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The most lim it ing de sign cri te ria for nu clear re ac tor nor mal op er at ing con di tions (ANS Con -
di tion I) are known to be rod in ter nal pres sure and clad ding ox i da tion, while those for nu -
clear re ac tor tran sient op er at ing con di tions (ANS Conditon II) to be fuel cen ter line tem per a -
ture and tran sient clad ding to tal ten sile strain. How ever, the de sign mar gins against fuel
tem per a ture and tran sient clad ding ten sile strain be come smaller since power uprating is be -
ing or will be uti lized for the most of nu clear power re ac tors to en hance the eco nom ics of nu -
clear power. In or der to se cure suf fi cient de sign mar gins against fuel tem per a ture and clad -
ding to tal ten sile strain even for power uprating, the cur rent ax ial rod power pro files used in
the re ac tor tran sient anal y sis were op ti mized to re duce over-con ser va tism, con sid er ing that
118% over power of a steady-state peak rod av er age power was not ex ceeded dur ing the re ac -
tor tran sients. The com par i son of the cur rent ax ial rod power pro files and the op ti mized ones
in di cates that the lat ter re duces the fuel cen ter line tem per a ture and clad ding to tal ten sile
strain by 26 °C and 0.02%, re spec tively.

Key words: nu clear fuel rod, de sign cri te ria, fuel cen ter line tem per a ture, clad ding to tal ten sile strain,
ax ial rod power pro file

INTRODUCTION

Fuel de sign re quire ments are de fined in the NRC 
Stan dard Re view Plan (SRP) to sat isfy 10CFR50 (Ap -
pen dix A “Gen eral De sign Cri te ria for Nu clear Power
Plants”). In de tail, the re ac tor core and as so ci ated
cool ant, con trol, and pro tec tion sys tem shall be de -
signed with the ap pro pri ate mar gin to as sure that spec -
i fied ac cept able fuel de sign lim its (SAFDLs) are not
ex ceeded dur ing any con di tion of nor mal op er a tion,
in clud ing the ef fects of an tic i pated op er a tional oc cur -
rences. The NRC SRP4.2 de scribes fuel sys tem de sign 
cri te ria cov er ing fuel sys tem dam age, fuel rod fail ure
and fuel coolability. The fuel sys tem dam age and fuel
rod fail ure cri te ria em ployed by the most of fuel ven -
dors are steady-state clad ding stress and strain, clad -
ding fa tigue, clad ding fret ting wear, clad ding ox i da -
tion and hydriding, fuel rod growth, fuel rod in ter nal
pres sure, fuel rod in ter nal hydriding, clad ding flat ten -
ing, fuel cen ter line tem per a ture, tran sient clad ding
stress and clad ding to tal ten sile strain, and de par ture
from nu cle ate boil ing ra tio (DNBR). The fuel rod in -

teg rity is to be eval u ated dur ing the re ac tor nor mal op -
er a tion (ANS Con di tion I) and the re ac tor an tic i pated
op er a tional oc cur rences (ANS Con di tion II) [1]. It is
note wor thy that the ANS Con di tion II re lated de sign
cri te ria in clude fuel cen ter line tem per a ture, tran sient
clad ding stress and to tal ten sile strain, and DNBR. It
has been found that the most lim it ing de sign cri te ria
for nu clear re ac tor nor mal op er at ing con di tions may
be rod in ter nal pres sure and clad ding ox i da tion, while
those for nu clear re ac tor tran sient op er at ing con di -
tions may be fuel cen ter line tem per a ture and clad ding
to tal ten sile strain. Re cently, the fuel re li abil ity has
been steadily in creas ing with the help of var i ous ro -
bust de signs against fuel fail ure [2-4]. How ever, fuel
ven dors are striv ing to em ploy re ac tor power uprating
up to about  20% and to in crease the batch av er age  fuel  
burnup  from 45.000 MWd/MtU to 55.000 MWd/MtU 
[5, 6]. With the in tro duc tion of power uprating into
power re ac tors, it is ob vi ous that de sign mar gins
against fuel cen ter line tem per a ture and clad ding to tal
ten sile strain will be come smaller. It is re ported that
the Ko rea Hy dro & Nu clear Power Com pany (KHNP)
plans to adopt power uprating up to 5% in some PWR
in Ko rea in the near fu ture. There fore, it is nec es sary to 
have suf fi cient de sign mar gins against fuel cen ter line
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tem per a ture and clad ding to tal ten sile strain even for
an tic i pated power uprating since the most lim it ing de -
sign cri te ria for nu clear re ac tor tran sient op er at ing
con di tions are fuel cen ter line tem per a ture and clad -
ding to tal ten sile strain, as men tioned above.

