
The Heat Conduction Limited Model

1. Begin with the Vapor mass equation

How they would get the phase change term Γ?

(1)

2. Start with a fully conservative energy equation.

Now look at a small section of the interface with area Ai. Construct a thin volume
extending a distance δ to each side of the interface with end areas on the volume
parallel to the interface and having about the same area as the interface. Apply Gauss'
Law to the energy equation in the specific case of boiling. Further note that δ is so
small that the equilibrium time scale is much smaller than any other time scale of
interest in the full thermal-hydraulic problem. The result is

but mass balance and the definition of boiling rate gives us:

were γ is the rate of steam production in kg/s. By using this mass balance and
assuming that specific kinetic energy is small compared to specific enthalpy (ok
except perhaps for some very extreme condensation) gives the standard heat
conduction limited model for boiling:

The mass conservation wants a steam production rate per unit volume (kg/s/m**3).

(5)

This can be obtained by working with the interfacial area per unit volume (ai), giving:
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Normally the temperature of the interface (Ti ) is the saturation temperature.
However, care must be taken in selecting Ti when air is present, and when
distinguishing boiling from normal evaporation processes. The interfacial area per unit
volume (ai) is a function of the local flow regime.

3. Interfacial Area per volume is normally combined with the HTC and only the product
is passed to the portions of TRAC doing the thermal-hydraulics or providing printout
and graphics to the user.

4. Donor cell enthalpies
The specific heat of vaporization (hfg) used in the above equations would normally be
evaluated as the difference of saturation enthalpies of vapor and liquid. When applied
to the two phase flow equations, this form must be modified to avoid serious
consequences. If the bulk liquid has a temperature below the saturation temperature,
and liquid is constantly removed at the saturation temperature, then the net effect is to
leave cooler liquid behind. This is a real physical effect, but can be exaggerated by
the formulation of the problem and an inappropriate choice of the interfacial heat
transfer coefficients. The cure is to effectively donor cell difference the enthalpies at
the edges of the volume we constructed around the interface. For net vapor
production at the interface, the liquid enthalpy used in the evaluation of hfg is
evaluated at the bulk liquid conditions, while the enthalphy of the vapor produced is
evaluated at the saturation temperature. For net liquid production at the interface
(condensation), the vapor enthalpy is evaluated at the bulk vapor temperature, and the
liquid enthalpy is evaluated at the saturation temperature. This results in physical
behavior of the energy of the two phases.

5. Areas for the interface are the major problem. This is where a good flow regime map
comes in handy. When boiling begins at very low voids, or condensation begins at
very high voids all bets are off because the effective areas depend on the number of
nucleation sites. This is determined by the crud in the water or steam, and the
roughness of the pipe or container walls. A classic example of sensitivity to
nucleation sites is the Marviken experiments. We had an extremely difficult time
matching experimental results with calculational predictions, until it was discovered
that the ever tidy Swedes had used very clean water and highly polished stainless steel
resulting in an abnormally low number of nucleation sites.

6. Non-local effects rear their ugly heads also. Codes use local conditions to predict
things like bubble size. One way (but not the only) is a Weber number criterion. The
force per area at the surface is the surface tension divided by the bubble radius. The
force per area acting on a bubble due to flow is proportional to the liquid density
multiplied by the square of the relative velocity. The Bubble Weber number is
defined as:



A critical Weber number is obtained from data giving the maximum bubble size for a
given set of flow conditions.


