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Evaluation of Effective Coolant Flow Rate in Advanced Design
of the Small Scale VHTIR Core

- for high performance of the 2nd stage of detailed design -

Motoo FUMIZAWA, Kunihiko SUZUKI and Tomoyuki MURAKAMI®
Department of High Temperature Engineering |
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 29, 1988)

This report describes the evaluation of effective coolant flow rate
in the advanced design of the small scale VHIR core. The analytical
design study was carried out after the 2nd stage of detailed design in

order to reduce the cost of construction.

The summary of the analytical results are as follows:

(1) Crossflow loss coefficient of flange type fuel block having 0.1 mm
of sealing gap is about 100 times higher than that of dowel type block

adopted in the 2nd stage of detailed design.

{2) 1In case that coolant channel outer diameter is 52 mm and hydraulic
diameter is 6 mm, the effective coolant flow rates using flange and
dowel type fuel blocks are 807 and 70% respectively. Because the
crossflow loss coefficients of dowel type are lower than that of

flange type.

(3) The effective coolant flow rate, when crossflow loss coefficients are
distributed along with the axial direction, agrees well with that

using mean value of crossflow loss coefficient i.e. 5x10! m™,

Keywords: Effective Coolant Flow Rate, VHTR, Detailed Design,
Crossflow Loss Coefficient, Flange Type Fuel Block,

Sealing Gap, Dowel Type Fuel Block

* Fujl Electric Co-Ltd
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Table 1.1 Main design parameters of the reactor cores

Reactor thermal power, MW
Average power density, MW/ni
Reactor inlet temperature, “C
Reactor outlet temperature, C
Coolant pressure, MPa (kg/ ci G)
Core effective height , m

Core equivalent diameter, m
Number of fuel columns
Number of control columns
Total number of columns
Fuel block type

Height of fue! element, m

Width across the flats, m

Revised core

Number of fuel rods per fuel element

50
2.83
395
950
4.024 (40)
3.99
2.46
42

7

49
Flange
0. 57
0.334

Detailed -Design — I
50
1.5
395
950
4.024 (40)
5.6
2.75
54
7
61
Dowel
0.7
0.334
15
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Fig. 1.1 General view ofrevised reactor core structure
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Table 2.1 Main design parameters for thermal analysis
1. Coolant Flow and Coolant Temperatures

Reactor inlet temperature 395 °C

Core inlet temperature 400 °C

Core inlet pressure 40 kg/cm? G

Reactor outlet temperature 950 °C

Total flow rate in reactor 17.4 kg/sec
2, Thermal Powers

Reactor power 50 MuWt

Heat generation in fuel rods 47 MWt

Fraction of heat generation in core

Compact & sleeve/graphite block/others 94/5/1 Z

3. Fuel Channel Dimensions

Diameter of fuel rod hole 52 m

Inner/outer diameter of sleeve 36.3mm/46mm

Inner/outer diameter of fuel compact 18mm/ 3 6mm

Length feor calculation of pressure drops 570m/fuel element

Length for calculation of temperatures 529m/fuel element

Number of fuel channels 18/fuel element

4. Thermal Properties

Thermal conductivity of sleeve Function of temperature
and fast neutron dose
0.03 cal/ecm s °C

0.8

Thermal conductivity of compact
Emissivity factor between sleeve and

compact
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Fig.- 2.5 Analytical model! for leak flow in the hot plenum blocks
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Fig. 3.1 Fuel element interface gap confligurations
(T : Temperature, R I Radial direction in the core )
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i
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Fig. 32 Wedge-shaped gap configurations
(

. operation state, ————. installation state)
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Main flow

Cross flow

lr: Length of flange seal, 27.4mm
0;: Gap of fiange seal, 0.1mm

hyo Plenum height, 1mm
R : Radius of curved flange mating portion, 304mm
0 . Gap between horizontal block interface

