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Hydraulic Characteristics of "Jeoyo" Irradiation

. Test Assembly V)
— Flow Distrlﬁction in A—Tyﬁe Fuel?Assembly —

A. Ohtsubo*, M. Kanazawa#*,

S. Abe*, T. Iguchi*

Abstract

The A-type fuel assembly has two kinds of irradiation ducts which
_contain "Monju" and "Joyo" MK-II fuel pin arrays..,In this experiment,
measurement test of pressure loss coefflclent and electrolyte 1nJect1on ‘
2test were conducted for both individual elements and assembly. The
experimental data can be used to calculate the coolant flow dlstributioﬁ
in the A-type fuel assembly. The wmain conclutions fromltﬁiS'experiment

‘are- as follows. .

(1) ‘A wide gap is formed around the irradiation duct ‘when the "Joyo"
ME-II type irradiation duct is used. The gap.should be narrowed by -
some design improvement to decrease Jleakage flow.

(2) The size of the orifice at the entrance region of the "MOHJU type
1rrad1at10n duct can be determlned by using the pressure loss
coefficients led from experlmental results.

" (3) ‘The experimental results for flow distribution rates in the irradia-
tion -ducts have rather big experimental errors because of the test
method to know the rates in the small ducts from the pressure drd@
in the large driver bundle. Therefore, it is desirable to know
correctly thermal-hydraulic characteristics of the assembly by using

TED (Temperature Difference) thermometers at the first irradiation.

* Reactor Engineering Section, FBR Safety Engineering Division, O-arai
Engineering Center, PNC
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Table 4-1 Pressure Loss Coefficient of Driver Fuel

z = A + BeReC B =

Pressure tap

no.

L A
r':

r oz

Item
Whole section
Entrance nozzle
Reflector

Reflector & bundle
inlet

Whole section except
entrance nozzle

Whole fuel bundle
Bundle center part
Outlet of bundle

Handling head

The number of test data
Measured value

Calculated wvalue

n C'j_

I (= -1D?

i=1 —8i " % 100%

n -1
A B

2.5118 170.42  -0.
0.0 2.5984 -6
0.0 4.0872 -9.
1.1007 88.690 -0.
2.9162 480.32 -0,
1.9193  465.09 -0,
0.95955 187.98 -0.
0.18449 12.351 0.
0.0 0.14702 -5
Re:

Reynolds' number defined at

entrance nozzle

C

27128

.3960x10™%

6301x10~2

30679

38053

38474
35216

26371

.3771x10-3

B (%)

0.66

0.43



"Monju" type
Item A
Whole test fuel duct 891.21
Orifice (2) 0.0
Test fuel bundle 356.10

"Joyo" MK-II type

Ttem
Whole test fuel duct
Orifice (2)

Test fuel bundle

A

982.16

0.0

458.80

Table 4-2 Pressure Loss Coefficient of Test Fuel Duct

Test fuel + Orifice (2)

B
62434.0
800.18

1.1511x10°

C
-0,53535
-0.26012

—0.62943

Test fuel + Orifice (2)

B
84508.0
820.78

1.4662x10°

C

-0.51981

-0.029094

~0.59927

ZL =A+ B x ReC

B(%)
0.39
0.47

1.14

B(%)
0.45
0.55

.74

279.51

0.0

364,92

568.41

0.0

465,21

Re:

entrance nozzle

Test fuel only

B _ C
20573.0 -0.4240
802.05 -0.46057

1.7182x10°  -0.68081

Test fuel only

B C
4.4989x10°  -0.73696
63.785 -0.22678

71709.0 -0.51653

Reynolds' number defined at

B(%)

0.63

25,07

1.28

B (%)
1.41
18.57

0.61

¢€—€8 TV6NL-ONd
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Table 4-3 Static Pressure Drop Coefficient of Driver Fuel
Cp = A + BeReC

