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Linear Stability Model for the Once-Through Steam Generator
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Abstract

A linear stability model was developed to evaluate the stability of the once-through steam
generator. Using the perturbation and Laplace transformation the governing equations were
transformed to perturbed linear equations whose solutions are used to calculate pertubed
pressure drop relations. An applicable algorithm for numerical analysis was adopted and draft
version of a computer code named SGSTAR was developed. Using the SGSTAR a test

calculation on the density wave instability has been conducted.
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Nomenclature

Notations

A

a
Corc
Cx

: area

: Reynolds number exponent

: specific heat

: kinetic wave velocity

: subchannel mixing factor for sodium temperature perturbations

: correctional factor for frictional pressure drop in different regions
:adjustment factor for gravitational pressure drop

(Cg=1 in upward vertical flow)

o
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N
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S

: hydraulic diameter of water channel
: Moody type friction factor

: mass flow rate

: gravitational acceleration

: heat transfer coefficient

: enthalpy

: latent heat of vaporization of water
: volumetric flux

: K-factor of flow resistances

: thermal conductivity

: gradient of specific volume to enthalpy line for steam
: channel length

: pressure

: perimeter

: heat flux

: thermal resistance of tube wall

: channel radius

: Laplace transform variable

: temperature

: time

: specific volume

: vapor-liquid drift velocity

: velocity

: quality, or

radial co-ordinate direction

: axial co-ordinate

: void fraction

: vapor generation rate

: wall thickness

: Laplace transformed perturbation of the quantity (.)
: boiling boundary

: superheat boundary

: surface tension

: density

: non-dimensional density function, In(p/0,)
: thermal diffusivity

: oscillation frequency

: reaction frequency

: pressure drop



Subscripts
: inner tube surface (water side) of the wall, or single-phase region

: outer tube surface (sodium side) of the wall, or two-phase region
: unheated region

: subcooled region

: superheat region

: inlet to heated section

Rl T o - S NS

p

: boiling boundary
7 : superheat boundary
ex : exit of the heated region
w : water
N : sodium
f : liquid
g : vapor, or
gravity
t : tube wall
sat : saturation quantity
H : heated length

Superscripts
+ : variables with both space and time dependence
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3 2 Summary of the Perturbated Conservation Equations
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3 3 Pressure Drop for Water Channel

Subcooled Region
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