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Numerical Study of Flame Structures and Conditional Statistics
in Turbulent Spray Jet Combustion

Jaeyeob Seo and Kang Y. Huh

ABSTRACT

3D DNS is performed for n-heptane spray turbulent jet combustion. Diesel-like conditions are considered in-
cluding single and multiple injections. Conditional statistics are obtained for multiple Lagrangian flame groups
of sequentially evaporating fuel. Each fuel group represents the conditional statistics of an independent La-
grangian flame group. Sequentially evaporating fuel goes through different histories and residence times over
the ignition delay period. Multiple flame groups are required for accurate description of combustion of a spray
jet that goes through a long injection duration or multiple injections.

Key Words : Turbulent spray combustion, Multiple flame structure, Conditional statistics, DNS, CMC

Alphabets

d'e : evaporation energy source

d. : evaporation mass source

F; : mass fraction of j-th flame group
h, : sensible enthalpy

N : scalar dissipation rate

Ny : total number of flame structures
P(n): PDF for mixture fraction

s'f : evaporation mixture fraction source

NxEd

&yp ¢ most reactive mixture fraction
Superscript
g @ gas state

k  : related to k-th droplet

s : liquid state

Subscript

j  : related to j-th flame group
Overbar symbols

~ : Favre averaging

— : Conventional averaging

Greek letters
¢ : mixture fraction Other special symbols
n : sampling variable for ¢ {I>: conditional averaging
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Table 1. Specifications of test cases

(a) Computational domain (b) BCs

Fig. 1. Schematic diagram of computational domain and
boundary conditions.
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Fig. 2. Distributions of temperature and spray droplets: (a ~ e) for Case1 at 0.17 ms, 0.50 ms, 0.66 ms, 1.52 ms, 1.79
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