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Hydraulic Test of the Integral Reactor-Flow Model for Monju (III)

- Hydraulic Characteristics of the Corse Control Rod Assembly -

T. Kogawa*, T. Murakami* and
K. Satoh#®

Abstract

Hydraulic tests of the corse control rod assembly were performed to
collect experimental data required for an evaluation of core flow dis—
tribution in the Monju reactor by using the Water Test Loop. For
simulating reactor operating conditions, pressure loss and intra-flow
distribution characteristics were measured with varying an axial loca-
tion of the control rod bundle, which is movable in the range from Omm
to 1000mm. In addition, effects of the FIV (Flow-Induced Vibration)
restraint buttons were examined by mounting two accelerometers at the
lower end of the bundle protect tube.

Pressure loss characteristics are independent of axial locations
of the control rod bundle in the range from 300mm to 900mm. Intra-
flow distributions are also constant above 200mm and about 45% of the
total flowrate flows into the control rod bundle. The axial location
of the bundle varies from 465mm to 765mm during the first and last core
operations of Monju. Thus, it is indicated that hydraulic characteris-
tics of the control rod assembly can be treated as to be constant in
working ranges. Amplitudes of FIV at the measurement points do not
decrease with mounting the FIV restraint buttons. However, the
buttons are effective in decreasing anisotropic rolling cf the protect
tube,

Experimental data obtained in the present tests will be reflected

on the control rod assembly and core thermo-hydraulic designs of Monju.

* FBR Reactor Engineering Section, Safety Engineering Division,

O-arai Engineering Center, PNC.
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Table 2-1 Specifications of the Corse Control Rod for Monju

( 1) Corse Control Rod Length 4200 mm

( 2) Number of Control Element 19

{ 3) Control Element 0.D. 16.9 mm
( 4) Control Element Length 1755 mm

( 5) Spacer Wire 0.D. 1.2 mm
( 6) Spacer Wire Pitch 238 mm
(7) Control Rod Guide Tube I.D. 104.6 m
( 8) Protect Tube I.D. 90 mm

( 9) Nosepiece I.D. 50 mm
(10) Stroke of the Centrol Element 1000 mm
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TabTe 3-1 Specifications of the Test Loop

(1) Centrifugal Pump

Pump *1 s Flow Rate 120 m®/h, Head 120 m
Pump *2 > Flow Rate 30 m®/h, Head 80 m
Pump *3 » Flow Rate 10 m®/h, Head 50 m
Line Pump, Flow Rate 120 m3/h, Head 60 m

(2) Turbine Flow Meter

T-7, Flow Rate 10 ~ 120 m®*/h, Accuracy *0.5%
T-8, Flow Rate 2~ 20 m®/h, Accuracy =0.5%
T-9, Flow Rate 5~ 50 m®/h, Accuracy *0.5%
T-10, Flow Rate 1~ 10 m3/h, Accuracy #0.5%
T-11, Flow Rate 0.2 ~ 2 m®/h, Accuracy *0.5%
T-12, Flow Rate 0.1 ~ 1 m®/h, Accuracy *0.5%

(3) Surge Tank
Capacity 6.75 m?, Heater 5 x 20 kw, Max. Water Temp. 90°C
(4) Electro-Magnetic Flow Meter

F10, Flow Rate 10 m®/h, Accuracy *0.5%
F11, Flow Rate 1 m3/h, Accuracy %0.5%
F1, Flow Rate 150 m®/h, Accuracy +0.5%
F2, Flow Rate 30 m®/h, Accuracy *0.5%

{5) Scale Tank

1, Capacity 2000 kg (Accuracy *2 kg )
2, Capacity 200 kg (Accuracy #0.2 kg)

(6) Resistance Thermometer

T-1 0°C Pt 100 , 5 mA, Grade 0.1
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Table 3-2 Pressure Taps Used for the Integral Flow Tests

1. Control Rod Test

Stroke (mm)
Position

Pressure Tap

o

1000

Control Rod

*
N
<

400
@~ @

Nosepiece and Dashpot

Control Rod Guide Tube

e {2 |e

@LE

Control Element

Handling Head

Control Element Bundle

2|

Yolo®e)

e\ [@eE

Or| PO

e |e

CEREE

el|le|e|efe|e

CerE®

O©

*1 _ Connecting Tube

*2  Test Section

2, Control Element Test

Test _
Condition
Position

Pressure Tap

With Dashpot

Without Dashpot

Control Element

a9 ~

Inlet Flow Hole

@ ~ @

Outlet Fiow Hole

@~ @

Dashpot

e ~ @
©~ O
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Table 4-1

0o O O © O O O O

at the Rated Design Flow Condition

Flow Rate

Temperature of Sodium
Specific Weight
Kinematic Viscosity
Flow Area

Hydraulic Diameter
Reynolds Number
Pressure Loss

11.03 kg/s

397 °C

856.9 kg/m?

