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The internal flow structure and the energy losghie first stage impeller side
chamber ofa molten salt pump for solar thermal power generation wevesti-

gated numerically. fie flow field in the model pump wasimulatedbasedon the
RANSequation usinghestandard kU t ur bul ence model . The results i
therotating speed of core flow ithe front impeller side chamber is higher than

the targential velocity at the maximal radius of the front shroud. However, the
core flow in the rear impeller side chambgiwesan opposite trend. Meanwhile,

the radial velocityat the boundarylayer separation poinon thefront impeller

side chamber stationgirwall decreases initially and then increases wiitaradi-

us while it only decreases in the rear impeller side chamber. For the energy loss,
the percentage of the disk friction loss to total energy consumption reduces as the
flow rate increases, while thabsolute value oflisk friction losson the front
shroudkeepsalmostconstantand the loss on the rear shroud decreases with the
increasng flow rate.
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Introduction

Molten salt is used ithe new generation of nuclear and solar thermal pasysr
temsas a good heat transfer mediuandthe nolten salt pumgMSP) isof great importance
in transferringhigh temperature molten salt aisdwidely used in engyy facilities [1,2]. In
high temperature condition, tlaial thermal deformati@o f p uotey @l static parts
are differentcausinga mismatch between the rotor and the stdtor this reason, the front
and back rings are extendedhich makesthe impeller side chamber structure different from
common pumg

In common sembpen impeller, the increage the clearanceof front shroudcanre-
duce the heat and change the load of bladeTB§ flow and pressure in clearaneee
changed4, 5]. In additon, the disk friction loss DFL) in impeller side chamber imainly
due to fluidviscosity and occumnainly in the turbulent boundatayer [6].

The impeller side chamber structure, clearance leakage and fluid viscosity have a
great influence on the flow patterntimeimpeller side chamber, so the flow figtdimpeller
side chamber was studied for different specific speeds, the wibaeturatef predictingthe
DFL and the flow field distribution were obtained in §I.
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Daily et al.[9] simplified the liquid flow in the impeller side chamber to a rotating
motion around the fixed axis in the enclosed chamber. ThetageB flow mathematical
mode of the liquid motion in pump chamber was established based on the experimental re-
sults. Senocet al.[10] thought that the-Bayer flow modelhadneglectedhe existence of ra-
dial flow in impeller side chamber, and proposedlay¢r flow mathematical ntel. There-
fore, Li et al.[11] and Yanget al. [12] validated the 4ayer flow model by considering the
axial clearance of the pump cavity and Reynolds number, and the results were in good agree-
ment with the experimental data.

Besidesthe aforementioned gtlies investigations oMSP mainly focused on hy-
draulic performance, sealing structure and structural characteristics [13]. In this paper, the
numericaly analytical method will be used to investigate the flow structure and energy loss in
the special impéer side chamber under different operating conditions.

Physical model and numerical s et-up
Physical model

The threestage model pump with guide varteas a long axis, and the basic geomet-
rical parameters at design poare H = 150m, Qg = 350m%h, n = 1450rpm. A largeimpeller
side chambeclearance is set to ensure that the impeller shroud and the guide vane component
cannot interfereach otherandthe details are presentedfig.1. The whole flow field will be
simulatedand themodelingdomain is the first stagenpeller side chambeiThe numerical re-
sultsarecompared with the experiments in order to verify the accuracy of the simulation.

FA1
RA1

FA2
RA2

FA3

FA4 Impeller RA3.

Front impeller room Rear impeller room

Figure 1. Calculation domain

Grid independence and turbulence model

The whole flow field calculation was based on the RANS equation and stdafard
turbulence model.

It is commonlyknown that excessive grids will cost too much computing resource
and time, scan appropriatenumber ofgrid nodesis necessary. Three structured megith
high qualityareused to check the grid independence, as shovig.i2. The calculation results
uncer rated condition are showntah. 1 and the grid nodes of2 210" was selected finally.

Numerical set-up

For consistency, the medium in both experiment and calculistisater. The calcu-
lated domain corresponding to rotating components were set as rotation domain. The interface
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between rotoand stator were set &®zen rotor All physical surfaces were set as ralip
walls. The classical boundary conditions were establisheskfioav rate was imposedtthe
inlet section and total pressure was assigriéite opening outlet, which was showrfiig. 3.

