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Abstract With the advantages of high reliability, power
density, and long life, nuclear power reactors have become
a promising option for space power. In this study, the
Reactor Excursion and Leak Analysis Program 5
(RELAPS), with the implementation of sodium—potassium
eutectic alloy (NaK-78) properties and heat transfer cor-
relations, is adopted to analyze the thermal-hydraulic
characteristics of the space nuclear reactor TOPAZ-II.
A RELAPS5 model including thermionic fuel elements
(TFEs), reactor core, radiator, coolant loop, and volume
accumulator is established. The temperature reactivity
feedback effects of the fuel, TFE emitter, TFE collector,
moderator, and reactivity insertion effects of the control
drums and safety drums are considered. To benchmark the
integrated TOPAZ-II system model, an electrical ground
test of the fully integrated TOPAZ-II system, the V-71 unit,
is simulated and analyzed. The calculated coolant tem-
perature and system pressure are in acceptable agreement
with the experimental data for the maximum relative errors
of 8 and 10%, respectively. The detailed thermal-hydraulic
characteristics of TOPAZ-II are then simulated and ana-
lyzed at the steady state. The calculation results agree well
with the design values. The current work provides a solid
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foundation for space reactor design and transient analysis
in the future.

Keywords Space nuclear reactor TOPAZ-II - Thermal—
hydraulic analysis - RELAPS5 modification

1 Introduction

With the strong demand for space exploration, the
requirement for nuclear power technology featuring high
reliability, high power density, long service life, small
volume, and lightweight in civil and military space mis-
sions is increasing. The former Soviet Union and USA
have designed several types of space nuclear reactor sys-
tems including a thermoelectric conversion reactor system,
thermionic conversion reactor system, Brayton cycle
reactor system, and Stirling cycle reactor system [1-4]. The
TOPAZ-II reactor system is the most advanced and expe-
rienced space nuclear power reactor based on thermionic
conversion [5].

In the 1960s, extensive experimental research based on
direct energy conversion technology was conducted by the
former Soviet Union. The test program, including
mechanical, thermal management, ground nuclear, and
electrical heated thermal vacuum tests, was conducted to
confirm the TOPAZ-II system’s operational performance
[6]. In the 1990s, a joint thermionic (TI) program between
the Air Force and Department of Energy in the USA was
established and tests of the TOPAZ-II system with elec-
trical heated thermionic fuel elements (TFEs) were con-
ducted at the Thermionic System Evaluation Test (TSET)
facility [7]. The TOPAZ-II TFEs have undergone extensive
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testing with electrical heating to optimize the operational
parameters [8].

In addition to experimental tests, numerical simulations
have also been performed. The Thermionic Integrated
Transient Analysis Model (TITAM) code was developed to
investigate the steady and transient performance of a sin-
gle-cell TFE with either fission or electrical heating [9].
The start-up process of TOPAZ-II and a non-credible start-
up accident with TOPAZ-II prior to launch were simulated
with the TITAM [10, 11]. The TOPAZ-II system responses
under accident conditions were modeled by the Russian
dynamics analytical simulator called ENSY. The accident
conditions included switch failure during start-up, neutron
regulator switch failure during start-up, and a loss of
coolant accident (LOCA) [12]. The Code for Extended
Nonlinear Transient Analysis of Extraterrestrial Reactors
(CENTAR) was developed to quantify the operator’s
response time of the TSET following an interruption in
vacuum chamber cooling [13]. The Transient Analysis
code of Space Thermionic Nuclear reactor (TASTIN) was
developed by Xi’an Jiaotong University to analyze the
transient thermal-hydraulic characteristics of TOPAZ-II
[14, 15].

RELAPS, as the best estimate transient simulation tool
for reactors cooled by light water or heavy water, does not
include the capability to perform the thermal-hydraulic
analysis of the sodium—potassium eutectic alloy-cooled
(NaK-78) space nuclear reactor owing to the lack of the
related physical properties and heat transfer correlations of
NaK-78. In this study, the thermodynamic and transport
properties of NaK-78 and heat transfer correlations for
liquid metals were implemented in the RELAPS code. The
RELAP5 model for TOPAZ-II including TFEs, reactor
core, coolant loop, radiator, and volume accumulator was
established. The TOPAZ-II ground test V-71 unit was
simulated with the modified RELAPS to verify and validate
the developed model. Based on verification and validation,
the steady state with nominal power and start-up proce-
dures of TOPAZ-II were simulated and analyzed. This
work aims to provide a valid method to conduct thermal-
hydraulic analysis of space nuclear reactors.

