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The 1-D com puter code MITH was used in this pa per to per form sub-chan nel ther mal-hy -
drau lic anal y ses of a typ i cal (West ing house model) pres sur ized wa ter re ac tor. Two typ i cal
chan nels, hot and av er age, with the same flow rate and pres sure drop, were tested un der
steady-state op er at ing con di tions. In this anal y sis, the chan nel with the high est tem per a ture
is des ig nated as the hot chan nel. For the cal cu la tions, the chan nel model was di vided into 20
parts. The ther mal-hy drau lic per for mance of the tested re ac tor was af fected by power dis tri -
bu tion, power level, and cool ant mass-flow rate. Tem per a ture dis tri bu tion pro files of the fuel
el e ment and cool ant are ob tained for the av er age and hot test chan nels. A crit i cal heat flux ¢¢qcr
anal y sis is also car ried out and the heat fluxes in both chan nels were cal cu lated. The W-3 cor -
re la tion is em ployed to ex am ine ¢¢qcr  in the hot test chan nel. Some data from the pres sur ized
wa ter re ac tor typ i cal data sheet were used as in put data, while oth ers were used to val i date the
code. The code faith fully re pro duced the West ing house model re ac tor re sults, in clud ing cool -
ant, clad ding, cen ter line, and sur face fuel tem per a tures, qual ity and lo cal heat flux ¢¢qloc, ¢¢qcr ,
and min i mum de par ture from nu cle ate boil ing ra tio.
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INTRODUCTION

The re ac tor core is a crit i cal com po nent of a nu -
clear re ac tor that gen er ates heat and dis plays the high -
est tem per a tures. Tem per a tures in the re ac tor core
must be pre dicted for a va ri ety of re ac tor op er at ing
con di tions. Tem per a tures must be kept be low spe cific
ther mal limit val ues for var i ous re ac tor con struc tions
and fuel ma te ri als to en sure safe re ac tor op er a tion. The 
spe cific lim i ta tion is that the core tem per a ture com po -
nents must re main be low the melt ing points of the ma -
te ri als used, pri mar ily the fuel and clad ding ma te ri als.
The lim its are ex tended to the heat trans fer rate be -
tween the fuel el e ments and the cool ant, be cause the 

¢¢qcr  may be ap proached, re sult ing in a phase change
and par tial film cov er age of the clad sur face. As a re -
sult, the clad ding's tem per a ture will rap idly rise.

In the nu clear re ac tor de sign stage, neu tron and
ther mal-hy drau lic cal cu la tions must be val i dated to
en sure that the ther mal lim its – the melt ing tem per a -
tures of the fuel and clad ding, as well as the MDNBR
are within the spec i fied limit [1].

In prac tice, the limit of the core op er a tional
power is de ter mined by a ther mal-hy drau lic study, cal -

cu la tion and analysis that de ter mines the op er a tional
con di tion to avoid struc tural and fuel de te ri o ra tion. To
keep the core in tact, the fuel, clad ding, and cool ant
tem per a tures, as well as the sur face heat flux, must
stay within the pro posed de sign lim its [2-5].

The heat pro duced in nu clear re ac tors has an im -
pact on the core struc ture and the nu clear re ac tion pro -
cess. Un der nor mal op er at ing con di tions, the heat pro -
duced causes vari a tions in the tem per a tures and den si ties
of the core ma te ri als, caus ing the re ac tion rate to change
as a re sult. These vari a tions have an im pact on the bal -
ance of neu tron pro duc tion and de struc tion. Power and
re ac tiv ity tem per a ture co ef fi cients could in di cate the im -
pact of these vari a tions. These two vari ables are crit i cal
for de tect ing re ac tor be hav ior [1, 3].

The goal of a re ac tor core's ther mal-hy drau lic
safety anal y sis, as is well known, is used to achieve ad -
e quate heat trans fer com pat i ble with the core's power
dis tri bu tion un der var i ous steady-state and tran sient
op er at ing con di tions and con trol ling the clad and fuel
tem per a tures to main tain them be low their melt ing
points as will as to main tain the cool ant con di tions un -
changed [6]. One of the spec i fied safety lim its in pres -
sur ized wa ter re ac tor (PWR) is the de par ture from nu -
cle ate boil ing ra tio (DNBR). It is the ra tio of the
crit i cal heat flux (CHF) ¢¢qcr that causes de par ture from
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nu cle ate boil ing (DNB) phe nom e non to the ac tual lo -
cal heat flux ¢¢qact  in the hot test chan nel, this ra tio rep re -
sents the mar gin against DNB. To pre serve the fuel el -
e ment, the ¢¢qcr  should be greater than the max i mum
heat flux that cre ated in the hot chan nel  ¢¢qact . The DNB 
is a crit i cal phe nom e non that must be avoided, it is a
com plex phe nom e non in flu enced by a va ri ety of phys -
i cal fac tors, in clud ing the de sign of the fuel as sem bly
and the dis tances be tween the fuel rods [7, 8].

Since PWR use only liq uid phase cool ant, the
¢¢qcr is the main is sue that needs to be con trolled from a

re ac tor safety per spec tive. When a cer tain wall heat flux 
is ex ceeded, the rate of heat trans fer grad u ally de creases 
be cause of the phase change pro cess that pro duces a va -
por film on the sur face; when the film ap pears, the rate
of heat trans fer dra mat i cally de creases [9].

Ther mal hy drau lics has played an im por tant role
in the de sign, op er a tion, per for mance, and safety of
nu clear power plants since the 1950¢s [10]. Global re -
search and de vel op ment (R&D) have sig nif i cantly im -
proved the de sign, op er a tion, and per for mance of nu -
clear power re ac tors, as well as our un der stand ing of
ther mal hy drau lics. In creased cool ant flow rates im -
prove heat trans fer co ef fi cients and al low for higher
lim its of ¢¢qcr due to the mix ing pro cess be tween the
sub-chan nels and the chang ing ve loc ity dis tri bu tion in
the flow area. Higher flow rates, on the other hand,
will re sult in larger pres sure drops across the core, ne -
ces si tat ing larger pump ing pow ers, which will re sult
in higher dy namic loads on the core com po nents and
vi brate the fuel el e ments. The pre dic tion of ve loc ity
dis tri bu tion and the eval u a tion of ther mal-mix ing per -
for mance are es sen tial in nu clear fuel as sem bly de sign
and ther mal-hy drau lic anal y sis. The pres sure drops
and ve loc ity dis tri bu tions in the sub-fuel as sem bly,
which help pre dict the mix ing pro cess, the mass-flow
rates sit u a tion, and the cool ant tem per a ture pro file are
the main pa ram e ters to be eval u ated. The mech a nisms
of the mix ing pro cess in the fuel as sem blies are de -
picted as a cross and swirl flow be tween and within the 
sub-chan nels. The mix ing is re quired first to im prove
the heat trans fer pro cess, which al lows the re ac tor's
op er at ing power to be in creased, and sec ond to ob tain
a uni form out let tem per a ture pro file for the re ac tor's
per for mance, for this pur pose, the spacer grids as so ci -
ated with mix ing vanes are taken into ac count dur ing
the fuel as sem bly de sign stage; the spacer grids pri -
mar ily serve as a fixer and sup porter to the fuel el e -
ments. In a nu clear power plant, op ti mal heat re moval
from the sur face of nu clear fuel el e ments is es sen tial
for re ac tor ther mal and safety mar gins. To have a uni -
form in let tem per a ture pro file, the mix ing phe nom e -
non as a pro cess is also im por tant in the pri mary loop
of the cool ant. In the case of a loss of cool ant ac ci dent
(LOCA), mix ing is also re quired; more in for ma tion on 
the im por tance of the mix ing phe nom e non for nu clear
re ac tors in steady-state and ac ci dent con di tions can be
found in the lit er a ture [11-17].