For a 14 ´ 14 fuel as sem bly in teg rity eval u a tion
un der the re ac tor an tic i pated op er a tional oc cur rences
(ANS Con di tion II) in Ko rea, a box-shaped tran sient
ax ial rod power pro file sim u lat ing all con trol rod-out
con di tion is em ployed be low 380 W/cm, while a bot -
tom-skewed tran sient one sim u lat ing some con trol
rods’ in ser tion is used above 380 W/cm with out
chang ing its ax ial pro file with the in crease of tran sient
power lev els. How ever, it is found that the cur rent bot -
tom-skewed ax ial pro file gen er ates some what a
rod-av er aged power higher than 118% over power of a
steady-state peak rod-av er aged power dur ing the re ac -
tor tran sients. It should be noted that 118% over power
of a steady-state peak rod-av er aged power is the max i -
mum rod-av er aged power al lowed dur ing the re ac tor
tran sients. In this study, there fore, op ti mized bot -
tom-skewed tran sient ax ial rod power pro files above
380 W/cm are pro posed as a func tion of tran sient peak
power in or der to re duce over-con ser va tism in cluded
in the cur rent bot tom-skewed ax ial pro file and pro vide 
more de sign mar gins against fuel cen ter line tem per a -
ture and clad ding to tal ten sile strain.

PREPARATION OF OPTIMIZED
BOTTOM-SKEWED AXIAL PROFILES

The cur rently used box-shaped and bot -
tom-skewed ax ial rod power pro files are shown in figs. 1
and 2, re spec tively. The box-shaped ax ial pro file is used
when a rod power in creases from a steady-state power to
the tran sient power of 380 W/cm (see step 1 in fig. 3),
while the bot tom skewed ax ial pro files are used when a
rod power in creases from a steady-state power to the

tran sient pow ers above 380 W/cm such as 450, 550, and
666  W/cm (see steps 2, 3, and 4 in fig. 3). The cur rent
bot tom-skewed ax ial pro files rep re sent rod av er aged
pow ers much higher than the 118% over power per cent -
age al lowed dur ing the ANS Con di tion II, which gen er -
ates over-con ser va tive tran sient av er age pow ers above
380 W/cm. In or der to re duce over-con ser va tism in -
cluded in the cur rent bot tom-skewed ax ial pro files, op ti -
mized bot tom-skewed ax ial pro files are pro posed at the
tran sient power lev els of 450, 550, and 666 W/cm, as
shown in fig. 4. It is note wor thy that the ar eas un der the
bot tom-skewed ax ial pro files rep re sent tran sient rod av -
er aged pow ers. The op ti mized bot tom-skewed ax ial pro -
files gen er ate more or less the same rod av er aged power
as the 118% over power per cent age of the max i mum
steady-state rod av er aged power. The tran sient rod av er -
aged power used for the op ti mized bot tom-skewed ax ial
pro files may be given as fol lows

¢ = ¢q F qt H avgoverpower  percentage[ ] D (1)
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Fig ure 1. Cur rent box-shaped ax ial power pro file at a
peak power level of 380 W/cm

Fig ure 2. Cur rent bot tom-skewed ax ial power pro files at
peak power lev els greater than 380 W/cm

Fig ure 3. Fuel rod power his tory and power tran sient
sim u la tion
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where ¢q t is the tran sient rod av er aged power over -
power per cent age = 118%, FDH – the max i mum
steady-state ra dial power fac tor dur ing the re ac tor nor -
mal op er a tion, and  ¢qavg – the core av er aged lin ear
power.

For the 14 ´ 14 fuel assembly con sid ered in this
study, FDH and ¢qavg are given as 1.49 and 212.3 W/cm.

