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In this paper, the symmetric heat transfer performance of sodium-cooled fast reactor fuel as-
semblies was analyzed and studied. The model is analytically optimized based on sub-channel
calculations. The deviations of the numerical simulation results from the pre-existing experi-
mental data in the literature are within 10 %, with an average deviation of 2.5 %, which tested
the reliability of the model. The calculated results demonstrated that the distribution of the
axial power, temperature, and coolant of the reactor core is approximately symmetric
M-shape. The reactor core coolant has a monotonic increase in axial distribution with the
cladding temperature and the temperature peaks all appear at the reactor core outlet. The in-
dividual fuel assemblies' internal temperature is relatively sensitive to the axial power distri-
bution, and there are troughs around the imports and exports. The simulated results showed
that the center temperature of the hottest rod reactor core block reached 965.65 K. This pa-
per provides a better guide to understanding the overall heat transfer effect by optimizing the
heat transfer model.
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INTRODUCTION

As one of the 4™-generation nuclear reactors, the
sodium-cooled fast reactor has attracted the attention
of many scholars in the world since it was proposed.
Compared with the existing reactor types, it has obvi-
ous economic and structural advantages [1]. For fast
reactors cooled by liquid sodium metal, the study of
heat transfer characteristics of reactor core fuel assem-
blies has always been an indispensable part of the eval-
uation of the reactor core heat transfer process. In this
paper, based on the layout and operating conditions of
a theoretically designed single-box fuel assembly of
the sodium-cooled fast reactor, the sub-channel analy-
sis program is used to model the heat transfer process
of the reactor core and evaluate the preliminary heat
transfer performance, to lay a good foundation for the
subsequent design optimization of the heat transfer
process of sodium-cooled fast reactor fuel assembly.
The influence of reactor system parameters, including
system pressure, heat flux, and mass flow rate, on the
safety and efficiency of reactor operation is particu-
larly critical [2]. Many scholars at home and abroad
have analyzed the influence of system parameters on
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wall temperature and heat transfer coefficient in the
study of reactor core sub-channels. The good agree-
ment between tested reactor data and subchannel
model code calculation concerning the reactor demon-
strates the reliability of the analysis methodology from
a thermal-hydraulic perspective [3, 4]. Most of the ex-
isting studies analyze the heat transfer characteristics
of the coolant sodium flow process for cladding tem-
perature, heat transfer coefficient, and flow resistance
[5].

The equivalent thermal resistance defined based
on the dissipation of entransy as a cornerstone is an index
to evaluate the overall heat transfer performance of the
system. Starting from the comparison of heat conduction
and conductive processes, it is applied to multidimen-
sional, unsteady, and complex heat transfer problems
with internal heat sources [6]. A new physical quantity
corresponding to the energy of a capacitor is introduced,
entransy, which has the meaning of energy and describes
the total capacity of an object to transfer heat. Given that
it is 1/2 of the product of temperature and heat capacity,
this physical quantity is called entransy [7]. The heat
transfer process is an irreversible process in which a cer-
tain amount of entransy is dissipated. One of the advan-
tages of the entransy equation is that it can be used to op-
timize the heat transfer process because the conditions
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for its establishment require an equilibrium equation so
that we can calculate its value through the entransy dissi-
pation function [8]. The equivalent thermal resistance in
multidimensional heat conduction problems is specified
based on physical quantities of entransy dissipation, thus
allowing the extreme value principle of entransy dissipa-
tion of heat conduction optimization to be summarized as
the principle of minimum thermal resistance for heat
conduction optimization.

The physical meaning of the entransy corre-
sponds to the total amount of heat transfer capacity and
the dissipation rate of heat transfer capacity, corre-
sponding to the electrical energy stored in the capacitor.
Heat transfer analysis shows that the entransy of an ob-
ject describes its heat transfer capacity, as the electrical
energy in a capacitor describes its charge transfer ca-
pacity [9]. The entransy dissipation of substances dur-
ing heat transfer occurs as a measure of the irreversibil-
ity of heat transfer. The introduction of the extreme
value principle of entransy dissipation provides a com-
pletely different perspective for heat transfer optimiza-
tion and solves the previous limitations and backward-
ness of heat assessment by entropy generation and
thermal resistance as evaluation indicators [10].

