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a b s t r a c t

Space nuclear reactors are becoming popular in deep space exploration owing to their advantages of
high-power density and stability. Following the fourth-generation nuclear reactor technology, a con-
ceptual design of the dual drum-controlled space molten salt reactor (D2-SMSR) is proposed. The reactor
concept uses molten salt as fuel and heat pipes for cooling. A new reactivity control strategy that
combines control drums and safety drums was adopted. Critical physical characteristics such as neutron
energy spectrum, neutron flux distribution, power distribution and burnup depth were calculated. Flow
and heat transfer characteristics such as natural convection, velocity and temperature distribution of the
D2-SMSR under low gravity conditions were analyzed. The reactivity control effect of the dual-drums
strategy was evaluated. Results showed that the D2-SMSR with a fast spectrum could operate for 10
years at the full power of 40 kWth. The D2-SMSR has a high heat transfer coefficient between molten salt
and heat pipe, which means that the core has a good heat-exchange performance. The new reactivity
control strategy can achieve shutdown with one safety drum or three control drums, ensuring high-
security standards. The present study can provide a theoretical reference for the design of space nu-
clear reactors.
© 2023 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

With the realization of the landing on the moon and Mars, the
base construction of the star catalog will be implemented in a
matter of time [1]. Knowing how to realize a long-term and stable
supply of energy is one of the important issues in the base con-
struction of the star catalog. At present, solar energy is the most
widely used energy in space missions. However, solar energy al-
ways needs sunlight, and it cannot work normally at night-side or
in far-reaching spaces where solar energy decays violently [2].
Usually, chemical energy is used at the launch and propulsion of
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spacecraft, but it can only operate in the earth's atmosphere or on a
small scale in the space environment [3]. The isotope power supply
can supply long-term energy, but it can only provide watt-level
electric power [4,5]. Space nuclear reactors based on fission en-
ergy can provide long-life, stable, and high-density electricity [6]. In
the near and far future, space nuclear fission energy systems will
become the most preferred potential technical solution for long-
term and high-power deep space missions.

Space nuclear reactors evolved from land-based nuclear re-
actors. Since the concept of a space nuclear reactor was proposed,
many space reactor design schemes have appeared. According to
the different cooling methods, space nuclear reactors mainly take
the following three forms: liquid metal-cooled reactors [7e9], gas-
cooled reactors [10,11], and heat pipe reactors [12e14]. However,
the schemes of these reactors all use solid fuel. With the develop-
ment of fourth-generation nuclear reactor technologies, the molten
salt reactor has been widely investigated. Many countries have
proposed different schemes for using molten salt reactors to supply
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energy since the concept was proposed [15e19]. In recent years, the
application of molten salt reactors in space has been gradually
considered. The United States and Japan have both proposed a
design scheme for the space molten salt reactor [20,21]. The
research on space molten salt reactors in China has also shown an
increasing trend. Li et al. [22] proposed a design scheme for molten
salt reactors that combine liquid and solid fuels to attain compact
structures with high-fuel consumption. Cui et al. [23] proposed a
micro-space molten salt reactor scheme requiring 50 kWth, with a
high negative feedback coefficient. Yu et al. [24] proposed the
M2SR-1 scheme, in which the upper part of the core is cylindrical
and the lower part is hemispherical to reduce the fuel salt load. The
molten salt reactor is capable of producing high temperatures un-
der atmospheric conditions, has high stability, and is highly safe
[25e28]. In this regard, the molten salt reactor is a suitable reactor
type for space nuclear reactors.

Control systems are the central components used to ensure the
safety of space nuclear reactors. The three main components in a
space nuclear reactor’s existing reactivity control strategy are
control rods, control drums, and sliding reflectors. Control rods
increase the axial size of the core. When inserted into the core,
control rods affect the power distribution and harm the power
output [11]. Sliding reflectors adjust neutron leakage to control
reactivity [29]. Control drums do not disturb the core’s axial power
distribution. Despite this configuration, control drums have a low
level of reactivity [30]. When a reactor is shut down, multiple
control drums must rotate simultaneously. In an emergency shut-
down, the reactivity is difficult to control using control drums.
Some scholars have proposed a hybrid safety rods and control
drums system [29] to solve the problem of reactor shutdown dur-
ing an accident. The size of the reactor axially would be increased
by safety rods that act as shutdowns in an accident. In addition, a
strategy of accident-tolerant control drums [31] has been proposed
to increase the worth of control drums and improve reactor safety.
However, accident-tolerant control drums tend to greatly disturb
the neutron flux and power in the core, which is detrimental to the
core’s ability to produce power. Thus, a new reactivity control is
imperative.

