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The thermal-hydraulic study presented here relates to a channel of a nuclear reactor core. This
channel is defined as being the space between two fuel plates where a coolant fluid flows. The
flow velocity of this coolant should not generate vibrations in fuel plates. The aim of this
study is to know the distribution of the temperature in the fuel plates, in the cladding and in
the coolant fluid at the critical velocities of Miller, of Wambsganss, and of Cekirge and Ural.
The velocity expressions given by these authors are function of the geometry of the fuel plate,
the mechanical characteristics of the fuel plate’s material and the thermal characteristics of the
coolant fluid. The thermal-hydraulic study is made under steady-state; the equation set-up of
the thermal problem is made according to El Wakil and to Delhaye. Once the equation set-up
is validated, the three critical velocities are calculated and then used in the calculations of the
different temperature profiles. The average heat flux and the critical heat flux are evaluated
for each critical velocity and their ratio reported. The recommended critical velocity to be
used in nuclear channel calculations is that of Wambsganss. The mathematical model used is
more precise and all the physical quantities, when using this critical velocity, stay in safe mar-
gins.
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INTRODUCTION

Fuel plates are typically used in light water nu-
clear reactors with low operating temperatures. The
study presented here deals with a thermal-channel of a
nuclear reactor core. This channel is defined as the
space between two fuel plates where the coolant flows
in order to remove heat. To extract this heat and to
avoid disturbing the integrity of the fuel, which is a cri-
terion of nuclear safety, we have to know the tempera-
ture distribution in the fuel, in the fuel cladding and in
the cooling fluid. In fact the flow is summarized in the
flow of water between two flat plates with a given ve-
locity. Calculation of this velocity is based on two cri-
teria: the first is the visibility and the second the critical
velocity which should not be reached. The first expres-
sion for the critical velocity was established by Miller
[1], it is given according to the density of the fluid, the
geometry of the fuel and Young’s modulus of the mate-
rial used. Another expression was established by
Wambsganss [2], which uses the same variables used
by Miller [1] and adds some others to consider the
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mathematical formulation. A third expression was
proposed by Cekirge and Ural [3], which is somewhat
simpler and does not require many calculations, it con-
siders more of a relationship between material and
fluid. Kerboua et al., [4] studied the critical velocity
induced by a potential flow on a plate. They developed
a finite element method to model plates and plate sys-
tems with arbitrary boundary conditions subjected to
forces induced by the passage of a potential fluid flow.
The method used is the hybrid method combining the
finite element method with the classical theory of thin
plates. In this method, the fluid pressure on the struc-
ture is expressed in terms of the inertia of the fluid of
the Coriolis force and centrifugal force. They found
that for low heights of fluid, the clamped-free plate is
most vulnerable to relative static instability compared
to the plate clamped-clamped.

Cui et al., [5] studied the vibration and the stabil-
ity induced by the flow on a model of fuel element as-
semblies containing parallel plates, in order to solve the
equations of the complex mode-modal. To do this, they
used the method of variation of frequency. The results
are subject of the design of fuel elements for nuclear re-
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actors and nuclear safety. Fujimura and Kelly [6] stud-
ied the linear stability of shear flow instability between
two horizontal parallel plates. They were able to solve
the eigenvalue problem numerically by using the ex-
pansion method of Chebyshev polynomials. They
found that the critical Rayleigh number increases to
two-dimensional  disturbances with increasing
Reynolds number. The result strongly supports the pre-
vious stability analysis and in some cases, a discontinu-
ity in the critical wave number occurs due to the devel-
opment of two extrema in the limit of neutral stability.

Tang and Paidoussis (2007) [7] treated the dy-
namics of a plate subjected to an axial flow on both sur-
faces. They have built a numerical model relatively
simple to control and monitor the volatility of the
post-critical behavior of the fluid-structure system by
developing a nonlinear equation of motion of the plate
using the inextensible condition. The analysis of the dy-
namics of the system was performed in the time do-
main. They found that various factors can affect the dy-
namics of the system such as damping materials, the
length of the current segment and the viscous drag.
Hence, they proposed a model of evolution wake to ex-
plain the phenomenon of hysteresis observed in experi-
ments. Michelina and Llewellyn Smith [8] studied the
linear stability of NV identical flexible plates with bound-
ary conditions (uniform parallel flow). Where the flow
viscosity is neglected and the flow around the plates is
assumed potential. A Galerkin method is used to calcu-
late the eigenmodes of the system. Their interest was
about the effects of the number of plates and their dis-
tance from the stability property in the static state. In
this work, we seek to know the developments of differ-
ent temperatures and the evolution of the critical heat
flux for each of the three expressions for the critical ve-
locity. Such information will contribute to exact
dimensioning of the active part of the nuclear reactor
core.