Pressure tap

no. ITtem A B C

-9 Whole section 7.7359 222,78  -0.27127

-1 Entrance nozzle 0.0 3.1438 —0.0374841

-3 Reflector 0.0 17.548  -0.26154

-5 Reflector & bundle  1.9280 103.63  -0.30678
inlet_

-9 Whole section 6.5197 444.66  —0.38053 -
except entrance :
nozzle

- 8 Whole fuel bundle 5.8660 424,84 ~0.38474 -

-6 Bundle center part 2,9553 190.32 -0.35216

-8 Outlet of bundle -0.28966 16.537  -0.26371

-9 Handling head 0.0 0.74293  -8.1067x10™3

Re: Reynolds; number defined at each section

PNC TN941

83-32

1.15
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"Monju" type

Item

Whole test fuel duct
Orifice (2)

Test fuel bundle

Table 4-4 Static Pressure Drop Coefficient of Test Fuel Duct

Test fuel + Orifice (2)
A B C

25.657 1178.4  -0,53535
0.0 3.4568 -0.025351

9.7898 2018.8 -0,62954

"Joyo' MK-II type

Item
Whole test fuel duct
Orifice (2)

Test fuel bundle

Test fuel + Orifice (2)
A B C
19.505 1199.6 -0,51982
0.0 3.5580 -0.028352

8.7944  1980.0 -0.59947

Test fuel + QCrifice (2)

Cp = A + BReC

B(%)

0.

0

1

39

.46

17

B (%)

a.

c.

0.

45
53

75

Test fuel only

8.4066

0.0

10.044

'11.296

0.0

8.9206

Re: Reynolds' number defined at

each section

Test fuel only

B C
423.47  ~0.42539
31.249  -0.12979

2895.8 -0.68100

Test fuel only

B C
5592.6  -0.73795
13.631  -0.056173
1020.6  -0.51661

B(%)
0.63
8.43

1.32

B(%)
1.41
5.16

0.62

¢6-€8 TV6NL-ONd
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Water 75°C

Table 4-5 Flow Distribution (‘Monju' Type)

Total flor rate 10 m3/h 20 m3/h 30 m3/h 40 m3/h 50 m3/h 60 m3/h
Driver bundle® 93.2 £ 0.4% 93.2-£ 0.4% 93.3 + 0.4% 93.4 + 0.4% 93.5 + 0.4% 93.6 % 0.4%
Orifice (2)% 6.8 + 0.4% 6.8 + 0.4% 6.7 + 0.4% 6.6 + 0.4% 6.5 + 0.4% 6.4 + 0.4%
Test fuel bundle®* 5.3 £ 0.8 5.2 % O.SZ 5.4 £ 0.8% 5.7 + 0.8%

* The values calculated by using static pressure drop through the central part of driver fuel bundle

%% The experimental result of electrolyte injection test

¢6—€8 TV6NL-ONd



Table 4-6 Flow Distribution ("Joyo" MK-II Type)
Water 75°C
Total flow rate 10 w3/h 20 m3/h 30 m3/h 40 m3/h 50 m3/h 60 m3/h
Driver bundle# 92.5 + 0.5% 92.2 + 0.5% 92.2 + 0.5% 92.1.+ 0.5% 92.1 + 0.5% 92.2 + 0.5%
Orifice (2)%* 7.5 + 0.5% 7.8 + 0.5% 7.8 £ 0.5% 7.9 £ 0.5% 7.9 = 0.5% 7.8 = 0.5%
Test fuel bundle®#* 4.8 + 0.8 4.8 £+ 0.8% 4.8 + 0.8%

.