CALCULATION PROCEDURES

With the help of a fuel rod per for mance anal y sis
code [7], fuel cen ter line tem per a ture and clad ding to tal 
ten sile strain dur ing the ANS Con di tion II are cal cu -
lated for the 14 ´ 14 fuel assembly con sid ered in this
study. The key in put data for the per for mance anal y sis
code are com posed of the re ac tor core and fuel
assembly de sign pa ram e ters (see tab. 1) as well as of
the fuel rod di men sions and per for mance model con -
stants (see tab. 2). For the fuel cen ter line tem per a ture
cal cu la tions, the max i mum pel let-to-clad ding gap and
fis sion gas re lease are sim u lated, while for the clad -
ding to tal ten sile strain cal cu la tions, the min i mum pel -

let-to-clad ding gap and fis sion gas re lease are sim u -
lated. In de tail, for fuel cen ter line tem per a ture cal cu la -
tions, the min i mum val ues of pel let di am e ter, dish ing
and ple num vol ume, ra dial re lo ca tion model con stant,
swell ing model con stant, and clad ding creep model
con stant are uti lized, whereas the max i mum val ues of
pel let po ros ity, clad ding outer and in ner di am e ters,
ini tial rod pres sure, fis sion gas re lease model con stant
and max i mum densification model con stant. The in put 
data for clad ding to tal ten sile strain cal cu la tions are
just the op po site to those of fuel cen ter line tem per a -
ture cal cu la tions. The tran sient peak rod power al -
lowed dur ing the ANS Con di tion II is 666 W/cm,
which falls down from a rod burnup of about 20
MWd/kgU due to the de crease in re ac tiv ity with the in -
crease of burnup, as shown  in fig. 5. In this study,
there fore,  the  rod burnup of up to 20  MWd/kgU  is

Fig ure 4. Op ti mized bot tom-skewed ax ial power pro files
at peak power lev els greater than 380 W/cm

Table 1. Reactor core and fuel assembly design
 parameters for 14 ´ 14 PWR in Korea

Design parameters Values

Core thermal power 1723.5 MWt

Core average linear power 212.3 W/cm

Local peak linear power achievable
 for ANS Condition II

666 W/cm

Inlet coolant temperature 282.3 °C

Reactor system pressure 155 bar*

Number of fuel assemblies .in the core 121

Number of fuel rods per fuel assembly 179

Fuel rod pitch 14.12 mm

*1 bar = 100 kPa

Table 2. Fuel rod dimensions and performance model
constants

Input variable
Input data

Minimum Average Maximum

Pellet porosity [%] 3.73 5.10 6.50

Pellet diameter [mm] 8.04 8.05 8.06

Clad outer diameter [mm] 9.45 9.50 9.55

Clad inner diameter [mm] 8.18 8.22 8.26

Dishing volume [mm3] 8.00 11.00 14.00

Plenum volume [mm3] 5.70 6.40 7.00

Initial rod inner pressure
[bar]

21.50 22.50 23.50

Fission gas release model
constant

8.00 38.00

Radial relocation model
constant

0.48 0.83

Swelling/densification
model constant

0.34/3.48 0.46/4.10

Clad creep model constant 0.77E-20* 1.10E-20

*read as 0.77×10–20

Fig ure 5. Tran sient peak rod power vs. fuel rod burnup



con sid ered  be cause the tran sient power de crease  be -
low 666 W/cm  af ter 20 MWd/kgU will re duce dras ti -
cally the fuel cen ter line tem per a ture and the clad ding
to tal ten sile strain. The peak steady-state rod power
used in this study is given in fig. 3 and the power ramps 
from the steady-state power to var i ous tran sient power
lev els of steps 1 through 4 ini ti ate at the burnups of 0,
6.5, 9.7, 16.2, 18.3, and 20.0 MWd/kgU.

RE SULTS AND DIS CUS SION

The fuel cen ter line tem per a tures and the to tal
ten sile strains at 666 W/cm vs. the fuel rod burnup are
plot ted in figs. 6 and 7, re spec tively. From fig. 6, it can
be seen that the fuel cen ter line tem per a tures in crease
with the in crease of the fuel rod burnup and the fuel
tem per a tures for the op ti mized bot tom-skewed ax ial

pro files are lower than those for the cur rent bot -
tom-skewed ax ial pro files, in di cat ing that the
over-con ser va tism in cluded in the lat ter is re duced.
The fuel cen ter line tem per a ture at  the rod burnup of
20 MWd/kgU reaches 2730 °C for the cur rent bot -
tom-skewed ax ial pro files, while it reaches 2704 °C
for the op ti mized bot tom-skewed ax ial pro files, in di -
cat ing that the fuel cen ter line tem per a ture is re duced
by 26 °C, com par ing with that for the cur rent bot -
tom-skewed ax ial pro files. It should be noted that the
cur rent bot tom-skewed ax ial pro files ex ceed the de -
sign cri te rion for fuel cen ter line tem per a ture at the rod
burnup of 20 MWd/kgU, while the op ti mized ones
meet the de sign cri te rion. The rea son that the op ti -
mized bot tom-skewed ax ial pro files re duce fuel cen -
ter line tem per a ture is that the to tal en ergy con tained in
the fuel rod at the power level of 666 W/cm is lower for 
the op ti mized ax ial pro file, com par ing the ar eas un der
the bot tom-skewed ax ial pro files at 666 W/cm (see
figs. 2 and 4), and con se quently the amount of fis sion
gas re lease is lower for the op ti mized ax ial pro file, as
shown in fig. 8. Nat u rally,  the  high est  frac tional  fis -
sion gas  re lease at 20 MWd/kgU gen er ates  the  low est
pel let-to-clad ding gap con duc tance even though the  
pel let-to-clad ding  gap is  the  larg est  at  around
8,MWd/kgU  (see fig. 8) and sub se quently pro duces
the high est  fuel tem per a ture at  20 MWd/kgU. On the
other hand, the op ti mized ax ial bot tom-skewed ax ial
pro files might also ex ceed the fuel cen ter line melt ing
tem per a ture when a re ac tor is up-rated only by a few
per cent. There fore, it is rec om mended that the cur rent
pel let microstructure be im proved against fis sion gas
re lease. Some fuel ven dors have al ready de vel oped
Cr2O3-doped pel lets or Al2O3-doped pel lets to in -
crease pel let grain size and then re duce fis sion gas re -
lease [8-10].

From fig. 7, it can be seen that  the  clad ding  to tal
ten sile  strain  de creases  up   to  the  fuel   rod   burnup  of 
7 MWd/kgU and then in creases all the way af ter this
burnup. Also, the to tal ten sile strains for the op ti mized
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Fig ure 6. Fuel cen ter line tem per a tures at 666 W/cm vs.
fuel rod burnup

Fig ure 7. To tal tan gen tial strains at 666 W/cm vs. fuel rod
burnup Fig ure 8. Fractioal fis sion gas re lease vs. fuel rod burnup



bot tom-skewed ax ial pro files are lower than those for the 
cur rent bot tom-skewed ax ial pro files, in di cat ing that the
over-con ser va tism in cluded in the lat ter is re duced. The
to tal ten sile strain at the rod burnup of 20 MWd/kgU
reaches 1.0% for the cur rent bot tom-skewed ax ial pro -
files, while that reaches 0.98% for the op ti mized bot -
tom-skewed ax ial pro files, in di cat ing that the to tal ten sile 
strain is re duced by 0.02%, com par ing with that for the
cur rent bot tom-skewed ax ial pro files. It should be noted
that the cur rent bot tom-skewed ax ial pro files barely meet 
the to tal ten sile strain de sign cri te rion of 1.0% at the rod
burnup of 20 MWd/kgU, in di cat ing that a small amount
of power up-rat ing will ex ceed the to tal ten sile strain de -
sign cri te rion with the use of the cur rent bot tom-skewed
ax ial pro files. The rea son that the low est to tal ten sile
strain oc curred at about 7 MWd/kgU can be ex plained in
the fol low ing. The clad ding to tal ten sile strain is con -
trolled by pel let-to-clad ding gap sizes be fore the power
tran sients and power tran sient-in duced fuel tem per a -
tures. The pel let-to-clad ding gap sizes be fore the power
tran sients are shown in fig. 9. The pel let-to-clad ding gap
size is a func tion of clad ding creepdown and fuel
densification/swell ing. The clad ding di am e ter is ever de -
creas ing with burnup un til the clad ding-to-pel let con tact. 
The pel let di am e ter de creases up to about 8 MWd/kgU
due to a dom i nant ef fect of fuel densification in a low
burnup range but in creases due to a dom i nant ef fect of
swell ing af ter 8 MWd/kgU [11-13]. How ever, the pel let
di am e ter con trac tion due to densification is much faster
than clad ding creepdown. There fore, there ex ists a max i -
mum pel let-to-clad ding  gap  creepdown at around 8
MWd/kgU, as shown in fig. 9. Moreover, the amount of
fis sion gas re lease in creases with the in crease of fuel rod
burnup and the higher fis sion gas re lease gen er ates pro -
duces the higher fuel tem per a ture. It is noted that the
higher fuel tem per a ture gen er ates the larger clad ding to -
tal ten sile strain if the pel let-to-clad ding gap is the same
be fore the power tran sients. The com bi na tion of the pel -
let-to-clad ding gap size vari a tion and ever-in creas ing

fuel tem per a ture with burnup may ex plain why the low -
est to tal ten sile strain oc curred at about 7 MWd/kgU. On
the other hand, the rea son that the op ti mized bot -
tom-skewed ax ial pro files re duce to tal ten sile strain is
that the to tal en ergy con tained in the fuel rod at the power
level of 666 W/cm is lower for the op ti mized ax ial pro file 
and con se quently the amount of fis sion gas re lease is
lower for the op ti mized ax ial pro file, re sult ing in the
lower fuel tem per a ture, as ex plained above. Since the
lower fuel tem per a ture gen er ates the less clad ding to tal
ten sile strain if the pel let-to-clad ding gap is the same be -
fore the power tran sients, the op ti mized bot tom-skewed
ax ial pro files gen er ated lower to tal ten sile strain than the
cur rent bot tom-skewed ones, as shown in fig. 7.

CON CLU SIONS

With the use of the re ac tor op er at ing con di tion
that 118% over power of a steady-state peak rod-av er -
aged power will be ex ceeded dur ing the ANS Con di -
tion II, the op ti mized bot tom-skewed ax ial pro files are 
pro posed to re duce over-con ser va tism con tained in
the cur rent bot tom-skewed ax ial pro files. The op ti -
mized bot tom-skewed ax ial pro files re duced fuel cen -
ter line tem per a ture and clad ding to tal ten sile strain by
26 °C and 0.02%, com par ing with the cur rent ones.
The lower fuel tem per a tures and to tal ten sile strains
for the op ti mized ax ial pro files may be ex plained by
lower fis sion gas re lease. In ad di tion, the low est to tal
ten sile strain at the fuel rod burnup of 7 MWd/MtU
may be sup ported by the com bi na tion of the pel -
let-to-clad ding gap vari a tion and ever-in creas ing fuel
tem per a ture with the in crease of the burnup. It is rec -
om mended that the cur rent pel let microstructure be
im proved to re duce fis sion gas re lease, which will pro -
vides more mar gins for fuel cen ter line tem per a ture
and clad ding to tal ten sile strain.

AC KNOWL EDGE MENT

This re search was sup ported by Ba sic Atomic
En ergy Re search In sti tute Pro gram through the Na -
tional Re search Foun da tion of Ko rea (NRF) funded by 
the Min is try of Ed u ca tion, Sci ence and Tech nol ogy
(No. 2009-0075907).

REF ER ENCES

[1] ***, Nu clear Safety Cri te ria for the De sign of Sta tion -
ary Pres sur ized Wa ter Re ac tor Plants, Amer i can Nu -
clear So ci ety, ANSI/ANS-51.1-1983

[2] Lettau, H., Spierling, H., Ur ban, P., Prog ress in Fuel
As sem bly De vel op ment: Ben e fits and Risks, Pro -
ceed ings, Eu ro pean Nu clear So ci ety, Oc to ber 25-28, 
1998, Nice, France

[3] Baleon, J., Burtak, F., Peyran, J., Ur ban, P.,
Framatome ANP Fuel: Ex pe ri ence and De vel op ment, 

K. T. Kim: The Ef fect of Ax ial Fuel Rod Power Pro file on Fuel Temperature ...
118 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2010, Vol. 25, No. 2, pp. 114-119

Fig ure 9. Sche matic di men sional change vs. fuel rod
burnup be fore power tran sients



Eu ro pean Nu clear So ci ety Top Fuel 2001, May 27-30, 
2001, Stock holm, Swe den

[4] Hesketh, K., Ad vanced Fuel De signs for Ex ist ing and
Fu ture Gen er a tions of Re ac tors: Driv ing Fac tors from 
Tech ni cal and Eco nomic Points of View, Nu clear En -
gi neer ing and De sign, 221 (2003), 1-3, pp. 277-292

