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1. Introduction 
 

The utilization of a closed recuperative Brayton 
power conversion cycle is one of the viable options for 
the power conversion unit (PCU) of the next generation 
power plant (NGNP). Therefore, it is important for the 
safety analysis code to predict accurately the behavior 
of PCU. In an effort to develop a safety analysis code 
for Gas-Cooled Reactors (GCRs), the MARS code that 
was primarily developed for thermal-hydraulic (TH) 
analysis of water reactor systems has been extended for 
application to GCRs [1]. In this study, the developed 
MARS-GCR code is applied to the pebble bed micro 
model (PBMM) [2] simulating a three shafts power 
conversion unit to show its capability to the prediction 
of the dynamic behavior of three shafts power 
conversion system. 

 
2. Methods and Results 

 
The PBMM is a test facility with the purpose of better 

understanding the dynamic behavior of the PBMR 
power conversion unit. Although the design of PBMM 
closely resembles that of PBMR, the main difference is 
that the PBMM uses nitrogen instead of helium as the 
working fluid [2].  

 

 
Fig.1 Schematic layout of the PBMM. 

 
A schematic layout of the PBMM power conversion 

cycle is shown in Fig.1. Starting at (1), nitrogen at a 
relatively low pressure and temperature is compressed 
by a low-pressure compressor (LPC) to an intermediate 
pressure (2) after which it is cooled in an intercooler to 
state (3). A high-pressure compressor (HPC) then 
compresses the nitrogen to state (4). From (5) to (6) the 
nitrogen is preheated in the recuperator before entering 

the heater, which heats the nitrogen to state (8). After 
the reactor the hot high-pressure nitrogen is expanded in 
a high-pressure turbine (HPT) to state (9) after which it 
is further expanded in a low-pressure turbine (LPT) to 
state (11). The high-pressure turbine drives the high 
pressure compressor while the low-pressure turbine is 
drives the low-pressure compressor. After the low 
pressure turbine the nitrogen is further expanded in the 
power turbine to pressure (13). From (13) to (14) the 
still hot nitrogen is cooled in the recuperator after which 
it is further cooled in the pre-cooler to state (1). This 
completes the cycle. 
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Fig. 2 MARS-GCR steady-state model for PBMM. 
 
MARS-GCR model for the steady-state analysis for 

PBMM is shown in Fig.2. Among the recent code 
implementations of MARS-GCR for the application to 
the GCRs[1], the following features are implemented 
for the present study: (i) coolant properties of nitrogen 
as well as helium and CO2 as the working fluid; (ii) 
circulator/compressor model by extending existing 
“PUMP” model.  

The gas property tables cover the range from the 
triple point to supercritical states with fine data intervals 
near the critical state. State-of-the-art models for the 
transport properties are incorporated in functional forms. 
The improved version was verified validated by 
comparing the calculated results with the NIST database 
and code-to-code benchmark for various steady and 
transient problems [1, 3]. 
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Table 1. Summaries of MARS-GCR steady-state results 

 Inlet pressure = 1.0bar Inlet pressure = 2.5bar 
Components ΔP [bar] ΔT [°C] RPM flowrate ΔP [bar] ΔT [°C] RPM flowrate
Low pressure compressor 
Low pressure turbine 
High pressure compressor 
High pressure turbine 
Load ejection compressor 
Load ejection turbine 

1.06 
-0.98 
1.89 
-1.39 
0.48 
-0.45 

90.6 
-91.1 
81.4 
-88.9 
50.2 
-63.5 

72071 
72071 
70003 
70003 
39070 
39070 

0.573 
0.573 
0.573 
0.573 
0.668 
0.668 

2.6 
-2.46 
4.62 
-3.41 
1.16 
-1.11 

90.3 
-91.4 
81.5 
-88.6 
48.6 
-62.4 

71793 
71793 
69836 
69836 
38689 
38689 

1.408 
1.408 
1.408 
1.408 
1.649 
1.649 

 
Gas compressor performance is calculated by the 

pressure ratio of inlet to outlet pressure and the 
efficiency which are tabulated from its rotational speed 
and mass flowrate. Using Eq.(1), the compressor head 
(Δh) is calculated by using pressure ratio (PR), which 
comes from the interpolation of the tabulated data. The 
compressor torque (τ) is calculated by Eq.(2) using the 
interpolated efficiency (η). 
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where, P10 and P20 is inlet and outlet total (or stagnant) 
pressure, ω is the compressor rotational speed, m& is 
mass flow rate, and ρm is the average density of inlet 
and outlet of compressor. The compressor/circulator 
model is verified and validated using for single and 
double circulator loop [4].  

Two steady-state calculations are performed using 
MARS-GCR with the pressure boundaries at the inlet of 
LPC of 1.0bar and 2.5bar. Heater power is controlled 
using “control variable” to maintain the exit temperature 
as 700°C. The secondary sides of the heat exchangers 
are as follows: (i) intercooler and pre-cooler with inlet 
temperature of 20°C (water) and mass flowrate of 5kg/s; 
(ii) load ejection heat exchanger with inlet temperature 
of 20°C (water) and mass flowrate of 2kg/s. Pressure 
boundaries are applied at the inlet of LPC and ELC 
using “time dependent volume”. When the steady-sate is 
reached, the pressure boundaries are removed and the 
further steady-state calculation for the closed loop 
condition is performed using “restart” option.  

The two steady-state results are summarized in Table 
1. The MARS-GCR’s capability for the steady-state 
analysis of three shafts PCU is acceptable. The 
validation of the results will be performed through the 
comparison with the experimental data as soon as the 
data are available. The operating points of each steady-
state result are plotted in T-S diagram as shown in Fig.3. 
The shape of the graphs is really the same and just 
shifted left as the operating pressure increases. 
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Fig.3 Operating points of PBMM in T-S diagram. 

 
3. Conclusions 

 
The incorporation of nitrogen as the main working 

fluid and the compressor model are implemented to 
MARS-GCR to predict the behavior of the three shafts 
power conversion system. A preliminary evaluation of 
the steady-state performance of PBMM is performed 
and its capability to the three shafts PCU is acceptable.  
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