2 TOPAZ-II description

The TOPAZ-II is a thermionic space reactor system that
can generate 4.5-5.5 kW of electricity utilizing the in-core
thermionic conversion units. The major subsystems of the
TOPAZ-II are the (1) NaK-78-cooled reactor with
epithermal neutron energy spectrum, (2) lithium hydride
radiation shield, (3) electromagnetic (EM) pump for cir-
culating the coolant, (4) radiator for waste heat rejection
into space, (5) cesium reservoir assembly for supplying
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cesium vapor for the operation of the TFEs, and (6)
instrumentation and control (I&C) system for regulating
the reactor power. Figure 1 displays the TOPAZ-II sche-
matic diagram.

The nuclear reactor incorporates 37 single-cell TFEs.
Thirty-four of the TFEs are connected in series to provide
electricity. The other three are connected in parallel to
provide power for the electromagnetic (EM) pump. The
reactor power can be controlled by rotating the three safety
drums and nine control drums. A radial cross section of the
TOPAZ-II reactor core is depicted in Fig. 2. The main
design parameters of TOPAZ-II are summarized in
Table 1. Additional TOPAZ-II system information can be
found in Ref. [16].

3 RELAPS modification and modeling
3.1 Thermo-physical properties of NaK-78

RELAPS is coded in a modularized program using top-
down structuring. The code top-level structure consists of
the data input (INPUT), transient calculation (TRNCTL),
and result stripping (STRIP) blocks. To simulate the NaK-
78 alloy-cooled space reactors, subroutines in the INPUT
and TRNCTL blocks must be modified. The thermo-
physical properties of the NaK-78 alloy (78% K and 22%
Na) are implemented into the RELAPS5 code. The required
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Fig. 1 (Color online) TOPAZ-II schematic diagram
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Fig. 2 (Color online) Radial
cross section of TOPAZ-II
reactor core

Table 1 Main design
parameters of TOPAZ-II

NaK Coolant
Channel

Load Sectioh
TFEs

Pump Section
TFEs

ZrH Moderator

Be Reflector

Control Drum

i '\Safety Drum

B4C

Parameter Value

Lifetime (year) 3

Thermal power at BOL/MAX (kWth) 115/135

TFEs electrical power (kWe) 4.5-5.5

Conversion efficiency at BOL 52%

Voltage (V) 27 £ 0.8

Reactor neutron spectrum Epithermal

Reactor fuel U0,

Fuel enrichment 96% U-235

Fuel loading (kg) 27

Reactor core diameter (mm) 260

Reactor core height (mm) 375

Coolant type NaK-78 (78% K, 22% Na)
Coolant temperature at core inlet (K) 743

Coolant temperature at core outlet (K) 843

Coolant mass flow rate (kg/s) 1.3

System pressure (MPa) 0.1

Radiator mass (kg) 46

Number of radiator elements 78

Radiator fin material Copper with black enamel coating
Radiator surface (m2) 72

Radiator emissivity 0.86

Reactor control 9 control drums and 3 safety drums
Moderator ZrH, g5

Primary system material

TFE emitter material

TFE collector material

Shield material

Number of TFE elements in core

Stainless steel

Monocrystal Mo with 3% Nb

Polycrystal Mo

LiH for neutron and stainless steel for gamma
37
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properties are the isothermal compressibility, specific vol-
ume, thermal expansion coefficient, specific enthalpy,
specific heat capacity and transport properties of thermal
conductivity, surface tension, and dynamic viscosity.

Based on Raoult’s law, the vaporization curve of NaK-
78 can be expressed as [17]:

1g(P/1.3) =9 — 4367/T, (1)

where P is the pressure (Pa) and T is the temperature (K).
3.1.1 Liquid thermo-physical properties

The density of the liquid NaK-78 alloy changes with
temperature. It was reported by Qian [18], and the linear
fitted formulation can be expressed as the following form
with 1% maximum error:

p) = 946.65 — 0.245 x T, (2)

where p, is the liquid density (kg/m’).The specific volume
) 1S

o =1/p. (3)

The adiabatic compressibility of liquid NaK-78 is related to
sound speed and can be expressed as in Eq. (4). The
isothermal compressibility of NaK-78 is related to the
adiabatic compressibility and can be defined as in Eq. (5).