This study presents a dual drum-controlled space molten salt
reactor (D2-SMSR) with 40 kWth output, heat pipes to cool the core,
and control drums and safety drums to control the reactor’s reac-
tivity. The neutrons and thermal hydraulics of D2-SMSR can be
specified via the Monte Carlo method and finite element simula-
tion. The rest of this paper is organized as follows. In Section 2, the
structure of the D2-SMSR is described. In Section 3, the simulation
and calculation methods are introduced. In Section 4.1, the neutron
spectrum, flux distributions and depletion are presented. In Section
4.2, the flow and heat transfer characteristics of the molten salt in
D2-SMSR are analyzed. In Section 4.3, the reactivity control per-
formance and safety of control drums failure are discussed. Finally,
a summary is given in Section 5. This research can provide theo-
retical support for the design and development of space nuclear
reactors.

2. Structure design of D2-SMSR

Given the advantages of the molten salt reactor, its use in space
has also become a promising endeavor. For D2-SMSR, efficient and
passive heat pipes are preferred for heat transfer, and the fuel salt
should be stored in the reactor vessel [32]. Since the control rod
affects the axial dimension, the D2-SMSR uses the control drum as
the control mechanism to make the core compact. Two kinds of
control drums are used in the D2-SMSR to improve accident safety.
As accident-tolerant control drums are larger than control drums in
size, and part of the fuel is away from the core when rotating, they
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have a higher worth of reactivity than control drums. They can be
applied during an emergency shutdown. Thus, the accident-
tolerant control drums serve as safety drums. By contrast, tradi-
tional control drums are used for regulating reactivity.

The core structure of the proposed D2-SMSR is shown in Fig. 1,
and the main parameters are shown in Table 1. The main fuel salt
region and the safety drum fuel region form a cylinder with a
diameter of 30.6 cm and a height of 30.6 cm. The nickel-based alloy
with a thickness of 0.5 cm surrounds the cylinder. A total of 19
sodium heat pipes with an outside diameter of 2.4 cm are arranged
in the main fuel salt region. From the outside to the inside, the heat
pipes are divided into three layers, each located in a concentric
circle with the core at its center. Heat pipes are spaced 6.12 cm
apart between adjacent layers, and the outermost heat pipe is
located 3.06 cm from the main fuel salt region’s edge. The hot end
of the heat pipe is connected to the core, and the cold end is con-
nected to the thermoelectric device. Heat pipe working fluid is
vaporized in the core, cooled, and liquefied at the end of the ther-
moelectric device. It circulates through capillary force. This way, the
heat pipe can complete the heat transfer by relying on the phase
change absorption and release of the latent heat of vaporization of
the internal liquid working medium. The composition of the fuel is
LiF-UF4, the enrichment of 235U is 93%, and the abundance of 7Li is
99.9% [33]. A reflector with a thickness of 12 cm is arranged be-
tween the inner and outer alloys, and the material is BeO. Four
control drums and two safety drums are embedded in the reflector
and symmetrically arranged. The control drum is composed of
reflector material and a neutron absorber with a cladding angle of
120� and a thickness of 0.5 cm. The control drum can rotate around
its central axis and adjust the reactivity by changing the position of
the absorber. Besides the materials in the control drums, the safety
drums also contain fuel salt. As the safety drum fuel region can be
coupledwith themain fuel salt region, a cylindrical structure can be
formed.

Reactivity control is realized by control drums and safety drums.
As is shown in Fig. 2, when D2-SMSR is working, safety drums keep
still and control drums rotate to adjust the reactivity and
compensate for the reactivity change of fuel due to temperature
change and burn-up. If an emergency shutdown is required under
accident conditions, the reactivity can be rapidly reduced and
subcritical can be reached by rotating safety drums.
3. Numerical simulation method

The neutron physical simulation method and the thermal-
hydraulic simulation method are discussed in this section.
Neutron physics calculations and dual-drums worth analysis of D2-
SMSR are performed via the Monte Carlo method. Thermal hy-
draulic calculations are conducted via the finite element method.
3.1. Neutron physical simulation method

The physical modeling and critical calculation of the D2-SMSR
are completed using MCNP 6. In critical analysis, 50000 input
particles for 650 active cycles are preceded by 50 inactive cycles.
The absorbers of control drums and safety drums are all distributed
outwards. The value of keff is obtained at an operating temperature
of 1000 K. The calculation error is approximately 0.00012. The
Reactor Monte Carlo (RMC) code is used to analyze the burnup
parameters and the lifetime of the D2-SMSR. Chebyshev Rational
Approximate Method is adopted to solve depletion equations [34].
The main fuel region and the safety drum fuel region are taken as
the depletion zones. The power is 40 kWth, and the time step is
defined as one year in the burnup calculation.



