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ABSTRACT

The axial and ring power profiles of DUPIC bundle are much different from those of
reference 37-element fuel bundle since a DUPIC fuel bundle is re-fabricated under proliferation
resistance using spent PWR fuel and 2-bundle shift refuelling scheme of DUPIC bundle is
proposed to CANDU-6 reactor. In case that the ring power profile of a fuel bundle is altered,
the flow and enthalpy distribution of subchannels and the radial position of CHF occurrence
will be changed. Similarly, the axial power profile of a fuel channel affects CHF, axial position
of CHF occurrence, axial enthalpy, quality and pressure distribution.

The ring power profile of the DUPIC bundle as increasing burnup is much altered and
flattened at high burnup, compared to 37-element bundle. It caused that one fuel bundle has a
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At present study, thermalhydraulic analysis of a DUPIC bundle was performed in order to

He
1A o)

evaluate the ring power profile effect on CHF. The subchannel enthalpy, mass flux and CHF
o

distribution from 0 burnup to discharged burnup (18,000 MWd/tHM) of DUPIC bundle were

evaluated using ASSERT-PV subchannel code. The results of DUPIC bundles were compared
to those of 37-element bundle and the compatability of DUPIC bundle with an existing

the same fuel channel. Therefore, how to consider burnup or ring power effect on CHF is very
CANDU-6 was presented in a CHF point of view.

different ring power profile from the other fuel bundles at the different axial positions even in

important to DUPIC thermalhydraulic analysis.
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Table 1. Operating conditions for 37-element and DUPIC fuelled channel

Parameter 37-element Channel| DUPIC fuel channel
Channel exit pressure 10.0 MPa 10.0 MPa
Channel Inlet temperature 256.0 C 256.0 C
Channel Mass flow rate 20 kg/s 20 kg/s

Channel inlet mass flux

55350 kg/m's

5.844265 kg/m’s

Averaged heat flux

1.02838 MW/’

1.082525 MW/m’

(a) 37-7§ AARH th
Figure 1. Cross-sectional View and Subchannel and Rod Numbers
of DUPIC and 37-element Bundles

(b) DUPIC &5 thd

ril
e [P EL AT el 571 RSN
b w oo ow m G plermem Lol chenanl, G062 RV
4
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Bl 2
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1}
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Figure 2. Typical Axial Power Distributions of 37-element and DUPIC Bundle
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Figure 3. Local to Bundle Averaged Heat Flux Profile According to
Burnup Increases of DUPIC Bundle and 37-element Bundle

450 9
£
<9
% i
= 440
- :: L O-3-
3 =
g t-t-t-4-1 2
= 430 =
= e
o 1 85%
£ > o
£ 420 | £
“g’ —+— Distnace, DUPIC =
= 40 - - - -I- - - Distance, 37-element
E —+&— Bundle Position, DUPIC

- - &1 - - Bundle Position, 37-element
400 ! ! 8
0 5000 10000 15000 20000

Burnup, MWd/tHM

Figure 4. Axial CHF Locations for DUPIC and 37-element Bundle Fuelled Channels



enthalpy, kd/kg

1500 ~ 1509.6
1509.6 ~ 1519.2
1519.2~1528.8
1528.8 ~1538.4
1538.4~ 1548
1548 ~ 1557.6
1557.6 ~ 1567.2
1567.2 ~1576.8
1576.8 ~ 1586.4
1586.4 ~ 1596
1596 ~ 1605.6
1605.6 ~ 1615.2
16152~ 1624.8
1624.8 ~ 1634.4
1634.4~ 1644
1644 ~ 1653.6
1653.6 ~ 1663.2
1663.2 ~ 1672.8
1672.8 ~ 1682.4
1682.4 ~ 1692
1692 ~ 1701.6