0.3338 x 107% m?/sec
1.9635 x 1072 m?

5.0 x 1072 m

9.82 x 10°

(Control Element Stroke : 400 mm)
Before Modified Model (refer to Appendix 1)

¢ Pressure Loss Coefficient

0 Pressure Loss

2} Modified Model

s 4.397
; 0.826 kg/cm?

Calculations of Pressure Loss of the Corse Control Rod

StItem Pressure Loss Coefficient _Pressure Loss (kg/cm?)
Position ke 0 400 1000 0 400 1000
Control Rod 4.650 4,065 4.316 0.873 0.763 0.810
aﬁgsggéﬁggt 2.365 | 2.369 0.443 | 0.445
Control Element 1.446 0.272
Handling Head 0.921 0.249 0.173 0.047




AP = Fjy o M« XN® ¢ (

(i11)

(iv)

Table 4-2 Semi-Empirical Equation for the Wire Spacer Type Fuel Rod Bundle

2
De s L, VB (1)
De, De 2q T
Modified Friction Factor [fy]

0.2

Fy = 0.237 - Rey 22% (1 x 10% < Rey < 7 x 10%)--- (2)

Geometrical Factor [M]

1.034 29.7 - (P/d)s-”-Re[?,'086 0.8853
M = (P7d)o .12 * (H/d)2.239 --- (3)
Flow Distribution Factor [XN]
XN = iz -~ (4)
g NiAi « (Dei/De,)’-"**
i=1
Modified Reynolds Number [Rep]
Rey - —BDe . (D&y) . xy — (5)

Y De

NOMENCLATURE

Bundle Flow Area

Bundie Mean Flow Velocity
Bundle Mean Hyd. Dia.

Fuel Rod Outer Dia.
Gravitational Constant
Spiral Wire Pitch

Bundle Length

Number of Subchannel
Number of Subchannel Type
Fuel Rod Arrangement Pitch
Pressure Loss

Specific Weight

Kinematic Viscosity
Subscript for Subchannel
Type (1---center subchannel)
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Table 4-3 Comparisons of Experiment Results for Flow Distribution of Control Element
and Control Rod Guide Tube

Control Element Control Guide Tube Estimation
Error
0 % 400 % 1000 % 0 % 400 % (%)

20 8.079 | 40.4 9.662| 48.3 9.860 | 49. 12.717 | 63. 11.075 | B5. 4.0
30 11.807 | 39.4 | 14.102 47.0 | 14.213 | 47. 19,025 | 63. 16.502 | &55. 3.0
40 15.457 | 38.6 | 18.441 46,1 18.427 | 46. 25.318 | 63. 21.898 | 54. 2.0
50 19.063 | 38.1 22.7131 45.4 | 22.535 | 45, 31.601 63. 27.272 | 54. 1.5
60 22.600( 37.7| 26.923| 44.9 | 26.563 | 44. 37.876 | 63. 32.553 | 54. 1.0
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Upper End Plug

Hand1ing Head

Cladding Tube

Plenum Spring

Upper Pad

Control Element
Hand1ing Head

Connecting Tube
Center Pad

BuC Pellet

Control Rod Guide Tube

Control Element

Protect Tube Spacer Wire

Lower End Plug

n e Dashram Control Rod Guide Tube
Dashpot

Protect Tube

Control Element

Nosepiece
"1 o~ VYibration Restraint Button

Cross Section A-A

Fig. 2-1 Corse Control Rod for Monju
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Handling -—| — Nosepiece Side
‘Head Side
9,8
610 (from the End of the Dashram)
o~ '
o
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Unit (mm) Detail Drawing of A

Fig. 2-2 Details of the Vibration Restraint Button
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Scale Tank ‘—N—|

Water Tank

Drain
Cooling

oo (e

[

i

! -~ Flow Control Valve
: t<l--- Check Valve
[
|
1
i

T
!
i
I
1
|

J

gy--- Switching Valve

f.;: J--- Strainer
& & Electro-Magnetic i
T L __]__j Flow Meter Rupture Disk Pump 2 (3Cm*/h) : @“‘ Resistance Thevmometer
e e e T TS ( --~ Pressure Gauge
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@___ Level Gauge

