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Abstract

In coflow jets with relatively large size nozzle and low fuel jet velocity, the buoyancy effect arises
from the density difference between fuel and air streams. The present study investigated the behavior
of such a buoyant cold jet both numerically and experimentally, especially when the fuel stream has
higher density than air. It has been demonstrated that the cold jet has a circular cone shape since
upwardly injected fuel jet decelerates and forms a stagnation region, when the fuel jet was composed
of propane highly diluted with nitrogen. When the fuel was moderately diluted, numerical results
showed the Kelvin-Helmholtz type instability along the mixing layer of the jet. The stagnation height
increases nonlinearly with fuel jet velocity with the power of approximately 1.64.

W;  : normalized molecular weight of i-species
Xi . i-species mole fraction
7| 5Alg v : vertical coordinate
¢, : normalized constant pressure specific heat Yi : i-species mass fraction
D; : normalized diffusion coefficient of i-species )2 : normalized viscosity of mixture
Fr : Froude number A : normalized thermal conductivity of mixture
g : normalized gravity acceleration 0 : momentum thickness, mm
L . inner radius of coflow burner, mm
N : total number of species Subscripts
P : normalized pressure F - fuel
Pr : Prandtl number i : i-species index
v : horizontal coordinate 0 - nozzle exit
Rip  : radius of nozzle, mm ref . reference state
Re  : Reynolds number
S¢ ¢ Schumidt number
t : normalized time
T : normalized temperature
u : normalized r-directional velocity 1. 2
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Fig. 1 Acetone PLIF and numerical result for
(a) concentration and (b) vorticity and streamline.
(Xp,=0.10, Uy = 7.07 cmfs, ¥, = 9.4 cm/s).
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(a) (b)
Fig. 2 Concentration profiles of propane for
(a) X;,=0.05 and (b) 0.10
(Up = 1062cm/s V.= 9.4 cm/s).
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Fig. 3 Concentration profiles of propane for
X, =020, Ug = 16.0 cmys, V.= 9.4 cm/s.

(@) (b)
Fig. 4 Acetone PLIF images for
(a) confined jet (b) unconfined jet
(Xr,=0.20, Uy ;= 16.0 cr/s, V= 9.4 c/s).
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Fig. 5 Stagnation height variation with jet velocity
(Xg, = 0.08~0.15).
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