1701.6~1711.2
17112~17208
1720.8 ~ 17304
1730.4 ~ 1740

enthalpy, kd/kg
1500 ~ 1509.6
1509.6 ~ 1519.2
1519.2~1528.8
1528.8 ~ 15384
15384 ~ 1548
1548 ~ 1557.6
1557.6 ~ 1567.2
1567.2~1576.8
1576.8 ~ 1586.4
1586.4 ~ 1596
1596 ~ 1605.6
1605.6 ~ 1615.2
16152~ 1624.8
1624.8 ~ 1634.4
1634.4 ~ 1644
1644 ~ 16536
1653.6 ~ 1663.2
16632~ 1672.8
1672.8 ~ 1682.4
16824 ~ 1692
1692 ~ 1701.6
1701.6 ~1711.2
17112~ 17208
1720.8 ~1730.4
17304 ~ 1740

DUPIC enthalpy distribution 37-element enthalpy distribution

enthalpy distribution at cannel exit (0 Burnup)

enthalpy, kd/kg enthalpy, kd/kg
1500 ~ 1509.6 1500 ~ 1509.6
1509.6 ~ 1519.2 1509.6 ~ 1519.2
‘ 1519.2~1528.8 1519.2 ~ 1528.8
1528.8 ~ 1538.4 1528.8 ~ 1538.4
1538.4 ~ 1548 1538.4 ~ 1548
' 1548 ~ 1557.6 1548 ~ 1557.6
1557.6 ~ 1567.2 1557.6 ~ 1567.2
1567.2 ~ 1576.8 1567.2 ~ 1576.8
1576.8 ~ 1586.4 1576.8 ~ 1586.4
1586.4 ~ 1596 1586.4 ~ 1596
1596 ~ 1605.6 1596 ~ 1605.6
1605.6 ~ 1615.2 1605.6 ~ 1615.2
1615.2 ~ 1624.8 1615.2 ~ 1624.8
1624.8 ~ 1634.4 1624.8 ~1634.4
1634.4 ~ 1644 1634.4 ~ 1644
1644 ~ 1653.6 1644 ~ 1653.6
1653.6 ~ 1663.2 1653.6 ~ 1663.2
1663.2 ~ 1672.8 1663.2 ~ 1672.8
1672.8 ~ 1682.4 1672.8 ~1682.4
1682.4 ~ 1692 1682.4 ~ 1692
1692 ~ 1701.6 1692 ~ 1701.6
1701.6 ~1711.2 1701.6 ~1711.2
1711.2~1720.8 1711.2~1720.8
1720.8 ~ 1730.4 1720.8 ~1730.4
1730.4 ~ 1740 1730.4 ~ 1740
DUPIC enthalpy distribution 37-element enthalpy distribution
enthalpy distribution at cannel exit (14,000 Burnup)
enthalpy, kd/kg enthalpy, kd/kg
1500 ~ 1509.6 1500 ~ 1509.6
1509.6 ~ 1519.2 1509.6 ~ 1519.2
1519.2~1528.8 1519.2 ~ 1528.8
1528.8 ~ 1538.4 1528.8 ~ 1538.4
1538.4 ~ 1548 1538.4 ~ 1548
1548 ~ 1557.6 1548 ~ 1557.6
1557.6 ~ 1567.2 1557.6 ~ 1567.2
1567.2 ~ 1576.8 1567.2 ~ 1576.8
1576.8 ~ 1586.4 1576.8 ~ 1586.4
1586.4 ~ 1596 1586.4 ~ 1596
1596 ~ 1605.6 1596 ~ 1605.6
1605.6 ~ 1615.2 1605.6 ~ 1615.2
1615.2 ~ 1624.8 1615.2 ~ 1624.8
1624.8 ~ 1634.4 1624.8 ~1634.4
1634.4 ~ 1644 1634.4 ~ 1644
1644 ~ 1653.6 1644 ~ 1653.6
1653.6 ~ 1663.2 1653.6 ~ 1663.2
1663.2 ~ 1672.8 1663.2 ~ 1672.8
1672.8 ~ 1682.4 1672.8 ~ 1682.4
1682.4 ~ 1692 1682.4 ~ 1692
1692 ~ 1701.6 1692 ~ 1701.6
1701.6 ~1711.2 1701.6 ~1711.2
1711.2~1720.8 1711.2~1720.8
1720.8 ~ 1730.4 1720.8 ~1730.4
1730.4 ~ 1740 1730.4 ~ 1740

