
Transactions of the Korean Nuclear Society Spring Meeting 

Taebaek, Korea, May  26-27, 2011 

 

 
Prediction Model of the HANARO primary cooling pump coastdown 

 
Hyun-Gi Yoon a, Young-Chul Park a, Kyoung-Woo Seo a, Dae-Young Chi a, Il-Soo Yoo b 

a Division for Research Reactor Core and System Design, KAERI, Daejeon 
b Department of Energy System, KIMM, Daejeon 

*Corresponding author: isyoo@kimm.re.kr 

 

1. Introduction 

 
Pump coastdown means the pump operation the 

angular momentum of the shaft, impeller and flywheel if 

loss of off-site power occurs. At this time, flow rate 

decreases slowly by effect of the moment of inertia and 

therefore core cooling is continued smoothly. 

 

2. Prediction model and Results 

 

The modified hydraulic efficiency model for the 

HANARO primary cooling pump coastdown was 

developed and evaluated with the field data.  

 

2.1 Pump Specification 

 

Type of the primary cooling pump of HANARO is 

the typical centrifugal pump with the specific speed of 

315[rpm,m3/min,m] and the specific diameter of 

0.31[m,m3/min,m]. In this pump, flywheel is connected 

with the rotating shaft and located at the back of the 

electric motor and its moment of inertia, I, is 156.9kg-m2. 

The moment of inertia of the shaft and impeller was not 

considered in this simulation because its value was 

relatively small compared to that of the flywheel. 

 

2.2 Pump Coastdown 

 

When loss of off-site power occurs, the primary 

cooling pump starts to operate with the power of the 

flywheel. At this time, the flywheel has the angular 

momentum directly proportional to its moments of 

inertia and angular velocity of the pump impeller. The 

flywheel supplies the break horse power to the pump 

through the connected shaft. Initial supplied power was 

decided from the normal operation conditions of the 

pump. Mass flow rate, total head raise, angular velocity 

and hydraulic efficiency of the normal operation are 

used as initial conditions to calculate the coastdown. 

Figure 1 shows the calculation diagram of the pump 

coastdown. Subscripts ‘d’ and ‘i’ in Fig. 1 indicated 

normal operation conditions and the iteration number of 

the calculation, respectively. This calculation flow chart 

explains the energy transform from the flywheel to the 

pump. It is assumed that affinity laws of the pump are 

satisfied in the overall pump coastdown range and 

impeller diameter is the constant [1]. But, the hydraulic 

efficiency of the pump is got worse when the impeller 

rotating speed is gradually decreased. 

 

 
 

Fig. 1. Calculation diagram of the coastdown 

 

 
Fig. 2. Coastdown of the pump with time 
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Fig. 3. The proportion of the disk fiction loss to the pump 

head raise with the impeller rotating speed. 

 

 

 
 

Fig. 4. Change of the system resistance curve with the 

decrease of the flow rate 

 

Generally, the hydraulic efficiency of the pump is 

related to the Reynolds number and impeller diameter 

as Pfleiderer’s formula described in Eq. (1) [2]. 
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The dotted line in Fig.2 shows the pump coastdown 

using this hydraulic efficiency equation based on the 

calculation diagram in Fig. 1. The coastdown is not 

stopped after 100sec. But, the primary cooling pump 

coastdown in HANARO is continued until about 70~80 

sec from the field data. Thus, the hydraulic efficiency 

model for the row rotating speed compared to the 

normal operation is necessary to predict the coastdown 

accurately. 

 

2.3 Hydraulic Efficiency model for pump coastdown 

 

The decreases of the hydraulic efficiency of the pump 

during the coastdown are mainly related to disk friction 

loss of the pump and the increase of the system 

resistance curve while the rotating speed is deceased 

[2~5]. 

 The proportion of the disk friction loss to the pump 

head raise is increased rapidly when the impeller 

rotating speed is decreased as shown in Fig. 3. And the 

slope of the system resistance curve is steeper in the 

row flow rate region because of the increase of the 

friction loss. It shifts the operating point of the pump 

from the rated region to the row flow rate region as 

explained in Fig. 4. These two factors decrease the 

hydraulic efficiency of the pump. In this research, the 

modified hydraulic efficiency model is suggested as Eq. 

(2) based on the Pfleiderer’s model. 
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(2) 

 

In equation (2), the model constant ‘-25’ is selected 

based on the coastdown time of the HANARO. The 

solid line in Fig.2 shows the pump coastdown using this 

modified hydraulic efficiency equation. The pump 

stopped at about 70sec. 

 

3. Conclusions 

 

The pump coastdown mechanism is explained by 

using the affinity laws of the pump and the angular 

momentum of the flywheel. And, modified hydraulic 

efficiency model is suggested to predict the continuous 

time of the coastdown. This equation will be evaluated 

and developed through the comparative study with the 

various experimental data. 
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