The use of a code for ther mal-hy drau lic anal y sis is
widely ac cepted as the frame work for nu clear power plant

de sign and safety anal y sis. Be cause con duct ing ex per i -
ments in this field is pro hib i tively ex pen sive, com puter
codes are used to an a lyze the ther mal-hy drau lics of var i -
ous re ac tor parts un der var i ous op er at ing con di tions. The
codes use ba sic equa tions from fluid me chan ics and heat
trans fer, such as the con ti nu ity, mo men tum, and en ergy
trans fer equa tions, to ac com plish this task. Sig nif i cant ef -
forts have been made over the last four de cades to pro vide
re li able ther mal-hy drau lic sys tem codes for the anal y sis of 
tran sients and ac ci dents in nu clear power plants. There are
three meth ods for an a lyz ing the ther mal-hy drau lics of the
re ac tor core. The first is the sin gle-chan nel method, and
the sec ond is the subchannel method. These meth ods have
been used since the 1970¢s, and a third method, which an a -
lyzes par al lel chan nel three- di men sional data, was re -
cently in tro duced. The av er aged chan nel ther mal-hy drau -
lic be hav ior is ob tained us ing the sin gle-chan nel anal y sis
code. To solve con ser va tion equa tions, the sub-chan nel
method is com monly used [17, 18].

Be cause mix ing flow is in volved, sub-chan nel
codes pro vide more ac cu rate mod el ing of the en tire re -
ac tor core or a sin gle as sem bly than sin gle-chan nel
codes. To re duce the mas sive com pu ta tional costs, de -
tailed pin-by-pin sub-chan nel mod el ing of an en tire
core must be run in par al lel. Many codes, in clud ing
RELAP5, CO BRA-EN, and CTF [19-21], use such
mod els to ac cu rately sim u late the ther mal-hy drau lics
pro cess. In ad di tion to the codes men tioned, there are
oth ers avail able, such as CO BRA-3C/RERTR,
PARET, and COOLED-N.  The CO BRA and THINC
codes are the most com monly used for these pur poses
[22-24]. The ac cu racy and adapt abil ity of the codes
and meth ods used in the de sign and anal y sis stages are
es sen tial for nu clear power plant safety and cost-ef fec -
tive ness. The high pre ci sion nu mer i cal re ac tor sim u la -
tions that in clude all rel e vant re ac tor phys ics re quire -
ments are also re quired [25, 26].

To un der stand the re la tion ship be tween the main
pa ram e ters that af fect the ther mal-hy drau lic per for -
mance of PWR, MITH, a sim pli fied ther mal-hy drau lic
com puter code, was em ployed in this study. its
sub-chan nel code for steady-state op er at ing con di tions.
It was writ ten in For tran and pro vides ax ial and ra dial
tem per a ture dis tri bu tions, as well as DNBR dis tri bu -
tions and other hy drau lic cal cu la tions such as pres sure
drop, all, while ac count ing for the re ac tor core's av er age 
and hot test chan nel. The W-3 cor re la tion was used for
these cal cu la tions, with the type of re ac tor taken into ac -
count. In this work, a typ i cal PWR(W) (W among the
brack ets in di cates the West ing house com pany pro -
ducer) with ura nium ox ide (UO2) fuel is used as a case
study, with other typ i cal re ac tor data pre sented in tab. 1
[27]. To val i date the code, the ob tained re sults were
com pared to the ther mal lim its and safety pa ram e ters
spec i fied in the tested re ac tor’s tech ni cal data sheet, as
well as the gen eral ther mal-hy drau lic con straints of
PWR [1]. The code and re sults ob tained for the tested
PWR are de scribed. The de scrip tion of the ap plied code 
is pre sented in Hutli and Kridan (2022/2023) [3]. The
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flowcharts of the code and the chan nel model are shown 
in figs. 1(a) and 1(b).

CODE INPUT DATA

The in put data are; ther mal power out put (MW),
mass flow rate [kgh–1], cool ant in let tem per a ture [°C], in -
let pres sure (bar, 1 bar = 100 kPa), num ber of fuel rods, the
outer di am e ter of fuel rod [cm], clad thick ness [cm], un -
heated up per chan nel part [cm], un heated lower chan nel
part [cm], pitch type, rod pitch [cm], ac tive chan nel length
[cm], num ber of a dis crete in ter val, the form fac tor for
spacer grids, pro file power dis tri bu tion, and ra dial num ber 
hot chan nel fac tor. Also the ther mal con duc tiv ity of fuel,
UO2, (0.0294 Wcm–1(°C)–1, the ther mal con duc tiv ity of
clad ding, Zircaloy-4 al loy, 0.215 Wcm–1(°C)–1, and the
heat trans fer co ef fi cient of the gas in the gap, He lium
25.94 Wcm–1(°C)–1.

AXIAL POWER DISTRIBUTIONS –
COSINE PEAKED

Fig ure 2(a)-2(d) de picts the ef fect of power ra -
dial peak ing fac tors on the clad ding and cool ant tem -
per a tures, as well as the tem per a ture of the fuel el e -
ments (cen ter line and sur face) in the av er age and hot
chan nels, re spec tively.

COOLANT TEMPERATURE

The cool ant en ters the core at the bot tom and
flows up wards around the fuel rods, ab sorb ing en ergy
from heat trans fer caused by nu clear re ac tions.