Fig. 3-1 Schematic Flow Diagram of the Fuel Assembly Test Loop
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Fig. 3-2 Sectional View of Test Section
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Qutlet
Nozzle

Upper Support

Inlet Nozzle
of Bypass
Line

Resistance
Thermemeter

Pressure Gauge

Dashpot

l \
B Lower Support Plate

NG

Carming Grid

|
(9 E
Pressure Tap
$129.8
- -
94 =
MA[%&J[}” ]
o i ///,///(:)
Lo
e
[ ]
wn
R A
o
2 -
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— |
e v
= | ©
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> e Dashpot
L
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! o
&
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Details of A

(Unit : mm)

Inlet Nozzle

Fig. 3-3 Control Element Test Section



Hand1ling Head

\ 357

Control Rod Guide Tube

\ 520

OQutlet Flow Hole

Control Element

/ 480

; \480
)N

Unit : mm

@ : Pressure Tap No.

Fig. 3-4 Locations of Pressure Taps on the Control Rod
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\ \ [ / N
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8 __ﬁ . _ _ N i Z :.,,.;_.—:.__ = = _—' e ! ~
=t L~ P e E— - s e
L N~ Rt e
{100) ]J ;J’ | |L T 1755 !
Stroke 1000 / 3?2§ / c
[ / b
/ / ] —°
’ ® &
. ) Inlet F1 Hol
@ @ Vibration nie ow fote Dashpot Ratchet Mechanism
p
Restraint Button/
480 // 893 // V/ 510
% = ol A 3 A
— = == . L} | |
=== ——= | 1 = 3 e o e |
s= = e e e o e i B
—= =\| ; i = C e — T Pr=n= |
5 B Al | 170 395 \
\ // 610 ! ! X 450
\ /
\ (1455) Inlet Nozzle
\ / __Length 4200°°
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Return to Water Tank

Rotor Meter

F, : 0.2~ 2m¥/h
F, : 0.3~ 3n%/h

Turbine Flow Meter
T. : 0.2~ 2m®/h

1

T, : 24 ~ 902/h

Fl

© Qutlet Plenum

/

A
&) -——3
Fiow Out
L[>
Isolation Plate
Middle Plenum
/ T
N
NV |
] [
a %‘“‘»\3;\\
Ratchet
= Mechanism
' —><— vy
T ~ ' ] To Drain

™ Inlet

[{J Plenum
Flow In 7 Manometer

Fig. 3-5 Leak Flow Test Line




Pressure Tap @ — @

r" LI l L] LA l‘ L] LI AL l
§ § Symbo1 Stroke
—(O— 0 mm
'r —/\— : 400 mm
"y E —}— : 1000 mm
S T - o
- g 0
= 5
S g} B © | |
0 5 r = 21.63xRe™0. 1178
o (SE = 1.1%)
) = _ -0,1166
i = B -_ e Z_; = 23.06)( Re
[%2] - h =3 — R . = Oo
4 5 ﬁg "o, (SE = 0.8%)
—l C = 22.90XRE_D'1253
LL)
= (SE = 0.6%) &&;E'A
2ot Ptopy
o a
f=
£l 1 L L 1 T . | ll A [ A A I | ll 1 ] A ]
3 . 5 6 . 5
1t 10 : 10
REYNOLDS NUMBER (Re)
Fig. 4-1 Effect of the Control Element Axial Location'on Pressure Loss

Characteristics of the Control Rod
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PRESSURE LOSS COEFFICIENT (z)

§ —0O— : Rated (100%) Flowrate
] —A—: 50% Flowrate
4 -e--1: 20% Flowrate

- 40 . Flow Distribution Ratio
- " at the Rated Flowrate

(%)

-FLOW DISTRIBUTION RATIO

A EEENI AN EN RN AN N RN RN NN E R R RN NEE

Fig. 4-2

200 400 600 800 1000 ©
AXIAL POSITION (MM)

Effects of Control Element Axial Position on Pressure Loss and Flow Distribution
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Fig. 4-3
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Pressure Loss Characteristics of the Nosepiece and Dashpot
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Fig. 4-4  Pressure Loss Characteristics of Handling Head
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PRESSURE LOSS COEFFICIENT

Fig. 4-5
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Stroke |
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