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a b s t r a c t

Since the first nuclear reactor first critical, nuclear systems has gone through four generations of history,
and the fourth generation nuclear system will be truly realized in the near future. The notions of SVBR
and lead-bismuth eutectic alloy coolant put forward by Russia were well received by the international
nuclear science community. Lead-bismuth eutectic alloy with the ability of the better neutron economy,
the low melting point, the high boiling point, the chemical inertness to water and air and other features,
which was considered the most promising coolant for the 4th generation nuclear reactors. This study
mainly focuses on the structural design optimization of the 4th-generation reactor coolant pump,
including analysis of external characteristics, inner flow, and transient characteristic. It was found that:
the reactor coolant pump with a central symmetrical dual-outlet volute structure has better radial-
direction balance, the pump without guide vane has better hydraulic performance, and the pump
with guide vanes has worse torsional vibration and pressure pulsation. This study serves as experience
accumulation and technical support for the development of the 4th generation nuclear energy system.
© 2018 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The discovery of nuclear energy opens a new chapter in the
history of human being, and the utilization and development of
nuclear energy technology has entered into a brand new phase
with the advancement of the society. Since the first criticality of
the first nuclear reactor in the world in 1942, the nuclear energy
system has undergone four generations of development, and in
the near future the 4th generation nuclear system will be truly
realized. Presently, there were mainly 6 types of most prominent
fourth-generation nuclear systems: salt dissolving reactor (MSR),
gas cooling fast reactor (GFR), supercritical water cooled reactor
(SCWR), lead cooling fast reactor (LFR), ultra high temperature
gas cooled reactor (VHTR) and sodium cooling fast reactor (SFR)
[1].

Compared to several other fourth-generation reactor media, for
lead-bismuth eutectic alloy many better features are owned, such
as better neutron economy, low melting point (about 413 K), high
boiling point (above 1900 K), more stable thermophysical property,

the chemical inertness to water and air. Based on these advantages,
in the CLEAR-I circuit the high pressure is not required, better
shielding ability for high-energy neutrons and Y-rays was owned,
the reactor design can be simplified, and the possibility of coolant
overheating, overpressure of the main circuit or thermal explosion
was eliminated. Other than that, the lead-bismuth eutectic alloy
has good thermal conductivity, fluidity and strong natural circula-
tion ability, which can effectively transfer high power density heat
and discharge core residual heat by natural circulation. Therefore,
the lead-bismuth eutectic alloy was considered by Russia as one of
the few most suitable new-type cooling and heat-transfer medium
to most of the countries. And the former Soviet Union had suc-
cessfully applied lead-bismuth eutectic alloy as the coolant in A-
class nuclear submarines in 1980s [2,3].

The notions of SVBR and lead-bismuth eutectic alloy coolant put
forward by Russia were well received by the international nuclear
science community. Currently only a few countries conducting or
having conducted ADS experiments or studies based on lead-
cooled reactor, such as Russia, India, Italy and the USA have rela-
tively complete experiment benches. And current research mainly
focuses on material, physical property, heat transfer, natural cir-
culation [4e11]. The reactor coolant pump was the only rotating* Corresponding author.
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equipment in the CLEAR-I circuit system, which is the ‘heart’ of the
nuclear station. As primary equipment, whether the main pump
could operate safely and reliably would affect the operation of the
nuclear station. Presently, the studies on reactor coolant pumps
mainly focus on the third-generation reactor coolant pump, among
which American scholar Bournia A obtained the instantaneous
shaft powers of reactor coolant pump on three accident conditions
of coolant loss issue [12]; Pave1 Ornahen analyzed the changes in
pumps and the systemwhen the reactor coolant pump was started
emergently, which adopted methods of numerical simulation and
experimental investigation, and verified the reliability of the pro-
cedure [13]; Gao H and others conducted mathematical modeling
on the transient of pump shutting down, and obtained the changes
in the relationship between time and flow & speed, and the ob-
tained datawere consistent with the actual operation of the nuclear
plant [14]. In China, Huang Shuliang using transient parameters
given by TRACE program on full flow loss accident as the input
condition of FLICA Ⅲ-F program, conducted full flow loss accident
DNB analysis [15]; Liu Xiajie conducted simulation on three
dimensional flow field of the reactor coolant pump, obtained the
flow characteristics under normal operation, deviated operation
and power outage, and found that the lower-middle part near the
wheel hub in the back of the blade was most vulnerable to cavi-
tation [16]; Guo Peng and Longyun predicted the unsteady flow in
the reactor coolant pump during the loss of water accident by
experiment and simulation respectively [17,18]; Wang Peng and Fu
Qiang simulated and optimized the eccentricity of the impeller
shaft, the position of the impeller inlet edge and the matching
relationship between the impeller and the guide vane respectively,
which provided reference for the design of the nuclear main pump
[19,20]; Zhu Rongsheng and Wang Xiuli studied the dynamic
properties of reactor coolant pump under cavitation situation, and
the result showed that the area with highest cavitation area
correspond to the maximum deformation area in blade inlet
[21,22].