The entransy dissipation of the heat transfer pro-
cess and the mechanical energy dissipation generated by
the fluid transfer process are identical [11]. The extreme
value principle of entransy dissipation provides a new
theoretical basis for heat transfer optimization, differing
from the traditional techniques of enhanced heat transfer
processes and the extreme value of entropy generation.
Nowadays, the theoretical approaches for enhanced heat
transfer are broadly entropy generation analysis method,
field synergy principle, and entransy dissipation method
[12]. The entransy dissipation method avoids the entropy
production paradox of the entropy production method
and is simpler than the field synergy method. The physi-
cal quantity of fire product is obtained by thermoelectric
comparison based on similarity in the mode of transfer
and is used to define the strength of the heat transfer ca-
pability of an object [ 13]. There are two main ways of op-
timizing the entransy dissipation method for heat transfer
processes: ong is to find the best distribution of variables
to minimize the heat transfer temperature difference for a
given heat flow condition and this phenomenon is the
minimum entransy dissipation and the other is to maxi-
mize the heat flow transferred for a given temperature
difference when the process is expressed as the maxi-
mum dissipation of entransy. The combination of these
two cases is the extreme value principle of entransy dissi-
pation [14].

The sub-channel program can calculate the tem-
perature and velocity distribution of the fluid at the re-
actor core scale. However, it still has certain limita-
tions. A lot of research on the sub-channel program is
needed to improve the calculation accuracy of the

sub-channel program. In this paper, the sub-channel
program has been used to simulate the cooling process
of the fuel assembly of the sodium-cooled fast reactor.
The thermal-hydraulic analysis of the sub-channel and
the study of the entransy dissipation law under the
steady state of the reactor has been carried out, aiming
to provide a heat transfer evaluation method based on
the second law of thermodynamics and focusing on
the thermal-hydraulic characteristics of the reactor
core, in addition to the existing conventional methods.

NUMERICAL SIMULATION
Mathematical model

This paper is aimed at the sodium-cooled reac-
tor. The boiling point of sodium is very high. Consid-
ering the design operating parameters of the concept
reactor, it will not reach the boiling state. Therefore,
the program uses a single-phase flow model and does
not consider two-phase flow and heat transfer [15]. In
the processing of turbulent mixing, the equal-mass
model is used, that is, the exchange of energy and mo-
mentum between subchannels is considered without
considering the mass exchange. Since it is the main
factor affecting the enthalpy drop of the hot channel,
the introduction of this model can improve the accu-
racy of the solution [16]. This program uses the divi-
sion method of sub-channels formed by connecting
the centerline of the fuel rod, the vertical pipe wall
line, and the inner wall of the assembly. The following
is the analytical model of the program [17, 18]:

Mass conservation equation can be expressed as

op; Om, il
A L+ L= w. 1
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where 4;, p;, m;, are the flow area, the coolant density,
and the axial mass flow rate of subchannel i [19], w; —
the horizontal flow, and 0z — the height of axial control
volume.

Energy conservation equation can be expressed as
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where /; is the enthalpy, w;-]- — the turbulent mass flow
rate, 4’ — the turbulent enthalpy, ¢; — the channel i
inline power, G — the thermal conductivity factor, A —
the thermal conductivity of material, s;,— the length of
the gap between channels i and j, /; — the turbulence
length, and T3, T}, are the channel and adjacent channel
temperatures.
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Axial momentum conservation equation can be
expressed as
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where U is the axial velocity, p — the pressure, g — the
gravitational acceleration, 6 — the angle between the flow
and the vertical direction, f— the frictional drag coeffi-
cient, D — the channel hydraulic diameter, f7— the turbu-
lent momentum factor, and U’ — the turbulent cross-mix-
ing transverse flow.

Transverse momentum conservation equation
can be expressed as
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where p;, p; are the adjacent channel pressure, and K¢ —
the cross-flow resistance coefficient.

