
this process, the phenomenon of thermal stress concentration is caused by the temperature
gradients generated by localized high temperatures. Some domestic and foreign scholars
have conducted relevant research on this phenomenon. In the early 1980s, Duke et al. [12,13]
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and Bethea [14] first researched the service life of glass-based reflectors. They conducted
outdoor tests at various locations, and their research revealed that the long-term reflectivity
of the material surface is crucial to the lifespan of reflectors. During the same period,
Boeing Engineering conducted durability testing on coated aluminum reflectors [15] and
Paul et al. [16] conducted extensive research on polymer reflectors. Their results showed
that applying a layer of polymer on the reflector increased its service life by up to twenty
years. In fact, the early literature mainly studied the factors affecting the service life of
three different reflectors exposed to various environments over an extended period of time.
Segura et al. [17] summarized this aspect well but did not pay attention to other parameters,
such as temperature, geometric shape, and thermal stress. In recent years, scholars have
studied the effect of geometric shapes on the stress levels of solar thermochemical reactors.
Daabo al. [18] utilized numerical simulation methods to investigate the cavity structure
of solar receivers. By comparing three different cavity structures—spherical, cylindrical,
and conical—the results showed that the conical receiver absorbed the highest radiation
flux. The results showed that, among these three types of heat exchangers, the improved
hemispherical heat exchanger generated the smallest equivalent stress and demonstrated
the best safety and stability. In addition to the geometric shape, the placement position
of the cavity reactor is also important. Therefore, Wang et al. [19] introduced an eccentric
tube heat exchanger and studied the effect of eccentricity and inclination on the stress
levels of the eccentric tube heat exchanger. The results showed that it is recommended
than an eccentric tube heat exchanger with an optimal eccentricity and inclination of 90◦

be used as the tube heat exchanger for a groove condenser system. The literature above
has comprehensively studied stress distribution in terms of structure and position, aiming
to obtain the optimal geometric shape and position for reactors. Some scholars have also
conducted in-depth research on reactor materials; Wang et al. [20], compared four different
materials for solar energy absorbers: stainless steel, silicon carbide, aluminum, and copper.
The results show that the effective thermal stress and total strain of solar energy absorbers
made of stainless steel and copper materials are the highest and lowest, respectively.
Therefore, copper solar collectors are safer. Although Wang et al. used high-thermal-
conductivity materials to significantly reduce stress concentrations, they did not consider
material corrosion. Therefore, Du et al. [21] proposed a composite solar heat collector
with a thermal conductivity layer and a high-temperature protective layer. They selected
two materials: a chromium nickel–iron alloy 718/nickel and 316 stainless steel/GRCop-84.
The results showed that the design of the composite material could reduce the maximum
thermal stress of the solar heat collector. Furthermore, as the pipe wall thickness and
solar radiation intensity increase, the performance improvement becomes more significant.
Hischier et al. [22] used 13 heliostats with incident powers ranging from 32 to 38 kW
to study the thermal stress of a silicon-based cavity absorber at a height of 31 m on a
solar tower. The results showed that adjusting the incident flux distribution and airflow
cooling can minimize the temperature distribution to some extent and reduce thermal stress
concentrations. In addition, the temperature gradient is a key factor that causes thermal
stress in solar thermochemical reactors. Therefore, many efforts have been made to reduce
the distribution of temperature differences by altering operating conditions. Chen et al. [23]
studied the influence of parameters such as mass flow rate, inlet temperature, and irradiance
on the mechanical performance of solar collectors to ensure their safe and efficient operation.
The results showed that the thermal stress of a solar collector is directly proportional to its
mass flow rate and irradiance, and inversely proportional to its inlet temperature. Bader
et al. [3] developed a thermodynamic model for a 3 kW solar thermochemical reactor
and solved it numerically to predict its temperature and stress distribution under static
conditions. The results showed that the static safety factor of the reactor, as determined
by Mohr’s method, was acceptable. Additionally, the reactor demonstrated an ability to
flexibly change its operating conditions. Zhang et al. [24] simulated the thermodynamic
process of thermochemical reactors under high solar radiation and discussed the causes of
thermal stress formation and the location of ceramic damage.
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At present, most research has focused on the stress analysis of solar reflectors, solar
heat absorbers, and solar cells, while there are few reports on the thermal stress analysis of
solar thermochemical reactors. Solar simulators generate thermal stress due to temperature
gradients. Therefore, the temperature field is utilized as a load condition in the finite
element model of solar reactors, but there are no relevant reports on the parameters that
may affect thermal stress, such as material reflectivity, solar power, gas inlet velocity,
working pressure, and thermocouple diameter. The utilization of solar thermal chemical
reactors to generate syngas can address the global energy demand and promote sustainable
energy development. The phenomenon of thermal stress concentrations is an important
factor that affects the stability and lifespan of reactors. Therefore, this article is based
on a self-designed solar reactor that utilizes a 5 kW solar simulator, with temperature
distribution as the load condition, to complete a thermal stress analysis using APDL. The
influence of solar simulator power, the emissivity of the solar reactor’s inner wall material,
working pressure, gas inlet velocity, and the diameter of the thermocouple opening on
solar reactor thermal stress is studied. A decrease in the thermal stress in solar reactors
could extend their service life, laying the groundwork for developing feasible industrial
applications in the future.