ks = 1/(/)62), (4)
ke = ks + (To*) / (pey), (5)

where kg is the adiabatic compressibility (Pa™Y), k is the
isothermal compressibility (Pa™"), ¢ is the sound speed (m/
s), ¢p is the specific heat capacity [J/(kg K)], o is the
thermal expansion coefficient (K™'), and p is the density

(kg/m>).
The sound speed of liquid NaK-78 can be expressed as
c=19062—-0.53T. (6)

The coefficient of thermal expansion can be obtained from
Eq. (7).
V = Vo[l + (T —273)], (7)

where V is the volume of liquid NaK-78 and Vj is the
volume of liquid NaK-78 at 273 K. The thermal expansion
coefficient o is assumed to be a constant of 2.77 x 10~*
K

The specific heat capacity of NaK-78 can be obtained
from the following equation [19]:

cp = 1097.04 — 0.556T +3.431 x 10772, (8)

The specific enthalpy of liquid NaK-78 can be expressed as
the following form:
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h = 938.6 x (T —273) — 1.0962 x 10~°(T — 273)*
+7.0555 x 107(T — 273)? + 0.05636 x (T — 273)

x g~0-004055%(T-273)

©)

where h; is the specific enthalpy (J/kg). Equation (9) is
fitted with the experimental data with 0.3% maximum
error. The specific internal energy u; can be obtained by

uy :hl—P'Dl. (10)

The differential equation of specific entropy can be
expressed as [20]

0

ds = 2dr — (22) daP. (11)
T T/,

Substituting specific volume and specific heat capacity into

Eq. (11) and integrating the equation, the liquid specific

entropy can be expressed as

S1=Cp ln(T/To) + S0 — 0245(P — Po) . (94665
—0.245T) 2, (12)

where s is the reference liquid specific entropy at 7 and
Py, cp is the specific heat capacity [J/(kg K)], and s; is the
specific entropy [J/ (kg K)].

3.1.2 Vapor thermo-physical properties

In TOPAZ-II, the coolant temperature ranges from
300 K to 850 K during the start-up and normal operation;
the phenomena of coolant boiling is expected to be avoided
during the accident scenarios. Therefore, the vapor NaK-78
alloy is not important and is simplified as the ideal gas.

The vapor density of NaK-78 can be calculated as
follows:

P
R-T’

(13)

constant and is

pg =

where R represents the gas
229.26 J/ (kg K).

Similarly, the specific enthalpy for vapor NaK-78 can be
represented as

hy = cpg(T — To) + hg, (14)

where hy is the reference vapor specific enthalpy at Ty and
Po.
The vapor specific internal energy can be expressed as

ug = hg — P - g (15)

The specific entropy of vapor NaK-78 can be calculated as

T P
Sg = Cpg 11’1(?0) — Rhl (}T()) + Sg(), (16)
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where s,0 represents the vapor specific entropy at the triple
point and s, is the specific entropy [J/(kg K)I.

3.2 Transport properties

Transport properties including the thermal conductivity
A [W/(m K)], surface tension ¢ [N/m], and dynamic vis-
cosity u (Pas) are required in the RELAPS5 code
modification.

The thermal conductivity of liquid NaK-78 is imple-
mented as [19]

2 =14.11+0.0327T — 2.2 x 10777, (17)

Equation (17) is mainly in terms of the experimental data,
with 0.8% maximum error.

The surface tension of the liquid NaK-78 changed with
temperature can be obtained in terms of the surface tension
of sodium and potassium. The linear fitted formulation can
be expressed as

o = 1357 —7.192 x 107(T — 273). (18)

The dynamic viscosity of NaK-78 can be expressed as

{u =0.116p' 3 exp(668p/T), T <773 K (19)

pw=82x10"2pPexp(979p/T), T > 173K’

3.3 Heat transfer correlations for liquid metal

In the modified RELAPS, the heat transfer correlation
[21] for the liquid metal convection heat transfer in tube is

0.8
Nu = 6.0 +0.025 [0.014Re0‘45Pr0'2 (1 - efk—eo-z‘éﬁrovz)Pe} ,
(20)

where Nu represents the Nusselt number, Re is the Rey-
nolds number, Pr represents the Prandtl number, and Pe
represents the Peclet number. Equation (20) is appropriate
to fully develop the flow, and the Nusselt number for the
laminar flow regime in tube is

Nu=436 for Re<3000. (21)

The convection heat transfer correlation [22] for annular
pipes with liquid metals is

Nu = 5.25 4+ 0.0188Pe"¥(D,/D,)**, D, /D, > 1.4
Nu =5.8+0.02P"3 D,/D; — 1 '

(22)

where D; is the inner diameter and D, is the external
diameter.