Physical model
Fluid physical model

The melting point of sodium at atmospheric
pressure is 370.95 K, and the flow characteristics of
liquid sodium are close to those of water, but its ther-
mal conductivity is two orders of magnitude higher
than that of water, making it extremely capable of con-
ducting heat. The boiling point of sodium at atmo-
spheric pressure is 1156.15 K, which is higher than the
design temperature of the fast reactor and ensures its
safety, so liquid sodium metal is a very good coolant
for the fast reactor. By now, most of the fast reactors in
the world have been built using liquid sodium metal as
coolant. The physical parameters of sodium used in
this study such as density, isobaric specific heat capac-
ity, kinetic viscosity, and thermal conductivity are

Convective heat transfer formula

Liquid sodium metal has a lower Prandtl number.
Compared with ordinary fluids, liquid metals have high
thermal conductivity. In convection heat transfer, molec-
ular heat conduction is the main one. In the process of
convection heat transfer, there is a phenomenon of sepa-
ration of temperature boundary layer and velocity
boundary-layer. The heat transfer characteristics are fun-
damentally different from those of conventional fluids.
The Pr= 0.007 of liquid sodium indicates that in the con-
vective heat transfer process of liquid metal sodium, the
heat conduction process cannot be omitted relative to the
momentum heat diffusion transfer process, and it can
even play a leading role under individual conditions [23].
This difference will eventually be reflected in the rela-
tionship of the dimensionless Nu for heat transfer. The
Dittus-Boelter relationship, which ignores the thermal
conductivity of molecules, is only suitable for water, not
for liquid metals with low Prandtl numbers. The convec-
tive heat transfer relationship for the process of liquid
metal sodium cooling reactor core can be expressed as
[24]

5.0 3.8 0.86
Nu =4.0+ 0.16(Pj + 0.33(})) (pej (5)
D p) 100

Scope of application of this formula: 1.15 < P/D
<1.30,10<Pe <5000.Ineq. 5, Pis the rod spacing, D —
the outer diameter of the rod, and Pe is the Peclet num-
ber, which is a dimensionless value equal to the product
of the Reynolds number and the Prandtl number [25].
When calculating the Reynolds number in this simula-
tion process, the characteristic length d is taken as the
equivalent diameter, and the characteristic velocity is
taken as the flow rate of the reactor core coolant.

Friction pressure drop formula

Novendstern proposed a semi-empirical model
for hexagonal wire-wound fuel rod assemblies. In this
model, the winding is represented by an additional co-
efficient of friction. The pressure drop for a smooth
tube is first calculated using the Blasius relation. The
winding problem is then explained by introducing a
multiplier M [26], i. e.

shown in tab. 1 [20-22] f=M 0.3;::4 (6)
Table 1. Liquid sodium physical property relationship
Parameter Unit Value/Formula
Melting point K Ty =370.95
Boiling point K T = 1156.15
Enthalpy of liquid kg hy=-6.7511-10" + 1630.22T + 0.41674T* + 1.54279-10* T°
Density kgm* p=10011.6 £0.220517 + 1.92243-107 T+ 5.63769-10”° T°
Isobaric specific heat J(kgK)™! C,=1630.22 + 0.83354T + 4.62838-10 * T*
Kinetic viscosity Nsm? 1 =102%2 422065 T +0.4925 log !
Thermal conductivity W(mK) ' A =109.7 + 6.4499-10 % T— 1.1728-10° T
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where M is a function of flow parameters and struc-
tural parameters, which can be expressed as

0.885

(7

V| 1034 29.7(P/ D)%% Re*¢

The applicable range of the Novendstern model is
2600<Re<200000, 1.05<P/D<1.42,8<H/D<96.

Subchannel model

According to the system parameters of the fuel
assembly in sodium-cooled fast reactors, the operating
pressure of the reactor is 0.43 MPa, the inlet tempera-
ture of the sodium coolant from the bottom of the reac-
tor core is 633.15 K, and the inlet flow rate of the so-
dium coolant takes a uniform distribution. China
Experimental Fast Reactor (CEFR) adopts a hexago-
nal type for fuel assembly. The model is divided into
an inlet section and an active section, assuming equal
inlet pressures in each channel. The power of each fuel
rod of the assembly used in this paper is equal and uni-
formly distributed. The subchannels can be divided
into internal channels, side channels, and corner chan-
nels according to their positions and shapes. The basic
parameters of the fuel assembly are given in tab. 2.

There are 61 fuel rods in a single fuel assembly,
arranged in a triangular pattern and positioned using
wire wrap. Each of the 61 fuel rods was numbered
counterclockwise in a circular fashion from the inside
to the outside as shown in fig. 1. At the same time, the
coolant channels in the fuel assembly are divided into
different subchannels, which are classified as inner
channel, corner channel, and side channel according to
the location of the flow channels, and a total of 126
subchannels are classified. Among all subchannels,
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Table 2. Basic parameters of the fuel assembly

Parameter Unit | Value/description
Full length m 2.592
Number of pins 61
Center distance m 7-10°
Full length of cladding m 1.313
The outer diameter of the cladding| m 6-107°
The inner diameter of the cladding] m 5.4.10°
Coolant flow rate ms”’ <5
Cladding material CN-1515
Maximum temperature of cladding)] K 943.15
Inlet and outlet temperature K 633.15/803.15
Maximum line power density |kWm ' 4.10

there are 6 corner channels, 24 side channels, and 96
inner channels.

Entransy dissipation analysis model

Entransy dissipation in the heat
transfer process

Under the condition of the given parameters, ac-
cording to the obtained operating state, using the defi-
nition formula of entransy flow, the entransy flow
caused by the heat transfer of the fuel rod can be ob-
tained as

E; =CqT,.nDAIl ®)

where C is the thermal cycle coefficient, ¢ — the heat
flux density between the cladding and the coolant, 7,.—
the cladding temperature, and A/ — the axial pitch.
Since the entransy dissipation is a state quantity,
the entransy dissipation change of the sodium fluid is
calculated according to the flow parameters of the so-

)
y

Figure 1. Sub-channel division of
fuel assembly
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Table 3. Comparison of deviations of subchannel program results with experimental

Term of comparison Subchannel program temperature [K] Experimental temperature [K]| Misalignment
Subchannel maximum sodium temperature 840.65 845.05 0.52 %
Average subchannel outlet temperature 800.55 811.45 1%
Subchannel maximum sodium temperature rise 480.65 485.05 0.91 %
Peak shell temperature 853.25 885.95 3.69 %
Peak fuel temperature 965.65 990.35 2.50 %

dium fluid, and the entransy dissipation increment of
the sodium fluid can be expressed as

E, = % mlU™'C,T; ©9)

where m is the axial mass flux, /— the turbulent length,
U — the axial velocity, C, — the constant-pressure spe-
cific heat, and 7y — the coolant temperature.

Entransy dissipation in the flow process

Assuming that the flow of the sodium in the
channels is caused by the pressure difference between
the outlet and the inlet, and the flow is adiabatic in a
steady state, ignoring the effect of the enthalpy change
for the entransy, it can be obtained as

de+Tdp _0

ol

where p is the fluid density, p —the pressure, and e — the
specific entransy, that is, the entransy per unit mass of
fluid.

In the subchannels, only the entransy dissipation
of the flow process is considered, the above formula is
integrated, and the average temperature of the fluid is
used to approximate the temperature of sodium, then
the entransy dissipation caused by the fluid resistance
can be expressed as

(10)

T, +T,
Ey="in"tow Bpp (1)
2 p
RESULTS AND DISCUSSION

Comparison of deviation of simulation results

The STAC subchannel program was used to calcu-
late the thermal-hydraulic parameters of the CEFR fuel
elements under steady state conditions and compare
them with the experimental control values in the China
Experimental Fast Reactor Project One-Circuit Main
Cooling System Manual and the safety analysis report.
Table 3 lists the comparison and deviation statistics be-
tween the arithmetic calculation results of the subchannel
program and the experimental control values.

As can be seen from tab. 3, the data of subchannel
maximum sodium temperature, subchannel outlet aver-
age temperature, and subchannel maximum sodium tem-
perature rise calculated by the STAC program have a
small deviation from the experimental control value,

which is less than 2.5 %, and the calculated results of
peak shell temperature and peak fuel temperature have a
slightly larger deviation from the experimental control
value, which is less than 10 %. The comparison results
show that the deviation of the arithmetic results from the
experimental control values is less than 10 %, and the av-
erage deviation of each result is close to 2.5 %. The mod-
eling of the STAC subchannel program in the set steady
state condition is basically correct, and it can be used for
the analytical study in the subsequent chapters in combi-
nation with entransy dissipation theory.

Thermal parameters analysis
of the subchannels

Power distribution

Figure 2 shows the axial power distribution of
reactor core, which is approximately a cosine function
distribution, the power peak appears near the axial
height of 0.4 m, and the crest factor is about 1.234. Af-
fected by the thermal insulation layer, the power at the
upper and lower ends of reactor core increases, result-
ing in different power valleys in the 0-0.1 m interval
and the 0.7-0.8 m interval.