2. Geometric Model

Because thermal analysis is a prerequisite for thermal stress analysis, it is necessary to
calculate the temperature field under various operating conditions. Figures 1 and 2 depict
the contours of temperature distribution and velocity distribution in a solar reactor at a
solar simulator power of 2.4 kW. It can be seen from Figure 1 that the high-temperature
region under high-flux irradiation is mainly concentrated at the front end of the solar
reactor. While ceramic insulation layers can withstand high-temperature conditions, such
environments present challenges to their thermal stability [25]. The main reason for thermal
stress concentrations is a temperature gradient; solar reactors with severe temperature
fluctuations are more prone to ceramic damage at the front end [26]. Figure 2 illustrates
the direction of the inlet gas flow and highlights the benefits of cooling the quartz window.
The streamline is almost parallel to the inlet, quartz glass, and inner wall, which is not
conducive to improving thermal stress.
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Figure 2. Velocity distribution contour map of solar reactor.

The high-temperature heat flux density of the solar simulator is generated in the
interior of the solar reactor through the daylighting port for heating; the uneven heating
inside generates temperature differences, resulting in thermal stress. To accurately analyze
the thermal stress inside the solar reactor, APDL is utilized for a thermal stress analysis.
Firstly, the thermal analysis of the solar reactor is conducted using Fluent. The temperature
node information of the solid part of the solar reactor is then imported into APDL for the
thermal stress analysis. In other words, the physical model and grid are obtained from
Fluent. The thermal analysis of a solar reactor is equivalent to laying the foundation for
a thermal stress analysis. Figure 3 shows the meshing model of a solar reactor with a
temperature load in APDL.
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3. Mathematical Model

The problem of thermal stress caused by temperature changes requires the use of ther-
moelasticity. The method for solving the problem is the same as that of elasticity, which is
studied from the perspectives of geometry, mechanics, and physics. The difference between
the two is that, in thermoelasticity, the stress and strain are not only affected by external
forces but also take into account the influence of temperature changes. Thermoelastic
mechanics considers the stress and strain caused by temperature and external forces, which
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are a superposition of the two. The governing equations of thermoelasticity in rectangular
coordinates are expressed as follows [27]:

(1) The generalized Hooke’s law of thermal stress:

εxi =
1

2G
(σxi −

ν

1 + ν
Θ) + α∆T (1)

γxixj =
τxixj

G
, i 6= j (2)

In the formula, G = E
2(1+ν)

is the shear elastic modulus (Pa); E is the Young’s modulus
(Pa); σxi denotes the stress component (Pa) acting on the infinitesimal; ν represents Poisson’s
ratio; Θ = ∑ σxi is the volume stress (Pa); α denotes the linear thermal expansion coefficient
(K−1); ∆T indicates the temperature difference (K); τ indicates the shear stress (Pa); and γ
denotes shear strain.

(2) The displacement equation of thermoelastic mechanics:

(λl + G)
∂e
∂xi

+ G∇2ui − β
∂(∆T)

∂xi
+ Xi = 0 (3)

where e = ∑ εxi represents the volume strain; β = α(3λl + 2G) is the thermal stress
coefficient (Pa K−1); λl =

Eν
(1+ν)(1−2ν)

indicates the Lame coefficient (Pa); Xi denotes the

component of unit volume force on the coordinate axis (N m−3); and ∇2 represents the
Laplace operator.