Fig ure 2(a) de picts the cool ant tem per a ture pro -
file along the av er age and hot chan nels, re spec tively.
The anal y sis of the pro files in both chan nels re veals that 
the tem per a ture rises dur ing steady-state op er a tion. In
the av er age chan nel, the cool ant tem per a ture rises from
300 °C to 333.59 °C, re sult ing in an av er age cool -
ant-heat ing rate of 33.59 °C. The cool ant out let tem per -
a ture from the av er age chan nel does not dif fer too much
from the core out let tem per a ture (bulk tem per a ture).
As sum ing the pres sure are equal in all chan nels of the
core, in this chan nel the cool ant tem per a ture did not
reach the sat u ra tion tem per a ture at the op er at ing pres -
sure (155 bar), which is 345.32 °C. This is a PWR fea -
ture, and it means that the cool ant tem per a ture is well
within the ther mal-hy drau lic lim i ta tions. In PWR, it is
nec es sary to pre vent cool ant bulk boil ing.

The cool ant tem per a ture in the hot chan nel rises
from 300 °C at the chan nel in let to 345.1 °C at the
chan nel out let, re sult ing in a heat ing rate of 45.1 °C
along this chan nel. As a re sult, the out let tem per a ture
is equal to the sat u ra tion tem per a ture at the core op er -
at ing pres sure, thus the boil ing pro cess can be gin
some where along the hot chan nel and most prob a bly
the out let part. If this tem per a ture is re corded at any
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Table 1. The input parameters for a typical PWR case study (Westinghouse design) [27]

General data Value

Fuel assemblies Square

Assembly pitch [cm] 21.5

Assembly dimension [cm2]
(Horizontal cross-section)

21.4 ´ 21.4

Number of fuel /assembly 264

Thermal output [MW] 3411 Total number of fuel locations 501952

Electrical output [MW] 1150 Fuel element O.D. [cm] 0.95

Efficiency e [%] 33.7 Pitch/diameter 1.32

Fuel type UO2 Clad thickness [cm] 0.0572

Coolant H2O Fuel-pellet diameter [cm] 1.819

Structural material (cladding) Zircaloy-4
Zirconium alloy Pellet-clad gap [cm] 0.0082

Moderator H2O
Fuel enrichment 2.1/2.6/3.1

Core data

Active height [cm] 366 Thermal-hydraulic data

Equivalent\active diameter [cm] 377
System pressure (bar) 155

Height/diameter 1.09

Active core volume (L) 32800 Coolant flow [106 kgh–1] 62

Average core power density [kwL–1] 104 Average linear power density [Wcm–2] 178

Fuel weight [kg] 90200 Maximum linear power density [Wcm–1] 426

Specific power [kW/kgU–1] 37.8 Average heat flux [Wcm–2] 68.5

Burnup [MWd/tU] 33000 Maximum heat flux [Wcm–2] 183

Conversion ratio 0.5 Minimum DNBR 13

Fuel assembly type Square bundle Inlet temperature [°C] 1.3

Number of fuel assemblies 193 Outlet temperature [°C] 332

Fuel elementary array 17 ´ 17 Maximum fuel temperature [°C] 1788



point in the hot chan nel, it can be used as an in di ca tor
of the risk that may ap pear if re ac tor power is slightly
in creased or cool ant mass-flow is de creased. In these
cases, the boil ing pro cess in the chan nel is ex pected.

It means that the cool ant tem per a ture in this
chan nel is not un der the ther mal-hy drau lic lim i ta tions. 
The fact that the re sult ex ceeds the limit in the tech ni -
cal data sheet for a typ i cal re ac tor tab. 1 may be be -
cause the hot chan nel fac tor uti lized in this cal cu la tion
is higher than the one used by the de signer. This re sult
showed that at the cool ant flow rate 62×106 kgh–1 the
pres sure drop is be low 200 kPa (the pres sure drop is
dis cussed at the end of the pa per) and the MDNBR
above 1.30, but Tout at 345.1°C is above its 332 °C
limit, tab. 1. Based on this  re sult in or der to achieve an
op er at ing state for this re ac tor that sat is fies all of these
con straints, fur ther sen si tiv ity anal y sis is re quired,
which in volves low er ing the core in let tem per a ture Tin

from its ref er ence value (300 °C) at a con stant mass
flux of 62×106 kghr–1 in or der to lower core out let tem -
per a ture Tout be low 332 °C. Any how, it is gen er ally
im por tant to con trol the power gen er ated in the hot
chan nel to avoid the oc cur rence of the  ¢¢qcr  and its con -
se quences. This can be achieved by op ti miz ing the re -
la tion ship: be tween heat gen er a tion and flow rate.

There are two ways to op ti mize the re la tion ship: by
low er ing power gen er a tion or in creas ing flow rate in
the chan nel.

The dif fer ence in heat ing rates be tween the two
chan nels is due to the hot chan nel's higher ra dial
power peak ing fac tors as a con se quence of its po si tion
in the core.

Higher out let cool ant tem per a tures are pre ferred
for heat trans mis sion, as is widely doc u mented. Wa ter
serves as both a cool ant and a mod er a tor in LWR, so
two com pet ing mech a nisms con trib ute to den sity feed -
back. As a re sult, in creas ing the tem per a ture of the cool -
ant has two op pos ing ef fects on re ac tiv ity. When the
tem per a ture rises, the cool ant den sity and bo ron sol u -
bil ity de crease, while the re ac tiv ity in creases due to the
slower ab sorp tion rate pro cess. While de creas ing cool -
ant den sity causes a de crease in the mod er a tion rate pro -
cess, it also causes a de crease in re ac tiv ity [26]. The first 
ef fect has a smaller im pact on re ac tiv ity than the sec ond
un der nor mal op er at ing con di tions. As a re sult, in creas -
ing the tem per a ture of the cool ant causes neg a tive re ac -
tiv ity feed back [1-4, 28-31].

Be cause the den sity of wa ter de creases with
height, a better mod er a tion pro cess ex ists in the lower
part of the core. As a re sult, the power gen er a tion rate
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Fig ure 1. Flowchart of the code (a) and chan nel model (b)



in the lower part of the core is ex pected to be higher. As 
pre vi ously stated, it is also ex pected that the power
peak in the ax ial di rec tion will be re duced by neg a tive
re ac tiv ity feed back with an in crease in power gen er a -
tion rate in the lower part of the re ac tor core due to the
high cool ant den sity in that part of the re ac tor core
[26].