Axial distribution of coolant temperature
Figure 3 shows the axial distribution of coolant

in 12 groups of channels in the fuel assembly. It can be
observed from the figure that the coolant temperature
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'
-
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0.7 4 ! I I ! \./
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Figure 2. Power distribution
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Figure 3. Axial distribution of coolant temperature

in the channels increases continuously with the axial
height and the maximum temperature value appears at
the exit of the channels. The exit temperature of the
edge 1 channel and 126 channel assembly is slightly
lower than the other channels, which is due to the large
difference in the circulation area of the different flow
channels within the assembly. The larger equivalent
diameter and the larger flow area of the subchannels
will lead to a better cooling effect and lower tempera-
ture of the subchannels.

Axial distribution of cladding temperature

Figure 4 shows the axial distribution of the outer
surface temperature of the cladding for different fuel rods.
It can be observed from the figure that the increase of the
cladding temperature is relatively flat in the interval of
0-0.1 m due to the change of axial power distribution and
coolant flow, in the interval of 0.1-0.8 m, the increase of
the cladding temperature is sharp and then flat due to the
change of axial power distribution and reaches the maxi-
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Figure 4. Axial distribution of cladding temperature

mum value at the exit. The temperature of the cladding of
fuel rods 57 and 61 is significantly lower than that of fuel
rods 42 and 53 and is smaller than that of other fuel rods.
The reason for this is that the better the cooling effect is,
the lower the fuel rod casing temperature is, and the casing
temperature in the other channels also shows a large dif-
ference depending on the channel type.

Axial temperature distribution of the hottest rod

Figure 5 shows the axial temperature distribution
of'the hottest rod in fuel assembly. The axial temperature
distribution of the hottest rod includes the center temper-
ature of fuel, the outer surface temperature of fuel, the in-
ner surface temperature of the cladding, the outer surface
temperature of the cladding, and the temperature of the
coolant. The peak temperature of fuel pellet is 965.61 K.
The maximum temperature difference between the cen-
ter and outer surface of the fuel rod occurs at 0.45-0.55 m
with a value 0f 349.02 K. The impact of thermal stress fa-
tigue loss on the structural strength of the fuel pellet
needs to be focused on here. The temperature at the top
and bottom of reactor core increases slightly due to the
increased neutron moderation which leads to increased
energy release from the fission reaction and increased
power at the endpoints, resulting in slightly higher tem-
peratures at both ends of the fuel rod. The peak tempera-
ture of the cladding is 853.18 K. The difference in the
fuel rod temperature is large because of the inadequate
heat transfer caused by the large thermal resistance of the
air gap between the fuel rod and the cladding. From
fig. 5, it can be seen that the increase of rod temperature at
both ends has obvious feedback on the cladding tempera-
ture, showing the same trend of change. The temperature
of the coolant increases monotonically with the axial
height, and the maximum temperature value appears at
the channel exit, with the value of 840.68 K.
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Figure 5. Axial temperature distribution of
the hottest rod
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Entransy analysis of subchannels

Axial distribution of fractional
entransy dissipation

Figure 6 shows the axial distribution of frac-
tional entransy dissipation for different types of
subchannels. Three typical channels are selected in
this paper, Channel 1 is the corner channel, Channel 55
is the inner channel, and Channel 124 is the side chan-
nel. The fractional entransy dissipation of each chan-
nel generally shows the same trend, which decreases
in a linear trend in the range of 0-0.8 m. The difference
in the entransy dissipation of flow fraction is analyzed
due to the dominant influence of the flow area and
mass flow rate of the side Channel 124. The mass-flow
rate of the angular channel is slightly faster than that of
the inner channel, but the effect is not as fierce as the
temperature pattern of the inner channel.

Axial entransy distribution of
coolant flow process

As shown in fig. 7, the axial entransy distribution
of coolant flow process for different types of
subchannels. The overall coolant entransy flow in each
channel showed an upward trend, and the coolant
entransy flow in the side channel was larger. The
entransy flow in Channel 124 is significantly higher
than in other channels. The reason for this condition is
that the flow area and mass-flow of the side channel are
larger than those of the corner channel and the inner
channel, the coolant fluid temperature and mass-flow of
the corner channel are the smallest, but the mass-flow
rate is higher than that of the inner channel.

