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Considering @11 adjacent flow channels, the energy equation becomes:
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1.2.1.3 Axial Momentum Fquation

Referring to Figure 1.3b, the axial momentun equation for channel 1§,
considering only one adjacent channel J,» has the form:
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By using the assumption w ij W ji? one has:
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2.0 EMPIRICAL CCQPELATIC%S‘

CETOP-D retains the empirical correlations which fit current C-E reactors and
the ASME steam table routines which are included in the TORC ccde.

In CETOP-D, the following correlations are used:
’

2.1 Fiuid Pronerties

Fluid properties are determined with a series of subroutines that use a

set of curve-fitied equations develdped in References 7 and 8 for descriving
the fluid properties in the ASHME steam tables. In CETOP-D, these equations
cover the subcooled and saturated regimes.

2.2 Heat Transfer Cce ficient Corralations

The film temperature drop across the thermal boundary layer adjacent to the
surface of the fuel cladding is dependent on the lecal heat flux, the temperature
of the local coclant, and the efifective surface heat transfer coefficient:

= s
cool B (2'1)

OTF = T T

wall =
For the forced convection, non-Boiling regime, the surface heat transfer roefii-
cient h is given by the Dittus-Boelter correliticn, Refzrence 9:
0.8 0.4 :

(Pr) (2.2)

For the nucleate boiling regire, the film temperature drop is determined frem
the Jens-Lottes correlation, Reference 10:

. . /rabs0-
DTIL = (Tgyy = Teoor) * 607105025 (2.3)
- e p/ 900

The initiation of nucleate boiling is determined by calculating the film

temperature drep on the bases of forced convecticn and nucleate boiling,
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F,1e (Reference 13) to account for hass velocity and pressure level
dependencies.,

2.5 Void Fractio_r_ Correlations

The modified Martinelli-Nelson correlation is used for calculating void
fraction in the following ways:

1) For pressures below 1850 psia, the void fraction is given by the
Martinelli-Nelson model from Reference 12:

X+ B.x2 + X3

n=80*8‘- 2

3

where the coefficients Bn are defined in Reference 10 as fol]qws:

For the quality range 0 < X <0,01:

"

Bo = B] 82 = 63 = 0; the homogeneous model is,used for
calculating void fraction:

a=0 For X < 0
¢ e
" (]-X)vf + X

For the quality range 0.0 < X <0.10:

For X > 0

r

0.5973-1.275x107p + 9.010x10"7p? -2.065x10" 1053
4,745 + 4.156x107%p -4.011x10"°p% + 9.867x10" p3
-31.27 -0.5599p +5.580x10"p% -1.370x1077p3

89.07 + 2,408 - 2.367x107p2 + 5,694x10"p3

= o o ™
n " n n

For the quality range 0.10 < X <0,90:

- E
B = 07847 -3.900:10""p + 1.145¢10" 752 - 2.711x10

By = 0.7707 + 9.619x10™"p - 2.010x10"7p% + 2.012x10
B = -1.060 - 1.194 x 1072 p + 2.618 x 1077 p? -6.203 x 10712 3
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where: Q"¢ = critical heat flux, BTU/he-1t2
P = pressure, psia 2
d . = heated equivalent- diamcter of the subchannel, inches
g dm = heated cquivalent diameter of a matrix subchannel with the same
rod diameter and pitch, inches ) .
G = Jocal mass velocity at CHF location, 1b/hr- ftz
X - = local coolant quality at CHi location, cecima) fractwon
hfg = latent hecat of vaporization, BTU/1b '
and b, = 2.89224107 : ; .
b2 = -0.50749 - . Pl s %
b3 = 405,32 o
b4 = «9,9290 x 10
b5 = -0,67757 " . '
b6 = 6.8235x]0’4 . 5, .
b7 = 3.1240x10 =T .
bg = -8.3245x107C
The ebove parameters were defined from source data obtained under following
conditions: : '
pressure (psia) ' 1785 to 2415
local ceoolant quality -0.16 to 0.20
local mass veIocity(]b/hr-ftz) 0.877.106 to 3.2x106
inlet temperature (°F) , 382 to 644
subchannel wetted equivalent 0.3588 to 0.5447
diemeter (inches)
subchannel heated equivalent ) 0.4713 to 0.7837
diameter (inches) .
heated lenyth (inches) 84,150