Fig. 3.6 Detail of flange-mating portion
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Table 4.1  Analysis cases and results of effective coolant flow rate
| Diameter of |crossflow | Orifice | Thermal | Eifective | Core |
Ttem Coolant loss. . Facpor ! Pc_Jwe_r _ Coolant Pressure ‘
. Channel coefficient| Ratio Distribation Flow RaLe‘ Drop !
Agilsjfl de (mm) Alm™ | Rz Wer (%) | 4pGefad) Fig. Yo
Detailed —
C1 51 101 112 Design — 1 72.9 0. 763 Fig. 4.1
C2 5 x 10! 76.4 0.276 ‘ 4.2
C 3 . 10% 77.5 L0281 4.3
C 4 52 5 x 10V 80. 0 0.190 ‘ 4.4
C5 53 1t 79.8 0.137 ‘ 4.5
c &8 ; 5 » 101 82.3 C. 141 4.6
Cc7 102 83.0 0.144 | 4.7
Cs8 55 10t 83.2 0. 090 4.8
cC9 5 x 101 85.2 0.082 4.9
C 10 108 85.8 0.093 4.10
C 11 53 Distributed 82.5 0.141 416
C 12 5 x 10 i Revised 82. 4 0. 136 4.21
C 13 2 81.6 0.149 4.22
C 14 5 79.8 0.183 4.23
C15 10 77.8 0.224 4.24
C 16 112 H 82.4 0.137 4.25
Table 4.2 Coolant temperature difference between inter-column gaps
l Case A Case B
(K/A": constant (5 x 104 m™ ) (K/A%; distributed)
Lacation T T
Inner Region Peripheral Region | Inner Regicn Peripheral Region
4Ty* 4Ty ™ [ 4Ty 4Ty
UR 1 0.1 °C 0.3 °C 0.1°C 0.2 °C
UR 2 0. 4 0. 0.3 | 0. 5
Fuel 1 2.2 2. 2.3 2.2
2 9.8 3. 10. 7 10. 8
3 27. 0 70. 250 72. 6
4 23. 4 139. 26. 8 143. 8
5 9.8 ; 183. 12. 8 190. 2
] 5 8 r 204, 4. 8 210. 7
7 19. 4 213. 2007 218.
LR l 124. 8 87. | 132. 9 | 66. 5
Remarks
* ATg =1Tey — Tip |
¥ ATEP = | Tio = Toy [
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Table4.3 The data of crossilow loss coefficient using flange

type fuel elements

Inner Region <Sl: Sg, 53, ST)
ng 4T Tig d, b3 A
1 0. 100 1 0. 056 0.116 1.7T90E+ 12
2 0. 400 2 0. 056 0,171 1. 102 E+ 127
3 2. 200 3 0. 058 0.174 1.LOB1E+12
4 9. 800 4 0. 068 0. 1886 9. 975 E+ 11
5 27. 000 5 0. 089 0. 217 8 247TE+ 11
6 23. 400 6 0. 085 0. 234 7. 514 E+ 11
7 9. 800 7 0. 068 0. 212 8. 463 E+ 11
8 5. 800 8 0. 063 0. 190 9. 685 E+ 11
9 19. 400 9 0. 080 0. 202 8 982 E+ 11
11 124, 8G0 11 0.212 0. 352 4. 553 E+ 11
12 0.0 0. 272 6. 247 E+ 11
Peripheral Region (54., S:, Sg 2
Iy 4Ty5 Ng 4, 8 A4
1 0. 300 1 0. 056 0.116 1. 785 E+ 12
2 0. 400 2 0. 056 0. 172 1. 100 E + 12
3 2. 700 3 0. 059 0.175 1. 077 E+ 12
4 9. 700 4 0. 068 0. 186 9. 942 E+ 11
5 70. IU{J_ 5 0. 143 0.271 8. 276 E+ 11
5 138. 100 6 0. 2390 Q. 433 3. 523 E+11
7 183. 700 T 0. 286 0. 576 2. 483 E+11
8 204. 300 8 0. 309 0. 655 2. 119 E+11
9 213. 500 9 0. 315 0. 684 2.008E+11
11 67. 600 11 0, 140 0. 515 2. 845 E+ 11
12 0.0 0. 200 9. 106 E+ 11
Symboels ny and n, block and gap numbers
4T, and 4Ty, © coolant temperature difference
between inter-column gaps for inner and
peripheral regions ( T)
8, and ¢ ! thermal deformation gap and
gap between horizontal block
interface (mm)
A 1 crossflow loss coefficient (m™*)
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Fig. 4.15 Location of block and gap numbers
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