Axial entransy distribution of
heat transfer process

As shown in fig. 8, the axial entransy distribu-
tion of heat transfer process of different types of
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Figure 6. Axial distribution of fractional entransy
dissipation
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Figure 7. Axial entransy distribution of coolant flow
process
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Figure 8. Axial entransy distribution of
heat transfer process

subchannels. The entransy flow shows a similar distri-
bution to the power due to the axial power distribution
variation and coolant flow. It can be seen from the fig-
ure that the distribution of entransy flow in Channel 1
is generally lower than that in Channel 55 and Channel
124. The reason is that the heated perimeter of the cor-
ner channel is smaller than that of the side channel and
the inner channel, resulting in a small entransy flow.
The higher entransy of the side channel is due to the
poorer cooling effect of the inner channel than that of
the side channel.

Axial entransy dissipation distribution
of subchannels

As shown in fig. 9, the axial entransy dissipation
distribution of subchannels in different types of fuel
assembly. It can be seen from the figure that the overall
trend is greatly affected by the power distribution, and
the trend is relatively uniform. The entransy dissipa-
tion of corner Channel 1 is the smallest and the trend is
the most gentle, indicating that the entransy dissipa-
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Figure 9. Axial entransy dissipation distribution of
subchannels

tion in the heat transfer process of this channel is least
affected by the power. Under the same heated perime-
ter conditions, the entransy dissipation of the side
Channel 124 is significantly smaller than that of the in-
ner Channel 55, the reason is that the wet perimeter of
the side channel is larger than that of the inner channel,
resulting in negative feedback.

Axial distribution of the entransy
dissipation rate

As shown in fig. 10, the axial distribution of the
entransy dissipation rate for different types of
subchannels of the fuel assembly. It can be seen that
the entransy dissipation rate of the inner Channel 55 is
significantly higher than that of the side channel and
the corner channel. However, the trend of the entransy
dissipation rate of the side channel and the corner
channel is basically the same, and the changing trend
of the inner channel is more moderate. The reason for
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Figure 10. Axial distribution of the entransy
dissipation rate

this condition is that the complex structure and lateral
mixing of the inner channel are taking effect. The in-
ner channel has a larger heated perimeter and a smaller
wetted perimeter, which leads to a larger entransy flow
of heat transfer process and a smaller entransy flow of
flow process, so the entransy dissipation rate is larger
than that of other channels. However, the inner chan-
nel dissipation rate is least affected by the power. The
entransy dissipation of the side channel is larger, but
the dissipation rate is the smallest. The reason for this
condition is the negative feedback generated by the
large mass flow rate.

CONCLUSIONS

The analytical model of sub-channel is estab-
lished with the sub-channel program STAC as a tool
and CEFR as a research object, and its steady-state
thermal parameters and the inlet dissipation law of
sub-channel are analyzed. The results show that:

e Based on the subchannel analysis program STAC,
CEEFR is chosen as the model for core symmetry
subchannel analysis, and the subchannel steady-
state thermal parameters and subchannel entransy
dissipation law are analyzed. The results show
that the plutonium enrichment of the component
determines the approximate symmetric cosine
function distribution of reactor core axial power,
which further affects the component temperature
and coolant flow. Therefore, the distribution of
axial power, temperature, and coolant flow is ap-
proximately symmetric M-shaped.

o The reactor core coolant and casing temperatures
increase monotonically in the axial direction, and
the temperature peaks are found at reactor core
outlet. The internal temperature of the individual
components is sensitive to the axial power distri-
bution, and there are valleys near the inlet and out-
let. In addition, the larger the equivalent diameter
of the circulation channel, the larger the circula-
tion area and the better the cooling effect. The fi-
nal calculation shows that the center temperature
of the hottest rod core reaches 965.65 K, which is
lower than the melting point of the nitride fuel.
The validation shows that the results of the STAC
thermal analysis program are in good agreement
with the literature data and can be applied to the
thermal hydraulic analysis of the sodium-cooled
fast reactor core.