TEMPERATURES AT THE CENTERLINE, THE
FUEL SURFACE, AND THE CLADDING'S
OUTER SURFACE

The clad ding ma te rial is not strictly de fined in
the data sheet of the tested re ac tor; a zircaloy was men -
tioned as struc ture ma te rial with out a grade for
zircaloy [27]. As well known in PWR, the most widely 
used clad ding has been zircaloy-4 (con tain ing Zr-Sn-
Fe-Cr). Al though still in use in many PWR, zircaloy-4
is grad u ally be ing re placed by Zr-1 % Nb and Zr-2.5 % 
Nb al loys. Zir co nium-ni o bium al loys con tain ing 1.0
wt.% and 2.5 wt.% ni o bium have been in ves ti gated for 
use as fuel clad ding. Based on that we as sumed that the 
clad ding ma te rial used in the tested re ac tor is
zircaloy-4 [32]. While the tested re ac tor's fuel ma te rial 
is de fined in the datasheet; the fuel is ura nium di ox ide 
(UO2) [27]. The UO2 is as sumed as a ce ramic re frac -
tory ura nium com pound, usu ally used as a nu clear
fuel. It is a sta ble ce ramic that can be heated al most to
its melt ing point (2878 ± 20 °C), with out sig nif i cant
me chan i cal de te ri o ra tion. It has no sig nif i cant re ac tion 
with wa ter [33].

Fig ure 2(b) shows the clad ding tem per a tures in
the av er age and hot chan nels, re spec tively. The clad -
ding outer sur face tem per a ture in the av er age chan nel
is equal to the in let cool ant tem per a ture at the chan nel
in let, then be gins to in crease with height un til it
reaches its max i mum value of 366.11 °C ap prox i -
mately at half of the chan nel, then be gins to de crease in 
the sec ond half of the chan nel un til it reaches the cool -
ant tem per a ture at the chan nel end. Even the ac quired
tem per a ture pro file of the clad's outer sur face is not
fully iden ti cal to the ap plied power dis tri bu tion pro -
file, but it is de pend ent on the power dis tri bu tion in the
core, as we will see later.

The hot chan nel's clad ding tem per a ture pro file
has the same ten dency as the av er age chan nel, but the
max i mum clad ding tem per a ture in the hot chan nel is
re corded at the end of the first third of the chan nel. The
high est re corded tem per a ture at the hot chan nel was
404.27 °C, which is higher than the cool ant's sat u ra -
tion tem per a ture, in di cat ing that subcooled boil ing
can oc cur. Subcooled boil ing is de sir able in some
cases be cause it im proves heat trans fer. Some va por
bub bles form on the sur face of the clad ding as a re sult
of par tial boil ing. This type of boil ing is known as
subcooled boil ing in the ther mo dy namic field. The
orig i nated bub bles have high tem per a tures elab o rated
from the sur face due to the dif fer ence in den sity with
its sur round ings and due to the con tin u ous move ment
of the cool ant. The heat from these bub bles is trans -
ferred to the cool ant, which causes them to col lapse.

Be cause the hot chan nel has larger power peak -
ing fac tors due to its po si tion in the core, the max i mum 
tem per a ture po si tions in the chan nels dif fer, as well as
the time nec es sary to achieve the max i mum tem per a -
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Fig ure 2. Ax ial tem per a ture dis tri bu tion at nom i nal power;
(a) cool ant, (b) clad ding outer sur face, and (c), (d) fuel in the
av er age and hot chan nels, re spec tively, steady-state op er a tion
at nom i nal power, co sine peaked-power dis tri bu tion



ture. The max i mum clad ding tem per a ture dif fer ence
be tween hot and av er age chan nel fac tors is 38.16 °C.

Ac cord ing to this re sult and from the stand point
of re ac tor safety, it is nec es sary to reg u late the power
pro duced in the hot chan nel in or der to pre vent the oc -
cur rence of the ¢¢qcr and its con se quences.

Fig ures 2(c) and 2(d) de pict the tem per a ture dis tri -
bu tion in the fuel cen ter line and fuel sur face in the av er -
age and hot chan nels, re spec tively. The tem per a ture pro -
files for the av er age chan nel's fuel cen ter line and fuel
sur face fig. 2(c) are sim i lar to the ap plied power dis tri bu -
tion (co sine peaked). Both pro files show that the tem per -
a ture grad u ally in creased, with the height reach ing its
peak at 1296.19 °C and 522.91 °C, re spec tively, at half of 
the fuel el e ment (chan nel). Fol low ing that, the tem per a -
ture grad u ally be gan to drop to the fuel el e ment's end
(chan nel out let).

The tem per a ture pro files in the hot chan nel fig.
2(d) re sem ble those in the av er age chan nel in shape and
be hav ior, but they are higher. Max i mum tem per a tures in
the fuel cen ter line and fuel sur face are also cal cu lated,
with val ues at the cen ter of the fuel el e ment of 1772.48
°C and 599.23 °C, re spec tively. The high est re corded
tem per a ture in the hot chan nel in di cates that the fuel tem -
per a tures are well within ther mal-hy drau lic mar gins.

As is well known, the re ac tiv ity co ef fi cients es -
tab lish the re la tion ship be tween the power pro duced
by the fuel and the thermo-phys i cal pa ram e ters of the
fuel and mod er a tor [26, 27]. The tem per a ture of the
fuel has a sig nif i cant im pact on the re ac tion rate in the
core as well as the power dis tri bu tion. As nu clide tem -
per a tures change, the Dopp ler broad en ing ef fect
changes the cross-sec tions of the res o nance ab sorp -
tion, which has a neg a tive feed back ef fect on re ac tiv -
ity. As a re sult, the tem per a ture of the fuel pin has a sig -
nif i cant im pact on both re ac tiv ity and power
dis tri bu tion. Fur ther more, the fuel pin tem per a ture has 
a dis tinct ra dial dis tri bu tion, and the fuel cen ter tem -
per a ture is sig nif i cantly dif fer ent from the fuel sur face
tem per a ture [24]. Fig ures 2(c) and 2(d) clearly dem on -
strate this dis tinc tion. In gen eral, fuel pin tem per a ture,
cool ant tem per a ture, and den sity all af fect ba sic
cross-sec tions (par tic u larly ab sorp tion) and ther mal
scat ter ing cross-sec tions. The res o nance ab sorp tion of 
the tar get nu clide with neu trons in spe cific en ergy re -
gions var ies dra mat i cally with tem per a ture. Be cause
clad ding tem per a ture has lit tle ef fect on neu tron ab -
sorp tion, the neutronics and ther mal-hy drau lics feed -
back con sid ers only three pa ram e ters: fuel tem per a -
ture, cool ant tem per a ture, and den sity [26].

AXIAL POWER DISTRIBUTIONS –
BOTTOM PEAKED

Fig ures 3(a)-3(d) de picts the tem per a ture dis tri -
bu tion in the clad ding outer sur face, the cool ant, and
the fuel cen ter line and fuel sur face in both av er age and
hot chan nels.