THE CONCEPT OF
CRITICAL VELOCITY

Miller, Wambsganss, and Cekirge and Ural use
the equation of conservation of momentum of a con-
tinuous flat plate, elastic, isotropic and built at the lat-
eral sides, subjected to longitudinal vibrations under
the effect of fluid flow, incompressible and inviscid on

its faces. The basic equation of the bending of a flat

plate is given by
2
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where w is the deflection of the plate, 4y — the section
out channel, 4; — the section of channel 1, 4, — the sec-
tion of channel 2, ¢ —the time, U—the input fluid veloc-
ity, p¢— the fluid density, p,,, — the density of the mate-
rial plate, p;— the local pressure on the face of channel
1, p, —the local pressure on the face of channel 2, D —
the rigidity of the flexion, ¢ — the thickness of the plate,
and v — the Poisson ratio.

Infig. 1, front view and right view of the disposi-
tion of fuel plates are presented. In this figure Z repre-
sents the axis of the longitudinal arrow and X the axis
of the transverse arrow. In that case, the arrow is ac-
cording to the axis X, the eq. (1) becomes
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CRITICAL VELOCITY
MODELS AND EQUATION SET UP

Miller and Wambsganss build their model based
on a single plate. The difference between the two mod-
els is that the former considers only the first order terms
of'the equation for approximating the pressure gradient,
while the second takes into account, in addition to the
terms of the first order, the terms of the second order.
This is presented in the following two points:

—  Miller considers only first order terms in his study.
The distribution of the cross-section is written as

Al(w,t):T(H—2w)dx (5)
0

Az(w,t):T(H+ 2w)dx (6)
0

where H is the thickness of the channel. The pres-
sure gradient after a Taylor series expansion is
given by
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— Wambsganss considers, in addition to the terms of
the first order, second order ones
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The model used by Cekirge and Ural is based on
the same assumptions as those made by Miller and
Wambsganss. The authors use the basic eq. (4) of the
bending of flat plates in order to build a system of par-
tial differential equations that meets the linearity re-
quirements and satisfies the conditions of the resolu-
tion by the method of Galerkin. As the flow is
incompressible and potential, we obtain the equation
of velocity potential in the channel

2 2 2
0, 0 09i _
ox} oyl oz}

1
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RESOLUTION
Model of Miller and Wambsganss

Miller and Wambsganss used the method of sep-
aration of variables by representing the arrow as the
product of two functions, the one depends on the posi-
tion and the other one depends on time to extract the
first appropriate frequency of the plate

wx, 1) =y (x)I'(1) 1n
where T (f) is the generalized coordinate and w(x) is
the fundamental normal mode which satisfies

4

‘;x—fj’ o (12)
where A is a constant proportional to the frequency of
the structure. The method of Galerkin is applied by
substituting eqs. (7)-(9) and by using eq. (11) in eq.
(4). After integration, following x, between 0 and a,
we obtain the equation

T"+M?*T-N2T3 =0 (13)
where
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where u, K, and x are constants given by
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Equation (12) has to be stable, so it is necessary

X
a
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In the case where the terms of the first order
(work of Miller) are taken into account, it is enough to
verify just the first condition because the second one is
always insured because N =0
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(Za)* [y? (x)dx
a= 0 (16)
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With v, the fluid velocity in the channel and ¢ a
constant depending on the mode of plate fixation, on
the appropriate frequency and on the width of the
plate. If the second order is considered, it is necessary
to verify also the second condition on the generalized
coordinate.

(1) =Y (1) (17)
Using eq. (17) to rewrite the second condition
M
Bl <V (18)
The critical arrow is defined by
2
Ser =PH (VCRJ -1 (19)
Vo

where vcg is the critical velocity of Miller and £ is
given by

Wi [0 (F)d5
B= : 10 3 (20)
8(j)u/(x)[(j)l//(x)dx} dx

We also define a coefficient of design k£ which is
equal to the ratio of the critical arrow and the thickness
of the channel S

k=—CR 21
7 21

The new critical velocity given by Wambsganss

is then written
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with The pressure distribution below and above the
k : channel is determined by applying the Bernoulli equa-
y=.1+ E (23)
0p; 9,
P :_P_{ g; +U(6¢ H (33)
Model of Cekirge and Ural YiJ]=0
and
: _ 0P,y 0P,y
To use the model of Cekirge and Ural, one has to P2 ==Pr| =5, + “or. (34)
solve eq. 10. To do this, boundary conditions must be i z,,=d

used on the arrow, fig. 2, and have to be verified
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Figure 2. Mode of fixing of the fuel plate
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where a is the width of the fuel plate. The arrow at the
entrance and at the exit of the channel has finite values

Wi(—oo,_b’[jzwi(oo,b,tj:flnite (26)
2 2

where b is the length of the channel.
The deflection can be selected taking into ac-
count the three previous conditions, eqs. (24)-(26) as

w; = w? { 1+cos(27;)yi]exp[i(wt —kx; )]} 27

wherew, k, and w? are the frequency, the wave number
and a constant, respectively, and 7 is the complex num-
ber such that: (7 =—1). The velocity potential is written
as

b: =i (¥, z,)exp (o —kx;)] (28)

The boundary conditions for the velocity poten-

tial are
Wily=o  Wily—zer2
Dl O gy O (30)
0z, o ot ; ox;
% — 8W[+1 +U awi+1 (31)
0z; o ot ; ox;_,
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where U is the fluid velocity, at the channel entry, and d
the channel thickness. ¢, is written as

¢ =0 +u (32)

Substituting egs. (27), (33), and (34) ineq. (4) by
using eqs. (29)-(31), applying the Galerkin method,
and integrating eq. (4) following x between 0 and a,
one obtains

Aw? | +Bw? + 4wl =0 (35)
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with [ the wave length of the perturbation, k& =2m/l,
o =2nC/l, u = pblp,h, U = UIC,, C'= C/C,, C the
wave velocity, Cy = 2(D/pmhb2)” 2 e=d/band wy =
= ﬂC()/b.
For m plates with recessed edges, we assemble
the following system
A’ =0 (39)

where A is the matrix of dimension (m x m) and w" the
modal vector of m elements
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ABA . . .| wd
A0 2| 0AB (40)
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To have a solution that is non-trivial, it requires
that the determinant of this system is zero

det(A)=D,, =BD, ,-A*D, , =0 (41)

asD;=Band D,=B* - A’
To solve eq. (39), one uses an iterative method
and obtains the expression for C*

4’D, 5 (Cs) b

C’ = 5
bZDm (CO ) b2

(42)
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To calculate the dimensionless parameter C* cor-
responding to the first eigenmode that satisfies eq.
(41), we have to determine first the wavelength /=5/2,
because the plate is recessed on both sides, one has just
to get the first eigenmode and then do iterations on C*
until the convergence of the calculations.

THERMAL EQUATION SET UP

To calculate the heat transfer in a nuclear reactor
core channel one uses El-Wakil [9] and Delhaye [10]
equation set up. This equation set up was used by
Khedr [11] and it gave good results. The same ap-
proach is applied here after. At steady state, the heat
generated in the fuel is transferred to the coolant
through the clad. The temperature distribution of the
coolant in the axial channel (7)

()4 . .
Ti(i,z)=Ty +O.OOIM +smE+smﬂ
nCPmch /. R
(43)

The distribution of the axial temperature of the
clad 7, into the channel (V) is

Tc(f’z)=Tt~(i,z)+%"cosT (44)

The axial temperature distribution of the meat, in
the channel /, is

€

2
nz| t t t
T,(i,z)=T,(i,z)+q. (i)cos —| ——+-"C | (45
w(i,2)=T.(i,2)+q, (i) Z{Skm 2kcJ()
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where A, is the cross-section of the channel, 4,, — the
cross-section of the meat, C, — the specific heat of
coolant, H — the channel thickness, /, — the active
length of the plate or fuel heated channel length, m, —
the mass flow, #. — the thickness of the clad, #, — the
thickness of the meat, wy, — the width of the meat, z —
the axial location of the channel which is equal to zero
at the center of the channel, and 7%, —the inlet tempera-
ture based coolant. We note that the maximum power
density in the channel is given by

q.(i)=F(i)q, (46)

As q..is the average power density base which is
the base power divided by the volume of fuel and F (i)
— the factor of nuclear power. The mass flow m, and
the velocity of the channel V, are given by

=FdWTpf

m 47

T pPTN “47)

Vi = (48)
P

where A4, is the transverse section of the channel,
FPTN - the total number of fuel plates, Fy — a factor
less than unity (Fy = 0.9), Wt — the total volume flow,
and pr — the density of fluid.

