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Nomenclature

General

DR Decay ratio, see equation (2.26), page 17

λ Eigenvalue, see equation (2.15), page 15

nu Number of state variables leading to algebraic equations, page 12

nx Number of state variables leading to differential equations, page 12

ω Imaginary part of the eigenvalue, page 16

σ Real part of the eigenvalue, page 16

τ Time, page 12

u State variable that leads to algebraic equations, see equation (2.3), page 13

x State variable that leads to differential equations, see equation (2.3), page 13

T Transpose operator, page 52

Matrices

Aλ Stability contribution matrix, page 63

As Matrix describing the linearized system, see equation (2.12), page 14

B Diagonal matrix, distinguishing differential and algebraic variables, page 36

E Matrix with the right eigenvectors as columns, page 15

F Matrix with the left eigenvectors as columns, page 15

L Lower triangular matrix, page 38

U Upper triangular matrix, page 38

Neutronics

β Total fraction of delayed neutrons, page 134
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C Precursor density, page 134

D1 Fast diffusion constant, page 134

H(τ1,τ2) Decay heat due betweenτ1 andτ2, page 140

J Neutron current, page 135

K Total energy released per fission, 3.204e−11 j, page 140

λm Decay constant of delayed group d, page 138

ν1,ν2 Number of neutrons generated per fission, page 135

ϕ1ϕ2 Cell averaged neutron flux, page 134

q′′′ Volumetric heat generation rate (from nuclear fission and decay), page 139

Σa1,Σa2 Absorption cross sections, page 134

Σr Scattering cross section from group 1 to 2, page 134

Σ f 1,Σ f 2 Fission cross sections, page 134

V1,V2 Neutron velocity of energy group 1,2, page 134

X Neutronic coupling coefficient, page 136

Y Neutronic coupling coefficient, page 136

Subscripts/Superscripts

c Cladding, page 141

f Fuel, page 141

fl Fluid, page 153

FW Feedwater, page 147

g Saturated vapour, page 146

gp Gap between pellet and cladding, page 141

j Channel number, page 150

JT Jet pump, page 150

l Liquid, page 146

lb Liquid in bypass, page 153

m Two phase mixture, page 146

sat Saturation, page 147
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SL Steam line, page 147

w Wall, page 146

Thermal Conduction

c Specific heat capacity, page 141

Mc Number of cladding zones, page 142

M f Number of fuel zones, page 142

R f Fuel radius, page 141

t̄ Node averaged temperature, page 142

t f ,i Temperature of the fuel in zone i, page 141

Thermal-Hydraulics

α Vapor void fraction, page 152

A Cross sectional area, page 146

Ac Cross sectional area of flow channel c, page 145

cI User defined coefficient, page 152

cp,l Specific heat capacity (of the liquid) at constant pressure, page 149

dh Hydraulic diameter, page 146

fl Single phase Darcy friction factor, page 146

Γ Vapor generation rate, page 153

Gm Mass flux, page 146

gz Gravity constant, page 146

hc Convective heat transfer coefficient, page 153

hf g Enthalpy of evaporation, page 149

hg Enthalpy of vapor, page 149

hl Enthalpy of liquid, page 149

jm Mixture volumetric flux, page 146

Li Length of segment i , page 149

M Momentum of coolant along a closed contour, page 150

m Mass, page 151



186 BIBLIOGRAPHY

Φ Two phase friction multiplier, page 151

P Pressure, page 147

Psyst System pressure, page 147

q′w Linear heat generation rate, page 153

ρ f Density of saturated liquid, page 147

ρg Density of saturated vapor, page 147

ρl Density of subcooled and super-heated liquid, page 147

ρm Mixture density, page 147

tsat Saturation temperature, page 147

S Slip, page 152

tl Temperature of the liquid, page 153

tw Temperature of the cladding surface, page 153

ug Specific internal energy of saturated vapor, page 149

ul Specific internal energy of liquid, page 149

V Volume of the node, page 151

Wg Mass flow rate of the gas, page 152

wg Phasic velocity of the gas, page 152

Wl Mass flow rate of the liquid, page 152

wl Phasic velocity of the liquid, page 152

ξ Heated perimeter, page 150

ζ1,2 Form loss coefficient, page 149

Vectors

e Right eigenvector, page 15

f Left eigenvector, page 15

f System function of state variablesx, see equation (2.1), page 12

g System function of state variablesu, see equation (2.2), page 12

u State variables that lead to algebraic equations, see equation (2.1), page 12

x State variables that lead to differential equations, see equation (2.1), page 12
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11
2 energy groups, 30

algebraic equations, 12
algorithms

ARNOLDI, 36
conjugate gradients, 42
global mode, 51
inverse iteration, 45, 46
LANCZOS, 36
left eigenvector, 55
LU decomposition, 37
Newton’s method, 46, 47
power method, 44
regional mode, 55
right eigenvector, 51

