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The heat source distribution in a nuclear reactor is a unc

h f h‘ h is a function of position. In certain types of' f tion of neutron flux, fuel

loading, and core temperature, eoc o w ic

‘ l -cooled reactors, the fuel distribution is such that the reactor may be regarded

'
' h t eroture distribution

it M
2.: .

solid fue gas
describes the method of calculating t e emp

f l nt
as homogeneous. This paper .

'
A l'ndrical core is assumed, and the variations o cooa

in the core of such a reactor. cyi
t nd As a first approximation the dependence

flow and outlet temperature with radius are ou .

o neu ' ll, and the ux is assumed to have been

b ' of uniform core temperature. Using t is ' ' ' , '

' ' ' l l ted TO
f tron ux on temperature is taken to be smo

h ux distribution the first

calculated on the asis

” core temperature distribution is found. Subsequent flux distributions can be ca cua
e

ml ll

rene the values of temperature.

of the pressure drop in a channel and of the heat

i.;:.'.-7%.
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INTRODUCTION

The heat source distribution in a nuclear reactor mput t° the °°°la‘m° P°r °ha“n°1'

is
' ' ' d The total mass ow is determined by the power

H

ach of which is a function of '

' al ressure drop and mass ows cana function of neutron ux, fuel distribution an

co;-9 temperature, e
of the reactor and the specied coolant temperature

‘ of the following 1159- The 80511 P

position. A basic assumption

“ii calculations is that the fuel distribution is sufficiently hnoe be ¢8-1<>1118tBd-

h - The second step is to determine the temperatures
an ;.<

jxhi > 1 uniform for the reactor to be regarded as omo
h lant and fuel rods throughout the reactor

C lulation of core temperatures is an of t e coo

' ' '
' ' ' ('.e. heat source distribu-

geneous. a c
iterative process. A temperature distribution must from the ux d1_st1-ibution 1 ,

' ' ll ux and heat tion) and the mass ow distribution.

9%

E J be assumed, on the basis of whic a

»
'° RINCIPAL NOTATIONS

source distribution are found - a new tempera ure P

dist ‘b t‘ ' lul d, d th we
u ion is ca c ate an e process repea A1 coolant chmimel inlet

ri
as necessary The errors involved coolant specic heat at constant pressure

as many times .

' ' ' d t of temperature or
umin th t din ass g a ux is in epen en

hydmuhc
>?i:»zii'-~

.

um" tl llf init‘ lasse li 0 .
8368 cien ysma O1‘ 13 BS0161]. PUTP S65 f friction factor, The obvious extension of the method to dispense

with this assumption is briey described. A further

‘ assumption which may reasonably be made at rst h°9'l" limnfer °°°f°1°“t

if”}?"" is that no heat is lost from the core into the reector,

wrrm

enthalpy

a length of channel
stagnation pressure
static pressureetc. A cylindrical core is considered.

SUMMARY or METHOD 0

-
uantity of heat

heat transfer perimeter

l'd’U

. 2 -xi ,1

Because of the non-uniform ux distribution in Q q

~

- - ~ - - Q“ heat out ut er coolant channel

the core the heat source distribution which is P P

assumed to follow the ux + varies from dne coolant Q“ heat’ °“l"Pul’ °f central channel

‘

’ . .

'

,
channel to another. The coolant must distribute g’ 28:21 gggglgroeggagzslu? mdms r

itself between the channels so that there is equal ‘°‘ . P

-

q velocity head

1
iire drop in all channels, and the pressure mdms

press
dr is a function of the amount of heat added to .

r, core outer radius
§ °P .

t 1 iii?-§‘§i‘sd'vmqihihe§Z¥§ar§tn§.°“lse"ii§Z
gzghriiii T "*°mP°"'““°

2 non-uniform distribution may be prevented by V coolant velocity

creating articial pressure drops in the cooler w'°‘ t°ta'1°°°h'nt‘ mass °w .

channels. Un1<-is; the terlnperaturo distribultiion fr $g:§':‘§*“b““‘°“ "‘°1‘ “"1"”

owever t is is not regarde as oven“ core length

3%

is very severe, ,

1 2 ' ad ' ble as it results in a° adial form factor
I

’*
being necessary, or even visa , f to

T
the overall pressure dro be’ '

.
p mg lI10l‘B8»S6d:

.

”=’1'“~*Y*> " Th ethod consists rst of determining the gt ::$';nf;"'£n;€y 1'

e m
distribution of mass ow with radius, as a function vmdage

48 thermal neutron ux

*Australlan Atomic Energy Cprnmlsslon Research qgo ux gt, 1-_-—_-()

Esitablilphment. ilvlanuscliript rece ved Magch :3; 1:58. 4,’ ux distribution with radius 1,

Th assiimpt oii is, 0 course, in error} iie i _r_ ta, _

'

e 1* 5 to (a) non-uniform fuel distribution, (b) gamma-heating, 43"»-v °“'°’°‘5f’ "_°1“°_ °f ‘bf f°' ‘f g“'°“_?