(3) The coordination equation of thermoelasticity:

∇2σxi +
1

1 + ν

∂2Θ
∂xi

= −αE
[

1
1− ν

∇2(∆T) +
1

1 + ν

∂2(∆T)
∂x2

i

]
(4)

∇2τxixj +
1

1 + ν

∂2Θ
∂xi∂xj

= − αE
1 + ν

∂2(∆T)
∂xi∂xj

−
(

∂Xj

∂Xi
+

∂Xi
∂Xj

)
(5)

4. Load and Boundary Conditions

The thermal stress in the solar simulator is caused by its temperature gradient. There-
fore, the temperature is used as the loading condition in the three-dimensional finite
element model of the solar reactor. First, the temperature load needs to be obtained. This
can be achieved through a thermal fluid–solid coupling simulation analysis using Fluent.
Once the temperature load is obtained, it can be exported from Fluent and loaded into
APDL. Then, other boundary conditions need to be set, such as specifying its material
properties. Finally, various constraints are applied to different surfaces of the model to
resolve the calculation. In addition to the temperature load, the thermal stress analysis of
the solar reactor also takes into account the pressure and gravity of the fluid on the solid
wall. Because the pressure of the solar reactor in this paper has little effect on its thermal
stress, it is not considered. The pressure caused by gravity is negligible, so this paper only
considers the influence of temperature load on the solar reactor.

5. Model Validation and Thermal Stress Analysis
5.1. Model Validation

The equivalent stress (Von Mises stress) in ANSYS APDL can not only clearly describe
the stress changes in the model but also quickly identify the most critical location in the
model. The stress analysis method used in this paper is equivalent stress analysis. This
method was chosen due to the complexity of the structure, which requires transforming
each principal stress into an equivalent stress to describe the stress concentration phe-
nomenon [28]. The theory follows the fourth strength theory of materials, which states that
the yield of materials is caused by their distortion energy density. In other words, when the
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distortion density reaches the material’s limit value, the model will experience the yield
phenomenon. Although it is not possible to determine whether the ceramic is damaged,
the location and sequence of the damage can be determined.

The strength condition of the fourth strength theory is√
1
2

[
(σ1 − σ2)

2 + (σ2 − σ3)
2 + (σ3 − σ1)

2
]
≤ [σ] (6)

In the formula, the allowable stresses of the material, σ1, σ2, σ3, are the first, second,
and third principal stresses.

In order to validate the accuracy of the model, the computational model proposed in
this paper was used to calculate the model in Reference [24]. The calculation parameters
are as follows: the power of the solar simulator is 10 kW, the inlet velocity is 0.005 m/s, and
the pressure is one atmosphere. Figure 4a shows the simulation results for Von Mises stress.
From the diagram, it can be seen that the model has four stress concentration positions
(A, B, C, D), which are consistent with the reference. The most vulnerable position is A
(13.17 × 103 MPa), which is only 6.64% different from the literature simulation results
(12.35× 103 MPa). It can also be inferred that the ceramic is prone to cracking at the junction
of the four stress concentrations. This conclusion is supported by both the simulation results
and experimental results found in the literature (Figure 4b). Therefore, this model can be
utilized for thermal stress calculations.
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Figure 4. The simulation results are compared with the literature. (a) Von Mises stress simulation
results; (b) experimental results in the literature. (A: the inlet opening, B: the front thermocouple
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5.2. Thermal Stress Analysis

Figure 5 illustrates the distribution of thermal stress in the solar reactor. The calculation
parameters are as follows: the power of the solar simulator is 2.4 kW, the velocity at the
gas inlet is 0.005 m/s, the temperature at the inlet is 300 K, and the working pressure is
0.1 MPa. It can be seen from the figure that thermal stress concentrations mainly occur at
the front of the solar reactor and at the thermocouple opening located in the center of the
porous area. From the contour map of thermal stress, it can be observed that the maximum
thermal stress is mainly concentrated on the inner edge and areas surrounding the openings,
such as the thermocouple opening (A, a), the front thermocouple opening (B), the inlet
opening (C), and the lighting opening (D) situated at the center of the porous area of the
solar reactor. The most vulnerable locations to damage are the thermocouple openings
(A: 6.24 × 103 MPa) and the front thermocouple openings (B: 5.65 × 103 MPa) located in
the center of the porous area of the solar reactor. If the thermal stress exceeds the ultimate
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strength of the ceramic material, it will result in damage to the ceramic components of the
solar reactor, thereby impacting its overall lifespan. Therefore, it is important to minimize
thermal stress concentrations in order to prevent damage to the solar reactor and extend its
service life.
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6. Results and Discussion
6.1. The Influence of Solar Simulator Power