The convection heat transfer correlation [23] for rod
bundles with liquid metals is

Nu = 4.0+ 0.16(P/D)*° 4 0.33(P/D)**(Pe/100)"*¢
for 1.1<P/D<14 10<Pe<5000,

(23)

where P/D is the rod or tube pitch-to-diameter ratio.
3.4 RELAPS modeling

The RELAPS model for the TOPAZ-II system was
developed, and the nodalization of the TOPAZ-II system is
presented in Fig. 3. The established model contains virtu-
ally all the main structures including in-core TFEs, reactor
core, pump, radiator, primary loop, and volume accumu-
lator. Owing to the TFE layout symmetry, the TFEs in the
same circumference were simplified as one coolant channel
in the RELAP5 model. Thirty-seven TFEs were divided
into four coolant channels including 1, 6, 12, and 18 TFEs,
respectively, as indicated in Fig. 4. They were modeled as
components 210, 220, 230, and 240. Components 210, 220,
230, and 240 are annulus-type hydraulic components with
24.5 mm inner diameter, 25.9 mm outer diameter, and
375 mm height. In the RELAP5 model, coolant Channel 1
was defined as a hot channel; the other three coolant
channels were simplified as average channels. Both sides of
a coolant channel were coupled with heat structures. The
complex TFE ring structures of fuel, fission gas gap,
emitter, cesium gap, collector, helium gap, stainless steel
inner wall, stainless steel outer wall, CO, gap and ZrH
moderator were modeled in the heat structures with an

Coolant Coolant
; 5
pipe coolant pipe

channel

Coolant
pipe

Volume

820

> <
>
! EM pump
100
Radiator upper header 400

Coolant
channel
Cnn.)lzmt Radiator
pipe
Copper
fin

Radiator lower header 800

Coolant
pipe

Fig. 3 (Color online) Nodalization of TOPAZ-II
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Fig. 4 (Color online)
Schematic of core simplification
process

Channel

Load
Section
TFEs

Pump
Section
TFEs

outer diameter of 17 mm, 17.3 mm, 19.6 mm, 20.6 mm,
23.4 mm, 23.8 mm, 24.5 mm, 26.6 mm, 27.5 mm, and
37.1 mm, respectively. A schematic of the TFE cross
section is presented in Fig. 5.

The radiator is an uncommon component compared to a
convection nuclear system. The radiator consists of an
upper header, lower header, and 78 radiator coolant chan-
nels (as indicated in Fig. 1). The radiator fin material is
copper with black enamel coating, and the effective radi-
ator surface is 7.2 m* The upper header (Component 400)
and lower header (Component 800) of the radiator are
circular ring structures. The radiator is a circular cone-
truncated structure. Owing to the symmetry of the headers
and radiator, the 78 coolant channels in the radiator were
simplified into 20 channels divided into four groups based
on the coolant flow direction in the upper header. Each
group corresponds to a coolant flow direction and contains
five coolant channels in parallel with equivalent flow area.
The coolant channel is 22.1 mm in diameter and 1830 mm
in height. The radiator model displayed in Fig. 3 is only
one group of radiator parallel channels. The other three
groups of radiator parallel channels exist in the RELAPS

Fig. 5 (Color online) Central void
Schematic of TFE cross section o8

Fission gas gap
D173

Cesium gap
©20.6

Helium gap

023.8

NaK coolant channel
®25.9

027.5
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CO: gap

Coolant
channel 1

Coolant

channel 2 Reflector

Moderator

I TFE
Control

Drum NaK coolant

Coolant channel

channel 3

Coolant
channel 4

model; however, they are not displayed in Fig. 3. The
outsides of the radiator coolant channels have rectangular-
type heat structures to model the copper fins. The surface
radiation emissivity of the copper fins is 0.86. The top view
of radiator and the radiator simplification process are dis-
played in Fig. 6. The detailed hydraulic components
illustrated are listed in Table 2.

4 Results and discussion
4.1 Verification and validation

To benchmark the fully integrated TOPAZ-II system
model, the model predictions were compared with the
steady-state measurements for an electrically heated, fully
integrated TOPAZ-II system, the V-71 unit. The V-71 unit
is the first electrically heated ground test of a complete
thermionic space nuclear power system [24]. For the V-71
unit, the fuel pellets were replaced by electrically heated
tungsten; the thermal heat flux to the emitter was assumed
uniform along the active emitter.