To account for a non-uniform 2xial heat flux distribution, a correction factor
FS is used. The IS factor 1s defined as:

S mmiei—
Q" CHF, Non-tniform X (9) .
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“able 2.2
Fuﬁctioqal Relationshijs: in
the Two-Phase Friction

Factor Multiplier
(Referenc=s 11,12,13)

For local boiling:

/
106 .2/3
3500-P
f = 6 (1 076 GRG0 .)

_where C; = (1.05) (1-0.00250%*)

o* = The smaller of DTJL and DTF
w =1 - 0*/DTF
For buik boiling:
7x0.75

FAM = 1 4 (g ioa X |
(6/10°) x(0.9326 - (0.2263x10'3)P)

FMNY =

1.65x10-3 + (2.988:107°) P-(2.528x10°) P% + (1.14x10°11)p3
< =3
2= 4(1.0205 - (0.205310°) P)
7.876x10°0 + (3.177x10°°) P-(8.728x10°9) P + (1.073x10"'")P°
N3 = 1+ (-0.0103166X + 0. 005333r2) (P- 3208)
6
f, = 1.26 - 0.0004P + 0. N9 (- ) + 0.00028p (13-)
f. = 1.36 + 0.0005P + 0.1 ( ~) - 0.600714P (%)
3 v
§, = 1+0.93 (0.7 --~—)
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{4) Llatera) Morentun Equation

Pi(J 5 ])" pJ(J - ]) wij(d) W]J(J)
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Where J is the exial elevatior indicator and ax is the axial nodal length.

-

. 3.2 Prediction - Correction Method

In CETOP-D a non-iterative numerical schem2 is used to solve the conservation
equations. This prediction-correction method provides a fast yet accurate
scheme for the solution of m,, h,, w..
$* % i)
used in the CETOP-D solution are as follows:

and py et cach axial level. The steps

The channel flows, My enthalpies hi’ pressures p, and fluid properties
are c>1-ulated at the node interfaces. The linear heat rates q;. Cross-
flows, wij' and turbulent mixing, wij’ are ca1cu\ated'at mid-node. The
solution : ethod starts at the botto$ of the core and marches upward
using the core inl.t flows as one boundary condition and equal core

exit pressures as another.

3-2

P--v.,w.—..-.—. - —— S N W A —_— . —— . —— - —— A —— WG " Y L W G Ay T Sy —— O —— . ———




* +each flov channel, thus, for a channel containing n rods, the idea of

" —"

-+ offective radial power factor is used: e -
PR ¢, fo(i.)) E .
¥ 4 ‘ T adhe Tl ) . .
@) R, o) _ - i (4.1)
o- c. - n . ' i 0 . - : ;
=1 3 :

where ;j is the fraction of the rod j enclosed in chaonnel i:

. 4.3.2 Axial Pover Dist: butions

. The fuel rod axial power distributinn is characterized by the axia)‘shabe
index (AS1), defin=d as: '

L/2 L

;o OF(k)Z - s Fy(k)dZ
0 L/2 : i : '
AS1 = ; (4.12)
. JL . : . ‘ -
! Fy(x)dz

where the axial power factor at elevation k, Fz(k), satisfies the normalization
condition: ' '

L iy TR LW s ' '

;o Fy(k)dZ =1 o , 3 (4.13)

0 ; A e

and L, dZ are total fuel length ard axial length increment respcctively.
The total hcat flux supplied to chennel i at elevation k is:

¢ =(core average heat flux) (?P(i)) (rz(k)) (4.14)
i ; _ :

. 4.3.3 Effcctive Pod Dicmeter

- —— e

For a flow channel containing n reds of identical diemeter d, the effective
rod diancter defined by:

n

DA

(:3 ﬁ(i) =j=‘ cjd | (4.15)

is used to give effective heated perimeter in channel i, The
folluwing expression, derived .froa £q's. (4.5) and (4.9), implies that
equivalent enerqy is being received by channel i:



