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Abstract

A numerical study has been carried out for two- and three-dimensional buoyant turbulent
flow in a stairwell model. The Reynolds-averaged Navier-Stokes and energy equations are
solved with the authors’ own computer program. Two models by the Boussinesq approxima-
tion and the density-gradient form are used for buoyancy terms in the governing equations.
Two- and three-dimensional predictions of the velocity and temperature fields are presented
and the results are compared with experimental data. Comparisons have also been made in

detail with two-dimensional predictions. Two-dimensional and three-dimensional simulations
have predicted the overall features of the flow satisfactorily. A better agreement with experi-

ment is achieved with three-dimensional simulations.
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Fig.1 The schematic diagram of the stairwell
(Dimensions are in mm)
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Fig.2 Thermal boundary conditions
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Table 1 Thermal boundary conditions

Surface A B C D
Temperature('C) | 50.9 | 38.4 | 37.8 | 36.4
Surface E F G H
Temperature('C) | 31.6 | 32.0 | 31.0 | 31.1
Surface 1 J K 11
Temperature('C) { 32.9 | 33.8 | 37.4 | 31.3
Surface L2 | L3 M N
Temperature('C) | 32.0 | 33.7 | — -
Heat Flux(W/m?) | — — 1213.01295.0
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Table 2 Governing equations and model
coefficients

Continuity equation ;
J _
ax }_[P’l i] - 0
Momentum equation ;
Oy 3=0P
ax)_[puiur 1',,]— 61:. +B,_
where g, . gravitational acceleration
;= Z#S,,-— pu : u ;
-, 2
—pPu; u,~=2/1, S,,=_Pk6,',

s=3(g+24)

p#=pCa l:.

B; : buoyant forces

(a) B,=-pg,B(T~T,) : Boussinesq approximation
(b) Bi=pg, : Density-gradient form

- %
where p=-— AT=Ty

Turbulent kinetic energy ;

2 oup(u+ L} = (G+Go - e

Dissipation rate equation of turbulent kinetic energy ;

ai [p"’e_(w ae)gxe]

=£(CaG+Cala)~ Ca:
where G=2435,S,

(a) Gs=g, ﬂ ﬂ, Boussmesq approximation
(b) Gs= —g,;r’ lgp Density-gradient form
!

Cu=0.09, Ca=1.44, Cez=1.92
Ce3=1.44 for Gz>0 and is zero otherwise
6,=1.0, 6:=13
Energy equation ;
st g s
where Pr,=0.9, §;=0
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(b) z=0.14m
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(d)

Fig.3 Three-dimensional predictions of velocity
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Fig.4 Three-dimensional predictions of temperature
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(b) Temperature

Fig5 Two-dimensional predictions of velocity
and temperature
{Boussinesq approximation)
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(b) Temperature

Fig.6 Two-dimensional predictions of velocity
and temperature(Density-gradient form)
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