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1. Introduction PY R 1 920
A sodium-cooled fast reactor (SFR) is a reactor that Cooler: P + —t =-St,0 +— 352
uses liquid sodium metal as a coolant. This coolant has t et 95

higher thermal conductivity than the water in
g y 90 Ly 06_ 1 LD0o%6 _ 1 820

conventional light water reactors. The Peclet number is Pipes: — 4+ LW = —
generally large and can be neglected in the coolant ot 0S™ Pe H? 052~ Pe* 0S?
energy equation. Its effect, however, cannot arbitrarily The non-dimensional groups are expressed as:
be neglected for sodium under low-flow conditions. It is
therefore necessary to examine the Peclet number. In Re = Pr= . Nu = UiLt
the case of the STELLA-2 sodium loop experimental u k k!
apparatus, the natural convection driving force would St = uUid St. = 4Nu
be reduced to 1/5, but the influence of the axial heat we, ' M ReyPr
conduction is increased five times as the scale in the
longitudinal direction is reduced to 1/5. Therefore, in Dimensionless mass flow rate, @ = 1 in the steady-
order to realize the same physical phenomenon in the state condition and  H = height of pipe, L, =
simulation experiment, it is necessary to assure that the total length of loop . By applying the temperature
thermal conduction phenomenon is reflected in the conditions:
scaling or that it has negligible effect on the behavior of 03 = heater inlet, 04 = heater outlet, 1 =
the er}tlre system. ] . cooler inlet, 62 = cooler outlet ; the analytical
This paper describes the analysis models and solutions of temperature distribution in the steady-state
analytical solution for a rectangular loop. condition along the loop are expressed as:
2. Methods and Results Heater:
2.1 Equations 0 =
The circuit consists of two horizontal pipes and two 94-03-LLs,
vertical pipes. It originates from the beginning of the [93 — L—th
lower heated section, and it cools down in the upper e(ﬁtf’e*)sh_l
section. The analysis is based on a one-dimensional 04—63-s, Lo .
approach. The space coordinate s runs around the loop. [L—Lh]e(gl’e )S _,_is
One-dimensional single-phase energy equations with e(ﬁPe*)Sh_1 L
axial conductive heat transfer with rectangular closed
loop geometry and incompressible flow are given as: Hot pipe:
. W dT\ 4q 10 aT
Heater: pOC (at Apo as)_ D +A ds kA ds 6
aT w oT 4U(T-T. —_
Cooler:  PoC (6t A_,;()E)z - —l(D 2 =55 (kA) =101
. T | W 9T\ _1 9 orT _ 01— 04 (%Pe*)Sm
Pipes: PoCyp (E A—a—) —— - Lt Ir. . ¢
po 0s/ Ads ds e(ﬁPe )Shl e(ﬁPe )Sh
The equations are non-dimensionalized by using the 01 — 64 ( Ltperys
following dimensionless governing parameters. + Le . Le .
e(ﬁpe )Sh _ e(ﬁpe )sh
g5 wzi T:% Hzi Cooler:
H' Wss ' Vpo ' (ATR)ss 9
The equations would be:
-m1)S,
Heater: %+ﬁ 96 _Lt , 1 9?6 62 {5
ot a5 L, Pe*0S? 91 e -MDSm _ g7 o(-mDS,

(m2-m1)S. e (m1)s

~ eMm2-m1)Sp, — p(m2-mDs,

(-m1)Sp; _ (-m1)S,
01 e\ "M)Oh — g2 T (m2)s

[ e(mz—ml)Shl _ e(mz—ml)SC ]e
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where along the loop for different values of the Peclet number.
L, L, 2 Fig. 3 and Fig. 4 show the temperature distribution for
FPe + (ﬁpe*) + 4S5ty Pe different values of the height and diameter. Fig. 5
ml,m2 = 2 shows the temperature distribution at different scales.
From the figure, it can be seen that two temperature
Cold pipe: distributions at Pe = 0.1 are coincident with each other
when the height and diameter are scaled down at the
0 same rate.
B [ 63702 (e,
Stpo* Ltp,*
e(HPe )S‘ - e(HPe )SC Table 1: Parameter of loop
+ 63 — 62 : o EPen)s Parameter
o(epes)se _ ,(Fpet)se Loop height [m] 1.245
Loop width [m] 1.48
Because the temperature slopes are the same at the Inner diameter [m] 0.04
outlet and inlet of the heater and cooler, four equations Heater length [m] 1.4
can be derived as follows: Cooler length [m] 1.2
H
64_63_Esh L . H
—— | (Pe" | +— Cooler=1.2 m
1 _e—(ﬁpe*)sh H Ly
[ N 0 |
__ b1-04 <£P3*> s=shl S=Sc
(Grpe)smmsw) _ 1 \H height=
1.245m
01 — 64 L, S=Sh S=0, St
Ee ) _ TN |
1— e(%PE*)(Sh_Shl) (H
01 — 02 e MO(Sc=Sm) heater=1.4 m
=ml [01 T = em2-mD)(Sc-Sw) ] Fig. 1. Schematic diagram of the closed loop.
61 — 92 e("MDSe=ShD) . . .
+ m?2 [ 1 — mz-mDSe=5n) ] Heater . Pipe . Cooler . Pipe
2 T I I I 1
o 18 P - —Pe=01, smfm:
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1M (Sc=Sh) _ g2 o(-m1+m2)(Sc—Sh) 5
+ m2 [ ] 'a ; ;
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63 — 62 L, 0 E - 3 4
I (—P *) Dimensionless Space Coordinate, §
1-— e(ﬁ‘Pe*)(Sc—St) -1 H Fig. 2. Steady-state temperature distribution along the loop for
H different values of the Peclet number.
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From above four equations, four unknown
temperatures: 64,01,62,and 63 can be solved. The
Newton-Raphson method was used to solve them.

2.2 Results
Fig.1 shows a schematic diagram of the loop used for
analysis. Fig. 2 shows the temperature distribution
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Fig. 3. Steady-state temperature distribution along the loop for

different values of the height.

o

ra

D=20 mm, Pe=0.1

[y
ca
?

3 \ ——D=40 mm, Pe=0.1

—— D=80mm, Pe=0.1

N
==

[y

Dimensionless Temperature, 8
] k k k
~

o
=9

e
@

0 . 2 3 4
Dimensionless Space Coordinate, S

Fig. 4. Steady-state temperature distribution along the loop for

different values of the diameter.
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Fig. 5. Steady-state temperature distribution along the loop for
different scales at Pe = 0.1.

3. Conclusions

Exact solutions to a rectangular sodium loop with the
axial heat conduction have been developed. When the
height and diameter of the loop are scaled down at the
same rate, the temperature distributions for different
scale are coincident with each other. Transient analysis
of natural circulation in loop is required in future work
to study the stability in the loop.
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