With the publication of Bruce W. Spencer's research results on
liquid heavy metal coolant and the development of LBE coolant
technology and performance verification tests, researches on LBE
and lead coolant fast reactor research were rising and booming,
however, to see from the existing research by formal scholars, there
were few relevant research materials on the fourth-generation
reactor coolant pump. The paper mainly focus on the SVBR
reactor coolant pump, including the structural design and optimi-
zation of the pump, external characteristic analysis, inner flow field
analysis and transient characteristic research, providing experience
accumulation and technical support for the development of the
fourth-generation nuclear system.

2. Research object and project design

2.1. Research object

The SVBR reactor coolant pump with the structure long-axis,
centrifugal and submerged. The CLEAR-I circuit was a closed loop
with a free liquid level on the upper side of the core, and a slightly
positive pressure inert gas of 0.05 MPa was covered on the liquid
surface. Two pipes at the pump outlet were connected to the flow
distribution box on the lower side of the core, and the remaining
part of main circuit was a free loop without pipeline constraints.
The pump outlet was connected with the distribution box on the
lower side of the core, the pump inlet was connected with the
outlet of the heat exchanger, and each pump corresponds to two
heat exchangers, each of which was connected in parallel. The
pump was installed on the top cap of the core, with no radial
support on the top cap, and the lower bearing was completely
immersed in the lead and bismuth. In order to ensure the high
natural circulation ability of the main circuit in the accident con-
dition, the pressure loss in the pump was required to be as small as
possible.

Considering these technical requirements, the pump inlet and
the pump outlet were designed on the same side, and the pump
inlet was designed with a symmetrical dual-pipeline, the pump
outlet was designed with a central symmetrical dual-pipeline, as
shown in Fig. 1. According to the requirement by Institute of Nu-
clear Energy Research, Chinese Academy of Sciences, the parame-
ters at the operating points of the pumpwere: rated flow Q0¼90m3/
h, rated head H0¼3 m, rated rotational speed n ¼ 980 r/min, specific
speed ns¼ 248.11, the media was LBE. As presently there were no
mature plans available, in the study the two projects were
compared and analyzed, the hydraulic components of project A
include a suction chamber, an impeller, a volute, and a spiral
diffuser, and project B include a suction chamber, an impeller, a
volute, guide vanes, and a spiral diffuser, and flow passage com-
ponents were modeled by the software PRO/E. The entity parts of
test pump adopt high-temperature and corrosion resistance 316
stainless steel, the pipeline and other parts adopt corrosion resis-
tance EP-823 stainless steel.

In practical experiment, SVBR reactor coolant pump was
installed under liquid, as the outlet of the main pump faces
downward, to optimize the inlet flow field, a double-inlet sym-
metrical structure was used for the suction chamber, and the dif-
ference between project C and project D was whether or not the
rectification board installed on the symmetry plane of the suction
chamber, as shown in Fig. 1(c) and (d).