Figure 6 illustrates the impact of various solar simulator powers on the thermal stress
of solar reactors. The calculation parameters are as follows: a gas inlet velocity of 0.005 m/s,
a gas inlet temperature of 300 K, a working pressure of 0.1 MPa, and a solar simulator
power ranging from 1 to 5 kW. It can be seen from the figure that as the power of the
solar simulator increases, the thermal stress at solar reactors A and B also increases. As
the solar power increases, the temperature gradually decreases along the axis. This is
primarily due to radiation heat loss at the wall, resulting in a rapid temperature decrease
near the aperture [29]. The increase in power also leads to an excessive concentration of
heat flow, resulting in temperature non-uniformity and exacerbating the thermal stress
concentration [30]. When the power of the solar simulator increases from 1 to 5 kW, the
thermal stress at point A increases from 4.69 × 103 MPa to 7.30 × 103 MPa, resulting
in an increase of 2.61 × 103 MPa. Similarly, the thermal stress at point B increases from
4.10 × 103 MPa to 6.71 × 103 MPa, also increasing by 2.61 × 103 MPa. Figure 7 shows the
cloud map of the thermal stress distributions in solar reactors under various solar simulator
powers. It can be seen from the figure that increasing the power of the solar simulator
leads to intensified thermal stress concentrations in the solar reactor. If the thermal stress
exceeds the ultimate strength of the ceramic material, it will result in ceramic damage to
the solar reactor and impact its operational lifespan. Therefore, after reaching the solar
reactor’s required temperature, the power of the solar simulator should be reduced as
much as possible to minimize thermal stress concentrations.
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Figure 7. Thermal stress cloud of reactor under different powers. (a) Power of 1 kW; (b) power of
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6.2. Effect of the Emissivity of the Inner Wall Material of the Solar Reactor on Thermal Stress

Figure 8 illustrates the impact of emissivity on the thermal stress in a solar reactor with
various inner wall materials. The calculation parameters are as follows: a gas inlet velocity
of 0.005 m/s, a gas inlet temperature of 300 K, a working pressure of 0.1 MPa, and an inner
wall material emissivity of 0.2~0.5. From the figure, it is evident that as the emissivity of
the inner wall material of the solar reactor increases, the thermal stress at points A and B
of the solar reactor also increases. The main reason is that, as the emissivity increases, the
thermal diffusivity and internal energy both decrease. The decrease in internal energy leads
to a decrease in temperature [31]. Additionally, the temperature decrease is further amplified
by the increase in emissivity [32]. Consequently, this leads to an increase in the temperature
difference inside the solar reactor and an increase in thermal stress. When the emissivity of
the inner wall material of the solar reactor ranges from 0.2 to 0.5, the thermal stress at point A
increases from 6.24 × 103 MPa to 6.58× 103 MPa, and, at point B, the thermal stress increases
from 6.21 × 103 MPa to 6.56 × 103 MPa. Figure 9 shows the distribution of thermal stress, in
a cloud map, under different emissivity conditions in terms of the solar reactor’s inner wall
materials. It can be observed from the figure that increasing the emissivity of the inner wall
materials of the solar reactor can improve the temperature inside the reactor. However, it can
also worsen the phenomenon of thermal stress concentration in the reactor. Therefore, when
selecting the emissivity of the internal materials in solar reactors, it is necessary to consider
the distribution of internal temperature and issues related to stress concentration.

Processes 2024, 12, x FOR PEER REVIEW  10  of  18 
 

 

 

Figure 8. The influence of the emissivity of the reactor’s inner wall material on thermal stress. 

   

   

Figure 9. Thermal  stress  cloud diagrams under different  reactor  inner wall emissivities.  (a) The 

emissivity is 0.2; (b) the emissivity is 0.3; (c) the emissivity is 0.4; (d) the emissivity is 0.5. 

6.3. The Influence of Gas Inlet Velocity 

Figure 10 shows  the  impact of various gas  inlet velocities on  the  thermal stress of 

solar reactors. The calculation parameters include the impact of various gas inlet velocities 

on the thermal stress of the solar reactor under the following conditions: the power of the 

solar simulator is 2.4 kW, the gas inlet temperature is 300 K, and the working pressure is 

0.1 MPa. From the figure, it can be seen that the increase in gas inlet velocity has little effect 

Figure 8. The influence of the emissivity of the reactor’s inner wall material on thermal stress.