() (e)

Figure 2. Structured grids for the calculated domain; (a) impeller, (b) front impeller room,
(c) rear impeller room, (d) sucton stage, and (e) discharge chasing

Results and discussion B~
Opening outlet
Hydraulic performance

The whole flow field calculation was per. e T R
formed under five flowrate conditions (0@q4, ~,
0.6Qq, 0.8Qq, 1.0Qq, 1.1Qq, andQq arethe de- '“ff’@??‘" - o e mi‘ [
sign point flow rates, respectively). The co “oure 3. Calculation domain and
parison between numerical and experime:Ef :
data, including the head and efficiency of the
model pump,is illustrated infig. 4. The dis-
crepanyg of the head and efficiency is proxi:
mately 2.4% and 4.43% under all condition_
and the maximum error occurs under the smz '
flow rate conditios because of the chaotic '*]
flow field. The results indicate that the numer 491
cal data is reliable and can be acedphn pre- 1307
sent study. 120
1107

undary conditions
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Tangential velocity profiles in R I S e o S S S
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impeller side chamber Q,

In the following figuresfigs. 5 and 6J/L  Figure 4. Numerical and experimentalresult
is the relative axial length positipW/U repre-
sents the dimensionless tangential velocity,
wherel is the distance from shroudndL is the width of the sectioTheV, is the tangential
velocity andU is the wall rotatig speed correspoity to the radius section.

Distribution of tangential Mecity: In the front of the impeller side chambethe
tangential velocity is close to the front shroud rotation speed as radius decreases. The distribu-
tion of the frontimpeller side chambeangential velocity indicates that the larger the radius
is, thegreater the shear stress and the velocity gradient on the impeller front aredigd 5.
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In general, the tangential velocity on different sections shows a tendency to rise as the
flow rate increases. Furthermore, the tangential velocity on &#&tionnear the impeller outlet
is relatively large fig. 6. When the distance from the impeller exit increases, the fluctuation
amplitude of tangential velocity on RA2 and RA&ctionsbecomes smaller thahat onthe
RA1 Section In particular, there is sudden change of the tangential velocity on R3%&ttion
close to rear shroud, and this phenomenon is in agreement with the model propo$etizh [1
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Figure 5. Distribution of tangential velocity in front impeller side chamber (a) 0.6Qq, (b) 0.8Qu,
(c) 1.0Qq, and (d) 1.1Qq

Distribution of tangential velocityThe tangential velocity on FR1 is shown as a
V-type structure and presedtin fig. 7. The main reasofor the speciatangential velocity
distribution is the viscous friction. The front shroud wall consists of radial wall and axial wall,
and the two walls act on the fluid in the framipeller side chambem the middleposition of
the radiusthe distance of shroud anll changes and then givgse to the tangential veloci-
ty to reduce taits minimun. Then radius continues to increase and the clearance wglth ha
only slide change while the tangential velocity kespncrease. Allpreviouslypresented is
shownin fig. 7, and the resul@resupport by [8].

The radial distribution of the tangential velocity in rear impeller side chamber
changes great)yfig. 8. Underthe simulatedvorking conditions, the magnitude of tangential
velocity is in the range from 0.38 to 0.%#hd it increases with the flow rate. The distribution
of tangential velocity in the gap between the front shroud and rear impeller side chamber is
consistent with the conclusion in [7].
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Figure 6. Distribution of tangential velocity in rear impeller sidechamber, (a) 0.6Qu, (b) 0.8Qq,
(c) 1.0Qq, and (d) 1.1Qq

Radial velocity profiles in
impeller side chamber

The distribution of radial velocity in axial e
direction in front impeller side chambeis 0-58;
shown infig. 9. Due to the centrifugal force or 5|
front shroud rotating wall, the positive radie
velocity of boundary layer separation increas
with the increase ofadius. Before the boundary o.55 |
layer separation, the magnitude of negative |
dial velocity on stator is reduced initially an
then increases as the axial coefficiéft in- 053 e = 55 P
creases, but the negative radial velocity at sec- ' ' ' coR
tion FA5 has the maximal value both fimur Figure 7. Distribution of tangential velocity in
working conditions. On FA1 section, the neg4rPeller front shroud
tive radial velocity is at/L = 0~0.3 and the ra-
dial velocity is positive from 0.3 to 1.0. Then, both the FA2 and FA3 sections have a transi-
tion of radial velocity al/L = 0.2, but it is almost dfL = 0.4 for FA4 and FA5 sections.
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Figure 8. Distribution of tangential velocity in rear impeller side chamber (a) 0.6Qu, (b) 0.8Qq,
(c) 1.0Qq, and(d) 1.1Qq

Figure 9. Distribution of radial velocity in front impeller side chamber (a) 0.6Qu, (b) 0.8 Qq,
(c) 1.0Qq, and (d) 1.1Qu