2.2. Project design

Access to relevant literature, the coefficient of viscosity of LBE at
temperature of 600 K was close to that of water at normal tem-
perature, both were newtonian fluid, using high-temperature LBE
to conduct experiments was risky, so in the experiment we only use
LBE to verify its hydraulic performance, and use water to verify its
pressure pulsation performance. About the high-temperature
experiment table, heat up the entire pipeline system in a closed
room, and the electrical machine was installed outside the room.
The spiral diffuser (pump outlet) was automatically coupled to its
surrounding pipeline. In high-temperature tests, the coupling
installation and dismantling of the pump were performed only by
lifting and lowering the pump, and the pipeline layout was shown
in Fig. 2. External characteristic experiments were conducted ac-
cording to the standard set by ‘GB/T 3216-2005 Rotodynamic Pump
Hydraulic Performance Acceptance Tests Class 1 and Class 2’, and
the experiments were conducted on the test table of National

Nomenclature

Q Flow rate, (m3/h)
H Head, (m)
n Rated rotational speed, (r/min)
ns Specific speeds, ns ¼ 3.65nQ1/2/H3/4

Q0 Rated flow, (m3/h)
P Pressure, (Pa)
r Density, (kg/m3)
Cp Time-dependent nondimensional pressure

coefficient
T0 One rotation period of the impeller
SVBR Lead-bismuth cooled fast reactor
LBE Lead-bismuth eutectic alloy
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Research Center of Pumps of Jiangsu University. Before formal ex-
periments, firstly pilot run the pump, check whether each part of
the test device function well, including the check of pipeline's
sealing performance, the debugging of equipment, etc., and when
conducting formal external characteristic, the liquid height of the
open tank, pump outlet pressure, impeller speed and shaft power
need to be monitored in real time, and data of more than 12 flow
points were recorded.

In the manuscript, the calculation methods of head and effi-
ciency were as follows:

H ¼ p2 � p1
rg

(1)

h ¼ rgQH
P0

(2)

Fig. 1. Water body of the SVBR reactor coolant pump.

Fig. 2. Schematic diagram of SVBR reactor coolant pump experiment pipeline.
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In the formula, H represents the pump head, p2 represents the
pump outlet pressure, p1 represents the pump inlet pressure, r
represents the density of the fluid, Q represents pump flow, P0
represents the shaft power, h represents the hydraulic efficiency.

Fig. 3 shows the variation curves of external characteristic tests
and CFD simulation, including CFD simulated data based on
transfer media being LBE and water respectively, and test data
based on media being water. It could be seen that there were de-
viations between CFD simulated data and the test data, the fitting
degree of flow-head curve & flow-efficiency curve were satisfying
for transfer media being LBE and water respectively, and changing
media has little impact on the hydraulic performance of the pump.
The simulated values have a good fit in the flow interval
0.7Q0<Q < 1.2Q0, the simulated value of head was significant higher
than the test value in the flow interval Q < 0.7Q0, the test value of
efficiency was significantly lower than the simulated value in the
flow interval Q > 1.2Q0, but the general trend of the curve was
consistent and the coincidence extent was satisfying. In fact, there
were several causes for the differences between the simulated
values and the test values, and applying CFD software to conduct
simulation was reliable and accurate to some extent (see Table 1).

3. Mesh generation and boundary conditions

3.1. Mathematical model

Computational domain's grid were generated by ICEM software,
unstructured grids with strong boundary adaptability are adopted,
the local grids has been encrypted processing, and the different
components ensure that there was a similar grid density at the
interface. Five grid partition schemes were made, and it could be
find from Table 2 that when the grids count was more than
2,173,315/2,407,211 respectively, the variation of pump efficiency