Processes 2024, 12, 1016 10 of 17

Processes 2024, 12, x FOR PEER REVIEW  10  of  18 
 

 

 

Figure 8. The influence of the emissivity of the reactor’s inner wall material on thermal stress. 

   

   

Figure 9. Thermal  stress  cloud diagrams under different  reactor  inner wall emissivities.  (a) The 

emissivity is 0.2; (b) the emissivity is 0.3; (c) the emissivity is 0.4; (d) the emissivity is 0.5. 

6.3. The Influence of Gas Inlet Velocity 

Figure 10 shows  the  impact of various gas  inlet velocities on  the  thermal stress of 

solar reactors. The calculation parameters include the impact of various gas inlet velocities 

on the thermal stress of the solar reactor under the following conditions: the power of the 

solar simulator is 2.4 kW, the gas inlet temperature is 300 K, and the working pressure is 

0.1 MPa. From the figure, it can be seen that the increase in gas inlet velocity has little effect 

Figure 9. Thermal stress cloud diagrams under different reactor inner wall emissivities. (a) The
emissivity is 0.2; (b) the emissivity is 0.3; (c) the emissivity is 0.4; (d) the emissivity is 0.5.

6.3. The Influence of Gas Inlet Velocity

Figure 10 shows the impact of various gas inlet velocities on the thermal stress of solar
reactors. The calculation parameters include the impact of various gas inlet velocities on
the thermal stress of the solar reactor under the following conditions: the power of the
solar simulator is 2.4 kW, the gas inlet temperature is 300 K, and the working pressure
is 0.1 MPa. From the figure, it can be seen that the increase in gas inlet velocity has little
effect on the thermal stress of the solar reactor. Due to the minimal effect of the increase
in gas inlet velocity on the internal temperature difference of the solar reactor, its impact
on the thermal stress of the solar reactor is relatively insignificant. When the gas inlet
velocity increased from 0.003 m/s to 0.09 m/s, the thermal stress at points A and B only
decreased by 10 MPa. Figure 11 shows the cloud maps of thermal stress distribution when
the gas inlet velocity increases from 0.003 m/s to 0.09 m/s. It can also be seen from the
figure that the gas inlet velocity has little effect on the thermal stress in solar reactors A
and B. Although the gas inlet velocity affects the temperature distribution inside the solar
reactor, it does not have a significant impact on the temperature difference at the front end
of the solar reactor’s aperture [3]. Therefore, it is not feasible to reduce the thermal stress
concentration by increasing the gas inlet velocity of the solar reactor.
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6.4. Effect of Working Pressure

Figure 12 illustrates the impact of various working pressures on the thermal stress of
solar reactors. The calculation parameters are as follows for the impact of various operating
pressures on the thermal stress of a solar reactor: a solar simulator power of 2.4 kW, a
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gas inlet temperature of 300 K, and an inlet velocity of 0.005 m/s. From the figure, it can
be seen that an increase in working pressure has little effect on the thermal stress of the
solar reactor. The main reason is that, although the pressure is increased, the thermal
resistance does not change with the increase in pressure [33]. Therefore, it does not cause
temperature changes and generate thermal stress. When the working pressure increased
from 0.1 MPa to 2 MPa, the thermal stress at points A and B only decreased by 10 MPa.
Figure 13 shows the cloud diagrams of the thermal stress distributions in solar reactors
under working pressures ranging from 0.1 MPa to 2 MPa. It can also be seen from the
figure that the working pressure has little effect on stress concentrations. Although the
working pressure does affect the temperature distribution of the solar reactor, its impact
on the internal temperature difference is relatively small. Thus, it cannot reduce thermal
stress. Therefore, it is not feasible to reduce thermal stress concentrations by changing the
operating pressure of the solar reactor.
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Figure 13. Thermal stress clouds of the reactor under different working pressures. (a) The working 
pressure is 0.1 MPa; (b) the working pressure is 0.5 MPa; (c) the working pressure is 1 MPa; (d) the 
working pressure is 1.5 MPa; (e) the working pressure is 2 MPa. 
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point A also increases. When the diameter of the thermocouple opening at the center of 
the porous area increases from 3 mm to 7 mm, the thermal stress at point A increases from 
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6.5. Effect of Thermocouple Aperture Diameter on Solar Reactor