UO: fuel

Mo/W emitter
®19.6

Mo/Nb collector
0234

Al-Os insulator
®23.7

Stainless steel inner wall
®24.5

- : Stainless steel outer wall
== 026.6
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Fig. 6 (Color online) Top view
of radiator and schematic of
radiator simplification process

[ Radiator upper header

]
Coolant channel Radiator
Copper fin
| |

Radiator upper headér Radiator lower header Radiator lower header

Coolant exit

Table 2 TOPAZ-II model components description

Component Component type and geometrical information

100 Time-dependent junction: EM pump

110, 120 Pipe: coolant pipe from EM pump to inlet plenum (1.73 x 1073 m? in flow area, 2.93 m in height)

200 Branch: core inlet plenum (6.9 x 107> m? in flow area, 0.014 m in height)

210 Pipe: hot channel (5.54 x 107> m? in flow area, 0.375 m in height)

220, 230, 240 Pipe: average channel (5.54 x 107> m® in flow area, 0.375 m in height)

300 Branch: core outlet plenum (6.9 x 107> m? in flow area, 0.014 m in height)

310, 320 Pipe: coolant pipe from core outlet plenum to radiator upper header (8.67 x 10~* m® in flow area, 2.93 m in height)

400 Branch: radiator upper header (3.62 x 107> m?® in flow area, 0.73 m in length)

601-605 Pipe: radiator coolant channel (3.85 x 10~* m® in flow area, 1.83 m in height)

800 Branch: radiator lower header (8.67 x 10™* m? in flow area, 3.93 m in length)

820 Time-dependent volume: volume accumulator

901, 902 Pipe: coolant pipe from radiator lower header to EM pump (1.73 x 107> m® in flow area, 3.85 m in height)
The comparisons of the calculated and measured coolant R I cr e ——

temperatures at the core inlet and core outlet are displayed ] e Core outlet temperature

in Fig. 7. The calculated values are in acceptable agree-
ment with the experimental data. The maximum relative
error is 8% as indicated in Fig. 8. The error between the

700

3
e
2
o
@ o,
S 600 | +8%
£
Qo
800 z
—— Calculated inlet temperature <_% -5%
| — Calculated outlet temperature 8 500
® V-71 measured inlet temperature o
700 @ V-71measured outlet temperature E
©
g § 400
©
)
5 600 ©
g 300 d T d T T T v T d
‘E?- 300 400 500 600 700 800
% 500 V-71 measured coolant temperature (K)
s
8 Fig. 8 (Color online) Relative error of calculated and measured
© 4001 coolant temperature of V-71 unit
"3 38 40 42 44
300 — T T T T calculated results and the experimental data can be caused

0 20 40 60 80 100 120 .
Power (kW) by the error of the coolant mass flow rate. The comparison

of the calculated and measured system pressure is dis-

Fig. 7 (Color online) Comparison of calculated and measured played in Fig. 9. The maximum relative error is 10% as
coolant temperature of V-71 unit
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Fig. 9 (Color online) Comparison of calculated and measured system
pressure and coolant mass flow of V-71 unit

90J ™ System pressure .
—~ n
© - .
& 80 f.‘.l
<
(0]
= 70+ u
2 +10%
a ] (]
2 0
g 60+ (] '4 A)
IS ] ()
]
? 50
2
2
E 40 +
3
o
© .
8 %
20 —_———
20 30 40 50 60 70 80 90

V-71 measured system pressure (kPa)

Fig. 10 (Color online) Relative error of calculated and measure
system pressure of V-71 unit

indicated in Fig. 10. The system pressure mainly influences
the subcooling degree of the coolant, which is approxi-
mately 300 K in normal operation; hence, the maximum
relative error of 10% in the local region is acceptable.

4.2 Steady-state analysis

The steady-state analysis of TOPAZ-II was performed
with the modified RELAPS. The comparisons between the
steady-state results and design values are presented in
Table 3; the calculated results agree well with the design
values.

The radial temperature distribution of the TFE at dif-
ferent positions in the average coolant channel is displayed
in Fig. 11. Five typical positions are indicated in Fig. 11.
The fuel maximum temperature of 1941 K appears in the
fuel center of Position 2. Because the thermal conductivity
of the cesium vapor is low and electric power is generated
between emitters and collectors, a clear temperature
reduction appears in the cesium vapor gap. Owing to the
high thermal conductivity coefficient and large heat
capacity, the radial temperature distribution in the moder-
ator is uniform. The radial temperature distribution in the
reflector is smooth, and the temperature distribution is
virtually the same as the coolant temperature.