was less than 0.5%, so the Project IV was adopted, and the grids of
fluid domain were shown as Fig. 4. The steady-state and unsteady
calculation of the pump's hydraulic model of the pump is carried
out by using ANSY CFX, in which the SST turbulence model was
adopted, the fluid media was LBE (physical properties of LBE was
shown in Table 3), and the boundary conditions were as follows:
the inlet boundary condition was Opening pres. and Dirn, the inlet
pressurewas set 100 kPa, the outlet boundary conditionwas quality
outlet, no slip wall conditionwas set on the rigid wall, Frozen Rotor/
Transient Rotor Stator interface was used for the dynamic-static
coupling, and the impeller fluid domain was set up as the moving
coordinate system, while other fluid domains were set up as the
fixed coordinate system. Time steps of unsteady computation were
set up as Dt¼(60/n)/120s¼ 5.102*10�4s, which was every 3 degrees
rotate one step.

4. Results and analysis

4.1. Analysis of hydraulic performance

For the design of SVBR reactor coolant pump, safety indicators as
the first element, the hydraulic characteristics as a secondary, and
to some extent the safety of a pump was built on good hydraulic
performance. Fig. 5 shows the H-Q, h-Q and P-Q curves of the two
pumps. It could be seen that for the pump adopting double-outlet
structure, guide vanes have a bad impact on the hydraulic perfor-
mance, and the H-Q curve of the pump becomes sharp, the effi-
ciency decreases the high efficiency area becomes narrow, and
under the minimum flow condition the shaft power increases
sharply, meaning that when booting the pump the overload would
happen. For the pump without guide vanes, compared with the
pump with guide vanes, the head of pump at zero flow point de-
creases 18%, at the design point increases 3.8%, the high efficiency
area expands toward the high flow direction, the shaft power firstly
increases and then decreases, with the peak being at 1.2Q0, and at
each flow point the shaft power was significantly lower than the
pumpwith guide vanes. The overload issue of the pumpwith guide
vanes in the small flow domain was probably caused by the back-
flow happened in the passageway of the guide vanes. Under off-
design conditions, the inlet laying angle of the guide vanes was
not consistent with the flow direction of fluid, especially under
large flow conditions, the LBE flow rate is large, and severe impact
loss will be caused. Thus, from the angel of the pump's hydraulic

Fig. 3. Comparison between simulation prediction and test results.

Table 1
Main parameters of the SVBR reactor coolant pump.

Geometric parameters A B Geometric parameters A B

Impeller inlet diameter, D1 mm 130 130 Vane inlet diameter, D3 mm e 183
Impeller outlet diameter, D2 mm 177 175 Vane outlet diameter, D4 mm e 228
Impeller outlet width, b2 mm 32 32 Vane wrap angle, 42 o e 45
Impeller wrap angle, 41 o 108 100 Vane blade count, Z2 e 10
Blade thickness, d mm 7.2 7.2 Volute inlet diameter, D3 mm 204 246
Blade blade count, Z1 5 5 Volute inlet width, b3 mm 46 48

Table 2
Mesh independence check.

Program A Mesh Count A Efficiency(%) B Mesh Count B Efficiency(%)

Project I 820369 80.677 1053915 81.492
Project II 1206107 82.952 1437913 82.365
Project III 1735873 83.836 1995206 83.087
Project IV 2173315 84.067 2407211 83.459
Project V 3043841 84.103 3624057 83.461
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performance, the SVBR reactor coolant pump without guide vanes
was more suitable (see Fig. 6).

The suction chamber adopts symmetric double inlet structure.
The difference between project C and project Dwas that whether or
not has a symmetry clapboard installed on the suction chamber.
Compared with project D, the high efficiency area of project C was

more narrow. Under almost full flow conditions (0.2-1.3Q0), project
C with a higher efficiency, a lower head and a smaller shaft power.
Fig. 7 were the flow field motion patterns in the pump under
designed conditions. It could be found that, the maximum flow
speed in the pump for project C was increased by about 5.5%
comparedwith that of project D, the flow patterns of project C were

Fig. 4. Grid of computational domain of SVBR reactor coolant pump.

Table 3
Physical properties of LBE and water.

