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zation established to service the translation
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SIMPLIFIED METHOD OF THERMAL CALCULATION FOR A

REACTOR USING PRESSURIZED WATER

/Following is o trenslation of an article by L. N. Muchnik
in the Russian-longuage poriodical Inzhmerno-fizicheskiy
zhurnal (Journal of Engineering Physics), Minsk, Vol. 2,
No. 12, December 1959, pages 105-1027' ‘

The thermnl calcualtions of nucleer reactors codled by pres-
surized woter can be simplified by using nomogreams made up from the
graphical dependence between the guantities characterizing the con-
struction of the resctive zone end the poremeters of heat conductivity,
The method of conmstructing such nomogroms is presented below, top-
gether with the method of using them. The application of the nomo-
grams is very conveniont for carrying out variance calculations,.

It is assumed that the active zone of the reactor is preac=-
tieally a cylinder. The thermal transfer has on extremely high
value of gmax in Kcal/h?/hr et the center of the reactor, With
sufficient accuracy we mey essume that along the axis of the reactor
the hent conduction varies as the cosine.l}, Then the temperature
of the water at the conter of the renctor is :
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By this expression one can calculote the deviation at a point between
the center of the renctive zone and the outlet of the recctor. The
well temperature of the heat-conducting element has a very large value
equal to tgx. In this formula we hove the amount of heating of water
in the central channols of the reacter /b, and tho hent-exchange
coefficient » from the wall of the thormel conductor to the wator.
The quantities qp,x ond » can be expresscd as follows Ts&ie

Gmax = 9 “qs (2)
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~where g is the mean heat transfer of the thermally conducting olemonts
in Xoal/me/hr; k, is the coefficient of nonumiformity of thermal con-
ductivity in the'remctor; dy is the hydraulic diametor of the channols
of the heat conductor in metors; Woex is the velocity of the water at
the center of the reactor in m/%ec. The thermal resistance \ , tho
viscosity !, the demsity v, and the Prendtl nwiber Pr depend on the
pressure and temperature 'of the water at the center of the resctor
and the quanbity . .

e (_Br Yo,25
P
\'\ rw /

which is close to unity. (Pry is the Prondtl number for water ot o
temperature esquael to the wall temporature of a thermally conducting
element at the center of the renctor.)

Taking into nccount the coefficient of nonuniformity in tho
distribution of velocities of the water along a radius of the reactor,

kw, we can write
Wnex = Wy,

Yhere W is the mean velocity of water in tho reactive zone in m/sec.
The quantity W can be expressed by the volume discharge of water V
(ms/hr); and, by using the heat-balance equation, by the thermal
power of the reactor Q (Kcal/hr). Then fer a single-pass reactor
with & chennel cross section F in m? we obtain the relationship

£

Wﬁax = v EW = Qpew B

3600F 3600C 1 gF A\t - (4)

where C, end / are the heat capacity (Keal/Kg®C) and the density
(kg/éecpg/h4) respectively of water at the centor of the reactor;
A%t is the total heating of water in the reactor.

' Putting the value obtained for Wmax in equation (3) and using
the relations (2) and (3), we obtain the following formuln where

g ‘ ‘
imox - 20,7-].O4FqF‘Pt 24058,
where

F, = (7 Cp)o’ 8
Pt
2 Pr0s43 (5)
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is & complex quentity depending only on the pressure end tempefaturé
of tho water ot the center of the renctors '

0,2 0,8
dar*® e q - 0,2 0,8 092 .
FQ= H hq = dH F™Q F;q (6)
. 0,8
Q0,8 v i 0.8 S iy

is o comples quontity depending only on the construction of the
reactive zone and the thermal power of the reacgor; and S designates
the total surface through which heat flows in m”.

In the case whore there are two or more consecutive concentric
thermelly conducting poths in the reactive zone, the mean velocity
of the water for the wholo raactive zone is

P v
3600 Fyy

‘whoro Fov = F/N is the me~n chamnel cross section of one path
“divided by tho total number of peths N. Therefore Fy is defined here

by the following formula

0,2 s Noue
Fo ° 41 Favo’8 QO’2 kg ( Kcal\) ' (6.2)
s G Kev0s81
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 Putting the expression q /. in (1), we obtein the following
formula - ‘

/
_m=hr /

te = tex w— S .., “")2 4.2 A 1,6

- R , ° oLt

( et VS 13+10% Fg Fpt( (7)
' .2
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For convenience in using the relation (7), & nomogréem was
consbructed with the coordinate axes i €= tg¢ (Fig. 1), Tho nomogram
includes three familics of curves corrosponding to a waber pressure
in the renctor of 100, 150, and 200 atm. The solid curves charact-
erize the working region of reactors at constant velues of Fo (from
0.04 to 0.,10). The broken-line curves correspond to the constant
volues of the retio V/Q (from 40+10~8) and choracterize the quantity
of outflow of water in the reactive zone, They are gcoloulated from

the formula \ . 1
{Xt =

Cp v/Q
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where v is the specific volume of water at the center of the reactor,
For the maximum wall temperature of the thermally conducting

element, tex, we take the saturction temperature at the corresponding

water pressure, which is & specific temperature below which there is

' no possibility of boiling on the surface of the thermnlly conducting
- elements. In order to get the necessary heating to the seturation

temperoture, we must compute a correction to the quantity t, taken

from the momogream.
In the construction of the nomogram the assumption is made
that the water heating in the contral channels /) te is equal to the

 total heoting of water in the renctor /} t. It is based on the fact

r—————

Z /

that the qu&ntitY(jﬁmo \2 occuring in formula (1) is usually negli-
/

. : .2
ziblo with respect to the quantity ( dmax )

b "~ '

4s can be seen from the nomogram, thé combination of variables
Fn. is en importent thermal characteristic of the reactor, which fort-
unately converges to result in low velues of Fg. As ven bo seon from
formula (6,8.), Fg can be lowored at a given thormal power of the
reactor by decreasing the hydraulic diameter and the chennel cross
section of the heat conductors, and alsc by incrensing the heat-
exchange surface, i.0., by lowering the heat tronsfer.

There is a definite effect on the mognitude of Fp if the non-
wniformity of heat conduction ky 1is decreased, or if the coefficient
of nonuniformity in the velocity of water ky is increased., However,
the quentity k08 cannot exceed the coeffiecient of nonuniformity
in heet conduction along the radius of the reanctor, otherwise the
periphersl chemmels would be under greater thermal stressos then the
centrel ones. , .

We shnll give one of the possible ways of using the nomogrom
for thermnl caleulation. It is reguired to determine the pressure D
ot which there is no possibility that boiling cen occur on the surface
of the thermelly conducting eloments with wnderheating to 15° below
the saturation temperature. The reactor is a single-path one with
& thermal power equal to 60106 Keal/hr, .

‘We assume thot & choice of construction of the renctive zone
hos been mede, that the dimensions have beon fixed, and that, proceeding
from this, the thermal characteristic of the reactor Fq came out to
be 0,07 (Keal/m/hr)0+2, Procecding from the given parameters of tho
vepor on & secondary contour, the mean temperature of water in the
water in the reactor cennot be less then t, = 282° C. The outflow
of water on & primnry coutour V, which dopends on the power of the
circulnting pumps, is equal to 4,200 m?B/hr,

1. v o .
- = _ 4200 __ = 70.106 m%/kenl

60106



2. The moximum attoinable temperature of water at the center
of the reactor {according to the nomogram) :
t, = 276.,5°C ot 100 at &tm,

te = 306,50C at 150 at atm,.
3, Henbing of water in the reector (according to the nomogrem) :
At |
ot

15.39C at 100 otm,
14,99C at 150 otme.

it

it the rogquired pressure

282— 276.5
306,56 — 27645

Stz 15,3 (15.3-14,9)515.23°C

(determined by linear interpolation}.

5. The corresponding minimum atteinoble woter pressure in the
resctor (according to tabulated deta) is equal to 108 etm. With
underheating of the wall to about 15° below the saturation temperature,
the pressure required in the reactor (with & saturation pressure of
about 3300C)

‘ p = 132 atm.

6. Checking by formula (7):
at 132 atm end 282° C

Fog = 5.52¢10~4 (detormined from the nomogram of Fig. 2)

Fy = 0.07,

2
t, = 315.2 ____///__________15.23 )

> - 13-1019+0.07%

~

. /15.23\1'5'51/2
X (2.52110-4) \""‘_2 y, ;

The value obtainod corrosponds with sufficiont accuracy to the
requirod volue of tg = 282° C,

/i

= 315,2-33,3 = 281,9° C.
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Fige 1o Nomogram for thermal calenlation for e resctor cooled by
preseurfzed water, .
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