COOLANT TEMPERATURE

Light wa ter re ac tors such as PWR and BWR em -
ploy wa ter as both a cool ant and a mod er a tor that
slows down fast-trav el ing neu trons to be come ther mal 
neu trons, which are re quired for ther mal fis sion re ac -
tions in the re ac tor core.
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Fig ure 3. Ax ial pro file tem per a ture dis tri bu tion at
nom i nal power; (a) cool ant, (b) clad ding outer
sur face, and (c), (d) fuel in the av er age and hot chan nels,
re spec tively, steady-state op er a tion at nom i nal power,
bot tom peaked power dis tri bu tion



The cool ant tem per a ture pro file, as well as the av -
er age and hot chan nels, are de picted in fig. 3(a). The pro -
files show that as the cool ant en ters the chan nels dur ing
steady-state op er a tion, the av er age cool ant tem per a ture
rises across the core from 300 °C to 332.1 °C, re sult ing in 
an av er age cool ant heat ing rate of 32.1 °C. The av er age
chan nel cool ant tem per a ture is well within ther mal-hy -
drau lic lim its be cause it is less than the sat u ra tion tem per -
a ture of the op er at ing pres sure, which is 345.32 °C. In
PWR, it is nec es sary to pre vent cool ant bulk boil ing.

The cool ant tem per a ture rises from 300 °C at the
chan nel in let to 350.1 °C at the chan nel out let in the hot
chan nel, re sult ing in a heat ing rate of 50.1 °C. The out -
let tem per a ture is higher than the sat u ra tion tem per a ture 
of the op er at ing con di tions, in di cat ing that subcooled
boil ing can be gin some where in the hot chan nel. The
dif fer ence in heat ing rates be tween the two chan nels is
due to the hot chan nel hav ing higher ra dial power peak -
ing fac tors due to its lo ca tion in the core. The fact that
the re sult ex ceeds the limit in the tech ni cal data sheet for 
a typ i cal re ac tor, tab. 1. The rea son for the de vi a tion of
the ob tained re sult from the given de sign lim its is al -
ready men tioned in the pre vi ous case (ax ial power dis -
tri bu tion-co sine peaked), as well as how to achieve a re -
sult that fits to the specified thermal limits.

TEMPERATURES AT THE CENTERLINE,
THE SURFACE OF THE FUEL, AND THE
CLADDING

Fig ure 3(b) shows the clad ding outer-sur face tem -
per a ture in the av er age and hot chan nels, re spec tively.
The anal y sis of fig. 3(b) for the av er age chan nel shows
that the clad ding outer-sur face tem per a ture is equal to the 
cool ant tem per a ture at the in let of the chan nel, then be -
gins to in crease with height and reaches its max i mum
value of 380.70 °C at ap prox i mately the first third of the
chan nel then started to de crease.

The rea son for the de crease in clad ding tem per a -
ture, as shown in fig. 3(b) has al ready been men tioned,
where in the last part of the chan nel the clad ding tem -
per a ture ar rives at the cool ant tem per a ture at the chan -
nel end.

Ac cord ing to the anal y sis of fig. 3(b), the clad -
ding tem per a ture pro file in the hot chan nel has the
same ten dency as that in the av er age chan nel, but the
max i mum clad ding tem per a ture in the hot chan nel is
re corded at the end of the first third of the chan nel. The
max i mum tem per a ture was 414.12 °C, which is higher 
than the sat u ra tion tem per a ture in di cat ing the pos si bil -
ity of the subcooled boil ing phe nom e non. Af ter the
high est tem per a ture point in the pro file, the tem per a -
ture of the clad ding de creases through out the chan nel,
reach ing to tem per a ture de gree nearly to the out let
cool ant tem per a ture at the end of the same chan nel.

The po si tions of the max i mum tem per a tures in
the chan nels dif fer, as does the time re quired to reach

the max i mum tem per a ture. It is due to the higher ra dial 
and ax ial power peak ing fac tors of the hot chan nel.
The cal cu lated max i mum clad ding tem per a tures in the 
av er age and hot chan nels dif fer by ap prox i mately
33.42 °C. And again, the hot chan nel’s power gen er a -
tion needs to be man aged in or der to pre vent the ¢¢qcr

and its con se quences.
Figures 3(c) and 3(d) show the tem per a ture dis -

tri bu tion in the fuel cen ter line and fuel sur face in the
av er age and hot chan nels re spec tively.

In the case of the av er age chan nel, fig. 3(c) shows
that the tem per a ture pro file for the cen ter line and fuel
sur face is iden ti cal to the shape of the power dis tri bu -
tion (bot tom peaked). Both pro files show that the tem -
per a ture at the in let grad u ally in creases with height,
reach ing a max i mum in the first third of the chan nel
(fuel el e ment) of 1445.39 °C and 556.09 °C, re spec -
tively. Fol low ing that, the tem per a ture grad u ally be gan
to drop to the chan nel out let. Be cause of the power dis -
tri bu tion, the slope of the in creas ing part (the part be -
fore the max i mum point in the pro file) is greater than
that of the de creas ing part (the part af ter the max i mum
point in the pro file) in both pro files.

The tem per a ture pro files in the hot chan nel are
shaped sim i larly to those in the av er age chan nel, but
they are higher. The max i mum tem per a tures at the
cen ter line and the fuel sur face are 1985.17 °C and
636.85 °C, re spec tively. The large dif fer ences in max i -
mum tem per a tures be tween the chan nels are due to the 
hot chan nel's higher ra dial and ax ial power peak ing
fac tors.

The max i mum tem per a ture re corded in the hot
chan nel is lower than the melt ing tem per a ture of the
fuel (2878 ± 20 °C) [33]. The hot chan nel re sults show
that the fuel cen ter line, fuel sur face, and clad ding
outer sur face tem per a tures are all well be low their lim -
it ing val ues for ap plied power dis tri bu tion, in di cat ing
that the fuel and clad ding tem per a tures are well within
the ther mal-hy drau lic mar gins for power dis tri bu tion.
In terms of safety, changes in the com po si tion and
microstructure of the fuel caused by burnup ef fects
should be con sid ered when de ter min ing its melt ing
point, as these will af fect ther mal con duc tiv ity in all
op er a tional states. Tak ing un cer tain ties into ac count,
the peak fuel tem per a ture should be lower than the fuel 
melt ing tem per a ture by a suf fi cient mar gin to pre vent
the fuel from melt ing (see tab. 2).

CALCULATION OF ACTUAL LOCAL ¢¢qact ,
CRITICAL HEAT FLUX ¢¢qcr , AND DNBR

Ac cord ing to the safety fea tures of PWR, the de -
par ture from the nu cle ate boil ing ra tio is the most im -
por tant pa ram e ter of the safety lim its. It is the ra tio of
the ¢¢qcr  to the ¢¢qact at which DNB oc curs. The DNB is a
com pli cated phe nom e non in flu enced by a num ber of
phys i cal and geo met ri cal pa ram e ters re lated to fuel as -
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sem bly. In this sec tion of the work, the DNBR val ues
are cal cu lated un der steady-state nom i nal op er at ing
con di tions as well as other con di tions. The min i mum
de par ture from nu cle ate boil ing ra tio (MDNBR) val -
ues are de ter mined in each case. The cal cu la tions were
car ried out us ing the phys i cal pa ram e ters while keep -
ing the geo met ri cal pa ram e ters con stant.

The MITH code uses a two-chan nel model with
hot and av er age chan nels. The tem per a tures in the
other chan nels, in clud ing the av er age chan nel, are
lower than the tem per a tures in the hot chan nel (the hot
chan nel has the high est tem per a ture in the core). As a
re sult, the hot chan nel pa ram e ters are thought to be re -
li able pre dic tors of re ac tor safety. If the hot chan nel
meets the safety lim its so well, it stands to rea son that
the other chan nels will do the same. This sec tion pres -
ents and com pares the re sults of both chan nels to help
the reader un der stand the dif fer ence be tween them.
The DNBR and MDNBR were cal cu lated us ing the
hot chan nel re sults. It should be noted that the DNBR
cal cu la tion was car ried out un der the as sump tion that
the ref er ence 100 % power is 112 % power (tran sient
con di tion) [1].

The W-3 cor re la tion is used in MITH code for
crit i cal heat flux ¢¢qcr cal cu la tions. The fol low ing is the
West ing house cor re la tion form (W-3)

¢¢ = ¢¢ =

= × ×

q q p x G D h h

K p x K x G K
cr cr e h f in

e e

( , , , , , )

( , ) ( , )1 2 3 4( , ) ( , )x D K h he h f in×

(1)

  
K p

p
1 2022 006238

01722 001427 18177

= - +

+ -

{( . . )

( . . )exp[( . - 05987. ) ]}p xe (2)

K x x x Ge e e2 01484 1596 01729 2326 3271= - + +{( . . . ) . }

(3)

K x De h3 1157 0869 02664 08357 1241= - + -[ . . ][ . . exp( . )]
(4)

K h hf in4 08258 00003413= + -[ . . ( )] (5)

where q" [kWm–2] is the crit i cal heat flux ¢¢qcr , p [MPa]
– the pres sure, xe – the lo cal qual ity, Dh [m] – the equiv -
a lent heated di am e ter, hf [kJkg–1] – the sat u rated liq uid
enthalpy, and hin [kJkg–1] – the in let enthalpy.

For both power dis tri bu tions, the code re sults for 
ac tual op er at ing heat flux ¢¢qact and ¢¢qcr pro files are
shown in figs. 4(a) and 4(b). The ¢¢qact for the av er age
chan nel is also shown to dem on strate the dif fer ence
be tween the hot and av er age chan nels to the reader. In
gen eral, the re sults show that the ¢¢qact dis tri bu tion in
both chan nels fol lows the dis tri bu tion of ap plied
power. The dif fer ence in heat flux be tween the hot and
av er age chan nels is re lated to the hot chan nel's peak -
ing fac tor, i. e. the chan nels are in dif fer ent po si tions in
the core, so the heat flux from the hot chan nel is greater 
than that from the av er age chan nel.

The heat fluxes ¢¢qact and ¢¢qcr for the sym met ric
power dis tri bu tion are shown in fig. 4(a). Curves 1 and
2 in fig. 4(a) rep re sent the ¢¢qact pro files in both chan nels 
(hot and av er age, re spec tively). Curve 3 in fig. 4(a)
rep re sents the ¢¢qcr cal cu lated by the MITH code us ing
the W-3 cor re la tion equa tion, and line a-b in fig. 4(a)
rep re sents the po si tion of the MDNBR value (2.1538). 
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Fig ure 4. The ax ial dis tri bu tion of the crit i cal and ac tual
lo cal heat flux in the hot and av er age chan nels dur ing
steady-state op er a tion at nom i nal power; (a) co sine
peaked power dis tri bu tion and (b) bot tom peaked power
dis tri bu tion

Table 2. The effect of power distribution on thermal-hydraulic parameters

Parameter
Power distribution Reference reactor

[27] Melting temperature [°C]
Cosine profile Bottom profile

Coolant temperature [°C] (average channel) 333 332.1 332 –

Clad maximal temperature [°C] 404.26 414.12 – 1850 °C  [32]

Fuel centerline temperature [°C] 1772.48 1985.17 1788 2878 ± 20 °C [33]

MDNBR [–] 2.1538* 1.9872* 1.3**

*Cal cu lated un der the as sump tion that the ref er ence 100 % power is 112 % power
**Cal cu lated at 112 % power (tran sient) [1]



The po si tion is af ter the chan nel's midplane. Be cause
the cool ant tem per a ture rises with height, Curve 3 de -
creases with dis tance.

In the case of a bot tom peaked power dis tri bu -
tion, heat fluxes are shown in fig. 4. (b). In fig. 4(b),
Curves 1 and 2 rep re sent the ¢¢qact dis tri bu tion in the av -
er age and hot chan nels, re spec tively. The max i mum
value of ¢¢qact  is lo cated in the same lo ca tion in both
chan nels, in the lower part of each chan nel.

The heat fluxes ( ¢¢qact  and ¢¢qcr ) for the bot tom
peaked power dis tri bu tion are shown in fig. 4(b).
Curves 1 and 2 in fig. 4(a) rep re sent the ¢¢qact  pro files in
both chan nels (hot and av er age, re spec tively).

Curve 3 in fig. 4(b) de picts the ¢¢qcr  cal cu lated by
MITH code us ing the W-3 cor re la tion. The po si tion of
the MDNBR value (1.987) along the chan nel is rep re -
sented by lines a-b. MDNBR is mea sured in the lower
half of the chan nel height. Curve 3 con tin ues to de -
crease with height as the cool ant tem per a ture rises
from point to point along the chan nel.

The MDNBR val ues ob tained in both cases of
power dis tri bu tion are well within the ther mal-hy drau -
lic lim its given in the datasheet of the tested re ac tor
[27]. The stan dard ma te rial tem per a ture lim its are
taken into ac count, Tclad £ 800 °C for Zircaloy-4 clad -
ding, and the fuel is not al lowed to reach its melt ing
point of 2878 ± 20 °C (tabs. 1 and 2). Al though zir co -
nium has a melt ing point of 1850 °C, zir co nium al loys
are not suit able for use at ex tremely high tem per a tures. 
At 810 °C, zir co nium starts to un dergo a phase change
from a close-packed hex ag o nal struc ture to a
body-cen tered cu bic struc ture, and it is crit i cal to
main tain ing be low this tem per a ture. At these tem per a -
tures, a re ac tion with UO2 can oc cur at the zir co nium
clad ding in ner in ter face. At the tem per a tures and
stresses typ i cal of PWR re ac tor de sign, zir co nium al -
loys ex hibit sig nif i cant creep. Creep rates in crease sig -
nif i cantly with in creas ing tem per a ture and are ac cel er -
ated by re ac tor ir ra di a tion. Zir co nium chem i cally
re acts with steam at high tem per a tures (above 800 °C)
to pro duce hy dro gen in an exo ther mic re ac tion. This
re ac tion must be taken into ac count when eval u at ing
any LOCA event that may ex pose the fuel el e ments to
steam. For the rea sons stated, the clad ding tem per a -
ture should not ex ceed 800 °C to main tain nu clear
power plant safety lim its [32-35].

The hot chan nel code anal y sis in this work dem -
on strates that the max i mum clad ding tem per a ture and
max i mum fuel cen ter line tem per a ture are both be low
the lim its. The core exit tem per a ture Tout is sig nif i -
cantly lower than the cool ant limit (sat u ra tion tem per -
a ture of op er at ing pres sure). In PWR, the cool ant's
ther mal limit is the op er at ing pres sure's sat u ra tion
tem per a ture. Based on the re sults and dis cus sions, we
can con clude that the tested re ac tor meets the
steady-state ther mal-hy drau lic con straints.

Fig ures 5(a) and 5(b) show the vari a tion of
DNBR with chan nel height (b). The power dis tri bu -

tion af fects the DNBR dis tri bu tion along the chan nel.
Re gard less of the power dis tri bu tions used, the max i -
mum val ues of DNBR are re corded at the chan nel's in -
let and out let, while the lower val ues, in clud ing
MDNBR, are re corded in the dis tance be tween the in -
let and out let of the chan nel. Fig ure 5(b) shows the
MDNBR po si tion by en larg ing the bot tom parts of the
curves in fig. 5(a). The MDNBR po si tion is log i cally
de pend ent on the power dis tri bu tion. Be cause of the
ef fect of in creas ing fluid enthalpy on de creas ing CHF,
the MDNBR oc curs down stream from the max i mum
heat flux po si tion fig. 4(a,b) and fig. 5(b).

OPERATING CONDITIONS AND
THERMAL-HYDRAULIC PERFORMANCE

To eval u ate the ther mal-hy drau lic per for mance
of the PWR, a steady-state hot chan nel anal y sis (HCA) 
for a va ri ety of op er at ing con di tions was per formed by 
in ves ti gat ing the ther mal-hy drau lic pa ram e ters un der
dif fer ent op er at ing con di tions. The MDNBR, max i -
mum fuel and clad ding tem per a tures, core exit tem -
per a ture, and pres sure drop at var i ous power dis tri bu -
tions, power lev els, and mass-flow rates (in kgs–1)
were in ves ti gated. For the hot chan nel anal y sis, the
ther mal-hy drau lic con straints shown in tabs. 1 and 2
are used for com par i son. Ta bles 3 and 4 show the re -
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Fig ure 5. In flu ence of power shape on DNBR dis tri bu -
tion in the hot chan nel; (a) DNBR is cal cu lated us ing W-3
cor re la tion for co sine and bot tom peaked power
dis tri bu tion and (b) en larg ing the bot tom parts of the
DNBR's curves in (a)



sult ing MDNBR val ues for var i ous op er at ing con di -
tions.

It is es sen tial to con sider dif fer ent op er at ing con -
di tions ande ¢¢qcr cor re la tions when cal cu lat ing core pa -
ram e ters for an ac cu rate set of prop er ties [36]. How -
ever, only the W-3 cor re la tion was used in this study.
Ta bles 3 and 4 show that even in the worst case of op er -
a tion, 110 % over power and 90 % mass-flow rate, the
ob tained MDNBR value is well within the US Nu clear
Reg u la tory Com mis sion (NRC) lim its (MDNBR ³ 1.3 
at 112 % power-tran sient con di tion) [1, 36].

Re gard less of power dis tri bu tion con fig u ra tion
(co sine or bot tom peaked), higher core power and
lower flow rate lev els pro mote higher sur face heat flux 
in the core, low er ing MDNBR in the hot chan nel. Ta -
bles 3 and 4 show that the tem per a tures of the fuel cen -
ter line, fuel sur face, and clad ding outer sur face are in -
creased but re main be low the tem per a ture lim its. The
pres sure drop was not too er ratic. The ob tained re sult
is in good agree ment with the ref er ence data un der
these op er at ing con di tions, tab. 1. The tem per a tures of
the fuel (cen ter line and sur face) and the clad ding are
more sen si tive to the power level than to the mass flow
rate in both cases of power dis tri bu tion. 

In terms of heat flux, the ¢¢qact be haves sim i larly to 
the tem per a ture of the fuel and clad ding. It makes
sense be cause the ¢¢qact is di rectly pro por tional to the
tem per a tures of the fuel and clad ding. The ¢¢qcr , on the
other hand, is a func tion of many pa ram e ters, in clud -
ing exit qual ity, in let enthalpy, sat u ra tion enthalpy, and 
mass flux. All of these fac tors are af fected by the
power level, power dis tri bu tion, and mass-flow rate.
As a re sult, the ¢¢qcr  is highly sen si tive to changes in
power level and mass-flow rate.

Be cause pres sure is an im por tant pa ram e ter for
PWR ther mal-hy drau lic per for mance, the code cal cu -
lates pres sure drop as one of the ther mal-hy drau lic pa -
ram e ters. In a hot and av er age chan nel, the to tal pres -

sure drop is the sum of the pres sure drops caused by
spac ers and fric tion.

Equa tion (6) is used to cal cu late the re sis tance of
spac ers

D D DP P Pspacer total with spacer total with spacer= - (6)

The pres sure drop at the spacer grid is re lated to
the fluid ve loc ity Vb in the rod bun dle (the sub script b
in di cates the bun dle)

DP C Vs D b=
r

2

2 (7)

where CD is the drag co ef fi cient of the spacer grid and
r is the fluid den sity.

The Reynolds num ber Reb of the flow in the rod
bun dle is ex pressed as

Reb
b hV D

v
= (8)

with Dh the hy drau lic di am e ter (Dh = 4A/S), where A is
the flow cross-sec tion, S – the wet ted per im e ter, and v
– the ki ne matic vis cos ity.

The fric tional pres sure drop can be cal cu lated
us ing

DP f V
L

D
f b

h

=
r

2

2 (9)

where f is the fric tion fac tor, r [kgm–3] – the fluid den -
sity, Vb

2  [ms–1] – the ve loc ity, L [m] – the chan nel
length, and Dh [m] – the hy drau lic di am e ter.

For smooth pipes, Blasius (1913) has shown that
the fric tion fac tor (in a range of 3.000 < Re < 100.000)
could be com puted by

f
e

e= < <
0079

3000 100000
0 25

.
.R

R (10)

How ever, in the case of Re > 105, the fol low ing
equa tion is found to be more ac cu rate
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Table 3. The effect of operating power level and mass-flow rate on thermal-hydraulic parameters
(bottom peaked power distribution)

Power [%] Flow rate [%]

Hot channel temperature [°C]

MDNBR Dp [Psi] ¢¢qcr × 106 [Wm–2K–1] ¢¢qact × 106 [Wm–2K–1]
Cladding

Fuel

Surface Centerline

100 100 414.12 636.86 1985.17 1.9872 10.99 5.6783 2.6347

100 90 415.05 636.86 1985.17 1.7988 9.92 4.7357 2.6347

110 100 420.02 709.92 2158.87 1.7095 10.02 4.9628 2.8959

110 90 420.90 711.27 2158.89 1.5233 10.23 4.412 2.8959

Table 4. The effect of operating power level and mass-flow rate on thermal-hydraulic parameters
(cosine peaked power distribution)

Power [%] Flow rate [%]

Hot channel temperature [°C]

MDNBR Dp [Psi] ¢¢qcr × 106 [Wm–2K–1] ¢¢qact × 106 [Wm–2K–1]
Cladding

Fuel

Surface Centerline

100 100 404.26 605.11 1772.48 2.1538 10.84 5.048 2.3451

100 90 404.86 605.09 1772.48 1.9205 9.73 4.5085 2.3451

110 100 410.64 652.27 1911.12 1.8216 10.85 4.7016 2.5779

110 90 411.74 625.54 1911.22 1.6106 9.93 4.1565 2.5779



f =
0046

0 20

.

Re .
(11)

In the code, the pre vi ous for mu las were used to
show the re la tion ship be tween pres sure drops,
mass-flow rate, power dis tri bu tion, and op er at ing
power level. The ef fect of these pa ram e ters on to tal
pres sure drops was in ves ti gated by cal cu lat ing to tal
pres sure drops with var i ous val ues of each pa ram e ter
while hold ing the other geo met ri cal and hy dro dy -
namic pa ram e ters con stant. Ta bles 3 and 4 show the
out comes. The re sults show a strong re la tion ship be -
tween the tested pa ram e ters and to tal pres sure drop.

There must be no melt ing of the fuel or clad ding
and a low-fis sion gas re lease for safe op er at ing con di -
tions. Ac cord ing to the lit er a ture, the fis sion gas can be 
kept lower dur ing steady-state op er a tion by lim it ing
the av er age fuel tem per a ture to 1673 K and the clad -
ding outer sur face tem per a ture to 1000 K (for zircaloy
-4). It is thought that im pos ing a 3123 K peak fuel cen -
ter line tem per a ture is more lim it ing than im pos ing an
av er age fuel tem per a ture con straint [ 27, 36]. Ta bles 3
and 4 show that the sur face fuel, fuel cen ter line, and
clad ding outer sur face tem per a tures in the hot chan nel
are be low their lim it ing val ues for all test op er at ing
power and flow rate cases [1, 25, 36].

CONCLUSIONS

A steady-state ther mal-hy drau lic study was con -
ducted us ing 1-D com puter code to in ves ti gate the
high power den sity pres sur ized wa ter re ac tor PWR
and iden tify the main ther mal-hy drau lic chal lenges
that char ac ter ize this re ac tor. Max i mum fuel and clad -
ding sur face tem per a tures, max i mum sur face heat
flux, MDNBR, and max i mum core exit tem per a ture
have all been de ter mined to be within safe lim its. Even
when the power is in creased by 10 % of the nom i nal
op er at ing power and the mass flux is re duced by 10 %
of the to tal mass flux, the ther mal-hy drau lic pa ram e -
ters sat isfy the ther mal-hy drau lic con straints. In gen -
eral, the cal cu la tion shows that con trol over power
gen er a tion in the hot chan nel is re quired in our tested
re ac tor to guar an tee re ac tor safety. Fur ther more, the
to tal pres sure drop in the core is less than the safe limit.

The high level of agree ment be tween the ob tained 
re sults and the data from the ref er enced re ac tor dem on -
strates the code's va lid ity and ef fi ciency (PWR-W). The 
mi nor dis crep an cies could be ex plained by dif fer ences
in the rel e vant phys i cal pa ram e ters used in each method
of cal cu la tion. Fur ther more, we can en sure that all ther -
mal-hy drau lic safety pa ram e ters are within the ther mal
de sign lim its for steady-state op er at ing con di tions. As a
re sult, it is con cluded that the ref er enced re ac tor
(PWR-W) is safe to op er ate un der the afore men tioned
tested op er at ing con di tions and re mains within the ther -
mal de sign lim its.
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TERMOHIDRAULI^NA  ANALIZA  LAKOVODNOG REAKTORA
U  STABILNIM  RADNIM  USLOVIMA
Drugi deo ‡ reaktor sa vodom pod pritiskom

Jednodimenzionalni ra~unarski MITH pro gram kori{}en je u ovom radu za izvo|ewe
potkanalnih termohidrauli~nih analiza tipi~nog Vestinghausovog modela reaktora sa vodom pod
pritiskom. Dva karakteristi~na kanala, vru}i i prose~ni, sa istim protokom i padom pritiska,
testirana su u stacionarnim radnim uslovima. U ovoj analizi, kanal sa najvi{om temperaturom je
ozna~en kao vru}i kanal. Za prora~une model kanala je podeqen na 20 delova. Na termohidrauli~ne
performanse testiranog reaktora uticali su raspodela snage, nivo snage i protok mase rashladne
te~nosti. Dobijeni su profili raspodele tem per a ture gorivnog elementa i hladioca za prose~ni i
vru}i kanal. Tako|e je izvr{ena analiza kriti~nog toplotnog fluksa i izra~unati su toplotni
fluksevi u oba kanala. Korelacija W-3  kori{}ena je za ispitivawe kriti~nog toplotnog fluksa u
najtoplijem kanalu. Neki podaci iz liste za tipi~ni reaktor sa vodom pod pritiskom kori{}eni su 
kao ulazni podaci, dok su drugi kori{}eni za validaciju koda. Pro gram je verno reprodukovao
rezultate Vestinghausovog modela reaktora, ukqu~uju}i tem per a ture hladioca, ko{uqice,
sredi{we linije i povr{ine goriva, kvalitet i lokalni toplotni fluks i koeficijent
minimalnog odstupawa od kqu~awa.

Kqu~ne re~i: gorivo, ko{uqica, hladilac, temperatura, pritisak, toplotni fluks,
.........................odstupawe od kqu~awa jezgra