Fig. 1. 3D sketch of the core structure.

Table 1
Main parameters of D2-SMSR.

Name Parameter Density /g$cm�3

Thermal power/kWth 40 -
Life/year 10 -

Fuel LiF-UF4 (72.5%: 27.5%) 6.20-1.37*T/1000
Heat pipe Sodium -

Structural material N10083 alloy 8.86
Material of reflector BeO 3.01
Absorber material B4C 2.51

Control drum diameter/cm 10 -
Safety drum diameter/cm 14 -
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3.2. Thermal hydraulic simulation method

The thermal calculation of the reactor is completed by ANSYS
Fluent. Based on the symmetry of the core structure, a quarter of
the reactor core is selected for computational analysis. This reactor
core consists of three parts: the molten salt fuel in the safety drum,
the fuel in the main fuel region, and the alloy. The grid is generated
by Fluent Meshing, as shown in Fig. 3. A polyhedral grid is used on
the surface, and a hexahedral grid is used in the core. In the thermal
calculation, the choice of turbulence models is the standard k-ε
model, and the enhanced wall function is built to deal with the
Fig. 2. Operation of co
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near-wall flow. The fuel salt density and thermal expansion rate are
determined based on the Boussinesq hypothesis [35]. The heat
source represents the whole fission area of the reactor, and heat is
considered to be evenly distributed in the fission area. The heat
pipes serve as cold sources, simplified as constant temperature
walls. Convergence is considered when the average temperature of
the system and the residuals of all variables are stable.
4. Results and discussion

This section analyzes the critical characteristics of D2-SMSR. In
the analysis of the physical characteristics, the differences in
neutron spectrum and neutron flux distribution between region 1
and region 2 are compared. The thermal-hydraulic study analyzes
the heat transfer characteristics of molten salt flow in the reactor
core under the Martian gravity condition. The heat transfer in the
D2-SMSR is elaborated concerning the two different heat pipe
insertion depths. In the dual drum worth analysis, the influence of
temperature and control drum rotation on reactivity is evaluated.
In addition, whether the reactor can shut down generally under the
failure of specific control drums is determined.
ntrol mechanism.



Fig. 3. Grid model of D2-SMSR core.
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4.1. Physical analysis of D2-SMSR

4.1.1. Neutron energy spectral distribution
The neutron spectrum of the core is shown in Fig. 4. In the D2-

SMSR, most of the energy of the neutron is higher than 1 keV.
Compared with region 2, there are more fast neutrons and fewer
slow neutrons in region 1. More affected by the reflector, the
moderation effect in region 2 is more potent than in region 1,
leading to a more significant proportion of slow neutrons.

4.1.2. Neutron flux distribution
The neutron flux density in the core is calculated by the FMESH

card, a mesh tally code in MCNP 6. The tally grid density is
99 � 99 � 99. The neutron flux of the cross and longitudinal sec-
tions is shown in Fig. 5. The neutron flux in the active area is
roughly symmetrical and decreases from the center to the edge. The
Fig. 4. Neutron distribution in different energy segments.
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safety drum inserted into the core has a negligible influence on the
neutron flux in the fuel area.

Fig. 6 shows the neutron flux curves of the different energy
segments and radial positions. Within a 12 cm radius of the fission
region, the flux distributions of the neutrons above 1 keV are
essentially the same at all three locations. Region 2 has a lower
neutron flux than region 1 at distances of more than 12 cm. The
maximum reduction is 5.5%. This finding can be attributed to the
absorption of neutrons by the alloy wrapped around safety drums.
The difference in neutron flux is similar for energies below 1 eV in
the fission area. On the one hand, neutron leakage in the core is
lessened owing to the reflection of the BeO reflector. On the other
hand, the neutron-slowing ability of BeO contributes to the pres-
ence of a small number of thermal neutrons in the fission region
near the reflector. Thus, a peak in the slow neutrons in the reflector
can be observed. Distribution of the neutron flux in different axial
locations is shown in Fig. 7. The neutron flux distribution varies
along the height direction of the nuclear reactor, initially increasing
and then decreasing. The neutron flux differences between the
center (R ¼ 0) and edge (R ¼ 14 cm) of the core are the greatest at
H ¼ 0 and the smallest near the top (or bottom) of the fuel area.