DUPIC enthalpy distribution 37-element enthalpy distribution

enthalpy distribution at cannel exit (18,000 Burnup)

Figure 5. Enthalpy Distribution of DUPIC and 37-element Bundle at Channel Exit
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enthalpy, k¥kg

1420~ 1428
1428~ 1436
1436 ~ 1444
1444 ~ 1452
1452 ~ 1460
1460 ~ 1468
1468 ~ 1476
1476 ~ 1484
1484 ~ 1492
1492 ~ 1500
1500 ~ 1508
1508 ~ 1516
1516~ 1524
1524~ 1532
1532~ 1540
1540~ 1548
1548 ~ 1556
1556 ~ 1564
1564 ~ 1572
1572~ 1580
1580~ 1588
1588 ~ 1596
1596 ~ 1604
1604 ~ 1612

enthalpy, k¥kg
1420~ 1428
1428~ 1436
1436 ~ 1444
1444 ~ 1452
1452 ~ 1460
1460 ~ 1468
1468 ~ 1476
1476 ~ 1484
1484 ~ 1492
1492 ~ 1500
1500 ~ 1508
1508 ~ 1516
1516~ 1524
1524~ 1532
1532~ 1540
1540~ 1548
1548 ~ 1556
1556 ~ 1564
1564 ~ 1572
1572~ 1580
1580~ 1588
1588 ~ 1596
1596 ~ 1604
1604 ~ 1612
1612~ 1620 1612~ 1620

DUPIC enthalpy distribution 37-element enthalpy distribution

enthalpy distribution at CHF position (0 Burnup)

enthalpy, kJkg enthalpy, kkg
1420~ 1428.8 1420~ 1428.8
1428.8 ~ 1437.6 1428.8 ~ 1437.6
1437.6 ~ 1446.4 1437.6 ~ 1446.4
1446.4 ~ 1455.2 1446.4 ~ 1455.2
1455.2 ~ 1464 1455.2 ~ 1464
1464 ~ 1472.8 1464 ~ 1472.8
1472.8 ~ 1481.6 1472.8 ~ 1481.6
14816 ~ 14904 14816 ~ 14904
1490.4 ~ 1499.2 1490.4 ~ 1499.2
1499.2 ~ 1508 1499.2 ~ 1508
1508 ~ 1516.8 1508 ~ 1516.8
1516.8 ~ 1525.6 1516.8 ~ 1525.6
15256 ~ 1534.4 15256 ~ 1534.4
15344~ 15432 15344~ 15432
15432~ 1552 15432 ~ 1552
1552 ~ 1560.8 1552 ~ 1560.8
1560.8 ~ 1569.6 1560.8 ~ 1569.6
1569.6 ~ 1578.4 1569.6 ~ 1578.4
15784 ~ 1587.2 15784 ~ 1587.2
1587.2 ~ 1596 1587.2 ~ 1596
1596 ~ 1604.8 1596 ~ 1604.8
1604.8 ~ 1613.6 1604.8 ~ 1613.6
16136 ~ 1622.4 16136 ~ 1622.4
16224~ 1631.2 16224~ 1631.2
1631.2 ~ 1640 1631.2 ~ 1640
DUPIC enthalpy distribution 37-element enthalpy distribution
enthalpy distribution at CHF position (14,000 Burnup)
enthalpy, k¥kg enthalpy, k¥kg
1420 ~ 1428.8 1420 ~ 1428.8
1428.8 ~ 1437.6 1428.8 ~ 1437.6
1437.6 ~ 1446.4 1437.6 ~ 1446.4
1446.4 ~ 14552 1446.4 ~ 1455.2
1455.2 ~ 1464 1455.2 ~ 1464
1464 ~ 1472.8 1464 ~ 1472.8
1472.8 ~ 14816 1472.8 ~ 14816
1481.6 ~ 1490.4 1481.6 ~ 1490.4
1490.4 ~ 1499.2 1490.4 ~ 1499.2
1499.2 ~ 1508 1499.2 ~ 1508
1508 ~ 1516.8 1508 ~ 1516.8
1516.8 ~ 1525.6 1516.8 ~ 1525.6
1525.6 ~ 1534.4 1525.6 ~ 1534.4
15344~ 15432 15344~ 15432
15432 ~ 1552 15432~ 1552
1552 ~ 1560.8 1552 ~ 1560.8
1560.8 ~ 1569.6 1560.8 ~ 1569.6
1569.6 ~ 1578.4 1569.6 ~ 1578.4
1578.4 ~ 1587.2 1578.4 ~ 1587.2
1587.2 ~ 1596 1587.2 ~ 1596
1596 ~ 1604.8 1596 ~ 1604.8
1604.8 ~ 1613.6 1604.8 ~ 1613.6
16136~ 1622.4 16136~ 1622.4
1622.4 ~1631.2 1622.4 ~1631.2
1631.2 ~ 1640 1631.2 ~ 1640

