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The results of thermohydraulic studies for the experimental demonstration

lead-cooled fast reactor BREST-OD-300 are considered.

Purpose of researches

The conceptual studies of lead-cooled fast reactors have shown that this

direction is perspective from a point of view of design of reactors which have

inherent advanced safety features [1, 2]. Taking into account a low level of heat-

transfer coefficients of the lead coolant in contrast to sodium (BN-type reactors)

and also practically unexplored square rod arrangement used in these reactors, it is

necessary to investigate how heat -transfer coefficients depend on the Peclet

number (Pe), the rod pitch (s/d), initial thermal sections which are variable along

energy release length and core radius, spacer grids and other factors which are

characteristic for the BREST-type reactor.

2. Organization of research and simulation

Experimental studies of heat-transfer coefficients and temperature fields of

fuel rods for the BREST-type reactors have been carried out using three

thermohydraulic models which have identical structures (fig. 1, a, b) and are only

distinguished by pitches: s/d=l,46; 1,28 and 1,25. The models consist of a

subassembly of 25 model fuel rods with square arrangement and located into the

rectangular cover. Along the central model fuel rod (fig. 2) which was rotary

(gasket obturating) the surface temperature measurements were conducted along

perimeter and length of the model fuel rod by microthermocouples fixed in the

surface or moved along energy release length. The coolant temperature was

measured in all cells at the model bundle outlet and also at the model inlet and

outlet in the headers.



As the simulating coolant an eutectic alloy sodium-kalium (22% Na + 78%

K) was used because it has the Prandtl number close to the numerical value of

the lead Prandtl number. It ensured identity of heat exchange processes occurring

at the contact "fuel rod - coolant" interface in the case when coolants considered

were "clear" and when there were not thermal-chemical phenomena at the heat

exchange surface.

Thermal simulation of fuel rods of the BREST-OD-300 reactor (fissionable

fuel is uranium or plutonium mononitride, the cover is stainless steel, the

interlayer is lead) was rather strict (accuracy - 5%) for the fourth

harmonics of temperature field Fourier series expansion (KQ = 4) being the

main harmonics for the regular square rod arrangement - fig. 3, fig. 4.

The model fuel rods with lateral spacer grids (fig 5.) with overlapping

of passage cross-section for the coolant sp = 10 and 20 % were used in

addition to the smooth model fuel rods.



Fig. 1, a. Test facility
1 - gasket obturating, 2 - thermocouples outlet, 3,10 - upper and
lower header, 4 - thermocouples lattice, 5, 8 - upper and lower
centering lattices, 6 - model vessel, 7 - model rods, 9 - guiding
vessel, 11 - power supplier, 12 - power supplier obturating, 13 -
square cover, 14 - rotary (measuring) model rod, 15 - support
bolt, 16 •• vessel.

91 (78)

Fig. 1, 6. Cross-section of model assembly and arrangement
scheme of thermocouples ia the coolant: rt. - r9 - radius where
thermocouples equidistant from assembly center are located.
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Fig. 2. Scheme of thermocouples arrangement in the surface of the model iviei rod
and at the rod bundle outlel.

Fig. 3. For thermal simulation of the
BREST-300 reactor rods (a)
by modei rods (6).

Fig. 4. Behavior of equivalent thermal
conduction parameters of the BREST-300
reactor rods and their model rods- as a function
of harmonics number (K) for temperature
Geld Fourier series expansion-



5. Obtained experimental results

Length of initial thermal sections (zH) (fig. 6, fig. 7) in calibration of

hydraulic diameter of a regular fuel rod cell (dr) is described by the formula

zH / dr = A - B / (255 + Pe), (1)

. where A = 42,3 (s/d)-1.66, B = 10680 (s/d)-2-24,

130 < Pe < 1260 for s/d = 1,25; 1,28 and 300 < Pe < 2000 for s/d = 1,46.

Transition /unction (fig. 8) for s/d = 1,25; 1,28 and 1,46 is described by

uniform relation in a range 300 < Pe < 1000 with an error ±0,04:

The relations for zH and 9 (z) were used to evaluate the influence of variable

energy release on the heat transfer coefficient with reference to BREST-300

parameters (fig. 9 - fig. 11). The decrease of the heat transfer coefficient at the end

of the energy release zone as compared with the stabilized value was 14 - 24 % for

nominal reactor operation (Pe = 1600 - 2800).

The Nusselt numbers stabilized along length for smooth rods are described

by the following relation (fig 12):

Nu = 7,55 s/d - 14(s/d)-5 + 0,007 Pe<>>64+<>>246 s/d (3)

1,28 < s/d < 1,5; 1 < Pe < 2300

For rods with lateral spacer grids (fig. 13 - 15):

Nu = 7,55 s/d - 14(s/d)-5 + a pe°.64+o,246 s/d f (4)

where a = 0.01 and 0.009 for sp = 10 and 20 % respectively.

1,25 < s/d < 1,5; 1 < Pe < 2300

The availability of spacer grids does not result in additional overheating of

rod covers. Moreover the surface rod temperature is reduced in the area of the

spacer grid (lower with increase sp ) due to high equivalent thermal conduction of

rods of length of model rod (e = 1.3) for model assembly with s/d=1.28 and

Pe =675.
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Fig. 5. Spacer grid assembled (a), spacer plate (6)
and setting of spacers (c).
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Fig. 6. Change of thermal pressures «wall - liquid» along the energy release
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Fig. 7. Change of thermal pressures «wall - liquid* along the energy release

length of model rod for model assembly with s/d = 1.46 and for Pe =1007 and

313.
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Fig: 8. Experimental transition
function 8 for various values of the
Pecfet mmtber and pitch: • - Pe =
887, s/d= 1.28; 0-313 and 1.46; A
-1007 ami 1.46.
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Fig 10. The same things which axe
in fig. 8 but for hydrodynamicaQy
instabilizsd flow.

Fig. 9 Distribution of Nu, / Nu« along the core
length for hydrodynamicalry et^bHWed flow for
kz = 1.1 (/), 1.2 (2), 1.3 (J), q = const (4),

} calculation using formula (2\ (3) for
relaxation lengA Zg/5 respectively.

Fig. 11. Dependence Nuv / NuM on kz at assembly outlet for s/d= 1.3 (a)

and 1.5 (6), Peclet number 160 (1), 1600 (2), 280 (5), 2800 (6) for

hydrodynamically stabilized flow and 160 (3), 1600 (4), 280 (7), 2800 (8)

hydrodynamically instabilized flow.
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Fig. 12. Comparison of Nu numbers with available relations.

(O, + - experiment, calculation using proposed formulae, —

calculation using available relations).
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Fig. 13. Temperature field for model rod with spacer grid.
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Fig. 14. Experimental data for Nu numbers in the smooth rods assemblies
(s/d = 1.46) ( ) and with spacer grids with overlapping of passage cross-

section sp = 10% (O) and sp = 20 % (•).
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Fig. 15. Comparison of thermal pressures in the area of spacer grid
(Ata

/ = 420 mm) with stabilized values of thermal pressures (At^6) for different
Pe numbers in the assemblies with spacer grids sp = 20 (A) and 10% (O).



The BREST-type reactor and increase of coolant velocity in a passage

cross-section of a spacer grid (fig. 13, fig. 15).

Thermohydraulic nonuniformity in the area of energy release jumps - rods

with identical and different diameters (the investigated variants of energy release

jumps are represented in fig. 16, in the same figure the scheme is illustrated to

evaluate the maximum temperature of rod cover for the BREST-OD-300 reactor.

Along perimeters of rods located in the energy release zone an additional

temperature nonuniformity appears due to different heating of the coolant in the

cells arrounding the rods. (fig. 17). This temperature nonuniformity reduces heat

transfer coefficients (fig. 18). The recommendations are given to calculate heat

transfer coefficients for various values of energy release jumps for identical and

distinguishing diameters of adjacent rod zones.

4. Computational analysis

The analysis of the codes which are available in the publications for

calculation of thermohydraulic performances of liquid metal cooled reactor core

was conducted; it was accepted that code development for the BREST reactor

should be based on subchannel technique. The system of closing relations has

developed in connection with fuel assemblies with square arrangement of rods.

The system includes the relations for:

- Factors of hydraulic resistance,

- Factors of inter-channel exchange,

- Factors of heat exchange,

- Nonuniformities of temperature along perimeters of rods.

On the basis of subchannel technique the computational code has developed.

This code takes into account features of the BREST-300 reactor (a square rod

arrangement, high equivalent thermal conduction of rods, large porosity of the rod

lattice, large temperature pressures «wall - liquid* and essential influence of

variable energy release on numerical values of these pressures, variable rod

diameters in the core cross-section and energy release jumps at the junction of

rod zones with different diameters etc.), and calculates the following

characteristics after input of basic data:

- Geometric parameters of channels with selection of characteristic types of

cells;

- Velocity distribution in the cross-section;

- Distribution of rods energy release and energy release incoming into

channels;

- Distribution of coolant and rod covers temperature etc.
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Code verification was carried out using the above-described experimental
material, the comparison of experimental and computational results has shown the
satisfactory agreement (fig. 19).

max

Stndied for, s/d = 1.46:
on 1. a - clear conditions.
I 2. Spacer grids (Sp = 10 and 20 %)

3. Jumps q at the boundary of rods
with equal d.

DOIOOO
The purpose is to obtain the
exchange coefficients for
inhomogeneous
thermohydraulic conditions
at the junction of zones.