4.1.3. Thermal power distribution
Fig. 8 shows the power distribution at the bottom, middle, and

top of the D2-SMSR. The thermal power is more significant in the
middle than at the edge. The power density curves along the axial
direction are obtained to examine the power changes in region 1
and region 2. A summary of the results is shown in Fig. 9. A peak in
the middle of the core decreases along the edge but rises sharply
near the border, forming two troughs. A BeO reflector moderates
neutrons, resulting in more slow neutrons at the edge of the fission
region. Slow neutrons are more likely to cause fission with 235U
than fast neutrons, causing the core edge’s power to increase, hence
the two minimum points. Region 2 has a lower power density than
region 1. Moreover, on both sides, the difference in power distri-
bution is apparent. As shown in Figs. 6 and 7, the neutron flux in
region 2 is lower than that in region 1. Thus, the power difference at
the edge is greater than the middle along the height direction.

4.1.4. Burnup analysis
The RMC program calculates the average burnup of the entire

core of the D2-SMSR. The reactor operates at the rated operating
temperature with full power, and the absorbers are farthest from it.
Fig. 10 shows the variations in the effective multiplication factor keff
of the core versus time. The keff is greater than 1 at the end of life.
This trend indicates that the reactor can run at full power for 10
years with enough excess reactivity. Fig. 11 presents the change in
heavy metal nuclides in the reactor core over time. With time
migration, the relative instability of 235U and 238U in the reactor is
slight, whereas the other actinide nuclides keep increasing. On the
one hand, 235U partially absorbs neutrons in the reactor core to
generate 236U, causing the most number among all other actinide
nuclides. On the other hand, despite the low content, some fast
neutrons in the reactor react with 238U, slightly mitigating core
reactivity reduction.

4.2. Thermal hydraulic analysis of D2-SMSR

Liquid molten salt generates heat, and heat pipes are respon-
sible for transferring heat in the molten salt space nuclear reactor.
This process inevitably produces a temperature difference, leading
to the natural convection of molten salt in the core. In the case of
microgravity, natural convection also occurs in the molten salt
reactor, changing the thermal distribution of the core. Therefore,
the temperature and velocity fields are analyzed to clarify the



Fig. 5. Contours of neutron flux distribution (x, y and z directions are shown in Fig. 1).

Fig. 6. Neutron flux distribution in different energy segments along radial positions(L1: the line through safety drums; L2: the line without passing safety drums and control drums;
L3: the line through control drums.).

Fig. 7. Neutron flux distribution at different axial positions.

Fig. 8. Power distribution of the core at different heights.
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thermal change in the D2-SMSR. Two simplified conditions of the
heat pipe are considered. Condition 1 is to set the heat pipe to a
constant temperature wall. Condition 2 is to set the equivalent
2319



Fig. 9. Power variation along the axial direction in region 1 and region 2.

Fig. 10. keff and burnup versus time.

Fig. 11. Changes in main heavy metal composition.
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thermal conductivity of the heat pipe. The calculation results under
the two conditions are compared in the supplementary materials,
and the temperature and velocity distributions are not significantly
different. In this subsection, the heat pipe is set as a constant
temperature wall, and the flow and heat transfer characteristics of
D2-SMSR are studied under the gravity environment of Mars
(g ¼ 3.6 m/s2).

4.2.1. Temperature field distribution
The temperature distribution of the core is shown in Fig. 12.

Natural convection causes hot fluid to move upward and cold fluid
tomove downward, causing an obvious thermal stratification at the
core. Fig. 13 shows the radial distribution of temperature in the two
symmetrical sections. The gray bars represent the position of the
heat pipe, and the black bars represent the part of the alloy coating
the fuel. Given the heat absorption of the heat pipes, the heat
uniformity along the radial direction is enhanced. The core tem-
peratures are less uniform near the top and bottom than those in
the middle. The average temperature in region 2 is approximately
20 K higher than that in region 1. The average heat transfer coef-
ficient have is defined as follows:

have ¼ qave
Tave � Tcold

where qave is the heat flux (W/m2), Tave is the average temperature
of the core, and Tcold is the temperature of the cold source. Ac-
cording to the calculated result, have ¼ 1.33 kW m�2 K�1.