HEAT FLUX AND CRITICAL
HEAT FLUX IN A CHANNEL

When flowing in the channel, the water warms
up, thus T¢increases as well as the temperature of the
clad. If in a point, this last one reaches the value T,
bubbles of steam will appear: It is the local boiling. In
this region, the average temperature 7} of the water re-
mains below T,,. The first correlation giving the heat
flux was established by Mc Adams ef al. [12] valid for
low pressure, less than 0.63 MPa. Another correlation
was given by Jens and Lottes [13], valid for pressure
less than 14 MPa. Another correlation valid for high
pressure was given by Thom [14]. In this study, the
correlation developed by Bergeles and Rohsenow
[15], applicable for low pressures characteristic of re-
search reactors, is used.

After this, the bubbles become larger in the lig-
uid and unite in a nucleus gaseous which leaves place
for a liquid annular flow. This last one aims to disap-
pear with the continuous coming of heat through the
solid wall: there is a drying region where the burnout
can happen, Bernard [16]. In the area of nucleate boil-
ing, if the heat flow exceeds a given critical value ¢,
asteam film is formed on the surface of the clad and we
have the phenomenon of the boiling crisis. Typically,
this situation has to be avoided because the heat trans-
fer coefficient falls sharply. The heat produced in the
fuel will be badly evacuated. It follows an increase in
temperature in the core of the plates which can lead to
the fusion of fuel. The critical heat flux can be calcu-
lated by the correlation established by Bernath [17]
valid for high pressure and high fluid velocity. For low
pressure and low fluid velocity, the correlation of Sudo
et al. [18] is recommended. One can find in the litera-
ture more correlations. In this work two correlations
will be used, the one of Mirshak et al. [19] and that of
Labunstov [20]. The expressions giving the heat flux
and the critical heat flux are presented in tab. 4.

The critical heat flux ratio is the ratio of the criti-
cal heat flux and the heat flux in the core. The margins
of nuclear reactor safety require that this ratio should
at least be equal to 1.3 for proper reactor operation.
Theratio of the critical heat flux or RFTCis given by

RPTC = der (02 (49)
q'(i,z)

This ratio allows knowing the situation with re-
spect to the risk of burnout. It passes through a mini-
mum at a critical height. Indeed, it must be, held far
enough from the boiling crisis that could damage the
fuel plates.

APPLICATION AND RESULTS

To know the thermal hydraulic performance, ofa
nuclear reactor whose flow is driven at a critical veloc-
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Table 1. Dimensions and characteristics of the 10 MW nuclear reactor, TECDOC-233 (1980) [21]
Property 10 MW Property 10 MW
No. of standard fuel elements (SFE) 23 No. of plates in SFE 23
No. of control fuel elements (CFE) 5 No. of plates in CFE 17
Channel heated width [cm] 6.64 Plate total length [cm] 62.5
Channel heated width [cm] 6.3 Channel thickness [cm] 0.219
Fuel plate heated length [cm] 60 Clad thickness [cm] 0.038
Core inlet temperature [°C] 38 Meat thickness [cm] 0.051
Core exit pressure (bar absolute) 1.566 Radial power factor 1.78
Clad thermal conductivity [Wm'°C™] 180 Axial power factor 1.4
Meat thermal conductivity [Wm '°C '] 53.6 Total core flow [mh'] 1000
Channel velocity [ms™] 2.97

Table 2. Constant dependent binding mode [1] )
Deflection Longitudinal Transverse One will plot the temperature profiles to see how the

Edee fixi changes are in the fluid temperature at the exit of the
go Tues o B - B nuclear reactor core and the limits of the temperature
Pinned 2.03 0.409 2.5 0.616 of the cladding, this on one hand. On the other hand,
Fixed 1042 0.414 15.1 0.814 we check the limit of the critical flow for the proper
Cantilever | 0.258 0.450 - - functioning of the nuclear reactor core. In tabs. 2 and

