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Analytical Study of Flow Distribution in the Experimental VHIR Core

- based on advanced phase of the second stage of detailed design -

Motoh FUMIZAWA, Kunihiko SUZUKI and Tomoyuki MURAKAMI
Department of Power Reactor Projects, JAERI

{ Received October 18 , 1885 )

This report describes an énalytical study of flow distrbution in the
experimental VHIR core nominated at advanced phase of the second stage of
detailed design. The objective of this study is to investigate.the data for
the analysis of coolant flow distribution and then achieve the incfease of
effective coolant flow rate which cools fuel elements usefully.

The results are as follows:

(1) High sensitive items for the effective coolant flow rate are crossflow
loss coefficient and gaps between permanent reflectors.

(2) Low sensitive items are seal performance of seal elements between
permanent reflectors, gaps between upper shields; and both seal performance
of seal elements and gaps between hot plenum blocks.

(3) The effective coolant flow rate due to flow data re-evaluated is about
90 % and it is about 5 % higher than that evaluated at the core design of the

advanced phase, in the case of fuel element with flange seal which contains

36 fuel rods.

Keywords: Flow Distribution, VHIR, Effective Coolant Flow Rate, Crossflow

loss Coefficient, Permanent Reflector, Hot Plenum, Seal Performance, Seal

Element, Fuel Element, Flange Seal
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3.85 mm,' DN PABRRUARENENF N 24mEVP8mE - THWEEETH S,

AHE TR, FMEET(DORELEE A, POMEEL M ESE5/00CiT-7/cR]1 Phasel
BRI DO REEC Y A 2R LT, HFOEREOEMERT 2 0P ORI KNS
ZBLEBFTHRTF (FRRBE SN 7 -2 ) CRBE LZTWEFENREES ORBERBIT AT,

Table 1.1 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(kg/cm’G) 4,024 (40)
Core effective height, m 4.2

Core equivalent diameter, m 2,46
Number of fuel columns 47

Number of control columns 7

Total number of columns 49

Fuel type Sealing flange
Height of fuel element, m 0.6

Width across the flats, m 0,334
Number of fuel tods per fuel element 36/18
(standard core /reference core ]
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Table 1.2 Fuel rod dimension whit mm)
dmem;:mbm S R D2 | fuel rod cross. section
dei 8 51 18 coolont channel
deo 24 |39 ] 36 s:):;act
* 8 | 9| o9 \ u/uy /
dsi | 243 |39.3 | 363 NI
dso | 32 | 47 | 46 :;‘
ts' | 3.85 [3.85 {485 ds;
dch 40 56 56 dso
t* | 4 las | s =

Remarks

*T(;:(dco—dci ) /2
#%xts={dgo-ds; ) /2
X b= (detr dso ) /2
S : stondord core design,.36 coolont channels per fuel element
R :-reference core design, 18 coolant channels per fuel element

. second stage of detailed design ,15 coolont channels per fuel element
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1 | Fuel element

2 | Replaceable reflector
3

Permanent reflector

4 ‘ Upper shield

5 |Hot plerum

6 | Hot plenum block

7 ‘| Insulation block

8 | Core restraint mechanism

9 l‘ Core barrel

10 ‘ Reactor vessel
]

11 | Diagrid

12 J Support plate

13 ‘Outlet pipe

14

‘ Primary loop

15 ‘ Stand pipe

18

Stand pipe closure

Fig. 1.2 General view of the reactor
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Main flow

WV

Crossflow

Length of flange seal

Gap of flange seal

Plenum height

Radius of curved flange-mating porticn
Gap between horizontal block interface

Fig. 1.6 Detail of flange-mating poertion
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Table 2.5

JAERI-M 85-186

The comparison of equivalent gap between permanent reflectors

Gap between permanent reflectors  (ma)
Reference case Contact mode |---—------—-von B CREEEEEEEES B R
d, dg dq dy deq deq
One peint 0.05 0.52 0.4 0.52 0.32
Case 1 0.26
Two points 0.05 0.52 0.05 0.52 0.13
One point 0.05 0.32 0.2 0.32 0.19
Case II 0.16
Two points 0.05 0.32 0.05 0.32 0.11
Remarks Case I @ maximum gep @t D2 manufacture tolerence.
D2 means the second stage of detailed design.
Case I : maximun gep at HENDEL T2 manufacture tolerence,
which 1s a half and average gep of the Case T,
dy~dy @ explained in Figs. 2.6 and 2.7
deq ! hydrodynamically equivalent gap of cone and two contact
mode,
deq* : hydrodynamically equivalent gap of mutual contact mode.
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N Re | 01.23 !ogB+II.1—
g

Flanged (design)

08 L -—---- Flanged (calcu) \
)

| ——-— D2 doweled (exp.

{quoted from ref.10)

Crossflow loss coefficient KA® (m*)

107 1 I l J \
1072 10" 10° 10
Wedge-shaped gap between horizontal block interface & {mm)

rig. 2.3 Crossflow loss coefficient of several fuel elements.
Re is crossflow loss coefficient ratio (=Ay,/A,),
ot is gap of flange seal, and Agis  dafa of
dt= 0.1mm.
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Fig. 2.4 Leak flow loss coefficient vs difference of crossing
level at permanent reflectors
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Fig. 2.5 Leak flow loss coefficient vs difference of crossing level
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