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1. Introduction 

 
Research reactor tend to be enlarged to improve 

economic efficiency and application in various fields. 
Although the size of the reactor core in the research 
reactor is smaller than that of the nuclear power plant, the 
piping and components of the primary cooling system are 
designed to be large to perform heat removal with a small 
temperature difference. As a result, it has disadvantages 
such as the possibility of breakage due to an increase in 
the pipe length and an increase in construction cost. In 
order to compensate for these shortcomings, research and 
development related to the reduction of piping and 
components of the research reactors is being conducted. 

In order to reduce the size of pipes and devices, it is 
necessary to optimize the fluid components (such as heat 
exchanger, pump, decay tank) and develop a precise 
prediction model that can predict the performance [1,2]. 
In this study, a model was developed that improved the 
predictive ability of the pump coast-down flow in the 
compact primary cooling system. Most of the previous 
studies have focused on predicting the coast-down flow 
in the initial section [3,4]. Therefore, the error of the 
theoretical model tends to increase in the late section of 
coast-down flow. To supplement the disadvantages of 
the previous models, a model with improved predictive 
ability at low flow rates was proposed. The proposed 
model presents the pump efficiency as a correlation 
between normalized angular velocity and head, and has 
a characteristic that the efficiency changes in the 
transient state. As a similar approach, there is a model 
that proposes efficiency as a correlation equation for 
angular velocity, but it has the disadvantage that the 
correlation equation changes depending on the section 
[5], as shown in Table I. To verify the proposed model, 
comparison with previous studies and verification test 
were performed. As a result, it was confirmed that the 
proposed model showed higher predictive ability in the 
low-flow section than the previous models. 

 
Table I: Previous theoretical model for coast-down flow 
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2. Theoretical model 

 
To predict the transient flow, it is necessary to define 

the governing equations for the pump and fluid system. 
As shown in Equation (1), the overall differential 
pressure in the system can be defined as the flow inertia, 
the friction loss, and the pump head. From the force 
balance of the pump, the angular velocity can be defined 
as the torque due to the electromagnetic force, the 
hydraulic torque, and the torque due to the mechanical 
friction, as shown in equation (2). 
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In the governing equation, when the pump is stopped, 

the torque due to the electromagnetic force of the pump 
and the pump head become 0. Assuming that the torque 
for the mechanical friction is 0, the change in the angular 
velocity can be defined as the hydraulic torque. 
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Assuming a steady state in Equation (1), the flow 

inertia becomes 0. 
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By substituting Equation (4) into Equation (1), it can 

be expressed as in Equation (5)  
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Normalizing the expression with respect to time, flow 

rate, and head, it can be derived as follows. 
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In the transient state, pump is stopped and the pump 
head become 0. Assuming that the hydraulic torque is 
proportional to the square of the angular velocity, the 
following equation can be derived using Equation (3) and 
(6). 
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In general, the efficiency of the pump can be defined 

as in Equation (8). 
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In the efficiency equation, the efficiency in the transient 

state was defined as equation (9) regarding normalized 
head and angular velocity. 
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3. Validation 
 
To verify the present model, experiment was 

performed using the test facility built for the primary 
cooling system of the research reactor [6, 7]. Table II 
shows the experimental conditions performed for model 
validation. 

Fig. 1 shows the experimental results and the 
calculation results of the previous models and the present 
model. It can be confirmed that the present model and the 
previous models similarly predict the initial section of 
coast-down flow. However, from the point where the 
coast-down flow becomes 30% of the steady-state flow, 
the error between the previous models and the 
calculation result tends to increase. It can be confirmed 
that the models of H. Gao(2011) and K. Karhadi(2010) 
overestimate the mass flow compared to the test results. 
The reason is that the pump efficiency is reduced by the 
mechanical friction of the pump, but it is not considered 
in the theoretical model. H. Yoon(2018)'s model 
predicted slightly low, but it is judged that the effect of 
the reduction in efficiency was predicted significantly. 
The model proposed in this study predicted the 
experimental results similarly in overall period of the 
coast-down flow. Through the results, it was confirmed 
that the present model predicts the coast-down flow well. 

In addition, verification was performed using the 
experiments of the previous literature [8], as shown in 
Fig. 2. It can be confirmed that the test results are 
predicted similarly to the calculated results of the present 
model. 
 

Table II: Test condition for model validation 
Parameter Value Unit 

Mass flow rate 60 kg/s 

Pump speed 1165 RPM 

�𝐿𝐿/𝐴𝐴 52 𝑚𝑚−1 

Pump head 15.53 m 

Pump moment of inertia 16 𝑘𝑘𝜌𝜌 ∙ 𝑚𝑚2 
 

 
Fig. 1 Validation of theoretical model with previous 

theoretical models 
 

 
Fig. 2 Previous test results and present model [8] 

 
4. Conclusions and Plans 

 
As a result, an improved theoretical model was 

developed that can predict the coast-down flow by the 
pump flywheel. The coast-down flow test was performed 
to verify that the theoretical model predicts the 
experimental results well. In addition, the verification of 
the present model was additionally performed using the 
previous models and tests. The research results are 
expected to be utilized for the transient flow prediction 
and pump optimal design in the research reactor. 

In the future, we plan to confirm the predictive 
performance of the theoretical model by securing 
additional tests and previous experimental data 
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