Preparation of tests:
4. fuel rods with different diameters, equal q 5. feel rods with different diameters, different q

(mixed case)

<k

Fig. 16. Thermohydraulic factors for evaluation of temperature maximum of

rod cover (tc
max) for the BREST-type reactor.
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E = 4 . 5 M B ; N=18.5 KBT; n=2; tBX=55.48«C; tBHX=59.28°C

60.02 58.24 58.60

60.65 60.16 59.15 57.99 57.75

60.20 60.31 60.86 58.67 58.19 57.65

60.45 61.40 60.64 59.13 58.30 58.16

60.11 59.90 60.02 58.78 58.50 59.86

60.10 60.09 59.62 58.19

t,°c
62.0

60.0

58.0

60.35
O

—.

I

60.54
o 60.42

O

I

58.93
O

58.24
O
1

58.35
O
1

1 m

E, MB

4.5

V,

20.475

0
G, KT/H

17557 1.

M/C

064

2

/ v

31160

pi

782

A

ra2a%
15910

6
QT, KK3Jl/q

15345

E Q

3

3J1

5

Fig. 17.

Coolant temperature in the areas of model rods with distinguishing energy

release.
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Fig. 18, The Nusselt numbers for uniform energy release in the model
cross-section (1) and for energy release jump (2).

1.6

Pe

)
o

I



3o S*-

k t o C
8

7

6

4 _

3 _

2 -

1 -

-

: v
: f: V^

•^ r
J K
h C

J .

J

L - * ' ' * ^ _ ^ .

_ I

200 400 600 800 1,000

L,mm

PHC. 19. Comparison between calculated and measured temperature field

along the model rod length of the model assembly

calculation (Ata = 2.15°Q

experiment (Ata = 2.10°c)

Characteristics of the calculated regime:

Denomination of magnitude

Pitch' s/d
Specific heat flux, q

Average in the assembly' w

Coolant velocity at the inlet assembly tax

Peclet number calculated with regard to velocity in the
central cells, pe

Prandtl number, pr

Reynolds number calculated with regard to velocity in
the central cells, Re

Length of an initial thermal section, /H

Dimentionality

-

BT/M2

M/c

°C

-

-

-

MM

Value

1.46

41447

1.67

38.96

1390

0.0282

49318

402



5. Perspective of further researches

The obtained data allow to conduct evaluations of temperature modes in the

BREST-type reactors. However to calculate thermohydraulic characteristics more

strictly further experiments should be carried out to study such factors as:

- Contact thermal resistance,

- Azimuth nonuniformities of rod temperature,

- Temperature fields and mass transfer in areas of thermohydraulic

heterogeneities,

- Thermohydraulics of irregular channels,

- The overheating factors etc.

For thermohydraulic substantiation of BREST-type reactor cores it will

allow to reach the level of thermohydraulic substantiation of cores for sodium-

cooled BN-type reactors. The additional information on problems under

consideration are given in the works [3, 4].

References

1. OpJioB B.B. HOBBIH 3Tan imepHOH SHepreTHKH H 6BicTpi>ie peaKTopbi,

oxjiaayjaeMBie CBHHHOM. HH<J)opMaii;HOHHBiH 6K)JUieTeHB N°3 (10). .S^epHoe

o6mecTBO CCCP, 1991, c.6.

2. AflaMOB E.O., OpjioB B.B. Pa3BHTHe aTOMHOH SHepreTHKH Ha 6a3e HOBBIX

KOHiienuHH imepHBix peaicropoB H ToiuraBHoro iTHKna. ^oiaiafl OT H H K H 3 T

Ha KOHdpepeHnHH T3GT-98, O6HHHCK, 5 - 9 oicra6p5i 1998 r. IIporpaMMa H

Te3HCBi AOKJia^oB Ha KOHcbeperauHH, H3,n;. OHTH O 3 H , 1998, c.15.

3. 5KVKOB A.B., CopoKHH A.n . , Ky3HHa K).A., CMHPHOB B .n . TeMnepaTypHBie

nojw H TeruiooTfla^a B aicraBHBix 3OHax 6BICTPBIX peaicropoB c oxjiaacaemieM

CBHHIIOM. JloKJiap, Ha 1 0 - H exeroflHOH KOH^epeHipm H^epHoro o6ii];ecTBa

POCCHH, 28 HIOHfl - 2 HIOJIH 1999 T., r.O6HHHCK. C6opHHK Te3HCOB

H coo6meHHH, H3«. OHTH <D3H, 1999, c. 86.

4. Ky3HHa K).A., CMHPHOB B .n . , XyxoB A.B., CopoKHH A.n .

Ha Mo^ejiBHBix TBC TeMnepaTypm>ix nojien H TeiuiooTfla^H mm. 6Bicrporo

peaicropa co CBHHII;OBBIM oxjiaxaeHHeM. Hay*ma£ ceccna MHOH-2000.

C6opHHK HayqHbix TpyuoB, TOM 8, c. 108 - 110., M. 2000.


