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Liquid-Fuel Injection in Gas-Turbine Combustors
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Hollow Cone Sprays Generated by Pressure-Swirl Injectors




Taylor Analysis of the inviscid swirl atomizer (1948)

The liquid fuel is forced through tangential slots to generate a strong
swirling flow in the atomizer chamber.

Q volumetric flow rate
T : circulation of the azimuthal velocity
7; : injector radius
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Steady Axisymmetric Thin Films

Conservation of circulation
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Conservation of total pressure head:
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As r; — oo the swirling motion decays (i.e., w; — 0), so that
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Steady Axisymmetric Thin Films
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Liquid-Film Break-Up and Atomization




The Two-Continua Description of Spray Combustion
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Under local stoichiometric conditions
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A continuum description of the liquid phase can be carried out for all
computational cells with size § such that
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The Two-Continua Description of Spray Combustion

The chemistry is described in terms of an overall irreversible reaction
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The Two-Continua Description of Spray Combustion

Liquid-Phase Equations:
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The Two-Continua Description of Spray Combustion

Source terms f, 1, and ¢q
m Under local stoichiometric conditions
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m Isolated droplet response in the local gas environment, which is
created collectively by all droplets.
m The droplet response depends on the local Reynolds number
Re = 2aU, /vy based on the relative velocity U, = |0 — g4].
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The Two-Continua Description of Spray Combustion

In the limit of infinitely fast chemistry, the reaction terms involving wg
become Dirac-delta sinks, and can be eliminated by using linear
combinations of the conservation equations to generate chemistry-free
coupling functions. If unity Lewis numbers are assumed for all species
(L = Lo =Ly =1)
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The Two-Continua Description of Spray Combustion

This chemistry-free conservation equation is conveniently written in
terms of the mixture fraction variable

SYr— Yo—‘,—l
Z = 1+S

3 - (pZ) + V- (p52) = V - (pDrV Z) = i

The solutlon of this equation can be used together with the
fast-chemistry assumption Y; Yo = 0 to compute Yy, and Y; in the
region 2, where Y, = 0, and in the region Q, where Y;. = 0, both

regions being separated by the flame surface, where | Z = Zg = H% .

This determines the reactant composition from the piecewise linear
relationships

Ye =225 in Q. where Z > Z,
‘0=1—Z£S in Q, where Z < Z,



The Two-Continua Description of Spray Combustion

Similarly, we eliminate the reaction term from the energy conservation
equation by introducing the total enthalpy

H =c,(T —Ta) + (Yo —1)q/S

where T'4 is the air temperature in its feed stream.
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Combustion of Hollow Cone Sprays

Cone Spray Characteristics:
Cone semiangle 0,

Initial droplet radius a,

Initial droplet velocity u;__

Droplet injection rate 7 = %
3 o

Droplet acceleration (evaporation) time:

Arpa® 9 = 6mpga (v — vy) — |ta = 2

Characteristic length scales: |l. = u;_tq|and |y. = (vytaq)*/?

Characteristic droplet density:

n
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Combustion of Hollow Cone Sprays

Dimensionless variables: I = % y = Z—; (u,uq) = %
(v,v00) = G220 (T, Ty) = U2 0= & n= 7 H =T
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Combustion of Hollow Cone Sprays

Liquid-Phase Equations:

19 o

P l P =0

1 o1 Wua) + 5 (nva)
o o0 — _2a _ :

uy (a3Td) + vy (a,3Td) _ Cp q_d { 3P (T Td) if Td < 1

ol dy C

—0if Ty =1
80[3 3@3 . = 0 if Td < 1
Y Ty T T = (14 TEeuS) r =
oug Oug 1
sy Ty = ()
vy Ovg 1
uay Tvag, = ga(v )



Combustion of Hollow Cone Sprays

Boundary conditions Z = Wﬂ%‘;‘?"'l H=(T—-Ta)+ @

Oxidizer side (y — 4o0):
u=2Z=H=20

Product side (y — —o0):
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where

Zp = SiFrSH > Zs

and )
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Integral conservation equations:
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Combustion of Hollow Cone Sprays

As I — 0 there exists a self-similar solution with two regions
m Inner spray (y ~ I):
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Combustion of Hollow Cone Sprays

Initial profiles
Tp =1.5, Ye_ = 0.2, T4 = 0.8, Ty, = 0.6, Z, = 1/15.3
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