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3.2 Empirical Formulae for Convection

The following equations have been developed from experimental studies and are generally accepted
for most applications.

. For natural convection:

Nu = A (Gr)*(Pr)®
. For forced convection:
Nu = B (Re)* (Pr)*

These equations are based on four different dimensionless parameters which characterise certain
aspects of fluid flow. The constants A, B, a, b, ¢, d depend upon the particular application. The
dimensionless numbers are given below. )
3.2.1 Nusselt Number Nu
This is the ratiovofthe temperature gradient near the wall to a reference gradient.
Nu=hD/k ®)
3.2.2 Grashof Number Gr |
This is the ratio of lmdyant forces to viscous forces.
Gr=gp ATx’ p*/p? ®
3.2.3 Reynolds Number Re |
This is the ratio of inertial forces to viscous forces.
Re=VDp/p (10
3.2.4 Prandtl Number Pr

This is the ratio of viscous diffusivity to thermal diffusivity.

Pr=c,n/k ‘ (11)



Examples of some typical applications are given below as an indication of magnitude and
variation of the constant values. Constant values from Simonson, J.R.

. Natural Convection ouiside a Horizontal Cylinder:

Nu = 0.525 (Gr Pr)*® (laminar flow)
Nu = 0.129 (Gr Pr)°°” (turbulent flow)
. Natural Convection against a Vertical Surface:

Nu = 0.590 (Gr Pr)** | (laminar flow)
Nu =0.129 (Gr Pr)*® (turbulent flow)

. Forced Convection inside a Pipe:
Nu = 0.023 (Re)*® (Pr)** _ (for heating T, > Taud)
Nu = 0.023 (Re)** (Pr)** ~ (general equation)

Nu = 0.023 (Re)*® (Pr)** (for cooling Type < Taua)
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Figure 6 Vapour bubble formation during boiling
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Figure 7 Pool boiling curve (courtesy of Babcock & Wilcox)
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Figure 8 Flow boiling in vertical channel (Courtesy of Babcock & Wilcox)
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304 Heat Transfer with Change in Phase
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FIG 11-10. Flow boiling crisis (Ref. 88).
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Figure 7.7: Effects of Low Coolant Pressure