DUPIC enthalpy distribution 37-element enthalpy distribution

enthal py distribution at CHF position (18,000 Burnup)

Figure 6. Enthalpy Distributions of DUPIC and 37-element Bundle at CHF Position
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mass flux, Mg/m2s
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412~424
4.24~4.36
4.36~4.48
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46~472
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6.28~6.4
6.4~6.52
6.52~6.64
6.64~6.76
6.76 ~ 6.88
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DUPIC mass flux distribution

37-element mass flux distribution

mass flux distribution at CHF position (0 Burnup)

mass flux, Mg/m2s
4~412
412~424

‘ Ad P
4.36~4.48
448~46

' ‘ 46-472
472~484
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592~6.04
6.04~6.16
6.16 ~6.28
6.28~6.4
6.4~652
6.52~6.64
6.64~6.76
6.76 ~ 6.88
6.88~7

DUPIC mass flux distribution

i

37-element mass flux distribution

mass flux, Mg/m2s
4~412
412~424
4.24~4.36
4.36~4.48
448~46
46~472
4.72~4.84
4.84~4.96
4.96~5.08
5.08~5.2
52~532
532~544
5.44 ~5.56
5.56 ~ 5.68
5.68~5.8
58~592
5.92~6.04
6.04~6.16
6.16 ~6.28
6.28~6.4
6.4~6.52
6.52 ~6.64
6.64~6.76
6.76 ~ 6.88
6.88~7

mass flux, Mg/m2s
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448~46
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6.88~7

mass flux, Mg/m2s

4~412 4~412
4.12~4.24 4.12~4.24
‘ ‘ 4.24~4.36 4.24~4.36
4.36~4.48 4.36~4.48
448~46 448~46
46~472 46~472
4.72~4.84 4.72~4.84
4.84~4.96 4.84~4.96
4.96~5.08 4.96~5.08
5.08~5.2 5.08~5.2
52~532 52~532
532~544 532~544
5.44 ~5.56 5.44 ~5.56
5.56 ~ 5.68 5.56 ~ 5.68
5.68~5.8 5.68~5.8
58~592 58~592
5.92~6.04 5.92~6.04
6.04~6.16 6.04~6.16
6.16 ~ 6.28 6.16 ~6.28
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DUPIC mass flux distribution

37-element mass flux distribution

mass flux distribution at CHF position (18,000 Burnup)

Figure 7. Mass Flux Distributions of DUPIC and 37-element Bundle at CHF Position
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Figure 9. Radial CHF Locations for 37-element Bundle Fuelled Channels
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Figure 10. CHFR of DUPIC and 37-element Bundle Fuelled Channels According to Burnup
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