3, the binding modes of the plates and the properties of

Table 3. Properties of the material [1] the cladding material are presented.
Type of cladding Characteristics
material
Young's modulus [GPa] 100 FLUX CALCULATION AT THE
Aluminum alloy of Poisson coefficient 0.34 ONSET OF NUCLEATE BOILING AND
nuclear grade The density [kgm ] 20-10° CRITICAL HEAT FLUX
The design coefficient 0.5
To check the safety of the nuclear reactor core
ity, an application is made for a 10 MW nuclear reac- from the ONB, Onset of nucleate Boiling, it is neces-
tor, the dimensions and characteristics of this nuclear sary to calculate the critical flux and the average flux.
reactor are given in tab. 1 from TECDOC-233 [21]. In tab. 4, the values of average heat flux and critical
Table 4. Flux values calculated and those given in TECDOC-233 (1980) [21]
Flux Correlation 10 MW
The correlation of Bergles and Rohsenow:
pr- Present
5( 9.23F 216 study
e +[115Q6“VJ 32.11
B _ N p
Qav [Wcm ] QaV - 5
2-10° FrLy,W,, 100F
+ Ref.
PV HC W, h 21]:
359
Iterative computation (fixed point method)
The correlation of Mirshak et al. Present
tud:
0. - 151(1+ 0011127, [1+0.00914(T,, —T5 )1(1+0.0009P) 7101
276L, W,
SR (140011127, ) (1+0.0009P) Ref.
,oVChHCdeWt [21]:
266
The correlation of Labuntsov Present
0. [Wem?] 2 1025 s
2512 ) 151C (T, —Tp ) .
Tou=100°C 14550(P) 1+ =22 | |1+ p = 7
Tp=38°C o(P) AP°
P =1 bar ch =

21°% (1510
: 20L
—145560(P) 14 220 p_ 2001V,
o(P) lPO'S chhHCpr Ref.
[21]:

P 1.33 353
O(P)=099531P"%| 1-—

cr
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. . ) 100 -
heat flux in the channel are calculated using different )
correlations for the 10 MW reactor. These fluxes are §, -
calculated using the same velocity channel given in 3
tab. 1 and the obtained results are compared to those °
. . £ 80
given in Tecdoc-233 [21]. 5
The average flux difference between this study g o
. o, . [l —
and reference [21] is of the order of 10.7%. The critical T
heat flux calculated with the correlation of Mirshak 5 1— Gritical velocity of Miller [1]
gives a relative difference of about 6.8% compared to 80 —_— g— 8r1§!ca: ve;ocgy o][ ‘éVansgan;sU [2]| -
. — 3 — LrTICAl VEIOCITY O eKirge an ra
the reference [21] and for the correlation of Labuntsov Y ’
the difference is about 1.25%. The obtained results are .

acceptable compared to those given in reference [21].
Once this validation is done, the three critical veloci-
ties are calculated, in the case of the 10 MW nuclear re-
actor, and presented in tab. 5.

Table 5. Calculated critical velocities

The power of the core 10 MW
Critical velocities | Miller | Wambsganss | Cekirge at Ural
[ms '] 10.48 8.38 478

TEMPERATURE PROFILES AT
CRITICAL VELOCITIES

The temperature profiles calculated using the
three critical velocities are presented in figs. 3-5.

Figure 3 shows the temperature profile of the
coolant in the channel for the three values of the criti-
cal velocity, that of Miller, that of Wambsganss and
that of Cekirge and Ural. In the three cases, we notice
that the inlet fluid temperature is 40 °C and it is
constant for the three cases. The temperature of the
fluid increases along the channel. The temperature of
the fluid at the exit of the channel is respectively:
44.781 °C using Miller critical velocity, 45.976 °C us-
ing Wambsganss critical velocity and 50.566 °C using
Cekirge and Ural critical velocity. It is clear that the
outlet temperature of the coolant using the critical ve-

50 e==1 — Critical velocity of Miller [1]
{ ====2 — Critical velocity of Wambsganss [2]
49+ ——3 _ Critical velocity of Cekirge and Ural [3]

Temperature of the coolant [°C]

T T v - T b T o T
-30 =20 =10 0 10 20 30
Height of the channel [cm]

Figure 3. Temperature profiles of the fluid at critical
velocities

30 20 -0 0 10 20 30
Height of the channel [cm]

Figure 4. Temperature profiles of the clad at critical
velocities

100
2 90 A
]
£
o 80
L=
k]
@
S 70
©
o
o
lq_E, 60 = 1— Critical velocity of Miller [1] 1

— 2 — Critical velocity of Wambsganss [2]
50 4 = 3 — Critical velocity of Cekirge and Ural [3]
T T T T T T T T T
-30 -20 -10 0 10 20 30

Height of the channel [cm]

Figure 5. Temperature profiles of the meat at critical
velocities

locity of Cekirge and Ural exceeds that of Miller and
that of Wambsganss.