Figure 14 illustrates the impact of the diameter of the thermocouple opening at the
center of the porous area in various solar reactors on the thermal stress experienced by
the solar reactor. Under the condition that the diameter of the thermocouple opening in
the front of the solar reactor remains unchanged, the calculation parameters are as follows
for the influence of the diameter of the thermocouple opening at the center of different
porous areas on the thermal stress at point A of the solar reactor: the power of the solar
simulator is 2.4 kW, the gas inlet temperature is 300 K, the gas inlet speed is 0.005 m/s, and
the working pressure is 0.1 MPa. From Figure 14, it can be observed that as the diameter of
the thermocouple opening in the center of the porous area increases, the thermal stress at
point A also increases. When the diameter of the thermocouple opening at the center of
the porous area increases from 3 mm to 7 mm, the thermal stress at point A increases from
5.43× 103 MPa to 6.24× 103 MPa, resulting in an increase of 810 MPa. Furthermore, the rate
of increase in the curve gradually slows down. This is due to the smaller aperture blocking
incident radiation [34]. As the aperture increases, radiation heat transfer is enhanced,
reducing fluid phase resistance [35]. This results in a temperature rise and the formation of
a larger temperature gradient, leading to an increase in thermal stress. Figure 15 shows
the thermal stress cloud maps of the solar reactor with varying diameters of thermocouple
openings at the center of its porous area. It can be observed from the figure that as the
diameter of the thermocouple openings at the center of the various porous areas increases,
the thermal stress at point A also increases. The rise in thermal stress significantly impacts
solar reactors. Thermocouples are crucial for measuring the temperature of the porous area
in solar reactors. The minimum diameter of the thermocouples commonly available on the
market can reach 2 mm. Therefore, when designing the diameter of the thermocouple in the
center of the porous area of a solar reactor, it is necessary to choose a smaller thermocouple
diameter to minimize thermal stress.
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diameter is 5 mm; (d) the thermocouple diameter is 6 mm; (e) the thermocouple diameter is 7 mm.

7. Conclusions

In this chapter, a solar thermochemical reactor was designed based on a 5 kW non-
coaxial concentrating solar simulator, and a thermal stress analysis model of the reactor
was established. The model was used to study the influence of solar simulator power,
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solar reactor inner wall material emissivity, working pressure, gas inlet velocity, and
thermocouple opening diameter on the thermal stress of the solar reactor. By adjusting
various operating conditions of the solar reactor, it is possible to reduce the phenomenon
of thermal stress concentration, thereby enhancing the stability and lifespan of the reactor.
At present, there has been no consideration of the effect of thermochemical reactions on
thermal stress. Therefore, the next step for research could be focusing on investigating
thermochemical reactions. Our main conclusions are as follows:

(1) As the power of the solar simulator increases, the thermal stress on the solar
reactor also increases. This is primarily attributed to the rise in power, which results in
wall radiation heat loss. Consequently, temperature non-uniformity is induced, further
intensifying the concentration of thermal stress.

(2) Increasing the emissivity of the inner wall material of the solar reactor leads to an
increase in thermal stress. This is mainly because as the emissivity increases, the thermal
diffusivity and internal energy of the reactor decrease, leading to a decrease in temperature
and exacerbating the phenomenon of thermal stress concentration.

(3) By comparing the influence of different working pressures on the thermal stress
of the solar reactor, it has been demonstrated that altering the working pressure does not
effectively reduce the phenomenon of thermal stress concentration. This is mainly because
an increase in pressure does not generate a change in thermal resistance, thus it will not
cause temperature variations and generate thermal stress.

(4) By comparing the effects of different inlet velocities on the thermal stress of the
solar reactor, it was proven that changing the gas inlet velocity does not effectively reduce
the concentration of thermal stress. Mainly, the inlet velocity has an impact on the inter-
nal temperature distribution of the solar reactor, but it does not significantly affect the
temperature difference at the front end of the solar reactor’s aperture.

(5) By comparing the influence of different thermocouple opening diameters on ther-
mal stress, it was concluded that using a smaller thermocouple opening diameter can
reduce the thermal stress inside the solar reactor. This is because the smaller aperture
blocks incident radiation. As the aperture increases, the radiation heat transfer strength-
ens, reducing fluid phase resistance. This causes a temperature rise and forms a larger
temperature gradient, leading to an increase in thermal stress.
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