Media Density(kg/m3) Coefficient of Viscosity(mPa s) Specific Heat Capacity (J m�3�K�1)

LBE(320 �C) 10 288 1.7088 1499
Water(20 �C) 1000 1.010 4200

Fig. 5. Impact of guide vane structure on external characteristics of SVBR reactor
coolant pump.

Fig. 6. Impact of the chamber clapboard of SVBR reactor coolant pump without guide
vanes on external characteristics.
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messy, in particular, clear interlacing and overlapping appears for
the flow patterns at the volute and its outlet extension area, so the
symmetric clapboard of the suction chamber could greatly weaken
the inlet pre-swirling, and as a result the rotational component of
the flow speed flowing into the impeller and the volute was
reduced greatly. So it could be known that, the addition of the
clapboard could weaken the hydraulic performance of SVBR reactor
coolant pump, while the inner flow field inside the SVBR reactor
coolant pump was improved greatly.

4.2. Hydrodynamic transient characteristic analysis of SVBR reactor
coolant pump

4.2.1. Analysis of radial force characteristic under different
operating conditions

Affected by the asymmetry of the volute passage and rotor-
stator interaction, the velocity component distribution at the pe-
ripheral direction of the impeller outlet become uneven, the
symmetry become poor, therefore radial force on the impeller
become significant. Fig. 8 shown the periodic change of radial
force on the impeller under different operating conditions, it could
be found that, under small flow operating conditions (0.5Q0 and
0.7Q0) there were irregular amplitude alternant waveforms on the
radial force variation curves, and the cause was that, mainly
affected by turbulent motion, the periodicity was poor, and with
the increase of the flow, the radial force variation of the impeller
was more closely to the pattern of sine. The 10 crests and troughs
on each radial force variation curve was caused by the rotor-stator
interaction between the impeller and the volute tongue, It could
also be found that the radial force was the smallest under the
designed condition, and with the flow point away from the
designed condition, the radial force of the impeller becomes
larger. Fig. 9 were the periodic change of radial force on the
impeller and guide vane under different flow conditions. By
observing Fig. 9(a) it could be found that, the radial force on the
impeller was reduced significantly compared with pump without
guide vanes, the radial variation of the impeller also has a sine-like
fashion, each curve in its period has 10 crests and troughs, and
under flow 1.3 Q0 condition the radial force on the impeller was
the smallest; it could be seen from Fig. 9 (b) that there were clearly
different radial force curves under different flow conditions,

especially under the 0.5 Q0 and 1.5 Q0 flow points, which was far
away from the designed condition, the radial force curve patterns
were quite complicated, the radial variations were volatile, and
the crests were higher than the crests under 0.7Q0, 1.0Q0 and 1.3Q0

flow points.
To further evaluate the impact of guide vanes on the radial

characteristic, the average and maximum radial forces on the
impeller and the guide vane of the SVBR reactor coolant pump
under different flow conditions were analyzed, as shown in
Table 4. The radial force on the impeller of pump without guide
lanes under the designed condition was similar to the radial force
of pump with guide lanes. When the flow away from the designed
point, the radial force of without guide lanes was significantly
higher than that of with guide vanes, and when the flowwas 1.3Q0

and 1.5Q0, the average radial forces on the impeller of without
guide vanes were 4.3 times and 3.8 times of those with guide vanes
respectively; and for the pump with guide vanes, the radial force
on guide vanes was higher than that on the impeller, and at 0.5Q0

and 1.5Q0 flow points the maximum radial forces on the guide

Fig. 7. Inner flow patterns of SVBR reactor coolant pump under designed condition.

Fig. 8. Periodic variation pattern of radial force on impeller of SVBR reactor coolant
pump without guide vanes.

Y. Lu et al. / Nuclear Engineering and Technology 51 (2019) 546e555 551



vanes were close to 190N. So the addition of the guide vanes could
significantly improve the radial force distribution on the impeller,
however the guide vanes suffer larger radial forces, increase the
instability of the long-term operation of the SVBR reactor coolant
pump.