Figures 12 and 13 display the axial temperature distri-
bution of each TFE component in the hot channel. The
axial temperature distribution of the fuel pellets depends on
the axial power curve and radial heat conduction. A max-
imum fuel pellet temperature of 2039 K appears in the
middle of the fuel, which is considerably less than the
melting temperature of approximately 3100 K. The axial
temperature distribution of the fission gas and emitter is
mainly determined by the radial heat conduction from the
fuel pellets. The temperature variation trend is consistent
with the fuel temperature distribution. Owing to the low
thermal conductivity of cesium vapor, the temperature
distribution of the components outside the cesium vapor is
less influenced by the fuel temperature distribution and
more influenced by the coolant axial temperature
distribution.

Figure 14 illustrates the coolant temperature distribu-
tions along the flow direction in four coolant channels and
two radiator channels. The core coolant Channel 1 is the
hot channel; the other three channels are average channels.
The outlet coolant temperature in the hot channel is 10 K
higher than that in the average channel outlet. The maxi-
mum coolant temperature is 854 K, which is considerably
less than its saturation temperature of approximately

Table 3 Comparison of design

value and calculated value of Parameter Design value Calculated value
TOPAZ-II Reactor thermal power (kW) (fixed parameter) 115 115

Coolant temperature at core inlet (K) 743 744

Coolant temperature at core outlet (K) 843 844

Coolant mass flow rate (kg/s) (fixed parameter) 1.32 1.32
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1100 K. The coolant temperature increase in the core is
approximately 101 K, and the coolant temperature
decrease in the radiator is approximately 96 K. This is
because approximately 5% of the heat is radiated into space
from the primary hot leg and cold leg. The coolant tem-
perature has no change in core inlet reflector and core
outlet reflector.

Figure 15 presents the local coolant temperature, cool-
ant saturation temperature, and coolant subcooling degree
of the primary system. The coolant is heated in the core,
the core average channel outlet temperature attains a
maximum of 844 K, and the coolant subcooling degree
reaches a minimum of 260 K. There is a small amount of
heat loss by radiation from the coolant pipes; the coolant
temperature decreases marginally along the coolant flow
direction. As the coolant flows through the radiator, the
coolant temperature decreases to 746 K. When the coolant
flows through the pump, the increase in the system pressure
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Fig. 15 (Color online) Local coolant temperature and coolant
subcooling degree of TOPAZ-II
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increases the coolant saturation temperature. The coolant
temperature reaches a minimum value of 744 K after
flowing through the pump. Therefore, the maximum value
of coolant subcooling, in degrees, 370 K, occurs at the
outlet of the EM pump. It can be concluded that the steady-
state operation of TOPAZ-II is safe and reliable because of
the higher design margin.

5 Conclusion

In this study, the thermo-physical properties and trans-
port properties of NaK-78 and the relevant heat transfer
correlations were implemented into the RELAPS code.
After modification, the modified RELAPS was adopted to
simulate and analyze the TOPAZ-II reactor system.
A RELAPS model including the core, TFEs, radiator,
coolant loop, and volume accumulator was established.
The ground test of the TOPAZ-II system, the V-71 unit,
was adopted to benchmark the modified RELAP5 model.
The steady-state condition of TOPAZ-II was simulated and
analyzed. Based on the above analysis, the following
conclusions can be obtained:

1. The V-71 unit was simulated using the modified
RELAPS with a comparison of the experimental data.
The maximum relative error of the coolant tempera-
tures was 8%, and the maximum relative error of the
system pressure was 10%. Further, the maximum error
only occurred in special positions around 40 kW. The
acceptable agreement between the calculated results
and experimental data preliminarily verifies and val-
idates the modified RELAPS model. This proves the
capability of the modified RELAPS to analyze the
TOPAZ-II system.

2. The steady-state calculated results agree well with the
reactor-designed values. The maximum coolant outlet
temperature was 854 K, which has a large margin of
approximately 250 K to the boiling point. The fuel
maximum temperature was 2039 K, which is consid-
erably less than the melting temperature of approxi-
mately 3100 K. This proves the good safety
performance of the designed TOPAZ-II at the steady
state. The transient safety characteristics should be
assessed as a next step.

This work provides a solid foundation for a space nuclear
reactor design and transient analysis in the future.

@ Springer
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