In fig. 4 the profiles of the temperature in the clad
for the three critical velocities are presented. The cal-
culated temperatures of the clad at the entrance of the
channel using the critical velocity of Miller, that of
Wambsganss and that of Cekirge and Ural are 51.021
°C, 50.96 °C, and 50.721 °C, respectively, the clad
temperature increases until a maximum value for the
three cases. The peak values using the critical velocity
of Miller and the one for Wambsganss are 93.851 °C
and 94.229 °C, respectively, located at 1.25 cm from
the center of the channel and 95.749 °C located at 2.5
cm from the center of the channel when using Cekirge
and Ural critical velocity. The very hot point of the
channel is situated at these peaks. One observed that
the peak temperature moves toward the center of the
channel when the fluid velocity increases. So we can
say that the peak position is inversely proportional to
the velocity of the coolant. After these peaks, the tem-
perature of the clad, for the three critical velocities, de-
creases until the exit of the channel and the values are:
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55.834°C,56.976 °C,and 61.359 °C, respectively, us-
ing critical velocity of Miller, Wambsganss, and
Cekirge and Ural. The last remark is about the clad
temperature using the critical velocity of Cekirge and
Ural: the clad is hotter because of the smallest critical
velocity used and then less heat is transferred com-
pared to the case when the two other critical velocities
are used.

In fig. 5 the profiles of the meat temperature for
three critical velocities are presented. At the entry of
the channel, the calculated meat temperatures are
51.53°C,51.478 °C,and 51.24 °C, respectively, when
using the critical velocity of Miller, that of
Wambsganss and that of Cekirge and Ural. For the
three critical velocities, the temperature increases until
a maximum of 96.258 °C and 96.636 °C located at
1.25 cm from the center of the channel when using the
critical velocity of Miller and that of Wambsganss, re-
spectively. In the case of the use of the critical velocity
of Cekirge and Ural, the temperature peak is 98.145 °C
and it is located at 2.5 cm from the center of the chan-
nel. The three peaks are the points where the meat is
very hot. It is found, as for the clad temperature that
the peak temperature moves toward the center of the
channel when the fluid velocity increases. The same
conclusion as for the clad is made about the propor-
tionality between the peak position and the coolant ve-
locity. After these peaks, the temperature decreases in
the channel until the exit and it is 56.353 °C, 57.494
°C, and 61.877 °C, respectively, when using the criti-
cal velocity of Miller, that of Wambsganss, and that of
Cekirge and Ural.

In fig. 6 the profiles of the critical heat flux along
the channel when using the critical velocity of Miller,
that of Wambsganss and that of Cekirge and Ural are
presented. The critical heat flux decreases along the
channel for all critical velocities. This is due to the in-
crease of the coolant temperature along the channel.
The critical heat flux profile calculated using the criti-
cal velocity of Cekirge and Ural is the lowest one. Be-
cause of these lowest values, nucleate boiling can be
achieved and it can easily occur. When using the two
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Figure 6. Critical heat flux profiles at critical velocities
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Figure 7. Critical heat flux ratio profiles at critical
velocities

other critical velocities, the critical heat flux is raised
by about 40% to 50% and ensures a more safe behav-
ior.

The profiles of the critical heat flux ratio are pre-
sented in fig. 7 when using the three critical velocities.
The interesting thing in each profile is the minimum
critical heat flux ratio reached. This ratio is about
23.076, 19.760, and 13.989 when using, respectively,
the critical velocity of Miller, that of Wambsganss and
that of Cekirge and Ural. These ratios are situated at
0.625 cm from the center of the channel. The three ra-
tio values are greater than 1.3, so they are sufficiently
far from the boiling crisis that could merge the fuel
cladding plates