4.2.2. The torsional vibration performance of SVBR reactor coolant
pump impeller under different flow conditions

Table 5 was the data of impeller torsional vibration performance
computed under different flow conditions, and it could be seen that
for the projects with and without guide vanes, the torsional vi-
bration of the impeller increases and then decreases with the in-
crease of the flow. In addition, the impeller torque value of that
without guide vanes was slightly smaller than that with guide
vanes, and the torque fluctuation of the project without guide
vanes was significantly better than that with guide vanes. And
when under small flow conditions for the pump without guide
vanes, the impeller torque fluctuations were bigger, while for the
pump with guide vanes were bigger when under large flow

conditions, which was because for the pump without guide vanes,
the violent turbulent motion in the pump affected impeller torque
change, while for the pump with guide vanes the interference ac-
tion between the impeller and the guide vanes affected impeller
torque change. Fig. 10 showed the torques frequency domain dia-
gram of the pumps with and without guide vanes which was ob-
tained through FFT under five different conditions. It could be seen
that the pulsation patterns of these two structural forms of pumps
were quite different: at 0.5Q0 flow point, for the pump without
guide vanes, the major pulsation frequencies were 16.33 Hz,
81.67 Hz and 163.33 Hz, with same pulsation amplitude, corre-
sponding to the impeller rotational frequency (16.33 Hz), blade
frequency (81.65 Hz), the frequency (163.33 Hz) generated by rotor-
stator interaction, when the flow was 0.7 Q0, the major pulsation
frequency was 65.33 Hz and the maximum amplitude drops 13.3%
compared with the 0.5Q0 flow condition, and when the flows were
1.0Q0, 1.3Q0 and 1.5Q0, the major pulsation frequencies were all
163.33 Hz, indicating that the rotor-stator interaction was the most
important factor affecting the torsional vibration performance. For
the pump with guide vanes, under different flow conditions the
major pulsation frequencies of torque were consistent with the
frequency of rotor-stator interaction. For the five conditions, when
flow was 0.7 Q0 the fluctuation amplitude was the smallest, and
when flow was 1.5 Q0 the fluctuation amplitude was the biggest. It
could also be seen that compared with the pump with guide vanes,
the torque in high frequency range of the pump without guide
vanes was almost zero. So for the SVBR reactor coolant pump, the
addition of guide vanes would make the impeller's torsional vi-
bration performance worse.

4.3. Analysis of pressure pulsation characteristic

The unsteady flow causes unsteady vortex inside the flow field
of the pump. As the transfer media was high-density LBE, the un-
steady pressure caused by unsteady vortex forms strong alternating
shock onto the blade and pump surface, jeopardizing the long-term
safety of SVBR reactor coolant pump. The pressure pulsation at the
volute tongue and movement intersection was the most drastic
[23e26]. Fig. 11 and Fig. 12 were the frequency-field diagrams of
transient pressure at the impeller and the tongue under 5 different
conditions of the pumps with and without guide vanes. The
amplitude term of pulsation adopts non-dimensional pressure co-
efficient Cp, and the equation is:

Fig. 9. Periodic variation patterns of radial force on impeller and guide vanes of SVBR reactor coolant pump with guide vanes.

Table 4
Radial force statistics of SVBR reactor coolant pump.

0.5Q0 0.7Q0 1.0Q0 1.3Q0 1.5Q0

Mean value of AY 137.477 86.015 34.058 85.462 119.807
Maximum value of AY 262.344 140.219 58.576 130.226 190.096
Mean value of BY 60.873 33.519 30.899 19.283 30.893
Maximum value of BY 146.725 67.460 62.635 50.963 95.799
Mean value of BD 95.48 35.74 58.59 66.86 110.39
Maximum value of BD 183.13 78.43 92.81 104.50 186.67

AYdradial force corresponding to the impeller in project A; BYdradial force cor-
responding to the impeller in project B; BDdradial force corresponding to the guide
vane in project B.

Table 5
Torque data statistics of SVBR reactor coolant pump.