) etc The rst ls the major it, ux distribution with axial position
f for a given 1'

w'
> ittir

(c) reactions such as _(ii, or). (n, p , .

d if the non-uniformity is small, the other qizav average value 0 ¢z

source of error an ,

errors may also be neglected. _A further source of error,

, . . i o hlch our knowledge is considerably less complete, CALCULATION OF CORE PRESSURE Loss

concern n, w

‘1""“'-
is that the ssion rate is not proportional to the local moderator

l‘ whim 15 Th ressure drop in the coolant from inlet header

*
lA!Il11J81'al7\ll':;'ublll'£htO the locaé ngutron teinpeiéa iire, 6 P

*» ii ' .
' ' ,

i lligwexvgsshorigayemfiilxeleand
‘I‘l?llS'li:u}0:1?Iég:lll'fSS\lé00.1s

13° °\1l"1°t header must be f°\md- The °°°l5nt
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channel consists nerall of a series of sect'ons of
various lengths giid crdtss-sectional areas, land a th°'°f°1'°i th“ V=V1+s(Vo—V1), W9 Obtain from
step-by-step method of calculation of the pressure (7) that °
drop must be adopted. Ap=P1_p°

The pressure drop_for turbulent ow is given, w wfzo
in the unheated portion of a passage of constant =K(VD—V1)+TD(V°+V1)
area, by the usual equation gs 5

L V“ =1 l_l ‘”..”f"= 1 l. .~Ap=AP=£f %E=4fLq/D. ...(1) Aag{p° pl +gA2D “+9, L

- V‘ Q£‘1él;)1:,\;T|l1:$:.1I\l1Bl.'i be made for COI1l2!‘9-0l7lOD.S; enlarge =pL2gi {2 [5-E —-1] +%[+1] . . (8)

For a contraction Now
V2 T T +ATAP=KL ' . . . . . . .. 2 -—°=i%--_ - ii

“ 2% ( ) Po Po T1 p1+Ap T1
where V is the mean velocity downstream of the 1 AT I

contraction, and Kc is a coefficient which varies +17,‘ F

with the diameter ratio, as follows: =T
D,/D1 0-s 0-6 0-4 0-2 0 1+_P
Kc 0-13 0-28 0-38 0-45 0-

as a general approximation, Kc=0-05. 2 1+? '_ _
50 P1

For gently rounded or narrow conical entrances, ( AT Ap) K’

1 Pl eFor a sudden enlargement, the usual expression Thus
for the pressure loss is

2 A 2p1V,= 2 (AT Ap) 2fz° ( AT _Ap)
AP={1-—%}2 gé, (3) P 28 Ti P1 + D 2+Ti Pl

where V is the mean velocity at D1, the smaller whence ' ' ' ' ' ' ' ' ' ' ' ' (9)
diameter. V’ 2 2

In the heated portion of a constant area duct, AP=AP'|-P; — vi
the pressure drop may be calculated by the method

(1950). When the ow may be regarded as ‘" T _ _+ 2+ _ -
incompressible, as is generally the case (Mach
number less than, say, 0-2), a relatively simple ' ' ' ' ' ' ' ' ' ' " (10)

i;expression can be derived the energy equation drgjn genei-ail, V12-V, so that AP*Ap ; the pressurepcantenbefo ddiretl . Othrw1se','t'<1H+<1Q+§j-=°- - - - - -- (4) clear than AP can bl;-nobtaingdyfrom (g) and (1101;

and the momentum equation izaugggdgch smaller than
dp VdV 2fV'dz V,

T
Int:lg:':;'tiQ: °f (4) b°l"w°°n sta'ti°ns '5 (inlet) and The pressure drops in the various sections of theo° ( *1 ° B1 °s channel may conveniently be expressed in terms ofC (T _T ) +Q +V1*—V°“_ 0 the inlet velocity head ql. The change in velocity

P 1 ° 1° 2g; _ ’ head accompanying a change in channel area can
be related to the voidage c by:

v = Q v = . . '1.To=Tl+ p+€ -— 2?]-OT, for adiabatic ow; and in I; constant-area channel,
_ V 2 q°¢

=T-— E‘-I%; say - - - - - - - - - - - - (6) for ow with heat transfer.
where Thus, _the successive pressiire drops may bef=°ut1et stagnation temperatme. 21151-ilixied in terms of ql to give an expression of the

91

N 01‘
Q occ“

From (5) and the continuity equat'on _ Tw=pAV=constant, we have I AP‘_q1 C1+C“' ’

dp +IdV+ 2lfVdz= 0 (7) where C1, C, are functions of a given coolant channel
Ag EAD geometry, and T1, T, are the coolant temperatures

To integrate (7), it is necessary to assume the at Qhmnl inlet and Outlet-
manner of variation of V with z. It has been if
shown by Woodrow (1955) that the outlet conditions Now w'=mais ow of coolfmt through 8'of the uid are virtually independent of the varia- ° “’_m°1 °" ram“ ’~tion of Q with z. This implies that any reasonable and Q!=h°9't ml-lull 1'3“ t° 9' °h9*m1°1variation of V with z will be satisfactory, and at mdllls 1‘,
the simplest is a linear relation. Assuming, then w,-Cp(T,—T,)=Q,
PAGE 472 SECTION a