e The entransy dissipation of the subchannels is repre-
sented by the comprehensive influence trend of
power distribution, mass-flow rate, and channel
structure. The corner channel is least affected by
power and the entransy dissipation is the least. The
inner channel is affected by the mass-flow rate and
channel structure resulting in the largest entransy
dissipation. Due to the complex structure and lateral
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mixing of the inner channel, the entransy dissipation
rate is larger than that of the edge channel. Due to the
influence of the mass-flow rate, the side channel
shows the most excellent heat transfer performance
with a low entransy dissipation rate corresponding to
a larger entransy dissipation.
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Nomenclature

SRNSTEEN

Area [m’]

Coefficient of heated perimeter
Constant-pressure specific heat [klkg 'K™']
Hydraulic diameter [m]

Specific entransy [WKkg ']

Entransy [WK]

Gp Thermal conductivity factor [Wm K™
f Frictional drag coefficient

h Specific enthalpy [Jkg ']

K; Coefficient of local resistance

/ Turbulent length [m]

m  Axial mass flux [kgs™']

M Additional coefficient of friction

Nu Nusselt number (= A4

p Pressure [Pa]

Pe Peclet number

Pr  Prandtl number (= C, uA™h

g  Heat flux [kWm™]

9;  Channel i inline power [Wm ']

Re Reynolds number (= UDn™")

s Length of the gap between channels [m]
t Time [s]

T Temperature [K]

U  Axial velocity [ms™]

w  Transverse mass flux per unit length [kgs'm™']
z Axial height [m]

Greek symbols

p  Density [kgm™]

0 Angle between flow and vertical direction [°]
A Thermal conductivity [Wm™'K™']
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Subscripts
c Cladding
f Sodium fluid
i Volume in axial direction
j Layer in radial direction
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1987

Henrxao JYHI, Henhyen /bY, Yao XYAHI, Cunju IbY, Jluxan XAJ

AHA/IU3A NNEPO®OPMAHCE NNPEHOCA TOILUIOTE INOTKAHAJIA
IrOPMBHUX CKJIOIIOBA BP3UX PEAKTOPA XJIAGLEHUX HATPUJYMOM
HA OCHOBY EHEPIMJA KOHIAEH3ATOPA

Y oOBOM pafly aHaNM3HpaHE Cy U HCTpaskeHe NepdopMaHCe CHUMETPHYHOT IMIPEHOCAa TOILUIOTE
TOPUBHHEX CKJIONOBA OP30T peakTopa XIaheHnX HaTPHjyMOM 1 MOJIeJI je aHATNTHYKY ONITHMA30BaH Ha OCHOBY
npopadyHa nortkaHama. Opcrymama pesynraTa HyMepHuke cuMmynangje of Beh mocrojehmx exkcrepu-
MEHTAJHUX MOflaTaKa y JuTepaTypu y rpanunama cy of 10 %, ca mpoceyHuM oficTynameM off 2.5 %, uuMme je
TeCTHpaHa MOy3/1aHOCT Mofielia. M3padyHaTe BpefHOCTH TTOKa3aje Cy Aa Cy paclofelie akChjaaHe CHare, TeM-
nepaType U pacxXJIafjHe TeYHOCTH je3rpa peakTopa MpuOIKHO ciMeTpraHIX M-o65mka. Pacxmagnaa TeqHocT
jesrpa peakTopa MMa MOHOTOHO moBeharme aKcHjaJiHe paclofieie ca TeMIepaTypoM OMoTada M TeMIle-
paTypHUM BpXOBUM Ha H3/1a3y U3 je3rpa peakTopa. YHYTpallllbha TeMIepaTypa HOjefJUHAYHUX TOPHBHUX
CKJIOTIOBA je PEeNIaTUBHO OCETIbUBA HAa aKCHjAIHY pacIHofieNly CHare, a OKO yjas3a ! m3ja3a MoCcToje MajoBH.
CuMynupann pe3ysaTaTy MOKa3ajy Cy Jia je TeMIiepaTypa y HEeHTPY HajTOIUIMjer OJ0Ka je3rpa peakTopa ca
TOPUBHOM HIMIIKOM focturia 965.65 K. OBaj paj onTuMu3anujoM Mojella IpeHoca TOINIOTe mpyxka 0oibe
yBUJie y pa3yMeBame YKYIHOT epekTa NpeHoca TOIIoTe.

Kwyune peuu: 6p3u peaxiiop xaaber HAIPUjymom, ZOpusHU CKAOH, CyOKaHaaHa meitiooa, oucuilayuja
eHepzuje KOHOeH3alopa