CONCLUSIONS

To increase the coolant velocity in a channel of a
nuclear reactor core, using fuel plates, one has to choose
the best critical velocity model. In this work three criti-
cal velocities were presented, developed and resolved.
The equation setup was validated on a 10 MW nuclear
reactor using fuel plates. To see the effect of each of the
critical velocities on the heat transfer in the channel, the
temperature profiles of meat, clad and coolant were
plotted. The average heat flux and the critical heat flux
were calculated and their ratio plotted. The three critical
velocity models are the one of Miller, the one of
Wambsganss, and the one of Cekirge and Ural. By ana-
lyzing the evolution of the thermal-hydraulic quantities
towards these three velocities, one sees that by using the
critical velocity of Cekirge and Ural an increase of the
coolant temperature is made much higher than with the
other two models. This model increases also the clad
temperature and this presents a risk of reaching the
melting point of the cladding material. Finally, it also in-
creases the risk of having a boiling crisis. If the critical
velocity of Miller is used, one is sure that all the quanti-
ties are safe. The model gives the highest value of the
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critical velocity. This is over-estimated because of the
mathematical model neglects the second order terms as
presented. The use of Wambsganss critical velocity is
recommended because the mathematical model is more
precise, it takes into account the second order terms.
One can compare the results obtained when using
Miller’s critical velocity or Wambsganss’s one. For the
coolant temperature, the relative difference is about
2.84 %. The relative difference is less than 1% for the
clad or meat temperature. The ratio of the critical heat
flux confirms that the Wambsganss critical velocity
maintains all the thermal-hydraulic quantities in safe
margins.
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Kamen CUU AJIN, 3akn BYJAJINU, Pammmx CAJIXU

TEPMOXHUIPAYINYKO IIOHAIMAIE ®U3NYKNX BEINYUNHA ITPU
KPUTUYHUM BP3UHAMA Y KAHAJIY JE3I'PA UCTPAXKHNBAYKOT
HYKIEAPHOI' PEAKTOPA CA IINIOYACTUM IOPUBOM

TepMmoxupapyanuka cTyAuja OBAe INpPHKa3aHa THYE CE je[HOr KaHajua y je3rpy HyKJeapHor
peakropa. Kanan je necpunnucan xao nmpocrop usMeby aBe mioue ropuBa Kpo3 KOju IpPOTHYE XJIaguial.
Bp3una crpyjama xnaguona He 6u Tpebasno f1a reHepuiie Bubpanuje y ropuBHuM rioyama. Luses cryauje je
J1a ce OipEIM pacrofiesia TeEMIIEpaType Y FOPUBHUM IIJI0YaMa, y KOLIYJbUIU U Y XJIAAUOLy IPU KPUTHUYHUM
Op3uHaMa Koje cy fie(puHICcaHe Y paJoBUMa APYrUX UCTpakuBayda. buxosu u3pasu 3a 6p3uHe cy pyHKIUje
reoMeTpuje TOpPUBHE IUIOYE, MEXaHMUKUX KapaKTepUCTHKa MaTepujaja y TOPUBHHM IIJIoYaMa M
TEPMUYKNX KapaKTepUCTUKA XJafuona. TepMOoXuapayInuko npoydaBambe 00aB/bEHO j€ 3a CTAaIOHApHO
CTame, a OCHOBHE je[IHaUYMHE TEPMHUUKOT ITpo0sieMa npey3eTe ¢y u3 ogrosapajyhe nureparype. Ilowmro je
CHCTEM jeflHaYNHA NOTBpheH, Tpu KpUTHUHE Op3MHE M3padyHaTe Cy U HOTOM KopulrheHe 3a IpopadyH
Pa3NUYUTHX TEMIIEPATypPHUX pacropesna. M3pauyHaTu cy cpefiibi TOINIOTHH (DIIYKC ¥ KPUTUIHU TOTIIOTHH
aykce 3a cBaKy KpUTHUHY Op3UHY UM IIPUKa3aHU Cy BUXOBH ofHocu. Onpebena je kputuyHa Op3uHA KOjy
Tpeba KOPUCTUTH y IpOpadyHUMa HyKJI€apHOT KaHaja. MaTeMaTHYKK MOJIEN j€ JOBOJbHO TPEU3aH 1a CBE
¢usnuKe BeNUUNHE U3padyHATE ca OBOM KPUTUYHOM OP3MHOM OCTajy Y CUTYPHUM T'paHHUIIaMa.

Kwyune peuu: HyxaeapHu peakitiop, je3zpo peaxkiiopa, KaHas peakiiopd, 20pueHa uao4a, Kpuiiu4na
Op3uHa, TWOUAOTUHU PAYKC