0.5Q0 0.7Q0 1.0Q0 1.3Q0 1.5Q0

A mean value 67.56 76.10 82.42 77.11 67.83
A peak and valley difference 7.90 3.62 1.31 1.92 3.03
B mean value 75.83 77.24 87.29 88.38 82.70
B peak and valley difference 31.10 24.47 40.71 64.29 75.61

Adimpeller torque of the project without guide vanes, N.m; Bdimpeller torque of
the project with guide vanes, N.m.
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Fig. 10. Torsional vibration performance of SVBR reactor coolant pump under different conditions.

Fig. 11. Pressure pulsation frequency field diagram of SVBR reactor coolant pump without guide vanes.

Fig. 12. Pressure pulsation frequency field diagram of SVBR reactor coolant pump with guide vanes.
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Cp ¼ P
rgH

(3)

In the equation,Cp was the pressure coefficient; P was the
pressure corresponding to pulsation amplitude, Pa; r was LBE
density, kg/m3; g was gravitational acceleration, m/s2; H was the
head of pump under designed condition, m.

From Fig. 11 find that under different flow conditions, the first
pulsation frequencies all were 81.667 Hz, which was the blade
frequency of the pump, the second pulsation frequencies were
16.33Hz(0.5Q0) and 163.33Hz(0.7Q0, 1.0Q0, 1.3Q0 and 1.5Q0), and the
third pulsation frequencies were 163.33 Hz(0.5Q0), 16.33 Hz(0.7Q0)
and 245 Hz(1.0Q0,1.3Q0 and 1.5Q0); the major pulsation frequencies
at the impeller outlet under different conditions were 32.67 Hz and
its frequency multiplications. In Fig. 12, the major pulsation fre-
quencies at the tongue area under different conditions were
163.33 Hz and its frequency multiplications. By comparing Fig. 12
(a) with Fig. 12 (b) find that under different conditions (0.5Q0,
0.7Q0, 1.0Q0, 1.3Q0 and 1.5Q0), the pulsation amplitudes at the baffle
tongue areawere 0.22, 0.29, 2.62, 0.77 and 0.61 times of these values
at the impeller outlet respectively, meaning that when deviating
from designed condition the pressure pulsations at the impeller
outlet were more fierce; and from Fig. 12 find that the pressure
pulsation at the tongue was more violent, and when under flows of
0.5Q0, 0.7Q0, 1.0Q0, 1.3Q0 and 1.5Q0, the maximum pulsation am-
plitudes at the tongue were 1.22, 3.08, 2.1, 2.21 and 2.48 times of the
maximum pulsation amplitudes at the impeller outlet respectively,
and compared with the pump without guide vane, the pulsation
amplitude at the impeller outlet was significantly smaller, and in-
ner flow field becomes mild. It could be known from the analysis
above that under different flow conditions, the first pulsation main
frequency of pressure pulsationwas the same, the second and third
main frequencies under small flow conditions head to low fre-
quency range, themaximumpulsation amplitude at the tonguewas
mainly related to the magnitude of the flow, and the pressure field
change at the impeller outlet was improved effectively by the
rectifying action of the guide vanes, the flow in this area more
stable.

5. Conclusion

(1) For the SVBR reactor coolant pump, guide vanes have range
impact on the hydraulic performance of the pump, the
pump head curve becomes steep, the efficiency drops, the
high efficiency area was narrowed, and from angel of hy-
draulic performance, the pump without guide vanes will be
better.

(2) For the SVBR reactor coolant pump with guide vanes, the
radial force of the impeller was lower, but the radial force
on guide vanes was bigger than that on the impeller. The
pump without guide vanes has a lower torsional vibration
pulsation. The guide vanes can effectively improves the
pressure field at the impeller outlet, making the flow more
stable.

(3) The guide vane has some improvement on the performance
of the pump, but it was not obvious, but the hydraulic per-
formance and safety performance were even worse. So the
solution without guide vane was a better choice.
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