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Numerical Study on Convective Heat Transfer in a Compartment Fire

— T . Evaluation of Numerical Method and Natural Convection—
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ABSTRACT

In a compartment fire, convective heat transfer dominates spread of the fire and smoke
movement before flash-over occurs, and natural convection is very important in particular when
there are no openings. The finite volume method with SIMPLE algorithm was applied to a
square cavity similar to a compartment without an opening. The objectives of this study are to
evaluate the method and to simulate natural convection from a hot body in the cavity. The
results without the hot body showed an excellent agreement with those of previous studies.
Streamlines, isotherms and Nusselt numbers were computed for different Rayleigh numbers.
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Table 1 Comparison of Nu at Ra=10°

Nu present Davis® rel. error
study (%)
Numax 1.508 1.505 0.20
Numin 0.692 0.692 0.00
Numean 1117 1117 0.00

Table 2 Comparison of maximum velocity at midplane
and its location

velocity & present L9 rel. error
. Davis
location study (%)
Umax 5.069 5139 1.36
@x 0.817 0.813 0.49
Vinax 5.130 5.027 1.48
@y 0.183 0.178 2.81
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(a) streamlines
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Fig. 2 Flow pattern and isotherms for Ra=10
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Fig. 4 Isotherms for Ra=10° and 10°
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Table 4 Comparison of Numean, Numax and its location

Ra Numean Nt @y
10° 0.160 0228 0.983
10* 0.169 0.254 0917
10° 0.222 0.358 0.900
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