*% The experimental result of electrelyte injection test

* The values calculated by using static pressure drop through the central

part of driver fuel bundle

¢6-€8 TV6NL-ONd



Table 5-1 Equations for Material Properties

Water

Sodium

Density Kg/m3

0°C < T < 100°C, kg/m3

o= (10000.79-7.7524x1072+T~3.526x10~3+72)

Pya =(949.0-2.23x10"1+T-1,75x1077-T2)

Viscosity

Kg*sec/m2

0°C < T < 100°C, kg-*sec/m2

u=18.29%x10-5/ (1+3.687x10~2-T+1 ,660x10~4+T2)

T < 500°C

Ha=1. 2355102+ pt/3 .o 10.697-0/(T4273.13) }

T > 500°C

e =8. 51x10=3+p1/3 .o (1040707 (T4273.13) }

Kinetic viscosity

mzlsec

_ HNa“B
PNa

¢6-€8 TV6NL-ONd
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Table 5-2 Area and Hydraulic Diameter of Each Section

. Area x10~%m2 Hydraulic dlfgeter Lgngth/Hydraullc
No. in N x1074nm diameter

Fig. 5-1 Section . Joyo . Joyo . Joyo
Monju MK-T1 Monju MK-II Honju MR-II
(1) Entrance nozzle & Orifice (1) 9,1006 ditto 3.404 ditto (1.0) ditto
(2) Reflector 12.486 ditto 1.4351 ditto -(1.06) ditto
(3) Driver bundle 15.971 ditto 0.25368 ditto {1.0) ditto
(4) Handling head 24.718 ditto 5.61 ditto (1.0) ditto
(5) Orifice (2) 0.58223 ditto 0.861 ditto (1.0) ditto
6) Small pipe 1.5441 1.2825 0.26249 0.25141 (1.0) ditto
(7) Test bundle 1.5441 1.2825 0.26249 0.25141 (1.0) ditto.
(8) Lower annular section 0.1670 ditto 0.65 ditto 230.0 ditto
(%) Upper annular section 0.3700 1.397 0.09 0.36 1827.8 456.5
(10) Holes 0.06283 ditto 0.2 ditto 0.5 ditto

¢6-€8 TV6NL-ONd
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Table 5-3 -Analytical Result of Flow Distribution for the
Case where "Monju" Type Irradiation Dust Is Inserted

Water 75°C

No. in Section Total flow rate Total flow rate

Fig. 5-1 20 m3/n 40 m3/n
(1) Entrance nozzle 100 % 100 %
(2) Reflector -92.8% 93,0%
(3) Driver bundle 92.8% 93.0%
(4) Handling head 100 % 100 %
() Orifice (2) 7.2% 7.0%
(6) Small pipe 7.0% 6.8%
(7 Test bundle 6.6% 6.4%
(8) Lower annular section 0.2% 0.2%
D) Upper annular section 0.6% 0.6%
(10) Holes 0.4% 0.47%
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Table 5-4 Analytical Result of Flow Distribution for the
Case where "Joyo'" MK-II Type Irradiation Duct Is

Inserted
Water 75°C
§?. in Section Total flgw rate Total flgw rate
ig. 5-1 20 m?/h 30 m?/h
(1) Entrance nozzle 100 % 100 %
(2) Reflector 93.0% 93.2%
(3 Driver bundle 93.0% 93.2%
(4) Handling head 100 % 100 %
(5) Orifice (2) 7.0% 6.8%
(6) Small pipe 6.6% 6.47
(7N Test bundle 4.1% 4.0%
(8) Lower annular section 0.3% 0.3%
(9) Upper annular section 2.9% 2.8%
{10) Holes 2.6% 2.5%

PNC TN941 83-32
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Fig. 2-3 Test Cases
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injection pin

Electrolyte
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Detecting pin
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1 Location of Detecting and Electrolyte Injection Pins

Fig. 3-
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Inner pipe for electrolyte injection Outer pipe
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4o — Welding
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Fig. 3-2 Electrolyte Injection Pin
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Fig. 3-4 Pulse Shape Measured by Detecting Pins
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Fig. 4-19 The Relation Between Flow Rate and Velocity in "Joyo' MK-II
Type Test Fuel Bundle

m3/h

¢6-€8 TV6NL-ONd



-—99—

m /sec

Velocity
S

10 20 30 40 50

Total Flow Rate m¥
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