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On the Use of the Primary Breakup Model with Integration of
Internal-nozzle Turbulence Impact
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Abstract

Although the classic Kelvin-Helmholtz model of aerodynamically driven jet breakup(primary breakup) has been widely
employed in engine CFD codes for the last three decades, the model is not generally predictive. This lack of predictive capa-
bility points to the likelihood of an incorrect physical basis for the model formulation. As such, there have been more recent
spray-model development efforts that incorporate additional sources of jet instability and breakup, including nozzle-generated
turbulence and cavitation but predictive capabilities have remained elusive. Meanwhile, it should be noted that modern com-
bustors increasingly operate under low-temperature combustion(LTC) conditions, where ambient densities and aerodynamic
forces are much lower than under classical operating conditions. Therefore, further consideration of physical model formula-
tion is needed. The previous literature introduced a new primary atomization modeling approach premised on experimental
measurements by the Faeth group, which demonstrate that breakup is governed by nozzle-generated turbulence under low
ambient density conditions. In this new modeling approach, termed the KH-Faeth model, two different primary breakup mod-
els are combined to allow the hybrid breakup modeling approach, i.e. Kelvin- Helmholtz instability breakup mechanism and
turbulence-induced breakup are competed via dominant breakup rate evaluation. In the current work, we implement this
hybrid KH-Faeth model within the open-source CFD framework OpenFOAM and validate the model against detailed drop
sizing measurements stemming from collaborative experiments between Georgia Tech and Argonne National Laboratory.

7|8 SAMR  : Scattering Absorption Measurement Ratio
CFD : Computational Fluid Dynamics
LTC : Low-Temperature Combustion 1.5 2

USAXS : Ultra-Small Angle X-ray Scattering
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Table 1 Specification of tested ECN injectors!”

Injector type

Spray D

Nozzle diameter [um]

186

Ambient gas temperature [K]

303 (non-vap.)
800 (vaporizing)

Ambient gas pressure [MPa] 0.1, 0.2, 2
Liquid-gas density ratio [-] 674, 337, 33.7
Ambient gas composition N> 100%

Injection pressure [MPa] 50/ 150
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