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1. Introduction 
 

A small modular reactor (SMR) currently under 
development can eliminate large break loss of coolant 
accident (LBLOCA) because the steam generator, 
reactor coolant pump (RCP), and pressurizer are 
integrated into the reactor and there are no large pipes. 
However, a small break of loss of coolant accident 
(SBLOCA) can occurs due to the rupture of safety 
injection connection pipes or instrumentation pipes. 
When the SBLOCA occurs in a primary system of the 
SMR, two-phase flow occurs due to rapid pressure drop 
and leakage of a primary coolant. When two-phase flow 
occurs in the primary system, the head of the RCP 
decreases, significantly reducing a pump performance 
and making it difficult to form a normal flow rate. Since 
a primary coolant flow rate is one of the important factors 
in operation of the reactor, it is necessary to predict a 
head degradation under two-phase flow conditions. Until 
now, a nuclear safety analysis code for the commercial 
pressurized water reactor (PWR) has been applying the 
head degradation data obtained from the past by Aerojet 
Nuclear Company (ANC) for a MOD-1 semiscale pump 
[1]. However, there is no head degradation data of the 
RCP for the SMR under two-phase flow conditions. In 
this study, the two-phase flow experiment was performed 
in the RCP of the SMR, data on the head degradation 
with a void fraction was presented, and this was 
compared with the experimental results of the RCP for 
the PWR. 
 

2. Experimental facility 
 

The experimental facility consists of a model pump, a 
booster pump, a water tank, an air injection system, a 
void fraction measuring system, instruments, as shown 
in Fig. 1. The model pump is a mixed-flow type with the 
same hydraulic part as the RCP that will be applied to the 
SMR. Air is injected from an air compressor of 6 kgf/cm2 
through an air dryer and a filter, and the gas flow rate is 
controlled by the mass flow controller. The supplied 
water and air pass through the mixer to form a 
homogeneous two-phase flow. The void fraction 
measurement system consists of two quick closing 
valves (QCVs) in a main flow path and one QCV in a 
bypass flow path. When measuring the head of the pump, 
two-phase flow flows into the main flow path and the 
bypass flow path is blocked. When measuring the void 
fraction, the bypass flow path is opened and the main 

flow path is blocked. The void fraction is measured by 
measuring the stagnant water level in the pipe between 
two QCVs of the main flow path using a level gauge. 
Information on the main measuring instruments is shown 
in Table Ⅰ. 

 

 
Fig. 1. Schematic diagram of the experimental facility 

 
Table Ⅰ:  Information on measuring instruments 

Instruments 
Measurement 

range 
Measurement 

accuracy 
Venturi flowmeter 

(water) 
0~1,000 m3/h 

±0.5% of 
reading 

Mass flow controller 
(air) 

0~150 m3/h 
±2.0% of 
full scale 

Pressure transmitter 
(suction) 

-1~3 kgf/cm2 ±0.04% of span 

Pressure transmitter 
(discharge) 

0~5 kgf/cm2 ±0.04% of span 

Level gauge 0~300 mm ±0.5mm 
Thermometer 0~80℃ ±1.3℃ 

Electromagnetic 
detector 

0~20,000 rpm ±1 rpm 

 
3. Experimental conditions 

 
The experiment was conducted for two rotation speed 

conditions (low, high). Since there is a risk of damage to 
the pump when the void fraction is high, the experiment 
was conducted at two rotation speeds up to the void 
fraction of approximately 5%. Then, the two-phase flow 
experiment was continued with a higher void fraction 
condition (up to 30%) for a conservative rotation speed 
condition. First, the flow rate and head are measured at 
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the rated operating point of single-phase flow, which is a 
normal operating condition. After then, the head is 
measured according to the change in the void fraction. 
The experiment was repeated five times for each 
experimental condition to confirm the reproducibility, 
and the experimental data was averaged over 
approximately 60 sec. The suction pressure was kept 
constant at 1.5 kgf/cm2 to prevent cavitation.  
 

4. Experimental results 
 
The results of the head degradation according to the 

increase in the void fraction are shown in Fig. 2. In Fig. 
2, the X-axis represents the void fraction, and the Y-axis 
is the ratio of the head under two-phase flow conditions 
to the head in single-phase flow conditions. The head 
degradation for the void fraction at the low rotation speed 
condition was greater than that at the high rotation speed 
condition. This is because the head appearing at the low 
rotation speed of the pump is smaller, so the 
compressibility of bubbles is relatively smaller, and thus 
the effect of bubbles on the head degradation is greater 
[2].  In addition, since the flow velocity at the low 
rotation speed condition is relatively low, there is less 
mixing of gas and liquid, which leads to the formation of 
larger bubbles, which has a significant impact on the 
degradation in the pump performance. That is, in the void 
fraction of 1 to 5%, the head degradation tended to be 
more conservative at the low rotation speed among two 
rotation speed conditions. An additional experiment was 
conducted for conditions with the void fraction higher 
than 5% for the low rotation speed condition. 

 

 
Fig. 2. Head degradation according to the void fraction 

 
The circled symbols in Fig. 3 represent the 

experimental results for the void fraction up to 30% at 
the low rotation speed condition. The head dropped 
sharply when the void fraction around 7%, and when the 
void fraction exceeded 10%, the head gradually 
decreased to around 30% of the rated head. At the void 
fraction of 30%, the head was reduced to 16% of the 
rated head. In addition, the result of this experiment was 
compared with the experimental data of the ANC MOD-
1 pump [1] and the CE/EPRI pump [3] related to the RCP 

for the PWR in a previous study. Table Ⅱ summarizes the 
impeller type and specific speed for each pump. The 
specific speed is a dimensionless number defined by the 
pump’s rotation speed, flow rate, and head, and is used 
to determine the impeller type and characteristics of the 
pump. It can be confirmed that the pump for the SMR 
used in this experiment has a lower void fraction at which 
the head decreases rapidly than the results of other pumps. 

 

 
Fig. 3. Comparison of the head degradation under two-phase 

flow conditions for several reactor coolant pumps 
 

Table Ⅱ:  Hydraulic characteristics of several reactor coolant 
pumps 

 Impeller 
type 

Specific speed 
(rpm,m3/min, m) 

New model pump Mixed 1063 
ANC MOD-1[1] Radial 136 

CE/EPRI[3] Mixed 630 
 

5. Conclusions 
 

The measurement of the head for the void fraction was 
performed by changing the void fraction up to 30% on 
the RCP for the SMR. The experimental results showed 
that the threshold for the void fraction at which the head 
decreases rapidly was approximately 7%, and that the 
head dropped to about 16% of the rated head at the void 
fraction about 30%. From a conservative point of view, 
it is recommended that there is a risk of damage or failure 
of the pump when the void fraction exceeds 7% be 
considered when applying the experimental data to the 
nuclear safety analysis code. 
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