4.2.2. Flow field structural variation
Fig. 14 shows the velocity distribution in the D2-SMSR. The ve-

locity distribution in the core is concentrated near the heat pipe
and in the middle of the core. A certain velocity distribution is
observed on the wall between region 1 and region 2. Region 1 has a
higher velocity flow near the bottom of the core, which can be
Fig. 12. Contour of temperature distribution of the 1/4 core.



Fig. 13. Temperature plots for different heights and radial positions.
Fig. 15. Velocity distribution at different heights and radial positions.
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explained by the temperature difference between the two fission
regions. In addition, the temperature difference aggravates the
natural convection effect of the liquid molten salt. This effect is
more obvious at the bottom of the core, leading to a higher velocity
near the safety drum at the bottom. Fig. 14(a) and (c) show the
downward flow near the alloy occur only in region 2, but not in
region 1. This phenomenon is related to the convection in region 1
and region 2. As shown in Fig. 13 (a), at the same height, the tem-
perature of region 2, region 1 and the alloy between them is
Tr2>Talloy> Tr1. For region 2, the alloy is a cold wall. The fluid density
near it is large and sinks, and the flowdirection is downward.While
for region 1, the alloy is a hot wall. The fluid density near it is small
and floating upward, and the flow direction is upward. Fig. 15
shows the radial velocity distribution in the two symmetrical
Fig. 14. Contour of the velocity d
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sections. The positions with high velocity are all near thewall of the
heat pipe, corresponding to the parts with a large temperature
gradient.
4.2.3. Influence of heat pipe position
Different depths of heat pipes inserted into the core affect the

reactor's flow and heat transfer characteristics. On the one hand,
the deeper the insertion of heat pipes, the larger the contact wall
with the core and the larger the heat transfer area, which is
beneficial for heat transfer. On the other hand, maintaining a
certain distance between the heat pipe and the bottom strengthens
the local convection in the core [36]. As a result, the liquid molten
salt becomes more fluid and promotes convective heat transfer in
the reactor. The temperature and velocity of two cases are
istribution of the 1/4 core.



Fig. 17. Effects of different heat pipe insertion depths on velocity distributions
((a): heat pipe contact with the bottom of the core; (b): heat pipe is 0.05 H from the
bottom of the core).

Fig. 18. Influence of temperature on reactivity.
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compared to explore the influence of different heat pipe insertion
depths on flow and heat transfer characteristics.

As shown in Figs. 16 and 17, when the heat pipe is at a certain
distance from the bottom of the core (h ¼ 0.05 H), the heat transfer
area at the bottom decreases. However, the convection effect in the
local area at the bottom of the heat pipe is strengthened, and the
fluidity of molten salt is enhanced. This situation causes a slightly
smooth change in the temperature in themiddle area. Although the
average temperature is higher when h ¼ 0.05 H, the average heat
transfer coefficient have is 1.39 kW m�2 K�1, which is greater than
the value of h ¼ 0 (1.33 kW m�2 K�1), indicating a better heat
transfer performance.

4.3. Dual drum value analysis of D2-SMSR

Safety drums and control drums regulate the reactivity of D2-
SMSR. Control drums are used during a regular operation to control
reactivity. Safety drums are used to shut down the core in an
emergency. A discussion of the regulation effect of control drums
on reactivity and the safe shutdown capability of the reactor under
partial drum failure is presented in this subsection.

4.3.1. Reactivity control analysis
Fig.18 shows the variation of keff when theworking temperature

is from 773 K (melting point temperature of molten salt) to 1000 K
(operating temperature). The effective multiplication factor keff
decreases linearly with the increase in temperature. The average
reactivity temperature coefficient is calculated as

aT ¼
1

keff1
� 1

keff2

T2 � T1

where aT is the reactivity temperature coefficient of reactor core,
and keff1 (or keff2) is the effective multiplication factor when the
temperature is T1 (or T2). According to the calculated result,
aT ¼ -4.85 pcm/K. As can be seen from Table 2, D2-SMSR has a
slightly large negative feedback temperature coefficient and high
inherent safety.