ARMA/ARMAX, 9, 98
ARPACK, 36

Blomstrand, Jan,125, 183
BWR6, 25
bypass, 27

cladding, 142
conjugate gradients, 37,40
core, 27

unstable, 73,76

decay ratio, 17
contribution to, 62
representation as a product, 64

delayed neutrons, 30,134
differential equations, 7
distribution file, 18
Doppler effect, 32
downcomer, 27
dynamical system, 12

eigenvalue, 7, 15, 36
calculation, 21

contribution of equations, 83
contribution of fuel assemblies, 67
contribution of model sections, 65
contribution of variables, 83
contribution to, 62
cumulative contribution, 85
dominating,16, 17
generalized,15, 36
representation as a sum, 63
specific, 43

eigenvalue problem
complex, 36
generalized, 36
non-symmetric, 36
sparse, 36
very large, 36

eigenvector,15, 36
left, 15, 61
left, calculation of, 51
right, 15, 60
right, calculation of, 51
specific, 43

equations
algebraic, 14
differential, 14

ETH
contribution, 10

feedback loop, 24
simplified, 2

flow distribution model, 88
Forsmark, 25

contribution, 9
measurements, 99

frequency domain, 7
representation, 12

fuel design, 9



188 INDEX

gas gap, 141
Gaussian elimination, 37
global mode, 50

iterative methods, 21

jet pumps, 25

Lansåker, Pär, 9, 183
Laplace transformation, 9
LAPUR, 6
Leibstadt, 3, 25

contribution, 9
linearization, 12

neutron kinetics, 139
numerical, 157
power generation, 140
thermal conduction, 144
thermal-hydraulics, 154

linearized system, 7
Linux, 18
lower plenum, 27
LPRM, 73, 97
LU decomposition, 37

March-Leuba, Jos´e, 5
master file, 18
MATLAB, 10
matrix

sparse,15, 36
subspaces, 47

MATSTAB
displaying results, 58
global mode, 51
input,18, 165
main iteration, 51
model, 24
nodalization scheme, 25
numbering scheme, 159
objectives, 9
output, 165
platforms, 18
prediction accuracy,97, 126
project start, 9
regional mode, 55
sensitivity analysis, 92
starting guess, 50

structure, 18
validation, 96

measurements
database, 58
Forsmark, 96,99
Forsmark 1, 99
Forsmark 2, 106
Forsmark 3, 112
inlet flow, 76
Leibstadt, 96,120
Leibstadt 1990, 58,125
Leibstadt 1993, 70, 76, 90,120
LPRMS, 76
Oskarshamn, 96,117
Oskarshamn 1, 118
Oskarshamn 2, 118
Oskarshamn 3, 118
regional oscillations, 124
validation, 96

memory demand, 12

neutron kinetics, 30,133
linearization, 139

neutronic feedback, 2
Newton’s method, 36
nodal approach, 5
NSPCG, 36
NUFREQ-NP, 5

OECD, 97
operating point

comparison, 90
unstable, 73,76

operating system, 18
oscillation

density wave,2, 4, 31
global mode, 50
higher mode, 2
limit cycle, 2
local, 2
regional, 2,124
starting guess, global, 50
starting guess, regional, 56

Oskarshamn
measurements, 96,117

parameter.inp, 25
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pellet, 141
phase shift,61, 99
phasor, 61
platform, 18
POLCA, 134

model, 29
POLCA 4, 29
POLCA 7, 29

power generation, 30,139
power-flow map, 3
PRESTO, 134
prompt jump approximation, 30, 137

RAMONA
model, 24
predictions, 97
RAMONA-3B, 6, 7, 9,10
RAMONA-5, 7

regional mode, 55
Ringhals,96, 120, 132
riser, 27
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