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Analytical Study on Effective Coolant Flow Rate of Flange Type

Fuei Element for Very High Temperature Gas-Cooled Reactor

Motoo FUMIZAWA, Kunihiko SUZUKI, Tomoyukl MURAKAMI®
' and Hitoshi HAYAKAWA®

Department of High Temperature Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
{Received August 3, 1988)

The objective of present study is to evaluate and to increase the
effective coolant flow rate of VHTR (very high temperature gas—cooled
reactor) core whose thermal output is 50 MW and core outlet gas tempera-
ture is 950 DEG-C, without changing the sizes of the core and fuel
element. Four types of fuel element are discussed, they are two flange
type pin-in-block fuel elements which have 18 fuel rods (P18) and 36
fuel rods (P36), a flange type multihole fuel element (MH8) and a dowel
type pin-in-block fuel element (P15).

The flow distribution analysis was carried out by flow network code
which calculated ccolant pressure, flow rate and temperature. As the
result, the followings were obtained:

Effective coolant flow rate (Weff) became lower in the order, MHS,
P36, P18 and P15 fuels.. ﬁeff of the P15 fuel was the lowest, because
crossflow loss coefficient of dowel type fuel element was lower than
that of flange type. ﬁeff of the P36 fuel was higher than that of the
P18 fuel, because of largér total cross section of coolant flow channels.
Weff of the MH8 fuel was higher than that of the P36 fuel, because of
larger equilvalent diameter of the channels.

This analysis clearly revealed that the effective coclant flow rate
increased by using the fuel element with large values of crossflow loss

coefficient, cross section and equivalent diameter of coolant flow channels.

* Fuji Electric Co-Ltd
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Table 1 Main design parameters of reactor core

Reactor thermal power, MW 50
Average power density, MW/m3 2.5
Reactor inlet temperature, °C 395
Reactor outlet temperature, °C 950
Coolant pressure, MPa 4,024
Core effective height, m 4.2
Core equivalent diameter, m 2,46
Number of fuel columns 42
Number of control columns 7
Total number of columns 49
Fuel type flange
[leight of fuel element, m 0.6
Width across the flats, m 0,334
Number of fuel rods per fuel element 36/18

{standard core P36 /reference core P18)
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Table 2 Comparison of core hydraulic performance among several types

of fuel element

Fuel element type Pin-in-Block Mu1tih01e
Case No. of aralysis P15 P18 P36 MH8
Core effective height {m) 4,2 4.2 4,2 4.7
Core effective diameter (m) 2,46 2.46 2.46 2.46
Across tTiats of fuel element
(m) 0.334} 0.334| 0.334 0.334
Type of connection between
£ue] elements Dowel | Flange | Flange | Flange
Number of coolant channels
per fuel element 15 18 36 72
Coolant flow area per(,Z) 0.012 | 0.013 | 0.016 | 0.014
fuel element
Equivalent diameter of a
a coolant channel (mm) 10 8 8 153
£ - Lag
;Z%QCL?VE coolant flow () 80 82 85 88
Pressure difference
4,
in the core (kPa) 8.4 7.9 5.8 4
Remarks:
515 and MH8 are results of present study.
P18 and P36 are quoted from reference No.{2).
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Table 3 Tnput data of crossflow loss coefficient with sealing flange

Symbel of | Core internal region Core peripheral region
oKl s m |4 ) | s m) | 4 ()
¢.06 4.00x10%2 0.06 4.00 x10*2
Upper UR1
reflector 0.06 4.00x 102 0.06 4.00 x10%?
UR2
—————————— 0.09 2.43x 1012 0.10 2.14 x 102
1
0.17 1.11x10*2 0.24 7.28 x 1011
2
0.25 6.93 x 10t 0.41 3.77 x10%*
3
Fue? 11 11
element . 0.27 £.03x10 0.51 2.88 x 10
0.29 5.77 x 1011 0.55 2.63 x10%*
5
0.31 5.32x 10%1 0.56 2.57 x10*%1
6
0.33 4,82 %101 0.58 2.46 x101?
7
[ 0.33 4.92 =10 g.70 1.95 x 10t
Bottom LR
retlector 0.20 9.11x 10t? 0.44 3.46 x10*?
Remarks A =Ry 1071-23 Togé + 11.1
where R.: crossflow loss coefficient ratic {=1)
¢ © gap between horizontal block interface
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: coolant flow of fuel channel

: axial flow between columns (internal gap)

: axial flow between columns (external gap}

: ¢crossflow between internal gap and fuel channel
: crossflow between external gap and fuel channel

: radial flow between internal gap and external gap

: heat transfer from fuel rod to fuel channel
: heat transfer from fuel rod to internal gap
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P> 000000

internal gap: gap between fuel elements in the same orifice region
external gap: gap between the adjacent orifice regions

5 Flow network model of fuel element and coolant flow
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Fig. 12 Axial flow distribution among several crossflow loss coefficient

ratio R, in VHTR-F36 reactor core
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Fig. 13 Axial pressure distribution in VHTR-P36 reactor core (R.=1/25)
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Fig. 14 Flow distribution in VHTR-P36 reactor core
(Re=1/25, Unit of the figure=% : ratio of flow rate to the

total coolant flow rate)
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15 TFlow distribution in VHTR-P18 reactor core

ratio of flow rate to the
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Fig. 16 Flow distributicn in VHTR~MH8 reactor core
(Rec=1/25, Unit of the figure=% : ratio of flow rate to the
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