[5] Kim, K., Suh, J., De vel op ment of an Ad vanced PWR
Fuel for OPR1000s in Ko rea, Nu clear En gi neer ing
and De sign, 238 (2008), 10, pp. 2606-2613

[6] Kim, K., Ko rean Nu clear Fuel Pro gram, Pro ceed ings,  
In ter na tional Meet ing on Wa ter Re ac tor Fuel Per for -
mance, Oc to ber 2-6, Kyoto, Ja pan, 2005

[7] Eberle, R., Distler, I., KWU Fuel Rod Com puter Code 
CARO, KWU Tech ni cal Re port B111/e117/82

[8] Assmann, H., Doerr, W., Peehs, M., Ox ide Fu els with
Con trolled Microstructure, J. of the Amer i can Ce -
ramic So ci ety, 67 (2006), 9, pp. 631-636

[9] Kashibe, K., Une, K., Ef fect of Ad di tives (Cr2O3,
Al2O3, SiO2, MgO) on Diffusional Re lease of 133Xe
from UO2 Fu els, J. of Nu clear Ma te ri als, 254 (1998),
2-3, pp. 234-242

[10] Bour geois, L., Dehaudt, Ph., Lemaignan, C.,
Hammou, A., Fac tors Gov ern ing Microstructure De -
vel op ment of Cr2O3-Doped UO2 Dur ing Sintering, J.
of Nu clear Ma te ri als, 297 (2001), 3, pp. 313-326

[11] Freshley, M., Brite, D., Dan iel, J., Hart, P., Ir ra di a -
tion-In duced Densification of UO2 Pel let Fuel, J. of
Nu clear Ma te ri als, 62 (1976), 2-3, pp. 138-166

[12] Assmann, H., Stehle, H., Ther mal and in-Re ac tor
Densification of UO2: Mech a nisms and Ex per i men tal
Re sults, Nu clear En gi neer ing and De sign, 48 (1978),
1, pp. 49-67

[13] Paraschiv, M., Paraschiv, A., Grecu, V., On the Nu -
clear Ox ide Fuel Densification, Swell ing and Ther -
mal Re-Sintering, J. of Nu clear Ma te ri als, 302
(2002), 2-3, pp. 109-124

Re ceived on Feb ru ary 17, 2010
Ac cepted on May 19, 2010

K. T. Kim: The Ef fect of Ax ial Fuel Rod Power Pro file on Fuel Temperature ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2010, Vol. 25, No. 2, pp. 114-119 119

Kju-Tae KIM

EFEKAT  AKSIJALNE  RASPODELE  SNAGE  U  GORIVNOJ
[IPKI  NA  TEMPERATURU  GORIVA  I  NAPREZAWE  KO[UQICE

Unutra{wi pritisak gorivne {ipke i oksidacija ko{uqice su najrestriktivniji
projektni kriterijumi za nuklearne elektrane u normalnim pogonskim uslovima, dok su za
nuklearne reaktore u nestacionarnim uslovima to temperatura u sredi{woj osi goriva i
nestacionarno ukupno naprezawe ko{uqice na istezawe. Me|utim, projektne margine za
temperaturu  goriva i nestacionarno naprezawe ko{uqice na istezawe postaju jo{ u`e, budu}i da
se podi`e snaga ve}ine nuklearnih reaktora, ili se to planira radi poboq{awa ekonomije
nuklearne energije. U ciqu da se obezbede dovoqne projektne margine za temperaturu goriva i
ukupno naprezawe ko{uqice na istezawe i u slu~aju porasta snage, radi redukcije preterano
konzervativnog re{ewa optimizovan je postoje}i aksijalni profil snage u gorivnoj {ipki koji je
kori{}en u analizama tranzijenata, budu}i da tokom reaktorskih prelaznih stawa nije dolazilo do 
prekora~ewa ve}eg od 118% stacionarnog sredweg pika snage u gorivnoj {ipki. Pore|ewe
postoje}eg aksijalnog profila snage u gorivnoj {ipki i onog optimizovanog pokazuje da se ovim
drugim redukuje temperatura goriva u sredi{woj osi za 26 °C, a ukupno naprezawe ko{uqice na
istezawe za 0,02%.

Kqu~ne re~i: nuklearna gorivna {ipka, projektni kriterijumi, temperatura goriva u
..........................sredi{woj osi, ukupno naprezawe ko{uqice na istezawe, aksijalna raspodela
..........................snage u gorivnoj {ipki