2 2 1

5

T

t

\>~1|';:"v:Mr:if“Vm'~"w5<

-0;
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B=1+ Q, of z. <11," denotes the average ux for all r at
T, w,C,T1 the particular value of z. The ratio ¢,,/¢,“, the

radial form factor, is also independent of z, and
Then _§‘l_-.=_-Qi.|.Q,(1_|. may be found from the radial ux distribution.l P V g WCPTI is clearly

2g 1 I
Q ¢r=-—- = _-_i-—

=°*"'°=wo,'r, ”Y' ¢'=v 2f2° E1-<1»

Now ¢

1 1 1 W 1 The ux distribution can be expressed as —'.

nP*"’=s '(")' ‘*‘"
x P1 A1 Thus, dn,/¢,av, and thence Q,, may be found.

Therefore
wa+{_g_ (%}w_{ LA£}=0 CALCULATION OF TEMPERATURES

r S 8C,T, ' In general, three coolant channels are of interest :

that at the centre line of the reactor, that in which

Whence, nally,

’ ’ w={——9l— - 9:}+{[i— - 9:T+%zAP}*.20,1‘, 0 2c,,'r, 0

Thus w =W(Q , AP) ; if inlet conditions and
coolant channel Igeometry are xed, and for a known the t°mP°1'°l'*111‘° 1'15? 15_ 8'l‘?9't°€t» ad 5269"? in :I‘h1°h
fun 5' 1 f f d f the temperature rise is eas . e mper ures
valsema Va’ ues 0 W’ may be oun or any of _the coolant in, and of the fuel an_d moderator

ad]a.cent to, these channels will indicate the
An average temperature rise AT¢ Of the @0018-1117 temperatures obtaining throughout the core of

and a total reactor power QM x the total coolant the reactor,

ma“ ow W*°*’ It is necessary to determine from the ux
W Qtot distribution the axial form factor 01,:

M CPAT5 = u
\

at
I

¢*avIf the core is considered to be homogeneous with
fractional voidage 0'1 at inlet, where the channel Z0

area is A1, the number of channels in an annulus =]T;?'
1 3

ofwidthdrat radiusris gdz
0

21:r dr. For the particular channel, then, Q, and w, are
A1 known. The total coolant temperature rise is :

The total mass ow is thus AT Q,

. fro 61.2 . .dr. 0 “*0”
g K; M W’ At the mean coolant temperature T1+~}AT,,, the

The condition that this value must equal Wm R°Yn°1d3 m111\b°1‘ (W1-D/V-A) and the Pmndtl
determines AP and W” number (Opp./k) are found. For any coolant

channel cross-section which is su-lciently near to a
circle (any equilateral polygon, for instance), the

¢A|_¢U|_A-|'|QN op Q, heat transfer coefcient h may be found from* :

To determine w, as above, Q, must be known. Nu=h—]2=0-023 Pr°'4 Re“.
This is found by assuming (as discussed above) k
that the heat source distribution Q, is proportional It is not likely that consideration of the variation
to the thermal neutron ux distribution 41,, and Of h with T along the channel will be warranted.
independent of local moderator temperature. This may be done, h°W°V<->1‘, Withmlb dii<=111ty-

Let Q average heat input throughout the The total amount of heat absorbed by the coolant
av lletlaialpllllpfinel 81:0 Ci);-.thg13’1;)r:-verage heat ux at

and Q°=heat input to the central channel. QI -

.... »»m~mw»
° “ and the heat ux at the centre of the channel is

_¢r 4*»

_;f:,X qzvxq” % per unit length.

=‘_$;rX a!Q“_ Therefore ‘the coolant temperature rise from inlet
95° to any point z is

Here, ¢° denotes the ux on the centre line of Tz__T1= gifz ( dz
the core at the same axial height as 45,. On the low:-on 0 </*0 z

assumption that the ssion cross section is constant , U d th dm tn mt
th1‘°I1sh°\1t the wre. the ratio 4':/¢o is independent presslgngrcagi F»: xcobiia iilmécandardpgergil. e Q‘
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and the heat transfer temperature dierence, a hypothetical mesh of adequately ne structuregiving the material surface temperature, is throughout the core, at each mesh point of which
A <ZzQr ¢ the calculation of local heat generation may beTl=hTp;£,($° 2’ made. The temperature assigned to ‘each mesh

where P‘, is the heat transfer perimeter. 8;}: iffrc£:jeu§(:g§:s%n§g1f1I§; gilfgillzttgg 2::
Calculation of temperatures within the fuel determine local values for Q. These values arerod itself will, of course, depend upon the particular integrated with respect to z at given values of rdesign, but follows directly from the foregoing, to determine values of Q: which may then be used,using the usual heat transfer methods, as described earlier, to calculate a rened temper.

ature distribution.
CALCULATION OF REVISED TEMPERATURE
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