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A Pressure Loss Modd for Irradiation Capsule of Advanced PWR Fuel
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Capsule

4% Capsule
Capaule
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Abstract

200

A pressure loss modd is developed to determine the geometric feature of the simulated
advanced PWR fud capsule. The proposed model is superposed on the basis of free flow
principle by usng models for smple geometry presented in open literatures.

Even though the proposed mode somewhat overpredicts for the pressure loss, the
comparison between the experiment and the prediction shows that the modd is suitable as a tool
for the geometry optimization in capsule design phase. It is found that the candidate capsule
satisfies the Hararo hydraulic design criteria with the 45% margin.
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Capsule
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Cepsule 1 A
Rod Tip, Guide, Lower End Plate Capsule Lower Housing, Housing
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/ Element Assembly Support Tube . OR
Lower End Plate Capsule
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Tablel. Pressure Loss Coefficient Model for Each Component

No Component Model Ref.
1 Friction, 0.632xRe % 02
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. 2 . i] 2 | [3]
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N . 2
Thick Edge Crifice Fm?' i&?_ ﬁg h le- s g[ 2 X_PEEAO .
3 | with Champed Inlet, f As & Ao A& Ap Ao diag.
(Kepl’ Kepu) t= f(i) e
Dh
3/4
_ 3} [3
. ?Iliddelrlar)eamcrease, 05 a?‘[_ ig aeﬁg diag.
@ Con Ap EAg 41
Inlet cb me o

hi

See Nomenclatrue section for abbreviations

hu epu




D:)I'n

inlet ’ inlet '

(Ketrs Koot o K 10 Ky 11 Kig 1)
Capsule Lower Support Tube, Cooling Block, Mini-element, Upper Support Tube,

Grapple Head
Blasius [5]
) Dh1 ) Ll

Lower Housing Upper Housing (K Ky e

Lower Housing Upper Housing
(Thick Edged Orifice)

Lower End Plate Upper End Plate (Kep s Kigu)

Lower End Plate Upper End Plate Lower/Upper Housing

(Thick

Edge Orifice)

Cold Block Grapple Head
( ch’ th) :

Cold Block Mini-element Grapple Head Housing
3.

DUPIC Capsule

. DUPIC Capsule 1 (B)
1 DUPIC Capsule Capaule
Mini-assembly Capaule DUPIC

Capaule .

DUPIC Capsule 2 : 2
Reynolds

DUPIC Capsule 1%

Capsule



Capsule
OR
2
4.0 Mini Assembly
3 : 3
12.7 kg/s 45%

Table 2. Pressure L oss Coefficient of Each Component (Mass Flow-rate = 7 kg/s)

Capsule

Capsule

. Capsule

Capsule
OR

7.1 kgls

Component Pressure Loss Fraction
Coefficient (%)
Capsule Inlet 0.494 12.5
Support Tube 0.025 0..6
Cooling Block 0.384 9.7
Mini-elements 0.038 0.96
Grapple Head 0.004 0.1
Lower End Plate 0.451 114
Lower Housing 0.634 16.0
Cooling Block 0.42 10.6
Upper Housing 114 28.8
Upper End Plate 0.345 8.7
Expansion to Housing 0.029 0.73
Tota 3.964 100

Table 3. Coolant Flow-rate at HANARO Design Criteria (200 kPa)

Parameter AFA Capaule DUPIC Capsule
Dynamic Pressure, [kPa] 50 77
Reynolds Number 123000 150000
Mass Flow-rate, [kg/s] 7.1 8.8




Capsule
1 4 %
2. Capaule 7.1 kgls
12.7 kg/s  45%
3 Capsule OR
Lower End Plate  Upper End Plate
NOMENCLATURES
DUPIC Direct Use of Spent PWR Fuel in CANDU SUBSCRIPT
Reactors
OR Outer Reactor b cooling block
PWR  pressurized water reactor inlet capsule inlet
A flow area el lower end plate
[] epu upper end plate
D diameter [m] f friction
K stagnation pressure |oss coefficient gh grapple head
L friction length [m] h hydraulic
m mass flow-rate [ka/s] i lower housing
P static pressure [Pal hu upper housing
Re Reynolds number | local
Vv Veocity [m/s] m measurement
me mini-€l ement
GREEK LETTERS r reference
« support tube

D difference 1 inlet
r density [kg/m?] > outlet
n kinematic viscosity [nf/s]
I

friction factor
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Figure 1. Configuration of Capsules
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Figure 2. Comparison of Pressure L oss Coefficient between Measurement and
Prediction of DUPIC Capsule
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