For a molten salt reactor, temperature affects the reaction cross-
section between the core material and neutrons, eventually
changing reactivity. The temperature also affects the density of
Fig. 16. Temperature distribution along the height direction in region 1 and region 2.
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molten salt, further affecting the reactivity. Fig. 18 shows the in-
fluence of the two changes. Liquid fuel is primarily responsible for
the reactivity change in the D2-SMSR. Table 3 gives the total reac-
tivity of materials temperature (excluding the reactivity caused by
fuel density). For D2-SMSR, the influence of core material temper-
ature on the reactivity coefficient mainly lies in the temperature of
the reflector. The reactivity coefficient caused by material temper-
ature is negative, and the reactivity caused by fuel density is posi-
tive. The reactivity change caused by density is far greater than that
caused by core material temperature, which finally causes the
reactor to have a negative feedback coefficient.

This study calculates a variation in the keff with the angle of the
control drum at T¼ 773 K and T¼ 1000 K to investigate the effect of
control drum rotation on reactivity. As stipulated, the rotation angle
is 0�when the absorber of the control drum is closest to the core
and 180� when it is farthest from the core. The results are shown in
Table 2
Comparison of reactivity temperature coefficients of different reactor types.

Reactor name Reactivity temperature coefficients (pcm/K)

KRUSTY -0.77 [37].
SNCLFR-100 -1.27 [38].

PWRa -5~-2
D2-SMSR -4.85

a For pressurized water reactor, only the fuel temperature coefficient is
concerned.



Table 3
Temperature coefficient of core material.

Reflector Fuel Doppler effect Total

0.40 pcm/K -0.08 pcm/K 0.33 pcm/K

Fig. 20. Distribution of safety drums (SDs) and control drums (CDs).
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Fig. 19. With the increase in the rotation angle of the control drum,
the effective multiplication factor increases non-linearly. The
reactivity value of the control drums at T ¼ 773 K is 5128 pcm; at
T ¼ 1000 K, it is 5481 pcm. The findings suggest that when the
reactor is shut down at the working temperature, the temperature
of the core drops, leading to a slight reduction in the shutdown
margin. In addition, when the spacecraft falls in a launch accident,
the reactor may suffer from water flooding or sand flooding. This
situation moderates the neutrons in the core and causes a sharp
increase in reactivity. In this case, the reactor may return to criti-
cality. Therefore, keff < 0.98 should be considered in the shutdown
state to ensure the shutdown safety of the space nuclear reactor
[39]. The D2-SMSR has sufficient margin to ensure shutdown in
case of an accident.

4.3.2. Shutdown strategy analysis
The reactivity of the D2-SMSR is controlled by four control

drums and two safety drums, as shown in Fig. 20. The worth of
control drums and safety drums is shown in Fig. 21. With the
change of angle, the effect of two safety drums on keff of the core is
greater than that of four control drums, with a deeper shutdown
margin. This result means that the safety drum can reduce core
reactivity more quickly. Subsequently, the changes in reactivity
during certain control drums and safety drums failures are
analyzed. According to calculations, keff of the shutdown is 0.97397
when a single safety drum is working, and it is 0.97045 when three
control drums are working, as shown in Table 4. Therefore, a single
safety drum or three control drums can realize the normal shut-
down of the reactor.

5. Conclusion

This study has proposed a conceptual design of the D2-SMSR.
The molten salt LiFeUF4 served as fuel with heat pipes exhausting
the released heat. Control drums and safety drums are used for
reactivity control and emergency shutdown. Critical characteristics
of neutron physics and thermal hydraulics are determined. The
Fig. 19. Effect of control drum rotation angle on reactivity.
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conclusions of this study can be summarized as follows:

(1) The D2-SMSR has a fast neutron energy spectrum with a
temperature coefficient of -4.85 pcm/K, which can meet the
10-year life requirement at the full power of 40 kWth.

(2) The natural convection flow of molten salt in D2-SMSR can
enhance core’s flow and improve core’s heat transfer effect.
Fig. 21. Effect of control drums and safety drums on reactivity.

Table 4
keff versus control (safety) drum failure position and
number.

Failure position keff

SD1(or SD2) 0.97397
CD1 0.97045

CD1 and CD2 0.98503
CD1 and CD3 0.98390
CD1 and CD4 0.98390
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The heat transfer performance is strengthened when the
bottom distance between the heat pipes and reactor core is
0.05H.

(3) The new nuclear safety strategy of combining control drums
and safety drums can achieve higher safety standards, and
only a single safety drum or three control drums are needed
for normal shutdown.
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